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JlenaptameHT obpa3oBaHus U Hayku KemepoBckoii o6nactu
["'ocynapcTBeHHOE 00pa3oBaTesibHOE YUPEXKICHHUE
cpenHero mpogeccoHalbHOro 00pa3oBaHus
KeMepoBckuii rOpHOTEXHUYECKUN TEXHUKYM

OU3UKA

MeTtonuveckue peKoMeHAaluu
110 IPOBEICHUIO 1a00PaTOPHBIX paboOT
JUTSL CTyIEHTOB | Kypca crieluanbHOCTEM:

130404 — OTKpBITBIE TOPHBIE paOOTHI;

130405 — IToazeMHast pa3paboTKa MECTOPOXKACHUI MOJIE3HBIX HCKOMMAEMBIX;

130407 — [1laxTHOE CTPOUTEILCTBO,

140448 — Texuuueckas dKCILTyaTalusl ¥ 0OCTy)KUBAHHE dJIEKTPUIECKOIO U
3JIEKTPOMEXAHUIECKOTO 000pyA0BaHuUS (II0 OTPACIsAM);

230113 — KoMITpIOTEpHBIE CUCTEMBI U KOMILIEKCHI,

230401 — MudopmMalinoHHble CUCTEMBI (110 OTPaCIsIM)
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BBenenue

Meroanyeckie peKOMEHIAlMK cocTaBieHbl B cooTBercTBUM ¢ PI'OC
npeaHa3HadeHbl Ui BBITOJIHEHMs 1a0OpaTOpHBIX paboT cTyaeHTamu | Kypca 1o
aucuuIiMHe «PU3uKay CrieualibHOCTEN:

130404 — OTKpBITBIE TOPHBIE PabOTHI;
130405 — INMoxzemHas pa3pabOTKa MECTOPOXKIAEHHH MOJIE3HBIX
MCKOMaeMbIX;
130407 — I1laxTHOE CTPOUTENILCTBO;
140448 — TexHu4veckas HKCITyaTalusi U 00CIy)KMBaHUE IEKTPUYECKOr0
1 3JIEKTPOMEXaHMYECKOT0 000py10BaHUs (110 OTPACIIsIM);
230113 — KoMnbloTepHbIE CUCTEMBI U KOMILIEKCHI;
230401 — MudopmarmoHHbIe CHCTEMBI (10 OTPaACIIsiM)

[lenp MeTOAMYECKUX pEeKOMEHJAlMid — oKa3aTh I[OMOILb CTyAE€HTaM B
MOATOTOBKE M BBINOJHEHHH J1abOpaTOpPHBIX padoT, a Takxke 00JerduTh paboty
TpernoaBareis 0 OpraHu3aluy U MPOBEAEHHUIO JabOPaTOPHBIX 3aHATHH.

Kaxxnas nabopaTopHas paboTa COEepXKUT:
- TeMy | LieJb paboThl;
- mepeveHb 000pyA0BaAHUS;
- cXeMblI 1abopaTOPHBIX YCTAHOBOK;
- OCHOBBI TEOPHH;
- MOPSIIOK BBITIOJTHEHHUSI padOThI;
- TpeGoBaHust K 0QOPMIICHHIO Pe3yIbTaTOB paboOThl;
- TaOJIMIIBI JIJIs1 3aHECEHUS Pe3yJIbTaTOB U3MEPEHUN U PacyeTOB;
- BOITPOCHI JUIsl CAMOITPOBEPKHU CTYIEHTOB.

CucremMaTiueckoe M  aKKypaTHOE  BBINIOJHEHHWE BCEH  COBOKYNHOCTH
71a6opaToOpHBIX paboT IMO3BOJHMT CTYIEHTY OBJaIeTh YMEHHUSMH CaMOCTOATEIBHO
CTaBUTh (PU3UYECKHE OIBITHI, (UKCHPOBAaTh CBOM HAONIOJCHUS U H3MEpeHUs,
aHAIM3MPOBATh WX, JeJaTh BBIBOJBI B LEJNAX [JaJbHEUINEro HCIOIb30BaHUSA
MOJIyYEHHBIX 3HAaHUN U YMEHUM.
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IMosicHuTe/IbLHAS 3aMHCKA

[TepBbIit pa3men METOAMYECKMX PEKOMEHJAUUi COAEpPXKHUT CBEACHHS O
HaXO0XJIEeHUHU aOCOJFOTHOM U OTHOCUTEJbHOM MOTPEIIHOCTEH.

Bropoii paznen - ykazaHus K BBITIOJTHEHHIO TabOpaTopHbBIX paboT.

Tpetuii pasnmen comepXUT Bech CIPAaBOYHBIM Marepuan, KOTOpbIH Oyner
HE0OXO0UM IpHU pacyeTax.

B uyeTBepThIli pa3nen BKIOYEH CIUCOK JIUTEpaTyphbl, Ha KOTOPBIM MOXHO
CCBITIATHCSI, TTPH BBITIOTTHEHNH PaOOThI.

[Tpunoxxenue 1 conmepxut oOpaszen oGOpMIEHUS TUTYJIBHOTO JIUCTa U
pacrnpesesieHue KpeIuTHBIX 0aioB 3a KaXKAbli 3Tar padoThl.

- opopmienue paboTsl — 1 Gan
- aJICOPUTM BBITIOJIHEHHS paOOThI — 5 OasioB
- BBIBOJ — 2 Oasia
- 3amura — 2 6ajuia
[Tpunoxxenue 2 — obpazer; 0popMIIeHUs OTUETA.

Otuetsl K JlaboparopHbIM paboTam coOuparoTcs B ManKe-CKOpOCIIUBAaTeNle M
XpaHATCs B KaOMHeTe (PU3UKU.

MeTtoauveckre peKOMEHAAlMU cofepXkaT BCIO WHGOpMalUI0, HEOOXOOUMYIO
CTyJ€HTaM JUIsl pPe3yIbTaTUBHOTO BBINOJIHEHHS Ja00paTOPHBIX paboT.




[

[ ™ g

O6pamenue K cTyIeHTaM

HauuHas BBIMOTHATH pabOTy, BHUMATENbHO MPOUTUTE M 3AMUINATE Ha3BaHHE
nabopaTopHOU PabOTHI, LIENb €€ BBITOJIHEHHUS.

M3yunTe TeOpeTHYeCKUid marepuai, HeoOXOIUMBIN IUIsl BHINOJHEHHsS paboThI,
TpeJUTOKEHHbIE 3a1aHusI, TEXHOJIOTHIO BBITTOJHEHUS pabOTHI.

OO6paTiTe BHUMaHHME Ha BOIMPOCHl CAMOKOHTpPOJA, KOTOpBIE IIOMOTYT BaM
CKOHIIEHTPUPOBATHCS Ha TNTABHOM IPH BBIITOJHEHUH pabOTHI.

TiwaTensHO MPOAHATM3UPYHTE KaXIyl0 4YacTb paboThbl, €CIM €CTh BOIPOCHI,
3a7aiTe WX MpernoaaBaTelio.

B xozme paboThl cTporo coOmronail mpaBuiaa MO TeXHMKe O€30IacHOCTH; BCe
M3MEPEHHsI MTPOM3BOIM C MAaKCUMAIBHONW TOUHOCTBIO; AJISl BBIYMCIEHUH MCIOIB3YH
MUKPOKAJIBKYJISTOP.

ITocie BeIMOIHEHUs pabOTHI COCTAaBb OTYET, MO CIAEAYIOIIEH CXeME:

- HAHMEHOBaHUE U HOMED paboTHI;

- lepeveHb 000pyI0OBaHUS;

- CXeMa WJTH 3apUCOBKa YCTaHOBKH;

-TabnuIa pe3yIbTaToB U3MEPEHUN U BBIUYMCIICHUH 3aII0JIHAETCS 10
X011y paboThl;

-pacueTHas GopMmyia, 00paboTKa pe3ynbTaTOB U3MEPEHUH U
onpe/ie/ieHHe OTHOCUTENBHOM MOTPEIITHOCTH.

- BBIBOJI

BHUMATENBHO BBITIOIHSSA BCE YKa3aHMsI, Bbl YCICIIHO BBITIOJHUTE W 3aLIUTHTE
nabopaTopHyIo paboTy.

Kenarw ynaun!
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I. CBeeHHsI 0 HAX0KIEHHH MOrPEIHOCTEM

BeinosnHenre 1aGoOpaToOpHBIX paboT CBA3aHO C WM3MEPEHHSIMH (DUIHIECKHX
BeM4MH. M3MmepeHus He [alOT BO3MOXXHOCTH TOJYYUTh aOCOIIOTHO TOYHBIE
pesynbTathl. OmWMOKM  (HOrpelIHOCTH), BO3HHUKAMOIIME TPH  H3MEPEHUSX,
00BACHAIOTCS HECOBEPLIEHCTBOM METOIO0B M3MEpEHUs, WU3MEPHTEIbHBIX MPUOOPOB,
VCIOBUSAMHU OIbITa. I UCKITIOUEHHUs CIy4YalHBIX OIMIMOOK M TOBBIIIEHHUS CTEIEHH
TOYHOCTH HEO0OXOAUMO NMPOU3BOAUTE BCEra HECKOIBKO U3MEPEHUH (MUHUMYM TPH),
a 3aTeM HalTH cpeaHee apudmeTHyeckoe.

1. Cpennee 3Ha4yeHne U3MEPSIEMOI BETUYMHBI PAaBHO OTHOIICHHIO CYMMBI BCEX

U3MepsIeMbIX BETMYMH K YUCITYy THX U3MEPEHHIA.

X e rx
X, = BB

2. AOcomoTHasi TOTPEUIHOCTh paBHA PA3HOCTH MEXAY CPEIHHUM 3HAYE€HHEM
U3MepseMON BEIMYMHBI U CAaMOH M3MepSIeMOil BEJTMUHHEI.

An:xw—n
Ax, =X, =X,
Ax, =X, =X,

Cj

3. Cpennee 3HaueHHe aOCOMIOTHOM IMOTPEIIHOCTH PaBHO OTHOIIEHUIO CYMMBI
MoJyJielt aOCOITIOTHBIX TOTPEITHOCTEH K YUCITY H3MEPEHUH.

_IA’CI‘“L’A’%‘HA’%’
Pt 3
4. OTHOCHTeﬂbHaﬂ HOFpGI.HHOCTB I/I3MepﬂeMOI71 BCJIMYHUHBI paBHa OTHOIIIEHHUIO

Cp€aAHero 3Ha4Y€HHuA a0COJTFOTHOM MOTrp€IIHOCTH K CPEAHEMY 3HAYCHHIO
I/I3MepﬂeM0ﬁ BEJIMYUHBI, BBIPAXXCHHAs B IIPOLICHTAaX.

Ax,
e=—2.100%

X,

5. WcTtrHHOE 3HaueHUE U3MEPSEMON BEWYMHBI, 3alMCHIBAIOT B CIEAYIOIIEM
BUIE:
xzxcpiAxcp

e=...%
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I1. Yka3aHus K BbINOJIHEHHIO 1a00paTOPHBIX paboT

2.1 JlaGopaTopHasi pabora Nel
«Onpenesienne ko3pPpunueHTa TpeHU»

Ilean paboThI: SKCIIEPUMEHTATIBHO ONPEAeTUTh KO3(Q(ULIHMEHT TPEHHS JepeBa 110
JiepeBy.

O6opynoBanue:

1. JlunamomeTp

2. bpycok ¢ KprouKoM
3. Tpubomerp

4. Habop rpy3os

OcHOBBI TEOPHH BbITIOJIHEHHS PabOThI

[Tpy OBM)KEHHWM Tela IO IOBEPXHOCTU JPYroro BO3HUKAET COINPOTHUBIIEHHE
JIBHKEHUIO HaszbpiBaeMoe TpeHueM. Cuiia TpeHMs HarpasiieHa BIOJb MOBEPXHOCTEH
COTIPUKACAIOIIMXCS  TeJl  MPOTHUBOIOJIOXKHO  CKOPOCTH  HMX  OTHOCHTEIBHOTO
nepeMenieHus. M3mepsst cuily TArH, NMOJX JEHCTBHEM KOTOPOM TENO JBHXKETCS
pPaBHOMEPHO, MBI TEM CaMbIM U3MEPSIEM PABHYIO €l CUJLy TPEHUS.

Cuna Tpenus (1r000ro BHAA) 3aBUCUT OT CHJIbI HOPMAaJBHOIO JaBJIEHHS W OT
KadyecTBa TPYLIUXCS [TOBEPXHOCTEN, TO €CTh

P =0 =B (1)

Benuunna, xapaktepusyromias 3aBUCHMOCTb CHJIBI TPEHHMS OT Marepuaja |
KayecTBa OOpabOTKH TPYIIMXCS TOBEPXHOCTeH, HasbIBaeTcs KodhduuueHTom
tpenus. OH MOKa3bIBaeT, KaKyl0 4acTb CHJIBI HOPMAJBLHOTO JaBJIEHHUS COCTABJIACT
CHUJIa TPEHHUS.

p=Fgp/N )

VyuTeiBass, 4YTO MPH pPaBHOMEPHOM JABM)XEeHMHM Teira N = P, Torga momy4yum
pacueTHyt0 hopmyny K03 PHUIMeHTa TPEHHS:

H= FTP/ p (3)




IHopsinok BbIMOJIHEHHsI pabOTHI:
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C momo1pio TMHaMOMETpa OTpeieNIuTe Bec Opycka.

&

OMpEeACIUTE CUITY TATH, KOTOpas paBHa CHUJIE€ TPECHHUA.

PaBHOMepHO pBUTasi OpycoK IO JMHEHKEe C TOMOULIBI0 JMHAMOMETpa,

3. Harpysure moouepenHo OpycoK OZHMM U ABYMsI I'pPy3aMH, ONBIT MTOBTOPUTE,

3aMEepHB CUITy TPEHHUS U Bec OpycKa ¢ Irpy3amH.
4. JlaHHBIC U3MEPEHUH 3aHECUTE B TaOIULy 1.

Odopmiienne pe3yJibTaTOB ONBITOB

[S—

Breruuciaute koaddunment tpenus no dhopmyne (3)

£

B pasnene 3 mo Tabnuie 1, onpenenure TabauuHOE 3HAYEHUE KOdPPHULIMEHTa

TpPeHUs JepeBa MO JepeBy, 3alHIIuTe ero B Tabmumy 1 M cpaBHHUTE C

IMMOJIYYEHHBIM PE3YJIBTATOM.

3. Beruncnure abCOMOTHYIO U OTHOCUTEBHYIO TTOTPEIIHOCTD.

i

Pe3ynbTaThl BHIUKCICHUN 3aHECUTE B TAOIHUIY 1.

5. Tlo pe3ynbTataM OTBITOB ClejaiiTe BBIBOJ O 3aBUCUMOCTH Ko3dduuueHTta

TPEHHA OT BEJIMYHHBI I'Py3a.

Tabnuna 1

No
omeita |P,H | Fp, H v Hep 1 aB An

a1

£,%

1

2

HTOrOoBBIN pe3ynbTaT 3alUIINTE B BUJIE
/’l = (/‘lcp i A/’lcp ),
£=..%

Bonpocsl a5t caMOKOHTPOJIS:

Kaxue cuibl Ha3bIBAIOTCS CUJIAMU TPEHUS?

YTo ARIAETCS MPUUUHOM MOSBICHUS CUIIBI TPEHUS?
KaxoBa nmpupopaa cuisl TpeHUs ?

Kaxkwue BUABI TPEHHUS CYIIECTBYIOT?

MosxeT 1 K03hDHUITUEHT TpeHUs ObITh >17

e L




