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Ykaagau: crapmuii Bukiagad, 1oktop ¢putocodii Cipenko 1O. B.

OcHoBH TemjioTexHikH Ta rigpaBiaiku. KoHCHeKT Jekiii mais 3100yBadiB BHIIOL
ocBiTH crenianbHOCTI 208 «ATpoiHXEeHepis» MOYaTKOBOTO (KOPOTKUM IUKI) PIBHS
BUIIO1 OCBITH, CTyMEHs BHILOI OCBITH «Momoammii 6akanaBpy 2 Kypcy ACHHOI Gpopmu
HaByanHs / Cymu, 2021 pik, 130 cr., puc. 47

KoHcriekT nekmiil ckianaerbes 3 8 JEKIii, B AKUX PO3MVIIHYTO TEOPETHUHUMA
matepian 3 15 TeM, mourHarOuM 3 BCTYIHOI «BceTyn 10 Kypcy, poboue TijI0 1 mapaMeTpu
Horo craHy, BIACTUBOCTI PIAMHW» J0 3aKiaoyHOl «CKIagHUN  TErI00OMiH.
TernooOMiHHI anapaTu». B 1iboMy J1ara3oHi po3risHYTI Taki XapaKTepHI MUTaHHS, SKI
TOPKAIOThCSI OCHOBHHMX 3aKOHIB TEPMOJMHAMIKK Ta TIAPaBIiKd, (Pi3UYHI BJIACTUBOCTI
PIIUHY, TIAPOCTATHKA, PEKUMHU PYXy PIAMHH, OCHOBHUX TEPMOJMHAMIYHUX MPOIECIB,
teopetnunux mukiaie B3, I'TY, TICY, xomoauibHUX YCTaHOBOK, TEPMOJUHAMIKU
KOMIIPECOpIB, TEIIonepeaadl B TEIIOOOMIHHMX amapaTax. Ko)kHa Tem 3aKiHU4YyeTbhCs
KOHTPOJIBHUMH MUTAHHSIMHU, Ha SIK1 CTYJICHT IOBUHEH 00OB’SI3KOBO HAJIaTH BIATIOBIIb.

Peuensentu: Yenincnuii A.B. — xaHauaaT TEXHIYHUX HAyK, CT. BUKIagad kKadenpu
«EHepreTrka Ta enekTpoTexHiuHi cucremu» Cymcbkoro HAY;
Pyoenko B.A. — xanauiat TeXHIYHUX HayK, AoLeHT kadeapu «Tpakropu,
CUTHCHKOTOCTIOAAPCHKI MAITUHU Ta TPAHCIIOPTHI TEXHOJIOT11»
CymMmcbkoro HAY.

BinnoBinaabuuii 3a Bunmyck: Cipenko [O.B., moktop ¢utocodii, cT. BuUKIagad
kaeapu «EHepreTuka Ta e1eKTPOTEXHIYHI CUCTEMU.

PekoMeHIOBaHO 110 BHWJAHHS  HABYAJbHO-METOJIWYHOIO  PaZO  IH)KEHEPHO-
texHosoriunoro daxkynerery CHAY. (ITpotokon No BT, 7 2021 p.).
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Jlekuisa 1. Berym n0 Kypcy, OCHOBHI NOHATTS Ta BU3HAYEHHSI, BJIACTHBOCTI
pinuHm.

1.1. PoOoue Tij10 i mapameTpu ioro crany.

1.2. T'a30Bi cymimii.

1.3. TenjioeMHicTD ra3sis.

14. Hayka rigpaBjika, OCHOBHI TepMiHM Ta mnapaMeTpH, sKi
XapaKTepHU3yOTh PiluHY.

1.5. ®i3uuHi BJACTHBOCTI PiIUHH.

1.6. Oco0.1MBOCTi BOAONMOCTAYAHHS CLIbCHKOIOCIOAAPCHKUX CIIOKUBAYIB
Ta CLILCLKUX HACEJIEHUX MMYHKTIB.

CyvacHe BUpPOOHHUIITBO 1 TOOYT HE MOKHA YSIBUTH O€3 BUKOPUCTAHHS TETLJIOTH.

TemoBa eHeprist € OTHUM 3 OCHOBHUX BHJIIB €HEPTii, IO ii CIIOKMUBAE JIIOICTBO.

BuxopuctanHs BOTHIO (TEIJIOTH) PO3MIMPUIIO 00JIACTh PO3CETICHHS JIOJUHU TI0
3eMJll — il CTaJld HE CTPAIlHI XOJO0J 1 Hemoroga OubIl MiIBHIYHUX PAHOHIB, JIETIIE
CTajJo0 BECTH 0OpOTHOY 3 BOpOraMu, MiABUIIMJIACA SKICTh X1 (CTpaBU CTAId OUIBII
MMOKUBHUMH, CMAYHUMHU, 3HEIIKOYKCHUMHU — 1M030aBJIeHUMH 1HOEKIIHHUX 30y THUKIB
Ta 1HIIKX IIKIITUBUX €JIEMEHTIB).

[Tepmri 3emiepoOu BOrHEM BiABOMOBYBAJIM Yy JIICIB 3€MJIIO TIiJl TOCIBH, BOTOHb
JI0TIOMAaraB CTBOPUTH METAJICB1 3HAPSIS MPalli Ta JOMAITHBOTO BXKUTKY.

Tuck pozxkapeHHUx TasiB, IO YTBOPIOETHCS I Yac 3rOopaHHs MOPOXy, OyJo
MOKJIaJICHO B OCHOBY J1i BoraenaiabHOi 30poi (Kuraif), sika 3a0e3neuuniia 3HayHI
nepeBaru JIIOJMHU HaJl TUKUMU TBApWHAMU HE JIMIIE JJIS 3aXUCTY BIJ Hamanmy, a u
IS YCIIIIHOTO TTOTIOBAHHSI.

VY BcCi yacu BUKOPHUCTAHHS BOTHIO JIFOACTBO Hamarajgocsi 3pO3yMiTH 1 MI3HATH

Take SBUIIE SIK TeruioTa, HalO1abll CYTTEBI BUBYEHHS TEILUIOTH BIAOYJIOCS B €MOXY

[MOSIBY [TIAPOBUX JIBUT'YHIB, a 32 HUMH JIB3, razorypOIHHUX 1 paKETHUX ABUTYHIB.

Ta Tinbku B kiHi XVI cT. Oyn0o BIAKpUTE SBUINE PO3UIUPEHHS TOBITPS MpU
HarpiBanHi. B 1597 poui [Nanineit (itanienb) CKOHCTPYIOBAB MPUIIAJl MEPMOCKOR, 32
JIOTIOMOTOI0  SIKOTO MO’KHa OyJI0 BHU3HAYUTU CTYMiHb HarpiBaHHs TuT (IpoobOpas
CYy4aCHUX TEPMOMETPIB).

VY XVIII ct. 3’ siBUs1acs MOJEKYISIPHO-KIHETHYHA TEOPisl TETUIOTH.

[i ocHOBOIO cTaNO TBEPJKEHHSI PO Te, 110 BC1 TUJIa — TBEP/I1, PIJKi 1 ra30moa10Hi
CKJIQZIAI0ThCA 3 MIKPOYACTHMHOK (MOJIEKYJI, aTOMIB), SIKI 3HAXOJATHCS y MOCTIHHOMY
pyci 1 IHTEHCUBHICTH I[OTO PyXy BH3HAUa€ TEIUIOBUM CTaH Tina. L{g Teopis BuHMKIIA

e y 20-x pokax XVIII crt. ii aBTopu — pocistHud M.B. JIoMoHOCOB, HiIMELIbKUN (Di13UK

3



Kpictian Bonbd, amepukanens Pymdopn. Bouu posrnsmanu temnoty, sk Gopmy
pyXy MaTepii — TOOTO — pyX aTOMIB 1 MOJIEKYJI B TijJaX.

Mornekynu B TOW 4ac Ha3UBAIUCh KOpuycKyaamu. byio noseaeHo, mo npupoaa
TETJIOTH TOJIATAE caMe y BHYTPIITHBOMY PYCi KOPITYCKYJT T1JI.

JIoMOHOCOB 00’ €1HAB 3aKOH 30E€PEKEHHS PEUYOBUHHU 1 pyXV (eHeprii).

Takum YMHOM, TEMJOTA — € OJHUM 13 BHUJIIB CHEPrii, Ky BUKOPHUCTOBYE
moactBo. CydacHa Hayka BHUJISE€ Taki BHAM €HEPrii: MEXaHIyHa; TeIJIoBa;
€JIEKTPOMAarHiTHa, XiMi4Ha, sIepHa.

[Iporpama gaHoro Kypcy nependavae, 1o MailoOyTHbOMY 1HXXEHEpy-MeXaHIKy To
CBOIll CIELIaJbHOCTI JOBENEThCS NpALIOBaTH B Tajy3l EHEPreTUKH, TOMY BIH
MMOBUHEH JOCUTH TJIMOOKO BUBYUTH CKJIAJIOBI EHEPIreTUYHOI Taly3i.

Enepzemuxka — oc¢ raily3b HapOOHOIo TIoOCIIoaAapCTBa, IO BI/IpO6JI51€,

MepETBOPIOE, TEpelae, PO3MOJLISLE 1 CIOXUBAE EHEPrito y pi3HUX i1 (popmax
(eHepropecypcH 1 eHeproHocii ycix BUIB).

P03BUTOK €HEpPreTHKY BIUITMBAE HA Pi3HI KOMIIOHEHTH MPUPOTHOTO CEPEIOBHUIIA
(atmocdepy, rimpocdepy, mitochepy). Huui mocrae akTyasbHa mpobiieMa
B3aEMOBIUTMBY €HEPreTHKH 1 MOBKULIA. CKIIaJoOBOI0 YACTHHOIO CHEPIeTHKH €
TEIJIOTEXHIKA.

Tennomexnika — 11€ Tagy3b TEXHIKH 1 HayKH, IO BUBYAE€ METOAU OJICpKAHHS,

nepepoOKM Tmepenayl 1 BUKOPUCTAHHS TEIUIOTH, a TaKOX NPUHIUNMA Mdii 1
KOHCTPYKTHBHI OCOOJMBOCTI MAIINH 1 anapatiB, MPU3HAYCHUX JJIS IIOTO.
Kypc TemnoTexHiku CKIagaeThes 3 3-X YaCTHUH:
1) TeopeTruHi OCHOBHU TEIIOTEXHIKH (TEPMOIUHAMIKA 1 TEOPis TEIIOOOMIHY).
2) TeroeHepreTHYHI MAIIMHU 1 YCTAHOBKHU.
3) 3acTrocyBaHHS TEIUIOTH B arpapHOMY BHPOOHHIITBI.

Tepmodunamika (3 TpelbKOi termos — Temio, dynamos — cuiia) — 1ie Hayka mpo

PYIIiHY CUy BOTHIO, SIKa BUBUA€ 3aKOHHM MEPETBOPEHHS €HEprii B pi3HUX (I3UKO-
XIMIYHUX TMpo1iecax, M0 CYIPOBOAATHCA BUIJICHHSM 1 MOTJIMHAHHAM TEIIOTH.

Po3pi3ustoTh (i3nyHy, XiMIYHY TE€PMOJMHAMIKY, TEPMOJAMHAMIKY O10J0TTYHUX
CUCTEM 1 TeXHIUYHY TEPMOJUHAMIKY.

Texniuna mep.znoduuamika — HayKa, JKa BHUBYA€ 3aKOHHW B3a€MOIICPCTBOPCHHA

TEIUIOBOi 1 MEXaHIYHOi eHeprii, a TaKo)X BJIACTHUBOCTI TiJ, 3a JOMOMOTOI0 SKHX

BiIOyBaloTbCsl 111 mepeTBopeHHA. Ha 1i OCHOBI 3IHCHIOIOTH PO3PAXyHKU 1
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MPOEKTYBAaHHS YCIX TEIUIOBUX [IBUTYHIB — MAapOBHUX, Ta30TypOIHHHX, PaKETHUX
ABUTYHIB, /B3, TexHOMOTIYHOTO 06/1aJHAHHS — KOMIPECOPHUX MAIWH, CYIIMIBHUX 1
XOJOAUIBHUX YCTAHOBOK.

Tepmoannamika 6a3yeTbesi Ha 2-X OCHOBHUX €KCIIEPUMEHTAIBHO BCTAaHOBJICHUX
3aKOHaX 1 OJHOMY JoJaTKkoBoMy. TepMmoanHaMika, sIK caMOCTiliHa HayKa, BUHHKIIA
TOM1, KOJIM OYyJIM BIAKPHUTI JBa ii 3aKOHHM, BOHW MAarOTh HA3BY MEPIIE 1 Apyre HAdajo
TepMoauHaMiku. TpeTili 3akoH TepMoaWHAMiKK (Tak 3BaHa TEIJIOBa Teopema
Hepncra) O0yB BctanoBnenuit B 1906 — 1911 p.p. 1 cnyrye GpyHIaMEHTOM JIHIIE JJIST
Ti€1 YaCTMHU TEPMOJUHAMIKH, Ji€ PO3TIISIAIOTHCS BIACTHUBOCTI TUT MIPH Iy’Ke HU3BKUX
temreparypax. CTBEpKEHHsSI HEAOCSKHOCTI abCONIOTHOTO HYyJS TeMIlepaTypu —

CYThb TPETHOTO 3aKOHY.

1.1. PoOoue Tijio i mapameTpu iOro crany.

1. OCHOBHIi MOHSATTS TAa BU3HAYEHHS.

2. OCHOBHI ra3oBi 3aKOHH.

3. PiBHSAIHHA cTaHy VIS i1€aJIbHOIO i peajibHOro rasis.

TepMmomuHaMika BHBYA€ MAaKpPOCKOMIYHI 00 €KTH, 10 MalTh Ha3By

mepmoounamiuni cucmemu (T/[C).

T.A.C. — 11e CyKynHICTh MaTepialbHUX TUI, IO 3HAXOMAATHCS B €HEPrETHUHIM
B3a€EMOJIIi MDK CO0OK 1 cepeAoBHIlEM, TOOTO OOMIHIOIOThCS eHepriero (i
pedoBuHOw0). Tijma, sKI HE BXOASATh B CUCTEMY HA3UBAIOTHCA OTOUYYIOUHMM
cepenoBuiieM. CucreMd BIIAUISIOTH BiJI OTOYYIHOHUOIO CEPEAOBHINA KOHTPOJBHOIO

HOBEPXHEIO.
TuUnoBuUM NMPUKIAAOM TEPMOJAMHAMIYHOI CUCTEMH € poOoUe TLIO (CyMill Tra3iB),

[0 3HAXOJUTHCS B ITWIIHAPI JABUTYHA 1 BIJUIIJICHE TMOPIIHEM BiJ HABKOJMIIHBOTO
CepeIOBHILIA.
T.J.C., gaxa He OOMIHIOETBCS €HEPri€l0 3 OTOUYIOUUM CEPEJIOBHILEM,

HA3UBAETHCA 130J1b0BAHOKO.

YacTto OHOPIAHY CHUCTEMY, IO CKJIQJa€TbCsd 3 OAHIET (a3u pPEUOBUHU

Ha3uBAOTh TI'OMOI'CHHOIO. CI/ICTeMa, JKa CKJIaJa€TbCA 3 I[eKiJ'H)KOX TOMOI'CHHHX

CUCTEM 3 PI3HUMHU (I3UMYHUMH BJIACTUBOCTSAMHU 1 MA€ MOBEPXHIO MOJILITY Ha3UBAETHCS

T'CTCPOIrCHHOIO.

Tima, 3a TOMOMOTOI0 SIKUX TEIJIOTa MEPETBOPIOETHCA B POOOTY, HA3UBAIOTHCS
pobouumu_minamu (y TEPMOIAMHAMILI 1€ 2a3U, napa 600u, noeimps), siKi 370aTHI
5
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3HaYHO 3MIHIOBATH CBiil 00’€M IpH 3MiHI 30BHIIIHIX YMOB.
PoGoye TiIoO B TEIUIOBIM MaliMHI OAEPXKYE TEIUIOTY B3a€EMOJIIOUM 3 OLIBII
HarpiTuM TitoM. Tio, sike Biggae TEIIoTy poOOYOMy TUTY 1 MPH IIbOMY HE 3MIHIOE

CBOIO TeMIIEpaTypy Ha3HBAEThCS BEPXHIM JDKEPEJIOM TEIJIOTH. T1510, SIKE OJEpiKye

TEIUIOTY BiJ po0OOYOro TiJIa 1 HE 3MIHIOE CBOIO TEMIIEPATYpPy HA3UBAETHCS HIDKHIM

J2KCPECIIOM TCILJIOTH.

Tepmodunamiunuii__npouec — 1€ TIepexi]i TEPMOJUHAMIYHOI CHUCTEMU

(po6ouoro TiyIa) 3 OAHOTO CTaHY B 1HIITUH i BIUTHBOM 30BHIIITHIX JTIH.

Cran cucteMd B TepMOAMHAMII OOYMOBIIIOETHCS CYKYIHICTIO 3HAYCHBD,
XapaKTEepHUX 711 Hel MaKpOCKOMIYHUX BEJIWYHMH, 10 MAalOTh HAa3By HapaMeTpH
crany. OCHOBHHUMH cepe]] HUX € a0CONIOTHUI TUCK p, TUTOMUI 00’ €M v, aOCOJIFOTHA
temriepatypa 7 (1ie, Tak 3BaHH1, TepMidHI mapameTpu). KpiM HUX BUKOPHUCTOBYIOTHCS
1Ie KAJIOpUYHI mapaMeTpu: BHyTpimHs eHepris U, entansmis |, eHTpomis S

Temneparypa razy — (hizuyHa BeJIM4YMHA) Mipa IHTEHCUBHOCTI TETJIOBOTO PYXY

MOJIEKYJ (CEpeHBOT KIHETUYHOT €HEPTil MOCTYNAIBHOTO 1 00EPTOBOTO PYXY MOJIEKY
TiJla @ TaKOX KOJMBAJIBHOTO PYyXy aTOMIB B MOJIEKYJaX), XapaKTEepU3ye CTYIIIHb
HarpiToCTI TLIA:
me2
2
1€ M— Maca MOJIEKYT;

c?— CepeHs KBapaTUYHA IIBUIKICTh MOCTYIAIBLHOIO PYXY MOJIEKYIL;
) oHc
k — crana Bonbimana, k= 1,380662-10% ’ZZT .

T - Temneparypa razy, K.

B TtepMoauHamiiil TpUIHATI ABI IIKadd BUMIPIOBAaHHS TeMIlEpaTypu —
emmipuyna — mkana Lenbcis (t, °C) i abcomroTHa — mkana Kenbssina (7, K).

TepmoaunaMiuHa TemmnepaTypHa Ikaia Mae (IPUITHSATI) TpY MOCTIHHI TOYKH:

1 Touka — remneparypa 3amep3ants Boau — 0 °C, 273 K, (32 ®apenreiita);

2 — Temnieparypa 3akumnanas soau 100 °C, (210° dapenreiiTa);

3 — AbcomoTHui Hys Temneparyp — 273,15°C = 0 K.

Jyist Bo;ii XapakTepHa, Tak 3BaHa, MOTPIifHA TOYKA BOM.

[ToTpiitHa TOyka BOAM — 1€ TaKWW CTaH BOAM, MPU SKOMY TBepja, piaka i

ra3zono/i0Ha ii a3y 3HAXOJATHCA B piIBHOBA31, HOMY BiJNOBiAae Temmneparypa 273,16
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K, a60 0,01 °C.
B imkeHepHUX poO3paxyHKax KOPUCTYIOTHCS aOCOTIOTHOIO TEMIEPATyporo, SKa
Moxke OyTu BusHaueHa sk: 7=273+ t °C, K.
Tuck — cuna yaapiB yciX MOJIEKYII, IO i€ Ha OJUHUIIIO TIOBEPXHI.
pe F_2 a e mc®
s 3 2°
7€ N — 9HUCII0 MOJIEKYJ B OJUHUII 00’ eMy;
M — Maca MOJICKYJT;
C? — cepeHs KBaAPaTHIHA BHAKICT OCTYATBHOTO PYXy MOJIEKYIL.
B cucremi CI tick Bumiproetses B [1a. 111a =1 H/m?; Ixlla =10° Ia; 1 MIa =
10° Ia.

[TapameTpoM cTaHy €, Tak 3BaHUN, aOCOJIOTHUU THUCK P, Ha BIAMIHY BiJ

MAHOMETPHUYHOI'O 1 0APOMETPUYHOTO TUCKIB. 3B'SI30K MK HUMU:

A

p MdAH

.
i8]
—— el —— J——

! I p=01 I

y BHANAJKY HAJUIUIIKY TUCKY y BUIIAJKY BaKyyMy
P abc —P MaH T oap P aoc P oap P 6ax
vV oad

[Tutomuit 06’ eM — 11€ 06’ €M OJUHUIII MAaCH PEYOBUHU. U = —, —
m KZ

Benuuuna, oOepHeHa 1O MOUTOMOro O00’€My, HA3UBAETHCS TYCTUHOIO:

1m1<2

—5» OTXKE MaeEMO: P = =1 m=Vp, V=mo.

UVM

B TepMoamHaMiuHMX pO3paxyHKax 4acTO KOPUCTYIOTHCS MOJIIPHUM 00’ €MOM

V.,
Ke

V,=uV, :

MOJIb

1€ 4 - MOJISIpHA Maca PEYOBUHH (Tazy).
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Monb — KUIBKICTh PEYOBUHU, SIKA MICTUTh CTUIBKM XK MOJEKYJ, CKUIBKH

mictuthest aTomis y 0,012 ke Byriero, T06to 6,02210% — uncio ABoraapo.

OcHOBHI CiBBiZHOLIEHHA TapaMeTPiB (OCHOBHI ra30Bi 3aKOHH).
1. ITpu nocTiiiHii Temnepatypi T = const, pv = const - 3akoH boins-MapioTra.

JloGyTok 00'eMy AaHOi MacH i€albHOTO ra3dy Ha WOTr0 THUCK MOCTIMHUNA TpU

NV : v
TIOCTIMHIN TeMIeparypi: p,v; = Py, , a00 —2 = P , 60 pv=const (myis 1 xe razy) (P.
by P>
boitne B 1662, €. MapiotT y 1676 p. He3aJIeKHO OJWH BiJi OJHOTO BIIKPHWIM LIEH
3aKOH).
. : Y v, T, .

2. Ilpu mocTiiHOMY THCKOBI P = const: —=cong, abo —= =-—= - 3akoH ['cii-

T v, I
JIroccaka.
O0'eM ngaHOi MacH 1J1€aJIbHOTO ra3y Impu P=CONSt mpu 30UIbIIEHHI TEMIIEpaTypH
3poctae JiHiiHO (BiakpuTuii y 1802 pori).
XY 1 : _ . p _ p 2 _ T 2
3. IIpu noctiitHomy 06'emi V = const: — =cong, abo —= = —= - 3akoH [llaps.
r rn Iy

Tuck imeanpHOTO Ta3zy HE3MIHHOI Macu 1 00'eMy TpW HarpiBaHHI 3poOCTae
JIHIAHO.

[Tpu ogHakoBUX (PI3MYHUX YMOBaAxX B 00'eMi / Mo/ pI3HUX Ta31B 3HAXOAUTHCS
OJTHAKOBE YMCIIO0 MOJIEKYN N, iK€ Ha3MBaIOTh YUCIOM ABOTapO.

Jlns Beix rasiB npu ogHakoBUX p, V 1 T uucimo monekyn Nu - ogHakose. lle
MTOJIOKEHHS CKJIa/Ia€ 3MICT 3aKOHY ABOTAJIpO, 3TiHO SKOTO BCi Ta3u MPU OJJHAKOBHX
p 1 T BMIIIYIOTh B OJIHAKOBUX 00'eMax OJHAKOBE YHMCIIO MOJEKYI. [3 3aKkoHy MaeMmo,
1[0 TYCTUHHM Ta3iB NMPU OJJHAKOBHX p 1 T MpOMNOpUINHI iX MOJSPHUM MacaMm U, TOOTO
o _H
P P2

a00 u101=207. oOyTOK v € 00'eM I mons V.

PiBHSIHHA cTaHy rasis.
Jlns po3B’si3aHHA 3a7a4 METOAaMU TEPMOAMHAMIKKA HEOOX1THO 3HATH PIBHSHHS
CTaHy JJIsl 1iealbHOTO, a00 pealbHOIO Ta3iB .

Ideanvhum 2a3om HA3UBAETHCS Ta3, MOJIEKYJIH SKOTO HE B3a€EMOIIOTH OFHA 3

OJIHOIO Ha BIJICTaHI 1 MalOTh (3HUKAIOY€) MaJjll BIACHI PO3MIpPH.

Ideanvhuini 2a3 — ysiBHUH Ta3, 10 CKJIAJA€THCS 3 MPYKHUX MOJIEKYJI, MIXK SKUMU

8
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HE JIIOTh CHJIM B3aEMHOTO TSDKIHHSA, @ 00’ €M, 3aiHATHNA MOJICKYJIaMHU, TOCUTh MaJIHA
MOPIBHSHO 3 00’ €MOM BiJICTaH1 MK MOJIEKYJIaMH.

[Ipy maniii MUIBHOCTI pealbHUX Ta3iB CEepelHs BiJACTaHb MIX MOJICKYyJaMH
MIEPEBUIIYE CUIIM MIXMOJICKYJIIPHOTO TPUTATYBAaHHS, 1 Taki Ta3u (3 BEITUKHUM
HAOJIMKEHHSM ) BBRXKAIOTHCA 1/1€aJIbHUMU.

PiBHsiHHS cTany Uit [ ke 1€aIbHOTO Ta3y:

PV _ cong = Rzi,ﬂ—"’c.
T no xe-K
3anucane piBHAHHS € piBHAHHAM Knaneiipona (1834 p.) IloMHOXUBIIK JTIBY 1

IpaBy YAaCTUHY PIBHSHHSA Ha I, OTPUMAEMO PIBHSHHS CTaHy JJIs JOBIJIBHOI MacH rasy

m, ke:
pV=mRIT,
Lo
ne R— xapakTtepucTiuHa ra3osa craia, K
Ke-

PiBusinnto Kiameiipona mMokHa HajaTH YHIBepcalibHY (OpMY, SIKIIIO BIAHECTH
ra3oBy CTajy JI0 OJIHOTO KIJIOMOJIs razy (ToOTO A0 KIIBKOCTI rasy, Maca sikoro B ke

YUCETBbHO JOPIBHIOE MOJEKYJIpHiN Maci g.). OOyMOBUBIIH, 1O V, =04, OAEPKUMO

PIBHSIHHS U1 1 K1JTOMOJIS: pVM = &T. [ToMHOXXMBIIH JIIBY 1 IpaBy 4acTHHY Ha K,

oTpuMaeMo piBHAHHA Menneneesa-Knaneiipona (1874 p.): pV = kRLT ,

ne V, - 00'eM kizomos rasy;

K — KiJIbKICTB KIJIOMOJICH Tra3y;

V — 00’eM raszy, ]I/l3,

_ Hxe

R, — yHiBepcanbHa razosa crtana, R, =8314 .
Kmoib - K

3a 3ak0oHOM ABorajapo 00'eM 1 xmos OJHAKOBUI B OJTHAKOBUX YMOBAX JUISl BCiX

i7IcaTbHUX Ta3iB, 1 32 HOpMATbHUX (QIBUYHUX YMOB (p = 760 mm. pm. cm., t=0 °C)

3
M

JIOP1BHIOE 224 —_—. Toni npu UX yMOBax 3aBAKIU
KMOJIb

_ PV, 101325-224

I
R =8314 ———. T = 760 mm. pm. cm. = 101325
“TTT T 21315 wonons K77 g
iz, t=0°C, V, = 22,4 > . TakuM 9MHOM, ra3oBa craja s I k2 i1ealbHOro raszy
M



R_8314 Lo
y7i " ke K

PeasibHi ra3m ckiagaroThCs 3 MOJIEKYJ KIHIIEBOTO 00’€My, MK SIKUMHU AIIOThH
CUJIM TIPUTSATAHHS, BIIMIHHI BiJ 11eayibHUX. HasBHICTh MIDKMOJIEKYJIIPHUX CHUJI BEJC
70 TOTO, IO MOJICKYJIH HAOMMKAIOTHCS MIXK COOOI0 JIMIIE JI0 JesKoi MiN BijcTaHi.
I'py6o MoO’kHa BBaXkaTH, 110 BUIBHHM JJI1 PyXy MOJIeKys o0'eM Oyjae JOpiBHIOBATH
v=Db, ne b- HalimeHmmit 06'eM, 10 IKOTO MOXKHA CTUCHYTH 1 ke ra3sy.

Cunu MOJeKyn AII0Th Yy TOMY JK HampsiMi, M0 W 30BHIIIHIA THCK. Tomy

MOJIEKYJIIDHUMH THCK OOEpHEHO MPONOPLIMHUN KBaApaTy MUTOMOTO 00'emy:
a . » : :

Drion="5» A€ @ - KOCOIIEHT MPOMOPUIHHOCTI, IO 3aNEKUTL BII NMPUPOAU rasy
v

(BpaxoBye CHIJIOBY B3a€MOJIII0). 3BIJICH OJIEPKUMO BioMe piBHSIHHS Ban-nep-
Baansca:

p+%: RT abo (p+%)(v—b):RT;
v v-b )

Horo BinkpuB rosutanjackkuii ¢izuk Bau-nep-Baanbc 1873 p. PiBusinag Ban-
nep-Baanbca 3 sIKICHOI CTOPOHM JIOCUTh JOOpE OMUCYE BJIACTUBOCTI PEabHOTO Ta3y,
X04ya pe3yJbTaTH UHCENBbHUX PpO3pPaxXyHKIB HE 3aBXKAM y3TOJDKYIOTHCA 3

CKCIICPUMCHTAJIbHUMH JaHUMMU.

KoHTposbHI NUTAHHS:
1. SIkumu mapamMeTpaMu BU3HAYAIOTh CTaH TEPMOJIMHAMIYHOI CUCTEMHU (Tazy).
2. PiBusinna Knaneiipona, MenneneeBa-Knaneiipona.
3. BuzHaueHHs i1eaIbHOTO Ta3zy.

4. Bu3zHaueHHs OJTHOTO KiJIOMOJIS rasy.

1.2. I'a3oBi cymiui.

1. IToHATTS PO ra3oBy Cymill.

2. MNapuianbHuii THCK i mapuianbHUi 00’€M KOMIIOHEHTIB ra3oBOi cyMmilli.
3axkon /laabTOoHA.

3. Cnioco0u 3aBaHHSA CKJIAAY ra30Boi cymimri.

4. Bu3HAYeHHS1 OCHOBHUX TEPMOJANHAMIYHUX XapPAKTEPUCTHK ra30B0i CyMilli.

T'az06a_cymiw — 11e MexaHIYHa CyMIII Pi3HUX Ta3iB, sIKI XIMIYHO HE PEaryroTh

MDK c00010. 3aBASIKM XAOTUYHOMY PYXy MOJIEKYJ, KOXKHUW KOMIIOHEHT CYMIIli
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PIBHOMIPHO 3aIlOBHIOE BECh 00’€M CyMIiIIl 1 TTOBOJIUTH cebe Tak, HIOMTO BiH OAWH
3HAaXOJUTHCS B 00’€Mi, AKUI 3aliMae CyMilll, YUHSIYU MPHU IbOMY Ha CTIHKA €MHOCTI

CB1M YaCTKOBUH, IHIIIMMHU CJIOBaMH, MapIiaIbHUI TUCK. TakuM YMHOM, RApUiaIbHU

MUCK_KOMNOHEHmMAa_cymiuwii — 1 THCK, IKAM MaB OW JaHUN KOMIIOHCHT, SIKOM BIH

OJIMH 3HaXOJUBCS B 00’ €M1 CYMIIII MPU TeMIIEpaTypi CyMiIli.
BiamoBinHo 3akonHy /lanpToHa cyma mapIiialbHUX THCKIB KOMIIOHEHTIB Ta30BOi
CyMIIII JJOPIBHIOE THUCKY BCIET CyMIiIIIi.
n
P =P1+ Do+ P3+ ..t py=2 p; Ila.
i=1

KpiM mapiiajpsHOro THCK O3[JISIIAIOTh TAaKOX 1 HaApuiaibHuil 00°em
p p y p

KOMNOHEeHma 2a3080i cymiuii — 00’ €M, IKUM 3aliMaB OU JaHWl KOMIIOHCHT, SIKOH BiH

OJIMH 3HaXOAMBCS M1l TACKOM CYMIIIIl IPU TeMIEpaTypi CyMillIi.
§ 3
Vo =V1+Vo +V3 +..4+V, =3V, , m” (3akon Amara).
i=1
1106 BMKOPHUCTOBYBATH PIBHSHHS CTaHy JIJIsl Ta30BOi CyMilll MOTPIOHO 3HATH ii

T

ysiBHy razoBy cranyR, . Jns uporo moTpiOHO 3HATH CKIIAJ CyMIIll, KU

MOe OyTH 3aJJaHUM:

a) B MaCOBHX YaCTKax:

m
g = )

mcyM

Jie M — Maca i —To KOMIIOHEHTa CyMIIIIi, K2,
M, — Maca cyMimii, k2.
0) B 00’€MHHX YacCTKaxX:
vV
. =

i ’

Vo

. .3,
ne Vi —00’eM i —T0 KOMITOHEHTa CyMIIi, ",
.. . 3
Ve — 00°€M cymimi, m”,

B) B MOJIbHMX YaCTKaXx:

cym
ne K — KiTbKICTh KIJIOMOJIEH | — TO KOMITOHEHTA CYMIIIIi;

Keyw — KUIBKICTD KiJIOMOJIEH CyMili.
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MK IMMH 4aCTKaMU € YiTKWH 3B'I30K:

=0 5—ah=X%.
RcyM
[Ipu 3amaBaHHl CKJaay CyMilll B MAacOBMX YacTKax ii ysiBHa rasoBa cTaja

BU3HAYA€THCA SK:

n Lo
Rcym = qu R J J
i=1 ke K
ne R — xapaktepucTudHa ra3oBa cTaja i — ro KOMIOHEHTA CyMIIIi.
[Tpu 3amaBanHi CKjIaay cyMimi B 00 eMHUX a00 MOJBHUX YacTKax (Tak sK I =
X;) ii ysiBHa ra30Ba cTajia BU3HAYAETHCS SIK:

1 Lloc
Row = Z”:I’i’ ke K
i-1R

KonTpo/abHi nMTAHHS.

1. [Ilo po3yMitOTh ij] Ta30BOIO CTAJIOK?

2. 11lo po3ymitoTh MijJ mapiiaJbHIM THCKOM KOMIIOHEHTA T'a30BO1 CyMiIlti?
3. 1o po3yMitOTh mij mapuiadibHUM 00’ €MOM KOMITOHEHTA T'a30BOi CyMilini?
4. B yomy noJssirae CyTHICTb 3akoHYy JlaibToHa?

5. 1o po3yMirOTh MiJ MaCOBOIO YaCTKOK KOMIIOHEHTA ra30BOi CyMImIi?

6. [1lo po3ymitOTh mijg 00’ €MHOIO YaCTKOK KOMIIOHEHTA ra30BOi CyMiIIi?

/. SIk BU3HAUUTHU YSBHY ra30BYy CTATy CyMiIIi?

1.3. TemsioeMHicTh ra3is.

1. IToHATTH NPO TENMJIOEMHICTH rasy.

2. XapakTepHi TeIJIOEMHOCTI rasis.

3. Bu3HaueHHsl KIJIBKOCTI TeIJIOTH, L0 BUTPAYAETLCA HA HArpPIBaHHA rasy,
yepe3 TEMJI0EMHICTb.

dQ dg

1. TemnoeMHICTE Ta3y V JaHOMY IIPOIECI ¢ = d_T abo d_T Bignomnrenus

kitpkocTi Teria dQ, oaepkaHOro ra3oM MpHU HECKIHYEHHO Malliid 3MiHI HOTO CTaHy,

710 3MiHU TeMrepaTypu rasy dT.
PO3p13HAI0TH TpU BUAM TEIOEMHOCTI:

1) nuTOMa MacoBa TEIJIOEMHICTD ¢, BiIHECEHA 10 [ ke rasy:

Q b
mAT  xz- K
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7€ M— KUIBKICTh Ta3y B Ke.

. / . . .
2) nuroMa o0’€MHA TEIUIOEMHICTh ¢, BiJIHECEHA JO KIJIBKOCTI Trasy, Mo

- 3
MICTUTBCA B 1 M~ 00’ €My IIpu HOPMaJIBLHUX YMOBAX:

o Q o
- ) )
VAT uni®- K

3) nMTOMa MOJIbHA TEMJIOEMHICTD ¢, Ta3y:
c,= uc = Q Aoie
;Ll 1 H
KAT = kmons- K

ae K — KiIBKICTh KIJIOMOJIIB ra3y.

TemmoeMHiCTh Ta3y 3aJ€KUTh Bl MPUPOAM Ta3y, BiJ TeMIIEpaTypu, THCKY 1 Bif
XapakTepy IpoLecy.

Jlns maHoro ra3dy TOJIOBHUM € Te, o ¢ = (1) 1 nnda AesKuxX I1HTEpBaJIiB
TEeMIIepaTyp TEIUIOEMHICTD T'a31B OMHUCYETHCA JIHINHOIO 3aJI€KHICTIO BUAY ¢(1) = a +
6t, e a, 8 =const.

Mix NUTOMUMH TEMJIOEMKOCTSIMU ICHY€E TaKHil 3B’ I30K:
Yy

/
c
c:—zﬁ;a6o c/:cpH:

Pu

OCKUIBKM TEIUIOEMHICTh PEaIbHOTO Ta3y 3aJICKHUTh Bil 1, B TEPMOJMHAMIII

HC - Py .

PO3PI3HAIOTH AIMCHY 1 CEPEAHIO TEIIOEMHICTb.

JlilicHa TEeTUIOEMHICTh — TaKa TEIJIOEMHICTh Ta3y, sIKy Ma€ ra3 npu (GpakTUIHINA
Temrepatypi t.

CepenHsi TEIUIOEMHICTh — 1€ TEIUIOEMHICTh, SIKA BHUTPAYAEThCA B IMPOILIECi
HarpiBaHHs | xe ra3zy Ha 1°C B iHTepBaii Temneparyp Bif t; 1o t.

BaxnuBy ponb y TepMOAMHAMII MalOTh 130XOpHA TEIUIOEMHICTh (ipu V =

dq
const) ¢, =2
) ey dT

1 1300apHa TEIIOEMHICTD IIPH p = CONSt Cp=

3B’SI30K MDK 130XOpPHOIO Ta 1300apHOI0 TEIUIOEMHOCTSIMU BIJMOBITHO 0

: . orC : :
piBHsiHHS Maiiepa cp-cy = R, A . [ToMHOXUMBIIN BC1 WICHU LILOTO PIBHSHHS Ha [
Ke -
. Lo
OTPUMAEMO: €, — €,y = 4 R = R,— yHiBepcanbHa razosa ctana - 83144 —————.
S # Kkmonb - K

Tak sik R >0, Toxai 3aBxkau cp >cy. Pizuuna cytb R — 11e pobota / ke 1/1ealbHOTrO

ra3y npu 3miHi ioro temneparypu Ha [ °C B TIporieci pu p = const.
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BaxxnuBe 3HaueHHS IS TOAAIBIIUX JOCTIHDKEHb TMPOIECIB y Ta3ax Mae

C ) )
BEJINUMHA k:C—P - nmoka3Huk agiadatu. OueBuauo K 3asxau Oinpuie 1. Takum yuHOM

c
maemo k= —p:ﬂ:l+5. 3Biacu cU:iR; Cc, =kg, = K R Ao .
c C C k-1 k-1 ke K

v v (%

TakuM YUHOM KiJBKICTh TEIUIOTH, IO BUTPAYAETHCSI HA HArPiBaHHS ra3y, MOXHA
sHaiiTi s1x: Q=me(T2- Ty), Jore, abo six: Q=VC/ (T, - Ty), e, abo six: Q=Kuc(T,- Ty,
L.

KouTpo/ibHi nuTanHs.
1. Ilo po3ymitoTh M/l TEMIOEMHICTIO Tra3a?
2. SIKi ICHYIOTh XapaKTepHI TEIJIOEMKOCTI raza? 3B's130K MI>K HUMU?
3. 1o po3yMitOTh MiJI ICTHHHOIO 1 CEPETHBOI0 TETIOEMHICTIO Ta3a?
4. SIx BU3HAYUTH MUTOMY MAcCOBY TEIUIOEMHICTh Ta30BO1 CYMIllli, SKIIO CYMII 3aJjaHa
MAaCOBHMH YaCTKaMH KOMITOHCHTIB?
5. SIk BU3HAYHUTH KUIBKICTh TEIJIOTH, KA BUTpAYCHa HA HAarpiBaHHS rasy, MpH Pi3HUX

crioco0ax 3aaBaHHs HOTO KIJIBKOCTI?

1.4. Hayka rigpasJika, OCHOBHi TepMiHM Ta mapaMeTpH, sIKi XapaKTepU3yHTh
pinuHy.

1. Hayka rigpaBJiika. IcTopisi po3BUTKY.

2. Ckaax AMCHUILIIHHA.

TI'iopaenika - Hayka Tpo 3aKOHM pyxXy Ta PIBHOBAard pIAMH 1 CHOCOOU
BUKOPUCTAHHSA IIMX 3aKOHIB JIJI1 PO3B'sI3aHHS 1H)XXKCHEPHUX 3a/1a4. Baxko ysiBuTH c001
KUTTS Oe3 Boau. Boja mae BeNETEHChKY €HEprito, JIIoAWHA 3 JIaBHIX 4YaciB
BUKOPHUCTOBYE 1i IJisl CBOIX MOTped, OyayrouM JUIsl LbOrO PI3HOMAHITHI TipaBiIiyvHI
criopyau (3polnryBajbHI KaHalW, BOJONPOBOAM, BOJSHI MIIMHH, BOJIOIIIHOMHI
MPUCTPOI, TIIPOCTAHLII Ta 1H.), @ TAKOXK T1IpaBiiyHi MamMHU. Lls 3arasbHOTEXHIYHA
IUCLMILUIIHA HEPO3PUBHO MOB'I3aHA 3 PO3BUTKOM ILIJIOTO Py Trajy3edl HapOAHOTO
rocrofapcTBa: TiJipoMentiopailii, rJIpoOeHEPreTUKY, BOAOIIOCTAYaHHS 1 KaHami3allli, a
TaKOX CyJAHOOYyBaHHs, FAPOMAIIMHOOYAyBaHHS TOILO.

l'iopasnika - Hayka, 1110 BUBYA€ 3aKOHU PIBHOBArd W MEXaHIYHOTO PYXY P1IUHH,

10 po3po0JIsi€e METOAM 3aCTOCYBaHHS IIUX 3aKOHIB JIJISl PIIIICHHS 3aBAaHb 1HKEHEPHOT
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npakTuku. Ha3Ba «rimpaBiika» rpeubKoro MOXOIKEeHHs, BiJ CIIB «XIOJ0p» - BoJa i
«aynocy - Tpy0a, puHBa, 0 3HAYUTH «OITr BOAM 10 TpyOax». BoHa oXoruioe nutanHs
PyXy BOAM HE TUIBKKM B TpyOax, ajie ¥ y BIIKPUTHUX pyciax (KaHajlax, pikax), y
TIPOTEXHIYHUX CIOPYKEHHAX 1 PI3HUX TIAPaBIIYHUX CcHCTeMax. [iapaBiika
ONMUPAETHCA Ha TaKi HAYKH, SIK BUIA MaTeMaTWKa, (i3MKa, TEOpPETHYHAa MEXaHIKa,
HapHCHa TeoMeTpis ¥ A0 Jeskoi Mipu omip MmatepianiB. HaiiromoBHimi oGmacti
3aCTOCYBaHHS  TIiJIpaBJiKW -  MeJiopallis, TIIpOTeXHIKa, TiJpOCHEepreTuKa,
BOJIOTIOCTAYaHHS ¥ KaHaJi3aIlis, MalIMHOOY TyBaHHS U T.1.

OCHOBHI 3aKOHU TIAPABIIIKK HMIMPOKO 3aCTOCOBYIOTH MPU MPOEKTYBAHHI PI3HUX
TiIpaBIiYHAX MamUH (HAcOCiB, TIAPOJIBUTYHIB, TIAPABIIYHUX T[epenad), Npu
pO3paxyHKax TIIPOTEXHIYHUX cropyh (e rpedii, KaHaiu, 3pOIIyBaJibHI CUCTEMH,
BOJIO3JIMBU Ta 1H.), pO3paxyHKax TpyOOIpPOBOJIB, TIAPaBIIYHUX CHUCTEM 1
TAPONPUBO/IIB TOLIO.

OCHOBHI 3aKOHU TIAPABIIIKU HIUPOKO 3aCTOCOBYIOTH MPU MPOEKTYBAHHI PI3HUX
TiApaBIIYHUX MallUH (HAcoCiB, TIJPOJIBUIYHIB, TIApPaBIIYHUX I[epeaad), MOpu
pO3paxyHKax TIAPOTEXHIYHUX cropyn (1ie rpedsi, KaHalu, 3pOIlyBalibHI CHUCTEMH,
BOJO3JIMBM Ta 1H.), pO3paxyHKax TpyOONpOBOMAIB, TIAPABIIYHUX CHUCTEM 1
T1APONPUBOIIB TOLIO.

Tigpapiika y CBOEMY pO3BUTKY IIpoiflna Ayxe JOBruii muisx. Il po3BHTOK
MOB’SI3aHUM 13 BUKOPUCTAHHSAM JIOJAMHOIO BOJW. THCSYOMITTSIMH HAKOIMUYYyBaBCA
JOCBiA 1i BUKOPUCTAHHS Yy OYAIBHHUIITBI 3pOIITYyBaJIbHUX CHCTEM, BOJOIPOBOIIB,
BOJOMIIMOMHUX MEXaHI3MIB Ta IHIIMX CHOPYA JaBHBOIO CBITY, YacTHHA SIKHX
30eperiachk 1 0 [OTO Yacy.

[lepmioro HayKOBOIO MpalEro 3 T1APaBIiKH, sIKa AlILIIa 10 HAC 1 Oysa HamucaHa
3a 250 pokiB J0 Hamioi epu, Oyna npansg Apximena ,,[Ipo Tina, 1o miaBarTh”’, B SAKIH
PO3IIIIHYTO 3aKOHU PIBHOBAru piJIiHU.

Hadinpocrimn rigpaBiniuyHi MamuHU (BOJSHI Kojeca) MOYald 3aCTOCOBYBATH
noHaza 3000 pokiB Tomy B €runti, [naii, Kurai ang nigiiiMmanHs BOaU y 3pONIyBaJibHI
KaHaJM 1 00epTaHHs )KOPEH Y MIIMHAX.

HaiiGinpmmii 7OCBiA y TUTAHHSAX TiApaBiikd OyB HAKONMUYECHHH B TMEPiof
OyIIBHUIITBA IpUTALINHUX KaHATIB, BOASHUX MJIMHIB, BOJOIPOBOMAIB, T1APABIIYHUX
MAITFH Ta 1HIIHUX T1APaBIIYHUX PUCTPOIB.

VY cepenni Biku B mepioa peomaibHOI po3apoOJEHOCTI TiApaBiika , K 1 1HIII
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HAyKH, ONUHUIIACS y CTaH1 3aCTOI0.

[Tepiox BimpomxkeHHs (1€ XV CTOJITTS) PO3MOYMHAETHCS 3 HAYKOBUX PO3POOOK
Jleonapno aa Binui. Bin nmokiaB mo4aTok eKcrepuMEHTaIbHIA TiapaBiiii (A0CiIuB
BUTIKAHHS PIUHH Yepe3 Majlil OTBIp, PO3TIIAHYB MPHUHIIMII JI1i T1APaBIIYHOTO Ipeca,
BHMBYAaB aepoAMHAMIKy JITaJIbHUX amapariB, BUCYHYB 1J€l0 BHUKOPUCTAHHSA
BIIIICHTPOBOI CHJIH JIJIs TToAadi piguHu (TpooOpa3 BiIIEHTPOBOTO Hacoca) Ta OaraTo
THIIIOTO.

VY XVI — XVII cromitrax 3’ sBwacs npars [, [Namines — “MipkyBaHHS TIpo Tija,
mo nepedyBaroTh Y BOJL, 1 PO Ti, MO B HIA pyxawoThes . Yuenpb I'. Tamines E.
Topiuenni A0BiB, MO MOBITPS YMHUTH THCK Ha BCE, IO € HA 3eMJ, 1 BHU3HAYUB
BEJIMYUHY LIbOTO TUCKY — NPUOIU3HO 1 kr/cm®. BiH ke BHHAHIIOB pTyTHUM GapomeTp
1 BuBIB (Gopmyny I IIBUAKOCTI BUTIKAHHSA PIAMHU 3 OTBOpYy. Benukuii
(bpanny3pkuil yaenuid b. [Tackanb BiIKpUB OJMH 3 OCHOBHUX 3aKOHIB T'1JIPOCTAaTUKH,
B SIKOMY CTBEPIDKYETHCS, 11O TUCK, SIKUH CTBOPIOETHCA 3O0BHIIIHIMM CHJIaMU Ha
BUIbHIM MOBEPXHI PIIMHU, NEPENAETHCA HEI0 y BCl CTOPOHU OJHAKOBO. lleil 3akoH
BUKOPUCTOBYIOTh Y KOHCTPYKI[ISIX pI3HUX TigpaBmiuHux wMamuH. Ha dects b.
[lackanst oguHULSA BUMIPY THUCKY Yy MIDXKHAPOAHINA CHUCTEMI OJIMHUIIbL HA3UBAETHCA
[Tackanp (mo3navaerbces [1a). 1. Hpl0TOH BUCIIOBUB TiMOTE3y MPO BHYTPIIIHE TEPTS B
pIAMHI, IO PYXA€ThCsA, Ta BCTAHOBHUB 3aKOH JIMHAMIYHOI MOJIOHOCTI PYyXOMHUX
MOTOKIB, SIKMI IIMPOKO BUKOPUCTOBYIOTh Y TEOPIi MOJEITIOBAHHS.

XVIII cromtts — 11€ TOYaTOK TEOPETUYHOI T1APOMEXaHIKUA. 3HAYHUN BKIIAJ Y i1
po3BuTOK BHeciu wieHu lletepOyp3pkoi akaaemii Hayk: M. B. Jlomonocos, /I.
bepuymni ta JI. Eitnep. M. B. JIoMOHOCOB BiIKpHUB 3aKOH 30€peXeHHS pEYOBUHU 1
€Heprii 11 piIuHU, 10 pyxaeThes, 1. bepHymn ofgepxaB piBHSIHHS, sIKE BCTAHOBITIOE
3B’SI30K M1 TUCKOM, IMIBUAKICTIO PYXYy 1 TEOMETPUYHUM TOJIOKEHHSIM YaCTUHOK JIJIS
€JIEeMEHTapHOI CTPYMHMHKHU 17€ainbHOi piauHU. PiBHSHHSA bBepHymi HamexuTs A0
OCHOBHOTO piBHsHHS TiapoauHamiku. JL.EWnep BuBiB audepeHIianbHl piBHIHHSA
pPIBHOBaru 1 pyxy iJeaiabHOi PIAMHH, OOTPYHTYBAB TEOPIIO BIAUEHTPOBHX MAIIMH.
3actocyBanHs oaepxanux [. bepnymni i JI. EiinepoM piBHAHb Ha IpakTUIll OyJ0
0OMEKEHNM. IX IOCTiKeHHs B OAATBIIOMY OyJIM PO3IIUPEHi i TPOIOBKEHi.

VY kinmi XVIII 1 B XIX cromiTrsax BueHi Ta imxkenepu (A. lesi, A. Hapci, O.
Beiicb6ax, /I. Bentypi, O. PeiiHonbac Ta iHII) Ha €KCIIEPUMEHTAX PO3MOYATH OLIBII

JETalbHO BHMBYATH pyX PpIOMHU B PI3HUX KaHalax, TpyOax, BOAO3JIMBAX;
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JIOCHIKYBaTH TypOyJIEHTHICTh TIOTOKY; BTpaTH €Heprii B MICHEBUX OIOpax;
¢iapTpalio piAMHA Yyepe3 mopucTe cepenonuie Ta iH. [Ipu npomy Oyrna oaepkaHa
BelIMKa KUIBKICTh emmipuyHux ¢Gopmyn. Ile OyB mogadpivii  pPO3BUTOK
EKCIIEPUMEHTAJIBHOI 1 MPUKIIATHOT T1IpaBIiKH.

Oco0immBO HEOOXIJTHO BIAMITUTH Tipalll aHriidcekoro ¢izuka O. PeitHonbica,
skl ynepiie B 1883p. mpoBiB HAOUH1 JOCTIAN 1 BU3HAYMB JBa PEKUMHU PyXy PIAUHU
— JaMIHapHHH 1 TYpOyJICHTHUH.

3HayHUIl BKJIaJ y PO3BUTOK T1IPaBIIKK TOTO Yacy BHECIU pOCiiicbki BueHi. B
nepiry 4yepry HeoOximHo Ha3Batu [. I'poMeka — 3aCHOBHUKA pPOCIACHKOI IIKOJIH
TiIpaBIiKiB, SKUM pO3INIALAB CTPYKTYpy THOTOKY pIIMHU SK BHXPOBY (BigoMi
piBHsHHS ['pomeka aiist BUXpoBOro pyxy piaunn). Y 1885 p. Oyna cTBopeHa mnepiiia B
Pocii ringpaBniyna nabopatopis npu [lerepOyp3bkomMy 1HCTUTYTI 1HKEHEPIB IUIAXIB
cnostydeHHsi. MLIL. [leTpoB po3poOuB rigpoarHaMidHy TE€OPito 3MallyBaHHs 1 1882 p.
omyOikyBaB mpaito «['iapoauHamiyHa Teopis TEPTS 3a HASIBHOCTI 3MaIlyBaJbHOT
pIAMHUY, sIKa NpuHEcaa Homy cBITOBe BU3HaHHI. M. €. JKyKOBCHKMI ITOCIHIJIWB
SBUIIE TIAPABIIYHOTO ynapy B TpyOax 1 po3poOuB ioro Teopiro. Baromuii BHECOK
3poOMIIM 1 1HII pOCIACHK] BUEHI.

XX  CTOMTTS O3HAMEHOBAaHE CTPIMKMM  3pOCTaHHSIM 1  PO3BUTKOM
riApoMalIMHOOYAyBaHHs, TIAPOTEXHIKH, TEIJIOCHEPIeTHKH, JIITaKOOYAYBaHHS, SIKI
0a3yloTbCAd Ha OCHOBHUX 3aKoHax TiapaBiiku. Lle mpuBeno no OypxJymBoro ii
po3BuTKy. Cepell 3HaUHMX HAyKOBHX pPO3pOOOK IHOT0 Yacy HEOOXIJHO Ha3BaTH
Teopito miaioMHoil cuin kpuia jgitaka M. €. J)Kykoscekoro. Ha ocHoBI wi€i Teopii
CTaJI0O MOKJIMBUM PO3PaxOBYBaTH KpuJia JIITAaKiB, a TaKOX JIOMaTi poOOYMX KOJIIC
riApaBiyHUX TypOiH, BIALIGHTPOBUX Ta 0ChOBUX HacociB. M. M. IlaBnoBcbkuM Oyiia
po3po0ieHa Teopist GUIbTpaIlii uepes rpediii Ta i TIpOTeXHIYHUME criopyaamu, b.
A. baxMmereBUM — Teopisi HEPIBHOMIPHOIO pyXy Yy BLOKpuTuUx pycmax. B. O.
BonbmakoB mociipkyBaB HEyCTAIGHWM pyX BOJAM B KaHaIax 1 piukax, KepyBaB
poOoTaMu 3 MaTeMAaTHMYHOTO MOJENIOBaHHS 3aBJaHb TIIPaBIIKU, CKJIAB 301pHUK
3aBJlaHb Ta JOBIAHUK 13 T1IPABIIKHU, SIKUMH KOPUCTYIOTHCSI CTYJIGHTH JIO0 LIbOTO Yacy.
[IIupoko BijOMI Tparll IHIIWX BYCHHUX pajsHCbkoro mepiomy: P. P. Uyraesa, A. ]I.
Anprmryns, O.M. SIxuo, O. A. Yrinuyca, C. C. Pynuesa, JI. I'. JlolusHCchKOrO Ta 1H.

Buxopucranass EOM chopusiio ycmixaMm TigpaBiiKd y BUPIMIEHH] 0araTtbox

3aBJaHb 1HXKEHEPHOI MPAKTUKU Ta y PO3POOJICHHI HOBUX TIAPABIIYHUX METOJIB
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po3paxyHky. CydacHa riipaBiika BUKOPUCTOBYE MaTeMaTUYHHM amapaT TEOPETUYHOT
TiIPOMEXaHIKU CYMICHO 3 €KCIEpUMEHTAIbHO OJACPKAHUMU 3aJEKHOCTIMHU 1
Koe(irieHTaMu, SKIIO TEOPETUYHI JOCHIKEHHS TiAPaBIIYHUX SBHI MAalOTh
TPY/IHOIIII.

Y nOpoMHCIOBOCTI BIACYTHI Trany3i, Je O He MNpOBOAMIUCA TiIpaBiivHi
PO3paxyHKH Pi3HUX MpPOIIECiB, OOJagHAHHSI Ta MeXaHi3MiB. Jleski mpukiagm — 11e
TIPOCTAHINT Ta 3pOIIyBajibHI KaHaW, TaJlbMOBI MPUCTPOi aBTOMOOLIIB Ta 1HIIUX
TPAHCIIOPTHUX MAIlIMH, MPOMHUCIOBI POOOTH, TIAPONPUBIA MAIIMH 1 MEXaHI3MIB,
aBTOMATH30BaHI CUCTEMH YIIPaBIIIHHSA BUPOOHUIITBOM, METaJOpi3aibHI BEPCTaTH Ta
6araTo 1HIIOTO.

Ha cpboromni B YkpaiHl ICHYIOTb HAyKOBO-JIOCHIJHI Ta Tajly3eBl IHCTHTYTH,
creriaigizoBani kadeapu y BUIIUMX HABYAIBHHUX 3aKjalax, B SKUX MPOBOJATHCS SIK
(dyHIaMEHTaJIbHI JIOCHIPKEHHSA, TaK 1 BHKOHAHHS HEOOXIAHUX JUIsl MPaKTHUKU
HayKOBUX po3po0oK y cdepi rimpaBiiku. Ha 6a3i Hux OynyroTbesl TiIpOTEXHIYHI
CIIOPY/IM, MariCTpalibHi TPyOOIIPOBOAM, CTBOPIOIOTHCS MOTYKHI T1IpaBIivHI TypOiHH,
PO3BUBAETHCS T1IPO- 1 MHEBMOTPAHCIOPT Ta iH. [iapaBiika 3aBOMOBYe Bce HOBI
MO3UIl] y Cy4aCHOMY HapOJAHOMY TOCTIOAApCTBI.

liopasnika cknadaemocs 3 3 po30inia:

1. liopocmamuku — po3aiiy, A€ BUBYAIOTh PIAMHY B CTaHI CIIOKOIO.

2. Kinemamuxu piounu. Y KIHEMATHIIl PO3TIANAIOTh 3B’SI30K  MiXK
T€OMETPUYHUMHU XaPAKTEPUCTUKAMU PyXy 1 9YacoMm, TOOTO BHU3HAYAIOTh Y JaHUN
MOMEHT MIBUAKICTh Y OyAb-sKIH TOYIL PIIUHU.

3. I'iopoounamixu — po31iJi, B IKOMY BHUBYAIOTh 3aKOHU PYXY PIAMHH 3aJI€HKHO

B1J1 IPUKJIAAEHUX 10 HET CUJL.

1.5. ®i3uyHi BJaCTHBOCTI PiIUHH.

Piouna — e ¢izuuHe TUIO, IO MA€E BIACTUBICTh TEKYYOCTl, TOOTO BIACTHUBICTH
3MIHIOBAaTH CBOIO (hOpMY IIiJT T1€F0 HABITH AY>KE MajuX CUJI, ajie Ha BIIMIHY BiJ] ra3iB
MPaKTUYHO HE 3MIHIOBATH CBIM 00’ €M TIpH 3MiHI THUCKY.

VY 3BUYalHOMY CTaHi piiMHA MPOSBIISE€ MAJIUl OMIp PO3PUBY 1 BEJIUKUN OMIp
CTUCHEHHIO (Ma€ Mayie CTUCHEHHs). Pa3oM 13 TUM piHa TPOSBIISE€ 3HAYHUN OIIp
BIJIHOCHOMY PyXY CYCIJIHIX IIapiB (Ma€ B’S3KICTb). Y MOHATTS «PiAMHA» BKIIOYAIOTh

K PIAMHU 3BUYAMHI, 110 MalOTh HA3By KpameibHI, Tak 1 Tra3u, KOJU iX MOXKHA
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BBQ)XATH SIK CYIIUIbHE MAJIO CTHCHEHE JIETKO PyXOM€ CEepPEOBHIIIC.

VY rigpamiii po3risaaaloThCs JUIIEe KpanenbHl piquHu. Jlo HUX Hajexartb BOJa,
Ha(Ta, rac, 6eH3UH, PTYTh TOIIO. ['a30MO110HI PIAMHYU — 11€ TOBITPS Ta 1HIII ra3u — y
3BHYAHOMY CTaH1 Kpameib He YTBOPIOI0Th. OCHOBHA BIIMIHHICTh KpaneabHUX PiAUH
MOJISITaE y TOMY, IO B O1IBIIIOCTI BUIAJIKIB 1X PO3MISAAIOTH SIK HECTHCIIHBI.

OcHoBHUMHU (HI3MYHUMH BIACTUBOCTSIMHU KPAIUIMHHUX PiAUH € TYCTHHA, TUTOMA
Bara, CTHCIHUBICTh, OO0'€eMHE pO3IMHMpeHHS 1 B'S3kicTh. Kpim TOro, piauHu
XapaKTEPU3yIOThCS BEIUKOIO PYXJIUBICTIO YACTUHOK BHACHITOK HE3HAYHUX CHII
MIKMOJIEKYJIIPHOTO 3YEIUJICHHS, BEJIMKOTO OMOPY CTUCHEHHIO 1 HE3HAYHOTO OMOpY-11e
Maca piIuHU B OJUHUIII i1 00'emy.

I'ycmuna — BIIHOILIEHHS MacH PIAMHU M 10 00’emy V, sikuii BoHa 3aiMae.

['ycTuHy piiiHY BU3HAYAIOTH 32 (POPMYIIOLO:

p=Vl

WHHI TyCTUHH B cuctemi Cl — ¥/
OpuHuns ryc cuctemi C %W ,
['yctuna Bogu npu Temriiepatypi t =4°C p, :1000’<%‘4 3

ITumoma saza y( %3) — II¢ Bara OJIMHUII 00’ €My piJIUHU, TOOTO:

7:V!

ne G— Bara piaguHu B 00’emi V.

Jlnist Boqu mipH t = 4°CMaeMo y, =9,81.10° %3 .

Mix NOUTOMOIO Barold y 1 TYCTMHOK p MOXHAa 3HAUTH 3B'A30K, SIKIIO
BpaxyBaTy, 1o G = mg i B hopmymi (2) 3aminutu G Ha mg BpaxoByroun Bupas (1),
TO OTPUMAEMO!

y=p9,

OcCKUIbKHM TYCTHHA 1 IUTOMA Bara i3 3MiHOIO TEMIEPATypPH PIIUHU 3MIHIOIOTHCS
HE3HAYHO, TO B TPaBIIIYHUX PO3paXyHKaX IXHI 3HAUECHHS BBAXKAIOTh MOCTIHHUMU.

YacTo BUKOPUCTOBYIOTh MOHSTTS GiOHOCHOI 2ycmuHu - BiIHOIICHHS TYCTUHU
SKOICh PIIMHU JI0 TYCTHUHH Boau mipu Temneparypi 4 °C.

D=~
PB

BignocHa ryctuna - BenuurHa 6€3po3MipHa.
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Temnepamypue PO3UUPEHHA. XapakTepu3yeTbCs TEMIIEPATYPHUM
koediuieaToM f, (1/rpan) 060’eMHOTO PO3IMIMPEHHS, IO SBJISIE COOOI0 BIAHOCHY 3MIHY
00’eMy pIIMHU TIPU 3M1HI TeMIlepaTypu Ha 1°C':

_av 1

A=A

1e V, —T0YaTKOBHM 00’ €M, Mo ; AV —3MiHa 00’eMy, M3,
At —3MiHa Temneparypu, °C .
O6’em Vt 1 TyCTHHY p; NpH 31 3MIHOIO TEeMIIEpaTypu pO3pPaxoBYIOTh 3a
dhopmytamu
V, =V, + AV =V, (1+ BAt).

Po

p=
1+ B At

00’emne cmucnenna — 1€ 3MiHa 00’ €My PiIIMHM 31 3MiHOIO TUCKY. CTUCHEHHS

XapakTepu3yroTh KoedimienToM ctucHenHs Bp (1/I1a):
pp =L
Vo AP
ne AV =V;— Vp—3miHa 00’emy piauHu; Ap — 3MiHa THCKY;
Vo— nmoyaTtkoBuit 00’eM piIUuHU., V; - 00’ €M PIAUHU MICIs 301UIbIIEHHS TUCKY HA
Ap;
3MiHy 00’emMy V, 31 3MIHOIO TUCKY Ap pO3paxoBYIOTh 3a ()OPMYJIOO
Vo=V (1_ B pAp)-
KoedimieHT 00'eMHOT0 CTHUCHEHHS — II€ BEJIMYMHA, OOCPHEHA NI0 MOJIYJIS
06'emnoi npyxHocti E, Tobto B, =1/E.
3Ha4YeHHS HOTO 3aJICKUTH BiJ BUAY PIAWHH, 1 TeMIepaTypH, TUCKY. OIUHHIICIO
koepimienta o60'emHoro ctucHeHHss B Cl € kBaapaTHuUil MeTp Ha HbBIOTOH
(M*/H=1/I1a). s Boau mpu 4 °C B, = (2¢10°)Ia™, to610 E = 2*10° IIa. e nae
MOXJIMBICTh Y OLJIBIIOCTI BUMAAKIB BBAXKATH BOAY HECTUCIUBOIO P1UHOIO.
BractuBicTh piiuHM 3MIHIOBATH 00'€M Bij 3MIHHM TEMIIEPATYPH XapaKTEPU3YIOTh
Koeiyienmom 00'emHo20 po3wiupenHs — BITHOCHUM 30UIbIIEHHAM a0o
3MEHIIEHHSIM 00'eMy PIJIMHU 31 3MIHOIO TEMIIEpaTypHy Ha OJIUH IPayc:
B V) -V
VAT

ne Vi - o0'em piguHu micis 30uUTeiieHHs Temneparypu Ha AT rpamyciB; Vo -
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Mo4aTkoBuil 00'eM piguHu. OmUHHAICIO 00'éMHOTO KOE(IIli€eHTa PO3MIUPEHHS €
KEJIbBIH y MIHYC MEPIIOMY CTETICHI.
Ilpysicnicms — 1e BIACTUBICTh PIJIMHM TIOHOBJIIOBATH CBIM 00’€M TiCHs

npunuHeHHs il cui. [i ommcye 06’ eMHMiT MOIY/Ib IPYKHOCTI:

Jlist Bogu E = 2000 MITa = 20 000 kr/cm2, TOOTO 31 3MiHOIO THCKY Ha 1 Kr/cM2
00’eM Bomu 3MiHIOeThes Juiie Ha 1/20 000 wactuny. I[IpubnuszHO Take came
3HaYeHHS 00’€MHOTO MOJYJSl MPY>KHOCTI MarOTh 1HII piAuHU. TOMy BBa)KaroTh, II0
PILAMHY IPAKTUYHO HE CTUCIMBI. 3HAUEHHS MOAYJS MPYXKHOCTI E BpaXxoByIOTh JIHILIE
IpHU Ty’Ke BEIMKUX THUCKAX, BEJMKUX O0’€Max PIMHU 1 Y BUMAIKY T1IpaBIIdYHOTO
ynapy.

I3 3MiHOIO TemmepaTypu 3MIHIOIOTHCSI TAKOXK TYCTUHA 1 MUTOMA Bara, aje 30BCIM
HE3Ha4yHO, TOMY B T1JpaBJIIYHUX pO3paxyHKax ii BpaXxOBYIOTh PiiKo. B'S3KicTh - 11€
3MaTHICTh PIAMHU YWHUTU OMIp BIJHOCHOMY 3CYBY CBOiX YaCTHMHOK MiJ €0
30BHIIIHIX Ccui. Ha OCHOBI €KCIEpUMEHTIB BCTAHOBJIIEHO, IO MPU PYCl PIAMHH
IIBUJIKICTD i B PI3HUX TOYKax 00'eMy pi3Ha. Tak, sSIKIIO PO3TISAIATH PYX PIIUHU MIXK
JIBOMA TMapajelbHUMU TIACTUHAMHU HECKIHUEHHOI TOBXHUHHM , OJ[HA 3 AKUX HEPyXOoMa,
a Jpyra pyXaeThCs 31 IIBUJKICTIO M, TO BUSBUTBHCA, L0 LIBUIKICTH PYXy KOXKHOI
TOYKHM (KOXKHOTO LIapy) PLAMHHU MPOMOPIiiiHA BiJICTaHI TOYKH (ILIapy) PIAMHU Y BiA
HEPYXOMOi MIacTUHU. BHACTIIOK 1IbOTO MIX IIapaMy BUHUKAIOTH BITHOCHI 3CYBH 31
MIBUAKICTIO A U, TII0 IPU3BOIUTH 10 BUHUKHEHHS CHJI BHYTPIITHBOTO TEPTSL.

Brepiie HasiBHICTH BHYTPIIIHBOTO TepTSd B piauHi Oyna Bia3HadeHa |
HerotoHoM mie y 1687 p. B rimoTe3l Npo Te, U0 CHJIa BHYTPIIIHBOIO TEPTS MIX
apamMy piIAMHYA 3aJIEKUTh Bl BIACTUBOCTEW P1IMHU, IPOMOPILIiHA IO MOBEPXHI
JOTUKY MIapiB (IJIONII TEPTs), BIAHOCHIM MIBHUAKOCTI PYyXy 1 HE 3aJleKUTh BiJl
30BHIIIHBOIO TUCKY. JlocToBipHIicTh rinmote3u I. HploToHa Oyna excriepuMeHTanbHO
noenena llerpoBum B #oro mpari «TepTs B MammHi 1 BIUIMB 3MAallyBajdbHOI

piauHuy. HuMm >xe Oyna 1 3aponoHOBaHa 3aJI€KHICTb JJIsl CUJIM BHYTPIIIHBOTO TEPTSL:

B’a3zkicmp — 1ie BIACTUBICTh PIAMHU YMHUTU OMIpP BITHOCHOMY pyXy (3CyBY) ii

mapiB. L[ BIacTUBICTH MPOSIBISIETHCS B TOMY, IO B PIJIMHI MiA 4Yac il pyXy Mix
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[IapaMy BUHUKAIOTh NOTHYHI HampykeHHs. [lin gyac Teuil B’S3K0i pIAMHH B3JOBXK
TBEPAOi CTIHKH BiJI0OYBa€ThCS TajlbMyBaHHSA MOTOKY, OOyMOBJEHE B’S3KICTIO (puC.

1.1). IBuakicts U 3MeHIIy€eThCA Y MIpY 3MEHIICHHS BIJICTaH1 y BiJl CTIHKH:

,J/ ‘ / / ne u— KoedilleHT TUHAMIYHOI B’SI3KOCTI PIAUHY;
t du— TIpUPICT IMBUIKOCTI, IO BIAMOBIIAE
/ / npupocTy KoopauHatu dy.

I'padienm  weuoxocmi d%ly XapaKTepUu3ye

IHTGHCHBHICTh 3CYBY PIAMHH B JaHIM TOYII,

U KOE(ILIEHT x— B’A3KICTh KpaneJbHUX PIJIUH, 1O

Pucynok 1.1 — Posmogin Mae posmipuicts He/m? (Ia-c).

IIIBH [[KOCTGIZ HpI/I Teqi'l' Ha IMpaKTUIl YacTimC KOPUCTYIOTBCA

Koe(iIieHTOM KIHEMAaTHYHOI B’ SI3KOCTI: v = ay

yo,
i 1 M —A° — 1078 M2
BiH BuMiproeTscs B 4 . Jdug Boau ipu t=4°C v =1,57-10 4 .

YV TexHiuHiil cHCTeMi B’S3KiCTh BHMIpIOETBCS B cM2/c; 1 cM?/C HA3HBa€THCS
crokcoM (c1) — ler = 107 m%/c.

Kinematnuna B’A3KICTh PIAUHUA NPU MIABUILECHHI TEMIIEPATypd MOHOTOHHO
3MEHIIYEThCSA. [[s MpakTUUHUX PO3paxyHKIB JUIsl BU3HAYEHHS B’SI3KOCTI MO>KHA
3aCTOCOBYBATH (HOpMYITy:

—a(t-t)
v=ve 0",

€ Vo — B’SI3KICTh TpH TeMmmeparypi to; o — KOEQIIIEHT, M0 3aJCKUTh BIJ
Temreparypu (Hanpukiaz, st macia o = 0,025-0,035).

Y rigpaBmimi IS TEOPETUYHUX MipKyBaHb Ta BUCHOBKIB JI. Eiinep
3alpOINOHYBAB TMOHSATTS [deanvHoi piounu. lle yMOBHO HeB’s3Ka piauHA, 110 HE
CTUCKAETHCA 1 HE PO3MIMPAETHCS, B 11K PIUHI BIICYTHI CHIIA TEPTS.

Ilst pinuHa BBeIEHA Jis MOJETIICHHS PO3B’sA3aHHs 0aratbox 3ajiad 1HXXEHEPHOI
rigpasniku. [Ipu mepexoai 10 peanbHOl (B’S3K01) PIAMHA B TEOPETHYHI 3aJI€KHOCTI

BBOJISITHCS MOMIPABKOBI KOC(IILIIEHTH.
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1.6. Oco0auMBOCTIi BOAOMOCTAYAHHSA CUIBCHKOTOCHOJAPCHKUX CHOKHUBAYiB Ta
CUIbCHLKHMX HACEJeHUX MYHKTIB.

Tl'iopaenika — 11ie HayKa MpO 3aKOHHM PO3MOJUTY THUCKY B PyXOMii Ta HEPYXOMii
pIIMHI, @ TaKOX MPO IIBUIKICHI XapaKTEPUCTUKH IOTOKIB MPH YCTaJCHOMY 1
HEYCTAJICHOMY PYXy piiuHU. B iHKeHEepHOMY KypcCl TIIpaBIiKA TaKOK BUBYAIOTHCS
PO3MILIHN , IO CTOCYIOThCS OYI0BU, MPHUHITUITIB POOOTH 1 3aCTOCYBAHHS T1JIpaBIIYHUX
MaII¥H, 1, 30KpeMa, HaCOCIB; BUCBITIIOIOTHCS IIUTAHHS PAlllOHATBHOTO BUKOPUCTAHHS
BOJHHUX PECYPCIB B TEXHOJIOTIYHUX MPOIIECaX CUTbCHKOTOCIIOIaPChKOT0 BUPOOHUIITBA
1 JUTs1 TOCIIOapYO-TI00yTOBUX MOTPEO HACEIICHHS.

[Ipotsirom yciei cBO€i icTopii JIOACTBO TOCTIHO 3BEPTAIOCS O BUBYCHHS
BJIACTMBOCTEH BOJIM 3 METOO BUKOPHUCTAHHS i1 B CBOiX MmoTpebax. B mepry uepry - 1e
BUKOPUCTAHHSA 1 JJIs1 3pOIICHHS ClIhChKOTOCIIOAAPCHKUX YTi1b, BOJIONIOCTAYaHHS Ta
IHIIUX TTOOYTOBHX IIJICH, a TOTIM - BUKOPUCTAHHS BOAM SK TEXHIYHOTO 3acO0y IS
BOJHOI'O TPAHCIIOPTY, BUPOOJIEHHS 1 IEpeiayl eHeprii Ha BiICTAHb.

[mxeHepaM-MexaHiKaM  CUTbCBKOTOCIIOIAPCHKOTO0  BUPOOHMIITBA, JUISL  SKUX
MPU3HAYEHUH LeH peaIMeT y CBOIH BUPOOHUYIN MPAaKTULIl JOBOJUTHCS CTUKATHUCS 3
yciMa 3a3HAYCHUMHU ACTEKTaMU BUKOPHUCTAHHS BOJM Ta IHIIUX PIAMH), a TaKOX
3aCTOCYBaHHS TiAPABIIYHUX MAIIUH 1 1IH)KEHEPHUX CUCTEM.

HaBuanpHuii Kypc BKIIOYA€ pO3IUIM: TigpaBiika, TIIpaBiIiyHl MalluHU 1
BEHTUJISITOPH, T1APONPUBII, MeJtiopartis 1 MexaHi3aIlis 3pOLIEHHS,
CUIBCHKOIOCTIOAPChbKE  BOJAOIMOCTa4YaHHS 1 TigponHeBMOTpaHcnopT. KoxkeHn 13
3a3HAYEHUX PO3JUIIB MPHUCBIYCHUN MO CyTi BUKIAJY BEJIMKOI CAaMOCTIMHOI Taiys3i
HayKH.

VY cnemianizoBaHUX BHINMX HaBYAJIBHUX 3aKJajgax KOXKEH PO3MIiT CTaHOBUTH
OKpEMYy CaMOCTIMHY IUCHUMIUTIHY. BUBUEHHS IUX TNUTaHb B €AWHIA JUCHUILIIHI
MPEJCTABIIIE CEPHO3HI TPYIHOINI BHACTIAOK BHUKIIOYHO KOPOTKOTO BHUKIIAIY
Marepialy. B Toif BoJHOYAC BaKJIMBICTH 1 3HAYCHHS PO3TJISAYBAHOI JUCIUILIIHH
pi3K0  3pocTatoTh. B ocTaHHI JECATHIITT B CUIBCBKOMY TOCHOAApCTBI
CIIOCTEPITAEThCS IIBHJKUN PO3BUTOK TiPOMEXaHi3aIlli CUIbCHKOTOCIIOMAPCHKUX
mpoieciB 3 0araropa3oBUM 30UIbLIEHHSM BHUKOPUCTAHHS PI3HOMAHITHHX 32
MPU3HAYEHHSM 1 ITUPOKUX 32 HOMEHKJIATYPOIO T1IPaBIIYHUX CUCTEM 1 MaIlTUH.

BUHSATKOBO BaK/IMBE 3HAYCHHS MAIOTh IMUTAHHS 1HKEHEPHOTO BUKOPUCTAHHS i

OXOpPOHU BOJHHX PECypCiB KpaiHu. BaxnauBicThb IMX MWUTaHb ISl 1HXKEHEPIB
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CLIbCHKOTOCTIOAAPCHKOTO  BUPOOHMIITBA CTa€ OCOOJMBO  3pO3YMUIOIO,  SIKIIO
BpaxyBaTd, IO JBI TPETHHH BCHOTO OOCATY BOJH, CHOXHBAHOTO HAapOIHUM

rocrnogapCcTBoOM Kpa.l.HI/I, JOBOIHUTLCA Ha CUIICBKE rocrioaapcCTBo.
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Jlekuis 2. Ilepmmuii 3axkoH TepmoguHamiku. I'inpocraTuka.

2.1. Ilepuiuii 3aKOH TePMOAUHAMIKH.

2.2. OcHOBHiIi TepMOAMHAMIYHI TpouecH, N0 BHUKOPUCTOBYIOTHLCH B
TeMJIOTEXHIYHUX YCTAHOBKAX.

23. Cuan, fIKi AilOTH HA PiAUHY, OCHOBHE PIBHSIHHS TiAPOCTATHUKH.
3akon Ilackans.

24. TinpoctaTMYHU THCK Ta HOro BJAcTUBOCTI. OCHOBHE PiBHAHHA
rigpocraTuku. [lpuaagu nast BUMIpIOBAaHHS THCKY.

25. Emopu tucky. Cuja THCKY PilMHM HA NIJIOCKiI Ta KPUBOJiHIiiHI
NnoBepxHi. BU3HAYEHHSI TOYKM NPUKJIAJAHHSA Pe3yJIbTYI040I CHJIH.

2.6. 3axoHn Apximena.

2.1. llepumii 3aK0OH TEPMOAMHAMIKH.

1. IToHATTS NPO BHYTPILIHIO €HEPTilo, eHTAJIBbIIII0 TA EHTPOIIi Po00Yoro Tija.
2. 3micT Ta aHAJITHYHI BUpPa3u 1-10 3aKOHY TePMOAMHAMIKH.

3. AHAJIiTHYHE BU3HAYECHHS TEIJIOTH B TEPMOAUHAMIYHOMY MPOLIECi.

TepMmiH «eHepeis» y Tnepekiaal 3 rpelbkoi MOBU O3HAya€ Jit0, JISJIBHICTH 1
OB’ SI3YETHCS 3 pyXoM Matepii. PO3pi3HAI0Th: MEXaHIUHY €HEPril0, TEIUIOBY, XIMIUHY,
€JIEKTPOMATHITHY, S/I€pHY, PaBITallliHY Ta 1H.

3a J0MOMOTOI0 MOHATTS «EHEPris» 3B'SI3YIOTHCS BOEIUHO BCl SIBUIA TTPUPOIH,
AK1 TIOSICHIOIOTBCS 3arajlbHUM 3aKOHOM 30€pEeKEHHS 1 MEePETBOPEHHS €HEPrii, 3T1THO

SIKOTO €HEPTis B IPUPOII YV PIZHUX MPOLECAX 3 HIYOTO HE BUHUKAE | HIKYAX 0E3CIIITHO

HE 3HUKA€, a JUIIE MePeXOJUTh 3 OJHI€i (HOpMU B iHIIY B PIBHUX KUIBKOCTSX.

Butparta KUIbKOCTI €Heprii OJHOrO0 BHUAY 3aBXKIW EKBIBaJCHTHA 3MiHI KUIBKOCTI
eHeprii iHmoro Bumy. s 130Jp0BaHO1 cHCTeMM €Hepris 30epiraeThcsi mpu Oyib-
AKUX MPOLEcax, O B Hill BiJOYBaIOThCH.

Hocmigu J>koynss BUSBWIM HAasBHICTh Yy TiJaX HOBOI (QopMu eHeprii —
BHYTPIIIHBOI €HEPTii.

BHyTpiliHs _eHeprisgs — eHepris XaoTUYHOTO PYyXy MOJEKYJ 1 aTOMiB, IO

BKJIFOYAE€ EHEPTil0 MOCTYyNaJIbHOTO, OOEPTANBHOTO 1 KOJMBAJIBHOTO PYXY, SK
MOJIEKYJIIPHOTO, TaK 1 BHYTPIIIHbO-MOJEKYJIPHOTO, a TAaKOX MOTEHUIWHY E€HEpriio
CHJI B3aeMOAIT MIX MoJIeKyJaMu. BHyTpIilIHS eHepris — Iie Jesika OJHO3HAYHa
¢GyHKLIS cTaHy Tuia, TOOTO OyAb-SIKMX JIBOX HE3aJEKHHUX MapaMmeTpiB, IO
Bu3HavaTh 1ei cran: U=g@p,V); U=¢0,T); U=¢(p,T). Tennora, migseaeHa 1o
CUCTEMH, HAINPUKIAL, MPU 0=COnSst, BUTPAYAETHCS JIUIIE HA 3MIHY BHYTPIIIHbOI

€Heprii TaHOT CUCTEMHU.
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JloBenieHO, 1110 BHYTPILIHS €HEPrisi B TEPMOJMHAMIYHOMY HPOIEC] HE 3aIeKUTh
BiJl XapaKkTepy MpoIeCy 1 BU3HAYATHCS JIMIIE MOYATKOBUM 1 KIHIIEBUM CTaHOM TiJa.

JI71s1 moJiermeHHs po3paxyHKiB BHYTPIIIHIO €HEPrilo 1/IeaIbHUX T'a3iB MPUUHSITO
BBa)XaTH piBHOIO HyI0 Tipw T = 0 °C.

B TepMoamHaMiili BaXJIMBY POJIb Ma€ cyMa BHYTPIIIHBOI eHeprii cuctemu U i1
n00yTKY aOCOJIFOTHOTO THUCKY CHCTEMH p Ha BEIWYMHY 00'eMy cuctemu V, 10 Mae
Ha3BY EHTaJbII (3 rpenbkoi-TerioBMict): I=U+pV, o (s 1 ke pobodoro Tija).
Sk BUAHO 3 PIBHSHHS CHTAIBIII0 MOXHA TAaKOX TMOJATH Yy BHUTJISAAI (YHKINI ABOX
napaMmeTpiB crany: i=¢@ (p,v); i=@ (v,1); i=¢@ (p,T). 1 sx Oyne MoKa3zaHO HIKYE,
TEIUIOTa, MiJBEIeHa IO CUCTEMH, HANPUKIIAJ, IPU p=const, BATPAYAETHCS JIUIIE Ha
3MIHY €HTaJbIIi JAHOT CUCTEMHU.

Sk moka3ye MpakTUKa, YaCTO BAXKIMBO 3HATHU (B po3paxyHKy Ha 1 xe poGodoro
TiJ1a) HE a0CONIOTHY BEJIMYMHY BHYTPIIIHBOI €HEprii YM €HTadbMli, a iX 3MIHHU:
Au=cyn(T2-T1), Hoe a00 Ai=Cpy(T2-Ty), ﬂ—m

Ke Ke

Jlo peui, BHYTPIIIHIO €HEPril0 1 €HTAJBITI0 YacTO HA3WBAIOTh KaJOPHUUYHHUMHU
rnapaMeTpaM CTaHy poOodoro Tuia («Kajaop» 3 JIaBHbOJATUHCHKOI MOBHM 3HAYUTh
«TEIUIOTAY).

1-# 3aKOH TepMOJMHAMIKYA MOKHA XapaKTEPU3YyBaTH, SIK 10JJaTOK JI0 3araJIbHOTO
3aKOHY 30epeKeHHS 1 MepeTBOPEHHS eHeprii (sl TETJIOBUX SIBUII 1 CUCTEM OYIIb-
AKO1 IPUPOJIN).

Hexait nesxomy po6ouomy Tinmy 3 06'emoM V 1 Macoro M, 110 Mae TeMIepaTypy
T i TuCK p, BiIaeThcs 30BHI AyXe Majia KinbkicTe Termiotd dQ. B pesynbrati
MIJBOAY TEIUIOTH TIJI0 HArpiBaeTbes 1 HOro Temmeparypa 30UIbIIY€eThCs HAa BEIUYUHY
dT, i BoHO (pO3IIMPIOIOYHCE) 30UIBIIYETHCSA B 00'eMi Ha BennuuHy dV, 3aiHCHIOIOYH
npu 1[bOMY eJieMeHTapHy poOoty dL. [linBuieHHs TeMnepaTypH Tija CBITYUTH TPO
30UTBIIIEHHSI KIHETUYHOI eHeprii HWoro vacTuHOK. [Ipu 1boMy HOTOo BHYTPIIIHS
eHepris 30uTbinyeThes Ha BenmmuuHy dU. Toni Buxoauts, o dQ = dU+ dL, abo Q =
U+ L - e i € piBHstHHS 17 3aKOHY T€PMOINHAMIKH.

Takum 4YWHOM TEIUIOTA, sKa TiABEACHA 10 TEPMOJWHAMIYHOI CHCTEMH,
BUTPAYAEThCS HA 3MIHY 11 BHYTPIIIHBOI €HEPrii 1 Ha 3AIWCHEHHS POOOTH MPOTH
30BHIIIHIX CHJI.

EnementapHa poboTa po3ImmpeHHs m ke ra3y Bu3HavaeThes sk: dL=Fdxcose, ne
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F - cuma, dX - enmemeHTapHe NEPEeMINICHHS, ¢ - KyT MiX BEKTOpaMH CWJIM 1
nepeMiiieHHs. B TerminoBux aBuryHax BekTopu F 1 x chiBnagaroTh (HampsM aii CHIIH
ra3iB F 1 xoay mopmns x) i Toai Kyt =0, i cosp=1, a dL=FdXx. SIkiio npeacraButu

cwy sik: F=pS e p - Tick poboyoro Tijla Ha MOBEpXHIO IUTomero § to dL=pSdX.

2
Ane SAX — e enremenTapHa 3MmiHa 06’emy dV, i Tomi dL=pdV, a L= _f pdV , . s
1

du,ﬂ—m.

K2

lkerazy (=

p

P — N

L
m

Posrnsaemo jesiki BUMAAKKA TEIUIOOOMIHY TEPMOAMHAMIYHOI CHCTEMH 3
HABKOJIUIITHIM CEPEIOBHINEM TIPH:

a) Q=0 - TermI000MiH CHCTEMH 3 HABKOJIMIIHIM CEPEJOBHUIIEM BiJICYTHIi
(TeroTa A0 CUCTEMM HE MIABOAMTHCS 1 HE BIABOAUTHCS). IIpoliec mpu BiACYTHOCTI
TEIJIOOOMIHY Ha3MBAa€Thcsl amiabaTHuM. /[l HboOro piBHSHHS 1-r0 3aKoHy
TepMoauHaMiku Mae Burisii L=-AU. PoOoTta po3mmpenHs B ajniabaTHOMY MpoIiect
JIOPIBHIOE 3MEHIIEHHIO BHYTPIIIHBOI €HEprii JaHOi CUCTEMH, a MiJl 4Yac CTUCHEHHS
po0oyYoro TiIa, 30BHIIHSA PoOOTa 1€ Ha 30UTbIIEHHS! BHYTPIIIHbOI €HEPTrii CHCTEMH.

6) L=0 - 06’em Tina V He 3miHIO€ThCA. Llel mpoliec Mae Ha3By 130XOpHUM, IS
Hporo Q=AU, TOOTO KITBKICTh TEIUIOTH, MiJBEACHOI O CHCTeMH mpu V=CONSt,
JIOPIBHIOE 301IBIIIEHHIO BHYTPIIIHbOI €HEPT1] JaHOI CUCTEMHU.

B) AU=0 - BHyTpIIlIHS €HEPTisi CUCTEMHU HE 3MIHIOEThCS TOOTO, MIABEICHA 10
HEl TeII0Ta MePEeXOAUTh B €KBIBAICHTHY i1 30BHIiMIHIO pobdoTy Q=L.

Hnst I xe pobouoro Tima MaemMo g=u+{ abo B nudepeHmianbHii Gdopmi
dq=du~+d{ 1 yacto six: dg=du+pdv.

B TtepMoauHamilll BHKOPHUCTOBYIOTH 1€ OAWH (KAJOPUYHHI) MmapaMmerp —
€HTPOIIII0 («EHTPOIIsH 3 TPEI[bKOI MOBU 3HAUYUTH NIEPETBOPEHHS).

3anumemo 1-if 3akoH TepMoauHaMiku y hopmi: dg = evdT + pdv.

[Toainumo e piBHSAHHA Ha a0COJIIOTHY TeMIiepaTypy 1, MaeMo:

ds:%:

T : .
T Cy d? + $ dv. 3 piBHsHHS cTany s | ke ineanbHOTO Ta3y po=RT

BITHOIIIEHHS $ MOXKHA 3aMIHUTH Ha BITHOIICHHS — 1 TOJI1 BHIIIE OTPUMAaHE

1)
dq__ dT _do

piBHSIHHSA OyJe MaTu BUNL: — =C, — + R—.
T T v
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dq

BusiBnsiersesi, mo Bupas T NPy PIBHOBAXKHIN 3MiHI CTaHy Ta3y € TOBHUM

mudepeniian aeskoi PyHKIi S craHy poOodoro Tija, 10 OTpuMalia Ha3By €HTPOMis,

(aBTOp Tepminy P. Knaysiyc, 1850 p.). EHTporis (K i BHYTpIIIHS €HEpris Ta
Ke -

SHTAJIBITISI) MOXKE TaKOXK OYTH TojaHa y BUIJISAAlI (YHKIIT ABOX IMapaMeTpiB CTaHY:
So (o), s=p (1), s=¢ (,T) (g 1 ke pobodoro Tina) .

Sk mokasye NnpakTuKa, BaXXJIMBO 3HATH HE aOCOIIOTHY BEJIMUMHY €HTPOIIi, a ii

3MIHY:
a) npu s=¢(T,v) — AS=chInL+ RIn Y2, A .
T v, k2K
L2 P2 Mo,
0) mpu S=@(p,v) = As=cp,IN—=+c, IN—=, ——;
Uy p1 ke K

B) npus=@(p,7) — As:chInE—Rln&, ﬂ—mc.
1 p1 ke K

dq

Bupas ds=? BIJIKDUBA€ HOBY MOJKJIMBICTb BHU3HAUaTH TEIUIOTY HE 4epes

) _ Lo } :
tertoeMuicth O=C(T,-T1), =, (@Ie ¢ — NUTOMA TEIUIOEMHICTh POOOYOro Tija,
Ke

2
Aok ), @ yepe3 3MiHy eHTporii, TooTo sk dg=Tds, i Toxi (= ITdS, ,ZZ_Z)!C’ a Q=mq,
K2

1

ke- K
L.

Sk mokasye nmpakTvka, y IpupoAl iICHYIOTh pi3H1 (HOPMHU €HEPreTUYHOI B3a€MOII1
MDK TUIaMHu, TOOTO, Tiepeaadi eHeprii Bij Tuia 10 Tija. 3 1UX MO3UIINA B TEXHIYHIN
TEPMOJMHAMIII PO3IJISIAAIOTH JIBa CIIOCOOU TMepeayl eHeprii:

a) IUIIXOM 3/1MCHEHHSI MeXaH14YHO1 pOOOTH OJTHOTO TJIa HAJl 1HIIIHUM;

0) nuIIxoM Oe3MocepeIHbOi mepeaadl eHeprii (TerIoTH) BiJl Tapsyoro Tija 10
XOJIOJHOTO, B MPOIIEC TEIJIOOOMIHY:
- 0e3mocepeHIM KOHTAKTOM (TETUTIONPOBITHICTIO, KOHBEKIIIEIO);
- Ha B1JICTaHi (BUIPOMIHIOBaHHSIM).

Anrmiicekuii  ¢13uk  [Ixoyns BcranoBuB (1843 p.) mOCHiTHUM IIISXOM
€KBIBJICHTHICTh M1 TEIJIOTOIO 1 POOOTOIO (MIATBEPAUB 3aKOH 30€pEeKEHHS €HEpPTil).

KinbkicTe BUTpadeHoi poOOTH JOPIBHIOE KITBKOCTI OJIEPKAHOT MPU ITbOMY TETUIOTH.
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KoHTpoabHi nuTaHHSA:
1. CyTb 3aKOHY 30€pEKECHHS 1 IEPETBOPEHHSI CHEPT1i.
2. l1o po3yMitOTh il TEPMIHAMH (TEILIOTa», «POOOTa»?
3. CyThb 1 aHaIITUYHI BUPa3u 1-TO 3aKOHY TEPMOJIUHAMIKH.
4. SIxi mapameTpu cTaHy poOOYOro Tila HAa3UBAIOTh TEPMIYHMMH, a SKI

KQJIOPUYHUMHU?

22. OcHOBHIi TepMOAUHAMIYHI TIpoleCH, 110 BHKOPHUCTOBYIOTbHCS B
TEIVIOTEXHIYHUX YCTAHOBKAX.

1. IloHATTS Npo piBHOBAKHMI TepMOAUHAMIYHHUI PoLIEC.

2. 3arajibHe ysIBJIEHHSI NPO i30XOpHUIA, i300apHmMii, i30TepmMuMii, axiadaTHUil Ta
y3araJibHIOKYM MOJITPOITHUIA MPOLIECH.

Bym)-;u(a 3MiHa TepMOI[I/IHaMiLIHOF 0O CTaHy CHCTCMHU B yacl Ha3HMBAa€THCI

TEPMOJMHAMIYHUM npouecoM. [Ipu nepemilieHH1 MopiHa B MUIHIPI 00'eM, THUCK 1

TeMIlepaTypa rasy, Ilo0 BCEpeanHi, OyAyTh 3MIHIOBAaTUCh, OyJ€ BiIOYBAaTUChH MPOIIEC
PO3IIKMPEHHS a00 CTUCHEHHS.

Tepmoounamiunuti  npoyec — 1€ BU3HAYEHA TMOCTIJOBHICTH  3MIHU
TEPMOJUHAMIYHOTO CTaHy CUCTEMHU.

Po3pi3HAI0TH PiBHOBAKHMH | HEPiBHOBAKHHMI CTaH CHCTEeMH (IIPOLIECH).

PiBHOBaKHMIl CTaH CUCTEMHU: AKIIIO 31 3MIHOIO Yacy TEPMIYHI apaMeTpH CTaHy

TEPMOJIMHAMIYHOI CUCTEMHU HE 3MIHIOIOTHCS, TO BOHA 3HAXOJUTHCS B PIBHOBA3I.
IIpu p=const — mae miciie MexaHiuHa piBHoOBara, mpu [=const — TepmiuHa
piBHOBara.

PiBHOBa:KHMI _TepMOJAUHAMIYHUIL _Mpouec - 1e Oe3nepepBHA MOCIIIOBHA

3MiHa PIBHOB)XHUX CTaHIB CHCTEMHU.

[ |
L
m
f=1
B
—
T
=

npnh

It

v

Puc. 2.1. I'padix nepediry piBHOBaXKHOMY TE€PMOAMHAMIYHOMY TTPOIIECY.
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B piBHOBa)XXHOMY TEpMOJMHAMIYHOMY TMpOIECi TEPMOJMHAMIYHA CHUCTEMa
MPOXOJIUTH, SIK B MPSIMOMY TaK i B 3BOPOTHBOMY HANPSMKY, Ye€pe3 OJUH 1 TOH e psi
PIBHOBaXHHMX CTaHIB, 10 XapaKTEpU3YIOThCS TEPMIYHHUMHU HapameTpamu: 1-il craH
(pL01,T1), 2-t craH (po,02,12), 3-i craH (p3v3 13), mepedir npormecy 1-2-3-n. (puc.
2.1).

PiBHOBAKHI Ipoecu MaTh BJACTHBICTL 000POTHOCTI.

OOopoTHMii TepMOAMHAMIYHHUIA IPoOLeC - 1€ TPOLEC, IPU 3A1MCHEHHI SKOI0, y
IpsIMOMY 1 3BOPOTHOMY HAmNpsIMKy HE BiOYBalOTbCS 3aJUIIKOBI 3MIHU Hi B caMii
CHUCTEMI, Hi B HABKOJIMIITHEOMY CEPEJIOBHIIII.

PeanpHi TepMOAMHAMIYHI TPOLECH YaCTO CYMPOBOKYIOTHCSA HIKIIITHBUMHU
SBUIIAMU, 10 TOB'A3aHI 3 JUCUMNAIIEI0 (PO3CIIOBAaHHSAM) €HEPrii CHUCTEMH.
Po3citoBanHst BiAOyBa€eTbCcsl 3a PAaxXyHOK TEPTsl, BUXPOYTBOPEHHS Ta 1H. Tomy

MPOILIECH, 1110 MPOTIKAIOTh 3 MOPYIIEHHSIM PIBHOBarv, Ha3MBAalOTh HEPIBHOBAXKHUMM.

HepiBHOBAaXKHI CHCTEMH - HEOOOPOTHI.

1 i3ob6apa

Puc. 2.2. I'padiune 300pa’keHHs OCHOBHUX TEPMOJIMHAMIYHHX MTPOIIECIB.

B texniuniil TepMoarHaMiIl (B TEIJIOEHEPTETUYHUX YCTAHOBKAX) PO3IIISIIAIOTh
TaKl XapaKTepHI MPOILECH SIK: 130XOpHI, 1300apHi, 130TepMHi, a/11adaTHI, MOJITPOIIHI.

['padiune 300pakeHHs] OCHOBHHMX TE€PMOJMHAMIUYHUX TpoleciB (puc. 2.2): i300apa —

: : ) c
p=const, 13orepMa — T=Const, i30xopa — v=CONst, amiabaTta — pvk= const, ne k=2
Gy

(BizCyTHIlM TErmIOOOMiH 3 HABKOJMINHIM CEPEIOBHIIEM), TIOIiTpona — pv" =const, e
N — Oynb-sike (uuie, abo ApoOOBE; MO3UTUBHE UM BIJ'EMHE) YHCIO 13 MHOXHUHU —

oo<n<+oo,

30


file:///C:/Users/КОСПЕКТ_ЛЕКЦИЙ_1_5/ГЛОСАРІЙ.doc%23Оборотний_термодинамічний_процес

KonTpoabHi nUTaHHA:

1. IIlo po3ymitoTh MiJ TEPMOJAMHAMIYHUM MPOLIECOM?

2. Illo po3yMirOTh MiJ1 pIBHOBAXXHUM OOOPOTHUM TEPMOJIUHAMIYHUM MPOIECOM?

3. Ski TepMOAMHAMIYHI TPOLECH BHUKOPUCTOBYIOTH B  TEILIOCHEPTETUYHHUX

yCTaHOBKax?

23. Cuam, sIKi Oil0OTh Ha piaMHY, OCHOBHEe PiBHAHHA TiIPOCTATHKH. 3aKOH
Mackans.

T'iopocmamuka — 1ue po3Ain TipaBIiKU, B SIKOMY pO3TJISAAlOTHCS 3aKOHU
PIBHOBAru piIMHU 1 IXHE IPAKTHYHE 3aCTOCYBAHHSI.

Ha pinuHy y cTaHl CHOKOIO MifOTh JB1 KaTeropii cuwi: MacoBi (00’eMmHI) i
MOBEpXHEBl. MacoOBUMU € CHJIM, IPONOPLIOHAIBHI Macl PIAUHU, — L€ CHIIM TSHKIHHS,
CHJIU 1HEPIIli, BIAIICHTPORBI CHJIH.

[loBepxHEBl CWJIM — L€ CWJIM, IO AIIOTh Ha MOBEPXHI PIAMHU (BEJIMYMHA iX
MPOTIOPITIOHANIPHA TUIONII TOBepXH1). JI0 MOBEpXHEBUX CUJI MOXKHA BIJTHECTH CHITY
TUCKY MOPILIHA, CUITy aTMOC(EPHOT0 TUCKY, CHITy TUCKY IIapiB PIAUHU Ta 1H.

VY rizpomexaHiini MacoBi 1 MOBEPXHEBI CHIIM PO3TISAAIOTH SK OJMHUYHI CHUIIH,
TOOTO BIJHECEHI J0 OJMHMII Macu a0o romi. SIKImo cuia € J00yTKOM Macu Ha
MPUCKOPEHHS, TO OJWHUYHA MacoBa cuja OyAe IOpIBHIOBATH NPUCKOPEHHIO, a
OJIMHUYHA TOBEPXHEBA CUJIa — HANPYXEHHIO. Y piJIMHAX, IO MepedyBaroTh y CTaHi
CIIOKOI0, IOTUYH1 HaNpyXeHHS OyyTh TIOPIBHIOBATH HYJIIO.

PosrnssHemMo piiMHY y CTaHI CHOKOIO. 3 TOBEPXHEBHUX CHJI HAa HEIO JIIOTH JIMIIE
cuii TUCKy. CWiIM TUCKY Ha  30BHIIIHIA MOBEpXHI 00’€My pIAMHHM 3aBXKIU
CHpSMOBaHI YyCEpeIuHy 1, OTXkKe, € cTUCKaiouuMu. CTHCKaroue HampysKeHHs, IO
BUHHMKA€E BCEpPEAMHI pIIUHU, IO TNepedyBae y CTaHI CIOKOIO, HAa3WBAETHCA

T1POCTATHYHUM THCKOM.

I F Posrnsaemo nesikuii 00’eM pimuHu  (pHC.
2.3), mo nepeOyBae 3HAXOAUTHCA B PIBHOBA3l
IT11 TI€F0 30BHIMIHIX CHIIL.
S : . :
PoznimumMo #ioro yMOBHO Ha JIBi TUTOITUHOO
11
S BigkuHemMO BepXHIO YacTHHY 00’eMy i
Pucynok 2.3. — Cxema 3aMiHUMO Horo aito cuiow F  (cuioro

piBHOBaru 00’ €My piIMHU
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TIPOCTaTUYHOTO TUCKY). BigHomenHss HopmanbHoi cuin F 1o mumomni S, Ha siky zie

s CHjIa, HA3UBAETHCA THCKOM P

[NapocTaTrdHMiA TUCK MA€ TaKi BIACTHBOCTI:
a) Ha OYyJIb-IKY TTOBEPXHIO THUCK Ji€ MEPHEHAUKYIIPHO, TOOTO IO HOPMAJIL;
0) 3HaYeHHS TUCKY B OYy/b-sIKil TOUIIl P1IMHU OJJHAKOBI B yCIX HAMpsMax.
Y cucremi CI trck BumiproeTses B [ackamsx (ITa), 1 ITa = 1H/M%, y Texwiumiit

CHUCTEMI 3aCTOCOBYIOTH OJIMHHUITIO TUCKY — TeXHIUHY aTMocdepy (aT):

JAndepenuianbHi piBHAHHA piBHOBaru pinunu (piBusinus Eilsepa)

PiBHsiHHS AiMicHI JJ1s1 171€alibHOI piauHU (IIe YMOBHO HEB’SI3Ka piJvHA, SKA HE
CTUCKAETHCA 1 HE PO3IIUPIOETHCS).

Po3rnstHeMo yMOBY piBHOBaru pinmuau (puc. 2.4).

VY npocTopi JOCHIKYBaHOT PIAMHU BUOUPAEMO CUCTEMY KOOPJIUHAT 1 (PiKCYyEMO
JOBUIBHY TOYKY A 3 KoopauHatamu (X;y;z). biins Toukn A BHAUTMMO HECKIHYEHHO
Manui napanenernines 13 cropoHamu dx,dy,dz. [To3naunmo TUCK y Touill A depes p.
Buainenuit napaneneninen Oyne 30epiratd CTaH CIOKOI ab0 piIBHOBAarv 3a yMOBH,
AKIIO CyMa MPOEKINN yCiX JiI0YMX CWJI Ha KOOPJAMHATHI OcCl Oyne MOpiBHIOBATH
HYJIIO.

Ha mapaneneninen OyayTh IisITH MacoBl CHJIM (CUJia TSOKIHHS, CUJIa 1HEPIIii) 1
MMOBEPXHEBI CHIIH (CUIIH THCKY).

[To3zHaumMo mMpoeKIlii OAMHUYHUX MACOBUX CHJI Ha KOOPJMHATHI OCl udepe3
XY, Z.

Z 4 | dx [Ipoekuii BCiX MAacoBHX
I . _ ~
Pu B 1, A C p. cii Ha BICh X: dQ, = Xdm.
e o | P
|
Fxn ,l——______ Fx¢
A ne dm — wmaca o00’emy
dz T '
. ~ plIUHH.
// i X
> ‘ i Maca €JIEMEHTAPHOIO
N v -

J X
Pucynok 2.4. — Cxema fii cuj Ha eJleMeHTapHuil  Tapajciieneaa:
MMapaJCICIIIICT. dm = pdxdydz.
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Toxi mpoexiiis MacoBUX CHII Ha BiCh x: dQ, = X pdxdydz .

3HaiieMo CUJIy TIAPOCTATUYHOTO THCKY, IO Ji€ Ha TpaHi Mapajeniermnena.
[Toznaunmo THCcK y Toukax B i C uepe3 p, 1 p.. ByaeMo BBakaTu, 1o y piakomy
CEepEeZOBUIIIl THUCK 3MIHIOEThCSA 3a JIHIMHMM 3akoHOM. Y Toukax B 1 C THCK
BIJIPI3HAETHCS BiJ TUCKY P B TOUIl A 1 3aJIEKUTH BiI KOOPIAUHAT IIUX TOYOK.

Tuck y Tourti B 6yne qopiBHIOBaTHU:

_ . _Wxdp
Pg=P 2 ox

e ? — TpaJi€eHT (3MIHA) TUCKY B3JIOBX OCI X.
X

Tuck y Tour C :
cxXP
2 OX

OcCkUIbKM TUIOLII Mapajielnenijia ayke Maii, THCKM B Toukax B 1 C MoxHa

Pc=0P

PO3IIISAATH SIK CEPE/IHI T1IPOCTATUYH1 TUCKHU.
Busnaunmo cuim THUCKY, 110 A1F0Th HAa TpaHi mapaiesnernine/a.

Cunu TUCKY Ha JIIBY TPaHb :
0
Fee = dydz( p_ﬂ—pj .
Cunu TUCKY Ha MpaBy I'PaHb :

Fec = dydz[ p+%@j .

3anuiieMo piBHSHHS PIBHOBAru BCIX CHUJI, 1110 MTPOEKIIFOIOTHCS Ha BIChH X:
Fg —Fc +dQ, =0.

[TimcTaBUMO 3HAYEHHS CUJT Y PIBHSHHS '
dx op dx op
dz( p———)—dydz —— )+ X pdxdydz =0.
dydz( p 28X) dy (|0+25X)+ pdxdydz

AHaJIOT1YH1 PIBHSHHS MOXKHA 3amucaTd i ocedt y 1 z. CkiajemMo cucremy
PIBHSIHb I TPbOX KOOPAMHAT 1 PO3JAUIMMO 1i PIBHSHHS BIANOBIJHO Ha 1

nepeTBopuMo. Ilicis Hboro OTpUMy€EMO CUCTEMY PIBHSHB
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X—l@zo;
P OX
p oy
p 0Z

— 11e nudepeHIianbHi piBHIHHS piBHOBAru piquHu (piBHsHHS Eitnepa).
JUiss TpakTUYHOTO KOPUCTYBAaHHS HEOOXiJHO 3aMiCTh CHCTEMH piBHSHB
OJIep’KaTH OJIHE €KBIBAJICHTHE 1M PIBHSAHHSA. J[J15 I[bOTO TOMHOKHUMO KOKHE PIBHSHHS

BIIMOBIAHO Ha dx,dy,dz. CkIaBIIy BC1 TpU PIBHSAHHS, OJEPKUMO:

de+Ydy+Zdz—£(@dx+@dy+@dz):O.
p OX oy 0z

Bupa3z y ayxkkax € moBHUM audepeHIiaioM THCKY, TOOTO (yHKIIT p (X,),2).
[Ticist miaCTaHOBKH 1 IEPETBOPEHb OTPUMAEMO:
dp=p( Xdx+¥dy+Zdz ).
— 1€ OCHOBHe JughepeHyianbHe PiBHAHHI PIBHOBA2U PIOUHMU.
OTtpumaHe pIBHSHHSI BUpa)kae 30UIbIIECHHS TUCKY dpIpu 3MiHI KOOpAUHAT Ha

dx,dxy,dz y BUnajiKy piBHOBaru pijuHu.

2.4. TinpocraTHYHMH THCK Ta MOro BJIACTUBOCTL. OCHOBHe PpIBHSIHHA
rigzpocratuku. Ilpuinaau 1y BUMIPIOBAHHA THCKY.

OcHOBHe PIBHAAHHSA TIAPOCTATHKH
PosrisitHemo piBHOBary piauHuM B pe3epByapl (puc. 2.5.), fKImO piauHa

3HAXOIUTHCA ITJ €0 TUIBKYA OXHIET MACOBOI CHINA — CYJIH TSHKIHHS.
Ha piguny 1i€ TakoX THCK HABKOJMIIHBOTO cepenoBuina. CTaH piIUHM, IO

nepebyBae B pIBHOBa3i, OMUCYE PIBHIHHS:

P
% /Im dp = p( Xdx+Ydy + Zdz),
. ne dp — noBuuii qudepeniian tucky; X,Y,Z
— i | B
el A_* — MpOeKUli OAMHUYHOI MAacoBOi CHIM Ha
-l = z, €00 — .
_ pAvHATHI OC1; dX,dy,dz—3M1Ha KOOpJAUHAT
— o — || B
TOYKHU.
i . - SIkmo Ha piOuHY i€ JUIIe Ccuiia

Pucynok 2.5. — Cxema TSOKIHHS, T0 X =Y =0,a Z=-9 .
PIBHOBAru piJiiHU.

34



[Ticns iHTErpyBaHHS MOXHA 3aMucaTu: dp=—,gdz.
JUis 1poro BUIMAAKy OCHOBHE pIBHSIHHSA pPIBHOBArd pIAMHU Ma€ BUTIISA:

p=-pgz+C abo £+z:const,

Jele
7€ p — TUCK y TOYIli A, pO3TalloBaHiii Ha BUCOTI Z BiJ TOPU3OHTAIHHOI TUIOIIMHU
MOPIBHSHHS.
PiBHsHHS BUpakae po3MOIiI TUCKY B PiIKHI, IO TIepedyBa€e y CTaHi CIOKOIO.
Jlis BU3HAUEHHS TMOCTIAHOI IHTErpyBaHHS IMiJICTABUMO MapaMeTpu BUIBHOI

MOBEPXHI, VIS SIKOT IPU 2=2,, P= P, -

[TimcTaBUMO B PIBHSHHS 1 OJEPKUMO PP z,.

) P9
3BIJICH 3HAXOJIUMO P= p,+ pd(Z,—2). 3aMiHUMO Z,—z=h,
ne h — rmubuHa po3TairyBaHHs TOUYKH A.
[licns uporo p=p,+pgh — 1ue Apyra ¢dopma 3amnucy OCHOBHOIO PIBHSHHS

T1APOCTATHKH.

3rilHO 3 IIUM PIBHAHHSAM DIBHAHHS TUCK P Yy JIOBUIbHIM TOYIll HEPYyXOMOT
PIIMHU JOPIBHIOE CyM1 TUCKIB — TUCKY P, Ha BUIbHIM MOBEPXHI 1 TUCKY pgh BiJ Baru
CTOBIIA P1JIMHUA BUCOTOIO h.

BenuunHa p, € OJHAKOBOIO /JIsI BCIX TOYOK 00’eMy piauHu. ToMy MoOKHA

CTBEp/KYBaTH, IO THUCK, NPHUKIAACHUN 10 30BHIIIHBOI TMOBEPXHI PpIAWHH,
nepeaaecTbesi BCIM TOUKaM IT€T PIIMHU 1 32 BCiMa HampsiMKamMH oJiHakoBo. lle 3akon

Ilackais.

Ipunanm i BUMiproBaHHs TUCKY. Enopu riipoctaTu4HOro Tucky

e Pian J{ns1 BUMIpIOBaHHS THUCKY BUKOPUCTOBYIOTH

o

4 pinuHHI  (OapomeTp, TI’€30MeTp, MaHOMETP,
h BaKyyMMeETp, JAU(PMAHOMETP) Ta MEXaHI4Hi

(mpy>kUHH1 Ta MeMOpaHH1) npuiIagu:

= o e e e MaHOMETPH, BAKyyMMETPU 1 MAHOBAKYYMETpPH.

e = e gl Kpim MEXaHIYHUX, KOPHUCTYIOThCS

= e R R i eJIeKTPUYHUMHU TIpriiagaMu. Po3risiHeMo Jeski 3

Pucynok 2.6. — Bapomerp: ~ HHX

1 — yamka 13 pTyTTIO; 2 —
CKJIsSIHA TpyOKa. 35



bapomemp.
Bbapometp (puc. 2.6.) ckinagaeTscs 3 BIAKPUTOI YallIKW, 3allOBHEHOI PTYTTIO, Ta
CKJISTHOT TpyOKH, BEpXHIM KIHEIb SKOi 3amasHuil, a HIOKHIA ONMYIIEHUH y YallKy i

piBeHb pTyTi. BusHaunmo THCK p, .

VY BepxHili yacTHHI TpyOKH MOBITPS BIJICYTHE, TOMY B Hiil Jli€ TUCK HACUYECHOI

napu p 3HaueHHA AaTMOC(HEPHOr0 THUCKY OOYHUCIIOIOTH 3a dbopmyoro:

un *

P, =P, +£,,0h, A€ p, — THCK HaCMYEHOi Iapu;p,, — TyCTHHA PTyTi ; h— BUCOTa

HITHATTS PTYT1 y CKIISHIN TPyOIl.

VY dbopmyni He BpaxoBaHa MOMpaBKa Ha KaISIPHICTb.

Jlughepenuianvruuit manomemp

e 7o)
( Py \ﬂ ~— P2 ) Judepenmianpauii  MaHometp  (puc. 2.7)
) { ’ . . . .
, N BUKOPHUCTOBYIOTh ISl BUMIPIOBaHHS PI3HUIII THCKIB
A = _ Poboua . ) .
P, NS oo y JBOX pe3epByapax a0 pI3HUI THUCKIB y JBOX
— = TOYKaX OJHOTO ¥ TOro CaMoTo pe3epByapa.
O Hudepenmiansauii  Manomerp — ne U —
noniOHa TpyOKa, 3amoBHEHA pPoOOOYOI0  PIAMHOIO.
Pucynoxk 2.7. — A pyoKa, P piA
JudepenianpHuii KosxHuil 13 KIHIIB TPYOKH NMpUEAHAHUNA IO TOUOK, MIXK
Manomerp. SKUMH HEOOXITHO BUMIPATU PIZHUINIO TUCKIB Ap, SIKY

BHU3HAYAIOTH 32 (hopmysoro: p,—p, =4p abo Ap= pgh, e h— pi3HUIIA PIBHIB PIAUHUA
y TpyOKax.
dopMyily BHKOPHUCTOBYIOTH Y BHUIIaIKaX, KOJIM  pilMHA B pe3epByapax

OJllHaKoBa. KO piauHU B pe3epByapax pi3Hi, TO

J

PI3HUII0 THUCKIB BHU3HAYAIOTh 3a 1HIIOK (HOPMYIIOKO:
Ap=gh(p,—p,), 1€ p,1 p,— TYCTHHA PIIUHU BIIMOBITHO Y
NepIIoMy 1 IpyromMy pe3epByapax.

HeoOxigHo  BigmiTUTH, 110  JgudepeHIiiaibHi
MaHOMETPH BUKOPUCTOBYIOTh Yy THUX BHITaJIKaX, KOJHU
aOCOJIIOTHI THUCKM Yy TOYKaX BUMIPDIOBaHHS BEJMKI, a

PI3HUIII THCKIB MaJa.

Pucynok 2.8 — Ipysrcunnuu manomemp.
[Ipy>KMHHUI MaHOMETP
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PimuuHl mpuiagy 3acTOCOBYIOTH JJISi BHMIPIOBaHHS TMOPIBHSAHO HEBEIUKUX
tuckiB. Ilpum BumiproBanHi TuckiB Oumpiie 0,02 — 0,03 Mlla BUKOPHUCTOBYIOTH
MeXaHI4HI nmpuiiaau. HalOuIbIl MOMmuMpeHuMH € MPYKMHHI MAHOMETPH.

[Mpyxxunnuii manomerp (puc. 2.8) ckimamaeTscs 3 KOPIyCy S, TPYKHOI
MaHOMETPUYHOI TPYyOKH 4, mepeaaBalibHOIO0 MEXaHI3My 3, CTPIIKM 2 Ta mKaau 1.
Pinuna mix TuckoM HaaXxomuTh y mTyuep 6, motiMm y TpyOky. Ilig nmiero Tucky
OpyXKMHA PO3NpAMISETbCA. PyX KIHLS NpPYyKMHHM 4epe3 IepelaBajbHUN MeXaHI3M

NEePeIa€ThCs CTPLIII, SIKa Ha MKl MOKa3y€ BEIUYUHY THUCKY.

2.5. Enopu trcky. Cuiia THCKY PiiMHH HAa IUIOCKI Ta KPHUBOJIIHINHI MOBEPXHi.
Bu3HaveHHsI TOUKHU NPUKJIAJAHHSA Pe3yJbTYHUYO0I CHJIIN.

3anuiiemMo OCHOBHE PIBHSIHHS T1IPOCTaTHKU: P= p,+ ogh.

Lle piBHAHHS € pigHsAHHAM npsamoi aiHiiy=kx+b, B skomyb=p ;x=h, a p, —
THUCK HAa TOBEPXHI PIAUMHU. 3TITHO 3 IIUM PIBHSHHSAM THCK y P1IMHI 3MIHIOETHCS 32
JIHIAHUM 33aKOHOM, a €IMIOpU THUCKIB Ha IUIOCKY IOBEPXHIO MalTh (opMy
TPUKYTHUKIB a00 Tpamnerliit (puc. 2.9 a, 0, B).

Tuck Oyne 3MIHIOBATHCS 3aJI€KHO BiJ TIJIMOMHM 3aHYpEHHS TOYKH. Y
BIIKPUTOMY pe3epByapi Haodauwikosutl (Manomempuynuti) THCK Ha TOBEPXHI
nopiBHIOE po = 0, Ha qHI Oy1e — p= pgh.

Entopa Bin naonuwxosoeo Tucky mae Gopmy TpukyTHUKaA (puc. 2.9 a). Skmio
BpaxyBaTH aTMOC(EPHUI TUCK po HA TOBEPXHI PIIUHU, TO AOCOTIOTHUM THCK y TOYLII
B na rimbuni h Oyne nopiBHoBaTu p,+ pgh. Entopa Tucky HaOyBae popmu Tparnerii

(puc. 2.9 6). Ananoriuna emropa THCKIB Oyze st moxuiioi cTinku AB, po3TamioBaHoi
noxuiio (puc. 2.98).

. /’ A "% o l % ™
Y / A
/ I / . IL —t
h h / h| —
- /7'—L e
/;‘ / . l”/_/f:::”‘
/—B 7 ——— B =
A — > - %
LSS S A TX 77V 77777 /41.:./\,\, \
pgh peh /;f—"{ pE- A
— —1 \ -‘-;!r t_,“;“‘- =\
p.+gh —
a § B

Pucynox 2.9 — Entopu TUCKIB Ha TJIOCKY MOBEpXHIO AB:
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a — B1JI HAJJTMIIIKOBOTO THCKY; O — BiJ] aDCOTIOTHOTO THCKY;
B — B1JI HQ/UIMIIKOBOTO TUCKY HA MOXUITY CTIHKY

2.6. 3axkon Apximena.

3a szakonom Apximeoa Ha TUIO, 3aHYpEHE B pIJIMHY, JlI€ BHUIITOBXYBaJbHA

cuiaF,, sika HampsMJIeHa Bropy 1 IOPIBHIOE Ba3l piIUHU, BUTICHEHOT TLJIOM :
FAzpng )

ne V — 00’eM 3aHypEeHOI B PIAMHY YaCTUHU TUNA; p,— FYCTUHA PIIUHH.

3ictaBisitoun Bary Tijga B moBiTpi G Ta BUINTOBXYBallbHY cuUily F,, MOXHa
BUJUTMTU TPU BUIIAJKU CTaHy TLIa B PIAMHI:

1) sixmio G > F, — mino nomowue;

2) skmo G=F, — mino niaéac BCEPEIVHI PITUHM HA TIMOWHI, Ha 5Ky BOHO
3aHYpPEHE;

3) sxkmo G<F, — mino nionimacmovcs 62opy (MPUUIOMY BOHO BHUILIMBAE JOTH,
JIOKM Bara Tida G He TMOpPIBHIETHCS 13 CWIOK F,, sika JOpIBHIOE Ba3i 00’eMy

3aHYpEHOI YacCTUHU TLIA).
OckinbKH Ha TUIO Jl€ BUINTOBXYBajbHa CHUia, Bara Horo B pinusi G, Oyzne

MEHIIIO0, HIK Y TTOBITPI:

Yo,
G,=G(1-£7),
pm

1€ Py, P, — BIANOBIAHO I'YCTUHA PIAWHM 1 TiJIa.
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Jleknisi 3. OCHOBHI TepMOIMHAMIYHI NPOIECH.
3.1. I3oxopHuii npouec.
3.2. I300apHuii npouec.
3.3. I3oTepMHmii mpouec.
3.4. AniabaTHuii npouec.
3.5. lloaiTponHuii mpouec.

3.1. I3oxopHuUi npoiec.

1. BuznaueHHsi mpoliecy: Mpolec, [0 BiAOYyBaeTbcs MPU MOCTIHHOMY 00’€emi
POO0YOTO TiJIa HA3UBAETHCS 130XOPHUM (3 TPEIBLKOT «X0pe» - 00’ €M, MPOCTIP, «i30C» -
OJTHAKOBHM, HE3MIHHHI ).

2. Jle BuKopucTOBY€EThCSI — B OeH3mHOBUX JIB3 (mporecu miiBeAcHHS 1 BiABEICHHS
TETUIOTH 130XOPHi).

3. PiBastaHs mporecy: v =cond ; do=0;v, =v,.

4. T'padik nepebiry mpoiiecy B poOouiii (p-v) miarpami — npsiMma BEpTUKAJIbHA JIHIA.

5. 3B'I30K MiX MapaMeTpaMyd poOOYOro Tija: Mpu L =CONS BiANOBIAHO 0 3aKOHY

T
Mapmns %zconst,To(STo ﬂ:&;a&) P2 _12

r, T, I

2
6. Po6oTa 3minu 06’eMy pobodoro Tina £\, = _[ pdv =0, ’H—ch, Tomy 1o dv =0.
1 K2

7. Tenmora, o ¢irypye B mporeci q, = c¢,y,(T, —T,), Aore :
Ke

8. 3MiHa BHYTpIlIHBOI eHeprii pododoro tina Au, =c,,(T, —T,), ’H— Sx BUIHO 3
Ke

INyHKTIB 7 1 8 ¢, =AU, , ToOTO B 130XOPHOMY IpPOLEC] BCS MIABEAEHA 10 POOOYOTro

TJIa TEIUIOTA MOBHICTIO BUTPAYAETHCS HA 3MIHY MOr0 BHYTPIIITHLO1 €HEPTii.

: L Lo
9. 3mina eHrtanbIii poboyoro tina Ak, =cp, (T, —T,), et

T, Mo

. : T. v
10. 3mina entpomii pobouoro Tina As, =¢,,IN=2+RIN—-2=¢,,In-2, (Tomy

IO NpU V; = U,, IN1=0).
11. I'padix nmepebiry npouecy B TerioBii (T-S) miarpami — jorapudmMidyHa KpuBa 3

HEBEJIMKUM TPOTUHOM A0HU3Yy — 1 — 2V (puc. 3.1.).
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S

Puc. 3.1. I pagix cymicrnoco nepebicy npoyecis.

I300apuunii npoiec

1. BuznaueHHsi mpoliecy: TMpoIeC, IO BIAOYBAETHCS MPU TMOCTIMHOMY THCKY
po00YOro Tijia HA3UBAETHCS 1300apHUM (3 TPEIBKOI «Oapocy - THCK, IPOCTIP, «130C» -
OJTHAKOBHM, HE3MIHHMIA).

2. lle BukopuctoByeThes — B ausenbuux JAB3, ['TY, KV.

3. PiBustaHSA mponecy: p=cond ; dp=0; p, =p,.

4. I'padik nepebdiry mpoiecy B poOouiii (p-v) aiarpami — npsiMma rOpU30HTaIbHA JiHIS.
5. 3B'130K MK MapaMeTrpamMu poOodoro Tujia: mpu p =CONS BIAMOBITHO JI0 3aKOHY

. v v, U
Ceii-JTroccaka — = congt, T06T0 —= = —2 ; a6o .
T T, T, T, v

T, _b

2
6. Po6ora 3minu 06’emMy pobodoro Tina: ¢ p =J pdv = p(v, —v,), Ao .
4 Ke

7. Tenmora, o ¢irypye B mpomueci: p =cpy(T, —T,), Aore :
Ke
8. 3MiHa BHYTpIilIHBOI eHeprii pododoro Tina: AU, =¢,,(T, —T,), —.
Ke

9. 3miHa eHranbmii pododoro Tina: Al =cp, (T, —T;), i—e SIk BUIHO 3 MyHKTIB 7 i

9 g, =Aip, TOOTO B 1300apHOMY IpOLEC] BCs MiJBEAEHA 10 poOOUYOro TuIa TEIIoTa

BUTPAYAETHCS HA 3MIHY HOT0 €HTaJIbIII].
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10. 3mina entpormii pododoro tina: npu S=@(p,7) As, =cp,In % _RIn?2 = Com In% ,
1 P1 1

(Tomy 110 ipu p; = p, IN1=0).

ke K

11. I'padix mepediry mporecy B TemoBiil (T-S) miarpami — norapudMidyHa KpuBa 3

T,
HEBEJIMKHUM IIPOTMHOM JOHU3Y — 1-2p (TaK K Cp,> Cym TO IpU —= =idem Asp>Asy1i
1

1300apa Ha Iiii Jiarpami OLIBII IOJIora KpHUBa HIX 130x0pa, puc. 3.1.).

I3oTepMunii npounec

1. BuznaueHHsi mporiecy: mpoliec, o0 BiOyBaeThbCs MPU TOCTIHHIM TeMIieparypi
po0oYOoro Tila HA3WBAETHCS 130TEPMHUM (3 TPEUBKOI «TepMe» - JKap, BOTOHb,
TEeMIIepaTypa; «130C» - OAHAKOBUM, HE3MIHHUIA).

2. Jle BUKOPHUCTOBYETHCSA — B KOTEIBHUX YCTAHOBKaX (TPOIlEC BUTIAPOBYBAHHS BOJIH,
KOHJICHCAITli BOJISTHOT ITapH).

3. PiBusiHHsA npouecy: T'=cond ; d7' =0;T, =T,, abo 3 piBHsHHsA Knaneiipona s
1 ke pobouoro tina pv=RT ,mpu 7T =cont — pv=cond.

4. T'padik nepebiry mpoiecy B podouiii (p-v) aiarpami — piBHOO14YHA rirepooa.

5. 3B'130K MK MapaMerpamMu poOodoro Tuia: npu 7' =CONS BIAMOBITHO 10 3aKOHY

. : v
bonns-Mapiorra: puv =cond, To0to p,;v; = p,L,; a00 P U1

P11 Uy
6. PobGoTa 3minu 06’emy pob60UOTO TijA:

jRT _RTj—_RTln _RTIn P A
Uy P, ke

:Ipdu 1

7. Ternora, mo ¢irypye B mpoueci. BignoBigHo 10 1-ro 3akoHy TepMOAMHAMIKHU:

G4 =AU + 0, =, =RTIn%2, A%

v, K2

. (tak sk AU; =0 (guB. mMyHKT 8); 1 TakuMm

YUHOM B 130T€PMHOMY TPOIIECI BCIO MiJIBEICHY 10 pOOOYOro Tijia TEIUIOTY MOKHA

NEepETBOPUTH B podOOTY, 60 O = /7).

l):O’ ﬂ—OfC

8. 3miHa BHYTpIlIHBOI eHeprii pododoro Tina Au, =y, (T, —T. -

=0, ,ZZ_ofc

9. 3mina eHTanbIii podouoro Tima Al = cpy (T, — T .
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10. 3miHa CHTpOIIi pobouoro TiNna: pu s=¢(T,0)

AST:CVmIn£+ RIN“2 =RIn%2, Aore (romy mo pu T, =T, In1=0).

11. I'padix mepeOiry mporuecy B Termosiil (T-S) miarpami — mpsiMa TOpU30OHTaIbHA

JIHIA .

AxiadaTHUH npoIec

1. IIpomec, mo BigOyBaeThcs 0O€3 TEMIOOOMIHY 3 HABKOJIMIIHIM CEpPEeIOBHUIIEM

HA3WBAETHLCS afiabaTHUM (3 TPEIBKOi «aaiabaTocy» - HEMPOHUKHUN (IJI TETIIIOTH).

2. le BukopuctoByeThesi — B JIB3, ['T/] (mporecu cTUCHEHHsI, PO3IIMPEHHS ) TIPOLIEC

posmmpenns B LICY.

. Y% d
3. PiBusiHHs mponecy: =0, Ao dqg :O;d—q =0 (me 7 - wac ). BukopucroByroun
Ke T

1-# 3akoH TepMmoauHamiku (B 1-i Ta 2-it popmax), dg=du+pdv Ta dg=di+vdp moxna
. . . k Cp

BUBECTU pIBHAHHA angiabaTHOro mpouecy y Buriasmi pv: =condt, me k=— -

v
MOKa3HUK ajiabaTH.
4. T'padik nepebiry mpoiecy B poOouiii (p-v) aiarpami — HepiBHOO14HA rirepooa.

5. 3B'S130K Mk mapaMeTpaMyd poOOUYoro Tijla: B IIbOMY MPOIECl 3MIHIOIOTHCS BCl TpU

K = LS k1
T T\l T K
napamerpu p, T, v, TaK wWo: &:(ﬁ] ;_zz(ﬂJ ;&{iJ ;_2:(&) .
P1 U, T U, D1 T T P1

6. Pobota 3miHm o00’eMy poOoyoro Tima. 3 PpIBHSHHS TEPIIOTO 3aKOHY

TEPMOJUMHAMIKI q,=Au,+7, npu YMOBI, 110 g, =0 MaeMo
l,=—Au, =—c,(T, - T)) =c,n(T; - T), Ao . Ilam’sTatoun, mo ¢,= k—ll ,
Ke —
1 1
e , MOskHa poboTy mpouecy Bupasuty sk: , =— R(T, = T,) =—(p,v; — p,0,),
Ke - k-1 k-1
Hoxe
ke
) ) Jloic
7. Tennora, mo ¢irypye B mpoueci: =0, —.
Ke
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8. 3mina BHYTpilIHBOI eHeprii pododoro Tina: AU, =q,,(T, —T,), Ao :
Ke
), 2
" ke

9. 3mina eHTanbmii podoyoro tina: Ai, =cp,(T, =T,

dq

10. 3mina enTpomii poOodoro Tijia dS=?, npu dq=0 maemo ds=0, T06TO

s=const. Ocb yomy aj1iadaTHUM MPOLIEC YACTO HA3UBAIOTH 130€HTPOITHUM.

11. I'padix nepebiry nporiecy B TemioBii (T-S) miarpami — npsiMma BEpTUKAJIbHA JTiHISL.

HoJgiTponuuii (y3arajJbHIOWWYHI) NPoec

1. TIporec, WO OMMCYETHCA PiBHAHHAM pv" =CONg , 1e N - MOKa3HUK HOIITPOIH —
OyIb-sKe 1iJIe ado ApoOoBe, MO3UTHBHE a00 BiJI’€EMHE YHCIIO 13 MHOKHHH -00<N<+00,
2. Jle BUKOPHUCTOBYEThCA — y BCIX TemjioeHepreTuyHux ycranoBkax: (B3, I'TH, KV,
IICY, XV irT. 1.

3. PiBusinns mporecy po" =cond, 10610 Py = Pov,

4. I'padik nepediry mpouecy B pobouiil (P-v) miarpami — Oyap-sika JiHiA. AJie IpH
MPUIHATOMY TMOKA3HUKOBI MOJITPONM N — KOHKpETHa JiHiA 1 mo dopmi 1 1O
HaIPSIMKY.

5. Tak six piBHSIHHS ajaiabatu puk =cond i nomitporn pv" = CONS KOHCTPYKTHBHO

OJIHaKOBi, TO BCl (opmMynn 3B’S3Ky MDK OCHOBHUMH I[apaMeTrpamu 1

XapaKTCPUCTUKAMHA HOHiTpOHHOFO mponecy, MOXHa 3alluCaTu 3aMIHUBIIA B HHX

n n-1

) ) v T V)
MOKa3HUK aaiadatu K Ha MOKa3HMK MOJITPOINU N, TOOTO: P2 _ (—1] - 2 = (—1) X
P \v) Ty v

n

&_Kﬂ)n-l
P1 T, .

. . 1 1
6. PoGoTa 3minu 00’ emy pobouoro tina: £ =—R(T, - T,) =—(pv; — po0,), Hore .
n-1 n-1 Ke
7. Tenmora, mo ¢irypye B nporneci: q=c, (T, -T,), ﬂ—mc, ne ¢, = c\,mn;l; : Ao :
m K2 m n— Ke

8. 3miHa BHYTpILIHBOI eHeprii podouoro Tina: Au=cq,(T, -T,), Aone :
Ke
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9. 3miHa eHTaNbIIT pododoro Tina: Ai =cp (T, —T;

),ﬂ_o"c_
K2

: . T. oHC
10. 3mina entpomnii poboyoro Tina: As=c, In-2, ’ZZ—
" T, ke K

11. I'padik mepediry mporiecy B TerioBii (T-S) miarpami — Oyab-saKa JiHisA. Aje Tpu
NPUHHATOMY TOKAa3HUKOBI MOJITPONM N — KOHKpPETHA JIHIA 1 1Mo ¢opmi 1 10

HaIIpsAMKY.

BusiBnserscs, 1m0 pO3TASHYTI BHUINE YOTHUPU TEPMOAMHAMIYHI MPOLIECH €
YACTKOBMMH IIPOIIECAMHU Y3arajlbHIOUOr0 HOJIITPOIHOTO Mpolecy: pv" = cong .
Hacmpasni:

a) mpu N =0, puv° =cong — p = cong — i306apHHuii mporiec;

6)mpu n=1, pv' =const — T = const — i30TepMHMIi Ipomec;

B) mpu N =K, pv* = const — axiaGarHuii mporec;

1
r) mpu N =, pv” =cond, abo p=v= congt, abo p°v =const - v =cong—

130XOpHUH TIPOLIEC.
CninpHuit mepedir nux npoueciB B pododiit (p-v) 1 temnosiit (7-S) giarpamax

MPEJCTaBICHUI Ha pUCYHKY 2.1.

Ji;

Puc. 3.2. Cninvuuii nepebic mepmoouHamiuHux npoyecis.

Tyt npouecu: 1— 2v — i30xopHuii, 1- 2p — 1300apuuii, 1— 27 — i3orepmuuii, 1-2a

— apmiabaTHUM — npouecu posmmpeHss, do>0; 1- 2v — 130XOpHUH, 1-2/p —

1300apHUi, 1—2/T — 130TepMHHUH, 1-2a - aniabaTHuil — npouecu ctucHends, dv < 0.
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3Har0YM XapakTep TMporecy (pO3MMUPEHHS YW CTUCKAHHS) 1 TOKa3HUK
MOJIITPOITH, MOXKHA 3aBXKJIU J1aTH KOPOTKY SIKICHY XapaKTEPUCTUKY MPOIECY — 3MIHY
1Or0 OCHOBHHX TIapaMeTPiB Ta TEPMOAMHAMIYHUX XapaKTEPUCTHK.

Hanpuxnan, mporecy po3mpeHHs 3 MOKa3HUKOM MoiiTpornu N = —2 (BUXixg 3
touku 1). B ibomy mporieci: UT,pT,TT +0,+9+AU+AlL+AS (TOOTO U, I, S
301IBIITYIOTHCS).

[le#i TepmomWHaMiuHWK TIpolleC B JiarpamMax p—0 i T-S KoOpAWHAT

300paxy€eThCs SK:

Ty

P

—y

7

U >
MoxHa JaTH KOPOTKY XapaKTEPUCTHUKY 1 MPOLECY CTUCKAHHS 3 TOKa3HUKOM
n=0,5. B mpomy mpomeci (Buxig 3 . 1) vd,pT, T4 ,—¢,—q-Au—-Ai,—As

(ToOTO U, i, S 3MEHIITYIOTHCS).

Lleli mpoliec B HA3BaHUX JAlarpaMax 300paxyeTbes sIK:
r

O /

] 2

Bzarami g 3pyyHOCTI aHamizy 1 JUIsl  SIKICHOI OLIHKKA  OYyJb-SIKOTO
TEPMOJMHAMIYHOTO MPOIECY MPHUIHATO BCI MOJITPOIHI TpoIecH (PO3IITUPEHHS TIPH
dv>0 1 ctucHeHHs nipHu dv<() 3rpynyBaTH B TPU XapaKTEPHI IPYIIN:

1 rpyma, B AKiii TOKa3HUK MOJITPOTH -00<N<1.

2 rpyma, B sKii moka3HUK noJitporu 1<n<k.

3 rpyna, B sIKiil MOKa3HUK NOJITponu k<n<+oo.

Tomi maroui A0 3 TPOIECOM PO3MIUPEHHS, JUIS SIKOro N=-2, MOJKHAa CKa3aTH,

110 BIH BIAHOCUTHCS A0 1-i rpymu, 1 TOA1 B IbOMY MPOLEC], K BXKE BIAMIYAIOCH, U T,
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pt, TT, +€, +q, Aut, Aif, ASt.
Matoui Ai10 3 mpoIecoM CTUCHEHHS, I Koro N=1,2, MOKHA CKa3aTH, 10 BiH

BITHOCHUTBCS 70 2-1 IpymH, 1 T B IboMy Tporieci: v|, pt, T1, -€, -q, AutT, AiT, As |.

KoHTpoJibHI NUTAHHS.
1. Ha3BiTh OCHOBHI TEPMOAMHAMIYHI IPOLECH?
2. PiBHSHHS MOJITPOMHOTO mpoliecy. Sk TpaHcpopMyBaTH HOro B PIBHSHHS 1HIIHX
YaCTUHHUX MPOIIECiB (130XOpHOTO0, 1300apHOTO, 130TEPMHOT0, a711a0aTHOTO)?
3. [lepebir oCHOBHUX TEPMOJUHAMIYHHX MPOIECIB B PoOOUiH 1 TEIJIOBIM Jiarpamax?
4. B saxoMy mporieci BCs MiJIBEJ€HA TEMJIOTa BUTPAYAETHCS HA 3MIHY BHYTPIIIHBOI
€Heprii, a B AKOMY — Ha poOOTYy pO3IIUPEHHS?
5. Uu moTpiOHO MiBOJUTH TEIUIOTY TPH 130TEPMIYHOMY PO3IIMPEHHI POOOYOTo
Tija?
6. Hanumiite piBHSHHS JJI1 BU3HAYEHHS 3MIHM BHYTPIIIHBOI €HEPrii, eHTaJbIii 1

eHTpomii po0oyoro Tija. PO3MIpHOCTI IIUX BEIUYHH.
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Jlekuis 4. JIpyruii 3aK0H TepMOJAMHAMIKH, Pe:KUMHU PYXy PilMHM TA riApaBJIivHi
BTPATH HANOPY.

4.1. ipyruii 3aK0H TePMOAMHAMIKH.

42. JlamiHapHuii Ta TYpOYyJeHTHUII pexuMu Ppyxy piaguHu. Ywucio
PeiinoJubaca.

4.3. CTpykTypa TYpOyJI€eHTHOI0 OTOKY.

4.4. BrpaTu Hanopy Ha noB:xuHi. LigpaBiaiuynunii koedinieHT onopy. 3oun
omnopy.

4.5.Butpara. PIBHSIHHS HEepPO3PMBHOCTI 1JIsi CTPYMHHKH Ta MOTOKY.

4.6. PiBHsiHHs bBepHy/ii s eJleMeHTapHOI CTPYMHMHKH ieaJbHOI
PiaMHY Ta JJI NOTOKY B'S3KO0I piiNHu;

47.®i3u4yHe Ta reOMeTPUYHE HOr0 iHTEepNPeTYBaHHS.

4.1. JIpyruii 3aK0H TePMOTUHAMIKH.

1. 3micrT i BU3HAYeHHA 2 3aKOHY TePMOIMHAMIKH.

1. IToHATTH NPO KOJIOBI MpouecH HUKJIM (MpsiMuUii i 3BopoTHHIT nukJa Kapho).
1. TepmiuHmii K.K.A. Ta X0JOAWIbHUI KoedilieHT.

1-if 3aKOH TepMOJWMHAMIKH CTBEPKY€E, IO Bes Temaora Q, migBeneHa a0
TEPMOJIMHAMIYHOI CUCTEMH, BUTPAYAE€ThCS Ha 3MIHY BHYTpiIHbOi eHeprii AU 1 Ha
3M1MCHEHHS poOOTH IIPOTH 30BHIMHIX ¢l L: To6To Q=U+L. Jlnsa 1 ke pobouoro Tina
q=Au+¢. Tax sk dl=pdv ,toni dg=du+pdv.

[lepmmii 3aKk0OH TEPMOJMHAMIKU - 1I€ OKPEMHUN BUNAJOK 3aKOHY 30€pexeHHS 1
NEPETBOPEHHSI €Heprii. 3aKOH CTBEPIDKYE, 110 TEIIOTa MOXKE MEPEXOIUTH B pOOOTY,
a pobota B TemoTy. Ase 1ed 3aKkoH He OOYyMOBIIOE YMOB, 3a SKHX I
B3a€MOINEPETBOPEHHS MOKJIUBI. [[BUTYH, 1110 MaB O 3MOT'y OJep>KyBaTH poboTy Oe3
€HEepPreTMYHUX BUTPAT, HA3UWBAETHCS BIYHMM ABHIYHOM 1-ro poay. Ause Takuii
JIBUTYH HEMOJIMBUH, TOMY 1110 1€ CYNepeYuTh 1-My 3aKOHY TEPMOIMHAMIKH.

1-#1 3aKOH HE MOSCHIOE UM BCA TEIJIOTAa MEPEXOIUTh B POOOTY, UM JIUIIE SKACh ii
YacTHHA 1 B SIKOMY HampsMi 31HCHIOEThCS TIEpexia. 3 JOCTiAIB BiIOMO, 110 poOoTa
MIEPETBOPIOETHCS B TEIJIOTY JIETKO, 3aBXK/IU 1 MOBHICTIO (JIUIIIE TIPU HASIBHOCTI P13HMIII
TeMmreparyp MK JDKEpeJioM TeIUIOTH 1 CHoXXuBaueM -'"mpuiiMadem" TEIUIOTH).
3BOPOTHIH kK€ TIPOIIEC TOBHOTO MEPETBOPEHHS BCI€T TEIUIOTH B pOOOTY HEMOMKIIUBHIMA
(Ko TeMIiepaTypu Tij 3pIBHIOIOTHCS, MPOIEC MEPEHOCY TEIJIOTH MPUIHUHSIETHCS).
AJle MOXJIMBO 3IMCHUTH 3BOPOTHHI HE CaMOBUIBHUN (IIPOTUNPUPOHUN) TPOIIEC
nepeiadl Telia BiJ MEHII HarpiTuX TiA A0 OUIbII HAarpitux (Hampukiaa, B

XOJIOMUIIBHUX MAIlIMHAX), ajie IJisl 3A1MCHEHHS 1IbOTO TPOIeCy HEOOXITHO MiBECTH
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JOJTATKOBY 3OBHIMIHIO eHepriio. OTke, poboma 6 meniomy nepemsopoemvcsi

meudko, NOBHICMIO, 4 _Menioma 8 19060mv He 36169de1/{, a npu_nesHux ymosax i He

nosmicmio (015 ubo20 _nompibne 308HIWHE 0dxcepeno enepii). TakuM 4YUHOM, 2-H

3aKOH BKa3y€ HANpsSMOK 1 YMOBH MEPETBOPEHHS TEIJIOTH B poOOTY Ta MAaKCUMAaJIbHO
MOKJIMBUM €(EeKT I[LOTO IEPETBOPEHHS.

Y 1850 p. P. Knaysiyc chopmymioBaB 2-i 3aKOH TEpMOJAMHAMIKH: TEIJIOTA HE
MOK€E TIEPEXOIUTH BiJ XOJOJHOTO TUJIa 0 OUIBII HArpiTOro cama co0or, To0To 6e3
KOMITeHcarlii (0e3 3aTpat 30BHIITHKOI pOOOTH).

M. Ilnank naB Take (oOpMyJarOBaHHS 2 3aKOHY: BCsS TEIUIOTa B TEIJIOBUX
JIBUTYHAX HE MOXe OyTH MOBHICTIO MEpPETBOpEHa B POOOTY, YaCTHHA III€l TEMJIOTU
NOBUHHA OyTH TepeiaHa TijiaM, 110 MAaloTh HIDKIY TeMIIepaTypy.

®opmymoBannsa Cani Kapho: J[ns mepeTBOpeHHs TEMIOTH B poOOTY HEOOX1THO
MaTH TeMIIepaTypHH Mepenas i He MOXJIMBO BCIO TEIUIOTY MEPETBOPUTH B pOOOTY.

®opmymoBanHa ToMcoHa: He BCsl TEIUIOTA, OJEpKaHa BIJ JKEpesia TEIUIOTH
MOJKe MepeTu B poOoTYy, a JIHIIe JAesiKa YacTuHa. Pemra He3anepeyHo NoBUHHA OyTH
Bl/IJJaHa HaBKOJIMIIIHIM T1JIaM.

3 dopmymoBanHs TomcoHa BUILUIMBaeE, 1O MOOYyJ0Ba BIYHOTO JABUTYHA 2-TO
pony (To0TO, SKMM 3A1MCHIOBaTHUME OJEp)KaHHA pPOOOTH JUIIE 3a pPaxyHOK
BUKOPUCTaHHA JKEpeJia €HEprii TeIUIOTH, HAIPUKJIIaJ, BHYTPIIIHBOI €HEPrii OKEeaHy)
HEMOJKJTUBA.

Takum yuHoM, Perpetuum mobile (Biunuii 1BUTYH) 2-ro poay — ABUTYH, SKHMA
MIT OM MpalOBaTH JMILIE MPU HASBHOCTI OJHOIO JKEpesia TeIioTH (0e3 XO0JIO0AHOIrOo
mkepena) HemoxuuBui. (Tak sk 1 Perpetuum mobile 1-ro pony — mamuHa, sika 6e3
OyIb-sSIKMX BUTpAT €HEPrii 3 30BHI caMa cTana O BIYHUM JHKEPETIOM €Heprii).

3aranpHe (QOPMYNIIOBAaHHS CYTI 2-TO 3aKOHY TEPMOJUHAMIKH: OyIb-IKUH
JIACHUN CaMOBUIbHMI TEIUIOBHIA MPOLEC € HEOOOPOTHUM, a BCl 0€3 BUHATKY TEIIOBI
JBUTYHH TIOBUHHI MaTH rapsde JPKEpeao TEIIOTH (XiMiuHa peakilis CIaaroBaHHs
nanupa), podode TUIO (rasu, mapa), 10 3A1MCHIOE 3aMKHYTUM KOJIOBUU TPOIEC —
UK 1 XOJOIHE JIPKEPEsIo TeIUIOTU (HaBKOJIMIITHE CEPEIOBHIIE — aTMocdepa).

2-1 3aKOH TEPMOJWHAMIKH JOOpE TOSICHIOETHCS KOJIOBUMH IPOIIECAMH.
KonoBuMm nponecom (LIMKIOM) - Ha3MBAEThCS TAaKUil IMPOIEC, B PE3YJIbTATI SKOTO

poOoue TLI0 MOBEPTAETHCA Y BUXI1THE MOJIO0KEHHS.
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0 v i D; D, Ke

Puc. 4.1. /liacpama xonoeoco npoyecy meniogoeo 08UcyHda.

PoGoTa TemioBoro ABUryHa MPOTIKAE TaKUM YUHOM. PO3MIMPIOIOYUCH O JIiHIT
1m2, poboue Ti0 3aiiicHIOE poOOTY ekBiBajeHTHY Twionl 1mM2V,V;. ¥V Ge3nepepBHO
JI0Yii MalllMHI 1Ied MpoIec MOBUHEH 3A1MCHIOBATUCS O€3MEPEPBHO, JIJIS LILOTO JIUIIE
Tpeba YMITH IMOBEPTATH TUIO Y BUXiTHE MojioKeHHs. [{el mepexin Mo)KHa 3IHCHUTH
no miHii 2mMl, ane Tomi Hax poOouuMM TiNOM Oyze 3aiiicHEeHa Ta cama po0oTa, 1 B
pe3yabTari cyMapHa pobota nukiy oyae =0.

[IIo6 nBuryn OesnepepBHO BUPOOJSB MEXaHIYHY €HEprito, HeoOXiHO, 1100
poboTa po3mupeHHs Oyna Oinblie poOOTH CTUCHEHHS. TOOTO CTUCHEHHSI MOBUHHO
OyTu 3niiicHeHe 1o JiHii 2Nl (a 118 1boro podoye TIo Tpeda 0XOIOIUTH).

Sk BupHO, pobota posmupenss L, (mmoma 1m2V,V,,) > pobotu ctucHeHns L.
wioima (2n1V;V,). PisHuIs Mixk HIMH 1 CTAHOBUTBH POOOTY HUKITY £,

[{ux, B pe3ynbTaTi SKOTO OACPXKYIOTh TO3UTUBHY POOOTY, HA3UBAIOTh MIPSIMUM
LUKJIOM (M0 TPSIMUX IUKIIAX MPAIIoITh BCl
TEIUIOBl JABUTYHHM, B Alarpamax p-v, I-S BiH
3M1MCHIOETHCS IO TOJUHHUKOBIM CTPLILIL).

Huxd, B pe3ynbTari SKOTO

BUTpAYA€THCA po60Ta AJIL TICPEHOCY TCIUIOTH

B1JI MeHuw HATPITOTO Tija 0 O1IBII HArPiTOTO,

HA3UBAETHCS  3BOPOTHIM _ LMKJIOM  (IUKJI

Puc. 4.2.

XOJIOMUIBHUX YCTaHOBOK). B miarpamax p-v, T-S BiH 3IIHCHIOETHCS MPOTHU
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TOJUHHUKOBOI CTPLJIKH.
3anumemo 1-i 3aKOH TEPMOAMHAMIKK ISl TPSAMOTO LUKy, W0 37ilcHIOE | ke
pobouoro Tina): g1-0p=qo=Au,+{,. B 3B’43Ky 3 TUM, 1110 poOOYE TIJIO MOBEPTAETHCS Y

Hore

K2

BUXI1IHE MOJIOXKEHHS, 3MiHa BHYTpiHbo1 eneprii Au,=0. I Toai: £,= qp,

JIOCKOHAITICTh MPSMOTO IIUKITY OLIIHIOETHCSA TEPMIYHUM K.K.]I.
Bignomenus po6oTu, BUpOOJICEHOT ABUTYHOM 3a ITUKJI, A0 KUIBKOCTI TEIUIOTH,

MIJBEICHOI 3a IEH IUKI BIJ Tapsyoro JpKepeina, Ha3WBAEThCSd TEPMIYHMM K.K.JI.

UK. 77, = fo_ 1- %
Ch G

ToOTO0, B KOJIOBUX MPOLIECAX HE MOKJIMBO MOBHICTIO IEPETBOPIOBATH I11/IBE/ICHE
TEIUI0 B poOOTY; YaCTHHA TeIlIa O HEBIIBOPOTHO MMOBUHHA OyTH MepeiaHa X 0JI0JHUM
JpKepenaM (U1l TOJaIbIIoro NEPETBOPEHHS B POOOTY BOHA BBAXKAETHCS BTPAYEHOIO),
TOMY TEPMIUYHUH K.K.J. Oyb-SKOr0 TEOPETUUHOTO LIUKITY 3aBXAU <1.

TepMiuHMil K.K.J. OLIHIOE CTYIIHb JIOCKOHAJIOCTI LIMKIY TEIUIOBOTO JBUTYHA.

UuMm OiapIIud K.K.J., TUM OUIbIIA YaCTHHA IIIJIBEJCHOTO TEIljla MEePETBOPIOETHCS B

poboty. Pobora nukny ¢, =7, Aoxe :
Ke

3a mpu3HAYCHHSM TEIUIOBI MAIlMHU MOIUIAIOTHCS HA TEIJIOBI JBUTYHH Ta Ha
XOJIOUIbHI YCTAaHOBKH.

Tennosuit 0euzyn — 1e OE3MEPEPBHOMIIOUMI MPUCTPIN, B SIKUX BIIOYBAETHCA
NEPETBOPEHHSI TEIJIOTHU O B poOOTy £p.

Xonoounvni ycmanoeku — 1e 0€3MepepBHOJIIIOYI MPUCTPOi, IO MEPEHOCSThH
TEIJIOTY BIJ TUI 3 MEHIIOK TEMIIEpaTyporo 10 Tia 3 OUIBIIOK (32 paxyHOK
30BHIIIHBOI EHEPTII).

VY sgKxocTi poOOYMX TUI B XOJOAWJIBHHUX YCTAaHOBKAX BUKOPHUCTOBYIOTH Mapu
HU3BKOKUIUIIYUX PEYOBHUH (amiak, ¢hpeoH). besnepepBHy Ai10 IBUTYHA YW XOTUIBHUX
YCTAaHOBOK MOJKHA 3AIMCHHUTH JIMIIE 32 JOTOMOTOI KOJIOBUX TEPMOAMHAMIUHUX
MPOIIECIB-TIUKIIIB.

YV 1824 poui C. KapHo 3anpomnoHyBaB NpsIMUN OOOPOTHHUW LMKI, IO
CKIIQZIAEThC 3 2-X 130TepM 1 2-X amiabar 1 BU3HAYa€ MAaKCHUMAJIbHY JIOJIIO TETUIOTH,

sika MO>ke OyTH miepeTBopeHa B podorty (puc. 4.3.).
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< If =const /
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2azy // |

{ _{ =COnst \

" q.(T)

3 0
0 BMT HMT
Puc. 4.3. Ilpsamuii 360pomniti yukn KapHho.

Tyr: 1-2 i3orepmHUMiII mpoiec po3mupeHHs, 2-3 — amiabaTHe po3mmpeHHs, 3-4
130TepMHE CTUCHEHHS, 4-1 — afiabaTHEe CTUCHEHHS.
JIoCKOHAJICTh 3BOPOTHOTO OOOPOTHOTO IUKIY (3I1MCHIOETHCS MPOTH 4YaCOBOL

cTpuiku puc. 3.1.2), 3a SKUM MPaIOOTh XOJOJUIbHI YCTAaHOBKH, OIIIHIOETHCA

XOJOJWIBHUM KOE(ILIEHTOM &, :%, [0 MOKa3y€ CKUIbKU K/[o¢c XONOoy MOKHA
ly
OTpUMATH, BUTPATUBILH | K/[orc 30BHIIIHBOT eHeprii. XOoI0AuIbHUN KOEPILIEHT — 1€

ne K.K.JI. Moro 3Hauenus moxe 6ytu & =5...7. B peanbHocti 2,5...4.

OTxe, 3riAHO 2-TO 3aKOHY TEPMOJWHAMIKH, IS 3M1ACHEHHS MUKy MOBHUHHO
ICHYBaTH, K MIHIMYM, 2 JDKEpelia TeIUIOTH: rapsue (TeryIoBiaaaBay) 3 MOCTIHHOW T
1 X0JI0/THE (TEeTUTONpHUiiMaY) 3 MOCTIHHOIO TeMiiepaTyporo 1 »<Tj.

[linBeneHHa TemIOTH B mpsiMoMy LMKl KapHO BinOyBa€eThCs MpU PO3LIMPEHHI
ray II0 BepxHIM i30TepMmi 1-2, BIABEICHHS TEIUIOTH JO XOJIOJHOIO JDKepesa
B11I0YBA€THCS IPU CTUCHEHH1 MO HUXKH1U 130TepMi 3-4.

I me pa3: mnepmwmit 3aKkOH TEPMOJAMHAMIKM  BCTAHOBIIIOE  KUIBKICHI
CHIBBIAHOIIEHHSI y TMPOIECaX B3a€EMHOTO TMEPETBOPEHHSI TEIUIOTH 1 poboTH; 1 €
OKPEMHUM BUIIAJIKOM Y3araJIbHIOIYOT0 3aKOHY 30€peKEHHS 1 IEPETBOPECHHS €HEPT 1.

Jpyruii  3aKOH TEpPMOJUHAMIKKA  XapaKTEpHU3y€ HAMNPSMOK MPUPOJTHHUX
(HEOOOpPOTHUX) TEIUIOBHX MPOLECIB 1 YMOBHU NEPETBOPEHHS TEIUIOTH B poOOTY, a

TaKOX BiJIMIUa€ SIKICHY BIJIMIHHICTh TeTUIa B/ IHIIUX (OpM Tepeaadi eHeprii.
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KoHTposbHi nUTaHHA:
1. CyTb 1 popMymnIOBaHHS APYTOro 3aKOHY TEPMOIMHAMIKH.
2. AHaJT3 TEPMIYHOTO K.K.J. ITUKITY.

3. OcHoBHI mpotiecy, 110 cKiIanaTh Ukl KapHo.

4.2. JlaminapHuii Ta TypOyJIeHTHHII peskuMH pyxXy pinuHu. Yucio PeiiHosbaca.
4.3. CTpyKTypa TYpOy/JI€HTHOI'O NOTOKY.

Peosicumu pyxy piounu. Yucno Petinonvoca

Jlociiu moKa3yroTh, 0 B OJJHOMY i TOMY CaMOMY TPyOOIIPOBO/Ii, SIKUM
MPOTIKA€E PiIMHA, MAIOTh MICIIE SIKICHO Pi3HI PSKUMH PYXY PIIUHU : TAMIHAPHUL Ta
mypoyieHmuuil.

3a3HayeH1 BUILE PEKUMH 111 Yac pyXy pIAMHA MOXHA CIIOCTEpIraTH Ha
yctaHoBI Peitnonbica (puc. 4.4). Le sBuie O. Pelinonbac BuBuaB y 1883 porii.

PosrnsHemMo MeTOAMKY IPOBEACHHS TOCTIAIB.

Pinuna 3 Gaka BUTIKA€ 4epe3 CKISIHY TPYOKy, B KiHII SIKOi BCTAHOBIIEHUN KpaH

JUTSL pETYJTIOBaHHS! BUTPATH 1 MIBUAKOCTI BUTIKAHHS PIJUHHU.
Dapba

| a s

~ . @
Janinapnuit

PEHCUM
Foose
S i —_| / Kpan 5 T
s Ai\\.&'_*—_ _1_\ /_‘—""-'
—~ \ ry .
, ! W Lypoynenmuuil

N Booa pexcum

Cragna mpybra

Pucynok 4.4. — YcranoBka PeliHomnbca

Axmo myctutd B mOTIK (apOy, TO TpH MaIUX MBUAKOCTIX modapOoBaHi
CTPYMHUHKH DIIMHU PYXarOThCS OKPEMOIO CTPYMHUHKOIO MpsIMOJiHiNHO, 0e3
nepemMinryBaHHs. Takuil pyx Ha3UBAIOTb JIAMIHAPHUM.

SO MBUAKICT PIAMHM Yy CKISHIM TpyOui Oyae 30UIbLIyBAaTUCA, TO MOTIK
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bapbu Oyme pO3MUBATHCH 1 MEPEMINTYBATUCS 3 OCHOBHUM NOTOKOM. CTpyMHUHKH
¢apOu mpu BUXOAI 3 TPyOM NOYMHAIOTH KOJUBATHUCS, MIXX HHUMHU YTBOPIOIOTHCS
BUXOpPH 1 BiAOyBaeThcs oOepTalbHUM pyX piauHu. lleld Bux pyxy Ha3uBaroTh
mypOy1eHmHUM.

OTxe naminapHum, HA3UBAETHCS TOTIK PIAUHU, NPU SIKOMY YAaCTUHKHU PIAMHU
PYXalThCs TapajellbHO OJHA OJHIM 0e3 mepeMimryBaHHSA CycimHix mmapiB. Hasma
pEXKUMY MOXOJUTH BiJl JATUHCHKOTO «laminay, 10 03HA4Ya€ Miap ado MiIacTUHA.

Typbynenmnum Ha3UBAETHCA TOTIK PIIUHU, TIPU SIKOMY YaCTHHKH PYXalOThCS
Xa0TUYHO, 00’€M PIAMHU TEPEMIITy€EThCs, 1 11 YaCcTUHKU obOepTaroThes. Ilpu mpomy
B1IOYyBAETHCS IMyNbCAllis MBHUAKOCTEH 1 TUCKY. Ha3Ba mbOro peKMMy MOXOIUTH Bij
JATUHCBKOTO «furbulentusy, M0 03HaYa€ BUPYIOUU, HECTIOKIMHMI. Pexum  pyxy
PIIMHU MO’KHA BU3HAYMTH 1 aHATITUYHO. [[J1s1 IOTO BUKOPUCTOBYIOTH O0€3p0O3MipHHUIA

napameTp — Kputepiit abo uncio PeliHonbca :

Re:V_d,
|4

ae V — MWBHIKICT pyxy pinuHH; d — niameTp TpyOOnpoBoay, v — KIHEeMaTHYHA
B’SI3KICTb.

Yucno PeitHonbaca Mae eBHUMN ¢hiz3uyHuti 3micm — 1€ BIIHOWIEHHS cul iHepyii
€JIEMEHTapHOr0 00’ €My PIJIUHU JI0 CUI 8 SA3KOCHI Ha TIOBEPXHI IbOTO 00’ €My .

Yucno PeliHonp/ca, 110 BIANOBIIAE MIBUAKOCTI MEPEXOY JTaMIHAPHOTO PEXKUMY
B TypOyJIeHTHUI, Ha3uBalOTh Kpumuunum (Re,,). ExcieppuMeHTanbHO BU3HAYEHO, 110
KpUTHYHE uucio PeliHonbzca mia kpyriux Tpy6o gopisHioe Re,, = 2320.

Onepxane 4nciio Re mopiBHIOIOTH 13 KPUTHYHUM Re,, 1 BCTAHOBIIIOIOTh PEKUM
PYXy pIAUHU:

a) Ko Re < Re,, = 2320 — pexxuM aminapHuii,

0) y aianaszoni uucen Peitnonbaca 2320 < Re < 4000 — pyx HecTanuii, TOOTO
MOKHa CIIOCTEpIratv SK JamiHapHUM, Tak 1 TypOyineHTHuH pyx. Llg oOnacth €
MIEPIIOI0 MEePEX1THOI0 30HOIO.

B) k1o Re > 4000 — crioctepiraeTbes CTAIMN mypoOyIeHmHuULL pyX.

Ha mpaktuiii MaoTh Miclie SK JaMiHApHUN, Tak 1 TypOyJEHTHUH pyX.
Jlaminapuuii pexxuM CIOCTEPIraeThCs B TOHKUX KalUIIPHUX TPyOKax, Mi 4ac pyxy
B’s13K01 pinuau (HadTH, Macna), mpu GiIsTpaIlii BOAM B mMapax IpyHTY.

Typbynenmuuil pyX CIIOCTEPIraeThCs y BOJONPOBIAHUX TpyOax, a TakoX Yy

TpyOax, Mo SKUX MPOTiKae OEH3MH, Tac, CIUPT Ta 1HILI MaJIO B’SI3K1 PIAMHH.
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4.4. BrpaTu Hanopy Ha aoB:;xkuHi. l'igpaBiaiuynnii koeinieHT onopy. 30Hu onopy.
4.5. Butpara. PiBHsIHHSI HEpO3PHBHOCTI /151 CTPYMHHKH TA MOTOKY.

Iinpasaivni BTpaTH (3arajbHi BizoMoCTi)
Btpatun nuromoi eneprii (Hamopy), abo cidpasniuni eémpamu, 3ajeKaThb BIJ
dbopMu 1 po3MipiB pycia, MIBUAKOCTI TeUii 1 B’A3KOCTI PIAMHU.
B’s13kicTh p1IMHU € IEPIIONPUYMHOI0 BCIX T1APaBIIYHUX BTPAT, ajie HE 3aBXKIU €
OCHOBHOIO. SIK TOKa3ylOTh MOCHIAW, y OIIBIIOCTI BHUMAJAKIB TiApaBlIiyHI BTpPaTH

IPOMOPIIOHANIbHI K8adpamy cepedHvoi weuoxkocmi. ToMy B T1APABIILI X MPUHHATO

. \VE .
BHUpa)XaTHU B YaCTKaX IIBUAKICHOTO Hanopyz— 1 BU3HAYaTH 34 (1)opMyJIOIo.
g

V2
_ é’_
e ¢ T0Ka3ye, fiKka 4yacTka a00 4YacTWHA y MIBUAKICHOMY HAamopl HaJIEXKUTh 0
TApaBIIIYHUX BTpAT.

["iapaBiivyHi BTpaTH MOXKHA BU3HAYWTH 1 B yacTKax TUcKY (I1a):

2

p&'l’)l:pgh:é/p

['iapaBnivyHi BTpaTH MOAUISAIOTE HA JIBA OCHOBHI BUAM: Micyesi émpamu h,, i
eémpamu no 0osexcuni mpyou (Io310BXkHI BTpatu) N,

1 Micyesi émpamu nanopy 3yMOBJIEHI MICIIEBUMHU T1IPABIIYHUMU OMIOPAMU — 11€
JUISTHKA TPYO 1 KaHAJIB 13 Pi3KO0 a00 MOCTYMOBOIO 3MIHOIO pO3MipiB a00 GhopMHu.

[Tpuknagom micueBux omnopiB (puc. 4.5) MOXyTb OyTH 3acyBKa, Jiadparma,
nudy30p, KOJIHO 1 T. 1.

MicueBi BTpaTy Halopy TaKOX BUPAXXKAOTh y YACTKAX MIBUIKICHOTO HAIOpY.

111 | L
: I’@f s ‘E's>2~ ——— — g
jv/ s et B T R \
— ,x\ === o
" —pm =
i At 3
d |
3acyBka HMiadparma Hudyzop Kamian

Pucynox 4.5. — Ilpuknaam miciieBUx omnopis

BrpaTtu Hanopy B MiclIeBHX OMOpax BU3HA4YaIoTh 3a popMyiioro Belicbaxa:
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V2
Trr

ne ¢ — Koe(ilieHT MICLEBOTO OMopy, KUl OepyTh 3a TaHUMHU E€KCIIEPUMEHTIB;
V — MIBUIKICTh PYXY PIAMHU.

KoxeH wmicueBuil omip XapaKTepU3yeEThCS CBOIM KOE(QIIIEHTOM OIOpPY, SKHUM
MO>KHA BU3HAYUTH 32 JTIOBITHUKOM.

2 Bmpamu nanopy na mepms no 006dcuni BUHUKAIOTh MPU MPOTIKAHHI PITUHUA
no TpyOax 1 KaHajax mpu PIBHOMIpHOMY a00 HEPIBHOMIPHOMY PYCi.

MexaHi3M BHHUKHEHHS IIUX BTpaT MOB'S3aHUI 13 BHYTPIIIHIM TepTsM. Y
3arajlbHOMY BUITQJIKy Il BTpaTH 3ajieXkaTh BIJ JOBXHHHU 1 JiaMeTpa TpyOOIpOBOY,
BJIACTUBOCTEH piUHMU (B’S3KOCTI) 1 1711 PI3HUX PiIUH OYTyTh PI3HUMU.

Po3risitHeMO ropu30HTaIbHY IUISTHKY TpyOu goBxkuHOIO | (puc. 4.3).

»

! hT]‘)

R
'

XSS S sty i s A et ey

Pucynok 4.6. — Tpy0a nocTiitHOTO miepepisy.
JIns BU3HAYEHHS MO3J0BXKHIX BTpaT HAmopy h, BUKOPUCTOBYIOTH (BOpMyiTy
Hapci-Beiicbaxa:

| V2
Sy S
M d 29

ne A — rigpaBimiyaui koedimieHt Tepts (koedimient Japci);
| — moBxuHa TpyOOIIPOBOY;
d— miamertp;
V — cepenHs MIBUAKICTh PiTUHU B TPYOI.
[NapaBniuauii KOSDIMIEAT TEPTS A 3aJCKUTh BIJ B’SA3KOCTI 1 MBHAKOCTI PITUHHA

(pexxuMy pyxy) Ta sIKOCTI TOBEPXHI TPYOOIPOBOY.
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4 ﬁ CTpykTrypa TypOy/IeHTHOrO0 pyXxy B TpyOi

,, ,,\ i A /\ /\ HPI/I myp0Oy1eHmHOM) pyci." piIuHa

Al F‘VLL' [ % J’_'N JAAS \ NEPEMIIIYEThCS, BHHHMKAIOTh IIyJbCallll THCKY, a

v 'V \/' Vi IIBUJIKOCTI OKPEMHX YAaCTUHOK P1IMHU 3MIHIOIOTBHCS
Yoc 3 YaCOM 32 BEJTMYMHOIO 1 HATPSMKOM.

s MicrieBa MHTTEBA MIBUAKICTH U OKPEMOIi
Pucynok 4.7 — Konupanms ~ 1TACTHHKH 3 4aCOM KOJNMBAETBCS HABKOMO AEAKOTO
IIBUAKOCTI TIpA CEpeIHBOT0 3HAYCHHS — OCEPETHEHOI MIBUIAKOCTI
TYpOYNIEHTHOMY PerKUMI V,. (puc.4.7). Too6To TypOyJICHTHHI PyX 3aBXKIU €
HeycmaneHum, OCKIIbKU IIBUIKOCTI 1 THCK, a TaKOXX TPAEKTOPis YACTUHOK PIIMHU
3MIHIOIOThCS 3 yacoM. OJIHaK MOro MOXHa PO3TISIATH YCMALeHUM 32 YMOBH, SIKIIO

MiCIIeBa MBUKICTh Oy/€ JOPIBHIOBATU OCEPEAHEHIN :

_1
V.= T £ udt,

’ Crinka .
‘ 7€ U— MUTTEBA MIBUAKICTb.
) JlamisapHuii wap PosrisiHEMO CTPYKTYpy HOTOKY IIpU
! TypOyJieHTHOMY pyci pinguau (puc.4.8).
" / TypOynenthe a1p0 Boya BIJIPI3HSAETBCS  BIJl JaMIHApHOTO

PYXYy.

Pucynox 4.8 — Crpykrypa SKmo po3rasHYTH TONEPEeYHUui mepepis

MOTOKY B Iepepisi TpyOu mpu

TYpOYIEHTHOMY PEKIMI MOTOKY B TpyOl, TO OUIS CTIHKM Ma€ Micue

Iy’)K€ TOHKWUW JamiHapHui wap, a Tics
HEBEJIMKOI MePEeXiTHOT 30HU YTBOPIOETHCS mypOyieHmue s0po TOTOKY.
Jlaminapnuti wap nyxe TOHKUK 1 Mae ToBmMHY Big 0,1 MM 10 JEKIIbKOX

MUIIMETPIB, @ BCIO 1HIIY YaCTHHY IUIONI »KUBOTO TMepepidy 3aiiMae TypOyJIeHTHE

AP0, Y AIKOMY PEXUM PYXy mypOyIeHmHul.
C~.  TypOyienraui

i \ pPyx

/ ” ”
» s Jlavinapruii

| T pyX HIIM, HIK TIPH JIAMIHAPHOMY.

Y

Posnonin mBuakocTelt y momepeduHoMy

nepepizi  TypOyJeHTHOTO MOTOKy (puc. 4.9)

[Ipu TypOyneHTHOMY pyci BiH OUIbLI

Pucysok 4.9 — Posmoin piéHoMipHULl, 2 HAPOIIYBAHHS IIBUIKOCTI O1Is

IIBUIKOCTEH Y IMOIEPEUYHOMY cTiHOK Oyzae Ouibmnr  kpytum. Koedimient

nepepisi Tpyou Kopionica o pans TypOYyJAEHTHOTO MOTOKY
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MEHIINM, HIXK JIJIs1 TaMmiHapHOro. BiH 3anexxuts Bij uncna PeitHomnbaca:
it Re=4000 o=1,13;

s Re=3-10° o= 1,025.

JIi IpakTUYHUX O0YHCICHh MOXKHA B3ATH o = 1.

PiBHSIHHSI CYHJIBHOCTI €J1IeMEHTAPHOI CTPYMMHKHM Ta NMOTOKY PiAMHHA

Posrnsaemo enemeHTapHy CTpyMUHKY B motoii piauau (puc. 4.10.). Buaiaumo
nepepizu 1-1, 2-2 ta 3-3. BigmoBigHO 10 apyroi  BIACTHBOCTI €JIE€MEHTAPHOI

CTPYMHHKH 3 ii OOKIB HE MOKE BUTIKATH 1 BTIKATH JI0 HEl piauHa.

Pucynox 4.10. — EnemeHTapHa CTpyMHUHKA P1IMHH.
Po3zrisitHeMo pyX piAMHU B €JI€MEHTApHIA CTPYMHHIII. 3a yac dt yepes3 Moy
nepepizy dS BTIKAa€ piuHa B KUIBKOCTI
dQ, = dS\Vct .
AHanorivyHo uepes nepepi3 2—2 BUTEYE Taka caMa KUTbKICTh P1JIUHU :
dQ, = dSV,dt .
AHanoriuHo uepes nepepi3 3—3 Breye Ta cama KiJIbKICTb :
dQ, = dS\Vdt
Ockinbku O0KOBA MOBEPXHS €JIEMEHTAPHOT CTPYMHUHKH HETIPOHUKHA, TO MOXKHA
3amucaTH pIBHICTh BUTPAT B YCIX Mepepi3ax €JIeMEHTapHOI CTPYMHUHKM :
dQ = dQ, = dQ,, a6o dSV,dt = dSV,dt = dSV,dt .
3Biacu dsV, =dSyV, =dS),.
PiBHSHHS € pIBHSHHAM CyyintoHocmi (Hepo3pusHocmi) ISl eleMEHTapHOl
CTPYMHUHKH, TOOTO BUTpaTa piJIMHU B YCIX Mepepi3ax eIeMEHTapHOI CTPYMHHKHU €

NOCMIUHOI0.
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AHanoriuae piBHSHHS MOKHA OJIEPKaTH JIJIsl BCbOTO MOTOKY P1IMHHU.
PosrnsaeMo pyx piauHu B nepepizax notoky (puc. 4.11.). Tlotik piaunu

CKJIada€TbCA 3 HECKIHUYCHHO BEJIMKOI KIJTHKOCTI1 CIICMCHTAPHUX CTPYMHUHOK.

Pucynok 4.11. — Pyx piaunu uepes nepepizu NoToKy

CkopucTaeMocs piBHSHHSAM CYLIJIBHOCTI 17151 €J1€eMEHTapHOI CTPYMUHKHU:
dS\V, =dSV, = dSV,.
[IpoiHTerpyemMo 11e piBHSHHSA 10 BC1H IO TIEpepPi3y 1 OJEPKUMO BUTPATH

BCHOTI'O ITIOTOKY

[dsv,=[dsV, = [dsy,.
S S S,
OckiJIbKN I VdS=VS(ae V — cepeiHs WBUIKICTh), MOXKHA 3allUCaTH
S

SV, =SV, =8V, =const abo Q=Q,=Q,=const,

4 | ne V,V,,V, — cepelHl MBHAKOCTI B PI3HUX
h
2 | . .
gl | mepepizax TMOTOKy; S,S,,S,— IUIOMI KHBUX
|
| ..
JlaMivapuuit | TIepepisiB.
> |

Bupas € pisnsanusm cyyinonocmi, abo

Hepo3pUeHOCmi, 0Jis1 NOMOK) .

TypOynenTuui
T . .
3BIJICI/I Ma€Mo, o sumpama P1aAuHA B310BXK

IIOTOKY € HEe3MIHHOIO.

i 4

Pucynok 4.12. — 3anexHicTb BrpaTu Hanopy Ha TepTsl B TpyOax.

BTpaT HANopy Ha TepPTS BiJl ®opmyaa /lapci-Beiicoaxa
IIBUJIKOCTI P1AMHU
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Ilpu naminaprnomy pycl 3aleXKHICTh BTpPAaT Hamopy Ha TeprTs h,, Giuspka 10
niHiHOI (puc. 4.12). Ilpu mypbyrenmuomy — BTpaTH HANoOpy HApPOCTAIOTh OB
IHTEHCUBHO 1 KpuBa ONu3bKa 70 mapadonu. Yepes CKIamHICTh TypOYyICHTHOTO PyXy
J0Tenep BIACYTHS HOTO cTpora Teopis. Y OUIBIIOCTI BUMAIKIB MPU PO3paxyHKax
BUKOPHCTOBYIOTh €KCIIEPUMEHTAJIbHI JIaHi.

OCHOBHOIO PO3paxyHKOBOIO (OPMYJIOI0 JUIsl BUSHAUYEHHS BTpAT HAIoOpy MpuU

2
TypOysenTHoMy pyci € popmyna Jlapci-BeiicOaxa: h, =4, Ia\zl—g

ne A — eiopasniunuil koegiyicum mepms NpU TypOYJICHTHOMY pexXUMi (kKoeghiyienm
Hapci).

[Ipu TypOyneHTHOMY peXHMi BTpaTH HANopy MNPONOPLIOHANBHI Keadpamy
weuoxkocmi. Koedimient Jlapci A, 3anexkuth Big giamerpa Tpyou d, gucia
Peitnonbaca Re ta mopcTkocTi TpyOu Ae:

im=f(Re, A/d ).

[Tpu po3paxyHKax BHKOPHCTOBYIOTh 3HAUCHHS CKBIBAJICHTHOI IIOPCTKOCTI
TPYOHU A ¢.

Exeieanenmna wopcmkicms A€ — Lie ysIBHa BUCOTa BHCTYIIB HAa BHYTPILIHIN
MOBEPXHI TPYyO, sika Mpu 0OYUCIIEHHI JIa€ TaKl caMi BTpATH HAIOPY, SK 1 32 HASBHOCTI

JIACHUX BUCTYIIIB.

4.6. 'eomeTpuyHMii i eHepreTHYHMI 3MiCT CKJIa10BUX pPiBHSIHHS bepHyJsui.

VYciMm cknanoBuM piBHSHHS BepHyill MOKHa JaTH MOSICHEHHS 3 F€OMETPUYHOL
Ta EHEPreTUYHO1 TOYOK 30DY.
BizemeMo enemeHTapHy cTpyMuHKY (puc. 4.13) i mpoBenemo nBa mnepepizu 1-1

Ta 2-2, po3TalloBaHi Ha BUCOTaX z 1 z, Bij miiomunau nopiBusHHS 0-0.
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Mikin NOGHO20 Hanopy
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Pucynok 4.13. — 3miHa 1’ €30METPUYHOIO 1 IBUAKICHOTO HANIOPIB Y3/I0BK

CTPYMHHKH 11€JIHHOI P1JIUHH.

YcranoBuMo B meHTpi Bard A 1 B
TV esomet pusoss 5 Tpyfwa Mito

s TOvbKa

KOXKHOTO  TIepepizy  II'€30METpUYHI

o TpyOKu. BHaciaimoxk THCKy piavHa B

Qg KOXKHIM  TpyOIll MiTHIMAEThCA  Ha
» } p
P BUCOTY h,=—, 10 Ha3UBAETHCS
P9
ng ]
Py LSS F SIS RS n’'€30MempU4HOI0 6UCOMOIO.
_____ I s V [MonepeaHro PO3TIISTHEMO
BUMIPIOBaIbHUI IpuJIa, AKUN

HazuBaeThcsl TpyoOkoro Ilito (puc.
4.14.). lle Burnyta mig kyrom 90° TpyOKa 13 HAKOHEUHUKOM MEHIIIOTO JlaMeTpa, HiX

nlaMeTp CkJsHOi  TpyOku. Ilg  TpyOka
Pucynok 4.14 — Ilpunanu nis

i ; X ) CIIYUTh JUIsl BUMIPIOBaHHS MIBUAKOCTI B
BHMIPIOBAaHHS IBUAKOCTI B PiJIUHI

TOUYLIl PIIUHY, Y SIKIi BOHA MOMIILIEHA.

VY 1py6ui Ilito piauHa y MOpIBHSIHHI 13 1T’ €30METPUYHOI0 TPYOKOIO JTOAATKOBO
2

MiHIMAETBCA HA BUCOTY —— Y 3B’SI3KYy 3 THIM, III0 YaCTHHKHU PiJMHHU, SKi HAOIraroTh
g

Ha TPYOKY 31 IIBUJKICTIO V , CTBOPIOIOTH JIOJATKOBUN TUCK HA HEPYXOMY PIIUHY.
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3anumemo piBHsAHHA bepHys muis nepepiziB 1-112-2:

Py

RSN SEPAL B
P9 29 P9 29

7ie Z — BiJICTaHb BiJ JOBUIbHO BHOpPAHOI TOPU30HTAIBHOI TUIOMIMHU JI0 IIEHTpa Baru
KOXKHOT'O Tepepi3y; p — TUCK y IIEHTP1 Baru nepepizy; V — cepeaHs MBUAKICTh PIAMHA
B IIbOMY TIepepi3i.

PosristHeMo CK1a10B1 PIBHSIHHS 3 2e0MEeMPUUHOT MOUKU 30D).

1. Bennuuna z — 1e eeomempuuna eucoma abo Hanip. Y TiApPaBIill HIUPOKO
BUKOPHUCTOBYETHCS TEPMIH Hanip, MiJl SKUM PO3YMIIOTh IUTOMY €HEPTIIO.

2. Benmnuuny P wasusators n '€30MEeMPUYHOI0 8UCOMOI0, ADO HANOPOM .

P9

2

Vv . . . . .
3. Bennuuna 5 e WBUOKICHUL (OUHAMIYHULL) HANID.
g

VYcio cyMy HanopiB Ha3UBAIOTb NOGHUM Hanopom H.
VYci unenu B piBHSIHHI bepHYIUTl MatOTh 1iHIlIHY pO3MIpHICT®b.
Pozrisitnemo enepeemuunuii 3micm piBHAHHA bepHy.
p 2
3 eHepreTUyHOi TOYKU 30pYy CyMa TPbOX CKIAJOBUX Z+——+—— € IOBHOIO
P9 29
NUMOMOI0 eHepeieto, TOOTO EHEPTIEI0, BIIHECEHOIO 10 0OUHUYIL 8a2U PIOUHUL.
OxpeMi CKJIaI0B1 PIBHSHHSA:
1) z — nuToMa MoTeHIianbHa eHepris (11 BeJIMYMHA 3aJICKHUTh BiJl IIOJIOKEHHS IICHTPA

Barv poO3TJISIHYTOTO Mepepizy HaJ IUIOMICIO TTOPIBHIHHS);

2) P huroma notenuiansha eHepris TUCKY (11 3HAUCHHS 3aJIC)KUTD BiJ TUCKY P );
P9

3) z+ P _ nuroma norenniansua CHEepris;
Pr9

V2 ) )
4) 2 IMATOMA KIHCTUYHA CHEPTrisl.
g

PiBusinaiO BepHyni MoxHa 1aTu Take gizuure mpaxmyeanHs.
VY3110BXK IOTOKY PiAWHM, B SIKIi BIZICYTHI BTpaTH €HEPrii, TOBHA MUTOMA
SHEPTis PIIUHYU 3aJUIIAETHCS HE3MIHHOIO, TOOTO PIBHSHS BUPAKAE 3AKOH

30epedicenHs eHepeii eeMeHTapHO1 CTPYMUHKH.

4.7.®i3u4yHe Ta reOMeTpPUYHe HOT0 iHTEpPNPETYBAHHS.
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PiBusinHsa bepHyJuIi AJ1s1 CTPYMMHKH peaJibHOI B SI3KOI piiMHH

Po3riissHeMo efleMeHTapHy CTPYMUHKY peaibHol piannu (puc. 4.15).

21 |
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Pucynok 4.15 — I'padiuna utroctpauis piBHIHHS bepHyIuIl A1 CTPYMHHKHU B’ S3KO1

PIIVHH.

[lin vac pyxy peanbHOI pIAMHU YacCTUHA EHEPrii MOTOKY BHUTPAYAEThCS Ha
MO/I0JIaHHS CUJT TEPTS MIXK IIapaMu PIIMHU Ta MK PIAMHOIO 1 cTiHKamu pycia. Kpim
TOTO, PyX PIIMHU YaCTO CYHPOBOIKYETHCA OOEPTAHHSIM YACTHHOK, MPH LHbOMY
YTBOPIOIOTHCSI BUXOPHU, OKPEMI IIApU PIAMHU NepemimyroThes. Lle nmpuzBoauts 10
BTpAT €Heprii (Hamopy).

Jlnst peasibHOI piMHU MOBHUM Hamip Hy y niepepisi 1-1 ne dopisHioe mOBHOMY
Hanopy H; y nepepisi 2-2, T06TO

H #H,.

[ToBHI HamOpH B KOXKHOMY TIEpepi3i :
2 2
H, :V—1+&+zl; H, :V—2+&+22.
29 p9 29 p9
[Tix wac pyxy piiuHH B €IeMEHTapHIN CTPYMUHII B iepepizy 1-1 mo mepepizy
2-2 Bi1I0YyBaKOTLCA 6mpamu numomoi enepeii (Haropy) h_, , siki JOPiBHIOIOTh PI3HMII

MTOBHHUX HAIMOPIB :
h_,=H,-H,.
3 ypaxyBaHHSIM MO>KHA 3alMCAaTH PIBHIHHS

V? V7
zl+ﬁ+L=zz+&+—2+hl_2.

P9 29 P9 29
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Le piBHSHHS € pigHanHAM Bepuynni 0151 cmpyMubKuy 8 'si3K0i piouHuU.

PiBHsinHs BepHyJti 10151 IOTOKY B’SI3KOI

pixuHu

31 cTpyMHHHOI Teopii BiIOMO, IO MOTIK

pLANHA CKJIQJAEThCS 13 CYKYITHOCTI

€JIeMEHTapHUX  CTPYMHUHOK. Tomy s

OJlep’KaHHs PIBHAHHA bepHymni st TOTOKY

;o o piAVHH HEOOXIJIHO CKJIACTH €Heprii BCiX

CJIEMEHTAPHUX  CTPYMHHOK MO  >KHBOMY

nepepizy. Aje B TOTOII 6’53k0i PIIUHH

PucyHnok 4-16- —P_03.H0Iliﬂ BEJIMYMHA IIBUJIKOCTI B TEpepi3l 3MIHIOETHCS

WIBHIKOCTI B Nepepisi Tpyou (puc. 4.16), 1 BiAOyBaeThCcsl TrajIbMyBaHHS

MOTOKY BHACJIIJIOK BIUIUBY B’3KOCT1). TOMy Mmicyesi IIBUIKOCTI B OYyJIb- IKUX TOUKAX

nepepidy pi3Hi. [lpu rigpaBiiuHUX poO3paxyHKax OEpeThCcsl 3HAYEHHS CepeoHboi

weuokocmi NV Tedil MOTOKY. AJjie, 3aMIHIOIOYH JIHCHY IIBUIKICTH Ha CEPEIIHIO, MU
MPUITYCKAEMOCS TTOXUOKHU.

[Is moxubOka BpPaxOBYETHCS KOEQIIIEHTOM HEPIBHOMIPHOTO  PO3MOJILITY

IIBUJKOCTI MO JKMBOMY Mepepidy MNOTOKy «. KoedilmieHT « Ha3uBaloTh

Koegiyicumom Kinemuunoi enepeii, adbo koeghiyienmom Kopionica.
_ kv
Kv,,
[le BimHOIIEHHS MIMCHOI KIHETUYHOI €HEPrii MOTOKY A0 KIHETMYHOI €HEepTii,
00YHCIICHOI 3a CEPEAHBOIO MBUJIKICTIO.
3 ypaxyBaHHsIM KoedillieHTa « PIBHAHHS bepHyun s MOTOKY peaabHOi

PIIMHUA MOYKHA 3aIlMCaTH Y BUTJISII

zl+ﬁ+a1—v12: zz+&+a2—vzz+2hl_2,
Pg 29 Pg 29

e o, 1 a, — KoedIlieHTH KIHETUYHOI €Heprii B mepepizax; > h ,— cymMapHi BTparu
MMUTOMOI eHeprii (Haropy).

KoedimieHT a 3amexuTs BiA pescumy pyxy piiuau (« = 2— Uil JaMIHAPHOTO,
a=1,05-11 a~1— nisg TypOyJEeHTHOIO).

['padiuna imrocTpallis piBHSIHHS HaBeaeHa Ha puc. 4.17.

Jlinia, mo 3’enHye M €30METPUYHI HAMOPU, HA3UBAETHCS N €30MEMPUYHOIO, A
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Ta, IO 3’€HY€E TTOBHI HATIOPH, — JIIHIEIO n08HO20 Hanopy. SIk BumHO 3 pucyHka 4.17,

Y3JI0BK TIOTOKY HAIlOpH 3MIHIOIOTKCS, a caMi JIHIT € noxuiumu.

Bmpamu Hanopy

!
!
|
!
!
!
!
|
!
!
!
|

Pucynok 4.17 — I'padiuna umroctparist piBHAHHA bepHyIuti 1151 MOTOKY B s13K01

PIIVHH.
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Jlekuis 5. TeopeTu4Hi HUK/IM IBUTYHIB BHYTPIlIHBLOIrO 3ropsinns /AB3 ta I'TY.

S5.1.TeopernyHi HUKJIM JABUIYHIB BHYTPiIHbOro 3ropsinus (AB3).
Poo6ora i KK/ uukJiiB.

5.2. TeopernuHuii HUKJ KapOwpaTopHoro /IB3.

5.3. TeopeTn4yHMi NUKJ Cy4acHOT0 au3ejabHoro /IB3.

5.4.Teopernuni HUKJAM ra3oTypOiHHuX ycraHoBOK (I'TY). Cxema i
npuHuun podoru I'TY.

5.5. IloHATTS NpPO CTYHiHb ra3oBoi TYpOiHM. AKTHMBHI i peakTHBHi
TYpOiHu.

5.6. CTyniHb peakTHUBHOCTI TYypOiHu.

5.1.TeopeTn4Hi HUK/IM IBUTYHIB BHYTPilHbOr0 3ropsiHas (IB3). Pooora i KK/I
IUKJIiB.

1. Hukiau 3 miABOAOM TEIJIOTM TPH NOCTIHHOMY 00’€Mi (IMKJIH CYy4acHOIO
KapOpaTOPHOro Ta IHKEKTOPHOIO ABUTYHIB) TA NP MOCTIHHOMY THCKY.

2. 3mimaHnid HUKJ (MUKJ CYy4aCHOT0 JU3€eJIbHOI0 IBUTYHA).

3. PoGoTa Ta TepMiYHMH K.K.J1. IMKJIIB.

JIBUTYH BHYTpPimIHbOro 3ropsinHs ([IAB3) — HaiiOuIbl pPO3MOBCIOKEHUN
TEIJIOBUHM JIBUTYH y CBITI. BiH 3aiiMae niaupyroye MOJOKEHHS B aBTOMOOUIBHOMY,
3QJII3HUYHOMY 1 BOJHOMY TPaHCIIOPTI, y JOPOXKHIX MallMHaxX Ta iH. BUHATKOBa poJib
JBUTYHIB BHYTPILIHBOTO 3TOPSHHSA B €HEPreTHIll CUIbChKOro rocmojapcraa. JIB3 -
HEBII'€MHHUI €JIEMEHT TpPaKTOpiB, KOMOAlHIB, aBTOTPAHCIIOPTY, pPE3EPBHUX
IN3EIbHUX EJIEKTPOCTAHINM 1 0ararboX IHIIMX arperariB ClIbChKOTOCHOJAPCHKOTO
BUPOOHMIITBA.

VY peanbHUX TEMJIOBUX IBUTYHAX JDKEPEJIOM TEIUIOTH CIIyXKaTh rapsidi rasu —
pe3ynbTaT 3rOPSHHSA MaJUBa, a 0XO0JIOAKYBaue€M — HABKOJIUIIIHE CEPEAOBHILIE.

PoGoue Tio 3HAXOAWTHCS B TEPMOJWHAMIYHIA PIBHOBa31 BIAMOBIIHO 3
JDKEpEesIoM TEIUIOTH U oxoJioaxkyBayeM. [lepexin poboyoro Tija Bif TemmepaTypu
JoKepesia TeIUIOTH 0 TeMIIepaTypu OXOJIOJKyBada (1 HaBMAKH) 3A1MCHIOETBCS IO
aia0ari.

[Tpu anaini3i TEpMOJMHAMIYHUX IIUKJIIB TEMJIOBUX MAILWH AOMYCKAIOTh, 1IO:

- XIMIYHUHA CKJIJ] 1 KITBKICTh pOOOYOTO TijIa HE 3MIHIOETHCS:

- OpoULEC 3rOpsiHHS TNaduBa 3aMIHIOETHCSI OOOPOTHUM MPOLIECOM IT1/IBEICHHS
TEIUIOTH BiJT 30BHIIIHBOTO JKEpea;

- BUITYCK MPOAYKTIB 3ropsiHHs (a00 mapu) 3aMiHIOETHCS OOOPOTHHM MPOLIECOM
BIJIBO/IY TEIUIOTU B OXOJIO/IKYBay;

- POIIECH PO3LIMPEHHS 1 CTUCKY pOOOUOTO Tijla € afiabaTHUMU;
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- TEIUIOEMHICTH pOO0YOTro TiNIa HE 3aJI€KUTh Bl TEMIIEPaTypH;

- LIMKJI 3aMKHEHUM, B UK pirypye 1 ke pobodoro Tina.

Tepmogunamivni nuxkian J{B3.

Y  3anexHOCTI Big CHocoOy TMIABEACHHS TEIUIOTH PO3PI3HAIOTH  TPH
TEPMOJIMHAMIYHUX [UKIIM JBUTYHIB BHYTPIIIHBOTO 3TOPSIHHS:

- IIAKJT 13 TABEACHHSAM TEIUJIOTH TIPU D=CONSt,

- IIUKJI 13 MABECHHSIM TEIUJIOTH MIPU p=CONSt;

- IIAKJT 13 3MIMIAHUM ITiIBEICHHSIM TETUIOTH TIPU D=CONSt 1 p=CONSt.

[Tepuuii MUK XapaKTepHUM ISl ABUTYHIB 13 30BHIIIHIM CYMIIIOYTBOPEHHSM
(6eH3MHOBI, Ta30B1).

[Mukn 31 3MIMIaHUM M1JIBEICHHSIM TEIJIOTH XapaKTEpHUH 7 JABUTYHIB 13
BHYTPIIIHIM CyMiloyTBOpeHHs M. [{uki 13 migBEJEHHSM TEIUIOTH TUIbKU TIpU
p=const sBIg€ COO0I0 TEPMOAMHAMIYHUN KpPYroBUH TMpolec, IO MPOTIKAE B
KOMIIPECOPHOMY JAM3€]l, Y SKOMY pO3NWI MajliBa B LWIIHAPI 3A1MCHIOETHCA
CTUCHEHUM (KOMIIpecopoM) MoBITpsAM. Lli OBUryHM B AaHMil 4yac He 3HAWIUIM
3aCTOCYBaHHS, 1 TOMY 3a3BHYail PO3TJIAIAI0Th TUIBKU MEPIIUN 1 TPETIM [IUKIH.

[Muxn 31 3MiMIAHUM MIABEICHHSIM TEIUIOTA 300paxkeHudd y p-v- 1 T-S

KOOpJIMHATax Ha pUCYHKY S.1.

q

|
4
| . A o
| \[! q- | 'q, |
[ | | . | I -
0 BMT aur 0 0 >

Puc. 5.1. /liaecpama yukny osueyna 6HympiuiHb020 320PAHHS 31 3MIUUAHUM

niogeoenHsM meniomu 8 p-v- i T-S- koopournamax.

KpuBa 1-2 BimmoBimae mporecy aniabaTHOTO CTUCHEHHS pPOOOYOro Tijia.

[linBenenHs Temnotu (y peaqbHOMY ABUTYHI MPU CHANIOBAHHI MAajMBa) CIIOYATKY
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BinGyBaeThes mo minii 2-3 mpu v=const, a motim mo miuii 3-3 npu p=const. Ipu
IbOMY TIJABOJAUTHCS TEIUIOTa (1= q1'+ ql”. KpuBa 3-4 Bimmosimae mporecy
a71abaTHOTO PO3IIMPEHHs poOodoro Tina, a AuUIIHKA 4-1 xapakTepuszye 130XOpHUM

MIPOIIEC BiIBOTY TETUIOTH (U B OXOJIOKYBad.

I L .
BBeeMo 6e3p0o3MipHi TapamMeTpy, 10 XapaKTEPU3yIOTh UKL & = —+ — CTYIIiHb
U,
. . Py o .
CTUCHEHHSI poO0OYOro Tuna B LHKI; A =—"—— CTYHIHb 130XOPHOT'O IIiJIBUILECHHS
P>
U3 .
THUCKY; p =—>— CTYyNIHb NONEPEIHBOTO PO3IIHNPEHHS.
Uy
Buznaunmo TEPMIYHUI KK/ LAKITY. OueBunHo, 110
/ / -
G =C(Ty-T>), q = Co(Ts-Ty ), O = C(T4-Tp). 3Bincu
¢(Ts-Ty)

=1 :
Ty To)+ (T Ty )

Jlnst apiabatHoTrO mpottecy 1-2 BIAMOBIAHO IO PIBHSIHHS MOKHA 3alUCaTH:
T,

Tl

JLnsi_i30X0pHOTO Tiporiecy 2-3 3 ypaxXyBaHHSAM TOTO, IO B IBOMY IPOIIECi

.
Py _ & OIEPIKHUMO: T, =T, Py
P, T D>

=T,A=T A&

s i306apHoro mpouecy 3'-3 npu Y 7]:—3 =p, Toni Ty = pT, =T Ape"™.

3 3

Jlnst amiabatHoTro mpottecy 3-4. 3 OrJIsAy Ha Te, M0 Uy =03 MOYKHA 3aIHCATH:

k-1
Ta_|bs
s \u, '

[ToMHOXXUBIIIHM YMCETHHUK 1 3HAMEHHUK B MPaBiil 4aCTHHI PIBHSIHHS HA Vg 1

v D)
MaM’SITAIOUH IO —> = ; Uy = Uy Uy = Uy, —+ = &, MOXKHA OJICPIKATH, 1110
vy v,
k-1
T v, ULy 1 1
4 _| U3 Y3 k1 _ k-1 _ K
7o o | TP xaTamTp o =Tie
s (Vs Uy £ g

[TincTaBnstoun oTpuMaHi BUpa3u B GOpMyITy Il TEIUIOT (p 1 Oz 3 OTJISAY Ha Te,
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Cc
mo k =—", 6ynemo matu:

=0+ =T [(A-1)+Kki(p-1)], @, =g Ty(A0" -1).
Takum ymHoMm, Tepmiunuit KK/ mukiny nBuryHa BHYTPIIIHBOTO 3TOPSHHS 3i

3MIIIaHUM HiI[BGI[GHHSIM TCIJIOTH 3aIITMIICTHCSA TaK:

o1 %1 T (10" -1) 1 apk -1

=1- . .
oA e Te" A -1+ki(p-1) gt 1-1+ki(p-1)

3 HaBeneHoi hopmynu ButUMBae, mo tepmivanii KKJI mukmy 31 3mimanum

MIJBEICHHSAM TEIUIOTH 3pOCTa€ 31 30UIBIICHHSM CTYIEHS CTHCKY & 1 CTYIICHS
MIIBUIIEHHS TUCKY A, 1 31 3MEHIIICHHSM CTYTICHS TOTEPEIHBOTO PO3IIUPEHHS p.

[{ukn 13 miABEICHHSIM TEIUIOTH IPH TOCTIHHOMY 00'éMi CKIIaJIa€ThCs 3 JBOX
amiabar JBox 130xop (auB. puc. 5.2).

[To kpuBiii 1-2 BigOyBaeTbes agiabaTHe CTUCHEHHS poO0UYOro Tua (y peaibHOMY

JIBUTYHI MaJIMBOIOBITPSIHOT cywitii). [30xopa 2-3 BiAMoOBiga€ MpoIiecy IiJIBeICHHS
TEIJIOTH (; BIJ JKEpelia TeIoTH (y pealbHOMY JBUTYHI B pe3yJIbTaTl 3arajtoBaHHs

cymini 1 ii 3ropstaas). [loTim BiiOyBaeThCs mpoiiec aaiabaTHoro posiupenns 3-4. B

130X0pHOMY Tipoiteci 4-1 Big poOOUOro Tijia B HABKOJIMIIIHE CEPEIOBUIIE BiJIBOJIUTHCS

TEerIoTa Q.
Tepmiuanii KKJI 1mukny ABUTYHa BHYTPIIIHBOTO 3TOPSIHHS 3 MIABEICHHSAM

TEIJIOTU TIPU D=const MOXKHA OJIEp’KaTH, SKIIO y BUIIEC PO3TIAHYTIH (dopmMyi

. . 1 L . : :

npuitasita p=I1. Tomt n =1-———. Tepmiunuii KKJ/[ pisHEX UOHKIIB JIBUTYHIB
g

BHYTPIIIHBOTO 3rOPsIHHS KoJMBaeThes B Mexkax 0,48...0,65.
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b
L

4
Tt
I

00, s, 3

Puc. 5.2. /liacpama yuxny osueyna enympiuinbo20o 320psaHus 3 Ni08e0eHHAM
meniomu

npu v = const 8 p-v- i T-S- koopounamax.

IMopiBHAHHSA HUKJIIB ABUT'YHIB
BHYTPIIIHbOT0  3rOPSIHHAL. Cryninb

CTUCKY JIBUTYHIB 13 BHYTPIIIHIM

CyMIIIOyTBOpeHHsIM  Oinbmia  (£=12...18),

HDK y  JBUTYHIB 13  30BHIIIHIM

CyMIIIOYTBOpEeHHSIM (¢ = 6...9), 1 ToMy

|
Tmz’n ] U:COHSI | . . .
| Inepial ABUI'YHH MalOTb OlJIBIII  BHCOKI
|
|

3HaueHHs TepMiuHoro KK 1 ixHsa

S Sy €KOHOMIYHICTh BHWINE, HDK y JBUTYHIB 13

. . 30BHIIIHIM CYMIILIOYTBOPEHHSIM.
Puc. 5.3. llopignanns yuxnie

0BUSYHA BHYMPIUHLO2O 320DSIHHSL. IlopiBHA€EMO  LWMKIM  TIPH  OJHAKOBHX

KIHIICBUX TeMIlepaTypax, 110 BHU3HAYaIOTh

MPUIYCTUMI TEPMIYHI HAMPYTH B JCTANSIX JABUTYHA. SIK BHJIHO 3 PUCYHKA, ITUKI 31

3MIIIAHUM T1BEICHHSAM TEIUIOTH Ma€ MPU THX K€ 3HAYCHHSX 7, OLIBII BHCOKHUI

tepmiuanii KKJI, HDX UMK 13 MiABEACHHSM TEIUIOTH IIPH MOCTIHHOMY 00'emi
. .. _ . Inla. .

(gz=idem ~ ruromi nix kpuBoro 4-1; 0);,; ~ MWIONI Mg Kputo 2'3'3; Qxgps. ~ MO Mij

KPHBOIO 2'3 OT}Ke: q]du3 > q]mp6. 1 7]t c)u3>77t Kap6)-

KouTpoubHi nuTaHHS.

1. Ski icuyrots 1ukiu JIB3.
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2. SIki BBOAATHCA MPUITYIICHHS MIPH PO3TIISAl TeOpeTUYHNX UKIiB J[B3.
3. lllo po3ymitoTh mijg cTynenem ctucky B JIB3.
4. SIx1 napaMeTpH BIUIMBAIOTh HA K.K.J. TEOPETUYHOIrO HuKiy JIB3.

5. [TocnigoBHICTH MPOLIECIB B TEOPETUYHOMY LIKKIII CydyacHOTo au3eibHoro J1B3.

5.4. TeopernyHi HUKIU ra3orypoinaux ycranosok (I'TY).

1. HonsTrs npo I'TY. Cxema i npunuun pod6oru I'TY.

2. Teopernunuii nukJ cydacuoi I'TY.

3. BuzHaueHHs1 napaMeTpiB p. T. B XapakTepHUuX Toukax mukiay I'TY.
4. Pooota i KK/l nukiy.

J

T'azomypoinna

L ycemanoseka (I'TY) — 1¢

=P 4 TemIosa MallMHa, B AKIA

MOTEHIllaTbHa eHepris

I
E —@ rapsunx ra3iB  (MPOAYKTIB
I

3rOpaHHsA najanBa)

| e
nobimps | 203

MIePETBOPIOETHCS B KIHETHUHY

€HEPrilo Ta30BOi CTPYMHUHH,

Puc. 5.4. Cxema cazomypbinnoi ycmanosxu a OCTaHHA Ha JIOIIaTKax
pob0oUOTO KOjieca ra3oBOi TypOIHM MEPETBOPIOETHCA B MEXaHIUHY poOOTYy Ha Baly,
sKa 171 Ha TPUBIJ CIIOkKUBaya (€JIEKTPOreHepaTop, BOASIHUN a00 MOBITPSHUN TBUHT,
X0JI0Ba YaCTHHA TaHKa, Tsraya).

Ha puc. 5.4. 300paxkeHo enemenTapny cxemy ['TVY, ska mparitoe 3 miBeICHHAM
TEIUIOTH TpHU cTajgoMy THCKY. [loBiTpsHMII Kommpecop 2 BCMOKTYye atMmochepHe
MOBITPSI, CTUCKAE MOTO ¥ HarHiTae B kKamepy 3ropsiuus 3. Tynu Hacocom 1 momaerbes
plIKe 4K ra30mo/1i0He MaJuBO.

[Ipu 3ropaHHi BHUCOKOKaJOpPIMHOTO TajuBa B Kamepl 3ropaHHs TemIepaTrypa
3poctae 10 2000 °C. Ane cy4acHi KapOCTIMKI CTal 1 CIUIaBH, 3 IKMX BUTOTOBJISIOTH
po0oYi JOMATKU ra30BOi TypOiHU (HaBaHTA)KEHI BETMKUMHU BIJILEHTPOBUMU CHJIAMU),
nomyckarote Temneparypu 700..900 °C. Jlns Toro, mo0 MOHU3WUTH TEMIEPATYPY
npoaykTiB 3ropanHs 3 2000 °C go 700...900 °C, ix po30aBisitOTh BEIUKOIO KUIBKICTIO
BIJIHOCHO XOJIOJTHOTO TIOBITPS MICJsI KOMITpecopa. 3a3BHyaid, KOC(III€HT HAJIUIIKY
MOBITPS U1 KaMmep 3rOpsiHHS aBlallliHUX YCTAaHOBOK ckianae o= 4..5, a i
cTamioHapHux 6...10. Skmo crnaigroBaTé NajJvWBO MPU TAKOMY BETUKOMY KOe(Dili€HTI

70



HAJJIMIIKY TIOBITPs, TO 3ropaHHs Oyne MPOTIKaTH Ay)X€ MOBUIBHO 1 3 BEIUKUM
MEXaHIYHUM 1 XIMIYHUM HeZoropaHHsaM. ToMy JJ1sl HOBHOTO CHIAJIFOBaHHS MaJliBa BCE
HOBITPS, SIKE MOJAEThCS B KaMepy 3rOpaHHs, JIUISATh Ha NEpBUHHE 1 BTOpuHHE. 1O
A7pa MOJTyM sTHOTO (pakesna MmigBOASTh IEPBUHHE MOBITPS 3 HEBETUKUM KOE(DilllEHTOM
Haamumky (o=1...1,15). B 1mpoMmy K HanpsMKy TOJA€Tbcs Tra3oee abo
npiOHOpOCTIMIIEHE PiJIKEe TMATUBO, /¢ BOHO 3rOpa€ 3 BUIIJICHHSIM BEIUKOI KITBKOCTI
TEIUIOTH.

BropuHHe TOBITpA HampaBiA€TbCS B KaMmepy 3TOpaHHS TaKUM YWHOM, MI00,
OXOJIOJIKYIOUM CTIHKM KaMepH, BOHO He Topkayiocs (akena. CnpuiiMaroun TEIIOTY
BiJl CTIHOK KaMepH 3TOpaHHS, BTOPUHHE IOBITPS HArpiBa€Tbcsa 1 B KIHII Kamepu
3MINIYETHCA 3 TMPOAYKTaMH 3rOopaHHS. YTBOpEHA B PE3yNbTaTi IIbOTO CYMIII Tasa 3
noBiTpsiM, sika mae Temrepatypy 700..900 °C, nanpasnserbcs B TypOiny 4. B
COIUIOBOMY amapari TypOIHM TMOTEHLlajJbHa €Hepris poboudoro Tina (rasa)
NEPETBOPIOETHCS B KIHETUYHY. ['a3 3 BEJIMKOIO IIBUKICTIO HAIIPABIIAETHCSA B KaHAIN
poOouMx JomaTok TypOiHM, A€ HOro KIHETMYHA €HEprisi IEepeTBOPIOEThCA B
MeXaHIuHy poOoTY, sIKa IepeJaeThcs Ha Ball €JIEKTpOoreHepaTopa .

3ropanns nanuBa B I'TY 3aiiicHIOETbCA B Kamepl 3ropaHHs MpU MOCTIHHOMY
TUCKY poO0OYOro Tija, Tak Mo TeopeTHuHui Uk ['TY BU3HAUAETHCS MOCIITOBHICTIO
HAaCTyHUX TEPMOJMHAMIYHMX IMpOLECiB (AMB. puc. 5.5.): axiadaTHOro mnpouecy
CTUCHEHHS p. T. 1-2 (B koMmIIpecopi) — 1300apHOro mMiABOAY A0 P. T. TEIIOTH 2-3 (B
KaMmepi 3ropsiHHs) — aniabaTHOTo mpoliecy po3mupeHHs 3-4 (B ra3osiit TypOiHi) —

1300apHOTO BIIBOIY TEIIOTH B HABKOJIUIITHE cepeaoBuie 4-1.
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a3

¢ iy
v ' 4 Tk

Puc. 5.5. Teopemuunuu yuxn I'TY.

B sIKOCT1 TOOBHHUX XapaKTEpUCTHK TeopeTuyHoro mukiay ['TY BUCTynaroTh:

CTYIIiHb MIABUIICHHS TUCKY pOOOYOT0 TijIa B UKL 77 = P2 g CTYIIHb TAITPIBY

P1
. : T,
poboyoro TijIa B Kamepi 3ropsiHHA 6, , = —, a00 MakcuManbHa TeMeparypa 73max,
2
sKa BUOupaerbes aist gaHoro tumy ['TY.
[TapameTpu poOoYOro Tijla B XapaKTEPHUX TOYKAX LIMKIY MPU BUOPAHHUX 7T =
6...10, 1 6, ,=2...3 BU3HAYAIOTLCA SIK:

Touka 1): py, Mlla, T), K — napameTpy HaBKOJIMUIIHLOTO CEPEOBUIIIA.

Touka 2): pa=pim, MIla, =Tz “Y* K.
Touxa 3):
p3=p2 Mlla, T3=T,6,,, K.
Touka 4):
pa=p1, Mlla, Ty= ];3_1 =T70.,.K.
T K
Tepmiunnit KK rukoty: 7, = Lo _ 1-%_q_ CrnlTa=T1) _ 1—% .
] 0 CrnT3—T3) Tk

K/

Pobora nukny: /£y =, ——.
K2
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KoHTposbHi nuTaHHS.

1. 1o posymitots mig ['TY.

2. [locniioBHICTH MPOIIECIB B TEOPETUUHOMY UK cydacHoi ['TY.

3. lllo po3yMmitoTh Mij MEPBUHHUM 1 BTOPHHHUM ITOTOKOM MOBITPS B KaMepi 3rOpSHHS

I'Ty?

4. MakcuManpH1 TeMrepaTypH ras3iB Ha BUXO/I1 3 KaMepH 3ropsiHHs cydacHux ['TY.

5. Illo sBasie coO0r0 COTUIOBHI anapaT ra30Boi TypOiHH Ta i podoyde Koieco?

5.5. IloHATTS NPO CTYNIHb ra30Boi TYPOiHU. AKTHBHI I peaKTUBHI TYpOiHM.

5.6. CTyniHb peakTHUBHOCTI TYypOiHH.

B razoBiil TypOiHi mpoIec NepeTBOPEHH NOTEHIIAIBHOI €HEPrii rapsuux ra3is

B MEXaHIYHYy poOOTY 3/1MCHIOETHCA B JIBA €Talla:

1) mepeTBOpeHHsT TOTEHIiaNbHOI (IO CyTi BHYTpIMIHBOi) eHeprii ra3a B

\ l

[; ‘“\Y

Puc.5.6. CxeMa peakTUBHOI Ji1i ra3y Ha
JIOTIaTKU TypOiHH.
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KIHETHYHY;

2) IepeTBOPEHHS
oJIepKaHOi KIHETUYHOI €Heprii
B MEXaHIYHy poOoTy (KpyTHUM
MOMEHT) Ha BaJly TypOiHH.

ToMmy mporouHa yacThHa
ra3oBoi TypOiHM CKJIaJJa€ThCA 3
JIBOX OCHOBHUX YaCTHH:

- Iepma YacTHHAa —
conqoeunl  anapam,  SAKAU
ySIBJISIE co0010 KOJIOBY
COTIOBY TPATKy (PENITKY), 110
CKJIQIA€TBCS 3  HEPYXOMHUX
(3aKplieHuX 3  KOpIIyCOM
TypOI1HHM) JIOTIATOK, KOKHA Tapa
SKMX  CTBOPIOE  COIUIOBUH
KpUBOJIIHIMHUN ~ KaHAJl, IO
3BYXKY€EThCS BIJ BXOAY [0
BUXOZlY (B AKOMY 1

IIPUCKOPIOETHCS ra3oBUU



MOTIK);

- Ipyra 4acTUHA — L€ pofoue KoJieco, sike ysBisie coOO0I0 TUCK, MOCAKEHUN Ha
BaJl TypOinu. Ha 30BHIIIHINA TOBEPXHI AMCKA 3aKPIIICHI poO0Yl JIOMATKHU, K1 TaKOXK
CTBOPIOIOTh MDKJIOTIATOYHI KPHUBOJIHINHI KaHAlU, B SKUX KIHETHYHA EHEPTis rasy
NEPETBOPIOETHCSI B MEXAHIUHY pOOOTY 0OepTaHHS JAUCKA 1 3B’SI3aHOTO 3 HUM Baily
TypOiHU.

[Toeqnanus cormoBoro amapaty (CA) TypOinm 1 ii pobouoro kozieca (PK)
OPUMHATO HA3UBATU CcHiynenem mypoOinu. PoO3pI3HAIOTH OAHOCTYIIHYACTI 1
OararoctymiHdacti TypOiHu. OueBHIIHO, 1m0 OararocTymiHyacTi (2..4 CTymeHs)
TypOiHH MAIOTh MIOMITHO OiJIbIITy MOTYKHICTH (110 ACCATKIB TUCSY KBm).

Huxde, na puc. 5.6. mokazanuii mepepi3 nomarounux BiHmiB CA i PK mo
«cepemHboMYy» JiaMmeTpy TypOinu. B mepepisi BumHO npodiii («KOPUTIIS») JTOMATOK,
TaM € MOKa3aHl TaK 3BaHl TPUKYTHHUKHU IIBUAKOCTEH ra30BOro MOTOKY Ha BUXOII 3
CA (na Bxoni B PK) 1 Ha Buxomi 3 PK,

TyT ¢; — abcomoTHA WBHUIKICTh NOTOKY Ha Buxo/i 3 CA;

@1 — BITHOCHA MIBUIKICTh TOTOKY Ha BXx0/i B PK;

U — koJsoBa (mepeHocHa) mBuaKicTh PK;

c — a0COIOTHA MIBUAKICTh MOTOKY Ha Buxoi 3 PK;

@2 — BITHOCHA MIBUKICTh MOTOKY Ha Buxoi 3 PK.

Ha puc. 5.6. mokaszani 1 XxapakTepHi KyTH o 1 ff, SIKi CTBOPIOIOTH BEKTOpH
IIBUIKOCTER C i ® 3 HANPSAMKOM IIBUAKOCTI U (3 IUIOIIMHOK OOEPTaHHS JHCKA
PK).

[TapameTpu razy (IIBUIKICTH, THUCK, Temmepatypy) nepea CA, nepes ionaTkamu

PK i 3a Humu BigMivyaroTh BianoBigHo iHAekcamu 0, 1, 2.

AKTHBHI | peakTuBHi TYypOiHH.
30UTbIIIeHHsT KIHETUYHOT €Heprii raa B MDKJomaroyHux kanamax CA 1 Ha
BHUXO/Ii 3 HUIX MOXHA BU3HAUNTH SIK:
L S
0 1— 2 '
1€ [ — eHTaJbIIis rasy; ¢y — TEOPETUYHA MBUAKICTh MOTOKY Ha Buxoi 3 CA.
2
SIKIo mpuHSTH, 10 o =~ 0, TO OTpUMAEMO, 1110 > = i, =iy = hy, - TeopeTnanmii
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teronepernan Ha CA (BIAMOBIIHUI MIBUAKOCTI cy). B AificHOCTI, BHACTIAOK BTpaT
eHeprii (uepe3 TepTs razy 00 MOBEPXHI JIONATOK) MIBUAKICTH ¢; < Cy , M/c. Lli BTpath
IPUHHATO BpaxoByBaTH KoedimienTom mBuakocti ¢ = 0,95...0,97. 1 toxi ¢; = ¢ cyy,
m/c.

3anexxHo Bij Aii razy Ha jonatku PK po3pisusitoTs akmueni 1 peakmueni
TypOinu. B akTuBHHUX TypOiHax BiI0YBAa€ThCS TUIBKH MOBOPOT MOTOKY (CTPYMHUHH)
ra3y, BHaCJiJJOK YOTO BUHUKAE «aKTUBHA» CHJIA, sIKA MPUMYIIye o0epTaTUCs TUCK i
Ban TypOinu. Tuck raza B KaHajgax poOOYMX JIOMATOK aKTHBHOI TypOIHH He
3MIHIOETBCS 1 3aJIMIIAETHCS PIBHUM THUCKYy Ha Buxoal 3 CA, T1o0TO po = p1, a

HMIBUIKICTb M1 = My, A€ M2 3HAXOAUTHCA TaK, SIK 1 ¢ Ha Buxoi 3 CA.

o —of )
Tont 11 -1, = —5 = h,, - TeopeTrunni Temonepenan Ha sonarkax PK.

3Bincn w, = \/2h2t +w?, me.

Bnacnigoxk BTpar eHeprii B MbkionarouyHux kKaHanmax PK  w<wy. lle
BpaxoByeThcs KoedirmieHToM mBuUakocTi i =0,96...0,98, tak mo w,; =wwy, m/c. Tak
0 B aKTUBHIA TypOiH1 (OCKUIBKM 3yCWJUISL Ha Bajl TypOIHHM MEpPeNa€eThCs JUIIE 3
MIOBOPOTOM CTPYMHUHU Ta3y) pobOoua JionaTrka MOBMHHA MaTU MAYyK€ 3ITHYTHU
CUMETPUYHUM aKTUBHUN Tpo(disib, a KyTH BXOoay f1 1 Buxoay f2 3 PK noBunHi Oytu
MpUOJIM3HO OJAHAKOBI, TOOTO f1 = fo.

B peaktuBHux TtypOiHax B kaHamax CA BiIOyBa€ThCs TUIBKHM YaCTKOBE
PO3IIMPEHHs Ta3y BiJl MOYaTKOBOTO THCKY p, IO SIKOTOCh MPOMIXKHOTO THUCKY pj.
[Tomanpiiie po3mMpeHHs ra3y MpoxXoauTh B Mixionaroynux kaHamnax PK. ITpu mpomy
TUCK Ta3y Majiae BiJ p1 10 p, (3a TypOIHOIO), BHACTIJOK YOTO IMiIBUILYETHCS BITHOCHA
MIBUIKICTH BIJI 3HAYEHHS 1 OO W2, M/C.

3ycuiuist, sKi 3MyIyloTh obepratucs auck PK 1 Banm peakTtuBHOI TypOiHM
3yMOBJIEHI HE TIJIbKM AKTUBHOIO [I€}0 CTpyMUHM Ta3y Ha Jjonatku PK (1 ioro
MOBOPOTOM B MIXKJIONIATOYHOMY KaHai), ajleé 1 PEaKkTUBHOI JMIEI0 32 PaxXyHOK
MPUCKOPEHHS ra30BOr0 MOTOKY B MDKJIOMATOYHUX (TaKOX 3BY>Kyrounx) kKaHanax PK.
Bunukaroua rpu 11,0My peakTHBHA CHJIAa HAMIpaBjeHa MPOTH IIBUAKOCTI BUTIKAIOYOTO
noTOKy. Po3knamyroum 10 CUTy Ha CKJIAOBI — OJIHY, sIKa HaIlpaBJIieHa IO Bici
TypOIiHH 1 IpYTy — MO KOJOBOMY HampsMKy, MOXHa OJIep>KaTH BIChOBE 3yCHUJUISI Ha
pobouunx jomarkax TypOIHM 1 KOJOBE 3yCHJUIs, T Ji€r0 sikoro 1 ooepraerbest PK (i
BaJl) TypOiHHU.
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XapakTepUCTUKOI0 PEaKTUBHOI TypOIHM SIBISETHCS CTYMHIHBb 1i PEaKTHUBHOCTI,
SKUW BU3HAYAETHCS SK BIJHOIICHHS TEIUIONEpEenaay, M0 CHpPalbOBYEThCS Ha
nonatkax PK 1o temnonepernaay BChoro cTyrneHs TypOiHH, TOOTO:

. (L) |
My, + Ty

3BIJICH BUIHO, IO JUISI «YUCTO» aKTHBHOI TypOiHM p=0 (X0o4a Ha MpPaKTHII
AKTUBHUMHU BB@XKAIOTh TypOIHW 3 HEBETWMKHUM cTyreHeMm peakmii (p= 0,1...0,15). B
peaKkTUBHUX TypOiHaxX p Moxke nocsiratu BenuuuH 0,3...0,5. BukopucrtoByBaTH OLIbII
BHCOKI CTyNEHI PEaKTUBHOCTI HEOaKaHO uepe3 3pOCTaHHS BTpaT €Heprii razy 3
BUXIJIHOIO IMIBUJAKICTIO Cp («HEAOKPYTKN» a00 «IEPEKPYTKU» CTPYMHUHH (TIOTOKY) IO
BiiHOMIEHHIO 710 Bici PK 1 Basty TypOiHm).

BusBageTbesa, mo st 3a0e3ledYcHHS

BICBOBOI'O BHXOJy IOTOKY rasza 3 TypOlHU
HEOoOX1IHO 3a0e3IeunT OIITHUMAJIbLHE

(!)7 CriBBIJHOIIEHHS MDK KOJIOBOIO IIBUIKICTIO

Puc.5.7. Cnonyueni mpuxymmnuxu PK 1 a0comoTHOIO MIBUAKICTIO ra3zy Ha
weuokocmeu Ha 6x00i i 6uxooi 3 PK.
Buxozi 3 CA typOiHu, TOOTO u , (Ta1
1/ onm

Jpyra IIBUIKOCTI PO3PAaXOBYIOThCS Ha CEPEAHBOMY JiaMETpl JIOMATOYHOTO BIHIIA
PK).
3BEPTAIOYHCH 10 CIIOIYYEHUX TPUKYTHHUKIB IIBUIKOCTEN HA BX0/1 1 Buxoai 3 PK
(puc. 5.7.), MOXHa 3amucaT, 1o:
C,C0S iy = U+ ;€053
,00S 5 = U+ C,C0Sa,
[Tpuitmatoun, o motik razy Ha Buxoai 3 PK BichoBuil (mapanenpHuii Bici
TypOiHH, TOOTO ap = 90 °) 1 mam’ATarouu, WO AJI1 AKTUBHOI TYpOIHU 1=w 1 f1~0>
MO>KHA MICIIA B3aEMHOI MMiJICTAHOBKK BEJIMYWH 3alMCaHl BUIIE PIBHSIHHS MEPENHUCaTh

SK:

u COS0;
CCosy =2U => | — | = .

QI- onm 2

UYepes Te 110 KyT 03 y BUKOHAHUX TypOiHax CTaHOBUTH 17°...22° (Manuii KyT),
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o | Y| =045.048~05.

QI- onm

Takum yuHOM, IS 3a0€3MEeUEHHST BICHOBOTO BHXOAY IMOTOKY Ta3y 3 aKTHUBHOI
TypOiHu KoyioBa MBUJKICTB 1i PK moBuHHA OyTH B J1Ba pa3u MEHIIE MIBUAKOCTI ¢; Ha
Buxoi 3 CA 1i€i TypOiHH.

Jlns peakTUBHOI TypOiHM, HampUKIan 31 CTymeHem peaktuBHOCTI p=0,5

.. u
CIIIBBIJHOIICHHSA | — = COSOC]_ (663 BI/IBGI[GHH}I), IO IIpW HAa3BAHUX BUIIC KYyTaX

1 onm
o, ctanoBuTh 0,92...0,96 = 1,0.
AJle JOMYCTUTH TaKl BEIWKI KOJOBI MIBUAKOCTI (1 OT)KE BEJIMKI BIJLICHTPOBI
CWUJIHM, 110 AiI0Th Ha poOoui jonaTtku PK) 3a yMOB MIIHOCTI MaTepialy JIOMaToOK

HEMOXJIMBO. TOMy Ha TMpakTULl I PEAKTUBHUX TYypOIH JIOMYCKA€EThCA

o u . . . .
CITiBBiJIHOIIEHHS — He Oinbme 0,7...0,75, 10 BiANOBiaE CTYyNEHAM PEaKTUBHOCTI
C1

p=0,3...0,35. [Ipu upomy edexruBuuit KKJ[ peaktuBHOi TypOiHM Oyne ckianatu

BenuuuHy 0,86...0,92 (y akTuBHUX TypOIiH HaBITh IpH u BIH HE IEPEBUIILYE

0,78...0,83).

Tak mo, skmo y akTuBHOI TypOiHm mBUAKICTE ¢; = 800 m/c, To mpum

u . . . o
— =0,5 konoBa MBHIKICTh TOBUHHA H0piBHIOBATH 400 M/C, 1 AKIIO TIPUIHATH

Cl onm

cepenniii ( mo momatkam PK) miametp TypOinu piBauM 0,8 », TO yacToTa 0OepTaHHS
11 BaJIy 3a XBUJIMHY CKJIAJIE:
60u  60-400 00

= =9550 —.
3,14-0,8 X6

7rDCp

Taky dYactoTy 0oOepTaHHS HEMOXKIMBO BHUKOPHUCTATH TpH Oe3mocepeHbOMY
3’¢JHAaHHI BaJia TypOIHM 3 BajoOM, HAMPUKIAJ, eJIeKTporeHeparopa abo 3 BajoMm
MOBITPSIHOTO TBUHTA, YaCTOTa 00EpPTaHHS SIKUX HEe mepeBulrye BiamnosiaHo N, ,= 3000

0—6', an,_,= 1500 0—6'.

X8. X86.
Konctpykiis cywacaux I'TY pocuth no0pe BiampalboBaHa 1 HajiiHa. B

MOPIBHSHHI 3 MApOTYpOIHHUMH yCTaHOBKaMH (y SIKUX TPHHIMN 1ii 1 CKJIaJ0Bi
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JacCTUHU TypOiH B 3HAYHIM Mipl CXOXI1 3 BIAMOBIIHUMU YaCTUHAMHM 1 TIPUHITUTIOM Jii
ra3oBux TypOiH, a BIIMIHHICTb — TIJIbKM B ICTOTHO OUIBIIMX BUTpaTax poOOUYOro Tijia
(BoasHOT Mapu) 1, OTXKe, po3Mipax MPOTOYHOI YACTUHU TYpOIHM) HEOOXIJIHI IS
ra3oBux TypOiH 00’emMu OymiBenh 1 KUIBKICTh OOCIYTOBYHOYOTO MEPCOHATY 1CTOTHO
meHii. [lo Toro x 3amyck I'TY 311iiCHIOETBCSI 3HAYHO MIBUAIIE, iX poOOTa MOPIBHIHO

JICTKO aBTOMATHU3YETHCA.
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Jlekuis 6. Boasina mapa ta Bojiore noBiTps.

6.1. Teopernuni uukiau ICY.

6.2. CymriHHsl mpoayKUii CLIbCHbKOr0CNOAAPChbKOro BUPOOHUNITBA. Buan
CYLIiHHS, 3ePHOCYIIAPKH.

6.3. IIpo Bos1OTE MOBITPS | MapaMeTPH, 0 XaPAKTEPU3yIOTh iOr0 CTaH.

6.4. IlonsitTas nmpo napocuiioBy ycraHoBky (IICY) i npunumn ii podorm.
Huka Penkina — ocHoBHUI TeopeTnuHuii MUK cyyacHux IICY.

6.1. Bonsina napa. Teoperuuni uukiau I[ICY.

1. OcHOBHI BU3HAYEHHS TA XapAKTEPUCTHKH BOJASIHOI APH.

2. Jliarpama i-s (eHTaJbNiliHO-eHTPOMiHA) 1JIA BOASIHOI Mapu.

3. TeopeTnuHi HMKJIN NAapocHI0BUX yYcTaHOBOK (IICY).

4. lInka Penkina — ocHoHuii nuka cydacHoi IICY. Pob6ora i tepmiunmii KK/{
HHKJTY.

[Ipu BUCOKMX THCKaX 1 BIAHOCHO HU3BKUX TEMIIEpaTypax BJIACTUBOCTI pEaIbHUX
ra3iB BIIXHJISIOTHCSI BIJI BJIACTMBOCTEH 1JI€alIbHUX Ta3lB THM CHJIbHIIIEC, UMM O1JIbIIa
rycTUHa ra3y. PeanbHuil ra3 Ha BIOAMIHY BIJ 1JI€aJIbHOTO CKJIAJAETHCS 3 MOJIEKYI
KIHIIEBOTO 00’€My, 3B’s3aHMX MDK COOOI0 CHJIaMH B3a€EMOJIi, IO MAaloTh
€JIEKTPOMArHiTHY PUPOAY.

JIist peanbHOTro ra3y He MpUAATHE PIBHSHHS CTaHy 1€adbHuX rasis: po=RT.

PiBHSIHHS CTaHy peajbHUX ra3iB — L€ K BXK€ BU3HAYAJIOCh — PiBHSAHHA Ban-nep-

Baanbca:

a

02

D+ (v—b)= RT.

Bci rasu € maporo skoi-HEeOyIb pedyOBHMHU. TOMYy MPUHUMIIOBOI PIZHUII MIX
MOHSTTSM ra3 1 napa Hemae. MoKHa TaKoXK CKa3aTH, 10 a3 - Lie Ieperpira napa.

Iapoymeopenna — 1ie nipoiiec nepexony piauHu B napy. [lapoyTBopeHHs Moxe

B1IOyBaTHCS TpH IIJABEACHHI J0 BOAWM TEIUIOTH B TEIUIOOOMIHHMX araparax,
HaIpUKJIaJ, B MapoBUX KOTIax. Kuninna — 11€ 1HTEHCMBHE MapOyTBOPEHHS IO BCIiii
Macl piJIMHYU, sIKE BIIOYBA€ThCS MPH MEpeaadl piiiHI 4epe3 CTIHKY MOCYAUHU MEBHOI
KUIBKOCTI1 TeryioTh. [Ipoliec KUMmHHS MOYMHAETHCS MPU JOCATHEHHI PIIMHOIO MEBHOI

TEMIIEPATYpH, KA HA3MBAETHCS TEMIEPATypoOr KHUMiHHS g a0 HacHYeHHS 1 sKa

MPOTATOM BCHOTO MPOLECY KUITIHHS 3aJIMIIAETHCA HE3MIHHOIO (TOMY, 110 BCS TEIIOTA
BUTPAYAETHCS HA BUIIAPOBYBAHHS piiMHU). Temmneparypa ts 3a1eXuTh Bl OPUPOAU

PEYOBHHM 1 TUCKY D, 3 MIIBHUINEHHAM TUCKY p, ts 301mbInyeThes. BinmosimHo [0
dopmynu Pyma (HiMenpkuii imkeHep) temmeparypa t =100%p,, °C, ne p,- B
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atmMocdepax. Tuck, mo Biamosimae 1,, HA3UBAETHCS THUCKOM HACHYCHHS D,
3BOpOTHUH TIPOIIEC MIEPEXOY MAPU B PIAKUN CTaH, IO CYMPOBOIKYETHCS BIIBOIOM

TCIIJIOTH, HA3UBAECTHCA KOHoeHCtluié'lo.

Hacnuena napa. Hacuuenoio napoio Ha3UBaeTbCs Mapa, 10 YTBOPIOETHCS B

Iporieci KUIIHHS 1 3HAXOJUThCS y TEPMIUHIM 1 JUHAMIYHIA pIBHOBA31 3 PiAMHOIO.
Boasna mapa agyke IIHPOKO 3aCTOCOBYETHCS y PI3HUX Tally3sX TEXHIKH 1
IIPOMUCIIOBOCTI (TIepepoOHiii, XapyoBii, MOJOYHIN, M’siconepepoOHiii), TOJOBHUM
YHHOM, K TETUIOHOCIH Y TEIJIOOOMIHHMX amaparax 1 sik podode TUI0 B MapOCUIIOBHX
ycTaHOBKax. lle MOSCHIOETHCS TMPHUCYTHICTIO BOAMU TOBCIOAM, il JEHICBHU3HOIO, HE
IIKIJJIMBICTIO JUIsl  3JI0POB’Sl  JIIOJWHUW, BIJHOCHO JOOpPHMH TEPMOIWHAMIYHUMH
BlacTUBOCTAMU. [loBeJiHKa mapu pi3HUX PEYOBHH IO CyTiI ofHakoBa. [lapa OyBae

HacuyeHa 1 meperpita. Hacuueny mapy, B CBOIO dYepry, MOAUISIOTH HAa BOJIOTY

HacuueHy (ITPOCTO BOJIOTY) 1 CYXY HaCHYEHY (MMPOCTO CYXY).

Pinuna moske mepeTBOproBaTHCS B Mapy IMij 4yac BUOAPOBYBAaHHS, a0o TMiJ 4yac

KUMNiHHA. Bunapogyeannsa — napoyTBOPEHHS, IO BIIOYBAETHCS JMIIE 3 MOBEPXHI

piauHU Tpu OyAb-sKik Temmeparypi (y HpUpPOl BUIIAPOBYBAHHS BiIOYBAETHCA Y
Oynb-SIKy MOpYy pOKYy, B pluKax, MOpsX, OKeaHax, 3 moBepxHi 3emuii). Ilpu
BUITAPOBYBAHHI TeMIEpaTypa PIAWHU 3MEHINYETHCS, TOMY, IO 3 HEl BUJIITAIOTh
MOJIEKYJIM, IO MarTh OUIBIII MIBHJKOCTI, BHACIIJIOK YOrO 3MEHUIYETHCA CEPE/HS
IIBUJIKICTh 3JTUIIIEHUX MOJICKYII.

Cyxa _nacuuena napa — mapa, 10 HE MICTUTh PIJUHU 1 Ma€ TEMIIEpaTypy

HacuueHHs (t=t,) npu nanomy THCKY p. J[BodaszHa cucTema, 110 CKIaAaEThCs 3 CYyXOl

HACUYEHOI Mmapu M., 1 PILAMHHU [Y], HA3UBAETHCI 60102010 HACUYEHOI) Napoio.

BigHomennsa macu cyxoi mapu M., 0 Macu BOJOroi mapu M, m,,=m.,+m,

. . — mc.n. — mC.l’l.
HA3MBAETHCS CTYIICHEM CYXOCTi X BOJIOTOI MapH, TO0TO: X = = :

x=0....1.

Hnsa Boam, mo &kunuth M., =0, 1 x=(0, KOIM OCTaHHSI Kparjs BOIU
BUIAPOBY€EThCS x=1,(), TOOTO, I CyX0l Hacu4eHoi napu M,=0, x=/. Akmo no cyxoi
HAaCHUYEHOI Mapu MPOJOBXKYBATH MIJBOAUTH TEIUIO, TO ii Temmeparypa 301IbIIUTHCS.
[Tapa, TemmiepaTypa sIKO1 MpU JaHOMY THCKY OlibIlia, HIXK TeMIIepaTypa HACHYCHHS

(t>ts) Ha3MBa€eThCS nepecpimory _napow, a pizHuls At=t-ts — cmynenem nepeepigy

napu, °C. Cta" neperpiToi mapu, sik Oyab-sSIKOro rasy, BU3HAYa€TbCs JBOMa OyIIb-
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SKUMU HE3AJIKHUMU TlapameTpamu: abo tg X, abo p; x.
Takum urHOM TIpoIIeC MAPOYTBOPEHHS (YTBOPEHHS OJIEP’KAHOI MEPETPITOT TTApH )
npu P=CoNnst ckianaeTbes 3 TPbOX MOCTIAOBHUX CTAIN:
1. ITigirpiBaHHS PiIUHU 10 TEMIIEPATypH KUMIHHS g,
2. Kuninas piauau mpu tg =const.
3. [leperpiBanHs Cyx0i HACUYEHOT MapHu.
Bci 11 cranii BimOyBaroThCs mpu P=CoNSt.
[epeOir mporiecy mapoyTBOpPEHHs B AiarpaMi p - v1 T - S KOOpIAWHAT MpPHU Pi3HUX
THCKaX. p3>p7>p1 NOKa3aHUM Ha puc. 4.1.
Tyt T.”a” — BiAmoBiga€e CTaHy BOIH, SIK PIAWHH;
T.”8” — CTaHy BOJIM, 1110 TTIOYMHAE KUITITH;

99,99

T.”X” — CTaHy BOJIOTO1l HACUYEHOI apH;

T.”c” — CTaHy CyXOi HACUYEHOI NapH;

1.”d” — cTany nmeperpitoi napu.

SAxmo 3'eqHaty (Ha aiarpamax) TOYKH ,,8°, TO MOXKHA OJEp)KaTH, TaK 3BaHY,
HUDKHIO TPaHUYHY KpuBY KM, 1110 mojiissie 001acTi piIiHU 1 BOJIOT0i HACHYEHO1 MapH.

SAxwo 3'eqHaTH TOYKH ,,c”°, TO OAEPKUMO, TAK 3BaHY, BEPXHIO TPAHUYHY KPUBY

KN, mo nopinsie 06;1acTi BOJIOTr01 HACUYEHOI MapH 1 MeperpiToi napu.

n Mia K

I -

31 g 3 sl

7 =
B g. _- SI;' i X;.' . L i](-'

Pr | 7 Bomadrecen iy
M N

U, U v, Bz

Puc. 6.1. Ilepebic npoyecy napoymeoperts npu pisHux mucKkax.

Touka K (B sKili TEPETHHAIOTHCS TPAHWYHI KPWB1) HA3WBAIOTh KPUMUUHOIO
MOYKOI0 BOJY 1 BOASHOI napu. B 11iil Toulll 3HUKAE PI3HUIIS MIXK PIIUHOIO (BOJOIO) 1

BOJISTHOIO Naporo. KpuruuHi mapamerpu At BOOU: TUCK p,, = 22,1 M1la; t,,= 374 °C;
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b

Ha niarpami T-S xoopAMHAT TOYKH ,,a~ 37IUBAIOTBCA B OJHY TOYKY, SKa
3HAXOAUTHCS Ha OCl Temmeparyp, Ae 7' = 273 K. Ha miif miarpami Tako»X BHUIIHO: SIK
OynytoThes rpanruHi kpuBl KM 1 KN 1 1e 3HaX0oIUThCsl KpUTHYHA TOYKa ,,K.

TakuM 4YHHOM, 3 TOUKH 30py TEPMOJIWHAMIKH, TMPOLIEC MAPOYMBEOPEHHA —
1300apHui Tporec, SKUH B 00JIacTi BOJIOTOI HACHYEHOI Mapy € OJHOYACHO 1
130TEPMHHUM TPOIIECOM.

B imkeHepHIM mOpakTUIll TEPMOJAMHAMIYHI TPOLECH 3 BOJSHOK IapOI0
PO3paxoBYIOTh 3a JIOIIOMOTOIO, TaK 3BaHOI, EHTAIBIIHHO-CHTPOIIIWHOI AlarpaMu s
BoAsiHOT mapu (puc. 6.2.). Llg giarpama moOyoBaHa MO 3HAWIEHUM PO3PAXyHKOBO —
nocmigauM gaauM (1o tucky 100 Mlla i remmeparypu 1000 °C).

Marwun Bci gani (p, t, o, x, i, §) I XapaKTEPHUX TOUYOK MPOLECY
napoyTBOpeHHs (a, 8, X, ¢, d), MOXHa MOOyayBaTU 1300apu ([UIsl Pi3HUX THUCKIB),
130TepMH (VIS PI3HUX TEMIEpaTyp), 130Xopu (A1 pi3HUX MUTOMUX 00’€MiB), JIHII
MOCTIMHUX CTYIMEHIB CyXOCTI BOJIOTOi HACMYEHOI nmapu. ["'opu3oHTaNl Ha 11l Jiarpami
— 1€ 130eHTaNbIli (I = const). BepTukani — 11e 130eHTponu (S= const), adbo agiadbatu.

SIkiio 3HaWTH Ha i-S Aiarpami Ui BOJsAHOI mapu no4atkoBy (1) i kiHmeBy (2)
TOYKM TEPMOJMHAMIYHOIO MPOLECY 1 3HATH MO BIANOBIJIHUM IIKaJIaM OCHOBHI
napameTpu napu (p, t, v, X, i, ), TO MO>KHa BUSHAYUTH 1 BC1 OCHOBHI XapaKTEPUCTUKU
OyJIb-SIKOTO TEPMOJMHAMIYHOTO MPOLIECY, III0 BUKOHYE BOSIHA Mapa.

[Tam’siTaroum, 10 €HTANBINS Mapu i = u + po, a 3BiacH U = | - pv, MOXHa
BU3HAYUTH 3MIHY BHYTPILIHBOIT €HEPT1i apH SIK:

AU=U, —Uy =iy — pov,) —(iy — Py ), Kfz—jc

[ToTim 3HaNTH TEIUIOTY, 1110 (QIrypye B Mpoliecax:

- i30xopHOMY (L = cong):

0= AU, K/onc |
Ke
- 1300apHOMY (p = const):
q= Ai, A
Ke
- i3otepmuomy (T = const):
4= TAS K/onc |
Ke
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- amiabatHOMY (p U* = congt), q=0, Kl :
K2

[Tokasuuk amiadatu K =1,3 mnsa meperpitoi mapu i K =1,035+0,1x — ams Bojoroi
napu. Takox I T000T0 IPOIIeCy MOKHA BU3HAYUTH 1 poOOTY, IO 3IHCHIOE TTapa:

0 =q-Au, e

K2

3MiHU €HTaJbIII 1 eHTPOIii B KOHKPETHOMY MPOILIEC OUEBUIHI:

Ai=1i, -1, K’a—o’c, As, :SZ_SDKZZ_WC_

Ke ke K
KoHTpoJIbHI NUTAHHS:

1. ITpoanamizyiiTe mpoiiec MapoyTBOPEHHS B p-v, T-s, i-S miarpamax.

2. [llo po3yMitOTh Tij] CTYIIEHEM CYXOCTI Ta CTYIIEHEM IMePEerpiBy BOJSHOT apu?

3. Sk 3a momoMororw i-S JiarpaMd BU3HAYWTH BCl MapaMeTpH BOJSHOI Maph IS

3a/1aHOTO CTaHy?

4. Sk BU3HAYUTH TEIUIOTY 1 poOOTY B 3aJaHOMY IIPOLIEC 3/11MICHIOBAHOMY BOJISIHOIO
napoo?

6.2. CywmiHHf NPOAYKUiI CLIBCHKOIOCHOAAPCHLKOI0 BHPOOHUUTBA. Buam
CYLIIHHS, 3ePHOCYHIAPKH.

6.3. IIpo Bos1OTE MOBITPS i MapamMeTpu, 0 XapaKTEePU3YIOTh HOT0 CTaH.

1. OCHOBHI XapaKTePUCTUKH BOJIOTOT0 MOBITPH .

2. Ilonarrs mnpo i-d (eHTANbHMiIHHO-BOJOIOMICTKICHY) paiarpamy Ta ii
BUKOPHCTAHHS.

3. Bu3HaYeHHSl KUIbKOCTI MOBITPA Ta TEIJIOTH JJA NPOBEJEHHS IMpouecy
CYLIiHHSA BOJIOTOI0 MaTepiaJy.

ATMoOchepHe MOBITPS 116 — MEXaHIYHA CyMIIl CyXOT0 MOBITPSI 1 BOASHOL MapH;
1€ 1 € BOJIOTE MOBITPSI.

ATMocdepHe MOBITpS B TEXHII YaCTO BUKOPUCTOBYETHCS K poOOYE TIIO y
PI3HHX TEXHOJIOTIYHHMX MpoIiecax (OXOJOMKEHHS BOJM Ha TEIUIOBHX EJICKTPUUHUX
CTaHIIISAX, KOHAUIIIFOBAHHS TIOBITPS, IIPOIIEC CYIIKH BOJIOTHX MaTepialiB, IEPII 3a BCe
B C.-T. Tally3i — BOJIOTOI'0 3€pHa).

3HauCHHS BIACTUBOCTEH BOJIOTOTO TOBITPS Ma€ OCOOJMBO BEJIHMKY POJb TPU
OPOEKTyBaHHI 1 eKCIUTyaTalii CYyMIMJIBHUX 1 BEHTHIALIHHO-3BOJI0XKYBAJIBHUX
YCTaHOBOK.

3anumemo 3aKoH JlaibToHa Ul BOJIOTOTO MOBITPSL: Pggp. = Pen. + Pons
1€ Poap. — ATMOCPEPHUIN THCK.
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MoskHa po3risiiaTi cyxe MOBITPA 1 BOASHY Mapy, SK i1eaibHl ra3u. Tomy s
HuX Oyne nopeunuM piBHsHHs Knaneiipona: pV = mRT.
BaxMBo1o XapakTepHCTUKOIO BOJOIOro MOBITPS € BOJIOTOBMicT. BostoroBmict

— BIJHOIIEHHS MacH BOJSHUX TMapiB, IIO0 MICTATHCA y BOJOTOMY IOBITPI A0 Macu

CYXOT0 HOBITPSL: d="n 2 (6.1.)

M, ke(cn.)
Maroun Ha yBasi, mo V., = V., Ten = Ty, K.

3anumemo piBHsHHS cTany: p.,V =M., R.,. T, p.,V=m,, R, T.
pIb e

R
Tyr R=-%, X’ TOM1 JUISI CYXOTO TIOBITPS 1 BOJSIHOT MapH ra3oBi CTajl 1 ix
U Ke-

cmiBBigHOMEHHS: R, ,, = 287 Axe , R, = 462 A

Ke* ke K

Pen. My _ 287 ~0622, Pen. =O,622£, Pen. = Pon. _ 0,622 1

Pon. M, 462 Pen. d Pon. d
q=0622p,,

Pen. = Pon.

Sk 6aunmo, ripu 3poctanHl dT — pg, 1,

Hpu d mex — Pen. max,

JUIs  OWIHKKA  CTYNEHIO  3BOJIOKEHHS TOBITPSA  KOPUCTYIOTHCS — JIBOMA
XapaKTepUCTHKAMHU:

AOCOIIOTHA BOJIOTICTH TIOBITPs (00 MacoBa KOHIICHTpAIlisl BOJSHUX IMapiB y
MOBITP1).

BinnocHa BoJioricTh moBITpSI.

AOCOIOTHA BOJIOTICTh MOBITPSl — 11€ BIJHOIIEHHS Macu Mapu BOJU J0 00'emMy

- 3
BOJIOTOTO MOBITPs (Ha 1 40°).

2\ 6.1.
= n:n/'e' y (jl/l3 )’ pn.e,Vn.e, = RnsT, % = R,,@T, yo :h

pl’l.@. R’IBT .

BimHocHa BOJIOTICTH IIOBITPA @ — L€ BIAHOIIEHHS HOro AIHMCHOI aO0COJIIOTHOI

Pe.n.

BOJIOTOCTI 7O MaKCHUMaJIbHO MOXIJIMBOI aOCOJIOTHOI BOJIOTOCTI TpU TiH IKe

temrepatypi 1’ cymiiii (B %).

Q= Ph.s. — pn.e. 100%, 0= 0-+1.

pn.B‘.I’TBX pn.S.YTHX

@ = (0 — 17151 CyXOTO TIOBITPSI.
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o = 1 (100%) — nyist BOIOTOTO TOBITPS (MIOBHICTIO HACUYEHOTO BOJIOTOIO).

[HIIMMU c0BaMHU @ — 1€ CTYMiHb HACMUEHHSI aTMOC(EpPHOro MOBITPSI BOASTHUMHU
apamHu.

Bomoricte TOBITpS BUMIPIOIOTh ncuxpomempom. BiH CKiIamaeTbest 32X
TEPMOMETPIB CYXOTO i MOKpOro. PTyTHHII IIapuk MOKpOTO TepMOMETpa OOTOpHYTHIA
TKaHUHOIO Oe3MepepBHO 3MOUYEHOIO BOJI0I0. TepMoMeTpu 001yBae BOJIOTE MOBITPSI.

Orxe pizHuug t. — ty, mpomopiioHanibHA BOJIOTOCTI TOBITPSA; YHUM CYyXIiIIe
MOBITPA, TUM O1IbIIIA PI3HUIIS.

['ycTHa BoJIOTOTO MOBITPS — 1€ CymMa TYCTUHH Mapu p, 1 CyXOro MOBITPS P,

p,(1+d)
T

Temnepamypa mouku pocu t, — TemmepaTypa, NpH SIKId BOJOIe IOBITPS

IPH X TapIiaTbHUX TUCKAX: Py, = Pen. T Pn = Pen (1+d) =

J0csTaE CTaHy HAaCHUYCHHS, a0o TeMmIepaTypa J0 SIKOi CIIiJI OXOJIOJUTH BOJIOTE
MOBITPSL TIpU p=const N0 cTaHy HacwdeHHSA. CTaH HACHUYCHHS XapaKTEPHU3y€EThCS
B1THOCHOIO BoJjioricTio ¢ = 100%;

[300apHa TENMIOEMKICTH BOJIOIOIO MOBITPS €, JOPIBHIOE CyMi TEIUIOEMKOCTEN 1
K2 CyXOro MOBITps 1 d ke Iapu: ¢, = C,, +dc,,

EnTanbmis BOJOroro moBITPS BU3HAYAETHCS, SIK €HTAJIBIIIS Ta30BOI CyMIII, IO

) ) . .. . Kl
CKJIaJIa€ThCs 3 1 ke cyxoro MmoBiTps 1 d ke BOJASHOI napu: i =i ., + di,,, ——.
Ke
) . ) K /i
Enranenis 1 xe cyxoro nosirps: i., = ¢, ,t = 1t, A
Ke

EnTanemis 1 ke Boororo nositpsi: i, , =t+(2480+ 1,96t)d=t+ (2500+ 2t)d, Kl :

Ke
o . K/
Tenmora BumapoByBanHA Boau mnpu 0 °C mopiBHroe 2480~2500 , a
Ke
TEIJIOEMHICTH mapu 1,96 Kl =2 Ko :
ke- K ke K

JlocipkeHHsT TPOLIECIB BOJIOTOrO MOBITPSL — (CYIIKA MarteplajiiB, HarpiBaHHS,
BEHTHJIALLT, OMAJIEHHS ) 3pYYHO 1 MPOCTO BECTH 3a JONMOMOTor0 i-d giarpaMa BOJIOroro
NoBITps, ska Oyna 3amponoHoBaHa mnpodecopom JLK. Pamzinum y 1918 p. (nus.
CHTAJIBITITHO-BOJIOTOBMICTKICHY niarpamy i-d puc. 6.3).

Ha i-d giarpami momana rpadivHa 3aj1e:KHICTh OCHOBHHUX IapameTpiB moBiTps (i,

d, p, ¢, t), ISl CepeHBOCTATUCTUYHOTO OAPOMETPUUHOTO TUCKY B HAIIUX IIUPOTAX p
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=745 mm pm. cm. = 99,3 kllait, = 99,4 °C.

Mix ocsimu i-d BuOpanuii Kyt /35° 3amicTe KyTa 90° 1ie TiJBHIIY€E TOYHICTH
miarpamu 301unbinye 1i macmrtad. Hwknas yactuna i-d giarpamu (IepeHaCHYCHOTO
BOJIOTOTO TIOBITPsI) HE BHKOPHCTOBYETHCS, TOMY InKama O mepeHeceHa Ha
TOPU30HTAJIBHY BICh.

Kpusa ¢p=100 % ninuth aiarpamy Ha 00JacTb HEHACHYCHOTO BOISHOIO MApOI0
MOBITPsA 1 00JIACTh TMEPEHACHUYCHOTO IOBITPsS, B SKIH € Kparui BoJiord (00J1acTh
TyMaHy), a00 BOJIOTa y TBepJIOMY CTaHi (CHIT, JIi ).

JIinii p=const migHiMarOThcsa 10 i30Tepmu 99,4 °C (¢t° HacuyeHHs nipu p = 99
klla) micis 90To MiTHIMAIOTHCSI BEPTUKAIBHO.

BusHaueHHsl KUIBKOCTI MOBITPSI Ta TEIUVIOTH MJiI MPOBEJCHHS MPOILECY CYIIKH
BOJIOTOTO MaTepially Kpalle BUBYATH HAa KOHKPETHOMY IMPHUKIIA/IL, IO 1 pOOUThCA Ha
MPaKTUYHOMY 3aHSTTI (€JIEMEHTapHUM PO3PaxXyHOK 3€PHOCYIIAPKH ).

KoHTposbHI NMTAHHSA:
1. laliTe BU3HAUEHHSI HACUYEHOTO 1 HEHACUYEHOTO BOJIOTOTO MOBITPS.
2. JlaiiTe BU3HaUYCHHS BOJIOTOBMICTY, a0COIIOTHOI 1 BITHOCHOT BOJIOTOCTI ITOBITPS.
3. OnumriTh i—d miarpamy, BKaxiTh Ha 3pY4HICTh 11 BAKOPUCTAHHS TPU PO3B’sI3yBaHHI

3a7au4.
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6.4. IlonsitTst mpo mapocuioBy ycranoBky (IICY) i mpunnun ii po6oru. Iuka
Penkina — ocHOBHUII TeopeTnuHnid nuka cyyacuux ICY.

Y  cydacHii  cTanioHapHil

g4 Er T€HHO€H€pFCTI/IHi B OCHOBHOMY

MK BUKOPUCTOBYIOTBCS napoBi

q TETIJIOCHJIOBI YCTAaHOBKH. Ha JOJIIO

< napoTypOIHHUX €JIEKTPOCTAHLIIN
Oxonodx(yfoqa Y
npuxoauthess  Outbmme 80 %

BUPOOHUIITBA €JICKTPOCHEPTi.

Y  mapoBuX  TEIUIOCHJIOBUX

Puc. 6.4. Cxema napocuﬂoeoi'ycmanoeku. YCTAHOBKaX B AKOCTI pobouoro Tita
JSIK  TpaBUJIO,  BUKOPUCTOBYETHCS
BOoJsHA nmapa. Ha pucynky 6.3 mogaHa cxema MapoCUiIOBOI YCTaHOBKHU. 3 MapOBOTO
kotia [IK meperpita mapa 3 nmapamerpamu P;, T1, i1 HAAXOAUTH y MapoBy TypOiny 7.
[Ipu po3mMpeHH1 B COIUIOBOMY amapati TypOiHM napa HaOyBae 3HAYHY KIHETUUYHY
€HEPrilo, 110 Ha JIONATKax poTopa TypOlHU MEPETBOPIOETHCS B MEXaHIUHY poOoTy. [1s
MeXaHI4Ha eHeprig TypOiHH MEPETBOPIOETHCS B elleKTporeneparopi EI' B enekTpuuny
eHeprito. [licist TypOiHM Mapa 3 TUCKOM py 1 EHTAIIBIIIEIO I, HAAXOAUTh Y KOHJIEHCATOP
K, mo sBasie coboro TEIIOOOMIHHUK, Y TpyOKax SIKOTO IUPKYJIIOE BOja, sKa 1
OXOJIOJIKY€E Tapy. Y KOHJIEHCATOpl BiJl Mapu BIABOIUTHCS TEIIOTa (p, Y pe3yJibTaTi
yoro mapa KoHaeHcyeTbcs. KonaeHcar monaetbcsi HacocoM H B korenm 1 IHMKI
MOBTOPIOETHCSI 3HOBY. TakWM YHMHOM, XapaKTepHa pHca MapOCHUIOBUX YCTAHOBOK —
(ha3oBe mepeTBOPEHHS pOOOYOTo TiJIa B ITUKJII.

PosrnsHemo onucanuit 3aMKHYTUM niporiec y p-v 1 T- S - koopauHaTax puc 6.5.

Touka 4 Biamosijiae cTaHOBI PoOOYOro Tija TMEpesa MapoBUM KOTIOM. Y KOTII
BiIOYBaIOTHCSI HATPIBaHHS pinuHU (4-5), mapoyTBopeHHs (5-6) i meperpis napu (6-1).
Tennora Q; miaBeaeHa a0 1 xe poOodoro Tuia B 1300apHOMY MPOLECi, JOPIBHIOE
PI3HHII SHTAJIBITKN y KIHIIEBIM 1 MOYATKOBIM TOYKAX MPOIECY Oy = i1 — is.Y TApoBii
TypOiHl 3A1HCHIOETBbCA ajiadaTHUi Tmpouec po3wupeHHs (1-2). Y pesynbrarti
neperpita rnapa nepeTBOPIOETHCA B CyXy HaCHUEHY, a MOTIM y BOJIOTY 3 MapaMeTpaMu
toukn 2. KoHpeHcallis mapu BiOyBaeTbCsA NMPHU IMOCTIHHOMY THCKY (mporiec 2-3).
[306apu B 00acTi BOJIOTOT HACHMUYEHO! Mapy € OJHOYACHO W 130TepMamMH, TOOTO Ha

OUISTHI 2-3 THCK p, 1 Temneparypa 7> 3aiuinaioTbess He3MiHHUMU. [Ipu oMy Bij
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po0O0YOro Tija BIABOJUTHCS B HABKOJMIITHE CEPEIOBUIIE KITbKICTh TEIUIOTH Cp=iz-i3-
[Ipomec 3-4 momaui KOHAEHCATY B KOTET HACOCOM 300paXKy€EThCS 130X0OPOI0, TOMY IO
BOJIa MPAKTUYHO HecTUCHEeHa. Touku 3 i1 4 Ha T7-S— miarpamax He 30iraroThCs, ajie Ie
BIIXWJICHHS HACTIIBKM MaJie, M0 HUM HEXTYIOTh. YTBOPEGHHUH Yy TakKuil crocid
TEPMOJUHAMIYHUAN ITMKJI HA3WBAETHbCA UUKAOM Penkina (10 iMeHI MIOTIAHACHKOTO

(i3mKa, 0 3amponoHyBaB Horo B cepennti XIX ctopivds).
L : -
Tepmiunnii KKJI uukny Penkina: n, =12,
1713
UwncenbHUK i1 —i; ITOPIBHIOE POOOTI UKITY £,
3HaMEHHUK — MiABEACHIN TETUIOTI (.

p, MNa

4
P13 <

Hacoc

Oxp u, M3/Ke

h, Ox/ka

0
s, Ox/ke K s, x/ke:K




3 mpuBenenoi ¢opmynu BurumBae, o tepmiunuii KKJ[ mukny Penkina
BU3HAUYAETHCS 3HAYEHHSIMH €HTAJIBIIT Mapu A0 TypOiHH iy 1 MICHSA HEl iy 1 eHTaNbmii
BOJM i3 MIPU TeMIiepaTypl KoHaeHcalil napu t,. ToMy mpu BU3HAUYEHHI 3HAYEHHS 7
[UKITY TAPOCUIIOBOT YCTAHOBKHU 3pYyYHO KOPUCTYBaTUCS T-S-Aiarpamoro (puc. 6.5.0).

st mipBuiennst tepmiyHoro KK/ mapocuiioBoi yCTaHOBKH BapTO PO3LIUPUTH
MeX1 poOoYOoro mpoIecy, a caMe MiJBUIMUTH THUCK 1 TeMIepaTypy Meperpitoi mapu
(TOOTO MIABUINKTH 3HAYCHHS I1) 1 HOHU3UTH TUCK p, MapH 3a TypOiHoro. Ha cygacHux
TEIJIOBUX EJIEKTPOCTAHINIAX TOYATKOBUN THCK p1=13...16 MIla (3aCTOCOBYETBCS
TaKOXX HAIKpUTUYHUN THUCK, 24 MIlla), Temneparypa napu 1;=535..565 °C. Tuck
napu 3a TypOiHot0 p,=3...5 xlla (konaencaiini enxekrpoctanuii — KEC).

VY Bukonanux 3 Takumu napamerpamu napu KEC tepmiunnii KK/ nukiy moxe
nocsarat 3HadeHs 17=0,4...0,44.

Tensogikania. EdekTUBHICTP BUKOPUCTaHHS MNalliBa, IO CHAIIOETHCS B
NapOCUJIOBIA YCTaHOBII, MOKHA MIJBULIUTH, SIKIIO TEIJIOTY, IO BHUAAISAETHCS, (a
BOHA CKJIQJIa€ HE MEHIIE TMOJIOBMHU KUIBKOCTI TEIUIOTH, MIJIBEJACHOI 10 MHapu B
apoBOMY KOTJI1) BUKOPUCTOBYBATH I OMAJIEHHS 1 rapsyoro BOAOINOCTavYaHHs, ado
JUTSL PI3HUX TEXHOJIOTTYHHX MpoueciB. Y KonaeHcauiiHux enekrpoctaniisx (KEC),
NPU3HAUYEHUX Ui BUPOOJIEHHS TUIBKM EJIEKTPUYHOI €Heprii, KOoJM Boja Micis
KoHaeHcaTopa Mae temrepatypy 20..35 °C, BUKOpHUCTOBYBATH TEIUIOTY ITi€l BOAM
MPaKTUYHO CKJIAJIHO (Yepe3 HU3bKY TemrepaTrypy). s moTped onanaeHHs, rapsiaoro
BOJIOTIOCTAYaHHS Ta 1H. TeMreparypa Boau nmoBuHHa Oytu He MmeHie 80... 100 °C.
[[poro MOXHA AOCATTH, SKIIO MIABUIIMTUA THCK MAPH pp, M0 BUXOIUTH 3 TypOiHH.
Taxki TypOiHM Ha3WBaIOTh TYpOiHAMU 3 MOTIPIICHUM BaKyyMOM. SIKIIIO THCK P, BHUIIE
aTMOC(epHOro, T0 TypOIHM HA3MBAaIOTh TypOIHAMHM 3 MPOTUTUCKOM. THCK mapu 3a
Takor TypOiHOow crtaHoBuTh (,10...0,15 MIla (y Toil wac sK, Ha CTaHIIX Oe3

BiycKy TerioTH croxkuBauaM — KEC, p,=3...5 klla).
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Puc. 6.6. Cxema ycmanosxku 0ns cninbHo2o 8UpoOnenHs eleKmpUyHoi enepeaii i
meniomu 6e3 pe2yibosano2o 8iobopy napu 3 mypoinu: IIK — naposuii komen, T —

naposa mypoina; K — xonoencamop, H— nacoc, TIl — mennosuii cnoxcusau

CranIiig, moO OJHOYACHO BHPOOJISE EIEeKTPUYHY C€HEPriro 1 TEeIIoTYy JIA
30BHIIIHBOIO TEIJIONOCTa4YaHHs, Ha3uBaeThCcs TeruioenekTpoueHTpao (TEL).
CxeMa Takoi cTaHIli 300pakeHa Ha pHUCYHKY 6.6. Jliarpama TeriodikaiifHOro
LUKy B 7-S- KOOpAMHATaX MoKa3aHa Ha puCyHKy 6.5. Ha mpuHuunosiii cxemi (puc.
6.6) uudpu BIAMOBIIAIOTh HAWOUIBII XapaKTEpPHUM TOYKAM Ha Jiarpami (JIUB. pHC.
6.7). 3MCHIICHHS KOPUCHOI POOOTH HACTIAOK ITiJIBHIICHHS THCKY 3a ITapOBOIO
TypOiHOIO JTopiBHIOE ol 2-2'-4'-4-2. Tomy tepmiunuit KK]I Takoro nukiny Huxue,
HDK Y KOHJEHCAllWHOI MapoBOi TypOiHHM, ajie 3arajbHe KOPUCHE BUKOPUCTAHHS
TETJIOTH 3HAYHO OLIbIIIE.

XapakTepUCTUKOIO TETUIOCUJIOBUX YCTAHOBOK, IO BUPOOJISIOTH ENEKTPUYHY 1

terwioBy eHeprito  (TELL), cnyxuTe xoegiyienm sukopucmauus _meniomu:

:(€0+q2/_)

6.m !

h

ne £, - poboTa UKy, BAKOPUCTOBYBaHA JUIsl OJIEP>KAHHS €JIEKTPUYHOI €HEeprii;.

/ . .
O, — TeIIoTa, 110 BIAMYCKAETHCS CIIOKWBAYEBI;
0: — migBeneHa Teriota Bing jpkepena. s Benukux TELL meit koediiieHT Moxe

nocsraty 3HadeHs 0,6...0,72.
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Jlekuis 7. Termuionepenaua.

7.1. IloHATTA NPO TeIIonepeaauy.

7.2. TemuaonpoBigHictb. 3akon @Dyp'e — OCHOBHHH  3aKOH
TEeIJIONMPOBIIHOCTI.

7.3. KonBexkTuBHui Temioo0min. 3akon HeioTtona — PixmMana ocHOBHUIH
3aKOH KOHBEKTUBHOI0 TEIJIO0OOMIHY.

7.4. IlpomeneBmii Temioo0MiH. 3akon Credana - boabumana.
ExpanyBaHus.

7.1. IloHaTTs NPO Teronepenavy (Temaoo0MiH MizK TiiaMu).
Benuka 1 pi3HOMaHITHA KUIBKICTh TEIJIOBUX YCTAHOBOK, IO 3HAXOJATh

3aCTOCYBaHHA Y CiTbCHKOMY TOCHOAPCTBI. IX po6oTa y 3HAa4Hil Mipi 3a71€KNUTh Bij
YMOB Tepe/iayl B HUX TEIUIOTU. B 0HUX ycTaHOBKax HEOOX1HO HIBUAKO NEpenaTu
TEIJIOTY, a B IHIIMX HABITAKH, YIMOBUILHUTH Tepenady TertoTh. OTke, iCHye Take
ABUIE, SIK Teronepenaya. Tennonepedaua — Hayka, 10 BUBYAE 3aKOHOMIPHOCTI
MPOIIECIB PO3MOBCIO/KEHHSI TEIUIOTU BCEPEAMHI OJTHOTO T1JIa, a TAKOXK TEIJIO0OOMIHY
MDXK TiJamMHu.

Bona Bupiiirye 2 OCHOBHI 3a/1aui:

1) 3a 3aJjaHUMU YMOBAaMH BU3HAYWTH KIJIBKICTh TEIUIOTH, IO MEPEIAETHCS BiJl
OJHOTO T1JIa JO 1HIIIOIO;

2) npu 3ajaHiid KUTBKOCTI TEIUIOTH, IO IEPEIaeThCsA BiJl OJHOTO TiIa J0
1HIIIOT0, BOHA JIa€ 3MOTY BU3ZHAUYUTH TEMIIEPATypy Y PI3HUX AUISTHKAX (TOYKaX) Tija.

JlocBin moKa3zye, IO TMpoIec Mepeaadl Termjaa MOXKe 3A1MCHIOBATUCH 3-a
croco6amMu TEII000MIHY:

1. TemnonpoBIIHICTIO (KOHIYKLIEH));
2. KOHBEKTHMBHHUM IIEPECHOCOM (KOHBEKIIIEIO);
3. BUINPOMIHIOBaHHSM (IPOMEHEBHUITYCKaHHSIM).

Maiike y BCIX PEUOBHHAX TEIUIOTa TNEPENAETHCS MEna0npogioHicmio — 1e
MpolleC MOIIMPEHHs TeIula 3a PaxXyHOK MEPEHOCY €HEeprii MIKpOYaCTUHKAMH Tija.
Monekynau, atoMH, €JIEKTPOHHM Ta IHINI MIKPOYACTUHKU, 3 SKHX CKJIaJIa€ThCs
pPEUYOBHHA, PYXAIOYUCh TMEPEHOCHTh TEIJIOBY €HEPril0 13 30HU 3 OUIBIIO0
TEMIIEpaTypoI0 B 30HY 3 MEHILOI0. B piguHax, mopsia 3 pyxoM MIKpOYaCTHHOK, MIXK
30HaMH 3 PI3HUMH TeMIepaTypaMud MOKIIUBE TEPEMIIICHHS MaKpPOCKOIMIYHUX
o0'emiB. [lepeHoc TemaoTH MaKpOCKOMIYHUMU O0'€eMaMHM PEYOBHMHH HOCUTH Ha3BY
KoHeekyia. KOHBEKITIEI0 MOXKHA TIepeIaBaTH TEIUIOTY Ha TMOPIBHSIHO BEJIUKI BIACTaHI,

HAIPUKJIA], PU OTMAJICHH] KUTIOBHUX 1 TPOMHUCIOBUX OY/I1BEIIb.
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[Ipu po3paxyHKax KOHBEKTHBHOTO TEIUIOOOMIHY MIXK PIIUHOIO 1 MOBEPXHEIO
TBEpJOTO TUIa, SKy BOHA OOTIKae, Tpolec TeIulonepeaadi 4acTo Ha3UBaKOTh
mennogiodauero (TEIIOTA BIAAAETHCS Bl PIIMHM J10 TTIOBEPXHI a00 HABITaKM).

3-ii cmocid TepeHoCy TEIVIOTU — GUHPOMIHIOBAHHA. 32  PaxXyHOK
BUIIPOMIHIOBAHHSI TETIJIO MEPEAAETHCS Y BCIX MMPOMEHENPO30PHX cepeoBHINax (y T.4.
1y Bakyymi). HocissMu eneprii mij yac TeriooOMiHYy BUIIPOMIHIOBAHHSM € (DOTOHHU,
BUIPOMIHIOBaHI 1 MOTJIMHAEMI TiJ1aMH, 110 O€PYTh y4acTh Y TEINIOOOMIHI.

JIOCUTBh YacTo MEPEeHOC Teria 3/A1MCHIOETHCS OJJHOYACHO PI3HUMHU CIIOCOOaMHU.
BuBuatu #ioro ayxe CKiaHO, TOMY KOKEH CITOCiO BUBYAETHCSI OKPEMO.

[HTEHCUBHICTh MEPEHOCY TEIUIOTH XaPaKTEPU3YETHCS WAbHICHMIO MENn106020
nomokKy (g, TOOTO KUIBKICTIO TEIUIOTH, 11O MEPEAAEThCA 3a OJAMHUINIO 4acy (CEK)

4epes OMHUYHY IUIOLLY TTOBEPXHI Teriooominy F, m*:

_Q Bm
qF_F1M21
Hore

ne Q — KUTBKICTh TEIUIOTH; (TCIUIOBHM MOTIK, , Bm);

- 2
F — moBepxHs Termiooominy, m°.

KimpKicTh TCILIA, IT0 IICPCAAETHCA 3a OAUHHUIIO YaCy 7 UCpPC3 I[OBiJ'ILHy ITOBCPXHIO

. Il
F, npuitHsATO Ha3UBATH Menaosum nomoxkom Q, —— , Bm.
c

KinpkicTe TemiaoTH, 1o mepefacThcs 3a JOBUIBHUN MPOMIXKOK Yacy T 4depe3
noBLIBHY TUI0my F, Oymemo nmo3Havyatu Q.. OueBuano, mo Q,=Qz /o, ne 7 - yac,

MIPUHAMAETHCS B CEKyHAAX.

7.2. TenJIoNpoOBiAHICTb.

1. TIoHATTA mNPO TEIUIONPOBIAHICTH, TeMIEepaTypHe MoJe, i30TepMidHYy
NMOBEPXHIO, TPAJI€HT TeMIlePaTypH.

2. 3axoH @Dyp'e - 0OCHOBHMI 32KO0H TENJIOMPOBIAHOCTI.

3. KoegiuieHT TenJonpoBigHOCTI MaTepiany, TenJioi3oasuiiHi MmaTepiasm.

4. TenJIONPOBIAHICTH OJHOIIAPOBOIL i 0AraTOMIAPOBOI MJIOCKOL i HUJIIHAPUYHOI
CTiHOK.
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[lepeHoc TEMIOTH TETLIONPOBIAHICTIO 3a1€KUTh BiJl PO3MOLULY TEMIEPATYpH IO
00'emy Tina. CyKynHICTh 3HaY€Hb TEMIIEPATYPHU Y BCIX TOUKaX TUIa y JAHUH MOMEHT
Yyacy Ha3UBAETbCS MEMNEPAMYPHUM noJiem. Y 3arallbHOMY BUIAAKY TeMIepaTypa €
(GYHKIIEIO TPHOX MPOCTOPOBUX KOOPAMHAT 1 yacy. MaTeMaTHyHO 1€ CITiBB1IHOIICHHS
i MoskHa 3ammcatu sak: t = f(Xy,z7). docuts

Y YacTO TEMIIEPATypa 3MIHIOETHCS IIHIIE I10

\ g;ﬂd{ omHi# a0 1O  JBOX  MPOCTOPOBHUX

\

KOOpJIMHATAX. Toni OJTHOMIpHE
TeMIepaTypHe mose Oy/e BU3HaYaTHCh SK: 1
= f(x,7), a nBoMipHE sK: ¢ = f(x,),7). Okpim

TOTO, PO3PI3HSIOTH cmauyionapue

| y memnepamypHe no.jie, KOl TEMIleparypa B
1-At

Y . . .
“ g YCiX TOYKax Tula HE 3MIHIOETHCA 3 IIJIMHOM

= yacy t = f(zr) = const i necmayionapune t =

Prc. 7.1 Jlo susnavenns nonsmms f(zr). lloBepxHs, MO BCIX TOYKaxX AKOi

epadienma memnepamypu. TeMreparypa  OJIHAaKOBa,  HA3UBAEThCS

i3omepmiunoro. BexTop, 1m0 cOpsiMOBaHU
Mo HOpMaJli N 10 130TEPMIYHOI MOBEPXHI B CTOPOHY 30UIBIICHHS TEMIEPaTypH,

YHUCENBbHO JTOPIBHIOE MOX1IHIN BiJ t y IbOMY HanpsIMKY € IPajdi€HT Temneparypu t —

o

gradt, < (puc. 7.1).
M

3a 3akoHom  ®Dyp'e UIIBHICTH  TEIUIOBOTO  TOTOKY,  TMEPEIaHOTO
TETUIOMPOBIIHICTIO, TPOMOPIIOHATIbHA TPAJIEHTY TEMIIEpaATypH:
Or = -Agradt,
Bm  Bm
wC MK

y PIBHSHHI BKa3ye€ Ha Te, 10 BEKTOP Oy HANpPAaBJICHUNA Yy IPOTUIICKHUMA

ne A - KoeiIieHT TerIONPOBIAHOCTI PEYOBUHH,

n_n

3HaK
01k 10 BexTopa grad t, To0To y OiK HAHOUIBIIIOrO 3MEHILICHHS TEMITEPaTyPH.

Koedimient TermonpoBigHocTi A - GI3MYHMIA TapaMeTp PEYOBHHH B 3aKOHI
dyp’e, XapakTepusye 3MIaTHICTh JJAaHOI PEYOBHUHU TIPOBOJUTH TEIUIOTY, SKa
MPOXOJNUTHh 3a OJWHHMIKO dYacy, Kpi3b CTIHKY TOBIIMHOIO 1 M, mpu mepemnami
temnepaTrypu Ha ToBIMHI cTiHkM 1 °C a6o 1 KenpBiH. Yum > A Tum >

TETJIONPOBIHICTh, BOHA 3aJICKHUTh BiJ CTPYKTypU PEYOBHHH, ii MIIILHOCTI,
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BOJIOTOCTI, THCKy 1 TemmepaTypd. HaiiOiiapiny TemIonpoBIAHICTE Mae Midb

(3~ 400-2") epi6no (A~ 200-2™Y, saizo ( ~ 50-2"L). MomitHo MeHmIa BoHa
m°C m’C m°C

y BOAHU (kz0,3ﬂ), noBiTps (A = 0,03...0,06 ﬂ). PedoBunu, y skux
m’C m’C

Bm

o

2<0,2 Ha3MBaIOThCS TEILIOI30JIITOPAMH.

M

Jlyxe TOIMPEeHOI0 € 3ajada (AKy BHUpIIIyE Teopis TEmIo00MiHy) TIpO
BHU3HAUEHHS MIUIBHOCTI TEIJIOBOTO MOTOKY, IO MEpPEAaeTbcs 4Yepe3 IUIOCKY CTIHKY
TOBIIMHOIO O, HA TIOBEPXHAX AKOI MiATPUMYEThCs TemmepaTypu ty 1 to. Temmeparypa
3MIHIOETBCS JIMIIE TIO TOBIIMHI CTIHKK (MO OAHINA KoopawHatTi x). Taki 3amadi
Ha3UBAIOTh OJHOMIPHUMH, IX PO3B'A30K HaMOUIbI mpocTuit (0coOIMBO mMpuU
CTal[lOHAPHOMY TEMIIEPATypPHOMY MOJI1).

Hexait 3a0ano: o,t1it, A, F.

Buznauumu: Q- 7? ! - F
Maemo Q=0ggF abo Q= %AtF, Bm. {
Tyr O — TOBEpXHEBa IIUIBHICTh

TEIJIOBOTO MOTOKY. (3a 11i€t0 popMyIioro MokHa

po3paxyBaTu A, SKIIO EKCIEPUMEHTAIbLHO

3aMIpSITH TEIJIOBUM TMOTIK 1 pI3HUIO Af Ha

MOBEPXHAX CTIHKH BIIOMHUX PO3MIpIB).

—

Opnepxana mpocta (opmyna mae myxe o, 2 X

|

HIIPOKE 3aCTOCYBaHHS TETIJIOBUX . :
p y y Puc. 7.2. Tennosuii nomix uepes 3* —

) A Wapos8y ni0CKy CMIiHK).
po3paxyHkax. BigHoIICHHS gFHaanaIOTb posy Y Y

0

ey . ) Bm ]
menjionposioHicmio CTIHKU, ?, a oOepHeHa BeIMYHMHA ; F, B_ - mepmiuHuMm
m

onopom cminku (no3Ha4aeThcsi OykBol R). KopuCTyr04YnCh MOHATTSIM TEPMIYHOTO

o1opy, (l)OpMy.]'Ia JJIs1 BUSHAYCHHS TCIIJIOBOT'O ITOTOKY MAaTUMC BUIJIA:
At
Q==F.
R

®opMyI010 MOXHA KOPUCTYBATHCh 1 JJIsi BU3HAYEHHs TEIJIOBOrO MOTOKY Q

4yepe3 CTIHKY, 10 CKIAMA€ThCs 3 EKIIBKOX MIIJIBHO MPUJISTAIOUUX OJUH JI0 OJHOTO
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I1apiB PiI3HOPIIHUX MaTepianiB, HAMPUKIIAA LETJISIHA CTiIHA OYIMHKY, TOKPUTA IIapOM
ITYKaTypku, ¢papou 1 T. 1. (puc. 7.2). TepmiuHuil OMip TaKOi CTIHKH JOPIBHIOE CyMi
TEPMIYHHMX OMOPIB OKPEMHX IIAPIB.

s npuknady posensanemo nepeHoc menjia uepes mpuuiaposy niocKy CMmiHKy.

Hexaii 3a0ano: 61, &, 63, A1, Ao, A3 11, 4, F, 1 3 muHOM Yacy He 3MIHIOETHCS.

Buznauumu: Q- 7?

Maemo Q¢ —%, Bim , 1e R=R+Rx+Rs, a Takox Q =geF, Bm, abo

M

QAtEB_’?
R, m

[IiTbHICTh TETUIOBOTO TMOTOKY, IO MPOXOJUTH Yepe3 BCl Iapu, OJHAKOBa, a
KOe(DIIIEHT TEmIONpOBIAHOCTI A mapiB pizHU. OTXKe 1 0 PiI3HOMY 3MIHIOEThCS t B
mapax 3 pi3HOI TeIIoNpoBigHICTIO. Tak 3 pucyHka 7.2 BUAHO, 1O HaWMEHITY
TEIJIONPOBIIHICTh Ma€ MaTepiai Apyroro mapy, a HahOIbILY — TPETHOTO.

JlocuTh YacTo TEIIOHOCIT pyXaloThcs MO TpyOax 1 BUHUKAE MoTpeda
PO3paxOBYBATU MENI08UL NOMIK, WO Nepedacmuvcsl uepe3 YUliHOPUYHi NOBEPXHI.
Hexaii 3a0ano: €, d 1, Oy, ty, 1,4 00nOWaposoi yuninopuunoi cminku.

Busnauumu: Q - ?

3ajmaya mpo PO3MOAUT TEIUIOTH B

HWIIHAPUYHIA ~ CTIHIII — TIpH BIJIOMHX

BHYTPIIIHIN 1 30BHIIIHIA MOBEPXHIX TaKOXK
OJIHOBUMIpHA, SKIIO pO3MJISIAATH  3MIHY "N /
Temneparypu t jauiie B3IOBXK paaiyca I,
z ‘_‘\ o T—
CTIHKH, a IO JOBXHUHI CTIHKK (TpyOM) 1 1o RS e
MEPUMETPY BBAXKATH 11 HE3MIHHOIO. Y LIbOMY ok
_dt . , O AN
BUMaaKy gradt o i 3akoH Dyp’e Oyne e NN NN .
r y : '
/ dr !
- —
MaTH BUTJISI:
dt Puc. 7.3. Tennosuiit nomik uepes

dt
Q= -4 a’ aoo Q = Fq;= -4 dr F=- 0OHOWAPOBY YUTTHOPUUHY CIMIHKY.

dt Q Bm . ., ..
A—2mrl. Tyt Q, =—, — - JiHIiHA IIJIBHICTb TEIJIOBOI'O NOTOKY.
{  m
[Ticass mnepeTBOpeHHS JHIMHY IIUIBHICTh TEIJIOBOTO TMOTOKY MOXHa
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t, —t,) Bm
ilnk, M
24 d;

NpeACTaBUTH: (], = TEIJIOBUM TOTIK, IO MNPUXOIUTHhCS Ha 1

MMOTOHHUN METp TPYOH.

1 d D . .
Tyt 21 In d—2 - TEPMIYHUH OMip UWIHAPUYHOT CTIHKH.
1

ﬁ(ti'tml) Bm

ilgndH‘l , M
i1 24; d,

1

JUst CTIHKM, SIKa CKJIaJa€eThes 3 N— mapiB: g, =

TerioBui notik Q=q, ¢, Bm.
KoHTpoJIbHI NUTAHHS:
1. Sxuii Gpi3udHUI 3MICT TEMIOMPOBIAHOCTI?
2. ChopMyroiiTe OCHOBHHM 3aKOH TEIUIONPOBIAHOCTI (3aK0H Dyp‘e).
3. HanmumniTe piBHSAHHS TETUIONPOBITHOCTI IMTIHAPHYHOI CTIHKH.

4. 11lo po3yMitOTh IiJT TEIIO130JISALIMHUM MaTepiaoM.

7.3. KOHBeKTHBHHMH TENJI000MiH.

1. IloHATTA PO KOHBEKTUBHUI TEIJI000MiH.

2. 3axkon HproToHa-PixmMaHa, 0CHOBHHUI 3aKOH KOHBEKTUBHOI'0 TEIIOO0OMIHY.
3. llonsarTs npo koediuieHT TemoBigaayi.

4. OcHoBH Teopil MOAIOHOCTI KOHBEKTHBHOI'O TEIIOO0MIHY.

5. IToHATTS PO KpUTEPiaJIbHi PiBHAHHS.

TernooOMiHHI TPUCTPOI, MPU3HAUCHI ISl Tepefavl 1 BUKOPUCTAHHS TEIUIOTH,
3HAXOAATh IIMPOKE 3aCTOCYBaHHS Yy BCIX Taiy3sX BHUPOOHHUIITBA Ta y MOOYTI.
[TpukmagoM MOXYTh CIYXHUTH HArpiBajbHI TPHWJIATU JJIs OMAJCHHS TPHUMIIICHHS,
CUCTEMU OXOJIO/PKCHHS JIBUTYHIB, BOJIOHATPIBAJIbHI 1 MApOBI YCTAHOBKH 1 T.J. Y IHX
MPUCTPOSX MPOIIEC MEPEHOCY TETUIOTH 3B'SI3aHUI 3 IEPEHOCOM CaMOTO CEepPEIOBHUIIIA.
Pyxome cepenoBuie (pinuHa, ras), 1m0 BUKOPUCTOBYETHCA I TMepenadi Tera,

Ha3UBAETHCS menaonociem. Ilpouec TenaooOMiHy MiX MOBEPXHEI TBEPJOro Tila 1

PIAIMHOIO, MIO0 PYXAEThCS BIJHOCHO TIOBEPXHI, HA3UBAETHCS KOHBeKyiclo abo

menaogiooauero. Ha 1HTEHCUBHICTD TEIUIOBIAIAa4l BEJIWMKUM BIUIMB Ma€ IIBUAKICTD

PYXy TEIUIOHOCISI BITHOCHO MOBEPXHI TEINIOOOMIHY. Y 3B'SI3KY 3 IIUM PO3PI3HAIOTH

BUMYILIEHY 1 BUIbHY KOHBEKUIIO. Bumyuiena kongexyis BIAOYBa€TbCS TMiA JI€I0

30BHIIIHIX CUJI (BiA Jli HACOCY, BEHTWIATOPA, BITPY). BintbHa KoHEeKkyis 3'ABISETHCS
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i J1I€X0 HEOTHOPITHOTO MOoJiA Cuil (TpaBiTalliHUX, a00 1HEPLIMHUX ), TPUKIAIEHUX
70 TEIUIOHOCIS. YMOBOIO CTalllOHAPHOCTI TEIUIOBIAA4Yl € HE3MIHHICTh Yy daci
MIBUAKOCTI 1 Temreparypu B Oyab-akid Touil piauHu. OcoOIMBHI BIUIMB Ha
TEIUI0OOOMIH YWHATH HACTYIHI (PI3WYHI MapaMeTpu: TEIJIONPOBIAHICTE 4, MHUTOMA
TEIUIOEMHICTh ¢, TYCTHHA p, MBUAKICTh PIIUHA W, KOSOIIIEHT TUHAMIYHOT B'SI3KOCTI
M, PSKAM Tedii, hopma, po3MipH MOBEPXHi, a TAKOK B OOMEKCHHUI Y1 HEOOMEKEHUN
IPOCTIP NEePEIA€THCS TEIIOTA.

Ha mporiec mepeHocy Temia iCTOTHO BIUIMBAE B'S3KICTh pIAUHU. MiK 4acTKaMu
abo mapamMu pIAUHM, SKI PYXalOThCS 3 PI3HUMHU MIBUAKOCTSIMHU, BUHUKAE CHIIA
3MYIIEHOTO TEPTs, 10 NMpoTHIie pyxoBi. Cuia TepTs Mae Micle IpHu pPyci pIAUHH O
nMoBepxHi Tuia. BiamoBigHo 10 3akoHy HbIOTOHA NOTHMYHA cuila, [0 BUHUKAE,
BIJIHECEHA JO0 OJIMHUIIl TOBEPXHi, MPOMOPIiifHA 3MiHI IIBUAKOCTI B HAIPSMKY
HOpMal 70 pyxy piauad. KoedimieHT NponmopiiiHOCTI 11i€1 3aKOHOMIPHOCTI

Ha3UBAETHCS KOE(DIIIEHTOM JIMHAMIYHOI B'S3KOCTI 1 IMO3HAYA€ThCs 4epe3 . Horo

oauHULS BUMIpY: Ila-c.

[Ipu jmociimkeHHI  TEIJIOBIJIadl  YacTO  BHUKOPUCTOBYIOTH  KOE(IIIEHT
KiHeMaTH4HOI B'I3KOCTI Vv, M7c, SKHil JOPIBHIOE BimHOmIEHHIO KoedirieHTa
JUHAMIYHOI B'SI3KOCTI (£ IO TYCTUHH p.

BignoBimno 10 3akoHy HeroToHa-Pixmana TemioBuii NOTIK Yy mpoleci
TETJIOBI1a41 MPOTOPIIAHUIN MOBEPXHI TETUIOOOMIHY 1 PI3HUII TEMIIEpaTyp MOBEPXHI
crinku (t.) i pinunu (t,), B34T01 32 aOCOIOTHOIO BEJIMUHHOIO:

O = aF |t-t).

) ) Bm . .
JList ITEHOCTI TEMIOBOTO TOTOKY OF, — , PIBHAHHSA NPUMMAE BUTIISL:
M

Q

B
O =7 = altety), M—'?

- o ) ) ) . Bm .
KoedimieHT mnponopuiiHOCTI o B PIBHAHHI Ma€ PO3MIPHICTH MZ—R 1

Ha3UBAETHCS Koeghiuicnmom mennogiooaui. KoedilieHT TemioBijiavi 1opiBHIOE

IIIJTBHOCTI TEMJIOBOTO TOTOKY Cf Ha TOBEpPXHI Tija, BIJHECEHOI 10 PI3HUII
TeMIlepaTyp MOBEPXHI TiJIa 1 pIAuHY, 110 ii 00TiKae. BiH XxapakTepu3ye 1HTEHCUBHICTD
TEIJIOBI/Iaul MIXK PIAMHOIO 1 MOBEPXHEIO TEMIO0OMIHY.

CyTTeBUl BIUIMB Ha MPOIIEC KOHBEKTUBHOI'O TEIUIOOOMIHY MAa€ XapakTep pyxy
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piAMHU: JaMiHapHUN 4u TypOyleHTHUM. Jlaminapnoio Ha3uBaIOTh TEUil0, MPH SKIH
YACTKH PIJUHH PYXaIOThCA HE MEPEMINIYIOYUCh, MapajelbHO CTIHKAM KaHaly 1
TPAEKTOPISIM 1HIIUX YaCTOK. 1ypoOyieHmHor HA3UBAOTh TEUII0 3 HEYMOPSAIKOBAHUM,
XaO0TUYHUM, O€3yNMUHHO 3MIHIOIOUMM HAMNpsSAMOK 1 IIBUJIKOCTI OKPEMHUX YacTOK

pyXoM.

. . _ wl
Pexxum Teull npuHATO BH3HA4YaTH yuciom Peunonvoca: Re=—, mo
\'

CKJIaJIa€ThCS 31 MIBUAKOCTI PyXy PIAMHU W, Koe]illleHTa KIHeMaTHIHOI B'I3KOCT1 V 1
XapakTepHOro po3Mipy £ 00TiuHOro TiNa ado KaHamy. [lepexis TaMiHAPHOTO PEeKUMY

B TYpOyJICHTHUH BiOYyBa€ThCs MpPU TIEBHOMY 3HAYEHHI

ly i [0 yucna PelHonbAca, sKe HA3UBAIOTh KPUTUYHUM Re,,.
: Hanpuknan, npu pyci piguHu B TpyOax Re,,=2,3:1 0° (y

i il T JTAHOMY BHIAQJIKy XapakTepHUM PO3MIpPOM € BHYTPIIIHIN
=~ 5 % niamerp Tpyou d). Yactku pimmHuU, 1m0 Oe3mocepeaHbo
S NPWISATalOTh 10  TBEPJIOTO TUIA, 3arajlbMOBYIOThHCS

BHACIIJOK TepTa o0 cTiHKy. Lleld TOHKMI mIap Ha3MBalOTh MOTPAHUYHUM IIAPOM.
He3pakatoun Ha Majdy TOBIIMHY IOTPAaHUYHOTO IIapy, BiH OOYMOBIIOE MPOLEC
MEPEHOCY KUIBKOCTI PyXY, TEIJIOTH 1 PEYOBUHHU.

Tedist piiuHU B OTPAaHUYHOMY IIapi MOXKE OyTH JIaMiHAPHOIO, TypOYJIEHTHOIO
ad0 TepexiHOI Bl Nepuoro pexumy A0 Apyroro. Ilpum TypOyneHTHOMY
MOTPAaHUYHOMY IIIapi Oe3mocepeHbO O CTIHKUA CIOCTEPIra€ThCs TOHKUW Iap
PIIVHY 3 JTaMIHAPHUM PYXOM — TaK 3BaHUH, JaMIHAPHUHN TIIIap.

JlocmipKeHHs MOKa3aiu, M0 IHTEHCUBHUN MPOLEC TEMI000MIHY MK TBEPIAUM
TIJIOM 1 PITUHOIO BiIOYBAETHCS B TOHKOMY IIapi, SIKUW MPHIISATAE 0 MTOBEPXHI TiJA.

VY mpomeci KOHBEKTHBHOTO TEIJIOOOMIHY OUIs TMOBEpPXHI TBEPAOro Tijia
YTBOPIOETHCS CBOEPIIHUI TOHKUH 1Iap HEPYXOMOi piuHu. Yepes 1eil map nepegayda

TEIJIOTH 31ACHIOETHCS TEIIOMPOBIIHICTIO BiAMOBIIHO

y
2 s 1o 3akoHy ®dyp'e. 3 iHIIIOr0 OOKY BIAMOBIAHO JO 3aKOHY
— Hrrorona — Pixmana.
_-{ TakuM YMHOM TIpOIeC TEIUIOBLAAadl € CKIIAJHUM
;/ mporecoM. Y  3aragbHOMY — BUMAAKy  Koe]irieHT
. nad TeroBiAnayl €  ¢QyHkuiero  Gopmu, po3MipiB i

TEMIIEpaTypu TIOBEPXHI TEIUIOOOMIHY, IIBHUIKOCTI PIIWHU, 1i TeMIepaTypu 1
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(b13MUHUX MapaMeTpiB.

Benuke 3HaueHHS y BHBUYEHHI MPOLECIB TEIJIOBIAJa4l MAarOTh €KCHEPUMEHTH.
JIist onepkaHHsS pe3yibTaTiB, CHPaBEUIUBUX ISl PO3PAXyHKY IHIIMX MPOLECIB,
CHOPIAHEHUX JOCTIKYBaHOMY, BUKOPUCTOBYIOTh METOIU Teopii moaioHocTi. Teopis
oA1I0HOCTI SBJIIE COO0I0 HAYKY MPO MO10H1 siBUIa. HalOUIbII MPOCTUM MPUKITAI0OM
CIIy>)KUTb TeoMeTpuyHa Moai0HICTh. [IoHATTS moaiGHOCTI MOXe OyTH MOIIMpEHE Ha
(bi3uyH1 sBUIIA. Y TaKOMY BUITQJIKy MOBa ijae npo noaioHi ¢izuuni sBuma. [lomioHi
SIBUIIIA TIOBUHHI 32I0BOJIBHATH HACTYITHI TTOJIOKEHHS: TTOAI0H1 (hi13UYHI SBUINA SIKICHO
OJIHAKOBI, OMHUCYIOTHCA 1 (OPMYITIOIOTHCS OJTHAKOBUMHM PIBHSAHHAMU SIK 3a (POopMoOI0,
TakK 1 3a 3MICTOM; MOII0H]1 SIBUIIIA TPOTIKAIOTH Y TEOMETPUYHO MOIIOHUX CUCTEMAX.

[ToaiOHICTh (i3MUHUX ABUIL (OPMYITIOETHCA HACTYTHUMU MOJIOKEHHAMMU:

- MOJ1I0H1 M1k COOO00 MPOIIECH MAaIOTh OJTHAKOBI KpUTEPIi MO1IOHOCTI.

- TMOAIOHUMHU € TIPOIIECH, YMOBHM OJHO3HAYHOCTI SIKMX MOJMiIOHI, a KpUTepii,
CKJIQZICH] 3 BEJIMYMWH, 10 BXOJATh B YMOBU OJIHO3HAYHOCTI, YHUCEIHbHO OJHAKOBI.
PimieHHa cucTeMH pIBHSHB, IO ONMCYIOTh JaHe (i3MYHE sABUIIEC (KOHBEKTHBHHIA
TEIJI000MIH) MOKe OYTH MPEICTABJICHE B BUIJISI (DYHKIIIOHATIBHOI 3aJI€KHOCTI M1k
KpUTEPIsIMU MOAIOHOCTI 200 KpUTEp1aabHOro piBHAHHSA, TOOTO (K1, K2,...Kn) = 0.

[ToaiOHICTh MPOIECIB KOHBEKTUBHOTO TEIIIOOOMIHY BU3HAYAETHCS HACTYITHUMHU
KpUTEPISIMU MOAIOHOCTI.

Kpumepiem Hyccenvma Nu, 10 XapaKTepu3ye€ IHTCHCUBHICTb IIPOIIECY
KOHBEKTHUBHOT'O TEIJIOOOMIHY

Kpumepiem Peiinonvoca Re, 10 XapakTepu3ye pexuM Tedii 1 sBJs€ COOO0I0
BIIHOIIICHHS CHJI 1HEPINT JO CHIT B'I3KOT'O TEPTS.

Kpumepiem Ilpanomasa Pr, mo Bupaxae Teriodi3udHi BIACTUBOCTI PIIUHH.

Koedghivienmom Ilekne Pe, xapaktepusye BIJTHOIICHHS IIUIBHOCTI TMOTOKY
TEIJIOTH, SKUM TEpPeHOCUTh pyxoma piAuHa, A0 UIUIBHOCTI TOTOKY TEIJIOTH,
3YMOBJICHOT TETUIONPOBIIHICTIO.

Koegpiyicumom I'paczogha Gr, o xapaktepusye BiTHOUIECHHS MIIHOMHOI CHIIH,
110 BUHUKAE BHACTIOK PI3HUII TYCTUHU PIAWMHY 10 CHUIJIH B'SI3KOCTI.

L{i kputepii CTPYKTYPHO BUTIISAIAIOTH SIK:

5

3
Nu=%0: Re=Mo. pr_ 1. pe_Re pr; Gr = 90A
A 1% a Vi
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Bm
Mm20C’

B mmx kputepisx: o - koedimieHT TerIoBiAaadqi,

/, — XapaKTepHUH JIIHIMHUNA PO3MIp, M;

A — KoedIII€HT TETUIONPOBITHOCTI, m ,

. M
W — mBUIKICTh TOTOKY, — ;
c

2
a = — — KOE(IIEHT TEMIEPATypOIPOBIIHOCTI, — ;
cp c
Lo : Ke |
——& =+ — TyCTUHA pijuHu (Ta3y), —;
ke- C M

Jie ¢ — IIATOMA TEINIOEMHICTb,

2
Vi - KOC(blI.[lGHT KIHCMAaTH4YHO1 B,HBKOCTl, —
c

M

g — IIPUCKOPEHHSI 3¢MEJILHOTO TSDKIHHS, — ;

c

1
. \ :
B — koedilieHT 00'€MHOTO PO3LUIUPEHHS, o

At —mepenaj TeMnepaTyp MiXK MOBEPXHEIO (CTIHKOIO) 1 piuHOIO (Ta3oM), 110 ii
o6rikae, °C.

Pe3ynbTaT €KCNEPUMEHTIB, MOB’S3aHUX 3 KOHBEKTUBHHUM TEIIOOOMIHOM, SIK
MpaBUJIO, MPEACTABISIOTh Y BUIIISAI KPUTEPIATbHUX PIBHSIHL — (DYHKIIIOHATILHOMY
3B’s13Ky MiXk Kputepisimu noaioHocti: Nu=¢(Gr ,Re,Pr). Hanpuknax, npu o0TikaHHI

MJI0CKOI MOBEPXHI (MJIACTUHH):
Nu =054 (Gr, - Pr,

[Ipu Teuii piivHU B riaaakux TpyOax Kpyrjioro mepepizy npu TypOyJE€HTHOMY
peXKUMI TEeUii:
025
Pri \"
Nu = 0,021Re® Pro Wf

w

7.4. IlpomeHneBuii Tensioo0Min. ExpanyBanHsi.

1. IlloHATTA NPO TENI1000MiH BUIIPOMIHIOBAHHSAM.

2.0CHOBHI 3aKOHH TeNJI000MiHY BUIIPOMIiHIOBAHHSM.

3. Tenyi000MiH BUNIPOMIHIOBAHHSIM MiK TiJIAMH Yy IPO30POMY cepeI0BHMIIIi.
4. ExpanyBaHHs.
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TernsoBe BUIIPOMIHIOBAHHS SIBJIIE COOOIO0 MPOIEC MEPETBOPEHHS BHYTPILIHBOI
eHeprii BUIIPOMIHIOIOYOTO Tijla B EHEPril0 eNeKTPOMAarHiTHUX KoJuBaHb. [lpu
NOTPAIUITHHI MPOMEHHUCTOT €HEeprii Ha iHIIe TUI0 BOHAa YAacTKOBO IOTJIMHAETHCS,
MEPETBOPIOIOYUCH Yy BHYTPIIIHIO €HEPrii0 1mporo Tija. OCOONHMBICTH TEMIOOOMIHY
BUIPOMIHIOBaHHSM TIOJISITA€ B TOMY, 1110 BiJINa/1a€ HEOOXIIHICTh Y 0e3M0oCcCepeTHbOMY
KOHTaKTI TUI. BUITpOMiHIOBaHHS €IEKTPOMAarHiTHUX XBHJIb BIACTHBE BCIM TLJIaM.

BunpomiHOBaHHST XapaKTEPU3YEThCS K XGUIbOGUMU, TAK 1 KOPNYCKYIAPHUMU
gracmusocmamy, a came: OE3MEPEepBHICTIO  CIIEKTPOMArHITHUX  XBWIb 1
JTUCKPETHICTIO, XapaKTEpPHOI JJII YacTOK, Tak 3BaHUX (oToHiB. llommupeHHs
BUIIPOMIHIOBaHHS B MPOCTOPI BU3HAYAETHCS XBUILOBUMH BIACTHBOCTSIMH, & CHEPTis
BUIIPOMIHIOBaHHS — KOPITYCKYJIIPHUMH. Temose BUIIPOMIHIOBaHHS

XapaKTEPU3YEThCS 00BHCUHOK XUl A 1 4aCTOTOIO KoJuBaHb v. [lpu mpoMmy Mix

. 8 M . .
HUMHM € Taka 3aexHIcTh: C=Av, ne C = 3-1()° — — MBUAKICTh MOIIUPEHHS CBITIIA.
c

BunpoMiHioBaHHS 3alieKUTh BiJ TeMIlepaTypu. 31 30UIbIICHHSAM TeMIepaTypu
30UIBIIYETHCS BHYTPIIIHS €HEprisg Tijda 1, SK HACHIIJIOK IHTEHCUBHICTh WOro
BUIPOMIHIOBaHHS.

Kpim TemmiepaTypu, BUIPOMIHIOBAHHS 3aJICKUTh BiJ MPUPOMU TiJIa, CTaHy HOTO
MOBEPXHI, a JJI Tra3iB — TAKOX B1Jl TOBUIMHM APy Ta3y 1 WOro TUCKY. BuiblmicTh
TBEPIUX 1 PIIKMX TUT BUMPOMIHIOIOTh €HEPril0 y BCIX Jllala30HaX JOBXKWHU XBHJIb
(iHTerpanbHe BUIPOMIHIOBaHHS). ['a3M BUIPOMIHIOIOTH E€HEPril0 TUIBKA Y
BU3HAYCHUX IHTEPBaJIaX IOBKUHU XBWIb (CEJICKTUBHE BUITPOMIHIOBAHHS).

[Ipy mnomipHuUX TemmepaTypax, IO 3BHYAaHO 3YCTPIYAIOThCd B TEXHILI
BHUIIPOMIHIOBaHHS BIJIITOBI/Ia€ T1alla30HOBI JOBXKHH XBHIIb BiJl 0,8-10'6 mo 0,8- 10° M.
Bonu BigHOCATHCS 10 TEII0BOTO (1HPPaYepBOHOT0) BUIIPOMIHIOBAHHS.

[HTerpanbHUil TPOMEHUCTUN TMOTIK, BUIPOMIHIOBAHHWW 32 OJMHHULIO Yacy 3
OJIMHUIII TIOBEPXHI B YyCIX HampsMKax HamiBCHEPUYHOro MPOCTOPY 1 MO BCIX

JOBXKHWHAX XBHJIb, HAa3HUBAIOTh INIOBEPXHEBOIO ]_HiJII)HiCTlO IMOTORY iHTGFDaJ'IBHOFO

Bm

BUIIPOMIHIOBAHHS E, — -
M

BigHomeHHsT WIUIBHOCTI MOTOKY BHUIPOMIHIOBAHHS, WO BHUITYCKA€THCS B
HECKIHYEHHO MaJjioMy I1HTEepBajll JOBXMH XBWJIb, O BEJIUYMHU LbOTO 1HTEpPBAIY,

HA3UBAETHCA CHEKMPAIbHOI WIIbHICM IO TIOTOKY BUIPOMIHIOBAHHS .
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_d_E Bm Bm
di’ T Mo

OA

VY 3aragpHOMY BHUIIAJKY TiJ0, Ha K€ HAJIXOJUTh MPOMEHUCTHUH MOTIK, YaCTKOBO
NOTJIMHAE MOro, 4YacTKOBO BIJOMBAa€ 1 YacTKOBO TMpomyckae (AuB. puc.). Y
BIANIOBIJTHOCTI 3 3aKOHOM 30€pekKeHHs eHeprii — E,u9=EyootEgiosTE,y. Ko mBy 1
IIpaBy YaCTUHU I[bOTO PIBHSAHHS IMOALIATH Ha E,,,, TO MO’KHA 3aITMCATH PIBHSHHS:

A+R+D=],
ne A = E,,../E,.o — TOTIIMHAIBHA 3/1aTHICTH T1Ja;
R =FE,»s/E .o — BI1OMBHA 31aTHICTH T1JIa;
D = E,,/E,.o — IpOIlyCKHA 3[aTHICTb TLIA.

Tino, mna skoro A=1, R=D=0, nHazuBaetscsa abcoaromuo uoprum. Sxmo R=1,

- F, . .

Enao ) A=D=0, 1o Take TII0 HA3HUBAETHCA abCoONOMHO OinuM, a
akio D=1, A4A=R=0 - aOCoOJIOTHO TPOHHUKIUM abo
J1aTePMIYHHM.

EA B .o : b :
Jns Oineinoi wactunu TtBepaux Tl D=0. Hamam yci

\ BEJIMUYMHM, IO BIAHOCATHCA 1O aOCOJIOTHO YOPHOTO Tija,
N OynyTth mo3Hauatuca 1iHaekcom «O». Tima, mna  gxux
KoeilieHT norauHanHsa <A</ 1 morjauHajgbHA 3J]aTHICTh HE 3aJIeKaTh Bl JOBXUHU
XBUJI1 Ma/1al0Y0T0 BUMPOMIHIOBAHHS, HA3UBAIOTHCA cipumu (peasibHi Tia).
CyMy BIacCHOTO BHUIIPOMIHIOBAHHS Tija Ta BIJAOMTOrO HUM, HA3UBAIOThH
epexmueHUM BUNPOMIHIOBAHHAM.

Bm
Ed’ :E+REna0.’ ?

e

CykymHul Tpoliec BUNPOMIHIOBaHHS, TOTJIMHAHHS, BIAOMBAHHS 1 MPOMYCKaHHS
€Heprii BUMPOMIHIOBaHHS B CHCTEMaX TUT HA3UBAIOTh HPOMEHEBUM MEN1000MIHOM.
[IpoMeHeBu TEMIO0OMIH XapaKTEPU3YETHCS:

3akonom Ilnanka. J[s aOGCOMIOTHO YOPHOTO Tija CHEKTpajibHA IIUIbHICTH
MOTOKY BUIIPOMIHIOBAHHS [;, 3aJeXuTh BIJ JOBXKUHU XBWII W aOCOJIOTHOI
TEeMIIepaTypH Tija.

c, -1

L, =CA® e’ -1 |

ne C11 C,— cram Ilmanka,

€ — OCHOBA HaTypaJIbHUX JIOTapU(MIB.
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3akonom Bina. J[oOyToxk HOBXKMHU XBWI A, OPH SKIH TOCATAETHCS
MaKCHMaJIbHE 3HAYEHHs CIEKTPAJIbHOI IIUIBHOCTI MOTOKY BUIIPOMIHIOBAHHS [;o, Ha
abcomotHy Temmeparypy I € BennduHa moctiiina 2,896-10° v K.

3akonom Crepana-boabumana, sSKUil 3BUYAHO 3alUCYIOTh y TaKOMY

4
Burnsal: E, = Co(ij ; B—’?,
100)  wm

_ Bm .. : .
ne C, = 5,67 ——— KoedilieHT BUNPOMiHIOBaHHS a0COJIIOTHO YOPHOIO Tija (CTaja
MK
Credana-bonbnmana).
BigHomieHHsT TOBEPXHEBOI IIUIBHOCTI TMOTOKY BJIACHOTO 1HTErPaJIbHOTO

BHUIIPOMIHIOBaHHS £ JTaHOTO Tila JI0 MOBEPXHEBOI IIUIBHOCTI MOTOKY 1HTEIPaJIbHOTO

BUIIPOMIHIOBaHHS Ey aOCOJIOTHO YOPHOTO Tija MpU T K€ TeMIepaTypl BiAIOBIIHO

. E
T To HAa3UBAIOTh CIYNEHeM YOPHOMU mina. &= T ne e<1.

o

3akonom Kipxroga. BigHomieHHS  BUIPOMIHIOBAIBHOL

3aTHOCTI CIpOro Tida J0 HWOro MOTJIMHAIBHOI 3JaTHOCTI HE

AEg

3aTHOCTI a0COJIIOTHO YOPHOrO TUTa MpU TIiM Ke TeMmIepaTypi:
: E . E
—=F ,3Biaku — = A. B Toii )xe yac — = ¢. (TobT0 Bennuunu 4
EO EO
1 € YUCEIIHHO CIIBIAAIOTh).
I3 3akony Kipxroda BumiamBae, 1mo CTyniHb YOPHOTU

TiJla B CTaHl TEPMOJMHAMIYHOI PIBHOBAru JOPIBHIOE MO0

3akon JlamGepTa. 3anexHICTh PO3MOILTY €HEepTii
BUIIPOMIHIOBaHHS, 110 BUITYCKAETHCS AOCOIIOTHO YOPHUM

TIIOM, BiJl HaOpsIMKy WOro TOMIUPEHHS BITHOCHO

NMOBEpPXHI  TiNa,  3BeTbcs  3akoHOM  JlamOepra.
MakcumanbHe BUNIPOMiHIOBaHHS E, Mae Miciie B HApsIMKy HOpMaJi 0 TOBEpXHI. Y

IHIIUX HAMpsIMKax BOHO MEHIIE 1 BU3HAYAETHCS 3a (DOPMYIIOH0:

Bm
E(P = En COSs, ?,
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E Bm . ) .
ne E,=—,—,COSp— KOCHHYC KyTy MDK HalpsIMKOM IIOTOKY BHUIIPOMIHIOBAHHS 1
T M

HOPMAJTIO JI0 TIOBEPXHI BUITPOMiHIOBAHHS.
[Ipu TenmooOMiHI BUIIPOMIHIOBAaHHIM MiX JBoMma Titamu (1-2) pe3ynbTyrouuit

MOTIK BUIPOMIHIOBaHHSA BiJ TMOBEpxHI 1 70 mMOBepxHI 2 MOXXHAa BHU3HAUUTH 3a

PIBHSHHSM:
4 4
T. T
=¢ CF|| 2| -] =2 , Bm.
Q2 np~0" 1 (10()) (100) P12

He ¢, = L - MPUBEICHUN CTYIIHh YOPHOTH CUCTEMH T1JI,

1 F(1

B e |

&g Rle

Tyt &1 1 &, — cryneni yopHOTH BiamoBigHo 1 1 2 Tin, a Fy i F, — mutontl iX MOBEpXOHb
BUIPOMIHIOBAHHS.

(12 — KOEIIIEHT B3aEMOOITPOMIHIOBAHHSI, SIKUW 3aJI€KUTh B1J] pO3TAIIYBaHHS TLI
y MPOCTOPi, BIACTaHI MI>XK HUMH, a TaKOXX BiJI TUIOIIl MOBEPXHI IUX TUT. (3aBXKIAU @1
2<1,0).

[aTeHCcudikalliss MPOMEHEBOTO TEIJIOOOMIHY MOXKE OYTH JIOCSATHYTa IIISTXOM
30UTbLIEHHSI TEMIIEPATYPU BUIPOMIHIOIOUOTO Tuia T, MiIBUILIEHHS CTYyNEHS YOPHOTU
CopuiiMalouux TUI, a TaKoXX 30UIbLIEHHS Koe(illieHTa @1, 3aCTOCYBaHHS
BI/IMOBITHOTO PO3TAlTyBaHHS T1J.

st ocnaGiieHHsT TPOMEHEBOr0 TEIUIOOOMIHY BHKOPHUCTOBYIOTH CIICIliaJIbHI
€KpaHM, BUTOTOBJICHI 3 MaTepially 3 BUCOKOIO BIIOMBHOO 31aTHICTIO (€=0,02...0,06) 1
pO3TaIoBaHi MK TUJIAaMU Ha IUISIXY MPOMEHEBHUX MOTOKIB.

B camiii mpocCTii cUTyanli, KOJIM &= &= &y, (OMH €KPaH):

" 1 " Bm
— -2 = -2 '
“r n+1 M
1€ N — KIJIBKICTh €KpaHiB.
Bm
HKH'IO Sl;éger ;é €2, TO ql—er—Z = gnp Leep—2 00.—2’ F '
I[e & — g”p l-exp gnpekp—\Z
NP 1—exp-2

(gnp l-exp + g”pekp— 2 ) 83 61.2
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KoHTpo/bHi nuTaHHS.
1. SIx 31HCHIOETBCS] MPOMEHEBUN TEMIJIO00MIH MIXK TiTamu?
2. OcHOBHI OCOOJIMBOCTI TETJIOBOT'O BUIIPOMIHIOBaHHSI.
3. Mo wHa3uBaeThCs TMOBEPXHEBOIO  IIUIBHICTIO MOTOKY  IHTErpajibHOTO
BUIPOMIHIOBaHHA?
4. Chopmymrorite 3akoH Credana-bonbiiMana Ayt abCONMIOTHO YOPHOTO TiJa.
5. JlaliTe BU3HAaYeHHS CTYIICHIO YOPHOTH TiJIa.

6. [IpusHaueHHs ekpaHiB. 3 SKUX MaTepiaiaiB HEOOXiTHO TX poouTn?
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Jlekuis 8. Cxinagnuii Ten1000MiH. Tensio00MiHHI anapaTH Ta iX po3paxyHoOK.

8.1. Cxaaanuii Termoodmin. Tensionepexaya.

8.2.Tensi000MiHHI amapaTu Ta IX po3paxyHOK.

8.3. OcHoBHi NOHATTSI i BU3HaYeHHsA. MacoooMmin. Maconepenaua. Ilotik
Macu. [lIIBHICTH MOTOKY MacCH.

8.4. CrauionapHuii i HecTaioHAPHUI MpoLecH MacooOMiHY.

8.5. Konuenrpauniiina audysia. Tepmoaudysisa. bapoaudysis.
KpurepianbHi cniBBigHOIIEHHS.

8.1. Cxuaanuii Temsiooomin. Termtonepenaya.

1. IloHATTH Npo TemJionepenavy.

2. Temutonepenaya 4epe3 NJIOCKY OJHOMIAPOBY i 0araTomapoBy CTIHKH.

3. Temutonepenaya 4yepe3 HWIIHAPUYHY OJHOLIAPOBY i 0araTomiapoBy CTiHKH.
4. Crioco0u nocwjieHHS i Moc/1a0JIeHHS TEIVIOBUX MOTOKIB NPH Telionepeaayi.
5. /1o TemJIoBOro po3paxyHKy Kajopugepis i TenjioreHepaTopis.

Tennonepedaua — 1€ Mpolec Mepenadi TEIUIOTH BiJ OAHOTO TEIJIOHOCIS 0

IHIIOTO 4Yepe3 TBEpHy CTIHKY, fKka ix po3auiste. [lepmmili TemiaoHOCIA 4YacTo
HA3UBAIOTh «TrapsuyuM» (BIH HarpiBae); HIIUH — «XOJOJHUM» (BIH HArpiBa€ThCs)

(muB. puc. 8.1).

] [ToBepxHeBa WIUIBHICTH TEIUIOBOTO TOTOKY IIPHU
2009900 yonodua OBEPXHEBA 111 C €IUIOBOr0 TMOTOKY IIp
203 . v - Boda TEIUIoNepesadl 4epe3 OAHOUIAPOBY IUIOCKY CTIHKY
/ PP | BU3HAYACTHCS 110 (hOPMYIIi:

NG TIL o 3
LoohS ‘ — — m
e [ O = = =Kelty -t ) —
"I‘-:.:\.a,- Vo | f} If‘_:? F ( 1 2) M2
\ i | ne Q — TemoBuUi NOTIK, Bm,
f 1 ; F — mo1mia moBepxHi TEI000MiHY, M
4 M’ ..-"_— o °« o .
;c' S a / ke (nosepxnesuii) koegiuicnm mennonepedaui —
a6 napamerp, 1o XapaKkTepU3ye IHTEHCUBHICTb
4"

Terionepeaadi: KIIbKICTh TEIUIOTH, SKa IePeIacThCs
. . . 2 .
32 OJMHUITIO Yacy (CeK.) BiJ OJHOTO TEIIOHOCIS M0 iHIIOro 4epe3 1 .m° moBepxHi

CTIHKM, SKa PpO3MUIs€ TEeIJIOHOCI, Mpu mnepenasi
Puc.8.1. Tennonepeoaua

: : o
uepes oOHowaposy niocky ~ TEMIEPATYP MIK TEIUIOHOCIAMH B 1 C:

CMIHK). K - 1 Bm
F = i N é N i ! MZ'OC !
o 1 o

1€ 0 — KoeilieHT TEIUIOBIAayl BiJ rapsYuX rasis 10 CTlHKI/I,TC :
M .
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O — TOBIIWHA CTIHKH, M.

.. . . . . Bm
A — KOe(ILIEHT TEIUIONPOBIIHOCTI MaTepiany CTIHKH, —— ;
02 — Koe(ilIEHT TETUIOB11/1aul Bl CTIHKH JI0 XOJIOAHOT BOJIH, e :
M .

. .
t; L s ,— TEMIIEPATYPH «TapsrI0ro» i «XOIOLXHOT0» TEIIIOHOCIIB, C.

TemnepaTypu NOBEpXOHb CTIHKA BU3HAYAIOTHCS SIK:

a) 3 BHYTPIIIHbOI CTOPOHHU:

O o
= t R C ’
th fy o
0) 3 30BHIIIHBOI CTOPOHHU:
9 o
ty, =t +0!2 , C,

[Ipu GararomrapoBiif MIOCKIN CTIHII MOBEPXHEBA IIIJIBHICTh TEMJIOBOTO MOTOKY
BU3HAYAETHCS SIK:

O = ke (t fl'tfn+l)’ %’

ne Ke - (moBepxHeBHiT) KOe(IIiEHT Teruonepeaayi:

Kk, = 1 Bm

—+

1 anai+1’ m?oC’
o GOk

n
Z—’ — CyMa TEpMIYHHUX OIMOPIB IIAPIB CTIHKH,
i=1 4

N — KIJIBKICTh IIAPIB.
Cam TensioBui MOTIK BU3ZHAYATHCS SIK:
Q=0q.F, Bm.
KinbkicTh mepeaanoi TeraoTH yepes3 CTIHKY 32 BU3HAYEHUH TIepio]] yacy:
Q. =Qz e,

A€ 7— YacC B CCKYHIaX.

JIiHiliHa MIJBHICTh TEMJIOBOTO MOTOKY Y€pe3 OAHOIIAPOBY LIMIIHIPUYHY CTIHKY
(nuB. puc. 8.2.) BU3Ha4YaeTHCs 32 POpMYyIIOIO:
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Puc.8.2. Teronepenayua yepe3 OJHOIIAPOBY MUJIIHAPUYHY CTIHKY.

Bm
q[ :kfﬂf-(tfl'tfz), "
M
ne K, — nminiiiHUE Koe(illieHT Teruiomepenadyi — mapameTp, SKHH XapaKTephu3ye
IHTEHCUBHICTh Temionepenayui 4epe3 1 TMOTOHHMA METp CTIHKM TpH Tepernaji

TeMIiepaTyp MiX TerioHnocismMu B 1 C:

1 Bm
B S S e
od, 21 d a,d,

k, =

d;i d, — BiZNOBiTHO BHYTPIIIHIH 1 30BHIIIHIN JiaMEeTPH CTIHKH, M.
Temriepatypu MOBEPXOHb CTIHKH BH3HAYAIOTHCS SIK:

a) 3 BHYTPIIIHbOI CTOPOHHU:

th:tf1_ N C;

1
o ge

0) 3 30BHILIHBOI CTOPOHH:

a4 o
=t +—, C,
ty, =15, a1,

TennoBuil NOTIK Yepe3 UUIIHAPUYHY CTIHKY BU3HAYAETHCS SIK:
Q=q,!, Bm,
ne /— nosxuHa (TpyOu), abo BUCOTA CTIHKH, M.

KinbkicTh mepeaanoi TEmaoTu yepe3 CTIHKY 32 BU3HAYEHUH TIepio]] Jacy:
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Q, =Qz, Mo,

7€ T— Yac B CEKyH/ax.
Jlns 6araromapoBoi MUIIHAPUIHOT CTIHKH:
Bm
q[ = kgﬂ'(t fl-tfnJrl)’ _M f

1 Bm
" u’C

Ac ke:

n
1 +Z 1 Indi+1+ 1
ady T24  d ady,
N — KUIBKICTH IIAPiB CTIHKH.

Jlns inTeHcudikarii (MOCUICHHS) TEIJIOBOTO MOTOKY MPHU TEIIoNepeaadi 4acTo
3aCTOCOBYIOTh OPEOpIHHSI CTIHKHM 31 CTOPOHHM HHU3BKOr0 KOe(DILIEHTY TEIIoBlAAadl
(30BHIMIHS CTOPOHA CTIHKH).

Bignomenns miomi opedpenoi noBepxHi cTiHkU (F2) 10 muiomi HeopeOpeHoi

noBepxHi (F1) Ha3UBaIOTh KoediuicHmom opedPiHHA CTIHKH:

Pop =2...6.
Toni moBepxHEBa HIUIBHICTh TEIJIOBOTO IMOTOKY Yepe3 IUIOCKY MOBEpPXHIO Fi
OopeOpeHOi 330BHI CTIHKM BU3HAYAETHCS SIK:
q . tfl - tf2 Bm
o1 o 1 7 27

S+
oy A aZ(Dop

a00 uepe3 opedpeHy MoBepxHIo F:
_ tfl B tfz Bm
sz - l 5 1 1 2

M
Pyt Pyt
a T AT

TennoBuii MOTIK Yepe3 opeOpPeHy CTIHKY:
Q = qFlFl = sz F21 Bm,
Jlns opeOpeHoi MUIIIHAPUYHOT CTIHKU JIIHIHHA MIUIBHICTh TEIMJIOBOTO TMOTOKY
BU3HAYAETHCS SIK:

wlt, ~t; ) B

q[ = ’ ’
ol e, 1
ad, 21 d, azdzgoop
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J5ia mocnabieHHs TeIIOBUX MOTOKIB MPH TeIIonepeaayl YacTo 3aCTOCOBYIOTh

. o . .. . . Bm
TEIUTIO130JIAIIHI MaTepianu, A SKUX KOeIIeHT TeronpoBigHocTi A<0,2 o
M-

JUIss TI0CKOi CTIHKM HAHECEHHS TEIUIOI30MIAIIMHOTO IIapy aBTOMATHYHO
MOCTA0IOE TEIJIOBUH TOTIK, KWW BU3HAYAETHCS, SK JUIA OaraTomapoBoi IUIOCKOi
CTIHKH.

JUid UMIHAPUYHOI CTIHKM HAHECEHHS IIapy 130Jmii Moke 1 mociadutu, i
HOCUJIUTH TCIUIOBHH MOTIK. SIKIIO 30BHIMIHIN JiaMeTp CTIHKH Oy MEHIIIE KPUTHYHOTO

24,3

miameTpa 130111 dzm «p =~ M, TO Ha CTIHKY KpaIllec He HAHOCHTH ILap 13011,
L

Sxmo x piameTp 0> Oy, TO Ha CTIHKY (U1 HOCTAOJIEHHS TEIUIOBOTO MOTOKY)
MOTP1IOHO HAHECTH MIApP 130JISLII1.
KoHTpoabHI nMTaHHS.
1. Ilo po3ymitoTh MiJ1 TEIIONEpEaAUECIO?
2. l1lo po3ymitoTh miJ KoedilllEHTOM Terionepeaadi Kpi3b OJHOIIAPOBY IJIOCKY
CTIHKY, 1OTO pO3MIpHICTH?
3. o po3ymitoTh mij JiHIKHUM KOE(ILIEHTOM Terlonepeaadl Kpi3b OJIHOIIAPOBY
UUATIHAPUYHY CTIHKY?
4. SIxi icHYI0Th criocoOu iHTeHcudikalii Teronepenayi?
5. [Ilo Ha3uBarOTh KOE(ILIEHTOM OPEOPIHHS CTIHKH?
6. [Ipu3HayeHHs 1 OCHOBHI BJIACTUBOCTI TETLJIO130JISIIIITHUX MaTepiaiB.

7. 1o po3yMiIOTh MiJ KPUTUYHUM J1aMETPOM 130JISIII1?

8.2. Tem1000MiHHI amapaTu Ta iX pO3paxyHoOK.

1. IloHATTA NPo Tem1000MiHHI anapaTm.

2. OcHOBHI piBHSIHHS 1J1 po3paxyHKy TA.

3. Cnocoou inTencudikanii npouecy rensonepenadi B TA.

Ten000MiHHI _anapatu (TemJiOOOMIHHMKM) — 1€ MPUCTPOi, MPU3HAYEHI IJIs

HarpiBy a00 OXOJIO/DKEHHS TeIIoHOCis. HaluacTime B TETIOOOMIHHHMX arapaTax
3MIMCHIOETBCSL TIepefada TEIUIOTH BiJ OJHOTO TEIUIOHOCIS JI0 1HIIOTO, TOOTO
HarpiBaHHS OJHOTO BiOYBA€ThCS 3a PaXyHOK OXOJIOJKEHHSI 1HILIOTO. SIK BUHSTOK €
TEMJIOOOMIHHUKHM 3 BHYTPILIHIM TEIJIOBUAUICHHSAM, B SKUX TEIJIOTa BUAUISETHCS B
caMoMYy arapari 1 iijie Ha HarpiBaHHS TEIJIOHOCIS (PEaKkTopH).

3anexxHo BiJl crocoOy IMepenayl TEIIOTH TEMJIOOOMIHHUKHM TOAUISIOTHCS Ha
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JeKiJIbKa THUMIB: 3MIilIyBaJbHI  (KOHTaKTHi), TOBEPXHEBI (pereHepaTuBHI,
pEeKymepaTuBH1).

Haii6ipi1 mpocTUMH € 3MIIIyBaJIbHI TEIJIOOOMIHHUKH, B SKUX 3MIIIYIOTHCS
TEIUIOHOCI, SIKi He MOTPeOYIOTh MOAANBIIOT0 PO3ALUICHHS, HATPUKIIA/, TIPU MiIITPiBi
XOJIOJHOT BOJM Mapor0, a00 rapsyor0 BOJOI0.

B pekynepaTuBHUX TEIJIOOOMIHHMKAX TEIUIOTa BiJ OJHOTO HOCIS A0 APYroro
HEPENAETbCsl Yepe3 TBEPAY CTIHKY, LIO iX PO3AUIse (A 3MEHILEHHS TEPMIYHOIO
OTIOpPY CTIHKA BUKOHYETHCS 3 MaTEpially XOPOILOi TeIJIONPOBIAHOCTI: Mijii, JTaTyHi).

Haiibinpm momupeHi TpyodacTi TEMIOOOMIHHUKH, Y SKHX OJHMH TEIJIOHOCIH
pyxaeTecs B TpyOax (Boma), a IHmMN (raps4i rasm) MDK TpyOamu. B Takux
TEIJIOOOMIHHMKAX 3MINIYBaHHS TEIUIOHOCIIB HE BIAOyBaeTbcs. B HHX MoOXHa
MOEIHYBATHU HalPI3HOMAaHITHIIII TPIFOYH 1 HArpiBaJibHI MaTEpiaiH.

PyX TennoHOCIiB 31HCHIOETHCS MO TPHOX CXEMaX:

1.mpsiMoTedis =,

2.IPOTUTEYIS « |

3.mepexpecHa Tedis >y .

B  perenepaTuBHUX  TEIUIOOOMIHHUKAX, K TPOMIKHUNA  TEIMJIOHOCIH,
BUKOPUCTOBYIOTh TBEPJIUM JOCTATHHO MACUBHUI MaTepiasl — JIUCTU METaly, Leria, ...
PerenepaTuBHI TETUIOOOMIHHUKHA HE3aMiHHI 1Jis1 BUCOKoTemmeparypHoro (t > 1000
°C) mimirpiBy TOBITPS TapsYvMMH Ta3aMd (B METaIypriiiHi MPOMHUCIOBOCTI MpHU
BHKOHAHHI JIOMCHHUX MPOILIECIB).

OCHOBHI PIBHSIHHA VISl PO3PAXYHKY TEINVIOOOMIHHHMX anaparis.

1) PiBHsiHHS TerIoBOro OajaHcy.

2) PiBHsHHSA Temuionepeaayi.

3aranpHUM PIBHSHHSAM JUISL PO3PAXyHKY OyJb SKOTO TEMIOOOMIHHUKA €
PIBHSIHHS 30€pEKEeHHS eHeprii (TemI0BOro Oanaxcy).

JI71s1 i1eanbHOTO TEMI000MIHHOTO anapary :
— == Il 7,
PiBHSIHHSI TEJIOBOTO OaslaHCy Jla€ 3MOTY 3HAWTH OJIMH HEBIAOMUIN mapaMmeTp ado
BUTpPATY OJHOIO 3 TEIUIOHOCIiB, ab0 oaHy 3 TemmepaTyp. Bci iHII mapameTpu

NOBUHHI OyTH Bigomi. [[is 3py4yHOCTI pO3paxyHKy BBOJASATH IOHATTS YMOBHHIA

TEIUIOBUN €KBIBaJIEHT TeIyIoHOCis W — 100yTOK MacoBOi BUTpATH TEIUIOHOCISA Ha
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Bm
%j.

fioro 1300apHy TemIoeMKicTs: Mc, = W,

I /
: 2 _tz V\/1
TOI[I MOXHa 3aIliucaTtu . ] =0
t, -t W,

XapakTep TeMmIeparypu Hocii 1O TpakTy TA 3aleXuTh BIJ CXEMHU
TEIUIOOOMIHHUX amapatiB 1 CIIBBIAHOIICHHS YMOBHUX TEIUIOBUX €KBIBAJICHTIB
TEIJIOHOCITB.

PiBusinns teronepenadi: Q, = kFAf,

Ha mnpakTtuii dacTiie BHKOPUCTOBYIOTh HPOTHUTEUIMHI CXEMH PYXy HOCIIB,
OCKUIbKM TIPH OJHAKOBUX BXIHMX 1 BUXIJHUX MapaMmeTpiB TEIJIOHOCIIB Af mipu
IPOTHUTOIII 3aBXKJIU > HIK TIPU MPSIMOTOYHI.

Jlnis mepenadi OAHOTO M TOTO K TEIUIOBOTO MOTOKY Q MpH MpOTH TOYHIN cxemi
3HaJOOUTHCS TEMIOOOMIHHUK MEHIIO! TUIOIII 1 MEHIIO METalOMICTKOCTI.

EdextuBHicTh poOoTi TA OLIHIOETHCS 32 TapaMETPAMH:

Q My, 8 -t) it 1))

YmoBaum K.KJI. - n: 1y, = Q. = nlcpl(tll _tl,,) = VV_I_(tJ/_ N l,/),

AK TPaBUIIO;

ﬂﬂf116nil7.
Q Q

KoedimienT yrpumanHs temina & = =

Qdizlcn (QZ + Qsmp

SAK IIPpaBUJIO

Qump
Q,

): 1+

€=0,85...0,92.

Buau TensioBoro po3paxyHky TenJio0OMiHHUKIB.

HaiiG11b111 mpocTUM € KOHCTPYKTUBHUM (MPOEKTHUI) PO3PaXyHOK TEMJI000MIHY,
KOJIM BIJJOM1 TIOYATKOBI 1 KIHIIEB1 MapaMeTPpH TEIUIOHOCIIB 1 HEOOXITHO pO3paxyBaTH
MOBEPXHIO TEMIO0OMIHY, TOOTO (PaKTUYHO CKOHCTPYIOBATH HOTO.

[Topsiiok BUKOHAHHS TAaKOI'O PO3PAXYHKY:

1) 3 0amaHCOBOTO pIBHSHHS BU3HAYAIOTH MOTYXKHICTh TEIJIOBOIO MOTOKY o,
K1 HEOOX1THO MepeaTH Bl TapsSyoro TEIUIOHOCIS XOJI0IHOMY;

2) KOPHUCTYIOUHCH JOBITHUKAMU 3aJal0ThCA IIBUIKICTIO TEIJIOHOCIIB 1
KOHCTPYKTUBHUMH OCOOJMBOCTSIMU  TEIJIOOOMIHHUKIB (d TpyOOK, MNpOXITHUM
NEPETUHOM JIJIsl TETIJIOHOCIIB);

3) po3paxoBylOTh  KoeQIlll€eHT  Telonepenayi, SKUA  XapaKTepusye

IHTEHCUBHICTH TEIUTOTIEPEIadl MK TETUIOHOCISIMU Yepe3 MIIOCKY CTIHKY:
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1

k =
1 6 1
a 1 a,
At — A
4) BU3HAYAIOTh 3HAYCHHS AL, SIK: Aty = (tg—mtm) :
In —¢
At
5) 3 piBHSIHHS TeTUIONEpeaadi 3HaX0AUMO 1oy F remmooominamka: F = %

6) pO3paxoBYyIOTh JOBXHHY TpPyOOK TeIruiooOMiHHHMKa (IIpu BHOpaHOMY ix
JiaMeTpi).

YacTo 3aCTOCOBYIOTH MEPEBIPOYHMI PO3PAXYHOK — KOJHU BiIOMI KOHCTPYKIIiS
TEIJI000MIHHHUKA, TUIONA TEMI000MiHy F, mo4yaTkoBl mapaMeTpu TEIIOHOCIS 1 CIiJT
MEePEBIPUTHU NMPUJIATHICTh TEIJIOOOMIHHUKA JIJIs1 JAHUX YMOB.

Cnocobu mocnabieHHs IMpolecy Temionepenadl — 130Js10is [OBEPXOHb
Terionepeaayi.

[Ipu mockii CTIHI JOCTATHRO HAHECTHU HA HET IIap 130JISIIHHOT0 MaTepiaty.

[lpyn uwmmiHApUYHIA CTIHIN 13071 Oyae e(dEeKTHUBHOIO, SKIIO 30BHINIHIH

21

us

—,az_

niametp crinku O, Oyae OUTBIIUM KPUTUYHOTO JiameTpa izoisii d
o
2

2kp =

KOe(illI€HT TEIJIOB1//1aul B/l 30BHIIIHBOI IOBEPXHI CTIHKA TPYOH.

OcHOBHI NUIAXM 1HTEeHCU(IKaIii TErUI00OMIHY B Cy4YacHUX TEIUIOOOMIHHUX
amaparax eHepreTHYHUX YCTaHOBOK:

1. CTBOpeHHST pO3BUHYTHX MMOBEPXOHb TEIUIOOOMIHY 3a paxyHOK iX opeOpiHHS 3
OOKy TETUIOHOCIS 3 MEHIIINM Koe(]illieHTOM TeroBiaayi (pedpurcra CTiHKA).

2. 3MiHa TIAPOAMHAMIYHUX YMOB Ha IMOBEPXHI TEIUIOOOMIHY 3a paxyHOK
MTY4YHOT TypOyJi3ailii MOTOKY HOCisl (CTBOPEHHS IIOPCTKOT MOBEPXHI, 3aCTOCYBaHHS
pi3HUX (DI3UYHUX ABUIL — MYJbCYIOUYE MOJI€ TUCKY, €IEKTPUYHE, MAarHITHE TOJIE).

3. OnTuMizaliis BU3HAYAJIbHUX T€OMETPUYHHUX PO3MIPIB MOBEPXHI TEIUIOOOMIHY
B TEIJIOOOMIHHMKaX (3MEHILEHHS JiaMeTpa TpyO y TpyOdaTHX TemIo0OMIHHUKaxX
J03BOJIsI€ 30UTBIIMTU IXHIO KUTBKICTh, @ OTXKE 3arajibHy MOBEPXHIO TEIIOOOMIHY IpU
3MEHIIIEHH] radapuTiB TEIIO0OOMIHHUKA).

Jliist mpocToi CTIHKM 301IBIIMTH KOehIIlieHT Tertonepeaadi K MoxHa Juiie 3a

pPaxyHOK 3MEHIIEHHS TOBIIWHU CTIHKH 1 BUOOPY OLIBII TEIIONPOBIAHOIO MaTepiaiy.
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KoHnTpoabHi nuTaHHA:
1. Ha3BiTh OCHOBHI THIIM TEIIOOOMIHHUX arapaTiB 1 MOSCHITh MPHUHIUIT iXHBOT
i,
2. SIxi iICHYIOTB P13HOBHUIM TEILJIOBOTO PO3PaXyHKY TETUIOOOMIHHHMX arapatiB?
3. Hamumite ¢hopMyiy asist po3paxyHKy TEIJIOBOTO MOTOKY B PEKYEPaTUBHOMY
TETUIOOOMIHHHUKY.

4. SIxi cxeMu pyXy TEIIOHOCIIB 3yCTpi4aloThCs Ha MPAKTHIIL?

8.3. OcHoBHI nOHATTH i BU3Ha4YeHHA. MacooOmiH. Maconepenaua. Ilorik macu.
HliapHICTHh MOTOKY MAaCH.

8.4. CranionapHuii i HecTaNIOHAPHUI NPoOLECH MACOOOMIHY.

8.5. Konuenrtpauiiina nugysia. Tepmoaudysis. bapoaudysia. Kpurepiajabhi
CHiBBiIHOIIIEHHS.

VY OaratbOX BHUPOOHMYMX MPHUCTPOSIX, KpIM TEIJIOOOMIHHHUX MpPOIIECIB,
B1IOYBAIOTHCS 11I€ 1 PI3HOMAHITHI Maco0OMIHHI TIPOIIECH: CYIIIHHS, abcopOiis,
azicopOI1isi, BUTIAPOBYBAHHS, PO3UYMHIOBAHHS Ta 1H.

bynp-ske cepemoBuIille MOXKE CKIAJAaTUCh 3 €JIIEMEHTapHHUX YacCTOK PEUYOBHUHU
OJIHOTO BUJy a00 PI3HUX BHJIB 13 PI3HOIO XIMIYHOIO TpHUpoAor. YacTo XiMi4HO
1HAUBIyaJIbHY PEYOBUHY HA3UBAIOTh KOMHOHEHMOM JAHOTO cepenoBulia. YactuHa
CEpEelIOBUIIA, B SIKIM OJJUH KOMIIOHEHT Ma€ MOBEPXHIO MOLTY 3 THIITUM KOMIIOHEHTOM,
HA3UBAETHC hazor. Hanpukiaa, npu BUMIApOBYBaHHI BOJIU CJIIJT PO3PI3HATH PIAKY 1
napornojioHy ¢asu, 1mo po3AiICHI TOBEPXHEIO BUIMAPOBYBaHHS piauHu. Daza Moxke
XapaKTepU3yBaTUCS PIBHOMIPHUM YU HEPIBHOMIPHUM PO3MOJLIOM ii KOMIIOHEHTIB B
00’eMi cepeIoBHIIIA.

JBoasni cepemoBuiia (IOTOKH) HA3UBAIOTh 20MO2eHHUMU, SKIIO Gda3u
OJIHOPI/IHI 1 PO3MOJILIEH] B 00’ €M1 CEpeloBUILA PIBHOMIPHO, SIKIIO HEOJAHOPIAHI 1 HE
PIBHOMIPHO, TO cepenoBHIie (TOTIK) HA3UBAIOTh 2emepozeHHum. SIkio Mix dazamu,
ab0 MDK TIIOTOKOM 1 TIOBEPXHEIO KaHally, II0 OrOpo/DKye TOTIK, HE Mae
TEIJIOMacoOOMiHy, TO TaKHil TMOTIK HA3WBAIOTh adiadamuum. SIKo (a3 MaroTh
OJTHAKOBY TEMIIepaTypy, TO TOTIK BBAXAETbCS MEPMOOUHAMIUHO DPIBHOBANCHUM.
Axkmo ¢a3sm  MawTh OJHAKOBUM THCK, TO TIOTIK BBAXAETHCA MEXAHIUHO
PDIBHOBANCHUM.

MacooOMiHOM Ha3MBA€THCSA MOBUTLHUNA HEOOOPOTHHM MPOIIEC MEPEHECEHHS
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MacH JaHOTO KOMIIOHEHTAa y CEpelOBHIIl 3 HEOJHOPITHUM IOJEM THCKY abo IMojieM
TEMIIEpPATyp LBOTO KOMIOHEHTa. MacooOMiH uyepe3 MOBEPXHIO MOAUTY MIX JABOMa
KOMITOHEHTaMu (pedoBUHAMHM) UM (Pa3aMH HA3UBAIOTh Macomepenadero. [loBepxHio
noauty ¢as, o 0epyTh y4acTh Y MAaCOOOMIiHI, HA3UBAIOTh MOBEPXHEI0 MACOOOMIHY.

JInst XapakTEepUCTUKU 1HTEHCUBHOCTI MAacOOOMIHY BUKOPHUCTOBYIOTh MOHSTTS
nOmMoKy macu 1 wyinbhocmi nomoky macu. I1i1 TOTOKOM Macu TaHOTO KOMITOHEHTa
cyminn J, xe/c, po3yMmilOTh HOTO Macy, L0 NPOXOJIUTh 3a OJHY CEKYHAY Kpi3b
TOBUTHHY mTOBepxHIO. [loTiK Macw, BigHECEHWH 10 OAWHMII IUIONIl IOBEPXHI
MacooOMiHy, HA3HBAIOTb WYiILHOCHLIO ROMOKY MACU j, Ko/M>"C.

CyKynHICTh MHUTTEBUX 3HAa4€Hb KOHLIEHTpAlli KOMIIOHEHTIB y CEpeIOBHIII
Ha3UBAIOTb KOHUEHmMpauyitnum noaem:. c=¢(x,y,z). BoHo Moxe OyTH OJHOPIAHUM
(KOHIIEHTpAIlisl KOMIIOHEHTa MOocTiiiHa B 00’emi (da3u), abo HeomHopigHuM. Kpim
TOr0 KOHIIEHTpAIliiiHe Mojie Moxe OyTu cmauyionaprum (HE3MIHHUM Y 4aci), abo
HecTarioHapHuM. CyKyNHICTh TOYOK HEOJHOPIJHOTO KOHILIEHTPAIIItHOro MOoJjs, B
SKUX KOMITOHEHTH MaroTh OJTHAKOMY KOHIIEHTpAIIIIO, HA3MBAIOTh
[30KOHUEHMPAUIIIHOI NOGEPXHEID.

[lepeHeceHHs: Macu peyOBUHHU (POPMAIIBHO MOJIOHE A0 MEPEHECEHHS TEIIOTH.
Tennora nepenaeTbes B HAPSAMKY 3MEHILEHHS Temneparypu. Maca >k mepeHOCUThCS
B HaIpsIMKY 3MEHILIEHHs KoHueHTpauii. [1ogidHo 10 TeninooOMiHy MacooOMIH MOKe
B1I0YyBaTUCS SIK MUJISXOM MOJEKYJSApHOI AU(y31i (IPOHUKHEHHS), TaK 1 KOHBEHLIEO.
Ha mpakTuii npoiiecu TemiooOMiHy 4acTO CYNMPOBOIKYIOTHCS TIEPEHECEHHSIM Macu
Tieli 4YM  1HOIOT  1HTEHCHBHOCTI, TOOTO O0O0HMJBAa TMPOLECH  BHUABISIOTHCS
B32€MOITOB’ I3aHUMH.

Pymnitny cuny audysiiiHOro mpoiecy BUMIPSATH 0€3MOCEepeHbO HE MOXKHA,
TOMYy B pO3paxyHKax ii BHUpPaXalOTh Yepe3 TpamieHTH (KOHIICHTpalii THCKY,
TEMIIEpaTypH).

[lepenecennss peyoBMHUM y Ccymimn  (Hampukiag, JBOKOMIIOHEHTHOTO
CEpEeIOBHINA) 3YMOBJICHO TEIUIOBUM PYXOM MIKPOUYACTOK (MOJIEKYyJ) HA3MBA€ThCSA
Monekyaapuow ougysierw (Ha puc. 16.3 a). MonekynsapHy audysiio, 10
CIOpUYMHEHA HEOJHOPITHUM PO3MOJIIOM KOHILIEHTpalii KOMIOHEHTIB Yy CyMIIl,

Ha3UBAIOTh KOHUeHmpayiinow ougysicto. IIpn NocTiiHUX TeMrmepaTypi 1 THCKY

II[IbHICT _TEIUIOBOTO IOTOKY MacH | Au(YHAYIOYOr0 KOMIIOHEHTY IIPSIMO

IpoMopIliiHa rpajieHTy #oro koHueHtpaidi. Ile cTBepkeHHs B Teopii
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TEIIOMacoOOMIHYy Ha3MBaIOTh 3aKOHOM Dika:
j=-Dgradc,

ne j - BEKTOD IIUIBHOCTI OTOKY MACH, Ke/M°"C;

D — koedirieHT audys3ii 1aHOr0 KOMIOHEHTa, M7/c;

¢ — KOHIIEHTpaIllisl pO3MOIIFOBAHOTO KOMITOHEHTY, xe/m.

I'padienm konuenmpayii — 1€ BEKTOp, CHPSMOBAHWWA TIO HOPMaJi JO
130KOHIIEHTpAIIMHOT TTOBEPXH1 B 01K 3MEHIIIEHHSI KOHIICHTpAIlii KOMIIOHEHTY K2/,
Koeogiuient audysii D B piBHAHHI 3akoHy Dika IOpPIBHIOE KIIBKOCTI MacH, IO
npoHIia 3a OJUHHINO Yacy (CEeKyHAy) Yepe3 OIMHHINO 130KOHIICHTPAIIHHOI
MOBEPXHI MAacOOOMiIHY B HOPMaJIbHOMY (TEPIICHIUKYISPHOMY) 10 HEl HAMPSIMKY.
3HaK MiHyC y piBHsIHHI 3akoHy ®Dika BpaxoBye Te, 1o Bektop grad ci ] CIpsIMOBaHI1

y MPOTHJICKHI OOKHU.

PiBHsiHHA 3akoHy Dika, K BHAHO, (POpPMaJbHO MOAIOHE PIBHSHHIO OCHOBHOIO
. . R Bm
3aKOHY TEILIONPOBIIHOCTI — 3akoHy Pyp’e: g, =-Agradt,—,
M
ne A — Koe(iIieHT TeIUIOMPOBIIHOCTI MaTepially, 4Yepe3 SKUMl IMepeaeThes
A0 | : °C
IR gradt - rpamieHT TeMmeparypHu,
| -

}hﬂHO Y'CGPGHOBHHﬂ €Iﬁ3HHHH TCMIICPATyp, TO JIeTTII MOJICKYJIH, IO MAIOTh

TCIIJIOTA,

.
N

OUIBIIlY PYyXOMICTh MPArHyTh MEPENTH y TEIIl 00JacTi, a BaXkKi (MEHII pyXxoMi) — y
XO0JIOAHI. Y JaHOMY BUIIAJIKy Ma€ MICIe Tak 3BaHa mepmooudhysia (na puc. 16.3 0).
SK1o B HEPYXOMOMY CEPEOBHIII MA€ MICIIe SIBHUM TPAJI€EHT THCKY, TO BaXKKi
MOJIEKYJIU MEePEeXOAsATh B 00JIaCTh BUCOKOTO THCKY, a JIETKI — B 00JIACTI 3HMKEHOTO
tucky. et Bua nudysii HasuBaeTbcsa dapoougysicro (Ha puc. 16.3 B). Y TeXHIUHUX
Mpolecax MepeBaxae, sSK NPaBWIO, KOHIEHTpauiiHa Audysia. Y pyxomMomy
CEPEIOBHUIIl PEUOBUHA MOXKE NIEPEHOCUTHCS HE TUIBKU MOJIEKYJIIPHOIO Tudy3i€to, a i

KOHBEKIIIEIO.
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a — KOHUeHmpauiiuHa 0 — mepmoouysin 6 — bapooudhysia
Puc.8.3. Bunu nudysii.
CyMapHa TycTHMHA TOTOKY KOMIIOHEHTa 3a pPaxXyHOK MOJICKYJISIPHOTO 1
. . . . K2
KOHBEKTUBHOI'O TIEPEHECEHHS BU3HAYAETHCA PIBHAHHAM: | =) +j,——. Y

m*°C
MPaKTUYHUX 33]ja4aX BEJIMKE 3HAUCHHS Ma€ KOHBEKTUBHHUIM MacOOOMIH MIXK PiJIMHOIO
Ta TBEPJIOI0 TOBEPXHEIO. 3a AHAJIOTIEI0 3 TEIUIOBIAAAYe0 TaKuil MacooOMiH
Ha3UBAETHCS Macosiodauero. J1jis1 KUTbKICHOTO OIMKCY MacoBiladyi BUKOPHUCTOBYIOTh

3aKOH MacCoOBI1a4l:
. Ke
J = ﬁ(cn + Cc)l 2 ’
M -C

TYT ] — MUTBHICTh MOTOKY MAacH BiJl MOBEPXHi NOATy (a3 y sipo (cepenuHy) MmoToKy;
B — xoediiieHT MacoOOMIHY, M/C;
Cn | Cc — KOHIIEHTpAIlil peYOBHUHU BIAMOBIIHO 01151 MOBEPXHI MOALTY (as3u i B sapi

TOTOKY, Ke/M°.

KonTpoabHi nMTaHHS.
1. [llo Ha3uBarOTH KOMIIOHEHTOM OaraTogha3oBOTO cepeoBHUIIa?
2. SIxe cepeoBHINle HA3MBAIOTh TOMOTEHHUM, a SIKE TETECPOTCHHUM?
3. lIlo Take macooOMiH, Macomnepeaaya, MiIbHICTh TOTOKY Macu?
4. [1]o Take KOHIIEHTpalliiiHE T10JIe, 130KOHIIEHTpalliitHa TOBEPXHS?
5. ChopmymroiiTe 3aK0OH KOHIIEHTpAIIHHOT Audy3ii 1 pO3KpUiiTe (HI3UIHHI 3MICT
koedimienTa nudys3ii.
6. Y YoMy IpOSIBIISIETHCS] B3aEMO3B’SI30K TIPOIIECIiB AUQY3ii 1 TEIIOMPOBITHOCTI?
7. OxapakTepu3yiTe IpoIecy KOHIIEHTpaIliitHo1, TepMo- 1 6apoaudy3ii?
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SMICT

Jekuyial. Bcmyn 00 Kypcy, OCHO6HI noHAmmA ma GU3HAYEHHA,
e1acmueocmi piouHu.

PoGoue Tiy10 1 MapaMeTpu HOTO CTaHy.

["a3oBi cymimi.

TemmoeMHiCTh Ta3iB.

Hayxka rigpasinika, OCHOBHI TEPMIiHH Ta TapaMEeTpPH, K1 XapaKTepU3YIOTh
plavHY.

®di3U4H1 BIACTUBOCTI P1IMHM.

Oco0aMBOCTI  BOJOMOCTAaYaHHS  CLIILCHKOTOCIOAAPCHKUX CIOKMBAdiB  Ta
CUIbCHKHMX HACEJICHUX MyHKTIB.

Jexuia 2. Ilepwiuii 3akon mepmoounamiku. I'iopocmamuka.

[Tepinii 3aKOH TEPMOTUHAMIKH.

OCHOBHI ~ TepMOJAMHAMIYHI  TPOLECH, 10  BUKOPUCTOBYIOTHCA B
TEMJIOTEXHIYHUX YCTaHOBKAX.

Cunmu, fKi [II0Th Ha pIIMHY, OCHOBHE pIBHSHHS TiIPOCTAaTHKU. 3aKOH
[Tackans.

apocTatnunuii THUCK Ta Horo BiacTtuBocTi. (OCHOBHE  PIBHSHHS
rigpoctaTuku. [Ipunanu 1ist BAMIpIOBaHHS TUCKY.

Entopu tucky. Cuna TUCKY PIIMHU Ha IUIOCKI Ta KPUBOJIHINHI MOBEpPXHI.
BuzHnaueHHs TOUKY MPUKIIAJIAHHS PE3YJIbTYIOUOT CHITH.

3akoH ApxiMena.

Jexuia 3. Ocnoeni mepmoounamiuni npoyecu.

[30x0pHMI1 mponec.

[306apHwuii mportiec.

[30TepmHMi nporec.

AniabatHuit Tiporiec.

[TomiTponHuit mpouec.

Jexuia 4. /lpyzuii 3aKkoH mepmoouHamiku, pexcumu pyxy piOuHu ma
2i0paesiuHi empamu HaAnopy.

Jpyruii 3aKOH TEPMOIUHAMIKH.

JlaminapHuit Ta TypOyIeHTHUI pexxuMu pyxy piaunu. Yucno PeitHonbaca.
CtpykTypa TypOyJIEHTHOTO MOTOKY.

Brpartu nanopy Ha nosxuHi. ['1i1paBnigauit koedilieHT onopy. 30HH OTMOopYy.
Butpara. PiBHSIHHS HEPO3PHUBHOCTI JIJIs1 CTPYMHUHKH Ta ITOTOKY.

PiBusinHa BepHyini st eneMeHTapHOi CTPYMUHKHU 1/1€ajbHOI PIAMHU Ta IS
HNOTOKY B'SI3KO1 PIANHMY;

di3uyHe Ta TECOMETPUYHE MOTO IHTEPIIPETYBAHHSI.

Jexuia 5. Teopemuuni yuxknu /IB3 ma I'TY.

TeopernyHi MKIM ABUTYHIB BHYTpITHBOTO 3ropsinHs (JIB3). PodoTa 1 KK]I
IIMKIIIB.

Teopetuunuii uki kaporopaToproro J(B3.
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TeopeTuuHuil UKJ CydacHOro au3enbHoro JIB3.

TeopeTnuHi 1ukiu razotypoinHux ycraHoBok (I'TVY).

Cxema 1 mpunin poootu ['TY.

[ToHATTS 1O CTYyMiHb ra30BoOi TypOiHU. AKTHBHI 1 peaKTUBHI TypOiHH.
CrymiHb peakTUBHOCTI TypOiHHU.
Jlexuia 6. Boosaina napa ma éonoze nogimps.

Teopetnuni rukiu [ICY.

CyuiiHHS TPOIYKIIIi CIIbCHKOTOCIIONAPCHKOT0 BUPOOHUIITBA. Buau cymrinus,
3€pHOCYIIAPKHU.

[Ipo BoJyiore MoBITPs 1 MapaMeTpH, IO XapaKTEPU3yIOTh HOTO CTaH.
[onstts nmpo napocuinoBy yctaHoBky (IICY) 1 mpuniun 11 pobotu. Hukin
Penkina — ocHoBHUI TeopeTnunmii uki cydacHux [ICY.

3aranbHe ysIBJICHHS PO MOOYA0BY €HTAJIBIIITHO-BOJIOTOMICTKICHY Jllarpamy
(i-d) ayis BO;IOTOTO TIOBITPS

Jlekuis 7. Tensionepenaua.

[TonsTTs Mpo Temnonepenavy.

TernonpoBiaHicTh. 3akoH Dyp’e — OCHOBHUMN 3aKOH TETUIOMPOBITHOCTI.

KonBexktuBHUN TerutooOMiH. 3akoH HproTtoHa — PixmaHa OCHOBHHMII 3aKOH

KOHBEKTHUBHOTO TEIUIOOOMIHY.

[IpomeneBuit Terooomin. 3akon Ctedana — bonbiimana. EkpanyBanHs.
Jlekmuis 8.

Cknagnuit Termooomin. Temonepenaya.

TermnooOMiHHI anapaTu Ta ix po3paxyHoK.

OcHOBHI TOHATTA 1 BU3HaueHHS. MacooOmiH. Maconepenaua. [loTik macu.

[Ii1bHICTH MOTOKY MaCH.
CraiioHapHu# 1 HECTAI[IOHAPHUI MTPOIIECH MAaCOOOMIHY.

Konnentpamiina mudysis. Tepmomudysis. bapomudysis. Kpurtepianbhi

CIIBBIIHOIIICHHS.
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