MeTOIlI/I‘IECKl/Ie PEKOMEHIANMHA AJA MATUCTPAHTOB MO U3YYCHHUIO THCIHUITINHBI

«I/ICCJICIIOBaHPlﬂ H UCIIBITAHUA HA3EMHbBIX TPAHCIIOPTHO-TEXHOJOTHMIYCCKUX MAIIMH»

Hucnurnnuna «VMccienoBanust U UCTIBITAHUS Ha3€MHBIX TPAHCIOPTHO-TEXHOJIOTUYECKUX MAIITUH»
OTHOCHUTCS K Y4EOHBIM JUCIHILTHHAM 0a30BOM 4acTH MPo(ecCHOHATBLHOTO IIUKIIa OCHOBHOM 00-
pa3oBaTEIbHONM MporpamMMbl HarpabiieHUs: moAarotoBku 23.04.02 «HazemHble TpaHCHIOPTHO-
TEXHOJIOTHYECKHE KOMIUIEKCh», KBANU(PUKAIUS (CTENEeHb) — MarucTp.

I[J'ISI YCIICHIHOI'O U3YYCHUA AOUCHUIIIIMHBI «HCCJ’ICI{OB&HI/IH W UCHBITAHHUA HAa3€EMHBIX TPAaHCIIOPT-
HO-TCXHOJIOTMYCCKUX MalllkuH» HCO6XO,I[I/IMO YCBOCHHUEC CICAYIOIMUX TUCHHUILINH:

— «Jloruka u MeTo10JI0THS HAYKN»;

— «KOHCAITUHT B JIOTHCTHKEY;

— «MeTo10710TUsI UHHOBAIIMOHHOTO MPOEKTUPOBaHUA», «bu3Hec-TIIaHupOBaHUE TPAHCIIOPTHO-
TEXHOJIOTHYCCKHUX CHCTEM.

Hucuunnuna «/ccnenoBanust U UCHBITAaHUS HA3EMHBIX TPAHCIIOPTHO-TEXHOJIOTHYECKUX MAIIUH
ABJISICTCS] 0301 17151 YCBOCHUE CIICAYIONIUX JTUCIUILINAH:

— «OKcIUTyaTalus ¥ TEXHUUYECKOE TMarHOCTUPOBAHUE TPAHCTOPTHO-TEXHOJIOTUYECKUX MAITUH».

Uzyuennto kypca «McciaenoBaHuss M UCHBITAaHUS HA3€MHBIX TPaHCHOPTHO-TEXHOJIOTHYECKHUX
MaIIMH» [PU3BaHO MOMOYb JaHHOE Meroanyeckoe nocodue. K yueOHO-MeTOnMYECKOMY 11OCO-
OMIO IpPUJIAratoTCs BOIIPOCHI U 331aHUsI, KOTOPbIE MOXHO HCII0JIb30BATh B MPOLIECCE TPOBEACHUS
CEeMMHAPCKHUX U MPAKTUYECKUX 3aHATHH, CHMCOK KOHTPOJIbHBIX BOIIPOCOB JUIsl 3a4€Ta U MPUMEp-
HBII IIepeYeHb UCTOYHUKOB. [Ipuaraemplii CIMCOK UCTOYHUKOB HE SBISETCS MCUEPIBIBAIOIINM,
U CTYJEHTBI MOTYT KaK CaMOCTOSITEJIbHO, TaK M IO COIVIACOBAHUIO C MPETNOJaBaTENIeM HU3ydaTb
UHYIO, U30paHHYI0 UMHU IO TEMATUKE Kypca JUTeparypy.

[Tpu wn3yuenun pucuumianHbl «VcciegoBaHUs M MCIBITAaHUS HA3€MHBIX TPaHCIOPTHO-
TEXHOJIOTHYECKUX MAIIMH» HCIIOJB3YIOTCS Clelyloline o0pa3oBaTelbHble TEXHOJIOIHU: paboTa
B KOMaH/Ie, METO/Ibl TPOOJIEMHOT0 00y4deHH s, 00ydeHHEe Ha OCHOBE OIIbITa, ONEepekKarolas camo-
CTOATEIbHAs paboTa, MPOEKTHBIM METO/I.

Mertoapl nmpoGieMHOro 0O0y4eHHUs - 3TO YCTHBIM MOHOJIOI NpernojaBarens, aKTUBU3UPYIOMIUN
IOPOAYKTHUBHYIO MBICIUTEIbHYIO NESTEIBHOCTh IMYTEM CO3JIaHHs y 00ydarounmxcsi mpoOieMHON
CUTYalluu WIN IPYNNbl IPOOJIEMHBIX CUTYallUi ¢ MOCIEAYIOIMMH MPEATIOKEHUIMHU 0 €€ pa3-
pelieHnIo, TpeOyoUMMHI yOeAUTEeNbHOM apryMeHTaluu U JoKa3aTenbeT. M3 onpenenenus cie-
IyeT, 4TO METOJ MPOOJIEMHOT0 H3JI0KEHHS peain3yeT NepBblii ypOBEHb MPOOJIEMHOCTH B 00Y-
YEHHUH, KOTJja IPEeroiaBaTesb caM BbIIBUTaeT Mpo0OiieMbl Hiepe]] 00ydaroluMucs, MoKa3bIBasi UM
T€ WIM MUHbIE IPOTUBOPEUHS M CO3/1aBasi MPOOJIEMHYIO CUTYAllHIO, CaM JIeJIaeT MPEUI0KEHUS 110
UX pa3pelIeHNI0, caM JOKa3bIBAET U MPOBEPSET JOKA3aTENbCTBO, ACIAET BBIBOJ. | JTaBHBIM OTJIH-
qreM MPOOJIEMHOTO U3JI0KEHUS OT 00BICHUTEIHHO-MIUTFOCTPATUBHOTO SIBJISIETCS MPOyKTUBHAS
MBICIIUTENBbHAS AEATEIbHOCTh, AKTUBHOCTH MBICIUTENBHBIX IIPOLECCOB, MOCKOJIbKY I'PaMOTHO
IOCTPOEHHOE MPOOJEMHOE U3JI0KEHHE MOATATKUBAET 00yUYarOIINXCsl K IOJIY4YEHUIO0 HOBBIX 3Ha-
HUH, a HE JTaeT UX B TOTOBOM BHUJE, TIO3BOJISIET CTYJIEHTaM MATH BIIEpPEIU PacCyXJACHUN menaro-
ra, CBepsisi CBOM MBICJIH C €ro BhICKa3bIBaHUSIMU. [Ipo0ieMHOe U30KeHNEe TPEKPACHO peaTn3yeT
TpUENUHYIO 1esb 00y4deHusi. OHO MO3BOJISET KAYECTBEHHO YCBOUTH 3HAHUS, PA3BUBAET TEOPETH-



YEeCKOe MBIIUIeHHE, (OpMUPYET MMO3HABATENbHBIA HHTEPEC U MPO(EeCCHOHATBHYI0 MOTHBALHIO.
[TpoGieMHOE U3JI0KEHHE — ITO, IO CYIIECTBY, BHYTPEHHHIA TUAIIOT C ayJUTOPHUEH.

Omnepexaromiasi caMocToaTeIbHas padoTa - METO/l, P KOTOPOM OOy4YaeMblil B3aUMOJCHCTBYET
¢ 00pa30BaTeNbHBIMUA PECYypcaMu NMPH MUHUMAJIBHOM YYAaCTHM TPENoJaBaTeiss U IPYyrux o0y-
yaeMbIX. s camooOydeHusi Ha 0a3e COBPEMEHHBIX TEXHOJOIMH XapaKTepeH MYJIbTUMeIua —
MOJX0/1, IPY KOTOPOM UCHOJIB3YIOTCS 00pa3oBaTeIbHbIE PECYPChI

HpOGKTHBIfI MCTOA OCHOBAH Ha CTUMYJIHMPOBAHHU HHTCPCCA yHalllUXCAd K OHNPCACICHHBIM IIPO-
OJsieMaM, IIpeaIoIaratoliuM BiIaIeHUE ONPEIEICHHON CyMMOM 3HaHUI U yepe3 MPOEKTHYIO Jesl-
TEJIBHOCTh, MPEAYCMAaTPUBAIONINM PEIICHHE ATHX MPOOJIeM, YMEHHE NPAKTUYECKH MPUMEHSThH
MOJIy4YECHHBIC 3HAHUS, Pa3BUTHE PE(HICKTOPHOTO MBIIUICHUS

I/I3yqa;1 I[aHHLIfI KYypC, CTYACHTBI MOT'YT 06paH_[aTBCSI 3a JOIMOJIHUTCIIbHBIMU, HHANBUAYAJIbHBIMU
KOHCYJIbTallUAMH, KaK K IIPEroaaBaTCjito, €ro BEAyumemMy, Tak 1 K CBOUM HAYYHbBIM PYKOBOAUTC-
JISIM.

Jns ycnemHou ciauu 3adera 1o JUCHUILIMHE He00X0quMa aKTHBHASL IEMOHCTPAIUS CTYIEHTOM
CBOMX 3HAHHWM Ha MPAKTUYECKHX (CEMUHAPCKHUX) 3aHSATHUSAX, CBOEBPEMEHHOE U MPABUIHHOE BBI-
MOJIHEHHE MPAKTUYECKUX M TECTOBBIX 3a/IaHHM, a TAaK)KE€ BEPHBIC OTBETHl Ha KOHTPOJBHBIE BO-
MIPOCHI IO TUCIUTIIMHE.

s camocrosTenbHON paboThl o Kypey «MccnenoBaHus U UCIIBITAHUST HA3€MHBIX TPaHCIIOPT-
HO-TE€XHOJIOTMYECKUX MAIlMH» OTBOJUTCS ONpPEAEIEHHOE KOJIMYECTBO YACOB JUISl KaXKJ10M TeMbI
(cM. pabouyro mporpammy). IIpu caaue 3anaHuil npeaycMaTpuBarOTCS CPOKU UX BBINOJIHEHUS U
KPUTEPHU OLIEHKH.



Koncnexr gexkuuii mo npeamery «cciaeqoBanus U HCIBITAHUS HA3eMHBIX
TPAHCIOPTHO-TEXHOJOTMYECKUX MALIUH»

Jexkyusa 1. Pabomocnocoonocms mawiun.
WuxeHepHbIe pacdyeThl KOHCTPYKIMI HEBO3MOXKHBI 0€3 CBEICHHUH O MaTepuanax, U3 KOTOPBIX

OHHU W3TOTaBIMBAIOTCA. Bee (akThueckue cBeleHUs] 0 KOHCTPYKIMOHHBIX MaTepuanax, T.€. UX
MEXaHUYECKUE XapaKTEPUCTHKH, MOJTY4al0T 3KCIIEPUMEHTAIbHO. [Ipy OMBITHOM HM3ydeHUH 00-
pa3loB IMOJYYalOT CBEACHHS 00 OCHOBHBIX MEXAaHHMYECKHUX CBOMCTBAaX MaTepUaloB K KOTOPBIM
OTHOCSITCSI IPOYHOCTD, KECTKOCTh, YIPYTOCTh, INIACTUYHOCTh, TBEPJIOCTh U JpP., yCTAHABIUBAIOT
CTENEHb BIMSHUS HAa MEXaHUYECKUE XapaKTEPUCTHKH TEMIIEPaTyphl, paAHOaKTUBHOIO 00yde-
HUS, TEPMOOOPAOOTKH U APYTUX (PaKTOPOB.

Ilpounocmb - 3TO CIOCOOHOCTH KOHCTPYKLUU CONPOTHUBIISITHCS Pa3pyLICHUIO MPU JIEHCTBUU
Ha HEe BHELIHUX CHJI (HArpy30K).

Kecmkocmb - ciocOOHOCTB 3JIEMEHTA KOHCTPYKIIH COTPOTUBIIATHCS 1e(hOpMAIIHH.
Ynpyeocmwv - 310 cnocoOHOCTH TBEPIOTO Ae(HOPMUPYEMOTO Tella BOCCTAHABIMBATH CBOIO
dopmy 1 00BEM MOCIIE IPEKPALICHUS ACUCTBUS BHEITHUX HATPY30K.

Ilnacmuuynocms - 3TO CBOMCTBO TBEPAOTo AeOpMUPYEMOTO Tela 10 pa3pylleHus HeoOpa-
TUMO U3MEHSTH CBOIO (pOpMY M 0ObEM OT NEHCTBUS BHEIIHUX CHIL.

Teepoocmb — CIOCOOHOCTh MaTepHalia OKa3bIBaTh COMPOTUBJICHHE NePOPMUPOBAHUIO U Pa3-
PYLICHHUIO TP MECTHBIX KOHTAKTHBIX BO3JICHCTBUSIX.

Ba3zkocmb - 3TO CBOMCTBO OKa3bIBaTh CONPOTHBIICHUE 3a CUET TPEHUS MPOUCXOJSIIECTO MPH
NepeMEeIeHIH YJIEMEHTAPHBIX YaCTHIl TeJa OTHOCUTENILHO APYT JApyra B mporecce 1eGpopMHpO-
BaHUsA. OTMETHM, YTO TPU ATOM, KaK MOKa3bIBAIOT PE3YIIbTAThl SKCIIEPUMEHTOB, CHJIa COIIPOTHB-
JICHWs, BOSHUKAIOIAs 32 CUYET BHYTPEHHETO TPEHUS MAaTEPUANIOB, MPSIMBIM 00pa3oM 3aBUCHT OT
BEJIMYMHBI CKOPOCTHU MIEPEMEIICHHSI SJIEMEHTAPHBIX YaCTUI] OTHOCUTEIBHO JAPYT ApYyTa.
Ilonzyuecms - 3TO sSBIEHUE, XapaKTepU3yIOIllee N3MEHEHUSI BO BPEMEHH BeIHUUH JedopMma-
U ¥ HAMPSKEHU B TEJe TIPH IEHCTBUU CTATUYECKUX HATPY30K.

Bvinocnusocms - 3T0 sSBIEHHE, KOTOPOE XapaKTEPU3YETCS UYBCTBUTEIBHOCTHIO U H3MEHE-
HUSIMH [TPOYHOCTHBIX CBOMCTB MaTEpHAIIOB B 3aBUCHMOCTH OT YHCIIA IIUKJIOB HATPy>KEHHSI.

B psine cmyyaeB OnbITHOMY W3YYEHUIO TIOJBEPTatOTCsl OTACTbHBIE KOHCTPYKIIHH, UX Y3JIbI, LEJIbIe
COOPYKEHUS MITH MX MOZETH. B 3THX UCTIBITAHUSAX MTPOBEPSIOTCS pacyeTHBIE (HOPMYIIBI U CXEMBI,
(akTHUecKoe pacrpesieleHne HaNpsHKEHUH B OMACHBIX CEYCHUSX, BBISBISIFOTCS OMACHBIC 30HBI
WM yYaCTKH, YCTAHABIIMBACTCS CTETIEHb HAJIS)KHOCTH COOPYKESHHS WIIM KOHCTPYKITUH.

B cBsi3u ¢ pa3nuyHBIM HCIIONB30BAHHEM MATEPUAIOB HA MPAKTUKE CO3/IaHbl Pa3HOOOpa3HbIE BU-
JIbI 1 METOJIbI UCTTBITAHUH.

Bue! ucnbiTaHnii MOKHO KJIacCH(UIIMPOBATH CIEIYIOINUM 00pa3oMm:

1) ITo xapakTepy BO3IEHCTBUS:

- KpaTKOBPEMCHHBIE HCTIBITAHUS;

- JUTHTEIbHBIC UCTIBITAHUS.

2) 1o Buy HANPSKEHHOT'O COCTOSTHUSL:

- UCTIBITAHHS Ha PACTSDKEHHE, CKATHE, U3THO0, KpydeHHe, Cpe3;

- UCTIBITAHUS B YCIIOBUSX CJIOKHOTO HAMPSKEHHOTO COCTOSHUS.

3) TexXHOJOTUYECKUE UCTIBITAHUS:

- UCTIBITAHUS JUISI KOHTPOJISI INIACTHYHOCTH;

- U3MEpEHNE TBEPIOCTH;

- ICTIBITAHNE HA BBITSIKKY.



4) VcnipiTaHne IEpEMEHHON Harpy3KOi:

- HCIIBITAHNE Ha BBIHOCIINBOCT;

- HCIIBITAHNE HA MAJIOLIMKIIOBYIO YCTAJIOCTh.

5) UcnsiTanue ygapom:

- HCIIBITAHNE HA YAApHOE PacTsHKEHUE;

- HCTIBITAHKE U3rMOOM Ha YAapHYIO BSI3KOCTB;

- UCTIBITAHNE ITOBOPOTHBIM YJAPOM.

6) HarypHble ucnbITaHus:

- UCTIBITAHNE HA CTEH/AX;

- HCIIBITAHKUE TOTOBBIX U3/EIUM.

Kak mpaBuiio, mpu MEXaHWYECKUX HCIIBITAHUSX METAJUIOB BCe HAOIIOACHUS M pacdeThl HAmps-
YKEHHOT'O COCTOSIHUS IPOMU3BOJAAT B MaKpOCKONMYECKHX oObeMax. B Buae uckiroueHus npude-
raloT WHOTAA K HAONIOJCHUSAM B MHKPOCKOIMYECKHX OObeMax (HaOJrofeHue 3a OTACIbHBIMU
kpuctaamu). [Ipu Bcex Buaax MEXaHUYECKUX UCIBITAHUNA 00pa3lbl METANIOB IO BO3MOXKHO-
CTH NOJIBEPraroTCsl TEM K€ BHEIIHUM BO3ACHCTBUAM, YTO U Ha NpakTuke. [lomydaemble mpu 3T0M
MEXaHUYECKHUE XapaKTePUCTUKHU CBOMCTB MaTepuasa yCIOBHbI, T.K. OHH 3aBUCAT OT yCIOBUU HC-
NBITAHUHN, TTO3TOMY METOAbl UCTIbITaHui yHUUIUpyoTcs B pamkax ['OCToB, pekomeHnnanui,
IPaBWJI U MEXAYHAPOJHBIX PEKOMEHAALMN C LENbI0 MOJyYeHHUs! CONOCTaBUMBIX JaHHbIX. Ync-
JICHHbIE 3HAYEHMSI MEXaHUUECKUX XapaKTEPUCTUK CBOJSTCS B CIIPABOYHBIE TAOIHIIBL.

MamuHsbl, UCHOJIB3yeMbIC ISl MPOBEACHUS WCIBITAHWA MaTEepPHUaloB, JOJDKHBI OOECIIEYMBATH
HEO0OXOIMMBIC TIOCTOSIHHBIE CKOPOCTH HarpykeHws (wim nedopmupoBanms) o0pas3mnos. Mx oc-
HAIAIOT anmapaTypoil AJisl CHATHUS MMOKa3aHUM pe3ylIbTaTOB OMBITOB, @ B HEOOXOAUMBIX CITydasx
— MPUCIOCOONICHUSIMU JIJISl 3alMCH JHarpaMMbl HCTIBITaHUA. B abopaTopHBIX HcCIeI0BaHUSIX
UCIOJNIB3YIOT CIielMaIbHbIe MAIlIWHBI, CHOCOOHBIE NehOpMUPOBATh U pa3pylIaTh 00paslbl MPU
CTaTUYECKUX U JUHAMUYECKUX Harpy3kax ¢ MpUMEHEHHMEM CTaHJApTHBIX 00pa3lloB Ha pacTsxke-
HUeE, C)KaThe, CIIBUT, CABUT, yAap U Jp.

Pa3pabotka u cepuiiHOe POU3BOJCTBO MCHBITATEIbHBIX MAalIMH HaJIaX€Hbl BO MHOTHX pa3BH-
ThiX Kanurtamuctudeckux crpanax: CIIA, Anrmuu, ®PT, SAnonun, Urtanuu, [eeruu. K Ha-
CTOSAILEMY BPEMEHU HAaCUUTHIBAIOTCA JIECATKU 3apyOexHBIX (DUpM, CHEUHATU3UPYIOLIUXCS Ha
BbIycke ucnbiTareabHo TexHuku. B CIIA okxono 40 ¢upm 3aHuMaroTcss pa3pabOTKOH U BbI-
IIyCKOM Takoro pojJia TEXHUKH, U3 HUX |3 BBIIYCKAIOT TMIPABINYECKUE UCIIBITATEIbHBIE MAILIH-
uel: MTS, Olsen, Balduin, Baad u 1.1. B Anrmuu u3 22 ¢upm 0KoJ10 6 BBITYCKAIOT THAPABIHYE-
ckue ycranoBku: Instron, Avery, Denison u ap., B8 ®PI" — Shenck, Losenhausen, Mohr-
Federhaff, Frebell, Seidner.

B nameii crpane umeeTcst OIMH Hay4HbIN LEHTp Ho ucnbiTaTenbHol Texuuke - HUKMMII (Ha-
YYHO-HUCCIIEI0BATENbCKUN U KOHCTPYKTOPCKUIT MHCTUTYT MCHBITATENbHBIX MAIIUH, IPUOOPOB U
CpEICTB U3MepeHus: Macc, r.MockBa) U Ba 00bEANHEHHUSI, CIIEHUAIU3UPYIOIINECS Ha BBITYCKe
UCIBITaTeNbHBIX MalKH, - ['®IT «3UM» (r.Apmasup) u I'OII «3UII» (r.IBaHOBO).

Oobvexkmul ucnvimanuil. Tpedoeanus K odpazyam u ux Knaccuguxayus

B o0mieit MeTon010run NpoeKTUPOBAaHUST COBPEMEHHBIX MAIMH JBYMs Ba)KHEHIIUMH Harpas-
JICHUSAMU SIBIIIOTCS oOecrieueHue (QyHKIIMOHUPOBAHUS MEXAaHHMUECKUX CHCTEM M oOecleyeHHe
IIPOYHOCTH U 33JaHHOTI'O pecypca CUJIOBBIX KOHCTPYKLUN M MEXaHU3MOB. YacTb MH)KEHEPHBIX
3aJ1a4 UMEET JIOCTOBEPHOCTDh OLIEHOK U PEKOMEHALUU ¢ TOYHOCThIO 110 15%, HO npyrue 3agauu
pelarTcs Ha YPOBHE JIOCTATOYHO T'PyOBIX OLIEHOK M MPOrHo3upoBaHMs. B mocnennem ciyuae,
KOrJia IEHCTBYIOT 3aKOHBI CTATUCTUKH U Cy4ailHble (paKkTOphl, paCUETUYUKU HCIOJIb3YIOT BBEJIE-
HUE HOPMHUPOBAHHBIX BBICOKUX K03()PUIIMEHTOB 3amaca.



3aoauu obecneuenus npounocmu, pecypca u QYHKYUOHUPOBAHUA MAUIUH HA OCHOB8E IKCHe-
PUMEHMATIbHBIX UCC1E008AHUIL

MaimHoBeIeHHE U TIPUKIIaTHAsE MEXaHUKa COJAepKAT ITUCIUILIMHBI, ONPEIEIISIONIIe METOI0II0-
THIO MPOEKTHUPOBAHUSA M Pa3pabOTKy OTAENbHBIX (D)YHIAMEHTAIbHBIX M YaCTHBIX IpoOjeM Ma-
HMIMHOCTPOCHHS.

MammHa co3naercs Ha 0a3e JaHHBIX HECKOJBKHX HAayYHO-TEXHHYECKUX HAIlPaBJICHUH IO CHC-
TeMaM, HO €€ CBSA3YIOIIYI0O KOHCTPYKTUBHYIO OCHOBY COCTAaBIISIIOT CHJIOBBbIE KOHCTPYKIIUU U Me-
xaHu3Mbl. OHU ONIPEAEISIIOT 3HAUYUTEIBHYIO JIOJI0 MaTePUAIOEMKOCTH ¥ MacChl MAIlIMHbI, YTO, B
CBOIO OYepe/lb, CTAaBUT KaK IEPBOCTEIICHHBIMU, 33Jja4l 00ECIIE€YCHUS] IPOYHOCTU U pecypca KOH-
CTPYKLIUU IIPY €€ MUHUMAJIBHOW Macce.

CoBpeMeHHOE TPOEKTUPOBAHUE IMPEIYCMaTPUBACT HE3aBHCUMO OT KJacca MAIIMH HECKOJIBKO
CTaJuil B CO3aHUU M HKCIUTYaTAI[UH TEXHUKH.

DKcreprMeHTaIbHasE MEXaHUKa MallMH 00beIuHsIeT U 0000miaeT Ty objacTe 3HAHUN B MPH-
KJIaJHOI MexaHHKe (MEXaHUKE TBEPJOro Tela), B TEOPHH MAIIMH U MEXaHH3MOB U JPYIHX pa3-
Jenax OOIIero MallMHOBEICHHS, KOTOpas M3ydaeT HKCIIEPUMEHTAIbHBIE METOIBI M CPEICTBa,
HNpPUMEHSIEMBIE Ul UCCIIEeJOBaHU 00BEKTOB CHIIOBON KOHCTPYKIIMU MAIlIWH ¥ MEXaHH3MOB C Iie-
7610 000CHOBAHMSI TPOYHOCTH U pecypca, a Takxke odecriedeHus pyHKIIMOHUPOBAHUS MEXaHUYe-
CKUX CHCTEM.

Cxema CHIIOBOTO MPOCKTUPOBAHMS MAITMH ¥ MEXAaHU3MOB, JTAIlbl PACUETHOTO aHan3a, (opMy-
JMPOBKU KPUTEPHEB (YHKIMOHUPOBAHUS, Pecypca MPOYHOCTH, COJEPKAHUE IKCIIEPUMEHTAIb-
HOTO oOecriedueHus] 1 000CHOBAHHS PACUETHBIX U MPOCKTHBIX pabOT U CaMHUX KPUTEPHUEB IJIS 3a-
KJIFOUSHHS O TIPOYHOCTH, pecypce ¥ (PyHKIMOHMPOBAHUY MAIlIMHBI TOKa3aHbl Ha pucyHke 1.1.



Jekyus 2. Buowvt usnawiueanus oemaneii u y3106 MauiuH.

OOBEKTHI, UCCIIENYEMBIC IJIA peUIeHUs 3a7ad MPOYHOCTH U pecypcea (Tada. 1.3), oGpa3yror yc-
JIOBHBIN XPOHOJOTUYECKHI PSII 1O dTAamaM CO3JaHusl MaluHbl. Ha OCHOBE MPUHATHIX U Ma-
IIMHBI U €€ arperaToB pacyeTHBIX YCIOBUN U KPUTEPHUEB MPOUYHOCTH U pecypca ONpeAesioT MU-
HUMAaJIbHBIE 00BEMBI UCTIBITAHUS CTAHJAPTHBIX 00pa3IoB MaTepuaioB u morypadpukatoB (O,
Oyp) 115 yrouHeHus: 6a30BbIX XapaKTEPUCTUK U 3aBUCUMOCTEH B YCIOBHSIX, OJM3KUX K pEaIbHBIM
OKHJJAeMBIM yCIIOBHSIM 3KCILTyaTalluy y3JIa.
DKcrnepuMeHTaIbHbBIE UCCiIeIoBaHus 00pasuoB-coenunenuii (O,), Kak CTaHJApTHBIX, TaK U CIie-
[IUATBHBIX, Tal0T 0a30BbIC XaPAKTEPUCTUKH U CPABHUTEIHHBIC JAHHBIC O HOBBIX BHJIaX U TEXHO-
JIOTUSIX COETMHEHUH. DTU JaHHbIe aHAIU3UPYIOT COBMECTHO C JAHHBIMU O KECTKOCTH, IPOYHO-
CTH, YCTAJIOCTA U O MACCOBBIX XapPAKTEPUCTUKAX U3BECTHBIX COCAMHCHU.
B pa3paboTke coequHEeHM, OTAEIbHBIX JeTajlei, y3JI0B, arperaroB U CHJIOBBIX KOHCTPYKIHIl B
[EJIOM UCTIONB3YIOT pusndeckue moaenu (Mg, M,, My) 1 MakeTsl.

Tabmuna 1.3

HaumeHnoBanue 00bEKTOB O0o3HaueHue Penraemrele 3agaun
IKCIIEPUMEHTAIIbHBIX UCCIIe-
JIOBaHUI

MexaHuueckue, yupyrue, )ecTKOCTHbIE, yCTajo-
Ocr CTHBIE, KOPPO3HOHHbIE XapaKTEPUCTUKH, OJ3Y-
4YecTb U Jp.

CrangaptHbie 00pasiibl
MaTepUajoB

XapakTepUCTUKU U3TU0a, CABUTA, CMSTHS, OTPbI-
O06pa3up! nonydadpukaTo Oy Ba, MOTEPH YCTOMUYUBOCTH, TEIJIOMPOYHOCTHU T10-
nydabpukaToB

O0pa31bl COeTUHEHUH XapaKkTepUCTUKU ITPOYHOCTH, YCTAIOCTH, MOJI-
3ydecTu OONTOBBIX, 3aKJICOYHBIX, CBAPHBIX,
KJICEBBIX,

KOMITO3MIIMOHHBIX U IPYTUX COSTMHEHUH

Mopenu coequHeHnn HccnenoBanue Ha ynpyro- Wiv KOHCTPYKTHBHO
Y OTJEJIbHBIX JeTalIeh M0JTIOOHBIX MOJIENSIX CUIIOBBIX oToKOB, HJIC,

Mojenu arperatoB U y3J0B M, MEepEeMEIICHUH,

IIpOBEpPKa HpI/I6J'II/I)KeHHBIX TCOPCTUUCCKHUX pac-

Mogenu cuoBoi YETOB, ONTUMU3AIMS KOHCTPYKIIMIA HA OCHOBE

KOHCTPYKLMU MAIlIH M MapaMeTPUIECKUX
HCCJICIOBAHU I
ITonyHaTypHbIE 2JIEMEHTBI HccnenoBanue Hecyliel CioCOOHOCTH, CUTIOBBIX
KOHCTPYKIVH: H notokoB, HJIC, nepemeniennii, OCTaTOUHBIX Je-
MTaHEJIN, CTBIKH, JAETaJH, pa- : dbopmaruit u
MBI, OIOPBHI, U JP. HaNpsHKEHUN, TETUIONPOYHOCTH, BBIHOCITMBOCTH,
HarypHsble arperaTsl v y3J1bl H, OCTAaTOYHOU MPOYHOCTH U OJITOBEYHOCTH, AU~
HaMUKH,
Harypnas cunosas o yIApHBIX BO3/IEHCTBHI, BUOPO- M aKyCTUUYECKOMH
KOHCTPYKITUSI MAIIIMHbI K MPOYHOCTH, KOPPO3UU U IPYTHX BO3JCHCTBUN HA
KOHCTPYKIHH
HccnenoBanue criekTpa Harpy3okK, peajbHbIX Ha-
Harypuas mamuna H MPSHKSHUN, TOITOBEYHOCTH, BUOpAIIHiA, KOp-

(ombITHASA WM cepuitHast) po3umn,
CTapeHus U JIPyrux napameTpoB B IKCILTyaTalluu

HC — nanpspkeHHO-1e(hOPMUPOBAHHOE COCTOSTHHE

B 3aBucuMocTu OoT 00beMa MCXOJHBIX JTaHHBIX U LIEJIei, KOTOpble MPEeCIeayoT MpU CO3JTaHUU
MoJIeNiel, PaCCUUTHIBAIOT, MPOEKTUPYIOT U U3TOTOBISIOT YIPYronoio0HbIe, KOHCTPYKTUBHO MO-
NOoOHBIE U TUHAMHYECKH MOJ00HBIE MOJIeNH. BONBIIMHCTBO X CO3/1al0T Ha ATare 3CKU3HOTO U




pabouero nNpoeKTUPOBAHUsI, KOTJIa CTAHOBSTCS 00J1ee KOHKPETHBIMU CHIIOBBIE CBSI3H, KECTKOCTH,
MacCOBbIE XapaKTEPUCTUKH U (POPMBI JIeTaleH.
KonuuecTBeHHbIE OLIEHKU AJ11 0OOCHOBAaHUS pEaIbHOM JOJrOBEYHOCTU U IIPOYHOCTU KOHCTPYK-
I[MH TIOJIy4ar0T UCIBITAHUSIMH MMOJYHATYPHBIX U HATYPHBIX JeTalieil, y3ioB, arperatoB (H,, H,)
0 MpOorpaMMaM, MaKCUMAJIBHO MPUOIMKEHHBIM K 9KCITYyaTallMOHHBIM YCIOBUSM, H 110 Harpys3-
KaM MPOrPaMMHOI'0 SKBUBAJICHTA. B HEKOTOPBIX CilydasX NPUMEHSIOT YCKOPEHHBIE UCTIBITAHUS,
(dopcupys OCHOBHBIE PEKUMBI pabOThl KOHCTPYKLMI: MOBBIIIAS YaCTOTYy, YPOBEHb HArpy30K U

HEIIPEPBIBHO ITPOBOAA UCIIBITAHUSA.

WccnenoBanusi HaTypHOU CHIIOBOM KOHCTPYKIMU Hy Ha MPOYHOCTH M JIOJITOBEYHOCTH (pecypc)
BBIIIOJIHSIFOT HA OCHOBAHMH JIEUCTBYIOIIUX HOPMATUBHO-TEXHUYECKUX JOKYMEHTOB.

Bonbime u TpyroemMkue uccieIoBaHus MPOBOAAT HA Pa3IUYHBIX dTanax CO3JAaHUs MAIIUHBI IS
BBISIBJICHUSI PaO0OTOCIIOCOOHOCTH KOHCTPYKIIMM U MaTE€pHallOB B MECTaX CHJIOBOTO KOHTaKTa U
Tpylwxcs noBepxHocTeil. [ToAMUITHUKOBBIC y3/Ibl, TPAHCMUCCHH U TIepeadu, poOOTOTEXHUYE-
CKHE€ CHCTEMBI, SHEPTOOJIOKU U T.Jl. UCTBITHIBAIOT MPHU CTEHJIOBOM M IKCIUTyaTallMOHHOW Hapa-
00TKE ¢ M3MEPEHHEM MHOTHX MapaMeTpoB. YcioBHas kinaccuduxarus (tabm. 1.4) mokasbiBaeT
00BEKTHI MCCIEAOBAHUNA MEXaHHMYECKUX CHUCTeM Ha (YHKIIMOHUPOBAHUE, OCHOBHBIC 33/1a4d U
TpebyeMble TEXHUYECKUE CPEJICTBA UCTIBITAHUMN.

Tabnuna 1.4
OObeKTbI
[Ipumepsr uccie-
JKCIIEPUMEH- ITprmeps! TUIIOBBIX . Ob6opynoBanue
TaJIBTHBIX Obosnae- 00pa3IoB, y3JI0B, FLOBAMHH IS
Hccnenoanuii e arperaroB, MalluH 00bEKTOB Mexa- HCIIBITAHUIN
R — HUYECKUX CUCTEM
OG6pa3siibl map Tpe- Onr O6pa3upl nanpuuko- | OnpenencHue MaiuHel TpeHust
HUS: aHTUDPUK- Bble, MJACTUHYATHIE, | KO3((d. TpeHus | u crenuaIbHbIE
IIUOHHBIC, PPUK- JUCKOBBIE  (TOpPLIO- | Map, MOMEHTOB U | cTeHAbl  (ycTa-
LIMOHHBIE, JUIS BbIE), KOJIBLIEBBIE | CWJI TpPEHUS, H3- | HOBKH)
aHaJIM3a CMa30K (TOpLOBBIE),  THUMA | HOCOCTOMKOCTH
BaJ-BKJAJABbIIl WM | MATEPUAIIOB, YC-
BaJI-BTYJIKA, Baj- | IOBUH  M3HAIIU-
pu3Ma, Baj-TMaJel, | BaHUs M 3aena-
pPOJIUK MO pOJUKaM, | HUS, (PPUKIHOH-
LIAPUK 110 IapUKaM | HOM  TEIIOCTOM-
KOCTH WM W3HAIHU-
BaHUs, CpaBHMBa-
HUE CBOMCTB CMa-
304HBIX MaTepua-
JIOB
Mopnenu M5 Macmtabuble ¢usu- | I3ydeHne wu3Ha- | YCTaHOBKU U
TPUOOTEXHUKH YecKMe Makpo- M | [IMBaHWA U Ma- | CTeHAbl, Mallu-
MUKPOMOJENIH TIOJ- | pAMETPOB TPEHUS | Hbl TPEHUS
BIDKHBIX ~ CHUJIOBBIX | HA MOJIEJSIX U Tie-
Y3JI0B U COEJUHEHUH | pecueT  JTaHHBIX
Ha HaTypHBIN
O00BEKT COrJIaCHO
TEOpUH TOJA00US
U Pa3MEPHOCTH
Mopnenn Macmrabusle kuHe- | M3yuenue mnepe- | YcTaHOBKH u
MEXAHU3MOB: MaTU4YECKHE MOJIENH | MEIIEHUM, CKOpO- | CTEHABl, Mallu-
KMHEMaTH4YeCcKue M, CIIO)KHBIX NPOCTPAH- | CTel UM yCKOpe- | Hbl TPEHHUS
JUHAMHYECKHE \Y o CTBEHHBIX MEXaHM3- | HUM  DJIEMEHTOB
MOB. MeXaHHU3Ma.




CTpyKTypHBIE  JH-
HaMHUYECKHE MOJIEIN

KauecTtBeHHbIE
OIICHKU nepe-
TPY3KH, dbopm,
4acToT,  AMILUIH-
TYJl U YCKOPEHHU,
YCTONYUBOCTH.

Mopenu u MakeTbl Macmrabnsie, aspo- | U3yuenne ¢yHk- | AdpoauHamuye-
MaIluH 1 poOoTo- M JUHAMHYECKUE, TUJI- | HIMOHAIbHBIX Xa- | CKHE TpYOBI,
TEXHUKH pOMHAMHUYECKUE, PaKTEpUCTUK ruapoOacceiitsl,
BO3/yILLIHbIE- O00BEKTOB HAa MO- | TPYHTHI U CIELH-
JeTaroluye, Morpy- | Aenax. l'eoMer- | aabHbIE Cpelbl
xKaemble, (YHKIH- | pyUecKas YyBs3Ka
OHAJIBHOJEHCTBYIO- | U ONTUMAJIbHOE
LI1€, YBS30YHBIE M | MECTOPACIIOJIO-
T.J. JKEHUE Yy3JI0B, ar-
peraroB, 3JIEMEH-
TOB  YIpaBJCHUs
Ha MaKeTax
Hatypusble y3ibl Hyc [Moamunuuku, myd- | Kunematnueckas | CrenuanbHbie
MOABUKHBIX THI, CLEIUICHUS, | TOYHOCTh U IUIaB- | CTEHAbl U MpHU-
COETMHEHU I TOpMO3a, Bajbl H | HOCTh XOJa, TO- | CIIOCOOJICHUS
YILUIOTHEHUS, Ha- | MyCTUMbIE YacTO-
MpaBJISOIINE CTaH- | Thl BpalIEHUs,
KOB, TeXHoyoruue- | Ouenue, nmedop-
CKMX M YIpPaBJSIO- | MUPYIOLIAs u
IIHAX YCTPOMCTB, | KOMIIEHCAIUOH-
KapJlaHbl U T.JI. Hasi CIOCOOHOCTH
(Mmy¢T), npenensb-
HBIA W3HOC, KOH-
TaKTHOE CXBaThl-
BaHHE, TeMIIepa-
TypHasi BBIOOpKa
3a30pOB,  ILIyM-
HOCTb, KITJ|
Harypuble u 3yOuarble, uepBsy- | MI3HOCOCTOM- CrnennanbHble
MOJIyHATYpHbIE Hyn Hble, IUIAHETapHble, | KOCTb MpU Ipe- | CTeHAbl U Mallu-
AJIEMEHTHI IIepe- BOJIHOBBIE  Tepefa- | AEIbHBIX M 3KC- | HbI, HPUCHOCO0-
J1a4 U TpaHCMHUC- YM; IEeMHble, pEMEH- | IUNIyaTallMOHHBIX | JeHHs U mpuoo-
cuit HBIE, BUHTOBBIEC | KOHTAKTHBIX Ha- | pbl
Harypuslie (BuHT-raiika), 1a- | rpy3kax, KMHEMa- | peTUCTpaluu
nepesadn H, PUKOBBIE IIE€pENayy; | THUECKAS TOY- | HApaMeTPOB
U TPaHCMUCCUU KapJaHHbIE TpaHC- | HOCTh M  IUIaB-
MHUCCHUH, PEAYKTOPBI, | HOCTh IpPU  JO-
THIPOMEXAaHUYECKHE | MYCTUMBIX JHO(-

nepeaaun u 3JICMCH-
TBI.

Tax; »KECTKOCTb M
COOCTBEHHEIC

4acTOThI, JOMYC-
THMBIE CKOPOCTH
mym, KIII, tem-
nepaTypHble  pe-
JKUMBI U HaJEK-
HOCTh  T€pMETH-




3allMd  YIUJIOTHE-
HHUU U CAIIbHUKOB

Harypnsbie ABTOMaTHYECKHUE Tounocts TexHo- | [lomyHaTypHbIE
ABTOMAaTUYECKUE Hap JVHHUM, TPAHCIOPTE- | IOTHYECKUX U | CTeHABl U arpe-
TPaHCIOPTUPYIO- pHI, T€X- | TPAHCIOPTHU- raThl
mue 1 podoToTeX- HOJIOTUYECKHE  pO- | pyIOIIUX oOlepa-
HUYECKHUE CHUCTE- 00Thl W THUIPOYCH- | LIUH, OLEHKa JdO-
MBI JUTENH,  CHCTEMBI | IyCTUMOTO H3HO-
CUJIOBOTO yIpaBlie- | ca, HaJAEKHOCTh
HUS, 1IacCH, AEMIl- | 1yOJIupoBaHus,
tbepsl KECTKOCTh,  Ia-
pameTpsl  nedop-
MHUpPOBaHUS,
BIIUSIHUE BUOpa-
U U TUHAMUKHA
Hatypnsie AtomHuble peakTopsbl, | CTennoBbie U Ha- | CTEHIbl U KOM-
SHEproarperatsl v MaporeHepaTopsl, TYpHbIE MCHBITA- | TUIEKCHI
SHEPrOMAaIINHBI H,y TypOMHBI, IIHEBMO- | HUSI U HCCIEH0-
kommpeccopsl, [ABC, | Banus no crnenu-
PII, TP/, cucremsl | anbHOU po-
MOTOp-TEHEPATOP H | rpamMMme
T.J.
Harypnasa mamm- Hy ABTtomMoOunH, Tpak- | Harypuele, »skc- | UcnbiTarenbHbie
Ha, TOPBI,  CEIBCKOXO- | IUIyaTallUOHHBIE | KOMILJIEKCHI, IIO-
KOHCTPYKIMS WU H, 3SIUCTBEHHBIE,  JIO- | © IIyCKOBBIE MWC- | JINTOHBI
cucreMa POXKHBIE, TOPHOJO- | IBITAHUS IO CIle-
ObIBarol[Me Mallu- | IUaJbHOW  MPO-
HbI, CTAaHKH, [IPECCHI, | TpaMMe
MPOKATHBIE  CTaHBI,

HaIBOJAHBIE MW TIOA-
BOJHBIE CyJa, JieTa-
TCJIBHBIC U KOCMH-
YecKue  armaparsl,
OypOBBIE YCTaHOBKH,
aTOMHBIE  DJIEKTPO-
CTaHIIMH U T.J.




HccaenoBanus U MCIILITAHUS HA3€MHBIX TPAHCHOPTHO-TEXHOJOIHYC€CKHUX
MallluH

Jexyua 3. Memoowvt u cnocodbl 0yeHKU MEXHUUECKO20 COCMOAHUA MAWIUH.
OOBeKThl UCCIE0BaHMS [IPU MEXaHUYECKUX HUCHBITAHUAX — 00pa3libl, MOJIENHU, 3JIEMEHThl KOH-
CTPYKIMI M KOHCTPYKIIMH B HaTypalbHYIO BelMHMYuHy. Hanbomnee mupoko MUCIonb3yroTcs 00pas-
1pl. OOpa3noM HasbIBaeTCs TEJIO CIELUAIBbHOM (OpMBI, MOABEprarouieecs HUCHBITAaHUIO IS
OLIEHKH MEXaHMUYECKUX CBOWCTB MaTepuaa.

B HacTosiiee BpeMs HCHBITBIBAIOT pa3HOOOpasHble 00pa3libl, KOTOPbIE OTIMYAIOTCA IPYT OT
apyra ¢opmoi, pasMepamu, HazHaueHHMeM. HekoTopble THUIBI 00pas3IoB pErIaMEeHTHPYIOTCS
HopMmatuBaMu. K HUM oTHOCSTCS 00pa3ibl A MCIBITAHUI Ha OJIHOOCHOE PAcTsKEHHE U CKa-
THE, HA KPYyYCHUE U M3TU0, 00pa3ibl Uil YCTAJOCTHBIX UCTIBITAHUN U Ap. MHOTHE TUIIBI 00pa3-
IIOB, OCOOEHHO MCIIOJIb3yEMbIE B HAY4YHO-HUCCIIEOBATENIBLCKON paboTe, HE periiaMeHTHPYIOTCS
HOPMATHUBHBIMU JOKYMEHTaMH, HallpuMep 00pasibl il UCTIBITAHUN B CJIOXKHOM HAIPSDKEHHOM
COCTOSIHUU.

I[JI?I IMOJIYYCHHA COIMOCTABUMBIX M BOCIHPOU3BOAMMBIX PE3YJIbTATOB MCXaHUYCCKHUX HCHIBITAaHUH
0o0pa3ubl JAOJKHBI OTBEYaTh COOTBETCTBYIOIIMM TPeOOBAHUSAM. 3arOTOBKM OOpa3LOB JOJIKHBI
OBITH OTOOpAHBI U3 MPYTKOB, JTUCTOB MM OTJIMBOK OAHOM M TOH K€ TUIaBKK WK apTud. [lpexne
BCEr0 M3y4yaeTcs XMMHUYECKUH COCTAaB MeTajlja WM CIjIaBa, T. €. YCTaHABJIMBAETCS KOJIUYECT-
BEHHOE COJIEpKAHNE XMMHUYECKUX JIEMEHTOB B HCCIIElyeMOM Marepuaie. MexaHn4ecKue CBO-
CTBa METAJUIOB M CIUIABOB OYEHb CHJIBHO 3aBUCAT OT UX CTPYKTYPHOTO COCTOSTHHs. MeTtaisl U
CIIaBBI IIPE/ICTABISIIOT COOO0M MOIMKPUCTAIUIMYECKHE BEIIECTBA, IOITOMY HEOOXOIMMO IpOBEC-
TH MUKPOCTPYKTYpPHBIH aHanu3. CTpyKTYpHOE COCTOSIHME METAJIJIOB 3aBUCUT OT PEXHMa TEPMO-
00pabOTKH, TEXHOJIOTHH JHUThS WM MPOKATKU. be3 3HaHUS XUMHUYECKOTO COCTaBa M CTPYKTYp-
HBIX XapaKTepUCTUK METala HEBO3MOXKHO JIOCTaTOYHO HAJEKHO OLIEHUTh €ro MEXaHUYeCKue
cBoiicTBa. Beskuii oOpaser; coiepkuT pabouyro 4acTh, B KOTOPOH pean3yloTCsl OJHOPOIHBIC
HanpspKeHHoe U AeopMupoBaHHOE cocTOsiHUS. HeoOxoqumMocTs peanus3anun OAHOPOAHOrO Ha-
NPSHKEHHO-1e(OPMUPOBAHHOTO COCTOSIHUS B paboueil yacTh o0pasna yBsizaHa ¢ TEM, YTO HE CY-
IIECTBYET MeTOJa MPsAMON OLEHKH HampspKeHuH B Toukax jaedopmupoBaHHOro tena. CyiecT-
BYIOIIIME METOJIBI MCCIIEJIOBAHMS HANPSHKECHHO-E(OPMHUPOBAHHOTO COCTOSIHHS TEJI TIO3BOJISIFOT
U3MEPATH JeopMaliiio Ha BHEIIHEH MOBEPXHOCTH HCCIeyeMOoro Tena. Beanuuny HanpsokeHui
B TOYKaX TeJa OIEHUBAIOT 110 BHEITHUM CHJIaM, HO 3TO BO3MOYKHO TOJBKO IPH COOII0IEHUH OI-
pelleIEHHBIX YCIOBHH.

VYcnoBus NpoBeeHUs SKCIIEPUMEHTA pean3yroTcs MmyTeM BblOopa (Gopmbl 0Opasla, Mpuiioxe-
HUCM K HEMY TaKMX BHCIOIHUX CHUJI, IPHU KOTOPBIX C JIOCTaTOHHOI;'I CTCIICHBIO OTOCTOBCPHOCTHU
MOYKHO CUUTATh, YTO HANPSHKEHHOE U J1e(OPMHUPOBAHHOE COCTOSHUS BO BCEX TOUKAX MCCIEaye-
Moro o0Opasna OIMHAKOBHI, T. €. B HEM CO3JaHO OJHOPOJHOE HaNpspKEeHHO-Ie(hOopMHpOBaHHOE
cocrosHue. O0ecrieynB Takue YCIOBUS HKCHEPUMEHTA, O U3MEPEHHUSIM B3aHUMHBIX IEepeMellie-
HUW TOYEK HA TTOBEPXHOCTH 00pa3iia MOXKHO CYAUTH O Jepopmaiusax BO BHyTPEHHUX Toukax. 1o
U3MEPEHHBIM BHELIHUM CHJIaM MO>KHO PacCUMTATh HANPSDKEHUS BO BHYTPEHHHMX TOYKax HMCCIe-
JIyeMoro o0Opasiia, NpUHSB THUIOTE3b OAHOPOJHOCTH, CIUIOIIHOCTH M M30TpomHOocTH. Ha pabo-
yell yacTu oOpaslia BBLAESAETCS pacueTHBIH Y4acTOK, KOTOPBIA HMCIIONB3YETCs JUIs U3MEPEHUs
COOTBETCTBYIOIIMX MapaMeTpoB (YUIMHEHUN, YKOPOUYEHHH, YIJOB 3aKpy4yMBaHUS U TOBOPOTA,
U3MEHEHUH TIONEPEYHbIX Pa3MepoB U JIp.).

Yamme Bcero oOpaser npeacTaBiseT co00i CTep)KeHb KPYIJIOro, KOJIBIEBOTO MM MPSIMOYTOJIb-
HOro nonepedHoro ceueHus. opma padoyeit yacTu oOpasiia 3aBUCUT OT BUa 3aroToBKU. Eciu
B KayeCTBE 3arOTOBKHU HCMOJb3YeTCs MPYTOK, OTIMBKA WM JUCT OOJBIION TOJIIMHBI, TO pado-
yasg yacThb oOpa3la MMeeT IWIMHAPUIECKYIO (OpPMY; €ClId 3aroTOBKa — OTHOCUTENIHO TOHKHM
JIUCT, TO paboyas yacTh oOpa3lia uMeeT npusMaTuyeckyro ¢popmy. [Ipouecc nonydeHus 3aroTos-
KA o0pa3lia periiaMeHTUpyeTcss HOPMATUBHBIMU JOKyMEHTaMH. IIpearnouTuTenbHbIM SBISETCS
o0pazer] HUIMHAPUIECKOH (POPMBI.



OOpa3zer] monydaroT MeXaHHYeCKo oOpaboTkoi (ToueHueMm, (pesepoBaHHEM, NUTH(POBAHUEM,
noiaupoBaHueM). [Ipu 3TOM HYKHO HCKIIOUUTh U3MEHEHHE MEXaHWYECKHUX CBOMCTB MaTrepuana
00pa3ia OTHOCUTENFHO MEXAaHHMYECKUX CBOMCTB MCXOAHBIX 3arOTOBOK. B HEKOTOPHBIX Cilyyasx B
KagyecTBe 00pa3loB UCIOJIb3YIOTCA 10Ny()adpUKaThl (IPOBOJIOKA, JIEHTA, HUTH, KAHAThI, apMaTy-
pawuT.IL).
K reomerpuueckoii ¢popme obpasia npeabsBIAIOTCS TPeOOBaHMsI, KOTOPbIE PErIaMEHTHPYIOTCS
HOPMATHUBHBIMU JOKYMEHTaMU U UHCTPYKIUAMHU. COBEpIICHCTBO reOMETpUYECKOil (opMbl 00-
pasia MO3BOJISIET MPaBWIBHO OLEHUTH PE3yJbTaThl UCIBITAHUNA M BOCIHPOU3BECTH UX B IOCie-
JOYIOUIMX onbiTaXx. HepomycTUMBI M3MEHEHHs TONEPEeYHbIX pa3MepoB paboueld yactu oOpasua,
UCKPUBJICHHE €r0 OCH U JIpyrHe T€OMETPUUYECKHE HECOBEPILEHCTBA (POPMBI, IPUBOJIALINE K He-
OJTHOPOJHOCTH HAmNpsHKEHHO-Ae(OPMUPOBAHHOTO COCTOSIHHUS BBIIIEC TPEAEIbHBIX 3HAYCHHIA,
IPEIYCMOTPEHHBIX HHCTPYKLUSIMH.
3HaYNTENbHOE BIMSHUE HAa PE3YJIbTaThl MEXaHHYECKHUX HCIBITAaHUNH 00pas3IoB OKa3bIBaeT CO-
CTOSIHUE MTOBEPXHOCTU pabouel yactu oOpas3ua. Hanuuue napanuH, BMATHH, OCTPBIX HAaJIpe30B,
PAKOBHH MOKET HMPUBECTH K MECTHOMY M3MEHEHHIO HampsKeHHO-IE(POPMHPOBAHHOTO COCTOS-
HUS, YTO, B CBOIO OYepe/ib, IPUBEIET K MPEKICBPEMEHHOMY Pa3pyLIEHUIO MaTepraia U UCKa3uT
pE3yabTaThI OTBITA.
[IlepoxoBaTocTh BHEIIHEH MOBEPXHOCTH paboueil yacTu obpasua Juisl CTaTUYECKUX UCIIBITAHUN
JIOJDKHA COOTBETCTBOBATH IIEPOXOBATOCTH, MOJy4aeMO TOHKMM TOYEHHEM HJIU HUTH(POBAHUEM.
VY 00pa31oB, NpeAHa3HAYEHHBIX JAJS YCTAJOCTHBIX HCIBITAaHHUM, IIEPOXOBATOCTh MOBEPXHOCTU
JIOJKHA OBITH HIDKE M TOCTUTATHCSI TOHKUM HUTH(OBAHUEM U TIOJTHUPOBAHUEM.
O0paszern u1si MEXaHUYECKUX UCIIBITAHUH 10JIKEH OBbITh OJJHOPOAHBIM 110 XUMUUECKOMY COCTaBY
U MHKpOCTpyKType. Ha pabodeii vactu oOpasiia He JODKHO OBITh PAaKOBUH, BOJIOCOBHH, TPEILIUH,
MHOPOJIHBIX BKIJIIOYEHUH M JIPYTUX 1e(EKTOB CTPYKTYpHI, BIMSIOIUX HA paclpeaeieHue BHYT-
PEHHHX CHWJI, T. €. MPHUBOAAIIMX K HEOJHOPOJHOCTH HANpPSHKEHHO-Ie(OPMUPOBAHHOTO COCTOSI-
Hus. CTPYKTypHOE COCTOsIHHE 00Opa3sla >KelaTeslbHO OLEHMBATh METOJaMU Hepa3pyLIarollero
koHTpossi. OOpasikl, coaepKaime 3aMeTHbIE AePEKThI CTPYKTYPHI, JOKHBI OBITH OTOpaKoBa-
HBI.
Ha cTpykTypHOE COCTOSIHHE METAJUIOB U WX CIUIAaBOB Ba)KHEHINEe BIMSHAE OKa3bIBAE€T TEPMOOO-
paboTKa, MO3TOMY OHa JIOJKHA CTPOT0 COOTBETCTBOBATH 3a/laHHOM. Ha cTpykTypHOE cocTosiHue,
M0 KpaifHe Mepe, MOBEPXHOCTHBIX CJIOEB 00pa3lia 3HAYUTEIHHOE BIUSHUE OKA3bIBAIOT PEKUMBI
MeXaHU4eCKOM 00paboTKH (CKOPOCTh M INIyOMHA pe3aHusi, OXJaXICHHE), MPUBOJAIINE K IO-
BEPXHOCTHOMY HakJieny. [IoBepXHOCTHBIN Hakjen 0COOEHHO HEXeJaTeNleH ISl 00pa3IioB MaJIbIX
pa3smepoB (MHKpOOOpa3iibl, TOHKOCTEHHbIE). HekoTopbie BUIbI TepMOOOPaOOTKH, Hapumep 3a-
KaJIka, PUBOJAST K HEOAHOPOJHOCTU CTPYKTYpPbl 00pa3lia, 0OCOOEHHO IMpH OOJBIIOM €ro ceue-
HUM, TaK KaK TIyOMHa TepMOOOpabOTaHHOIO CIIOSI MOXKET OBITh HEBEIHKA.
['eomeTprueckue Gopmbl 00pa3lioB U3 METAJVIOB M CIUIABOB, NMPEAHA3HAUYEHHBIX ISl UCCIIEI0Ba-
HUS YIPYTOMJIacTUYECKUX M MPOYHOCTHBIX CBOMCTB, BeCbMa MHOI00Opa3Hbl, HO HauboJjee IIu-
POKO MCHOJBb3YIOTCSI 00pa3libl B BU/IE CTEPIKHS C YTONIEHUSMHU Ha ero KoHuax (puc. 1.11). Otu
YTOJILIEHUS Ha3bIBAIOTCS ToIoBKaMu. Popma rojIOBKU 3aBUCUT OT KOHCTPYKIIMU 3aXBaTOB UCIIbI-
TaTEeJIbHON MallliHbI, COOTBETCTBYIOIIMX BUAY Harpy3ok Ha oOpasen (puc. 1.12).

1 2 1

Puc. 1.11. Hunuaapuueckuil oopasen 1uisd UCIIBITAHUN Ha PACTSHKEHUE:
1 — ronoBka; 2 — paboyasi 4acTh
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Puc. 1.12. Tumnsl royioBOK HWIMHAPUYECKUX 00PA3LOB JUIsl UCIIBITAHUN Ha pacTsHKEHUE

Jlist T1ockux 00pasioB KOHCTPYKIIMH TOJIOBOK Oosiee 01HO0O0pa3Hbl o dopme (puc. 1.13). Ile-
pexoj oT paboueii 4acTh K TOJOBKaM JIeaeTCs MJIaBHBIM, 0€3 pe3KOro M3MEHEeHUsT (OPMBI, 4TO-
OBl YMEHBIINTH KOHLIEHTPAIMIO HAIIPSDKEHUH U TEM caMbIM 00ecieunTh B paboyeil yactu oopas-
11a OTHOPOIHOE M OJTHOOCHOE HAIPSIKEHHOE COCTOSIHHUE.
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Puc. 1.13. ['0J10BKH TJIOCKUX 00Pa3I0B JJISI UCTIBITAHUN Ha PACTSHDKCHHUE

JnuHa paboueii yactu B 5—10 pa3 mpeBbIaeT ee HauOOJIBIINKA TTonIepeuHblil pasmep. [lepexon-
HBI y4acTOK BBIMOJIHSAETCS B BUAE TOPOOOpa3HOW WM KOHMYECKOW moBepxHocTH. Criocod 3a-
KperuieHus oOpa3loB HE JOJKEH JOMYCKaTh HUX IMPOCKAIb3bIBAHUS OTHOCHUTEIHLHO 3aXBaTOB,
CMSTHUSI OLIOPHBIX [TOBEPXHOCTEN T'OJIOBOK, a TAK)KE pa3pyllIeHUs: 00pa3lioB HA MEPEXOJHBIX yda-
CTKax U B ToJoBKaX. TexXHONOrus U3roToBJICHUs 00pa3loB J0JKHA 00eCeunBaTh CTPOTYIO CO-
OCHOCTb I'0OJIOBOK U pabouell yacTH, NePIEeHIUKYISIPHOCTh ONOPHBIX IJIOCKOCTEHN TOJI0BOK K OCH
oOpa3ua. bnarogaps BbICOKOI TOUHOCTH M3TOTOBIEHUS 00paslia OCYIIECTBISIETCS KAYEeCTBEHHOE
LEHTPUPOBAHUE €r0 B 3aXBAaTax COBPEMEHHBIX HCIBITATEIbHBIX MAalIMH W MNPEJOTBpAIIAETCS
BHEIIEHTPEHHOE PaCTsHKEHUE.

[Tpu ucnpITaHUM Ha pACTKEHUE 00pa3lioB, HAXOASIIUXCS B XPYIIKOM COCTOSIHUM, IPUHUMAIOTCS
BCE MEPbI K CHUKCHHUIO KOHIICHTPAIIMH HAMPSKEHUH U K BBICOKOTOYHOMY OCEBOMY Harpy>KeHUIO
obpasia. Obpaser; U3 Xpynkoro Marepuaia rmokasad Ha pucynke 1.14.

OO0pa31p! U1 UCTIBITAaHUH Ha OIHOOCHOE C)KaThe, KaK MPaBUiIo, HE UMEIOT MOJIOBOK U MPECTaB-
JSI0T cO00M KOPOTKHME LUJIMHAPHI WIN MPU3MbI B 3aBUCUMOCTH OT BHJa 3aroToBKU. OTHOIIEHNE
JUIMHBI pabodeil yacTu oOpasia K ero HanboJIbIIeMy MONEPEYHOMY pa3Mepy AJs MpeaoTBparie-
HUs U3ruda He NOJDKHO mpeBblaTh Tpex (puc. 1.15). Topisl o6pas3na HeoOX0IUMMO U3TOTOBUTH
napauielbHbIMU APYT JPYTy U NepHeHIUKYISAPHBIME OCH o0pasiia.
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Puc. 1.14. O6pa3zer u3 Xpynkoro Marepuaia Jijisi UCIIBITAHUN Ha PACTSKEHHE
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Puc. 1.15. Obpa3err s UCTIBITAHUN Ha CKaTHE




OO0pa31bl 4715 UCTIBITAHUI Ha KPyYeHHE UMEIOT IPUMEPHO TaKylo ke (GpopmMy, Kak 1 00pasiisl s
WCTIBITAaHUHN Ha pacTsokenue. [IpuMeHsroTcest kak crutomHbie (puc. 1.16, a), Tak u moJbie oopas-
1bl, TIOTIEPEYHOE CEUYEHHE KOTOPBIX — TOHKOCTEHHOE KoJibllo (puc. 1.16, 6). [lepexoaubrii yua-
CTOK BBINOJHSETCS B BUJE TOpooOpa3Hoil moBepxHOcTU. KOHCTpYKIUS TOJOBOK J0OJKHA 0bOec-
NEYNTh Nepeaady KpyTAIEero MoMeHTa K padoueii yactu oOpasua. ['00BKM UMEIOT JBE WK Ye-
ThIpE IPaHu JUIs Iepejauu KPYTSAIIero MOMEHTa OT 3aXBaTOB UCIBITATEIbHOM MaIlIUHbI K 00pa3-
iy. Ha paboueii qacTu BBIIENSIETCS paCUeTHBIM y4acTOK, B IPeeax KOTOPOTO YCTaHABIUBAIOT-
Csl YIJIOMEPHBIE YCTPONCTBA, MO3BOJISIOUIUE OMPENEISITh YTOMI 3aKpYUHBaHUSI.

Puc. 1.16. OGpa31pl 1151 UCTIBITAaHUHM HA KPydeHHe: a) CIUIOUIHOM; 0) TpyOuaThIit

OO0pa3upl 411 UCIIBITAHUN MIPH CII0O)KHOM HANPSPKEHHOM COCTOSIHUU IPEICTaBISAIOT co00il TOH-
KOCTEHHbIE LIMJIMHIPUUECKIE TPYObI C FOJOBKAMHU, KOHCTPYKIIMSI KOTOPBIX 3aBUCUT OT BUI0B T€X
Harpy30K, KOTOpbIE JOJDKHBI OBITh Tepeianbl pabodel yacTu (oceBast Cuiia, KPYTAIIMA MOMEHT,
BHYTpPEHHEE WJIM BHEILHee JaBlieHue Ju0o ux coderanue). [lpu npoBeneHnH UCHBITaHUN B Ka-
Mepax BBICOKOT'O JABJIEHUS NPUMEHSIOTCS CIUIOUIHBbIE IMJIMHApUYECKUE oOpasipl. Pazmepsl u
¢dopma 00pas3LoB AJis 3TOr0 BUJA UCIIBITAHUH HE perIaMeHTHPYIOTCS.

HexoTtopble BIIbI MEXaHHUECKUX UCIBITAHUA 00pa30B METAIOB U CIJIABOB PETJIAMEHTUPYIOT-
cs1 HopmaTuBamMu. K HUM OTHOCATCS MCTIBITAHUS HA PACTSKEHUE IIPU KOMHATHOM, TIOHMKEHHON U
IIOBBIIICHHON TeMIIEpaTypax, Ha CKaThe M Ha KpydeHue. B mporuecce 3TUX UCIBITAHUN onpeie-
JSAI0TCS MEXAHUUYECKUE XAPAaKTEPUCTHKU METAJUIOB U CIUIaBoB. Ilon MexaHMYecKoM XapakTepu-
CTHKOW TIOHMMAETCS BEJIMUMHA, XapaKTepHU3yIoliasi ynpyrue, IpOYHOCTHBIE WIIH JeOpMalnoH-
HBIC CBOMCTBA METAJUIOB U CIIJIaBOB.

MexaHnuyeckne XapakKTEPUCTUKN HOCAT YCJIOBHBIM XapakTep, TAK KaK 3aBUCAT OT METOJA UCIbI-
TaHUM U crnocoba 00pabOTKH HKCHEPUMEHTANbHBIX JaHHBIX. [103TOMYy OIIEHKY MeXaHMYeCKUX
XapaKTEpUCTHK IMPOBOJAT CTPOTO PErjIaMEHTHUPOBAHHBIMU METOJIaMH, YTO HEOOXOIMMO MJis
o0ecreyeHns COMOCTaBUMOCTH HUX 3HaueHUH. MexaHMuYecKHe XapaKTepUCTUKH METaNIOB U
CIUIaBOB OIPENEISIOTCS B YCIOBUIX OJHOPOIHOTO HANpPsKEHHO-Ae(OPMUPOBAHHOTO COCTOSHUS
U UCIOJIB3YIOTCS B PacyeTax Ha IIPOYHOCTH U JKECTKOCTh DJIEMEHTOB KOHCTPYKIUN U COOPYXKeE-
HUM.

K mexaHMuecKUM XapaKTepUCTHKaM OTHOCUTCS MOIYJb ymnpyroctd, koddduuueHt Ilyaccona,
MOAYJb CIIBUT'A, IPEAEIbl IPONOPLUHOHATIBHOCTH, YIIPYTOCTH, TEKY4ECTH U IPOYHOCTH, OTHOCH-
TEJIbHBIC OCTaTOYHbIE YIJIMHEHUS U CY’KEHUS I10CIIE pa3phlBa.



Jexkyua 4. Kpumepuu npedenvnozo cocmoanus oemaneil u y3106 Mauiun.
Jedopmaruu (1 nepemelteHus) SBIASIOTCS TMHEHHBIMU aHAJIOTaMd MHOTHUX MEXaHHYECKHX Be-
anuuH. [Ipu onpenesneHHpIX yCIoBUsAX, HAIPUMEpP MIPU IPABUIBHO CIPOEKTUPOBAHHBIX YIPYIHX
3JIEeMEHTaX OHU CTAHOBSITCS MOYTH HJI€aTbHBIMU HOCUTEISIMU MH(GOPMAIIUU B TPe0Opa3oBaTeIsIxX
U IpagyupyroTcs B Pa3MEpPHOCTH CUJI, MOMEHTOB, YCKOPEHMM, HaINpsOKEHUW, NaBJICHMM, Mac-
MITA0OHBIX TIEPEMEIICHUI U Ja)Ke B Pa3MEPHOCTH [apaMeTPOB YCTAIIOCTH (B CUETUYMKAX pecypca).
BonbmMHCTBO CPENCTB M3MEPEHUS] CIEKTPOB HArpy30K, YCIOBUH AKCIUTyaTallMH, I1apaMeTpOB
BUOpALIMY, MAKPO- U MUKPOIIEPEMEIICHUH B 3JIEMEHTAaX MAIlUH [IOCTPOCHO Ha MPeoOpa3oBaHUU
neGopManuu B AIEKTPHUECKUI CUTHAI, KOTOPBIM TpaHC(HOPMUPYIOT CIIeNUANIbHOM anmnaparypon
U 3aIIMCBIBAIOT aHAJOTOBBIMU WM IU(DPOBBIMU PETUCTPATOPAMH.

[TpunMnel TpeoOpa3oBaHusl MOTYT OBITH Pa3UYHBIC: TEH30PE3UCTOPHBIE MOTEHIIMOMETpUYE-
CKH€, HHJIYKTUBHO-TpaHC(POpMATOpPHbIE, €MKOCTHBIC, YIbTPAa3BYKOBBIC, IbE30JIEKTPUUECKHE,
qacToTHbIE U JIp. COBpEMEHHOE pa3BUTHE MPOMBILIUIEHHON MUKPO3JIEKTPOHUKHU CY3UJI0 HOMEHK-
JaTypy MacCOBBIX THIIOB IIpeoOpazoBaTenell, HO pacHIMpPUIIO YKCIO THUIIOB CHEHMATU3UPOBaH-
HBIX MpeoOpa3oBareneld. Mi3MepeHne Harpy3oK IpU HCIBITAHUM arperaToB, MOJAEJCH, y3JI0B U
JeTalell OCYIIECTBISIOT B OCHOBHOM TeH30pe3ucTopHbiMu nuHamomerpamu (TJl) ¢ BbIxogom
CUTHaJIa Ha aHajoro-mudpoBoii npeodpazosatens (ALIl) u nepenayeit ero Ha yrnpaBiieHHe IPo-
[[ECCOM HarpyKeHHsl, a TaK)Ke Ha perucTpupyrone u nudposble mokasbiBatomie npudopsl. T/
U3TOTOBJISIIOT JUISl U3BMEPEHUSI Harpy30K U KPYTSIIEr0o MOMEHTA, a TaK)Ke /1711 MHOTOKOMIIOHEHT-
HbIX WM3MEpPEHM, Harpumep, ISl TUIPOJIMHAMUYECKUX U a’pPOJUHAMUYECKUX IKCIIEPUMEHTOB.
W3yueHne wim BOCIIPOM3BEECHIE BUOPOAKYCTHUYECKHX HArpy30K, aMIUIUTYJ U YCKOPEHHH BBI-
MOJIHSAIOT CHEUAIBHBIMU MpeoOpa3oBaTeNsiMU U BBICOKOYACTOTHOW ammaparypoil. Pasnuuaror
yCTpOMCTBA M3MEPEHHUS MapaMEeTPOB IPU 3KCIUTyaTalldd W WCIBITAHWM MAIIMH U YCTPOMCTBA
peanu3anuyu BUOPOAKYyCTUYECKUX HArPy30K MPH UCHBITAHUU arperaToB (BUOPOMETPHI, IIyMOMe-
PBI, aKCEIEPOMETPHI, YACTOTHBIE aHATM3ATOPbI, CAMOIIHCIIBI, BUOPATOPHI, BUOPOCTEH IBI, CUPEHBI
U T.J.).

[IpeoOpa3oBarenu AaBieHUN 711 U3MEPEHUH B KHMJKOCTAX, I'a3ax, ChIIyYUX cpelax (IaT4uKu
nasienuii [IJ1) umerot psa ocoOeHHOCTEN U XapaKTepHbIe YCIOBUS MPUMEHEHUs: Majbie rada-
puthl /] (MuHuaTiopusanus) Aias NpOBEACHUS MOJENbHBIX IKCIEPUMEHTOB B a’pojAMHAMUYe-
CKHX TpyOax, KaHallaX, TUIPOCUCTEMAX; BBIIIOJHEHNE U3MEPEHUI NaBICHUS MPU BBICOKUX (HH3-
KHMX) TeMIlepaTypax B DHEPreTUYECKUX YCTAHOBKAX, B JIBUraTeNIIX BHYTPEHHETO CrOpaHHs
(ABC) mpu HecTanmoHapHBIX TeMIepaTypax U MyJbCUPYIOIIUX B3PhIBAX Ta30BbIX CMECEH.
PazButne cpencts mamepenus nepemenieHuil (gatuuku nepemenienuit [I1) xapakrepusyercs
3HAUUTENBHBIM pa3HOO0pa3reM MPHUHIIMIIOB M MIMPOTON Muamna3zona uaMepenmii. Knmaccuduiu-
pytot HII no cienyrommm napaMmerpam:

1) ouanasony: natunku mukponepemernieHuid (0—100 MKM); JaTYNKH MHJUTMMETPOBOTO JHaria-
30Ha (0,01-10 mm, 0,1-100 mm); natauku Oonpimux nepemerniennii (0,5-5000 mm);

2) muny npoyecca: TaT9YMKH CTATHYCCKUX MEPEMEIIEHHI; TaTYUKU BHICOKOYACTOTHOTO KOHTPO-
IS aMIUTATY/ ¥ CMEIICHUH; TaTYMKU TePEMENIEHUH JIJIsl TOBBIIIEHHBIX (MOHMKEHHBIX ) TEMIIEepa-
Typ; YHUBEpCAJIbHbIE TaTUYNKH MEPEMEILICHU;

3) npunyuny uzmepeHus: TCH30PE3UCTOPHBIC, MHAYKTHBHBIC, EMKOCTHBIC, MOTECHIIMOMETPHYeE-
CKHUe, yIbTPa3BYKOBbIE, THEBMATUUECKUE, ONITHYECKHE, (DOTOMOTYIISIMOHHbBIE (PacCTPOBLIE), Me-
XaHUYECKHE, a TAK)K€ KOHTAaKTHbIE-OECKOHTAKTHBIE;

4) uzmepsemvim napamempam: oceBbie (JIMHEWHBIE), YIIIOMEpHBIE (TIOCKUE W MPOCTPAHCTBEH-
HBIE), KpUBU3HOMEPHBIE 1 KOMOMHUPOBAHHBIE.

Hccneoosanue oeghopmayuii u nanpsasxcenuii

PaznuuaroT MeTopl MccieoBaHus MoJieil AedopMaruy, KOTopble MPUMEHSIOT NMPH U3y4YEeHUHU
cnoxHblx HJIC, xorja Hen3BeCTHHI IJ1aBHbIE HANpPaBJICHUs, U METOJbl U3MEpEeHUs JedopManuit
10 OTJENIHBIM TOYKaM TEH30METPaMH (IKCTEH30METpaMH).

Kaxxnpiif nHXKEHEepHBIM METO/ UMEEeT CBOIO 00JacTh ONTHUMAJIbHOTO IMpUMEHEHUs U 3P eKTrB-
Hble KOMOMHAIMK C APYrMMHU MeTofaMu. Henb3s TpeGoBaTh OT crenMain3MpOBaHHBIX CPEACTB



YHHUBEPCAJIHHOTO MPUMEHEHHUS JJIsi BCETO pa3HOOOpa3us MPaKTHUECKUX 3ajad, YTO MOXKET MpH-
BECTH K OTPHLIATEIbHBIM pe3ysbTaTaM. B 3ToM cMbIciie BaxkHa Bes UHoOpMalus 00 yKe pelieH-
HBIX HHKCHCPHBIX 3a/ladax, BBIIIOJHCHHBIX KOHKPETHBIM MCTOIOM. OI[HI/IM u3 HaHpaBHCHI/Iﬁ B
9KCIIEPUMEHTANILHOM MEXaHWKe JOJDKHA CTaTh CHCTEMaTH3allvs pPELIeHHM, KOTOPbIX, BOOOIIE
rOBOpS, OTPAHUYCHHOE YUCIO. DTO OOBSCHAETCS 3HAUUTEIBLHON TPYIO0EMKOCTHIO SKCIEPUMEH-
TaJbHBIX UCCIIEIOBAHUM.

Pa3paboTrka HOBBIX MeTO/10B U cpencTB uzydenust HJIC cBs3ana B mocieIHNUE TObI B OCHOBHOM
C TOMCKOBBIMU pabOTamMHM B O0JIACTH TOJO- U CHEKIMHTEP(HEpPOMETpPHUM, MHEBMATUYECKUX U
YJIBTPA3BYKOBLIX CPEACTB, MECTOAOB IIPOHUKAIOIIHUX I/ISHY'-IGHI/II?I, OIITUKO-TCOMCTPUICCKHUX MCTO-
JIOB, TEIUIOBUACHUS, TepMorpaduu. B To jxe Bpemsi mpousoluia 3HaYUTeIbHasT MOACPHU3ALINS
HN3BCCTHBIX MCTOJOB; TaK, HAIIPUMCP, IMOJYYHUJI HOBOC Pa3BUTHC MCTOA XPYIKUX TCH30YYBCTBU-
TEJbHBIX MOKPBITUN U 3epKaIbHO-ONTHYEeCKHI MeToa. OHUM U3 BaXKHBIX HANpaBICHHUI pa3BU-
Tust MeTooB u3ydeHus HJIC sBnsercss aBToMaTu3amus MHOTUX MPOIIECCOB 00pabOTKU JaHHBIX
Ha OBM u co3nanue cnenuanu3upoBaHHOTO MPOrPAaMMHOTO OOECIEUeHHUs, a TaKKe aBTOMATH-
3al1usi CaMoTo Ipoliecca u3MepeHus u coopa gaHHbIX Ha OBM.



HccaenoBanus U MCIILITAHUS HA3€MHBIX TPAHCHOPTHO-TEXHOJOIHYC€CKHUX
MallluH

Jexyua 5 Memoouku ucnvimanus y3i106, CUCHem U MAUIUH.
enp nccienoBaHus MPOYHOCTH MATEPUATIOB, J€TANCd U KOHCTPYKUHUM — 3TO MOJTYyYEHHE MPOU-
HOCTHBIX XapaKTePUCTHUK JUIsl MACIOPTHU3AlMU MaTepHalioB U mNoiy(aOpuKaToB; ompeieseHue
pa3pyIIalIIUX HATPY30K IS ONTUMHU3AIMN HECYIEH CIIOCOOHOCTH JIeTalei M COSAUHEHHH TTPH
MPOEKTUPOBAHUHU; MTPOBEICHUE KOHTPOJIBHBIX CEPTUDUKAIIMOHHBIX CTATUYECKUX HCIIBITAHUN Ha
pacyeTHble HOPMUPOBAHHBIE HArPY3KHU JI0 Pa3pylICHHs] U pacyeT 3amaca MpPOYHOCTU (U30BITOK
MPOYHOCTH ), HE IIPEBBIIIAIOIIETO JOMYCTUMOIO II0 BECOBOMY KPUTEPUIO.
AHaJIOTUYHBIE LIENU CTABSAT MPU YCTATIOCTHBIX UCIBITAHUSX, HO B 3TOM Cllyyae TJIaBHBIMU Tapa-
METpaMU SIBJISIIOTCS YPOBEHb CPEAHUX HANPSHKEHUIM M YUCIIO [IUKIIOB (4acoB) 10 pa3pyLICHHUS.
Pa3BuTHe TEXHUKU UCIBITAHUN HA MPOYHOCTh M COMPOTUBJICHUE YCTAIOCTU MPOUCXOIUT B Ha-
MIPaBJICHUU aBTOMATU3AIMH HATPYKEHUsI, U3MEPEHUS [TapaMeTPOB, KOHTPOJIS U KaTUOPOBKHU, 00-
paboTKH NaHHBIX, (OPMUPOBAHUS WH(POPMAIIMH, €€ HAKOIUICHHUS W ONEPATHBHOTO IMpeICTaBie-
HUA, peJaKTUPOBaHUs JOKYMEHTAllMU U €€ pa3MHOKeHud. (s ueneil aBromaTu3aluu UCIOJb-
3YIOT MUHH- 1 MEKpoOBM, niepudepuiiasie ycrpoiictBa. TeM caMbIM TOCTUTAETCs 3aMeHa JJTU-
TEJIBHBIX TPYAOEMKHUX ONEpalnii, HOBBIIIAETCS YPOBEHb CTAHJAPTU3ALUH UCIIBITAHHUM, METPOIO-
rU4ecKas KyJabTypa, 00beKTUBHOCTH OILICHOK M YBEITMUCHHUE YHCIIA UCCIIETYEMBIX TapaMeTPOB.
CtpykTypHasi cxeMa HCIBITAaHUH Ha MPOYHOCTH (YCTANIOCTh) WM pabOTOCMOCOOHOCTh JlaHa Ha
pucynke 1.17. IlpaBasi 4acTh CXeMbI COCTaBJIICT WH(POPMAIMOHHO-U3MEPHUTEIHLHYIO CHCTEMY
(MUC), neBas — ympasisitomuii BeraucauTenbubiil kommieke (YBK). O6mmM uHCcTpyMeHTOM
JUISL BBITTOJTHEHUS Beex onepauuid spisiercss UBK — u3amMepuTenbHO-BBIYMCIUTENBHBIA KOMIUIEKC,
KOTOPbIN BBIIIOJIHSET NPsAMble, KOCBEHHbIC, COBMECTHBIE U COBOKYITHbIE U3MEPEHUS AJIEKTpHYE-
CKHX BEIIMYHH, YIIPABJISCT MPOIECCOM M3MEPECHHS U BO3JICUCTBUS Ha OOBEKT, MPECTABIISACT Pe-
3yNnbTaThl U3MEpPEHUil onepaTropy B 3amanHoM Buje. UBK obecnieunBaer Bocmpusitue, mpeodpa-
30BaHHE U 00Pa0OTKY MEKTPUUECKUX CHTHAIOB OT NMEPBUYHBIX MIPEOOpa3oBaTeieii, ypaBieHue
CpeICTBAaMU M3MEPEHHUI U BHIPAOOTKY HOPMHUPOBAHHBIX SJIEKTPUUECKUX CHUTHAJIOB, SBIISIOIIUXCS
BXOJHBIMHU JIJIsl aHAJIM3a TOYHOCTH U3MEPEHHI; KOHTPOJIUPYET BEJIMUMUHBI CUIIOBOTO (WJIM JAPYTO-
T'O TUIA) BO3JICHCTBHUS Ha OOBEKT; MPEACTABISAET PE3yIbTaThl B YCTAHOBIEHHBIX (hopMax.
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Puc. 1.17. CtpyKkTypa CUCTEMbI HCIIBITAHHSI HA IIPOYHOCTH (YCTAJIOCTD) MU paboTOCIOC00-
HocTh: CH u JI — cuctema Harpy>keHusi U JBH>KEHUS,
[IIT u K — nepBuunbie npeodpazoBaten u kommyTtatopsl; JIC — nmuauu cBsi3u; JIY — nuaun
ynpasnenus; I — rpadomnoctpourenu; [ — nucriei;
VYBII — ycTpoiictBo ObicTpoii iewaru; Tl — Ter3oqunamomerpsr; 11 — naTunku nepeMenieHus;
TP — tenzopesuctopsl; ['1] — rugponumusapel

Pa3BuTHe aBTOMaTH4YECKMX CHCTEM HCHBITaHUS HA MPOYHOCTH (YCTalIOCTh) MPOLLIO HECKOJIBKO
ATANOB OTPAHWYECHHOW aBTOMATH3ALWH, MPEXKIE YeM BBIPAOOTANIOCH PALMOHAIBHOE COUYETAHUE
1o MHOTOKaHaJIbHOCTH U ObIcTpoaeicTBuio it MMC u YBK. B HekoTOphIX ciydasx ymoOHee
UCIIOJIB30BaTh TOJBKO Heckonbko moayneit MWC, mnmm npu 610YHO-MOIYIBHOM MOCTPOSHHUH
YBK npumensats ornenbHo moayiau (ctoiiku) ACYH (aBTomMaTH4ecKrne CHUCTEMBI YIIPaBICHUS
Harpy»keHueM) JJisi HECKOJIbKUX HE3aBUCUMBIX HcHbITaHui. [IporpaMMHoe yrpaBieHue ocylie-
cTBISIIOT OT BcTpoeHHoro B UBK mponeccopa (Munm- mir MukpoOBM); UCHIONB3YIOT, KaK Mpa-
BUJIO, CEPUIHO BBIMTYCKAEMbIE arperaTHbIe CPECTBA U3MEPEHUN U aBTOMATU3aIlH, TUTIOBbIC WH-
Tepgerchl.

YacTHBIM CTydyaeM CHUCTEMBI UCTIBITAHUS SIBJISFOTCS MCIBITATENbHBIE MAIIMHBI U (PYHKIIMOHATb-
HbIe CTeHbI (ycTaHOBKH) (puc. 1.18), KOTOpbIE CTPYKTYPHO MOBTOPSIOT MHOTOKaHAJIbHBIE CHC-
TeMbI (cM. puc. 1.17), HO UMEIOT MPOCTYIO CXEMY OOPaTHOM CBS3H, MTOCKOJIBKY OOJIBITUHCTBO U3
HUX — OJJHOKaHaJIbHbIe. Pa3BUTHE CUCTEM HCIBITAHUN MPOUCXOAUT B HECKOJIBKUX HAIPaBIICHH-
ax. Tak, B 3aBUCUMOCTH OT YacTOT (CKOPOCTEH) Harpy>KeHus, MOIIIHOCTH ¥ TPHUHIIUIIOB YIpPaB-
JICHUs Harpy3kamMu Hanbosiee YHUBEpPCATbHBIMY 71l MAIIMH U arperaToB SBJISIOTCS SJIEKTPOTU/I-
PaBIMYECKUE U DJIEKTPOMEXAHWYECKUE MPUHIUIIBI UCTIBITAHUN, MEHEE TUOKMMH — AJIEKTPOJIU-
HAMUYECKHE U THEBMODJIEKTPUUECKHE.

Puc. 1.18. Crena 11 ucnibITaHUSI KOHCTPYKIIMHA

OMHOBPEMEHHO C CHCTEMaMM OCHOBHBIX Harpy3oK pa3BUBAIOTCS CUCTEMbI (PU3NYECKOTO MOjIe-
JUPOBaHUS yCIOBHUM 3Kciutyatauuu (ucnbiTaHuil). [IpuMeHsIoT ycTpoiicTBa As JIYy4HCTOTO U
KOHBEKTHBHOI'O HarpeBa, TepModapokaMepbl, KpUOCTAThl, KIMMAaTHUYECKUE U peBepOepaliiOHHbIe
KaMephl U T.JI.

Hayuno-uccnenoBarenbckuii ucneitarensubiii kommieke (HUUK) Beepoccuiickoro HUU skc-
nepuMeHTanbHou pusuku (Poccuiickuil dhenepanbHbIN 1epHBIN HEHTP) MPOBOAUT SKCIEPUMEH-
TaJIbHbIE MCCIIeI0BaHNs 00pa3lioB BOGHHOM TEXHUKU U3 sIEPHOro apceHana Poccuu u uznenuit
TrPaKIaHCKOTO HA3HAYEHUS HA POYHOCTh U CTOMKOCTh K BHEIITHUM MEXaHUYECKUM, TEIIJIOBBIM H
KJIMMAaTUYEeCKUM Harpy3kaM Ha MpOTSHDKEHUH BCETO CPOKa CIyXKOBI.

Hay4HO-TeXHMYECKHNE BO3MOKHOCTH KOMILUIEKCA MO3BOJISIOT UCCIEAOBATh Pa3jINYHbIE XapaKTe-
PUCTUKU U MapaMeTpbl KOHCTPYKIHMH (HampsyKeHHO-Ie(OPMHPOBAHHOE COCTOSIHUE, B3aMMHBIE



nepeMeNIeHHs JIeTajaell U y3J0B, YPOBHHM Harpy30K, TEIJIOBBIEC MOJISL, JUHAMUYECKUE XapaKTepH-
CTHKHU U T. J.) KaK NPU OJUHOYHOM, TaK M MPU KOMIUIEKCHOM BO3/JCHCTBUM Ha HUX WHEPIHOH-
HBIX, BUOPAIIMOHHBIX, YIAPHBIX U KIMMATHUYECKUX HATPY30K, a TAKKE MPOBOIAUTH TUCTAHIIMOH-
HBI€ HUCIIBITAHUS U3JIENUI, COAepKallUX B3pbIBUATHIC, PaJIMOAKTUBHbIC BEIIECTBA U JEINIAIIUECS
MaTepHuabl.

Ha ucnerratenbapix yecranoBkax HUMKa MoryT ObITh MOTy4YeHBI:

— CTaTUYECKHE HArPY3KHU J0 COTEH TOHH,;

— Ieperpy3Ky B THICSIUM €AUHMUIL IIPH YAAPE;

— pa3IuYHbIC BUBI BUOPAIIMOHHBIX HATPY30K;

— apKTUYECKHUM X010 U Tponndeckas xapa, 100%-s1 BIaxKHOCTb U COJIHEUHAs paguanusl.
Mertoonornyueckas U anmaparypHasi OCHAIIEHHOCTh UCIBITATEILHOIO KOMIUIEKCa Oo0ecrieurBa-
eT:

— TOJTBEPKJICHUE MHOTOJICTHETO TAPAHTHIHOTO CPOKA CIYKOBI KOHCTPYKIUN MO pe3yIbTaTaM
uX (popcHpOBaHHBIX HCIIBITAHUI;

— (yHIaMEHTAIBHBIC UCCIIEeIOBAaHUS (PU3UKO-MEXaHUYCCKUX W PATUAIMOHHBIX XaPAKTEPUCTUK
BCEBO3MOXKHBIX KOHCTPYKIIMOHHBIX MaT€pPHAJIOB U B3PHIBUATHIX BEIIECTB;

— HUCTBITAHUS HA MPOYHOCTh M F€PMETUYHOCTh T'a30BBIX CHCTEM Pa3UYHOTO HA3HAUYCHHS TH]I-
PaBJIMKOI, BAKYyMHUPOBAaHUEM U Ta30M;

— UCTIBITAHUS KOHCTPYKIIMI Ha BO3CHCTBUE BHICOKOTO JABJICHHUS OJHOBPEMEHHO C JIMHEHHBIMH,
BUOPALIMOHHBIMU WJIH YIaPHBIMU YCKOPEHUSIMH;

— IUarHOCTUPOBAHKE TTOBPEKICHHBIX KOHCTPYKIIMN U Ta30BbIX CUCTEM METOJaMHU PEHTIeHOrpa-
¢buu, ynpTpazByka, akyCTHU€CKON IMHUCCUU, TEUCHCKAHUS, TCH30METPUU U JP.;

— BO3MOKHOCTh KOMITPECCHH BOJOPO/Ia, a30Ta, aproHa W JPYruX ra3oB HA MEPEABUIKHBIX yCTa-
HOBKax;

— MpoBeJeHHEe HEO0OXO0IMMOro o0beMa M3MepeHUuN 1 uX 00pabOTKy C HCIOJIb30BAHHEM COBpE-
MEHHBIX U3MEPUTETHHBIX U BHIYHCIUTEIBHBIX KOMITJICKCOB.

Y3a61 ucnvimamenvnvix mawmun
Jlns ucnpITaHUi MaTepUaoB MPUMEHSETCS MHOXKECTBO CaMbIX pPa3HOOOPA3HBIX MalluH (pHuc.
1.19, 1.20). OnHako, HeCMOTpPs Ha BCE MX pa3HOOOpa3ue, BCEM MalllMHaM MPHUCYIIU OJHU U Te
7K€ OCHOBHBIE YaCTH, a UMEHHO:

a) ycmpoiicmea, 8vl3vlearoujue nosigienue ycunus, AeucTByromero Ha odpaseun. IIpocreimmmun
ABIIIOTCS MEXAaHU3M MPSIMOT0 Harpy>keHus (IOAJ0H C TUPSMHU) U MEXaHU3M PBIYaKHOTO Harpy-
eHUs (TO3BOJISIONINI MaIbIM BECOM I'MPb CO3JaTh OOJIBILIOE YCUIIHE).

VYcunne MoXeT ObITh BBI3BAHO MEXAHUUECKUM BO3/IEHCTBUEM, HAIPUMEDP BHIBUHUYMBAHUEM BUHTA

(LmuHeNns) U3 MacCUBHOM Tailku, MpUuYéM cama olepalys BpaIleHUs MOXKET MPOU3BOAUTHCS
4yepe3 CUCTEMY 3yOdYaThiX 3alleTlJIEHWH BPYYHYIO WJIM OT JABUTATENs. Y CUIIUE, BO3JIEHCTBYIOIIEE
Ha o0pasell, MOXeT ObITh CO3/1aHO MYTEM YBEJIWYEHHUs JaBJICHUS )KUJIKOCTH Ha MOpIIEHb, B I[U-
JUHJIpE.
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Puc. 1.20. I'ngpasnndeckas yHuBepcallbHas MalliHa

[Ipuémsl ocymiecTBIEHUST METOAOB BO3OYKICHHS YCHIIMIA JOBOJIBHO Pa3HOOOpA3HbI U MpHUBEJIE-
HBI B OMHMCAHUSAX KaXJI0M MamvHbL. B 3aBUCUMOCTH OT crioco6a BO30OYXKACHUS YCUITUSI MAIlIUHbBI
yalie BCEro W IMOJy4alroT CBOE HAMMEHOBAHUWE: THJIPAaBIMYECKUU MpecC, pblYakHAs MalluHa,
MIMUHEIbHAsS MallliHa U T. 1.

Jlna ciennanbHOTO M3ydeHus A dexTa TMHAMUYeCKUX BO3ACHCTBUN MPUMEHSIOTCS KPUBOIIHTI-
HO-IIIaTYHHBIE MEXaHU3MBI, Pa3HOOOPa3HBIE KOMPHI M IPYTHE YCTPONCTBA;

0) cunousmepumenvHule ycmpoucmea MPeaHA3HAYCHBI 1711 U3MEPEHHsI PUII0KEHHON HATPY3KHU.
Bo3zaeiicTBue cuibl Ha OIMH KOHEI[ oOpasiia TpeOyeT Takoro K€ BO3IACHCTBUS U CO CTOPOHBI
npyroro konna. [TIoaToMy BbI3BaHHOE yCHUITHE HYKHO YPaBHOBECUTH TaK, UTOOBI €r0 MOKHO ObI-
JI0 U3MEPHTH.

[IpumMeHNB HEpaBHOMICUMI phIYAr, MOXKHO MAlIbIM T'PY30M YPaBHOBECHUTH OOJBIIOE YCHIIUE,
nercTBytomiee Ha oopaszen. CucteMa IByX HEPABHOIUICUUX PHIYArOB MO3BOJISIET TPY30M MOPSIIKA

10 xr ypaBHOBemmBaTh ycuiue B 50 T.



Bonpiioe pacrpocTpaHeHre IMEET YPaBHOBEITMBAHUE MasSTHUKOBBIM IMPOTHBOBECOM. BennunHa
yeunus OyeT NponopIHOHaIbHa OTKIOHEHUIO MAasTHUKA, OTKJIIOHEHHE K€ MasiTHUKA repenaéT-
Csl CHIIOM3MEPHUTEILHOMY YCTPOHCTBY, YaCTO OYEHB MPOCTOMY.

[Tpu npsMoM HarpykeHuHU (Kak U IpU PhIUYKHOM) O BEJIMYMHE YCHIIUS CYASAT IO CyMMeE Beca
Habopa rupb. OMHAKO HE 00s3aTEIIBFHO U3MEPATh UIMCHHO yYPAaBHOBEIIMBAIOIINE YCHIIUS: CYIIe-
CTBYIOT KOHCTPYKIIMHM MAIllUH, TJ€ CHJIOM3MEPUTEIHLHOE YCTPOMCTBO PETUCTPUPYET BEIUUHUHY
AKTUBHOW CHUJIBL.

Ha3panne MHOTMX UCHBITATENIbHBIX MAIIWH OINPEAESETCS U TUIIOM CHIIOM3MEPHUTEIbHBIX YCT-
pOWCTB, HAPUMEP: MAIIMHA C MASTHUKOBBIM MTPOTUBOBECOM, MAIIMHA ¢ MAHOMETPHYECKUM H3-
MEPEHUEM YCHIIHS.

Bo MHOrMX ciydasx ypaBHOBEIIMBAIOIINEC U CUJIOU3MEPUTENIBHBIE YCTPOWCTBA OCHAIIAIOTCS
npuOOpoM JIIsi aBTOMATHYECKON 3alUCH Juarpamm, BBIPaKalOUIMX 3aBUCUMOCTH JehopManuii
OT Harpy3oK;

B) onopHvle npucnocobnenus. B 3Ty rpynmy ycTpoWCTB BXOIST UWJIMHIPUYECKUE OMOPHI IS
UCTIBITaHUs 0aJO0K; TUTMTHI I YCTAHOBKU OOPAa3IOB MPHU HCIBITAHHH Ha CKATHUE; TPUCIIOCO0ITE-
HUSl, HEHTPUPYIOIUE HATPy3KYy; 3aXBaThl PA3HBIX CHCTEM IPH HCHBITAHWU HA PACTsDKEHUE; 3a-
KIIMHUBAIOIIUE YCTPOMCTBA NIPH UCTIBITAHUH Ha KpydeHHe. CioJa ’Ke MOTYT OBITh OTHECEHBI TaK
Ha3bIBaEMbIE PEBEPCOPHI — MPUOOPHI, MEHSIOLIUE HAMNpaBICHUE WM XapakTep JEHCTBUS CHI
(HampuMep CO3/A0IINe PU CKUMAIOIIEH CHJIE Mpecca PACTATHBAIONISE YCHINE WIIA KPYTSIUN
MOMEHT B 00pasIie);

T') 6Cce nepevuciennvlie YCmpoucmea MOHMUPYIOmMcs Ha CIMAaHuHe Mauutsl 1 €10 00beAUHSIIOTCSL.
Bce ycunusi, co3gaBaeMble UCTIBITATEILHON MAIIMHOM, YPaBHOBEUIMBAIOTCS B MpeeNiaX CTaHH-
Hbl. OT UCIIBITATEIHFHON MAIIMHBI HA PYHIAMEHT MepenaéTcs UMb COOCTBEHHBI BEC MAITUHBI
U IUHAMUYEeCKO€ BO3JICHCTBUE OT YIPYrol OTa4yM MPU pa3pylIeHUU 00pasiia.



Jekuyusa 6. Boibop napamempoeé ucnoimanuii. Beioop nnanoe ucnvtmanuii.
B xauecTBe mpumepa MOKHO MpuBeCcTH cxemy mnpecca cuior 60 T (puc. 1.21). O6pazer 1 mome-
1IaeTCsl MEXAy BEpXHEW HEMOIBHXKHON 2 M HUKHEN MOJBUXKHOM 3 CTaJIbHBIMU IUIMTAMU TIPEcca.
[ToaBuxHas TIMTa 3 BXOIUT CBOCH HIDKHEH cPepruecKOoi 4acThIO B COOTBETCTBYIOIIEE YIiTyO-
JieHue MopIHs 4, Haxoasmerocs B muinuHApe 5. [Ipu Bpamenuun Bana Hacoca 6 Maciio u3 6aka 7
MepeKavynuBaeTCs HACOCOM T10 MacCJIONPOBOAHON TpyOke 8—9 B nunuuap 5. Benencrue nmossiie-
HUS JaBJICHUS MOPIICHb 4, TOJAHUMASCh BBEPX, COKMUMAET 00pa3el] CUJIOH, MpOmopIHOHATIbHON
JABJICHUIO Maciia B [UJIUHIpE 5.
JUis u3MepeHus: BETMUMHBI JaBJIeHUs IIMHAP 5 coenuuéH Tpybdonposoaamu 10 u 11 ¢ apyrum
HWIMHAPOM 12 3HAUYUTENIbHO MEHBIIIEro AuaMeTpa. Macio BbIIABIMBACT U3 MIJIMHAPA 12 mop-
nieHb 13, ckper€HHbli nonepeunHon 14 ¢ saramu 15. Taru noBopaunBaroT 3a KOPOTKOE ILJIEUO
16 yrnoBo# peryar, JIMHHOE IJIe40 KOoToporo 17 ¢ rpy3om 18 sBisieTcs MagsTHUKOM. MOMEHT
BECa MasITHUKA OTHOCUTEIHHO OCH BPAILEHHUS YIIIOBOT'O phluara ypaBHOBEIIMBAECT MOMEHT CHUJIbI,
JIEHCTBYIOIIEH Ha KOPOTKOE IJIEYO pblvara (CHJIbl, BBIIABIMBAIOIICH MOpiieHb 13 u3 Maioro mu-
auHApa 12 n nponopruoHanbHON AABJIEHUIO Macia B muiuHApax 5 u 12). Takum oOpa3om, oT-
KJIOHEHHE MasATHUKA TaKKe MPOMOPIMOHATIBHO CUJie, CKMMaroleil oOpaszen. BepxHuii konel
pbruara 17 npu OTKJIOHEHHH TEPEIBUTAET CTEPKEeHb 19, Jexanmii Ha pojuKax, OJMH U3 KOTO-
PBIX CHJIMT Ha 001ei ocu co crpenkoit 20. KoHer cTpenku rnpu e€ BpallleHUH ABUKETCS 10 ITU-
depbaary ¢ neneHUsIMH, TTOKA3BIBAIONIIME BEIMINHY CHIIBI, CKUMAIOIICH 00pasell.
[Tepemenienuem rpy3a 18 mo pbryary MOKHO M3MEHSTH NMPEACIbHYIO BETUYHHY YCUIIHS, Pa3BU-
BaeMOro mamnmHoi. Bo3mMoxHb! ycTaHoBkM rpy3a Ha 6, 12, 30 u 60 1. [Ipu ycTaHoBke rpysa B
Hu3eM noioxeHuu 60 T OyIyT MpeneabHO HArpy3KOH, MPU KOTOPOH MasTHUK OTKJIOHHUTCS B
KpaiiHee moJiokeHue, a crpenka 20 omumrer mo mudepodaaTy MoJHy0 OKpyx)HOCTh. [Ipu ycra-
HOBKE TIpy3a 18 B BepxHeil yacTH pbluara KpaifHee OTKJIOHEHHE MasiTHUKa OYJET COOTBETCTBO-
BaTh ycwiuio B 6 T. Tak Kak cTpelika ykaszaress CHIBI TaKke O00OWIET MOTHOCTRIO IUdeponar
pu Bo3pacTaHuu Harpy3ku ot 0 1o 6 T, Kak U B MEPBOM ciyyae, TO LieHa aeneHus Oyner B 10
pa3 MEHbIIIE U, CIIEA0BATEIILHO, TOUHOCTh U3MEPEHUS CUITbI OY/IET BO CTOJIBKO K€ pa3 OoJIbIIIe.
Jlns pasrpy3ku mpecca OTKpbhIBaeTcs BeHTHIb 21, 1 Macno BeIxoauT mo Tpyokam 10 u 11 u3 nu-
auHApoB 5 u 12 obpaTtHoO B 6ak 7.

Puc.1.21. 'ugpaBnnyeckuil npecc ¢ MasITHUKOBBIM IIPUBOJOM

Jl11 aBTOMaTH4ECKOr0 BHIYEPUMBAHMSI IMAarPaMMBbl C)KaTUsl UMEETCS CIELMAIBHOE YCTPOMCTBO.
K HmxHEN cTambHOM IUIMTE 3 MPUKPEIUIEH KOHEI NIHYpa, MPOMYIIEHHOTO 3aTEM 4Yepe3 KOJbIIO,
IPUKpPEITIEHHOE K BepxHel mumre 2. [IHyp, npoiias npoMeKyTOYHbIE HANPABISIONINE KOJIBIIA,
MEePEeKUIbIBAETCS yepe3 WKUB 23, pacroyioKeHHbIN ¢ Topua O0apabana 22. Ha cBemmBarouuiics
KOHell IIIHypa JUIsl HaTSHDKEHUS ero MoJIBelIeHa He0ObIlas THpbKa.



Tak kak BepXHss CTaJibHAs JOCKa Ipecca HEMOJBUXKHA, TO MOJHATHE HIKHEH IJIMTHI 3 PaBHO
nedopmaruu (yKOpoueHHUI0) oOpasiia (eciau He YUYUTHIBATh Je(opMaIiii OMOPHBIX TJIUT U HEKO-
TOPOTO TIOJIHSATHUSI BEPXHEH TUIMTHI 2 BCIEACTBHE YJIMHEHUS KOJOHOK mpecca). [Ipu momHaTUM
IUTMTHI 3 MIHYp TIOBOpaduBaeT OapabaH BOKpYT ero ocu. Bokpyr 6apabana 22 obepHyTa Oymara,
Ha KOTOPOW BBIYEPUYHMBACTCS TUArpaMma.

K crepxxnro 19 npukpemn€n kapaHaani, KOTOPbIi, EpeABUrasiCh BMECTE CO CTEP)KHEM IPH H3-
MEHEHUH CKUMAIOIIEH CHIIBI, YePTUT Ha OyMare JIMHUIO, a0CIMCCHl KOTOpOH (BpaiieHue Oapa-
0aHa) garoT aOCOMIOTHOE YKOpOUeHHEe o0pasiia, a OpJIMHATHI (IIepeaBMKeHUE cTepkHs 19) — cu-
Ty, CKHMAIY0 oopasen,. Macmral ocu abcuuce (YKOPOUSHHIT) 3aBUCUT OT OTHOIICHUS Jra-
MmeTpa OapabaHa K AMaMeTpy IIKKUBA, a MacTad OCH OpJMHAT (Harpy3Ku) — OT YCTaHOBKH Tpy3a
18. OT1oT npubop AaéT AUarpaMMbl MaJIOro pa3Mepa U HeOOIBIIOW TOYHOCTH, HO BCE JK€ BIIOJIHE
MPUTOJIHBIC JUTS WILTIOCTPAIMH IPOIIECcca CKATHS.

Mawiunet  Ona  ucneimanuit  nHa  pacmadycenue  cucmemot  H.B. Kyopasuesa u
M.U. Yynownukosa

LleHTpaabHBIM HayYHO-HCCIEAOBATEIbCKUM HHCTUTYTOM TOYHOTO MAIIMHOCTPOEHHUS CKOHCT-
pyHUpOBaHbI ISl UCIIBITAHUSL 00pa3lloB Ha pacTsbkeHue MamuHbl cuiioid 4 T (UM-4) u 12 T (UM-
12). ITpuHnunuanbHble CXeMbl 00X MAIllUH aHAJOTUYHBI. Ha 3THX MaliMHax MOHO HMCIIBITHI-
BaTh IWJIMHAPHYECKUE 00pa3iipl quamerpoM ot 3 1o 10 mm (MM-4P) u ot 6 mo 15 mm (MM-12),
a TaKKe IUIOCKHe 00pa3Ibl COOTBETCTBEHHBIX pazMepoB. Cxembl Mammubl IM-4P nanbl Ha pu-
cyHke 1.22.
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Puc. 1.22. Cxema mammasl UM-4P



Ha cranmne 1 cMOHTHpOBaHBI BCe YCTpoMcTBa MamuHbl. O0Opa3el npyu UCIBITAHUHA Ha PACTSKE-
HUE YCTaHABJIMBAIOT B 3aXBaThl 2 U 3. PyKosAThIO 4 IPUBOJUTCS BO BpAlllEHUE cCUCTEMA 3y0UaThIX
3aleTUICHUH S5, 3aKaHYMBAIOIIMXCS 3y04yaToi raiikoi 6, KOTopas BTSITMBacT B ceOs BUHT 7. B
BEpPXHEH 4acTU BUHTA 7 yCTPOEH 3axBaT 2.

CoznaBaeMoe npu 3TOM ycuiue yepes oOpasen nepenaércs 3axsary 3. OT 3axBara 3 yepes TATY
8 ycunue AeMCcTByeT Ha KOpOoTKoe Iuiedo peiuara 9. Tsara 10 coenuHsieT KOHEl JUIMHHOTO Iieda
pbpryara 9 ¢ KOpOTKMM KOHIIOM KOJIEHYaToro peryara 11, KOTopsiii BMecTe ¢ rpy3amu 12 sBisieTcst
MasiTHUKOM, YPaBHOBELIMBAIOIIMM CBOUM OTKJIOHEHHEM BO3HHKAIOIEE B 00pa3Ie yCHITHE.
OTkJI0OHEHHE MasATHUKA (MIPOMOPLHUOHAIBHOE CHUIIE, pacTIruBarolleii oopasell) BhI3bIBACT MOBO-
poT pbruara 14, HacakeHHOTO Ha OOIIYI0 ¢ MasTHUKOM och 13. Bepxuuii konen poryara 14 npu-
BOJIUT B IBUKEHHE BJI0JIb TOPU3OHTAIBHOM peiiku 15 kapeTky 16 ¢ ykazaTenaeM U KapaHJalioMm.
C cucremoii 3y0uaThIX 3aneruieHuil 4-5—6 cBsizaH BanuK 17 (MpH MOMOIIM BCIIOMOTATELHOU
3ybuaTtoil mepemauu 18). Bpamienwe Bcex 3yOuaThix Mepenad HPOMOPIUOHAIBHO BEIHMYMHE
OIlyCKaHUs 3axBara 2.

Omnyckanue 3axBara 3 Mano (OHO PaBHO BEPTHKATbHOMY IEPEMEILICHUIO KOHIIA OY€Hb KOPOTKOTO
ieya pbryara 9), mo3ToMy MOKHO CUUTaTh, YTO KapaHzall 16 oTMeuaeT o OKPYKHOCTH BajlMKa
17 Benm4uHBI, MPONOPIHOHATIBHBIE a0CONMIOTHON nedopManuu obpasua. [lepemenienue xe Ka-
paHaia BAOJIb IEPEBIHHOIO BajJyMKa IPONOPLHOHAIBHO JIEMCTBYIOIIEH CUIIE.

Tlopsaook nonvzoeanus mawunou UM-4P

HamarsiBaroT pynoH quarpaMMHON Oymaru Ha HWOKHUN BaluK 19, Bpainas ero 1o 4acoBoi CTpelke
(eci CMOTPETH CO CTOPOHBI MasiTHUKA). [1pu 3ampaBke Oymary Ha BepXHHUN BaTUK 17 ero 0cBOOOXK-
JAIOT OT CUEIJICHUs] C MPUBOJHOM cUcTeMOM 3yOuarhix konec 18. 3akpenuB Oymary, BKIIOYAIOT
crerienne Bammka 17 ¢ 3ydouarkamu 18.

Kapetky 16 ¢ kapanaamom cTaBsT B HyJIeBO€ IoyIokeHHe. [[pouepunBaOT KOOpAUHATHBIE OCH:
0Ch a0CIMCC HAHOCHUTCS MIPH XOJOCTOM XOJI¢ MAIIIMHEI, T. €. TIPU HYJICBOW HArpy3Ke; OCh OpJIH-
HAT MOJyYaeTcs MPH OTKIOHEHWU BPY4YHYIO pbluara 14 ¢ kapetkoit 16 BopaBo ImpH HEMOABHK-
HOM Bayinke 17.

3anpaBuB Oymary, ycTaHaBIMBAaIOT B 3aXBaTax MallIMHbBI oOpa3zell. 3aTeM BpallleHHeM pyKosTh 4
YCTaHaBIWBAIOT HIKHUN 3aXBaT 2 Ha TaKOW BHICOTE, UYTO OOpa3el] OKAa3bIBAETCS UyTh HATSIHY-
TeIM. Uepes cuctemy 3y0dathix mepenad 21, aelicTByromryro oT Motopa 20 Ha cuctemy 5—6—7,
OTNHMCAHHYIO paHee, MyCKAaIT B XOJ dJIEKTpoMoTop. [lepeximouaTenb OT 3JIEKTPOMOTOpPa MOKHO
YCTaHaBIIMBATh B OJIHO U3 TPEX MOJIOKEHUI: TPSIMON X0, CTOM U 0OpaTHBIN XOJI.

Harpy>xenue MOKHO TTPOU3BOIUTH TAKXKE MPU MIOMOIIM PYYHOTO IPUBOJIA, Bpallas pyKOSTKY 1O
4acoBOl cTpenke (cucreMa nepenad 21 mpu 3ToOM BBIKIIOYAeTcs). PasrpyskeHne mpou3BOIUTCS
BpalleHUEM PYKOSITKA TMPOTUB YACOBOM CTpenku. HarpyxkeHwe pydHbIM TPHUBOJIOM TpeOyeT
0oJIbIIIe BpEMEHH, YEM DTIEKTPOMOTOPOM.

ABTOMAaTHUYECKYIO 3alUCh KPUBOW WHOTIA MPEKPAIAIOT TOCe MPOXOXKIACHUSI YJacTKa TeKyde-
CTH; €CITH K€ 3aluCh BeAETCS BIUIOTH J0 pa3pylleHus: o0pas3iia, To B MOMEHT pa3pbiBa o0pasiia
13-3a OBICTPOrO OTKJIOHEHUSI MasiTHUKA 12 BIpaBoO CBsI3aHHAs C HUM KapeTKa C IepoM TakKe Obl-
CTPO MEPEBUTAETCS K Hayaly IIKAJIbl U MONAJaeT TaM Ha 3allénKy 22; OJJHOBPEMEHHO HapylIa-
ercd clervieHue peiyara 14 ¢ kapetkoit 16, n ganbHelIMe Ka4yaHUs MasiTHUKA MPOUCXOIAT HeE-
3aBUCHUMO OT KapeTKu, KOTOpasi, MOMaB Ha 3alENKY, OCTAETCS HEMTOABUKHOM.

[Ipu Hanmmuuu peBepcopoB Ha MAITMHE MOKHO MTPOU3BOUTH UCIIBITAHUE HA C)KATHE U HA CPe3.

Mauwiunot 014 UCRLIMAHUIL HA YCMANOCHb

PacueTHble KpUTEpUU NMPOYHOCTH, YCTANIOCTU M (PYHKIIMOHHPOBaHUS (paboTOCIOcOOHOCTH), HA
OCHOBAaHUHU KOTOPBIX MPOEKTUPYIOT CHIIOBBIE arperatbl HOBOM MAaIIMHBI, IPOBEPSIOT IKCIEPU-
MEHTaJIbHO JJAOOPATOPHBIMH, CTEHIOBBIMH, MOJUTOHHBIMU U 3KCILTYyaTallUOHHBIMH HCIBITAHU -
Mu. Ha 3Tane onbITHBIX paOOT MPOBOJSAT UCHBITAHUS MOMCKOBBIX 00pa3loB, MOJENEH U HaTyp-
HBIX y3JIOB CHJIOBOM KOHCTPYKLIMU WIM MeXaHU3MOB (cM. Tabin. 1.3 u 1.4). Ha stane usrorosie-



HUs OIBITHBIX MJIM CEPUMHBIX KOHCTPYKLUNA HECKOJIBKO DK3EMIUIIPOB Yy3JIa, arperara Uiy Mallu-
HBI [IEPEIAlOT Ha CTAaTHYECKNE MCTIBITAaHMS U ONpEACICHIs Hecyleld CnocOOHOCTH, yCTaloCT-
HBIC U (byHKI_[I/IOHaJIBHbIe HUCIIbITAHUA.

Jlns MeXaHU3MOB, Mepeaad U JPYTuX OTACIbHO KOMIUIEKTYIOLIUXCS arperaToB MPOBOJAT CTCH-
JIOBbIE YCKOPEHHBIE MCIBITAaHUS HAa (QYHKIMOHUpOBaHUE (pabOTOCIOCOOHOCTH), KOTOPHIE YacTO
COBMEIIAIOT C W3YYCHHUEM JKECTKOCTH, TOYHOCTH, U3HAIIMBAHUSA M YCTAIOCTH NPH MaKCHMAaJlb-
HBIX PEKHMMax, WIN 3a/1al0TCs peaIbHOM HUKIOTPaMMOM MTOBTOPSEMOCTU HAarpy30K (PeKUMOB) U
OCYILIECTBIISIIOT JUIUTENBHBIC UCTIBITAHMS 110 BBIPAOOTKH HA3HAYSHHOT'O HAYaJIbHOTO pecypca.
[TporpamMMbl Ha ONBITHBIC U CEPTU(PUKAIIMOHHBIC UCTIBITAHUS (Ha POYHOCTH, YCTAJIOCTh U pabo-
TOCHOCOOHOCTB) pa3padaThIBAIOT HAa OOBEKT UCTIBITAaHUS (TEXHUYECKAst XapaKTEPUCTHKA M COCTaB
00BEKTa), HAa UCTIBITATENIbHBIN CTEH]], YCTAHOBKY, Ha MPUCIIOCOOJIEHNE K YHHUBEPCAbHOW Mallu-
He. OZTHOBPEMEHHO COCTABIISIOT CXeMy M3MEPEHHH, MepedeHb CPEICTB U3MEPEHHH 1 00pabOTKH
pE3yJIbTaTOB.



HccaenoBanus U MCIILITAHUS HA3€MHBIX TPAHCHOPTHO-TEXHOJOIHYC€CKHUX
MallluH

Jexuusa 7. Boioop npubopoe, 060pyoosarnus, npucnocooreHuil u uHCmpymeHma 0Jis uccjie-
006aHUA U UCNLIMAHUA MAUWIUH UX Y3]106 U CUCHEM.

[TporpamMmMa MCIBITAaHUI Ha HECYLIYIO CLIOCOOHOCTh COAEPIKUT MEPBOE KPUTEPHUAIbHOE YCIOBHE
JUIL CUJIOBOW KOHCTPYKLIHMH — MOATBEPKACHUE PACUETHOM U OINPEIEICHUE IEHCTBUTEIBHON HE-
cyllel cnocoOHOCTH y3Jla IIPU CTATUYECKOM MPUIIOKEHUU PAaCUETHBIX HArpy30K, YTO SIBIISETCS
OCHOBHOM LI€JIBIO UCIIBITAHUM.

Kak npasuiio, mporpaMma npeycMaTpuBaeT 3TalHOCTh IPUIIOKEHUS HAarpy30K AJIs1 HECKOJIbKUX
pacueTHbIX ciaydaeB. CoueTaHue Harpy3oK, X BEJIMYMHBI, TOPSAJOK IPUIIOKEHUS 110 PACUETHBIM
cilydasiM, TpeAeibHble U 3aKPUTHUYECKHE YCIOBUS NMPOYHOCTU WIIM JOCTHKEHHE IPEIesIbHBIX
nedopmanuii (mepeMenieHuil) 3a1ar0T TabauIe, ICHTOYHBIM WIH TPEXMEPHBIM Irpadukom.
Kaxplif pacueTHbIl cityyail HarpyeHus AeJAT Ha J1Ba YPOBHS: SKCIUTyaTallMOHHBIM U pacyeT-
HBIA. DKCIUTyaTallMOHHBIN YPOBEHb HArpy3Ku pa3ouBaroT Ha 6 - 10 cTyneHe# /i BBITOTHEHHS
npeaBapuTeNbHbIX U3Mepenuii nepemerenuii 1 HJAC B ynpyroit o61acti 1 0JHOBPEMEHHOM OT-
pabOTKH M KOHTPOJISE BOCIPOU3BOJUMOCTHU JIMHEHHOTrO HarpyxeHus. [Ipu 3ToM ypoBHE Ha OCHO-
Be uccnenoBanus HJIC onpeaenstoT 30HbI U CEUSHHs] BO3MOKHOTO pa3pyLICHUs UM MOSBICHUS
IUTacTHYecKoro mapaupa. OTMeqaroT o0iacTi HAOIIOACHUS MPH UCHBITAHUU JI0 Pa3pyLICHUS,
YCTAQHABJIMBAIOT U TPAJyHpYIOT AUCTAHIMOHHYIO ammaparypy JUlsl U3MEpPEeHMs MapaMeTpoB MpHU
paspymieHud. B 3aBucumocTH OT 3a/a4M YCTAHABIMBAIOT ONTHYECKUE, MOJSPU3ALMOHHO-
ONTHYECKHE, MyapoBble (pacTpoBbie) cpeacTBa peructpauuu HJC, mpuMeHsI0T BHICOKOCKOPO-
CTHYIO ()OTO- 1 KHHOPETUCTPAIIHIO, BHICOMAarHUTO()OHHYIO CKOPOCTHYIO 3aITUCh IUHAMHKH Pa3-
pYIIEHUS WM HOTEpU YCTOMYMBOCTU IO 3TaraM. YUUTBIBAIOT CIEUAIbHbIE MEPbl TEXHUKU
0€3011aCHOCTH, 0COOEHHO MPH UCIIBITAHIH BBICOKOIIPOYHBIX XPYIKUX MAaTEPUAIIOB, H I O0BEK-
TOB, HAaKAIUIMBAIOIIUX 3HAYUTEIbHYIO YIPYTYIO 3HEPTUI0 0 pa3pylleHus, HalpuMmep, Npu uc-
MBITAHUU 000JIOYEK OOJIBIINX 00BEMOB HATYBOM CKUMAEMBIM T'a30M (BO3IYXOM).

HarpyxeHue 10 pacdyeTHBIX Harpy3oK MPOBOJSAT OJHOKPATHO, HEMPEPBIBHO NOBBINIAS YPOBEHb
Harpy3Ku OT 3KCIUIyaTallMOHHOTO JI0 PAaCYETHOIO, U, HE MpeKpalias Harpy>KeHus, JOBOAST HC-
OBITAaHUS 1O MAaKCUMAJIbHBIX HArpy30K, OTMeYasl pe3koe (WM IJIaBHOE) CHIKEHUE Harpy3Ku Mpu
pa3pylLIeHUH 3JIEMEHTOB, MOTEpU Hecylled crnocodHocTu (ycToiuuBocTH). CKOpOCTh HArpyxe-

s BE/AL oroBapuBaercs B rnporpamme U B TY Ha sHepreTuueckue norpedHoctu crenaa. s
CTaTMYECKOT0 HArpyXeHHUs METAJUIMYECKUX KOHCTPYKLUMN KPUTUYECKOW CKOPOCTHIO SIBIISETCS
TakKas, KOrJa IOIPEIIHOCTh BOCIIPOU3BEACHUS HArPy3KU 3a CUET NPUCOECIUHEHHBIX Macc Harpy-
JKAIOILEH CUCTEMBbI CTaHOBUTCA Oousiblie 1% OT 3alaHHOTrO TEKYIEro 3Ha4eHUs YCHIIUS, a BCE
HepexoAHbIe MPOLECCHl OT Hayasla U 10 KOHIIA AUarpaMMbl 1e(OpMUPOBAaHUS 3aBUCST TOJIBKO OT
KECTKOCTH CUCTEMBI, a HE OT €€ MacCBhl.

OOBIYHO MO HECKOJBKMM TOYKAM WJIM Y3J1aM HENpPEephIBHO 3alMCBIBAIOT JUAarpaMMbl AeGopMmu-

posanus £— A&l FP-g; M—w, ¢~ & ¢ MOMOIIBIO THCTAHIIMOHHBIX JIMHAMOMETPOB (TeH30pe-
3UCTOPHBIX HJIM MAHOMETPUYECKUX) U TATYMKOB MEPEMEICHUI (TOTCHIIMOMETPUUYECKUX, TEH30-
PE3UCTOPHBIX U T 1.). [[puMeHstoT rpadonocTpouTeNnn — IByXKOOpAuHATHBIE X — Y, CAaMOIHUCIIBI
X — T, ocuumiorpadsl ¢ TaMAThIO, HA KOTOPBIE PETUCTPUPYIOT BECh MPOIlecC A0 Pa3pyIIeHHUs,
OTMeYasi MaKCUMaJIbHbIC 3HAYCHHS CUJT (MOMEHTOB), BEJIMYWH TIEPEMEIICHU U T.11. TeH3omn3Me-
peHus MPOBOAT ¢ MoMoIbio TenzopesuctopoB (TP) u MUC ¢ xBa3uctatudeckuM OBICTPOCH-
ctBueM (cBoimie 100 u3m/c), mpumensroT TP, nmeromue 60mbIie mpeaenbHbie aehopmariu (10

Enp = 5-12%), HammpuMep U3 OTOXIKECHHOTO KOHCTaHTAaHA. 3aluCh JeGopMaIii B TEMIIe CTaTH-

YCCKOI'0 HAarpyXCHUs IMO3BOJIACT TOUYHCC BOCIIPOU3BCCTU AUHAMHKY IIACTHUYCCKOI'O ,Z[C(I)OpMI/I-
poBaHUsA, IEPEPACIIPEACTICHUE CUII B MHOT'OKPATHO CTAaTUYCCKU HEOMPECACIIMMBIX CUCTEMAX, BbI-
SAIBUTb HCHY?KHBIC CBA3U U HCYUUTBIBACMBIC 3allaChbl IPOYHOCTH.



Jljis HeMeTalIM4ecKuX 00bEKTOB, U3TOTOBICHHBIX U3 BA3KOYIPYIHMX MaTepHajoB U MaTepHajoB,
YYBCTBUTEIBHBIX K CKOPOCTH Je()OPMHUPOBAHMS, BCIEICTBUE 3HAUUTEIBHOM MON3Yy4ECTH IMOJ
Harpy3Koil CIMIIKOM Majasi CKOPOCTb Harpy>K€HUs MOKET MCKa3uTbhb pe3yibpTaTsl. IlosTomy B
KaX/IOM KOHKPETHOM Cllyyae B IPOrpaMMe OrOBapUBaECTCsA CKOPOCTb HArpy>KEHHsI, CKOPOCTb I1e-
pPEMEIICHNUS 3aXBaTOB MALIMHBI I CKOPOCTH Je(OpMaLIUH.

B cnydae npoBeseHuss UCHBITAHUN Ha HECYILIYIO CIIOCOOHOCTH NPH OAHOBPEMEHHOM TEIJIOBOM
BO3ICUCTBUM Ha OOBEKT, OCYIIECTBISIEMOM CIIOCOOOM JIyYHCTOIO HAarpeBa WM B Kamepax-
TEepMOCTaTax, pPeXKUMbl MEXAaHUYECKOI'O HAarpy>K€HUs M CKOPOCTH HarpeBa (Iporpesa) 3aAaroT
CHelHaTbHBIMH rpaUKaMu, YIUTHIBAs TEIUIOEMKOCTh 00pa3lia U CUCTEMBI, HHEPIIUIO PETYIHUPO-
BaHUs TEIUIONEepeayt, paccesiHue U MOLIHOCTh u3iydareneid. [lporpammy peannsyroT aBToma-
TUYECKOM CHCTEMOH BBIXOJIa U MOJACP)KaHUS TEMIIEPATYPHOTO pEXrUMa Ha 00BEKTE BO BPEMEHHU
WK B QyHKIIMM MEXaHUUYECKOW HArpy3ku. MeToJoI0rusl IpOBEIEHUS UCIBITAHUNA HAa HECYILYIO
CHOCOOHOCTh MAacCIITAaOHBIX MOAENeH OONBIINX OOBEKTOB TPEeOyeT CTPOTOr0 TEOPETUYECKOTO
000CHOBaHHUS U NPOBEJCHNUS 3HAUUTEIIbHBIX UCCIIEJOBAHUM.

IIpocpammol ycmanocmmuvix ucnvlmaHuil OTINYAIOTCS 110 KPUTEPUAIBHBIM YCIOBUSAM MaJIOLIMK-
JIOBOM MPOYHOCTH, MHOTOLIMKJIOBON M CJI0XKHON MHOTO(AKTOPHOH yCTaI0CTHON MPOYHOCTH.
[TporpamMMbl MaJOIUKIOBBIX YCTAJOCTHBIX MCIBITAHUHA COCTABIISIIOT JJIsSi BBICOKOHAIPSYKEHHBIX
00BEKTOB, KOrJja 0011[ee YKCII0 UKIIOB /IO UCUEPIIaHUs PeCypca HEBEIMKO U COCTABIISAET IS Me-
tauioB 104—105 nMKIOB; SKCIUTyaTallMOHHBIC HATIPSKEHUSI MOTYT JJOCTHTaTh MPEIEIIOB TeKy4e-
CTH. MHOrMe aBUAllMOHHBIE U SHEPreTUYECKHUE arperarsl paboTaloT B PEXUME MaJIOLMKIOBON
YCTaJIOCTH.

IIpumep 1. PaccMoTpum nporpamMMmy UCHbITAHUN HA MAJIOLMKIJIOBYIO YCTAJIOCTh KpbLa TSDKEIO-
ro naccaxupckoro camosera. OQuH IporpaMMHBINA OJ0K HarpyeHusi OblJI SIKBUBAJICHTEH OJJHO-
My THUIIOBOMY IOJIETY, HArpy3KH KOTOPOI'O ONPEAETWINCh KaK CPeIHUE U3 YeThIPEX THUIOBBIX
npoduneil TpexyacoBoro mnojera. OIWH MPOTrpaMMHBIN OJIOK NMPHU YCTAJOCTHBIX HCIBITAHUAX
KpbLI1a B CUCTEME BCEro IJIaHepa BBIIOJIHSIICA 32 8,5 MUH, MOJIEIMPYs TPEXUacOBOM MOJIET (pHUc.
1.23). On coctosut u3 36 HUKIOB, KOTOPhIE COOTBETCTBOBAJIM HA3€MHBIM ITUKJIaM (3alpaBKa U
pYJIEHUE 10 M0JI0Ce), B3JIETy, HA0OpYy BBICOTHI C BBIMYLIEHHON MeXaHU3alue, MoabeMy J10 Bbl-
COTBI KPEMCEepPCKOro MOJeTa, JIUTEIbHOMY KPEHCEPCKOMY PEXUMY C YIETOM THIIOBOM OOJITaH-
K{, MaHEBPEHHBIM NPEANOCAJOUHBIM peXKUMaM U mocajake. TakuM o0pazom, KpbUIO Harpyskaiu
LUKJIAMU C Pa3IMYHON acHMMEeTpHel U U3MEHEHUEM 3HaKa Harpy3Ku.

TexHuueckas peanuzanusi 3TOW MPOrpaMMbl IPOBOIMIIACH MPU UCHIBITAHUM Ha YCTalIOCTh BCEro
ianepa camoisieta «bouHr-747» ¢ MOMOIIBIO ANEKTPOTUIPABINYECKON MHOTOKaHAIBHOU CHC-
TeMbl HarpyxeHus (86 kaHajoB), ympasisieMoH OT LU(POBOro MPOrpaMMHOIO YCTpOMcTBa ¢
OBM. CreHp A UCHIBITaHUS HA YCTAIOCTh HAXOAMJICS IOl OTKPBITHIM HEOOM B YCIIOBHSIX HEKO-
TOpPOTro MOoJI00Us pealbHOW OKpysKarollel cpebl. Kpbulo ucmblTany Ha yCTajaoCTh Ha JABYKpaT-
HBIM cpok city:k0bl; ObuTo BbIMOIHEHO 20 000 3KBUBAJEHTHBIX MOJIETOB, IOCIE YEro Ha OCHOB-
HbIE€ CHJIOBBIE 3JIEMEHTHI Kpblja ¢ HauOoJjiee BHICOKUM YPOBHEM HampsKEHHUH ObIIM HaHECEHbI
MCKYCCTBEHHBIE HAPE3bl ¥ UCTIBITAHUS TPOIOJKEHBI IT0 TUTIOBOMY CIIEKTPY Ha KUBYYECTb.
CrnoxHble 6JI0UHBIE LIUKIOIPAaMMBbl Harpy>KeHHs aHeJaed 1 00pa31oB 0ObIYHO YIPOIIAOT, €CIIN
M3BECTHBI JOMUHUPYIOLIUE HArpy3KH, BHOCSIINE OCHOBHOE MOBPEX/IEHUE B KOHCTpYKIMIO. Tak,
IPY UCOBITAHUM HA YCTAJIOCTh IMaHeNel M CTBIKOB FepMETHUYECKOro (hro3elisika BOCIPOU3BOISAT
TOJIBKO MYJIbCUPYIOLIYIO HAarpy3Ky, KOTOPYIO BBINOJHSIIOT Ha YCTaJOCTHBIX HMCHBITATEIbHBIX
MallliHaX MpH HEBBICOKMX YacTOTaX HAarpy)XeHHUs, MOCKOJIbKY JUIS CO€AMHEHHUH C TepMETHKOM
WM CHHTETHYECKUM KJIEEM CKOPOCTh Harpy>KeHHsI CYILIECTBEHHO BIIMSET Ha JI0JITOBEYHOCTb.
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Puc. 1.23. IIporpamMMHBIii 6JIOK BEpTHKAIBHBIX Harpy30K Ha KpbuIo camoneTa «bounr-747» npu
UCTIBITAHUU HA YCTAJIOCTh: A — 3aIllpaBKa TOILIUBOM;
b — pynenue no nonoce; B — B3net; I' — Habop BeicoTsl; [l — Kpeiicepckuit pexxum; E—K — cHu-
JKEHUE, BBIICPKUBAHUE; 3 — 3aX0/ Ha nocaiky; 1M — nocanaka

HcneiTanusa Ha YCTAaJIOCTh o6pa3u0B MaTepuajloB U OMPEACIICHUA IIPEACIIOB YCTAJIIOCTH U IIO-

cTpoeHuns KpuBbIx & — I mpoBomsT nmpu Masno- ¥ MHOTOIMKIOBOM Harpyxkenuu. Beiop HJIC u
TUT 00pasia I0JHKHBI COOTBETCTBOBATh TUIY HarpykeHus u HIC peanbHON KOHCTPYKIIUH.
KpuBsble ycranocTu, noay4eHHbIe Ha 00pa3lax MaTepuasoB, SBISIOTCS 3TaJOHHBIMHU, HA HUX OT-
JIEJIbHBIMU TOYKaMH HAHOCAT PEe3yJIbTaThl UCIIBITAHUS MTOJIYHATYPHBIX NaHeseld U 00pa3LoB, Ha-
TYpPHBIX BajOB, OCEH U T.JI.

B npyrux ciygasix 0J09HOTO IPOTPaMMHOTO HJIH CITyYaifHOTO HArpyKeHUs STaJIOHHYIO KPUBYIO
YCTAJIOCTU UCIOJIB3YIOT JJI pacyera JOJTOBEYHOCTH JETalu, IPOBEIECHHOIO HA OCHOBAHUU T'U-
II0T€3 CYMMMPOBAHHsI YCTAIOCTHBIX MOBPEXKICHUN, TIOCIIE YET0 PE3yJIbTAT pacyeTa CPaBHUBAKOT
C IJaHHBIMH YCTAJOCTHOI'O MCIIBITAaHUSI OOBEKTA M0 CI0KHOU MpOorpaMMe.

IIpocpammovl MHOOYUKNIOBbIX YCMANOCMHbIX UCNbIMAHUL HAaN00JIee XapaKTEPHBI JJIs JeTaled U
arperaToB TPAHCHOPTHBIX U TEXHOJIOIMYECKUX MAIllMH, pabOTAIOIUX IPU CPABHUTEIIBHO HU3KHUX
HaANpPSDKEHUSAX, HO BBICOKON MOBTOPSAEMOCTH (LMKIMYHOCTH) Harpy3ok. PeanbHble CEKTpHI Ha-
I'PY30K, 3apETUCTPUPOBAHHBIEC HA arperare MpH HKCILTyaTalluy POTOTUIIA, CKOPPEKTUPOBAHHBIE
JUIsl HOBOM MAIlIMHBI, M PACYETHBIE, MOJYYCHHBIC HA MATEMATHYECKUX MOJEIAX, MOACIHPYIOT
B IIPOrpaMMe HCTIBITAHUI THUIMOBBIMU CIIEKTpaMu HarpyxeHuit (tadm. 1.5). Tak, npu ucnbITanuu
JeTanell aBTOMOOWJIE Harpy3ku OT JIBUraTells, B3aUMOAEMCTBHSI C HEPOBHOCTSIMH JIOPOTH H
(GYHKLIMOHAJIBHBIE HArPY3KH OT OMNEpaldil ¢ MOJIE3HBIMU T'Py3aMHU CO3/al0T B LEJIOM CII0XKHOE
BO3JICHCTBUE HA MAIIMHY, KOTOPOE MOJAEIUPYIOT JUIsl Pa3JIMYHBIX JIE€TaJeH MOYTH BCEMH TUIIAMU
IIPOrpaMMHOTI0O HarpykeHus. IIpyXuHbl Ki1anaHoB ABUTaTells, UMEIOIIKUE ITIOCTOSTHHBIN X0/, HUC-
IBITBIBAIOT IIPU PETYISPHOM NEPUOIUYECKOM HATPYKEHUH; AETAIN TPAHCMHUCCUM Baja OT JBU-
rateist 0 CLEMJICHHUs HarpykaroT XapaKTepHbIM OJOYHBIM CIEKTPOM; Har(bl MOJIBECKU KOJIEC,
HCIBITHIBAIONINE CIy4ailHOE HarpyeHHe OT HEPOBHOCTH JOPOTH, PYHKIIMOHAIbHBIE U TOPMO3-
HbI€ Harpy3KH, MOTYT OBITh UCTIBITAHBI IPH KBAa3UCTAIMOHAPHOM CIIy4aifHOM HarpyKeHUH.



Tabmuma 1.5

Tunobed cnexmp
Ha2pYXeHUR

NMepuoduvecxud

bnoywerd T
npozpa. HHIINI; LV\IJW\ o

buzapmonuveckud
(dfyxyacmomusid)

Bud peanusayuu

Cnyvainsd
crmaquonaprsid

V= const

Cryvainsid 3
HECMayuonapHId

Takne OOBEKTHI, KaK MOAKPAHOBBIE OAaJKH, CBapHbIC (HEpPMbI >KEIE3HOJOPOKHBIX MOCTOB M
PETPaHCISILMOHHBIX MAUT UCIBITHIBAIOT HArpy3KH, OJIM3KHE K OUTrapMOHMUYECKUM, KOI'/1a Ha LIUK-
JMYECKYIO (TIEPHOAMYECKYI0) Harpy3Ky HAI0KEHBI TAPMOHUKU MaJIbIX aMIUTUTYH, HO TOCTAaTOY-
HO BBICOKMX 4acTOT. Pacder M ucHbITaHME CBApHBIX KOHCTPYKLMH MOCTOB (P€pMEHHOIO THIIA
MPOBOAAT HAa JBYXYACTOTHOE WJIM IOJMTapMOHUYECKOE (CTallMOHApHOE ClydyallHOE) Harpyxke-
HHE.

B 3amavax onTuMu3aniu KOHCTPYKIIMK Ha OCHOBE YCTAJIOCTHBIX HCIIBITAHUH, KOTOPBIE MPOBO-
JAT OOBIYHO MPH PEryJISPHBIX MEPUOANYECKHX CIEKTpax Yallle BCEro Ha Pe30HAHCHBIX MalllMHaX
pA CUMMETPUYHOM IIMKIIC, BaXHBIM METOJAMYECKHUM YCIOBHEM IOCTOBEPHOCTH PE3YJbTaTOB
ABJISIETCA MX paccesiHue. HopManbHbIM 3aK0H paccestHUs, XapaKTepHbIN JJI CBOMCTB Marepuana
OJIHOW mapTuu, aaet pazdpoc 1:2 mo 1:3 mo gonroBeunoctu. Ho nmist neranu mTaMIioBaHHOTO
PYJIEBOrO phlyara aBTOMOOWIJIS Ha pa30poc pe3yibTaTOB BIHMSET TEXHOJOTHS: H3HAIIUBaHHE
HITaMIIa, MOSBJICHUE 3ayCEHIIEB, U3MEHEHHE TBEPJOCTH M CTPYKTYpPbl MOBEPXHOCTHOIO CJOA,
naromue paszopoc 1:5,5 B qruanazone 10-90 % BeposiTHOCTH P 3HaU€HH MO JJOJATOBEYHOCTH, MPH
o0uiem pazopoce B naptuu u3 130 ucnpitanHbIxX peryaros — 1:50 (puc. 1.24).
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Puc. 1.24. Pa36poc nonrosednocTt N mITaMIOBaHHOTO PYJIEBOTO phlyara aBTOMOOWIIS IPU MHO-
TOIMKIIOBOM ycTanocTu (M = 6 — maneenc yena Hakiona)

[Ipn KaxaOM IUKJIC ONTUMHU3AIMH JCTATH U €€ IMOCICIYIOIIeM HCIBITAHUN HEOOXOIUMO Clie-
JIUTh, YTOOBI pa30pOC pe3yNbTaToOB CIEAYIOIIEH UTEPAllK HE TPEBHIIIA pAcCesHUS pe3yIbTaToOB
MPEABIIYIIETO UCTIBITAHUS.

[Tpu pa3paboTke 1OOBIX IKCIEPUMEHTAIBHBIX MPOrpaMM HEOOXOMM MOJHBIN COCTaB JOKYMEH-
TaI[MU: BBOJHAS YaCTh MPOTPAMMBEI, JAOINAs ONMUCAHKE MPOOJIEMBI U OCHOBAHHE IS DKCIIEPH-
MEHTAJIbHON paboThI, a TaKKe PsJl 00sA3aTEeIbHBIX Pa3/IeiOB — OMUCAHUE U MapaMeTpbl 00BEKTa
WCIIBITaHUH; 00IIME U KOHKPETHBIC 1I€JIU UCTIBITAaHUHN; 00beM, TOPSIIOK (OpraHu3aIysl) UCTIbITa-
HUH; yCJOBHS MPOBENCHUS; MEepeueHb HEOOXOAUMON JOKYMEHTAIMH JJIs BCEro IMKjiIa padoT;
KOHKPETHOE MCTBITaTEIbHOE 000pYyI0BaHNE, BKIIIOYAs MEpEeYeHb NMPUOOPOB, U IHEPTETUUCCKUE
NOTPeOHOCTH; pa3paboTKa WIIM MPOBEPKA METPOJIOTHUECKOro 00eceueHus] MalliH, TpuOOpoB U
CHCTEM; MaTepHAIbHO-TEXHUYECKOE 00eCIeUeHNEe UCTIBITAHNH; (JopMa OTUETHOCTH; CAaHUTAPHO-
TUTHEHUYECKUE TPEOOBAHHUS MO TEXHUKE 0€30MaCHOCTH.

Metoandeckue BOMPOCH! YCTATOCTHBIX UCTIBITaHui oTpaxkeHbl B [[OCTax.



Jekyus 8. Onpedenenue eenuuunsvt napamempog IKCHaAyamayuoOHHbIX C60UCME MAUUH.
CratndecKkue UCIBITaHUS IPU MAJIBIX CKOPOCTAX HArpy:KE€HUs NMPOBOJAT HA YHUBEPCAIbHBIX HC-
nbeiTaTeNibHbIX MamuHax (YWM) u cnenuanbHbIX CTeHAax (YCTAaHOBKAx) C MOMOINBIO OJHO-U
MHOT'OKaHaJIbHBIX CHCTEM HarpyxeHus. [Ipu Cl0KHBIX IPOrpaMMHBIX UCIBITAHUAX UCIOJIB3YIOT
aBTOMAaTUYECKUE cucTemsbl ynpasieHus HarpyxeHuem (ACYH) u nosyaBTOMarmdeckue mpo-
rpaMMHbIe ycTpoicTBa. s ynpaBieHuss 1 00pabOTKU pe3yabTaToOB MPUMEHSIOT MUHU- U MHK-
poOBM. 3anauu, pemaemble Ha YHM, coCTOST B ONpEIENEHUH MEXaHUUYECKUX XapPAKTEPUCTUK
MaTepHaJIoB, IPOYHOCTU U J€(POPMATUBHOCTU COEAMHEHUH, KOHCTPYKTUBHBIX JIEMEHTOB, IaHe-
J€l M HECIOXKHBIX JeTajed MalluH [pU OJHO- WM JBYXOCHOM  HAarpyXeHHH.
B pabouem npocTpaHCTBE MallIMH pa3MeEIlaloT NPH HEOOXOAUMOCTH TePMOKaMephl, KPUOCTATHI,
KOPPO3UOHHBIE U BAKYYMHBIE KaMEpBI U T 1.

Pa3zpaGoTaHbl COTHM THIIOB CTaHAAPTHBIX U OPUTMHAIBHBIX HCHBITATENbHBIX MAlIHMH, pa3jiu-
garomuxcs mo tamy HJIC (pactshkeHue—cxkaThe, U3rud, KpydeHHue), 10 3HAYCHUSM Harpy3ok,
Ha0Opy CKOPOCTEW NepeMelleHuil TpaBepchl U CUCTEMaM 3allucH AedopMaluii, IepeMeleHUH,
Harpys3oK.

Muorue YUIM umeroT cnenuaiu3upoBaHHYIO OCHACTKY Ul UCHBITAaHUNH 00pa3lioB METAJJIOB,
IUTACTMAcCC, PE3UH, TKaHEeH, OeTOHA, KepaMUKH, CTEKIa, OymMaru, a Takke JUIsl CII0KHOTO Harpy-
xeHus. CunoBo30yxiaenue Uit YIM 00bIYHO 3JIEKTPOMEXaHUYECKOe I THJIPABINYECKOE; pe-
TUCTpalusi CHJ, MOMEHTOB, AeQopMaliil U NepeMeIleHuid Uil COBPEMEHHBIX MallluH — 3JIeK-
TPOHHAsl, C MEPBUYHBIMU IIPe0Opa30BaTEIIMU HAa TEH30METPUYECKOM, MHIYKTUBHOM WJIH Mar-
HUTOSJIEKTPUUYECKOM NpuHImMnax. B pazpaboTke, ycoBepleHCTBOBaHUM M 3KcIutyatauuu Y UM
OCHOBHBIMH IpOOJIEMaMU SIBJISIFOTCS METPOJIOIMUYECKHE; OHM CBSI3aHbl C BIUSHHEM >KECTKOCTH
MaIlMHBI, CKOPOCTH Ae(HOpMUPOBAHUS M NEMI(PHUPYIONMIEH CIIOCOOHOCTH CUCTEMBI Ha TOYHOCTh
perucTpanuu KpuBoi F— € TpH JOCTHKCHUH MpeJieia TSKYUIeCTH MaTeprara.

M3BeCTHO, 4TO HEKOTOpbIE MAIIMHbI HE PETUCTPUPYIOT IJIOMIAJKY TEKYYECTH C «3yOOM», a Ha
HEKOTOPBIX CKOPOCTAX Ae(OopMHpOBaHUS B IJIACTHUECKON 00JaCTH B CUCTEME 00Opa3el] — Mallu-
Ha BO30yxatoTcs konebanus (puc. 4.3), cBA3aHHbIE C COBMAJCHUEM COOCTBEHHBIX 4acTOT CHC-
TEMBI C YAaCTOTOH IyJIbCAIIUI CABUTOBBIX Je(OpPMAaLIMil IPH ITACTUIECKOM TEYSHUH METaIa.
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Puc. 1.25. Db dexr coBnageHns cOOCTBEHHBIX YaCTOT CUCTEMBI U YaCTOTHI BO30YKICHUS
00pasia mpu cKopocTH Tpasepchl 60 Mym/mMuH (44 — nepemerenne TpaBepcsl)
I/ICC.]ICZ[OBaHI/ISI N UCNIBITAHUA HA3EMHBIX TPAHCIIOPTHO-TEXHOJIOTNYE€CKUX
MAalIvuH

Jexkyusa 9. Onpedenenue cKOpoCmHbIX, MA206bIX, MOPMOZHBIX U OPYUX
Xapakmepucmux.



Memoowt u cpedocmea uzmepenus oegpopmavuil

K Hacrosiiiemy BpeMeHU YCTaHOBHJIACH TPYIIIOBAsi KIACCU(UKALUS YKCIIEPUMEHTATBHBIX METO-
noB, I'OCTsl o Hambosee pa3BUTHIM HANPABICHUSIM 3aKPEMUIM TEPMUHOJIOTHUIO U ONpe/elie-
Husa. K ocnosnvim epynnam memooos uccnenoBanus (m3mepenus) HJC otHocsaT cienyromue:
JNEKTPOTECH30METPHUIO, ONTUKO-T€OMETPUUYECKUE, MOJIAPU3ALMOHHO-ONTHYECKUE, HUHTephepeH-
IIMOHHO-ONITUYECKUE, MPOHUKAIOMMX u3nydeHuid. Ko emopoil 6onvwioii epynne sxcnepumen-
MANbLHLIX Memo0o8 OTHOCSAT METObl U3MEpEeHUs AeopMaluii Mo OTAEIbHBIM TOYKAM HCIOJIb-
3yIOIUE Tpeodpa3oBaTey pa3InIHOrO THIA, OCHOBHBIC M3 KOTOPBIX: MEXaHHYECKHUE, OMTHKO-
MeXaHUYEeCKHe, ONTHYECKUE, (JIMH30BbIE U PACTPOBBIC) MOTECHIIMOMETPUUECKHE, EMKOCTHBIE, H-
JTYKIIMOHHO-TPaHC(OPMATOPHBIC, MHE303JICKTPUUECKUE, MATHUTOYNPYTrue (MarHUTOCTPUKITMOH-
HBIE), (POTOIIEKTPUUECKUE, CTPYHHbIE, THEBMATHUYECKHE, dJIEKTPOAKYCTHUECKHE, YIbTPa3BYKO-
BbIC, MEXAaHOTPOHHBIC, BUXPETOKOBBIC, ONTOIEKTPOHHEIE.

Memoowt 31eKmpomen3zousmepeHuil

Tenzomempusa — TaKk Ha3bIBAIOT METOMABI JIEKTPUUYECKUX M3MEPEHMH MEXaHMUECKUX BEIMYUH:
neopmanuii, nepeMereHuii, Cui, JaBIeHHH, MOMEHTOB, EPErpy30K, 4acTOT — 00JajaeT uc-
KIIFOUUTENIbHBIMY Ka4eCTBaMU, KOTOPbIE SBUJINCh IPUYMHON €€ pa3BUTUS KaK UHIYCTPHUAIbHOTO
METO/a C CaMbIM HMIMPOKUM IPUMEHEHHEM B MALIMHOCTPOEHUM U MPAKTUYECKU BO Bcex olnac-
TAX TEXHUYECKOU JESATEIbHOCTH YelloBeKa. MI3BeCTHO UCIOIb30BaHUE TEH30METPUH B OMOJIOTUN
U MEIMILMHE IIPU U3MEPEHUM CUII U Ae(opMaiuil MbIIII YeloBeKa; B BECOU3MEPUTENbHBIX YCT-
poiicTBax MOPTAIbHBIX KPAHOB, B U3MEPUTEIBHO-BBIUMCIUTEIBHBIX KOMIUIEKCAX HA OOPTY HOCH-
TeJIel M CIYTHUKOB; B YCTPOMCTBAX KOHTPOJIS KOHCTPYKLMU aTOMHBIX PEAKTOpPOB; B MH(pOpMa-
[IMOHHO-U3MEPUTENIFHBIX CHUCTEMaX, 0OpabaThIBAIONINX THICAYM MApaMETPOB C MOMOIIBIO He-
ckosbkuX OBM npu ucnbITaHUM COBPEMEHHBIX CAMOJIETOB U T. .

Ocnosbl memooa. Tenzoaggexm u menzopesucmopsvl. MeTo OCHOBaH Ha U3MEPEHUH TPUpAIIIe-
HUS SJIEKTPUYECKOIO COMPOTHUBIICHUS NMPOBOAHUKA (IIOJYIPOBOIHUKA), 1eHOPMUPYEMOTO CO-
BMECTHO C JETajbl0, K KOTOPOHl OH MeXaHW4ecku INpukpersieH (npukieeH). ConpoTuBieHnE
HPOBOJHKKA R mponopuuoHanbHo ero jiuHe | 1 00paTHO MPOMOPIHUOHATIBHO IO IMOIIe-
peuHoro ceuenus F:

R=glfF (1.20)
rac L YACIBbHOC COIIPOTUBJICHUC.

[Tpu manoii aedopmarun NpoBOJAHMKA Alfl=¢ erg COINPOTHUBIICHNE U3MEHSETCS Ha BEIUYHUHY

AR/R 310 gpnenme masbiBaroT meH309¢)ghexmom, a K0d()PUIMEHT, CBI3BIBAIOIINN OTHOCH-
TEJIbHOE W3MEHEHHE CONPOTHUBIICHUS U JePOpMalUI0, — KOdPDuyueHmom meH304y8cmeumeis-
HOCmu Mamepuana

K, = bRf{Re)=(1+2p)+m (1.21)
rae M — ko3 PUIUEeHT, 3aBUCSIINA OT CBOMCTB MaTepuaia u aedopmaiuu:
m=b0f{oe)=1E

(V¥ — mpOonONBHBIA KOI(PPHUIMEHT MbE30CONPOTUBICHUS; E — MOMyabh ympyroctu mpOBOJIOKH,
(GoJIbru UK MOJTYITPOBOAHHUKA).
JUis MeTalnTu4eckux TeH30YyBCTBUTENLHBIX MaTepUaoB BenuunHa Ky orpenensercss B OCHOB-

HOM HM3MEHEHHEM TI'€OMETPUH IPOBOJHUKA, T.€. WICHOM (+24) 5 dopmyne (1.21); ana nomy-
IPOBOJHUKOB, HA00OPOT, TEH303(P(EKT 3aBUCHUT MPAKTHUECKH OT H3MEHEHHUs (DU3NYECKHX

CBOMCTB Marepuaa: Lyrmsm,
20-50 pa3 Gosnblie, 4eM il METaIoB.
Jlnia critaBa KOHCTaHTaHa JIMHENHas nepefaroyHast pyHkuus tenzopesuctopa (TP) coxpansercs

n ajid HCKOTOpOfI IIACTHYSCKOM O6HaCTI/I, YTO SBJISIETCS OJHHMM H3 3aMeyaTelIbHBIX CBOMCTB

n €ro BCIIMYHHA B

KOHCTaHTaHa Kak MaTepuaina Juis TP (B ynpyroil 1 HEKOTOPO# MIacTUYECKO 0b1acTu K = 2).



B nonynpoBogHuKkax TeH303(pGEKT 3aBUCUT OT KpUCTALIOrpaduyecKoro HarpaBieHHs, B KOTO-
pPOM BBIp€3aHa IUTaCTUHA TEH30pe3ucTopa (Hampumep, Uil KpPEeMHHS N-THIA MaKCHUMAaJIbHBINA

£y =2 100 OTIpEeIeIIIeTCS TEH30PE3UCTUBHOM UYBCTBUTEIBHOCTBIO). TeH302(PeKT s MOoiy-
IIPOBOJHMKOB CYIIIECTBEHHO 3aBHCUT OT TEMIIEpATypbl, TOrZa KaK JJisi KOHCTaHTaHA BIIUSHUE
TEMIIepaTypbl HEBEIUKO.

Jlis KperieHus: YyBCTBUTEIBHOTO AjieMeHTa TP K IOBEpXHOCTH JeTalld, a TaKKe JUIsl 3alUThl U
M30JISIIIMY TIPOBOJIHMKA M BBIBOJIHBIX MPOBOJHUKOB pa3paboTaHO HECKOJIbKO TEXHOJIOTHM M KOH-
crpykuui TP.

[TpoBoHUKOBBIE TP BBIOIHSIOT HA OCHOBE TOHKOW MPOBOJIOKK JuaMeTpoM 2—30 MKM (TpoBo-
JIOYHBIE TEH30PE3UCTOPbI) M HA OCHOBE TOHKOJIUCTOBOH (hosbru Tommmuoi 5—10 MM (¢posmsro-
BbI€ TEH30PE3UCTOPHI). B 3aBUCMMOCTH OT Ha3HAYEHUSI U BHIOPAHHON TEXHOJIOTHH MPOBOAHUKO-
Bble TP BHIMOJTHSIOT Ha OyMa)KHOW, IJIEHOYHOM, TKAHEBOW (CTEKIOTKAHEBOW) MM METaJIHYe-
CKOH (ponproBoit mojuiokke. B kauecTBe CBA3YIOLIETO s 3aKPEIUICHUS YYBCTBUTEIHHOIO dJie-
MEHTa ¥ BBIBOJIHBIX MIPOBOJAHUKOB Ha MOAI0KKe U TP Ha 00BbeKTe MPUMEHSIOT YHUBEpCAbHBIE U
CIIELMAJIbHBIE KJIEH, JIAKH, LIEMEHTBI, @ TAKKE TOUCYHYIO CBAPKY U NaKYy.

Hekoropeie Buabl npoBogHukoBbix TP noxa3zanel Ha pucyHke 1.38. PasnnuatoT npoBosjoyHbIe
TP c merneBoil koHcTaHTaHOBOM pemieTkoil Ha OymaxkHoi momioxke (IIKb, ITTKB). M3roros-
msroT TP ¢ GecrieTnieBoi pemeTkol Ha TUIGHOYHOW M OyMa)kKHOM MOJJIOKKE U MHUKPOIPOBOJIOY-
Heie TP (MIIb, MIIT) u3 o1HO¥M *KWJIBI JIATOTO MHUKPOIIPOBO/IA, UMEIOIIETO AUAMETP 2—7 MKM.
[IpoBonounsie, nerneBsie TP cranmapTtHOro m3roroBieHus uMmeroT 0a3pl 5—50 MMm; Hambomee

yacTo npuMeHstoT 0asel { = 10; 15; 20 mm; Gecnietnessle TP umeroT Gojee MMPOKUI AUAa30H
6a3. Homunanenelil psg conpotusnenuit: 50, 100, 200, 400, 800 Om. IIpenensHas usmepsemMas
nedopmarust s mpoBoiodHbIX TP coctasmsier 0,1-5 %, mpudem uist TBEpIOTO KOHCTAaHTaHA —
10 1 % u OTOXKEHHOTO MITKOro KOHCTaHTaHa Ha IuiactuduuupoBaHHol miueHke bD-2 — no
2,5-5 %.




Puc. 1.38. HexoTopblie BUbI TEH30PE3UCTOPOB U TEH30PO3ETOK

@DonbroBeIe TEH30PE3UCTOPHI M3TOTOBISIOT (DOTOXUMHUYECKHM CIIOCOOOM M3 TOHKOH (DOJIBrU
TONMIKUHON 3—10 MKM, 4TO MMO3BOJISIET ABTOMAaTU3UPOBATh MPOLIECC MAacCCOBOIO Mpou3BoacTea TP
U JIOCTaTOYHO MPOCTO BBIMOIHATH TEH30PEUICTKU CIOKHBIX (OPM JUISI MHOTO3JIEMEHTHBIX pO3e-
TOK, JaTYUKOB AaBiieHus u cuwi. Kpome toro, ans ¢onbroseix TP TexHomornyecku mpocTo 3a-
JIaTh KOHCTPYKIMIO TEIJIOOTBOJSALIMX 3JIEMEHTOB PEIIETKH M MecTa Cras C MPOBOAHUKAMH.
®onbroseie TP tuna KP4 u KOS5 umerot cieayromue conporusienus: & = 100, 200, 400 Om
17151 onuHOYHbIX TP K®411, KOSII, s tenzopozetok KO4P, KOSP u nenoyex KD411[, KOSII.
@onbroseie oguHouHbIe TP 1 n3Mepenus aedopmaruii B MecTax KOHLIEHTPAIIUH U3TOTOBIISIOT
mano6asueiMu: ¢ = 0,5; 1,0; 3,0; 5,0 MM.

[TomynpoBOTHUKOBBIE TEH30PE3UCTOPHI M3TOTOBIIIOT U3 MOHOKPHUCTAJUIOB KPEMHHUS U repMa-
HUA, PeKE U3 APYTHX MOJYNPOBOJHUKOB. VX MpPaKTHUECKU HE UCIIONB3YIOT B MCCIEIOBAHUAX
H/IC xoHCTpyKIuii, HO YCHIEITHO MPUMEHSIOT B JUHAMOMETPUYECKUX YCTPONCTBaX B KaueCTBE
npeoOpa3oBareneid. biarogaps HOBOM TEXHOJIOTMM BBIPAILMBAHUS IOJIYIPOBOJHUKOB Ha IOJA-
JIOKKE W3 KpPEeMHHUs WM cardupa, SBISIOMMUXCS MOYTH HUJICATbHBIMU YIPYTHUMH 3JEMEHTAMU,
CO3/IaHbI HHTETPAIBHBIC MTOJYIIPOBOIHUKOBEIC TEH30PE3UCTOPBL. MeTooM nudGy3uu moaydaroT
CBEPXMUHHUATIOPHBIE MOCTBI U MOJYMOCTbI, MOHOJIUTHO CBSI3aHHBIE C YIPYTUM 3jeMeHToM. Ha
OCHOBE 3TOM TEXHOJIOTMH BBINTYCKAIOT, HAIPUMED, AATUUKHU JIABJICHUS JJI U3MEPEHUsI JaBICHUS
KPOBH HETIOCPECTBEHHO B COCYAAX.

CxeMbl u3MepeHus Aeopmarmii

Jl11g u3MepeHus: CTaTHUYeCKUX U KBa3UCTAaTHUECKUX AeopMaluii HCTIOIb3yIOT MOCTOBBIE CXEMBbI
C NMUTAHUEM Ha TMEPEMEHHOM WJIM MOCTOSIHHOM TOKE, IMO3BOJISIONINE OCYIIECTBISATH CXEMHYIO
TepMokoMIieHcaruio (puc. 1.39). B cBs3u ¢ mHUpoKuM BHEAPEHUEM MUKPOAJIEKTPOHUKU HAanWOo-
Jiee YHUBEPCATBHBIMU SIBJISTFOTCSI IS HA TMOCTOSTHHOM TOKe. OCOOCHHOCTBIO CXEMBI Ha Tepe-
MEHHOM TOKE SIBJISIETCSI HEOOXOAMMOCTh OAlaHCHPOBKHU MO AKTUBHOM U PEaKTUBHOM COCTaB-
JSIOUIMM colpoTuBiieHus [BBeneH KOHTYp Rc u C (puc. 1.39) cnpaBa], HOCKOJIBKY TE€H30pE3H-
CTOPBI, HAKJICCHHbIE HA METAJL, ¥ IPOBOJJHUKH UMEIOT OIPEICTICHHYIO EMKOCTb.
W3mepuTenbHble MOCTBI C YCHJIMTEISIMU Ha Hecylied dactore (oT 2,5 k1) peanusoBanbl B
0OJIBIIIOM YHCTIE YHUBEPCATBHBIX TPHOOPOB.

3HAYUTENIbHOE PA3BUTHUE MOJTYUYUIH MPUOOPHI C JUCKPETHBIM YpaBHOBEIIMBAHUEM, HU(PPOBBIM
TabJI0 ¥ KOMUpOBaHUEM WH(GOpPMaIIMK JUIS BBOJIA B TeUaTarOIMe U 00pabdaThIBAIOIINE YCTPOUCT-
Ba. [I[puMeHEeHNE UMITYILCHOTO Pa3HOMOJISIPHOTO MUTAHUS (MIPSMOYTOJIBHOTO BH/A) TTO3BOJIUIIO
MOBBICUTh HANPSKEHWE MUTAHUA, T.€. MPHU MPOYUX PABHBIX YCJIOBHUSAX YBEIUYHUTH BBIXOIHOU
curHai. BeICTpojelicTBHE CHCTEM C MUMITYJIbCHBIM IMATaHUEM OorpaHuumBaercs yactoroi 20—200
['1 (kBa3ucTaTUYECKUE MPOIECCHI) U OMPEAENAeTCs CKOPOCTHIO 3aTyXaHHs MEePEeXOqHOro Mpo-
1iecca B IPSAMOYTOJBHOM MMITYJILCE M YCTAHOBIICHUS | = ¢@#st | JIIUTENbHOCTh UMITYJIbCa ¢ CO-
cTaBisieT He MeHee 5—50 MKc.
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Puc. 1.39. Cxembl H3MEPUTETBHBIX MOCTOB: CJI€Ba — PU MUTAHUU MTOCTOSTHHBIM TOKOM; CIIpaBa
— IIPY IUTaHUH [IEPEMEHHBIM TOKOM



(HU — nynp-uHAMKATOD; Ra u B _ axrusnpii n KOMITeHCaMoHHbBIN TP)

Hngpopmayuonno-uzmepumenvhuvie cucmemovl (MUC). ABToOMaTu3amusi T€H30- U TEPMOU3MEpE-
Hull Ha ocHoBe MM C 3HauMTENbHO MOBBIMIAET MPOU3BOAUTEIBHOCTh TPYJA IIPU IPOYHOCTHBIX
UCTIBITAHUAX, HO OJTHOBPEMEHHO MOTPEOYET TOMOIHUTEIBHO BbICOKOKBATM(HUIIMPOBAHHOTO MEp-
coHana Juisa obcayxuBanus cucreM ¢ 9BM u 3arpar Ha o6opynoBanue. Kpome Toro, y:xecToun-
JUCh TpeOOBaHUS MO pazdpocy METPOJIOrMUECKUX HapameTpoB natyukoB B naptuu. MUC npu-
MEHSIOT MPU UCTIBITAHUSX C MACCHUBOM JaT4YHUKOB (mpeodpaszosareneii) 200-20000. MHorue cuc-
TEMBbl OCHAILICHbI KaHaJlaMH JJIs MOAKJIIOYEHUS HE TOJIBKO OJAMHOYHBIX TEH30PE3UCTOPOB, HO U
IIOJIyMOCTOB U MOCTOB ISl TEH30/IMHAMOMETPOB, JaTUYMKOB JIaBJICHUS, [IEPEMELICHUS, TEMIIEpa-
Typhl (TEPMOPE3UCTOPOB), IYYUCTOrO U TEIJIOBOTO MOTOKA.

[puanunuaneHas cxema UMC nokazana Ha pucynke 1.40. Tensopesuctopsl TP, TeH3011HAMO-
Metpol T/1, natunku naBnenus /I, narunku nepememienus JAI1, naTunku Jy4ucTOro U TEIOBO-
ro noroka [ITII noaxirodyens! rpynnaMu K KOMMyTaTopam JaT4ukoB K, KOTOpbIe B 3aBUCUMOCTH
OT 3KCIEPUMEHTAIILHON 3a/1a4M MOCJIEeI0BATENbHO WM BEIOOPOYHO MEPEatoT aHAIOIOBbIA CUT-
HaJl Ha COOTBETCTBYIOIIME M poBbie n3MepHuTenabHbie MocThl ¢ ALl u Hynb-opranom. «Paz0ba-
JaHC» B IU(PPOBOM KOJIe MepeJaeTcs Ha IIMHBI IPYNIIOBOIO0 KOMMYTAaTopa MM KOMMYTaTopa
KaHAJIOB, KOTOPKIN MpoItycKaeT ero B ycTpoicTBo cBsizu (Y CO) unu conpsixenus ¢ 9BM nerno-
CPEICTBEHHO B MAaMATHh MAIIMHBI UM C IMOMOILBIO CHELUAIBHBIX YCTPONCTB Ha HOCHUTENb WH-
¢dopmaruu. Komanaer or 9BM MoryT cozepaTh 3J€MEHTHl HHTEPAKTUBHOTO peXUMa MOCPEe.I-
CTBOM YCTpOiicTBa 0TOOpaXkeHHsI HH(OPMALUK U YCTPOUCTB YIPABICHHUS.
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Puc. 1.40. ITpunnunuansHas cxema MMC c6opa u 06paboTKN JaHHBIX 3IEKTPOTEH30U3MEPEHUI

Tapupoeka 0amuukos.

He xacasice mogpoOHO 3aBUCHUMOCTEH 31EKTPOTEXHUYECKUX BETUYMH OT JedopMaluu JaT4yHKa,
YKa)KeM JIMIIb, KaK MOYKHO YCTaHOBHUTH TapUPOBKOM HEMOCPEACTBEHHYIO CBS3b MEXAY Aedop-
Malliel JaTIrKa U MPUPAIISHUSIMHE OTCYETOB TI0 IIKaJie Tprodopa.

Jlnist 5TOrO M3 MapTUX OAMHAKOBBIX JAaTYMKOB OepETcs HECKOJIBKO INTYK I TApUPOBKHU. Tapu-
pPYEMBbIil aTUMK HaKJIEUBAETCsl Ha TapUPOBOYHBIN CTadbHOW oOpasel] (TapupoBOYHas Oaouka
WIN pacTArMBaeMblii oOpaselr). 3aTeM TapHUpOBOYHBIN 00pazell 3arpykaercsi CTyNeHsIMU U Tpu
Kax10# 3arpyske P 6epércsa oTcuér A mo mkaie npubopa. B pesynprare crpouTtcs rpaduk 3a-
BUCHUMOCTH MEX]ly Harpy3koi P u orcuéramu no npubopy A M yCTaHaBIMBAETCS OTHOIICHUE

AP (1.22)



KoadduimeHT K; mpakTHUECKU MOCTOSHEH.
Ha ToMm e TapupoBOYHOM 00pasiie WiH MapajuieibHO, I 3apaHee MPH MOMOIIX IPYroro THIIa
XOpOIIIO TPOBEPEHHBIX TEH30METPOB aHAJIOTHMYHBIM O0pPa30M YCTAHABIIMBACTCS 3aBUCHUMOCTH

MEXy OTHOCHUTEIBbHON neopMaIuei U mpupaiieHneM Harpy3ku &7 ) T. e.
E= kAR

[Moacrasisis BMecTo &5 ero 3Hadenue u3 Beipaxkenus (1.22), momydum:

E=Eﬂu‘i
';:1 )

W

g =Fkh\A

3nech K siBisieTcst eHo JeneHus mpruOopa, BeIpaXKaroIIel BEIMYNHY OTHOCUTEIbHOM nedopma-
[[UU TIPY U3MEHEHUU OTCYETA IO MPUOOPY HA OJHO JCIICHUE.

Honapuszayuonno-onmuuecKuii Memoo Uccie006aHUsA HaANPAHCeH UL

Otkpeitue 1. bproctepoM sIBI€HHMS BPEMEHHOTO JBYJIYYEHPEIOMIIEHUS B IMPO3pPAuHBIX Tejax
IIpU NMPUWIOKEHUH K HUM MEXaHUYECKMX HamnpskeHuil Obuio oObsicHeHo I'. BeprreiimoMm Ha oc-
HOBAaHUHU BOJIHOBBIX ypaBHeHHMH Helimana — MakcBesia, KOTOpblii chopMyaupoBasl 3aKOH O

IPONOPLUUOHATIEHOCTH ONTHYECKON PA3sHOCTH Xoaa & Jiydel B MOJEIM Pa3sHOCTH IIABHBIX Ha-
HPSKEHUN:

& =0Cy |:°'1_'3"sz=

rae Co — onTu4ecKkas MOCTOsIHHAS MaTepraia; B — TOIIMHA MOIEIH.

Baxxnplil mar B co3aHuu MHX)XEHEpHOro metonaa caenan T. JIeBu, KOTOphIM 0Ka3al, 4To AJist
HIMPOKOTO KJIacca 3a7a4 pacupeiesiCHue HAMPsHKEHUH He 3aBUCHT OT YIPYTHX MOCTOSHHBIX Ma-
tepuasia. Co3/laHle BBICOKO ONTHUYECKH aKTHUBHBIX CHUHTETHUYECKUX MATEPHUAIIOB JJIA MOJEICH U
HECJIOKHBIX TOJISPU3AIMOHHBIX TPHOOPOB MIPHUBEIIO K MIMPOKOMY TPHUMEHEHHIO METOAa (POTOYTI-

PYTOCTH.

Memoo 0eymepnoii (nnockoii) pomoynpyzocmu

[T10CKOTIOISIPU30BAHHBIN JTIyd — BEKTOp < (puc. 1.41), Bomeamuii B ABYIydenpeTOMISFONINI
MaTepuai Harpy>KeHHOH Mojenu, 00pa3yeT JBa B3aMMHO MEPHEHIUKYISPHBIX Jiyda Ji U Ja, mo-
JSIPU30BaHHBIX B TJIABHBIX HAIpPaBJICHUSX.
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Puc. 1.41. Cxema qByNydenpesoMIEHUS II0CKOMOIIPU30BAaHHOTO JTy4ya
B Harpy>K€HHOM MOJEJIN IIPU CKPEIIECHHOM IOJI0KEHUH NOIsIponoB /1 u A

OG603HaYMB MOKA3aTeN MPeJOMIEHHS (OTHOCUTEILHBIE CKOPOCTH CBETA) B BO3AYXE *¢ M B MO-

JIeNTU 110 TJIaBHBIM HAalpaBJIEHUSIM 4epe3 Ni U N2 COOTBETCTBEHHO, MOJIYYMM JJs1 aOCOIIOTHOM
Pa3HOCTH X0/1a Jy4YeH, IPOIEAIINX TOJIIUHY INIOCKOCTH MOJEIIN B, Cleyrolue ypaBHEHUS:

& = Blm -, b= EB{n-n,)

Jl1s OTHOCUTENBHOU Pa3HOCTH X0Aa J1ydelt J1 u Jo umeem

5=0,-8 =Bl —n),

HOCKOJILKy HOJ'IHpI/BOBaHHLIf/’I JIy41 IpeACTABJISACT rapMOHHUYCCKOC KoJIeOaHHE TI0 OCH Z, TO

.2
J=Jnsm—jr-z
A,

rae A — JIMHa BOJIHBI MOHOXPOMATHYECKOTO CBETA.

Pasnocts Xxona & mpencTaBuM B BHE casura dasz L

ﬁ=2_f'5=$(”1_"32)

JIJIs1 TOHKO# [UTACTHHBI, KOTIa TPEThe IVIABHOE HAIMPSUKEHHE '3 MPaKTHYECKH PABHO HYIIO, -
quriconss OpeHens, XxapakTepU3 YOI CBA3b MEXIY IMOKa3aTENSIMU MPEJIOMIIEHUS U TJIaBHBIMU
HaMpsHKEHUSMH, COXPAHHUT TOJIBKO /1B YPABHEHHS:



ny—n, =0, +C’2c:l'1’
rzie Np — MoKasaTelpb MpeJoMiIeHus: HeHarpyxeHHoi Monenu; Ci u Cy — mocrosiHHbIE K03 duiu-
€HTBI.

Jlanee MOXHO TOJIyYUTh OCHOBHBIC YpaBHEHHs (DOTOYNPYTOCTH JUIsl TUIOCKOTO HAIPSKEHHOTO
COCTOSIHUSL:

4= C’{.:rl— UE}B;
b= 2%':‘{51 - UQ}B

rae C=C;-C;, — onTuyeckas MocTostHHAs MaTepHaa.

Jlyan J1 u Jo, cBeieHHBIE B OJHY IIOCKOCTH BTOPBIM MOJISIPOMIOM-aHAIN3aTOpOM A, unTepge-
PHUPYIOT MEX]y c000il ¢ pe3yJbTHUPYIOIUM KoJeOaHueM, HHTEHCUBHOCTh KOTOPOI'O OINpenensi-
€TCsl ypaBHEHHEM

f=fﬂsﬁ122&’-smgﬂ-—5

, (1.23)
Toe & — yroj MCXAy INIOCKOCTBIO MOJIApU3alv Jiyda, BBIIICAIICTO M3 IMOJIApU3aTopa IIu on-

HUM U3 TJIABHBIX HAIPaBJICHUH, HAPUMEpP HAMpaBlIeHueM “1; | — MHTEHCHBHOCTB JIyya MOCIIe
noJisipusaropa /1.

B ckpemennoM nosnosxkenuu nossipousioB /7 u A (ycraHOBKa Ha TEMHOTY) Ha dKpaHe I mpubdopa
[0 BCEMY TOJII0 MOJIEIHU HAOII0JAI0OT JIBE CHCTEMBI MOJIOC KaK pe3yabTaT WHTep(epeHIu, Omu-
ceiBaeMblil ypaBHeHueM (1.23). Ha skpane BuaHa cucteMa moJyioc (M30XpoM), 3aBUCSIIAs OT Be-
JIMYMHBI HArpY3KW (HaNpsUKEHHUs), onpejensemMas pasHocThio xoma & (puc. 1.42 u 1.43, a), a
TaK)Ke CUCTEMa YEPHBIX MOJIOC (M30KJIHMH), 3aBUCAIIAS OT MOJIOKEHHUS MOJIIPOUIOB, CIIOCOOHBIX B

. + o
MOJIAPUCKOIIC ITOBOPAUYMUBATLCS B CKPCHICHHOM ITOJIOKCHHWU Ha 000 yroa = {IJ , OTCUUTBIBAC-

MBI, HAIIPUMEP, OT IPAaBUTALMOHHON OCH.

‘J)

* ()
>
a) 0)

Puc. 1.42. KonbI10 ckaToe N0 BEpTUKAIBHOMY AUAMETPY:
a) U30XPOMBI B TEMHOM I10J1€; 0) U30XPOMBI B CBETJIOM I0JIE

5



Puc. 1.43. Ilone u30KIMH U U30CTAT Ui KOJbIA, CXKATOTO IO JUAMETPY

HB’OXpOMbl — yepcaAyrommecsa TECMHBIC U CBCTJIBIC IMOJOCHI B MOHOXPOMATHYECKOM CBETC HJIHU
OBCTHBIC OAMHAKOBO OKPAIICHHLIC ITOJIOCHI B 0€eJIOM CBETE — SIBJISAIOTCS reOMCTPpUICCKUM MECTOM

touek (I'MT), rae pasHocts xona & = co#st . CornacHo ypasHenwmto (1.23), tam, tne d/2=0, 1,

2, 3,...., N, HAOJIFOIAIOT TEMHBIE MIOJIOCHI TAllIEHUs cBeTa; TaM, rae &/ A=1/2, 3/2, 5/2,..., (e -1)/2
, — CBETJIBIE TIOJIOCHI YCUIIEHUSI CBETA.

ITockonbKy B G€l10M CBETE MHTEP(EPEHIIUS TIPOUCXOAUT 110 BCEH raMMe JUIMH BOJIH UCTOYHUKA,
TO MOPSIOK IIOJOC N OIPEENISIOT [0 UX OJMHAKOBOM OKpacKe Mo Tabiuie LBETOB. Brosib u3o-

Xpombl &1 ~ 05 =¢0R g torya

, (1.24)

rae — OINTHYECKasl MOCTOSIHHAs MaTepuaia B pa3MEpHOCTU HAIpPSHKEHUH Ha €AMHMILY TOJI-
mmHb (1 cM) Mozenu, mollydaeMasi TpalyipoOBKOM MaTepualia Ha CTaHAapTHOM o0pasiie (aucke
WM OanoyKe Npu YUCTOM U3rubde).

3aBucumocTs (1.24) Ha3wbIBAIOT ypasHeHuem memooa nonoc. Ha cBOOOJIHOM KOHTYpe MOJEINH,

TAC HE ITPUITIOKCHBI BHCUITHUEC HAI'PY3KH, iy = 0 , TOTJa
L0

Hzoxnunor — YCPHBIC JIMHUHW HA S5KPAHEC — 06pasy10T BTOPYIO CUCTCMY IOJIOC, 3aBUCALIYIO OT IT10-

noxenus I1u A, T.e. yrna % ; onu seasorcs TMT, rie HanpaBieHus ITIaBHEIX HANPSKEHHH &

COBMAJIAlOT C HANpaBJIEHUEM IUIOCKOCTU MoJigpu3aluu. B 3ToM ciydae 2a= 02T, Yso-

KITMHBI CIIY)KaT JJIsl ONpe/IeTICHHs HAMIPABJICHUS TTIAaBHBIX HAMPSHKEHUH B JIFOO0N TOYKE MOJIEIH.
Jlnst 5TOTO JOCTaTOYHO B OEJIOM CBETE, KOT/Aa Ha (hOHE IBETHBIX IMOJIOC M30XPOM BBIICIISIOTCS
YepHBIC W30KIUHBI, TOBEPHYTH MOJIIPOUJIBI HA TAKOH Yroi, YTOOBI M30KIMHA MEePECEeKIa UCCIIe-

nyemyio Touky Mozeau. Orcuer mo nmumOy yria “i =™ onpenenuT riaBHble HanpaBlIeHHs B

TOUKE.
C noMomibio M30KJIUH HECII0XKHO MOCTPOUTH cucTemy usocrtaT (puc. 1.43, 6) unu TpaekTopuit
IVIaBHBIX HAIIPSDKEHUH, JAIOINX KapTUHY CUIIOBBIX MIOTOKOB B JI€TaNIH.

ITo KapTHUHEC U30XPOM ONPCACTIAIOT 3HAYCHUEC MAKCUMAJIbHOI'O KaCaTCJIIbHOT'O HAITPSAXKCHU A



a 10 M3OKJIMHAM MJIM U30CTaTaM — €I0 HaIIpaBJICHUC, TPACKTOPUIA Timax COCTaBJIACT YIoJl 45° k

TPACKTOPUHU I''TABHBIX HOPMAJIbHBIX HaHpH)KeHHﬁ.

Kpyeosoii nonapuckon. Ilnactunku Af4 OnHOBpeMeHHOE HAOMIOIEHHE HA SKpaHe WM MAaTOBOM
CTEKJIE KaMepbl U30KJIMH U H30XPOM HEYAO0OHO AJIsl SKCIIEPUMEHTATOpa, TIOATOMY paboTy ¢ U30-
XpOMaMHU METOJIOM I10JIOC MPOBOJAT B KPYrOBOM MOJISIPUCKOIIE, TJE JIy4d, BXOJAUINN B MOJEIb,
NOJIIPU30BaH MO KPYT'y, U U30KJIMHBI OTCYTCTBYIOT. [[JIs1 3TOM Lienu 3a MoJIsIpu3aTopoM yCTaHaB-

JUBAIOT TUIACTHHKY A4 , UMEIOIIYIO JIB€ B3aMMHO NEPIEHAUKYJISAPHBIE OCH Tporyckanus X u
Y. UX opHeHTHPYIOT TaK, YTO C OCAMHU NOJsIpouaoB /1 u A onu coctapisitoT yroi 45°. Ilnactun-
KY, OOBIUHO CIIIOJISHYIO, U3TOTOBISIIOT TaK, YTO JIy4d, IPOXOJs Yepe3 Hee, MOJydyaloT OTHOCH-
Af4

VpaBHeHus: KoyebaHuii 3a TIACTUHKOM A/ 4 3aNHCHIBAIOT B BUJIC PA3JIOKEHHs IIOCKOIONSAPHU-
30BaHHOIO JIy4a J [0 IOCKOCTIM ¥ —z u ' —z:

b

== Tan af
2

TEJIIbHYIO pa3HOCTh XOJa

F= %Jsm[mf+ﬂu:|

rae &0 _ oTHOCHTeNbHAS paszHocth (a3 nyueit X u Y (puc. 1.44).

Puc. 1.44. Cxema KpyroBoi noJsipu3alyiy, OCyIIEeCTBIIEMON IIJIACTUHKON A4

PesynbTHpyromiee KonebaHne 3THX Jydel MOCie MPOXOXKIACHUS IUIACTUHKUA Af <4  BCeacTBHe
casura ¢a3z OyaeT yke NpOCTPaHCTBEHHOE; KOHEL[ CBETOBOTO BEKTOpa OyJIeT ONMUCHIBaTh B Ha-
IIPABJICHUN £ KPHUBYIO, YPABHEHHE KOTOPOM HECIOKHO MOJIYYUTh CIOKUB F€OMETPUUYECKU JBA
BEKTOpa X U ).

[IpuHAB 32 HAYAJI0 OTCUYETa MOMEHT BXO/a JIydel B IIacTUHKY A/ 4 monydnm B 001eM ciaydae
1.,

X'+ - 32XV eoshy, = =Jsin’ Ay
2 : (1.25)

DTO ypaBHEHHE ONpPEAEISET MPOEKIMIO TPOCTPAHCTBEHHOW KPUBON Ha MIIOCKOCTh X — V, OHO

OIHMCHIBAET DJUIUIIC, O3TOMY JIyd Ha3bIBAIOT SJUIMITUYECKH MOISAPU30BAHHBIM. [T0CKONBKY pas-

HOCTB X014 JUIs IJIACTUHKY cocTaBisier A/ 4, 1o by = nf2

X +1ﬂ=%,r=

, 1 ypaBHeHue (1.25) onuceIBaeT Kpyr:

.Hy‘l HAa3bIBAIOT NOJIAPU30BAHHBIM II0 KPYTI'y, HO B 3aBUCUMOCTH OT 3HAKa BPAIICHUSA HAIIPABJIICHUC

ero Oy/IeT 1o MM IPOTHB YaCOBOM CTPEJIKH, T.€. YIIIOBas CKOPOCTh MMeeT 3Haku L & . Jlyun X u Y,
PO/ HATPYKEHHYIO MOJIENb B TOUKE, COXPAHSIOT CBOMCTBA, ONKCHIBAEMbIE 3aKOHOM Beprreiima,



HO «pa3MaXKyT» M30KIHHBI U U30XPOMBI Ha 3KpaHe. YToObl BOCCTAaHOBUTH M300payKEeHUE U30XPOM,

3a MOJIEJIBIO YCTAHABJIMBAIOT TAKYIO JKE IUIACTHHKY B A <, HO C MPOTHBOIOIOKHBIM 3HAKOM Bpa-
meHus1. MI30KMHbI, Kak Obl CKAHUPYS C YaCTOTOM * 110 KpaHy, HaOII0IaThCs HEe OyIyT.
s Hay4dHO-HMCCIeA0BAaTEIbCKOM padOThl, MPUKIATHOTO MHXKEHEPHOTO MPUMEHEHHUS, 1€MOHCT-
PAIMOHHBIX LEJeH WM JUTsl KOHTPOJIS CEPUIHON MPOIYKIIMH Ha 3aBOAaX HEOOXOIUMBI IPUOOPHI
— TMOJISIPUCKONBI Pa3IMYHON KOHCTPYKUMU. ISl MPOMBINUIEHHBIX M MCCIEAOBATEIbCKUX IIesIel
yno0eH Habop, COCTOSIIIUI U3 MOJSPUCKONA OOJIBIIOro Mo ¢ AU PY3MOHHBIM OCBETHUTEIIEM,
YHUBEPCAIBHOTO HcclienoBaresbeckoro nossipuckona tuna [IITY-7 won YUIT u nongpuckona-
nosnsipumetpa tumna [TKC-250.
OpHa 13 KOHCTPYKTHUBHBIX CXEM MoJiIpucKona ¢ Au(@y3uoHHbIM ocBeTuTeneM (puc. 1.45) ume-
et pabouee moje 300 mm. [Tonsprckon cocTOWT M3 OCBETHTENS |, B KOTOpOM IpuMeHeHbl U-
00pa3HbIe JIaMITbl THEBHOT'O CBETa C ATIOMUHHMEBBIM MOJHUPOBAHHBIM OTPAXKATEJIEM U MATOBBIM
b dy30poM (aHATOTMYHO BBIMOJIHSAIOT CMEHHBIA OCBETUTENb C MOHOXPOMATUYECKUM CBETOM
OT Ta30HAIOJIHEHHBIX JIAMIT); TIOJSPOUAOB 2 ¢ JIMMOAMH Ha BHEITHEH IUIHMHIPHYECKON MOBEPX-
HOCTHU OIPaBbl, KOTOPBIE BPALIAIOTCS HE3aBUCUMO JPYT OT JIpYra; INIaCTUHOK 3; auadparmsl 5 u
3eJIeHOr0 (KpacHOro) CBETO(PMIbTpa 6, MOBBIIIAIOIIECIO KOHTPACT Il HAOMIOJCHUS W ChEMKHU
MOJIOC METOJIOM JIBOMHOM AKCMO3UIMH; KaMephl 7, KOTOpasi IMEET 3aTBOP C UPUCOBOU nuadpar-
Moii. HazHaueHue moJsiprcKora OOoJBIIOro MoJsl — UCCIICIOBAaHUE KPYITHBIX MOJIEICH METOI0M
nosioc. OH OCHaIlleH BBIABMKHOMN xecTkoil pamoid (1500%2000 MM) ¢ HECKONBKHMHU CHUJIOBBIMU
AJIEKTPOIPUBOIAMHU TIOCTOSIHHOTO TOKa (mepemMenienre mroka 80 MM, ¢ MaKCUMAaJIbHBIM YCUJTH-
eM 100 u 250 kH) u ¢ rerzoguramomerpamu 100-500 xH.
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Puc.1.45. Cxema nonsipuckorna 60ab10ro nojist ¢ 1up y3uoHHBIM OCBEILIEHUEM

T'onocpagpuueckas unmepghepomempusn

["omorpamMmbl — 3TO KpacoO4yHbIE pajy’KHbIE HAKIICHKM Ha ayquo M BHJEOKACCETaX, roJOrpaMMHBIE
TOBapHbIE U 3allIUTHBIE 3HAKM HAa OAHKHOTAaX, KPEAUTHBIX KapTax U SpJbIKax TOBAPOB HEKOTOPBIX
¢upm. JlocTurHyT GOJIBILION MpOrpecc B M300pa3sUTENbHON Tojaorpaduu U yCTPauBarOTCs Y)Ke IKC-
MO3UIIUH TOJIOTPAMMHBIX KOMUM My3eHHbIX papuTeToB. HaGupaer 060poThl U MPOU3BOACTBO TOJIO-
rpaduueckux noprperoB. ['onorpadus yxe nepecrana ObITh HK30THKOH. OHAKO HEKOTOPHIE CTO-
POHBI Tpoliecca BHEAPEHHsI rosiorpaduil B COBPEMEHHYIO JKHU3Hb BCE €I11€ OCTAIOTCS 33 KaJpOM — 3TO
npobiieMa pacro3HaBaHusi 00pa3oB, HHTEP(EpPOMETPUUYECKIE U3MEPEHUS, CO3JaHUE TOJIOTPAMMHBIX
ONTUYECKUX JIEMEHTOB, BOIPOCHI 00pabOTKH N300pakeHUI 1 MHOTOE JIPYToe.

EcrectBenHo, ronorpapudeckas nHTephepoMeTpus MosBUIachk He Ha mycToM MecTe. Ee ocHo-
BOI1 siBiIsieTcs Kilaccuueckasi uurepgepomerpust. [loatomy ¢ Hee 1 HaUHEM.

Knaccuueckas unmepghepomempus Bcerna nMena M UMeET JEJO TOJBKO C MPO3pauyHbIMU HITH
3epKajJbHO OTpakaroummu o0bekTaMu. Kazanocs, uro 3To HaBceraa. U yaen unreppepomerpun
— W3YYEHHUE Ta30B M >KHJIKOCTEH, 3epKay U JuH3. PaboThl, KOHEYHO, XBaTajgo U TaM. bbutn u
MaciTaOHble MPAKTUYECKUE PE3YJIbTaThI.



Yero cTOST OHU TOJNBKO MIAXTHBIE HHTEPPEPOMETPHI JIJIS ONIPEACTICHHS OMACHOW KOHIIEHTPALUH
MeTaHa. A KOHTPOJIb IPU MPOU3BOACTBE ONTHUYECKUX HU3JCIUN; U3MEPEHHE TONIIUHBI OYEHb
TOHKHUX TIOKPBITHIA ¥ CBEPXTOUYHBIA KOHTPOJIb (C TOYHOCTHIO B TIOJIOBHHY JTMHBI BOJIHBI U MEHbB-
I€) PAcCTOSHUM WM MEepeMeUIeHil; IKCIpecc-0lleHKa KayecTBa 00pabOTKH MOBEPXHOCTEH ¢
MOMOIIIBIO CHIEIUATBLHON CTEKIISTHHOM m1acTUHKHU. Kak elie MOXKHO 3a HECKOJIBKO CEKYH/ (OIHUM
B3IJIs,10M!) ONpeienTh OTKJIIOHEHHE Ha HECKOJIBKO MUKPOMETPOB OT HYKHOT'O 3HAUYEHHUs pa3Me-
POB IepoxoBarocTeld 00pabaTbiBaeMON TOBEPXHOCTH?

Pazymeercs, 66110, ecTh U elie OyleT OYeHb MHOTO U IPYTUX MPUMEPOB UCIOJB30BAHUS U CHe-
JIAHHBIX C TIOMOIIbI0 HHTEPPEPOMETPUN OTKpHITHIA. HO, TOBTOPSIO, pedh Bceraa Iuia TOIbKO O
MPO3PAYHbIX UJIH 3€PKAJIbHBIX, CJIA00 NCKAXKAIOUINX 30HAUPYIOIIee U3TydyeHUE 00bEKTaX.

[Tocne mosiBeHust Tronorpaduu OTKPhUIACh a0COTIOTHO HOBAsi BO3MOXKHOCTh MTPOBOJIUTH MHTEP-
bepomeTpruyecKkue N3MEpPEeHHs He TOJILKO MPO3PavHbIX, HO U UG (GY3HO OTpaxaronux 00bEKTOB.
HNmenHo 1o crmoco0y B3aMMOJCHCTBHUS C 30HIUPYIONIUM H3IyY€HHUEM U TOSBHIOCH JCIICHUE
00beKTOB Ha (azoBbie (Mpo3paynbie) U AU y3HBIC (TO €CTh OTPAKAIOIINE, HO HE 3ePKAJILHBIC).



Jexuyusa 10. Pecypcuble ucnolmanus Mawiun, y3io0e.
Tonoepagpuueckas unmepgepomempus
Uro ke TaKoro HOBOT'O BHECIIA TONIorpadus B yKe NPUBBIYHYIO HHTEp(epoMeTpuio?
Tonoepagpus — 3mo cnocob sanucu u 60CCMAHOBIEHUs 8Cell ONMUYECKOl UHpopmayuu, npu-
weouteti om obvekma.
Ecam 3T0 Tak, 1 BOCCTAaHOBJIEHHAS C TOJIOIPAMMBI BOJTHA MTOJTHOCTHIO COOTBETCTBYET PacCesIHHOM
00BEKTOM TP 3aIUCH, TO, CIEJOBATEIBHO, €€ (BOJHY) MOXKHO HCCIEIOBaTh TEMH )K€ ONTHYe-
CKUMH METOJaMH, YTO U caM 00BeKT. To ecTh MpOBOANTH TEHEBBIC, IUTUPEH U MHTEPHEPEHIIH-
OHHbIe M3MepeHus. Ecim e 3amucarh U MOJISIPU3ALMOHHBIE XapaKTEPUCTUKU (TaKHe CIIOCOOBI
CYIIECTBYIOT), TO BO3MOKHOCTH ITOJTy4eHUs] HH(POPMAIMH YBEININBAIOTCH.
[Ton moHsATHEM Xe «eonocpaguueckas unmepgepomempusy» TOAPA3ZYMEBACTCS HEYTO COBCEM
MHOE, MCHOJIb3YIoIee 0COOCHHOCTH MMEHHO rojorpaduiyeckux NMPHHIUIIOB 3alicu HHpOpMa-
IHH.
I[TepBrie ronorpaduueckue nHTEPHEPOrpaMMbl MOSIBUIMCH M3-3a OMIMOKH WM CIIy4aiHOTO CTe-
4eHus1 00CTOATENBCTB. Majio Toro, Ha 3TO He 0OpaTH/IM BHUMaHUs. J[ajgeko He BCe IKCIIepUMEH-
TaTOpBI B NIEPBBIE T'OJBI MOSIBIICHUS TOJIOTPa(uu XOpOIIo pa3OHpaich B €€ TEOPETHYECKUX OC-
HOBax. Ha mepBeIX mrarax Bce ycuiusi ObUIM HalpaBJICHbI Ha TOJTY4YeHHUE COOCTBEHHO TOJIOTPAM-
mbl. U3 nHTEpdepoMeTpun OO0, KOHEYHO, U3BECTHO, YTO CIIBUT ITYYKOB BO BPEMsI IKCIIO3HIIUU
yXKe Ha TOJIOBUHY JUIMHBI BOJIHBI JIJIA€T HEBO3MOJXKHBIM 3aIMCh MHUKPOMHTEP(PEPEHIMOHHON
KapTHUHBI, KOTOPAast M TPEICTABIISIET CO00H roiorpammy. I1loaToMy npruHUMaNHCh BCEBO3MOXKHBIE
MepBl ISl 00ecTieueH sl MEXaHNYeCKOW CTaOMIIBHOCTH ONTHYECKON cXeMbl. B Xox num maccus-
HbIE TPAaHUTHBIC U MPaMOpHBIE TUIUTHI, HE MEHEE MACCHUBHBIC JEP)KATEIN ONTHUYECKUX DIIEMEH-
ToB. HO mepBbIe na3ephl, UCHONb3yeMble Ul STHX LEeJei, MMEeIn OYeHb Malyl0 MOIIHOCTH, a
(OTOMIACTUHKY — aHAJTOTMYHYIO YyBCTBUTENBHOCTh. ClleZI0BaTENbHO, CTAOMIBHOCTD B TIOJIOBH-
HY JUIMHBI BOJIHBI B T€YEHHE BCETO IpoIecca 3alHCH TOJIOTPaMMbl 00eCIeYUTh OBUIO OYEHb U
OYEeHb TPYAHO. B pe3ynbpTare BOCCTAHOBIEHHOE H300paXEHHE HHOTJa MOKPBIBAJIOCH MTOJIOCAMH,
KOTOpbIE MOPTUIM OOLIYI0 KapTHUHY. DTH TOJIOrPAMMBI CIIUCHIBAIM B OpaK U HKCIEPUMEHTATOPbI
C HOBBIMHU YCHJIMSIMU OOpOJIHCH 3a oOecriedeHrne BHOpo3ammThl. B 60-X romax poamiock HOBOE
HarpasieHue — rojsorpaduyeckas uHTepHepoOMeTpHsl.

Memoowl conoepaghuueckoii unmepghepomempuu

Ha onmny miacTHHKY MOKHO 3aIiucaTh HECKOJIBKO BOJHOBBIX (DPOHTOB, TO €CTh HECKOIBKO TOJIO-
rpamM. Eciin 3TH BOJIHBI KOT€pEHTHBI (@ 4allle BCero Tak M ObIBAaeT), TO MPH COBMECTHOM BOC-
CTaHOBJICHUU OHU MHTEP(PEPHUPYIOT, a B Pe3yIbTUPYIOLICH HHTEp(hEporpaMMe OCTaHETCS TOJIBKO
TO, YTO B 3TUX BOJHAX OBLJIO pa3HbIM. DTOT METOJ rojorpapuueckoil uHTeppepoMeTpun momny-
YUJI HA3BAHHUE Memo0 08)YX IKCHOZUYUI.

MoskHO crienath 1 1o Apyromy. OTCHATYIO TOJIOrpaMMy 0OBEKTa rociie 00pabOTKH YCTaHABINBAIOT
C BBICOKOH TOYHOCTBHIO Ha TMpPEXKHEEe MECTO — Yallle IUIACTUHKH 00padaThIBAIOT MPSIMO HAa MeECTe
cbeMkH. [Ipu mocnemyromem 3KCIOHUPOBAHUH TOJIOTPAMMBI B CXEME, UCTIONb30BaHHOM IPU €e XkKe
3anucH, 0OBEKTHAsT BOJIHA, BOCCTAHOBIICHHASI C TOJIOTPAMMBI OMIOPHBIM ITYYKOM, OyneT uHTepdepu-
poBaTh C HOBOM BOJHOM, Mayliel oT 00bekTa. B pe3ynbTare MOXKHO B peabHOM PEXHUME BPEMEHH
OTCIIS)KMBATh TUHAMHKY TIPOIECCOB, MPOMCXOISAIINX B 00BEKTE HCCIenoBaHus. Takoi MeTo I ToJI0-
rpaduueckoi UHTEp(HEPOMETPUH TaK U HA3BIBACTCS — MEMOo0 PeanbHO20 8PEMEHU.

Jns Gonee MONHON SICHOCTH MOYHO MOJYEPKHYTh, YTO B KJIACCUYECKOM MHTEp(PEepOMETpUU UH-
TephepUPYIOT BOIHBI, KOTOPBIE 8 OOUH MOMEHM 8PEMEHU NPOULTU NO PAZHOMY NYMU.

B ronorpaduueckoii mHTEpPEepOMeTprUN UHTEPPEPUPYIOT BOIHBI, KOTOPHIE 8 pA3HbIE MOMEHMbL
8peMeHU nPOWIU N0 OOHOMY U MOMY Jice NYMu.

Humepgepomempus pazosvix 06vekmog
PeanbHble 00BEKTHI, C KOTOPBIMHU MPUXOJAUTCS UMETH €0 B OKCIICPUMEHTAX, H3MEHSIOT U (asy,
U aMIUTUTYY, ¥ HallPaBJICHUE PACIIPOCTPAHCHHS 30HAMPYIONIETO U3IyYeHHs. DTO MPUBOIUT K



TOMY, YTO OCHOBHBIM KPUTEPUEM IPUMEHHMOCTH KaKJIOTO0 KOHKPETHOIO METOJA CTAHOBUTCS
BEJIMYMHA OIUMOKH, BHOCUMOM UM B KOHEUHBIN pe3ynbTar.

[TpuHATO CUUTATH, YTO JJIS IPO3PAYHBIX OOBEKTOB MPUMEHEHNE UHTEPPEPOMETPHUECKIX METO-
JIOB JIMarHOCTUKU JOMYCTHMO, €CIIM MakcuMajbHas pedpakuus Ha oObekTe He mpesbimiaer 0,1
Mpaj, a BIMSHHUEM IIOTJIOMICHUSI MOKHO IpeHeOpeub. VIMEHHO Takue mpo3padHbie OOBEKTHI U
MOJIYYMJIM Ha3BaHUE (Pa30BBIX, TO €CTh U3MEHSIOIIUX TOJNBKO (Pa3y 30HAUPYIOIIETO U3TyUEHUSI.
Bceerna crnepyer moMHUTE, UTO U KIaccuueckas, u 2oaocpaguyeckas unmepgepomempus Nar0T
MIPaBUJIbHBIE PE3YJIbTAThI TOJIBKO I YUCTO (a306bix 00BEKTOB

Buowt nacmpotiku unmepgpepomempos

Buemnuii Bua u coco0sl pacmn@poBKH WHTEPHEPEHIIMOHHON KapTUHBI, MOIY4EHHON JIF0OBIM
criocoboM uHTEpQeporpammsl (rojaorpapuyeckoil UM KIaCCUYECKOH), 3aBUCIT OT HACTPOHKHU
unTepdepomerpa.

beckoneuHo mupokas nosioca

Ecnu nocne perucrtpanuu nepBoil ONOPHOW rosiorpaMMbl HU paOouuii HU OMOPHBINA IY4OK HE
TPOTajH, TO BCE U3MEHEHUS B Pe3y/bTUPYIOIIEH HHTEp(EePEHIMOHHON KapTHUHE OyayT 00ycI0B-
JICHBI TOJIBKO Haberom ¢aspl B KaXJIO0H TOYKE BOJHOBOTO (DPOHTA, BBHI3BAHHBIM MPOIIECCAMH,
IPOM3O0LIEIIMMU B 00BEKTE MEXY IKCIIO3ULUAMU (B METOAE JABYX SKCIIO3UIIMIA) MU B TE€UEHUE
CBHEMKH (B METOJIe PEaTbHOTO BpeMeHH). B 3TOM citydae ToBOpST, YTO HHTEPPEPOMETp HACTPOCH
Ha 6€CKOHEeUHO WUPOKYIO0 NOLOCY.

[Tpu TakoM criocobe HACTPOMKU M3MEHEHUsI B OOBEKTE MEXKIY IKCIO3ZULUSAMU MPOSBATCS B I10O-
SIBJICHUU 3aMKHYTBIX UHTEP(EPEHIMOHHBIX T0JI0C, KaK OKOHTYPHUBAIOLIUX HEOJHOPOJHOCTb, TAK
U Haxomsumxcsi BHyTpu Hee. OmHako pacmm@poBaTh TaKyr0 MHTEPPEPEHIIMOHHYIO KapTHHY
MOYKHO TOJIbKO allpuOpH, 3Hasi 3HaK U3MEHEHUs Habera (asbl IpU Mepexoie OT OJJHOU MOJIOCHI K
npyroii. B moixy4aeMoii kapTuHe 3Ta HHPOPMAIUsS OTCYTCTBYET.

ITonochl KOHEYHON IMPUHBL

Ecnu B uHTEpBasie MEXIy SKCIO3UIMIMUA WM pabounii, WM OMOPHBIA My4YOK, WM caMa Iuia-
CTMHKA OBLJIM IMOBEPHYTHI HA KAKOM-TO yroJl, TO pe3yJbTUpYIollas HHTeppepeHIIMOHHAs KapTHHA
Oyner HabmomaThesl Ha (POHE PETYNISIPHON CHUCTEMBI PaBHO OTCTOSIIIMX APYT OT Jpyra mapaj-
nenbHbIX nojoc. Ilar 3Tux nosoc onpenensercs BEIUMYUHON yIila IOBOPOTA, & OPUEHTALUA T10-
JIOC 3aBUCHUT OT crmoco0a MX co3jaHus. Takas HacTpoiika MHTepdepomeTpa Ha3bIBaeTCsl Ha-
CTPOMKOHN Ha IMOJIOCHI KOHEYHOH IMPHUHBL. B 3TOM cilyduae HEOAHOPOIHOCTU B OOBEKTE MPOsiB-
JISIFOTCS B BUJIE UCKPUBIIEHUS OMTOPHOM CHCTEMBI OJIOC.

Jns paciinpoBKU Takol MHTEp(EpPEeHLIMOHHON KapTHHBI anpuopHas MH(OpMaIus He HYXHA.
3HaK M3MeHeHus HaOera (aspl, TO €CThb HalpaBJICHHE CueTa IO0JIOC, 3a/1aeTCs HaIpaBJIEHUEM
CABHUIa ONTHYECKUX JIEMEHTOB CXEMBI IIPU CO3AAHUU CUCTEMBI ITHX I10JIOC.

Iloozomoeka u obpabomka 2anoceHUOOCepeOPIHHBIX IMYIbCULL NPU 20102PAPUUECKOl UHMED-
gepomempuu

3anucaTth U BOCCTAHOBUTH Tosiorpaduueckyro nHTepdeporpammy — 3T1o emie noaaena. Jlambiie
TpeOyeTcs MOJy4YEeHHYI0O KapTUHY pacmu@poBaTh. A 4T0oObI pacmindpoBKa MpUHECTA OXKHAae-
MbI€ Pe3yJbTaThl, HEOOXOIUMO YUECTh Pl OCOOCHHOCTEH, KOTOPbIE CUJILHO BIMSIOT HA CTENEHb
JIOCTOBEPHOCTH MOTy4aeMoi HHGOpMaIUH ¢ rojorpadguueckoil uHTepdeporpaMmsl.
TexHomnorus nosydyeHust MHGOpPMAIMK ¢ MOMOILBIO rojorpaduuecKkux UHTepdheporpaMMm O4eHb
YYBCTBUTEIbHA K MAJICHIIIUM TIPOSIBIICHHUSM YCAJIKH SMYJIbCHH, KOTOPAas MOKET IPUBOTUTH K M C-
KQXEHUIO 3alMCaHHOW HMHTep(EepPEeHIIMOHHOW KapTHHBI U MOJYYCHHUIO HEBEPHBIX pE3yJIbTaTOB
npu ee pacmuppoke. [109TOMy MPUXOIUTCS MPHHUMATH CIICIIUAEHBIE MEPHBI, €CIIM He K TOJI-
HOMY YCTPaHEHUIO YCaJKH, TO XOTS OBl /Ul CBEIEHUS €€ K MUHUMYMY.

Onmuueckue cxemul 2o102paguieckux unmeppepomempos
Knaccuueckne nHTEpPEpOMETPHI U3TOTABIMBAINCH VISl PEIICHUS] KOHKPETHOM 3a/1a4il ¥ MOYTH
HE TOJJIeKalu TepeHananke. B ornudne oT HUX romorpaduveckre HHTEPHEPOMETPH MOUTH



YHHUBEPCATbHBI — OJIHA U T K€ CXeMa MOXET MCIOIb30BATHCS IS pa0O0ThI ¢ a0COIIOTHO Pa3HbI-
MU 00BEKTaMHU.

[Ipu GonbiomM pa3HOOOpa3uu BapUAHTOB ONTHYECKUX CXEM rojiorpaduieckux HHTepdepomeT-
poB (I') niis ha30BBIX OOBEKTOB BCE OHU CBOJSATCSA K JIBYM OCHOBHBIM: C TU(DPY3HBIM U C KOJI-
JTUMHUPOBAHHBIM pabo4YnM mydkoM. Kaxkas U3 3THX CXeM MMEeT CBOM OCOOCHHOCTH M TIPUMEH sI-
€TCS B 3aBUCUMOCTH OT ITOCTABJICHHOM 331a4u.

I'A ¢ ouggysnvim pabouum nyuxom

Hughysnoviii paboyuii nywok (puc. 1.46) no3Boinser HaOIIOAATh HHTEPPEPECHIIMOHHYIO KAPTHHY
Ha 00BEKTE HEBOOPYKEHHBIM TJIa30M Ha OCBEIICHHOM ¢one.
B stom cityuae B mpenesax amnepTypbl roJorpaMMbl MOKHO BBIICIUTH KaK Obl HECKOJBKO Ha-
NpaBJICHUN TPOCBEYMBAHUS M YBHJIETh COOTBETCTBYIOIINE M3MEHEHUS B MHTEP(EPECHIIMOHHON
kaptune. [Ipu 3TOM Kakaas 4acTh rojorpaMmbl OyneT HEeCTH WHGOPMALUI0 O KaXIOW TOYKE
00BEKTa, M HEOOJIBIIOW KyCOYCK IIIACTUHKHU OyJIET BOCCTAHABIMBATH BECh OOBEKT IICITUKOM.
Takast cxema OJJMHAKOBO XOpOIIa U JJI1 CHMMETPHYHBIX U 11 HECUMMETPUYHBIX 0OBEKTOB, MO~
CKOJIbKY TIO3BOJISIET MPH TEPEChEMKE BBIICIUTh HECKOJIBKO HAINPABICHUN MPOCBEUYMBAHUS O]
pasHbIMH yriiamu. M3-3a MCHONBb30BaHUS pacceMBaTelsi B OTOM CIydae Ha BOCCTAHOBJICHHOE
U300paKeHNE HAKJIAJbIBACTCS CIEKJI-IIyM, IapaMeTpbl KOTOPOTrO OOYCIIOBJICHBI HE TOJBKO
CBOWMCTBAMH JIa3€PHOTO M3JIyYCHHSI, HO U XapaKTEPHUCTUKAMHU PACCEHBATEIIs, U PEr'YJIUPOBKE HE
nojyiaercsi. Kpome TOro, MCIoib30BaHHE PACcCEHBATENIsl 3aCTABIISICT HAMPABIATh B Pa0OYHid My-
YOK 3HAYMTEIHHO OOJIBIIYIO, YEM B OTIOPHBIM, YaCTh SHEPTHH JIa3ePHOTO MyYKa.

| LASER}

Puc. 1.46. luddysnslit pabounii mydok: BS — ceeronenurens; M1-M3 — rinyxue 3epkaina;
L1 u L2 — xopotkodokycHble m1H3bI; D — npo3paunslii paccenBarens; H — roinorpamMma

7

Ha pucynkax 1.47 u 1.48 nokasanbl JBa CHUMKA, CJI€JIaHHBIX C OJJHOW TOJIOTpaMMBbI 10| pa3HbI-
mu yriaamu. I'M Obl1 HacTpoeH Ha OECKOHEYHO IHUPOK

Puc.1.47 Puc.1.48



I'Y ¢ KonumMupo8anuvim paboyum nyyKom
KonnmumupoBannsiii pabounii my4ok (puc.1.49) Beiaenser 4eTko GUKCUpOBAHHOE HAINPABIICHHE,
KOTOpOE U3MEHHTH yXKE Hellb3sa. B 3TOM citydae He BOOpY>KEHHBIM T1a30M H300pakeHue HaOIIo-
naercsi Ha JoHe SIPKOM cBeTsmeiics Toukr. HopMmanbHOe M300pakeHue MOKHO YBUJETh TOJBKO
yepe3 00beKTUB, HarpuMep (poToamnmapara.

Puc. 1.49

Ha pucynke o6o3naueno: BS — ceeronenurens; M1-M3 — rnyxue 3epkana; L — kopoTkodokyc-
Has nuH3a; C — kommumaTop; H — rojorpamma.

Pa3mbiBaromuii wHTEPGEPECHIIMOHHBIC TOJIOCH CHEKJI-IIYM IMPH TaKOH CXeMe ChEMKH 3HAYH-
TEJIbHO MEHBIIIE, YeM MpH padote ¢ 1uddy3HbIM pabouyuM My4KOM. DTOT COCO0 ChEeMKHU ya00eH
JUTSL OCECUMMETPHYHBIX, TUIOCKUX WJIH OJHOPOJHBIX O HAIPABICHUIO MPOCBEUYNBAHUS OOBEK-
TOB. DHEpruM B paboyeM Mmydke oH TpeOyeT TakkKe MEHbIIe, yeM crnocod Ha cxeMme (puc. 1.46).
Ecnu 00bequHUTE cXeMbl ¢ pUCYHKOB 1.46 1 1.49, TO MOXHO MOJYYHTh U 33JJaHHOE 3apaHee Ha-
NpaBJICHUE 30HMPOBAHUS U YA00OCTBO HAOIOJACHUS KApTHHBI HE BOOPYKCHHBIM TJ1a30M Ha ¢o-
HE OCBEIICHHOT'0 paccenBarelia. JTa cxeMa IpuBeeHa Ha pucynke 1.50.

M2 C Object

N
M1

Ha pucynke o6o3naueno: BS — cBeronenurens; M1-M4 — rioyxue 3epkana; D — npo3paunsiii
pacceuBatenb; C — komutumarop; L1 — o6bextuB; L2 — kopoTkodokycHas nun3a; H — romorpam-
Ma

[TonoGHast cxema perucTpaiu rojorpaguueckux MHTepQeporpaMm Mo3BoJIsieT CIPOeUPOBATh
HYXXHOE€ CEYeHHE 00BEKTa Ha IJIOCKOCTh PacceMBaTeisl. JTO yJIydlllaeT NPHUBSI3KY UHTEpdEpeH-
IIUOHHBIX MOJIOC K 00BEKTY M JienaeT Oosee yA0O0HOH nanpHeHyo pacimu@poBKy MoirydeHHON
KapTHHBL.

OO6mwexTuB B cxeme (puc.1.50) MOXKHO HE UCIIOJIb30BaTh, HO TOT/Ia OOBEKT J0JDKEH pacroyararb-
Cs1 BINIOTHYIO K pacCEUBATEIIO.

Ha pucynkax 1.51 u 1.52 nokasansl 1Be HHTep(eporpaMmMbl OJHOTHITHBIX OOBEKTOB, MMOTYYEH-
HBIE [TPYU Pa3HbIX HACTPOIKax UHTEepepomeTpa.

CylIecTBYIOT M Jpyrue BapHaHThl ONTUYECKUX CXEeM Ui Tosiorpaduueckoil HHTEphepoMeTpun
¢dazoBbIX 00bEKTOB. Bee nx mMoaudukanuy onpenensrorcs cneun(ukoil KOHKPETHOTO 00beKTa
UCCIJIEJOBAHMS.

B ciydae paGoThl ¢ mosocaMu KOHEYHOW IIMPUHBI BCE CXEMBI MOTYT COJIEPKaTh JTOMOJHUTEIb-
HbIE ONTHUYECKUE DIIEMEHTBI, PETYJIUPYIOLINE HACTPOUKY CUCTEMBI OITOPHBIX ITOJIOC.

Puc. 1.50



Puc. 1.52. HacTpoiika Ha m0JIOChI KOHEUHOW IIUPHUHBI
I'Y cghokycuposannoco uzobpasxicenus

' mocTpoens! no cxeme rojgorpamMm cokycupoanHoro uzodpaxenus (I'CH). Ouu Taxxe mo-
T'YT IPUMEHSATBHCS U C paccenBaTensiMu 1 6e3 HuX. Ho mpuMeHeHne paccenBartes B JaHHOM CITy-
yae He 1eaecooOpasHo. Jleno B ToMm, uto uHTEepheporpaMmsl, cHathie o cxeme ['CHU (puc. 1.53)
y100HO BOccTaHaBIMBaTh B O6eoM cBeTe. CreKI-CTPyKTypa, 3aBUCSILAas TOJIbKO OT CBOMCTB Jia-
3epHOT0 M3JIy4yeHHsI U 0OBEKTHBA, yCpeaHseTcs. B pe3ynbraTe OTAeNbHBIX CIIEKIOB HE BUAHO U
KOHTPAcT MHTEP(EPEHIIMOHHBIX MOJIOC HECKOJIbKO IMOBbIMaeTcs. Ecau ke ucnoiap3oBaTh pac-
CEUBATEllb, TO Ha YK€ UMEIOLIEECs CIEKII-II0JIE HAKJIAAbIBAECTCS JOIOIHUTEIBHOE I10JIE, CIeHe-
pupoBaHHOe pacceuBaTesneM. CHUTyalusl yxyauiaercs 0cOOEHHO MpU MajbIX pa3Mepax HEoJHO-
poaHocTH. Kakoil mydok (pacxosuuiicst Wi IIIOCKHA) UCHOIb30BaTh B KAYEeCTBE OMOPHOTO — 3a-
BUCHUT OT TpeOOBaHMN SKCIEPUMEHTa U MMEIOIIUXCsS onTHyeckux snemeHToB. I'U no cxeme I'CU
MO3BOJISIIOT UCCIIEOBaTh TOHKYIO CTPYKTYpPY MHTEP()EpEeHLMOHHBIX MOJIOC, BKIIIOUYAs MEPEChbEMKY
yepe3 MUKpockort. Jlist mpuMepa Ha pucyHke 1.54 nmokazana unrepdeporpamma, a Ha pucynke 1.55
— ee yBeJIMYEHHBIN (pparMeHT.

M2 C1 Object

BS

a.,_ M1
Puc. 1.53

Ha pucynke o6o3naueno: BS — cBerogenmurens; M1-M4 — rioyxue 3epkana; Cl1, C2 — xonnmuma-
Topsl; L — 06bexTuB; H — ronorpamma




SR ANNS 4N

Puc. 1.54 ] Puc. 1.55

Onmuko-zeomempuuecKkue Memoosl usMepeHus dehopmayuil u nepemeuieHuil
OnTUKO-TeOMETPUYECKIE METOAbI IPUMEHSIOT Ui OeckoHTakTHOTO HccnenoBanus HJIC Ha mo-
BEPXHOCTH TUIOCKHUX U OOBEMHBIX JIeTalel MallliH, MOJieNiel u 00pa3noB nonyhadpukatoB. O0-
Ui K1acCu()UKAIMOHHBINA IPU3HAK ATUX METOJOB — HAIWYHUE ONTHYECKOH OECKOHTAKTHOMU CBS-
31 00BEKTa UCCIICAOBAHUS C PETHCTPATOPOM MCKaXKEHUs (Iedopmannn) 6a30BOro reoMerpude-
CKOTO 3JIEMEHTa, HAHECEHHOTO Ha OOBEKT, CIIPOCMPOBAHHOTO WM 3€PKATBHO OTPAKEHHOTO B
HeM. KaIplii M3 ONTHKO-TEOMETPHUYECKHX METOM0B 3(h(EeKTUBEH ISl ONPENeIeHHOW TPYIIIbI
3aj1a4, IMEET, KaK MPaBHJIO, HECKOJIIBKO Pa3HOBUAHOCTEH U 00IacTell IPUMEHEHHUS, Pa3InYaeTCs
BUJIOM 0a30BBIX DJIEMEHTOB, TUIIOM PETUCTPAIIMH U 00PaOOTKH.

Memoo denumenvHbix cemokK

HccnenoBanus ruiactTudeckux aedopmanuii mpy pa3pymeHnd MaTepualoB METOIOM JEIHUTEIb-
HBIX CETOK, BbIMOJHEHHbIE B 40—60-X romax mpomuioro CTOJICTHs, MOKA3alHd BIUSHHE KOHICH-
TpaLUu HanpsKeHUH (OTBEPCTHUH U LEJIEBBIX HAAPE30B) HAa MPOYHOCTD JAeTallel U3 KOHCTPYKIIU-
OHHBIX MaTepuasioB. Ha MX OCHOBE pacCMOTPEHBI TEXHOJIOTHYECKHE 3a/aud J1e(hOpPMUPOBAHHS
TOHKOCTEHHBIX JIe€Tajei 13 aJlOMMHUEBBIX CIUIaBOB. Pa3BHUTHE TEXHUKU HAaHECEHUS] MUKPOCETOK
MIO3BOJIMIIO UCCIIEA0BATh YIPYTOIUIAaCTHYECKHE eopManny B 001aCTH BEPIIMHBI TPEIUHBI TIPU
UKIMYECKOM HarpyxeHuu. VCKmrounTenbHO 3(P(EKTUBHBIM OKa3aloch MPHIIOKEHHE METOAA
JENUTENbHBIX CETOK K 3aJayaM IUIACTHYECKOro AeQOpMHUpPOBAaHUS METAJUIOB IpH 00paboTke
naBiieHueM. MeTo ] oka3all 3HaUYUTeIbHOEe BIUSHUE Ha MPOEKTUPOBAaHHE HOBOTO MHCTPYMEHTA U
PEKUMOB IITAMIIOBKH, TPECCOBAHMS, BBITSDKKH, NMPOKATKUA | T.J. COBpEeMEHHbBIE TEXHOJIOTHYe-
CKHE METO/Ibl TMOBBIIICHNUS YCTAJOCTHOM MPOYHOCTH U BSI3KOCTU pa3pyIIeHUs (TPELIMHOCTOHKO-
CTH) TOXy(paObpUKaTOB M3 INTAMIIOBAaHHBIX 3arOTOBOK M INPOKATa OMUPAIOTCS Ha DKCIIEPUMEH-
TaJIbHbIE MCCIIEJJOBAHUS, BBINOJIHAEMBbIE METOAOM JENUTENbHBIX CETOK W JPYTMMH OITHKO-
Te€OMETPHUYECKUMHI METOJIAMH.

Jlpyroe HarpaBieHue uccienoBanuii — 3to uyuenue HJIC B ynpyroii o0nacTu Ha pe3MHOBBIX U TO-
JIMMEPHBIX MOAEISIX MPH MaJbIX U 6oibnx aedopmanusax (10 18%). Ilycts, Harpumep, B TIIOCKO-
CTU CUMMETPUH IJIACTUYECKH J1e(pOPMHUPYEMOIl IMIMHIPUYECKO 3arOTOBKH pa3MeIIeHbl OpTOro-
HAJIBHBIE CETKU C Tep(HOPHPOBAHHBIMEI OTBEPCTHSIMH, IIEHTPHI KOTOPBIX COBMAIAIOT C YIIIOBBIMA
TOYKaMH KBajpara. bysem cuntaTh MaTepualn 3aroTOBKM M30TPOIHBIM, HEC)KMMAeMbIM, a Aedopma-
MM B TIpeeNiax sTeHKH CeTKH OIHOPOTHBIMH, MPUYEM BBIYMCISIEMBbIE KOMIIOHEHTHI Je(opMariiii
OTHECEeM K LIEHTPY SYEHKH, CUNTast UX CPEITHUMH MEXAY 0a30BBIMU TOUKAMHU.

PaccmoTpuM ocecHMMETpUYHYIO 00BEMHYIO 337ady C TPEeMs TUIOCKOCTSIMH CUMMETPHH, HAIIPH-
Mep KOHeuHble (POPMOU3ZMEHEHHSI MPH IITAMIIOBKE IMJIMHIAPUYECKONW MOKOBKU € MPSMOM ropu-
30HTaJILHOM OChIO (puc. 1.56).
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Puc. 1.56. Cxema mramna ¢ HWIMHAPUYECKON TOKOBKOM U CETKA B IJIOCKOCTH 3ayCEHIa II0CIIe
neGpOopMHUPOBAHUS:
1 — mrramn; 2 — MOKOBKA ¢ UCXOIHOM BbICOTOM H (MM); 3 — INIOCKOCTD CETKH;

4 — 3aBUCHMOCTb ' 4 =7 (I} B CEUCHHHM «xx» (MCXOaHas IirHa MOKOBKH 21=100 mm)

B meTone ceTok, Korja pa3MedeHbl 0a30BbIe IEMEHTHI, YI0OHO HCIIONIB30BaTh TaBHBIE 1edop-
Manuu B orapudmudeckoit popme. OKpy>KHOCTH CETKH B IJIOCKOCTSIX CHMMETPUHU IITAMIIOBKH
nocine aeGopMUpoBaHUS MPeoOPa3yIOTCS B IIUIUICH C OCSAMU MO TJIaBHBIM HANpPaBIECHUSM, TO-
ATOMY

Iy P F
E'1:]n—1 52:].'[1—2 E3zh1—3
.?"D ’ 'ri:l ’ l?"|:| , (126)
rae "1:72:73 — monyocu ammKIcoB; ‘0 — paanychl HCXOIHBIX OKPYKHOCTEHN CETKH.

B cnyuae neopmupoBaHus TeN BpallleHUs 10 OCH £ TJIaBHbIE AeQOpMAaIMH B IUIOCKOCTH CETKH
OTIpeNIeNAI0TCs TeMH ke 3aBUcUMOcTAMH (1.26), HO OKpyXHas 1edopMalys B MEPUANOHATIBHOM
CEYeHU!U

]

rae RERy pacCTOSIHUSL OT OCH CUMMETPUH Z JI0 paccMaTpUBaeMoil TOUKHU 10 U mocie aedop-
MHUPOBAHHUS COOTBETCTBEHHO.

Jlnist BBIYMCIICHUST OCEBOM M paaualibHON Jorapudmuyeckoil nedopMaliv CHOIb3YIOT 3aBUCHU-
MOCTH
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rae % HaXomAT SKCHEPUMEHTAIBLHO 3aMEPOM yIJIa MEXKIy HAIpaBJIeHUEM OONBLION MOTYOCH DI
JIUTICA ¥ OCBIO Z 3arOTOBKH.

W3mepenue aegopmaiuii u nepemMenieHuil ¢ mIoMOIIbIO CETKU C KBaJPaTHBIMU SYEHKaMH, KOT1a
B 001meM ciaydae 0a30BBIN AJIEMEHT MPEBPAIIASTCS B MAPAIUICICIIUIIC]] WIH YEThIPEXYTObHHK,
BBITMOJHSIOT ONTHYECKUMHU CPEACTBAMHU C TOCTIEAYIOLUIUM BhIUUCICHHEM aOCONIOTHBIX IpUpallie-
HU rpaHel napajvieJenunea i COOTBETCTBYIOLIUX YIII0B HA OCHOBAHUU JIOCTATOUYHO IPOMO3JI-
KUX GOpMYII, MOTYYEHHBIX U3 T€OMETPUUECKUX COOTHOLICHHIA.

Pacuer HanpsbkeHM BBITOJIHSAIOT HA OCHOBE TMIIOTE3 TEOPUH TUIACTUYHOCTH. B 3aBUCUMOCTH OT
MOCTaBJICHHOW 3aJlauu U TUIIa MaTepHala BBHIYUCICHUS MPOBOAST MO TEOPUSIM MaJlbIX YIPYTo-
IUTACTUYECKUX AePopMaIliii, TUIACTUYECKOTO TEUEHUs, CONMPOTHBIICHUS MATEPUAIOB TUIACTHYEC-
cKoMYy Je(OpMUPOBAHUIO.

Hanecenue cemok, pacmpoe u ¢puzyp na oopasysl, 0emaau u IKpamnvl

B 3aBrucuMOCTH OT IOCTaBIEHHBIX UCCIIEAOBATEIbCKUX 3a/iay, a TAKXKE OT MaTepuasia AeTaiu, OT
3aJJaHHBIX NpPeAETbHbIX JeQOopMaluil M BHELIHUX YCIOBHM (TeMIieparyphl, BIaroCTOMKOCTH,
KOHTaKTa cO Cpefod u T.1.), pa3padbaTbIBalOT TEXHOJIOTHIO HAHECEHUS CETOK, PacTpOB U (QUTYP.
ITpu HaneceHuM 0a30BBIX (UTYP YUUTHIBAIOT U METOJ U3MEPEHUs AedopMalyii, HOCKOJIbKY KOH-
TPacTHOCTb BOCIPOM3BEACHUS WM HAONI0ACHUS, (pakTypa MaTepuana, CBETOIPO3paYHOCTh, -
pPHHA YEPHBIX U CBETJIBIX JIMHUM U Apyrue (pakTopbl BIUAIOT HA TOUHOCTh U TPYIOEMKOCTh 00pa-
0O0TKH pe3yJbTaTOB.

Lapananue cemox u pacmpog NPUMEHSIOT IPU MEXAaHUYECKUX UCHBITAHUSAX MAaTEpUAJIOB U MPH
UCCIICIOBAaHUH TEXHOJIOTUYECKUX 3a7a4 00pabOTKH METAIIOB JaBieHueM. Onepanuio MpoBOAsT
C IOMOIIBIO UIJI, CIIELUAIBHO 3aTOYEHHBIX TOOEIUTOBBIX PE3LI0B, KOPYHAOBBIX U aJIMa3HbIX WH-
JICHTOPOB M HAaKOHEYHHKOB. PacTpel ¢ nmuHuatypoit 1o 10 JMH./MM H3TOTOBISIIOT Ha JEIUTEIb-
HBIX MalllMHaX JIMHOBaHUEM NapaMHUPOBAHHOM IOBEPXHOCTH CTEKIIA, I1OCIE YETO BBITOJIHSAIOT
XUMHUUYECKOE TPaBJICHUE JIMHUN B CTEKJIE U 3aIll0JIHEHUE UX KPACKOM. DTaJOHHBIE PacTphbl U CET-
KU, U3TOTOBJICHHBIE Ha MPELHU3UOHHBIX JACIUTEIbHBIX MAlllMHAX, CIyXaT B KayecTBE I1a0JOHOB
JUISL CHSITHSI PEIUIMK U (DOTOKONHUH, KOTOPHIE 3aTE€M HCIIOJIB3YIOTCS B Ka4eCTBE KOHTPOJIBHBIX
pacTpoB U CETOK CHayaia Juisd HaHeceHus (poTocnocoOoM paboyero pactpa Ha JIeTalu, a 3aTeM B
KayecTBe 0a30BOT0 JJIsl U3MEPEHHSI METOI0M CETOK MJIM METOJOM MYapOBBIX MOJIOC.

B 3amauax 0OpaboTKH METaNIOB 1aBJICHUEM CETKH M pacTpbl HAHOCAT MHOTJ]a HEITOCPEICTBEHHO
Ha METaJll; B 3TOM CJIy4yae MOBEPXHOCTh MOJUPOBAHHBIX 00pa3loB, Kak MpaBuIlo, Iepe] apana-
HUEM MOKPBIBAIOT TOHKHUM CJI0€M KOHTPACTHOTO MeTajlja CIoco0aMH BaKyyMHOT'O HalbUIEHUS
WIM TaJbBaHUYECKHUM, YTOOBI CO3/1aTh LIBETOBOE pa3jMune U KOHTPACT B JIMHUSAX CETKH. XOpO-
Ui >3QPEeKT MosyyaroT, HanpuMep, MEJHEHUEM CTaIbHbBIX 00pa31IoB.

Haxamka KoopOunamuvlx cemok, @ueyp u pacmpog WUCHOIb3YeTCs [UId HaHECEHHs 0a30BBIX
3JIEMEHTOB NpPU HW3YYEHUM IUIACTHYEeCKHX Jeopmaruii 1 paszpymienus. OpuruHai CeTKU U3ro-
TOBJISIFOT B BUJIE IIMHKOBOTO KJIMIIE C pelabeoM CETKH 3aJaHHOTO0 pucyHKa. [y mepeHeceHus
CeTKH C MaTpHILbl Ha JIeTajdb MPUMEHSIOT YIPYTrue BaJMKU, B TOM YHCIE CIOKHOU (opMbl (IU1s
HAHECEHMsI CETOK Ha Tejia BpalleHHUs M CIOXKHbIe MmoBepxHocTH). Ha 3epkanbHoe cTeksio uiau
MpPaMOpPHYIO TUIUTY BaJIMKOM TOHKHUM CJIOEM pacKaThIBalOT TUIOrPadCKyr0 KpackKy M MepeHOCST
ee Ha MaTpHlly, a 3aTeM JPYTuM BAIUKOM MEPEHOCSAT PUCYHOK CEeTKM Ha jeranb. [llar 6a30BbIx
¢uryp maxoautcs B npegenax 0,25—-5 mm npu tonmuHe TuHuiA B cetkax 0,02—0,08 mm.
Ogcemuwiii cnoco6 U3roTOBIEHNS (HOPMBI-KIHILE 3HAYUTEIBHO YIPOIIAeT TEXHUKY HAaHECEHUS
CETOK M PacTpPOB U IMO3BOJISIET MOKPHITH OOJIBIIYIO MJIOHIAb HA MJIOCKUX U HEOOJBIION KPUBU3-
HBI JIETaNIIX U3 )KECTKUX M MITKHX MaTepuaioB (kKaydyk, pesuHa). O¢ceTHas nedaTh OCHOBaHA
Ha MPUHLKIE U30UPATENIbHOT0 cMaunBaHUs GOpMbI (M300paskeHHs CETKU WU pacTpa), COrjacHoO
KOTOPOMY I€YaTarollye 3JIEMEHThl XOPOIIO BOCIPUHUMAIOT TUIIOTPadCKyIO0 KpacKy, HO OTTal-
KHBAaIOT BOAY, a MpoOenbHble — Hao0opoT. IlepeHoc mzobpaxkenust ¢ opceTHoil hopmbl HaA HUC-
CIIEyeMYIO IOBEPXHOCTh OCYIIECTBISIOT, KaK U C IIMHKOBOTO KIJIMIIE, — 3JIACTUYHBIM PE3UHO-
BBIM IIMJIMHJIpUYECKUM BauKoM. OdceTHyo popMy U3rOTOBISAIOT (POTOXMMUYECKUM CITOCOOOM
C MPUMEHEHUEM 3TAJOHHBIX IJIEHOYHBIX (DOTOHETAaTHBOB M0 CTAHJAPTHOM TEXHOJIOTHH.



Bvioasnueanue unu wimamnosanue cemok Ha MOBEPXHOCTh IUIACTHYECKUX MATEPUANIOB OCYIIe-
CTBJISIFOT JKECTKOW MaTPHUIIEH, 3aT€M MaTephall OT>)KUTAIOT M W3 3arOTOBKH C CETKOW BBIPE3AIOT
00pa3Iibl.

Domocemxu u pomopacmpul — HaubOJEEe PACIPOCTPAHEHHBIE COBPEMEHHBIE JIEMEHThI ONTHKO-
FEOMETPUUECKUX METOAOB. M3roTOBIEHHBIE HA CTEKIISHHBIX IOJJIOXKKAX, OHH SIBIISIFOTCS 3TaJl0-
HaMU MPU U3MEPEHUIX U penpoaynrpoBaHui. GOTOKONUHN Ha IUICHKE CIyXaT Ui KOHTaKTHOM
neyaTH, a Takxke Ui IepeHoca SMYJIbCHH C pacTPOM IO TaK Ha3bIBAEMOMY «CHocoly pacciau-
BaIOLUXCSI TNICHOK.

JIBOWHOI 3KCIO3UIMENH CO CABUIOM AITAJOHHOTO pacTpa Ha 1/4 m 1/2 mara MOXXHO HOJYYHTH
peIIeTKY ¢ YacTOTOM JIMHUI BABOE OOJIbIIEH, YeM HCXO/HAs; 3TUM CIIOCOO0OM, HampuMmep, moy-
YUJIM CETKY C pa3mepoM siueiiku 100 MxkM 1 TonmumHoM auHuil 10 MKM nocieoBaTesbHOM niepe-
ChEMKOH pacTpa co CIIBUTOM M TOBOPOTOM Ha 90°.

BbICOKOYACTOTHBIE PACTPBI MOJIYYAIOT METOJOM HEMOJBMKHOTO HHTEP()EPEHIIMOHHOTO OIS
WM rosiorpaduiyeckoro MyJIbTUILTUIMPOBAHUS Ha rosnorpadudeckue ¢pororactuaku. [Ipu mpa-

BUJILHOM BBIOOpE (hOTOMPOIIECCOB U MaTepralia BOZMOXKHO MOJyd4EHUE PACTPOB C YAaCTOTOM JI0
1000 yuH./MM.

3epkanvHo-onmuuecKuil Memoo
[Ipu uccnenoBanuy M3rubda MIaCTUH B MOJTYHATYPHOM U MOJICIBHOM SKCIEPUMEHTE 3epKaIbHO-
ONTUYECKUM METOJIOM HU3MEPSIOT C MOMOIIBIO OTPAKEHHONW KOOPIWHATHON CETKU YTIIbI TTIOBOPO-

Ta HOpMaIn %% | y, mporuGbl W M KPUBH3HBI Ky MOBEPXHOCTU 00BeKkTa. B aTOM ciydae mio-
CKasl MJIM MIOYTH IJI0CKAasi IOBEPXHOCTh JAETAIN WM MOJENN JOJKHA ObITh 3epKaibHOU. OpToro-
HAJIBbHYIO CETKY Ha MJIOCKOM SKpaHe PacloyiaraioT napauielbHO INIOCKOCTH 00BEKTa Ha HEKOTO-
poM paccTosiHiH OT Hero. OTpakeHue ceTKu B AeopMupyeMoM 0OBEKTE PETUCTPUPYIOT (OTO-
KaMepol WM KHHOKaMepO JUIsl MPOLIeCCOB, MPOUCXOAAIIUX BO BpeMmenu (puc. 1.57).
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Puc. 1.57. CxeMa 3epKalIbHO-ONTUYECKON YCTAHOBKHU: 1 — MOJENb; 2 — 3KpaH C CETKOM; 3 — naM-
na; 4 — ¢porokamepa

OOBIYHO HA OJIMH HETaTUB BBIMOJHSAIOT JBE SKCIO3UIMH — JI0 U MOCIIE Harpy>KeHus, a 3aTeM 00a
n300pakeHusT 00padaThIBAIOT, KaK U B METOJIE CIUTEIbHBIX CETOK, Ha U3MEPUTEITHHOM MHUKPO-
CKOIIE€ TIO CHelHanbHON MeToauKe. il perucTpaluy HeCTal[MOHAPHBIX MPOLIECCOB (HAaIpUMeD,
IIPY CBApPOYHOM HarpeBe aJlOMUHUEBOH IUIACTUHBI) HCKaKEHUE OTPaKEHHON CETKU OT TeMIepa-
TYpPHOT'O KOPOOJIEHUS MMOBEPXHOCTH (HOTOrpaupyIoT BO BpEMEHH MO Mepe MPOJBMKEHUS dJIEK-
TpoJa.

3epKaIbHO-ONTHYECKAs YCTaHOBKA, CX€Ma KOTOPOM IOKa3aHa Ha pucyHke 1.57, mmeer 3auep-
HEHHBIN 3KpaH u3 oprcrekia pasmepoM 1200x1200 MM ¢ mpo3pavyHbIMHA JTUHUSMHA OPTOrOHAIIb-



HOM ceTku 20%20 MM u TonmuHON JuHUK 2 MM. CeTka MOJCBEYMBACTCS M3HYTPHU JIFOMUHEC-
LEHTHBIMU JIAMITAMHU I CO3JaHMsI KOHTPACTHOT'O U SIPKOT'0 N300pa)KeHHs KBaAPaTOB.

OcHOBHas pacueTHasi 3aBUCUMOCTb JIJISl INTIOCKOTO 3KpaHa BBIBOAUTCS U3 T€OMETPUUECKUX COOT-
HOILICHUI:

-2k hC H” {a’.—k}}z:r
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[Ipy MaJbIX yriax moBopoTa HopMmamu 8 2@ 2 [Ipu oTHOLIEHUMN aff = 0,1-0,25 u peanb-

tgdgr= [

HBIX COOTHOILCHUAX rabapUTHOTO pasMepa MOJEIIN U ONTHYECKOTO phlyara R{H = 0] bopmyiy
(1.27) ynpoimator:
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[MorpemHOCTH OYAYT HOMYCTUMBIMH, €CITH B CPABHUTEIBHBIX UCIBITAHHUSIX YTJIBI IOBOPOTA HOP-

MaJIi K COOTBCTCTBYIOIIIUM OCAM BBIYHCIIATD 110 (bopMynaM
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HOFpeHIHOCTI/I IIprU BBOAUMBIX JOMYHICHUAX W KOHKPCTHBIX IMapaMCETpax YCTAHOBKHU OLICHUBAIOT
HCCJIOKHBIMHU BBIYHCICHHUAMU U 110 HOMOI'PaMMaM.
HOJIyT-II/IB 3aBUCUMOCTH U3MCHCHHUS yTIJjla ITIOBOPOTAa HOpMAJIHX I10 COOTBGTCTByIOHICfI KOOpJAUHATE,

ke, ko k

ux auhHepeHIUpPYIOT Al HAaXO0XKICHHS BEIMYHHBI KPUBU3HBL *~#*™¥ ™% WM UHTETPUPYIOT IS
MOJTy4eHUsI TPOrHOOB W .

Cnez[yeT OTMCTHUTHh OCHOBHBLIC HpeI/IMYHIeCTBa METOaa — HpOCTOTy TGXHI/I‘IGCKOﬁ peanmamxnxl nu
BO3MOYKHOCTh OSCKOHTAaKTHOW PEruCTpalli¥ HECTAIMOHAPHBIX MPOIECCOB AehOPMHUPOBAHHS C
OJTHOM PKCIO3UITHH.

Memoo myaposwix nonoc

Mertona, ucnonb3ynmii MyapoBblit a3 dekt 11 n3mMepenus aedopmaruii 1 nepeMerieHuil Ha mo-
BEPXHOCTH INIOCKUX JI€TAJIeN U Peke — B 00bEMHBIX MTPO3PAYHBIX MOJEINSIX, IPUMEHSIOT MPH YII-
PYTOIUIACTHYECKOM U TUIACTMYECKOM JAe(OpMUPOBAaHMHM METAJIOB U JUIs pEeIleHUs] YIpPYrux 3a-
Jlad Ha HU3KOMOJYJIbHBIX MaTepHaiax. B 3amauax n3ruba miactuH, 1eopMUpoBaHUs MeMOpaH
U 000JI0Y€K, a TAaKXKe U3Y4EHUs 3aKPUTUYECKOT0 OBEJICHNS TOHKOCTEHHBIX KOHCTPYKIUI 1mocie
NOTEPU YCTOMUMBOCTH MPUMEHSIOT IPYre pa3HOBUIHOCTU METOJa MYyapOBBIX IOJIOC, UCHOJb-
3YIOLUE MPUHIMIIBI ONTHYECKOTIO phluara IMpH OTPaKEHUHU WIIM NIPOECLUpPOBAaHUU pacTpoB. Mc-
M0JIb3Yysl CTPOOOCKONMMYECKOE OCBELIEHHE M CIOCO0 ONTUYECKOTO COBMEIICHMsSI PacTpoB C IO-
MOIIbI0 MYapOBBIX KapTHH, BU3YaIM3UPYIOT (OpPMbI KoneOaHUH MiIacTUH U obonodek. Meron
MPUMEHSIIOT JJI1 TEXHOJIOTMYECKOr0 KOHTPOJIS (POpMbI OBEPXHOCTH KPYIHBIX JAeTajei Maioil u
CpeIHEN KPUBU3HBI THIA a3POJMHAMHYECKHUX IOBEPXHOCTEHN, @ B ONTUYECKOM NMPOU3BOACTBE —
JUIsL KOHTPOJIS AeTaneil onTukU. [1oTouHbIi KOHTPOIh GOPMBI MJIOCKOTO MPOKaTa U JEHT B Me-
TaJUIypru4ecKoM IPOU3BOJICTBE OCYLIECTBIISIIOT B PEXUME JIMCTOBOM MPOKATKH HEMOCPEICTBEH-
HO Ha cTaHe. M3BecTHO npuMeHeHne MyapoBoro 3g¢ekTa B pacTpOBBIX ONTHYECKUX pubopax, a
TaK)K€ B MyapOBBIX JaTUMKaX IOJIO)KEHUS, PErMCTPUPYIOIIMX JINHENHBIE U YIJIOBbIE IIEpEMEILIE-
HUS B CPEJICTBAX aBTOMATHKHU.

Myaposviii 2¢pghexm — siBIeHUE MeXaHHMUECKOW HMHTEp(EpeHLMH, BOSHUKAET MPU HATO0KEHUHU
JBYX WIN 00Jiee CUCTEM JIMHHM, CETOK, paCTPOB WJIM TOUEK KaK KapTHHA YePeAYIOIIUXCsl TEMHBIX
U cBeTIbIX nojoc. OHO U3 CBOMCTB MyapoBOro 3¢dexra Kkak MEpUTEILHOTO HHCTPYMEHTA CO-
CTOUT B TOM, YTO OH 00JaJaeT OOJBIINM W PEryaupyeMbIM KOI(P(GUIIMEHTOM IMepeaaTOYHON
(byHKLMY, CBSI3BIBAIOLICH MIaru (4acTOTHI) UCXOAHBIX PACTPOB C IIAroM (YacTOTOH, CKOPOCTHIO



MEPEMEIICHHS ) MyapOBBIX MOJIOC. DTOT KOAD(GUIIMEHT TOCTATOYHO BEJIHK, YTO MO3BOJISET COTJIa-
COBaTh Pa3peIIaAOINIYI0 CIIOCOOHOCTh 3PEHHS YeJOBEKa WJIM MHCTPYMEHTA, 3aMCHSIOIICTO €ro
[P BU3YAJIbHOM HAOJIOICHUH TIOJISl MyapOBBIX TMOJIOC, C COOTBETCTBYIOIIUMHI MUKPOTIEpEMEIIIe-
HHUSIMH OOBEKTOB.

MyapoBsbie TTOJIOCHI IPHU HATOXKEHUH JIBYX pacTpoB (puc. 1.58) obpasyroTcs nmpu Manoi pa3HOCTH

)~ a;) B IIarax, MpH MajoM OTHOCHTEIBHOM IOBOPOTE JBYX pacTpoB, HO He Ooyiee 4eM Ha
yron & = 30°. [Ipu HaIOKEHUU KPYroBOTrO pacTpa Ha JuHeHHbIN (puc. 1.58, B) ocobeHHO 3a-
MeTHa 00J1acTh, T MPONaaaeT MyapoBbIid d3PPEKT U BMECTO HETO HAOIIOAACTCS CETKA U3 YEThI-
PEXYTOJIbHBIX AJIEMEHTOB. ['eoMeTpruyecKkuil aHamu3 U MaTeMaTU4eCcKOe ONKUCaHue UHTepQepeH-
[IUU TIPOBOJST IS JIFOOBIX BHJIOB PAacTPOB, MOJIydasi aHATHUTHYECKUE (DOPMYIIBI, CBSI3BIBAIOIINE
napaMeTpbl HCXOAHBIX PACTPOB M MyapoBbIX osioc. HajmoxeHuem u OTHOCUTENbHBIMU CABUTAMU
pPacTpoB MOJIL3YIOTCS KaK aHAJIOTAaMH MaTEMaTHYECKHX OTepallii, BBIIOIHSS, HAIpUMep, AU (-
dbepeHurpoBanye, UHTEPHOJIALUI0, YMHOXKEHHUE.
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Puc. 1.58. MyapoBslit 3ppeKT mpu HaJIOKEHUH PacTPOB: a) pacTpbl MPU HEOOJIBILION pa3HULIE B
niare;
0) OJIMHAKOBBIE PAcTpPbl, TOBEPHYTHIE HAa YTOJI <X ; B) LIar JIMHEHHOro pacTpa OoJIbIlIe 11ara Kpy-
TOBOrO pacTpa

Memoowl usmepenus oegpopmayuii u nepemewyeHuli, OCHOBaHHbIE Ha MyapoBoM 3 dexre, mpe-
[OJIaraloT HaJMYUe 3TAJIOHHOTO, KOHTPOJIBHOIO (0a30BOr0) pacTpa U pacTpa, CBSI3aHHOTO C Je-
TaJIbI0, UCTIBITHIBAIONIEH Aedopmaruio. [Ipy HamoKeHHH IBYX pacTpoB 0Opa3yercs Moje Myapo-
BBIX I0JIOC, OJHO3HAYHO XapaKTEePU3YIOIIMUX JIMHEHHbIE UM YTJIOBbIE MEpPEeMEIIeHUsI TOYEeK HC-
ciemyeMoit getany (MOBEPXHOCTH) TI0 OMPEICTICHHBIM HAITPABICHUSIM.

OnTuueckue cxembl AJIs UccieioBaHus JedopMannii Ha TNIOCKUX MOBEPXHOCTSAX HEMPO3pauHbIX
JeTajeid, a Takke B IUIOCKUX Cpe3ax WIIM CEYCHHSX MPO3PadHbIX MOJENeH W3 IIacTMacc, Opr-
CTEKJIa, MTOJIMYPETaHOB UCIIONB3YIOT TPU THIA HaJIOKeHUs pacTpos (puc. 1.59). ITo cxeme A pea-
JU3yeTCsl CIIOCO0 ABOWHOW SKCIIO3UIMH OJHOTO PAacTpa Ha JeTalH, BBITIOJIHIEMOW CHaJaia 10
negopmMupoBaHusl (KOHTPOJIBHBIN pacTp) U 3areM mocie aedopmupoBanus. CoBMelleHHe pac-
TPOB JUIS YIPYTUX U YIPYTOIUTACTHYECKUX 3a/1a4 BHIOJIHSIOT HAa OJJHOM HETaTHBE; ISl TUTaCTH-
4eCKOro /1e(OpMUpPOBaHMS — Pa3JeIbHOW dKCHo3uuued mo stanam. basy kpemsieHus kamepbl
pu pabote Mo crnocody ABYX IKCMO3UIMI BHIOUPAIOT HEMOCPEACTBEHHO Ha 00pasile, obecrneun-
Basi €€ MOCTOSIHCTBO OTHOCHUTEIBHO 30HBI H3MEPEHUSI.

[To cxeme b Ucnonb3ylOT KOHTPOJIBHBINA pacTp, HAJIOXKEHHBIN C BeCbMa MaJlbIM 3a30pOM Ha pabo-
YUl pacTp, HaHECEHHBIH Ha AeTanb. KOHTponbHBINH pacTp 6a3upyeTcss HEMOCPEACTBEHHO Ha 00-



pasiie Mo OCSIM CUMMETPUU WJIU B TOYKAX, IJIe U3BECTHHI MepeMelleHus. Bapuantom cxemsl b
ABIIIETCSl cXeMa B, mpeaHa3HaueHHas AJIs MPO3payHbIX 00beKToB. B 3TOM ciyyae Mozens ¢ pa-
0OYMM pPacTPOM OCBEIIAETCS KOJUTMMAIMOHHBIM MYYKOM CBETa; MEXIY KOHTPOJIBHBIM U pado-
YUM PaCTPOM OOBIYHO BBOJSAT UMMEPCUOHHYIO KHUAKOCTb.

A r
Puc. 1.59. Ontuueckue cxeMbl HaJIOKEHHUS PacTPoB U 00pa30BaHUS MyapOBbIX MOJIOC (pabouwii

pacTp HAHECEH Ha MOBEPXHOCTh paboue JeTain):
1 — neranp; 2 — pabounii pactp; 3 — porokamepa; 4 — KOHTPOJIBHBIN PacTp; 5 — KOJTUMATOp; 6 —
00BEKTUB; 7 — TEpMOKaMepa

[To cxeme /" peanu3yroT ONTHYECKOE COBMELIEHHE pab04Yero U KOHTPOJIBHOIO PacTpoB C MOMO-
HIbI0 UTMHHO(GOKYCHOTO OOBEKTHBA U MOBOPOTHOTO SKpaHa. ITy CXeMy MPUMEHSIOT Uit Oec-
KOHTAaKTHBIX I/I3M€p€HI/II\/JI IMIPpU MOBBINICHHBIX TEMIICPATypax, B YCJIOBUAX NUHAMHUYCCKUX HArpy-
JKEHUI, B arpeCCUBHBIX CpPE/Iax, a TaKKe MPH HCCIeA0BAaHUN 0ObEMHBIX MPO3PAYHBIX MOJETEH ¢
BKJICCHHBIMH pacTpaMu.

Ecnu no cxemam b, B u [’ kamepa perucTpupyeT MyapoBble MOJIOCH U K pa3pelaroniei crnocoo-
HOCTH 3aauadparMHpPOBAaHHOTO OOBEKTHBA HE TMPEIBSIBISAETCS BBHICOKUX TpPEOOBaHUM, TO s
cxeMbl 4 KaMmepoit GoTorpadupyroT pacTpsl, a Al CXeMbl / MPOEKIIMOHHBIH 00BEKTHUB JAOKEH
00JyaaTh, KpOME BBICOKOM pa3pemiaromieil crnocoOHOCTH, CBOMCTBAMU TENEHEHTPUIECKON CHC-
TEMBI, T.€. IPH HEKOTOPOM MU3MEHEHUHU PACCTOSIHHS OOBEKTHBA 0 O0BHEKTa HE3HAUYUTEIHHO U3-
MEHATH pa3Mep N300paKeHHUS U UMETh JIOCTATOUYHYIO TTyOMHY PE3KOCTH.

HezaBucuMo 0T cxeMbl COBMEIIEHUS ABYX PACTPOB B IJIOCKHX 3a/1a4yax (3a UCKIIOYCHHEM CXEMbI
A) MPUMEHSIIOT J[Ba Crocoba OTcYeTa MyapOBBIX MOJIOC: crocod auddepeHnnanibHoro Myapa u
crocob mpocToro Myapa. B mepBom ciydae mpenBapuTENbHO CO3[AI0T CTATUYECKYIO MCXOTHYIO
MyapoBYIO KapTHUHY, HAIPUMEP, C MOMOIIBI0 MAJIOr0 MOBOPOTA KOHTPOJIBLHOTO pacTpa WU U3-
MeHeHHUsI MacmTaba pabouyero pactpa, uToObl BECTH OTHOCHTEIBHBIA OTCYET MOJIOC MpHpalie-
HuA. Bo BTOpoM ciydae MCHOJIB3YIOT HA4albHYH HYJIEBYKO KapTHHY MYapOBBIX I10JOC, BBISB-
JISIOLIYI0 B OCHOBHOM HECOBEPIIIEHCTBA MOJIEIH UJTU MPEBApUTEIbHYIO Harpy3Ky Ha Hee.
Myapogvie nonocvl AGIAIOMC 2e0MEMPUUECKUM MECOM MOYeK, NOLYYAIOUUX 00UHAKOBOE Ne-
pemeujenue 8 HaNPagIeHuu, NepneHOUKYIAPHOM K TUHUSAM KOHMPOIbHO20 PACMPA.

OObIYHBIC THHEWHBIE, PETYISIPHBIE PACTPHI UCTIONB3YIOT AJIs U3MEPEHUN TIepeMelIeHH B IeKap-
TOBBIX KOOpJAWHATAaX X, y; TOrJJa MyapOBbIC ITIOJIOCHI, IMMOJYYCHHBIC, HAIIPUMEDP, IIPU PACIIOJIOKEC-
HUU JIMHUW pacTpa MmapaielbHO OCH ), OYJIyT COOTBETCTBOBATH JIMHUSM yYPOBHS TTOBEPXHOCTH
U=u(X, Y) ¥ pa3HHIIa B 3HAYCHHUSAX U I COCETHMX MYyapOBBIX IOJIOC Ha MIIOCKOCTH OyJIeT paBHA

IIary KOHTPOJILHOTO pacTpa k.



Memoo xpynKux men304yecmeumenbHvlX NOKpolmuil

Hns uccnepoBanuss HJIC Ha MOBEpXHOCTH AETadud METOJAOM XPYNKHUX TEH30UYBCTBUTEIBHBIX
MOKPBITHI HAa HEE HAHOCAT TOHKOE MOKPBITUE CHEIUATIBLHOTO COCTaBa, KOTOPOE IMOJ] ACUCTBUEM
pacTIruBaoIUX HanpsbKeHU-nedopmanmii 1 0CTaTOUHBIX TEXHOJOTHYECKUX JIBYXOCHBIX pac-
TATUBAIONINX HAMPSHKEHUM B CAMOM MOKPBITHH PACTPECKUBAETCS 110 3aKOHY M30CTaT, T.€. MO JIH-
HUSIM PaBHBIX TJIaBHBIX HanpspkeHui. [IpuOmmkeHHO MPUHMMAIOT, YTO TPEUIMHBI paciupocTpa-
HATOTCA BAOJIb BTOPOI'O I'NTABHOI'O HAIIPSIKCHUS U

oy = £y, (1.28)

rae 91 u E — rnaBHOE HaIpPSKEHHE M MOJYJb YIPYrOCTH MaTepHasa JETald COOTBETCTBEHHO;

-

Tp npeacibHasd ,Z[e(bOpMaI_[I/IH B MOMCHT IIOABJICHHUS TPCIOWHBI, ITIO0JIydacMas IIpH IrpalyupoBKeE

HOKPBITHUS.

[TpunuMmas pa3iauyHble TEOPUU MPOYHOCTH JUIS XPYNKOTO MOKPBITUS, MOKHO TOJIYYUTh IPyrue
COOTHOILIEHUS, CBA3bIBalOIIKE JeopMallMy B IeTalH ¢ NpeAeabHOM JedopManueit Uisk HOKpbI-
TUS, HO OOBIYHO OTPAaHUYMBAIOTCS COOTHOIIeHHEeM Tuna (1.28). DkcrnepuMeHT MpOBOJAT IpU
IUTABHOM HarpyXXeHHUHU JAeTayd, HaOJto/1as 3a MOSIBICHUEM U pacipocTpaHeHueM TpeuuH. MHo-
I/1a IOKPBITHE HAHOCAT B HArPYKEHHOM (CKaTOM) COCTOSIHMM JI€TaJIU, YTOOBI IIPH pa3rpy3Ke mo-
JY4YUTh TPELIUHBI OT JeopMallui pacTsHKEHHUsS B 30HAX KOHILEHTpaluu HampspkeHuil. [lpume-
HSIOT HECKOJIBKO THIIOB MOKPBITHI: MaJIOCTa0MIIbHBIE TOKPBITUS ISl KAUECTBEHHBIX HCCIIEA0Ba-
HUI Ha OcHOBe 00paboTaHHOM KaHU(OJIM, PAaCTBOPEHHON B CEpOYIepoie; cTaOUIbHbIE MOKPbI-
TUSL KaHU(OJIBHOTO THUIIA, HAHOCUMBIE T'a30IJIAMEHHBIM HalbLICHUEM, JJISl KOJIMYECTBEHHbBIX U3-
mepenuit HIIC; BeicokoTeMIepaTypHble HaKIeHBaeMble OKCUHBIE U HMaJIeBbI€ TIOKPBITHUSI.
['pagyupyroT MOKPHITUS HA IUIOCKUX OAIOUHBIX 00pa3lax Mpy YMCTOM WUJIM IONEPEYHOM U3ruoe,
MHOT'OKpPaTHO HOBTOPsisS I'PaAyHMpPOBOYHBIN SKCHEPUMEHT U BBINOJHAS CTaTUCTUYECKYIO0 oOpa-
0OTKY pe3yJbTaTOB JJIsi CHUXKEHHUS pa30poca JaHHBIX B OCHOBHOM 3KcrepuMeHTe. TO4YHOCTh
9KCHEPUMEHTa, MPOBOAMMOIO METOJOM XPYINKHUX TEH30UYBCTBUTEJIBHBIX MOKPBITHUH, OOBIYHO
oneHUBAIOT B 7—15%. O6pabotky mpoBoasat st asyxocHoro HJ/IC B ynpyroii u ynpyromiacTu-
4eCcKoil 00acTH 10 W3BECTHBIM YPABHEHUSM C YUETOM PA3JIUUMs YIPYTUX MOCTOSHHBIX JETalu
Y TOKpbITHSL. MeTol1 3((PEKTUBHO PUMEHSIOT B PA3JIMYHBIX 00JIACTAX MAIIUHOCTPOEHUS.



HccaenoBanus U MCNIbLITAHUS HA3€MHBIX TPAHCHOPTHO-TEXHOJOIHY€CKHUX
MallluH

Jexyusn 11 Ilpeosapumenvusvie, npuemo-coamoyunsvle u nEpUOOUYecKue Ucnbl-
mManus MawuH.

Juazpammul ucnvtmanuil
st mpoBenenus ucnbitanuii Ha pacTsokeHue (IOCT 1497-84) ucnonb3yrOT CTaHAApTHBIE 00-

pasibl KPYIrJIOro Wiv NpsIMOYTOJIBHOIO CEYEHHUS], Y KOTOPBIX OTHOIIEHUE PACUECTHOU JJIMHBI fo k

JIMaMeTpy MOMEPEYHOr0 CEUCHUS dp paBHO aecstu (puc.1.26, a). B ciiyyae HeKpyriaoro ceueHus

BMECTO JluaMeTpa NPUHUMAIOT V'{E . Eciin mo xakuM-1m60 npuyrHaM U3roTOBUTh CTaHAAPTHbIE
00pa31bl HEBO3MOXKHO, IPUMEHSIOT TaK Ha3bIBa€MbIE POIIOPLUOHAIBHBIE 00pa31bl — MEHBIIETO
CEYEHHs, HO C TEM XK€ COOTHOILIEHUEM pa3mMepoB (Tabi.1.6). [Ipu ucnelTaHusAx Ha MajbIX Malllu-
HaX ¢ aBTOMAaTHYECKOW 3alMChI0 JUarpaMMbl MOJIb3YIOTCS MajbIMU (KpaTHBIMU) oOpasuamu, y

KOTOPBIX Infdg =3 (puc.1.26, 6). [lns uCTIBITAHUS JTUCTOBBIX MAaTEPUATIOB UCTIOIB3YIOT TIOCKUE
o0pasiis (puc.1.26, 6). Bo Bcex citydasx Ha KOHIIaX 00pa31l0B UMEIOTCS TOJIOBKHU JIJISl 3aXBaTa UX
MaIluHOU, (hopMa ¥ pa3Mepbl KOTOPHIX 3aBUCAT OT KOHCTPYKIIUU MTPUCTIOCOOICHUH IS 3aXBara.
Mexay paboueil 4acTbiO U TOJIOBKaMHU 00pasiia 00ecreunBarOTCs MJIaBHBIE TIEPEXO0/IbI Pa3MEPOB.
[ToBepxHOCTH pabOYCii YaCTH BBITIOIHSIECTCS POBHOM, YUCTOM.
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OO6pa3upl 1715 Ipyrux BUAOB UCHBITAHUI MaTepuasoB (CkaTue, Cpe3) UMEIOT KPYIiioe Uid Mpsi-
MOYTOJIbHOE (KBaJpaTHOE) MOCTOSHHOE cedeHHe 0e3 TOJIOBOK 0 KOHIAM; COOTHOIIEHHE pac-
YETHOW JTMHBI U pa3MepoB ceueHus oroapuBaercs ['OCT 9017-74, 10180-78, 25503-80 u mp.
(Tabn.1.6)

Tabnuua 1.6. Turnel 006pa3noB A1 UCIIBITAHUH

Marepuan O6pa3zen ®opma obpasznia | Pacuernas | [lomepeunsie
Juaa ly, MM | pa3zMepsl, MM
Pacmsoicenue

CraHgapTHBIH Hunuaap 100 10

Koporkuii IIpousBonbpHas 1 1,3,\;{_,4_0 -

Craib Hunuuap 50 10

[TponopuroHaIbHBbIA HpoussorbHas 26 5"% _

Hunuaap 30 6

Corcamue
Yyryn Humaap 20 30...60
KameHb KyOuk 70 70
Ilement Kyb6ux 70 70




Marepuan O6pa3zen ®opma obpaszmnia | Pacuernas | [lomepeunsie
Jumuna ly, MM | pa3zMepsl, MM

Beron Ky6uk 100; 150 100; 150
Kupnny [Napannenenunen 120 120x160

Haunbonee 1ieHHBIE CBEACHHS TP W3yYEHHH XapakTepa AepOpMUPYEMOCTH KaXI0r0 MaTrepHraia
MO3KHO TIOJIyYHTh M3 JMarpaMM UCIIbLITaHus 00pa3LoB. B mpoliecce ero uccieaoBanus Ha Mallll-
HE CIICIHATBHBIM TPHCIOCOOIEHHEM 3alTMChIBACTCS JUarpaMMa MCIIBITAHKsI, CBS3bIBAIOIIAS Ha-
rpy3ky £ Ha oOpaser ¢ ero mpoaojibHoi gedopmanuein 47 . [To HaHHBIM, MMOJYYEHHBIM M3
OIIBITHOM JUarpaMMbl, UM XK€ 110 Pe3y/bTaraM HaOJIOAEHHH 3a OIBITOM CTPOST OUd2paAMMy
pacmsadiCeHuu.

Juazpammoiu pacmsdicenus: Ha3pIBaeTCS TpaduK, MOKA3BIBAIOIINA (YHKIIMOHATBHYIO 3aBUCH-
MOCTh MEKIY HArpy3kod W jehopMarueii pu CTaTHYECKOM PACTsSKEHHH 00pasiia 710 ero pas-
phiIBa.

Ha puc. 1.27 nokasan npruMepHBIH BUJI IAPaMETPUIECKOM JrarpaMMbl PacTsHKEHHs Maloyriie-
POIUCTOM CTalM B KOOPAMHATAX: a0CONMOTHOE yliuHeHue 4(f) — marpyska F11) . B kauectse ma-
paMeTpa 3/1eCh BBICTYNAET BPEMs HarPYKEHHMs, KOTOPOE IS IPOCTOTHI OOBIYHO HE TOKA3BIBAIOT.
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Puc. 1.27. lnarpamma pacTspKeHUs IIIACTUYHOTO MaTepuana

Tak Kak MCIBITAHKE MPOBOJAT HA THUAPABINYCCKON MalllMHE, B KOTOPOH IedopMaius sSBISeTCsS
niepBuuHOM (#4f fdi = const), a marpyska BropuuHoi (& {di = var), To ocbto abcrmce (apry-
MEHTOM) ABISETCS a0COIIOTHOE YIMHEHe &4 | a ocblo opauHaT (QpyHKIuUel) — Harpyska F, T.e.

(akTHUECKH MBI UMEEM 3aBHCUMOCTh F=7) , IHTEpIIPETUPOBAaHHYIO ['yKOM, IPOBOAUBILINM
OTIBITHl B YNPYro-TNIPONOPIHOHATBHON 30HE HarpyKE€HHUS: «KAaKOBO YUIMHEHUE, TaKOBa CHUJIa».
OpnHako B COBPEMEHHOM TPAaKTOBKE, C YYETOM TOTO YTO B PEATBHBIX YCIOBHUSAX IKCILTyaTal[lH
MallliH U COOPY)KEHHUI MEepBUYHOM SABJISETCS HArpyska, (yHKIIMOHAIBbHYIO 3aBUCUMOCTH 00Opa-

IIAI0T, T0JIaras, uTo A= f(F 3', 1 00CY)KIaroT, Kak u3MeHsercs aedopmaiust oOpasia B 3aBU-
CHUMOCTH OT Harpy3kH (KakoBa CHJIa, TAKOBO Y/UIMHEHHE).

Ha nuarpamme pactsokenuss OABCDEG mokasanbl 7 XapaKTE€pHBIX TOYEK, COOTBETCTBYIOIIUX
OTIpeIeIEHHOMY YPOBHIO Harpy3KH M OTPAHMYMBAIOIINX 6 Pa3IMYHBIX 30H Je(OPMHUPOBAHUS:
OA — 30Ha NPOIOPIIMOHAIEHOCTH (JTMHEHHON YyIPYrocTn);

AB — 30Ha HETMHEIHON yNIPYroCTH;



BC — 30Ha ynpyromnactuyeckux aedopmariuii;

CD — 30Ha TekydecTH (IMIaCTUYSCKUX AehOpMaIInii);

DE — 30Ha ynipouHeHus;

EG — 30Ha 3akpuTHdeckux nedopmarui.

Ha yuactke OA cmemieHre aTOMOB MOHOKPHUCTAJUIOB MPOMOPIIMOHAIBHO MPUIIOKEHHON Harpys-
Ke. JledexThl KprcTamInuecKo pemeéTKy NPakKTUUECKH He TPOSIBIISIOTCS.

[TpssMoNMHEHHBIN OTPE30K JUarpaMMbl COOTBETCTBYET COCTOSIHHIO MaTepuaia odpasia, ONuChI-

BaeMoMy 3akoHOM I'yka; HakioH mpsmoit ©'4 k ocu abcrmcc XapakTepusyeT CTeleHb COMpO-
TUBJISIEMOCTH MaTepHaia 1e()OpMUPOBAHHIO B YIIPYTOil CTaaHH, T.€. €ro )KeCTKOCTh. B mpenenax

3akoHa ['yKa TaHTreHC yriia HaKJIOHA MPSIMOM F=f) koen & OIpEeIESIETCS BETHUUHOMN £

tgae=FfAl =& Toyka A COOTBETCTBYET €TI0 npedeny NponopyuoHaibHoCmu “m, T.e.
HanOOJIBIIEMY HAINPSHKEHUIO, 10 KOTOPOTO MaTepual cieayer 3akony I'yka, KoTopoe onpeaens-
€TCsl KaK OTHOILIEHHUE CUJIbI, IIPH KOTOPOM 3Ta MPOMOPIMOHAIBLHOCTD €Ille He HapyllaeTrcs, K Ha-
YaJIbHOH MJIOIAIH ONEPEeYyHOro ceYeHus oopasia

a,, = oo

ny Aﬂ
Ha yuactke OB matepuan Benér cebs ynpyro. [loBeneHne KpucTaimueckoi pemeéTkn Ha yda-
ctke AB xapakTepusyercss HeOOIbIIONW HEMMHEHHOCTRI0. Hy)XKHO 3aMEeTHTB, YTO Ha y4acTKe Mpo-
noprroHansHOCTH OA Martepuan Benér ceds OTHOBPEMEHHO M Kak abconoTHO ynpyruit (1. B
Bcerna Boimie 1. A). Touka B cooTBercTByeT mpeaeny ynpyroctu. llon npedenom ynpyeo-

emu “» nonmmaercs Takoe HamGOJIbIIGE HANPSKEHHE, 10 KOTOPOTO MATEPHAT HE I10JIy4aeT
OCTaTOYHBIX Ae(opmMaruii, T.e. MOCae MOJHOW PAa3TPy3KH MOCIEAHSS TOYKA JTUArpaMMbl COBIa-
JlaeT ¢ HadabHOM To4koW 0. YucieHHbIe 3HaUeHUs NMPEAEIOB NPONOPLHOHAIBHOCTH U YIPYTO-
CTH TIOJYyYalOTCsl OYCHb OJM3KUMH, ITOITOMY MPH MCTIBITAHUAX YacTO OTPAHUYHMBAIOTCS OMpEe-
JIEHHEM TOJIBKO ITpeJiena MPONOPLHOHAIBHOCTH.

Ha yuactke BC HaOromaercst Hapacraromas HeIMHEHHOCTh B JIe()OPMUPOBAHUH KPUCTAJLTHYIC-
CKOM pemérku. J{as BbIXO/a HOBBIX TUCIIOKAIMKA (HapyIIEHUH CTpOEHMsS KPHCTAJIOB) Ha IO-
BEPXHOCTh MOHOKPHCTAILIOB TpeOyeTCst BCE MEHbIIee MPUpAIlleHNe BHEITHEH HArpy3Kku A5

Ha yuactke CD, Ha3pIBaeMOM IUIOIMIAIKOW TEKYUECTH, MPOUCXOAUT JAaBHHOOOPA3HBIA BBIXO]
JMCIIOKAIUN Ha TIOBEPXHOCTh, YTO MPHUBOJMT K 3HAYUTEIHLHOMY YIJIMHEHUIO 00pa3iia Npu Mo4YTH
MOCTOSIHHOM YpOBHE Harpy3ku, korga &4 = 0. Takoe cocTosiHMe MaTepualla Ha3BaHO M eKyuye-
cmbio. OOpa3oBaHHe TIACTHYECKON JedopMallui B OTAENIbHBIX KpUCTasiax o0pas3na mpoucxo-
JIUT yXe B HadaJibHOU (ynpyroi) ctaguu ucnsitanus. OHaKo 3TH JedopMaluy HacTOIbKO Ma-
JIbl, YTO HE OOHApPYKUBAIOTCSI OOBIYHBIMU MPUOOpaMM JJIsi U3MEPEeHUs Majblx aedopmanuii. C
yBEJIMYEHUEM Harpy3KHd IjiacTudeckas JegopMalns HauuHAeT HaKaljIuBaThCs B MUKpOOOBeMax
oOpa3la, a ¢ HAaCTYIUICHHEM TEKYy4YeCTH 3TH OdYaru IJIaCTUYECKON Aedopmaliuu, ciuBasch, 3a-
XBaTHIBAIOT YK€ MakpooObembl oOpasia meramna. HeoOpatumo negopmupoBaHHbBIE 0OJIACTH
o0pa31ia 0Ka3bIBalOT MOBBIIIEHHOE COIIPOTUBIICHUE AajbHENIIEMY 1e(OPMUPOBAHUIO (MaTepHUa
YIPOYHSIETCs), U TIOATOMY IIacTUYecKHe eopMallMi HAYMHAIOT Pa3BUBAThCs B 30HAX, €Ille He
MOJIBEPKEHHBIX ATUM JedopManusaM. B nanpHeimem mnactudeckast qedopmalius, nepexois ot
OJTHOW 30HBI K JIpYyroil, pacmpocTpaHseTcss Ha Becb 00beM pabouelt yactu obOpasia. OcoOeHHO
HarsIHO (POHT PaCHpPOCTPAHEHUS TUIACTHUECKON ehopMaly BI0JIb 00pa3ia MOXKHO Hal0Io-
JaTh NPU UCTIBITAHUM IUIOCKUX MOJIMPOBAHHBIX 00pa3ioB. Ha moBepXHOCTH Takux oOpasloB B
MOMEHT BO3HMKHOBEHHS 04YaroB IJIACTUYECKOH Je(opManui MOSBISIOTCS TEMHbIE HAKJIOHHBIC
MI0JIOCHI, KOTOPBbIE, KaK MPaBUJIO, C OChI0 00pa3lia COCTABISAIOT YIJIbl, TPUOIU3UTENBHO PaBHbBIE
45° (muEmn Yepnosa-Jlrogepca). DTH JTMHUHN MPEACTABIAIOT cO00M MUKPOCKOIUYECKHUE HEPOB-
HOCTH, BO3HHMKAIOILME BCIEACTBHE HEOOPATHUMBIX CIBUIOB, MPOUCXOASIIMX B KpUCTAJIaX MOJ
JeificTBUeM HamOONBIINX KacaTelbHbIX HampspkeHui. [Ipu Texydectu y oOpasna MOBbIIIAETCS
TEMIIEpaTypa, U3MEHSIOTCS dJIEKTPOIPOBOJHOCTh 1 MATHUTHBIE CBOMCTBA.



a
OpnuHara Toukd & Ha quarpaMme COOTBETCTBYET npeodeny mekyuecmu 2} Marepuana 06-
pasua. [lox npenenom TeKy4ecTH NOHMMAETCSl TO HAIPSHKEHHE, IPU KOTOPOM ITPOUCXOIUT POCT
negopmanuii 6e3 3aMETHOTO YBETMUEHUSI HarPy3KU M ONPENEISIeTCsl KaK OTHOLICHHUE CHUJIBI, CO-

OTBeTCTBYIOH_[ef/'I Touke = K HayanbHOU Iiomanay nmornepeYHoro CEYCHUA o6pa3ua

Ecnn miomanka TeKy4ecTH Ha JuarpaMMme CHJIBHO HAaKJIOHEHA K OCH a0CIUCC WM HE COBCEM
NPSIMOJIMHEHA, pa3nyaloT BEPXHUM M HIDKHUN Ipenes TeKydyecTH. Y MaTepualioB, HE UMEIO-
IIMX Ha JUarpamMMme sIBHO BBIPQXKEHHOW IJIOMIAJKH TEKYYECTH, MPUHUMAIOT YCJIOBHBIA Tpene

TEKY4YeCTH Tz, IpY KOTOPOM OCTaTOYHOE YjinHeHue oopasua &f gocruraer 0,2%.

Ha yuactke DE mocie BbIxoJla Ha NMOBEPXHOCTb OOJbIIEH 4acTH Je(PEKTOB KPUCTATUITMUECKON
PEmETKN MaTepraj caMOyIpoYHsieTcs, U o0paser BcE eme croco0eH BOCIIPHHUMATh HEKOTOPOE
IpUpaleHUe HAarpy3Ku. YKa3aHHbIM y4acTOK JAMarpaMMbl Ha3bIBACTCS 30HOU YNPOUHEHUS .
OpHaKo pacCTOsSHUE MEXIYy aTOMaMHU MOCTENEHHO JIOCTUTAeT KPUTUYECKOTO 3HAYeHUs (TIpuoIu-
3UTEJIBHO B JIBa pa3a 0oJbllle EPBOHAYATIBHOI0), 32 KOTOPBIM IIPOUCXOIUT «pa3pbiB» BHYTPEH-
HUX cBszeid. [lpu moaxone k 1. E pedopmarn HauMHAIOT JTOKAIM30BaTHCS B 00JIACTH Hanboiee
cJ1aboro ceueHus, Ie 3apoKaaercs 1meika oopasua.

Touka E Ha muarpamMe xapakTepu3yeTcsi HAMOOJIbIICH OPIUHATON, COOTBETCTBYIOWIEH npede-

Jay npodyHocmu, Ui 6peMeHHo020 conpomueieHusd, Marcpualia Ju, T.C. OTHOIICHUIO

MaKCUMaJIbHOM CHJIbI, KOTOPYIO crocoben BbBIACPIKATDH o6pa3eu, K €ro HadajabHOH IJI1omaiau I1o-
MEPpCUHOI0 CCUCHUSA

Ha yuactke EG 3akanumBaetcst popmupoBanue meiku. [IporcxoauT maBUHOOOpa3HOE paspy-
IHIEHUE CBsI3eH, Koraa npouecc 1ehopMUpOBaHUS YK€ HEOOpPaTUM U BPEMEHHOE PaBHOBECHE Me-
KTy BHYTPEHHHUMH CHJIaMH M BHEITHEW HArpy3KoW BO3MOXKHO TOJBKO INPH YMEHBIICHHH MO-
cieaneit. B . G mpoucxoaut pa3psiB o0pasua. Ero pazmepsl BocCTaHABIMBAIOTCS HA BEJTMUUHY
ynpyroil nedpopmannu, kKoTopas Ha 2 — 3 MOpsiiIKa MEHbIIE OCTaTOYHBIX IJIACTHYECKUX aedop-
MalMi. Y MHOTHX MaTepualoB pa3pylIeHHE MPOMCXOIUT 0e3 3aMeTHOro oOpa30BaHUs IIEHKH.
Cuna, cooTBeTcTBYyOmas Touke G, Ha3zpIBaeTcsl paspymaromeil Fr, a HanpsHokeHUue — ucmuH -
HblM cOnpomugieHuem pa3puvley (UCTUHHBIM NPEAEIOM MPOYHOCTH). DTOT Mpenen He
UMeEEeT 0CO0O0ro MPaKTUYECKOro 3HAYEHUS U UCIOJB3YETCsl TOJILKO P M3YYEHUHU Mpolecca 00-
pasoBaHus TpeluH. Pa3pymiaroniue HanpspKeHHst JeNATCs Ha YCIOBHBIE U MCTUHHBIE:

F F
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=2 =2
YCJIOBHOC, 1 HCTHUHHOC,

rae Fp = paspyliaronias Harpyska; 4~ momane MOTIEPEYHOr0 ceueHus oopaslia B MecTe pas-
phIBa.

Tak kak NEpBOHAYaJIbHAA IUIOIIAIb 'AU HpH6J1H31/ITeJILHO B JIBa pa3a NpCBLIIACT TIJIOINAAb pa3-

pbIBa 4 a paspylaonias Harpyska Fa cocrasnser npubnusurensHo 80 % oT HanbonbIIeH Ha-

Ipy3Kd By , TO

Th <0, oy = a,

HanpumMep, 11 HI3Koyriepoauctoii cramu Ct3 “u=380 MITa; ‘:'JJ; =800...1000 MlITa.

HcTuHHOE HampspKeHHe B MeCTe pa3pbiBa oOpas3lia K MOMEHTY €ro pa3pblBa Haubosee MOJHO Xa-
paKTEpU3yeT CUIIY B3aMMOJEHCTBHUS MEX]y YaCTULIAMU IIEPE] UX OTPBIBOM ApYT OT apyra. [Ipu-
YEM OTPBIB HaCTUIL ITPOUCXOAUT I1O HeHTpaHBHOﬁ YaCTH HOMEPEYHOI'0 CCUHCHUA HIGﬁKI/I, OCTaJIb-



HAasl YaCTh CKAIBIBACTCS 10 yritoM 45°, ¢ 06pasoBaHHeM II0 EPHMETPY CEUCHHS XapaKTEPHOTO
BeHunka (puc.1.28, a). Takas popma pazpymieHuss HabIr0MaeTCA TOJBKO y TUIACTHYHBIX MaTe-
pHaIoB.

Puc.1.28

PaccmoTpenHbIe BbILIE MpEAesbl MPONOPLUHUOHATIBHOCTH U YIPYTOCTH XapaKTEPU3YIOT YIIPyrue
CBOfICTBa MaTepI/IaJ'Ia. Hpeﬂenm TeKy‘IeCTI/I nu HpO‘lHOCTI/I SIBIIAKOTCA XapaKTepI/ICTI/IKaMI/I HpOLIHO-
CTHn MaTepI/IaJIa. HHaCTI/I‘-IHOCTB MaTepHana OILICHHUBAKOT OTHOCUTCIIBHBIMHU OCTATOYHBIMU I[e(bop-
ManusMH, HaKOIIJICHHBIMH 06p33L[0M 0 €1ro pa3pymeHI/I;1: OTHOCHUTCJIBbHBIM OCTAaTOYHBIM y,I[J'II/I-
HCHHUECM
_hh 1002

jIZI
1 OTHOCHUTEJIBHBIM OCTaTOYHBIM CYKEHHEM Y nnomanu ceueHus oOpasia mpu pa3peiBe

A= 4

¥

-100%

{?ﬂ':

rae oy - pavanemere JUIMHA ¥ TUIOIAh CeUueHus: o0pasia; it - tuma v omans cevenns
o0pas3iia, U3MEpPEHHBIE MOCIIE €T0 Pa3pyIICHUSI.

CrnosxeHHbIE YacTHU Pa30pBAHHOTO 0Opaslia W3 MIACTUYHOrO MaTepuaia JUIMHHEe UCXOJHOTO Ha
BEJIMYMHY OCTaTOYHOHW jaedopmamnmu. Ynpyras 4acth nedopManuy Ipu pa3pylieHun obOpasia
ucuezaer. O ee BeIMUMHE MOKHO CYIUTh MO auarpamme (cm. puc.1.27), eciu cnpoenupoBarth

touky G Ha ochk abcuucce no Hanpasjienuto Juaun 4 (touka H). Hannuue B MaTepuane ymnpy-
rux jgedopmaruii mpu ero pabore 3a MPEIEIOM YIIPYTOCTH MOATBEPKAAETCSA B ONBITAX HAKIIO-
HOM JIMHHHU K OCH aOCIMCC, KOTopask MOSIBUTCS Ha JHarpaMMe, €CiId B MPOIIECCe OMbITa IpeKpa-
TUTh HArPYXKEHUE U TIPOU3BECTH Pa3rpy3Ky 06pasiia ¢ TOM ke CKOpOCThIo. [Tocie ncue3HOBEH Ust
yIpyroi aedopmarn o0paser] OKaXeTcsl yATMHEHHBIM Ha BEIMYMHY OCTATOYHOM e OpMaIIUH.
[ToBTOpPHOE HArpyKe€HHe pasrpy’KEHHOro 00pasia MO3BOJSET MOJIYyYUTh YKOPOUEHHYIO JHa-
rpaMmy, SBJISIOILYOCS TPOJOJKEHHEM HAa4YalbHOIO ydacTKa TOJHON JauarpaMMbl. JIMHHS T10-
BTOPHOI'O 3arpyXCHUSA NPAKTHYCCKU COBIAAACT C JIMHHAEN Pasrpy3Ku. AHasornyaas KapTuHa
HaOJIFO1aeTCs TIPU pasTpy3Ke U TOBTOPHOM 3arpy:KeHHH 00pasia Juis 000 TOUKH, BEIOpAaHHON
Ha ydacTke BG muarpammer.



Jexyusa 12. Hcnoimanusa Mawiun ¢ yeivblo onpeoeieHus (hakmuueckux 6e1uuun
mpyo0emMKoOCmu mexHu4ecKux 00CaAyHCuGaAHUil U PEMOHMO8 MAWIUH U RPOCHO-
€6 6 pemonme.

YxopoueHHast AMarpaMma xapakTepHa Juis 00pa3lioB, M3TOTOBICHHBIX U3 MaTepuaa, B Pe3yib-
Tare XOJOIHON 00pabOTKM (KOBKH, IITAMIIOBKH, BBITSDKKH) MOJYYUBIIETO HaKaAen (Ynpou-
HeHue mamepuana). Moaynab yIpyrocTH Marepuaia mpu 3TOM MPaKTUYeCKA HE U3MEHUTCH,
Toukd A u 5 Ha yKOpOUEHHOM JrUarpaMMe OKa)KyTCsl HAMHOTO BBIIIIE, IJIOIIAAKA TEKYYECTH HC-
4e3HeT. JTO 03HAUYaeT, YTO MPH HAKJIEIE MOBBIIIAIOTCS TPOYHOCTHBIE CBOMCTBA MaTepualia, HO
CHW)KAIOTCSI CBOMCTBA IJIACTHYHOCTH Y OH CTAHOBUTCS OJFIKE K XPYIMKHM MaTepuaiam, y KOTo-
pBIX qUarpaMma HCIBITAaHHH OYeHb KOPOTKas, TaK Kak 00pasilbl pa3pylIaloTcs NPy BEChbMa Ma-
JIBIX OCTATOYHBIX JIe(hopMaIusX.

Haxuen HaOro1aeTCst HE y BCEX MaTEpPHAJIOB U JIaXKe HE Y BCEX METAJUIOB, TAKUX, HATIPUMED, KaK
CBUHEII, 0JIOBO | Jp. SIBIIeHUE HAKJIENa IIMPOKO UCTOIB3YIOT B TEXHUKE — YIPOUHSIIOT JIETaIIH,
HOJ(BEprasi X MPHU U3FOTOBJICHUH TUIACTHUYECKOMY jedopMupoBanuo. Hampumep, 1ienu u kaHa-
ThI IMObEMHBIX MAIIHH MTOIBEPTAIOT MPEABAPUTEITHHON BBITSDKKE, YTOOBI YCTPAHUTH OCTATOYHBIC
YIUTMHEHUS, KOTOPhIE MOT'YT BO3HHKHYTh BO BpeMsl UX pabOThl. AHAIOTMYHON 00paboTKe MO/I-
BEPraloT TaK)Ke HEKOTOPBIC BUIBI apMaTyphl JKeIe300€TOHHBIX KOHCTPYKIMN, MHJIUHAPHI TH-
PaBIMYECKUX TPECCOB, TYPOUHHBIC TUCKH, MPYXHUHBI U JAPYrHe JICMEHThI MAIllMH U MEXaHU3-
MOB.

CrnenyeT 3aMeTUTh, YTO TOCIIE MPEABAPUTEIHHON BBITSKKU METaljla B HEKOTOPOM HaIlpaBJICHUN
€ro MEXaHMYECKHE CBOMCTBA M3MCHSIIOTCS (METaJUT HAKJICTIBIBASTCS ) TIPU paboTe Ha pacTsHKEHUE
TOJILKO B TOM JK€ HAIlPaBJICHUH; NIPU paOdOTE HA CXKATHUE B ATOM K€ HAIIPABICHUH €r0 CBOIMCTBA
noyTH He n3MeHstoTcs. [locnennee 00CTOATENLCTBO UMEET OONBIIOE 3HAUCHHE Il MaTepuaa,
KOTOPBIH MOJIBEpPraeTcs ACHCTBUIO TIEPEMEHHBIX HAIIPSDKCHUI.

B HEKOTOpBIX cyyasx sIBJICHUE HaKJIeNa SBISICTCS HeXenarenpbHpIM. HanpuMep, oHO BCTpedaeT-
Csl BO MHOTHX TEXHOJOTHMYECKHMX IMpOIeccaX — MPOKATKE CTEPXKHEH, Pe3aHuU JIMCTOBOI'O MaTe-
pHuaa, IMTaMIOBKE TOHKOCTCHHBIX W31, TPOOMBAHUK OTBEPCTUH B JIMCTAX IO 3AKJICTIKH U
T.1. [{nst ycTpaHeHUs BpeJHOTO BIUSHUS HAKJIeNa MaTepuana OObIYHO OTXKHUTAlOT WIH YAAJISIOT
Ty 9acTh MaTepHaia, KOTopas MoJydriia HaKJerl.

B 3aBucHMOCTH OT XapaKTEepPUCTUK MIACTUYHOCTUA MaTE€pPHAIIbI MOAPA3ALNSIOT Ha MIACTHYHBIE U
xpynkue. K Xpyrnmkum OTHOCAT MaTepralibl ¢ MaJIbIM OTHOCHTEIBHBIM OCTATOYHBIM YJTMHEHUEM

g, =2.5% 6
Ipu paspseiBe ( “» ), HaIpuUMeEp YyTyH, OETOH, CTeKN0. JluarpaMMa pacTsbKeHUs XPYIKUX
MaTepHUaJIOB, HATPUMEP YYT'YHA, HE UMEET IUIOIAIKN TEKy4YeCTH. ISl XpYNKHUX MAaTepHaAIOB MIPU

MCTIBITAHUHM HA PACTSIKEHHE ONPENENsIoT B OCHOBHOM TOJIBKO Mpeses NpodHocTH “x. OGpasen
U3 XPYIKUX MaTepHajioB pa3pymaeTcs 0e3 o0pa3oBaHus MIEWKH U 30H cIBUTA. B pe3ynbrare oT-
pBIBAa YACTHI] HAa HEM TMOSBISETCS MOMEpedHas TPEIIrHA, CIOCOOCTBYIOINIAasi MTHOBEHHOMY pa3-
pymenuto (puc.1.28, 6). Ha moBepXHOCTH U3JI0Ma BUIHA KPYITHO3EPHUCTAsI CTPYKTYypa MaTepHa-
na.

CYHUTAIOT, YTO MCTOYHUKOM XPYIKOTO Pa3pymIeHUs SIBISFOTCS Pa3IMYHOTO Poja CTPYKTYpHBIC
(MHKPOCKOTTUYECKHE TPEUINHBI C OCTPHIMU YTIIAMU U JIp.) ¥ BO3HUKAIOIIHNE B X0Je JehopMaIiuu
nedexTsl. TpemmuHomo00HbIE TePEKTH B MaTepHalie CIIOCOOCTBYIOT O0Jiee OBICTPOMY MPOIIECCY
pa3pylleHus], Tak KaK CO3/al0T yBeTUYEeHUE (KOHIEHTPAIMIO) HAMPSHKEHUH B YIiIax TPEUIUHBI.
KontenTpanus HarpsHKeHH MOXKET TOSIBUTHCSI M B MECTaxX BKJIFOUCHHH, HAIIPUMED B CEPOM Uy-
TyHE OKOJIO BKIIOUEHHH rpaduTa B Bue yenryek. YToObl n30exarh KOHIIEHTPAIMU HAMPsKeHUN
y TaKWX BKJIFOUEHUH rpaduTa, UM MPUAAIOT IMIAPOBHIHYIO (DOPMY, UTO TOCTHTACTCS MOIUDUIIH-
pPOBaHMEM UyT'yHa MarHueéM U HEKOTOPBIMH JPYTUMU dJieMeHTaMu. HanpsokeHus, BOZHUKAIOIINE
OKOJIO KOHIICHTPATOPOB HANIPSDKEHUH, CO3AF0T OJIArONIPHUATHBIC YCIIOBHUS JUUIS PACIPOCTPAHCHUS
TPEUIMHBI pa3pyIISHHs 10 BCEMY CEUCHHIO, IEPIICHINKYIISIPHOMY OCH 00pas3Iia.

JleleHne MarepwalioB Ha IUIACTHYHBIC M XPYIKHE BOOOIIE YCIOBHO, TaK KaK MEXaHHUYECKUE
CBOICTBa MX 3aBUCAT OT COCTOSIHUS, OOYCIIOBICHHOTO yCIOBHSIMH dKcIutyatanuu. [Inactuynbie



MaTepHalIbl IIPU HU3KHUX TEMIIEpATypax pas3pylIarOTCs XPYIKO, a XPYIKUE IIPU BBICOKUX JaBJle-
HUSIX TIPOSIBIIIOT HE3aypsITHBIC CBOMCTBA INTACTUYHOCTH.

JUis McnbpiTaHU HA C)KaTHUE M3TOTABIMBAIOT KOPOTKHE OOpas3Ibl: Ui METAJIOB - LUJIMHIPHI C
OTHOUIEHUEM BBICOTHI K JUaMeTpy B mpeznenax 1,5..3, i Apyrux mMarepuaioB - KyOuku (cm.
Tab61.1.6 u puc.1.29). [Ipumenenue Oosee ATUHHBIX 00Pa3LIOB HEJOMYCTUMO, TaK KaK Takue 00-
pa3ubl MOTYT MCKPUBIIATHCS M TEM CaMbIM MCKaXaTh pe3yibTarhl ucnbiTanuid. Cremxyer obOpa-
TUTh BHUMaHHE HAa HEKOTOPYIO YCIOBHOCThH IMOJTYYaeMbIX PE3yJIbTaTOB M3-32 HAJIMYMS CHII Tpe-
HUSI B ONOPHBIX MOBEPXHOCTIX oOpasua. [losTomy craparorcst ociaOUTh BIUSHUE CHII TPEHHS
BBEJICHUEM Pa3NIUYHBIX CMAa30K WJIHM NMPHJAHHEM KOHYCHOW (DOPMBI TOPIEBBIM MOBEPXHOCTSAM

obpasria.
d
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Puc.1.29. O6pa31isl 1 UICIIBITAHWHA HA CKATHE

HcnpiTanue Ha c)kKaThe OCYIIECTBISAETCS OOBIYHO MPHU MOMOIIU TEX K€ HCIBITATEIbHBIX MAIlUH
C TIPUMEHEHUEM CIICIHATBHBIX MPUCTIOCOOICHUH (PEBEPCOPOB).

O06paser 3akiabIBacTCs MEXKIY MIMTAMH UCIIBITATEILHONW MAIIMHbBI U TIOCTENIEHHO HArpy»KaeTcs
HENPEPBIBHO BO3pacTaromieid Harpyskoi. [Ipu 3ToM Ha nuarpaMMHOM OapabaHe MAITUHBI BHI-
yepuuBaeTcs nuarpamma cxatus (puc. 1.30).
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Puc.1.30. [lnarpaMMsbl cokaTusi pa3InuHbIX MaTepUalIoB

Pe3ynbraThl MCIBITAHUI Ha CKAaTHE 3aBUCST OT YCIOBUI NPOBEIEHUS SKCIiepuMeHTa. [IpakTniecku
OYEHb TPYIHO JOOUTHCS MPUIIOKEHUS CKUMAIOIIEH CUIIbI TOYHO 10 ocu oOpa3ua. [loaromy obpazer
OyzleT He TOJBKO CXKMMAThCS, HO U M3rubarbes. Yem JutnHHEee o0pasell, TeM OoJbliie BIUSHUE U3THU-
6a (monpoOyiTe cKaTh JUIMHHBIN M TOHKHH NPYTHK). /)11 yMeHbIIeHNs BAUSHUS N3ru0a peKOMeH-
JyeTcsi MPUMEHATh 00pasiibl, AJIMHA KOTOPBIX He OoJiee 4eM B JBa pa3a MPEBBIIIAET UX Monepey-
HBIe pa3Mepbl. [IprMeHeHre CIUIIKOM KOPOTKHAX 00pa3lioB TOXKE HeXenaTenbHo. [Ipu cxatnu 00-
paslia IpoJ0JIbHBIE pa3Mepbl YMEHBINAIOTCS, a TIONepedHble yBenuunBatoTes (o 3akoHy Ilyacco-
HA).

Hns naacmuunoco mamepuana (Menp) nuarpamma cxkarus (puc.1.30) mo mpenena TekydecTd
COBITAJAET C JUArpaMMON PaCTSHKEHHSI, OJTHAKO SPKO BBIPAKCHHOW IUIONIAIKA TEKYUYECTH HE Ha-
omonaercs. Ilocie MpoXoXXKACHUS CTalUU TEKYy4YeCTH IMPOUCXOAUT OBICTPOE BO3pACTaHUE [e-
dopmanuii, a yBeNWUYHBAOIIEECS IMOTIEPEUHOE CEYCHHE O0paslia CTAHOBUTCS CIIOCOOHBIM BBI-
JepkaTh Bce O0nblIyto Harpy3ky. O6pasen npuHUMaeT 004k000pazHyro (popMy M3-3a HATUUHS



cu TpeHus Ha Toprax (puc.1.31, a) u MOXKeT OBITH CIUTIONICH B TOHKYIO IJIACTMHKY 0€3 MpU3Ha-
KOB pa3pylleHUs, HHOTJa Jnaxe Oe3 oOpa3oBaHus TpemuH. [losTomMy B mpolecce HCIBITaHUS
OOBIYHO OIPENEISAIOT TOIBKO MpeAes IPOIOPIUOHATBHOCTH

P
Ty = )
JI1s TUIaCTUYHBIX MAaTepUAIIOB MOAYJb YNPYTOCTH E, Ipenen ynpyroctu “»u penea TeKyde-

cti “m TIpH CKATHM PUMEPHO T€ K€, UTO U IIPH PACTsuKeHUH. IIpeer IpOYHOCTH IPH CKATHH

HEJIb3sl OIPEEeIUTh PAKTUUECKH, T.K. 00pa3el] He pa3pylLIaeTcs, H0ITOMY €ro NPUHUMAIOT pPaB-
HBIM IPEJeNly IPOYHOCTU NPHU PACTSKEHUHU. XapaKTEPUCTUKU, aHAJIOIMYHbIE OTHOCUTEIbLHOMY
YIUIMHEHUIO U OTHOCUTEIBbHOMY CY)KEHUIO NP Pa3phIBe, PU UCIBITAHUM HA CKAaTHE TAKXKE I10-
JyYUTh HEBO3MOXKHO.

Ecnu nepBoHayaibHO pacTAHYTh IJIACTUYHBIN MaTepua 3a npeaes TeKy4ecTd, a IOTOM pasrpy-
3UB CXKaTh €ro, TO HAOJIOJACTCS MOHMW)KEHHUE BEIMUYMHBI IIpeliena TeKydecTu. Takoe sBIEHHE,
Ha3bIBaeMoe 2¢hgpexmom baywuneepa, CBI3aHO ¢ aHU30TPOITHBIM YIIPOUYHEHHEM MaTepuaia, T.e.
YIPOUYHEHUEM, 3aBUCSALINM OT HAIPABJICHUs HATPYKEHHUS.

Xpynkue mamepuanel (4yryH, 0€TOH, KUPIHMY U Jp.) Jy4Ille CONPOTUBIIAIOTCS CKATHUIO, YEM pac-
TSOKCHUIO M TIO9TOMY OHU MPUMEHSIOTCS IS M3TOTOBJICHUSI MaTEpUAIOB, pa0OTAIOIINX Ha CXKa-
Tue (K mpuMepy y 6eToHa mpezes IpoYyHOCTH Ha cxkatue pa3 B 10 Gosblie npesena NpoYHOCTH Ha
pactsbkenue). B cuiny yero xpynkue marepuaibl IPUMEHSIOTCS B OCHOBHOM B CXKaThIX JIEMEHTaX
KOHCTPYKIIMH, I03TOMY OCHOBHBIM BH/IOM UCIIBITAHUM XPYINKHX MaTepUasioB SIBJISIETCS] UCTIBITAHNE
Ha cxarue. [ToaToMy 1715 MX pacyeTa Ha IPOYHOCTh HEOOXOAMMO 3HATh MEXaHUUECKUE XapaKTe-
PHUCTHKH, MOJIy4YaeMble IIPU UCIBITAHUYU Ha CKATHE.

Jns uyryna Ha paumarpamme cxkatus (puc.1.30) moutu OTCYTCTBYET MPSMOJIMHEHHBIA Y4acTOK,
T.€. 3aKOH ['yka BhINoNHsIETCA JUIIb TPUOIMKEHHO B HAYaJIbHOM CTaAMM HarpyxeHus. Paspy-

F

[IEHUE IPOUCXOAUT BHE3AMHO NPU MAKCUMAJIbHOM Harpy3ke “max C MOSBJICHUEM Psia HAKJIOH-
HBIX TPEIMH, PACIIOJIOKEHHBIX IPUOIU3UTENBHO 1101 YoM 45° K 00pasyrommM GOKOBOH T10-
BEPXHOCTH oOpasla, T.e. MO JUHHUSAM JEHCTBUS MaKCHUMAaJIbHBIX KacaTelbHBIX HaNpsLKEHUN
(puc.1.31, 6). IIpenen mpoYHOCTH NPU CHKATHH OMPEAESIETCS 0 3aBUCUMOCTH

[Tpenen mpodyHOCTH YyTryHa Ha CKaTue MPEBBIIIAET MpeJie IPOYHOCTH Ha pacTsukeHue B 4-5 pas
U TIpeJiel IPOYHOCTH Ha U3rud B 2 pasa.

Crenyer 3aMeTUTh, YTO XapakTep AedopMaliy U pa3pylieHus: o0pasia 3aBUCAT OT CHJI TPEHUs
MEXy ToplamMu o0pasiia ¥ OMOPHBIMH TUTMTAMH HCTIBITaTeIbHOW MamuHbl. [Tytem nepuonnye-
CKOM mapauHHOMN WK rpadUTOBOM CMa3KH TOPIIOB MOKHO YCTPAaHUTh CHJIbI TPEHHUS; IPH 3TOM
YYT'yHHBII 00pa3el] B TeUEHUU BCEro UCIBITAHUS OCTAETCS LIMIMHAPUYECKUM U pa3pyliaeTcs 1o
IUIOCKOCTSIM, MapaJljieIbHbIM JHaMeTPaIbHON IIOCKOCTH U3-3a HEJAOMYCTUMO OOJBIINX pPacTsi-
TUBAOIIMX JehopMaIiiii.

[Tpu cxxatum 6eToHa (LIEMEHTHOTO PacTBOpPa, KAMHs), POCT HAarpy3KH CONPOBOXKIACTCS YIPYTH-
MU AeopMalMsIMH BIUIOTh 10 pa3pyLIEHUs, YTO BOOOIE CBOMCTBEHHO AJIsl XPYNKUX MaTepua-
J0B. XapakTep paspyleHus: 00pas3oB U3 OETOHA 3aBUCUT OT HAJIMYHUS CHII TPEHHUS MEXIY IIHU-
TaMH MaIllMHBI U TopuiaMu oOpasna. [Ipu ux Hammymm, T.€., KOraa oopaser 6e3 cMas3Ku, pa3py-
IIEHUE TPOMCXOJMUT IyTEM BBIKpAIIMBAaHUS MaTepHaja y OOKOBBIX MOBEPXHOCTEH B CpeqHen
yacTu 00pasia, a TpeUMHBI 00pa3yroTes noj yriioM 45° K muaun  nelicTBus Harpysku (puc.1.31,
B). [Ipu cxarum oOpasna co cMa3aHHBIMU TOPLIAMHU pa3pylIeHHE UMEET BUJ MPOJOJIbHBIX Tpe-
IIMH, T.€. MaTepuaj pacciauBaeTcs MO JUHUSAM, NapajuleIbHbIM JEUCTBUIO CKUMAIONIEH CHIIBI
(puc.1.31, r). CpaBHeHHE MEXaHMUYECKUX XapaKTEePUCTUK OETOHA MOKA3bIBAET, YTO Mpeaes Mpoy-
HOCTH nipu cxkatuu B 10-20 pa3 npeBblaeT npeaen NpOYHOCTH IPU PACTSHKEHUH.



[Tpu ucnbITaHUM Ha CXaTue oOpas3IOB M3 JIEPEBa, UMEIOIIETO BOJOKHUCTYIO CTPYKTYPY, SPKO
MIPOSIBJISIIOTCS. €T0 aHU3OTPOITHBIE CBOMCTBA. TaK MpH CXKAaTHUU JepeBa BIOJb BOJOKOH (pHC.2)
oOpaser mperepreBaeT HEOOJBIINE OCTaTOYHBIC JIedopManuu, MOTYT 0Opa3oBHIBAThHCA IOIIE-
peUHbIe CKJIAJIKU U IPOAOIbHBIC TPEUINHBI, @ pa3pylIeHHe BOSHUKAET BCIEACTBHE CABUTA OAHON
yacTu 00pasla OTHOCUTENbHO Apyro# (puc.1.31, n). Ilpu cxatuu nonepek BOJIOKOH IOCIE JA0C-
TWKEHUS HEKoTopou Harpy3ku (puc.1.30) kyOuk mpopomkaeT nedopmMupoBaThCs MOUTH Oe€3
YBEJIMUYEHHUS CKUMAIOLIEH CUJIbI, TIOJBEpraeTcs npeccoBanuio (puc.1.31, €) u He Bcerga MOXKHO
TOYHO ONPEJENIUTh Harpy3Ky, COOTBETCTBYIOIIYIO Hayany paspyuienus. [lostomy npeaen npod-
HOCTH YCJIOBHO OIIPENEINIAIOT MPU HArpy3Ke, Korjaa odpaser CkuMaeTcs Ha OHY TPETh OT CBOEH
NepBOHAYANIbHOM BBICOTHI. Tak [Uisi Cyxoil ApeBecuHBI (C BIaKHOCTHIO paBHOU 15% mpu Temrie-
patype 20°C) mpejest IPOYHOCTH HA CKATHE BJIOJb U TONEPEK BOJOKOH OTiH4aetcst B 8-10 pas.
[Ipenen npoyHOCTH HA pacTsKeHHE 0OJIbIIE Mpeeia MPOYHOCTH Ha CKaThe MPUMEPHO B 2 pasa.
[Tpu pacyere KOHCTPYKLIUN HEOOXOIUMO YUYUTHIBATH OCOOCHHOCTH COTIPOTUBIICHUS PACTSHKEHUIO
U CXKaTHUIO IJIACTUYHBIX U XPYIKUX MaTepHAIIOB.
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Puc.1.31. Xapakrtep pa3pylieHus pa3IMuHbIX MaTepUATIOB TP CKATHH
a- Menp;, O -4YyryH; B, T - 0eTOH 0€3 ¥ CO CMa3KO# TOPIIOB;
I, € - IEPEBO BIOJb U MOMEPEK BOJOKOH COOTBETCTBEHHO

HcnbiTanue miaactMace NPOU3BOJUTCS B OCHOBHOM Ha pacTspkeHue. OOpasibl i OnbITOB (Gop-
MYIOTCSl WM ITaMIyloTcs. TONbKO MPHU UCHOIb30BAaHUU BOJOKHHMCTBIX WJIM CIIOMCTBIX IUIACT-
Macc OHM BBITQUMBAIOTCS. JlmarpaMMbl TEpMOIUIACTOB, MOJYYAIOIIUX B Mpolecce GOpMOBaHUS
oOpaTuMble CBOMCTBA, HATOMMHAIOT AMArpaMMbl IJJACTUYHBIX MarepHaioB. JMarpamMmsl peak-
TOIJIACTOB, TMPU OTBEPACHUHU MOJYUYMBIIUX HEOOpaTHMble CBONCTBa, OJMKe K JAMarpamMmam
XpYINKHX MaTepuanoB. PeakTormiacTel 00safaoT 0osiee BBICOKOH MPOYHOCTBIO U KECTKOCTBIO.
CBolicTBa IIACTMACC B 3HAYUTEIBHON CTENIEHH 3aBUCAT OT HAIlOJIHUTEIEH.

Ha npaktuke yacTo BO3HHMKAET HEOOXOAMMOCTh OLIEHUTh MEXaHUYECKHE CBOMCTBA HE MaTepHa-
Ja, a TOTOBOW neTand. [Ipu U3roToBieHUN JeTaau CBOMCTBA MaTepHUaga MOTYT 3HaUYUTENIbHO W3-
MEHUTHCS, HAIPUMED, Mociie TepMooOpadoTku. Tak kKak BeIpe3aTh U3 AeTaIu oOpasel] s UCTIbI-
TaHWH, KaKk MPaBUIIO, HEBO3MOXKHO, UCIOJb3YIOT KOCBEHHBIH CIIOCOO OILEHKH IMpejiena MpovyHo-
CTHM MaTepHaa JIeTaly 110 €ro TBEPJOCTH.

[Ton meepoocmbio marepuana MOHUMAIOT €TO CIIOCOOHOCTh OKa3bIBaTh CONPOTHUBIICHHUE MPO-
HUKHOBEHUIO B HETO JIpyroro, 6osiee TBEPIOTO Tejla — MHAEHTOpa. MeTo1 UCTIbITaHusI Ha TBEp-
JIOCTh OTHOCHUTCS K HEPa3pyLIAOIIUM METoJaM KOHTpOJs Marepuana. s nenoro psaa mare-
pHAJIOB YCTAHOBJIEHA KOPPEISILIMOHHAS CBSA3b TBEPAOCTU C MPOYHOCTHIO, IOATOMY Ha MpPaKTHKE
JUIsL OTIpEZCNIEHUs Mpeea MPOYHOCTU MOJIb3YIOTCS ONPEIECIIEHUEM YUCIIa TBEPJOCTH, UTO B psi-
JIe CllydyaeB UMeeT CBOM IpeumyliecTBa. OHM MOTYT OBITh HCIIOJIb30BaThCs BHE J1AOOPAaTOPHH.
I[Tpocro, 5erko u ObICTPO, 6€3 MOBPEKICHUS eTalu (KOHCTPYKIUH), Jaske ¢ MHOTOKPAaTHOH Mo-



BTOPHOCTHIO MOKHO ONPEAETUTHh TBEPAOCTb, a MO HEW MPOYHOCTh. M XOTA XapaKTepUCTHUKU
TBEPJOCTU HE MCIIOJIb3YIOTCSI HEMIOCPEACTBEHHO MPHU pacdeTe KOHCTPYKIUM, OHU HALUIM IIUPO-
KO€ MMPUMEHEHHE ISl OLEHKU CBOMCTB MaTepHuaa.

Jlis omnpenesneHust TBEPAOCTH METAJUIOB MCIIOJIB3YIOT HECKOJIBKO croco0oB ucnbiTanus. Hau-
GoJblilee MPUMEHEHNE MONYYHIA METO/IbI ONpPEENieHUsI TBepaocTH mo bpunemtio (HE), Pok-
semuy (HR) u Bukkepey (£F). Bo Bcex ciydasix O BEIUYHHE TBEPAOCTH CYIST 110 BEJTHYHHE
IIOJIyUEHHOI'0 OTIedaTka. Pasnuyue 3akirodaercs B BUIE MCIIOIb3YEMOI'O UHACHTOPA U YPOBHS
IPUKJIAIbIBAEMOM K HEMY Harpy3ku. Beibop mMerona yacto onpenensercs: TBepJOCTbIO UCIBIThI-
BaeMOro marepuaia. B wucneiTaHusx no BpuHETI0O B MOBEPXHOCTh HUCIBITHIBAEMOH JeTalln
B/IaBJIMBACTCS CTAIbHOW mapuk. Yucio TBepaoctd A5 paBHO OTHOMICHHIO CHIIBI BIABIHBAHUS
mapuka £ K IUIOIIaJAM TOBEPXHOCTH MOJIydeHHOro ormedarka (puc.1.32). Ilpu ompemeneHuu
TBEPIOCTH CTAIIU UCIIOIB3YETCS 3aKAICHHBIN mapuk auamerpoM L'=10 mm mpu cune £=30 xH.
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Puc.1.32

Merton Bpunenns npumeHsiercs s METaJJIOB U CILUIABOB, TBEPJIOCTh KOTOPHIX HE MPEBBIIIAET
450 eaunuu. [Ipu Gonblieil TBEpIOCTH UCHBITHIBAEMOrO MaTepHalia HabogaeTcs nedopmanus
MHJEHTOpA (IIapuKa), YTO IPUBOJUT K MCKaXKEHHUIO IMOJIy4aeMbIX pe3yibTaTtoB. Jlis cranei cy-
LIECTBYET CBS3b MEXY YHCIOM TBEPAOCTH U BPEMEHHBIM COIPOTHUBIIEHUEM, BbIpayKaeMas Clle-
JYIOIITUM 00pa3zoM:

Og = 0.36HE

AHajoru4Has npornopLUruOHalIbHas CBA3b CYIIECTBYET U /IS LIBETHBIX METAJIJIOB.

ITo meTony PoxBesia B MOBEPXHOCTh MCCIIELYEMOM JETaly BJABIMBAETCS aJMa3HbI KOHYC C
YTJIOM NIpY BEPIIMHE 120° wu cranbHO mapuk auamerpoM 1,588 mm (1/16°’). [1pu Harpyskax
60 n 150 krc B KauyecTBe MHIEHTOpPA MCIIOJIB3YETCs aIMa3HBI KOHYC, U OIpeneisemasl TBep-
J0CTh 0603HaYaeTcst cooTBeTCTBeHHO ARA n ARL | TIpu marpyske 100 Krc B KauecTBe WHIIEH-
TOpa MCIOJIB3YETCs CTAbHOMU Imapuk. Onpe/esnsemast pu 3TOM TBEPAOCTh 0003HauaeTcss HAE
Bb160p nHIEHTOpA M HAarpy3KU CBS3aH B OCHOBHOM C TBEPJIOCTHIO MCIIBITHIBAEMOT0 MaTepHaa.
Mepoii TBepocTu sBIseTCs INyOMHA MPOHUKHOBEHMS MHJEHTOPA, KOTOpPasi BbIpakaeTcsl B ycC-
JIOBHBIX OTBJICUEHHBIX €IMHUIIAX.

B ucnbitanusx no Bukkepcy npous3BOIUTCS BAABIMBAHKE B HCIIBITHIBAEMbIH OOBEKT aIMa3HOTO
HAaKOHEYHHKa, UMeoIIero (opMy KBaJpaTHONW MUPAMUABI C YIJIOM MEXAY MPOTHBOIIOIOKHBIMU
rpaHsiMHu 136°. Yncro TBEPJIOCTH 110 BUKKepCy ompesesnsercs IejicHHeM Harpy3ku £ B KIc Ha
IUIOMA/h GOKOBOH MOBEPXHOCTH TOTYYHBIIErocs MMPaMHIaTbHOro otiedarka A B mm2. [pu-
MeHstoTea Harpysku 5, 10, 20, 30, 50 u 100 krc. Harpy3ka BeIOMpaeTcs B 3aBUCUMOCTH OT TOJI-
IIMHBI U TBEPIOCTH UCTIBIThIBAEMOro MaTepraia. C MOMOUIbI0 ONTUYECKON CUCTEMBI C OOJIBIION

TOYHOCTBIO U3MCPACTCA JUAI'OHAJIb OTIICHATKA d . I[anee 10 Ta6J'II/II_[aM Haxo4dT YUCJIO TBCPHO-
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BBICOKOM TOYHOCTBbIO M3MEPEHMS AMATOHAIU OTIEYaTKA, OUYEHb Ba)KHA YHMCTOTA IOBEPXHOCTHU
oOpa31ia, KoTopasi 10JKHA OBITh TIOCTaTOYHO BBICOKOM. BaxkHyI0 poiib UTpaeT Takke BpeMs BbI-
JepKKH 1o Harpy3Koi. [Ipu 06o3HaueHnn yucia TBEpAOCTH 10 BUKkepcy 00s53aTeNbHO YKa3bl-

BAETCS BPEMS BBIIAEPKKH, Hanpumep, -40HF720/30 o6osnauaer uncino tBepaoctu 540, momy-
4yeHHOH npu Harpy3ke 20 krc, neiictByroueii B TeueHue 30 cek.

Onpenenenue TBepAOCTH MO0 BuKkepcy siBisieTcss Ooyiee COBEPUICHHBIM, Y€M OIpEICIICHHE ee
Meronamu bpunema u Pokseiia. K 4ucity OCHOBHBIX IPEMMYILIECTB YKa3aHHOI'O METOJIA CIIENY-
€T OTHECTHU: MOJIHOE TEOMETPUIECKOE TTOA00HE OTIIEYaTKOB B 3aBUCIMOCTH OT IpUJIaracMoil Ha-
Ipy3KH, T.€. HE3aBUCUMOCTh U3MEPEHHOW TBEPOCTH OT BEJIMYHHBI HCIIOJIB3YEMOM HArpy3Ku pu
UCTIBITAHUN; BO3MOYKHOCTh OIIPEJIEIICHUS] TBEPJIOCTH Ha a30THPOBAHHBIX, IIEMEHTHPOBAHHBIX IO~
BEPXHOCTSX, a TAK)KE Ha TOHKUX JIMCTOBBIX MaTepUaliaX; XOpollIee COBIAICHIE 3HAYCHUI TBEP-
noctu o Bukkepey u bpuneso B npenenax 100-450 equnui.



HccaenoBanus U MCIILITAHUS HA3€MHBIX TPAHCHOPTHO-TEXHOJOIHYC€CKHUX
MaIllluH

JIeKlﬂl}l 15. YC‘K0p€HHble ucnoblmanua MauiuH UXxX y3i06 U CUCmeMm.

VYHHBepCaIbHBIE UCTIBITATEIbHBIE MALIMHBI IPUMEHSIOT TAKXKE UL YCTAIIOCTHBIX MCIIBITAHUI Hapsi-
JIy CO CIIeLIMaIbHBIMU YCTAIOCTHBIMU MatMHaMu. OObIUHO U1 MaJibIX Harpy3ok (1o 10 1) ucrnosns-
3yIOT AJIEKTPUYECKOE HarpyXKeHue apuKOBUHTOBOM napoil. Hanbonbliee pacripoctpaHeHue nomiy-
yuiu ruzapasanueckue YUM ¢ cepBoymnpasnenuem. Cxema, npuBefieHHast Ha pucyHke 1.33, maer
NPEJICTABICHNE O MPUHIIMIIAX YIPABICHUS UCTIBITAHUAMH ¢ OOpPAaTHOW CBA3BIO IO CHUJIIE, IIepeMeltie-
HUIO WK Aedopmarmu. V3mepuTtenbHble YCHINTEIH TEPEAaloT OT TEH30MHAMOMETPA, UHIyKTHB-
HOT'O JJaT4YMKa MepeMENICHII MM TeH309KCTEH30METPa CUTHAII B CEJIEKTOp OOpaTHOM CBSA3W (YHU-
BEPCATBHBIN YCHUIIUTENb-PETYIIATOP), B KOTOPOM CPAaBHUBAIOTCS 3aJaHHbIC 3HAYECHUs CHUJIbI, Iepe-
MeleHus: Wi AedopMaiuu ¢ (pakTHYECKUMHU, MOTYYEHHBIMU OT MEPBUYHBIX MpeoOpa3zoBaTeieil.
Pa3HOCTb aHAJIOroBOrO CUrHaja yCHWJIMBAETCS, U PacCOIIACyolas BEIMYUHA I101AaETCs Ha CEPBOK-
JIallaH yNpaBJICHUsl — PaclpeleNUTeNb THAPOLMINHAPA sl OTCIIEKUBAHUS NIONPAaBKU. 3aJaHHbIC
3HAUEHHUS TIEPEeNIaeT Ha CEJIEKTOp TeHepaTop (QYHKIWH W 3a1aTduuK. B KauecTBe yHHBEpPCAIHHOTO
MPOTrPaMMHUPYIONIETO YCTPOHCTBA PUMEHSIOT MUKPO- U MUHHOBM. AHanoro-mudpoBsie U 1ud-
pOaHAIOrOBBIE MIPE0OPa30BaTEI UMEIOT HECKOJBKO BBIXOAOB M BXOJIOB B MHTEpdENC (YCTpOCTBO
cBs3u ¢ DOBM). C u3MepuTENbHBIX YCHIUTENCH WHPOPMAITUS O MapaMeTpax TaKKe IMOJacTCsl Ha
YCTPONCTBA PEruCTpay 1 cuuThiBanus. [Ipu pabote ¢ 9BM Hcnonb3yroTcs mevyaTalonmi TepMu-
HaJl ¥ IpyTUe yCTPOICTBA.
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Puc. 1.33. bnok-cxema cepBoruapasnnueckoir YVIM: 1 — TeH3011HaAMOMETD; 2 — SKCTEH30METP;
3 — IaTYUK NepeMelleHHi; 4 — U3MepUTEIbHbIE YCHIUTENH;
5 — cenekTop 00paTHOM CBS3U; 6 — YCUIIMTENb; 7 — 3aAaTYUK (OPMBI LIMKJIA; 7a — reHepaTop
¢byHkuuu; 8 — nporpammarop; 9 — unuppoBoil HAUKATOP;
10 — ocumutorpad wim rpadonoctpoutensb; 11 —uatepdeiic ¢ AL u LAIT; 12 — nporpammu-
pyromue yacel; 13 — cermeHnT-reneparop; 14 — unrepdeiic cBsizu;
15 — BBM (mporueccop); 16 — BHEMIHsIsI mamMsTh ¢ yrpaBiieHneM; 17 — rmeyaTaromuii TepMUHaI



CmeHobl 01 cmamuyeckux UCnbimaHull BHYTPEHHUM JaBJICHUEM MPOECKTHPYIOT, OCHOBBIBASICh
Ha MHEBMATHYECKOM WJIM THUIAPABIMYECKOM NpUHLMMNAX. J[JIsi KpaTKOBPEMEHHBIX HCIBbITAHUN
JIaBJIEHUE TOJAIOT M3 OANIOHOB CO CXKAaThIM BO3AYyXOM uepe3 pecuBep. CHCTEMbl MOTYT OBITh
CHa0XEHbI CEPBOKJIAIIAHOM U MPOTPAMMHBIM YCTPOUCTBOM (puc. 5.2). JInst JUIMTENIbHBIX UCIBI-
TaHUM, HAPUMEP MOBTOPHO-CTATUYECKHUX, UCIIOIB3YIOT MTHEBMOCUCTEMBI C KOMIIpeccopamu. B
KayecTBe JaT4yrhKa OOpaTHOW CBS3M M perucTpaTopa Mnpoiecca MPUMEHSIOT JIEKTPOKOHTAKTHHIE
MaHOMETPBI, UHAYKTUBHbIC JaTYUKHU JaBJICHUS, TEH30pe3UCTOpPHbIE MaHOMeTphl. [Ipu mposexe-
HUU YCTAJIOCTHBIX MCIBITAHUNM TPYOOIPOBOAOB, MAaTPyOKOB, 0AKOB M JIPYTHMX 3JIEMEHTOB TOII-
JUBHBIX, TUIPABINYECKUX U THEBMATHYECKUX CUCTEM MAIMH UCIOJIb3YIOT, KaK MPaBUIIO, CTCH-
JIbl C TUJIPABIMYECKUM HArpy>KCHHUEM MYJIbCUPYIOIIUM JIaBJICHUEM U 3JIEKTPOHHBIM 33J1aT4H-
KOM CHTHAJIOB C U3MEHSEMOU 4acToTOH u hopmoii IuKIIa.
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Puc. 1.34. CxeMa mHEBMAaTHYECKOTO HArPyKEHUS JTABICHUEM C OOpaTHOM CBsI3bI0: | — maT4yuK
JIaBJICHUS; 2 — THEBMOCEPBOKIIANAH; 3 — PETyJIATOpP AaBJIeHUs; 4 — CUCTEMa OAIJIOHOB M KOM-
npeccop; 5 — OJIOK CEpBOYIPABJICHHS; 6 — YCUIIUTENb; 7 — IIporpaMmMaTop; 8 — yCTpOHUCTBO 3aru-
CH Ipoliecca

B 3aBucumoctu oT 11eneli 1 00beKTOB HCTIBITAHMM, a Tak)Ke pabodeil 4acTOThI IIpoIecca yCTano-
CTHBIC MAIIMHBI C MPOTPAMMHBIM Harpy>K€HHEM CTPOSIT C DJIEKTPOMEXaHUYECKHM M PE30HAHC-
HBIM B036Y)KI[€HI/IGM; Ha HHUX OC}’HIGCTBJ'I?IIOT 6J'IO'—IHBI€, 6I/IFapMOHI/I‘ICCKI/IG nu CTaIII/IOHapHI)IG
CIIy4alHbIE CIIEKTPBI HArPYKEHUSI.

Cxema yctpoiictBa (puc. 1.35), ycnemHo paboTaromiero HenpepsIBHO 0osiee S JIeT Mpu UCTIBITa-
HUU CJOXHBIX CBapHbIX NaTpyOKOB, COAEPKHUT 3aJaTUMK CUTHAJIOB C IUIABHO PEryJIHpyeMoil
gactoTor 0,1-20 I’y ¥ cyeTYNKOM IMKIIOB, MACIOHACOCHYIO CTaHIMI0. UeThIpe TUapOKIIanaHa ¢
AIIEKTPUYECKUM YIIPABICHUEM IO/Ial0T JaBJICHUE B MOJIOCTh MAaTpyOKa MOMapHO, HABCTPEUY APYT
JIpYTY OT CUTHAJIOB 33/IaTYMKa, OTPETYIUPOBAHHBIX IO BpeMeHH (4acToTe). PasBepTky mukia u
JABJICHUE KOHTPOJIHMPYIOT Ha ocuuuiorpade mo CUTHATy WHAYKTHBHOTO NaT4WKa JABICHHS U
CTaH/JapTHOW yCUITUBAIOIIEH ammapaTypsl. YacToTa UCIIBITAHUN 3aBHCUT OT CYMMapHOTO 00bemMa
pabouelt KUAKOCTH B TIOJIOCTSIX 00pa3IioB, MOIMIHOCTH MacioHacocHo# cranmuu (MHC) u mua-
MeTpa NPOXOJIHBIX CEYEHU TMAPOIPOBOJIOB U KPAHOB.



Puc. 1.35. CxeMa HCTIBITaHUS MYJIbCUPYIOIINM JIaBJICHHEM TOHKOCTEHHBIX MAaTpyOKoB: 1 — 00b-
eKT MCIIBITaHUs; 2 — MAaHOMETPBI; 3 — 3aJJaTYMK CUTHAJIOB HA KaTyIIKH TUAPOKIIANIAHOB; 4 — TU/I-
pOKJIanaHbl; 5 — THAPOHAcoc; 6 — KilanaH cOpoca AaBieHus; / — CUTHAJIM3aTop JaBieHus; 8 —
JAaTYMK JIaBJICHUS MHIYKIIMOHHOIO TUIA; 9 — yeunurens; 10 — ocuusmiorpad



Jexyusa 16. /labopamopnvie u cmenooswvle ucc1e006aHus U UCHbIMAHUA MAWUH
UX y37108 u cucmenm.

Cmenovl 0ns ucnvimanus OOIbLUWUX 00BEeKMO8 TIPU CTATHYECKOM M YCTAJIOCTHOM HarpyXeHui
IPOEKTHPYIOT B BUJIE€ 3aMKHYTBIX IPOCTPAHCTBEHHBIX PaM, CBS3aHHBIX C CHJIOBBIM I1OJIOM M I10-
TOJIKOM JIaOOPaTOPUH, IIMPOKO MPUMEHSIOT TaKXKe MOPTaJIbHbIE CUCTEMBbI JJIsl UCIIBITAHUSA, Ha-
IIpPUMEp, CaMOJIETOB, KOTOPBIE YCTAHABIMBAIOT HE TOJIBKO B 3aJ1axX JIaOOpaToOpuii, HO U Ha OTKPbI-
TBHIX IUIOaAKax. HarpyxkeHue pacnpenesieHHbIMU U COCPEIOTOYEHHBIMU CHJIAMH OCYIIIECTBIISA-
0T C MIOMOUIbIO THAPOLMIMHIPOB U PhIUAKHBIX CHCTEM, KPEIUIEHUE KOTOPBIX K O0BEKTY BBINOJI-
HSIOT JIOKEMEHTAaMH U TiAramu. B o0macTu pacrpeneneHHBIX Harpy30K Ha IOBEPXHOCTH IMPH-
KJICMBAIOT CUCTEMY OpE3E€HTOBBIX JIIMOK, KaXKAas U3 KOTOPHIX MOXKET MepenaTh Harpy3ky 1o 1,5
kH. OgauM 13 TpeOoBaHUl K CHCTEME HCIIBITAHU SBISIETCS BO3MOXKHOCTD MPHJIOKEHHS 3HAKO-
[IEPEMEHHBIX Harpy30K.

VYnpaBieHre MHOTOKaHAJbHBIMU CHUCTEMaMH HarpyXeHHs OCYLIECTBISIOT C IOMOUIbIO 3JIEK-
TPOHHBIX M CEPBOTHAPABINYECKUX YCTPOICTB C MCIOJIb30BaHUEM YIpaBistomeid MuUHUOBM.
Cxema THUIIMYHOM MHOTOKaHAJIbHOW CUCTEMbI Harpy>xeHus Ha 20 KaHaJIOB MTOKa3aHa Ha PUCYHKE
1.36.

[Ipn co3naHuy HOBBIX YCTPOWCTB Ul MCIBITATEIBHOM TEXHUKM HEOOXOIMM aHalU3 CYILECT-
BYIOIIIMX CHCTEM U 3JIEMEHTOB, KOTOPbIE JTOJIKHBI ObITh MPUHATHI KaK IPOTOTHUIIBL. PaccMoTpum
OJIMH XapaKTEPHBI 00BEKT YHUBEPCAIBHON MCIBITATEIHHON CUCTEMBI (MAIIUHBI) — TEH30AWHA-
MomeTp. CrepkHeBbIe, IMIMHAPUYECKUE U KOJIbLIEBbIE (M3rM0 B INIOCKOCTH) YIPYTHUE 31€MEHTHI
He 00J1a/1al0T OJMHAKOBBIMM YNPYIrUMHM XapaKTepPUCTHUKAaMH Ha pacTsbkeHue U cxarue. Jlns
KOJIbLIA, HaIrPyKEHHOTO B IJIOCKOCTH, BCJIEACTBHE I'€OMETPUUYECKONW H3MEHSIEMOCTH, pazinydue
negopmanuil Mpu pacTsDKEHUM M CKaTUM 0coOeHHO 3aMmeTHO. EctecTBeHHO, Mt nedopmanuii
OJIHOTO 3HAKa 3TU 3JIEMEHTBI MOTYT ObITh IPUMEHEHBI.
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Puc. 1.36. biok-cxema MHOIOKaHAJIbHOM CUCTEMBI CEPBOTMIPABIMUYECKOI0 HATPYKEHUS C
yrpaBiieHueM 0T MUHUOBM: 1 — ruapotunuHapsl; 2 — CepBOKIIAINIAHbL;



3 — TEeH30IMHAMOMETPHI; 4 — TATYMKHU TIEPEMEIICHUH; 5 — THAPOOIOK-pacpeieTuTeNb ¢ (Iian-
namu; 6 — rugpoarperar; 7 — myCKOBO€ yCTPOMCTBO;
8 — MOTOp-TeHepaTOp MUTAHUS SIEKTPOHHBIX YCTPOUCTB; 9 — MOIyJIbHAS CHCTEMA aHAJIOTOBBIX
yeunuteneit; 10 — AT u HAIL; 11 — nporpaMMupyemMsble yachl;
12 — ycrpotictBo cBsizu ¢ 9BM; 13 — Mmunu3dBM; 14-16 — yerpoiicTa ObIcTpoii evatu; 17 —
BHEIIHSSI MaMsTh; 18 — ocmumorpad

®upwma lllenk (OPI') 3anaTrenToBaNa hopMy NMpoduIIs )KECTKOTO KOJIbIIa, HATPYKEHHOTO Kpyde-
HueM (puc. 1.37), rae Ha Topuax pa3MeuleHbl HaNbUISIEMble TEH30PE3UCTOPHI, COOMpaeMbIe B
CXeMy MOJHOTo MocTa. ITu T]] mpakThyecku He U3MEHSIOT XapaKTEPUCTUKHU MPU PACTSHKEHUU U
C)KaTUH, UMEIOT COOCTBEHHYIO YacToTy 2,5—7,0 k[ 1.

N
\\

Puc. 1.37. Tenzongunamometpsl cuctemsl llenk: 1 — ynpyruii aneMeHT «apouaupoBaHHoe
KOJIBLIO TP KPYUEHUNY; 2 — TEH30PE3UCTOP



HccaenoBanus U MCIILITAHUS HA3€MHBIX TPAHCHOPTHO-TEXHOJOIHYC€CKHUX
MallluH

Jleknus 15 JxcnepumMeHTaILHOE ONpe/iesieHHe MPOU3BOINTEIbHOCTH pa3-
JIMYHBIX TUIIOB MAIIIUH.

Memoovl mexanuKu papyuienus u Hepapyuiarujue Memoovl KOHmpois

Pa3BuTHe MexaHUKHM pa3pylIEHUs SIBUIOCH PE3YyIbTAaTOM MOCTAHOBKM M aHAlIM3a TOHKUX JKCIIe-
PUMEHTOB Ha 00pasliax U KOHCTPYKIUAX ¢ TpeumHaMu. [I[pouHOCTh KOHCTPYKIIMH C TPEIIMHAMU
CYIIECTBEHHBIM 00Pa30M 3aBUCHUT OT JJIMHBI TPEIIMHBI, CBOWCTB MaTepHala, pa3MepoB U (GOPMBI
netanu, ucxoanoro HIC, ckopoctu aedopmanuu, cpeasl U T..1. MaTepualibl B pa3HOU CTENEHU
00J1aJaf0T CBOWCTBOM TPEIIMHOCTOWKOCTH WM BSI3KOCTU pa3pylleHusi, HO OObEKTUBHBIC KpUTe-
PHUH OLIEHKU TPEIIMHOCTONKOCTH ObUTM U3YUEHBI U MIPUHSATHI TOJIBKO MOCE OTPAOOTKU METOTUKU
OTIpeNieNIeHUs] KpUTHUECKUX K03((HUIeHToB HHTeHCUBHOCTH Hanpsbkenuit K u K¢, a s mna-
CTHUYHBIX MaTEPHUAJIOB — KPUTHUUECKUX 3HAUCHUHN JITMHBI TPEIIMHBI U J-UHTErpaa.

OpnHUM M3 HalpaBJIEHUH B MEXaHUKE pa3pylICHUs SBUJIOCH Pa3BUTHE SKCIEPUMEHTAIbHBIX Me-
TOJIOB JJIsl HAXOXKJIeHUs1 K03 uireHToB nHTeHcuBHocTH Hamnpsokenuil (KMH) ¢ mpumenenuem
¢doroynpyrocty, MeTo/la KayCTUK U uHTeppepomerpun. [lomyunna pa3BuTthe TeXHUKA U3MEpe-
HUS CKOpOCTH pocTta TpemuH ycranoctu (CPTY) u onpenenenus KpUTHIECKON JUTMHBI TPEIIMHbI
ay TP IUKIIMYECKOM Harpyxenuu. M3yuenne 3akonomepaocreir CPTY mpuseno k 06001meHHOM
JUarpamMme ycTajioCTHOTO paspylueHus (ypaBHeHuro Ilapuca) U k MeToANKe HAXOXKACHUS €€ KO-
3¢ PUIHMEHTOB, HA OCHOBAaHUHM KOTOPHIX MOXHO CPaBHHBATh CBOMCTBA MAaTEPUAIOB C BBICOKOMH
JIOCTOBEPHOCTBIO U MOJTHOTOM. Pa3BUTHE KOHIENIINN O «KPUTUYECKON JJIMHE TPEIIMHY WU 3a-
JIO)KEHHOM B KOHCTPYKIHH Ae(eKTe OmpeaesieHHOro pa3Mepa 03Hadajao, YTO BO3MOXKHa 0e30-
nacHasi SKCIUTyaTalisl MalluHbl UJIM KOHCTPYKIIMU C TPEUIMHAMHU, €CIIM TPEIIUHbI HAlIeHbI U 32
UX POCTOM JI0 ONPEAEIEHHOr0 pa3Mepa MOXHO Ha0r0AaTh. JTa KOHIENIMs NpuBeia K co3ja-
HUIO IEJION OTpaciu HpUOOPOCTPOCHUS — TEXHUYECKHX CPEICTB HEpa3pyIlAIoIUX METOI0B
koHTposst (HMK).

C nosBIIeHHEM PacCTPOBOrO IEKTPOHHOI'O MHMKPOCKOIA, TO3BOJISAIOIIEIO BECTH BBICOKOKAYECT-
BEHHOE HaOmrofeHue u QororpadupoBanre CTPYKTyp H3JIOMOB C pazpemierremM go X 10000,
¢dpakrorpadus cransa MOIIHBIM CPEICTBOM BBISBICHHS CTPYKTYPHBIX 1e(EKTOB, IMHAMUKHU BO3-
HUKHOBEHUS U Pa3BUTHUSI MUKPOTPEIIUH YCTAJIIOCTH, OOPO3JI0K, 30H JOJIOMAa U IJIACTUYECKUX Jie-
dopmanuii. AHaNIM3 SKCIUTYaTallMOHHBIX MOBPEXAECHUIN U CIIOKHBIX pa3pyIIeHUil MpH dKcIepu-
MEHTE CTajl Hay4yHO OOOCHOBaH M JIOKYMEHTAaJ€H, a IMOSBJICHHE aJbOOMOB 1O (ppakrorpapuu
Pa3IMYHBIX METAJUIOB U CIUIABOB OOJETYMIIO HACHTU(UKAIMIO U3JIOMOB.

Memoowvt obnapyscenun ycmanoCmublx mpeujun

WHTeHcuBHAs 3KCIUTyaTallds MallMH MOTpedoBaja OOBbEKTHUBHBIX CPEACTB KOHTPOJS HM3ZENuH,
o0ecreunBaroIuX HaIeKHOe 0OHapYKEHUE TPELUHbI, IPOCTOTY U MOPTATUBHOCTh B MPUMEHE-
HUU, YHUBEPCATIHOCTh PA3JIMYHbIX TUIIOB IPUOOPOB U MeTO10B. TpeboBaHus MOBBILICHHS Kade-
CTBa TPAAMIMOHHBIX MAaTEpUAJIOB U CIUIABOB, a TAK)K€ 3HAYUTEIBHOE Pa3BUTHE HOBBIX BHJIOB
HEMETAJUTMYECKUX KOMIIO3UIIMOHHBIX MaTepUajoB U Moiny¢habpuKaToB OIpeNeIwiid CO3/1aHue
METO/IOB U CPEACTB 1e(hEKTOCKONUU MPUMEHUTEIHHO K COBPEMEHHON TEXHOJIOTUU U MPOU3BOI-
CTBY HOBOHM nponykuuu. Hepaspymaromue meroas kouTpoias (HMK) ucnonssytor npu oOHa-
PYKEHUU TPEIIUH U 1e(EKTOB MPHU TEXHOJOTHUYECKOM U HKCILUTYaTallMOHHOM KOHTPOJIE CBAPHBIX,
KJICEBBIX, OOJITOBBIX U JPYTUX COEIMHEHUMN, KOHCTPYKIUN U U3AETUH, IIMPOKO NPUMEHIEMBbIX B
CYJIOCTPOCHHHU, CTPOUTEIHCTBE, aBUACTPOCHUH, DPHEPIreTHKE, HEPTEra3oBbIX TPYOOIPOBOIHBIX
cucTeMax U T.J.

Memoowr obHapysicenua mpewun kraccugpuyupyrom 1o (Gpu3n4eckoMy NPUHLUIY B3aUMOAEHCT-
BUA HcKaTens ¢ usaenuem. Mx BeiGop, 3¢ (heKTUBHOCTS U 006J1aCTh MPUMEHEHHUS 3aBUCAT OT MpH-



PO MaTepuaia, FTeOMETPUN M3ETHsI, MeCTa BOSHUKHOBEHHSI TPEIIMHBI, YCIOBUH ee 3aposKie-
HUS ¥ pOCTa, HAIUYHUS KOPPO3UH, GPETTUHTA U T.1.

Paznuyaror MeTonpl BU3yaJdbHO-ONTHYECKUE, KAWUISIPHBIC, MATHUTHBIEC (JIEKTPOMArHUTHBIE),
BUXPEBBIX TOKOB, paJHallMOHHbIE (paauorpaduyeckuil, paguOCKONUYECKHM, paJuoMeTpuye-
CKHM), YIbTPa3BYKOBBIE, aKyCTUYECKOW 3MUCCUH, UMIIEJAHCHBIA (BUOpPALlMOHHBIN, 3BYKOBON),
CBY-Mmeroasl, uatepdepomerpudeckue (rojorpaduueckre) U uHpakpacHble (TEIJIOBU3HOH-
HBIE).

Busyanvno-onmuueckum memooom HaYMHAIOT, KaK MPaBHIIO, MOUCK M OOHApyKEHUE TPEUIHH,
€CIIM Ha 3TO €CTh OCHOBAaHUS M MMEETCS] BO3MOXKHOCTb MPUJIOKHUTH K JIETaM HArpy3Ky, YTOObBI
packpbITh TpewmuHy. Kpome mpocTeimmx onTtuyeckux MpuOOpPOB THIIA JYMBI U MUKPOCKOIIA,
OPUMEHSIOT OOPOCKOIBI C MECTHBIM IO/ICBEYMBAHUEM, SHAOCKOIHI C (POTONpPUCTABKAMH U THO-
KHMH CBETOBOJAMH, KOTOPbIE 3HAUUTEIHHO YIPOLIAIOT OCMOTPHI 30H MPEIoiaraéMbIX TPEIIUH
B TPYIHOJOCTYITHBIX MECTaX.

Kanunnapnoiii memoo npuUMEHSIIOT Ui OOHApY>KEHHUS MOBEPXHOCTHBIX TPEIIMH B MeTajuinye-
CKUX M HEMETAITMYeCcKuX u3aenusx. OH OCHOBaH Ha MCKYCCTBEHHOM IOBBIIIEHUN KOHTPACTHO-
CTH 30HBI TPELIUHBI WIH 1e()EKTOB OTHOCUTEIILHO HEMOBPEXKICHHOM 00JIaCTH 0 TaKOM CTeleHH,
YTO TpeIIMHAa MOKET HaOI0JaThCs HEBOOPYXKEHHBIM IJIa30M. DTO JTOCTUTACTCS 3arOIHEHHEM
TPELIUH U ApYruX Je(EeKTHBIX MOJIOCTeH Ha MOBEPXHOCTH JETaIH [[BETOKOHTPACTHHIMU BEUIECT-
BaMH BCJICACTBUE KAMMJUISIPHBIX CBOMCTB MalbIX AedexToB. [IpuMenenne moMruHO(OPOB U Kpa-
CUTellel B COYETAaHHUH CO CIEMATbHBIM OCBELICHUEM, HAIPUMED yIbTPa(QHOIETOBBIM, TTO3BOIISI-
€T BBISIBUTH ITOBEPXHOCTHBIN JEPEKT M0 SPKOMY CBEUCHHIO JTIOMHHECIIUPYIONIETO PACTBOPA.
MacnumHulil nOpouIKo8wvIll Memoo MPUMEHSIOT Ui OOHAPYKEHUSI TPEUIUH U IPYrux AePeKTOB
Ha TIOBEPXHOCTH WJIM BOJH3M €€ B JeTalsiX U3 (eppOMarHUTHBIX MaTEPHUAIOB JHO00H (HOpMBI,
HE3aBHCHUMO OT BUJA TEPMOOOPaOOTKH. MeTo OCHOBAH Ha BBISIBICHUH UCKAXEHHS MarHUTHOTO
HOJISL OKOJIO TPEIIUHBI WM TOANOBEPXHOCTHOTO Je(eKTa ¢ TOMOIIBI0 MEITKOANCIEPCHBIX (hep-
POMAarHUTHBIX YACTHI], BBIIOIHSAIOMIUX POJIb UHIUKATOPOB. DTH YACTHUIIBI MO IEHCTBUEM Mar-
HUTHBIX CHJI MEPEMEIIAIOTCs B MECTa HauOOJNbIIEeH KOHUEHTPAIIMHA CHUIIOBBIX JIMHUH — K 30HaM
nedexra — u 00pa3yroT KOHTPACTHBIE HAKOIUICHUS B BUE JUMHUMA WK nsaTeH. HamarnnunBanue
JeTajeid IpoOBOIAT MPH ONPEACTICHHOM HaNpaBJIeHHH MAarHUTHOTO IOTOKA, CO37aBaeMoro Io-
JIOCHBIMH 3JIEKTPOMAarHUTaMH, WM MPOMYCKaHUEM 3JIEKTPUYECKOro ToKa uepe3 jeTtanb. Ha-
NpaBJICHUE CHJIOBBIX JIMHUHN B JIETaM BHIOMPAIOT MEPIICHANKYIISIPHBIM OXXHIa€MOMY HaIlpaBJie-
HUIO TpetMH. [Topomok WM CycneH3uio B 3aBUCHMOCTH OT MAarHUTHBIX CBOMCTB MaTepualioB
HAHOCAT B MPUCYTCTBHHM HAMarHWYHMBAOMIETO OIS (MATHUTOMSATKHE MaTEpHaibl) MU B yCIIO-
BUSAX OCTATOYHON HAMarHWYeHHOCTH (MAarHUTOTBEpAbIE MaTepuaibl). MarHUTHBI KOHTPOIb
TPEUIMH IIMPOKO MPUMEHSIOT B MAIIMHOCTPOSHHUH W JIBUTATEJIECTPOSHHUH IS KOHTPOJIS CTalb-
HBIX JIeTajiel mocie (GUHUIIHBIX TEXHOJIOTMYECKHUX ONepaluil 1 TepMooOpabOTKH.

Memoo euxpegvix mokog (3NEKTPOMATHUTHBIA METOJ) MPUMEHSIOT IJIsi KOHTPOJIS SJIEKTPOIPO-
BOJIAIIMX MaTepHallOB, 3arOTOBOK M JIeTallel Ha Pa3UYHBIX dTanax MpPOU3BOCTBA U IKCILTyaTa-
in. M oGHapyXKMBArOT TOBEPXHOCTHBIC W TIOAIIOBEPXHOCTHBIE TPEUIMHBI U Je(QEKTHI, JTOKaTb-
HbI€ KOPPO3HOHHBIE MOPAKEHUS (MEKKPUCTAIIMTHYIO KOPPO3HUIO), OCOOEHHOCTH CTPYKTYpPHI T0-
ciie TepMooOpaboTKu. M3MepeHreM MpOBOIMMOCTH OIPENENSIOT 30HY, TIOBPEKICHHYIO OTHEM,
WINA 00JIaCTh KOPPO3UOHHBIX MOBPEXKACHUH, a TaK)Ke OCYLIECTBISIOT pa30pakoBKy MaTepUaloB
no MapkaMm. C TIOMOIIBI0 BUXPETOKOBBIX JIEPEKTOCKOTIOB U3MEPSIOT TOJIIUHY JINCTOB, CTCHOK,
Pa3IMYHBIX 3AIIUTHBIX MOKPHITHHA, OCTATOYHBIX TOJIIUH MOCJIE€ XMMHUYECKOTO (ppe3epoBaHus U
Koppo3un. HoBble pa3paboTKH 10 BUXPETOKOBOMY METOJY TIPUBENN K CO3/IaHUIO MTPHOOPOB JIJIs
KOHTPOJISI MHOTOCJIOMHBIX HEPa3beMHBIX KOHCTPYKIMHA. MeTo1 OCHOBaH Ha MHIYKLIIMOHHOM BO3-
OyXIIEeHHUH BHXPEBBIX TOKOB B DIIEKTPOIPOBOJSIIEM MaTepHale 00beKTa U PEerHCTPalliu H3Me-
HEHMH 3JIEKTPOMArHUTHOTO IMOJISl 3TUX TOKOB B CBS3U C TPELIMHON WM Ae()EeKTOM B MOBEPXHO-
CTHOM CJIO€ JeTaind. VICTOUHNKOM M TIPUEMHHUKOM JJIEKTPOMArHUTHBIX KOJICOaHUil sSBISETCS O
Ha UJIM HECKOJIBKO KaTyIIEeK HHAYKTUBHOCTH.

Paouayuonnvie memoos: 0OHApY)EHHS TPEUIMH M JePEKTOB, a TaK)Ke HAPYIICHUH BHYTPEHHEH
KOH(Urypaluyd U B3aUMHOTO PACIOJIOXKEHMs JeTaliell, He JOCTYIMHBIX JUIsI OCMOTpa MpHU U3ro-



TOBJICHHH, COOPKE, PEMOHTE U KCIUTyaTalluy, IPUMEHSIOTCS JUIsi KOHTPOJIS CIIMTKOB M OTJIMBOK,
CBapHBIX COECIUHEHUH, MasHBbIX U KIJIETIaHbIX COEJAMHEHUH, KeIe300€TOHHBIX M3/ENuil, Hepa3b-
€MHBIX JIeTaJieil CaMOJIETOB, arperaToB U y3JI0B KOHCTPYKLIHM.

I'OCT 20426-82 Ha paguanimoOHHbIE METOJIbI KJIACCUDUIIMPYET UX 1O MPUHITUIY PETUCTPALINN U
HaOmroeHust A1epeKToB, a He TI0 MPUHIUITY JKECTKOCTU M3IY4EHUs: paguorpaduyeckuii (peHT-
T€HOBCKOE, TaMMa- W OeTa-u3JIy4eHHE); dJIeKTpopanuorpaguieckuii (peHTTEHOBCKHI); paanuo-
CKOTIMYECKHH (PEHTTeHOBCKUH, OETAaTPOHHBIN); painOMETpPUUYECKHi (MPHUMEHEHHE PEHTTEeHOB-
CKHUX arrmapaToB, paIiOaKTUBHBIX HICTOYHUKOB, OETATPOHOB).

PangranmonHbie METO/IbI BBISABIISIIOT MOJIOBEPXHOCTHBIC M BHYTPEHHHE TPEUIMHBI U J1e(EKTH B
JEeTalsAX U3 JII0ObIX MaTepUajoB Ha OCHOBE OCJIA0JICHUS WJIM YCWICHUS WOHU3UPYIOLIEro H31Yy-
YCHHSI, BEI3BAHHOTO J1e(heKTOM ¥ 3aMKCHPOBAHHOTO MpeoOpa3oBaTeNsIMUA U3TYyYCHHUH: paamo-
rpadgudeckoi 1miIeHKou, GoToOymarou, 3JIeKTpopaauorpaPuIecKoi MmIacTUHOMN, (HIyopOCKOIH-
YECKUM 3KPAHOM, CLHMHTUIUISLIMOHHBIM MOHOKPUCTAJIJIOM C 3JEKTPOHHO-ONTHYECKUM Ipeolpa-
30BaTelIeM, PEHTIC€HOTEIEBU3MOHHON YCTAHOBKOM C PEHTI€HOBUIUKOHOM, C MOMOUIBIO KCEpo-
rpadum.

Axycmuueckue ynopazeykossie (¥3) METOIbI U UX PA3HOBUAHOCTH 3P(HEKTUBHO IPUMEHSIOT IS
oOHapy>KeHHsI, U3MEPEHUS U ONpeeNICHUs] KOOpAWHAT TpemuH u aedexkroB. Ha ux ocHoBe co3-
JaHbl U CEPUNMHO BBIMYCKAIOTCS Y 3-1e(eKTOCKONbI, HHTPOCKOIIBI, MTOTYyaBTOMATUYECKUE CUCTe-
MBI MaccoBoro KoHTpoiisi. B V3-medekrockonax HCHIOIB3YIOT METOIBI, Pa3IUYaIOUINEcs IO
MPUHIIMITY JIEHCTBUS U YCTPOUCTBY MPUOOPOB, a TaKXKE MO XapaKTepy U3MEPSEMBbIX BEIMYUH U
MECT pacIoJIOKEHUs UcKaTenen (Ibe301aTYMKOB).

Tenesoti memoo (METOJ CKBO3HOTO MPO3BYYMBAHUS, METO/ 3BYKOBOI T€HU BIEpPBbIC OBLI Mpe/I-
noxeH B 1928 r. C.41. CokonoBeiM). M3nmyuaTenb ¥ NPUEMHUK Pa3MEILAOT [0 pa3HbIM CTOPOHAM
uznenusi. TpemurHa uian Apyroi nedeKt, HaxoIACh Ha MYTH YJIbTPa3BYKOBOM BOJIHBI, OCIA0MISIOT
€€ HPHEPruio (IOTJIOLIAI0T UM PACCEUBAIOT), YTO PETUCTPUPYETCSI IPUEMHUKOM U OIPEAEIAETCS
WHAUKATOPOM.

Hmnynvcnou 9x0-memoo. V3nydarenb reHepupyeT KOPOTKUM yJIbTpa3ByKOBOM MMITYJbC, KOTO-
pBIN OTpaxkaeTcst oT nedeKTa, MOBEPXHOCTH U «IHA» u3aenus. YacTh dydeil Bo3BpallaeTcs Ha
HCKaTellb, KOTOPBIA Ternepb padoTaeT B pekuMe MpueMHUKaA. [I0CKONbKY «JJOHHBIE)» OTpa’KeH-
HbI€ CUTHAJIbl IOCTYMAIOT HAa UCKATeJb MO3/IHEE, YeM CHTHAJIbI OT Je(PEKTOB, UX Pa3IHyaloT Ha
uHauKaTope. [lo aMIinTyAe 3X0-CUTrHAIOB CYAST O BEIUYMHE TPEIIMHBI (1eeKTa), a Mo BpeMe-
HU OT MOMEHTa M3JIyu4eHHUs MMITyJbca O MOMEHTa MpHEeMa 3XO0-CUTHaja ONpPEAEsIIoT paccTosl-
HUE J0 OOHApYKEHHOW TPEIIMHBI. DTOT METOJ IIUPOKO MPUMEHSIIOT MPAaKTUYECKU ISl JIFOOBIX
MaTepHaloB U KOHCTPYKLUH, BBISABIAS TPEUIMHBI U APYrHe HECIUIOMIHOCTH B CBAPHBIX COEAMHE-
HUSX, TPyOax, COCyAax, MassHbIX U KJICCHBIX COSAMHEHUSX, IIPH KOHTPOJIE COTOBBIX KOHCTPYKIIUH
U KOMIIO3MLMOHHBIX MarepuaiioB. KoHcTpykuust uckareneil ompenensercss (GopMoi H3aenus,
HaIpaBJ€HUEM MPO3BYYUBAHUS U CITIOCOOOM KOHTAKTa C MOBEPXHOCTHIO. OOBIYHO 111 HA/IEKHO-
ro KOHTAKTa C IeJIbI0 00ecreueH st IprueMa — repeiaun yibTpa3Byka 0€3 3HaUMTENbHbBIX OTEPh
B KOHTaKTHYIO I1I€Jb, COUBMEPUMYIO C JUTMHON Y3-BOJHBI, BBOASAT UMMEPCUIO — MUHEpPAJIbHbIE
Macia, TIMIEpUH UIU BOAy. B HEKOTOpPBIX cilyuyasx 3a30p yBEIMYMBAIOT AJIsi 0OeCleYeHus: UM-
MEpPCUH TIPU HETPEPHIBHOM MCTEYCHUHU CTPYH TOJ IABMKYIIUICS HCKaTenb. HekoTopbie cxembl
IIPO3BYYMBAHUS U BUIbI HCKaTeNIEH NOKa3aHbl HA pucyHkax 1.60 u 1.61.

Hexamens

Puc. 1.60. Cxema Y3-KOHTPOJISI CBAPHOTO COSTUHEHHSI BHAXIIECTKY
C TPEUIMHOM B ILIBE
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Dewuna
Puc. 1.61. Cxema Y3-KOHTpOJI IPOYLIMHBI LIAPHUPHOTO y3J1a CO CIIELHUaIbHbIMU

HacagkKaMu OJis1 HCKaTeCJIsd U HAKJIOHHOM OCBIO Jy4da

Memoo axycmuueckotl smuccuu (A3). IIporiecc MUKpOTPENTMHO-00pa30BaHUs B ICTAISAX MaITUH
HEIMOCPEICTBEHHO CBSI3aH C TEXHOJOTHEH MPOU3BOACTBA MaTepuaia U JETaliei, ¢ peKUMaMu U
YCIIOBUSIMU 3KCIUTyaTaluu u3aenuil. Mzmyuenue BOIH HanpspKeHUM, 00yClIOBICHHOE BOSHUKHO-
BEHUEM U Pa3BUTHEM MHUKPOJE(HEKTOB (MUKPOTPEIINH) B MaTepHalie, HE3aBUCUMO OT TPUIHHBI
uX nosiBieHus (ycTanocTh, TeKydecTb, TepMooOpadoTka, HJIC, crapenue, BuOpoBo3neiicTBIE U
T.J1.), MOKET OBITh OOHAPYKEHO U 3aPETUCTPUPOBAHO C BHICOKOW TOYHOCTHIO COBPEMEHHOM aKy-
cTudeckoi ammaparypoil. [loatomy emie B Hauane 50-X TOJ0B Ha4aja0Ch HHTEHCUBHOE U3YUYECHUE
«eopMalMOHHBIX TYMOBY. OU3NYECKHUE MPUUNHBI BOSHUKHOBEHUSI YIIPYTHX BOJIH B CTPYKTY-
pe TBEPIBIX TeIl CBA3AHBI C MOJUKPUCTAIUIMYECKUM CTPOCHHEM METalIOB U CIUIaBOB, UX (azo-
BBIM COCTaBOM, a B HEMETA/UIMYECKUX MaTepuaiax — HEUIACATbHBIMU CBS3SIMU MEXKIY DJIEMEH-
TaMU MHOTOMEPHBIX CTPYKTYP U BHYTPEHHUM TPEHUEM.

DKCIEPUMEHTAIBLHO UCCIIEI0BAHbI HEKOTOPhIE UCTOUHUKK AD B TBepabIX Tenax. [lokazano, 4To
yIpyTryue BOJIHBI HAMPSDKEHUN BOSHUKAIOT MIPU IBUYKEHUU CKOIUICHUS TUCIOKAllMU, JBOMHUKOBA-
HUU B KpUCTaJUIaX, Ga30BbIX MPEBPAICHUSIX B METAJUIAX U CIIaBaX, 00pa30BaHUHU YCTATIOCTHBIX
MUKPOTpPEIINH, COMpOBOXKAaromeMcs 3hPexToM TUHAMUYECKOW pasrpy3KH marepualia B Bep-
IIMHE TPEUIUHBI, MYJIbCAIIUIMUA CKOPOCTEH TPEIIMHBI U €€ BeTBieHHs. OHOBPEMEHHO BO3HHU-
KalolllKe MiacTuueckue aedopMalii B BEPIINHE CBA3aHBI CO CKOJIBKEHUEM H JBOWHUKOBAHHUEM
B KpHCTaJllaX; KpPOME TOr0 TPEHHE MOBEPXHOCTEH 0e3 CMa304YHOro Marepuala, KOorjaa «ciuma-
HUE» M0 BepUIMHAM MHMKPOHEPOBHOCTEH MPUBOIUT K MECTHBIM IIACTUYECKUM AedopMaliusam
TaK)Xe PErUCTPUPYETCsI, KaK CUTHAJBI AD.

Hauano TpemmHooOpa3oBaHus CBA3aHO C CUTHaIaMu AD pa3NIuYHONW MHTEHCUBHOCTH U aMILIH-
Tyasl. [loaToMy nmist pemieHus: 3agayv OOHAPYKEHUS MOMEHTA 3apOKIECHUS MHKPOTPEIIMHBI
MPOBOJIUTCA CEJIEKIUSI CUTHAJIOB AD MO aMIUIMTYAHBIM, BDEMEHHBIM U CIIEKTPAJIbHBIM ITapaMeT-
pam. Bo Bcex ciyyasx Hy>KHbI KaTUOpOBKa JaTYUKOB M aNapaTypbl U OMpeleleHHe MOPOrOBhIX
3HAYCHHUI CUTHAJIOB, HA KOTOPBIE HACTPAUBAIOTCS TPUOOPHI OMTOBEIICHUSI.

OrnpezenieHre MECTOIOJIOKEHUSI BEPIIMHBI TPEUIUHBI IO CUTHaJIaM AD OCYILECTBIIAIOT Ha OC-
HOBE YETHIPEX MPOCTPAHCTBEHHO PA3HECEHHBIX Ha OOBEKTE NAaTYMKOB — Ibe30INpeodpazoBare-
7€, OCYIIECTBISIIOUIMX JIOKALMIO 10 U3MEPEHUI0 BPEMEHHU 3aE€PKKA MEXKAY MOMEHTaMHU IO-
CTYIUICHUSI CUTHAJIa B COOTBETCTBYIOIIHME KaHAJBI PUEMa U PETUCTPAIUH.

[Ipy HUKINYECKOM HArpy:KeHUM KOHCTPYKLMM TOJIKOBAaHUE CUTHAIOB A 3HAYUTEIBHO YCIIOX-
HSIETCS BCJIEACTBUE ITYMOBBIX TTOMEX, BBI3BAHHBIX CAMOW MCIBITATEILHON TEXHUKOU, U (hu3nde-
ckux ocobeHHoctell. «Iddext Kaiizepay, 3akimouaeTcsi B HEBOCIPOU3BOAUMOCTH CUTHATIOB AD
MIPU TIOBTOPHOM HAarpy>KeHHUH JI0 YPOBHS HANPSHKCHUH MEPBOTO HATPY>KEHHsI, 3HAUNTEILHO CHHU-
JKAETCsl YPOBEHb CUHATIOB AD, KOTOpPbIE CTAaHOBSITCS OMM3KH MO aMILTUTYJaM K BHEITHUM MTOMe-
Xam.

Hecmotps Ha HenocTaTku MeTonia AD, 3aKIIOYAIOUIMECS B CIOXHOCTH anmnapaTrypbl U aHalIu3a
pEe3ynbTaTOB, B MPHUBJICUCHUH K PaboTaM BBICOKOKBATM(UIIMPOBAHHOTO MEpCOHANIa, B HEOOXO-
JUMOCTH TIO/IaBIICHUS] aKTUBHBIX MMOMEX, TPEOYIOMINX PsiAa TOTMOTHUTEIFHBIX MEPOTIPUSTHI, Me-
Tony AD mpucyll psiJl YHUKaJIbHBIX CBOMCTB: BBICOKAs YyBCTBUTEIBLHOCTh OINPECICHHS CUTHA-
70B AD; BO3MOXXHOCTh CIEAUTH TOJIBKO 32 aKTHBHBIM Pa3BUBAIOMIMUMCS Ie(EKTOM, MPeICTaB-



JHAIOMUM OMMACHOCTL JII KOHCTPYKHHWH, HCIIOJIB30BAHUC HCIIOABWIKHBIX (663 CKaHI/IpOBaHI/Iﬂ)
JAaTYMKOB, YCTaHABJIMBACMbBIX Ha 3HAYUTCIIBHBIX PACCTOAHUAX OT TPCIIUHLI; YHUBCPCAJIBbHOCTE B
MMPUMCHCHHUH K TBEPAbIM TCJIaM IIPH BO3SHUKHOBCHUU B HUX YIIPYTUX KOJICOQHHUM.
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Puc. 1.1. Cxema peUiCHrd OCHOBHBIX 3a1a4 3KCHepI/IMCHTaHBHOI>'I MCXaHHMKHU MalllMH



HcxonHbIM 3TArioM Jyisi IPOSKTUPOBAHUSL CUIIOBBIX KOHCTPYKLIMM U MEXaHU3MOB SIBIISIETCS I10-
Jy4eHHUE CICAYIOIMUX AaHHBIX: 1) 0 (GYHKIMOHATHPHOM HAa3HAYCHUH, PEKUMax, TEXHUKO-
HSKOHOMHUYECKUX MapaMeTpax MallUuHbI, pACCMAaTPUBAEMbIX IPHU COCTABJICHUN TEXHUYECKOTO 3a-
nanus (T3); 2) o BHENTHUX Harpy3Kax M yCJIOBHUSX 3KCIUIyaTalllH, MO3BOJISIOMUX chopmMymupo-
BaTh PACUETHBIE YCIOBUS ISl POSKTUPOBAHUS; 3) O KOHCTPYKTUBHBIX CXE€MaX, PaCU€THBIX CTa-
TUYECKHX, KHHEMATHYEeCKUX U JTUHAMAYECKHX MOJEIAX KOHCTPYKIIMH M MEXaHM3MOB, UX Mare-
MaTUYECKOEe OnucaHue; 4) o MpearnooKUTEILHOM KOMILIEKCE PACUETHBIX KPUTEPUEB IPOYHO-
CTH, pecypca U (PyHKIIMOHUPOBAHMS, OTHOCSIIUXCS K PacCMAaTpUBAEMOMY KJIacCy MAlllMH M yC-
JIOBHSIM 3KCIUTyaTaluy; 5) 0 BO3MOKHOM HA0Ope KOHCTPYKIIMOHHBIX MAaTepHasoB, moryhadpu-
KaToOB, TEXHOJIOTHH JeTaled ¥ THIIaX COCINHCHUH.

[lepeunciienHble CBEEHUS U JaHHBIC MOJIYYaOT Ha CTAJUU IPOTHO3MPOBAHUS U B Hayaje pas-
pabOTKH MPOEKTA Ha dTalax TEXHUYECKOTO 3a/IaHMs, TEXHHYECKOTO MPEIIOKCHHS U aBaHIIPOCK-
Ta (3CKU3HOTO MPOEKTA) U 3aT€M YTOUHSIOT HA BCEX IMOCJIEAYIOUIUX dTanax CO3/1aHus U dKCIUTya-
Tal¥ MAaIIXHEI.

B co3manuu coBpeMEHHBIX MAIlMH BaXXHEHIITUMU, IJIUTEIBHBIMH U TPYAOEMKUMHU CTAIUSMU
pa3pabOTKH SIBJISIFOTCS MEPBBIE ATaIlbl, BKIIOYAOIIKE dTan pabodero (TEXHHUYECKOro) MPOSKTH-
pOBaHUA.

Ha sTamne TeXHU4eCKOTo MPOSKTUPOBAHUS M IMMOCTPOUKHU OIBITHBIX SK3EMILISIPOB MAIIMHBI H3MeE-
HAETCSA COJACPKAaHWE AKCICPUMEHTAIBHBIX HMCCIICOBAHUN. 3aBEpIIACTCs OMNEPEKarolias paspa-
00TKa MPUHLHUIIUATHHO HOBBIX Y3JIOB, COCAMHEHUH, JIeTaNel, MPOBOSATCS CPaBHUTEIbHBIC HC-
MBITAHUSL UX C LEJBI0 MOJIYYCHHUS 0KHIAEMBIX JYUYIINX XapaKTEPUCTUK IO MPOYHOCTH, JOJTO-
BEYHOCTH, U3HAIIMBAHHMIO W T.J. M COIOCTABJIECHNUE C JIAHHBIMUA M3BECTHBIX TEXHUYECKHUX pEIlle-
Hui. VcnpiTanust HaTYpHBIX M TOJYHATYPHBIX 3JIEMEHTOB KOHCTPYKIIMH, Y3JOB U arperaTton
IUTAHUPYIOT U BBIMIOJIHAIOT, KaK MPaBWIIO, B MEPUOJ, KOTJa OMBITHAS MAlllMHA KOMIUIEKTYETCS
CUCTEMaMHU U 000pPYI0BaHUEM.

[ToaroroBka cepuilHOro0 MPOM3BOJCTBA CBsi3aHA C AOPAaOOTKAMU KOHCTPYKIMHU, MPUHATHIMH B
pe3yabpTaTe CTEHJOBBIX U HATYPHBIX MCIBITAHWN, U BBEJCHUEM M3MEHECHUU B CEPUHHYIO JOKY-
MmeHTanuo. [lepBrie cepuiiHbie MalIMHBI, TpeJHA3HAYCHHbIE ISl BEJOMCTBEHHBIX HIIM TOCYAap-
CTBEHHBIX MCHBITAHUM U TOCIEAYIOMEH IKCIUTyaTalluu, OTJIMYAIOTCS OT TIEPBOTO OIMBITHOTO K-
3eMILISAPA, MOITOMY TPEOYIOTCS HCTIBITAHHS CEPUITHBIX HATYPHBIX arperatoB U Y3JIOB.

Ha srane skermmyarariy nmapka MaiiiH MPOBOJAT PacuETHBIE U SKCIIEPUMEHTAIBHBIE pa0OTHI IO
aHanM3y Ae(QeKTOB U OTKAa30B C MPHUHITHEM OOOCHOBAHHBIX PEIIEHU; MO CPaBHEHUIO IMPO-
TPaMMHOTO IKBHBAJICHTA M JEUCTBUTEIHHOTO PACXOJOBAHMS pecypca; TEMIIOB IKCILTyaTallHOH-

HOTO M3HAIIUBAHUS, MOSBICHUS MPEACTbHBIX JTIOPTOB, MOTEPH KMHEMAaTHYECKOW TOYHOCTU Me-
XaHU3MOB; TI0 BO3MOXKHOMY TMPOJJICHUIO pecypca H3JeNus, MPOBEACHUIO PErJIAMEHTHBIX padoT,
OCMOTpOB, Je(heKTalluN; a TAK)Ke UCCIEeIOBAHUE BOZMOXKHOW MOJEPHU3AIMH MAIIUHbBI WIH MPO-
€KTOB CO3/1aHusl MO (UKAIIUA.



MeToanyeckue peKOMEeHAALUH M0 MOATOTOBKe pedepara 1o JMCUMILINHE

«I/ICCJ'Ie)IOBaHI/IH H UCHBITAHUA HA3EMHBIX TPAHCIIOPTHO-TEXHOJOTHYIECCKUX
MalImH»

B conepxanue pedeparta 0053aTeIbHO BXOIUT:
— KpaTKasi aHHOTalus Ha PyccKoM si3bike (10 0,5 cTpaHuiibl),

— BBEJICHHUE, T/I€ YKa3bIBAIOTCS aKTYaJbHOCTD, 11€JIb, 3a7a4M M METO0JIOrHYeCcKast
0a3a ux pemieHust B pedepare, 00BEKT, MPEAMET U METOJIbI UCCICAOBAHNUS, HAY-
Has HOBHW3HA, NMPaKTHUYEeCKas IEHHOCTh, BO3MOYKHOCTh ampoOanuy Ha MPEeCTOs-
X KoH(MEepeHIUIX (10 2 CTpaHHUII),

— nepBas riaaBa. OHa MOXeT OBbITh MpEJCTaBICHA KaK TEOpETUYECcKas 4acTh, B KO-
TOPOM MOAPOOHO OMHUCHIBAIOTCS HCIOJIb3YEMbl€ METOJbl HAYYHBIX HCCIEAOBAHUMN
10 BHIOpaHHOM TeMe C 00s3aTeIbHBIM YKa3aHUEM MCTOYHUKOB Hay4HOU nHpOopMa-
1117178

— BTOpas riaBa. MoxXeT ObITh MpPECTaBIeHA KaK MPAKTUYECKasi 4acThb, II€ MPUBO-
nsTcss 00padoTaHHas uH(GopMaIus B yA00HOM JJIsl BOCIPUATHS BUAE C pacueTamH,
Tabnuuamu, rpaUuKkaMu U PUCYHKaMHU, MPOEKT PEIICHUN U peKOMEHAalus Mepo-
OPUSTUN, BIUSIOMINX HA NOBbIIIEHHE 3(P(HEKTUBHOCTH KOMMEPUECKON JeATeIbHO-
CTH,

— 3aKJII0YEHUE 10 pedepaTy, B KOTOPOe 00s3aTETLHO BXOJAT BBIBOJIBI MO MPAKTH-
YECKOW 3HAYMMOCTH MOJYUYCHHBIX PE3YJIBTATOB U UX LIEHHOCTH B JAJIbHEUIIIEM CO-
BEPIICHCTBOBAHUHA KOMMEPYECKOW JESITEIbHOCTH NPEANPUATAN U MPEANPUHAMA-
TeJeH,

—CIIIUCOK HCIOJIb30BAaHHBIX MCTOYHUKOB, cojeprkamuii He mMeHee 10 HauMeHOBa-
HUM NIO CTaHJIAPTHBIM IIPaBUIIaM

— MPUJIOKEHUE, KOTopoe oopMIisieTcss B pedepaTte Mpu HEOOXOIUMOCTH TTOMEIIIe-
HUS JOTMOJTHUTEIBHOTO, BCIIOMOTATEILHOTO JIEMOHCTPAIMOHHOTO Marepuana, Ko-
TOPBIN 3aTPOMOKIAET TEKCT, C IEIbI0 00JIee TIOTHOTO PACKPBITHS CONECPKAHUS Te-
MBI HAYYHOTO MCCJICIOBAHUS ITPH KYPCOBOM MTPOCKTUPOBAHHH.

OO6muit 06beM pedepaTa AOKEH COCTaBIATH MpUMepHO 20—25 MaIIMHOIMCHBIX
ctpanuil, popmat smcra — A-4 (210 x 297), nabpanubix 14 mpudrom «Times New



Roman» yepe3 oMH HHTEPBAJI C MOJISIMU CBEPXY M CHU3Y IO 25 MM, cripaBa 15 Mmm
u cieBa 30 MM, BBIpABHMBAHHUE TEKCTa OCylIecTBisieTcs 1o kpasm. K pedepaty ro-
TOBUTCSI Mpe3eHTalusl, coaepxkamas 7-10 cnaiigos. O0muil 00beM 3auThl pede-
paTa He JIOJHKEH NPEeBbIIaTh 7/ MAHYT.

BrlnonHeHHass MarucTpaHTaMu pedepara perucTpupyercs: Ha kadenape, mpoBepsi-
eTcsi B cpok 110 10 aHei npenogaBaTeieM-pyKOBOAUTENIEM PabOTHI.

[Tpu omenke pedepara yIuTHIBAIOTCS COAEpKaHUE pabOTHI, €ro aKTyaJIbHOCTh, Ha-
y4Hasi U TMPaKTUYECKas 3HAYMMOCTh, CTENEHb CaMOCTOSITEIbHOCTH, OPUTHHAJIb-
HOCTh BBIBOJIOB U NPEIJIOKEHUN, KAUECTBO HMCIOJIb3yEMOTO Marepuala, a TakkKe
YPOBEHb IPAMOTHOCTH (OOIIMI U CeHAIbHBIN MO0 AucCHUILIUHE). OTHOBPEMEHHO
PELIEH3EHT OTMEYAET €ro MOJIOKUTEIIbHBIE CTOPOHBI M HEJIOCTATKH, a B CIIy4ae Ha-
JOOHOCTH 00S3aTENHHO YKA3bIBAET KOHKPETHO, YTO HAJJICKUT JOPAOOTATh.

Pe(bepaT 3aMUIIACTCA IICPCH IPCIIOAABATCIIIMU Ha OUYCPCIHOM 34CCIaHUN Ka(bez[-
PbI, KOTOPBLIC OIIPCACIIAIOT YPOBCHL TCOPCTHYCCKUX 3HAaHUU U IMPAKTHYCCKUX Ha-
BBIKOB MAaIruTCpaHTa, COOTBCTCTBUC pa60TI)I IMpCaABABILICMBIM K HEH Tp€60BaHHHM.

[Ipu 3amuTe pedepara MaruTcpaHTaM HEOOXOJUMO T'PaMOTHO IMOKa3aTh 3HAHUS
TEPMUHOJIOTMH, TEOPETUUYECKUX IMOJIOKEHUN U MPAKTUYECKUX METOJ0B OCHOB Ha-
YUHBIX HCCJEIOBaHUI, OCHOBHBIX MPOIEAYyp MPOBEAEHUS HayuyHbIX paboT, Ha-
IPaBJIEHUS UCTIOJIb30BaHUS JTOCTUTHYTHIX PE3yJIbTaTOB B MaTepuanax pedepara.

IIp1 mOCTaHOBKE 3ayeTa YUYUTBHIBAKOTCS YPOBHHU CaMOCTOSITEIIBHOCTH, TBOPUYECKOU
AKTUBHOCTA W OPUTHHAIBHOCTU TIPH BBIMOJHEHUH MarucTpaHtaMu pedepara B
TJIAHOBBIC CPOKH, a TAKXKE BBICTYIUICHHUS] Ha KOH(EPEeHIUSIX U MOJATOTOBKA K My0-
JIMKAlMK TE3UCOB JIOKJIA/A.



Tematuka pedepartos.

— «3Mepenne KONMUYECTBEHHBIX (PU3NUYECKUX BEIUYUH (MpsaMble U KOCBEHHblE)
Py TPOBEICHWU WCCICAOBAaHWUN W UCIHBITAHUA HA3eMHBIX TPAHCIIOPTHO-
TEXHOJIOTHUECKUX MAIlIuH.

— «Y4YeT MOTPEIIHOCTEeH (CAyUaliHblX, MOOENbHbIX, NPUOOPHBLIX U Op.) TIPU TPOBE-
JICHUHM HCCIENOBAaHUN W HCIBITAHWNA HA3eMHBIX TPAHCIOPTHO-TEXHOJIOTUYECKUX
MaIIHH.

— «[Ipuembl craTUCTHUECKON OOpPabOTKH ASKCIEPUMEHTAIbHBIX JAHHBIX (Memoo
HAUMeHbUUX K8aopamos u Op.) IPpU MPOBEJACHUU UCCIICIOBAHUIN U UCIILITAHUHN Ha-
3eMHBIX TPAHCIIOPTHO-TEXHOJOTHUECKIX MAITHH.

— «AHanu3 pe3ynbTaTOB (NPOGEPKA CHPABEOIUBOCMU cUnOme3) UCCIECIOBAaHUN U
WCITBITAHUN HAa3eMHBIX TPAHCIIOPTHO-TEXHOJOTHYECKUX MAIIIUH C IOMOIIBIO MaTe-
MaTHYECKON CTAaTUCTUKI.

— «[InanupoBanmne 1 MPOBEACHUE IKCIIEPUMEHTA (HEOOX00UMOE YUCTO UMEPEHUL],
mpe608anus K 1ab0pamopHOMY HCYPHALY U HAYYHOMY Omuemy) TIPH UCCIIEI0Ba-
HUSX ¥ UCTIBITAHUAX HA36MHBIX TPAHCIIOPTHO-TEXHOJOTHUSCKIX MaITHH.
—«llopsimok ¥ MeToAMKA TPOBEJACHUS MCHIBITAHUNA HA3eMHBIX TPaHCIOPTHO-
TEXHOJIOTUYECKHUX MAIUH (Ha npumepe 2py30n00beMHbIX



Buabl n3HalIMBaHUA J1eTajiel U y3/10B MmaluH. [loka3zaren TeXHUYECKOr 0O
COCTOSIHUS JIeTaJIeid, Y3JI0B M arperaToB MalluH.

Ilpakmuueckoe 3anamue 1.

Cormacno 'OCT 27674-88 ycTaHOBJIEHBI CIIEAYIOIINE BUIbI U PA3HO-
BUJHOCTH U3HAIIMBAHUS JETAJICN MAIIMH: MEXaHUYECKOE, TPOUCXO -
1Iee B PE3YJIbTATE MEXAaHUYECKUX BO3AEUCTBUMN; KOPPO3UOHHO-
MEXaHUYECKOE, MPOUCXOASAIIEE IPU TPEHUU MAaTEPHUala, BCTYIIUBIIETO B
XUMHUYECKOE B3aUMO/JICHCTBUE CO CPENIOM; OKUCIUTEIbHOE; TIpU (peT-
TUHT-KOPPO3UH; AIEKTPOIPO3UOHHOE. B naHHOM Kitaccuukanuy n3Ha-
HIMBAaHUE MPEJICTABICHO CIAEAYIOUUM 00pa3oMm:

— abpa3zusHoe — MEXAaHUYECKOE BO3/ICHCTBUE YAaCTUIIAMU U MPOAYKTa-
MH U3HOCA, MTOMABIINMHA U3BHE HA TIOBEPXHOCTU TPECHUS,

— euodpo- M 2azo-abpaszueénoe — U3HALIMBAHUE B PE3YJbTATE JCHCTBUS
TBEPABIX YACTUIL, YBIEKAEMbBIX IIOTOKAMU XKHUJIKOCTHU WM T'a3a;

— ycmanocmuoe — CIEACTBUE IUKIMYECKOTO BO3JCUCTBUS HA MHKpPO-
BBICTYIBI TPYIIUXCS IOBEPXHOCTEM;

— adze3uoHHoe — W3HAIIMBAaHKUE, CBSI3aHHOE C MHTEHCUBHBIM MOJIEKY-
JSPHBIM B3aUMOJEUCTBUEM, CHJIBI KOTOPOTO MHPEBOCXOIAT MPOYHOCTH
CBSI3€M MaTepUalia IOBEPXHOCTHBIX CIOEB C OCHOBHBIM MATEPUAIIOM;

— OKUCIUmenbHoe — Pa3pylleHUs MJIIEHOK OKHUCIOB, 00pa30BaBIIMXCS
IIpU B3aUMOJEHCTBUH KHUCJIOPOJa BO3JyXa C MaTe€pUallaMH TPYLIUXCS
IIOBEPXHOCTEN;

— (ppemmune-Koppo3us — MHOTOCTAIUNHBIN MpolLeCC HW3HAIIUBAHMUS,
MPOTEKAIONMIUM TIPU HE3HAYUTENIHHBIX KOJE0ATEIbHBIX IMEPEMEIICHUIX
KOHTaKTHUPYIOIIUX MOBEPXHOCTEW B pe3yJibTaTe BUOpAIM WU IJIaCTH-
yeckux Jedopmanuii 31eMEeHTOB KOHCTpyKiuu. Ha ywactkax, monBep-
KEHHBIX (PPETTUHT-KOPPO3UH, MPOTEKAIOT MPOILIECCHl CXBAThIBAHUSI, a0-
Pa3sUBHOE pa3pyIIEHHUE, YCTAIOCTHO-KOPPO3UMHbIE ABIICHUs. Ha nepBoi
CTaIuy TMPOUCXOJUT TUIacCTHYecKas naedopmanus MHUKPOBBICTYIIOB,
CXBAaThIBAHUE FOBEHAJIBHBIX YYACTKOB METAJjIa U Pa3pylICHUE OKUCHBIX
mieHok. Ha BTopoil ctaguu (MHKyOAllMOHHOW) pa3BUBAIOTCS KOPPO3U -
HO-YCTaJIOCTHBIE MPOLECChl, M (POPMUPYETCA KOPPO3HITHO-AKTHBHAS
cpena BCIEACTBHUE aacopOLMM HAa OKHUCIaxX BJIard W Kuciopoxaa. M3Hoc
CBSA3aH C 00pa30BaHUEM U yJAJICHUEM U3 30HbI KOHTAKTa OKUCHBIX TIjIe-



HOK. TpeTpd cTaaus XapaKTEpU3yeTCs BBICOKOW MHTEHCUBHOCTBIO W3-
HAIIMBAHUA MyTEM Pa3pylICHUS PA3PBIXJICHHBIX YCTAaJTOCTHBIMU U KOP-
PO3UIHBIMU MPOLIECCAMH CJIOE€B METAIA. JTA CTaAus HEOIYCTUMA IIPU
DKCIUTYaTalHU.

Opo3uoHHoe U KAGUMAayuoHHoe W3HAIIUBAHUS OTHECEHBI K IIPO-
1eccaM pa3zbeIaHus.

Pa3pymenne marepruana getain MOXET IPOU30UTU KaK B PE3YJib-
TaT€ BO3HUKHOBEHUS HEIOMYCTUMBIX CTATUYECKUX W JUHAMUYECKHX
Harpy30K, TaKk W MpPH JUIUTEIbHOM JCHCTBUU IMEPEMEHHBIX HArpys3ok,
MPUBOAAIINX K YCTAJIOCTHBIM pa3pyllieHUusIM. B mepBoM ciiyyae MMEIOT
MECTO BHE3AIHBIC OTKAa3bl, HE CBA3AHHBIE C JJIUTEIBHOCTHIO MPEAIIECT-
BYIOIIEH AKCIUTyaTAallMU AETANIA, 4 YCTAJIOCTHBIC Pa3pyLICHUS OTHOCATCS
K IOCTENICHHBIM OTKa3aM, TaK KaK BpeMs IMPEIIIECTBYIOMIEN SKCILTyaTa-
MU (YUCIIO ITMKJIOB HArPY>KEHHS) YMEHBIIIAET HECYIIyI0 CIIOCOOHOCTH
Marepuasa, 4To BIUSET Ha BEPOSITHOCTh OTKA3a.

[Iporiecc ycTanoCTHOrO pa3pylIeHUs PACCMATPUBAECTCS Kak TpPH
MOCJIEA0BATEIIbHBIE CTAAUU:

— HAKOIUIEHWE B METAJUIE YIPYIUX HUCKAKEHUU KPUCTALIMNYECKOU
PELIETKU OT AEHUCTBUSA LIUKINYECKUX HANIPSIKECHUM;

— II0CJIE OIPENEIIEHHOrO YMCJIA UMKIIOB HATPYXKEHUU YIPYTHE HCKa-
KEHUSI KPUCTAIUIMYECKON PEIIETKU JOCTUTAIOT KPUTUUECKOW BEJIMYNHBI
U TIOSIBIISIFOTCSL CYOMUKPOCKOIIUYECKUE TPEIINHBIL;

— CyOMHUKPOCKOIIUYECKHE TPEIIUHBI Pa3BUBAIOTCS 10 Pa3MEPOB MHK-
POTPEIINH W TMPOUCXOAUT OKOHYATEIHHOE pa3pyIICHHUE HCIBITYEMOTO
oOpasra.

CormacHo 0606meHHOM quarpamme ycrajgoctu (puc.2.2), rne ABC
— KpuBas BBIHOCIMBOCTU (KpuBas Benepa), mpu HampspKEHUSIX HIKE
JUIUTENIBHOTO TpeJeia BBIHOCIUBOCTU Oy MHUKPOTPEIIMHBI HE Pa3BUBA-
1otrcsi. A'B'C' — nuHusa Havyana MOSIBJICHUS CYOMHUKPOCKOIMYECKUX Tpe-
nH U A'C — nuHus Havasaa 00pa30BaHUsS MUKPOTPEIINH WU JTUHUS He-
oOpatumoii noBpexaaemoctu (JinHus @penya). [Ipu kpurndyeckom Ha-
NPSKEHUU YCTAJIOCTH O,> Oy, pa3pylleHue npoucxoaut yepe3 N, HUKiIoB
(TpuOIM>KEHHOE YMCIIO IUKIOB). ECiau mpenmnosioxkuTh, YTO HAUYUE B



oOpa3iie TPEeIIMHbBI OMPEACIEHHOTO pa3Mepa XapakTepru3yeT HEKOTOPYIO
CTENEHb MOBPEXKJICHUS, TO HA MAarpaMMe MOXXHO HAHECTH €IIE P JIM-
HUH, ONPEICISAIONIMX JTOCTUKCHUE YCTAIOCTHOMW TPEMIMHOW 3aJaHHOM
JUTUHBI. Y CTaJIOCTHOE pa3pyllIeHUE Marepualia He 00s13aTeIbHO MPUBO-
AT K MOJIOMKE AeTaiu. BO3MOXKHO BO3HMKHOBEHHUE YCTAJIOCTHBIX TPE-
IIHH,

Puc.2.2. O60011eHHas auarpamMmma
yctanoctd (no B.C. BanoBoit)

KOTOpBIE JI0 ONpPEACIICHHBIX Pa3MEPOB HE3HAUUTEIBHO CHUXXAIOT pado-
TOCIIOCOOHOCTh O00BEKTa, HO OMACHOCTh MPEACTAaBISECT UX OBICTPBIN
poct. CoBpeMeHHbIE METO/BI pacyeTa MO3BOJSIOT B PSlIE CIy4aeB Olle-
HUTh CKOPOCTb Pa3BUTHS TPEIIMH W, CJIEIOBaTEIbHO, YKa3aTh MEPHO/I
BPEMEHU, B TEUEHHE KOTOPOr0 OHH OYIyT HAXOJIUTHCA B JOMYCTHMBIX
npenenax.

MeToauKH UCNILITAHUSA Y3JI0B, CHCTeM M MaliuH. Be10op napameTpos
NCNBITAHUMN.



IIpakmuueckoe 3anamue 3.

METO/] CTATUCTUYECKUX UCIIBITAHUM

B PE3YIIbTATC HUCIIOJIB30BAHUA MCTOAA CTATUCTHYCCKUX HCIIbITAHUHN pa3pa-
ooTaH AJITOPHUTM U MOJYYCHBI PE3YJIbTATHI NCCICAOBAHUSA IIPU CIICAYIOINUX NCXO -
HBIX ITOKAa3aTCJIAX MMPpOoHcCCa UBMCHCHHH 11apaMCTPOB 3JICMCHTOB!

1. ®yHKIMS U3MEHEHHUS TTApAMETPA.

uij =VCj(Ztij )0( + Zij + Uq, (32)

rae  tjj—j-1 MEeXKOHTpOJIbHAs HApaOOTKa IpH i-i pean3aluy;
(Ztij )a — KOOpJrHATHAs PyHKUUS (MIpUBeIeHHast HapaOoTKa);

] — YHMCII0 MEKKOHTPOJILHBIX TIEPHOIOB B OJTHON peaTi3aliiH.

C noMoIibl0 ypaBHEHMsI BOCHPOM3BOIMINCH JIMHEHHbIE peanu3anuu (1-i
ciydaid — o, = 0, a = 1), mapaboaudeckue peanu3anuu (2-i cinydaid — o, =0, o # 1)
Y peayn3aliiy B BUJIE IOMAaHBIX BO3PACTAIONINX KPUBBIX (3-1 citydait — o, # 0).

2.Pecypchl 251IeMEHTOB pachpeiesieHbl 1Mo 3akony BeitOymna (koadduimeHt
Bapuanuu pecypca vV = 0,3+1) unu HopmasibHOMY 3akoHy (V < 0,33). X 3HaueHus

0 _
HNCUYUCIIAINCh B CAMHHNIIaX MC)KKOHTpOJ'IBHOfI Hapa6OTKI/II t - th /tM .

3. MexxKoHTpobHas HapabOoTKa MpUHUMANACh MO0 moctosiHHo  (1-i Ba-
puant — V,, = 0), 1100 CciIy4ailHOM BEJIMYMHOM, pacrpeeieHHONW M0 YHUBEPCAIb-
HOMY 3aKkoHy BeiiOysia (2-i Bapuant — V,, > 0).

4. [IpenenbHOE U3MEHEHUE TTapaMeTpa MPUHUMATIOCH KaK MOCTOSTHHOM, TaK U
MepEeMEHHON BEJTMUMHOM C V,, # 0.

Haiinennsie 3aBucuMocTH BepositHocTH OoTKa3za Q(Dg) m dakTuueckoro pe-

cypca t’% (Do) ObLTH anMPOKCMMHUPOBAHBI YPaBHECHUSIMU
d.
Q(Dg)=Dy ; (3.3)
tg(Dg)=1toDg, (3.4)

rie Do — momycTuMoe u3MEHeHHEe napamMeTpa B J0JISIX MPeaeabHOTO;



t0 — HOpMHUpOBaHHEI cpenHHMiT pecypc COBOKYIIHOCTH OJHOMMEHHBIX BIe-
MEHTOB B €JUHUIIAX {,,.

Bun ypaBHeHui ObLT MPHUHAT HA OCHOBE aHAJIM3a BHEIIHETO BHAA HaWECH-
HBIX KPUBBIX U HUX MOCTPOCHHS B MPSMOYTOJBHBIX KOOPJIMHATAX C HEPABHOMED-
HBIMH IIKaJIaMu (crioco0 crpsimiienust). OKOHYaTEeNbHBIA BUJl YPAaBHEHUM ObLT yC-
TaQHOBJIEH C YYETOM TOTO, 4TO Ipu Dy = 1 10KHBI BBITOIHATHCS YCIOBHUS:

QDo=D=1 u t3(Dy=1)=t’.

Kaxnasa Touka ypaBHeHuM noaydanack B pesynbrare 200-500 peanuszannid.
KpuBbie BEpOSATHOCTH OTKa3a almmpOKCUMHUPOBAIMCH TOJBKO B TIpe/esiax WHTepBa-
na, B kotopoM Q(Do) m3mensiercss B 3aBucuMocTH OT Dy, T. €. mpu 1-M BapuaHTe
(v,, = 0) B yCTAaHOBIICHHOM B pe3yJjbTare uccienoBanus uarepsaie 0,5% < Dy < 1.
[Tpu 2-m Bapmante (V,, # 0) HIKHEE 3HAYCHHUE MHTEpPBAIa MOHIKACTCS MPH V,, =
0,4 mo 0,25% 3amenus B neneBoii Gpyukmuu (48) Q(D) u tqb(D) Ha anmnpoOKCUMH-

pytoniue Beipakenus (4.3) u (4.4), B3siB mpou3BoAHYIO 110 Dy, U npupaBHsB €€ HY-
JI10, TIOJTy4aeM ypaBHEHHE ONTUMAIBHOTO TOMYCTUMOTO U3MEHEHUS TTapamMeTpa:

onm _ 4 n
0 (d—n)(N-1) (3:5)

riue N = A/C

[Tokazatenu creneau n u 0 ypaBHeHui (4.3) u (4.4) HAXOAWIM METOJOM
HAaWMEHBIIINX KBAAPaTOB, MOCJE YErO MPOBEPSIN MOTPEITHOCTD alPOKCHUMAITUH.
Omna oxazanachk paBHOH B cperHeM 3% am t,(Do) u 5% mnsa Q(Dy).

Metoa CTaTUCTUYECKOTO MOJEIUPOBAHUS MMEET €l OJHO JOCTOUHCTBO.
OH TO3BOJIIET MPOBEPUTH PE3YJIbTAThl AHATUTUUECKOTO HCCJIEAOBAHUS IO OIpe-
nenenuto pynkimit Q(D) (4.2) u ty(D) (4.4). Ucnonb3oBaHue 3TOro METOa AAeT
BO3MO>XHOCTh BMECTO MPOBEJICHUS UCTBITAHUN 3HAYUTEIHLHOTO YKCJIa AJIEMEHTOB
(meramnel, CONPsKEHUI) B MPOU3BOJICTBEHHBIX YCIOBHSIX, YTO CBA3aHO C OOJIBIIHN-
MU MaTepPHATBHBIMU 3aTpaTaMU U JITTUTEIHHOCTHIO MCTIBITAHUN, OCYIIECTBUTD (HU-
3MYECKOE MOACIUPOBAHUE ATUX UCTbITaHUM Ha DI[BM.

B tab6n. 4.2 momerieHsl pe3yabTathl onpeaesnenuss C(D) aByms MeToaamu:
AHATUTUYECKUM M CTaTHUCTHYECKOTO MOJICITMPOBAHMS. AHAIIN3 TaHHBIX TaOIUIIBI
CBUJIETEIHCTBYET O JOCTOBEPHOCTH BBIBEICHHBIX aHaiuTUuecku Gopmyn. Cpen-



HCKBaJApaTUICCKasa IOrpCIIHOCTb PE3yJIbTATOB MOACIUPOBAHUA 1IO CPABHCHUIO C
AHAJIUTHUYCCKHUM PaCYCTOM I10 BEIBECACHHBIM (I)OpMyHaM coCTaBHJIa:

Sleo), -cok.f o
GZ\I_ :\ ’12 =0,031

n-1
c 100-0,031
WIIH = =166,
2.C(D),, 1868
n
Tabmmia 3.2
3uauenne C(D) mpu v =0,5; P =1:N= OTHOCHTEIBEHAS
3
Do MOTPEUIHOCTD NIPU
AHamutnueckuid | MogenupoBaHue
pacuer C(D)a C(D)yon MOJECTTMPOBaHUH, %o
0,40 1,915 1,932 0,09
0,45 1,890 1,909 1,00
0,50 1,844 1,888 2,38
0,55 1,821 1,880 3,24
0.60 1,806 1,870 3,54
0.65 1,802 1,827 1,39
0,70 1,808 1,830 1,22
0,75 1,823 1,840 0,93
0,80 1,846 1,855 0,49
0,85 1,875 1,873 0,10
0,90 1,911 1,908 0,16
0,95 1,952 1,954 0,10
1,00 2,000 2,000 0,00




% =1,868.

Pe3ynbTaThl pacyeTra 000MMU METOJAMU OKAa3aJMCh MPAKTUYECKU OJMHAKOBBIMH.
HexkoTopoe paccenBanue pe3ysabTaToB (B cpeiHeM Ha 2%) 0O0bSICHAETCS BapUallU-
er cpeaner no 200 peanuszanusM, NOJYYEHHOW MPU CTATUCTUYECKOM MOJAEIUPO-
BaHUHU, a TAKXKE OKPYTJIICHUEM YHCEI.

HOI[FOTOBKa Y3/10B, CUCTEM 1 MAIIUH K UCIIBITAHUSIM.

Ilpakmuueckoe 3anamue 4.
[lenbro UCTIBITAHUS MAIIIWH SIBJISIETCS] MPOBEPKA MPaBUIBHOCTU PAa0OThI U B3aUMO-

JEHUCTBUS BCEX MEXAaHMW3MOB MAIlIMHBI, TPOBEPKA €€ MOIIHOCTH, TPOU3BOAUTEIb-
HOCTU M TOYHOCTU. Takum 0Opa3oM, MCHBITAHUE MAIIHUHBI SIBISETCS MPOBEPKOM
obmiero kayecTBa MalinH, IOJYyYEHHOTO B pPe3y/ibTaTe BCErO MPOU3BOACTBEHHOIO
npolecca ee M3roToBJeHUs. B 3aBUCHMMOCTH OT BHJA, Ha3HAuY€HUs W Macmitada
BBIIYCKa MalINHbI, MAIIMHBI IPOXOJAT UCHBITAHUE HAa XOJIOCTOM XOIy (IpoBepka
paboOThl MEXaHMW3MOB U MACHOPTHBIX JaHHBIX), B pab0oTe MO HArpy3KoM, a Tak ke
UCIIBITAaHUS Ha MPOU3BOIUTEIBHOCTb, ) KECTKOCTh, MOIIIHOCTh U TOYHOCT.

HcnbiTanus Ha X0JI0CTOM Xoay. [Ipu 3TOM UCIbITaHUM POBEPSIOT BCE BKIIIOUCHUS
U TIEPEKJIIOYEHHUS OpPraHOB YIPaBICHUS M MEXaHW3MOB MaluHbL. ONpenensioT
MPAaBWIBHOCTh UX B3aUMOJCHCTBUS U HAJEKHOCTh OJOKUPOBKU. [IpoBepsitoT 6e3-
OTKa3HOCTh JCHCTBUSI M1 TOUHOCTb Pa0OThl aBTOMATHYECKUX YCTPOUCTB. BmecTe ¢
TEM TPOBEPSIOT COOJIIOICHNE HOPM NPABMWIBHOCTH paOOThI MOITUITHUKOB, 3yOUa-
TBIX KOJIEC U TaK Jajee.

WcnbiTanust MammHbl 1101 Harpy3koi. JIoMKHBI BBIIBUTH KaueCTBO €€ paboThl B
MIPOU3BOJICTBEHHBIX ycioBUsiX. [loaToMy, 1y1st pabOThl MAIIUMHBI CO3JAIOTCS YCIIO-
BUSI, OJIM3KHE K YCTOBUSM dKCILTyaTaIlu.

HcnpiTanus Ha TPOU3BOAUTEILHOCTh. [lomBepraroT 0OBIYHO HE BCE MAIIWHBI, a
JIUIITH MAIIMHBI CIEIUAIbHOTO Ha3HAYCHHS M OIBITHBIE 00pasisl. B mporecce mc-
MBITAaHUS BBISBIISIOT: JOCTATOYHO JIU IOJHO OTBEYAET M3TOTOBJIICHHAS MAaIlMHA 110
MIPOU3BOJMTEIILHOCTH TPEOOBaHUAM 3aKa3a, O0OCCIECYCH JM BBITYCK TpeOyemMoro
KOJIMYECTBa U3JEININ B €AMHUILY BpeMeHHU, 00J1alaeT I MalluHa TpeOyeMoi CKo-
POCTBIO.

WcnpiTanus Ha KeCTKOCTh. [Ipoxoast, rnaBHeIM oOpa3oM, ctaHku. Ceifuac UCIbI-
TaHUsI MAIIWHBI HA KECTKOCTh CTAHIAPTU3UPOBAHBI.



HcnbiTanusi HA MOITHOCTh. JTUM HCTIBITAHUSM MOJIBEPTalOT BCE MAIIUHBI, BBIITYC-
KaeMble €IUHUYHBIM TOPSIKOM U BCE WU BBHIOOPOYHO MAIIMHBI, BBIITYCKAEMbIE
cepuiiHo. He MCIBITBIBAIOT HA MOITHOCTh MAIIMHBI IPOCTEUIIEN KOHCTPYKIIMH, a
Tak K€ MalIMHbI, KOTOPbIE 3aBEJOMO 00JIaJatoT OOJBIIMM 3allacOM MOIIHOCTH.
HcnpiTannss MalmmHbl HA MOITHOCTh UMEIOT 1eibto onpeaenuts ee KIIJ npu mak-
CMMaJIbHOM 3HAY€HHHW Harpys3ku. Harpys3ky mMammHe cO31ar0T Ipy MOMOIIU CIie-
HUAIBHBIX TOPMO3HBIX YCTPOMCTB, BOCHPOU3BOIAIINX MAaKCHUMAIIbHBIE CHUJIBI U
MOMEHTBI, COOTBETCTBYIOIIUE TEM, UTO BO3HUKAIOT MPH SKCILTYaTAUHA MAIIUH.

HcnbiTanus Ha TOYHOCTH. VICIIBITBIBAIOT MAIIMHBIL, TPOU3BOISIINE, COPTUPYIOLINE
Y KOHTPOJUPYIOLIKE MPOIYKLIHUIO (CTAHKH, PECCHI, COPTUPYIOLIUE U KOHTPOJIHU-
pyromre MamnHbl). KoHTposib MalllMH Ha TOYHOCTh AOJDKEH J1aTh 3aKIIOYNUTENb-
HYIO OLIEHKY KauecTBa MallnHbl. Ee cnocoOHOCTh MPOU3BOAUTH MPOTYKIUIO TPe-
Oyemoro kauectBa. [lo3TOMY, OLIEHKY TOYHOCTH MAaIlIMHBI IPU POBEICHNUHN UCTIBI-
TaHUH JAI0T M0 pe3yJibTaTaM €€ JEHCTBUS, a 3TO [0 TOYHOCTH 00pabaThIBaEMbIX
JeTajied, 110 TOYHOCTHU BBIIIOJIHEHUS] COPTUPOBKH, 110 KOHTPOJIIO.

Br100op ni1aHoB ncnbiTaHuii. Bei10op mpudopos, 000pynoBaHus,
NPUCIOCO0JEeHNH U MHCTPYMEHTA JJISl HCCJICIOBAHUSA M UCIIBITAHUS MAIIIMH
HX Y3JI0B U CHCTEM.

Ilpakmuueckoe 3anuamue 3.
COJIEP)KAHUE U METO/IUKA UCIIBITAHUM OBOPYJIOBAHUSI
OYUCTHOI'O KOMIIVIEKCA

[Ipu McHbITaHUSAX OYMCTHOTO KOMOAiHa MPOU3BOMASTCS U3MEPEHHUS U yCTa-
HaBJIMBAIOTCS: TEXHUYECKasl MPOU3BOIUTEIIBHOCTh KOMOaiHa (CMEHHasi, CyTOUHAas)
U MecsuHas 700bI4Ya U3 JIaBbl, MOIITHOCTH MPUBOJIA B PA3IMYHBIX PEKUMaX pabOThI;
CKOPOCTb IIOJIaYM; yCJIOBUA MOJAYN B 3aBUCUMOCTH OT CKOPOCTH; KOJIMYECTBO yT-
JIs, OCTAIOIIEroCcsl Ha MOYBE IMOciie Mpoxoa koMmOaliHa; yaenbHOoe Iblieoopa3oBa-
HUE U 3albUJICHHOCTh BO3/IyXa; YPOBEHD IITyMa Ha pabouux MeCTax; TeMIeparypa u
pacxoj Maciia B peAyKTopax U TMJIPaBIMYECKON CHCTEME M KOHTPOJIb €ro 3arpsis-
HEHUS; XpOHOMETpak paboThl KoMmOaliHa C yCTaHOBJIEHHEM 3aTpaT BPEMEHHU Ha
OCHOBHBIE U BCIIOMOTaTeIbHbIE ONEpaALMU; MOKa3aTeIu CONPOTUBIISAEMOCTH YT U
MOPO/JT MOYBBI M KPOBJIU 0TOOMKE; pacxoa pe3noB Ha 1000 T moObiBaeMOTO YIiIs 3a
BECh NEPHOJ| UCIBITAaHUI; HEModaaKa Mpu paboTe U HEIOCTATKU KOHCTPYKIUU;
MPOU3BOAMTENILHOCTh TPYy/a MO JaBe; OlieHKa d(PPEeKTUBHOCTH KOMOATHOB (KOM-
MIOHOBOYHAs CXeMa, Y100CTBO ypaBJICHUS], yCTOMUYHUBOCTb).

[Ipu wu3MepeHusix HCMIOIB3YIOTCA OCHMIUIOTpadbl, CAMONUINYIIUE KH-
JIOBaTTMETPHI, CUCTYMKU DHEPTUH, PACXOJIOMEephl, KUHO— U (hoToammaparypa. Ha
OCLIJIJIOTpaMMax PEKOMEHAYETCS OJTHOBPEMEHHO PErMCTPUPOBATH MAKCUMAJIBHOE
YHUCJIO TapaMETPOB.

[Ipu mpoBeaeHNN XpOHOMETpaka pabOThl KOMOAHA W O0OCITYKHBAIOIIIETO
ero nepcoHana HaOIIOAeHHs JODKHBI BECTUCh HE MEHEE YEThIpeX CYTOK B MEPUOA
cTabuibHOM pabOTHl KOMOaHA.



DIEKTPUYECKUE HU3MEPEHUS MPOBOJSATCS IMPU BBIEMKE HE MEHEE YEThIpeX
M0JIOC — IO JIBE B KXy CTOPOHY JBMXKEHUsI KoMOaliHa.

CKOpOCTh TIOJIaYu OMPEIEISIETCS C MOMOIIBIO CIIENUATBHBIX JaTYMKOB (MH-
JTYKIIMOHHOTO, €eMKOCTHOTO WMJIM TaXOTE€HEPATOPHOTO THIA) WU KaK CPeHSs IO
MPOXOXKJICHUIO KOMOAMHOM 3apaHee OTMEUEHHBIX MHTEPBAJIOB IyTH C pErucTpa-
MEN BPEMEHHU.

VY enpHasi 3HEProeMKOCTh BBIEMKH YIUISI YCTAHABIMBACTCS PACUETHBIM ITY-
TE€M KaK OTHOIIICHHUE KOJIMYeCTBa (DAKTUIECKU M3PACXOJOBAHHOW YHEPTUU K KOJIH-
4yecTBY (haKTHUUECKU AOOBITOTO yriisi. KonnyecTBO M3pacXxoJOBaHHON DHEPIUU OI-
pelenaeTcs Mo MOKa3aHWsIM CUETYMKA WM HAXOJAWTCS IJIAHUMETPUPOBAHUEM 3a-
NMCH MOIIHOCTH Ha OCUWJIOIPAaMME, a KOJWYECTBO OTOMTOrO YIrisi — IO IYTH,
NpOHACHHOMY KOMOAWHOM 3a TO € BpeMsl, IIUPHUHE 3aXBaTa M BBIHUMAEeMOM
MOIITHOCTH IJIaCTa.

Yeunus nogayu, KpyTsIue MOMEHTBI B DJIEMEHTaX TPAHCMUCCUU OIpelie-
JISIIOTCSI TEH30METPUPOBAHUEM C 3aIKMCHIO PE3yJIBTATOB Ha JICHTE ocIuiorpada.

IToka3zarenu CONPOTUBIIAEMOCTH YTy OIPEACIAIOTCS IUHAMOMETPUUYECKUM
ceepaoMm CJIM mo HUXKHEW, CpeIHEW M BEpXHEW MadykaM IUIacTa HE MEHEE YEM B
YETHIPEX-TIATH YYaCTKaX JIaBbl.

CopTHOCTH 10OBIBAEMOTO YIJIsI OMPEJEISETCS MMyTEM pacceBa CTaHIAPTHOU
poOsI Ha kiaccel: 0—6; 6-13; 13-25; 25-50 u 50—-100 MmMm. OT60p MPod TPOU3BO-
JUTCS ¢ 3a00iTHOTO KOHBEHepa.

YpoBeHb IiTymMa U3MEpSIETCs Ha pabounX MEeCTax MalIMHUCTA, €ro MOMOII-
HUKa, pa00YUX OYMCTHOIO 32005 ¥ B IMTYHKTE MEPETPy3KH IIIyMOMEPAMHU.

YcroitunBocTh KOMOAlHA OLICHUBAETCS MO pe3yjbTaTaM TEH30METPUPOBa-
HUSI PEAKLMM, a TaKk€ KMHOCHEMKOW 4YE€pe3 KOOPJAMHATHYIO CETKY BO B3aMMHO
MEPIEHAUKYJISIPHBIX TIIOCKOCTSX.

JIns u3MepeHnid YCKOPEHUM UCIIOJIb3YIOTCS akcenepoMeTpsl. Harpes macia
OTIpEJIEIISIETCSl TEPMOMETPOM TIOCIIe JUTUTEIbHON paboThl KOMOaitHa, pacxol — 1o
€ro JIOJIMBKE JI0 KOHTPOJIBHOTO YPOBHS (OTHOCHTCSI K 00IIel J00bIue 3a Mepuoj
JTOJTUBKH).

O6nacth mpuMeHeHUs KOMOaiiHa yCTaHABIUBACTCS MO MOIIHOCTA M YTy
MaJICHUs IJ1aCTa, U3MEHEHUIO €r0 TMIICOMETPUM, CONPOTUBIISIEMOCTH YIJIS, BO3-
MO>KHOCTHU PabOThI HA MJIACTaX C TBEPJBIMH BKIIOUEHUSIMU U JPYTUMU (HaKTOpaMHu.

[Ipu ucnbiTaHusIx 3a00MHOTO KOHBeEMepa ompeaenseTcs (hakThuyeckas mpo-
W3BOAUTEIBLHOCTD MPU PA3TUYHBIX peKUMax padoThl koMOaliHa. M3mepenue mMor-
HOCTH Ha KaXJOM IPHUBOJI€ MPOU3BOJMUTCS MPU XOJOCTOM XOJE, a TAKXKE B PEKU-
Max yCTaHOBHUBIIEHCS pabOThI M MakCUMaibHON Harpy3ku. CKOpOCTh JIBHXKCHUS
TATOBOM WENU ONPENENIAETCS TaXOIE€HEPAaTOPOM WJIM CEKYHIOMEPOM, IpeaBapH-
TEJIbHOE HATSDKEHUE JUHAMOMETPUYECKUM JaTYUKOM WM IPYTUMHU CIIOCOOaMHU.

HccnenoBanue cpencTB NEPEABUKKH U YIEpKaHUS KOHBEKWEpa MPOU3BOANT-
Csl IyTEM 3aMEPOB YCHJIUS HA IITOKE THIPOLWIMHAPA, X0/a MOPIUIHS, JaBJICHUS B
TUAPOCUCTEME, YCUIIUS PACTIOPHBIX YCTPOUCTB.

3auncTKa MOYBHI JIEMEXOM KOHBEHepa OIeHUBaeTCs (hUKCAIMEH BEITUYUHBI
HEJIOJIBIDKKU KOHBeWepa /10 320051 M KOJIMYECTBOM YTJIsl, OCTAIOIIETOCS HE TOTPY-
YKEHHBIM I10CJIE MEPEIBUKECHUSL.



3anpIIEHHOCTh BO3IyXa OMPEENsieTCsl MPU paboTaroIIeM KOHBeWepe u pa-
OoTtaronux KoMOaliHe U KOHBeHepe.

[Ipu XpoHOMETpaKHBIX HAONIOACHUSIX OMPEACNAIOTCS: CpeJHEe 3HAUCHHE
MUHYTHOM MPOU3BOAUTENILHOCTH MO YUCTOMY MAIIMHHOMY BPEMEHH U MO0 00beMy
JOOBITOTO M JIOCTAaBJIEHHOTO 32 BpeMs XPOHOMETpaXka YIJis; 3aTpaThl BpEMEHHU Ha
oOciy>KMBaHUE KOHBEHEepa, y4eT Yncia 0TKa30B, U3BHOCOCTOUKOCTD Y3JIOB; 3aTPAThI
BPEMEHU Ha YCTpaHEHUE OTKA30B; yAOOCTBO MOHTaxa, 00CIy>KUBaHUs, yIpaBiie-
HUSL.

[Ipy NMpOMBINIIEHHBIX UCHBITAHUSAX MEPE] KaXKAbIM MOJIHBIM IIUKIIOM 3aMe-
POB M MOCJE HEro o0s3aTeIbHO MPOU3BOATCS MAPKIIEHIEPCKUE 3aMephl B JiaBe
(1yMHA naBbl; IJIMHA W [IMPUHA HUILIW, TUIICOMETPUS IUIacTa; MOIIHOCTh IJ1acTa U
MIPOCJIOEB), B KOTOPOM BEIYTCS UCTIHITAHUS.

OO6macTh mpuMeHeHus 3a00MHOTO KOHBEHEepa yCTaHABIMBAETCS 0 YIUIy Ta-
JICHUs, MOIIIHOCTH ¥ TUIICOMETPHUH TIacTa, MO JIJIMHE JIaBbl, KPYMMHOCTU YT, 00-
BOJHEHHOCTH 32004 U JpyTruM GakTopam.

HcnpiTaHUsAM MEXaHU3UPOBAHHBIX THMAPABIMYECKHX KpENeW NOJKHO Hpej-
IIECTBOBATh MOAPOOHOE M3yUEHHUE TOPHO-TEOJOTUYECKUX YCIOBUM HCIBITAHUU.
[IpoBonsATcs HAOMIOACHHS 3a: COCTOSIHHEM, YCTOMYUBOCTHIO U JBIXKEHUEM OOKO-
BBIX TIOPOJ B MpU3a00MHOM MPOCTPAHCTBE; XapaKTEpoM jaedopMalinii; oOpyiieHu-
€M TIOpOJ 3a KPEIbl0 M NMPOHUKHOBEHUEM HX B MPU3a00IHOE MPOCTPAHCTBO CO
CTOPOHBI BBIPAa0OTAHHOT'O MPOCTPAHCTBA U B 3a30pbl MEXAY NepekpbITusiMu. Ha-
OJIIOZIeHUS TPOBOJATCS O IEPBUYHOTO OOPYIICHUS KPOBJIM MIPU MOJABUTAHUN OYHU-
CTHOTO 32005 ¥ B IEPHO]I YCTAHOBUBIIETOCS pEeKUMa pabOTHI JIABHI.

[Ipu HaOmromeHUM 3a XapakTepoMm naedopmariuii U oOpylIeHUs Mopoj 3a
KpeMblo (PUKCUPYIOTCS: BpeMsl C MOMEHTa OOHaXXEHUSI KPOBJIM JI0 €€ OOpYIICHHUS;
JUTMHA 3aBHUCAIOIIUX KOHCOJICH; MOIIHOCTh OOpPYIIAIOIIMXCS MOPO/I, IUIoNaasL 00-
PYIIEHUS; TOCIEN0BATENILHOCTh OOPYIIEHUS U JPYTHe (GaKTOPHI.

HaGnronenust 3a cocTossHueM KpOBJIM B JlaBax C MEXaHU3UPOBAHHBIMH Kpe-
MSIMUA, UMEIOIIMMH KO3(PUIIMEHT 3aTsDKKU KpoBiau meHee 0,8, BemyTcsi Ha ydacT-
Kax JUIMHOM 1-2 M depe3 kaxapie 10 M 1o AJIMHE MaBkbl.

Ouenka cocTosiHus KpoBiM npousBoautcs mo meroay JonYI'U, ucxonsa uz
CTEIEHH €€ HApYLIEHHOCTHU:

K. = ZSBZV
B — Sz
0

BBIBAJIaMU ; (13.2)
h

ycrynamu Ky = Zly I-T/SO : (13.3)

tpemmHamu K; = ZH / S, (13.4)

rie 2Sg — CyMMapHast ILIOIIa (b BHIBAIOB Ha y4acTKax HAOMOTeHHH M 2V — cyM-
MapHbI 00bEM BBIBAJIOB, M3; So — cymmapHas 10113l Y4aCTKOB HAOJI0ICHUH,
M2 |, — mpotsbkeHHOCTH ycTynoB, M; h, — BeicoTa ycryna (cmemenue), m; H —
MOIIHOCTH I1JIacTa, M; |t — MPOTSHKEHHOCTD TPEILUH, M.

OTHOCHUTENbHOE COJIMKEHHE OOKOBBIX MTOPOJI MPU HAJTUYUH B JIaBE Y4aCTKOB
C OTKPBITHIMU TTOBEPXHOCTSIMU KPOBJIU U MOYBBI (PUKCUPYETCS CTEIIUATBLHBIMU U3-
MeputenbHbIMU cToKamMu CY-I1, mpodunomeTpamu, caMONUIIYITUMUA MpUOOpaMu



CIII-67, CII-72, C-II. IIpu OTCYTCTBUH YYAaCTKOB C OTKPBITBIMU MOBEPXHOCTIIMHU
MOYBBI U KPOBJIM OTHOCUTEJIBbHBIE COIMKEHHSI OOKOBBIX MOPOJ MOTYT OBITh 3aMe-
PEHBI IO BETMYMHE MOAATIMBOCTU TUAPOCTOEK CEKIIMM 3a UK.

CKopocTh cMelleHHs] OOKOBBIX MOPOJ OMPEIEISETCS ¢ MOMOIIBIO U3MEPH-
tenabHBIX cToek CYU-IT (croiika CY-II ¢ MHAUKATOPOM) U CEKyHIOMEpPA, a TAKKe
1o pesyibratam usmepenuid camonucuamu C-11 u CIIII-67.

[TopaTnmBOCTh TUAPOCTOEK CEKUUN U3MEPSIETCA METAIUIMYECKUMU JIMHENKA-
mu min camorciiamu CIT-65.

@aKTU4YECKOE CONPOTUBIIEHUE THAPOCTOEK OT HAYAIBHOI'O pacropa A0 Ipe-
JIEJIBHOTO COIIPOTUBIICHUS M3MEPSAETCS MAaHOMETPAaMH, IMOJKIOYAEMBIMA K MOPII-
HEBOM MONOCTH TuApocToek. [Ipn HeoOXoauMOCTH HENmpephIBHONW pPETUCTpPALluU
BEJINYVH JABJICHHUS B THIPOCTOMKE NMPUMEHSIOTCS CaMONUIIYIIINE MAHOMETPBI TH-
na MI'-410 B KOMIUIEKCE C TUAPOPELYKTOPOM M CAMOINMILIYIIIHME MAHOMETPBI TUIIA
M-66A xonctpykuuu 1UI'/] um. A.A. CKOUYHHCKOTO.

ITo 3amepam oneHuBaeTcs paboTa B €IMHUILY BPEMEHU CUCTEMBI KpeIib - 00-
KOBBI€ MOPOJIbL, T. €. IPOU3BeieHNE (AKTUIECKUX Harpy30K HAa CTOMKH U CKOPOCTH
UX IIPOCAIKHU.

['epMETHYHOCTB CTOEK OIpENEsIeTCs MO yTeukaM pabouel KUIKOCTU UHAU-
kaTopamu nasieHus /1.

Yeunus nepeiBUKKI KPElu U3MEPSIOTCS IIPU PA3JIMYHBIX BEJIMYUHAX OCTa-
TOYHOIO MOJANOpa 0€3 HEro MAaHOMETPAaMHU, BCTPOEHHBIMH B IITOKOBYIO U MOpIIHE-
BYIO IIOJIOCTH THAPOLMIMHAPOB INEPEABHKECHUS WM CAMONMIIYIIMMH MaHOMET-
pamu M-66A.

3HaYUTEIBHBIN 00BEM UCCIEOBAHUM OTBOAUTCA THApocucteme kpenu. Oc-
HOBHBIMH 33/1a4aMH TUX HCCIICTOBAHUM SBIISIIOTCS: ONPENEIEHUE CKOPOCTH Kpet-
JICHUS 10 JIMHE OYMCTHOTO 3a00; YCTAaHOBJIEHUE PEKUMA padOThI THAPONPUBOIA!
OTpe/ieNIeHNe MAIIMHHOTO BPEMEHHU, HEOOXOAMMOIO JUIsl MEPEABHKKH KPENu M0
OnepanusaM: OINpPENEICHNE THAPABINYECKUX MOTEPh MPU MEPEIBUKKE CEKLIUU, 3a-
OolHOrO KOHBEMepa, 6a3bl U APYTUX 3JIEMEHTOB; ONpPEIEICHUE PacXxoa SMYJIbCUU
Ha 100 T 10OBIYM yTIIS.

Xapaktep B3aUMOACHUCTBHUS MEPEKPBITUM KPENU C KPOBJEH OIPEACIIACTCS
npoduiieM KpOBIU M KOHCTPYKIHMEH MepeKphITHs. KOHTaKTUPYEeMOCTh MEPEKPHI-
Tl ¢ KkpoBiseil ouenuBaercs no metony MU'/l um. A.A. CKOUMHCKOTO U Xapakre-
pusyercsi Ko3p(OUIIMEHTaAMH: BEPOSATHOCTH KOHTAKTUPOBaHUS Kp; MIIOLIAAM KOH-
TakTUpoBaHus Kij; koHTaktupoBaHus Ki. Koadduuuent Ky onpenensercsa OTHO-
HIEHUEM YHUCJIa YYACTKOB MEPEKPBITUSI, KOHTAKTUPYIOIIUX C KPOBJEH, K 001IeMy
YUCIIy HaOMI0JaeMbIX y4acTKOB nepekpbiTis. Koadduiment Ky npeacraBisieT co-
OOl OTHOIIIEHHE CPEHEW MIIOMIAd KOHTAKTUPOBAHUS MEPEKPHITUS K oOIIel ero
wiomanu. Koapdhunuent Ky = Ky K.

NCIHBITAHUSA OIIBITHOI'O OBPA3IA KOMIVIEKCA

B npouiecce ucnbiTanuii ONBITHOTO 00pa3iia KOMILIEKCa MPOBOJATCS HAOIIO-
JeHus 3a pabOTOM MaIIMH U MEXaHU3MOB, BXOSIINX B €0 COCTaB, UX B3aMMOJICHi-
CTBUE MEX]y OO0, HAOMIOEHHUS 32 MECTAMH COTPSKCHU BHIEMOYHON MAITUHBI
U Kpenu ¢ 3a00iHBIM KOHBEHEPOM, KpPEIu COMPSHKEHUN ¢ JaBHOM KPENbI0 U KOH-
BellepoM, KoHBelepa ¢ kabeneykiaguukoM. OleHHBarOTCS: pabOTOCMOCOOHOCTH



IIyCKOPETyJIMPYIOLIEH aImapaTypbl, CPEJICTB OCBEIIECHUS, CUTHAIU3ALMH, YI00CT-
BO MOHTa)Xa 00OpyAOBaHUS; TPYJOEMKOCTh MOHTaXa U OPUEHTUPOBOYHO JIE€MOH-
Taxxa 00OpyJ0BaHUS KOMIUIEKCA; YCIOBUSI KOM(MOPTHOCTU TpH ero padore; mpa-
BUJILHOCTh BBIOOpAa TEXHOJOTHYECKON CXeMbl paboThl. BBIABIAIOTCS yCIOBUS
0e30MacHOCTH MpU padoTe KOMIUIEKCA U €r0 AJIEMEHTOB, J1a€TCA OLIEHKAa CPE/ICTB
NbLUICTIOAABICHUS, Y00CTBA PEMOHTA U JIKCILTyaTallMi, BO3MOKHOCTH KOHTPOJIS
COCTOSIHUS DJIEMEHTOB TATOBBIX IIeTIeW KOMOaiiHa, CONMPOTHBIICHUS THAPOCTOEK
Kpeneu.

YcraHaBnuBaeTcs TPYyIOEMKOCTh OOCITYKMBAHHMS M PEMOHTa KOMILIEKCA H
MaIiH, BXOASIINX B €ro coctaB (den-cMeH Ha 1000 T moObraum yriist), 3aTpaThl Ha
€XKEeCYyTOYHOE TEXHUYECKOE 00CTyKUBaHNUE.

Omnpenensirorcst pakTHUECKUE TEXHUKO-DKOHOMUYECKHE MOKa3aTean padoThl
(oObI4a yrisi: cpelHecyTOUYHas MU MaKCHMallbHas CyTOYHas, CpeJHeMecsuHas U
MaKCUMaJlbHasi MECSYHasl,; CPEIHECYTOYHOE U CPEIHEMECAYHOE MOJABUTAHUE OYM-
CTHOTO 3a0051; IPOU3BOJUTENLHOCTh TPyJla pab0overo Ha BbIXOJ]) U 3KOHOMHUYECKAsI
3¢ (eKTUBHOCTh KOoMILIEKca. [IpoBoIUTCS OLeHKa MO AEHCTBYIOIUM METOAMKAM
YPOBHS KadecTBa 000pyAOBaHUS, BXOSIIETO B €r0 COCTaB U YTOUHAETCS 001acTh
IIPUMEHEHUS KOMILJIEKCA 10 €0 OCHOBHBIM 3JIEMEHTAM U B LIEJIOM.

[Ipu ouieHKe HaEAKHOCTU 000PYAOBAHUS ONBITHOTO OOpa3la KoMIUIeKca yc-
TAHABJIMBAIOTCS: MOJIHBIN NEPEUYEeHb BCEX OTKAa30B (OTIEIbHO KOMOaliHa, KOHBeEle-
pa, Kpemu), BKIIOYas OTKa3bl 3JIEKTPOOOOPYIOBaHHWSA;, MOKA3aTeIu HAJEKHOCTU
KOMILJIEKCA B II€JIOM M OTAEIbHO KOMOaiiHa, KOHBeWepa KPEenu JIaBbl U KPEMH CO-
NPsSDKEHUI U X OCHOBHBIX YacTeil W y3J10B; MEPEUYEHb Y3JI0B, 32 KOTOPbIMU HEOO-
XOJIUMO TIPOJOJKUTh HAONIOJCHHS TOCJE 3aBEpPIUEHUs MCHBITAHUNA B 33JaHHOM
o0beMe (y3JI0B, KOTOpBIE B MEPUOJ UCTIBITAHUI HE OTKa3bIBAIA U MO KOTOPHIM HE
OIpeJeNIeHbl TOKA3aTeNN HAJEKHOCTH).

B npouecce ncnpiTaHni TOMKHBL OBITH OINPEIEIeHbl CIEAYIOLUE MoKa3aTe-
JIM HaJIeKHOCTHU MAIIMH U Y3JI0B: HapabOTKa Ha 0TKa3, KOA(PPUIIMEHT TOTOBHOCTH,
ylieabHasi TPYAOEMKOCTh MEXPEMOHTHOIO TEXHUYECKOTO 00CTyKUBAHUS U TJIaHO-
BbIX TEKYIIMX PEMOHTOB, KOA(PPUIMEHTHl HEUCHPABHOCTH, CPEIHEE BPEMsl BOC-
CTaHOBJICHHMSI, IPOLIEHT MPOCTOEB y3JI0B MAIllMH, [TAPAMETP MTOTOKA 3aMEH JJIEMEH-
TOB U3-3a OTKA30B.

Ha ocHoBe aHanu3a pe3yibTaToOB UCIIBITAHUN OMBITHOTO 00pa3iia KOMILJIEKca
Y €r0 OCHOBHBIX MAIIMH YCTAaHABIIMBAETCS 11€J1€CO00Pa3HOCTh MPOJOJIKEHUS padboT
10 JajdbHEHIIeMy COBEpPILIEHCTBOBAHHUIO M JOBOJKE. Pa3zpabaTbiBatoTCcsi peKOMEH-
JAIUU 110 KOPPEKTUPOBKE YEPTEXKEN HAa CEPUIHOE MPOU3BOJCTBO UM HA U3rOTOB-
JIEHHE MTOBTOPHOTO 00pa3Iia.

OmnpenesneHue BeTMYMHBI IAPAMETPOB IKCIVIYATALMOHHBIX CBOMCTB MALIIMH.
OmnpenesieHue CKOPOCTHBIX, TATOBBIX, TOPMO3HBIX M IPYTHX XapPAKTEPHUCTHUK.

IIpaxkmuueckoe 3anamue 6.
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Meroas uensiranni

Modor vehicles SK“'C(‘ characteristics, k (CT CSB 6893—89)

Test methods

OKIT 45 1000, 45 2000

JMara veeaennn 01.01.92

Hactonuusi  cTanaapr pacupocTpaHsieTea lia aproTpaHcnoprise
cpexactea (ATC) Bcex ThHnoB, KpoMe BUEZOPOKHMX.

Tpebozanus HacToAWero cTalAapTa SBJARIOTCR 00A34TeALIMI, 34
Hekaoyennem TpeGoramnit o 2511 w n. 4.3 B vacTi onpeneaensg no-
npasoyHore Koaqduuuenta.

[. NOKASATEJMW W XAPAKTEPHCTHKH

YeranasaupaloTes cACAVIONIHE NOKAIATEIH H X8PAKICDUCTHKH CKO-
pocTHrx ceoficte ATC:

.1 — MagcnMalibHas CKOPOCTh;

1.2 — speMs paaroHa Ha 32)aHIOM NyTi;

.3 — Bpems pa3roHa J0 3anamof ckopocrs;

1.4 — cKopocTiag xapaktepuctiika «Pasron-subers;

1.5 — ckopocrsas xapakrepuctura «Pasron Ha nepeaaue, oGecne-
YABAIOWIEH MAKCHMAABHYIO CKOPOCTLD,

[TpuMensieMocTh NOKa3aTeAelt ¥ XaPAKTEPHCTHK No BHAAM HCNBITA-
auft # tHnam ATC onpeaenseTcs COOTBETCTBVIOLIHMH NPOCPIMMaMIL.

lloscnenns apumenseMpx B HACTOAUEM CTAHAAPTE TEDMHHOB NpPH-
BedeHn B NpHAOKenin |

2, OBUHE TPEBOBAHHA

21. TpeGoOBAHHA K OGBEKTY HCOWTAHHR
2.1.1. ATC, npepuaanauenyoe AJs HCNBITAWHI, AOMKHO OwITe He-
NPABHLIM, YKOMOACKTORAHHLIM, 3anpasiennuy 'CM p cooTnercrsum

Hananme oprumaistoe
*
€ M2aareascTse crauaapros, 1991

Hacronuud cramnapr He somer GuTh NOANOCTHI0 KAM M2CTHNNO NOCHPORIBENEH,
THPAXNPORAR ¥ pacnpocTpaned Ges paspewenns Foccramaapra CCCP
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C HOPMATHBHO-TEXHU4ECKOI joxyMentauuedn, [lvurateab, TpasHcMHC-
CHY 1 N JOJUKISL ()OATH BiLGeRamy olKaTKy B COOTBETCTBILE
¢ HICTPYKIUHel npeAnpUaTHA-H3I01081TeAs i uMeTh npober, BKIOYasH
ofkaiky, se menee 3000 k.

2.1.2. Hasoc umu Ha ATC e Aodxen npeswitsath 50%.

Wi fe qonmias gMets noppextennil, Jdavienne s wnnax noas-
HO OTBeYaTs TPefOBANNAM NPEANPHATHA-H3TOTOBHTRIR.

Jasnenne H3MEPSIOT 1! PErYAHPYIOT HA «XOJOAHEIX» mnHay, B upo-
wecce enurangil ATC peryanposaliye 1apaenis (e D0NyCKaeTes.

213, Owite 1 BEHTHARUHOIERE JOKH NP (IDOBEICHHN HCOBITA NI
A0TKHL OBTe 3aKPHITH, MACKKA OTKICIHON BEPX WK TEHT AoMKel
HaxoanTscs 8 pabouer nOJOKEHHH,

Arperatl i MexaxuaMel  (AONONHNTEALHLIT BEAVILHA MOCT, KO-
pobxa oT00Da MOLMOCTH ¥ AP.), He NPHMEHRENLIE Bo BPEMA 10N Ke-
HIS 10 A0POIe ¢ YCOBEPLIEHCTBORAHNLIM MOKPHITHEM, AOVKHH OWTo
BHKAOUERW; NPH HAAHMIH 1eMyAbTHNAAKATOPA A0AKHa GuTL HKMO-
weiid ero noBKINANINAS neperana.

2.1.4. Yerpoficrso Aas NoJorpesa Bo3aysa CHCTEMB NHTaHKA, le
HMeionlee ARTOMATHYECKOrD YNPARACHHA, A0AAN0 DHTh YCTAHOBAEHO
B nojoxkenin «Jletos. Creremu oronnenns caiolla (KaGHum) W KOH-
AHUHOHHPOBANKA BU3AYXA A0AKUE ObiTe Buikiawouenw. Honyexaercs
HCMONL30BAHIE ITHX CHCTEM NPH CPABHUTEABHBIX HCMLITAHHAX 3UMOI.

2.1.5. llonyckaeTcs  onpejlesienie  nokaszatejdeil  CKOPOCTIBIX
CBONCTE 114 crenae ¢ Oeropuivit GapabGauamu, ofecneuupalomey goc-
nponzeezenie consotunacnih agiokeniio ATC na aopore.

22 Macea rpyaa

2.2.1. [pn NemadTainsy aodmia apiMeHs tThes:

noaian Macea rpyaa — nas ATC noanoit maccoit cemme 3,5 T;

AOAOBHEA Macck rpy3a, no ne weiee 180 ki — aaa ATC noanof
Maceoit 10 3,5 T BRAWIHTENBHO.

2.2.2. B kadecrse rpysa NPHMCHSIOT HerHrpockonuuiieie Ganaact
HAH HaTYPaJbiue Cpyaul AR rPY30BHX ApTOMOOHACH H MaHeKeHbl
an Oangact (Mewky ¢ ChINYUHM HANOANNTENEM) AXR JACrKOBHY an-
ToMoGnAeH 1 aBrobycon.

Honyckaerest NPHMEHATL B KavecTBe 0aAlacTa THMPOCKOMMUILE
TPY3R NpH VCIAOBHH IIX HAAEKHOR 3aMIHTH OT arMocpepHHX BO3ieil-
CTBHI.

Baanact (manekenst) ao/mwen GuiTh Nalewno akpensten. Macey
BOJMTENA H KOHTPOJIEPA, 4 TAKKe Maccy 060pyIoBaHEA H KPenacuni
BKAIOTAIOT B MACCy Tpy3a,

Pacnpenenenue Macen no ocAm (KoecaM) [OMMHO COOTBETCTBO-
BaTyL TPeBOBAHUAN TEXHUYECKON TOKYMEHTAMUHN.

23 WamepuTeabHue yYyacTKH

2.3.1. Viamepesina nPOBOAAT HE TBEPAOM TVIAXKOM YHCTOM H CYXOM
ViaCTKE DOPOrK € XOPOIHM CUenJeHHen.
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2,3.2, NoxaszaTens L.1 MOKHO H3IMEPRATH Ua NPAMOM yHacTKe 10-
POTH WAM Ha TOpH3IOHTaABHOR KonbieBo# aopore. Tloxasarenn 1.2—1.5
H3MepSIOT HE NPAMOM YYacTKe A0pOrH.

2.3.3. XapaKkTepHcTiKa NPAMOro VUacTka [OpPori AoDKHa GuTH
caenyiomen:

npoAoabHKl yxaon — we Goaee 0.5% na yyacTke Aannoh ne fia-
see 50 M;

nonepeyrki yxaon — ne 6oaee 3%:;

LTHNA H3MEPHTEALHOTO yyacTKa He JAoiaHa Guth mexee 1000 M
Aas onpededenun nokasateteit 1.1 w 1.2 n menee 2000 M gns onpe-
nedtenus nokasateas 1.3 n xapakrepuerrr 1.4 o 1.5

Ioabesanne A0POKHHE VHACTKH A0MLKHE HMETH aHajorivioe no-
KpaiTHe 1t AAWHY, AOCTATOYAYIO AR pasroila 0 CTabEJAHIAUNN MEKCIH-
mamsioil ckopoety ATC,

TIpAMEIM VIECTKOM AOPOTH CYRTAIOT YHAcTOK KOAbLEBOi fLaporm,
echn uentpeberkuas cuaa ne npeswmaer 20% nepronauanbuoll mac
CH ABTOMOOMAS H KOMMEICHPYETCH MONEPeUHBIM VKIOHOM Py i

2.3.4. XapakrepucTHka Koabueroft nopori nodxHa OwITH caenyio-
uiefi:

KOJABUEDaN A0POTa ANDKE2 OBTh PACroAOXeN2 0 rOPHIONTAZLHON
NAOCKOCTH ([ HMETH BH BRAVEAON KpReoi, BX104anel xpumianiei-
HEIO YHACTEI ¢ PATHYCOM Kprsuans He Mewee 200 w;

AMMHE  HEMEPUTeNRHOro YMAcTKa NYyTH  1ie anKia Gulth Meree
2000 w;

aeficTede uenTpaBeKION  CHAN AOTAHO  KOMOCHNCHPORATHCA N0+
nepesunyM npodiaen NoBopoToB Tak, WIoOu apwieuss ATC wa no-
BOPOTE OCYLIECTRIANOCH 683 BO3NeHCTRHRA HA PV/IEBOE KOAECO.

24 Cpeactra H3IMEpeHHH

2.4.1. Cpencrsa n3Mepernit MOVIKHN ObITh KOMIAKTHRIMHU, (1POCTM-
MH B VCTAHOBKE # NOJAL30BAINH, BHOPOCTONKEMHE 1 OBeCnenHBaTh He-
06XOAHMYIO TOVHOCTE H3MEDENHHd npi Temneparype BO3RYXA 4 40°C
na Beex pewumax apikennst ATC, BKmMOUas MBKCHMAILHYIO CKI-
pocte; yeranoBka nx na ATC e nOJAXKHA BAWATL 13 CONpOTHBALHNHE
LBHKEHHIO,

2.4.2. TlorpelHocth CPERCTB HIMEDEHIH 1e 0MKNA NDCBEINATH
aravenndl, npaeenesnny 1 Taba. |.

25 ArmochepHnie ycfosus

25.1. Ilpx  noponex ucnmrannax ATC aoamnwm cofawrarses
cnenywoutie TpeGosannn, Cpeanss cKopocTe BeTPa, HIMepennas na
BrCOTe | M HAJ nOBepXNOCTBIO Aopord, e 6oaee 3 Mfe (npi nopmsax
10 5 mfc). TTaoTnocts Bo3ayxa He JOAKHA OTAWIaThCR Gojsee uew u2
7,6% oT NJOTHOCTH BO3AYXE, ONPEANEHHON NPH HOPMAARHLIX arMoc-
depubix  yeaoBuax  (atmocpepoe  namaeswe  Po=1000 rfla
(750 sy pt. cr.). Temmeparypa sozayxa T,=293 K (20°C). [lnot-
HOCTh BO3AYNA NpH Henwramuax {di), xr/w?, pwuncasior no gopmyac

dimd 20 -A;:~. (1
" 1
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Tubanua |

Henwenoranne Norpempocts, ke Goaee

Bpess 41 ¢

Ty 1 U0.5%

Cxopoct, ATC | 1%

CROPOCTE BETPA 05 n'c

YacroTs BpallesHA B3Ad NBATATEAR t 1%

Temneparyps posAYXA } 1’C

Arnocfieproe IaBAeHue 40 rlMa

OTHOUTCIABHAR BAAMHOCTE BOIAYXA 1%

Macea ATC | 0 A%

rae do— WIOTHOCTh BOSAYXa NPH HOPMAJbHLIX ATMOCHEPHBIX YCI0-
BHsX, paBuasn 1,189 kr/w®;
Iy — atmochepnoe nasaenue npe nposenenmy wenwranudi, rlla;
Ty — vexnepaTypa npu nposexernn wcnurasni, K.

Ipi sTom dy He JoaKHa o™HuaTees Goaee ueM Ha 7.5% or di.

Temnepartypa Boaayxa He aoaaHa OuTL HExe 276 K(3°C), atmoc-
beproe aasaenne uuxe 910 rlla u ornocHTeABHAR BAAMKHOCTL BO3-
ayxa Beie 95%.

2511, donyckaercs nposeaexne ucnwitansii ATC (xpome mex-
BCAOMCTBEHHLX, MPHEMOYHBIX ¥ NpPeABapHTENbHBX) MDH TEMTNEpaTy-
pax wnxe 3°C ¢ mocienylouefi KOppeKTHPOBKOR Pe3vAbLTaTOB COraac-
110 PEKOMEHAYEMOMY NPHA0KEHHIO 2,

2.5.1.2. Bxamoyere 5 HOPMATHBHO-TEXHHUECKVIO JOKYMEHTAUNIO
nokalateas 1.4, nofyuyewnoro NPH XKOPPEKTHPOBKE Pe3VALTATOR HCMw-
TaHidk apu Temnepatvpe Hwke 3°C (npuaoxkenue 2), ne 10NYCKAETCA.

3. METO/AB HCNbITAHHA

3L O6umue noJOXKeHHS

3.1.1. Mepex wenuiTannaMi TENJAOBOH pesuM &IPErarod H yiioB
ATC 30804AT 10 HOPMAJBHOTD YCTRHOBHBIIEICCH COCTOARILT npode-
roM He menee 50 KM npH CKODOCTH JIBHXEHHA HE HHME /s MaKCH-
maaphoi. IMpy swiyxaennux npocronx ATC B nponecce menmranui
Il CHIKEHHT TeMIeATYpH arperatoB it V3408 HeobX0A#MO BOCCTA-
HOBHTH HX TeNIOROE COCTOANHE LONOTHHTEALHBIM NpOserom,

3.1.2. ITepen MenmTaHRaMH A0UKNO OMTh NPOBEPEHO OTCYTCTAHE
ROBLIICHHBIX CONPOTHBJAEHHHA ABHMENHIO HIMEDEHHOM NVTH Bwdera
co ckopocti 50 KM/4. PesyanTatm OUEHHBAKOT TNOJOKHYEILHO, ECAH
MPHBRAEHHNI COMJIACHO NMPHAOKEHHe 2 nyTh Bubera He MeHee 133au-
woro 8 HTIL

32.Onpeaesenne MaKceHUMaaAbHON cKopoeT# (mo-
kKaszarteawn L.1)
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3.2A. Onpedesenue MAKCUMAABHOL CROPOCTU KA MPAMOM Yracrre
Gopoit npu JBUNERUL & J8YY HANPABACHURX

MaxenMansilyio cKOpocTs Onpefedsor ua mepeaate, obecneunsa-
ouel J10CTIKeHHe  HAHOGOABILER YCTOHYHBOR CKOPOCTH JABHMKEHHH,
KOTOpas YCTaHasIHBAGTCA MO BBHE3AA HA H3MEPHTCALHMIA YHACTOK.

[Meiajs ynpaBieHHs NOZayH TONJAHBA 10JHA OblTh Haxara Ao
yioopa, Hucio HaMepenHH (3aesfoB) — He Melee TPEX B KamAOM
tanpapiaenti. MiaMeHeHHe CKOPOCTH B 33e34€ He A0AKHO NpesHATh
2%. B xaknoM 3ae3e DOJKHO ONPLUENATHECH BPEMA (POXOKAEHHH
HIMOPHTEBHOrO yuacTHd., PazHuua Mexay wpalHuMy 3HaeHHAMM
UICCTH H3MepeHHii He A0/KHA npessinars 3%,

3.2.2. Onpedenenue MAKCUMAABHOL CKOPOCTU WA NPAMOM YACTKE
dopoen npu deudenuu 8 OOHOM HANPABIEHUY

Onpetenesde MaRCHMANBHOR CKOPOCTH NPH ABHIKEHHH B OJHOM
HaNpaBIeR#y JONYCKAETCH TOJbKO B TOM CAyYae, ecldH XapaKTepHe-
THKA AOPOCH He TO3BOANET TOCTHYD MaKCHMAaAbHON CKOPOCTH B 060X
HAM)aBICHHAX, HPH 3TOM ANVUKHK CODIIORETLCR AOTOAHHTEIbHBE YC-
J0BHAL

H3MeReNHe BRCOTH NPOROJILHOTO NPOPHAR HA BCEM NPOTAKCHHM
rOPHIOHTANLHOTO HIMEPHTENBHOMO YY3CTKa He JOJAHO MPEeBHIUIATL
I M
4 oc/zaan COCTBAAIONULANA  CKOPOCTH BeTpa He J0AKHA NpeBuIUaTh

Mfc,

HaMepuTe bl Yy9aCTOK NPOE3KAIOT NATHKPATHO, 33E3[bl JLOAK-
Ui CJAGL0BATL HENOCPEICTBEHNO OJHH 33 APYTHM, MPH 3TOM H3Meps-
€TCH BpeMsl KaAR0ro 32e3ja.

5.2.3. Onpedeseriue MANCUMAABHOU CROPOCTH KA KOAbYe6od O0-
poze

das onpegetienis  AaHHOA CKOPOCTH H3MEPSIOT  Bpems, neobxo-
AMMOE JIISL TPOE3NA  BCelt KOJIBUEBOR OPOrH, NPOBOART He MeHee
TPeX U3IMePeHuIT MR ABTOMOGHIRA, eAYHIEro No ciely, He HyKAaKlle-
rOCH B KOPPCKTHPOBKE NYTH NOCPEICTBOM BO3ACHCTEHA Ha pyachoe
sosteco. Pashuna Kpaiinux anavennit ve A0JuKHa npeBwwate 3 %,

33. Oupenesednne BpeMeHH pasronHa Ha 3a1ad-
HoM nyTH (nokasareas 1.2)

3.3.1. Bpemsi pasrona Ha 3ajanHoM Nyt jgassoft 400 ¢ 1000
ONPRACNRIOT HOOCPRACTROHHBIM erg HaMepeHHeM HAH 10 pelyinTa-
Tam aandcH pexnma pasrona ATC c mecra. 3amepsl BHNOAHANT B
000HX HampaBaeHnsax IBHAEHHA, ABYKPATHO, HENOCPEACTBEHHO O1HH
240 APYIHM.

llsnxenne HAYHHEWT C NMEPENayH, HCNOABIYEMOH NpH TporaHnk c
woecra, PAsrod BROONHAIOT NPH NOJIHOH NOJaYe TONTHBA H NEPEXAI0-
YeHHH Nepellad nNpH HOMHHATLHOM CKopocTH (HOMHAHAALHOR vacroTe
ApAlICrHs KOAEHNAaTOre Bafa JBHIaTens) HWJIH NPH CKOPOCTH (Yacto-
TC BpamMenns), orpanuntuchsgoi peryaatopoM. Ilpe waauunu aeanwtens
B Kopobxe neperaw nepexaiouenns mepenay npu pabore ATC npo-
H3BOAAT COMJIACH® PEKOMEHIAUHH MPeANpHATHA-HINOTOBHTENA; (PH
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OTCYTCTEHH  TAKHX  PEKOMEHAAUHA  MCTOAL3VIOT — BepXiHH  pax
nepegay. PexnMbl pafoTh aBTOMATHYECKON TPAHCMBCCHI 1OJKIEI
COOTBETCTBOBATL TPEOOBAHKAM TEXHHUECKON TOKYMEHTAIHHA.

34. Onpesenerue BpeMeHH PaizroHa A0 3aaaHHof
ckopocTn (rokasareans L3)

3.4.1. Bpews pasrosa C MECTa 0 331aHHOM CKOPOCTH onpefetsn-
0T K&K CPERHII apuPMETHYECKYI0 BEAHYHHY 1O Pe3yILTATaM 3aed-
ADB, BHIOJHCHKEIX B CODTBETCTBHH ¢ M. 3.3, €A% N0 KpHpOH peaiMa
pasrona ATC ¢ mecra.

YCeTaHaBAHBAIOTCA CACAVIOUIHE 3HAUEHHS KOHCUHOR CKOPOCTH pa3-
roHa:

100 'm/u — aan ATC scex THnoB nonxoll Maccoll no 36 T3

80 kv/w — aas rpyzosnX asromobuied, asrobycos (Kpome ro-
POACKHX) MoAHOR Maccol caxlle 3,5 T H ABTONOL3108.
60 KMy — 15 ropoORCKHX aBTOGYCOB.

Has ATC, uMewnx MIKRCHMAJILHVI0 CKOPOCTh HIKE 3a1AHHON
uid BHiNe ee de Oodee ueM Ha 3 gkMfu, npumnmaercs GinKainian
MEeHBIAA CKOPOCTh, KPATHAR Jeci Tl

35. Onpejgenense CKOPOCTHOH XapaXTEepPHCTHAIl
epasronw-snber» (xapaxktepucruxa L4)

3.5.1. Aas onpelencHus 1aHHOA XaDaKTEPHCTHKH BHOOAHFIOT pil-
roM ¢ Mecra 1o Handoaswmeit ckopocTH, AocTiraeMoi na nyrn 2000 M,
# BHOEr ¢ BRIKMIOUSHHON nepelauedt Ao octanoski. Pazron awinoa-
HSIOT B COOTBETCTBHH ¢ M. 3.3.

[MapaMeTps ABHMKEHHS (NYTh, BPEMs, CKOPOCTL) CABRYeT Deryci-
PHPOBATL C MOMOIILID H3IMEPHTenpHoA annaparvpuw, Hdonycxaeres
NapaMeTpH DAasroHa H BHOErz ONPeleanTh PA3/eNLHO, eCaH AN
A3IMEepPUTEABHOrD YUACTKA HEAOCTAaTONMHa.

36. Onpegenciine CKOPOCTHON X2DAKTEPHCTHKH
¢pa3roR wa nepexauve, ofecneunsalomweii Makcs-
MaJdbHYK CROPOCTE» (Xxapakrepucruka L3)

36.1. Tlpn onpenenesnu Aanwoit xapakrepucruxy pairon ATC
BHNCJAASIOT HA mepeaate, oOCCHEHHBAIOMEH JLOCTHHKERNE MAKCHMAh-
HOil CKOPOCTH (BHCUIAH WIH npe,:lulecmg:omaa} ¢ MIHHEMaAbHOH CKO-
POCTH Ha 3T0i nepelaye 1o cxopoctd 09 0T MaxkoHMaILHORN,

MusrMadpnyl0  CKOPOCTH YCTAHABAHBAIOT 10 HAYaAad H3MepH-
TeawHoro yuacrka. Ilpuvenseman mepexaya JA0aAHa ObTb OTpaMena
B HA3BAHHN XAPAKTEPHCTHKY.

Paaron ATC BRNOTHAWOT npi 10301 NoAaye TOMIHSAa.

3aMepH, CAGAYWILHE OMH 32 APYDEM, HEOBXOAWMO BHINOAHATH
N DAHOMY Paily B OGOUX HANPABACHAAX JBHKEHHS.

4. OBPABOTKA PE3YJILTATOB HCNLITAHHA

4.1. Bee pe3ynsraThl HCNBITaH#EA # faHHble METCOPOAOrIHecKnX
HaMepeHHii A0AKIE GLTh BHECEHHW B NPOTOKON HCNBITARAKI.
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4.2. Ckopocts (Ymax) H BpeMs (f) aeumewns ATC, xwfu, BLulC-
ARKOT 10 opMyaaM:

Voar=3,6-8 ¢, ()

Iae S — LJHHA HIMEDHTEJILHONQ yYacTxa, M]
¢t = cpeasee BPEMS NPOE3A2 HIMEPHTEABIONO Y9acTKa, C;
— e :
f:‘—~——3..1‘, {4)
n
rie n - 4icac ll3)depe-}iliﬁ;
li— gpems MPOXOX/IEHHS HIMEPUTEAbBHOMD YYACTKa B I-M H3-
MEpEeHHH, C.

4.3. 3a peanunny maxcumaawnofl cxopoery ATC, noayuennoi na
NPAMOM YYacCTKe JAODOTH NpPH ABMXERHH B ABYX HaNpaBJeHHAX, NpH-
HHMAIOT 3HaYeHne, noayyexstoe no popmvae (2).

Beanunny saxcumanpnoir ckopocra ATC, noayyenroit #a npssoMm

YYACTKe JOPOrd npH ABHXEHWA B OAHOM Hanmpasaesuu (U, ), BH-
HUHCARIOT N0 dopMyae

l';_‘x: Va2 C’v'; Uay (4)
TRE Umur — CKOPOCTH aBTOMOOHAA, BMYRCIeHHas no dopMyne (2),
KMfu;
Uy~ OCEBAR COCTABAAWIAR CPEAHER NO 323831aM CXOPOCTH
BeTpa, KM/fq,

Mpusenadne 3uag (+) NPUMERRIOY, ecan  OCEBAR COCTARMMOMIAN BeTPA
nporunoncdcreyer askeno ATC, a anax (—) — B OPOTHBONONOKEOM Caydae

Beanunny maxermaiphon ckopoets ATC, noayuexnofi Ha xodb-
nepofi Agopore, syyeanor no dopmyae

U= Ve K (5
TAE Uk — MAKCHMAJbHAA CKOPOCTh, MOMYYEHHASN M2 KOILUEROH 10-
pore, KM/y;

K — nonpapovhnit xoxppuudent (1=SK=1,05) onpemensemisi
COPNACHO MPHAOKEHHIO 3,

4.4. Homunanwnyio ckopocth, ATC  (vy). kM/u, suuHcAsiOT 2O
dopmyae

vy = 0,377y - rug, (6)
rie ny — HOMHHAJNDHAA YACTOTE BPIlLEHUST B&JA MBHCATEAs, MHH ™'}

fy— PAARYC KAMEHUA BEAYIIHX KOAeC, M;
tiyp — NEPERATOUHOE THCAG TPAHCMUCCHH,

PecypcHble ucnibITaHMS MalIuH, y3J0B. [IpeaBapurenbHbie, mpueMo-
CaTOYHbIE U EPUOANYECKHNE UCTILITAHUS MAIIIMH.

Illpakmuueckoe 3anamue 7.
OBIIUE MOJIOKEHUS TPUEMOYHBIX UCIIBITAHUHN OITBITHOI'O
OBPA3IIA (OIIBITHOM ITAPTHUN)

[Tocne 3aBepiieHUs] 3aBOJICKUX HCTBITAHUN 3aBOA-U3TOTOBUTENb IEpeacT
OTIBITHBIN O00pasel] u3aeus sl TPOBEACHUS MPUEMOYHBIX UCTIBITAHUNA B YCITOBUSIX
neiictByronier maxtel. B coorBerctBre ¢ 'OCT 15.001 — 73 npuemodHble UCIIbI-
TaHMS ONBITHOTO OOpa3iia (ONMBITHOW MapTHH) TPOBOASITCS JJIsi ONPESTIECHUS COOT-
BETCTBHS €ro TexHuueckomy 3ananuio (T3), TpeOOBaHMSIM CTaHIAPTOB M KOHCT-
PYKTOPCKOM JOKYMEHTAIlMU, TPEOOBAaHUSAM TEXHHKU O€30MaCHOCTH MPOMBIIIICH-
HOW CaHMTApUU U BO3MOXHOCTHU MOCTAHOBKH Ha IPOMBIIIICHHOE MTPOU3BOICTBO.



VYcnoBust IpUEMOYHBIX UCHIBITAHUHN JOJKHBI B MAKCUMAJIBHOW CTENIEHU COOTBETCT-
BOBaTh 00JacTH NpUMEHEHUs, yka3aHHo! B T3. Opranuzanusi IpueMOYHbIX UCIIbI-
TaHuil Takxke oroopena B 'OCT.

JIns mpoBeneHUs UCIBITAHUM HA3HAYAETCS MEXBEIOMCTBEHHAsT KOMHCCHS
(MBK), B cocTaB KOTOpO# BKIIIOYAOTCS MPEACTABUTEIIN: 3aKa34MKa; MPOU3BOICT-
BEHHOT'O OOBEIMHEHMS; IPEANPUSATHSA, TI€ TPOBOISTCS MPUEMOYHbBIE UCIIBITAHMUS;
pa3pabOTUMKOB TEXHUYECKOro 3aaanus; 6acceitHoBoro HUU; pazpabotunka KoH-
CTPYKTOPCKOM JTOKYMEHTAIlMH; BEAYIIETO MPOEKTHO-KOHCTPYKTOPCKOTO UHCTHUTY-
Ta; 3aBoAa-u3rorosurelis; ronosHoro HUU; I'ocygapcTBeHHOro caHuTapHOTrO Ha -
30pa; TEXHUYECKOW WHCIEKINH Tpodcoro3a oTpacin, B KOTOpOH OymeT sKCIuTya-
THUPOBATHCS U3JICIIHE.

ITo pesynbraTam npueMounsix ucnbsiTanuii MBK cocraBiseT mpoTokon uc-
neiTanui. Eciin HOBOE M3JIENNe MEepenacTcs B CEpUHOe Npon3BoacTBO, To MBK
JTaeT PEKOMEHJAIMU 10 00beMy YCTaHOBOYHOM cepuH, 00beMy JOpPaOOTKH U3Jie-
JUsL U KOPPEKTUPOBKHA KOHCTPYKTOPCKON JOKYMEHTALIHH.

B ocHOBe MpHEMOYHBIX HCMBITAHUN JIEKUT METOJMKA, KOTOpas C y4eToM
cnenupuueckux 0COOCHHOCTEN HCIIBITYeMOro 000pyA0BaHUs pa3pabaTbiBaeTcs Ha
ocHOBE THUMOBOW METOJIMKH MPUEMOYHBIX UCIIBITAHUNA KOMIUIEKCOB 000PY10BAHUS
C MEXaHU3UPOBAHHBIMU KpersiMu, pazpadotanHoit UI'J] um. A. A. CkounHCKOrO H
['unpoyrnemamem.

MeToauka UCIIBITAHUM BKJIIOYAET CIEAYIOIINAE pa3eibl: UEId U 3aJa4u UC-
NBITAHUN; OOBEKT UCIBITAHUMN; OPTaHU3ALMS U TOPSAOK MPOBEACHUS UCTIBITAHUM;
YCJIOBUSL U 0O0BEM UCTIBITAHUH; COAEPKAHUE U METO/IMKA MTPOBECHUS HAOII0ICHUIMA
MIPU UCTIBITAHUSIX; BBIBOJIBI U PEKOMEHIAIMH 10 pe3yJibTaTaM UCIbITAHUM.

B cootBercTBMM ¢ OCHOBHOM IIEJBIO B MPOIECCE MCIBITAHUN MO KaXIOMY
o0pa3ily KOMIUIEKCA U OCHOBHBIM 3JIEMEHTaM, BXOJSIIMM B €r0 COCTaB, JOJIKHBI
OBITH PEIICHBI CIEAYIONINE 3a/1auu: onpeeneHrne PakTHIecKnx mokazarenen Tex-
HUYECKON XapaKTEePUCTHKHU, OIEHKA MPaBUJILHOCTH WX BBHIOOPA U COOTBETCTBUS
MPOEKTHBIM MOKA3aTelIsIM; MPOBEPKA COOTBETCTBUSI OCHOBHBIX MAaIllMH KOMILIEKCA
cymectBytomuMm ['OCTam; onpenencHue (hakTUUSCKOM CTEIICHHM MEXaHU3aIuu U
aBTOMAaTH3allMM TPOM3BOJICTBEHHBIX IPOIECCOB; IMPOBEpKa PabOTOCIIOCOOHOCTH
KOMILIEKCA; BBISIBJICHUE MPEUMYIIECTB U HEIOCTATKOB KOHCTPYKIHH; MPOBEpPKa
HKCIUTYaTallMOHHOW HAJEKHOCTU KOMIUIEKCA M €r0 OCHOBHBIX YacTeil; OLEHKa
MPAaBWIBHOCTH BBIOOpA TEXHOJOTMYECKON CXeMbl pabOThl KOMILIEKCA; MpPOBEpPKa
yCJIOBU 0€30MacHOCTH paldoT; OLIEHKA 3albUJIEHHOCTH, YA0OCTB MPOX0/Aa, TEMIIe-
paTypHBIX YCIOBUM TIpu paboTe KOMIUIEKCA, ONPEACIICHHUE TEXHUKO-
HPKOHOMMYECKHX TOKazaTesael paboThl OCHOBHBIX MAIlIMH U KOMIUIEKCA B IIEJIOM U
YCTAHOBJIEHHE SKOHOMHUYECKOH 3(P(HEKTUBHOCTH €ro MPUMEHEHUS; OIIEHKA YPOBHS
KadyecTBa 00OpYAOBaHUS, YTOUYHEHHE OOJACTH NMPUMEHEHHUS KOMILJIEKCa; yCTaHOB-
JICHUE T1eJIECO00Pa3HOCTH MTPOJIOJDKEHUS Pa0OT MO T0BOAKE KOHCTPYKITUH.

Opranuzanusi ¥ NOpsIIOK MPOBEACHUSI UCIBITAHUM JIOJKHBI MPETyCMaTpHU-
BaTh: MPOBEPKY KOMIUIEKTHOCTH MPHUOBIBIIETO HA MECTO WCIBITAHUN KOMIUICKCA;
KOHTPOJILHYIO COOpKY MaIllMH; OMpoOoBaHWE WX B paboTe; oOydeHue oOCTyKH-
Baroriero mnepconana. [lociae KOHTPOIBHOM COOPKH KOMIUIEKC AEMOHTHPYETCS U
CITyCKaeTCs B LIAXTY.



Hcnertanus npoBoasaTcs B ABa 3tana. Ha mepBoM 3tane 0CBanBarOTCS KOM-
IUIEKC U B3aUMOJICHCTBUE OCHOBHBIX €0 YacTel (BBIEMOYHON MalMHBI, 3a00MHOTO
KOHBelHepa, MEXaHU3UPOBAHHOW Kpenu M JIp.), IPOU3BOAUTCS Hajaaka. OgHOBpe-
MEHHO OTpadaThIBA€TCsl OpraHu3anus padboT, yTOUHSIOTCS IpaBuiia 0€3011aCHOCTH.

Cpoxu npoBeieHus IEPBOro dTana UCNbITaHui yctaHaBinuBarorcss MBK, HoO
HE MEHee NIEPUOJIa BPEMEHU A0 IIEPBUYHON ITOCATKA OCHOBHOM KPOBIIH.

['opHO-TE€ONOrMUECKHE U TOPHO-TEXHUUYECKUE YCIIOBUS, BbIOMpaemble Jis
UCIIBITaHUM, JOJDKHBI MAaKCUMAJIBHO COOTBETCTBOBATH I'PAaHUYHBIM, HanOOJee He-
OJIarONPUATHBIM ~ YCIIOBHUSIM, YCTAHOBJIEHHBIM TEXHMYECKOW XapaKTepUCTUKOU
KOMIUIEKCA, T. €.. MOIIHOCTh IUIaCTa — MUHHMAQJIbHOMY IPEAEITY MOIIHOCTH Ha
TOHKMX IUIaCTaX ¥ MaKCUMaJIbHOMY — Ha IUIACTaX CPEAHEN MOIIHOCTU U MOIIHBIX;
YTOJI TaJICHUs IUIACTAa — MAKCUMAaJIbHOMY YIUIy ITaJ€HUS; YCTOMYMBOCTh KPOBJIHA U
ee KJacc Mo OOpyIIaeMOCTH — COOTBETCTBEHHO HaWMEHEe YCTOWYHBOW KPOBIE U
HauboJsiee BBICOKOMY KJlaccy 0OpyIlIaeMOCTH; COIPOTHUBIIEHUE MTOYBHI U KPOBJIU Ha
BJIaBJIMBAHUE — MMUHUMAJIBHOMY I10 TEXHUYECKOW XapaKTEPUCTHUKE; COIPOTHUBIIC-
HUE yIJI1 PE3aHUI0 — MAKCUMaJIbHOMY MPEIEIy 3TOTO COIPOTUBIICHUS.

HcnbiTaHus MALIMH ¢ HeJbI0 onpee/ieHusi (paKkTHYeCKUX BeJTUYNH
TPYA10€MKOCTH TeXHUYECKUX 00CTYKUBAHUI 1 PEMOHTOB MAIIIUH U MPOCTOEB
B PEMOHTe.

IIpaxmuuecxoe 3anamue 8.

[Ipy mpoBeAEHWH HCOBITAHUN C LEJBI0 MOJYYEHUS] KOJIUYECTBEHHBIX 3HAUYEHUM
nokaszaresyiei HaIe)KHOCTH JIEMEHTOB U CUCTEM MPUXOJIUTCI UMETH JIeJI0 C BBIOOP-
KaMH pealiu3aluil CIydyalHbIX BEIWYWH. BeieacTtBue 3TOro, mojydyeHHbIE 3HA4e-
HUS JIMIIb C HEKOTOPOM BEPOSITHOCTBIO XapaKTEPU3YIOT MOKA3aTed HAJACHKHOCTH.
[TosTOMYy TIpH IJIAHUPOBAHUH MPOAOJKUTEILHOCTH M 00beMa IIaXTHBIX HCIBITA-
HUMW 3a7aI0TCA JOBEPUTEILHON BEPOSTHOCTBIO Y U MPEEIbHOM aOCOMIOTHON TO-
I'PEITHOCTHIO & KOTOPBIC CBSA3aHBI MEXKTY COOOM YCIOBHEM:

y=P(X,-X,|<e)
rne X — reHepajbHas CpeaHss BEIMUMHA M3YYEHHOTO MIPU3HAKa, HAIPUMED, Ha-

paboTka Ha OTKa3 TEHEPATbHOH COBOKYIMHOCTH OIHOTHITHBIX OOBEKTOB; X,—

OIICHKa Xg MO pe3yJjibTaraM HaOJIIOJCHUN ISl BBIOOPOYHOM COBOKYITHOCTH TE€X KE
00BEKTOB.
To4HOCTH PE3yJbTATOB M3MEPEHUN OIIEHUBACTCS OOBIYHO OTHOCUTEILHOMN

npenensHoi norpemHocteio O =&/ X, IIpu 5TOM, 4eM GOJbIIE Y U MEHBLIE O,

TeM OO0JIbIIE TOJKEH ObITh 00beM BBIOOPOYHBIX JAHHBIX N, XapaKTEPU3yeMblii, Ha-
puUMep, KOJTMYECTBOM OTKA30B O0BEKTA, UUCIOM CIyYalHBIX HApaOOTOK 00bEKTa
MEXIy OTKa3aMU WIN CIIy4allHbIX BEJIMYMH BPEMEHH BOCCTAHOBJICHHS pabOTOCHO-
COOHOTO COCTOSIHUS OOBEKTA.



Bri6op vy u & mna ompenenenus oobema HAOMIOAEHUN JOJKEH OCYIIECTB-
JSATHCS C YUETOM IIeJiel MCCIIeIOBaHUsI HAJIE)KHOCTH M CTEIEHH CTPYKTYpHOM Jie-
Tanu3anuu ooopyaoBanus. [Ipu olieHKe HaIe)KHOCTH OMBITHBIX 00Pa3Il0B TOPHBIX,
TPAHCIIOPTHBIX CTAIIMOHAPHBIX MAITWH, KOMIUIEKCOB M arperaroB, a TaKKe CTPYK-
TYPHBIX JIEMEHTOB CEPUHHBIX MAIIMH MOXHO NMpuHUMaTh v>0,8 u 6<0,2; a npu
OIICHKE HAJIEKHOCTH CEPUMHBIX TOPHBIX MAIMH, KOMIUIEKCOB U arperatoB — y>0,9
u 6<0,1.

MuHUMaTbHO HEOOXOIUMBIN 00hEM BBIOOPOYHBIX JAHHBIX [N] 3aBUCHT OT
MPUHSATHIX Y U O, BUJIa 3aKOHA PACIIPEICIICHUS U TUCTIEPCHH, TTOJI0)KEHHOU B OCHO-
BY OIpeJIeNieHus MOKa3aTess HaJeKHOCTH. 3HaueHus [N] npuBeaeHsl B Tadd. 13.1,
COCTaBJICHHOM B COOTBETCTBHHM C PEKOMEHAAIMSMH MO TUIAHUPOBAHUIO HUCIIBITA-
HUH.

Ta6numa 13.1.
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3aKkoH pacnvpezieﬂe 5 — —Y 7= 095
HUS CITydaliHol Be- | 2 =
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X @Al O |(wo |wvo |[vwo |(wo |[wo
HopmanbHbIit 0,2 3 4 13 18 65
0,25 4 6 10 19 27 100
0,3 5 8 13 26 37 150
0,33 6 10 15 31 44 200
JlorapubmMuuecku 0,2 5 8 18 39 64 254
HOPMAJIBHBIN
0,25 7 13 29 64 105 416
0,3 11 19 44 97 160 640
0,33 14 24 54 122 202 800
DkcnoHeHuUanbpHb | 1,0 30 50 100 200 300 1000

KanennapHas npooKUTENBHOCTD t,e; (4) XpOHOMETpaKHBIX HAOIIOACHUIMA
MO>KET OBbITh MOJyYEHA U3 BhIPAKECHUS:

t =[n]T//K,,

ucn

! [V}
rme |y — mpeamonaraeMas BeJM4MHa cpefHel HapabOTKU Ha OTKa3 HCCIeLyeMo-
ro 00beKTa, 4; Ky — K03QUIMEeHT HEeMPEpbIBHOCTU PabOThl 00BEKTA MPH IKCILTya-

TaIAH.



HaGmronenus crneayer BECTH 3a TPYNIONH OJHOTUIIHBIX 0OBEKTOB, paboTaro-
IIUX B OJMHAKOBBIX YCIOBHSX OKCIUTyaTallMH, COOTBETCTBYIOIIUX IMAaCHOPTHBIM
JTAaHHBIM.

[TpoaoKUTENFHOCTh UCTIBITAHUM (1) OJJTHOTO 0OBEKTa

t’ [n]TO,

ucn
NK K,

rae N — 4uciI0 OJHOTUIIHBIX OOBEKTOB, PAOOTAIOMIMX B OJMHAKOBBIX YCIOBHUSX;
Ko — xoaddunment oxsata, paBHbiid: 0,3 115 CEpUAHBIX TOPHBIX, TPAHCIOPTHBIX,
CTal[MOHAPHBIX MAIMH, KOMIUIEKCOB M arperaros; 0,6 I ONBITHBIX MapTui; |
JUISL OIIBITHBIX OOPa31OB.

[IponomkUTENnbHOCTh (4) MCHBITAHUN JJI1 HEBOCCTAHABIIMBAEMBIX WM He-
PEMOHTHPYEMBIX O0BEKTOB

t [nO ] ) Tl,

ucn K9 ,
(13.1)

rae  [No] — MUHMMAIBHO HEOOXOAMMOE YHCIIO HMCIBITHIBAEMBIX 00BEKTOB, OIpE-

nensiemoe o ta6.13.1 mns [n]; T, — npenmonaraemas Benuumua cpemneil Hapa-
OOTKH J0 O0TKa3a UCCIIelyeMOro 00bheKTa, .

Pa3oBas npoaomKUTENbHOCTS XPOHOMETPAKHBIX HAOIIOACHUI OOBIYHO paB-
Ha JUIUTEJILHOCTH paboueil cMeHbl. Tpedyemoe unciio CMeH HaOII0ICHUM TOJKHO

cocrapuars M= tucn / tm , rne t.,, — IIUTEeIbHOCTh pabo4eil CMEHBI, Y.

Jl7is ycTaHOBJICHHSI 3aKOHOB pacmpeesieHus: oka3aTeneld 0e30TKa3HOCTH U
PEMOHTOIIPUTOJHOCTH TOPHO—IIIAXTHOTO O0OPYIOBaHMS, CBSA3aHHBIX C (PUKCHUPO-
BaHMEM 3HAYEHUN BpeMEHHU pabOThI MEXIy OTKa3aMHu U 3aTpaT BPEMEHU Ha JIUK-
BUJIAIMIO OTKA30B, PEKOMEHYETCSI MPOBOJUTH CIEIMATIbHBIE XPOHOMETPAKHBIE
HaOmoaeHus. B aTom ciyuae ciieyer BBITIOJHUTH TpeOOBaHUS HE TOJIBKO K 00be-
My SKCIEPUMEHTAIBHBIX JAHHBIX, HO U K JJIUTEILHOCTH HETPEPHIBHBIX HAOIIOIE-
HUM.

[Ipu orpaHWYeHHOW IIUTEITLHOCTH HEMPEPHIBHBIX XPOHOMETPAKHBIX Ha-
OJIFOICHUIA MOTYT OBITH CJIeJIaHbI HETIPABUILHBIC BBIBOJBI O 3aKOHAX pacmpeese-
HUS U3MEPSIEMBIX CITyYailHBIX BEJTUYHH.

Ecnu xanengapHas mpoAoIKUTEIBHOCTh HEMPEPBIBHBIX XPOHOMETPAKHBIX
HaOIIONCHUI HE MPEBBIAET 3T,/K,, TO MOXET ObITh CIEJaH BBIBOJ O HECTaIHO-

HAapHOCTM IlapaMeTpa IOTOKa OTKAa30B, XOTA B JCHCTBUTEIBHOCTH OH SIBJISIETCS
OpOCTEHIINM, a cilydyailHble HapaOOTKH MEXIy OTKa3aMu IMOAYMHSIOTCA JKCIO-
HEHLIIMAJIBHOMY 3aKOHY PacIpeiceHusl.

HccnenoBanusiMuA yCTaHOBIIEHO, YTO JJISI MIOATBEPKIACHUS PEATIbHO CYILECT-
BYIOIIETO MPOCTEUIIEro MOTOKA OTKAa30B TOPHO—ILIAXTHOTO OOOPYIOBAHUS YHUCIIO
CMEH HENpPEepBhIBHBIX XPOHOMETPAXHBIX HAOJIONCHUN IOJKHO ONpPENeNsThCA W3
yCIOBUS
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VYcnosue (13.1) ynoBieTBopsieT Takke CiIydasiM, KOraa Uccieayemasi Beau-
YMHA MOJYUHAETCS HOPMAJIBHOMY M JPYTUM 3aKOHAM PACIPENEICHUs, €CIIU KO3 (|-
¢bunuent Bapuanuu CB t He npeBbimaet eAuHUIBI (Vi<1).

JUJ11 1OCTaTOYHO YBEPEHHOTO CYXJEHUS O 3aKoHe pactpeneneHus CB cym-
MapHasi JUIMTEIbHOCTh HENPEPHIBHBIX XPOHOMETPAXHBIX HAONIOACHUN JOJDKHA
obITh HE MeHee (70...100)75.

OO0beMbl MPUEMOYHBIX HCTBITAHUI OMBITHBIX 00pasloB (MapTHH; KOMOaii-
HOB U CTPYI'OBBIX YCTAaHOBOK, pa0OTAIOMIMX B KOMIUIEKCE C MEXaHU3UPOBAHHOMU
KpENbIO, TOJDKHBI OBITh HE MEHEe YKa3aHHbIX B Ta0u. 13.2.

Tabmnua 13.2.

VYron nazge- O6beM ucnbITaHui (ThIC. T) HA IJIACTAX MOITHOCTBIO, M
L 0,5-0,7 0,71-1,2 12120 | 2-3,5 u Goee
rpajayc
[lepBruuHBIE ONBITHBIE 00pa3Ibl (TApPTUN)
o 35 50 75 100 150
bonee 35 25 40 50 75
[ToBTOpHBIE ONBITHBIE 00PA3IIbI (TAPTUH)
o 35 75 100 125 185
bonee 35 40 50 65 100

O0BbeM MPUEMOYHBIX HUCIIBITAHUA MEXaHW3UPOBAHHBIX Kpereh JT0KEH ObITh
He MeHee 300 M moJBUTaHUsI OYMCTHOTO 32005 Ha IJIacTax C yrilaMu IajeHus 10
35° u He meHee 200 M OABUTAHUS OYMCTHOTO 32005 Ha IJIAcTax C yIrilaMu Taje-
Hus 6onee 35°.

[Ipu ycroiiuuBoii padote 000pyI0BaHUS CPOKH MCHBITAHUNA MOTYT OBITh CO-
KpaieHbl. Ha BTOpOoM 3Tame UCHBITaHUNA MPOBOAUTCS YCTpAaHEHUE HEMOJaoK,
BO3HUKIIIUX B MPOIIECCE MPOCKTUPOBAHUS, U HA TIEPBOM ITare UCIbITAaHUN, OKOH-
YaTeIbHOE OCBOEHHE KOMIUJIEKCA M OCHOBHBIX €r0 4YacTeW, peniaroTcsi BOIPOC O
BHEJIPEHHUH KOMILJIEKCa B TPOU3BOJICTBO.

YCKOPCHHLIE HCHBITAHUA MAIIUH UX Y3J10B H CHCTECM.

IIpaxkmuueckoe 3anamue 9.

Jl;st pacyeTa ¥ MpOrHO3UPOBAHUS HAACKHOCTH HEOOXOAUMO UMETh
UCTOYHUKHU UHPOpMAILMKM 00 U3MEHEHUH MoKa3zaTesnel paboTocrnocoOHo-
CTH MallWMHBL. JTa MHPOpMalusa JOJDKHA OTHOCUTCS JIMOO K OTKa3am
MAaIllMHBI U €€ AJIEMEHTOB, JIMOO K OIIEHKE MapaMeTPOB MOBPEKICHUM.
Ouenka mapaMeTpoB MOBPEXKJIACHUU sBJIsSETCS 0oJiee IIEHHOM, TaKk Kak
MO3BOJISIET MPOTHO3UPOBATH TEXHUYECKOE COCTOSIHUE OOBEKTa, TOTra
KaK CBeJeHUs 00 OTKa3ax JUIIb KOHCTATUPYIOT YPOBEHBb HAJIC)KHOCTH.




OcHOBHasl TPYAHOCTb OIpPEIEICHUS NTOKa3aTelle HaEKHOCTU CO-
CTOUT B TOM, YTO OHH MOTYT OBITH MOJIYYEHBI 3a JUIUTEIbHBIN TEPHOJ
AKCIUTyaTalui 00bEKTa, B TO BPEMS KaK ATH MOKA3aTeNIN IO KHBI ObITh
3QJI0)KEHBl BO BHOBb IMPOEKTUPYEMYIO MalnHy. IMEHHO 3TO 00CTOS-
TEJIbCTBO 3aCTAaBJSIET UCKATh MyTH U METOAbI pacueTa HaJCKHOCTH IS
BHOBbB ITPOEKTUPYEMBIX U IKCILTyaTUPYEMBIX OObEKTOB.

Paccmotpum cxemy (puc.l) BO3MOXHBIX HCTOYHUKOB HHGpOpMa-
IIUU O HAJAEKHOCTHU 00BEKTA.

[Ipu npoeKTUPOBaHUHU MAILIUHBI U HA OCHOBAHUU JaHHBIX TOTOBOTO
poeKTa UHPOPMAIUIO O €€ HAJIe)KHOCTH MOKHO TMOJYYUTh JIUIIb pac-
YETHBIM MYTEM, BKJIIOYasi MpOrHo3upoBaHue. MIMeHHO kadyecTBO U AOcC-
TOBEPHOCTh PACUETOB MO3BOJIUT YK€ Ha CTaJAUU MPOCKTUPOBAHUS 3aJI0-
KUTh B KOHCTPYKIMIO MAIlIMHbI 3aJJaHHBIA YPOBEHb HAJEAKHOCTH.

Korna co3man onbITHBIN 00pa3el], TO JJIsl OLIEHKU €ro HaJeKHOCTU
MPOBOJSAT YCKOPEHHBIEC UCTILITAHUS HA CTEHJIE WJIK B YCIIOBUSX JKCILTya-
Tauuu. [lo pe3ynbTaTaM HUCHBITAHWI BHOCST HMCHPABICHHUS B IMPOEKT
MaiuHbl. Te ke camble NEeWCTBUA BBINOJHAIOT U MPU UCTIBITAHUSAX CeE-
PUMHBIX 00pa3I0B MAIlIMH MEPe]T 3aMyCKOM UX B CEPUITHOE MPOU3BOJICT-
BO.

ITociie HEKOTOPOTO MEpPUO/Ia IKCILTyaTallul CEPUMHBIX MAllWH Ha-
YUHAET MocTynaTh uHdopmanus 00 oTKazax, IPpUIMHAMHU KOTOPBIX MO-
I'yT OBITh HECOBEPIICHCTBO METOJIOB pacyeTa U (WJIM) HEeAoydeT (pakTo-
POB, HE BBISIBIICHHBIX B YCIIOBHUSX YCKOPEHHBIX UCIIBITAHUH.

Korpa mamimHa mpoXOIUT 3arulaHUPOBAHHBIE BBl PEMOHTA, TO
COJIEp’)KaHUE PEMOHTHBIX palOT, BKIIOUYAIOIIEE MapaMeTphbl MOBPEKIe-
HUW OTACJIBHBIX y3JI0B, TPYJOEMKOCTh UX PEMOHTA, KOHTPOJIb M BOCCTa-
HOBJICHHE BBIXOJIHBIX MMapamMeTPOB MAIIWHbBI U JIP., SIBISAETCS TEM HCTOY-
HUKOM HH(OpPMAIMH, C MOMOIIBI KOTOPOTO CYAST O HaJIeKHOCTH Ma-
IITUHBI U €€ DJIEMEHTOB.



PaspaGoTka MeponpHATHIA 10 MOBHINCHHIO HAJCKHOCTH 00BeKTa

IIpoexTHEIe dakTH4YecKHe
noxasarens Cpasrenne noxasarenei *| noxasarenn
HANCKHOCTH HaJIeHOCTH
il 3
-I'lpoexT Onsrrasit Cepuiinniii | Oxcruryar |+ PeMoHT
MAITHHEL l’ o6paszen obpazen aums
PacuaeTnl Yckopen |- YckopeH Orxasnl Cognepxa
(maTemaTn- HEIe HElE NnpH HHE
HecKoe MCIIBITA- HCIIBITa- 3KCILTya- PEMOHT-
n:me; HHA HHA TaLMH HBEIX pabort
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Puc. 1. Cxema nonyueHus nH(QOpMaIUU O HaJIEKHOCTH 0OBEKTA

Ha mpakTtuke OOBIYHO HMCITOIB3YIOTCS TPH OCHOBHBIX HMCTOYHHKA
uHpopmaIuu:
®  AHAIMTHYECKHUE PACUYEThl M IPOTHOZUPOBAHNUE HAJICKHOCTH,
®  UCIBITAaHUS HA HAJIEKHOCTh, B TOM YHCJIE M YCKOPCHHBIC;
o CTaTUCTUYECKasi 00pabOTKa JaHHBIX U3 c(ep KCILTyaTaluu U pe-
MOHTA.

JIaﬁopaTopHLIe N CTCHJI0BbIC UCCJICIOBAHNA U UCIIBITAHUA MAaIlIMH UX Y3J10B U
CHUCTEM.

IIpakmuueckoe 3anamue 10.

Lens uccnenoBanus NPOYHOCTU MAaTEPUAIIOB, A€TaJIed U KOHCTPYKIIUN — 3TO
MOJIyYeHUE MPOYHOCTHBIX XapaKTEPUCTHK JUIsl NAaCHOPTU3ALMH MATEpUaIoB U MO-
ny(haOpuKaTOB; OMNpPECICHUE Pa3PYIIAIIMX HATPY30K JJiS ONTUMH3AIMKU HECY-
e CrocOOHOCTU JAeTajeil M COeAMHEHUH NpU MPOEKTUPOBAHHMM; IMPOBEICHUE
KOHTPOJIBHBIX CEpTU(UKALMOHHBIX CTaTUUYECKUX HCIIBITAHUNA HA pacyeTHbIE HOP-
MUPOBaHHbIE HArpy3Kd 10 pa3pylIeHHs] M pacueT 3amaca MPOYHOCTH (M30BITOK
IIPOYHOCTH ), HE IPEBBIIIAIOIIETO TOIYCTUMOIO 110 BECOBOMY KPUTEPHIO.

AHaNOrn4YHbIe UEIN CTABAT IPHU YCTATOCTHBIX UCIIBITAHUSAX, HO B 3TOM CIIY-
4yae IJIaBHBIMH IapaMeTpamMu SIBISIIOTCS YPOBEHb CPEIHUX HAIPSIKEHUH M YUCIIO
LUKJIOB (4acOB) JI0 pa3pyILICHHUS.

Pa3BuTHE TEXHUKU UCIBITAHUNA HA MPOYHOCTH M COMPOTUBIIEHUE YCTAIOCTH
MPOUCXOUT B HAINpPABIECHWM ABTOMATU3ALIMKM HATPY>KEHUS, U3MEPEHUs MapaMeT-
POB, KOHTPOJISI U KaTMOPOBKHU, 0OpaOOTKM JTaHHBIX, (POPMUPOBAHUS UHPOPMALIUH,
€€ HaKOIUICHUSI U OMEePATUBHOTO MPEACTABIICHUS, pETaKTUPOBAHUS JOKYMEHTALIMH
U €€ pasMHOXKeHUA. /{15 nener aBToMaTU3aluy UCIIOJIB3YIOT MUHHA- U MUKpOOBM,



nepudepuitipie ycTpoiicTBa. TeM caMbIM OCTHTAeTCS 3aMeHa JJIUTEIbHBIX TPY-
JIOEMKHX OIEpalvii, MOBBIIIAECTCS YPOBEHb CTaHAAPTHU3ALUM UCIBITAHUN, METPO-
JIOTUYECKas KyJIbTypa, 00bEKTUBHOCTh OIICHOK M YBEJIMUYCHHUE YUCTIA UCCIIETYyEMBbIX
MapaMeTpoB.

CtpykTypHas cxemMa HCHBITAaHUN Ha MPOYHOCTH (YCTaJOCTh) WU pabOTo-
criocoOHOCTh J1aHa Ha pucyHke 1.17. IlpaBas dacth cxembl cocTaBisieT HHGOpMa-
HMOHHO-U3MepuTenbHyto cuctemy (MHUC), nepas — ynpaBisioniuii BEIYUCIUTEIb-
He1i kKomIuieke (YBK). OOmuM WHCTpYMEHTOM JJIsi BBITTOJTHEHHS BCEX OIepariui
aisiercss UBK — n3aMepuTenbHO-BBIUHCIUTENBHBIA KOMIUJIEKC, KOTOPBIM BBIMOJIHS-
€T IPsMbIE, KOCBEHHBIC, COBMECTHBIE I COBOKYITHBIE U3MEPEHUS IECKTPUUECKHUX
BEJIMYMH, YIPABIISACT MPOIECCOM U3MEPEHUS U BO3JICUCTBUS Ha OOBEKT, MPEJCTaB-
JSET pe3yJbTaThl U3MEpeHui omeparopy B 3amanHoM Buae. MBK oGecreunBaer
BOCIIPHUSATHE, MPeoOpa3oBaHue U 00padOTKY ANEKTPUIECKUX CUTHAJIOB OT MEPBUY-
HBIX IIpeoOpa3oBaTesicii, yIpaBieHUe CPeICTBAMU U3MEPEHU U BBIPAOOTKY HOP-
MHPOBAHHBIX DJICKTPUUECKUX CHUTHAJIOB, SIBJISIIOIIMXCS BXOJHBIMU JJIsl aHAIM3a
TOYHOCTH H3MEPEHUN; KOHTPOJHMPYET BEIMYMHBI CHUJIOBOTO (MJIM JAPYroro THIIA)
BO3JICHCTBUS Ha OOBEKT; IPEACTABIISACT PE3yJIbTaThl B YCTAHOBIICHHBIX (hOpMax.
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Puc. 1.17. CTpyKTypa CUCTEMBI UCIIBITAHUS HA MPOYHOCTH (YCTAIOCTh) WU
paborocniocooHocTh: CH 1 [l — cucTteMa Harpy>XeHUs! U IBUKCHHS;

[1IT u K — nmepBuyHbIe TpeoOpa3zoBaTenu 1 KOMMyTaTopsl;, JIC — muHUM CBSI-
3u; JIY — nunauu ynpasnenus; I” — rpadonocrpountenu; J| — nucrinei;

VBII — ycrpoiictBo ObicTpoit neuatu; TJI — TenzoauHamometpsl; 11 — nat-
yuku nepemenienus; TP — renzopesucropsr; 'L — rugponumuaapsl

Pa3BuTue aBTOMaTHYECKUX CHUCTEM HUCHBITAHHMS HA MPOYHOCTH (YCTAJIOCTB)
MPOIIJIO HECKOJIBKO 3TANOB OTPAaHUYEHHOW aBTOMATHU3ALMM, TIPEXK]IE YeM BbIpado-



TaJ0Ch PAIMOHAIIBPHOE COYETAHNE M0 MHOTOKAHATBHOCTH U OBICTPOJICHCTBHIO JIJIS
NUC n YBK. B HekoTOphIX cilydasx yJoOHEEe MCMOJIb30BaTh TOJIBKO HECKOJIBKO
moxayieit MUC, unu npu 6104HO-MOAYIRHOM nocTpoenun YBK mpumensite oT-
nenbHo Moaynu (croiiku) ACYH (aBTomMaTnueckue CUCTEMBbI YIpaBIEHUs HArpy-
YKEHUEM) JUIsl HECKOJIBKUX HE3aBUCUMBIX HUCTbITaHUU. [IporpammHoe ynpapieHue
ocyuiecTBIsAI0T OoT BcTpoeHHoro B MBK mpoueccopa (Munu- unu muxpo2BM);
UCIIOJIB3YIOT, KaK MPABUJI0, CEPUIHO BBIITYCKAEMBIE arperaTHble CPEACTBA U3MEpeE-
HUW ¥ aBTOMATH3aINH, TUTTOBBIC HHTEP(EHCHI.

YacTHBIM ClIydyaeM CUCTEMbI UCTIBITAHUS SBJISIOTCS UCIBITATEIIBHBIE MAlIN-
Hbl ¥ (PYHKIIMOHAJIbHBIC CTEHIHI (ycTaHOBKH) (puc. 1.18), KOTOpBIE CTPYKTYpHO
MOBTOPSIIOT MHOTOKaHAJIbHBIE CUCTEMBI (CM. puc. 1.17), HO UMEIOT MPOCTYIO CXEMY
oOpaTHOM CBSI3H, MOCKOJBKY OOJBIIMHCTBO M3 HUX — OJHOKaHaJIbHBIC. Pa3BuTHe
CHUCTEM HCIBITAHUW MPOUCXOJNUT B HECKOJBKUX HAaNpaBICHUSAX. Tak, B 3aBUCHMO-
CTH OT 4acTOT (CKOpPOCTEH) Harpy>KeHus, MOIIHOCTU U MPHUHIUIIOB YIPABJICHUS
Harpy3kamMu Hau0oJiee YHUBEPCAIbHBIMU ISl MAIIIMH U arperaTtoB SBJISIFOTCS DJIEK-
TPOTUPABIMUECKHUE U DIIEKTPOMEXaHUUECKUE MPUHIIUIIBI UCTIBITAHUHN, MEHEE THO-
KUMH — 3JICKTPOJAUHAMUYECKUE U ITHEBMOJJICKTPUUECKHUE.

Puc. 1.18. Ctena ayist ucnbITaHUS KOHCTPYKIUI

OAHOBPEMEHHO C CHCTEMaMH OCHOBHBIX Harpy30K pa3BUBAIOTCSI CHUCTEMBI
(bU3UYECKOr0 MOJICTUPOBAHUS YCIOBUHM dKCIUTyaTanuu (ucnbitanuid). [Ipumenstor
YCTPOMCTBA JUIsl TYYUCTOTO U KOHBEKTHUBHOT'O HAarpeBa, TepMoOapoKamepbl, Kpuo-
CTaThl, KJIMMAaTUYECKHE U peBEpOEpaLIMOHHBIE KAMEPHI U T. 1.

Hayuno-uccnenoBarensckuii ucneitatenbubiii komieke (HUNUK) Beepoc-
cuiickoro HUUM skcnepumenTanbHoit ¢pusuku (Poccuiickuil gpeaepanbHblil saep-
HBI IIEHTpP) MPOBOJUT SKCIEPUMEHTAJIbHBIE HCCIEIOBAaHUS O0pa3OB BOEHHOM
TEXHUKHU U3 SAEPHOro apceHana Poccrun u u3aenui rpaXxJaHCKoro Ha3Ha4YeHUs Ha
MIPOYHOCTh ¥ CTOMKOCTh K BHEIITHUM MEXaHUYECKUM, TETUIOBBIM U KJIMMAaTUYECKUM
Harpy3KkaM Ha NpOTSDKEHUHU BCEro CPOKa CIIyKOBbI.

Hay4yHo-TeXHMYECKHE BO3MOKHOCTH KOMILIEKCA ITO3BOJIIIOT MCCIIEN0BATH
pa3lIMuHbIE XApPaKTepUCTHUKA M MHapaMmMeTpbl KOHCTPYKUUNA  (HAOPSKEHHO-
ne(OpMUPOBAHHOE COCTOSIHUE, B3aMMHBIE TIEpEMEIICHU JeTallell U Y3JI0B, YPOBHU



Harpy30K, TEIJIOBBIE MOJIsl, JUHAMUYECKUE XapAKTEPUCTUKHU U T. J.) KaK MpU OJIU-
HOYHOM, TaK ¥ IpPH KOMIUIEKCHOM BO3JCHCTBUU Ha HUX MHEPLUUOHHBIX, BUOpAIIU-
OHHBIX, YIAPHBIX M KIMMATUYECKUX HArpy30K, a TaK)Ke MPOBOJAUTH AUCTAHLIHUOH-
HBIE UCIIBITAHUS U3JIENINNA, COEPKAIIUX B3pbIBUATHIC, PAJUOAKTUBHBIE BEIIECTBA U
JETSAIUecs MaTepUabl.

Ha ucneirarenpasix yctanoBkax HMMKa MoryT ObITh TTOTyUYEHBI:

— CTaTUYECKUE HArpy3KH 10 COTEH TOHH;

— MEPErPY3KHU B THICSIYM CAUHUIL TIPU yIape;

— pa3IMyHbIC BUJIbI BUOPAIMOHHBIX HATPY30K;

— apKTUYECKUU X0JIoA U Tponuueckas xapa, 100%-s BIa)KHOCTb U COJIHEY-
Has pajualusl.

Metonosiorudeckast ¥ annapaTypHasi OCHAIlIEHHOCTh UCIBITATEILHOIO KOM-
TieKca 00ecreuynBaeT:

— MOATBEPKJIEHHE MHOTOJIETHETO TapaHTUHHOTO CpPOKa CIY>KObI KOHCTPYK-
U 10 pe3yibTaTaM uX (OPCUPOBAHHBIX UCTIHITAHUN;

— (pyHIIaMeHTaIbHbIE UCCIEAOBAHUS (DU3UKO-MEXaHUUYECKUX U pauallioH-
HBIX XapaKTEPUCTUK BCEBO3MOXXHBIX KOHCTPYKIIMOHHBIX MAaTEPUalOB U B3pbIBUa-
TBIX BELIECTB;

— UCHBITAHUS HA MPOYHOCTh U TEPMETUYHOCTD ra30BbIX CUCTEM PA3IMYHOTO
Ha3HAYEHUS TUAPABIUKON, BAKYYMUPOBAHUEM U T'a30M;

— WCTBITAHUSI KOHCTPYKIMM Ha BO3JIEUCTBUE BBICOKOTO JABJICHUS OJHOBpE-
MEHHO C JIMHEUHBIMH, BUOPAITMOHHBIMU UJIN YJIAPHBIMU YCKOPEHUSIMU;

— JIMarHOCTUPOBAHUE MOBPEKICHHBIX KOHCTPYKIIUN U Ta30BbIX CUCTEM Me-
TOJaMU peHTreHorpaduu, yJIbTpa3ByKa, aKyCTUUECKOW SMHCCHU, TE€UCHUCKAHUS,
TEH30METPHUU U JIp.;

— BO3MOKHOCTh KOMIIPECCUHU BOJIOPOJA, a30Ta, aproHa W JIPYTUX Ta30oB Ha
MEePEIBUKHBIX YCTAaHOBKAX;

— MPOBEJICHHE HE0O0XO0aUMOro odbeMa M3MEpPeHUH U MX 00paboOTKy C HcC-
MOJIb30BAHUEM COBPEMEHHBIX U3MEPUTEIbHBIX U BEIYMCIUTEIBHBIX KOMIUJIEKCOB.

3KCHepI/IMeHTaJIBHOC onpeacjaeHue MPpoOUu3BOAUTEIbHOCTHA PA3JIMYHBIX THIIOB
MaIllIuH. CpaBHI/ITeJII)HLIe HCIIBITAHUA MAIIIUH.

llpaxmuueckoe 3anamue 11.
IIpaBuiia cpaBHUTENbHBIX HCIIBITAHUN
CpaBuurenbhble ucnbitTanus PUTIN (TecTsl) IpoBOASTCS B COOTBETCTBUU C MPUH-
LHUAMAaMHU JIEKJIapUPYEMBIMU OpraHu3alusaAMu - wieHaMu MesKayHapoaHoil opra-
HHU3AIHH NOTPeOuTEIbCKUX c01030B (Consumers International, CI).
Heab cpaBHUTENBHBIX HCIILITAHUH
e TpeAoCTaBICHUE MH(POPMAIH, TTOMOTAIOIIEH TOTPEOUTENSIM CAeNIaTh OoJiee
paIMOHAIBHBIN BEIOOP MEXTy MapKaMU U MOJIEIISIMU, TPUCYTCTBYIOIIUMHU
Ha PBIHKE, HE MOJIPBIBAS IIPU 3TOM MO3ULIMHN TPOU3BOJUTEIICH.
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e TIOMBITKA MOJIBUTHYThH IPOU3BOIUTENIEH HA YIyUIlIEHNE KaueCTBA MPOU3BO-
JUMBIX MU TOBApOB, MPEJOCTABIISIS HHPOPMALIMIO TOCYIAPCTBEHHBIM OpTra-
HaM, a TaKXKe TeM OpPraHU3alUsAM, EJIbI0 KOTOPBIX SBJSETCS MOAJEPKKA U
yIIy4IlIEHHE CTaHJ]apTOB KayecTBa TOBAPOB U MPEIOTBpAICHHUE IOCTYIIa He-
0e30MacHbIX TOBAPOB Ha PHIHOK.
HecMoTpst Ha TO, 4TO B CPAaBHUTENBHBIX UCIIBITAHUSIX OOBIYHO YUaCTBYET OoJiee
OJIHOM MOJIeH, TaHHbIE TIPUHIIUIIBI TPOBEICHUS UCTIBITAHUN TAK)KE€ MOTYT IIpUMe-
HATHCS U [IPU UCCIIEIOBAHNUN OJTHOI'O TOBapa, €IMHCTBEHHOI'O B CBOEM pojie (HO-
BBII TOBAp), WM K€ KOI/1a 0COObIE XapaKTEPUCTUKH ONPEAEIIEHHOIO TOBapa
(6e30macHOCTh WM HKCILTyaTal[MOHHBIE KaueCTBa) SIBJISIIOTCS 1eIbI0 UCCIIeI0Ba-
HUSL.
WNudopmarnius, noayyeHHas B pe3yibTaTe CPABHUTEIbHBIX UCTIBITAHUHN, MOXKET
OBITH OCHOBaHA Ha TEXHUYECKUX OIEHKAX, CACIAHHBIX B JIAOOPATOPHUSIX WUIIH T1O-
TOOHBIX YUPEKICHUSX, a TAK)KE HA CYObEKTUBHBIX OIIEHKAX, CACIaHHBIX B COOT-
BETCTBHH C YCTAHOBJICHHBIMU METOJaMU MOJYUYEHHUS OIEHOK XapaKTEPUCTUK TOBa-
pa.
Br10op moneieit
Bb160p TOBapoB 17151 CpAaBHUTENBHBIX UCTIBITAHUN JTOJIKEH OBITH CBEJIEH K TOBapam,
MMEIOIINM OJMHAKOBOE Ha3HaueHue. BriOrpaeMbie MOIENU JOHKHBI OBITH TOCTa-
TOYHO HIMPOKO MPE/ICTABIICHbI Ha phIHKE. MICKITIoueHneM SBIISIETCS] CUTYallus, KO-
T/1a LEeNbI0 UCTIBITAaHUH SBIIAETCS HHPOPMUPOBAHKE TOTPEOUTENICH O MpenMyIIie-
CTBaxX M HEJIOCTATKAX Pa3IMYHBIX KATETOPHI TOBAPOB (HApUMEpP, PYIHBIX MUKCE-
POB M MUKCEPOB, YCTaHABIMBAEMbIX HA CTOJIE); UJIU K€ BBISIBJICHHUE OIPEIEIIEHHO-
ro acrnekrta (Hampumep, 0€30MacHOCTH) Y OJHOTO UJIM BCETO HECKOJIBKUX TOBAPOB.
OrpanndeHHasi BEIOOpKa TOBAPOB TAK)KE BO3MOKHA, €CITH IIEIIbIO0 NCTIBITAHUHN SIB-
JISIeTCSl HE OKa3aHMe MOMOIIM MOTPeOUTENSIM B BBIOOpE TOBapa, a MPeI0CTaBICHUE
uM uHdopmaIuu o0 onpeeIeHHBIX TUIIaX TOBAPOB HJIM O HOBUHKAX PHIHKA.
Yuci10 00pa3uos
T.x. mpenmnonaraercs, 4To MPOU3BOAUTENN MU MOCTABIIMKN OTBEUYAIOT 3a TO, YTO-
OBl Bce 00pasiibl TOBAPOB, MTPOJIABAEMBIX TOJT UX TOPTOBBIMU MapKaMH, COOTBETCT-
BOBaJIM MUHUMAJILHBIM CTaHIapTaM KauyecTBa U 0€30MaCHOCTH, TO MOTYT OBITh
C/IeJIaHbI BBIBOJIBI O TOBApPE MO PE3yJIbTaTaM UCTIBITAHUN OJTHOTO 00pa3iia, BbI-
OpaHHOTO JJIS1 CPABHUTEIbHBIX UCIIBITAHUH, TOCKOJIBKY TIPH COBEPIIIEHUU TTOKYTIKU
MOTPEOUTENHCKASI OpraHU3alus CTABUT ce0s1 Ha MECTO OOBIKHOBEHHOTO TTOTpeOU-
tens. OnHaKo, B MHTEpecax NpeoCTaBICHU TOTPEOUTENSIM Harnboiee MOJHOM
uH(pOpMaIHU, peKOMEHIYETCsl, YTOObI MOTPEOUTETHCKUE OpraHnu3allii MPUHUMa-
JIM MEPBI JUTSI TPOBEPKHA TUITUIHOCTH TOBApA JIsl IPOU3BOIUTEIS UM TTOCTABIIIH-
ka. Ecnu ske 11eJ1p10 MCTIBITAaHU SIBIISIETCS BBISICHEHHE MTOCTOSIHCTBA OTPEACICHHBIX
XapaKTEPUCTHK y TOBapa, TO HEOOXOAUMO ITPOBEPATH OOJIbIIEE YUCIO 00Pa3IoB
KaXJI01 MOJENH.
IIpuodOperenune o0Opa3uos
OO0BIyHO MpHOOpeTass 00pa3Ilhl ISl HCTIBITAHUN, TOTPEOUTETHCKHUE OPTaHU3AINH
JIEUCTBYIOT KaK OOBIYHBIC TTOTPEOUTENH, MTOKYTIAs UX Yepe3 TOProByo ceTh. OnHa-
KO, B OTIPEJICTICHHBIX OOCTOSATENHCTBAX, MOXKET ObITH HEOOXOIMMBIM UCIIOJIb30BATh
JpyTrue crocoOb! mpuobpeTeHus 06pasmnoB (0TOOP 0Opa3IOB CO CKIIaa MPOU3BO-



nutens). Kakoit Obl MeTO HE UCTIOIB30BANICS, HEOOXOUMO CIEIUTH 33 TEM, YTO-
Obl B UCIIBITAHUS HE TIOMAJIM CHIEUATIBHO MOJArOTOBICHHBIE TOBAPHI.
[lepen ucnbITAHUSAMHU TAKXKE TOJDKHBI PUHUMATHCS] BO BHUMaHUE Takue (HaKTophl,
KaK yCIIOBHUSI XpaHEHMsI B MarazuHax, 00CiIy>KMBaHUE U TpaHCTIOPTUpoBKa. [Ipu
TECTUPOBAHUH OCOOBIX BUIOB TOBAPOB, HAIIPUMEDP, CKOPOIIOPTSIIMXCS MUIIEBBIX
MPOYKTOB, TOJHKHBI TPUHUMATHCS 0COObIE MEPHI JJ11 00€CTICUeHHs COITOCTaBUMO-
CTHU PE3YIbTATOB UCIIBITAHUM.
Eciau 00beKTOM TECTUPOBAHHUS SBIAIOTCS HOBUHKH Ha MOTPEOUTETHLCKOM PBIHKE,
KOTOpBIE €I1I€ HE 3aBe3€Hbl B POCCHIO, BO3MOKHO MpPeIOCTaBICHUE 00pa3LOB CTO-
POHOM 3aKa34yuKa.
Bb10op xapakTepucTUK
3a UCKITIOUYEHUEM CITy4aeB, KOT/Ia IIeJIbI0 CIIBITAHUHN SIBISIETCS OllEHKa CIeu(u-
YECKHX XapaKTEPUCTHUK TOBAPOB, B OTYETAX O CPABHUTEIIBHBIX UCIIBITAHUAX JOJIK-
HbI YUYUTBIBATHCS XapaKTEPUCTUKH, HauOoJiee BasKHbIE )i oTpeduTeneit. OObIy-
HO 3TO PKCIUTyaTallMOHHbIE Ka4eCTBa, 0€30MacHOCTh, yI00CTBO B HCTIOJIB30BAHUH
Y LICHA.
[Ipu npuHSITHH pEIICHUS O TOM, KaKHe XapaKTePUCTUKUA TOBAPOB OYAYT OTPaKEHbI
B OTYETE 00 UCTIHITAHUSX, BO BHUMaHUE IPUHUMAIOTCS PEKJIAMHBIC 3asIBJICHUS,
TpeOOBaHMS 3aKOHOAATENILCTBA, COOTBETCTBUE CTAaHAApTaM, a TAKXKe U APyTHe
(bakTophI, BIUSIONINE HA MHEHUE MTOTPEOUTENEH O ToOBape: HAJIEKHOCTh U 00CITy-
JKUBaHWE, TAPAHTUH, HUTMYUE 3aNIaCHBIX YACTEH, yIIAKOBKA, YCTAHOBKA, HHCTPYK-
UM TI0 SKCIUTYaTalrH.
MeToauka npoBeaeHUs UCIILITAHUM
OCHOBHOM KpUTEPUI TPU BEIOOPE METOJUKH - BO3MOXKHOCTb MPEOCTABICHUS T10-
TPEOUTENSIM MOJIE3HOU, TOCTOBEPHOI U 00BEKTUBHOU MHGOPMAIIUU O TOBApE.
Hcnonb3yemas METOIMKA AOJIKHA 00ECIIEYUBATH CXOIUMOCTh MOJYYEHHBIX pe-
3yJbTaTOB.
J1J1st XapaKTepUCTUK, KOTOPHIE MOKHO OIIEHUTh TOJIBKO CYOBEKTUBHO, METOIUKA
MO>KET BKJIIOUATh B C€0s IKCIIEPTHBIC OIICHKU, OIICHKU TPYIIIBI MOTpeOUTeNne min
noTpeduTeNbcKre onpockl. OMPOCH U OIIEHKU TAKOTO POJIa JOJIKHBI IPOBOIUTHCS
B COOTBETCTBUHU C IPUHATOU CTATUCTUUYECKOW MPAKTUKOW, a pE3yJIbTaThI JOIKHBI
OBITh MIPEICTABJICHBI TaK, YTOOBI MPAKTUYECKOE 3HAUCHUE MTOTYYCHHBIX JAaHHBIX
OBLJIO SICHBIM.
IIpoBepka pe3yJbTaTOB UCHBITAHUI
YT0OBI CBECTH K MUHUMYMY BEPOSITHOCTh HEMIPABUJIBHBIX WU BBOJSIIMX B 3a01y-
KJEHUE Pe3yJIbTaTOB MPU TECTUPOBAHUU HETUITMYHBIX UM OpaKOBaHHBIX 00pa3-
II0B, a TaKXXe U3-3a (haKTopa YeJOBEYECKON OITMOKHU, HEOOXOIUMO MPUHUMATh Me-
PBI IO TIPOBEPKE PE3YJIbTATOB UCIIBITAHUM.
3a noTpedUTENbCKOM Opranu3alueil ocraercs npaBo BbIOOpa METO1a IPOBEPKHU
pE3yNbTaTOB, HAN0OJIEE MOAXOASIIETO IJIsi TECTUPYEMBIX TOBAPOB M MCTOJIB30BaH-
HOW METOJAUKH NPOBEICHUS UCTIBITAHUM.
MeTonbl TPOBEPKH PE3yIbTATOB BKIIOUAIOT B CEOS:

o [IIpenocraBnenne npeaBapuUTENHHBIX OTYETOB 00 UCTIBITAHUSIX TEXHUIECKUM

DKCIIEpTaM JJIs TOTYUYEHUSI UX KOMMEHTapHUEB /10 yOIuKaIum



o CpaBHeHUE pe3yJbTATOB UCIBITAHUN C OTYETAMH O TECTUPOBAHUH aHAJIO-
TMYHBIX TOBAPOB
o CpaBHeHUE pe3yJbTAaTOB C JaHHBIMU, OMYOIMKOBaHHbIMU [TpousBoaUTENSI-
MU
o HudopmMupoBanue npous3BoaUTENCH O pe3ybTaTaxX UCIIBITAHUI HEMoCpe/I-
CTBEHHO MX TOBApOB, YTOOBI MOJYYHUTh KOMMEHTAPUHU JI0 IMyOIUKALIUU
Ecnu >xe mpou3BoAMTENb HE COTIIACEH C pe3yJIbTaTaMU UCIIBITAHUM, TO OH OTBET-
CTBEHEH 3a MPEAO0CTABICHUE JAHHBIX IS MOATBEPKICHUS cBoe mo3unmu. [1o-
TPEOUTEbCKUE OPTaHU3aIMHY JOJKHBI BHUMATEIIBHO paccMaTpUBaTh KOMMEHTA-
pUU TIPOM3BOIUTENICH, OJJTHAKO CBOOO 1A IPUHSITHS PEIICHUA OCTACTCS 32 HUMHU.
OueHka 1 npeacTaBjieHne pe3yJibTaTOB
Pe3ynbpTaThl CpaBHUTEIBHBIX UCTIBITAHUHN JOJKHBI OBITH MPEJCTABICHBI TAKHM 00-
pa3oM, 9TOOBI UX MOTJIH JIETKO TIOHSTh HECTICIIHAIMCTHI, OJTHAKO PE3yJIbTAThHI
JOJDKHBI OBITH MPEJICTABICHBI TEXHUYECKU KOPpeKTHO. [1o Mepe Bo3MOKHOCTH
HYKHO IPUHUMATh BO BHUMAaHHUE Pa3IuvaroIfecs: Hy>K/bl U TPEOOBAHUS pa3iiny-
HBIX TPYII TOTPEOUTENECH.
UT0oOBI y0BIETBOPUTH KaK MOTPEOUTEINCH, TPEATIOYUTAIONTUX MPOCTEHIIINE UHCT-
PYKIIMHU (HapuMep, OLICHKY «JTydIasi TOKYMKay ), TaK U MoTpedutenei, KoTopsie
MPEANOYUTAIOT 3HAKOMUTHCS C IETAIbHBIMU PE3yJIbTaTaMU UCTIBITAHUHN, YTOOBI
caMUM BbIOpaTh HanboJiee MOAXOSIINM TOBAP, BBIBOJIbI HCIIBITAHUN, JaHHBIX B
o0muX OIeHKax, JOHKHBI TAK)KE COMIPOBOXKAATHCS M pa3yMHBIM KOJTUIECTBOM
TEXHUYCCKUX JTAHHBIX.
Ecnu pe3ynpTaThl HCIIBITAHUH TTOKA3BIBAIOT, YTO TOBAp HEOE30TaCeH M MOXKET
MOJIBEPTHYTH MOTPEOUTENICH HEITPUEMIIEMOMY PHCKY, TO TIPOU3BOJIUTEIH, COOTBET-
CTBYIOIIME OPTaHbl U TOTPEOUTENH TOJDKHBI OBITH TPOUH(POPMUPOBAHBI KAK MOX-
HO CKOpee, JaKe JI0 MyOJIMKAIlMA OCHOBHOTO OTYETa 00 UCIIBITAHUSIX.
Omudku
Ecnu, HecMOTps Ha mponeAypy MPOBEPKU PE3YIIHTATOB, OB HAWJICHBI CEPhE3HBIC
dakTHUeckue omuOKY B ONTyOJUKOBAHHBIX OTYETaX, TO MOTPEOUTENbCKAs OpraHu-
3a1usl I0JKHA OBITh TOTOBA OIYOJIMKOBATh MOMPABKU KaK MOKHO CKOpeEe.
Hcnoabn30Banue pe3yabTaToB
Ecnu pe3ynbpTaThl CpaBHUTEIBHBIX UCIIBITAHUN UCTIOIB3YIOTCS TEIEBU3UOHHBIMU U
paaronporpaMMaMu, Ta3eTaMu WM IPYTUMU CpeACTBaMU HHGOPMAITH, TO HE0O-
XOJIMMO TIPHHUMATh MEPBI JJISI TOTO, YTOOBI BEIBOBI MCITBITAHUI HE HCKAXKAHCh.
Hcnonp30oBaHne pe3ysbTaTOB CPAaBHUTEIBHBIX UCIBITAHUN TPETHUMHU JTUIIAMHU MO-
JKET OBITh Pa3peIICHO TOJBKO B TOM CITy4ae, €CJIA IPH 3TOM HE UCKAKACTCS CYTh
WM 0O0BEKTUBHOCTH OTYeTa. Harmpumep, IUTHpOBaHUE PE3yJIbTATOB UCITBITAHUI
TOBapa OJHOW Mapku 0e3 yKa3aHUs 0OIIEero KOHTEKCTa OTYETa CYMTACTCS] BBOIS-
UM B 320, TyKJICHUE U JIOJDKHO TTPECEKAThCA.
Hcnonp3oBanue pe3ysbTaToOB CPAaBHUTEIBHBIX UCIIBITAHUIN B PEKIIAMHBIX OOBSIBIIC-
HUSX TPOU3BOIUTEIICH WIIH MOCTABITUKOB MOXET OBITh PACIICHEHO, KaK BBOJISIICE
B 3a0JTy’K/IeHHE, U MOXKET MOJA0PBATh JOBEPHE K MOTPEOUTEIILCKOW OpraHu3aIuy.
[ToaToMy Tipu BBIZIa4e pa3penieHus: Ha UCIIOJIb30BAaHUE PE3yIbTaTOB UCTIBITAHHI B
PEKIIAMHBIX LIETISAX HEOOXO0IUMO IPUHUMATh MEPhI PEIOCTOPOKHOCTH.



I[I/IaI‘HOCTI/IpOBaHI/Ie CUCTEM H y3J10B MAIIIMH.

lpaxmuueckoe 3anamue 12.

TexHnyeckass IMAarHOCTUKA (IMATHOCTHKA) — 3TO 00JIACTh 3HAHUI, OXBa-
THIBAIOIIAsl TEOPUIO, METOJbI U CPENICTBA OMNPEAECICHUSA TEXHUYECKOIO COCTOSHUSA
O0OBEKTOB.

Texnnueckoe cocrosinue o0bekTa (TexHudeckoe cocrosinue) (TC) — co-
CTOSTHUE, KOTOPOE XapaKTEpU3yeTCsl B ONPEJICICHHBIA MOMEHT BPEMEHH, MIPU OII-
pEIEIEHHBIX YCIOBHUSAX BHEIIHEH Cpelibl, 3HAUCHUSIMU MMapaMeTpOB, YCTAHOBIICH-
HBIX TEXHUYECKOU TOKyMEHTaluuen Ha OOBEKT.

O0beKT TeXHMYECKOr0 IMATHOCTHPOBAHMUS (KOHTPOJIS TEXHUYECKOTO
cocTosinus) Wik 00bekT (OT/l) — uznenve u (Mam) ero cOCTaBHbIC YACTH, MOJJIE-
JKallye TUarHOCTUPOBAHUIO (KOHTPOJIIO).

TexHuveckoe nuarHoctupoBanue (amarnocrtuponanme) (TJI) — ompene-
JICHUE TEXHUYECKOTO COCTOSTHUSI 00BEKTAa.

3amavamMu TEXHHYECKOTr0 TUATHOCTUPOBAHUSA SBIIIOTCSA:

® KOHTPOJIb TEXHUYECKOTO COCTOSTHUS,
® [IOHMCK MECTa U OIpeJeICHUE MPUYUH 0TKa3a (OBPEXKIACHUS);
® [POTHO3WPOBAHUE TEXHUUECKOTO COCTOSHUS.

Tepmun «TexHnueckoe TMArHOCTUPOBAHKE) MPUMEHSIOT B HAMMEHOBAHUAX
U ONPENIEIICHNUSIX MOHATHI, KOTJla pelIacMble 3aa4l TEXHHYECKOrO0 JUAarHOCTUPO-
BAaHUS PABHO3HAYHBI WJIM OCHOBHOM 3aJauyeil SIBIIAETCS MOMCK MECTa W Ompesesie-
HUE IPUYUH OTKa3a (MMOBPEKICHHUS).

Tepmun «KOHTPOJIb TEXHUYECKOTO COCTOSIHUS IMPUMEHSIETCA, KOTIa OC-
HoBHOM 3anaueit T/ aBnsiercsa onpenenenue Buaos TC.

KoHTpoJIb TEXHUYECKOr0 COCTOSIHUSA (KOHTPOJIb) — MPOBEPKA COOTBETCT-
BUSI 3HAUYCHUM MapamMeTpoB 00bEeKTa TPEOOBAHUSIM TEXHUUYECKOW TOKYMEHTAIlUU U
OIpEJENIEHNE HAa 3TOM OCHOBE OJJHOTO M3 33JIaHHBIX BHJIOB TEXHHUYECKOTO COCTOSI-
HUSI B JJAHHBIH MOMEHT BpeMEHHM. BuJaMH TEXHUYECKOTO COCTOSIHUS SIBIISIOTCS:
ucnpasnoe, HeucnpasHoe, pabomocnocobHoe, HepabomocnocobHoe, YACMUYHO
HepabomocnocobHoe, npedeibHoe B 3aBUCUMOCTH OT 3HAYEHUN MMapaMeTpoB B
JTAHHBIA MOMEHT BPEMEHHU.

Koutposanb ¢pyHKIIHOHMPOBAHMS — KOHTPOJIb BHITIOTHEHUSI OOBEKTOM YacTH
WJIM BCEX CBOWCTBEHHBIX €My (DYHKITUH.

IIporHo3upoBaHne TEeXHHMYECKOr0 COCTOSIHUSI — ONPEICIICHHE TEXHHUYe-
CKOTO COCTOSIHUSI OOBEKTa C 3aJJaHHON BEPOSITHOCTHIO HA MPECTOSIINUN WHTEPBAI
BPEMEHU.

Llenvio npocnozuposanuss TC MOXKET ObITH ONpENIETCHUE C 3a/laHHON Bepo-
ATHOCTBIO MHTEpPBaJla BPEMEHHU (pecypca Ui CpoKa CIIykObl), B TEUEHHUE KOTOPOTO
COXPAHUTCS PabOTOCTIOCOOHOE (MCIPABHOE) COCTOSIHUE O0BEKTa WU BEPOSITHOCTH
COXpaHeHHsI pabOTOCIIOCOOHOTO (UCIPABHOTO) COCTOSIHUS OOBEKTa Ha 3aJaHHBIN
WHTEpPBAJI BpEMEHHU.

TexHuYecKHii THATHO3 WM AAATHO3 (pPe3yJIbTAT KOHTPOJIsSI) — PE3yJIbTaT
T, nHanpumep, 3akimouenne o TC o0beKTa ¢ yKa3aHHeM, MECTa, BUIa U IPUYHHBI
OTKa3a (MOBPEXKJICHHUS ), @ TAKKE OCTATOYHOI'O PECYpPCa UM CPOKA CITY>KOBI.



Cnenyer pa3znuyaTh BHIbl JUATHOCTUPOBaHUSA: pado4ee, TECTOBOE U IKC-
npecc-auarHocrupoBanue. [Ipu pabodyem TuarHOCTUPOBAHWMU HAa OOBEKT MOJIAIOT-
csl pabouue 6030eticmsusi, TIPU TECTOBOM — mecmosble 6o30eticmsus. lpu sKkc-
MPECC-AUarHOCTUPOBAHUN KOHTPOJb MPOU3BOJUTCS MO O2PAHUYEHHOM) YUCTY Na-
pamempos 3a 3apanee yCmaHo81eHHOe PeMsl.

ITon cpeacrBom T/l (koHTposst TC) moHumaeTcs ammaparypa U Iporpam-
MBI, C IOMOIIBIO KOTOPBIX OHO OCYIIECTBIIACTCS.

HemanoBakHbIM CBOMCTBOM OOBEKTa SBISIETCS KOHTPOJENPUTOJIHOCTD,
T.€. €ro MPHUCTOCOOJICHHOCTh K TpoBeeHnt0 T/l 3aaHHBIMU CPEICTBAMHA KOHTPO-
ns1. KoHCTpyKIHs 00BeKTa U €r0 COCTABHBIX YacTel JOKHA 00€CIIeunBaTh TOCTYII
K KOHTPOJBHBIM TOYKaM 0€3 pa30opKH Y3JI0B M MEXaHH3MOB, 32 HCKIIOYCHUEM
BCKPBITHSI TEXHOJOTHYECKUX JIFOKOB, 3arNIYIIEK W T.Jd., OTKPBIBAIOIINX JIOCTYI K
MECTaM CONPSIKEHHS JaTYUKOB CO CPEACTBAMU THUATHOCTUPOBAHUS, U MCKIIFOYATH
BO3MOKHOCTh TMOBPEXKJIEHUS COOPOUHBIX €IUHUIl TPU MPUCOCAUHEHUH CPEJICTB
KOHTPOJIL.

Cucrema texuudeckoro nuarnocrupoanus (CT/l) mpencrasnsercs co-
BOKYITHOCTBIO CPEJICTB, 00BbEKTA U UCTIOTHUTEINICH, HEOOXOIUMBIX JIJISl IPOBEACHUS
KOHTPOJIS IO MPpaBUjIaM, YCTAHOBJIEHHBIM B TEXHUYECKOMN TOKYMEHTAILIUH.

CT/ no crerneHn aBTOMAaTU3aLMK MTOAPA3AECIAIOTCS HA: aBTOMATH3HUPOBAH-
Hble, B KOTOPBIX nposeaeHue T/[ ocylecTBisieTcs: ¢ IPUMEHEHUEM CPEICTB aBTO-
MaTHU3allUM C YYACTUEM YeJIOBEKa; aBTOMaTHYeCKUe, 00eCTIeUMBAIOIINE MPOBEIC-
Hus T]] 6e3 yyacTus yelioBeKa; HeaBTOMATH3MPOBaHHbIe, B KOTOpbIX T/l BbINOI-
HSETCA YEJIOBEKOM-OIEPATOPOM.

Aaropurm T/l (KOHTpoOJIsI) — COBOKYIHOCTh MPEANUCAHUM, OIMPEAEIISIo-
IIMX MTOCTIEI0BATENbHOCTD ACUCTBUM Npu npoBeaeHuu T/1.

[Ton nuarHocTuYeckuM oOeclmeYeHHEeM ITOHMMAETCS KOMIUICKC B3aMMO-
YBSI3aHHBIX TIPABUJI, METOOB, aJITOPUTMOB M CPEJCTB, HEOOXOIUMBIX JIJISl OCYIIIe-
cteienus T/] Ha Bcex 3Tamax >KM3HEHHOTO ITUKJIa 00BEKTA.

dopManu30BaHHOE OMHMCAHHE OOBEKTa, HEOOXOIMMOE I PEIICHUs 3a7ad
TJI Ha3pIBacTCS AUATHOCTHYECKOH Moae/bIo. Onrcanue MOKET OBITh Mpe/CTaB-
JICHO B AaHAJIMTUYECKOM, TAOIMYHOM, BEKTOPHOU, rpaduueckoi u Apyrux dpopmax.

CpeacrBa T/l moryT ObITh: BCTPOCHHBIMH, SIBJSIOIIMMUCS COCTaBHOM Ya-
CThIO OOBEKTA; BHEIIHWMH, BBHIMOJHEHHBIMH OTAEIBHO OT OOBEKTA; CHEIHATU3U-
POBaHHBIMHU, TIpeHA3HAYEHHBIMU 1)1 T /] 0OMHOTO WM TPYIIbl OAHOTUITHBIX 00h-
€KTOB; YHUBEPCAIbHBIMH, NIpeaHa3HaueHHbIMU 1711 TJ[ 0OBEKTOB pazIMYHbBIX TH-
M0B; aBTOMAaTHU3UPOBAHHBIMHU; aBTOMAaTUYECKHUMHM.

TexHuyeckas TUarHOCTUKA pellaeT OOMMPHBIN KPyT 3ajlad, MHOTHE U3 KO-
TOPBIX SIBJISIFOTCS CMEKHBIMU C 33J1a4aMU IPYTUX HAYYHBIX TACHUILIAH. OCHOBHAA
3a/1a4a TEXHUYECKOW AUArHOCTUKH CBsI3aHa ¢ pacnosuasanuem TC cucmemsl 8 yc-
JI0BUSX O02paHu4eHHoU ur@opmayuu. VIHOTIA TEXHUYECKYIO NUArHOCTHKY Ha3bI-
BalOT 0e3pa300pHON AMArHOCTUKOW, T.. JMATHOCTHKOM, OCYIIECTBIsIeMON 03
pa3zoopku uznenus. Ananu3 TC mpoOBOIUTCS B YCIOBHUSX IKCIUTyaTalluu, MPU KO-
TOPBIX MOJyuYeHue MH(popManuu KpaiiHe 3aTpyaHeHo. MHorma mo mosrydeHHOU
uH(OpMAITUU HE TIPEICTABIIACTCS BOZMOXHBIM CJENIAaTh OJTHO3HAYHOE 3aKITIOUEHUE
U IPUXOAUTCS UCTIOIB30BATh CIMAmMucmuiecKue memoosl.



CTpyKTypHbIe U TUATHOCTUYECKNE MMapaMeTPbl, TEXHOJIOTUH
AUATHOCTHPOBAHUSL.

lpaxmuueckoe 3anamue 13.

CyniecTBEHHON 4acThIO Tpoliecca paclo3HaBaHUs SIBISIETCS BBIOOP mapa-
MeTpoB, onuckiBatomux TC cuctembl. OHU JOJIKHBI OBITH IOCTATOYHO MHPOpMa-
TUBHBI, YTOOBI MpPHU BHIOPAHHOM YKCII€ TUArHO30B IPOLIECC PACMO3HABAHHUS MOT
OBITH OCYLIECTBJIEH.

Iapamerpsbl Texunuyeckoro cocrosinusi (IITC) — aTo paznmuunbie Qusnde-
CKHE BEJIIMYMHBI, XapaKTepU3YIOUIe paboTOCIOCOOHOCTh MIIM HCIPABHOCTh 00B-
€KTa, KOTOPhIE MOYXHO KOJIMYECTBEHHO U3MEPUTH. PaznnyaloT CTpYKTypHBIE U JIH-
arHoctnyeckue napamerpsl TC.

CTpyKTypHBIEe apaMeTpbl — 3TO W3HOC, pa3Mep JAeTalu, 3a30p, HATAT B
COTPSDKEHUH, (PU3UKO-MEXaHUYECKHE CBOMCTBA MaTepualia, BEIXOJHBIC U TEXHUY -
CKHE XapaKTEpUCTHKN MAIIUHBI U €€ COCTABHBIX YacTEH, T.€. T€, KOTOPBIE HEIO-
cpeacTBeHHo ooycnoBnuBaoT TC I'MO.

/InarnocTuyeckue (KOHTPOJHpPYeMble) MapaMeTphl, UCIOJb3yEMbIE MPU
KOHTpoJie 00bekTa U Xxapakrepusyromue ero TC, BEIOMpPaOT B 3aBUCUMOCTH OT
MPUMEHSIEMOTO METOJla JuarHocTupoBaHus. Cieayer pa3inuyarbh npsimvle U KOC-
6eHHble NTUATHOCTHYECKHE TapaMeTpsl. [IpsaMoi — cTpyKTypHbIN napameTrp (M3HOC,
3a30p B CONPSDKEHUM U Jp.) HemocpeacTBeHHO xapaktepusyeT TC oOwbekra. Koc-
BEHHBIC MapaMeTphl, UCTIOJb3yeMble M onpeneneHus TC MaimuH (Temmneparypa,
IIyM, BUOpalMsl, CTENEHb T€PMETUYHOCTH, JABJICHHUE, PACXOJ Macia, napameTpbl
JBWDKCHUST IeTalel U Jp.), B OCHOBHOM KOCBEHHO XapaKTEepPU3YIOT CTPYKTYpPHBIC
napaMeTpel. B Tex ciyuasix, Korja CTpYKTYpHBIM mapameTp Onpeaessercs B mpo-
necce T/l npsiMbIM U3MEpeHrEM, TO OH OJJHOBPEMEHHO BBICTYMAET KaK TUarHOCTH-
YECKUU Imapamerp.

CrpyKkTypHBIE TapamMeTpbl, B CBOIO OYEpPEAb, MOXXHO pa3/IeIUTh Ha JBE
TPYNIBL: pECYpCHbIE U (PYHKIIMOHATBHBIE TTapaMeTphl MAIINHBI WJIM €€ COCTaBHBIX
4acTeu.

Pecypchuiti napamemp — napameTp, BbIXOJ KOTOPOTO 3a MPEAEIbHOE 3HAUE-
HUE OOYCJIOBJIMBAET MapaMETPUUECKHIl OTKa3 M XapaKTepus3yeT MpeaeiabHOe CO-
cTosiHMEe 00bekTa. K pecypCHBIM mapaMerpamM OTHOCSITCS: 3a30pPbI B COMPSIKEHUSIX
MOAIINITHUK — IIEHKa Bajla», U3HOC HIECTEPEH, UINLIEB, BAJIOB, JIONATOK, KaHATa
u J1p.

DyHKYUOHAIbHBLL napamemp — MapaMeTp, BbIXOA KOTOPOro 3a MpeiesibHOe
3HaueHHUE OOYCIOBJIMBAET OTKa3 3jieMeHTa 00bekTa. Ero BoccTaHaBIMBAIOT MpU
TEXHUUYECKOM O00CITy>KUBaHUU WK peMoHTe. K TakuM mapameTpam OTHOCATCS: 3(]-
(deKkTHBHAs MOILHOCTh JBUTaTeNlsl, 4acTOTa BpPAILEHUS Bajia, TETIOBOM 3a30p, JaB-
JIEHUE OTKPBITUS IEPEMYCKHOTO U MPEJOXPAHUTENBHOTO KJIAaHOB TUAPOIPUBO/IA,
JaBJICHUE BO3TyXa, YIIIbl YCTAHOBKH PA0OUYNX KOJIEC, HAMIPSKEHUE.

Herpynno 3ametuth, 94T0 (PyHKIIMOHAIBHBIE TTAPAMETPHI — 3TO OOBIYHO BHI-
XOJIHbIE TEXHUYECKHE U paboune XapaKTepUCTUKH MAIIMHBI U €€ COCTABHBIX Yac-
TeW, UHTETPAJIbHO OTPAXKAIOIIKUE ONPEAEICHHYI0 COBOKYITHOCTh CTPYKTYPHBIX Ia-
paMeTpoB comnpsbkeHuil. ClielyeT MoIYepKHYTh, UTO €CII CUCTEMY XapaKTepu3y-



10T COBOKYITHOCTh AJIEMEHTOB M CBSI3M MEXKIY AJIEMEHTaMH, TO (PYHKIIMOHATbHBIE
napameTpbl Kak pa3 ONpeAesIsitoT 3TH CBSI3H.

Kauecmeennvle npusnaku Hapsny co CTPYKTYpPHBIMU NTapaMeTpaMu ONpeie-
asitoT TC oObekta. K HUM OTHOCSTCS: HAJIMYME WIIM OTCYTCTBUE MOJITEKaHUS Mac-
Ja, TPEIIMH B KOPIYCHBIX JETANSIX, MOTEPs] TePMETUYHOCTH, crenuduyecKkuii 3a-
nax, BT KOpIyca MamuHbl U Jap. KauecTBeHHbIE MpU3HAKU YCTAaHABIMBAIOT O€3
KOJIMYECTBEHHOTO U3MEPEHUSI.

IIponecc T/l oneHnBaeTCs CleAyOMMMU MOKA3aTENIMU U XapaKTePUCTUKA-
MU: MPOJIOJKUTENBHOCTD, TOCTOBEPHOCTh U nosnHoTa T/, riryOuHa noucka Mecra
oTKa3a (MOBpEeXACHUs) WK Ae(eKTa, YCIOBHbIE BEPOATHOCTH HEOOHAPYKEHHOTO
Y JIO)KHOT'O OTKA30B.

JloCTOBEPHOCTh TEXHHUYECKOI0 TUATHOCTUPOBAHMS OIPEJEISIETCA CTere-
HBI0O OOBEKTUBHOTO COOTBETCTBHSI TEXHHMUECKOTO TUarHo3a (pe3ybTata KOHTPOJIS)
neicteutensHomy TC.

IHoHOTAa TMATHOCTHPOBAHMS SIBISICTCA XapaKTEPUCTUKON, ONIPEACIISIIOLIEH
BO3MOXKHOCTh OOHApY>KEHHUS OTKa30B (MOBPEkKICHUI) B OOBEKTE MPU BHIOPAHHOM
METOJI€ €r0 KOHTPOJIS.

I'nyOnna moucka orkasa (MOBPeKACHUSI) — XapaKTEPUCTUKA, 3a]aBacMast
yKa3aHUEM COCTaBHOM 4acTh O0BEKTa ¢ TOYHOCTHIO, IO KOTOPOW OmMpenesnsercs
MECTO OTKa3a (IOBPeKIEHHS).

YcioBHAsE BEPOSITHOCTh HEOOHAPYKEHHOT0 0TKa3a (TIOBPSXKJICHUS) MPH
KOHTPOJIe — BEPOATHOCTh TOT'0, YTO HEPAOOTOCTIOCOOHKIN (HEUCIIPaBHbBIN) OO BEKT
B pe3yabrare T/ nmpuzHaeTcs paboTOCIOCOOHBIM (MCITPABHBIM).

YcaoBHasI BEPOSTHOCTD JIOZKHOTO 0TKa3a (MMOBPEXKICHNS) MPH KOHTPOJIe
— BEPOSTHOCTb TOT0, YTO pabOTOCHOCOOHBIN (MCIpPaBHBIN) OOBEKT B Pe3yJbTaTe
TJ1 npuzHaeTcst HepabOTOCIOCOOHBIM (HEUCITPABHBIM).

Ha npornecc usmenenuss TC mammHbl OKa3bIBalOT BIUSHUE MHOTHE (DakTo-
pbl, KOTOPBIE MOKHO Pa3[eUTh Ha KOHCTPYKTUBHO-TEXHOJIOTUYECKUE U IKCILTya-
TanoHHbIe. K KOHCTPYKTHUBHO-TEXHOJIOTHYECKUM OTHOCATCS (aKTOPBI, OT KOTO-
pPBIX 3aBUCUT KA4YECTBO HW3TOTOBJICHUS, COOPKM M OOKAaTKM MAIIWHBI, a TaK¥kKe
CTPYKTYpa U XapakTep KOHCTPYKIIMHU U €€ COCTaBHBIX YAaCTE: TBEPAOCTh TPYIIUX-
Csl TIOBEPXHOCTEH, YHCTOTA UX 00OPaOOTKH, MOHTAKHBIE 3a30pbl M HATATH, YICTb-
HbI€ Harpy3KH, CKOPOCTH ABWXEHUS AeTainei. K sKCIlyaTallmOHHBIM OTHOCSITCS
Takue (PaKkToOpbl, KAK TOPHO-TE€OJIOTMYECKUE YCIOBUS 3aJ€TaHtsl MIAaCTOB, XapaKTep
Y UHTEHCUBHOCTb PEKHUMOB paOOThl MAIlIUHbI, METOAbI U KAYECTBO YCTAHOBJICHHON
CHUCTEMBbI TeXHUYECKOro oociyxuBanus u pemonTa (TOP).



MeToabl UCC/IeI0BAHUSA U3HOCOCTOMKOCTH MAaTEPHAJIOB U JIeTaJIeH.

lpaxmuueckoe 3anamue 14.
BEPOSITHOCTHBIA METOJI PACUETA U3HOCOCTOHUKOCTHU NHCTPYMEHTOB

[IpruMeHUTENbHO K pabOTE TOPHBIX MAIIUH SKOHOMUYECKHU BBHITOJITHO
MPOU3BOAUTH 3aMEHY MHCTPYMEHTOB IOCJIE BBIIIOJIHECHUSI ONIPEACICHHO-
ro oobeMa paboThl (LMKIA) WIM KpaTHO eMy. JJisi BBIEMOYHBIX MalllWH
3aMeHa pe3I1I0B 11eJec000pa3Ha MOCJI€ BHIEMKHA HE MEHEE OJHOM IMOJIOCHI.
Tonbko B 3TOM cilyyae BO3MOKHA PErJIaAMEHTHPOBAHHAs 3aMeHa KOM-
IJIEKTa PE3I0B ¢ HAUMEHBIITUMU 3aTpaTaMu BPEMEHHU U TPYJIO0EMKOCTH,
YTO HEMAaJOBAXXHO MPU AKCILTyaTallu aBTOMATU3UPOBAHHBIX MU POOO-
TU3UPOBAHHBIX KOMIUIEKCOB U arperaros.

OT10 TpeboBaHKe OyAET BHITIOJIHEHO TOJHKO B TOM Ciydyae, KOTnaa
M3HOCOCTOMKOCTh pe3lia, BRIpaKEHHAs yepe3 MyTh pe3anus L, mpoiiaeH-
HBIM pe31OM JI0 MPEAeTbHOr0 U3HOCA, OYAET TOCTaTOYHOM /I BBIMOJI-
HEHHMS 33TaHHOTO 00BbeMa paboTHI.

MHOTrO4YMCIEHHBIMU HMCCIEOBAHUSIMU YCTaHOBJICHA 3aKOHOMEp-
HOCTbh MPOIIECCa M3HAIIMBAHKS TOPHBIX UHCTpYMEHTOB. OHa mpeicTaB-
JIeHA KJIACCHUYECKOW (hOpMOI 3aBUCUMOCTHU JIMHEHHOIO MapaMeTpa U3HO-
ca, KOTOPBIM MOJKET ObITh U3HOC IO BbIcOTEe | MM M3HOC 110 3aHEl Ipa-
HU A, W BKJIIOYACT TPU 30HBI: MHTCHCHUBHOTO W3HAIIMBAHUA, yCTaHO-
BHUBIIETOCSl U3HAIIMBAHUA C MOCTOSHHON CKOPOCTHIO M3HOCA; yCTAJIOCT-
HOTO WJIM TeMIEpPaTypHOTO M3HAIIMBAHUS C PE3KHUM BO3pacTaHUEM WH-
TEHCUBHOCTH U3HOCA.

YuuTeiBass HEOOJBIIYI0 NPOTSKEHHOCTh IEPBOM 30HBI, 3aBUCH-
MOCTh MaTeMaTHYECKOr0 OXHUIaHHWS M3HOCa 1Mo BbicoTe | OT myTH pe3a-
HUg L MoxeT ObITh nipeacTaBieHa QyHKIHUEH:

I_(L) - I_y + I_lL’ MM,

(8.42)
rac |_y — MAaTCMATHUYCCKOC OKNAAHUC YCIIOBHOI'O HAYaJIbHOT'O U3HOCA I10
BBICOTC, MM, |_| — MATEMATHUUYCCKOC OKNIAAHNC NMHTCHCHUBHOCTHU HM3HAIIIH-

BaHUS 10 BLICOTE, MM/KM.
Mexny TUMHEWHBIMU U3HOCAMHM I10 BBICOTE U MO 3aJIHEW I'PaHU CY-
IICCTBYET 3aBUCHMOCTD
A~I[tg(B+8)~tgp],
(8.43)
riae O — Yroj 3a0CTpeHus peslia, °; 3 — mepeaHuil yrod, MmoACTaBIseTCs
CO CBOMM 3HaKoM, °.



AHanu3 00JBIIOr0 YKciia UCCIEA0BaHUM, BBITIOJHEHHBIX Ha MOPO-
Jax ¢ pa3Iu4YHBIMU (DPU3UKO-MEXaHUYECKMMH CBOMCTBaMU, MOKa3all, 4To
YCIIOBHBIM HAaYaJIbHBIM U3HOC I10 3aJIHEW I'PAHU U3MEHSETCS B Ipelienax
A=0,2...1,3 mm. IIpudyeM HIKHSS T'PAaHHIA OTHOCUTCH K HEKPEIKUM
Maj0aOpa3uBHBIM MOPOJIaM, & BEPXHSS — K KPEIIKUM aOpa3uBHBIM.

IIpu oTCYyTCTBHM JaHHBIX I KOHKPETHBIX YCIOBHM 3KCILTyara-
LMK 1IpU BEIOOpE Ay Npensiaraercs yKa3aHHbIM MHTEPBaJl BADbUPOBAHUS
pazoute Ha aBe yactu. Ilomaras, uro cirydaiinas BenuumHa A, pacrpe-
JieJICHa MO0 HOPMAaJbHOMY 3aKOHY, HAWJIEM MAaT€MaTH4YECKOE OKHUIAHUE
A, 7 KOO(Q(QUIMEHT BapHaluy IIPU HIECTUCUTMOBOM ITOKPBITHHA HHTEPBA-

J1a BApbUPOBAHUSL:

® /ISl HEKPEMKUX Majioadpa3uBHBIX OPO/T

A,=(0,2+0,75)/2=0,5; w=S,/a, =(0,8-0,2)/6/0,5=0,2; (8.44)

® JJIsl KpENKUX a0pa3suBHBIX MOPOJ

A,=(0,75+1,3)/2=1,1; w=S,/a, =(1,3-0,8)/6/1,1~0,1, (8.45)
rae Sp - CpellHee KBaJapaTH4YeCKOE OTKJIOHEHHE, PAaBHOE HWHTEPBAIy
BApbUPOBAHUS, ICJICHHOMY Ha 6 («IIECTHCUTMOBAsH 30HA).

Jns pacuera raMma-IpOLEHTHON HAapaOOTKU 10 oTKasza L, mpu u3-

HalllUBAHWUX TOPHBIX WHCTPYMCHTOB NPCACTABUM MOJCJIb q)OpMHpOBa-
HHUA TIApaMCTPHUUCCKOIo0 OTKa3a B COOTBCTCTBHHU C 3dKOHOMCPHOCTBIO

[, MM G, N ’é

l_n —

i) ~

E'-...|

L

- ] -

Puc.8.6. Monenb mapaMeTpruiecKoro 0Tka3a Mpu W3HAIIMBAHUU TOPHBIX
UHCTPYMEHTOB IIPH PE3aHUHU TIOPO/IBI:
Ly M L,- CPeAHAA M raMMa-NPOLLeHTHas HapaboTku ao otkasa; I, 1,1, —
MaTeMATUYECKME OXUAAHMA HAYa/IbHOTO YCIOBHOTO, TEKYLLLETO M Npesesb-
HO [0NYCTMMOrO M3HOCOB MO BbICOTE; Oy, Ojy), Oy — CPEAHME KBaApaTUYe-

CKne OTKN0OHEHNA HaY4Ya/IbHOIo yCn0BHOIO, TEKYLWETO U npeaesibHo gonyc-



(8.42) (puc.8.6).
WHTEeHCUBHOCTD W3HAIIMBAHUS 110 BEICOTE |, MOXET OBITH Paccuu-
TaHa MO OJTHOM U3 HUKE MPUBEICHHBIX (POPMYII:
e g cruiaBoB Mapku BK8 u BK6

|, =0145-10°aP, , mm/km; (8.46)

® B 3aBUCUMOCTHU OT TBepAocTHu ciuiaBa 1o Poksemny (HRA) u Buk-
kepcy (HV)

I, =55-10°aP.e ™ \/im; (8.47)
I, =9,35-aP.e "™ \iw/ku; (8.48)

® B 3aBHCHMOCTH OT cojepkaHus kobanbta (Co) B % A/ CIJIaBOB

cpenHesepHucThix rpynnbl BK, um kpynHo3epHucteix rpynn BKB u
BKBK

lex =16-10°aPe”*™  nw/km; (8.49)
I_IBKB =5-10" aISKeOﬂCO, MM/KM; (8.50)
I_IBKBK =2,2-10 aEeo,zlco , MM/KM, (8.51)

rae  a— aopasuBHocTh 1o JI.M. Bapony u A.B. Ky3uenoBy, mr; Py —
KOHTaKTHas npoyHocTs 1o JI.W.bapony u JI.b. 'narmany, MlIa.
[Tomaras, uro ciyyaiiaeie Benmuunsl I u (L) nomguunstores Hop-
MaJIbHOMY 3aKOHY pacIpelefieHus] KaK pe3ysbTaThl H3MEpeHuil (3To
MOATBEPKIAaeTCs LUEHTPAIbHOW MpenenbHoil Teopemoit JIsimyHoBa), Be-
POSITHOCTh Oe30TKa3HOM paboThl P(L) MOXHO HAWTH MO KBAaHTHIM HOP-
MHUPOBAHHOTO HOPMAaJILHOI'O pacipeaenceHus (cM. puc. 8.6)

I I_(L)
Up = - H2 N > )
VO TOIw)

rne |, o, — MaremaTHueckoe OKHIaHUE U CPEIHEE KBaAPaTHUCCKOE

(8.52)

OTKJIOHCHHC IPCACIIBHO HOIMYCTHUMOI'O U3HOCA ITO BBICOTC, Oy — cpea-

HEe KBAJIPaTUYECKOE OTKJIOHEHUE TEKYIIEro 3HAaYEHUsI U3HOCA 110 BHICO-
Te, KOTOPOE COTJIACHO 3aBUCUMOCTH (8.42) U CIEACTBUIO O pacmpeiaee-
HUW JIMHEWHON KOMOWHAIIMM HE3aBHCUMBIX HOPMAJIbHO pacHpe/iesicH-
HBIX BEJIMYHH OIpeiesaeTcs mo Gopmyre:

0|(L):\/O'y2+0'|2|—2, (8.53)

rne O, — CpeaHee KBAAPATHYCCKOC OTKJIOHCHHMEC MHTCHCHUBHOCTH H3-
HalllMBaHUA 110 BBICOTC.



BolpazuB cpenHue KBaApaTHUeCKUE OTKJIOHEHHS uepe3 Kod(du-

LMeHTHI Bapuatuu G, =l,v,;, G, = vay, o, = |,v, u moxcraBuB ux B
BbIpaxkeHue (8.52), mosyqum
p = =
\/Iﬁvf7 + Iyzvy2 +1PveL?

(8.54)
Pemas ypasuenue (8.54) ornocurensno L=L,, mocne mpeobpaso-
BaHUU HaUJIeM

(T —1)+up (0, —1)2vE + (I 2vE +12v2)A-ulv?)

N = L (1—u2vd)  (8.55)

rae Uy ClelyeT MOJACTABIATh CO 3HAKOM «—».

Ecnu B popMynax pacuera HHTEHCUBHOCTH HU3HAIITUBAHHS TIO BbI-
coTe MpeHeOpeyb paccesHHeM IOKa3aTeslel TBEPAOCTH U COJACPKaHUs
KoOajIbTa, CYMTAs UX MAJIBIMH 110 CPABHEHHIO C PACCETHUEM KOHTAKTHOM
MIPOYHOCTH U aOpa3sMBHOCTU, TO KOIPHUIIMEHT BapUallM WHTCHCUBHO-
CTH M3HAIIMBAHUA V| PACCUUTHIBAETCSA KaK JIJIsi MMPOU3BEACHUS IBYX He-
3aBUCUMBIX cnyqaﬁHLIX BEJININH

= VIVh VI HVE, (8.56)
ITpumep. PacchTaTb raMMa-npoILeHTHbIE HAPAOOTKH JI0 MapameT-
pudeckoro orkasa L, aus pesunos tuna IIIBM, apMUpOBaHHBIX TBEPIBIM
cruiaBoM Mapku BK, mpumeHnsieMbIM 10 MIHMHHUCTBIM ciaHiam ¢ P, =400
MIla u a=10 wmr, §Opu BepOATHOCTAX O€30TKa3HOM pPadOThHI
p(L)=0,5...0,9999. IToctpouts rpaduk 3aBucumoctH L, ot p(L).
Pewienue. YuuTeiBas, 4TO TJIMHUCTBIE CIAHLBI OTHOCSTCS K HeE-
KpPENKUM Majloadpa3uBHBIM TOPOJAAM, TO MPUHHUMAEM U3 BBIPAKEHHUS
(8.44) a,=0,5 nu v=0,2. [lna pesnos Tuna IIBM npu B=0" u 6=80°, nc-

nonk3ys 3aBUcHMOCTh (8.43), maxomum |,=0,09 mm. IIpuHnmas mpe-

JENBHO JIOMYCTUMBIA M3HOC 10 3aJHEH IpaHd PaBHBIM TOJIIMHE apMHU-
pytolen miacTuHku A, =8 mm, no popmyie (8.43) HaxoquM MaTemMaTu-

YECKOE OKHJIaHWE TMPEJEIbHO TOMYyCTUMOIr0 M3HOca 1o BeicoTe |;=1,4
mM. Ecnu mpuHATH uHTepBan BapbupoBanus A, B mpexenax 7...9 M,

TO MPHU JOBEPUTEIBLHON BepOsATHOCTH P=0,95, COOTBETCTBYIONIEN YETHI-
PEXCUTMOBOMY TOKPBITHIO 3TOI0 MHTEpBajia, KOA(PHUIIMEHT Bapuallu

Vi = 9 7)/4/8=0,06. JIJ1s1 pacyeToOB MHTEHCUBHOCTHU WM3HAIIMBAHUSA 110
BbICOTE [, Bocmosib3yemcs ¢opmyioit (8.47). Tak Kak OTCYTCTBYIOT



JAHHBIE KOHKPETHBIX YCJIOBUU JKCIUIyaTallMd, TO, MCHOJIb3Ys KJIACCH-
(UKaIMOHHBIEC MIKAJIbl TOPHBIX MOPOJ MO KOHTAKTHOW MPOYHOCTU U a0-
Pa3sMBHOCTH, ISl TJIMHUCTBIX CJAHILEB YCTaHaBIMBaeM V, =033 wu

v, =0,38. Haxoaum ko3 duLMEHT Bapyallii WHTEHCUBHOCTH W3HAIIIH-
BAaHUS 10 BBICOTE
v, = VA2 +v2 +v2 =4/0,38.0,33% + 0,387 + 0,332 = 0,5186 ~ 0,52
[TogcTaBuB monydyeHHbIe 3HaYeHUsA B Gopmyny (8.55), mocne mpe-
o0pa3oBaHUi NOJIyYUM
L3+ Up /0,464 +0,00738(1-u20,27)

' 0,58(L—u20,27) > MM/KM.
Pe3yabpTaThl BHIYUCIICHHI CBEICHBI B TAOIHUILY
p(L) 0,5 0,8 0,9 0,95 0,96 0,97 0,98 0,99 0,999 | 0,9999
Up 0 0842 | -1282 | -1645 | -1,751 | -1,881 | -2054 | -2,326 | -3,090 -3,719
L, m 2259 1563 1343 1202 1166 1122 1073 1000 837 735

N3 rpaduka
(puc.8.7) cueayer, dTO {
WHTEHCUBHOCTh YMCHb- (i
IIECHUS ramMma- \
IIPOIIEHTHOW HapaOOTKu 1,9 ™

1o otkasa L, 10 BeposiT- \\

HOCTU O€30TKa3sHOU pa- 4§
6otsr  p(L)=0,95...0,96
NPAKTHYECKA  TIOCTOSH-
Has, a Ha YyYacTKe
p(L)=0,97...0,99 cyme-
CTBYyeT ydacTok meperu- 97 10 7

05 06 07 08 09
O0a, 1mociIe KOTOPOTro
IPOMCXOMUT PE3KOE e Puc. 8.7. 3aBUCMMOCTb raMMma-NpoLEHTHOMU

nagenne. IlostoMy Ha- HapaboTku Ao OTKasa OT BepOATHOCTM Ge3oT-

AN
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3HAYECHUE ramMmMma- Ka3HoW paboTbl gnA pesuos Tvna LUBEM.

MPOIEHTHOW HapabOTKU

WHCTPYMEHTOB TOPHBIX MAIIIMH TIPU PE3aHUU MOPOJ A0 OTKasza CIeayeT
MPOU3BOAUTH MO BEPOSITHOCTU OE30TKAa3HOM pabdOThI, KOTOpas IOJHKHA
OBITh MPOHOPMUPOBAHA MO TSKECTU TMOCIEACTBUM, K KOTOPHIM MPUBO-
JUT OTKa3.




CepTuduKalMOHHbIE HCTIBITAHUS MAIIVH.

lpaxmuueckoe 3anamue 15.

CepridHXauHOHHBIC HCIBLITAHHA — 3TO MIEMEHT CHCTEMbLI MEPONPHS-
TH, HATIPABNEHHLIX HA MOATBEPAACHKHE COOTBETCTBHA DAKTHUECKHMX Xa-
paKTepHCTHK npoaykimK Tpebosanuam HT/L ¢ uensio nosydenna aocro-
sepHON HBQOPMALKH, NPH BIANMOOTHOICHHAX MEKLY HITOTOBHTE/NAMH
H NOTPCOMTENIMH NPOAYKUMH. DTH HCNBITAHNUA, KaK [PABWIO, MPOBOART
HE3ABHCHMBIC OT [(IPOMIBOAMTENA HCIIBITATEABHBIC UCHTPH (N0 MHOIHM
BHIAM NPOMBIULIEHHEIX HIACTHH 3TH LEHTPH MOTYT OMITH PaciioNioXeHsb!
HA TEPPHTOPHM APYTUX rocyaapers). Hanpusmep, cepruduxkauns 3ausu-
wek OAO «Taxnpomapmarypay: ueHtp cepripuxaimn — dupma P-TIOB,
lepmanua,

Mo pesynpraraM HCNLITAHMA BRIBETCA CepTH(OHKAT WIH HAK COOTBETCT-
BHR npoayxim TpeSosannan HTJL, xoropuiit npeanonaraet s3anmmuoe npH-
SHAHWE PEIY/IBTATOB HCTIWTAaHWI MOCTABIMKOM M norpeburency nposyk-
LMK, YTO OCOOEHHD BAXKHO NMPH BHEWHETOProssix onepatnax, [NMporpammy u
METOAB HCNLTAMME YCTAHARIMBAIOT B CEPTHOHKAUMOHHON JAOKYMEHTS-
UMK H YKAIHIBAIOT B MONOKEHAH N0 CepTHOHKALMK JAHHOrO BHA Npo-

AYKUHH C YHETOM 0COBEHHOCTEH CE HArOTOWICHHA, HCNLITAHHA H NOCTARKH,

HesTenbHOCTh MO cepTuduUKanuu B Poccun 3aKOHOMATENbHO PETYIUpyeTcss U
oOecrnieunBaeTcsi:

- 3aKOHOJATEeIbHBIMU akTaMu (3akoHbl Poccuiickoit deneparun «O cepTuduka-
MU TPOIYKUUU U ycayr», «O cranpaptuzauun», «O0 obecrieueHn eIUMHCTBa
U3MEPEHU»);

- 3aKoHoAaTeNbHbIMU akTaMHu Poccuiickon denepannu, HalpaBJICHHBIMH Ha
pELIEHUE OTHEIBHBIX COLMAIBHO-DKOHOMUYECKMX 3a7a4 M IMPEIyCMaTpUBAIO-
IIMMU UCIIOJIb30BaHUE ISl ATOM 1LIeNn 00s3aTeIbHON cepTudukamnmu (ceuac ux
oko10 40);

- Yka3zamu lIpe3nnenra u HopmaTtuBHbIMH akTamu [IpaButenscTBa Poccuiickon
®denepanuu (ceituac ux 6omaee 60).

OcTaHOBUMCSI HA OCHOBHBIX JIOKYMEHTaX.

3akoH «O ceprupuKkanny NPOAYKIMHU H YCJIyD». O01mme 1moJ10KeHus.
IHonsitue ceprudpukanun. 3akoHoaareabcTBo P® 0 ceprudpukanmu.
Ceptuduxanus NpoayKIUH - 3TO AESITEIbHOCTh MO MOATBEPKIACHUIO COOTBET-
CTBUS IPOAYKLIUN YCTaHOBJICHHBIM TPEOOBAHUSM.

CepTudukaiusi oCyuecTBISETCS B LETAX:

CO3JIaHHE YCIIOBUM I NESATENBHOCTH NPEANPHUATUN, YUPEKICHUM, OpraHu3a-
UM ¥ OpeAnpuHAMATENIed Ha eAMHOM TOBAapHOM pbiHKe Poccuiickon denepa-
AW, a TaKXe I y4acTHhs B MEXKIyHAapOJHOM JKOHOMHUYECKOM, HAay4HO-
TEXHUYECKOM COTPYAHUYECTBE U MEKIYHAPOIHOU TOPTOBIIE;

COJICUCTBUS MOTPEOUTENISIM B KOMIIETEHTHOM BBIOOpPE MPOAYKIIHH;



3alIUTHl MOTPEOUTENsT OT HEIOOPOCOBECTHOCTH WM3TOTOBUTENS (MpoAaBIia, HC-
MTOJTHUTEJSA);

KOHTPOJIsI 6€30IaCHOCTH MPOAYKLHHU AJI OKPYKArOIIEeH Cpenbl, )KU3HU, 3J0POBbS
Y UMYILECTBA,

IIOATBEPKIACHUS NOKA3aTesell KauyecTBa MPOMYKIMH, 3asBJICHHBIX W3TOTOBUTE-
JEM.

CepTuduxanus MOXKET UMETh 0043aTENIbHBIN U JOOPOBOJIBHBIN XapakTep.
O0s13aTenbHas cepTU(UKAIMS OCYIIECTBIACTCA B CIydasix, MPeIyCMOTPEHHBIX
3aKOHOJATeNbHbIMU akTaMu Poccuiickoit @enepannu. OpraHnusaunus 1 mpoBe-
JeHre paboT mo oOs3aTeabHOU cepTH(HKAIUMU Bo3iaratorcs Ha [occranmapt
Poccnn, a B ciryyasix, MpeayCMOTPEHHBIX 3aKOHOJATEIbHBIMUA akTamu Poccnit-
ckoil denepanil B OTHOIICHWU OTACIBHBIX BUAOB MPOAYKIIHH, MOTYT OBIThH
BO3JIOXKEHBI HA IPYT'HE rOCYIapCTBEHHbIE Opranbl yipasiieHus Poccniickon de-

Jiepalyu.



Hcxoanbie MOHATHS TCOPHUHA BEPOSAATHOCTH U MATEeMATHYECKON CTATUCTHKH.
Crarucruueckas OLICHKA HEU3BECCTHBIX NMapaMeETpPoB. HpOBepKa
CTATUCTHYCCKHUX I'HNIIOTE3. PerpecanHLn“d AHaJIU3 pe3yJabTaToB

IKCIICPUMEHTA.

Ipaxmuueckoe 3anamue 16.
[Tonsituem, Hanbosiee yrnoTpeOIseMbIM B TEOPUU BEPOSITHOCTEH, SBISETCS COObI-
THe, T.€. BCAKUN (DaKT, KOTOPBIN B pe3yjbTaTe OMbITA MOXKET MPOU30NTH WIH HE
npou3oiTi. ONbITOM WU MCNIBITAHUEM Ha3bIBaeTCs (PU3MYECKUI Tpoliece, B X0-
JIe KOTOPOTO OCYIIECTBIISIOTCS COOBITHUS.

[Ipenmnonoxum, 4T0 Mbl IPOBOJMM HCIIBITAHUS, PETUCTPUPYS KaXKIBIM pas,
MPOU3OIILJIO JIM HUHTEpECYIollee Hac ciaydyaiiHoe coObithe A win HeT. OTHOCH-
TeJIbHOM 4acTOTO# (WM MPOCTO YACTOTOM) CIydyailHOrO COOBITUSI A Ha3bIBACTCS
OTHOIIIEHHE YKCiia M MOSIBJICHUS 3TOTO COOBITHS K 00IIEeMY YUCITy N MPOBEICHHBIX
ucnbiTanui. OTHOCUTENbHAS YacToTa M/N 0OBIYHO O0JIaJIaeT CTaTUCTHYCCKON yC-
TOMYUBOCTBIO B TOM CMBbICIIE, YTO MPU MHOTOKPATHOM MOBTOPEHUHM CEPUU HCIIbI-
TaHWI €€ 3HAUYCHHS MaJI0 MEHSIOTCS, KaK Obl TPYNNUPYSACh OTHOCUTEIHLHO HEKOTO-
pOTO CIIy4allHOTO YHcia. Y CTOWYMBOCTh YACTOThI OTPAKAET 0OBEKTUBHOE CBOMCT-
BO CIy4aillHOTO COOBITHS, 3aKJIFOYAIOIIEeCs] B OMPEACIICHUN CTENEHU €r0 BO3MOX-
HOCTH.

Mepa 00BEKTUBHONM BO3ZMOXKHOCTH CITy4ailiHOTO COOBITHSI A Ha3bIBACTCS €T0
BEPOSATHOCTBLIO 1 0003HauyaeTcst P(A). Imenno okoso uucia P(A) rpynmupyroTcs
OTHOCUTEJIbHBIE 4YacTOThl coObITUS A. Takum 00pa3oMm, BEPOATHOCTH CBS3aHA
TOJIBKO C CAMUM CIIy4ailHbIM COOBITHEM, HO OTHOCHUTEJIbHAS YaCTOTa 3aBUCHUT €Il
Y OT POU3BEJICHHBIX UCIIBITAHUM.

B kiaccudeckoit mocTaHOBKE BEPOSITHOCTD JTF000T0 coObITHS A (CTaTHCTH-
yeckasi BEPOSITHOCTh) paBHA OTHOIIECHUIO YUCIa M cliy4aeB, OJaronpUsiTCTBYIO-
[IUX 3TOMY COOBITHIO, K OOIIIEMY YHCITy N BCEX CIy4YaeB:

p(A) ="
(M= o

CoObITHE, KOTOPOE B ONPEIEICHHBIX YCIOBUSAX MPOUCXOIUT 00s3aTENbHO,
Ha3bIBAETCS JOCTOBEPHBIM, HE MOKET MPOU30UTH — HEBO3MOKHBIM, MOXET IMPO-
W30UTH, HO MOXET U HE NMPOU30UTH — CIAYYAHUHBIM. BEpOsSITHOCTH TOCTOBEPHOIO
COOBITHS paBHA €IMHUIIEC, BEPOSITHOCTh HEBO3MOKHOTO COOBITHS paBHA HYJIIO.

Ecnu B 1aHHOM OmBITE MOSBICHUE COOBITUS A UCKIIOYAET MOSIBJICHUE COObI-
TUSA B, TO Takue cOObITUS HA3bIBAIOTCS HECOBMECTHbIMM. Eciii B TaHHOM OIBITE
IIPU OCYIIECTBICHUHN COOBITHS A BO3MOXKHO IMOSIBIIEHUE COOBITUSL B, TO Takue co-
OBITHSI HA3bIBAIOTCS COBMECTHBIMH.

CobbiTHE A, COCTOSIINEE B TOM, UTO COOBITHE A B OIBITE HE OCYIIECTBIISICTCS,
Ha3bIBAIOTCS MPOTUBONOJIOKHBIMU. HanpuMmep, oTka3 u 6e30Tka3Has padora.

Ecnu BepoATHOCTD MOSIBICHUS COOBITHSI 4 HE 3aBUCHUT OT MOSIBICHUS COOBI-
TUSL B, TO Takue COOBITUS HA3bIBAIOTCS He3aBUCUMBbIMH. B nmpoTuBHOM cityyae co-
OBITHS Ha3bIBAIOTCSI 3ABUCUMBIMMHU.



YcaoBHol BeposiTHOCTBIO coObITHS A, P(A/B), Ha3piBacTCsI BEpOSTHOCTD
OCYIIECTBJICHUSI COOBITHS A TIPHU YCIOBUHU, YTO MPOU30IILIO COObITHE B.

Cny4aitable cOOBITHSI OOpPa3ylOT MOJHYI TPYNIy, €Cly MPU KaXIOM IO-
BTOPEHUU UCTIBITAHUH JOJIKHO TIPOU3ONTH XOTs OBl OJTHO U3 HUX.

[Ipu pacuerax HaJIE)KHOCTU PA3TMYHBIX PJIEMEHTOB M CUCTEM 000pY10BaHUS
4aCTO MCIOJB3YIOT TEOPEMBI CI0KEHUSI U YMHOXKEHUSI BEPOATHOCTEMN, C MOMOIIBIO
KOTOPBIX OIPEACIISIIOT BEPOATHOCTH CYMMBI U Mpou3BeaeHus (puc.3.1).

Cymmoii codbiTHil A;, A, As...,A, Ha3BIBACTCS CIOKHOE COOBITHE, COCTOS-
ee B MOSBJICHUH XOTS OBl OJTHOTO M3 COOBITHH Ay, Ay, Az...,An, (MM HECKOIBKHX
13 HUX, WU BCEX):

n
A= A=A+A+A +.+A (3.2)
i=1
IIpousBenenuem coObiTHil A;, A, Aj...,A, Ha3bIBaeTCs cOObITHE A, CO-
CTOSIIEC B OJHOBPEMEHHOM MCIIOJITHEHUU BCEX:

A:HAi =AAALLAy (3.3)
i=1

BeposiTHOCTH CyMMBI N HECOBMECTHBIX COOBITHI A; paBHA CyMME BEpOSIT-
HOCTEH PTUX COOBITHUH:

A1Ag

A1AcA3
-

, ‘ Ao A:
FeoeeTN A2 3
6080y

V90995

Puc. 3.1. I'padmueckoe npeacTaBiacHre onepanyii HaJl COOBITHIMU

P ipﬁ ZiP(A) (3.4)



CaencrBue 1. BeposTHOCT CyMMBI COOBITHH, 00pa3yIOLINX MOJHYIO TPYTI-
Iy, paBHA eIMHUIIE.

CaencrBue 2. CymMMa BEpOSTHOCTEH NMPOTHBOIIOJIOKHBIX COOBITUN paBHA
eIMHUIIE.

BeposiTHOCTH CyMMBI ABYX COBMECTHBIX COOBITHII paBHa CyMMe BEpOST-
HOCTEH 3THX COOBITHI 03 BEPOSITHOCTH UX COBMECTHOTO OCYIIECTBIICHUS:

P(A +A)=P(A)+P(A)-P(AA) 35)

BepOﬂTHOCTL CYMMBI TPE€X COBMECTHBIX COOBITHIA:

P(A+A, +A)=P(A)+P(A)+P(A)-P(AA )~ P(AA ) - P(A,A)+ P(AAA,) (3.6)

BeposiTHOCTH CyMMBI N COBMECTHBIX COOBITHI:

n n n n
P[ZA}ZP(A)—ZP(AA,-) +2 P(AAA) —..+(-1)"P(AA,..A) (3.7)
i=1 i=1 ij ijk
N3 popmya (3.5)-(3.7) cnexyet, 4To ISl ONIPEACICHUS BEPOSITHOCTH CYMMBI
COBMECTHBIX COOBITHI, KpOME MOHSTHS «CyMMa COOBITHI HCIOJIb3YETCs U TOHS-
THE «TIPOU3BEJACHUE COOBITUIN.
BeposiTHOCTH mMpou3BeeHUs N He3aBUCHUMBIX COOBITMH paBHa IPOH3BE-
JIEHUIO BEPOSTHOCTEM 3TUX COOBITHIA:

P(ﬁAj:ﬁP(A) (3.8)

Ecan ABa COOBITHS A]_ n A2 ABIIAIOTCA 3aBHCUMBIMH, TO BEPOATHOCTD HX
MPOM3BECACHUA paBHA IIPOU3BCACHUIO BCPOATHOCTH OOAHOI'O M3 HHUX Ha YCJIOBHYIO
BCPOATHOCTD APYIOro, BBIYUCJICHHYIO IIPH YCJIOBHUHU, YTO IICPBOC UMCJIO MCCTO:

P(AA,)=P(A)P(A,/A)=P(A)P(A/A,) (3.9)

OTKYyIa yCJIOBHAsA BCPOATHOCTD OIIPCACIIACTCA COOTHOIICHUCM
P(A)P(A/A)
P(A/A)= .
P(A,)

(3.10)
B o6mieM ciiyyae BepOSITHOCTH NMPOM3BeNeHMs s N 3aBUCHMBIX COOBI-
THI:

P[lej =P(A)P(A,/A)P(A/AA).P(A/AA..A )

rne  P(4y/A1),... P(Ay/ Ay Ay...An1)- YCIIOBHBIE BEPOSATHOCTH 3aBUCHUMBIX COOBI-
TUM, BBIYUCJICHHBIC TIPU YCJIOBUHU, UYTO MPOU3OILIN BCE MPEAIISCTBYIOIINE COObI-
THUS.

Tpebyetcs onpeaeanTh BEPOSITHOCTh COOBITHS A, KOTOPOE MOXKET MPOU30M-
T BMECTE C OJHUM U3 cOObITUM Hj, ..., H;,...,H,, 00pa3yromux MojaHyw Ipyriy, T.¢.

iP(Hi):l.

Tak xak 3apaHee HEM3BECTHO, C KAKUM U3 COOBITHM Hj MpOn30MIeT COOBITHE
A, T0 cobbitus Hy,...,H,...,H, Ha3zpBaoT runore3amu. COIrIacHO MPAaBHIIY IS
CyMMBI coObITHH (3.2)



A=H\A+.. +HA+...+H A.
KomOunanuu HiA HECOBMECTHBI, MOCKOJIbKY HECOBMECTHBI TUIOTE3bl Hi.
[IpuMeHuB K HUM MpaBUIIo cioxeHus (3.4), HOJIyth'

P(A)=P(H,A)+...+ P(H,A)+...+ P(H, A)= ZP(H A) (3.12)

Hcnone3ys B popmyine (3.11) k cobbITHIO H,A IIPAaBUJIO YMHOXEHHUS IS 3a-
BUCHMBIX COOBITHI (3.9), nomyunm ¢opmMyJry MOJHOKH BepPOSITHOCTH:

P(A)=P(H JP(A/H,) +...+ P(H; P(A/H )+ . +P(Hn)P(NHn)ziP(Hi)P(A/Hi) (3.12)

Ecnu coObiTe A MOXKET HAaCTYNHTh TOJBKO BMECTE C OJAHUM M3 COOBITHIA
H,...,H,....H,, 00pa3yOINX MOJHYI0 I'PYIIy HECOBMECTHBIX COOBITHI W Ha3bI-
BaeMbIX I'MIIOT€3aMM, TO BEPOATHOCTb COOBITHS A paBHA CyMME IPOU3BEICHUMN
BEPOSTHOCTU KaXAOro U3 coObituit Hj,...,H,...,H, Ha COOTBETCTBYIOIIYIO YCJIOB-
HYIO BEPOSATHOCTH COOBITHUSA A.

Ecnu ¢popmyny nmonno# BepositHocTH (3.12) MOACTaBUTh B BBIpAXKEHUE IS
yciioBHOM BeposiTHOCTH (3.10), TO HaliieM yCIIOBHBIE BEPOSITHOCTH TUIIOTE3!

P(H /A)_P(Hi)P(A/Hi)_ P(H,)P(A/H,)
CYTTTR(A) P(HL)P(ATH,)+..+ P(H )P(A/H. )’
P(H, / A) = nP(Hi)P(A/Hi)

> P(H)P(ATH,) —

O10 — popmyasl Bbaiieca (mo uMenn anrnuiickoro marematuka T.baiieca,
omyOnrkoBaHHbIe B 1764r.). Beipaxkenue B 3HameHatene — ¢opmysia MOJHON Be-
POSITHOCTH.

OOGBIYHO aHaAIM3 BEPOATHOCTEW WHTEPECYIONMIUX HAC COOBITUNA HAYMHAETCS
pPacCMOTPEHUEM TMPEIBAPUTEIBHBIX, ANPUOPHBHIX 3HAYEHUU 3THUX BEPOSTHOCTEM.
3aTeM, MoJIyYrB HOBYIO MH(OPMAIIUIO U3 TAKUX UCTOYHUKOB, KaK BEIOOpPKA, OTUET,
UCIIBITAHUE U T.J., MOKHO YTOUHHUTH 3HAUEHMS allpUOPHBIX BeposTHOCTE. HoBble
3HAYEHHUS BEPOSTHOCTEH NJIsl TEX € COOBITHI OyAYyT yke anocmepuopuvimu (1O-
CJICONBITHBIMH).

Pemenus 3anau ¢ ucnonab3oBaHueM (pOpMyJIIbl MMOTHOW BEPOSTHOCTH U (Hop-
my1 Baiteca ynoOHee npeacTaBisTh B Buje Tadm.3.2.

Tabnuua 3.2.
['u- BeposaTHOCTH
1o~ Ycnos-
Tespl | AIPHOPHBIE CoBMmecTHBIE AnocrepuopHsle
PHop HbIE prop
Hi P([—Il) P(A/Hi) P(I{I) P(A/Hi) P(Hi/A)
H, P(H,) P(A/H,) P(H:) P(A/Hy) P(H1/A)
H, P(Hy) P(A/Hy) P(H,) P(A/Hy) P(Hn/A)




> P(H;)=1 Zn:P(Hi)P(A/Hi):P(A) ZH:P(Hi/A)=1

i=1 i=1 i=1

B TexHmueckou ANAardHOCTHUKC OTH (I)OPMYJ'II)I IMOJIOKCHBI B OCHOBY MCTOIA
baiieca — OIHOTO M3 CTATUCTHYCCKHUX MCTOIOB PACIIO3HABAHUA TCXHHUYCCKOI'O CO-
CTOSIHUS 00BEKTA.

OCHOBBI JUCTIEPCHOHHOI0 aHAJIM3a. OTHOGAKTOPHBIN JUCTIEPCUOHHBII
aHaim3. [AByx(dakropHblil 1ucnepcuoHHbIH aHaau3. MHOrogakTopHbIi
JUCIIEPCUOHHBIN aHAJINU3.

IIpaxmuueckoe 3anamue 17.

OaHoaKTOPHBIM JUCTIEPCUOHHBINA AHAIH3

3amayeit TUCIIEPCHOHHOTO aHAJIM3A SBJISCTCS U3YUCHUE BIIMSIHUS OJTHOTO MJIM HECKOJIBKHUX (haKTO-
POB Ha paccMaTpUBAaEMbIil IPU3HAK.

OnHoaKkTOpHBIN TUCTIEPCUOHHBIN aHAIN3 UCTIONIL3YETCS B TE€X CIIydasiX, KOTJla eCTh B paclopsiKe-
HHUM TPU WM 00Jiee He3aBUCUMBIE BHIOOPKH, MOJYYECHHBIE U3 OAHOM I'eHEepanbHOW COBOKYITHOCTH IIyTEM
W3MEHEHUS KaKoT0-TH00 HEe3aBUCHMOTO (haKkTopa, AJsl KOTOPOTO M0 KaKUM-JTHO0 MPHYMHAM HET KOJIHYe-
CTBEHHBIX U3MEPECHUM.

Jiist 3TUX BBIOOPOK MPEATOIaratoT, YTO OHU UMEIOT pa3Hble BHIOOPOUYHBIC CPEIHUE U OJUHAKOBBIC
BbIOOpOYHBIE Aucniepcuu. [loaToMmy HE00X0ANMO OTBETHTh Ha BOIPOC, OKA3aJl JIM 3TOT (haKTOp CyLIeCT-
BEHHOE BIUSHNE Ha Pa30poc BEIOOPOYHBIX CPETHUX HITH Pa3dpoc sIBISETCS CIEACTBHEM CIy4aiiHOCTEH,
BBI3BaHHBIX HEOOIBLIIMMHU 00beMaMy BEIOOPOK. [pyrumu cioBamMu eciiv BHIOOPKY NPHHAIIIEKAT OHOW U
TO¥ JKe reHepaIbHON COBOKYITHOCTH, TO Pa30pOC JaHHBIX MEKIY BhIOOpKaMu (MK TPYIIaMu) TOJIKCH
OBITH He OoJbIlIe, YeM pa3dpoc JaHHBIX BHYTPH dTHX BHIOOPOK (BHYTpH TPYIII).

Mycrs ik —i—omement (1 = 1,1;) k -Bb160pKHu ( & = 1,#2), rae m — uncno BeIGopok, Ny
— YHCIIO IAHHBIX B k -BeIbOpKe. Torma }k — BBIOOPOYHOE CpefiHee k -BBIOOPKH OIIPEIENSAETCS 110

hopmyiie

1 kL
X = — Z Xk
H.ﬁ: i=1 '

Ob6mree cpeaHee BRIYUCISIECTCS 110 (OpMYyIIe

=13y -
n o I e E”k'




OCHOBHOE TOX/IECTBO AUCIICPCHUOHHOI'O0 aHaIn3a UMECT CJ'IeILyIOHII/Iﬁ BUI:
=0+ ¢
C=0+0,,

rae Q 1 — CyMMa KBaJIpaTOB OTKJIOHEHHH BEIOOPOYHBIX CPEMHUX Xk OT 00mIero cpeanero Y (Cymma
KBaJ[paTOB OTKJIOHEHHUH MEXIy TPYIITIaMH); Qz — CyMMa KBaJpaToOB OTKJIOHECHUI HAOII01aeMbIX 3HAYe-

Huil AGk 0T BEIOOPOUHOI cpenHell . (CyMMa KBaJpaTOB OTKIOHCHHIT BHYTPH IPYIII); Q — obmas

CyMMa KBaJIpaToB OTKJIOHEHHI HaOII0MaeMbIX 3HaueHui 3% oT obmero cpeanero X .

Pacuer 3THX cymMM KBagpaTOB OTKJIOHEHHH OCYIIECTBISIETCS MO CIEAYIOMNM OpMyIIam:

m H& m Mk 7

O =>>(x—X) =23 5% —nx,

P foliol
m — TN e -2

O =>mlx—X) =2 mx,—nx,
k=1 k=1

m Ak m nk

O, =33 (e — %)’ =z:zfl-k—§:1nkiﬁ.

k=1i=1 k=li=l

B kauecTBe kputepust HE0OOX0AMMO BOCIIONIb30BATLCS KpuTepreM Duiepa:

. 0 fim—1)
Q. f(n—m)’

Ecim pacy€THOC 3HAUCHNUC KPUTCPUA @HIHCpa 6yI[CT MCHBIIC, YEM TaOJIUYHOE 3HAYCHUE

F P 1 — HET OCHOBaHHUI CUUTATh, UTO HE3aBUCHUMBIH (DAKTOP OKa3bIBACT BIMSIHKME Ha pa30opoc
Ml M R

CpeaHux 3Ha‘leHHfI, B IIPOTHUBHOM CJiy4ae, HE3aBUCHMBIN (baKTOp OKa3bIBACT CYNICCTBCHHOC BJIUAHUC HA

pa3dpoc cpenHUX 3HaUeHMI (A— YPOBEHb 3HAYMMOCTH, YPOBEHb PUCKA, OOBIYHO /Il IKOHOMHUYECKUX
3anay A=0,05).



Heoocmamox oonogpaxmopnoeo ananuza: HEBO3MOXHO BBIICITHTh T BBIOOPKH, KOTOPBIE OTJIN-
qaroTcs OT Apyrux. [ 3o menn Heobxoammo ucmoib3oBath Meto [ledde nmm npoBoauTh MapHbIe

CpaBHEHHS BEIOOPOK.

Mpumep 3.1. Tpu rpynmsl NpoJaBLOB NPOAABaIN IITYYHBIN TOBap, pacacoBaHHBIN B pa3iud-
Hble ynakoBkH. Ilociie okoHYaHUs CpoKa pacponaXy ObLT MPOU3BEACH TECTOBBIM KOHTPOJIb HAJl CIIy-
YaliHO 0TOOPaHHBIMH MTPOAABLAMH U3 KAKJOW TPYNIbl. BBUTH MOMyYeHsl CeAyIomuye pe3yabTaTsl (Tad.

3.1).

Taonuma3.l

Oouiee
Homep Hucno nponax, KOTo-
pBI€ CAEIANIN TPOIaB- KOIHIECTEO KomnuuecTro mpoaas-
1IOB, Nk
TPYIIIIBI ubl, Xik
MPOJIaXK
1 1321021 10 7
2 23214- - 12 5
3 453- -- - 12 3

Ecnu yucino BeIOOpOK M=3, YKo MPOJaK BO Bcex BhIOOpKax N=15, To:

Ecnn

nk

m
2
k=11

X" 10/7=1428 ;

x2:12f5:2,4 ;

x3:12f3:4 :

y=(010+12+12)/15 = 2,226,

Pp=1+9+4+1+4+1+44+9+4+1+16+16+25+9=104
1




Sniri=T7-1428" +5.24% +3.4° = 91,074
k=l

TOTIA

Q=104-15-2,226 %=26,93 ,
Q,=91,074-15-2,226 *=14,01,

Q,=0Q-Q1=26,93-14,01=12,92 .

Brruucnum kputepuii @uiepa

14,01/2

= ———=6,52
12,92/12

CpaBHUBas 3TO 3HaYCHHUE C TAOTMIHBIM F> F0,05;2;12 =3,885 (mpunoxkenue 1), nemaeM BBIBOJ,

YTO yrmakoBKa (0COOEHHO KpacoyHas!) BIHSIET Ha KOJUIECTBO PACIIPOIAXK.

HMcxoanble MOHATHS Teopuu dKcnepuMenTa. [liiannpoBaHue perpeccCUHBHOIO
JIKCIEePUMEHTA.

IlnanupoBaHue IKCIEPUMEHTA IJISl IOCTPOEHUS Mo/lesiell epBOro mMopsaKa.
Il1anupoBaHue IKCIEPUMEHTA JIS1 OCTPOEHUsI MO/iesiell BTOPOIro MmopsiKa.
Ils1anMpoBaHue IKCIIEPUMEHTA 10 BbIJEJIEHUI0 CYIIeCTBEHHBIX (aKTOPOB.
IlnanupoBaHue IKCTPEMAJILHOIO IKCIepuMeHTa. MeToa KpyToro
Bocxo:kaeHus bokca-Yuiacona.

Ipaxmuuecroe 3anamue 18, 19, 20.
1. OcHOBHBIC NOHATHS U ONPeeICHUs
[Ton sxcriepuMeHTOM OyeM MOHUMATh COBOKYITHOCTb ONEepalyii COBEpIIaeMbIX Ha/l 00BbEKTOM
UCCIIEIOBaHMS C 1IEJIbI0 TOIY4EHUsI HH(OPMAIUK O €ro CBOMCTBaX. DKCIEPUMEHT, B KOTOPOM
UCCIIEI0BATENb [10 CBOEMY YCMOTPEHHIO MOKET U3MEHSATh YCIIOBHS €r0 IPOBEIEHH S, HA3bIBACTCS
aKTUBHBIM 3KCIIEPUMEHTOM. Eciu nccinenoBaTens He MOKET CAMOCTOATENBHO U3MEHATh YCIOBUS
€ro MPOBEJCHHUS, a JIHILIb PETUCTPUPYET UX, TO ITO MACCUBHBIN SKCIIEPUMEHT.
Baxneiieli 3anaueid MeTo10B 00pabOTKM MOTYyYEHHON B XO/I€ 3KCIIepUMeHTa UH(pOpMaLuu sB-
JsIeTCsl 3a]ja4a NOCTPOEHUSI MaTEMaTUYECKOM MOJIETH N3y4aeMoro sIBJIEHHs, TIpoliecca, 00bEKTa.
Ee MOKHO MCTOIBb30BATh U IIPH aHAJIN3€ POLIECCOB U IPU MPOEKTUPOBAHUHN 00BEKTOB. MOXKHO
MOJIYYUTh XOPOLIO alIPOKCUMHUPYIOLIYIO MATEMAaTUYECKYIO MOJEIIb, €CIIU LIEJIEHAIIPABICHHO
PUMEHSIETCS aKTUBHBIN dKcriepuMeHT. [{pyroii 3agaueit 00pabOTKH MOTYy4EeHHON B XOJI€ IKCIIe-
puMeHTa UH(OpMAIMHK SBJSIETCS 337a4a ONTUMHU3ALINY, T.€. HAX0XKJICHHUS TaKoW KOMOWHAINK



BIIMSIOIIMX HE3aBUCHMBIX IEPEMEHHBIX, IPH KOTOPOW BBIOPAHHBIN MOKA3aTeNlb ONTUMAILHOCTH
IIPUHUMAET SKCTPEMAIbHOE 3HAYCHHE.

OneIT — 3TO OT/AENBHAS SKCIEPUMEHTAIbHAS YacTb.

I1nan sxcriepuMEHTa — COBOKYIIHOCTD JAHHBIX ONPEACIAIOINX YACIIO, YCIOBHS U MOPAIOK IIPO-
BEJICHUS OIIBITOB.

[TnanupoBaHue FKCIIEPUMEHTA — BBIOOP IJIaHA SKCIIEPUMEHTA, YAOBIETBOPSAIOLIETO 3alaHHBIM
TpeOOBaHUSAM, COBOKYITHOCTb JICHICTBUI HANpaBJIEHHBIX HA pa3pabOTKy CTpaTeruy SKCIEpPUMEH-
TUPOBaHMs (OT MOIY4YEHUS apUOPHOI HH(pOpMAIMK A0 MOIY4YeHUs: paboTOCIIOCOOHOM MaTeMa-
TUYECKOW MOJIETN WJIM OIPENEICHUS ONITUMAIIBHBIX YCIOBHUI). DTO LieJI€HANPaBIEHHOE yIIpaB-
JICHUE SKCIIEPUMEHTOM, PEAIM3yEMOE B YCIOBHAX HEIOJHOTO 3HAHUS MEXaHU3Ma U3y4aeMoro
SBJICHHUSL.

B npouecce usmepenuii, nocnenyromieir 00paboTKH JaHHBIX, a TaKke (GopMaIn3aluu pe3ysibTa-
TOB B BUJIC MAaTEMAaTUYECKON MO/IEIH, BO3HUKAIOT MOTPELUTHOCTH U TEPSETCS 4acTh MH(OpMAIIH,
coJlepKalleiicst B HICXOIHBIX JaHHbIX. [[puMeHeHne METO0B MIIaHUPOBAaHUS SKCIIEPUMEHTA I10-
3BOJISIET OIIPEACIIUTD ITOIPEIIHOCTh MATEMATHYECKON MOJIEIIN U CYIUTh O €€ aJeKBaTHOCTU. Ecin
TOYHOCTb MOJZEJIN OKa3bIBACTCA HEAOCTATOUYHOM, TO IPUMEHEHUE METOI0B TNIAHUPOBAHUS IKC-
IIEPUMEHTA II03BOJISET MOJIEPHU3UPOBATH MATEMATHYECKYIO MOJIENb C IIPOBEICHUEM JIOIIOJIHU-
TEJIbHBIX ONBITOB 0€3 MOTEepH MpeAbIyLIeH HH(OPMAIIMY U C MUHUMAJIbHBIMH 3aTpaTaMu.

I{enp muIaHMPOBAHMS KCIIEPUMEHTA — HAXO0XKJACHUE TAKUX YCIOBUM U IPABWII IPOBEIACHUS OIIbI-
TOB IIPU KOTOPBIX yIAeTCs NOJYYUTh HA/IEKHYIO U JOCTOBEPHYIO HHPOPMALIUIO 00 00BbEKTE C
HaMMEHBIICH 3aTPaTo! TPy/a, a TAKKE MPEACTAaBUTh 3Ty HHPOPMALIHIO B KOMITAKTHOM U yI00-
HOM (hopMe ¢ KOJINYECTBEHHOMN OLIEHKOW TOYHOCTH.

[Tycth nnTEpEcytomiee Hac cBOMCTBO (Y) 00bEKTa 3aBHCHT OT HECKOJIBKUX (N) HE3aBUCHUMBIX T1€-

pemenHbIX (X1, X2, ..., Xn) ¥ MBI XOTUM BBIICHHTH XapakTep 3TOH 3aBUCUMOCTH - Y=F(X1, X2,
..., Xn), 0 KOTOPOH MBI UIMEEM JIMIIb 00111ee peacTaBieHune. Bennunna Y — Ha3pIBaeTcs “OT-
KUK, a cama 3aBucuMocTh Y=F(X1,X2, ..., Xn) — “@yHKuus OTKINKA”.

OTKJIHK MOJDKEH OBITH OTpesiesieH KOMU4ecTBeHHO. OJHAKO MOTYT BCTPEUAThCs U Ka4YeCTBEHHBIE
npusHaky Y. B 3ToM citydae BO3MOKHO IPUMEHEHUE paHroBoro noaxoza. [Ipumep panrosoro
MOJX0/1a - OLIEHKA Ha DK3aMEeHe, KOI'/la OJJHUM YHMCJIOM OLEHMBAETCS CIOKHBINA KOMIIJIEKC MOJIY-
YEHHBIX CBEJICHUI O 3HAHUSX CTY/EHTA.

HezaBucumslie nepemennsie X1, X2, ..., Xn — uHaue (HakTopbl, TAKXKE JOHKHBI UMETh KOJIMYECT-
BEHHYIO OLIeHKY. Eciiu ncnonp3yroTes kayecTBeHHbIE (aKTOPhI, TO KAXKJIOMY UX YPOBHIO J1OJIXK-
HO OBITH IPUCBOEHO Kakoe-11u00 uncio. BaxHo BeIOMpaTh B kKauecTBe (PakTOPOB JIUIIb HE3ABU-
CHMBIE NTIEPEMEHHBIE, T.€. TOJIBKO T€ KOTOPhIe MOYKHO U3MEHSATh, HE 3aTparuBas Ipyrue GakTopbl.
@®aKkTOphl JOJKHBI OBITH OJHO3HAUYHBIMU. /|11 mocTpoenus 3pPpexTUBHON MaTeMaTHYECKON MO-
JIeNU 11e71eco00pa3Ho MPOBECTH MPEIBAPUTENbHBINA aHATN3 3HAYNMOCTH (aKTOPOB (CTENEHU
BIUSHUS Ha (PYHKIMIO), UX PAH)KUPOBAHUE U UCKIIIOUUTH Majlo3HavyaIlue GakTopsbl.

JlnanazoHsl ©3MeHEeHUs (PaKTOPOB 33Aat0T 001acTh onpeneneHus Y. Eciau npuHaTh, 4TO Kax10-
My (hakTOpy COOTBETCTBYET KOOpAMHATHAS OCh, TO MOJYyYEHHOE IPOCTPAHCTBO Ha3bIBaeTCs (ak-
TOPHBIM MpocTpancTBOM. IIpu n=2 obnacTe onpenenenus Y npejactabisercs co00i mpsmo-
YTOJIBHUK, NIPU n=3 — Ky0, IpHu n >3 - runepkyo.

[Tpu BEIOOpE MMana3oHOB W3MEHEHHS (PaKTOPOB HYKHO YYUTHIBATh UX COBMECTUMOCTH, T.€. KOH-
TPOJMPOBATH, UTOOBI B 3TUX JUANa30HaX JII0ObIe coueTaHus (PaKTOpOB OBLIN OblI peaii3yeMbl B
OTIBITAaX U HE MPHUBOAMIHN Obl K abcypay. s kaxmoro u3 GpakTopoB yKa3bIBarOT IPaHUYHbIC 3HA-
YEHUS

Ko =4, =4,

fwin = Ji=1,...n.
P cr peCCHOHHBIﬁ aHaJINn3 (I)YHKI_II/II/I OTKJIUKA HpeJ:[Ha:;Haqu JJIsL HOJ'IyT-ICHI/IH cC MaTeMaTHqCCKOﬁ
MOACJIN B BUC ypaBHeHI/ISI perpeccpm

Y=FX,. X,y X, BBy . B ) +e

rae B1, ..., Bm — HekoTopble K03(pPUIMEHTHI; € — TOrPEUTHOCTb.



Cpenu OCHOBHBIX METO/IOB IJTAHMPOBAHUS, IPUMEHAEMBIX Ha Pa3HbIX 3Taax MUCCIeI0BaHu,
UCIIONB3YIOT:

IUIAHUPOBAHKUE OTCEUBAIOIIETO SKCIIEPUMEHTA, OCHOBHOE 3HAUE€HNE KOTOPOT'O BBIAEIECHUE U3
BCEH COBOKYITHOCTH (DAaKTOPOB I'PYIIIbI CYIECTBEHHBIX (PaKTOPOB, MOAIEKALIUX JaTbHEHIIEMY
JETAIbBHOMY U3YYEHUIO;

IUTAHUPOBaHKE HKCIIEPUMEHTA JUIsl JUCTIEPCUOHHOTO aHAIN34, T.€. COCTABJICHHE IJIaHOB JUIs
00BEKTOB C KaUE€CTBEHHBIMHU (haKTOPaMH;

IUITAHUPOBAHHUE PErPECCUOHHOI0 KCIIEPUMEHTA, O3BOJISAIOIIEr0 MOIY4aTh PErpeCCUOHHbBIE MO-
nenu (MOJTMHOMHUANIBHBIC U UHBIE);

IUTAHUPOBaHHUE IKCTPEMAIILHOTO IKCIIEPUMEHTA, B KOTOPOM TIJIaBHAs 3ajJjaya — SKCIIEPUMEHTaNb-
Hasi ONTHUMHU3ALHUS 00bEKTa HCCIIeIOBAHNUS;

IUTAHUPOBAHKE IIPU U3YYCHUH JUHAMUYECKUX MTPOLECCOB U T.JI.

WMuannpaTopoM NpuMEHEHUs TNIAHUPOBAHUS dKCIIepUMeHTa sBisieTcs Ponansa A. @uriep, apy-
TOii aBTOP M3BECTHBIX MEPBHIX paboT — Openk Merc. Jlanee naen mIaHUPOBAHHS SKCIEPHUMEHTA
¢dopmuposanucek B Tpynax /x. bokca, [x. Kudepa. B nameii crpane - B Tpynax I'.K. Kpyra,
E.B. Mapkosa u ap.

B Hacrosiiiee Bpemst METObI IUTAHUPOBAHMSI SKCIIEPUMEHTA 3aJI05KEHBI B CIIELUATN3UPOBAHHBIX
HaKeTax, LIMPOKO MPEJCTABICHHBIX HAa PHIHKE MPOrPAMMHBIX IPOAYKTOB, HAIIPUMED:
StatGrapfics, Statistica, SPSS, SYSTAT wu np.

IIpencraBieHne pe3ysbTaTOB SKCIEPUMEHTOB

[Tpu nucnosnb30BaHUK METOJIOB IJIAHUPOBAHUS SKCIIEPUMEHTA HEOOXOJUMO HAalTH OTBETHI Ha 4
BOIIpoOCa:

Kakwne coueranusi pakToOpoB M CKOJIBKO TAKHX COYETAHHH HEOOXOAUMO B3SITh ISl ONIPEICIICHUS
GbyHKIIMY OTKIHKA?

Kak naittu koapduuuents: BO, B1, ..., Bm?

Kak o11eHuTh TOUHOCTB IpeACTaBIeHUS PYHKLIUU OTKIUKA?

Kak ncnonb3oBarh nojy4eHHOE NPEACTABIECHUE JIJIS IOMCKA ONTUMAJIbHBIX 3HAUEHUN Y7
['eomeTpuueckoe npeacTaBieHne GyHKIUU OTKIMKA B (hakTopHOM IpocTpancTBe X1, X2, ...,
Xn Ha3bIBACTCS MOBEPXHOCTHIO OTKIHKA (puC. 1).

Y=F ()8

[

L

Puc. 1. [ToBepxHOCTH OTKIINKA

Ecnu uccnenyercs BnusiHue Ha Y JuIIb ogHOTO (pakropa X1, To HaxoxaAeHUe QPYHKIIMH OTKIINKA
- JOCTaTOYHO MPOCTas 3a/a4a. 3a/1aBIINCh HECKOJIbKUMU 3HAUEHHUSIMU ATOTO (PAKTOPA, B pe3yiib-
TaTe OMBITOB MOJIY4YaeM COOTBETCTBYIoIIME 3HaueHus Y u rpapuk Y =F(X) (puc. 2).



U

1 -_x1

u] 1

Puc. 2. Iloctpoenne GyHKIIUN OTKIUKA OAHOM IMEPEMEHHOM IO OTBITHBIM JIaHHBIM

[To ero Bugy MOXHO TI0J100paTh MaTeMaTU4YECKOE BbIpaxeHne PyHKIuu oTkiuka. Eciu Mbl He
YBEPEHBI, YTO OMBITHI XOPOIIIO BOCIPOU3BOASTCS, TO OOBIYHO OMBITHI TOBTOPSIOT HECKOIBKO pa3
U TIOJTy4aloT 3aBUCHMOCTb C YU4ETOM pa3z0dpoca OMbITHBIX JaHHBIX.

Ecnu akTopoB 1Ba, TO HEOOXOAMMO MPOBECTH OMBITHI MPU PA3HBIX COOTHOMICHUSX ITUX (PaKkTo-
poB. [lonydyeHHnyro GyHKIUIO OTKJIMKA B 3X-MEPHOM IPOCTPaHCTBE (pUC. 1) MOXKHO aHATU3UPO-
BaTh, MIPOBOJIS PSIJI CEUCHUI ¢ (PUKCHPOBAHHBIMU 3HAYCHUSIMH OJTHOTO U3 (hakTopoB (puc. 3).
Brrunenennsie rpaduky CEYeHU MOKHO allpPOKCUMHUPOBATH COBOKYITHOCTBIO MaTEMaTHYECKHIX
BBIPAKCHU.

Yol "oy, v VA

L TN @iz
)

- X;
a) 3y

Puc. 3. Ceuennst noBepXHOCTH OTKJIMKA MpU (PUKCUPOBAHHBIX OTKJIMKaX (a) U MEPEMEHHBIX (0,B).
ITpu Tpex u Gosiee paxkTopax 3a1a4a CTAHOBUTCA MPAKTUYECKH Hepaspemumon. Eciu u Oynyt
HalIeHbI PELIeHMs], TO UCII0JIb30BATh COBOKYITHOCTh BHIPAKEHUH JOCTATOYHO TPYAHO, a YacTO U
HE pealbHO.

Hanpumep, mycts HeoOxoaumo uccienoBats Biusaue U, f u Rr va M u P2 acuaxpoHHoro 1BU-
rarens (AJl) (puc. 4).

7— | M
F—» AX
R—» L »P,

Puc. 4. ccnenoBanue Biusiaust U, fu Rr va M u P2 AJ]
Ecnu B anama3one uaMeHeHus Kaxa0ro (hakTopa B3sTh XOTS ObI 1O MATh TOUYEK
U, B 170 180 190 200 210 220

fTu 40 45 50 55 60 65
R.Om 01 02 03 04 05 06,

TO JIJIsl TOTO YTOOBI BBIMOJIHUTD OTBITHI ITPU BCEX BO3MOKHBIX COYETAHMIX 3HaYEHUH (PakTOpoB
(Mx TpH) HEOOXOIMMO BBIMOJHUTH 53=125 onbITOB U CPOPMHUPOBATH MO 52=25 KPUBBIX I Ka-
K0 U3 ABYX PyHKUMI oTKIMKA. ECiu MbI XOTUM XOTs OB TPOAYOINPOBATH OMBITHI YTOOBI
CHU3UTb NOTPEIIHOCTD, TO YUCIIO ONBITOB IPONOPLHUOHAIBLHO BO3PACTAET, IO3TOMY IPOU3BOJIb-
HOE BBITIOJIHEHUE OMBITOB IpHU YKciie (akTOpoB Oosiee ABYX U UCMOIb30BaHUE UX PE3Y/IbTATOB -
IIPAKTUYECKH HEPEATBHO.

2. Paznoxenue pyHKIMH OTK/INKA B CTENICHHON psiji, KoAUpoBaHue (pakTopos



Ecnu 3apanee He M3BECTHO aHAIUTHYECKOE BhIpaXKEHUE (PYHKIIUHN OTKIIMKA, TO MOXKHO paccMart-
puBaTh He caMy (YHKIIMIO, @ €€ pa3IoKEeHHUe, HAIpUMEp B CTEIIEHHOM psiji B BUJIE IOJIMHOMA
Y=B0 +B1X1 + ... + BnXn + B12X1X2 + ... Bnn-1XnXn-1 + B11X12 + ... + BonXn2 +....
Paznoxenue B creneHHOH psaa QyHKIIMHM BO3MOXKHO B TOM Cilydae, €Clid caMa (YHKLUS SIBJISIETCS
HEenpepbIBHOM U riaakoi. Ha npakTuke 0ObIYHO OrpaHUYMBAOTCS YUCIOM WIEHOB CTEIIEHHOTO
psizia ¥ alnpoKCUMHUPYIOT (PYHKIHIO TOJTMHOMOM HEKOTOPOH CTETEHHU.

@DakTOpHI MOTYT UMETH pa3Hble pa3MepHocTH (A, B, BT, 06/MIH) U pe3K0O OTJINYATHCS KOTUIECT-
BEHHO. B Teopuu niuaHupoBaHuUs 3KCIIEPUMEHTa UCIOJIb3YIOT KOAUPOBaHUE (DAaKTOPOB.

}::2”

f

-}{-1rnin .}{.‘h;p }{'1“"3‘ .}{1"—

Puc. 5. IIpocTpaHCTBO KOUPOBAHHBIX (PAKTOPOB

Drta ormepariys 3aKIIF04aeTcs B BEIOOPE HOBOTO MacmiTada st KOJUPOBaHHBIX (haKTOpoB (puc. 5),

pUYEM TaKOro, YTOOBI MUHUMAIbHOE 3HAYCHHE KOAUPOBAHHBIX ()aKTOPOB COOTBETCTBOBAJIO ““-

17, a MakcuMalIbHOE 3HaueHue “+17, a Takke B IepeHoce Havyajua KOOPAMHAT B TOUKY C KOOPIU-

Hatamu X1cp, X2cp, ..., Xncp

o= J%"’-znm:t + 'X-zmux

@ = 5

Texy1ee 3HaueHHEe KOJUPOBAHHOTO (pakTopa

‘E-i_Xi@' ‘&ri_‘&riﬁ}' zz‘z?i_Ximm{_X' i

xX. = = :

Y Xy T Ko — X Kram — Kims

e H T H 2

rae Xi— uMeHoBaHHOe (abcooTHOE) 3HaUeHHe (haKTOpa; X1 — KOJUPOBAHHOE 3HaUeHUE (PaKTo-
pa; Xicp -Ximin =Ximax-Xicp - uHTepBaJ BapbUpoBaHus hakTopa.

I'panuiia coBMecTUMOCTH (aKTOPOB yKa3aHa Ha pUC. 5 B BUJIE KPUBOU JIMHUU.

Ecnu gakTop n3MeHsieTcs AMCKPETHO, HAIPUMED OH SBISIETCS] KAYECTBEHHBIM, TO KaXKIOMY
YPOBHIO 3TOI'0 KOJMPOBAHHOIO (haKTopa MPUCBAaUBAIOTCS yucia B 1uana3one ot +1 1o —1. Tak
IpH IBYX ypoBHsX 3T0 +1 u —1, npu tpex ypoBHsx +1, 0, -1 u T.x1.

@DyHKIUSA OTKIMKA MOKET ObITh BhIpa)keHa uepe3 KoaupoBaHHble pakTopsl Y=f(x1,..., Xn) u 3a-
NHUCaHa B TIOJIMHOMHAIHHOM BHJIE
Y=b0+blx1+b2x2+...+bnxn+b12x1x2+...+bnn-1xn-1xn+b11x12+ ...+bnnxn2+....

O4eBHUIHO, YTO B2 , HO

Y=F(X1,..., Xi,..., Xn) = f(x1,... xi,..., xn).

J1ist moMHOMa, 3aITMCAaHHOTO B KOJAMPOBAHHBIX (PaKTOpax, CTETIEHb BIUSHUS (PAKTOPOB HITH HX
coyeTaHuil Ha (QYHKIIMIO OTKIIMKA ONpeessieTcs BeMMUYnHoN ux koddduuenta bi. s monu-
HOMa B IMEHOBAHHBIX (paKkTopax BeandynHa kodpduurenTa Bi emie He rOBOPUT OJJHO3HAYHO O
CTETIEHU BIIUSHUS 3TOr0 (haKTopa UM UX COUETaHUN Ha (PYHKIIMIO OTKIIMKA.

CremneHHOM BT TOJTMHOMA MOKET OBITh 3anucaH B 0ojiee KOMIaKTHOU (popme
N ] N
_ 2 3
F=by+2 hx+ D hxx, +2 b+ X hgxxa 2 B
in1 i=Ln-1 ) iaL.n-2 i-1

F=lo i, #=1
J el



[Tpu onpeneneHnn OOIIETro YMCIa WICHOB CTETICHHOTO PsiJia KOJIMYECTBO MAPHBIX COYCTAHUHN s

5 . e ) .
n (haKTOPOB B MOJMHOME, TPOHHBIX COYETAHUH, I-HBIX COUSTaHUH = */ IPH N>1 HAXOJUTCS T10

COOTHOIIEHUIO
il (a—1l0e—2) (n—i-1)

N .
1.2.3..-i .
Hampumep, nst Habopa yetsipex uncen (n=4) - 1, 2, 3, 4 4uciio TpOHHBIX COYETaHHI COCTaBIISET
er=d32 4 123134124, 234
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Ecnu cuurare, uto cymectByet haktop x0 Bcerna paBHbIi 1, TO

®
E’-"U +f:'1x1 +E:'2x:2 + ... +E:'Mxx =E;'|:|x|:| +f:'1x1 + ... +E:'Mxx = Zbixi
il

Ecnu nononHuTENbHO BCe JBOWHBIC, TPOWHBIC H T.J]. COYETaHUS (PaKTOPOB, a TAK)KE KBAIPATHI
(akTOpPOB M BCE COOTBETCTBYIOIIME UM KO3(pPHIIMEHTH 0003HAYHTh Yyepe3 X1 u bi, i i=n+1,
..., M, TO CTENIEHHOM Ps/T MOKHO 3aITMCaTh B BUJIE

r= ZE:‘-_;X!'
_— .

3nech m+1 ob1Iee YUCIo paccMaTPUBAEMBIX YJICHOB CTEIICHHOTO PsJIa.
J1J1s1 TMHEHHOTO MOJIMHOMA C YY€TOM BCEX BO3MOXKHBIX COUCTAHHUN (haKTOPOB

mAl=1+C+  +C + O

[TonHbIi KBaAPATUYHBIHN MOJTMHOM BBITJISIIUT CIEAYIOMKUM 00pa3oMm:

5
F = E:ll:l +f:'1x1 +E:'2.TQ +b12x1.7f2 +E:'11xf +E}22I§ = ZE:'! X;
il
rae x0=1, x3=x1x2, x4=x12, x5=x22, b3=b12, b4=b11, b5=b22.
MarpuuHsie peodpa3oBaHus U 00pabOTKE Pe3yIbTaTOB KCIIEPUMEHTA
HpI/I ManHqHOf/'I 3aIMCHU PC3YJIbTATOB PA3JINIHbIX N onbITOB AJI ITOJIMHOMUAJIBHOT'O IMPEACTaB-

]
Yo = Z.*'—E:':' Xipr

JIEHUs pe3ynbTara il Oyaem UMeThb Y=XB;x- MaTpulla coYeTaHui (PakTopoB.
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3nmecs 0,1, ....1,..., m — HOMepa wieHoB ypaBHeHus; 1,...,U,...,N ... — HoMmepa onbITOB. Martpuina

X - npsiMoyroJjbHasi, coaepxaias m + 1 cronben u N cTpok.
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Ecnu yuecTs, uro B MaTpuie X 3JIEMEHTHI , TO MaTpuiy X MOXHO 3au-
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¥ Pe3yIbTATOB OTBITA, b kosddrmpterTa ro mHoMa.

JIOMHOKHM JIEBYIO U ITPABYIO YaCTh 3TOT'0 YPAaBHEHHMs HA OJHY U TyK€ MaTpuIly Xt — TpaHCIIO-
HUPOBAaHHYIO MaTpuny X

X, XB=X, Y

TpaHCHOHI/IpOBaHHaﬂ MaTpuna — 3TO MaTpula, y KOTOpOﬁ 11O OTHOILICHHIO K HCXOI[HOﬁ CTOJ'I6LII)I
" CTPOKH MTOMCHAHBI MECCTaAMU.
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#+1crpoka
N cron6moB

C= X .

X MaTpHIla, OJYUYUBIIASICS B PE3YJIbTATE MPOU3BEICHUS TPAHCIIOHUPOBAHHOM MAaTpH-
bl Ha UCXOAHYI0. OHa SIBISETCS KBaJApaTHOM MaTpHIleH, coaepskameid m +1 ctpoky um + 1
croJoelr.

C.B=X, Y

Jy1st Toro uToOBI MOTYYHUTH B 001IEM BUAE MaTpHIly-cToj0el kKoddduumenToB B Heooxoaumo
JIOMHOXHTb 00€ YaCTH MOCJIETHET0 MAaTPUYHOI'0 ypaBHEHUS ciieBa Ha marpunly C-1 — matpuny
oOparnyto matpure C.

cl.Cc.B=C1X, Y

OOpatHas MaTpuIia CTPOUTCS Tak (MCIOIB3yeTcs Mpolieaypa OOpalieH|sl MAaTPHUILbI), UTO MPU

YMHO>KEHHMH €€ Ha HCXOAHYIO MAaTPHUIly IIOJIy4aeTcs €IMHUYHAs1 MaTpuna — E, y KoTopoi Ha
IJIABHOW JMaroHalIy pacnojoxeHs! 1, a BHe ee - 0.

10....0
e g V100
0...01

OKoHuaTeILHO B O0IIEM BUJIE MaTpHIIA-CTOI0CI] KO3 (UIIMEHTOB MOJTHHOMA
B=C1.X, Y
PaccMoTpuM B KauecTBe MPOCTOTO MpUMepa IMOJTHHOM B BUE
Yp=bx,+bx;, %, =1,U=1 ., N,
dopmupyemoro mo pe3yiabTaraM N OIBITOB.
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OTOT pe3yNbTaT MOJHOCTHIO COBIAAAET C COOTHOIIEHUSIMU JUIsl TAKOT'O e MMOJIMHOMA MPH U C-
MI0JIb30BAHNU METO/J]a HAUMEHBIINX KBAaJIPAaHTOB, I'/1€ UCIIOJIb3YETCS YNCIICHHBIN I10Ka3aTeNb MU-
HUMAaJIbHOCTH CYMMBI KBa/IpaHTOB OTKJIOHEHUH BO Bcex N onbiTax. Cie1oBaTeabHO, TOCTPOCH-

HBII TaKMM 00pa30M MOJIMHOM OyAeT NPOXOAUTh CaMbIM OJMDKaHIIMM 00pa3oM K pe3ysibTaTaM
9KCIIEPUMEHTA.

3. OproronajibHoOe MNJIAHMPOBAHUE IKCIIEPUMEHTA

CrpykTypa Matpulisl C urpaet BaXXHYIO pojib B pealln3alluyl aJropuTMa onpenenenus ko3ddu-
IIUEHTOB aNPOKCUMHUPYFoIero mommaoma. Ctpykrypa matpuilsl C 3aBUCHT OT BBIOOpa 3HaUe-
HUil pakTopoB B N omnbitax. [ToaToMy xkenaTensHO 0coObIM 00pa3oM BIOUPATh 3HAUYEHUS (Pak-
TOPOB B OTIBITAX.

Onement Cii Ha rmaBHOU AuaroHanu Matpuubl C (i-Tas CTpoKa, 1-ThIif CTOJIOEIT) TpeACTaBISEeTCS
CYMMOM} KBaJpaToOB 3Ha4€HHI! 1-TOTo cTosl1a couetanui haktopoB MaTpuiibl X B N ombITax

N
0= E Xy, i=012,..m
Fal

DNEMEHTHI MaTPUILIbl CHMMETPUYHO PACIOI0KEHHBIE OTHOCUTEIBHO IVIABHOM AMArOHAIN PaBHbI
Mex1y coboi, To ecTh MaTtpuna C - cHkMMeTpHUYHasl.
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I'Jie TIepBBIA UH/IEKC YKa3bIBAET HOMEP CTONIO1a MaTPHUIIbl X, BTOPOM MHAEKC - HOMEP CTPOKH.
[Ipu sTOM

N N
C&.: E&U'xﬂf’ Cﬂ :Z xji-"'xz'[f )
-l =1

UrtoOm1 cymecTBoBana matpuma C-1, marpuna C pazmepa (1+m; 1+m) gomxHa ObITH HEBBIPOK-
JIEHHOM, TO €CTh €€ OTMPEACIUTENb JOJIKEH ObITh OTIUYCH OT HYJISL. DTO YCIOBHUE BHITIOTHSIETCS,
eciu Bce m+1 cTonb110B MaTpuilbl X JIMHEHHO He3aBUCHUMBL. KpoMe Toro, Heo0X01umMo, YTO0bI
YHCIIO Pa3IMYHBIX coueTaHuil GpakTopoB B Marpuile X (4uciao onbITOB N) JOHKHO OBITh HE
MeHbIIIe yeM m+1. DTo ycloBUE UCXOAUT U3 TOTO, UTO AJIs onpeaeneHus m+1 koaddunuenta
MOJIMHOMA HE0OXOAUMO HEe MeHee m+1 ypaBHEHUI! (OTIBITOB).

[Tonryuennsie koaddunreHTs B Mo3BoMSIOT chopMUpOBaTH ypaBHEHHE (PYHKIIUU OTKIIMKA MIPU
m+1 uiieHax ypaBHeHHs. Eclii TOUHOCTB 3TOT0 ypaBHEHHUsSI OKa3ajaach HEAOCTATOYHOM, TO Tpe-
OyeTcs B3Th ypaBHEHUE ¢ OOJIBIIUM YHCIIOM YIEHOB M HaYaTh BCE 3aHOBO TaK Kak Bce Koahhu-
[IMEHTHI B 0Ka3bIBatOTCS 3aBUCUMBIMU APYT OT APyra. DTO BOZHUKAET MPU UCIIOJIb30BAaHUU TaC-
CUBHOrO 3KcnepuMeHnTa. OJIHaKO €Ciiu LEJIEHAPABICHHO UCII0Ib30BAaTh AKTUBHBIN SKCIIEPUMEHT
¥ 0COOBIM 00Pa30M MOCTPOUTH MAaTPHILY COYCTaHHM (DAKTOPOB B OMBITAX X, UCIIOIH30BATH LA~
HUPOBAHUE IKCIEPUMEHTA, TO KOI(PPUIIMEHTHI MOJIMHOMA ONPEAEIAIOTCA HE3aBUCUMO JIPYT OT
Apyra.

Crparerust npuMeHEHUs IIJIaHOB 3aKJIFOYAETCS B IPUHIIMIIE OCTENIEHHOIO IIJIJAaHUPOBAHUS — I0-
CTEIIEHHOTO YCJIOKHEHUS MoJiean. HaunHaroT ¢ mpocTenie MoIeNd, HaXOAATCS I HEe KO-
3¢ punrenTsl, onpeaenseTcs ee TOYHOCTh. Eciii TOUHOCTh HE YIOBIETBOPSIET, TO IMJIAHUPOBAHUE
Y MOJIEJIb TTIOCTENIEHHO YCIOKHSIOTCSL.

3anava MIaHUPOBAHUS 3aKIFOYAETCS B TOM KaK HY>KHO CTPOUTh MaTpHily X, yToObsl MaTpuia C
nerko obpamanack 1 ko3 GUIMEHTH B onpenesuincy He3aBUCUMO JIPYT OT JApyra. DTH Tpedo-
BaHMs BBINOJHsAETCA ecau MaTpuia C sBISeTCS IMaroHaJIbHOM, TO €CTh BCE 3JIEMEHTHI pacIoio-
JKEHHBIC HE Ha IJIaBHOM AMAroHa N MaTPUIIbl PABHBI HYJIIO

Cﬁ-=0 ciE i=01 ZLmy =0, 2.Lm
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B sTOM ciyyae cuctema ypaBHEHUH pacnasaeTcs Ha m+1 He3aBUCUMBIX YpaBHEHUS U KOYPu-

HUCHTBHI ITOJIMHOMA OITPCACIIAOTCA KaK
1 & :
B, == (g Yy, i=012 m
i =l

Ecnu yuects, uto Cii onpenensercst Kak cymMMa KBaJIpaToB 3HauUeHHH (hakTopoB
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Kaxxnprit ctonoer MmaTpuiibl X MOKHO MPEACTABUTH B BHJIE BEKTOpa

pu

X = Ao | X= A |-
b Xy

big
X X :me- X =0

eClIn =1 ,

TO 3TO O3HAYACT, YTO CKAJSIPHOE MPOU3BEACHHE IBYX BEKTOPOB Xi U Xj paBHAETCS HYJIIO, TO

€CTh BEeKTOPHI Xi U Xj - OPTOrOHATbHBI.

Taxk kak J11000€ CKaJIsIPHOE TPOU3BEICHUE JIBYX PA3IMYHBIX CTOJOIOB B MaTpHUIle X JIOJDKHO

OBITH PAaBHO HYJIIO, TO 3TO YCIOBHE HA3bIBAETCS YCIOBHEM OPTOTOHAIILHOCTH MAaTPHIIBI X, a CO-

OTBETCTBYIOIICE INITAHUPOBAHUE IKCIIEPUMEHTA (OIPE/ICIICHHE COUSTaHNi (PaKTOPOB) HA3BIBACT-

Csl OPTOTOHATILHBIM IIJIAHUPOBAHUEM.

iy =1 U=1.. 1
I[J'I}I OPTOIOHAJIBHOI'O INIAHUPOBAHUS IIPHU YUETC TOI'O UTO

g N
qur,r'?-’a‘rr =sz'r,r= 0
ir-1 -l )

Taxum 0Opa3oM, Ipu OPTOrOHAIBHOM INIAHUPOBAHUU CYMMa 3JIEMEHTOB JIF00OT0 CTOI0IA MaT-
puisl X, KpOMe NEPBOro CTO0IA JOKHO OBITh PaBHA HYJIIO. DTO MPABUJIO UCIIOJIb3YETCS MpU
NOCTPOCHMH IUIaHA SKCIIEPUMEHTA, TO €CTh IIPU OIpeJIeIEHUN KaKuM 00pa3oM HYHO MEHSATh
3HaueHus (aKTOPOB B OMbITaX. ITO MPABUIIO MOKA3bIBAET, YTO B OPTOIOHAIBHOM IIIAHUPOBAHUU
IpY YETHOM YHCII€ YPOBHEH, Ha KOTOPBIX (UKCUPYETCS KaXKIbIi (aKTOp, TO TH YPOBHHU JOJIK-
HbI OBITH CUMMETPUYHO PACTIONOKEHBI OTHOCUTENBHO LIEHTPaJIbHOM TOUkHU X=0, Ipu HEUETHOM
qucie YpOBHEH JOJKHA UCIOIB30BAaThCs M LIEHTpallbHas TOUKa (puc.6).

Kpowme cBoiicTBa OPTOroHaIbHOCTH IUIaH MOKET 00J1a/1aTh CBOMCTBAM HACBIILIEHHOCTH, POTOTa-
6enbHOCTH U Ap. [1naH sABIsIeTCS HACHILIEHHBIM, €CJI 00I1ee YUCIIO ONBITOB N paBHSAETCS YUCITY
HEU3BECTHBIX KOA(PPUIIUEHTOB MoJIMHOMa m+1.

){2‘ %,
+1
los
-1 04025 1
T~ + ¥,
-1
oy

Puc. 6. Boi6op ypoBHeli BapbUpOBaHUs IPH OPTOTOHAIBHOM IIJIAHUPOBAHUH



[Tnan Ha3pIBaeTCs POTOTAOCIBHBIM, €CITH TUCIIEPCHST OTKIIMKA OJJUHAKOBA HA OJTHOM PAcCTOSTHUU
OT LIEHTpA IJIaHa MPH JIFOOOM HaIlpaBJIeHUU B (JaKTOPHOM IPOCTpaHCTBE. B ympolieHHOM Buae
3TO O3HAYAET, YTO BCE TOUKHU IUIaHA JIE)KAT Ha OKPYKHOCTH (cdepe, runepcdepe).

4. Ilnanbl 1oJIHOTO (pakTOPHOrO IKCcNepuMenTa 2n (miansl [1PI 2n)
[Tnansl [TIOD 2n SBASAIOTCSA NPOCTEUIIMMU TIJITaHAMK MIEPBOTO Mopsiaka. OCHOBaHUE 2 O3HAYAET,
YTO MPHUHATO /1B YPOBHS BapbUPOBAHUS, HA KOTOPBHIX (PUKCUPYIOTCS (GaKTOPHI. N — YHUCIO (ak-
TOPOB.
Just mnana [1O3 22 yucno (hakTopoB paBHO ABYM (N=2) U YHCJIO ypOBHEH (PUKCHPOBaHUs (PaK-
TOPOB TaKke 2. 3HaAUYCHUsI KOJAMPOBAHHBIX (aKTOPOB BeIOMpatoTcs B Bujae +1 u —1. [loaHoe unc-
JI0 BO3MOXHBIX COYETaHUI 3HaYCHMI N (PaKTOPOB (YMCIIO OMBITOB, @ 3HAUYUT U YHCIIO CTPOK IIa-
Ha) N=22=4. CocTaBiisieTcs IIaH, B KOTOPOM YHCJIO CTOJIOIOB (PAKTOPOB U UX COYETAHUMN paB-
HSIETCS YNCIY YJIEHOB ypaBHEHMs. Tak 1 ypaBHEHUS

Y= by +byxy 4 byxy+ bpxxy + Byl + byl - ml=6.

[Tnan [IOD 22 a1t 5TOr0 ypaBHEHUS IPEACTABIACTCS B CIAEAYIOLIEM BUIE

i 0 1 2 3 4 5
o Xn I I LgaXp | X, :?{11 Xy :J.’: ¥
1 H | 4 1 + + + v,
2 +1 +1 -1 -1 +1 +1 ¥
3 +1 -1 +1 -1 +1 +1 Y3
4 +1 +1 +1 +1 +1 +1 1y

N

Z A 4 0 0 0 4 4

[0

B nepssiii ctonber (i=0) Bo Bce deThIpe sueiiku 3aHocaTcs +1. Bo Bropoit cronber (i=1) 3aHo-
CSITCSl €IMHULIBI C YepeAYIOIMMH 3HaKaMHu (HaunHaeM c -1). B aTom cinyuyae cymma snemeHTa
cTonlua paBHseTcs HyIto0. TpeTuil cronder 3anoaHsIeM eIMHUIIAMU € YepeyIOUIMMHUCS yepe3 2
areMenTa 3HakaMu. CymMma 3JIeMEHTOB TaKk)Ke paBHSETCS HYIIO. [ eoMeTpruieckoe oToOpakeHne
rwiana [1OD 22 ¢ yka3zaHrneM HOMEPOB TOYEK IUTaHa B (DaKTOPHOM MIPOCTPAHCTBE MPECTABICHO
Ha puc. 7. Touku maHa pacnoiararoTcs B BEpIIMHAX KBaJIpara.

A
Xa

Puc. 7. 'eomerpuueckoe orobpaxenue miaana [1OD 22 B pakTopHOM IMpOCTpaHCTBE

DJeMEeHTHI CTOJIOII0B COOTBETCTBYIOIIUX MPOU3BEACHUSAM (PaKTOPOB MOJIYUAIOTCS YTEM Iepe-
MHOXCHUS 3JIEMCHTOB MPEABIAYIIUX CTOJ'I6I_[0B. Taxoe IIPpaBHJIO IMMO3BOJIACT rapaHTUPOBATh, UTO
MBI HE MTPOIMYCTHIIN HU OTHOTO BO3MOKHOT'O COYETaHUs (PaKTOPOB B OIBITAX U B TO YK€ BpeMsI HE
OyzeT NOBTOPEHUH OIMHAKOBBIX codeTaHuil. [locinennue nBa crondua pakTopoB, COOTBETCT-
BYIOIIIME KBajipaTaM (paKTOPOB, COCTOAT TONIbKO U3 +1. CTo0116I, 0OBEACHHBIE YTOJIIIEHHON



paMKo#, 00pa3yroT 1uiaH 3kcriepuMenTa. Cronden x1x2, He 0OBeIeHHBIN YTOIIIEHHON paMKO,
IIPU NIPOBEJICHUU OIBITOB HOCUT BCIIOMOTATENIbHBIN XapakTep.

OcoOenHoctu mnana [1PD 22:

1. Pa3nuyHbIX cTOJIOIOB B TaOyIHIIe OTYYUIIOCH JIUIIE YeTbIpe. CTONOIbI, COOTBETCTBYIOIINE
KBasipaTaM (HakTOPOB HEOTIMYUMBI OT cToJOMa X0 - 3T0 00ImMiA pe3ynpTaT i mwiana [1dD 2n.
DTO0 HE MO3BOJISIET ONPEACIUTh OTAEIBHO KO3 PUIIMEHTHI Tpu KBaapaTax Gaxtopos. [ToaTomy
riansl [1OD 2n Ha3bIBaIOT TUIAaHAMHU [IEPBOTO Mopsaka. J{ns onpenenenus ko3¢ duimentoB npu
KBajaparax (aKTOPOB UCIOJIBb3YIOT TUIAHBI BTOPOTO Mopsiaka. B nanpHeimem B muranax [1DD 2n
CTOJOIBI KBaJPaTOB (haKTOPOB M300paKkaThCs HE OYAYT.

2. Yucno pa3uyuHbIX CTOJOLOB PaBHIETCA YUCIY PAa3IUYHbIX COUETaHUI (PaKkTOpPOB, TO €CTh
YHCITY CTPOK IJIaHA - YUCTY ONbITOB N. DTO TOKe 00U pe3yapTar IJisl 3TUX IIJIAHOB, TO €CTh C
nomoinbo wiaHoB [1OD 2n MokHO onpeneauTs Bce KOAOPHUITMEHTHI IMHEWHOTO ITOJIMHOMA CO
BCEMHU BO3MOKHBIMH COYETaHUSAMHU (DAaKTOPOB, BKIItoUasi KO3 puimeHTsl b12...n , oTpaxaroriue
MaKcHMalbHOE B3auMozeicTeue (pakTopoB Bujaa x1x2...xn.

3. B mnane [1®3 22 cymmMa KBaapaTOB 3JIEMEHTOB JIFOOOTO CTONIOIA

o 3
Z Xigp = 4 = N
-1 ,
[TosTomy miig minanoB [1DD 2n

A7

Z Zir T

_ el
b=t
N
Takum oOpazom, ¢ noMoInbto mwiaHoB [1OD 2n MokHO onpeseauTh CBOOOIHBIN YWIEH ypaBHEHUS
= n . %
b0, kod¢pdurmeHToB bi, ~* KO3QPUIUEHTOB IIPH PA3TUUHBIX B3AUMOJACHCTBHSIX ABYX
Lo . . . . =1

dakTopoB bij, ~* koahdHULIMEHTOB TPOMHBIX B3auMozeicTBuil pakTopos bijk , ....., 7* ~ "Ko-

s unment bl2...n. makcumanbHOTO B3auMoaeicTBus paktopos. O0IIEe YHCIO ONPEALISIEMbIX
KO3 (HUIIUEHTOB

l+a+C2 4+ 00+ + M =m+l=22 =N

[Tnan I1MD 2n MOXKeET ABAATHCS HACHIILIEHHBIM, ITPU BEIOOpE YKCIIa YIEHOB ypaBHEeHUs m+1=N,
HEHACBHIIIEHHBIM, NTPU BbIOOpE YKCiIa YIEHOB YPaBHEHUS U COOTBETCTBEHHO YHCIIa CTOIOOB
wiaHa m+1<N . ITnan [I®D 2n sBiseTcs Takxke poToTadeNbHbIM, TaK KaK BCE TOUKH IJIaHa Jie-

KaT Ha OKPYXXHOCTH (cdepe, Tunepcdepe) ¢ paguycom * = A OTHOCHUTEJIBHO LIEHTPA IJIaHa.
s mnana [1®D 23 yucno dakropos n = 3. Bemonnsercs N = 23 = 8 onbIToB. YpaBHEHHE MO-
KET coiepkKaTh 10 BOCbMHU WJIEHOB

Y=by+bx vhx +hix vhomx, Hhamx, Yhaxn Hhamx _

Taxum obpazom popMupyeTcs MIaH U3 BOCBMH CTPOK M BOCEMb CTOJI01I0B. B yeTBepTOM cTonb-
e (1=3) 3anmuChIBAIOTCS €IUMHUIIBI C YEPEIYIOIIMMUCS 3HAKaMU Yepe3 YeThIpe dieMenTa. [1nan
COCTAaBJISIETCS AaHATIOTUYHBIM 00pa3oM 1utany 1D 22.



i 0 1 2 3 4 5 6 7 8
u Xg X X X3 xpep | oxpg | oxpy | xpgg | ¥
1 1 -1 1 -1 +1 +1 +1 1 ¥
A 1 +1 1 -1 1 1 +1 +1 e
3 1 -1 +1 -1 -1 +1 -1 +1 ¥;
4 1 +1 +1 -1 +1 -1 -1 -1 Vi
3 1 -1 1 +1 +1 -1 -1 +1 ¥s
6 1 +1 1 +1 -1 +1 -1 1 ¥s
7 1 -1 +1 +1 -1 -1 +1 -1 e
B 1 +1 +1 +1 +1 +1 +1 +1 ¥i
[,-i. w| 8 | o | o | o] o] ol ol o

CronO1bl, 00BeIeHHBIEC YTOMIIEHHOW paMKOi, 00pa3yroT miaH skcnepuMenta. CTonbubl, He 00-
BEJICHHBIC YTOJIICHHOW PAMKOM, TIPH MTPOBEICHUH OIMBITOB HOCST BCIIOMOTATEIILHBIN XapaKTep.
['eomeTpuyeckoe oToOpaxkenue miana [1OD 23 ¢ ykazaHueM HOMEPOB TOYEK IUIaHa B (haKTop-
HOM IMPOCTPAHCTBE MPEICTaBICHO Ha puc. 8. TOYKHM TTaHa pacIoyararoTcsl B BEPIIMHAX KyOa.

A

© & %,

oV

o L o
Ol ®

(&>

Puc. 8. 'eomerpuueckoe orobpaxkenue miaana [1OD 23 B pakTOpHOM NPOCTPAHCTBE

[Ipumep npumenenus miana [1OD 22. ITycte B pe3yabTaTe NPOBEAECHUS IKCIEPUMEHTOB 110
wiany [1®3 22, To ecTh npu U3MEHEHUH JIBYX (PaKTOPOB, Mbl MOTYUMUIH ONBITHbIC 3HaUeHUS Y 1,
Y2, Y3, Y4. IloBepXHOCTb, ypaBHEHHE KOTOPOM HAC UHTEPECYET, UMEET BUJ puC. 9.
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Puc. 9. IloBepxHOCTh GYHKIIMH OTKIIHKA

CocraisieM 1utad [1DD 22.

i ¥, ) 2 3 4 5

U xp xj X7 | xzex;?x ¥ P | -1
1 +1 -1 -1 +1 (i) 4.5 (i) 0

2 +1 +1 -1 -1 3 4.5 3 0

3 +1 -1 +1 -1 4 55 4 0

4 | +1 #1 | +1 +1 7 55 | 7 0

5 +1 0 0 0 2 5 5 3

Bhauaze HaiineM k03 pULIHEHTHI COKPALIEHHOT0 JMHEHHOT0 NOJIMHOMA BUIa
f —
FPl=by+bx +b,x,
AR AR A
U PE3YyJIbTAThl BBIYUCIECHUN 1772773774 110 HeMY.
PaccuutbiBaeM K03 GUIIMEHTH TOTUHOMA.

L
¥
27wle 4017
buz = =5
4 4 ;
o
¥
2wl 6413214417
E;II: = =0

4 4

[TonmmHOM HMeEET BUT
Pe3ynbrathl pacuera mo HeMy NPUBEIEHBI B COOTBETCTBYIOIIEM CTOJ01IE M1aHa. Habmonatores

pacxoxkeHus Mexny Y u ¥'. Bcim tounoCTb COKPAIIIEHHOT'O TTOJIMHOMA HE yJIOBJIETBOPSIET, TO
M0 TE€M K€ pe3yJbTaTaM OIMBITOB MOKHO CPOPMHUPOBATH OOJI€€ MOIHBIN MOJIMHOM BUAA.

[Tpu aTOM panee onpeneneHHbIe K0P PUITMEHTHI OcTatoTcs 6e3 n3MeHeHu. Onpenenum Kod d-
(GUIUEHT MPU TOMOTHUTENHFHOM YWICHE MOJIMHOMA



[TonuHOM MMEET BH]

F=5+0. x +05x, + 155 x,

Pe3ynbpTaThl pacueTa mo HeMy IPUBEJCHBI B COOTBETCTBYIOIIEM cTOOIE 1aHa. HabmromaroTes
r

pacxokeHus Mexay Y u 7' Benu TouHOCTS COKPAIIICHHOT'O TTOJIMHOMA HE yJIOBJIETBOPSIET, TO

10 TE€M K€ Pe3yJIbTaTaM OIBITOB MOKHO CPOPMUPOBATEH OOJICE MOIHBIHN MOJTMHOM BUA

o

P'=by +bx +byx, +b, 77, .

[Tpu 3TOM panee onpenencHHbIe KO3PPUITUEHTHI OcTatoTcs 6e3 n3MeHeHu. Onpenenum Kod d-

(GUIUEHT MPU TOTOTHUTEILHOM YWICHE MTOJIMHOMA

AF

¥

2wl e 13 4417

by = - —15
4 4

ITonmmaoM UMeeT BUI
F=5+40-x,+0,5x, + 1,557,

"
[To HEMy paccuMTHIBAaEM MpECKa3aHHbBIC 3HAYCHUS OTKJIMKA B TOYKaX I1aHa (cToiber r ).
IToBEpXHOCTH, MOCTPOEHHAS 110 NIOJIYYEHHOMY ITOJIMHOMY, IIPOXOAUT TOYHO YEPE3 YETHIPE TOUKU

P — Yz
iaHa ( | Lasd - TLEA4H (), mo koTopeiM onpeenens! KoddduimenTsl. OMHAKO B APYTHX TOUKAX

oOmactu onpenenenus GyHKIUU, HATPUMEP B LEHTpPE MiiaHa (Touka 5 B riane, x 1=0, x2=0),

Py
MpCaACKa3aHHbIC U HeﬁCTBHTeHLHBIC 3HA4YCHUsA, MOT'YT HC COBIIaAaTh ( | 3 3 :3)

5. Ilinanbl ApoOHOro GaKkTOPHOIO 3KcNepuMenTa (miansl JPDI)

[Tpu MHOTO(AaKTOPHOM IKCIIEPUMEHTE, 0COOCHHO KOT/1a Yuciio (pakTopoB OosbIre mecTH (n > 6),
yuciao onblToB mi1aHoB 1M 2n (N = 2n) ctanoBuTcs upe3mepHbiM. Eciiu HaM He TpebyeTcs on-
penenenune Bcex K0d(h(HUITMEHTOB HEMTOTHOTO KBAJPAaTHYHOTO MOJIMHOMA, TO IEPEXOAST K APOO-
HOMY (hakTopHOMY 3KcriepuMeHTy ([IPD) — yacTu noaHOro GakTOpHOro 3KcrepuMeHTa. Taxk,
HaIpuMep, €cu TpedyeTCs ONpeNeauTh JUIIb KO3 (UIIMEHTHI IPU caMuX (pakTopax
Y=b+hx +hx +.. +E:'Mxx1

0 11an [IDD 2n maet u36bTounyro napopmarmo. Tak npu %= & B 9T0M ci1yuae TpeGyercs

onpenemuts # +1=7 xoadduumentos, Torna kax o miany I1MD Heobxoammo nposectr N =
26 =64 omnbITa.

Xot4 3Ta n30bITOYHAs HHPOpPMaLKs He SIBIsETCsS OecIoe3HOM, OHa M03BoJIsAeT 00Jiee TOUHO OTI-
penenuth K03GOUIIMEHTHI, HO BCE YK€ YacTO UCTOB3YIOT Manbl JIDD 2n-k , e k — mokazarens
npoonoctu minana [1P3. [Ipu k = 1 yucno onsiToB B ruiane /IdD B 1Ba pa3za MeHblIIe, 4YeM B
wiane [1®3, nosToMy Takue miiaHbl Ha3bIBalOT Noiyperuinka miana [1d3. Tak npu k=1 mis
wiana JIdD 26-1 N =26-1 = 32, npu k=2 ansa nmana DD 26-2 N =26-2 = 16 u Takoii 1iaH Ha-
3BIBAIOT YETBEPTHPEIUTNKON, ipr k=3 myst mmana JJdD 26-3 N =26-3 = 8. [Ipu Be1OOpe qpoOHO-
cTH Tu1aHa k HeoOX0IMMO YUUTHIBAaTh, YTO YHCIIO OMBITOB JOJDKHO OBITH OOJIbILIE YKCIIA YICHOB
ypaBHeHUd. B paccMmarpuBaemMoM citydae BenudrHa K 10KHA OBITH TaKOW, 4TO ObI YAOBIETBO-
pSIOCH YCIIOBHE

n+l=2""

[Tnan A®D3 crpourtes, kak u 1yis maaHa [IOD, Ho ¢ MeHbIIUM yHnciioM gakTopoB. OcTaBuInecs
(bakTOpHl BapbUPYIOTCS HE MPOU3BOJIBHO, a TAK YTOOBI COXPAHSIIACh OPTOTOHAIBHOCTD IIJIaHA.
OT0 obecrnieunBaeTcs, €CIU OCTaBUINeCs (PAKTOPBI BAPbUPYIOTCS IO BHIOPAHHOMY T'€HEPHUPYIO-
IIEMY COOTHOIIEHUIO, HAIIPUMEP KaK NMPOU3BECHUE KaKUX-TH00 (PaKTOpOB U3 MEepBON TPYIIIHI.
Ho sTo npuBoaut k ToMy, 4To B MaTpuiie X OyIyT CyLIECTBOBaTh OAMHAKOBBIE CTONOLBI. Clie-
JIOBaTEJIbHO, MBI HE CMOKEM HAalTH B YMCTOM BHJIE Bce KO3 PUIIMEHTH HEMTOTHOTO KBaJpaTHy-



HOTO MMOJIMHOMA, a JIWIIb OTPEACIUM COBMECTHYIO BETHUNHY KOA(D(DUIIMEHTOB IJIs1 OTUHAKOBBIX
CTOJIOIIOB.

Paccmotpum noctpoenue tana JIdD 23-1 . 3xeck n = 3, k =1, N=23-1=4. [IepBsic aBa pakTopa
BapbUpyeM Kak U paHee i miana [1DD 22, a s Tpetbero dakTopa BeIOMpaeM reHepHpyIolee

T KX
COOTHOIIEHHUE B Buge ~3~ *1 “2,

JIJIsl HETOJTHOTO KBAJPATUYHOTO MOJIMHOMA KOJTMYECTBO CTOJIOIOB IJIAHA COCTABIISIET BOCEMB.
F=hy iy Hhyx b Hhpxxg Fhany Hhexnn Hhann

i 0 1 2 3 4 5 6 7
o Xp EY) Xa X3 Xz X3 Xax3 X ey
1 +1 -1 -1 +1 +1 -1 -1 +1
2 +1 +1 -1 -1 -1 -1 +1 +1
3 +1 -1 +1 -1 -1 +1 -1 +1
4 +1 +1 +1 +1 +1 +1 +1 +1

T

[Tnan sBIsSETCS OPTOrOHAIBHBIM, HO B HEM OKa3aJIMCh YETHIPE Maphl OJIMHAKOBBIX CTOJIONOB. I1o-
3TOMY MOYKHO ONPEACIUTE TOJIBKO YeThIpe KOIPPHUIIMCHTA, OTPAKAIOIINE COBMECTHBIC BIUSHUS
JBYX OJIMHAKOBBIX CTOJIOIIOB

W
ZXDUFU
By by, = U-lT

Cymmaphsble 3HaueHUs K03 (OULIMEHTOB B+iy ; byt by ; by +d OIPENIEIISIIOTCS AaHATIOTUYHO.
DTO CIEACTBHE TOTO, YTO MBI ITBITAEMCS OTIPEISITUTH MOJIHOE KOJUIECTBO KO3PPHUIEHTOB — 8
110 HEJIOCTaTOYHOMY YHKCIy ONBITOB - 4. O1HAKO, €CIIU 3apaHee U3BECTHO, YTO HEKOTOPBIE U3
YWIEHOB YpaBHEHUS paBHbI HYIIO (MIPEeHEOPEKUMO MaJIbl) UM UMEETCS apUOpHasi UH(popmanus
0 BETMYMHAX HEKOTOPHIX KOA(D(PUIIMEHTOB, TO MOTYYEHHbIE KOI(PPHUITMEHTH MOT'YT OBITH BBIUJIE-

HeHbl. Tak ecinu bz =0 , TO
I
Z Tordy
fﬁ' — 7=l
’ W

Ecnu MmoxHO AONYCTUTB, UYTO KOS(l)(bHIII/ICHTI)I W3 UX CMEIIaHHOM OLCHKHU COIIOCTAaBHUMBI, TO JIJIsA
pPacCMOTPCHHOTO IJIaHa

N

1 Z Xl
E:I = = _Lr-l—
o A G

I'paduueckoe nzoOpaxkenue mianos [1O3 23 u IO 23-1 B pakTOpHOM MPOCTpaHCTBE (NI
Tpex (haKTOpOB - TPEXMEPHOE MPOCTPAHCTBO) NpeacTaBieHo Ha puc. 10. [lnan 1D 23 npen-
CTaBJIeH KyOOM C BOCEMbIO y3J1aMH (TOUKaMU IJIaHa), a BO3MOXKHbIE anbl JJPD 23-1 — npoek-
[IASMH 3TOTO KyOa Ha TPHU IJIOCKOCTH. TO €CTh M3 BOCBMH Y3JI0B BEIOMpArOTCs 4eThipe (puc. 10,
a). 13 xy0a MOKHO Tak>ke BHIOpATh YeThIpe TOUKH U3 BOCHMH, HE JIeKalllie B OJHOM MI0CKOCTH,
u cpopmuposars rwiad D3 23-1 (puc. 10, 6).
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Puc. 10. I'padudaeckoe nzodpaxenue wianoB [1DOD 23 u IO 23-1 B hakTOpHOM IPOCTPAHCTBE
[Tnanst DD, xak u miansl [IOD, anaiotcs porotadbenbHbiMu. [lnansr JIO3 MoryT ObITH Kak
HACBIIIICHHBIMU TaK U HEHACHIIIICHHBIMH.

Hocrounctso mianoB MO 3akiarodyaercs U B TOM, YTO €CIIU IMOCTPOSHHBIN Ha €r0 OCHOBE He-
MIOJTHBIH MTOJIMHOM HE YIOBJICTBOPSET TPEOOBAHUSAM IO TOYHOCTH, TO IiaH D3 yerko mocrpau-
Batotcs 10 rana [1PD, 6e3 norepu nHGOpMALIMK TPEKHUX OMBITaX, ¢ GOpMUPOBaHUEM OoJiee
TOYHOTO MMOJMHOMA.

[Ipumep nocrpoenus miana JP3.

[Hoctpouts nnan P 24-1 u onpeaenuTs HOITUHOM

Y=bythx thyxy thix thyx, Hhaxx, thamx th,xx, Hhaxx thy, 0, oy x:x,
Yucno daxtopo — 4. HyxxHo Haiitu 8 koaddunmeHToB nonuuoma. Beioupaem 8 u3 16 onbsito
wiana [1®3 24 rakum 00pa3om, 4TOOBI OBLTH ONPEAeTICHBl He3aBHCUMBbIE KOO(DPHUIIMEHTHI TPH
camux (hakTopax, cMenaHHbIe KOA((OUIIMEHTHI IPH MapHBIX COYETaHUAX (PAKTOPOB U B MPEHEO-
pEeXEHUU TPOUHBIMU U YETBEPHBIM COUYETAHHUSAMU (HaKTOPOB U TIPH 3TOM COXPaHSIACh OPTOTO-
HaJbHOCTb IUIAHA.

TIo5 zd UI[-IJ:Z-) 2&1 Xp] X2 | Xz | xy
1 1 1 ]-1]-11(-1
2 - +1|-1|-1]-1
3 - d]+1)-1 (-1
4 4 +1(+1|-1|-1
5 - -1]-1|+1][-1
6 6 +1| -1 |+1]-1
T 7 1| +1(+1) -1
g - +1[(+1|+1]|-1
9 - 1]-1]-1(+1
10 2 +1|-11]-1]+1
11 3 1]+l -1 | +1
12 +1|+1|-1|+1
13 5 1 ]-1(+1[+1
14 . +1] -1 |+1|+1
15 - 1| +1|+1)+1
16 8 +1|+1|+1|+1




Taxoit BeIOOp no3BosisieT chopmupoBath miaan ADI 24-1 kak u man [1PD 23 |, Ho ¢ x4=x1x2x3
. Ilman JI®3 24-1 npencrapisieTcs B BUIE

Ul xp | x5 | x2 | %3 | xg |2xpop | xpxz | xpog | Xpxz |xpxg | xaxe| ¥ 7

+1|-1|-1]-1]-1]+1 ] +1 | +1 |+1 |+1 | +1 | 10 | 10

+1|+1|-1}-1|+1| -1 | -1 | +1 | +1 | -1 | -1 g
+1| -1 |+1| -1 |+1| -1 | +1 | -1 | -1 | +1 | -1 8
+1|+1|+1|-1}|-1|+1|-1}] -1 |-1}|-1]/]+1 7 ] 6,8
+1| 1| -1 |+1|+1 | +1 | -1 | -1 | -1 | -1 | +1 9 192
8
g

+1|+1| -1 |+1|-1| -1 | +1 | -1 -1 | +1 | -1
+1 | 1 |+1|+1| -1 | -1 1 | +#1 | +1 | -1 -1

GO | =1 | O] W | dm | | b |

+1|+1|+1|+1|+1 | +1 | +1 | +1 | +1 | +1 | +1 | 6,5 | 6,68

3HavyeHust K03 PUINEHTOB TOTMHOMA COCTABIISIOT:

brgy =fpgg = by = bygy =y =0 )

b, = 104+84+34+74+94+84+8+65 _ 806
8 ;
b = —104+8-84+7-94+8-3+4675 060
8 ;
by=-0,69, B=-019; & =-019;
10-8-84+74+3-8-84+63
["512 +’534): = U,Uﬁ_

8
B+ by = 0,06, by + by =006

Ecau MPpUHATD, YTO

1
by m by = 5[’5’12 +byy )= 0,03

1
by m gy = 5 (Bys + 854 )= 0,03

1
by by = 5@:‘14 +by;)= 0,03

TO ITIOJIMHOM UMECT BU
P =8,06-0,69x —0,69x, —0,19x, —0,19x, +0,03x,x, +

+0,03xx, + 0,05 x, +0,03x, 2, +0,03x,x, +0,03x,x,

3HaveHHs TOJIMHOMA B TOUKaX IJIaHA MIPUBEICHBI B MOcaeaHeM cToo1e iana [JdD 24-1. B
HallIEM CJIy4ae TOYHOCTh €r0 JOCTaTOYHO BBICOKAS.

6. HacblmeHHbIe IUIaHBI IEPBOI0 MOPS/IKA

HacplineHHbIM II1aHOM TIEPBOT0 MOPSAKA — Ha3bIBAETCH MJIaH, coAepxKaiuidi n+1 Touky (OmBbIT).
Hampumep, npun=4,N=n+1=35.

To ecTh noauHOM (hopMHUpYETCS B BUE



V=5 +hx+. +i,x,

Taxum 006pa3oM, HACKHIILEHHBIH MJIaH — 3TO MPEeeTbHO MUHUMANIBHBIN city4dail tuiana JIdD. Ta-
KM€ IIJIaHbl Ha3bIBAKOTCSI CUMILIEKC-TUIaHbl. [ cuMinekc-tutana npu n = 1 N = 2 ero reomer-
pudeckoe n300pakeHue mpecTaBieHo Ha puc. 11, a; mpu n=2, N=3 — na puc. 11, 6; mpu n=3,
N=4 — na puc. 11, B. Cummiekc-1mianbl OObIYHO MCIIOJIB3YIOTCSA Ha CTAAUU IPEIBAPUTEIIBHOTO
UCCIIEI0BAHMUS.

a) )]
Puc. 11. Cummutekc-mnan st n=1, N=2 (a); n=2, N=3 (0); n=3, N=4 (B)
CuMIUIEeKC-TIJIaH HE BCET/1a SIBJISIETCS OPTOroHAIbHBIM. CHUMILIEKC-TIIaH HAa3bIBAETCS MPABUIIb-
HBIM, €CJIM PACCTOSTHUE MKy IBYMsI JIFOOBIMH TOYKAMH IJIaHa onHaKoBoe. CHMITICKC-TUIaH

Ha3bIBACTCA HCHTPHUPOBAHHBIM, C€CJIN
1+l

2 K =0
-l
i)
mgi=1,2,...,n.
[TpumenumocTs mianoB [1MD u myTH MOBBIIEHUS TOYHOCTH TOJTUHOMOB.

[To kakuM ke IpU3HAKAM MOXHO CYAMTb O JOIYCTUMOCTH UCIIOJIb30BaHUS HEMOJIHOTO KBaIpa-
TUYHOI'O MTOJIMHOMA, TOCTPOEHHOT0 Ha OCHOBE IJ1aHOB [1D3 2n?

Taxue MoJMHOMBI Jat0T MOBEPXHOCTh OTKJIMKA, KOTOPast IPOXOAUT TOYHO Yepe3 BCe IKCIEpH-
MEHTaJbHBIE TOYKHU, TI0 KOTOPBIM orpenessitores: Koddduuumentsr. Tak kak ToukH manoB [1DD
pacroyiaratoTcsi Ha rpaHMIax JUarna3oHOB BapbUPOBaHUSA (GAKTOPOB, TO 3TO 03HAYAET, YTO I10-
BEPXHOCTb OTKJIMKA IPOXOAUT Yepe3 rPaHUYHbIE TOUKU. B 11000M ceueHnn NoBEpXHOCTH OT-
KJIMKA, [TOJy4eHHOH 110 TaKOMY MOJIMHOMY, IJIOCKOCTBIO MTPU (PMKCUPOBAHHBIX BceX (haKTopax
KpOME OJIHOT'O U MapaJUIEIbHOM OCH Y IOJIy4aeTcs ClIe]l B BUJIE IPSAMOM JIMHUM.

Bo3MoxHBI Cilydan, KOrJa peanbHas IOBEPXHOCTb OTKIMKA ONPEAEIAETCS MOJIMHOMAaMHU BTOPOTO
U BBbILIE NOPSAKOB B 3TOM ciyuae noBepxHocTh uiana [1d3, coBnazgas ¢ peaibHON MOBEPXHO-
CTBIO B TPAaHUYHBIX TOYKAX, MOXKET OTJINYATHCS B IPYTHX TOUKaX (GaKTOPHOTO MPOCTPAHCTBA,

HalpuMep B IEHTPAIBHOM TOYKE IUIAHA, T.€. Yo Iy . [loaTOMY OTHMM M3 ITPU3HAKOB HEYIOBJIE-
TBOPUTEIBHON allIPOKCUMALIMKU NIOJMHOMaMU 110 iany 11d3 asnsiercsa pacxoxaeHue pe3ynbTa-
TOB (PYHKIIMH OTKJIMKA C peaJIbHON (PYHKIIMEH B LIEHTPAJIbHOM TOUKE IJIaHa.

OpHako npu MHOTO(QAKTOPHOM 3KCIIEPUMEHTE BO3MOXKHBI ClTyyaH, KOTJla B pealbHOCTH (PYHK-
11l OTKJIMKA 3aBUCHUT, B TOM YHCJI€, OT KBaApaToB ()aKTOPOB, Y KOTOPBIX KOIPPUIUEHTH HUMEIOT
pa3Hble 3HAKH, HAIIPUMeEp, IS “‘CEUIOBUIHON MOBEpXHOCTH. IIpu aTOM, HECMOTpSI HA TO, YTO
9Ta MOBEPXHOCTH SIBHO HEIMHENHAs, PE3yJIbTaT ONbITA B IEHTPAJIbHON TOYKE MOXKET OKa3aThCs
JIOCTAaTOYHO OJIM3KUM K MOJyYEHHOMY Pe3yJbTaTy MO HEMOJIHOMY KBaJAPAaTHYHOMY MTOJMHOMY
wiana [1®3. Oxnako pacxoxkaeHus Oy1yT BO3HHKATh BO BCEX JIPYTMX TOUKAX IUIaHA IKCIEPH-
meHTa. [ToaTomMy HelenecooOpa3HOCTh UCOIb30BaHus mana [1DD onpenenserca HeMUHEHHO-
CThIO KaKMX-TH0O0 CEeYEHH MOBEPXHOCTU OTKJIMKA. KOCBEHHBIM PU3HAKOM MOKET CIY>KUTh

pacxoxkaeHue Fy 51 by B LICHTPAJIbHOMN TOYKE IJIaHA.

Ecnu He ygaeTcs noiyduTs noauHoM 1o miany [IO3, xopoio annpokCuMHUPYIOLEN pealIbHYO
MOBEPXHOCTh, TO KAKHE ITyTH MOKHO IPEUIOKUTH JUIsl TOBBIILIEHUS TOUHOCTH MTOJIMHOMOB?
YMeHblIeHHE Juana3oHa BapbupoBaHus (PakKTOpPOB WM €ro pa3dreHre Ha MOJANaNa30Hbl, s
Ka)KJ0r0 U3 KOTOPBIX CTpouTcs cBoi miaH [1PD u onpenensercs cpoit nonuHoMm. IlyTs nocra-
TOYHO TPYJAOEMOK, HO ITOIPEIIHOCTh ceMeNCcTBa NaHoB [P cHmkaercs.



Brienenue gaxTopa, HOpOKIAIONINNA HEMMHEHHOCTh, M MOCTPOEHHE I ocTaBIIuxca n—1 ¢ak-
topoB k mranoB [1D3, B kak10M M3 KOTOPHIX BBIICICHHBIN (pakTOp 3a)UKCUPOBAH MPU HEKOTO-
poM 3HaueHuu. Ha 0CHOBE MOTydeHHBIX K MOJIMHOMOB MOKHO TOMBITaThes C(HOPMUPOBATH 00-
LU TOIMHOM, KO3()(PUIIMEHTHI KOTOPOTO SABJISIOTCS (PYHKIUSMH BBIICICHHOTO (akTopa. ITOT
IyTh TAKXKE I0CTATOYHO TPYA0EMOK.

[Tepexon x mnany [1DD ¢ 6oabIIMM YUCIIOM YPOBHEH BapbUpOBaHUS (DAKTOPOB, HAIIPUMED K
IUTaHAM ¢ BapbUpOBaHUEM (DaKTOPOB Ha TpeX YpoBHAX - utaHaMm 11D 3n (puc. 12). B atom ciy-
4yae MPOUCXOAUT PE3KOE YBEIMYEHUE KOJIMUECTBA TOUYEK 110 CPAaBHEHUIO C TuiaHoM [1DD 2n . Tak
npu n =2 g [IO3 2n N=4, ans [1O3 3n N=9; npu n = 3 i [1OD 2n N=8, nns [1OD 3n
N=27; npu n =4 nis [1OD 2n N=16, qys [1O3 3n N=81 u T1.1.
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a) 6)
Puc. 12. [Tnanst [1O3 32 (a) u [1OD 33 (6)
JocrpauBanue niaaHos [1PD 2n 1o nmaHoB 6ojee BHICOKOTO MOpsijiKa (Jallle BCEro BTOporo) u
HOCTPOEHHE TIOJIHBIX KBAaPATHYHBIX ITOJITHOMOB (C HATMYHEM KBaJIpaTOB (haKTOPOB).
[TpeoOpa3oBaHue METPUKH MATPUIHOTO MTPOCTPAHCTBA, TO €CTh MEPEX0/1 K HOBBIM (hakTopam
(YHKLIMOHAIBHO CBSI3aHHBIM C MPEXHUMHU (AKTOPaMU, HO HE MOPOKAAIOLIMMH HEIUHEHHOCTH.

7. ILli1aHbI BTOPOrO NOpPsAKA

Onu no3BoJIsAI0T ¢(HOPMUPOBATH (DYHKIIMIO OTKJIMKA B BUJIE MTOJHOTO KBAJPAaTUYHOTO OJUHOMA,
KOTOPBI COEPKUT OOTIbIIIee YHCIIO YWICHOB, YeM HEMOIHBIN KBaIPATHUHBIHN MOJIUHOM, chopMu-
POBaHHBIN O IJIaHAM [IEPBOTO MOPSJIKA, U TIO3TOMY TPEOYIOT OOJIBIIETO YUCIIA BBIMOIHAEMBIX
onbITOB. [10HBINA KBaAPATUYHBIN OJTUHOM MPU N =2 COAEPKUT 6 UJICHOB

7= By i Hhx Fhmx, +Ennxf +E:'Hx§ 1

npun =3 - 11 uineHos

F=by+bx thyx, +hox +hxxy +8x %, + Bk Xy + B X2, x, + blle + bnxg + E:'33x§
W3BecTHO, 4TO /IS MOJIY4YEHUS KBaIPATUUHOM 3aBUCUMOCTHU KaXAbli (aKTop AOKEH (PUKCHPO-
BaThCsl KAK MUHUMYM Ha TPEX YPOBHSX.

J71s1 TUTaHOB BTOPOTO TOPSIIKA 00JIACTh TNIAHUPOBAHUS MOXKET:

BrITh ecTecTBEHHOH, TO €CTh BKIIFOUATh 00JIaCTh TUTAHUPOBAHMSI IJIAHOB MEPBOTO MOPSIIKA U J0-
MTOJTHATEJIbHBIE TOUKH (TaKHE TUIaHBI HA3bIBAIOTCS KOMIIO3UIIMOHHBIMU). J[oTOTHUTEIBHBIE TOY-
KM MOTYT BBIXOJIUTH 32 00JIaCTh TUIaHA TIEPBOTO MOPSIKA — CIUHUYHOTO TUIiepKyda. B aTom ciy-
yae ONBITHl B HUX PEaIU3yIOTCs MPU YCTAaHOBIIEHUHU (AaKTOPOB 3a MpeielaMyd BapbUPOBaHUsA. JTO
HAJI0 YYUTHIBATH MIPH ONPEEICHUN 00JIaCTH COBMECTUMOCTH (haKTOPOB.

He BpIX0nUTH 32 IpeieNbl €IMHUYHOTO THIepKy0a, TO €CTh AJIs BCeX TOUEK IJIaHa BBITOJIHIETCS
yCIIOBUE [xis] 51.

He BpIX0auTh 3a peienbl eIMHUYHOTO THIIepIIapa, ONpeleIsieMyt0 COOTHOIIEHUEM TaKuX 3Ha-

. x4+ +x =l
4YeHuil (pakToOpoB B IIJIaHE, YTO LI



Bo BTOpOM 1 TpeTheM ciiyyasix UCMOJIb3YIOT CHEIUaIbHbIE PUEMBI BBITIOJTHEHHUS TPUBEIEHHBIX
COOTHOIIEHUH B Tu1aHe. [lan ¢ oHON 00J1aCThIO TNIAHUPOBAHUS MOXKHO TIEPECTPOUTH B TIaH
JIpyroi o01acThio MJIAHUPOBAHUS.

Ecnu yxe 6b11 panee chopmupoBan 1ran [1D3, HO TOYHOCTH ero PYHKITMU OTKJIMKA HE yIOBJIe-
TBOPSIET, TO MBI MOKEM JTIOCTPOUTH ITOT ILJIaH J0 IJIaHa BTOPOTo Mopsiika (KOMITO3UIIMOHHBIN
miaH) u copMUpoBaTh GYHKIIUIO OTKJIMKA B BUJIE TIOJIHOT'O KBAJAPATHYHOTO MTOJIMHOMA, 0€3 T0-
Tepu HH(DOPMALIHK O paHEe CICIAHHBIX OMbITaX.

OpToroHanbHbIN HEHTPATLHO-KOMIIO3UIIMOHHBIN IJIaH BTOPOTO MOPSIKA

OpTOroHaNbHBIM IJIAHOM Ha3bIBAE€TCS TAKOU ILJIaH, y KOTOPOTO MaTpHIla INIAHUPOBaHUS X CTPO-
uTCs Tak, yTo Obl MaTpuia C=XtX oka3anach AHMaroHajabHOM. MICoap3yeM 3TOT MOIX0/1 ¥ IPH
MOCTPOEHHUH TIJIAHOB BTOPOTO Nopsiika. [11an Ha3piBaeTCs IEHTPAbHBIM, €CJIM BCE TOYKU pac-
MOJI0KEHBl CAMMETPUYHO OTHOCUTENBHO LeHTpa miaHa. OLKII — neHTpanbHbIii CAMMETPUYHBIN
OPTOrOHAJIbHBIA KOMITO3UIIMOHHBIH IJIaH.

B OLIKII Bxogsat: siapo - uian [Id3 ¢ NO= 2n Toukamu 1urana, n0 (oaHa 71 3TOTO IJIaHA) IIEH-

x=0i=123 »
TpajbHas TOYKA IJIaHA I: i : 2 )I/I 10 JIBE “3BE€3AHBIC” TOYKH I KaXa0ro pakropa

x; =ta, xj-=[:l, i=1...n ji=1..» i=z]

& mevo “3Be3gHBIX” TOYEK.
[Tpu 3TOM B KaXKJI0# IJIOCKOCTH, Cofiepkaiieii och Y U KOOPAMHATHYIO OCh 1-TOro (pakTopa

(mpoxoasiiieit uepe3 EHTp IUIaHa), OKa3bIBAIOTCS TPH 3HaUeHUs (akTopa xi (-a 0. +a

COOTBETCTBYIOIIMX 3HAYCHUS Y.
Oo6mmee kommuectBo Touek B mtane OLIKII cocTaBsier

N=2"+2n+n,

rae aias OLKII n0=1.
ITpu n > 2 B OLIKII oka3biBaeTCsi MEHbILIEE KOJIMYECTBO TOUEK, 4eM B miaHe [1PD 3n .
Yucno Touek B I1aHe

U TpU

n 2345 6
OLIKIT 9152543 77
[1dD 3292781243729
I'paduueckoe npeacrasienne OLIKII qs n=3 npuBeaeHo Ha puc. 13.
.1‘3
ol b
/ i 1 /T
- o
. 0 e X
o
[ ﬂ; ]

Puc. 13. OUKII npu n=3
J171st OpTOTOHAIBHOTO TUTaHA HEOOXO0MMO, YTOOBI BRIMOIHSIIOCH COOTHOIICHUE

Jid
Z Kok = 0

=l

Tor=1 .
Tak kak 07 ~ ° to must crondios j=1, 2,...., m+1 JOIKHO BBIMOIHITHCS YCIOBUE

i
Z X =0
-1 _



3T0 03HaYaET HEOOXOAUMOCTD BBITOJHEHHS TPEOOBAHUS, YTOOBI CyMMa 3JIEMEHTOB JIF0OOTO
croiiona (kpome j=0), BKIrOUask CTOJIOIBI, COOTBETCTBYIOINE KBaJpaTaM (pakTopa, 10JKHA OBITH
paBHa HYJI0. DTO BO3MOXKHO, €CJIM WICHBI CTOJIOIOB, COOTBETCTBYIOIIMX KBaApaTaM (aKkTOpOB,
npeoOpa3oBaHbl, THAYE€ CyMMa KBaJpaToB (PAaKTOPOB HE MOKET OBITh PaBHA HYJIIO.

[IpeobpazoBaHue 37€MEHTOB ITHX CTOJIOIIOB OCYIIECTBISETCS B BUIC

f — —_

IJie @ — BEJIMYMHA, 3aBUCAIIAS OT YHcia (DaKTOPOB.
CymMa 351eMeHTOB CT0JIOIa, COOTBETCTBYIOIIETO KBaJpaTaM (paKkTOpoB

N N N
Zx;-g :Z(xﬁg—a:l:Zx?U—N-a: ]
-l -l .

[
Otkyna

i
> Fu
o = Ul
N
B o0miem cirydae opToroHambHBIN HEHTPATBHO-KOMITO3UIIMOHHEIH IJ1aH pu TpeX (n) GpakTopoB
UMEET CIIeAYIOIINUNA BUA

Ulxe | x| %2 X3 | xpxy | xpxs| xexe | xpxaxs i;]E_a :;:;? a ;:2__& y
o, 1 [+1] -1 | -1 1 H1+H1 ] H -1 1-a l1-a l-a | Fr
s a |+ 1-a | 1-a | 1-a | 2
Eg 3|+ -1 | +1 | -1 | -1 +1]-1] + 1-a | 1-a | 1-a | Iz
s 2 (4 [F|FL [+ [0 [+ ] 1] -1] -1 1-a | 1-a | 1-a | e
Ha, [5]+¥1| A A [ F |+ |1 -1] #1 | 1-a | 1-a | 1-a | ¥s
E% s+l +1 |+t ]+ ]-1] 1-a | 1-a | 1-a | Fs
g (7T H ] -1 ] -1 ]+ -1 l-a | 1-a | 1-a | 7
I gl+1|+1 [+ [ H [+ ]+1]+1] H 1-a | 1-a | 1-a | Fs
- 9 [+l|-| 0|0 |0]0]aO0 0 2| -2 .a | Iy
%Q Wi+l|+a| 0| 0| 0 o]0 0 —-a -a -a Fro
g M[+xifo]-al0[0]0]o0 0 2 |a-a| -a | Y
e M2[+1] 0 |[+a| 0 |0 | 0] 0| 0 2 |ai-al| a | Tn
S8 B[+l oloalololo] 0 | = 2 |&-a| 115
& M4+l 0 |0 |[+2| 0 | OO 0 2 -a |aP-a| Yie
Hyaesan | 15101l o o] o]ofo]o 0 -a -a ca | ¥is
TOHERA
N
Yrg |- |glOo OO0 ]0]|o0 0 0 i 0
ir=l
N L Y 1 _ a2
Yav |- || 2+2 4 STy Y
Tl +a {2n=2L)+u,a

B OLIKII xaxnprit pakrop pukcupyercs, B 001IeM ciiydyae, Ha ISTH ypoBHax (- &, -1, 0, 1, + &),

€69

Jlns onpenienieHust HEM3BECTHBIX “a” 1 *“ & Hy)KHO C(POPMHUPOBATH M PELIUTH CUCTEMY M3 JIBYX

(Y92

ypaBHeHuit. OTHO M3 HUX JJIS “a” MBI 3aIKMcalld paHHee. J[pyroe ypaBHEHHE TOJIYYUM U3 YCIIO-
r r
BHSI OPTOTOHAIIBHOCTH JUISL CTOJIOIOB 4 11 5
a7
2 2 2 2
> Xy xhy = MNyl-a) —43(& - a:|+a (22— 4)+npa’ =0

=l

N=MN+ent+tnm

[Tocne npocTeiiux npeoOpa3oBaHUii ¢ y4eTOM TOT0, YTO oO11ee yucio

OIIBITOB B rmaHe, HOJ‘Iy‘I&GM COOTHOIIICHUC
M N +2ad

Mo _ oMo TS i
N



CootHorenue ajis a npu j=1, 2 wim 3 MOXKeT OBITh 3alMCaHO KaK (CM. TUIaH)

A
pg: .?U 2
= B MNy+2-a
NN
HO,I[CTaBI/IB €ro B I1OCJICAHECC ypaBHeHI/Ie nonyqaeM

M
L2 at+at=0
N

OTKY/1a KOHCTaHTa MpeoOpa3oBaHus a

a_$&_ 2"
VN 2+ 2o+,

Torna

Ny+zat N
N T

U IJICYO0 3BE3AHBIX TOUCK

a:J%( Wb, - M)

Hanpuwmep, nst OLIKII npu uncne pakTopoB n=3 umeeM CIICAYIONINE TapaMeTphI IUIaHa
Ny=2"=8, N=8+13+1=15

a=_J%srs 073 a= %(415-8—8)931,215

1-a=027, -a=-073, a’-a=1215-073=075

Cam miaH IpuHUMAET BU]T

) o xj X3 Xz ;‘: xxg | Aaxs I‘r:ﬂ xa xs e v
1 +1 -1 -1 -1 +1 | +] +1 -1 027 1027 | 027 | Fs
2 +1 +1 -1 -1 1 -1 +1 +1 | 027 1027|027 | 5
3 +1 -1 +1 -1 1+ -1 +1 (027|027 [ 027 | ¥y
4 +1 +1 +1 -1 +1| -1 -1 -1 027 | 027|027 | ¥y
5 +1 -1 -1 +1 +1 | -1 -1 +1 | 027 | 027 | 027 | Fs
6 +1 +1 -1 +1 -1 +1 -1 -1 027 | 027|027 | ¥s
7 +1 -1 +1 +1 1] -1 +1 -1 027 1027 | 027 | ¥
8 +1 +1 +1 +1 +1 | +1 +1 +1 | 027|027 | 027 | Fs
9 +1 |-1,215 0 ] 0 0 0 0 075 |-073-073] ¥
10 +1 [+1,215 0 ] ] 0 0 0 075 |-07321-0,73| Fro
11 +1 0 -1,215 0 0 0 0 0 |-073]| 075 |-073]| Fi;
12 +1 1] +1,215 0 1] 0 0 0 |-073| 075 |-073| Fiz
12 +1 0 0 -1,215 | 0 0 0 0 |-073|-073 075 | s
14 +1 1] ] +1,215| 0 0 0 0 |-073|-073|075| ¥
15 +1 1] 0 0 0 0 0 0 |-073|-073|-073| Fis

w

wa N 0 0 0 0 0 0 0 0 0 0

U=l

W

E.tﬁ,- 15 10,952 8 43727

[

O4eBUIHO, UTO IJIaH SBJIAETCS OPTOrOHANBHBIM. B oTiinune ot miianos 1M minsa OLIKII cymma
KBaJIpaToB (DaKTOPOB Pa3HbIX CTOJIOILIOB HE SIBISIETCS OJIMHAKOBOM.
[To pe3ynbpTaram OnbITOB MJIaHa (OPMHUPYETCS MTOJTUHOM



¥= By +hyx thox, hiox thoxx Hhaa s Hharna +
2 2 3
+h XXy x; T (xl - a)"'f’s (xz - a)+bﬁ (x3 - a)

oo by, by By By, g g By, By B

Koaddunments nonuHoma "8 onpenensercs Kak

N
Z?%UFU

=01
Z xz'g g
=l
MoskHO peodpa3oBaTh MOJIMHOM K BUIY
FP=5& +bx) +byxy + x5 +Bpx %, + B X% + 2 Xy Xy X X Xs + By xf +E:'5x§ + A x§
rae
hi=b,—b, a+h a—b;a
3navenus napamerpoB OLIKIT npu uncne dhakTopo n
1 2 3 4 5 o 7 8
o 1 1,215 11,414 | 1,596 | 1,761 | 1,909 | 2,045
a 0667 0,73 | 08 0,86 | 091 | 0,946 | 0,968
N 9 15 25 43 77 143 273

ITpu n =2 OLKII coBnagaet ¢ mianom 1D 23. 3e3anbie Touku OLIKII B aTOM cnyuae nexar
Ha rpaHuIax BapbupoBanus paxkropos. Eciu Touku mnana [1OD 2n Bceraa nexaT Ha OKPYKHO-
cTH (IMOBEPXHOCTH I1apa, rumnepuapa), To Touku rwiana OLIKII He nexxaT Ha kakoil-nubo oaHoM
OKPY>KHOCTH (ITOBEpXHOCTH Imapa, runepiiapa). [Inman OLIKII He siisiercst HackimeHHsM. Tak,
HampuMep, s n = 3 MOJIMHOM MUMEET OJIMHHAANATH YWIEHOB CO CBOMMH KO3 uimentamu, HO
JUTSL X OTIPEICIICHUSI UCTIONB3YIOTCS MSTHAAATH OIBITOB.

[Tpumep mana OLKII qist n = 2.

[Mapametpsr utana NO=4, N=9, &'=1,a=2/3, 1-a=1/3, -a=-2/3, &' —a=-2/3 JMcnons3oBan
paccMmoTpeHHbIH paHee TiaH [1OD 22 ¢ mobaBneHHBIME OTIBITAMU S5-9.

u xo | x5 | 2o | xpea | xi=x]-a | xj=x]-a ¥ ¥ ]I?—I"|
1 [+ 1] 1] 1 13 13 6 |583| 0.17
2 (#1411 -1 13 13 3 (283 0.17
3 (+1]1|+1] -1 13 13 4 [417] 017
4 | +1]F1+1] 1 13 13 7 (7.17] 0,17
5 [+1/1]|0| 0 173 273 515 | 0
6 |+1]|+1|0| o 13 213 515 | o
7 [+1] 0 |-1] 0 27 13 1 133 ] 033
8 |+1]0 |+1] 0 273 13 3 [267] 033
9 (+1] 00| 0 27 273 2 2] o0
st lol6|6]| 4 2 2
=l

KoadduimenTs moTmHOMAa COCTABISIOT

o
¥,
2, 7h 6434HA+THS 14342

b —
! g

=73
Z xgzr
ol

4




 —64+3-447-5+5+0.140.340.2

0
& c ’
b, _T6-3+447-0.5405-14340-2_ oo
6 ;
6-3-4+7

= - =15
By p 7.
b, = 1{3[6+3+4+?+5+5)—2,.’3[1+3+2)_3

6 (1730 +3(2/3)°

. 1/3(64+3+4+T7+143)-2/3(5+5+2) 0
= -

2

IMTonuaom IIPUHHUMACT BHU]
P =440 x,+0,67x +3x —0,67)+0. [x2 - 0,67)+1,5x,x, = 240,67z, + 327 +15x.x,

(Panee mo mnany [1®3 22 6611 chopMUpOBaH MOTUHOM F=5+05x, +1557,

Paccuuranfasie 3HaYCHUS ¥ 110 IOJIMHOMY IIPUBCACHBLI B IIJIAHC. Taxoxe IMPUBCACHBI BEJIMYHNHBI
[P ~ T i

, HOATBCPKAAOIINEC JOCTATOYHO BBICOKYIO TOYHOCTD ITOJIMHOMA. Tak B LOCHTPAJIbHOU
TOYKC IIJIaHa, B OTJIMYUC OT CIy4dasa MPUMCHCHUS IIJIaHA 1§ (€] 22, paCXO)KI[eHI/Iﬁ HCT.

8. PororadesibHbIE JIAHBI

PororabenpHbIE IIaHEBL — 3TO IUIaHbI, Y KOTOPBIX TOYKH IIJIaHA PACIIOJIaraoTCsa Ha OKPYKHOCTAX
(cepax, runepcdepax). Y poroTabenbHOro IIaHa NepBoOro Nopsaka TOUKHU IJIaHa pacrojara-
I0TCS HA OJTHOM OKpY)HOCTH (chepe, runiepcdepe) ¢ paauycom R

"
Z xf}r = const = R
\I il

,
rae V=I,..., N - Homep TOYKH 1J1aHa, i =1,..., n — HoMep dakTopa.

B Takom ciydae TOYHOCTB OIleHHBaHMs PYHKIIMU OTKJIMKA T10 JIF0OOMY HanpaBleHUIo (hakTop-
HOTO TTPOCTPAHCTBA (IJI BCEX TOYEK TIaHa) OJMHAKOBAs.

PoToTabenbHblIii M1aH MOXKET OBITh CHMMETPUYHBIM, KOTJIa TOYKH TUJIaHA PACIIONAraroTCsl CHM-
METpPUYHO ApyT apyra. PaccmoTpennsiii panee miad [1DD 2n — poroTabenbHbI CHMMETPUYHBIN
IUTaH MEePBOTO MOPSIIKA.

VY poToTabenbHBIX TUIAHOB BTOPOTO MOPSIKA TOUYKH TIJIaHA PACTIOIararoTcsl Ha ABYX KOHIIEHTPHU-
yeckux runepcdepax ¢ paguycamu R1 u R2 . B Takux minanax

Ed
2 _ —
2 iy = coust; = R,

i=1

ma V=1,.,NOun

»
JZ x4 = const, = R,
i1

mst W=1,..., n0,

rae V u W — Tekylye HoMepa TouYeK IUlaHa B IBYX MOAMHOecTBax onbIToB NO 1 n0 u3 ux o6-
niero kojaudectsa N, OTHOCSIIUXCS K IBYM pa3HbIM KOHIIeHTpudeckuM cepam. OnHa u3 coep
MOYET OBITh BBIPOKJIEHHOH, Korna R2=0. PaccMoTpeHHBI paHee OpTOroHaIbHBIN IIEHTPaIbHO-
KOMITIO3UIIMOHHBIN 1m1aH BToporo nopsaaka (OLIKII) He sBisercs poToTaGeNbHBIM JIAHOM, TaK
KaK €ro TOYKH JIe)KaT Ha TpeX KOHIEHTPUUIECKUX OKPYXKHOCTSX (chepax, runepcdepax). [Ipu
n=2 3T0 OYE€BUIHO U3 puc. 14. “3Be3nHbIC” TOUKM IUIaHa U TOUKH M1aHa [ID 2n nexar Ha pas-
HBIX OKPY’KHOCTSIX.
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Puc. 14. Pacnonoxenue touek OLKII Ha Tpex okpyKHOCTSIX

PoToTabenbHblii 11aH MOXKET OBITh OPTOTOHATBHBIM, €CITU BBITIOJIHSIETCS YCIOBUE
b

Z X Ky = U

ir=1 ,

e - L...m 4= L...m , mza TF 0 gomepa cToNOLOB MLIaHA.

PoToTabenbHblif OPTOrOHAIBHBIN [IEHTPAIbHO-KOMIIO3UIIMOHHBIN TIJ1aH

PoToTtabenbHblil OpTOroHaNnbHbIN IIEHTpanbHO-KoMI03uIMOHHBIH aH (POLKII) ctpoutcs ana-

noruyHo paccMoTpeHHomy paHee OLIKII. K ucnonb3zoBanHOMY B kKauecTBe siapa miany [1O3 2n

N00aBIISIOTCS “3BE3HBIC’ TOYKH - IO BE HA Kbl ()aKTOp M HECKOJIBKO TOUYEK B IIEHTPE TIa-

Ha. “3Be3/IHbIe” TOUKH JOJKHBI PACIIOIaraThCsl Ha MOBEPXHOCTHU runepcdepsl ¢ paanycom R, Ha

KOTOPOIA JIexaT 1 TOUKH 1iana [1DD 2n, To eCTh BeIMYKHA ILIeua “3Be3aHbIX” Toyek & nomkHa

paBHATHCS paguycy R. 9To MoxkeT ObITh 00ecrieueHo, MPH BBIITOJIHEHUH YCIOBUS OPTOTOHAIIb-

HOCTH, TOJILKO IPU COOTBETCTBYIOLLEM BbIOOpE YKciia HAOIIOJEHUM B LIEHTPaJIbHOM (HYJI€BOIT)

touke iada n0. J{ims POLIKII n0 3aBucut ot uncia dpakropor n. Hamomuum, uto B OLIKII n0 =

1 nist moGoro yucna n.

Panuyc cdepsl, Ha kKoTOpoil nexat Touku miaana [IOD 2n mpu 1ByX ypOBHSIX BapbUPOBAHUS

akTopos ¢ auanazonom t 1 cocraBnser (puc. 15)

X
oy
£ r’i+]-__x/_
. N ¢ L. %
i A s a e e
1\-%_--/’,. ‘\-\%:-:__-_-;(f
a) &) B)

Puc. 15. Panuyc okpyxxHocTH (cdepbl), Ha KOTOPOH jekaT Touku Iutana [1d3 2n npu auanasone
BapbHUpoBaHUs GakTopoB oT —1 j10 +1:

a)-n=1, R=~1=1;
6) - n=2 R=42=1414.
B) - N=3 R=.3=1732

R=+/n

Takum ob6paszom, npu noctpoerru POLIKII ¢ sinpom u3 mana [1OD 2n nieyo “3Be3aHBIX” TOUYEK
OTIpeNIeNIeTCs YUCIIOM (DaKTOpOB

a=-n

PanHee npu onpeneneHny napaMeTpoB OPTOTOHAILHOTO KOMIIO3ULIMOHHOI'O IJIaHAa BTOPOTO 10-
psaka c sapoM u3 mia”a [1PD 2n 6b110 MoTyueHo



a:J%( NN, - N,)

N, =2"

rae - YucI0 To4ek miaHa [1DD,

N=MN +2u+a
- MIOJTHOE YMCJI0 TOYEK KOMITO3MIIMOHHOTO IIJIaHa BTOPOTO MOPSIKA,

a= N, [N

of KOHCTaHTa MpeoOpa3oBaHus 3JIEMEHTOB CTOJIOLIOB, COOTBETCTBYIOIUX KBapaTamMm
(bakTopoB.
B srom ciywae mis POLIKII uncino HaGmoieHrid B IEHTPE TUTaHa

2
%y =42i¥+2?2

Ecnu n0 He nenoe, To Mpu NpakTUYECKOM ITOCTPOCHUH IIJIaHA €r0 OKPYTJISIOT JI0 LIEeJI0ro, HO
CBOMCTBO OPTOrOHAJILHOCTH IIJIaHA HAapYLIAeTCs.
[TapameTpst POLIKII B 3aBucHMOCTH OT uncia (GakTOpOB

" 1 | 2 3 4 5 6 7 B
a=n 1 (1414 1,732 | 2 [2236] 245 | 2,646 | 2.3
2
o 4; w22 | 4 | 8 10,5 | 12 | 13,13 |1425| 1553 | 17
N, = 2" 2 | 4 8 16 | 32 | 64 | 128 | 2%
N & | 16 | 245 | 36 |55,13| 90 | 157,55 | 289
a= N /¥ 05| 05 | 0574 |067]| 0,76 | 0,84 | 09 | 0,94

B [1] 6e3 BeiBona anst POLIKII pexomenyeTcs mpuHUMATh
1

o = Ny = (2)F = 20

Torna

w+d

ng =4-2n+27
[Tapamerpsr POLIKII o [1]

N 1 2 3 4 5 6 7
oo of 1,189 | 1414 | 1,682 | 2 | 2378 |2,838| 3364 | 4
2y =420+ 5 | 766 | 8 | 931 | 12 [1663| 24 | 3325 | 52
N 11,66 | 16 |2331| 36 | 58,63 | 100 | 177,25 | 324
2 0414 | 05 | 0,586 0,570,739 | 0.8 | 0,85 | 0,889

[Tpumep poTOTabETBHOIO OPTOrOHAIBHOTO LIEHTPATBHO-KOMITO3UIIMOHHOTO IJIaHa Ui h = 2.
[Tapamerpsl nmana:

@=-{2=1414, ny=8, N,=2°=4, N=2"42.2+n, =16,

(3
a= E”:U,ﬂ, l-a=035, —a=-05, a'-a=2-0,5=15

Her HEeoO6xoaumocTu mpoBOIMTE BOCEMb pa3 (To4ku ¢ 9 1o 16) onbITH B IIeHTpe TiaHa. J{ocra-
TOYHO MTPOBECTH ITOT OMBIT OJIMH Pa3 U 3amucaTh pe3yJabTaT BO BCEe BOCEMb CTPOK. CTPOKH co-
KpaliaTh Helb3s, TAK KaK HAPYIIA€TCs CBOMCTBO OPTOTOHAILHOCTH, U KOA(D(DHUITUEHTHI TOTUHO-
Ma OyAyT oIpe/ieseHbl HEBEPHO.

KoadduninenTsr kBaApaTUUIHOTO MOJMHOMA PACCUUTAIOTCS, KaK M paHee.

Hcnonms30BaH paccMOTpeHHBIH paHee miad [1DD 22 ¢ nobaBiIeHHBIME OnbITaMu 5-16.



Ulxg| = X3 | xpe| x=xi-a |axi=x-a vl ? |?—J"|
NI 1| +1 0.5 0,5 6 | 5,146 | 0,854
NPT S 0,5 0,5 3 | 2,146 | 0,854
g [3]xa] 1 +H | -1 0,5 0,5 41335065

41 +1 |+ 0,5 0,5 7 | 635 | 0,65
w 51+ -1,414 0 0 1.5 0.5 5 ) 575|075
EE 6 [+1|+1,414| 0 0 1.5 0,5 5| 575 | 0,75
g8[7[#] 0 | 14| o0 | 05 L5 | 1] 19 | 09
= |&|x| o [+414] 0 0,5 1,5 3|36 | 06
g [O[H] 0 0 | 0 -0,5 05 | 2| 2 0
= [10]4] o 0 [0 -0,5 05 2] 2 0
s [11[+H] o 0 [0 -0,5 05 [2] 2 0
E 12 |+ 0 0 0 0.5 0.5 2 2 0
g |13 |41 Q L] 0 0.5 0.5 2 2 0
E 14|+ 0 0 | 0 0,5 05 | 2| 2 0
g [15[+1] o 0 | o0 0,5 05 | 2] 2 0
H |+ o 0 0 0,5 -0.,5 2| 2 0
N
Yre (16| 0 0 0 0 0
ix,’u 16| 8 8 4 8 8
[F=]
gn=5+3+4+?+5+5+1+3+2'8=E=3,125

16 16 ,
o 64374475 141445 1414410 0 _ 0 _
: 4.1% +2(1.414)* +10. 07 8 g, = 0,6035
, 6-3-4+7+412.0 .,
12 413 : ’

05(6+3+4+7)+15(5+5)-05(1+3+8.2) 15

14.0,5 +2.15 8

056 +3+4+7)-0505+5)+151+3)-05.2.8

€3 = . = 0375

TTomuaOM MMPUHHUMACT BHU/
Proqn = by + b3 +by 3, +hymxy +by (2 a4 by (xd —a)= 3125+0. 5 +0,6035x, +1,5x,x, +

+1875(x% - 0,5)+0,375(x - 0,5)= 2+ 0. x, +0,6035x, +15x,x, + 187557 4+ 0.375x3

Paccunrannblie 3HaUeHUs QYHKIIUU U PACXOXKICHUS C ONBITHBIMU JTaHHBIMH MPEICTABICHBI B
MIPEANOCIEAHEM U TIOCTEHEM CTONOIAX IJIaHa.

Panee g OLIKII, mpu HECKOIBKO OTJIMYAIOIIEHCS MOBEPXHOCTU (DYHKITUH, OBLT TIOTy4YeH OTH3-
KU IIOJIMHOM B BUJIE

Poger =2+0 x +0,67x, +15x,%, + 35 +0.x;

Jnst n=2 yucno 4ieHoB KBaapaTH4HOro noiauHoma coctasisier mects. B OLKIT u POLKII He-
00X0AMMO MPOBECTH ACBATH OTIMYAIOIIUXCS OTIBITOB TIPH TISITH YPOBHSAX BapbUpPOBaHUs (HaKTo-
poB. [Toaromy OLIKIIT u POLIKII - HeHachIeHHBIE M1aHbl. Takoe YUCI0 SKCHEPUMEHTAIbHBIX
TOYEK MOXKET OBITh UCTIOJIB30BAHO JIJISl IOCTPOCHUS, HAIPUMED, KYOMYHBIX TTOJIMHOMOB.

9. ILs1aHbBI BTOPOTo MOPAIKA C eAMHUYHOMH 00/1aCTHI0 IVIAHUPOBAHUS
Tax kak OIIKIT u POLIKII - KOMITO3UITMOHHBIE TIAHBI, TO TIPH €CTECTBEHHOW 00JaCTH MIJIaHUPO-
BaHMs ‘3BE€3HBIC” TOYKH MOTYT BBIXOAHUTH 3a MPEAEIIbl €IMHNYHOTO TUIIEPKYO0a U TUHUIHOTO



THUIICpIIapa. I[J'ISI BITMCBHIBAHUA I1JIaHA B 06HaCTL CAMHUYHOI'O runcpuiapa HCOGXOIII/IMO U3MCHUTH
3Ha4YeHHUE (PAKTOPOB IMyTEM YMHOKEHHUS UX Ha KO HUIIHECHT

=1
Vi
Tak npu #= 2,
C oz = Coger = %@ = 0,707

3navenue paxtopoB B OLIKII u POLIKII npu nepexoe OT ecTeCTBEHHON 00JIacTH IJIaHUPOBA-
HUS K €IMHUYHOMY T'MIIepIapy, npu n = 2.

U OITKII FIIKTI
X &g 3 Xy
1 -0,707 0,707 0,707 -0,707
2 +0,707 | -0,707 | +0,707 -0,707
3 -0,707 +0,707 0,707 +0,707
4 +0,707 | +0,707 | 40,707 | +0,707
3 0,707 0 -1 0
6 +0,707 0 +1 0
7 0 0,707 ] -1
g ] +0,707 0 +1
9 0 0 0 0
10 - 0 0
11 - 0 0
12 - ] 0
13 - 0 0
14 - 0 0
15 - ] 0
16 - ] 0

MoryT HucIonb30BaThes POTOTA0ETbHBIE TUIAHBI C TOUKAMH TJ1aHa B BEPIIMHAX APYTUX, KPOME
KBajpara (Kyoa, cynepkyoOa), MpaBUIbHBIX MHOTOTPAHHUKOB, BIIMCAHHBIX B 00JIaCTh €AMHUYIHO-
ro Kpyra (mapa, runepiiapa). B porotabensHoM mane Ha ocHOBe NO-yroibHHKa MPUCYTCTBYIOT
NO oTnMuarmuxcs TOYeK Ha OKPYKHOCTH, ¢ paanycoM R1=1, u n0 coBnagaronux To4eK B 1IeH-
Tpe 1iana, ¢ paauycom R2=0. [Tpu n=2 qy1s KBagpaTUYHOTO MOJIMHOMA MPU HIECTH €0 YJIEHAX
YUCJIO OTJIMYAOIIMXCS TOUEK TUIaHa TOJKHO OBITh HE MEHee IIecTH. B rranax Ha OCHOBE MATH-
yroJIbHHUKA ([IECTUYTOJIbHUKA HIIM CEMUYTOJbHUKA) MPUCYTCTBYIOT 6 (7 WM 8) OTIIMYAOLTUXCS
touek, uto MeHbIe yem B OLIKII u POLIKTI, y koTopbix 9 otnnuaromuxcst Touek. [Ipu cooTBeT-
CTBYIOIIIEM BBIOOPE MHOTOYTOJIEHUKA MOKHO C(POPMUPOBATH HACHIIIICHHBIN POTOTA0EIbHBIH
TJIaH BTOPOTO MOPsiiKa. 3HaueHus (PaKTOpOB B TOUKAX TUIAHA OMPEACIISIIOTCS TUIIOM MHOTO-
YTOJIbHUKA.

PoroTabenbHbIi T71aH HA OCHOBE MTPaBUIILHOTO MHOTOYTOJIBHUKA MTPU N=2.
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Koncranra Hp606pa3OBaHI/I$I JJICMCHTOB CTOJ'IGI_[OB, COOTBCTCTBYIOIIHUX KBaJApaTaM (1)3KTOp0B,
JJIs1 BCEX HOHO6HHX IIJIAHOB COCTABJIACT
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[Tocne HecnokHBIX TPeoOpa30BaHMI OHO CBOJMUTCS K TPEOOBAHUIO
2

N
01254, — 0,25?' =0

YTO BBIMIOJHACTCA ITPU YCJIOBUH B TAKHX ITJIaHAX
N, 1

M2
u cinepoBarenbHO NO=n0=0,5N .
TakuM 00pa3oM YUCIIO TOYEK B IICHTPE TIaHa JJIsl BCEX MOJAO0HBIX IIAHOB PABHO YUCIY TOYECK
Ha TTOBEPXHOCTH €AMHUYHOTO THUTIEPIIapa U OTPEIEISIETCS TUHIIOM HCTIOJIb30BAaHHOTO MHOTO-
rpaHHUKA.
KoHncranTa npeobpazoBanus i BCeX MOA00HBIX MIaHOB cocTaBisieT a=0,25.
Hampumep, B poToTabenbHOM MIIaHe TMpU N=2 Ha OCHOBE MPABUIHHOTO IECTHYTOJIbHUKA TIPH-
CYTCTBYIOT 7 oTnnyaromuxcs Todek: NO=6 Touek Ha eIMHUYHON OKpYXHOCTH U n0=6 coBma-
JAIONINX TOYEK B IIEHTpe TutaHa (puc. 16).



Puc. 16. PoroTabenbHbIi TUIaH MpU N =2 Ha OCHOBE NPABUJILHOTO IIECTUYTOJbHUKA

31ech MpH MOCTPOSHHH TUIaHA MIEPBBIN (haKTOp BaphUPYETCs HA MATH YPOBHSX, @ BTOPOH — HA
TpeX ypPOBHSIX.

PoroTtabenbHblil I1aH Npu n=2 Ha OCHOBE IIECTUYTOJbHUKA

b _ a
Ulx | o | Da=R|m=xx| 0 2‘2 T | xs=x2-025
iml »
1 | 1 0 |10 0 0,75 -0,25
2 |05 0866 | 1,0 0,433 0 0,5
N, 3 |0,5] 0,866 | 1,0 R, -0,433 0 0,5
4 | -1 0 |10 0 0,75 -0,25
5 |0,5|-0,86 | 1,0 0,433 0 0,5
6 | 0,5 -0,86 | 1,0 0,433 0 0,5
7| 0 0 |00 0 -0,25 -0,25
g8 | 0 0 |00 0 -0,25 -0,25
o 1210 0 |00 . 0 -0,25 -0,25
10| 0 0 |00 0 0,25 20,25
11 ] 0 0 |00 0 -0,25 -0,25
12] o 0 |00 0 -0,25 -0,25
A
Z Xigr 0 0 0 0 0
M=l
i
S 3,0 3,0 0,75 1,5 1,5
=l

CymiecTBYIOT poToTabeNbHbIE MIIaHB, I7ie 00a paguyca He HyJeBble. [Ipu 3ToM KoIu4ecTBo TO-
YeK Ha KaKJ10i MOBEPXHOCTH M OTHOIIEHUE PaUyCOB CBSI3AHBI.
Uucna To4ek OKpY>KHOCTEH POTOTAOEIBHOTO MJIaHA M OTHOIIECHUE X PAJNYCOB

Uneno :lﬂ'{EKBHH]]HH{ 6 7 g 7 g g
OKPYAHOCTH (1)

UHCIO TOEK BHYTPEHHeH | g g 6 | 6 .
OKDYHHOCTH (77g) I R

OtHometse pUIHYCOR | o 001 | 0967 [ 0304 | 0,189 | 025 | 0,176
OKpy:EHOCTEH (R4/R;)

[Tpumep Taxoro mnana npu n=2, NO=8, n0=6, R2 / R1=0,25
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Puc. 17. PorotabenpHbli mIaH ¢ ABYMS HEBBIPOKICHHBIMH OKPYKHOCTSMHU.



