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KowmmiexT 3ama4 moaroTosiexn

HEeHTPAJIbHON IIPEeIMETHO-METOIUIYECKON KOMuUccuen
Bceepocceniickoit onmuMmuagbl MKOILHAKOB 10 (DU3WKE
E-mail: physolymp@gmail.com

ABTOpHI 3324

DKCHEepUMEHTAJAbHBIA TYP

7-8 KJjacc 9-11 kJjacc
e 7-E1. Anekcanap Escees e 9-E1. Anron Beprysos
e 7-E2. Oner Ilopormuu e 9-E2. J/leanuc Pybuos
e 8-E1. Osbra Nuumesa e 10-E1. Jlenuc Ilepesormmkos, lenwnc
e 8-E2. Makcum Ecbkun Py6mos

o 10-E2. Anexceit 3asi

e 11-E1. Jlenuc Ileperormmmkos, lenwnc
Py6mos

o 11-E2. Anexceii 3asi

Kak roroBuThCs K PETMOHAJILHOMY 3TaIry !

B M®TU 3anyuen kinaccubiii npoekr «®usrex-pernonams (https://os.mipt.ru),
rze B 1ybimdHoM GecIiaTHOM JIOCTYIIE JIEXKAT JIEKIMU U CEMUHAPHI 110 BCEM KJIAcCaM
7 TI0 BCceM TeMaM. Tam ke BBLIOXKEHBI MOI00PKHU 33429 IO TeMaM. Y DOBEHb MATEPHa-
JIOB TIO3BOJISET XOPOITIO TIOATOTOBUTHCS K MYHHUITUMAIHLHOMY U PETHOHAIBHOMY TAITY
Bceepoccniickoit onmMmnaabl MKOJILHAKOB 10 (PU3HMKE.

Ecsn BbI MIKOJIBHUK, MPOCTO MOIB3YHTECH JOCTYIIHBIMEA MaTepuasiamu. Eciu Bbl
MIPenoaaBaTeNb Wil COTPYIHUK PErHOHAJIBLHOIO oprana obpasosanus, T0 MOTU ro-
TOB TIOMOYb OPTaHM30BaTh HA 0a3€ BaIlell MIKOJIbI WJIHM IEHTPA O paboTe ¢ TaJIaHTIIN-
BBIMU J€THMU KPY?KOK TI0 (pusuKe. 3aHATHs OyIyT MPOXOIUTH MO mporpamme «Pu3rex-
pernonam», 1 MOTU ue Geper HUKAKWX JEHEr 33 3TU MarepuaJibl. EnuacTBeHHOE, BaM
HY>KHO Oyzmer obecredunTh paboTy mpemomaBaTresid. [Iomo0HbIM 00pa3oM (yHKITHOHHI-
pyioT Kpykku yxke B Oostee uem 40 permonax Poccun.

B srom rony B pamkax paboTbl IPOEKTA CHATHI BUEO-PEIIEeHUs IKCIIEPUMEH T b-
HOTO TYpa PETHOHAIBLHOTO Tarna BeepoccuiicKoil 0TmMmua bl MKOJIHHUKOB MO (hu3uKe.
Ucnonp3yiiTe 3Tr MaTepuasbl I1Jisi CAMOMOATOTOBKY K Oyayrum ojgumnuagam. Cebii-
KJ HA PEeIleHns JAHbI y 3ar0JIOBKOB 33134 B paszene ‘«Bo3moxkHbie pereruss.


https://os.mipt.ru
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7 KJiacc

3amaua Nel. Paguan

OGopymoBaHue: Tpu JIUCTa KapToHa (popmaTa A4, HOKHUIIBI, BECHI C TOUHOCTHIO

e mernee 0,1 T, MUJIIMMETPOBKA, 1JII TIOCTPOCHUS TpaduKa.

B dbwusuke npuHATO M3MEPATH yIVIBI B PAJIH-
anax. Pagman — 3TO HEHTPAJbHBIA yroJ, COOT-
BETCTBYIOIIUI JIyre OKPY2KHOCTH, JJIMHA KOTOPOI
paBHa pajamycy 3To# okpyzkuocrtu. JI1060Bb (u-
3UKOB K paJauanam He ciaydaiina. Muoruwe dbusu-
geckue (POPMYJIbI, B KOTOPBIX (DUTYPUPYIOT YTJIbI,
B Pa/IMaHAX BBIVISAAT rOPa3io MPOIIIE.

K zamannio mpuiararorcs maboOHbI HA IBYX
smcrax A4. Ha oaHom u3 mabJ/IOHOB ILIPUBEIEHbI
OJIMHAKOBBIE KPYTHU, HA KOTOPBHIX TOKA3AHBI IIEH-
TpaJIbHBIE YTJIBI PABHBIE TOJOBUHE W IEJIOMY Pa-

1 paguan

R

mmany. Takxke Ha pacmedaTkax MPUCYTCTBYIOT KBaapaThl. CTOPOHA KAXK/IOTO U3 ITHUX

KBa/IpaTOB B TOYHOCTHU PAaBHA PAJNYCy OKPYKHOCTEH.

1. Ucnonb3yst BbLIAHHBIE PACIEYATKH, KAPTOH
U BECHI, CHUMWTE 3aBUCUMOCTH OTHOIIIEHUS MaC-
ChI M KPYTOBOTO CEKTOPA U3 KAPTOHA, C YIJIOM (v
B pajmaHax K Mmacce M kBajpara u3 KapTOHA, NMe-
OIIIEr0 CTOPOHY, PABHYIO PAJUyCy CEKTOpa, OT yr-
na o — 37 (a) (me Menee 8 Touex).

2. Ilocrpoiite rpaduk 310l 3aBUCHMOCTH.

3. 3aBUCHMOCTD TJIOMIAIN CEKTOPA OT €r0 pa-
guyca R u yria «, BBIDAXKEHHOTO B paIHAHAX,
uMeeT BUT, Scexropa = kaR?. Tlonb3ysacek rpadu-
KOM, OIpeenTe KOIPMUIMEHT TPOIMOPIHOHATb-
woctu k.

4. IKCIEPUMEHTAJHHO OMPEIeIUTE KOJIUIe-

«

>

CEKTOP

CTBO paJiiaH B IIOJTHOM KpYTe€E. Baxkno! TeOI)ETI/I‘{eCKI/Ie BbIBO/JIbI HE 3aCYMUTbI-

Barorcs!

5. BeiBegure hopmyny mepeBosa paguanoB B IPAIyChI.

6. K 3asanuio rakike npuiioKeHa pacrevdarka ¢ u300pakerneM O0IbIIoro CeKTo-
pa, yrosi m paJuyc KOToporo Hem3secTHbI. OMpeaesnTe yrosa 3TONO CEKTOPa B TPAY-

Cax.

HpI/I BBITIOJTHEHU N pa6OTbI MOZKHO IOJIB30BATHCSI COOCTBEHHLIMH MMUITYIITUMU ITpU-
HaJIE2KHOCTAMU JJi1d HaHECEHUA KOHTYPOB IJid BbIPE3aHUA Ha 6yMare u KapTOHEe.

TpaHcHopTUpPaMu MOJIb30BaThCS 3aMpeIeHo!
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3agauya Ne2. Bce miornoctu

O6GopyaoBanue: 3 jiucra nojukapboHara (IJIACTUKOBBI JIUCT € AYE€UCTOR CTPYK-
TYPOIi), BeChl 37TeKTPOHHBIE, CTAKAH ¢ BOJOH (MIOTHOCTD BOABI pp = 1 T'/cm?), mmrpmiy
2 M (6e3 uruibl), JuHelKa, canderky st HOAJePKAHUA YUCTOTHI.

[Tpu momony BbIIAHHOIO BaM ODOPYAOBAHUS OLPEIEIUTE:

1. MOBEPXHOCTHYIO TJIOTHOCTD JIUCTA MOJMKAPOOHATA;

2. 00BEMHYIO TIJIOTHOCTH JINCTA, MOJITNKAPOOHATA;

3. IWIOTHOCTH MaTepuaia, U3 KOTOPOro W3rOTOBJIEH JUCT MOJTUKapboHATA.

[Ipu BouImOTHEHUN PAOOTHI HEPOBHOCTSAMH AYE€EK IMOTUKAPOOHATA MOYKHO IIPEeHe-
6peunb. Cumraiite, 9T0 OHU UMEIOT IIPAMOYTOJbHOEe cedenue. Takxke cauraiire, 410
BCE MCKOMBIE TJIOTHOCTH Y 0OPA3I0B MOJUKAPOOHATA OTUHAKOBLI. A MO MTOBEPXHOCT-
HO#1 TJIOTHOCTBHIO MOHUMAETCsI TIOBEPXHOCTHAS TIOTHOCTD MPUXOSIIASCT HA DOJIBITY IO
TDaHb.

Heobxodumwie onpedeserusn: TIoBepXHOCTHOR ILIOTHOCTHIO HA3LIBAIOT BEJIUYUHY
PaBHYIO OTHOIIEHUIO MACCHI TeJla K ero miomajiu: 0 = g. O6bEMHOI 710THOCTBIO TesIa
Ha3BIBAIOT BEJINUNHY PABHYIO OTHOIIEHUIO MACCHI TEJIA K €r0 TIOJTHOMY O0BEMY: Prena =

M TIJI0THOCTHIO MATEPHUAJIA HA3HIBAIOT BEJININHY PABHYIO OTHOIIEHUIO MACCHI TEJIa,

Veena
K 00bEMy MaTepmaja, u3 KOTOPOro OHO M3TOTOBJIEHO: Pyar—na = T

Vuar—aa

8 KJ1acc
3agada Nel. YTeHOK

Onpenennre:

1. MIOTHOCTH HEM3BECTHOM >KUIKOCTH B CTAKAHIUKE p;

2. cpeJIHIOI0 ILJIOTHOCTD YTEHKA Pcp;

3. IJIOTHOCTH MATEPUAJA Py, U3 KOTOPOrO U3TOTOBJIEH YTEHOK.

[LnoTHoCT®H BOABI paBHa py = 1000 KI‘/M3.

Ornenka TIOTPEITHOCTH B 33a4U€ He Tpedyercs.

Brumanue: KOHTellHep ¢ BOAOIH mMMeeT Maccy, npesbrmamomnyio 200 r, mosTomy
mpsiMOEe TIOMEIeHre ITOH €MKOCTH Ha BEChl MOXKET BBIBECTH HX W3 CTpos. B 3sTom
cjydae 3aMeHbl BecoB He Oy/er. BpliuBarh MOIHOCTHIO U3 CTAKAHYNKA HEU3BECTHYIO
KHAJIKOCTDH HEJIb34.

OGopynoBaHue: PE3NHOBBIN YTEHOK C U3BJIEKAEMON «MUINAIKON » ; MITPHUIT €3 Ur-
sl 20 MJT; SJIEKTPOHHBIE BECHI; CTAKAHYWK C HEM3BECTHOW XKMJIKOCTBHIO; KOHTEHHED
C 9UCTOM BOIOM; B 3yOOUNCTKH; camdeTKN sl MOAAePKAHNS INCTOTHI Ha paboueM
MeCTE.

3agaga Ne2. I'aiikn

1. BeipexbTe u3 siucra Oymaru pacredaTranuyio ¢purypy mno koutypy. Omupenenure
KOODJMHATHI IEHTPa Macc Bhipe3anHoit durypst. [locrapaiitecs caenars 310 ¢ HAU-
60sbIIel TO9HOCTHIO. OQUEHUTE MOrPEITHOCTD ONPE/IeIeHUs] KOOPIUHAT HEHTPA MacC.
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2. Haitmure Maccy omHOI M3 Taek.

O6opyaoBanue: aucT GyMart ¢ HOBEPXHOCTHOM IJIOTHOCTBIO g = 80 1/M? ¢ Ha-
MEeYATAHHOW HA HEM (DUTYpPOH HEMPABUIBHON (OPMBI C HAHECEHHON MUJITUMETPOBOI
CEeTKOM, IBa JINCTA KAPTOHA, HOYKHUIIHI, KYCOK HUTKY, KHOMKA KAHIIEISIPCKAsT, B O~
HAKOBbIE TafiKu, JIMHEHKA W/IM CAHTUMETPOBAs JIEHTA, JIUCT MUJIJIMMETPOBON Oymaru
J7Isl TIOCTPOEHUS TpaduKa.

[ToBepxHOCTHAS UIOTHOCTD JINCTA KAPTOHA CYUTAETCS U3BECTHON M PABHON 0 =
250 r/m2.

9 kJacc
3amaua Nel. Tymasa muria

[Ipu mengienHOM ABUYKEHUM HOPIIHS [IIPUIA MACCA M KAILIA 2KUIKOCTU HA KOH-
1€ UTJIBI TOCTENEHHO HAPACTAET. KC/Iu mmpwil pacio/ioxKeH BEPTUKAILHO, UTJIOH BHU3,
TO OTPBIB KAILJIA MPOUCXOIUT MPYU HEKOTOPOM 3HAYEHWH 171, KOTOPOE MOXKHO OIpE/Ie-
JuTh 10 opmye:

m = mg®d® O';Y(b,
rae «, 3, Y — HEeKOTOpbIE LeJble Yucia, T — Oe3pasMepHblil KO3 UIUMEeHT, PaBHbLIA
3,14, g — ycxopenue cBoGOHOTO TIajienus, pasHoe 9,8 M/c?, d — BHemmHil HaMeTp
UTTIBI, Os¢, — IDDEKTUBHDIN KO3DOUIIERT TOBEPXHOCTHOTO HATAYKEHN S, 3aBUCATITIIH
OT MPUPOIBI COMpUKACAIONMXCs cpel. Enuannpr n3mepenus koddduimenTa moBepx-
HOCTHOIO HaTsizkenus — H /M.

1. Ykaxkure B pabore BHEIIHUE 1UaMETPbI BbIAAHHLIX Bam uri.

2. Onpenmenure mMoKa3aTean CTeMeHel o, [, u 7.

3. DKCIepUMEeHTAJIbHO UCCAEAYHTEe 3aBUCUMOCTH MACCHI KA 171 OT BHEITHETO
auamerpa uribl d. OmuinuTe METO/I ONpPEeIeIeHUs MACChl KAILIA 1.

4. TTocTpoiiTe rpaduK MOTYIEHHON 3aBUCUMOCTH.

5. C nomomipio rpaduKa OnpeieinTe 3HAYEHUE Tog,.

O6GopymoBanme: HAOOP U3 7 UIUI C U3BECTHLIMU BHEIIHUMY juamerpamu d (cM. 1ab-
JIILY ) ; TITPHI, 00bEMOM 1 MJT; CTaKaH ¢ BOJOI MIIOTHOCTHIO po = 1,0 1/ em?; canderkn
JIJIS TIO/IIEPXKAHUS 9UCTOTHI; JIUCT MUJIJIUMETPOBOM OyMaru /ijist IOCTpOeHus rpaduKa.

Buumanwme! Ouenka norpemnocreii B 3Toit pabore He Tpedyercs.

Huxe npusemena Tabna COOTBETCTBHs KaauOpa WIJbl U €€ BHEITHEro JhaMeT-

pa:

Kam6p | 16G 18G 19G 20G 22G 23G 27G
d,mm | 1,60 1,20 1,08 0,90 0,83 0,63 0,40
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3agauya Ne2. Kak caarr BAX?

B sToM 3KrcnepuMeHTATBHOM 3aJaHWH OIEHUBATDH TTOTPENTHOCTH He HY>KHO.

B Bamem pacrnopsizKeHuu UMeIOTCs 1Ba MyJIbTUMEeTPa. 11epBblit Mynbrumerp (Ha ero
KODIIyCe IPUCYTCTBYET OTMeTKa «Nel») MOXKHO HMCIIO/IB30BATH TOJBKO B PEXKUME OM-
mMeTrpa. Bropoii MmysbTuMeTp HEOOXOMMMO UCIOIb30BATD JIUITH B KA9€CTBE aMIIEPMETPA
WU BOJIBTMeETpA.

IIpu nopknOYeHHMM K OMMETPY 3JIEKTPUYECKOIO 3JIEMEHTA OH IIOKA3BIBAET €ro
CTaTUYeCKOe COIPOTUBJIEHNE, TO €CTh OTHOINEHNE HANPSKEHUSA Ha JJEMEHTE K CUJe
TOKa Uepe3 Hero Re, = %

1. Onpeenure COMPOTUBIIEHNUST AMIIEPMETPA U BOJBTMETPA B PEXKUMAX HU3MEpe-
HUsI TIOCTOSTHHOT'O TOKA ¥ MOCTOSHHOTO HANPSYKEHUsI. JAMUIINTE 3HAYCHUs] U3MEpPEeH-
HBIX COLPOTHBJIEHU JIjIsi PEKMMOB aMIIEpPMETPa C MPEeJesIoM u3Mepennii Merbiine 10 A
" JIJIST PEKUMOB BOJTBTMETPA C TIpeaesoM uaMmepenuii menbie 200 B.

2. CHUMHUTE BOJIBTAMIIEPHYIO XAPAKTEPHUCTUKY INOIa B TPAMOM HAMPABICHUU
(cM. PUCYHOK HUXKE) B MAKCHMMaJIbHO IIMPOKOM JIMANA30HE 3HAYEHWI HaNpsiKeHuUii,
CYNTAas M3BECTHBIM, YTO XaPAKTEPUCTUKU 000OMX nmonoB oamHakosbie. Heobxomumoe
kosmgyecTBo Touek — e Mmenee 11. Crapaiirech, 9T00bI TOYKHM PACHOIATATUCH PaB-
HOMEPHO TIO HANPsiyKeHUsM. [Ipr TPOMeKyTOUHBIX W3MEPEHUIX 00s13aTeIHHO N300pa-
JKalTe COOTBETCTBYIONINE SJIEKTPUIECKHE CXEMBI C 0003HAUEHUEM TTPUOOPOB U UX pe-
xuMamu. Vcrmomp3yiiTe TabMuIbl ¢ OMUCAHNEM KAYEeCTBEHHON M KOJIMYECTBEHHOU WH-
dopmarueit 06 n3MEpEHMSIX.

3. Ilocrpoiite rpaduk mosyYeHHON! BaAMHU BOJBTAMIIEPHON XaPAKTEPUCTUKH.

OGopynoBaHue: aBa MyJIbTHMETPA, COEAMHUTEIbHBIE [IPOBO/IA, J1BA OJUHAKO-
BBIX [IMOJIA, JINCT MUJLIMMETPOBON OyMaru Jjisi MOCTPOeHust rpaduKa.

[Ipn moakoYeHNN MO B JIEKTPUIECKYIO IIENb + N —
VUIUTBHIBANTE €ro MOSIPHOCTh. Ha pucyHKe TToKa3aHa cxe- L1
Ma TOJKJIIOYEHUs JUOJA /i ero PaboThl B IPSMOM Ha-

[IPaBJICHUN. . .

10 kJjacc

3agaya Nel. Kpyma B mmpuine

O6opynosanue: mpur 20 mi; [IBX 1pybka; Kpyna B m1aCTUKOBOM CTaKAHYU-
Ke; MEpHAasl JIEHTA; KAHIIEISIPCKUHN 3ayKUM; IIITATUB C JIAMKOI; 2 JTUCTa, MUJIIAMETPOBOI
Oymaru jjis ocTpoenus rpaduKoB; MAIAPHBIH CKOTY (M0 TPEGOBAHMUIO); TLJIACTUKO-
Basi MKOCTb C BOJIOH (BOIY MOXKHO IIONIPOCUTD JOJIUTD); CaIeTKHU Jist MOJIEePIKAHUS
9HCTOTHI PAbOIEro MecTa.

3adanue. C HOMOIIBIO BBIZAHHOTO OOOPYIOBAHUS U3MEPHTE:

1. mwromaap BryTpenuero nomepednoro cedenus [IBX 1pybku S u onenure eé
morpentaoctb AS;
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2. arMoc(epHOe TaBICHUE Py -

Hocranpre nopirens u3 mmpuna. Eciu mnpui BHyTPH MOKPBIH, TO TIIATEIHHO
ynaaure Bony cajiderkoii. [lomecTuTe HEKOTOPOE KOJIUYECTBO KPYITBI B STOT TITTPHUII.
Bepuure mopienb Ha MeECTO.

Buumanwne! 3epHa Kpylibl Oo4eHb OBICTPO HAMOKAIOT M YBEJIUYUBAIOT
cBoii 06bEM, mosToMmy nx HEJIb3 4 mounth. Pemmenusa gomyckarorme KOH-
TaKT KPYIbI ¢ BO/IOl He 6ydym oueHusamwvces. JJonosiHuTe bHble MOPIAN
KPYIIbI BbIJIaBaThCcd He OyayT.

3. Ompenenure MyCTOTHOCTH (v KPYTIBI, T.€. OTHOIIEHNE 00bhEMA BO3IYXa MEKIY
38pHAMHE K TMOJHOMY (HACBITHOMY) OOBEMY, 3aHIMAEMOMY KPYIOH (r = — o

VHaCbIH
Ilpumevanue 1. Ilpu BbIMOTHEHNE PAOOTHI OTAETIbHBIE KOMIIOHEHTHI U3 MEPEUHS

000pYIOBaHNS MOYKHO pa3MeIarh Kak Ha CTOJe, TaK W Ha, TOJY.

Ipumeuanue 2. IlorpermuocTs B 3a/1a49€ TPEOYETCsT OIMEHUTH TOJIBKO IS TIIIOIIATN
IIOIIEPEYHOr0 CeYeHUd B IIyHKTe 1.

IIpumenanue 3. Tlnorrocts Boasl p = 1000 Kr/M3, ycKopeHne CBOGOIHOTO HaIe-
g g = 9,8 m/c?.

3agaua Ne2. Jlammmouka — ropm!

Ob6opynoBaHME: KOMILIEKT [JII H3- |-----=---=--=--—----~
MepeHu#l ¢ JaAMHIOYKON, TpeMda KOHTAKTaMHu
¥ BBIBEIEHHBIMU HAPYKY MEPEMEHHBIM De-
3UCTOPOM ¥ KOJIOZIKO# i Gatapeiiku (cxe-
Ma CoelMHeHus n300parkena Ha puc.); bara-
peiika; MysibruMerp (B pexKuMe BOJIbTMeTpa
U OMMETpPA) C ILyHaM¥; TPU JIUCTA MUJLIU-
MEeTpOBO#1 Oymaru st mOCTpoeHus rpadu-
KOB.

3adanue. BHyTpu 1aMIibl HAKATMBAHUS
HAXOJIUTCS HUTb, CAEJAHHAs u3 Boabdpa- ~~~ -~~~ ~-"""7---7°---
Ma — TYTOIJIABKOTO METAaJlIa, YAeIbHOe COMTPOTUBIIEHNE p KOTOPOTO CHIHLHO 3aBUCHUT
or ero Temneparypbl T (cM. Tabsuiry). s mpoBeeHns HeoOXOIUMBIX U3MEPEHU 1C-
MOJIb3yHTe BBIIAHHBIN BaM KOMILIEKT, COCTOAIINI W3 MTOCIEI0BATEIHFHO COETUHEHHBIX
MeXK Ly COOOM 37IEeMEHTOB: JIAMIIbI HAKATMBAHKS, IOCTOSHHOTO PE3UCTOPA, EPEMEHHO-
ro pesucropa m Oarapeiiku. [Ipu pacuérax cauTaiiTe, 9TO KOMHATHAS TEMIIEPATYPA

pasua 300 K, a remioBbim pacumpenuem BosibdpaMa MOXKHO IIpeHeOpedb.

¢ KommiiekT nisi m3amepeHnit He pa3bupars!

e Topsmryro ssamny pykamMum He TPOrarthb!

e Bo u3bexxanue paspaga barapeiiku He gep>KuTe Iellb 3aMKHYTOM, KO-
rJa He MPOU3BOUTE U3MepeHwmii!

¢ PexxuMmom amMmepMeTpa II0Jb30BaThCs 3allpeleHo!
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e Ilepen mamepeHnsMu B pexkmMe OMMETPAa HEOOXOJUMO OTCOEANHUTH
oT nenu Garapeiiky!
e B pgammoii 3agade pacdér morpeniHocreii He TpebyeTcs.

T, K 300 | 500 | 700 |900 | 1100 | 1300 | 1500
p, 1078 Om - m 565 | 1048 | 15,75 | 21,35 | 27,23 | 33,29 | 39,50
T, K 1700 | 1900 | 2100 | 2300 | 2500 | 2700 | 2900
p, 1078 Om - m 4588 | 52,40 | 59,05 | 65,82 | 72,71 | 79,71 | 86,81

1. OcHOBBIBasICH Ha IPUBEIAEHHON TabIuIEe, MOCTPOTe rpaduK 3aBUCUMOCTH P/ po
OT TeMIepaTypbl HUTH 1, T/Ie p — YIAEJIbHOE COMPOTUBJIEHNE BOJIb(ppaMa MpPU TEMITe-
parype T, pgp — €ro yaesabHOe COIPOTUBJIEHNE TIPU KOMHATHON Temmeparype 1p.

2. Oupejesure COLPOTUBJIEHUE <«XOJIOAHOM» JIAMIIbL (COLPOTUBJIEHUE IIPU KOM-
HATHOI TeMmeparype).

3. DKCIIEPUMEHTAIHLHO OMPEIEIUTE 3aBUCHMOCTD MOITHOCTH P, BBIIEISIEMOI HA JTaM-
me, OT TeMmIeparypbl BoibdpamoBoit autu 1, cHsaB He meHee 15 Toduek. [locTpoiiTe
rpaduK MOJTyIeHHON 3aBUCAMOCTH.

4. OcHOBBIBasICh Ha IIOCTPOEHHOM B IIyHKTE 3 rpaduke, ciaeaire 000CHOBAHHbBLIA
BBIBOJ, O CIIPABEJINBOCTH WJIA HECIpaBeInBocTu 3akoHa Hpiorona-Puxmana P~
(T —Tp). B cayuae, ecin OH CIIPaBeIIMB TOJNBKO JIJIS HEKOTOPOTO JAMATNA30Ha TeMIIe-
paTyp, YKa’KATe 3TOT AUAMTA30H.

5. [Ipeanonaras, 94ro npu Goblux TeMueparypax xapakrep 3asucumocru P(T')
nmeer Bug P ~ T", oupenenure n. Cuuraiire, 970 n MOXKET NPUHUMATH OLHO U3 Lie-
JIOYUCJIEHHBIX 3Hadenwuit: 1, 2, 4 unu 6.

11 kJjyacc
3agaya Nel. Kpyma B mmpuie

O6opynosanmue: mpur 20 m; [IBX 1pybka; Kpyna B m1aCTUKOBOM CTaKAHYHU-
Ke; MEpHAas JICHTA; KAHIEJIAPCKUM 3aKUM; IIITATUB C JIAKOMN; 2 JIMCTa MUAJLJIMMETPOBOMN
Oymaru jjis ocTpoeHus rpaduKoB; MAIAPHBIH CKOTY (MO0 TPEOOBAHMUIO); TLJIACTUKO-
Basi MKOCTb C BOJIOH (BOIY MOXKHO TIONIPOCUTD JOJIUTD); CaIheTKU Jisl MOIEePIKAHUS
9HCTOTHI PAbOIEro MecTa.

3adanue. C HOMOIIBIO BBIZAHHOTO OOOPYIOBAHUS U3MEPHTE:

1. mwromaab BryTperHero nomepednoro cedenus [IBX 1pybku S u onenure eé
morpentaocTb AS;

2. aTrMoc(epHOe TABICHUE Pary -

Hocrambre mopiienb u3 mmpuia. Eciu mnpuir BHYyTPH MOKPBIH, TO TIIATETHHO
yaanure Boay casderkoii. [fTomecture HEKOTOPOE KOMMYECTBO KPYIIbI B STOT IIITPHIL.
Bepuure nopiieHb Ha MeECTO.
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Buumanue! 3epHa Kpynbl 04YeHb OBICTPO HAMOKAIOT M yBEJINYUBAIOT
cBoii 06bE€M, mosTomy nx HEJIb3 4 mounth. Pemmenus jgonyckarorime KOH-
TAKT KPYIBI C BOAOU He 6ydym ouenusamvces. JomonHurenbHbIE TOPIANA
KpPynbl BbIJaBaThcsd He OyMyT.

3. Ompenenure MyCTOTHOCTH (v KPYTIbI, T.€. OTHOIIEHNE 00bEMA BO3IYyXa MEXKITY
38pHAMH K NOJHOMY (HACHIIHOMY) OOBEMY, 3AHMMAECMOMY KDPYHOH o = —

‘/HaCbIH '
ITpumenanue 1. Tlpw BBIMOIHEHNW PAOOTHI OTAEILHBIE KOMIIOHEHTHI U3 MEPEUHS

000pyIOBaHMS MOYKHO pa3Melarh Kak Ha CTOJie, TaK U Ha, MOJY.

Ipumenanue 2. IlorpermnocTs B 3a/1a49€ TPeOYeTCs OLEHUTH TOJIBKO JIJIsT TIJIOIIA/TN
MONEPEYHOr0 CeveHus B MyHKTe 1.

IIpumenanue 3. Ilnornocts Boab p = 1000 Kr/M>, ycKopeHne cBOGOIHOTO ma/Ie-
Hug g = 9,8 m/c?.

3amauue Ne2. Jlammmouka — ropm!

O6GopyagoBaHHe: KOMILIEKT JIT W3- |=-=-=-=============-
MEpeHu# ¢ JaMIOYKON, TpeMd KOHTAKTaMHu
¥ BBIBEJIEHHBIMU HAPYKY MEPEMEHHBIM De-
3UCTOPOM UM KOJIOZIKOIL jiuist Garapeiiku (cxe-
Ma CoesMHenus n300paxKena Ha puc.); bara-
peiika; MyJbTuMeTp (B peXKUMe BOJIBTMETPA
U OMMETpPA) C ILyHaMu; TPU JIACTA MUJLJIU-
MEeTPOBO# OymMaru Ay MOCTPOEHusT rpadu-
KOB.

3adanue. BHyTpu j1aMiibl HAKAJIMBAHUS
HAXQIWUTCS HUTb, CAEJAHHAS U3 BOJb(Mpa-
Ma — TYTOIJIABKOTO METAJIJIA, YIeJIhHOE COMPOTHBIIEHNE p KOTOPOTO CHUIBLHO 3aBUCUT
or ero Temueparypbl T (cm. Tabsuity). s npoBeeHus HeOOXOAUMBIX U3MEPEHUI 1C-
MOJIb3yiiTe BbIIAHHBIN BaM KOMILIEKT, COCTOSAIIIHI W3 TOCIE0BATETHHO COETHHEHHBIX
MEKJIy CODOIT 9JIEMEHTOB: JIAMIIbI HAKAJTMBAHUS, TIOCTOSHHOTO PE3UCTOPA, IEPEMEHHO-
ro pesucropa u Garapeiiku. [Ipu pacuérax cumraiiTe, 9TO KOMHATHAS TEMIIEPATYPA
pasua 300 K, a remioBbiM paciimpenreM BoJbdpaMa MOXKHO TPEeHEOPedb.

e KommiekT i1 m3amepeHuii He pa3zbupars!

e Topsiiyro JaMny pykaMu He TporaTh!

¢ Bo u3b6exxanue paspsaga 6aTapeiiku He AepKUTe Iellb 3aMKHYTOii, KO-
rja He NPOU3BOUTE U3MepeHuii!

e PexxuMoMm amriepMeTpa IOJb30BAThCH 3allpeleHo!

e Ilepes m3MepeHUIMHU B peXXUMe OMMETPa HeOOXOMMO OTCOEUHUTH
oT nemnu bGarapeiiky!

e B nammoii 3agade pacdéT morpentHocTeii Tpedbyercsa TOJIbKO B MOCJE-
HeM ILyHKTe.
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T, K 300 | 500 | 700 | 900 1100 | 1300 | 1500
p, 1078 Om - m 565 | 1048 | 1575 | 21,35 | 27,23 | 33,29 | 39,50
T, K 1700 | 1900 | 2100 | 2300 | 2500 | 2700 | 2900
p, 1078 Om - m 4588 | 5240 | 5905 | 65,82 | 72,71 | 79,71 | 86,81

1. OcHOBBIBasiCh HA IPUBEIEHHOM TabIIHIIE, TOCTPOiiTE rPad¥K 3aBUCUMOCTH p/ po
OT TeMIepaTypbl HUTH 1, T/Ie p — YIAeJIbHOE COMPOTUBJIEHNE BOJIb(paMa MpPU TEMITe-
parype T, pgp — €ro yaemabHOe COMPOTUBJIEHNE TIPU KOMHATHON Temmeparype 1p.

2. Oupejesure COLPOTUBIIEHUE <«XOJIOMHOM» JIAMIIBbI (COLPOTUBJIEHUE IIPU KOM-
HATHOI TeMueparype).

3. DKCIIEPUMEHTAIHLHO OMPEIEINTE 3aBUCHMOCTb MOITHOCTH P, BBIIEISIEMO HA JTaM-
me, OT TemMmeparypbl BoIbdpamoBoit Hutu T, cHAB He Menee 15 Touek. 3aHecure pe-
3yJIbTATHI IPSAMBIX H3MEPEHUN U PACYETOB B TAOJIHAILY.

4. Ilpepnonaras, aro upu 6osbmux Temueparypax (T > 800 K) xapakrep 3aBu-
cumocru P(T) umeer Buy P ~ T™, rje n — 1es0€e 4uciio, OlpeleuTe BeJIuIuHy n.
ITocrpoiiTe rpaduK 3TOi 3aBUCHUMOCTH B TAKUX KOOPAWHATAX, T OHA WMEET JIMHEH-
HbBIN BUI.

5. Ompemenure MIOIMIAIb W3JIYYaIONIell TOBEPXHOCTH HUTH HAKAJIWBAHUS JIAM-
IIbI, MCHOJB3Yd JAHHBIE CIPABOYHUKA: BOILMPAMOBAd IUIACTHHA ILIOMAAbI0 1 cm?
upu remueparype 2000 K uziyuyaer mounocrs 22,5 Br (cymmapHo 10 Bcem 4acro-
ram). Cuuraiire, 4r0 Bed norpebiisieMast JaMIOl MOLIHOCTb yXOAUT HA U3Jly4EHUe.
OrnennTe MOrPEITHOCTD PE3yIbTaTa.
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Bo3MmoxkHbIE penieHns
Bamaua Ne7-E1. Pagman (sr1copasoop)

Broipexkem u3 kapTona Kpyru u KBajparsl. B3secum ux. s yBeaudenus TOIHO-
CTY W3MEPEeHW B3BEIMBAEM TI0 5 KPYTOB U KBAIPATOB. Pe3y/bTar yCpeaHsiem.

Nsmepeno (Macca 5 mTyK) IMocuurano
Ksagpar 1,86 r 0,372 r
Kpyr 5,84 r 1,168 r

Takzke mocyuTaeM OTHOIIEHHE MACChl KPyra K Macce KBaIpaTa:

M, KpyTra

7 ~ 3,14
KBaIpaTa

Boipesaem u3 kapTtona cektopbl o 1 u 1,5 pagmana (mosypaJuaHHbe CEKTO-
PbI OYIyT JaBaTh GOJBIILYIO TIOIPEIIHOCTD, II03TOMY BBITOJHEE OPATh GOJIBITHE YIJIbI).
B3BermBaeM Macchl CEKTOPOB € CYMMapHO PA3HBIMH YIJIAMHU U CUMTAaeM OTHOIIEHHE
K Macce KBaapara. s 60sbineil TOYHOCTH MOYKHO B3BEIIMBAHUE JJIsT OJHOTO W TO-
r0 JKe yIJIa IIPOBOJUTL HECKOJIBKO DAa3, MUCMIOJIb3ys Pa3Hble CEKTOPbI, U YCPEIHATDH
[IOJIy 9€HHDIE Pe3YJIbTATHL.

N3mepeHo ITocunrano
¥Yroma, paj. Macca, T ]\JZ(%::;
1,5 0,28 0,75
2 0,36 0,97
2,5 0,45 1,21
3 0,53 1,42
3,5 0,61 1,64
4 0,76 2,04
4,5 0,84 2,26
3 0,95 2,55
9,5 1,00 2,69
6 1,08 2,90
7 1,28 3,44
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ITocrpoum rpaduk. IIpu mocrpoenun rpaduka ydreMm, 9TO IPH HYIE€BOH Macce
CEKTOpa OTHOIIEHHE MACC JOJKHO B TOYHOCTU PaBHATHCH Hyi0. To ectb rpaduk
OyZeT BBIXOIWTH W3 HAYAJIa KOODIUHAT.

MCeKTOpa.

MKBa/:LpaTa
4 -
3 -

()
2 _ ()
(]
1 -
Q, Pa
T T T T T T T T

0 1 2 3 4 5 6 7 8

ITo rpacduky BuAHO, 9TO 3aBUCUMOCTD JinHEHHA. BhiBegem TeoperndecKyo pop-
MYJIy 3TOU 3aBUCUMOCTH:

2
Meexropa  ckaR2

ka
MKBagpaTa oR?

N3 rpaduka Haxomum koddduiment k = % = 0,5. Takum obpazom:
SceKTopa = 0,5&R2

C yderom Macchl Kpyra TIOMYyYrM, 9YTO B TIOJTHOM Kpyre mpuMepHo 6,28 pajaua.

Torpa: 6,28 paguan pasasercs 360°. U 3nagnt, hopmyna ajis nepeBoia pauaHoB
rpaaycsl (A — yroa B rpagycax): A = %?—g;a

Bripexkem u3 Kpyra, ¢ KOTOpbIM pabOTan paHee Mpu U3yYeHWH 3aBUCUMOCTH,
CEeKTOp C YIVIOM B MsITh pa3 OOJIBIIKAM, 9eM YTOJI CEKTOpPa HA BBIAAHHOM Jjucte. s
9TOr0 CHAYasa IOJATrOTOBHM IabsioH. Bbiperkem OOJBINONR CEKTOP M, UCIOJIb3Ys €ro
B KadecTBe Tpadapera OTI0KUM HYKHbBIE YIJIbI HA JTI0O0M U3 KPYrOB W3 MEPBOii pac-

medarku. asee BoipexkeM moyduBiuiicsa mabsoH n3 Oymaru u yxke mo Hemy Oyiem
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BBIpe3aTh ceKTOp n3 kaprona. Ero macca — 0,64 r. Torga macca cekropa ¢ HyKHBIM
HaM yIJIOM B b pa3 Menbine — (0,128 1.
C yyeToMm MpeabIayIuX pPe3yIbTaToB, YTOJI CEKTOPA:
2Mcexropa  2-0,128 T

= = ~ 0,69 ~ 39.4°
= Mepana 03727~ 209 PAASSY,

3agaua Ne7-E2. Bece mutornocru  (Bu1eopastop)

s ompenesieHnsi BCeX MJIOTHOCTEH TMOHALOOWTCH Macca IacTwHbl. [losTomy
ompesesisieM €€ B MEPBYI0 OvYepesb mpu momoru BecoB: m = 7,5 r. Teneps miis Bcex
JATBHEHINX BBIYACICHUI HaM TMOHAIOOATCS JHHEHHbIE pa3Mephl aucra. 3mepum
ero mwupuny L (pasmep nouepedHblii BHYTPEHHUM [10JIOCTAM) IPU [OMOILY JMHEHKM:
L = 11,3 cm. U3mepum Boicory mactuibl H (pasmep BIOIL BHYTPEHHUX TIOJOCTEH)
npu oMoty Jjuueiiku: H = 6 cm. Tommuay nmcra b Toxke u3mepsiem juHeiikoi. s
TIOBBIMIEHNST TOYHOCTH CJIOKHUM TPH JIUCTA BMECTE W U3MEPUM UX CYyMMapHYIO TOJIIIIH-
Hy B. 3areMm pa3ienuMm 3Ty TOJIMHY HA KOJUYIECTBO JIUCTOB U TOJIYYUM TOJIIHHY
onuoro jucra: b = 0,6 cM.

Paccunraem Bce He0OXOMUMBIE TLIOTHOCTH. I[I0OBEPXHOCTHAS TIJIOTHOCTD:

m m 75T r
o= — ~

= 17.
S LH11,3¢cm-0,6 cm " em?
O6béMHadA IIIOTHOCTD:

_om m _ 75T ~ 0181
Preaa = 3 T TN Hxb 113 cmx 6,1 cux0,6cm 0 cud

Haiinem 06bém mracTuka, u3 KOTOPOTO CAeIaHa miacTuHa. s aToro n3 oobéma
TJTACTUHBI HEOOXOINMO BHIYECTh O0BEM BCEX STIEEK, KOTOPBIE €CTh B TIJIACTHHE: Viacruka =
Viaeen — NVp. Cumraem konmdectBo sigeek N = 20. Jlanee HeoOXOZUMO ONMpPEIEINTH
00BEM OJIHON STUYEHKH.

Croco6 Nel: JIng sroro HAGUpAEM B IIIPHIL BOLY. 3AKPHIBAEM sTYEHKY C OIHOM
CTOPOHBI MAJIBIEM U AKKYPATHO HAJIMBAEM TyJa BOAy u3 mmpwura. [lo pasuoctu na-
OpaHHOrO 00bEMA BOIBI M OCTABIIEr0Cs B HINPUIE onipedesisieM o0béM stueiiku V. st
YBEJIUYEHU ST TOYHOCTH HEOOXOJUMO U3MEPUTh 00bEM HECKOJILKUX mojiocTedt (0T 5 110 7)
ecyu 3HadeHns 00bEMOB OyIyT OTINYATHCS HE DOJIee UeM Ha IEHY NeJI€HUs IIMTPHUILA,
TO TOJIyYeHHbIE 3HAYEHUS HEODXOIUMO ycpeauuTh. Eciu 06bEMBI mosiocTeil oTamda-
I0TCsl 3HAYUTENILHO (2 1 GoJiee LEHbI JIeJIeHril) TO HEOOXOUMMO AKKYPATHO IPOMEPUTH
0OBbEMBI BCEX IIOJIOCTEH, & 3aTeM CJIOKUTH HX.

Crioco6 Ne2: [ljis1 MOBBIIEHUST TOYHOCTH ONpEIETeHUsT 00bEMA TOJIOCTH MOK-
HO CHaYaJjia B3BECUTH IIMPHI] ¢ HAOPAHHON BOIOI. 3aTeM 3aIOJHATEH TOJOCTH BOIOM
u3 mmpura. Ilocsie 3Toro B3BeCuTh MaCCy IMMIPUILA ¢ OcTaBieiics Boaoii. [lomyanBry-
10C PA3HOCTH MAcC B TPAMMaX Pa3/e/uTh Ha IJIOTHOCT BOJBI B T/cM® — 3T0 1 Oyer
06bEM OJIOCTH B CM>.
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[osmyuennblii 06beM o1HOM nostoctu cocrasisger Vo = 1,7 em®. Torma:

m 75T

— ~

N
~1,12—;.
VHJ‘IaCTI/IKa (40,68 — 20 x 1,7) cm? T eMm3

Puar—na =

Bagaua Ne8-E1. Yrenok (Bujcopasoop)

Oupenenum ILJIOTHOCTh HEU3BECTHOH 2Kuakoctu. s 3Toro cHadajia M3MepHM
MacCCy MYCTOTO TITTPHUIIA My, 3ATEM 3AMOTHUM TITTPHUIL HEM3BECTHON KMIKOCTHIO, OTTpe-
genuM eé 00béM Vi, TTIOMECTHB Ha BECHI, OMPEIEIUM MACCYy IIMPHUI C YKUAIKOCTHIO
M = my + M. [II0THOCTD KUJIKOCTH PaBHA,

_M—mLH
p= Vi

Macca mmpuna my, = 11,26 v, 0o6bem kunkoctn V,, = 20 mia. V3meperns macch
3aIOJTHEHHOTO YKUIKOCTHIO IITTPHUIIA TTPOBOANM HE MeHee TpeX pas, MOcje KayKIoTo
nu3MepeHud XKUJIKOCThb C/JIMBa€M U3 IIIIPpUIa U 3aHOBO 3aIllOJIHAEM e HITTPUAIL.

Macca mmpuria ¢ KuIKOCTHIO:

Ne M, r
1 32,70
2 32,78
3 32,74
4 32,65
5 32,71

Ompeniensiem cpefHee 3HAYEHHE MACChI MIMPHIA C KUAKOCTbIO M, = 32,72 1.
[InoTHOCTD KUAKOCTH, KOTOPasl WCIOIb30BATACh ABTOPAMHU 33/a4H, PaBHA

(32,72 — 11,26) - 103

— _ 3
p= 50 10=6 = 1073 kr/m

s ompenesenns TMIOTHOCTU MAaTEPUANA Py, U3 KOTOPOTO M3TOTOBJIEH YTEHOK,
HY?KHO H3MEPHTD: 1M — MaCCy YTEHKa; Vyye — BHEITHUH 00beM yTeHKa; Viyy — 00béM
MIOJIOCTH yTEHKA.

s onpeiesienrst Macchl yTEHKA M BOCTIONb3yeMcs BecaMu. Macca yTeHKa ¢ BbI-
HYTOI «IMHUIIAJIKOM» paBHa 4,34 T, eCJIN «ITUIAJIKa» He BBIHYTa, TO Macca paBHa 4,47 T.
31ech u majiee U3MEPSIOTCS MapaMeTphbl YTEHKA, PEKOMEHIOBAHHOIO [IJIsi JAHHOM 3a-
JAYN B CIECKE OOOPYIOBAHUS /I PErMOHAJIBLHOrO drama. Ilapamerpsl yTéHKa, mpe-
JIOKEHHOT'O YIaCTHUKAM B PETMOHAX, MOT'YT OBITH JAPYTHMH.
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s onpeiesienusi BHEITHErO 00beMa yTEeHKA BOCIOJIb3YeMCs METOIOM IHIPOCTa-
THYECKOro B3BemuBanus. [loMernaem crakaH4duk C KUIKOCTHIO HA BECHI, 3AIIACHIBAEM
nokazanus BecoB M; (nubo Tapupyem ux), ¢ HOMOIIBIO ABYX 3y60UYNCTOK aKKypPaTHO
TaK, YTOOBI YTEHOK Ha KACAJICS CTEHOK COCY/Ia, MOJHOCTHIO TOIPY’KAeM €ro B JKU-
KOCTb, 3aITUChIBaEM HOBBIE MOKa3aHus BecoB Ms. Tak Kak pa3HOCTb MOKA3AHUI BECOB
My — My pasua cuite Apxumena, gefcTByIomel Ha yTeHKa, JEJEHHONR HA YCKOPEHHe
CUJIBL TAXKECTHU, TO

PVane = My — My

Takum 00pa30M MOXKHO OIPE/IETIUTH BHEITHUI 00bEM yTEHKA Viye:

N3mepennoe 3nagenne My = 153,64 r.
Heckonbko pa3 mpoussenem uaMepenns Ms. Pe3ynbrarhl n3aMepenuit nmpeicras-
JICHBL B TAOJIAIIE

Ne My, T
1 166,68
2 167,78
3 166,74
4 167,98
5 168,12

Omnpenenum cpennee 3naderne Mo = 167,46 1.
Buermmanit 06béM yTeHKa paBeH
(167,46 — 153,64) - 1073

Vane = 1073 =12,89-107° m® = 12,89 M1

Torpa cpenHsisi IJIOTHOCTH YTEHKA DAaBHA

pep = Vﬂ ~ 337%
BHE
st onpeenenust 06beMa MOJOCTU YTEHKA HYXKHO €r0 IMOJTHOCTBIO 3AHOJHUTD
JKUIKOCTHIO. 3arOJHATh MOXKHO KaK HEM3BECTHON KWJIKOCTBHIO, MJIOTHOCTH KOTOPOit
ObLIa y2Ke OMpeneeHa, Tak U OObIYHON BOmO#. [lpu 3amonHeHnn BHYTpEHHETO 00b-
éMa, C TTOMOIIBIO MITPUIIA TOSABJISIOTCS BO3IYIITHBIE MOJOCTH, KOTOPHIE HEBO3MOXKHO
YCTPAHUTD, MOITOMY TAaKHM CIIOCOOOM OOBEM HEBO3ZMOXKHO OIPEAESUTH TOYHO. Ilo-
9TOMY JIydIlle BCErO 3allOJIHEHUE NMPOU3BOIUTH B €MKOCTH OOBIYHOI BOJO, OIPYy3UB
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YTEHKA IMOJHOCTHIO B BO/Ly U HECKOJIBKO Pa3 C2KAB €r0 U JIaB BO3MOYKHOCTH ITOJTHOCTHIO
BoCcCTaHOBUTDH (hopmy. Takum 06paszoM BO3yIIHbIE 0J0CTH OyayT yerpanenbl. Onpe-
JIEJTAM MAaccy 3amoJHeHHOTO BOMIOH yTEHKa ¢ TTOMOIIhIo BecoB. Cemaem Tak HECKOIHKO
pa3, cimBasg XOTs ObI YaCTHYHO BOJY W3 yTEHKA, W 3AIOJIHSS €r0 33aHOBO. JHAYECHUE
MAacChl 3aII0JTHEHHOTO BOJON yTEHKA OIPeIeINM KaK Cpe/iHee apudMeTnIeckoe, moy-
qum 14,08 r. O6beM BHYTpeHHEH MOJOCTH PaBeH

(14,08 — 4,34) - 1073
1000

Vany = =9.74-107% M® = 9,74 mn

OHpe,HeIII/IM IJIOTHOCTh MaTe€puaJla, U3 KOTOPOro m3roTroBJjieH yTEHOK,

m 4.34-1073 KD KT
— — ’ =1,38-10°— = 1380—
P e~ Vi (12,80 — 9,74) - 105 3 e

Bagaua Ne8-E2. Taiiku (Bu1copastop)

B asmopcrom pewenus ucnosb308aACA KAPMOH € NOBEPTHOCTIHOT NAOTMHOCTDIO
o = 256 v/m>.

BosMoxkHBI MeTOJ| Ompe/ie/ienus KOOPAMHAT IEHTPA MacC (TA¥KEeCTH) CJIeILyIo-
Ui Hy?KHO TO/IBeCUTh (UTYpPY 3a J00yI0 TOUKY U 3a(UKCHPOBATH IIOJIOKEHUE OT-
Beca. [loBTopuBs meiicTBus erne 71 HECKOILKAX TOYEK W HAlIs 001aCTh, B KOTOPYIO
[IOMIAJAI0T TOYKHU IePECeYeHnsT OTBECHBIX JIMHUAMN, HOIYINM [OJIOKEHUE EHTPA Macc
(Tsixxectn). I[TorpemHOCTh B OMPEIEIeHN KOOPANHATHI EHTPA MACC OINEHUM KaK pa-
auyc 910l obmactu. Peamu3anust 3T0i uIen MOXKeT ObITh PA3JIUIHOIN:

® C IIOMOIIBIO KHOIIKY C/lejlaeM B (pUrype HeCKOIbKO OTBEPCTH, oBeCHM (purypy
Ha KHOIIKe, JIeprKa ee B pyKe. JIuHus orBeca obecrieqnBaeTcs raifkoil, IpuBs3aH-
HOW K HuTU. BepxHuil KoHer HUTHU MOXKHO LIPUKDPENNUTh K OCTPUIO KHOIKHU.

e creraeM B JIMCTe GYyMarn HECKOJHKO OTBEPCTHI KHOMKON y KpPaeB W TOIBECHM
dburypy Ha HATKE MPW TOMOIIX 3TUX OTBepcThit. Ha HIKHMIT KOHEIl HUTH MOJI-
BECUM raiiky.

Ucnonb3oBanue s onpe/esieHns KOOPAUHAT IEHTPa Macc (pUrypbl, BbIPE3aHHON
u3 GymMaru, NPpUBOIUT K OOJIBIION MOIPENTHOCTH, TAK KAK JINCT OyMaru Ipu MO/Beliu-
BAHUU W3rHOAETCSI, UTO MPUBOIUT K CMEIIEHUIO ITeHTPa Macc. [losTomy s yBennde-
HUsI TOYHOCTH CJIe/IyeT TiepeHecTH (pUrypy Ha JHUCT KapTOHA ¥ OINpejeseHne 00IacTH,
B KOTOPO#H HAXOJINTCSI IEHTP MACC, IPOBECTH ¢ e€ ncrosab3oBanueM. [locse 3Toro Mox-
HO C TOMOIIBI0 KHOMKHU MMEPEHECTH MOJIYYeHHYI0 00JIaCTh HA JUCT OyMarn ¢ MUJLIH-
METPOBOI CETKOI, U OHpe/iesieHre KOOPAUHAT EHTPA MACC TPOU3BECTH yXKE HA HEM.

Koopaunara neaTpa mace (puryps:

r=914+02cm

y=58+02cu
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s ompemenmenuss Macchl raiilku HaM MOHAI00uTCS Macca Gurypsl u3 Oymaru
win Gurypbl U3 KaproHa. Tak Kak MOBEPXHOCTHBIE ILTOTHOCTH OYMArd W KapTOHA
U3BECTHBI, TO OMPEIEIUTh MACCHI MOXKHO, Haitis mwiommaas puryp S. Macca 6yMaskHOM
burypsr mgy paBHa

mo = 0oS

Macca ¢urypsl u3 KapToOHA M PABHA
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s onpemeseHus MJIOMAAN BOCIONB3YEMCsT METOIOM IaeTKu. bepem urypy
u3 GyMaru, ¢ IOMOIIBIO CeTKH OHA IIOJIe/IeHa Ha KBaApaThl mwiomaipio So = 1 em?. Ilo-
CYUTAEM KOJIMYECTBO TOJIHBIX KBAIPATOB U KOJUIECTBO HEMOJIHBIX KBAJIPATOB, OMpe-
JIeJTUM TLTOMIAMh (DUTyphI

1
S = 2565 + 3 5780 = 284,5 cm?

Haiinem maccy dburypsr u3 6ymarn:

mo = 0‘05 = 2,28 r

Haiinem maccy KapTOHHOMN (DUTYPBI:

m=0S="728r

Haiinem maccy raiikm.

OcnoBHast uies crefymoiias: K ¢urype audbo u3 Oymaru, ubo U3 KapTOHA B Pai-
HbIE TOYKH I[OJIBEIIUBACTCS IafiKa, OIPeNeIsdercs MOJ0KEHHe EHTPA MACC Oy 9€H-
HOI cucTeMbl (MOJIOKEHNE TOUYKHU, B KOTOPOI TOMKHA HAXOIUTHCSA OMOPa, YTOOBI TO-
JIyYeHHas CUCTEMa, HAXOAUIACh B DABHOBECHUM).

CrocobbI peasn3alum:

A) npumenumbl u Jyis GyMarxKHON U 11t KapTOHHOH burypbl. I3 dburypsl menaem
pbryar (cBopaduBaem B TPYOOUKY MIIM CKIIAABbIBAEM I'APMOILKOIA), HA (DUI'YPHbII KOHEIL
B pa3HbIE€ MECTA MOABEIUBAEM TalKy HA HATH, MIOMEIIAEM Ha Kpail cTo/a, Tak 9To0bI
rafika HA HUTH BHCEA CBOOOMHO, aKKYPATHO BBIIBUTAEM CBUCAIONINI Kpail phraara
U onpejiesisieM KpaiiHee II0JIOXKEHUE TOYKH OIMOPbI, TP KOTOPOM pbiuar (CaoXkKeHHas
dburypa) emé ocraéres ropusonTasbibiM. [pu cBopaduBanuu GUrypsl caemyer yoe-
JIUTHCs, 9TO 1oJ0xkeHue nerrpa mace C 110 JuHuK cBopaunBanus (crubanus) OCTaeTcs
HPEKHUM, JTHOO 3aHOBO €0 OIPE/IETUTh.
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3anuiemM MpaBUIO MOMEHTOB Jijisi KpaitHero

IIOJIOZKEHU A OTHOCHUTEJIbHO TOYKH OIIOPBI

mgl = MgL
Orcrona
m
L=—1
M

l

L

ief

(*)

Bo3MmokHO m3MepeHue MacCChl TafiKu U3 yTJIOBOTO
ko3 dunuenrta nakiaona rpacdpuka L(l), mubo 1 yBeaudeHus: TOYHOCTH IIPOU3BOIUM
U3MEPEeHUst HECKOJILKO Pa3 (He MeHee [ATH) [IPY MAKCUMAJIbHO BO3MOXKHBIX 3HAYEHUAX
mted, o Gopmyse (x) paccunThHIBAeM 3HAUEHHe MAacChl raiiku M.

mg

l, cm L, cm M, r
6,0 7,9 5,53
5,9 7,9 5,44
6,1 7.8 5,69
6,1 7,9 5,62
6,0 8,0 5,46
Cpennee 3HaYeHHE MACCHI TAlKQ
Mep =555

Pesynbrarel uamepenus s nocrpoenus rpaduxa L(l) upuseennl B rabiuie.

Mg
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N [, cm L, cm
1 6,0 7,9
2 5,5 7,5
3 5,2 6,9
4 4,9 6,4
5 4,3 5,7
6 3,9 5,2
7 3,6 4,6
8 3,2 4,1
9 2,9 3,7
10 2,5 3,2
11 2,0 2,6

I'paduk 3aBucnmoctn L(l) mpruBeeH Ha PUCYHKe.

L, cm

l, cm

T T T T T T T T T T T T T
05 1.0 15 2.0 25 30 35 40 45 50 55 6.0 6.5
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Omnpenenum yriooit koadduimenT HakIoHa rpaduka k

g AL _T9
Al 60

=1,32

Tak kak yrioBoii Koaddumnuent k paBeH OTHOIIEHUIO MACC

m
k=—
M’
TO Macca raiiku paBHa
m 7,28
= — = ? = 2
E 12 00

B) npumenuM TOJBKO /18 KAPTOHHO# (bUTypbI, Tak Kak OyMazkHas Oy1eT Iporu-
0aTbCs MO TsXKeCThIO rafiku. MoxkHO Ha (DUrype MPOBECTH OTPE30K MPSIMOil JIMHUH,
OPOXOJAIEdl Yepe3 HeHTP MAace, KeJATeJIbHO UMEIONMH HAMOOIbILYI0 JauHy (11
yBeJMueHus ToYHOCTU u3mepenuii). Ha 310l npsiMoil B HECKOJIbKMX TOYKaX CIEJATh
[IPOKOJIbI KHOMKOM, 3aT€M C IIOMOIIBI0 HUTH K 9TUM TOYKAM [IO/IBEIIUBATH raiiky. A 3a-
TEeM WCIOJIb3yeM MEeTOI, TIMCAHHBIN B BapuanTe A.

B) npumenum u J1s Gymaxkuoi u s kaprounoit dburyp. Bynem monsemmsars
durypy Ha HATH, KaK 3TO JeJaa0ch panbire. K ¢urype npukpennm raifiky Ha HUTH,
[IPY TTOMOIIU [TPEIBAPUTEHHO MIPO/IEIAHHBIX OTBEPCTHil. Takum 00pa3oM MOsiBIIsI€TCS
MOMEHT CHJIbl TAKECTH I'aliKi, KOTOPbI ypaBHOBELIUBAETCA MOMEHTOM CHJI THAXKECTU
durypsl. 3anuieM TPaBUIO MOMEHTOB CHCTEMBI OTHOCUTEIHHO TOYKH MOIBECA!

mgleI/II‘ypr = MglraﬁKI/Ia

rme M — macca raiiku. [lneun cus onpenensieM, n3MepuB PACCTOAHUS OT BEPTUKAD-
HOi nuann. CHAMEM 3aBUCUMOCTD ILI€Ya CHJIBI TSIXKECTH TAWKH ligpwy OT ILIEYA, CHIIBI
TAKECTH JTHCTA, lpuryps - 78 3TOTO IposenaeM HECKOIbKO OTBEPCTHH Ha JTHHUH CO-
€UMHAIONIEH LEHTD MACC U CaMyIO YAAJIEHHYIO TOUYKY OT LeHTpa Mace (Takum obpazom
JmobnBaeMcsi GOJIbINel TOYHOCTH M3MEPEeHNii 3a cuer OoJIbIero mieda). 13 npasmia
MOMEHTOB TOJIy49a€M BbIpazKeHue Jj1d MaCChbI rafiku:

lJII/ICTa
M=m

lFaI/IKI/I

OTnormenue ey onpeesnsem no koadgdunuenty Hakiona rpabuka I (Lmera )-
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Bagaua Ne9-El1. Tynas uraa (sujeopastop)

Bremnve guaMerpsr urii, UCIOJIH30BABIINXCS B ABTOPCKOM O0ODY/IOBAHWH:

’d,MM \0,40 \0,70 ‘0,80 \0,90 \1,03 \1,25 ‘1,60 ‘

[Mokazarenu creneneit «, B, u ¥ OUpeneauM, TPOAHATUIUPOBAB €IMHUIIBI U3Me-

penmit. Tak Kak Macca Kaljid B MOMEHT OTPbIBA MOXKET ObITh HaiijieHa 1o gpopMmye
— a 2l .
m=mg d509¢, TTOJTy 9aeM:

MA\® g H\?  wmotPxrY
w= () W (5) =T

y=12a4+2y=0=a=-1l;a+=0=4=1.

Torna:

Cuenosarensno, 3asucumocts m(d) umeer Bu:

TOspd
g

Nccenmenyem 3aBUCHMOCTE MACCHI KAIUTH M OT nuameTrpa uriasl d. Bynem cunrarh
KOJINYeCTBO Karesb N B HEeKOTOpOM 00beéMe tmpuria V' ayist pa3usix urit. Maccy xkamim
m I KazKI0# uribl OyzeM paccuuThiBarh 1o dgopmyde: m = poV/N.
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d, MM V, s N, mr m, T
1,60 0,03 32 0,029
1,25 0,85 37 0,023
1,03 0,98 50 0,020
0,90 0,78 AT 0,016
0,80 0,83 55 0,015
0,70 0,78 56 0,014
0,40 0,73 87 0,008
m, T
0.03
| 4
0.02 °
- [ ]
. °
0.01
1 d, MM
T T T T T T T T
0 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60
C momompio rpaduKa HaiinéM yriaoBoil Kod(DHUIMEHT HakioHa k = — 2

9
0,019 r/mm. Torga:

k
oy = ?g ~ 0,059 H /.

Bagaua Ne9-E2. Kak caars BAX? (sunecopastop)

IMopkaounm ommerp K amuepmerpy /Bosibrmerpy. ConpoTuBieHue BOJIbTMETPA
2000
BO BCex auanasonax Ry = 1,0 MOwm. Conporusnenune amuepmerpa Ry = 105,7 Owm,
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R¥®™ =158 Om, RY™ = 5,0 Om. [ljis pasHbIX THIIOB MYJIbTUMETDA 3HAYCHHS CO-
UPOTHUBJICHUTT, & TAKXKE KOJMYECTBO PEKUMOB aMIIEPMETPa,/BOJIBTMETPA MOIYT ObITh
DPa3TNYIHBI.

B namnoM 33 1aHUN UCTIOIB30BAINCEH TepMaHueBbie quoabl 196, nmeronine re6oan-
110€ HAMPSAKEHNE OTKPHITHUS.

Byzaem noxkioyars K OMMeTPY pa3/indHble KOMOMHAIMU U3 JUOA0B (OJUH JUOI,
JIBA [IOCJIE/I0BATEIbHO UJIM JIBA [IAPAJLIEJIbHO COeAMHEHHbIX 110/a). [lapasuenbio om-
MeTpy HOAKJIIoYMM BosibrMerp. CHUMEM 3aBUCMMOCTD 1IOKA3aHUI OMMETPa M BOJIBT-
MeTpa B 3aBUCUMOCTH OT KOMOWHAIINHU JUOI0B U OT PEXKUMa oMMeTpa. Breseaem dop-
MYJIBI TTEPECYETa MOKAZAHUIT STUX TPUOOPOB B CUJIY TOKA U HAIIPSKEHUE HA OTHOM V-
ofle C yIeTOM OAWHAKOBOCTH JIUOMOB M «HICATHHOCTHY BOTBTMETpA. «MaeanbHOCTD»
BOJITMETDPA 3/I€Ch O3HAYAET, YTO [OKA3aHKUsd OMMETPA (& 3HAYUT CTATUYECKUE COIIPO-
TUBJIEHHs JIMO/IOB) CYLIECTBEHHO MEHBLIE COIPOTUBJIEHHUs BOJIBTMETDA.

Kombunarnus Pexum R, xOwm | Uy, uB Dopmybl I, wA U, uB
ITAOIOB OMMeTpa, mepecyera,

2000k 21 5.8 0,000 58

200k 13 32,6 U=0Uy, 0,003 32,6

OJIMH THO/T 20k 5,07 82,8 o Uy 0,016 82,8
2000 0,262 275 TR 1,050 275

200 0,1824 304 1,667 304

JIBa, TIOCJIEIO- 2000k 36 12,6 0,000 6,3
BaTEIHHO 200k 23,7 66,2 U= UTV 0,002 33,1
COeTIMHEHHBIX 20k 10,98 152,8 | I = va 0,014 76,4
MO/, 2000 0,577 542 0,940 271
2000k 8 2.3 0,000 2,3

ﬁiimmﬂo 200k 6,6 17,4 U=Uy 0,001 17,4
COCUHOHHbLX 20k 3,16 58 I= % . Uf" 0,009 58
TmoTa 2000 0,219 235 0,537 235
200 0,1553 265 0,853 265

[Tpobiema, mMOIy YeHHBIX TOYEK — WX HEPABHOMEPHOCTD MO HAMpPsyKeHusiM. MbI nme-
€M MHOYKEeCTBO TOYeK TpH HampsikeHnsx auoaa ot 0 1o 100 mB u ot 200 mB 1o 300 mB.
O,HH&KO OTCYTCTBYIOT IPOMEZKYTOYIHbIC TOYKHN, COOTBETCTBYIOIINE BBIXOAY ANOIA Ha pe-
KUM OTKPBITHSA. VIX MOXKHO TOIYYHUTh, UCIOIb3Ys BMECTO BOJIBTMETPA aMIEPMETP.

Tabmuma n3mepeHuit s MapaIebHOIO COeINHEHNS aMIIEPMETPA B PEXKUME C
npenenom namepennit 20004, OMMeTpa M OTHOTO AMOMA, Thae: [ 4 — MoKa3aHus amMmep-
Merpa, R — mokazanus omMmMmeTpa, I — cuia ToKa 4yepe3 oauH auoj, U — HampszKeHne
Ha OJTHOM JTHOJIE.
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N | Pemmv | R Ou Popuryet I,MA | U, B
OMMeETpa nepecvuera
1 | 200 Om 1,656 94,5 U = IRy 0,196 175,0
2000
2 | 2000 Om | 1,097 100 I=rs%"—1) | 0063 116,0

Tabnumna n3MepeHuit /st TaPaAIEILHOTO COENHEHNS AMIIEPMETPA B PEKUME C
npenenom u3Mmepenuit 20004, oMMeTpa U IBYX JAHOJO0B:

y | Pexmo A | R Ou Dopuyitet I,wA | U, uB
oMmMerpa nepecyera
3 | 200 Om 1,545 87,9 U = I4RY™" 0,156 163,3
2000
4 | 2000 Om | 1,054 95 I=1r(Fa——1) | 0,059 111,4
[TocTpoum rpaduk BOJBTAMIEPHON XAPAKTEPUCTUKH.
I, MA
2.0 -
1.5
1.0
0.5 -
i U, MB
“\ | T | htl T -\

T T T T T T T T T T T T T T
0 50 100 150 200 250 300
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Sagauya Ne10-E1. Kpyna B mmpune (su/icopasoop)

Habupaewm B mmpur;, Boay, IJIOTHO MPUCOEIUHSAEM K HEMY TPYOKY U HAITOJHSIEM
TPYOKY BO/OH 06BEMOM V' M 663 BO3AYIITHBIX MPOMEKYTKOB. VI3MepsieM ninHy ydacT-
Ka, 3amosHenHoro Bomoit L. Torma miomiaab BHyTpeHHero ceuvenusi Oymer S = V/L.
7151 yBesInueHust TOYHOCTH U3MepEHHe JJIsI OJHOI'O M TOrO yKe 00béMa Bozbl V' = 14 M
MpOBeAEM TPHU Pa3a, JAHHBIE 3aHECeM B TaOJIHUILy.

L1, cm Lo, cMm L3, cm Lep, cM

11,4 111,5 111,0 111,3

[To pe3ynbpraram m3MepeHU BBIYUCISIEM ILIOMAIb MOMEPEYHOrO CedeHns: S =
V/L = 12,6 mm2.

[TorpernocTs n3MepeHUs IJIMHBI CKJIAIbIBACTCA U3 CAyIaifiHON M cHCTeMaThde-
ckoii. CucremMaTnyeckast MOrPentHoCTb Ompenersiercss Kak ALcyer = 2 MM TIpH yCJIO-
BUU, 9TO U3MEPEHUs TPOBEJIEHBI aKKyPATHO (MHAYE HAZO JOOABUTH €IIE OKOJIO 3 MM,
ecii TpyOKa nepej u3MepenueM He Obljia TIIATENbHO Bbinpsamiena). Ciydaiinas mo-
TPEITHOCTh MOXKET ObITH HalIeHa KaK CpegHee MOMYJIeil OTKJIOHEHWS OTIETbHBIX U3~

1

. n
mepernii: ALcgyq = — > " |Li — Lep| = 2 Mm. UTorosasi abcommioTHas morpenHocThb
1y 2=
COCTABJIAET:

AL?2  ~ 3 MM.

cay4 + cucr

AL = \/AL

OrHocuTebHAs TOIPENIHOCTh AjnHbl: £7, = —— = 0,003 win 0,3%.
cp
[TorpemnocTs u3MepeHus 06bEMA OMPEIEISeTC MKAJION IIIPUIA U COCTABIISIET

AV
mosioBuHy TeHbl gesenusi: AV = 0,5 M. OTHOCUTEIBHAS TOTPENTHOCTD £y = —— =

0,036 umm 3,6%. v

[1o1ma16 moepevHOT0 CevUeHns paBHA, OTHOIMIEHUIO0 00bEMa 1 yinHBL. [loCKOIBKY
OTHOCHTE/IbHAS TOrPENTHOCTh 00bEMa 3HAYUTEHHO OOJIbIlle, TO IO HEl ONpeessdeM
HCKOMYIO ITOTPEIHOCTh U3MEPEHUd: &y = £g. loraa abCcooTHAs MPOrPEIHOCTb U3~
MepeHHoro ceuennsi: AS =eg - S = 0,5 mm?

[MIrarue momermaem Ha Kpaii crosa. OaWH KOHEI MEDPHOM JIEHTHI 3a)KUMAeM B
JIallKe IITaTUBa, & JAPYro# IPUKJIEHBAEM CKOTYEM K IIOJIY TaK, 9TOOBI MEpHAs JIEHTA
ObLIa PACIONOKEHA BEPTHKATBGHO. FOMKOCTD ¢ BOOH CTABHM HA IIOJ, HAOHPAEM BO-
ay B TpyOKy 6€3 BO3MYIIHBIX MPOMEKYTKOB. IIpy moMoImy KaHIEIIPCKOrO 3aKUMa
KperuM TPyOKy K KPaio COCyJa TaK, YTOObI HUKHUN KOHEIN TPYOKHM HAXOUJICH IO,
TTOBEPXHOCTHIO BOJIBI B T€UEHUE BCEX m3MepeHuii. [lopieHs mycToro mmpuiia, BhICTaB-
asem Ha gejnenue Vo = 20 mi. AKKypaTHO TOrpyKasl HOCHUK INMpHUI Ha 1-2 MM B
BOAy (BOJ@ HE JIOJIZKHA IONACTh BHYTPH MINPHUNA!), IPUCOEIUHAEM K IIITPUILY BTOPOI
KOHEII TIOJIHOCTHIO 3AM0JHEHHOH BOAOH TPyOKu. JlepKuM IImpuIl TOJIbKO 33 BEPXHIOIO
4aCTh KOPILYCa, 9T00bI BO3/YX B HEM HE HAIPEBAJICSI OT KOHTAKTA € PYKOii!
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[MogauMast mmpur, BBEpX BIAOJIb MEPHOI JIEHTHI, HU3MEPSIEM BBICOTY CTOJIOA YK /I-
KOCTH B TpyOKe h m JimHYy ydacTka TpyOkm ¢ Bo3ayxom [. Iopimens mmpuia ObLT
ycraHoBjeH Ha 20 MJI, €CJIM OH JBWHYJICS B CTOPOHY YMEHbITIeHUsT 00bEMA, TPUHY/IU-
TeJIbHO BO3BpAIIaeM ero Ha orMeTky 20 MJI nepe Kax abim w3Mepernem! Vimn nepxum
IIIPHUI] TaK, YTOOBI TIOPIIIEHh HE MOT CABUTATHCS C MECTA.

hoem | 7,1 | 156 | 244 | 32,8 | 41,3 | 495 | 57,9 | 66,3 | 74,9 | 83,5

lem |29 |44 |56 |72 |87 |105 | 121 | 13,7 |151 | 16,5

IIpu CTHIKOBKE HOCHKA INNPHIA W TPYOKM MPOMCXOMAT HEOOJBIINAE W3MEHECHHS
nasienus u oobéma (Ap u AV), KOTOpbIe IPUBOAAT K CMEIIEHUI0 HAYAJIbHBIX 3HA-
YeHUil Papy U Vp. Ilodromy rTouky (0, 0) He OygeM y4uuTbIBATH IIPU HMCCJIEIOBAHUK
[OJIY YeHHOI 3aBUCUMOCTHU.

Temmneparypa BO34yXa BHYTPH IITIPHUILA, HE MEHSAETCS:

Daru Vo = (paTM - pgh + Ap)(Vo + Sl + AV)

OTkyma nomydaem:

_ ParuSl
~ Vo+ I
riae A & pa AV/Vo+ Ap — cvemenue naganbuoii Touku. ITocrpoum rpadux pgh(Y),
rue Y = SU/ (Vo + S1).

N3 rpaduka mogydaem: pary ~ 96 xlla.

B mmpun o6bémom 20 M1 HACKIMaEM Viaenm = 20 M1 kpymbl. OO0bEM KpyIibi
Viaacen BBIOHpaeM KaK MOYKHO OOJBIIHI JJji TOTO, 9TOOBI Vigsy OBLIT MaKCHMaJIb-
HO GOJIBIIUM JIJIsi IOBBIIIEHUs] TOYHOCTU u3MepeHuil. TpsiceM M ILJIOTHO IPUKUMAaeM
nopmneM. [IIrarup nomem@aem Ha Kpait crona. Qe KOHEL MEPHOI JIEHThI 3a2KHMa-
eM B JIaTIKe TITaTUBa, a APYTOi MPUKJIENBAeM CKOTYEM K TOJIy TaK, YTOOBI MepHas
JeHTa GBITa PACIIOIOMKEHA BEPTHKAIBHO. EMKOCTD ¢ BOIOi CTABUM HA IOJI, HAOHpaeM
BOJIy B TPYOKY 0€3 BOBIYIITHBIX MPOMEXKYTKOB. [Ipu mMOMOIIM KAHIIEIAPCKOTO 3asKUMa
KpenuM TPyOKy K Kpar COCyla TaK, 4TOOLI HUXKHHM KOHeI, TPYOKM HAXOIUJICS IO,
[IOBEPXHOCTBHIO BOJbI B TEYEHHE BCEX M3MepeHnii. AKKypaTHO IOrpy2Kas HOCUK LIIIPU-
ua Ha 1-2 MM B Boay (BOJA He JIOJIKHA LIOLACTH BHYTPb wwupuual), HpucoeiuHsiem
K IITPUILY BTOPOH KOHEI TOJHOCTHIO 3aMOIHEHHONW BOHON TpyOKu. Jlep:KuM IIpHIL
TOJIBKO 33 BEPXHIOIO YaCTh KOPIIYCa, 9TOOBI BO3AyX B HEM HE HATPEBAJICH OT KOHTAKTA,
¢ pyKkoii!

[MopuuMast HmIIpuIl BBEPX BIOJb MEPHO JIEHThI, H3MEPsIeM BBLICOTY CTOJIOA KU /I-
KOCTH B TPYOKe h u AjiuHy ydacTKa TPYOKHU C BO3ILyXOM [.

pgh + A,

hooem | 81 | 17,3 | 26,6 | 356 | 448 | 54 | 63,6 | 72,3 | 81,6 | 90,8
Lem | 1,9 |27 |34 |44 |52 |6 64 |77 |84 |92

7
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pgh, xIla

~N 0o ©

Y

T T
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10

ITo Tem ke npuumHam, 910 U B npeipiaymiem nyukre, Touky (0, 0) He Gyzem
YYHUTBIBATH [IPU UCCJIEJOBAHNU IIOJIy4Y€HHONH 3aBUCUMOCTH.
Temueparypa BO3/yXa BHYTPH LIIPUIA HE MEHSIETCI:

Paru Vaosa = (Pars — PG + Ap)(Viosy + SL+ AV).
C y4eroM OIpesiesieHnst MyCTOTHOCTH U3 YCIOBUS & = Viozn/Viacomm, TTOIyIaeM:

= o. PIMVaacn g

S(paTM - pgh)

3uecy B = ;t;ﬂ + % — cMemenne HaganbHO Touku. Iloctpoum rpaduk [(X), rae
X = pgh’VHaCbIH/(S(paTM - Pgh))
N3 rpaduka noxyuaem: a =~ 0,49.
Bamaua Nel10-E2. Jlammouka — ropu! (Buicopastop)

Ucnonp3ys Tabauny, UPUBENEHHYIO B YCJIOBUM, BbIYUCIUM p/po Il KAXKJOIO
3HAYEHNsT TeMreparyphl (cM. Tabaniy 1) u mocrponM rpaduk 3asucumoctu p/pg ot T'

(puc. 1).
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l, cMm

N W e Ot

X, cm

0 2 4 6 8 10 12 14 16

T,K | 300 500 700 900 1100 | 1300 | 1500
p/po | 1,00 |18 279 |378 |48 |58 |6,99

T,K | 1700 | 1900 | 2100 | 2300 | 2500 | 2700 | 2900
p/po | 812 | 927 | 1045 | 11,65 | 1287 | 14,11 | 15,36

[Tepek/rounM MyJbTUMETD B DEXKUM OMMETPa U, He 3aMblKag Lelb (TO €cTb
He HOAKJIoYas Garapeiiky), U3MepUM COIPOTUBJIEHHE JIAMIbI IIPU KOMHATHON TeM-
eparype:

Ry = 34,0 O

He 3ambIKasi 1menb, U3MEpUM C TTOMOIIBIO OMMETpPa CONPOTUBJIEHUE PE3UCTOPA,
COeIMHEHHOTO TOCIen0BaTebHo ¢ mammoit: 7 = 81,3 Om. BoiBegem comporusiienne
peocraTa Ha MAKCUMyM M 3aMKHEM Lenb (TO eCThb BCTaBUM Oarapeiiky B KOJIOAKY).
C nomowipio BoJIbTMETPA OyJeM M3MepPATh Hallpsi2KeHue Ha Jiamie U, u HalpsKeHue
Ha pesucrtope U,., TOCTEeNeHHO yMEHbITIass COMPOTUBIEHUE PEOCTATA, ¥ 3aHECEM PE3YITh-
TaThl W3MEPEHUH B TAOIUILY. Bhrawcanm 1jist KaxKI0ro TMOJIOKEHUsT PYIKHA PEOCTATa,
MOIIHOCTh P, BbIZE/IsIeEMYIO HA JaMIte, o (hopmyie

UJ'IUT

P=U,I= ,
;
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p/po

T, 10?2 K

2

4

6

8

T
10 12

T T
14 16

T T
18 20

Puc. 1

T
22

T
24

T
26

T
28

T
30

rae I — cuna Toka B emnu. i Toro 9robsl onpesesnTh TeEMIEPATYPY HUTH HAKAJIU-

Banus, Haiiuém couporussenue jgamubl R, = U, /I u, 3nas orHowenue

Ba _Us T
Ry U, Ry’

Ua

r

no rpaduky Ha puc. 1 mosyduM cooTBercTByIOlIee 3HadeHue 1. Bee 3HaveHns morr-
HOCTH M TEMIIEPATYDHI 3aHECEM B Ty Ke TabJIMIy W MOCTPOMM TpadWK 3aBHCHMOCTH
P(T) (puc. 2).

U, B |007 [010 |014 |018 [022 |035 |052 |087 |1,29
U,uB | 161 | 207 |265 |300 |[335 |400 |462 |572 | 692

P,uBr | 014 | 025 |046 |066 |091 |1,72 |295 |612 | 10,98
Ri/Ro | 1,04 | 116 | 126 |143 | 157 |209 |269 |364 |446
T,K |310 |340 |360 |[400 |430 |550 |680 |870 | 1030
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U,B |18 |231 [316 |408 |477 |544 |620 |682 | 707
U, uB | 836 | 944 | 1120 | 1289 | 1409 | 1515 | 1624 | 1704 | 1744
P,mBr | 19,02 | 26,82 | 43,53 | 64,69 | 82,67 | 101,4 | 1238 | 1429 | 151,7
R,/Ro | 529 | 585 | 6,75 | 757 |810 |859 |913 | 957 | 9,69
T,K | 1190 | 1200 | 1460 | 1600 | 1690 | 1780 | 1870 | 1940 | 1960
p/po
160
140 1
120 1
100 -
80 1
60 -
40 1
20 -
) T, 102 K
0

Puc. 2

U3 nonygennoro Boiuie rpaduka (puc. 2) caemyer, uro 3apucumoctb P(T') ue sis-
nstercs auHeitHoi. OHAKO NPU OTHOCHTENHHO HEGOIBIUX TEMIEPATYPAX rPapUK MO-
KeT ObITh, TEOPETUYECKH, AILIPOKCUMUPOBaH KacareabHoit P = k(T —Tp), rae k # 0.
K coxkanennio, OTBETUTH Ha BOMPOC B TOM TYHKTE, MPOBEAST KACATEIbHYIO B TOYKE
T = Ty nmpsimo noBepx rpaduka, B300paskEHHOTO Ha PUC. 2, 3aTPYIHATEIHHO, TaK KaK
HAYATBHBIE TOYKH JIEXKAT MPAKTUIECKH Ha ocH abcnuce. [loaTomy, 9T06BI, BO-TIEPBBIX,
ybenuThes, uro k # 0, u, BO-BTOPBIX, HAWTH AMANIA30H, B KOTOPOM OTKJIOHEHHE I'Da-
duka P(T) or upsamoit P = k(T —Tp) necyiiecrBeHHO, HEOOXOAUMO HOCTYIIUTH OIHUM
73 CIOCOOOB, OMMMCAHHBIX HUKE.
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Cnoco6 1. Tlocrpoum rpaduk P(T),
HO B MEHBINEM JMAIIA30HE TEMIEPATYP —
manpumep, or 300 K mo 1100 K (cunsas
kpuBas Ha puc. 3). [IpoBeaém k HEeMy Ka-
carenpayio B Touke 1 = Ty (cunssa nps-
mas Ha puc. 3). I3 caenannoro nocrpoenus
BUIHO, 9TO 3akoH HbroTona-Puxmana ¢op-
MAaJIbHO CIPABEJIUB B JIMAIIA30HE JI0, IIPU-
MepHo, 550 K.

Cnocob6 2. Haiingm oruorennss P/ (T —
To) nng toyek u3 auanasona 300...1100 K
(cm. Tabsuiy). Or6pachiBasi nepByi TOY-
Ky KaK MMEMNIyl0 MAKCUMAJIbHYTO IOIPel-
HOCTh, BUAWAM TIPUMEPHO OJWHAKOBBHIE 3HA-
qenus ;10 680 K, u3 gero jiesaemM BbIBOJ, UTO

—
[\V]

—
o

oo

p/po

T, 102 K
T T
4 6 8 10

Puc. 3

3akon Hriorona-Puxmana dpopmanbao cipaBeinB B Auamna3oue 110, npumepno, 700 K.

ITpumenanue: Bropoit crocob siBasiercss bosee rpyObIM, TaK KaK Jarke MPU BU-
3yasjbHO 3aMETHOM OTKJIOHEHWH rpaduKa OT MPAMOi, [OJIyYaIOMEeMCs JJjisd CPABHU-
TeNbHO Jasékux oT Ty Temreparyp, oranune B Benwunne P/(T — T,) Moxker GbITh

HECYIIEeCTBEHHBIM.
T,K | 310 340 360 400 430 550 680 870 1030
P/(T— 0,014 | 0,006 | 0,008 | 0,007 | 0,007 | 0,007 | 0,008 | 0,011 | 0,015

To),mBr/K

Tak kak rpad¥uK, MOJyYEHHBIA B IMYHKTE 3, HE ABJISETCA MPAMOTUHEHHBIM, N 7

1. Insa ouenku n BO3bMEM [BE TOYKHU, COOTBETCTBYIOIIHE OOJIBIINM TEMIEPATYPAM:
nepsast — 17 = 1960 K (nocienuss rouka ma rpadbuke) U TpU BAPUAHTA JIJIs BTOPO —
Ty1) = 1600 K, T55y = 1690 K, Ty3) = 1780 K,. Ilockompky P ~ 1",

(Th/T2)" = P/ P,.

e yKa3aHHBIX 3HAYEHUN

TI/T2(1) = 1,225, Pl/PQ(l) = 151,7/64,69 = 2,345,

Tl/TQ(Q) = 1,160, Pl/PQ(Q) == 151,7/82,67 = 1,835,
Ty /T = 1,101,  Py/Pys) = 151,7/101,4 = 1,496.

[Tepebupas nmokazarenu cremenu n = 2,4,6, mogyInm

(1,225)% = 1,501, (1,225)* = 2,252,

(1,225)5 = 3,793,
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(1,160)* = 1,346,  (1,160)* = 1,811,  (1,160)° = 2,436,

(1,101)2 =1,212,  (1,101)* = 1,469,  (1,101)% =1,781.
CrenoBarenbHo, Haubomee GIU3KUM MMOKA3aTeIeM BO BCEX TPEX CIydasX sBIISeTCs
n =4.

Bamaua Nell-E2. Jlammouka — ropu! (Bu/icopastop)
Cwum. pemernne 3amaun Nel0-E2.
Sagaga Ne11-E2. JlTammouka — ropu! (su/icopasoop)

Ucnonb3yst Tabauiyy, IPUBEIEHHYIO B YCJIOBUU, BBIYUCIUM p/pg I KaXKIOrO
3HaYeHus TeMieparypbl (cM. rabauiy 1) u nocrpoum rpaduk 3asucumoctu p/pg or T

(puc. 1).

T,K | 300 500 700 900 1100 | 1300 | 1500
p/po | 1,00 1,85 2,79 3,78 4,82 5,80 6,99
T,K | 1700 | 1900 | 2100 | 2300 | 2500 | 2700 | 2900

)

p/po | 8,12 9,27 10,45 | 11,65 | 12,87 | 14,11 | 15,36

p/po

] T, 102 K

N B B B B N A L L
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Puc. 1


https://os-lms.mipt.ru/mod/page/view.php?id=1549
https://os-lms.mipt.ru/mod/page/view.php?id=1548
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[TepeksrounM MyJbTUMETD B DEXKUM OMMETPa U, He 3aMblKas Lelb (TO €cTb
He HOAKJoYas Oarapeiiky), U3MepUM COIPOTUBJIEHHUE JIAMIbL IIPU KOMHATHON TeM-
neparype:

Ry = 34,0 Om.

He 3ampbikas 1emb, u3MepuM € IMOMOIIBI0 OMMETPA COINPOTHBIIEHHE PE3UCTOPA,
COEMHEHHOrO 110C/IeI0BaTeIbHO ¢ Jjamioii: r = 81,3 OMm. BeiBegem couporupienue
peocTaTa Ha MAKCUMyM M 3aMKHEM Iemb (TO eCTh BCTABUM 0aTapeiiky B KOJIOIKY).
C momomIbi0 BOJBTMETPA OyIeM M3MEpPATh HANpsiKenne Ha jamne U, u HanpsKeHue
Ha pe3uctope U,, TOCTeNneHHo yMeHbITTask COMPOTUBIEHNE PEOCTATA, M 3aHECEM PE3YITh-
TaThl W3MepeHuit B Tabmuiy. Beraucimm s KaxkaIoro MOJIOKEHUsT PYYIKH PeocTara
MOIITHOCTD P, BbIIEIsEeMYIO Ha JaMIle, o (popmMyie

UJ'IUT

P=U,I= ,
"

rae I — cuna roka B nenu. [Ijist Toro 9robbl OnpeeinTh TEMIEPATYPY HUTH HAKAJIU-
BaHus, Haiiném couporussienue jgamibl R, = U, /I u, 3nas orHoweHnue

R, U, r

Ry U, Ry’
mo rpacduky Ha puc. 1 moaydum coorBercTByIOIIee 3HadeHue 1. Bee 3nagenust morr-
HOCTHU ¥ TEMIIEPATyPbI 3aHECEM B Ty K€ TaOJIuILy.

U,.B |007 |010 |014 |018 [022 [035 |052 |087 | 1,29

U,,MB | 161 207 265 300 335 400 462 572 692

PuBr | 0,14 | 025 | 046 |066 |09l | 172 |295 |612 | 10,98

Ri/Ro | 1,04 | 116 | 126 |143 | 157 |209 |[269 |364 | 446

T, K 310 340 360 400 430 950 680 870 1030

U.,B | 1,8 [231 |316 |408 |477 |544 [620 |682 | 7,07

U,,mB | 836 944 1120 1289 1409 1515 1624 1704 1744

P,uBr | 19,02 | 26,82 | 43,53 | 64,69 | 82,67 | 101,4 | 123,8 | 142,9 | 1517

Ri/Ro | 529 | 585 | 675 |757 |[810 |859 |913 |957 | 969

T, K 1190 | 1290 | 1460 | 1600 | 1690 1780 | 1870 | 1940 | 1960
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Bribepem u3 Tabauipl 2 maphl 3HAYEHWH MOITHOCTH W TEMIIEPATYPbI, KOTOPHIE
coorsercrByor ycosuto jubeiinocru (T > 800 K). IMonyuum 11 Tovek. dus oupe-
JIeJIeHVsT 3HAYEHUsT N B 3aBUCUMOCTH MOIIIHOCTH OT TEMTIEPATYPhI COCTABUM TabIMILY
3 w3 nap 3uagenuii In T, In P. ITockoibKy HAC MHTEPECYET TOJIHKO YIIOBOH KO3 dHIm-
€HT IIPSIMOii, KOTOPYIO MPOBE/IEM 0 PACCIYNTAHHBIM 3HAYEHUSIM, €INHUIBI H3MEDEHU
(mOpsiIKOBbIE MHOXKUTEJIU) TEMIIEPATYPbl ¥ MOIIHOCTU IIE€PE, JOrapudMUupOBaHUEM
He urpaior ponu. Temmeparypy Oepém B coTHax rpamycoB KemabBuHa, a MOITHOCTH

B MUJLJIUBATTAX.

mT | 216 |233 |248 |2356 |268 |2,77
mP | 1,81 |240 |295 |32 |377 |417
T |28 |28 293 |297 |298
mP | 441 | 462 |482 |49 |502
InP
5,
4.5 1
4_
3.5
3_
2.5
2_
1.5
| InT
T T T T T
2.2 2.4 2.6 2.8 3.0

[IpoBoanm mpsMyto u ompesesiseM yrioBoit Koadgdunuent: n = 4,0

B nannom skcnepumenTe Temmeparypa 2000 K naxoanTcs HeMHOTO 3a rpaHUIIaMK
JMANA30Ha W3MEPEHUil. JKCTPATIOIUPYEM TOCTPOEHHYIO 3aBUCHMOCTD U u3 rpaduka
st 3uadenns 1In(7/100) = In20 = 2,996 maxomum: In P = 5,1. Beraucasiem morr-
vocth: P = 164 mBr. Ilpeanosaras, 910 ndiaydaemasi MOITHOCTD IIPSAMO ITPOIIOPIHO-
HAJIbHA ILTOMIAIM M3/Ty YeHU s, HAXOUM JIT HUTH HaKauBanus gamibl: S = 0,73 mm2.
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ITockonbKy TOYKY HAXOMWIH U3 rpaduKa, TO MOIPEIIHOCTh 3HAYEHUs OIIpPejie-
JMM KakK IOJIOBUHY LeHbl nesienus (maciurabuoil kierku): Aln P = 0,05. Torua
AP = 0,06P = 8,2 mBr. Eciu Toukyr nMeroT HEKOTOPBIH pa3dpoc OTHOCUTEIHHO JI-
HUW, PA3yMHO YBEJIUYUTH MOTPEITHOCTh B COOTBETCTBUH ¢ pa3dbpocom. Ilo mHaiimennoit
ITOTPEITHOCTH MOIITHOCTH HAXOIMM MOTPENTHOCTD TIJIOIIA/IN U3JLy 9ai0Ieil TOBEePXHOCTH,
73 YCJIOBHUs PABEHCTBA OTHOCUTENbHBIX BEJUYHH Ep = £g:

AP AS

—— = 0,05.
P S ’

AS = 0,04 mm2.



