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BBenenue

Co3nanre HOBBIX MAIllMH, OTBEYAIOIINX COBPEMEHHBIM TpEeOOBaHUSIM, HAPSTY
C COOTBETCTBYIOIIEH KOHCTPYKTHBHOW MpOpabOTKOW ompejaensercs BbIOOpOM mate-
puanga U TEXHOJOTUU W3TOTOBJIEHUS. BbIOOp Marepuana B 3HAUUTENBHON CTENEHU
BJIMSET Ha IMOBBINICHUE KAYECTBA M HAJECKHOCTU MAIHMH, YCTPOMCTB U MEXaHH3MOB
(manmee u3genuii), ©X MaTEPUAIOEMKOCTb, SHEPrONOTPeOIeHnEe U CeOECTOMMOCTD; B
pslle cIy4daeB OT HAJIMYMS MATE€pPUAJIOB 3aBUCUT BO3MOMKHOCTH OCYIIIECTBIICHUS TEX-
HUYECKUX PEIICHUM.

Kazanock Obl, 3TO HE HOBBIE 3a/1a4M, HO JEJIO B TOM, UTO MPEKIE PELICHUE Ta-
KMX 3a7a4 OCYIIECTBIISJIOCh HA OCHOBE OIbITa, KAYECTBEHHBIX COMOCTABJICHUMU, a
WHOT/Ia U UHTYHUIIMU. B COBpEeMEHHOM K€ MAITMHOCTPOUTEIHHOM MPOU3BOJCTBE U3-
3a YCIIOKHEHHUS U3JIeNIMA U YBEJIIMUCHUS HOMEHKJIATYphl IPUMEHSIEMBIX MaTEpHaIoB
Takol moaxoJ HemocrtaroueH. HeoOXxoaumo MoidydyeHHe KOJWYECTBEHHBIX OIICHOK,
0a3upyIOMUXCSl Ha MOJCIUPOBAHMM (PYHKIIMOHUPOBAHUS U3ACIUI B pealbHBIX
yCHOBUAX dKcIuTyartanuu. (Oco0o0 BaKHOE 3HAUEHUE B ATOM IUIaHE MPUOOPENO Ma-
TEMATUYECKOE MOJICTUPOBAHUE B COYETAHWU C CUCTEMHBIM PACCMOTPEHUEM 3a7a4
BbIOOpA MaTEPHUATIOB U TEXHOJIOTUN 00pabOTKH COOTBETCTBYIOLIUX JI€TaJICH.

Takum 00pa3oMm, HedbI0 Kypca fiBJsieTcs 000CHOBaHUE MOIX00B U H3JI0-
’JKeHHe MEeTOJ0JIOTMH pelleHHus 3a1a4 ONTHMHU3AUMH BbIOOPA MATEepHAJIOB M
TEeXHOJI0THI, GOPMUPYIOIIUX CBOCTBA U3rOTABJUBAEMbIX U3 HUX U3/JeJuil (1a-
Jiee — YIPOYHSIONIHE TE€XHOJOTMH), HA OCHOBE COYETAHUS TPAAUIMOHHBIX JJIsl
MaTepuajioBeeHUs1 MeTOI0B Ka4eCTBEHHOr0 aHAJIM3a ¢ METOJAAMM MaTeMaTH-
YeCKOM CTATUCTUKH, TEOPUU HAIEKHOCTH M UCCJIeJ0BAHMS ONePalMid.

JlocTuxeHre TaHHOM LEeM JOCTUTaeTCs MyTeM peaau3alluu Mocaea0BaTeb-
HOCTHU TIEPEXOJIOB OT M3JICTUs U CEeUUPUKHU ero paboThl K MaTepuaiy, ClIoCOOHOMY
00eCcTeYnTh €ro yCIelHYIo dKCIUTyaTaluio. Takas nmocae0BaTeIbHOCTb BKIIOYACT:

- IOPSAOK pa3pabOTKU U3 C BBISIBICHHEM BO3HUKAIOIIUX MaTEPUATIOBE/I-
YECKHX 3a/ady;

- 000ocHOBaHUE TPEOOBAHUI, MPEBABISAEMBIX K U3/ACIUIM U JACTAISIM TI0 Kaye-
CTBY MaTe€pHaJIOB;

- CTAaTUCTUYECKAsl XapaKTEPUCTHUKA CBOMCTB MaTEPUAJIOB;

- MaTepUaJIOBEIYECKHUE OCHOBBI BHIOOpA C KiIACCHU(UKAIMEH MaTEPHAIOB IO
MIPUMEHECHUIO U UX KPATKOM XapaKTEPUCTUKOW;

- CpaBHUTEJIbHAS OIEHKA MPEBAPUTEIIFHO BEHIOPAHHBIX MaTEPUAJIOB;

- ONTUMM3ALIMS BIOOpA MaTepraia MaTeMaTHYECKUM MOJICIMPOBAHUEM pado-
ThI ICTaJIH (JIJ7I1 OTBETCTBEHHBIX U JIOPOTUX OOBEKTOB);

- onTuMU3alus (YTOUHEHHE) TEXHOJOTUH YIPOUHsIoled o0paboTKu BbIOpaH-
HOTO MaTepuasia 1o ce0eCTOMMOCTH BO3MOXKHBIX BAPUAHTOB €€ OCYIIECTBICHUS;

- ONITUMU3AIMS BBIOOPA CUCTEM U METOJOB KOHTPOJISL.

1.Ilopsinok pa3padoTKu U3/eJIHil ¢ BbISIBJEHHEM BOZHUKAKIINX MATEPHAJIO-
BeYeCKHX 32/1a4
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N3penusiMu CUMTAIOTCS PE3yJbTaThl padOTHI, OLEHUBAEMbIE KOJUYECTBEHHO B
BHJIE TUCKPETHOM BEIMYMHBI (FK3EMILISPHI, IITYKH U Jp.). [Iponecc coznanus uszme-
T UMEET BaXXHOE 3HAUCHHE NI oOecreyeHus ero kayecrtsa. IMEHHO B 3TO Bpemsi
3aKJ1a/IbIBAIOTCS OCHOBHBIE TMOKA3aTed KauyecTBa M3JENHs, OCYLIECTBISAECTCS BBHIOOD
MaTEpHaJIOB U TEXHOJOTUHN YIPOUHSIOEH 00paboTKH.

[Topsinok pa3paOOTKKM U MOCTAHOBKHM W3JI€TUsl Ha MPOU3BOJICTBO PErIaMEeHTH-
pyercst TOCT 15001-88, xoTophblii onpenensT 00s13aHHOCTH 3aKa34uUKOB, pa3paboT-
YUKOB M W3TOTOBUTENICH B MPOIECCE CO3/IaHUs U3JIETUH; B HEM K€ YCTaHOBJICHA
MIOCJIEIOBATEIHHOCTh OLIEHKH KauecTBa pa3padaThIBAEMOT0 M3/CNUS C ONpeeICHH-
€M CBOMCTB MaTepHUaOB.

Pa3paboTka n3nenust 0ObIYHO MPOBOJUTCS B JBE CTAAUU: IPOESKTUPOBAHUE U
HCTIbITaHKE (OTBITHAS OTPAOOTKA).

IIpoexTHpoBaHNEe BKJIOYAET:

- 000CHOBAHHME TEXHUYECKOTO 3a/IaHUs — JOKYMEHTA, YCTaHABIMBAIOIIETO OC-
HOBHOE€ Ha3HAYEHUE, TEXHUYECKUE XAPaKTEPUCTUKH, MOKA3ATEIM KAYECTBA U TEXHU-
KO-2KOHOMHYECKUE TPEOOBaHMUsI, MPEIbIBISIEMbIC K pa3pabaTbiBAEMOMY U3JIEIIHIO;

- pa3pabOTKy TEXHUYECKOTO MPEIJIOKEHUS] — COBOKYITHOCTH TEXHUYECKUX pe-
IICHUII Ha OCHOBE aHaJIM3a TEXHUYECKOTO 3aJaHusi, B KOTOPHIX OOOCHOBBIBAETCS
TEXHUKO-DKOHOMHUYECKAsT 11eJIeCOOOPa3HOCTh CO3JaHUsl M3JEIHUS U COACPIKUTCS
CpaBHUTEJIbHAS OLIEHKA pa3padaThIBAEMOTO U CYIIECTBYIONIUX U3/IEIHI;

Pa3paboTKy 3CKM3HOrO MpPOEKTa — KOMILIEKCAa KOHCTPYKTOPCKUX PEIICHUH,
naromux oolee npeacTaBieHrue 00 yCTpoMCTBe, MPUHITUIE PabOThl, OCHOBHBIX Ta-
pameTpax pa3padaTbIBA€MOT0 U3EINHS;

- pa3paboTKy TEXHUYECKOrO0 MPOEKTAa — KOMIUIEKTa KOHCTPYKTOPCKHUX JOKY-
MEHTOB, COJEpXKaIllMX OKOHYATEIbHbIE TEXHUYECKUE PEIICHUS U MOJHOCTHIO OMpe-
JENSIIOUMX YCTPOUCTBO pa3pabaTbiBA€MOro U3/1EINs;

- MOJTOTOBKY paboyel JOKYMEHTAllMM — KOMIUIEKTA WCIOJHUTEIbCKUX KOH-
CTPYKTOPCKUX JOKYMEHTOB, HEOOXOAUMBIX JJISI U3TOTOBJICHUSI U3CIHS B YCIOBUSIX
IIPOU3BO/ICTBA.

OnbiTHAasA 0TpabOTKA BKJIIOYAET aBTOHOMHBIC UCIIBITAHHUS OCHOBHBIX 2JIEMEH-
TOB U3JEJIUA U KOMIUICKCHBIE MCIHBITAHUS TPYIIbl 3JIEMEHTOB WM BCErO U3IEIHUS.
Wcnbrtanust mpou3BoaaTcs Ha (PU3UYECKUX MOJENSIX MO0 Ha OMBITHBIX (HATYPHBIX)
oOpasiax, mpudeM jisi UX MPOBEICHHS] MOTYT CO3JaBaThCS CICIMAIBHBIE CTEHJIBI
WJIW K€ OHU MIPOBOJISTCS B PEAJIbHBIX YCIOBUSX  AKcIuryaranuu. OcHOBHasl 3ajaya
ATOTO 3Tara — Ka4eCTBEHHAs MPOBEpPKa pabOTOCTIOCOOHOCTH OOBEKTa U OIIEHKA pa-
00TOCIIOCOOHOCTH €T0 OCHOBHBIX Y3JI0B, a TAK)KE U3/ENIUS B LIEJIOM.

B cootBercTBUM ¢ 'OCT 16504 — 81 uctibiTanus moipa3aeisitoTCA Ha MpeaBa-
puTenbHbIC (3aBOACKHE) M NMPUEMOYHBIE (BEOMCTBEHHBIC, MEXKBEIOMCTBEHHBIE U
rocynapcTBeHHbie). Ilo pesynpTaTam IpeaBapUTEIIBHBIX MCIBITAHUNA peliaeTcs BO-
IpoC O HEOOXOJUMOCTH JOPaOOTKU M3AENIUS WM K€ BO3MOXKHOCTH JIOMYyCKa €ro K
IPUEMOYHBIM UCHBITAHUAM. B X0/1€ MpUEeMOYHBIX HUCIBITAHUNA OKOHYATENbHO OIpe-
JIEISIETCSl COOTBETCTBHE pa3pabaThiBaeMOro H3IEHus TPEOOBAHUAM TEXHHUYECKOTO
3a/1aHUsl U CTAaHAAPTOB, OLEHUBAETCS BO3MOKHOCTh IMOCTAHOBKU €ro Ha MPOU3BO/I-
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ctBO. [Ipu periennn Bompoca 0 MOCTAHOBKE U3/ETHUS HA MPOU3BOICTBO ONPEILIISIET-
csl 1 00beM HEOOXOJUMBIX T0pPa0OTOK.

Taxum 06pazom, mporeaypa pa3paboTKu U3AEIUs MPEeACTaBIseT co0oil cuctemy
C pAloM Hepapxudeckux YypoBHEW. COOTBETCTBEHHO MO KaKIOMY U3 HHUX MO Mepe
HEO0OXOIUMOCTHU IPOBOJISATCS HAy4YHO-UCCJIEeI0BATEIHCKHE u OTIBITHO-
KOHCTPYKTOPCKHE PaOOThI M UCTIBITAHMUS.

[IpoBenenue Bcex 3TUX pabOT Hy X AAeTCsl B COOTBETCTBYIOIIEM MaTepHalloBe4e-
ckoM obecrniedyeHnH. Ero KkoHeuHOH 11eMbto siBNsieTcsl 000CHOBaHUE BHIOOpA MaTepHa-
JIOB C ONTUMHU3AIMEN KOHCTPYKIUH MO KaKUM-TTUOO KPUTEPUSIM, a TAKKE TEXHOJIO-
Uy ux 00paboTku, popmupyroiiei cBoiicTBa Bcex Aetaneid. COOTBETCTBEHHO yKa-
3aHHBIM YPOBHSIM HEpPAPXHH TPH ITOM HEMPEPHIBHO MPOBOIATCS HEOOXOIMMBIC
HAyYHO-HCCIIEIOBATENIbCKHE PAOOTHI, pa3paldaThIBAIOTCS MAaTEMAaTHUYECKUE MOJENH
OILICHKH CBOWMCTB B YCJIOBHUSX SKCILTyaTalluu, TPOBOASTCS JTa0OpaTOPHBIEC HCCIEA0BA-
HUS ¥ CTEHJIOBBIE UCIIBITaHUA. B X0/1€ OmbITHOW OTpabOTKM M3AENHUS ONPEAESIOTCS
BUJIbI UCTIBITAHNHN, (PUKCHUPYETCSl TIOBEICHNE MaTepUaloB B JIETANIAX, B TOM YHCIE B
YCJOBUSIX peajbHOM IKCIUTyaTalluu (B Mpeiesiax yCTaHOBJICHHBIX CPOKOB CITYXKOBI).

[Tpu mocTaHOBKE M3MENHs HA MPOU3BOJCTBO YTOUHSETCA TEXHOJOTHUS YIpPOU-
HAIOLIEH 00pabOTKM € y4eTOM KOHKPETHBIX YCJIOBHM, OLIEHMBAETCS BO3MOXHOCTH
yHU(UKAIMY 1 YMEHBIICHUS KOJIMYEeCTBa MPUMEHSIEMBIX MApOK MaTe€pUasoB, OIpe-
JEJIAI0TCS. PEXKUMBI pad0Thl 000PYIOBaHUS U 3aBepIIacTCs oTpaboTKa  HOpMa-
TUBHO-TEXHUYECKOW JJOKYMEHTAIIMU Ha UCIOJIb3yEeMbIEC MaTEepHUAIIbI.

B mporuecce npousBoacTBa M3AENUN TaKKe MPOBOASTCS MCHBITaHUS IO MPO-
BEPKE Ka4eCTBA. JTU UCIIBITAHUS SBISIOTCS KOHTPOJIbHBIMU. [I[pUMEHUTENBHO K Ce-
PUITHOMY ¥ MacCOBOMY ITPOM3BOJICTBY OHH MOJPA3ACTSIOTCSA HA MPUEMOCIATOUYHbIE U
nepuoandeckue. [lo pesynpraram mepBbIX OCYIIECTBISACTCS cAada (MPUEMKa) IITaT-
HOW TPOAYKIINH; IIETTBI0 BTOPBIX SIBIISETCS MOATBEPKACHNE CTAOMIBHOCTH TIOKa3aTe-
JIeil KauecTBa B MPOILIECCE MPOU3BOICTBA.

Ha ctanuu npou3BoAcTBa U3AETUS MaTepUAIOBEIYeCKOe 00eCTieueHrne, TOMHUMO

OCYIIECTBIICHUSI COOTBETCTBYIOIIUX TEXHOJIOTHIECKIX OTIEepaIfii, BKIIIOUAET B ceOs
000CHOBaHUE BUIOB UCIIBITAHUIN C y4eTOM crieiuduku paboThl MaTepuaia B ieTa-
JISIX, METOJIOB TIPOBEJICHHUS UCTIBITAHUN M COOTBETCTBYIOIIUX KOJIMYECTBEHHBIX HOP-

MaTHBOB.
2.000cHOBaHUE TPeOOBAHMI, MPEABABIASIEMbIX K H3/eJIUIM U JIeTa-
JISIM 10 Ka4eCTBY MATePUAJIOB

[Ton xauecTBOM M3JENUN MMOHUMAETCS COBOKYIMHOCTH CBOMCTB, 00YyCIOBIMBa-
IOLUX MPUTOAHOCTh U3JENHS yAOBIETBOPUTH OMpEEICHHbIE MOTPEOHOCTU B COOT-
BeTcTBUU ¢ ux HazHaueHueM (I'OCT 1567 — 79).

[TokazaTenu kKayecTBa MOTy OBITb €AMHUYHBIMU (OTHOCSTCS K OJHOMY U3
CBOMCTB) M KOMILJIEKCHBIMU (OTHOCSITCSI K HECKOJIbKUM cBoiicTBaM). K m3penusam B
[EJIOM MOTYT INPUMEHSTHCS U MHTETrpajbHbIC MOKa3aTeNM KadyecTBa (KOMIUIEKCHBIC
[OKa3aTeNH, OTPaXKaIoUIMe COOTHOLEHUE I(P(PEKTUBHOCTH MCIOJb30BaHUS U3IEINS
Y 3aTpaT Ha €ro cCo3JaHue M dKcIuTyaranuio). HoMeHkmarypa nokasarenei kauecTBa
3aBHCHUT OT Ha3HAYEHUS U3IECIUMN.



[Ipy npou3BOACTBE M3IAECIMI MAIIMHOCTPOEHUSI TPEeOOBAaHUS IO KAYECTBY
MPEABSBISIIOTCA U KOHTPOJIMPYIOTCS HA CTaAMSIX MCCIEIOBAHUS U MPOECKTUPOBAHMUS,
M3TOTOBJICHHSI U IKCIUTyaTallMu (COBOKYMHOCTH BceX (Da3 CyliecTBOBaHUS H3ICNHs
OT BPEMEHHU €ro M3rOTOBJEHUS 0 NPEKpAllCHHs] MCIOJIb30BAaHUS WJIM CIHCAHHUA).
Bce MHOroo0pasmue sKCIlyaTalluOHHBIX PEKMMOB B OCHOBHOM CBOJUTCS K CIIEYIO-
IIHM.

1. Paboumii pexuM — HEMMOCPEACTBEHHOE UCIIOJIB30BAHNE 110 HA3HAUYEHUIO; U3-
JIeJIAEe TO/ABEPraeTcsl BO3AEUCTBUIO pabounX Harpy3ok, 00yCIOBIMBAaEMbIX
BHYTPEHHUMU (paKTOpaMHu.

2. XpaHEHHE — MEPEPHIB B UCIOIb30BAaHUH 110 HA3HAUYECHUIO; U3JIENINE TTOABED-
raeTcsi BO3JICHCTBUIO BHEITHUX (PAKTOPOB, B OCHOBHOM KJIMMAaTHYECKUM.

3. TpaHcmopTupOoBaHUE — NIEpPEMEICHIE U3CNUs; Ha U3/IeTTNE BO3ACHCTBIOT B
OCHOBHOM BHEUIHUE (pakTopbl (BUOpanuu, yaapsel), g JOPOKHBIX MalluH
— 3TO pabOYMil pEKUM.

[Tpu hopmupoBannn TpeOOBaHUMN K U3JIETUIO HAJI0 OPHUEHTHUPOBATHCSA HE TOJb-

KO Ha pabouuii HO U Ha JApyrue pexxumbl. Kpome TOro, ciienyer yYUThIBaTh OIBIT
AKCIUTyaTallui W3EIU-aHaJIOTOB, B YACTHOCTU XapaKTep MMEBIIUX MECTO HEHUC-
IPaBHOCTEW U OTKAa30B.

TpeboBanus k uzaenuo GopMyIupyIOTCa Kak MOTpeOUTENEM, TaK U pa3padboT-
YMKOM Ha OCHOBE KOHBIOHKTYPBI pblHKAa. OHU M371araroTcsi B TEXHUYECKOM 3aJaHUMU.
BaxHeWIINM MMOKa3aTesIeM SBIISIETCS HAIEKHOCTD U3IEIHS.

3aJlaHHbBIC HA WU3J/IeJIME KOJIMYECTBEHHBIE XapAKTEPUCTUKHU HAJEKHOCTH B XOJ€
IPOEKTUPOBAHUS PACIPENEISIOTCS MEXKIY 3jeMeHTaMu usnenus. Ha ocHoBe cooT-
BETCTBYIOLLMX pACUYETOB 3aTEM OIpPEAENAIOTCS TpeOyemble MOoKa3aTeld KayecTBa
MPUMEHUTENBHO K JIeTalsiM. DTa padoTa BHIMOJIHIETCS KOHCTPYKTOPOM IPU y4acTUU
MaTepuanoBeia, KOTOPbIA OLIEHUBAET MPUHIIMIHAIBHYIO BOZMOXHOCTh 00€CIIEUEeHUS
MPEANOJIaraéMoro KayecTBa JeTajied, UX TEXHOJOIMYHOCTh U BO3MOXHBIE BU/IbI
YOPOYHSIOIIEH 00padOTKH.

OTtpaboTka TpeOOBaHUM K ACTaIsIM OOBIYHO BKJIFOYAET:

- ONPEJIETICHUE XapaKTepa HarpyeHus ( CTaTUYECKOE, TUHAMUYECKOE, 3HAKO-
HNEPEMEHHOE) U CXEMbI HAIIPSHKEHHO-1€(OPMUPOBAHHOTO COCTOSHUSA;

- OmpelesieHHe JEHUCTBYIOIIMX HArpy3ok (MEeperpy30K) W HaIpsKeHHH, CIO-
COOHBIX BBI3BIBATH pa3pylIeHUE AeTalel (MK 3aTyIJICHUE UHCTPYMEHTA);

- oTpe/ieNieHNe BO3HUKAIOIMIUX JepopMaliil U OL[EHKY MX JOMYCTUMBIX 3Haue-
HUM;

- OLICHKY BO3MOKHOCTH M CTEIIEHU Harpesa JeTalld MpHU KCIUTyaTaluu, 00oc-
HOBAHUE JOMYCTUMOUN BEIMUYUHBI CHUKEHHUSI TPOYHOCTH (PEXKYILIEH CIOCOOHOCTH st
UHCTPYMEHTA), IOJI3YyYECTH, HEOOXOJUMOM ITUTEIBHON MPOYHOCTH;

- OLICHKY BO3MOXKHOCTHU OXPYIMUYUBAHHSA METaJlJla B YCJIOBHUSX JKCILUTyaTallUuH
U3JIETUS U OTIpeiesieHre TPeOyeMOoro 3HaUeHHsI BI3KOCTH, IOPOT XJIaJHOJIOMKOCTH;

- OLICHKY XapaKTepa 3HAKOMEPEMEHHBIX Harpy30K U HE0OXOJIUMOCTh oOecre-
YEHMsI ONIPEJIECIIEHHOTO YPOBHSI CONPOTUBIICHHS YCTAIOCTHOMY pa3pyLIEHUIO;

- OLIGHKY HaJW4us HCTHPAIOUIMX HArpy30K M HEOOXOAMMOCTh OOecreyeHHs
ONPEIEIEHHOTO YPOBHS U3HOCOCTOMKOCTH;
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- OLIEHKY BO3MOXXHOCTH M XapakTepa arpecCUBHBIX BO3JACHCTBUI padoueii
(BHEMIHEH) cpeapl W HEOOXOIUMOCTh 00eCIeueHrss KOPPO3UOHHOU CTOHWKOCTH, CO-
MIPOTUBJICHUS CTAPECHHUIO;

- OIIEHKY BO3MOJKHOCTH TIOSIBJICHHSI KaKHMX- JTHOO (U3MUECKUX BO3JACUCTBUI U
oOecrieueHus: ONpPeACICHHOTO YPOBHS TEIUIO3AIIMTBI U AJIEKTPOMPOBOJHOCTH, Mar-
HUTHOM MPOHUIIAEMOCTH, KOIPIUTUBHON CHIIbI, KO3 (UIIMEHTa TEMIOBOr0 paciliu-
peHusl.

COOTBETCTBEHHO BCEM AITHM HAIlpaBIEHUSIM C y4e€TOM Xapakrepa Je(deKTOB
P MPOU3BOJICTBE U OTKA30B MPU AKCILTyaTallMu U3/EINI-aHAIOTOB JIOJKHBI OBITh
YCTAHOBJICHBI KOJIMYECTBEHHBIE XapaKTEPUCTUKUA CBOMCTB, MPEIbIABISEMbIX K MaTe-
pUaly M TapaHTUPYIOIIMX TaKO€ KauyeCTBO JIETalM, KOTOPOE OOECHEUYUT MOIyUCHHE
TpeOyeMoi HaIe)KHOCTH U3/IETTHSI.

TpeboBanus MO Ka4eCTBY AeTajleil JOJKHBI BHIOMPATHCS MO BO3MOXHOCTH W3
YHUCJIa XapaKTEPUCTHUK, MOTYyYaeMbIX MPU CTAHJAPTHBIX MCTIBITAHUSIX MaTepuanos. B
ClIy4ae € OTCYTCTBHUSl YBEPEHHOCTH B UX JOCTATOYHO CTPOTOM KOpPpENSIUHU ¢ pado-
TOM JIeTalli B U3JICJINU YCTaHABJIMBAEMble TPEOOBAHUSI CUUTAIOTCS MIPEABAPUTEILHbI-
MU U YTOUHSIIOTCSI TIPU pa3pabOTKe U3ACNIHS 10 pe3yJIbTaTaM UCIIBITAHUMN.

3.CraTucruyeckKasi XapakKTepUCTHUKA CBOMCTB MaTEePHAJIOB.

[Tpu n3mepenun 0601 PU3nyecKor BETUUMHBI OOBIYHO MOJIB3YIOTCA MPUOO-
paMu, ¢ KOTOPBIX CHUMAIOT IMOKa3aHHUs, a IO CHATHIM MOKa3aHUSAM BBIYUCISIOTCS UC-
KoMble 3HaueHus. [Ipu 3ToM mostydaercs He UICTUHHOE, a JIUIIb MPUOJIMKEHHOE 3Ha-
YeHue. JTO OOBICHAETCS KaK NMPUHLMIHAIBHO OIPAaHUYEHHON BO3MOKHOCTBIO TOY-
HOCTU U3MEPEHMsI, TaK U MPUPOJION u3MepsieMblX 00beKTOB. [IpuMeHuTenbHo K Ma-
TepUajaM TIOCJIEIHSAS OIpeaesnseTcss OOJNBUIMM KOJUYECTBOM MPOU3BOACTBEHHBIX
MIPOLIECCOB, MOABEPKEHHBIX BO3IEHCTBHUIO LIEIOT0 psiia (PaKTOPOB, BIUSHUE KOTOPHIX
HEBO3MOJKHO ITOJHOCTBIO OLEHUTh. TeM He MeHee NoJlydaemasi CHCTEMA MTOBTOPSIO-
IIMXCS 3HAYCHUH 00J1a/laeT XapaKTepHbIMU CBOMCTBAMH U MOAYMHSAETCS ONpeeeH-
HBIM CTaTUCTUYECKHM 3aKOHOMEPHOCTSAM. C IMOMOUIBIO MOJyYaeMbIX MPU 3TOM Be-
JUYUH (CTaTUCTUK) PEIIAIOTCA CIEAYIOIINE 3a]auu:

- ONMCAHUE JIaHHBIX, MOJYYEHHBIX IO pe3ysibTaTaM HaOIro[eHusl (BhIOOpKA);

- OLIEHKA MMapaMeTPOB COBOKYITHOCTH, U3 KOTOPOH B3siTa BIOOPKA;

- CPaBHEHHUE U COMOCTABIIEHUE BHIOOPOK, a M0 HUM — U COOTBETCTBYIOIIUX CO-
BOKYIIHOCTEM;

- YCTaHOBJICHUE CBs3€d (3aBUCUMOCTEH) MEXIy M3y4aeMbIMH BEIMUYUHAMHU
(mapamerpamn).



3.1. DJjeMeHTbI MATEMATHYECKOH CTATHCTHKH.

OKCIIEpUMEHTAIILHOE OIpeIeJICHHE JIOOBIX CBOMCTB MaTepHAIOB COMPOBOXK-
JaeTcsl pa3dpocoM MoJydaeMblX 3HaueHWil. BeJwmunHa, KOTOpash NPU JAAHHBIX
HEM3MEHHBIX YCJOBHAAX JKCIEPHMEHTa NPUHUMAET Ppa3IuYHble 3HAYCHUS,
HA3BIBAETCH CIYy4aiiHOM, 4 ¢ KOHKPETHbIC 3HAYCHHUS — peaIn3alusiMH.

CriyyaiiHasi BETUYHMHA XapaKTEpU3yeTCsl 00JIaCThI0 BO3MOYKHBIX 3HAUYEHUH, KO-
TOpBIE OHa MOXXET IPUHMMATh B PE3yJbTaTE ONbITA, U BEPOATHOCTHIO IOJYyYCHHUS
OTUX 3HAYEHUU. Pa3nmyaroT IHUCKpETHBIE W HENPEPBIBHBIE CIy4YalHbBIE BEJIWYUHBI.
JluckpeTHasi ciay4aiiHasi BeJMYMHA MOXKET NPUHUMATh OTACIIbHBIC H30JIHPOBAH-
Hble BO3MOKHBIE 3HAYEHUS U3 HEKOTOPOIl KOHEYHOW MM OECKOHEYHOU obJactu (mo-
CJIEI0BATEIbHOCTh 3HAYEHUH, HE 3aMIOJIHAIOIINX CIUIONIb HUKAKON HHTEPBAI).

BOJIBIIMHCTBO CBOMCTB MAaTEPUAIOB U TEXHOJOTMYECKUX IMPOLIECCOB XAPAKTE-
PU3YIOTCS HeNPEePbIBHBIMH CIYYalHbIMHM BeJITMYUHAMM, BOZMOXKHBIE 3HAYEHUS KO-
TOPBIX 00Pa3ylOT HEKOTOPBI HMHTepBaJa. [lo3TOMy paccmaTpuBarOTCs HENpPEpbIB-
HbIE CIIy4aiiHbIE BETUYHHBI.

Jlnst onucanus ciiy4ailHOM BEJIMYMHBI HEOOXOAMMO 3HAHUE BEPOSTHOCTH IMPH-
HATUS €0 Pa3jIUYHbIX 3HAYCHUN. 3aBUCHMOCTb MEKIY BO3MOXXHBIMHM 3HAYEHUSIMHU
3TOW BEJIUYMHBI M COOTBETCTBYIOLIMMH BEPOSTHOCTSIMHU HA3BIBACTCS 3aKOHOM pac-
NIPEACIICHUS Hawunbonee BAKHOU
XapaKTePUCTHKOMN CITy4ailHOW BEJMUYHMHBI SIBIISICTCS MHTEerpaibHas GyHkuus F(x), ko-
Topasi Ha3bIBaeTcs QyHKIMEH pacnpeaeneHus. OHa XapaKTepu3yeT BEpOSITHOCTH IO-
SIBJICHUS] 3HAYEHUM CIIyYalHOM BEJIMYUHBI X, HENPEBOCXOAAIINUX 3HAUYCHHUS X.

F(x) =P(X<x).

['padprueckoe n3odpakeHre PyHKIUU paclpeaeeHus Noka3aHo Ha puc. l.a.
SIcHO, uTO 3HaYeHUe PyHKIUM pacnpeneiacHus HaxoauTtess B uHTepBayie 0 < F(x) <
1, a BEpOSATHOCTh HAXOXKIACHUS CIy4yalHOU BeaMuMHbl X B MHTepBasie X X <x Oy-
IeT

P(x<X<x)=F()-F(x).

OyHKIMA paCIpPENCIICHUs SBISETCS UCUYEPIBIBAKOIIECH XapaKTEPUCTUKOM CIy-
yaliHOM Beau4yuHbl. OJTHAKO MO HEW TPYIHO CYJIUTh O XapaKTepe paclpeeeHus Be-
JUYUHBI B OKPECTHOCTH TOYEK BOJM3W YMCIOBOW ocu. bosee HarmsimHOe mpeicTaB-
JIEHUE O XapakTepe pachpeIesICHUs] HEMPEPhIBHOM CilydyallHOM BEJIWYWHBI AaeT AU (-
dbepennnanbHas PyHKIMS, KOTOpasi HA3bIBAETCS TUIOTHOCTBIO pacIipejiesieHus BEpo-
stHocteit f(x); mpu sToM

f(x) = F(x).

Ee rpaduueckoe nzobpakeHue npeacTaBieHo Ha puc. 1.0
O4eBHUIHO, YTO



BeposiTHOCTh moOmanaHusi 3HAYEHUs] CIy4YailHOM BEJIWYMHBI B WH-
TepBajax B 3TOM ciiy4ae OyaeT

TaxuMm 00pazom, 3HaHUE 3aKOHA paclpeesieHus CIydailHONH BETUUYUHBI B BUJIE
(YHKIIMM pacrpeneneHus Wi IUIOTHOCTU pacipeeeHHs I03BOJISET OLCHUBATh Be-
POSATHOCTH IIONIAJIaHNs UX 3HAYCHUN B OIIPEIECIICHHBIN UHTEPBAIL.

Hapsny ¢ ykazaHHBIMM XapaKTEpPUCTUKAMU CIIy4alHbIX BEJIMYHMH CYLIECTBYIOT
YHCIIOBBIE XapaKTEPUCTUKH, KOTOPBIE B CKAaTOM (hopMe BhIpakaroT HauboJjee cyle-
CTBEHHBIE OCOOCHHOCTHU PACIPECIICHNS]; UX UCIOJIb30BAHUE BO3ZMOYKHO U MPHU HEU3-
BECTHOM 3aKOHE pacnpeaeneHuss. OCHOBHBIMU TAKUMHU XapaKTEPUCTUKAMMU SIBIISFOTCS
MaTeMaTH4YeCKOe OKMJAaHUeH JeCHepCHs WIHM CBA3aHHOE C HEU CpelHee KBajpa-
THYeCKOe OTKJIOHeHHeE.

MareMaTruecKkoe OXKUIaHWUE HENpPEPHIBHOW CIydailHONH BenuuuHBI (CpemHee
3HAYCHUE CITyYailHON BEIMYHMHBI) ONPEACISETCS BRIPAKCHUEM:

+oo

M(X) = f xf(x)dx
o
[To pe3ynbTatam N peanusanuil ciiy4ailHOM BEIMYHUHBI X1, X2, Xn (BapUallMOH-
HBIH psIT) MOXKET OBITh HaWJICHO NPHOJM3UTEILHOE 3HAUYCHHE MAaTeMaTHYECKOTO
OXXHJIaHUs, KOTOPOE SBJISIETCS €r0 BHIOOPOUHON OILICHKOM, TeM 0oJiee TOYHOM, ueM
0OJIBIIIE YKCIIO HAOIIOAEHUI
n

MX) = % — %Zx

i=1

Jlucniepcust IOKa3bIBaeT, HACKOJILKO TECHO CIPYIIMPOBaHbI peanu3anuu (pac-
CEesHUE); 3TO MaTEMAaTUYECKOE 0XKUIAHNE KBAIpaTa OTKIOHEHHSI CIIy4ailHOW BEIU4H-
HbI ¢ pyHKIMEH ioTHOCTH f (X) OT €6 MaTEeMaTHYECKOTO OXKHIAHHSL:



D(X) =M(x?) — [M(X)]*.

Ha HpaKTI/IKe qacTo HOJ'II)BYIOTC?I CpeI[HI/IM KBaI[paTI/I‘IeCKI/IM OTKJIOHCHUCM
a(X) = JDX).

HamoMHMM HEKOTOPBIE HEOUEBUIHBIE CBOMCTBA MATEMATUUYECKOTO OXKHU-
JaHWS U TUCTIEPCUN:

- IOCTOSTHHBIN MHOXKHUTETh C BBIHOCUTCS 3a 3HAK CJICIYIONTUM 00pa3oM
M(CX) = CM(X),

D(CX) = C2D(X)
- JIACTEPCHS CYMMBI U IUCIIEPCHUS PA3HOCTH PaBHA CyMME JUCIIEPCUI
D(X+Y) = D(X) + D(Y),
D(X-Y) = D(X) +D(Y);
- JUCICPCHUA CPCOAHCTIO KBAAPATUIHOI'O N HE3aBUCHUMBIX CHY‘I&IZHLIX BECJIU-
YHUH B N Pa3 MCHbIIC JUCIICPCHUU Ka}I(IIOﬁ 13 BCJIIMYUH

D(R) = —
.n "
3.2. 3akoHBbI pacnpeaejaeHusi HEMPEPHIBHBIX CIYYAHHBIX BeTHIHH

[Ipu onieHKe CBOIMCTB MaTepuaoB UCNONb3YIOTCsS HopMaiibHOE (["aycco-
BO), Jiorapu(MHUUECKH HOPMAJIbHOE U YCEYEHHOE HOPMAaJIbHOE pacrpe-
JieJIeHUs, T.K. UMEHHO OHH OIUCHIBAIOT OOJIBIIMHCTBO SIBJICHUM, CBS3aH-
HBIX C U3MEPECHUSIMHU.



O nopsinke npoBeaeHusi padoT M0 BbIOOPY MATEPUAJIOB U YIIPOUYHS-
OLIUX TEXHOJIOIMH.

B cnenyromux pazgenax OyAeT JaHa XapaKTEPUCTHKA CYIIHOCTH PabOTHI
10 BBIOOPY MaTepuajioB M YNPOUHSIONMX TexHouorui. CoaepKaTeIbHbIN Ke
NEPEUCHb TaKWUX PA0OT OyIeT OmpenensTbcs KOHKPETHBIMH YCIIOBHSIMH €€
npoBeeHus. BMecTe ¢ TeM mpecTaBiseTcs MOJIe3HBIM 1aTh 00IINe peKOMEH-
JaIMU 10 TIPOBEJACHHUIO TaKUX padOT, UMes B BHJY, YTO HEOOXOIUMOCTH U
rIyOMHA COOTBETCTBYIOIINX OOOCHOBAHWK Ha Pa3HBIX 3Talax B KaKJIOM KOH-
KPETHOM cliydae OyJeT OMpeAeNaThcs C yUYEeTOM CHEeNH(PHUKU U YCIOBUH JKC-
ITyaTauy u3aenus (J1eTain).

Hwxe mpuBoanUTCS pEKOMEHIYEMBIN MEepeYeHb U TOCIEI0BATEIHHOCTh pa-
00T 10 BRIOOPY MATEPHAIOB U YIPOUHSIONTUX TEXHOIOTUH
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MNOJATOTOBUTEJIBHAS PABOTA.
1.060cHOBaHME TpeOOBAaHWUU K JeTalsIM (MaTepHaiaM) C y4eTOM
yCIIOBUH UX pabOTHI B pa3padaThiBAEMOM H3CIIUU.
2.CuctemMatu3anus U aHanu3 Je(eKToB (O0TKa30B), BBISIBICHHBIX
IpU SKCIUTyaTallud W3/eNIMA-aHaJoTOB U KOPPEKTUPOBKA COOTBET-
CTBYIOIIMX TPEOOBAHMIA.
PABOTA 110 OBOCHOBAHHUIO (OITUMU3ALINN) BBIBOPA MA-
TEPUAJIA.

1. Onpenenenue Kiacca W MOJKIAacca MaTepUajIOB COOTBETCTBEHHO
HA3HAYEHUIO JAeTalu (U3eNusi MPU OJHOBPEMEHHOM Y4YETe MpPEeIbsBIIs-
€MBbIX TPEOOBAHMIA.

2. Beibop rpynmbl (MOATPYMIBI) MAaTEPHAIOB C YYETOM XapakTepa
HAINPSDKEHHOTO COCTOSIHUS JISTANU MPpH €€ paboTe B U3CIINU B YCIOBHUIX
OKCILTyaTaI|H.

3. @opMupoBaHUE MEPEeUHss MapOK MaTepHAIOB B paMKaxX BBIOpaHHBIX
rpymi (IOATPYIIT), YAOBIETBOPSIOIINX MPEIbIBISIEMBIM TPEOOBAHUSM C
Y4eTOM TOTEHIMAIBHBIX BO3MOKHOCTEH YIyUIICHHUS CBOWCTB YMPOU-
HSOIIEH 00pabOTKOM.

4 IlpoBeneHre CpaBHUTEIILHOMW OLIEHKH MAaTepuajoB, BXOMSIIUX B
[OJrOTOBUTENBHBIN MEpEUEHb TO:

OTIpEACTAIONIUM (PU3NKO-MEXaHUYECKUM CBOMCTBAM;
MacConoTpeOIeHUI0 (MACCOEMKOCTH);

CTOUMOCTH;

TEXHOJIOTUYHOCTH (00pabaThIBAEMOCTh PE3aHUEM U JIABJIICHUEM);
AeUITMTHOCTH UCXOIHBIX TPOAYKTOB U COCTABIISIONINX KOMIIOHEHTOB;
BO3MOKHOCTH YCTpaHEeHHs (JIOKamu3aluu) Ae(EeKTOB, BBISBICHHBIX MPU
AKCIUTyaTaIlluy U3AeTui-aHaIOTOB.

5. Ontumu3anus BbIOOpa Marepuana MaTeMaTHYeCKUM MOJEINpOBa-
HUEM pabOThI JeTatu (711 OTBETCTBEHHBIX U JOPOTUX OOBEKTOB).

6. OnTumuzanus (yTOUHEHHE) TEXHOJIOTHH YIIPOUHSIONIEH 00padoTKu
BbIOpaHHOI'O MaTepuasia Mo ce0eCTOMMOCTH BO3MOKHBIX BapUaHTOB €€
OCYIIECTBIICHUSI.

7. OnTuMu3aIusi BpIOOpa W pasMenieHusi o0opyaoBaHUs, HEOOXO0aH-
MOTO JJTsI IPOBEACHUS YIIPOUHSIIOIIEH 00pabOTKH.

Bri6op MeTomoB M onTHMHU3AIMS CHCTEMbI KOHTPOJS KadecTBa MaTepualia JAeTalu
(u3menusi) B mpoIiecce MpOu3BOICTBA.

Jexuyusa 2.
1. OCHOBBI PAIIMOHAJIBHOT'O BBIBOPA MATEPHUAJIOB U METO/J10B
YINPOYHEHUS JETAJIEV MAIIVH

1.1. Bei0op cTanu aJ4 aerajieil MaluH
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CrnencTtBueM HEMPaBWJIBHOTO BbIOOpa MaTepHalIOB SIBISETCS IUIOXOE KayeCTBO
KOHCTPYKUHMH, MalMH ¥ 00opynoBaHus. Hepeako 3T yclnoBHs SIBISIIOTCS OYEHb
CHEU(PUYHBIMU: HU3KHE WM BBICOKHE TEMIEPATYpbI, arpeCCHUBHBIC XUMHUYECKHE
Cpe/Ibl, 3HAKOIIEPEMEHHBIE [IUKIMUECKUE HATPY>KEHUsI, 0COObIE YCIOBUS TPEHHUS U JIp.
Yacro marepuaibl paboOTalOT B yCIOBUSX OJHOBPEMEHHOI'O BO3IECHCTBUS IEpeuunc-
JIeHHBbIX BbIlIE QakTopoB. [ToaTomMy npu BeIOOpEe MaTepuana B IEPBYIO OYEPEb TpeE-
OyeTcsi BCECTOPOHHEE PACCMOTPETh YCIOBHUS €r0 padOThl U PaHXHUPOBATh (PaKTOPHI,
BO3/CICTBYIOIME HA MaTepHall, 0 CTENEHU MX BIMSHUSA HA HA/IEKHOCTh MAIIMHBI
WIA MEXaHU3Ma.

Omnpenensitomye (HakTopsl AOKHBI ObITh YYTEHBI 00513aTE€IbHO, MEHEE OIpejie-
JSOILIKE - TI0 BO3MOKHOCTHU. Tak, HanpuMep, Mpu BBIOOpE CTallel U CIUIABOB JAJIA ra-
30BBIX TYPOMHHBIX JBUTATENIEHd U COIEN PakeT, padoTaloUMX B YCJIOBHUSAX BO3JEH-
CTBUSI aKTUBHBIX Ta30BBIX Cpell, CIEIyeT paccMaTpuBaTh BIUSHUE HA CBOMCTBA Ma-
TEPHUAJIOB BBICOKHX TeMIIEpaTyp, KOPPO3ZUOHHOTO PACTPECKUBAHUSA, MUTTUHTOBOU H
IeJIEBOM KOPPO3UH, KOPPO3HH IO HAMPSHKEHHEM, BOJOPOIHOTO OXPYMTYHBAHUS,
9po3un U o0mIe Koppo3uu. OaHAKO 00S3aTENIbHO CIIEAYeT YYUTHIBATh BIIUSHUE
TOJIBKO MEPBBIX MIECTH (PAKTOPOB, a OOLIYI0 KOPPO3HIO KaK MEHEe BaKHBIN (hakTop
YUUTBIBAIOT 10 BO3MOKHOCTH.

OnpeneseHue nepeyHsi MapaMeTpoB siBJsieTcsl HauOojiee BAKHBIM ITANOM
pu BeIOOpe ctaym. JIJist 3TOro yio0HO MpeaCcTaBUTh MPOLeCC B BUJIEC 2pagh-0epesa
€ro CBOWCTBAMH, PACIIOJIOKCHHBIMHU Ha Pa3IMYHBIX YPOBHsIX (PHUCYHOK 1).

y3
y2

yl

y0

Pucynox 1 Iloctpoenue rpad-aepena.

IlycTh Ha HYJIEBOM ypOBHE HAaXOAUTCS UHTETPAIBHOE CBOMCTBO, XapaKTEPU3YIO-
miee oOBEKT B 1eoM. [lanee aepeBOo MOCTENEHHO pa3BETBIAETCS, 00pa3ysl NEpBbIil,
BTOPOM, TPETHUI U T.JI. ypOBHHU. UHCIIO TaKUX ypOBHEN HE OrpaHU4eHO. OTHAKO CTPOS
TaKO€ PAa3BETBICHUE JKEJIATEIbHO JOXOAUTH 10 TAKOI'O YPOBHS PAaCCMOTPEHUs, Ha
KOTOPOM HaxoOJATCSl IPOCThIE, HE pa3jlaraeéMble Ha JIpyrue, HauMeHee oOlue CBOii-
cTBa. Takoe MOCTpPOEHUE JIOTMYECKOM CTPYKTYpPbl CBOMCTB CTAllM YCKOPSIET BBIOOD
MIEPEYHS CBOMCTB.
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B nepedne napameTpoB AJIA KaKJI0r0 MapaMeTrpa HEOOXOOUMO yKa3aTh €ro adco-
JIIOTHOE 3HAYECHHE WM MHTEPBAJI BO3MOXKHOTO €r0 U3MEHEHHUS. DTH JaHHBIC SIBIISIOT-
Cs1 OTICHOYHBIMU IS BRIOOpA cTany u3 psina. [Ipu 3ToM 9acTo UCoab3yoT Hanbosee
4acTO METOJI pacCTaHOBKM IpuoputeTa. CpaBHUBas MEXay cOOOH MmapameTpbl dKC-
HEePT ONpeesieT OTHOIIEHUE MEXIy HUMU (O0JIbIlIe, MEHBIIE, PABHO) C IPUCBOCHU-
eM K03 PUIIMEHTOB, COCTABISIET MATPUILy U OIpeaeseT napaMmeTpsl. [locie Boimos-
HEHUS TaKUX JIEUCTBUI HAXOJST CTajlb, COBMAJAIONIYIO TI0O CBOMCTBAM C YCTAaHOBJICH-
HBIMH TEOPETUYECKUM IyTeM mapameTpamu. [Iorck BBIOIHAIOT O COOTBETCTBYIO-
et Tabauie ¢ TJIaBHBIM OMPEACIIAIONIMM MPU3HAKOM (ITPOYHOCTH, TETIOCTOUKOCTH,
WU3HOCTOMKOCTH, YAapHOU BA3KOCTH, U JIp.).

C ydyeToM 3TUX cOOOpakeHUM MOPSAA0K BEIOOpA IIIACTMACCHI CIIECTYIOIIHM:

I. CocraBiieHne MOMCKOBOI0 00pa3a CTaJu JJIsl:

e cocTaBieHue rpaga aepeBa CBONCTB U3Eus,

COCTABJICHHE MMAPAMETPUUECKOTO psAJla U ONPEACICHUE 3HAYCHHS TApaAMETPOB,
ONpE/ICJICHUE BECA MapaMETPOB C UCIIOJIb30BAaHUEM METOJIa PACCTAHOBKH MpPHU-
OpHUTETOB,
® YCTaHOBJICHHE MIOPOTa COBIAJICHUS TOUCKOBBIX MTapaMEeTPOB,;
I1. Iopsinok BbIOOpA:
e BBIOOp MaTepuaa 1o MOMCKOBBIM MapaMeTpaM, HauuHas ¢ Hanbosiee IIEHHOTO,
METOJIOM TOCJIEIOBATEIHLHOTO MPUOIMKEHHUS,

® [IpU HAJIMYMU HECKOJBKUX PABHOILICHHBIX MAapOK MaTepualia COMOCTaBICHUE U
BBIOOp JIydlllel ¢ MOMOIIBIO 000OIIEHHOI0 MOKa3aTess WM MO pe3yJbTaTaM
onpoOOBaHMUs.

CrnenyroomuM 3TanoM BbIOOpa Marepuaia JO0KEH OBITh MPOILECC ONpeaeiaeHUs
KOMILUIEKCa HEOOXOJMMBIX CBOMCTB CTaJld, OOECIEUMBAIOIINX HAJEKHYIO M JIOJTO-
BEUHYIO pa0OTy KOHCTPYKIIMUA, MAIlIMH U 00OPYOBaHUS B 3aJlaHHBIX YCIOBUSIX DKC-
mayatanuu. Tak Kak KOHCTPYKIIMOHHBIE MaTepUalibl XapaKTepU3YIOTCS MEXaHU4e-
CKUMH, (PU3UKO-XUMUUYECKUMU U TEXHOJOTMYECKUMH CBOMCTBaMH, TO paccMaTpu-
BaTh HEOOXOJIMMO BCIO TaMMYy CBOMCTB, OCOOCHHO €CJIM B KOHCTPYKIIMH JOJIKHBI Pa-
00TaTh pa3HbIe MaTEPHUAIIBI.

K coxanenuto, 4acto KOMILJIEKC TpeOyeMbIX CBOMCTB MaTepuaia, ohopMIICH-
HBIX B BUJIE TEXHUYECKUX TPEOOBAHWN WM TEXHUYECKUX YCIOBUH K MaTepHaly,
COCTAaBJISIETCS] HE HA OCHOBE TOYHOT'O aHAJIM3a M MOJICTTUPOBAHUS YCIOBUHN PabOTHI,

a. Ha MPUOM3UTENHHBIX KAUECTBEHHBIX JIAHHBIX WJIM Ha OTBITE MPEIBIIYIICH dKC-
ITyaTaluy aHAJIOTUYHOTO WJIM CXOXKEro M3ACNUs WM KOoHCTpyKuuu. OmaHako 60-
Jiee MPaBUJIbHBIM SIBIIAETCS (POPMHUPOBAHUE TEXHUUYECKUX TPeOOBaHUI K MaTepua-
Jy Ha OCHOBAHUHU MOJICJIUPOBAHUS YCIOBUM pabOThI U3/CNIUsI B PEAJIbHBIX YCIOBH-
SIX DKCIUTyaTalluM C MCIOJIb30BAHUEM CHEIUAIbHBIX CTEHJOB, Ha KOTOPBIX C IO-
MOIIIBI0O TEH30METPUPOBAHUS MOXKHO OMPEAENATh YPOBEHb JIOKAJIBHBIX MUKOBBIX
HANPSHKEHUN B U3/ICIIUU.

QDu3uKo-xumuuecKkue ceoiicmaea

du3n4eCcKrue CBOMCTBA OIIpCACIIAIOT IMOBEACHUC MAaTCPHUAJIOB B TCIIJIIOBBIX, I'PaBU-
TAlIMOHHBIX, DJICKTPOMAIrHUTHBIX U PaJUAllMOHHBIX I1OJIAX. M3 BaxxHBIX (I)I/I?)I/IIIGCKI/IX
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CBOMCTB MOKHO BBIICTTUTH TEIUIONPOBOAHOCTD, MJIOTHOCTD, KOI(PPHUIIMEHT JINHEHHO-
ro pacmupenus. Huzkas TemonpoBOAHOCTh YMEHBIIAET TEINIONPUTOKU U MPUAAET
MaTepHaly TEIUIOU30JIMPYIOINE CBOMCTBA, a BBICOKAs TEILIONPOBOIHOCTH CIOCOO-
CTBYET CHW)KEHHIO TEMIIEPATypHBIX IPaJHEHTOB B M3JenusAX. [[s nerarenbHbIX amn-
napaToB OOJIBIIOE 3HAUEHUE UMEET YMEHBIIEHUE MACChl KOHCTPYKIIUH, [IOATOMY IS
HUX 11€J1€CO00pa3HO MCIOJB30BaTh MAaTEpPUalbl C OOJBIION yIEIbHON MPOYHOCTHIO,
KOTOpasi ONpeleNsieTcs OTHOIIEHWEM IMPOYHOCTH MaTepuaja K ero IJIOTHocTu. B
TOM OTHOILUEHUM OO0Jie€ MEPCIEKTUBHBI ATIOMUHHUEBBIE, MarHUEBbIE U TUTAHOBBIC
CIUIaBbl, & TAK)KE€ KOMIO3UIIMOHHBIE MaTepuaibl. [IpuMeHeHne B COeIMHEHUsAX JeTa-
Jeil U3 pa3IM4HbIX MaTEpPUAIOB 00YCIOBIMBAET HEOOXOAUMOCTh yUeTa UX Kod(pu-
LMEHTOB JIMHEMHOTO paCIIMPEHHUS.

[Toa XMMHYECKMMU CBOMCTBaMHU MOHUMAIOT CIIOCOOHOCTh MAaTEPUAIOB BCTyNaTh B
XUMHUYECKOE B3aMMOJECUCTBHE C IPYTUMHU BELIECTBAMM, CONPOTUBIIAEMOCTh OKUCIIE-
HUIO0, TPOHUKHOBEHUIO Ta30B U XMMUYECKU AKTUBHBIX BELIECTB. JleTanu mo0oro us3-
JeNusl JOJDKHBI OBITh COBMECTHMBI C pabouei cpenoil. Kopposus, Koppo3noHHas
YCTaJIOCTh, KOPPO3HsI MOJ HAIPSHKEHUEM, BOJIOPOJHOE OXPYMUYMBAHUE U T. 1. MOTYT
BBI3BaTh MOBPEXACHHS B METAJUJIE U IPUBECTH K XPYINKOMY pa3pyLIEHUIO KOHCTPYK-
muu. /{11 KpHOT€HHBIX KOHCTPYKLUN BaKHOE 3HAYEHNUE UMEET BIMSHUE XUMHUYECKO-
ro B3aUMOJICHCTBUS: HU3KOKUIISIIIKUX IPOAYKTOB (3KUIKUNA KHCIOPOJ, BOAOPO H JIp.)
CO CIUIaBaMH, U3 KOTOPBIX M3rOTaBIMBAIOTCS 3T KOHCTPYKLIMH. Takue XUMHUUYECKH
AKTHBHBIE METAJUIbl, KAK TUTAH U €r0 CIUIaBbl, MAarHUEBBIE CIUIABbI, A JFOMUHHUEBBIC
CIUIaBBI, IIPY YIAPHOM HAarpy>kK€HUU MOTYT CaMOIPOU3BOJIBHO 3aroparbCcsi NpH KOH-
TaKTe C XKUIAKAM KHCIIOPOJIOM.

Mexanuueckue ceoiicmea

OcHOBOI1 BbIOOpa MaTepuaioB AJIA CO3JAHMS HAAECKHOW M pabOTOCIOCOOHOU
TEXHUKH SIBIISTFOTCSI IX MEXaHUYECKHE CBOWMCTBA, B MEPBYIO O4YEpeb, MPOUYHOCTHEHIE,
KOTOPBIE XapaKTEPU3YIOT CIIOCOOHOCTh MaTEPUAIOB COMPOTHBIATHCA Aedopmanuu u
pa3pylIeHUIO MO AEHCTBHEM PA3IMYHOTO POJa HArpy30K, B Pa3HBIX cpeAax U MpH
Pa3IMYHBIX TEMIEPATYPHBIX YCIOBHSIX.

PacyeT KOHCTpYKIIMK Ha MPOYHOCTH MPOU3BOAAT MO JOMYCTUMBIM HAMPSDKEHUSIM
[c], ompenensieMblM W3 YCIOBHH TMPOYHOCTH TMPH CTATHUYECKOM HATPYKCHHUU WU
JONTOBEYHOCTH MIPH IIUKJINYECKOM HarpykeHuu. [Ipu craTuaeckoM HarpyXeHUd J10-
MyCKaeMoe HampsKeHHE PaBHO OTHOLICHWIO MPEAENBbHOro AJI TaHHOTO MaTepuaia
HarnpspKeHus: K Koddduimenty 6e30macHoCTH, T.€. K KodhPHUIMeHTy 3anaca mpo4Ho-
cTu n. JIJg MIaCTUYHBIX MaTepUajoB 3a MPEeIbHOE HAMPSHKEHUE MPUHUMAIOT TIpe-
JIeJ1 TEKy4eCTH, JIJIsl KBa3UXPYIKHUX - BPEMEHHOE CONPOTHUBIICHUE:!

[6] = o: /n; unmn [6] = 6 4/N,.

3nadenue kodhduIreHTa 3anaca MPOYHOCTH 3aBUCUT OT MHOTUX (PaKTOpPOB: pa3-
Opoca XapaKTepUCTUK MPOYHOCTH; MPUCYTCTBHs B MaTepuaie AedeKToB, J0MycKae-
MBIX TEXHUYECKUMU YCIOBHUSIMH; CTETICHH CXeMaTH3aI[MH PACYCTHOMN MPOIIEAYPHI U T.
1.

Texnonozuueckue ceoiicmea

[Tpu BBIOOpE MaTepHaAIOB KOHCTPYKTOP O0S3aH YUUTHIBATH HE TOJIBKO MEXaHUYE-
ckue, pu3mdeckre U XMMHYECKHe, HO U TEXHOJOTHYECKHUE CBOMCTBA, a TaKKe BO3-
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MOYXHOCTH NPOU3BOJACTBA, TJI€ MPEANOIAraeTcsi U3roTaBiInuBaTh MPOEKTUPYEMOE U3-
JEHe.

TexHonmornyeckrue CBOMCTBA (JTUTEHHBIE CBOMCTBA Y JIMTEHHBIX CIIABOB; 0Opada-
THIBAEMOCTH JIaBJICHHEM Y 1e(OPMUPYEMBIX CILJIaBOB, 00padaThIBAEMOCTh PE3aHUEM,
CBAapUBAEMOCTb) BEChbMa BaXKHBI U MOT'YT OBITh PEIIAIOIIMMU MIPU BHIOOpE MaTepuaia
IUISl U3TOTOBJIEHUSI BBICOKOKAUYECTBEHHBIX M3JIEJINKA B IPOU3BOJCTBEHHBIX YCIOBUSAX.
Hanpumep, HEnb3si M3rOTOBUTH JIMTHEM TOHKOCTEHHBIE MPOTSKEHHBIEC JE€Tald W3
CIUJIaBAa C HU3KOM JKHJIKOTEKYYECThIO U IJIOXOW 3aMOJIHAEMOCThI0. Henb3s Takxke us-
rOTaBJIMBATH CBAPHBIE KOHCTPYKIIMU W3 CTAJE€H C BBICOKUM COJEpKaHUEM YIJIEpoJa
(BBICOKMM YTJIEPOHBIM SKBUBAJIECHTOM), TaK KaK B 30HE CBAPHOTO IIBa Bceraa OyIyT
00pa3oBBIBATHCS CBApPHBIE TPEIIMHBI. Bce 3TO Hamo mpeaBUIIETh U COOTBETCTBEHHO
YUHUTBIBATH NPU BEIOOpE MaTepHasia Ajisi KOHKPETHOTO U3/1EIIHUA.

B ToM ciydae, korma HE UIMEETCS BO3MOKHOCTH MCIOJIB30BATh CTEHA IS W3-
MepeHusl paboyero HampsHKEHUs, BO3HUKAOIIETO B U3/IETUU MPU €0 dKCILTyaTaluH,
CIEAYET UCIOJIb30BATh PACUETHBIE METOIBI.

Bb16op cTanu s U3roTOBJIEHUSI TOW WM APYTOM JAeTalld MAalluH U METOJ| €€
YIOPOYHEHUSI OMNPEAEISIIOTCA yYpOBHEM TpeOyeMoil KOHCTPYKIMOHHOM INPOYHOCTH,
TEXHOJIOTMYHOCTBIO MEXaHMYECKOH, TePMUYECKOM M XHUMHMKO-TEPMHUYECKOM o0Opa-
00TKH, 00bEMOM IPOU3BOJCTBA, ACPUIMTHOCTHIO, CTOUMOCTBIO MaTepuaja u ceode-
CTOMMOCTBIO YIIPOUHSIOLIEH 00pabOTKH.

[Tpu BBIOOpE CTANM W YHNPOUHSIONIEH 00pabOTKK UCXOIAT U3 00X TpeOoBa-
HUU, IPUBEICHHBIX HUXKE.

Jekuyus 3.
1.1.1. IkcuryaTanmoHHbIe TPeOOBaHUS

Crasib JOJKHA YIOBJIETBOPSITH YCIOBUSM PabOThl B MalllWHE, T.€. 00ecreyu-
BaTh 3aJJaHHYI0 KOHCTPYKIIMOHHYIO ITPOYHOCTh, YTO BHAUaJIe OMpPECIsSeTCS pacuet-
HBIMHU JaHHBIMH. JleTasiel, pacCYMTBIBACMBIX Ha CTATHYECKYIO MPOYHOCTH, CPaBHU-
TEJIBLHO Majo. DTO JAEeTalH ¢ OOJIBIIUM HayaJbHBIM HATATOM, JETAIH KOTJIOB U COCY-
JIOB BBICOKOT'O JaBJICHHUS, TUCKA KOMIIPECCOPOB M TYpOHH M HEKOTOPHIC JIETAJIA C Ma-
JIBIM YHCJIOM TUIABHBIX HArpyXeHUM (MHOTIa TPOBOJIUTCS pacyeT Ha MaJIOIMKIOBYIO
yCTaJIOCTh). MHOTMEe JeTanu MamuH pabdoTaloT B YCIOBHUSAX, KOT/a BO3HUKAIOT
HaIpsDKEHUST TIEpEMEHHBIE TI0 BpeMEHHU. PacdeTsl COMpOTHBIIEHUS YCTAJIOCTU JTUX
JIeTaJNe MPU CTAIMOHAPHOM HATPYKEHUW BEIYT MO MPEETy BBIHOCIMBOCTU C y4e-
TOM KOHCTPYKTHUBHBIX M TexHoOJoTHueckux (aktopoB. [lo kputeputo xectroctu (E-
MOJYJh YIPYTOCTH) PACCUNUTHIBAIOT CTAHWHBI, KOPITYCHBIEC JIETATN MAIuH, CTAHKOB,
BaJIbI KOPOOOK Tepeay, MIMUHSIN CTAaHKOB U T.1. OTHAKO KaKUMHU Obl TOYHBIMU HE
ObUIM pacueThl, TOJHKO MO HHUM HEJb3s CYAUTh O HAJCKHOCTH pabOTHI JeTaju.
HeoOxoaumbl HaTypHBIE HCTIBITAHUSA, T.€. UCTIBITAHUS CAMHX JIeTajiel Kak Ha CICIH-
aNbHBIX CTCHJIaX, TAaK W HEIOCPEACTBEHHO B IKCILTyaTtanuu. MiMes mHboOpMaIuio o
CTOMKOCTH JIeTajel, MOKHO YCTaHOBUTh KOMILJIEKC MPOYHOCTHBIX W APYTHX Iapa-
METPOB, KOTOpPbIE HAXOMSTCS B HAMOOJIBIIEH KOPPEISIUU C IKCIUTyaTallMOHHBIMU
CBOMCTBaMHU JeTanerd mamuH. [Ipr yCTaHOBIEHHMH 3THX HapaMEeTPOB KPOME CTaH-
JTApPTHBIX MEXaHUYECKUX CBOMCTB (O%, Go2, O, ¥, KCU) ¢ yueToM mpokaanBaeMOCTH
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CTaJIM JOJDKHBI YUUTHIBATHCA: paboTa pacnpoctpanenus tpemmsasl KCT, Tpenuno-
croiikocTh K¢, mpeaen BBIHOCIUBOCTH G.1, G-ix , CONPOTUBIICHHE KOHTAKTHOW yCTa-
JIOCTH, CONPOTUBIIEHUE U3HOCY U T,J.

DJEeMEHThl MalllMH U KOHCTPYKIIMH MOTYT pa0oTaTh B 3KCTPEMAJIbHBIX YCIIO-
BUSX, MIPU HU3KUX WM BBICOKUX TEMIIEpaTypax, UCIBITHIBATH OOJbIINE TUHAMHYE-
CKME, CTaTUYECKUE W LUKINYECKHUE NEPETPY3KHU, BO3ACUCTBUE ArPECCUBHBIX CPEX U
T.J., IPUBOJSIIME K OTKa3aM Jeranerd MamuH. [Ipy neperpys3kax B AeTaysix W3 Iuia-
CTHUYHBIX MaTepuajoB BO3MOXKHA IIacTUyeckas aedopmarus (M3rud ocu U BajoB,
pacTshkeHue O0JTOB, CIUSHUE MOCAJT0YHBIX TTOBEPXHOCTEN B KPENEXKHBIX JETAIIX U
T.J.) WIK Bsi3KO€ paspyuieHue. [Ipu mmrenbHoi SKCIUTyaTaluy OIpH BBICOKUX TEM-
nepaTypax 3a CueT IMOJI3y4eCTH HEpPEIKO HaOMIoAaloTCa HEeIOoNmycTHMbIE Jedopma-
uuu. Ilon3ydects Matepuana JOmaToK W JIUCKOB TYpOHMH, MapOIpPOBOIOB U JIPYTUX
JeTanell OrpaHuYMBAET CPOK UX CIIY>KOBI.

B cooTBeTCTBUM €O CTAaTUCTUYECKUMHU JaHHBIMH AeQopMalius U BSI3KOE pas-
pyuenue sBisitorcs npuunHon 15-20% Bcex oTkazoB. OOpa3oBaHHE XPYNKUX Tpe-
IIMH Yalle BCEro MPOMCXOIUT MPU HUBKUX TEMIEpaATypax SKCILTyaTalud, HATHYUH
UCXOJHBIX Je(EKTOB THUIIA TPEIIUH, MOBBIIICHHBIX OCTATOYHBIX HANPSKEHHM, BO3-
HUKHOBEHUH CTaTHYECKUX M JUHAMUYECKUX MEPErPYy30K, a TAKKE MPU yBEIUUYCHUU
pa3MepoB HAYaJbHBIX AE(PEKTOB MOJ BO3AECHCTBUEM LUKINYECKHX SKCIUTyaTallMOH-
HBIX HAarpy30K ¥ KOPpO3WH. XPYIIKOE pa3pylIEHNUE CyI0B, MOCTOB, KPaHOB U JOPO K-
HBIX MAalllUH OOBIYHO HAYMHAETCS B 30HAX KOHLIEHTPALUHU HAINpPSHKEHUH U MPOUCXO-
IUT TIOCJIE€ HEKOTOPO HapaOOTKU. DTO TOBOPUT O POJIM HAKOILJIEHUS SKCILTyaTalu-
OHHBIX MOBPEXKJECHUN U YBETUUEHUSI BEPOSTHOCTH OJJHOBPEMEHHOTO COUeTaHus (pak-
TOPOB, CIOCOOCTBYIOLIUX CHH>KEHHUIO COMPOTUBJIEHUS! XPYITKOMY pa3pyIIEHUIO.

[ToBbIlIEHHE COMTPOTUBIICHUS JIeTallell MalIuH (KOHCTPYKLMH) XPYIIKOMY pa3-
PYLIEHUIO HE MOXKET ObITh JOCTUTHYTO MOBBIIIEHHEM 3aIIaCOB CTATUUYECKON MPOYHO-
CTH, T.€. CHW)KEHHEM UX HOMMHAJIBHON HAIPSUKEHHOCTH M YBEIMYCHUEM CEUCHMS.
DTO JOIKHO JOCTUraThCs MCIOJB30BaHUEM 0oJiee CTOMKHMX K MEPEeXOoay B XPYINKOE
COCTOSTHHE MaTepHalioB, HaAJIeKAIIUX KOHCTPYKTUBHBIX (JOPM U TEXHOJOTUHU U3rO-
TOBJICHUSI, TMOBBIIIEHHEM TpeOOBaHUM K Ne(EeKTOCKOMMUYECKOMY KOHTPOJIO Ha CTa-
JMH U3TOTOBJICHUSI MAIIMH WJIM KOHCTPYKUUHN AJ11 OTOPAaKOBKH HEKaue€CTBEHHOTO Me-
TaJula WIK HEKAYECTBEHHO U3TOTOBJIEHHBIX JIETAJICH.

Crenyer OTMETUTh, YTO MHTEHCHUBHOE W3YyYECHHE KPUTEPHUEB HAJIC)KHOCTH Ma-
TE€pPUAJIOB HAYaJIOCh C MOMEHTA IIUPOKOI0 MPUMEHEHUS B TEXHUKE BBICOKOITPOYHBIX
METANIMYECKUX MaTepuaoB, XapaKTEepHOM OCOOEHHOCTHIO KOTOPBIX SBISETCS
CKJIOHHOCTb K XpYNKOMY pa3pylieHuto. HanexxHoCTh paboThl KOHCTPYKIIMM BO MHO-
TOM OMNPENEIIIETCS CONPOTHBIEHUEM MaTepuana pPacHpOCTPAHEHUIO TPELIMHBI, T.€.
ero BA3KOCTBbIO paspymeHus Kic. KOHCTpYKTHMBHYIO NPOYHOCTBH CIUIABOB HEPEAKO
OLICHUBAIOT C IOMOIIBIO TAK HA3BIBAEMBIX JUArpaMM KOHCTPYKTHBHOM NPOYHOCTH,
NOCTPOEHHBIX B KoopanHarax Kic - Go2 . [IOBBICUTH CONPOTHUBIEHUE XPYTIKOMY pa3-
PYLIEHUIO NPA COXPAHEHUHU BBICOKOW CTATUYECKON MPOYHOCTH MOKHO M3MEJIbYEHHU-
eM 3epHa, TMO, OYHMCTKOM CTAJIM OT BPEIHBIX MPUMECEN, & TAK)KE MCIIOJIb30BAHUEM
MapTEHCUTHO-CTAPEIOIINX CTAJIEH.
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JIJ1st MHOTUX CTPOUTENBHBIX U MAIIMHOCTPOUTENbHBIX cTaliel (o,<1000MIla)
onpeneneHue Bsi3kocTH paspyiuenus Kic 3aTtpyaneno. [lostomy o conpoTuBiIeHUH
XPYNKOMY Pa3pylICHUIO CYIAT MO TeMIEPaTypHOMY IMOPOTY XJIAJHOJIOMKOCTHU lsp.
Haunbonee HU3KYI0O KOHCTPYKTHBHYIO MPOYHOCTh HMEIOT TropsueKaTaHble CTalH
oObikHOBeHHOTO KauectBa (C12, C13, C14 u Ap.) ¢ heppUTHO-NIEPIAUTHON CTPYKTY-
poii. Uem Oosbllie B HUX COJEp)KaHUE YTIEpoja, TEM BBIIIE Gr U ts. Tepmuueckoe
YOPOYHEHUE YTIEPOJUCTBIX CTaled MOBBIIMIAET Gy U HECKOJIBKO CHHUXAET IMOPOr
XJIaTHOJIOMKOCTH.

HuskonernpoBanHbie CTaIM UMEIOT 00Jee BBHICOKYI0 KOHCTPYKTHBHYIO MPOY-
HOCTh B FOpAYEKATAHOM M HOPMAJIM30BaHHOM cocTosiHuAX. [locne Tepmuyeckoi 00-
pabOTKM HU3KOJETMPOBAHHBIX CTajel BO3pacTaeT Gy, & tso MPaKTUYECKU HE MEHSET-
csi. Bepxusas gacts obnactu HJI oTHOcHUTCSA K CTasiM ¢ KapOWUJIHBIM YIPOUYHEHUEM
(14I2A®D, 15T2CD u np.), a HiwkHss k cransam 14172, 1002C1, 15XCHJ u np. Bei-
COKOM KOHCTPYKTHUBHOM MPOYHOCTHIO 00J1a]al0T HU3KOJIETUPOBAHHBIE CTPOUTEIBHBIC
CTajJu IMOCJE KOHTPOJIUPYEMOW NPOKATKU. MalIMHOCTPOUTENBHBIE JETUPOBAHHBIC
CTaJM MOCJE 3aKaJIKH W HU3KOr0 OTIYCKa MMEIOT BBICOKYIO MPOYHOCTh Gr , HO
CKJIOHHBI K XPYIKOMY pa3pyIlICHHIO. YJIy4YllIEeHHE B 3aBUCUMOCTH OT TeMIEpaTyphl
OTITyCKa M COCTaBa CTAJIM 00ECNEeYBAET HU3KUI MOPOT XJIATHOJIOMKOCTH P J0CTa-
TOYHOW MPOYHOCTH Gy . Hammydimmii KOMIUIEKC MEXaHHYECKUX CBOUCTB (Or, Kic, ts0)
JIETUPOBAHHBIE CTAJIM UMEIOT TOCJIe TepMOMexaHndeckon 0opadbotku (TMO).

Jlst m3nenmii TpeOyronux Beicokux 3HaueHuit KCU, KCT, K¢, HU3KOTO TI0-
pora XJaJHOJIOMKOCTH (padOTaroIIMUX MPU HU3KUX TEMIEPATypax C BBICOKMMH CKO-
POCTSIMU TIPUJIOKEHUSI HArpy3Kd W MpPU HAIMYUM KOHIEHTPATOPOB HAIPSIAKEHUS ),
cleAyeT MPUMEHSTh MEIKO3EPHUCTBIE, CIIOKOMHBIE CTAJIU, MPEANOUYTUTEIHHO JIETH-
POBaHHbBIC HUKEJIEM U MOJIUOACHOM.

PaboTocnocoOHOCTh 3y04aThIX KOJIeC, BaJOB, OCEH KEIC3HOJOPOKHBIX Baro-
HOB, KOJICHYAThIX BaJOB, IITOKOB, paM, TPAHCIIOPTHBIX U I'Py30MOABEMHBIX MAlIUH,
CBApHBIX COCIMHEHHM M MHOTHX APYTHX JIETAIEHM M KOHCTPYKLUHMHU ONpEAEisieT CO-
IPOTUBJICHUE YCTAIOCTU. JlJIsi OLIEHKH XapaKTEPUCTUK COMPOTUBIIECHUS YCTaJIOCTH
HATYPHBIX JeTalleld MPOBOST UX YCTAJOCTHBIC UCTIBITAHUS, YTOOBI ONPEIEIUTh Tpe-
JIeJT BBIHOCIIMBOCTH JIETANH G.1. 3HAU€HHE OOBIYHO B 2-6 pa3 MEHbUIE G.1 ONPEAeIICH-
HOTO Ha 00pa3lax.

KoHieHTpaluy HanpsskeHU BOSHUKAIOT Y TajTeNd MpU Mepexoie OT OJHOTO
CEYCHHS Bajia K JIpyromy, rajreiieil OCHOBaHUS 3y0a IIECTEPHH, Y JHA KaHABKU PE3b-
Obl, MIMOHOYHOTO Ta3a, OKOJI0O OTBEPCTHM B JAETasIX, Y JHA BhITOUeK u Ap. [losTomy
0OJBITIIOE 3HAYCHUE JJI CONTPOTUBIICHUSI YCTAIOCTH UMEET ONTUMU3aIus GopM u3Jie-
JIUA C UENbI0 CHIYKEHUS! KOHIIEHTpaMy HanpsiKeHusl. JJisi CHUYKEHHST KOHIIEHTpaui
HaIpsOKEHUST HEOOXOIMMO TMpefaBaTh JAETalsiM IUTABHBIE OYEpPTaHUS, CKPYIJIATH
BHYTPEHHHUE YIJIbl, IPUMEHSTh Pa3rpy30uHble KaHABKU (OTBEPCTHUsA), pa3MellaTh UC-
TOYHUKH KOHIUEHTPALUU HANPSHKEHUS B 30HAX MAajbIX HOMHHAJIBHBIX HAMNpSKEHUU
WJIM CMEIIATh MAKCUMYM MECTHBIX HANPsHDKEHUN OT pa3TUYHBIX HCTOYHUKOB.

[Ipenen BEIHOCAMBOCTU BO3PACTAET C YBEIUYEHUEM Gy U Gp2 , OJHAKO, Y BbI-
COKOTIPOYHBIX CTaJIel, 00JIaJalONNX BHICOKOW YyBCTBUTEIHHOCTHIO K KOHIICHTPATO-
paM HampsOKEHUH, TIPeIeNl BBIHOCITMBOCTH MOXKET OBITh MOHMKEHHBIM. CHIDKAeTCS U
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BSI3KOCTH pazpyuienus Kic, a ciegoBaTeabHO, U COMMPOTUBIECHUE POCTY YCTAIOCTHOM
TPEHIMHBI (KUBYUECTh). DTO HYKHO YYHUTHIBATH, KOTJA U3 COOOPAKEHUS CHHXKEHUS
MacChl KOHCTPYKIIMH BBIOUPAIOT CTallb C BBICOKUM Gj 2.

KommpomuccHoe perieHue B JaHHOM Cy4yae 3aKJII04aeTcsl B TOM, YTOObI Mpu
NPOEKTUPOBAHUU CPENIM KOHKYPHUPYIOUIUX CTaje BbIOpaTh CTaib ¢ Haubosee Hu3-
KUM Gg2 DTO BEJET K HEKOTOPOMY YBEJIMUYECHHUIO MACChl KOHCTPYKIIUM, HO TTOBBIIIAET
npeaea BBIHOCIMBOCTH, >KUBYYECTh U CONPOTHUBICHUE XPYMKOMY pa3pyLICHHUIO.
Bo3moxxHO M mnpuMeHeHue Ooliee JOpPOTUX CTalleld, HalpuMep MAapTEHCUTHO-
cTaperomux uiny npoumenmumx TMO.

Hanuure Ha MOBEPXHOCTH HANpPsHKEHWM CKaTus 3aTpyAHseT oOpa3zoBaHue
YCTaJOCTHBIX TPELIVH, IPUBOAUT K MOBBIIIEHUIO MIPEAEa BHIHOCIUBOCTH U KUBYYE-
cTu. JlJis MOBBILICHUSI MPEJIENIa BBIHOCIMBOCTA U YMEHBILICHHS BIUSHUS KOHIEHTpA-
TOpa HaIPSKEHHS UPOKO MPUMEHSIOT 3aKalKy ¢ MHAYKIMOHHBIM HAarpeBOM, XUMHU-
KO-TEPMUUECKYI0 00pabOTKy, MIIACTUYECKYIO MTOBEPXHOCTHYIO aedopMaiuio u apy-
€ TEXHOJOTUUECKUE MPOLIECCHI, YIIPOUHSIOIINE MOBEPXHOCTh U CO3/IAI0IIUE Ha MO-
BEPXHOCTU OCTATOYHBIC HAMPSHKEHUS CXKATHUSL.

BonbmacTBO 0TKa30B Aertanedt mMamuH (10 80-90%) cBsizaHO C pa3IUYHOTO
pOJa M3HALIMBAHUEM BCIICICTBUE MOTEPU TOUHOCTH, CHYKeHUA KII/[ v nmoBsieHus
aMIUTATYbI IEPEMEHHBIX Harpy30K, UTO BBI3BIBAET YCTAIIOCTHOE pa3pyIllIeHUE.

YMeHbIIIeHue U3HOCA JOCTUTAETCS MPAaBUILHON KOHCTPYKIIMEH y3JI0B TPEHUS
(BBIOOp BHJIa TPEHHUS B OMOpPaX, CUCTEMbI CMa3KH, CO3JJaHUEM YCTPOUCTB JIJISi OUHUCT-
KU BO3yXa U CMa304YHOTO Macia U Jp.), MPUMEHEHHEM M3HOCOCTOMKNX MaTepUasoB,
YIPOYHEHUEM TOBEPXHOCTHOM 3aKalKOW, XUMHUKO-TEPMUYECKON 00pabOTKOM,
HAIJIABKOM M3HOCOCTOMKHUMM CIJIABaMHU, HAHECEHUEM Ha MOBEPXHOCTh TOHKOTO CJIOSI
HUTPHJIOB WU KapOHJIOB U Jp.

Takue nertanu, Kak MOAIIUITHUKYA KadyeHUs, 3yObsi KOJIEC, >KEJIE3HOJOPOKHBIC
KOJIeCa U MHOTHE JAPYTHE MOJBEP>KEHbl YCTAJIOCTHOMY H3HAIIUBAHUIO (KOHTAKTHOU
ycTanocTh). KoHTakTHas yCTalOCTh TEM BBIIIE, YeM 00JIbIlle TBEPAOCTh. OTHOIIIEHNE
npezena KOHTAKTHOM BBIHOCIMBOCTU G*. IIPH YMCIe LUKIOB Harpyxenus N = 107 k
tBepaoct HRC moBepXHOCTH SBIISETCS MOCTOSTHHOM BEJIMUUHOM.

01 =K-HRC
rae K - koadduiiuent, 3aBucsmuii oT TBEpAOCTH U BUA TEPMUUIECKOM 00paOOTKHU.

Hanpumep, 'OCT 21354-87 nnsi 11eMEHTOBAHHBIX (HUTPOLIEMEHTOBAHHBIX )
craneit ¢ TBepaocthio 58-62 HRC mpuHuMaeT npenen KOHTaKTHOM BBIHOCIMBOCTH
paBsblif 23 HRC. OnHako onbIT MOKa3bIBAET, YTO MPU HAMUUKUK AehekToB nuddy3u-
OHHOTO CJIOA (TPOOCTUTHOM CETKH, TEMHOW COCTAaBIAIOUIEH W Jp.) JOMYCTHUMBIE
HaIpsHKEHUs cienyeT CHU3UTh Ha 20-25%.

[ToBbllIeHUE TIpeaeaa KOHTAKTHON BBIHOCIMBOCTU JOCTUTAETCS YIPOUYHEHUEM
MIOBEPXHOCTH, MOBBIIIEHUEM IpeJiesia TPOUYHOCTH MaTepuaia, CHUKEHUEM Harpy3Ku
B 30HE KOHTAKTa, YJIYUYIIEHHEM YUCTOTHI OBEPXHOCTH, a TAK)KE MOBBIIICHUEM BSI3-
KOCTH Maca.

[TepcnieKTUBHBIM, HO €lI€ HEAOCTATOYHO M3YyUYEHHBIM METOJOM IOBBIIIEHUS COMpPO-
TUBJICHUSI U3HOCY SIBJISIETCS] M30MpaTENbHBIN MEPEHOC MPU JBUKEHUHM COUYICHEHHBIX
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netaneit mammH. [Ipu u3bupaTenbHOM MepeHoce B 30HE KOHTaKTa oOpa3yeTcst TOH-
Kasi MeTaJJIMYecKas IJIEHKA, 00J1aatomas CBOMCTBAMM:

1) mHOTOKpaTHOH nedopmanu 63 pa3pyIIeHHS;

2) pereHepaiy Macchl, TaK KaK YaCTUIbl H3HOCA BHOBb CXBAaTBIBAIOTCS C M3HAIIMBA-
€MOM OBEPXHOCTBIO;

3) HEOKUCIIIEMOCTH.

Takast nneHka oOblYHO oOpa3yeTcs Ha OCHOBE MEAM MpPU TPEHHH CTaad IO
OpoH3€ B BOCCTAaHOBUTEJIBHBIX CMa3KaX (IJIMLEPUH, COUPTOTIULEPUHOBBIE CMECH,
KoHcHCTeHTHbIe cMma3ku Tuna [IMATHUM-201). B aTom citydae MOKHO TOBOPUTH O
0€3U3HOCHBIX UM MAJIOU3HOCHBIX MTapax TPEHUS.

JInst TsKenbIX Harpy>KeHHbIX nap Tpenus (''cranas nmo cranu', "craiab Mo 4yry-
Hy") "B0O30yxaeHHe" H30MpPATEIbHOIO MEPEeHOCa JIOCTUIAETCS METaUIOIIaKUupOBa-
HUEM IPHU HUCTIOIb30BAHUH CMA30YHBIX MaTE€PHUAIOB, COAECPKAIIMX MOPOIIKU MSATKUX
metayuioB (Cu, Pb. Sn u np.) nim HaHeCEeHHEM MEIHBIX (JIATYHHBIX, OPOH30BBIX) IO~
KPBITHI1 HA MOBEPXHOCTH MMAPbI TPEHUS.

V31bl TpeHUs SIBISIOTCA CaMbIMM MAacCOBBIMU M HauOoOJiee MOBPEKIAEMbBIMHU,
MIO3TOMY MOBBILIEHUE JOJITOBEYHOCTH 3THUX Y3JIOB HE TOJIBKO YBEJIMYHUT JOJTOBEY-
HOCTb MAIIMH, HO U BEICBOOOJIUT 3HAUUTEIbHBIE CBAPHBIE U MIPOUUE PECYPCHI.

B tabn. 1 npuBeneHsl NpuUMephl pa3inyHbIX BUAOB OTKA30B (BHE3AIHBIX, IO-
CTENEHHbIX, KOHCTPYKTUBHBIX, 3KCIUIyaTallUOHHBIX) HEKOTOPBIX JA€Tajell MalluH U

KOHCTPYKIIUH U ITyTH UX YCTPaHCHHUS.

Tabnura 1

Bugsr n MPUYHUHBI pa3pyHICHUA CTAJIbHBIX JIeTajieil MallliH B nmponecce SKCITyaTauun

Bunp! pazpymienus

IIpumeps! neraneit

[Iytu npenynpexneHus

CKJIOHHBIX K 1TaHHOM ITpuuuna pas yHICHUS
MeTasuia A y p pasp nedekra
pa3pyuIeHHI0
1 2 3 4

Hedbopmariusi: nc-
Ka)KEHUE TeOMeT-
pudeckoi (hopmMbl
netanu (u3ruo,
VIJTHHEHUE, BMSI-
TUHBI U T.]1.)

Hamnpsoxennbie 601ThI
TATH, pbIYary, MITAHTH,
MOAIIUITHUKA CKOJIb-
YKEHUs1, TOBEPXHOCTHU
KaTaHUs OaHmaKeH,
PENBCOB U JIp.

JlnutensHOE NeiicTBUE
MIEPEMEHHBIX KOHTaKT-
HBIX, PaCTATUBAIOIINX
WIH CKUMAIOIINX
HaIpsHKEHUH, TTOBBIIIE-
HUE TEMIIEpaTypbl

HWcnonn3oBanue mare-
pHAJIOB C BBICOKUMH

3HaueHusmMu o u HRC

10JI3y4€ECTh JlonaTku, qucku mapo- | Hampsbkenue BbIILE IPE- | Chyskenue TeMIIepary-
BBIX U T'a30BBIX TYp- Jiena noja3y4ecT Npu pBI (Harpyskn)
OuH, TpyOBI MapoIpo- | JaHHOM TemmepaType u TIpumeHeHue Golee
BOJIOB, KPETIEHKHBIE JIe- | MPONOIKUTENBHOCTH PA- | 3xaponpodHOil cTatu
TaJIH U Jp. 00THI
Pazpymienue: Hecymue snmemeHThI 3HaYuTENbHbBIC TTEpe- CoburoieHue mpaBmiI
BSI3KOE MOCTOBBIX (hepM U Ip. | TPY3KHU BCIIEICTBHE IKCILTyaTaluu
MIPOCTPAHCTBEHHBIX HapyIICHUs YCIOBUI
KOHCTPYKLUH, aHKEP- | dKCILTyaTaluu
HbIE€ OOJITHI, BaJIbl, IlIa-
TYHBI U JIp.
XpYIKOe Jletanu ctpouTenpHbIX | OKcIutyaTanus npu Hu3- | IIpumeHeHue cranen ¢
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U JOPOXKHBIX MAIlluH,
KpaHOB, Cy/I0B, CBap-
HBIX KOHCTPYKUUN U
Ap.

KHUX TemIepaTypax,
HaJU4Khe UCXOAHBIX JIe-

(heKTOB (TpEIIH), BHICO-

KU IOPOT XJIATHOJIOM-
KOCTH CTajIi, HaJIu4ne
KOHIICHTPAaTOPOB HAIIpsI-
JKEHUH, CTaTUCTUYECKAs

JMHaMHA4YeCKasi Harpy3Ku

HU3KHM TIOPOrOM
XJIaTHOJIOMKOCTH H
BeicokuM KCT u K¢ ,
yCTpaHEHHUE KOHIICH-
TPAaTOPOB HAIIPSHKCHHUIA,
COOITIO/ICHHE TTPABUI
OKCILTyaTaI[|H

YCTaJIOCTHOE Bausbl, konieHuateie Ba- | Lluknnueckue Hanpsike- | YIIydllIEHHE KOH-
JIbl, JINCTOBBIE PECCO- HUSI, HAJIMYUE KOHLICH- CTPYKLIMH AETAIH; IO~
PBL, IPYKHUHBI, 3y04a- | TPaTOPOB HANPSIKEHHUIA, BBIIIIEHUE KaYeCTBA I10-
ThI€ KOJIeCa, ATyHbl U | paboTa B KOppo3uoHHOM | BepxHocTu XTO, 3a-
Tp. cpelie, HaJTu4re Ha Mo- kankoi, I1I1]1; 3amena
BEPXHOCTH PACTITHBAIO- | CTAIH
AX HAMPSHKEHUN
N3nammuBanue: Paboune oprans sKc- B3aumopeicteue Tpy- HarmaBka n3HOCOCTOM-
abpasuBHOE KaBaToOpoOB, Oy/b/103€- | IIUXCS IOBEPXHOCTEH C KHUMH HOPOIIKOBBIMHU
POB, TYCEHULIBI TPaK- a0pa3uWBHBIMU YaCTHUIA- | CIUIABAMHU:
TOpa, OTKPBITHIE 3y0Ua- | MU [MTP-H77X18C3P2
ThIE MI€pelayu, JeTaau I1P-H70X17C4P4
CX/MaIluH | Jip. [TP-H80X13C2P u np.
Jeraneu rugpoHaco- 3aMeHa crajau
3p03us COB, TPYOOITPOBO/IBI, Bo3spnelicTBue moTokoB

IIpu cxBaTpIBaHUU

IUTYH)KEpHBIE Maphl,
COIUTA U JIOTIATKU PeaK-
TUBHBIX JIBUTATEINEH,
OOIIMBKU KOCMHYE-
cKuil kopaOiei u T.1.

IToAmMIHUKY CKOJIb-
KEHMUsI, 3y0uaTble Ko-
jeca u Ap. AeTaau

ras3os, )XUAKOCTH, TBCP-

JbIX HaCTHI] (B KUIOKOCT-

HBIX WJIN I'a30BbIX I10TO-
Kax), KOCMUYeCKHil 1o-
TOKOB, PaCKaJICHHbIX Ia-
30B Ha MIOBEPXHOCTH U3-
JEJHSL.

WNurencusHas aedopma-

[ToBslIlIeHNE TBEPHO-
CTH CTaJIH, MOJA00p Ma-

1-ro pona LU, pa3pylleHue 3a- TE€pHUasoB, HE CKIIOH-
LIUTHBIX IJIEHOK OKCH- HBIX K CXBaTBIBAHMUIO,
JI0B, OTCYTCTBHUE pa3Jie- CO3/laHUE Ha ITOBEPX-
JSAIOLIETO CIIOSI CMa304- HOCTH HEMeTaJIn4e-
HOTr'0 MaTepHaia (BblJIaB- | CKHUX IJICHOK, IIpUMe-
JIMBAaHHUE MACIISTHON HEHHE CMa304YHbIX Ma-
IIJIEHKH). TEpPUAJOB C IPOTUBO3a-

JUPHBIMU NTPUCATKAMM.
1 2 3 4
W3nammBanue: JleTanu nopuHeBou Henonyctumoe noseiie- | [Ipumenenune temio-

MIpU CXBaThIBAHUU
II-ro pona

TPYIIIIBL, BTYJIKH,
HaIpaBJIAIOIIKE U JIp.

HHUC TCMIICPATYPhI Ha I10-

BEPXHOCTH TPEHUSI, pa3-
MsTYeHHe, 1ehopMarus
MOBEPXHOCTHBIX CJIOEB,
KOHTaKTUPOBaHUE I0BE-
HUJIBHBIX TOBEPXHOCTEN

CTOMKHX MaTepUaoB,
no0aBieHNe MPOTUBO-
3aJIUPHBIX TPUCATOK K
CMa304YHBIM MaTepHa-
JaM, OXJIaX/ICHUE y3-
JIOB TPEHUS, CHIENAITb-
HBIC MOKPBITHA
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OxucIuTEIIbHOE HOI[IHI/IHHI/IKI/I CKOJIb- I[J'II/ITeJIBHoe TPEHUE CO- YHpO‘IHeHI/Ie IIOBEPX-

KCHUSI, BaJIbI, OCH, NPSHKEHHBIX TTOBEPXHO- HOCTH, IPUMEHEHHEM
HaIpaBJIAOIINe, KyIu- | cTed CMa304HOr0 MaTepuania
CBl, IOPUTHEBHIE KOJIb- C U3HOCOCTOMKHMU
1a , BTYJKH U JIp. JeTa- MpPUCaIKaAMU, OITUMU-
7 paboTaromye B 3aus MpUpPadbOTKH 3a-
YCIIOBUSAX HOPMAJIbHO- muTa oT abpasusa, om-
ro U3HOCa TUMH3ALHS TEMIIepa-
TYpHOTO pexuMa
[Tpu pperTunr- bosroeie u 3akiienou- | HempepbeiBHOE pa3pyiie-
KOppOo3uu HbIE COCIMHEHUS, TIO- | HUE OKCUIHOM TUIGHKU B | YBEJIMUYEHUE JKEeCTKO-
caJIoYHbIE TIOBEPXHO- TOYKaX MMOJIBUKHOTO CTH COCJUHEHUS B
CTH MOJIIUITHUKOB Ka- | KOHTaKTa IUIOIIAIM KOHTAKTa,
YEHUs, JINCTOBBIE pec- MCTIOJIb30BaHUE MaTe-
COpBI, IIECTEPHH, MY ()- pHAJIOB C BHICOKOM aI-
TBI, JICTAJIN, HAXOIS- re3uel OKCHIHBIX TUIe-
IMecs B MOABMKHOM HOK, YIPOYHEHHE
KOHTAKTe yIy4IIeHUEM, IEMEH-
Tanuel (HUTpoLeMeH-
3y0Ouarsle nepenayu, Tanuei ), a30TUPOBaHU-
MOALIUITHUKY KadeHust, | [loHmkeHHass KOHTaKT- €M, IMaHUPOBAHUEM
YCTaJIOCTHOE penbehl, 0aHAaXK U Ap. | Has IPOYHOCTh MaTepHa-
J1a, BBICOKME KOHTAKTHBIE | YTPOYHEHHUE MOBEPX-
HaIpsHKEHUEeS Hoctu XTO, 3akankou,

MOBBIIICHUE YACTOTBI
ITOBEPXHOCTH, YMEHb-
LICHUE KOHTAKTHBIX
HaIlpsDKEHUH, IpUMe-
HEHUE COOTBETCTBYIO-
1IET0 CMa304HOrO Ma-
Tepuana

1.1.2. TexHoJsioru4eckue TpeOOBAHUS

Cranp JOJDKHA YAOBIETBOPATH TPEOOBAHHMSIM MHUHHUMAIBHON TPYIO0EMKOCTH
U3TOTOBJICHUS JeTalu. B "4acTHOCTH, cTaib JOJDKHA 00JiagaTh Xopolie oOpadaThi-
BAa€MOCTBIO PE3aHHEM M JaBJICHUEM, U MOATOMY 0CO00€ 3HAYCHUE MPUOOPETAET BbhI-
00p TPaBWIBHOTO pEXUMa MPEIBAPUTEITHLHON TEPMHUECKOW 0OpabOTKH 3aroTOBOK,
KOTOPBIN HA3HAYAETCS C YUYETOM MOCIEAYIOIINX MPOIIECCOB YIIPOUHEHHUS.

[IpenBapurenbHast TepMudeckas 00padOTKa OCYIIECTBISETCS B 3aTrOTOBUTENb-
HBIX I[€XaX U CBOAMTCS K HOpManu3amnuu (YrJIepoAUCThIe CTalld), HOPMAIU3AIUU U
BbICOKOMY OTmIycky npu 600-670°C (nerupoBaHHBIE CTaldu), OTKHUTY, U30TEpPMUYE-
CKOMY WJIM BBICOKOMY OTITYCKY Ha TBepAocTh 156-220 HB.

1.1.3. DxoHOMHYecKHe TPeGOBAHUA

MaTepI/IaH JOJIKEH OBITH BO3MOYKHO ACHICBJIC, ¢ YUYCTOM BCEX 3aTpaTr, BKIIIO-
Yarlmux HE TOJBKO CTOMMOCTH CTalld, HO U HU3TOTOBJICHHC ,Z[GTaJIefl N HAaKOHCI, UX
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AKCIUTYaTaI[MOHHYI0 CTOMKOCTh B MallMHAX, B KOTOPHIX OHU JOJDKHBI paboTath. B
MIEPBYIO OYEPEb HY’KHO CTPEMHTHCS BEIOPATh MEHEE JOPOTYIO CTajlb, YIJIEPOJAUCTYIO
WJIM HU3KOJIETHPOBaHHYI0. CTOMMOCTb 3THX CTaJIeld HEBBICOKA. Jloporue ke Jerupo-
BaHHBbIC KOHCTPYKIIMOHHBIE cTaIH, coxepkanue nepumutasie Ni, Mo, W, u npyrue
AJIEMEHTHI, CIEAYET NPUMEHSATh JMILIb B T€X ClIydasx, Korjaa 0ojee JIeUIeBble CTaIu
HE yJIOBJETBOPSIOT TPEOOBAHUSAM, NMPEABABIAEMbIM K U3/ENNI0. JIernpoBaHHbIE CTa-
JU MPUMEHSIOT, KOIJla HY)KHO 00€CleuuTh TpeOyeMyr0 HaJEeKHOCTb U JIOJIFOBEY-
HOCTh (HU3KHI MOPOT XJIaJHOJOMKOCTH, BBICOKYIO MPOKaJIMBAEMOCTb, COIPOTHUBIIE-
HHUE YCTAJIOCTH, U3HOCOCTOMKOCTb U Jp.), MOIYYEHHE OCOOBIX CBOMCTB (KOPPO3UOH-
HOW CTOMKOCTH, KapOIPOYHOCTH, MATHUTHBIX CBOMCTB U T.J.). YIYYIIEHUE TEXHOJIO-
TMYECKUX CBOMCTB (00paOOTKM pe3aHHEM, IITAMITYEMOCTH U T.J.), @ TAKKE CHU3ZHUTH
pacxo MeTajljla Ha €JUHUIY TOTOBOM MPOAYKIMU WJIM NOBBICUTh MOLIHOCTbH MAIlIU-
Hbl. [I[puMeHeHre TernpoBaHHON CTadu JOJKHO OBITh TEXHUYECKH U 3KOHOMHUYECKH
11eJ1IecCO00pa3HO U OMPABJAHO B TOM CJIy4yae, €CJIM OHO JIaeT SKOHOMUYECKUU PDHEeKT
3a CYET MOBBIIICHUS JOJTOBEYHOCTH JIETaleil 1 YMEHBIIECHHS pacxoda 3alacHbIX Ya-
CTEeH M, TAKUM 00pa3oM, IKOHOMHH METAIIONPOKATA.

Ot1u 001muMe TpeObOBaHMS K MaTepUally HEPEIKO MPOTUBOPEUYUBHI. Tak, HaNpH-
Mmep, OoJiee MpOYHbIE MaTepUajbl MEHEE TEXHOJOTHUYHBI, TPyAHEe 00padaThIBalOTCs
IpU pe3aHuu, XOJIOAHON 0OBEMHOMN IITaMIIOBKE, CBapKe U T.1. Pemienue npu Beidbope
MaTepuaiga 0ObIYHO KOMIPOMHUCCHO MEXIY YKa3aHHbIMHM TpeOOBaHUSAMHU K cTanu. B
MacCOBOM MAIIMHOCTPOECHUH IPEANOYUTAIOT YIPOIICHUE TEXHOJOTHH U CHW)KECHHE
TPYAOEMKOCTH B IIPOLIECCE MU3TOTOBJIEHUS JE€TANM, HEKOTOPOW MOTEPE CBOMCTB WIH
YBEJIMYEHHUIO MacChl AETAINA. B crenuanbHBIX OTpacisX MalIMHOCTPOEHHUs, TI€ IPO-
0JieMa MPOYHOCTH (MM TpobiemMa yAeNIbHOW MPOYHOCTH) UTPAET PEUIAIOLIYIO POJb,
BBIOOp Marepuasna U MOCIEayIoasi TEXHOJIOTUSI TePMUYECKONH 00pabOTKHU JOJIKHBI
paccMaTpUBaTLCA M3 YCIOBHS TOCTUKEHUS! TOJBKO MAaKCUMAJIbHBIX 3KCIUTyaTallMOH-
HBIX CBOMCTB. BMeCTE ¢ TEM He CIIEyEeT CTPEMUTHCS K U3JIUILIHE BBICOKOM JOJITOBEY-
HOCTH JIeTajiell IO OTHOILIEHHUIO K JOJATOBEYHOCTH CAMOW MAILIUHBI.

[Ipu pemieHuu Bompoca 0 BIOOpE CTanu AJsl OJy4YeHHs] TPEOYyEeMbIX MEXaHHU-
YECKHUX CBOMCTB M JAPYIMX XapaKTEPUCTHK TAK)KE BaXKHO YCTAHOBUTH ONTHUMAJIbHBIN
BUJ YIPOYHSIONICH TEPMUUECKON HIIM XUMUKO-TEPMUYECKON 00padoTku. Bompocsl
BbIOOpa MaTepuaia U TEXHOJIOTHH TEPMHUECKON 00pabOTKH CIeAyeT pacCMaTpuBaTh
MIPUMEHUTENBHO K KOHKPETHBIM ITPOU3BOACTBEHHBIM YCIOBUAM. OIWH U TOT ke
MPOLIECC TEPMHUUECKON 00pabOTKH B Pa3IMYHBIX MMPOU3BOJICTBEHHBIX YCIOBUSIX MPH-
BOAUT K Pa3HbIM 3KOHOMHMYECKHM pe3yibTaTaM. Ha S3KOHOMUYHOCTH TEXHOJIOTHYE-
CKHX TPOILIECCOB BIUSAIOT 00BEM BBIITYCKa MPOIYKIIMH, UCTIOIb30BAHUE SHEPTOPECY P-
COB, BO3MOYKHOCTh CO3[IaHUsI WJIM MPUMEHEHUs 000pYyIOBaHUS U JIPyrue OpraHu3a-
[IUOHHO-?KOHOMHUYECKHE yCIIOBUS MPOU3BOJICTBA.

[Ipu BBIOOpE ympouHstoleld o0pabOTKH, OCOOEHHO B YCIOBHUSIX MacCOBOIO
POU3BOJICTBA, MIPEANIOYTEHUE CIIEYET OTAAaBaTh HaMOOJIee SKOHOMUYHBIM U MTPOU3-
BOAMUTENIbHBIM TEXHOJIOTMYECKUM IpolleccaM, HalpuMep IMOBEPXHOCTHOM 3aKajike
IpU MMOBEPXHOCTHOM WJIM TNyOMHHOM HMHJIyKLHOHHOM Harpese, Ia30BOM ILIEMEHTa-
LMY, HAITPOLEMEHTALIUH U T.J.
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Jlst IpoBeACHUS YIPOUHSIONIEH 00pabOTKN Ha KaKIYIO JIeTalh COCTABIIACTCS
TEXHOJIOTHYECKAs KapTa C yKa3aHUEM MapKH CTaJIH, peKUMa TePMHUIECKONU 00paboT-
KW, IPUMEHSEMOT0 000Py1I0BaHHUSI, TPUCTIOCOOIECHUS, KOHTPOJIS KauyecTBa U T.J.

OOBIYHO paccMaTpUBAETCS BO3MOXKHOCTh MPUMEHEHHS HECKOJIBKUX MapoK
CTaJIM U CIIOCOOOB YIPOUHEHHUS. DTO MO3BOJSET BHIOpAaTh Hanboee palioOHATbHBIN
BapHaHT, 00ECIICUNBAIOIINN HAPSTy ¢ BHICOKMMH SKCILTyaTallHOHHBIMU CBOMCTBAMHU
JeTallid XOPOIIYI0 TEXHOJIOTHYHOCTh NMPHU BBIOJHCHUH MEXaHWYECKOW W TepMHYe-
CKOM 00pabOTKH.

Jlyis BBIOOpa M MPOCKTHUPOBAHUSI HAanOOJee IKOHOMUYHBIX BAPHAHTOB TEPMHU-
YECKOW M XUMHUKO-TEPMHUIECKONH 00paOOTKH B HACTOSAIIEE BPEMs IIMPOKO UCTIOIB3Y-
€TCS1 KOMITBIOTEPHOE MOJICITUPOBAHUE.

Jlekuus 4.
1.2. [IpuMepbl TEpMUYECKOH M XMMHUKO-TEPMUYECKOI 00padoTKN
aerajiedl MalIuH

B 3aBucHMOCTH OT ycn0BUM pabOThI A€Tajieil MalllMH UX YIIPOUYHEHHE IOCTUTa-
€TCS 3aKaJKOM M OTIIyCKOM, INOBEPXHOCTHOW 3aKaJIKOW WM XHUMHUKO-TEPMHYECKON
00pabOTKOM, yalle [IEeMEHTAUEe U HUTPOLIEMEHTAIMEN ¢ OCIEAYIOIIEH 3aKaJIKo 1
HU3KHUM OTIIYCKOM, PEKE a30TUPOBAHUEM.

1.2.1. O0bemMHan 3aKajaKa U OTIYCK

OO0BbEeMHYIO 3aKaJIKy C TMOCJEIYIONIUM HU3KUM HWJIM BBICOKHM OTITYCKOM LIS
MOJIYYCHHS] TPEOYyEeMbIX MEXaHMYECKHX CBOMCTB IIMPOKO MPUMEHSIOT B MallUHO-
ctpoenun. Hanpumep, B mammmuoctpoernu 35-40% yrpodHseMbIX IeTalled MoABep-
raercs 00bEMHOM 3aKaliKe U OTITYCKY.

[TonyunuTh BBICOKYIO MPOYHOCTH Y OOBIYHBIX MAIIMHOCTPOUTEIBHBIX CTaJIeH
(mo0 0,5-0,6%C) MOXHO MyTeM O00BEMHOM 3aKaJIKM U HU3KOTO OTmycka. OJHaKo 1o-
BBIIIICHUE TMPOYHOCTH (Gy, O©;) COMPOBOXKAACTCS YMEHBIICHHEM CONPOTHBICHUS
XpYIKOMY paspyiieHuto, o yem cBujaerensctByeT nonmxenue KCU, KCT, K¢ u no-
pora XJIaIHOJIOMKOCTH. UeM BBIIIE COAEpKaHUE B CTAJIA YIJIEPOJIa, TEM HHXKE BSI3-
KOCTb pa3pyuieHus K¢ cranen co CTpyKTypou OTHYIIEHHOIO MapTEHCUTA.

Huskomy otmycky (180-220°C) moasepraroT aetainu MamuH (1abdi.3), Tpedy-
IOIKX IO YCJIOBUSIM paboThl BbicOkoi TBepAoctu (58-62 HRC), conpoTuBnenus us-
HOCY M KOHTaKTHBIM Harpy3kam B YCJIOBHUSIX CTaTUYECKOTO WM ITUKIMYECKOTO HX
NEeUuCTBUs. B 3TOM ciydae 11 U3rOTOBJIEHUS AETAIEW MAIIMH UCIIOJIb3YIOT BBICOKO-
YIIAEPOIUCTHIE JIETUPOBAHHBIE CTANIH.

Tabmuna3
TunoBble 1eTanyu MalivH, yIpouHseMble 00bEMHOMN 3aKaJIKOM U HU3KUM OTIYCKOM
JAETAJIN Pexomennyemast | TBepaocthb
YcnoBus paboTsl HaunmenoBanue CTajlb HRC
1 2 3 4
Bricokoe conporunenue | Jleranu nogmmnHuKoB: Haknaaueie | X115, X15CT, 62-66
W3HOCY M KOHTAKTHBIM HarnpasJsitomue kauenus metayuop- | [IX15, 7XI2BM 58-60
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HanpspkeHusaM. CTabuiib- | eXKYyHIMX CTaHKOB U JIp. 000pyaoBa-
HOCTB ()OPMBI M pa3MEpOB | HHS;
MIPH DKCILTyaTaluy (TeM- | POJIMKHU TOJIKaTeNel, xonoBbie BUH- | XBI', 7XI'2BM, 58-60
neparypa ormycka 150- ThI N1ap KaueHus Metaopexyumx | [IX15
175°C) CTaHKOB U JIp.
Bricokoe conporuBienue | Jleranu HacocoB: cratopsl, Jomactu, | LIIX15, 30X13, 58-60
WU3HOCY MPU TPEHUU KJIamaHbl, 30JJ0THUKH TUTYHKEPhI U 40X13.
CKOJIbKCHHUSI. Ip. 30X13H7C2
CrabwibHoCcTh GopMbl U | JleTanu Ky3HEUHO-IIPECCOBOI0 000-
pa3MepoB IpH KCIUTyaTa- | pyAOBaHHUS: JETAIU KYJIaYKOBBIX V8A, V10A, XBI'
nuu (TeMIiepaTypa oTIyc- | MEXaHM3MOB, KynaukoBeie posku, | LIX15, 9XC 58-60
ka 150-180°C) KOIUPBI, TUTYHXXEPHI, IIAHTH, JeTT1-
TEJbHBIE TUCKH, OTIOPHI U JIP.
Heranu metamopexymux crankon: | [IIX15, XBI',
HalpasJsiloIIKe BTYIKHU, Haknaauele | 9XC, XBCI' 58-60
HAIPABJISIOIINE CKOJIBKEHUS, BTYJI-
KH, YIIOPbI, KyJTauKH, KaTKH, KOTIH-
PBI, YEPBSKH JICTUTEIHHBIX TIap U
ap.;
BHUHTBI IEPEAAYN CKOJIbKEHHUSI XBI' 54-58
[ToBeiienHoOE conpoTuB- | KpenexHbie getanu: 35, 45, 40X,
JIEHWE U3HOCY, CTaTh4e- OOJITHI, IIITHIBKH, TAKU 35XM, 40XDA, 40-50
CKHUM, IMHAMHUYECKHUM U 30XI'CA, 50XH
[UKIMICCKUM Harpy3kam | Jleramu Ky3HEYHO-TIPecCOBOro 000-
(Temmepatypa oTHycKa PYyIOBaHUS: BaJbl, HUIUHAPHI, IITO-
180-240°C) KW, OCH, BaJIUKH, KYJIaKH, KOTTUPHI, 40XH,
BUWJIKH, HampaBJisonine, yepssiunsie | 40XH2MO, 45-53
U KyJlauKoBble My(Thl, skciieHTpuku | 40XH2MA
u Jap.
IITTH/ICITH, THITB3BI, THHOJIH, YepPBsi-
KM, BTYJIKH, TOJIKATEJIH, pEHKH, Ba- 45, 40X, 50X, 40-56
JIbI, OCH, BWJIKH, IITOKH, ITyHkepol, | SOXH, 40XI'TP
3yOuaThie Kojeca TOUHbIX KHHEMa-
TUYECKHUX TIepeiad u Jp.

Huskomy oTHycKy MoABEpraioT U HEKOTOpPbIE JAE€TAIM MAIIMH U3 KOHCTPYKIIH-
OHHBIX ctayiert, conepxanux 0,35-0,45% C u TpeOyronmux BbICOKON TBepaoctu 40-
56 HRC (ta6m.3)

J1J1s M3rOTOBJIEHUS HATPYKEHHBIX OOJTOB, 0ANIOHOB BHICOKOIO J1aBJICHUS, He-
KOTOpBIX JeTajied IIacCu camoJjieTa HalUIM NPUMEHEHUE BBICOKONPOYHBIE (G =
1800-2000 MIIa, oo, = 1500-1700 MIla, & = 10-12 %, y = 45-50 %) cramu
40XI'CH3BA, 35XT'C, 35X2A®, npoxoxsiye o0bEMHYIO 3aKajKy U OTIYCK IpU
200-250°C. BpicokonpouHble HU3KOOTIYIIECHHbIE CTAIW YyBCTBUTENIbHBI K KOHIICH-
TpaTopaM HamNpsLKEHW, BOAOPOJHOM XPYNKOCTH M AHU30TPONHMHM MEXAHUYECKUX
CBOMCTB. [[s1 HM3KOOTIYIIEHHBIX KOHCTPYKLHMOHHBIX CTajieil OoJbllioe 3HAuYeHHE
MMEET YUCTOTA CTAJIN 10 HEMETAJUIMYECKUM BKJIFOYEHUSIM, Ia3aM U BPEIHBIM ITpUMeE-
csiM. UeMm uuiie craib, TEM BBILLIE TPEEN BBIHOCIUBOCTU G-1 U IIJIACTUYHOCTD CTaJIH.
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Huskomy OTHycKy NOABEPrarOT U HU3KOYTJIEPOIUCThIE IEMEHTYEMBbIE (HUTPO-
[IEMEHTYEMbI€) CTalHl, KOTOPhIEe 00ECIEUNBAIOT BHICOKYIO KOHCTPYKIIMOHHYIO TIPOY-
HOCTb, 0COOCHHO €CJIM OHU MEJIKO3EPHUCTHIE.

OO6beMHOI 3akanike ¢ mocieayommm oTmyckoM npu 420-500°C nmoasepraiot
yhOpyrue 3JeMeHTbl MamuH (Tabmn.4), u3roroBisieMble u3 craieit 60, 60I°, 55C2,
65C2BA, 5S0XT'®A u np. (TOCT 14959-79). MakcumaibHbIe YIIpyrue CBOMCTBA J0-
CTUTAIOTCSl IPU CKBO3HOM MPOKAJIMBAEMOCTH, TTO3TOMY MapKu CTaJId MOAOUPAIOT IO
IPOKAIIMBAEMOCTH.

Tabnuna 4
Cranu u TepMuyeckasi 00paboTKa yIpyrux 3J€MEHTOB MaIllMH (TUIIOBBIE JETAJN)
Tpebyemas
Pexomenayemast
Heranu CraL TBEPAOCTh
HRC
[IpyxuHHbIE MaNOBI, CKOOBI, 3a)KUMBI, TapeibuaThie MpYXHHbI, | 50, 55, 65, 65T, 40-50
CTONOPHBIE KOJIbLIA U AP. 50C2
[Ipy>xuHBI OYKCHUPHBIX YCTPOHCTB, HACOCOB KapOrwoparopos, Ky3o- | 60, 650, 70T, 38-48
BOB, MIPUIIENIOB, KJIAIaHOB U JIp. 55C2
OTBeTCcTBEeHHBIC MTPYKMHBI HA TPAHCIIOPTHBIX MammHax (mpyxuasl | 60C2BA, S0I'OA
CIICTIJICHUS, IEMII(EPOB, PYJIEBBIX TAT), HABUBAEMBIE B XOJIOIHOM 42-58
COCTOSIHHUH.
PeccopHbie TUCTHI JIETKOBBIX aBTOMOOWIICH, peakTuBHbIE mTaHTu | SO ®A(TomuHa 40-46
TIOJIOCHI 1O IMM) 388-444 HB
PeccopHble MCThI TPY30BBIX aBTOMOOUIIEH. 50C2, 60C2,
XI'C (T WH
J611(z)ICTaC6— 1(8241;111; : 36332::'16}1]3
S0XT'A (TrommuHa )
ucTa 6MM)

Kputnuecknii guamerp npokanuBaemoctd s ctanu S0C2 cocraBuser 12-
16mM, a s cramu 60C2, 60C2XA n 60C2DA mpu 3akanke B Macjie COOTBETCTBEHHO
- 20,45 u 80mm.

[TonmaBmnsromee ynuciio aerainei MamuH u3 cpeaneyriaepoauctsix (0,3-0,5%C)
KOHCTPYKIMOHHBIX CTajied MOABEPraeTcsl 3aKajike WU BBICOKOMY OTHycKy mpu 550-
650 °C, koTopbIil 0OecTIeunBaeT XOPOIIYI0 KOHCTPYKIIMOHHYIO MTPOYHOCTH - BBICOKHE
3HaueHust paboTwl pacmpoctpaneHus: tpemHbl KCT u Bsizkoctu paspymenus Kic
MIPU HU3KOM MOPOTre XJIagHOJIOMKOCTH (cTasib 40XMD):

Temmneparypa otmycka, ° C 400 520 600 620 650
os, MIla 1550 1300 1200 1150 1000
tso, °C 60 -40 -60 -70 -90

[Tocne ymydiieHus cranu 00J1aJaloT BBICOKOM KUBYUYECThIO (HU3KOM CKOPOCTBHIO PO-
CTa TPEUIMHBI YCTAJIOCTH) HECMOTPS Ha paHee MO0 BpeMeHH o0Opa30BaHUE TPELIUHBI
YCTaJIOCTH.

[Tocne 3akaliku ¥ BBICOKOTO OTITyCKa IpPEeN BHIHOCIMBOCTH MOBBIIIAETCS Ha
30-40%, mONTOBEYHOCTH - OT 2 710 5 pa3, mpe/ea KOHTAaKTHON BRIHOCTUBOCTH - Ha 20-
50%, compoTuBieHHE (DPETTUHT-KOPPO3UHU - B 2-5 pa3, U 3HAYUTEIHHO BO3PACTACT
BSI3KOCTH paspymieHust Kic. OgHako mocie ymydiieHus: cTaidb YyBCTBUTEIbHA K KOH-
[IEHTpaTOpaM HampsHKECHUH.

B T1a671.5 npuBeAeHBI TUTIOBBIC IE€TAIHM MAIlIUH, YIPOYHSIEMbIE 3aKATKOU U BbI-
COKHM OTITYyCKOM, a TaK)K€ peKOMEeHayeMbIe cTanu. JJis yiydimaemMpIx geTaneil TBep-
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JOCTh U TIPOYHOCTH KOJICOTIOTCS B IMIUPOKHUX TpeaesiaX B 3aBUCHMOCTH OT TEMITepa-
Typbl oTiycka u coctaBa ctayu (207-350 HB u 6, = 700-1400MITa).

Tabnuua 5
TumnoBsle AeTaIM MAaIIUH, YIPOYHsieMble 00BEMHOM 3aKaJIKOH M BBICOKUM OTIIYCKOM

Pexomennyemas | TBepaocTh
Herann cTajnb HB
1 2 3
Pa3nbie KpenexxHbie AeTan: MPOOKHU, TAMKH, YIIOPBI, OOJTHI, BUH- 35, 45 207-242
TBI, IITH(THI, BTYJIKH, BUJIKH, KPIOKH, CTSHKKH U JIP. 240-320
267-313
320-344
Banel kapaannble, maTyHbl, nangsl, QuaHiel, TATH, CTynuusl 1 ap. | 45.40X 207-241
255-302
Ocu. BaJibl, MIECTEPHU, IUTYHXKEPHI, IITOKH, TUCKU TAPOBBIX TYyp- 45X 223-262
OWH, BaJIbI ¥ POTOPHI MAPOBBIX TYpOHH, BbLIA, IIECTEPHU, paboTa- 212-248
IOLI[ME TPY MAJIBIX CKOPOCTSIX U JaBJICHUSX, OCH, OOJITHI, IIATYHBI B 197-235
TSKEJIOM MAIlIMHOCTPOCHUH 174-217
Ocu, BaJIMKK BOASHOI'O HACOCA, IIECTEPHU pACIpPEACIUTEIbHbIC, 45, 35X, 45X,
oJryMy(ThI, KyJIa4KH IIOBOPOTHBIE, COIIKH, BAJIBI, TATH TOMEPEU- 40XH, 241-286
HbI€, IIATYHBI, CTYIUIBI U Ap. A€TaTl aBTOMOOUIIS 40XH2MA,
20XT'TP
Harpy»xeHHble Bajibl, IITOKU, PEUKH, LIIJTUIEBBIE U TJ1aJKHE BaJIbI, 40X, 50X, 212-293
YCTaHOBOYHBIE BUHTHI METAJUIOPEKYIINX CTAHKOB 40XDA
PazHoro posaa Basbl B Ky3HEYHO-TIpECCOBOM 00opyaoBanuu, 1mro- | 40XH, 40X,
KU, IOPILIHH H JIp. 50XH, 40XH2,
40XH2MA, 230-350
40XT'TP
Banbl, poTopsl ¥ JUCKH NApoBBIX TypOWH M KomIpeccopHbIX Ma- | 38XH3M®DA, 293-331
IIWH, BajJbl SKCKABATOPOB, 3yOuaThie Koijieca, OcH, OonThl U Ap. | 36 X2H2M®DA, 277-321
0c000 OTBETCTBEHHBIE TSXKEIOHATPYKEHHBIE I€TalIH. 34XHIM, 277-321
34XH3M 293-331

Ceuenne nokoBok 10 800mMmM. TBepIOCTh TeM HUXKeE, YeM OOIIbIIIE CEUYCHUE

Cranu ¢ pa3jaM4HbIM COJAECPKAHUEM YIJIEPOJa U JIETUPYIOLIUX 3JIEMEHTOB I10-
CJie OJJMHAKOBOI'O peKMMa 00pabOTKU OTIAMYAIOTCA APYT OT APyra M0 MEXaHUYECKUM
cBoiicTBaM. OIHAKO, €CJIHM pa3IMYHbIe CTalId 00paboTaTh HA OJIMHAKOBYIO MPOYHOCTh
o, (TBeprocts HB), 3Hauenus coo , 8, y u KCU oxka3biBaroTcst 6sm3kuMu (puc.S,
Ta0J1.5). DTO MOJIOKEHUE CIPABEIIUBO IS BI3KOTO pa3pyIIeHUS.

Ecnu nocne ynyumenus o, < 1200-1300 MlIla, npenen Teky4ecTr MOKET ObITh
UCIOJIb30BaH JIJIsl pacyeTOB JIeTajel MalluH 0e3 onaceHus BO3HUKHOBEHHS XPYIIKO-
ro paspyumenus. [Ipu o, > 1500 He ynaercst MOAy4YHUTh MOJHOCTHIO BSI3KOE pa3pylie-
Hue u pacuetsl cienyet Bectd o KCT u Kc.

Kak Obu10 yKa3zaHo paHee, ONTUMAIBPHOE COYETAaHUE MPOYHOCTU U TIACTUIHO-
CTH TOCJIE YIYUILIECHHS] JOCTUTAETCS, €CJIM CEUEHUE M3JEIUSI COOTBETCTBYET KPUTH-
yeckoMmy nuameTpy (95% mapTtencura) 11 JaHHOM CTalu.

MexaHudeckue CBOMCTBA CTaJIM B MEPBYIO OYEPElb ONPEACIISIOTCS COAepKa-
HUEM B HEH yriiepoja, OT KOTOPOTO 3aBUCUT U 3aKaIMBaeMOCTh cTanu. [IpokanuBae-
MOCTb OIpPEAEIISIeTCS] MPUCYTCTBUEM JIETUPYIOLIUX SJIEMEHTOB.
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Tabunuma 6
MexaHnueckue cBOMCTBa yaydIlIEHHBIX CTaJlel B 3aBUCUMOCTHU
oT BpeMeHHoro conpotusiieHus (A.IL.I'ynseB)

O3 Go,2 0 )
MIIa %
700 500-600 20-30 65-75
900 700-800 18-22 62-73
1100 900-1000 15-18 55-62
1200 950-1100 13-16 50-57
1400  1050-1300 11-15 48-55

B ycl10BUSX MOJHOW MPOKATMBAEMOCTH MEXaHUYECKUE CBOMCTBA MaJIO 3aBUCST
OT MIPUPOJBI U CTETCHU JIETUPOBAHHOCTU. VICKIIIOUEHUE COCTaBISIOT HUKEIh U MO-
TMO/IeH, MOBBIIIAIOIINE COMPOTUBICHUE XPYNKOMY pa3pylieHuto. OJIHaKo HE Cleay-
€T CTPEMUTHCS K IPUMEHEHUIO CTAJIEH C M3JIMIIHE BBICOKOW MPOKAIMBAEMOCTHIO, TTO-
CKOJIbKY HE0OXOJMMOE Il 3TOTO BBICOKOE COJIEpKAHUE JIETUPYIOMINX 3JIEMEHTOB
CIIOCOOCTBYET POCTY CKJIIOHHOCTH K XPYNKOMY Pa3pyLICHUIO U YXYJIIAET TEXHOJIO-
TUYECKHE CBOMCTBA.

['my6okonpokaInBaroue JerupOBaHHbIC CTATU MIPUMEHSIOT JJI KPYITHBIX Jie-
Tajaeil ¢ OONBIION TONIMHON CTEHKU WM OOJbIIMM auaMmeTpoM. Ecnu m3nenus pa-
00TaroT Ha U3rKU0 (KpyueHHUE), HAMPSHKEHUS TI0 CEUCHUIO paclpeesitoTCsl HEpaBHO-
MEpHO: Ha TTOBEPXHOCTH OHU MAaKCUMaJIbHBI, @ B CEPEANHE WUJIU LICHTPE PaBHBI HYIIIO.
JInsi Takoro poaa W3AENMM CKBO3HAs MPOKAIMBAEMOCTh HE HykHA. Hampumep,
CKBO3HAs MPOKAJIMBAEMOCTD JIeTajleil CTAHKOB HEOOXOMMa JIUIIL B OTJEIbHBIX CITY-
qasx.

Jnst HajgexHoro oOecreueHus OTBETCTBEHHBIX JeTajeid, paboTallMX Mpu
AKCIUTyaTallid B OCHOBHOM Ha M3rM0 M Kpy4YeHHE, 3aKaJCHHBIA CIOW CO CTPYKTYpOu
95% mapTeHcuTa JI0KEH pacroliaraThesl Ha riayOuHe He MeHee 1/2 pamuyca oT mo-
BEPXHOCTH.

Jlnst meraneit, paboTaOIMMX HA pacTsokeHUe (IIaTyHbI, TOPCUOHHBIE Baibl, OT-
BETCTBEHHBIC OOJITHI U JIP.), & TAKXKE JIJIST PECCOP U MPYKUH HY>KHO 00ECTIEYUTH TMOJI-
HYIO MIPOKAJIMBAEMOCTh N0 BceMy ceueHuto (95% mapTeHcuTa B LIEHTPE 3arOTOBKH),
T.€. PABHOIIPOYHOCTB I10 CEUYCHUIO.

J{nst 6OJBIIMHCTBA OTBETCTBEHHBIX JIETAJICH MAIIMH U3 YJIydlllaeMbIX CTajei
TBEPJIOCTh TOCJIE 3aKaJIKH Ha paccTositHuU 1/2 pagumyca OT MOBEPXHOCTH JIOJHKHA
owiTh He MeHee 45 HRC. [lns uznenuii, paboTaronux Ha pacTsHKEHHUE, ONTUMaIbHAsS
TBEPJIOCTh JIOJDKHA OBITH B cepileBuHE. JleTanu ClIoXKHOW KOHUTryparuu s
yYMEHBIIICHUS UX Je(opMaiu B MPOLECCE 3aKaTKU TaKXKe CIEAyeT U3TOTOBJISATH U3
JIETUPOBAHHBIX CTaJICH, 3aKaJIMBAEMbIX B MACJI€ UJIU Ja)K€ HA BO3MIyXE.

[Ipu BBIOOpE CTaMM CIEIyEeT YYUTHIBATh, YTO JIETHUPYIOIIUE JIEMEHThI MOBbI-
IAI0T YCTOWYUBOCTh ayCTEHHUTA MPOTHUB OTITYCKA, MTOATOMY IS MOTy4YeHUs Tpedye-
MOW MPOYHOCTH W TBEPAOCTH JIETUPOBAHHBIC CTAIM NPU YIYUYIICHUU MOABEPraroT
OTITYCKY Tipu 0oJiee BBICOKOU TeMIepaType. DTO MO3BOISET HE TOJIBKO 0OJiee MOTHO
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CHATH 3aKaJOYHbIC HAMPSKEHUS, HO U MOJYYUTh B CTaJIM Jy4lllee COYETaHUE MPOY-
HOCTH U BSI3KOCTH.

Ha puc.7 mpuBeaeHa cxemMa OTXKHra U aHTU(DIOKEHHOW MpeABapUTEIHLHOU
TEPMUYECKON O00pabOTKM KpPYIHBIX IMOKOBOK W3 cpeaHenerupoBanHbix (20XH,
40XH, 40XHM u ap.)u BeicokonerupoBannbix (34XH3M, 38XH3MA, 18X2H4MA
U JIp.) cTajeil, CKJIOHHBIX K 00pa3oBaHui0 QuioKeHOB. [IpogoKUTENLHOCTh OTKHUTA
MOKOBOK B 3aBUCHMOCTH OT MapKH cTalu ((pJIOKEHOUYBCTBUTEIBHOCTH) U Pa3MEpOB
nokoBok coctasisier 200-1000y.

1.2.2. IloBepXHOCTHAA 3aKAJIKA IPU HHAYKIIHOHHOM HarpeBe

[10BEpXHOCTHYIO 3aKaJKy IPUMEHSIOT I JACTAJE MAIlH, UCIBITHIBAIOIINAX
B paboTe U3rub, KpyuyeHUE U KOHTAKTHBIE HAIpPSDKEHUA, T.€. B T€X Cllydyasx, Korua
pabourie HanpsHKEHUs] MaKCUMaJlbHbl Ha MMOBEPXHOCTH. Yalle 3akaika npu MHAYKLIH-
OHHOM HAarpeBe MPUMEHSAETCS Ul BAJIOB, KOJEHYATHIX BAJIOB MAJIO- U CPEIHEHATPY-
KEHHBIX 3yOUaThIX KOJIEC U MHOTUX JIPYIHX JeTajeil MallluH.

NHayKkuroHHas MOBEPXHOCTHAS U O0BEMHO-IIOBEPXHOCTHAS 3aKajKa CTajIH IO
ONTUMAJbHBIM pEXHUMaM U MPaBUWIbHBIA BBHIOOP CTaJM 3HAYUTEIHHO MOBBIIIAIOT
npesesl BBIHOCIMBOCTH, MPeAea KOHTAaKTHOW BbIHOCAMBOCTH Ha 50-70%, monroseu-
HOCTh B 2-5 pa3a U cOnpoOTUBIIEHUE (PPETTUHT-KOPpO3UH B 2-5 pa3. B Mectax oOpsiBa
3aKaJ€HHOTO CJI0sl, HE OXBATHIBAIOLIEIO KOHIEHTPATOPBI HAPSHKEHUH (TajTenu, Bbl-
TOYKHU U Jp.), 00pa3yroTCs OCTATOYHBIE PACTATMBAIOUINE HANPSHKEHUS, CHUKAIOLIUE
JOJITCOBEYHOCTH). DTU MecTa HY>KHO ynpouHsTh [1TT/1.

Pa3paboTka METOAOB MOBEPXHOCTHOW 3aKajKHU MPU TNIyOMHHOM HHAYKIIMOH-
HOM HarpeBe MO3BOJIMIIA UCIIONIb30BaTh €r0 KOMIUIEKCHBIA CIIOCO0 YIPOYHEHUSs, OJl-
HOBPEMEHHO NOBBIIIAIOIINNA CONPOTUBIIEHUE CTATUYECKUM U YCTAJIOCTHBIM Harpys-
KaM TpH U3ruode Mpu BHICOKOM YPOBHE KOHTAKTHOM YCTaJIOCTH M CONPOTUBIICHUS U3-
HOCY.

IloBepxHOCTHAsA 3aKajKa IPU UHAYKIMOHHOM Harpese 110 CPAaBHEHUIO C XUMU-
KO-TepMHUYECKOH 00pabOTKOM MeHee TpyloeMKa U BO MHOTHX CIIy4asiX HE YCTYyIaeT
[eMEeHTalU (HUTPOIIEMEHTAIIUHN ).

HenocraTkoMm 3TOro MeTojia ynpoO4HEHUs SBISETCS TPYJHOCTh €ro yHU(UKa-
. [ Kaxxaou Jaeranyd KOHCTPYKIUM HHAYKTOpPA, OXJIAXKIAIOIIUX YCTPOMCTB U
YCTAaHOBOK B II€JIOM pa3padaThiBaloTca OTIeIbHO. [lo3TOMYy mpumeHeHue s Mo-
BEPXHOCTHOM 3aKaJK{ MHAYKIIMOHHOTO HArpeBa NpHU €IWHUYHOM U MEJIKOCEPUMHOM
POU3BOJICTBE JIOJKHO OBITh TEXHUYECKM U HKOHOMHYECKHM OOOCHOBAHO C Y4ETOM
KaK 3aTpaT HEMOCPEICTBEHHO HAa TEPMHUECKYIO 00paboTKy, Tak U 3(ddekra oT mo-
BBIIIEHHS pa0OTOCIIOCOOHOCTH U3/IETUH.

B Ta0n. 6 npuBeaeHbl NpUMeEpbl UCIIOIB30BAHNUS TOBEPXHOCTHON 3aKaJIKU IIPU
VHIYKIIMOHHOM HAarpese Uil YIPOUYHEHUS JETAIEN METALIOPEKYIINUX CTAHKOB U aB-
TomobOmiel. HekoTophle miecTepHu 3aJHEr0 MOCTa aBTOMOOWJIS (Harpumep, KOHuYe-
CKasl BeloMasi M Beayllasl [ECTEPHU PEAYKTOPOB 33JHEr0 MOCTA) U3rOTOBISIOT U3
cranu SSIII1 u ynpouyHsIOT MOBEPXHOCTHOM 3aKaJKOM Mpu TTyOMHHOM MHAYKIIHOH-

HOM Harpese (aBromoomim ['A3, 31JI).
Tabmuma 7
Tumnosnie ACTAJIN MAIlIMH, YIPOUYHACMBIC 3aKaJKOM IMpU HHAYKIIUOHHOM HAarpeBe
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Tomuumua 3a-

Heranu Pexoagiz?geMaﬂ KaJICHHOTO TBT_?S%CTB [Tpumeuanue
CIIOSI
1 2 3 4 5
Jletanu METaJUIOPEKYIIUX CTAHKOB
Basbt 45, 40X, 1,0-1,6 48-56 -
S50XDA
BunTh! nepegay: XD 2-8 58-62 Tomnmmua cios 3a-
BHHT — raiika KaueHwus BHCHUT OT IIara
pe3bObl
HInuuaeny ¢ onopaMu Ha 45 1,0-1,8 45-55 -
TIOJIIIAITHUKY KaueHUS
Kynauku, Konupel 45, 40X 1,0-1,8 48-56 -
CpenHeHanpsKeHHbIS 40X 2-3 (HmKe 48-54
(os = 250-450MI1a) 3y0Oua- BITaJUHEI 3y- Hﬂf hodiec ©
m = 1-6 mm
ThIE KOJIeca 0a)
Jleramu aBTOMOOMIIS
Kosnenuarsrii Ba qBurare-
nen:
OEH3UHOBBIX 45 2,6-6,5 52-62 -
JIN3EIIbHBIX s0r 3-4 52-62 [IpenBaputenbHas
HOpMaJTU3aIUs
ocobOoHarpyxeHHbIx | SOXDA 3-4 52-56 [[TaryHHbIE MIEHKN
TU3EIIbHBIX 52-56 KopeHnHsble mieiku
PacnipenenurenbHblil Ban 45 2-3 58-62 Kynauku
IPy30BOT0 aBTOMOOMIIS 46-52 [ecTepusa
56-62 OmnopHble TIeHKH 1
HKCHIEHTPHUKHU
Yepssiku pyneBoro ymnpas- | 45 1,0-2,5 56-60
JICHHS, BTYJIKA IIATYHOB,
POJIMKH, KOJIOAKH TOPMO3a, )
0Ch KOPOMBICIIA KJIanaHa
Toukwue ocu (mrToku amop- | 45 4 56-58 3akaJjika B BEpTH-
THU3aTOPOB) KaJbHOM IOJIOXKe-
HUHU
[[TapoBbie MabIIbI 55, 40X 5% nuameTtp 56 KontypHas 3akanka
Ha CTOPOHY chepsl
3y6uarbie MyQTHI 1 BeHITBI | SOXM 1,5 58-62 3akayika 3yObeB
KpecToBuHa kapgaHHOTro 58 1,5 (na ranre- 58-62
BaJia TPy30BOTO aBTOMOOMIIS TV Ha KOHIIaX -
1,7-3,7 IIIUTIOB
[unuaapudeckue Begombie | 58 1,0-2,5 58-63 3akaika 3y09aToro
HIECTEPHU BEHI[A
[Tomyocwu 3amHeTro MocTa 47T > 6 (o
IPy30BOTO aBTOMOOMIIS BIIJIHE) - -
> 4 (1uun)

[Tocne 3akanku cieayeT caMOOTIYCK MJIM OTIYCK ¢ MOoBTOpHOro Harpesa mpu 200-250°C, koTopslit
o0ecrieunBaeT MOBBIIICHUE MPOYHOCTH, MAJO CHHYKAET TBEPAOCTh M COXPAHSET OCTATOYHBIC HANPS-
KEHHUs CHKaTHs Ha IOBEPXHOCTH; TBepAOCTh cepaueBunbl 20-25 HRC.

B 3aBucuMocTH OT MOy KoJjieca M peKOMEHIyeTCs NpuMeHATh ctanu SSTIIT
C KPUTHMYECKUM JAMAMETPOM IO MPOKAIUBAEMOCTH (B CEpALIEBHHE 3arOTOBKH IOJIY-
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MapTEHCUTHAs CTPYKTYypa), paBHbIM 6,5-9,0 mm ams m = 3,5-5; 9-13 mm ayis m = 4,5-
7wu 13 MM 1 Gosee myist m > 7.,

[Tocne 3akanku TBepAOCTh Ha moBepxHOCcTH 3yOa 58-62 HRC, a B cepaueBune
30-40 HRC. Tommmua ynpounenHoro ciost 1-2mM. Ctanb 55T1I1 mocie moBepXHOCT-
HOM 3aKaJIki 00J1a/1a€T BBICOKOM MPOYHOCTHIO, a TAKXKE JOCTATOYHOU BSI3KOCTHIO, MO-
ATOMY OHa MOKET OBITh PEKOMEHJOBaHa JJi Kojiec ¢ M = 4-6MM, JjIsl KOTOPBIX KOH-
TaKTHBIC HANpsDKEHUS HE oueHb Beluku. [Ipumenenue ctamm SSIIIT gaet GosbiioH,
HSKOHOMUYECKUN P (HEKT BCIEACTBUE NIEpexoa OT JUIMTENbHBIX MPOILIECCOB XUMHUKO-
TEXHUYECKON 00pabOTKHU K 3aKaJIKe NMPU UHAYKIIMOHHOM HarpeBe U 3aMEHbI JIETHpPO-
BAHHBIX CTaJICH.

B TpakTOpHOM H CENTBCKOXO031CTBEHHOM MAIIMHOCTPOCHHUH, €CIIH K 3y0UaThiM
KoJecaM HEe TPEIBSIBISIETCS BBICOKMX TPeOOBAaHUM MO M3HOCOCTOMKOCTH, WX M3TO-
ToBISIIOT U3 ctanen 40, 45, 40X, 40XC u ynpouHSIIOT 3aKAIKOW C BBICOKUM OTITYC-
KOM M MOCJIEAYIOIIEH MOBEPXHOCTHOW 3aKAIKOW IMPU WHIYKIMOHHOM HarpeBe Ha
rnyouny 1,5-2.5 mm u tBepaocts 54 HRC.

B cTaHkocTpoeHHH TOBEPXHOCTHOW 3aKalKe MPH WHAYKIMOHHOM HarpeBe
MO/ABEPralOT TOJBKO MalO-CpeIHEHArpy>KeHHbIE 3yOuaThle Kojieca 4Yallle He Iepe-
KJII0YaeMble Ha XOJy. DTOT METOJl YIPOYHEHHUS YacTO HCIOJB3YIOT JJIsl IIECTEPEH
MaJbIX U CPEIHUX pa3MepoB, padOTAIOUIUX C KOJIECAMH, IMOJBEPTHYTHIMHU YIIPOYHE-
HUIO, BBUJy XOPOIIEH WX B3aUMHOM mpupadaTeiBaeMocTu. OMHAKO KoJieca IS To-
BEPXHOCTHOM 3aKajkud M3roToBIs0T u3 cranu 40X u 3akanuBaroT Ha riyouny 0,2-
0,25m, uo ue Goiee 1,4-1,8 mm. 3akanka BeHna 3yo4arsix kosec (d > 300mMM u m =
1-3) npoBoaAMTCSI HACKBO3b U MPU TOM TIIyOke ux Braaunbl Ha 1,5-3,0 mm s obGec-
MEYCHUS BBICOKOM HM3HOCOCTOMKOCTH M TIPOYHOCTH TBEPAOCTh Ha TMOBEPXHOCTH
nomkHa 0Tk Ha ypoBHE 48-52 HRC. Ilpu 3TOM 3akanka JoHKHA OBITH KOHTYPHOM
0e3 nepepbIBa TOr0 YIPOUHEHHOT'O CJIOS.

B crankoctpoenuu uyrynasie (CY 20, CH 28) 6a3oBble AeTajivd, KOJOHHBI
(cTOlKM) TOKAapHBIX CTAHKOB-TIOJIyaBTOMATOB, PaJAHabHO-CBEPIMIBHBIX M JIPYTHX
CTaHKOB TOJBEPTAOT 3aKaJIKe ¢ WHAYKIIMOHHBIM HAarpeBOM Ha TOJIIHUHY YIPOYHEH-
Horo cios 0,8-1,8 mm u TBepaocTh 48-50 HRC. JIst M3roTOBIICHHS KOJICHYATHIX Ba-
JIOB CIIOKHOU (PopMBI ¢ OONBITUMHU (JIaHIIAMU M OTBEPCTUSMU HapSAy CO CTaJbIO
MIPUMEHSIIOT BBICOKONPOUYHbIe MaruueBbie uyryHsl (BU 50, BY 60 u ap.). [lonnxen-
Has MPOYHOCTh YYTYHHBIX BAJIOB KOMITIEHCHUPYETCS Majioil YyBCTBUTEIHHOCTHIO UY-
T'YHa K KOHIICHTPATOpaM HaNpsDKEHHM, B MHOTOOTIOPHBIX BajaX MEHBIIIMM CMEIICHU-
€M OIOp W CHIKCHHEM OMACHOCTU PE30HAHCHBIX KoJjeOaHwii Oyaromapsi MOBBIIICH-
HOU neMndupyromen crnocoOHOCTH.

YyryHHbl€ Bajibl BECbMa pa3HOOOpa3Hbl, HAUMHAsA OT HEOOJbIIMX (AJ1 JBUra-
teneit apromoouiield BA3, 'A3, 3A3) no Becbma kpynHbix (Maccoit 1o 700-1300 xr,
muHOM 2-3,5 M u quamerpoMm 200-250mm). KoseHuaTeie Baibl OTJIMBAIOT B 000J104-
KOBBIE (DOPMBI M IICHKHA BaJOB aBTOMOOWJIBHBIX JIBHTATEICH YMPOYHSIOT MOBEPX-
HOCTHOW 3aKajKoOW NpH MHAYKIMOHHOM HarpeBe Ha TBepnocTh 47-52HRC. Ilocne
3aKaJIKM BaJibl MOJBepraroTcss Hu3komy otmycky npu 180-200 °C 2-3 4. Ilepen mo-
BEPXHOCTHOM 3aKaJKOW BaJIbl POXOSAT HOPMAIHU3AIIMIO C MTOCIeAyIolel cheponau-
3arueid. TolrHa YIPOYHEHHOTO C10sT 2-3 MM.
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I[eTaJ'II/I MCTAJUIOPEKYIIUX CTAHKOB, YITPOYHACMBIX HeMeHTaHI/Ieﬁ

Tabmuma 8

Teram Pexomennyemas | Tommmnua | Teepmocts | Moaynb
CTallb CJI051, MM HRC m
Baner rmanmkwe, crymenuatsie, numie- | 20X, 0,8-1,6 56-60 -
Bhle, HCHBITBIBarome  muiiamdeckue | 18XI'T
Harpy3Kkd Mpu U3Tude, KPYYeHUH U KOH-
TaKTHBIX Harpy3Kax.
nounnenu 18XI'T, 1,0-1,4 58-62 -
12XH3A
UepBsiku EeTUTENBHBIX TIAp U Mepeaad 18XT'T, 1,0-1,4 58-62
12XH3A
Kynauku, konupsl 20X, 18XIT'T 1,2-1,6 58-62
3yOuaThie KoJeca:
0COOOHANPSKCHHBIS 25XT'M, 0,12-0,2m 58-62 m=1,5-4
(ousr = 500-700MI1a) 12XH3A, 0,2-0,25m m=1,5-6
20XH3A 0,2-0,25m m=6-10
BBICOKOHAIPSDKCHHBIE 20X, 0,2-0,25m m=1,5-4
(Gusr = 460-500MTTa) 18XTI'T, 0,2-0,25m m=4-10
20XH3A 0,2-0,25m
CpeTHEHANPSKEHHbIE 20X, 0,2-0,25m m=1,5-6
(Gusr = 250-450MI1a) 16XT'T, 0,2-0,25m m=6-10
25XTT

Hemenrtanus npu 930°C, 3akanka B Macne u ormyck mipu 170-180°C. Tounsle rieMeHTyeMbIe Jie-
Tanu (YepBAKH JIETUTETbHBIX MMap, HAKJIaJHble HAMpaBISIONIUE U Apyrue aetanu LmHoi 1200mm)
MocJie IIEMEHTAllMd TO/IBEPTaloT 3aKaJIKe B paciuiaBe coiiei ¢ temrepatypoi 160-180° C ¢ nobas-
nenueM Boabl 0,6-0,8% u ormycky npu 180-200°C. Crane 12XH3A nepen 3akaikoil MPOXOAUT OT-
nyck npu 640-600 °C. Ilocne uncToBOM MeXaHUUECKOW 00pabOTKH JUTMHHOMEPHBIE JIETAIH MPOX0-

1T ctabunmzupyronwmii ornyck npu 160-180 °C 8-124. Teepaocts cepaueBunsl 25-40 HRC.

Tab6muma 9
Jleranmu TpaHCMUCCHH M JIBUTATEIIS] aBTOMOOMIIS, MOJIBEPracMble XHMHKO-TEPMHYECKON 00paboTKe
TBeprocthb
XHUMHUKO- HRC
Pexomennyemast TonmuHa
Heramn TEPMUYECKas mo- | cepi-
cTaigb CII0s1, MM
obOpaboTka ’ BEpX- | IIEBH-
HOCTH | HBI
1 2 3 4 5 6
Menkue neranu cUiIoBBIX arpera- | 20 Hutponemen- 0,15-0,3 | 56-62 -
TOB (YUEPBSIKH, NIECTCPHHU) TaIus
[1TapoBbIe MAITBITHI 20 To xe 0,5-0,7 56 -
Jleranu CHIIOBBIX arperaros, pa- | 35 - 0,5-0,7 56 -
Oortarome Ha wW3HOC (KonbIa, | 15X IemenTarus 0,3-0,5 56-62 -
BKJIQIBIIIH, 30JIOTHUKH H JIP.) 0,7-0,9
To xe 0,9-1,3 56-62
Jeranu rnaBHOM mnepemaun 3aa- | 25XI'T -4 0,9-1,3 58-62 | 30-45
HEr0 MOCTa TPY30BBIX aBTOMOOM- | 30XI'T =< 1,0-14 | 58-62 | 30-45
neit (mwecrtepHu Bemomble U Be- | 25XTHM “a 1,0-1,4 58-62 | 30-45
JyIIUe, MeCTePHH TI0TyOCH) 25XTHMT - 1,5-1,8 | 58-62 | 30-45
18XI'T « 1,2-16 | 58-62 | 30-45
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25XTI'T - 1,0-1,4 58-62 | 30-45
Hlecrepan u Bambl KOpoOku me- | 25XI'T HuTtpouemen- 0,5-0,8 57-60 | 35-45
pelay rpy30BEIX aBTOMOOUIIEN 25XI'™M Tanus 0,5-0,8 57-60 | 35-45
lecTepun Bemynmx mMocTtoB Jer- | 19XT'H To xe 0,8-1,1 59-64 | 32-45
KOBBIX aBTOMOOHIEH
3ybuaTeie Kojeca Beaymux Mo- | 19XI'H = 0,8-1,1 58-63 | 32-45
CTOB JICTKOBBIX aBTOMOOHMIICH
[ecrepun Bemymmux MoctoB u | 15XI'H2TA LemenTanms 1,2-15 - -
pa3aaTtouHbix KOpoOok Tpy30oBeix | 20XTH2TA
aBToMoOuMnel (Moaynb mmecTepeH | 12X2H4A To xe 1,2-1,6 58-63 | 30-45
5, 6, 10)
JHeramm Hacoca ruapoycwmrens | 20XT'HTP Hurponemen- 0,6-0,8 58-62 | 30-45
pyJast (poTOpBI U JIp.) Talus
Heranu pyneBoro ympasienus | 20X2H4A LemenTanms 1,2-1,4 56-62 | 30-45
Ipy30BBIX  aBTOMOOWiIEH  (Bai
COWIKM pyjisi, BUHT pyiaesoro | 25XI'T To xe 1,2-1,6 58-62 | 28-45
HaIpaBJICHUS)

[Tpumeuanue. Lemenrtanus npu 920-940°C, moacryxuBanue no 850"C, 3akaika B Mmacie
temneparypoit 70°C u ornyck npu 180°C. Hutponemenrauus npu 860°C, 3akanka B Macjie Temie-
patypoii 180° C u otnyck npu 180°C. Ctanu ¢ BBICOKUM COZAEpXKAHHUEM HUKEIS MPOXOJAT 3aKalIKy
C IOBTOPHOT'O Harpesa.

Cranu 1 MeTOobl YIIPOUHEHUS 3y0UaThIX KOJIeC, TPUMEHSIEMbIE B TPAKTOPHOM
U CEJIbCKOXO35MCTBEHHOM MAIIMHOCTPOCHUH, MOKHO KJIacCU(UIIUPOBATh IO CTere-
HU Harpy>Ke€HHOCTH 3THUX JIETAJICH.

1. Masio- u cpegHeHarpykeHHbIe 3yOuaThie Kojeca (IIIeCTepHU BEAYINe U Be-
JIOMbIe  KOpOOKM Tmepejad, IIeCTepHU TJIABHOW TMepeaadyd  BeIOMbIE U
ap.)usrotoBisitoT 3 6e3nukeneBbix (18XI'T, 25XT'T) u manonukenesbix (20XTHP,
20XHP) craneit ¢ ynpouHeHHEM LieMEHTauue Ha Toamuny 1,2-1,8MM uim HUTpO-
nemenrtanued Ha tommuny 0,8-1,2vMm. TBepmocts Ha moBepxHoctu 56-65 HRC.
Tsepmocts cepaneBunbl 3yoneB 25-40 HRC.

2. Tspxeno HarpyKeHHbIE 3y04aThie KoJieca U3TOTOBISIOT U3 MAJTOHUKEJIEBBIX
neMeHTyembix (HuTpouementyembix) craieit 20XI'HP, 20XHP u xpomoHukeneBoit
20XH3A. IIpn 3TOM TONIIIMHA YIPOUHEHHOTO CJIOS1 U HOPMBI €T0 TBEPAOCTH OCTAIOT-
Cs TaKUMHM Ke, KaK M JUIsl MaJIOHArpy>KEHHBIX 3yOuathix koJsiec. OQHAKO TBEPAOCTh
CepAIEBUHBI HeCKOJIbKO BhiIIe - 30-45 HRC.

[lemeHTaAIIMIO TPUMEHSIIOT JJI TOJAIIMITHUKOB MACCOBBIX THUIIOB C HApPY>KHBIM
muamerpom 40-150 MM 1 KpymTHOTa0APUTHBIX MOAIIUITHUKOB JUAMETPOM JI0 2 M, UC-
MBITHIBAIOIINX B MPOILECCE IKCIUTyaTAllUM 3HAYUTEIbHBIE YJApHbIE M KOHTAKTHbIC
Harpy3ku. Hapyxusie koibla ¢ auamerpom Mmenee 60mm u3 ctanu 18XI'T nocie xo-
JIOAHOM IITAMIIOBKY NOABEPratoT HeMeHntanuu npu 960°C na tomuuny cnos 1,1-1,7
MM, a auameTpoM Oosiee 60mMM Ha Tommuny 1,4-2 mm. [locie memeHTanuu ciemyer
3akanka oT 820°C B macne temnepatypor 30-60°C u ornyck npu 150-110°C 4-5
yacoB. TBepaocth nementoBanHoro ciost 60 HRC. KpynHorabapuTtHble OAIIMITHA-
K1 U3roToBIsAIOT U3 ctanu 20X2H4A u uementupyrot npu 580-600°C, HarpeBaroTcs
10 790-800°C ¢ mocneayromuM OXJIKACHUEM B Macie U otnyckarores npu 160° C
7-124. Tommmna cnos 1o 10mm u TBepaocTh 58-60HRC.
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Jlst neTalieid, CKIOHHBIX K KOpoOyieHnio (aedopManusim), paboTaromx Ha 13-
HOC M HCHBITHIBAIOIIUX HEOOJIBIINE KOHTAKTHBIE HATPY3KH, PEKOMEHYETCS a30TH-
poBaHHe. A30TUPOBAHUIO MOTYT MOABEPraThCsi MPAKTUYECKU BCE JICTUPOBAHHBIC
CTaJIH.

A30THpOBaHUE MOBBIIIAET U3HOCOCTOMKOCTH JeTaneit MamuH B 5-10 pas, npe-
Jies1 BbIHOCIMBOCTU Tpu u3rude Ha 30-60% u conpoTuBiIeHUE KOppo3uu. TBEpaOCTb
KoJiebseTcs B mupokux npeaenax 650-1200 HV B 3aBucuMocTH OT coCTaBa CTald U
pexruMa o0paboTKH.

B crankocTpoeHuu i MOBBIIEHUS MPEesia BBIHOCIUBOCTH U U3HOCOCTOMKO-
CTH, a TAaK’K€ COIMPOTUBIICHUSI CXBaThIBAaHUIO HauOoOJiee HArpy>KeHHbIC J€Tall CTaH-
KOB (Hampumep, MMNUHAEIN 00padbaThIBAIOIUX [IEHTPOB) MOCIE YIyUYllIEHUs MOJBEP-
raroTcsl A30TUPOBAHUIO. A30TUPOBAHUE UCIIONB3YIOT JI MOBEPXHOCTHOIO YIIPOUYHE-
Hust Twib3d (BOX3M® u 38X2MIOA), MacCUBHBIX HAaKJIAIHBIX HaIMPaBIISIONIUX
(30X3M®D) BanoB, mIaHoK, X0/10BbIX BUHTOB (16X3HBD®MB, 40XH2MA), mmnuH-
nenen st onop ckoabxenus (38X2MIOA) u np.

A30TUPOBaHUE MIPUMEHSIIOT U JIJISI MAJIO- U CPETHEHATPYKEHHBIX KOJIEC CII0XK-
HOM KOH(UTypaluu, HalpUMeEp, ¢ BHYTPEHHUMHU 3yObsiMU, NUIHU(POBAHUE KOTOPHIX
TPYJIHO OCYIIECTBUTH. B 3TOM ciiydae 3y0uaThie Kojieca U3roTOBIAIOT U3 crain 40X
(xonmueckue) win 40XDPA (uunuuapuyeckue). [locne a3oTupoBaHus Ha TIIyOUHY
0,1-0,13m (1o ne Gosee 0,6 MM), B pe3yibTaTe KOTOPOTO 00eCreuynBaeTCsi MUHU-
MaibHas fedopmariusi, TPOBOJUTCS TOJIBKO MPUTHUPKA WM XOHMHTOBAaHUE 3yObEB.
A30oTHpOBaHHBIE KOJieca MPU OOJIBIIIOM YUCIIE IIMKIOB HArPYKEHUN HE YCTYyHaroT 10
KOHTAaKTHOW MPOYHOCTH (COTPOTUBIICHUIO BBHIKPAITUBAHUIO) IIEMEHTOBAHHOMY (HHT-
POIIEMEHTOBAaHHOMY), HO BCJICICTBHME MAJION TOJIIMUHBI CIOS JUIsl HUX JOJDKHA OBITh
MEHBIIIE KOHTAKTHAsl Harpy3Ka.

[[lupoko npuMEHSETCS A30THUPOBAHME JETANEH TOIUIMBHOM anmaparypel U
KJIAMaHOB JU3EJIbHBIX JBUTATENICH, JeTalieid TypOUH U3 BBICOKOXPOMUCTBIX CTajieh
(20X13, 30X13, 40X13), a Takke WMITOKOB KJIAIAHOB MAapOBBIX TYpOWH, TMJIb3 IHU-
JUHJPOB, U1 (OPCYHOK, TapesoK OYKC, paclblIMTENEH, MaableB, TUTYHKEPOB, IIIe-
crepeH u3 ctanu 38 X2MIOA.

A30TUPOBaHUE UCIHOJB3YIOT JIA YIPOYHEHUSI KaK KPYIHBIX BBICOKO-
Harpy»XKe€HHBIX KOJIEHYATHIX BaJIOB, HAIIPUMEDP TETIJIOBO3HBIX JBUTATENCH (IMaMETpOM
meiku 150-300 mm) u3 cranu 18X2H4MA, 38XH3BA u 38XH3MA u apyrux, Tak
1 HEOOJBIITNX KOJIEHYaThIX BajioB u3 ctanmu 45X . [Tocie a30TupoBaHus KOJIEHYAThIC
BaJIbl 00J1a/Taf0T BHICOKON M3HOCOCTOMKOCTHIO M COMTPOTHBIICHUEM yCTAJIOCTH TP UX
HE3HAUUTENIbHON nedopmarui. KpymHbie KOJeHYaThIe Ballbl TIEpea a30TUPOBAHUEM
MPOXOIAT CIOXKHYI0 TEPMUUECKYI0 00paboTKy (MpeaBapUTEIbHYI0 HOPMaU3aIUIo
MOKOBOK C TIOCJIEAYIOIIUM BBICOKMM OTITYCKOM IIOCJIe MEXaHW4YeCKOou 00paboTKw,
yJIY4IIEHHE U TEPMUYECKYI0 cTabuin3aiuio). KpynHbie Bajibl a30TUPYIOT Ha TOJIIH-
Hy cnost 0,7-0,8 MM, Bajbl MEHBILIETO pa3Mepa a30THUPYIOT IOCIE YIy4YlICHHS Ha
tonmuny 0,35-0,4 mm. TBepaocts nocie azotupobanus 700-750 HV.

A30THpPOBaHUIO Ha TOJUIMHY cjosi 0,7 MM MOABEPralOT W KOJIEHYATHIE BaJbl
TEIJIOBO30B, OTJIUTHIE M3 BBICOKOMPOYHOTO MArHMEBOTO YYTYHA, JJisl MOBBIIICHUS
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COIIPOTHUBIICHUSI U3HOCY M Tpejiesia BEIHOCIUBOCTU. TBepJ0CcTh Ha moBepxHOCTH 40
HRC. Ilocne a3oTupoBanus M€Ky BajaoB NUIM(YIOT, a TAITEIH MOTUPYIOT.

Jlexyusa 5.

1.3 MeranioBegueckne 000CHOBaHUSI BbIOOpa cTaJjieil, CIUIABOB M TEXHOJIO-

ruid ynpo4Hsiromei oopadoTku

Br16op craiieli u CrjiaBoB, a TaKKe TEXHOJOTUU YIPOUHSIONIEH 00paboTKu /eTa-
JIel OCHOBBIBAIOTCSI HA MPEIBSABIAEMBIX K HUM TPeOOBaHUSIX, KOTOPbIE (DOPMUPYIOT-
Csl IPUMEHHUTEINIBHO K YCJIOBHUSM DKCIUTYaTalluy U3IEIUS TP OJHOBPEMEHHOM yUYETE
NoKa3aTeael ero HaaexHOCTU. [Ipyu 3TOM Henb3s pacCUMTHIBATh HA OJTHO3HAYHOE U
MPOCTOE PELICHHE, TaK KaK HAapALy C TPEOOBAHHMSIMHU TEXHUYECKOTO IjIaHa HeoOXo-
JUMO YUYUTBIBaTh OCOOEHHOCTH U3TrOTOBJICHUS JETAIM, SKOHOMHUIO METalia, YCIOBUS
AKCIUTyaTalluy U3IEIIHSL.

Br10op craneil u cijlaBOB Ha OCHOBE METANIOBETYECKUX COOOpaKEHUH SIBIISETCA
MEPBBIM IIarOM B PELIEHUU 3TOW MpoOIeMHON 3a1auu. B cBs3u ¢ TeM, 4TO B MeTall-
JIOBEJCHUHM €Ile He pa3padoTaHbl €IMHbIE TPUHIIUIIBI BBIOOpAa METAJIIIOB, PEKOMEH Y-
€TCsl IPOBEJICHHUE 3TOM pabOTHI MO ATaIaM.

IepBrbIii 3Tan. HeoO0Xo1uMo COBMECTHO C KOHCTPYKTOPOM, MPEXJIE BCErO ONTH-
MU3UPOBaTh (POpMY JeTalld C MO3UIMI €€ TEXHOJOTUYHOCTH MPU TEPMOOOpPaOOTKE;
HAJ0 MUHUMHU3HUPOBATH Je(POpMaIIUd U OCTATOUHBIE HAIMPSIKEHUs, UCKIIOYUTH 00pa-
30BaHUE TPELLIUH, CKOJIOB IIPU TEPMUUECKONH 00pabOTKe (HE JOMyCKaTh PE3KUX Iepe-
X0JIOB, YIJIOB, mpope3e u mp.). OJHOBPEMEHHO CJIEAyeT YTOYHUTh TPEOOBaHUS K
JeTanu u copMupoOBaTh UX MO BO3MOXKHOCTHU B BUJI€ CTAHJAPTHBIX XapaKTEPUCTHUK.

Bropoii 3tan. C yueTroM HazHaAYeHUs U3ACIIUNA, YCIOBUI pabOThl AETAIM U IPENb-
ABJISIEMBIX K HEH TpeOOBaHUM CleyeT ONPEAENIUTh KJIacC METAJUIMYECKUX MaTepua-
7oB. Tak, eciny 3TO CHJIOBasi KOHCTPYKIMS, JI€Talld MAllliH, MOJBEPrarouxcs pas-
JUYHBIM MEXaHUYECKUM BO3JIEUCTBUSIM, TO BbiOMpaeTcs kiacc 1. Ecnu xe ompene-
JSIOIIMM TApaMETPOM MPEIOoJIaraeMoil JAeTalu ABJISIETCSl KaKoe-Tuoo U3 (puinue-
CKHX CBOMCTB - BbhIOMpaeTcs kiacc 2. Hakoner, ecnyu MeTaJul peaHa3HavYaeTCs JJIst
M3rOTOBJICHHS] HHCTPyMeEHTa - Kiacc 3.1

Tperuii 3Tan. C yueTom ycioBuil paboThI, TPEABSIBISIEMBIX TPeOOBAHUMN, TaHHBIX
pacuera ONpeNelsIoT XapaKkTep Harpy»XeHUsl, JeUCTBYIONIUME HANPSKEHUS U pealiu-
3yeMyto aedopmaiuio (0 MOIYJISAX YIPYTOCTH CTaJIel M CIUIABOB) M HA ATOM OCHOBE
ONpPENENSAIOT MOAKIACC MaTeprara.

[TpumenuTensHO K Ki1accy 1 3TO MOTYT OBITh CTaJIM M CIUIABBI PA3JIMYHOMN MPOYHO-
ctu (nonknacc 11 u 12), cranu u criaBbl ¢ MOBBIIIEHHON TE€XHOJIOTUYHOCTHIO (TIOT-
kjacc 13) M ke cTainu U CIUIaBbl CO CHeU(PUUECKUMH CBOMCTBAMHU - TPUOOTEXHU-
YECKOIr'0 Ha3HAYEHHUS, C BBICOKUMHU YIIPYTUMH CBOMCTBAMM U, HAKOHELl, YCTONYUBbIE
K BO3JCHCTBHUIO TeMIiepaTypbl paboyeil u BHelIHel cpenbl (moakiaaccel 14, 15 u 16
COOTBETCTBEHHO). Tak, eciu JeTanu MalllH, 3JIEMEHThl KOHCTPYKIIMM MOJIBepratoTcs
CTATUYECKUM WJIM IMHAMUYECKUM (LIUKJIMYECKUM) Harpy>KeHUsIM, TO JIJIs1 U3rOTOBJIE-
HUA JTOJKHBI IPUMEHSTBCA KaKue-TO U3 MeTauioB noakiaccos 11 u 12. Ecnu ke Ta-

L (mpebyemcs 6ocnonvzoeamvcs 610K-cxemamu NPUIOIHCEHUS)
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KHE BO3JICHCTBHS CONPOBOXIAIOTCS €II€ U HArpeBOM WJIM arpeCCUBHOCTBIO CPEJBI,
TO BBIOOpP JTOJDKEH MPOU3BOAUTHCS M3 METAJIIOB mojakinacca 16. B cioyuae e, koraa
MOJT BAMSHHEM MEXaHHMYECKHX BO3JACMCTBHI AOMYCTUMBI JIUIIb yOpyrue aedopma-
[IUU WJIM K€ OHU HOCSIT MTOBEPXHOCTHBIN XapakTep, METalll BHIOMpPAeTCsl U3 MOIKIIac-
coB 15 u 14 coorBerctBeHHO. I HakoHEl, KOrAa MEXaHMYECKUE BO3JICHCTBUS Ha
AJEMEHTHl KOHCTPYKLUWH U JETajly MAlllMH CPABHUTEIBHO HEBEJIMKH, a4 UX Pa3Mepbl
M0/14ac OINPEACIISIOTCS U3 KOHCTPYKTUBHBIX COOOpaKEHUM, METAILI JIJIsl UX U3TOTOB-
JIeHUs JOJKEH BBIOUpAThCs U3 mojkiacca 13.

AHanoruyHeIiM 00pa3oM MOCTYNAIOT U MPHU BHIOOPE MOJKIACCOB MPUMEHHUTEIBHO K
kiaccam 2 u 3. B 3ToM ciyyae camMo Ha3zBaHUE MOAKIIACCA OJHO3HAYHO OIMPEHESAET
LEJIECO00PA3HOCTh OPUEHTALIMU HA HETO IIPU BHIOOPE HY>KHOT'O MaTepuara.

YerBepThiii 3Tan. B pamkax BBIOpaHHOIO MOJKJIAcCa, a MHOTAA U IMOAKIACCOB
(mampumep, 11 u 12) ¢ yueTom TexX e UCXOHBIX JAHHBIX [0 HATPYKEHUSAM U YCIIO-
BUSIM PabOThl TpeOyemMoro KOMILIeKca (PU3MKO-MEXAHMYECKUX CBOMCTB BBIOMPAIOT
Ipynnsl U noArpynnsl. X BeIOOp AOKEH yBA3BIBATHCS C BUAOM YIPOUHSIOLIEH 00-
paboTku. Beibop He Oy/eT, Aa U He JOJKEH ObITh OJTHO3HAYHBIM.

Tak, npumenuTenbHo K nojakiaccam 11 m 12 npu HeoOxoaumocTn obecrnedeHus
MUHUMAJILHON MacChl JIeTaldl MOTYT ObITh BbIOpanbl rpymnmbl 113 u 121, 123 u gaxe
122. Bce 3T MeTaiibl B IPUHLIMIIE IPUTOAHBI I PEIICHUS TOCTABICHHON 3aJa4H.
Bmecre ¢ TeM nHorna yuer crneuupuku padboThl MO3BOJSET YMEHBIIUTD KOJIUYECTBO
BbIOpaHHBIX IpymIl. B naHHOM ciyyae, HanpuMmep, €Ciid MOMUMO BBICOKOM MPOYHO-
CTH HE0OX0AMMO o0ecrieueHrne KOPPO3MOHHON CTOMKOCTH, TO MOYKET OKa3aThCs Iie-
7eco00pa3HbIM OrpaHUYUTHCS rpynmamu 121 u 123.

AHanoruyHeIM 00pa3oM M, Kak MPaBUIIo, ¢ OOJIbLIEH ONPEIETIEHHOCTHIO BHIOMPAIOTCS
COOTBETCTBYIOIINE TPYNIbI METAJUIOB JJI U3TOTOBJICHUS JeTaeld ¢ 0coObIMU (PU3H-
YECKUMHM CBOWCTBAMM M JIJISl U3TOTOBJIEHUS HHCTPYMEHTOB.

IsaTelii 3Tan. B pamkax BeIOpaHHBIX Tpynn (OATPYIII, €CJIA OHH €CTh) C yU4ETOM
KOJIMYECTBEHHBIX TPeOOBaHMM MO (PU3MKO-MEXaHMYECKUM CBOMCTBAM Marepuaia
onpeaenseTcsl NepeyeHb MapoK CTajeil U CIUIABOB, yIOBIETBOPSIOIMX YKAa3aHHBIM
tpeboBanusM. [Ipu pa3zpaboTke Takoro nepedHs HaJo0 OINPEAETUTHCS U C BUAOM
yIpoUHstolei 00padoTKH.

BBuny cnenuduku cocTtaBieHUs YKa3aHHOTO MEpedyHs MapoOK OCTAHOBUMCS Ha
ATOM MOJAPOOHEE MPUMEHUTENBHO K KaXI0MYy KIIaccy.

@opMHUpoBaHUE NIEPEYHSI MAPOK KOHCTPYKIIMOHHBIX CTaJIeH U cI1aBoB (kiacc 1)

Crnemnduka popMupoBaHus MEPEeYHs MAPOK CTAIH ITOTO Ki1acca 00yCIIOBIUBACT-
Csl OOIIMPHOCTHIO UX acCOpTUMEHTa. VICXOIHBIM SIBJISIETCS TOJIOXKEHHE O HEOOXOAH-
MOCTH OOECHEYeHHUs] MPOYHOCTHU JeTalnu (CONMPOTUBIIEHUE IUIaCTHYECKOW nedopma-
IIMH), )KECTKOCTH (COMPOTUBIICHUE YIIPYyroi nedopMalin) U e¢ HAJACKHOCTH B YCIIO-
BUSX SKCIUTyaTalluu ¢ YYETOM 3aJaHHOTO CPOKa CIY>KObI (COMPOTUBIIEHUE XPYTTKOMY
pa3pylIeHHIO, YCTAIOCTH, U3HOCY, KOPPO3UHU U APYTHUM BO3IACHCTBUAM).

TpeOyromuecs s BbIOOpa MapoOK MEPEUHs CBEACHHUS 00 MX CBOMCTBaX MOXKHO
Opatb u3 coorercTByomUx ['OCToB. [Ipu 3TOM Ha0 UMETH B BUJY, UTO METAILTY -
rMYeCKas IPOMBIIUIEHHOCTh TAPAaHTUPYET MOCTAaBKY CTald MO MEXaHUYECKUM CBOW-
CTBaM, XMMUYECKOMY cocTaBy. Ha cBoiicTBa ke, ykazanHuble B 'OCTax, MOXHO opu-
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€HTUPOBATHCS, €CIM IPH NPOU3BOJICTBE AECTAIM HA MAIIMHOCTPOUTEIBHOM 3aBOJC
METaJul He MoABepraercs oOpadOTKe, MPUBOASIIEH K M3MEHEHHIO €ro CTPYKTYpBI
(mmactudeckast 1 TepMuueckast 00padotka). B mpoTuBHOM ke ciiyyae HaJ0 HAXOAHUTH
JOTIOJIHUTENbHYI0 MH(OPMAIINIO, OTPAaXKAIOIIYI0 BIHUSHHUE YKa3aHHBIX BHJIOB OOpa-
6otky; npuBoauMele B 'OCTax MexaHM4YeCKHe CBOWCTBA B 3TUX CIy4yasX rapaHTH-
PYIOT JIMIIB ONPEIEICHHBIM YPOBEHb KAYECTBA METAILIA.

IIpu BBIOOpPE MapoK W3 YHClla KOHCTPYKIMOHHBIX CTajlell HanOoyiee XapaKTEpHbI
7IBa CJIEAYIOLIUX CIIyqast:

1) Ucnonb3oBanue craneil CTpOUTENbHOTO HazHaueHus. CTanu 17l CTPOUTENbHBIX
KOHCTPYKIMH ITOAPA3AEIAIOTCS 110 KATETOPUAM IIPOYHOCTH; IIPU KAKJIOM ypOBHE Ta-
paHTUpyeTCs Mpeesl MPOYHOCTU (YUCIHUTENb) U Mpenesl TeKydyecTu (3HaMEHaTeb);
IIpU YPOBHE
C 380/230 - cranu HopManbHOU npoyHocTH, Tipu C 460/330 u C 520/400 - ctanu no-
BbIlIeHHOW mpouHocTd U npu C 600/450, C 700/600, C 850/750 -ctanmu BBICOKOH
MpoyHOCTH. OT 3HAYEHUN YKa3aHHBIX XapaKTEPUCTHK 3aBUCHUT CEUEHHUE SJIEMEHTOB
KOHCTPYKIUH, a CJIE0BATENbHO, UX Macca.

[Ipy noCTaTOYHOCTH HOPMAJIBLHOM MPOYHOCTH IMPHUMEHSIOTCS B OCHOBHOM yT-
JIEPOAUCTBIE CTAIM OOBIKHOBEHHOrO KadecTBa (cM. moarpymmy 1111) 6e3 tepmuue-
CKOIl 00paboTKu. BMecTe ¢ TeM KaTeropuio MpOYHOCTU 3TUX CTalel MOMXHO IMOBBI-
CUTh YBEIMYEHUEM COJEP/KAaHUs Yriaepoja, IIPU 3TOM CHHYKAETCS IUIACTUYHOCTh. B
[OCJIEHEE BpeMs JIJIS ITOBBIIICHMS KATETOPUN IIPOYHOCTH TAKUX CTAJIEH PEKOMEHY-
€TCSl UX TEPMOYIIPOYHEHUE, CYIIIHOCTh KOTOPOIO0 COCTOUT B MOJIYYEHUU HU3KOTEMIIE-
paTypHBIX MPOAYKTOB pacrajia aycTeHurta (0ojee AUCIEpPCHBIN NepiauT, MHOTAa Ya-
CTUYHO OCMHUT).

[loBbIlIEHHE KAaTErOpUHM MPOYHOCTH CTPOUTENBHBIX CTaled 0e3 TepmMooOpa-
OOTKH JIOCTUTAETCs Yallle BCEro JErMpOBaHUEM MApraHIeM U KpeMHHEM (TBepopac-
TBOPHOE YNPOYHEHHE (HEPPUTHOM COCTABISIOLIEH); K TAKUM CTAJIIM OTHOCSTCS:
Hanpumep, 09172, O9I2C, 17T'C u ap. BmecTte ¢ TeEM OHM MOTYT NOABEPraThCs
BTMO, 4utro o6ecnieyuT MOBBIIMICHUE BSI3KOCTU M CHUXKEHHUE MOPOTra XJIaJHOJIOMKO-
cTi. /{1 yMEeHbIIEHUsI CKJIOHHOCTU K POCTY 3€pHA B COCTaB TaKUX CTaJIEW BBOJSATCS
KapOuI000pa3yrolne dIeMeHThI, HarpuMep, Huooui (10I26).

Ecnu xe HeobxonuMma eme 0oJiee BbICOKasi KaTeropusl MPOYHOCTH, HAJO Mepexo-
IUTh K MPUMEHEHUIO CTaM C KapOOHUTPUAHBIM YIPOUYHEHUEM (HalpuMmep, Mapka
16I"2A®D), a unorna npuderats Kk KoHTpoJupyemoi rpokatke (O9[2DB). I[Ipu Heoo-
XOJMMOCTH 3HAYUTEJIBHOTO IMOHMKEHUS IOPOra XJIaJHOJIOMKOCTH Hapsiay C TEpMO-
00pabOTKOM B COCTAB TaKMX CTaJICH BBOJAUTCS HUKEb.

2) Ucnonp3oBanue cTaneu s neTajieid MalluH, MOBEPralonXcs MEXaHUYECKUM
BoznercTBUsIM (moarpynna 1112 u rpynna 113). IlpuMmenenne yriaepoaucThix cTaneu
B ATOM CJTy4yae HEpEAKO OrPaHUYMBAETCS UX MAJION MPOKATMBAEMOCTHIO.

JlernpoBaHue MaIIMHOCTPOUTENBHBIX CTaNEeH MPOU3BOJIUTCA MOMUMO MOBBIIICHHUS
NPOKAIMBAEMOCTH, TAKXKE ISl YBEJIMYEHUS TEIUIOCTOMKOCTH, >KapOCTOMKOCTH, *Ka-
pornpouHoctu. Hanbosiee 1OCTYNHBIMM JIETUPYIOLIMMH 3J€MEHTAMHU, MOBBIIIAIONIN-
MU MPOKAJTUBAEMOCTh U YaCTUYHO TEIUIOCTOMKOCTb, SBJISIFOTCS MapraHel, KpeMHH,
XpOM U BaHaAul; 0cO0EHHO 3()()PEKTHUBHO B 3TOM OTHOIIEHUU KOMILIEKCHOE JIETUPO-
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BaHUE JIByMsS-TpeMs U OoJjiee dJIeMeHTaMU, BKITIoYas U 1e(pUIIUTHBIC JIEMEHTHI - HU-
Kelb, MONUOieH, Bolb(dpam. Tak, KpUTUYECKUN TUaMETp MPOKaIMBAEMOCTHU MPH 3a-
kayke B Bojie y cranu 40 pasen 10, y cranu 40X - 30, y cranmum 40XH - 50, y cranu
40XHM - 100 mMm.

B ciyuyae omacHocTH meperpeBa U pocrta 3epHa (IIpU MOBBIIIEHHOM COJAECpPKaHUU
Maprasiia) B CTaJIu HEOOXOIUMO MPUCYTCTBHE KAKOTO-TM00 CHIILHOTIO KapOua000pa-
3YIOIIEro 3jeMeHTa, daiie Bcero 31o tutan (40XI'T, 18XI'T). ITpu HeobxoqumMocTu
oOecrieueHns BHICOKOM MPOKAIMBAEMOCTH U HU3KOTO MOPOTa XJIAJHOJIOMKOCTU HC-
MOJIB3YIOTCS CTaIM ¢ J0OaBKaMU HUKEJS, IPUYEM JJIsi YCTPAHEHUs! OTIYCKHOM XpyTi-
KOCTH B HHUX JOJDKEH NpHUCyTcTBOBaTh M MonuoaeH (18X2H4MA, 40XH2MA,
38XH3M®DA).

HuskoyrinepoaucTeie CcTaid BBIOMPAIOTCS MPUMEHUTEIBHO K MOBEPXHOCTHOMY
YIOPOYHEHUIO JIeTajell IEMEHTalued UM HUTPOLIEMEHTALNEH; KOMILJIEKC TPEeOyeMbIX
MEXaHUYECKUX CBOWCTB B CEPJILIEBUHE B 3TOM CIIy4yae OOECHEUYMBAETCS 3aKAJIKOW C
HU3KUM OTHYCKOM. CpelHEeyIJIepOJUCThIE CTAIM BBIOMPAIOTCA B MPEANOJIOKEHUN
MIPOBEACHUS yIydlIaromed TepMooOpaboTKku (B a30THUPYEMBIX CTalsX Takas oOpa-
00TKa mpenycMaTpUBaeTCs B KauecTBe MpeaBapuTenbHoii). [loBbiennemM temmepa-
Typbl otycka ot 200 "C no 650 °C npenen TeKy4ecTH TaKUX CTAJIEH MpHU COJIepiKa-
Huu yraepona 0,2 % cumwkaercs ¢ 1200 o 600 MIla; 3To o3Havaer, 4To BappUpOBa-
HUEM TeMIEPaTypbl OTIYCKa XapaKTEPUCTUKHA MAIIMHOCTPOUTEIbHBIX CTAJIEH MOMKHO
MOBBICUTH IPUMEPHO B JIBA pasa.

Bri6upasi KOHCTPYKIIMOHHYIO CTallb, CIEAYeT 1M03a00TUThCA 00 0OecreyeHuu co-
OTBETCTBYIOIIEro 3anaca Bsizkoctu (IT), rapaHnTupyromero ot cay4ailHOro XpymnKkoro
pa3zpyuienus. OOBIYHO 3amac BA3KOCTH MO MOPOTY XJIaJHOJOMKOCTH JUIsl OTBET-
CTBEHHBIX JETAJICH, UCIIBITHIBAIOIINX JUHAMUYECKUE HArpy3ku, npuHumaercsa 60°C,
JUISl HEOTBETCTBEHHBIX J€Tajel, HEe UCTIBITHIBAIOIIUX JUHAMUYECKUE HATPYKEHUS, OH
oepetcs 20°C, a s mpoMexyTOUHbIX cirydaes - 40°C.

K cransm moBbIIEHHON NPOYHOCTH MPUOEraroT TOT/a, KOTJa Ba)KHBIM SIBJISIETCS
YMEHBIIICHUE MACChl U3/IETUs TP COXPAHEHUH BBICOKOW MPOYHOCTH OTIEIbHBIX JIie-
taneil. Cienyer, 0JJHAKO, IPU STOM UMETH B BUJTY JIBa OOCTOSITENILCTBA.

e Bo-nepBbIX, B cllyda€ OpUEHTAIlMM HA CTajb MOBBIIIEHHONW MPOYHOCTH HAJI0
YYHUTHIBATH CTEMEHB IOMyCTUMOMN AedopManuu (YIpyroi Ui rmiacTUIeCcKo);
B OTOM CMBICJIE JOMYCTUMBIA YPOBEHb HAIpPSKEHUN OyneT OrpaHHyYCH, UYTO
MOXET MNPEAONPEAETUTh HEHYKHOCTh JaJbHEUIIEr0 MOBBIIICHHUS MPOYHOCT-
HBIX XapaKTePUCTHK.

e Bo-BTOpBIX, IIpU 3HAYUTEIHHOM NOBBILIEHUU NpoyHOocTU cTanu (1400, 1600 u
2000 MIla) cHu»kaeTcsi CONMPOTUBIICHUE BHE3AMMHOMY €€ pa3pylICHUIO (4acTo
IIpU HAIPSDKEHUSX 3HAYUTEIBHO HUIKE PACUETHBIX M MEHBIIUX, YeM Tpeae
TEKY4ECTH), YTO WHUIIUUPYETCS MPUCYTCTBYIONIUMHU B CTAIAX JePEKTaMH; B
3TOM CJIy4dae pas3pylICHUE CTajle B paliOHE TEMIEPaTyp MOIYyXPYHNKOCTH Tso
CMeIIaHHOE (XPYIKO-BS3KOE) U JIOMyCTUMOE HaIpsKEHUE OYIET ONpeesiTh-
csi pasMepoM aedexTa (TPEeUIMHOCTOMKOCTBIO, KOCBEHHO XapaKTepH3yeMOM
3HaYeHUEeM K03 PUIMEeHTa HHTCHCUBHOCTH HanpspkeHui K;).
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Tax, npu nnuHe nedexra 3 MM paspylieHHE MPOU30MIeT npu HampskeHun 600
MlIla, ecinu k03 ()HUIMEHT HHTEHCUBHOCTY HaNpskeHuit pasen 31,5 MIla-m*2, u npu
800 MIla, ecii ykasaHHbIi koddurment 6yaer 57 MIla-mY2, xors npenen Texyue-
CTH B 000X CITydasX MOXET ObITh OJJMHAKOBBIM U 0osee 1200 MITa.

Wtak, /uid craneil ¢ BA3KUM pa3pylIeHHEM BbIOOP MapKu MOKHO OCHOBBIBaTb Ha
COTIOCTABJICHUN PACYETHBIX HaNpsHKEHUM W Tpesesia TeKy4ecTH (IPOYHOCTH) MpU
yCJIOBUM o0OecriedeHHsi He0OXOIMMOro 3amaca BsI3KOCTH; Ul CTaJlel K€ cO CMeElllaH-
HbIM WM JaK€ XPYOKHUM pa3pyHIeHHEM (BBICOKONPOYHBIE CTaad) BBHIOOP MapKu
OIIPENIEIIETCS] CONOCTABICHUEM PACUETHBIX HANPSHKEHUN C PaspylIaloNIMMU Hanps-
KEHUSAMH, OOYCIOBIMBAEMBIMU KO3()QUIIMEHTOM HMHTEHCUBHOCTH HAOPSXKEHUN U
IpEAENIbHBIM Pa3MepPOM BO3MOJKHBIX J1e(DeKTOB. B CBSI3M C MOBBIIIEHHOW YYBCTBH-
TEIbHOCTBIO BBICOKOIIPOYHBIX CTaJel K KOHUEHTPATOpaM HaIpsHKEHUN KaK BHYTPEH-
HUM (1edEeKThbl, B TOM UYUCIIC€ HEMETAUTMYECKUE BKJIIOUEHUSI), TAK U BHEIIHUM (BBbI-
TOYKH, OCTpPbIE MEPEX0]Ibl) HEOOXOAUMO MpeayCcMaTpUBaTh MPUMEHEHUE CHEUaNb-
HBIX METOJIOB BBIILJIABKH, OOECIEUYHMBAIOLIMX BBICOKYIO CTEIEHb YUCTOTHI CTAJIH IO
HEMETAJUIMYECKUM BKIIFOUEHHSIM, BPEITHBIM IIPUMECSM U Ta3aM.

N3 BBICOKOITPOYHBIX MAIIMHOCTPOUTENIBHBIX CTAJEd HAMMEHBIIEN CKIIOHHOCTBIO K
XPYIIKOMY Pa3pyLIECHUIO XapaKTepU3YIOTCsl MapTeHCUTHO-cTapetomue crtanu u [THII-
CTaJIM, OJJHAKO OHU 3HAYUTEIIBLHO JIOPOXKE M3-3a BBICOKOM CTEIIEHU JIETUPOBAHUS.

BaxxHpiM TpeOoBaHMEM, MPEIBABISEMBbIM K JCTANSIM, M3rOTaBIMBACMbIM U3
KOHCTPYKIIMOHHBIX CTajeil MOBBIIMIEHHON M BBICOKOH IMPOYHOCTH, SIBJIsIeTcs olecne-
YEHUE JI0JIFOBEYHOCTU M3rOTABJIMBAECMbBIX M3 HUX ACTAJIECH; NOCIEIHSAS JOCTUTAETCS
HE CTOJIbKO MaTepuajoM AETali, CKOJIbKO CIIOCOOOM MOBEPXHOCTHOTO YIPOUYHEHHUS.
JIsist GONBIIMHCTBA JIeTajel MalllMH HapylleHue paboTOCIOCOOHOCTH CBA3AHO C JBY-
Ms BUJIaMH TTOBPEXACHUI MOBEPXHOCTH - U3HOCOM U YCTaJIOCThIO.

Bce cnocoObl NOBBINIEHNUS TOBEPXHOCTHOM TBEPAOCTH (MIOBEPXHOCTHAS 3aKaJ-
Ka, XMMHUKO-TEpMHUYEcKass 00paboTKa, a TakKe MOBEPXHOCTHBIM HAKJIEI) CHOCO0-
CTBYIOT MOBBIIIEHUIO U3HOCOCTOMKOCTH U YCTAIOCTHOW MPOYHOCTH.

[Ipu BbIOOpE METOJOB MOBEPXHOCTHOTO YIPOUHEHHUS HA/I0 YUUTHIBATh, YTO HUTPO-
nemMenTanus (rnpu ToiumHe cios Haceimenus no 0,8-0,9 mMm) TpeOyer 3ameTHO
MEHBIIETO BPEMEHU, YEM IIEMEHTAlUs, U IPOBOAUTCA K TOMY e IpH 0ojee HU3KHUX
Temneparypax. Eie OpicTpee BBINOIHAETCS MOBEPXHOCTHASI 3aKallka, HO OHA MpUMe-
HUMa K JCTAJIIM CPaBHUTEIHHO TIPOCTOI (POpMBI U TpeOyeT, Kak MPaBUIIO, OOJBITUX
KanUTaJIbHbIX 3arpar. [lomydaemas mpu 3TOM CTOMKOCTB CIJIOS, @ CJEIOBATEIBHO,
JOJITOBEYHOCTh JIeTaId OyAeT pa3HOW M ATO OIMpenessieTcs] He TOJIBKO CBOMCTBaMH
CJI0S, HO U YCIOBMIMH (crieliuuKoil) skcruryatauuu usaenus. K tomy ke pasHbIMU
OyIyT SHEPro- ¥ TPyA03aTpaThl, 0€30MACHOCTh U BPEAHOCTh PaOOTHI.

ObecnieyeHre TakoW Pa3HOBUIHOCTH JOJTOBEYHOCTH, KaK KOPPO3HMOHHAS CTOM-
KOCTb, JKapONpPOYHOCTh U T. 1., B OCHOBHOM ONPEIESETCS MPaBUIbHBIM BEIOOPOM
MapKH CTaJIM U MOCIEAYIOEeH TepMUIECKONH 00pabOTKOM.

B kadyecTBe KOHCTPYKIIMOHHBIX MPUMEHSIOTCS U CTalu, padoTarouiue B crnenudu-
YECKUX YCJIOBUSX; Ha3BaHUE dTUX CTaJleH yxKe Mpeaonpeaenser ux o0aacTb nmpume-
HeHud. Hanpumep, ctaiy ¢ BBICOKMMH YOPYIMMU cBoicTBamu (cM. rpynmnsl 151 u
152). Haunbonee oOmiue 3 mpeabsBAsSEMbIX K HUIM TpeOOBaHUI BBICOKOE COMPOTHB-
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JIEHWE MaJIbIM TUTACTUYECKHM JedopmarusiM W pelakCcaluoHHAs CTOWKOCTh -
obecreunBarOTCsl TepMOOOPadOTKON OO0 Ha yraepoaucTeix craisax (70, 65), mubo
CTaJsiX, JIETUPOBAHHBIX KpemHueM u wmapraniem (55I'C, 60C2), ornuuarommxcs
OoJbIIIel MTPOKATMBAEMOCThIO. bosee nerupoBanHbie cTaiu (C XpOMOM, MOJIHOIEHOM
U BOJIbPpaMoOM) 11eJ1€CO00pa3HO MPUMEHSTH TOJIBKO B CiIydae pabOThl yIPYTHUX dJie-
MEHTOB TIPH MOBBIIIEHHBIX TEMIIEpATypax.

K uuciay KOHCTPYKIIMOHHBIX OTHOCSITCS TaK € CTajld U CIUIaBbl, YCTOMYHMBBIE K
BO3JICHCTBUIO TEMIIEPATYPHI pabouelt 1 BHEIIHEHN cpelibl (moakiacc 16).

Cranu u craBbl, paboTarolye MpU MOBBIIIEHHOW TeMIIepaType, BbIOUPAIOTCS 1O
OCHOBHOMY IIPHU3HAKY - TEMIIEPATYPE IKCIUTyaTallUU.

Jlns neranei, He MOABEPTIIUXCS 3HAUYUTEIbHBIM HArpy»KEHUSIM, BHIOUPAIOTCS Ka-
POCTOMKHE CTaIu U CIUIaBbI C YYETOM TeMIepaTyphbl Hauajla ”THTEHCUBHOTO MX OKHC-
JICHUSI B OKUCJIUTEIBHOUN (B TOM YHUCJIE C CEPOBOJOPOJOM) WM HAYTIJICPOKUBAOIIEH
cpeaax (ot 600-650 °C no 1100-1150 °C). IToBbIieHNE KapPOCTOUKOCTH IOCTUTACT-
Cs B MIEPBYIO o4yepeab MOBBIIEHUEM cojiepxkanus xpoma (1o 20-30%), a Takxke 10-
0aBKaMU KpeMHUS ¥ MOJIMOJICHA; /11 TIOBBIIICHUSI CTOMKOCTH B HAYTJIEPOKUBAIOIIUX
cpenax HeoOX0IMMO JIOTIOTHUTEILHOE JIeTHpOBaHue HuKeaeM (7-14%).

JIns nerane, MOABEPrIINXCS 3HAUUTEIbHBIM MEXAaHUYECKUM Harpy3Kam, BbI3bIBa-
IOIUM T0JI3y4eCcTh MaTepualia, OCHOBHOM SIBJISIETCS HEOOXOIUMOCTH OOECTICUCHHUS
IPOYHOCTHBIX CBOMCTB IPU COXPAHEHHM JOCTATOYHO BBICOKOM KapocToukocTu. B
ciydae anurensHoro Harpesa 10 400-550 °C Hajo NpUMEHATH NMEePAUTOPEPPUTHBIC
craimu, 710 500-600°C - BBICOKOXpOMHCTBIC (heppuTokapOuaHbie, 10 600-850 "C -
AyCTEHUTHBIC CTAJIM C KApOUIAHBIM WJIM MHTEPMETAII-TUJIHBIM YIIPOUHCHHUEM; IS pa-
00ThI IpH ele 0oJiee BHICOKUX TeMIEepaTypax JIOJKHBI MCIOJIb30BAaThCS CILIaBbl Ha
HUKEJIEBOW U HUKEIb-KOOAIbTOBOM OCHOBE, a TAK)KE TYIOIJIABKUE CILJIaBbl HA OCHOBE
BOJIb(pama, MOJIMOIeHA U HUOOUSI.

Jist neraneid, paboTaroIIMX MPU HU3BKUX (KPUOTEHHBIX) TEMIEpaTypax IOJIKHBI
MIPUMEHSTHCS CTAIM U CIUIaBbl, TUIACTUYHOCTh KOTOPBIX C MOHMKEHUEM TEMIIepaTy-
pbl 100 HE U3MEHSAETCs, TMOO YMEHBIIAETCS HE3HAYUTEIBHO U 0€3 pe3KOro mnaje-
Hus. [Ipu pabore no temneparyp -196 °C MoxHO puUMeEHsATh HeppuTHBIC (MapTeH-
CUTHBIC), HO BBICOKOHHMKEJIEBBIC CTaJIM;, B CiIydae ke elie 0oyiee HU3KHX padouux
TeMrneparyp (BILUIOTh /10 BOJIOPOJIHBIX U MeIUEBbIX Temnepatyp -253 u -269 °C) Hano
MIPUMEHSTh ayCTEHUTHBIE XPOMOHHUKEIIEBBIE U XPOMOMAPTraHII€BO-HUKEIIEBbIE CTAJIH,
COXPaHSIONINE Y-PEIIeTKY MPH CTOJIh HU3KOM oxJaxaceHuu. [Ipu HeoOxoaumocTH
UMETbH OOJBIINYIO MMPOYHOCTH JIJISl 3TUX IIeJIeld MOKHO HMCIIOJIh30BaTh M MAPTEHCUTHO-
ctaperorue craau. C 3To# e IeNIbI0 MOTYT UCIOJIb30BaThCs OPOH3BI, B YaCTHOCTH,
QTIOMUHUEBBIC U OEpUJUIMEBbIE OPOH3BI ¢ HU3KUMU KOI(PDUIIMEHTAMU TpPEHUS, a
TaKXe aTFOMUHUEBBIE Ae(DOPMUPYEMBIE CILIaBHI.

IIpu BbIOOpE cTaNel U CIIaBOB, YCTOMYMBBIX K BO3/ICHCTBUIO paboyeil M BHEIIHEH
cpel, IPUHUMAETCS BO BHUMAaHHUE, MPEXKIE BCEro, CTOMKOCTh MPOTUB OOIIEH, MEXK-
KPUCTANIMTHOM KOPPO3UM M KOPPO3MOHHOTO pacTpeckuBaHus. [Ipu sTomM Hamo
UMETh B BUJLY, UTO CTaJI, B TOM YHCJI€ BBICOKOJIETMPOBAHHBIE, UMEIOT JIOCTATOUHYIO
CTOMKOCTh MPOTHUB KOPPO3UU B OTPAHUUYEHHOM YHUCJIE CPEJ; MHOTHE U3 HUX CTOUKHU

39



MIPOTHUB JEUCTBUS OKUCISIOIINX KUCIOT U HE UMEIOT HEOOXOIMMOM CTOMKOCTH B CO-
JSTHOM KUCJIOTE U JPYTUX PEareHTax.

[Ipu BBIOOpE MApPOK MEpeyHsl B KAKJIOM KOHKPETHOM CIIy4ae HaJ0 CTPEMHUTHCS K
MPUMEHEHUIO CTAJM C MUHUMAJIbHBIM JIETHPOBAaHHUEM C YCJIOBHEM O053aTE€IbHOTO
oOecnieueHus TpeOyeMOro ypoBHs HECYLIEH CIIOCOOHOCTH; YAOPOKAaHUE CTAIH B pe-
3y/nbTaTe JIETUPOBAHUS JOJDKHO MEPEKPBHIBATHCS JTOCTUTA€MbIM IIPU 3TOM IOJIOXKH-
TeNbHBIM 3 ¢dekTom. [loaToMy BBIOOpP Mapok mepeyHsl HaJA0 HAUMHATH C YIIepOAu-
CTBIX CTaJI€ll U B ClIy4yae UX HENPUTOAHOCTH MEPEXOUTh K JIETMPOBAHHBIM IIPU O-
HOBPEMEHHOM yueTe Je(PUIUTHOCTU COOTBETCTBYIOIIMX 3JIEMEHTOB. B cBsI3u ¢ aTUM
3aMETHUM, YTO K HEIE(UUUTHBIM JIETUPYIOLUIUM 3JIEMEHTaM OTHOCSATCS: Mapraell,
KpEMHUH, XpOM, aTlOMUHUHN, TUTaH, BaHAIUi, 00p, a K JePUIMTHBIM - HUOOMI, MO-
nubjeH, Me/lb, CBUHEI, HUKEIIb, BOJIb(paM, TaHTal, KOOAJIbT, U3 KOTOPBIX 0CO00 Jie-
(PUUUTHBIMU SABJISIOTCA: BOJIb(paM, HUKEIb, KOOABT.

B kayecTBe KOHCTPYKIMOHHBIX MOTYT BBIOMPATHCS TaKK€ METaJUIbl U CILIABbI
HEXEJIE3HOM IPYIIbI, €CIM OHU JIyYIlle OTPaXKal0T CIEHU(PUKY YCIOBUU pabOThI CO-
OTBETCTBYIOIIUX JETAJICH.

Tak, MeIHbIE CIUIaBbl OTJIMYAIOTCS OT JKEJE3HBIX HU3KUM KO3 PUIIMEHTOM TPEHUS,
4TO 00YCJIOBJIMBAET MOJE3HOCTh MPUMEHEHHUS UX B Mapax CKOJBKEHHUS; 3TO TeM 0o-
jee 1enecoo0pa3Ho, YTO MHOTHE U3 HHMX XapaKTEpU3YIOTCS BBICOKOM IUIaCTUYHO-
CTBIO, XOPOILIEH CTOMKOCTBIO IPOTUB KOPPO3HUHU B PSJIE arPECCUBHBIX CPEJl U BBICOKOU
TEIJIONPOBOAHOCTEIO. IIpy 3TOM Hajo UMETH B BUAY, YTO MPOYHOCTHBIE XapaKTEPHU-
CTHKH BBIIIE Y JBYX(a3HbIX CIIABOB, a IUNIACTUYHOCTh - Y OJHO(A3HBIX; YIPOUYHE-
HUIO TOCJIEIHUX CHOCOOCTBYET MOBBILIEHUE UX JETUPOBAHHOCTU (TBEPIOPACTBOP-
Hoe ynpouHeHue). OgHodasHbie U, AByX(]a3zHble OPOH3bI MPEBOCXOMASAT JIATYHHU IO
MIPOYHOCTH U COMPOTUBIIEHUIO KOPPO3UHU (0OCOOEHHO B MOPCKOM BOJIE); BHICOKAS W3-
HOCOCTOMKOCTb XapaKTepHa il AByX(a3HbiX OpoH3. BaxkHOe MpenMyIecTBo IByX-
(a3HbIX OpOH3 - XOpOIIME JUTEHHbIE CBOMCTBA (Y OJOBSHHBIX - Majlas ycaaka, y
ATIOMUHUEBBIX - XOpollas XUAKOTeKydecTb). Hambonee mNpodyHBIMH U3 MEIHBIX
CIUIABOB SIBJISIIOTCS OepuiiueBble OPOH3bI; UX BBICOKAs MPOYHOCTH (Mocie o0padoT-
KU Ha CTAPEHHE) COYETACTCS C MOBBIIICHHOW KOPPO3UOHHONU CTOMKOCTBIO U DJIEKTPO-
npoBOAHOCTHIO. [Ipu BbIOOpE MENHBIX CIJIaBOB HAJ0 MMETh B BUIY, YTO HauOosee
Ne(UIMTHBIMU U HauboJiee JOPOrUMH U3 HUX SIBJISIIOTCS OJIOBSHHBIE U O€pUILINEBbIC
OpOH3HI.

['1aBHOE MPEMMYILECTBO ATFOMUHHUEBBIX CIUIABOB COCTOUT B TOM, YTO OHU UMEIOT
Malylo IIOTHOCTh (2,7-3,0 T/M%) mpH JHOCTATOYHO BHICOKOM IPOYHOCTH (CILIABHI,
YHOPOYHEHHEIE CTAPEHHUEM); UX HEJOCTATKU - HU3KUK MOAylb yrpyroctu (7-10* MIla
nporus 20-10* MIla y craneli M 4yryHOB), HEBO3MOXKHOCTh YIPOYHEHHS IOBEPX-
HOCTHOT'O CJIOSI XUMUKO-TEPMHUYECKON 00pabOTKOM U, BCIEACTBUE ITOT0, HU3KAs U3-
HOCOCTOMKOCTb. J[FOpajJtOMUHUM K TOMY K€ HEAOCTATOYHO YCTOUYUB MPOTUB KOPPO-
3un. JKapompoyHOCTh AJTIOMHUHHUEBBIX CIUIABOB HUXE, YEM Yy CTalled U TUTAHOBBIX
cruiaBoB. JIuTeliHble alIOMUHUEBBIE CIUIABBI UMEIOT HU3KYHO TEMIEpATypy JIUThS,
XOPOLIYI0 KUAKOTEKYYECTh, HO XapaKTEPU3YIOTCSI MOHMKEHHBIMU MEXaHUYECKUMHU
cBoiictBamu. [lopomikoBeie amomunueBbie criaBel Thna CAIl obmagaroT Gombiuei
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KApOMPOUYHOCTHIO U paboTatoT npu temreparype Ha 30-50°C Boimie, yuem gedopmu-
pyEMBbIE U JTUTEHHBIE CIIaBHI.

Eme Gonee nerkumu criiaBaMu KOHCTPYKIIMOHHOTO Ha3HAUEHUS SBIIAIOTCS MarHH-
esble cruiasbl (1,7-1,8 /M%), 01HAKO MX MOYJNIb YIIPYTOCTH HIKE, YEM Y AJTFOMHUHUE-
BbIX, U OHH MPUTOJIHBI JIUIIb JJIsI MAJIOHATPYKEHHBIX JIeTaleH.

TuTaHOBBIE CIJIaBBI CBOMMH TJIABHBIMU IPEUMYIIECTBAMU UMEIOT: HEOOJBIIIYIO
IJIOTHOCTE (4,5 T/M®), BBICOKYIO KOPPO3HOHHYIO CTOMKOCTB; BBHICOKHE IPOYHOCTHBIE
XapaKTEPUCTUKU MPU OTCYTCTBUM XJIATTHOJIOMKOCTH, B TOM YHKCJIE IPU OYE€Hb HU3KUX
TeMIlepaTypax; KpoMe TOro, OHU 00JIa/Ial0T CPABHUTEILHO XOPOUIEH >KapompOvHO-
CTBIO, XOTSI M HIKE, 4yeM y crajied. [1o cToMKoCcTH MPOTUB KOPPO3HUHU B PSJie CPEA OHU
MIPEBOCXOJAT KOPPO3HMOHHO-CTOMKHUE CTalM, MEIHbIE W HUKEJIEBbIE CIIABhI. J[ByX-
(azHble, YOIPOUYHSEMbIE CTAPEHUEM THUTAHOBBIE CILIABbI, 00JIa/1ass MEHbLIEH MJIACTUY-
HOCTBIO, M0 MPOYHOCTH HE YCTYNAIOT YJIy4IlIa€MbIM JIETUPOBAHHBIM KOHCTPYKIIMOH-
HbIM cTajsiM. BmecTe ¢ TeM cruiaBbl TUTaHA YCTYMAIOT CTajlsiM, OCOOCHHO BBICOKO-
YTJIEPOJIUCTBIM, B TBEPJIOCTH U MU3HOCOCTOMKOCTH, YTO 3aTPYIHSAET MX HCIIOJIb30Ba-
HUE JUIs JIeTajnei, padoTaromuX Ha TPEHHE.

3aBepias pacCMOTPEHHE BONPOCa O MOATOTOBKE MEPEUHS] MApOK MO KOHCTPYKIIM-
OHHBIM CTaJIsSIM U CIUIaBaM, HEOOXOJUMO OTMETHTh, UYTO, TOMUMO OKOHYATEIbHOU
(ympouHsitorieii) oOpabOTKH, HAJ0 OMPEICIUTHCS M C MPEABAPUTEILHOW TepMUYEC-
CKOI1 00pabOTKOI COOTBETCTBYIOUIMX 3aroTOBOK. E€ HE0OX0IMMOCTh U LIE€TH MPOBe-
JICHUST OTPEIETISIOTCSI KOHKPETHBIMH YCIOBUSIMU. Yallie BCero oHa UCTOIb3YETCs JUIs
oOecrieueHns TEXHOJIOTUYHOCTH MPOIIecca U3TOTOBJICHHUS AeTalu (puaanus GopMbI)
-TIOBBIIIICHUST IITAMITYyEeMOCTH, YyIydilleHus 00pabaThiBaeMOCTH pe3aHueM. Hampu-
Mep, I YAYyUIIEeHUs [ITAMIIyeEMOCTH CTajlM Pellaollee 3HaYeHue NMEeT chepou in-
3alMsl LEMEHTUTA, B CBSI3U C YEM I€JeCO00pa3HbIM MPECTABISAECTCA MPUMEHEHHUE
c(hepouIU3UPYIOLIEr0 OTKUTA; AJIA MOJATOTOBKH CTPYKTYpbl K 00pabOTKe pe3aHueM
CTaIu OOBIYHO IOJBEPTalOTCS HOPMATIU3ALMHU MM OTXKUTY.? B Hemsax mpemynpexme-
HUA 00pa3oBaHusl (PIIOKEHOB MPHU OXJAXKJIECHHH TOCIE KOBKM HEKOTOPBIX CIIELUAIb-
HBIX CTajJeil MOJDKHA MpelycMaTpUBAThCA M30TEPMHUUYECKasi BBIIEPKKA 3arOTOBOK B
palioHe CyOKPUTHUECKHX TEMIIepaTyp C MOCIETYIONINM 3aMeJICHHBIM OXJIaKICHU-
eM.

Hepenko mpenBapurtenbHas TepMuueckas 00pab0oTKa UMEET CBOEH IEIbI0 MOJT0-
TOBKY CTPYKTYpbI K TMOCIEAYIOIIeH TepMUyeckoil oOpaboTKe U MOBBIIICHUE €€ (-
dextuBHOCTH. UNCII0 M XapakTep onepaiuii Takoi 00padoTKK 00yCIOBINBACTCS CO-
CTaBOM CTajieil U CIIaBOB, BUIOM (popmMooOpa3oBaHus u pasmepamu oOpabaThiBae-
MBIX 3aTOTOBOK.

Heobxoaumbie nist BbIOOpa cTajiel U CIUIABOB KOJIMYECTBEHHbBIE XapaKTEPUCTUKU
UX CBOMCTB Hal0 OpaTh MO COOTBETCTBYHOIIUM crnpaBodHukam, ['OCTam u apyroit
HAy4YHO-TEXHUYECKOMN JOKYMEHTAIIUH.

2 OTKUT ¥ HOPMAIM3AIHUsA MOTYT OBITh M OKOHYATENLHOH TepMHYecKo# oOpaboTKol, eciu mpu
3TOM MOJy4aroTcsa TpeOyeMble CBOWCTBA MaTepHalia B JIeTalu (CHATHE HANPSHKCHUN, epeKpUcTa-

Tr3aIms).
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Jlexuyus 7.
1.4. ®opmupoBaHue NepevyHsi MApOK CTajeidl W CIUIABOB ¢ 0co0bIMH (u3uye-
CKHMH CBOMCTBaMHU (KJacc 2).

[lepeyenb MapoK CTaJid ATOTO Kiacca JAOHKEH (POPMUPOBATHCS IO OIMPEACIIsIo-
[IeMy MOoKa3aTesto, KOTOPbIA Mo PU3NYECKON CYIIHOCTH, KaK MPaBUIIO, IPEAOIpee-
JIEH Ha3BaHUEM COOTBETCTBYIOIIUX MOJKIACCOB M 0cOOeHHO rpymm. CTajau U CIIaBbl
ATOrO Kjacca JIOJKHBI UMETh MOBBINIEHHBIMHU OJJHO WJIU JIBa (PU3MYECKUX CBOWCTBA;
pPOJIb MEXaHUYECKUX CBOMCTB B 3TOM CIIy4ae IMOJYMHEHHAS.

Tak, mpu BbIOOpE MaTEpHANIOB JJIsl TOCTOSIHHBIX MAarHUTOB IMPEXIE BCEro MPUHU-
MaeTcs BO BHUMaHUE, HACKOJBKO BBICOKH KO3PIIMTUBHAS CUJIa U OCTATOYHASI MHIYK-
uus (rpynna 212), a npu BeIOOpE MaTepuaaoB il MAaTHUTONPOBOIOB TpaHCchopMma-
TOPOB U T.II. YYUTHIBAIOT, HACKOJIBKO BBICOKA MArHUTHAs MPOHMUIIAEMOCTb M HHU3Ka
Ko3puuThBHasg cuia (rpymnma 211); oOpamaroT Takke BHUMaHUE Ha MOTEPU TMPU Tie-
pEMarHM4YMBaHUM B T.4. Ha BUXpeBbIe TOKU. [Tpu BbIOOpE k€ CITaBOB 711 PEOCTATOB,
HarpeBaTelibHBIX AJIEMEHTOB medeil (rpynma 234) B mepByl0 ouepeab 0O0paiaroT
BHHMAaHHE, HACKOJIbKO BBICOKMM SIBIISIETCA YIEIBbHOE 3JIEKTPOCONPOTUBICHUE H
HACKOJIBKO OHO IIOCTOSIHHO IIPY HArpeBe; OTAaBas MPUOPUTET ONPEAECISIOIUM CBOM-
CTBAaM, OJIHOBPEMEHHO YYUTBHIBAIOT U JPYTHE CBOWCTBA, HAPHUMED, KAPOCTOUKOCTh
(crutaBsl rpymmbl 234). [TogoOHO 3TOMY, MPU BEIOOpE MATEpUATIOB JJIs JeTale mpu-
OOpOB, TPYXKWH CIENHAIBHOTO Ha3zHayeHUs (mojakiacc 22) CMOTpSAT CHayaia,
HACKOJIbKO HU3KUMU SIBISIOTCS KOA(D(UIIMEHTHI TEIUIOBOTO pacIIUpEHus, TeMIepa-
TYypHBIN KOA(hOUIIMEHT MOy YIPYTOCTH.

1.5. ®opmupoBaHue NepeYyHs MAPOK MHCTPYMEHTAJIbHBIX CTajiell U CILUIaBOB
(xjacc 3)

Crnenudurka nogdopa Mapok MEpedHsl B 3TOM Cliydyae 00yCJIOBJICHAa HA3HAYCHUEM
Y BUJIOM UHCTPYMEHTOB.

[Ipexne Bcero AOMKEH OBITh PACCMOTPEH BOMPOC O BO3MOKHOCTH HCIIOIB30BAHMS
CTaJiei NIl U3rOTOBJIEHUS NHCTPYMEHTOB.

Pexxyrire MHCTPpYMEHTHI JOJKHBI UMETh U COXPAHSTH BO BpeMs pabOThl U3HOCO-
CTOMKOCTH, YTO 0OECIeUnBaeTCsl BRICOKOW TBEPAOCTBIO pexyleld KpoMKku. Bricokas
TBEPAOCTh CTAJIEN TOCTUTAETCS 3aKAJIKOW C MOCIEAYIOIIMM NOJIyYeHHEM MapTEeHCUTa
OTITyCKa; TBEPJOCTh OYJET TeM OO0JIbllie, UeM BBIIIE COJAEPKAHUE YTIepoa B CTaH.
Ecnu pabora uHCTpyMEeHTa HE COMPOBOXKIACTCS yAapamu, MPEANOYTeHUE OTAACTCS
BbICOKOYTIIepoAuCThIM ctaisaMm (1,1-1,2 % C); B npoTUBHOM ciiydae JOJKHBI IpUMeE-
HATHCS CTAJIM C MEHBIIIMM cojiepkanueM yrieposa (0,7-0,8% C).

O} peKTUBHOCTH UCIIONIB30BAHUSA CTAIH I PEXKYIIETO0 HHCTPYMEHTA OINpEeIsIeT-
Csl €€ TEIUIOCTOMKOCThIO, MOCKOJIbKY HarpeB KPOMKU OOYCIIOBIMBAET B KaXK/I0M KOH-
KPETHOM Cly4yae JOMyCTUMYIO CKOPOCTh pe3anus. [Ipu pe3anun MATKuX METaylioB C
HEOOJBIION CKOPOCTBIO HAJI0 OPUEHTUPOBATHCS HAa HETEIUIOCTOMKHE CTalM, cOoXpa-
HSIOIIME CTOMKOCTh IpH Harpese 10 190-225°C. B ciyyae HEOOXOIUMOCTH pE3aHMUS
C MOBbIIEHHbIMU CKOpocTAMH (50-70 m/cex), B TOM 4ucie AeTalleld U3 Kapomnpod-
HBIX, KOPPO3UOHHO-CTOMKUX CTAJIE U TUTAHOBBIX CIUJIABOB, JJII U3TOTOBJICHUS WH-
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CTPYMEHTOB CJIEIYET MPUMEHSTHh TEIJIOCTOMKHE CTall BBICOKOW TBEPAOCTH (OBICT-
pOpexXyIIne), COXpaHstoue cToukocTs mpu Harpese 500-600 °C.

[Ipu BBIOOpE cTanmel I PeXyIMUX WHCTPYMEHTOB, TIOMUMO PEKHUMOB PE3aHHS
JOJDKHBI YYUTHIBATHCS (DOpMa, pa3Mephl, a TaKXKe CIIOCOOBI M3TOTOBIICHUS WHCTPY-
MEHTOB (IITAMIIOBKA, IIPECCOBAHKE, ropsiyas HaBUBKA W Jp.). [ MHCTPYMEHTOB,
UCIOJIb3yEeMbIX B MHUIIEBON MPOMBIILUIEHHOCTH, a TaKXe JJI1 MEIUIIUMHCKUX UHCTPY-
MEHTOB MPEANOYTECHUE HAJ0 OTAABaTh CTAJISIM, YCTOMYMBBIM MPOTUB KOPPO3UU TPU
OJIHOBPEMEHHOM 00ECIIEYEHUN BHICOKOUW TBEPIOCTH.

W3meputenbHble MUHCTPYMEHTBI, MOMHMMO BBICOKOM H3HOCOCTOMKOCTH JOJIKHBI
o0ecreunBaTh COXpaHEHHUE MOCTOSHCTBA pa3MepoB U (HOPMBI, & HHOTJIA U BBHICOKYIO
YUCTOTY MOBEPXHOCTH MpPHU MX 00pabOTKe, YTO JOJDKHO YUYHUTHIBATHCS MPU BBIOOpE
CTaJIu U peKUMa TEPMUUYECKOU 00paboTKH.

[IITammel, Kak U Jpyrue BUABI UHCTPYMEHTOB, B MPOIECCe padOThI MOBEPTatOTCs
B OCHOBHOM M3HOCY, CTENEHb KOTOPOTO CHJIBHO 3aBUCHUT OT Xapakrepa AedOopMHpO-
BaHMs 00padaThIBaeMbIX 3aroToBOK. [Ipu XonogHOM Ae(OpMHUPOBAHUU JIJISI U3TOTOB-
JICHUS IITAMIIOB NPUMEHSIOT CTaJIu MOBBIIIEHHON U BBICOKOM M3HOCOCTOMKOCTH, KO-
TOpasi 00eCIeurnBacTCsl BEICOKUM COJAepKaHueM yriepoja (oonee 1%) u merupona-
HUEM, B OCHOBHOM, KapOMJI000pa3ylomuMH 3JIEMEHTaMH (XpOM, MOJIMOJ/ICH, BaHa-
Ui, a TaKXke BOJIb(PpaMm); C MOBBIINICHUEM CTEIICHU JITUPOBAHUS TOBBIIIACTCS UX
TEIIOCTOMKOCTD. /(11 yaapHOTrO MHCTPYMEHTA HUCMOJb3YIOTCS MEHEE YIJIEPOIUCThIE
ctanu (0,40-0,70 %) ripu HECKOIBKO OOJIBIIEM COAEPKaHUU BOJIb(pama.

[Ipu ropsiuem nedhopMHpPOBAHUU, TOMUMO W3HOCOCTOMKOCTH JOJDKHA OOecIeyu-
BaTbCS BBICOKAS TEIJIOCTOMKOCTh, HEOOXOAUMasl IJisi COMPOTUBIICHUS TIIIACTHYECKOM
nedopManuu, U BSI3KOCTh, TApaHTUPYIOIIAsl OTCYTCTBHE XpynKoro paspyuienus. Co-
OTBETCTBEHHO 3TOMY JJIsl U3TOTOBJICHHUS IITAMIIOB TOpsYero ae(opMupoBanus mpu-
MEHSIIOT YMEPEHHO- M TOBBIIICHHO-TEIUIOCTOMKHAE CTalu TOBBIIMIEHHON U BBICOKOMU
BSI3KOCTH; BCE€ OHM XapaKTepU3YIOTCs CpelHuUM cojaepkanueM yriepoaa (0,30-
0,60 %) u merupyroTcst XpoMOM, MOJTHOICHOM, BaHAIUEM, a TAaK)K€ HUKEIIEM M BOJIb-
dbpamom.

JIJIsl U3TOTOBJICHHS PEXKYIIEro U IITAMIIOBAHHOTO WHCTPYMEHTOB MOKHO TpHMe-
HSTh TaK)Ke TBEpJple CriaBbl. OHU 3HAYUTENHHO MPEBOCXOSAT CTAIHM IO TBEPIOCTH
(73-75 Bmecro 64-68 HRC), usnococroiikoctu u temiocroikoctu (900-1000 BmecTo
620-650°C), HO yCTYMmarOT UM MO MPOYHOCTH HA W3THO. M3 TBEpABIX CIUTABOB 1EJIe-
co00pa3Ho JenaTh WHCTPYMEHTHI, MPEIHA3HAUYCHHBIE JIJIsl PE3aHMsl MaTepuajoB IO-
BBIIIICHHOW TBEPJIOCTH U C TIOBBIIICHHBIMU CKOPOCTSIMU. TBEp/bIe CIUIaBbl MOTYT pa-
00TaTh U B KAYECTBE IITAMIOBBIX MPU OTCYTCTBUHM 3HAYUTEIIBHBIX JUHAMUYCCKUX
Harpy3ok. M3 TBepbIX CIJIaBOB MOXHO U3TOTOBUTH HHCTPYMEHTBI TPOCTOU (HOPMBI,
HanpuMmep, KOPOTKHe cBepia. B OCHOBHOM € OHM M3rOTaBIMBAIOTCS B BUJE IIa-
CTHHOK, KOTOpbIE TIPUTIAUBAIOTCS WM MEXaHUUYECKHU 3aKPEIISIOTCS B PEXKYIIUX WH-
CTpyMEHTax Wiu mtammax. Hago uMeTrh B BHUAY, UTO C MOBBIIICHUEM COJCP>KAHUS
KoOanbTa (CBA3YIOLIEE) CHUXKAETCS TBEPAOCTh U MU3HOCOCTOMKOCTh, HO BO3pAcTacT
npoyHocTh. CruiaBbl ¢ KapOuaMu BojibdpamMa U TUTaHA LIETECO00Pa3HO MPUMEHSTD
JUTSL pe3aHus CTaJlel, a CIJIaBbl C KapOuaoM Bojib(dpama - JJId pe3aHusl 4yryHa; Io-
CJI€AHUE MOTYT HUCIIOJb30BaThCS TAKXKE B IITAMIIaX.
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HeoOxomumbie ansi BBIOOpAa MHCTPYMEHTANBHBIX CTallel KOJUYECTBEHHBIC Xapak-
TEPUCTUKH UX CBOMCTB CJIEyeT OpaTh U3 COOTBETCTBYIOIINX CIIPABOYHUKOB.

[Tocne BbIOOpa cTaneit U criaBoB M (OPMUPOBAHUS MEPEUHSI MApOK, YIOBJICTBO-
PAIOIIMX MOCTABJICHHBIM TPEOOBAHMSM, B AHAIIOTMYHOM (110 KOHEYHOM LEJIH) IJIaHe
JOJKEH OBITh MPOBEJICH aHAJIN3 HEMETAJUINYECKUX MAaTepUaJIOB, UMes B BUY MTOJATO-
TOBKY COOTBETCTBYIOILIETO MEPEUHS C 0XBATOM BCEX MAUIMHOCTPOUTENIBHBIX MAaTEpU-
aJIoB.

Jekuusa 8
1.6. MarepuaJjioBegyeckue 000CHOBaHHMS BbIOOpa HeMeTAJUIMYECKHUX MaTepHa-
JIOB
K HeMeTrammmMueckuM OTHOCSTCS BCE NPUMEHSEMbIE B MAIIMHOCTPOEHUH KOHCTPYK-
LMOHHBIE MaTepuajbl, KpOME METAJUIOB M CIUIABOB. JTH MaTEpHaJIbl HE TOJBKO BbI-
CTYIMAIOT 3aMEHUTEISIMU METAJUIOB, HO MPUMEHSIIOTCSA B KQU€CTBE CAMOCTOSITENIbHBIX,
MHOTJIa J1a’)K€ €JIMHCTBEHHBIX, ONPENEISIOMINX BO3MOYKHOCTH pEaln3aldid HOBBIX
TEXHUYECKUX pelieHui. [[puMeHeHne ke MX Kak 3aMEHHTENIEW CTaled M CIUIaBOB
oOycioBiuBaeTcst 00yiee BBICOKON TEXHOJIOTMYHOCTBIO, YTO B Psijie ClydaeB oOecme-
YUBaeT U OOJIBIIYI0 SKOHOMUYECKYIO 3((HEeKTUBHOCTS [6]. HeMeramnueckue Mamu-
HOCTPOUTENIBHBIE MaTE€pHaJIbl 110 NPUPOJIE U CBOEMY CTPOEHHUIO CYIIECTBEHHO OTJIH-
YaroTCcsl OT METalIn4ecKuX. B cBs3u ¢ 3TUM BBIOOp MX HMMEET CBOKO CHELU(UKY.
[lepBbie Ba 3Tana OCTAaOTCS TEMHM K€, YTO U IPU BHIOOPE METAINIMYECKUX MaTepua-
JIOB, pa3nuMs HAYMHAIOTCS C BbIOOpa Mapok. Beibop marepuasioB mpu 3TOM OCHO-
BBIBACTCS TAK)KE Ha KiacCU(pUKalUU Mo npuMeHeHuto. Huke npuBeaem mopsiiok u
ITOPUTM BBIOOPA MIIACTMACC
[ImacTmaccel BBIOMpAIOT UCXOAS M3 TPEOOBAaHUM K AKCILTYyaTAllMOHHBIM CBOM-
CTBaM M T€OMETPHUYECKUM mapameTpam uzfenus. [loaromy cHadana BBIOMpPAIOT
BHJI IJTACTMACCHI HA OCHOBE TPEOOBAHMI K €€ AKCILTYyaTallMOHHBIM CBOMCTBaM, a
3aTeM 0a30BYIO MapKy U MapKy C YJIYYIICHHBIMU TEXHOJOTMYECKUMHU CBOWCTBA-
MH, KOTOPYIO MOXHO 3(p(PeKTUBHO nepepadboTaTh BEIOPAHHBIM CIIOCOOOM.
CymiecTByeT J1IBa METOJa BbIOOpa BUAa MaTepUaoB:
1 - MeTOJ aHAJIOTHIl - KauecmeeHHblil;
2 - KOIU4eCmeeH bl METO/.
Metoa aHanorui NpUMEHSIOT IPU HEBO3MOKHOCTM TOYHOIO 3aJaHUsl MapameT-
POB 3KCIUIyaTallMOHHBIX CBOWCTB IJIACTMACChl; B 3TOM CIIy4ae HCIOJb3YIOT IS
BbIOOpa XapaKTepHbIE MapaMeTPhl SKCIUTyaTallMOHHBIX CBOMCTB, Ha3HaYeHHE, J0-
CTOMHCTBA, OTPAaHUYEHUS, PEKOMEHAAIMN 110 MPUMEHEHHUIO U crioco0aM mepepa-
OOTKH; B 9TOM CJIy4ae JJisi BBIOOpA TaKKe MOTYT OBITh MCIOJBb30BaHbI PEKOMEH-
AUy MO0 MPUMEHEHHUIO TJIacTMacc B JAPYTUX THUIMAX M3ACNHNA, paboTaronnx B
AHAJOTUYHBIX YCIOBUSAX.
[Topsimok BbIOOpa TIacTMacc KOJIMYECTBEHHBIM METOJIOM IO KOMIUIEKCY 3a/aH-
HBIX 3HAYECHUN IKCIUTyaTAlMOHHBIX CBOMCTB CBOAUTCS K CIEIYIOLIEMY:
- BBISIBJICHUE YCIIOBUM SKCIUTyaTallMy WU3/ENMs U COOTBETCTBYIOIIMX UM 3HAUCHUM
apaMeTpoOB SKCIUIyaTallUOHHBIX CBOMCTB IUIACTMACC MPU OCHOBHBIX YCIIOBHUSX
paboThI U3V,
- oA00p TIACTMACCHI € TPeOYyEeMbIMU MapaMeTpaMu HKCIUTyaTaIl[MOHHBIX CBOMCTB;
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- TIpOBEpKa BBIOPAHHOM IMJIACTMACCHI MO IPYTHM MapaMmeTpaM, HE BOLICAIIUM B
OCHOBHBIE.

Haubonee ymoOHON SBIsETCS SBPUCTHUYECKAs CTpAaTEerdsl MOMCKAa U BBIOOpa
iactMace. B atom ciyuae, orOpachiBast 3aBeJOMO O€CCMBICICHHbIE BapUAHTHI,
UCTIONB3YIOT HE BCE MHOXKECTBO BApUAHTOB, a JIMIIb €ro Hauboyiee HYXHYIO
yacTh. Bce MHOXKECTBO TIacTMace JUIsl 3TOTO Pa3OMBAIOT Ha MOAMHOXKECTBA IO
OTIpeJIeICHHBIM SKCIUTyaTallMOHHBIM cBoicTBaM. B Tabmmie 10 npuBeneHs HeKo-
TOpBIE MTOAMHOXKECTBA IMOJIMMEPHBIX MaTepHAaOB.

Taomuna 10
XapaKTepI/ICTI/IKI/I IMOJAMHOIKCCTBA ITOJIMMCPHBIX MATCPHUAJIOB

IMogmuoxecTBo nonu- | Yucno sne- | Outpo- | YUmeno mo- | Cokpame- | Llena mapa-

MEPHBIX MaTEPUAIOB MCHTOB WS psifia | MCKOBBIX HHE TOJIST | METpa, WK

Ki (Log2 Ki | mapameTpoB | moucka, CHIDKCHHE

our) pana, n Kobwl/Ki SHTPOIIUHU

pas (Logz Kobwl/
Ki, 6ur)
Bce muoxectBo(Kosu) 2710 11.4 11-12 - -
KoHCTpyKIIMOHHBIE 949 9.89 10 2.86 1.51
DIIEKTPO- U Pajlo- TEXHUYE- 864 0.76 10 3.14 1.65
CKHE

Jlncrosbie 501 8.97 9 541 2.44
TpomnukocToiikue 188 7.56 8 14.41 3.85
ITpo3paunbie 156 7.23 7-8 18.07 4.18
MenumuHckne 123 6.94 7 22.03 4.46
PamanoHHOCTOWKIE 56 5.81 6 48.39 5.60
I'epmeTukn 53 5.81 6 48.39 5.60
Komnayn bt 52 5.73 6 51.13 5.68
DpUKIHOHHBIE 13 3.70 4 208.46 7.70

[Touck B KOHCTPYKIIMIOHHOM PSJTy COKpaIlaeT MOMCKOBOE IMOJIe MOYTH B 3 pasa, B
pSy IPO3pAavYHBIX MAaTEPHAIOB - B 18 pa3, PpUKIIMOHHBIX MaTepuaios - B 208 pa3
(ta6:1.10).

Bri0op miactMacc Mo 3KCIUlyaTallMOHHBIM MapamMeTpaM 3TO 3ajada MpOTHUBOpe-
JUBas:

1 - HeOOXOIUMOCTh YUECTh HAUOOJIBIIIEE YUCIIO TTAPAMETPOB C LIEJIbIO MTOBBIIICHUS
TOYHOCTH BBIOOPA;

2 - HCOOXOIUMOCTh YMEHBIIIUTh WX YHCJIO C IEIbI0 COKPAIICHHS 3aTpaT TPyaa |
BPEMEHU Ha OIICHKY.

Bp16op onTuManbHOTO WM MUHMMAJIBHOTO YHCIIa TTapaMEeTPOB M3 BCEro BO3-
MoxHoro ux uncia (30-40 mapameTpoB) mpu BHIOOPE U OIEHKE BHIOPAHHOTO Ma-
TepHaJia OCHOBAH Ha y4eTe BCeX HanOoJee IEHHBIX DKCIUTyaTallUOHHBIX MMapaMeT-
POB MaTepuaia MyTeM HCIOJb30BaHUS JUIsl ATOW eI HYXKHOTO (IO dKCIUTyaTa-
[IMOHHBIM TTapaMeTpaM) TMOJMHOKECTBA IUTACTMACC (DJIEKTPO- U PaAMOTEXHUYE-
CKHe€, PO3pavyHble, TPOMUKOCTOWKHE - Ta0i.10 u ap.), ocTanbHBIC MaTepUaIbl OT-
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OpaceiBatoT. MUHHMAaNbHOE KOJIMYECTBO YUYUTHIBAEMBIX TAPaMETPOB OIPEIEIISIOT
10 BBIPAXKEHUIO:
n>INT(Logz K) +1;
rae K - 41ciio 31eMeHTOB B JaHHOM TOJIMHOXECTBE.
OOBIYHO YHUCIIO MOUCKOBBIX MAPAMETPOB, HEOOXOAUMOE JIs BEIOOpA IJIACTMACCHI
C TIOMOUIBIO PSAAOB IIacTMacc He mpesbimaeT 10. 1o Hanbonee 1EHHbIE Mapa-
METpBI ¢ HaubobIIed HHPOPMAITMOHHON €MKOCTBIO. 3a KPUTEPUI 1LIEHHOCTH TO-
MCKOBOW MH(OpPMAITMY TPUHUMAIOT BBIUTPHIII, MTOKA3bIBAIOIINN CTEIICHb CY)KEHUS
MOMCKOBOTO TOJIST; 3TO BBIpaXKaeT Gpopmyra:
Log2 Koew/Ki = L0g2 Ko6m - Log2 Ki ;
rae Ko6nr - 4uca0 3JeMEHTOB BCEro MHOKecCTBa, Ki - 4MCIIO 371€MEHTOB B IIOM-
MHOkecTBe. MHaue 3Ty BeIMUMHY Ha3bIBaIOT LI€HA NapameTpa (B OurTax).
Omnpenenenue NepeyuHs MapaMeTpoB SBISETCS HaUOO0JIee BaKHBIM 3TANlOM MPU
BbIOOpe miactMmacc. [[is 3Toro yaoOHO mpeacTaBUTH MpollecC B BHUJE Ipad-
JIepeBa C €ero CBOMCTBaAMU, PACIIOI0KEHHBIMHU Ha Pa3IMYHBIX YPOBHAX (CM. puc.1).
[Touck BBIMOMHSIOT MO COOTBETCTBYIOIIEH TaOJIMIIE C TJABHBIM OMpEETsIo-
MM TIPU3HAKOM (IIPO3PAUYHOCTH, AUDIIEKTPUUECKON MTOCTOSIHHON, SIEKTPUUYECKON
IPOYHOCTH U JIp.).
C ydyeToM 3TUX cOOOpakeHUM MOPSAAOK BEIOOpA MIIACTMACCHI CIIE€TYIOIIIHM:
I. CocraBiieHue MOMCKOBOI0 00pa3a MJIACTMACCHI:
e cocTaBjeHue rpaga aepeBa CBOMCTB U3EHS,
COCTaBJICHHUE MMAPAMETPUUECKOTO PsAJia U ONPEACICHUE 3HAUCHHS TApaMETPOB,
ONpe/IeJICHUE BECa MapaMETPOB C MUCIOJIb30BAaHUEM METO]Ia PACCTAHOBKH MpPHU-
OpHUTETOB,
® YCTaHOBJICHHE IMOPOTra COBNAJACHUS TOUCKOBBIX APaMETPOB;
I1. Iopsixok BbIOOpA:
e BBIOOp MaTepuaia Mo MOMCKOBBIM MapaMeTpam, HaurHasi ¢ HauboJsee IEHHOTO,
METOJIOM TIOCJIEIOBATEIHLHOTO MPUOTKECHHUS,
® [IpU HAIMYMU HECKOJbKUX PABHOLICHHBIX MapOK MaTepuaja COMOCTaBJICHUE U
BBIOOp JIydlllel ¢ MOMOIIBIO 000OIIEHHOI0 MOKa3aTess WM MO pe3yJbTaTaM
onpoOOBaHMUS.
Bbi0op 0a30B0ii Mapku nojuMepa. ba3zoByio Mapky MmojuMepa BBIOUPAIOT IO
BA3KOCTH (TEKY4Y€CTH) B 3aBUCUMOCTU OT IMPEAIoJaraeMoro crnocobda nepepadbot-
ku. [lanee monOuparoT 6a30BYI0 MapKy IO BA3KOCTH (TEKYy4E€CTH) B 3aBUCUMOCTH
OT KOH(UTYpallMKM U pa3MepoB JeTain. B cripaBouHrKkax (Ha MmjiacTMacchl) OObIU-
HO TIPUBEJICHBI KOHKPETHBIC PEKOMEHAIUKU TI0 TPUMEHEHUIO Pa3IMYHBIX MapoK
miacTMacc. BuiOOp JTUTBEBBIX MapoOK IIACTMACC IS JIUThS TOJ JaBJICHUEM
HauboJIee CI0KEeH, IOATOMY MPUBEJEM €TO0.
Br16op 6a30BbIX MapoK Ui JUThs 10j AaBieHUeM. OCHOBHBIMH MapaMeTpaMu
IIPU 3TOM SIBJISIFOTCS TOJIIIMHA JETadu S U OTHOIICHHE JIMHBI JETaIu K TOJIIUHE

L/S.

Turopazmep Kakmoit INTHEBOH MAITMHBI XapaKTepru3yeT: V - 00beM BIPHICKMBAEMOTO MaTepuania, P -
JaBJIeHUE INThsA, Q - CKOPOCTH BIIPHICKA M APYTUE MAPAMETPBl M MHTEPBAJ TOILIMHBI S MOTy4aeMBbIX U3-
nenuii (puc.10). Masnbie TONIMHBI TOTYYal0T Ha MallMHAX ¢ HEOOIBIINM V, OOJIBIINE - HA MAIIMHAX C
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OompmuM V. J[71s KaXaoro THIIOpa3Mepa MalTuH BRIICSIOT XapaKTePHBIH aCCOPTUMEHT eTajeH 1mo oT-
HOIIICHUIO JUTUHBI K TomuHe L /S.

Kaxnyro Mapky moapa3aeistoT Ha YETbIpE TPYMIIbI IS OTYyYEHUST U3AETUN C
Pa3IMYHON S, a KaKIYI0 TPYIILY IO TOJIIHWHE Pa3AeISItOT HA TPU TPYMIBI 110 OT-
HocutenbHOM JuuHe L/S. Tlopsimok BhIOOpa JTMTHEBOW MapKu MOJIMMEpPa B 3aBU-
CUMOCTH OT Pa3MEpOB U3IEIUS U TUIIOPa3MEpPaA JIMThEBON MAIIUHBI:

1. Onpenenstor o 4yeprexy ToamuHy S. [Ipyr pa3HOTOIIIMHHOM U3IEIUHU ONpe-

JEJSIFOT SKBUBAJIEHTHYO PABHOMEPHYIO TOJIIMHY MU3A€us 10 GopMyJie:
Sa=(D_SiLi)/ (D \Li)

rae Siu Li - TonmmHa ¥ 17MHA OTIEIbHBIX YYaCTKOB U3JIEIHSL.

B 3aBucumMocTu ot V uznenust onpeaenstoT TUIIOpa3MeEP MAIIMHBI 0 V U HOMEp

rpynimsl u3genus (Mapku) mo S (Sn).

2. Onpenensitor otHomenue L/S (L/S»), onpenensitor HOMep Tpynibl U3AEHUS U

MJIACTMACCHI 110 OTHOCUTEIBHOM JITTUHE.

3. Ilo HOMepaM rpyIIl TOJUIMHBI U OTHOCUTENBHOU JJIMHBI U3IEIHS ONpPEIAEISIIOT

muTheByI0 Mapky mnonumepa u ero IITP (n). 3nauenus [ITP (n) npuBenens B

Ta0JIMIIaX CIIPABOYHUKOB.

Br16op Mapku ¢ yJIy4IlIeHHBIMU TEXHOJIOTUYECKUMH CBOMCTBAMU

Mapku ¢ yJaydlIeHHBIMH TE€XHOJOTUYECKUMU CBOMCTBAMHU BBHIOMPAIOT HA OCHOBE

0a30BbIX C HCIIOJIH30BAHUEM CIIPABOYHOW MH(OpPMAIMU O BBITYCKAEMBIX THUIIAX

MapoK C yJIYYIIEHHbBIMA TE€XHOJOTMYECKUMHU CBOWCTBAMHU, UX HA3HAYEHUS, SKO-

HOMUYECKOM 3(PdekTe, peKOMEHAAIUAX MO0 MPUMEHEHUIO ISl Pa3IMYHbIX H3]e-

JIAM.

Anroputm BbIOOpA IIJIACTMACC o YKa3aHHOU BBILIE CXEME.

Jekuus 9.

2. CpaBHHUTe/IbHAS OLICHKA NPEABAPUTEIbHO BHIOPAHHBIX MATEPHAJIOB
CpaBHuTeNbHAsA OLIEHKA BRIOPAHHBIX HA OCHOBAaHUHU MaTEpHAJIOBEAUECKOTO aHaIH-
3a MapoK MepeyHsl SBISETCS OUEPEIHBIM LIECThIM 3TANOM PEIICHUs 3a7auu BbIOO-
pa maTepualia, a Takke TEXHOJOTuu oOpaboTKH (B TOM ymcie B neransx). OHa
IPOU3BOJUTCS MPEXK]IE BCErO MO ONPEAEISIONIMM IT0KA3aTENSIM CBOMCTB U I10 CTO-
UMOCTH, C yderoM (akropa HaaexxkHocTu mnpeanonaraemoro usnenuss (I'OCT
27.002-89).

B psne ciydaeB npencrasisieTcs 1e1eco00pa3HbIM TaKkKe JOTOJIHUTEIbHAS OLCH-
Ka KOHKYPUPYIOIIMX MaTEPUAIOB MyTEM CPABHEHHS MX MO TEXHOJIOTMYHOCTH, Jle-
(UIUTHOCTH ¥ BO3MOKHBIM SKOJIOTHYECKUM MOCIEICTBUAM UX IPUMEHEHHUS.

2.1. CpaBHuTe/IbHAs OLIEHKA MATEPHUAJIOB 110 CBOMCTBAM

CpaBHUTENbHAS OLICHKA MaTEpHUAJIOB J0DKHA OBITh OPUEHTHPOBAaHA Ha KiaccuduKa-
LMI0O MaTepuajoB MO MX Ha3HaueHWto. K 4uciy OLIEeHOYHBIX IMOKa3aTeseill cienyeT
OTHECTHU BECOBBIE€ JJAHHBIE U CTOMMOCTh MaTE€pPUaIOB BO B3aMMOCBSI3U C UX (PU3HKO-
MEXaHUYECKUMHU cBoWcTBaMU. M3 4ymclia mocienHux BbIOMPAIOTCS OIpenessioniie
MoKasaTely, T. €. MoKa3aTenu, Biustomue Ha padborocnocooHocts mznenus (I'OCT
15467-79). JIns KOHCTPYKUIMOHHBIX MaT€pUAJOB 3TO Yallle BCEro XapaKTEPUCTHKU
MPOYHOCTH WJIU )KECTKOCTH, a TAaKXKe JI0MyCTUMOM fedopMaliuu.
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OpueHTHpySCh Ha 3TO, MPOBEIEM ISl IPUMEPA CPABHUTEIBHYIO OLEHKY IO MpOY-
HOCTHBIM XapaKTEPUCTUKAM.

CpaBHUTENBHAS OLICHKAa OOBIYHO OCHOBBIBAETCS HA COMOCTABICHUH KOJIHYE-
CTBEHHOI'O YPOBHSI COOTBETCTBYIOIIMX II0KAa3aTelIed B3ATHIX W3 CIPABOYHHUKOB,
'OCToB u apyrux HOpMAaTUBHO-TEXHUYECKUX JTOKYMEHTOB. Ho Takoe cpaBHe-
HUE HE MOXET B MOJHOW Mepe ONpeNeanTh 11eJ1eCO00Pa3HOCTh UCIIOJIb30BAHUS
TOTO WJIM MHOTO MaTepuaia, TaKk KaK yKa3aHHbIE MTOKa3aTelld HUKaK HE CBS3aHbI
C Maccoii, a UMEHHO OHa OIpeIeNsieT MaTePUATIOEMKOCTh JIeTajleH.

Taxk, Tepmoo6padoTanHas craib 30XI'C o 3HaYeHUIO Mpeelia MPOYHOCTH Gx=
1100 MIlIa npeBocxoaut coctapeHHblii cmiaB 16 6, = 480 MIla, HO mioT-
HOCTh cTamu 7,8r/M3, a y cmasa 2,8 r/m>. Jlns ydeTa 5TOM pa3HUIEI 4acTo
MOJIB3YIOTCS. OTHOCUTEIILHOM (YICIBHOMN) BETUYMHON Gy /Pg (P - IUIOTHOCTH); B
ATOM CiIy4dae JUIsl YKa3aHHBIX MaTepHaJOB COOTBETCTBEHHO moiydaeMm 14,4 u
17,5 xm (pa3pyluaromias JIyIMHa CTEPKHA MOJ ASHCTBUEM COOCTBEHHOI'O BECA).
C y4eToM IJIOTHOCTH, CIIEIOBATENBHO, CIIJIaB OKA3aJICS Jy4lIe CTAJIH.
Heo0xoaumMocTh yYUTHIBaTh IUIOTHOCTh MaTepHalia 0COOCHHO 3aMETHA MPHU CO-
MOCTABJICHUM MAaTE€PUAIIOB C PA3JIUYHOM IUIOTHOCTHIO. Tak, TUTAHOBBIM CIUIaB
BT22 no ynenbHOM TpoYyHOCTH 00JI€€ MPEANOYTUTEIICH, YEM CTaJlb TTOBBIIIEHHON
npounoctd 30XI'CH2A, a mnoauMepHbIE KOMIIO3UIIMOHHBIE MaTEpHalIbl-
BOJIOKHUTBI TTPEBOCXOSAT MO YAEIbHON MPOYHOCTU JAXE€ BBHICOKOIIPOUYHYIO Map-
TEHCUTHO-CTAPEIOLILYIO CTab.

Takum oOpa3oM, CPaBHUTEIBHYIO OLIEHKY MaTEpPHUAJIOB C Pa3IMUYHOMN TUIOT-
HOCTBIO HAJI0 MPOU3BOJIUTH MO YICIbHBIM MOKA3aTeIsIM (B JaHHOM ClIydae - I0
YAEIbHON MTPOYHOCTH).

BmecTe ¢ TeM M Takas OLIEHKA HE SIBJIAETCS MCUEPIBIBAIOLIEH, TOTOMY YTO
P HEW HE YYUTHIBAETCS OJHOPOJHOCTh MaTepuasia (pa30poc CBOWCTB); OHa
00yCJIOBJIMBAETCSI TEXHOJIOTUEN MPOU3BOACTBA U, KaK MPABUJIO, HEOJMHAKOBA Y
Pa3IMYHBIX MaTepraoB. B nensax ydera paznuyuil B OTHOPOJHOCTH MaTEpPUaAIOB
UX CpaBHUTEIbHAS OLIEHKA JIOJKHA MPOU3BOJUTHCS 110 KPUTEPHUIO, CBI3AHHOMY C
HAJICKHOCTBIO MPEANoIaraeMo aetanu (u3aenusi). XapakTep 3TOr0 KpUTEpHs
3aBUCHUT OT PacHpeie€HUs] pacCMaTpUBAEMOT0 MIOKa3aTessl CBOMCTB.
JIyist cimydasi HOpMabHOTO pacIpeiesieHus] B IPUMEHEHUH K KaKOMY-JIH00 TOKa-
3aTeNio KauyecTBa X OH UMEET BUJ, a Ui Mpejiesia MPOUYHOCTH MPEANoIaraéMbix
uznenuit. [Ipu cpaBHEHUH ke MEXTy cOO0M MaTepuaioB C OJIMHAKOBBIM pa3opo-
COM CBOMCTB MO>KHO OPMEHTHPOBATHCS Ha MOKA3aTeIN YAEIbHON MPOYHOCTH Oe3
y4eTa HaJeKHOCTH

Jexyusa 10.
2.2. CpaBHMTe/IbHAs OLICHKA MATEPHUAJIOB 110 CTOMMOCTH

CroumocTh MaTepualia B yCIOBHUSX IUIAHOBOW SKOHOMHKH ONPENEIIIIACh
NPENCKYpaHTOM OMNTOBBIX LI€H; B YCIOBUAX PBIHOYHBIX OTHOILIECHUW OHa Oyner
OTJINYATBCA OT YKa3aHHBIX LIEH. BMecTe ¢ TeM MOYKHO IIPEAIIOIOKUTD, YTO COOT-
HOLIEHWE IIEH B OCHOBHOM OCTAaHETCS NPEKHUM, U NTOITOMY IIPU aHAJIU3E 3TOTO
Bompoca OyneM OMMpaThCs Ha ONTOBBIE IIEHBI, CUUTAs UX YCIOBHBIMU. JTO TEM
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Oostee 11eneco00pa3HO, YTO METOIOJIOTHS CPAaBHUTEIBHON OIIEHKH MaTepHalioB C
YYETOM UX CTOMMOCTH HE 3aBHCHUT OT MX YPOBHS M COOTHOIIICHHS.

CTOMMOCTh MaTepHaioB B CHIIbHOW CTENCHH 3aBUCHT OT TEXHOJOTHH HX
noJIyueHus1, Buja u npoduis nonydpadbpukaroB. HecMoTps Ha Gonbioit pa3dpoc
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MOXHO KOHCTaTHUpPOBaTh, YTO HauOOJIee MEIICBBIMU HW3ACIHS MAaIUHOCTPOECHUS
MOJIYYaKOTCS U3 CEPBhIX YYT'YHOB; ITPU U3rOTOBJIEHUU UX U3 KOBKHUX YYT'YHOB CTOH-
MocTbh Bo3pactaeT Ha 10-15 %, a u3 Beicokonpounbix - Ha 20-30 %. W3 mammHo-
CTPOUTEIBHBIX MaTE€pPHUAIOB, MOCTABISEMbIX B BHUJE MOIY(HaOpUKATOB, CaMbIMU
JIEIIEBBIMU SIBJIIIOTCSI YTJIEPOJIUCTHIE CTall OOBIKHOBEHHOIO KauyecTBa. Bmecte ¢
TEM UX CTOMMOCTh 3aBHCHT OT ClOco0a BBIJIABKU: MPU KHUCIOPOIHO-
KOHBEPTOPHOM MPOU3BOACTBE OHM moiyyatorcs Ha 10-20 % pemiesne, yem npu
MIPOU3BOJICTBE MapPTCHOBCKUM CIIOCOOOM; KHUIIAIIAs CTajdh Bcerma aemienie Ha 30-
40 %, gem criokouHas1. boaee JOpOoruMu SBJISIIOTCS KaUeCTBEHHBIC M BBICOKOKAaUe-
CTBEHHBIC YTJIEPOJAUCThIC KOHCTPYKIIMOHHBIE M WHCTPYMEHTalbHble cTanu. Emre
0oJee TOporuMu OyIyT CPETHETIETIPOBAHHBIC BRICOKOKAYECTBEHHBIE CTAIH. 3aTEM
UIYT 1IBETHBIE META/UIbl U WX CIUIaBbl. CaMbIMU JIOPOTHMU SBJISIIOTCS. BBICOKOJIE-
TUPOBAHHBIC, BHICOKOIPOYHBIC M C OCOOBIMU (DU3UICCKUMH ¥ XUMHUYECCKUMU CBOM-
CTBaMH CTaIH U ciiaBbl. CTOMMOCTh MOCIEIHUX TaKK€ 3aMETHO PA3IUYacTCs B
3aBUCUMOCTH OT crioco0a nmpousBojacTa. Cranu Bceraa OynyT qopoxke rpu padu-
HUPOBAaHUM IUIAKaMH, MEPEIUIaBKE B BAKyyM€ M BO BCEX JPYTUX cllydasx, Korja
MPOBOJIATCA KaKue-T1M00 MEPOIPUSATHUS MO IOMOJHUTEILHON OYUCTKE UX OT Bpe-
HBIX IPUMECEN U Ta30B.

Uto Kacaercs HEMETAUIMYECKUX MaTEpUajoB, TO U3 HUX 0oJiee IOPOTUMU SIBIISI-
IOTCS TUIACTMACChl; OHU MO CTOMMOCTH HaXOJATCS IPUMEPHO HA YPOBHE LBETHBIX
METAJIJIOB (TEPMOIIACThI) U BHICOKOJIETMPOBAHHBIX CTAJIE C OCOOBIMU CBOMCTBA-
MU (peakToriactel). Bmecte ¢ TeM M3roTOBJICHUE U3EIUNA U3 HUX, B psjie Clyda-
€B, JKOHOMHUYECKH BBITOJIHEE BCIEACTBUE OOIBIIION TEXHOJOTUUHOCTH.

OnHako COMOCTaBICHUE MAaTEPUATIOB 10 CTOMMOCTHU, KOTOPask YBSI3bIBACTCS C

€IUHULIEH MAacChl, HE TMO3BOJIACT JaTh IMOJHON OLIEHKH, MOCKOJIbKY MaTepHuabl
pa3IMYarOTCs MO YPOBHIO CBOMCTB. bosee moiaHoM u 00beKTUBHOM OYylIEeT OlIEHKA
M0 CTOMMOCTH, OTHECEHHOW K OIpEIEsIONIEMY [IOKA3aTelll0 CBOMCTB (yAelbHas
CTOMMOCTB). [[7151 KOHCTPYKIIMOHHOM CTaiu 3TO OyJeT yAelbHas CTOMMOCTH IIO
npouHOCTH C/G5c/G01 (CTOMMOCTD €IMHHUIIBI TPOYHOCTH).
N3 npuBeleHHBIX AAHHBIX BBITEKAET pAd MOJIOKEHUU. [Ipexne Bcero HarisaHO
MOATBEPKIACTCS AKOHOMHYECKAsl I€JIeCO00pa3HOCTh TEPMUUYECKONW 00pabOTKU:
CTOMMOCTb €AMHULIBI NPOYHOCTU CTadu 40 B yIy4dIlIEHHOM COCTOSIHUM 3HAYUTEIb-
HO HUXKE, YeM B ropsiuekataHom. bojiee BBITOJHBIM MOYKET OKa3aThCs J1aKe MpH-
MEHEHHUE JIETUPOBAaHHOW cTanu, yem yriaepoauctoit (mapku 30XI'CA u Cr. 95).
BbICOKONIPOYHBIE K€ CTall XapaKTepU3YIOTCs OOJbIICH YIeIbHOM CTOMMOCTBIO,
O0COOCHHO MApPTEHCUTHO-CTApPEIONIasl CTallb; OJJHAKO OHU MMEIOT OOJIBIIYIO YIEIb-
HYIO OpOYHOCTh. C MO3ULMMN YJIEIBbHOM CTOMMOCTH W3 AJFOMUHHUEBBIX CILIABOB
MPEANOUYTUTENHHBIM MPEICTABISAETCA NMpUMEHeHne ciyiaBa B95 mo cpaBHEHUIO ¢
J16.

[Ipu oreHke Mo ynenbpHON CTOMMOCTH MPEACTABISETCS MEHEe IeJecooopas-
HBIM PUMEHEHNE TOJUMEPHBIX KOMIIO3UTOB MO CPABHEHUIO C METAJUIAMH U CILIA-
BaMU 32 UCKIIIOUEHUEM MApTEHCUTHO-CTApEIoNIeil ctaii. Bmecte ¢ TeM He ciefny-
eT 3a0bIBaTh 00 UX OOJBIION YJEIbHONW MPOYHOCTH M 3HAYUTENIBHO JIydIled TeX-
HOJIOTUYHOCTH, YTO B JIAHHOM CJIy4a€ HE YUUTHIBAETCS.
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3aMeTuM, YTO yJEIbHBIMU XapaKTEePUCTUKAMU CTOMMOCTHA MOKHO IOJIb30-
BaTbC W IPU CPaBHUTENIbHOM OLEHKE MaTepHajioB MO JPYTUM I10Ka3aTessiM
CBOMCTB, B TOM 4HCJI€ (PU3NUECKUM, HATIPUMEP, MO 3JIEKTPOIIPOBOJHOCTH COOTBET-
CTBYIOILIMX CIJIABOB MEJU U ATFOMUHUSL.

Takum o00pa3oM, HauOosiee YHUBEPCAJIBHON OLEHKOM MaTepuaoB IpH
CPaBHEHUHU HMX MO CTOMMOCTH SIBIISIETCA YJ€IbHAsI CTOUMOCTD 10 ONPEIEIIAIOIEMY
nokasarento cBOMCTB. Ilpu 3ToM, Kak M NmpU OLEHKE MO yAEIbHOW NMPOYHOCTH,
JOJDKHBI YYHUTHIBATHCS BO3MOYKHBIE M3MEHEHUSI CBOMCTB MATEpUAIOB B IIpoLEecce
AKCILTyaTallMK NPEII0IaraeMbIX U3/1EIIUN.

Ilo ananornu ¢ OLIEHKOW IO YJAEIBbHOM IIPOYHOCTU IIPH OLIEHKE MAaTEepUaIOB
10 YACJIbHBIM XapaKTEPUCTUKAM CTOMMOCTH TaKXK€ MOKHO ObLIO OBl yUecTh €Ilie U
pa3dpoc CBOMCTB (HEOAHOPOTHOCTH) MAaTEPUAIOB; IIPU 3TOM BEIHUYHUHY CTOUMOCTH
Ha0 ObuTO ObI 3amMeHUTHh Ha BenwunHy C(l-UVC). OnHako mpakTHYecKoro 3Have-
HUS 9TO HE UMEET, TaK Kak pa30poc M0 CTOMMOCTH 3HAYUTEIBHO OoJiblIe pa3dpoca
110 CBOMCTBaM MaTepHaJOB.

[Tpu cpaBHUTENBHOM OIIEHKE MapoOK Marepualia, IMpe/ICTaBICHHBIX B Iie-
pedHe, 0 CTOMMOCTH HEOOXOAMMO YUYUTHIBATh TAKXKE JA€(PUIUTHOCTH MAaTEPUAIIOB
(COCTaBJISIIOIIMX €r0 KOMIIOHEHTOB), KOTOpas HEBCEI/la COBMAJAET C OLEHKOM Mo
CTOMMOCTH.

2.3CpaBHHTE/IbHAS OLICHKA MATEPHAJIOB 110 TEXHOJOTHYHOCTH

[locne cpaBHUTENBHONW OLIEHKM MAapOK IMEPEYHs, yIOBIECTBOPSIOMINX PEAD-
SBIIIEMBIM TPEOOBAHMSIM, TIO CBOMCTBAM M CTOMMOCTH CIIEAYET MPOBECTH aHAJO-
THYHYIO OLIEHKY MaTepUajoB MO TEXHOJOTUYHOCTH, MMOCKOJIBbKY OHA B 3HAUUTEIb-
HOW CTEIMEHHU BIUSIET Ha TPYIOEMKOCTH (MIPOU3BOIUTEIBHOCTH) U B 3TOM CMBICIIE
OyAeT MOTONHATH OIICHKY 10 CTOMMOCTH.

[IpyMeHHUTENBHO K CTAJIIM W CIUIaBaM TEXHOJOTMYHOCTbh XapaKTepU3YIOT

BO3MOYKHBIE METOJ/IbI UX 00pabOTKU. B cBsi3u ¢ 3THM OHa orleHMBaeTcs o oopada-
THIBAEMOCTH PE3aHUEM U JIaBJICHUEM, CBAPUBAEMOCTH U JIUTEHHOCTH.
[Tpexxne Bcero Hago UMETh B BUAY, UTO HAaUMEHbBIIASI TPYJOEMKOCTh JOCTUTAETCS
IpU WU3TOTOBJICHUM JleTaled MaIIMHOCTpOoeHus JuTheM. [loaTomy B ciydae BO3-
MOKHOCTH 00O€ecrieueHHs] TpeOyeMbIX 3KCIUTyaTallMOHHBIX CBOMCTB MeTajula 3TOT
croc00 M3TrOTOBJICHMS SABJIAETCS MPEANOUYTUTENIbHBIM; IPU 3TOM JIOJKHBI UCIOJIb-
30BaThCA JIUTEUHBIC CTANIM U CIUIaBhl (cM. rpymnmy 134 no kiaccudukanun).

JIoCTaTOYHO PKOHOMHUYHBIM IO COOOPAKEHUSM TPYJOEMKOCTH M TPEIIo-
YTUTEITHFHBIM MOXKET OKa3aThCsl METOJT U3TOTOBJICHUS CBAPKOI: B 3TOM ClIydae HaJo
OpPUMEHTUPOBATHCS HA CBAPUBAEMBbIE CTAJIM U CIUIaBbl (cM. rpynny 133 mo kiaccu-
bukarmm).

B mammHOCTpoeHHH, 0JJHAKO, Yallle BCETO UCIOIB3YIOTCS 0oJjiee TPyIoeM-
KM€ METOJbl 00pabOTKH JaBJIEHUEM M PE3aHHUEM; BBHIOOp OOJiee TEXHOJIOTHYHOTO
MaTepHuaia, a TaKKe ero MpeBapUTEILHON 00padOTKM TP STOM HUMEET OOJIBIINOE
3HaueHue (cMm. rpynmy 132). OcoOeHHO Ba)KHOUM TPENCTaBIIsIeTCS OlleHKa oOpabda-
THIBAEMOCTH CTaJIEH U CIJIABOB Pe3aHUEM, MIOCKOJIbKY 0€3 3TOro TpyJHO OOOUTHCH
Jlake MPU U3TOTOBJICHUH JIeTalIel APYTUMHU CIIOCOOaMH.
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OOpabaTbIBaeMOCTh CTaJICH U CIIJIAaBOB PE3aHUEM OMPEACIAETCSA B YCIOBUSIX
TOYEHUS pe3llaMu, OCHalleHHbIMU TBepabiMu crutaBamu TSK10, BK8 (s aycre-
HUTHBIX CTajel U CIJIaBOB) M pe3llaMu U3 ObicTpopexyiieit ctanu P18, P12, P6MS
(I7st yrIIepOAMCTBIX W JIETUPOBAHHBIX CTajiel) MPU MOCTOSHHBIX 3HAYEHUSX TIIy-
Oounbl pezanus 1,5 mMm, momaun 0,2 MM/00 M IJIaBHOrO yria B IuiaHe pesta 60°.
Onenka nmpou3BoauTcs Mo K03 duirenTaMm o0padbaTbIBaeMOCTH AJI YCIOBHM TO-
yeHHs TBepAoCIUIaBHBIMU pe3tiamu K, .= Ve0/145,

a pe3namu u3 osicTpopexkyiei ctamu K, ..n= Veol/ 70

rae Veo, - CKOPOCTb pe3aHusi, COOTBETCTBYIOMIAasi 60-MUHYTHON CTOMKOCTH MPHU TO-
YeHUU oleHuBaeMou ctanu; 145 u 70 — cKOpOCTH pe3aHusi, COOTBETCTBYIOIIHE
60-MHUHYTHOM CTOMKOCTH TBEPOCIIABICHHBIX PE3LIOB U PE3I0B U3 OBICTPOPEKY-
1I€i CTalM NpU TOYEHUH 3TAJIOHHOM cTanu 45 ¢ npenenom npoyHoctu 650 Mlla u
TBeprocThio 179 HB.

Koaddunmentsr 06pabaTbiBaéMOCTH CTajell M CIJIAaBOB MOXXHO HaWTH B
CIIPaBOYHOM JINTEPATYPE.

[Ipu orieHKE TEXHOJIOIMYHOCTH CTajeil U CIJIaBOB ClEAyeT MpU HEeoOXomu-
MOCTH MPUHHUMATh BO BHHMAHHE CKJIOHHOCTh MX K AedopMaiii U KOPOOJIEHUIO
Ipu TepMUYECKOe 00paboTKe, K OTIMYCKHOM XPYNKOCTH, a Takke (IOKEHOUYB-
CTBUTEJIBHOCTh. YTO KacaeTcsl MPOKAIMBAEMOCTH CTaJI€l, TO OHA YUYUTBIBAETCS MPHU
dbopMHUpOBaHUU TTEPEUHS MAPOK, YAOBIECTBOPSIONINX 3aJaHHBIM TPEOOBAHUSIM.

[IprMeHUTENBPHO K HEMETAJUNIMYECKUM MaTepuajaM MpHU OIEHKE TEXHOJIO-
TUYHOCTH BaKHO YUYMTHIBATh, YTO OHU YACTO BBHIOMPAIOTCS Kak MaTepuan JJisl 1aH-
HOHM JeTalld C MPUCYIIUM €U pachpeesIeHUEM Harpy3oK B MPOIECce IKCILTyaTa-
nuu. [TosToMy pemraroiiee 3HaUeHUE MPUOOPETACT BHIOOP CrOCO0a U3rOTOBJICHUS
nerand. B cBs3U ¢ 3TUM HEPEJIKO BOZHUKAET HEOOXOAUMOCTb MPOBEACHUS Mpe/Ba-
PUTEIBHBIX UCCIIEIOBAHUIN CYITHOCTH TpoiieccoB (OpMOBaHUs, PE3YIbTATHI KOTO-
PBIX HCTOJB3YIOTCS TIPU BHIOOPE TEXHOJIOTHYECKHUX MapaMeTPOB U 000PYTOBAHUS.
Oco0oe BHHUMaHHUE yNENsAETCS TEXHOJIOTMUYECKUM CBOMCTBAM HCXOJHBIX MaTepua-
JIOB (BSI3KOCTHBIE CBOWCTBA CBS3YIOIIETO, MehopMarmoHHbIe U (DUIBTPAIMOHHBIC
XapaKTepUCTUKU HAMOIHUTENA). OLIeHKa TEXHOJIOTHYHOCTH JO0JKHA MTPOBOIUTHCS
MPUMEHUTENHHO K JIeTaIu (U3CIINIO).

B nenom xe cienyetr uMeTh B BUJly, UTO MHOTHE U3 HEMETAJUIMYECKUX Ma-
TepuayioB 00Jie€ TEXHOJOTHYHBI, YEM CTAIM M CIUIaBbl. DTO OTHOCHUTCS TPEXKIE
BCEr0 K MOJIUMEPHBIM MaTepuaiaMm, KOTOpble B Ipoliecce nepepaboTKu MpeBpa-
HIaroTCs B JeTanu (U3Jenus) ¢ 3apaHee 3aJlaHHbIMHU DKCILTyaTallMOHHBIMU CBOM-
CTBaMH, BCJIEJCTBHE UETO DHEPTeTHUYECKUE 3aTpaThl Ha MPOU3BOJCTBO COKpallla-
I0TCA. TpyI0eMKOCTh M3rOTOBIICHUS JEeTaled mpu 3TOM moHuxkaercs B 1,5-3,0, a
nHorna B 10-20 pa3; npou3BOAUTENBHOCTD K€ yBENUUUBaeTcs 10 15 pa3. Bot no-
yeMy M3TOTOBJICHHE JIeTalIel U3 TaKUX MAaTePUAJIOB, HECMOTPS Ha UX CPABHUTEIb-
HO BBICOKYIO CTOMMOCTH, KaK TMPaBWJIO, MPEACTABISIECTCS IKOHOMHYECKH OoJiee
OTIPaB/IaHHBIM.

C ucrnonb30BaHUEM JaHHBIX, MOJYYEHHBIX Ha 3Talle CPABHUTEIHHOM OLICH-
KM, YK€ TPEACTABISIETCS BO3MOXXHOCTh MPHUHSATH PEIIEeHHe O BBIOOpE maTepuana
JUTS MHOTHX JIeTajieil 0e3 MOMOJHUTEILHOTO aHaM3a uX PaboThl B YCIOBHSIX JKC-
IJTyaTaluy MyTeEM MaTeMaTUYECKOTr0 MOICIIMPOBAHUS, O UEM PEUb MONIET MO3KE.
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[TpounmtocTpupyem 3T0 Ha IpUMepax.

Ilpumep 1. BeiOpath MaTepuan U yIpOUHSIONIYI0 00pabOTKY ISl CUIJIOBBIX
OONTOB MIATYHHOT'O MEXaHW3Ma Ta30BOT0 KOMIpeccopa, €CIM H3BECTHO, 4YTO
HarnpsbkeHue B HeM He mpeBbimaer 700 MIla, a pasorpeB npu paboTe MOXKET J0-
cturatb 300°C.

[Ipexxne Bcero Hao YACHHUTH 3ajiauy (€ciu MoTpeOyeTcs, C MPUBJICUCHUEM
KOHCTpYyKTOpa). M3 XapakTepa B3auMOJIEUCTBUS JETale BBITEKAET, YTO MJIaCTUYE-
ckas aeopmariisi O0JITOB HEIOMYCTUMA, MOATOMY B KaueCTBE OIICHOYHOM Xapak-
TEPUCTUKH OYJIEM HCIOJIb30BaTh Mpezen TekydecTr. [lockoabKy 60nThl paboTaroT
Ha pacTsHKEHHE, HE0OX0IUMO 00ECIeUnTh PABHOIIPOYHOCTh MaTepHala Mo BCeMy
CEYEHUIO He MeHee 35 MM. J[MHAMWYHOCTh Harpy>KeHUs He JOJDKHA NPUBOJIMTH K
XPYIKOMY pa3pylIeHHIO M TMOoTepe paboTOCIIOCOOHOCTH TAaKOTO CIOXKHOTO H37e-
Jusl, Kak kommpeccop. [1o onbITy 3KCIulyaTaliuy AeTajleli-aHaloroB U3BECTHO, YTO
3TO JIOCTHIaeTcs IpH yIapHOH BA3kocTh He MeHee 50 Jlx/cm?,

PaccMoTpuM /1Ba BO3MOXHBIX BapUaHTa.

1) CrainoHapHO pabOTArOIIUH KOMITPECCOP

OcHoBOM 15 peteHus 000 3a1a4i BbIOOpa MaTepualoB, Kak yKa3bIBajJoCh pa-
Hee, SBJSeTCs UX Kiaccu(uKalys N0 Ha3HadeHuto. B 1anHoM ciyyae no oueBui-
HBIM IIPHYMHAM PEUb JIOJDKHA HITH O CTAJISX U CIUIaBax (cM. moapasn. 4.2.1).
PaccmaTpuBaemast aetasib SBISETCS COCTABHOM YacThIO YCTAHOBKH, UCIIBITHIBAIO-
e MEXaHMYECKUE BO3JICUCTBHUS, MOAITOMY HAJ0 paccMmaTpuBaTh Kiacc 1, mon-
kiaccsl 11 n 12. [IpuMeHUTENBHO K CTaNsAM, BCIEACTBUE THHAMUYHOCTH HarpyxKe-
HUS 1 HEOOXOJAMMOCTHU MOJIyYeHHs CTPYKTYphl COpOUTa OTITyCKa, OyAeM OpHEHTH-
poBaThcsl Ha 3 npuBeneHHON TaOaUIbl BUIHO, YTO MO YAEIbHOW MPOYHOCTH BbI-
OpaHHbIE CTaJM YCTYNalOT TUTAHOBOMY CIUIABY, HO JJII pacCMaTpUBAEMOro KOM-
Ipeccopa OrpaHUYEHUs MO Macce He BbLABUTAIMCH. ClenaoBaresbHO, MPU 3TOM
OLIEHKY HaJ0 IPOBOAUTH IO APYTrUM KpUTepusM. [1o cTOMMOCTHBIM MOKa3aTessim
IPUMEHEHHUE CTajlell 3HAaUUTEIbHO BbirogHee. K TOMy e OHU HE yCTyNaroT THTa-
HOBOMY CIUJIaBY IO TE€XHOJOTUYHOCTH (TOpsiyasi MITaMIIOBKa U 00padoTKa pe3aHu-
em). ComocTaBiieHHEe K€ CTaJled MEXy cOOOM MO yIeNbHONH CTOMMOCTH M KOd(-
dburnmenTamMm o0pabaThIBAEMOCTH MO3BOJISIET CAEJIATh OKOHYATEITHLHOE 3aKIIOYEHUE
0 11eJ1IeCO00Pa3HOCTU U3TOTOBJIEHUS CUJIOBBIX OOJTOB CTAIIMOHAPHOIO KOMIIPECCO-
pa u3 ctanu 30XIT'CA ¢ ynydiaronieit fepMuaeckoi 00paboTKOiM.

2) Kommpeccop miis nerarenbHOro anmapara [IpoBeeHHBIN BBINIC aHATN3 OTHO-
CUTCS M K 3ToMy ciaydar. OJIHAKO ONpenensioluM sBiseTcs TpeOoBaHuE 00
obOecrnieueHUU pabOTOCTOCOOHOCTH MpU MHUHHUMaIbHOM Macce. ComocTaBieHue
CTaJIel M TUTAHOBOT'O CIUIABA IO YAEIbHOW MPOYHOCTH MOKA3BIBAET, UTO B 3TOM
cily4ae MpeArOUYTUTENbHBIM SIBJIIETCS U3TOTOBJIEHUE OOJITOB U3 TUTAHOBOTO CILIA-
Ba BT20 (c ABOMHBIM OTKMIOM) HECMOTpPSI Ha 3HAYUTEIBHO OOJEE BBICOKYIO
yIEIbHYI0 CTOMMOCTb IIPU HECKOJIBKO MEHBIICH TEXHOIOTUYHOCTH.

[Tocne paccMoTpeHus mpuMepa, 3aMETHM, YTO B 3aBUCUMOCTH OT crieuudu-
KA U CJIOKHOCTHU TIOCTaBJICHHOW 3aJjaud U NMPUOOPETEHHBIX HABBIKOB OT/AEIbHBIC
ATarbl PeUICHHUs] MOTYT MPOBOJUTHCS MBICICHHO WJIM JJaXKe OIMyCKaThCS.

IIpumep 2. BpiOpaTh MaTepuana U yNPOUHSIONIYI0 00pabOTKy Ui CHIIOBOU
TATU JIETATEIBHOTO armapara, OOecTeunBaIONMii HaNIEeKHOCTh (0€30TKAa3HOCTH)
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pa6otel 0,999 npu MUHUMAJIBHOW Macce; TEMIIEpaTypHbI HMHTEPBAJ IKCILTyaTa-
[IUM JIeTaTebHOro anmnapara ot -60 mo 80°C.

Vacusem 3agauy. TpeOboBaHMe MUHHMYyMa MaccChl O3HAYaeT, YTO CEYCHHUE TSITU HE
OTpaHUYMBAETCS, U pacyeTHasi Macca MOKET ObITh OTHECEHA K eIuHUIIe ITUHBL. Ho
pu 10001 KOHKPETHO B3SITOM Harpyske Tsra, Oyay4uu Haunbosee JEerkoi, JoKHa
oOecrieunBath TpeOyeMyto 6€30TKa3HOCTh. [nmacTuueckas pegopmMalids Hapyaer
CTPYKTYpPY KOHCTPYKIIMH U [MO3TOMY HENOIYCTUMA, U3 YErO CIEIYET, UTO MPH pe-
IICHUU 33J]a4¥ B KQYECTBE OLICHOYHOW XapaKTEPUCTUKHU MPOYHOCTU HAJIO MPUHHU-
MaTh mOpenesl TeKkydecTu. M3 3Toro ke BBITEKAET, YTO KOHCTPYKIIMOHHBIC MOJIH-
MEpHBIE MAaTEpUAJIbl U3 PACCMOTPEHHS HCKITIOYAIOTCS.

C y4eToM IpenbsBIIeMbIX TPEOOBAHUI M YKA3aHHBIX YTOUHCHHN OPHCHTH-
pyemMcs Ha knacc 1, MpiciieHHO mpoxoauM noaknaccsl 11, 12, rpynmer 113, 121,
123 u mo ycioBHsIM 3afadd cocpefoTaunBaemcsi Ha monarpynmax 1132, 1212 u
1232, T.e. Ha BBICOKONPOYHBIX CTAJISIX U CIIaBaX.

B pamkax BBIOpaHHBIX MOATPYMI C TOMOIIBIO CIPABOYHBIX MCTOYHUKOB

[7,14] bopmupyeM nepeyueHb U CUCTEMATU3UPYEM CBOMCTBA KOHKYPUPYIOIIHUX Ma-
POK CTaJIei U CIIABOB .
B sTOM Xe mepeyHe NMpUBEIAEHbI PACUETHBIE 3HAYEHUS XapaKTEPUCTHUK YIEIbHOU
MPOYHOCTH C YYETOM HAJEKHOCTHU ; TTapaMeTp HOPMHUPOBAHHON (YHKIIUU B COOT-
BETCTBUU ¢ TpeOyemoit 6e30TkazHoCThI0 0,999 Obu1 mpuHAT paBHBIM 3 (cm. 11 3.1).
CormnocraBiieHUE JIaHHBIX YKA3aHHOTO TEPEYHsI IMOKAa3bIBAE€T, YTO MHUHUMAaJIbHAs
Macca TiIru OyJeT o0ecrnednuBaThbCs NPHU M3rOTOBJICHHH €€ M3 BBICOKOJETMpPOBaH-
HoU BbIcOKOonpouHou ctanu H13K16M10, kotopas, onHako, moka HE MOJy4uia
pacnpocTpaHeHUs! B IPOMBIIUIEHHOCTU. B CBsI3u ¢ 3TUM 0Oojiee nmpueMiieMbIM Mo-
JKET 0KA3aThCsI IPUMEHEHHUE BRICOKOIIPOYHOI'O TUTAHOBOTO criaBa BT22.

OOpatuM BHHMaHHE, YTO IO YCIOBUSIM 3aJlayd BIIMAHHE (haKTOpa CTOMMO-
CTH, B OTJIMYHE OT MPEAbIAYILIEr0 NPUMEPA, 3AECh HE PACCMATPUBAIOCh, U IO3TOMY
OCTaBJICH 0e3 BHMMAaHUS BapUaHT HM3TOTOBJIEHUS TATH M3 CPEIHEYTIIEPOJIUCTOMN
BbIcOKONpouyHOU ctanu 30XT'CH2A ¢ mpumenennem HTMO. B 3toii cBsizu 3ame-
THUM, YTO OAHOBPEMEHHBIN YUET OTPAaHUYEHHS IO MACCE U BIUSHUS CTOUMOCTH Ma-
Tepuana MnoTpeOyeT MPUHATHS KOMIPOMUCCHOTO PEIICHUS], JOMYCTUMOCTh KOTO-
pOro OIpenesaeTcss KOHCTPYKTOPOM.

Mapka |P.1/ |Tepmuueckas o6paboTka MIIa pw KCU, |K,, km
30XI'C |7,8 |3akanka, ormyck 200 °C 1500 |0,05 (120 (16,7
3akanka 900 'C, HTMO: 550 "C, nedop-|2130 |0,05 |20 |23,7
H18K9 |8 3akanka, ctapenue 500 °C 1900 (0,05 |50 |20,6
M35
H13K16 |8 3akainka, ctapenue 500 'C 2740 0,05 |20 |29,7
B95 2,85 |IIpeccoBanme, 3akanka, crynenyaroe cra-|550 (0,04 ((30)m|17,3
B96 2,85 |IIpeccoBanme, 3akanka, crynenyaroe cra-|630 (0,04 ((25) [19,8
BT22 (4,5 |Hdedopmanus, 3akanka u ctapenue 575 *C|127/0 0,04 (30 |25,3
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[Tpume- K0>(Q(QUIMEHT MHTEHCHBHOCTH HAIpSKe-
yaHue. Huit (MITa /md).

Hwxe mpoBenem pereHue 3aaadn BpIOOpa MaTepraia B MPEAOJIONKEHUH, YTO OTI-
TUMAaJIbHBIM BUIOM YIIPOUYHSIONIEH 00paOOTKH SBIISECTCS HUTPOIICMEHTAITH.
OcHOBBIBasICh Ha C(OPMYIHPOBAHHBIX BBIIIE TPEOOBAHUSAX, OPUCHTHpPYEMCS Ha
kiacc 1, monkmnacc 11 u Beibupaem rpynnsl 111 u 113; nepedeHsp ke KOHKYpHUPY-
IOIUX MapoK opmupyem B pamkax noarpynn 1112 u 1131. OcHoBHBIE CBOMCTBA
CTaJIell KOHKYPUPYIOIIMX MapOK MpeIcTaBleHbl B Ta0. 12.

Tabmura 12
CBolicTBa CTAJIEN KOHKYPUPYIOIINX MapoK
Mapka |Tepmudeckas o0paboTka 00.2. 0,% |KCU [HRC(moB [Ceue-
cTajan MIla JIx/c |epXHOCTh)|HHE 3a-
M T'OTOB-
20 290- |18 |54 [55-63 |50
XTO, 3akanka (B), orrryck 180-200 °C |340
20X 390 13 |49 |55-63 |60
XTO, 3akanka (m), ormyck 190 °C
15XD o 350- |16- |59- |59-63 |-
XTO, 3akanka (M), ormyck 200 °C 380 |20 |o8
20XH 600 10 (90 |59-62 |40
XTO, 3akainka,(m), ormmyck 190 °C
18XT'T 800 |9 78 |57-63 |50
XTO, 3akanka (m) otmyck 180-200 °C

[Tpumeuanue. Oxnaxnaroniye cpeasl: (B) — Boja, (M) — MacIo.

Takum oOpa3oM, ONTHUMAaJbHBIM, MPUMEHHUTEIBLHO K YCIOBHUSM JaHHOTO
npumepa, Oynet n3rorosyienue mectepau u3 ctau 18XI'T.
ComnocraBieHre NPUBEIECHHBIX JaHHBIX ¢ TPEOOBAHUSMHU MOKa3bIBAET, YTO CTAJIU
TOJIBKO JIBYX HOCJIEAHUX MAapOK MOYKHO CUHMTATh IPUTOJHBIMU JJII U3TOTOBJICHUS
niecTepHu. s OKOHUATEeIbHOIO BHIOOpA MPOBEAEM UX CPABHUTEIBHYIO OIICHKY.
be3 kakux-aub0 pacyeToB SICHO, YTO MO CTOMMOCTH U JNE(ULUUTHOCTH JIETUPYIO-
IIUX AJIEMEHTOB MpeumyiiecTBO 3a cTaibio 18XI'T. OcoOOeHHO Ba)KHOM SIBISIETCA
OLICHKa M0 00pabaThIBAEMOCTH pE3aHUEM, MTOCKOIbKY OCHOBHBIE PACXOJIbl MO M3-
TOTOBJICHUIO HIECTEPHM MAJal0T Ha MexaHuyeckyto o0padoTky. Cranp 18XI'T B
HOPMAJIM30BAaHHOM COCTOSTHUM XapaKTEpPU3yeTCsl TaKOW ke 00padaThIBAEMOCTHIO
MHCTPYMEHTOM U3 OBICTPOPEXKYIIEH CTalld, KaK U 3TajJloOHHas cTaib 45, a TBepJo-
CIUTABHBIM MHCTPYMEHTOM Jaxe HecKoJbko Jiydmel. [To cramu 20XH Takas uH-
dbopMmarusi OTCYTCTBYET, HO, CY/sl 110 JaHHBIM, OTHOCSIIIIUMCS K OJIM3KOM MO cOCTa-
By ctanu 40XH, o6pabaThiBaeMOCTh y Hee HECKOJIbKO HIXKe, yeM y ctainu 18XI'T.
K stomy Hago no6aButh, uro ctanb 18XI'T BeiromHo oTinudaercs ot cranu 20XH

55



M0 YyBCTBUTEIBHOCTH K OTITYCKHOM XPYNKOCTH U HE COJAEPKUT JPUIUTHOTO HU-
KeJIsl.

Jexyus 11. MoaeanpoBaHue uccjieayeMoro oobekra.
OCHOBBI MOJICTMPOBAHUS OOHEKTOB UCCIIEIOBAHUS.
[Ipu MonenMpoBaHUU TEXHOJOTHYECKUX CHUCTEM PEIIAIOTCs MOATAIHO Clie-

JYIOIIHE 3aa4u:

1. uzydyeHue oObEKTA;

2. omucaTeIbHOE MOJICIMPOBAHUE, T.€. YCTAHOBJICHUE OCHOBHBIX CBSI3CH MEK-

1Ty OTACITBHBIMU XapaKTEPUCTUKAMHU;

3. MOJAETUpOBaHUE, T.€. MEPEBO ONMUCATENHFHON MOJAETH Ha (OpMaNbHBIN Ma-
TEMaTUUYCCKHUH SI3bIK;
BBIOOp METO/1a pelICHNUS 3a]a4H;
COCTaBJICHHE OJIOK-CXEMBI, aJITOPUTMA U MPOTPAMMBbI pacdyeTa Ha KOMIIbIO-
Tepe ( ecnu Tpedyercs);

6. perieHue 3a7a4M C UCIIOIH30BAHUEM TEXHUYECKUX CPEJICTB;

7. aHamu3 pe3yibTaToB.
Ilocmanoexa 3a0auu. [lpotecc m000TO MCCIIEIOBAHNS HAYUHACTCS C MIOCTAHOBKU
3anaun. Ee penienne 10mKHO OBITh IOMY4eHO Hanbosiee KOPOTKUM ImyTeMm. JIroOou
OOBEKT UCCIIEIOBAHMS, B IPUHIUIIE, HEUCUEPIIAEM B CBOMX CBOMCTBaX U OTHOIIIE-
HUsAX. VMccnemoBarens MOMDKEH BBIIEIATh TE€ CBOMCTBA W T€ OTHOIICHUS, KOTOPHIC
JOJDKHBI IPUBECTH K PEIICHUIO ITOCTABICHHOM 3a1a9H.
Buvibop mooeneii uccnedyemozo oovexma. Mojenb — 3aMEHUTENb OpUTHHAJA, TO-
ATOMY ITOMCK 3aMECHHTEIISI OCHOBAH HAa MHTYHUIIMN UCCIICOBATENS M HA €ro JIOTHYe-
CKHUX OCHOBaX. AHAJIOTHs 00BEKTa MUCCIIETIOBAHUS SIBISETCS OCOOCHHO IIEHHOM, KO-
r/1a yCJIOBHs €€ CPOpMYyIMPOBAHBI TOCTATOYHO YETKO U OTPEICTICHHO.
Tunwt mooeneii. Bce monienu 00BbEKTOB MOXKHO pa3/ieInuTh Ha JiBa Kjiacca:

o B

1) peanbHbIe (MaTepHUaIbHBIC); 2) uneanbHbIC
> TeOMETPUUYECKHUE

— duzudeckue

—»MaTeMaTUYECKHE

U peanbHble 1 MaTepUaNbHBIE MOJEIH CO3/Ial0TCS YEIOBEKOM W BBHIOPAHBI UM U3
MaTepUaIbHOU JIEHCTBUTEILHOCTH, B JIOOOM Cly4dae 3TO MPOIYT AEATEIHLHOCTH
yenoBeka. Pasnnyne Mexay peatbHBIMU U UA€aTbHBIMUA MOJCIISIMU 3aKJIFOUaeTCs B
npuposie ux GYHKIIMOHUPOBAHMs. XapaKTepHOW 0COOCHHOCTHIO PEaTbHBIX MOJIE-
Je# SIBISIETCS TO, YTO OHU (DYHKIIMOHHPYIOT IO €CTECTBEHHBIM 3aKOHAM, HE3aBH-
CUMO OT JIeATeIbHOCTH 4YeioBeKa. MneanbHble MOJEIN, HAPOTUB, CYIIECTBYIOT
JUILb B JEATEIBHOCTH YeNIOBEKa, HO (DYHKIMOHUPYIOT MO 3aKOHaM JOTHKU. DTH
MOJIeNTd 0ObEKTUBHBI TOJIBKO MO CBOEMY COACPIKAHUI0, HO CYyOBEKTUBHBI 10 (hopMe
¥ HE MOTYT CYIIECTBOBATh BHE 3TON CYOBEKTUBHOU (POPMBI.

MatepuanbHble MOJEIH MOXKHO pa3feliuTh Ha reoMeTpuyeckue, pusuue-
CKHE, MaTeMaTU4YeCKHeE.
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['eomeTpruyecKkue MOJIEAN HE WIPAIOT CYIIECTBEHHOM pOJIM B pa3BUTUHU
HAyYHOI'O TO3HAHUS, B OCHOBHOM OHM HCIIOJB3YIOTCS B JIEMOHCTPAI[MOHHBIX IIe-
51X, KOHCTPYKTOPCKOM MPAKTUKE U apXUTEKTYPE.

duznyeckre MoJear UMEIOT MaTeMaTUYECKOEe OMHCaHUe 3aKOHOMEPHOCTEN
00BEeKTa, T.€. MaTEeMaTUYECKOE OIMMCaHUEe ACHCTBYIOIIEH (HU3HMUECKOM MOJIEIH CO-
OTBETCTBYET MAaT€MaTUYECKOMY OIMCAaHUIO 3aKOHOMEPHOCTEN uccienoBanus (pu-
3U4eCcKue PopMyIIbI).

Ilpumep: cozmaHne HOBBIX JIEKAPCTBEHHBIX MpenapaTtoB TpeOyeT Huccliie-
JIOBaHME BIIMSAHUA UX HA OpPraHu3M dYeinoBeka. Kak mpaBmiio 3TH HCCIEA0BaHUS
IPOBOJST HA JKUBOTHBIX (PAacTEHUSIX), KOTOPBIC U SIBISIOTCS MOJICIBIO YelOBEUe-
CKOTO OpraHu3Ma.

T.O. ¢pusnueckoe MOJEIUPOBAHUE MOXKET OCYIIECTBISATHCS B ABYX (popMax:

- TIpU HAJIMYUU MAaTEeMaTUYECKOTO OMMCAHUs OpUTHHAIA U MOJIETIH;

- P KQUe€CTBEHHOW OIIEHKE aHAJIOTUU MEX]Yy MOJAEIBIO U OOBEKTOM.

dusnueckoe MOAEIUPOBAHUE BHINOJIHAET CBOM (YHKIMH NO3HABATENIbHBIE B TOM
cllydae, €Cli KOJUYECTBEHHbIE XapaKTEPUCTHUKU MOJEINU MOTYT OBITh HCIIOJIb30-
BaHbI JIs1 KOJIMYECTBEHHOTO MCCIIEA0BAHNS OpPUTHHATIA.
dusnueckas MojieNIb 00BbEKTAa UCCIIEIOBAHMS MIpe/ICTaBlIeHa cucTeMon nuddepen-
UAJIbHBIX YPAaBHEHUH C JOCTATOYHO OOJBIIMM KOJIWYECTBOM HE3aBHCHUMBIX Iepe-
MeHHBIX. CBS3b MEXAY 3TUMU [IEPEMEHHBIMU YCTAHOBUTH aHATUTUYECKUM IIyTEM
OYeHb TPYAHO WM BOOOIIE HE BO3MOXHO ( T.€. HET BO3MOKHOCTH COBMECTHOTO
pELIeHNs] YpaBHEHUM ).
MaremaTtuyeckas Mojielib, Kak U ¢puU3ndecKas MPeACTaBIAIOT COO0M MaTepruanibHOE
YCTPOMCTBO, MPOIYKT JAEATEIBHOCTH YeOBEKa, (PYHKIIMOHUPYIOIIEE 10 CBOUM 3a-
KoHaM. MaTemaTrueckoe MOACTUPOBAHNE UMEET 3HAUUTEIbHBIC MPEUMYIIECTBA —
TEOPETUKO- TMMO3HABATEIbHBIC, YTO JEJIaeT €r0 He3aMEHUMBIM CPEJICTBOM HAYYHOTO
no3HaHus. Ecian 00beKT uccienoBaHus TPYIHO JOCTYIEH WM BOOOIIE HE JOCTY-
IEeH JUIs MCCIEeAO0BaHUs, 3TO COBCEM HE O3HAYaeT MPUHLHUIUAIbHYIO HEBO3MOXK-
HOCTb €ro uccienoBaHusi. IlocienHee OTHOCUTCS K TaKUM CJIOXHBIM OOBEKTaM,
KaKUMH SBIIIOTCS MpoLecchl 00pabOTKU JAeTajel, yNpOuHSOIUE TEXHOJOTHUH,
TEXHOJOTMH TOJIyYeHUs U3/I€TUI B MAIIMHOCTPOEHUHU M Jpyrue. B oTnmuum or
duznyeckux Mojesnei, MaTeMaTHUYEeCKHe MO3BOJISIIOT UCCIeI0BaTh TOJIBKO Te (pak-
TOPBI, KOTOPbIE BXOJAAT B CUCTEMY ypaBHEHUI. MaTemaTuueckue MOAEIN UCIIOb-
3YIOTCSl /Il MCCIIEIOBAHMS KOJMUECTBEHHBIX XapPaKTEPUCTUK W KOJIWYECTBEHHOU
B3aMMOCBS3H PA3UYHBIX TAPAMETPOB 0OBEKTA.

Jexyusa 12.
MartemMaTH4ecKoe MOJeJTUPOBAHNE HCCJIEAYEMOr0 TEXHOJIOTHIECKOTo Mpoilec-
ca.

B ClIy4daidax, KOorjga MCTUHHOC MATCMATHUYCCKOC YPABHCHHC, OIIMCBLIBAIOIICC
TEXHOJIOTHYECKUUN Imponecc, COCTABUTD 3aTPYAHUTCIIBHO, CI'0 IIPEACTABIIAOT B BU-
A€ CTCIICHHOI'O psAaa

y=f(X1,X2,....,Xn ),

rjae Y - neneBas pyHKIIUs, TOoJjIeKanias ONTUMHU3AIINH;
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X1 — Xn - HE3aBUCUMBbIE TIEpeMEHHbIE ((DaKTOPbI, BAHUSIIONINE HA LEIEBYIO

byHKIHIO).

JIr06011 00BEKT HCCIICAOBAHUA MOXKCT OBITH MpCaACTAaBJICH «YCPHBIM ANIU-

KOM».

V1

Pucynok 2. Kubepuernueckasi cxema «4epHOTO

OO0BeKT Moje-
— | nupoBaHus

Uz

ALUKA»:
U1 — BEKTOp KOHTPOJIUPYEMOTO BXO/1a;
V1 — BEKTOp KOHTPOJIUPYEMOTO BO3MYIIICHHUS,

-
Y1

Z1

Z1 — BEKTOp HEKOHTPOJIMPYEMOTO BO3MYIICHHUS;
Y1 — BeKTOp BbIX0a (11eeBast QyHKITHUA);
t — BpeMeHHO# (akTOp

B O6HI€M BHUJIC MaTCMaTHU4YCCKasa MOJCJIb 5TOT'O 00BEKTa MOKET OBITh npca-

cTaBjeHa QyHKIMEH:
y=f(U1,V1,Z1,t)

Ha neneByro ¢hyHKINIO M Ha BEKTOP BXOJa CYIIECTBYIOT ONPE/ICICHHbIC OTPaHU-

YCHUS:
a<y<p;

d<y<y.

[IpencraBnennas GyHKIMA €lie HE SBISETCS MaTEeMaTUYECKON MOIeIbI0. UTOOBI
MOCTPOUTH MATEMATUYECKYIO MOJICIIb HAJI0 OMPEACIUTHCS YTO OT Hee TpedyeTcs.
Bun dyukuuu onpeaensercs uccieaoBaTelieM Ha OCHOBAaHUU MHTYULIMU UITU
anpuopHoit uHpopmaiiuu. O4eBUIHO, TIIABHBIM TpEeOOBaHUEM OYAET TO, YTOOBI
JTaHHAsl MOJIEJIb ONTUCHIBAJIA UCCIIEYyEeMbId 00BEKT C TOCTATOYHOW TOYHOCTHIO, T.€.
4YTOOBI 3HAYCHHE 11eJIEBON (DYHKIIMH Y, paCCUMTAHHOMN M0 MaTeMaTUYECKOW MOJEIN
OBLTM paBHBI 3HAUCHUSIM 11€JIEBOM (PYHKIIMH B PeaIbHBIX YCIOBUSAX UJIM OTJIMYA-
JIUCh OT HUX Ha JOMYCTUMYIO BeJIMunHYy. Eciu 3To TpeOoBaHUE BHITIOJIHIETCS, TO
ITIOCTPOECHHAS MOJEb CYUTACTCS AICKBATHOM.

v

X'min  Xmax X

Pucynoxk 3. I'paduku nuneitHo#i
u orapuMuueckoil GpyHKIuit

OpHako BO3HUKAIOT CIy4Yau, KOTAa OObEKT nuccie-
JIOBaHUSI MOJKET OBITh OMMCAaH MAaTEMAaTHYECKUMHU
MOJIEIISIMH Pa3HOTO BHIa. Toraa BO3HUKAET BOIIPOC,
Kakasi MaTeMaTu4decKas MOJIENb JIyUIlle - KOTopas
npoine. Hampumep, B muHeiitHoN QpyHKinu Y=bX He-
M3BECTHOM SIBJIIETCS BeM4KMHA Koddunmenta b .
Ona MOXeT OBITh OIpe/iesieHa IKCTIEPUMEHTATIBLHO
WJIH TEOPETHUYECKH, T.€. MOKET ObITh IIOCTPOCHA Ma-
TeMatuyeckast Mmojienb. C norapudmudeckoit pyHk-
UEH CIIOKHEE.

[Tpu poumx paBHBIX YCIOBHSAX MPEANOUTUTEIbHES
SIBJISIFOTCST MaTEMaTHYECKUE MOJICITH MPEICTaBIICH-
HBIC CTCTICHHBIMU PSaMH HIIH aareOpanvdecKuMu

noJivHoMaMu. Ho moJIMHOMBI MOTYT OBITh Pa3HbIX CTENeHeN (KBaJpaTUYHbIE, KY-
OWYHBIE), TOATOMY OJIHO3HAYHOI'O OTBETA HET. 3aJa4a MOCTPOEHUS MaTeMaTHye-
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CKOM MOZeNIi CBOIUTCS K BEIOOPY BUAa Mozenel ( TMHeHas, KBaJpaTHuHas, Ky-
Ou4Has1) ¥ ONpeIeICHUIO BeJIMUKH K03 duiineHToB. Be100p BuIa Mojenei JeKUT
MOJIHOCTBHIO Ha UHTYUIIUU UCCIIEI0BATEIIS.

Bce maremaTrueckue MoJie i MOKHO pa3/iesiuTh Ha JBa BUJa (puc .): cTa-
TUYECKUE U quHaMuyeckue. CTaTUCTUUECKOW Ha3bIBACTCS TaKasi MOJIENb, B KOTO-
poil He yuuThiBaeTcs pakTop BpeMeHu. [JlunaMmuyeckas MoJesib BpeMeHHOU (hak-
TOpP YYHUTHIBAET.

B cBoro ouepenp Bce MaTeMaTHUECKUE MOJICTH Pa3SISIFOTCS Ha TPH TPYII-
Bl IETEPMUHUPOBAHHBIEC, CTOXAaCTHUYECKHE, KOMOMHUPOBAHHBIEC.

MatemaTtuueckas MoJieJb Ha3bIBACTCS JETEPMUHUPOBAHHOM, €CIIM OHA OTH-
CBIBAET UCCIIETyEMbIil OOBEKT Ha OCHOBE 3aKOHOB XUMUU, (PU3UKH, TEPMOIMHAMH-
KA U TPOYMX €CTECTBEHHBIX HaYK.

CroxacTU4ecKkol Ha3bIBAETCSl MOJIENb, COCTABJICHHAS HA OCHOBE CTaTUCTH-
YEeCKUX JaHHbBIX UCCIIETyeMOro 00beKTa 6€3 UCTI0Ib30BaHuUs 3aKOHOB €CTECTBEH-
HBIX HayK.

KoMOuHMpoBaHHbBIE MOJIENN UMEIOT IPU3HAKU AETEPMUHUPOBAHHBIX U CTO-
XaCTUYECKUX MOJEIIEH.

MartemMaTu4yecKkue MOaeIn

Cratnueckue Moaenu JuHaMu4ecKrue MOJEIn
JleTepMUHUPOBAHHBIE CroxacTtuueckue
Pucynox 4. Kom6uHHpOBaHHbIE

JleTepMUHUPOBAHHBIE MOJIENU (CTATUYECKUE U TMHAMHYECKHUE) MPEICTABISAIOT CO-
00l COBOKYITHOCTh aJIr€OpanyecKuX ypaBHEHHUI WM HEPABEHCTB, XapaKTepU3yIo-
IIUX IPUYUHHO-CIIEICTBEHHBIE CBA3U MEXKIY OTIEIbHBIMHA BXOJaMH U BBIXOJAMHU.
DTO MOTyT OBITh YPaBHEHUS YJHEPTUU, TEPMOJUHAMUKH, TEIIJIO0OOMEHA U TIP.

JI1s1 CHOKHBIX TEXHOJOTMYECKHUX MTPOLIECCOB MMOCTPOEHUE AETEPMUHUPOBAH-
HBIX MOJIEJIEH HE MPEACTABIISIETCS BO3MOKHBIM BBU1Y HEMOJIHOTHI 3HaHUU. B Ta-
KHX CITydasix MpUOerarT K MOCTPOCHHUIO CTOXaCTUYECKUX MOJIETCH.

Croxactuueckue Moaenu GopMaIbHO OTPAXKAIOT BEPOSITHOCTHBIN XapaKTep
CBSI3M MEX/1Y OTJEJIBbHBIMHU BXO/IAaMU U BBIXOJIaMHU UCCIIeyeMoro oobekra. Takue
MOJIEIN CTPOATCA HA OCHOBAHUM CIIeMaIbHON 00pabOTKM CTATUCTUYECKUX JaH-
HbIX. HakomeHHbIX 3a ornpeiesIeHHbIH HHTEpBajl BpeMeHU 0e3 MpUBJICUEHUs 3a-
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KOHOB €CTECTBEHHBIX HayK. DTO MO3BOJISET IO HOBOMY OIEHUTH UCCIIETyEeMbIN
OOBEKT M YCTAaHOBUTH BIUSHUE KAXKIOTO (pakTopa Ha MENeBYI0 (QYHKITHIO.

KoMOMHMpOBaHHBIC MOJIEH COYETAIOT B ceOe MPU3HAKH, XapaKTEePHBIE KaK
JUTSL IETEPMUHUPOBAHHBIX, TaK M JIJIsI CTOXaCTUYECKUX Mojiesieil. B Hux mms onu-
CaHMsI HCCTIEYEMOT0 00bEeKTa MPUHUMAETCS TTOIXOISIINA BH]T ypaBHEHUS, a KO-
3¢ UITUEHTHI ATOTO YPAaBHEHUS ONPEACIIAIOTCS METOIaMU TTapaMeTPHIECKOH
UJIeHTU(PUKAITUN 00BEKTA.

MareMatrnyeckasi MOJEb TIOCTOSTHHO YTOYHSIETCS, UTO UMEET OOJBIIIOE 3HA-
YEHHUE B MPOolIecCce MO3HAHUS O0OBEKTa. 3HAHUE MAaTEMAaTUYECKOM MOJIEN 0O0BbEKTa
MO3BOJISIET PeIaTh KOHKPETHBIE 3a7]a4H MOBHITIICHUS 3((HEKTUBHOCTH MPOU3BO/I-
CTBa, ONITUMHU3UPOBATH IPOIIECCHI MOTYUCHUs, 00pabOTKH, CO3IaHMsI U BHIOOpA
MaTepHaJIOB C MTOMOIIBIO METOIOB MaTEMaTUYECKOTO TTporpaMmmupoBanus. Mc-
M0JIb30BAaHUE KOMITBIOTEPHON TEXHUKH TTO3BOJISET PEIIaTh ATH 3a7a9H 32 KOPOT-
KU MPOMEXYTOK BPEMEHHU.

MopeanpoBaHue TeXHOJI0THYECKOT0 MPoLecca Mpou3BoACTBA.

Amnanus TII, dopmupyroiero cBoiicTBa Marepuana B AeTaiu (U3eI1m) 1Mo-
Ka3bIBAET, YTO OCHOBHBIMU OOBEKTAMH MOJICITUPOBAHUS SIBIISIIOTCS MTPOLIECCHI BbI-
0opa MapKu CIUIaBa, oKa3aTesb Ipejiesia TeKy4eCTH, BI3KOCTH, TBEPAOCTH, TITy-
OWHa TEPMOYNPOYHEHHOTO CII0s, TEOMETPUUECKHUE pa3MEPhI JAeTallv, HAJC)KHOCTb,
JOJITOBEYHOCTh, CEOCCTOMMOCTh, H3HOCOCTOUKOCTb.

[TepBBIM dTamoM pemIeHUS 3THX 33/1a4 ABJSETCS MOCTPOSHNE MaTeMaTHye-

CKOM Mozenu uccienyeMoro win npoexkrtupyemoro TII. Dtot stan pazbuBaercs Ha
5 OTHENBHBIX ITYHKTOB:
1) cocrarnenue cxembl TIT (BbineneHEe BXOIHBIX U BBIXOIHBIX IAPaMETPOB,
KOHTPOJIMPYEMBIX 1 HEKOHTPOJIMPYEMBIX BO3MYIICHHU);
2) ¢dbopMHUpoBaHHE 3a7a4U YIPABICHHS, BEIOOP IIETH U €€ PEIICHUS;
3) BBIOOp KPUTEPUS ONTUMHU3AIMHU U3 YKCIIA BHIXOHBIX XapaKTEPUCTHUK;
4) ompenereHNue CUCTEMbI OTPAHUYCHUH, IPU KOTOPBIX JOJDKEH MPOTEKATh MC-

CJIEyEMBIN MPOLIECC;
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5) pa3spaboTka anropuTMma u mporpamma pemerus Ha IBM.

M1 M2

M3
Xc - _ H
Is > > T
N Tepmuueckas 06paboT- . B
b Ka JIOOBTEKTOUIHOM yT- -
Ba > JEPOIUCTON CTAITU >

Z1 Z2
Pucynok 5.

PaccmoTpum npumep ucciaeaoBaHus Mpolecca TePMUIECKON 00pabOTKH JI0BTEK-
TOMIHOM YTJICPOAUCTOM CTalli, OH COCTOMT U3 (PHUCYHOK 5.).
Bxoouwle napamempuol npoyecca : Xc- XMMHYSCKUHM COCTaB CTaJH;

T3 — TeMniepaTypHbId HHTEPBAJl 3aKaJIKU;

To — TeMnepaTypHbBI HHTEPBAJI OTITYCKA;

BB — BpeMs BBIIEPKKH;

Oc — oxnaxgaroniasi cpea.

Buixoouwie napamempuol npoyecca , iy 1eNeBble PYHKIUU:
I1 — mpo4HOCTS;
T — TBEpHOCTS;
B — Bs13KOCTB;
[' — rmybunHa TepMO0OpPabOTaHHOTO CIIOS;
Y — OTHOCUTENBHOE YIJIUHEHHUE.

Koumponupyemvie 603myuienus — npouecchl peuupkysiinuu (oTxkur M1, moBTop-
Has 3aKajika M2, HOBTOpPHBIN OoTIyck M3).

Hexoumponupyemvie sosmywenus (Z1,22,73,...) , Hapumep, BIaKHOCTh BO3TY-
xa, aTMoc(epHOe TaBJICHHE U TeMIIepaTypa BO3ayXa.

MaremMaTrndeckast MOJENb 3TOTO MPoIlecca MOXKET OBITh TIPEICTABIICHA B BHJIC
ypaBHEHUS MaTEMaTHYECKOTo Oanmanca (IeTepMHUHUPOBAHHAS MOJICIb):

D _CiTj =Cj> Tj,
j=1 =1
rae i=1,2,...., m; j=1,2,...n; T] — TemMnepaTypHbIii HHTEpBaJ j-ro Matepuaia, Cj —

KOHIICHTpAIUs I-KOMIIOHEHTa B J-M MaTepuaie, Ci — KOHIIEHTpaIUs I-KOMIIOHEHTa
B CILJIaBE.
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D70 cTaTHyYecKas IeTEPMUHUPOBAHHAST MOJIE/Ib, UCIIOJIL30BAHUE €€ HE M03-
BOJISICT PEIINTH 3a/a4y ONTUMH3ANKH. JIydIile UCI0Ib30BaTh CTOXaCTHYECKUE MO-
nenu. JIst moiydenus 6ojiee aJeKBaTHBIX MaTEMAaTHIECKUX MOJICICH HE0OX0IMMO,
4T0OBI MOIEJIh HE TOJBKO XOPOIIIO BOCIIPOM3BOIUIIA PE3YIBTATHI IKCIIEPUMEHTOB,
HO ¥ YYHUTBIBAJIa PUPOY MPOIEcca, T.€. HEOOXOUMO MTOBBICHTh HH()OPMATHB-
HOCTh Mozienu. Clienath 3T0 BO3MOXKHO, BBOJISI B MaTPUILY NPU3HAKH (DYHKITHH,
MOCTPOCHHBIX Ha (PU3MKO-XMMHUYECKHX XapaKTEPUCTUKAX KOMIIOHEHTOB, OTpaska-
IOIIUX UX pUpoy. B 001em Busie 3Ta 3a1a4a MOXKET ObITh IPE/ICTABIICHA CIIC/Y-
IOIIUM aJITOPUTMOM HITH OJIOK-CXeMOU.(pPUCYHOK 6.)

Jexkyusn 13.
Pa3paboTka miaaHa ONTUMH3AIMOHHOTO HCCIIEI0BAHNUS.
Onrumu3anus coOCTaBa MAaTEPHATIOB U TEXHOJOTNYECKUX MPOLECCOB.

CrneyeT OTMETUTD, YTO UICTUHHOTO ONTUMYMa HE CYILIECTBYET, a ONITUMAJIb-
HBIM CUHUTAETCS HAWITy4dTUui (0’KUAEMBbII) pe3yiIbTaT, OTBEUAIOIIUNA TPEOOBAHUIM
uccnenoBarens. OnNTUManbHbIN pe3ylbTaT HAXOIUTCS HE Cpa3y, a B pe3yJibTaTe
TaK Ha3bIBAEMbIX METOJIOB ONITUMU3ALINU.

IHapamerpsl onTumu3aunu. HezaBucumsie nepeMeHHbIE.

llapavemp onmumuzayuu vy 1eneBasi GyHKIUS, JOJKEH OTBEYATh CIEy-

IOIIUM TPEOOBAHUSIM:

- OJTHO3HAYHOCTH;

- €IMHCTBEHHOCTH,;

- BBIPAXKATHCSI YUCIIOM.

OIHO3HAYHOCTh M €IMHCTBEHHOCTh — HA0O0JIee TPYTHOBBINOJIHUMBIE TPE-
OOBaHUs, MOCKOJIbKY peaJIbHbIC 3a7a4M CBSA3aHbI C U3YYEHUEM JIOCTATOYHO 00Jb-
1I0T0 YKcJia NapamMeTpoB onTUMU3alMu. HanprumMep, pu oNTUMH3alUK CILIABOB
HE00XO0IMMO UMETh HE TOJIBKO IOCTATOYHYIO IPOYHOCTH, HO M JIOCTATOYHYIO TIja-
CTUYHOCTh, U BBICOKHE TEXHOJOTHUECKHUE MTOKA3aTEIH.

XKenatenbHo, 4TOOBI BHIOPAHHBIN MTApaMETP ONTUMHU3AINH ICHCTBUTEIIHHO
OMpeEIIs SKCTPEMYM M XapaKTEPU30BAJICS YUCIIOM. B Tex ciydasix, Koraa uuc-
JISHHOE TIPEJICTaBJICHHE 1eJIeBON (DYHKIIMH 3aTPYIHUTEIHHO, MOKHO HCITOJIH30-
BaTh PAHTOBBIM MOAX0/I. B 3TOM citydae kaxoMy napaMeTpy ONTHMU3ALUU TIPU-
CBaMBAETCS OLICHKA-PaHT 10 3apaHee BhIOpaHHOM mIKae. Panr — 3To yxe Koauue-
CTBEHHAs OIIEHKA MapaMeTpa ONTUMHU3AIUU. XOTSI © HOCUT CYOBEKTUBHBIN Xapak-
TEP.

He3zasucumvie nepemennvie(HII). Ilpu vccneoBaHUM TEXHOIOTUUECKUX TIPOIIEC-
COB KeJaTeIbHO BKIIIOYUThH B PACCMOTPEHUE BCE HE3aBUCHUMBbIE TTIEPEMEHHbBIC, BJIH-
SrOITMe Ha 1eNieBble PyHKIUU. BMecTe ¢ TeM BO3HMKAeT HEOOX0IUMOCTh YMEHb-
IICHUS] UX KOJIMYECTBA, TAK KaK MocieaHee TpeOyeT O0IbIIOT0 KOJIMYeCTBa OIbI-
TOB, BPEMEHU U MaTepUaIbHBIX 3aTpat. K HE3aBUCHMBIM NMEPEMEHHBIM IPEABSIB-
JISTFOTCSL CIIEYOIIHE TPEOOBaHUS:

1. ympaBiseMoCTb — BO3MOKHOCTh YIPABIISITH (haKTOpamMu Ha Tpedye-
MOM YpPOBHE,
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2. BO3MOXXHOCTH 3aMepa B JH000H MOMEHT BPEMEHH C JOCTATOUYHOM TOU-
HOCTBIO,

3. OJHO3HAYHOCTb, T.€. KaX/Iblii (HaKTOp JOIKEH OBITH HE3aBUCUMBIM U
HE JIOJDKEH OBITh (PYHKIIMOHAIBHO CBSA3aH C IPYTUMHU (haKTopamH,

4. COBMECTUMOCTH, T.€. BCEBO3MOKHBIE KOMOMHALIUN (haKTOPOB JOKHBI
OBITH OCYIIECTBUMBI U O€30TaCHBI,

5. HE3aBUCHMOCTb, T.€. BO3SMOXXHOCTh YCTaHOBIJICHUS (paKTOpa Ha JIIOOOM
YpOBHE HE3aBUCUMO OT JIPYTHX.

DKCrepuMEHTAIbHBIC IAHHBIC TeoneTndeckue acneKTh
DUBUKO-XUMUYECKHE DUBUKO-XUMUYECKUE
U TEXHOJIOTHUYECKUE XapaKTePUCTHKU KOM-
CBOMCTBAa 00BEKTA [IOHEHTOB 00BEKTA

BJII/I?IHI/IG OTOCIIBHBIX KOM-
[10- HEHTOB U UX B3aHMO-
JeficTBHE Ha CBOICTBA 00B-
eKkTa (pacyeThl, XapaKTep

basp1 maHHEBIX: Perpeccronnsiii ananus
00beKT 1. 65, A1, tg, 81, HB1(HRC3)...

00BEKT 2. g, A2, tus, 82, HB2(HRC?)...

ITocTpoeHne MaTeMaTH4eCKUX MOJENIEN
on=Bo + B1AP:... & =ho + B1APs... HB = bo + biAP;...

[TocTpoeHue u aHanM3 rTUCTOrPaMM B3aUMOCBS3H CBOMCTB U MMapaMeTpoOB 00b-
eKTa ( MUKpPOCTPYKTYPHBIN aHalIN3, MEKaTOMHOE B3aUMOJIEHCTBUE)

OHTI/IMI/I3aI_II/I$I cocTaBa 00bEKTa Ha OCHOBAHHH Tpe6yeMHX CBOMCTB M TEXHO-
JIOTHYECKHUX BO3MOKHOCTEHN

PI/IcyHOK 6. biok-cxema HUCCICIOBaHUA 00BEKTA.
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Kaxnapiit paxkrop HIT umeeT ob6nacts cBoero onpeaeneHus, rpaHullbl TON o01acTu
MOTYT 3a/1aBaThCs JTMO0 MPUHIIUITHAIBHBIMI OTPAaHUYCHUSMH, KOTOPBIC HE MOTYT
OBITh HAPYIIEHBI HUA TIPHU KAKUX 00CTOSTELCTBAX, TNO0 TEXHUKO-
IKOHOMUYECKUMHU OOCTOATEIHCTBAMH (CTOMMOCTh MaTepraa, MPOA0HKATEIb-
HOCTB TIpOIIecca | T.11.), IUOO OTCYTCTBUEM ammmapaTyphl, CHOCOOHONH KOHTPOJIUPO-
BaTh M T.II.

[Tocne BeIOOpa 061acTH onpeiesieHus (JIMHKUS CO ITPUXOBKOM) HEOOXO MO
HAWTH JTOKAJIBbHYIO 00JaCTh IS MPOBEICHUS IKCIIEPUMEHTOB. DTOT BBIOOD IJIOXO
dbopMannzoBaHHas 3a/1a4a U OOBIYHO €€ PEIIAIOT B KAKIOM KOHKPETHOM CITydae.
UCXOJs U3 COAECPKATEIBHOTO CMBICHA 3a/1a4i. DTa MpoLeaypa BKIOYaeT BEIOOD
YpOBHEH BapbHpOBaHUs (PaKTOpOB. YPOBHEH (PaKTOPOB MOKET OBITH JTFOOOE YHC-
J10, OTMHAKOBOE JI MEXKIy HUMU PACCTOSIHUE, YHCIIO YPOBHEH OIpenenseTcs] KOH-
KPETHON NMOCTaHOBKOM 3a/1a4u. BUIOM (paKTopa. MperoaaraeéMoil CosKHOCTHIO
u3ydyaeMoro oobekTa. Tak Harpumep. 1js HOCTPOEHUS JIMHEHHOM MOJIeNn 10CTa-
TOYHO JBYX YPOBHEI; MMOTHAs KBaJipaTUYHAS MOJIeTh TpeOyeT BapbUPOBaHUS HA
TpeX YPOBHSIX; MOJHASI MOJIETh TPEThEH CTENEHU — Ha YEThIPEX U T.1I.

A A
X2
X2 max /‘77/7/\\\
X1
X2° >
Xomin [ /__7_4>//|
7 - X1

X 1 min Xlo X1 max
Pucynoxk 7. O6nacts onpeneneHust (akTopoB B 3a/1aue ¢ AByMsl (haKTOpamHu.

B o6miem citydae pakTopbl — pa3MepHbIE BEIUYHUHBI, IPUYEM Pa3MEPHOCTH
MOT'YT OBITh CaMbI€ pa3HbIe, a 3HAUEHUSI — Pa3HOIo nopsjka (temmneparypa -°C,
XUMHUUYECKUHU cocTaB - YoasemenTa). [ToaTomy ¢ hakropaMu B KICXOJJHOM MaciiTade
OOBIYHO HE PA0OTAIOT, & MPOBOMAST WX KOJUPOBAHUE — TMHEHHOE TIpeoOpazoBaHue
¢dakTopHOTO MpOCTpaHCTBA. PaccMOTpUM HEKOTOPBIE METOIBI, TTO3BOJISIOIINE
YMEHBIIUTh KOJIMYECTBO HE3aBUCUMBIX MepeMeHHbIX. Llenb — oTcesTh Te He3aBU-
CHUMBbIE IEpEMEHHBIE, KOTOPBIE HE OKA3bIBAIOT CYIIECTBEHHOIO BIMSIHUS Ha 1Ieie-
Bble (DYHKIIUU.

64



ITocTanoBKa 3a1a4l ONITHMHU3ALUH

OnTumu3anys B MUPOKOM CMBICIIE CJI0BA HAXOAUT PUMEHEHHE B HAyKeE,
TEXHHUKE U B JIIOOOU APYroi 001acTu 4eI0BeUeCKON AeITeIbHOCTH.
OnTuMu3anus - neJeHaANnpPaBJIeHHAs 1esITeJbHOCTb, 3AKJII0YAI0IIAsICH B 110-
JYYeHUH HAWIYYIIHMX Pe3yIbTATOB IIPH COOTBETCTBYIOIIMX YCJIOBHAX.
[Tonckn onTUMaNbHBIX PELICHNUN ITPUBEIHU K CO3JaHUIO CIIEHNAIbHBIX MaTEMATH-
YeCKUX METOJIOB U YK€ B 18 Beke ObUIM 3aJ105K€HbI MATEMaTHUYECKHE OCHOBBI OTI-
TUMU3aLUHU (BapUallMOHHOE UCUNCIIEHHUE, YUCIEHHBIE METO bl U Ap). OHaKo 10
BTOPOI1 MosoBUHEI 20 BeKa METO/bI ONITUMHU3ALIMY BO MHOTHX 00JIACTAX HAYKH U
TEXHUKH MPUMEHSIIUCh OYE€Hb PEIKO, OCKOJIBKY MIPAKTUYECKOE UCIIOJIb30BAaHUE
MaTEMaTUYECKUX METOI0B ONTUMHU3ALIMHI TPEOOBAIO OTPOMHON BBIYMCIUTEIBHON
paboThl, KoTOpyto 0e3 DBM peannzoBath ObUIO KpailHE TPYJIHO, a B PSJE CIy4acB
- HEBO3MOXHO. OCOOEHHO OOJBIINE TPYAHOCTH BOZHUKAIM MPU PEILICHUH 33/1a4
ONTUMM3ALMHU TPOLIECCOB B XUMUYECKON TEXHOJIOTUU U3-3a O0JBIIOrO Yyucia mna-
paMETPOB U UX CIOXKHOW B3aUMOCBS3U Mexay coOol. [Tpu nHannuun 9BM 3anaua
3aMETHO yHPOUIAETCS.

[TocTaHOBKa 3a/1a4y ONTHUMH3ALMHU IIPEATIONATaeT CyIIECTBOBAHUE KOHKYPHUPYIO-
IIMX CBOMCTB Ipoliecca, HapUMep:

- KOJIMYECTBO MPOAYKIUH - PACXOJ ChIphA"

-KOJINYECTBO NPOLYKIUHU - KAYECTBO MPOAYKIIUHN "

Bb160p KOMIIPOMHUCCHOTO BapuaHTa JiJIsl YKa3aHHBIX CBOWCTB U MPEICTABIISET CO-
0ol mpo1enypy pelieHus] ONTUMHU3AMOHHOM 3a/1a4u.

IIpu nocraHoBKe 3aJa4M ONTUMHM3ALUHA HE00OX0MMO:

1. Hanuuyue 00beKTa ONTUMU3ALNY U 11eJIU onTuMu3anuu. [lpu atom dpopmynu-
POBKa Ka)KJI0M 3aJjau¥l ONTUMHU3AIMH JT0JKHA TPEOOBATh SKCTPEMAJIBHOIO 3HAaUe-
HUS JIUIIb OJHOU BEJIMYUHBI, T.€. OJTHOBPEMEHHO CUCTEME HE JTOJKHO MPUITHCHI-
BaThCs JIBa U 00Jiee KpUTEPUEB ONTHUMHU3ALIMU, T.K. IPAKTUYECKU BCErAa SKCTpe-
MYyM OJTHOTO KPUTEPHSI HE COOTBETCTBYET IKCTPEMYMY APYIOro0.

THUnUYHBIN TPUMEDP HENTPABUIIBHOW IIOCTAHOBKY 337a4M ONTUMU3ALIAN:
"TlosrydnTh MaKCUMaJIbHYIO IPOU3BOIUTENBHOCTh IPY MUHUMAIIBHOM ce0ecTou-
MOCTH".

Ommbka 3aKiIr04aeTcsi B TOM, YTO CTaBUTCA 3a/1aya MOMCKa ONTUMyMa 2-X BeJlu-
YUH, IPOTUBOPEYALIUX IPYT APYTY IO CBOEH CYTH.

[TpaBuiibHAs MOCTaHOBKA 33J1a4M MOTJIa ObITh CIEAyIOLIas:

a) TOJIyYUTh MaKCUMAJIbHYIO IPOU3BOJUTENBLHOCTD MIPH 331aHHOM ce0E€CTOUMOCTH;
0) MOJIyYUTh MUHUMAJIBHYIO CE0ECTOMMOCTh MPH 3aJaHHON MTPOU3BOAUTENIBHOCTH;
B nepBoM ciyyae KpuTepHii ONTUMHU3AIMH - TPOU3BOAMTEIbHOCTH 2 BO BTOPOM -
ce0ecTOMMOCTb.

2. Hanuuue pecypcoB ONTUMU3ALMH, 10 KOTOPHIMHU IIOHUMAIOT BO3MOXKHOCTb
BbIOOpA 3HaYEHUN HEKOTOPBIX MapaMeTPOB ONTUMUZUPYEMOTO 00beKTa. OOBEKT
JOJKEH 00J1aaTh ONPEACIICHHBIMU CTENEHSIMUA CBOOOIBI - YIPABJISIOIIMMH BO3-
JeHCTBUSIMHU.
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3. BO3MOXXHOCTB KOJMYECTBEHHOU OIEHKH ONMTUMU3UPYEMOU BEIMUUHBI, T10-
CKOJIbKY TOJIBKO B 3TOM CJIy4ae MOKHO CpaBHUBATh 3((EKTHI OT BIOOpA TEX WM
VHBIX YIPABJISIOIIMX BO3ICHCTBUM.

4. YyeT orpaHUYeHUN.

OOBIYHO ONTUMU3KPYEMasi BEJIMUMHA CBA3aHA C SKOHOMUYHOCTBIO PaOOTHI pac-
cCMaTpuBaeMOTo 00beKTa (armapar, 11ex, 3aBoji ). ONTUMHU3UPYyEMbIH BapyUaHT pa-
00THI 00BEKTA JOJDKEH OLICHUBATHCS KaKON-TO KOJIMYECTBEHHONW MEpPOM-
KpUTepueM ONTUMAJIBLHOCTH.

KpnTepneM OIITMMAJIBHOCTH HA3bIBACTCH KOJINYECCTBCHHAA OIICHKA OIITH-
MHU3HUPYEMOTI'0 KadeCTBa 00beKTA.

Ha ocHOBaHMM BBIOPAaHHOTO KPUTEPHS ONITUMAIBHOCTH COCTABIISIETCS LIE€IeBast
byHKIHS, TPeACTaBIAIONIAs COOO0M 3aBUCUMOCTh KPUTEPHUS ONTUMATBHOCTH OT
IIapaMeTPOB, BIMAIOIIMX Ha €€ 3Ha4eHUe. BU KpUTEpHsl ONTUMAJIBHOCTHY WJIH 11€-
JeBO (yHKUMHU ONpEeseTcss KOHKPETHOM 3a1a4eil ONTUMH3aLUU.

Takum 00pa3om, 3a1a4a ONTUMU3ALNH CBOJUTCS K HAX0XKJICHUIO SKCTPEMYMa Lie-
J€BON (QYyHKLHUU.

HaunGoee o01iell mOCTaHOBKOM ONTUMAJIEHOM 3aJ1a4M SIBJISIETCS BBIPAKEHUE KPH-
TEpUsl ONTHUMAJIBHOCTU B BUJI€ PKOHOMUYECKOW OLEHKH (IIPOU3BOAUTENBHOCTD, CE-
0€eCcTOMMOCTb NPOAYKLINU, TPUOBLIb, peHTa0eNbHOCTH).OAHAKO B YACTHBIX 3a/1adax
ONTUMU3ALINHU, KOTJIa OOBEKT SIBIISIETCS YaCThIO TEXHOJOTUYECKOTO Mpoliecca, He
BCEI/la y1aeTCsl WK HE BCETJa 1eeCo00pa3HO BhIIEIATh NPAMOM SKOHOMHYECKUN
[0Ka3aTeb, KOTOPBIA OBl MOJHOCTHIO XapaKTepU30Bal 3PPEKTUBHOCTH PaOOTHI
paccMaTpuBaeMoro o0bekTa. B Takux ciydasix KpuTeprueM ONTUMAaIbHOCTH MOYKET
CILY’KUTb TEXHOJIOTUYECKAsA XapaKTEPUCTUKA, KOCBEHHO OLICHUBAIOIIAsl SKOHOMU Y-
HOCTb pa0OTHI arperata (BpeMsi KOHTaKTa, BbIXOJ MPOAYKTa, CTEIIEHb IpeBpanie-
HUs, Temneparypa). Hanpumep ycraHaBiuBaeTcsi ONTUMAIbHBINA TEMIIEPATYPHBI
npoduib, JJIUTEIHHOCTH IIUKIIA - "peakuus - perenepanus’”. Ho B mo0oM ciydae
100011 KpUTEpU ONTUMATBHOCTA UMEET SKOHOMUYECKYIO TPUPOTY.

Kpurepuit onTUManbHOCTH AOHKEH UMETh SICHBIA (PU3NYECKUN CMBICI
,OTpaXXaTh HauOoJIee CYIIECTBEHHbBIE CTOPOHBI IIpoLiecca , I0JXKEH UMETh KOoJInye-
CTBEHHYIO OIICHKY.

B Tom cnydae, korja ciydaiHble BO3MYILIEHUS HEBEJIIMKUA U UX BO3JICUCTBUE
Ha 00BEKT MOXHO HE YUUTHIBATh, KPUTEPUI ONTUMAIBHOCTH MOXKET OBITh MIPEI-
CTaBJIEH KaK (DYHKIIMSI BXO/JHBIX, BBIXOJHBIX U YIIPABJISIIOIIMX TapaMeTPOB:
R=R(X1, X2,...Xn, Y1,Y2,...,Yn, UL,U2,..., Un)

Tak kak Y=f (U), To npu ¢pukcupoBanHbix X MoxHO 3anucats: R=R( U1,U2,...,
Un)

[Ipu 5TOM BCAKOE M3MEHEHHE 3HAYEHUN YIIPABIIIOLIIMX NapaAMETPOB IBOSIKO CKa-
3bIBaeTCs Ha BennuuHe R:

- IPSIMO, TaK KaK yIPaBJISIIOLIME TapaMeTPbl HEMOCPEACTBEHHO BXOIST B BhIpaKe-
HUE KPUTEPUS ONTUMU3ALINY;

- KOCBEHHO - YePE3 U3MEHEHHE BBIXOJHBIX MMAPAMETPOB MpoLEecca, KOTOPhIE 3a-
BUCST OT YIPABJISIOIINX.
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Kak npaBuiio, 111 KOHKPETHBIX 33724 ONTUMU3aUA XUMUYECKUX TTPOU3-
BOJICTB KPUTEPHUI ONTUMAJILHOCTH HE MOXKET OBITh 3alKCaH B BUJC aHAIUTHYE-
CKOT'O BBIPAKCHUA.

B npuHnune, 1y onTUMU3alMA BMECTO MAaTEeMaTUYE€CKOM MOJIEIA MOKHO
HCIIOJIB30BaTh U CaM O00BEKT, OJHAKO ONTUMM3ALINS ONBITHBIM ITyTEM UMEET PsiJT
CYIIECTBEHHBIX HEJIOCTATKOB:

a) HEOOXO0IMM pEaTbHBIA O0OBEKT;

0) HeOOXOAMMO U3MEHSTH TEXHOJIOTUYECKUN PEKUM B 3HAYUTEIBHBIX TIPEIesiax,
YTO HE BCETJa BO3MOKHO;

B) JUTUTEIHHOCTD UCTIBITAHUHN U CIIOKHOCTh 00pa0OTKM JaHHBIX. Hanmmune matema-
TUYECKOUN Moienu (TIpU YCIIOBUH, YTO OHA JOCTATOYHO HAJIEKHO OMUCKHIBAET MPO-
1[€CC) MO3BOJISIET 3HAYUTEINBHO TMPOIIE PEUIUTD 3aJa4y ONTUMHU3AINY aHATUTHYe-
CKUM JIN0O YMCJIIEHHBIM METOIAMHU.

HTak, AJ8 peleHus 3aa49i ONTHMHU3AIMH He00X01HMMO:

a) COCTaBUTh MaTEeMaTHYECKYIO MOJIC]Ib 00BEKTA ONTUMHU3AIIHNH,

0) BBIOpaTh KPUTEPHI ONITUMATBLHOCTH U COCTAaBUTH IEJIEBYIO (DYHKITHIO,

B) YCTAHOBUTH BO3MOKHBIE OTPAHUYEHHUS, KOTOPBIE JOJDKHBI HAKJIAABIBATHCS Ha
IIEPEMEHHBIE,

) BEIOpAaTh METO/1 ONITUMH3AIMH, KOTOPHIN ITO3BOJIUT HAMTH IKCTPEMaJIbHBIC 3HA-
YeHHS UCKOMBIX BEJIMYMH.

Jlexkuyus 14
Kuaaccnpuxanus 3aa4 onTUMHUA3aLUH.

[TpuHATO pas3iInyaTh 3aa4d CTATHYECKON ONTHMU3AIUM /IS [TPOLIECCOB,
IIPOTEKAIOIMX B YCTAHOBUBILNXCS PEKUMAX, U 3a1a41 JMHAMUYECKOH ONTUMH-
3alUH.

B nepBoM ciyuae pemaroTcsi BONpOChl CO3/IaHUs U PEaAN3aluy ONTHMAaJIb-
HOI MOJIEIM MpoLecca, BO BTOPOM -33a4d CO3[IaHUs U Peasii3allii CUCTEMBI OIl-
TUMaJILHOTO YTIPABJIEHUS MIPOLIECCOM MTPU HEYCTAaHOBUBILMXCS PEKUMAX IKCILTya-
TallUU.

Ecnu tpebyetcst onpenenuTb SKCTpeMyM IieneBoi (GyHKIMU 0e3 3a1aHust
YCIIOBUI Ha KaKkue-11u00 Apyrue BEJIMYMHBI, TO TaKas ONTUMHU3ALMS HAa3bIBAETCS
be3ycnognoul. Takue KpUuTepuu 0OBIYHO UCIIOJIB3YIOTCS TPU PELIEHUU YaCTHBIX 3a-
J1a4 ONTUMU3AIMU (HalpuMep, ONpeeIeHne MaKCUMaIIbHOM KOHIIEHTPALIUU LieJie-
BOTO MPOJYKTa, ONITUMAIBHOIO BPEMEHU MTPeObIBaHUS PEAKIIMOHHOW CMECH B afl-
napare u T.IL.).

Ecnn Heo0X0MMO yCTaHOBUTB SKCTPEMYM 1I€JI€BOM (PYHKIIMH ITPU HEKOTOPBIX
YCIIOBHSIX, KOTOPBIE HAKJIAJABIBAKOTCS HA PSI APYTUX BEJIMUYMH (HAIpUMED, ONpeie-
JIEHHE MaKCUMAaJIbHOM MPOU3BOIUTEILHOCTH MPH 331aHHOM ce0€CTOUMOCTH, OTpe-
JEJIEHUE ONTUMAJIBHOM TEMIEPATYPbI IPU OIPAHUYEHUSAX IO TEPMOCTOMKOCTH Ka-
TaJau3aTopa U Jp.), TO TaKasi ONTUMU3AIUS HA3BIBACTCS )CIOBHO.

[Ipouenypa pemenus 3aau ONTUMU3AIMHN 0053aTEIbHO BKIKOYAET, IOMUMO
BbIOOpA YNPABISAIOMIUX TAPAMETPOB, €IIe U YCTAHOBJICHUE OTPAHUYECHUN HA ATH
napameTpbl (TEpMOCTOMKOCTh, B3phIBOOE30MACHOCTh, MOIIIHOCTh NIEPEKaYMBat0-
X YCTPOUCTB).
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Or pPaHNYCHWA MOT'YT HAKJIaAbIBATHCS KAaK I10 TCXHOJIOTUYICCKUM, TAK U 110 3KO-
HOMHNYCCKHM C006pa}KeHI/I}IM.
B 3aBucumoctu ot YHPABJEIIOIIUX IIApaMETPOB pa3IMIarOT CICAYIOIINC 3a1a9n

® ONTHMM3ALMS IPU OJHOM YIPABJIAIOIIEH IEPEMEHHON- OAHOMEPHAS ONTUMH-
3anus,
® ONTHMM3ALMS IPU HECKOJIBKUX YIIPABIIIIOIIUX EPEMEHHBIX — MHOTOMEpHAs
ONTUMU3ALUS,
® ONTUMH3ALMS IPU HEONPEIEIEHHOCTH TaHHBIX,
® ONTUMM3ALMS C HENIPEPBIBHBIMU, JUCKPETHBIMA U CMEIIAHHBIM THUIIOM 3HaYe-
HUW yIIPABISIIONIMX BO3IECUCTBUMN.
B 3aBUCMMOCTH OT KpUTEpHUs ONTHUMHU3ALMU PA3IUYAIOT:
® C OJHUM KPUTEPUEM ONTUMHU3ALNNA- KPUTEPUM ONITUMAIBHOCTH €UHCTBEHHBIN.
® CO MHOTMMH KpUTEpUAMH. [[71s perenus 3aaa4 cO MHOTUMU KPUTEPUAMU HC-
IIOJIB3YIOTCS CIIELIMAIIBHBIE METOIbI OIITUMU3ALUH.
HexoTopbie MeTOAbI YMEHbIICHUS KOJIMYECTBA IapaMeTPOB ONTUMMU3ALMU.
JI1s ipoBeieHUS ONITUMM3ALIMU JKEJIATEIbHO YMEHBIIUTD KOJIUYECTBO LIETIe-
BbIX (pyHKIMH. CylEeCTBYeT HECKOJIBKO CIOCOOOB YMEHbILIEHUS YK CIIa TapaMeT-
POB ONTUMU3ALINHN:
1) MeToj HeonpeIeICHHBIX MHOKHTENICH Jlarpamka;
2) MeToj MocTpoeHUs (PyHKIIUN KauecTBa,
3) metoxa mocTpoeHus PyHKIIUH JKEIATEIBHOCTH;
4) MeTOoa KOPPENSIMOHHOTO aHAIH3a
U JpyTHe.
[IpumMeHeHne yKa3aHHBIX METOJIOB TPEOYET CII0KHOTO MaTEMaTUUECKOro arra-
para.

MeTox anpuoOpHOro paH;KMPOBAHHUS.

Ha ocHoBe anpuopHoil uHpOpMaLMK CTPOUTCS PaHKUPOBOUHAS JUarpamma
(rucrorpamma) BIMsSHUSA Kaxkaoro HIT Ha 1ieneByro GyHKIH0 Y (PUCYHOK 8).
[To nuarpamme (KoJau4ecTBO (paKTOPOB 3aBUCUT OT L€JI€BOM (YHKIMH) yCTa-
HABJIMBAETCA, KaKO U3 (DAKTOPOB MOKET OBITH OTOPOIIEH MPU MPOBEACHUH
sKcrepuMenTa. Meton mpoct, HO Mastod((HEKTUBEH, TaK KaK HOCUT CYObEKTHB-
HBII XapakTep.

A
25%
21%
3,2%
0,5% 0,5%
] 1
Pucynok 8.PanxupoBoyHast TuCTO- 68
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Jexkuyuu 15
OueHka BaKHOCTH IApaMeTPoOB B 0asliax

[Ipu olleHKE BaKHOCTH MApaMmeTpoB B Oayuiax KaKIblid 3KCHEPT OLEHUBAET
napameTpsl 1o aecatuOamibHo cucreme. [Ipu 3TOM oOLeHKa, Ha3HAYaemasi Kax-
JBIM 3KCHEPTOM KaKIOMY IMapaMeTpy HE CBsS3aHa C OLICHKAMHU, KOTOPBIE OH ke
Ha3HayaeT ApyruM napamerpam. Hanpumep, BceMm napaMerpam MOKHO Ha3HaudaTh
OJIMHAKOBYIO OIIEHKY. Onpe/iesieHne 3KCIEePTHBIX OLIEHOK B Oaiax MpOU3BOIUTCS
IO CIEAYIOUIEMY aITOPUTMY.
1. ChopmupoBate Tabnuily o ¢popme, B KOTOPYIO BHOCSITCS OLIEHKH BCEX Iapa-
METpPOB B Oaljax, cieJaHHbIE KaX/IbIM SKCIIEPTOM.

[lepeiiTn OT OLIEHOK MapaMeTpoB B Oayulax K 3HAYEHUSAM KOA(P(PUIMEHTOB
BECa, CyMMa KOTOPBIX JUIsl BCEX MApaMETPOB paBHA €IMHULIE Y KAXJA0r0 dKCIepTa.

Okcnepr| Onenka B 6autax | Cymma [Tapametpsl
ITapameTpsl Okcnepr
A|lBb | B |T A b B r

1 6 | 7|5 |7 25 1 0.24 0.28 0.20 0.28
2 10/ 8 4|9 31 2 0.32 0.26 0.13 0.29
3 5| 7168 26 3 0.19 0.27 0.23 0.31
4 719|517 28 4 0.25 0.32 0.18 0.25
5 8|1 6 |46 24 5 0.33 0.25 0.17 0.25

Kod(¢.Beca 0.27 0.28 0.18 0.28

MeToa napHbIX CpaBHEHMH.

Ecnu mpu K > 3 onHOBpeMeHHas OlIEHKa BCEX IMapaMeTPOB BbI3BIBACT 3a-
TPYJIHEHHUS, UX MOKHO OIICHUBATH €IIe OJJHUM METOJIOM, KOTOPHIN Ha3bIBaCTCS ME-
TOJOM TIAPHBIX CPaBHEHUN. DTOT METOJ[ PEATM3yeTCs] C IMOMOIIBIO CIEAYIOIIETO
aJIrOpUTMA.
1.0npeaenuTh YUCIO OIICHUBAEMBIX MapaMeTpoB K 1 4nciio skcrepToB N.

[Tycts k=5;n=4.

2. 171 KaXKJ0T0 SKCIepTa COCTABUTh OTACTBHYIO TAOIHILY .

B 310l TabnuIe sKCIepT JOJKEH BBECTH OIICHKY TTApPHBIX CpaBHEHUH, KOTOpas 3a-
KITFOUAETCS B CIEAYIOIIEM.

Ecnu k-bIii mapaMeTp BaxkHee J-r0, TO B siueiike, mpuHaAIeKaIiein k-oi cTpoke H j-
My CcTOJI0Iy, yKa3biBaercs 1, mHaue - 0.

[Tpumep 3amoTHEHHSI TaKOW TaOJMIIBI TIEPBBIM SKCIIEPTOM TMPUBEIICH HUKE,
U3 KOTOPOU BUAHO, YTO IO OIIEHKE ITOTO HKCIEepTa mapameTp A MeHee BaKeH, 4YeM
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napametp b u /I, Ho Gonee Baxken, yem B u .

[TapameTpsl
ITapamerpel| A b B I A Cymma

A ° 0 1 1 0 2
b 1 ° 0 1 0 2
B 0 1 ° 0 0 1
r 0 ° 1 2
bl 1 0 ° 3

10

[Tpumep 3amosiHeHUsT TAOMUIBI U 1-T0 3KCIepTa 1Mo dTHM JaHHBIM TPHUBEICH B
cJIemyromieit Tabmure.

Dkcnept [TapameTpsl Cymma
A b B r Ji|
1 0.2 0.2 0.1 0.2 0.3 1
2 0.25 | 0.15 | 0.15 0.25 0.2 1
3 0.2 0.3 0.2 0.1 0.15 1
4 025 | 0.15 | 0.25 0.15 0.20 1
Koadd.seca

CxeMbI KOMIIPOMMCCOB.

1.IIpunyun pagnomepuocmu.

B o611em cirydae oH COCTOUT B CTPEMIICHUH K PABHOMEPHOMY TTOBBIIICHUIO
KaueCcTBa ONTUMU3UPYEMOT0 00BEKTa M0 BCEM YaCTHBIM HOPMUPOBAHHBIM KPUTE-
pUSIM .

DTOT NPUHIUI UMEET HECKOJIbKO Pa3HOBUIHOCTEH:

a. Ilpunyun pagencmea nopmuposanusix kpumepuesg. 110 3ToMy IpUHIUITY
HAWJTYUIITUM KOMITPOMHUCCHBIM PEIICHUEM X* SIBJISIETCS] TAKOE, MPU KOTOPOM JI0-
CTHTaeTCsl PABEHCTBO BCEX HOPMHUPOBAHHBIX YaCTHBIX KPUTEPHUEB, T. €. F1(x*)=
2(x*)=....=fn(x*)

NHoraa 3TOT NpUHLMT SBIISETCS YPE3MEPHO «GKECTKUM». OH MOKET NMPUBOJIUTH
K CUTYallUsIM, KOTJa PEIICHUE 33/1a4 [10JTy4aeTcsl BHE 30HbI KOMIIPOMUCCA WU
OTCYTCTBYET.

0. [Ipunyun keasupasencmaa.

ITo sToMy npUHITUTTY HES PABEHCTB YaCTHBIX KPUTEPHUEB peain3yeTcs mpu-
OJIMPKEHHO ¢ TOYHOCTBIO JI0 HEKOTOPOU BEIMYUHEI €. Perienue cuuraercs
HAWJTYUIIINM, €CJIU 3HAYCHUSI OTJCIIbHBIX HOPMUPOBAHHBIX YACTHBIX KPUTEPUECB
OTIIMYAIOTCA APYT OT JApyra He OoJiee, 4eM Ha €.

8. [Ipunyun «cnpaeeonusoii ycmynkuy.

[To aTOMy pUHIHITY pa3IUYarOT aOCOTIOTHYIO U OTHOCUTEIBHYIO YCTYIIKH.
[IpyuHIMT TIACUT: CIPABEIJIMBBIM CUYUTAETCSA TAKON KOMIIPOMHUCC, TPU KOTOPOM
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CYMMapHbIi aOCOTIOTHBIA YPOBEHb CHHXKEHUS! OJTHOTO UM HECKOJIBKUX KPUTEPUEB
HE MIPEBOCXOJAUT CYMMapHOT0 a0COIIOTHOTO YPOBHS MOBBIIIEHUS IPYTUX KPUTeE-
pueB. AHATOTUYHO POPMYIUPYETCS MPUHIIUIT OTHOCUTENIBHO «CIPaBEIIUBON
YCTYTIKI.

2. Ilpunyun nocneoosamenbHoOll «YCHYRKUY.

[Ipeanonoxum, 4TO YaCTHbIE KPUTEPUU ONITUMAIBHOCTH PAHKUPOBAHBI B MOPS-
Ke yObIBaHUS UX BaXXHOCTHU. J[J1s1 onpeieIeHHOCTH OyIeM CUMTaTh, YTO KaXIbli U3
HUX HYKHO MakCUMH3UpoBaTh. [Iporienypa nocTpoeHus: KOMOPOMUCCHOTO pellie-
HUS CBOJIUTCS K cienayromeMy. CHauasa UIeTcs pelienue, oopaiaroiiee B Mak-
CHMYM TJIaBHBIHM YacTHBIM KpUTepHi ontumMaibHocTy fl. 3aTemM Ha3HavaeTcs, uc-
X015l U3 MPAKTHYECKUX COOOpaKEHUN U TOUHOCTH, C KOTOPOM U3BECTHBI UCXOJIHBIE
JaHHBIE, HEKOoTOpas «yctynka» Afl, KOTOpyro MOKHO JOITyCTUTH ISl TOTO, YTOOBI
00paTUTh B MAaKCUMYM BTOpO# kKputepuii f2.

Jlanee Haaraem Ha kputepui fi orpanrmuenue, 4ToObI OH ObLT HE MEHBIIIE, YEM
(F1( x*)-Af1. [Ipu 5TOM OrpaHUYECHUH HIIIEM PEIICHHEe, 00PAIIalolee B MAKCUMYM
Kputepwii f2.

3arem HazHadaeTcs ycrynka aias kpurepus f2, u t.a. [Ipu Takom crocobe
HAXOXKJEHUSI KOMIPOMUCCHOI'O PEIIEHUs Cpa3y BUIHO, IIEHOM KaKOW «yCTYIKW» B
OJIHOM YaCTHOM KPUTEPUU IPHUOOPETAETCS BBIUTPHILI B APYTOM.

Ha nmpakTuke HCOIB3YIOTCS U HEKOTOPBIE JPYTHE CXEMbl KOMIIPOMHKCCOB.
Hcnoab3oBanue MHOKUTENeH Jlarpanxa

[Tpu pemeHun 3agad4 BEKTOPHOM ONTHMHU3ALMKA OOBIYHO BHAYalle HIIETCS
MHOKECTBO 3(P(EKTUBHBIX HEYIyUllIaeMbIX perieHuil (MHoxkecTBo [lapeTo). 3aTem
JUTSl IPUHATHSI OKOHYATEIBHOTO PEIIEHUS] UCIOJIb3YETCs Ta WIM MHAsg CXeMa KOM-
IpoMHCCa.

CnoXHOCTh peleHusl 3aJa4d BO MHOTOM 3aBUCUT OT TOTrO, M3BECTHA JIH
aHaJINTUYECKasi 3aBUCHMOCTh OOOOIIEHHOIO KPUTEpUS ONTHUMAJIbHOCTH OT 4YacT-
HBIX KPUTEPUEB WM OHA JIOJKHA ObITh HalJileHa C MOMOIIBI0 YHCIEHHOTO JKCIie-
puMeHnTa Ha OBM.

Ecnu dyHKUIMOHATBHAS 3aBUCHMOCTH O0OOIIIEHHOTO KPUTEPHUS OT YaCTHBIX
KPUTEPUEB YCTAHOBJIEHA, TO AJIA PEUICHUS 3a/layd MOKHO HCIIOJIb30BAaTh METO]
HEOIPEAEIEHHBIX MHOXKHATENEH Jlarpanxa
PaccMmoTpum crienyronyro 3aa4y BEeKTOPHON ONTUMH3ALUU:
fiopt=min fi(x), i=1,k. xe X

Meton e-orpaHWyYEHHIl MNPEANOoaracT BUIOM3MEHEHUE ITOCTAHOBKHU 3TOMU
3anayu: flopt=min f1(x),c yueroM orpaHu4eHUil Ha OCTAJIbHbIE KPUTEPUU OINTH-
masibHOCTH: ei>fi(X),
rae el - MakCUMalbHbIC JIOMYCTUMbIC (ITOPOTOBbIC) 3HAUCHHS KPUTECPHEB OITH-
MaJbHOCTH, KpOME TIEPBOTO.

Jlnst peienust 3a1aum coctasisiercst pyHkuus Jlarpanxa

L=f1(X)+Z/1,- *(fi(x)—¢)

A

rjae % — HeomnpeaeeHHbIe MHOKUTEMM Jlarpanika.
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PaccmoTpum aBa npuMepa UCMoab30BaHUs 3TOr0 METO/IA.

Ipumep 1.

B »T0i1 3a1aue UCTONb3yIOTCS ABA KPUTEPHUS ONTUMAIIBHOCTU U JBE YIIpaBJsieMble
HE3aBUCHUMBIC MIEPEMEHHBIE

min{fl(xl,xz)s(xl ~2)? +(x, —4)* +5

fr(x,x,)=(x, —6)” +(x, —10)* +6

Pemienue.

[TepBas aza perieHust COCTOUT B TPeoOPa30BaHUN UCXOIHON TTOCTAHOBKH 33]a4H:

min f,(x,,%;) ¢ yyerom orpanudenus Jf2(¥,X;)<e,

[octponm byrknuio Jarpamxka: L(X>%2,4) = f1(x, %) + 4, *(f5(x),x,) —e,)
[Moncrasisist B Hee BeipakeHust st f 1 u f, momyunm

L(x, %00 A) = (%, —2)7 +(x, —4)> +5+ 4, *[(x, —6)> +(x, —=10)* +6—¢,)]

31ech *1:—HeomnpeeNeH bl MEOKUTENS Jlarpamxka.

Hailinem 4dacTHble MpOU3BOJHBIE OT (PYHKIMHU JlarpaHka Mo BceM apryMeHTaM U
IIPUPABHSEM UX K HYJIIO:

L pw(x,—2)+2% A, *(x, —6)=0
ox,
L ok (x, 4y 2% 4, *(x, —10)=0
ox,
L (v - 6) +(x, ~10)* +6—¢,]=0
0A,,
PemuB cucreMy, NOJy4YuM COOTHOLIEHUE
A, _x —2= x, -4
6-—x, 10-x,

%3 BBIPAKCHUA 1JIA /112 IMOJIYYHMM COOTHOIICHHUC
x,=15%x +1
Gumnmyw Hageing les

“ S )

r. A " &

2 3 4 5 6 7 et
Pucynox 9. Heynyumaembie (IlapeTo-onTuManbHbIe) pElIeHUS B MPOCTPAHCTBE
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YHPAaBIIACMBIX IICPCMCHHBIX
A
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TEEaAaBNRERame s
f—— s

-
©n

$ 0 % % 8L Mx R

Pucynoxk 10. D dexTnBHOE MHOKECTBO KOMIIPOMHUCCOB B LIEJICBOM IIPOCTPAHCTBE

Ha puc. 9 nzo0paxxeHo MHOXeCTBO KoMIpoMuccoB. OHO MpencTaBiseT Co-
00l OTpe30K NMPAMOM JTUHUU. JIMHUU MOCTOSIHHOTO YPOBHS Ka)/JI0r0 U3 KPUTEPUEB
ONTUMAJIBHOCTHU SBJISIFOTCS OKPY>KHOCTAMH. OTMETUM, YTO MOJYyYEHHOE PEIICHUE
HE 3aBUCHUT OT BBEICHHOI'O OIpPaHUYEHU €.
Ha puc.10 nokazaHo MHO>KE€CTBO KOMIIPOMUCCOB B I[€JI€BOM MTPOCTPAHCTBE.
YucneHHble pe3yabTaThl PELICHUS 3TOH 3a4auu IpeCcTaBieHbl B Ta0u. 13.

Tabmauma 13

X1 X2 f1 f2 A
2,0 4,00 5,00 58,00 0,00
2,5 4,75 5,81 45,81 0,14
3,0 5,50 8,25 35,25 0,33
3,5 6,25 12,31 26,31 0,60
4,0 7,00 18,00 19.00 1,0
4,5 7,75 25,31 13,31 1,67
50 8,50 34,25 9,25 3,00
5,5 9,25 4481 6,81 7,00
6,0 10,00 57,00 6,00

Mmuoxutens Jlarpamxka 4 seasercs ¢yakmmeii f; u f, D10, B wacTHOCTH, BUIHO
Ha puc. 11.
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0 0w- 2 2 4@
Pucynok 11. MuoxxuTens Jlarpanxka kak GyHKIUS KPUTEPHS ONITUMAaIbHOCTH T
B nanHOM mpocTtom mpuMepe pelieHHe MOIY4eHO B 3aMKHYTOH (opme. B
3aJa4yax OOJbIION pPa3MEPHOCTH, KOI'Zla MOJIYUYNUTh 3aMKHYTYIO (hOpMY HEBO3MOXK-
HO, PELICHUE HUILYT IyTEM BAPbUPOBAHUS €.
[epeiinem Temeph k Oosiee CIOXKHOW 3a/ade, B KOTOPOM paccMaTpUBAIOTCS JABE
YIPABIISIEMbIE IEPEMEHHBIE U TPU JOKAIbHBIX KPUTEPHS ONITUMATILHOCTH.
Ipumep 2.
Maremaruueckas GopMyIHpOBKa 337ja4l UMEET CIAEAYIOLUIUI BUA:
— 2 2

Silx,x,)=(x, =2)" +(x, —4)" +5
min { £, (x,,x,)=(x, —6)> +(x, —10)* + 6
X1,%2

fi(x,x,)=(x, - 10)* + (x, - 15)* +10
Pemenue.

.. min f,(x,,x,)
[epenummeM 3a1auy B GpopMe e-orpaHHueHmit: «= ' > ¢ ygerom J>(X1:%,) <&,

S3(x,x,) <& .Oynknus Jlarpanka uMeeT CIeayONni BU:
L(x),x,, 45, 45) = fi(x,%,) + A4, *(f5(x,x,) —e,) + A, *(f5(x,x,) —e3)

[Toacrapmisist Crofa BhIPAXECHUS IS Si(Gesx0), f5, (30 X), f5(x15X,) , 1 ACTIOJIb3YSl ME-
TOJI HEOIIPEICIICHHBIX MHOXUTENEN Jlarpanxka, mogydaem:

11*x, —8*x, +10 P :—6*x1+4*x2—4

—5%x, +4%x, - 10 5% x +4%x, —10

A, =

3ameTuMm, 94To QyHKIIHS J1(x1,X,) He 0OsI3aTENIBHO TOJDKHA OBITh  «OCHOB-

HOI», a PyHkwwd /2 (¥1>X2), f3(X1:X,)  qoIBKHBI BBITOTHATE PO OrpaHHYCHHI.
PaccmarpuBaemast 3a71aua MOXKET OBITh 3alliCaHa B KHOM BHJIE, HATTPUMED:

min X, X o
%) yaerom orparmdennii /1(x1,X:) <& fi(x,x,) S é;

Oyukrus Jlarpanxa A 3a7a4d, 3aMCaAaHHONW B 3TOH (OpMe, UMEET CIICTYFOIIHiA
BUJI:

L(x,xy, 4y, 4) = fH(x, %)+ A4, *(fi(x),x,) —e) + 4, *(f3(x,x,) —e3)

Pemast 5Ty 3aady ¢ MOMOIIBIO METOJIa HEOMIPEEICHHBIX MHOXKUTENEH Jlarpanxka,
MOJTy4YUM:
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= 5%x; +4%x,-10 _—6%x, +4%x, -4
11%x, —8%*x, +10 o11%x, —8%x, +10

1

Pe3ynbpTaThl perieHus paccMaTpuBacMOM 3a/1aud IPUBEACHBI B Ta0d. 13.
Tabnuma 13
Heynyunraemsie pemenus 3aaaqn

X, X, fi(x,,x,) fo(x,,x,) fi(x,,x,) A A,
4 6,88 17,29 19,73 111.93 0,42 0,19
5 8,25 32,06 10,06 80,56 0,50 0,50
6 9,63 52,70 6,14 54,84 0,70 1,00
7 11,00 79,00 8,00 35,00 1,00 2,00
8 12,38 111,22 15,66 20.86 2,17 5,17

Ha pucynke 12 npencraBiieHO MHOKECTBO He-
yIIydllIaeMbIX pemeHuii (MHoxecTBo [lapeTo) B mipo-
CTPAHCTBE YIIPABJISEMbIX IEPEMEHHBIX .

Jlexkyus 15
MHoromepHasi 0e3rpaJieHTHAsi ONTUMM3ALMS

B manHOM paszesne paccMaTpUBAOTCS YHUCIEHHBIE METOIBI OITHUMHU3AIINH, ¥ KO-
TOPBIX BEJIMYMHA M HAIpaBJEHHE IIara K ONTUMyMY (DOPMHPYIOTCS OJHO3HAYHO
110 OIpPEICIICHHBIM ICTEPMUHUPOBAHHBIM (DYHKIIUSIM B 3aBHCHMOCTH OT CBOWMCTB
KPUTEPHS ONTUMAIBHOCTH B OKPECTHOCTH TEKYIIEH TOYKHM O€3 HCIIOIb30BaHUS
IPOM3BOIHBIX (T.€. rpaaueHTa). Bee anropuT™Mbl HIMEIOT UTEPAIIMOHHBIN XapakTep
W UL TepeMeHHoW | Ha ] +1  wWTepanmmMu BbIpakaroTCsAs (HOpPMYyIIOi
=X, +Ax,

xi,j+l

J{ns paccmaTpruBaeMoM rpyIinbl METOA0B AX, = R(X 5% s X, )
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Cpenu 3tux MeTof0B BbiienuM: MetoJ ["aycca - 3aiinens, meton Xyka-/[>kuBca,
METO/IbI 1Ie(OPMHUPYEMOT0 MHOTOIpaHHUKA ( CUMILJIEKCHBIM METOI).

OcHoBHast 0COOCHHOCTh pacCMaTPUBAEMOM IPYIIIEI METOJOB - OTCYTCTBHUE BhI-
YUCJICHUS IpaJieHTa KPUTEPUsI ONITUMATIBLHOCTH. P51 METOI0B IIPSIMOTO MOUCKA
0a3upyeTcs Ha Moce0BaTeIbHOM MPUMEHEHUH OJJHOMEPHOTO TTOMCKA T10 Tepe-
MEHHBIM WJIH 10 JPYTHUM 3a7[aBaCMbIM HAIIPaBJICHUSIM, UTO 00JIETYaET UX aJITOPHUT-
MHU3AIUI0 U TPUMEHEHHE.

MHOFOMepHaH rpaau€HTHasi ONITUMHU3 AU

Bennuuna mara %/ B peKyppe€HTHOM COOTHOLIEHUHU:

X, .. =X .+Ax, . o )
i,j+1 L] L.J st IepeMeHHOM | Ha | +1 uTepanuu BEIYUCISIETCS C HC-

110JIb30BaHUEM T'pajJleHTa IiesieBoi ¢pyHkimu R(X), T.¢.
Ax, ; = f(grad R(xl,j,xz,j,....,xn’j)).

[Tpu 5TOM 1Iar MOKET OMPEAEIATHCS C UCIIOIH30BAaHUEM IPATUCHTa B OAHOU
(Texkyiel) WK B IBYX (TeKyllel u npeapiayei) rToukax. Hanpasnenue rpaagues-
Ta, KaK U3BECTHO, MOKa3bIBACT HAMPABICHHS HAUCKOPEHIIEro Bo3pacTanus QyHK-
IIUH, & €r0 MOJYJIb - CKOPOCTb 3TOTO BO3PACTAHMS.

[TorckoBbIE METOIBI ONITUMHU3ALMU COJIEPIKAT CYOBEKTHUBHO 3a/laBaeMble Mapa-
METPBbI, KOTOPBIE CYIIECTBEHHO BIMSIOT Ha 3()()EKTUBHOCT IIOUCKA, BCIEICTBUE
Yero OJWH U TOT K€ METOJI MOXKET JaTh COBEPILIEHHO pa3INyYHbIe TPAEKTOPUH MO-
UCKa.

Cpenu 3TUX METOJIOB BBIJIEIUM METOJI CONPSKEHHBIX TPATUEHTOB U METO]
HeroToHa. D11 Ba MeTO/1a HAIILIM OTpakeHue B mporpaMmmHoM npoaykre EXCEL.

CHUMILIEeKCHBIH METOJ ONITUMHU3AIMH.

CHUMIIIEKCOM Ha3bIBAETCS NPAaBUJIbHBIA MHOTOIPaHHUK, UMEOIUN 1+ ] BEpIIU-
HY, TIIe n-  4YUCIIO (PaKTOPOB, BIUAIONIMX Ha Mpoiiecc. Tak, Hapumep, eciau dak-
TOPOB J1Ba, TO CUMIUIEKCOM SIBJISIETCS MPABUIIBHBIN TPEYTOJIbHUK.

Pucynoxk 13. OntumMusanus o CUMIIJIEKCHOMY METOLY
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CymHOCTh CUMIUIEKCHOTO METO/Ia ONITHUMH3AIINN WUTFOCTPUPYET PUCYHOK 13.

HavanpHasi cepus OMBITOB COOTBETCTBYET BEpPUIMHAM HMCXOJHOTO CHMILIEKCA
(touku I, 2 u 3). YcaoBus 3TUX NMEPBBIX OMBITOB OEPYTCs M3 00JIACTH 3HAYCHHUI
(bakTOpOB, COOTBETCTBYIOIIMX HanOoJee OIaroNMpUsSTHBIM M3 U3BECTHBIX PEKUMOB
onTuMH3UpyeMoro rmpoiecca. CpaBHUBasE MeXAy cCOOOM pe3ysbTaThl OIBITOB B
Toukax 1, 2 U 3, HAXOAAT CPEIU HHUX CaMbIi «IIJIOXOW», C TOUKU 3PEHUS BHIOpaH-
HOTO KPUTEPHS ONTUMaIbHOCTHU. [IycTh, HampuMep, CaMbIM «HEYIadyHBIM» OKa3aJ-
Cs1 OTIBIT B TOYKE 1. DTOT OMBIT UCKIIOYAIOT U3 PACCMOTPEHUS, @ BMECTO HETO B CO-
CTaB CHUMIUIEKCA BBOJIAT ONBIT B TOUKE 4, KOTOpas CHMMETpUYHA TOYKe | OTHOCH-
TEJIHLHO MPOTUBOTIONOKHON CTOPOHBI TPEYTOJIbHUKA, COSTUHSIONICH TOUKN 2 U 3.

Jlanee cpaBHUBAIOT MEXIY COOOM PE3yNbTaThl OMBITOB B BEPIIMHAX HOBOTO
CUMIUICKCA, OTOPACHIBAIOT CaMbI «HEYJAYHBII» W3 HUX U TIEPEHOCAT COOTBET-
CTBYIOIIIYIO BEpIUIMHY CHUMIUIEKCA B TOUYKY D. 3aTeM pacCMOTpEeHHas MIpoleaypa
MOBTOPSETCS B TEUEHHE BCETO MPOIECCa ONTUMU3AIUU.

Ecnu skcTpeMyM KpuTepHsi ONTUMAIbHOCTH JOCTUTHYT, TO JajbHEHIee JBU-
YKEHUE CHMILIEKCa MpeKpamniaeTcsi. DT0 3HAYUT, YTO HOBBIM IIar BO3BpaIaeT HC-
cJIeIoBaTeNs B MPEAbLAYITYIO TOUKY (haKTOPHOTO IIPOCTPAHCTBRA.

Crnenyet UMeTh B BULY, YTO CUMILJIEKCHBIN METO/I, TaK e KakK U JIPyTrue METO bl
ONTUMM3AIINH, SBJISETCS JOKAIbHbIM METOJIOM IOMCKa dKcTpeMmyMa. Ecnu cyine-
CTBYET HECKOJIBKO AKCTPEMYMOB KPUTEPHS ONTUMAIBHOCTH, TO 3TOT METOJ] TT03BO-
JSET HAUTH TOT M3 HUX, KOTOPBIA PacoOIOKEH OJMKe K TOYKaM HCXOJIHOTO CHM-
wiekca. [loaToMy, ecinu ecTh MOIO3PEHNE O CYIIECTBOBAHWN HECKOJIBKUX JKCTpe-
MYMOB KPHUTEPHsI ONTUMAJILHOCTH, HY)KHO OCYIIIECTBHTHh MX TIOUCK, KaXKIBIH pa3
HayMHasi ONTUMU3AIUIO U3 HOBOM 00J1acTu (haKTOPHOTO MPOCTPAHCTBA. 3aTEM Clie-
JyeT CPaBHUTH MKy COOOM HaWCHHBIC ONITHUMAJIBHBIC YCIOBHS U U3 BCEX BapH-
aHTOB BHIOpATh HAWTYUIIIHM.

[Ipu onTumu3anuu HEOOXOAUMO MPUHUMATh BO BHHUMAHHUE OTPAHHYCHUS,
HaJIO’KEHHBIE Ha BIHSIONINE (GaKTOPhl U QYHKIIMHA OTKIIHKA.

BaxxHO OTMETUTH, YTO MpPU TOJB30BAHUHM CUMIUJIEKCHBIM METOIOM He 0053a-
menbHo TyOIMpOBaTh OMBITHL. [[en0 B TOM, 4TO omuOKa B OTAEIHHOM OIBITE MO-
YKET TOJIbKO HECKOJIBKO 3aMEIJIUTh ONTUMU3AINIO. ECiin jke mocaeayomue OnbIThI
BBITIOJIHSIOTCSI O€3yMPEYHO, TO ABHKEHUE K ONTUMYMY TTPOJIOJIKAETCS.

Martpuiia onbpITOB UCXOJAHOTO CUMIUIEKCA B KOJUPOBAHHBIX MEPEMEHHBIX MPHU-
BedeHa B Ta0i.11.

Benmuuunsl, BXOAAIIHE B 3Ty TAOJNHITY, PACCUUTHIBAIOTCS TIO CIEAYIOMHM (Gop-
MyJam:

[ 1
LV 2%i*(i+1) R =i*k *)

3neck i-Homep (akTopa B Mmarpuile anupoanus. CumBosioMm () 0003HAYCHBI

KOOpJMHATHI EHTPA [UIaHA, T. €. OCHOBHOW YPOBEHb.
Tabmuma 14
Marpuia HCXOTHOTO CUMILIEKCA

77



Homep X1 X2 C Xn-1 Xn DOYHKIMS OTKIUKA
OTIbITA
1 K1 Ks K1 Kn Y1
2 -R; K2 Ce Kn-1 Kn \E
3 0 -R> Ce Kn-1 Kn Y3
n-\ 0 0 ... Kn-1 Kn Yn1
n 0 0 -Rn1 Kn Y
n+1 0 0 0 -Rn Y1

OnbwITHI, IPEACTABICHABIC B Ta0J. 14, COOTBETCTBYIOT BEPIIMHAM CUMILIEKCA, CTO-
pPOHA KOTOPOr0 paBHA €IUHUILIE, a LIEHTP COBIAJAET C HA4YaJOM KOOpAHUHAT (B KO-
JIMPOBAHHBIX TIEPEMEHHBIX ).

Pe3ynbTaThl pacueToB, BBHIMOJHEHHBIX Ha OCHOBaHUU Tabd. 14 u dopmyn (*)
npUBEACHBI B Ta0d. 15.

Tabmuma 15
YcnoBus Ha4aaIbHOM CEpHUU OIBITOB
Howmep onbiTa X1 X2 X3 Xs
1 0,5 0,289 0,204 0,158
2 -0,5 0,289 0,204 0,158
3 0 -0,578 0,204 0,158
4 0 0 -0,612 0,158
5 0 0 0 -0,632

AHQJIOTHYHO MOKHO PaCCUUTATh YCIIOBHS UCXOJMHOM CEPHH OMBITOB JIJIT OOJIBIIIETO
KOoJM4ecTBa (haKTOPOB.
OueBHIHO, HAUOOJIBIIIEE KOTUYECTBO OMBITOB MPUXOJAUTCS CTAaBUTh B Hayaje dKC-
MEepUMEHTa. 3aTeM Ha KaXJOM IIare ONTUMHU3AIIMU BBITIONHSAETCS TOJBKO OJWH
OIIBIT.
[Ipuctynas K onTUMHU3AIMK, HEOOXOAMMO ¢ momMombio Tabdn. 14 wm 15 paccum-
TaTh MaTPHIy UCXOAHOW CEPHH OMBITOB B (PU3MUECKHX TEPEMEHHBIX, MOIB3YICh
bopmynoi
X; =Xgi +A%; * X,

B nanpHeimeM Bce omepanid MPOW3BOAATCS TOJBKO € (pU3UYECKUMH -
MIEPEMEHHBIMH.

VY Cca0BHUS KaXK0TO HOBOT'O OIBITA PACCYUTHIBAOTCS 10 hopMyIIe:
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2* n+1 . N
X :H (;in =X )_Xi (%)
rjie n—4nciao GaKTOPOB B MATPHUIIC MJIAHUPOBAHUS;
] — HOMeEp OIIbITa;
I—HoMep dakTopa;

*

Xi —3HaueHue i-ro q)aKTopa B CaMOM «HCYIAYHOM)» OIIbITC IPCAbIAYIICTO CHM-
IJICKCA.

CrnenyeT OTMETUTh, YTO Ha JIIOOOM IIare ONTUMU3AINHU, OCYIIECTBISIEMONU CUM-
MJICKCHBIM METOJIOM, MOYKHO BKJIIOYUTH B TIPOTPAMMY UCCIICIOBAHUUA HOBbIU (haK-
mop, KOTOPBIM A0 TEX MOP HE NPUHUMAJICS BO BHUMAHKE, HO OCTaBaJICAd Ha MOCTO-
SSTHHOM YPOBHE.

[Tpu 3TOM 3HAYCHHMS BCEX paHEe pacCMaTPUBAEMBIX (PaKTOPOB PACCUNUTHIBAIOTCS
o dopmyiie:

1 n+1
X. =——%* X ..
Tt &

rae 1= 1, 2,..., n, TO €CTh SBISAIOTCS CPEAHUMHU APU(PMETHUECKUMHU 3HAYEHUSMU
COOTBETCTBYIOIIMUX KOOPJAMHAT NPEIbLAYIIEr0 CUMILIIEKCA.
3HayeHre BHOBb BBOJAMMOTO (DaKTopa onpeensercs no Gopmyre:

— *
Xn:l - XO(n+l) +Axn+1 (R + kn+1)

n+l

.TJ1€ Xo(n+1)——OCHOBHOH YPOBEHb 3TOTO (PaKTOpa;
AXn+1—BBIOpaHHBIN AT BAPbUPOBAHUS JIsl JAHHOTO (PaKTopa;
Rn+1, Kn+1—BeMYMHBI, pacCYUTBIBaEMBbIE 1O Gopmyam (*).

OtMmeTruM, 4TO n0OaBiIeHUE HOBOrO (DakTOopa B COCTAB MOJHOTO «(HAKTOPHOTO
HKCIIEPUMEHTA COMPOBOKIACTCS YBEIMUEHUEM KOJIMYECTBA OIBITOB 806oe. B aTOM
CMBICJIE CUMILJIEKCHBIN METOJI IMEET OUEBUIHOE NpEeuUMyuecmeo.

B npakTuky Hay4HBIX HCCIEAOBAHUI CUMILJIEKCHBIA METOJ ObLI BBEAECH XHM-
cBOpTOM B 1962r.

[Tpumep 3. [lycTh TpeOyeTcs ¢ MOMOIIbIO CUMILJIEKCHOTO METOJ]a ONTUMHU3UPOBATH
BBIXO/J] IIesieBoro mnponaykra y (%), KOTOpbld MOJydaeTcs MpU B3aUMOJEHCTBUU
KMOJlb

JIBYX PeareHToB ¢ KOHLEHTPAalUaMu X1 1 Xo ( #° ) 1mpu Temmepatype X3 (°C).
BeiOepeM OCHOBHBIC YPOBHM W IIard BapbUpOBaHHS (AKTOPOB M CBEAEM HX B
Tabi. 16.

Tabnuma 16
3HaueHus! YpoBHEH (DaKTOPOB U MIAroB BapbUPOBAHMUS
dakTop OcHoBHoM ypo- | Illar BappupoBaHus
BEHb
KMOJb 1,0 0,1
Xp (_m° )
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KMOTb 1,5 0,2

X3 (°C). 60,0 5,0

[Tonw3yschk hopmynoi (3.5) u Taba. 15, paccurTaeM yCI0BUS MPOBEACHUS MTEPBBIX
YETHIPEX OIMBITOB M MOJYYCHHBIE pe3yNbTaThl cBeleM B Tabia. 14. Tak, Hampumep,
JUTSL TPETHETO OTIBITa

X31=1+0,1*0==1; X3,==1,50 +0,2 (—0,578) ==1,38; X33=60+5*0,204==61.
Taomuna 14
Onrumusanus CUMIUIEKCHBIM METOI0M

Howmep omnbiTa X1 X2 X3 OyHKIUA OTKIMKA
1 1,05 1,56 61 72,3
2 0,95 1,56 61 70,1
3 1,00 1,38 61 65,4
4 1,00 1.50 S7 68,2
5 1,00 1,70 58 73,9
6 1,00 1,72 63 76,5

CpaBHuUBasi MEXIy COOOW pe3yNbTaThl MEPBBIX YETHIPEX OMBITOB, BUIUM, UTO Ca-
MBI HA3KHUH BBIXO/I [IEJIEBOTO MPOIYKTA MOJYYUIICA B TPETHEM ONBITE. DTOT OIBIT
CJIeAyeT UCKIIOYNTH U3 JAJTbHEUIIEr0 paCCMOTPEHHUS.

3aMEHUM €ro OMbITOM 5, YCIOBHUS MPOBEACHUS KOTOPOIO paccuuTaeM mno Gopmyiie

()

Xs, :%*(1.05+0.95+1)—1=1
Xe, = %*(1.56 +1.56+1.5)-1.38=1.7
Xgy = %*(61+ 61+57)—-61=58

B HOBOM cumImiekce, oOpa3oBaHHOM ombITaMu 1, 2, 4 U 5, caMbIM «HEyJ1a4-
HbIM» sBisieTcsa onbIT 4. Ero 3amMeHuM ombITOM 6, YCIIOBHSI KOTOPOTO HaeM,
MOJIB3YSCh TOM ke popmyoit (**).

Jlanee mpolieaypa onTUMHU3AIUNA MOXKET OBITh IPOI0JKEHA aHATIOTUYHO.

PaccmoTpum Ternepb BOMPOC O TOM, KaK BKJIIFOYUTH B IMIPOTPAMMYy MCCIIEI0OBAaHUN
erie oJIuH (pakTop, HAMPUMEDP CKOPOCTh BpalieHus: Memanku. [IycTe 10 3Tux mnop
oHa Obu1a ocTosiHHOM U paBHOM 500 06/mun. Tenepb OyaeM cUUTATh 3TY BEJIUYU-
HY (aKkToOpoM X4 U IpUMEM Jig Hee mar BapbupoBanus AXs==100 06/muH.

[Ipenpiaymumii cumIieke A Tpex GpakTopoB (cM. Tabi. 15) cOCTOUT U3 OMBITOB
1, 2, 5 u 6. UToOBI U3 HETO MOJYYUTHh HOBBIM CHUMIUIEKC JJII YeThIpeX (HaKTOpOB,
BBeJIeM OIIBIT 7 (Tabi. 16).
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Tabnuna 16 Jlo6aBiaenne HOBOro akTopa B MPOrpaMMy ONTUMHU3AIMT

Howmep X1 X2 X3 X4 OyHKIUA OT-
OIIbITA KJIAKa
1 1,05 1,56 61 500 72,3
2 0,95 1,56 61 500 70,1
5 1,00 1,70 58 500 73,9
6 1,00 1,72 63 500 76,5
7 1,00 1,64 61 580 78,1
VYcnoBust mpoBeieHUs 7-TO OMbITa HaiieM 1o hopmyiam (3.7)u (3.8):
X, = %*(1.05+0.95+1+1) =1
X,y = %*(1.56 +1.56+1.7+1.72) =1.64
Xs5 = %*(61+ 61+58+63) =61

X,, =500-+100*(0.632+0.158) =580

Jlanee ONTUMHU3ALMIO MOXKHO MPOAODKUTH C YYETOM BCEX YEThIpEX (PaKTOPOB,
MOJIb3YSICh PACCMOTPEHHOM BBIIIE MPOLETYPOU.

Jlekyus 16
IHouck no gepopMupyeMoMy MHOTOTPAHHUKY

OTO TUNWYHBIA U PACTIPOCTPAHEHHBIA METOJI JIOKAJIIBHOTO MOMUCK IO3TOMY pac-
CMOTPHUM €ro NomnojpoOHee, TeM Oojiee uTo i ciydasl JABYX MEPEMEHHBIX BO3-
MOKHA €ro HarJisiiHas reoMeTpuyeckas uurepnperanus. Meroxn npenoxes Hen-
nepoM 1 Muziom, o3TOMY €ro 4ac Ha3bIBalOT TAKXKE M0 (haMHIIMK aBTOPOB.

Haunem paccMoTpeHue ¢ OJIM3KOr0 €My CHUMIUJIEKCHOTO MeToJia (He IMyTaTh C
CUMILIEKCHBIM METOJIOM B JIMHEWMHOM mporpamMmmupoBanuu). OH Oosiee MpOCTOH,
OJIHAKO HaXOJUT IIMPOKOE MPUMEHEHNE B PEIICHUH 3a/1a4 TUTAHUPOBAHUS DKCTPE-
MaJIbHBIX YKCIIEPUMEHTOB.

Pucynoxk 14. MnmrocTpaiys ujien CUMILIEKCHOTO METOAa

CumruiekcaMu Ha3bIBaIOT PETyJIApHbIE MHOTOrpaHHUKU. Hanpumep, muist ciyvas
JIBYX MEPEMEHHBIX 3TO OyAeT PaBHOCTOPOHHUMN TPEYTrOJbHUK, JUIsl TPEX MEepEeMEH-
HBIX - TeTpa’Ap U T. A. Touyku ucnbiTanuil (puc. 14) coBmamarT ¢ BeplIMHAMU
cuminiekca (touku 1, 2,3). M3 BepiiuHbl, B KOTOPO# IesieBas (QyHKIUS MaKCH-
ManbHa (Touka 1), TPOBOAMTCS MPOCKTHUPYIOIIAs MpsIMas Yepe3 IEHT TIKECTH
CUMIUIEKCA. 3aT€M CTPOMTCS HOBBIN CHUMILUIEKC, HA3bIBAEMBIN OTPaKEHHBIM, U3 TO-
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yeKk 2, 3 U HOBOW TOYKU 4, pPacHOJOKEHHOW Ha MPOEKTUPYIOIIEH MpsMoil Ha
HaJJIeXKallleM pacCTOSIHUM OT LIEHTpa TsKecTH. Takas mpolenypa B KOTOpOH Kax-
JbI pa3 BBIYEPKHUBAETCS BEPIIMHA C MAKCUMAJIBHO LI€JIEBOM (PYHKIMEN, IOBTOPSI-
ercst. TpeyrojapHUK (B ciiydae JByX IEPEMEHHBIX) Kak Obl epeBOPAYMBAETCS Ye-
pe3 CTOPOHY ¢ HaUMEHBIIUM 3HaYeHUSMU 1eneBoi pyHkuuu. CyliecTBYIOT Ipa-
BUJIa TIOCTENIEHHOTO YMEHBIIIEHUSI pa3Mepa CUMIUIEKCa U IPEJOTBPAILCHHS [IMKIH-
YEeCKOTO JBUKEHMSI B OKPECTHOCTU MUHUMYMa.

Hcnonp30BaHne MMEHHO PETYJISPHBIX MHOTOTPAHHHUKOB OOYCIOBIMBACT Pl
HEJOCTAaTKOB MeTo/a: Hed(D(PEeKTUBHBINA MOUCK B MCKPUBICHHBIX OBparax, 3aMej-
JIeHHE TIOMCKa B HEKOTOPBIX CUTyanusax. B meron aedopmupyemoro MHOrorpaH-
HUKa CUMILUIEKC MOXKET U3MEHITh CBOIO (pOPMY, OITOMY JIyUIlle MPUCTIOCOOUTHCS
K OCOOEHHOCTSIM MHOTOMEPHO IMOBEPXHOCTH.

O0603HaYUM KOOPAUHATHI BEPIIMH MHOTOTPAaHHHUKA Ha /C-M IIar yepes

Xik i=1,...,n+1 k=0,1,..

BbIieniuM BEepIIMHBI, B KOTOPBIX IiejieBas (PYHKIMS MaKCUMalbHAas ¥ MUHUMAITb-
Hast, 1 0003HAYMM UX COOTBETCTBEHHO UePe3 Xnoxoe (XMAKC)H Xyopomee(X MIN).
(mns ynporieHus hopMyIT HHJCKC IlIara K B JajbHEHIIeM Oyaem ormyckars) Yepes

X1eHTp 0003HaYUM IIEHTP TSHKECTU BCEX BEPIINH, UCKITIOUAS Xpnoxoe:
1 N n+l1
o ((Z Xi,j ) o Xn]loxoej )
Xpsgj= 1 i=L
PaboTta MeTo/1a COCTOUT U3 CIEIYIOMINX OTEpaIiil: OTPaXKEHUA, PACTHKCHUS, CKa-
TUS ¥ penyKiun (puc. 15).

A N

L ____Z N\ Mepines
P e r

.

Pucynok 15. Onepanun metona i[e(popMpreMoro MHOT'OTpaHHHKA
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Pucynox 16. Tpaektopus Metoaa neopMupyeMoro MHOTOTpaHHUKA

OTtpaxenue (puc. 15, @) - 370 IPOSKTUPOBAHUE TOUKH  Xpmoxoe YEPE3 LICHTP TSKE-
CTH C MOJyYE€HUEM HOBOM TOUYKHU:

Xn+3 = X(n+2)+a*((Xn+2 — Xioxoe)

rae a > 0 — ko3P PUIMEHT OTpaKeHHUS.

Pactsxxenue. Ecnu oTpakeHue nponuio ycneniHo, T. €.

/(X,73) </ (x"),

TO MPOJOJDKAEM JallblIe pacTsATWBaTh CUMILIEKC (puc. 15, 6) B COOTBETCTBUU C
COOTHOILIEHUEM

Xn+4 = X.(n+2)+C (Xn+3 — Xn+2)
rze ¢ npenacraBisier co0oil koapduureHT pacTsbkeHus. Ecnu pacTspkeHue ycnen-
HO, T. €. €CJIU

fiXn+4) < f (Xxopomee)> TO Xmnoxoe 3aMeHsieTcsl HA X(T+4). B mpoTUBHOM cityuae
Xioxoe 3aMeHsAETCT HA XN+3
Cxatue. Ecnmu oTpaxkeHue He ycremHo B ToM cMbicie, uto f(Xn+3) > f (Xi) mns
BCEX 1#IUIOXas, TO CUMIUIEKC CKUMaeTcs (puc. 15, 6) B CTOPOHY OT LIEHTpa TshKe-
cty XNn+2

Xn+5 = X(n+2) + b* (Xinoxas — XN+2),
rae 0 <b <1 — koaddurmenT cxKaThs. Xpnoxas 3aMEHICTCS Ha XN+5.

Penykius. Ecinu cxxartue He yenenHo B ToM cMbicie, 9to T (Xn+3) > (Xioxoe), TO
CUMIUICKC YMEHBIIACTCS. Y MCHBIIICHHE MPOUCXOIUT M CTOPOHY BEPIITHHBI C
HauMeHblIen 1eneBoi QyHKuuen Xyopomee (M3 puc.15, r). Koopaunats! BepinH
MIEPECUUTHIBAFOTCS:

Xi:Xxopomee+d >X<()(I 'Xxopomee) ) | =1 yre n+1.

3nech d< 1 — k03P PUIHEHT peIyKIIUH.
C npubmmkeHreM K MUHUMYMY YMEHBITIAETCSI 1 MHOTOTPAaHHUK. ABTOPBI METO-
Jla MPEJIararoT CICAYIOMUNA KPUTEPU OKOHYAHUS TTOMCKA:

n+l

1 . 2,05
(n_+1 iZ:l:(f(xi—f(xmz)) <&
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IJie & IPOM3BOJIBHO MAJIO€ YKCII0, OT KOTOPOTO 3aBHCHUT TOYHOCTH M BPEMS OITH-
MH3AIUH.

JlehopMupyeMbIii MHOTOTPAaHHUK aJlaliTUPYETCs K Tororpaduu meaeBoi GpyHk-
I[MH, BBITSTUBASsICH BIOJIb JJIMHHBIX HAKJIOHHBIX TIOCKOCTEH, CKUMAsICh B OKPECT-
HOCTH MUHUMYMa, OH TOJI3ET 10 JIHY OBpara (BO3MOYKHO, HE TaK TOYHO, KaK B Me-
Toax HpIOTOHA WITH ITEPEMEHHOM METPHUKH) M JOCTUTAE€T OKPECTHOCTEH MUHUMY-
Ma.

KoneuHo, cTpaTerus MeTo/1a 3aBUCUT OT BBIOOpa KoaddunmeHTos a, b, ¢, d,. B
JMTEPAType MOXKHO HAUTH CICAYIOIINE PEKOMEH/IAIMH 10 UX BBIOODY:

a=1;b=0,5;¢c=2;d=0,5.
Pemenne 3amau nuHelHOTO nMporpaMmmupoBanus ¢ nomoibio EXCEL

Pemenne 3amau nuHelHOrO nporpammupoBanus ¢ nomoibio ACCES
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