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JlabopaTtopHnas paborta Ne 1.

Teopus NOTpeIHOCTEN.

dusrka sBIETCS OJHOM M3 TOUYHBIX HayK. Kak ombITHas Hayka OHa MPEACTaBIsAET
OJIHY M3 BaXHEUIINX OTPACIIEN €CTECTBO3ZHAHUS.

HaGmrogenuss Mmo3BOJIAIOT — clieflaTh  MEpBble  IIard s YCTaHOBJICHUS
3aKOHOMEpHOCTEe  (u3mueckux sBieHUA. OOHAKO HaydyHOE HaOIIOJEHUE
MpeACTaBiIsAeT CcoOOM clnoxkHyro 3agady. [lpu wu3ydeHum Kakoro- JamoOO
(bU3MYECKOro SBJICHUS HAZ0 YMETh BBIJCISITH HAaMOOJEE BAXXHBIC €T0 DJIEMEHTHI C
YYETOM YCJOBHM, B KOTOPBIX MPOTEKAET SABJICHHUE. IJTO IO3BOJSET MEPEUTH OT
MPOCTOTO HAOJIONEHUS] K OSKCHEPUMEHTY. Y CTAaHOBIIEHHE KOJIMYECTBEHHBIX
3aKOHOB, MOKAa3bIBAIOIINX, KAK U3MEHSIOTCS OJHHU U3 U3MEPSEMBIX BEJIMYHUH MPU
W3MEHEHHUU JIPYTUX, SIBISETCS OJHOM M3 BaXXHEUIIMX 3a/1a4 HKCIEPHUMEHTaJIbHOU
dbusnueckoit Hayku. B mporiecce 3KcriepuMEHTa KpailHE BakKHO HaWTH
KOJIMYECTBEHHBIC TMOJJAIOIMINECS HM3MEPECHUIO TE€ WM HHBIE XapaKTePUCTUKU
SBJICHUS, YCTAHOBUTD, KAKUM 00Opa30M M C MTOMOINILI0 KaKUX MPUOOPOB MBI OyaeM
U3MEPSTH T€ UM MHBIC XapaKTEPUCTUKHU ITPU YCTPAHEHUHU 3aKOHOB.

3KCHepI/IMeHT- KakK HCO6XOI[I/IMa$I qaCTb BCCro IIponecCa HAydYHOIro ITIO3HAHUA
COCTOHUT U3 TPEX OCHOBHLBIX YacTeu:

1) BocnpusiTusi, T.e. NMEPBUYHOIO H3YUCHHUS HCCICAYEMOTO SIBJICHUS TIpHU
IIOMOILM HAOJIFOAEHU.

2) O000meHus T.C. CO3JaHUS THUIIOTE3bl, CBSI3LIBAIONIICH OT/ACIbHBIC
pe3ynbTaThl HAOIIOACHUM MEXAY CO00M 1 ¢ paHee U3BECTHRIMH (DaKTOpaMu
1 yCTaHABJIMBAIOIICH MEXTY HUMH KOJTMYCCTBCHHBIC COOTHOIICHHUS.

3) IIpoBepka MCTHHHOCTH THIOTE3bI HA NPAKTHKE WJIHM B peajbHbIX
ycjaoBusiX. B ciaydae MOJOXKHTEIBRHOTO OTBETAa 3Ta IPOBEPKAa BO3BOIUT
TUTIOTE3y B PaHT TEOPUH M YCTAaHABIMBAaEGMbBIC €10 COOTHOIICHHSI- B PaHT
3aKOHOB.

DKCIEPUMEHT JODKCH TI0 BO3MOXKHOCTH CTAaHOBUTHCA TaK, YTOOBI HE
JOMyCKaTh HE TOJBKO OMIMOOK, HO W HEOJHO3HAYHOTO HCTOJIKOBAHHUS €ro
pe3ynbTaToB. DU3NYECKHH JKCIIEPUMEHT HMEET TPOMAJHOE 3HAYCHHE B
KaueCTBE OpYyAHsl HCCJICAOBAHHMS B IICJIOM pPsAJIE CMEXKHBIX C (QU3MKOU
€CTECTBEHHBLIX JUCLMIUIMH, OCOOCHHO B MEXaHUKE, MaTeMaTHUKE, XHUMHH,
OMOJIOTHH U T. 1.



3anatua B (u3HUEcKON J1abopaTOpUM MUMEIOT B BUIY JBE IIENIM: BO —TIE€PBBIX
JaTh BO3MOXKHOCTb CTYJEHTaM IIO3HAKOMHUTbCS C NpuOOpaMu U OBJIAJETh
OCHOBHBIMH METOJAaMH TOYHBIX (PU3MUECKUX H3MEpPEHUH, BO-BTOPBIX [JaTh
BO3MOXKHOCTh 0oJiee MoApoOHO O03HAKOMHUTBCS C HEKOTOPBIMHU SIBICHUSMU U
3aKOHAMH IPUPOJBI.

B mnpomnecce npoBenenHus (U3MYECKUX OINBITOB HEU30€KHBI TMOTPEIIHOCTH
U3MEPEHUN, KOTOpble OOYCIOBJIEHBI HECOBEPIICHCTBOM H3MEPUTEIBHBIX
puOOpPOB, a TaKKE HECOBEPILICHCTBAM HAIIUX OpraHoB 4yBCTB. [loaTomy Bce
M3MEPEHUS MOXKHO [IeJlaThb TOJBKO C W3BECTHOW CTENEHBIO TOYHOCTH, T. €.
pe3yabTaThl M3MEPEHHUI [al0T HAaM HE HUCTUHHOE 3HA4YEHUE H3MEPSIEMOil
BEJTMYMHBI, & JIIIb TPUOINKEHHOE.

Jlnst Toro 9TOOBI MOBBICUTH TOYHOCTH OKOHYATEIBHOTO PE3YyJbTaTa, BCIKOEC
dbusznueckoe H3MEpPEeHHEe HaJ0 JeNlaTh HECKOJbKO  pa3 MpU OJMHAKOBBIX
yCIIOBUSIX OmsiTa. B nanbHeieM pacCMOTpUM KPaTKYHO TEOPHUIO MOTPEIIHOCTEN
(omm60K) 1 00pabOTKy pe3yIbTAaTOB MPOBEICHHBIX U3MEPEHUM.

OnbIT  cuMTaeTcss  Haumboyiee  OTBETCTBEHHOM  dopmoil  Puznueckoro
UCCJIEIOBAHUSI, TOATOMY K (PU3UYECKOMY ONBITY MPEIBSIBISIOTCS CTPOTHE
TpeboBanusi. B CBs3M ¢ Tem, YTO Ha BBIMOJHEHUE JAOOPATOPHBIX PadOT
CTYJI€HTaM OTBOJMUTCS OTPAaHUYEHHOE BpEMs, a TAaKXKE YYUTHIBas y4eOHO-
METOJMYECKUI XapakTep 3aHATHH, 3TH TPeOOBaHUS HECKOJIBKO CMSTYAIOTCS.
[ToaTOMY OCHOBHBIMH 3aJ1adaMi y4€OHOTO OIBITA MOKHO CUHTATH:

1. ®opmupoBaHUEe Yy CTYAEHTOB IPEACTaBICHUS O (PU3NUECKOM 3aKOHE B
NeNCcTBUU, 00ObEKTUBHOM XapakTepe (PU3NUECKUX 3aKOHOB.

2. @opMuUpOBaHHE y CTYICHTOB IMPEACTABICHUS O TOYHOCTH (PUINUECKUX
3aKOHOB.

3. IlpuoOperenne CTyIeHTaMH HABBIKOB 110 HCIIOJIB30BAHUIO METOJOB
U3MEpPECHUMU.

4. O3HaKOMJIEHHE CTYICHTOB C HW3MEpPUTEIbHBIMH TNpubopamMu U C
NPUHIUIIAMU UX JTEHCTBHSL.

5. Ilpuobperenue cTyaeHTaMU HaBBIKOB B 0Opa0OTKE MOIYYEHHBIX OIMBITHBIX
JTAHHBIX.

6. CoBepllleHCTBOBAHKME HABBIKOB B CAMOCTOSATEIBHOM pabOTe CTy/IeHTaMU HaJl
PEKOMEHI0BAHHOU JINTEPATYPOH.

7. OTbICKaHME CTYAEHTaMHU HAWIYYIIUX PELICHUN JUIsl 3JIEMEHTAPHBIX ONBITOB.



OcHoBHBIE BUAbI 1 HCTOYHUKH OIIHNOOK.

Jns momydeHus: HaAECXKHBIX PE3yJIbTaTOB IMPU BHIOJIHEHUU TMPAKTUYECKOU
paboOThl BaXHBIM  YCIIOBUSM  SIBJISIETCS  BBITIOJTHEHHWE BCEX TPEOyeMBIX
U3MEPEHUN ¢ MaKCUMaJIbHOM TIATEIbHOCTHIO, UCTIOJIb30BaHNUE B TIOJIHON Mepe
TOYHOCTH U YYBCTBHUTEIILHOCTU MPUMEHSIEMON H3MEPUTEIBHOU armapaTyphl.
Opnako Onarojapsi HECOBEPIIEHCTBY H3MEPUTEIBHBIX MPUOOPOB, KOTOPHIMU
MBI TTOJIb3YEMCSI, M HAIlIUX OPTaHOB YYBCTB BO BCSKOM M3MEPEHUU COJEPKUTCS
HEKOTOpasi HETOYHOCTh, MOTPEUIHOCTh, XapaKTep U MPUYUHBI KOTOPOH MOTYT
OBITh Pa3JIMYHBI.

[IpunsATO pa3mensTh MOTPEUIHOCTH WM OMIMOKM Ha CHCTeMaTH4YecKue,
ciay4yaiiHble M POMAaXH.

Cucremaruyeckne OmMOKM, MCXOAS W3 WX Ha3BaHUs, BCErja JICUCTBYIOT B
OJIHy CTOPOHY- JIMOO YBEJIWYUBAs, JTUOO YMEHbILIAS PE3YNbTAT HW3MEPEHHI.
Takue NOrpemHOCTd MOXHO Yy4ecTb, a MO3TOMY W YyCTpaHuTh. Hampumep,
IKaja U3MEPUTEIbHON JIMHEWKN HEPAaBHOMEPHA, KAMWJUISIP TEPMOMETPA UMEET
Ha pa3HbIX Yy4YacTKaxX pa3JIMyHBIM JUaMeTp, CTpelika amrepMerpa mpH
OTCYTCTBUHU TOKa HE CTOMUT Ha HyJie U T. 1. CHcTeMaTH4eCKUE MOTPEIIHOCTH B
OOJIBILIMHCTBE CIIy4ae€B MOXHO YCTPAHUTb, TM00 YUUTHIBAs UX B BUJE MOIPABOK
K TOKa3aHUsIM MOpUOOpPOB (CUMTATh JI€JICHUE, HA KOTOPOM CTOMUT CTpeJiKa
amMIepMeTpa MpU OTCYTCTBUU TOKA, HYJIEBBIM, KaXKIbIM pa3 BbIUUTAs €ro M3
MoKa3aHul mpuodopa), JTUOO MPOBEPUB JAHHBICE NPUOOPHI MO STATIOHOBHIM
npubdopam). CucTeMaTHyecKHX OHIMOOK MOXKHO H30€XaTh JIMIIb [pHU
KPUTUYECKOM OTHOLIEHUHU K METOAAaM MCCIIEIOBAaHUS.

Cay4aiiHble NOIPEIHOCTH, HANPOTHUB, C OJWHAKOBON BEPOSTHOCTHIO MOTYT
JlaBaThb OTKJIOHEHHWE OT MCTUHHOIO 3HAYEHMs HU3MEPSEMOW BEJIMYMHBI, KAK B
CTOPOHY €ro yBEJIMYEHHUs, TaK U B CTOPOHY yMeHbIIeHMs. Takue OUIMOKH
MOX@HO CHECTM K MHMHUMYMY, HO IIOJHOCTBIO YCTPAaHUTh KX HEBO3MOXKHO.
CayyaiiHble MOTPEIIHOCTH 3aBUCIT OT HETOYHOCTH M3MEPUTENIbHBIX PUOOpPOB,
OT HECOBEPIICHCTBA HAIMX OPraHOB YYBCTB M OT HENPEPBIBHOIO IEUCTBUS
BHEIIIHUX yCJIOBHI (M3MEHEHUE TEMIIEPATYPBI, IaBJICHHUS, BIAXXHOCTH U .T.]1.).

I[Ipomaxu- 5TO OYEBHUIHBIC OIIUOOYHBIC W3MEPEHHUS WM HaAOIIOICHUS,
BO3HHUKAIOIIME B  pe3ylibTaTe HEOPEeKHOCTH OTcueTa 1o  mpudopy,
HEMpaBWJIBHOTO  BKIIOYEHHS TOpubopa WiIM  HEpaz0OpPUYMBOCTH  3aIlUCU
IIOKa3aHUMU.

PaccMmoTpum Hanboliee CylneCTBEHHbIE HCTOYHUKH BO3MOXKHBIX MOTPEITHOCTEN
IIPU BBIITOJIHEHUU U3MEPEHU.



1.0mmb0kun mMeroga. OHM HMMEIOT XapakTep CHUCTEMAaTHYECKUX W BO3ZHUKAIOT
BCJIE/ICTBUE HEJOCTaTOYHO IOJHOrO YyuyeTra (DaKTOpOB, BIUAIOIIMX Ha
u3MepsieMylo BennuuHy. Hampumep, paGoTast ¢ mpocTeHIIMM KalOpUMETPOM,
UMEIOLIMM HECOBEPLIEHHYIO TEIUIOBYIO H3OJISILMIO, HEBO3MOXHO YYECTb
NOTepU TeIUla Ha M3Y4YeHHE B OKpy»karollee mnpocrpaHcTBo. Ilpu pabote ¢
TaKUM KaJOPUMETPOM B PE3yJIbTaT€ H3MEPEHUs BXOJUT CHCTEMAaTHYeCKas
MOTPEIIHOCTh B CTOPOHY YMEHBILICHUS KOJMYECTBA TEIUIa, COOOIICHHOTO
HaXOJMBILErocs B KaJIOPUMETPE KUAKOCTH MPU €€ HarpeBaHUU OT OIYILIEHHOIO
B OKUJIKOCTh CHJIBHO HAarperoro Tteja (€ciau TemIepaTrypa JKUIKOCTH B
KaJIOPUMETPE BBIILIE€ TEMIIEPATYPhl OKPYKAIOLIEH cpeabl).

2.0mubka npudopa wiuM MHCTpyMeHTa. CHcTeMaTuyeckasl OmMOKa MOXKET
UMETh MECTO TaKXke B pe3yJibTaTe HEBEPHBIX MOKa3aHui mpudopos. Hampumep,
HEMpaBWIbHAsl TPaAyWpOBKA IIKaJIbl WM CMEIICHUE €€ HYJIEBOW TOYKH B
U3MEpUTENTLHOM Tpubope OyneT naBaTh, B 3aBUCHUMOCTH OT 3HaKa CMEIICHHUS,
YMEHBIIICHUE WM YBEIMUCHHUE 3HAYEHUS U3MepseMOoi (PU3nueckoil BEeTUYUHBI.
OOHapyXeHUE U YCTPAHCHHE CHUCTEMATHYECKHX MOTPEITHOCTEH JOCTUTraeTCs,
TaKuM 00pa3oM, B pe3yJibTaTe THIATEIBHOTO HM3YyUYECHHUS METOJa M3MEPEHUS U
MPUMEHSIEMBIX PUOOPOB, X POBEPKON U UCTIPABIICHUEM, a TAK)KE BBEJICHUEM
MONPaBOK B pE3yJIbTAThl H3MEPEHHUIA.

3. Cuayuaiinple omuOKH, 3aBHCAIIME OT Aanmapatypbl. OTOT BHJ
MOTPENTHOCTEH TMPUCYIl BCSIKOMY H3MEpPUTEIBLHOMY MPUOOPY NaKe BechMa
BBICOKOI'O KayecTBa M CBS3aH C TEM, 4YTO JIFOOOW mpuOOp Bcerma obJiamaet
ONPENICICHHOW TOYHOCTBIO WM YYyBCTBUTEIbHOCTHIO. [[03TOMYy OH MOXKeET
pearupoBaTrh JIMIIb HAa TAKWE M3MEHEHUS H3MEPSeMON BEJIMYUHBI, KOTOPHIE
JexaT B Tpefenax TOYHOCTH pa30MBKU ero Imkaibl. Takum oOpa3om, B
MOKa3aHUSIX HU3MEPUTEITBLHOTO npudopa CKpbITa MOTPEIIHOCTb,
COOTBETCTBYIOIAsA €T0 KJIacCy TOUHOCTH.

4.0mumdku HaOII0ATES] MM IKCIEPUMEHTATOPA. DTH OIIMOKU LETHMKOM
3aBUCAT OT JKCIEPUMEHTATOpPA - €r0 BHUMAHMS, TUIATEIBHOCTU BBIIIOJIHEHUS
U3MEPEHHM, OMBITHOCTHU, OOYCIIOBICHBI B OOIIEM OTpaHUYEHHOCTHIO OPTaHOB
YyBCTB 4esioBeKa. Kak mnpaBuiio, OHM SBIAIOTCA CIIy4YaWHBIMH, TAaK Kak C
OIMHAKOBOW BEPOSATHOCTBIO MOTYT BJIMATH HA PE3yJbTaT M3MEPEHUU, KakK B
CTOPOHY €ro YBEJIMYEHMs, TaK M B CTOPOHY YyMeHblIeHuA. Hanpumep,
U3MEPSETCA CEKYHJIOMEPOM BpeMs IMaJCHHUS IIApUKa C OAHOM M TOM ke
BBICOTbI. MHOTOKPATHO MPOBOJAS 3TH NMPOCTEUIINE U3MEPEHUS, MBI MOTYUYNIIN
paznuyHble pe3ynabTarbl. [IpuuMHONW 3TOMYy MOrYT OBITh: HENpPaBUIbHOE
pacnojioxkeHue Trja3a HaOionaTensl MO OTHOUICHHI0 K KOHEYHBIM TOYKaM



NpoxXoaAuMOro mMapuKOM IIyTH; 3allyCK U OCTaAHOBKAa CCKYHAOMCpPA PAHbIIC WJIA
IMO3KC HYKHOI'O MOMCHTA, TdK KaK YCJIOBCUYUCCKHC pPCAKIHMHN Ha BHCIIHUC
CHUI'HAJIbI HC MI'HOBCHHBI.

CrnyyaiiHble OIIMOKM MOJUYUHSAIOTCS 3aKOHAM BEPOATHOCTH, a 3TO 3HAYUT, YTO
€ClIM MPU KaKOM-JIMOO M3MEPEHUHU Pe3yJIbTaT MOIYYUTCS OOJbIlIe UCTUHHOTO,
TO IPU OJHOM M3 IOCIEIYIOIIUX WU3MEPEHUM CTOJIb K€ BEPOATHO MOXKET
MOJIYYUTHCSI PE3YJIBTAT MEHBIIE UCTUHHOrO. COBEPIIEHHO OYEBUIHO, B TAKOM
CIyyae, 4YTO MHOTOKPAaTHOE IIOBTOPEHHE OAHOTO M TOTO K€ H3MEPEHUS
YMEHBIIIUT BIUSHUE 3TUX CIy4YalHBIX OIIMOOK, TaK KaK HET OCHOBAHUS CUUTATh
OTKJIOHEHHE OT UICTUHHOTO 3HaYEHHs B OJIHY CTOPOHY 00Jiee BEPOSITHBIM, YEM B

APYIYIO.

B I[ﬁJIBHCfIH.I@M MBbI 6YI[€M CUATATh CUCTEMAaTHYECKHE OIIMOKU U IpoMaxu
YCTPAHCHHBIMU, 1 PACCMATPHUBATH TOJIBKO cnyqaﬁHLIe OIITHNOKH.

Kpartkas Teopust omun0oKk u 00padoTKa pe3yJIibTATOB N3MEpPEeHUIA.

JIto6oe oTAenbHOE U3MEPEHNE KaKON-IM00 BETMYUHBI, a CIIEJIOBATEIBHO, U
pe3yibTaT CepUU MHOTOKPATHBIX €€ U3MEPEHHUN HEM30EKHO COIEPKHUT
HEKOTOPYIO MOrpetHOCTh. [103TOMY pe3ynprarsl nojacueTa 1o JaHHbIM

DKCIIEPUMEHTA HE MOTYT JIaTh UCTUHHOE 3HAYCHUE U3MEPSIEMOM BEIIMUUHBI, a
SIBJISIFOTCS JIMITh TPUOJIMKEHHBIMU. VICTUHHOE 3HaUeHUE JICKUT B IIpeenax,
ONPENENIIEMBIX MMOIPEIIHOCTHIO, KOTOPask UMEJIa MECTO B M3MEpPEHMsIX. Tak,
€CJIM HAH/ICHO, YTO MOTPEIIHOCTh B CEPUH MPSAMBIX U3MEPEHHH JUTHHBI | Kakoro-
6o mpeameTta cocrasisieT 0,5 MM, a cpeiHee 3HaUYCHUE JJTUHBI JISKUT MEXKITY

23,5-0,5 u 23,5+0,5, T.e.

22,9 Mm<I<23,9 MM, TO

pe3yJIbTaT U3MEPEHHS MPUHATO 3aMKChIBATh B BUJIC:
1=(23,4+0,5) Mm.

HpGI[GJ'H)I, B KOTOPBIX 3aKIHOYCHO MCTHHHOC 3HAYCHUC I/I3Mep5{eM0ﬁ BCINYHHEI,
OIpCACIIAIOT TOYHOCTh €€ N3MCPCHHA.



IlycTh B pe3ysbTaTe U3MEPEHUH MOJIYYEHO N Pa3HBIX 3HAYEHUN H3MEPSEMOU
BEJIMYUHBI  &;,8,,8;,...., @, . [Ip¥ 00paboTKe MOITyYeHHBIX PE3yIbTaTOB BOSHUKAECT

JIBa BOMPOCA:

-4yeMy paBHO HauOoJiee BEpOSITHOE 3HAUCHUE U3MEPSEMOI BETUUUHbI?

-yeMy paBHa OKujJaeMas omroOka n3MepeHui?

OTBeThI Ha 3TU BOIIPOCHI Ia€T TeOpHs BepoATHOCTH. [IpuBenem ee 6e3 BHIBOIOB.

Haunbonee BEpOSATHOE 3HAYEHHE a U3MEPAEMOM BEMUMHBI a PABHO CPETHEMY
apu(MeTnyecKoMy 3HaYCHHM, HAll/ICHHBIX B pe3yJbTaTe HU3MEpPEHUIL:

— 1 n
a=-(a +a, +...+an)=EZai

" N

AoOcoimoTHas INOTPCITHOCTL  IMOKA3bIBACT HACKOJIBKO HaﬁﬂeHHOC 3HA4YCHUC
HSMGPHCMOﬁ BEJIMYMHBI MOKET OTJIMYAThCA OT HMCTHMHHOIO ero 3HaueHus. OHa
HU3MCPACTCA B TEX K€ CAMHHUIAX, YTO W HM3MCpsACMast BCIMYMHA W JJISI KaXKIO0I'O

KOHKPETHOT'O U3BMCPCHUA OIIPCACIIACTCA Pa3HOCTBIO MCIKIY 5 U aj, T.C.

\
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Jlerko BUACTDH, YTO AZ";li MOJKET OBITh KaK IIOJIOKUTCIIBHBIM, TaK U OTPHULATCIIbHBIM.

CpenHeii a0COTIOTHON MOTPEITHOCTHIO OTACIBHOTO U3MEPEHHUS Ha3bIBACTCS
cpeaHee apuMETHUECKOE U3 BCEX BEIUYMH aOCOJIFOTHBIX MOTPEIIHOCTEH, B3SITHIX
110 MOZYJIIO, T.€.

Ay o lBaa +lAag [+ HiAan | _ B lAa | 3)

n n
OTtHocuTenbHas norpentHocTsb. OJIHaKO a0COIIOTHAS MOTPEIIHOCTh HE
XapakTepu3yeT TOYHOCTU n3MepeHui. [lycTs, Hanpumep, ¢ MOMOLIBI0 MUKPOMETpA
HaMICHO, YTO TOJIIMHA HEKOTOpOoH TutacTiHbl 0=(2,54+0,01) MM, a B 1pyrom
OMBITE 10 U3MEPEHUIO CKOPOCTH PACIPOCTPAHEHHUSI CBETA C MOJYyUYECHO 3HAUEHUE
c=(299705+50) xm/c. HecmoTpst Ha TO, 4TO aOCOIIOTHAS TOTPEITHOCTD B IEPBOM
clly4ae BO MHOT'O pa3 MEHbIIIE, YeM BO BTOPOM, MOXHO MMOKa3aTh, YTO 3HAYEHHUE
CKOPOCTH C OTIPE/ICTICHO ¢ 0OJIbIIIEH TOYHOCTHIO, YeM TOoNIUHA TutacTuHbl d. J{is
MOJIHOM XapaKTePUCTUKN TOUHOCTH U3MEPEHUH, HApATy ¢ aOCOIFOTHOM
MOTPEIIHOCTHIO, BBOJIUTCSI OTHOCUTEIIbHAS TOTPEIIHOCTD, MTOKA3bIBAIOIIAs, KAKYIO
JIOJTF0 M3MEPEHHOM BEIMYMHBI COCTABIISICT CPEAHsIS a0COTIOTHAS TOTPEITHOCTD.
OTHOCHTENbHAS MMOTPEITHOCTh- 0e3pa3mMepHas BenununHa. OHa onpeeseTcs: Kak



OTHOILIEHUE CPeHEH a0COMIOTHOM MOTPEIIHOCTH K HanboJiee BEPOSATHOMY
3HAYEHUIO U3MEPEHHON BEJINYUHBIL:

Aa ~ +
A=—=,otrkyna Aa=E-a (4)
a
OTHOCHTEJIBHYIO MOTPEIIHOCTD YaCTO BBIPAXKAIOT B MPOIICHTAX:
A&
a
B npuBeeHHBIX BBIIIE MPUMEPax MpU U3MEPEHHUS TOJIIMHBI IIaCTUHKA d 1

CKOPOCTH CBC€TA ¢ OTHOCHUTCIIbHAA ITOTPCINHOCTD B KAXKIOM CJIydac
COOTBCTCTBCHHO paBHaA:

A 100% =201 100%=0,4% (5)
q 254
ﬂ.loo%z 50 -100%=0,02 % (6)

i 299705

B kauectBe npumepa npusegemM oOpaser; 00pabOTKH pe3yJIbTaTOB MOJTYYEHHBIX
U3MEPEHUH NMPU U3MEPEHUH JUTUHBI CTePKHS | B TeCSATH OmbITax MO JaHHBIM
Tabmuel 1.

Tabmumna 1.
Ne i/ Jnvna ] +Al; Al E (%)
I,(MMm) (MM) (MM)
1 18,4 0,1
2 18,7 -0,2
3 18,3 0,2
4 18,6 -0,1
g ig; 18,5 MM '3’22 0,2 MM 1,08 %
7 18,4 0,1
8 18,1 0,4
9 18,8 -0,3
10 18,6 -0,1

1 I—_18,4+18,7+18,3+18,6+18,7+18,3+18,4+18,1+18,8+18,6
. 10

=0,19~=0,2 Mmm;

=18,5 Mm;

i_ ~AL |19
10

2.

>




3. A :ATI 100 %:‘LZ5 1100%=1,08 %.

KOHTPOJIBHBIE BOIIPOCHI.

1.KakoBbl OCHOBHBIEC 3aJlayul (PU3NYECKOTO YYEOHOTO OMbITa — OCHOBHOU (hOPMBI

(bU3UIEeCKOro NCCIIeI0OBaHUS ?
2.KakoBbl OCHOBHBIE UCTOYHHUKH MOTPEIIHOCTH U3MEPEHUH ?
3.Kakue nmorpenHocTd Ha3bIBatOTCA a0COMIOTHBIMU U OTHOCUTEIbHBIMU ? UTO OHU

XapaKTepu3yroT ?



IHorpenmiHoCTH KOCBEHHLIX H3MEPEHUH .

l.PaccmoTpuM B Havalle HaxoOXKJIEHUE aOCOJIOTHBIX MorpemHocre. B Ttex
ciyJasx, Korna (¢uznyeckas BEJIMYMHA HE MOXKET OBITh H3MepeHa
HEIMOCPEJCTBEHHO WJIM €€ HEMOCPEACTBEHHOE W3MEpPEHUE 3aTpyAHUTENBHO,
npuberaloT K KOCBEHHbIM u3MepeHusM. Hampumep, oObeM MNpsSIMOYTOJILHOTO
Opycka V =abc MOXXHO BBIYUCIUTH, U3BMEPUB JUIMHY a, IIUPUHYD U BHICOTY C.
[Ipn w3MepeHMH BeIUYMH a , b W c JomyckaroTcs  OIMOKM Aa , Ab U Ac .
Bo3Hukaer BOIpoc, Kak CKaxyTcsl OIIMOKUA OTACIbHBIX U3MEPEHUM Ha KOHEYHOM
pesynbrare? Ha 3TOT BONpOC MOXHO OTBETHTH , JIOKa3aB MPEIBAPUTEIBHO Pl
TEOPEM.
Teopema 1. AGcostoTHas MOTPENTHOCTh CyMMa paBHa CyMMe aOCOIOTHBIX
IOTPEUIHOCTEN ClIaraeMblX.

[Tyctp X = a+b (1)
M3MEpUB 3HAYEHUA aM b, BEIYMCIMM CpelHee 3HAYCHHE ¢ U CPEIHEe 3HAUYEHHE b

UToOBI TOTYYUTh CpeIHEE 3HAUCHHUE CYMMBI HEOOXO0IUMO IOJCTABUThL B (DOPMYITY
(1) cpennee 3HaUeHUE CaraeMsiX, T.€.

X= a+b (2)
B cBor ouepenn

[Toacrasnsst ux B popmyny (1), momyuum :
X+AX = atAa+b+aAb  (3)
Boeruutas u3 (3) ypaBaenue (2), Haiinem
TAX=tAatAb

Tak kak B pe3yibrare 0O0paOOTKHM HEW3BECTHO B KAaKyI0 CTOPOHY JOMYIICHBI
OILIIUOKH

Aa 1 Ab ,TO paccMaTpUBaIOT HAUMEHEE BBITOJHBIN CIy4dal , T.€. 3HAKW BHIOMPAIOT
TaKkuM 00pa3oM, 4YTOObI a0COJIFOTHAS BEJIMUMHA AX Obljla MAKCUMAJIbHOM
AX = tAatAb

OTUM TIpaBUJIOM CJEAyeT PYKOBOJICTBOBATHCS BO BCEX CIIy4asX IMPHU BBIBOJIE
(bhopMyJT IOTPEITHOCTEH.



Teopema 2. AOCONIOTHAas TOTPEMIHOCTh PA3HOCTH paBHA CyMMeE
aOCOJIIOTHBIX ~ TOTPEIIHOCTEN YMEHBIIAEMOI0 M BBIYMTAEMOro .JTa Teopema
J0Ka3bIBaeTcsl aHaJoruyHo. O0e TeopeMbI JIETKO PACTIPOCTPAHUTh Ha JIF000E€ YHUCIIO
CJIaraeMblX.

Teopema 3. AGCOIOTHASI MOTPEIIHOCTh MPOU3BEACHUS ABYX COMHOKUTEIEH

PaBHA CYMMC HpOI/IBBeI[eHHﬁ IICPBOI'0 MHOKUTCIIS HA a6COJ'IIOTHy1-O IMOTPCITHOCTDb
BTOPOI'O 1 BTOPOI'O MHOKHUTCILA a6COJ'II-OTHy1-O IMOTPCIIHOCTH IICPBOTO.

[Tycthb X =a-bu x =a-b 4)

Torna
X+ax = (azAa)(b+Ab)=a-b+Ab-a+b-AatAa-Ab
[Ipenebperas wieHoM Aa-Ab BTOpOro mopsijika MajoCTH , IOTYy4YUM
X+AX = a-b+(a-Ab +b-Aa) (5)
Breruuncnss u3 paBeHcTBa (5) BeipaxkeHue (4) ,AMeeM :
AX = a-Ab-b-Aa ,
YTO U TPeOOBAIOCH JT0KA3aTh .

CaenctBue 1. Teopema 3 MokeT ObITH 0000IIIEHA JI Clydasi N MHOXKHUTENEH , T.€.

€ClIn

X=a,a,,..,a,,TOAX=a-a,-....-a,,-Aa, t....ta,-a;-....-a,-Aa, ta;-a;-....

-a, -Aa,
[Ipennaraem qOKa3aTeNnbCTBO CAENATh CAMOCTOSATENBHO, UCTIONb3Ys METOJ
MAaTEMATUYECKON HHIYKIIUH.

CaencTBue 2. AGCONIOTHAS OTPEIIHOCTh CTENEHHU.

IIycts x = a", Torma
AX=n-a""-Aa
CnenctBue 2 nojgydaercst U3 clecTBus | ,eciiv moJoxuTh a,=a, =....=a, =a.

Hanpumep ,



x=a*; Ax=4-a’-Aa
CJ'ICI[CTBI/IC 2 OKa3bIBACTCA CIIPABCIJIMBBIM JJIA .TIIO6BIX n.
Teopema 4. AGcotOTHAS OTPEIIHOCTE APOOH paBHA CYMME ITPOU3BEICHMIA
3HAMCHATCJIA Ha a6COHIOTHyIO HOFpeHIHOCTB YUCIIUTCII U YUCIUTCIIA HA

a6COJ'IIOTHy10 MNOTpeIIHOCTb 3HAMCHATCIIA , JICJICHHOM Ha KBaJpaT 3HAMCHATCJIA .

b-Aa+a-Ab

Ecm x= 2

, TO AX=

oo

a
Hoxka3zarensctBo IlycTh X = b a-b™.ITo Teopeme 3 numeem

AX = Ala-(02) = a- Al )+ (o) A
CornacHo CleICTBUIO 2 TEOPEMBI 3 UMEEM A(b’l): ~1-b%- Ab.IloacTaBmsis 3To

3HAYCHHUC B BBIPAKCHUC JIA AX ,I0JIYYHUM

_b-Aa+a-Ab

AX b2

W3 noka3aHHBIX TEOPEM MOKHO CJE€JaThb BBIBOJ ,YTO CpeAHHE aOCOJIIOTHBIE
oIOKH

MO’KHO HaXOJIUTh 1O MpaBuiiaM AU(PPEepeHINPOBAHUS ,3aMEHNUB 3HAYOK
muddepentppoanus d 3HAYKOM OIMOKK A W BBIOUpAsi 3HAKU TAKUM 00pa3oM ,

qT00BI a0COJIIOTHAS BEJIUUYMHA OIIMMOKK OblJIa MAKCUMAJIHLHOM.

Idg

[pumep : T= Zﬂ\g; o =27 Y = - |
g g

2.IlepeiineM K HAXOXKIEHUIO OTHOCUTEINIbHBIX NorpenHoctei 1o onpenenennto

OTHOCHUTECIIBbHAs NOIpCINHOCTh paBHA.



C npyroi CTOPOHBI

d(Inx)= dx (6), WITH
o) & -

N3 conocraBienus Beipaxkenuii (6) u (7) cieayer ,4T0 OTHOCUTEIIbHYIO
MOTPENTHOCTD Pe3ysibTaTa MOKHO HANTH IyTeM JorapudMUpoBaHus U
nocieaywmiero nuddepeHupoBanus ¢ 3aMeHO 3HaukoB auddepeHimana
3HAYKaMH OLIMOKHU ¥ BEIOOPOM 3HAKOB , TAKMM 00pa30oM ,4TOOBI a0COTIOTHAS
BEJIMYMHA MOJy4aeMON OTHOCUTEIBHOM OIIMOKHM OblJIa MAaKCUMAJIbHOM.

2
71 ng=ha+2inzemni-2mT;  A9_pA7 Al HAT
T g T | t

IIpumep : g =



JIABOPATOPHAS PABOTA Ne 2

I/I3MepeHne JIMHEHHBIX PasMepoB TEJI HTAHTCHIUUPKYJIEM 1 MUKPOMETPOM

I[IpuHaNJIesKHOCTH.  IUTAHTEHIHUPKYJb,  MHKPOMETpP,  METaJUIn4eCKHe
IUTACTUHKH, TPYOKH.

1. Houmyc. Honnycom Ha3bIBaeTcs crielialibHas 1IKalia, JOMOIHSIOMAs OObIYHBIH
MacmTad M IO3BOJISIIONIAs] TOBBICUTH TOYHOCTh u3MepeHuit B 10—20 pas.
JIuHeWHBIM HOHMYC TIpEACTaBisseT coOOM HEOOJBIIYI0 JIMHEHKY, CKOJB3SIIYIO
BJI0JIb OCHOBHOM MIKaJbl (PUCYHOK 1).

m M4 C aal
l ]l T Il T [l TLT [L._U *4;_.‘
a?l B TL’Z a,
o o - /T
|

4

L

Puc. 1. YcrpoiictBo HOHUMycCa.

[TycTh umcliO neneHuil MIKajabl HOHWYCHOM JIMHEWKH paBHO N, 1MHA OJHOTO
JieJIeHUsI HOHMYCa paBHaA «, , a IJTMHA OJJHOTO JIeJICHUS OCHOBHOM IIKaJbl paBHA a,, .
HoHunychl U3roTaBaMBarOTCsA TakKUM 00pa3oM, 4ToObI JyiuHa N JefeHuid HOHUYyca
oObuta paBHa gauHe KN -1 geneHuii mKaisl, Tae K — IEeJI0e YUCIIo, T. €.

Na, = (kN—1) - a,.

N3mepuM mIMHY Kakoro JuOO0 TpeamMeTa ¢ MOMOIIbI0 MAcIITaOHOW JMHEWKHU ¢
HOHHycoM. IlycTp Hayano ero COBMAJAET C HYJEM OCHOBHOM IIKAJIbI, 4 KOHEII
HaxXOAUTCS MEXAy M um + 1 jeneHusiMu ee, mpudeM N-oe JeJIeHUE HOHMYCa
COBMAAAET C KAaKUM-TO JAeJeHueM Iukaibl. J{nuHa npeamera |=m-a, +A , T1€
A= AB— BeJIMYMHA, KOTOPYIO HEOOX0auMO omnpenenutsb. U3 pucynka 1 cienyer,
yTo 0Tpe3ok AC, coeprKallluii 1IeJI0e YUCIO JIeJICHU IKaibl, paBeH AC =n-a, +A.

[ToacTaBuM B 3TO BRIpAKEHHUE 3HaUCHHUE a, U3 ypaBHeHus (1), Torna



T.K. @, = k-a, — -“‘ 10 AC=nk-a, <+ (\—% u,_,_) (2)

B sTom BBIPAXCHHUU BCJIIMYUHBI N U kK — OeJIbIC YnCiia, 3HA4YUT U BEJIIMYHUHA N- k-am

COACPIKUT I CIJIOC TUCIIO

. n
neneHuit mkansl. Tak kak N< N,To u W-am>am . Benuuuna A Takke MEHbIIIE

OJIHOTO JICJICHUS, T.€.A>a, .

n
CJ'IGI[OB&TGJII)HO, U pPa3HOCTb (A—Wam] > a, TaKK€ MCHLIIC OAHOI0 OCICHMA

mikanbl. Ho, mockonbky BenmunHa AC, Kak clielyeT U3 PUCYHKA, COJICPKUT LIEJI0e

qUCJIO JEJICHUH a

u

n
TO pPa3HOCTh A_W'aw B ypaBHEHHMH (2) NOJKHA OBITH paBHA

n
Hymo. Torma A= N a,, . Takum oOpazom, IIMHA NpeaMeTa

l=ma, + 5 - G

ITonoxxum M =0, n =0, Torna

=|F

10 == y rae

lo — npezacraBsier co00¥ HANMEHBIITYIO BETUYHUHY, KOTOPYIO MOKHO U3MEPHUTH C
MOMOIIbIO MaciTaba ¢ HOHUYCOM, M Ha3bIBAE€TCS BETMYMHON OTCYETA MO HOHUYCY
WU LIEHOM JesieHus HoHuyca. M3 ypaBHeHus (4) ciaedayeT mpaBUJIO MOJIb30BaHUs
JIMHENKOW C HOHUYCOM.

N3mepsieMblii TpeAMET MOMEIIAETCS MEXKAY HYJIEBBIMU JACIECHUSIMU IIKAJIBI U
HOHMyca. JyInHa npeMeTa paBHa YMCITY LEJIbIX JEJICHUN IIKAIbI, PACTIOJIOKEHHBIX
CJI€Ba OT HYJEBOIO JEJIIEHUS HOHMYCA, IUIIOC BEIMYMHA OTCYETAa IO HOHUYCY,
YMHOKEHHAsT Ha HOMEpP JEJIEHUS HOHUYCA, COBNAJAIOUIET0 C HEKOTOPBIM
neneHreM mikabl. [TorpeniHocTs HOHMYCa paBHa lg .

2. lltanreHuupKyab. [ITaHTeHIMPKYIb CAYXKUT ISl JIMHEWHBIX U3MEPEHUMN, HE
TpeOYIOIIUX BBICOKOH TOYHOCTH. OTCYETHBIM MPUCIIOCOOJIEHUEM Y BCeX
KOHCTPYKIIMN I[ITAHTCHIUPKYJST (PUCYHOK 2) CiIyXaT IITaHTH W JIMHEWHBIN
HoHuyc. llena nenenust ocHoBHOU mmiKanel mTanrd (LM) paBHa oObruHO 1 MM.
[[Ixana HOHMYCa CONEPKUT, Kak mpaBuio, 10 wim 20 neneHuid, 4To MO3BOISET
BeCcTH 3aMmepbl ¢ To4yHOCThO 10 0,1 mMm um 0,05 mm. Hommyc yxpensneH B
TOJIBMYKHOM PaMKE, CKOJB3AIIEH BIOJIb OCHOBHOM IIKAJbI IITAaHTU. [Ipu HyneBom
MIOKA3aHUM HWHCTPYMEHTA HyJIb HOHHYCa COBIAJAET C HYJEBBIM IITPUXOM



OCHOBHOM IIKAJIbI.

3. U3mepenue. Jlnsa ompeneneHus pasmepa Tena, ryOKM IITaHTeHIUpPKyIs AB
pa3BUTAIOT, MMOMEINAIOT MEXAY 'HUMHU TeJO, MEePEABUraloT MOABIKHYIO TYOKy B
JI0 TIOJTHOTO 3a)kaTusi Tena Mexay ryokamu A u B. IlpoTuB HyneBoro neneHus
HOHMYCAa OTCUMTBHIBAIOT YHCIO IEJIbIX JCJCHUH MO OCHOBHOM IIKalle T B MM
(mOMHUM, 4YTO 1I€HA JeJEHUs IO OCHOBHOM 1Kanea,, ). Jlecsateie (COThIE) N0IU MM

CUMTHIBAIOT IO IIKAJIC HOHUYC MPOTHUB TOTO ACIICHUA N, KOTOPOC HanboJiee TOYHO
COBIIAAACT C IIPOU3BOJIBHBIM JACJICHUCM OCHOBHOM IIIKAJIbI (HOMHHM, 9TO IICHA
JACICHUA

_ o
L o 4 & 9 o n @ M
L mafoutbssbon W e bl

Puc. 2. lllTaHT€HUUPKYJIb.

a .
HOHHUYCa W‘“, rae N—II0JHOe YKCIo JIeJIEHU HOHWYCA), TOTr/a JIMHA MpeaMeTa

MOXXET ObITh ompeneneHa mo dopmyne (3). Hampumep, cormacHO puCyHKY 2
pasmep Tena, 3aKaToro MEeX1y TyOKaMu MITaHTeHIUPKYJIS MOXKET ObITh OIIPE/ICIICH
CJIEAYIOIIUM 00pa3oMm:
Gu=1 MM, m=42, N=10, Toraa /=421 485 = 42,8 (mm).
n=38§ :
PaccMoTpeHHBIN TpUMEpP OTHOCUTCS K U3MEPEHUIO HAPYKHBIX pa3MepoB tena. Jis

W3MEPEHUs, HalpUMep, BHYTPEHHETO JuaMeTpa KoJiblla, TPYOKH WM BHYTPEHHHUX
pa3MepoB KOPOOKU HCMOJB3YIOTCS BEpXHHE YacTu pabouux ryook F u F;. OHm



pa3BUrarOTCs 10 MOJHOIO MPUJIEraHWs K BHYTPEHHUM CTE€HKaM H3MEpSEMOro
o0BeKTa, a 3areM, BBIIICYKa3aHHBIM yTeEM CHHUMAIOTCS MOKa3aHUs
HITAaHTEHIIUPKYJS €O cieayromlei nonpaskoil. Ha onHo#l u3 ry0ok MHCTpyMEHTa
umeercs yuciie 9 (MoxeT ObITh U Jpyroe). ITo paccrosHue |; Mexay pabounmu
MOBEPXHOCTSAMHU BEPXHUX T'yOOK HITAHTEHIUPKYJS MPU 3aKaThIX A0 ymopa OOK.
HIMEHHO 3Ty MOTIPaBKY CIEAYeT YYUTHIBATh, MPUOaBIss |; K 1enpiM MUTUITMMETpaM

B popmyite (3), T.e. |=(m-a, +Il)+n-% :

Muxpometp. MuxkpomeTp (pUCYHOK 3) COCTOUT M3 CKOOBI 1, B MydTax KOTOpOM
HAXOJATCA YNop 2 cjieBa U MUKPOMETPUUYECKH BUHT 3 crnpaBa. BUHT mpoxoauT
BHYTPHU HEMOJBI)KHOW TPYOKHM U CKPEIUIEH C HEMOABHXHOW TpyOKoil 4, JeBbId
Cpe3 KOTOPOil mpeAcTaBisieT 0apabaHHyIO KTy , UMEIOITyto 50 eneHuid.

Puc. 3. MukpomeTp.

5. U3mepenns. Ilpu u3MepeHUU IMHEWHBIX pa3MEpPOB Telld, OHO 3aKUMAETCs
MEXIy HEMOJABHUKHBIM CTEPKHEM 2 M MOJBHKHBIM TOPLIOM 3 MUKPOMETPHUYECKOTO
BUHTAa. MUKPOBUHT BpaIlAOT, JEPHKACh 32 TPELIETKY 6, BMECTE C MUKPOBUHTOM
Bpamiaercss Kopmyc OapabaHa, mepeMeniasch NpU OSTOM TMOCTYNATEIbHO
OTHOCHUTENBHO CTEpKHs. OTCUET BEAETCSA MO TOPU3OHTAIBHOW IIKAJIE U IO LIKAJIE
Oapabana. ["'opr30oHTaNIbHAS 1IKAJIA CTEPKHS MPEJICTABIsAET COOOM ABOMHYIO IIKAITY
(5,7)' c uenoui nenenust 0,5 MM , HAHECEHHYIO TIO 00€ CTOPOHBI MPOAOTBHON YEPTHI
TaKUM 00pa3oM, YTO BEPXHsA 5 CIBUHYTAa OTHOCUTEIBHO HIKHEW 7 HA MOJIOBUHY
nenenusi. llena nenmenus OapabaHa MOXET OBITh YCTaHOBJICHA CIEAYIOIIAM



oOpa3oM: MyCTh YHCIO JENCHW KpyroBoW mkambl Oapabana paBuo 50. Illar
mukpoBuHTa 0,5 MM. CrenoBarenbHO, OJHOMY MOJIHOMY 00OpOTY MUKPOBUHTA (U
OapabaHa) COOTBETCTBYET JUHEHHOE MepeMerieHue kpas Oapabana Ha 0,5 MMm.
Ilena neneHust KPyroBou

h 05mumu
IITKaJIbI a=—=——-
n 50

=0,01mm.

OTcueT mNPOU3BOAMUTCA CIEAYIOMIMM O00pa3oM: IO TOPU3OHTAIBHOM IITKaje
CTEPKHS OTCUMTBIBAETCS pa3Mep U3MEPSIEMOro IpeIMETa C TOUHOCTHIO A0 0,5 MMm.
CoTple 70JM MWUIMMETpa OTCUUTHIBAIOTCA IO KpPYroBoM Mikaine OapabaHa.
[TonmydyeHHble pe3ynabTaThl CKIAAbIBAIOTCA. UMCIO COTBIX [10JIEM COOTBETCTBYET
JICJICHUIO IIKaJIbl, PACHOJIO)KEHHOMY IIPOTHUB IMPOAOJIBHON YEPTHl HAa CTEPIKHE.
[Tonb3ysiCh NaHHOM MHCTPYKLIHMEW ,MOKHO C TOYHOCTBIO 10 0,01 MM wm3mepsaTh
pa3Mephl Tell, 3aKaTbiX MeX1y 2 u 3. MomeHT Haxatus (UKCHpyeTcs ciaadbIM
TpeckoM B rosioBke (Tpemietke) 6. Ilocne Tpecka BpamieHue 6 Oecriose3Ho, a
BpaieHue OapabaHa 4 HEJOMYCTUMO, TaK KakK 3TO TPHUBEIET HE TOJBKO K
VCKAKECHUIO TIOKa3aHU MUKPOMETPA, HO U K €r0 HEUCIIPABHOCTH.

6. BbimojiHenne padoTbl. OOBEKTOM HU3MEPEHHH B paboTe  SIBISACTCS
IPEIOKEHHAs! JIeTallb, IPEAMET MPaBUIbHOM reoMeTpudyeckoi popmel u T. A. [o
YKa3aHUIO TpenojaBaTeisi MM 10 BalleMy BbIOOpPY CIEAyeT W3MEPUTH
MUKPOMETPOM WJIM IITAHT€HLIHUPKYJIEM MHOIOKPAaTHO OJWH M TOT K€ HapameTp
(BHEILHUN WIM BHYTPEHHMH pa3Mep JAeTaju, TOJIIWHY MPOBOJOKK U T. J.).
[lonmydyeHHble pe3yabTaThl 3aHecuTe B Tabmuubll U 2 W NPOU3BENUTE
MaTeMaTH4YEeCKyt0 O0OpabOTKy WX, C I1EJbI0 OIIEHKHM TOYHOCTU TPOBEICHHBIX
WU3MEPEHUN.

Tabmuma 1

NeNe D, (il .) D(ii .) [AD,(ii .) |AD(i ) E(%)

/o

1
2

10




Tabmuma 2

Q|

NeNe  |d; (m) (ii ) |Ad () [Ad(il ) E(%)

/o

1
2

10

KOHTpOJIbHLIe BOIIPOCHI

1. YTto Ha3pIBa€TCS HOHUYCOM?
2. Kak onpenenutsb 1eHy AeJICHUS TMHEMHOTO HOHMYca?

3. Kak CKOHCTpyupOBaTh HOHUYC, MO3BOJISIOIINI ITOBBICUTH TOUHOCTh U3MEPEHUMN
C JaHHBIM MaciTabom B N+1pa3?

4. B kakux ciaydasx claeAyeT BECTH M3MEPCHHS ITAaHTCHIMPKYJIEM, B KaKUX —
MUKPOMETPOM?

5. Kakue npuOopsl, CHa0KEHHbIE HOHYCOM BbI 3Ha€TEe, UX Ha3HaAYeHUe?



JlabopaTtopHas pabota Ne 3.

HpOBepKa OCHOBHOI'O YpaBHCHUA AMHAMUKHU BPAIIATCIIbBHOTI'O ABMKCHUA

IpunaniaexnocTu: mastTHUK OOepOeka, HAbOp TPy30B, CEKYHIOMED, MacIITaOHas
JUHENKA, MTaHTCHIIUPKYJIb.

1. KpaTkas Teopusi. BpaimareiabHoe TBUKEHHUE XapaKTEPUIYETCs YTIIOBBIM
NepeMeNIeHHEM TOYEK Teja (, YIIIOBOM CKOPOCTHIO ® U YTIIOBBIM YCKOpPEHUEM 3 .
[Ipu BpamaTesrbHOM ABUKEHUU BCE TOUKH TEJIa UMEIOT OJIMHAKOBYIO YIJIOBYIO
CKOPOCTh ¥ OIMHAKOBOE YIJIOBOE YCKOpPEHHE. Bripakast yrinoBoe nepemenieHue
TOYKHU TeJia 3a BpeMs At o nyre AS okpyx)HOCTH yepe3 A@ u 0003Havast yepes I
pagnyc OKPYKHOCTH, ITOJTYyUUM:

AS = r-Aq.

[Ipu oueHb MajoOM yriIOBOM NEPEMEIICHUH TOYKHU Tea d¢ MOKHO 3aMEHUTDH Ha
BEChMa MaJIyIo JAyTy, IPOHICHHYIO TOUYKOH, MPSIMOJIMHEHHBIM oTpe3koM 0S. Toraa

dS=r-de (1)

DTO paBEHCTBO YCTAHABIMBAET CBA3b MEK/y JIMHEMHBIMU U YTJIOBBIMU
nepeMenIeHUsIMU TOUEK Bpalaroiiero tena. JInueinas (v) u yrimosas (o)
CKOPOCTH, JIMHEWHOE (@ ) 1 yriioBoe () yCKOpEeHHs TOUEK CBSI3aHbI IPYT C APYTOM
COOTHOILIECHUSIMU:

v=w-r a=p4r (2)
B BexTopHo#t hopme (2) UMEIOT BUJL:
v =[@-r]. a=[f-7].

Jly1s onpenenenns HanpaBlIEHUs YIIIOBOM CKOPOCTH yI0OHO MOJIb30BAThHCS
MpaBUJIOM MPaBOro OypaBuuka. BekTop yriioBoil CKOpOCTH @ HaIpaBiieH MO OCU
BpalIeHUs] B CTOPOHY MOCTYNATEIbHOTO JBUKEHUSI OCTpUs OypaBUMKa, KOTa
PYKOSITKY €ro BpallaroT B HallpaBJjeHUU BpalleHus tena. Koraa HanpasieHue ocu

-

BPAILEHHS TEJIA OCTAETCS] HEU3MEHHBIM, BEKTOP YIVIOBOT'O YCKOPEHUS [ TIPU
YBEJIMYEHHUH YIJIOBOM CKOPOCTH COBIAJAET C HAIIPABJIEHUEM BEKTOpA @, a IPU
YMEHBIIICHUH €€ BEKTOP HAIIPpaBJIIEH B IPOTUBOIIOJIOKHYIO CTOPOHY.
[IpnunHON TOMY



do
cnenytomee. Tak kak f = e TO NPU U3MEHECHUM HAIPABJICHUSA OCHU

BpallleHus Tesa BEeKTOp d@ He OyAeT COBMaAaTh MO HAIPABJICHUIO C BEKTOPOM. @ .
M3MmeHeHne CKOpOCTH BpaIATEIbHOIO JBUKEHUS TBEPAOTO Tella, UMEIOIIEro
3aKpEIICHHYIO OCh BpaleHMsI, 00yCIIaBIMBAETCS JIEKAIIEH B IIJIOCKOCTH,
NIEPIICHINKYJIIPHON K OCH BPAIICHUS, TAHT€HIUAJIBHOW COCTABIISIIOIIEH CHUIIBI,
neicTByrolei Ha Teno (pucyHok 4). [Ipu 3ToM yriioBoe yCKOpEHUE 3aBUCUT HE
TOJIBKO OT BEITMYUHBI TON COCTaBJISFONICH CHITBI 1, HO M OT KpaTJaiiiero
paccrosiaust | oT ocu BpaieHus 10 JTMHUY, BIOJIb KOTOPOH OHA ICHCTBYET, T. €. OT
mieqa cuibl. [103TOMy B AMHAMUKE BpAIaTEIbHOIO IBUKEHUS BMECTO CUIIBI
paccMaTpUBalOT MOMEHT CUJIbI OTHOCUTEIIBHO

Puc. 4.

OCH BpalllCHUS.

MomeHTOM cuiibl M OTHOCHTENIEHO OCH BpAlIEHUs! HA3bIBAETCS BEKTOD, JITMHA
KOTOPOTO (T. €. ero MOAyJIb) YMCIEHHO paBHA MPOU3BEICHHUIO CHIIbI HA TUIEYO:

M = f -1 .HanpaBiieHue e BEKTOpa MOMEHTA CUJIbI ONPEAEIAETCS 110 IIPABUILY
npaBoro OypaBunka. Eciin BMecTo 1uieda cuiibl | BOCIIONIB30BaThCS paJnyCcoM
BEKTOpa I TOUKHU MPUJIOKEHHS CUJIbl OTHOCUTEIBLHO OCH BpalleHus (PUCYHOK 4),
TO BEKTOP MOMEHTA CHJIbl MOXKHO MPEACTABUTH B BUJI€ BEKTOPHOTO MPOU3BEACHHUS:

M = [r.])

YrioBoe YCKOPCHHUC BPAIAOIICTOCA TCJIa 3aBUCUT HC TOJIBKO OT MaCChI



Bpal[aromierocsa Teijia, HO U OT PaCIpPCaACJICHUA MAaCCbhl OTHOCHUTCIIBHO OCH
BpaliCHUA. HOC—)TOMY B JTUHAMHKC BPpAIIATCIIBHOT'O ABUKCHUA BMECTO MACChI
pacCMaTpuBAOT MOMCHT MHCPIHUU TCJIa OTHOCUTCIIbHO OCHU BPAIlICHUA.

MomeHTOM 1505(510) 005051 MaTCpHaHBHOﬁ TOYKH OTHOCUTCIIbHO OCH BPAIllICHUA

Ha3bIBACTCA CKAJIpHAA BCJINYHWHA Amiriz, paBHaA IIPOU3BCACHNUTIO MACChI

MaTepHalbHOW TOUYKHU Ha KBAJIpaT pacCTOSHUS €€ OT ocu BpauieHus. Cymmy
MOMEHTOB MHEPIIMH BCEX TOUEK TeJla OTHOCUTEILHO OCU BpPAIICHUSI HA3bIBAIOT
MOMEHTOM HHEPIMH TeJIa OTHOCUTEIILHO 3TOM e ocu: | =Y Am.r>. Takum oOpaszom,
€CJIM OCHOBHOM 3aKOH JMHAMUKU MOCTYNATEIbHOTO JBUKEHUSI — BTOPOU 3aKOH

HrroTona: |E =m-a,T0 IO aHAJIOTUH C HUM U Ha OCHOBAHHUH BBIIIIEC U3JI0KEHHOTO
MOJKHO 3aIlucCaTh.

M=1-f

D710 U ecThb popMyIa, BeIpaXkarolllas OCHOBHOM 3aKOH IMHAMUKH BpaIlaTeIbHOTO
JIBYDKCHUS TETa.

2. OnucaHue YCTAHOBKH M KOHTPOJIbHBIE popMyJibl. Mastauk OOepOeka
CXEMaTUYeCKH n300pakeH Ha pUCyHKE 5. OH COCTOUT U3 YEThIPEX CTEPIKHEU U
JBYX IIIKUBOB pa3auvyHOTro paanyca Rju R,, ykpemieHHbIX Ha OJTHOU
TOPU30HTAIBHOM OCH. I10 CTEpKHAM MOTYT MEpEMEIATHCS U 3aKPEIIATHCS B
HYKHOM II0JIO)KEHUU YETHIPE Ipy3a OAUHAKOBOU Macchl. [Ipu momonm rpy30B
Pa3IMYHOM MACCHI, IPUKPEIUISIEMBIX K KOHIIY HAMOTAHHOM HA TOT WJIM MHOM IIKUB
HUTH, MasiTHUK MOXET MPUBOIUTHCA BO BparieHue. [Ipenedperas cuiamu TpeHus,
MO’KEM 3aMUCaTh YPABHEHUE BPAIIATEIbHOTO JBMKEHUSI MAasTHUKA

- =M =RT (b)
U YpaBHEHHE MOCTYNATEIBHOTO JBIKEHUS (OIyCKaHUs) Tpy3a:
m-a = mg—T, (6)
d TaKKC YPAaBHCHHC, CBA3bIBAOIICC YCKOPCHUA I[BI/I)KGHI/Iﬁ

a=/R (7)



2] T 7R (»)

Puc. 5.

B stux ¢popmynax R — paauyc mkuBa, T — cuia HaTsSHKEHUS HUTH, a—
YCKOpPEHHE IBHKEHUS IPy3a HA HATH, M - Macca rpysa, NOABEIIEHHOIO HA HUTH.
N3 5THX ypaBHEHUH JIETKO MOJYYUTh 3HAYEHUE I YCKOPEHHUS

mR?

a= TomRe g . OTO K€ YCKOPEHHUE MOXKET ObITh HalJICHO U3 3aKOHA
+m

PaBHOYCKOPEHHOTO JIBUKECHUS

rae h — paccrosiaue, mpoxoaumoe rpy3oM 3a Bpemst t. J{ist mpoBepku 3akoHa (4)
paccMoTpuM clienyroiee yciaoBue. [lycte MOMeHT uHepiuu | mocTosiHeH, a
MOMEHTHI CUJI pa3inuuHbl. 13 ypaBHeHus (4) umeem

VYpaeaenus (5—7), (8—9) narot (BBIBECTH CAaMOCTOSITEIIBHO):



m;R?(gt; —2h) =m,R;(gt; —2h) (10)

BrlmonHeHre 3Toro paBeHCTBa MPH MOJICTAHOBKE 3HAUCHUM (PU3NYECKUX BETUYMH,
OMpeIeNIAEeMbIX SKCIIEPUMEHTAIILHO, JOKA3bIBAET U CIIPABEIMBOCTh 3aKoHa (4) B
npenaesnax OuMOOK H3MEPEHU .

3. Boinmosinenue padotbl. A. MI3MepuTh BEIOPAHHYIO BBICOTY OITYyCKaHUs
1aTGOPMBI C TPy3aMU METPOBOM JTUHEHKOM ¢ TOUHOCTBIO 710 1 cMm; B
N3meputh paguycel R; u R, MIKMBOB MITaHT€HIIMPKYJIEM , C TOUHOCTHIO 710 0,1 MM;
B. 3akpenuTh rpy3bl Ha CTEPKHSIX TaK, YTOOBI MAATHUK HaXOJWJICS B
0e3pa3IMuHOM PAaBHOBECUHU UJIM ObLIT cOaTaHCUPOBAH.

Ha mmatrdopmy miis rpy30B kimanyT rpy3sl maccord m; = 300 — 350 r, HUTH
HaMOTaHa Ha IIKUB MEeHbIIEro paauyca R;. [Toas3ysck ceKyHIOMEpOM ,U3MEPSIIOT
BpeMs 1; onyckanus miaat@opMel ¢ Tpy3oM My Bpewms t; u3aMepsitoT He MeHee ISATU
pa3. 13 nonydeHHbIX 3HaYeHNM ty1, t12 ,t13, 114, 15 HAXOOAT CpenHEe

apupmeTryeckoe i,

Hutb nepedpackiBatoT Ha apyroii mwkus (Oosbluero paguyca Ry), Ha miatdopmy
KJ1anyT rpy3sl Maccor 200 - 250 r 1 aHaJTOTMYHO NEPBOMY CIIY4Yar0 ONPEIEIIIOT
ISITh pa3 BpeMsl OIMyCKaHus 1aT(opMbI ¢ BBICOTHI N. V3 moiryueHHBIX 3HAYCHHI

to1, too b3, s, tos HAXOMAT cpennee apudmernueckoe t,,, .. 3Havenus &, u i, ,

MOJACTAaBIAIOT B ypaBHeHUe (10) cOOTBETCTBEHHO BMecTO 1y U L.

KOHTpOJILH]:Ie BOIIPOCHI U 3aJJaHU.

1. Kakue ¢pusznueckue BEIMUMHbBI HA3bIBAIOTCS: YIJIOBOM CKOPOCTHIO U YTJIOBBIM
YCKOPEHHEM, MOMEHTOM CHJIbI, MOMEHTOM HHEpUHH Tena? EauHUIbI nX
U3MEPEHUS.

2. Kak ompenenutb MOMEHT MHEPUUM TeJIa OTHOCUTEIBHO MPOM3BOJBHON OCH,
€CJIM U3BECTEH MOMEHT MHEPLIMU OTHOCUTEIIBHO OCH CUMMETPHUH, MapajjieIbHON
MPOU3BOJILHOW OCHU?



3. BriBectu cootHorenue (10).

Jlurepartypa

CagenbeB U. B. Kypc o6meii pusuku. Mexanuka. MonekynspHas pusuka. M.
Hayka, 1989. T. 1. I'n. IV. C. 94—112.



JlaGopaTtopHas pabota Ne4.

OnpeneneHne yCKOPEHHs 3€MHOTO TOJIS TATOTEHHSI METOJJaMH MaTEMAaTHYECKOTO U
(U3UYECKOr0 MasiTHUKOB.

l. MCTOI[ MAaTEMATHYCCKOI'O MasTHHUKA.

IpuHaaIeKHOCTH: MATEMATUYECKAN MAATHUK, CEKYHIOMED.

1. KpaTKaﬂ TECOPpUA. H?:BCCTHO, 4TO ITIOJIOKCHUC TCJIa B IIPOCTPAHCTBEC MOKHO
OIIPpCACINUTDL TOJIBKO 11O OTHOIICHHUIO K IPYI'UM TCJIaM. AOCOIIOTHO TBCPAOC TCJIO, C
KOTOPBIM KCCTKO CBsA3aHa CUCTCMA KOOpAWHAT, CHa0>KeHHas YacaMy U
HCIIOJBb3yCMas A OIIPCACIICHUA ITOJTOKCHUA B IIPOCTPAHCTBC UCCIICAYCMBIX TCJI B
pa3INIHBIC MOMCHTBI BPECMCHH, HA3bIBACTCA cuctemoi orcuera. Cucrema OTCUCTa,
I1I0 OTHOLICHHIO K KOTOpOﬁ MaTcpHraJibHas TOUKaA, CBO6OI[Ha$I OT BHCIIITHUX
BOBHGﬁCTBHﬁ, ITOKOUTCA HUJIN ABUKCTCA PABHOMCPHO U prIMOJ’IHHGﬁHO,
Ha3bIBACTCsA HHGpHHaHLHOﬁ CHUCTEMOH OTCUETA. HapymeHHe 9TOI'0 YCJIOBHA ACIACT
CUCTEMY HCHHCpHHﬂﬂBHOﬁ.

JIaboparopHasi cuctema OTCUeTa, OCU KOOPAUHAT KOTOPOU KECTKO CBSI3aHbI C
3emuieil, HenHepLMaibHa U3-3a CyTOYHOTO BpamieHus 3emi. OaHako, 3eMis
BpAILlaeTCs CTOJIb MEJIEHHO, YTO MaKCUMAJIbHOE HOPMAJIBHOE YCKOPEHUE TOUYEK €€
MTOBEPXHOCTH B CYTOYHOM BpAIlICHUU HE ITpeBocxoauT 3HaueHus 0,034 m/c?.
IToaTomMy B OOJBIIMHCTBE MPAKTUYECKUX 3a7a4 J1a00paTOPHYIO CUCTEMY OTCUETA
MOYHO CUMTATh UHEPLUUAIBHOM.

Cuiiolt TSDKECTH Tella Ha3bIBaeTcCs cuila P, mpuiio)keHHas K Telny U paBHas
Tr€OMETPUYECKON CyMMe CHIIBI Fy. , TATOTEHMS TENa K HEHTPY 3eMIIH U
LEHTPOOEIKHOU CUIIBI HHEpLUU Fi; 00YCIIOBIEHHON CyTOYHBIM BpallEHUEM 3EMIIH
BOKpPYT CBoell ocu (pucyHok 6). Bemwmuuna F.



Puc. 6.

OTIpeIeTIAeTCS M3 3aKOHA BCEMHUPHOT'O TATOTEHHUs, aF, =m-r-®, rae Mm— macca

Tena, [ — ero pacCTOsSHUE OT 3eMHOM OCH, (® — YTJI0Basi CKOPOCTh BPAIICHUS
3emumn. Cuiia TSXKECTH TeJla COBIAAET C CHIION €ro TATOTEHUS TOJIBKO Ha MOJI0Ccax
3emun, Tak kak TaM Fug= 0 (motomy uto I = 0). HauGonbmiee ornuuue P ot Fy;
HaOJIoIaeTCs Ha dKBaTope, rae F, — MakcuManbHa (Tak Kak I' = Rz = max) u
HaIpaBjeHa B CTOPOHY, TPOTUBOIIOIOKHYIO Fogp .

Cuiia TSKSCTH Tella TTOYTH HE 3aBUCUT OT CKOPOCTH €r0 OTHOCHUTEIIBHOTO
JBIDKEHUS, OHA MPOIOPIHOHAIbHA MacCe TeJla U MOXKET OBbITh IMPECTaBICHA B
BUJIE:

p=m-/_:f.

r7ie § — YCKOPEHHE CUJTBI TSHKECTH, 0OYCIIOBIIGHHOE TI0JIEM TATOTCHUS 3EMITH.
BennunHa g u3MeHsEeTCs ¢ IIUPOTOM () MECTHOCTH TaK ke, KaK M CUJja TSKECTH P.
VYckopenue g BOJIM3M MTOBEPXHOCTH 3eMJIM U3MEHSIETCsI OT 3HaueHus 9,78 m/c2 Ha
AKBATOPE J10 3HaUeHUS 9,83 M/c2 Ha moitocax. ITO 0OBICHAETCS, KpOME
CYTOYHOTI'O BpallieHus: 3eMJIU BOKPYT CBOEH OCH, €III€ U CTUTFOCHYTOCTBIO 3€MHOTO
1apa BJ0JIb OCH BpallleHus (TIOJIIpHBIN paauyc 3emiin paBeH R, = 6357 km, a



AKBATOPUATBHBINA R, = 6378(km). OmHako, BKIIa ociieaHero (pakropa
He3HauuTesaeH. OHUM U3 ClIOCOO0B AKCIIEPUMEHTAIBHOTO ONPE/IeICHUs] 3HAYCHUS
g sIBJsIeTCS METOJI MaTeMaTHYeCKoro MasTHUKA. [Ipexae paccCMOTpUM HEKOTOPhIE
TEOPETUUYECKHE TOJIOKEHHS.

MaremaTH4eCcKM MassTHUKOM Ha3bIBA€TCS MaTepHUalbHAs TOUYKA, ITOJABEIICHHAS Ha
HEPaCTsHKUMOWM HUTH U COBEPILIAIOINIAsl KOJIEOaHUsI B BEPTUKAIBHOM TJIOCKOCTH IO/
JEUCTBUEM CUJIBI TsKeCTH (pucyHOK 7). Korjna MasTHUK HaXOAUTCS B MOJIOKEHUU
PaBHOBECHS, CHJIA TSKECTH P ypaBHOBEIIMBAETCS CUJION HATSDKEHUSI HUTH. B
OTKJIOHECHHOM € TOJIOKEHUU criia P 1 cuia HaTsSHKEeHUS HUTU AEUCTBYIOT Ha TEJIO
IOJ1 YTJIOM JIPYT K Jipyry. PaBHOAEHCTBYIOIIAs 3TUX CU Oy€T, BO3BPAILAIOIIAs
HIapUK B TIOJIO)KEHUE paBHOBECHs ciia Fg  BeTM4MHA KOTOPOU 3aBUCHUT OT yrJia o,
. [Ipu MaspIX OTKIIOHEHUSAX MAasiTHUKA JBU)KECHUE IIaPUKA MOXKEM CUUTATh
PAMOJIMHEWHBIM. 13 pricyHKka 7 BUIHO, YTO

F,=P-sina

O0o3Ha4uB CMCHICHUC IIAapHUKa U3 ITIOJIOKCHUA PaBHOBCCH:A YCPEC3 X MOKEM

X .
3anucary —=sina, rae | — mmHa
y

o)
MmasTHuka. Tornaa (2) 3anumercs B Buze F, = T-x. Tak kak P u | He usmenstorcs, a

CHJIa FB I10 HaIIPpaBJICHUIO BCCTAa ITPOTHUBOIIOJIOKHA CMCIIICHHUIO, TO MOKHO
3a11mcarthb:

F, = —kx=—P:sina, rie k = F .



Ycnosue (3) IrOBOpHUT O TOM, 4YTO IIPpHU MAJIBIX aMIINIMTydaX KoJIcOaHMsT MasATHUKA
ABJIAOTCA TapMOHHNYCCKHUMU (cnez[yeT OTMCTHUTD, YTO OIHI/I6Ka, BbI3BaHHas1

X .
JTOIIyLIEHUEM paBeHCTBaT =Sina , Ipy 3HAYEHUAX O= 5°

ne npesbimmaer 10 ).

N3BecTHO, YTO MpU rapMOHUYECKUX KOJICOAHUSX OTKJIOHEHUE B MOMEHT BpeMEeHH
ONIPENEISAETCS YPABHEHUEM:

X=xp8in @ = xps5in wf,

I7Ie X,— aMIUIMTYyAa Kojiebanusi, o, — ¢aza koyiebaHus, paBHas yri1y OTKIOHEHUS
Ha PUCYHKE 8. ® — MUKJIMYECKas 9acToTa, BeIpaxkaeMas (popmyitoit

w==2:w=27".

r7ie U — 4YacToTa, a T-nepuo KojaedaHuss MasiTHUKA.

Yckopenue ABMKEHUS IapuKa MOKHO ONPEAEIHUTh ITyTEM JBOINHOTO
muddepenupoBanus ypasHeHus (4). B pesynbrare 3Toro Mbl 0yieM UMETh:

a= % = — a’xsin wf.



VYpaBuenus (4) u (6) 1at0T COBMECTHO BBIPAXKEHUE

4n’

@= —w’-x WaH, cornacio (5), a= — X
“-.z
A\
4
Lral
T Tmn el

CornacHo BTopoMy 3aKkoHy HbproTOHA

X

Fo=m-.a=—mo*-x = —4a’m 7

C npyroii ctopoHsl, u3 (3) umeem:

~|%
-
I
|
»

[TpupaBHuBas npasele yactu (8) u (9), nomyunm Gopmyity A nepuoaa
KoJie0aHUI MaTeMaTHYeCKOro MasTHUKA

T=2n \/Z ,
g

OTKyJla BHUJHO, YTO TEPHOJ (YacToTa) KoJeOaHW MaTEeMaTHYECKOTO
MasiTHUKA HE 3aBUCUT OT €r0 MaccChl.

2. Boinosinenue padoTthl. [IpuBecTy MasTHUK B IBIJKCHUE, OTKJIOHHB II1ap Ha
yroui, He npesblmatonuii 5°. Konebanus q0MKHBI COBEPIIATHCS B OJHON
iockocTH. [1onb3ysch cekyHA0MEpOM ONpeAeuTh BpeMsl /,B TeYeHHE KOTOPOTO
MasATHUK ClIeJIaeT N MOJHBIX KoseOaHui. ONbIT MOBTOPUTH 5 pa3 Tak, YTOOBI YUCIIO
N B Ka)K710M ombiTe cocTarsio oT 20 1o 100 monubix konebanuit. [lepuos

o t
koneOanuii T B KaXXJIOM OIIBITE€ BBIYUCIIATH U3 COOTHOIICHUS T =— H, COTJIACHO
n

(10), momyuuTh 3HaYEHUE J U3 OKOHYATEIBHON pacyeTHON (POPMYIIbI:



JlnuHa MasTHUKA | M3MepeHa npeBapuTeNIbHO U 3HAYCHUE €€ UMEETCS B
nabopatopuu. DKCIEPUMEHTaIbHbIE TaHHBIC 3aHECTH B TAOJIMILY U MPOBECTH
MaTeMaTHYeCKyl0 00paboTKy pe3ysIbTaTOB, MOJTYYCHHBIX B X0/I€

9KCIICPUMCHTA.

NeNe t; Ti | G Oep | £0i | AQep
wo | | () | (c) |/ |(m/c?) |(m/c?) |[(m/cP) | E%

KoHTposbHBIE BONIPOCHI
1. Kakas cucrtema orcuera Ha3pIBa€TCsS HHEPIIUATBHOMN?

2. OOBsICHUTE 3aBUCUMOCTb YCKOPEHUSI CHJIBI TSDKECTH OT Teorpaduueckoit
LIUPOTHI MECTHOCTH.

3. BriBegute hopmyiy uis nepuoaa kojeObaHUut MaTeMaTHYECKOr0 MasiTHUKA.

4. Tlouemy yriioBas aMIUIUTya KOJeOaHUNW MasgTHUKA HE JIOJDKHA MPEBBINIATH
5°7

5. Uto Ha3zwiBaeTcs (puznuecKuM MasTHUKOM? 3aluIluTe MepUoj KojaeOaHus
¢dbuzmyeckoro masiTHuka. UTo Ha3bIBaeTCsl MPUBEACHHOMN JJIMHOU
(buU3MYECKOro MasiTHUKA?

Jlureparypa

CasenbeB U. B. Kypc dusuku. Mexanuka. MonekynsapHas ¢pusuka. M.: Hayka,
1989. T.1.Tn. 8. §§ 11, 12. C. 44—A47, 187—193.

Msikumes I'. §., Byxosues b. b. Kypc ¢usuku. YueOnuk mia 10 knacca cpeaneit
mkoiel.— M.: [IpocBemenue, 1987. I'n. 1. Mexanndeckue kojaeOaHus U BOJHBI.



Il.  Meron pusnyeckoro mastauka (Metoq beccens).

JlaHHBII METOJ| OCHOBAH HAa CBOWMCTBE CONPSIKEHHOCTHM LEHTpPAa KadaHWs U
Touku mozaseca (puc.10): B KaxxaoM (QU3NIECKOM MAasTHUKE CYIIECTBYIOT JBE
TOYKM, IPH IIOCJIENOBATEIBHOM IIOJBEIIMBAHUM 3a KOTOpPbIE MAasTHHUK
COBEpIIAECT KOJEOaHUs C OAHMM M TEeM K€ nepuoioM. PaccrosHue mexmy
TUMU TOYKAMHU OINPEACIIAET JUIMHY JaHHOTO MasTHUKA.

Ecnu amrmntyaa konebaHus MasiTHUKA Majla, TO TIEPHOJ] €T0 KOJICOaHMsI MOXKET
OBITH OmpesesieH o hopmylie:

T=27t/ ! .
mga

ITo Teopeme I toirenca-IlITeitnepa o nepeHoce ocer UMEEM:

I=lg+ma’ ,

rac |0- MOMCHT MHCPIHUHU OTHOCUTCIIbHO OCH, HpOXOI[HIHGﬁ qcpe3 OCHTP MACC U
HapaHHGHBHOﬁ OCH KadaHWH:, |- MmomeHT HHCPIOHNHN MasATHHUKA OTHOCHUTCIIBHO
HpOHSBOJ’IBHOﬁ OCH, a- pPaCCTOAHUC OT HaHHOﬁ OoCHh 10 OCHTpPa Macc. Ha
OCHOBAHHHU 3TOI'0 MOKHO 3aIIuCaThb:

a; A

_}; _____ o| LleHTp

| | TAxecTM
COp

a;




W3 5TuX ypaBHEHUN HMeEEM:

Tiga,-T;ga,=4 " (af — a3)

[IpeoOpazoBanue nocienne Gopmysibl MO3BOJISIET MOTYUUTh:

g=4n2(a% — a3 )l Tial-Tgaz

[Ipu paBenctBe nepuonoB (T1= T,) gaHHOE ypaBHEHHE MOXKHO TEpenucaTh B

BUJIE:

g=4n’L/T?,

rae L=a,+a,-mpuBenennas JyimHa GU3NYECKOTO MasiTHUKA.

Onucanue npudopa.

OO6mwmii Bua 060poTHOTO ((HDU3UUECKOT0) MasiTHUKA TMPEACTaBiIeH Ha puc. 11.
OH COCTOMT M3 METAUIMYECKOTO CTepkHS A JIMHOW mopsnka 1 M, Ha
MOBEPXHOCTh KOTOPOT'O HAHECEHbl MILIUMETPOBBIC JieneHus. OmnopHbie

pr3Mbl B 3aKkperneHsl )KeCcTKO Ha TaHHOM cTepkHe. UeueBuua /I HaxoguTcs

Ha KOHLIE CTEpKHS (HEe MeXAy MpU3MaMH) MU MOXET IepeMeniaThCsl BJIOJIb

CTEpPKHS IO  MWUIMMETPOBOM Mmikane. PaccrosHue mexnay mnpusmMamu B

ITIOCTOSIHHO M BBIOUTO Ha CTCPIKHCE.

1.

MOJIB3YSICh  CEKYHJIOMEPOM, OTPEICTUTE TIEePUOAbl KOJICOaHUS JTaHHOTO
MasTHUKA TIPH PA3TMYHBIX TIOJIOKEHHSIX dyedeBuIlbl JI Ha mkasie ( oT 7-ro 10
12-ro nenenusi.) B mnpennokeHHOM WHTEpBaJ€ MEPUOMBI KOJeOaHUs
MasiTHUKA OIpeenure, nepemeias yeueBuiy 1 (mar 5 Mmm). Bl nomyuure
11 3Hauenuit mnepuoma kosebanusi wmasiTHuKa. Ilepuon KoneGanus
OTIpEJIEIISIETCS U3 pacueTa, uTo 3a OMpeeICHHOE BpeMsi MasiTHUK COBEPIIINI
100 xonebaHui.

[ToydeHHBIC TaHHBIC 3aHECUTE B TAOJIHITY.

[TepeBepHUTE MasSTHUK, 3aCTaBbTE €r0 COBEPIIATh KOJICOAHNUS OTHOCUTEIILHO
BTOPOM OmnopHOM mpusMbl B. B Tex xe mpenenax, ¢ TaKuM XK€ IIaroMm
OTIpEJICNTUTE MEepro bl Konebanuii MasTHuKa ( U3 pacuera 100 konebanuit).
[Tomy4yeHHBIC TaHHBIC 3aHECUTE B TAOJIHILY.

B omHMX KOOpAMHATHBIX OCAX MOCTPOWTE TpadUKU 3aBUCUMOCTH TIEpUoia
kojeOanuss T OT TOJNIOKEHUS YEYECBHUIBI Ha MUJUIMMETPOBOM IIIKaje



CTepXHs(B claydae, KOraa KojeOaHus MPOUCXOAST OTHOCUTENIbHO OJHON U
Jpyroi ONnopHbIX pu3M). ['paduku 1OJIKHBI Iepeceybcsi B OTHOM TOUKE.

6. 3Has KOOpAUHATHI 3TOM TOUYKH, OIPENEIUTE €IIE pa3 MEepPUOAbl KOJICOaHUs
MasiTHUKA, B CiIy4ae, KOT/1a OH COBEpUIAET KOJeOaHNUs OTHOCUTENIBHO OJIHOM,
a 3aTeM BTOpoii onopHoil mpu3m B. Haxoxst ero cpeanee apupmerndeckoe
3HAYECHUE.

7. 3Has nepuoj kosieOanus T, mnMHY L=a;+a,, onpenenure yCKOpeHHE CBOOOIHOTO
nmaaceHus g.

8. CpaBHUTE pe3ynbTaThl, IOJIYYEHHBIE B X0/1€ FKCIIepUMEHTa (cityyait 1 u 2).

Jlureparypa:

Cagenbe W.B. Kypc ¢usuku. Mexanuka. MonekynapHas — (u3uka.-
M.:Hayka,1989.T.1.I'n.8.-C.44-47,187-193.



Jlabopatopnas pabota NelO.

Omnpenesienue ko3¢gduuuenTa 00beMHOro pacimiupeHusi KepocuHa /{roonra u
IITu.

[IpunaanexxHocTu: nabopaTopHas yCTaHOBKA, IEKTPUUYECKas IUIMTKA, KoJoa,
TEPMOMETP.

Meron /[ronmonra w IItm, ycoBeplIeHCTBOBaHHBIM PeHbIO, OCHOBaH Ha
WCITOJIb30BAHUU DPABHOBECHUS JBYX CTOJIOOB J>KHUIKOCTH, B COOOIIAFOIIMXCS
cocynax. B a3ToM cimydae BBICOTBI  CTOJIOOB  JKHIKOCTH  OOpaTHO
MPONOPLMOHAIIBHBI IJIOTHOCTSIM KUJKOCTH B HUX (BBIBECTU CAMOCTOSTENIHHO).

Hns  ompenenenus KodpduimeHTa OOBEMHOTO pACIIMpPEHUsT KepocHHa
BOCIIOJIb3YEMCsl CIeAYIONIeH 1abopaTopHO ycTaHOBKOH (cM. puc. 15).

Puc. 15 JIabopaTopHas ycTaHOBKA.



Kepocun 3amnonHseT coo0mamuecss CoOCyabl, OTKPBITbIE KOHIIBI KOTOPBIX IS
yo0CcTBa OTCYETa PA3HOCTU YPOBHEN B HUX JKMJIKOCTH CBeJEHBI BMecTe. OHO
U3 BEPTUKAJIBHBIX KOJICH YCTaHOBKHM IIOMELIEHO B TepMmocraT B, a npyroe
HaxXOJIUTCA IIPU KOMHATHOW TeMmieparype. Uepe3 TepMocTaT NpOIyCKaeTcs
BOJIa 33JaHHOM TemmepaTypbl, Onarojaps 4eMy B COOOIIAIOLIMXCS COCyJax
U3MEHSETCS IUIOTHOCTh KEPOCHHA U YCTAHABIIMBACTCS OIPEICIICHHAs Pa3HOCTD
€ro ypoBHEM B KoJieHax. llojcumraem pa3HOCTh AaBIEHHWN B BEPTHUKAIBHBIX
KOJIEHaX J1ab0paTOpHOM yCTaHOBKH, OHA PaBHA

AP=H(p.- p1)g,
Trac pg- IJIOTHOCTB JKUIKOCTHU B 60JI€€ TCIIJIOM KOJICHE,
pl' IIJIOTHOCTBh )KUAKOCTHU B XOJIOJHOM KOJICHC.

JlaHHas pa3HOCTh JaBjieHUd AP ypaBHOBemmBaeTcss pasHoCThi0 ypoBHeH (h;-
h,) 1 paBHa

AP:H(hl'hg) P20,
MO3KHO 3amucarh CIEAYIOLIEE PABEHCTBO:
H(p2- p1)g= (h1-hy) p2g.

Tak kak o0beMm >kuakocTd Vi TpU HEKOTOpoW Temreparype t cBsizaH C
00bEMOM TOM K€ KUIKOCTH V(Ipu Temneparype to U3BECTHBIM COOTHOIIICHUEM

V]_: Vo(1+(lA t),
rae A t=t- ty-pazHocts TEMIIEpATYP,

o- KO3((PUIIMEHT TEIIOBOTO PACIIMPEHUS KUIKOCTH, TO MOJ0OHOE PAaBEHCTBO
MOXHO TIepenucaTh B BUJC:

Vi Vo=(1+0A 1),

rae A t-pa3HOCTb TEMIIEpATyp B BEPTHKAILHBIX KOJCHAX YCTAHOBKH, WIIH
pof p1=(1+aA t).

HOI[CTaBI/IM HOqueHHBIﬁ pe3ysibTaT B UCXOJHOC paBCHCTBO:

H(p2- p1)g= (hi-h2) p2g

Y TTOJTYYHM:

HaA t = (hy-hy) (1+aA t).



W3 mocienHero paBeHCTBA JIETKO TOJYYHUTh CISAYIONIYI0 paCYETHYIO (OpMYIy:
a=(h;-h,)/[H-(hs-hy)] A t.
Xoj BbINOJTHEHHUS Pa0OTHI.

s onpenenenust Kodp@dUIMEHTa OOBEMHOTO PpACIIUPEHUs KEpOCHUHAa o
HE00XO0IMMO M3MEPHUTh pa3HOCTh ypoBHE# (h;-hy) skxunkoctn B 06oux kojeHax,
BBICOTY BEpTHKaJIbHOTO KojeHa H u pazHoCTh Temmeparyp KHIKOCTH B 000UX
KoeHax A t.Pe3ynbrarhl M3MepeHUN 3aHECTH B TAONUIy U MPOU3BECTH HX
COOTBETCTBYIOIIYIO MAaTEMATHYECKYIO 00pabOTKY.

Jlureparypa:

Caennbe M.B. Kypc ¢usuku. MexaHuka. MoJekyisipHas —(Qu3uKa.-
M.:Hayka,1989. T.1.I'n.10.-C.276-250.

Kuxonn A.K., Kukoun U.K. Monekynsapuas ¢usuka.-M.:Hayka,1976.I'n.VII,
C.308-316.



JlabopaTtopHnas pabota Ne 9.
Onpenenenue otHomenus Cp/Cv.
| meton Knemana u Jlezopma.
[TpuHAIEKHOCTH: SKCIIEPUMEHTAbHAS YCTAaHOBKA.

1. Kparkas Tteopus. YAenpHOM TeIIOeMKOCThIO BemiecTBa C Ha3bIBaeTCs
KOJIMYECTBO TEIUIOTHI, HEOOXOJUMOE Il HW3MEHEHHUs TeMIIepaTyphbl
€AMHMIIBI MacChl 3TOrO0 BEIIeCTBA Ha OJIWMH TIpaayc. CorjmacHO 3TOMY
OIPEIEIICHUIO

AQ 1 Ix
sz[m] 1)

Korma BemecTBOM sBII€TCS ra3, TO HM3MEHEHUE €ro TeMIEepaTypbl MOXKET

IPOUCXOAUTH IPU MOCTOSIHHOM JaBJieHUU (p=CONSt), a Takke IpU MOCTOSIHHOM

oowseme (V= const). [Ipu 3ToM paznuyaroT yAeabHbIE TEIJIOEMKOCTH 3TOT0 Ta3a:

Cp- npu noctossHHOM JaBiaeHuH, CV-Ipu MOCTOSHHOM oObeme. OTHolleHue

ATUX ITAPAMETPOB SBISECTCS BAXKHOW TEPMOJAMHAMUYECKON XapaKTEpUCTUKON. B

YaCTHOCTH, OHO BXOJUT (KaK Mbl MOKaXeM HMKe) B ypaBHeHuu [lyaccoHna,

KOTOPOE OMUCHIBAET auadaTUYECKOE paclIpeHue (CKaTue) rasa.

PaccMOTpyM OCHOBHBIE ONpENETCHUS M IOJIOKEHUS TEPMOAMHAMUKH K
uaeanbHOMy razy. ['a3 Ha3pIBaeTCs HUICANbHBIM, €CIM OH YJIOBJIETBOPSET
CJIEIYIOIMM YCJIOBUSM: &) MOJIEKYJIbI HMMEIOT HCUE3A0IIEe MaJIbIE pa3MepHI (110
CPaBHEHHUIO C PACCTOSHUAMU MEX]y HUMH); 0) MPHU B3aUMHBIX CTOJKHOBEHUSX
U COYJAapeHUsIX CO CTEHKaMH COCy/la MOJIEKYJbl BEOyT ce0sl Kak aOCOJIIOTHO
ylOpyrue IIapukd; B) CHJIbl  B3aUMOJEHUCTBUS  MEXIy  MOJEKyJaMu
OpEeHEeOpEeKUMO Majbl, TaK KaK OHHU TMPOSIBISIIOTCS JIUIIb B MOMEHTHI
CTOJIKHOBEHHMI, a YMCIIO TIOCIIETHUX OYEHb HE3HAUMTEIbHO. Bo3ayx, B mepBoM
NPUOJIMKEHUU, MOKHO CUUTATh UIEATbHBIM Ia30M IPHU TeMIepaTypax OJU3KUX
K KOMHATHOW, HU3KUX AaBJieHUSAX (mopsiaka 760 MM/pT/CT) U HE3HAYUTENbHOU
BJIQ)KHOCTH.

TepMOIMHAMHUYECKOE COCTOSIHUE Ta3a OIPENeNsieTcsl TpeMs BEIUYUHAMU:
nasnenueM P, oobemom V u Temmnepatypoil T, Ha3bIBaeMbIMH OCHOBHBIMHU
rapaMeTpaMM CoCTOsiHUSA. MI3MeHeHue NByX WM Cpa3y BCEX TpPEX NapaMeTpOB
COCTOSIHUSI CUCTEMBI Ha3bIBAETCS TEPMOANHAMUYECKUM IIporieccoM. Pasnuyaror
n300apuuecKuii, M30TEPMHUYCCKUHN,  HW30XOPUYECKUU,  aauabaTHBIA |
IIOJIUTPOITHBIN IPOLIECCHI.



Bce TepmoamHamMuueckue MPOLIECCH  COMPOBOXKAAIOTCS OOMEHOM  WJIH
IIpeBpalleHueM dSHeprud. IIpm  3TOM Bcerzna BBINOJHAETCS IEPBBIA 3aKOH
TEPMOJMHAMHKHN, KOTOPBIA B NPHUMEHEHMM K 3aMKHYTOM CHCTEME IJIACHT:
TeIuioBas sHeprus Q, MoJBeCHHAs K CUCTEME, PACXOy€eTCsl Ha MOBBIILICHUE €€
BHyTpeHHel sHeprun AU u Ha paboTy A, MpOU3BOAUMYIO CHCTEMOW MPOTHB
BHEIIIHUX CHIJIL:

AQ=AU+A (2)
uiu B nuddepennmanbaon Gopme:
dQ=dU+dA (3)

MEPBBIM  3aKOH TEPMOJMHAMHUKHA JUIA Cllydas WJACAJbHOrO Ta3a HMEET
CIEAYIOLINI BU:

AQ=AU+PAV (4)
wiK B tudepeHuanbHon hopme:
dQ=dU+PdV, (5)

OTKyJia
Q=AU+['?PaV (6)
Vi
IIpuMeHeHNe MEPBOT0 3aKOHA TEPMOIHHAMHUKH K H30MPOIeccaMm.

BHyTpeHHsIs1 SHEpPIUsl CUCTEMBI COCTOUT U3 CYMMbI KHHETUUECKON YHEPTUH U
MTOTEHIMAJIBHOW €€ MOJIEKYJI. I3MeHeHne BHYTpEHHEN SJHEPTUM PABHO
KOJIMYECTBY TEILIOTHI, MOJYYCHHOMY B pe3yJibTaTe TEII000MEHa, €CIlI ra3 He
3aTpaduBaeT pabOThI HA PaCHIUPEHUE, T. €. €CIIU MPOIECC U30XOPUUECCKUMA
(o6beM ocTaeTcs MOCTOSHHBIM), To CV=CONSt u, cea0BaTeIbHO, HMEEM:

AQ=AU= Cv m ‘AT umu AU=Cv m AT (7)

rae CV-yzaenbHas TeIIOEMKOCTh Ta3a IPH MOCTOSTHHOM o0beme. J{ms
M300apruyYeCcKoro mpoiiecca 0yJ1eM UMETh:

AQ=Cp m -AT (8)
CoBepiiieHHas IpU pacIIMPEHUN ra3za paboTa (C y4eTOM ypaBHEHUS COCTOSTHHS

PV=% RT) pasHa

A=[)*PdV



WJIY, IOCKOJIBKY P=const, To

A=P [ *PdV

H, CJICA0BATCIIBHO,
A=PAV= % RAT. (9)

W3 BBIIEH3I0KEHHOTO MOXKHO MOTYYUTh BbIpakeHus, csizbiBatomue Cp u CV:
UMEHHO  BbIpaxkeHus (7,8,9) TMO3BOJAIOT 3amucaTh MEPBBIA  3aKOH
TEPMOJIMHAMUKH B BUJE:

Cp m AT =Cv m AT +% RAT, mwnm, T.x. Cp'=Cp-p; CV'= Cv-p1. TO
cp' % AT=CV % AT+% RAT wm Cp'= CV+R; Cp- CV=R (10)

[Ipy DOCTOSTHHOM TemIepaType MPOUCXOJUT H30TEPMUUYECKOE HN3MEHEHUE
COCTOSIHUS, KOTOPOE ONMCHIBAETCA 3aKOHOM boisi-Mapuorra:

PV=const, (11)

1
P~;. Tax xak T= const, To BHyTpeHHsis1 ’Heprusi raza U=Cv mT ocraercs

MOCTOSIHHOW W TEPBBI 3aKOH TEPMOJAMHAMHKH CBOJUTCS K COOTHOIICHHUIO
dQ=dA=PdV, unrerpupoBaHuie KOTOPOTo JaCT:

V2
A= fv , Pdv
C yueToM ypaBHEHMS COCTOSIHUA UJICATBLHOTO Ta3a PV=% RT nomyunm:

v2dv
fVl 7 PGBYJ'II)TaT HHTCTPUPOBAHUA 3AIINIICTCA B BUAC!

A="RT
u
A=ZRTIL 2. (12)
u v’

N3 (11) crnenyet cripaBeAIMBOCTh CJIEIYIOMINX BbIPAXKEHUN:

Va. V2
A,=PVil, 7 Ay=P,Vl, v (13)

1 1

3amensis B (11) oTHomeHue 00EMOB OTHOLIEHUEM JABICHUM, MOTYYUM:

P,

P
A1=P1V1In P—i, AZ:P2V2|n P_1 (14)



[TonpoGHee paccMoTpuM aanabaTUUYECKH MpoIlecCc, KOTOPhIM mpoTekaeT 0e3
TEIUIOOOMEHA C OKpPY)KAIOIIEW CpeNoi, T. €. IPH MOJHOW TEIIOM30JIALHHY,
dQ=0. B sTOoM cny4ae mepBbIii 3aKOH TEPMOJMHAMHUKH 3aITUIIETCS B BHC:

O=dU+PdV. ITockoneky dU= Cv m dT (cormacuo 7), P=— — (ypaBHeHHe

m RTAV
COCTOSIHHA), TO B PE3YJITATE IMOJACTAHOBKU MOJYyYUM — CV m dT—; :

v

[Toacrasmsis 3nauenue R u3 (10), mociie mpeoOpa3oBaHus MOTydaeM

—Cvm —(C CV) . IuTerpupoBanue naer
1T2dT_ ~ |~ (T2 4V
—Cv le —=(Cp- Cv) le =
17001 —CV/InQ:(Cp/- Cv) In2
Ty Vi
DT0 MOXKHO NIEpenucaTh B BUC:
/ / _¢/ / _¢/
()C”()CC”HHH ()CC

Ecnu P1,T1,V1- mapaMeTpbl Ha4aIbHOTO COCTOSIHUS ra3a,

/
Cp
P,,T,,V,-mapameTpbl KOHEYHOTO COCTOSTHUSA, y—c— - MMOKa3aTeab aanadaTsl, TO

v

IMoJIy4acM BbIPAKCHHUC!

Ti_ Voyy— -1

2=(&)Y"1 yom TV '=const, (15)

T, ™1

apisitonieecs: ypaBHeHueM Ilyaccona. Ha ocCHOBaHMM BBIIIEH3IIOKEHHOTO,
BbIpakeHue (15) MOKHO TIPEACTaBUTh U B APYroM BUE (MCTOIb3Ysl YpaBHEHUE
COCTOSIHUS):

v—1

2=(2) 7 wm T'P"'=const.  (16)
2 2

[IpupaBuuBas npassie yactu (15) u (16), nomyunum:

5@y wmwm PV'=const,  (17)
P, "\,

Teneps HECIOXHO BBIPa3uTh PabOTy, COBEPIICHHYIO MPHU aanabaTuuecKoM
paclIMpeHnu raza, MpUMEHUB MEPBOE HAYAIO TEPMOJIUHAMUKHU:

A=-AU; AU=Cv m (T,-T);



c _c/
A= Cv m(Tg-Tl): —Cv m(Tl-Tz)z%

p—Cé - Cv m(Tl-Tz).

C/
YuuTbiBas, 4To Cz/j — C{,=R u C—f’ =y, MOJIy4aeMm: (C{, = Cvp)

v

Cy R
A=R—7— m(Tl'TZ):E % (T1-T»)

p
H, CJICOOBATCIBHO,

mR

—y M(Tl'TZ)- (18)

WUtak, ecam BO3MOXKEH OECHpENsTCTBEHHbI TEIIOOOMEH CHUCTEMBI C
oKpyxarouieri cpemgoit, t.e. A T=0, TO mpoTeKarmUid MPOUECC HA3BIBACTCS
u3zoTepMuyeckuM. Eciiu TeninooOMeH ¢ OKpy»Karolel cpeloil OTCyTCTBYET T. €.
AQ=0, To mpomecc Ha3biBaeTca aguabarmyeckuM. llporeccsl, 3aHuMaromme
IIPOMEKYTOUHOE IIOJIOXKEHUE MEXAY OTUMH KpalHUMH CIIy4asiMH, HeE
CYLIECTBYIOIIMMHU HA MPAKTUKE, HA3bIBAKOTCS MOJUTPONHBIMU. DTO MPOIECCHI,
IIPU KOTOPBIX TPOUCXOIUT YACTUUHBIN TEIUIOOOMEH C OKPYKAIOIIEH Cpeoil.

Ecnu 3ak0HBI H30TEPMHUUECKOTO U aI1adaTUYECKOTO MPOIIECCOB U300pakaroTcs
dbopmynamu (11) u (17) COOTBETCTBEHHO, TO 3aKOH MOJUTPOIHOTO MpoIiiecca
UMEET BUJI:

rae 1<n<y  PV"=const, (19)

N3orepmudecknii M agmabaTHUECKUil MPOIECCHl MOXKHO pPacCMaTpuBaTh Kak
YacTHbIE Cllydyau  [OJUTPOMHOrO mpolecca, Uil KOTopblx N=1 u n=y.
[Ipoananu3upoBaB BbIpaKeHUs sl M3oxopudeckoro (16) u nzobapudeckoro
(15) 3aKOHOB MOKHO JIETKO yOEIUTBhCS B TOM, YTO U OHHM TaKXKe SIBISIOTCS
YACTHBIMU CJIy4asiMH TOJIUTPOITHOTO MPOIECCa, a UMEHHO OHHU CIPAaBEIJIUBBI
NPy 3HAYCHUSAX TOKa3aTessl MOJUTPOINHBI N=co(mis u30xopuueckoro) u N=0
(m7st M306apUUECKOro).

2.0nucaHue HJKCHEPUMEHTAJBLHOH YCTAHOBKM W TEPMOJIMHAMMYECKHX
MPOLIECCOB.

Onucanue IKCNEPUMEHTAIBLHON YCTAHOBKH . Y CTaHOBKA (CM.pUCYHOK 11)
COCTOUT U3 CTEKJITHHOTO OaJlJIoHa 4, COSAMHEHHBIX ¢ HUM TPEXX0J0BOro kKpaHa K
u BonsiHoro Manometrpa B. Cocyn 4 uepe3 kpaH K NPHUCOEIMHEH K PE3UHOBOM
rpyuie C. Kpan K, B 3aBUCUMOCTH OT €r0 MOJO0KEHUS, TO3BOJISIET:

- HarHeTaTh BO31yX B cocy]l (mosoxenue 1),



- HM30JIMPOBATh COCY]l OT MOCTYIUICHHS BO3/lyXa (MOJIOKEHUE 2),
- OCYUIECTBIIATH COOOIIIEHUE TIOJIOCTHU cocyia ¢ aTMochepoit (mojgoxeHue 3).

B nanHoil pabote HeoOxoauMo ompenenuts 3Hauenue y = C,,C, mua
BO3/yXa METOJOM, KOTOpbIM mpemioxunu Kieman u Jlezopm B 1819 1. B
CTEKJISIHHBIN OaiioH 4 rpymieit C uepe3 kpaH K, yCTaHOBJICHHBIN B MOJIOKEHUU 1,
HarHeTaeTcsi HEKOTOPOE€ KOJUYECTBO BO3AyXa JO [ABJICHUS MPEBBILIAIOIIETO
atMocdepHoe P,. DTo n30bITOYHOE JaBicHHe N uaMepsercs mMaHoMeTpoMm B. [Tpu
ATOM B OaiioHe A uccaeayeMbli BO3IyX HaXOAUTCS P KOMHATHOM TeMIiepaType
T, w nasneauu P;-Po + h.

Otkpoem kpan K (monoxenue 3). J[aBieHue ra3za HayHET CpPaBHUBATHCS C
aTMOC(EpHBIM JIaBIICHUEM, a €T0 TeMIIepaTypa cHavajla HECKOJIbKO TTOHU3UTCS U3-
3a  OwICTporo (aguabaTUYECKoro) pacuiupeHus, a 3aTeéM CHOBa Ha4HET
NpuOIMKaThCd K KOMHATHOW TeMmrieparype. BBuiy Toro, 4to TEmiompoBOJHOCTh
CTEHOK OayioHa A  (cTekia) Maja, a JAUaMeTp TPYOKH, COSOUHSIOLIEH IMpHU
noMoInM kpana K monocth O0amioHa ¢ aTMOc(epoi, BeIUMK, TO pPaBHOBECHE IO
JIABJICHUIO YCTAHABJIMBACTCS 3HAUYUTEIHHO OBICTpEE, YeM MO TeMIeparype, T. €.
At,<<Aty, rae uepe3 At, Aty 0003HaYeHBI COOTBETCTBEHHO BpPEMEHA
BBIPABHUBAHUS JIABJICHUS U TEMIIEPATYPHI.

[Tycth kpan K ObLT OTKPHIT B TEYEHUE MTPOMEKYTKA BpeMeHH At Takoro, 4To
Aty >>At >> At,. B 3TOM Cilydae IpolecC pacuMpeHHs BO3/1yXa OKa3bIBAETCS
HOYTH aarabaTHYECKUM, MOTUYMHSIOMUMCS 3akony Ilyaccona: PV’ = const.(17)
[lepexoast B JaHHOM ypaBHeHUM K TiepeMeHHbIM P u T (c momoibio ypaBHEHUs
COCTOSIHUA), HAlZEM, UTO IJIsl aAuabaTHuecKoro mnpoiecca

G =G (16)

B koHme = agumabaTUyecKkoro  pacliMpeHusi  jAaBiieHue P, paBHO
atMmocepHoMmy Po, a Temmeparypa 7, OKa3bIBaeTCS  HECKOJBKO  HUKE
KOMHAaTHOU



]

Puc.13. J/labopaTopHasi yCTaHOBKA.

TeMriepaTypbl 1) (Temmeparypa ra3a MOHMXKAeTCs, TaK Kak paboTa paciiupeHus
COBEpIIaeTcs 3a CcYeT yObUIM BHYTpEHHEW sHepruu rasa). [locne toro, kak
KpaH K BHOBb OTKJIIOYaeT OauioH OT atMocdepsl (MOJoKeHHEe 2), MPOUCXOIUT
MEJUICHHOE HW30XOpHOE HarpeBaHWE ra3a CcO CKOPOCTBIO, ONpPEAEIsIeMOn
TEIUIONPOBOJAHOCTBIO CTEKIISIHHBIX CTEHOK. BMecTe ¢ pocToM TemrepaTypsl pacTer
W JaBjeHue ra3a. 3a BpeMs At = At, cuctema AOCTHraeT paBHOBECHS U
YCTaHOBUBINASICS TeMIepaTypa Tra3a [z CTaHOBUTCS paBHOM KOMHATHOM
temriepatype T; Ilpomecc Takoro BBIpaBHUBAHUS TEMIIEPATyphl TP 3aKPHITOM
KpaHe noauuHsAeTcs 3akony ['en-JIroccaka:

P,_P3_P3
T, Ts Ty

T .
Hcnonb3ys 3TOT 3aKOH, OTHOLIEHHUE TEMIIEPATYP T—l u3 (16), Haitnem:
2

G ="

PemmuM 310 ypaBHEHHE OTHOCUTEIBHO Y:

—_ Pl Pl — P1 P1
v=( )/ (|np—3)—(|np—0)/ (Ing .



B Hamewm ciryuae naBnenust P; u P, otnuuarorest ot Py m mociienHee BbIpaxeHHe
(20) MOXXHO CYIIIECTBEHHO YNPOCTUTh. BBeemM 0003HaueHHS

P1=P0+h1; P3=P0+h2.
Paznaras JIOl"apI/I(l)MBI B psaAa u npeHe6pera;1 YJICHaMU BTOPOI'0 MmopsiaKka MaJlOCTH,
MMOJIYYHUM:

VRl 22 [1(Pothy)- 1 (Pota)]= [n(L -+ EVL (L +5- 1h(1 + $2)=hy/he-hs. (21)

Boinosinenue padorel. O3HaKOMUTHCS ¢ ycTpoiicTBoM KpaHa K .. [loctaBuB KpaH
B NOJIOXKeHHE «l», ocTopoxHO BayBaroT B cocya A Bo3ayx. Korma pasHocts
YPOBHEHN BOJIBI B MAHOMETPE JTOCTUTHET 15—25 ¢M, KpaH NepeBOIAT B NIOJIOKEHHE
«2». Ilocne aroro, Korjma AaBICHUE YCTAHOBUTCS, NPOU3BOMAT IEPBBIA OTCYET
pasHocTu ypoBHed B mMaHometpe h;. [ToBOpoTOM KpaHa B TOJIOKEHHE «3» HArOT
BO3MOXKHOCTh COOOILATHCS MOJIOCTH COCYy/la ¢ aTMOC(epoil B TeUEHHE KOPOTKOTO
IpoMeXyTKa BpeMeHHu (1-2 ¢), Ipu 3TOM INPOUCXOAUT BhIpAaBHUBAHUE YPOBHEH B
KOJIEHaX MaHoMeTpa. BHOBb MEpEeBOAAT KpaH B MOJIOKEHHE «2». Uepe3 HEKOTopoe
Bpemst At = At ycTaHOBHTCS Pa3HOCTh YPOBHEH B KoyieHaXx MaHomerpa h,.
3nauenus h; u hy 3anocar B Tabauiy. OneIT cieayeT MoBTOpuTh He MeHee 8—10
pa3, KaxIbplid pa3 HECKOJIbKO M3MEHsisl BenmuunHy h;. JIns kakmoit mapel 3HaUCHHN
h; u hy; mo popmye

ONPEAENSIOT BEIMUMHY Y U MPOBOAST MaTEMaTHUYECKYI0 00padOTKy pe3yibTaToB
B COOTBETCTBUU C TEOPUEH OIIMOOK.

Ne i/t h; (M) h, (m) vi=C,/C, +A i E%

1.

10.




2. MeToa cTosiueil 3ByKOBO# BOJIHBI.

IIpunannexnocTu: 1ad00paTopHasi yCTaHOBKA.

Hus  ompenenennss orHomenus C,/C, Bocmoab3yemcs — CleAyrollel
YCTaHOBKO# (cM. puc. 15).

K Ha¥ITHHEAM

I'3-1

Puc. 14. JI1abopaTopHasi yCTAaHOBKA.

3necy K — nimHHas TpyOka ¢ BOJOW ¢ MIJIJTUMETPOBOM IIKAJION, COOOIIA0IIascs
pPE3UHOBBIM TIAaHTOM ¢ cocyaoM C, K BepXHEMYy TOPILy KOTOPOW MPHUKPEIUICH
MukpodoH, oOpamieHHbIE K TpyOke  wmemOpanour T. TpyOka coemuHeHa c
HaymHukamMu. Karymika snektpomarauta mukpodona T coenrHeHa co 3BYKOBBIM
reHepatopom 3I'.

Korna Bo30yxaeHHBIH TeHEpaTOpOM TOK IMPOTEKAeT depe3 KaTyLIKy MUKpPO(QOHa,
ero MeMOpaHa Ha4yMHAeT COBEPIIATh BBIHYXKJEHHBbIE KojieOaHus. Bo3myminbie
3BYKOBBIE BOJIHBI, PacHpOCTpaHssch B TpyOke K, oTpaxarorcs OT MOBEpXHOCTU



BOJbl. VI3MeHsisi ypoBEeHb BOJABI B cOCyie (MyTeM €ro MepeMElIeHUs] BHU3 WU
BBEpX) J100MBaeMCs MaKCUMaJbHOTO 3By4aHHs (pe3oHaHca). JlnuHy 3BYKOBOM
BOJIHBl A BBIYHCIUM uepe3 3amep paccrosHus Lk, Ha KOTOpoe [OJKEH
NEPEMECTUThCS CTOJO BOJBI B TpyOKe, NpH IMEpPeXoJe OT OJHOM TOUKHU
MaKCHUMAJIbHOTO 3BYYaHHUsI K JPYTOM:

L = N2,

rje A — JUIMHA 3BYKOBOW BOJIHBI. Tak Kak CKOPOCTh paclpOCTPaHEHUs 3BYKOBOM
BOJIHBI

v =2mv,

r1€ VvV — YacToTa 3BYKOBOM BOJHBI, TO IO ciexytouied ¢GopMmysiae MOKHO
OIIPEAEIUTh IoKa3zaTenb aguadarel v = C,/ Cy:

C,/ Cy=7y=0" u/RT,

rje W — MoJsipHas Macca Bo3ayxa, L= 0,029 xr/mMob,

R — yauBepcanbHas razosas rnocrosiuaas, R = 8,31 Jlx/mons K,

T — Temmniepatypa B 1abopatopuu 1o mkaie KenbBuHa.

Pe3ynpTaThl W3MEpEHHMI 3aHECTHM B TaOJMIy, MPOBECTH MaTEeMaTHYECCKYIO
00paboTKy MOJTYYEHHBIX PE3yJIbTaTOB.

CpaBHUTb pe3ynbTaThl oOnpeAeiacHust oTHoueHus temtoemkocreii C, / C,
MOJTyYEHHbIE IBYMSI CLIOCOOAMHU U C/I€JIaTh BHIBOI.



KOHTpOJILHbIe BOIIPOCHI H 3aJaHUsA.

1. Yrto Ha3pIBaETCs TEIIOEMKOCThIO BELIECTBA?

2. Uto Ha3pIBaeTCA yAEIBbHON TETUIOEMKOCTHIO BemecTBa? Ee pazHoBugHOCTH,
X (PU3NYECKUIA CMBICH, €IMHULIBI U3MEPEHUSI.

3. Kako# ra3z naszwiBaercsi uaeainbHbiM? IIpu Kakux YCIOBHUSIX peau3yercs
MOJENb UACATBHOTO ra3a?

4. Onucarb TEPMOJMHAMUYECKHE TMPOILIECCHl (M30MPOIIECChI, aInadaTUUYECKUN
Y TIOJIUTPOIHBIN). ['pauku 3TUX NpOLECCOB.

5. YpaBHeHue cocTosiHUS, ypaBHeHHEe MeHeneeBa-Kialinepona.

6. IlepBsIii 3aKOH TEPMOAMHAMUKH U €T0 IPUMEHEHHE K U30IIPOLIECCaM.

7. Iloka3aTh, 4YTO W3OTEPMHUECKHUI, WN300apUUECKUM, H30XOPUUYECKUN U
annabaTUYECKUN MPOLECCHI SIBISIOTCS YaCTHBIMU CIy4asiMU HOJUTPOIHOIO
nporecca.

8. C kakuMH IpoleccaMd Mbl HMEEM [eJI0 MpU BBINOJIHEHUU JaHHOU
JabopatopHOil paboThI?

9. BriBeaute popmymy (21).

Jlureparypa.

CapenbeB U.B. Kypc dusuku. Mexanuka. MonekynapHas ¢usuka. M.; Hayka,
1989. T.1, ri. 10. ¢.227-250.



JIABOPATOPHAS PABOTA Ne 6.
OmnpenesneHue BIaKHOCTH BO3AyXa NPH MOMOIIM IICKHXPOMeETpa.

IpunaanexHocTH: IcuxpoMeTp AccMmana, 0apoMerp, Jyra.

Oxpyxaronuii Hac aTMOC(EpHBI BO3AYX BCIEJICTBUE UCHAPEHUS BOJBI C
MOBEPXHOCTH BOJOEMOB M PACTUTEIBHBIX IMOKPOBOB BCETNla COIECPKUT B cebe
BOJSHBIE Maphl. McmapeHne ¢ OTKPBHITON MOBEPXHOCTH KUJIKOCTU MPOUCXOAMT JI0
T€X MOp, MOKa BCS )KUAKOCTh HE HCITAPUTCA.

[IpencraBum cebe Temepb, YTO JKUJIKOCTh HAXOAUTCS B 3aKpHITOM cocyze. B
TaKOM COCYJI€ OJHOBPEMEHHO C MPOIECCOM Mapoo0pa3oBaHUs IMPOUCXOAMUT U
oOpaTHBI MpolecC — MPEBpAILEHUE TNapa B JKUJIKOCTb. YacTb MOJEKys Mapa
BCJICJICTBHE TEIUIOBOTO JBUXKEHUS, MPUOIU3ZUBIINCH K MOBEPXHOCTU KHUIKOCTH,
BO3BpalaeTcs B KUAKOCTb. OAHAKO BHAYale YHMCIO MOJIEKYJI, BBUICTAIOMINX M3
KUJKOCTH, OyneT OOJblle, YeM YHMCIO MOJEKYJ, BO3BpAIAIOIIUXCS OOpaTHO B
KUIKOCTh. [l03TOMY MIIOTHOCTH Mapa B cocyjie Oy/1eT MOCTENEHHO YBETUINBATHCA.
C yBenMYEHHEM IJIOTHOCTH Mapa YBEJIMYHUTCS U YUCIIO €r0 MOJIEKYJ, HONaJarolInX
oOpaTHO B XKHUAKOCTh. HakoHell HACTyNmUT Takoil MOMEHT, Ha4MHas C KOTOPOTO
YHCIIO MOJIEKYJ, BBUICTAIONIMX M3 JKUAKOCTH B E€IUHUIY BPEMEHH, OKAXKETCS
PaBHBIM YHUCIY MOJEKYJ, BO3BpaIAOMIMXCS 00paTHO B KUAKOCTh. C 3TOro
MOMEHTa YHCJIO MOJEKYJ IMapa HaJ XHWUJIKOCTbIO CTAHOBUTCS TIOCTOSIHHBIM.
Hactymaer Tak Ha3piBaeMoe JuHaAMUYecKoe (TIOJIBKHOE) pPaBHOBECHE MEXIY
IapoM M KUAKOCTBIO. [1ap, HaxXoaAmMiCa B JUHAMUYECKOM PaBHOBECHUU CO CBOEU
YKUJIKOCTBIO, HA3bIBAETCS HACBHIIAIOIIUM WA HACHIIICHHBIM IIAPOM.

Hacepimennsiit map o0s1aiaet ciaeayomyMi CBOUCTBAMMU:

- IABJICHUE HACBIIIEHHOTO Tapa BO3pacTacT C YBEIUYEHHUEM €ro
TEMIIEPATYPhI;

- IaBJICHUE  HACBIIMICHHOTO Tapa JAHHOW JKWUJKOCTH MpPH  JaHHOU
TEMIIEpaType €CTh BEJIWYMHA IOCTOSHHAS.

Ecaun B mpocTpaHCTBE, coaepkaiieM Iapbl KaKOH-THOO KUIKOCTH, MOXKET

MMPOUCXOAUTh HCIIAPCHUC ATOH KHUIAKOCTH, TO IIap B O3TOM IPOCTPAHCTBC
Ha3bIBACTCA HCHACBIIIICHHBIM.

Ha ocHoBaHMuM cka3aHHOTO B aTMOc(epe MPaKTUYSCKH BCErAa COMCPIKUTCS
HEHACHIIICHHBI BOJAsSHON Tmap. Uem Oousbllle BOJSHBIX IapOB HAXOJIUTCS B
OmpelieIeHHOM 00beMe BO3/AyXa, TeM OJIMXKe Mmap K COCTOsSHHWIO HacklimeHus. C
JIPYrol CTOPOHBI, YEM BBIIIE TeMIepaTypa BO3JyXa, TeM OOJiblliee KOJUYECTBO



BOJISTHBIX MApOB MOTPEOYyeTCsl I €r0 HAChIEHUs. B 3aBHCMMOCTH OT KOJTUYECTBA
NapoB, HAXONAIIMXCS MPU JAaHHOW TemriepaType B aTMocdepe, Bo3ayX ObIBaeT
pa3IMyHOM cTeneHu BIaXHOCTH. OIpeAesieHne BIAXHOCTH HMEET OTIPOMHOE
3HAUEHUE MPU HCCIICOBAHUU PA3IMYHBIX SBJICHHUM B aTMocdepe NIl HEKOTOPBIX
BHUJIOB TPOU3BOJICTBA, COOJIOJICHUSI TUTHEHBI, XpaHEHUs TOBapoB W T. 1. Jus
OIICHKH CTETNEHU BJIAXKHOCTU BBOJSTCS CIEAYIONIUE €€ XapaKTePUCTUKU:

MakcumajibHasl BJIAKHOCTh. MaKCUMaJIbHOE KOJIMYECTBO BOJSHOTO Iapa,

3 .
KOTOPOE€ MOXKET HaXOAUThCs B 1 M~ BO3Ayxa MpU OMNPENEICHHOW TeMmIiepaType,
HAa3bIBACTCA MAKCUMAJIBHOM BJIAXKHOCTHIO WJIM KOJIMYECTBOM HACBHIIIEHHOTO Iapa

Pmax.

MakcuMaJibHasi BO3MOXKHasl Macca BOASIHOTO Inapa B BO3Jyxe

Pmax=
06beM BIaXKHOTO BO3/yXa

AOCOJIIOTHASI BJAXKHOCTh — 3TO KOJMYECTBO BOJSHOIO mapa, pakTHISCKH
coaepxkamieecs B 1 M.

Macca cofiepkaiierocsi B BO3/iyxe BOZAsIHOTO apa

06beM BIXKHOTO BO3/yXa

. 3
Enununeit usMepeHus Qe U @ sBisgercs B cuctreme «CHU» kr/M”, HO 00BIYHO

3

UCIIOJIb3YETCsl €IMHUIIA T/CM .

OTHocHUTe/IbHAS BJAKHOCTH — ATO OTHOIICHUE a0COJIFOTHOMN BIaKHOCTH
K MaKCHUMAaJIbHON Qpax, U3MEPSETCS B TporieHTax (%).

r= Ab6costoTHast BJaXKHOCTh

_MaKCI/IMaJIbHaH BJIAXKHOCTb . 100%:(p:npax . 100% (1)

Toukoii pochl Ha3bpIBaeTCsA Takas TeMIleparypa, IMPH OXJIAKICHHH JI0
KOTOPOW HaYMHAETCS KOHJICHCAIMS BOJBI, COJEPIKAIICHCS BO BIIAXKHOM BO3yXe
(oOpazoBanue pochbl). KonpeHcupyromuiics map BBICTYHAeT B BHJAE POCHI Ha
MIOBEPXHOCTH TBEPHABIX Tel. ECIM TaKOBBIX HEAOCTATOYHO, TO B TMPHUCYTCTBUU
[EHTPOB KOHJIeHCAIMH (TTbUIH) 00pa3yeTcsi TyMaH.

Tak Kak MakcHMaldbHas BIAXKHOCTb (Pmax 3aBUCUT OT TEMIIEPATYpPHI, TO
OTHOCHUTEJIbHASI BJIAXKHOCTh MEHSIETCS MPU U3MEHEHUU TEMIIEPATYPBI, JaXKe €CIU
a0COJIFOTHAS BJIAYKHOCTh OCTAaeTCsl HEM3MEHHOU. [Ipy oXJIaXAeHUN 10 TOUYKH POCHI
OTHOCHUTENbHAad BiIa)XHOCTEL nocturaet 100%.

AOCONIOTHYIO BJIQXHOCTh MOJHO XapaKTepU30BaTh WHaAYe, YyKa3bIBas
MapIUAIBHOE JABJICHUE BOISHOIO Mapa, COICPKAIIErocs B BO3AYXE, 4YaCTO
Ha3bIBAEMOE YIIPYTOCTHIO I1apa U BhIPAXKAEMOE B MM. PT. CT. E€ MOkKHO paccuuTarh
Y3 CIIEAYIOLINX PACCYKICHUM.



Macca 1 M° cyxoro Bosmgyxa mpo 0°C mpu ganeHus 760 MM. PT. CT. paBHa
1293 r. Ha ocnoBanuu ypaBHeHus Kiaitnepona wmacca 1 M BO3AyXa MpH

1293 P
temriepatype t° C npu naBinenun P MM. pT. cT. OyIeT paBHa Trar 760 D A€ 1/273

rpox’ KO>(pQUIMEHT paclIMpeHus Bo3AyXa. IlOJCUMTAHO, YTO ILIOTHOCT
BOJSHOIO I1apa MO OTHOWIEHWIO K IUIOTHOCTH BO3AyXa MPHU OJAMHAKOBBIX
JaBiIeHusX H Temreparype pasBHa 0,622. IlpumeHas U K BOASHOMY Hapy
ypaBHeHue KnaiinepoHa (4ro copaBeAJIMBO JHIIb [JIs MHapoB JAJIEKUX OT
HACBIICHAS), IOTYYHM [Ist 1| M° BOASTHOTO apa

(2)

1293-0,622 P _ P
T 760  1+at ' 1+at

[Tonp3ysich ATUM BBIPAXKEHUEM MOXHO OMPEACIUTH a0COTIOTHYIO BIAXKHOCTh
BO3/yXa. 3HAUEHUE YNMPYrocTu (MapiuaibHOIrO JaBjieHUsA) P mapoB BOABI MOXKHO
B3SITh U3 TAOJMIILI 5 JJIs1 KOMHATHOM TeMmnepaTyphl t.

OnpeneneHue  BIQXKHOCTH  BO3JAyXa  MPOU3BOAUTCS  OOBIUHO(  C
MCIIOJIB30BaHUEM TAOJIMYHBIX JIAHHBIX) METOJIOM OIpPECTICHUS] TOYKUA POCCHI WU
MCUXOMETPUYECKUM METOJIOM. PaccMOTpUM METOJ NCUXPOMETpPA, UCIIOIb3YEMbIN
B JIaHHOMU paboTe.

[IycTh JBa OJMHAKOBBIX TEPMOMETPA HAXOIATCA B OJMHAKOBBIX MOTOKAX
Bo3ayxa. [loka3aHus STHX TEPMOMETPOB, €CTECTBEHHO, JIOJDKHBI  OBITh
OJIMHAKOBBIMU. Eciu ke pTyTHBIN OaJIJIOHYMK OJHOTO U3 TEPMOMETPOB OyJIIEeT BCe
BpeMs CMOYEH, Hampumep, OOEpPHYT MOKpPHIM OaTUCTOM, TO TOKa3aHUs
TEPMOMETPOB OKaXXyTCs pa3lMyHbIMU. braromaps ucmapeHuio Bojabl ¢ OaTHCTa,
TaK Ha3bIBAEMbII «MOKPBIN» TEPMOMETP MOKA3bIBAECT TEMIIEPATYPY 00JIe€ HU3KYIO,
YyeM CyXOW TepMOMETp. UeM MeHbIIE BIAXHOCTh OKPYXKAIOLIETO BO31yXad, TEM
WHTEHCHMBHEE OyJeT HCHapeHHe M TeM HUXKE MOKa3aHHs MOKPO TEPMOMETPA.
OTcueTsl 10 ABYM TeMIepaTrypaM AaayT pa3HOCTh TeMIepaTyp, KoTopas U OyaeT
XapaKTepHU30BaTh BIAXKHOCTh Bo3ayxa. [Ipyu ycTaHOBUBIIEMCS peXUME UCIIAPEHUS,
KOTI'Jla TeMIepaTypa MOKpPOro TEPMOMETpPA y’KE€ YCTaHOBUTCS, IPUTOK Teruia Q; Ha
UCITAPEHUE BOJIBI C IOBEPXHOCTH TEPMOMETPA.

Ilo 3axony HproTOHA 32 equHNIY BpEMEHU UMEEM
Ql =a (t — tl)'Sl,

rae (t — t)) — HamOouyblias pPa3HOCTh TEMIIEPATyp CYXOro M BJIaKHOTO
TEPMOMETPOB,

S1 — MOBEPXHOCTH OAINIOHUMKA BJIAXKHOI'O TEPMOMETPA,



o - KO3((PUIHMEHT IPONOPIHUOHATHHOCTH.

[To 3akony /lanmbroHa (0 mapiuadbHOM AAaBJICHWH) UCIAPEHHE B CAUHUILY
BPEMEHHU OTPEJIENACTCS BEIPAXKECHUEM

M=cS,(P,—P)/H,

rie H — arMmocdepHoe nasienue,

P, — JaBlieHME HACBIIIEHHOTO BOJSHOTO Tlapa MpU TEMIIepaType
UCTIAPSIONIEHCS KUIKOCTH (TEMIIEpaType BIAXKHOTO TEPMOMETPA),

P — JaBJICHUC BOASHOIO IMapa, HAXOAAIICTOCA B BO3IYXC,

C — KO3(pQUIMEHT NPONMOPIUOHATBHOCTH, 3aBUCSIINN OT CKOPOCTH
BO3JIYIIIHOIO MOTOKa B Ipudope,

S, — mIomAaab MOBEPXHOCTU CYXOTO TEPMOMETPA.

HpI/ITOK TCILJIa U3BHC IIPHU 3TOM MOJKHO 3aIllMCaThb

Q,=ML=cLS,(P,—P)/H, rze

L — yACJbHad TCIIJIOTa UCITApCHUSA BOABI.

I[lpu Q; = Q, m S; = S, momyvaem

cL(P,—P)/H=0a(t —t;), oTkyna

P=P,- A(t —t)H,

rae A = o /c L. — mocrosiHHas mpumensiemoro mpubopa. s ctaHAapTHOTO
aCIHMPAIMOHHOTO TICUXpPOMETpa 3HAu€HHWE JTOW BEJIMYMHBI  OIpelesseTcs
DKCHEPUMEHTAIBbHO, OHO paBHO A = (,000662. B cBA3u c 3TUM MOCIeqHEE
ypaBHEHUE IPUHUMAET BUIL:



P=P, -6,6210" (t —t,)H.

[lo nmanHOM QopMyse MOKHO TOCUUTATh 3HAYEHHWE AaOCOJIOTHON BIIAKHOCTHU
BO3/ayxa B abopatopuu. Bennuuny P, 6epyT U3 tabnuisl «/laBienue u mioTHOCTh
HACBIIICHHBIX MapoB BOAbD (Tabymma 5, [Ipuioxenue), armocheproe gaBnerne H
ONPEIEIISIOT C TOMOLIBI0 0APOMETPA, YCTAHOBIEHHOTO B J1a00OpaTOpuHu.

Boinosinenue paGoTrbl. YUeOHBIM  TPUOOPOM IS ONpPEACIICHUS
OTHOCUTEIBHOM  BJIAXKHOCTH  SIBJIIETCA  aCHUPAUMOHHBIA  (IIPOyBaeMbIi)
ncuxpomeTp AccMaHa, IpUMEHsIEMbIN B HacToslled padbote. OH COCTOUT U3 IBYX
HUKEJIMPOBAHHBIX TPYOOK, 3alMIIAIONIMX OT HArpeBaHMs JIyYHCTOW HHEprueu
CYXOH M CMOUYEHHBII TEPMOMETPHI, TOMEIICHHbIE BHYTPH HUX. CKBO3b TPYOKHU TIPH
MOMOIIM BEHTUJISTOPA, IOMEIIEHHOTO B BEPXHEW YacTu Mpudopa, mpocachiBacTCs
C OINpENENIEHHOW CKOPOCThIO CTpys Bo3ayxa. Jlo Hayama ombiTa KyCKOM
CMOYEHHOTO B BOjie 0aTHCTa MJIOTHO OOMAThIBAETCS PTYTHBIA OAUIOHUYMK OJIHOTO
U3 TEPMOMETPOB MCUXPOMETPA. DTy OMNEPaII0 HECI0KHO BBIMOJHUTH, OTKPYTHUB
BTYJIKY B HIWKHEM KOHIIE HUKEIMPOBAHHOU TPyOKH. 3aKpyTUB BTYJIKY, 3aBOJAST
NPYKUHHBI  BEHTWIATOP KIIOYOM, pPACIOJIOKEHHBIM B BEpXHEW YaCTH
ncuxpoMerpa (40 OTKa3za, HO TakK, 4YTOOBl HE MOpPBaTh MPYKHUHY 3aBOJHOTO
MexaHusma). Korjga mokazaHusi BIQXKHOTO M CyXOTO TEPMOMETPOB YCTAHOBSITCS
(uepe3 4-5 MUHYT), UX 3aMUCBHIBAIOT B TaOmuIy. BeHTHIATOp TIpU 3TOM JIOJDKEH
paboTaTh MOJHBIM Xo0A0M. [Ipu oTcueTe moOKa3aHU TEPMOMETPOB IO ACCATHIX
JIOJIEN Tpajyca peKOMEHIYETCS MOJIb30BaThCA JIyTIOM.

B nabGopatopuu uMeeTcs «ICUXPOMETPUUECKHI Trpaduk» (HOMorpamma) Mpu
MOMOILIM KOTOPOTO OMPEAEIISIETCS Cpa3y BEIMUYMHA OTHOCUTENIbHON BIAXXHOCTH [ B
nporeHTax. Jlemaercss 3To creaytomuMm oOpazoM. B BepxHeM TropU30HTaILHOM
psaay uMcenl HEoOXOIMMO HaMTH 4YuClo, JAaroulee Ttemmepatypy t cyxoro
TEPMOMETPA W YHUCIIO, JAKOUIEro TeMmoeparypy t; BIaXHOro TepMOMeETpa.
OTHOCHTENIbHAST BIIAXKHOCTH IO 3TOM HOMOIPAMME OIpPEAENAETCS Kak TOYKa
NIEPECEUCHHS] BEPTUKAIbHBIX U HAKJIOHHBIX MPSIMBIX.

[Tpumep: Ilokazanust cyxoro tepmomerpa 20°C, a Bmaxsoro 17°C, T. e.
t=20°C, t;=17°C. Ha nepeceyeHnr BEpTUKAIbHOM MPAMOW, UyIIEH OT uncia «20»
M HAKJIOHHOM mpsMOM, wuaymed or uyuciaa «l7», HaxoAuM  TOYKY
COOTBETCTBYIOIIYI0 OTHOCUTEIBLHOU BIAXKHOCTH 74%.

[Toryuennoe 3HaueHue I' B % 3aHOCAT B COOTBETCTBYIOILYIO rpady TaOJIULIbI.



YtoOBI HE TAYKATh HOMOTPAMMY, PEKOMEHTYEM:

- TI0JI30BAThCS JIMHEWKOW WM MPSAMOJMHEMHBIM KpaeM JiMcTa Oymaru;
- He HaHOCHUTHh Ha TpauK TOYEK M JIPYTHMX MOMETOK (OCOOEHHO PY4YKOH) B
MECTax NepeceueHUs JINHUM.

Hara IToxka3zanus ITokazanuss | OTHOCHTE/bHAS | AOCOJIOTHAS
CyXoro MOKPOTIo BJIAKHOCTD BJIA’KHOCTH B
TepMOMeTpa | TepMoMeTpa BO31yXa B KOMHATe
KOMHAaTe
t°C t,°C r % () MM PT. CT.

Jns onpeneneHus: aOCOMIOTHOM BIIAXKHOCTH () MCHOJIb3YETCS
Bennuuny Py

dbopmyna (4).
cilenyeT B3sATh M3 Tabmuuel 5 npu temneparype t;. 3nauenue H
Oepyr u3 mnokazaHuii Oapomerpa. Pasnocte (I — t;) Oepercs u3 BbIlIe
pacnosnoxeHHo! Tabnuupl. [lonydeHHbIN pe3yabTaT 3alUChIBAETCS B MOCIETHIO
rpady nanHou Tabmuiel ( T.K. P=¢). Eciu Tenepp u3 TaOMMIBI 5 BEIMUYUHY
naBieHus P, HACHIIIEHHOTO Mapa Mpu TeMIlepaType OKPYXKalollero Bozayxa (1o
MOKalIaHUsIM CyXxoro tepmMomerpa) t, To cornacHo ¢popmyse (1), Jerko moayyuTh

3HAQYCHHUE OTHOCUTEIILHOMN BIAXKHOCTH [

r=—2—100%=2-100% (5)
Pmax Py

Boeruucnenne no gopmyne (5) 3HaueHHE I BRIPa3UTh B MPOICHTaX U CPABHUTH CO

3HAYCHUEM OTHOCHTEIILHON BIAKHOCTH, TIOJIYICHHOU C TTOMOIIIEI0 HOMOTPaMMBI.

KOHTpO.]'IBHBIe BOIIPOCHI U 3aJaHU:.

1. KakuMm siBIIsieTCsl BOJSHOW Map, HAXOSAIIUKUCS B BO3IyXeE, IIPU TEMIIEPATYPE
BbIlIE TOUKHU pockl? [Ipu TemnepaTtype HUKe TOYKH POCHI?

2.006a TepmomeTpa AccMaHa TTOKa3bIBAIOT OJMHAKOBYIO TemmepaTypy. Kakosa
OTHOCHUTEJIbHAs BIAYKHOCTH Bo3ayxa (B %)?

3.ITo dopmyne (2) BeIUMCINUTE aOCOJIOTHYIO BJIQXKHOCTHh BO3AYyXa, MUCIOJIB3YS
JJaHHbIE, TIOJlyYeHHBIE B XOJI€ BBINOJHEHUSI JIa0OpaTOpHOW pabOTHI.

CpaBHUTE MOJIYYCHHBIH pPE3yJlbTaT CO 3HAYCHHEM (O, BBIYMCICHHBIM II0
dbopmye (4).

JIuteparypa.



1.byxoBueB b.b.,KnumonTtosuu FO.JI., Mskumes I'.51. ®uznka. Ousnka: YueOHUK
s 9 knacca cpeguedt mkossl.-M.:ITpocsenienue, 1986. I'n.5.C.76-85.

2.®u3uka: YueOnuk mis 10 kmacca mKoJbl C yrIIyOJIGHHBIM MU3ydeHHEeM (PU3NKH /
O.®.Kabapaun, B.A.Opnos, 3.E.OBenuuk u np.; Ilog pen. A.A.Ilunckoro.- 7
m3a.-M.: IIpocenienne, 2002.- 415c¢.



JlabopaTopHasi padora Ne 5.

Onpenenenue KO3(pPUUEeHTa BHYTPEHHET0 TPEHUS JKUAKOCTH 110 METOLY
Crokca.

IlpuHaNIeKHOCTH: CTEKJISIHHBIA UWIUHAP C KUJAKOCThIO (TJIMIIEpUH) U
MEPEIBUTAIONIMMHUCS METKAMH HA HAPYXKHOW ITOBEPXHOCTH, CTAIBHBIC LIAPUKH
Majoro JaWaMeTpa, CEeKyHJAOMep, MacmrTaOHas JWHEHKa, ITaHTCHIIUPKYJIb,
MUKPOMETP, MarHUT Ha HUTH.

1. Kparkas Teopusi. BSI3KOCTh WM BHYTPEHHEE TPEHUE-ITO CBOMCTBO I'a30B
U SKUJIKOCTEM OKa3bIBaTh CONPOTUBIIEHUE MEPEMEIICHHUIO OJHON MX YacTH
OTHOCHUTENIBHO JIpyroil. Bs3kocTh TBepApIX Ted 00JadgaeT psaIoM
celupUIecKuX 0COOEHHOCTEW U paccMaTpUBAETCS OOBIYHO OTAEINIBHO.

Tedyenne IKUIKOCTEH TP HAIWYUU BHYTPEHHETO TpPEHHs, HO He
COINPOBOXK/AOIIEECs O0pa30BaHMEM BUXpEH, Ha3bIBAETCS JIAMUHApPHBIM.
BHyTpeHHEe TpeHHE BO3HHMKAET B JKHJIKOCTH BCIEICTBHE B3aUMOJECHCTBUS
MOJIEKYJ. B JKHIKOCTM MOJIeKylda MOXET IPOHMKHYTHh CJIOW JIMIIb IIPH
oOpa3oBaHMM B HEM IMOJOCTH, JOCTATOYHOM JUIsl TNEpEeCKaKWBaHUS TyJa
Moiekyiasl. Ha oOpa3oBaHue mMOJOCTH (HA  «PBIXJICHUE»  KUJKOCTH)
pacxoayercs Tak Ha3blBaeMas JHEpPrusi aKTUBALMMU BS3KOTO TEYEHUs. ITa
DHEPrus YMEHBUIAETCS C POCTOM TEMIIEpaTypbl U TOHWKEHHUS JIABJICHHUS.
Crporoil Teopun BS3KOCTH JKHAKOCTEH emie Her. Ha mnpakThke HIIHPOKO
OPUMEHSIOT PAJ SMIUPUYECKUX U TOJYIMIUPUUECKUX (HOPMYII, JTOCTATOUHO
XOpOILIO OTPAXKAKOIIUX 3aBUCUMOCTb BSI3KOCTU OTIEIBHBIX KJIACCOB KUIKOCTEN
U PacTBOPOB OT TEMIIEPAaTypbl W XHWMHUYECKOIO cocTaBa. Ecim B BA3KYIO
XKUJKOCTh OIYCTUTh TBEPIYI IUIACTUHKY W MEIJICHHO €€ BBITATUBATH, TO
MO>KHO Ha0JII0IaTh KAPTUHY, U300pakeHHyt0 Ha pucyHke 10. [Tpuneraromas
IJIACTUHE YacTh XKUAKOCTH MPUIMIAET K HEH U JABUXKETCS C TOU K€ CKOPOCTHIO
v, 4T0 M IIacthHa. CreayromMe YacTh KUAKOCTH TOXKE NPHUBOIATCS B
JNBUKEHUE, HO CKOPOCTM UX TEM MEHbIIE, YEM JalbllIe OHU HAXOIATCA OT
wiactuHel. O6nacTe B 00beMe KHIKOCTH, Ha KOTOPYIO pPaclpoCTpaHseTCs
BO3MYLIEHUE, HA3bIBAETCS MOTPAHUYHBIM c10eM D.

OcCHOBHOHM 3aKOH BSI3KOTO TeueHHs: Obu1 yctaHoBiieH WM. Hptotonom B 1687
rofy:
Av
F=n—S
x>

rac F—cpma, BBI3bIBaromiass CABUI' CJIIOCB KUAKOCTHU, paBHaA IO BCJIMYHWHE, HO

IMPOTHUBOIIOJIOKHA IO HAITPABJICHNIO, CUJIC COIIPOTHUBIICHUA FT.p.!



Av o
1, TPAIMEHT CKOPOCTH B 00JacT paccMaTpUBAaEMON YacTH MOTPaAaHUYHOIO

CIIOSl, S-TIOBEPXHOCTh IUTACTUHBI (C 00EMX CTOPOH) KOHTAaKTUPYIOWIAs C
xuakoctelo.  Kosdduument  mpomopumoHamIbHOCTH 1) Ha3bIBaeTCs
JUHAMHYECKOM BSI3KOCThIO. Bennmuunna, oOpatHas e, o=1/n, Ha3bIBaeTcCs
TekydyecTbto. Hapsny ¢ JOuHaMudeckol BSA3KOCTBIO pPacCMaTpHUBAIOT —€IE
KMHEMAaTUYECKYI0 BS3KOCTb, KaK OTHOILIEHUE m/p=y, TOe p- IUIOTHOCTh
BelecTBa (KUIAKOCTH).

Cnoucroe JBWXKEHHE HMEET MECTO B IIOTPAaHUYHOM CJIOE€, CO3JIaHHOM
BHYTPEHHUM TpeHueM. Ho ero MO>KHO IOJTy4YUTh JIUIIG [PU JOCTATOYHO MAJIBIX
ckopocTax. IIpum OOJIBIIMX CKOPOCTSAX JABW)KEHHE B IOIPAHUYHOM CJIOE
CTAHOBUTCS  TypOyJeHTHbIM. TypOyJI€HTHOCTBbIO  HA3bIBA€TCS  CHIJIBHO
3aBUXpAIONIEECS IEPEMEIIMBAHUE MOTPaHUYHOro ciiosi. TypOyneHTHOCTb
YBEIIMYMBAET BA3KOCTb KUJIKOCTH Y 3HAYEHUE CUJIBI COITPOTUBIICHUS.

e —————

Puc. 10.



[lepexon OT naMUHAPHOTO TEUEHUS K TypOYJIECHTHOMY B TMOTPAaHUYHOM CJIO€
ONPEEIACTCS «KKPUTUYECKUM» 3HAYEHUEM OTHOILLIECHUS

_pab6oTa yckoperusa__lup )
paGora TpeHus 1

rie -JIJuHa, ompenensmonias pasmep Tena( HaOpuMmep, paauyc TpPyObl WU
MONEPEYHBIN pazMep 00TEKAeMOro Teja), V- CPEeIHEe 3HAYCHHE CKOPOCTH MOTOKA
OTHOCUTEJIBHO TBEPAOr0 Tella, P- IUJIOTHOCTh JKUJKOCTH, M-KodhdduuueHt
Bsi3kocTH. Uucio R, BBeneHo anrnuiickum ¢uzukoMm PeitHonbacom B 1883 roay u
Ha3bIBacTCsa 4uciioM PerHonbaca. Maneie uucia PedHONIBACA COOTBETCTBYIOT
npeobyialaHnio paboThl TpPeHHUs, OoJbIIHe-TIpeoOIaaHui0 PabOThl YCKOPEHHUSI.
WNneanbHOi >kUIKOCTH 0O€3 TpeHHs CoOTBETCTBYeT Rg=co. «Kpurnueckue»
3HaueHus1 R, BbI3bIBaIONIME TYpPOYJIEHTHOCTH MOXHO OIPEIACIUTh TOJBKO
sKcrepuMeHTanbHo. B rmaakux tpybax R. 6onbmie 1160. [ns ciydas aBH>KeHUs
chepudeckoro Teila B OE3rpaHUYHOM Cpelie MPU MalbIX 3HAYCHUSX YHCIa
Peiinonpaca (Re<<l) anrmmiickuii ¢u3uk CTOKC TEOPETUYECKU BBIYUCITHII
3HAYEHUE CUJIbI CONPOTUBIICHHUS

F.p=6mmo, (3)

rjae r-paauyc tena (mapuka). g n3mepenus 3HadyeHus: Kodp(UIHEHTa BI3KOCTH
N CTOoKC Npeu1okKuiI UCIIOIb30BATh U3MEHEHNE CKOPOCTH PABHOMEPHO IMaJAOILErO
B cpene Tena. [lycte HeOOMbINON mapuKk maaaetr B cToyioe *Kugakoctu. Ha mapuk

o 4 3 4 3
JEUCTBYIOT TPU CUJIBI: CHJIA TSDKECTH, paBHAas Enr pe, ApXI/IMeILOBa cuiia gnr pod U

CHJIa CONpOTHUBIEHUS F,p, YpaBHEeHHE NBHKCHNUS IIAPUKA 3AIIUIIETCS B BULE:

dv 4
m=>="mr’(p-po)g-6mrmu. (4

IIepBoe Bpems MIapuK ABUKETCA YCKOpPeHHO. HO mepBbIil 4wieH B NMpaBoM 4acTu
paBeHCTBa (4) oOCTaeTcsi TOCTOSHHBIM, a BTOPOW YBEJIWYUBAETCS C POCTOM
CKopocTH. biiarogapst 3Tomy pa3HOCTh MEXAYy HUMH IIPU HEKOTOPOM 3HAYEHUU U
oOparaercst B HyJb. Jlasee mapuk magaeT paBHOMEPHO CO CKOpocThio v. Ilpum
TAKOM JIBUKECHHUU

21 (p-po)g-6mrmu=0,  (5)
ToTJa nzg p;ﬁ gri. (6)

Takum o00pa3om, 3Has CKOPOCTh YCTAHOBHBIIETOCS IBUXKEHHUS U , TJIOTHOCTH
IIaprKa M IJIOTHOCTh JKUAKOCTH (COOTBETCTBEHHO P M Pg), PAAMyC IMIapuKa I H



YCKOpEeHHEe CBOOOAHOTO MajieHus ( B JAaHHOM MecTe, MOXXHO 1o Qopmyne (6)
OTPEJEIUTh 3HAaUCHHE KOI(PPUIIMEHTA BI3KOCTH KHUIAKOCTH.

Crnenyer oTMeTUTH, 4TO (hopMyia (6) SBIIETCS HE COBCEM TOYHOM, TaK KaK MPH €€
BBIBOJIE HE OBUIO YYTEHO TO OOCTOATENHCTBO, UTO IIAPWK Tajas BHU3, BHITECHSET
KUJKOCTh. BceriencTBue 3Toro co3gaercsi MOTOK KUIKOCTH BBEPX M BO3HHUKAET
nononaHuTeNnbHas cuia. [lpu ydere atoit cuibl hopmyna (6) i HUIMHIPUIECKOTO
coCyJla MPUHUMAET BU/I;

=E P—So | gr? ( )
9 v 1+24r1/R’

rae R-BHyTpeHHHMI paaumyc cocyda ¢ KUIKOCTho. [Ipu cootHomenuu /R=0,1
pasnuyue B 3HAYEHUAX 1) MOJIYYEHHBIX 10 popMynam (6) u (7), coCTaBIsIET OKOJIO
25 %. B peanpHbIX YCIOBHSAX PEKOMEHAYETCS MPOBOAUTH BBIYHUCIICHUS 10
dopmyite (7), Tak kak otHomenue /R ot 0,05 mo 0,1.

2. BbInosiHeHue padoThI.

[TpuGop st ompeaeneHus: BA3KOCTU o MeTtoay CTokca mpeacTaBisieT coOoi
CTEKJISTHHBIM COCYJl C MCHBITBIBAEMOM >KUJIKOCThIO (LmiuHAp). Ha nwnmuaape
MMEIOTCS METKHA. BepxHss MeTKa 03HA4aeT HAa4yajao PAaBHOMEPHOTO JABHKECHUS
mapuka (pucyHok 11). PekomenmyeTrcs cieAyromMil MOPSIOK IPOBEICHHUS
paboTHI.

1. V3meputb JAWaMETpbl MNPUMEHSAEMbIX IIApUKOB MHUKpoMeTrpoMm (3-5
IIAPUKOB).

2. V3MepuTh IUTAaHT€HLUUPKYJIEM BHYTpEeHHUN nuamerp R mununapa c
KUAKOCTBIO. 3 TaONMUIIBl B3ATh 3HAUEHUS P U Po JUIsI MATEpUAJIOB IIapUKa U

KUJIKOCTH.

3. Onpenenauth U U3MepHUTh pacctosiHus ly,lp, ... MacmTabHOM MHHEHKON. DTH
pa3Mepbl U 3HAYEHUS BPEMEH {y, 1y, ... X TPOXOKICHUS IAPUKOM 3aHECTH
B TaOJUILy.

4. OneIT MPOBOANTH BABOeM. OMH OMyCKaeT MIApUK NP MOMOIIH MUHIETa B
MWIMHAP Kak MOXHO Ommke K ero ocu. Btopoit (Habmromatens)
pacrosaraeT ria3 HalpoTUB BEpXHEH METKH, YTOOBI OHA CIIMBAJIACh B OJHY
npsiMyto. B MOMEHT MpOXOXIEHHs IIapUKOM Yepe3 JaHHYI0 METKY
HaO0IaTeNIb MyCKaeT B XOJ CEKYHIOMEp W pacrojaraeT TJjia3 HalpOTHB
BTOpOM, BbIOpAHHON 3apaHee METKU. B MOMEHT NpOXOXKIEHHUS IIapuKa
yepe3 Hee OCTaHABIMBACT CEKYHIOMED.

5. Jlna ynoberBa dhopmyiy (7) npeacraBuM B BUJE:



n= [ (Pp)9l [

1+2,4 r/R v

Puc.11.

I'JC 3HAUCHHC IICPBOIO MHOXHTCIII B npaBoﬁ 4aCcTh OT OIIblTa K OIIBITY HC
MCHCTCA. Torz[a, YUYUTBIBAA, 9YTO

2
5(P-po)g=a=const, (8)
MO>HO (7°) 3amucath B BUJIE:

r2 t

n=a-1+2’4 /R I ©)

Ecau onbIThl BBIMOJHSIOTCS C IIapUKaMH OJMHAKOBOro jauamerpa, To B (7°) oT
OIIBITA K OMBITY OCTAETCA HEU3MEHHBIM U 3HAYEHHE BTOPOTO MHOXKHUTEA, T.€.

r?

m:b:COHSt. (10)
C yuderom storo (9) nepenuiercs B BUAE:

n=a-b: % (11)



Wtak, nmest 3HaYCHUS P, Po ¥ § — B3ATHIE U3 CHPABOYHBIX Tabymil, U I 1 R-
W3MEpPEHHbIE JKcrnepuMeHTaabHo 1o (opmynam (8) u (10) paccuuThIBaIOT
3HaueHUs & U b B egunmnax omnoit cuctemsl («CHU») m 3aHocar B Tabmuiy 1.
BerancnuB He MEHEE TpeX 3HA4YCHHH 1) MPOBOMIT MaTeMAaTHYECKYI0 0OpabOTKy
MIOJIYYCHHBIX PE3yJIbTaTOB.

Ne ni/m a b |(m) t(c) n(H—f iA“(H_;

1
2
3

Nep™ AN = E=

IMpumeuanue 1.I1pu npoBeIeHUY OMBITOB C PA3IUYHBIMU M0 JUAMETPY HIAPUKAMU
3HA4YCHUE 1] paCCUUTHIBATH 10 opmyiie (9).

2HpI/I H€O6XOI[HMOCTI/I IIOBTOPUTH OIIBIT C OJHHUM M TCM KC IIAPHUKOM, HOCHGIIHI/Iﬁ
MOXHO J0CTaTb CO AHa COCyaa IIPpH IIOMOIIMW MarHuTa, IPUBA3aHHOIO K HUTH U
HaxoasAmerocs BHYTpHU COCyda C JKUAKOCTBIO.

3. BerunciaeHue 3HaUuCHUS T COOTBCTCTBYIOT KOMHATHOU TCMIICpATypcC.
KOHTpOJIbeIe BOIIPOCHI M 3aJaHUil.

1. Yem 00ycOBICHBI BHYTPEHHEE U BHEIIIHEE TPEHUS B KUIAKOCTSIX?

2. UTto Takoe MOrpaHUYHbIN CIOW, TPAIMEHT CKOPOCTH? 3amucath U OOBICHUTD
dbopMyITy, BEIPAXKAIOITYI0 OCHOBHOM 3aKOH BSI3KOTO TPEHUSI.

3. Urto Takoe AMHAMUYECKas U KHHEMaTHIeCKas BI3KOCTH?

4, KakoB cMmbicia uncia Pelinonbaca?

5. C yueTroM cuji, IEUCTBYIOIIUX Ha IIAPUK, BRIBECTU (HOPMYIY ISl pacuera
Kod(puireHTa BI3KOCTU KUJIKOCTH.

6. Kak u3meHHUTCS 1 C ©IBMEHEHHEM TeMIIepaTyphbl, modemy?

Jlureparypa

CapennbeB U.B. Kypc ¢usuku. Mexanuka. MonekynspHas ¢usmka.-
M.:Hayka, 1989. C.38-39,131-147.




JlabopaTopHasi padora Ne 7.
Omnpenenenne K03pPUUMEHTA JMHEHHOT0 PacIIMPEeHUs TBEPAbIX TeJl.

IIpuHaajgeXKHOCTH: HarpeBaTeIbHBIH TPHUOOP CO CTPEIOYHBIM
MHUKPOMETPOM, IMITAHTCHIHUPKYJIb, CTCPKHH U3 Pa3JIUUYHBIX MAaTECPHUAIOB
(cTtanmb, JaTyHb, MEAb, aJIOMHUHHH, CTEKJO), KOMHATHBIH TEpMOMETD,
NUHIET, CTCKJSIHHBIC NPOOMPKH, BOJa KOMHATHOH TeMIepaTypsl B
Konbe.

1.Kparkasa teopus. MI3mMeHeHne pa3MepoOB TBEPABIX, KUAKUX MU Tra-
3000pa3HBIX TEJ NPU HATrPEeBaHUM CBSI3aHO C MPOSBICHUEM CHJ B3aUMO-
NEeWCTBUSA MEXAY CTPYKTYpPHBIMU uHacTuuamu Teya. M3 MonekynspHO-
kuHetuueckor teopum (MKT) cTpoeHus BemecTBa BBITEKAIOT
CIEeIyIOL1Ee OCHOBHBIE BBIBOJBI:

—BCE Teja MPHUPOJBl COCTOST M3 KOJOCCAJIbHOTO YHCJIAa aTOMOB U
MOJEKYJI, HAXOAANMXCA B COCTOSHUH OECIPECTAHHOTO XAOTHUYECKOTO
JIBVIKCHUS,

—MEXJy aTOMaMHd U MOJIEKYJdaMH ACUCTBYIOT CHJIBl MPUTSKEHUSA U
OTTaJIKUBAHUS,

—CpeaHsAs BEJIMYMHA KUHETUYECKOW HHEPrUU XaOTUUYECKH JBUXKY-
HIMXCS ATOMOB UM MOJIEKYJ oNpeaeseT Temnepatypy tena. [loBsimenue

TEMIEPATYPbl O3HAYAET YBEJIWYEHUE CPEIHEW CKOPOCTH XaOTHYECKOTO
JBUKCHUS YaCTUIl, MOHUXXEHHE TEeMIlepaTyphbl, HA00OPOT,— YMEHbIICHUE
CpEIHEN CKOPOCTH ATOr0 JBHKEHUS, a, CJIEAOBATEIbHO, U KHHETHYECKOU
SHEPTUU aTOMOB U MOJIEKYII.

OTHU YacTUIBl 00JaJal0T TaKk€ MOTEHIHAJILHON dHEPrue, 3aBUCSIIEH OT
UX B3aMMHOTO PACIOJOXKEHHsA. B TmepBoM NpUOIMKEHHH MOXXHO CUYHUTATh,
YTO KMHETUYECKAs SHEPrus JBUKECHUS YaCTHUIl, U3 KOTOPBIX COCTOUT TEIO,
BMECTE C TMOTEHUMUAJIbHOW JHEPrHerd HUX B3aUMOICHUCTBUS COCTABIISACT
BHYTPEHHIOK SHEPTHUIO TENA.

["a3pl. B razax yacTuIiibl HAXOASTCA Ha CPAaBHUTEIBLHO 0oJiee JaJIeKUuX IpyT
OT JApyra pacCTOSHHAX, YEM B TeJlaX TBEPAbIX M *KUIKuX. CienoBaTelsibHO,
CHUJIBI MOJIEKYJIIDHOTO B3aMMOJECHUCTBUS B HUX YPE3BBIUAWHO MaJbl, TO3TOMY
MOJIEKYJIBI ra3a y4YacTBYIOT B TOCTYNATeIbHOM JBUXEHUHU. OTHUM
00BSACHSIETCS CBOMCTBO ra3za 3aHMMAaTh BECh MPEIOCTABICHHBIN €My 00BeM.
N3BECTHO, UTO MOJIEKYJBI COCTOSIT U3 aTOMOB, B COCTaB KOTOPBIX BXOJIST
MOJIOKHUTEILHO MW OTPUIATEIBHO 3apsS)KEHHbIE YACTHUYKH -MPOTOHBI M
AJIEKTPOHBI. B3amMonelWcTBMEM MW JIBUKEHHUEM OTHUX YaCTUUYEK U
00yCJIOBJIEHBI B OCHOBHOM CHJIBI MOJIEKYJIIPHOTO B3aUMOJ€CTBUS.



Kunkoctu. B KHAKOCTAX CHIIBI OPUTSKEHUS MEXKIAY MOJEKYJIaMH
BCJIEACTBUE OOJBIION OJM30CTH UX BeCbMa 3HA4YMTENbHBI. Hamuumem 3THX
cull o0bscHseTcs TOT (akT, YTO JBE€ KaIIM JKUAKOCTU IPU CONIpPU-
KOCHOBEHHUM CIHBAIOTCA B OJHY Karuro. CBs3p MEXIYy MOJIEKYJIaMHU IO3BO-
JSET €Ille OTIAEIbHBIM MOJIEKYJIAM «CKOJB3UTh» JPYT OTHOCUTEIBHO ApPYTa.
[TosTOMYy XKHAKOCTH JIETKO MEHSET CBOIO (QOopMy HpU MEpEIWBAHUU €€ H3
OJTHOTO cOocyza B Apyrod. ITO CBOMCTBO XKUAKOCTH Ha3bIBAETCS TEKYUECTBIO.
['a3pl U KUAKOCTH (KPOME «KPUCTAJUIMYECKUX)» KUIKOCTEH) OTHOCATCS K
U30TPOINHBIM (C OJAMHAKOBBIMU (PU3NUECKUMH CBOMCTBAMHM B KaXJOW TOUKE
3aHUMAeMOro o0bemMa) U OJJHOPOHBIM CpelaM.

TBepapie Tena. B TBepAbIX Tenax MOJIEKYJBl CUIBHO COJIMKEHBI MEXKIY
co00if, MO3TOMY CHJIBI TPHUTAKEHUS MEXKIAY HUMHU OYEHb BEJIUKH. DTHUM
00BACHsETCS (PaKT coXpaHEHHs cBOell (opMbl U 00BbEMa TBEPIABIM TEIIOM.
Jna u3zmeHenus xe (GopMbl U oO0bEMa TBEPAOro Tejla HEOOXOIMMO NpHU-
JOXHUTh K HEMY 3HAauUTEIbHYI0 cuiy. Ho M B TBepIbIX Telax 4acTHUIbI HE
HEMOJABHMXHBI: OHM OECHOPAJOYHO KOJEOIIOTCS OKOJO HEKOTOPBIX CPEeAHUX
noJjiokeHui. CBA3b MEXIYy 4YaCTHLAMH B TBEPABIX TeJax IOXOKa Ha CBA3b
MEXJAy I[IapuKaMH 0pU MOMOUIM NpYXUHOK (pucyHok 12). Ilpyxunsl
CONPOTHUBIAIOTCS KaK pacTsHKEHUI0, Tak U cxaruio. KoHeyHo, B
JNEeNCTBUTENBHOCTH HUKAKUX MPYXKUHOK HET, HO 3Ta MOJENIb CBSI3U JaeT
BO3MOXHOCTb NPUOJU3ZUTEIBHO BEPHO OOBSICHUTH PE3YJIbTATHI OMBITOB.

rr@ress @ lyrrr vy
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OCKOJIKM CTEKJIa HENb3sl CPACTUTH, MPUKIIAJAbIBASA UX APYTr K APYry, TaK Kak
M3-3a HEPOBHOCTHU HE yaaeTcs uX COJM3UTH HA TO PACCTOSHUE, HA KOTOPOM
HAQUYUHAKOT NPOSABIATBCA CHJIBl MOJEKYJISIpHOro mnputsbkeHus. Ho ecnu
pa3sMATYUTH CTEKJIO HarpeBaHWEM, TO PA3JIUYHBIE CTHIKH MOXHO TECHO
COJNIM3UTH JAPYT C APYTrOM M CTEKJIO cnauBaetTcs. [Ipu HarpeBaHuu TBEPIOTO
Teja YBEJIUYUBACTCS CPEIHSSI CKOPOCTh KOJIEOATEIbHOTO JABUKECHUS YaCTHII.
[Ipy 5TOM yBEIMYUBAIOTCS CPEIHHUE PACCTOSAHUA MEXKAY YaCTUIIAMH, YTO
NPUBOJUT K YBEJIUYCHUIO JTUHEHHBIX Pa3MEPOB, a CJIEA0BATEIHLHO, U 00beMa
Tena.

OnHako, CymecTBYIOT HEKOTOPbIE aHU30TPOMHbBIE KPUCTAIIIbI, B KOTOPBIX
JUIsL OTpEeJEeNICHHBIX HaIlpaBJICHUN 3aMedaroTcsi oOpaTHbIE SBJICHHS, T. €.
MPOUCXOJUT COKpAIllEHUE JIMHEWMHBIX pa3MEepoOB Te€jla B 3TOM HalpaBJICHUU.



PaccmoTpeHmne maHHOTO BOMPOCA BHIXOOHUT 32 PaMKH y4eOHOW MpPOTpPaMMEL.
PaccMOTpUM KOJIMUECTBEHHBIE 3aKOHBI U3MEHEHUS Pa3MEPOB TBEPJOTO Tela
C U3MEHEHHUEM €T0 TEMIIEPATYyPHI.

VYBenuueHue JMHEHMHBIX pPa3MEepoOB Teja MpPU €ro HarpeBaHUM Ha3bIBaeTCs
TEIUIOBBIM JIMHEUHBIM pacmupeHreM. ONbIT MOKa3bIBAET, UTO OJTHO U TO XK€
TEJIO0 pacuUpsieTcs MpU Pa3IUYHBIX TeMIepaTypax IMO-pa3HOMY: TMpHU
BBICOKMX TeMIleparypax OOBIYHO CUJIbHEE, YeM Mpu HHU3KuX. Ho 3To
pa3iuuve B PACHIMPEHHU CTOJIb HEBEJIMKO, YTO TMpPU CPaBHUTEIBHO
HEOOJIBIIINX HM3MEHECHHAX TeMMepaTyphl UM MOXHO MpeHeOpeub M CUUTATh,
YTO U3MEHEHHME pa3MEPOB TeJia MPONOPIIMOHAIILHO TeMIlepaType. Paznuunbie
BEIIECTBA PACHIMUPSIOTCS IO-pa3HOMY IIpM HarpeBaHUU: OJHU CHUJIbHEE,
npyrue ciabee. XKeneszo, HanpuMmep, pacliupsieTCsl CUJIbHEE CTeKJa U ciadee
Meau. JInsi KOITMYECTBEHHOW XapaKTEPUCTUKU STOTO BaXXHOTO TEMJIOBOTO
CBOWCTBA TeJ BBOJIMUTCSA oco0as BEJIMUYMHA, Ha3biBaeMasi KOI(PPUIHEHTOM
JIMHEHOTO pacuIupeHus.

Ilycte TBepmoe Teno (mMpoBojOKa, cTepkeHb) npu Temmeparype O° C
umeeT niaunylyg, a mpu Temnepatype t° C ero mnuHa craHoBuTcs li. 3Ha4wuT,
Ipu U3MEHEHHHU TemiepaTypbl Ha t° C niauHa Tena yBenuuuBaeTcs Ha li- lo.
[Ipennomnaras, 4To yBEeJIWYEHHUE JUIMHBI IPU HATPEBAHUM HA KaXIbIH T'paayc
UJIET PaBHOMEPHO, HAXOJAUM, YTO IpU HarpeBaHuu Ha 1° C Bcs nnmHa Tena

1¢-1 -1
YBEIUUUIACh HA ——2, a KaxJas eJuHuIa JUIMHBl Ha BEIMYMHy o =——2(1).
P lo-t

rae o— Kod(pUUMEHT JTUHEHHOTO pacmupenus. U3 (1) scen dusmueckuii
CMBICT 0: KO3(DPHUUMEHT JUHEWHOr0 PpACUIUPEHHUsI YHCIEHHO paBeH
VIJIMHEHUIO, KOTOpOE€ IoJy4yaeT Mpu HarpeBaHuu Ha 1°C cTepKeHb,
pMmesmnit npu 0° C IIKHHY, paBHYIO CAMHHUIE IIHHBL. V3MepsieTcs o B rpaf .
Banumem (1) B Buze:

li=1o(1+at) (2)

[To 3TOMy BBIpa)X€HHUIO JIErKO OMPEAENUTh IJIUHY Teja MpH 00l Temme-
patype, €clii HW3BECTHBI €ro IepBOHAaYalbHAS JUJIMHA W KOYDPUIIUEHT
JUHEWHOro pacmupeHus. B Tabnaume 6 TPUIOKEHUS TPUBEICHBI
K03 () hUIIHEHTHI JUHENHOT O pacmIupeHus HEKOTOPBIX BEIIECTB,
ONPENEIEHHBIE ONIBITHBIM MYyTEM.

AHAJIOTUYHO 0o, I XapaKTEPUCTHKU OOBEMHOTO PACIIUPEHUS BBOJIUTCS
K03 (punreHT 00bEMHOTO pacuIupeHus f:

B

_Vt—Vo
Vot '

(3)

riae Vo-o0bem tena npu 0°C,



Vi-060beM nipu Temmneparype t° C.
3anumem (3) B BUJIE:

Vi= Vo(1+Bt)  (4)
M YCTaHOBUM CBSI3b MEXKIY O U 3.

[Iyctp umeercss kyOuk, pedpo kortoporo mnpu 0°C paBuo 1 cm. Ilpm
HarpeBanun Ha 1 °C pebpo craner paBHbIM (l+a) cM, a o0bemM KyOuka
yBenuuuBaeTcs Ha B cM’. MOXKHO 3ammcarh CIeAyoliee PaBeHCTRO:

1+p=(1+0), mo (1+a)’*=1+3a+30’+ o,
B mocieHeM BBIPAKEHHH CIAraeMbIMH 0° M 0° MOXXHO HpeHeGpedb BBHIY
UX MaJIOCTH IO cpaBHeHHUIO ¢ 1. Torga Oyaem uMeTh

1+B=1+30a nnu B=3a.

TakuM o6pa3zoMm, KO3QPUIMEHT OOBEMHOIO pACIIMPEHUs TBEPAOTO Teia
paBeH yTPOEHHOMY KO3(P(HUIUEHTY JIUHEHHOr0 pacIIupeHHUs.

N3 Ttabauisl 6 BUAHO, YTO KOAPPUIIMEHTH pacIMPEeHUs] TBEPIbIX TEJI OUYECHD
Manbel. OQHAKO, camMble HE3HAYUTEJIbHBIE W3MEHEHHS pPasMEpPOB TEI IpH
U3MEHEHHUU TEMIIEPATyphl BBI3BIBAIOT NOSIBJIEHUE OrpOMHBIX cuil. Hanpumep,
qTOGB yBEeNMUYNTh iHHY CTanpHOrO CTEpKHS cedeHHeM B 1 oM’
npubausutenbHo Ha 00,0005 ero mnepBoHadyadbHOW JUIMHBI, HEOOXOIAUMO
npuinokuth cuiy npubauzutenbHo B 10 kH. Ho Takoe ke pacmmupenue
ATOTO CTEPXkKHS Moyydaercs npu HarpeBaHnuu ero Ha 50°C.IlosTomy sicHO,
YTO pacIIMpAsiCh NPU HAarpeBaHuUU (MJIM CHKUMASICh MPU OXJAXKICHHH) Ha
50°C, crepeHb OymeT OKa3sBaTh gaBieHme okono 10 xkH/cm® Ha Te Tena,
KOTOpbI€ OyAyT MPENsITCTBOBATH €r0 paCIIMPEeHUIO (CKATHUIO).

2.BpinosiHeHue padoTel. I3MepuTh MTAHTEHIIUPKYJIEM JIIHUHY CTEPKHS

[¢]

I, mpu kKoMHaTHOW Temmepatype { C.Ilorpy3uTh CTEpP)KEHb B BOIY
KOMHATHOW TeMIepaTypbl HAJUTyl B HpoOupky. OmycTuTh NpOOUPKY CO
CTep’)KHEM B TOJOCTh 3JIEKTPOHArpeBaTEIbHOTO Mpubopa. YCTaHOBUTH
HOXKY CTPEJIOYHOIO MAaHOMETpa B ILIEHTPE BEPXHEr0 TOpLA CTEPXKHA U ,
Bpalias HapyXHbIH 000J0K MUKPOMETpPA, COBMECTUTHh CTPEIKY C HYJIEBBIM
JeJICHUEM IIKaJibl. Y 0eAUBIINCH B TOCTATOUYHON BEPTUKAJIbHOCTHU CTEPIKHA U
YCTOMUYHMBOCTH COOpAaHHOW CUCTEMBI, BKJIIOUUTh MPUOOP HaXKaTUEM KHOIKHU
Ha ero kopnyce. IIpu 3TOM nOJKHA 3aropeTbCcsi MHAUKATOPHAS JIAMIIOYKA.
Hauyunas ¢ 3TOro MOMEHTa, UAET HarpeBaHHWE CTEP)KHA, a, CICAOBATEIBHO, €T0
YAJIMHEHUE, KOTOPOE YETKO PETUCTPUPYET MUKPOMETp. Uepe3 HEeKOoTopoe BpeMs
BO/JIa B MpOOUpPKE 3aKUIUT, W CTpelika JOJDKHA YCTAaHOBUTHCA Ha JICJICHUH,
COOTBETCTBYIOIIEM MaKCUMaJIbHOMY 3HAUEHUIO a0COJIFOTHOTO Y/UIMHEHUS CTEPKHS

Al. YOenuBIIKMCh, 4TO CTpEJKa MHKPOMETpa Aajbllie HE IBHKETCSA, HaKaTHEeM



KHOIIKM BBIKJIIOYAOT HarpeBatenb. Temneparypy crepxhs t° C, Haxoxsuierocs B
KUIIALLIEH BOJE HAaxXOJAT, 3Has MOKa3aHWs OapoMmeTpa, U3 TaOIMIlbl 3aBUCUMOCTH
TEMIIEPaTyPbl KUIICHHSI )KHUIKOCTH OT aTMOC(EpHOTo JaBIeHHUs, a ero JIHUHE - |=
I, +Al.imerommecss naHHbIe 3aHOCAT B TaONUIy (B CTPOKY, COOTBETCTBYIOIIYIO
MaTepHaly CTEPKHS).

Ne | BemectBo I ty Al t =1, +Al o

/11 | CTEPIKHS MM °C MM °C MM rpag’”
1. | cramb

2. | cTeKIIo

3. | Mmeab

4. | natyHp

5. | amoMuH#HI

Jliis osy4eHHst pacueTHOM (opMyJIbl 3amuilneM BbipakeHue (2) mns mimusl ly, |,

IIpu KOMHATHOU TEMIICPATYpPC U IIPHU TCMIICPATYPC KUIICHUS BOJAbI:
I, = (140 t), I = lo(1+a 1)

PaBIIGJ'II/IB 9TH PAaBCHCTBA ITIOYJICHHO, HCKIIIOYUM JJINHY |0 CTCPIKHA IIPpU

0° C: l_k_1+oztK
"1l 1+ate
Perirast 3T0 ypaBHEHHE OTHOCUTEIIBHO 0, C Y4ETOM TOTO, uTo li- | =At, moyunm:
Al
e — (5)
lpt—1ply
naHHas ¢opmysia U ABJISIETCS pacueTHOW. lMess B Haauuuu JABa — TpH

HarpeBaTesIbHbIX MPUOOpa, 32 KOPOTKOE BPEMSI MOXKHO WU3MEPUTH 3HAUYCHUS IS
HECKOJIbKUX cTepkHei. Korjga HeT Takoil BO3MOXKHOCTH, TO JJIi TOTO, YTOOBI HE
KJATh OCTHIBAHHS YCTAHOBKH PEKOMEHYEM:

1. Y6parh u3 HarpeBaresns Mpu MOMOIIM MUHIIETA UM CYXOW cal(eTKu ropsauyro
MPOOUPKY CO CTEPIKHEM.

2. OnycTUTh HA €€ MECTO JIPYTyI0, 3apaHee MOATOTOBICHHYIO MPOOUPKY € BOJIOH, B
KOTOPYIO TOTPY>KEH CJIECAYIOIMIHNN CTEPKEeHb, C MPEABAPUTEIHHBIM 3aMEPOM €ro
JUTUHBI.

3. Kak MOXHO ObICTpee M aKKypaTHEe YCTaHOBUTb MUKPOMETP B HEOOXOIUMOM
HCXOJTHOM pa0oveM IMOJI0KEHUU U TIOBTOPUTH BHIIIIE OMUCAHHBIN OTIBIT.
[Tomy4yeHHBIE B XO/€ BHITIOJIHEHUS 1a00paTOPHOIN pabOTHI pe3yinbTaThl CPABHUTH C
JTAHHBIMU, IPUBEJICHHBIMU B TA0JIUIIE 6 TIPUIIOKECHHSI.

KoHTposibHbIE BONPOCHI U 3aJaHUS
1. KakoBa mpupoja TermiaoBoro pacuupeHusi ¢ Touku 3peHus MKT crtpoenus
BenlecTBa?




2. KaxoB ¢usuueckuii cMpici Ko3hduiueHToB o u ?
3. Enununel u3mepenust KodQpGUIUEHTOB 0 U B U CBSA3b MEXAY HUMH.
4. O0psaAcHUTE OCOOEHHOCTHU TEIVIOBOTO PACIIMPEHMs BOJBI U OTBETHTE HA BOIPOC:
[OYEMY JIOTIAIOTCS CTEKIITHHBIE COCYBI C 3aMepP3LIeH B HUX BOJOW?
5. Kak yuuThIBaeTCsi TEIJIOBOE pacUIMpEeHHE Tesl B TexHuke, ObiTy? I[lpuBenure
IPUMEPBHI.
Jlurepartypa
['paborckuii P. U. Kypc dusuku. M.: BIII, 1970. C. 174—179, 183—184.



JlabopaTtopHasi paGora Ne 9.

Omnpenenenue ko3QpPuUUMEHTA BHYTPEHHEr0 TPEHUS M JIMHbI CBOOOJTHOIO
npoodera MoJIeKyJ BO31yXa

[IpyuHaAJIe)KHOCTH:  OKCHEPUMEHTAbHASI  YCTAHOBKA, XUMHUYECKUW  CTaKaH,
MEH3YpKa, CEKYHIOMeEp.

I. Kpatkas Teopus. OOBIUHO Ta3 Bcerja HaXOJIWUTCS B IOTCHIMAIBHOM TIOJIC
TaroteHus 3emiu. Ecim Obl 3Toro mois He ObLI0, TO aTrMOC(hEpHBIH BO3IYX
paccesuicss Bo Bceenmennoit. C npyrodt CTOpOHBI, €Ciii Obl HE OBLIO TEIJIOBOTO
JBIDKEHUS, TO MOJIEKYJIbI aTMOC(epHOTO BO3MyXa ymaiau Obl Ha 3eMinto. TsaroTeHue
U TEIJIOBOE JBIKCHHE NPHBOMIT K CTAlMOHAPHOMY COCTOSHUIO Tasa, TpH
KOTOPOM TPOUCXOIUT YOBIIb KOHIICHTPAIIMA W JABJICHUS Ta3a C BO3pacTaHUEM
BBICOTHI HaJ 3emiteil. MoJjIeKy/Ibl Ta3a MMEIOT KOHEUYHBIC pa3Mepsl mopsiaka d =
10" M u IIPU TEIJIOBOM JIBIDKCHUHU COYIAPSIOTCS IPYT ¢ ApyroM. Mexay aByMs
MOCJICAOBATEILHBIMIA  COYJAPEHUSIMH  MOJICKYJIbI, JIBUTasCh PaBHOMEPHO U
NPSMOJUHEHHO, TIPOXOASAT HEKOTOPOE pACCTOSHHUE, Ha3bIBaeMOE JIJTMHOM
cBoOonHoro mpobera A. CpenHeil niauHON CBOOOJHOTO mpoOera Has3bIBACTCS
CpeIlHee pACCTOSHHE, KOTOpOE MOJEKylIa MPOXOAWT 0O€3 CTOJKHOBEHHS. IJTa
BEeIIMYMHA A SBIIACTCS XapaKTEPUCTHUKON BCEH COBOKYIMHOCTH MOJIEKYJ raza Mpu
JAHHBIX 3HAUYCHUSX AaBieHus P u temmneparyps T.

Kak ¥ B XHAKOCTSAX MEXIY CJIOSAMH Ta3a, ABWXKYIIUMHUCS OTHOCHUTEIBHO IPYyT
JpyTra NapajjieJbHO U C Pa3HBIMU IO BEJIUYMHE CKOPOCTSIMU, MPOSBISIOTCS CHUJIBI
Tpenusi. CioM, IBIKYIIMICS ObICTpee, NEUCTBYET ¢ YCKOPSIONIEH cuiioi Ha Ooiee
MEJICHHO JBWDKYIIUiACS ciioil. Hao0opoT, MeaJIeHHO ABUKYIUNACS CIIOM TOPMO3UT
Oonee OBICTPO ABMXKYIIUHCA cloil raza. [IpuymHONM BsSI3KOCTU (BHYTPEHHETO
TPEHUs) SBISETCA HAJIOKEHUE YIOPSJOUYEHHOTO JBIDKEHHS CIIOEB Trasza ¢
Pa3IMYHBIMUA CKOPOCTAMHU U U TEIMJIOBOIO0 XAOTHYECKOTO JIBUKEHHS MOJIEKYJ CO
CKOpPOCTSIMH, 3aBUCAILIMMHU OT TEMIEpPaTyphbl. XaOTUUECKOE JBUKECHHE MOJEKYJI
MIEPEHOCUT KX U3 C0s1 B, ABMXKYIIETOCS CO CKOPOCTBIO Uy, B CIOM A, IBUKYIIUNACS
CO CKOpOCThIO V1 (pucyHOK 13). Ilpu 3TOM mpOUCXOIUT MEPEHOC UMITYIBCOB MY
YHOOPSIZIOUEHHOTO IBUKEHUS MOJieKyJl. Eciu 01 > 0y, TO
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MOJICKYJIbI, paAHbIIC OBIBIIIME B CJIOE B, OKa3aBIINCh B CJIOC A, IMIPpHU CTOJIKHOBCHUAX

._..—-""'.

C €ro MOJIEKYJIAaMH, YCKOPSIOT CBOE YIOPSAOUYEHHOE ABUKEHHUE, A YIOPATIOYEHHO
JBIDKYIIECS] MOJICKYJIBI ¢llost A 3aMeiisitoTess. Hao0opoTt, npu nepexoae MOJIeKy
13 OBICTPO ABMXKYLIErocs ciiosi A B cioi B, oHu niepeHocAT 00JIbIINE UMITYJIBCHI M
V1, U MEXMOJIEKYJISIPHBIE COYAApEHUs B Cl0€ B YCKOpSIOT ABMKEHUE MOJIEKYJI
TOro cnosi. SIBIeHuWEe  BHYTPEHHEr0  TPEHHS  ONHCHIBAETCS  3aKOHOM

Herorona:
dv
F=n—-S
Max ™
rne F— cuna tpenus,
N — KO3(Q(PUIMEHT BHYTPEHHETO TPEHUS WU KOI(PPUUMEHT IUHAMHYECKOU

BSI3KOCTH,

S— ImIomanab COIpPpUKACAIOIHNXCA CIIOCB,

dv
a -TpagrCHT CKOPOCTH.

KoadduimeHT nmoxkeT ObITh BbIpakeH POpMyIIO:

()

_F
"

dx

'
S

T. €. OH YHCJIEHHO PaBEH CUJIE BHYTPEHHEr0 TPEHHUSI, BOZHUKAIOUIEH MEXIY IBYMS
CJIOSIMU >KMJIKOCTH WJIA ra3a, UMEIOLIMMHU IUIONIab CONPUKOCHOBEHHMS, PABHYIO
€AUHULE, TpU TPagUEeHTEe CKOpPOCTH, paBHOM enuHuie. B cucreme CU
KO (HIIEHT BHYTPEHHEro TPeHus 1 u3Mepsiercs: B H- /M.

Hns  onpenenenust koddgduiiieHTa BHYTPEHHETO TpeHUsl (IMHAMHYECKOU
BSI3KOCTH) BO3JlyXa MOXHO BOCIIOJIb30BaThCS METOJOM HCTEUYEHHUS BO3JyXa 4Yepes
Kanuuisip. DKCIIEpUMEHTANIbHAsI YCTAHOBKA, HA KOTOPOU peanu3yeTcsi 3TOT METO/I,
M300pakeHa Ha pUCYHKe 14.
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2. OnucaHue 3KCIEPUMEHTAIBHON ycTaHOBKHM. OnuH KoHen kamwuiipa K,
4yepe3 KOTOPBI MNPOTEKAaeT BO3AYyX, C NOMOIIBI TpOMlHWMKA | coenuHsieTca ¢
OCYIIUTENbHOW CKIAHKOM O u 7neBbIM KojeHoM MaHomerpa M. Cxisnka O
HAIMOJIHEHA XJIOPUCTBIM KaJbLIMEM, TOTJIOMIAIOIIAM MMapbl BOJBI U3 MTPOTEKAIOIIETO
yepe3 Hee Bozayxa. CKISTHKA 3aKpbiTa pe3WHOBOM MPOOKOM, B KOTOPON HMeeTCs
HeOospmoe orBepctue. Ecnu npu 3akpeiToM kpane C BOPOHKM OTKPBITH KpaH B,
TO BCJIEJCTBHUE BBITCKAHUS BOJIbI, JaBJeHHE B OayuioHe OyAeT YMEHbIIAThCAd U B
Hero OyJeT 3acachlBaThCsl BO3AYX, KOTOPBIM MPOMAET dYepe3 OCYUIUTEeNb U
Kamuuisip. CKOPOCTH IBMXKEHHS] OECKOHEYHO TOHKUX IUIMHAPUYECKUX CIIOEB BO3-
JIyXa, PACMOJIOKEHHBIX Ha PAa3MYHBIX PACCTOSHUSAX OT OCH Kamwuisipa, OyayT
pa3nuyHbl. B ciydae, €ciM yCTaHOBUBILIEECS TECUCHHE SBJSETCS JIAMHUHAPHBIM,
CKOPOCTH TIO CEUYEHHWIO0 Kamwuisipa OyAyT pacnpeleieHbl Mo mnapadonyecKoMy
3akOHy. Ecnm cuurtarth, 4TO I CJOs, NMPUIETAIOLIETO K CTEHKAaM Kalwuispa,
MMEET MECTO SIBJICHHUE MPWIMMAHUS, TO CKOPOCTh 3TOTO CJOSI paBHA HYJIIO.
HauGomnbias ckopocTs OyneT Ha OCeBOM JTMHUM Kanmwuisipa. Benencreue Hanmnuus
IpaueHTa CKOPOCTEN MEXKIY CIIOSIMU BO3HUKHYT CUJIbI BHYTpEHHEro TtpeHus. Ha
KOHIIaX Kamwmuisipa MpU MPOTEKAaHWW 4Yepe3 HEero Bo3ayxa OyJeT CyIIeCTBOBATh
pa3HOCTh JaBieHui (maBiaeHue P; Ha Bxoae Oyxer Oombiie aaBieHus P, Ha
BbIxoji€). [Ipu ycTaHOBUBIIEMCS NBUKEHUU BO3JyXa Pa3HOCTb JaBJICHUN Oyner
HEM3MEHHOW, TaK KaK B 3TOM CJIy4ae MapaMeTpbl, XapaKTEPU3YIOIIUE TEUECHHE
(CKOpOCTh, JaBJICHHE B PA3JIMYHBIX TOUYKAX IMOTOKA), HE MEHSAIOTCS C TCUCHHEM
BPEMEHU U SBIISIOTCS QYHKIIUSIMH TOJIBKO KOOPIUHAT.

s ciaydast yCTaHOBHUBIIETOCS JTaMUHAPHOTO TEUEHHS BSA3KOW, HO HECKUMAEMOU
YKUJIKOCTH MO KaNWJuIsIpy paauycom I cipaBeyinBa popmya ["arena-Ilyaszeiins:

_7TT4(P1 +P2)

V
0 8nl

Q)



rae Vo — o0beM KUAKOCTH, IPOTEKAOIIEH Yepe3 CEUeHNE Kanumuisipa
32 €IMHUILY BPEMEHH,

N— KO3(pUIMEHT TUHAMUYECKOW Bs3KOCTH,, P; P,— pasHocTh naBieHuii B
HayaJle U B KOHILIE KalwuLipa,

| — mmHa KanmuIIpa.

Tak Kak B OTIMYHME OT XKUIKOCTEH, MPAKTUYECKH HECKUMAEMBIX, ra3bl 00JaatoT
3HAYNUTEITHLHOW CKMMAEMOCThIO, 3akoH ['arena-Ilyaseitis B Takoit dopme 3ammcu,
CTPOTO T'OBOps, HEMPUMEHUM K razaMm. JIumbe mpu Majblx pa3HOCTSAX JaBJICHUM,
korgqa P;-P,<<P, (4 COOTBETCTBEHHO MAaJIbIX CKOPOCTSAX TEUEHHS TIa30B),
CKUMaeMOCTh ra30B HUYTOXKHO MaJia U €10 MOXKHO IpeHeOpeub. B aToMm ciydae k
razaM MOXHO TmpuMeHuTb ¢Gopmyny [arena-Ilyazeiins. B nmanHoit pabote
U3MEPEHUsI TPOU3BOIATCS MpU HEOOJBIIUX PA3HOCTAX JABJICHUNW Ha KOHIIAX
Kalmuuisipa, o3TOMY JJISI pacuyeToOB MOXKHO MoJib30BaThes popmynoit (3). O0beMm
BO3]lyXa, MPOTEKAIOIIET0 Yepe3 CEUCHHUE Kammuisipa 3a BpeMs T OyJeT paBeH:
_mar*(P+Py) T

V= Vgr—8—nl, OTKYy/la

_ar*(Py+Py) T

avi @

3. BobinosiHenne padoTrbl. YOeauBiuch, 4To B Oamione D wumeercs Bojma B
KOoJIM4ecTBe npumepHo 2/3 o0bema, nepekpbith kpan C. IloacraButh noa kpan B
XUMUYECKUNA CTakaH W OTPEryJupoBaTh CKOPOCTh BBITEKAaHUS BOAbl TaKUM
oOpa3oM, 4YTOOBI Pa3HOCTh YPOBHEHW CHUpTa B KOJICHaX MaHoMeTpa h He
mpeBblmana  2+2,5 CcM W OCTaBajlaCh TMOCTOSHHOW. JIOOMBIIMCH TakKoro
YCTAaHOBUBIIETOCS TEUEHHUs BO3AyXa 4epe3 Kamuuisp, yOparh CTakaH, a BMECTO
HEro OBICTPO NOJICTABUTh NYCTYI0 MEH3YPKY A U OJHOBPEMEHHO BKIIIOUUTH
cekynaomep. OnpenenuTs BpeMs T, 32 KOTOPOe U3 OAJIJIOHA BBITEKIIO B MEH3YPKY
300 cm® (06beM V MOXHO BbIGpath 1 apyrum — 200 cm® wix 400 cm®). TTpu Toid
ke pasHOCTH ypoBHeW h crnupra B konenax manomerpa (h — perymupyercs
KpaHuKoM B) m3MmepstoT emne Ba pasza BpeMs, 3a KOTOpOe M3 OaJlJIOHA BBITEKAET
Bos1a 06eMoM 300 cum’.

Wtak, y SKCriepuMeHTaTOpa UMEIOTCS CJICIYIONINE JaHHbIE, BXOIAIINE B (HOpMYITy
(4): = = 3,14..., r — paauyc kanwuisipa, | — ero mmHa (3T pa3Mephl yKa3aHbl Ha
KOPIyCe YCTAaHOBKH). 3HAUSHUS T; ONIPEICIISIOTCS 10 MTOKa3aHUsIM CeKyHIoMepa (Ty
, T2 U T3), U3 HUX HAXOAWUTCH Tp, 3HAYEHHE KOTOPOTO M NOACTABIIAETCA B (4).



Pa3nocte nmaenenuii P, -P,=p.gh, rae pC:0,79-103 Kr/M°> (TJIOTHOCTH CNHPTA), § =
9.8 M/c2.

Jnst  cokpamieHus KOJu4ecTBa apu(METHYECKHX OIepaluil Ha 3aHATHIX
paloHaIbHee NPEAICTaBUTD (4) yXKe B BUAE:

3,14:0,79-10%:9,8 r*-h1g
8 ve

()

3

IoncraBuB 3HaveHusd I, h, | B M, V — B M, T, —B c, 3HaueHue 1| MOTy4UTCS B
2
H-c/m

JI71s1 KOHKpETHBIX BbIOpaHHBIX 3HaueHu V (5) MOXKHO 3ammcath:
1. V =300 cm’= 3-10™ M3, TOT A
110" 22 (6a)
2. V=200 c’=2-10" M3, TOrIa
n~1,52-10’ % (66)
3. V=500 cm®=5-10™ M3, TOTHa

4,
10,61-10" =72 (6w)

BaxxupiM mapameTpoM Juid Ta3oB SIBISETCA JJIMHA CBOOOJHOTO mpobera uX
MOJIEKYJT A. 3HAUEHHE €€ ONpenensieTca u3 GopMyJibl:

31
PV’ (7)

A=

rae p, = 1,29 Kr/M> — MIOTHOCTB Bo3ayxa npu temmneparype 0° C u naBineHuu 10°
[la, v — cpenHss KBaJpaTU4Hasi CKOPOCTh TEIUIOBOTO JIBUKEHUSI MOJICKYJI
BO3]lyXa, KOTOpast ornpeaensercs no hopmyie:

V= \/?%. (8)



[MoncraBnsist B (8) 3HaueHWe TeMIiepaTypsl BO3ayxa B KOoMHare T W B3sThIC U3
TaOJUIl 3HAYCHHS YHHUBEpCAJIbHOM ra3oBoil mocrosHHo R==8,31 J[/monp K
MOJISIpHOIT Macchl Bo3ayxa (u=29-10 kr/Moib, MONy4HM 3HAYCHHE CpEIHEH
KBaJIPaTUYHON CKOPOCTH TEILJIOBOTO JIBMIKEHHSI MOJIEKYJ. 3ateM 1o ¢opmysie (7)
MOKHO BBIYMCIUTh 3HAUCHHE CpEIHEH IJIMHBI CBOOOJHOTO mpolera MOJIEKYJ
BO3yxa. Jlos CBEpKM HWXKE TPUBOAATCS TaOIMYHBIE JAHHbIE 1 H A
COOTBETCTBYIOIIHUE YCIOBHM, OJTM3KUM K HOPMAJIbHBIM:

5H-C
M2’

N~2-10°=, A=10" m.
KOHTpOJ'IBHBIe BOITIPOCHI 1 3adaHUs

1. Yem oOycroBiieHa quHaMUYeCcKas BI3KOCTh raza? KakoB guandeckuil cMbICT M
1 KaKOBa 3aBUCUMOCTb 1] OT TeMIIepaTypbl?

2. UYto Ha3wIBaeTcs CpeAaHed IJIMHOM CBOOOMHOrO mpobera moiiekyn raza? Ot
KAaKHX [TapaMeTPOB OHA 3aBUCHT?

3. Urto Ha3biBaeTcsi KO3(PPUUIMEHTOM KHHEMATUYECKOH BSI3KOCTH?

4. OObscHUTE MapaOOJUYECKUN 3aKOH pacHpelesieHuss CKOPOCTU IO CEYEHUIO
Kauuisipa U MPUMEHEHUE K TAKOMY T€YEHHUIO 3akoHa HproTOHA.

5. OOwbscuute aBieHus nepeHoca (auddysusi, TEIIONPOBOIHOCT, BHYTPEHHEE
TpeHHE) B razax 1o ¢Gopmysie, OMUCHIBAIOIINM JTH SBICHUS.

Jlureparypa

CagenmbeB WM. B. Kypc ¢usuxku. Mexanuka. MonekymnsapHas uznka.—M.:
Hayxa, 1989. T. 1. C. 269—279.



CITPABOYHBIE TABJINLbBI

Tabauna 1

OcHOBHBIE €IMHULIBI U3MepeHus (pu3ndyeckux BeauunH B cucreme CU

Jnvuna Metp (M)
Macca Kunorpamwm (ke)
Bpewmst CexyHnna (c)
Cuna 3JIEKTPUYECKOrO TOKa Awmriep (A)
TepMoauHaMuueckas TeMneparypa KenbBun (K)
KosmuecTBo BeniecTna Monb (M0JIB)

Tabmnuma 2

OcHOBHbBIC (PU3HYECKHEC ITOCTOSHHBIC

CKOpOCTh CBETA B BAKYyME C=310°m/c
[Tocrosiunas ITnanka h=6.6310% JIx c
[Tocrosinnas bonbiMana k = 1,38 10 /K
Yucno ABaraapo N, =6.03 10%°1/monb




["a3oBas mocTositHHAs

R =8.31 I)x/mons K

FpaBI/ITaHI/IOHHaH ITIOCTOsIHHAas

y = 6,67 10 H m°/xr”

YckopeHue cBOOOTHOTO MaieHUs

g=9,82 M/c° (nna BnapukaBkasa)

Tabnuna 3
IT10THOCTH HEKOTOPBIX BEMIECTB IpH TeMiepaType 18°C
AroMUHAN 2,7 10°kr/M° Bona 10°kr/M°
Kenezo 7.8 10%kr/™° ['munepun 1.26 10°kr/m°
Menb 8,9 10°kr/m° CnupT STUIIOBBIN 0,78 10°kr/m°
CBuHelg 11,35 10%kr/m° KacropoBoe macio 0,97 10°kr/M°
Craip 7,8 10°kr/m° Kepocun 0,8 10°kr/n’°
Tabmanma 4

Bs3KOCTh HEKOTOPBIX KUAKOCTEW MPU TEMIIEPATYPE 18°C

Bona 0,1510°H c/mM° | Kacroposoe macio | 120 10°H ¢ / m°
['nuuepun 139,310°H ¢ / M° PtyTh 0.159 10°H ¢ / M°
Tabnuma 5
JlaBneHue U TUIOTHOCTh HACHIIIICHHBIX TTAPOB BO/IBI
t° C P, mMm pT CcT Py, MM pT t°, C P, MM pT CT Py, MM pT
CT CT
-5 3,01 3,25 12 10,51 10,67
-4 3,28 3,93 13 11,23 11,36
-3 3,47 3,83 14 11,98 12,08
-2 3,88 4,14 15 12,78 12,84




-1 4,22 4,49 16 13,63 13,65
0 4,58 4,85 17 14,53 14,50
1 4,92 5,20 18 15,47 15,39
2 5,59 5,57 19 16,47 16,32
3 5,68 5,96 20 17,53 17,32
4 6,10 6,37 21 18,65 18,35
5 6,54 6,80 22 19,82 19,44
6 7,01 7,27 23 21,07 20,60
7 7,54 7,719 24 22,38 21,81
8 8.04 8,28 25 23,76 23,07
9 8,61 8,83 26 25,21 24,40
10 9,20 9,41 27 26,74 25,79
11 9,84 10,02 28 28,35 217,26
Tabnuua 6
KoadduimenTs TMHERHOTO pacliupeHus TBEPAbIX Tell
Craib 1,110° I/K Creki10 0.9 10° 1/K
Meb 1,710 1/K JIatyHs 1,8 10 I/K
AmoMuHMit 2,410° 1/K Keneso 1,210° 1/K
CpenHsas KBaJjpaTUYHAs CKOPOCTh
ra30BBIX MOJIEKyJT Bo3ayxa mpu t° = 18° C 500 m/c
Jnmuna cBoOoaHOTO TIpodera
Mouekyi Bo3ayxa mpu t° = 18° C 10"m
Koaddurment BHyTpeHHETO TpEeHUS
MoJteKys1 Bo3ayxa mpu t° = 18° C 210°

Ilya3s




