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OBLUAA YACTb

JlaGopaTopHeiii mpakTHKyM Kypca «JlHHAMHWKAa W MPOYHOCTH METAILTYp-
THYECKUX MalHH) HaMpaBlIcH HA 3aKpeIUICHUE TEOPeTUYECKUX 3HAHWH M MpH-
obpeTeHHNe TPaKTHYECKUX HABBIKOB TIPH HMCCIE/0BAaHUM JHHAMHYECKHX MpO-
LIECCOB B MEXAHUYECKHUX CHCTEMAaX, OIICHKE YCTAJIOCTHOH IPOYHOCTH H JOJTO-
BEYHOCTH JACTalel METAIULyPTHYECKUX MALIWH.

B xone BHITONHEHMS Ta00paTOPHBIX paboT CTYJACHTHI W3YYalOT METOJbI
SKCTIEPUMEHTAILHOTO W TEOPETHYECKOTO HCCIICAOBAHUA JAMHAMUYECKHX TIPO-
LIECCOB, CXEMAaTH3aLUM CIyqaifHIX MpPOLECCOB, PAaCYETOB HA YCTAJIOCTHYIO
MPOYHOCTh U JIOJITOBEYHOCTH, MPOU3BO/A aHAIU3 TMONYYCHHBIX PE3YNIBTaTOB.
BrInonHeHHe CTaTUCTHYECKHX HCCIEe[OBAHMIT OTpaHMYEHHON [0JITOBEYHOCTH
JeTajeil MeTaUTyprHieCKiX MAallWH 10 KPUTEPHIO YCTAJIOCTHOTO Pa3pyLICHHS
TpeaycMaTpuBaeT paszpaboTKy MporpaMM M HMX YHCICHHYK pealH3aluio C

HCIoJIb30BaHHeM DBM.

lpaeuna ebinonHeHust nabopamopHbix pabom

1. JlaGoparopHsie paboThl BBIIOIHSIOTCA COOTBETCTBCHHO YTBEPHKICH-
HOMY TpaduKy, KOTOpBIi BBHIBELIMBAETCA HA JOCKE 00BABICHHUI Kadeapsl.

2. K BemonHeHH10 TabopaTopHoit paboThl NOMYCKArOTCS CTYISHTHI, KOTO-
phie 03HAKOMHJIHCH C €€ COACPKaHUEM W BBHIYUHIH COOTBETCTBYIOLIHE Pa3/Ieibl
TEOPETHUECKOTO Kypca.

3. PaGoThl BHITIONHAKOTCS B MOCEAOBATENBHOCTH, YKA3aHHONW B METO/IH-
YeCKUX YKA3aHHUSIX.

4. TTo okOH4YaHHH PaGOTHI CTYACHTHI JOJDKHBI MOKA3aTh MONYUYCHHBIC pe-
3yJBTAThl MPEMOAABATENIO.

5. Ipu 3ammTe mabopaTopHOit padOTHl CTYACHT AOJKHEIN 3HATH OCHOB-
HBIC TEOPETHUCCKHE TOJOKECHHUA TI0 NaHHOH paoTe M yMeTh aHATH3HPOBATh
MOy YEHHBIC PE3YIBTATEI.

6. K BemonHeHH10 TabopaTopHoit paboThl NOMYyCKArOTCS CTYISHTHI, KOTO-

PphI€ TIPOLIUIH HHCTPYKTAXK MO TEXHUKE O€30TTaCHOCTH.



Mpaeuna mexHuku 6e3onacHocmu

1. He BmOYATh B CETh JEKTPHYECKHE TMPHOOPHI 6e3 paspereHus mpe-
nojasatesil WK yueGHOro Macrepa.

2. Ilepen BKIOYEHHEM SIEKTPUYECKUX TPHOOPOB B CETh TPOBEPUTH WX
3a3eMIICHHE.

3. Tlocne mposeneHus madopaTopHoit paboOThl OTKIKOYHTH TMPHOOPHI OT
HUCTOYHMKA TTUTAHUS.

4. Tlpu BBHISBICHHWH HEHCIPAaBHOTO OOOpPYIOBAaHHSA COOOLIMTH 00 3TOM
MPEeTo1aBaTeliio Wik yueOHOMY MacTepy.

5. 3anpelaercs BCTaBaTh cO cBoero padodero Mecra WM NepeXoJUTh Ha
Apyroe 0e3 paspellieHus IpenojaBareris.

6. PaGouee MecTo HEOOXOAUMO JICPKATH B YUCTOTE M TIOPSIKE.

Ob6uwue ykasaHusi U3 ebINO/IHeHUsI om4yemos

1. Otuetsl o JabopaTopHBIX paboTax BHITMOTHAIOTCS B COOTBETCTBYIOLIEH
TeTpagd B TOPSAAKE WX OYEPEAHOCTH M TIOKA3BIBAIOTCS TPETOABATENIO TPH
BBICTABJICHUH 3a4€Ta.

2. OT4eT BKIIIOYaeT HAUMEHOBaHWE M Lelb paboThl, OCHOBHBIE TEOPETH-
YeckHe TOJIOKEHHA TMo JaHHOW mpoliieMe, TOPAAOK TIPOBEJSHUS HCCIEN0Ba-
HUMH, HeOOX0MMBIE PaCUEThl, TOIYYEHHBIE PE3YIIbTATH H BBIBOJIBI.

3. Kommu ocuwwrorpamMMm W Tpaduku PEKOMEHAYETCS BBITIONHITH Ha

MI/IJ'[J'[I/IMGTpOBOﬁ 6yMare C IPUMCHCHUEM YCPTCKHBIX HpPIHa}]JIe)KHOCTeﬁ.



1 JTabopamopHas paboma Ne1
SkcnepumeHmanbHoe onpedesieHue napamempos
MexaHuYecKux cucmem Memaiypaudeckozo obopydoeaHusi

Llesb paGoThl: 03HAKOMHUTBCSA C OCHOBHBIMH 3TallaMH pelleHus] AMHaMH-
YeCKMX 3a/a4; M3y4UTh METO/bl IKCIEPUMEHTAIFHOTO OTIPE/ISNICHUS TTapaMeT-
POB MEXaHUYECKHUX CHCTEM.

TeopeTH4eckHe NOJIOKEHHUS

B obuiem ciryyae peuieHusi TMHAMHYECCKUX 33434 TPEAyCMaTpUBAEcT BbI-
TOJTHeHHE CJIEAYIOIINX OCHOBHBIX ATamoB: 1) BRIOOp (U3HUeCKoil MoAeTH pe-
aNbHOM MEXaHWJYeCKOW CHCTEMBI; 2) OTpe/ielieHue BHEIIHMX CHII, TIPHIIOMKEH-
HBIX K MeXaHWYecKol cucteMe; 3) cocTaBiieHHe AU QepeHIMaTbHbIX ypaBHe-
HHH, KOTOPBIE OMUCHIBAIOT ABMKCHUE PACCMOTPEHHON MEXaHUYECKOH CHCTEMBI
(MaTtemaTHyeckoii MoJeNH); 4) onpeeneHne COOCTBEHHBIX YaCTOT KOJeOaHMiH
MeXaHWYeCKOH CHUCTeMBI; 5) olpeielieHHe 3aKOHOB TIepeMELIeHUs] M CKOpOoCTeH
TOYEK MEXaHUYECKOM CHCTEeMEI; 6) ompe/esieHne CHIt (TTap CHIT) U HATIPSDKSHMUH,
BO3HMKAIOIINX B YIIPYTHX CBA3IX PACCUYNTHIBAEMOIT MEXaHUYECKOI CHCTEMBI.

BaxHefiiM >TanoM, TPeJIlecTBYIOIINM TEOPETHUECKOMY H3YUCHHIO
JMHAMHWYECKUX TIPOLIECCOB, KOTOPBIE TPOMCXOMAAT B peallbHOW MeXaHWYeCcKOH
CUCTEME, SIBISICTCS CXEMaTW3almsi 3TOH cucTeMbl. CxeMmarusauusi peaxbHON
MEXaHWYECKOM CHCTEMBI COCTOWT B BHIOOpE HICATM3HPOBAHHON (pu3HUecKoit
MOJIETTH, TIPAaBHITEHO O0TOOpaskatoLlel TToBeIeHHE 3TOH CHCTEMBI.

Jnst wccnenoBaHus JHHAMHYECKUX ITPOLIECCOB B MEXAHWYECKUX CHCTE-
Max MEeTALIyPrHiecKoro 000pyA0BaHus YIOBICTBOPUTEILHBIMHU SBILIFOTCS 1BA
BHJIa CXeMaTH3aIuH:

1) nuHaMuYeckue MOJETH MM CXEMBI C COCPEIOTOYSHHBIMH TTapaMeTpa-
MH (JUCKPETHBIE MOJICIH);

2) IMHAMHWYECKUE MOJIEIIH WIIH CXEMBI C PacTIPEACICHHBIMY TTapaMeTpaMu
(HenpepBIBHBIE MOJEIH).

IMapamerpamu peanbHOH MEXaHUYECKOI CHCTEMBI SIBIITIOTCS MacChl U JKe-
CTKOCTH COCTaBHBIX €€ 3BEHbEB. B 00IIeM ciyyae MCTOB3YIOT 0003HAYEHMS:
a — ko3(puLmeHT HHEPLUMH, HHOTAa Ha3sIBaeMBbli TpUBEeIeHHOW Maccoif; ¢ —

KOX(pPULHUEHT KECTKOCTH, WIH 0000IIeHHbIH Ko3(duiment xectkoctn. B
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PAacUETHBIX CXEMaxX MapaMeTphl ABIAIOTCS MPUBEACHHBIMH BenuuuHaMHu. [Ipu-
BE/JICHHE TIPOW3BOJMTCS HA OCHOBAHWW PABEHCTBA OOLIEH SHEPTUM peanbHOI U
NPUBEACHHON CUCTEM.

Ko dpuuueHTs #KecTkoCTH ¢ ONpelesioT METOAaMU TeOpPHU COIpo-
TUBJICHUS] MaTepHaioB. Tak, HampuMmep, 1o Ko3(hPUITHEHTOM KECTKOCTH TpH

Kpy4YeHUU TOHUMAarOT MOMEHT KpyueHus M,,, 3aKpydHBarOIIMil Bal Ha YroJ

¢ =1 panx:
c=M,,/¢. (1.1)

KoapuimeHT xeCcTKOCTH ydacTKa Bajia TOCTOSHHOTO CEYECHHA OMpesie-
TSFOT 10 popMyIie
c=Gl,/1, (1.2)

rae G =0.5E /(1+p) —moxayns capura matepuana sana, H / mm? ;

E — Moaynmp ynpyrocTd Marepuana Bama (Uil CTalldi MOXKHO TIPHHSTH
E =2.1810 H/ mm?);
p — xo3ddumnment Ilyaccona marepuana Bana (st ctama 1= 0.3);

I, — MONSIPHBIA MOMEHT HHEPLH CEYCHNUS Baa, ot ;

| — nnvHa 3aKpy4UBaeMoro yyacTka Baja, M .

Ioa xko3(hPUEHTOM KECTKOCTH TIPH pacTsUKeHWH (CKaTHH) TOHUMAloT
ciiry P, BBI3BIBAIOLLYIO YUIHHEHHe (YKOPOUYEHHE) CTPEKHS Ha BEIHYHHY
=1 mm:

c=P/I. (1.3)

Koa(ppuimeHT ecTKOCTH yJyacTKa CTPEXHS TOCTOSHHOTO CEYESHHs TpH

pacTsKeHHH (CKATHH) OMPEIEIIAOT 1o hopMyIie
c=EF/I, (1.4

rae F — mmomanes monepevyHoro CeUeHUs y4acTKa CTPEKHS, mm? ;

[ — nnvHa yyacTka CTpexHs ceueHueM F, a .
Bemmuuny, 06paTHYIO KECTKOCTH, HA3hIBAIOT TIOJATIIHBOCTHIO:
e=1/c. (1.5)



[Ipu pacuetax BanoB (CTpexHeH) ¢ yyacTKaMH pa3HOTO CeueHHs Ooiee
yI0OHO TONB30BATHCS MOJATIMBOCTBIO, TaK Kak oOIlas TMOJaTIHBOCTH Baja

paBHAETCA CyMME NOAATIMBOCTEN OTAEIBHBIX €70 i-x Y4aCTKOB:
N
Coomy = zei . (16)
i=l1

Koa¢ddurmmentsr xectkocTd mpu u3rnde ynpyrux Gasok OMpenesnsioT B
3aBUCHMOCTH OT CXEMBbI 3aKpeTUIeHHs OaJIKi M PacTiONIOKEeHHs Ha Hell cocpelo-
TOYEHHOTO Ipy3a.

Kos¢ppuument wHepumu a sABIseTcs Mepoil MHEpLUUM MaTepHalIbHOM
TOYKM U MMeeT pa3MepPHOCTb, COOTBETCTBYIOLIYIO €¢ NMOCTYNAaTebHOMY WM

BpalllaTCJIbHOMY JABHUKCHUIO, COOTBETCTBEHHO, KZ WIH KZ - M2 .

MoMeHTOM WHEPUWH OTHOCHTEIBHO OCH, KOTOPast MMPOXOANT Yepe3 LEHTP
TSHKECTH, Ha3BIBAIOT CyMMY TIPOM3BECHUH MacChl OTASNBHBIX YACTHIl TENa Ha

KBaJIpaT PacCTOSHUS COOTBETCTBYIOLISH YaCTHIIB! K OCH BpalleHHUs:
& 2
I=%mr . (1.7)
i=1

B mpakTryeckux pacyeTax 4acTo HCHOJIB3YIOT GopMyITy
I=mp?, (1.8)
Tle p — paauyc MHEpLHH, PaBHACTCSA PacCTOSHHIO, HA KOTOPOM HaJo IOMec-

THTb MACCY TeIa, YTOOBI YAOBIETBOPUTE YCIOBHIO
N
2 2
Smir; =mp-. (1.9)
i=1
Ecau och BpalleHHMs He MPOXOAMT 4epe3 LEHTP MACC Teia, TO Pajuyc
HHEPITHH OTIPEENAETCSA H3 PAaBEHCTBA
2_ 2 2
p - =pyta, (1.10)
rie p, — pajuyc HHEPLUH OTHOCHTEIIBHO LIEHTPa Mace, M ;

a — pacCTOAHUEC OT LCHTpa MacC K OCH BpalllCHUA, M .

Panuyc nHepumu JUI CIUTOIHOTO Bajla MOXKHO ONPEJENIUTh U3 3aBUCHMO-
CTH p2 =R*/2,a IyCTOTEJIOTO BaJla p2 = (R2 +r2)/2 ,rne Rur— co-

OTBETCTBEHHO HAPYXXHBIH 1 BHYTPSHHUI paJiiyChl BaJIa.
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OmnpeeneHrne MOMEHTOB HHEPIHH JIeTaJeH CI0XKHOM (JOPMBI pacuyeTHBIM
crmoco6oM MOXET OBITH BeCbMa TPYA0eMKo. B 3ToM ciryyae MOMEHTBI HHEPLIHH
MOTYT OBITH OTIpeJIeNICHBI 3KCTICPUMEHTATBHO MO0 METOAY KPYTHIBHBIX KoJjeha-
HUl, MaSTHAKOBBIX KOJieOaHWii, METOIOM TaAaroLiero rpysa u ap. [1].

Metoa KpyTHABHLIX KoJie0aHuii. Teno BpalleHUs] MOABELINBAETCS Ha
CTaNBHOMN TIpoBOJIOKe utHHOM /. JIpyroit KoHel MpOBOJIOKH JKECTKO 3aKperuis-
ercst B onope (puc. 1.1). [Ipu 3ToM HeoOXonuMO 00ECTICUUTh CTPOTYIO BEPTH-
KaTbHOCTH OCH BpalleHHs. IIpoBoJ, ¢ TIOJABCIICHHON ACTANBIO 3aKpYUHBAIOT U3
TIOJIOXKCHUS PAaBHOBECHS Ha HEKOTOPBIM YTON M TMOACYUTHIBAIOT YHCIIO Z TIOJ-
HBIX KOJICOAHWI, OKA3hIBAEMBIX ACTANBIO 33 JOBOJIHHO OOJNBIIONH MPOMEKYTOK
BpEMEHU 1.

IIpeneOperas 3aTyxaHUEM KojieOaHHI, MOMEHT HHSPLUH OTPS/ICIIAIOT TI0
(opmyre

I1=T%/4n?), (1.11)
rae T =t/ 7 —mepuoj moyHOTo KoyebaHusd, ¢ ;
¢ — HampaBNISAIOLINI MOMEHT TPOBOJA, BRI3HIBAIOLINIT 3aKpPyYHWBaHWE Ha

YTOJI B OJIMH pajyaH (BeJIHYUHA KkecTkocTH), H M/ pao .

—

.

Pucynox 1.1 — OmpepneneHue MoMeHTa HWHEPUHMH METOAOM KpPYTHIIBHBIX

KkoseOanuit



3HaueHHe ¢ MOXKHO OMpPENeNHTh 10 pa3MepaM TPOBOJOKH COTJIACHO
(1.2). TTockonbKy MOTYYUTH TOYHYIO BEIWYMHY MOAYJS caBura G CIOXKHO,
JKECTKOCTh € B OTACIBHEIX CIIyyasx MLerecoodpa3Hell ompeneisaTh dKCHepH-
MEHTAJTbHO, H3MepsAs MOMEHT KpydeHus M , HeoOXOIUMBIH AJI 3aKpyIHBaHUS

TIPOBOJIOKH W3 TIOJIOKEHHS PABHOBECHS HA YTOI ( .

MeToa MasSTHHKOBBLIX KoJieGaHmii. JleTans NpuKpemiseTcs: MpoOBOIOKOH
K OTpe3Ky yriioBo# ctamm (puc. 1.2) Tak, 4ToOBI BepIIWHA YTOJKa MOTJIa OBITH
WCTIONIb30BaHa KaK MpH3Ma, OTHOCHTENFHO KOTOpOH JeTanb Moryia Obl coBep-
warh koJsiebanus. O6a KOHIA TOJSYYSHHOTO MAsSTHHKA OMHPAOT HA TOPH30H-
TaJbHBIC METALUIHYECKUE OTIOPHI TAKUM 00pa3oM, YTOORI JIeTajlb MOTJIa COBEp-
math KoJxeOaHus OTHOCHUTENBHO TOYEK OTOphl. MOMEHT MHEPLMH JeTaIH OTHO-
CUTENFHO OCH, COBMaJalolleil ¢ BepLIMHOM yroiika, TIpH TpeHeOpeKeHnH Mo-

MEHTOM HHEPIIMH TTOCIIE/IHETO COCTABHT:
_ 2 2
1, =G,dT~ /(4n” ), (1.12)
rae G, - Bec geramn, H
d — paccTosiHue MEX/Y OChIO IeTalli U OChIO KaueHUus, MM ;

T — mepuo 0gHOTO KonebaHus, ¢ .

P HCYHOK 1.2 - Or[pe}leneHI/Ie MOMECHTA HHCPLAHU METOJIOM KauCHUA

Omnpenenue SKCIEPHUMEHTANbHO [,;, MOXKHO HAHTH KBaapaT paimyca
WHEPLWH:
o’ =gd T /{az), (1.13)
T/le g — yCKopeHHe CBOOOJHOTO MajeHus, M/ 2.
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JelcTBUTENbHOE 3HAYEHHE paJMyca MHEPUUM CaMoll JeTald p, MOKET
ObITH HaliieHo W3 BeipaxeHus (1.10):
pt=p’—d*. (1.14)
B utore MOMEHT MHEPLIMU COCTABMUT:

2 2 2
1:5 ng2 R pe de _d_
g 47 47 g

(1.15)

Metoa magawowero rpysa. [laHHblii MeTO/l MO3BOJAET TPOU3BECTH OTI-
peleieHre MOMEHTa MHEepLUH JeTald, He jellas ee IpedBapUTesIbHOTO U3BJle-
YeHUs] U3 cOOPOYHOTO y3J1a, HApPUMEp, ONPEJeUTh MOMEHT HHEPLMH poTopa
3eKTpoABUTATENS 6e3 ero pa3dopKu.

Ha konen Bama WiM Ha LUKWB, 3aKpeTUICHHBIW HA Baje, HABHBAlOT He-
CKOJIbKO BHTKOB LIHypa. JlpyroMy KOHIly IUIHypa ¢ TPHKPEIDIEHHBIM K HeMy
TPY30M JIal0T BO3MOXHOCTB OIyCKaThecs. Bo BpeMs sKcnepuMeHTa U3MepsioT
BpeMsl £, 3a KOTOpPOe TPy3 OIMyCKAeTCsl Ha BHICOTY /i W3 CBOETO HAYaJIBHOTO TO-
JIO>KEeHUs.

MOMEHT HHEePIIUH BEIYUCIACTCSA B 3TOM ClTydae 1Mo GopMyiie

2
IT=mr?| 8 _1], (1.16)
2h
TJIe m — Macca Tpy3a, Ke;
r — paaMyc KOHIIA Baja WM LIKWBA, HA KOTOPHIii HABUBAETCA LIHYP, MM .
JlaGopaTopHoe 00opynoBaHUe
TapupoBOYHBIN KIIHOY C HACAJKOM, 3aKUMHOE YCTPOIICTBO, MEPUTEIIBHBI I
WHCTPYMEHT, CEKyHJ0MED, PABHOTIOJIOYHBIH YroloK, Habop AeTaneil MeTamryp-
THYeCKOTO 000py10BaHHUS.
[opsinok BLITIOTHEHHST paboThI
1 IIpoBepuTh TOTOBHOCTH YCTAHOBOK K pabore.
2 Cpaenare SKCIIEpUMEHTHI TO ONpeleNeHH0 Kod((pHULUMEHTa XKECTKOCTH
TIpeJIOKEHHON /leTalu BpalLIeHUs, 3aKpyunuBas €€ C IIOMOIIBIO TapHpOBOY-

HOTO KJIK0Ya W (PUKCHPYS YTOJI 3aKPYYHBAHUS OT TOJIO)KEHUS PABHOBECHS.
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3 Paccumrtath KOI(PPHULIMECHTHI >KECTKOCTH AeTayNeii mo (opMysaM TEOpHH
COTIPOTHBIICHHS MaTEPHAIOB, CPABHUTH MOJXYUEHHBIE PE3YNBTaThl C Pe3yilb-
TaTaMH 3KCIIEPHMEHTOB.

4 OnpenenuTs MOMEHTHl MHEpLUUH JeTalell BpalleHUS METOJOM KadaHusi H
METO/IOM TA/IAKOIIeTo TPy3a.

5 Paccuntath MOMeHTH HWHepiu Aetanei mo Qopmymam (1.7)-(1.8), cpas-
HUTh TIOyYeHHbIE 3HAYEHHS C  pe3ysibTaTaMH  COOTBETCTBYHOLIMX
JKCIIEPUMEHTORB.

Conep:xkaHue oT4yeTa

1 HawMeHoBaHHWE W IIeNTb pabOTHI.

2 Kpatkue TeopeTHYeCKHE CBEICHHS.

3 Pe3ynbTaThl 3KCTIEPHUMEHTAIHHOTO M TEOPSTHYECKOTO OTMPEACICHUS KO (-
(PUIIMEHTOB KECTKOCTH, BBIBOJBI O COTIOCTABJICHWH TOJXYYEHHBIX Pe3yibTa-
TOB.

4  Pe3ynbTaThl SKCIEPUMEHTANBHOTO W TEOPETHYESCKOTO OTPE/ICTICHHS MOMECH-

TOB WHEPLUMH ACTaNeH BPAIICHWS, BHIBOJBI O COMOCTABICHWH TIOJYYSHHBIX

pe3yIbTaToB.

KoHTposbHbIe BONMpockl
VYkaxuTe OCHOBHBIC 3TAIbl PELICHUS TUHAMHYCCKHX 3a/ay.
Yo MOHUMAIOT TIOJ, PH3HUECKON  MATEMaTHYECKOH MOACTIAMHE?
Jaiite onpeaeneHus KeCTKOCTH U NOJaTIIMBOCTH.
[IpuBenute GOPMYIEI U PacUueTa JKECTKOCTH MPH KPYUYESHUH U CHKATHH.
Kaxk ompenensercs :ecTKOCTh TpH H3rude?
JaliTe onpenenenie MOMeHTa HHEPLIMK MAaCCBHI.

Y10 MOHUMAIOT MO pailyCOM UHEPLIUN?

0 N N R W =

Kak ompenennte MOMEHT WHEPIHH, €CJIH OCh BPALICHHS HE MMPOXOJIHT Yepe3
LEHTp Macc Tena?
9 B uyeM COCTOMT ONpeleNieHHe MOMEHTOB UHEPLUHH METOJOM KPYTHUIBHBIX
koneOGaHuii?
10 B yeM COCTOMT ONpPEACIEHUE MOMEHTOB MHEPLMHU METOAOM MasTHUKOBBIX
koJieOaHuii?
11 B yeM cocToMT ompeaeieHHe MOMEHTOB WHEPLUH METOAOM TNalalouero
rpy3a?
12



2 JlabopamopHast paboma Ne2
HccnedoearnHue duHamuvdecKux Ha2py30K 8 KaHamax
MexaHu3ma nodbema 2py3a

Llens padoThl: HCCIeAOBaTh pa3iWyHble CTydaW AWMHAMHYECKOTO Harpy-
JKEHUS] MEXaHNU3Ma TIOABEMA TPY3a, IKCIEPUMEHTAIIFHO W aHAMTHYECKH OTIpe-
JETUTH JMHAMHUYECKHE HaTPY3KH B KaHaTax.

TeopeTH4YecKHe MOJIOMKEHHS

B xauectBe mpocrteiiiueil (pU3HUECKOM MOJETH MEXaHWM3Ma MOXeT OBITh
TIPUHATA JIBYXMAacCOBast JINHEHHAs CHCTEMA C OIHO# CTeTIeHb0 cB0OOEl. Takas
cXeMa TpH CpPaBHUTENFHO TPOCTBIX MaTeMaTHYeCKMX BBIKIAAKax AaeT TO4-
HOCTPH TIEPBOTO MPUONIDKEHHs, KOTopas yIOBIETBOPSET MPakTHYSCKUM pacye-
Tam [2].

3nech OJHAa KOHIIEBAas Macca — 3TO TPHUBEACHHAS Macca BPaLIAIOLINXCS
YacTel MexaHH3Ma, BTopas KOHIIEBas Macca — 3TO TpHBeAESHHAS Macca ToCTy-
TIaTeIbHO ABIDKYIIMXCA 4acteil. K mMaccaM NpWiIoKeHbl BHEIIHHE HATpy3KH,
HanpaBICHHE W BEIMYMHA KOTOPBIX 3aBHCHUT OT pekuMa paboThl MEXaHW3Ma.
Ha mepByro Maccy JeficTByeT NpHBeJeHHas YCKOpsIOLIas CHiia TP pasroHe
WM TIpUBe/ICHHAs TOPMO3flas CWiia TpH TOPMOKEHWH TIepBOif Macchl, Ha
BTOPYIO Maccy AeiCTBYeT NMPUBENCHHAs CHJIA CTATHYECKOTO COTPOTHBICHUS
JBYKEHHS ¥ TOPMO3SIILAsi CHJIa IPH TOPMOKEHUH BTOPOil MacChl.

BpIHyK@al01ie CHITBI CYMTaeM TIOCTOSHHBIMH TI0 BEIWYHHE, KO3(huIn-
€HT JKECTKOCTH TAKKE CINTAEM TIOCTOSHHBIM.

PaccmoTpum 1Ba pexuMa HeycTaHOBHBLIEHCS paboThl MEXaHW3MA: TI0/b-
€M BBEpX TIPH OTCYTCTBHM 3a30pOB B KHHEMAaTHUECKWX 3BEHBIX (MOABEM «C
Beca») ¥ MOABEM MPH HATMYUH 33230POB (TTOBEM «C TIOAXBATOMY).

Hoabem «c Beca». IIpu cocTaBieHWM YpPaBHEHWIl IBVKEHUS! CHCTEMBI
UCTIONB3YeM TIPSAMOM CHOCOO, MBICIEHHO OTACISIA Macchl OT 0e3MaccoBOTO
CHJIOBOTO Kapkaca (yrpyroro ckeiera) M JUll KaKJOW M3 HMX 3alMChIBaeM
middepeHInaNbHRE YPABHSHUS JABHKCHUSA, 3aMEeHAA JeHCTBHE OTOPOIICHHBIX
YOPYTHX CBA3eH MX peakuusMu. PacdeTHas cxema CHCTEMBI TIPH TOABEME «C
Becay MpejcTaBieHa Ha puc 2.1,a.

JuddepeHunanbHble ypaBHEHUS IABIKEHUS] CHCTEMbl HMEIOT BH/L;

13



T P P P

‘_fi

my — my my

< 1o}
c(xp-X)) &
vl
c c C
my my my
=
S 4 / %
P, P,

a 6 B

Pucynox 2.1 — PacuetHas nByxMaccoBas cxema TpH MoIbEME «C Becay (a) 1

TIPH TIObEME «C ToaxBaToM» (0, B)

mlxl_c(xz_xl):Pl; @.1)
m2)'c'2—c(x2—x,):—P2, .
TAe X; U X, — JIMHEHHBIC TIEPEMELLICHUS MacC My U M, , M
P, , P, —BeiHyX1aro1me cuel, H ;
¢ — ko3 unment xxectkoctd, H / mm .
CoBMeCTHOE PellIeHHe CHCTeMBI ypaBHeHHit (2.1), ¢ yueToM BBOAA OTHO-
CHTEJBHBIX MIEPEMEILECHHS X W YCKOPeHHS X
X=Xy —X;; X=Xy —X 2.2)
JaeT ucxoAHoe auddepeHIMaTbHOe ypaBHeHHE NIJIs ONpEASNeHUS OTHOCH-

TEJIbHOI'O MEPEMEIICHHUA MacC my H my:

+ P + P
ey () Bt P 2.3)

x2 - xl =—C
mym, mym,

OO61mM pereHreM ypaBHeHus (2.3)0yaer:
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x =x"+Xx"=C,sin pt+C, cos pt + x", 2.4)
rae x', x" — ofiiee ¥ YacTHOE pelleHUs YPaBHEHHE, COOTBETCTBEHHO;

P — coGCTBEHHas 4acToTa KoJieOaHui, onpeensieMas mo Gopmyrne

e(my +m;) 25)
mymy
IToctostuaele C; 1 C ONPENENIOTCS U3 HAYATBHBIX YCITOBHIA:
P-P
C =0; Cy=x :M’ (2.6)
clm + mz)
a YaCTHOE peLICHHE:
xr = Bima + Py @.7)
c(m; +m)
TaK 4yTo
X = Pimy + Pymy _ (Pl — PZ)mZ cos pt . (2.8)
clm+my)  clmy +m;)

H3-3a TOTrO, 4YTO MPH Pa3rOHE BCET/d BHIMOIHAETCS HEPABEHCTBO P > P,
OTHOCHUTEJFHOE TIEPEMELLIEHHE JOCTUTHET MAKCUMAJILHOTO 3HAYECHHUS B MOMEHT,

Korja t=mn/p " cos pt =—1:

2Pmy + Py(my—my) _ 2(P = Py)m, el

Ymax = c(ml + m2) c(ml + m2) 9

a MakCUMaJbHas BOCCTAHABIUBAIOIIAN CHUIIA
Fax = XmaxC - 2.9)
Moawem ,,c moaxeaTom”. Ilpu mogbeMe «C MOAXBATOM) CIEAYET pa3iu-
YaTh TPH 3Tamna ABWKEHHA Macc: 1) Macca miy, IBUTasCh C HAYAJIBHOW CKOpPO-
cTb10 V|;, BbIOUpaeT 3a30p A B YIpYroMm 3BeHe, BKIIOUalOLUii B ce0s IpuBe-

JEeHHBIH 3a30p W caabuHy kaHatoB (puc. 2.1,6); 2) BTOpO# 3Tam OXBaTHIBACT
Tepro/l OT Havala TMoJXBara Tpy3a K MOMEHTY BO3HHUKHOBEHUS B YNpPYroM
3BEHE CWJIbl, paBHOW cuyie Beca rpyza (puc. 2.1,8); 3) TpeTuil sTan XapakTepu-
3yercsi OOIIUM JIBIIKEHHEM OOEUX Macc, MO3TOMY OH AHANOTHYEH JBHXCHHIO

CHCTEMBI TIPH TIOJIbEME «C Beca» (M. puc. 2.1,a).
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MaxkcumanbHasi cuiia B yIPyToil CBSI3M BO3HUKACT Cpasy IMOCIe yzaapa B

CHCTEME, TO €CTh B HaYaJIe TPEThETO ITama IBWKeHus [2]:

1+ N+ (ml + mz)(ZPchm% - szl)
my +my (leZ + szl)z

_ Pmy + Pomy

(2.10)

Fmax

Dopmyna (2.10)naeT BO3MOXKHOCTD ONMPEAEIIUTh MaKCHMAIBbHYIO CHIY B
VIPYTOif CBA3K MEXaHWU3Ma TPH BHE3ATHOM OTPHIBE TPY3a OT OTIOPEI.
Ecnm mMacca BpalUaiolixcs yactelf MeXaHW3Ma BeJMKa MO CPaBHEHHIO C

Maccoif TMOCTYNATEIbHO ABWKYLIMXCSA dYacTeil (my >>m, ), TO JIOMyCTHMO

HCTIONTb30BaTh H3BECTHYIO GopMyILY

Fmax:P2+VOWIC/m2 , (211)

rae Vy =,J2PA/m; — cKopocTb K KOHILy BEIOOPKH 3a30pa, MM/ C .

Orta popmyna momyuaercst w3 popmysl (2.10),mpuHuMas my; — o .
Koa¢pdumenT nmHaMuaHOCTH A1 000MX CITydaeB OTpeaessieTCs:
Ky=F,u/F,, 2.12)
rae F, = (P]mz + Pom )/(ml +m2) — amMIDINTYAa KoJIeOaHWi yNpyrux CHi,
H.
YacroTa u nepuo/ konebaHuit COCTaBISIOT, COOTBETCTBEHHO:
f=p/2n; T=2n/p. (2.13)
Takum oOpasom, 3apucuMocTH (2.1)—(2.13) paspeluaroT onpeeTuTh IH-
HaMHWYeCKHe Harpy3KM ¥ YacTOTHHIE XapaKTepUCTHKH B MeXaHW3Me MoAbeMa
Tpy3a IPH TOABEME «C BECA» H TIPH TTOABEME «C TTOIXBATOM.
Jewkyuias cuna P Oyner co3naBaTbCsl JICKTPOABUTATENIEM MEXaHW3Ma
nojbeMa rpysa:
P =Nygn/Vy, (2.14)
rae Ny, —MOLIHOCTS 3nekTpoasuratens ( V,y, =3 xBT);
N — KILJ. Nepejay;

V,, — ckopoctb noabema rpysa (V,, =8 m/mun).
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Cuita conpoTHBIIEHUS NepeMelleHnio P> omlpenenuTcs Kak cyMMma Beca
rpysa Py, ¥ Beca moiBecku P, :
P,=P,,+P,. (2.15)
Macca m; sBISeTcs pe3yJbTaTOM IPHBEACHHA MAaccChl BpaLIAOLIMXCA
yacTel MexaHW3Ma K Tpy3y (K HampaBICHHIO €TO BEPTUKAIBHOTO TEepeMellie-
HHUA):

242
1.251,U%Kyn

my = > (2.16)
Dj

>

rae I, — MOMEHT HHepLHH poTopa snektpoapuraress (1, = 0.06 ke - w );
U=wy/05=1tnDg/ (an( ,,) — TIEPEJATOYHOE OTHOIUEHME PeNyKTOpa
MEXaHM3Ma MOAbEMA;
K, — KpaTtHOCTb mOJIMCHACTA,;
D; — nuametp 6apabana ( Dy =250 mm);
1 — 4acTOTa BpallleHHs poTopa deKTpoaBHratens (n=750 06/MuH).
IlpuBeneHHas Macca M) ONPEICNMTCS KaK CyMMa MAcChl Ipysa Mi,, U
MacChl IOABECKU M, :
my =Ny, +my,. 2.17)
Jms Tpy3a, MoABELIEHHOTO K MOABIKHBIM OJIOKaM OJMHAPHOTO MOJHCIA-
cTa KpaTHOCTBIO K, , CYMMApHYIO KECTKOCTh KAHATOB HA y4acTke oT OapabaHa
K MOJIBECKE MOKHO ONpPE/IETHTB:
c=K,E . F./h, (2.18)
rae E, — Moxyns ynpyroctd kaHata (JUis KaHATOB C OPTraHMYECKUM Cepiey-

HUKOM EK=1.1O...1.15~]05H/MM2, Ul KaHaToB C MeTalIMYeCKHM

cepaeunukoMm E, =1.15...1.30- 10> H / mm? );

F, x — METALIMYECCKAA TUIOLIAJb MONCPEYHOTO CEYCHUA KaHaTa, .M.Mz 5
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h — BepTHKAIBHAS TPOSKLMS PACCTOSHUA OT OCH OJIOKa K MECTY 3aKpernie-

HUs kaHaTa (puc. 2.2), MMm.

~

o)

\Zad

o

7

rul

— ]

PucyHok 2.2 — Cxema nabopaTopHOii yCTaHOBKH

W
-

)

JlaGopaTtopHoe o0opyaoBaHue
YcraHoBKa Jisl ipoBeAeHHs abopaTopHoii paboThl BKIIFOUAET MEXaHU3M
noavemMa 1, JUHAMOMETP 2, TEH30OMETPUUECKOE 3BEHO 3 C JaTYMKAMM, TEH30-

CTaHIHs ¢ ocwuiorpadoM 4 1 rpy3sl 5 (M. puc. 2.2).

[opsaox BLIMOJTHEHHST padoThI

1 IIpoBepuTh TOTOBHOCTH M3MEPUTEIBHOMN armaparypébl.

2 Cpenath TApHPOBKY M3MEPUTEIBHON ammapaTyphl W 3amiCh HA OCLHIUIO-
rpadudeckyio Oymary HymeBoH IMHWHM (TIPH OTCYTCTBUM JAWHaMoMeTpa W
Tpy3a) W 3aliCh Harpy304HOH JIMHUM, COOTBETCTBYIOLIEH Becy rpysa (IIpH
OTCYTCTBHH JHMHAMOMETPA).

3 Onpenenuts BEC rpy3a ¢ MOMOLIBKO AHHAMOMETPA.

4 3ammcars Ha ocipuiorpad AWHaAMUYECKHWe HArpy3KH TPH TOJBEMeE «C Be-
cay.

5 3ammicaTh Ha ocIUTOTpad TMHAMHWYECKHE HArpy3KH TMPH MOJBEME TPY3a «C

IOAXBaTOM .



6 OOpaboTaTh JKCTIEPUMEHTANbHbIC JAHHBIC, OMPEIENHB TapHPOBOYHBIH
KOX(pPULHUEHT HATPy3KH, MaciuTal BpEeMEHH Ha OCIIUIOTPaMME, MaKCH-
MaJIbHYIO CHITy B YHPYToii CBsI3H ¥ K03(pPULMEHT THHAMUYIHOCTH TIPH TO/b-
eMe Ipy3a «C Beca» M «C MOJXBAaTOM», a TakKe COOCTBEHHYIO 4acToTy p, Iie-

puon T uyactoTy f xonebaHmii ciicteMbl. Pe3ynbrathl 3anectr B Tabu. 2.1.

T36J'H/I].[a 2.1 — PeSyJ'[LTaTBI OKCIIEPUMECHTANIbHBIX HCCICIOBAHUN JMHAMUYEC-

CKHUX B YaCTOTHBIX XapaKTCPUCTUK MEXAHNU3MaA MOABEMA IPy3a

YcnoBus skcne- Jnnamuueckue
YacCTOTHBIC XapaKTePUCTHKH
pUMeHTa XapaKTepUCTHKH
* u—
i, mm| Fy , H|Fp o H Ky | p *,mM| p o™V T | fi T
TTonbeMm
“c Beca”

ToapeM “c moj-

XBATOM

* — pesyJbTaThl H3MEPEHHH 10 OCLMILTOTpaMMe.

7 PaccuntaTh JUHAMHYECKHE M YACTOTHLIE mapaMeTpbl CUCTEMBI AHATUTHYC-

cku. PesynbraTel 3anecty B Tabu. 2.2.

T36J'H/I].[a 22 — PeSyJ'[LTaTBI AHAJIMTHYCCKOTO pacueTa AWHAMHWYCCKHUX W 4Yac-

TOTHBIX XapaKkTePHCTHK MEXaHW3MA MObEMA TPy3a

JuHamuueckue xa- | YacTOTHBIE XapaKTepH-
VenoBus sKcliepUMeHTa
PaKTepUCTHKH CTHKH
F, F, -1
as max > c
K, | P T,c |fTu
H H

ITonwem “c Beca”

IToawem “c mogxBaTom”

ITpom3BecTH COMOCTABIICHHE PE3yTbTATOB TEOPETHUESCKHX M SKCIICPHMEH-
TaTbHBIX HMCCIIEA0BAaHHHN, OTPEICTHE BeJIMYHHY OTHOCHTEIBHON TOTPEIIHOCTH
pacuera:

19



AF = mec(excn) - Fmax(p) /mec(excn) 100% .
Conep:xaHue oT4yeTa
HanmenoBanwue 1 1esb padOTHI.
Kpatkue TeopeTHuecKe CBe/ICHHS.

Komus OCHUWJLTOTpaMMBbl HArpy3KH MEXaHU3Ma MoJAbEMa rpysa.

AW ==

OmnpezeneHne TUHAMHUYECKHX W YACTOTHHIX XapaKTePUCTHK HA OCHOBAHWH

Pe3yIbTATOR PKCIEPUMEHTA.

5 Pacyer JMHaMHYECKUX U YAaCTOTHBIX XapaKTEPUCTHK aHATUTHYECKH.

6 BbIBO/BI 0 COMOCTABICHUHU MONYYEHHBIX SKCIEPUMEHTAIBHBIX U TEOPETH-
YECKUX Pe3yIbTaTOB.

KoHTpoabHbIe BOmpockI

1 Yro mpenctaBnseT coboil mpocTelluas pacueTHas cxeMa MeXaHWU3Ma Mo/Ib-
ema rpysa?

2 Kaxoif Bua uMeroT TuddepeHIHaANTbHbE YPaBHeHH IBIDKEHHS IBYXMAacco-
BOIi CHCTEMBI?

3 Kakoii Bu1 uMeeT ypaBHeHHE [T ONpeAeTeHHs YIPYroi CUibl MPH MOAbe-
Me «C Beca»?

4 Kax ompenensercs MaKCHMaJIbHAs CHJIA B YIPYTOH CBA3W TPH TOABEME «C
Becay?

5 Kak ompenensercs MakCUMalbHAs CHJIa B YIPYTOM CBA3H TPH TOABEME «C
MO AXBATOM» ?

6 Uro moHMMAIOT o K03 pHIIHeHTOM AHHAMUIHOCTH?

7 Kak ompenensiotcs coOCTBeHHAsA YacToTa KoneOanuii cucTeMsl p, mepuon T
u yacroTa f?

8 TIlpuBeaute MOPANOK SKCIEPUMEHTAIBHOTO OMPEIESNCHUS JAUHAMUYECKUX

HarpysokK B MEXaHU3ME NMMOJAbEMaA Ipysa.

3 TabopamopHas paboma Ne3
Hccnedoearnue duHamuvdecKux Ha2py30K 8 MexaHu3me
onpokudbieaHusl KoHeepmepa

ll,e.m: paﬁOTbl: HCCIICA0BaTh JUHAMHWYECKHUE TTPOLECCChI B MIPUBOJAEC MEXa-

HU3Ma ONMPOKHWALIBAHHWA KOHBEPTCPA, ISKCONECPUMECHTAIBHO H aHAIHUTHYCCKH
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OTIpEe/ICTTHTh YPOBEHb M XapakTep W3MEHCHUS NWHAMHYCCKHX HATPY30K B TPH-
BOJIC MEXaHW3Ma OTMPOKUIBIBAHHIS KOHBEPTEPA.
TeopeTH4YecKHe MOJIOMKEHHS
C 10CcTaTOYHOW AJi MPaKTUYECKUX pacyeTOB TOYHOCTBHIO UCCIEJOBaHUE
JUHAMHYECKHX MPOIIECCOB B MPHBO/IE MEXaHI3MAa OMPOKUILIBAHUSA KOHBEPTEPA
MOKHO TPOBOJUTH MO TPHUBEIEHHON IBYXMAaCCOBOH CHCTEME C OJHOW CTeme-
HBIO cBoOoAHI (puc. 3.1). IIpuBeacHHe HATPY30K H MapaMeTpoB B JAHHOM CITY-

4ae OyJeM OCYLIECTBIATH K BAly MEXaHW3Ma TOBOPOTAa KOHBEPTEpPA.

1 02

c(@2—¢1)

— f - M2
My W

\Il \I

2
P HCYHOK 3.1 — PacuerHas cxeMa MeXaHH3Ma OMPOKHU/AbIBAHUA KOHBEPTECPaA

YPaBHeHI/Iﬂ JABHUKCHUA CUCTEMbI UMEHKOT BU/L:
16y — c(02 —¢y)= My;
Ly —cloy —91)=-M,.

rae @, ¢, —yruel mosopora macc Iy, I,, pao;

G.1)

M, —mowmeHT nektpoasuratens, H m
M — MOMEHT OTIPOKHUIBIBaHUS KoHBepTepa, H A
¢ — xoad et xectkoct, H m/ pao .
MoMeHT onmpoku/pIBaHUs KOHBepTepa M  ompeienutcs Kak (yHKIms
OT yTIJia MOBOpOTa Kopyca KoHBepTepa ¢ (puc. 3.2):

M =P, ,asing, (3.2)
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PucyHnok 3.2 — PacueTHas cxema K OTpeACIEHUIO PUBEAEHHOTO MOMEHTA

OTPOKH/IbIBaHUsA KOHBepTepa M M TApHPOBOYHOTO MOMeHTa My,

rae Py, = P + P, — Bec KopIlyca KOHBEpTEpa U cajiku (ONpeenseTcs pacue-
ToMm), H ;
@ — pPaccTOSIHUE OT OCH TIOBOPOTA JI0 IIEHTPA THKECTH KOPIyca KOHBEpPTEpa

H CaJKH (OTIPEeICIACTCS PacyeToM);
(=01 — YTrol HaKJIoOHa KopITyca KOHBEpTEpa OT BEPTHKAIILHOW OCH, pad ;

® =0y /U — yIoBas ckopocTh IOBOPOTA KOPIyca KOHBEPTEpa, paod/ ¢ ;
0y = Tn /30 —yraoBas CKOPOCTh BPALLUEHUA 3NEKTPOABUTATENS, pad/ c ;

n —4acToTa BPalLleHUs poTopa eKTpoaBuratTeis (n=960 od/mun);

U — nepenaroyHoe oTHoleHue peaykropa (U=300).
MomeHT M, cozjaeTcs 3JIEKTpOABUTAaTeNieM MeXaHW3Ma OIPOKHU/bIBa-

HUSL KOHBEpTEepa:
My =(Npg /0y UM, (3.3)

rae N,, —MOLIHOCTE 3neKTpoaBuratens ( IVy, =2.5 kBmy);
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N — k1.1 mepead (1 =0.6).
CoBMecTHOE pelneHne cucTeMbl ypaBHenuit (3.1)u (3.3), ¢ yueToMm 3aBH-
cumocTth (3.2), naet ucxoanoe AupPepeHInaIbHOe YpaBHEHHE IS OTIpeieIie-

HUsI OTHOCHTEIBHOTO YTiIa 3aKPyYMBAHUS Q=@ — Q!

. IL+1 M\ I —P,,asinotl
-y =—C—— - )+ ,
o~ i (© —¢1) x
.. .. 2 M, P_,,asinot
W P =@ =-p (@2—@1)+1—1+—K'm1 ) (3.4
1 2

rie p= \/ c(ml +my )/ (mlmz) — coGcTBeHHas YacToTa KosleOaHuit CHCTEMBI.

Pewenne nudepeHmansHoTo ypapHeHU (3.4):
M,

5+
Lp~ I

KOH a

P
inot (3.5)
(pz ~ mz)Sll’l ot

0y — @1 =01 + @5 = C; sin pt + C, cos pt +

IToctostuuele unTerpupoBanuss C; U C  ONPEAEHAIOTCA U3 HAYAIBHBIX

YCIIOBUH:
P
C :—%sinmt; C,=0. (3.6)
Lp(p~-07)
B pesynbTaTe OTHOCHTENBHBIL YTON HOBOPOTA () COCTABHT:

P M
(pz"z”—”%(sin ot — 2 sin mtj+ 12 , 3.7)

L(p™ -0") p hLp

a BEIMYMHA BOCCTAHABIMBAIOIETO MOMEHTA B YIPYTo# CBs3H Oyler ompene-

JATHCA BBIPAKCHUEM

M=co. 3.9)
KosppuimmeHT TMHAMUYHOCTH CHCTEMBI:
2
P, al
Ky=—2P "won®1l (3.9)

LM (p*-0?)
Paccmotpennbie 3aBucuMocTH (3.1)—(3.9) mO3BOIAIOT ¢ JOCTATOYHOM IS
MPaKTHYECKUX PACYETOB TOUYHOCTHIO TPUONMKEHHS MCCIC]0BaTh JAWHAMHUYE-
CKHe Harpy3KH B Bajie IPHBOJIa MEXaHW3Ma TIOBOPOTa KOHBEPTEpa.

YKecTKoCTh Bajla ¢ MOXKHO OTNpeaeuTh o popmyie (1.2).
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IIpuBeacHHBIE MOMEHTBI HHEPLIMU MACC:
I, =1.251,,Un?; (3.10)

Iy = Iy + mypa® (3.11)

rae 1), — MoMeHT uHepHuH poTopa >nekTpoasurarens (1, = 0.056 k2 - )

1 xon — MOMCHT HHCPLHH KOPITyCa KOHBEPTEPA U CalKH OTHOCHTEIIBHO OCH

€T0 noBopoTa (Ol'Ipe}],eJ'[ﬂeTCﬂ pacquOM), Ke - M2 5

m,, — Macca Kopmyca KOHBEpPTEpa H CalKH (Ol'Ipe}],eJ'[ﬂeTCﬂ pacquOM),
Ke .

JlaGopaTtopHoe o6opyaoBaHue
VYcraHoBka s mpoBeAeHHs JTabopaTopHOil padoTel CONEPXKHT B cede
JeWCTBYIOLLYIO MOJENb KOHBepTepa | ¢ TeH30MeTpHYECKMMH JaT4hKaMH 2 Ha

BaJie 3 KOHBepTepa, TCH30CTaHIMIO ¢ ociytorpadom 4 (puc. 3.3).

\L ‘

\ /

7 IR s

Pucynox 3.3 — Cxema tabopaTopHO# YCTAHOBKH
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IMopsinok BLINMOTHEHUST paGoThI

1 TIIpoBepuTb TOTOBHOCTb U3MEPUTEIBHON amNapaTyphl.

2 TIlpowsBecTH TapHpOBKY TEH30METPHYECKOH ammapaTypbl. 3amucarb Ha
ocuwuiorpad HyJaeBylO JIMHHIO (TP BepTHKAJILHOM IIOJIOKEHUM Koplyca
KOHBEPTEPA) M TIPH COOTBETCTBYIOLIEM HAarpyXKEHHUH W3BECTHOM CTATHYECCKOM
Harpy3Ko#, OCYIIECTBIIIEMOM CJIEIYIOIINM 00pa3oM: K KOpPIyCy KOHBEpTepa,
PaclojioKEHHOMY TOPH30HTaJIbHO, HA PacCTOSHUM / OT OCH €ro HmoBopoTa

TIPUKIIA/IBIBAETCS BHELIHAA cuna P, , Kak Moka3aHo Ha puc. 3.2. Bennunna

ap >

MOMEHTA OT JeHCTBHA CHibl P, HEOOXONUMOM [T OMpe/ICTeHUs TapHu-

ap >

POBOYHOTO KO3(DOUUMCHTA HATPY3KH Ky, , B OTOM CIy4ae COCTABISET

M pap = Prgp! -
3 3amucate Ha ocipuiorpad AMHAMWYECKHWE HATPY3KH TIPH MOBOPOTE KOH-

BEPTEPA HA CIIUB, ACIaA OCTAHOBKH B MOJIOKEHUAX, COOTBETCTBYIOIUX YIIaM

o o
¢=20 u ¢=60 (TMOBOPOT B K&XIOM CIy4ae OCYIIECTBISETCSA U3 MOJIOKE-

HUSL KOHBEPTEpa, COOTBETCTBYIOLLETO () = 0 (cMm. puc. 3.2).

4  OnpeaenuTh PacUETHBIM MyTEM TMapaMeTpbl (MacChl M JKECTKOCTH) CHUCTeE-
MBI.

5 OGpaboTath SKCHepUMEHTaNbHBIC [aHHbIe, OMNPEACIHB TapUPOBOYHBIN
KO>(pPULHUEHT Harpy3KH, MaciuTal BpeMeHH Ha OCIJUIOTpaMMeE, MaKCH-
MaJBbHYIO CHIIy B YOpPYro# cBa3u (Bane), KOIPPULHEHT AWHAMHIHOCTH H
YACTOTHBIE XAPAKTEPUCTHKNA MEXaHUUYECKOM cuCTeMbl. Pe3ynbTaThl 3aHECTH B
Tabm. 3.1.

6 OmnpejnenuTh JUHAMUYECKHE U YACTOTHHIC MAapaMeTpPbl CUCTEMBI Ui [IBYX
MOJIOKEHUH KOpMyca KOHBEPTEpa aHAIMTHYECKH. Pe3ynbTaThl 3aHECTH B
Tabum. 3.2.

7 Caenarbh CONMOCTABIEHHUS pPe3ybTaTOB TEOPETHUYECKUX W IKCIIEPUMEHTAIb-

HBIX UCCIICAOBAHUI, OTIPE/ICNIUB BENNYHHY TIOTPEITHOCTH PacyeToB!

25



Tabmuma 3.1 — Pe3ynbTaThl IKCTEPUMEHTAIBHBIX HCCIECIOBAHWI JHHAMIYE-

CKHUX W YaCTOTHBIX XaPAKTECPUCTUK CHCTEMBI MEXaHU3Ma ONMPOKHABIBAHUA KOH-

BepTepa
JnHaMmu4yeckue Xxapakrepuc-
YacTOTHbIE XapaKTePUCTUKU
TUKH
(p 2
M M *
rpan | h¥, @ mixl Ky | PSS | pe
H-m| H-m T,c | f,1y
MM MM

* — pe3ynbTaThl H3MEPEHHH 0 OCIMILIOTPAMME.

Tabmuua 3.2 — Pe3ynmbTaThl aHAIMTHYECKOTO pacyeTa AWHAMHYECKHX W Yac-

TOTHBIX XapPaKTCPUCTUK CUCTEMBI MEXaHU3Ma ONMMPOKUABIBAaHHA KOHBEPTEPA

-1
®, 2pad K, | P€ T,c | f Iy

Conep:xkaHue oT4yeTa

1 HawmeHoBaHWe U LENb PaOOTHI.

2 Kpatkue TeopeTHYeCKHE CBEICHHS.

3 Komms ocuwwiorpaMMbl Harpy3KH MEXaHW3Ma ONMPOKH/BIBAHUS KOHBEpPTE-
pa.

4 OrnpeneneHue AMHAMWYECKHX W YaCTOTHBIX XapaKTePHCTHK Ha OCHOBAaHUH
pe3yIbTaTOB PKCIepUMEHTA.

5 Pacyer AMHaAMWYECKWX W YACTOTHBIX XaPAKTEPUCTHK AHATUTHIECKH.

6 BBIBO/IBI O COMOCTABICHUH MONYYEHHBIX 3KCICPHMEHTANBHBIX W TEOPETH-
YeCKHUX pe3yIbTaToB.

KoHTpoabHbIe BOmpockI

1 Kaxkoi#t Bug umeror nuddepeHumanbasie ypaBHEHHS JBWKEHUS TIPUBEICH-

HO IByXMacCOBOI CHCTEMBI MeXaHH3Ma ONPOKHU/BIBAHHA KOHBEepTepa?

2 Kax onpenensercs MOMEHT ONPOKH/IBIBAHUS KOHBEpTEpa M5 ?

3 Kak onpeaensiercs MOMEHT 3nekTpoaBurarens My ?
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4 Kaxk ompeaensercss coOCTBEHHAs YacToTa KojaeGaHuil 1ByXMaccoBOH cHCTe-
MBI p?

Kaxk onpenensercs koaddpuumeHT tuHaMTIHOCTH?

Kaxk onpenensercs xecTKOCTh y9acTKa Basia TpH Kpy4eHUH?

Kaxk onpenensrorcs npuseneHHble Maccel 1| U 15 ?

R 9 O W

Kakoii mopsmok 3KCIEPUMEHTAIHHOTO OTPENCICHUS AWHAMHYECKUX |

YaCTOTHBIX XaPAKTECPUCTUHK CHCTEM BI?

4 JlabopamopHasi paboma Ne4
HUccnedoeaHue QuHaMu4yecKux Ha2py30K e ariasHoll TUHUU
npokamHo20 cmaHa

Llens paGoThl: U3YYHTH BIMSHUE CKOPOCTH MPOKAaTKW HAa BPEMs Hapac-
TaHHA TEXHOJOTMYeCKOH Harpy3Kd M AMHAMHYECKHE YCWIIUS B [JIaBHOH JTUHMU
TIPOKATHOTO CTaHa.

TeopeTHYecKHe MOJTOKEHUS

Bpems 3axBara MeTajla BajkaMHU 3aBUCHT OT CKOPOCTH BpalICHUS Bal-
KOB, COCTOSHUS NEpeJHero KOHLA MOJockl, a0COMOTHOro oxkaTusi MeTaslia,
JUamMeTpa BaJIKOB H T.[.

IIpu MOCTOSHHO} CKOPOCTH MPOKATKY BPEMs 3aXBaTa

1o = k\RAR / V., (4.1)
re k — OmBITHBIT KO3(PHULHEHT;
R — paaguyc BankoB, MM ;
Ah — abcomoTHOE 00KATHE, MM |

V,, — OKpy)KHasi CKOPOCTb BaJKOB, MM/ C .

IIpu mpsMoIMHEHHONH 3aBUCHMMOCTH HapacTaHHs MOMEHTa OT BPEMEHH

3aXBaTa MOKHO 3aIIMCaTh:
M,=M,t/ty nput<t,
M.=M, nput>t,,
rae M. —MOMEHT CHII TONE3HOTO conpoTusnenus, H m ;

M ,, — ycTaHOBMBLIMIICS MOMEHT NPOKaTku, H .
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Jis JByXMaccoBO# CHCTEMBI, KOTOPOil MOXHO OMUCATh TJIABHYKO JIMHUKO
TMPHUBOJAA TPOKATHOTO CTaHa, AW(epeHIMATEHEIC YPaBHEHHUS [IBIKEHUS 0e3
y4ueTa MepeXo/HbIX MPOLECCOB B 3JIEKTPOABUTATENE!

Ly + o —92) = My;
5y —cpa (01 —92) = =Myt /1,
uiu o metoy KoxxeBHUKOBa

My = e (6 - 62),

- L +1 coM;  cepM

Min+c 12M=121+12nt.

12 12 12
L, I, Ity

PerieHne n1aHHOTO YPaBHECHHUSA:

M, = M1n2(1 —cos pt)+ M,,nl(t —sin pt)/to,
rae ny, ny — Xo3(ppULUUeHTs! pacipeeleHHs MacC CUCTEMBIL:
__h ‘ny = I, |
- ’ - >

11 + 12 11 + 12

n

P — coOcTBeHHasA 4acToTa KojieOaHWif CHCTEMBI:

Il +12
= Clp———— .
P 12 1112

JlaGopaTtopHoe o0opyaoBaHue
IIpokatHsiii ctan 200 IT'MA ¢ TEH30OMETPUUECKUMH JATYUKAMU HA YHU-
BepCabHBIX LIMMUHACTAX M MECl03aMH, TeH30CTaHIus ¢ ocummiorpadom, oo-
Ppa3Lbl, MEPUTEIBHBIA HHCTPYMEHT.
Mopsaok BLIMOTHEHHSI padOTHI
IIpoBepHuTH TOTOBHOCTH TEH30METPHUYECKOI aNmapaTypsl.
OTTapupoBaTh TEH30METPUIECKHH MOCT M ocLiyLtorpad.

HpOI/ISBeCTI/I 3aITiCh HyJ'[eBOﬁ JIMHWUH.

AW ==

[Ipou3BecTr 3amuCh HArpy30K, BO3HHKAIOLIMX MPH MpPOKaTke 00pasLoB C
TMOCTOSSHHBIM a0COMIOTHBIM 00XaTHEM TIPH M3MEHSIOLIECHCS CKOPOCTH TIpo-

KaTKH.
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5 Ha ocHoBaHWH M3MEpeHHI 00pa3lIOB W 3aUCH Ha OCLIIUIOTpaMMe Ompe/e-
JUTh CKOPOCTb MPOKATKH, BPEMs 3aXBaTa MeTajUla BAJIKaMH, TEOPETHUECKOE
BpeMs 3axBaTa U Ko ()ULHEHT 3aXBara.

6 TIloctpouth Tpaduk 3aBUCHMOCTH Ko3((pHuIHeHTa 3axBaTa OT CKOPOCTH
MPOKATKH.

7 OmnpenenuTts aHATHTHYECKH U MO OCHILIOTPAMMe 4acTOTy W TEpHOJ COoO-

CTBEHHBIX KOJleOaHuil CHCTEMBI, CPAaBHUTD TONyYEHHBIC Pe3yIbTaThl, CACNaTh

BBIBOJ] 00 YPOBHE JHHAMHUYECKUX HATPY30K TPH 3aXBaTe METAUIAa BAJIKaAMH.

Coaep:xkaHue oT4yeTa
HaumeHoBaH#e 1 1IeNb padoTHI.
Kpatkue TeopeTHYECKHE CBEICHHS.

HcxonHsie qaHHbIC U aHATHTHYSCKOTO pacyeTa.

B R S R

TapupoBOoUYHBIE OCUMIUIOTPAMMBI M OCILIJUIOTPAMMBI HAarpy30K B TJIaBHOM

JIMHWH CTaHa.

5 TI'padwuxk 3aBrucuMOCTH KO3()(PUIIMEHTA 3aXBaTa OT CKOPOCTH MPOKATKH.

6 TI'paduk 3aBUCHMOCTH AWHAMHYECKWX HArpy30K OT BpPEMEHHU 3axBarta,
TIOJTyYeHHBIH Ha OCHOBAHWHU aHAJIMTHYECKOTO pacyeTa.

7 BBIBOJBI O COMOCTABICHUH MOTYYCHHBIX IKCIEPHUMEHTAIBHBIX H TEOPETH-
YECKMX PE3yJIbTaTOB.

KoHTpoabHbIe BOMpochI

1 Ot 4ero 3aBHCUT BpeMsl 3axBaTa MeTaJlla BajlkaMH?

2 Kak onpenenuts Bpems 3axBara MeTajLld BaIkaMu?

3 Kak ompeaenuth mepuoj cOOCTBEHHBIX KoyieOaHWil ABYyXMaccOBOil cHCTe-
MbI?

4 Kak ombITHBIM IyTeM OTpeleNuTh ko3 duimeHT 3axpaTa MeTayuia Bajika-
mu?

5 Kakoi#t Bug umeoT anddepeHatbHble YPaBHEHHUS JABWKEHHA JBYXMacco-
BOH CHCTEMBI NTPH NPSAMOJIMHEHHONH HapacTaHUU Harpy3Ku?

6 Kakoif OCHOBHO#1 mapaMeTp BIMAET HAa BEIMYUHY JUHAMHUYECKHX Harpy30K

TP U3MCHCHHUH TCXHOJIOTHYECKOTO CO]'[pOTI/]BJ'IeHI/Iﬂ?
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5 JlabopamopHast paboma Ne 50uyeHka akcnayamayuoHHoU
3a2pyKeHHOCMU 3/IeMeHMoe KOHCMPYKyull Memannypau-
4Jeckoz2o0 obopydoeaHusi

Lleb paGoThbl: 03HAKOMHUTBCA C METOJAMHM CXEMaTH3alMd CITyqaifHbIX
TPOLIECCOB, MPHOOPECTH MPAKTHYECKHE HABBIKH 00pabOTKH OCIHIUIOTPaMM,
mocTpoeHus (GyHKIMM PacTpeACICHUs aMIUINTY/] HaNpsHKEHWH W TIOy4eHHE
HcXoJHOH MH(popMauny 00 SKCIUTyaTallMOHHO 3arpy>KeHHOCTH, KoTopas Hc-
TOJB3YETCs VI PAacieTa Ha YCTAIOCTHYIO JIOJITOBEYHOCTH, O3HAKOMMTHCS C
TOCIIEI0BATENFHOCTHIO yUeTa HEPETTIaMEHTHPOBAaHHBIX (pakTOpOB.

TeopeTH4eckHe NOJIOKEHHUS

XapakTep M3MeHEHHs HalpsKeHHH B JeTaisiX MallWH B Tpolecce SKC-
IULyaTalMl MOYKHO Pa3CNTh HA PETYJSIPHBIM M HEPETyJSIpHBIL. PerynspHeiM
HarpyxeHueMm, cooTBeTcTBeHHO ['OCT 23207-78, Ha3pIBalOT HarpyKeHUe,
XapakTepusyloluleecs TEepPHOJMYECKAM 3aKOHOM W3MEHEeHHs HampsHKeHHH BO
BpPEMEHHM C OJHUM MAaKCHMYMOM WM OJHUM MHHMMYMOM B TEYEHHE OJHOTO Tie-
puoa TpH TOCTOSHCTBE TAPaMETPOB LMKJIA HANPSUKEHWI B TEUEHWE BCETO
BpPEMEHHM KCIUTyaTalliH.

Bce npyrue THITBI Harpy>KeHHil Ha3hlBalOT HeperyJsipHeIMU. K HUM OTHO-
cATCA OWTapMOHHYECKOe, MOoJTHTapMOHHYeckoe, OmouyHoe (puc. 4.1,a) u ciy-

yaitHoe (puc. 4.1,6) Harpyxenus [3-5].

G Vis o

) I |
PN 1,
[~ Ly N
oy Y

100K G
a) 0)

PucyHok 4.1 — HekoTopble TUITBI H3MEHEHHS HATTPSKEHUH BO BpEMEHH

]._...
=

30



bnovynoe HarpyxeHHE XapaKTepH3yeTCsi MHOTOPa3OBBIM TIOBTOPEHHUEM
OJIMHAKOBHIX OJIOKOB, KaX/IbIif U3 KOTOPBIX COCTOUT U3 PsAAA CTYTIeHEH Harpy-

xeHusd i =1,2,...,r . CTyIeHb HArPyXKEHHUA XapaKTePH3YETCA aMILTUTYIOH G,
U YUCJIOM €€ IIOBTOPEHHA B OJHOM OJIOKE V;s, TaK 4TO o0lllee YUCIIO LIUKIIOB B
OJIHOM OJIOKE COCTaBISIET
r
\7 :V16+V26+...+Vr6=2Vi6. (51)
i=1

BroyHoe HarpyxeHHe MOXeT OBITh MPH TMOCTOSHHOM CpEeJHEM HAMpsKe-
HUM LIMKIA G, (kak MoKa3aHO Ha pHc. 4.1,a) WIM MMeTh pa3Hble BEIHYHHBI
UL OTHAENBHBIX CTyNeHell G,,;. biok HarpyxeHWi NpH G, = const, TaKUM
oOpa3oM, 3ajaerca TaOmuued, coiepxaiieii r map umcenr (o ,vg )
(i=1,2,...,r), TOE r — yncno cryneHelt B Gmoke. [Ipu HamWumMu cpenHero Hamps-
KEHUA G, W G, BBIUUCIAIOT NpUBEJSHHbIE K CUMMETPUUHOMY LMKILY
SKBHBAICHTHBIE aMTUTATY Il

Cgie =Cui T VoDOm npu G, =cConst; 59

Cuie =Cai T VDO mi npu G, #const, (>-2)
TMPHUBOJALINE K TAKOMY K€ YCTAIIOCTHOMY TIOBPEKACHUIO, KaK ¥ TIPH aCHMMET-
PMYHBIX LUKJIAX. 30eCh Yop — KOI(DUIMEHT BIUSIHUA aCHMMETPHU LIMKJIA Ha
TPEENBHYIO AMIDIHTY/Y HATIPSKSHUH NeTaIH.

Haubonblee pacnpocTpaHeHHWe Ha TIpakTHKEe WMeEET ClydaiiHoe Harpy-
JKeHHe, TP KOTOPOM Tpoliece M3MEHEHHUs HANpsKeHWIT BO BPeMeHH SBISETCS
CITydaiiHBIM ¥ XapaKTepU3yeTCs CICAYIOIINMHE TIapaMeTpaMHu: CPEAHUM 3Haye-
HUeM, (PYHKIUEH pacrpeeeHus CIlyqaifHbIX OPIUHAT | T.[I.

PaccmoTpuM aBa Tuma mpoueccoB (puc. 4.2). Ha orpeske BpemeHu T
KPY)KKaMH OTMEYEHBI SKCTPEMyMBI TIpoliecca (MUHUMYMBI W MaKCHMYMBI),

KPECTHKAMH — TOYKH NEPECCUCHHA MPOLUECCOM G CPEAHETo YPOBHA G, .

PaccMmoTpuM apyroii cityyaliHblii IpoLece B KOOpAWHATAX X —T:

X=0—0Cy. (5.3)
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PucyHok 4.2 — JIpa Tuna ciay4ailHbIX MPOLECCOB U3MEHCHUS HAPSXKEHUIT

B 3ToM citydae HoBast och adciuce O)T OTCTOHT OT CTapoif Ha paccTos-
HUH G, , a Cpe/lHee 3HaUCHHe Tpollecca X(T) paBHAETCS HYIIO, 9TO YIpPOILa-
eT JanbHeiiliiee paccMoTpenue. J{ns mpouecca X(T) KPeCTUKH SIBISIIOTCA TOY-

KaMH MepeCCUCHUA MpOoLUCCCOM HYJICBOTO YPOBHA.

PaccMoTpuM mapameTtp ), paBHBIi OTHOILUCHHIO CPEIHETO YHCIA «HY-
aei» ny (To ecTh YMclia TOUYEK MepecedeHus rpadukoM mpolecca X(T) cBoei
ocu a0cuucc O 1T) K cpeliHeMy YHUCIY 3KCTpeMyMOB Ipoliecca M, Ha HEKOTO-
pom otpeske Bpemenu T

X=ny/n,. 54

Ha puc. 4.2: ny=17, n,=20, x=17/20=0.85 (mm mpouecca a);

nyg=4,n,=20, y=4/20=0.2 (a1 npouecca §). B 3ToM U COCTOUT NMpUH-

UMNUaIbHAs pasHUIA MEX Iy TpoueccamMu a u 6 (puc. 4.2).
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Koa¢dduimmenT 7 Ha3pBAIOT KOAPPHUIHMEHTOM CIOKHOCTH CTPYKTYPHI
mpotecca Wik ko3¢ dummenrom HeperynspHocT. Ecmu y =1 (kak moka3aHo Ha

puc. 4.2,a), TO MPOLIECC YCIOBHO HA3BIBAIOT Y3KOHONOCHbIM, AMES B BHIY, UTO
YacTOTBl TAKOTO TMpOIecca COCPEAOTOUEHBI BHYTPH Y3KOil MOJIOCEI OKOJO OJ-

HOW W3 OMNPECACTICHHBIX YaCTOT. Ecmmn X <<1, 10 nponece YCJIOBHO Ha3bIBalOT

WUPOKOROJIOCHBIM, UMEA B BU/lYy HAJTMYHUEC B MIPOLCCCE PA3ITUYHBIX YaCTOT (XOTﬂ

X <<l W TpH cCyMMe HECKOJNBKHUX Y3KOIOJIOCHBIX MPOLECCOB, TAKYIO CyMMY

MOJKHO TaK)K€ YCIOBHO Ha3BaTh LIMPOKOTIOJIOCHBIM TIPOIIECCOM).

Jns HaKoTUIeHWs! YCTAJOCTHBIX TOBpeXIeHNH Hanboliee BayKHOE 3Have-
HHEe MMEIOT 3HaueHHe aMIUTUTY/ HampsuKeHWH M KONMYeCcTBO LIMKJIOB UX TIO-
BTOpeHUs. B ciydae y3KOmosoCHOTO Tpoliecca BBIASTUTH aMIUIMTY/Abl HATps-

JKEHUM OYEHbD JIETKO, @ UMEHHO: aMIUTUTY/Ibl BRIYHCIISIOT 1O (hopMyIie
Sai =Omaxi ~Om- (5.5
3aperncTpUpoBaB BCe MAKCHMYMBI TIPOLECCa O yqyi (i=1,2,...,N) Ha OT-

pe3ke Bpemenu T W BbIYMTas M3 HUX G , moiy4daeM 1o ¢opmyre (5.5) ciy-
YyaliHyl0 IIOC/Ie/OBAaTeIbHOCTh aMIUIUTY/ HANpsHKEHUH G, , SABISIOLIYIOCH

UCXOJHOW WH(popMalmeil Uil TOXydeHHs pacyeTHBIX XapaKTepHCTHK Harpy-
JKEHHOCTH. DTOT METOJ, HA3BIBAETCA METOAOM «MAKCUMYMOB)» H SIBIAETCA OJI-
HUM M3 METOJIOB TaK HAa3bIBAEMON CXEMAaTW3alMM CIy4aiHOro mpouecca, mo-
3BOJIAIOILEN 3aMEHUTh peallbHbIi Mpolece HEKOTOPOH MOC/IeA0BATENLHOCTBIO
aMIUIMTY/l HATIPSOKEHUH, SKBUBAJIEHTHON €My 10 OBPEXAAIOIIEMY JEHCTBHIO.

B ciyyae mpouecca 6osee CioxHOM CTPYKTYpH (puc. 4.2,0) BhIICICHHE
aMIUTUTY/l HalIPsDKEHUH CTAHOBUTCSA MEHEe OYEBUIHBIM, B CBSI3H, C YeM MOSBH-
Joch OONBIIOE YUCIO METOAOB CXEMATH3alUHU, KOTOpble NMPUBOAAT K pa3iuy-
HBIM PE3yNnbTaTaM.

B naHHOE BpeMs NMPUHATO CYWTATH, YTO HAMOOJNIEE TTPHEMIIEMBIC JNAHHBIC
U1 OLIEHKH JIOJITOBEYHOCTH JAXOT METOJ IOJHBIX LUKIOB U METOI «AO0MKASD),
TPUBOSLIME TPAKTHYECKU K OJIMHAKOBBIM PE3YNbTATAM.

PaccMoTprM MeTO/ MONHBIX UUKIOB HA MPUMEpE CAy4aiHOro mpouecca

(puc. 4.3). OcuunnorpaMma pacCMaTpUBAETCsl HA OTPE3KE BPEMEHH Ty, COOT-
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BETCTBYIOILEM OJHOMY OJOKY HarpyxeHusl, 1Mo/l KOTOPsIM MOHNUMAKOT TpecTa-
BUTEJIBHYIO COBOKYITHOCTH ITOCIIE/IOBATENBHBIX 3HAYEHUH TEPEMEHHBIX HATIpS-

KEHHUH, COOTBETCTBYIOILYIO OITpE/ieNeHHON Hapa®oTke aetanu l; B dKCIDTya-
Taiyy. Bemmunna I; MOXeT M3MepAThCS B Yacax paboThl, 00beMe BBITyCKa

MPOJYKLHWH, B KOIHYECTBE TEXHOIOTHYECKHX LMKIOB M T.1. Ha mpakTuke BbI-
O6uparoT GOk 10cTaToyHO OONBLIMM TS TONyYeHUS CTATHCTHYECKH TIpeAcTa-
BUTENTBHBIX PE3YJIbTATOB.
O61uas HapaboTKa NeTaiH 3a CPOK CITY>KOBI 10 TIOSBIICHHS YCTAJOCTHOMN
TpeluHsl L onpeaensercs:
L=2l;, (5.6)
rie A — YHCo OJIOKOB HArpyKeHHA [0 TIOSBICHUS TPCILHHEI.

Uucno UMKIOB B Onoke HarpykeHusa v; H CYMMapHO€ YHCJIO LIHKJIOB 10

TIOABJICHUA TPCIIUHBI N, cym CBSA3aHbl COOTHOLICHUEM
Neyw = W5 (5.7)

CMBICT MeTo/a TTOJTHBIX LIUKIIOB CBOJMTCS K ciedyrolieMy. ITo sTomy Me-
TOJy CHayaJla W3 MPOLECCa BBIASIAIOT UHUKIBI C pasMaxaMy Maixoil BEIMYUHBI,
TMOKa3aHHBIMH LITPUXOBKOI Ha puc. 4.3,a. OTH pa3Maxu 3amicanbl B Tabu. 4.1
(10 pasmaxa 22-22° BKIIOUUTENBHO). Jlaniee 3anmucaHHble pa3Maxy BHIKIIOYAIOT
U3 Tpolecca, B pe3yibTaTe Yero MoilydaeTrcs IpoLecC, MOKa3aHHbBIH Ha
puc. 4.3,6. 3amTpuxoBaHHBIE HA 3TOM PHCYHKE pPa3Max# 3aluChiBalOT B
T1abn. 4.1, mocie uYero WX TaKKe MCKIIOYAKOT, TEpexXois K TMpoleccy Ha
puc. 4.4,B. B 3ToM mpouecce perucTpupyroT pazmaxu 2-3°, 6-10°, 19-21°, ko-
TOpBIC TAKXKE 3aNMHUCHIBAIOT B TaOI. 4.1.

Jins noctpoeHus (yHKUUM paclpeieleHHs aMIUIMTY[ HalmpsbkeHul o,
pasmaxu B Tabx. 4.1 aenum momonaM, o0pasys BApUALMOHHBIN Psi/l aMILUTHTY /]
(tabn. 4.2). JInst 310# 1emu BBHIYHCAOT BemHuuHbI [(i-0.55)/n]100%, sBisio-
IIHeCsT SMIUPHUICCKOI OI[EHKON BEPOATHOCTH HOSBIECHHS COOBITHA G, < G, ,

Touku ¢ abcuuccaMu G,; M opauHatamu [(i-0.55)/n]100% HaHOCAT Ha HOp-

MaJbHylO0 BEpOSTHOCTHYI0 Oymary. Takoe TocTpoeHHe AaHO Ha puc. 4.4, Ha

KOTOpOM BH/IHO, 4YTO (I)yHK].[I/Iﬂ pacrnpeAcicHua aMIINTY/l HE COOTBETCTBYET
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HOPMAaJIbHOMY 3aKOHY (Kak M JI00OMY IpYTOMY — JKCTIOHEHIHAIbHOMY, Beii-
Oyia, [IupcoHa U ip.) H HOCHT JIOBOJIBHO CIIOXKHBIN xapaktep. [loaTomy 1rerne-
co00pa3HO OCYLIECTBIIATH CTYNEHYATyl0 allpoKCUMalMl0 3MIMPHYEcKOi
(yHKUMU pacTipelielleHHss W BECTH pacyeT YCTAIOCTHOH [O0JTOBEYHOCTH MO
CTYTIICHYATO! anmpoKCHMHUPYIOLIeH (YHKIMK pactpeneneHus. B tadm. 4.3 u Ha
puc. 4.4 TOSCHAETCA CTyMeHYaTas ammpoKcMMauus (GYHKUWH pacrpe/esieHus

aAMILTATY A, HOJTy‘IeHHOﬁ Mo METOAY MOJIHBIX HUKIIOB.

a 2
G H/uH
30
20
108
) |
-1

- 30

X
~
P

Pucynox 4.3 — O6paboTka OCHMILIOTPaMMBI TT0 METO/1Y TIONTHBIX LIUKIIOB
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Ta6auma 4.1

O6o3naue- | Pa3max, | O6o3maue- | Pasmax, | O6o3na- | Pa3smax,
HUe H /> HHE H/mm | deHue | g2
1-1° 13 12-12° 14 7’-10 50
2’-3 9 13-13° 15 14-16° 58
4-4 10 14°-15 20°-21 29
5-5 10 15°-16 2-3 57
6’-7 8 17-17° 11 6-10° 67
8-8 7 18-18’ 12 19-21° 64
9-9’ 6 19°-20 8

11-11° 5 22-22’ 12

*
B nepeoii cTpoke Tadm. 4.3 3amucaHbl BETUYUHBL G, , SBIAIOLIMECS TIpa-

BbIMH KOHLUAMHW HWHTCPBAJIOB MO OCH a6cuncc, Ha KOTOPLIC p336I/IT AuamnasoH

W3MEHEHHS aMIUTHTY/, CaMU MHTEPBAJIbI 3aMMUCaHbl B 3-H CTPOKE, a UX Cepe/u-

HBI - B 4-0if.

Bo 2-0#f cTpoke 3amMcaHbl BETHYHHBI BEPOATHOCTEH P; , COOTBETCTBYIO-

%
1IMe MpaBbIM KOHIIAM HHTEPBAJIOB O,; H B3ATbIC HCHMOCPECACTBCHHO U3 PHUC. 4.4.

Ta6numa 4.2

Cais i—O.SX Cuis l'—0.5>< Cyis l'—0.5><
HH/mum? n I \H/ mm? n LA/ n

x100% x100% x100%

1| 25 2,3 9 5,0 38,6 17 | 14,5 75,0
21 3,0 68 | 10| 50 432 18 | 25,0 79,5
3 35 14 | 11| 55 47,7 19 | 285 84,1
41 4,0 15,9 12 6,0 52,3 20 | 29,0 88,5
s| 4,0 204 | 13| 60 56,9 21 | 32,0 93,1
6| 4,0 250 14| 65 61,3 22 | 335 97.8
71 4,5 2,6 15 7,0 65,9
8| 45 34,1 16 7,5 70,5
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PucyHok 4.4 — DyHKuus pacnpeieieHds aMIUIMTY[ HanpshKeHWi mpouecca,
MPEeCTaBICHHOTO Ha puc. 4.3

B 5-oii ctpoke nawbl pasHoctd AP; = P; — P;_)) 3Hauenuit P; Ha mpa-
BOM W JIEBOM KOHLIAX Ka)XXJOTO i-ro MHTEpBajla, a B 6-if CTPOKE BETUYMHBI
t; = AP; /100, npeactapmstoiue coboii Te ke Pa3HOCTU B JIONAX €IUHULBI U
XapaKTepU3yIollie Ty A0/ OT OOIIEro KOJMYECTBA UUKIOB B OJIOKE Vg, KO-
TOpas MPUXOAUTCSA Ha i-H MHTEPBAN, TO €CTh BETHYMHY Vg -
Takum oOpasom,
Vig =tivg = (AP; /100)v; . (5.8)
OTH BeIMYMHBI 3alMcaHbl B 7-0if cTpoke. B 8-oif cTpoke 3amicaHbl am-

TUIATY AbI HaHpﬂ)KeHI/Iﬁ Og4i» OTHECCHHBIC K MaKCHMAaJIBHOH AMIUTATY 1€

Samax =3T5H/ mm? . Taxnm obpaszoM, ciIy4alHBIIi TpoLECC W3MEHEHUS

HampsikeHui  (puc. 4.3) cBeneH K ONOYHOMY HarpyXeHWIO, 3aJaHHOMY
Tady. 4.3 ¥ SKBUBAJICHTHOMY €My TTO TIOBPEXKIANOILEMY ASHCTBHIO.

Jannubie 1adin. 4.3 SBIAKOTCS UCXOMHON WH(pOpMaumei o6 IKCIUTyaTalu-
OHHOIl HArpy)XKeHHOCTH, MCTIOJIB3YEMOI U pacueTa Ha YCTAJIOCTHYIO JOJTO-
BEYHOCTb.

37



- I L98°0 | €EL°0 | 0090 | L9Y'O €ee’0 | 00T°0 | L90°0 wuivg , o 8
=90 ="9% 9L1°0 w'e 14! o 1244 4! 0L 08’8 9IA L
=% 800°0 7o LO0 10°0 200 900 (41 010 001/ 'dv=" 9
%001 =dv< 80 | TII L 1 4 9 43 0% % v S
MWW/ H o prreg
— SLE ¢ee S'LT §'ce S'Ll ¢t 'L (94 1
-dornu eHUI2dR)
— 0v-S€ | S€-0€ | 0€-ST | ST-0T | 0T-S1 | SI-01 | OI-S $-0 o wreadorHy €
- 7’88 88 18 08 8L L 0¥ 0 % ‘'d C
— s¢ 0¢ ST 0z Sl 01 S 0 MW/ H O I
IR 0]
OMHOhBHE 8 L 9 S v IS ré 1 KUHMWAdIeH dio
ooHdeWWAD) eyorg kdroweder
1 erreadornu dowop N

€' BIULQB],




OOBIYHO MaLIMHBI PAGOTAOT TOTIEPEMEHHO B PA3IMYHBIX YCJIOBHAX 3KC-
TUTyaTalyy WK NOPH Pa3siH4HbIX PEXKHMMAaX, BBI3BIBAIOLINX PA3THYHbBIE YPOBHH
NepeMEeHHON HarpyXeHHOCTH. Tak, Hampumep, YpOBEHb MEpPEMEHHbBIX HAIps-
JKEHUH B JIMHUM IIPUBOJA IIPOKATHOIO CTaHA B CYLUECTBEHHON CTEIEHU 3aBUCUT
OT MPOKATBIBAEMOTrO MAaTEPHaNa, COCTOSHHA MOBEPXHOCTH MATepHana, CKOpo-
CTH TIPOKATKH W Ap. OTH (PaKTOphl SABIAIOTCA PETVIAMEHTHPOBAHHBIMH. Jljis
KaX[Or0 peXHMMa Ha OCHOBE TEH30METPHMM IIOIYYalOT IO OIMCAHHOH BbILIE
METOJMKE CBOK CTYNEHUYATYIO (PYHKUHMIO PacTpelereHus] aMIUINTY /| HampsoKe-
HUl, W Jjajilee Ha UX OCHOBE TaK HA3bIBACMBIN CMEILAHHEIN OJIOK HATPYXKEHHUS, B
KOTOpOM yuTeHa padoTa TpH BCeX r peXxuMax ¢ J0NSAMH paboThl 0 BpeMeHH

Pj , Ta¢ j — MOPsAAKOBBIH HOMEP PEKHMA HATPyKCHH.

ITomMuMo peraMeHTHPOBAaHHBIX (HaKTOPOB, CYLIECTBYET MHOTO APYTHX
(pakTOpPOB, OKA3BIBAXOLIMX HEOOIBIIOE BIUAHUE HA YPOBEHb HATPY30K, KOTOPBIE
Helenecoo0pa3HO BBOJMTH B YUCIO perjlaMeHTHpoBaHHbIX. TeM He MeHee,
JefictBue »TUX (hakTOPOB HEOOXOAMMO YUYUTHIBATH, TaK Kak OHH BBI3BIBAIOT
paccesiHue mapaMeTpoB Oioka Harpy:keHus. K TakuM HeperiaMeHTHPOBaHHBIM
(akTOpaM NMPUMEHHUTENBHO, HATIPUMEp, K TIPOKATHBIM CTaHaM, MOXKHO OTHECTH
BapHallUd TOYHOCTH W3TOTOBJICHUSA KOHCTPYKLUH, COCTOSHHS MPOKaTBIBAEMOIO
Marepuana u ap.

VueT BIHAHUA HEPETIIAMEHTHPOBAHHBIX (paKTOPOB JA0JDKEH TTPOM3BOANTCS
MyTeM psja MOBTOPHBIX H3MEPEHHI HAMpsLKEHHH B SKCILTyaTalluy MIPH KaXKA0M
peKHMe HarpyKeHHUs.

IIpu 3TOM BCIIEACTBHE HE3HAUUTENBHOTO BIMSHWUSA Ka)KIOTO W3 HEperia-
MEHTHpPOBaHHBIX (paKTOPOB MOKHO CUHTaTh, YTO BHJ SMITHUPHUYECKOH (HYHKINH

pacrpe/eieHus B OTHOCUTENIBHBIX BEIMUMHAX G4i / Oy max — ;i HE MEHsETCH, a
MEHAIOTCS TONBKO BEIUYMHBL G4 ppey U Vg CMelIAHHOro Omoka. Tak kxak dak-
TOPOB MHOTO, TO MOXXHO OXKHJATH COOTBETCTBEHHO TEOPEME TEOPHH BEPOSTHO-
CTH, Y4TO CydyaiHas BEIUYUHA G, OYIET UMETh HOpMaJbHOE paclpeserne-
Hue. [IpakTHka HOATBEPXKIAET 3TO NpPeANoJokeHHe. Benuuuna vg 0oObYHO

pacmpeliefieHa MO JIoTapH(PMHUICCKH HOPMATBHOMY 3aKOHY, TO €CTh MO HOp-

MaJIbHOMY 33aKOHY paclpe/leJieHHas BelMyuHa Ig vy .



Takum obpazom, cTyneHuaTas anmmpoKCUMauus (PYHKUMH pactpe/eIeHUs

AMIDTHTY/] HANPSKEHUH CMENIaHHOTO OTOKA, a TAKKE BeNHYHHBI Gamax, Vg,
Igvs, Vigy, ABBIOTCS HH(pOPMAlKEH O HATPY)KECHHOCTH, HEOOXOAMMOI [Jist

pacyera ycTaJllOCTHOMH 10JITOBEYHOCTH BEPOSITHOCTHBIMH METOIAMH.
JlaGopaTopHoe 00opynoBaHUe
ITepconansHble DBM, ocuminiorpaMMBl HarpyKeHHs.
IMopsinok BLINMOTHEHUST paGoThI
1 Jins yyacTka OCLMJIIOTPaMMBI, TPEUIOKEHHO! TPEnoAaBaTeIeM, OTpele-

JTUTH KO3(PPUIIMESHT CIONKHOCTH CTPYKTYPHI TIpoliecca Y, CASNaTh BHIBOJ O

THIIE pacCMaTpHBAeMOro mpoLecca.
2 Tlpom3BecTH CXeMaTH3aIMIO CIYYaifHOTO MPOILECCa MO METOAY TMOIHBIX
LIWKJIOB, TIOCTPOUTH (PYHKLUIO PachpeAeleHus aMIUIUTY ]l HampsukeHwif. Pac-
YeThl BHITIONIHUTH ¢ UCTIONBb30BaHHeM DBM. Pe3ynbTaThl 3aHECTH B TaOITUIIEI,
aHajormyHblie Tabn. 4.1-4.2 COOTBETCTBEHHO.
3 TIlpowmsBecTH CTYNEHYATYIO AMMpPOKCHMALHIO SMIHPHUYECKOH (PyHKIHHU pac-
TpeJeNieHUs aMIDIUTY I, pe3yJIbTaThl 3aHeCTH B TabuuIly, mo gopme cooTBeT-
CTBYIOLIYIO Tabm. 4.3.
Conep:xkaHue oT4yeTa
HanmenoBanue 1 1esb padoOTHI.
Kpatkue TeopeTHUSCKIE CBE/ICHHS.

Komnus ydyacCTKa OCHUILIOTpaMMBbl cnyqaﬁHoro nmpounecca.

B Y

Heobxonumble pacuersi, TaOIMYHOE W TpadUuecKoe TMPeICTaBICHHS TOJy-
YeHHBIX pe3yJTbTaTOB.
KonTposbHbie Bompochl
1 Kakoii TMI HarpyeHusi Ha3bIBAXOT peryasipHbeIM? [IpuBeauTe npumep.
2 Kakue Tumbl HarpyKeHusi Ha3bIBAXOT HEPETYIAPHBIMU?
3 JMaiite onpenaeneHue OII0YHOMY HarpyKeHHIO.
4 Kak ompeaersioTcs  TpUBEACHHBIE K  CHUMMETPHYHOMY  LIMKITY
SKBUBAJICHTHBIC AMIUIUTY b1 7
S UYro moHMMAIOT o K03 (P PHUIMEHTOM CIIOKHOCTH CTPYKTYPHI Tipoliecca’?

6 B uem coctouT MCTO/I IMOJIHBIX ].[I/IKJ'[OB?
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7 IlpuBemute TOPAAOK TOCTPOSHWA (HPYHKIMH pacmpelesiecHus aMIDIHTY
HaNpPsHKEHUH.

8 OGocHyiiTe 11e1ecO00Pa3HOCTD OCYILECTBICHNS CTYNEHYaTON ammpokcuMa-
LU SMOUPHYECKON (PYHKIIUH PacTpeaeTcHHs.

9 Kaxkue ¢axTophl SBIAIOTCA PETIAMECHTHPOBAHHBIME (HEpPETJIAMEHTHPOBAH-
HBIMH)?

10 Kak yuuThiBaeTCS BIUSHHE PeTiIaMeHTHPOBAHHBIX (PaKTOPOB?

11 Kak yuuThIBaeTCs BIHSHUE HEPETIAMEHTHPOBAHHEIX (pakTOpORB?

6 JlabopamopHast paboma No6
Pacyem u obecnevyeHue HalexxHocmu Gemadsel
MemanypauvecKkux MawuH 1o Kpumepuro ycmasiocmHo20
paspyweHusi

Lless paGoThI: O3HAKOMHUTHCS C METOAAMH CTATUCTHYECKHUX HCIBITAHWI
(Metonom MoHnte-Kapio), mproGpecTn mpakTHYeckue HaBBIKM pacyera HalekK-
HOCTH JeTajel MEeTALIyPrHYeCKHX MAllWH 10 KPUTEPUIO YCTAJIOCTHOTO pa3-
pyLICHHS.

TeopeTH4eckHe NOJIOKEHHUS

OnHUM W3 TJIABHBIX TOKazaTeneil HaJeXHOCTH SIBISIETCS BEPOATHOCTH
6e3o0TkazHoit padotel Q(L) 1o 3anaHHON HapaOoTKH L B YCIOBHAX 3KCIDIyaTa-
WK (Yachl, MUKIBI U T.[.) WIH BEpPOSTHOCTH oTkasza P(L)=I-Q(L). 3necw mox
oTkazoM OyneM NMOHWMaTh TOSBIEHHE TepBOH MaKpOCKOTHYECKON TPELMHBI
YCTAJIOCTH MPOTKEHHOCTBIO 0.5......1 MM. 3aBUCUMOCTb BEPOSITHOCTH TOSBIIE-
Hus TpeumHbl P ot L HaseiBaeTcs (pyHKIMEH pacrpeieneHus 10JITOBEYHOCTH
(©P1) neranm.

Ha puc. 5.1 B xauecTBe npuMepa npeacrasieHHas OPJl g aeranu, rae
BEPOATHOCTH TIOsIBIICHUS TpeuuHbl P(%) 0TiIoXkKEeHa 110 OCH OpJMHAT B MacIlITa-
6e, ompeneiIsieMOM HOPMAIbHBIM 3aKOHOM PacTpesesieHus], TI0 OCH abCIee —
HapaOoTka L B morapudmmdeckoM Maciutade (Jlorapu(hMHUYSCKH HOpMaJbHas

BEepOATHOCTHAA Oymara). D1a (pyHKIHSA — BAXKHAS XapaKTePUCTHKA HA/ICKHOCTH

K JOJITOBCYHOCTH [ACTAJIH. OHa TOKa3bIBAET Me/IHaHHbII pecypc actaiu L

(COOTBETCTBYIOLMI BEpPOSTHOCTH pazpylieHuss 50%), ramma-mpoOLEeHTHBII
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JeTaIH TBETCTBYIOIMH BEPOSITHOCTH TKa3HOM T 0
pecype netamu L, , COOTBETCTBYIO €pOATHOCTH Oe30TKa3HOM podoT v (%)

WIH BepoATHOCTH moseieHus tpeumusl 100-y  (%). OOmuyHO s
METALTYPTHYSCKUX MAalllMH HEe0OXoAWMas BEPOATHOCTh OE30TKA3HOH paboThI

v>90% pog

2
2 /
Y
1 /
q¥ 7
7
0 0% 10° L, qurnod

Pucynox 5.1 — @yHKkIus pacnpe/eneHus J0NITOBEYHOCTH ACTall

®PJl netanu MoxeT OBITH TIOXYYEHA SKCHCPUMEHTAIBHBIM H PacyeTHO-
SKCIIEpUMEHTANBHBIM MeToJaMH. OMmupHdyeckylo PP/l moxyualor mytem Ha-
OmoneHnst 3a n MallMHaMH B SKCIUTyatalmd W ¢ukcaumu HapaOoTok L
(=1,2,...,n), TIOCNIe KOTOPBIX TOSIBMJIACH YCTAJOCTHAS TPELIMHA B OTPEACICH-
Hoif netamm. [1o 3Tum nanHBEIM cTpomTcs Tpebyemas @PJ] Ha HopManbHOI (WK
Apyroii) BepositHocTHOH Oymare. Takoit MeTon onieHku @PJ] sBiseTcs HeoOxo-
JUMBIM, HO NACCUBHBIM, TaK KaK OH IPUBOAUT K noctpoeHuto OPJl Ha ToH
CTafuu 3KCIULyaTallii, Ha KOTOPOH COTHM MAaIliH MOJyYwIn HapaboTKy, mpe-
BBIIIAKOLIYIO MeIUaHHBIA pecypc, TO eCTh Ha CTaJHH CepUItHOro MpOM3BO/CTRA,
KOT/la BHOCHTb M3MCHEHHsS B KOHCTPYKLUIO M TEXHOJOTHIO NMPOU3BOJCTBA C
LENbIO TMOBHIIIEHHS HA/IE)KHOCTH Y)Ke 3aTPYJAHUTENBHO U Mo3aHO. Kpome Toro,
MPUMEHEHHUE 3TOTO METOJA 3aTPYJHWTENBHO WM HEBO3MOXKHO Uil MAlIMH

CJUHHYHOI'O UITH MeJ'[KOCCpPIﬁHOFO MPOU3BOACTBA.
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IloaTOMy aKkTyaJlbHOE 3HAYEHUE WUMEET MPUMEHEHHE METOJOB OLECHKH
OP]J] neraneli MMEHHO HA CTaJUM MPOEKTUPOBAHUSA M JOBOJAKH OMBITHOTO 3K-
3eMIUISIpa MAallWHBI, KOTJa MOXXHO CpaBHMBaTh pasziM4YHble KOHCTPYKTHBHO-
TEXHOJIOTHYECKHE pelleHus M HaxoJMTh ONTHMallbHble, 0OecHeYnBalolIne
HanOOIBIIYIO HAJIS)KHOCTh U JIONITOBEYHOCTh TIPH HAWMEHBLICH MaTepHaoeM-
KOCTH.

TakumMu MeTonaMu MOTYT OBITH TOJBKO pacyeTHO-3KCIepHMEHTANbHBIE,
OCHOBAHHBIE HA HCIMOJIL30BAHUN U3BECTHBIX 3dKOHOMEPHOCTEHN YCTalIOCTHOTO
paspyiueHus (WK JPYTHX 3aKOHOMEPHOCTE!), a Takke Ha IKCIICPHUMEHTAIEHOM
OTIpe/IeICHUH XapaKTepHCTUK CONMPOTHBICHUA YCTANOCTH M IEepeMEeHHOW Ha-
TPYXEHHOCTH JeTalleii B 3aBUCHMOCTH OT KOHCTPYKTHBHBIX, TEXHOIOTHYESCKHX
W KCIDTyaTaluoHHbIX (pakTopoB. Tounocts oueHok DPJI Bo3pacTaer ¢ yBemn-
YeHHeM 00BeMa IKCTIIePUMEHTAIBHBIX HCCIIEIOBAHMMN, KOTOPBIH JOJDKEH Ompe-
JEJATHCA M3 TeXHUKO-SKOHOMHYECKHX cOOOpaKeHHH B 3aBHCHMOCTH OT 00be-
Ma TIPOM3BOJCTBA, CTONMOCTH H OTBETCTBEHHOCTH MAIUWHEI, TPeOyeMoTo YpOB-
HSl HA/IEXKHOCTHU U T. 1.

Hnest BEepOATHOCTHOTO METO/1a, MO3BOJIAIOLIECTO Ha CTaJHMU MPOSKTUPOBa-
HHUS U JOBOJKH HCCICNOBATeNECKOTO 00pa3ia MalmmHel ocTpouts OPJ] neta-
JIM U TEM CAMUM PELINTh MOCTABICHHYIO BBILIE 3a/a4y, JOBOJBHO MPOCTast U
COCTOMT B clefytowemM. OTHOCUTENBHO ACTANEH, YCTAIOCTHAS KPUBAsi KOTOPBIX
HMMeeT MpaBblii TOPH3OHTAIbHAA YYaCTOK, YCTAIOCTHAS J0JTOBEYHOCTH, BBIPA-
JKEHHAS YHUCIIOM OJIOKOB JI0 pa3pyIUeHHs, MOXKET OBITh OTIpe/ieieHa mo (hopMy-

JIC:

a,c_ 1N
A= PTG . 6.1)

m

m (o]
Ga;fax( > =

(o)
Cui 201 ) amax

TAC @, — CyMMa OTHOCHTENBHBIX JONTOBEYHOCTEH, COOTBETCTBYIOLIAs MOSB-
JIEHWIO TPELIWHBl YCTAJIOCTH M HAXOASAIIANACS, COTIACHO pe3ynbTaraM OoJb-
LLIOTO KOJTHYECTBA SKCICPHMEHTOB, B HHTepBase 0.1<a,, <I;

2

G_j g — NPeaes BBIHOCIHBOCTH JACTANIM HATYPHBIX pasmepos, H / mm™
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m — TI0Ka3aTelb HAKJIOHA KPUBO# yCTAIOCTH;

N¢ — ToduKa mepeioMa KpUBOH yCTalnocTH (TIpH OTCYTCTBUH JAHHBIX MOK-

HO MpUHATE Ng = 2.10° IIUKJIIOB);

O 4 max — MAKCHMaJbHAs aMIUINTY/Aa B Osioke Harpyxenus, H / M

Vg - o0lliee YHUCITO IUKIIOB B OJTHOM OJTOKe HarpyxeHusA, onpeacsieMoc 1mo

(popmyne (5.1);
t; =Vi5/ Vs — OTHOCHTEIBHOE YHUCIO LMKIOB INOBTOPEHUS aMILUIMTYIbI

G, B i-fi cTyneHu 610Ka HATPYKEHHU.

CootBercTBylolLas Hapabotka L coctaBnser L =Al;, rae l; — Hapabot-

kKa B oJHOM Onoke HarpyxeHus. Popma Oioka Harpy)XeHWs, OTmpeacisieMas

COBOKYITHOCTBIO Hap 4YHCeN (G4 / Ogmaxsti ) (iF1,2,...,F), MOXKET cUUTATBCA

He3aBUCALICH OT CJ'[y‘IafIHBIX HEPETITaMEHTHPOBaAHHBIX (baKTOpOB, a CjIeaoBa-

TENBHO, HE 3aBHCSLICH OT HUX MOXKET CUMTATHCA M BEIWYHUHA d onpeacaAac-

p 2
Mas (opmoii Gioka HarpyxeHus. CIelOBaTeNbHO, A 3aBUCHT OT CIEIYIOLINX

CIy4aiiHbIX BEeNMUYHH: G_j , M1, N ,o , Vg -

Ecmi 3ak0HBI H3MEHEHHS STHX BEIHMYWH M3BECTHBI, TO MOXET ObITH Haii-
JieH | 3aKkoH pacnpeaeneHus (OPI) mis A . 310 MoxeT OBITH clieaHo Ha DBM
METO/IOM CTATUCTHYECKHX MCIBITAHWH, Ha3bIBAEMBbIM TaKxke MeToJoM MoHTe-
Kapmno [6,7].

CyTb MeTOJla COCTOMT B clieaytouieM. PaspabaTeiBacTcs mporpaMma is
OBM, mno3BOSISIOLIAA TOMYYaTh MMOCIEAOBATEIBLHOCTh CIIydyalHBIX BEJIMYUH

oyg.-m N , o , Vg € WX 3aKOHaMM pacTipeereHus. [IpuHiMast 3ako-
HBI pacrpe/ieieHus TEPEUUCIEHHbIX BEJTMYMH HOPMAlTbHBIMU, B TIPOLIECCE MO-
JIeIPOBaHUs PABHOMEPHO paclipeieieHHbIe YHcia ¢, B AuamasoHe 0<c, <1

MOXKHO TONYYHTH C HMCIOJb30BaHHEM CTAaHIAPTHOTO MALIWHHOTO TeHepaTtopa
Random mceBaociyyaifHIX paBHOMEPHO PacTpe/ieNieHHbIX YHCE, a HOpMallb-

HO pacnpeCICHHbIC YACTIa ¢ MaTCMaTHYCCKUM OXUJIAHUEM, paBHbBIM HYIIO, U
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Cp€AHNM KBaJAPAaTHYHLIM OTKIOHCHHUEM, PABHBIM €JWHHULIC, MOKHO OIIPEICIIUTH

0 3aBUCHMOCTSAM:

_ 3y9—12mp2

NO TS <0.487;
== o [ 62
Bn:|pn|[2.25876+57.0256(|pn|—0.487)] wp |y > 0487,
Un

rae n, =c¢, -0.5;¢, = RND(c,, - l).
HopmaneHo pacnpe/eneHHble YMCaa ), , oToOpakarollhe pasblrpbiBac-

MBIC CIyYaiHbIC BETHYUHBL O_ gy, My, NGus Camaxns Ven > © 38A8HHBIMH

CpeIHEBLIOOPOYHBIMU 3HAYEHUAMH J U KOI(pUUMEHTAMH BapHalUU V,,,

MOXKHO OTIpelIeITHTB TI0 opMyrie:

Yn :y(l+BnVn)' (6.3)

[onyuwe o ogHOMY (TIePBOMY) YHCILY 3THX BEIHYHH, TIOACTABISIIOT UX B
¢dopmyiy (6.1) ¥ BEIYUCISIOT TIEPBOE 3HAYECHUE A, ABJIAIOLIEECH PE3YNIBTATOM
TIEPBOM pean3anuy.

Janee 3Ta omepalisl TOBTOPSAETCS, B pe3yibTare HYero MoMyqaloT i 3Ha-
YeHHu# A, T[Ie 7 — YUCIIO 3aIUTaHUPOBaHHBIX oneparmii (7=100, 1000 u T.1.).

O6pabaTbiBasi CTATUCTHYECKH TOMYYEHHYIO COBOKYITHOCTH CITy4aHBIX
yucen A; (i=1,2,...,n), HampuMep, MO METOLY, U3JI0KEHHOMY IpH IOCTPOSHUH
(yHKUMU pacTipeJeNieHus aMIUTTY/ HanpsukeHWH, ToiydatoT (yHKUMIO pac-
TpeaeNieHus A , KOTOPYIO MOXKHO H300pa3uTh Ha BEPOATHOCTHOI Oymare. 310 1
ecTh uCKoMas (pYHKIHUS pactpeneneHus goirropeqyHoctr (OP/).

Takum o6pa3om, 4TOOBI PEIINTh TOCTABJICHHYIO 3a4ady, HEOOXOIMMO

3HaTh (PYHKILWH PacTpeiesieHus BEHYHH G_jz, M, NG, Oumge, Vo WIH

X0Ts1 OBl X cpetHie 3HaYeHUs U K03 (PUIIMEeHTH BapHaLliH.
JlaGopaTtopHoe o6opyaoBaHue

IlepconanbHbie 3BM, ocuMLIorpaMMel HArPY>KEHUSL.
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IMopsinok BLINMOTHEHUST paGoThI
1 PaspaboTars moAmporpaMMy, MO3BOJIIOIILYIO TIOJMYYaTh MOCIENOBATEIBHO-

CTH CIYYalHbIX BENUYUH G_j7, M, NG, Ogmax, Vg C UX 3aKOHAMH pac-

Tipe/ieNneHns (MpUHUMAaeM HOpMaTbHBIH 3aKOH).
2 PazpaboraTh TOANMpOTpaMMY CTAaTHCTHYECKOH 0OpaboTKH MOIXydeHHOMH

COBOKYTHOCTH Cy4aliHbIX umcen A (i=1,2,...,n), TA¢ B — YHCNO 3aINTaHUPO-

BaHHBIX omepaumii (mpuHATH n=100).

3 PaszpaboTtarh TOAMpOTpaMMY pacdeTa JONTOBEYHOCTH L, BBIpOKCHHYIO
HapaOOTKOI BO BpeMEHH, ¢ UCTIONb30BaHueM (hopmyi (6.1)u (5.1).

4 Ha ocHOBaHMM TEPEYMCICHHBIX MOJAMPOrpaMM pa3paboTaTh HpOrpamMmy
CTATHCTHYECKUX (MMHUTAIMOHHBIX) HCTbITaHui (MeTo  MonTte-Kapio).

5 C wucnonb3oBaHUEM pa3paOOTaHHOW MPOTPaMMBI BBITIONHHUTH pacueT TpH
CEIYIOUINX UCXOMHBIX AaHHBIX. IIpeaen BEIHOCITHBOCTH NCTATH OMpPEICITHTD
1o (popMyam:

6 g=0,/K; o ;=(0.55-0.0001c,)s,,

rae 6, =700 H/ mm? - npeaesn MpOYHOCTH;
K=5 — xo3(h}uieHT CHIKeHHS TpefeNa BHIHOCIMBOCTH C YYETOM BCEX
(pakTOpOB.
ITokazaTesb HaKJIOHa KPHBOW YCTAJIOCTH AETANH ONPEAENHuTh 1o (opmy-
ne:
m=(5+c,/80)/K .

IIpu pacyetax npunaAte Ng =2- 10° UHKIOB; @) =1. 3HAYCHUE G4 pqy
Gui> Cai'Camax » ti =Vie / Ve (=1,2,...,r) IpHHATL N0 pe3yibTaTaM olpa-

0OTKH OCUMIUTOTpaMMBI CllydaifHoro Tpoliecca (cM. nabopaTropHyro pado-

Ty Ne5). KoappuimienTsl Bapramn Vo_ iz Vm> VNg» Vo » Vy, TPHHATH

paBHbIMU V"—uz =0.06, v,,=0.03, vy =0.10, v =0.10, Vy, =0.03.

Ha ocHOBaHWM pe3YNbTAaTOB YWCICHHON peal3alid TMPOTpaMMBI TI0-
ctpouts @PJ] netanm, oTIIONKHB TO OCH aOCUWCC AONTOBEYHOCTH L (Wac), mo

OCHM OpJMHAT — BEPOSATHOCTb NOsABIeHUS TpewHbl P(%). Onpeaenuts MeIuaH-
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HBIH pecypc AETalu W pecypc, KOTOpPEIii OTBEUAeT BEPOSATHOCTH 6e30TKa3HOi
pabotst Yy =90% .
Coaep:xkaHue oT4yeTa
HaumMeHoBaHue U 11enb paboTHI.
Kpatkue TeopeTnueckue cBeicHUS.
TexcT mporpaMMsl CTATHCTUYECKUX UCTIBITAHUIA.

PesynbraTel pacyera.

wnm AW N =

DyHKUMA pacpelesieHus 10JroBeYHOCTH B KoopauHatax L(uac)-P(%).
KoHTpoabHbIe BOMpochI

Yto Ha3pBaIOT (pyHKIMEH pacnpenenenus noiaropeyHoct (OPJ]) neramu?

YTo TOHUMAIOT TI0/] MEAHAHHBEIM W TaMMa-TIPOLICHTHBIM PeCypCoM JeTai?

B uem coctouT smmupuueckuii Meton oueHku OP /] neranu?

B W N~

VKaKUTE TPEUMYLIECTBA PACYETHO-IKCIEPUMEHTAILHBIX METOJOB OLEHKU
OPJI netanm.
5 OObscHHUTE HAEIO BEPOSATHOCTHOTO METO/IA.
6 Kakue ciayyaifHble BEIMUMHBI BIUAIOT HA J0AToBeYHOCTH L? Kak yuyurthiBa-
€TCS UX BIUAHUE?
7 Uro mpeactaBiseT coboif MporpaMMa CTaTHCTHYCCKUX UCTIHITAHWH (METOA

Mounrte-Kapmo)?
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