Jleknis Ne 3
OcHoBH Teopii BU3HAYAJILHHUX PiBHSIHB (MPOTOBKEHH)

B nepury uepry HeoOXiJHO MOCTaBUTH MUTAHHS: K COPMYIIOBATH BU3HAYAIIBHI PIBHAHHS,
3BiIKM 1X B3ATH? TUIOBA BIIMOBIAh HA HHOTO: iX MOKHA OTpUMaTH 3 ekcriepuMenTiB! L{s BiqnoBinb
3aHAJTO 3arajbHa i, KpiM TOTo, BOHA 111 1 He 30BCiM npasuibHa! CaMi 1o cobi TUIbKH
eKCTIIEPUMEHTH HIYOTO HE JAIOTh 1 HE BU3HaUaloTh. CpoOyeMO B IIbOMY MEPECBITUUTHUCH.

Hexaii MaeMo neBHY KUIbKICTh (IIMATOK) SIKOTOCh MaTepiaiy. Hexait MosxeMo poBOIUTH 3
HUM Oyb-sIKi eKcriepuMeHTH. DOpMalIbHO 1Ie 03HAYAE, 110 MOXKEMO 33/1aBaTu 1 GiKCyBaTH B

naM’ATi JoBUIbHI TepMOMexaHiuHi mpontecu T, €, Li W i moxemo ¢ikcyBatu Bei peakuii T, 0,

A i h. ITuTaHHs: 98 MOXKIIMBO 110 IUX CKCIIEPUMEHTAILHUX JaHUX BITHOBHTH ONEpaToOpu T {} ,

0, {} , A{} ih {} , AIKi BXOJISITh JI0 BU3HA4YAIbHUX piBHSIHB (4.3) a60o (4.5). HixTo He Moxe natu

BIJINOBI/Ib, IKi KOHKPETHO €KCIIEPUMEHTH JUISI IILOT'0 TpeOa MPOBOAUTH 1 CKUTBKH 1X HEOOX1THO B
3arajibHOMY BUIaJKy. [IpuunHa nosisrae B ToMy, 110 O3Ha4YeHa nMpodieMa — Iie YaCTUHHHUM BUTIAI0K
npodaemu ineHTudikamii «<40pHOI CKPUHLKN» B Teopil kepyBaHHs. L{s mpoGiieMa i 1oci He
po3B’a3aHa. OTKe HEMOXKJIMBO MPU3HAYUTH KOHKPETHI €KCIIEPUMEHTH, sIKi Tpeda MpoBeCTH, BU3HA-
YUTH IX KIIBKICTH 1 HOCTIIOBHICTB, 100 11€HTH(IKYBaTH MOBHICTIO K4YOPHY CKPUHBKY.

Tomy B Teopii kepyBaHHSI BUKOPUCTOBYIOTh Ha0IMKeHUH MeToA. 3TiIHO 3 HUM Tpeba
3MIIICHUTH HACTYIHI KPOKH:

1. BBogumo nesiki iieanbHi BU3HAYaIbHI piBHAHHA. TOOTO M iX ()aKTUYHO MPOCTO BUTAIYE-
MO, CIIUPAOYHCH Ha CBIM MonepenHii iHKeHepHUI TOCBII.

2. BUukopucTOBYIOUH 111 BU3HAYaNbHI PIBHSAHHS, IPOBOAUMO TEOPETUYHUIN aHAII3 IESKUX He-
CKJIQJIHUX TEPMOMEXaHIYHUX CHCTEM (PO3TAT LWIIHAPUIHOTO CTEPXKHS, KPYUCHHS 1 pO3TST TOHKOC-
TIHHOT TPYOKH 3 KUIBI[EBHM MONEPEYHUM HIEepEPi30M, MOMUPEHHS TeIlla B HWIIHAPI TPpYyOIi TOIIO).
[Tpu 11bOMy BCTAHOBIIOEMO TEOPETUYHI 3B’ I3KM MK JESIKUMH MEXaHIYHUMU XapaKTePUCTUKAMHU
JOCTIKYBAaHMX TEPMOMEXAHIYHUX CUCTEM 1 TapaMeTpaMH BU3HAYAJIbHUX PIBHSHb.

3. IIpoBoMMO peanbHUi eKCIIEPUMEHT HaJl 0OpaHUMHU TePMOMEXaHIYHUMU cucteMamu. [Tpu
[[bOMY BCTQHOBIIFOEMO €KCIIEPUMEHTAIBHO 3B’ A3KH MK THMHU MEXaHIYHUMHU XapaKTepPUCTUKAMH,
SK1 BUKOPHCTaH1 [IPH TEOPETUYHOMY aHaJi31.

4. CriBCTaBJIIEMO MDK COOOI0 pe3yabTaT TEOPETUUHOTO 1 EKCIEPUMEHTAIBHOIO aHANI31B,
BU3HAYAEMO NMapaMeTpH BU3HAYAJIBHUX PiBHsIHB. SIKII0 iX Baanocs ineHTudikyBaru (BU3HAYHU-
TH), TO MIZICTABIISEMO X JI0 1IANIbHKUX TIIIOTETUYHUX PIBHSAHB, SIKi OyiiH c(OPMYIBOBaHI Ha Tep-
IOMY KPOIIi.

B pe3ynbrati oTpuMy€eMO BU3HAYANIbHI PIBHSHHS JUIs1 TOCTKYBAHOTO MaTepiay. A 1o po-
OWTH, SIKIIO HEMAE CIIBMAIHHS pe3ybTaTiB TCOPETUYHOTO aHAJI3Y 3 EKCIEPUMEHTATIBHIUMHU pe-
3ynbTaTamu, abo Kopensiisa HepoctatHa? Toxai Tpeba 3anponoHyBaT HOBi BU3HAYANIbHI PIBHSHHS
(MAKOpHUTYBaTH NIOYATKOBI PIBHSHHS) 1 MOBTOPUTH aHaIi3 3HOBY 1 3HOBY, ITOKH He Oy/ie JOCATHYTO
Take CIiBMNajiHHA. BHACIIOK 3acTOCYBaHHS Takoi iTepaliiiHoi npoueaypu BAaeThes chopmytoBa-
TH BU3HAYaIbHI PIBHAHHSA JJIS MaTepiaiy.

Po3rnsiHeMO Ha MPUKIIAAL K TaKUH MIAX1 peani3yeTbesi MPaKTUYHO.



3agauya 1. Cdpopmy/roBaTH BUSHAYAIBHI PIBHAHHSA JJIs1 CTAJIi HEBIAOMOI MapKH, BBa-
7Kal04M, 110 HAM JOCTYIHi J0BiJIbHI eKCIIePUMEHTH | BUMIiPIOBAHHSA.

Kpok 1. BBaxxaemo, 1110 cTasib Npy>KHUH MaTepiasl i BAOUPAaeMO SK MOYATKOB1 CIIBBIJHOIICH-
Hs 3aKoHy ['yKa, BioMi 3 onopy MaTepialiiB ab0 Teopii Mpy>KHOCTI. 3anUIIeMO iX y HWITIHIPUIHINA
cucremi koopauHat Orze , ockinbku BoHa OyJie BAKOPUCTOBYBATUCH B HACTYITHOMY TEOPETUYHOMY

aHami3i.
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HEHTH TEH30piB AedopMallii Ta HalpyKEeHb BIAOBIIHO.

Kpok 2. Bupizaemo i3 00’eMy MaTepiaiy 3pa30K — JOBTY TOHKOCTIHHY TpyOKy. IIpukianaemo
70 Hel po3TaryBaT cuiy P 1 kpytuit MomeHT M . BBaxaemo, 1110 clnocTepes:KHUMHU € BH/I0BKEH-
Hs1 TpYOKu Al i kyT po3BopoTy ii KiHuiB (Topuis) ¢ .

[TpoBOAMMO TEOPETUYHUIN aHAJII3 PO3TATY 1 KPYUSHHs TPYOKH B IMITIHAPUYHINA CHCTEM1 KOOP-
IUHAT. BBakaemo, 110 BCIOM B TPYOLl KpiM MauXx 00J1acTeld B OKOJI 1i TBOPIIB peanizyloThCst O~
HOPITHUI HanpyKeHu# 1 nedhopMoBanuii ctaH. L{st OTHOPITHICTH 103BOJISE IETKO OOYUCIUTH BCl
HANPYKEHH 1 YacTHHY JAe(dOopMartii.

3BepTaeMo yBary Ha Te, 1110 O14Hi HOBEpXHi TPYOKH BUIbHI, OT)KE HA HUX MAEMO

o,, =0, G5 =0, 7, =0. (31.2)
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Aute GiuHi moBepxHi ( 30BHIIIHs Ta BHYTPIIIIHS) pO3TAIIOBaHi Ha Maii Biacrani h ogua Bin
OJTHO1, 1 Ha KOKHIM 3 HUX 111 HANPY>XEHHs TOPIBHIOIOTH HY/I0. Lle 103BosIsie BBaXKaTH, 110 yMOBa
(31.2) 3 BeMKOIO TOYHICTIO BUKOHYETHCS B IIUIOMY 00’ €Mi TPYOKH.

Hanpyxeuus o,, i 0,, 3HaliIeMO, PO3IIIA/AI0YH PIBHOBAl'Y YaCTUHM TPYOKH, BIIPi3aHOT

TUTOCKHM TIepepi3oM, 0 € NePICHIUKYISIPHUM 110 oci TpyOku (nuB. puc. 31.1).




PiBHSIHHSI pIBHOBAru MarOTh BUTJIS]T
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Tyr R — cepenniii paniyc TpyOku, h — ToBIIKHA.

AHaJIOTIYHO, TPOBOISIYN OCBOBUH Mepepi3 TPYOKH 1 CKIIaJalouu piBHSIHHS PIBHOBArd Bifpiza-
HO{ IiB TPYOKH, 3HAXOTUMO
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ne @ — 3aranpHHIA PO3BOPOT KIHIIEBUX MEPETHHIB (TOPIIIB) TPYOKH.

Bci inwmi 3cyBu ¥,, i 7, ZOPIBHIOKOTH HYIIO, OCKUTBKH B cHily (31.2) NOPIBHIOIOTH HYIIO Bijl-

MOBIJIHI TOTUYHI HAIIPY>KEHHS.

BukopucToByroun npuiHATI HAa TOYATKY CIIBBITHONIECHHS 3aKoHY I yKa, 3HaX0UMO:
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Kpoxk 3. [IpoBoanmMo peanbHuil eKCIIEpUMEHT 3 TOHKOCTIHHOIO TpyOKoto. Bumiproemo P
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Meens Aleen 1 @y - 32 TUMH PE3yNBTaTAME OOUUCIIOEMO G, , T, &, 1 &,,, BAKOPUCTOBYIOUH
dopmynu (31.4), (31.6) i (31.7). CknamaemMo CHIiBBITHONICHHS
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Kpoxk 4. TTopiBHSHHS.

SIkio 3’sicyetnest, mo criBBigHomeHHs (31.10) He 3anexath BiJ NPUKIAJACHUX CHIIU 1 MOMCH-
Ty, TO X MOKHA MPHUPIBHATH 0 TeOpeTUYHUX 3HaueHb (31.9), i mu orpumaemo 1 11
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[{imkoM 3p0o3yMilio, IO Y BUTMIAAKY MIPYKHOCTI Bce caMe Tak 1 0yze, skio nedopmailii, OTpu-
MaHi B eKCIIEpUMEHTI, OyAYTh MaJUMH. SIKIIIO X HANPYXEHHS 110 HOPMi MTEPEBUIATh IPAHUII
IUTMHHOCTI, TO cTaiicTh BenuunH (31.10) Bike He MaTHMe MicClisl, BHACIIIOK HENIHIIHOT, 30KpeMa

IUTACTUYHOI, MOBEAIHKH. B 1boMy BUMaaKy notpioHo Oyne OyayBaTu HOBI BU3HAYaIbHI PIBHSIHHS
3amicTh (31.1).

Takum unHOM, mifctaBuBiy Benuunau (31.11) B (31.1), oTpuMyeMo BU3HAYAJILHI PiBHSIH-
Hsl, 5IKi OyyTh IPUJATHUMU TUIBKH JI0 TIEPEXOy CTalli B INIACTUYHUM cTaH. J{71st OLTbIIMX piBHIB
HABaHTAXEHHS, K yXe BKa3aHO BUIlle, Tpeda Oy1yBaTH HOB1 BU3HAYAIbHI PIBHSIHHSL.

3 HaBEACHOTO MPUKIIAAY 3p03yMII0, 110 HAWBIANOBIAAILHIIINM € nepumii Kpok. Ha oMy
eTari MH MO’KeMO BUTAIyBaTH TaKi BU3HAYAIbHI PIBHSIHHS, SIKI MOXKYTb, HAIIPUKIIA/l, PEACTABIISATH
OINMCAHHS BIYHOTO JIBUT'yHA. AJie e a0COJI0THO HenPUHHATHO! OCKUTEKY BIYHOTO JIBUTYHA B
NPUPOJIi HE ICHYE, TO MOBUHHI ICHYBAaTH KICh 00MesKEeHHS NMPH CKJIAJAHHI TAKUX TiNOTeTHYHHX
BHU3HAYAJIbHUX PiBHSAHb, TOOTO OOMEXEHHS Ha X BHUIJISII.

Taxi oOMexeHHs, 0YeBU/IHO, TIOBUHHI HAKIIAJaTUCh B MEPIIY YepPTy 3aKOHAMU MPUPOoaH (3a-
KOHAMU TEPMOMEXaHIKH B HAILIOMY BHUIAJIKY).

[IpoananizyeMo MOCTiIOBHO, sIKi 0OMEXKEHHS BOHU HaKJIaIaloTh HA BU3HAYAIbHI PIBHIHHS 1
Y1 MOXXYTh BOHH TaKi 0OMEKEHHS HaKJIa1aTH.

3akoH 30epeskeHHS] MaCH.
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3ayBa)XHMO, 110 Hi pO3IIISIyBaH] TepPMOMEXaHIYHI poLecH (3MiHHI: TeMIeparypa, rpaJieHT
TEMIIEpATypH, TeH30p AedopMallii i Tensop miniiinoro mosopory) T, 6, L i W, ani Tepmomexani-
4Hi omeparopu T {} G, {} , A{} i h{} (Ten3zop nedopmariii, BEKTOp TEIUIOBOTO MOTOKY, Bi-

JIbHA SHEPTisl 1 eHTPOIIIs) Y POPMYIIIOBaHHI 3aKOHY HE MICTATHCS. B IIbOMY BHITaAKy KaKyTh, IO Y
(bopMymIOBaHHS 3aKOHY HE BXOJIUTH XKOJIHE 3 BU3HAYAIBHUX PiBHSAHB. OTKE 11el 3aKO0H 30eperkeH-
s macu HE HAKJIAJIA€ Hisikux o0MekeHb HA BUTJISAl BU3HAYAIbHUX PiBHAHD.

3akoH 30epe:KeHHsI KiTbKOCTI pyXy.
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3a3Ha4ynMMoO, 10 B 3alMCaHOMY BHIIe (JOPMYITIOBaHHI 3aKoHYy (1 Jasi B il JIEKIIi1) BAKOpHCTA-

HHUM ONEPATOp HANPYKEHb O {} 3aMiCTh omnepatopa T {} .

AmHati3 piBHSHHS, 32 JONOMOTOIO SIKOTO 3aITMCaHO (POPMYITIOBAaHHS 3aKOHY, ITOKA3ye, 1110 BOHO
MICTUTH TUTBKU OTIEpaToOp HanpykeHb. [Ipore, piBHIHHS MOXe OyTH 3aJJ0BOJICHE (@ 3aKOH, BIIIOBI-
JIHO, BUKOHAHKH) MIPH JIOBLILHOMY ONIEPATOpi & {} 3a paxyHOK mig0opy BiAMOBiIHOT MAacoBOi

cuinu b .

OTrxe 3akoH 30epe:keHHs1 KIIbKOCTI pyxy Tako:k HE HAKJIAJIA€ HisiKuX 00MekeHb Ha
BHUIJISI BU3HAYAJIbHHUX PiBHSAHb MOBEIIHKH MaTepiaiy.



3aKoH 30epekeHHs] MOMEHTa KiJTbKOCTI pyXxy.

Lleii 3aKOH MICTUTb JIMIIIE ONIEPATOP HANPYKEHb (TOOTO BU3HAYAIBLHE PIBHSHHS MIPUCYTHE) 1
HE MICTUTB OIHOI QYHKIIT, sIKa 03BOJISIE CBOIM MiA00POM HOTO 3310BOJIBHUTH. OTXKE 3aKOH 30e-
peskeHHs MOMeHTa KijbKocTi pyxy 0esymoBHO HAKJIAJIA€ o0MmexeHHs1 Ha BU3HAYAJIBHI pi-
BHSIHHS MaTepiauy. [le oOMexxeHHs nossrae y 000B’ I3K0OBiii cHMeTPil TeH30pa HANPY:KeHb. AJie

0OMEXKEHHS JIETKO 3aJ0BOJIbHUTH, PO3TJISIAI0UH JIMIIE CUMETPUYHUI ONIEPATOp Ui & {} .Toniy

(bopmynoBaHHI 3aKOHY 30€peKeHHs KUTBKOCTI pyXy MOKEMO 3MIHUTH MOPSIJIOK 1HAEKCIB B TEH30p1
HanpyXeHb, TOOTO
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@®opMyIOBaHHS IILOTO 3aKOHY MICTUTH ONIEpaTOp BHYTPIIIHBOT eHeprii U {} (Moxe OyTH
BUpaXKeHNIT uepes BitbHy eneprito A{...}, enrpormito h{...} i Temmeparypy T sk u=A+Th), Ten-
30p mBHIKOCTEH nedopmariii V = {Vij} (BupaxkaeTbest TeH30p Iedopmaiiii) i BETOp TEIIOBOTO T10-

TOKYy Q = {qi} . [Ipote, npu Oy1b-sIKMX 3HAYEHHSAX OIEPATOPiB, IEH 3aKOH MOXKe OyTH BUKOHAHUM 3a

PaxyHOK CIeUiaTbHOTO MiA00pY MOTOKY TeIuIa 6€3M0CepeHBO Y 00’ €M 3a paXyHOK PO3IOIUICHUX
mkepen (ctokiB) I'. Omke 3akoH 30epexenns eHeprii HE HAKJIAJA€ Hisikux o6MekeHb HA
BHUIJISI BU3HAYAJIbHHUX PiBHSAHb MOBEIIHKH MaTepiaiy.

Jlpyruii 3aKoH TepMOIUHAMIKH Y (popMi YHiBepCaJIbHOI JUCHIIATHBHOI HEPIBHOCTI
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[ToBuHeH naBatu cyrTeBe 0OMekeHHs. JliliCHO, B HhOMY MICTATBHCS BC1 ONEpaTOPH BHU3HAYa-
JHHUX PIBHSAHB 1 HE MICTATHCS HIAKI 1HII BEIMYMHY, 32 paXyHOK HiIOOPY SIKUX MOKHA Oys0 6 #oro
BUKOHATH. Lle 03Hauae, 1110 BU3HAYAIbHI PIBHAHHS MOBUHHI OyTH c(pOpMyIbOBaHI TAKMM YHHOM,
100 337J0BOJTHHSTH HEPIBHICTH, HABEJICHY BHIIE, /IS JOBUIBHOTO TEPMOIUHAMIYHOTO MPOIECY
(ToOTO 17151 OY/IB-SIKOTO TEPMOMEXaHIYHOTO TPOLIECY, SKUH TUTBKH MOXHA c001 ysaBUTH). B ibomy
MOJISITa€ XapaKTepHa BIIMIHHICTB 11i€1 AUCUMATUBHA 1 HEPIBHOCTI — 11€ HE OJJHA HEPIBHICTD, a He-
CKIHUEHHO 06araTo HepiBHOCTEH /Ui BCIX TEPMOMEXaHIYHHUX MPOLIECIB.

Otxe, npyruii 3akoH TepmoauHamiku HAKJIAJIA€ o0Me:xeHHs HA BU3HAYAJIbHI PiB-
HSIHHS MaTepiaJy.



Tperiii 3akon Tepmoaunamikn (3akon Hepucra).

Bin BHOCHUTD o0mexeHHs1, ajie HE HA BCl TePMOMEXAHIYHI IPOLIECH, a TUIBKH Ha TaKi, AKi
BiZIOyBatOThCs OuIst aOCOIIOTHOTO HYJs. MU Taki MpoIecH JOCIpKyBaTH He OynemMo, ToMy i 00-
MEXEHHSMH, 10 HAKJIAAAI0THCS TPETIM 3aKOHOM TEPMOINHAMIKH HEXTYEMO.

3arajbHuUil BUCHOBOK: JUIS PO3TJISIIyBaHUX TEPMOMEXAHIYHUX MPOLIECIB 32 YMOBH CUMETPIT
TEH30pa HANpPY)KEeHb TUIbKU yHIBEpCaJbHa JUCUIIATUBHA HEPIBHICTh HaKJIaZae OOMEKEHHS Ha BU-
IJIs1]] BU3HAYAJILHUX PIBHSAHB JJIS MaTepiaiy.

3ayBaskeHHs. BukopucTtoByoun Ipyruii 3akoH TepMOAMHAMIKH Y pOpMi yHIBepCcalIbHOT 1~
CHUITATUBHOI HEPIBHOCTI MOXKHA C(HOPMYITIOBATH aJbTEPHATHBHE 03HAYEHHS 000POTHOI0 TEPMO-
MEeXaHiqYHOr0 nmpouecy: e npouec B AeAKOMY MaTepiaJi, VIl IKOro JMCHIIATHBHA HEePIBHICTH
BHKOHYETBCS 3i 3HAKOM PIBHOCTI.

CyTT€BMM MOMEHTOM B LIbOMY O3HAYEHHI € T€, 110 BOHO BHU3HAYA€ KOJIEKTUBHY BIACTUBICTb.
To6T0, MOHATTS MpoLieC HE BUKOPUCTOBYIOTHCS HE3aJIEKHO, a TUIBKH Y 3B'SI3KY 3 THM, B IKOMY Ma-
Tepiaii BiH BinOyBaeThes. Lle BaxMBUII MOMEHT, OCKUTBKU OJIMH 1 TOW caMUii TEpPMOMEXaHITHHIA
npoiiec Moke OyTu 000pOTHUM B OHOMY Matepiaji i HEOOOPOTHUM B iHIIOMY!



