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Saxmovumenvrviti asman Beepoccutickot osumnuado. no gusuke

9 KJ1acc

3ama4ua Nel. Becsr PoGepBasis

MakcumaJsbHbBIN OaJI 3a 3aganne — 25 6aJJIOB.
OCHOBOIT KOHCTPYKITUU BECOB | a |
PobepBasst siBasercs mapaJiiesto- | = }
rpaMM (paMKa), COCTOMAIMH U3 ©) () P _
YETBIPEX KECTKHUX JEPEBIHHBIX
cTep:KHel (CM. pHCYHOK 1).
Obo3Hauenust Ha PUCYHKe:
1 — ocHOBaHME BECOB;
2 — HMKHUN TEHTPAaJbHBIN
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PaMKOI BECOB;

3 — BepxXHHIl TMEeHTpaJbHBIN
MTApHUP, KECTKO COETUHEHHBIN C
OCHOBaHHEM BECOB.

CepeMHbBI JIBYX TPOTHUBOIIO- ©) &
JIOKHBIX (MCXOIHO TOPU30HTAIIb- 1
HBIX) CTOPOH IApajLIeIorPaMMa
IMIAPHUPHO 3aKpeIUIEeHbl Ha Bep-
TUKAJIHLHOM OCHOBaHWH. [Ipm sTOM Puc. 1
JIB€ IpPyTU€ €ro CTOPOHBI B JII000# KOH(MUTYpAITUU TTapaJLIeJoOrpaMMa OCTAIOTCS BEp-
TUKAJIHHBIME. [IepIeHInKyISIPHO K 9TUM CTOPOHAM KECTKO TPUKPEILICHBI <IIOJIKI»
BECOB, HA KOTOPBIX PACIIOJIAIAIOTCs B3BEIIUBAEMbBIE TPY3bl (CM. PUCYHOK ). YIUBUTE/ b~
HBIM CBOMCTBOM 3TOIl MEXaHUYECKON CUCTEMBI ABJIAETCA TO, 9TO, €CJAU MAaCChl I'PYy30B
OJIMHAKOBBI, BECbl HAXOAATCA B PABHOBECUU HE3aBUCUMO OT MeECTa PACIOJIOKEHUA IPy-

30B. Bo3Hukaer orryienne, 9T0 He BBIIOJIHSIETCS TPABUIO MOMEHTOB. OCOBEHHOCTHIO
KOHCTPYKIIMU BECOB, HCIOJIB3YEMBIX B JIAHHOI paboTe, siBiseTcss OOJIBINOI pa3Mep
HUXKHErO0 OTBEPCTHUsI B OCHOBAHWM, 00ECIIeUnBAIOIIUil CBOOOIHOE IIEPEMEIEHNE B 9TOM
orBepcTuy (HaJm9me OMpPeIeIeHHOro JiodhTa) HUZKHErO NEeHTPAILHOIO MIAPHUDA.

1. BanmmmTe HOMEDP BECOB, yKA3aHHBII HA HUYKHEI 9aCTH OCHOBAHUS. YCTAHOBUTE
BeChl Ha Kpae CToJIa U 3aKpeluTe MX JAByMs 3aykuMamiu. 3mepbre B MUJLIMMeETpax
JUIMHBI CTOPOH MApaJUIeSIoOrpaMMa @ U b MeXK/ 1y IeHTPaMU YIJIOBBIX MIAPHUPOB.

Cb6astancupyiire Becbl. Jljist 9T0r0, ycTpaHsisi TpEHUE B IIAPHUPAX JIETKUM IIOCTY-
KUBAHUEM I10 HUXKHEW YaCTH OCHOBAaHUsI, J00EHTECh YCTONINBOCTU TOPU30HTAIBLHOTO
[TOJIOYKEHNsT BEPXHEN pPeiiKM mapaJiiesiorpaMMa, HaJaeBas JOMOJTHUTEIbHBIE MA0ObI ¢
JAUaMeTPOM OTBepCTUs 6 MM Ha ITyPYIbl BEPXHUX TOPIIOB BEPTUKAJIDLHBIX PEEK.

2. Tosibko B paMKax IMyHKTOB 1-3 3a/laHus CIUTANTE, ITO BCE CUJIbI TPEHUS CKOJIb-
JKEHUsI JTAHHOM KOHCTPYKIIMKM COCPE/IOTOYEHBI B BEPXHEM IEHTPAJIbHOM IIapHUPE Pa-
muycoM R u co3maioT B HEM 3bdeKTUBHLIN cyMMapubli Moment M = F,, R (B npy-
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IUX [YHKTaX YKA3aHHYIO MOJIEJIb He ucioibayiire). Oupenesnre MOMEHT CUIIbI TPEHUS
M cbasaHCcHpOBaHHBIX BECOB 6€3 HAIPY3KH (/10 YCTAHOBKU HA HUX TSKEJIBIX IPY30B).
Macca 6osIbIIof TONONHUTENBHOM malilsl (¢ JuaMeTpoM oTBepeTus 8 MM) Mg = 6 T,
Macca MaJioil JIONMOJHATEIBHON 1mafibbl (¢ quaMeTpoM oTBepeTusi 5 MM) My, = 1 r.
Tloapobuo omumuTe MeTos onpeaenerus M.

3. YcranoBuTe THAXKEIBIE IPY3bI HA JIEBYIO M MPABYIO MOJKU BECOB MaKCHMAJIb-
HO GJIM3KO K BEPTHKAJbHBIM peiikaM napajuiesorpamva. (BHuMaHme: uncTpyKuust
10 YCTAHOBKE M CHSTHUIO I'PY30B [IPUBE/ICHA B IIPHJIOYKEHUU K YCJIOBUIO). Y0euTech B
YCTOWYHMBOCTH NOPU30HTAJIBHOIO [TOJIOYKEHHsI BepXHEl peiiku mapaJuiesiorpamma. AHa-
JIOTUYHO TYHKTY 2 3aJaHus onpejeanTe 3(hdEeKTUBHBIN CyMMAPHBI MOMEHT CHJIBI
rTpenus My jjis HArpY2KEHHBIX BecoB. Uemy pasno ornoinenue n = My /M7 ?

[Ipu BeImOTHEHNN TyHKTOB 1-3 3a/ianns mocTpoeHne rpadukoB He TpedyeTcs.

4. CHEUMUTE 3aBUCHMOCTH TOPU3OHTAJBHON CHiibl F', JieficTByIOIIEil CO CTOPOHBI
OCHOBAHUS Ha, HUXKHUHN IMEHTPAJIbHBIHN IIAPHUP, OT PACCTOSHUS T, Ha, KOTOPOE IIPAaBBIi
I'Py3 YAQJIEH OT OCH BEPTUKAJILHON pefiku napaJuiesorpaMma (CM. PUCYHOK 1).

ITpumeuanue: JleBbiit rpy3 Ipu 9TOM JIOJKEH PACIIOIATaTHCs HA ITPEXKHEM Me-
cre, T.e. MAKCHUMAJILbHO OJIM3KO K CBOEH BePTUKAJIBHOI peiike. V3mepenus mpoBoguTe
[P TOPU30HTAJILHOM IIOJIOKEHIH BEPXHEN 1 HIKHEN peek mapaJsiiesorpamma. B rab-
JINIlEe U3MEPEHnt IIPeyCMOTPUTE JONOJHUTEIBHBIN CTOJIOIL JJIs IAIbHEHIINX HCCIIe-
JIOBAHUIA.

5. IMocTpoiite rpaduk MOJTyIEHHONH 3aBUCUMOCTH.

6. BoiBesiure dhopmyity, cBa3bBatomlyio F' u x 4epe3 maccy rpy30B U I€OMETPU-
YecKHe pa3Mepbl yCTaHOBKH (CM. pUCYHOK 1).

7. Ucnosb3ysa pe3ysabTaThbl, HOJydYeHHblEe B IIyHKTaX 4-6 3aJlaHusd, OIpesesInTe
Maccy TsKEJIBIX IPy30B mg. OlleHnTe MOrpentHoCTh OlpeIeIeHsT MaCCHI.

8. IIpoBeas HEOOXOIUMOE JOTTOJTHUTEIBHOE U3MEPEHIUE U UCIIO/Ib3Ysl PE3YJIbTaTHI,
[IOJIy9eHHBIE B IIYHKTE 4 3a/IaHus, PACCINTANTE 3aBUCUMOCTD CHJIBL (), JIeficTBYIOMEi
CO CTODPOHBI BEPXHErO IEHTPAJIBLHOIO IIAPHUAPA HA PAMKY BECOB, OT PACCTOSHUS I,
Ha KOTOPOE IPaBBIfl I'Py3 y/JAa/J€H OT OCH BEPTUKAJBHON peiiku mapaJiesiorpaMMa.
Banummure GOpMyYITY, UCIOIB30BAHHYTO JIJIsl pacdera 3apucumocta Q(x).

9. TTocrpoiire rpaduk 3asucumocru Q(x). Ilpu BoimosHeHne NyHKTOB 8 U 9 3a-
JaHUs TIOIPEITHOCTh He PACCUUTHIBAITE.

Obopydosarue: Bechl PobepBasist, 1Ba GOJBIINX TPy3a OJUHAKOBOW MacCoii, J1Ba
3axKNMa, AMHAMOMETD ¢ mpezaesoMm u3amepennit b H, smneiika 40 cMm, momosHUTE B
Hble MMAH6BI TPEX TUIOB O 5 T (C AUAMETPAMH OTBEPCTHH 5 MM, 6 MM U 8 MM).
VYckopenue cBoboHOrO najiennst g = 10 M/C2.
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ITpunoxxenue. VucTpykimst 0 yCTAHOBKE OOJIBINNAX T'PY30B

1. JIrobble m3MepeHusi ¢ TSKEIBIMUA TPy3aMU
JIOJIZKHBI ITPOU3BOJIUTHCS TOJIBKO MTPU HAAE2KHOM
KPeNJICHUU I'PY30B, IMTOABEMIEHHBIX K ITOJTKAM BECOB
C IIOMOIIBIO BUHTA, TOPYAIIEr0 U3 KPBIIIKA, 1 Taii-
Kk M3, kak nmokazano Ha pucynke 2. B ucxomnom
COCTOSIHMU Ha BUHT KarKJOro rpysa (Kaxmoil 6y-
TBUIKU C [IECKOM ) HAaBUHYEHO 110 3 rafiku. OjHa u3
HUX SBJISIETCSI OCHOBHOM, JIBe APYTHe — 3alacHbIe.
Kazxxryio n3 HuX MO2KHO HCIIOIB30BATH IIPHU yTEPE
npeabiayineit. Jlomosmaurensubie raitku M3, kpo-
Me uMeroluxcd B BaieM pacropsizkeHuu B HadaJsIe
9KCIIEPUMEHTA, BBIJIABATHCA HE OYIIyT.

2. JleBblit rpy3 ycraHaBmBaercs: mepbiM. OH
IpyU BCEX M3MEPEHUSX B JAHHOM 3aJaHUU PACIIO-
JlaraeTcs MaKCHMAJIBHO OJIM3KO K JIEBOI pelike ma-
pasanenorpamMma. Ero mecromosioykenve He H3Me-
HAETCSA. YJIep:KUBAWTE T'Py3 OJHONW PYKON HUXKe
MOJIKA BECOB WM, BCTABUB BUHT B OTBEPCTHE, JIPY-
roif pyKoil HABUHTUTE TaifiKy TaKUM 0Opa30M, ITO-
OBl HECKOJIBKO BUTKOB Pe3bObI BHHTA OKA3aJIOCh
BBIIIIE TaiiKu. D710 06eCeInT HaIEKHOCTD KpPerl-
senns. VMeiiTe B BULy, 94TO NajieHNE I'Py3a HA CTOJ
I Ha TI0JI MOXKET IIPUBECTH K 0OPa30BaHUIO TPe-
uH B OyTHIIOYKE W BBICHIIIAHWIO ITECKA U3 HEE.

3. 3akpenus JIEeBbI I'Py3, IJIABHO OIyCTHUTE
€ro pyKO#l BMeCTe C IIOJIKOW BE€COB BHU3 JI0 YIIO-
pa (cM. pucyHok 3).

4. AHaJIOTUYHO yCTAHOBUTE MNpPaBBI TPy3 B
HY2KHOM MecTe TpaBoil nosiku. [LimaBao oTmyctu-
Te €ro W BPYYHYIO MEePEBEJUTE BEPXHIO W HUXK-
HIOIO PefKH MapaJesorpaMMa B TOPU30HTAIbHOE
noJtoyKeHne (CM. PUCYHOK 4).

5. Ilepest cuaATIEM TTPABOTO Ipy3a CHOBA I1JIaB-
HO TIEPEBEJINTE JIEBBIN TPY3 B HU2KHEE MTOJIOZKEHUE.
Tlocse aToro m3mensiiTe MOJIOKEHNE TPABOTO I'PY-
3a ¥ BHOBbB IIPUIABAITE TapaJIIesiorpaMMy hopMy
[IPSIMOYTOJIbHUKA.
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3ama4da Ne2. IlyThb B 6€6CKOHEYHOCTDH

MaxkcumaabHBIN OaJL1 3a 3amanue — 15 6aJyI0B.

BriepBble BBIYUC/IUTH IKBUBAJIEHTHOE CONPOTUBIICHHE JICKTPUIECKON Hermu (CM.
PHUCYHOK ), COCTOSIIEH U3 OUeHb OOJIBINOrO YUC/Ia 3BEHBEB, OBLIO MPEJJIOKEHO YIacT-
uukam 1 Mex aynaposroit omumvnmaast no dusuke B 1967 rogy. C Tex mop 3Ta 3amada
crasia Kjaaccndeckoir. Cerojiast ke BaM TPEJICTOUT SKCIEPUMEHTAJIBHO HCCIIEI0BATD,
KaK 3aBHCUT COIPOTUBJIEHUE JIAHHOM IeNN OT JYHCJIA 3BEHBEB B HEl.

—]

1. OupejiesmTe COMPOTUBIIEHUS BCEX PE3UCTOPOB U IIPOBEPHTE, UTO BCE PE3UCTO-
pBI T 1 BCe pe3nuctopbl R (r < R) UMEIOT OJMHAKOBBIE CONPOTHUBIEHUsSI B [IPEJeIax
TOYHOCTHU W3MepeHuil MysibTuMeTpa. CanTaiiTe MOrpentHocTh MyJIBTUMETPA B 9TOM U
[IOCJIEYIONIUX IIYHKTaX PABHON TPEM €IMHUIIAM IOCJIeIHero paspsja. Ecin ects pe-
3UCTOPBI R, CONPOTUBIIEHNE KOTOPBIX OTJIMYIaeTcs 6obe, gem Ha 1%, monpocnTe ux
3aMEHUTh. Beraucimre cpejiHne 3Hadennst R U 1 U UX [TOTPEITHOCTH.

2. CHUMHTE 3aBUCUMOCTD SKBUBAJIEHTHOTO CONPOTUBJIEHUS MU (CM. PUCYHOK )
Q(n) or umcsa 3BeHbeB n st n = 1,2,...,7. st n = 7 Haueprure Bamy cxemy
[IOJIKJTIOYEHNs PE3UCTOPOB, IIPOBOJIOB U MYJIBTUMETPA HA MakeTHOIl miare. s sToro
Bawm Bbijian 6J1aHK ¢ HATIEYATAHHOMN CXeMOI MaKeTHO! IaThl. Pe3ancTopbl conpoTusIie-
nueMm R obo3HadaiiTe Ha cxeMe B BUJIE 3aKPAIEHHBIX TPIMOYTOJIBHAKOB, & PE3UCTOPHI
COIPOTHUBJIEHUEM 7" — B BUJIE He3aKpaIlleHHbIX. K cxemy jyist n = 7 cobparh He yia-
JIOCh, TO HAYEPTUTE CXEMY IOJIKIIOUEHUSI JIJIsI TIEMU C MAKCUMAJIbHBIM YHUCJIOM 3BEHBEB.
Be3 HauepueHHOiT cxeMbl Bammm skcnepuMeHTaJIbHbIE JAHHBIE M PACYETHI HE
OyayT OIEHUBATHCS.

3. Ucnonp3ys cpennne 3HadeHus r U R W3 1epBOro MyHKTA, PACCIATATE TEO-
perudeckoe 3Hadenue )(00) COUPOTHBJICHUS IEIH, COCTOSIIEH M3 OYeHb OOJIBIIOrO
(n > 1) uncsa 3BeHBEB.

4. Hanecure Touku cHsTON 3asucumoctu ()(n) Ha rpaduk. CoenuHuTe 9TH TOY-
ku ragkon JmHueil. Ha sroMm ke rpaduke mocTpoiiTe MOPU30HTAJBHYIO MIPSIMYIO
Q = Q(c0). D10 TOT NpEIEa (TOPU3OHTAIBHAS ACUMIITOTA ), K KOTOPOU JOJIZKHBI CTPe-
MUTBCsI TOYKU U3MEPEHHON 3asucumoctu 2(n).

5. B npubmmxkenmn n’r < R (cauTaiiTe, 9TO JAHHOE MPUOJIIZKEHNe BEPHO IS
BCex n < 7) 3aBUCHMOCTb SKBUBAJIEHTHOTO COIPOTHBJIEHHs] OT KOJMYECTBA 3BEHBEB
npuanmaer Bux (n) = F(R,n) + f(r,n), tae f(r,n) - HeGosbmas 1006aBKa, paBHasi



Saxmovumenvrviti asman Beepoccutickot osumnuado. no gusuke

f(?“, n) =

2n+1)(nt1 . ,
%r, a F(R,n) — OCHOBHO} 4JleH, 3aBUCAMIUIT TOJBKO OT R u n.

Yemy pasna yukuua F(R,n)?

6. C yuéroM TEOpeTHYeCKOil 3aBUCHUMOCTH, IIOJYyIEHHON B MPEIBIIYIIEM IIyHK-
Te, [oj0epruTe TaKue KOODJUHATHI, B KOTOPBIX M3MepeHHas Bamu 3asucumoctsb 2(n)
oymer smmHeitnoit. IlocTpoiiTe rpaduk JmHEapU30BaAHHON 3aBUCUMOCTH.

7. N3 rpaduka, IOCTPOECHHOTO B IPEIBLIYINEM IIYHKTE, OIPEJIEIUTE COIIPOTUBIIE-
uud r 1 R u ux norpemnoctu. CpaBHuUTE 10Ty Y€HHbIE 3HaMEHUS R U 1 ¢ pe3ysbraraMu
NPAMBIX U3MEPEeHUi B myHKTe 1.

Ilpumenanue: MakeTHas TLJIATA UCIOJIB3YETCs JIJIsT COETUHEHNsT TPOBOJIOB U TIOJI-
KJTIOYUEHUsT PA3JINIHBIX 3JIEMEHTOB. KaxKble IATh COCEIHUX T'HE3)T MAKETHOU ILIATHI,
PACIIOJIOKEHHBIE B OJHOM CTOJI0IE, BHYTPHU IJIATHI COeUHEHBI MexK 1y coboit. Hampu-
Mep, COEIMHEHBI BBIBOIbI, OTMEYEHHBIE CePbIM Ha PUCYHKEe. Bce rHé3ma MakeTHON
IJIATHI, PACIOJIO’KEHHBIE B IBYX KPAWHNX CTPOKaX IIJIATHI C KazK 10l €€ CTOPOHBI, IIPO-
MapKUPOBaHHbIE KPACHBIM U CHHUM IIBETAMU, TAKXKE COEIMHEHBI MEXKy COOOIA.
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OGopynoBaHue: MakeTHas Iulara, 7 nap pesucropos r u R (R > r) B 3un-
rmakere, MyJbTUMETD C IIPOBOJAMU THIA «OaHAH-KPOKOIMJI», Mapa COEIMHUTETbHBIX
MIPOBOJIOB JIJIsi MAKETHOM ILJIATHI.
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10 kJacc

3amaya Nel. TersioBoe corpoTuBJIeHUE

O6opydosarue: ycraHoBka (cM. puc.), cTpyOruHa ist (GUKCAIMI YCTAHOBKA HA
cToJie, JIBa KYCKa IIPOBOJIOKH, KAHIIEISIPCKasi KHOIKA, JIBa CTAKAHA PA3HOrO pa3Mepa,
ILUIACTUKOBas OyTBLIKA, TEPMOMET], ABa MY/IbLTAMETPA, HCTOYHUK IIUTAHN, TPH IIaphl
IIPOBONOB «0aHAH KPOKOIUI», IIIPHI, TOPAYad BOLA M BOIA IPUMEPHO KOMHATHOMN
TeMIIEPaTyphI 10 TPeOOBAHUIO.

TTorpentHocTs MyJBTEMETPa U TEPMOMETDA CUMTaiiTe PaBHOW TPEM eIUHUIAM
[IOCJIEHErO pa3psia.

| | 2

CxeMa yCTaHOBKHU Komnécuko Ha ycraHoBKe

Paccrosiine L yKa3aHO Ha yCTAHOBKE C TOYHOCTBIO 2 MM, PAJUyC CpeJIHell yacTu
kosécuka r = (3.50 £+ 0.05) mm. Macca mractukoBoit 6yTeiiku mo = (16.2 £0.2) r.
BbrjaHmble KYCKH IIPOBOJIOKH CJICJIAHBI U3 OJIHOIO M TOTO K€ HEU3BECTHOI'O CILIaBa,
umeror gumesl [; = (100.0 £ 0.2) M, Is = (150.0 £ 0.2) cM u OIUHAKOBBII AUaAMETD
d = (0.150 4 0.002) mm. ILmorHoCTH BOBI p = 1.00 T/cM3, yckopenue cBoGOIHOTO
najienus g = 9.8 m/c?.

OrHocuTenbHBIM yymmHeHneM € = Al /] Ha3bpIBaeTCs OTHOIICHNE U3MEHEHUST JIJTH-
HbI TpoBoJIoKH Al K €6 HavabHON jjmHe (.

Monyns IOura E xapakrepusyer yupyrue CBOHCTBa MaTepHasa IIPOBOJIOKH U
CBSI3BIBAET €8 OTHOCUTEJLHOE YIUIMHEHNE £ C pacTarusaromedi cuoit F:

F = ESe,

rjie S — WIoma b MONepeTHOr0 CEYeHUsI TPOBOJIOKH.

KoaddumnuenT remroporo pacmmpenns /3 XxapaKTepusyeT M3MeHeHHe JTMHEeHbIX
pa3MepOB TeJia IpU U3MeHeHu: TeMueparypol. Jyuna npososoku [(t + At) npu rem-
neparype t + At cs3ana ¢ eé jymuoii [(t) upu remueparype t dbopmysioii

I(t+ At) = 1(t) - (1 + BAL).

Baxkno! st ymMeHbIIeHNsT BKJIa/1a TPEHUsI [TepPe]] BBIITOJTHEHIEM IKCIIEPUMEHTOB
ybenTech, 9TO KOJIECUKO HE KACAETCs TPAHCIIOPTHUPA W TOJOBKHU BuHTA. He mpukia-
IBIBaliTe K MIPOBOJIOKE Cuity, npesbimarorntyo 3.0 H, tak kak 310 MoXKeT mpuBecTn K
HEOOPATUMBIM €€ TedOpMaIsIM.
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1. CHuMUTE 3aBUCUMOCTH OTHOCUTEIHLHOTO Y/JIMHEHUS MPOBOJIOKA € OT PACTs-
ruBaorieit e€ cuibl F. Tloctpoitre rpaduk nosydentoit 3asucumoctu. Orpejesnre
Moysib FOura F marepuaJia IPOBOJIOKHM U OIEHUTE €0 IIOI'PEITHOCTb.

2. CHUMUTE 3aBUCHMOCTH OTHOCHTEILHOIO VJJIMHEHUs] Y9aCTKa IPOBOJIOKH £ U
Harnpsikenns U Ha ero KOHIAX OT CUJIbI TOKa I, KOTOPBI TedéT depe3 Hero. To ecTh
JIsT KaXKJI0TO 3HadeHusi CUIbl TokKa I omnpenenute 3uadenne € u U. IIpoBemure aKc-
[IEpUMEHT, CHavaJjIa yBeJUdnuBas CUJIy TOKa B auamaszone or 0 A 1o 2 A, u 3arem, He
BBIKJIIOYas UCTOYHUK, YMEHbIasl CUJIy TOKA B TOM Ke guanal3oHe. IIpemioxxure jaBe
BEJINYUNHbBI, BhIpa2KeHHble uepe3 U, I u €, 3aBUCUMOCTD MEXKJy KOTOPBIMH IIPEIIO0JIO-
xuTebHO JinHeiiHa. [ocTpoiiTe rpaduk 3Toi 3aBUCUMOCTH.

3. IIpetozkuTe METO, TO3BOJIAIONTUI OMIPEIETUTD KOI(DMUIIUEHT TEILJIOBOIO PAC-
mupenus 3 mpoBosioku. IIpoBeaure cepuio n3MepeHuil, HeOOXOAMMBIX JJIsI OIIpeIeJIe-
Hust 3. O6paboraiiTe pe3yJsibTarTbl U3MEPEHUI [IPU IIOMOIIY JIMHEAPU30BAHHOIO I'Da-
duka. Haiijiure 3HaueHne 5 U ONEHUTE €ro MMOTPEITHOCTb.
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11 kJuacc
3amaya Nel. Hemokpas Boma

XapaKTepUCTUKH HEKOTOPBIX BEIECTB MOT'YT IIOKA3aThCS HEO2KUJIAHHBIMU B CPAB-
HEHUH C JPYTUMHU BEIECTBAME, YACTO BCTPEYAIONIMMUCS B Hallell ku3nu. B mamnmoit
pabore Bam mpeagaraercs, UCIOIb3ys BEChbMa OMPAHUYEHHBIN HAOOD 00OpYyIOBaHUS,
[IPUIYMaTh METO/IbI U OIIPE/IEUTh HEKOTOPble (DU3MIECKNE XAPAKTEPUCTUKU OJITHOTO
U3 TAKUX BENIECTB, KOTOPOE YaCTO HA3BIBAIOT «CyXOil BOJON». Y UTUTE, UTO KOJTHIECTBO
3TOTO BEIIECTBA OIPAHUYECHO U BbI JTOIKHBI TIIATEIHHO ITPOJIyMBIBATH CBOU JICHCTBUS,
9100BI 00OMTUCH TOM MOPIMeEIl, 9TO peocTaBeHa B Bare pacnopsikenue. lomosHu-
TeJIbHAs XKUJIKOCTh BaM BbimaBaThes He Oyner! B messax eé 9KOHOMUM PEKOMEHTYeTCsT
[IpY BBIIIOJIHEHUN 33aHUs OTJINBATH HEDOIBINYIO YACTh B OAHOUYKY C KPBIMKON. Ecan
B Bamrem skcriepuMenTe XKHUJIKOCTh OKa3ajach B OIHOM COCYJIe C BOJOH, TO oOpaTuTe
BHUMAHNE Ha TO, YTO OOBIYUHAS BOJA U «CyXas BOJAa» HE CMENIUBAIOTCI U Pa3esICHbI
Mexky coboit. [l m3BIeueHust «CyXoil BOJbI» U3 COCYJA JOCTATOYHO OTKAYATh €€ C
TOMOIIBIO TIIIPHUIIA.

Yro6sr Bor Moriin paboraTh CIOKORHO, COOOIIAaeM, IYTO UCCIEyeMble X KUIKOCTh 1
€€ mapbl He TOKCUYHBI, OHA He TOPI0Yas, He BCTYIIaeT B KaKue-JIub0 XUMUIeCKIe Peak-
1uu ¢ BOJo# n obopynosanueM. IIpu 3ToM OHa BechbMa JeTy4ast (6BICTPO MCTIAPsIeTes] ),
ee Temrieparypa Kurenus Huke 60°C.

IIpumure armocdeproe masienne paBubiM pg = 100 klla u yckopenue cBobo1HO-
o majeHns paBHBIM g = 9,8 M/c2.

SajaHue

Ileped HauaAoM BLINOAHEHUSA PAOOTDL YKANCUME HOMED TAKEME ¢ 000PYA08AHU-
eM.

Obpamume srumarue, ¥mo 06opydosarue YyKa3aro x Karcdot wacmu 3adauu om-
deavro. Hcnoavsosanue 06opydosanus us 0pyeur wacmet 3anpeu,eno.

Ienonaacmosvie cmaxanvuky 6 nepeuerd 000pyd08aHUA HEe SLOOAM U HYHCHDL
O0NA TPAHERUA TOAOOHOT U 20pANEt 800,

Yactp 1

B nmaunoii yacTtu 3aayu TpedyeTcs OleHKa IMOTrPENTHOCTH TOJBKO OJ/THO-
KPaTHOTO U3MepEeHUsl, IPOBE/IEHNE MHOTOKPATHBIX U3MepeHuii He TpebyeT-
csl.

1.1. Ompegenure MJIOTHOCTL YKUJIKOCTH [P KOMHATHON TeMiieparype (KoMHaT-
HYIO TEMIIEPATYPY 3AIUIIUTE).

1.2. Oupenenure K03bDUIUEHT 00BEMHOIO TEILJIOBOTO PACIIUPEHUsT KUIKOCTH
B JuanazoHe Temieparyp npubiusurensao [20 — 40]°C. Obparure BHUMAHHE HA TO,
9TO COCYJ,, B KOTOPBI MOMEIIAETCST UCCIIe/lyeMast KUJIKOCTh, TAKYKe M3MEHsIeT CBOU
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o0beM TIpu u3MeHeHuH TeMreparypbl. CauTast, 9TO MIOTHOCTH BOJBI TP U3MEHEHUN
temmepatypbt ot 20°C 10 40°C ymenbimaercs na Ap, = 7,0 kxr/M3, yaTuTe BIusHIE
00'BEMHOIO PACIIUPEHUsT COCYIa, B KOTOPBI Gy/IeT IIOMEIeHa «CyXasi BOJa» BO BPEMSI
OTIBITA TI0 U3MEPEHMIO ee KO3 PUImenTa 00beEMHOIO PACIIUPEHHUS.

st oJtydenust pe3ysbrara JOCTaTOYHO UCTIOIB30BaTh U3MEPEHUS IIPU JIBYX Pa3-
HBIX TEMIIEPATYPaXx.

ITpumevanue. KoadduimenT o6beMHOINO TEIIOBOIO paciiuperus 3 — ¢pusnde-
CKasl BeJIMIMHA, XapaKTepU3yolas OTHOCUTEIFHOE U3MEHEHUEe 00bEMa, TeJa C YBeJIu-
qenueM TemirepaTypsl Ha 1 K npu nocrosiHrOM faBienun:

AV 1
f= i (1)
rae V — 06bém kugakoctu, AV — mpupartienre o0bEMa KUAKOCTH [PU U3MEHEHUN
TeMItepaTypbl Ha MaJtyto Beauaury AT
Obopydosarue: «Cyxast Boja» B OyTHLIKe, BECHI 3JIEKTPOHHBIE, DAHOUKA C KPBIIII-
KO, TepMOMETP IJIEKTPOHHBIH, MITATUB C JIANKON U MydTOi, MepHBIH TuanHap 250
MJI, BEIEPKO JJIsl CJIUBA BOJBI, ropsidast BoJa (10 TPeGOBAHUIO), BOJA DU KOMHATHOM
remreparype (1o rpeboBanuio), mpur 10 mur, mrpun, 1 Mo, suseiika 30 M, CUIuKo-
HOBasl TPYOKa OOJIBIIOTO CEYEHUS, TOIHOC, CAI(DETKHN M MOIEPAKAHNS INCTOTHI HA,
paboueMm mecTe.

Yactn 2

B nanHoii yacTu 3aga4uu TpeGyeTCs OIEHKA IOTPEIITHOCTHA TOJIBKO OJHO-
KPaTHOrO M3MepeHus, IIPOBE/IeHNEe HECKOJbKUX cepuii n3MepeHuii He Tpe-
Oyercs.

2.1. Ompeieure JUHAMUYECKYIO BA3BKOCTD 1) «CYXOi BOIBI» MIPU KOMHATHOW TEM-
nepatype. g onpeeseHns 7 MOXKHO BOCIOJIB30BATHCS UCCJIEIOBAHIEM OOBEMHOTO
pacxosia () XKHUJIKOCTH NPU TedeHWH €€ depe3 IMuIMHapudecknil kaHaia. OO0bEMHBIN
pacxoJi Ipy JIAMAHAPHOM TedeHnH onucbiBaercst dopmyoit Ilyazeitsst (em. puc. 1):

7D*(Ap + pgh)

@= 12811 ’ @)

rie D — qumamerp kaxasia, Ap — pa3HOCTH JABJEHUI Ha KOHIAX KaHasa, | — JJIHHA
KaHasa, () — 0O6LEMHBIA PACXOJ] YKUIKOCTH, U3MEPAEMbIH B M3 /c, h — pa3sHOCTH BBICOT
Ha4aJjla ¥ KOHIA KaHaJa, p — IJIOTHOCTD KHUJIKOCTH.

Jtst oty enust pe3ysibTaTa CHUMUTE He MEHee 5 SKCIEPUMEHTAIbHBIX TOUEK ITPHU
pa3HBIX OOBEMHBIX pacxojax kujakoctu. [Ipoussenure rpadutieckyo 06paboOTKy n3-
MepeHUit.

2.2. Tlepexon OT JTaMUHAPHOTO Te€UeHUS K TYyPOYJIEHTHOMY OIIPEIe/IAeTCs mmapa-
MeTpaMé TeYeHHs KUAJIKOCTH. Be3pa3zMepHOe YHCJIOo, XapaKTEePU3YIOIIee IMapaMeTphl
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Puc. 1. IIporekanue »KuJIKOCTH IO KAHAJLY.

JABU2KECHN S, Ha3bIBACTCA YUCJIOM PeﬁHom,,qca U MOXKeT OBITh pacCIuTaHO JIJid TeYeHUA
KUJIKOCTH Yepe3 LII/IJII/IH,HpI/I‘IeCKHI;'I KaHaJI KaK:

Qp
Re = —. (3)
Dn
B Bribparnrom Bamu merose mamepeHuit Jijisi MAKCUMAJIBLHOW CKOPOCTH TEUYEHUS IIPO-
BephTe, ITO uncyo PeitHombaca He mpeBbINaeT KpATHYecKoe 3HadeHne Re., = 200,
TO €CTh TE€UYEHUE sABJISETCs JJAMUHAPHBIM. Boruncienus 3anecure B pabory.
IIpu HEoOxOmMMOCTY N3MEHUTE TaPpAMETPhI YCTAHOBKY U IIPOBEIUTE SKCIEPHUMEHT

(myskTeI 2.1 1 2.2) 3aHOBO.

Obopydosarue: «Cyxasi Bona» B OyThLIKe, DAHOYKA C KPBIIIKOI, IITATUB C JIATTKON
u MydTOl, CeKyHI0MeD, Bechl, mipuit 1 mi1, mpuir 10 i, guseitka 30 cM, CHIAKO-
HOBasl TPyOKa MaJIoro CcedeHust ¢ IITYIepoM (po30Bas UIVIA), HOIHOC, cajderku J1ist
[I0/IJIEPKAHUST IUCTOTHI Ha, pabotueM MecTe.

ObpaTure BHUMaHHE, ITO B KPBIIKe OAHKA €CTh OTBEPCTHE, B KOTOPOE MOXKET
OBITH BCTaBJIEH KOHEIl CHJIMKOHOBOII TPYyOKH.

YHacts 3

B manHoit yacTtu 3amaum TpebyeTcsl OIEHUTH KaK IIOrPEITHOCTh OJIHO-
KpaTHOTO M3MEPEHUsl, TaK U CJIy4allHyIl0 morpemntHocts. IIlpoBeaure He me-
Hee TpeX m3MepeHuii TpedyeMoii BeJIMIUHbI.

3. Omnpeniesure MOJISIPHYIO MacCy <«CYXOH BOIBI».

Obopydosarue: «Cyxast Boja» B OyTbLIKe, DAHOYKA C KPBIIIKOM, IIITATUB C JIAIl-
Koit u MmydToit, mmpurr 1 mut, mnpurt 50 M1, pe3nHOBast MPOOOYKA I HOCHKA IIIIIPUIIA,
50 mut, MepHBIi tmanHAp 250 M1, BEJIEPKO JJIs CIUBA BOJBI, TOpsivast Boja (110 Tpebo-
BAHWIO), BOJA IIPM KOMHATHO TeMiiepaType (110 TpeGOBAHUIO), TEPMOMETD €K TPOH-
HBI, BECBI JIEKTPOHHBIE, TIOJIHOC, CaI(heTKN I MOJJIEPXKAHIS YUCTOTHI Ha padbodemM
MecTe.

Ipumevanue. PesuroBas mpobovKa MpeIHaA3HAYEHA J1JI T€PMETH3AIIMN BHY TPEH-
HEro obobLEMa IIIPHUIa, HAIEBACTCA Ha HOCUK Impuria. [Ipu nebosbInoit pa3uuie 1as-
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JIEHUT OHA MOXKeT OBITh MPOTKHYTA WIVIONW IMMPUIA 1 MJI U [IOC/Ie M3BJIEYCHUS HIJIBI
COXpaHATb 'epMETUYHOCTb.

YacTe 4

B nanHoif yacTu 3a1aum TpedyeTCs OIEHKA MOrPEITHOCTH TOJILKO OJTHO-
KpaTHOTrO U3MEPEHUsd, IIPOBEJECHNE MHOTOKPaTHBIX N3MepeHuil He TpebyeT-
csl.

CBsI3b J]aBJIEHUST HACBIIIEHHOTO Tapa ¢ abCOJIOTHON TEMIIEpATYPOil ONMCHIBAET-
ca ypasuenuem Kameiipona—Knaysuyca. Ilpu mpenmoioxKenussx o HE3aBUCUMOCTH
VIeJIBHON TeIIOTHI 1apoo0pa3oBaHusi L OT TeMIIEPATYPhl U O MAJIOCTH ILIOTHOCTHU
mapa I0 CPaBHEHUIO C IIJIOTHOCTBHIO YKUJKOCTH ypPaBHEHHE IPUHUMAET BUJ;:

- L 1 1
ln]ﬁ:——u(———), (4)
Pu2 R\Ty Ty

TJIe Pyl U Pyo — JIABJIEHUS HACBIIIEHHOTO Tapa npu Temueparypax 17 m Th cooTBeT-
CTBEHHO, (i — MOJIIPHAs MAacca KUIKOCTH, R — yHuBepcasbHasl ra30Basi IOCTOSHHAS.

4. Boerauciiure 3uadenue L s «Cyxoit BoJibl». [lj1st 9TOTO OmpeiesinTe JiBe TOUKH
3aBUCUMOCTH JABJIEHNSI HACBIIIEHHOI'O apa «CyXO#l BOJBI» OT TeMIeparypbl. Boibe-
puTe TOYKHU, TO3BOJISIIONINE BBIYUCIUTD L ¢ MAKCUMAaJIbHON TOYHOCTBIO.

Obopydosarue: «Cyxast Boja» B OyThLIKe, OAHOUYKA C KPBIIIKOM, IITATUB C Jiall-
KoM 1 MydToit, tmputt 1 mut, mimpury, 50 M1, pe3uHoBast TpobOYKa /It HOCUKA IIIITPHUIIA
50 mut, MepHBI tmmHAp 250 M1, BEJEPKO JJIs CJIMBA BOJBI, TOpsivast Boja (110 TpeGo-
BaHUIO), BOJA IIPU KOMHATHOH TeMmieparype (1o TpebOBAHMIO ), TEPMOMETD 3JIEKTPOH-
HBI, TIOJTHOC, CAI(ETKH [JIs TOIEPXKAHNS YNCTOTHl HA PabovueM MecTe.

Yactb 5

B manHoit wacTu 3a/auu TpedyeTcs OIEHUTH KAK IIOTPEITHOCTh OJIHO-
KpPaTHOTO M3MeEpEHNsl, TAaK U CJy4aiiHyo morpernHocTtb. IIpoBeauTe He me-
Hee TpexX M3MepeHuil TpebyeMoil BeJIuYnHbI.

5. Onpesiesure MOKa3aTeNb MPEJIOMIICHUST 1 YKUJTKOCTH.
Obopydosarue: «Cyxast Boja» B OyThLIKE, HaHOYKA C KPBINIKON, KIOBETa ILjia-
CcTHUKOBas, JuHelKa nepeBsauas 50 cM, JuHelKa miacrMaccoBas 30 cM, aucT Oymarn

A4, uraTus ¢ jgankoit u MydToii, canderku Jist HoJepKaHus IUCTOTHI Ha paboueM
MecTe.
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Bo3moxkHbIe penieHmda

3amadya Ne9-E1. Becnsr PoGepBans

PoTO yCTAHOBJIEHHBIX U COAJTAHCUPOBAH-
HBIX BECOB mpezcTaBieno Ha pucyake 1. Teo-
MeTpUYIeCKHe Pa3MePhl YCTAaHOBKU: ¢ = 184 MM,
b =300 mm. ‘

st onpesiesiennst MOMEHTa CHJIbI TPEHUSA |l [ F
M B mapHupe OymeMm 100aBJISATH MaJjble I'Dy- |
3Bl (JIOMOJIHATE/IBHBIE Tafi0bl) B JII000M MecTe
[TOJIKM BECOB, IIOKA HE HAYHETCH JIBUKEHUE I10JI- ‘
KM BHU3. DTO IPOU30IiJeT Ipu obIieil macce
Majibix rpy3oB Am. Paccumraem momeHT cm- 0
JIBI TPEHUSI B MAPHUPE, UCIIOJIb3Ys METO BUP- L8
TyaJbHBIX mepemernennii. OH OCHOBaH Ha TOM *
dakTe, ITO NpPU BHIBOJIE MEXAHUIECKON CHCTE-

MBI U3 IIOJIOZKEHISI PABHOBECHS Ha OECKOHEYHO Puc. 1
MaJIoe PACCTOsSTHAE CyMMapHasi paboTa BHEIIHUX CHJI PaBHA HYJIIO.

IIpu omyckanum mpaBoro et
KOHIIQ pblYara JJIMHON a/2 Ha w 2 w
paccrossaue Ah, »KECTKO CBs- I
3aHHBI C HUM [UJIMHAD IIap-

Hupa paauycom R moBopa- R
quBaeTcs Ha yroja ¢ u, CO- Ah
OTBETCTBEHHO, IIPOCKAJIH3bIBa~
er ¢ cuioit Tpenua Fy, 10
HEITO/IBI?KHOMY OCHOBAHHIO HA L "
ey ayru AL (CM. PUCYHOK Fap
2). B namewm ciyuae:

Puc. 2
AmgAh = F,AL; Amg%gp =FpRp; M = F R = Amgg.

B cmity KOHCTpYKTHBHOI'O HECOBEPIIEHCTBA UCCJIELyeMONl YCTAHOBKHM Macca I0-
MOJIHATELHOTO Tpy3a Am, BBIBOIAIIETO BEChl U3 IMOJIOXKEHWST PABHOBECHS, MOYKET
3aBHCETH OT TOTO, C KAKOW CTOPOHBI PACIIOJIONKEH 3TOT rpy3. Llesecoobpas3no mpose-
PUTH, HACKOJIBKO COBIIAIAIOT UJIH OTJINIAIOTCS 3HaUeHUs Am P pa3MeIeHnn UX Ha
JIEBOII MJIU TIPABOIl IOJIKAX BecOB. Ha KOHTPOJIBHON yCTaHOBKE OBLIIN ITOJIYY€HbI CJIeJLy-
OIIHE PE3YJILTATHI IPU PACIIOJIOKEHUN JOTIOJHATEILHBIX TPY30B crpaBa: Amy, = 4 r
u My, = Amyugg = 3,7+ 1073 H - m. Ilpu pacHoo:KeHnn Ipy30B ciaeBa: Am, = 3T I
My, = Amug5 = 2,8- 1073 H- M. YcpeaHuM HoIydeHHble PesyabTaTbl. MOMEHT CHIIbI
TPEHUs B BEPXHEM IMAPHUPE HAIUX BECOB 0€3 HAIPY3KHU PABEH:
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M; ~33-1072 H-w.

3akpernuM 60JIbIITE IPY3bl MAKCUMAJILHO OJIM3KO K BEPTUKAJIBHBIM peiikam. Yoe-
JUAMCA B YCTOMYNBOCTU TOPU30HTAJIBLHOTO IIOJIOXKEHNS BEPXHE 1 HUXKHE! peeK BeCOoB.
OrnpesiesiuM Maccy JIOHOTHUTEIBHOTO I'py3a Am, BBIBOJMAIIETO CUCTEMY U3 COCTOSI-
HUsI TIOKOsI B HATPYKEHHOM COCTOsiHUM. Ha KOHTDPOJIBLHOHM yCTAHOBKE OBLIN ITOJIyde-
HBI CJIEJYIONINE PEe3Y/IbTATHI IIPU PACIIOJIOKEHUN JOMOJTHUTEIBHBIX I'PY30B CIIpaBa:
Amy =171 u My = Amygs ~ 16 - 1073 H- M.

IIpu pacnosioxkennn rpy3os ciesa: Amy, = 151 u My, = Amygs ~ 14-1073 H-m.
VepeiHuM 10JTy YeHHbIE PE3YJIBTATHI U IOy YUM, YTO MOMEHT CUJIbI TPEHUSI B BEpXHEM
[apHUPe HAIIX BECOB I10/I HAIPY3KOil paBeH:

My =15,5-1073 H - M, a oTHOImeHHE 1 = % ~4,7.

lopuzonTanbiyio cuiry F', mefiCTBYIONIYIO CO
CTOPOHBI OCHOBaHUsl Ha HUXKHUN IEHTPaJIbHbII ,.“_
[MAPHUP, U3MEPSIEM IMHAMOMETPOM, 3AIEILISAsT €r0 i
3a IPOBOJIOYHYIO TIETJIIO, PACIIOJIOKEHHYIO B HIXK-
Hell 9acTH IPaBoil peliku BecoB (CM. PUCYHOK 3).

[Tokazanust TUHAMOMETPA CHUMAEM B TOT MO-

MEHT, KOIJa IMapHUp He KacaeTcs OOKOBBIX CTe- e

HOK OOJIBIIIOrO OTBEPCTHUS B OCHOBAHUHU BECOB, a ; :
JIMHAMOMETP PACIOJIOXKEH FOPU30HTAILHO. B 3TOT '
MOMEHT I'OPU30HTAaJIbHasd CUJIa, co3JaBaeMasd 1IPy-

JKUHOH JIMHAMOMETPA, 3aMEHSIeT TOPU30HTATHHYTO
CUJTY PEAKIIUU OIOPBI CO CTOPOHBI DOKOBOI CTEHKHU
orBepcTusi. V3MepeHnsi HY>KHO MPOBOJUTD, TIIA-
TeJIbHO I10JI0Npasi MOJIOYKEHNE JIMHAMOMETPA B I'O-
PUBOHTAJIBHOM IIJIOCKOCTH, OOECIIETIHBAIONIEe OT-
CYTCTBHE TEPEKOCOB HUXKHETO OCHOBAHUSI BECOB, Puc. 3
KOTJIa TEHTPAJIbHBIN MApHUP CBOOOTHO TIEPEMEIAETCS B OTBEPCTHH.

st ynoberBa u3MepeHusi BeJIMIUHBL & IPOYEPTUM JIMHUAIO, COEINHSIIONLY O Tap-
HUPBI IPABO BEPTUKAJIBLHOM peiiku napaJiiesiorpaMma. PaccTosiHre OT 9TOH JIMHIH J10

OJIM>KAMIIIEro OTBEPCTUS Ha TOPU30HTAJILHOI mToJIKe paBHOo 52 MM. Tak Kak ocTajbHbIE
OTBEPCTUSI PACIIOJIOXKEHBI ¢ MHTepBajoM 20 MM, TO BCe BO3MOXKHBIE JIJIT MU3MEPEHUIt
PACCTOSHUS T; OIPENEJIoTcs cooTHolenueM x; = (52 4 20¢) mm. 3anecém s1u 3ua-
qeHUsI B TAOJIUILY.

IlocieioBaTeIbHO TIEpeBENTNBast MPAaBLIi IPy3 B OTBEPCTUIX [TPABOIl MMOJIKH, CHU-
MaeM 3aBUCHMOCTb F'(x). PesysbraTsl nu3MepeHuit npeiCTaBiIeHbl B TabJIHIE.

z, MM | T2 92 112 | 132 | 152 | 172 | 192 | 212 | 232
F,H| 02 0,6 1,0 1,3 1,8 2,1 2.5 2,9 3,2
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I'paduk moxydennoit 3aBucumoctu npejcrasied na pucyuke 4. Ha rpaduke or-
JIO2KEHA MTOTPEITHOCTh U3MePeHuii 1o ocu F'; KoTopasi IPUHUMAETCsI PABHOU IeHe Jie-
sennst guaamMomerpa 0,1 H.

F, H
3 -
2 -
1 -
T, MM
0 T T T T
50 100 150 200 250

Puc. 4

ﬂJIH HaXO0XK/IeHNs MaCChl I'DY30B UCIIOJIB3YyEM YyCJIOBUE DaBHOBECHA OTHOCUTE/IBHO
BEPXHEro IIapHUpa. HpaBI/I.HO MOMEHTOB B 9TOM CJIy4ae uMeeT BUJI:

mog(x + a/2) = mog(zo + a/2) + Fb + Mypy, (1)

rJie o — PacCTOsHUe OT TOUKU IIO/Beca JIEBOI'O I'Py3a JI0 OCH JIeBOil pefiku mapalie-
jJorpamma, Mypy — CyMMapHBIT MOMEHT, CO3/IaBaeMbIil cuaaMn TpeHus mokos. Cua
TS2KECTH, JIEUCTBYIONIAsl Ha PAMKY BECOB, He CO3JaET BPAIIATEIHLHOIO MOMEHTA, TaK
KaK IPUWIOXKEeHa B IeHTPe IapaJulesJorpaMMa W HalpaBJ/IeHa BePTUKAJIbHO BHU3, €€
IJIEY0 OTHOCUTEJILHO BEPXHEro mapHupa pasuo nysmo. [locie npeobpazoBanumii mosry-
qaeM: moge

F(z) siBasiercs JUHEHHON 3aBUCUMOCTBIO, YIJI0BOi Koaddunuent koropoit k = mgg/b
JIaéT BO3MOXKHOCTD OIIPEJIEJINTh Maccy rpysa. Bropoe ciaraemoe C B (2) sBisercs
KOHCTaHTOM.
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IIpoBeném na rpaduke mpsiMbre ¢ MAKCHMAJIHHO U MUHUMAJIHHO BO3MOXKHBIMA Ha-
kjIoHAMH (CM. pUCYHOK 4). Y1rioBble Ko3bOUIUEHTH 3TUX MPAMBIX Kypaq, = 20,0 H/Mm
U Kpin, = 17,7 H/M, 13 KOTOPBIX MOTYyIaEM Momaz = 610 T 1 Mopmin = 540 1. Cpennee
3HaYEHUE MACCHI I'py3a mo = H75 T, nmorpemHoctb +40 r.

OxoHuaTesbHO Jyist Macchl rpy3a mg = (580 & 40) r. ITorpemHocTs cocTasisieT
6%. DranoHHoe 3HAYEHHE MACCHI Ipy3a mg = 560 r.

Cuta, JieficTByOIasi Ha PAMKY CO CTOPOHBI BEPXHErO IMAPHUPA, IIPEJICTABIISICT
co0Oil BEKTOPHYIO CYMMY BEpPTHKAJIbHOM cuibl Fy, = 2mog + Mg, rme M — nonnas
Macca PaMKH BECOB, U TOPU3OHTAJBHOM CHIIBI Fl., KOTOpasi paBHA 10 BeJIUYIUHE U IIPO-
TUBOIIOJIOZKHO HaIlpaBJieHa cuiie F', IefCTBYIONIEH CO CTOPOHBI OCHOBAHUS Ha HUZKHUIT
mapaup. Moy mocae Hux AByX CHJI PaBHBI JAPYT APYTY, TaK KAK OHU SIBJISIIOTCS
€/INHCTBEHHBIMI TOPU30HTAJILHBIMI CAJIAMHE, JIEHCTBYIOIIIMHI HA PAMKY, 8 BPAIATE b
HBII MOMEHT OTHOCHUTEJIBHO IEHTPA TS2KECTU PAMKH OTCyTCTByeT. Takum obpazom,

Q=+\/F2+ 2. (3)

it Beraucaenust () Heobxoaumo 3HATH M.
TlosozkuM ocHOBaHWE BECOB Ha yroOJI CTOJA TakK,
9TOOBI pAMKA HE KACAIaCh CTOJA (CM. PUCYHOK 5).

TlorsiHeM JguHAMOMETPOM PaMKy BBEPX 34
[IPOBOJIOYHYIO IETJII0 U 3a(pUKCUPYEM €0 IOKa3a-
Hre F) B TOM ITOJIOXKEHUH, TJIe EHTPaIbHBIN map-
HUDp HE KacaeTcs CTEHOK OOJIBIIOTO OTBEPCTHS B
OCHOBAHHUU. B 9TOM TOJIOXKEHNN paMKa HAXOIUTCS
B PABHOBECHUU TIOJ JEHCTBUEM JBYX CHJI, TPABUJIO
MOMEHTOB JIJIsT KOTOPBIX nMmeeT Bu: Fi1b = M g%.

Tak Kak B HallleM Cly4yae U3MEpPEHUs JafoT
pesynbrar Fy; = 1,4 H, maxomum M = 290 r, a
F, =2myg + Mg = 14,1 H. Iloxncrasissg aro 3Ha-
yenue B (3) U UCIIOJB3Ysl JAHHBIE TAOJUIILI Iy HKTA
5, BBIUUCJIsIEM 3aBUCHMOCTb QQ(Z) M 3aHOCHM pe-
3yJIBTATHl B Ty YK€ TabJIMILy U3MEPEHMA.

Puc. 5
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T, | T2 92 112 | 132 | 152 | 172 | 192 | 212 | 232
F,H| 02 0,6 1,0 1,3 1.8 2,1 2,5 2,9 3,2
Q. H | 14,10 | 14,11 | 14,13 | 14,16 | 14,21 | 14,26 | 14,32 | 14,39 | 14,46

I'paduxk zasucumocru Q(z) npencrasien na pucynke 6. I'padbuk moxox Ha a-
pabosy. Yoenmmcs, ITO TaK U JOJKHO OBIThb. B HalmeMm cioydae MOXKHO CIUTATH, ITO
F <« F,. Torma

Q=VF2+F?=F 1+F—2~F 1+F—2 —FJrF—2
TV oo F2 70" 2F2 ) "* TR

a B MCKOMOE BbIparKeHHe BXOAUT KBaApar JuHeiiHoil 3apucumoctu F'(z). HYro u rpebo-
BaJIOCh JIOKA3aTh. 3/1€Ch Mbl BOCIIOJIB30BAJIUCH TeM, 9TO v/ 1+ a ~ 1 + % mpu o < 1.

JH
14549

14.4 1
14.3 1
14.2 1

14.1 1

T, MM

14.0 T T T
50 100 150 200 250

Puc. 6
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3ama4ya Ne9-E2. IIyTh B 6€CKOHEYHOCTDH

My.J'IbTI/IMeTpOI\/I B pexKuMe OMMETpa U3MEPUM COIIPDOTHUBJICHHA BCEX PE3UCTOPOB.
HOJIy‘{eHHbIe JaHHble 3aHeCeM B Ta6nnuy. HO.Hy‘II/II\/I

r=(9,95+0,06) kOm,R = (998 + 4) kOm

r, KOMm R, kOMm
9,89 4+ 0,03 997 + 3
9,94 + 0,03 998 + 3
9,99 + 0,03 998 + 3
9,95 + 0,03 996 + 3
9,98 + 0,03 997 + 3
9,93 + 0,03 997 + 3
9,94 + 0,03 1000 £ 3

CHuMeM 3aBUCUMOCTD SKBUBAJICHTHOI'O COIIPOTUBJICHU A I1E1IN Q(n) OT YUCJla 3BeE-
HbEB N.

n Q, xOm
1 1007 £ 3
2 51143
3 348 +3
4 268 £+ 3
5 221+ 3
6 191 £3
7 170+ 3
Ecmm x memnn, cocrosmeit D—Iﬁ
u3 HeckoHe4HOro (WM OYeHb
GOJIBINIOTO) YNCJIA 3BEHBEB, JI0-

0aBUTH errne OJHO 3BEHO, TO 3K-
BUBaJICHTHOE COIIPOTHUBJICHUE
e He M3MEHUTCA. Yenosue
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PABEHCTBA YKBUBAJICHTHBIX CONPOTHBJICHMII:

RQ(o0)
Qo) =r+ ———
(00) R+ Q(c0)

Pemtenne sToro ypaBHeHUs maeT pe3ysibTar

244
Q(o0) = @ ~ (104,8 £ 0,5) kOm

Bropoit orpumiaresbablii KOPEHb ypaBHEeHUsT (PU3UIECKOTO CMbBIC/IA HE MMEET.

Q, MOwm
1.0 1
0.8 1
0.6 A
0.4 1
0.2 1
Qoo
n
0 1 2 3 4 5 6 7

IIpu r = 0 Hama 1nenb MpeBpaIaeTcs B 1 NapaJIEIbHO COeJIMHEHHBIX PE3UCTOPOB

R R
Q(n) = — = F(R,n).

n
Takum obpazom

R (n+1)(2n+ l)r.

Qn) = F(R.m) + flr.n) = - + 020 *)

%’ TO ypaBHeHue (%) IpUMeT BH/Y

Eciin oboznauuts y = nd u x =
y=rz+ R

[Tepecunraem Tabsuiyy 2(n) B Tabiuny y(z) u nocrpoum rpadux.
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y = nf), kKOM - %
1007 &+ 3 1,0
1022 + 6 2.5
1044 £ 9 4.7
1072 + 12 7.5
1105 £ 15 11,0
1146 £+ 18 15,2
1190 £+ 21 20,0
y, MOm
1.20 +
1.15 A
1.10 +
1.05 +
1.00 +
0.95 | | | —
0 5 10 15 20

CBobGonublii koaddunuent auneiinoro rpaduka pasen R = (997 £+ 4) kOm. Yr-
J10Bo#t Ko durment pased r = (9,7+1,2) KOM. D1y 3HAYEHHUS COBIAJAIOT B PAMKaX
MOI'PENTHOCTH CO 3HAYEHUSIMH, ITOJTyIeHHBIMU B IyHKTE 1.
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3ama4ga Ne10-E1. TensoBoe compoTuBjieHue

PesynpraTsl npuBeseHb! I 9KCIIEPUMEHTA C aBTOPCKOW yCTaHOBKOI, KOTOpPas
OTJINYAJIACh MACCON MyCTOH OyTHLIKH M MApPKO#l ITPOBOJIOKU.

Tlogsecum mycryro OYTBUIKY K U3MEPUTEIBHOMY CTEHJY C HOMOIIBIO KyCKa MPO-
BOJIOKY OOJIBIIEH JIJIMHDBI U BLICTABUM CTPEJIKY B HEKOTOPOE IIOJIOZKEHHE (CM. PUCYHOK ).
Ob6paTuM BHUMaHWE, YTO U3HAYAIHHO KYCKU MTPOBOJIOKH CKPYYEHBI B BUTKHU, U BCJIE]I-
CTBHUE TOTO MOTYT IIPOSIBJIATH HEJMHEHHOCTh PACTsXKeHUs 110 Harpyske. IIposepum,
YTO KOJIECUKO CBOOOJTHO BpAIIAaeTCs, He KacasiCh TPAHCIIOPTUPA U TOJIOBKHU BuHTa. Had-
HEM HaJMBATH B OyTBHLIKY BOJY C IIOMOINBIO IIIPHUIA mOprusMu 1mo 20 MJI, m3Mepsist
IIPU 9TOM YIOJ (© OTKJIOHEHUS CTPEJIKH.

®,° V, M F H £
35 0 0,18 0,00000
37 20 0,37 0,00013
37 40 0,57 0,00013
39 60 0,76 0,00025
40 80 0,96 0,00031
42 100 1,16 0,00044
43 120 1,35 0,00050
45 140 1,55 0,00063
46 160 1,74 0,00069
48 180 1,94 0,00082
50 200 2,14 0,00094
51 220 2,33 0,00101
53 240 2,53 0,00113
54 260 2,72 0,00120
56 280 2,92 0,00132
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B npencrasimennoit Tabsuiie pacIéT pacTArUBAIONIEH CUIIbl F' M OTHOCHTEIHHOTO
VIJINHEHUs € POU3BEJEH 110 HhOPMYIaM

F = pVg+mog,
™ (¢ —wo)r

ST L
rze g — HadaJbHbI yTroJa OTKJIOHEHUs CTPEIKU. IlocTpoennslil rpaduk € ot F uMeer
JIMHEUHBIA BUJ B IIpeJieIaX IOIPEIIHOCTH.
Torpemuocts onpeneserns: cuibl coctasiaser AF = (0,5 mu/20 mur) - F, 1o-
[PEINTHOCTh ONPEJIeJIeHNs] OTHOCUTEJLHOTO yyInHeHns: coctapisier Ae = (w/180°) -

1°r/L=6-1075.

le-107
1.2 +

0.8 |
0.6 |
04

0.2 4

3asucumocThb € ot F

Habmomaembrit caBur mo ocu F MoxKeT OBITH 00YCJIOBJICH HAJTUTHEM CHJIBI TPe-
HUS MEXKJTY KOJIECUKOM U OCBIO. YTJIOBOI KOI(MDMUITNEHT CT/IaKUBAIOIIEH MpsaMoit ky =
1/ES = (0,50 £0,03) - 1073 H™ !, nue S = 7d? /4, Torma moxys FOura E = 1/kS =
(113 £ 7) T'Tla. B paGote ucrnosb3yeTcs: HEM30JMPOBaHHAS MeJHAs HPOBOJIOKA. Tab-
Jsmanoe 3HaveHne Mouyis FOura mist mequ Foy = 118 I'Tla.

E = (113+7) I'la.
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IToaBecnm K ¢BOOOIHOMY KOHITY KYCKa JIUHHOI MTPOBOJIOKU MyCTYIO OYTBIIKY W
3aTeM HaJIbEM HeDOJIbIIoe KondecTBO BoJbl (A 100 Mi1). D10 HAMIO /I TOrO, YTOOBI
[IPEOJI0JIETh 30HY 3aCTOsI, CBSI3aHHYIO C HAJUYUeM TPeHHsl B ocu KoJiécuka. Cobepem
JIEKTPUIECKYIO TIeIh, CXeMa KOTOPOM M300pazkeHa Ha PUCYHKE.

IIPOBOJIOKA

O,

TloaxmovnM KycOK MPOBOJIOKH, aMIIEPMETP M MCTOYHHK IOcjeoBaTebHo. [la-
PaJLIeJIBHO ¢ KYCKOM ITPOBOJIOKY MOJKJIIOYUM MYJIBTHUMETP B PE2KUME BOJIBTMETPA.
BosmozkHBIE XOpOTIIIE BapUAHTHI:

o «Kpokommibr» MpoOBOJIOB MOJIK/II0YaEM K ITPOBOLY BOJIM3U 60OJITA U IIPOBOJLY OKO-
JIO KOJIECUKA HA BEPTUKAJIHLHOM YUIACTKE ITPOBOJIOKH.

o «Kpokommibr» MpoOBOMIOB MOJAKIIIOYaEM K HEOOIBITNM CBOOOIHBIM KOHIIAM IPO-
BOJIOKH B MeCTaX KpeIUleHusl K OyThIIKe U 60Ty, 3HAUEHUs] HAPSKEHUN [TPU
TOM IIEPECUUTHIBAEM.

IlepBoe u3mepenme mpoBesileM IIPU TEMIIEPATYPE HPOBOJOKH OJM3KOH K KOMHATHOM
(pm MaJIBIX 3HAYEHWsIX CUJI TOKOB). IIpu 9TOM HCIHOJIB3yeM MYJIBTHMETD B PEXKUME
«200 mA».

TlocmoTpuMm, Kak MeHsieTcst JIMHA MeJHON ITPOBOJIOKU MPU IIPOIIYCKAHUN Yepe3
Heé «aMIIEPHBIX TOKOB». Jist aToro mepesenéM ammepmerp B pexkuM «10 As. Jlajee,
YBEJINYUBAasi HAIIPsI?)KEHNE Ha MCTOYHUKE, U3MEPSEM yTOJI IOBOPOTA CTPEJIKH (O, CHILY
Toka I Ha ammepmerpe u HanpsikeHune U Ha BOJIBTMETPE B DEXKHME <«HArDEBaHU»
(yBeJIMYIeHHsI CUIIBI TOKA) U «OCTBIBAHUsI» (yMEHBIIIEHUS CHJIbI TOKA).

Tloceqaee m3amepernue MPOBOINM OISITH IIPU TEMIIEPATYPE TPOBOJIOKH OJIU3KOM K
koMuaTHOH. [Ipu 3TOM HCmONIB3yeM MyabTUMETD B pexkume «200 mA».
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¥, ° I, A U, B AR/Ry 3
36 0,0824 0,0858 0,00 0,00000
HarpeBanwue
39 0,75 0,837 0,07 0,00019
40 0,86 0,965 0,08 0,00025
42 1,07 1,252 0,12 0,00038
44 1,21 1,438 0,14 0,00050
46 1,35 1,649 0,17 0,00063
47 1,45 1,803 0,19 0,00069
49 1,56 1,984 0,22 0,00082
51 1,66 2,16 0,25 0,00094
53 1,73 2,30 0,28 0,00107
55 1,83 2,48 0,30 0,00120
60 2,02 2,71 0,29 0,00151
OcTbiBaHUE

59 1,93 2,67 0,33 0,00145
57 1,76 2,31 0,26 0,00132
55 1,62 2,09 0,24 0,00120
53 1,51 1,901 0,21 0,00107
51 1,37 1,68 0,18 0,00094
48 1,18 1,401 0,14 0,00076
45 0,99 1,132 0,10 0,00057
44 0,82 0,927 0,09 0,00050
40 0,0442 0,0473 0,03 0,00025

Ucenenyemast remeparypHast 3aBUCUMOCTD COINPOTUBJIEHUSI OIPEIETATCsT (hOp-
mysoit R = Ro(1+aAt), nostomy AR/Ry = (R—Rp)/Ro = aAt, tne Ry — HauabHOE
conporussenue. Takoil »ke BUJ 1 y 3aBUCUMOCTH OTHOCUTENHHOTO YIJIMHEHUS TIPOBO-
Jioku ot Temiieparypsl: € = Al/l = BAt. A 3nauunt rpaduk 3aBucumoctu € 0T AR/ Ry
OysIeT JIMHEIHBIM.
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Conporusiienne R 6ynem paccaurbiBarh 110 dbopmyse R = U/, a orHocuTesnbHoe
yasneenue € — 1o gopmyie € = (7/180°) - (¢ — ¢o)r/ L.

TTorpenHocTh OTHOCUTENLHOTO y/UIMHEHNsT HaxoauM 110 dhopmyse Ae = (7/180°)-
1°-7r/L = 61075, morpemuocts ARy = (Aly/Io + AUy /Ug) Ry = 0,007 Owm. Ilo-
rpemHocTh jist AR HAX0UM aHAJIOTUYHO, B PE3YJIBTATE Yer0 MOPEITHOCTD 3HAYCHUS
R — Ry okasbiBaercst mopsiika 0,04 Om. OCHOBHO# BKJIAJT B MOTPEITHOCTD JTAHHON Be-
JIMIUHBI JIAET TOrPEITHOCTh aMiiepMerpa B pexkume «10 A».

1.2 +

0.8

0.6 H-H e

A Toukn
—— Harpesanue
—— (QcTbIBaHNEe

—AR/Rg
015 02 025 03 035 04

Basucumocts € or AR/ Ry

Ha rpadwuke npuBesieHb! JUHEHHBIE YyIACTKU CHATHIX 3aBucumocteil. OTIéTimBo
BUJIEH I'HUCTEPE3NC, CBA3AHHBIN C M3MEHEHWEM HAIPABJICHWUS CUJIbI TPEHUsT B KOJIECH-
Ke IPHU CMEHE PEXKUMa «HAPEBAHUs» HA PEKUM <«OCTBIBAHHA». I1IpM 3TOM yIJIOBBIE
ko dunuenTs! kyar = (4,3+£0,4) 1073, koer = (4,440,4) - 1073 coBuasatoT B mpe/ie-
JlaX TOrPeNTHOCTU. B paMKax ncnoJib3yeMoii MOe/in yraoBoit koaddurmeHT rpaduka
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noJKeH ObiTh pased (/. s ero HaXoXKAeHUs YCPEIHUM Kyapr U Kocr:

B _ Fmar tboer _ (4,4£0,4)-107°.
o 2

Yewm OoJibIlle Macca MIOABEIIEHHOTO I'PY3a, TEM CHJIbHEE MIPOSIBJISETCA TUCTEPE3NC,
U IIPU IPAaBUIIBHOM BBIGOpe 06beMa BoJIbl HAamuToro B 0yTeiiky (V' > 60 mu) oH Beerma
nposipjsiercsi. Ilpu aTom w OCTaEeTCsI MOCTOSITHHBIM.

BozMozkHO BEIOpATS JIpyrue KOOPAUHATHI, JJMHEAPU3YOIINE CHITYIO 3aBUCUMOCTb.
Cunrast MOITHOCTH TEIIONOTEPb Wior TPONOPIMOHAIBLHOM pazHocTu Temieparyp At
MEKJIy TIPOBOJIOKOW 1 BHemHel cpenoit: Wi, = kporAt, MOXKeM 3ammcarh ypaBHEHUEe
temioBoro 6asanca [U = Wyor = kyor At. Takum 06pa3soM, 3aBUCUMOCTD OTHOCHTEIb-
Horo yjyuHenus € ot [U jgoiKHa OBITH JIMHEHHOT.

j_e 103 _%%*
1.4 | |
1.2 1
14
0.8 {
0.6
6.4 A Touku
' —— Harpepanue
0.9 : —<— OcTrhIiBaHHE
IU, Bt
1 2 3 4 )

3asucumoctsb € ot IU

Ha sTom rpaduke Takzke OTIETIINBO BUIEH TUCTEPE3NC, CBA3AHHBIN ¢ M3MEHEHUEM
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HaIPABJICHUs CHUJIbI TPEHUS B KOJIECHKE IIPU CMEHE PEXKUMA «HATDEBAHUS» HA PEXKIM
«OCTBIBAHUS>. Y IJIOBbIe KOIM@MUIIMEHTHI TOXKE COBIIAIAIOT B IIPEJeIax IIOIPENTHOCTH.

st otipeiesienust KosduimerTa § HyKHO HCIIOJIb30BATH COOTHOIIIEHUE g, Hai-
JIEHHOE OIMCAHHBIM BBIIIE MeToJ0M. HezaBucumo Haiizem TeMiiepaTypHbIil Koahdu-
[IMEHT COMPOTHUBJICHUS (.

Wccnenyem, Kak 3aBUCUT COMPOTHUBIIEHNE MEIHOM MIPOBOJIOKH OT TEMIEPATYPHI.
JLj1s1 9TOr0 MoMecTUM KOPOTKHIT KYyCOK IIPOBOJIOKH B TOPSIYIO BOMLY, TEMIIEPATYPY KO-
TOpoit m3MepuMm TepmomeTpoM. IlomauM Ha IPOBOJIOKY HEOOJIBIIOE HAIPS2KEHUE OT
ucrounuka nopsiiika 200 mB. Jlaiee cHuMeM 3HaYEHUsT CUJIBI TOKA B IEITU U HAIIPSIZKE-
HHSI Ha KOHIIAX KYCKa ITPOBOJIOKU OT TEMIIEPATYPHI BOJILI.

s ompesiesieHnst CONPOTUBJIEHUsT YePe3 MPOBOJIOKY IMPOILYCTUM <«HEDOJIBIION
rok (B puamazone g0 200 MA). Cuily TOKa M3MEPUM «MUJLUIMAMIIEDMETPOM>», a Ha-
[psKeHNe Ha KOHIAX MPOBOJIOKH — «MUJIHBOJIBTMETpOM». OOpaTnM BHUMAaHME, ITO
COIIPOTUBJIEHIE [TPOBOJIOKY TIpH JyinHe | = 1 M cocrasJisier mopsijika 1 OM, B cBsI3U ¢
9eM aMIIEPMETP HeJIb3s CUUTATD UJICATHHBIM.

U
1
'

O,

IIPOBOJIOKA

©

Brimannas npoBOJIOKa HEM30JIMPOBAaHHAs, TaK YTO IPHU IIOMEIIEHUU €€ B BOJLY
BayKHO, UTOOBI He ObIJIO KacaHusi (T.e. 3JIeKTPHIECKOr0 KOHTAKTA) JIPYT € JIPYTOM BHUT-
KOB IIPOBOJIOKH. Ecn JOMycTHTh KOHTAKTHI MEKIy BUTKAMU ITPOBOJIOKH, TO OHH MO-
I'yT CMemaThCcd NPU HAJUBAHUU BOJIbI, MEHHAS COIPOTUBJIEHUE IIPOBOJIOKH.

DTOro MOXKHO JTOOUTHCSI, HATIPUMED, CIIEJIAB B MAJEHHKOM CTAKAHINKE OTBEPCTUS
KAHIEIAPCKOI KHOIKOI 1 MPOITyCTUB Yepe3 HUX MPOBOJIOKY. OOpaTuM BHUMAHUE, ITO
COIIPOTUBJIEHHE TIPOBOJIOKH HE MEHSETCS IIPU ITOMEIEHNN €€ B BOJ/Iy KOMHATHON TeM-
epaTypshl.



Saxmovumenvrviti asman Beepoccutickot osumnuado. no gusuke

t,°C U, mB I, MA AR/Ry
33,7 16,5 45,2 0,000
OcTpiBaHUE
87,0 51,2 41,9 0,188
85,0 51,1 42,0 0,183
83,0 51,1 42,1 0,180
81,0 50,8 42,3 0,167
79,0 50,6 42,4 0,160
77,0 50,5 42,5 0,155
75,0 50,3 42.6 0,148
73,0 50,0 42.8 0,136
71,0 49,8 42,9 0,128
69,0 49,7 43.0 0,124
67,0 49,6 43,2 0,116
65,0 494 43,3 0,109
63,0 49,2 43,4 0,102
61,0 49,1 43,5 0,097
59,0 48,9 43,7 0,088
58,0 48,8 43,7 0,085
57,0 48,6 43,7 0,081
56,0 48,6 43,8 0,079
55,0 48,4 43,9 0,072
54,0 48,4 43,9 0,072
53,0 48,3 43,9 0,069
52,0 48,2 44,0 0,065
51,0 48,0 44.0 0,060
41,5 47.0 44,6 0,024
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CxeMaTUYHBIN BUJI CTAKAHA C IIPOBOJIOKOM

Tlonygennyto cucrtemy ornyctuM B OOJBINTON cTakaH ¢ ropsiaeit Bogoit. He Mmenss
3HAYEHNE HAIIPSI?KEHWsI Ha NCTOYHUKE, CHUIMEM 3HAYEHUs CUJIbI TOKA | U HAIIPSIZKEHUsI
U Ha KOHIIaX KyCKa IPOBOJIOKM IIPU Pa3HBbIX Temieparypax Boabl t. s pacaéra Ry
HCITOJIb3YEM JAHHBIE, IOy YeHHbIE TIPU MPAKTUIEeCKH KOMHATHON TEMITEPATYPE.

Kak y2ke rosopuitocs panee, reMiiepaTypHasi 3aBUCUMOCTD COIIPOTUBJIEHNUSI OIIpe-
nensiercst popmysoit R = Ro(1+ aAt), nostomy B kKoopauuatax AR/ Ry ot t rpaduk
JIOJIZKEH OBITH JIMHEITHBIM.

Torpemnocts ¢ cocrapasier 0,3°C, norpermsocts AR/ R oupeessieTcst aHAJIO-
TUYHO TPOIIoMy yHKTY. OTMeTHM, YTO OCHOBHON BKJIAJ B IOIDEITHOCTH BHOCHT
[IOTPENTHOCTH TEPMOMETPA.

[Toka mpom3BOUM PACUETHI, BOJ@ YCIEBAET OCTHITh. ITO JAET BO3MOXKHOCTH
CHSITH JIBE JIOIIOJIHUTEJIbHBIX TOYKU IIPH 00Jiee HU3KUX TEMIEPaTypax.

C nomoripio rpaduka, KOTOPBIHA TOJTY IUICs IUHEHHBIM, OIIPeJIesisieM YIJIOBOH KO-
sbdumuent ky = (3,60 & 0,06) - 1073 °C™1. Dror yruosoit kosddurment cosma-
JIaeT ¢ TeMIlepaTypHbiM KoadduimenTom couporusienud o = kg = (3,60 £ 0,06) -
1073 °C™!. Tabumunoe 3HAMEHHE TEMIIEPATYPHOTO KOI(DMUIMEHTa COIPOTHBIIEHN
IS Me: ey = 3,93 - 1073 °C L

C yuérom suauenus 8/a = (4,4 +04) - 1073, HaiineHHOrO B OpeablIyIeM IIyHK-
e, BeranciasieM 3 = (1,7 £0,2) - 1075 °C~!. Tabiaudsoe 3HAYECHIE TEMIEPATYPHOIO
koddduEenTa pacmmpenns 11 Memu oy = 1,7 - 1075 °C7L

B=(1,740,2)-10">°C""

ITpumenanue: TemuepaTypHas 3aBUCAMOCTb COIPOTHBJICHUS OIPEIEJIAETC HE
TOJILKO 3aBUCUMOCTBIO €€ yJeJabHOro counporusienus Ap/p = vAt or Temueparypbl
HO W M3MeHeHWeM ee reoMeTpmdecknx pasmepon: Al/l = BAt, AS/S = A(r?)/r? =
2rAr/r? = 23At, Tak KaK OHH BCe BMecCTe BXOJAT B KoHedHyio dopmyiry R = pl/S.
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0.2 ;
0.15
0.1-
0.05 -
40 50 60 70 80 90
I'paduxk AR/Rg or T
HNroro:

AR Ap Al AS
", tT g 0-aA
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3ama4da Nel1-E1. Hemokpast Boga

Ilosmoxxum Ha Bech! npui] oobemom 10 M1, OOHYINM HOKa3aHus BecoB. lleperbem
«CyXyio Bony» u3 OyThLIKN B Oanouky. Habepem m3 6anouku B mmpur obbem V =
(9,8 £0,1) M xxkugkocTu. TT0I0KMM [INIPUIL HA BECHI M 3AIMUIIEM UX TOKAZAHUL TN =
(15,94 + 0,16) r. Bouibem cyxyio Boiy B 6aHOUKY. PaccauraeM NJIOTHOCTD YKHJIKOCTH:

p= 17 = (163:£0,08) r/ext’ (5)

HOFpeIHHOCTB IIOJIYIE€HHOI'O 3HaYCHHUA pacCIuTaeM 9epe3 CyMMY OTHOCHUTEJ/IbHBIX
HOI‘peLHHOCTefI U3MEPEHHBIX MaCChbI 1 obbema:

ov

Vv

W3amepuM 110 Ib IOIEPEYHOTO CEYEHUsT TOJCTON CUIUKOHOBON TPyOKu. s

o, =p (%m + ) — 0,03 v/, (6)

3Toro HabepeM B minpur obbemoMm 1 M Boay. Hamenem ma mmpur, TpyoKy. Borronkuem
JacTh BOJIBI U3 INIIPUIA B TPYOKY U CJlejlaeM OTMETKY Ha TpyOKe. 3alulieM 3HaYMEHIe
obbema Boib! B mmmpune vig = (0,96 + 0,01) mu. HajaBum Ha mOpIeHb MIIPUIA Taxk,
9TOOBI OOJIbINAs YaCTh BOJIbI U3 IIIIPUIA IepeMecTuIach B TpyOky. Cresaem erie oy
OTMETKY Ha TPYOKe B MeCTe IIOJIOKEHUSI MEHUCKA. JAIIAIIEM KOHEYHOe 3HAYEHNE 00b-
ema BoJibl B mimpuie vog = (0,124 0,01) mu. MI3amepum paccrosinue MexKy OTMETKaMK
Ha TpyOKe lg = (11,5 £ 0,1) cm. Paccunraem ceuenne TpyOKu:

V16 — V26 _ (

l 7,30 & 0,24) mu2. (7)
6

S —
[TorpemnocTs MOy 9€HHOTO 3HAYEHUST PACCUNTAEM Yepe3 CYMMY OTHOCUTEIHHBIX I10-
rpemntnocTeit oobeMa BOJbI B TPyOKe U IIUHDBI ee cToJI0a:

20,
Oss = So 0 + s ) — 0,24 2. (8)
vis — V26 s

Habepem B mmpurn oobemom 10 mur Boxy. Hanenem na nocuk mimpura tpyoky. Ha-
KMEeM Ha TOPIINEeHb IIIPHUIA, 9TOObI YacTh BOJBI OKa3aJsach B TpyOke. Tak:ke 3amu-
meM o6beM Bogsl B npuie Vo = (10,5 +0,2) mut. HasbeM XOJIOMHYIO BOJY B MEPHBII
muinaap. Usmepum ee remueparypy Te, = (18,8 +0,3)°C. Ilomectum B Bogy 1mpwuii,
MTO/IBECHB €r0 3a TPYOKY B JIAIIKE IITATHBA. Jepe3 HEKOTOPOe BPeMs MEHUCK B TPyOKe
rnepecraner nepeaBurarbest. OTMETHM MECTOMOJIOXKEHNE MEHHCKA B TPYOKe pyJKOii.
Briaem mmpuiy u3 BoAbl. BelibeM 9acTh XOJIOIHOM BOABI M3 MEPHOI'O IUJINH/IPA U J10-
0aBUM TOPSYIYIO BOJY B TAKOM KOJIMYECTBE, UTOOBI TeMIEpaTypa CMecH ObL1a OKOJIO
30°C. Usmepum remueparypy Bogsl Th,, = (31,8 +£0,3)°C repmomerpom. [lomectnm B
BOJLy IIIPHUIL U BHOBB JOXKJIEMCS MOMEHTA, KOIJ[a MEHUCK BOJIbI B TPYOKE IepecTaHeT
JBUTATHCs. BUIHO, YTO C yI€TOM TOYHOCTHA U3MEPEHUI MEHUCK MPAKTUIECKU HE CIIBH-
nysics. Ilocireinee o3na4uaer, 910 00bEM BHYTPH IIIPHUIA U3-32 PACIINPEHU [IJIACTHKA,
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YBEJIMYWIICS IPUMEPHO TaKKe, KaK 1 00beM BoAbl. 10 ecTh 0ObeMuble KO3bduimen-
ThI PACIIUPEHUs IIIPUIA U BOJBI B IIPEJEJIaX TOYHOCTUA IKCIEPUMEHTA OJMHAKOBBI.
B ykazaHHOM Jualia3oHe TeMIlepaTyp TOT KO3(M@MUIIMEHT MOKHO PACCYUTATH, 3HAS
3HAYEHUs] IJIOTHOCTU BOJIBI B YKA3aHHOM JUAIA30HE TEMIIEPATYD:

Apy

B 512720,35'1073. 9
Bron ps(Tao — Too) ®)

IIpoBemem aHAJIOTUYHBIN OMBIT C «CYXOU BOJIOY, 3AIIOJTHUM IIIIPHUI] TEM YKe 00hEeMOM,
9T00BI M3MeHeHne 00'beMa, MIIPUIA TPOUCXOIUI0 aHAJOTHIHBIM 0Opa3oM. B pesyb-
Tare ONbITa IPU M3MEHEHUH TeMieparypbl kujakoctu or 1., = (16,8 £ 0,3)°C mo
Thn = (35,0 £ 0,3)°C MeHHUCK IepeMecTH/ICSI B CTPOHY OT HOCHKA HA PACCTOSIHHUE
l, = (4,4+0,1) cm.

3amuiemM reoMeTpUIECKe COOTHOIIEHUsI 1jis 00beMOB B JJAHHOM CJIydae:

lns = (ﬁ - /GBO,EU:I)VO(T}H’L - Tcn); (10)
OoTKy/1a Jiuist Ko durmenTa 06beMHOTO PACITUPEHUST KUTKOCTH TMEEM:

1,8
(Thn - Tcn)vb

Paccunraem IIOI'PEITHOCTHb I/I3MepeHHOI71 BEJIMYNHDI:

B = + Baom = (2,04£0,1) -1073°C~! (11)

2
op = (ﬁ - /BBO,EL]:I) (0‘/‘;0 + % + ThO—TT> =0,1- 1073 0071 (12)

TabIHIHOE 3HAYEHNE COCTABISAECT Pragy = 1,84 - 1073 °C~L,

Habepem B mmpur; oobemom 1 mi Bomy. Hajtlenem Ha KOHYHK HITPHUIA PO3OBYIO
WTJTy, Ha KOTOPYIO B CBOIO OYepeIh HaJeHEM CHJINKOHOBYIO TpyOKy. Haxkmem ma mmop-
[IEHD [IIPUIA, BBIIABUB B TPYOKY HEOOJIBIIIOE KOJIMIECTBO BoAbl. OTMETUM Ha TPyOKe
PYYKOI II0JIOXKEHNE MEHHCKA BOJbI. 3allMileM 00beM BObI B IIIIPUIE B 9TOT MOMEHT
v1 = (0,98 £ 0,01) mu. IIporosikHeM BOLy B TpyOKe IPAKTUUECKH JI0 KOHIA TPYOKU.
CrenaeM BTOpPYIO OTMETKY Ha TpyOKe. 3anuireM 3HaYeHrne 00beMa BOJbI B IIIPHUIE B
sroM ciryudae vy = (0,50+0,01) mun. U3mepum nuneiikoii paccrosuue ! = (59,340,2) Mmm
MeXK/ly OTMeTKaMU Ha TpyOKe. PaccumTaeM IIOMIA/1b IOIEPETHOrO CEUeHNs] TPYOKIM:

5= % = (0,81 £ 0,04) M (13)
TlorpemHocThb MOJIyYeHHOIO 3HAYEHHUS PACCUMTAEM Yepe3 CyMMY OTHOCHUTEJIbHBIX II0-
rperrHocTeil 00beMa BObI B TPYOKe U JIJIMHbBI €e CTOJI0a:

20,
oy =5 (” + Ul) = 0,04 mu2. (14)
V1 — V2 l
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B s70it vacTtu paboTsl Oymem ncmosib30BaTh mmpu, odbemoM 10 mit. V3mepum sumeii-
koii Boicory H = (5,7+0,1) cm, coorsercrsyiomntyio Vig = (10,0 £0,2) Mu ero mkasibl.
CobepeM yCcTaHOBKY, N300pakeHHYI0 Ha pucyHke 1. [jist 3T0r0 HaJibeM CyXyIO BOJY B
6aHOUKy. B KphIKy OaHKM BCTaBUM OfWH KoHell TpyOku. Habepem B mimpuir «Cyxyto
Bozy». Ilo/icoeimanM K MITIPHUILY C IOMOIIBIO PO30BOI UIJIBI CUJIMKOHOBYIO TPYOKY. 3a-
KPEIUM IIIPUIL B MITATUBE TaK, YTOOLI BBICOTA HAYAJIa IIKAJIbI ObLIA HEMHOIO BBIIIE
YPOBHSI KOHITa TPYOKM, BCTABIEHHOTO B OaHKYy. BblmepHeM TOPINEHDb W3 IITPUILA, TTO0-
CJIe 9€ero XKUJIKOCTh HATHET JIBIKeHNe 110 TpyOke. V3mepnm 3asucumocts V (t) oobema
JKUJIKOCTH B IIIIPUIE OT BPEMEHU.

Puc. 1. YcranoBka 1jisi U3MepeHUs BA3KOCTU >KUIKOCTH

Tlocye cHsATHS 32BUCUMOCTH U3MEPUM PA3HOCTH BBICOT HAYAJIA IIKAJIBI IIITPUIA U
KOHIIA CUJIMKOHOBOM TPYOKM, BCTaBJIeHHOro B 6anky ho = (1,2+0,2) cm. Pasnuna gas-
JIEHWI Ha KOHIAX CUJINKOHOBOW TPYOKU OMPEIEsIsieTCsT BBICOTOH h cTOM0a KUIKOCTH
B IIIIPHIIE:

h= VE. (15)
Vio
Torma, cornacHo dopmyste Ilyazeitss, Ay 00bEMHOrO MOTOKA YKUJIKOCTH MOXKHO 3a-
MTHUCATH:

av _sng (V%0 + ho)

—_— = 16
dt 8mnl (16)
Paznenmm nepemennsre:
dv %pg dt
= S (17)
VW —+ ho 87T7]l
1 npowunTerpumpyem:
H Hs?pgt
In{V—+hy|=—F—"> t. 18
n( Vio " 0) 8Viomnl eons (18)
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Beenem muist ymobcTsa Besmauny Yy = V% + ho (cyTb KOTOpOIl B IBHKYIIEH CH-

Je xujgkocru B TpyOke). Paccumraem Besumuunny Ilny B Tabmune. ITocrpoum rpadux
zapucumoctu Iny(t).

TlorpemnocTs BpeMenu npumeM paBHOit 03 = 1 ¢. AGCOJIIOTHAS TIOIPEITHOCTD 1n Y
paBHA OTHOCHTEJILHOU MOTPENTHOCTH Y:

_ Oho Tt V% (JVV + JYH) 19
Olny = H 1, (19)
Vio 0
t, c V, M Y, CM In(y/cm) Tln(y/en)
0 9,0 6,3 1,85 0,06
11 8,4 6,0 1,79 0,07
18 8,0 5,8 1,75 0,07
25 7,6 5,5 1,71 0,07
34 7,0 5,2 1,65 0,07
42 6,6 5.0 1,60 0,08
50 6,2 4,7 1,55 0,08
57 5.8 45 1,51 0,08
72 5,2 4,2 1,43 0,09
80 48 3.9 1,37 0,09
89 4.4 3,7 1,31 0,10
100 4,0 35 1,25 0,10
116 3.4 3,1 1,14 0,11
143 2.6 2.7 0,99 0,13
160 2,0 2,3 0,85 0,14
185 1.4 2.0 0,69 0,16
203 1,0 1,8 0,57 0,18
993 0,6 1,5 0,43 0,21
246 0,2 1,3 0,27 0,24
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BuHo, 4TO 9KClIepuMeHTaJIbHBIE TOYKU Ha IpaduKe XOPOIIO OIMUCHIBAIOTCS JIU-
HeliHO# (PYHKIMEN ¢ MOMIyJIeM YIJIOBOro Koadduimenra:

_ Hspg

= =(6,4+02)-1073 ¢ L. 20
iy = (B4£0.2) 107 ¢ (20)

WzmepuM moJiHyio JyimHy CcujimkoHoBoit tpy6ku | = (63,5 £+ 1,0) cm. IMorpemsocts
3/1ech omneHNUM B 0; = 1,0 cM, Tak Kak HWIJIa IMeeT IPUMEPHO TaKyIo JJINHY, U ee
TU/IPO/IMHAMUYECKOE COIIPOTUBJIEHIE HEU3BECTHO. PaccunTaemM Ha OCHOBE IOy Y€HHBIX
JAHHBIX JTUHAMUYIECKYIO BA3KOCTD YKUTKOCTH:

Hs’pg s
=P _(58+1,2)-107* a-c. 21
"= Skl (58+12) a-c (21)

[TorpemnHocTs MOy Y€HHOTO 3HAYEHUST OIIEHIM, CJIOYKUB OTHOCUTEIbHBIE TTOIPEIIl-
HOCTH, BXOJANNX B (DOPMYILY BEJIAUNH:

oy 20 Op Ok gl —4
=n( == L4+ 24+ =2 )=12-10*Ia-c. 22
on n(H+ 5 +p+k+l> , a-c (22)
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TabamaHoe 3HaYEHNE TMHAMUYECKON BSI3KOCTH, IIOJIyYeHHOE Y€pe3 IIPOM3BEICHIE K-
HEMATHYIECKON BI3KOCTH V U IJIOTHOCTU YKUJKOCTH, JJisi Temieparypsl B 25 °C co-
CTaBJISIET:

Neagn =V -p=0,39-107%-1,6-10° Ma-c = 6,2-107* ITa - c.

r[pOBepI/IM7 YTO ABU2KEHHE >KHUJIKOCTHU B pr6Ke ABJIACTCA JIAMUHAPHDBIM. ,H.HSI 9TO-
T'O OIICHUM YHUCJIO PG‘I‘/JIHOJII),ZLC& HJIA SKCHepI/IMeHTaJ'II)HOﬁ TOYKH ¢ MAKCAMAJIBHBIM 00'b-
€MHBIM PaCXOJI0M.

Re _ Qmarp _ (9-84)- 107°-1,6 - 10° =150 < Re (23)
me T Dy 11-58-1074-1073 P

11 onipeiesieHst MOJISIPHOM MACChI XKAIKOCTH HEOOXOIMMO y3HATH, CKOJIBKO MO-
JIel COMEPYKUTCA B TIOPIMH 9TOTO BEITECTBa ompeaeaeHtoil maccol. Hanbosee mpocToit
€110c00 — IIPEBPATUTDH ITO BEIIECTBO B I'a3 IIPYU M3BECTHBIX BHEIIHUX [1apaMeTPax: TeM-
neparypa u jasjenue. [loMecTrM orpeie/IeHHY 0 TOPIHMIO YKUJIKOCTA B COCY/, MO I10-
JIBUKHBII TOPIIEHb, C IIPOTUBOIIOJIOKHON CTOPOHBI KOTOPOIro aTMOC(EPHOE JIaBJIEHNUE,
¥ HAYHEM HArpeBaTh. [Ipu JOCTHKEHNN TEMITEPATYPhI KATIEHUSI JABJICHIE TAPOB YKU/I-
KOCTH JIOCTUTHET aTMOC(hEpPHOrO JIaBJIEHUsI, W HOPIIEHb NPUAET B JABukeHue. laanb-
Heillllee MOBBIINIEHIE TEMIIEPATYPHI IPUBEIET K TOMY, YTO BCHA YKUJIKOCTH BBIKAIIAT U
[OJIYYUBIINANCS T3 PACIIUPUTCH TaK, YTOOBI €ro JIaBjeHUe CPABHAJIOCH C aTMocdep-
HBIM. B 3TOM ciydae Oy/lyT W3BECTHBIMU JIABJIEHIE BEIIECTBA, er0 00beM U TeMIepa-
Typa, [0 KOTOPBIM JIETKO OIMPEIEIUTh KOJIUIECTBO MOJIEH BEIIeCTBA B ra3000pa3HOM
COCTOSTHWH.

Peanuzyem mmero ma mmeroremcs obopyaoBanuu. B KatdecTBe cocyda C MOABUK-
HBIM IIOPIITHEM OyIeM HCIIOIB30BaTh mupuI oobemoMm 60 M. B onmcanHoit BbIlie Teo-
PeTHYeCKOl MOJIeJIM BazKHO, YTOOBI IIOPIIIEHb MMeJI HEOOJIBIIYIO CUJTy TPEHUSI O CTEHKHU
MIIPUIA 10 CPABHEHWIO C CHJION armMocdepHOro japjeHus. J[jisi IpoBepKu 3TOro ma-
pameTpa HabepeM B MIIPHUIL Viag = 60 MJI BO3/yXa, 3aTKHEM MAJIBIIEM HOCHK IINIIPUIIA,
Ha>KMeM Ha IOPIIEHb, a 3aTeM OTIyCTUM ero. llopirens HauHeT BO3BpAIATHCS 00paT-
HO, Yepe3 HEKOTOPOe HEDOJIBIIOe BPEMs [IOPINEHb OCTAHOBUTCS IIPUMEPHO HA OTMETKE
B Vion = Viax — AV = 59 M. MoxKHO BBECTH IONPaBKY Ha U30BITOYHOE JIaBJIEHUE,
CBSI3aHHOE C TPEHUEM IIOpIIHs. B IIPeoioKeHn O HE3aBUCUMOCTU CHUJIbI TPEHUSI
B INIIPUIE OT TIOJIOXKEHUsI TIOPIIHS JIABJIEHAE B IIIPUIE, TPU IBUYKEHUH MOPIITHS B
CTOPOHY yBeJHYeHus, 00bema Oy/1eT PABHBIM:

Vitas AV
Po = Por ~ po+ po— = po + App = (102 + 2) Ila. (24)
VKOH VHa‘I
To ectn Gymer Gosbiie armocdepHoro Ha Bequunny Apg = 2 klla. IlorpemaocTn

JIABJICHUH Do U Py, OyaeM B JasibHeineM npuanMarh paBabiM 2 Klla.
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[Tepemectrm mopirens mmpuria Ha ormetky B 0 mur. Hanmenem Ha HOCHK mmmpuiia
pe3unHoByIO Tpo60tKy. [lo0KKM TIIIIpUIL Ha BECHI U OOHY/INM TOKa3aHus BecoB. Habe-
pem B minput] oobemom 1 My mpubauzurenbuo 0,2—-0,3 Mt «cyxoit Bojibl». [IpoTkHeM
WTJION IIIIPUIIA PE3UHOBYIO MPOOOYKY U BBEJIEM B OOJIBINON IIITPUIL XKUJKOCTh. BhiTa-
UM 13 TPOOOYKHU UIJTY MAJIOTO IIIIPUILA U BHOBb IIOJIOYKUM OOJIBINOI IIIIPUIL Ha, BECHI.
Tokazanusa BecoB m = (0,57 & 0,02) r GyayT paBHBI Macce «CyXOil BOABI» B GOJIBIIOM
IIIPHUIIE.

Hanbem B MepHBIH MUIHHAP TOPAYYIO BOLY U OIYCTHM TYIA IIIPHUIL, IPUXKAB €r0
KOPITyC K BEPXHEMY TOPILY ITUJINHJIPA JAIKOHN mTaTuBa. Eciu TemnepaTypa B IUJITH-
JIpe TPEBBIIIAET TEMITEPATYPY KUIIEHUSI, TO KUJIKOCTD B IIIIPUIIE JOCTATOYHO OBICTPO
3aKWIINT, U MOPIIEHb IIIPUIA IPUAET B ABUXKEHNE. depe3 HeKOTOPOe BpeMsi MOPIIEHb
MIIIPUIA OCTAHOBUTCS U Jlasiee OyIeT MeJJIEHHO OIIyCKATLCs € MaIEHUEM TEMIIEPATY Db
BHYTPH IWIAHAPA. By/leM cauTarh, 9TO B 9T MOMEHTHI a3 B MIIPUIIE U BOJA B Mep-
HOM IIMJIMHJIPE HAXOJSITCS B TEILIOBOM PABHOBECUU, TO €CTh UX TEMIIEPATYPHI PABHbI.
Usmepum B 9T0T MOMEHT 06beM rasza B mmpurne V = (50,0 £ 0,5) M u Temueparypy
B MeproM nusmaape T = (69,5 +0,3) °C = (342,7+0,3) K

Barmmmem 3akon Mengeneesa—Knaneiipona jiist raza BHYTPH IIPHTIAS
m
poV = —RT. (25)
i

OTKy,ILa JJIA I\JO.HSIpHOfI MacCCBhI IIOJIy9aeM:

w= = 319 r/moJ1b. (26)

0V
CI/ICTeMaTHqGCKyIO IIOTPENTHOCTb 3HaYCHUA OIEHHMM KaK CYMMY OTHOCUTEJIbHBIX IIO-

T'PENTHOCTEN BXOJIAINX BEJIUINH:

Po
cucTeMaTHd. L 5 — | =21 . 27
o) " u(m—l-po-l-v-i-T) r/MoJb (27)

ﬂJIH TOTO, 9TOOBI y6eﬂI/ITbCH B JIOCTOBEPHOCTU pe3yJbTaTa, MOXKHO IIPOBECTU IKCIIC-
PUMEHT ITOBTOPHO.

m, T V, mu T, °C 14, T/MOJTB
0,57 50,0 69,5 319
0,51 41,5 64,4 338
0,36 29,0 57.5 334

ITo mosydeHHBIM pe3ysbTaTaM OIEHUM CJIYYAfHYIO MTOTPENTHOCTH IIOJTY9IEHHBIX
3HAYEHHH KaK Ocpyy., = 10 I/Mosb. OKOHYIATEBHO ISl MOJISIPHOM MacChl IMeeM
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= (330 &+ 30) r/moub

TabiaHOe 3HAUEHNE COCTABISAET [iragn = 316 T/MOJIb.
Jly1st m3MepeHust TaB/IeHUs HACBHIIIIEHHOTO TIapa YKUIKOCTU [IPU TEMIIEPATypax Hu-
K€ TeMIIePaTypbl KUIIEHNS HeOOXOAMMO, YTOOLI IO/, IOPIIHEM INIIPULA HAXOIMIICS HE
TOJILKO IIap, HO W BO3/IYyX, TaK KakK JaBJIeHHe IapoB MeHbIle arMocdepHoro. To ecTh
TOIa CyMMa JIaBJIEHUs] BO3/yXa Py U JABJIEHHUS HACHIIIEHHOIO Iapa Pyy OYIET paBHA
JIABJICHUIO D)
plo = Pun + Ps- (28)

Boinem nopirers u3 G0JIBINIOro MIITPUIA | TO0XK IeM HeKoTopoe BpeMsi. [Ipogyem ero u
BCTABUM TIOPIIEHb 0OPATHO, T€M CaMBIM JIOOUBIIKCH TOTO, YTO IMITPUIL OyIeT 30 THEH
TOJIKO BO3JLyXOM. YcTaHoBuM Imupur, Ha ormerky Vo = (30,0 & 0,5) Mo upu armo-
cdepHOM JlaBIeHnn 1 KOMHATHOM Temueparype Ty = (22,2+0,3) °C = (295,4+0,3) K.
3akpoeM HOCHK Irpuiia mpobkoit. [Iporkaem mpobky ursoit mimpuia oobemoM 1 Mt
U BBeJieM npubm3uTebHO 0,3 MJT «CyXOil BOJbI» B IIIPUIL. DTOrO KOJUIECTBA KU
KOCTH OyJIeT JIOCTATOYHO JIjIsi TOTO, YTOOBI B JAJbHEHIIEM YacTh BEIECTBA OCTABA-
JIACh B YKMJIKOM COCTOSIHUH, U TIap ObLI HACBHIMIEHHBIM. BBIHEM UTJTy MAaJoro IIMpUIa
u3 1npobku. 2KMJIKOCTh B IIIPHUIE HAYHET MCIAPATHCS, HOPIIEHb HAYHET JIBUTATHCS.
Ero npuxenne mpekpaTuTcsi, KOrjia JaB/JeHUIe BO3AyXa YMEHBIITUTCS 0 PA3HOCTU aT-
MochepHOro JaBJIeHus U JAaBJIeHNs HACBHIIIEHHOrO mapa xuakocru. [Ipu mcrmapennn
JKUJKOCTB OCTBIBAET, TIO9TOMY CHCTEME TPeOYeTCsi HEKOTOPOe BpeMsl, 9TOObI IPUITH B
TEIJIOBOE PABHOBECHE C OKPYKAoIiei cpemoit. HeMHOro morpsiceM MIMpuIr Tak, 9To-
OBl >KUJIKOCTH OMBLJIA BHYTPEHHIOIO TIOBEPXHOCTh CTEHOK IIIIPUTIA, U ITOJIOKIEM BPEMsI
5-10 MuH, epUOAMIECKU OTMeYasl IOJIOXKEHHUE TOpIiHsi. Korga 1mojioyKeHne MOpPIITHST
[epecTaHeT MEHATHC, 3allUIIeM 3HadeHne o0beMa ra3a B mnpure Vy = (49,0+0,5) M.
JlaByieHne BO3IyXa B IIIIPUIE JIETKO PACCUYUTATH Ha OCHOBE 3aKOHA Boiiisa—

Mapmuorra:
\%
Ps = P07 (29)

Japienne napa BeIpazkaeTcsi PA3HOCTBIO JABJIEHUs P|) U JIABJIEHNs] BO3/LyXa B IIIIPHILE:

\% \%
Pun = D — povo = Po (1 - VO> + Apg = (40,8 + 2,4) kIIa. (30)

HOI‘peH_IHOCTB BeJIMYMWHDbLI OICHUM KakK:

Opun = (le'l - Apo) =
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Bribop BTOpOI#T TOUKHK 00yCIOBIEH ABYMs (paKTOPAMU: TOTHOCTHIO U3MEPEHUI U yia-
JIEHHOCTBIO TI0 TeMIlepaType OT KOMHATHOI TeMmieparypbl. Touka, orBedaromas pa-
BEHCTBY JIABJIEHUsI [TAPOB aTMOCGHEPHOMY JIABJIEHUIO, TO €CTh COOTBETCTBYIONIAsT TEM-
repaType KUIeHUsl KUJIKOCTH, YIOBJIETBOPSIET OJHOBPEMEHHO 0b60ouM ycjoBusiM. [leii-
CTBUTEJIBHO, €CJIH BIOPATH IPYTYIO TOYKY, TO IOTPEITHOCTh U3MEPEHUS TEMIIEPATy P
OyZeT OIpeIesiThCs HE TOJIBKO MPUOOPHOI MOIPEITHOCTHI0 TEPMOMETPA, HO U IMIPE/I-
[TOJIOKEHNEM O PABEHCTBE TEMIIEPATYD BHYTPH IIIPUIA U OKPYZKAIOIIEH ero Cpejbl,
B€JIb ITOMECTUTH TEPMOMETD B 3aKPBITBINA IIIPUIL HE IIPEJICTABISETCI BO3MOXKHBIM.
C Jpyroii CTOpOHbBI, IIPA pacydere JaBjIeHHUs B IIOI'PEITHOCTb BHECYT BKJIAJ[ HE TOJIb-
KO TIOTPENTHOCTHh aTMOCEPHOrO JABJIEHUSI, HO U IOIPEITHOCTH M3MEPEHUsi 00beMOB
B mmrpurie. VI3MepeHue ke [daBJieHUsT TAPOB Ipu 0OJIee BBICOKUX TEMIIEPATYPAaX, IeM
TeMIlepaTypa KUIEeHHsI, ¢ TIOMOIIBIO JJAHHOTO 000pY/IOBAHUSI KpaiiHe 3aTPYIHUTEIBHO.
OrnpesiesinTh TeMIepaTypy KUIIEHUST COBCEM HECJIOKHO. JIj1st 9TOro HaJibeM HeOO b~
[I10€ KOJIMYECTBO YKMJIKOCTH B DAHKY U IIyCTHUM OaHOUYKY ILJIABATh B TOpsYeil BOJE.
2KukocTs 4epe3 HEKOTOpPOe BpeMs 3aKUIIUAT, €€ TEMIIEPATYPa IIPU STOM COCTABUT

T = (50,8 £ 0,3) °C = (332,0 £ 0,3) K

Paccunraem Bemmaumay ymeabHON TEIIOTHI TAPOOOPA30OBAHUS KUIKOCTH:

R ToTam
= otk g, PO (76 4 13) Tk /. (32)

N ; TKI/IH - TO Pun

TlorpemHocTh BeJIMYMHBL OIEHUM IO CJIeAyomeil (hopmyiie:

L

2 (T + )

ar UIL 0

—I ) =13 . 33
T T T Ty ) A

Tabsmmunoe 3uavenune upu remieparype KueHust( Ty racn. = 49,2°C) cocras-
€T Lpas, = 88 /1.

Hamosmmum kioBetTy )kuakoctbio. Ha jmcre 6ymarn Hapucyem JOCTaTOYHO KOH-
TpacTHYI TO4YKy. IlocraBuM KiOBeTHI Ha JIMCT OyMaru Tak, YTOObI TOYKA OKa3aJiacCh
10T, TUTOCKO# 9aCThiO JHA KIOBEThI. Kcjim cMOTpeTh Ha HOKOBYIO TOBEPXHOCTH KIOBETHI,
TO TOYKA, PACIIOJIOKEHHAS 1I0]] €e JIHOM, BUJIHA HE CO BCeX PaKypcoB (CcM. puc. 2).

Cer, paccesiHHBIN TOYKOHN, PACIPOCTPAHSIETCS] BHYTPU KIOBETHI B COOTBETCTBUU
¢ 3akoHoM CHeJuInyca BHYTPH KOHYCA C [TOJIOBUHHBIM YIJIOM PacTBOPA:

!
Qup = arcsin - (34)

Jlyuu, monanast Ha OOKOBYIO TIOBEPXHOCTH KIOBETHI, BBIXOIST U3 HEE IMIPEIOMJISSACH.
[Tpu sTOM 06/TACTD BUAMMOCTHA TOYKH OI'DAHUYIEHHA KPAWHUM JIydIeM, KOTOPBI [a1a-
eT Ha GOKOBYIO IIOBEPXHOCTb KIOBETHI IO, yriIoM (90° — oy ). Ilpenomizssics, aToT sy«
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| ObnacTs BUIUMOCTH ‘d
TOYKH /
/ Touka - A
Habn1eHUs
I'pannua obnactu
BHIAHMOCTH
TOYKH
Kiopera ¢
HKHIKOCTBIO
y
oy
Jlnneitkn
MW=ne /
v
HaGmogaemas
TOYKa

Puc. 2. Cxema U3MEPEHUdA IIOKa3aTeJd IMPEeJIOMJICHUA 2KUJIKOCTU

BBIXOJIUT U3 GOKOBOI ITOBEPXHOCTHU KIOBETHI OJT YTJIOM 7. 3AIUIIEM 3aKOH IIPEIOMITe-
HUS CBETA JIJIsl 9TOI0 KpaifHero Jryda:

nsin (90° — ayp) = ncos(agp) = Vn?2 —1 =sin~. (35)

Takum o6pa3om Jij1s TOKA3aTe s TPEJIOMIICHUS TMEEM:

n=1/1+sin?~. (36)

Msmepum sToT yrog ¢ nomornibio juHeek. OHOM JIMHENHKOI Oy/ieM n3MepsiTh TOPU30H-
TaJIbHOE PACCTOSTHUE MEXKJIy KPaeM CTOJIa U KIOBETO, a JPYrylo IPHKMEM K TOPILY
CTOJIEIITHUIIHI B BEPTUKAJLHOM MOJIoKeHnu. HaiijgeM moJioykeHue rojioBbl, Tpu KOTO-
POM TOUYKa HaYMHAET ucue3aThb. lloaBunem Bepxumii KOHEll BepTUKAILHON JIMHEHKN Ha
JINHUTO HAOJTIOIEHNS] TOYKH. VI3MepuM pacCCTOSHIE MEXKIy TOPIIOM CTOJIa M KIOBETOM
x = (36,1 £ 0,2) cM u paccrosHue MeXKJy BEDXHUM TOPIOM BEPTHKAJILHON JIMHEHKH
y = (45,5 + 1,0) cm. TTorpemHocTh n3MepeHusi BEPTUKAIBHOTO PACCTOSTHNSI OIIEHUM B
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oy = 1 cM U3-3a CyOBLEKTUBHOCTH HaOIIOAATE NS PN Cy’KJIEHUN O IMTPONAJaHIN U TO-
ABJICHUN TOYKH, & TaKXKe U3-3a TOI'0, YTO TOYHO He OlIpejiejIeHa TOYKa BbIXOJa JIydeit
u3 KioBeThl. MoxkeM 3arucaTs JJjid yIvia IpeIoMJIeHns] HabJIr0/1aeMoro Jydas

v = arctan% =51,6°. (37)

CI/ICTeMaTI/I“IeCKyIO IDOT'PENTHOCTDh OIEHUM METOIO0OM I'DaHHUIL:

arctan % — arctan 2" .
Ocucr.y = < D) = =0,8". (38)

Ciy4aiiHyIo MOIPEIIHOCTD Ogyyy.y A 2° MOXKHO OIECHHUTD, IPOBE/IS OIBITBI HECKOIBKO
pa3 g pasHbIX paccrognuit z. Torma OKOHYATEeTLHO IS YIJIa MPeIOMJICHUs JIyta
zanmmem v = (51,6 + 3,0)°.

PaccunraeM Ha OCHOBE IIOJIyYeHHOIO 3HAYEHHUsI IIOKA3ATeIb MPEJOMICHHUS KUJI-
kocTH. IIorpenHocTh TaKyKe ONeHUM MeTOOM TDAHMUIL.

n = (1,27 +0,02)

3aMeTnM, 4TO CTEHKHU KIOBETHI Ha CaMOM Jiejieé He BepPTHKaJbLHBLI, OTHAKO OoJee
JieTaJIbHBIE PACYETHI TOKA3BIBAIOT, YTO CYIIECTBEHHON OIMMUOKY B M3MEPEHUSIX OT ITOrO
He IponcXoauT. TabJndIHOe 3HAUEHNE TTOKA3ATE ST TPEJTOMICHUST Mypag,. = 1,264.

Janmuble, yKa3aHHBIE B PEIICHNN, IOy Y€HbI Ha ABTOPCKOM 000pyIoBaHuN. [l TIHbI
TpyOOK U TOYHOCTH IMIKAJ IIIPHUIEB MOTYT OBITH OTJIMIHLIM OT BBIJAHHOTO yYIACTHU-
KaM OJIMMIINa/IbI. BC€ JAralla30Hbl YMCJICHHDBIX 3HaYEeHni u IIOFpeIHHOCTefI, I10 KOTOpr\{
JKIOpH OYJIeT OIIeHNBATH PADOTHI, YKa3aHbI B KDUTEPUsIX OlleHNBaHus. TabImIHbIe JaH-
HBIE JIOCTYIHBI MO CCHLIKAM:

e https://multimedia.3m.com/mws/media/16264530/novec-1230-datasheet-ru-2018.pdf
e https://www.chemspider.com/Chemical-Structure.2062563.html



