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BITAEMO HA CTOPIHKAX NIAPYYHUKA
«DISUKA!

Iroropiu TH OTPOLOBKULI 3aXOIJIMBLI MAaHIPH CBi-
TOM HaYKH (Pi3UKHI.

Tobi cranyTs y npurogi Hadyri y 7 Kiaaci BMiHHSA
mochimsxyBaTu (pi3UUHiI ABHINA, OMPAIILOBYBATH iH-
(hopmanito, ycBimOMIIOBATH 3aKOHOMIPHOCTL MPUPOIU, CIIiBIIPAIIOBATH B KO-
MaHi, po3B’A3yBaTHU MPOOJIEMU.

TH YIOCKOHATIOBATHMEI YMiHHSA MOAETIOBATH, OPraHi30BYBATH, MIAHY-
BATH Ta TPOBOJUTH HOCHiIKEHHA (AK TeopeTHYHi, TaK i mpakTuuHi), aHari-
3yBaTHU 1 ToymMauwmTH 3700yTi naHi, apryMeHTYBATH NOKAa3H, PO3B’ABYBATH
(isuuni 3agayi pisHEMU cnocobaMu, 3aCTOCOBYBATH HAYKOBL METOIU AOCJIi-
I;KeHHA Ta iH;XeHepHIi migxomau no poss’asanusa npobieMm. lomomo:xe Tobi
B IILOMY HaIOI DiapyYHUK y hopmari 4]1:

OI3HABAUCA OYMAW

A '

Ha nouaTKy KOXHOI TeMH HaBeleHO OUiKyBaHi pe3yabTa-
TH HABYAHHA.

Teoi gil: Osualiomcss 3 HUMH. [lepiogmuHo BigcTe:xyii,
AKUX OYIKYBAHUX PE3VJILTATIB BIAJIOCSH JOCATTH.

Ha nouaTtry kosxHOro naparpadga noJaHo Jiajior Mixk yIHeM Ta yUeHHIIelo,
AK1 CTABIATL IPO6IEeMHE 3aNHTAHHA.

Troi aii: Copobyii ogpasy maTu BianmoRigb Ha MpobieMHe 3anuTaHHA a00 BU-
3HAYUTH CBOIO mo3unio B gucKycii. [I1o6 mepekonaTicaA, Ui IpaBHIIbHA TBOS
BiATIOBiOL, UM JOCTATHBO apIyMEHTOBAHA, PO3MOYNHAN 03HAHOMIIEHHS 3 Ma-
TepiaJoM nepuoi pyopHUKH.

V¥ ui# pydopHIli 3arrpornoHOBAHO JOCTIN AJISA CAMOCTiHHO-
ro abo rpynoBoro BUKOHAHHSA ad0 AOCHiAHUNBKI 3aBIaHHSA.

Troi xil: Copobyii caMocTifiHO BHKOHYBATH 3aBIaHHA, PO3MiNleHi B iH pyo6-
puni. MosKelr BHKOHYBATH oApa3y BCi 3aBHaHHA abo poOUTH iX IO 4Uepasi.
Bukonyroun 3aBgaHHA, TOOL IMOTPiOHO mepecBifYUTHCH V CBOIX BHCHOBKAX,
cOpocTyBaTH A00 TMiATRepANUTH TPUNYIIeHHA. JlomoMoske B IILOMY HACTYIIHA
pyopuka.

rp,la HABAI’IC;Ll Tyt Tu 3Haliger HoBUI 1 mikaBmi A Tebe HaBUATbHUIH
= MaTepial, a TAKOK IOACHeHHA [0 3aBAaHD.

Tgoi xii: OopanboBYil camMocTiiiHO a60 3 JONOMOTOIO BUYUTEJA / BUNTENBKYA
maTtepian miel pyopurnu. Yurait naparpad aktusHo. TyT TH mobdaurnI 3aTUTaAH-



MNepeaMoBa

HS, CIOHYKAHHSA JI0 BUKOHAHHSA NIeBHUX 3aBAAHE — AHANIZYBAHHSA IPOYUTAHO-
ro, pobory 3 MamOHKaMu, rpadgikamum i Tabaunamu. Tobi TpanaaTuMyThCa
aHiMaIifiHi KapTUHKH, 10 «0KUBIAIOTE» (hidmuHi npomecu. I1a nsoro Haia-
orTy# y cBoeMYy ramxeTi QyHKITIIO 3unTyBaHHEA indopMmarii 3a QR-komgom.

= Y pyOpuni miopaHo 3aBIaHHA, AKL JOIIOMOKYTH TODL mepe-
BYMAW CBIJYHUTHCH ¥ TOMY, IO THM CAMOCTIHHO MOJKENI IIOACHUTH BH-

BUeHEe.

Teoi pii: Illyka#t BigmoBigi Ha mocTaBJeHi 3amuTaHHA.
Ilopepraiica 1o IPOUNUTAHOTO, POOM HOTATKH.

Hacrynaa pyOpHKa ZOIOMOXKE OBOJIOIITH
TOCHITHUIBKIMH HABMUKAMI, poOOTOIO 3 iH-
¢popmariero. Bouna mictuthk (izuuni 3ajaui, 3aBmaHHA
IS TOCTiIeHs Ta AIA poboTH 3 TOJATKROBUMI XKepe-
Jamu iHgopmamii.

Tsoi mii: Haguaticsa poss’asyBatu disuuHi 3agavi i BU-
KOHYBATH JOCJHiIKeHHA — I[e OJHe 3 HallBarK4YMX 3a-
BAAHB. ¥ IIOPATHCH i3 HUM T0OO1 IOMOMOMKYTE TaM’ ATKH TA BKa3iBKH, TPHKJIA-
DU PpO3B’ASYBAHHA 3aJay. Sajadyi mABHIIeHOI CKJIAZHOCTLI HDO3HAYEHO
31poOYKOI0.

,ﬂiﬂﬁ:“g-.AeMo .ﬂ.lﬂCyN-KH1 ¥ mist pyOpuni ysaraibieHo MaTepiaja TeMu, 10
P BHUBUATIACH.

Troi mii: CamoctifiHO yIOpAAKYH BHBUEHUIN Marepian y BUraAAni Tabawmii,
CXeMH; CIiBBiIHecH OUiKyBaHi pe3yJbTaTH HaBUAHHA 3 OTPUMAaHUMU 3HAH-
HAMH, YMIHHAMU, HABUUKaMH.

Y pyOpuui 3anponOHOBAHO 3aBAAHHA, ODOAi0HLI g0
THX, [0 TH BUKOHYBAB/BUKOHYBAJA BIIPOJOBK BH-
BUEHHS TEeMI.

Tsoi gii: Bukonai#i i sasmamusa. [Toxiunm saranbny KinbKicTs 6aniB, AKY TH
otpuMaB / oTpumMana. Mo:xauBo, 0TPibHO NJ0CH TOBTOPUTHU?

% 4]

B iHTepakTHBHOMY eJNEKTPOHHOMY AOJATKY (Jasi — e-momaTok |,
OUB. 3BOPOT opsany 1) Tu 3Halifem HNikaBy JOLATKOBY iH(dopMaliiio, Bifeo
mocaigie, ABUII i OpoIieciB, N0 BUBUAEI, 4 TAKOK IHTEPAKTHUBHI 3aBIaHHSA,
BOpaBU AJIS CAMOIePeBipKM Ta JOCTiIHUIILKI 3amgadi.

PossuBaii y cobi 4 [-pucu gocnaigamra,/ IOCTigHUII

HonuTimeicTs HanexorasaneicTh HobpouecHicTh JinoeuricTs




NOBTOPEHHS

Poarnanse manronku. Ilpuranaii, nio T 3HA€NI IPo MeXaHIYHI ABMIIA,

MexaniuHuil pyx — Ie 3MiHA 13 4acOM IIOJIOMKEHHS TiJia B IPOCTOPL Bif-
HOCHO iHOTUX Tij. PO3pisHAIOTE MOCTyIANBHA, 00EPTANBHUN TA KOJHMBAJIb-
HUP BUJM MeXaHiUHOTO PYXY TiJ.

HTsudiicmv piHOMIPHO20 NPAMOAIHIUHO20 pyxy mina — ue (isuyna
BEJIMYIHA, KA XaPaKTePH3y€ CTPIMKICTE 3MiHH MOJIOKEHHS TijIa ¥ IPOCTOPi

: ; ) L
i morasye, AKY BiicTaHbL MPOXOAUTE TiJNIO 38 ONUHUILIO Yacy U :T. ITewum-

KiCTh — BeJMUYMHA BEKTOPHA, TOOTO BOHA Ma€ 3HAYeHHA (MOAYJb) i HATIPS-
MOK.

Pyx marepii icHye cam no cobi. 3mina crany pyxy (mBuakocti) Bigdysa-
€ThCSA BHACILIOK B3aEMOMIII.

Inepuis — asunie 30eperKeHHs TIIOM CTaHY CIOKOI0 ab0 IpAMOIiHIAHOTO
i piBHOMipHOTrO PyXiB, KOJH Ha HHOTO He Aif0ThH iHNI Tina abo Ais Tid cKoM-
MeHCcOBaHA.

Benuuunoio, 010 xapakTepusye BaacMomiio, € cuiaa. OIUHANA CHIH —
HBIOTOH, 1 H.

Cuna maxinnsa xapakTepusye Ipapiraniiiny Bzacmogmiro. Ii BusHawaroTs
sa hopmynow: F__ = mg, ne m — maca Tina; § — OPUCKOPEHHA BiIbHOIO
OagiuHsd.




MoBTOpPeHHA

HeBaromicTtb

Cuaa npymcrocmi BHHAKAE BHACTIIOK AedhopMariii Ta 3yMOBJIeHa eTeKTPO-
MAaTrHiTHOIO B3a€MOJi€I0 YJACTUHOK peuoBUHHU. [[J1sg IpyKHOI B3aeEMO/Iil BUKO-
HY€ThCA 3aK0H ['yra: an = kx, ne £ — RoedilieHT OPYKHOCTi; ¥ — JIiHIliHE
BUJOBIKEHHS UM CTHCHEHHH Tina.

Baza — cuna, 3 AK0IO TiJI0 ¥ IOJI TAKIHEEA 3eMJIi Hie Ha onopy abo miasic.

Cunu mepms (COOKOIO, KOB3aHHSA, KOUEHHsA) — IIe CHJIM, [0 YHHATE OOip
BiIHOCHOMY HepeMiIlleHHIO OJHOTrO Tija mo moBepxHi iHmoro. Cuma Teprsa
KOB3aHHSA: FNP_ come — BN, ne N — cuia HOpMaIbHOL peakuii omopu; 1 (M) —

kKoebinieHT TepTa KOB3aHHA.

F
Tuck TBepP/AOTO TiNA HA TOBEPXHIO BUZHAYAETHCA 34 (DOPMYIO0: P = 3’ e

p — tHeK; F — cuia, ska Jie neplueH UK VIAPHO HA HOBEPXHIO; S — MJIOMA
nosepxHi. OQHHHIIE0 THCKY € HacKanb, 1 Ila.

PinuHu i rasm mepefaloTh CTBOPIOBAHUI HA HUX THCK B yCiX HampaMax
oxnaxoso (zarxon ITackans).

Tuck ycepeauHi piiuHM (TifpocTaTHYHUHA THCK) 3YMOBIEHWH CHJIOK Ts-
JKIHHA, 3aJI€KUTH Bi/l TYCTHHU DiAWHHE p i BcOTH cTOBOA pigwHE h: p = pgh.




MoBTOpeHHs

Twrek razie 3yMOBJIEHHE yAapaMy MOJIEKYA 00 CTIHKYA NOCYSAHMA.

Ilig mieio 3eMHOTO TS)KIHHA BEPXHi Mmapu arMocdepy THCHYTE Ha 11 HIKHL
oIapH, YTBOPIOOYH AmMMOCPepHUil MUCK.

Cuna Apximeda (BUIIITORXYBAJbHA CHJIA) /i€ HA 3aHypeHe vV piauHy (abo
rag) rino, BusHaUAETHCA 3a popmynoro: F = p gV, ne p — rycrTuHa piguHu
(ragy); V — o6’em Tina, 10 NOBHICTIO 3HAXOAUTHCS B PinuHi (rasi); HanpsaMm-
JIeHa BePTUKAJILHO BrOpY 1 IpUKJIaJeHa J0 NeHTpa 3aHypeHol YaCTUHH Tija.

Mexanivna pooma (A) — pizuUHA BeJUUYHWHA, AKA XapaKTEepU3YeE Mnepe-
MillleHHA i Qi€ CHJIM i BH3HAYAETHCH HOOYTKOM CHJIM HA IepeMIilieHHs:
A=F-s. OnpuEnnsa poboru — mEoyas, 1 [xx=1H - M.

IHomyxrnicmy (N) — disuuna BeJMYWHA, KA XapaKTEPU3YE MIBHIKICTE
BUKOHAHHA po0OTH i BUBHAYAETHCA BifHOIIIEeHHAM POoOOTH A0 HaCy, 3a SKIH i1
. Mz
Oymo BuroHamo: N = FL OmuHnns mory:Hocti — Bar, 1Br=1—1,
c
Buronana po6ora qopisaioe 3mini eneprii: A =AE.

PospisaaroTs 1Ba Buau MexaHiuHol eHepril. [lomeHyianbvHa eHepeia — 1ie
€Hepridg B3aeMo/il TiJ a00 YACTHH TiJa, AKA BH3HAYAETHCA 1X BRAEMHHUM IIO-
noxxeaHaM. [TigHATe HaA 3eMJIeI0 TiJIoO HA BUCOTI I Mae MOTeHIiansLHY eHep-
rito E_= mgh. Ilpyxuo fedopmosana (po3TArHeHa abo CTUCHEHA) IPYRKUHA

kx*
Mae€ OOTeHIialsHy eHepriio: E_= . Kinemuuna enepzia — ne (disudra
) muv?
BEIMYNHA, IKA XapaKTepuaye pyxome tismo: E = 5

SaKoH 30epenceHHA I nepemaopeHHa MeXaHivHOL eHepzil: y cueTeMi Tin, AKi
B3AEMOJIIIOTE OJHE 3 OMHUM TiIBKY CUJIAMH MPY;KHOCTI Ta CUIAMEY TAXKIHHA,
MOBHA MeXaHiuHa eHepTisd He 3MiHIOeThCA. EHepria He BHHHKAE 1 He 3HUKAE:
BOHA JIUIIIE TEPEeXOAUTE 3 OJHOTO BUAY B iHMIWi — 1ie yHAaMeHTaIbHUI 3a-
KOH TPUPOIH.

IIpucrpoi, mpusHavyeHl AJid HEePETBOPEHHS CHUJH, HASUBAIOTE MNPOCIMUMU
mexanizmamu. Foges npocTii MexaHisM He Ja€ BUrpamnry B poboTi. ¥ cKiab-
KIH pasiB BUTPAEMO B CHJIL, ¥ CTIIBKH »K pasiB mporpaemo y Bigcrani — e 30-
A0MmMe NPasuio MEXAHIKU.

Roegiuiecum wopucnoi 0ii (KKI) — e dpiszuuna Beamduna, 10 XxapakTepu-
3ye e)eKTHUBHICTE BUKOPUCTAHHS HaZaHOI MeXaHi3My eHeprii i ymceIsHO I0-
piBHIOE BigHOIIEHHIO KOpHCcHOI poboTu mo BHTpadeHol (moBHOI) podoTi:

n:A“ -100 %,
A
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TEMA 1. BHVTPILHHH EHEPTIA.
TENNOBUN BANAHC

TU HABYULLICA:

..f

BMOMpaTK NisHaBabHY CUTYALLID, SKY MOXHA PO3B’A3aTy A0CHIOHNLLKAM
cnocoGom, dopMynioBaTi BUCHOBKW, MPE3eHTyBATU pe3ynstaTtu, 3aii-
CHIOBATM CaMoaHani3 goCNiAHULBKOT OisiNbHOCTI;

onpausOBYBaTKU, CUCTEMATU3YBATW Ta NPEACTABNATA iHQOpMAaLUi npu-
POOHWYOrO 3MICTY;

dopmynioaTn npodnemy i 06rpart cTpaTeriiii pO3B’a3aHHS;
[OCNIIKYBATU MPOLECH, LLO CYNPOBOAKYIOTECA BUAINEHHAM | MOrIMHAHHAM
Tenna;

CKNajaTh PIBHAHHA TENNOBOTO BanaHcy;

pO3B’A3yBaTh QI3WYHI 3a4a4i HA BU3HA4YEHHSA BENMYUMH, WO ONUCYHOTb NO-
FAVHAHHA / BUAINEHHS Tenna y npouecax HarpiBaHHs / OXONOAXEHHS.

TU 3PO3YMIELL

-
.

LSS SN S 8

WO Big PYXY | B3AEMOAII YaCTUHOK PEYOBVHW 3a/1eXaTh Il arperaTHii CTaH
Ta BHYTPILLUHS EHEpriq;

L0 CepeaHs KIHETUHHA @Hepris pyxy 4aCTUMHOK PEHOBUHKM BU3HA4aE Tl Temne-
partypy; .

4YOMY PO3LUMPIOTLES Tina BHACNIAOK HAarpiBaHHS;

LLLO 3MIHWUTU BHYTPILLHIO €HEPTio Tina MOXHa BHACNIOOK BUKOHAHHS po6oTu
ab0o HarpiBaHHs;

Lo TENNO MOXHA Mepenaratu TpbOMa cnocobamu: TennonpoBIOHICTO,
KOHBEKLEIO Ta TEMNOBUM BUNPOMIHIOBAHHAM;

L0 B TEM/10i30/1bOBAHIN CUCTEMI BUKOHYETLCHA TEMJOBUIA BanaHc.

onucyeaTtn OyOoBy i BRAaCTMBOCTI PEHOBWHWU, BUKOPWCTOBYIOHM MOHATTA:
aToM, MONekyna, TENNOBUIA PyX, MBKMONEKYNsapHa B3aEMOAI4;
MOACHIOBATH TEMNOBI MPOLECK, 3aCTOCOBYIOHM MOHATTS | BEIMYMHA: TENN0-
Ta, BHYTPILLIHA €Hepria, TeMneparypa, TernfonpoBiAHiCTb, KOHBEKLis, Te-
M10BE BUMPOMIHIOBAHHS, TEMIOEMHICTb, MUTOMA TEMJI0OEMHICTb;

BUABNAT €MOUIAHO-UIHHICHE CTaBNeHHA 00 IHAWBIAYanbHOI/ CNinbHOT
LiSNBHOCTI Ta AOCATHYTUX PEe3y/bTaTiB.




§ 1. 20CAIAXKVEMO YACTUHKN PEYOBUHU

Pe4oBuHU CkNagaoTLCs 3 aTOMIB | Monekyn. ATom —
i3 Aopa i eNeKTpoHIB. AOpo — i3 NPOTOHIB | HEWTPO-
HiB. [P0 Ue MK Ai3HANMCA Ha ypoKax NPUPOLOHUYNX
KypciB, @isvkn i ximil. HeBxe € Woch, 4oro mMm He
3Haemo?

Tak, 3Haemo mMu 6arato, a OT 4M MOXKEMO
MNOACHUTK, AK came BYEeHi Oi3Hanncs CTinbkn
iHbopmauii npo BynoBy pE4OBUHU?

Ileperonaiicsa, 110 peyoBHHA He CYIUILHA, a CKIaAaeThed i3 ApidHUX Uac-
TuHOoK. [lnan mocmimxenusa it obaaguanua nobepu camocTiiino.

E JoBeau excneprMeHTaJBHO, IO BigcTaHl MIXK YaCTUHKAMH PigHHII MeH-
mri Bif BicTamed MiK YacTHHKAMI rasy, ajge 6iabri 3a Bigcrani mix gac-
THHKaMHA TBepnol pevoBuHE. IlnaH mochimxenHa i objagHaaHa nodepu
camMoCTifiHO.

LI3HABAKCSH

IIpo meopiro 6ydoeu pevosunu. Ilpo 6ygoBy peuoBuHH TO61 BiffoMO 3 ypo-
KiB IpUpoaAHIUNX KypciB, (pisuKu Ta XiMii. 3 KOKHEM POKOM TH PO3OIHPIO-
emr cBoi 3HanuA. Tak i BYeHi Big mpocTUx AoCcaifiB i cmocTepeskeHDb mepexo-

OUJIA D0 y3araJibHeHb I VIOPAZKYBaHHS BifjloMocTell Ipo OyJ0BY PeYOBHHN
IPOTAroM KLJIBKOX CTOJITE. AK TH AyMacIr 4oMmy?

IIpunymeHHEA po Te, IO PEUYOBHMHN He CYIUIiILHI, a CKIAJa0ThCA 3 Opid-
HUX YACTHHOK — ATOMIiB, BUCJIOBUB IIle JaBHLOTpenbKuil himocod HeMorpit
(mpubauszsao 460-370 pp. mo H. e.). A or mobauutu atom, chororpadyBas-




§ 1. JoCNiAXYEMO HaCTUHKN PEHOBUHW

oIy woro, Baayocd Tiaeku y XX crouirri. Togi »x Oyno 3’ sicoBaHO, [0 ATOM
i #ioro Apo MaIOTh CKRIAMHY OVAOBY i AP0 MOXKHA PO3NINUTH HA OKpeMi Jac-
THHKH; 10 ApiOHI YacTHHKHW, 3 AKHX CKJIAJAIOTHCA aTOMH i AApa, 3a MeB-
HHUX YMOB MOXXYTh 3MiHIOBATH CBO€ MicIle MepedyBAHHSA i MePeTBOPIOBATHCE
omHa Ha oxHy. Lli mpomecy cynpoBOMKYIOTHECA BUAINIEHHAM a00 TOTVIMHAH-
Ham mopiii emeprii — kBamTa. KoykHe BiAKpuTTa vV BUBUeHHI 6ymgoBU pe-
YOBUHH MOPOMKYBATIO HOBI HAYKOBI HaOpsAMH B HayIli, 30KpeMa y (ismmi
(man. 1.1).

/,_ N
Hocnipxyemo 6ynoBy pe4oBUHA
Ha LbOMY PiBHI
Ayciv EnekTpoH
. Q
\ Aapo
. > . - @ Heitrpon
\ / “ @ MNporon
MonekyngpHa  ATomHa i agepHa KeaHTOBa
disnka disuka disnka

\\- J‘f

Man. 1.1

Iliia BUBUEHHS TeNJIOBUX ABUI HAM JOCTATHLO O3HAHOMHTHCH i3 mOJIO-
JKeHHAMU MOJMEeKYAAPHO-Kinemuyrol meopii (molecular kinetic theory) 6y-
IDoBE peuoBHHH (cxopoueHo MKT). Ha axi npunymieHHa Tefe HAITOBXYE
HasBa Teopii? A UM 3MOMKENII TH HABECTH apTyMeHTH, AKI TiATBepIKYIOTH
i1 ocHOBHI oTOXeHHA? A BOHH TaKi:

1. PeuyorRmHA CKJIAAETHCA i3 YACTHHOK (MOJIEKYJI, ATOMIR, iIHIITNX YaCTH-

HOK).

2. HacTUHKN DeUYOBUHHU HepebyBAIOTH y 0e3NepepBHOMY XAOTHYHOMY
(6eznaguOMY) pyci.

3. HacTHHKH DPEUOBHHU B3AaEMOTIIOTH MidK C000I0 — OPHUTATYIOTHCS

i BiAOITOBXYIOTBCA.

Y Tomy, 010 peHOBHHA HE CYNiLJIBHA, TH MOKEII ITepeKOHATHCA CaMOCTi-
HO, BUKOHABIIH gocaig (mas. 1.2, c. 12). Possenu ¢ap0y y Boai, Habepu pos-
YUH y OimeTRYy i fomait KimbKa oro Kpamneab y BEIUKY MOCYIHUHY 3 BOMOIO.
Coocrepiraif 3a TuM, II0 BiIOYBAaEThCH, i Uyepes JeAKNIH yac TH TOOAUMIII,
10 BojJla cTaHe piBHOMipHO 3adapboBaHOIO.

ITomipryii, mpo 1o e cBigunTsb. Copobyil MOSCHUTH IIe SBHUIILE.




Tema 1. BHYTpiWHSA eHepria. Ten1oBui 6anaHc

ﬁﬂ MNepernsaHb B e-popatky aHiMauiiiHy mogens npouecy h
auodyaii (1.1).

- )

5 ~

a3 vse.ee/cnhx
a8 Asume gudysii ceigumTs Opo Te, mIO
| PEYOBHHU CKJIAZAIOTECS 13 ApiOHUX YacTH-
l HOK, AKi caMOCTiii{HO BiJIbHO DOCTiHHO Py-

xawrbes. CrocTepesxeHHs 3a ABUIIEM [-
(ysil 1ae MOKJIHMBICTD ONIHUTH IIBHAKICTE

‘ il mporikaHHA yV piAmHAX, Ta3ax i TRepAUX
N N Tinax, y TOMy 4HCJai 3a pisHOI TeMIeparty-

= pu (max. 1.3).
ol e

Dudyzia (diffusion) — B3aemonpo-
HUKHEHHSA 4aCTUHOK OJHIET pe4yoBuU-
HU NMOMIX HACTUHKAMM iHLLOI.

BaaemMonpoHUKHeHHY
Ha 1 mm 3a 5 pokis

'F
T
|
A "
-
\

— B33EMONPOHNKHEHHs atomis 30- () — y rapsiiit Boai audysis inbysa-
noTa | CBUHLIO Yy TBEPAMX Tinax — AyXEe  ETbCH IHTEHCUBHILLE, HIXXY XONOAHIN
MOBINLHO; )

M - -

Man. 1.3

CBuHeLb

Axumu € wacmunxu pewosunu? PizuKa JOCILIKYE CTPYKTYPY PIsHUX
PEUYOBUH pas3oM 3 TaKHMH HAYVKaMU, AK MoJeKyJaapHa 6iosorida, pizuuHa xi-
Mid i ximiuHa pisura. YueHi BCTAHOBUIIN, 1[0 YACTHHKH, 3 AKUX CKJIALAI0TH-
CA PeUOBHHH, — IIe amomu abo mMoneKyau, iLOHU TOMIO.

¥ 1911 p. mikEHApPOAHIHA rpyni BYeHHX ITiJ KEPIBHHITBOM aHIVIIACHKOTO
(izmra EpHecta Pezepdop/a B pe3yabTaTi CKJIAJHUX eKCIIEPUMEHTIR B/IAJIO-




§ 1. JoCNiAXYEMO HaCTUHKN PEHOBUHW

cs BCTAHOBHUTH, 110 B IEHTPI aTOMa € MaleHbKe A0p0, ¥ AKOMY 30Cepe/:KeHa
Maii}ke BCA Maca aToMa, a Ha Kpaw aToMa eJIeKTPOHHUMHY 0booHKaMu obep-
TAIOThCA eleKmpoHU. SAApo aToMa CRAATAETHCA 3 NPOMOHIE Ta HeUMmpoHis
i gapamxeHe Mo3uUTUBHO. [IpOTOHH MAalOTE MOBUTHBHWH ENeKTPUYHHUNA 3a-
pAx (+), eleKTpoHU — HeraTuBHUM (—). HeHATpoEU eneKTPUUHOTO 3apALy He
MAaOTE — BOHH HeWTpanbHi (Man. 1.1). CrilikicTs aToMma 3abe3meduyeThesa

€JeKTPOMATHITHOIO B3ACMOLICIO: TPUTATAHHAM MijK PI3HOMMEHHO 3apAsKe-
HUMHJ YaCTUHKAMHK U BiANITOBXYBAHHAM OJHOHMEHHUIX.

-

| EﬂﬂepernﬂHb B e-404aTKy aHiMmauiiHy mogens OyaoBw “-|
\ = atoma(1.2).

vse.ee/cnhy

3a JeAKHMX YMOB €JIEKTPOHH MOXKYTh « IOKHHYTH aTOM» i IPUEIHATHCA [0
igororo atoma (MaJg. 1.4, 6) abo cratu sirvHumu (man. 1.4, @). ATom, 110

BTPATHUB €JI€KTPOH, CTAE HO3UTUBHO 3aPAMKEeHUM 1 MA€ HABBY NO3UMUBHUIL
iion (cation). ATom, 010 OPHEAHAB EJIEKTPOH, — HezamueHull liox (anion).

3aBOAKH eJIeKTPUUHIA B3aeMOJil aTOMH i MOJEKYJIU V TBEPAOMY CTaHI MO-
JKYTB YTBOPIOBATH CTIHKY KOHCTPYKIiI0 — Kpucmanivni rpamu (crystal lattice).
¥ meranax, HAIPHUKJIAA, I'PATH YTBOPEHO MO3UTHBHUMY HOHAMMY, IIOMIiY AKIMH

BiJIbHO pyxaTheda enekTponn (Mai. 1.5). Taxa 6ymosa merarie sabesmeuye im
PAX 0cOOIUBUX BJIACTUBOCTEH, 30KPeMa TEILI0- Ta eJIeKTPOIPOBiAHICTE.

e 1 =R
. EnekTpoH
. Honanwnia enexTpot

e aHioH KaTiOH

. Man. 1.5. KpucTtaniuHi rpatu:
Man.1.4.Momu: e . 1 — No3uTUBHI MOHU;
] @ — veratvshviz; @ — nosuTMBHMA )| 2 — BinbHi eNEKTPOHN )

€ npocmi pedoBUHH, AKI1 CKJIAJAIOTHCS 3 ATOMIB ogHOr0 Buay. Hanpukian,
rasmy — KHCEHB, a30T, T'eJiil; MeTaiu — 30JI0TO, Mijlb, CBUHEIb, AJIIOMIiHIN
Ta iHOIN. ATOMY OJHHX PEUOBWH MOKYTH 00’ €JHYBATHCS 3 ATOMAMH 1HIIUX,

YTBOPIOIOYH MOJEKYAU — CTPYKTYPHI YaCTUHKHU CKAAOHUX pedyoBuH. Tarku-
MU €, HAaOPHUKJIaJa, BoJa, Cilb, cofa, IIyKOop.




Tema 1. BHYTpiWHA eHepria. TennoBui 6anaHc

Jlia mosHAYeHHs aTOMIB BUKOPHUCTOBYIOTE coelliaibHi cuMmBoan. Hampu-
kaax, He — cumsoua aroma Iemiro, O — aroma Oxcureny, C — Kapbony,
H — I'igporeny, Na — Harpiio, Cl — Xnopy (man. 1.6). KoxHaa Moreryaa —
e negHa komGiHarnis aromis: O, — moneryna kucuwo, H O — Boawu, NaCl —
KYXOHHOI COJi.

r/-

Man. 1.6. Hasgir 306paxeHi PEHOBMHK i1 aTOMMK, 3 AKMX BOHU CKNAAAI0ThCH

Mounexrysia € HaliMeHOITHM HOCIEM XiMiUHU X BJIACTUBOCTEN pedoBUHEI. ARII0
PO3KJACTH BOJAY Ha KHCEHB i BOJEHB, TO PEYOBUHU, IO YVTRBOPUJIHUCSA, BIKe
30BCiM He HATAVIOTEH BOJIY — Ile ra3y KUCEeHE i BoJeHb. ATOMU, Y CBOIO UEPTY, €
HAAMeHOIIMY HOC1AMM BJIACTHBOCTEH THX €JIEMEeHTIiB, AK1 3 HUX CKJIAIaI0ThC.
Monerynu iHOIi CKIaIaI0THCA 3 AECATKIB ATOMIB, HATPHUKJIAJ caXaposa — MO-
JeKyaa nykpy (mamn. 1.6, 0), abo HaBITH 1 COTEHL THCAY ATOMIiB, HAOPUKJIAL
ITHK — moneryna, 010 mepeiae cnagKoBHil KOJ JKUBUX OPraHiamis.

I3 118 BuaiB aromis, 10 iICHYIOTH Y OPUPOAL, MOXe DY TH YTBOPEHO Mijlb-
HOHW pisHOMAHITHUX MOJIEKVJI, i, BiATOBIAHO, MOXKHA OTPHUMATH MiJbHOHHT
Pi3HOMAaHITHHUX PEUOBHH.

IcuyroTe aromum i Momekynaum, AKiI B minmomy, Oyoydum HeHTpaJbHHIMH,
MaroTh 3MIiMIeHHH PO3IIOALJI eJIEKTPUYHOTO 3apAIY — 3 OMHOTO OOKY HeTaTHB-
HUii, 3 iHIIOr0 — MO3HTHBHMUI. 1X HasuBaioTh dunosex (dipole). Moxexyna
BOIH BHACJIIJOK HeCHMETPHYHOI OyA0BH € Ay:Ke cHIbHHM mumnogem. Cmopa-
Ba B TOMY, 110 atoM OKCHIreHy nepeTsArye no cebe eaekTpoHH Big [izporeny
i cTae HETAaTHBHO 3apsA/KeHuM, a ['ipored, AKHH BTPATHUR eJIeKTPOH, HaDy-
BA€E IO3UTHBHOTO 3apAny (mana. 1.7, e). Ta cropoHa MOJEKYJIH BOOH, Y AKY
amimieHi atromu ['igporeHy, Mae cUIBHHUE NO3UTURBHUE 3apdal, a MPOTHIEHK-
Ha CTOPOHA, /e posMinieHuit Okcured, — HeraTHRHUH (Mmam. 1.7, ). Xoua




§ 1. JoCNiAXYEMO HaCTUHKN PEHOBUHW

B JIOMY MOJIEKYJIA BOJU 3aJTHIIAE€THCA eJIeKTPHYHO HeATPaIbHOo. Y HACTi-
JOK Takol OyJA0BU MOJEKYJ BOAU LA peYOBHMHA Ma€ PAJ YVHIKAJIBHUX BJIAC-
rurocTeii. Hanpurmaza, roga € qo6pum posunmuHuroM. [Ipuragaii, ag Jerko
B Hifl pO3UMHAIOTHCA MYKOp 1 cinb (max. 1.7, ).

d OkcureH )

e 8

=] &

aec
-

=

=

]

@ f T

. '-\ | e
loporex '-f MoporeH

EnexTpoHu

9 Mpoporeny @

Man. 1.7. ) — nepeposnoain enekTpPUHOro 3apszy B MONeKyi BOAM;
@ — nunonb; € — mexaHiam PO34NHEHHS KyXOHHOI CONi Y BOA

4

CxeMaTHUHO HA MAJIIOHKAX aTOMHU 300parKaloTh V BUTJIAMNL KYJIBOK, X0Ua
HacupasiiBHyTpimua 6ymoBa pedoBuHU € innro0. CyyacHi rexHoJIOTI 7aioTh
MOMKJIMBiCTE gocaigutu 6ymoBy aToMa, cororpadysatu iforo (man. 1.8, e)
1 HaBiTh CKJIACTH 3 OKPEMHX aTOMiB HOBI MaTepiaam (may. 1.8, @).

b

Man. 1.8. e — CBiTNMHA OpraHi4Hoi Monekynu nextaueHa (C,H.,),
3HW3Y — Mopenb Uiel Monekynu: Cipi kynbkn — atomu KapGony, 6ini —
\_ Timporeny; (® — HaHo06'exT — rpaden p

KBanTopa Qisurka yrouHuIa ysBIEHHS BUEHHUX TIPO aToM. Po3paxyHKH 110-
KalzaJu, 110 eJeKTpoH B aToMi I'igporeny 3a oHY MiTBHOHHY OO CEKYVHIN
TOBHHEH 3pOOUTH MIJIBAP/ 00ePTiB HARKOJIO Apa, TOOTO B IPHHAHATHOMY IS
Hac Macmorrabi yacy exeKTpoH MaB 6m Maiisxe ogHOUACHO MepeGyBaTH B yeix
TouKkax cBoei TpackTopii. ExexTponn aroMHUX 000JIOHOK 3TiAHO 3 KBAHTO-
BOIO Teopiero 6ynOBKM pPeUOBMHHU Bixe OilbIle HATAAYIOTH XBIWIiL ¥ YTBOPIOIOTE
TAK 3BAHy eJeKTPOHHY xMapy. Posmip mafiMeHmioro, Hailjaermoro i mafimo-
mupenimoro y BeecpiTi atoma [izporeny ¢cTaHOBUTE OJHY HECATHMIIbAPI-




Tema 1. BHYTpiWHSA eHepria. Ten1oBui 6anaHc

gy moao mMerpa (1 - 10'° m). Posmip sapa aroma npubausao B8 10 000 pasis
MeHO1UH Big poamipy aroma. g mopiBHAHHA: AKOH BCi eJIEKTPOHU B aTOMaX
poamicTuIM Ge3nocepeIHb0 To0aU3y AApa, To 00’ €M Tija AOPOCIOl JHIUHNI
macomo 80 Kr amenmmuses 6 1o 10 mm?® (KyOuK 3 peOPOM 3aBAOBKKHA ~ 2 MM).
Mixk agpoM aToMa H eJIeKTPOEHIME 000JI0OHKaMH — BaKyyM, TOOTO IyCcTOTA,
ajie B Hill Aic eIeKTpUYHE T0JIe.

Y 1981 p. 6yno cTBOpeHO CKAHYBANILHUH TYHEIBHMH MIiKpPOCKOI i 3’dBU-
Jacsad MOMKJMBICTL MAHITYIIOBATH OKPEeMHMH aTOMaMH Ta OTPUMYBATH MAarte-
pianu 3 yHIKATEHUMH BJIACTHUBOCTAMH — HaHomamepiaau. Ilpedikec HaHo-
(v mepernani 3 rpenbKoi «IHOM, KapIMK») 03HAUAE «ONHA MimbapaHa». Bix-
moBifiHO 06’€KTH, ¥ AKHUX Xo0ua 0 ofuH i3 jmimifiHux posmipie He nmepebinbnrye
100 mamomerpis (100 - 10°° M), masuBaoTh Hanoob cxmamu (man. 1.8, (
Taxi mamoo6’exTH ¢ HezaMminnuMmmu y Oarathox cdepax. Hampuraanm, ais sa-
nucy imdopmarii, amKe Ha HeBeJIHKIN ILIOINI MOKHA PosMicTHTH Ay:Ke Oara-
7o Hamoob eKTiB. AG0 B MeIUIIUHI, KOIu TOTPibHo, m00 HaH006 €KT IPOHHUK
v OyIb-AKY KJIITHHY opraxismMy. HagouacTHHKN JIOKCHIY TUTAHY MO YTh PO3-
KJIafaTH BOAY Ha BOJEeHbB 1 KIMCEHD il Hi€l0 3BHUailHOTO COHAYHOro cBiTaa. Hac-
THHKH riipo¢06HOro HaHOMOPOIIKY, HAHEeCeH1 HA MOBEPXHIO B3YTTA YU OLATY,
HamaloTh 1M BIACTHUBOCTL He «0oATHCA» 3a0pyIHEHHA Ta HAMOKAHHA.

Ile mumre KOPOTKHI OTIAL PO AeAKi YacTHHKY pedoBrHU. M mie mosep-
HeMocs [0 IMbporo maparpada mijg uac BUBYEHHS TEMJIOBUX Ta €JEKTPUUHHUX
OPOILECiB Y PEUOBIHI.

OYM AN Axi mayku, KpiM QisKH, BUBUYAIOTE OYAOBY PEUOBHUHI?

A posmmdpyearu abpesiarypy MET? fAxki me ¢izuuni
BIIKPUTTA 1 JOCTiI:KeHHA NpUCBAYeHi OyI0R1 peuoBMHNT

Yuwm BigpisuaeTnea MosieKyJaa Bix aroma? 300pasy cXxeMaTHYHO MOJIEKY-
JIX BOOH, KHCHIO i ByrJIEKHCJIOrO rasy.

Ax T noacuum apumie AuQy3ii 1’ ATHKJIACHUKY /O’ ATHKJIACHUITL ?

= -\\'\.
| ¥ Cropucraiics e-nomatkom, LWob npuraaaty aii 3i crenersvn (1.3). |
C P

% 4

PO3B’AXKU 3AOAUI

ITpubnamsHO OMIHMTH PO3MIPH MOJIEKYJ MOKHA B3aBAAKH HOCJILIY, II0
BOepIile OYB IMpoBefeHUHE HiMenbKuUM (isurom B. PeHTresom Ta #oro
agraifickKuM Koaeroio 1. Pemeem. ARINO KpamaumHy oJil moMicTUTH Ha




§ 1. JoCNiAXYEMO HaCTUHKN PEHOBUHW

YHUCTY BOOY, IIIO MA€ OCTATHIO IJIONTY MOBEPXHI, TO OJIiA 0APa3y POSMIIH-
BETHCH, YTBOPHUBIIH TOHKY NJiBKY 3aBTOBIIKY B OJWH ITap MoJerya. Ilo-
Oi6HUM YMHOM PO3MIMIYIOTHCA TOPOITHMHY Ha MOBePXHI cTory (Man. 1.9).

Man. 1.9. MogenioBaHHs MONEKYNSIPHOrO Wwapy

N

Hatimennry TOBHIMHY TAKOI NIIBKK MOXKHA OPUHHATH 324 JiaMeTp MoOJe-
Kyau oxil. 3Haroun 06’eM Kpaniausau (V) i BUMipABNIIN OJIOITY MJIIBKH 34

; v
MAaKCHMAaJILHOIO Po3auBaHHsA oiii (S), 3 Bigmomenas d = S MOJKHA BH-

3HAYHMTH po3Mip (miamerp) MoJiexkyJ oJii. PesyapTaT OgHOTO 3 HOCHiAiB
OYB TAKUM: IS KPAIJIHUHE, 0 Mana o6’em V = 3,6 - 10°° cm?, mnoma mo-
BepxHI muisku cragopmwaa 90 ecm?. BusHau giamerp moneryim omii.

BUKOHAW OOCNIOXXEHHS

BuKoOHYIT TOCTIIN 3 TOTPUMAHHAM MPAaBIJI Ge3MeKH JKUTTETIATBHOCTI!

Posbpuskail Tpoxu nmapdymMmiB B OfHOMY 3 KYTKiB KiMmHaru. [loueraticsa
NOABH 3amaxy Iliel peUOBHHU B iHOIOMY KYTKY KiMHATH (AKIIO MpAaIio-
€Te BABOX, TO MOJKHA CTATH Ha PiZHUX BifcTaHAX Biff Maxy4ol pedOBHHU
i DOpiBHATH Yac MONIHPEeHHA 3amaxy). K MoKHa NPUCKOPHUTH IPOIEC
nugysii B nbomy gocaigi? Yu € audysia oCcHOBHOIO MPUYHMHOIO PO3IOBCIO-
IKeHHA 3aTaxy B I[LOMY BUTAIKY?

ONPALIION IHOOPMALLIIO

v
v

v

Posnounu cTBopeHHA TenOyKa « PedoBrHA: 3HaOMa i TAEMHEMYA» .
Jobepu muraty # inrocTpamnil Ha IiATBEPIKEHHSA TOrO, OI0 ATOMH i MO-
JEKYJIM OIMCAHO B JIITEPATYPHUX TBOPAX, 300PAKEHO HA KAPTUHAX, Map-
Kax, BigobpaskeHo B CKYJIbIOTYPAaX TOIIO.

Jliznatica 6inbIe mpo 3HaYeHHA AU y3il y mpolleci TMXaHHA i TpaBJIeHHA.

2

[ : MepernsHs B e-noaaTky cumynadiio «docnipxyemo audyaio» (1 .4)J

OLUIHU CEBE

RE %5

F BukoHaii B €-000aTKy 3aBAaHHs NS CAMOOLLiHIOBaHHSA (1.5).




§ 2. 2OCAIAXKYEMO ATPETATHI

CTAHU PEYOBUHU

| 3HOBY Te came: TBepAi, piaki, ragyearti. Yunnu, Bxe
3HaeMO.

A OT UiKaBO, 41 3MOXeLl TU NOACHW -
TW BAACTMBOCTI arperarHux CTaHiB,
BMXOASA4M i3 nonoxeHo MKT?

Hosenu aGo cupocTyii Te, 10 TBepAi/pigKi/rasysari pe4oBHHN: a) MalOTh
Macy; 6) saiiMaroTh i 30epiraroTh 00’eM; B) MaroTh hopmy i 36epiraroTs ii.
BuxopucroByii o0nagHaHHs, 300paskeHe Ha MaJIlOHKY 2.1, abo gobepu ca-
MOCTiliHO.

s p
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ITepexonyemoca, uy0 “ACMUHKU PEHOBURL PYXAIOMbCA | 63A€M00iI0Mb.
I3 mposgBOoM pPyXy i B3aemMonii YacTHHOK PEUOBUHU MijK CODOIO TH BIK€ O3HA-
MOMMEBCSH / 03HANOMIIACSA HA ypoKax ¢isuru B 7 kaaci. [Ipuragaemo pasom.




§ 2. JocnigXyeMo arperatHi CTaHyu pe4oBUHN

IMpuknagatoun cuay ¥ gedopMyOYd TiJO, MA MaeEMO COpPaBy i3 cuiiaMu
OPUTATAHHA 1 BiNITOBXYBAHHSA Mi)X YacTHHKAMU pedyoBUHH (Man. 2.2).
AKMOIo Tio CTHCKYBATH, TO BiZ[CTAHB MiXK MOJIEKYJIaMP 3MEeHITVETHCA, 1 BOHHA
OOUYHMHAKTL BiATMITOBXYBATHUCA OOHA Bim oxHOI, mi00 3HOBY 3aMHATH momepe-
JTHE N0JIOKeHHA A0 nedopmanii. AKnOio & Tijo po3TAryBaTH, TO BiACTAHL MiMXK
MOJIeKyJIaMu 30iIbIIVETRCSH, 1 BOHH HOYHHAKOTE CHJILHIINIE OIPUTATYBATHUCE
oIHAa IO 0mHOL, 1100 3aiHATH IOJOKeHHA, AKe BOHU 3aiMai 0o gedopMarrii.

OcRiTBET B Pi3HHX PEUYOBUH Ii CHUJIM MOXKYTH HabyRaTH pPi3HOTO 3HA-
YeHHSA, TO I pe3ynbTaT OyAe PiBHUM: € MaTepiayiu, AKi Ticida OpUOUHEHHS
30BHINIHBOIL Aii, 110 iX medopMye, MOBHICTIO BiJHOBIKIOTE CBOIO (hopmy (ix
HA3WBAIOTE IPYKHWMMT); Ti, O10 He Bi THOBIOIOTE GOPMY, HA3WBAIOTE MJIACT Y-
HUMH; a Ti, AKi B3araii He IPOTUIIOTE IPUKJIAAeHIH ¢l i pyHHYIOTECH, —
KPUXKHUMHA.

‘\\

VUAVAVAVARAR
(LTHRTTRTAEY

R

Man. 2.2. lNopiBHAR PO3TaLLYBaHHA Y3CTUHOK PEYOBUHU MICASA MPUNNHEHHS
poaTarysaHHa meTanesol npyxuxu () Ta wmatka nnactuniny (&)

L o

Tuck rasie 3ymoBiieHHII pyxoMm i ymapaMu 4acTHHOK 00 CTIHKH €MHOC-
Ti, vy aKiit Bim mictuthea. I saxon Ilackansa cTBepikye, [0 YaCTHHKH Pi-
OUHN i rady MOMKYTh HOPiBHAHO BiIbHO PYXaTHCA B yCiX HampaMmax, Ha
Bigminy Bim TBepaux Tin. Tomy y TBEpAHMX Tinax THCK NePEeFAETHCA JIHMIE




Tema 1. BHYTpiWHA eHepria. TennoBui 6anaHc

y Hanpami il cuiu, a B pigmHAX 1 rasax — B yCiX HampaMax OJHAKOBO
(man. 2.3).
i \
A o =4
<+ —>

<4+ —>
v bl TR

Man. 2.3. NepenaBaHHA TUCKY 3aNeXWTb Bid pyxy | B3aeMOii 4aCTUHOK
PEYOBUMHW Y PI3HWUX arperaTHUxX cTaHax
/

h% =4

Mosxua saBecTn 1ie 6e3yiu (pakTiB HA DiATBEPIKEHHS TOTO, II10 YACTUHKM
PEUOBHHE PYXAKTLCA, IPUTATYIOTHCA 1 BIAITOBXYIOTECA.

Mpouecu gapbyBaHHsA, ckneloBaHHdA, Aedopmallii TBepamx
TiN TOLLO CBiAYaTh NPO ICHYBAHHA CUA NPUTAraHHA i BigLWLTOB-

XYBaHHA MiX MONEeKynamMu.
-
"

fBuiLe nndysii CTOCYETLCA PYXy HACTUHOK.

Tobi Bxe BiGOMO, LLO Bif TOro, K PO3TaLUOBaHi, PYXaloThCH
| B32aEMO/I0TE YACTUHK PEYOBUHW, 3aNeXNUTh 1T arperaTtH1ui
cTaH — TBepAui, pigkui, ragysatunii. PO3rnaHemo oro 3 no-
31U MONEKYNAPHO-KIHETUYHOI TEOPIl 6ya0B1 PEYOBUHU.

Mpunyckaio, Wwo Mu 3apas MaTMMemMo Crpasy e 3 rno-
HATTAMMW KIHETUYHOI EHePril pyxy Ta NoTeHUiaNbHOI eHepril
B3aEMO/ii YACTUHOK PEYOBUHU.

Bidminnocmi y pyci i 63ae€mo0ii HACMUHOK Pe1O06UHU 6 PIZHUX azpe-
zamnuux ecmanax. Y meepdomy mini (solid) Mixk CTPYKTYPHHUMH YACTHHE AMET
(aTomamuy abo MOJIEKYJIAMHE) JiI0Th 3HAYHI CUJIHN IPUTATaHH A, i1, BiAIOBiLHO,
BEJHKOIO € MOTeHIIiaJbHa eHepria BaaemMonii. BinmsHO mepeminryBaTHCh (AK
y pimmHax abo razax) 4YaCTHHKHW TBEPAWUX TiJ He MOMKYTh. BOHH MOKYTH




§ 2. JocnigXKyeMo arperatHi cTaHU pe4oBUHN

JIUITE XA0THYHO KOJHMBATHCA BiJHOCHO CBOIX nosioxkenb. Cepensa KiHeTHUHA
eHEepTris pyxXy YaCTHHOK TBEPUX Til € HE3BHAYHOO.

Taxki ocob6auBOCTL po3TaIIyBAHHA, PYXY i B3acMOoIil 4aCTHHOK TEEePIUX TiJa
3a0e31euyIOTh IM IeBHY (opMmy i 00’ eM.

Teepai Tita MOXKYTE OyTH KpucmaaitnHumu abo amopprumu (Mmaa. 2.4).
Ilpuknagamu kpucramiunux Ttia (crystalline solids) € xBapu, 3050TO, Jif,
ripebKH KPUIITANL, KpeMHil, ramit (kam’sua cine) Ta 6araro inmmx. Haa
KPUCTATIUHUX TBEPAWX TiJ XapaKTepHe BOOPAJKOBAHE PO3TANIYBAHHSA MO-
JEKyN, HOoro Ha3UBATL daavHim nopadwxom. Teepai rima, axi He MawThH
JANbHBEOTO MOPAAKY B PO3TANIYBAHHI YACTHHOK, HASHBAIOTL AMOPHHUMU
(amorphous solids) (manpurIam, cKJIo, cMOJa, Iapadin, IyKop).

~

Kam'saHa cinb

Man. 2.4

Y piduni (liguid) moTeHmIianbHa eHeprisg B3aeMoAil MOJEKVJ TaKOX
Oinpmra, HiXK KiHeTWuHa eHepria ixavoro pyxy. OgHAK MOJEKyIH pimu-
HH ZOCTATHLO PYXJNUBi, TOMYy BOHH YaCTO 3MIiHIOIOTH CBOC IMOJIOMKEHHS, PY-
Xawuuchk «cTpubramMu». Moaekynm pigmHm nepebyBamTs 37e6iabII0TO
B HI[iIBLHOMY OTOYEHHI cycimaix moserya. Komu »x panToBo mopyd BHHUKAE
pospimkennsa, MOJeKyJa IPOHHKAE B HLOTO. TAaKMM YHMHOM BOHAa HOTpAa-
€ B «KOMOAHI0» IHOIMX MOJeKYJ 1 mepebyBae TaM, MOKH He 3 ABUTHCA
MOMKJINBICTE [OIA HOBOrO «cTpubras. Pyxamouuch, MOJEKYIH PiImHNI
B OyOb-AKHI MOMEHT 4Yacy MalOTh OiJbII-MEHII YIOPAJKOBAHE PO3TAIILY-
BaHHS, SKe HA3HUBAITE OnuxcHim nopadxom (manx. 2.5, @). OpHak wei
TOpPAMOK Ha BEJIMKUX BiJicTaHAX He 30epiraerbcs, i came ToMy HOTO Ha3H-




Tema 1. BHYTpiWHA eHepria. TennoBui 6anaHc

BAIOTh ONMAKHEIM. ¥ PIIKOMY CTaHI peUYOBHHA 34 HE3MIHHHX 30BHINTHIX YMOB
3bepirae 06’ em, ane He TpumMae popmy. Ile ozmauae, mo piguHA MOKe 3aiima-
TH TiLIBKH YAaCTUHY 00’€My MOCYAWHU, ajle MOKe BiNbHO MepeTiKaTH i mpo-
HUKAaTH B yci 11 aakyTru (Mman. 2.5, ).

al =

Man. 2.5. BnacTMBOCTI piauH: @ — BnuxHin nopsook; (6 — TexydicTe
- .

IcEyrOoTH TaKi peuoBUHH, IX Ha3UBAIOTE pidki kpucmaau (liquid crystals),
AK1 MaIOTh OJHOUACHO BIACTHUBOCTI piguH i TBepaux Tix (maiu. 2.6, ). Boun
TeKyUi, AK piguHH, a AK TBepPIAi Tina MAalOTh YIOPAZKOBAHE PO3TAITIYBAHHA
Moneryi. ToMy KpanjJWMHU PIJKUX KPUCTAJIIB 3aBKAW CTPOr0 BH3HAUYEHOI
dopmu. HaitGinbmr xapakTepHOH BIACTHBICTIO PIAKMX KPUCTAJNIB € IXHS
BOATHICTL 3MIHIOBATH OPi€HTAIII0 MOJIEKYJ HiJ BIJIMBOM €IeKTPHYHUX IO-
JIiB, 10 BIAKPHBAE MIMPOKI MOMKJINBOCTI AJIS 3aCTOCYBAHHA IX yV PLAKOKPHC-
TAJMIYHUX JUCcIIeAX. BOHH gy ke 4y TJIMEBI J0 3MiH TeMIeparypH — 3MiHIOIOTH
cBoc 3a0apBIeHHA HaBiThL 3a 3MiHM TeMIepaTypH Ha goJi rpagyca. 1o Biac-
THBICTh BUKOPHUCTOBYIOTh ¥ MEIWYHUX MNPUCTPOAX. 34 AOIOMOIOK PiAKHUX
KPHUCTAJB BHABAAITE TAPH IMKIAIHBUX XIMIUHHX CTIONYE 1 Hebe3neuHe O
3[0POB’ S JIIOJUHUA BUIIPOMiHIOBAHHS .

Pigri xpucramu ¢ B opragismi JgoguHmI
(B Mmo3Ky, M aszax). [leari xKoMaxm 3aBIAKK
PiAKKMM KpHCTAIaM MaioTh VHiKaabHe 3abaps-
neHHA (MaJ. 2.6, ).

V¥ zaszax (gas) oxkpemi Monexynu ciabo B3a-
EMOJIIOTH MiK c000I0 I pyXamThCA XaOTHU-
Ho. CepenHsa KiHeTHUHA eHepTrig MOJEKYJI €
Oinbmior, HidK IXHA MOTEeHIiaJIbHA eHeprid.
¥ rasyBaToMy CcTaHi MOJEKYJIU Mail:Ke He 3a-
3HAIOTHL B3ACMHOTO INIPUTATAHHA. Bimcrann
MiK aToMaMH I MoJIeKyJaMu rasis mabara-
TO Oinbma 3a ixHi posmipu (IpubIH3HO B ge-
CATKH, a TO i cotHi pasie). Ilum, 30Kpema,




§ 2. JocnigXyeMo arperatHi CTaH pe4oBUHN

NOACHIETHCA 3HAYHA CTHCJIUEBiCTE razie. I'azm He 30epirarTs aHi Gopmu,
aHi 00’emy, TOOTO 3aliMalOThL Bech 00’ €M TTOCY/AMHHN, V AKiH BOHH MiCTATHCA.
IIi o3HaKW 3yMOBIEH1 TUM, II0 MOJEKYJH razy MixX KOPOTKOUACHUMHU 3i-
TKHEHHAMUI NepefyBaloTh ¥V BLILHOMY pyci.

SaebinpnIoro y 3sBUYHUX [JIdA JIIOAWHHA 3€MHHUX yMOBaX IEBHHUI ra3 Mae
OJIHAKOBY T'YCTHHY, TeMIEPATYPY, THCK ¥ OyAb-AKiH TOYNi TOCYAUHH, AKY
saiimae. OgHaK e He yHiBepcaJbHUI 3aKoH. Hanpukiax, OoBiTpsa B IOJI
TAMIHHS HaNIol IJIAHEeTH Ma€ PisHy I'YCTHHY, TUCK 1 TeMIepaTypy: Iii BeJu-
YUHHU 3MeHOIVIOTHECA 3 BiA/IaIeHHAM BiJi TORBePXHI SeMuri.

PeyoBuHa 3a meBHUX YMOB MOJKe 3MIiHIOBATH CBill arperatauii cran. Ilpu
IBOMY 3MiHIOETHCS JIUMIE PYX YACTUHOK PEYOBUHU TA B3ACMOJIiA MiK HUMH,
TOML K CKJIAJ YACTHHOK 3aJIHUIIACTLCA HE3MIHHIIM.

BuokpeMIiol0Th Ile 0JUH cTaH PeYOBUHE — n.aasmy (plasma). Ilnazmoro
HA3WBAIOTH Pi3HOBUM rasy, AKHH CKIANA€ThCA i3 «3pYHHOBAHHX ATOMIiB»:
HOHIB TAa OKpeMHX eleKTPoHiB. [Inazma Moke yTBOPUTHCSA 32 3HAYHOTO HA-
rpiBaHHA Tasy.

3a cydJacHUMH YABJIEHHAMHT OLIBOIY YACTHHY PEYOBHHU (32 Macoio OJIM35-
K0 99,9 %) y Beecsirti cTaHOBHTE miIasMa. ¥ ci 30pi CKIAJAKOTHCSA 3 [LIA3MH,
1 HaBiTHL DpPOCTip HABKOJO HUX 3aIOBHEHHH MJIA3MOIO, X04a H ayiKe po3pi-
IReHOK. ¥ 3eMHHUX YMOBaX IJIA3MY MOMKHA CIOCTepiraTd B aTMOC(EpPHUX
ABuNOIax: OMMCKaBKa, TiBHiUHE caiBo. [Tonym’a rakosx € mmasmoro. [ltyuso
CTBOpPEHA IJIa3Ma MICTUTHCA Y IJIa3MOBHX NaHEJAX MOHITODIB.

.

«» B33AEMOAIl YAaCTUHOK PEYOBUHWU B PI3HUX arperarHux v

t‘;ﬂﬂepemmb B e-404aTKy aHiMaliiiHy mMoaens pyxy Ta ‘ 5]
craHax (2.1).

N

vse.ee/cnhz

II10 € CBiTUeHHAM TOTO, 10 YACTHHKN PEYOBHHH PYXAOThLCA
1 B3aeMOgiI0Th?

nyMAﬁ

fAxi ocobnmBocTi pyxy i1 B3aeMomil MoIeKya vV pigxomy,
TBEPAOMY Ta ra3onoAioHoOMy cTaHax?

Yomy poaTaniyBaHHA YACTHHOK Y TBEPAUX (KPUCTAIIUYHUX) Tijlax HA3HU-
BAIOThL JANBHIM IOPALKOM, a Y pigun — O6mmrHiM?

Y vyomy ocobiuBocTi 6VA0BH aMOP(MGHUX TBEPAUX TLI Ta pPiAKUX KpHUcTaaiB?
o € mpruKMHOIO 3MIiHKM arperaTHOTO CTAHY PEYOBUHM?

ITTo ra3WBAIOTE NIIA3MOIO 7




Tema 1. BHyTpiWHA eHepria. TennoBui 6anaHc

PO3B’AXXWU 3AOAMI

IleBHuii ras nepeTBOPUIN HA PIAUHY BHACIIIOK CHJILHOTO OXOJOMKEHHI.
ITpu nsomy 06’em razy smenmusea y 700 pasis. Busnau, axy yactuny Big
00’eMy razy CTaHOBHB 00’ €M HOr0 MOJIEKY.JI.

BUKOHAW AOCNIAMXEHHSA

Bi3sbMM y4yacTb Y rpynosin pobori

ﬂ O6’cgnafiTecss B rpynH il 3MOJEIIOHTE PYXH YACTUHOK Yy PiBHUX arperar-
HHX CTAHAX PEYOBUHH.

T'pyua 1. ITpogemMoHCTpYHTE DE3NafHUN PYyX MOJIEKYJ v rasi (BiasHO nepe-
Mimgaiitecs).

I'pyma 2. PyxafiTe, TpUMawUHCch 3a PYKU, NPUTATYIOUNUCH 1 BiAIITOB-
xXyiounuch. [lada pemMoHcTpamnii NIAHHHOCTI XTOCh Ma€ OUOMHTH PYX
y IIeBHOMY HaIPAMIi, iHIII — pyXaTHcd CIiLoM.

I'pyna 3. ChopmyiiTe KOJOHU IO TPOE, IORJAMITH PYKH Ha OJjiede TOTo/
Tiei, XTO cTOITHL momepeny # mpaBopyd, i 3aificHIONTe cnabKi KOMTUBAIBLHI
pyxu Ha Micmi.

E CnoocrtepirafitTe 3a poctoMm KpucraniB. OfaadHanna: MIKpPOCKON, HacHUe-
HUH PO3UNH KYXOHHOI coui. HaHecH HeBeIMUKY KPATLII0 HACHUUYEHOTO PO3-
YHHY KYXOHHOI coJIi Ha moKpuBHe cKJI0. CmocrepiraiiTe uepes HesKHi yac
iHTeHCHBHEe YTBOPEHHA KPUCTAJIiB Ta ix picT. JonOBHITHL BUCHOBOK!:

Pict kpucTasis is po3unHiB 3acHOBAHUH HA ... ATOMIB (MOJIEKYJI) PO3UYLUHEe-
HOl PeYOBUHHU 3 IEPEHACHYEHOTO PO3YUHY J0 3POCTAIOUOTO KPHUCTAJIA.

ONPALIION IHOOPMALLIIO

v JlizHafica 3 JOJAATKOBUX JIXKeped Npo He3BWYAIHI peUOBMHWM: MeTalleRe
CKJIO, PiAK1 KpUCTANN, HEHBIOTOHIBCLKY PiIMHY.

S . . . E
[ MeperndaHb B €-000aTKy OOCNIAW, SKi LeMOHCTRPYIOTh «edeKT nam’aTi cbop-)

Mu» (2.2). OisHaiics npo Heoro Ginblie. Hke oro nNpakTuiHe 3Ha4YeHHA?

OUIHN CEBE

B Bukonai B e-404aTKy 3aBAaHHs 48 CaMOOLiHIOBaHHA (2.3).
R i




§ 3. J0CNIAXKYEMO TENNOBUU PYX
YACTUHOK PEYOBUHU

Pyx 4yacTuHoK pe4oBuHK nerko gocnigutin. Hanpuknag,
nia yac audysii. Ane Yomy came TennoBuit pyx? Yum BiH
BiAPI3HAETLCA Big, MEXaHI4YHOr O pyxy monexkyn?

Buronait pocain abo DOACHH 3a
MaJIOHKaMu, [0 BigOyBaeTbcsA 3
TEMIOEePaATYypPO XOJOAHOI i rapadol
BOJW IIPH iX 3MinTyBaHHi (MaJi. 3.1).
Yomy Ha MOUATKY A0CJHiAY rpadirm
BMiHM TeMIepaTypu GiJbIl BUTHY-
Ti? Yomy B Rimmi mociaimy rpadik
TeMIIepaTypyu 3HOBY BUTHHAETHCS ?
Coporuosyii, K 3MiHIOETBCH, HA
TBOID OYMKY, PYX MOJEKYJ BOJH ¥
CKJISTHI1 3 XOJIOJHOIO BOLOIO.

DISHABAMCSA

Yomy pyx HacMUHOK pPevo6u-
HUu Ha3usaromb menaosum? Mu
3’AcyBanu, M0 YaCTUHKHN PEYOBU-
HU PyXamoThed i B3BaeMoitoTh. Pyx
OKpeMOi YacTHHKU MH MOXKeMOo
OMMCYBATH MEXaHIUHUMU BeJITUM-
HaMHM — MIBHJAKiCTIO, KiHeTHUHOIO
eHeprieo. Ajle B peUOBHHI Besm-
YesHA KiIBKICTDH YaCTHHOK, 1 miod
BigpisHUTH MeXaHIYHUHN PyX OXHIi-
€l YacTHHKH Big pyxy IX BeaIHKOI
KiIBKOCTi, BaCTOCOBYIOTH TepMiH
MmenJosuil pyx.

e

Mapsaya Boga

XonopHa Boga

Man. 3.1




Tema 1. BHYTpiWHSA eHepria. Ten1oBui 6anaHc

Onucyoun TEeNJIOBHH PyX MoJie-

KYJI, BUKODUCTOBYIOTh CepeJiHi 3Ha- Tennosum pyxom (thermal movement)
YeHHA: CepeaHI0 MBHUIKICTH PYXY Ha3uBaloTh HeanepepBHVA, HEBNOPSOKO-
MOJIEKYJI, CePEeNHIO KiIHETUUHY eHep- BaHWM (Xa0TUHHWIA) PyX MONEKyI.

rifo MOJIEKYJI, CePeaHI0 MOTEeHIliadb-
HY eHeprio Baemoail MmoseryJs. Big sHaueHs Mux BenwuIuH (TOOTO Big 0cod-
JTUBOCTEH TENJIOBOTO PYXY T4 B3ACMOil MOJIEKYJI) 3aI€KUTEL TEIIJIOBHH CTaH
Tija, TOMY PyX i Ha3BaJM TEIJIOBIM.

P Mwu B nonepenHix naparpadax 3’acysanu, WO Bio pyxy
(4 . - a
p i B3aEMOfjl HACTUHOK 3aNeXUTb arperatHWi cTaH pe-

-

YOBUHU. A Tenep WAETLCA NPO TEnnOBWA CTaH Tina.
Lle sikick pisHi cTaHn?

dymato, wo Tak. ¥ gocnigax 3i 3MillyBaHHA BOAM,
HarpiBaHHA NoOBITPSA Ta METANEeBOl KyNbku arperar-
HUIA CTaH HE 3MIHIOBABCSH, a OT TeMreparypa Lux Tif
i TennoBui ctaH — Tak. [laBaid 3’ACOBYBaTH PA30M,
L0 Take TemMnepaTtypa i TernnoBuia CTaH Tina.

IIlo make memnepamypa i menaosuil cman miaa? J1na nroquHNT BAXK I~
BO BMIiTH OPABIJIBLHO OIiHIOBATH CTYIiHb HarpiTocti Tina. I aK ™1 y:xe 3Ha-
enr, oo0 OiHUTH AKech ABHIIe ado mporec, HOoTPidHA (hizHuyHA BeIHUYMHAE,
oro iioro xapakTepusye. [JiA XxapaKTepHCTHKHM CTYIIeHA HarpiTocTi Tina Bm-
KOPHCTOBYIOTh HOHATTA TeMIEPATYPH. I3 HHM HOHATTAM TH Bie 3HAKOMUIA/
sHaroMa. Crrpo0yeMO HOACHHTH HOro 3 TOUKH 30PY MOJEKYJIAPHO-KIHETHY-
HOI'O BUEHHSH IIPO OY/IOBY PEUOBHH.

TenmoBuit pyx MOJEKVJ i TeMOepaTtypa Tina BzacmonoB’ssami. [Ipore, ax
BHABIJIOCSA, 38 HOPMAJLHUX YMOB ¥ YACTHHOK i3 MOPiBHAHO MaJHMU Maca-
MU (HAOPHUKJIAL, aToMH ab0 MOJeKYJHU BOAHIO, I'elil0) MIBUAKOCTL TEeIJI0BO-
ro pyxy OlnbOIi, Hid V 4aCTHHOK 3 OLJIBIIO MAacoi0 (HAIPUKJIAA, MOJIEKYJIH
KHCHIO abo Bogu). ToMmy BeMuMHA, 3 AKOK OB A3aHA TeMIeparypa, — Ie
KiHeTHUHA eHeprid pyxXy MOJIEKYJ: 110 61611010 € RiHeTHUHA eHeprid pyxy
MiKpPOYacTHHOK TiJia, TO BHI[OK € HOTO TeEMIIeparypa.

(=] 7.5 [m]
]

MepernaHb B €-00fatky aHiMauiinHy mMogens |
\ TennoBOro Pyxy YacTWUHOK pevoBuHu (3.1).

o
vse.ee/cnia

Hocaiagm nokasyoTh, 10 ¥ OPUPOJL iCHYE BaKJIMBa 3aKOHOMIPHICTE Te-
MJIOBUX TIpoliecie. AKIMO Tiia MalThE pi3HY TeMIIepaTypy, TO OOMiH TEILJIOTOI0
MiX HUMU Big0yBaeThcd B UiTKO BU3HAUEHOMY HANpPAMIi: Bij Tija 3 BHOIOIO
TEeMIepPaTyPOIO A0 Tijia 3 HUKYOI TEMIEPATYPOIO.




§ 3. JocnigKyeEMO TENNOBUA PYX YaCTUHOK PEH4OBUHK

Byap-ake Tisio abo cuerema Tig,

mo mepebyBailoTh B 0OMesKeHOMY Temnepatypa (temperature) — ue bi-

TpocTOopi, i3 HacoM caMOUYHHHO TIepe- 3UYHA BEMMYMHA, LLO XApaKTEPU3YE Ce-
XOOATEh V CTaH, V AKOMY BCi UacTUHI PEOHIO KIHETVYHY EHEPIIIO PYXY YACTUHOK
Tina abo Bei Tija cHCTEMH MAIOTE OJ- DPEYOBUHM, 3 AKOI BOHO CKN130aETbCA.

HAaKOBY TeMIIepaTypy, TOOTO y cTaH
TeIJaI0Bo1 piBHOBaru (Mai. 3.2).

\ Man. 3.2. lNpouec ycTaHOBNEHHA TEMIOBOI PiBHOBArn p

3’dCcyeMo, ¥ YoMy TPUYKMHA TAKOTO ABUIA. MoneKyJIm rapAa4oro Tijga Ma-
IOTh OIMBOIY KiHEeTHYHY €Hepril, TOMY pyXalThed OIBHUAINE, HiXK MOJIEKY-
au xoaoxuaoro Tina. Ilix yac KOHTAKTY Tiad (IOTHKY TBepAUX Tijg abo 3minry-
BAHHA PifuH i razis) 6inbm MIBHAKI MOJEKYIH rapsatuoro Tija B3a€MOJIiIOTE
3 TOBIIBHIOTUMHU MOJIERYJIAMHE XOJIOMHOTO Tija ¥ BignarTh IM YacTUHY CBOET
KineTmuHOI eHeprii. ¥V pe3yabTaTi MIBUAKI MOTEKYIH MOUYMHAIOTH PYXaTHUCA
IOoBiJbHIiINE, a moBiNIbHI — mBHaIIe. ['apade Tio TOCTYIIOBO OXOJMOMIKYETD-
cd, a X0JIofHe — HaTrpiBacThLCA.

3 TOYKH 30pY MOJEKYJIAPHO-KiHETHYHOro BUEHHA Y CTaHi TEMJIOBO1 PiBHO-
Bard B yCiX Tijd, 010 KOHTAKTYIOTE MiXK c00010, cepe/lHA KiHeTHYHa eHepria xa-
OTUYHOTO PYXY YACTHHOK PEYOBUHU, a OT:KE, 1 TeMIlepaTypa, € OJHAKOBIMII.

Ax eumipioloms memnepamy-
py min? BuMmipiosBaHHA Temunepa- — TennosBa pisHoBara (thermal equili-
TYPH Ma€ OedAKi ocobamBocTi: AmaA brium) — ue CTaH TiNn, 3a AKOro M HUMMU
TEMIIEPATYPH He ICHYE eTaJoHa, He BifgOyBaeTbCa nepepadi Tenna, i BOHW
3 AKUM OU M7 MOIJIH i mopiBHIOBaTH,  MAiOTh OAHAKOBY TEMNEPATYPY.
AK, HAIPUKJIA, IS MACH YU JIOBIKHU-
HH. [Tpo 3miny TemnepaTypu Tina cy-
JATH 32 3MiHOWO iHMIINX (hi3UIHUX MapaMeTpiB Tid: 06’eMy, TUCKY, eJIeKTPUY-
HOT'O OIIOPY TOMIO. ¥ Ci TEPMOMETPU CKIANAIOTHCA 3 TEPMOMETPHUTHOL PEUOBUHU
i remneparypHoi mkanu. B ocHOBY Ail TepMOMETPHYUHOI PEUOBUHE HOKJIATEHO




Tema 1. BHYTpiWHSA eHepria. Ten1oBui 6anaHc

NeBHY 11 BJIACTHBICTE, M0 3aJ€KHTh Bif Temneparypu. Hanpurianm, pida pi-
JUHHUX TepMoMeTpir (mar. 3.3, @) — Ie 3aJeRHICTE 00’ eMy pPiAUHU BiJl TeM-
nepaTypH, JJif eJIeKTPUIHNX TepMOMeTpiB (MaJt. 3.3, ) — 3aJIeHICTh CUIN
CTPYMYV BiJ TeMOepaTypH, Oiasd biMeraneBux (Mai. 3.3, @) — BaJIeXKHICTE CTY-
neHs gedopmarii MeTaneBol INIACTHHKHU Bif TeMIepaTypH, A1a iH(ppadepsBo-
HUX (Max. 3.3, 0) — BaJe)XHICTE Bif TeMIepaTypH KinbKocTi ingpauepBoHO]
eHeprii, AKY BUIPOMIiHIOE 00 EKT.

( Man. 3.3

Haiiuacrime Ha OmpakTHIl BHKOPHCTOBYIOTH 3aJIe)KHIiCTL 00’eMy pimmam
(pryTi abo cnupTy) Bix sMiHu TeMnepatypu. Takui crmocié BIMIipIOBAHHA TeM-
neparypH 3amrpononyBas y 1742 p. mBeacekuii yuennid Asgepc Henscii. das
TOoro mob KiIbKicHO BHSHAYNTH TEMIEPATYPY Tila, HeobOXiTHO BCTAHOBUTH
OOMHHUIIIO TEMIEPATYPH Ta NPOrpagyIOBaTH TeMmepaTypHy mkany. Ilaa rpa-
OVIOBaHHA PIAMHHOTO TEPMOMETpAa CKIITHIUH Dal0H, OI0 HePeXOAUTh Y KAUiIap
i 3anoBHeHWl 3ahpapbOBaHUM COHPTOM abo PTYTTH), OOYCKAIOTh Yy JIiJ, AKHI
raHe 3a HopMaabHEuX yMoB (t =0 'C, p= 1,01 - 10° ITa = 760 MM pr. ct.). [Ticas
TOTO AK Mi’K TeDMOMETPOM i JbOMOM HaCTYIIA€ TEIJIOBA PiBHOBara, pyx piam-
HHU B KaMiJaapi npunuHsaeTbed. HapompoTH mporo piBHA HA KA podJIATE T0-
saaury 0 ‘C. Ilicas mbOro TepMOMETD MEPEHOCATh V KUILIAYY AUCTHILOBAHY
BOJIY 3a HOpMaJbHOTO TUCKY. [licasa npunHeHHA TiAHATTA PIAMHA B Kamiiapi
tTepMomeTpa pobaars nosuauky 100 ‘C, moTtim BifpizoK Mix HaHeCeHHMH I10-
mingamu qinats Ha 100 piBHux Bigpiskis. Ile Tak 3BaHa TeMOepaTypHa OIKaJIa
Iennbcia. TemoepaTypy 3a i€l OIKAJIOI IO3HATAIOTE MAJIOKO JiTeporo t. Oxm-
HHI{I0 TEMIePATYPHU Mo3HaYaioTh cuMBooM C (rpagye Ienncisa).

Tlopap 31 mikamow Ilenwscia y ¢isuili 3acTocoBYIOTE abCOMIOTHY MIKATY
TeMIepaTyp, 3alpPOMOHOBAHY aHIMiHCEKUM ydeHUM Bineamom TomcoroM,
gopaom Kenssinom (mas. 3.4). Hyasb miel nikanm € yMOBHOIO TOUKOIO BiUTiKY
¥ BiATIOBiZae TaKOMY TeILIOBOMY CTAHY Tijla, 3a AKOTO MPHUOWHUBCA O TemJo-
B pyx aToMiB i Mmonekya. TeopeTuro KoBemeHO, II0 e OyJIO 6 MOKIMBO 34
remnepatypu —273,15 'C. Ll1o TemmepaTypy Ha3UBAIOTEL AGCOJIOMHUM HYJEM




§ 3. JocnigxKyeMo TENNOBUA PyX YaCTUHOK PEHOBUHK

(absolute zero). Omuuuneto Takol mramu € 1 K (kexpsin). MizkHapogHOIO CHC-
Temoto onmHUOE 1 K BH3HAHO OCHOBHOIO OJMHUIEIO TeMIepaTypH. 3ayBasKi-
MO, OI0 3MiHa TeMIEepPaTypu, BUMipAHa 3a mkaaow Ilenpcisa i mranow Kels-
BiHAa, € OMHAKOROIO, 00 B HUX OJHAKOBA MiHA nomiaxku. Hanpuknam, KiMHaATHA
remneparypat = 20 “C. 3a abcoH0 THOIO IIKAIOK TEeMIepaTyp e 3HAYeHHS Bi-
norizmae 293,15 K. IlepereieHHs TeMOepaTypH 3 OAHIiel MIKAIM B iHOTY 3/if-
CHIOETECA 3a popmynoro: T = ¢ + 273,15, dxnio Temneparypa B KiMHATI 1Ii/-
punimiack Ha b 'Ci cramopurs 25 'C, T0 3a aGCOMIOTHOIO MIKAJIOI0 TEMIIEPATYD
e 3HaueHHA Bignmopizatume 298,15 K, TodTo 36inpmmnocsa Ha 5 K. ¥V mobdyTi
MU, K IIPABHIO0, KOPHCTYEMOCA TeMIIepaTypHoo mraxo [Henscisa, ockinbrn
BOHA 3PYYHINIA A BEMipIOBaHHSA TeMIEPaTYPU B MeKaX 3HAUEHb, ITI0 € 3BH Y-
HIMHE IJIA JKATTEI1AILHOCT JIOAMHY (IOTOJHI YMOBH, TeMIEPaTypa JIOAChKO-
ro Tiza Tomo). ¥ (GisuuHUX JOCTIIKeHHAX YACTiIlle KOPUCTYIOTHCA IIKAJIOIO
Keanpina. Icayiors # inmm TeMoepaTypHi OIKaIH, HaTpHKJIa mxajga PapeH-
reidra. 3a mKanow Paperreiita reMueparypa TaHeHHA JboLy cTaHoBUTE 32 'F,
aiitemneparypakuniaasg — 212 °F. OT:ke, pisHHLA MiK IHMY IBOMAa TEMIIEPA-
rypamu ctagoBuTh 180 °F, a 3a mramowo Ilenscis nsa cama pisHHUIA CTAHOBUTH

100 °C. I3 nporo MoxHa 3pOOHTH BUCHOBOK, 10 1 °F = é i G-

( Man. 3.4
F C K
Touka KMniHHA BOAW _ _ _ _ _ 2_1_2 _______ 199 ______ %7_3_ _
Touka TaHeHHs nbORY s s [l o 2o oae 273 .
[T,=18:+82,F] [#C| [T=t+273K]
ABCOMOTHUIA HYNb _ _ _ _ _ 459 2718 0____
LLkana LWkana LLkana
®dapeHreiTa Llenbcis KenbsiHa
Y J
ayM AN YoMy Xa0THYHHUH PYX MOJEKYJ HA3UBAIOTE TEIJIOBIM?
IMlo BimpisHAE TenJIoOBHEl PYyX Bin | 2
MeXaHigHoro? R =
1 | |
Ha mantoEKY 3.5 HOKaszaHo HAOPAMOK OOMiHY L7 v
TemwroTolo Mixk Timamu. TemnepaTtypa AKoro tina o 4
Ha#biapma? Haftamxya?




Tema 1. BHYTpiWHSA eHepria. Ten1oBui 6anaHc

HoBemu abo cpocTyd TBepHA:KEHHA: AKINO Bl CHCTEMH OTHOYACHO Tepe-
OyBalOThL y TEILIOBiil piBHOBA31 3 TPETHOIO CHCTEMOI0, BOHH Iepe0yBalOTh
y TemnoBii piBHOBa31 0/jHA 3 0HOW. CXxeMaTUUHO TPOoiMocTpyil TBEp I KeHHA.

Ilaso Tpu omHAKOBL MigHI KyOH, TeMIepaTypa AKHX JOPiBHIOE BiAIOBIOHO
200°C, 0 °C, 0 °'C. 3anpomnoHyii cnocid, SK 3a JOIMOMOIO0 JUIIe TeIIo00Mi-
HY MiX HEMH oxXoJoauTh meprruit ky6 mo 50 'C, a immri marpita qo 75 'C.
TemnoBi BTpaTH BigcyTHi.

3a AK0l TeMIepaTypH i MeTaJ, i fepeBo 34aBaTUMYTHCA HA JIOTHK OJHAKOBO
HarpitTumMm?

OnHa MoJeKyJaa KHUCHIO V IOBITPL pyXaeThbcAa B 3aJaHHIl MOMEHT 31 IIBH/I-
rictio 900 m/c, a iamra — 31 memARicTo 1200 M/c. Yu mpagunbHUM Oy e
TREP/FKEHHS, TTI0 TEMIepaTypa Apyroi MOJIeK YT BUITA 7

Bigomo, 1o umM 6inbmia MIBHAKICTE PYXY MOJEKYJI TiIa, TUM BHIIIA HOT0
Temoepatypa. YoMy K He HarpiBaeThbcAd KyJA Oig dyac mocTpiiry B TUpi

e

3 BEJIMKOIO MIBHAKICTIO?

Hu € oOMenceHHs /1A MaKCHMAJIBHOL 1 MiHIMAJIBEHOI TEMIIEPATY PH PEYOBU-
HH (MaJ. 3.6)7

7~ .
Temnepatypa Bancraska
B LMniHApi (_'"30 000 °C)
Temnepatypa nBuryHa aeTomo6ing Hanpa 39M{“
KI."II'IiHHFleBD,EI,M - (2000 °C) (4000-5000°C)
(100°C) Ha rnmbuHi
@ __10«m (180°C)
Tl 5(|)0 10|00 | 20|00 I 30|00 I 40{00 5000
| TTHI
l ]
” &'j: MNosepxHA
n CBi"'KM ,l-‘* it RS COHLI,FI
aJIbHUK (1650°C)  Temneparypa L e, (noHan
s rasis EnektpuyHa 6000 °C)
;QST(M: PEeaKkTMBHOro oyra
( ) mearyna  (4000-6000 °C)
k (3000°C)

Man. 3.6




§ 3. JocnigKyeEMO TENNOBUA PYX YaCTUHOK PEH4OBUHK

PO3B’AXXU 3A0AMI

ﬂ Boay marpinu Bix 20 'C mo 48 ‘C. Ha crinbKM 3MiHMIacs TeMmeparypa
BOZH B IIpolleci HarpiBanHEA? [ail BignoBige y rpagycax Ilenbcia i B Keas-
BiHAX.

E Hagrpecan B sommTi i 3anosHu TabIHIi0, YKa3aBIId BiAIoBigHe 3HAUEH-
oa remneparypu B oquaunax C, K Ta ‘F. Jlisunalica, mo o3Hadac BUpas
«Fahrenheit 451».

3a Lensciem _ 0°C _ -10°C
3a ®apeHreiiTom 451 °F
3a KenbBiHOM 293 K

B Busnau uiny nofinkm, Mesxi Ta MOKa3W TEPMOMETPIB (Mas. 3.7).

- N

Il 1l v v
- & (o - o
0= 0— 0= 10— 60—
0= 0= 0— 0— 0=
10= 0= 10— 10— 0=
= 0— 0= o— 0
10= 0= 10— 10— n—

20— 40"0 2 :. zo_o 40‘0

o

A

v Man. 3.7
BUKOHAU OOCNIOXXEHHSA

BuKOHYH JOCTITH 3 TOTPHMAHHAM IPaBHJI 0e3IeKH JKUTTETIATBHOCTI!

n O6nadHaHHA: TPH ODOCYIUHN — 3 TapAU0I0 BOJOK, X0JOIHOK BOLOIO i BO-
mo1o KiMmHatHOI TeMOeparypu. OOycTH CIOYATKY MIPABY PYKY B IOCYINHY
3 XOJIODHOIO BOJOIO, a JiBY — 3 rapa4oi. OmycTH 3rogoM oOHIBI PYKH
B IIOCYAHHY 3 KIMHATHOIO TeMIIEpATYPOIO. ¥ KasKH, AK0I0 BiJUyBaTHMETh-
cA BOJIa KOMKHOIO pykowo. [logcHN pe3yabTaTH JOCTi Ty HA OCHOBI MOJIEKY -
JIAPHO-KiHEeTHYHOTO YUeHHA 0yI0BH PEUOBUHH.

Buwmipsaii temnepatypy Tin. O6.1a0HAHHA: TEPMOMETD, CRIAHKH 3 XOJIO0]-
HOIO i TEILIOK BOJIOK.




Tema 1. BHYTpiWHSA eHepria. Ten1oBui 6anaHc

[

BusHau miny oK\ TepMOMeTpa i Merki BUMipHOBAHHA TEeMIIEPATYPH.
Haxpecau B 30I11Ti i 3am0BHU TabOIHILIO.

‘ﬁaameuyaauun | Huxusmexa | BepxHa mexa

. . Uina noginku
TepmMmomMmeTpa BUMIPIOBAHHA BUMIPIOBaHHA

Bumipsai remneparypy i sanumnrm il 3HaYeHHA B Ta0JIMI0 B oquHnIAX C
ta K.

' MokazHuKK : MokazHuku
‘ EHporQEMLLEG TepMmomeTpa, ‘'C | TepmomeTpa, K

| Xono,u_.Ha BOOA |
| Fapsya Bona I |
‘7 Cymiw 7 |
' |

| MosiTps B kKNaCi

Cropumcraiicad NOJATKOBUMU J)KepellaMU Ta CKOHCTPYIOH ABA TEpMOME-
Tpu. IIpoBegu BUMipIOBaHHSA TeMIEepaTypH, OMWIIA CBOI il Ta moAcHH
oTpuMaHi pesyabraTi. [lopiBEAN Aif0 TEPMOMETDIB.

OMPALIOWN IHOOPMALIIO

BisbMM y4yacTb Yy rpynosin po6ori

O0’eqHafiTech y 0’ATH rpym. CropucTaiTeca AOTATKOBUMU JKepesiaMu
irgopmarnii Ta BuKoHAaTEe 3aBAAHHA OiJ HOMEPOM CBO€EI rpyIH.
VYoopaankyiiTe miaau Temnoeparyp: 1) KuUBUX icror; 2) KOCMIUHHX
06’exTiB; 3) reorpadivaux 06’cKTiB; 4) OIPUPOSHUX ABUII; 9) TEXHIYHUX
OPHUCTPOIB.

ITigroryiiTe noimoMIeHHA Ipo: 1) OpUCcTOCYBAHHA OPraHi3MiB 40 pisHIX
TeMOepaTyp; OPUHIIKO Oiil TEpMOMeTPiB PisHUX KOHCTPYKIii: 2) pigum-
HUH; 3) eleKTpUYHIN; 4) iHQpadepBoHKIT; H) DiMeTaneBUHA.

ITinroryiite nosimomnernHs npo: 1) Augepca lenbcisa; 2) Haniena Daper-
reiita; 3) Bineama Kenssina; 4) JIrogeira Bonrsnmana; 5) Ceitnary Kpa-
KOBCBKY.

7 23

.‘ ek 4 Mepernayb B €-4ogatky cumynauii « Tennosa pisHoBara» (3.2).
\ -

OUIHU CEBE

™ Bukonaii B e-004aTKy 3aBOaHHA Ons camoOoLuiHIOBaHHSA (3.3).




§ 4. JOCNIAXKYEMO TENNOBE

POIWUPEHHS TIN

BepoHiko, 4n 3BEpHyna TK yBary Ha Te, Wo Ha
ypOKax xiMil 4na HarpiBaHHA PiauHK BUKOPUC-
TOBYIOTb YK€ TOHKOCTIHHI KOnbu?

Tak. Kpawe 6 BoHw 6ynu TOBCTOCTIHHI. MeHi
30a€eTbCH, L0 Tak HadilHiWe. Y1 8 NoOMUnsaocs?

Buronyii ToCHiIN 3 JOTPHMAHHAM MPABII Oe3MeKH JKUTTEXi AIBLHOCTI!

Bukonait gociign abo HosCHU 3a MANIOHKAME, 10 BiA0OYBa€ThCA 3 MOBi-
rpazoio (Mas. 4.1, €)) ra meranesoro (mau. 4.1, (9) xynsramu nig vac ix
HarpiBaHHS.

a & & A
A Loy Loy odmm < immm

Man. 4.1. Ak 3MiHIOETLCA 06’ €M KYNbOK?

Y
[@ MepernsHb B €-000aTKy aHiMaliiHy Moaens TEI‘IHD-) | E"ﬁ@ .

BOrO po3wpeHHn Tin (4.1). -

nt3~H ABAﬁQﬂ ! vse.ee/cnib

o 6i0bysaembca 3 pewo6unoio 3a ii Hazpiéanua? BineOricTs PeYOBUH,
HarpiBramoumuch, po3nIupoioTheda. Haiibinenroro posmupeHHsa Oijf yac Harpi-
BAHHA 3a3HAIOTH rasu. BiacrupicThs razie fararopasoBo 30imbIIyBaTH CBift
00’eM YHACAIAOK HArpiBaHHA IMIUPOKO BUKOPUCTORYETHCA Y TOBCAKIeHHOMY
JKUTTL (HATPUKJIAK, TOJIT HA NOBiTpAHi# Kyai, poboTa ABUTYHIB BHYTpIIl-




Tema 1. BHYTpiWHSA eHepria. Ten1oBui 6anaHc

HBOT'O 3TOPAHHA). ¥ TBOPEHHA BiTPY
TAKOXK € HACHITKOM PpO3NIMPEHHS XonogHe
noBiTpda. Ockinbku aTMochepHe no- nosiTps
BiTpA nOporpiBaeThcA HepiBHOMIip-
HO, TO € obmacri, Je pPO3MIMPEHHS
BinOyBaeThcA iHTEeHCHBHIiIIe, IO i
3yMOBJIIOC TEPEeMiNieHHA HOBIiTPA-
HUX Mac — Bitep, aTMochepHHH
thpouT (Mam. 4.2).

Fapsue
NoBITps

Tenyope po3MIMpPEeHHS Xapak-
TepHe i Aad piguH Ta TBEpAUX Tii.
Tak, Ha saje:xkHOCTI 06’€MYy COHPTY
Bi TeMIOepaTypH I'DYHTYETHCA i
COUPTOBUX TepMOoMeTpiB. PimmHu
3aBOAKH HArPiBAHHIO POSIIHMPIO-
IOTBCS 3HAYHO MeHMIe, aHi)XX rasm,
are 3HayHO Oinbmie, HiM TBepAi
rina. BigMmiHHicTe TemmoBoro poas-
MIUPeHHA TBEPAWUX TiN i pigwH He-
00XiTHO BpaxXxOBYBATH MiJ 4ac KOHCTPYIOBAHHA TepPMOMETPIiB, aJ Ke IIiJ dyac
HArpiBaHHA PO3NIMPIETHCA He TINBKH piguHa (pTyTh abo cnupT), a i ayxe
TOHEHbKA CKJIAHA TPyOOUKa, Y AKii BOHA MiCTHThCA.

[apga4ye
noBITPA

Man. 4.2. YreopenHs xonoaHoro &)
i rapsivoro (&) armocdepHoro GppoHTy

30aETHCH, 1 MOXY NOSCHUTUI, YOMY XiMiYHMIA NOCyA,
Yy AKOMY KM’ ATATb BOAY, T€X TOHKOCTIHHUNA.

Skbm cTinKY cKAAHOI KOon0K 6yJIH JOCUTH TOBCTi, TO BOHH IPOrpiBaAIHUCH
6u He oxpasy no Beii ToBoirHi. CooYaTKy IpOrpiBa€ThCA BHYTPIOIHSA HacTH-
Ha CTiHKH, YHACJHIJOK YOT0 BOHA PO3MIUPIOETHCS, & 30BHINIHA YaCTUHA, II0
e He BCTHUTJIA TPOrPiTHCs, «IPOTHUAIE» MBOMY — CKJIO TpickaeTrhesa. Came
TOMY XiMiYHI KOJI0M TOHKOCTiHHI.

Haiimomupenrinioo piguHOIO € BojAa, AKA Mae 0araTo BIacCTHBOCTeH, II0
BUAinge 11 3-moMisk iHmuUX pigue. 3oKkpeMa, AJIA BOOW XapaKTepHe He IPH-
TaMaHHe IHMIUM piguHaM pPO3MUPeHHA Oif Yac oxonomxeHHA. OX0oIomKy-
FOUUCH, BOJA CIOUATKY (AK i BCl piAMHU) CTHCKYETHCA, HOCATAIOUH MAKCH-
MaJIbHOI rycTuHE 3a Temnepatrypu +4 C (toumimre, 3a +3,98 C), a morim
MOYMHAE POBMINPIOBATICA, X04a il TeMIIepaTypa IPOJOBIKYE SHIDKYBATHCS
(man. 4.3, e). IIa BmacTuBicTh 3yMoOBIeHA Oy0BOI0 MOJEKYIH BOOH (IpH-




§ 4. [loCcnigxKyemMo Ten/ioBe po3LNPEeHHA TiN

rajayenl, B3a€MHe po3TanryBaHHsA ABoX atoMmis igporery it atomy Orcuresny
VTBOPIOE JUTIONE, ¢. 15). HepirHOMipHe TporpiBaHHs (a oT:Ke, 1 pOIIITHPEH-
HS) BOOU B MOPAX 1 OKeaHaX COIPUUYUHIOE YVTBOPEHHA Tediil, AKi cyTTEBO BOJIU-
BalOTh HA KJIiMaT BigmoBigHol MicieBocti (Mau. 4.3, ).

P4
[

Tenna Boga

XonopHa Boga

Man. 4.3. €) — pO3LWMPEHHS BOAW NPU 3aMep3aHHi;

\ — Tenni i xonoaHi Teuil .
% )

Temmneparypa DOBITPA B HANINX OIHPOTaX IPOTATOM POKY MOKe 3MiHIOBA-
rucs Big —30 go +30 'C. Taki smiau TeMueparypi COPHYHHIOKTh 3HAYHI BU-
JOBYKEHHSA 1 CTUCKaHHA PI3HUX KoHCTPYKIiHA. 11106 yEmKHEYTH DyliHYBaHHS,
CIOpPYOH, MOCTH, TPYyOOIPOBOAH OyAVIOTh 3 OKPEMHX CeKIIiH, 3’€IHYIOUH IX
TakK, MO0 BOHM MOTJIH TILIEHO TPUTHCKATHCE V CIIEKY i TOCTATHLRO PO3XOIH-
THCH Y XOJIOTHY TOPY POKY.




Tema 1. BHYTpiWHA eHepria. TennoBui 6anaHc

Aroo 3’enqHaTH Bl OMACTHHKH 3 PisHUX MeTaNniB (HAOpUKJIam, 3a-
niza Ta Mifgi), To B pasi HarpiBaHHA BOHUW BHTHHAIOTHCA TTO-Pi3HOMY
(mai. 4.4, ), 010 Ma€ KOPHUCHY 10, HATTPUKJIAA IJIS BMHKAHHS YA BUMMU-
KauHa (man. 4.4, ) eJIeKTPOHATPIBANBLHOIO NPUIANY, HATPHUKIAL eJIeK-
TpruHOro yaiiHuKa (Mai. 4.4, £).

( 3aniso \

Migb

e

Tenno

Man. 4.4. BukopucTtaHHsa BiMeTanesux nnacTuH
X J

Y npupozai po3ninpeHHA TBEPAUX TiJl MOKHA MOOAUUTH HA IIPUKIALL TPO-
rpiBaHHA ripcbKuX Dopia. OCKINIBKH CTYIIHL POSTIUPEHHA 3aJIeKUTEh AK Bif
TeMIIepaTypH, Tak i Big BuUAy ripcbKol mopoan, TO POSUIUPEHHA 1 CTHCKAHHSA
BinOyBarThesa HepisHOMipHO. Ile mpusBOoAUTE 10 pYHHYBAHHA Iip i yTBOPEH-
HA TpinuH.

Ax eumipamu ninilHe 6u006HEeHHA MiNA 6HACAI00K 11020 HazZpiGaHHA?
Hexait 3a mouaTKoBOl TeMnepaTypu ¢, TiJo Ma€ JOBXUHY [, VHACIIOOK Ha-
rpiBaHHA g0 TeMIepaTypHu { posmip Tinma 36impmyerbed mo [, Tobro 3i 3mi-
HOIO TeMIepaTypu Ha At= {—{, AOBKHHA Tila 3MiHIOEThCA Ha Al=[-1;.
V¥ pesyubTari gocniniB 6ya0 foBeAeHO, MI0 BiIHOMIEHH 3MiHU JOBXKHUHH TiJa
Al 7o #0r0 MOYaTKOBOL JOBYKUHH [ IPsAMO IPONOPIiliHe 3MiHI TeMIepaTypu

Al

At:—=oaAt, 1e o — KoediniedT JiHifAHOTO pO3NINPEeHHSA, AKHUH MIOKA3YE,
0
Ha CKRIJBKH 3MIHIOETHCA HOBMKUHA Tijia BHACTIAOK 3MiHHU HOro TeMIepaTypu

Ha 1 °C, 3a yMOBH, II[0 HOYATKOBA JOBKUHA Tijla cTaHOBMIA 1 M.

KoedinierT gJiHiAHOro po3nIMpeHH Tila 3aJeKUTh BijJi pEUOBUHHU, 3 AKOI1
voro surorosiaeno. Hanpurnan, Koe@imieHT NiHIAHOrO posmIHpeHHA CTAJI

1 :

CTAHOBHUTD 0,000012-6. e o3mauae, Oio HarpiBaHHA CTAJLHOTO CTPHK-
o

HaA 3aBAoBXEN 1 M Ha 1 'C copuunHUTE iioro sugos:xenas na 0,000012 wm.

TobTo BHACTIIOK TAKOTO HArPiBAHHA JORKUHA CcTPUKHA cTade 1,000012 M.
Ha nmepmuit mornan 3aaeThed, M0 TAKe He3HAUHE BUAOBMKEHHS 0cOOJIHRBO Hi
Ha 110 He BOoauBae. OqHAK AKITO iHXKeHepH Ta OyOiBeIRHUKH He BPaXYIOTh




§ 4. [loCcnigxKyemMo Ten/ioBe po3LNPEeHHA TiN

TEIJ0Be POSIIUPEeHHA, TO OyaiBai, MocTH, JiHil elekTponepemad, Koiii 3a-
JIIBHUIL] 3a3HAIOTE PYHHYBaHHS.

1T 0 coprumnioe 36iabOIeHHES 06’ €My TiJ Oig yac HarpiBanHa?

DYMAM

Binx yoro, okpiMm TeMmeparypH, 3ajIeKHTH 3MiHa Po3MipiB
TiJ mifg yac iIXHLOTO HArpiBaHHA ab0 0XO0JI0AKeHH ?

Vraxu, ak y gocaini (man. 4.1, @) YHacJIigoK HarpiBaHHA 3MiHHJIHC:
0o6’eM KyJIi; Maca KyJii; T'yCTHHA KyJIi; CepeJHs NIBHAKICTL PYXY ATOMIB
MeTaJy.

Ob6epu BCi MTpaBUJIBLHI TBEPI)KEHHS .
Koum Tino oxXonomRyeThes, TO BMEHITYETHCA / BMEHITYIOTHCH. . .

a) MIBUAKICTE PyXy HOro YaCTUHOK  B) KiNBbKiCTEH HACTUHOK Tinma
0) BigzcTaHp Mixk HlOTO HACTHHKAMU  T) PO3MipH YACTHHOK Tija

Yomy cToMaTONOTH HE PAAATH iICTH Ay:Ke rapady 1Ky ?

Al
A moskHA 3anmcatu GOpPMyTy Z: oA, ypaxoBymouu, mo Af=f-1,,
Al= 1- L7

PO3B’AXWU 3A0AMI

@ 3a [OMOMOro TOYHHX BHUMIipio- | Temneparypa, °C | 06’em, cm® |
Banb 3adikcyBanmm  3HAYEHHSA 0 100012
06’emy, Axuil 3aiimMmac 1 Kr Bomgu !
mig gac marpisamaa sig 0 go 8 °C. 1 1000,07
A smimmernca o6’em Big 0 mo 2 1000,03
4°C? Big 4 no 8 "C? Yomy ropopars 3 | 1000,01
Opo OcODJIMBOCTL TENJIOBOTO PO3- 4 1000,00 |

 OIMPEeHHA BOIH? 5 1000.01 ' ‘
3a remmeparypu 0 ‘'C momwumHA 6 10070’&3 |
ayIOMiHIEBOTO JPOTY CTAaHOBHIA i
200 m. Buzaau JoBXKUHY OIPOTY 34 4 1000,07 |
remmeparypu: a) 40 'C; 6) —30 C. 8 1000, 11 ‘

KoedinienT niniftnoro posniupeH-

HA aloMiHi0 o=23- 10"5 1

=
k 5% Bukonaii B e-poparky Bineosasnants (4.2.1,4.2.2, 4.2.3).




Tema 1. BHYTpiWHSA eHepria. Ten1oBui 6anaHc

BUKOHAW OOCHNIOXXEHHA

BuxoHyit qocaiam 3 ToTpUMAHHAM TTPARWI Ge3MeKn JKUTTETISILHOCTI!

ﬂ Tloxknmagu TOPOMKHIO MJIACTMACOBY MiBIAITPOBY NIAMIKY 06e3 KpHUIIKHA
Y XOJOAUJIbHHUK (MOXKHA B MOPO3HJIBHUK) Ha 2—3 rox. Hanwit y mposopy
CKJIAHKY BoAY, migirpity xo 40—50 'C. [licTaHb 3 MOPO3WIBHUKA TTOPOXK-
HIO IIATIIKY i mocTaB i1 TopaoM y CRIAHKY 38 Bogoto. CrocTepiraii, 1o Bij-
6yBaeThed. [loacHu.

E I3 BragaHoro nepesniky Bubepy nNpuiranu, Aki Tobi 3HAZOOMATHECA IJIA BHU-
3HaUeHHA KoedinieHnTa JiHiAHOr0 pO3MIMpeHHA MeTAJEBOTO CTPUIKHSA (Te-
pesu; ninifika; apeoMeTp; MiKpoMeTp; TepMoMeTp; 6apomerp). Omurny TBii
cmocib BUMipIOBaHHS.

OMPALIIOWN IHOOPMALIIO

Posaueuce critnmam (man. 4.5). I[igroryit imdopmarnio mpo HaBemeHi
OIPUKJIALH TEIlJIOBOTO PO3MIHPEHHHA.

\\

r?’ MepernaHe B e-000aTKy Bigeo (4.3) 3aCTOCYBAHHSA TEMNNOBOIO poawnpeHHﬁ\
5 B irpallKkax-aHTucTpecax. J

OUuIHU CEBE

L? BuKOHait B -104aTKy 3aBAaHHs ANs CAMOOL|HIOBAHHS (4.4).




§ 5. 20CAIAXYEMO BHYTPILLHIO

EHEPTI#0 PEYOBUHN

Ockinbkn My BXe roBOPUN NPo cepea-
HIO KIHETUYHY EHEpril0 pPyxy 4aCTMHOK
PEe4YOBUHM Ta MOTEHLUIaNbHY eHeprito ix
B3AEMOfIi, TO came uj eHeprii i yTBOpIO-
0T BHYTRILLHIO €HEPril0 PEHOBUHM.

\_ /

<

Oymato, T Maew pauio. A oT uikaso,
skMMK cnocobamu MoXHa 3MiHIoBaTK,

BUMIpIOBATA, NnepenasaT i BUKOPUC-
TOBYBATU BHYTPILLHIO EHEpPTilo?

- J

BuKoHYI JOCTIIH 3 TOTPHMAHHAM MPaBUJI Oe3MeKH JKHTTETiATLHOCTI!

Hanmit y crnsaury rapsaay (50-60 C) Boxy. Yepes 1-2 xBurmHM oxonu
ckJIAHKY pykamu. o Tu BiguyBaecm? Yepes 5 XBUJINH DOTPHU IIBHIKO
pyKy 00 pyry nporarom 20 cexyug. Illlo Tu siguysaem? IlopiBEA mpo-
HEeCH B IePIIOMY i APYTroMYy eKCOepHMeHTi.

E MeTaneBy, IIAcTHKOBY i JepeB’AHY JOKKH MOKJIAAHN Ha AeKiIbKa XBH-

JHH y rapA4Yy Boay. BuiiMu iX Ta TOpiBHAN Ha JOTHK IXHIO TeMIepaTypy.
3pobu BHCHOBOK IPO IXHIO BHYTPIIIHIO €HEPTiio.

AI3HABAWCSH
B
13 wozo cknadaemvea eHympit-

HA enepzia pewosunu? SIk TH BiKe  BuyTpiwHs eHepri
3HAEII, MOJIEKYJIN PYXaloThCsA 1 B3a-  ue eHepris pyxy i B3aemopii 4aCTuHOK,
€MOJIIOTE, TOOTO MAIOTL KiHEeTHUHY i i3 KX CKIANAETHCH PEYOBMHA.
TOTeHIianbHy eHeprii. I pazomM BoHKI

OfzA0

VTBOPIOIOTH €Hepriio, AKY HasWBa-
IOTh 8HYMPIULHBOIO.

(& MepernsHb B €-400ATKY aHiMauiiiHy MOAENb Pyxy '-I&CTM-)

HOK rasy, L0 BM3HA4Yae Moro BHYTPIWHIO eHepriio (5.1). Vse eelenic

OpuHUIIEI0 BHYTPIIIHLOI eHeprii, AK i MexaHiuHOI, € IIKOYIIb.




Tema 1. BHYTpiWHA eHepria. TennoBui 6anaHc

BryTpiniEa eHepria pedoBMHH 3aJIE;KHTH Bij il arperatHoro crany. Ha-
OpUKRIAM, Y razaxXx MOJeKYIH BiJIEHO NepeMiIyoThCa MO0 BChOMY 00’eMy,
AKUHE BOHU 3alMaioTh, i MK 3ITKHEHHAMH TPaKTHYHO HE B3aEMOIIOTH.
Tomy BHYTpPilIHA eHePris raziB BUSHATYAETHCA JIUIIe cePeIHLOI0 KiHeTHYHOIO
eHeprielo pyXy MOJIeKYJ, OCKiNIbLKY BOHA HabaraTo binbla, HilK TOTeHIialb-
Ha eHepria BzaeMoil MoJTeryI.

Y pigpH abcoJOTHI 3HAYEHHA KiHETHUYHOL eHeprii TemIoBoro pyxy aro-
MiB 1 MOJERYJI Ta IOTeHIianbHOI eHepTii B3aemMoil npudIN3HO OAHAKORI, 3a
PAXYHOK TEIJIOBOTO PYXY MOJEKYJIN AOCATAIOTH TAKUX BigcTaHeil, HA AKWX
eHeprid B3aeMOJil 3HAYHO ITOCTA0TI0ETHC .

Y TBepAoMy Tijmi MiKpOUACTHHKHU B3aE€MOIIIOTE MizK c0000 HA0araTo CHIb-
Himnre. 3aBAAKH BOMY TBepPJe TLI0 AK 3aBTOAHO AOBro MoKe 30epiraTu cBoio
topmy. ATomMir, MoJeKyaH a0o HOHH TBEPAOTO TiJia JHIIEe KOJHBAIOThCA
BITHOCHO CBOIX CTAJHX IIOJOKEHb 1 MPAKTHYHO He IepeMilIyioThcda B Horo
00’emi. ¥ TBepaux Tislax abCOJIOTHE 3HAUEHHA MOTEHI1aJIbHOI eHepTil B3ae-
MOJil MiKpouyacTHHOK HabaraTo Oinbmie, HixK adCOJIIOTHE 3HAUEHHA KiHETHY -
HOl eHeprii iXHBOTO PyXy.

Y MOXE BHYTPILLHS €HEPria A0PIiBHIOBATH HYIO?

Tennosuii pyx MONEKYN HE NPUMNMHAETLCA HIKONW, HABITb 3a AyXe
HU3bKMX TemnepaTyp (6nu3bkux no abconoTHOro Hyng). OTxe,
TiNO 3aBX AN MAE BHYTPILLHIO EHEPrito, IKY MOXXHA 3MIHIOBATU.
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M as [ Kk
‘.i-;.: A aKnx 3Ha4YeHb MOXe HabysaTw 1501
= BHYTPILLHA eHepria Tina?
1001
Posrnmgamemo Taxkmii BHOAZOK. 3a TeMIIe- 50+
parypu 20 ‘C MOJeKyJM KMCHIO PyXaiThCs
i3 cepemuboio mBHUAKicTIO 478 M/c. Maca og- ol
miei momekyau 5,3 - 102 xr. Bigmosimao
KimeTmuHa eHepria pPyxXy MOJEeKYJIH:
2
myv 3 .
E_=—""x6-10"* I>x. B 1 M* micTuTbcs mpu6-

i}

mmsuo 2,7 10* Mmonexry. Toxicepenua kinerny-
Ha eHeprig pyxy nux monekya £~ 160 xlx. e
3HaYeHHsA JocuTh Beauke. [lopieuai (mamn. 5.1):
tino macoo 1000 kr, miguare na Bucoty 10 M,
Mae moTeHIiaabHy eHeprio E =~ 100 x]{:x. .




§5. loCnigxXYEMO BHYTPILWHK eHeprito pe4oBUHY

Axki € cnocobu 3minu 6HYMpPiwHbOL enepeii? BayTpimua exepria — me
aMinHa BenmunHAa. OCKiNBKHW BHYTPIIIHA eHeprid peyOBHHH BU3HAUYAETHCA
KiHETHYHOIO i TOTeHIIAMLHOI0 eHEPTriaAMHY YaCTHHOK Ii€l peuOBRUHH, TO, 3Mi-
HIOIOUH NIBHIKICTE PYXY YacTHHOK abo BigcTaHi MiK HUMH, MO HA BMiHUTH
1 BHYyTpinIHIO eHepriio peuoBuHU. flK me 3pobutu? Mo:xauBo, T caMoCcTiiHO
3MOJKeNI JaTH BiANOBiAL Ha Ile 3aMHUTAHHA HA OCHOBLI NIPOBEJeHUX JOCTiAiB
(mocnin 1, c. 26). Buxomnaii i mopiBual ui gocaigm (mamd. 5.2).

-~ ~
3akpinu y wiratuei metanesy npobip- | 3akpinu Ha niacTaBLj TOHKOCTIHHY na-
Ky, 3aKpuUTy KOpkom. HarpiBaid i Ha | TyHHY TpyOky. Hanuii y Hei He3Ha4Hy
BOTHI. KinbkicTb edipy 1 3akpuii TpyOKy KOp-

KOM. [HTEHCMBHO HaTupaiil Tpyoky.

Man. 5.2. LLlo € NpyU4MHOI0 3MIHK BHYTPILWHLOT €HEPTIil B KOXHOMY BUNaaky?
Y S

y BHHa,I[Rye BHYTPiOIHA eHePrisa 3pocTae BHACIILOK TOro, III0 Oif Yac Ha-
rpiBanEA 36iILOIYETHCA TeMOepaTypa moBiTpsa B TpyOIi uepes Te, m1o 361ian-
OIYEThCA KiHeTHYHA eHepris PyxXy YacTHHOK moBiTpa. Buyrpimma emepris
3pOCTAE HACTINIBKH, IO IOBITPA, POSMINPIOIYNCEH, BUIITOBXYE KOPOK.

Y BuUnDagky BHYTPIIIHA eHepria MOJEKYI edipy 3pocTae BHACIITOK
30iMBOIEHHA TEMIIEpaTYPH 3a PAXYHOK MexaHiuHoil aii — Tepra. BEyTpimHa
eHepria Tpybkm 3 edipom 36imbUIyETHCA HACTINBKH, IO PigmHAa 3aKUIae
# yrBOpeHi napu eipy, poSIINPIOIOUHCE, BUIITOBXYIOTE KOPOK.

( BHYTPILLUHA EHEPT A )

,

( Cnocobu 3amiHu )
J y

( BukoHaHHeA poboTu ) & MNepepaBaHHa Tenna )




Tema 1. BHYTpiWHSA eHepria. Ten1oBui 6anaHc

PosrnaHe HaBedeHi npuknagyu 3MiHW BHYTPIWHLOI eHepril
1 CaMOCTINHO 3rpynyii ix 3a cnocoBoM HarpiBaHH::

— Tennonepepaya; (&) — mexawiuna po6oTa.

Haeenwu BnacHi npuknagu.

1 — KacTtpyns 3 BOACHO, L0 HArpiBaeTbCA Ha NINTI;

2 — meTanesa 10XKa, ONyLLeHa B CKIFHKY 3 rapsa40t0 BOAOHD;
3 — 3ruHaHHe i pPO3rMHaAHHA OPOTY;

4 — nicok Nifg, COHAYHUM MPOMIHHSAM;

5 — NOTUpaHHs pyk.

Mw poarnsaHynv npyuknaamn 30inbLeHHs BHYTPILIHBLOT
eHeprii. A siki € cnocobu i SMeHLWeHHA?

Y Bunmagry Tennomepenadi, HAMPHUKIAN HATPIBAHHA METANEBOI JTOXKKH
y rapA4if BoJi, BHYTPINIHA eHeprid JOXKKHN 301TbIIyeThCA, 8 BOAU — 3MEH-
oryeThed. SIKIT0 ONYCTHTH MeTaNeBy JOXKKY Y CKIAAHKY 38 KOJOTHM JL0OJ0M,
TO BHYTPINTHA eHEPrid JOKKH 3MeHITYBATUMEThCH.

OTixe, BHYTPINTHA €HEPrid Tijla 3MIHIOETHCA 31 3MiHOIO IOT0 TeMIIepaTy-
pu: 3i 30lJIBLIEHHEAM TEMIOEPATYPH TiJia Horo BHYTPLIIHA eHepria 30iJbmry-
€ThCA, 4 31 BMEeHINIeHHAM TeMIlepaTypH — 3MeHITyeThess. BHYTpinTHA eHepria
3MIHIOETHCA TAKOMK 31 3MIHOI arperaTHOro CTAHY PEYOBHHH: 3MiHIOETHCS
B3aE€MHe PO3TAITyBAHHA 11 YaCTHHOK, TOOTO 3MiHIOETHCA MOTEHITianbHA eHep-
rist iX B3aeMoii.

¥ BUDagKy BHKOHAHHA MexXaHiuHOl poboTm Bif0yBaeTbesa 30inbIIeHHA BHY-
TPilIHBOI eHeprii Tina, AKII0 poboTa HaJl HIM BUKOHYETHCA CTOPOHHIMY CHJIAMH.
Ao K Timo camMe BUKOHYE pob0TY, HOT0 BHYTPIIIHA eHEPTid 3MeHIIIY€EThCA.

.HYM-AW Bogma nmepefyBae B TpBOX arperaTHMX CTAHAaX — TBep-

: . IoMy, pigkomy i ragyBaTomMy. ¥ gAKOMYy i3 mmx cTaHis ii
BHYTPINTHA eHepTia 6yae HalibinbpmIo, 4 B AKOMY — HAafi-
MEHIIOIO 38 OJHAKOBOIO MACOIO?

5K BHYTPIIIHA eHeprid Tijia 1I0B’ A3aHA 3 TEMIEPATYPOIO?

HAxr MoxHA BMIHUTH BHYTPIITHIO eHepriro?

TemnepaTypy BoAu B ofHOMY Bunaaky 36inbmrmim ga 30 'C, a B inmromy —
smvermuan Ha 15 °C. fK sMminnnaca BHYTPIIIHA eHePris BOAH B KOMKHOMY
13 mEx BUNagKiB?




§5. loCcnigxXyYEMO BHYTPILWHIO eHeprito pe4oBrUHN

Yu MokHA 3BMIHUTH BHYTPLOTHIO €HEPrilo Tija, He 3MiHI0I0YH H0ro Temmne-
parypu?

Ha croni B KyxHIi cToATh cKIAHKA 1 rpaduH 3 Bogow. Yu ogmakosi BHY-
TpimHi emeprii BoaAM B [UX DocyauHax?

Yomy B pasi NIBUAKOTO KOB3AHHSA BHU3 KEPANHOI a00 KaHATOM MOKHA
00IeKTH PYKIL?

- VaBu, mo T posTAryem rymoBuii mHypok. o Tpeba spobutm (Bix-
OYCTHTH NIHYPOK UM PO3TATHYTH NVsKUe), m100 Horo BHYTPIIIHA eHeprisa
sb0inpmunacs?

- ITig gac sabuBaHHA OBAXA CTAJEBUM MOJOTKOM IIBAX CUJIBHO HATPLBACTh-

Cid, a TeMIIEpaTypa MOJIOTEA Maiike He aMmiHOeThbeA. [ToacHn oe ABraie.

' CipHHK MOKHA 3aDaJIATH, AKIIO IOMIiCTHTH HOro B moayM’si ¢Biukm ado

noTepTH itoro o6 xopobry. Yu oxHakoBi cmocobu 3MiHM BHYTPINIHBOL
eHeprii cipEuKa mig yac #oro saropaaHa’?

PO3B’AXXU 3A0AMI

Mertamnesi 6pycKu MaOTh pisHy Temuepartypy (main. 5.3). llBa 3 Hux Tpebda
3’eIHATH TOPOAMH TakK, o6 iX BHYyTpimima eHeprisa He sminmmaca. Ari
e MaioTh 0yTH 6pycKu? ¥ KOHTAKT 8 AKKM OPYCKOM CJIif IPUBECTH OpY-
cok Ne 1, mo6 BUHHKJIA TeIJIoOepeayda, 3a AK01 Horo BHYTPIIIHA eHepria
3MeHIINThCA? 3a AKOro 3’ €IHAHHS BUHHKHE IIPOIEC TeIJIoIepeaadi, mpu
AKOMY BHYTPiNIHA eHeprid Opycka Nt 2 apoctatume?

&
£ — |
( 50°C J | 100 °C H ‘ 50°C J F 10°C
Ne 1 Ne 2 Ne 3 Ne 4
75 A
Man. 5.3
( &II BuikoHaii B e-104aTKy BineosasaaHHs (5.2). h
we [lepernaHe B €-000aTky BiAeOo[ocAian 3MiHM BHYTPIWHBLOI €Hepril yHaci-
\ 0ok TepTs (5.3). BukoHalt 3aBoaHHS. e
OUIHN CEBE

599 Bukowaii B e-nopatky 3aBaaHHs Ans CaMOOLIHIOBaHHS (5.4).
£




§ 6. A0CNIAXYEMO BUAN

TENNONEPEAAYI

Mwu BeCb 4ac [OCNiAXYEMO PEHOBUHN B Pi3HUX arpe-
ratHux ctaHax. MoxnmBo, | MexaHiaMmu nepegayi Te-
nna 6yayTe Pi3HUMK 3aNeXHO Bi CTaHy PEYOBUHU?

Posausuch MmaurroHOK (MaJ. 6.1) i cupoOyit
YCTAaHOBUTH BiATOBIAHICTE MixK 300pa-
smeHHEAME (1-3) Ta cmocobamu mepegadi
reria (A—B).

A renyio mepenaeThes 6e3 y4acTi pedoBH-
HY — TENJOBUM BUIIPOMiHIOBAHHAM

B Temno mepemaeTheA 3a PaAXYHOK IUPKY-
JAamii Temux i XoJOAHUX MIAPiB peUOBUHU
B Tenno nepenaeThes 3a PAXYHOK B3aEMO-
Oiil YacTHHOK PEeUOBUHU

Man. 6.1

Busnau, axum Homepom (1-3) mozmaueno Buy temiomepemaui (A—B): A —
TemJIONpPoBigHicTh; B — Tenmnose BunpomimioBanHa; B — xkousexkmia. Ilepe-
Bip CBOI IpHUOyOIeHHA 38 MaTepiasoM naparpada.

 MIBHABANCS

Axumu 6yearomev 6udu mennonepedani? Ik Tu B)Ke 3HacHI, TeIIomepe-
mada — Iie oOuH 3i crmoco6iB 3MiHM BHYTPIiNIHLOI eHeprii peuosmau. Temnmuo-
nepegada BigdyBacTnesa, AKOIO € Pis-
HUI[A TeMOepaTyp Mis Timamu a6o
yacTHHaAMI OJHOIO i TOro K Tina.
CaMOBiIbHO TETJIO MOJKe TlepegaBa-
THCHA TiJIBKH Bij Tija (YacTUHH Tija)
3 OLJIBIIOK TEMIEPATYPOIO A0 Tina
(uacTHHY TiNAa) 3 MEHIIIOKD TEMIIEPATYPOIO.

Tensmonepenada Mode 3JiHCHIOBATHCS PISHHMI CIIOCO0aMH: TeIJIOIPOBiL-
HiCTIO, KOHBEKI[IE€IO i BUITPOMIHIOBAHHAM.




§ 6. [locnigKyemo BuAW Tennonepeaadi

Hocnidncyemo mennonposidnicms. Buronait mocxin (mamn. 6.2). Jna
IBOTO Bi3EMU MOCYAWHY 3 rapAvu0l0 BOOI0, TPH MPEIMEeTH (MeTaIeRy, MIacT-
MAacoORY, JlepeR’ A0y JiHIHKK a00 JOXKKW), MaprapuH,

- . " A y /_\ .\.
MaNeHBKI r'yasmku. HaHecw HeBelIWKY KiJNBKicTh * e s )
. o i
MAaprapuHy Ha OpegMeTH Tak, mo0 BiH 6YB Ha ogHAa- | !
KOBifl BuCcOTi Big Kpaw KoxxHOro npeamera. Ilokna- v | l’
|

AW Ha Maprapui ryasukn. Onycrn npegMeT B raps-

gy BOOY, AK 300paskeHo Ha MaJionky. Crmocrepirait,

1o BigbyBaTuMeThesa. COpOrHO3yil, Ha AKOMY Ipeg- - &
MeTi I'VA3HK yoaje OIBHUALIE. Man. 6.2

PosrngremMo MexaHi3M mepeqadi TEMJIOTH 3 TOTIIALY ATOMHO-MOJIEKYIAD-
HOro BUeHHs. MoJIeKyau rapsadoi BOOH MAalOTh 3HAYHO OiabIy KiHETUUHY
eHepriio, HiX YaCTUHKU, 3 AKUX CKJIAJAIOTHCA IIPEeJMeTH, OMyIieHi B Hel.
YHacmiok 3iTKHEHHA MOJIEKYJIH BOAHW DepefaloTh YacTUHY ¢BOel eHeprii mi-
KPOYacTHUHKAM PEUYOBUH, IO MiCTATHCA Ge3mocepefHbBO V BOMi. 3roA0M Mi-
KPOYACTHHKY PEYOBHH IMEePeNaroTh AefAKY KiJIbKicTh cBoel eHepril cycigmim
JacTUHKAaM, 30ijapmryioun IX KiHeTwdHny eHepriio (3BicHo, i Temmeparypy
rina). Taka mepemaua eHeprii B pesyasTaTi 6es3nocepeJHBOI B3aeMoail yacTH-
HOK 3OiACHIOETHCA MIAp 3a MIApOM. 3PO3YMiJIo, II0 HiAKOT0 NepeHeceHHA ca-
MOI pedyoBHHH He BigOyBaeThesa. Takmii npomec nepegadi TEIIOTH HASHBAKOTH
men.nonposioHicmio.

TenaonpoBifHicTs PisHEX pedo- Tennonposigxicte (thermal conduc-
BHUH 3aJIe;KUThL Bif iX BHYTpimHBOI ftivity) — Bup Tennonepenadi, akuit no-

6ynmoBu. 3posyMijo, 10 HaHKpaIy DlRG Y TR eH DEeR . RO B
S : BinbLL HArPITOT 4O MEHLL HArpiTOl HACTUHN
TeIJIONPOBiAHICTE MAOThL TBepAi

) : N ; Tina (abo B 0QHOTO TiNa A0 IHLOro Npu X
TLIa, OCKLJIBEKH 1X YaCTHHEH IIIlJb-

i » KOHTAKTi) BHAC/ILOK TEMNOBOro pyxy 4ac-
HO NPUIAATAIOTEH OAHA 10 ofgnol. Pigu- TUHOK.

HI MAalTh MEHINY TeILIOIPOBiIHICTE,
a HaliMeHIny — rasm. s nopiBHAH-
HA: TEIIOOPOBiAHICTE MoBiTpA Maixke B 10 000 pasie meHIIAa Bij TenIonpo-
BigHOCTi Migi. TemronpopigHicTs Bogu npuOAM3HO v 25 pasiB OLnblma, HimxK
y moRriTpd, ane npudausno y 330 pazir menIa, Hix v mixi.

[=] 75 [m]

o —~ "
( @ MepernsiHb B e-004aTKy aHiMaLiiiHy MOAEnb npoLecy |

l\ « TennonpoeigHocTi (6.1). ‘

N el vse.ee/cnid

I cepen TBepauX Tijd € Ti, OI0 MAKTE 0lJIBITY A00 MEHIIY TENJIOIIPOBIAHICTE.
Y npomy B Tebe DyIIa MOMKJIURICTE IePEKOHATHCA 1T Yac BUKOHAHHS JTOCTiY.

Bucora TennmonpoBigHicTh MeTaJiB OB’ A3aHAa 3 0COOIHBOCTAMIE iX O0yI0-
BH. 3 momepeAHix naparpadis Tobi Bigomo, 10 YACTUHK K TBEPAUX TiJ 3mil-
CHIOIOTH XAOTHYHI TEIJIOBl KOJMBAHHS Y BY3JaX KPHCTAMIYHAX r'paT. Axb6m




Tema 1. BHYTpiWHSA eHepria. Ten1oBui 6anaHc

TEIJIONPOBiJHICTE METAJIB 3yMOBJIIOBANACS JUNIE [MUMU KOJIUBAHHAMM, TO
BOHAa 0 He BifipisHANACA BiJl TeNIOTPOBiAHOCTI iHMMIUX TBEpAUX Tiji. Ase B Me-
Tajzax € 6araTo BiILHUX €NeKTPOHIB, AKI MOKYTEH BIJIBHO IepeMinlyBaTHCA
MiK By3JIaMM KPHCTAJNIYHUX I'par, mio il 3abesmeuye BUCOKY TeNJIOIPOBif-
HiCTB MeTamiB.

BosHa, nyx, XyTpo # iHIIi TOPHCTI Tijia MalTh MOTAHY TeNJIONPOBiJHICTE,
00 B HUX MiX BOJIOKHAMH € TmoBiTpA. Ock YoMy BOBHA, XyTpo i myX 3axu-
OIAI0TH TBAPHH Bi MepeoXoNoIKeHHA B3UMKY 1 meperpiBanHa BIiTKY. laa
yTenneHHA OyAiBesb TAKO 3aCTOCOBYIOTH HOPHCTI ,—
MaTepianm: mizomiacr, xiMiuny Bary. Many Temro- |
MPOBigHICTH MAIOTH IJIACTMACA, JEPEBHUHA, CKJIO.

PeuoBuHau # mMarTepianm, mio mMOraHo MPOROJATH
TEIJI0, HA3UBATOTh TEILJIO130IATOPAMH.

Hocnidmcyemo koneexyir. Ilirmecu sananeny cai-
YKy 8HH3Y 1 Bropi no BigumHeHEMX nBepeil (maiu. 6.3).
HoTpumyiica npaBua OesmevyHol TOBeSiHKIM 3 Bif-
kpuruM Boraem! Coporsosyii, 44 OQHAKOBOK OyIe
HNOBeJIHKA MOJYM sl CBiUKM 3HH3Y 1 Bropi. Ym mo- | _
JeIT BU3HAUNTH 33 Pe3yIbTATAMH AOCTiAY, 1€ TeM- - —
nepartypa binbia: y KiMHaTi yn B Kopugopi? Man. 6.3

Pigman i rasu, oKkpiM TemmoopoBigHOCTI, MaOTE IIe OAUH MeXaHi3M mepe-
maui Temta. el MexaHisM Ha3UBAIOTH KOHBEKITICIO, IKa CYIPOBOIIKYETHCA
IepeHeceHHAM PEYOBHUHU.

3posymiJio, 0 KOHBEKITis HEe MO-
JKe BimOyBaTHChL Y TBEPIUX Tijax,
OCKiIBKY B HUX HE MOXKYTH BUHUK-

Kouneekuia (convection) — ue Bug Te-
nnonepenadi, SKUiA 3AIMCHIOETECS LLUNA-
XOM MEPEHEeCEeHHs eHeprii noTokamu pigu-

Hu abo rasy.
HYTH IIOTOKEH PEYOBHHHN.

, Ez40E
7 — : G i .
[' MepernaHb B e-004aTKy aHiMaLiiiHy Moaens npouecy \

\ - KOHBeKUIT (6.2). /J

vse.ee/cnie

Y kimMHaTi B X0oNM0oaHI MOPH POKY MOBITPs mporpiBacThea GaTapecio oma-
JIeHHsI. YHACHIOOK HATPpiBaHHA BUHHKAE PISHHUIA TeMOEpATYP MiK HIKHIMEI
H BepxHiMu mrapamMu noBitpa. AK Bimomo, y pasi DiABHUOIEHHA TeMIepaTypu
rasy posUIMPIIOTHCH, 1X 'YCTHHA 3MEHIIYETHCA, I apXiMemoBa cumia, II0 Jie
Ha HIDKHIN Iap OoBiTps, cTae 6lIbmI010, HUMK cHIa TAXKIHHA. YHACTIIAOK IIHO-
ro Harpite moBiTpA (110 Mae MeHIIY I'YCTHHY) BHOITOBXYETHCA 3HU3Y CTPyMe-
HAMI XOJIOJHOI'O IOBITPA i mifHIMaeThCcd Bropy mijg Ji€xo apximemoBol ciim,
a xoJoaHe (1110 Mae 61NbITY TYCTHHY) ONyCKaeThCcA. X0M0THE TTOBITPA, M0 HaJl-
XOJUTH HA 3aMiHY TEILJIOMY, IIOCTYIIOBO IPOTPiBAETHCH 1 pyXaeThCHa BrOpy.




§ 6. [locnigKyemo Buaw Tennonepegadi

Amanoriyni MipryBaHHS cHOpas- | -—
JKVIOThCA 1 gia piguH. . '

Asumre KoHBeKNii Bigirpae Bak-
JHUBY POJb Y HOpHUpoai ¥ TexHimi.
3aBIAKI npupoldHiil KOEBEKIil Bij-
OyBaeThcA TMOCTiHHEe HepeMinlyBaH-
HA DOBITPAHMX Mac — BHHHUKAKOTH
KOHBEKIIiHHI TOTOKHT B aTMochepi —
BiTpu. Yepesa HepiBHOMipHe HATpi-
BaHHS BOJM BHUHHUKAIOTH IOCTiHHI 4 /
Teuii y Bojjax piyok, MOpiB, OKeaHiB. 1
OxeaHchbKi Teuii, ax i BiTpu, Bifgi- ‘:z' :
TpaTh 3HAUHY POJIbL ¥ hopMyBaHHIL _;f' ¢ ‘i
KrimMary Ha Hamriil mmaderi. o6 ' .
Bauca poboui merasmi Kommo'ioTepa, | J .
OBHI'YHA aBTOMOOLJIsSI, BHKOPHCTOBY- =

Kpamie Opomikaiocsa TieTo B ByXoBiil
mradi, mporpiBaauca TPOIVKTH B Mi-

IOTh BEHTHJIATOPH, AKi 3yMOBIIOKOTH Man. 6.4
suMyUieHY ROHBEKIIIIO.,

KPOXBUMJILOBil medi abo 0X0JI0mKy-

Hocnidxcy emo mennoee 6unpominioéanna. 3’aAcyi, AKY MIOBEPXHIO — CBiTIY
UM TeMHY — CHUJBHIiIIIE HArpiBaoTh TEILIOB1 mpoMeHi (mai. 6.4, @); YW BILIBAE
KOJIip MOBepXHi Ha IOTJIMHAHHS TeIjia # 3HaYeHHd TeMueparypu (mam. 6.4, )‘

IcHye mie onwH BUJ Tenonepenadi — mennoge 6UnpoMiHEaARH A, AKe Ha
BiIMiHY BiJl TEMIONPORIAHOCTI Ta KOHREKIIT 3ilicHIOETHCA 663 PEUOBMHHHUX
«TIOCepeJHUKIB» (YacTHHOK a00 MOTOKiB peuoBmHN). HacTHHA BHYTPiNIHBEOL
eHepril Tiyla MosKe BHIPOMIHIOBATHCE i TONIHPIOBATHUCE ¥V BUTJIANL €JI€eKTPO-
MaTHIiTHHUX XBuJb. ([lerannHimme me-

EoHloM YTEODEHEA 1 IOTTRPCHHEA BunpomiHioBaHHa (radiation) — ue Bug,

eJIeKTPOMAaTHITHUX XBUJIb TH BUBYA- Tennornepenavi, nig vac akol eHepria nepe-
Tument v 9 xiaaci.) JAETLCA 3a AONOMOrol0 NPOMEHIB (enexT-

: : : MarHiTHUX XBUJb).
Yci 6e3 BUHATKY Tina BUOPOMI- poMA )

HIOIOTH TeNaoRy eHepriio (iH(pa-

uyepBoHi npomMeHi). He € BuaaTkom i Conne, bararTs, JIOOUHA, TBapUHA. JIifg
TaKOK BUIPOMIHIOE TEIJIOBY €HePTiio, aJle HAM 34A€ThCs, M0 Bil HEOTO «Bie
x0J0m0M» . Ile BiguyTTA BUHHKAE TOMY, III0 PYKAa OTPUMYE Bi TEOAY MeHIIIe
TemJIOBO1 eHeprii, Hixk camMa BunpoMinioe. CaMe TOMy MH BiTUyBaeMO XOJIOJ.

IcayroTs npunagu, ki «0ayaThb» TEIJIOBe BUIPOMiHIOBaHHA. Taki npumia-
OU HA3MBAIOTE TEIJIOBizopamMit. 3a iX JOMOMOTOI MOMKHA BUABHUTH XOJOIHL
i rapsdi 06’eKTH, a4 TAKO BU3HAUNUTH 1XHIO TEMIIEPATypPYy.




Tema 1. BHYTpiWHSA eHepria. Ten1oBui 6anaHc

Eneprig, axky BUOpoMiHIOE TiJIO, 3aJIeKUTL Bif floro TeMmoepaTypH: IO
BHUOIOI0 € TeMIIepaTypa Tina, To 6inbine eHeprili BoHO BUOpoMiHioe. Temme-
parypa ZesKuX TijJd Moke OYTH HACTLIBKHN BEJIWKOIO, IO ATOMH PEYOBHHH,
nepebyBaoy, AK KAKYThH QisuKH, y 30y KeHoMY CTaHi, MAIOTh « HAAJIUIIOK
eHeprii». BiH i BUOPOMIHIOETECS ¥ BUDVIALL €IEKTPOMATHITHUX XBUIL (JesaKi
3 MU X XBIJIL JIIOAUHA BifuyBac v BUTVIALIL TeIljia, a JedKki — y BUTIALL cBiTia).

TenymoBe BUITPOMiHIOBAHHA TAKOMK 3aJIE;KUTH Biil KOJIBOPY MOBEPXHI Tima
Ta il crany: NIopcTKi # TeMHI TOBePXHiI BUTPOMiHIOIOTH 1 MOTJIMHAIOTEH TEILJIO-
Ty Kpanie, HisK raajgenbiri Ta 6auckydi. ToMmy BIITKY, B COEKOTHI OHi, Kpatie
He HOCUTH TeMHUI OAT, AKUH iHTeHCUBHO MOTJIMHATIME TEILIOTY, III0 MOXKe
CTATH OPUYNHOIO TEIJIOBOTO YAADY.

oYM AW Yum BiAPIBHACTLCA MEXAaHi3M TeIJIODPOBLIHOCTLI ¥V TBEp-
JOHUX TiJd, piguH i razis?

Yomy MeTasm MalOTh> HAWK paIly TemJIOIPoBiAHicTE?
Yomy TBapUHH He 3aMep3al0Th HABITh ¥ CHVIBHUH X0JI0I?
fAxi marepianu gobpe npoBogATh Tenyo? e ix 3acTOCOBYIOTE?

Yomy skuTeJl ODiBAeHHUX KpaiH OiJ Yyac CHJIBHOI CIEeKH HOCATH XyTPAHIL
TIATIKM, BATHI XamaTm?

IIly0a rpie JIOAUHY YK JOIHHA — MIy0y?
Yu 6ye 3MiHIOBaTHCS TEIJIONPORIAHICTE TORITPA, AKMIIO HOTO CTUCKATH ?

Yu MOKJIMBA TEIJIONMPOBIAHICTE V IV:Ke PO3PIXKEeHNX ra3ax, KoCMiuHOMY
opocTopi?

Onumiu MexaHiaM KOHBEK Il Ha IpUKIALl HAarpiBaHHA PigHHNT.
Hu oxo0q:Kye MPanioUYni BEHTUIATOP DOBITPA V IpUMinieHHi?

Yomy enepris sig Conma o 3eMIIi He MOsKe IepefaBaTHCh aHI KOHBEKIi-
€10, aHi TeNJIONPOBiAHICTIO?

Jle mBUOIE pO3TaHe CHIT: Ha MIKIIBHOMY DOABIp’1, v Jici, y noxi? Yomy?

BUKOHAW OOCNIOXKEHHSA

BuKoHYIT Jocaiay 3 TOTPUMAaHHAM IIPABHI Ge3MeKn KU TTETi AIbHOCTI!

| BispMu gBa MIMATOYKH JbOAY, KOMKHUI HOKJAAHN B OKPEMUIl moJieTue-
HOBHU# maker. PerenbHo oOMoTalt ofuH i3 MakeTiR BaTO0 460 MAXPOBUM




§ 6. [locnigKyemo Buaw Tennonepegadi

pymrHEKOM. [ToKJam nakeTn Ha TApPiJKA Ha JedKWi yac. Posropau nake-
THU i TOACHY pe3yIbTAT.

e s .

f;!f?%_g[ 3anponoryi cnocobu 30epekeHHS OPOAYKTIB, [0 MIBUAKO ICYIOTHCH,
B YMOBaxX TYPHUCTHYHHX IOXO[iB, Ha pubari abo B pasi BIAKJIIOUYeHHSA
eJIeKTpoeHepril (BiAmoBias «yce MIBUAKO 3 ICTH» He OPHIMAaETHCA).

BukoHalm 1 mnoscHHM TakKWH JJOCJLI.
¥ mpobipKy 3 BOAOIO HDOKJIamH Jig (Ha
Jig — wmeTranery ratiky, miob BiH He
cnauBaB). IlpoGipry postamiyit Hap
OOJYM’ M COHPTIBKH Tak, AK IMOKasa-
HO Ha MamioHRY 6.5. Homy y BepxHi#
yacTuHi nNpobipKu KUMUTH BOJA, a HA
OHi TpobipKU MIe JEXKUTh JIix?

321

3mopenoll TPEPOIHY KOHBEKIIII0 BO-
nu. To6i sHagobaaTscsa: xapuosi 6aps-
HUKW (cuHifl 1 uepBOHNII), MaJieHBKA
OISANOIKA 3 BY3bKHM T'OPJIOM i IIMPOKA
nposopa mocynuna. Cumiit 6apBHHUK
POBYHHHI Y BOJL, PO3IHI vV (QOPMH A
MIPUTOTYBAHHA JLOAY U HMOCTAB Y MO- Man. 6.5
poswiabHY Kamepy. [lndmKy HATOBHHA

TEIJI0K BOAOI0 ¥ PO3UMHHU B HiIfl YepBOHMI DApBHUK. ¥ MPO30pPYy IOCY-
JUHY HaJWHA X0JOoAHY Boay (piBeHB Mae OyTH BHUIIE 38 BUCOTY IJIAIIKH).
3aTyJUBOIN TOPJIO NANBIEM, TTOCTAR MIATNIKY HA JHO mocyauHu. [IpuGe-
pHu PyKy, adu He 30ypuTu BoAu. Homaft cuHiT KyOHMK MROAY B MOCYAUHY
3 Bogor. Criocrepiraii, mo BigbyBarumerbed. IlogcHu, YoMy KOJIBLOPH He
3MIiNTYIOTHECA 04pa3y. ¥ AKOI BOAM U'yCTHHA Oinmbnia: y X0JIOOHOI UK raps-
yoi? SKN10 B3ATH BeIHKY DOCYAHHY 3a MOJesib CBITOBOTO OKeaHy, MoJe-
JSAMH 4OT0 TOAL OYIyTh MIIANIKA 13 yepBOHUM OapBHUKOM Ta CHHIiH mig?
flke rmobanbHe ABUIe HAramaye Opollec MepeMiNIyBAHHS BOJ YV TAKOMY
«OKeaHi»?

OMPALION IHOOPMALLIIO

7
{

\

I Bukowait B e-nonatky Bigeosasaanus (6.3, 6.4). |
o
— _/

OUIHU CEBE

_Eﬂ BukoHaii B e-004aTKy 3aBAaHHA 415 CAMOOLiHIOBaHHS (6.5).




§ 7. AOCNAXKYEMO HATPIBAHHS
PEYOBUH

Mw pocniguniu Tennosi NpoLecu: crnocre-
piranu, NosICHIOBanNW, NPOBOOWMAN OOCHIAN.
Tenep HaCTaB 4aC HAaB4UTUCH 0B4YMCIOBaTY
KINBKICTL TEMNa, Wo nepesacTbes.

BukoHyii Tocaian 3 TOTpUMAHHAM MPABWI Oe3MeKU JKUTTETiATBHOCTI !

Bispmu Tpu criaaeku. B ogpy Hammii 100 ma xosomsOl BOmu. Bumipsii
ii Temnepatypy. ¥ apyry — 100 mn rapadoi Boau. Bumipsait i1 remmepary-
py. Coporao3yii, koo OGyfe TemmepaTypa BOAHW, SKIIO 3MINIATH XOJIOZHY
i rapauy Boxay. Ileperip e Ha mocxixi. IloBTopu mocxin, ane LOro pasy Bi-
spMu 200 v xomoguol Bomu. Cresx, mob TeMoepaTypH X0JOAHOL i rapadol
Bonu OyJIM Taki ik, AK 1 Ha mouaTKy focainy. ko Oyae Temneparypa cyminri
V¥ IIBOMY BUTAAKY ?

LISHABAUCH

A

Ax o6uucaumu kinvkicme mennomu? Tu BiKe 3HAEI, 10 TEIJIO Iepe-
JaEThCsA Bil rapAYUX TiJ 40 XOJOOHUX, MOKH IXHi TeMOepaTypH CTaHyTh Of-
HAKOBHMH — HacTaHe TemaoBa piBHosara. s kinskicmoro onmucy BracTu-
BOCTEH TeImomepemadi Ta TEIJIOOOMIHY 3aCTOCOBVIOTH cHerianbHi disuwami
BEeIHUYMHU, OTHICIO 3 AKUX € KIAbKICMb Menjaomu.

KinbkicTh TennoTH MO3HAYAETHCA o _ -
miteporo @, umraerbcs «kio». Opu- | KimbkicTe Tenmotu (amount of heat) —
HHUIeI0 KinbkocTi Temmorm ¢ 1 Jx | UE Ta HACTWHA BRYTDILUHBEO! €HEPHI, AKy
(mxoyaE). OTPUMYE M BTPaae o Mif Hac Terno-
BUX NPOLECIB.

IMTo6 maBumTHCch 0O6UYMCIOBATH
KiTBKicTh TenmoTu, 3’ Acyi, B AKUX
BEJIMUWH BOHA 3aNekUTh. [lopiBHAM (3a MantoHKOM 7.1) KinbKicTh TeNJIOTH,
AKa HeoOXigHa nndA: a) HarpiBaHHSA BOIH PisdHOI Macu Jo TeMIepaTypu KHUIiH-
HA; 0) HArpiBaHHA OAHAKOBOI KiIbKOCTI BoaM, B3aATOI 3a TeMmneparypu 10 C,
o remnepatypu 20 'C ra 100 ‘C; B) HarpiBaHHA OAHAKOBOI KiIbKOCTI pisHUX
pizuH (Boau i o1il) [o ofHAKOBOTO 3HAUYEHHA TeMIepaTypH. IlepeBip mpuny-
OIeHHA A0CJiaMu (38 MOYKJIHBOCTI).




§ 7. JoCNigyeEMO HarpiBaHHA Pe40BUHN

I3 ®kuTTEBOrO MOCBiAY Ta MBLOTO JOCHiAY TH Gaummi, IO AJS HArpiBaHHSA
Bojau Oisbnrol macu moTpibHa 6inbmia KinbKicThs Tenmotu. OTiKe, KiaAbKicmb
menJaomu, nepedana miay nid wac HazpisaHHA (UM Biggama TinmoM mim uac
Horo OX0oJo:KeHH ), IIPONopIlifiHa Maci poro Tina: @ ~ m.

Arxmo Tpeba nigirpiTe Bomy Tak, 100 BOHA CTaJia JIMIIE TEIJIOK, TO Ha-
rpiRaroTh ii HeORTO, HAJAIOUNW THM CAMUM 1#l HEBEJIMKY KiJIEKICTE TEMJIOTH.
A 11106 Boia cTasa rapAadoi, moTpidHo nepegaTH 1i OLIBNTY KiTBKICTE TEILIOTH.

Orxe, O10 40 BUOIO1 TeEMIIepaTypu DOTPibHO HATPITH BOAY, TO 6iABOIY Kiib-
KicTh TenmoTu Tpeba iil mepegaTu. 3Bigcu MoMKHA 3anmmear: § ~ At — Kinb-
KiCcTh TenmnoTH, HagaHa Tiay, OpomopIiiina 3MiHi TeMOepaTypH IILOTO Tija.

KinpkicTs TemmoTn, mepenaHa Tiay mifg yac Hioro HarpiBaHHSA, 3aJEKUTH
mie @ Big TOro, 3 AKOI peUOBMHU BUTOTOBJIeHe Tino. Tak, nna 30inpnieHHA
TeMOepaTypHd OJHAKOBUX Mac Boou U oJii HA Ty caMy KilbKicTh rpagycis mo-
TpibHA pi3HA KIJIBKiCTE TEIJIOTH: IJIA BOAMW BOHA OinbIma, AJs OJii — MeHIna.

OcobnuBoCcTi peYoBHH A0 HATPIBAHHA XapaKTEepPU3VIOTh (DiBHUYHOK BeJIH-
YUHOK, AKY HA3UBAKOTH NUMOMOK MENJOEMHICII0 PEYOBUHIL.

ITuromy TenaoeMHICTE PEYOBUHY IO3HAYAIOTE OYKBOIO C.
OIWHUIA THUTOMOI TEeILJIOEM-

HOCTI — 1 Hox MuToMa TenNOEMHICTb PEYOBUHM (Spe-

-

Kr-°C cific heat capacity of a substance) — diandHa
VCTaHOBJIEHO, 1o piBHi pedo- BeNnMYKnHa, LD NoKasye, axka KiNbKICTb TEMNOTH
BHHI MAIOTh Pi3HY HHTOMY TeILIO- notpibHa ona 30inbLIEHHs TeMnepaTypu pe-

yoBuHW Macoio 1 kr Ha 1 °C (abo gka KinbKicTb
TEMIOTY BUAINFETLCA PEHOBUHOIO MACOI0 1 K
nig yac oxonogxeHHsa Ha 1 °C).

eMuicTh. ¥ Tabamni ma dopsari
HaBeAeHO 3HAYEHHS IHUTOMOI Te-
IJIOEMHOCTI AeAKuX peuoBuH. Ha-
OPUKIAN, THTOMA TeIJIOEMHICTE
Jloxe
Kr-°C
norpibHAa KiJIbKicTe TemnoTu, oo gopieaiOe 130 Ik (abo BHACIILOK 0X0J0-
mxerHa 1 Kr 3omora Ha 1 'C BUAiIAEThCA KiIBKICTh TEIJIOTH, IO JOPiBHIOE
130 I1:x).

zomota — 130 . lle osmauae, mio qua Harpisamaa 1 kr somora Ha 1 °C




Tema 1. BHYTpiWHA eHepria. TennoBui 6anaHc

Or:xe, KIJIIBKICTE TENJIOTH, IEpeAaHa TiNny OiJ gyac HarpieaHHA (41 BiagaHa
TioM i yac foro 0Xoao/»KeHHA), DponopIlifiHa TuTOMii TemmoeMHOCTI pe-
YOBHUHH, 3 AKOI BUTOTOBJIEHE Tino: @ ~ ¢.

Tagum YHHOM, 11100 00YHCANTH KiNbKICTh TEILJIOTH, AKA HOTPIOHA IJId HAa-
rpiBaHHA Tija, ad0 KiJlbKICTE TEOJIOTH, AKY BHILIAE TiI0, OX0JIOHKYIOUNCH,
Tpeda HUTOMY TEILJIOEMHICTh PEYOBHHHN, 3 AKOL BUTOTOBJIEHE T1JIO, HOMHOMH-
TH Ha MACy LILOTO0 Tija i pisHHII0 Mi H0ro DOYaTKOBOIO i KIHIIEBOIO TeMIIe-
patypamu: @ = cm(t — t) abo @, = cmAt.

OckinbKHM TiJT yac oOTpUMAaHHSA TEIJIOTH RHYTPIITHA eHepria Tina 30iabmry-
€Thes 1, BiATORIAHO, 30iMBOIVETRCA OO TeMIIepaTypa, To Pi3HHILA TeMIIepa-
Typ At 6yme mogaTHOO, i KiIBKICTE TEHIOTH, OAep:KaHA TiJIOM, TAKOMK I0-
natHa: @ > 0. ¥ mporeci oxXoJo/1:KeHHA KiHIleBa TeMTepaTypa Tija (f) meHma
Bix mouaTKoBOI (£ ), TOMY po3paxoBaHa KilbKICTh TEIJIOTH MaTHMe Bil eMHe
sHaueHHA: @ < 0.

- ; ; Q
OYMAN fAx Bigomo, c—~mTt. Yu MoKHA CTBEPAKYBATH, IO IIHUTO-

Ma TelJIOEMHICTE 3a/IeKUTh Bif Macu peuoBuHu? Bin sminu
TeMnOepaTypu pedoBuan? Bin kigsrocTi nepeganol renmoru?

flka peuoBrHA Mae HAMEHIIY DHTOMY TEeILIOEMHICTE? fIKa peyoBuHA Mae
HaAHGIIBITY OUTOMY TETIJIOEMHICTE?

3a ogHAaKOBUX YMOB HarpiBaiooThb 1 a1 Bogu Ta 1 o moBitpsa. fika pedyoBuHA
meuamie Harpierbes Ha 100 'C? Yum e MoskHA TOACHUTH?

HBamigamx 6pycku macamu 100 ri 500 r na nesxmii vac 3aHYPHJIN B OK Pill.
IloscHM, YK OAHAKOBO 3MiHIIACA 1X BHYTPIITHA eHepTid.

Y axii omocynuui (Mmam. 7.2, ) MIiCTUTECA piguHAa 3 HAWMEHIITIO0 TEMNJI0-
€MHICTIO, AKIIO BiJOMO, OI0 €JIEeKTPOHHHM TepMOMeTpoM 3adQikcyBaan
TEMIIEPATYPY TPHOX PiIHH, Nicad TOTO AK IM HAZAIH OJHAKORY KiIbBKiCTE
TenJoTH (IOUAaTKOBI TeMIlepaTypH i Macu piiuH ogHAKOBi)? ¥V AKi# mo-
cyauHi (max. 7.2, ) MiCcTUTBCA HaiMeHINle PiIUHU, SKIIO BioMO, 110
€JEKTPOHHUM TepMOMETDPOM 3adikcyBanu TeMUepaTypy pinwmnH, micasa
TOro AK IM HaJIaJ OJHAKOBY KiMBKIiCTh TeNJIOTH (IIOYATKOBL TeMIIepaTy-
PHM pPioMH oOHAKOBI, piiuHa B yCiX mocyIUHAX TAKOMK OJHAKOBA)?

54,2°%
67,87
92,7
54,2°%
67,87
92,7°%

off W W oW W W

Man. 7.2




§ 7. JoCNigXyYEMO HarpiBaHHA Pe40BUHN

YueHb Ta yUeHHIA modyayBaau rpadikm za- "/;,°CJ
JeXHOCTI TEeMIepaTypr BOIH Bin KilbKoCTi Te-
IJI0OTH, OTPUMAaHOI Helo Bifg HarpiBaua. Ili rpa-
ikt 300paxeno Ha MadoHKY 7.3. Iloscum,
yoMy rpadikm BHUABHMIAMUCA pisHumwu. SAxmit i3
rpadikis Bignosigae marpiBannio 6iIb0I01 MacH
Bomu? ¥ CKimbKEH pasiB BigpisHANIHCA MacH t + >

BOJH B JOCJHLIaX YYHA TA YUYEHHI1? 2 =

B anmomiHieBoMy uYalHHKY HAarpisaam Bogy
i, HEXTYIOUHM BTPATaAMHM KiJIBKOCTI TEOJOTH B |

HABKOJNHUIIHIA mnpocrip, nodbymysamau rpadi- Q IT
KH 3aJIeKHOCTL KiJIBKOCTLI TEILJIOTH, OTPHMA-
HOI YalfHUKOM 1 BOJIOI0, BiJl Wacy HarpiBaHHSA I
(man. 7.4). fAxwmit rpadix DobymosaHWE HJIA
BOJIY, a4 AKWH — JJIA YallHIKA? 0 t=
" i

Man. 7.4

YUHUCDb PO3B’A3YBATU SAOAMI

Y 3aisHy KACTPYJIK MAacoK 1 KI HAJHJIK BOAY Macor 2 Kr. SIKy KiJlbKicTh

TEIJIOTH Tpeda HagaTH KacTpyJii 3 BOJOK0, od iX TeMOoeparypa sMiHHJIACH
Big 10 mo 100 °C?

m,=1kr Ob6maBa Tima — KacTpyJd i Bojga — HarpiBamThbCsa pasoM

e =460 Hox Ha O#HY i Ty camy Temnepatypy:At = 100 'C - 10 'C =
: kr-°C =90 °C. AJle KiIbKiCTh TEILIOTH, SKY OTPHMAJIN KACTPY-
m, =2 Kr 14 i Bojaa, pisHi, 00 MacH ¥ NHTOMI TEILIOEMHOCTI IHX TiJ

A i i.
¢, = 4200 A Pt
kr-°C | KigbKicTh TENIOTH, AKY OTPUMAJIA KACTPYJIA:

t,=10°C Moz )
t=100°C Q, =cmAt , Q, =460 C -1 kr-90°C =41 400 Ix.
K"
7 Kinepricrs Tenmoru, oo gicrana Boga: @, =c,m,At,
Q—7 Mo ,,
Q,=4200 -2kr-90°C= 1756 000 I:x.
el

Jl1g HaTpiRaHHA KAcTpyJIi # BOAM HANAHO KiNBKICTE TeIIOTH:
R=Q, +Q,, @=41,4 x]lm + 756 x[[m = 797,4 w]m.

sine: Q = 797,4 kIlx.




Tema 1. BHYTpiWHSA eHepria. Ten1oBui 6anaHc

PO3B’AXKU SAOAUI

I fxa KinpKicTh TenmoTu HOTplﬁHa AJI HAPIBAHHSA JIATYHHOL I'HPl Macomo

" 200 Biz 20 °C 10 28 C?

J;si fxa maca 3anisuoi geraui, axmio Ha ii narpisamaa Big 20 C go 200 "C oim-

10 20,7 g3 TermmoT?
¢ HAxoro KigpKicTio TensoTu MosxHa Harpitu 0,3 kr Boam Bixg 12 C go 20 C?
Axy macy Bogu mosxna Harpita Ha 10 C 1 xx remiorn?

| IITo6 marpitu 110 r axominio Ha 90 'C, norpioro 9,1 k. O6uncim om-
TOMY TeILJIOEMHICTD aI0MIiHIIO.

Monoko mig uac qoinHA Kopis mae remmnepatypy 37 ‘C. Ilns tpancnop-
TYBAHHA HOro oXoaomKyioTh 10 4 'C. CKinbKH Temia BUALIACTHCA IPU
OsOMY, AKOIO cepenHiit Hamiii Ha depmi 800 g, muToMa TemIOEMHICTH
mosoka — 3,9 kll»k/kr* 'C, rycruna — 1028 xr/m??

o~ N
{ \

/' Harpagiky (mau. 7.5) 306pakeH0 Ipo- 1 °C
mec HarpiBaHHa AeTani macoio 2 Kr. =
fAxa muToMA TeMNOEMHICTL PEYOBHHH, 20
3 AKOI BUTOTOBJIeHA AeTalb? fAxa Kiab- 10
KicTh TemjoTH HeoOXifHa ANA Harpi- 0 18 >
BauHA miel gerani Big —10 °C 7o 20 'C? / Q,
-10 kX
5 -20
BUKOHAW OOCNIOXEHHSA
N V)

BuKoHYyI 7ocaiaN 3 TOTPMMAaHHAM Ipa-
BHJI Oe3NeKH JKUTTEXi AIbHOCTI! ey
Harpipatoun 1 1 Bogum Ha razosiif abo eleKTpHYHIH nauTi (HeobxigHo,
100 TOTYKHICTh HATPIBHUKA B JOCJi/i He 3MiHIOBaJIAach), BUMipIOi 4yac,
IIPOTATOM AKOro TeMIepaTypa miABHIIYyeThCcA Ha KoxkHI 5 'C (BuMipoBaH-
HA BUKOHYH B inTepsayi Bix 20 mo 60 C). 3a oTpUMaHUMHE 3HAYEHHAMU
nobyayi rpadgik nponecy HarpiBaHHA. OCKIIBKH B JOCTiNl DOTYXHICTE
HATPiBHHKA € CTAJIOI0, TO KiBKiCThE OTPHUMAHOIL BOJOK KiTBKOCTI TeIlIo-
T nponopitifiua yacy. IlogcHu, un Bigobpaskae rpadik 1e TBEPIKEeHHSI.
Y yomMy npuUMHA BiAXUIEHBL?

)
==

2

| 3anpomnoHyi cmocid MOpiBHAHHA MHUTOMOI TeNJOEMHOCTI BOAHM Ta OJii
B JOMATIHIX YMOBaX. BHCIOBY MpUNYIIEHHA, SKA DEUOBUHA MEPIIIOK HA-
rpierbea go kuniasua. Ilepepip cBoe mpunymeHHA OpakTuuHo. [logcau
pe3yIbBTATH DOCIIAY.

=

s
L




§ 8. J0CAIAXYEMO TENNOBUU
BANAHC

A BUW 3HANW, WO CNOBO Han1aHC NOXOOMTb Bif, P
¢paHuy3bkoro cnosa balance — Ttepeau,
T06TO O3HAYaE piBHOBAry, ypiBHOBaXkeHHs?

3HauuTb, TennoBuii GanaHc — Ue ypiBHOBa-
MEHHHA MiXK NpoLuecamMu HarpiBaHHA il 0X0no-
[DKEHHS: CKiNbKKW rapsye Tino eiggae tenna,
CTINbKW X OTPUMYE XONOOHE.

A q gymato, Wo Tennosuia banaHc HeMOXIIN-
enit. 060B’a3k0B0 ByayTh BTPATKU TENNA.

Hocmigu TenmoobMiH 3a MaJIIOHKOM # N
8.1. dAxi rima, Ha TBOIO IYMKY, OTPH- Q- Q+
MYIOTH Temno, a axi sBiggatorn? 1o
Ha MaJIOHKY CBiIUHTH IIPO: A\

a) BiICYTHICTD / HAABHICTD TEMIOBUX ~— 4

BTpAT; J

0) TenoBHY OaJsiaHC: HiJ Yac TEIMJIO- \ )
obMiHy ofHI Tinma BigmaioTH TarRy Ma. 8.1
camMy KiJTbKiCTh TEMJIOTH, AKY OTPH-

MYIOTE iHnri Tima?

Il
£

RISHABANCSH
—?—,'
3a akux ymoe sabesneuyemoca mennosuil 6ananc? Ipuragaii: y 7 kuaci
TH BUBYAB/ BUBUAJA 3aKOH 30epeskeHHA i MepeTBOpeHHA MeXaHiuHO1 eHep-
rii. Big € okpeMuM npodaBoM PyHIaMeHTaJILHOTO 3aK0HY 30epeskeHHs eHep-
rii, ARUH cOpaBIKYyeThCA IJIA BCixX mponeciB y npupoxi. BigmorigHo, 3akoH
30eperkeHHs eHepPril cOpaBIKyeThCA 1 JJIA TeNJIOBUX OPOILECIB.

MaTeMaTHYHEM BHPaKeHHAM 3aKO0HY 30epesKeHHsI eHepril B mpormeci Te-
mIonepeaadvi € piBHAHHA TeIJIOBOTO OaJlaHCy.




Tema 1. BHYTpIWHA eHepria. TennoBui 6anaHc

Haragyemo, mio piBmicTe BTpade-

. - P + e o = - —
HOI i oTpuMaHOI eHepril CIpaBIKy- Q+Q; +..+Q, =Q, +@; +...+ G,
€ThCA 38 YMOBH BiJCyTHOCTI i1 BTpar, e n — KiIbKICTb TiN i30bOBAHOI CUCTE-
TOOTO B3aEMO/IiI0YL Tija MarTh YTRBO- MU, AKi OTPUMYIOTE EHEPIi0; B — KiNbKiCTh

PIOBATH TeIJIOI30JbOBAHY CHCTEMY Tifl, WO BiAAAIOTH EHEPIil0.
Tig. J{nd 1s0ro, BAKOHYIOUH JOCTIIH,
Ti OyIen BUKOPUCTOBYBATH KaJIOPHU-
meTp (May. 8.2).

Kanopumerp criIagaeTbcsa 3 OBOX
OOCYAUH IIIHApHYHOL QopMU, yMi-
OieHnX ofHa B oaHy. Mix mocygmHa-
MH PO3TAIIOBYETHCA IIAp TeIJIoizo-
asaTopa (moBiTpA, miHOMMIACTY TOMIO).
Ilocymury Oinbmmx posMipiB Opu-

KPHBAIOTH KPUIIKOI, N0 AK0I MOXKHA Man. 8.2. Kanopumerp:
OpPUKPIDUTH TepMoMeTp i mpuerpii _ 30BHILLHIV BUMNSL,
IJIA mepeMinryBaHHs piguEm. ¥Yei | ) — cxemaTnyHe 300paxeHHs

J

i 3aX0fM MOINOMATAIOTH 3MEHIIHTH - : =

BTPATH TEOJOTH IIif dac Temyioodminy. OT:Ke, TAKY CHCTEMY 3 TIEBHOIO TOY-
HiCTIO MOJKHA BBa/KATH TEILI0130JIL0BAHOIO.

IIpu po3r’A3yRaHHI 3aJjau BTpaTaMHu Teria 0yment HeXTYBATH.

JAna wozo nompiéue pignaAHHA mennosozo 6anancy? Ha npaxrumi mo-
CHTH YaCTO BHHHKAE NoTpeba y BUSHAUEHHI 3HAYeHb (Gi3MYHHX BEJINYHH,
O10 XapaKTepHusyIOTh TeIJI000MiEH] OTpomecy, Oicasa BCTAHOBIEHHS TEIJIOBOI
piBHoBaru. Haopuriaan, BUSHAYUTH TEMIEpATYPY CyMinri BHACIZOK 3MinTy-
BAHHSA rapAd4oi 1 X0JI0HOI BogH, 800 00YHCAUTH KiJIBKiCTh TEILJIOTH, OTPHMA-
HOI TiJIoM mifg wac TemnoodMiny, a00 BUSHAUMTI TeMIEPaTyPy Tijia, AKY BOHO
MATHME B PE3YJIbTATi JOCILay.

B ycix nux sumagrax tpeba ckaradamu pi6HAHHA 8I0HOCHO Kiavkocmi
menaomu, AKy empavaioms i Axol Habysawme yci miaa, wo nepedysanoms
Y menanoodMiHHOMY npouec.

ITix yac po3paxyHKY TelJIOOOMiIHHHX TpOIleciB 3aCTOCOBYIOTH MIeBHI mpa-
BUJIA, [0 JAIOTH 3MOTY BCTAHOBHTH YMOBH Iepeliry TemJIoBHUX ABUII i mpo-
necip #f 00UMCIUTH NTYKaHy BeIUYUHY. A came:

v 3’dcyBaru, AKi Tima 6epyTs yUacTsb Y Tenao00Mimi;

« YCTAHOBHUTH, AKOl TEMIIEPATYPH JOCATAIOTH TiJIa ¥ CTAHI TemJaoBol piBHO-
Baru. fIKOIo 3a ymMoBOI0 3amayi ii He 3aaH0, HO3HAYHUTH 1l JiTEpPOIO ]

v 3’sicyBaTH, AKi 3 TiJ BialOTh TEMJIOTY, 4 AKlI — OTPUMYIOTH 1i. 3anm-
caTi GopMysy KiIbKOCTI TeIJIOTH IJIA KOMKHOTO 3 TiJ, N0 IepedyRaoTh
Yy TeTI000MiHHOMY Tpolieci (JIo TOro 3K ¢JIi T 3aRK M B 01IEIIOT0 3HAYEH-
HA TeMIepaTypH BifHIMATH MeHIIIE);




§ 8. JocnigXyeMo TennoBmin 6anaHc

+ CKJIACTH PiBHAHHSA TEIJIOBOro 0aJIaHcy, YV JiBil 4acTHHI AKOTO 3allHCATH
CYyMy KiJTBKOCTEH TeIJIOTH, AKY OTPUMAJIH Tijla BHACKIAOK TeIJIo0OMiHY,
y OpaBiit yacTUHI — CYMY KiJIBKOCTi TeIJIOTH, 110 Bifaau Tijia mif gac
TETI000MiHY;

v DO3B’A3aTH PIBHAHHA BiTHOCHO ITYKAHOI BeJIMUNHN Ta BUSHAUYUTH il UKC-
JIOBe 3HATUEeHHA.

ﬂyMAﬁ - HaBegu nmpurJIagu TeNI0i30I50BAHOI CHCTEMH.

3a AKHX YMOB PiBHAHHSA TEILJIOBOr0o 0DAJAHCY € CIPaBe JIMBHAM?

Yu mo:xHA OepefaTH JesSKY KiJIbKICTh TENJIOTH PeUOBHHI, HE IiABHUIOIVIO-
yp nuM Il TeMmoeparypu?

YUYUCDb PO3B’A3YBATU 3AOAMI

AniominieBuil Kamopumerp, Maca axoro gopisuioe 100 r, micturs 100 r Bogm
kimuaTaol Temneparypu 20 C. ¥V xamopmmeTrp nokJanau timo macoo 150 r,
remueparypa axoro cragosuTb 80 'C. Yepes pesaruil yac, micjs BCTaAHOBICHHA
TENJIOBOL PIBHOBAI'H, TEMIIEpaTypa B Kanopumerpi gopisaiosaaa 27 'C. BusHau
IATOMY TeIlJIOEMHICTh TiJIa, AKe IOKJIAIN B KaJI0PUMeTp.

m, = 0,1 kr ¥ mpomneci mepegaBaHHA Tella 0epyTh YYACTh KaJIOPHEMeTP,

¢, =900 Hox BOJIA 1 TiJdO.
kr-°C Temneparypa Boau i KalopmMeTpa migsmnoiuiaack Bim 20
=0,1 kr 1o 27 °C, tino npu npoMmy oxoaoryno Big 80 xo 27 °C.

o, kB0 x| KingbKicTh TEILIOTH, SKY OTPUMAB KAJOPHMETD:
: kr-°C | @, =¢cm (t—1).

m,= 0,15 Kgr KinpkicTs TemIoTH, AKY OTPIMAIA BOJA:
t,=1,=20°C Q,=c¢,m, (£—1t,)
t,=80°C KinpkicTs Temnorn, AKy Bigaamno rimo: @, = c,m, - (t — t,).
t= 29°0 | ¥Ywmosa remnosoro Ganancy: @, + @, = Q,,
G ¥ ey (= b ) Fiem (0=t =em s (F i)
Sty e = emy -(E—t))teym, - (E—1,)
! m, - (£, 1) ’
900 —— 'H -0,1xr-7°C+ 4200 'I[}RC 0,1xr-7°C
¢y = K[ - KT _ 450 oz
0,15 xr-53 °C o
=450— Mo

kr-°C




Tema 1. BHYTpiWHSA eHepria. Ten1oBui 6anaHc

PO3B’AXN 3A0AMI

Smimranu 39 1 Boau mpu 20 'C1i 21 xsogu opu 60 'C. Buzgau reMeparypy
cymimri.

Y Banui mictricTio 200 1 sminranu xomoany Boay 3a temnepatypu 10 °C
iz rapadorw npu remmeparypi 60 ‘C. Aki 06’emu Tiel it immoi Bogu Tpeba
B3ATH, abK BcTaHoBmIaca Temueparypa 40 'C?

B amominieBuii kamopumerp macow 140 r manuan 250 r Bogm Opu TEeM-
neparypi 15 °C. Ilicas roro sk 6pycok si cBurmo Macoio 100 r, HarpiTui
mo 100 'C, momicTrian B KAJIOPUMETP 3 BOLOK, TAM YCTAHOBUIACS TeMIIe-
parypa 16 ‘C. Ckiaan piBHAHHSA TEIJIOBOTO OAJIAHCY 1 BU3HAY IATOMY Te-
MJIOEMHICTD CBHHITIO.

. BusHau, Ha CKINBKH OiABHIUTLCA TeMIepaTypa Tila JIOJHHH Macoio

" 60 Kr, AKII0 BOHA 3aHYPIOEThCA YV BaHHY 3 TemmepaTtyporo sogu 42 'C. Ce-
penusa Temnepartypa Tina gioguau 37 C, cepeHS NUTOMA TeMJIOEMHICTE
rina aoguan — 3350 x/(xr - "C). O6’em Boau v Barui — 220 1. Brpary
TeIJIOTH Ha HATPiBAHHA BAHHU i HABKOJUOIHLOTO IPOCTOPY BBaXKal PiB-
moro 40 %.

- Cranesuii Bupi6 saraproByBaBcsA HarpisaHHaM g0 Temneparypu 800 C
. 3 HACTYIIHHM OIIyCKAHHAM Y MACJIO MACOK 2 KT, B3STe IIPH TeMIepaTypi
10 °C. ITpu msoMy Macio Harpizocs go remuepatypu 40 'C. 3Haiignm macy
CTAJIeBOr0 BUPOOY, AKIIO OPH MEPEeHOCl B MACJO BHUPIG OXOJIOAMBCA HA

20 °C. I[Tutoma TermnoemMuicTs Macaa — 2100 Ik /(xr - “C).

- III,o6 oxosmoguTH BUTOYEHY 3 Mifi feTaib, Axa Mac TemmepaTypy 100 C,
ii sapypunu y 420 r Bogu 3 Temneparypowo 15 ‘C. Busnau macy meraui,
SIKIITO Bigmomo, m1o y mpomeci Temnoobminy Boga Harpisacsa go 18 °C.

¢ Cranesy aerans macowo 300 r Harpiim A0 BUCOKOI TeMIepaTypH, a MOTiM
3aHYPUJIN IJI 3aTaPTOBYBAHHS B 3 KI' MAIITMHHOTO MAacJia, 0 Mae TeMIe-
parypy 10 'C. Busnau nmouaTKoOBY TeMIepaTypy AeTali, SKI0 TeMIepaTy-
pa mpu yerameHid Tensnosif pisaosasi 6yma 30 "C.

=1 Bopma macoro 150 r, manura B JaTyHHR# Kamopumerp Macoo 200 r, mae
remueparypy 12 "C. 3uaigu TeMoepatypy, KOTpa BCTAHOBUTHCSI B KaJo-
PHMeTpPi, AKIIO YV BOAY ONYCTHUTH 3ai3HY rupio macorw 0,5 Kr, Harpity go
100 °C.

- Mo anromiriepoi mocyauam mMacoio 45 r Hanuax 150 r Bogm npu Temme-
patypi 20 ‘C. ¥ nocyaury onyerunn nuaiagp macoo 200 r, remmepary-
pa arxoro 95 'C, opu npoMy Temmeparypa Boau migsunimiaaca go 30 C.
BusHau nuTOMY TEIJIOEMHICTH PEUOBUHY, 3 AKOL BUTOTOBJIEHO IHJIIHIP.
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§ 8. locnigxXyeEMO TeNAOBUIA BanaHc

_—
3a JaHHMH MAaJoHEKA 8.3 criIagd i

pO3B’ KU 3amaui.

o

A

BukoHait B e-nopatky 3asgaHHs

Man. 8.3

Buxonyii po6oTy 3 TOTPHMAHHAM MPABUJI 0e3MeKH KUTTEIiANBHOCTI!

0O6’emmaliTech ¥ TPYOH 1 BUKOHAWTE JOCTIIKEeHHA TEOJIOBOTO DajaHCy 3a
3MiOTyBaHHSA BOLH Pi3HOI TeMIIEPATYPH.

Ob6.1a0HaHRA: TEPMOMETP, HOCY IUHA 3 Ternioi0 Bog o (40—-50 C), nocynu-
HAa 3 XO0JIOHOK BOJ0I0, KAJOPUMETD, MEH3YPKA.

3a omoMOron TepMoMeTpa BUMIpsiiTe TeMIepaTypy XOJIOAHOI BOAHW I
y mocynuHi. 3anunriTe 3HAYEHHSA TEMIEPATYPH B TAOIHUITIO.

Hanutite B kamopumetp 100 r Tennoi Bogu. BumipaiiTe i 3anuniits y Ta-
OnmmIo sHadYeHHA i TemMnepaTypu t,.

He Buiimatouu TepmomeTp, HanuiiTe y kadopumerp 100 r xomoamnoi Bogu.
ObeperkHO NOMINIYIOYH TePMOMETPOM BOOY, CTEMKTE 3a HOro MoOKazaHHA-
mu. TiTbKH-HO TeMOepaTypa mepecTaHe 3MIHIOBATHCDH, 3alIUIIITh IOKA-
3aHHSA TepMoMeTpa [ B TaOJIHIIO0.

O6uuciiTeh 3MiHY Temmepatypu XojogHoli At =t-t,
Nbg= s

OBUHCHITE KITBKICTH TEIJIOTH, AKY OTPUMAJA X0JIOAHA BogA:

Q,=em (t-1)

O6uucnite KUTBKiCTE TeILIOTH, ARY Bigfana rapsda soga: @, =c,m, (t —t,).
IlopiBusafiTe iX i 3p06iTH BUCHOBOK.

1 Temrol BoOmH

Maca Maca Temne- | Temne- | Temne- | Kinbkictb | Kinb-
X0- Tennoi | parypa | patypa | patypa | Tennortu, KiCTb
noaHoT BOOM, XO- Tennoi | cymilui, WO OTpU- | Tenno-
BOOM, m,, Kr nogHor BOOM, G Mmana ™, WO
m , Kr BOAM, t,°C XonoaHa | Bigpana
t,C BOAa, Tenna

Q,, M BoAa,
Q,, Lx




Tema 1. BHYTpiWHSA eHepria. Ten1oBui 6anaHc

2.

O6’egHaiiTech y TPYOH i BUBHAYTE NOCALIHAM ILIAXOM HHTOMY TEILIOEM-
HiCTH PEUOBUHH.

OdnadHanHA: KaJIOPUMETDP, TEPMOMETD, MEH3YPKa, MOCYAUHA 3 BOJOIO,
BasKiJgbHI Tepe3wm 3 HabOpoM Ba'KKiB, NWIIHAP MeTaJieBHil (Ha HHTII),
QineTpyBAJBHUE AP, HOCYAUHA 3 OKPOIIOM.

Hanuiite B kamopumetp 100-150 M Bogu KiMHaTHOI TeMmepatypu. Bu-
MipsA#Te Ta 3aNUIITh TeMIeparypy £, i macy m uiei Boau.

3 M03BOMY BUMTENA TiTIHAITE 3 KAJOPUMETPOM J0 TIOCYAUHH, B AKiH y K1-
OaAYiil BoJi MicTaThCA rapsadi Meraneri mwriHApw. Buntenk akypaTHO
TOKJIafe IUIIHAD Y BAll KAJOPUMETD.

Ha pobouomy miciii o6epeskHO OTYCTITH TEPMOMETP Y KAaJOPUMET] 1 cTer -
Te 3a floro nmoxkasasHAMH. Iliciia qocsArHeHHs TenmJaoBOI piBHOBAaru BHUMi-
pAfTe TEMOEpPATyPy BOIU B KaJIOpUMeTpi £.

BufiMiTe nuringp i3 Bogu, IPOMOKHITE Horo GiAbTpyBaJIbHIM IIAIIEPOM.
3a 10noMoro0 BasKiJbHUX Tepe3is BUSHAUTE HOTO Macy m,,.

Of04umeriTh KiNMBKICTH TEmaOoTH, AKY OTPHMY€E€ BOJa B KAJOPHMETpi:
Q =cm (t—t).

O6uncaiTh KIIBKICT TOMJIOTH, AKY Biamae rapadnil MIIIHIP:

Q,=c,m, (100 °C—1t).

CraagiTe piBHAHHA TeIlJoBoro OanaHcy. I3 cHiBBifHOIIeHHA BHU3HAUTE
OUTOMY TEeILIOEMHICTh PEYOBUHY IIIIH/APA C,.

3a TabJIUIEe TUTOMHX TEIJIOEMHOCTEH BH3HAUYTE PEYOBUHY, i3 AKOI BH-
TOTOBJIEHO IIJIIHID.

Mouar- | KiHuesa Maca Maca Kine- Kinb- Mutoma
KOBa TemMne- BOAW Tina KiCTb KiCTbh Tenaoem-
Temne- | parypa m,, Kr m,, Kr | Tenso- Tenno- | HicTbTiNa
parypa BOAM ™, WO ™, WO Cs
BOAMU i, G orpumye | Bigpae | x/(xr-°C)
t,C Bopa @, Tino
Az | Q,Mx

BUKOHAWU OOCNIAKEHHSA

3amponoHyH MeTo BUSHAYCHHA THTOMOI TeIJIOEMHOCTI pigmem.

£ BukoHait B e-gopartky BipTyanbHy nabopaTopHy \.
| ‘m |
poGory 1. N




Tema 1. BHYTpIiWWHA eHeprid. TennoBUii 6anaHc

| MIABUBAEMO Mg

Tu ngisHaBes/mizHamacd, IO BHYTPINIHID OyIZOBY
PEUYOBHHH ONHUCYE MOJEKYJIAPHO-KiHETHYHA Teopid
(MKT). Ha ocHoBi 1i moJsiosKeHb MOXKHA TOACHUTH 0C00-
JUBOCTL arperaTHUX CTAHiB PEeUOBHHH, TeMOePATYPY
TiJI, mpollecH nmepenayi Temnnia.

Tr moxemr copMyIIOBATH OCHOBHI IOJOMKEHHA
MKT.

1. PeuoBuna ckIagacThCA i3 HACTUHOK (MOJIEKYJI, aTOMIB, iHIIHX YACTHHOK).

2. YacTHHKH pedoBUHE NepedyBaloTs y 6e3-
IeEPEPBHOMY XaOoTHUYHOMY (0e31agHoMY)
pyci. ]
IligTBepAKEeHHAM IIBOTO € ABUINE Juy-
3ii.

3. YacTHHKH DPeYOBHHH B3Aa€EMOLIIOTH Mi:K
c00010 — OPHTATYIOTBCA 1 BIAOITOBXY-
FOTHCH.

Cunn NMPUTAT dHHHA

: / EnekTpoHHa xmapa

‘1\ SHpo

Cunum

".Bi,ﬂ.l.l.ITOB)(yBaHHﬂ Ve

IlinTBepm:xeHHAM IILOTO € BUHUKHEHHS CUJI NPY:XKHOCTI, 3MiHa arperart-
HOI'O CTaHY PEUOBUHH, CKJIECIOBAHHSA TOIIO.

Tu MoxenI omucaTH 0COOJIHUBOCTI AarPeraTHOTO CTAHY PEYOBUHU.




Tema 1. BHYTpiWHA eHepria. TennoBui 6anaHc

ArperaTtHuvii CTaH pe4oBUHN
O3Haka
PRRRMESHIR TBeDn.'““ = Pigkwia Faaysatwnia
(KpucTaniyHnia)
363}%?;9:“ 36epi raioTh 36epi'ra+07b ob’em, ane | He MaioTh BH?CHOT
i o6 emy dbopmy 11 06’em 3MiHIOIOTE popMy dopmun i1 06’emy
. YacTuHku pos- | TMopamy = pos-
OcobnugsocrTi : YacTuHKK po3TalloBaHi TallyBaHHi He-
TalwloBaHi BNpUTYn % : S
B3aEMHOro P BMNPUTYN OAHA A0 OOHOI, | Ma€, BigCTaHi Mix
po3TallyBaH- o ane nopsAKy B po3Taluy- | HacTiHkamm 3Ha4HO
HSl YACTUHOK BaHHI HEMae 6inbLui 32 po3mipw
nopsAaKy)
4aCTUHOK
JocTatHe ona Toro,
MpuTtaraxxa i Tpnman'vlcn
MiX HaCTUH- CunbHe RE0M HE B AR e, Hemae
A ane HepoCTaTHe s
nigTpumyBaHHsa pop-
MU — PIAUHN TEYYTh
Jlnwe 3nerka HacTuHkn oyxe
XapakTtep KONMBaIOTLCH Bif- PyxaloTbCs HEBMOPAL- | WBWOKO Xa0TU4HO
pyXy 4acTun- HOCHO KOBaHO, CTUKAIOTBCA | | pyxXatThcs, Nepio-
HOK dikcoBaHoro BiALLTOBXYHOTLCS JMYHO CTUKAIOTLCH
MONOXEHHS 0AHa 3 04HOI0
CnieBigHO-
LLEHHA MK
cepenHLo0
KiIHETU4YHOIO E -0
Ta noTeHuia- E >>E, E ~E_ ’
NBHOIO E,
eHepriammn
4aCTUHOK
PEYOBUHU
B
CxematnyHe X
300paxeHHn
po3TaLlyBaH- (
HAl YACTUHOK @

Twu po3ymien:, 10 pyX — OCHOBHA BJACTHRICTE MaTepil. PyxX yacTUHOK pe-
YOBMHW HABWUBAIOTE TEMIOBHM. CepeHS KiHeTHUHA €HEPTid PyXy YacTHHOK
PEeYOBHHY BH3HAYAE Mmemnepamypy Tiaa.




Tema 1. BHYTpIWHA eHeprisa. Tennoeuii anaHc

Tu gisHaBcaA/misHANACH, 10 6HYMPIULHA eHeP2ia peHosUHU — IIe CyMa ce-
penHBOI KiHeTHuHOI eHeprii pyxy HacTHHOK PEUYOBUHH Ta cepeaHBOI IOTeHIi-
anbHOI eHeprii ix Bzaemofil.

(f
< .Eu ¢ E, g, E.=0 naedopmatls
i i “ B, i B =0 @l HarpiBaHHA

EHEPIH

MexaHi4yHa |=< BH iLLHA eHepria
s : 2 HE 3aNeXuUTb Y i s & (U)

J
¥

4
E_B3aemogis } E_sB3aewmogin }MOﬂeK .
E_pyx E pyx ¥
4 BUKOHYETLCH poboTa o
) Eek
@‘ MOXH&E 3MIHUTK Q KITIBKICTS
eTennonepepaya TEennoTun
T npu
Mipa 3MiHu
s £ /

Tu Mo’kell MOACHUTH cOnocobu 3MiHKM BHYTPINIHBOL eHeprii Ta cxapakTe-
PU3YBATH BUAW TeIJIOTepesadi.

[ABa cnoco6u 3MiHM BHYTPILIHbLOT eHepril

Tennonepepa4ya — 3miHa BHYT- | | BUKOHaAHHA MexaHiYHOT poGoTu, 30K-
pilWHBOT eHepril 3a paxyHOK nepena- | | pema: HarpisaHHa Tin npu ix gedopmalti-
BaHHA i Bid OAHOrO TiNna A0 iHWOrO | | AX; HarpiBaHH4, SKMM CYNPOBOAXYETLCS
6e3 BUKOHaHHA poboTu BUKOHAHHA pOGOTH NPOTU CUNU TEPTS

TennonpoBigHicTe — 0OMiH eHeprieio Mix Tinamu, Wo nepebyBaloTb /t
—> y BeanocepeaHbOMyY KOHTAKTI (32 paxyHOK B3aEMO/|A MiX YaCcTUHKaMK |
PEYOBUHN)

KoHBekuia — nepeHeceHHa eHeprii noTokamMmu pignH abo rasie (Moxnm-
—>| BUIA TINBKW Y NONI TAXIHHS 32 paxyHOK cun Apximena, Lo Ail0Tb Ha Harpi- @
Ty PiAUHY, AKa Mae MeHLY NyCTUHY BHACMIAOK TEMMOBOro PO3LUMPEHHS)

BunpomiHioBaHHA — NEPEHECEHHS EHepPril enekTPOMAarHiTHAMU XBK- o
5| NAMU, BUOAMMWUM CBITIOM, iHppPayepBOHUM BUMNPOMIHIOBAHHAM; MOXE g/
BiAOYBaTUCS Y BaKyyMi




Tema 1. BHYTpiWHSA eHepria. Ten1oBui 6anaHc

Tw BMienT onHUCYBATH TEIJIOBI IPOIECH, IO CYIIPOBO/KYIOTE HATPiBAHHA
32 JOTTOMOTO0 BIATOBIAHUX (hi3UUHIX BeJIHYHH.

Kinvricms menaomu (@) — e Ta yacTHHaA BHYTPINIHLOI eHeprii, AKy
OTPHMYE YH BTpAUa€ TiJIO IiJ] Yac TEIJIOBUX IIPOIECciB.

KinekicTs TenioTn, aka moTpibHA 1Jis HarpiBaHHA Tina, a00 KiJIBKICTE Te-
IJIOTH, AKY BUALIAE TiJIO, OXOJOMKYIOUKNCH, BU3HAYAIOTE 38 (DOPMYJIO0:

Q=cm(t - to) abo @, = cmAt Kkr,

Jie ¢ — MUTOMA TEIJIOEMHICTE DEUOBUHY, 3 AKO] BUTOTOBJIEHE TiJ0;
m — Maca Tiua;
At — pisHHIA Mk HOro MOYATKOBOIO 1 KIHIIEBOIO TeMIEpATYPAMH.

MaremaTHaHIM BHpaxeHHAM 3a-

KOHy 30epekeHHs eHepril B mpoueci Q+Q;+..+Q =0 +Q; +...+ Q]

TENLIOTePenatl € PIRHAREA MENI060- e I Ul e e

20 ba.aancy: - 7 MW, SiKi OTPUMYIOTb EHEprito; k — KiNnbKicTb
TifN, L0 BiAOAI0TL EHEPrIi0.

1. (0,5 6.) ¥Yraku arperaTHHi CTaH PEYOBUHI,
Yy AKOMY CTPYKTYPHI YacTHHKH SBAiACHIOIOTH
KOJHUBAHHA HA OJJHOMY MIiCIIi.

¥

D

«
A1~ L g

A pigguit B tBepamit
B razonoxioauit 1" pigKoORpHCTATIYHUT

2. (0,6 6.) ObGepu paAgOK, ¥ AKOMY HaBemeHO
OpuKaan BUMytenol nudysii.

A y BOJIOIIMAX MUPKYJIIOE NOBITPA, PO3YMHEHE ¥ BOJL
by cknaHmi i3 yaeM po3MiNTyioTh IIYKOP
B kpanna dapbu, JogaHa B CKIAAHKY 3 BOJOIO, HAZA€ BOAL 3a0apBiIeHHA

I' sanax OeH3UHY 3 BigKpuTOro 6aka BigfuyBaeThcsa mo0aM3y aBToOMObGimA

3. (0,5 6.) Ha manoHKY ODOKasaHO HAIPAM £ N
00MiHY TenJIoTOI0 Mi:K TimaMu. YKaMKH HO-
Mep Tija 3 HAHHUIKYIO0I0 TEMIEePATY POIO.

4. (0,5 6.) Obepu mpaBUABLHEe CIIBRiJHOIIEH-
HA MiXX MacaM¥ BOAM B TMOCYAWHAX, AKIIO
iX TmOCTABUJIM HA OOUH i TOH Ke HATPIBHUK
i yepe3 TeaKUU yac BUMIPAIH TeMIepaTypy




Tema 1. BHYTpIWHA eHeprisa. Tennoeuii anaHc

Bogu. IlTouaTkoBa TeMmepaTypa BOAH
B IOCYAUHAX OVJIa OHAKOBOIO.

Am >m,>m, Bm <m,<m,
bm>m,<m, Tm <m,>m,
5. (1 6.) Hna marpieanaa 2 KI' BOLH

(e = 4200 H:x/(xr - "C)) Big 20 go 70 °C
BHTPAYaKTh KiIBKIiCTb TEIJIOTH ...

A 9200 I B 4200 Ix
B 920 I T 420 %

6. (2 6.) fAxi o6’emu xomoxuoi i ra-
pauoi Bogu Tpeba B3sATH, 1100 ¥ BaHHI,
micTKicTs akoi 200 1, BecTaHoBMIACA
temneparypa 40 ‘C? 3mimysanm xo- 20177777
nogay Boxy temmepatypu 10 °C is ra- 101 -
padoro Tremnepartypu 60 C. ! =

0 10 20 30 @,«kax

7. (2 6.) ExcnepuMmeHTANBHO JOCTi-
mxyBanach sMina Temnepatypu 0,5 kr
pipunm BHacaimok i1 marpiBaHHA. 3a
OTPUMAHUM rpadiKkoM BHZHAY TUTOMY
TEeNIOCMHICTD ITiel pigunm.

8. (3 6.) B amominieruit kamopumerp,
y AKOMY MiCTHUTHCS XOJIOJHA BOIA, BIIH -
BAIOTH rapauy Boy. BUKopucToByOUM
rpadiky 3MiHE TeMOepaTypHu BOLM Oif
Yyac TemJIoodMiny, BU3HAY Macy Kajio- 0 1 2 3 Q, kI
puMeTpa.

9. (2 06.) VaBu, 00 TH MOXKeIl CKOHCTPYIOBATH
KOCTIOM-O0JNANITYHKW, AKWAN MOMKe KepyBaTH
TeMnepaTypow. fki maTtepiamu Tm Oymernt
obuparu? Yomy? CKiIagu KOPOTKY icTo-
pito (5—6 peuens), AK TBiil KocTIOM
JOTIOMIr YpATYBATH CBIiT 3aBIs-
KM BJIACTHBOCTSAM OOpAHUX
PEeYOBHH.




TU HABYULLUCHA:

4

v
4
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TEMA 2. 3SMIHA ATPETATHOT . CTAHY.
TENNOBI MAWLNHN

BUOMPATK MNi3HABANLHY CUTYALLID, AKY MOXHA PO3B’'A3aTu AOCHIAHALLKAM
cnocobom, dopmyntoBaT BUCHOBKW, MPE3EHTYBATW pe3ynbTaTu, 3aiii-
CHIOBaTK CaMmoaHasli3 gOCNiAHNUbLKOI OiSNbHOCTI;

onpaubLOBYBATU, CUCTEMATU3YBATW Ta NPEACTaBnATU iH(GOpMauiln npu-
POAHNYOrO 3MICTY;

OOCNIAXKYBATM MPOLECH, LLIO CYNPOBOAXKYIOTECH NEPeTBOPEHHIM arperar-
HOrO CTaHy PE4OBUHU;

CKJ1aaaTh PIBHSIHHA Tennosoro 6anaHcy;

pos3B’asyBaTy i3vHHI 3aaa4i Ha BUSHAYEHHS BENWYUH, L0 ONUCYIOTE No-
FIMHAHHA /BUAINEHH: TENMa y npouecax KuniHHs /KoHOeHcallii, nnaenex-
HA /TBepaHeHHs Ta Ha KK TennoBux malluvH.

TU 3PO3YMIELLL:

v

<<

BNACTMBOCTI PiaWH (MOBEPXHEBUIA HATAT, KANiNAPHICTb, 3MO4YYBaHHS), Napu
(BONOricTe), TBEPAMX TiN (AMOPPHUX | KPUCTANIMHIX);

AKi 3MiHM BinOyBaOTLCA Y BHYTPILLHIN Gyn0Bi pe40BUMHM Nif 4ac nepexony i
3 OHOrO arperaTHOro CTaHy B iHLLINIA;

MPUHLAN Aji TENTOBUX MaLUnH;

nepesaru i HefONiKK BMNANBY TEMIOBUX MalLWH Ta iHWK1X 3acobiB TennoTex-
HiKI HA O0BKiNNS;

4YOMY BaXKNMBI EHEepProowaiHi 3axoan ang poanHu, rpoMagmn, KpaiHu;

AKi € cnocobu NoaonaHHa eKoNnoridHuMX Npobnem, NoB’A3aHUX i3 BUKOPUC-
TAHHAM TEMNAOBUX MALLUVH.

4

4

onucyeaty OyOooBY i BNACTMBOCTI PEYOBUHW NPM nepexodi il 3 ogHoro arpe-
raTHOro CTaHy B iHLWWA, BUKOPWCTOBYIOHYN MOHATTHA: NMTOMA TennoTta nias-
NEHHs1, NMTOMA TEMI0TA MapOyTBOPEHHS, MMTOMA TENNOTA 3ropaHHa Nanvmea;
MOACHIOBAT NPOLIECKU 3MO4YYBaHHS, NIGHATTS PiAVHK B Kaninapax, napoyT-
BOPEHHS | KOHAEHC AL, NNaB/eHHs | TBEPAHEHHS, 3rOPaHHS.




§ 9. 20CAIAXYEMO NIOBEPXHEBUU HATAT

PIANH, 3MOYYBAHHS | KARINSPHI F8ULLA

Mwu neTaneHile BMBYaTUMEMO PiavHKU. BapTo npu-
ragatu BCE, WO BYWMM, NPO PigKuMiA cTaH. Ak ue
kpawe 3pobutn? [lMosTropuTuM naparpadpu 1-37?
MepernanyTu Bigeo B e-goaatky? O, 3po6nio nna-
KaT 4K npesextau;io!

Buxonai gocaigu (mMan. 9.1) i mepexonaiics, mo soga moxe: E)) yrpumysa-
TH Ha NOBepXHi jerki mpeamery; (i) migHiMaTHCA TOHOHEKUMU KaIiNApaMu
(mopammn); G) po3TiKaTHCA 0 HOBepXHi a60 30MpaTHCh Y KPATLIMHHA.

F a

L
RISHABAWCS

Yomy eunurae nogepxuesuil Hamaz? XapaxTepHOIO BIACTUBICTIO pigu-
HHU € Te, [0 Ha MeXKi 3 ra3oM piguHa yTBOpIOE Bimbry mosepxHio. Taxi aBu-
ora, AK MOBEPXHEBUI HATAT, 3MOYYBAHHS MOBEPXOHb, YTBOPEHHA Kpaneb,

KAIiasgpHl SBHILA, 3YMOBJIEHL caMe 0CO0JINBOCTIME B3a€MOIil MOJIEKYJI, 1110
MiCTATHCA B MOBEPXHEBOMY mapi pigmuam (Mmamn. 9.2).

/f




Tema 2. 3MiHa arperaTHoro cTaHy. TenioBi MalWwnHy

YeepeauHi pigmHEE KOMKHA MOJIEKYNa PiBHOMIpHO OTOYeHA iHOITMMH MO-
JeKyJIaMu, i CUJIH B3aeMomil Mik HUMHU cKoMIeHcoBaHi. Moserynu & mo-
BEPXHEBOTO MIAPY JIUIIE 3 0JHOro 60Ky OTOYeHI MOJEKYJIaMU PigwHM, 3 iH-
oIoro — MOJeKyJaaMu ra3y. BinmoBigHo, cuam B3aemMomil Mixk MOJeKyIaMu
Ha MOBEpPXHi piAWHN He CKOMIeHCOBaHi. BUHUKAae cuiia, HanpaMJieHa Braub
pinuHT Ta B3KOBK Il moBepxHi. ToMy HmOBepXHA BOAW CTATYETHCA i cTae AK
eJIACTHYHA IIJIiBKA, OI0 JO3BOJAEC YTPUMYBaTH Jerki npeamveru. Ile apmmie
HA3UBAIOTE NOGEPXHEBUM HAMAZOM.

—~ —
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|| | Nepernsanb B @-004aTKY BiAEO NOBEPXHEBOrO HATAMY PianH (9.1). J
= =3

\
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IloBepxHeBUH HATATr PiIUHU BU-
BHAYAETHCA CHIAMK MIiMKMOIEKY- MosepxHeswnit Hatar (surface ten-

napHOI BaaeMopil, Tomy BiH same-  SI0N) — Qi3UtHE ABMLLE, SMICT AKOro
NONSrae B NparHeHHi piauHu CKopoTH-

TN NAOLLY CBOEI MOBEPXHI NPY HE3MiH-
* TOPUPOAH PIAUHU: y JIETRUX Ppi- HOMY 06’emi.
JIWH, AK1 OIBU/IKO BUIIAPOBYIOTEHCA
(ethip, cnupT, DEH3WH) MOBEpPXHe-
BHI HATAT MEeHINUH, Hi)K V HeIeTKUX (PTYTh, PiAKi MeTanm);
+ TEeMIOepaTypH PiIWHN: N10 BUMOIOI0 € TeEMOEPaTypa PiIUHU, TO MEHIITUM € Ti
TOBEPXHEBUU HATAT;
* HaABHOCTI B CKJIAMi PIAVHU NOBEPXHEE0-AKMUBHUX PELOBUH; 1X HAABHICTE
3HAYHO 3MEHIIIYC IOBEPXHEBUI HATAT PiAUHE;
- BJAacTHBOCTeH rasy (abo inmrol piguHm), 3 AKUM MeKYye A piguHa.

JKHUTD BiI:

Mmuno Ta MuiitHU# 3aci6 Ha3WBAIOTH NOGEPXHEE0-AKMUEHUMU PEeY08UHA-
mu  (surfactants). Ixmi wmonexymm -
MiCTATH YACTHHY, SKA CHJIBHO TpPH- |
TATYETHCA A0 MOJIEKYJ BOJH, i Uac- 0‘ . D PN
TuHy (¢«XBicT»), AKa He B3aEMOIie 3 O w9 ‘,’P-j_!-—.’/.,ofo
MOJIEKYJIAMH BOAM. ¥ HACKILOK IILOTO | i’"‘“‘,»t' e " O3 .\.-0
MOJIERY I [OBePXHEBO-aKTHBHOI pe- Man 9.9
YOBHHHU MITPYIOTEH Ha HOBEPXHIO BOJH
i cTHPYATH HOTOPH ¢ XBOCTAMU» , CTBOPIOIOYM HOBY IMOBEPXHIO, AKA MAE 3HAYHO
MeHOINH noBepXHeBruH HaTar (man. 9.3).

N\
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Tak, 3 MUNOM Kpalle BigMueaeTsca Opya. Ane sKuwo Muno
Ta iHWIi MUK 3acoBK Tak BMNAMBAKOTL HA NOBEPXHEBUIA Ha-
TAr BOAW, TO YM HE CTBOPIOIOTL BOHWM HeBe3neky ans npu-
poaHux Boaonm? LlizHatock cam i noginiocs iHGOopMaLeto
3 OQHOKNACHUKAMK 1 OOAHOKNACHULISMW.




§9. locnigxXyeMo NOBEePXHEBWUY HAaTAT PIAWH...

Homy 6oda 3mouye 00Hi nogepxul i He 3mouyeinwmi? Bigomo, oo 3a on-
HAKOBOI MacH HAWMeHIITY TLJIONTY TOBEPXHI Mae Tino cepmuHoi (hopmu. Came
Taxkol ¢opMHu i HaMaraeThbcA HaJATH pinauHi moBepxHeBuUil Hatar. I[Ipu KoH-
TaKTi 3 OYAb-AK0I0 TOBepXHEIo N0 (GOopMYyBaHHA MOBEPXHI JOJIyUAETHCA B3Aa-
€MOJIiA 3 MOJIEKVJIaMHU ITiel TToBepxHi, 1 Bee Ie BiAOYyBaeTHCA MiA Ai€ro cUIn
Taxinea. ToMy Kpanni, posTanioBaHi Ha MOBePXHI, COTIONIeH] 3TOPHU CHJIOIO
TAXKIHHS i COOTBOPEH] Ha MeKi TOTHKY PiAMHE 3 MOBepPXHe. K0 MoIery-
JIH PiANHA IPUTATYIOTHCA OHA 0 0AHOI caadIine, HidK 10 MOJIEKYJI TBEPAOTO
Tiza, To piguHA posTiKacTheA (3Mouye moBepxHIO) (Man. 9.4, @). A axnro
CHJIM IPUTATAHHA MK JaCTHHKAME caMol pifuHU Oinbmri, HiMK cHIH OIpHUTH-
TAaHHA WX MOJIEKYJ A0 MOJIEKYJI TBEPAOTO Tijia, To pintmHa HabyBae chepuy-
HoI (hopMu (He 3MOUYE MOBEPXHIO) (May. 9.4, @).

Man. 9.4. ) — piavHa amouye nosepxHio; () — pianHa He 3Mouye NOBEPXHIO

/

OcKinbKY ABUIIE 3MOUYBAHHS 1 HE3MOUYBAHHS 3YMOBJIEHO BIACTHBOCTS-
MHI peYOBHH PiIMHU I TBEpPAOro TijJa, TO OfHA 1 Ta caMa piguHa MOXxe 0yTH
3MOUYYBATBLHOK NI OTHOTO TBEPJOTO Tila i HE3MOUYBAJNBLHOK NJIA iHIIOTO.
Bopa, manpurnaz, 3Mouye ckiIo ¥ He 3Mouye napadin. [I1ob BumipaTu cTy-
TiHB 3BMOYYRBAHHA MEBHOI TOREPXHi, YIeHI BUMIPIOIOTE Kpafiorui KyT. ARII0
RyT meHmnit gig 90°, To MmaTepian nosepxHi € zidpogiabvHum (MTIOGUTE BOAY)
i smouyeThea. Armio KyT 6iaemrmit 3a 90°, To matepian 2idpogodnuil (6oiTbes
BOOM) — HE 3MOYYETLCH.

- =~

B8 NepernsHb B €-00aTKY BiIEO 3MOUYRAHHS | HE3MOYYBAHHS Tin (9.2). W
o =

Yomy 6odanidnimaemsbca 6 kaninapax? ¥ Iprupoji dacTo 3ycTpigaloThea
Tijia, TPOHU3AaHI YHCAeHHIMHU Npi6HUMH Kaminapamu (Bix mart. capillaris —
BOJIOCAHUI) — BY3bKUMH KaHaJaMW MoBinbHOI (opmu. Tary cTpyKTYpy
MaloTh mamip, JepeBo, I'PyHT, 6araTo TKAHWH i OyaiBenbHUX MaTepianiB. Pi-
AWHA, AKA 3MOUYYE KANlIgp, BTATYETHCA B HBOTO, MiTHIMAIOUHCEH HA JJOCUTH
BEJIIKY BUCOTY (MaJy. 9.5, ). ¥ ByseHBKHX KaNinApax cHIa BUKPHUBIECHHA
TOBepXHi HA MeXKi JOTHKY PIIWHY i CTIHKY IDOMIUPIOETHCA HA BCIO TTOBEPXHIO
piamou. 3a paxyHOK OBOTO BHKPHUBJIEHHS CTBOPIOCTLCSA JOAATKOBA CIJIA, KA
nmie Ha pigmny. Tak migEiMarThecAd BoJIOTa Ta IOYKHBHI PEeYOBHHH B cTebiax
poCaWH, BoJIOra y 'PYHTOBUX Kamimgpax. AKmoio pigumna He 3MoYye KaOijsap,
TO BOHA B KamiJaapi omyckaeTbesa (man. 9.5, ). IITo MmenoImM € pagiyce Kari-
JApa, To 0ijbIIa BUcoTAa I AHATTA (abo onyckaHHA) piguHu (MaJua. 9.5, G).




Tema 2. 3MiHa arperaTHoro cTaHy. Tennosi MalIuHK

/'
\eH @H o

@ MepernaHb B e-00AaTKy aHimMaLliiiiy Moaens
nigHATTA piguHK B kaninapax (9.3).

vse.ee/cnit

‘ n fIki BracTHBOCTI Mac moBepxHeBUH map piasuHm?

E IIlo smynrye pigwHyY 3MEHIIHTH CBOK ILJIOOIY BiJIBHOI mO-
BepxHi?

B IIpoxkomeHTYy# IpHCHiB’A: AK 3 T'ycaka BOJa, BHHTH CYXUM 3 BOJAH, HOCUTH
BROAY B pemrteti. Um gificHo mosxkHa BUiTH 3 BoAM cyxuM? Illo gma mworo
noTpioEo?

YoMy BOJIOCKH IMeH3INKA 3INNAKTLECA Iicad TOTo, AK Horo BUMMAIOTE i3
BOT?

B Ie xamiagapHi ABUIOIA 3yCTPiYAaOTHCA B IPpUpol i rexmimi?

 Yomy po3smyIaBIeHHU KHUP IJ1aBA€ HA HOBEPXHI BOAH Y BUIVIAAL CILIIOCHY-
THX KYJILOK?

BUKOHAW OOCHNIOXKEHHA

Bukonyil gociigu 3 JOTPMMAHHAM IIpPaBUJI
OeslmeKH JKUTTEXiAIBHOCTI!

Ilocnimy moBepxHeBuil HaTar pizunn. 06.1a0-
HAHHA: CKIAHKA 3 BOJOIO, ILIACTUKOBA KAPTKA,
moHeTH. [lepeBip, un copaBzai MoKHA yTpHUMA-
T MoHeTH (Mas. 9.6). 3anpononyii crocib Bu-
3HAYEHHS CIIH IIOBEPXHEBOTO HATATY .




§9. locnigxXyeMo NOBEePXHEBWUY HAaTAT PIAWH...

3’scyil, AKa piguHA Mae OiIbITUH MOBEPXHEBUIT HATAT — BOJA YW COHPT
(mait. 9.7). O6aadnarHa: IB1 MOHETH, IIieTKAa, BOAA i COUPT.

[& MNepesip cBili pe3ynbTat 3a Bigeo B e-gonatky (9.4). )

Hocnigh BoauB Mmia Ha TOBEPXHEBUH Ha-
rar. O6radnanna: MECKA 3 BOJOIO, YOPHUI T’
MeJleHni nmepens (abo MenxeHa Kasa), MHJIO ,4
(abo MuiiHHI 3aci0). ‘_

n Hocmign raninapai asunia. O0La0HAHHA:
a) mocyguWHA 3 BOZOIO, TPYOOUKH PpisHOro

miamerpa, nimifika (max. 9.8, @)); 6) mo- Man. 9.7
pucTHii mamip, CKIAHKHN 3 BOJIOIO, (hapba

(maur. 9.8, @).

4 : Man.9.8 |
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OMPALION IHOOPMALLIIO

BizbMKu y4acTtb y rpynosin po6ori

n 06’egHaliTech y IPyIHA T4 PO3HNOMLIITE 3aOUTAHHA (a—B) JJIs HOLIYKY iH-
(hopmarmii. 3anuTaHHA: a) AK IOBEPXHEBO-aKTHUBHI PEUYOBHHH BIJIHBAIOTh
HA JOBKLLIA; 0) Y AKUX BUNAAKAX KAaUlJIAPHI ABUINA BiAIrpamTh MO3U-
THRHY POJIh, 8 ¥ AKUX — HEeTATHUBHY; B) AKe IPAKTHYHE BUKOPHUCTAHHSI
rigpogobaux i rigpod@iIEHEUX peYOBHH.

O6’enmatiTech y rpynou. BukoHaliTe gocaian 8 MUJIBHUME OyIBOAMIKaMEI
(e-momatTok, 9.5).

OUIHU CEBE

& BukoHail B e-gogaTky 3aBaaHHa ona camMooLiHioBaHHA (9.6).




§ 10. A0CAIAXKYEMO NAPOYTBOPEHHA:

BUNAPOBYBAHHS | KUNIHHS

MapoyTBOpeHHs. BunapoByBaHHS. ..
HeBxe Lie He 0OHE 1 Te came?

IMopipHAH MaTIOHKN, HA AKHX 30- 2. 25°C 100°C, ot

fpaxeHO TIpOIEC
(Man. 10.1, @) i

(max. 10.1, () Bogu. Crpobyit camo-

CTifiHO, CIMPAIOYNCEH HA CBiHl JKHUTTE-

BHUH OCBiJ Ta 3HAHHSA, OTPHMAaHi HA 1

YPOKaxX IMPUPOSHHUYHUX KYPCiB, po3-

noxiymty TBepKeHHA (1—-10) Ha Ti, e (6]

[I0 ONWCYIOTH BHIIAPOBYBAaHHA, 1 Ti, Man. 10.1.

OI0 CTOCYIOTHCA KHIiHHA. e @ BUNAPOBYBAHHA; @ KUMIHHS

il 5 ™\

BUMAPOBYBAHHS s &4 e !
nporec KUMiHHSA i 3

Tlapa yTBOpPIOETHCSA THUMIE 3 BITBHOI MOBEPXHI.

ITapa yTBOPIOETHCA 38 Oy Ab-AKOI TeMOepaTypu.

ITapa yTBOPIOETHCA B YCHOMY 06’ €Mi piguHH.

ITapa yTBOpIOETECA IHIIIE 32 HATPIBAHHSA 00 IEeBHOI TEMIIEPATYDH.
VrBOopHOOTECSA OYIL0ATITKE.

IlapoyTBOpeHHSs BigOyBaeTHCA NOBINBHO.
Ile mryunmii mpoiec.
1Te npupoanuii mporec.

1
2
3
4
5
6. IlapoyTBOopeHnHsa BinGyBacTLCA iIHTEHCHBHO.
7
8
9
1

0. Inxs mporo mpomecy DoTpibHe 30BHINIHE q:Kepesio eHeprii.

BunapoByBaHHA Kunivnsa

ITepesip cBoi BigmoBiai 3a maTepiasom maparpada.

RIZHABAWCA

Y uomy ocobausicmv npouecy 6unapoéyéanna?
ITpomec mepeTBOpeHHA PiAMHU HA Tapy — Ie MapoyT-
BODEHHSA, AKe MOKe Big0yBaTHcsa JROMA crocobaMm —
BUIAPOBYBaHHAM 1 Kunimaam. IleperBoperHHs napu
Ha piIUHY — IIe KOHJeHCcaIlid.



§10. JocnigXyeMo NapoyTBOPEeHHA: BUNAaPOBYBaHHA | KUMIHHA

IlepeBarkna wacTHHA MOJEKYJ Yy pigmHai i rasi 6epyTh y4acThb y JIOKAJi-
30BAaHUX pPyXax — KOJHMBAaHHAX ab0 IepecKOKax, i IeBHa KIJIbKicTh Mo-
JEeKYJ pyxaeTbcsa BlIbHO (mocrynansHo). IIpo me ceigumres gudysia, 00
TIMBKH BIIBHI MOJNEKYIHM MOXKYTE O6paTi v Hift yuacts. Came 11i BinkHI Mo-
JEKYJIH MOMKYTH IOJOJIATH TPUTATAHHA CYCiIHIX MOJEKyJ i BHJeTiTH
3 piguman (Max. 10.1, 3). Mosekyu, 110 BUJIETLIN 3 TOBEPXHI PIAMHT, YTBO-
PIOIOTE HAJl HEI0 Mapy — BiGYBAETHCS MIPOIIEC BUTIAPOBYBAHHA.

IIIBuaKicTs BUTIAPOBYBAHHS 3aJI€-
JKHUTH BiJl KITBKOX OPHYHH. ¥ LIEOMY
T MOJKEIII IePeKOHATHCI CAMOCTIH-
HO, BHKOHABIIW [OCJIAHW, OOHCAHI
B KiHNi maparpada. IlogcauTu i
OCODJIHBOCTI MOKHA HA OCHOBL MoOJIe-
KVIAPHO-KIHETUYHOrO BYEHHSA IIPO

BunaposyBanua (evaporation) — ne-
pexif peyoBMHM 3 pigkoro abo TBepAoro
arperatHoro cTaHy B razonogibxuii (napy),
SKUA BiOYBAETLCA HA BUILHIN NOBEPXHI Pi-
OVHA.

6ymoBy peuoBuHHU (Tabma. 10.1).

YUHHWKNK,
L0 BNIMBEAOTH
Ha BUNapoOBYBaHHA

BunapoByBaHHs Bin6yBa-
eTbCH 3a Oyab-AKOi Tem-
neparypu

PinvHa BMNapoByeTLCS LWBK-
JLue 32 BULWOI TeMneparypu

Taoauua 10.1

MosacHeHHA

Jeska KinbkiCTe MONekyn, AKi pyxalTeCs LWUBWUAKO | Ma-
I0Tb OOCTaTHLO eHepril, wob nogonatn cunm npuTa-
raHHs, € B pignHi 3a Oyab-akol TemnepaTypu

Lo Bywa Temneparypa piovHn, To GiNbLLIOK € KiNbKICTb
MONEKY, AKi LUBUAKO PYXalOTLCS | MOXYTb NCA0NATA CUA
NPUTAraHHA HABKOJMLLHIX MOJMEKYI | BUNETITU 3 NOBEPXHI
piouHn

LLIBnaKicTs BUNApPOBYBAH-
HA 3anNeXuTb Bif Pi3HOBKU-
ay piguHu

LLIBnawie BUNApoOBYETLCS Ta pionHa, MONEKYIN SKOi npu-
TArYIOTLCA 0HA [0 OAHOI 3 MEHLLOK CUNOK. AXe B Lib0-
MYy pasi noaonaTy NPUTAraHHA i BUAETITV 3 PIANMHWN MOXE
GinbLua KiNbKICTh MONEKYN

LLIBuaKiCTe BUNApPOBYBaAH-
HA PiOMHW 3anexunTb Big,
nnoLi it BinbHOT NOBEPXH

LLiBnakicTe BUNApOBYBAH-
HS 3aNeXWUTL Bif HASBHOC-
Ti ¥ LUBWAOKOCTI NOTOKIB NO-
BITPSA TA IOrO BONOTOCTI

Lle nosacHIOETLCH TUM, LWLO PigMHa BUNAPOBYETLCA
3 BifIbHOT MOBEPXHi PEYOBUHM, i WO Binblla nnowa Binb-
HOI NOBepxHI pigvHK, TO Binblle MONeKyn 0AHOYACHO
BUNiTae 3 Hel B NOBITPSA

3 nepexonoM MOJieKyn i3 piauHu B napy oAHO4acHO
BiaOyBaeTLCH | 3BOPOTHUI Npouec. besnagHo pyxaio-
YWCb HaA NOBEPXHEID PIAVNHW, YaCTUHA MONEeKyn, Wo i
3anuLnnM, 3HOBY CIOOM NoBepTalnTLed. Tomy pinnHa
BUNAPOBYETLCA LWBKUALIE Mig 4ac BITPY, AKWA BiOHO-
CUTb MONEKYW Napu, i NOBEPXHA Haf, PIAVHOIO He Ha-
Cu4eHa BEJIMKOIO KiNbKiCTIO BOASHOT Napu




Tema 2. 3MiHa arperaTHoro cTaHy. TernioBi MalwnHy

BrayTpiniea eHepria pigwHH, SKa BUIapOBYEThHCHA, 3MeHOIyeThesA. Ile mo-
SICHIOETHCSA THUM, 10 i 4a¢c BUTTAPOBYBAHHSA 3 PiITHU BUNITAIOTH HANII B -
O1i MOJEeKYJIH, i cepelHsA NIBUAKICTE PENITH MOJEKYJ PiAUHNA cTae MeHIIOK,
OT}Ke, i cepeiHA KiHeTHYHA eHepridg MOJeKyJ, M0 3aJUNIaloThCS B PiauHI,
3MeHIIyeThbCA. ToOMy AKIO HeMae NPUOINUBY eHeprii go pigumHu 330BHI, TO,
BHIAPOBYIUNCH, BOHA OXOJMOMKYETECA. BUX0oAAYN 3 BOOW HABITE Y COEKOT-
HUI JeHb, MU BiguyBacMo xoaon. Boga, BUIapoByIOYHCH i3 HOBEPXHi HAIIIOTO
Tija, 3a6upac Big HHOrO EBHY KiTbKiCTH TENIOTH.

Axrnro nporec BUNApOBYBAHHS BiIOYBAETHCSA TOBINBHO, TO 3HIKEHHS TEM-
nepaTypu Maiiie He BiiOyBaeThCsA, 00 piAMHA OTPUMYE TeILJIO Bil HABKOJJIHUIII-
HBEOTO TIORITPA.

Y womy ocobrusicme npouecy | Kuniuus (boiling) — nepexizn piguHKU
Kuninna? 3a NeBHOI TeMIepaTrypu B Mapy, SKUI XapaKTepU3YEThCs iHTEH-
(TemmepaTypu KWNIHHS) PiAWHU TI0- CYBHAM BWMapPOBYBAHHAM pPIOVHU HE
YUHAKTE iHTEHCHEHO BHIIAPOBYBATH- TiJIbKK 3 1l BiNbHOI MOBEPXHI, a i y wapax
cA He JIUIIe 3 BLIBHOI MOBEepXHi, a ¥ B piavHYA.

yeix ix mapax. Ile ABumie HA3UBAKOTH

KUNIHHAM.

-~ -

g

(6)

Man. 10.2

i &ﬂ MepernsiHb B @-A0AaTKy aHiMaLiiHy Mofens NpoL,ecy \-|

\ kuniHHA (10.1). J

Poarnanemo nponec yTBOPeHHS Napy 3a KUMIHEA piguan (max. 10.2, e).
Kuninna morpebye 30BHIMHBOTO mKepesa eHeprii. ¥ mpmpoxi pigmHa Km-
OHThH JHIIE 32 HAABHOCTI IPUPOJHUX MKepes eHepril (Do6au3y BYJIKaHIUHO
aKTUBHHUX 30H). HarpiBarumemo Bogy B mocyauHi. Yepes gesKHi yac JHO
i cTIiHKM TOCYAWHU BKPUIOThCA Oyabbamiramu. Ile — Oynsbaniku moBiTpd,
posumHeHOro y Bogi. ITiguac HarpiBaHESA PiAMHE BOJIa BUIAPOBYETHCHA B3I0BK
noRepxHI OyaepbamKkn B ii cepeAuHY. 3 TiABUIIIEHHAM TeMIIepATypH OyJIb-
farrKa 3aMMOBHIOETHCSA He TIMBKY HORITPAM, POSUMHEHUM Y BOJi, a I BOJAAHOIO
naporo (mai. 10.2, @). 3i 306inbIIEHHAM KiIBbKOCTI BOAAHOI Tapu BcepeauHL

vse.ee/cnig




§10. JocnigXyeMo NapoyTBOPEeHHA: BUNAaPOBYBaHHA | KUMIHHA

OynebamIok iX 00’eM MOCTYOOBO 30LIBOIYETHCA, a4 BiAMOBIAHO 301IBOTYETHCA
i BUIIITOBXYBaJIbHA (apxiMenosa) cuia, 1o mie Ha Oyabbamky. bynbbanikm
BiIpHBaIOTRCSA BiJi TOBEPXHI CTIHOK 1 HA MOCYAHHU H migifiMaoThed 0 TIO-
BepxHi pigwHT. AKNOI0 BoJga B TOCYJUHI IIle He TporpitTa noBHiCcTIO 1 BepxHIi i1
OIapH 3aJIUMIAIOTECSA XodoguuMy (Man. 10.2, G), OyabbanIKY CTHCKAIOTHCSA,
CTBOPIOIOUM XaPAKTEPHUH MIYM, AKHI MU UYeEMO Hepe] MOYATKOM KHUNiHHS
pigumu. Ao ;& Boga mporpinaca mosuictio (mam. 10.2, G), ame ii ompomo-
BIXYIOTEH HATPiBaTH, OpoIlec IapOyTBOPeHHA BeepenuHi 6ynnbamniok Bigbysa-
eTheda iHTencuBHinie. KinpKicTs mapu Bcepenuui 6yanbamior 36insoryernes,
BiAMOBiAHO MiABUIIYETHLCA 1 THCK TapH. ¥ HACTIJOK MBOTo 006’eM Oyap0aniox
30LJIBOIyeETHCA, 1 3a MEeBHOI TeMIEpPaATypH PifHHH OyJIb0aIllKH HOYHMHAKTH
CIJIMBATH HA IIOBEPXHIO i1 JIomaTucs, a BOAAHA Iapa, M0 MicTuiaaca B OyJb-
Oamkax, BAXOOUTH Ha30BHI (may. 10.2, 0). IHoal mo TOrO X MOKHA CIIOCTE-
piratu TyMaH, AKUUA yTBOPIOETHCA HAZ HOCY/JMHOIO: BOASAHA ITapa 3MIIIYEThCA
3 XOJOJHUM TIOBITPAM i KOHJIEHCYETHCA Y BUTJIANI MAJEHBEKNX KPanedaboK.
Camoi napu, 3BU4AHHO, HE BUIHO.

ITig yac KuOiHHA TeMOepaTypa pPiiHHA 3aJUIIACTLCA CTAJ0I0, OCKIIBKE
BCHA TENJIOTA, M0 HALACTHCS PiOUHI, BUTPAYACTELCA HA BHYTPINIHE BUOAPOBY-
BaHHA B NIapax PiAHHI.

AYM AN YuM BUNIapOBYBAHHSA BiAPi3HAETHCA Bill KHITIHHA?

Yomy pigmHa BHTIAPOBYETHCA 3a 6VAB-AKOI TeMOepaTypu?
Bix yoro sanme:KuTh MIBUAKICTE BUIAPOBYBAHHA PiguHm?
Yomy 118 BUTOTOBIEHHS Tap(yMiB BUKOPUCTOBYOTH CIIUPT, & HEe BOLY ?
Yomy rpyHT Ipocuxae NIBUNIE V BITPAHY MOroay?

Yomy B 3aKPHUTiH TOCYIUHI piqrHa BUXOJIOMKYETHCS MOBlIbHINITE?

BUKOHAWU OOCNIAXKEHHSA
BizabMu y4yacTtb y rpynosin po6ori
Buronyii 1oCTiIH 3 IOTPUMAHHAM MPABUI Ge3NMeKH JKUTTENiSIBHOCTI!

O6’egHaiiTech vV TPYNH i TPOBEAITE JOCHII:KeHHA YNHHHKIB, BiJ AKUX 1 AK
caMe 3aJIeKUThH BUTIAPOBYBAHHS PiMH.

I'pyma 1. BispMiTh Tpu pisHi pimiuHm — BoOLY, €THJIOBHH CIUPT i POCIHHEY
OJILI0 TA IOMICTITH 3 HieTKH IO OAHIN Kpamidi X piguH Ha TPH OpeIMeTHI




Tema 2. 3MiHa arperaTHoro cTaHy. TernioBi MalwnHy

CEeNbIld. BUCIOBITE IPUOYINIEHHS, UM OHOYACHO BUNAPYIOTHCA i PEUOBIHHI.
3adikcyiiTe uac, 3a AKMH KPAaIJIHHE BUTAPYIOTHCHA.

PiguHa Yac, 3a akuii Kpanna Bunapysanacs

Bopa

Etvnoeuia cnupt

Oni=a

I'pyna 2. HaHeciTh 0 KpaIJIMHI BOAW HA CKEJBIA: XOM0JHE (3 XOJ0AUIBHH-
Ka) i Harpite (MoskHa HATPiTH B pyKax abo B iHmuit cnoci6). BucnosiTs npu-
OyHMIeHHs, Y1 OJHOYACHO BUIAPYETHCS BoJa Ha CKeJbIax. 3adikcyiiTe uac,
3a AKWH KPANJIHUHN BUIAPYIOTECH.

Piguna Yac, 3a akui Kpannsa Bunapysanacs

Boga Ha xonogHoMy ckesbLyj

Boga Ha Harpitomy ckenbLj

I'pyma 3. HaneciTh mo KpamiImHi BOAM HA CKEJLIISA. ¥ TBOPITH Hag OOHUM 3i
CKeJenb NOTiK HoBiTpA (DoMaxaiiTe pyKoio abo cKopHcTailTecad BeHTHIATO-
poM — aJye obepe:kHO, 00 He 3PYOIUTH KPANJAuHy). BucaoBiTh npunyIieH-
HA, Y1 OAHOYACHO BUNIAPYETHCA BOJA HA CKENbIAX. 3adikcyiiTe yac, 3a AKIH
KPaIJINHU BUIIAPYIOTHCH.

PiguHa Yac, 3a akuil kpanna BMnapyeanacs

Bopoa

Bopaa nin noTokom noeitps

I'pyma 4. Hanecith o KpanawHi Boau Ha cKeJbIld. OOHY i3 KpamIruH MaKcH-
MaJIBHO POSTOAIIITE Ha cKexbIi (1106 ii mmomia 6yiaa 6inepmioo). Bucaosits
OPUOYIOIeHHA, YU OSHOYACHO BHOAPYETLCA BOJA Ha CKeIbIAX. JadirkcyiiTe
4ac, 38 AKUH KPATJIMHYA BUIAPYIOTHCH.

PiguHa Yac, 3a akuii Kkpannga Bunapysanacs

Bozia 3 MeHLIOIO NoLLeio |

Bogaa 3 6inblOo0 Naoweio \

ObmiHAliTECS pe3yIbTaATaAMH JOCJIAIB i c(hopMyTIOHTE BUCHOBKH.

OMPALION IHOOPMALLIIO

IlisHalicdA, AKY POJIb Bilirpae BUIIapOBYBaHHA B *KHBiil npupoxi. ITopis-
HSAH IPOLeCH BUNAPOBYBAHHS ¥ POCIHUH i TBAPHH.




§ 11. PO3PAXOBYEMO KINLKICTb TENNOTH

3A KUNIHAHSA, KOHAEHCAULI

EBreHe, 9 B OOHIN i3 Nepenay 4ys, LU0 BUCOKO
B ropax BoAy MOXHa 3aKumn’aTuTK, He Harpi-
Bato4m it go 100 °C!

f

A Tex OMBNIOCH pi3Hi Nnepenadi, ane He BCiM
A0BIpsAt0. [HpopmaLjio NOTPiGHO NepeBipsaTy.

IIpuragaii, Ax 3MiHI0eTHCA aTMoc(ePHUHE THCK 31 30iILOIeHHAM BHCOTH.
Posausmes mantonok 11.1 i sicras i3 uum indopmarniio:
1 — ma Bucori 2400 m arMochepHHI THCK MEHIIXH BiJ HOPMAJIBHOIO aT-
mocdepraoro Tucky Ha 250 Ila;
2 — Oyapbanrram iz maporo J4JIA BUX0AY HA30BHI rpeda HoLoIaTH IPOTH 0
aTMOC(EPHOI'0 THCKY;
3 — TeMnepaTypa KWUIIIHHA piAUHU — Ie TeMIOepaTypa, 3a AKO0I THCK
napy PiANHEA JOPiBHIOE THCKY HABKOJUIITHBOTO CEPEJOBHUIIA.
Yu mocTaTHRO MUX JMAaHUX, MO0 CTBEPAKYBATH, MI0 BUCOKO B ropax BOIY
MO3KHA 3aKUIN ATUTH, He Harpisatoun ii go 100 'C?

4 Man. 11.1
A

- Temneparypa kuniHHa =92 °C

Ly

ATMOChEepHNUIA TUCK

750 Bucota 2400 m

800

850
Temnepatypa

% kuninHg = 100 °C

AtmocdepHuii Tuck, Ma

900 3 ) =
Q?o Monekynu Booun
950 7 b
1000 J Bucota Om

91 92 93 94 9596 97 98 99100
b Temnepatypa kuniHHa, “C J




Tema 2. 3MiHa arperaTHoro cTaHy. TernioBi MalwnHy

Bid wozo 3anemums memnepamypa Kuninua piou-
Hu? fIk Oyno 3’AcoBaHO V monepeIHbOMY maparpadi, 3a

AI3HABAMNCSA

OyaB-AKO01 TeMIepaTypHd B Oyawsbamini € BoadHa mapa,

AKA YUHUTHE TeBHUH THcK Ha 11 ctiEku. Illo Bumiomo €
TeMIIepaTypa, THM Oinblra KinbKicTh mapu e y Oynbbamimi i TaM Ginbormii
TcK Iiel mapu. Kuniasag BigbyBaeThcsa 3a TeMIepaTypH, KOJH THCK Iapu
B OyJsib0aniii qopiBHIOE aTMOC(EPHOMY THUCKY.

A ymxe OyJsio 3’scoBaHO, memne- . __ ;
pamypa xuninms sanexcums 6id 30- TemnepaTypa kuniHxa (boiling point) —
' Lie Temneparypa, 3a sikoi TUCK Napu pigu-

B6HIUWLHBLO20 Mmucky. 3i 30iIbTIEHHAM _ : :
HW JOPIBHIOE 3OBHILLIHbOMY TUCKY.

30BHINTHLOTO THCKY TeMIepaTrypa
KHIOIHHA PIAUHW OiABUNOIYETHCA, 31
3MEHIIeHHAM — 3HIDKYEThesa. OTxe,
PiIVHY MOKHA 3aKHIT’ ATUTH, He HATPIBAIOUHN 1i; HOCTATHBO 3HU3UMIL MUCK
Hao piduno0, i 60HA 3axunums. 110 BTacTUBICT PiAWH MIHPOKO BUKOPUCTO-
BVIOTB V Pi3HUX TexXHONIOTiYHNX ONponecax. Hanpurman, nixg uac nyxkpoBapia-
HfA CHPON KUMOHUTH IPH He3HAYHIA TeMOepaTypi 3aBAAKH 3HIKEHOMY THCKY,
i myrop He mpuropde. g mpucKopeHHA BapiHHA BHragalll «IIIBHIKOBAP-
KH» — OOCYIMHH 31 MIiJIbHO NPHIACOBAHOI0 KPHIIKOIO, V AKiH 3a ZJOmIOMO-
roi0 PeryiaboBaHOTO 3ano0iKHOTO KJIanaHa OiJ yac HArPiBaHHs JOCATACThCS
OigBUIIEHUI THUCK, i Temneparypa Kuminasa soau carae 120 °C. Ile B 4 pasu
OPHUCKOPIOE MPOIlEC IPUTOTYBAHHA 1iKi. ¥ NAPOBHX KOTJAX, J€ THCK CATAE
15 arm. (1,5 10°IIa), Temneparypa KumiaHEa Bogu Maike 200 “C.

Temnepamypa Kuninna zanexcumo 6id pody pidunu. ¥ tabnuni 11.1 =Ha-

BeLeHO TeMIEPATYPYy KUMIHHA JeAKNX PEUYOBHUH (38 HOPMAILHOTO aTrMocdep-
HOT'O THCKY).

Tabauus 11.1
Peuyo- Bo- Kn- . Mo- Csui- .
BMHA [OEeHb | CeHb Edip | Crupr| Bopa NOKO yTe HEUb Mias

t..C| -253 -183 | 35 ‘ 78 | 100 | 100 | 357 | 1740 | 2750

3 Tabauni BUIHO, IO PEYOBUHH, AKL 3a 3BUYafHUX YMOB € TazaMi, 3a 00-
CTATHLOTO OXOJIOMKEeHHSA NePeTBOPIOITEHCA HA PIAMHH, MI0 KUILJIATE 34 AYiKe
HUBLKUX TeMOepaTyp, a PeUYoBHHH, AKi 3a 3BMYAHHHUX YMOB OepedyBaioOTh

Yy TBEpAOMY CTaHi, ITif Yac MJIaBJeHHA NepPeTBOPIOIOTHCA Ha PiAWHE, OI0 KH-
IJIATH 3a OV:K€ BUCOKOI TeMIEpaTyPH.

;_;’33 Mepernayb Bineo B e-popatky (11.1). 3a paHumm Tabnuui 11.1
e 3'ACYN, AKY PiAMHY BUKOPUCTaHO B gocnigax. JisHaica npo edekr
NanpendpocTa. /




§ 11. PO3paxoBYEMO KINIbKICTb TEMJIOTH 3a KUMIHHA, KOH4eHcaw il

Temnepamypa KUninHA TAKOX 3a1eH UMb 610 HAABHOCMI 6 PIOUHI PO3ULL-
HeH0z0 za3y. Ko 70BTo KU ATHTH BOAY, B TAKHIT cmocib BUAATWRIIN 3 Hel
PO3UYMHEHHWH ras, TO MOBTOPHO 38 HOPMAJIBLHOTO THCKY ITI0 BOAY MOKHA OyIe
Harpitu mo temmeparypu, axa nepesumrye 100 'C. Tarky Bogy HASHBAOTh
nepezpimor.

ITid wac kKuninna memnepamypa piOuUHU He 3MIHIOEMbCA, OCKLIBKH BCSA
TEIJIoTa, 010 HAJAEThCA PIIWHI, BUTPAYAETHCA HA BHYTPiIIHE BUIapOBYBAH-
HA B ycix ii mrapax.

Crxinvru enepezii nompiono, utob saxun’amumu 1 ke éodu? 11106 piguna
V Opolleci mapoyTBOPeHHA He 3MiHIOBaJa CBOEI TeMmepaTypu, il Tpeba ma-
maBatu eHeprio. Tak, mjob6 BumapysaTu BoAy MAacoio 1 Kr 3a TeMOeparypn
knnirga 100 °C, norpiono 2,8 - 10° I, a m106 Boga BUOAPYBAJIACH 34 TeMIIe-
parypu 35 C, norpibuo 2,4 + 108 II:x.

Jocaigu moKasyioTh: kKiabkicms meniomu, Heodxiona 0.aa nepemeopeHHs
pidunu Ha napy, 3anexumso 6i0 pody piduHu.

I[TuroMy TemaOTy MApOYTBOPEHHS
[O3HAYAKTH JiiTeporo L (abo airepoio r). Mutoma Tennota napoyTBOPEHHS
(specific heat of vaporization) — ue i-

Opuuuneo mUTOMOI TeIJIOTH Ia- 3MYHA BENMYMHA, LLIO MOKA3ye, aKa Kinb-

POYTBOPEHHS € OHC0Y.ib HA Kiaozpam,
y o

KT

KiCTb TEMNOTY NOTPIOHA, W06 nepeTsopu-
T pignHy Macoio 1 kr Ha napy 6e3 3MiHK
TemMrneparypu piouHu.

Koxua pigumna mMae cBOIO THTOMY
TENJIOTY IapoyTBopenHsa. Hafiyac-
Tinme mig yac posB’A3yBaHHSA 3amau
BHKOPHUCTOBYIOTH 3HAUYEHHSA OHUTOMOIL
TEIJIOTH NapOyTBOPEHHA 34 TeMIIepa-
TYPH KHIIIHHSA i HOpMAaJBEHOTO aTMOC-
(epHOro THCKY (IUEB. hops3ai).

KinbkicTb Tennoty, noTpibHol Ans nepe-
TBOPEHHA Ha Napy piavHn Byab-aKoi Macu
m, BU3HA4AI0Th 38 GOPMYNoI0: @ = Lm.

KinpkicTs TennoTn, AKa BUAIIAETHCA I Yac KOHAeHcANil mapu, TaKkox
BH3HAYAETLCH 34 IicI0 (QOPMYJIOIO.

Hocnridmyemo zpagixu mennosux npovecig. IIponecu HarpiBaHHA, KH-
TiHHA, OXOJOKeHHA Ta KoHAeHcallil MoxHa 300 pazutu rpagiuno. g nso-
T0 IO OCi OpAWHAT BiIKJIAAIOTH 3HAUEHHSA TEMOEePaTypPU PeUOBUHHM, a IO Oci
abcrc — gac, IPOTATOM SKOTO TpHBae miponec (maa. 11.2).

IIpoanamisyii rpadik. ko Oyia mouaTkoBa TeMoepatypa Bogu? fAxa mi-
JsAHKa rpadika Bignoeigae marpisagsio Bogu Ha 80 'C? fAxka giaaHka Bijmo-
Bijlae kuniEHIO? A KoHAeHCAIII mapu?

3BepHU yBaAry, Oimanku rpadika, o BiAmoBizaoTs Opolecy HarpiBanua
BOAW Ta MapH, MAIOTh Pi3HUHE HAXWI, AKUH 3aJIeKUTH BiJ 3HAYEHHSA NHTO-




Tema 2. 3MiHa arperaTHoro cTamy. TernioBi MawnHy

MOI TEMJIOEMHOCTI pedyoBUHU. K BiloMO, IJId BOAH Ie 3HAUYEHHA JOPIBHIOE
4200 I /kr - 'C, BogaHa mapa Mae nuromy rTemmoemuicts 2130 Ixx/xr - C.
Orxe, 1110 DIIBIINM € 3HAUYEHHS MATOMOI TETIJIOEMHOCTI, TO MEHIITHH KYT MiX
BigmoBimHOIO HiNAHKOIO rpadika i Bicero yacy.

e’/- X
50 A AB — HarpiBaHHsa Bogu D DE — oxonomkeHHs napu
BC — kuniHHg BOOU EF — koHagHcauis napu
180+  CD — HarpisaHHs napu FK — oxonopxeHHs Bogn
140+
B C E F
100+ - =
601 ’ |
20+ '
A K
10—+ ) )
Bona Bopa i napa Bopa i napa Bona t, x8
0 »>
s .
Man. 11.2
oYM AN | Hmroma remmora OapoyTBOPEHHSA BOAHM CTAHOBHUTH
— 2,3 Ml /kr. Ilo me osnagac?

“ Yomy omik mapoio € Hebe3MeuHINIMM, HiXK OTiK oKporoM?

SRy KinpkicTh TemyoTH HeoOXigHO mepegatu Boxi macorw 10 Kr, ysdarii
3a TeMIIepaTypu KUIiHHA, 100 nepeTBopuTu ii Ha mapy?

YoMy KUPHUIA Cyd JOBrO He OXOJNOMKYVETHCA HABITE TOAl, KOJH Horo Ha-
JIWJIN B TapinKy?

YoMy BUIIApOBYBAHHA PiAWH BiAOYBaeTheA 3a OYVAL-AKOL TeMIepaTypH,
a ix RUMiHHA — 3a (pikcoraHoi?

IITo mBuAIIe 3aKUOUTE: 1 J1 BOAH, AKY Ile He KUO ATIIH, 4i 1 J 0X0J0-
IKEeHOI KU’ A94eHOol BOIH?

TBoe 3aBIaHHs — 3POOUTH KaBY TPOXH IPOXOJIOAHINIOIO, 11100 He ODIIEKTH
asuk. [llo kpame: Bixpasy JoAaTH XOJOJHE MOJOKO UM MOUYEKATH KiJTbKa
XBHJIHWH i TUNIe IIOTiM JOZATH MOJIOKO?

Y crnanift konbi Roja 3aRUTIAE€ 3a KIMHATHOI TeMIepaTypH, SKII0 3 Hel
Bigrauanu moBiTpa. Yomy me BindyBaeThea? Sk 3MiHA THCKY 3MiHIOE
TeMOepaTypy KHIOiHHA?

Hamamnroi komike abo KOpoTKY icTopito Bif iMeHi 6ynsbaniku mapu, AKa
YTBOPUIACA Ha JHI KAcTPyJal i minEaANIaca Bropy Kpisb KUOJIAYIY BOLY.




§ 11. PO3paxoBYEMO KINIbKICTb TEMJIOTH 3a KUMIHHA, KOH4eHcaw il

YUHUCDb PO3B’'A3YBATU 3ALOAMI

Axa kimbkicTs eHeprii moTpibHA AJIA TepPEeTBOPEHHSA BOAH MAacoI0 2 KT, y3ATOl
3a remneparypu 20 ‘C, na napy?

5 ] ; s =
O3B "H2AHHY:
F 03B AcaHHA.

m= 2 Kr 3darasbHa KiMBKICTh 3aTpaueHol eHeprii: @ = @, + Q,,
Pz 2070 lle @, — eHepris, 3aTpaueHa Ha HATPIBaHHS BOIU Bij
t_ =100°C 20 10 100 °C: Q,=cm(t_ _—t); @, — eHepris, saTpaueHa

Jlox

¢ = 4200 Ha mepeTBOPeHHA BOAU HA mapy 6e3 3MiHuU il TeMmepary-
Kr - °C pu: Q,= Lm.
L=158. 10° Mox ITigcraBuUBIIN YMCIOBL 3HAUEHHA BEJIMUNH, JiCTAHEeMO:
KT @ = 4200 2™ 2 xr. (100 °C - 20 °C) +
Kr - °C

B
+2,3-10° 2% 9 kr ~ 5,3 108 k.
KrI

Bigmorins: @ ~ 5,3 - 10° Iix.

PO3B'AXU 3A0AMI

ﬂ Crinsru noTpibuo TermymotTu s BunapoeyBauua 100 r coupTty, B3ATOTO
OpH TeMIepaTypi Kuminaa?

IITo Mae BLIBOIY BEYTPLIIHIO eHeprio: Boga npu remueparypl 100 'C um il
napa Tiel 3k MacH NpH Tif Ke TeMmepaTypi?

< CKinBKW TemJIOTH BUALMATHCA mpu KoHAeHcamii 200 r coupry, B3ATOTO
IpH TeMIepaTypi Kuninea?
p paryp S ~

,' Ha mamosry 11.3 zo0paskeHo rpa- t,’C
(hik HArpiBaHHA PIAUHH.

a) flka TemmepaTypa KUOiHHA pign-
uu? Ilo e 3a piguua?

0) CrinprkH yacy Kunijyia pigmaa?

Ha manoseKy 11.4 300paskerno rpadi-
KH HATPIBAHHSA TPBOX PiJIMH.

a) flka remMmepaTypa KHIIHHA Ipyroi ' é ;1 é é 1b 1’2 f 6
piguan? Illo e 3a piguaa? 8
0) Yepes cKiMbKY XBUJIMH ITicJId I10- Man. 11.3

YATKY CIIOCTEPEKeHHA 3aKUTIiJIA TIep-
mia piguaa?




Tema 2. 3MiHa arperaTHoro cTamy. TernioBi MawnHy

' Ha mantonky 11.5 rpadiuno 306parkeno TeOJIOBHMH Opollec KOHIeHCAIil
1 ;1 BogsiHOL mapH i OXOJIOJKEHHS YTBOPEHOIL BOJI.

a) fIxk sMiHOBaJacA TeMIIeEpaTypa BOOHM Yy IIpolleci KOHAeHcaIlil I 0X0Jo-
JIKEeHHA?

6) Ha mouaTKy 4 B KiHII ponecy KOHAeHCAIlIl MOJIeKYJIH BOAH MAlTh
6imbmInil 3amac KiHeTHUYHOI eHeprii?

t,"CA \\ | t,°C
100+ I ”
80+ II
60+
407 II1
20+

C

' L I 1 I ' ' 1 1
1 T T

0 5 4 6 8 10 12 14 16 t.x8 ) 5710 15 20 ¢, x8
Man. 11.4 Man. 11.5

ﬂ Ara KiIBKiCTL TeNIOTH BUALMUTELCA ¥ Tpomeci Kougencarii 2 Kr BOAAHOT
mapu 3a remneparypu 100 ‘C i mpu oxosnomxenni yrsopenoi sogu 1o 20 'C?

"V nocyzuHy 3 Bogoo, Baarow npu 0 'C, suycerraun 1 kr napu npu 100 C.
Yepes neBHU yac y mocyauHi scranopmaaca reMmuepartypa 20 'C. CRiab-
Ku Boau Oyiyo B mocynuHi? TermmoobMiH 3 HABKOJUOIHIM cepefoBUIIEM
BiicyTHI.

Y Boay aa remnepartypu 40 'C soyerunm 100 r mapu, Temmeparypa sKoi
100 "C. Tenmora pirmoBara HacTana 3a Temmneparypu 90 'C. Aroro 6yna
Maca XoJIogHol Boau?

BUKOHAW OOCNIOXKEHHA

Buronyii gocaiay 3 ToOTpHMAHHAM IIPABHI 0e3MeKn KUTTEIiAIbHOCTI!

Bizsmu ogHOpaszosuit nimputl 6e3 roJaKH, ITpH-

OGJIM3HO HATIOJIOBUHY 3aTIOBHU HOTO TEMJIO N & {V
Bojoto. IlinsEo 3aTynu oTeip nansnem. Ilo- pe . /
BiTBEHO BHUTATaW MOPIIeHEL Ta cOOCTepirail 3a — f‘@
KuniaEaMm Bonu (maja. 11.6). IlosgcEn cocTe- ) V&
pesRyBaHe ABUIIE. \ "
Man. 11.6
OUIHU CEBE

E;I;’.I BukoHaii B e-goagartky 3aBoaHHa ons camoouiHioBaHHa (11.2).




s 12. BUMIPIHOEMO BONOTICTS TOBITPH

laHHO, uM 3BepHyna TU yBary, WO 3apas,
B OCiHHBO-3MMOBWIA NEPIoA, Wkipa nepecu-
xae Binblue, Hix yniTky? Yomy Taxk?

Tak, piicHo. [dymaio, W0 Ha CyXiCTb LIKipK
BIJIMBAE HE NWe Temneparypa noBiTps,
a e i Moro BoNoricTs.

Hocnign Bosoricte moBiTpA y KimuHaTri. Ilokmagu s3aBYacHO MJIaCTHKOBY
mrsamiy (0,5 1) 3 BOgo v MOpO3HIbHY Kamepy npudansuao Ha 30 xB. [icTans
MIATIKY i mocTar 11 Ha cTin. Ha XomogHiH noBepXHi IIANIKK 3’ ABAATHCA Kpa-
nnuHU BoaH. Ile KoHAeHCYeTHCA BOAAHA Tapa, M0 € y MOoRiTpi KiMHaTH. AKII0
MJIANIKA MIBUAKO BUCHXAa€ — BOJIOTiCTh HEOCTATHSA; 3’ ABUIKCA BeIUKI Kpa-
Il BOAU, IO CTIKAKOTH, — BOJOTICTE HAAJHUIIIKORA; TOBePXHA MIANIKH 3a-
JUNIRIACSA «COiTHINOM0», i Mo Hill He TOTeKIW Kpanii — BOJOTiCTE IOMipHA.

OI3HABANCS

Hisnaemoca npo Hacuveny i Henacuveny 60dany napy. Posraagaoun
OpoIecH BUNAPOBYBAHHSA 1 KUMIHHA, MU 3BepPTAJU YBATY HA 30BHINIHI UHH-
HUKHW: HAABHICTE BiTPY, 3HAUEHHS aTMOC(HEPHOT0 THCKY, IJIOIY HOBEPXHI
PLOAWHY, TeMOIEPATyPy PiANHY i HABKOJIHUMIHLOrO CePeI0BUMIA.

Yu ogHAKOBO, Ha TBOK AYMKY, BiaOyBaTUMYTbLCS Mpouecu
rMapoyTBOPEHHSA Y 3aKPUTIN | BioKkpuTiii nocyguHax?

Po3MipkoByiO Tak: #IKLLO MW MaeMO OBi OAHAKOBI MOCYAWMHU
3 0QHAKOBOI KiNbKICTIO BOAWM, SKi HArpiBalOTbCH OOHAKOBO,
TO oAHaKoBow Byne i KinbKicCTb MONekyn BOAMW, eHeprii aKkux
fyne pocratHbO, Wo6 «po3ipBaT» 3B’93KK B PiAWHI i1 NnepenTn
y ragyBaTuii CTaH.




Tema 2. 3MiHa arperaTHoro cTaHy. TernioBi MalwnHy

4.’
Haa

Wi

A nponoexy. MNpougcu BUNapoByBaHHA CYNpPOBOOXKYOTLECH | npoue-
camu KoHgeHcauji. Y BioKpuTiiA NOCYAuHi KiNbKiCTb MOJIEKY, L0 BUNA-
POBYIOTLCS, MOLWMPIOETLCA Y NPOCTIP 6e3NepeLIKoaHo, Y 3aKpuTid —
uel npocTip obmexeHuid. ToMy B MPOCTOPI Ha, PiqUHOD B 3aKpUTIiA
nocyauHi BogaHoi napu 6yae GinbLue. | 9 aymato, Lo 0CKiNbKX NPOCTIp
0BMEXEeHWI, TO BiH 3MOXe BMICTUTI NEBHY KiNbKICTL BOASHOI Napu.

Y BigKpuTiii mOCYOHHI BHIApO- g
Henacuyena napa

Hacuyena napa

of'/'_;?.

BYBAaHHS NEPeBAYKAE HAJL KOHIEH-
camiero (man. 12.1, @)- VY szaxpuriit
MIOCYAWHI MpPOHEecH BUIAPOBYBAaH-
HA Ta KoHJeHcamii BigOyRaioThCcs
OMHOYACHO 1 pPiBHOK Mipow (Malr.
12.1, €&)). ¥ npocropi Bax piguHOIO
B 3aKPHUTiHi TOCYAWHI YTBOPIOETH-
¢ Tak 3BaHA HACUYeHA napa —
MaKCHUMAJNLHO MOIKJIUBA KiIbKicThb
napu B 3agaHomy 00’ emi. Taka Hacu-
yeHa mapa Bimobpaskae KOHIeHTpAa-
[if0o BITbHKUX MOJIEKVJI piguaN, aKi 6epyTs yuacTb y Audysii (mocTynaisHoMy
pyci). 3posymino, 1o i ryctuHa (KOHIEHTPAIlIA) BU3HAYAETHCA PEUOBHHOIO
Ta TEMIepaTypolo i He 3aleKHUTDL Bif THCKY. BigmoBimHo, mam BigKpmTOIO
MOCYAUHOIO Iapa HEHACUYEHA.

Man. 12.1

Hisnaemoca npo 6uMipio6aHHA KilbKocmi 600AHOL napu 6 nosimpi.
Bonsina mapa B mOBiTpi YTBOPIOETHECA BHACTILOK BUNAPOBYBAHHS BOIH 3 MHO-
BepxHi CBiTOBOrO OKeaHy, OPiCHUX BOJNOIHM, JIMCTKIB POCIIMH i Yac IUXaHHSA
nopeil i TBApHUH, a TAK 0K VHACILIOK BUIAPOBYBAHHSA BOAH 3 IPYHTY. 3a 100y
3 moBepxHi CBiTOBOTO OKeaHy BHIOAPOBYETLCA Maiike CTLILKHW BOAW, CKilb-
KH 11 € B pycJii pidoK yCcBOro CBiTY.

IlixpaxoBaHo, M0 NPUOIU3HO 32 TPU  AGCOMIOTHA BOAOTICTS (absolute humi-

THCSYi POKiB yedA cydacHa Maca BOIH
Ha 3eMJI 3a3HAJIa BUIAPOBYBAHHS
i Oyma maporo B aTMocdepi.

KinbkicTs BoAAHOI mapu B MOBi-
Tpi BUBHAYAIOTE 34 MOMOMOT' 00 JBOX
OOKABHUKIB — afcoqomHol Ta 8id-
HOCHOI BOJIOTOCTI.

dity) — ue ryctuHa BOASHOI mapu B
NOBITPI, TOBTO KiNbKICTL BOAAHOI Napu
B rpamax y nositpi o6’emom 1 m°.
BinHocHa Bonoricte (relative humi-
dity) — ue BIOHOLWEHHS KiTbKOCTI BOAS HOI
rnapw B NMoBiTPi 40 1l MaKCUMaIEHO MOX-
JINBOI KiNbKOCTi 32 NEeBHOI TeMMepaTypu.

Tob6To BUpas gidHocHa gonoziems 40 % ozHAUAE, HACKINBKH HDBlTpH BijzI-

plBHHE’JTBCH Bl,I[ HACUYeHOTO 34 IMeBHO1 TeMIIepaTypH.

3BepHu yeary! Byoe napa Hacu4eHOI0 4n Hi, 3aNeXuTb He
nvwe Big 06’emy, a We i Big TEMNEpaTypu i TUCKY.




§ 12. BUMIipHOEMO BONOTICTL NOBITPA

ErkcniepruMeHTAIBHO BU3HATEHO, 10 B 1 M? MOBITPA 3a piadHOI TeMIepaTypu
MOKe MICTHUTHCA TeBHA KiMbKicTE BogaHol mapu (man. 12.2).
4 -20°C -10°C 0oC +10°C +20°C +30°C
e ] el Er
Jt
=) [l L )
ir 26r

Man. 12.2

IIlo mHI:KUOIO € TeMOepaTypa, THM IOTPiOHA MeHNIIA KiABKiCTh BOAAHOI
napu go ii craHy HacHYeHHA. SIKIO TeMOoepaTypa MOBITPA SBHHAKYETHCA, TO
mapa, AKa B HbOMY MICTUTHCH, CTA€ HACHUEeHOO H6e3 J0LaTKOBOTO BUOAPOBY-
BaHHSA, 10 ¥ IPHPO/i IPU3BOAUTE 0 YTBOPEHHS TYMaHY, BUIASAHHSA POCH.

IIpocTinie kaKy4M, TOYKA POCH —
e TeMmepaTypa, 3a AKOi BigHocma  |eMAEPATYpY, 3a ":“'(:0'" BOASHA napa, o
BoJOTieTh cTac 100 % . MICTUTbLCSA B MOBITPI, CTAE HACHUYEHOIO, Ha-
‘31BAIOTb TOYKOIO pocu (dew point).
Bogoricts moBiTpA BUMIipIOIOTH
CHenianTbHUMM IPUIATAMY — ICHX-
pomMeTpoM, rirpomerpom (Maut. 12.3).

i

4

Man. 12.3

Ax ennueae 6onozicmo nogimpa Ha opzanizm nrwodurnu? Bomoricts mo-
BiTpA € OOHHUM i3 HAHBaKJIHBIINIMX IIapaMeTpiB aTMoc(epH, 10 BH3HAYAE
[IOTOLY, & TAKOK T€, HACKIIBKHU KOM(OPTHO HOYYBAETHCH JIOANHA B IEBHU I
MOMEHT 4acy.

Big BmicTy BOogamoi mapu B aTMocdepi 3ajie;KUTHh BUMAPOBYBAHHS BOAN
OpraHisMoM JIIOAWHHU, III0 CKIAXAETLCA B cepeausoMy Ha 67—68 % 3 Bogu. 3a
omHy o0y (3aJ1eKHO BiJ poAy 3aHATDH) i3 MOBEPXHI MIKipH i JIereHiB JIOAUHET
BHIIAPOBYETHCA MaliiKe 2 KT BOIH.

JIromummna koMGOpTHIIIe MOYUYBAETLCH, KOIH TeMIepaTypa IIOBITPpA samuia-
eThesa B Mesxax Big 18 °'C mo 22 °C, a pisens Bosorocri — Big 40 1o 60 %.




Tema 2. 3MiHa arperaTHoro cTaHy. TernioBi MalwnHy

Coera i x0J10]] B yMOBaX BEJIHKOL BOJIOTOCTI IEPEHOCATHCHA JIFDIHUHOK MOra-
HO. ¥Y3UMKY 32 BReIHKOI BOJIOroCTi JiroauHAa 6iIbnie Mep3He, i 06MOpOKeHHSA
MOXKYTh HacTaTH B:e 3a +4 C. ¥V cueKy 3a BeJHKOI BOJIOTOCTI T He MOXKe
eheKTUBHO BHUOAPOBYBATHCHA i 3HIDKYBATH TeMOepaTypy Tina. Ile mpmaBo-
OUTH A0 BeJIMKHX BTPAT BOJH TA IOPYHMIEHHSA TE€PMOPEryJadIlii opranismy i me-
perpiBy. 3a BHCOKUX TEMIEPATYP i BHHIKEHOr0 BMiCTY BOJOTOCT1 MOBITPAHUX
Mac CHeKy MNePeHOCUTH JIETIIIE.

HexoMmbopTHUM i HABITE HeOe3IeUHUM € i 3aHAITO cyXe NORITpA, 0cobmI-
RO B3UMKY y npuMinieHHAX. [IIRigIUBICTE BiJl cyXO0ro MoBiTpa Moxke 30ib-
OIATH PHU3UK 3aXBOPIOBAHHSA pechipaTopHUMHU (acTMa, OPOHXIT, CHHYCHUT)
i BipycHEHMUY (TpHUII, THEBMOHIA) XxBopobamu. Tprrane nepebyRaHHSA ¥ TPUMi-
OIeHH]i i3 CyXUM IOBITPAM MOXe MIPU3BECTH 10 BUCHAMKEHH S 3aMaciB piguHu
B OPraHisMi: TpoABIAE€THCA CYXICTh MIKipHu 0OMUUYA Ta PYK, CBepOiK B ouax.

Kiaimarmuni ymoBn perioniB Vkpaiswm pisHi Ha niBHoui i niBmHIi, cxomi
i 3axoxmi KpalHM, a TAKOM BIJIPiBHANOTHECA JJIA JITHBEOIO Ta 3MMOBOTO IIEpio-
OiB 1 3aJIe:aTh BiJ KLJIBKOCTL 0ooaAiB, XapaKTePUCTHK HOBEPXHIL 1 CeB0HHHX
NOKA3HUKIR TeMOepaTypu noBiTpa. Tak, 1JId 3MMOBOTO epiofy cepeHi 1mo-
Ka3HHUKU BOJOrOCTi 30BHINIHLOrO MOBITpA AJid OinbOIocTi perioHie YKpainu
KOJMBAIOTHCA B Mexxkax Big 84 mo 87 %, TpoXHU BUINE NOKA3HHKH BiJIHOCHOI
BOJIOTOCTi TTOBiTpsA Uepes OiIbITY KiMBKICTE OMagiB MOKYTE OYTH B 3aXimHO-
My periori — mo 89 %. ViiTKy BigHOCHA BOJIOTiCTH 30BHIITHLOTO HOBiTpA
BHILKYETHCA 1 B cepeIHbOMY KOMUBACTLCA B Meykax Bijg 65 go 68 % .

JIroJcbKU OPraHi3M MOKe MPUCTOCOBYBATHCH JI0 30BHIOIHIX KJIMaTHY-
HHUX YMOB, aJjie JJId HbOTO € MeBHI Mexxi. SIKmIo TeMmeparypa MmoBiTpA cArae
no 35 'C — momyeTumoio € BigHocHA BoJoricth 30 % . fAkiro BoxorieTs 6yae
65 %, i eiguysaTumern 35 ‘C yixe ax Hecrepnui 47 °C.

Ba:xnuBe 3HaueHHs Ma€ BOJOTICTD IJIA KUTTEAIAILHOCTI TBAPHHHOIO Ta
POCIIMHHOTO CBiTY, OJsA OpolleciB cynrimHsa Bupobis Tomo. KorTpoas i mix-
TpHMaHHA He0OX1JHOI BOJIOIOCTI Ay Ke BaKJIUBI TAKOXK Jid 30epiraHHs KHH-
JKOK, TBOPIB MHCTEITBA, MY3HMYHHUX IHCTPYMEHTIB, Xap4yoBHUX NOPOAYKTiB,
OROUYiB, (DPYKTiB TOMIO.

s migTpuManHa HeobXigHOI BOMOTOCTI KOPHCTYIOTHCA IPHCTPOSIMIT,
AK1 3BOMOKYIOTH UM OCYIIYIOTE MOBIiTPA.

ﬂYMAﬁ YumMm BigpisHAECTHCA HACHUeHA Iapa Bil HeHACHYeHOI?

AK MosxHA 301IBITATH BiTHOCHY BOJIOTICTE?
YoMy JroAmHA JETTIIe TEPEHOCUTH CIeKY, AKIIO TORITpA cyxe?

YoMy 3am0TiBAIOTE OKYJIAPH, AKIIO JIOJHHA BBHMKY 3aX0JHUTh i3 BYJIHIL
y Terie NpUMileHHA ?




§ 12. BUMIpIOEMO BOJOTICTL MNOBITPA

PO3B’AXU 3AOAMI

Bigomo, o mig yac BUKOHAHHSA BasKKOI (hisWuHOI mIpami JoaAuHA BHII-
nsae 6auspko 10 miTpie mory. ARy Macy Boau MoxkHa Harpitu Big 40 mo
100 C 3a paxyHOK eHeprii, mo BUTpavYaeThcad Ha BUOAapoByBaHHs 10 g
noty? Ilmroma Temnora BumapoByBaHHA noty — 2,36 MIx/kr. dAxom
OiT He BUOAPOBYBABCA, TO Ha CKiNBKH rpaxyciB Harpisocd 6 Timo Jmomnm-
HH? BBaykartm, 10 OHUTOMAa TENJOEMHICTH Tija TpuUOAM3HO Taka caMma,
fK 1 BOAM, OCKLIBKY KIITHHY OpragisMy ckaaganTbes Ha 80—90 % 3 soau.
st po3paxyHKiB Bi3bMH MAaCy CBOT'O Tina.

Posagusuces manonok 12.4. fke sHAaueHHA TeMIepaTypH i BOJIOTOCTI mo-
BiTpA B npuMimieHHI Ta Ha Bynuni? Yomy B KiMHATI Taka BeJIHKA BOJIO-
ricte? Ilo e moxxe 6yTH 3a kKimaaTa? [le koMmbopTHIIIE TOYYBATHMETHCA
moguaa? ¥V axui crnocid MOoKHA 3MEeHIITHTH BOJIOTICTE ¥ IPUMITieHHi?

4 )

® Monexynu rasie NnoBiTps ® Monekynu BOAAHOT Napu

b

Man. 12.4

BUKOHAN OOCNIOXEHHSA

Buxonyii 1ocJiaHu 3 TOTPHMAHHAM IMPaBII 0e3MeKH JKHTTENLATBHOCTI!

Buroros rirpoMeTp Ta OI[iHU BOJOTICTh MOBITPA B KiMHATI.

O6nadnaHHA: IBA TEDMOMETPH, BOJIOTA TaHUIpKa.

OnuH TepMOMeTp HAKPHUTUH MOKPOI0 TRaHUHOK. Cyxuit TepMoMeTp BH-
MipIoe TemMIepaTypy nopiTpa. Coporuosyii, sKe 3HaUeHHSA IOKa3yBaATUMe
BOJOTHIH TepMoMeTp. Bennka pisHHUIA TeMOepaTypH, BUMipAHOI CyXUM
Ta BOJIOTMM TePMOMETPaMH, O3Hadae HH3bKY BiJHOCHY BoJoricTs. Hese-
JUKAa Pi3HUIA 03HAYAE, 10 BOJOTicTh BenuKa. BigcyTHicTs pisHMIi 03HA-
yae, 0 BiJHOCHA BOJOricTh cTaHnoBHTE 100 % .

st TOYHOTO BUMiPIOBAHHSA BOJIOTOCTi cropucTaiics Tabmumero 12.1.




Tema 2. 3MiHa arperaTHoro cTaHy. TernioBi MalwnHy

Tabauua 12.1

NMokaauuku cyxoro | Pi3Hnus [lOKa:?IiB CyXoro i Bosiororo repmomeTpis, °C |
TepmomeTpa, °C 0 |1|2[3|a|5|6|7[8]|9]10
0 100 (82 63|45 |28 [11 | — | — | = | —|—]|

2 100 (84 [68 |51 |35 20| — [ — | — | — [ —|
4 100 | 85 70 |56 | 42 |28 14| — | — | — | —
6 100 [86 | 73 |60 |47 |35 |23 |10 | — | — | —
8 100 | 87 | 75|63 |51 |40 |28 |18 7 | — | — |
10 100 | 88 76 | 65 54 44 34 |24 | 14| 4 | — |
12 100 89 | 78 | 68 57 |48 38 | 29 | 20 | 11| — |
14 100 |90 79 | 70 60 51 42|33 25|17 9
16 100 (90 | 81 | 71 62 | 54 45 37 | 30 |22 | 15
18 100 |91 82|73 64 |56 48 | 41|34 | 26| 20
20 100 | 91 83|74 66 |59 51 44 |37 |30 24 |
22 100 | 92 83 |76 68 |61 54 47 | 40 | 34 | 28 |
I 24 | 100 |92 84 | 77 69 | 62 56 | 49 | 43 | 37 | 31 |
26 100 |92 | 85 | 78 71|64 58 | 50 | 45 | 40 | 34 |
28 100 | 93 85 | 78 72 | 65 59 | 53 | 48 | 42 | 37 |
30 100 | 93 | 86 | 79 | 73 | 67 61 |55 |50 | 44 | 39 |

BipHocHa Bonorictb, %

Busuau BiHOCHY BoJjOTicTh mOBiTps, Temmepatypa saxoro 22 ‘C, aAKIo
pisHHuI cyxoro i Bosororo repmomerpis 6 “C.

Busmau BiZHOCHY BOJIOTiCTDH MOBIiTPS, AKMIIO MOKA3M CYXOT0 TepMOMETPA
cranoBaaTk 18 °C, a Bosororo — 14 °C.

Bugnau Toury pocu B Kimuarti. Of6nadunanna: MeTaseBa 6anka 3 GIHCKY-
YO0 [IOBEPXHEI, BOJAA, JILI, TEPMOMETP.

Hanooeuu Bogoio MmetaneBy 6auky Ha 2/3. llomai KyOHUKI IL0AY, TOCTiHHO
OOMIiOIYIOUH, IIOKH HA IIOBePXHIi OAHKH He YTBOPUTHCA KOHIeHcAT. Bri-
pdai repmomerpom remueparypy. e i € temueparypa TOYKH POCH.

ONPALIOU IHOOPMALLIIO

BisbMM y4acTb y rpynosin po6ori

O6’exHaliTech y TPYIH Ta Ai3HaliTecda Ipo (PisWUHI YHHHUKH (DOPMYBAHHA
RJIiMAaTy; TPHUCTOCYBAHHSA OPTaHi3MiB J0 KUTTA B Pi3HUX TEMJOBHX IIO-
fAcax, 10 3MiHHU TeMIIepaTypH Ta BOJOrOCTi HOBiTpA.

OUIHU CEBE

'Wﬂ BukoHaii B @-00[aTKy 3aBAAHHS 15 CAMOOLLHIOBaHHS (12.1).
'\_.'-“’




§ 13. A0CAIAXKYEMO KPUCTANIYHI
U AMOPDHI PEHOBUHU

XoTiB npuroTyBaTtii CMaYHWiA Nupir, ane naTt-

YUK TeMMepaTypu B OyxoBii wadi snamas- .

csi. Lo pobutn? 3a peuentom BiH Mae BU-

nikatucsa 3a temnepatypu 185 °C. ’
3paeTbea, A 3Hai, sk T06i gonomortu. LLLo6 a

posirpitu ayxosy wady Ao 185 °C, Ham no-
TpibeH... Ane Ti i cam BMOpacLICH, AKLLO
YBaXKHO npoynTaew naparpad.

Hocmian ra kaacuiKyi 03HAKH KPHUCTATIYHUX i aMmopdHux Tin. Tobi 3Hamo6-
IATBCA: Kpelijfa, cinb, YKOP, IVKPOBA KapaMens, napadgis, rpadir, onac-
THK, AJIOMiHieBHH ApiT, MarHiT, JyOa, CTYIIKAa 3 TOBKAUYUKOM, CIIUPTiBKA Ta
mocy [ A HArpiBaHHA Tia (TUTeNb), TUreJdbHL Ui,

PosguBuce y nyny HagaHi peuoBHHU. ¥ AKHX 13 HUX BUAHO YTBOPeHHS Ipa-
BunsHOI hopmu? [logpobu y pisHUX cTyOIKRAaX: Cinb, MyKOP, Kpeiay, napadim,
IYKPOBY KapaMensb. SIKi pedoBuHM moqpo0HINCA HA MIMATOYKH IPABIJILHOL
opmm?

Harpiit va couprismoi nykop, MyKpoBy Kapamenb, cinb, mapagin. Coocrepi-
raii, AKi peYOBUHH i AK NOYMHAIOTH IIJIABHATHCE.

Ha ocHOBI mux gocaigis, a TakoK paHille BUBYEHHX BJIACTHBOCTEHU TBEPIHX
T (§ 2) ynopaakyit 3a HoMepaMu TOAaHI HHKYe BIACTHROCTI KPUCTATIYHIX
abo amop®HUX TLI. YEKamH, AK1 3 JoCHiIKe X TODOI PEYOBHH € KPUCTAIIY-
HUMH, a8 AKI — aMOpPHHUMU.

KpucTaniyni TBRepgi Tina AmopdHi TBepai Tina

1. Ilpum ymapax (npo6nenHi) peuoBUHHU PO3NAJAOTHLCA HA APiOHI KPUCTATUKN
neBHOl hopMu.

2. Ilpum ypapax (Dpo6JeHHi) VTBOPIOIOTE VIAMKY HeBU3HaYeHOI (DOPMHI.

3. IMoumHAOTH MIABATHCH JHUIIE IPH HAMPIBAHHI [0 JOCTATHBLOL JJIs MIAB-
JIeHHSA TeMIepaTypH.




Tema 2. 3MiHa arperaTHoro cTamy. TernioBi MawnHy

4. TlnactuuHi.

5. Teepai.

6. Ilig uac marpiBaHHS Biapasy posM’ SKaOTh 1 MOCTYIOBO MePETBOPIOIOTHCS
HAa B’A3KY PiOHHY.

7. V¥V posramiyBaHHi YacTHHOK icHYye JaabHil MOPAIOK.

8. ¥ posranryBaHHI YaCTUHOK i€ OJHMKHIT MOPALOK.

9. YacTuHKN PevYOBHH He MATh IIEBHOI'O PO3-
TAallyBaHHA, CXeMaTH4YHe pPO3TallyBaHHSA
JACTHHOK MAe€ TAKHUH BHIIAOg: —— >

10.YacTHHKN peyoBMHM PO3TAMIORAHI B YiTKO
BH3HAYEHOMY TOPSJKY, CXeMATHUYHE PO3TAa-
MIYBAHHSA YACTHHOK MA€ TAKUI BUTJIAN: -

;o

11.TTopsamor posTanryBaHHS YACTHHOK BU3HA-
yae (PisUUHI BIACTHBOCTI PEUOBHHH.

AI3HABANCA
=

ITopisnaiimo ocobaueocmi KpucmanivHux i amopprux meepoux miu.
Tobi y:xe BimoMo, 1110 TBep/ie TiJIo XapaKTepU3VEThCA TAKUMHU OCODJIHUBOCTS -
MI: cTajicTio GopMu Ta 00’eMYy, KOJIUBAJIBHUM XAPAKTEPOM TEIJIOBOTO PYXY
MOJIEKYJI, O1TBTITUM aOCOIFOTHHM 3HAYEHHAM Cepe/IHBOI TOTeHITiaIEHOT eHep-
rii B3a€MHOTO IPUTATAHHA MOJEKYJ MOPiBHAHO 3 IXHBOIO RKiHETUYHOIO eHEP-
riero. Po3pisHaOTe kpucmaaiyni (Bin rpeu. krystallos — minp) i amopgnri
(Rig rpen. amorphos — 1o, mio 6e3 (hopMu) TREpPAi Tina.

IIpurmagamu kpicraiis € rpadir, KYX0OHHA CilIb, IIYKODP, AIMA3, METaJII.

Mixk mMoyeryJaMHu KPUCTAJNIB ic-
Hye 3HAYHA CHJIAa B3aeMoAii, Tomy  KPMCTaniuHi Tina (crystalline bodies) —
KpucTanH 36epiralorTh crammMmMum He € TBEPAI PEHOBWHM, aTOMM abo moreky-
siiiite caif 667, B & dopsy. IIpa- N4 SKIX 3AACHIOIOTH TEM/IOBi KONMBAHHS
. 6ins NONoXeHb PIBHOBArK, O YTBOPIOIOTh

BIJIbHA reoMmerpuuna dopma € ic-

v Tak 3BaHi By3ny KPUCTanNiuyHuX rpar.
TOTHOIO 30BHIIITHLOIO O3HAKOIO GY,IIB-

AKOI'O EpHCTAaJIA.

— . e R
&l MNepernsiHb B €-004aTKy aHiMauiinHy MOAesb KpucTa- *|

\ - niyHoro Tina (13.1). )

o

IcuyioTE pisHi BUAKM KPHUCTANIUHUX I'pAT, ajle FOJI0BHOI0 IXHEOIO 0CO0IHUBiC-
TIO € UiTKa MepioAHYHICTE PO3MIMIEeHHA aTOMIB y mpocTopi. Tomy KaKyTh, 10
B KpHUCTaJiuHUX Timax icHye daawHill nopadokx y posTamryBaHHI aTomiB. 3a-
JEKHO Bifi IPUPOAN YACTHHOK, IO MICTATHCA ¥ BY3JIaX KPUCTATITHUX I'DAT
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(Ta, BIAIOBIHO, Bij (Di3HUHOL IPUPOAA CHJI, IO JIIOTH MizK HUMH ), PO3Pi3HAIOTH
YOTHUPH BUAW KPHUCTATIB: LOHHI, AMOMHI, MOAeKyaapHi, memanesi (Maa. 13.1).
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Man. 13.1

BraerupocTi Kpucraia 3HaAYHOK Mipoio BUSHAYAIOTHECA BHAOM KpHUCTATIiU-
gHux r'pat. lloacaumo e Ha npuknazni rpadirty i anmaszy (man. 13.2).
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Man. 13.2

ObuaBl PEeYOBMHH CKJIANAIOTHCA 3 ofHaKoBUX aromiB Kap6ony. Ilpore
KpHUCTaJidHi I'paTi rpadiTty MaoTh OIapyBaTy CTPYKTYpY (mana. 13.2, @),
TOOTO B KOkHOMY m1api atomu KapboHy posTamnioBaHi vy BepOIHHAX TPARUIIE-
HUX MIeCTHKYTHUKIB. YCcepeAuHi Mapy B3AEMO/IiA aTOMIB [OBOJIi CHJIbHA, aje
cami mapu ciabo moB’a3aHi oguH 3 onHUM. Came ToMy KpucTa rpadiTy Jier-
KO POBIIAPOBVETHCA: KOJUW MU THIIIEMO OJIiBIleM, Ha Namepi 3aluMIalOThCA
TOHKI Imapu rpagiry.

Y gpucTaJi anmasy atoma KapboHY po3TanioBaHi He JHIIe V BEpOIMHAX,
a i Ha rpasax (man. 13.2, @) o Toro ;& yci aToMH MaoTh MiTTHI 3B’ A3KH 31
CBOIMH HAHOIMAHUYNME «cycigamu» . CaMe OUMH KOPCTKHMH 3B’ A3KAMHE MisK
aToMaMH i 3yMORJIeHA VHiKaJIbLHA TREPJICTE aJIMasy.




Tema 2. 3MiHa arperaTHoro cTaHy. TernioBi MalwnHy

Kpucramiugi Tija nge nogiiasgoTs HA MOHOKPUCMAAL TA NOJALKPUCMALL.
Tina, 10 cKIAJAIOTHECA 3 OJHOTO KPHUCTAJIA, HAZUBAIOTH MOHOKPUCMAAAMU
(Big rpen. «moro» — oauH). Tisa, 010 CKJIAJAIOTHCA 3 BEJIMKOL KIJIBKOCTL 3po-
HIeHUX MOHOKPHCTAJNIB, HABUBAIOTE NOAiKpucmanamu (Big rpem. «noais —
farato). IlpurmagamMu OrpaHoBaHHUX OPHUPOTHUX MOHOKPHCTAJIB € MOHO-
KPHCTAaJH KBAPILY, KaM’ SHOI coi, icTaHacsKoro nimary, aamasy, ronasy. o
OoJMiKpUCTATIYHUX PEUOBWH HAJIEKATh MeTalIl, KepaMiKa, ripebKi TOpoan.

Haiipa)xmuBIiNIOwO BIACTHUBRICTIO 6VIL-AKOT0 KPUCTAJIUHOIO Tijia € HAAB-
HiCTH IEBHOI TeMIIepaTypH MJIaBJIeHHHA, 34 AKOL BOHO NePEeTBOPIOETHCA HA Pi-
OUHY, He PO3M AKIIYIOYUCH IePeI [MHUM.

B amoppEEX Tinax, Tak caMo AK 1 Y TBepANX, aTOMH a60 MOJERYIH KO-
BAKOTHCA BiIHOCHO TOJIOXKeHEL piBHOBAru. Ili mosiodkeHHA He MaOTh YiTKOTO
posTAllYBaHHA YV IPOCTOPi, X0ua Hal-

OmmKui «cycigm» it 36epiraroThs mes-

KU DOPAJ0K V PO3TANIYBaHHi, AKKH
HABWBAIOTE  OAUMCHIM  NOpAdKoM.
Ipurnamamu amop@HEX T € cMOJIa,

AmopdHi Tina (amorphous bodies) —
Lie TBepAi PeYOBUHU, AKi HE Mal0Tb OAlb-
HbOrO NOPSAAKY B PO3TALLYBAHHI YACTUHOK

(aTomiB, MONEKyn, MOHIB) | HE YTBOPIOKOTh
KPUCTaNIYHUX FpaT, ogHaK BinkHIA nops-
[OOK B TAKUX PEHOBUHAX ICHYE .

CKJIO, OypLITHH, HapagiH, OJACTHK.

AwmopdHi Tina MaTh TEeBHI 0cob-
augocTti. Ha BigMiny Big Kpucranis,
aMopHi Tima po3buBaOTHECA HA Yac-
THHA SOoBiabHOI dopMu. Hanpuknam, posriIsagardn Oilg MiKpOCKOIIOM TOBYe-
HE CKJIO, MK He MOMIiTHMO HIMATOYKIB, 0 MAlOTh OPaBUIBHY T€OMETPHUYHY
tdopmy. Ille oxHieo XxapaKTEPHOIO 03HAK OO aMOP(HUX TiJI € IXHA TEKYUICTD.
3 OiBHIIEHHAM TeMOIepaTypH aMop(Hi Tijia TOCTYIOBO PO3M AKIIYVIOTHCS,
HEePETBOPIIYNCEH HA B’ ASKY PLAHUHY. ¥ HbOMY BUABJIAETHCA IXHA iCTOTHA Bij-
MIiHHICTB BiJf KpHCTAJMIUYHKX TiJI: aMOp(Hi Tija He MAalOThH IeBHOL TeMIIepaTy-
pu masnerHA. e ogHiero ocobimBicTioO aAMOP(MHEUX TiJI € IXHSA IJIACTHYHICTD.

Hocnidncyemo nnaénennsa xgpucmanrivnux min. HailiBaximBiniow
BJIACTHBIiCTIO OYAb-AKOr0 KPHUCTAJIUHOTO Tijla € HAaABHICTE AeAKol dikcosa-
HOI TeMIepaTypu IJIABJIE€HHHA, 38 K01 BOHO MEePETBOPIOETLCA HA PiguHy, mHe
posM’aKnOIyiounch nepen numM. 111o6 po3naaBuTH KpHCTaNiuHe TBepe Tijo,
Tpeba crnouaTKy Horo HATPIiTH A0 MeBHOI TeMIEePaTyPH.

Cunm B3aeMofil MiK aToMaMi B KPHCTAJTIUYHHUX r'paTax pisHHUX TBEPIUX
TiJT He OAHAKOBi, TOMY OJHI KpHUCTANiUHI Tija NIaBAATHECA 38 HU3BKUX TeM-
neparyp, iHnrm — 3a Bucokux. JIig, HATPUKJIIA/I, IJIABUTHCA 32 TEMIIEPATYPH
0 °C, cBunens — 3a 327 'C, omoBo — 3a 232 'C, a crans — 3a 1500 C. Tomy
i OIABUTHCA 38 KiMHATHOL TeMOepaTypu, KyCOK 0JioBa 800 CBHHILIO MOKHA
POBIJIABUATY B CTAJIEBiH JIOMKI1, HATpiBatOYH il HAJ MOJIYM’ AM ILIUTH, 8 CTAIE
OJIaBJIATE Y COENiaTbHUX MeYax, Je JOCATAIOTEH NoTpibuol Temneparypu. Pe-
YOBHHU TBEPAHYTE 3G mie€l camoi memnepamypu, 3a Axol naasaamvea. Ha-
OpPHUKJIAL, BOOA KpHCTANisyeThesa (a Jgim mmaeuThesa) sa temmepatypu 0 °C,
a YHCTe 30JI0TO IIABUThLCA 1 KpucTarisyerned 3a 1539 C.
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v N

B NepernsiHb B e-A0MaTKY BiAEO KpUCTaNisaLii pedosmH (13.2). |
- 3

ByBawoTh BUNIAAKY, KOJIHM KPUCTANIYHE TLJIO, SKe PO3IJIABUIIOCH, 3aTBED-
mie y:ke y BHMIAAL amopgHoro tina. Hanpurimazn, po3TonneHTH IIYKOp IIe-
PeXOAUTE 3 PiIKOTO B HAMMIBTBEPAUH NIACTHYHUHA cTaH, a MOTIM Yy TRepaAui
amMopdHEH a60 KPUCTAJNIUHHII CTAH 3aJeKHO BiJl TeMIepaTypu.

e ——
5

/

5™ Nepernsib B @-A0AATKY Bineo «onos’sHoi yymu» (13.3). |
i

. _,/’

Ilo peui, xo4ua IIyKOP i € KPHCTAJIIYHOI PEUYOBUHOIO, aJie 3aJeKHO BiJl CITiB-
BigHOOIEHHA IMIIOKO3W i (PYKTO3H ¥ HOTO cKJIAAl Horo TeMmeparypa ILJIaB-
JIEHHA MOXe MaTh nesHul inTepras. 3a 170 'C mykop NouynHAaE MIaBUTHCH.
3a 180 'C cuporm cTaHe OiIBII IIMHHEUM, ajie BCe Ie 3aIHIIaI0ThHCA HeBelIn-
ki kpucranu. 3a 186 'C myKop DOBHICTIO PO3ILIABUTHLCSA, YTBOPIOIOUM PiAKHHA
oxHOpimEWH cuporn (Mmaj. 13.3).

o

N

Man. 13.3

Armo marpiBatu 6yab-gKe KpHCTAJIiuHe TiJo, TO MOKHA MOMITHTH, IO
Horo TemMieparypa MiABHIIYETHCA TIMBKH 0 MOMEHTY HOYATKY IJIABJIEHHS
Tima. 3a Bech Yac MpOIeCy ILJIABJIEHHA TeMIepaTypa Tija He 3MiHIOETHCH,
OCK1JIBKH BCH €HEPrid BUTPAYAEThCA Ha PYHHYBAHHSA 3B A3KIB MixK aToMaMK
Ta MOJEeRYyJaMH. 3a IIiel TeMIOepaTypH YacTHHA Tija nmepedyBae B piAKoMy,
a4 YaCTHUHA — Yy TBEPAOMY CTaHi.

OCKIJBKH B pi3HUX PeUOBHMH ATOMH I MOJIEK VI B3a€MOIIIOTE 3 HEOIHAKO-
BOIO CHJIOIO, TO AJA IX miuaBiaeHHs moTpibHa pisHa KiabkicTs Temrotru. Haa
XapaKTEePUCTHKY €HEPreTUYHNX 3aTPAT, IOB’ A38HUX i3 IepexXoJ0M PeuOBH-
HHU 3 TBEPAOTO CTAHY B PLIKUH, YBOAATH (PI3MYHY BEIUUYHUHY, AKY HA3HBAIOTH
OTHATOMOIO TEIJIOTOIO IJIABJIEHH A, IO3HAYAETECA A (UHTAETHCA «IAMOIA» ).

;4
ORUHUIIEIO TUTOMOT TETJIOTH TIJIABIEHHS € OXC0YAb Ha Kinozpam, 1 3
KT

3BOPOTHHII mpoIlec — mepexin iz  Murtoma Tennota nnasneHHs (specific
PigKOro crTaHy B TBepAHil — BiadyBa- heat of fusion) — ue i3nyHa BENMHMHA,
€ThCH 33 YMOBH BTPATH PiAHHOIO LLIO MOKA3YE, FKAa KiNbKICTh TENI0TH NoTpi6-
emepril. ARmMo mig yac miaBJIeHHSA Ha ans nepexopy 1 Kr pevoBUHM i3 TBEPAOro
TBepAe TLIO IIOIIMHAE €Hepriio, To CTaHy B PifKuii 3a TeMINepaTypu rIaBneHHs.




Tema 2. 3MiHa arperaTHoro cTaHy. TerioBi MawnHy

Oij yac TBepJHEHHA — HABIAKH: pi-
AUHA Biggae eHeprito. AK i y Bunaary
NIaBJIeHHA, MJA XapaKTepUCTHKHU
OBOTO OPOIlecyY BBOOATH MOHATTA IH-
Tomoi Temnoru Kpucramizamii. Ii ¢i-

[nsnepexoay 1 kr pe4yoByHU i3 TBEPZOro
CTaHy B piokuii abo HaBMaky — 3 piokoro
y TBEPAWIA — i NOTPIOHO oTpUMaTK abo
BiAOATY OAHAKOBY KiNbKICTb TEMIOTH.

3UYHWHA 3MIiCT TAKHH caMHH, AK i mum-

TOMOL TENJIOTH IJIaBJeHHA: Ie

KinbKicTh TensoTH, HeoOXigHA 1J1a Hepexoay 1 KT peYoBUHH 3 PiAKOro cCTaHY
YV TBePAHI 38 TeMIepPaTypPH KPHCTAaJIi3arii.

3HaueHHSA TEMIIEpPATYPU MJIaBJIEH-
HA 1 muToMol TemJIOTH TJIABJIEHHSA
OKPEeMUX PEeYOBUH HaBemeHO Ha (dop-
3amax y TabInAnax.

KinbkicTs Tennotu, HeobxigHy and
MaBJeHHA TBEPAOro Tina (kpuctanisa-
Uil pignH1), BU3HAYA0TL 32 POPMYNOIO:

Q =im.
ITponecw HarpiBaHHA i HJaBIIeH-

HA, a TAKOXX B3BOPOTHI mpornecu —

OXOJIONKeHHSA 1 TBepJAHeHHA — MOKHA 300pasmTu rpadiuno. [Iad mporo mo
oci OpAMHAT BiARIANAIOTE 3HAUEHHA TEMIEpaTypH pPeuoBHHU, a IO oci ab-
CIOUC — Yac, IPOTATOM SKOT0 TpuBae nponec. Hanpuknan, Ha manoHEKy 13.4
rpadgiuHo 300paskeHo Iporecy HATPIiBAHHA 1 IIaBNeHHS JILOAY, HATpiBaHHSA
BOJHM Ta 3BOPOTHI IPOTECH.

3BepHHU yBary, AUIAHKHK rpadika, O[0 BiAIOBiZAIOTE IpOIecy HarpiBaH-
HA JIBOAY Ta HArpiBaHHsS BOAH, MAKTH PiSHHA HAXHJI, AKHH 3aJI€KATE Bil
3HAYEHHA NHUTOMOI TEIUIOEMHOCTI PeYyOBWHHU: INO Oiabmum € ii 3HAYEeHHS,
TO MEHIITHH HAaXJI.

-
/

t °cf AB— HarpiBaHHs nboay DE — oxonomxeHHs Boan
BC — nnaeneHHa nbony EF — kpucTanisauia sogn
601+  CD — warpisaHHs BOOK D FK — oxonopxeHHs nsomy
40+
20—+ |
B C | E F
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I | \ t, xB
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~40-
4 K
-60
I. Bopa
| Nigisopa Nin i Bopa
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Tobi, MOXIMBO, BiOOMO, WO KOMETU CKNaaalTbCa 3 boay.
LlonpaBaa, ue He Tol KpUcTaniyHuia nig, Ao 9Koro Mu 38u-
knu Ha 3emni. Len nig amopdHuir. MNpubnusHo takuid nig,
YYEHI COoAiBaOTECH 3HANTY Y «XONOAHUX NACTKaxX» Ha MoJio-
cax Micsaua — y kpatepax, Ha AHO AKMX HIKONW He NoTpanns-
10Tb NpomMeHi CoHua.

ﬂ:’yMAﬁ - YuwMm KpucTaniuni Tina BigpisHAOTHCA Bif aMophHUX?

Yomy mubKY B CTAPOBUHHUX c000PaX, IO IPOCTOSIN TOHAT
100 pokiB, BUABJIAIOTLCA TOBCTIIIUMY BHUBY, Hi¥K yropi?

Ik mokasaru, 1110 CKJIO — Tino aMopdHe, a KYXOHHA Cilb — KpUcTadiuHe?
CxapakTepuayit yMOBH NINARIEHHS TREPAUX TiJI.
Y vomy nossarae QisHIYHUH 3MICT OUTOMO] TENJIOTH ILJIaBIEHHA?

YoMy mig yac mIaBJIeHHS KPHUCTAJTIUHAX TiJI TeMIepaTypa 3aHIIacEThC A
CTAJIO?

Yu mo:xHA B ANOMiHIEBIH TOCYAUHL PO3TIABHUTI MiJIb?

Y YoMy BHABJIAECTHCA 3aKO0H 30epesKeHHs 1 MepeTBOPeHHSA eHeprii B pasi
IJIABJEHHS 1 KpHcTamizamnii pegopunu ?

Ha gui mocynuuan HamMeps Jif. ¥ DOCYANHY HAJXHIH BOAY. Yu 3MiHMTHCA
piBeHb BOAH B IIOCYAHHI IIiCJIA TOr0, AK YBECh JIig posrtaHe?

YHYUCDb PO3B’A3YBATU 3ALAMI

fAxa KinpKicTh TemmoTu moTpidHa, miod posomaasutu 0,6 Kr amoMmiziio,
B3ATOro 3a remueparypu 20 'C?

m=0,6 Kr 1106 po3nnaBuTH anoMiHiil, #oT0 cnepnry caig HATPITH [0

t=20°C TeMIIEpATYpPH MIarieHHA. [[1d nsoro HeobxifHa KigBKiCTE
iy QO = -

¢~ 920 i TemnoTu: @, = cm(t  —t).

Kr-°C Iax
o = oY ’ °C-20°C)= K.
t =660°C Q, =920 o 0,6 kr (660 C-20 C) 353280/

Ha nponec ILJiabBJIEeHHA BHTPpa4dYac€TbCHA KLJIBKICTh TENJOTH
Q, = Am.

@, =393 000 Ao -0,6 xr =235 800 [T:x.

KI'

Q—7




Tema 2. 3MiHa arperaTHoro cTaHy. TernioBi MalwnHy

Tarum ymHOM, 100 posmrasuTu 0,6 Kr anoMizi0, B3ATOrO 3a TEMIIEPATYPH
20 °C, He0OXigHO BUTPATUTH TAKY KiJIbKiCTh TEILIOTIH:
R=Q, +Q,= 353280 [I:x + 235800 [I:x = 589080 I ~ 589 r]»x.

e Q= 589 k.

' SIka KinbKicTh eHeprii BUALIAETLCH, SKINO CBUHIERE Tijg0 06’ emom 100 cm?
KPHUCTANI3YETHCS TA OXOJ0IKYETLCA Bifl TeMIIepaTypH mIasaeHHd 10 27 'C?

V =100 cm? 10~* m® Macy Tina BUBHAUMMO 32 HOTO I'yCTHHOIO i 06’ eMOM:
t=27C
s m=p-V, m:11300I’;—E-IO"l m® =1,18 xr. ITig wac
p=11300 — ... N
M KpHCTaIi3anil BUAINAETHCA KiJMBKICTD TENJIOTH
A= 24000 2% By~
KE Q, = 24000 27 1,13 er = 27120 I
JL e Kr
c=140 T Q, = cm(t_ —t), re TeMneparypa NJIaBIeHHS CBUH-
not =327 °C.
t =3277C Y Ik
- Q, =140 ‘1,13 kr- (327 °C-27°C) = 47460 [I:x.
Q'—7 rr-°C

TakuM YHHOM, B3arajbHa KIiJBKiCcTH eHeprii, mio BUALAAeThCA mig uac
KpHcTamisamii i oXomrog:xeHHs CBUHIIEBOTO Tila:
R=0,+Q,=27120 [Ix + 47460 Ix = 74580 [Tx.

b @ = T4580 .

£ ¥V xamopumerpi micTuThCcA Boga macoio 400 r npu Temnepartypi 5 C. Ilo

el sauau me 200 r Bogu 3 remneparypoio 10 °C i moxmamnu 400 r anony
remmeparypor —60 ‘C. Busnau TemMmeparypy, L0 BCTAHOBHJIACI B KaJO-
pumeTpi. AR 3MiHUTBCA KinbKicTs AB0AY?

m,=400r

m,=200T
m,=400T
t,=5°C
t,=10°C
t,=—60C
¢, = 2100 2%
Kr-°C
¢, = 4200 2%
KT -

0,4 xr
0,2 kr
0,4 xr

°C

IIpoamanisyemo ymMoBYy 3amaui.
IIpu oxonomxenHi Beiel macu Bogu no 0 'C BoHAa
BUALINTD KiABKIiCTh Temaotu @ = ¢ (m t, + m,t,).

Q = 4200 Kfmc +(0,4%r-5°C +0,2xr- 10 C) =

= 16,8 gll:x. Jlerko mepecBigunTHCE, IO e MEH-
nie KLIbKOCT1 TeIJIOTH A, HeoOXiAHOI A1 mIaB-
JIEHHA BCHOI'O JIBOIY .

3uaunuTh, ¢ < 0 °C. 3 inmroro 60Ky, Ha HATpiBAHHSA
aeoay no 0 'C nige KinbKicTh Temnorn @ = et

Q = 2100 R’f’“c - 0,4 k1 - (—60 ‘C) = 50,4 &[x.
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Ile mernme, Hik BUAIIAIOCA O TENJIOTH OpH 3aMepl3aHH] Bciel Bogm. Tomy
t >0 °C. Orxe, Mi OPpHUAMLIA O BHCHOBKY, o ¢ = 0 °C. 118 0X0n01:KeHHA
ROJU 1 HATPIBAHHSA JBOAY M0 il TeMIepaTypr HeoOXiHA RiTBKICTD TETUTOTH:

Q=504 xIx — 16,8 xllx = 33,6 r]lx.

Bora moxe BPI,[[iJIHTHCH JINIIe 3a PaXYVHOK 3aMep3aHHA BOAM MaCcOmo:

Q

Am = Y =0,10 xr. Omxe, OpK BCTAHOBJECHHI TETJIOBOI PIBHOBATH MAacCa JHOLY

30inpmmThea Ha Am = 100 r i 6yae crasosuru m = m, + Am = 500 r.

innonigs: = 0°C; maca apogy s6lapmmuThea go 500 r.

PO3B’AXXHN 3A0AMI

m Jlin i cBuHeNL Maco0 1 Kr KOsKeH y3ATOo 3a IXxHixX TeMIepaTyp OIJIABJIeHHA.
Jlna nnaBieHHA AKOTO i3 mux Tix moTpidHa 6inbmia KigbKicTs TemmoTu?

¥V cxinbKu pasis?

flka KUIBKiCcTh TemaoTH nDoTpidHA
ana nnasnaesHsa 100 r onosa, y34aToTo
npu remnepartypi 32 ‘C? 3o6pazu neit
npoiec Ha rpadikry.

| fIka KIiNBKiCcTB TemnOTH BHUILIHTEH-
cA IIPH TBepAHeHHL 2 J Bogu, y3ATOI
npu temmeparypi 10 ‘C? 3o6pasu neit
mpormec Ha rpairy.

fAxa xiTpKicTs TEIIOTH 3HATOOHTHC,
abu posmnasuru 100 r b0y, B3ATOTO
npu temueparypl —5 ‘C, a motim Bomy
marpitu 1o 20 ‘C? 306pasu mei nponec
Ha rpadiry.

fAxuit opomec 3o06paskye rpadik
(mas. 13.5) — mmaBiieHHA YU TBEPI-
HeHHA — 1 axoi pedoBmHm? ki
OPOIECH XapPaKTePHU3yIOTh YaCTH-
ou rpadira AB, BC, CD? Ilpu axii
TeMIIepaTypi modajoch i Opw AKiH
TeMIepaTypi 3aRiHYUIOCA cIoCcTEpe-
smeHHA? CKIIBKYM yacy TPUBAJIO 0XO-
JTOAREeHHS PIIUHU A0 TeMIepaTypua
TBepAHEHHA?

/
t,"CA
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0 510 20
N
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Tema 2. 3MiHa arperaTHoro cTamy. TernioBi MawnHy

Ha mamonry 13.6 3006pakeHo 3aye:xHICTh KiTbKOCTI DOTIUHYTOL i Uac
IJIABNeHHA TEeMJIOTH Bifl Macu peuoBMHU. BH3HAU TUTOMY TeILJIOTY I1JaB-
NneHHA 1A KoxKHOI peuoBuHHU. Illo e 3a peuopuHA?

ﬂ 3anmisHa 3aroToBKa, OXoJOAKyOunch Bix Temmneparypu 800 ‘C mo 0 C,
posTonmiaa Jig macoo 3 Kr, yaatui npu 0 C. fAxa maca 3aroToBKH, AKIO
BCs €HePris, BUALIeHA Helo, Hillja HA IIaBIeHHA JIbOLY ?

¥ cranesiii nocyauui Macoo 500 r micturhca Boma macoio 800 r mpu
remneparypi 50°C. ¥V Boay KMHYJIM IIMATOK JILOAY HPH TeMIepaTypi
—10 'C. Konu BecTaHOBHIACH TEILJIOBA PiBHOBAra, 3a/IMITHBCA HEPO3ILIAB-
nenunit mixg macoro 50 r. BuzHau nouaTKOBY MAacy JbOIY.

E Ho arol TeMmepaTypH cain Harpitu samisHuit Ky6uK 3 pedbpom 1 cMm, 11106
BiH IOBHICTIO 3aHypHUBCA B JIi1, Temueparypa skoro 0 ‘C? Beaxkaii, 110 Bea
TeNJI0Ta, Biggana KyOMKOM, BUTPAUYAETHCA HA IIJIABJIeHHA JIHOAY.

| Ha sumosiit noposi npu Temneparypi cairy —10 'C aBTomMo6inb TpoTArom
1 xB 6 ¢ 6yKcye, posBuBaoun nory:xHicTs 12 KBT. CKinbku ab00y pO3-
TaHe IpH OYKCYBaHHL aBTOMOG1IA, AKI0 BBAKATH, 1[0 BCA eHePria, BHUIi-
Jena mpu GyKcyBaHHi, e Ha HArPiBAHHA i NIaBIEHHI JIbOIY ?

m Bamisauit mereopur macow 0,05 kr [ b
BJIETiB Y 3eMHyY aTMocdepy 31 cBiTOBOTO
npoctopy. Ilig uac pyxy B armocdepi
Semuri MeTeopuT posnaaBuBcsa. CRiab-
KM BUILIMIOCA TEIJIOTH MIPHU TEPTi Me-
TeopuTta 00 MOBITPsA, AKIIO BBAXKATH,
10 BCA BHUOLIEHA TENJIOTA IMiILIA HAa
HarpiBaHHA i NIaBJIeHHA MeTeopuTa?
ITouaTKOBRY TEMIEpATYPY MeTeopUTAa
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i
b
of

npuiHATH piBaoIo —215 "C. . :
@ Crpmaam i po3B’A:KHM 3aJaduy 3a Ma- u |.J !
arouxoM 13.7. X 4
Man. 13.7
OUIHU CEBE

=

58 Bukonaii B e-pgopatky 3aBoaHHs Ans caMooLLiHIOBaHHS (13.4).
-

NABOPATOPHA POBOTA Ne¢ 3

Buxonyii po6oTy 3 IOTPUMAHHAM IIPABUJI 0e3MeKH JKUTTEIi ANLHOCTI!

Buzzau nuToMy TEeNJIOTY MJIaBIeHHA JboAY. O01a0HAHHA: KATOPUMET]D, Te-
Pesu’ 3 BAXKKAMU, BoJa, TePMOMeTDP, MeH3YpKa, Jil.




§13. JocnigxXyeMO KpUCTaniyHl A aMopdHi peHoBUHM

1. Busnau macy m, BHyTPIIIHBOI IOCYANHU KaJOPUMETDA.
2. Hanmii y kanopumerp (100-150 r) sogu m,,.

3. 3aMipail TOYATKOBY TEMIEPATYPY BOLU B KATOpUMETPi £.
4

. KuHB NIMaTO4YOK JHOAY B KAJOPHMETP 3 BOJOIO i 3ahikcyit TeMmeparypy
t,, AKa BCTAHOBUTHCA MiCJA TAHEHHS JIBOAY .

5. Cxnanm piBHAHHSA TENNIOBOTO GaTaHCY AJISA T, AKI MiCTATHCSA B KAIOpH-
MeTpi (Macy JILOAY MOMKHA 3HANTH, AKIIO Bi MacH BHYTPiITHLOI TOCYIH-
HH KaJIOPEMeTpa 3 BOJOIO Ticad 3aKiHYeHHA JOCHiAY BiIHATH Macy KaJio-
pHUMETPAa 3 BOAOIO A0 JOCJiIKeHb).

6. BusHau nuTOMY TEIJIOTY MJIABJEHHA JbOAY i mOpiBHAH Ii 3 TaGIHUIHUM
3HAYEHHAM.

7. IosicHu HPUYHHU MOKJIMBHX HOXHMOOK 1 3a0pONOHYH HUIAXH IX ycy-
HEHH .

BUKOHAW OOCNIAXEHHS

Bukonyii 1oCIiIH 3 TOTPHMAHHAM IIPaBUJI Oe3MeKH JKHTTEXLAIbHOCTI!

| IToxnaam mMIMATOYIKY JLOAY ¥V CKIAHKY. BeTaB y CRIAHKY KiMHATHHEA Tep-
* Mometp. JIocIiAM Mpoliec HArPiBAHHS i TAHEHH JILOLY, 3AINCYIOYN 3HAYEH-
HfA TeMIIEpaTypH depes pisHi npomikku wacy. Ilobynyvit BimzmosigaMil rpa-
ik sminm Temmeparypu. O64uCaAN KiILKICTE TEIIOTH, M0 TOTJIHHAECTLCT
i1 yac mIaBJIeHH Jbony. Jociin MosKeln 3anucaT Ha BileoKkaMepy.

Y miacTUKOBOMY CTaKaHUHKY sMinraifi ogHakoBi KinbKocTi cHiry (a6o
Api6HO HaKOJOTOTo JbOAY) i comi. IlomicTH y cTakaHUUK TepMOMETD,
miana axoro carae —25 'C. Coocrepiraii sa mIoKazaMH TepPMOMETPA.

- Bizemu mo0pe 3BOJIOKEHY Ta BijpxarTy 0aBOBHAHY CEPBETKY, NMOKJIaAH il
Ha 6JIF0/1TIe 1 moceTaB Horo B MOPO3UNLHY KamMepy. IlepexkoHaiicsa, mijo uepes
IesIKUI 4ac CEPBETKA 3aTBepP/IHEe, a Yepes KiJIbKa JHIB BUCOXHE.

'V cunpHUE MOPO3 BUXJIONHUA 3 NocyAuHu oKpin. Crocrepiraii 3a ctanom
BOJIH.

| IlepeBip mokasHWK TeMIepaTypu AyxoBol madu. 3akpuil (y 3pydHHEI
' crmocib) mogazaHHA IIKATH TeMuepaTrypu ayxosoi magu. [Hoxmazu 1-2
yaifHi JOMKM IYKPY B mocyx And ayxosol miapu. 3adikeyi posranry-
BAHHS CTPLIOUKU TeMIOepaTypH, 3a SKOI IIyKOp MaiKe pO3MJIaBUBCS
(mam. 13.3, c. 93). Bigkpuit mgaay i mepeBip 3HAaUeHHA MOKA3HHUKA TEM-
nepatypu. Hu 36iraeTbesa BOHA 3 OTPHMAHUM TOOOI0 BHAUEHHAM?




§ 14. PO3PAXOBYEMO KINbKICTb TENAOTU
3A 3TOPAHHS NANNBA TA BUIHAYAEMO

KKA HATPIBHUKA

Mwn B noxomi 3ynMHUANCS HA NEPenoYMHOK i BU-
piwunn possectu GaratTsa. Ta BUABUNOCSH, WO
cipHuKiB Hemae. LLo pobuTtn?

b

A

Y Takomy BMNagKy B NPUrogj GTaHyTk 3HAHHA 3
izuvkn i ximii Ta nandxaku Ang TYPUCTIB.

S

n 3rpynyii yMOBH BHHHKHEHHSA Ta OPUNWHEHHA TO-
piHHSA.

YMOBUN BUHUKHEHHS TOPiHHA YMOBU NPUNUHEHHA rOPiHHA

ok

ITpunuHEUTH AOCTYN KUCHIO (3acUTATH TicKOM ab0 BKPUTH MIiHOIO 3 BOTHe-
TacHUKA).

TIpubpaTy nasugo (TopoUy peYOBHHY ).

. Harpitu peuoBHHY [0 TeMIepaATypPH 3aliMaHHA.

3abe3neun Ty JOCTYI KUCHIO.

3abe3neynTH HAABHICTD NAJHBA (TOPIOYOT PEYOBUHI).

3MEeHOINTY TeMIepaTypy (3aJIUTH BOTOHL BOJOIO, AKA 3a0Mpac HANIUIIOK
TeIJIOBOI eHeprii Ta mepeTBOPIOETEC HA Iapy).

-

SorwN

ﬂ Ha piarpami (man. 14.1) Bino6paxeHo KinbKicTh TemioTwH, AKa BUAINA-
€ThCHA MiJ Yac 3ropaHHA TOro 4 iHmoro maauea macomn 1 xr. ITorpiGuo
Harpitu ogHakoBuH 00’ €M Bogu. O0uncin, y CKiJIBKHK pasiB Oiabire (3a
Macor) 6yme BUTPAUYEHO CYXHX APOB MOPIiBHAHO 3 IPUPOIHUM ra3oM Ha
HarpiBaHH: OJHAKOBOI KinbrocTi Bogu. fAKe manuso remioedekTuBHE?

o Q, 108 1% Man. 141 |
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- HOpoea Kam'aHe syrinna [lNpupogHuiiras BeH3uH




§ 14. PO3paxoBYEMO KiNbKiCTb TEMNIOTY 3@ 3ropaHHsA Nanuea...

T 3a axkux ymos gidbyeaemuvcs zopinua? Jlocurs 4acto
HIEHABAMCH JoauHa AoO6yBa€ TENJIOBY €Heprito, cOajaiolouM pPisHi
—w_ peuoBUHH. [le moAcHIOETECA THM, IO TOPIHHA CYIPOBO-
JKYEThCA BUAIIEHHAM TEIIJIOTH.

TopinHAa BigdyBaTUMETBCA, AKIIO €: I'0-

pIoYa pedyoBHHA, OKHCHUK 1 JKepesio 3a- Fopinna (combustion) — ue i3u-
vimanasa. Ilepebir ropimHa 3aJIe:KUTH Bif KO-XIMI4HI1# POLIEC, Mifl 4AC AKOTO
CHiBBiAHOMEHHSA KiMBKOCTI roproduoi peuvo- BiAOYBAETLCH OKUCHEHHS PEHOBU-

BHHHU i OKMCHUKA, 4 TAKOK eHepreTuyHoi | A3 BUAVIEHHAM TENIOTA I CBIT/E.
CIIPOMOXKHOCTI IiKepesa 3aliMaHH4.

Ha mamomnky 14.2, e 300paskeH0 3arajibHy CXeMy peakmii ropimms,
nos’asanoi 3 oxucHeHuam Kapbomy. 3Buuaiine masmso (Byriis, madra,
OeH3UH, MeTaH Tomo) Micturs Kapbox.
ITix wac ropiraa atomu Kapbory cmo-
nyuaThed 3 aroMmaMu ORCUTeHY, AKHH
€ B noBiTpi. Koxuanii atom Kapbory
cIonyd4aeThed 3 fBRoMa aromamu Orcu-
TeHy, YTBOPIIOUN MOJeKyny Orcumy
Byrnemio (IV) (Byrmerueaoro rasy).
Peariia cympoBOmKVETHCA BHIIJIEH-
HAM eHepril. Ha manmosry 14.2, @
300pasKeHo cXeMy rOpiHHA MeTaHy.

CO, + 2HO)
Man. 14.2

IITo6 posmouaBcsa mpormec TOpiHHSA, MOTPiOHE MiKepelo 3aiiMaHHA. Tak,
00 3amaJINTH PEYOBUHY B IIOBITPI, CIIOYATKY HOTPiOHO HAarpiTy Ii Ko meBHOI

TeMIepaTypu — TeMIepaTypu 3aiMaHHsd. [[1d pisHUX peuoBUH BOHA pizHA
(may. 14.3).

( Man. 143 |
800T
min. [l maxc.

700+
600+
500+
400+

300+

200-

Temnepartypa 3amaHHs, “C

1001

Opoea Topd  Bype Kam’aHe Magyt BeHauH MetaH
\ BYrinnsa Byrinns




Tema 2. 3MiHa arperaTHoro cTaHy. TernioBi MalwnHy

Teniyora, 010 BUALIAETHCA OiJl Yac TOPiHHEA, HIATPIMYE TEMIIEPATYPY pe-
YOBUHM, BUIIY 34 TeMIIepaTypy 3aiMaHHA, YHACTIAOK UOr0 TOPiHHA MiATPH-
MY€eTBhCSA CAMOCTiHHO.

PospisEANTE DOBHE TA HENOBHE 3rOPaHHSA IAJIMBA. ¥ MNPOLECi IIOBHOI'O
3ropaHHA BCA XiMiUHA eHeprid DaJuBa IepPeX0JIUTh Y TEIJIOBY.

BaxsimBo 3HATH, M0 I OPUOWHEHHA TOPiHHA DPEYOBHUHY, IO I'OPHUTH,
OoTpibHO OXOJIOAUTH IO TeMIepaTypH, HIKYOI Bi TeMIepaTypH saiiManud,
abo npunUHUTH JocTyI KucHIO. I1i obunsa cmocodbr BUKOPUCTOBYIOTE i uac
racinasa nosxerxi Bogoro. Koy Boga moTpaniise Ha MKePeIo BOTHIO, BOHA BI-
NapoBYEThCA i BigbUpae Bif Tis, 10 rOpATE, TEIJIOTY. [XHA TeMIepaTypa pis-
KO 3MEeHIIyEThCsA. Bogsana mapa, jo yTBOPIOETECHA, YTPYAHIOE JOCTY KHCHIO,
i ropiHHA OPUONHAECTLCA.

Ak o6uucrumu KinbKicms meniomu, u0 6udiiaembca 6HACLID0K 320pan-
Ha naausa? IlpupoaHo, m10 pi3HI PEUOBMHH i Yac MOPiHHA BUILIAIOTE PisHY
KiNBKIiCTh TEIJIOTH, TOOTO rOPIOUi peUOBUMHY MOKHA IOPiBHIOBATY 32 TeBHOIO (i-
SBUYHOIO BeJIMYUHOIO. TAK0I0 BEIUUNHOIO € TUTOMA TEIJIOTA 3TOPAHHA.

MMuromy TenyoTy 3ropaHHA Talu-

Ba MO3HAYAIOTH JIITEPOIO0 ¢ (YUTAETH- luTtoma Tennorta 3ropaHHs nanuea
w5 (specific heat of fuel combustion) — ue
ca «k’10» ), i oquannsa 1 _KP . ¢i3nyHa BeNMUMHA, WO NoKasye, aKa Kinb-

KiCTb TENNOTW BUANAETLCA B PE3ynbTarti

€ pisui Bunm mamusa: meepde | popuore sropanns nanvea Macoio 1 kr.

(npora, Byrinna, cuanmi, Topd); pid-

ke (6eH3WH, rac, AU3elIbHE MaJIbHE,

COUPT TOII0); 2a3onodifue (MeTaH, IponaH, 6yTaH, aleTuaeH Ta id.). ¥ Tab-
au1mi Ha ¢opsalli HaBeleHO 3HAUEHHA 1X THUTOMOl TENJIOTH 3rOpaHHA, HA Ma-
JI0HKY 14.4 mogaHOo 3HAYEHHA TUTOMO] TENJIOTH 3TOPAHHA JeAKUX XIMIiTHUX
eJIeMeHTIiB y BUTVIAII Jiarpamu.

1401
L T =z
% 120+ © =y
g5 5 2
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s . 100+ T >
8 g 3 2
2 I 801 = g 5 =
3 8 8 =2 ¢ ¢ & 3
£ 2 60 48 > 8 o =
C m m = I =
88 40 33 g0 = 5 3
az o 23 @ 3
R 16 B
T 204 10

Manuea




§ 14. PO3paxoBYEMO KiNbKiCTk TEMNOTY 338 3ropaHHs NanvBa...

Busnauwaemo xoegiyienm xopuc-
Hol 0ii nazpiernura. [{na Tensoobmi-
HY 4acTO 3aCTOCOBYIOTHh HATPIBHUKH,
3a JOTOMOTOI0 AKWX MOKHA BHUKO-
PHUCTATH TEIJIOTY 3rOPAHHSA MaIUBAa:

KinbKicTb TENNOTK, AKa BUAOINAETLCH Bif
3ropaHHs Oyab-AK0i Macy Nannea, BU3Ha-
4aeTLeA 3a GOpMynoi: @ =g+ m.

razoBRl MaJIbHUKH, CIUPTiBKHY, Medi. KinbKicTh TenaoTH, AKa YTROPIETHCA
B HATPIiBHUKY OiJ Uac 3TOpaHHSA NAJNBA, YACTKOBO BUKOPUCTOBYIOTE 34 IPH-

3HadYeHHAM (HarpiBaHHA BiAmoBiA-
HOTO TiJIa), a YacTHUHA 11 BTPavyaeThes
(po3cioeThbesa B HAaBKOJIHIIIHE CEPeI0-
BHIIE, DOTJIMHAETLECA CAMUM Harpis-
HHKOM TOMIO).

KK]l BarpiBHHKa XapaKTepu3ye
e(eK TUBHICTh BUKOPUCTAHHS TENJIO-
TH, OTPUMAaHOI BHACJITOK 3TOpPAHHSA
nmanuBa. s Toro mobd migBumuTH

KoediuieHT kopucHoi gjii (KKJ) Harpis-
HUKA MOKA3ye, Ky 4acTUHY CTaHOBUThL
KIIbKICTb TEMJIOTH, L0 MAE Ha HarpiBaHHA
@, N0 BIOHOLLIEHHIO A0 KiNbKOCTI TennoTH,
LU0 BUOINAETLCH Bif, 3ropaHHd nanuvea:

Q
Q :n=——:100%.
3 Q &

ar

KEK]l sarpiBHuUKa, HeoOXigHO 30iMbIIYyBATH KOPUCHY eHepriio, To6TO 3MeH-
OIYBATH BTPATH TEMJIOTH He 33 TPU3HAUYEHHIM.

AYMAN

Yomy ropisasda € Gpisuko-xiMiuHUM ABUIITEM?

YoMy OZHHM CIpHMKOM MOKHA 3aIaJIUTH JepeB’ AHY TPiCKY,
aJie HEMO?KJINBO 3alaINTH BeJIUKHHA MIMATOK JepeBUHHIT

Yomy Boga racUTh BOTOHB?

YoMy MH CHJIBHO IMYXA€eMO Ha IIOJMYM i CipHUKA, CBIYKH, KOJIHU X0YeMO II0ro
moracutu? [ YOMy MH CHJIBHO AMYXaEMO, KOJIK X04EMO PO3BecTH DararTsa?

Yomy monxym’s CBiUKH »KOBTOrapsde, a IMOJIyM A TOPLIIKHA ra30Bol IJIATH

cuHe?

Yu Mmo:xkHa 3aKUT ATUTH HA BIAKPHTOMY TTOTYM'1 BOJIY, HAJIHUTY B ATIEPOBY

KOpOOKy?

YUYUCDb PO3B’A3YBATU 3AOAMI

flka KinbKicTh TenmnmoTH BUAINUTHCA Oif yac daropanud 40 Kr kam’ SHOTO

pyrisursa? CrinmsKu Bogu moxkHa Harpitu Big 10 go 60 'C, BUTpaTUBIIN BCIO

TeIIOTY Ha il HarpiBagHA?




Tema 2. 3MiHa arperaTHoro cTaHy. TernioBi MalwnHy

m =40 Kr YHacHiJok 3ropaHHS NaJUBa BUJAIIAETHCHS KiTbKiCTH Te-

t,=10 ‘C TJIOTH:
. zgo(; x| @,=gm. @=25-10° A% 40 ke =1000-10° Tk — 10° [T
c= KT

Kr-°C

3 dpopmyan KinbKOCTL TennOTH @ = cm(t — t) BUSHAYAEMO
q= 25.10° 'H—H{ Macy BOJAH, BpaxoByoun, mo @ = 10° M.

ETI 9
Q—? c(t=t) 4900 _(60°c-10°0C)
—9 Kr-°C

»: @ =10° [I:x, m = 4800 Kr.

R;“ Crinsku Tpeba coaUTH COUPTY, o6 Harpitu 0,5 x Bogu Big 20 mo 80 °C,
ARIIO 1A HArpiBaHHA BOAU BUTpadaeThes 60 % TenmmoTu, 1o BUALIAETE-
cdA Oij vac 3ropaHHA cCOUPTY 7

V=0,bn 0,5-10%m?| Macy Bomum BU3HAUAEMO 3a Ii I'YyCTUHOIO Ta
t,=20°C 00’ emomMm:
t=80°C KT .
ok m, =pV.m, =10 —.0,5-10° m’ = 0,5 xr.
c=4200 M
KT :° ]

_95.10° Jox Bpaxosyiouu, oo KKl HarpiBHUKA DOKa3ye,
q= - AKY YaCTUHY CTAHOBUTH KiJIBKiCTE TemaoTH,
n=0,6 10 BUTPAYAETbCA Ha HArpiBaHHA, IO BigHO-

! 4 KT OIEHHIO 0 KiJIBKOCTI TENJIOTH, OI0 BUALIIETh-
p=10" — CsA BiJl 3rOpaHHA NAJIHMBA, MOKHA 3aIIHCATH:
M Q cm(t—t)
n= Q—Sp = W abongm,=cm, - (t —t,).
m,—? cmy-(t—t,)
Maca coupTy, ImIo 3ropac: M, = T
4200 ﬂ’fc 0,5 kr-60 °C
KT -
m, = T ~ 0,008 xr.
0,6-25-10° ——
KI
o my,~ 0,008 kr.

PO3B’AXKU 3AAAUI

= 1
7= | " " "
|| Vei rexHiuHi 3ac0o0H, 0 BUKOPHUCTOBYIOTEH AJIMBO, IMOPOKY BHKUAAIOTE

b

y mosiTps: 180—-200 mue T gBooKuCY cipku; 350—400 MIH T BYIJIELIO;
6065 muH T orkcuay a3ory; 80-90 muH T ByrieBoAHIO. 3aTUINM i 3HA-
YeHHS BHKHUJIBR B ouHUNAX cucTeMud Cl, BHUKOpPHCTABIIN CTAHJAPTHUMH




§ 14. PO3paxoBYEMO KiNbKiCTL TEMNIOTY 33 3ropaHHsa NanvBa...

3amuc 9ucia. BusHad cepeiHi 3HAUEHHA BUKHIB I[X PEYOBHH 1 moOyny#
CTOBIIUACTY Aiarpamy.

fxa KiTBKiCTh TEIIOTH BUALINTECA Opu nopHoMYy sropauHi 100 r compry?

frky macy ramM’sHOro Byrijna O6yao cnajieHoO B edi, AKII0 OPU ILOMY BH-
mimunocsa 60 M rennoru?

. Ilpu mosHomy sropaumi 0,5 Kr manusa BugitaceTbesa 22 MIDK TemioTH.
fAxa nuroma Tennora sropamua manusa? Illo me 3a mamuso?

flke BigmomrenHsa Mac cOUPTY i 6eH3UHY B CyMilIi, K0 TUTOMA TEOJIOTA
sropasad miel cyminri 40 MIx /xkr?

Ha ckinbkm 3MiHUTECA TeMOepaTrypa Bogu o6’emom 100 i1, AKITO BBaKAa-
TH, 010 BCA TEIJIOTA, BHALJNeHA IPU 3TOPaHHL JepeBHOrO BYTLNJIA MAaCOK
0,5 Kr, mijie Ha HarpiBaHHEA BOAU?

CR1TBKY POR MOTPIOHO CHANUTH AJIS TOTO, 1100 HArpiTe 50 J1 BOAM B 3aJTi3-
HOMY KoTJii Mmacoo 10 kr Big 15 °C go 65 'C? BrpaTaMu Temnia 3HeXTYBATH.

CrineKM BOJM MOKHA HArpitTw Big [ N
10 °C mo 60 'C, akuio Ha ii HarpiBas-
HA TiOLia ToJOBHHA eHeprii, oTpu-
mMaHol B peaysbTaTi sropasHa 40 Kr
KaMm SHOTO BYTriana?

. B amominieBi#n mocymumi Macoio
0,5 Kr MmicTATECA 2 KT JIBOAY [IPH TEM-
neparypi 0 'C. Ha ckinpkm rpagycis
Harpiiacs Boja, AKAa YTBOPUJIACS IIic-
JIA TAHEeHHA JIBOLY , AKII0 0y /0 coaje-

Ho 50 rracy? KK]JI marpisaua 50 %. 4
- 1A BU3HAYEHHA MHTOMOI TEOJIOTH
NapoyTBOPEeHHA BOAY 3 MipHOIrO IIH- =

aiggpa (man. 14.5, e) HepeJInIi B
MOCYAUHY, IO HATPIBAETHCA CIOUP-
TiBkoW (Maj. 14.5, ), i BUOApH-
mu. CKOPHCTABIIMCHh MAJNOHKAMH,
BHU3HAY MMHUTOMY TEIJIOTY TAPOYTBO-
peHHd BOAM, AKNI0 Aad ii BUmapo-
ByBaHHA 3Hajmobunocda conaaute 10 r
cnupty. Brparamn eHeprii 3HeXTY#H.
BigooBine momait v M I /KT.

Ha mantonry 14.6 306paseno rpadi- 0 0102030405 m.«r
KN 3ajIe;KHOCTI KilapKoeri Temmorm,
O10 BUAINAETHCA BHACIHIIOK 3TOpaH- Man. 14.6




Tema 2. 3MiHa arperaTHoro cTaHy. TernioBi MalwnHy

vA aeox Bujis namuea (I i IT), Big ixeeol Mmacu. Bussau nuromy Temiory
3TrOpaHHA KORKHOTO 3 BU/IB NaMUBa. ¥ CKINIBKHY Pa3iR KiABKiCTE TENJIOTH,

O10 BUALASETHCA BHACHIJOK 3ropaH- [ I 3\
& 5 7

ua 0,3 kr nanusa I, mermnia Big Kine- | ¢ 10 T

KOCTI TENJIOTH, 10 BUAIJIAETLCA BHA- A

caigok sropanaa 0,3 kr omamusa 11?7 nn

- Buropucropyioun rpadiku (maj. 14.7)
3aJIe}XHOCTI MHTOMOI TEILIOTH 3ropaH-
HA MAaIHBA [JIA JBOX BHOIB HAJIHBA 1
(I i II) Big ixmpoi macu, BusHau cy- | 4.0T
MapHy KiJIBKiCTH TEILIOTH, IO BUII- 4
JAETHCA BHACHITOK OBHOTO 3TOpaH-
HA nanusa I macoro 2 Kr i mamxusa I1 0
macoio 3 Kr. Illo e 3a Bugm nanmusa? :

JTABOPATOPHA POBOTA N: 4

Buxonyii po6oTy 3 IOTPUMAHHAM IPABUJI 0e3MEeKH JKUTTENiATBHOCTI!

Busuau KK ]l sarpiBEuKa. O61adHaHHA: Tepe3, TePMOMETD, aJlioMiHieBU

cTaKaH, MEH3YPKAa 3 BOJOIO, CYXHH CIUPT, TOAMHHUAK .

1. Bumipsai nouaTKoOBY Macy cTaKaHa, CYXOT0 COHPTY TA TOYATKOBY TeMIIe-
paTypy BOOH.

2. Tlepenwuii B amomimieBui crakad 200 r Bogn.

3. Harpisaii Bogy, BUKOPUCTOBYIOUYH TEIJIO Bifl 3TOPAHHS CYXOT'O COHUPTY.
Konu remneparypa soau gocsarae 60 °‘C, saracu cnupTiBKY.

4. BusHau mMacy cyXoro COHpTY, II0 3TOPiB.

5. IlopieEsAll KiTbKOCTI TeOmIOTH: @, , KA BUALIANACH HiJ Yac 3ropaHHs
CIIUTPY, i Qﬂm, dKa 3aTpavayach Ha HarpiBamHa BOOM I alioMiHieBOTO
cTaKaHa.

6. O6umcau KK]I HarpiBHuKA.

1 2 3 4 5
NouaTkosa Kinueea Macasogu, @ Maca amo- NMouaTkoBa
TeMmnepartypa | Temneparypa m MiHIEBOro | maca cnupry,

B

BOAM, BOAM, I, cTakaua, m_ m,




§ 14. PO3paxoBYEMO KiNbKiCTL TEMNIOTY 33 3ropaHHsa NanvBa...

IIpodosrcenns mabauuyi

6 T 8 9 10
KiHuesa Maca Q. Q, n, %
Maca crnuvpry, CnupTy,
m, L O 3ropis.,
: m, — m,

BUKOHAW OOCIAXXEHHS

Buxonyii 1ocJaiayu 3 IOTPHMAHHAM MPaBII Oe3MeKH JKHTTEILATBHOCTI!

ﬂ Ileperonaiica, nio aya ropigHa noTpi6EU KuceHb. 06’ enHaliTeCh y TPy-
nu. Buszaure, XT0 0yoe HAKPHUBATH 3allajieHi CBIUKK MOCYIHMHAMH Pis-
HOTO pPo3Mipy, XTo (pikcyBaTume yac. COporuosyiiTe, v AKOMY BUOAIKY
(maur. 14.8, 1-4) BOroHE 3aracHe paHimie.

Man. 14.8

E 3a AKUX YMOB MOXXHA TiJHOCUTH NATIEPOBY CMYKKY B IOIYM A CBIiUKH
i BoHa He 3aropurhea? 1o ana nporo norpi6Ho? Ilepesip HaA Hocimi.

ﬁ Busnau nutomy TenyoTy 3ropaHHA napadiny. OfradHarng: mapadiHo-
BA CBiUKA, IITATHUR, BATH, METAJEBUH CTAKAH 3 BOJIOI0, MEH3YPKA, TEPMO-

MeTp.

+  Buwmipsaii: mouaTKOBY TeMIepaTypy BOAH, Macy CBiUKM, Macy MeTaJIeBoTO

(amoMiHi€BOrO0) cTaKaHa.

+  Bipmipsai menazyproto 100 r Bogu i mepenuil y MeTaJeBHI cTaKaH.
«  Harpisa# Bogy Ha monym’1 cBiuku. [lorpumyiica npaBui 6e3neKu OpH Po-

00Ti 3 BIAKPUTHM BOTHEM,
+  Kouau remnepatypa Bogu nocarte 40 °C, moracu cBiuky.

+  Buwmipsai macy cBiuKH miciia ropiraa. Busnau macy napadiny, 1o sTopiB.
Crxyagu piBHSAHHSA i BU3HAY MUTOMY TEIJIOTY 3TOpanHsa napadiny.

OLUIHU CEBE

=

@ BukoHai B e-000aTKy 3aBAaHHSA A8 CaMOOLiHIOBaHHA (14.1).




§ 15. BUKOPUCTOBYEMO TENNOBY EHEPTIHO

ANS BUKOHAHHS POBOTH

Mpurapai: Ha NOYaTKy BUBYEHHS TEMNOBUX
ABMLL MW 3’ACYBann, L0 BHYTPILWHIO eHep-
ril0 MOXHa 3MIHUTU, BUKOHYIOHN MEeXaHi4Hy
poboTy. A 41 MOXNIMBO HABMAKK?

y 9

3BuyainHo! | Th WopaHky, KoM KUn'aTuLl

BOAY Y HaWHWKY, MOXELL NepeTBopuTr MOro
Ha TernnoBy MmalluHy!

b Y v Y,

PosguBuchs mamoHOK 15.1. ¥V AKOMY BHOAAKY YalHUK (Maua. 15.1, e, @)
€ OPOTOTHIOM IIapoBoro AspuryHa (mamu. 15.1, e), a B AKOMY — IapoBOi Typ-
6inm (man. 15.1, °)? IITo, Ha TBOWO AYMRKY, 3a0es3nedye HelepepBHY podoTy
napoBol TypOiHN i pyXy HOPLIHA y mapoBomMy ABuryHi? YmMm, Ha TBOIO IYMKY,
MOKHA 3AMIHUTH BOAAHY OapPy?

/’




§ 15. BUKOPMCTOBYEM O TEM/IOBY EHEPTi0 415 BUKOHAHHSA po60TU

nBHABAﬁCH Ax aukopucmamu meniogy eHepzito 011 GUKOHAHKA
Mexanivnoi pobomu? 3paBHA JIOOH 3aMAaIUCA KOH-
Y CTPYIOBAaHHAM MeXaHi3MiB, AKi fomomMaraad BUKOHYBa-

TH BaXKKyY pobory. CoyaTRy BOHH BMKOPHMCTOBYBAJK MPOCTI MeXaHiZMU —
BasKeJi, DOXWIY IJIOMHUHY, OJIOKH TOIIO.

Bigroni ax mroacTBO MisHAMIO 3aKOHOMipHOCTL mepebiry TelIoBMX ABHII,
VueHi i BHHAXIJHUKH HaMaraJucsad BUHAWTH cO0ocid BHKOPHCTAHHA TEIJI0BOL
eHepril, 30K peMa nepeTBOPeHH 11 Ha MeXaHIuHY.

Posrnanemo geranbHime nporiecu, AKi BigmdyBaoThesa Ha Man. 15.1,
Bopa B uailHUKY mMOYMHAE 3aKWIIATH, THCK MAPH TiJ] KPHIITKOIO BﬁlﬂbmyETB-
ca. ¥ pe3yJabTaTi HacTae MOMEHT, KOJIN CIJIa THUCKY MapH cTae 0inbIromo 3a
CHUJIY TSIKiHHA, II0 Aic Ha KPHIIKY, 1 KPHUOIKa migcTpudye. ¥ el MOMEHT
YacTHHA ODapH BHXOJUTL HAB0BHI, CHJIAa THCKY HAPH HA KPUIIKY 3MEHIITYETh-
cd, i ciia TAXKIHHA MOBepTae KPHIIKY Ha Micoe. SIKIIo HarpiBaHHA OTPOIO-
BIKYBAaTH, TO IPOIlEC IIOBTOPIOBATIMETEC .

A 41 MOXeLL Ha3BaTW BCi CKNAAHWKN LLbOrO NPOLEcy i AKi poni
BOHUW BUKOHYIOTB?

JI>xepeno eHeprii (rasoBa nnuta), 9Kka Hapae KiNbKiCTb
TENNOTV @, ANS HarpiBaHHA BOAW | YTBOPEHHS napu.
2. Napsya napa, gka NigHIMae KPWILLKY, BUKOHYE MEXaHidHy
poGoTy A.
3. 30BHIWHE CepenoBumLLE, AKOMY BiOAAETLCH YACTMHA EHepril
napu QMMT.
4. Cuna TAXIHHA, AKa NOBEPTAE KPULLIKY B NOYATKOBE NMONOXEHHS.

A cnpoByii ycTaHOBUTU, AKOMY 3 HasBaHux Bikoto nyHkTiB 1-4
BiOMOBIOAIOTL TaKi TEPMIHW: @ — HArpiBHUK; 6 — OXONOMXY-
Ba4; B — poboue Tino.

Came Taky 1824 p. dpaHuy3bkuii yueHuin Capni KapHo Ha3Bag
CKNaaHWUKW TEMNA0BOI MaLLVHA.

Skmro 3 KpUIIKO0 YaHUKA (200 iIHIIMM BHUBOIOM
mapu) 3’eHATH AKHICH MeXaHi3dM, OicTaHemo Haii-
opocTtinry Mojenab TennaoBoro aBurysa. Ilo peui, raxi
gadnukuy € (mas. 15.2). dAxmoo xpumika MinHO 3aKkpUTa
1 B HOCHKY pPO3TamIoBaHa Npo0OKa, Iapa BUXOAUTH Ye-
pe3 QUWJIiHAD, Y AKOMY € HOPIIeHb, 0 PYXac KOJimAaT-
Ka, i YyalHUK Opaiioe, AK CIPABKHINA IIapoBO3.

Ha npumrnazgi iz valHMKOM BH3HAYHMO YaCTHHH,
3 AKHX Ma€ CKJIAJATHCA TeIJIOBA MAIINHA:




Tema 2. 3MiHa arperaTHoro cTaHy. TernioBi MalwnHy

+ poboue minrno (heat engine) — napa, AKa, PO3HIHPIIYHCH, HiJHIMAE

KPHUOIKY, BUKOHYE po0OTY A; - ™
HarpieHuk

{

- naepienur (hot body) rasosa ILIH-
Ta (mexrepeso eHeprii), AKA HAJAE Kilb-
KiCTh TENJOTH @, IJIA HATPIBAHHA BOLU

I yTBOpPEHHS TapH; A=Q,-Q,
< oxoanodxysayn (cold body) — pmoBrinia,
AKOMY, BHXOAAYM 13 ywallHUKAa, BOAAHA
napa nepioguvHo Bigfae eneprio @,.
\ }J
Ha mpuHDHII mepeTBOpeHHS TENJIOBOI =
Man. 15.3

eHeprii Ha MeXaHIUHY 3aBASKH BUKOHAHHIO
poboTu o0y I0BAHO Jil0 BCiX TENIJIOBHUX Ma-
muH (Man. 15.3).

Tennoea mawuHa (heat engine)
NPUCTPIA OJ19 NEPETBOPEHHA BHYTPILLHLOT
eHeprii Ha MexaHiyHy.

Jo TemwroBMX MAaOIMH HAJIEKATH
JOBUTYHH BHYTPIIIHBOTO B3rOpaHHI,
napoBi # raszomi TypbOiHH, AU3ETBHIL
¥ TypOOpeaKTHBHI ABUTYHH TOIIO. 13
yacy BUHAHIeHHA I[i MATIIMHE MOCTiHHO BAOCKOHAIOTE, aJe iX 0y/10Ba I'PYH-
TYETHCA HAa 3aKOHOMIPHOCTSAX TIepeTROPEHHSA TelJIOROI eHeprii Ha MexXaHigHY.

~ | [z

|/ e NepernsHe B e-00aaTky aniMadiivy Moaens po6oTu ‘-| 1
Tennosoi MmawmunHu (15.1).

S

\_

N =

vse.ee/cnii

Yum xonoduivHa MAUWUHA 6i0-

pisnaembea 6i0 mennogoi? 3a 3BH-
yafHUX YMOB TENJIOTA caMOCTifiHO He
MOJKe TepexXOoJUTH Bif MeHII HArpi-
X (xodomHinmx) Tiax mo 6ianmr Ha-

XonoguneHOK MAaLUMHOIO HA3MBAIOTb

NPUCTPIN, Y AKOMY BHYTRILLIHSA @Hepria npu-
MYCOBO 320MpaeTbcs 3 MEHLI Harpitoro
Tina Ta nepenacTuLes Tiny 3 BifbL BUCOKOKD

rpitux. IIpore TH KopHCTyemicsa XO-

TEMMepaTypor.

JOAUIBHUKAMH, SKi OXO0JOMKYIOTH
tina. Ak Bouu opamnooTs? Piuy Tim, mo Bei xomo- |
OUJIBHI MAIIMHHA € Pi3SHOBUAOM TEIJOBHX MAIINH.
Ha sigminy Big iHDIMX TemJIOBUX MAaIIHH, AK1 BH-
KOHVIOTH PoO0OTY 3aBAAKH BHYTPIMIHIA eHepril
OaJINBa, y XOJOAWIBHUX MAIIMHAX BHYTPIOIHA
eHeprid Tija, [0 OXOJOMKYEThCH, 3MEHIIYETHCA
3aBAAKH BUKOHAHHIO poOOTH iHOIMM TimoM.

Mo:xna BBaKaTHu, IO XOJIOAMJIbHa MAalllHa

HarpieHuk

Q,=Q,+tA

[Opamioe 3a OPUHIKIOM, «00epHEHHM» OO OPHH- -
ooy aii rennopol MammHEK (Mas. 15.4).




§ 15. BUKOPWCTOBYEMO TENI0BY Hepriio 4151 BUKOHaHHSA po6oTu

PobGoue TL10 X0MOAMIBHOL MATIMHE 3a0UpaE TEIIo @, BiJl OX0JI0/pRyBada
W mepejiae Temyio @), HATPIBHUKY, SKUM CIYTYE HABKOJUIIHE CEPETOBUIIIE.
IIpm upomy maemo cnigBifHOmEeHHA: @, = @, + A, ne @, — Temyuora, mio me-
pelaeThCA HABKOJUIIHBOMY CepPeIOBUILY; @, — Temniora, 3abpana Biz Mopo-
3uUIbHOI KaMepu; A — poboTa, AKA BUKOHYETECA HAL poOOUHM TiIOM XO0JO-
IOUIBLHOI ManIuHU.

Busnawaemo roegiyienm ropucnoi 0ii mennoeoi mawunu. ¥ 1851 p.
agrnificekuil pisur Binsam Tomcon (mopa KenbriH) chopmMymioRaR 3aKoH,
AKUHA BifirpaB BHUpiIaJbHY POJH
V CTBOPeHHI1 TenmoBux mammuH. [lei

Y npupoai HEeMOXNMBKUIA NPOLEC, EOMHUM
3aKOH Ille HA3WUBAIOTH 3AKOHOM 30e- s poLy an

PE3yNLTATOM SIKOrO € BUKOHAHHSI MEXaHi-

PeXceHHs eHepzii 8 Meniodux npo-
uecax.

HOI po0OTK NWLLE 3aBASKN OXONIOOXKEHHIO
[xepena TennoBoi eHeprii 6e3 HarpisaHHA
HABKOJIALLHIX Tif.

Ile osmagae, OO0 HEMOKJIHUBO
CTBOPHTH TAaK 3BAHWH BIiUHWH ABU-
I'yH, TOOTO TEILIOBY MANINHY, AKA JicTaBaja 0 eHeprilo y BUIVIAAL TeIJIOTH
BiJI ofHOTO TiJIa i TOBHiCTIO epegaBana il y hopmi poboTu iHImomy Timy.

Jra TennmoBux MamrvH (AK 1 AIA MeXaHIYHHX) iCHYye MOHATTA KOPHCHOI
i 3arpaueHol eHeprii. I Ko’KHA TeIJIOBA MANIMHA XapaKTepU3yeTheA Koedii-
entoM KopucHol il (KK]I), axkuii BusHauac ii copoMoKHICTE IepPeTBOPIOBATH
TEIJIOBY €HEPrilo Ha MeXaHiuHy podorTy.

3ampayenor eHepeieio € KUIbKICTD TEIJIOTH, SIKA HAJAEThCS HATPIBHUKY @ .
Kopucrow enepziew € MexaHigHa pod0OTa, BHKOHAHA TEIJIOBOK MAIIHHOK A.

3a 3aKoHOM 30epeixkeHHA eHepril a eHepria KopiBHIOE PisHUNL KiNbBKOCTL
TEIJIOTH @, AKY HaJae HarpiBHUK poGouomy Tiny, i KinbkocTi Temnoru Q,,
SKY Bignae poboue Tiso oxosomKyBauy: A = Q@ — @,.

OckrinbE® BHKOHAaHA poboTa A 3aBKAU MeHIIA BiJl HaJaHO! KiJIBKOCTI Te-
WIOTH @,, TO MOXHA 3POOUTH BH-
cHOBOK, n1o KK]I TenymoBux Mammuse

sapsxr Mermmi Bix 1 (100 %). KK TennoBoi malluvHW O0PIBHIOE Bif-

HOLLEHHIO BUKOHaHOI po6oTu A oo Hapa-
TemnoBl IBUIYHH MAaKTh HEBHCO- HOI KifIbKOCTI TenioT1 @ :

kuit KK — sax mpasumio, 20-30 %. A Q- @

Higpumenssa KK rennoBux asu- n=—:-100%=——"2.100%.
TYHIB — HaWBamJIWBiIIA TeXHIY- @, Q

Ha 3ajgaga. OcHOBHEUM criocobom

nigeumenag KEK]I[ e 36iaemesnss

TeMOepaTypu HATPiBHUKA, ajle HOoro He MOKHA HATPIiBATH J0 TeMIepaTypim
TJIABJIEHHA MaTepialirg, 3 AKUX BHTOTORJIEHO JBUTYH. ToMmy nns 30imbmIeH-
HaA KK]l BUKOPHUCTOBYIOTH AKiCHiNIE manwBo, a AIA 3MEHIIeHHS TepTda —

MOTOPHE MaCTHJIO.




Tema 2. 3MiHa arperaTHoOro cTaHy. TenioBi MallnHW

avM A | Ax BinbyBaeThCcA mepeTBOPEHHS eHEPril B TEILJIOBUX IIPOILe-
e cax?

< Sril MexaHI3ZMH HA3HBAIOTH TEIJIOBUMH MAIIMHAMM?

3 AKUX KOHCTPYKTHUBHHX eJeMeHTIB CKIANacThed OyAb-AKa TemioBa
mMammHa?

Arwuit pymgaMeHTAJIbHHA 3aKOH MOKJIALEHO B OCHOBY /il TEImJIOBHX
MAamIuH?

YoMy He MOXHA CTRODUTH BiUHHWH JBUTYH?

ITo xapaxTepusye KK] renmosoi manmam?

YYUCDb PO3B’A3YBATU 3A0AMI

¥ mapogiit Typbini mory:xHicTIo 1 KBT 3a 1 roguny BUTpauaeTbcA OU3eIbLHE
nasguso macoio 0,35 kr. O6uncaun KKl Typbimm.

m = 0,35 xr Kopmcuy pobory BU3HaYacMO 4epPe3 MOTYKHICTh

P=1kBr 103 Br A = Pt, a 3aTpadeHy eHeprilo — AK KiJIbKiCThb
t=1rog 3600 c TEILJIOTH, IO BUALIAECTHCA BHACIIJOK 3rOpaHHA

g =42 MIIx/kr|42.10° Hos naxusa: § = mgq.
Kl '®opmyna pguma KKI wHabyBae BHrIAdy:
n—7? A Pt
= 6: . 3 TabauIn 3aMUCYEMO 3HAYCHHS
MHUTOMOI TEeIJIOTH 3TOPaHHsA Au3easHOro nansusa: ¢ = 42 Mk /kr. Iligcras-
JSEMO 3HAYEHHA ¥ (DOPMYJITY:
10° Br-3600 c

'r] sy :0, 24.
42.10° 2% 0,35 xr
KT
Bimmorias: 1= 24 %.

PO3B’AXWN 3A0AMI
Arxmit KK]I mae aBuryH, AKIIO BiH gicTae BiJ HATrPIBHHKA IOCEKYHIH
5600 x[l:x i Bigmae B xonmopmwiabEEK 4000 x4 TenyoTu?

Tennopa mamuua 3 KKI 28 % otpumye Big marpisaura 800 [:x. fArxy
KOpHCHY po00oTY BOHA BUKOHYE?
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- Tennopa MamivHa 3a OAUH IMHUKJ OTPHMYE Bil HaTrpiBHUKa KiNbKiCTH Te-
nmotu 100 I i Bignae oxonomryBauy 60 Jxx. Axuit KK mamtmam?

. Temnosuit geuryH mMae motyskHicTs 220 kBr. 3maiigm KK]Il asuryma,
saxoro 3a 10 ¢ Bim orpumas Big Harpisauka 2 - 10° [k Tenmorn.

Bigomo, mio cepefHA NOTY:XKHICTH, AKY PO3BUBAE 3BHUAIHA JIOAWHA
mig gac ¢ismunol npari, nopisaioe 50 Br. Busnau «mexaniunmii KK »
JIOAUHA, 3aHHATOI (Pi3HYHOIO ITpalero, AKIO i1 podbounii 1eHs 7 rom, a Ka-
nopifiHicTs HeHHOTO paniony cranoBuTs 20,9 - 108 k.

- Axuit KKl TpakTopHOTO ABUTYHA, AKIINO BHTPATA AU3€JIBHOTO HAJLHOTO
cragoBuTh 216 r/rogua 1 kKBr?

@ Armit KKI vyp6iau TEC, axkoio BoHa orpuMye Bij HarpieHuKa 66 M
TEILIOTH 1 IPH IIOMY BUKOHYE pobory 26,4 - 108 JT:x?

Huaa poborum Typbinu, mio possuBac moty:xHicTs 100 000 kBT, 3a moby
CHAJIOETHCA B TOIKAaX NapoBuX KOTaiB 960 T kam’ aHoro0 Byrinnsa. Bussau
KR maporypbirHOi ycTaHOBKIH.

Ha rensioBux eJIeKTPOCTAHIIIAX JAJIA BUPOOHUIITBA KOKHOTO MeTaaKoyJia
eJIEK TpoeHePril BUKOPUCTOBYETHCA B cepenaboMy 105 r kaM’ sHOTO BYTija-
asa. CRIIBKT moTpibHO BYTiIA s pobOTH TAKOl eleKTpocTaHIlil mpo-
TATOM PORY, AKNIO i1 erekTpuuHa OoTy:XKHiCTE 500 MB1? O6uncau KK]I,
eJIEK TPOCTaHILil.

AsTomobine 3 gpuryaEoM mory:xHicTIoO 80 KBT pyxacThea 3i mBHOKiCTIO
100 km/rox. BusHau, axky Macy 6eH3UHY BiH 3aTpaTUTh Ha nuiaxy 160 m,
axoro foro KK mopisuroe 30 % .

BUKOHAU oocnigu

- 3 2 % T
( @HEPEI‘JIHHI) B e-I0JaTKy BlJAe0 MOJeJl TeIlJIOBOl MAIIHHHU l

\_w (15.2) ra CKOHCTDPYIOH iI. /

-

ONPALION IHOOPMAL IO

BisbMM yyacTtb y rpynosin po6ori

O6’emHafiTeck y TpynM Ta pPO3MOJLNITE 3aNUTAHHSA JIA TOIIYKY iH(pOP-
marii i miAroToBKH mOBiAOMIeHEb. X TO NEPHINH CKOHCTPYIOBAB MapOBUH
nBuryH? K po3BHUBanach TeXHiIKa Ha MapoOBUX ABUTYHaAX? ¥ YOMY mepe-
Baru i memomiku rennosux Mamrua? 1o raxke reniosi nacocu? Hu MmosxHA
BBaKATH JKUBY icToTy (6iosoriuna crucTemMa) TeNJIOBUM ABUTYHOM ?




S 16. BUBYAEMO TENNOBI ABUTYHH

Vi NUTAHHS TENNOEHEPTETUKU

A yacTto B IHTEPHET-HOBMHAxX 3yCTpiyal noBioo-
MSIEHHS MPO Te, Wo enekTpomodini HezabGapom 3a-
MiHSTb aBTOMOGINI Ha ABUIyHax BHYTPILLIHbOIO 3ro-
paHHs. EnekTpomoBini eKOHOMHILLI Ta @KONOTi4HILLI.

A g BBaxaio, o 6eH3UHOBI ABUMYHU KpaLLe.
OT He Gyme enekTpuky, Lo pobutumerl?
[eHepaTopwn NIATPUMANU €KOHOMIKY HaLLOi
KpaiHW y roauMHA BiAKMIOYEHb CRITNA.

PosguBuch MaJIOHKH TPAHCIOPTHHX 3acobiB (may. 16.1). Posmoginm ix sa
IKepeoM eHeprii, AKe BHKOPHCTOBYEThCA ¥ IBUT'YHAX, HA TEIJIOBi Ta eJieK-
TPUYHI, YKAKN, AKAMHA 3 HUX TH KOPHUCTYEIICA YIIPOIOBK MicAIA.

r 8

EENEEREREN§
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Man. 16.1




§ 16. BUBHAEMO TEM/IOBI ABUTYHW /i MATaHHA TEMI0EHEPreTUkn

= Ax npayroome déuzyHu 6HYMPIULHBLOZO 3zOopanHa?

n|3HABAHCﬂ OpHUM i3 HAUTONMIMPEHININX BHUIIR TEMJIOBOI MalIUHNA
T € ABUTYH BHYTpinraEsoro sropanuda (/[IB3), axmit auHi
TIHPOKO BUKOPHUCTOBYIOTEH V PiBHUX TPAHCOOPTHUX 3a-
cobax, 30KpeMa B aBTOMOBLIAX.

3aJie’kHO BiJ] BUAY TaJHBa, 010 BHKOpUCTOBYeTheA ¥ JIB3, i cnocody foro
3amaJjieHHs PO3PisHAITH OeH3MHOBI Ta Ju3e ibHI (Ha3BaHi HAa YecTh iX BHUHA-
XimHUKAa — HiMelbKOro im:keHepa Pynonsda [lizes) IBUTYHH.

PosriismemMo mpuHnun Ail TaKEX OBUTYHIB BHYTPIIIHLOTO 3TOPaHHHA.
Pob6ora [IB3 rpyHTYVeThCA Ha MeBHIN KiJIBKOCTI DOCHIZOBHHX TPOIECIB —
TaKTiB, AKi Bech Yac MOBTOPIOIOTHCA. ToMy € ABO- Ta YOTUPHUTAKTHI ABUTY-
mu (mai. 16.2, @). OcHOBHHUM €JIeMEHTOM ABUTYHA € MUJIIHAP i3 mopmiHeM,
e BigOyBaeThCA 3TOpaHHA HaauBa. SIK mpaBuio, OWIIHAPIB Kinbka. Tomy €
IBO-, yoTHpH- (MaJ. 16.2, ) Ta BOCBMHIMJIIHIPOBL JBATYHH.

Man. 16.2

YoTrupuTaKTHHH ABUTYH BHYTPiIIHBOTO 3ropaHHsA (Man. 16.3, @) CKJIa-
maeThbedA i3 yuaindpa (1), y AKoMy mnepecyBaeThbesa nopuieHsv (2). Yceepenuri
TOPHIHA MapHipHO 3akpinaeruit wamyH (3). Big, y cBoio uepry, 3’egHaHUN
i3 koainvacmum sanom (4), obepranusa AKoro 3abesmneuye 00ePTaHHA TATO-
BHX KOJIiC TpaHCOOPTHOrO 3acoly. ¥V BepXHIH YacTHHI MUIIHApA € ABa KaHAa-
I, 3aKPHUTL KAANAHAMU — BOYCKHUM i BUOYCKHIIM.

Iepmuit TakT — e BOYCK NAJBHOI cyMmimri, mio 3AificHIOETHCS Uepes
BOYCKHUH KJIallaH, KOJM NOPIIeHbL pPyXaeThesa BHU3 (Main. 16.3, @). Ilicna
TOTO AK MOPIIEHE NOCATHE HUKHBOI TOUKY, BCMOK TYBAHHS TAIMBA TPAITHHS -
eTbca. ObuABA KIaTaHU 3aKPUTI.

ITix wac gpyroro Takry, KOJW HOPIIEHb PYXae€ThCA BTOPY, BiIOYBAETH-
cA CTHCKaHHA CyMimmi, yHacJHiJoK dYoro il TeMIoepaTypa OigBUOIYETHCSA
(mai. 16.3, ). Y BepxHi#l TOUIl NOPIIHA CYyMiNl 3aNaIl0eThHCA ICKPOIO Bif
esnexmpuunol ceivku (6). Cymin cnanaxye. YHacHiok 3HaUHOTO HarpiBaH-
HfA ras3 Po3MIHPIOETLCA 1 THCHe Ha MopIieHb. CHIIa THCKY HMITOBXAE MOPIITEHDb




Tema 2. 3MiHa arperaTHoro cTaHy. TernioBi MalwnHy

IOHUBY, Bil0yBAETHCA TPeTiil TAKT — pOOOYMHE Xil, mij yac AKOro BHKOHY-
eThca pobora (main. 16.3, @). 3a I0TOMOTOI0 CHeNiadbHOTO 3’ €JHAHHA PYX
TMOPIIHA MepefaeThcd KOMIHYACTOMY Bally, AKWN 3’€IHAHO 3 KOJIeCAMH aB-
ToM00iNsa. BuKkoryoun poboTy, CYMIiNI po3MIMpIOeThCA I OMHOTACHO 0X0JIO-
muyerbed. Ilicaa nmpoxom:xeHHA NOPHNIHEM HUMKHBOL TOUKHU BiIKPUBAETHCA
BUNYCKHUI KJIANIAH, i iy 9ac pyxy HOPHIHA Bropy BiIOYBaeThCA YeTBE PTHIl
TAKT — BUIIYCK BigupansoBannx rasis (mau. 16.3, (). Taxumm unmom, po6o-
YHH MUK YOTHPHTAK THOTO ABHIYHA 3aBEPIIYETLCA, 1 BHOBY poboTa ABHTYHA
MOYMHAETHCS 3 MEPHIIOTO TAKTY.

& N

e 4 Pobouniixig  Bunyck

\ y
Man. 16.3

¥ [OBOTAKTHOrO ABUI'YHA HeMae OKpPeMHX TaKTiB BOYCKY 1 BHOYCKY
(man. 16.4). 3a nepmuii TAKT Oicaa BUOYXY TATBHOTO TOPIIEHb ONYCKAETHCA
BHU3, i TAKMM YHHOM BiIKPHBAETHCA BIKHO BUNIYCKY (OTBip V CTiHIL ITHIIiH-
opa), depe3 AKUH i BUXOAATEL BignpanboBaHi rasu, ajle Maiie B TOH jKe MO-
MEeHT BilKpUBAEThCA i iHIITe BIKHO — BiKHO BOYCKY, Yepes SKe HAarHiTacThes
BiKe cBixKa cyMim (beH3uH/Macio). ¥ ApyromMy TakTi HOPIIEHD MigHIMAaEThCs
BrOPY, CTHUCKYIOUM cyMimi, — Bin6yBacThesa HoBUi BUGYX, i poboTa ABUTYHA
MOYMHAETHCS 3 HEPHIIOTO TAKTY.

d ! , Man. 16.4 |
---TDC
BuxnonHuin __ __BDC nal'I.MBHO-
ras NoBITpAHA —= &
CymiLL




§ 16. BUBHAEMO TEM/IOBI ABUTYHY /i MATaHHA TEM0EHEPreTUKN

= ABOTAKTHOrO LMKy NOPLHEBOro agsuryHa (16.1) raBigeo
pPOBOTU OBUTYHA BHYTPILUHLOMO 3ropaHHs (16.2). )

/

vse.ee/cnij e A

- £
" m]l‘lepernmb B e-000aTKy aHiMauiinHy mogens pobotu |

Y nu3eNbHHX IBUTYHAX HEMAE 3aIaJIbHUX CBIYOK. ¥ BepPXHIiH ToYmi mopmI-
HA CYMIIII 3a0aT0ETHCA BiJl BUCOKOI TeMIIepaTypu CHIBHO CTHCHYTOTO Ta3y.
Ixuiit KK]I 6inp01 BUCOK .

Ax npayroroms mennosi myp6inu? Ha TennoBux @ ATOMHUX €JIEKTPO-
CTAHI[IAX BUKOPUCTOBYIOTH Typbinu. Typbinu ax ocHOBHUI pymIilHuii eje-
MEHT 38CTOCOBYIOTH TAKOJK YV ra3oTypOiHHMX ABUTYHAaX, O[O0 HIMPOKO BHUKO-
pucTOBYIOTBCA B aBiamii. 3aneHO Bim
pobouoro Tina (mapm abo rasy) po3pizHA-
IOTh IapoBi i raszosi TypbiEm. B ocHOBY
mii TypOiH moRMIageHo 0bepTaHHA AUCKIB
i3 JIOMAaTKAMY IIiJi THCKOM BOJAHOL Iapu
abo razy. Cxemy aii maporoi TypbiHHT Ha-
BeJleHO Ha MaliHKY 16.5.

Ha sax (1) macamxeno gexiaora duc-
kie (3) iz amonamrxamu (4). Crpymeni
mapM, OI0 HAAXOOATH uepes conao (2),
TOCJIIIOBHO 3iMITOBXYIOThCA 3 JIOOATKA-
MH BCiX OHCKIiB, THCHYTH Ha HUX 1 HAAIOTh TypPOiHiI HIBIAKOTO 00€pTAIbHOTO
pyxy. BianpansoraHa mapa BHXOJUTE 3 omeopy (H).

Hisnaemoca npo ponv mennoenepzemuru 6 sicummi 1100unu. Y IPOLOBIK
faraThoX CTOJITHh DATHUBO OYJIO AJIA JIOJACTBA TPAKTUYHO ETUHHAM I:KEPETIOM
eneprii. ¥ XX cT. pisKo 3pociio BUKOPHCTAHHS TENJIOBMX MANIHMH, a OTIKE,
1 magmBHUX pecypciB. B aBToMo0iaAX Ta iIHOINX TPAHCIOPTHHUX 3acodax BH-
KOPHCTOBYIOTh DEH3HH 1 JU3eJbHe MaJuBO — OIPOAYKTH IepepodKH HadTH.
Jlns obirpiBaHHA KUTJIA TA TPHTOTYBAHHSA 13Kl 32CTOCOBYIOTH NPHCTPOI, MI0
CHOANIOITE Npuposaui ras. Ileit ras y sHauHIN KiIBKOCTI BAKOPUCTOBYIOTH
y MeTanyprii Ta innri#t mpomucaoriit eepi. I'az, HAQTY, Byrisis 3acTocoRy-
IOTh I8 BUPOOIeHHA eIeKTPoeHeprii Ha TelJIOBUX eJIeKTPOCTAHIIIAX.

HezabGapom Moske HacTaTh eHepreTHYHa Kpmsa. I BiKe ChLOTOOHI JIIOOHHA
3aCTOCOBY€E eHepro3bepeKyBalbHI TeXHoJoril, 3a4iliCHI0ETECA TOCTYIIOBA 3a-
MiHa ImaJuBa 3 BUKOIMHHX pecypciB Ha GiomanamBo, BUKOPHCTOBYIOTLCS aJIb-
TEPHATHBHI JKepeJja eHepril — aToMHOI, BiTpOBOI1, COHAYHOI.

BuropuctasHA HOBHX OYAiBeIBLHHX MAaTepiaiiB 3 BHOIOIO TEIJIOi30JIAIi-
€10 [a€ MOJKJIMBICTE 3MEHIITUTH CIIOKUBAHHA TemJia. Tensosi BTpaTu craporo
IerJIAHOTO GYAUHKY CTAaHOBJIATEL uepes crinu — 27 %, a dyepes HeyTemaeHi
Bixma it xBepi — 25 % . Temmosi BTpaTu HOBOTO OYAMHKY 3 HOPHUCTOTO 6ETO-
Hy # BiKHaMHU-CKJIOIAKETAMI CTAHOBJIATE Yepes crinu 9 %, a yepes BiKHa




Tema 2. 3MiHa arperaTHoro cTaHy. TernioBi MalwnHy

i gepi — 21 % . V crinpKU pa3iB eKOHOMHITIE OTANIeHHS HOBOTO OyIUHKY?
3a paXyHOK U0T0 MOKJIMBA eKOHOMIidA B loMiBKaX?

Jlns momcTBa icHYe mie oHAa BeanKa npobaema. Piu vy Tim, mio mig yac po-
OOTH TENIOBUX MAIIKNH BUALIAETECA Byraekucaui ras (CO,), AKui y BeIuKin
KiJbKOCTI cTae ayske HeOe3eYHNM — COPHUYMHIOE TAK 3BAHHUH ITapHUKOBHHA
eheKT — MiJBHUIIEHHS TEMIIEPATY DY DOBePXHI SeMJIi.

AYMAN A B . Ha sromy mamonxy (16.6, ©O-0) noxasano cxemy: 1 —

aeorakTHoro JIB3; 2 — uwotupurarkTHOro IB3; 3 — woru-
PUTAKTHOTO NU3ENLHOIO IBUTYHA?

iz

Man. 16.6

Hazeu mpomecu, 1o BigdyratoTheda B dotmpurarkTHOoMy [IB3. Ilixm uac
AKWX TAKTiB poOOTH YOTHPHUTAKTHOTO ABUTYHA BHYTPINTHLOTO 3TOpPaHHSA
BiAKpHTi ARa Knananu? Xoua 6 oguH? O0MBa 3aKpUTi?

YV DoTy:KHUX ABUTYHAX BHYTPINTHBOTO 3TOPAHHA BHKOPHCTOBYIOTH HE TI0-
BiTpAHE, a BoAAHE oxoJsom:xeHHA. [TosacHEn domy.

Ha axux TpaHCOOPTHHX 3aco0aX BHKOPUCTOBYIOTh HAHIIOT YK HIIIL mopI-
HeBl gpurysn? ITo0yayi ped THHI HANIOTYKHIOINX JBHTIYHIB, BKA3ABIIK
iX BUpOOHUKIR.

YoMy DOpPIIEHE ABUTYHA BUTOTOBIAIOTE i3 IETKOTO MATEPiaJy 3 XOPOIIOI0
TeNJONPOBIAHICTIO 1 HEBEJIMKUM TEeIJOBUM PO3TIHPEHHAM 7

VY axwuii MOMeHT poboda cyMiIl y NIIiHApax ABUTYHIB BHYTPiIIIHBOTO 3T0-
PaHHA Mae HaHOLIBITY BHYTPIIIHIO eHepriio: Hanpuiiaoi rarkty «Crme-
KaHHA» UM Ha TOYaTKY TaKTy «Pobouwnii xig»?

ki 6yBarore TypOiEu? Illo nokaageHo B ocHOBY Ail maposol Typoinu? e
BHKOPHCTOBVIOTE TYpPOiHH?




§ 16. BUBHAEMO TEM/IOBI ABUTYHW /i MATaHHA TEMI0EHEPreTUkn

Yomy, BURJOUAYN 3alBe OCRITIeHHA, TH JONOMATAENl 0XOPOHI HABKO-
JMUNIHBOTO cepenoBuma?

PO3B’AXXU 3AOAMI

fﬁ‘j TlopiBHAN BUTpaTH HA TNPUTOTYBAHHA TeNJIol BaHHW 3aJaHOrTO 006’eMy,
AKIIO V IeplIoOMY BAIAIKY BOJA HATPIBAETHCA eJIeKTPHUHUM OoiaepoM,
a B IpyroMy — ra3oBoio KonoHKo0. [ToTy:kHiCTh TeHiB 6oiinepa 1,5 kBT,
yac HarpiBaHHsS OOTPi6HOI KiNBKOCTI BOAM A0 3aJaHOI TeMIepaTrypu —
2 rom, Bapricts 1 KBT * rog — 4 rpH. BapTicTh KOpHCTYBAHHSA NIPUPOIHIM

razoM — 7 rpa/M°. BrpaTaMu TeNJIOTH 3HEXTYH.

@ Busnau Ta mopirasai KK]I pisEuX THITIB KOTJIIB BiTYM3HAHOTO BUPOOHU-

.~ UTBa, AKIIO A4 HarpiBaHHSA B cHCTeMi onajeHHsA Boxu 06’emom 100 i,
B3daTol 3a Temmeparypu 10 ‘C, mo Temneparypu 55 'C y TBepAONAIHBHO-
MYy KOTJI1 « BOTHUK» CIIaniooTh 3 KT ]POB, a B TA30BOMY KOTHi « ATOH» —
0,6 Kr npupoaHOTO Tasy.

CilIbCBKOrOCHOAAPCEKL MALIMHE BHTPAYAIOTH 34 DPIK Y CepegHbOMY
15 muH T guseasHOro nanusa. Ko MexadizaTopu 3e KOHOMIIATE 1% na-
JHuBA mix dyac odpobierHA 1 ra, To B KpaiHi 36epe:kerseda 230 Tuc. T gu-
3eJIEHOTO manmBa. AKy KinTsKicTh eHeprii 0yae 36epexxeno?

 Ilo60By HOPMY KHCHIO CKiJIbKOX JIOfeH CIaioc aBTOMOBLNL, 1[0 IPOTS-
rom 4 rog pyxaerscs 3i meugricTio 80 km/ron? IoboBY HOpMY KHCHIO OJI-
Hi€l JIIOQMHHE BiH cOadioe Ha JiMAHOL Ouiaxy 2,0 kM.

| * [ . s s
Hizgaiica mpo 0COBIHBOCTI KOXKHOTO BUAY TEPMOOAATY. YRAMKMI, AKUN i3
BUJIIE (1—38) migxoauTs AJia BUNAagKiB, 300paxkeHux Ha mikTorpamax (A—I).




Tema 2. 3MiHa arperaTHoro cTamy. TernioBi MawnHy

OMPALION IHOOPMALIIO

n ITosgcam Taki BWCJIOBH: eHepriA 3irpaja KJIIOYOBY POJb y PO3BUTKY
Homo Sapiens, ame #f cTrBopuia HAHOINBIMINH BUKJIWK JIOJCTBY; MU —
CTBODPiHHSA BOTHIO; BYTLJIJISA — I€ COHAYHA €Heprid, 3aXorjeHa MiJIbHoHT
POKiB TOMY; HAHOIIBINHI BUKINK, 3 AKAM KOJH-HEOYIL CTUHKATIOCS JIIO -
CTBO, — Ile IOBEPHEHHA 10 COHAYHOI eHeprii, sxa Moraa 6 3a10BOJIbHUTHA
BeJIMUe3Hi eHepreTHUHI oTpedu Jroell.

BizbMu y4acTb vV rpynosiv poo6ori

0O6’enHaliTech y Tpynu Ta nisHaliTecA: AK No6yBaTH BOTOHb i MTUTHY BOAY
Ta 30epiraTu TPOAYKTH B MOXiTHUX YMOBAaX; K 38HU3UTH BIJIME TEILIOBUX
MAaNINH Ta TEILIOTeXHIKN Ha JOBKLIIA; AKi € CIIOCODM IOAOMaHHS eK0JIO-
rigvHux TpodieM, OB’ A3aHUX i3 BUKOPUCTAHHAM TEILJIOBHX MAIIHH.

B IlpoBenits nuckycii. Yomy BasKJIMBI eHeprooniaaHi 3axoau OO POAUHMT,
rpomanu, Kpaigm? fAKi mepcneKTHBH PO3BUTKY aJbTepPHATHBHOL eHepre-
TUKH YKpaiou?

OUIHU CEBE

=
\;,w BukoHan B e-gogatky 3aB4aHHsA Ana caMmoOoLUiHioBaHHA (16.3).

Tu smacmi, o piIHHE MalOTh BJIACTHBOCTI, 3YMOB- &
JIeHL 0CODJIMBOCTAMHE B3aEMOJIl YACTHHOK PIIMHK MiXK "
c00010 Ta MoBITpAM ab0 TBEPAUM TiJIOM. &
o ’ . 3MOuYYBaHHA
MoBepxHeBUiA HaTaAr KaninapHictb .
i He3MOuyBaHHA

Fz0
F=0

=
G~ ~
Al
-




Tw BMien pospi3HATH BHAM HAPOYTBOPEH- [

Tema 2. 3MiHa arperaTHoro cTaHy. TenioBi MallHKX

HA: BUIIAPORYBAHHA 1| KUTiHHAA.

Tu posymierni, N0 o3Hadae BUPa3: BOJO-
riets moBiTpsa 45 %.

Tu BMienI ONUCYBATH TENJIOB1 IpoIlecH, 10
CYIPOBOKYIOTE 3MiHY aTperaTHoro CTaHy pe-

=, °25°C

" e w

e =] =

Iat

o _-_‘_- 100°C

L] [ ] I

YOBHHH Ta IePEeTBOPEHHS TeIJIOBOI eHeprii 3a ' A /
JOMIOMOTOI0 BiANOBIAHUX (Di3MYHUX BeJIMYHNH.
; = MMBOJ Ang My
Hazga ¢iznuHol c OJLAN Popmyna
O3Ha4eHHn NO3Ha4YeHHs, A5 BU3HAa-
BEJIMYUHU
oAVIHULA YEeHHA
disvyHa BeMYMHA, WO |
NnoKasye, siKa KinbKicTb Te-
nnoTK H XigH q ne-
Mutoma Tennota OTM Heobxiana ans ne a1 Mok e
pexoay 1 Kr pe4OBWHU i3 Ay L — m
naaBneHHs o S KT
TBEPAOro CTaHy B pigokuii
3a Temnepatypu nnas-
NEeHHs
diznyHa BenuYuHa, LWO
nokKasye, SKa KiNbKIiCTb Te- L (a6o nitepa r)
Mutoma Tennota | nnoTu NoTpibHa, wob ne- I L:E
NapoyTBOPEHHY | PETBOPUTK PIOMHY MAacoIo 1 s m
1 kr Ha napy 6e3 3miHu KI
TemMneparypu :
disnyHa  BeNMHMHA, LWO |
MoK , 9Ka KiNbKICTb Te-

MNutoma Tennota Osaeye; i STk 19 i q:E
aropaHHs NNoTK BUOINAETLCH B pe- 1._JR. m
3y/bTaTi MOBHOI0 3ropaH- "7 kp

H$ Nanuea Macoio 1 kr .
Xapaktepusye edekTus- |
HiICTb BMKOPWCT@HHA Te-
- NnoTW A OOPIBHIOE BiAHO-
KoediujieHT 'ﬂ' P . A Q
. LWEHHIO KiNlbKOCTi TEMNOTH, o _
KEpMEHRLAN LLIO BUKOPUCTOBYETLCH Ha 196 =
HarpiBHMKa . b ve ' Qu
HarpiBaHHA, OO0 KiNbKOCTI
TENNOTWU, OTPUMAHOI BHA-
CRNiZIOK 3ropaHHa nanuea |
Xapaktepusye edekTus-
;3 HICTb NEPETBOPEHHN eHep-
KoediujeHT aiv p P . b Q. -Q
- rii i AOpiBHIOE BigHOLLEH- o _ 2
KOPUCHOI Al .. n, % e
- HIO BMKOHaHOi poGotn A Q
TEMI0BOI MaLWNHK T ; 1
J0 HadaHoi KinbkocTi Te-
nioTm @,




Tema 2. 3MiHa arperaTHoro cTaHy. TenioBi MalWwnHy

1. (0,50.) Yra:xu, 0o BigdyBaeThCHA 3 PEUOBHHOIO,
AKa Oe3mepepBHO OTPHMYE €HEprii, a TeMIepaTypa
i He 3MiHIOETHCA.

=
|
1

f}

A nnaBuThbCcA B BunapoByeThCA
b marpiBaetrnca I oxolomKyeThea

2. (0,5 6.) Yramxu, 3a AK01l YMOBH MOKJIHBO, 1100
TeMIeparypa Kumiaas sogu 6yma 120 'C.

A 38 HOPMAJIBHOTO 30BHIMIHBOr0 aTMOCHEPHOr0 THCKY
b 3a migBuUIIeHOr0 30BHIOIHBOTO AaTMOC(EPHOTO TUCKY

B AKmo BOOy KUII' ATUTH OYK€e HOBLIBHO

I AaxmI0 y Bogy BKHHYTH Ay:e Harpite (zo 1000 °C) Timo

3. (1 6.) Buzuau KKl mapoBol mammuHM, AKOIO 11 HATPIBHUK Iepegae
pobouomy Timy 1200 Ik Tennorw, poboye TijIo BHACHIJOK IIHOTO BUKOHYE
poboty 200 H:x.

A6 % 560 % B 100 % I'24 %

4. (16.) Buszau, AKY KilTbKicTh TemsoTu HeoOXiTHO mepeaaTH BOIlL Ma-
coio 1 Kr, y3ATili 3a TeMOepaTypHu KUMiHHA, 1100 mepeTBOPUTH ii Ha mapy.

A2,3-1010I2x 54,6106 II:x B23 Mz 1'2,3 MIx

5. (0-3 6.) Ha wmamosKy 300paskeHo rpadik sMiHEM TeMmepaTypu

CBUHIIIO. o Sy
. . . t,°C

a) fIkomMy cTaHOBI CBHHIIO BiATOBiZAE A

Bimpisok rpadira AB? 1
6) 5k sMiHMIaca KiHeTHUYHA eHepria
MOJEKVJI i/l uac mpoIecis, 010 BiAmIo-
Bimarors ginsaxam AB i BC? 327+
B) ¥V axiii 3 Touor (K yu M) MoJIeKy I s
CBHHIIIO MalOTh OlIBIINE 3amac KiHe-
TuuHOI eHeprii? Yomy?

1) Sk 3MiHIOETBCA BHYTPIIIHS eHED-

rig cBHHIIO Ha gingarax AB i BM? i i - =
Hoiey'l \ 0 5 8 11 t,xB y

6. (0-36.) Y xamopumerp, mo MicTuTh 1 kr Bogu 3a 0 °'C, soyctmau 200 r
Bogarol napu 3a 100 C. flka remmeparypa BCTAHOBUTELCSA B KaJIopuMeTpi?

7. (0—-36.) Aka KinbRicTH TeTITOTH HeoOXiTHA, TII00 3 KT THOY, BRATOTO
3a remmeparypu —10 ‘C, posmaasuru i sBunapysatu 200 r yreopesoi soau?




TU HABYULLUCA:

v

TEMA 3. ENIEKTPUYHA BIAEMOAIT

BMOMpPAaTK Ni3HaBabHY CUTYAL,l0, KY MOXHA PO3B’A3aTi AOCHILHMLbKMM
cnocoGom, dopmMynioBaTi BUCHOBKW, MPE3EHTYBATWM Pe3ynbTaTu, 3Mii-
CHIOBATW CamMOaHasi3 gocnigHULUBKOT OisnbHOCTI;

onpaubOoBYyBaTh, CUCTEMATU3YBaTK Ta NpeacraBnatu iHGopmauilo npu-
POAHWNYOrO 3MICTY;

OOCNIKYBATA €NeKTPUYHY B3AEMOLIK Tisl, eNeKTPUYHi BNacTUBOCTI pe-
YOBVHW, YMOBU ICHYBAHHS €NEeKTPUYHOrO CTPYMY, 3aNE€XHICTb MiX CUNOI0
CTPYMy, ONMOPOM i HANPYIOK B ETEKTPUHHOMY KOJi;

po3B’'A3yBaTn Qi3rMyHi 3agadi Ha 3akoHM KynoHa, Oma.

TN 3PO3YMIELL:

LS G

L0 € NPUYMHOLID eNEKTPOMArHITHOI B3aEMOgil;

sIKi € MexaHi3Mu enexkTpusaLi Tin;

LLLO Mif, Yac enekTpu3aLii HOBi eNeKTPUYHI 3apaam HE CTBOPIOIOTLCH, a n1Le
NepeposnoLiNAlTLCA, | 3aralbHUn eNeKTPUYHWUIA 3apag cucTemMun Tin 3oe-
piraeTbLCs;

4OMYy HeOOXiOHO YTUNi3yBaTN €NEMEHTU KMBNEHHS.

-

OMNUCYBATU ENEKTPUYHY B3aEMOAIIO Tin;

rpadivHO 300paxkaT eNeKTPUYHE Nnone;

MOSICHIOBATM MEXaHi3M YTBOPEHHS €/1IeKTPUYHOr O CTPYMY;
PO3PI3HATK NPOBIOHMKM Ta OiENEKTPUKA;

KPECNUTN CXEMU ENEKTPUYHUX KiN;

perynioBaTu CUny CTPYMY i HANPYry B eneKTPUYHOMY KOTi.




§ 17. AI3HAEMOCS NPO

ENEKTPUYHNNA 3APSA

CrorogHi Ha ypoui @i3kynbTypy BUKOHYBaNM Nepekmuan
Ha cnopTuBHMX MaTtax. [licng 4oro BONOCCH HEMOXIN -
BO BYJI0 NpUdecaTu, TATHYNOCS 3a rpeGiHuem.

L "
\"(Tax, HAMArHiTUNOCh. )

(Ta Hi. HaenexTpuaysanocs!

Hocnigm, umM moxibmi it Bigmimmi marmitTHi Ta emexTpmumi BsacMomii
(mai. 17.1). O6radHanusa: OBa MArHiTH, MeTaseBl 1 maacTMacoBi CKpinKm,
namip, ABi HOBiTpAHI KYJIBKH.

4 ™

5 N
N S S

D - -

(s NS N

O () k. |

Man. 17.1

3’Acyit, aAki cKpinkum (maacTMacoBi UM MeTaneBi) ODpUTATYe MAaruiT
(mam. 17.1, e). Yu 3ale)KUTh OPUTATAHHA CKPIMOK Bix ix BigcTani go
Maruity? Uu 3aIeXUThL NPUTATAHHA CKPINOK BiJ TOr0, AK0OI0 YACTHHOIO
HaOGJMKATHI MAaTHIT (OQHUM KpaeM, iHIINM, cepeInHOI0); Bix BigcTani?




§17. [li3HAaEMOCA NPO eNeKTPUHHWIA 3apaj

3’sAcyil, UM NPUTATYE OIOHHO HAAYTA MOBITPAHA KYJBKa CKPINKH, ApiOHI
namipiii. I[lo aMiHUTBECA, AROIO0 KYJARKY HATEPTH 00 CHHTETHYHHUH YK XyT-
pauuii ceerp (Bonocea) (manx. 17.1, (0)? Yu zamexuTs npuTAraHag apid-
HUX TIaMipIiB Bif TOr0, AKOI0 YaCTUHOIO HAOMMKATH KYJIBKY; BiJ BimcTani?

3’sacyd, y AKX BUNALKAX NOPUTATYIOTHCS, BiAMITOBXYIOTLCS MATHITH

(man 17.1, ©).

ﬂ 3’dAcyl, ¥y AKUHA BUNAOKaX OOBITPpAHA KYJAbKa MPUTATYETHCA A0 CTiHU,
BimITOBXyeETHCA Bif iHII01 moBiTpsaHoi KyapkH (Maua. 17.1, @).

I3HABAMCS IIlo € npuuunow enexmMpoMazHiMHOT 63aemodii?
A Iloiino y Tebe Oynma MOKIMBICTDL IMepeKOHATHCH, MI0
Y MAar"iTHi # eIeKTPpUUHI B3aeMoIil Ay ke cXoxKi.

CXOXICTb y MarHiTHiiA Ta eneKTpuYHiii B3aemomii nonarae B TOMy, L0
B33EMOJIs MiXX MarHiTamMun Ta HAeNeKTPU30BaHUMW KyNbKamu NposBs-
NAETbCH Y NPUTHrAHHI | BIAWTOBXYBaHHI, Us B3AEMO/IA Oj€ Ha HEeBENu-
KWX BiACTaHAX i NP1 BigganeHHi B3aEMOoiloHunx Tin BOHA 3MEHLLIYETHCS.

MarHiTHa B3aemMogid, nputaMmaHHa MarHitam, BUPI3HAE IX 3-NamMix
iHW¥x Tin. | ua BnacTuBicTb 30epiraeTbCa y MarHitie TpuBanuii 4ac. p
N,
‘ a
@ MoBiTpsHA KyNbKa, @ TAKOX NAacTMacu, CKNo, iHWi CUHTETUYHI MaTe-

= pianu nicng NeBHUX Ajid (HaTUpaHHe, AOTUKY) NPOSBAAIOTE BNeKTPUYHY
@» B3AEMOZII0.

CniopiBatocs, T BxXe 3p03yMiB/3p03ymMina, WO enekTpoMarHir-
Ha B3aEMOMiA 3aNeXnThb Bif, BHYTPIWHLOI 6y0,0BU PEYOBUH.

EnexTpuuni #f MargiTHiI aBUIIIA TA TPOIlecH OYJIHM BiIOMI JJIOJCTRY 3 JaBHIX
yaciB. IIle B Crapomasui#t I'pentii sroaqu moMiTHIIM, 1110 OYPINITHH IPUTATYE
npibHe mip’A, COMOMUHKHN, cyxe JUcTd. Big Ha3Bm «6ypmTuH» (Y MeperJa-
nIi 8i craporpel. — «eJEKTPOH») Tija, 010 IPUTATYBANHUCA, CTAJIH HABUBATH
Haerekmpuzoganumu (260 eTeKTPUUHO 3apAMKeHUMH). YIepnie IpUPonHY
pPedYoBUHY 3 MATHITHUMH BJIACTUBOCTAMM, HMOBipHO, 6yJI0 3HAIeHO B CTAPO-
JaBELOMY MicTi Maruecis, ocKiTbKH CJIOBO « MATHIT» ¥ IepeKIani 3 rpenbKol
o3Havac «KaMiub i3 Marmecii». Cyuacua maszBa 1iei peYoBUHHM — MarHiTHUH
3aMi3HAK (MarHeTUT).

YTpo10B:K TPUBANOTO Yacy BUEHi i BUHAXITHUKY HAMATAJTUCA POZKPUTH
TaeMHHUILL eTeKTPUKH i MarHeTu3My. Ilikaso, 1110 eTeKTPpHUHUHA CTPYM MoUa-
JIW BUKOPUCTOBYBATH 3a/I0BT'O /IO TOTO, AK 3’ ICYBAJIH, IO € 070 MPUYHHOIO.
Amxe ntunie Ha moYaTKy XX CTOJITTA 00 3’ gcoBaHO # AOCHIIKEHO MPHUUH-




Tema 3. EnexTpuqHa B3aEMoJis

HY OuX ABHOl. [Tpo XpoHOJIOril BIAKPHUTTIER ¥ AOCHAIAKEHH] eIeKTPHYHHAX
i MAargiTHUX ABUII TH MOYKENI Ji3HATHCH Y AOJATKOBHUX [PKEpPeJax.

Posgusuce mamounok 17.2 i mpuragaii, mio Tobi BigzoMo npo OYVZOBY ato-
Ma (§ 2). Hu mMosxenr MOSCHUTH, YOMY CKJIAJHUKH aToMa MalOoTh TaKi Ha3BH:
€JIEKTPOH, IIPOTOH i HelTpoH? ~

EnexTpoHu #i IPpOTOHH MAarOThHL VHi-
KalbHy IPHPOSHY BIACTUBiCTLE —
enexmpuyunuil 3apad (electrie charge),
3aBOAKH SKOMY BOHH IPOABISIOTH
3OaTHICTL NPUTATYBATHUCH 1 BiAIITOB-
XxyBaTuchb. lHma uwacrtmHKA, IO BXO- Man. 17.2. ATOMU AKNX XiMIYHIKX
JUTE 0O CKJAaAy aToMa, — Heumpon — | enemeHTiB 306paxeHo?

He Ma€ eJeKTPHIHOrO 3apALY, € eIeK-
TPUYHO HEHUTPAIBHOIO.

‘-’; = [lepernsHb B e-400aTKy aHiMauiiHy Mogenbs 6ynoBu \-‘
\ ks aToma (17.1). /

N
- - vse.ee/cnlv

Sk 6yio 3’sicoBaHO, 3HAUEHHS €K TPUUHOTO 3apsANY MPOTOHA 34 BeJIMYUHOIO
Take, AK 1 eJeKTpoHa. A OCKITLKM BOHM 3AaTHi MPUTATATHUCH i BiJIMITOBXYBAa-
THCE, TO IIe MOKJIABO, AKIIO0 BOHHU AKiCHO YNMOCH BiipisHaTUMyThCA. ToMy mo-
MOBHJIUCH, ITI0 3apsA[ eeKTpoHa Oy e HezamueHUM, 8 TPOTOHA — NOSUMUBHUM.

EJIERTPPF-IHHI:'I 3apAan Io3HAYawnTh CHMBOJIOM ¢.

OpMHUIS eJIeKTPUYHOIO 3apsany —
KYJIOH (HagBaHA HA YecTh PAHIY3b-
koro ¢isuka [Ilapmasa Kynona), 1 K.

EnekTpuuHuii 3apap, (electric charge) —
ue ¢isuyHa BeMMUMHAE, AKa XapakTepu-
3y€e BNACTMBICTL YACTMHOK i TiN BCTynaTtu
HaiiMeHIIIe 3HAYEHHA HeraTUBHO- B S/1EKTPOMArHITHY B3aeMOiio.

ro eIeKTPUYHOTO 3apany Mac ejieK-

TpoH. Vloro Ha3UBAIOTD eeMe HMAPHUM 1 TOBHAYAIOTh JiTEepOIO €, a4 BHAUCHHS
3anucyoTh Tak: ¢ = —1,6 - 107'° Kx. Sapazs npoToHa 3a MOAYJIEM IOPIBHIOE

BapsAAY eIeKTPOHA: ¢ = +1,6- 10 K.

Bynb-sike 3apAIKeHe TiI0 Mae 3apAd, KPAaTHUHN eIeMeHTapHOMY:

e - N
| |:N|€| e N — HaTypaJibHe YHCJIO. 1" H|: He
4 dt Lo giﬂ.poreu Tenin
. . . . . 0O0EHb
Y KO)KHOMY aToMi KiTBbKiCTh eJleKTPOHIB HOpiB- LT 4,0026
. . . sl 3] 0
HIOE€ KiJIBKOCTi OIPOTOHIB, TOMY ATOM ENeKTPUYHO ||qo o Li |1'|EOH Ne
HedTpanpauii. KilbKicTs DpOTOHIB BH3HAYaE HO- 648 018
pAnKOBUIT HOMep XiMiunoro eyemenTa B Ilepiogmy- i Nal
miit cueremi. Ha mam. 17.3 sobpaxeno mpuxiagu | |HaTpin AproH
L& 22,9898 39,948) )

3alUCiB JeAKHMX XIMIUHHX €JIEMEeHTiB. N

Man. 17.3




§ 17. Ai3HaeMOCdA NPo eneKTPUYHWIA 3apag

Ax 10061 Bimomo (auB. § 1), eJIeKTPOH MOKE MOKMHYTH aTOM i IPUETHATHCH
0 1HIIIOTO aToMa. ¥ TROPEHY YACTHHKY HA3UBAIOTH LLOHOM.

Wonu 6yBaioTh MOSUTHUBHI i Hera-
THBHI Ta MOYKYTD iCHYBaTH CAMOCTIITHO
V BCiX arperaTHUX CTaHAX PEYOBHUHHU.

Pospisnsaemo maznimuny, enex-
MPUYHY MmMa ereKmpoMazHimuy
63aemo0il.

WoH (lon) — ue enekTpuyHoO 3apsmKeHa
YACTMHKA, L0 YTBOpUIAaca 3 atoma abo
atoMHOI rpyny BHacnigok BTpatu abo
NPUESHAHHSA 4,0 HbOTO EJIEKTPOHIB.

Yomy B 3aBOaHHi Ha no4atky naparpada Mu NopiBHIOBAIW OKpe-
MO MarHiTHy Ta enekTpuyHy B3aemofii, a B caMmomy naparpadi
3’ICOBYEMO, LU0 € NPUHMHOIO ENEKTPOMArHiTHOI B3aemogii?

TpuBamuii yac i ABWUIIA BUBYAJHUCE HE3aJEKHO — OKPEMO MAar"irTHi
1 oOKpeMo eqeKTpPHUHI. Amxe gificHO MisK HUMU € TTeBHI BigMminHOcTi. Te, mio
Oi ABMOIA TiCHO MOB’A3aHi i m10 € mizcTaBy iX 06’eAHATH €JUHUM TEPMiHOM
enekmpomazHimui, npunyctTus v cepenuHi XIX cTomiTTd mIoriaHmchKHN

yuenwuii [x. K. Makcse.

I Tv TaR 0K BUBYATHMEMNT 1X OKPEMO: ¥ IIBOMY PO3/ILITI NepeRAKHO eNeK TPHU-
Hi aBumia, y 9 knaci — maruitHi. 3’dacyern, uoMy, DOOPH Te, IO YCi peYOBUMHNA
MICTATH IPOTOHU H eNeKTPOHH, O/[HI 3 HUX NPOABIATL MATHITHI BJIACTHUBOC-
Ti, & iHOT1 3HaTHI eMeKTPHU3YBATHACH UM TIPOROJAUTH eJIEK TPTUHUH CTPYM.

Tu Bae 3HaeMmI, OI0 iCHYIOTE JBa POIM
eJIeKTPUYHHX 3apAliB — MDO3HTHUBHI
i HeraTupHi. Tina, 10 MAOTH 3apAIH 0]~
HOI'O 3HAKA, BiIIITOBXYIOTRCH; Tiaa, IO
MAaIOTh 3apAIH TIPOTIJIEMKHUX 3HAKIB,
OPUTATYIOTECA. CXeMaTUYHO B3aEMOiI0
eJIeKTPUYHO 3apAMKEeHUX Tin 3o00pake-
HO Ha MajdoHKY 17.4.

@ @

e&@“e

3apsagxkeHux Tin (17.2).

\

OYMAN

(" e Mepernsivb B €-404aTKy aHiMaLiliHy MOAENb B3aEMOA;T )

N\

AKi yacTHHKE aToMa MAalOTh HeFaTUBHHUH 3apsdam, a aKi —
nosutuBHuN? e BoHH postamiosaHi? Ywum Bel yacTHHKHI

aToMa MATh eJIEKTPHYHHAHN 3apax?

Aruit gismunmii 3MicT DOPAIKOBOr0 HOMepa XiMiumoro eremenTa?




Tema 3. EnekTpu4Ha B3aemMogia

IITo Take ereMeHTAPHUN eJIeKTPUYHUN 3apAn? ke fforo sHaueHHA?

| $Ix MOKHA JOBECTH BUCJIB: eJEKTPUYHUN 3apA] — Lie IPUPOJHA BIACTH-
BicTE e1eKTpoHA?

fAxi 3amigm BiOyBaOThCA 3 aATOMOM, AKNOIO BiH: a) BTpadae eJeKTpPOH;

- 6) oTpuMy€ eJeKTPOH?

| Yy moxke Tio MaTH sapang +4,8- 10 Ka? -8,1- 10 Ka? +3,2- 10" Kiu?
Yomy?

PO3B’'AXU 3ANAMI
n Arif KiTbKOCTI eneKTPOHIB BignoBiKae sapsag —8+ 1071% Kun?

E Y sgpi aroma Aprearymy 107 wacruHor. HaBroso simpa 00epTaroThes
47 enexTponir. CKiTBRY B /i IIBEOTO ATOMA HENTPOHIR i TpoToHIB?

E Y angpi aroma Huary 65 uacTuHOK, i3 Hux 30 npoToHiB. CKinbku HeHTpO-
HiB B A7pi 1 CKiILKY eJIEKTPOHIB 00€PTAIOTHLCA HABKOJIO SAPa IBOro aroMa?

Hakpecnu cxemaruuse 300parkeHHa Nos3uTHBHOTO HoHa JliTito #i aroma
JliTiro.

B YcranoBu BinnmoBigHicTh MiK cxeMaTuwuHUM 300pakenHaM (A—B) Tta Ha-
3BOI0 YaACTHHKHY peuoBuHU (1—-4) (Mmamx. 17.5).

© Ha mamronky 17.6 300paskeHO eJeKTPUUHY B3a€MOJi0 OfHiel BenmKoi
i IBOX MAanmeHBKUX MeTAJeBUX KYJIboK. fIK1 3apAnu MaioTh MaJeHBbKI
KYJIBKH, SKII0 BeJUKA KYJIA 3apAgKeHa IO3UTHBHO?

~ LT 2

1 MNosuTtueHWA lioH Nigporeny
A

2 Arom lMNgporeny

3 HAppo lNagporexy

4 HeratueHuiA MoH [Nigporeny

\@ 0

Man. 17.5 Man. 17.6

OUIHU CEBE

r—

f BukoHaii B e-goaatky 3aBaaHHa ons camoouiHioBaHHA (17.3).




§ 18. A0CNIAXKYEMO, K BIAGYBAETLCH
B3AEMOAISN ENEKTPUYHO

3APSAXKEHUNX TIN

Yy 3MOXY § enexkTpu3yBaTu Tina i BU3HA4YaTW, SKUNA
came 3apsan, NO3UTUBHWIA Y HEMraTUBHAIA, BOH MaloTh?

3’sicyi, AK B3a€MOIIATHMYTh HaeJleKTpusoBaHi Tina. O0xnadHanmsa: gBi
OJIacTMacoBl JiHIHKHK, CKISHA NATH4YKa, apKYII Iamepy, DIOBKOBA TKA-
HuHA (a00 miKipa); BOBHAHA TKaHHHA (200 XyTPO).

IMorpu mBi muacrmacoBl JiHIMKKM 00 BOBHY U mijHecH ojHA X0 OJHOI.
ITepecriguncsk, 0 BOHW BiAMITOBXYRATUMYTECS (Mai. 18.1, @).

Morpu ckaA”y nagudry ob namip i nigeecu no opniel 3 niniior. Iepe-
CBiUMCH, MO0 BOHU IPUTATYBAaTUMYThed (Maur. 18.1, @).

3’sacyii, 06 1Mo MOTPiGHO MOTEPTH MIACTMACORY JiHIAIKY, 06 BOHA TeX
NPUTATYBaJACh [0 iHmol JiHifKH.

UL

Man. 18.1

Ax eidoysaemuvca enexmpusayia domuxom? Ilig
Yac MIiJIbHOTO KOHTAKTY (TepTs) TiJI 3 PI3HHUX MaTepia-
JiB BigbyBaeThCA Mepexis eleKTPOHIB Bif ogHOTO Tijna
,im iHIIIOTO, a 0T¥Ke, OJHe TiIo HAOYBaE eJIeKTPOHM, a iHIme — BTpadae. Caif
3a3HAYNATH, II[0 CAM IIPOIEC TepPTA He € BU3HAUAJIBHUM [IJIS eJeKTPHU3alrii.
JlocTaTHRO MILIEHOTO KOHTAKTY (TOTURY). AJle TIi/T Uac TepTA eJIeK TPH3Aallisd €
iHTeHCUBHINIOW YHACHIAOK 30iNIbOIeHHA IO JOTUKY TiJ.




Tema 3. EneKTpu4Ha B3aeMois

SArRnoro micada KOHTAKTY Tija po3’egHATH, TO BOHU OVAYTH pisHOMMEHHO 3a-
PALMKEHUMH: TiJIO, 10 OTPHUMAJIO eIeKTPOHY, CTAHE HETATHBHO 3aPAMKEHTM,
a Tinmo, 1o ix BTPaTHJIO, — [IO3UTHUBHO 3apAMKxeHuM (Main. 18.2).

Buasndaersesi, mio Bijg JOTHRY 3
pi3HIMHI pedoBMHAMM Ta caMa peuo- = EJIEKTpU3auis AOTHMKOM (electrification
BUHA MO’Ke HaOyBaTH sapay pisaux Dy touch) — L8 npoLpe HaOyTTs Ti-”aM“-
3HAKIB. AKII0 nmacTMacoBy JiHIAKY o KQHTaKTy'O_T""" €NeKTPUHHOro 3apsay
norepTu 00 BOBHAHY TKAHWHY, BOHA BHEG/IROK COMIEY BSKTRGHAMI,
Ha0yBAa€ HETAaTHBHOT'O 3aPANY, 2 BOB-
Ha, BiAMoBiiHO, NOSUTUBHOTO. BOBHA BTPHUMYE CBOI €JIEKTPOHH MEHIII MiIl-
HO, Hi} IJracTMaca, TOMY TiJf Yac KOHTAKTY BOBHH i MJIACTMACH €JIEKTDOHM
B OCHOBHOMY I€PeX0JATEH 3 BOBHAHOI TKAHUHHY Ha IJIACTMaCOBY JiHIHKY, a He
HaBnaxu (maJ. 18.2, e).

Y BUMaAKyY KOHTAKTY CKJIAHOI MAMMYKHK i nanepy (UM MIOBKY) eIeKTPOHUT
BTpauae caMe CKJO. 3apaAl CKIAHOL NaJHIKH OyJe TOBUTHBHUM, a 3apaj na-
nepy (4 moBKY) — HeraTuBHUM (MaJu. 18.2, @).

/“
MnacTmacoea niHinka

CkngaHa nanuyka
o™

3 e
57y ~<~—Tanip

Man. 18.2

Y xabinerax ¢isukm MoikHA T00AYHTH eleKTpodopHy Mamuny (Max. 18.3),
y AKiIf BUKOPHUCTORYETHCA €JIEKTPH3AIlid Uepes3 TepTA i eJeKTpU3allia yepes
BrumB. Ile mae 3Mory HaKOMWYIYBATH Ha KYJbKaX BEJIUK] eIeKTPHUYHI 3aps-
¥, AKi COPUYHHIOITE €JIeKTPUUYHUH PO3pAS — MiHiaTIOpHY OJUCKABKY .

'\\




§ 18. JocnigxyemMo, AK BiABYBa€ETLCA B3aEMOAIA. .

Ane KONy My BUKOHYBANM A0CNI AW 3 NOBITPAHO KYNbKOIO, TO Ha-
Tepnu Tinbky ii. Manipui 6ynu enekTpryHO HENTPaneHi, ane no-
YUMHANMW NPUAMNATY A0 KYNbK Biopady npu HabnumxeHHi, HaBiTb
63 KOHTaKTy.

Ax 6idbyeaecmbea enekmpuiayia wepe3 6niue?

Y npoMy BUTIAZKY eJIeKTPU3allia BiIOyBaeThCA Uepes BILIUB 1 6e3 mepexo-
Iy eneKkTpoHiB. Posriaae Mamonok 18.4. KO0 10 eTeKTPUIHO HeHTpaib-
HOrO HNamipna HaOMMKATH DO3UTHBHO 3apAmsKeHe Tilo, TO eIeKTPOHHU 3Mic-
TATHCA OIMIKYe 10 HBOTO, i manipenb OPUTATYEThCA (Man. 18.4, ). Iloxmi6ui
OpomecH BifOyBAIOTHCA, KOJHU 0 €IeKTPUYHO HeHTPAIBHOIO MAJEHBKOTO
mamipra Ha0aM)KaTH HeraTHBHO 3apalKeHne Tijmo. ¥ IbOMY pasi eJIeK TPOHH
OamipIig 3MIIIYIOTECS ¥ OPOTHUIEKHUH 6iK, 1 6au:KUe 00 3apAIKeHOro Tija
BHABJIAIOTHCA MO3UTHBHO 3aPALKeHl YJaCTHHKH B aToMax nanepy. [Tamip ra-
KOXK IpuTArysatumersbes (mau. 18.4, ().

¥ el g !
/

Man. 18.4

Tenep 3p03yMino, 4oOMy KynbKa «npuannanas go CTiHu (auB.
man. 17.1, 0). BoHa Oyna HaenekTpusoBaHa i CripudnHSNa
nepepos3noain 3apsnie y CTiHi.

RS ll

IemyroTs # iHIIL cmocobu eneKTpH-
samii Tin. Hanpuxaang, MmeTan MorKHA
3pOo0HUTH TOSHTHBHO 3apsaI:KeHHM,
AKIIO OCBITHTH HOro BiITTOBIITHUM CBiT-

Enextpuzauia 4epe3 Bnnue (electri-
fication due to impact) — ue nepepoano-
- [iN eNeKTPUYHOro 3apsamy B Tili, 3yMOB-
JIOBUM IIOTOKOM. ¥ pesy/JbTaTi B3ae- NEHW OJE0 HA HBOTO ENEKTPUHHOrO NoJIs
MOZil CBiTJIA 3 METAJIOM BiIOYBAETHLCA 3apAMKEHOro Tina.

BUBLILHEHHS eMeKTPOHIB i3 mMoBepXHi
merany. Brpauarounm eleKTpOHM, Me-
TaJ CTa€ MO3UTHUBHO 3aPAIKEHUM.

IIpore emexTpU3YBATH MeTAJEBHUH CTPHIKEHL TEPTAM TODI He BIacThed,
AKOI0 TH OyJgenr TpUMAaTH Horo B pyni. OCKINBEKH eJIEKTPOHH, HE 3YyIHUHAIO-




Tema 3. EnekTpu4Ha B3aEMO s

YHUCE, MOKYTE IIPOUTH 110 METAJY TA PyXaTHCA KPishk JKJCBKE TiJIO J0 SeMJi,
Aarka Texk € nporigHuKoM. (ITogymati, v axkuit cmocib yce sk TaKW MOXKHA Ha-
eJIeKTPU3YBATH MeTaJIeBUH CTPUKEHb TePTAM.)

LikaBo, a 4s MoxHa 3podUTU HaBnaku: o6 HaenekTpu3oBaHi
Tina 3HOBY CTaNnu HEUTPaNbHUMI?

1ITo6 gaTw; BigmoBiabL Ha Ie 3aIUTAHHA, BUKOHAHN gocaimxenna. Haemex-
TPUSVH NJIACTUKOBY JIHIHIKY 00 BOBHAHY TKaHuUHY. Posginm ix. A Temep 3HO-
BY TOPKHHUCHA JIIHIAKOIO JO TKAHUHH 1 TiJHeCH 1X, HAIPUKJIIAJA, 40 HOBITPAHOI
KyJabpkHu. BEinekTpruHol B3aemoii He Oyme.

Ilepexonaiica, wo nid wac erexkmpusayii HoGi enekmpuyni 3apadu He
cmeoprowmbea. 13 mpoBeJeHUX JOCHiAiB 3 eylekTpusanii MoKkHa 3pobUTH
BajKJIMBUH BHCHOBOK: 3a OVIb-AKOTO cIoco0y eeKkTpHU3arril Tisn enekTpuuHi
3apsAAY He BUHHKAIOTE 1 He 3HUKAIOTD, & JIUIIe IePePO3ToqiaIAI0TECA MK yci-
Ma TiraMu, AKi 6epyTh yyacTh ¥ TOMY 4H iHmomy opoieci. I{ro BmacTuBicTs
OIUCYE 3AKOH 30epexeHHA eAeKMPULH020 3apady.

MaremaTnuHo 3aK0H 30eperKeH-
Hsl eJIEKTPUIHOTO 3aPAY MOXKE Oy TH 3akoH 30epeXeHHs eNeKTPUYHOro 3a-
chopMyIBOBAHO TaK: a.gzedpaitHa pany: NOBHUIA 3apag cuctemu Tin abo yac-
cymMa eaeKmpuyHUX 3apAdis, w0 TUHOK, LLLO YTBOPIOIOTE 3aMKHEHY CUCTEMY,
Ymeoplomecs 6 3amicneniii cucme- | NAYAC OyAb-SKINX B3AEMOAINA Y Ll CUCTEMI
Mi nid wac 6ydv-arux 63acmodiii y yii ~ SAMWAETHCA CTANMUM: ¢, + ¢, F ... + G, =
cucmemi, Odopienioe nynto. Tepmin glliot
anzedpaiyHa cyma BiKUBAETHCSA TOMY,
10 eJIeKTPUYHI 3apaau € ABOX BUAIB: IO3UTHUEBHI i HeraTusHi. MaTeMaTHYHO
HOBHTHBHUM 3apsAfaM IPHINCYETHCA 3HAK «+», HEFATHUBHUM — 3HAK «—».
IIpurapgaii, ax v matemaruni: —5 + 5= 0.

Ak y BUDagry 3akony 30epe:xkeHHA eHepril, y BUIAAKY 3aK0OHY 30epeixeH-
Hf eJIEKTPUYHOTO 3apaAxy Tija, 0 B3a€MOIilOTh, MAilOTh YTBOPIOBATI 3a-
MEKHeHYV cucTteMy. To6T0O BOHM MAaOTh B3AEMOIIATH TIILKHT OfHE 3 OJHUM i He
B3a€MOIiATH 3 TimaMH, [0 He BXOOATD O Ifiel 3aMKHEHOL CHCTEeMIH.

AYM A Hazeu BigMiHHOCTI B crmocof6ax enekTpHU3aIlii ZJOTUKOM i ge-

pe3 BIIIIUB.

Chopmymoit 3aKoH 30eperkeHHS eNeKTPHUYHOrO 3apAny.
HaBegwm npuknagm sSBHIN, ¥ AKHX CHIOCTepiracThesa 36epe-
JKeHHA 3apAny.

Yomy 0Vab-gKe JIeTeHbKe He3apsaaKeHe Tijlo OpUTATyeThCA A0 Tina, 110
Mae eJeKTPUYHUH 3apan?




§ 18. Jocnigxyemo, K BiAbyBaETbCA B3aEMOAI4. .

' Ha moBkKOBi#i HUTHI TiABIIIEHO HE3apAJKEHHNH MYCTOTIIUN MITIHAD

3 adoMiHieBol (oabru. SIKOIO 70 HBOTO HAOIHBUTH HaeJIeKTPH30BaHY
CRIAHY NMAJINYKY, TO BiH NpUTATHETbCA A0 Hei. Yomy oapasy micasa mo-
THUKAHHSA [0 TAITUYKHA BiH BiITNITOBXYVETHCA BiJl MaNTUKH?

- Yu mokHA Ha KiHOAX miIacTMacoBol JiHIHKK OTPUMATH OJHOUYACHO ABA

pisHOIIMeHHUX 3apagu? 3anpononyil cnocid, Ak e 3pobuTH.

 SIrmio Tiny, sapAKEeHOMY MOSHTUBHO, HAZATH TAKHH CAMHII 38 MOLYJIEM

HeraTUBHUH 3apsAN, TO TiJI0O BUABUTHCSA eJIEKTPUUHO HeilTpambHUM. Yu
MOKHA CTBEPIYKYBATH, II[0 3aPALM B IBLOMY Tili 3HHKIIM?

' VEKaXHu BHAKU eJICKTPUYHHUX 3apAMiB, [0 BUHHKAIOTH HA Tilax mig gac
edextpusanii (nuB. maua. 18.1).

BUKOHAW NABOPATOPHY POBOTY N2 5
Bukonyit po6oTy 3 JTOTPHMAHHAM IIPABUHJ Ge3MeKH JEUTTENiATbHOCTI!

3’scyi, AKL 3apaAgN BUHUKAIOTEL Ha Tijax mif uac edektpusarii. 06nad-
HaAMHA: HAAYBHA KYJbKa, CHHTETHYHA TKaHHHA, IIJIaCTMAacoBa JiHilKa,
mamip, XyTpo.

Hagkpeciou B 30T TabIUOIO i 3aI0BHA 11.

Ak B3aEMOAIIOTb i3 NflaCTMAacoOBOIO SHakK

Haenexrpu3soBati Tin e 1
aenektpusosa a NiHiKo0, noTepTolo 06 nanip 3apany

HagyeHna kynbka, notepra
006 CUHTETUYHY TKAHWUHY

MnacTtmacoBa niHinka, no- '
TepTa 00 xyTpo

MnacTtmMacoBa niHinka, no-
TepTa 06 nanip

BUKOHAW OOCNIAXKEHHSA

Buxonyii 1ocJaiayu 3 TOTPHMAHHAM MPaBHI Oe3MeKH JKHTTENLATBHOCTI!

Bizemu nBi HagyTi moBiTpaHL Kyapku. OOHY 3 KYJIBOK HAGIEKTPU3VH, IT0-
Tepmu ii 00 mamip, iHMY — 06 BOBHAHY TKAHUHY U XyTpo. Habmm:xah
KYJIBKHN OJHY 0 ofHOI i mpocTelx, AK 3aJIeKUTH CHUJIA MPUTATAHHA MK
KYJbKAMH BiJl BiicTaHi MiX HIMH,




Tema 3. EnekTpu4Ha B3aemogia

Hatpu 06 Bomocea MOBITPARY KYJbKY H mimHecH ii 10 MOPOXKHBOL DaHOUKH
3 ToHKOI (poabru (Maa. 18.5). 3’sacyil, v AKOMY HAIPAMi pyXaTHMeThCA 0a-
vouka. [logcau yomy.

B Bigkpwit kpaH, mod Boga TeKaa TOH- [ 4 - i )
KO0 IIiBKoI0. HaemekTpusyi Mmosi- e B 'R
TPAHY KYAbKY (ab0 miacTMacoBy Jii- i ‘ ==
HifiRY, PYUKY, rpebinens) i nigaecu U\ U‘
o WiBKHW BoOu. [logcHu ABuMie, AKe o ‘
cnocTepiraTument (Mai. 18.6). ! _j _f
\» - | -3
Man. 18.6

J/a MepernaHe B e-popatky Bineo gocniay 3 (18.1). BukoHal Bineo3aeaaHHeA
\ - (18.2) Ta gocnig (18.3).

OMPALIION IHODOPMALIIO

IIpounTaii Texker i 3podH BigOOBIAHII MAJIIOHOK.

EnexTpuszania uepes BOIHUB 3VeTpivaeThea JocuTh uacTo. Hampuwnan,
HaCAigKOM TaKkol eJeKTpH3amii ¢ OimcKaBKa. ¥ HacaioK CHILHUX BHCXiI-
HHUX MOTOKiB MOBITPA ¥ XMapi YyTBOPIOIOTHCA BiIOKpeMJIeH] OiNAHKK, 3a-
pPAIKEeH] pi3HOUMEHHIMHT 3aPAaME : HIDKHS YACTHHA XMAap BHABIACTLCA
3apAIKEH0I0 HETATUBHO, BePXHA — mo3uTuBHO. Ilig xMapoio BHacaigok
eJIeKTPHI3alLii yepes BILIUB BiA0yBaE€ThCA HAKOIIMYEHHA eJIeKTPHYIHOTO 3a-
PALY TPOTHJICIKHOTO 3HAKA. SIKIIT0 HAKONUYEHH I 3apAIiB cTae Ty2Ke Be-
JUKHAM, BiIOYBaeThCA eIeKTPHIHINA PO3PAL — OJIHCKaBKa.

Hapenn innmi npuriiagn ABUIA eeKTpusarii B mpupoai, nobyri, rexHii.
Onumry BOAUE MUX ABUO] HA KUBL opramiamu.

O“f MepernsHb B e-gopatky cumynauii «Jocniaxyemo enekrpuaadiio» (1 8.4).]

OUuIHU CEBE

.W BukoHali B e-000aTKy 3aBOaHHA Ang CamMoOoLiHioBaHHA (18.5).
-




§ 19. 20CAIAKYEMO ENEKTPUIHE none

Mu He moxemo GesnocepenHeo Ga4ynT €NeKTPOHU,
ane Te, WO BOHW €, HE CYMHIBAEMOCL. AKE BHEHUM
BOANOCS BUHAWTU EMEKTPOHHI Mikpockonu i cdoTorpa-
dyBaT atoM. 3 €NeKTPU4YHUM MNONeM Tak He BuhAe.
Mone He cknapaeTbCs i3 YyacTMHOK. [MpoTe | noro mu
MOXXEMO O0CHIONTA.

4

010 HaBKOJIO 3apAlxeHHnX TiJ iCHye eJIeKTpUYHe II0JIe.

ﬂ ITepekonaiics,

Poszausucs citinunu (man. 19.1). He Bukirouso, mio i 3 Todor Bigdysa-
aucs nopioHi apunia. A gymaeni, YoMy BOJIOCCS CTHPUHTE caMe Tak?
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Man. 19.1

E Y mixinpaomy KabimeTi QisMKHU € «CyATaHUYUKK » , 400 IpHIam IS JeMOH-
cTpanil eleKTPHYHUX IOJIiB, 3a SONOMOrOI AKOIO MOYKHA «IIOOAYUTH »
eqexTpudHe mone (maua. 19.2). Ileperonatica B IbOMY caMOCTIHHO.
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Tema 3. EnekTpu4Ha B3aemogisa

ﬂ]3HABAﬂCﬂ Axi enacmusocmi mace enexmpuiune none? Ocobnusic-

TIO eJIeKTPUUYHOTO Toad (AK 1 rpariTaniinoro) aia aro-

Y IUHU € Te, IO JIIAMHA He MOKe 0e3MocepeIHEO CIIPHH-

MaTH HOro 3a JOIOMOTOI0 OPraHiB UyTTA. ¥ HIeBHHUTUCA

B icHyBaHHi enexmpuunozo noaa (electric field) moxxua Ha mimerasi foro
BIJIUBY Ha OyOb-AKe 3apAgKeHe Tino, 010 MiCTUTLCA B IILOMY IOJi.

Posgusuce manoakn 19.3, Ha AKHX npoimocTpoBano gocirig. Ha mratusi
BUCHUTH TO3UTUBHO 3aPAMKeHA KYJIBKA, HA AKY MiFOTh ABi CHJIM: CUJIa HATATY
HutkY N i cuna tsukineg F_ (mazn. 19.3, @). Arnro HaOMMKATH HETATHRHO
3apAMKeHy IIJACTUHY 0 TO3UTUBHO 3apAJKEeHO0] KYJIbLKH, BOHA MOYHE Bif-
XUJIATHCH BRiJl TOJIOXKeHHA PiBHOBRATH B 0iK muactuHU. OTRe, KpiM gifoumx
cun (warary HUTKH N i Tsoxinaa F| ), B eJeKTPUIHOMY MOJi MJIACTUHU
W KYJIBKU BUHHUKAE IIe OJHA CHJIA — CHJIA eJeKTPOMATHITHOI B3aeMoZii
F_(man.19.3, ). HAxuro HabnmxaTH abo BigganaT NIaCTUHY, BMiHIOBATH-
MeThCA KYT, HA AKUN BiIXHUIAETHECA KYIbKA.

Axki BucHOBKM 3pobuI 3 gocaigy?

1. EnexkTpuuHe moJe 3apAKeHOTO Tija Zie 3 MeBHOIO CHUJIOI0 HA OyIb-AKe
iHmie 3apsAmxeHe Tino, 010 nepebyBae B BOMY IIOJII.

2. EnekTpuuHe moJie Aie Ha 3apsa:KeHl Tijna, mio nepedyBarTh DOOJIH3Y Bif
HBOT'0, CHJIbHIiIIEe, Hi?K Ha TiJa, O10 MicTAThCA Ha OLIBOILE BigcTaHi.

IlepexoHATHCEH B 0CTAHHBOMY BHCHOBKY MOJKHA 32 JOMIOMOTOI0 TAKOTO J0-
ciaigy (man. 19.4). HaBroso 3apamixeHol KyJIi po3MilyBaTH MaJIEHbKI KYIb-
KU Ha pi3HUX BifcTaHAX i cIrocTepiraT 3a BeJIMYNHOIO BiAXWNIeHHA.
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§ 19. JoCnigxXyeEMO enekTpuyHe noae

1106 3posymiTu, AK MOKHA BUMi- [ ‘

PIOBATH [il0 TOJISA, MPOBEEeMO NeBHY A " A g
AHAJOTII0 MiK moJeM TS:KIHHA 3eM- F 7
ai (man. 19.5, @) Ta enexTpuuHEM B¢ B ¢ =
ImoJieM, IO CTBOPIOETHCA, HAIPH- ! |
KJIaJ, HeTAaTHBHO 3aPAMKeHO0I0 MeTa- C 1:‘ C ‘:r
JIEBOIO KYJIelo, 3apan AKol —q, (mair. g |__‘_\—q1
19.5, @). P G

ObuaBa monsg BUABIAIOTE Ccebe
cBoero gniero. Ilone Taxinaa SeM-
JIi 3MymIye majaTé TiJo Macowo m,
eJIEKTPUYHE ToJie KyJi i3 sapamom Man. 19.5. Llia "'0“91@— rpasi-

Tauiitnoro; (&) — enextpuuHoro

—q, npurarye no cebe sapsamxe-
HY YacTUHKY (OpPOTOH, TIO3UTHE-
HUU HoH) abo 3apamsxeHe Tijlo, eTeKTPHUHHNY 3apsapg axkoro +¢. B obox Bu-
nagKax MmoJd 3AIHCHIOTL poboTy, mepeMimiyiodw il posramsaioum Tiaa, i
3Ha4YeHHA PoOOTH 3aJe)XKUTL Big BigcTaHi MiK B3acMOIIIOUMMH TimaMu.
Y Bumagxy rpapiTamiiinol Bsaemomil mgif monda sasiesKWTH Big Macm Tia,
V BHOAIKY eJIEKTPHYHOIO — BiJl 3HAYEHHA 1 3HAKA €JIEKTPUYHHUX 3apPAIiB.
Ha Bimminy Bixm Semuri, mio mae ¢ikcoBaHy mMacy i hikcoBaHe mojie TAKIiH-
HA, eJIEK TPUYHI ITOJIA MOKYTE OYTH CTBODEHI PISHUMH 3apAIKeHIMHA TiJiaMui
1 piBHMTHCHA 3a BIIMBOM HA OOWH i TOH caMWUH eJIEKTPHYHHI 3apAm: OTHL
Ji10TE 3 D1ABNIIO CHUJI0I0, i1HTIL — 3 MEHIIIOH.

Ax epagiuno 3o6pancaoms erexmpuvne none? Y Xoi JoCTiIKeHDb eIeK-
TPUYHOTO NO0JIA BUeHUM BIAJOCA 3’ ACYBATH i iHNOII ioTo BIACTUBOCTI i mpen-
CTaBUTH iforo rpadgiuHo.

EnerTprute mosie MajJeHBKOI MOBUTHBHO 3apALKEHO] KYILKHU 300paxa-
IOTh JIIHIAMH, HATPAMJIEHUMH B yei 60KH1 Big HBOTO (Masy. 19.6, @).

BignosigHo, JiHIl eeKTPUYHOrO HOJA HETATHBHO 3apANMKEHO0l KYJIBKH
HanpaMeHi 1o Hel (maJ. 19.6, @). VY pasi B3aeMoJil 1BOX eJIEKTPHUYHO 3aps-
JeKeHWX T IXHi mond HarnagaoThesa. Ha manorry 19.6, , o 300paskeHo
eJIEKTPUYHI HOJA ONHOHMEHHO Ta - ~N

pisHOPIMEeHHO 3apAMKeHUX KYJIBOK.
Mizx nBOMA mTapanelIbHUME NIacTH-
HaMHU, AKi MalOTH OTHAKOBI 3a 3HA-
YeHHAM 1 IPOTHJIEKHI 3a 3HaAKaMH
3apAnu, JiHI] eNeKTPHYHOrO MOOIA
HaOpAMJIEeHI BiJ MO3UTHBHO 3apd-
JKeHOol NIACTHHY 40 HETaTHBHO 3a-
2 (6]

pAmxeHol i piBHOMipHO posmimieni

Mixk naactmaamu (Maa. 19.6, @). \ v
Man. 19.6




Tema 3. EnekTpu4Ha B3aemMogia
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MpopoBxeHHs man. 19.6
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(== MepernsiHb B €-004aTKy aHiMmauiiiHy Mogernb eneKpr-lHoro\
| e nons(19.1). |
- 7

vse.ee/cnsc

Buxopucmoeyemo enexmpockon i enexkmpomemp. EnrexTpuune moise
MOJKHA He JININEe COoCTepiraTH, a i BUMIPIOBATH HOTO XapaKTEpPHCTHKH.
HaiinpocTinmii nprias — eJIeKTPOCKOH, SKHI TH MOKEII BUTOTOBUTH CAMO-
cTiifHO.

|’r o+ MNepernsHb B e-000aTKy Bigeo «HAk 3pobutu eﬂeKTpOCKOFI»w

(= (192) J

EnexTpocKon cKIAACTHCA 3 METAIEBOT0O CTPIDKHS, OO0 SKOTO MiABimIeHO
OBl cMyKKHI namepy ado amromirieBol donbru. CTpuixeHb YKPIMJIEHO 34 10-
IIOMOTrOIO IIJIACTMACOBOL IPOOKH yCepeJHNHI MeTaIeBOr0 KOPIYCY I H DI -
HOI hopMu, 3aKPUTOTO CKAAHUME Kpunrkamu (mai. 19.7, e).

IIpu moTHRY 3apAMKEeHOr0 Tina, HATPUKIAL HATEPTOI CRISHOI MaTHYKH,
[0 KyJi, OI0 MiCTUTBHCS Bropi eleKTPOCKONa, eJeKTPHUYHI 3apafu po3moji-
JAOTHCA [0 CTPHMKHIO Ta CMY:RKaMu manepy abo ¢gosusru. OCKiIbKHU OIHO-
HMEeHHO 3apAIKeH] Tijla BIAMITOBXYIOTECA, i Ai€I0 CUIH BiAIITOBXYBAHHSA
CMY KKH eJeKTPOCKOIA Po3idayThea Ha Jeaxnil kyr (mam. 19.7, @). ITpm-
yoMy 110 OiJIBIIOI0 € BeIMUYMHA 3apALy eJIeKTPOCKOIa, TO GLIBIIOI0 € cHia
BIIIITOBXYBAHHA CMYJKOK, i THM Ha OLILIIMH KYT BOHH po3iiigyrbesa. Armoio
0 3apAMKEeHOr0 eJIEKTPOCKONIA MiJHECTH MPOTIIEKHO 3apaasKkeHe TiI0, TO
KyT MK CMY;KKaMH IouHe 3MeHIryBatucs. OTiKe, eJJEKTPOCKOI A€ 3MOTY
BH3HAYHNTH 3HAK 3aPALY HaeJIeKTPH30BAHOTO Tija.

Arnio BHUBY pOBMICTHTH MIKANY 1 3aMiHUTH CMY:XKU CTPiIKOK0, TO YyTBO-
pUTBCA OpUnaj enxexkTpomerp (manm. 19.7, 9). 3a Horo HOIMOMOTOK MOMKHA
BUMIipATH eJIEKTPUIHUH 3apsA.




§ 19. JoCnigxXyeEMO enekTpuyHe noae

\Man. 19.7. Enekrpockon (6), NPUHLNMN Oii enekTpockona (@), eNneKTpoMeTp (@)}

— _

3a IOMOMOro eJeKTpocKoma afo eJeKTpoMeTpa MOKHA AOCTIAUTH TO-
OITBHICTE (AMCKPeTHICTD) eJIeKTPHUYHOTrO 3apany. Posrnane mamonox 19.8.
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Man. 19.8

Maemo gBa omHaKOBI eteKTpoMeTpir. OOUH i3 HUX 3apALKaIOTh, 1, AK BHIHO
3 MAJIFOHKAa, CTPLIKA BLAXMINIACA HA YOTHPH noaijaku (man. 19.8, @). Aro
3’€JHATH [l eJeKTPOMETPH MeTAJIEBHM IIPOBIJHUKOM i3 PYYKOK, BUI'OTOBJE-
HOIO 3 JieJIeKTpHUKA, TO YACTHHA 3apAay i3 3apAlKeH0oTo eJJeKTPoMeTpa nepe-
XOOHUTE HA He3apsa:KeHn . 3 MaaoHka 19.8, BH/IHO, IO CTPLIKA KOMRKHOTO
eleKTpoMeTpa Bixunuaacsa Ha OBl moginku. TodTo mouaTKOBUH 3apAn 3apH-
JI3KEHOTO eJIeKTpoMeTpa MominuBcd Ha ABi piBHI yacTumHHT. K10 posd’exHaATH
ITi eJIEKTPOMETPH I ONMH i3 HUX PO3PASUTH, TOTOPKHYBIINUCEH M0 HOTO KYILKI
PYKOIO, a mOTiM, AK i B IepIroMy BUOAAKY, 3’ €THATH 111 eJIeKTPOMETPH, TO 3a-
PAL 3aPALKEHOr0 eJIEKTPOMeTPA 3HOBY NOALMUTHLCA Ha IBi piBHI UacTUHH.

Aximo sapag;xeHe Ta HezapsagsKeHe Tija 0yayTh PiBHHX PO3MipiB, TO BHU-
SABUTHCA, M0 EJIEKTPUYHUH 3apA] TOJIIUTECS TAKUM YIMHOM, M0 NPOSIJHUK
i3 0ibUL0H NAOWEH NOBePXHI Halyde 0iabul020 enekmpuiHozo 3apady. Ia
0COBNMBICTE BUKOPHUCTOBYETHCA MIA 3aXHCTY €JIeKTPUUHHX IPUIANIiB Bif
HAKOOHUYEeHHA CTATHYHOI eJeKTPUKH Ha IXHIX Kopnycax. OcKiIBKH pPo3Mi-
pu 3emui 6inbI1i 3a po3mipu OYAUHKIB H eIeKTPUUHUX MPUJIAAIB, TO MaiKe
Bech 3apsdAf i3 Tin nmepexoAuTs Ha 3eMurio. g 3aXMCTy 3aCTOCOBYIOTH MeTa-
JIeBl IPOBIAHUK U, 3’ eJHAHI 3 1oOpe DpoBIAHU MY IapaMu r'pyaty. Takuit Bz
3aXWCTYy HAa3UBAIOTH 3236 MIIEHHIM.

7 — _\\.
[ 5% NepernsaHb B e-pomatky cumynsLio «<Enextpockon» (19.3). J
\ = J

\ A




Tema 3. EneKTpu4Ha B3aeMois

AYM AU . SIkuM YMHOM MOKHA JOBECTH PeaJbHICTh iICHYBAHHSA eJIeK-
— TPUUHOTO MOIA?

fAx saMiHIOETHCA OiA eIeKTPUYHOTO IOJIA B pasi BigmaneHHs
BiJ eIeKTPUYHOTO 3apALy, AKUI Horo cTBOpIOE?

YcTaHOBHU BiANOBIMHICTE MisK 300paskeHHAM esieKTpuuHOTO nons (A-T)
Ta 3apAKAMU TiJl, 010 HOro yTBOPIIOTE (1—5).

i ~
N AN )
1 HeraruBHU# 3apan 3 IIBa HeraTuBHIi 3apAau
2 Tlo3suTHBHHUE | HeraTUBHU I 4 Tlo3uTwBHUIE 3apan
L sapanm 5 JBa mosuTuUBHI 3apanu J

b A

Srum sapsajgomM sapalkeHo elekTpockon? IIyHEKTH-
POM IOKA3aHO IIOYATKOBE HOJOMKEHHA CMYKOK.

;’/ - \
|| Bukowait B e-mopatky BineosasaaHHs (19.4.1, 19.4.2). |
\ __ /J

1
1
1
! ¥,
Ha apxymi manepy mosHad ABi 3apsaiKeHl KYJIbKH (MO3HTUBHO i Hera-
tuBHO). Haxpecan cumioBi Jimil moss HaBroJo Hux. O0Bemm obmacTi,
Oe moJie CIIbHimIe, ge — caabmre. YABH, OI0 J0 IIHX KYJIBOK HabOIMKa-
IOTH IIIe OJHY IO3UTHUBHO 3aPALKEHY KYIbKY. K pyXaTHMeThCA 1A KYJIb-
ka? 3o0pasu ii noJse. IIlo cTaHeTbesA i3 3araJibHEM eJIEKTPHYHHM [I0OJIEM
KYJIBOK?

onpPALKOU IHOPOPMALIKO
’Hﬁj JlronmHa, AK i Bce JKHUBe, IOCTiiHO mepe0yBae B eIeKTPOCTAaTHYHOMY IOJIi
3emuri, AKe TTEBHUM YHHOM BIJIMBAE HA KUTTEAIANBHICTE OPra”HizMy Ta
MO:Ke TPU3BECTH 10 HeTAaTURHUX HacHiAKiB. [loacHu, y axuit cmocid Moxk-
HA 3MEHIINTH BIJINB eJIeKTPUIHOTO MOJIA Ha OPraHisM JII0IHHE. 3 JOSAT-
KOBUX JIXKepest JizHaHcda O1IbIITe TPO aepoilonizamopu.

e

= N
b - Ilismaiics, AK BUMIiPAJIH eJIeMeHTAPHUH eJIeK TPHYHUH 3apAl eJIeKTPOHA.
OLUIHU CEBE

% Bukowaii B e-100aTKy 3aBAAHHS AN1S CAMOOLHIOBaHHS (19.5).
L




§ 20. BUMIPIOEMO CUNY ENEKTPUYHOI

B3AEMOAII

Bzaemopia. Cuna. lMNone. 3paethcd, BXe LIJ.OCI:.\/"'.
nogioHe mu Bumnu. O, npuragana! ¥ 7 knaci mu Bu-
3Ha4anuM cuny THXKIHHA, WO Oi€ Yy rpasiTauiniHomMy
noni nig Yac B3aemomdii Tina iz 3emneio.

_/

y &
Tak, i nonpu Te, WO rpagiTauiiHa B3aEMOLIA € MK ———
ycima Tinamu, MU HaBYUNNCH BU3HAYATA CUMY THXIH-
HA MK 3eMnelo Ta okpemMum Tinom. MoxnmMeo, Mox-
Ha BUMIPATU | CUTY eNeKTPU4HOI B3aeMOoAii Mix ABO-
Ma 3apAKeHUMU TinaMmn?

L

Jns BUMipOBaHHSA CHJH €JeKTPUYHOI B3aEMOJII MOMKHA CKOPHCTATHCA
BignosigauMm obnagHanHEaM (Manx. 20.1, e), KOMII'IOTEPHOI CHMYJIALIEH
(mam. 20.1, @) abo B)Ke OTPUMAHUMHU pesyabsTaTamMu gocaimie (mam. 20.1, 9)‘

PospuBuce yBarkuo masronok 20.1, 9 Ha mouaTky mociigiB eIeKTPHUYIHO 3a-
PAMMKEH] TiJa, 010 MaJIu OAHAKOBL 3apAan ¢, Oyn posmimeHi Ha BigcTadl R,
1 Misx HuME gisuaa cua F .

¥ CcKinbKU pasiB 3MIiHWJIM BEJIUUUHY eJIeKTPUUYHOTO 3apAny B pocaini 2? Uum

3MiHMNacsa BigcTaHb Mixk Timamu? fK i y cKinbKM pasiB npu poMy 3MiHUIA-
ca cuna F,?

VY crinpKu pasiB SMIHWIK BicTaHb MK 3apsayKeHUMHA TLIaMu B gochaini 37
Axe 3HAUEHHA eJIEK TPUYHUX 3aPANIB ¥ oMY Aocaigi? K i y cRiIbKHT pasis
npu mpOMYy 3MiHMNIacA cua F,?

i &
g PhET :
Coulomb’s

Law
(Tutorial)

Man. 20.1




Tema 3. EnekTpu4Ha B3aemMogia

F \

% B i /
MpopoexenHs man. 20.1

Xmo i ax ynepuie 6UMipPAE CUNY eLEKMPUUHOL 63ac-
modii? Ilepm HisR Tpo e AisHATHACHA, 3POOHMO mIe AedaKi
yTouHeHHA. MU BXKUBAIU TEPMiHU eieKmMPUUHUL 3a-
pAad, ereMeHmapHull eaexmpuiHull 3apad. Iakonu nng
COPOIIeHHA BIKHUBANH TiNbKH TepMiH 3apad. Ille € TepMin moukosuil enek-
mpuuHuil 3apad. Yu € IpuHEIUIOBA BIAMIHHICTE ¥V IHX TepMiHax?

OI3HABANCS

Tepmirom zapad Ha3UBAIOTE (PIBUYHY BeIHUUHY ¢ — 3HAYEHHHA €JIeKTPHY -
HOTO 3apAny Ha Timi. Byab-aruil 3apdan Ha Tijgi KpaTHUH ejleMeHTAPHOMY
eNeRTpUUHOMY 3apany: ¢ = eN. Ile Tomy, 010 Ans AOCTiIKEeHHA €JTeKTPUY-
HOl B3aeMO[ii, KOJIM He BaMKJIUBL po3Mipu H iHIIL mapaMeTpu 3apAIKeHOTo
Tijla, BUKOPUCTOBYIOTh TEPMiH moukoasuil eaexmpuunuil zapad. Illpuragaii:
BHBUAKOUN MeXaHiuHI ABUMNIA, MU BHUKOPHUCTOBYBAIH TePMiH Mmamepiab-
HQ MOoYKa, MAalOYH Ha yBasi 6yob-AKe TiJIo, PO3MipH AKOT0 MaJji IOPiBHAHO
3 BijcTanHI1o. AHAJIOTIYHO TOYKOBUMU €JI€K TPHYHUMY 3aPASAMUA HAZHBAIOTD
3apamKeHl Tina, poaMipu AKHX MaJdl
NOPiBHAHO 3 BiACTAHHIO MijK HUMI.
Iaxonu coponieHo BKUBAIOTE IPOCTO
TEPMiH 3apad, Oig AKAM PO3YMIIOTH
caMe TOYKOBHH eJIeKTPUIHHE 3apAL

Bszaemogizo TaKHX ~ TOYROBHUX
eTeKTPUUYHHAX 3apAMiB JOCTIIKYBAB
(hparnyzskuii ¢pizuk [Mlapas KymoH.
¥ cBoix pocrninax KyroH BHUKOpHCTaR
MaJleHbKi 3apAmxeHl KyabKH (AKi
MOXXHA BBAYKATH TOUKOBHMH eJIeK-
TPHYHUME 3apAfaMu) 1 KpymuibHi
mepesu. Ix 6GymoBy so0pameHo Ha
maaoaky 20.2.




§ 20. BUMIPIOEMO CUY eNeKTPWUYHOI B33aeMOT

|/ - [lepernsyb B e-goaatky aHiMauiiiHy mogens gocnigy ‘
\_ e Kynona (20.1).

/

10 BepxXHBOI KPUOIK K CKJIAHOIO UHJIIHAPA OPUKPIILIIEHO TPYORY, YCEpe o -
Hi AK0I pogramioBaHu npyxcHuil dpim (1), npukpinaesuil go pyxoamru (2),
AKY MoxcHa obepratu. [{o mpy:xHOTO OpOTY IigBillleHe JeTKe Kopomucao (3),
3 OTHOT0 DOKY AKOT0 MiCTUThCA Memanesa kyavka (4), a 3 innioro — npomu-
aaza (5). Yepes oTBip y KpUTIIIi Ha cOelialbHOMY TPUMAUl Yy KPYTHUIBLHI Te-
pe3u MOJKHA BHOCUTHU HaeJleKTPH30BaHY KYy.tbky (6), ofHAKOBY 3a po3MipoM
i3 Ryaekoio 4. ObepTaroun BepXHI KPHIIKY IHJIiHApPa, HAeJeKTPU30BAHO
KYJIBKOI0 6 TopramoThCcA KyJAbKH 4. EJeKTpHUYHHI 3apdan po3momiasgeTbCeda
Mi} KyJIbKaMu nopirHy. BHacHigoK eneKTpoMAarHiTHOI B3aeMoJii KopoMuc-
JIO 3 KYJIBKOIO 4 moBepTaeThCA 1 3BaKpyUye OPIT JOTH, JOKH CHUJIA OPYKHOCTI,
110 BUHUKJA B HbOMY, He BPiBHOBaJKYE CIIY eleKTpuuHoi B3acmogii. Kyru
B3aKPYyYyBAaHHSA BU3HAYAIOTHCHA 38 JOTOMOTOIO JBOX IIKAJ i3 IpaAyCHIMI IO~
OlIKaMu: nepoma — HA 8epxHill kpuwyi (7), ojo obepraeTbcda, Apyra — Ha
6iuHil moBepxHi craarozo yurindpa (8).

Coouatry KyiioH 3’sicOBYBaB, AK 3aJIeKUTH CHUJIA B3aeMojil Bifm Bimcra-
Hi MixK KyJapRamu. BuaBuiaocs, oo B pasi 3MeHNIeHHA BijcTaHi y ABa, TpH,
YOTHPH Pa3H cuaa B3aeMogii 36inpuryBasacsa BiAoOBiAHO B YOTHPH, AeB’ ATh
i micrHamuATe pasie. Lle mamo sMory spobUTH BHCHOBOK: CUIA 63A€MOOIT
deox mouxosux zapadie obepHero nponopuiiina keadpamy éidcmani mix

1

Humu: F, ~ —g

CxiagHicTh EKCOEPHMEHTY MOJATANA B TOMY, III0 BYEHUH He BOJIOIIB TOY-
HIM METO/IOM BUMipPIOBAHHSA 3apAAY HA KYJIbKaX, TOMY OMY JOBEJIOCH 3aCTO-
cyBaTu Takwil mpuiiom. CoouyaTKy BiH BUMIpPIOBAB CHIY B3aeMOIil KYJILOK,
10 MaJIk OJHaKOoBi 3apAanu. [ToriMm g0 ogHiel 3 KYJIBOK (HAIPHKIAL, L0 KYJIb-
KU 4) BiH TOpPKAaBCA He3apsAKEeHOK KYJIBKOK TaKOT0 CaMOTO PO3Mipy, SKY
noTiM BiiasigB Ha 3HAYHY Bificradb. OCKIJIBKT NPH HBOMY 3apAl PO3IIOHLi-
JNABCA TOPIBHY MixK oboMa KYyJIBKaAMU, 3apa] KYJIBKHN 4 3MeHOTYBABCS BJIBi-
vi. I KynoH y:xe BUMipIOBaR cHIIY B3AEMO/III MiK KYJIBKaMHU, 110 MaJu piszHi
sapanu. Buxonyloun gocnin Kinbka pasis, Hymor mifnioB BHCHOBKY: CU.JId
esexmpuuHoil 63aemodii sapadie nponopuiiina 0o6ymry molynié yux 3aps-
die: F,, ~|a,|a.

.

¥ pesyasTaTi gocaigicens KyloH BCcTAHOBUB 3aK0H, IO 3TOJOM OTPHMAB
fioroim’s, a CIITY BRBAEMOZI1 MiK eJIeKTPHYHO 3apA KeHIMH TiJIaMI Ha3uBa-
IOTH eJIEKTPHUYHOI0, 800 KYJI0HIBCBKO, CHJIOIO.




Tema 3. EnekTpu4Ha B3aEMO s

KoegigierT nponopriiinocTi mo-
Kaj3ye, M0 JIBA TOYKOBI 3apAau 1o
1 En, mo MicTAThCA ¥y BaKyyMi Ha
Bimcrani 1 M ogUH Bif OJHOI'O, B3a-
eMOZIiOTh i3 cmyroro 9 - 10° H. {Ix Bu-
IHO, Ile TOCUTH BeJIHKA cual

3a iHOIMX 3HAYEeHb eJIeK TPHYHIX
3apAamiB i BigcTaHel MixK HUMU 3HAa-
YeHHA KYJIOHIBCBKOI cuau O6yie iH-
muM. Ha BeIMIMHY CHJIW B3aeMOIil
eJIEKTPUYHUX 3apAJiB BIJIMBAE Ta-
KO 1 cepemoBHIle, Y IKOMY BOHU

3akoH Kynona (Coulomb’s law): cuna

B32EMOZII ABOX HEPYXOMUX TOYKOBMX 3a-

psais npamo nponopujitHa po6yTky Moay-
NiB umMx 3apsadis, 00epHEHO NPONopuUiiHa
KBaApary BiACTaHi MiX HUMK Ta Hanpsamne-
Ha B3OOBX NPAMOT NiHiT, Wo 3'egHye Ui 3a-
pagu (man. 20.3).

F, :-k%, ne k — Koe®iLieHT npo-
: i
nopuiiHocTi, k=9-10° };{Hl\; ;

nepedyBawOTh. ¥ BaAKYyMi cuiia B3aeMoAil Oy ae Hafibinenioo.

3BepHH yBary i Ha Te, 0o v (QOPpMYJIIOBAHHI 3aKOHY HAETHCHA IIPO MOIYJIi
eJIEKTPUYHHAX 3apPAJIiB. 3pO3yMiJo, 010 HA YHCJIOBE 3HAUEHHA CHJIA B3aEMOJIIT
3HAK eJIEKTPUYHOTO 3apALYy He BIJUBAE, IPOTE HAIPAM CHJIN B3aEMOJII BU-
3HAYAETHCA caMe 3HAKAMU 3apAnis (Maiu. 20.3).

Man. 20.3. Hanpsamn cun B3aemogii TO4KOBMX 3apaiB:

2 — OOHOWMEHHMUX;

— PI3HOMMEHHNX

AYMAW

Yowmy II1. KynoH, BHKOHYIOYH J0CJIi]], OYB YVIEBHEHUH, 10
eJIeKTPUIHUH 3apAJ 3MIHIOEThCA caMe BABITi?

fAxe mpusHaueHHA NPYKHOTO APOTY V KPYTHJIABHUX Tepe-
3ax, mo BuropuctoByBas II1. Kyiaon y cBoix mocaigax?

Yomy y hopmynioBauHi 3akoHy KynoHa ciiji 000R’ A3K0B0O KOPHCTYRATH-

Cd TePMiHOM «TOUKOBHUI 3apan» ?

Sk 3MIiHUTBCA cuJa B3aeMoJil ABOX TOUKOBUX 3apsAniB, AKIIO BiacTaHb
MK HuME 36iapmmmTy Brpudi? AKOI0 3apa; KOMKHOrO 3 HUX 301IbITHTH

BIBiui?




§ 20. BUMIpHOEMO CUNY eNeKTPUYHOI B3aemMoaii

YUHUCDb PO3B’A3YBATU 3AOAMI

3apAagu IBOX OJHAKOBHX MAaJIEHBKIX KYJBOK HopiBEIOIOTE —2 HKI 1 10 HK .
KynsKu npuBer B KOHTAKT OJHA 3 OJHOI0, TiCJIA YOro 1X pPOo3BeJNH Ha MoYAaT-
KOBY BificTaHb. ¥ CKiJIBKU pasiB aMiHUJIACA CHJIA B3aeMOAil MisK KyabKamu?

q,=—2uKn —2+-10°Kn | ITouaTkoBa cuna B3aeMOJil MijK KyJIBKaMU BH-
q,= 10 uKn 10-10°Kn | sHauaeTsca 3a POPMYI0I0:
t||9:
A, F-l8LE]
F

3apsAg Ha KOMKHIA KyJIBIl Oicad JOTHKY CTAB OJHAKOBHAM

~2.10° Kn+10-10° K .
q:fb;qz, = ”2 1 = 4.10"° K. Bigmomenus cun

Fy _kla||e| R’ _|a|le.] F 2107 Kr-10-10" Kx

F  Rkq ¢ ' F (4.10°) Kn?

=1,25.

[OBiNL: MOOYIB CHJIW 3MeHOINTLCA B 1,25 pasa.

PO3B’AXU 3AOAUI

m B enrexTprmYHOMY [10JIi pPiBHOMIiPHO 3apAIAKEHOL
KyJi y Touni A MicTUTBCA 3apsA/pKeHa TIIHHKA A
(mair. 20.4). BukoHaii et MaJIOHOK Y S0IIHTI ]

i mokasKuM Ha HBOMY CHUJIY, II0 Jie HA THIHHKY
3 DOKY eMeKTPHYHOTO MOJA KYJIi. 2 f

@ PipHi 3a BeIMUMHOIO 3apsAau ¢, 1 ¢, pO3TalIOBa-
Hi 3 000X 00KiB BiJ 3apAIKeHOI MEeTaJIeBOl KYJIi
Ha OJITHAKOBUX BijcraHax Bix Hel (man. 20.5).
Buronail neil MaJOHOK y 30IIHTI i MOKaXU Ha
HBOMY CHJIW, [0 AIiIOTH HA 3apsau ¢, i g,. [lo- v

—
£

® +
@

piBHAN i cwan. Man. 2.5

i
Ha manosry 20.6 cxematumuno 306pakeHo qsa 7
TOYKOBI 3apAfm, po3MmimieHi y Barkyymi. Sk —& ® -
SMIiHHTBCS HAOPAM i MOOYJIL CHJIM B3acMOMil &
Mis 3apsagaMu, SKII0 OAWH i3 HUX IIePeHEeCTH —/

Y HalIpsAMi, DOKa3aHOMY CTPLIKOI0? Man. 20.6




Tema 3. EnekTpu4uHa B3aemogisa

ﬁ Ha mamorky 20.7 300paxkeH0 po3TaniyBaHHA [ ™
TPhOX OAHAKOBO 3aPAMKEHUX TiJd Yy IIPOCTOPi. @ 5 @
1 2

Bra:xu npaBUJIbHUN XapaKkTep B3aeMOAil Mixk
TimaMmm.

"

KOBHX 3apAJiB, AKIIO BiJIcTAHB MiK HUMH 30116- Man. 20.7
IMHUTH V 3 pasu.

E ITogcHm, AK 3MIHATRCA CHIA B3AEMO/Il IBOX TOU- o

| IlosicHM, AK 3MIHHTBCA CHIA B3aeMOIil MixK A1BOMA 3apAMMKEHHMH TOUKO-
BHMH TiJIaMH, 1110 MAIOTh 3aPAAM ¢ 1 —¢ 1 mepebyBaIoTh Ha AesaKil BigcTami,
AKIIO: a) 3apA] KOXKHOTO 3 HuX 30inbmuTu y 2 pasu; 0) KOXKHINA KYJIbIIL JO-
JaTH 3apaf 2q.

@ Obumcau BiicTAHD MiK [BOMAa PO3TANIOBAHWUMHK Y MOBITPi TOUKOBHUMH 3a-
pagamu 10 5K i 3 gKi1, axnro cuiia ix B3aemoaii cranoBuTs 24 - 1075 H.

| IBa 0fHAKOBHX TOYKOBHX MNOZHUTHBHHUX 3apANH Nepe0yBalOTh Ha BicTaHI
10 MM oguH Bifg ogHOTO. 3apsaay B3acMOAi0TE i3 cuoo 8,1 - 10 H. Bu-
8HAY BeJIWINHU NUX 3apPALiB.

Enextpuuni sapagu gpox xmap signosigao gopisa0OTE 20 i —30 K. Ce-
penHa BincTaHb Mixk xMapaMu 30 KM. 3 AKO0IO CHJIOIO B3AEMOIIIOTE XMapu?

| IIBi MmeTaneBi KyJIbKH, KOKHA 3 AKIX Mac 3apazg 10 7 Ka, posramosani na
Bigcrani 0,1 M oxHa Bix ogHol. O6UMcay cUIYy B3aeMOIIT MisK HUMIH.

BusHau BigcTaHb MiK NBOMA 3apAKeHUMHN KYJbBKAMH, SARKINO 3aps
rKoxxHoI 3 Hux 10 aKi1, a cuna Bzaemozii — 1 mH.

. Ob0uuciu cUIy OPUTATaHEA MidK aapoM aToma BoxHro it erekTpoHoM. Pa-
aiye aroma Bogumo 0,5 - 107 cM, 3apajg aapa piBEUI 3a BeIMYMHOIO i Ipo-
THUJIeKHUH 32 3HAKOM 3apANY eJIEKTPOHA.

. Kopucryrounchk 3akoHoM KyroHa, 3a0BHY TaDJIUITO.

F.H q,, Kx q,, K R, m

? 2-10° 5-10° 0,2

2-10° R 5-10° 0,2

2.10° 2-.10° 7, 0,2

2-10° 5-10° 5.-10° ?
= e’
k 5% Nepernanb B e-gopatky cumynauii «<Bus4aemo sakoH Kynona» (20.2). |
vaa )
OLUIHU CEBE

5% BukoHaii B e-0oaaTky 3aBoaHHa ans camooLiHiosaHHs (20.3).
=



§ 21. AOCAIAXKYEMO ENEKTPUYHI
BAACTUBOCTI PEYOBUH

Mpurapgyew, konum MU BUBYANM TEMMOBI @BULLIA, TO
3'acyBanu, WO € pPi3Hi BUOW NepepgasaHHAa Tenna i wo
Pi3HI pe4OBMHU NO-PI3HOMY NepenarTb TENO.

Tak, i 0ocobnMBOCTI NepeaaBaHHy Tenna PisHUMK pe-
YyoBUHAMK DY 3YMOBNEHI PISHUM XapakTEpOM pyxy
i B3aemogii yacTuHok pevyoBuHu. LikaBo, 4u icHye no-
OiBHMIA 3B’A30K | B @NEKTPUHHUX ABULLAX?

Pospusuce mamonagu 21.1 (@—0). Jeaki 3 HUX yixe OYIM DOSTIIAHYTL ¥ IIBO-
MYy HOiIpyUYHUKY, JedKi, MOKJIUBO, TOOL BifoMi i3 TpUPOJHUUYHUX KYPCiB, a HA
IeaKuX 300paskeHo 00’€KTH i IpoIlecu, AKi TH, MOMKJINBO, yaizHaemr. Crapo-
Oyl YCTAHOBUTH BiATOBIAHICTE MijK MATIOHKOM (@—0) Ta onucoM (1-6).
3BepHU yBRary, 1o BapiauTir onucy 6inenre, vixk manouris. [logymaitl, armit
ONUC MiAXOAUTH KiNTbKOM MaJIIoOHKaM abo € 3aiiBuM. IlepeBip cBoe npunymnieH-
HA, IPOUUTABIIN maparpad.

Sy

Man. 21.1

1 V Meranmax KPHCTANIYUHI I'pATH YTBOPEeHI MOBHTUBHUMH HOHAMHM, ITOMIiX
AKUMH B1TBHO XA0THYIHO PYXAIOTHCA eJIeKTPOHU.




Tema 3. EnekTpu4Ha B3aEMO s

2 IceyrTh peuoBHHH (TBEP/l, PiAKI i1 ragyBarTi), AKi MarOTh 3apAAKeH] yac-
TUHKH, 010 3/IaTHI pyXaTHcs BOOPAJAKOBAHO MO BCEOMY 00’eMYy Tina BHa-
CJIIiIOK eneKTpoMarHiTHoOl mii.

3 IcHyroTE pedoBUHH (TBepi, PiAKi i ra3yBari), 3apAI/KeH] YACTHHKH AKHX
MOYTH JIHIIEe 3MiOIYBATHCA BHACHILOK eJIEKTPOMATHITHOL mii.

4 TloBiTpsa, AKe 3a HOPMAJbHHUX YMOB MICTHTBH €JIEK TPHYHO HEHTpaJIbHI MO-
JIEKYJIH, MOKE 34 [IEBHUX YMOB eJI€eKTPU3YBATHCH — POSHOLLIATH JHiJIAH-
KH, AKi OyIyTh pisHOMMEHHO 3apAI/KeHi.

5 Bopga 3a HOpMaJABHHUX YMOB MiCTUTH €JIEKTPUYHO HEHTPAILHI MOJIEKYJIH.
V¥ pasi po3YMHeHHS B Hif KYXOHHOI COJI1 YTBOPIOIOTLCA HOHH, AKi 3a meB-
HUX YMOB MOXKYTh PyXaTHCh YIOPAIKOBAHO.

6 Meranu 3aB:KIHM MiCTATH BiJIbHI €JIEKTPOHU, 3JaTHI PyXaTHCA BOOPAIKO-
BaHO BHACJIJOK eJleKTpoMarHiTHOI mii.

3a AKO0I0 03HAKO Pe408UHU NOOLAIAIOMb HA NPOELOHU-
Ku,izonamopu ma vanienpoeidnuru? Ilposeneni robomw
JIOCJILIZKeHHA MEePEKOHYIOTh, [0 EJeKTPHYHI BIACTH-
BOCTi PEUYOBHH 3aJIEKATHMYTh BiJf BHYTPIIIHBOL Oy I0BH
PeYOBUHH, 30KPeMa Bi/l HAABHOCTI B Hill eIeKTPUYHO 3apAJKeHUX YaCTUHOK,
3/IaTHAX YOOPAAKOBRAHO PYXAaTHCA BHACTLIOK eJIEKTPOMATHITHOI Aii.

LISHABAUCS

3a [iel0 03HAKOKI PEYOBHHHN NOJUIAKTH HA NPOBIZHUKH, i30/IATOPH
(miemeK TPHUKM) TA HAMIBOPOBITHUKI.

IpoBigHWKAMH € BCi Merauu, fe- MpoeigHukammn _(conductors) HasuBa-

10Tb PE4YOBWHW, AKI MaIOTh 3apPamMKeH! Yyac-
TUHKW, L0 BHACNIAOK @NeKTPOMarHiTHOI aii
30aTHI pyxatucsa BNOpPsnKOBaHO Mo BCLO-
My 06’emy Tina.

AK1 xiMiUHiI cOOJIYKH, BOJHI po3uu-
HU coJiell, KHCJIOT, JVTiB, PO3NJIABU
comeit Tomo. IlpoBignuxom € i Timo
JIOAUHY, AKe Ha OBl TPeTHHM! CKJA-
IacThCA 3 PIAHHHU.

Towmy B 3apHaHHI HA MoYaTKy nmaparpada 1o onucy 2 migxoaaTh MATIOHKKT
21.1 (@, @, ﬂ).

Haiik paniuMu npoBifHEKAMH cepell TBepaux Tin € metainu. [le symoBiaeHO
0COOJHBICTIO 1X BHYTPINIHBOI OYI0BH, a caMe HAaABHICTIO BIIBHUX eJeKTPO-
HiB. 3a 3BUYAWHUX YMOR I1i eJIeKTPOHH PyXaThed XaoTnuHo (man. 21.1,
MiK BY3JIaMH KPHCTAJIUHKX I'paT.

' h

s Mepernatb B e-AoaaTky aHivaLliiiHy Moaen enexTponpo- \
\_ e BigHOCTI MeTanis (21.1).

J

PeuoBunu, AKi He MAOTL BINILHUX HOCIIB eJIEKTPUYHOTO 3apAAY, Ha3UBa-
I0TE i3oaamopamu (dienexmpuramu).




§ 21. JocnigXyeMo enekTpUYHI BNacTUMBOCTI Pe40oBUH

Cepepn nielleKTpUKIB € Taki, MO-
JIEKYIU AKUX CKIAJal0ThCA 3 PI3HIX HienexkTpukn (dielecirics) — marepianu,
aToMiB, TpH IILOMY PO3TANIVBAHHA Y SKMX 3apAAM 3B’A3aHi i MOXYTb Nulilie
ix Take, IO IEHTPH POSMOMITY IIO- 3MILLYBATUCA BHACNIAOK ENEKTPOMarHIiTHOT
3UTHBHOTO U HEraTHWBHOrO 3apAIiB Ail.
He 30iraroThcd (DOXAPHL miemeKTpH-
Ki). 3a HOPMAJIbHHUX YMOB DPYX TaKUX MOJe- ~

KyJl XaoTHYHHUH, aje o0MexeHUH (BLIBHO IO T,
BCHOMY 00’ €My MOJIEKVJIH PYXATHCA He MOXKYTH $/° o
(mai. 21.2, 6). IIpore ¥y BUOmaaKy 30BHIMIHBOL P 1
€JIEKTPOMATHITHOL B3aeMOJil MOJIEKYJIH MO- Z
JKYTh POSTAIYBATHUCH YIOPAIKOBaHO (IIPomo- ® @? g
BIKYIOUH Xa0THYHO KosruBaTtucs) (man. 21.2, ). ?\9

0 oo™

o — M ]
[ epernsHb B €-004aTKy Cu- )\
e 4] P Ky E

e MynAUio «[TpoBigHMKn-giene-
KTpUKK» (21.2) Ta aHiMaujinHy
MOLEenb nonapusauil aiene-

KTpukis (21.3). o vse.erefcnsf 0—0::0—0: : oi_&_éLP

T [m]

€ miemeKTpHUKH, ¥ AKX TaKe 3MiIlleHHA He € o—0 o—0 00;30
TOCTIHHUM, a8 BUHUKAE V BUNAAKY B30BHINIHBOI ‘- >
eJeKTPOMArHiTHOI B3aemozii (HampukIam, B3a Man. 21.2
eneKTpusarii).

o mieneKTpPHKIB HaJleKAaTh yCi rasy 3a HOpMaJbHHX YMOB, pinuau (rac, cuup-
TH, aIleTOH, TUCTHJILOBAHA BOJA TOMIO), TREPIL Tina (CKJI0, IIacTMAacH, cyxe fepe-
BO, mmamip, ryma ToIirno). IIoBiTpa TakoX € TieJeK TPUKOM.

IIpore, AKIDO YMOBH 3MIiHIOWOTh-
cd, HAIPUKJIAL Oif yac HarpiBaHHA,
B JieJIeKTPHKY MOMKYTh BUHHUKHYTH
BiJibHI esekTpuuHi sapagu. Tomy
IO/l PEYORWH HA TPOBIMHUKH 1 Oi-
€JIeKTPAKH € YMOBHHI M.

HanienposigHuku (semiconductors) —
Marepiani, §xi MOXYTb BUBINBHIOBATK
€NeKTPOHM Mif AiEl0 30BHILLHIX YAHHUKIB.

Cepen TBepAuX AieJeKTPHKIB icHYe rpyna peuoBHH, AKiI MOMKYTEH TpUBAa-
amit gac 36epiraTy HaedeKTpU30BaHMil cTaH. [0 HUX HANEKHUTD PAJ Opramid-
nux (mapadin, 6p:xonuanii Bick, meitnoH, ebouir Tomo) i Heopramiuynux (cip-
Ka, DOpHe CKJIO Ta iHIIi) peYoBHH.

Icuye # Tpersa rpyna peuoBUH — HANRIGNPOGIOHUKU.

3a HOpMAJILHHX YMOB HAIMIIBIPOBIAHMK He MAa€ BLIBHHUX €JIEKTPHYHHX 3a-
pAxie. AJe iy yac HArpiBaHHA, ONPOMiHEHHSA ad0 JoJAaBAHHS JHOMIMIOK [0
HANIBOPOBIHKKA MOXKe BigOyTHCH POSpHBAHHA 3B’A3KiB (Mana. 21.3), yHa-
CHTIIOK YOTO eNeKTPOH MOXKe TOKWHYTH CBOE MicIle, VTBOPIOIOUH JipKY.




Tema 3. EnekTpu4Ha B3aemMogia

TakuM YHHOM YTBOPIOTHECA eIeKTPHYHI HOCIT 3apsi-
OV, PYX 1 KIIBKICTE AKX MOKHA PeryaBaATH.

[] % [s]

s [1epernaHs B e-0oaaTtky aHi-\‘-

+ MaLiiiHy MOOeNb YTBOPEHHS
BUTbHWX ENeKTPOHIB i JipoK
B HaniBNpoBigHUKY (21.4).

P

vse.ee/Cnsg

Jlo HaniBOpOBiZHHUKIE HAJNEXKNTHL 3HAUHO OiabIre
PEYOBUH, HisK 0 IPOBiAHUKIB i JieIeKTPUKIB pasoM.
Hanisoposigankamu € papg ximiuanx enxemenTtis (Cuniniit, I'epmaniii, Ce-
JIeH) Ta AedKi cToNyKH (OKCHUAY, CYIb(ian, TeIypUIn).

HesBaskaioun Ha Te, 10 BJIACTUBOCTI HANIBOPOBIAHUKIB Oy Bigomi qo-
CHTH JaBHO, OIHPOKO BHKOPUCTORYBATH IX CTAJU B CepeIUHI MHHYJIOTO CTO-
JTTH, 010 COPUAIO POSBHTKY MiKPOEJIeKTPOHIKH. [X BHKOPHCTOBYIOTE V BH-
TOTOBJIEHHI COHAYHUX GaTapeil, KOMII I0TepiB, MOOIILHEX Teaed)OHiB.

Axuil pyx 3apadmcenux 1aCMUHOK HA3UEAIOMb eLeKMPULHUM cmpy-
mom? PosraanyTi eJIeKTPUUHI BIACTUBOCTI PEUOBHH MOB’g3aH1 HacaMmepes
i3 IXHBOIO eleKkmponposidHicmio.

EnexTponporigmicTs mMatepiaay
3aJIe;KUTh Big 6ararb0xX 4YHMHHUKIB, EnextponposigHicTts (electrical condu-
30KpeMa Big HaABHOCTi BinpHmx  Clivily) — L€ 3AaTHICTE PEYOBMUHW NPOBO-
eIEKTPUUYHO 3apSIKeHNX UACTHHOK  MATU BJIEKTPUYHUIA CTRYM.
ab0 MOXKJIMBOCTI iX BHUBiIBHeHHA (ITi
YACTHHKY HAZHWBAKTE HOCIAMH CTPYMY), 1X PYXJHUBICTIO, a TAKOMK BiJ MiK-
MOJIEKYJISPHUX 3B A3KiB, 'YCTHHW, HATPiBAHHSA, OCBITINEeHHA, BHECEHHA I0-
MiNIOK, PO3YMHEHHH.

IIpoBememo pmocmin. HaemekTpusayemMo KyJIH Ha  eJleKTpoMeTpi
(mam. 21.4, @) 3’emHAaEMO HOTO 3 iIHIIIM KOHAYKTOPOM METAJIEBUM CTPUIK-
HeM. ITobaummo, 110 IeBHA KiMbKICTh 3apAMKEeHUX YACTHHOK (Y IIBOMY BH-
NagKy eNeKTPOHIB) mepedinuia CTPUMKHEM BiJi OoLHOrO MPHUIAAY A0 1HIIOTO
(maur. 21.4, ). KaxyTs, mo y cTPIIKHI iCHYBaB eJIEGKTPUYHHUH CTPYM.

- L

Man. 21.4




§ 21. JocnigXyeMo enekTpUYHI BNacTUMBOCTI Pe40oBUH

TMogymaii, AK 3MiHATBECA Pe3yJib-
TATH JOCHify, AKI0: a) obuara Enexrpuunuia ctpym (electric current) —
eIEeKTPOMETPU OYyAYTH 3apAlKeHi L€ NMPOLLEC HAaNPAMIIEHOTO PYXY ENEKTPNN-
OJHAKOBO; 6) MeTaneBHH cTpIzKeHL | HO 3APAMLKEHUX HACTUHOK.
3aMIiHUTH HA IJIACTMACOBHI.

3aJie’KHO BijJ cepelJOBHIIA € OCODJIMBOCTI NMPOXO/KEHHS EJIEKTPHYHOTO
CTPYyMYy, 30KpeMa y MeTajJIaxX, PiAnHAX i razax, [Ie HOCIAMHE CTPYMY MOXKYThb
OyTH BiNnBHI eTeKTpOHM, MO3UTHURHI # HeraTurHi Houu. Ili ocobrmBocTi ge-
TaJbHIiIIe PO3TAAHEMO 3roZIoM. ¥ HACTYIHUX Naparpadax po3raanaTHMeMo
TPOXOJKeHHS eJIEKTPHUHOTO CTPYMY B METATEeBUX IIPOBITHUK AX, ¥ IKUX HO-
CiAMHU CTPYMY € BIJILHI eJIeKTPOHH.

- OYM AW | | 3a AKOI0 03HAKOI PeYOBHHU HOLLIAIOTH HA HPOBIIHUKH,
— mieneKTpHKHY H HamiBnpoBigEuKu? HaBean npukIamgu mpo-
BiIHUKIB i mieeKTpUKiB.

Yomy meTanu 1odpe IPOBOLATE €NEKTPUYHUN CTPyM ?

YoMy TensoBU# PyX eJIEKTPOHIB Y HPOBLIHUKY He MOMKHA HA3BATH €JIEK-
TPUYHUM CTPyMOM ?

IlosicHm, yoMy HAIpPAMIeHUH PyX eJIeKTPOHIB ¥ IPORITHUKY, IO 3’ €THYE
OBa 3apAMKeHUX Tija, MIBHAKO TpHOuHAcTheA. [Ilo, Ha TBOIO AyMKY, He-
00XigHO AN OfepP;KaHHA TPUBAJIOr0 Oe3mePepBHOTO eIeKTPUYHOTO CTPY -
MYy B IPOBigaUKY?

- BiamckaBka — 1e eJIeKTPUYHINA cTPYyM?

BUKOHAU OOCNIOXEHHS

BuroHyii gocaign 3 JOTPHEMAHHAM MPABII Oe3IMeKH JKUTTCIiANBHOCTI!

ﬁ Poarnaas manoHok 21.5 Ta BKaXKH, Y AKUX BUNAAKAX 1 B AKOMY HaIIPAMI
' OPOXOAUTHUME eJeKTPHUHHUHE CTPYM IO MeTaNeBidl manudili, 1o 3’€mTHYE

aBa BapH,I[J‘KEHi eJIEKTPOCKOIIH.
C o) o @




Tema 3. EnekTpu4Ha B3aemMogia

Buroros npucTpiil Ana BU3HAYEHHA, YW € JOMAIIHI pedi MPOBiJHUKAMA
abo izomaropamu. O6aadHarHL: cBiTIAOMION, 2 MiZHI JPOTHKHU, €IeMEeHT
sxurmenasa CR2032 (ma 3 B), knefira crpiuka (man. 21.6). [oBniow «HiMx&-
KOI0» MHia emHa# CBITIIONION MO HOJATHOrO IIOJNIOCA eJIeMeHTa JKHUBJIeHHS
i sadirey# raeiikow cTpiuroro. 3 iHOIOro GOKY TpUKpinu Ao GaTapeiKu
KJIeHKOIO CTPiuKO0I0 OAWH MigHWH gpoTuk. [ pyruit MinHUH IpOTHUK HaMO-
Tail Ha KOPOTIIY «HLXKKY» cBiTnomioma. Imguxarop rorosumii. IIpurnagait
BigpHI KiHII ZPOTHKIB OO0 PiBHUX petell.

4 =

e

OMPALIION IHOOPMALIIO

Man. 21.6

Ilizrafica 3 ToJAaTKOBUX XKepetl, AKY POJIb BiIirpamoTs HATI BIPOBIIHUKOBI
KPHUCTANH B PO3BUTKY CcydacHol KoMII 10TepHOI Ta mudposol Texuiku. Pos-
auBuch Maj. 21.7. BucioBu npuiylieHHA: K 0B’ g3aHi Mixk coboio Mikpo-
i MaKpoCBiT; YoMy JIIOAM 3a KOMII IOTEPOM MPAIIOIOTEH ¥ 3aXHCHOMY 0Ia31?
Crinpxku gacy nmorpiéuo, mjo6 BUroToBUTH Mikpounun? Bigmosigi ma samm-
TaHHA OIYKal B Mepexi « [HTepHET» Ta HAYKOBO-IIOMYJIAPHUAX JKypPHAJIAX .

Man. 21.7

OUIHU CEBE

53_1'-1 BukoHan B e-gogatky 3aBaaHHsa ang CamoouiHioBaHHA (21.5).




§ 22. A0CAIAXYEMO YMOBH ICHYBAHHSA

ENEKTPUYHOTO CTPYMY

KopoTKQ4YaCHUI eNeKTPUYHUIA CTRYM HaM
BOANOCH OTPUMATK. A WO NoTpiGHO 3po-
OUTK Ang TOro, Wob eNneKTPUHHUIA CTPYM
NPOXOAUB TPUBANNIA H4aC?

Pozrnauae mamoHok 22.1 abo BukoHal nonibuui gocrix. Chopmynroi yMOBHI
icHYBaHHHA €JIeKTPUIHOTO CTPYMY.

[ o | R
Namna He | | Axepeno .
CBITUTL__ =%

. Li BumkHeHo ii
YBIMKHEHO ;

% V|
Marn. 22.1

cTpymy

3a AKux ymoe ichye erekmpuyurnuil cmpym? YMoBu, HeOOXimgHI Ans ic-
HYBAHHA CTPYMY, CXO0:Ki 3 YMOBaAMM HepeTiKaHHA BOAH. fKNIO BiZKpHTH
KpaH BEPXHBOTO 0aKa, TO I Ji€0 CHJIH TAXKIHHA BOJA 3 HEOTO IEpPeTiKaTHMe
B HIDKHIN 0ar. II1o6 Boga miero cucTeMoro pyxajacsa Oe3lepepBHO, IOTPideH
Hacoc, AKWI NepekadyyBaB 61 BoAy Haropy (man. 22.2, e).

Bumnkay

Hanpam
ENEeKTPUYHOro
CTpymy

[xepeno cTpymy




Tema 3. EnekTpu4Ha B3aEMO s

Tak camo i JJId e IEBKTPUYHOTO CTPYMY Mae Oy TH IPHYKMHA, AKA 3MyIIyBasa 0
HOCIIB CTPYMY pyXaTHUCh YIOPAAKOBAHO. TaK00 IPHUUMHOIO € JIif eIeKTPHd -
HOTO TIOJNA, AKA HAJa€ PYXY 3apAIKeHNM YacTHHKAM, AKi MOXKYTh BiIBHO
nepeMiliaTHCA B CePeIOBUIIi, BIOPANKOBAHOTO (HAIPAMIEHOI0) XapaKkTepy.

Jns Toro ogob misi eJeKTPHYHOTO
noJist OyJia nocTiiiHOW, HeoOXigHO 3a-
OesmeuyBaTH Ha OJHOMY KiHIIL IIpo-
BIIHMKA HAJIUIIOK 3apAny TeBHOTO
3HAKA, a Ha JPYyroMy — H0oTo HecTa-
yy, Tagu#t cranuit po3nmogin 3apAmiB

[bxepena enekTpM4HOro cTpymy (so-
urces of electric current) — ug NpUCTPOI,
Yy AKMX BigOyBaETLCA NMEPETBOPEHHSA Pi3-
HUX BWAIB EHepril (MexaHiYHOoI, XIMIYHOI,
TEnnosol, CBITIOBOI) HA ENEKTPUHHY.

Ha KiHIAX OPOBRIAHUKA CTBOPIOETHCS
Ta OiIATPUMYETBCA OHcepenam eAeKmpuiH0z0 Cmpymy.

1106 mo mpoBiZHUKY OPOTIKAB eJIeKTPHUYHHNA CTPYM, Horo od6maBa KiHIi
mig’eIHYIOTH OO AsKepea cTpyMy. SKIIo posiMKHY TH K0JIO, CTPYM SHHKAE.

; ) —
iﬁ Mepernaxs B e-000aTKy aHiMaLiiHy MoAenb yTBO- | E E
l\ . PEHHSI EIEKTPUYHOTO CTPYMY B KON (22.1). | ﬂ.

vse%

YMoBaMI BUHWKHEHHS ¥ iCHYBaHHSA eIeKTPHUYHOTO CTPYMY € HafAB-
HiCcTB:

— BiJIBHHX HOCIIB CTPYMY;

— eNeKTPHUYHOTO IIOJA, i AKOTO CTBOPIOE H OiATPUMYE IXHiil HaOpaAM-
JIeHUH pyX;

— BAMKHYTOTO eJeKTPUYHOTO KoJa (LimdicHoro 3’c¢IHaHHS OPOBOIIB
Ta eJIEMEHTIB, AKUMH IIPOXOAUTE CTPYM).

Poarnanysmu yMOBH iCHYBAHHS €JIeKTPHUYHOTO CTPYMY, BHHHKAE 3a-
OHTAHHSA: K BUSHAYUTH HanpsaM cTpyMy? OCKIJIBKH BUe€HL JOCJLIMYBaJIHI
eJIeKTPHYHHE CTPYM IIle A0 TOro, AK OyJ0 IOBeJeHO iCHyBaHHA eJeKTPOHIiB,
TO iCTOPHYHO CKJAJIOCH TAK, IO 34 HAIPAM eJeKTPHUYIHOTO CTPYyMY HpHiima-
OTh HANPAM PYXY NOIUMUBHO 3APAOHEHUX YLACMUHOK, TOOTO HAIPAM Bif
TMMO3UTHBHO 3aPAMKEHOr0 IMOJI0ca MXKePena CTPYMY OO0 HeTaTHRHO 3apaKe-
Horo (mMan. 22.2, (5)). Hezsa:xarouu Ha Te, 0 HalyacTimnie BLIbHUME HOCidA-
MU CTPYMY € eJIeKTPOHH 1 1X HaIPAM PYXY OIPOTHIeKHUI.

Cursan, 010 BUHHKAE Y OPOBIAHUKY, IPHEIHAHOMY OO0 IiKepea CTPYMY
(ToOTO MOABA EJIEKTPHYHOI0 CTPYMY), HOUINPIOETECA YV HPOBLAHUKY 31 IIBII-
kictio 300 Tme. KM 3a cekyHay. IIIBHAKicTE caMOro yunopAaaKOBAHOIO PYXY
BLIBHHX eJeKTPOHIB JocuTh He 3HauHa — 107* m/c. Tobro cami ereKTpoHHK
3aIMOIATHECA IPAKTAYHO HA Micii. Ik rake moxkauso? Tobi goBoguiocsa Ha
MEKIJIBEHOMY CTafioHI «3amycKaTi XBUI0 BOoJdiBansHUKIB» 7 [Ilock mogitHe
BimOyBaeTheA i i yac MONIMPEeHHS eTeKTPHYHOTO CTPYMY.




§22. locAiaXyeMO YMOBU ICHYBaHHA €NeKTPUHHOTO CTPyMY

Hisnaemoca npo dmcepena cmpymy. Hafinomupeniniumu € ximiuni pxe-
pena ctpymy. Ileprmie HafinpocTitie xiMiuHe J:Kepeso cTpyMy, AKe He BTpPaTH-
JI0 CBOTO MPaKTHUYHOTO 3HAYEHHA i moTenep, cTBopuB y 1799 p. itanmiticeruit
(isur Aneccanzppo BonbTa i HazBaB Horo ranbBaHIYHUM eJIeMeHTOM Ha UeCTh
OJHOTO 13 BACHOBHUKIB BUEHHS IIPO

enexTpury JIyimxi Fammpasi. FanbeaHiuHi enemen™v (galvanic ele-

Haitrpocrinnmii raJbBaHIUHAN ments) — XiMidHi Akepena CTpymy, y skux
e/leMEeHT MOKHA BUTOTOBUTH, SKIIO BinOyBalOTLCA XiMi4HI  peakuii, 3aBAAKY
BBATH JNBi TIACTUHW — IMHKOBY AKIM  BUKOHYETHCS pobota 3 posnoainy
o = 5 sapsagis, TO6TO XiMiYHA EHEpPris NePeTso-
i MigHy — it omycTHTH iX YV PO3UMH _ .

- 4 ] PIOETLCA Ha ENEKTPUYHY.
cipuanoi kucyaoTH. MixK miacTHHAMNT
# cipuaHOIO KUCIOTOIO Bif0OyBaOTHCA
ximivHi peaknii, y pesyJbTaTi AKUX | MigHuii enekTpoa
ooHA 3 IIacTHH HaOyBae TO3UTHUB-
HOTO 3apAny, iHMIa — HeraTHBHOTO.
i naacTuau Ha3WBAIOTEL e€JaeKMpPO-
Jdamu (DoMIOCaMM) JiKepesaa CTPyMY.
fAxmoio momrocu 3’egHATH ITPOBig- B S B
HHKOM, TO OO HBO OPOXOAUTHME —— ‘
? . My IPOXOA . Enextponir ="y )
eJIeKTpUUHHN crpym (man. 22.3). | : =
Iz yacom raabBaHIYHUNA eIeMeHT BH- -
XOIHTE 3 JIAAY, OCKIJIBKM 3aKiHUY-
€ThCHA 3aTIac PEYOBUH, HEOOXIJHUX 1A XIMIiUHUX peakIlii.

LinHkoBwuiA

y.

Man. 22.3

PizmoBugoM ranbBaHIYHUX IIKEPET CTPYMY € eleKmpuiii aKymMyaamopu
(Big TaTHHCBKOTO CJI0BA «aKyMYyJATOpe» — Harpoma xysatu). Hatinmpocri-
OIMi aKyMyJIATOP CKIATAETHRCA 3 ABOX CBHHIEBUX MJIACTHH (eJIeKTPOIiB),
BMinlenux y po3duH cipuanoi kucioru. IIlo6 axymyaaTop cTtaB mixepeIoM
CTPYMY, H0oro moTpibHO 3apagnTH. ¥ IpoMeci 3apAfKH BHACIIAOK XiMIiUHHX
PearIiii OOWH eJeKTPOA aKYyMYJIATOPA CTA€ HO3UTHBHO 3aPANMKEHNM, a ApY-
ruil — HeratusHO. [licas 3aps/PKAHHA aKYMYJIATOD MOYKHE BUKODPHCTOBY-
BATH AK CAMOCTilHe JKepeso cTPyMy. AKYMYJIATODP IPAMIOE A0 TOTO dacy,
IOKH CBUHIEBi IJJACTHHH He BiTHOBIATHECA [0 IOYaT-
KoBoro (uucToro) crany. IloTiM akyMyJaaTop MOXKHA
3HOBY 3apAJHUTH.

Ax arkymynaropu, Tak i ranpBaHiuHi eleMeHTH
MoxxkHa 00’ egHYBaT B Oamapel (man. 22.4): akymyJia-

(6)8

TOPHY (@) abo OaTapero raJIbBaHIYHAX eJeMeHTiB ({

IIpurmagom mEepena eJeKTPUYHOTO CTPYMY,
B SAKOMY MexXaHiuHa eHeprid mepeTBOPIOETHLCA Ha
eJIEKTPHYHY, € eaexmpodopua nawuna (Man. 18.3,
c. 130). ITixg uac obepranua ii AucKiB BinOyBacThC I He-
mepepBHEe PO3OLTEHHA eTeKTPHYHUX 3aPA/IiB.




Tema 3. EnekTpu4Ha B3aemogia

ITeperBOopeHHsA TEeNNIOBOI eHEPTil HA €JEKTPHYHY BigOYBaETHCA B MepMO-
enemenmax (man. 22.5, e). HatfimpocTimum TepMoeIeMeHTOM € IBa cTIadgHi
APOTH 3 pizHUX MeTasiB. AKNOI0 HATPITH MicHe cIawn, To B TPOBITHUKY IIPO-
TikaTUMe eTeKTPHUIHKIN cTpyM. OcobnuB0 e)eKTHBHUM V TEPMOEJIEeMeHTAaX €
NoeTHAHHA METAJIEBUX IIPOBIAHUKIB Ta HATiBIPOBIAHUKIE.

IlxepenaMu cTPpyMy, ¥ AKHX eHepris cBiTJ/Ia MepeTBOPIOETHCH HA eJIeK-
TPHUHY €Heprio, € @omoeiemermi — HAMIBOPOBIJHUKOBL NOPHCTPOI
(mam. 22.5, @).

Man. 22.5

Bubip mxepen ctpymy 3ymMoBIeHU cdepoio ix 3acTocyranHdg. Tak, B aB-
TOMODINIAX, AKI ODPamiOTh HA JBUT'YHAX BHYTPINIHBOTO 3rOpaHHHA, BHKO-
PHUCTOBYIOTEH JOCUTE BaXKKi, IPOTe JeNieBi KUCJIOTHI aRyMyadaTopHi baTapei,
OoTpibHI ANA eNeKTPUUHOTO OCHAIIeHHA aBToMoOinsa: dap, mincBiuypanHs
naHenel, eNeKTPHYHOL iCKPH CBiUKH 3amajiloBaHHA TOIIo. B eJleKTpoMobi-
JIAX AKYMYJIATOPH BiKe MAIOTEH BiqnoeigaTu immmuM morpebam: Oy TH HOTY -
HUMU, JeTKUMH, IMIBUAKO 3APANKATHCE, TOBTO IPAIIOBATH.

¥ MmobinpEEX Tesed)oHAX BUKOPHUCTOBYIOTH JIeTKi @ OesmedHi JiTid-HOHHI
AKYMYJSTOPH, 4 LIS OCBIT/IeHHSA Ta 00irpiry 6y IUHKIR, :KUBIEHHI TOOYTO-
BUX TIPUCTPOIB — JKepesia eIEKTPUYHOTO CTPYMY 3 (hOTOETIEMEHTAMIH .

Haspami muepena cTpyMy CIYTVIOTH IJISI YTBO-
penns nocmiitnozo ecmpymy. Yci mpoMHucaosi # 1mo-
6yTOBi eneKTPUYH] TpUIaAN TOTPEOYIOTs 3MIHHO20
eleKmpuyHozo empymy (IIpo mei BUA cTPyMy TH Ii-
sHaemnIca y 9 kaaci). [lng yTBOpeHHA TAKOTO CTPYMY
BUKOPHCTOBYIOTH T€HEPATOPH, eJeKTPUYHIL CTAHII1
(mam. 22.6).

e e . .
AYMAW | | Ba axux yMOB BHHHKAE Ta iCHYE eTeKTpHYHEIL cTpyM?

AR BH3HAUAIOTE HATIPAM eJIEK TPHYHOTO CTPYMY 7

< Illo HasuBaioThL JepPeIOM eJeKT PHUYHOTO CTPYMY?

Hassu BuAM A3Kepes eJTeKTPUIHOIO CTPYMY.




§22. locAiaXyeMO YMOBU ICHYBaHHA €NeKTPUHHOTO CTPyMY

< $Irki meperBopenHA eHeprii BigOyBamThcA B IiKepeliax eJIEKTPHYHOTO

cTpymy?

Yy MORIUBO OTPUMATH eJeKTpUUHHE cTpyM 6e3 mixepena? Iloscau Ha
MPURIAAX.

ITo coisgpHOrO i YMM BigpisHAIOTECA rAIbBAHIYHAH eIeMeHT i aKyMyJIaTop?

- Yu mosxaa obumcnurr KK 6arapeiikm, SKII0 BiZoMO, 10 HA 1l BUTOTOB-

neHHs BUTpauaeThesa v H00—600 pasir binbire eHeprii, HisK BoHA 37aTHA
BiyraTH v mpoiieci ceoei poborm?

BUKOHAW OOCNIOXKEHHA

A

(CKOpHCTaI?ICH iHCTpPYKIi€I0 3 e-IoJaTKa W-‘J (22.2) i croHCTDYIOH )
fbaTapeiry. e |

OMPALION IHODOPMALIIO

2]

PasoM 3 0OZHOKJIACHHUKAMH / OTHOKJACHHUIIAMH OPTaHi3yH 1 mIpoBeaH ak-
miro «ObepexHo, baTapeirals. Onuraiite pisaux (3a BiIKOM, CTATTIO, TIPO-
¢dreciero Tomio) aIei mog0 IXHBOI 00i3HAHOCTI Ipo yTHUIizamio baTrape-
fok. ¥Y3aranbsHITE 3700y Ti pe3yabTaTi i mpoaHamizyiiTe ix. [lizHafTecsa
6iJBIITe TPO TIKOAY, AKOI1 3aBAAI0THh aDUAK BUKUHYTI OaTapelKku.

Ileperip pocroripHicTs iH(MoOpManii B nopiBHAnBHIA Tabnumi 22.1.
3’scyil, Akl 6aTapeliKd BHUKOPHCTAHO B €JIEKTPUUYHWX OPUIafax y Tebe
BaoMa. I{omoBHHU TabIUII0 PAAKOM «3a3BUYUANl BUKOPDHUCTOBVIOTH V ...».
Yu pmocraTHbO iH(oOpManil y Tabamii, mob npuiiMaTH pineHHA IIOH0 3a-
omIaIXeHHA BUTPAT HA npuadaHHsa 6aTapeiiok?

Tabruysa 22.1
O3Haka BaTtapeitku
NOPIBHAHHSA CONbOBI NYXHI niTiesi
Llina Hesucoka JDopoxdi 3a conbogi | Hanpopoxyi 3 nogaHux

BenwuyuHa 3apsagis

Hesucok Bulua, HiX y conboBux | Haren NoaaHux
Ha rMosIocax SE/ICOK] LA, HiX Y COMbO aiiBuLLa 3 noaa

Tepmin 36epirantsa | 0o 2 pokis Oo 10 pokis Monag 10 pokie

=

OLUIHU CEBE

|8 ByikoHaii B €-000aTKy 3aBAaHHA N8 CaMOoLiHIoBaHHA (22.3).

s




§ 23. CKNABAEMO ENEKTPUYHE KONO

A yxxe KopucTyBanacs pisHUMKW CXxemamu — O519 BK-
LUMBKW, ONd CKN3OaHHA KOHCTPYKTOPIB. Takox cxemu
MU BUKOPUCTOBYBANKM Ha pidHUX ypokax. Llikaeo, Ha-
CKiNbKK cknagHo Oyoe npauioBaTh 3 enekKTpUuyHUMU
cxemamMu? Xody cnpoByBaTiy CaMOCTIMHO HAKPEeCAUTK
CXeMy eneKTpu4yHoro kona!

PosguBuce mamoHOK 23.1. 3BMUAWHUN eJeKTPHUYHUN JiXTAapUK MICTHTH
Taki eJIeKTPUUHI eTeMeHTH: I3KEePesio cTPyMY (0aTapeiika), eTeKTPUUHY JTaM-
Iy, IPOBiAHiI KOHTAKTH (3’ €AHYBAILHI IPOBOAMW), BUMHUKAY. YoMy, Ha TBOIO
OVMKY, Y BUIIAAKY @ aixrap He cBiTUTBCA?

Jna Toro o6 OpamioBaIi eTeKTPUYHI OpUIagu, ToTpidHO JOTPUMYBATHCE
YMOB, 3a AKHUX eJeKTPUUHUIM CTPyM Mae icHyBaTU B NOTPiOHUI uac i B mo-
TpibHOMY Micri. {1 MHOTO KOPUCTYIOTHCA EMeKTPUYHHMIM CXeMAMI, Ha
AKUX MO3HAYAIOTE eJIeMeHTH KoJa. Po3riiaHs yMOBHI NO3HAUYEHHA eJIeMeHTiB
mixrapuka (ta6ma. 23.1).

Tabauus 23.1
ManbBaHi4- - y
HuiA ene- BaTapes'l Bumukay Enextpuuna | 3’eaHyBanbHi
enemMeHTiB namna nposogv
MEHT
s - | s . -k | Y — —®—

Pozpuemes yraxkuo cxemu (Man. 23.1, e, o)A 3BEpHU yBary, 1o y To3HaAUYeH-
Hi TaJBEBAHIYHOTO eJIeEMeHTA ITO3UTURHUNT TTOJI0C 3a3HAYEHO ORI PUCKOTO.
fAxa 3i cxem (9—0), Ha TBOIO IYMKY, BiAIIOBiIA€ JIXTAPUKY, 10 CBITUTBLCA?

4 A

Bumukay

EnextpnyHa
namna

MposigHwin Batapelika
@ KOHTaKT

Man. 23.1




§ 23. CKNajaeMo enekTpu-He Kono
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MpopoexeHHa man. 23.1

OI3HABAWCS
Y

Hisnaemoca npo ymoeHe 3006paiceHnsn, ULO0 3ACMOCOGYIOMb HA eNleK-
mpuinux cxemax. Byib-AKHI eJIeKTPUYHUY OpHUCTpiii — MoOiabpHU Tee-
¢on, nnannier, HOYTOYK, JiXTapWK, KaBoBapka, ¢apu aBToM00inA, elek-
TpoMo0isib, MOHOKOJIECO — Ma€ meBHHI Habip 060B’A3KOBHX €JIEKTPHYHHUX
eJIeMeHTiB, AKlI mig egHYIOThHCA BigmoBimmmm uwmaoM. Taxi 3’egmammsa, AK
TIPABUIO, HABHUBAIOTH eJNeKMPUYHUM Koaom. Mu posraagatuMeMo HaNIpo-
CTiNTi eTeKTPUYHIL KOJIa, IO CKJIALY AKUX BXOJATD: JYKEPEJI0 CTPYMY, CIIOMKI -
Bayi eJIeKTPHYHOI eHepril (e1eKTpHYHI JaMnu ad0 iHIIL IPpHUCTPOol), BUMHUK aui
AJIA BMUKAHHSA TA BAMUKAHHA eJIEKTPUYHOIO CTPYMY, eJIEKTPOBUMIPIOBAJIb-
Hi mpueTpoi, 3’eqHAHL Mi coDO MPOBOLAMEA.

BarknmuBuM € meBHUI DOPALOK 3’ ¢JHAHHA €J€MEHTIB eJIEKTPUYHOTO KOJIa.
Tak, eTeKTpUUHUE CTPYM Mae OPOHTH 3aMKHeHe KOJIO Bil MOBUTUBHOTO IIO-
JIoca Kepesia CTPYMY O0 HeraTuBHoro. HempaBunbHe 3’¢IHaHHSA TajbBa-
HiYHHX eJeMeHTiB (man. 23.1, ) He CTBOPIOE MEePepo3MOALIy eJeKTPHYHMIX
3apAIiB HA IOYATKY 1 B KiHIIl eIeKTPUYHOTO KOJIA, a OTiKe, BigmosigHol mii
eJIeKTPHYHOrO0 I0JA, AKa 0 3MYIIyBajia PyXaTHUCh eJIEKTPOHM.

Coocobu 3’eTHAHHSA eTeKTPUUHUX OPUIATIB ¥ KOJIO 300paKyIOTh Ha Kpec-

JIeHHAX, AK1 HABWBAIOTE eACKMPUUHUMU cxemamu. Ilpunangym Ha cxemMax 80-
OparKyIOTH YMOBHUMHE IMo3HaveHHAMU (Mas. 23.2).

7~ i iB
( Man. 23.2. YMOBHI NO3HA4YEHHA e€NEMEHTIB

€NeKTPUYHUX Kin:
= 7. —Q——— 1 — raneBaHiuHuii enement; 2 — Garapes
e ok ransBaHi4yHMx enemeHtie; 3 — 3’egHaHHs
—|----4— 8. — npoeoais; 4 — nepeTuH nposogis (6e3

9 3’enHaHHA); 5 — 3aTtuckadi ong nin’enHaHHa
—_— 9. 11—
CNOXMBA4a ENEeKTPUHHOrO CTPYMy (kiemwu);

EEE — 10._D:|:D_ 6 — BUMUKAY (ENeKTPUYHWA Ko4); 7 —

enexkTpuyHa namna; 8 — enekTpu4HWiA n3Bi-

\

o o &~ w N

o o 11.—@®)—— Hok; 9 — NPOBIGHUK, WO MAE Aesikuii onip
(peaucTtop); 10 — HarpiBanbHWIA €NeMeHT;

—_— 12‘_®7 - 2
11 — enexkTpoBUMIpIOBANLHWIA nNpunag (am-
nepmeTp); 12 — enexkTpoBMMIPIOBaNBLHAI

npunag (BONLTMETP)




Tema 3. EnekTpu4Ha B3aemogia

BurkopucraEHS eTeKTPUYHUX CXeM /Ia€ MOMKJIHMBICTD KOMIOaxKTHO 300pa-
JKATH HABITE JOCUTH TPOMI3IKi eTeKTPUYHI KoJa, M0 3HAYHO NOJETIIyE Po-
bory iH)KeHepiB, KOHCTPYKTOPIB Ta (axiBIliB 3 0DCAYTOBYBAHHSA 1 PEMOHTY
eJIEKTPUUHUX IPUIATiB.

Hiznaemoca npo nocaido6ne i napanenvre ni0KLIOYEHHA CRLONCUEANLE
y koni. POBTJIsHEMO eJIEKTPHYHE KOJIO, Y AKOMY OJ[HA 38 OJJHOIO TiKJIYEHO
nBi enexrpoaamnu. Take 3’€fHAHHA CIIO/KMBAYIB HASHBAKTH IOCJLIOBHIM
(mam. 23.3).

3BepHHU yBary, II0 NOOCJiZOBHO
3’emHAaHI i raIbLBaHIYHI eJIeMeHTH.

Arnro mamny mig’egHATH Tak, AK
3o0paxeno Ha maua. 23.4, e, TO TakKe
3’eIHAHHSA CIOXXMBAUIB HAZHMBAKOTE I1a-
panesbHUM. ¥ IEOMY BUTIAAKY KOJIO Ha-
BMBAIOTH POITANIYIKEHHM. VMoro cxemy
3o0paxeno Ha maJ. 23.4, .

Y posrany:xenux kouax (mamu. 23.4, )
€ TakK 3BaHi BY3JOBI TOUKU, y AKHUX

3’¢IHYIOThCA TpH i OGinbIlle MPOBOAIB. Man. 23.3. EnekrTpudHe Kono
Bysnosi TouKH pPO3miNAOTE eNeKTPUU- 3 MNOCNIAOBHUM 3’ €IHAHHAM CMO-
He KO0JIO Ha OKpeMi TiaIKH. XKUBAYIB | [PKEPEN CTRYMY:
. — CBITNMHA;
IMTapanenmsHO MOXHA NIif €JHYBATH L — enekTpuUHa cxema !
i mxepena crpymy (mag. 23.5). "
i
Man. 23.4. EnekTpuyHe KOno 3 napanenbHumM
3’egHaHHAM CNOXMBaYIB:
\ e — CBITNIMHA; @ — ENIeKTPUYHa Ccxema
= 7
/- = e ™\
|‘ = 3] Mepernsxb B €-000aTKy aHIMaLiiHy MOAENb ENEKTPUYHOMO Kona ‘
\ - 3 NOCNIQOBHUM i NapanenbHUM 3’€fHaHHAM cnoxueadis (23.1).
e _,./
ﬂYMAﬁ ' IITonorpibHO LS icHYRAHHA eTEeKTPUYHOTO CTPYMY B eJIeK-
. TPHYHOMY KOJIi7

Haxpecnu B somuTi Tabauiio. 3aOuIII HA3BY eJeMeHTA
KoJa abo HakpecsH HOoro yMOBHe DO3HAUEHHS.




§ 23. CKNajaeMo enekTpu-He Kono

Haszea enemeHnTa YmMmoBHe HasBa enemeHTa YmMmoBHe
Kona No3Ha4YeHHs Kona NO3Ha4YeHHs
-+ =+
—R— SR
lanbBaHi4YHWA AmnepmeTp
enemMeHT
MpoBigHuUK, WO Bumukay
Mae oesknia onip (enexTpuyHuii
(pesucrop) KIHOY)

' HazB¥ OCHOBHI eJleMeHTH eJIeKTPUYHOTO KoJia,
300paskeHoro Ha MaTIOHRY 23.6.

Man. 23.6
PO3B'AXXU 3A0AMI
Enexrpuyne KOJIO CKIAJACTLCA 13 AKEpea CTPYMY, ABOX KJIOYiB Ta
namnu. AKuil BUTIAL MATUMe CXeMa, AKII0 OTHUM KJIYeM BMHUKAETHCS
TLILKH JIaMIa, iHIMHM — TiJIbKH A3BIHOK?

E Harpecuar MOKIIHBI cXeMH eTeKTPUUYHUX KiJ, IO CKIaga0TheA 3 DaTapel
raJbBAHIUHUX eNeMeHTiB, eJeKTPUUHOI JaMON, eJeKTPOABUTVHA, eJeK-
TPHYHOIO A3BiHKA 1 KIfoua.

BUKOHAW OOCNIAXEHHA

BugoHYyit TOCHiIH 3 TOTPHIMAHHAM MPABILI Oe3leKH KUTTEXi AIBHOCTI!

n O6nadHaHHA: JOBL elekTpolaMiIn, Bl Oarapeilku, BHMHKAaY Ta
3’eIHYBaNbHI TpoBoaAn. Po3auBucAa cxemMu, 300paskeHi Ha MaTOHKY 23.7.
CoporHosyii, y AKOMY BHIAOKY OyJe oTpHMaHe HalsdcKpasille CBIiTJO.
IlepeBip cBOE IpUTIYIIIeHHA Ha JOCTidi.
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i R

i 4

MponoexeHHa man. 23.7

Pospuruck cxemy (May. 23.8). Ak nmorpibao mig’egHaTy JaMmou, 1106 of-
HUM KJIYeM BMUKAJIach OHA JiaMna, inntum — apyra? Hak pecnau cxemy
it mepesip ii. AKi n1e BapiaHTH BMUKAHHA 1 BAMHUKAHHSA JIAMII MOJKeMI 3a-
OPONOHYBATH, AKIIO 3AJTUNIUTH Te caMe obmanHaHHA (Man. 23.8, e) abo
AKIIO 301IBNTUTHE KilbKicTe JaMn g0 6, a 6aTtapeit — mo 3 (man. 23.8, @)?

s R

A 4
Man. 23.8

:a BukoHain B e-nonatky BineosasaaHHeg (23.2) Ta nepernsHb CUMYNSLi
we «EnekTpuyHe kono» (23.3).




§ 24. AISHAEMOCH NPO CUNY CTPYMY

I HATIPYTY

Mu 3'acyBanu, Ak MOXHA 3'€QHYBATW ENeMEHTU

eNeKTPUYHOro Kona. Yy 3MiHUTLCSH CBITIHHA namnu,
AKWO A 00 Hel npuepHalo we 10 namn abo HaBiTb
i 100, aky ripnaHai? Yu tpeda meHi ans ubLoro B3ATH

Binblue 6aTtapenok?

Posnueucs mamouok 24.1. Mu y:xe mopiBHIOBAIHT HUPKYIAII0 BOAH i3 TPO-
TiKaHHAM eJIeKTPHUIHOro cTpyMy. IIpogoB:x MO IOpPiBHIOBATH i PO3MIPKOBY-
BaTu. BucsaoBu cBoi mpunmynienHsa 040 MOMKJINBUX 3MiH ¥ poGoTi 306paske-
HOI HacocHOI craHnii. Yu BonuBae HA pobOTY BOAAHOTO KoJieca INIBHAKICTH
HoTOKY Boxu? SIK, HA TBOIO AYMKY, SMIHHTBCS HOTIK BOAHM, AKIIO BEPXHil
6ax migmartu mie Bume? Illo BigbymeThes, AKIIO 3BY3UTH JKOJ00M, AKIIMIT
tedue Boga? Ilepesip cBOl mpuOyImeHHs, IPOYNTABIIN Haparpad.

I A

KpaH Bumumkay-—

MoTik BOONK
- BogsHe
KONeco

Hanpsam
eNeKTPUYHoro
CTpymy

@ [xepeno cTpymy

Man. 24.1

LOI3HABANCSH
A

Hisnaemoca npo cuny cmpymy. KO0 3By3UTH K0JI06H, AKUMU Tede
BOJA, TO OYEBHMIHO, OI0 Ha OPHYHMHY MOTOKY i HOro HAOPAM Ile He BILJIHHE
(BOoma Tedye BHACHILOK 3MiHU piBHIB Bogm). Ha zaranpHy KigbKicTh BOAH 1€
TaKo:K He BIIHHe. [IpoTe 3MiHHThCA TIBUAKICTS HOTOKY (K1JIBKiCTEH BOIH, IO
OPOTiKAa€E 3a OAMHUILIO Yacy), 10 BIJIMHE HA iHTEHCHBHICTL O0OepTaHHA JIOIIa-
Teil KoJieca. AHAJIOTIYHI IPOIECH BiA0YBAIOTHCH i B KOJIL €JIEKTPHYHOTO CTPY -
My. BelnuuHO0O, aHAJIOTIYHOK NIBUAKOCTI IIOTOKY, € (Di3HYHA BEJIMUMHA, 110
XapakTepUs3ye MBUAKICTE IPOXOMIKEHHA eIeKTPUUHUX 3apATiB Uepes moie-
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peuHH# nepepis npoBigauKa. Tarky BesmuuHy HazBanwu cura cmpymy. Hei
TEepMiH BUHUK 3aJOBTO JI0 TOT0, AK GYJI0 BCTAHOBJIEHO TPUPOAY eNeKTPUYHO-
ro CTPyMy, i € JIenio HeBAAJNNM, OCKIJIBKY KOJHOTO BiTHOIIIEHHS [0 «CIJIH »
BiH He Mae€.

AMHep € OCHOBHOK OIHHHIEID

. . Cuna ctpymy (current) — ue ianyHa
Mixuapoasoi cucremu. Haszsana na

BENNYMHA, LU0 XaPaKTePU3YE ENeKTPUH-

OAWHUISA Ha YeCcThb Bijomoro gpas-
nys3bKoro (pisura AmHape Awmmepa.
1I1o6 ysaBuTH cTpyM™m cuymoo B 1 A,

HW CTPYM Y KOJi | AOPIBHIOE BiOHOLLEHHIO
eeKTPUYHOro 3apsay g, Wo NpoMLLOB Ye-
pe3 nornepeyHvin Nepepia nNpoBsiaHuKa, A0

Yyacy noro npoxomkeHHs t. Cuny cTpymy
no3HavyalTb BEMWKOK NATUHCBKOK Nite-
poio I Ta BM3HA4YAKTL 32 GOPMYNOI:

HaBeJgeMO TakKl jgaHi. Besmeunoro
ANA JTIOAUHE € cuiaa cTpymy 1 MA
(1-10%A), a cuna erpymy 100 mA
(0,1 A) B¥e IPHUBBOAUTE A0 CEPHO3- = i_ OAVHULIEID G CTPYMY € a-
HUX YPaKeHb. t

Ax BupsO 3 Tabaumi 24.1 B KiHIL nep, 1A.
naparpada, Ia podoTH moO0yTOBHX
Opuaaj iR moTpifHI Taki 3HAUEHHA CHUJIH CTPYMY, II[0 3HAYHO IEePeBUNIYIOTH
Oe3meuHi 1JId JIIAUHE HOPMH.

Hisnaemoca npo enekmpuuny nanpyzy. OueBugHo, AKOO 30inpmINTH
BHUCOTY, 3 AK01 Oyme magaTu Boga, 30iIbOINTECA «POOOTO3IATHICTEY MOTOKY.
Aki sminu BigOyayThesa y pasi sminu pisais Bogu? Ilo 0inboion € pisHHLA
BHCOT, THM 0inbIry poboTy BHKOHYE CIUJIA TA:KIHHA Iig 4ac MagiHHA BOIHA
i TEM GLIBOIOID € eHePrid BOAAHOTO TOTOKY. KO piBHI Boawu OyAYyThH OJHA-
KOBHUMI, TO BOJla CTOATHUME ¥ KOI00ax, IPHYNHA O 11 HepeMiIeHEA HeEMAae.

B enexTpuuHOMY KOJi BEIMUHHY, AHAJOTIUYHY PIBHUILI BUCOT, HA3UBAIOTH
Hanpyezow. 3’scyeMo geTadbHinle, Oio Take Hanpyra. [Ipmannoio exexTpmd-
HOT'O CTPYMY B KOJIi € HAABHICTEL eIeKTPUYHOrO IOJIA, Oif Ai€1o AK0ro Biady-
BAETHCA NEPEMIIIEeHHA eTeKTPUIHOTO 3apAny. KiIeKTpHYHE 0JIe CTBOPIOETh-
cHA JKePeJIOM CTPYMY.

1106 momaBaTu Bomy Ha GinBITY BHCOTY, MOTpibeH moTy:KHimmi Hacoc,
YV BUIOAAKY eJIeKTPHUYHOTO KoJa — MOTy:KHinte mixeperno ctpymy. 1lin miero
€JIEKTPHUYHOTO MOJIA, 10 CTBOPIOETEHCA JyKEPEJIOM CTPYMY, 3apAnsKeHi dac-
TUHKH PyXaloThCSA I0 NpoBigaury. IIpn nboMy BUKOHYETHECA poboTa 3 mepe-
mintenasa sapagiB. e cBiguuTs opo Te, 10 TOJOBHY POJIb V TPOTiKAHHI eTeK -
TPUYHOTO CTPYMYy B IPOBIJHWKAX Bifirpac eIeKTpUYHe IIOJE, CTBOPIOBAIE
IxepeaoM cTpymy. [ XxapaKTepPUCTHRY eJIeKTPUYHOTO MOJIA 1 BBOAATH (i-
BUYHY BEJIMUNHY — HAIPYTy.

Mosxnauso, T uye/uyna Bupas «0Obepe:xHo, BUCOKa Hampyral». ¥ mbo-
MV pasi CJIOBO «BHCOKAa» IOSACHIOE TOHW (paxT, O10 uuM OiNBIIOI € HATpyTra
Ha KiHOAX TIIAHKY KO0Ja, TUM OiIbITY poO0OTY BUKOHAE CHIA, III0 Aie 3 OOKY
eJIEKTPUYHOTO HOJIA JJId HepeMinieHHA 3apany 1 Kia. Azanoriuao 3 1OTOKOM
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BOJIM: UMM BHIIOIO € PIBHANA PiBHIB BOJH, THM OiJIBITY poDOTY BHKOHAE CHJIA
TAXKIHESA i yac magigeEsa BOOH Macoio 1 Kr.

Haszpana g oguuuIg Ha 4eCTh Bi-
JOMOro iramiiicekoro (isuka Aunec-
cagapo Boabra. 1 BONBT HOPiBHIOE
TaKiH eJJeKTPUYHIA HATPY3i HA KiH-
OAX IPOBIIHUKA, 34 AK0l pobora 3
mepeMimieHHd eJeKTPUYHOTO 3aps-
ay B 1 Kn mo nift gingauii nporigam-

1 M

Ka qopisHmoe 1 mproyab: 1 B=

Hanpyra (voftage) — ue ¢i3nyHa Benn4u-
Ha, LU0 XapakTepu3ye eNeKTpuyHe none i
BU3HAYAETLCA BiAHOLUEHHAM POOOTI enex-
TPUYHOrO NONg Ha NEeBHIV AinaHui kona oo
ENeKTPUYHOTO 3apsaaYy, WO NPOVLLOB Mo Ui
AingHul. Hanpyry no3Ha4aioTh BEVKOIO Nna-
TUHCBLKOKD NiTepolo U Ta BU3HA4alTb 3a

dopmynow: U :_A. OpuHuueo Hanpy-

1Ka
m e BonbT, 1 B.

Pigui mixepesia cTpyMy xapaxTe-
PU3YIOTHECS POOOUOI0 HATIPYTOO.

IITo6 orpumaTu GiABIINI HATIPYTH, raJbBaHIUHI €JIEMEHTH, aKyMYJIATOPH,
TEpPMO- i (hoToeIeMeHTH 3’ €HYIOTE ¥ faTapei.

Armio Tpeba omep:xaru GimbHIy Hampy-
Iy, BAKOPHUCTOBYIOTh IOCA10BHE 3’ € THAHHA
esemenTiB (man. 24.2, @): OKpeMi elreMeH-
TH IPUEAHYIOTH OJHH JI0 OJJHOTO Pi3HOMMEH-
HAME DOJIOCaMH. SIKOI0 XOYYyTh Ofepi:KaTh
J:Kepeyo, o jgae OinpmIUi CcTPYyM, BUKO-
PUCTOBYIOTEH MapajiefibHe 3 €IHAHHSA eJe-
meHTiB (Mas. 24.2, ()): okpemi enemeHTH
3’eJHYIOTh ¥ DaTapeid ONHOMMEHHUMM TO-
JIIOCaMU.

Axumu npunadamu 6umipiwOmes cuiy
cmpymy i nanpyzy. Cuny cTpyMy B KOJi
BHMIDIOIOTH 3a J[AOIOMOIOI CIeNiaaibHOIo
npujaxy — amnoepmerpa (man. 24.3). Bin-
Hafiniu Ha c¢. 159, AK mo3HAUAIOTH aMIep-
MeTp Ha eJIeRTPUIHHX CXeMaxX.

./7-- .7.\\.

Man. 24.3. Avnepwmetp: &) — gemoHcTpauivinmi; () — naGoparopHuii
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OckinbKH 38 3aKOHOM 30epeKeHHA eJIEKTPHUYHOrO 3apAany KiJbKicTh 3a-
pAAiB, O0 HAAXOAUTE ¥ KOJIO 3 OJJHOTO 3 TIOJIIOCIB JI3Kepesia CTpyMy, JOPiBHIOE
KITBKOCTI 3apsdiR, IO MTOREPTAIOThHCA HA APYTHH IMOJIOC AXKepena, TO CHIa
CTPYMY OJHAKOBA B PiBHUX AINAHKAX KOJIA 3 HOCHiLOBHO 3’€THAHWX MpUJIAa-
nie. Tomy, 0100 BUMIipATH CUAY CTPYMY B TAKOMY KOJi, aMIepMeTD MOKHA
BMUKATH Y OyOb-AaxkoMy Michi. s riboro Tpeba «posipBaTi» Komno, i B mpo-
Mi’KOK, II0 YTBOPHTBLCA, BBIMKHYTH aMIepPMeT] 3a JOIOMOIOI0 ABOX KJEM
abo 3aTUCKaYiB, pO3TANIOBAHUX Ha Horo Kopnyci. Take BMEKaHHA ¥ KOJO, AK
TH yoKe 3HAECHI, HA3HBAIOTEH MOCJIiJOBHIM. BMUKaOUH aMIepMeTp ¥ JOBilb-
HUX MicIAX K0JIa, DepeKoHalicsda, Io Horo ToOKa3auusa 6yIyTh OJHAKOBIMI.

—+H®&— &L+

R R

Ha nparTumi BHKOPHUCTORYIOTE Pi3HI amMmmepMeTpH. 3a IXHIMHU IITKAaIaMu
a6o iHIMUMHY MO3HAUEHHAMM BUAHO, HA AKY HAHOILIBINY CHIIY CTPYMY BOHH
pospaxoBari. [lepeBUNTYBATH II0 CIIY CTPYMY HE MOJKHA, DO IPHUIAT MOXKe
gincyBaTucsa. BUKOHYyIOUN BUMipIOBAHHS AMIIEPMETDPOM, CJIiT JOTPUMYBATH-
¢ e U TAKWX OPaBUIL:

+ BMUKATH aMIEPMETpP ¥ KOJO TOCIiTOBHO;

« JIOTPUMYBATHCH NOJAPHOCTI MiKIIOUEHHSA, TOGTO 0 KJIEMH IPHIANY, T0-
3HAYEHOI 3HAKOM «+», Oi’e AHYBATHU NPOBiJ, M0 BUXOAUTEH BiJ TO3UTHUB-
HOTO TOJIIOCA JIXKepesia CTPYMY;

+ He MOXHA [ eTHYBATH aMOEePMETP YV KOJIO, ¥ AKOMY BiIcyTHi# cmoKuBay4

CTPYyMY.
Ha opakTuni Takok BUKOPHCTOBYIOTE AMIEPMETPH i3 TH()POBUMHE iH/MI-
KaTopaMu, a TAaKOX Kino-, MiJIi- Ta MiKpoaMIiepMeTpu.

g BuMipioBaHHA HAOPYrd BHKOPHUCTOBYIOTL CHeIiajfbHI OpHIagm —
sonvmmempu (man. 24.4). Bigmaiiam ma c. 159, aK mo3zmavaioTb BOJILTMETP
Ha eJIEKTPHYHIX CXeMax.

p

3

"

OCKINBKY eJIEeKTPUYHA HATIPYra XapaKTepU3ye «PoOOTO3ZATHICTE» eNeK-
TPUUHOTO IIOJIS MijK ABOMA TOUKAMH, TO BONILTMETD, Ha BiAMiHY Big ammep-
MeTpa, BRJIIOYACTHCS B eJIEKTPHYHE K0JI0 6e3 fioro pospusBy. BoabTMeTp npm-
€IHYIOTE IapaJeabHo D0 Ticl AiMauKu, Ha KIHIAX AKOI BUMipPIOIOTH HATIPYTY .
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AK iy BEOAJKY 3 aMIIEpMeTPOM, MiAKJIHYAI0YH BOJETMETP, DOTPiOHO cTe-
JKUTH 34 TOJISpHicTO. g BUMiplOBaHHA HATIPYTH HA MOJIOCAX Kepea
CTPYMY BOJIBTMETD NMPUEAHYIOTE O83TTOCEPEIHEO A0 KIeM JFKepena.

Tobi HeogHOPA30BO JOBOAMJIOCA BHBUATH 1 MOBTOPIOBATH NpaBuia Geame-
KU JKUTTENISIIBHOCTI, 30KPeMa II0J0 POo0OTH 3 eJIEKTPHUHUMHE TIPIIagaMu
i mpucTpoamMu, i favynTH Taki 3acTepe)kauBi Ta imdopmanifini nmosHaveHHsa
(man. 24.5). 3BepHH yBary, o ogUHHIIO Hanpyra B (BoJbT) MOXKYTH YKa-
gyBaru i B MbkHapoguux oguHunax V (volt). BinenricTs ereKTpUuyHuX Opu-
JaziB i OIpuCcTpPoOiB NpamiooTh 3a 3HaueHHA Hanpyru y 220 B, ane crpymu
B HUX MOJKYTEB MaTH pisHi sHaveHHsda. ¥ Tabmmir 24.1 BKa3amo 3HAYEHH T CHIIIT
CTPYMY i HAIPYTH AJIA JeAKUX IPUCTPOIB.

s Sy
If \|

————————
HE BMUKATW!
I NpauloioTs NIaK /5\ u"‘c
380V/220V

FE-
= !
| 2208 |

Hamnie :®uTTsi HEMOMKJIUBO YABUTH 083 BUROPUCTAHHSA PIBHUX JIeKTPUIHUX
OPUIALIB 1 OPHCTPOIB, IJIA POOOTH AKUX IOTPi0OHA BigIOBigHA eJIeKTPHYHA HAa-
npyra i y aKHX OpOXOJIUTE CTPyM pisHOI cunu. ¥ Ttabmauili 24.1 BKazaHo CHIY
CTPYMY H eJIEKTPUUHY HATIPYTY B Pi3HUX TeXHIYHUX NPUCTPOAX i IpUiafax.

Tadruysa 24.1

———

Man. 24.5

MpucTpii Cunactpymy, A Hanpyra, B
EnexkTpoHHWA MiIKPOCKOM 0,00001 130 000
PGTTFeHiBCbKMﬁ Meauny- 0,020, 1 70 000-200 000
HWI anapar
EnekTpuyHuiA nixTapuk 0,3 4.5
Mo6inbHuiA TenedoH 0,53 37

y pexumi poboTtu
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ITpodosmernnsa mabauyi 24.1

EnextpuyHa namna 0,3-0,4 220
MNMunococ 1,9-4,2 220
Enexrtponnura 3-4 220
MpansbHa mawunHa 3-7 220
leHepaTop aBTOMOBINA 17 12
JeuryH TponeinGyca 160-220 550
[BuryH enexkrpoeosa 350 1500
Anapar Ans KOHTaKTHOro

3BaploBaHHg To:09y g
nYMAﬁ 1] IIlo xapaKTepuU3ye CHIa eJIeKTPUIHOrO CTPyMy ?

| $k cuna cTpymy 3aNeRUTH BijJ] e TeKTPUUHOTO 3apAAY, M0
' TIPOXOAUTH Uepes MPOBIAHUEK, 1 uacy?

ITosicHM, YoMy TEPMiH «CHJIA CTPYMY» He MOXKHA BBAYKATH BIAJIM.
SIK HA3HBAIOTH OJMHHUILI CHJIN CTPYMY 7
1ITo HaBUBAIOTH EJIEKTPHUHOIO HATIPYTOO 7

fK MoKHA BE3SHAYUTH HANPYTY, AKIIO BigoMi poboTa cTpyMYy i eJIeK TpHd-
HUH 3apan?

o npuitHATO 38 OAUHUITIO HANPyTu? K HA3UBAIOTE IO OJMHUIILIO?

ArRuM ODprIagoM BHUMIPHOOTH CILUIY cTpyMmy? A manpyry? fri mpasmiaa
BMHUKAHHA IITUX NPHUJIATIB B eJIEKTPHUUHE KOJIO?

. Yu opHakKoRi 3a (Pi3MUHMM 3MicTOM Taki TRep/AKeHHA: a) V TPOBIAHU-
KY IPOHIIIOB BeIHKWH eJIeKTPUYHUN 3apdaa; 6) v IPOBiAHUKY OpPOHNOIOB
CTPYM BeJIUKOI CHIH?

PO3B’AXU 3AA0AMI

Busnau, cCKiIEKHE eJIeKTPOHIB IPOXOAUTE Yepes MoMepedHui nmepepis opo-
BiJHHKA 38 CEKYHIY 3a cuiu cTpymy 1 A.

@ Buauau cuny cTpyMy B IPOBITHUKY, AKMOI0 3a 20 ¢ uepel3 monepeyHuT i me-
pepi3 MpoBiJHUKA TPOXOAUTH eJIeKTpUUHUI 3apsan 68 K.
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' Busuau yac mpoxo/[’KeHHA eJeKTPHIHOr0 CTPYMY 0 IPOBiTHUKY, AKIIO

3a cuam cTpymy 0,5 A mo OmpOBIAHUKY IIPOUMIOB eMEeKTPHUYHUHN 3apsan
7,7 Kn.

—is . /g, MkKn
- Ofuncam cuily CTPYMy B IPOBiTHUKY, A

Kpi3b IomrepeyHu i mepepis AKOro 3a KOK- 1
HY XBUJIHHY MIPOXOAUTL 3apsan 36 K.

' Busnau KinbKicTh eJIeKTPOHIB, 10 IIPO-
XOAATE 3a 1 ¢ 4epes nepepis MeTaseBo-

ro IPOBiJHIMKA 3a CHJIH CTPYMY B HEOMY
0,8 MKA.

N b ® O

N 32 rpadikoM 3aJIe’KHOCTI mepenecero- | 0 1 2 3 4 5 t,‘g
ro sapany Big gacy (maun. 24.6) BusHau -
CILIY CTPYMY B IPOBITHUKY. Man. 24.6

| 3a rpadikoM 3aJIeKHOCTI CHIIE CTPYMY (T, AA
Bix uacy (mama. 24.7) BusHAY 3apAL, IO
[IPOXOLHUTh Yepes MOIepPeuHUi nepepis
OpoBigHMKA 3a yac 8 c. fAKy Qismuny
BeTHUYMHY MOKHA BHU3Haumth, obume- | 0,47
JHABIIA TI00TY DpAMOKyTHUKA ODBC? 0,2+

0,6 + B

Busaau Hanpyry Ha HiIAHI eIeKTPHY- .
HOTO KOJIa, AKIIO Iij] 9ac mepeHeCeHHA |\
zapany b0 Kn enekTpruuHe moJje BUKO- Man. 24.7
Hye podory 1,2 xI:x.

 Ilix uac cBiTIiHHS TaMIKM PO3:KapPIOBAHESA BUKOHYEThCA pobora 3,96 x [[:x.
BusHau eteK TpUUHNYT 3apAl, AKWH DpoHIIoB uepes JjaMny, AKIIO i1 yBi-
MKHeHO B Mepesxy 220 B.

| 1| Yomy nopiBHIOE HANPYTa HA AUAAHII KoJa, y AKif npu cuii ctpymy 2 A 3a
20 ¢ 6yxo 3xiticaeno pobory 800 Jxx?

1 | Hampyra ma KiHnax nposigauka 5 B. flka cmima cTpyMy B OpPOBIAHHKY,
axmo 3a 40 ¢ sgificueno poboty 500 I:x?

Axy poboTy 3gificEuTE cTpyM cuioo 3 A 3a 10 xB 3a Hanpyru B kouai 15 B?

' Ha mauosky 24.8 306paskeH0 MIKaJINH AMIepMeTpiB Ta BoabTMeTpiB. Bu-
3HAY UIA KOYKHOIO IpUJIagy Mei BUMIPIOBaHHA i MiHY TOMIIKHM OIKAJIH.
ARy cuny cTpyMy TMOKAa3ye KOKHHE amuepMmerp? ARy Hanpyry noxasye
KOXK€eH BOJIBTMEeTD?




Tema 3. EnekTpu4Ha B3aemMogia

/ A
vulingy whiily, \i 7, Wil
W2 \4 6 \leoﬂé’oa;o;/,/ N 24/ | B\2 &
/
Q%\ % A A
5 m 10 4 " 8 2 i
Wy WAL T WU H Ty
Wy, A i1, ” aa l /f///
0 15 0 mV 12 \0 k 6
") o © y
— — Man. 24.8
MepernsHe B €-A0AATKY CUMYSLIO |
. we  «Cuna ctpymy» (24.1). J
OUIHU CEBE

W BukoHai B e-0oaaTtky 3aBoaHHa ang CaMmoouiHioBaHHA (24.2).

BUKOHAW NABOPATOPHY POBOTY N: 6

Buxonyii podoTy 3 JOTPHMAHHAM IPABHI O€3HeKH JHTTEIIAIbHOCTI!
Hayuwuch BUMipIoBaTH CHIIY CTPYMY 1 HAIPYTY BEMIiPIOBAIbHAMH ITPUIATAMH.

O6nadHaHHA: OKEePeIo CTPYMY, eJIeKTPHUYHA JIaMa, KJIY, aMIepMeTp,
BOJIBTMETP, 3’€IHYBAJIbHI ITPOBOIMH.

: . ; : — = )

1. Busmau miny mominku Ta MerKi BUMiPIOBAHHS aM- :I

nepmerpa (mkamna 0—-3 A).
2. CrkinaguenexkTpUYHE KOJIO, 300paskene Ha maJ. 24.9. \
3. Buwmipmoi cuny eTrpyMy, OIpHEIHABIIHN aMIEPMETP:

a) MiXK JKepesoM cTpyMy i KiaodueM; 6) MixK mHykepe- y

JIOM CTPYMY 1 TaMO0M0; B) MiK KIIIOUEM i JaMIIO0.

Man. 24.9

4, Haxpecsu cXeMHu CRJIAJAEHUX eNeKRTpIaHuX Kix. [To-
Py4 3a0UIN Pe3yIbTATH BEMipIOBAHB.

5. BusHau niny noJinxu Ta Mexki BuMiproBaHHA BoabTMerpa (mkanxa 0—6 B).

6. 3a moTOMOTOI0 ROTBETMETPA BRUMIDAN HATIPYTY: a) Ha Jammi; 6) Ha mrepesti
CTPYMY.

7. Haxpecnu cxeMU CKIAfeHUX eldeKTpHUuHUX Kin. [lopyu zanmumu pesynb-
TaTU BUMipIOBaHb.




§ 25. BUMIPHOEMO ENEKTPUYHNA ORIP

AxkLL0 Hanpyra xapakTepuaye enekTpuyHe none, fke
3MYLLIYE PYXaTUCh ENEKTPOHMU, a PyX CaMUX eNleKTpo-
HIB XapakTepusye enexkTpu4HuiA CTPyMm, TO, MOX-
NMBO, iCHYE B32EMO3B'A30K MiX Hanpyrow i CUolo
CTpymy?

Posgusucs obnagmanua (manx. 25.1). Tu Mmoxxen sMiHIOBATH KiTBKicTs doxe-
pes cTPyMy Ta KiJIBKICTE CIIOKKBAYIB CTPYMY (€IeKTPUIHIX JaMII) BiJ 0qHO-
T'0 10 TPHOX i IIopasy 3a JOIOMOT0I0 IPHUIaAiB (BOJIbTMETPA Ta aMIIepMeTpa)
BUMIipIOBATH HALIPYTY i CHUIY CTPYMY B KOJi. Bukona# qocmix camocTiiino ao
CKOpHCTAalicA pe3yJIbTaTAMN BUMIPIOBAHE, 3a3HAYEHNMH B Tadaumi 25.1.

(/




Tema 3. EnekTpu4Ha B3aemogia

Tabauusa 25.1
Homep Cxema Hanpyra, U Cwvna BigHoweHHs
gocnigy 3’eQHaHHA cTpymy, | u
oxepen T
CTpyMYy W
eNneKTPUHHUX
namn
1 é U=158B . =0,5A
2 -E_Qq U,=3B ,=1A
8 iﬁ U,=45B l,=1,5A
4 éﬁ) U,=158B [,=0,25A
5 -ﬁo U,=3B I,=0,5A
6 ﬁﬁ@ U,=458B I;=0,75A
7 ‘@gj)@ U,=458B l,=0,5A

ki nie BapiaaTH 3’eHAHE ¥ TaOJMHII He BKa3aHO?

[Ipoananisyii, y cKinbKH pasis 30iabmyeThesa Hanpyra U, 00 BiAHOIIEHHIO O
U,, U, no sBignomennmo 10 U,. ¥V CKiJIbKHN pasis Opu 0pOMY 3MiHIOETECA I, 10

I,I,n01,?00unciu BiAHOMIEHHSA T y gocaigax 1-3.

IIpoananisyii, y cKinbKu pasie 80inbmyeThesa HAIPYra U, 00 BiAHOIIEHHIO 10
U,, U, oo Bignomtensio go U,. ¥V cKiIbKHK pasis npu npoMy 3MiHIOETECA I, 10

I,, I, nol? Obunciu BigHOIEHHSA % y mocaigax 4—6.

Ilopieusail pesynsraTu gocaigis 1i4, 21 5, 31 6. fIk zanexurs obuncieHe
3HAYEHHA 1% Big KiJBKOCTI D)KepeJ CTPYMY Ta Bil KiJIbKOCTL CIIOKHBAYIB
CTPYyMY (ene{chHqHKx nami)?

Copornosyii sameskHicTs [ Bix U. Tu 3a KpoK 10 BiZKPUTTS 3aK0HY!




§ 25. BUMIPIOEMO eNeKTPUYHWIA Onip y Ko

QI3HABAUCSH
Y

Hisnaemoca npo 3axon Oma. 13 gocnimxeHHsa MOKHA 3pOOUTH TaAKHH BU-
CHOBOK: V CKIJIBKH pasiB 361IbIIUTHCA (3MEHITUTHCSA) HAIIPYTA HA CIIOKUBAUI,
V CTIIBKH 3K pasiB 30ibIIUTHCA (3MEHIIUTHCA) B HBOMY CHJIA CTPYMY .

Iammmu cnoBamMu, cHiia CTPYMY B IPOBif-
HEUKY IPAMO MpOTOopHifiHa HANPY3i HAa KIHOMAX
nporigauka: I ~ U.

I AA

1,5+

3a pesyabTaTaMH IEPIINX TPHOX HOCJHIi- 3
niB mobyayemo rpadix samexnocti I Bim U 1
(mau. 25.2). 0,57

. fAxrnro 5361JIBIIIYB8TI/I KiNBKIiCTH CHOMKUBA- 0 15 3 45 U,B
uiB y KoJi, TO 33 OSHAKOBOrO 3HAYEHHA Ha-
OpyTrH eNeKTPUUYHUNA CcTpyM Oyae MeHMIHH. Man. 25.2
Iloni6HM? BUCHOBOK MOkHA O6yJIO OTpHMATH 1
V TOMY pasi, AKOH, HATPpUKJIaA, V MEePIIOMY JOCTIiAl 3aMiCTE JaMIKX BHKOPIC-
TaNW AKKAHCH IHMNY CI0KHUBAY 1 TOPIBHANY Li Ba Pe3yAbTATH.

IHmIIME cIoBaMM, MOXKHA CTBEPIKYBATH, IO CTPYM B KOJi 3aJIeKHATH BiJ
BIACTHBOCTEH NpORiJHUKA, VBIMKHeHOro B KoJo. Ilo BracTHBRiCcTh Ha3MBa-
IOTh eACKMPULHUM ONLOPOM.

Kosm BBegeHO Tarky BeJIHYHHY,
MOJKHA CTBEDIKYBATH, 10 B3aJI€HK- EnexkTpuunuia onip (electrical resistan-
ce) — ue ¢isuyHa Benm4MHa, Lo xapakre-
pMU3ye BNACTMBICTL MPOBIAHMKA NPOTULIATA
NPOXOAXEHHIO ENEKTPUYHOT 0 CTRYMY. Enek-
TPU4HWIA OMip NO3HA4aI0TL NiTepoto R. Oaw-
HULIEIO EIEKTPUYHOTO OMopy € oM, 1 Om.

HICTH CHJIM CTPYMY BiJI BJIACTHBOC-
Tell IPOBIIHUKA HOACHIOETHCS THM,
10 pisHi OPORIJHUKM MAIOTH Pi3HUH
eNIeKTPUYHUH omip.

O6epemo pesyabpTaTi Zocaigis 3, 6
i 7 i mobymyemo rpadik same:xuocTi R

Big U (mam. 25.3).
( ! (I, AA
Orpumanu rpadik obepHEHO] 3aJeKHOCTI:

oro Oinpnivit omip OpPoOBiZHMKA, TUM MeHIIIA
cHJIa CTPYMY B HGOMY.

1,54

IHmIMMI cnoBaMH, CHJIA CTPYMY B TIPORBif-
HUKRY 00epHEeHO OponopHiiHa onopy MpoBij- 0.51

1 f
HuKa: [ ~E- 0 3

o+
[{e}
=




Tema 3. EnekTpu4Ha B3aEMO s

3 IOCJIIIIB BCTAHOBIIEHO, IO CH.JIA
CTPYMY B [iNAHII eJeKTPUIHOTO

. . 3akoH Oma (Ohm’'s law) ona QinaHku
KoJIa TIpAMO TIpomopIiiifiHa Hampysi

Kona (GpOpMYNIDETLCH Tak: cuna CTpymy

Ha Iiil JinsgHOl @ 00epHEeHO mpOIo- g oAHOPIAHIN AINSIHLI KONA NPSIMO NPONOpP-
puifina onopy miel ainauru. Ilfo 3a- uiHa Hanpy3i Ha KiHUGX Liel aingHkv Ta
JIeXKHICTE yIIepnie BCTAHOBUB eKcIie- 0DepHEeHO NponopuiiiHa il enekTpUuYHOMY
pumMenTanpHo v 1826 p. HiMenbKuii U

yuenuit I'eopr Om, i Boma oTpuMaia onopy: I= E

HazBy 3axoH Oma.

3a 3akonoM OMa MOXHa PO3paxyBaTH CHJY CTPYMY Ha MiASHI Kojaa

u - o U
I= R’ Hanpyry Ha il kisnax U = I + R ta onip gingaku kona B = T

EnexTpuunuii onip xapakTepu3ye NOPOTHIIID eJIeKTPUUYHOMY CTPYMY
Y HEeBHOMY cepefoBUIIi. ¥ 3’¢IHYBAALHHX IPOBOJAX TaKA IPOTHUIiA HE3HA-
YHa, TOMY Oiff 4ac po3B’sA3yBaHHA 3aJad OMOPOM 3 ¢IHYBAJIBLHHUX MPOBOIIB
MOKHAa HEXTYBATH.

EnekTpruuHMM OIIOPOM XapaKTEPU3YIOTHCA YCi iHOI cmokuBadi, y TOMY
ypeJi 1 BUMipioRasbHI mpuaanu. Byab-AKUE BUMIipOBAIbHUE TpUIam IIig
Yyac BMHKAHHSA B KOJIO He NOBMHEH BINIMBATH HA 3HAUEHHS BUMIipIOBAHOL Be-
auuuir. ToMy aMOepMeTp KOHCTPYIOIOTE TaK, 11100 HOro eJIeKTPUYHHEA omip
0yB AKOMOT'a MEHIIIHM, HATOMiCTE OIIip BOJLTMETPA — AKOMOTra OLIBIITHM.

AKIo 3a MKHYTH eJIeKTPUIHE KOJI0, 1110 HEe MICTUTUME CIIOMKUBAYA, MOXKE HAa-
CTATH KOPOTKE 3aMUKaHHSA. lle BUTANOK, 38 AKOTO eNEeKTPUUHUI omip y KOIi
Iy:Ke Manwii, i cuia cTpyMy B TaKOMY pasi HabyBae BeTWKHUX 3HAUEHb. AK Ha-
CIiTOK, MOXKYTHL BHUTH 3 JaAy BUMIpOBaJbHI mpmiaagn i AxKepeso cTpyMy,
3’eJHYBAJbHI IPOBOAY CUJIBHO HATPIIOTECA B MOMKYTE CTATH MPHUYMHO0 IMOKE .

HYMAﬂ Hpo 3B’ A30K AKHX CJIEKTPHUYHHUX BEJIHNYHNH fme MOBa B 3a-

KoH1 OMa nindA ginaaky KoJa?

Hanopyry Ha KiEODAX mpoBigEmKa 30ineommam Basiui. Sk
OpHU IIEOMY 3MIHUJIACS CILJIA CTPYMY, IO TIPOTiKA€ V mpo-
BIIHUKY?

B oxue i Te caMe K0JI0 BBIMKHEHI eJIeKTPUYHA JIaMITa H eJIeK TPHY Ha OJIHT-
ka. Cuna ctpymy v murmTii 6insma, Hixk y aamoi. Yomy?

IToTpibHo 36impOINTH ¥ 4 pasu cTPYM V KOJIL OPpH omopi, AKMit 3pic yasiui.
IITo Tpeba gus nporo spoduTu?

- U i
IIpoananisyii hopmyay B = T Uu MOKHA BBAKATH, 1[0 OILD JUISHKY eJleK-

TPUYHOTO KOJIa 3aJIeKNATh Bill CHIN CTPYMY B Hill Ta Hampyry Ha ii Kimmax?




§ 25. BUMIPHOEMO eNeKTPUYHWUI ONip Y KO

' Ha MaJoHKRY 25.4 300paxkeHo rpadiku 3a-

I,AA
JIeKHOCTL CUIM CTPYMY Bim Hampyrm OJid "
OBOX OPOBiAHUKIB., KN i3 IpoBiAHUKIB
mae 0inprrmit onip? T
T 2
\\.._ 0 — U’ ?//
PO3B’'SXKU 3A0AMI Men 5.4

ﬂ EnexTpruna ninuTra pospaxosaHa Ha Hanpyry 220 B. Omip 1i coipamni fo-
pieHIOE 75 OM. Buanau cuny cTpyMy B Hiff.

Buzsau cuny cTpyMy B eNeKTPUUHIN JlaMOli KUMIEeHBKOBOTO JiXTapd,
AKIIO OIip HUTKH PO3KapioBanua gopisuioe 15 OM i BoHa opueaHaHa a0
barapel rarbBaHIYHNUX eJieMeHTiB HATpyroo 4,5 B.

75.‘ Ha manrosKY 25.5 306paskeHo rpadikm 3a-
JIeKHOCTL CHJIM CTPYMY B HPOBIIHHKY Big
Hanpyru. IlogcHuM npuumay posbi:xHOoC-
Tell 3HaUeHb CHJIM CTPpyMy Ha rpadikax I, 3t |
I1, I1T 3a maopyru 2, 4, 6 B. Busnau enex- 21
TPHYHKIH OIIip KOKHOI'O 3 HPOBIIHUKIB.

IAA |
1]

m Y mporizaury 3a 30 XB IPOXOIUTE eNeK- 0 2 4 6 8 7 }[_5,
rpuunwmii 3apag 1800 Ki. Busnay onip mpo- - =
BIIHMKAa, AKIOIO HaIpyra Ha HboMy 12 B. Man. 25.5

E B enexTpuuHiii 1amni, pospaxosaniii Ha Hanpyry 220 B, ciwia ctpymy po-
piBHIOE 0,5 A. BM3HAY omip HUTKHK JJaMOHu B pobouoMy cTaHi.

| BuzHau cuyIy ¢CTPYMY B eJIeKTPOUAHHUKY, BBIMKHEHOMY B MEPEIKY 3 HATIPY -
roro 220 B, aKI10 onip HUTKK po3:KapioBaHHA nopiBHIoE 40 OM.

Y BoabTMeTpi, akmi nokasye 120 B, cmma cTtpymy mopisHiOe 15 MA.
Busnaau omip BoaeTMETDA.

. SAxy Hanpyry caig npuraacta o onopy B 1000 Owm, 11106 oxep:xaTl y HBOMY
cTpyM 8 MA?

! IIpu enexTposBapioBaHHi B eTeKTpHUUHIT ay3i 3a Hanpyru 30 B cina cTpy-
my gocarae 160 A. Axwit omip gyru?

= T
& \

I\ B Mepernsatb B e-A08aTKY CuMyasUil «3akon Omar (25.1, 25.2). |
=




§ 26. BUMIPHOEMO EAEKTPUYIHNNA ONIP

METANEBOTO NMPOBIAHNKA

Ao onip peocTarta 3aneXnTb Bif AOBXUHW NMPOBIA- P
H : ] . LR

HUKa, TO norivHo Byae 3’acyBaTu, YM 3aNeXuUTb Onip

1 Big IHWWX BENNYMH, TAKMX K TOBLLWHA NPOBIOHMKA,

abo Bif, pe4OBUHN, 3 AKOT MOro BUrOTOBNIEHO. k\)

Iochingy, AK 3aMeXKHTh eTeKTPUYHHE OHip MeTaleBHX NPOBiTHHKIB Bif
IX MOBKHWHM, IIJOIII MNOIepeuHOro Iepepisy, a TAaKO Bl POy pPeUOBHHU.
Crianu eleKTpHUHE KOO, V AKOMY IOCIiTOBHO 3’ €THAHO AKepesio CTPYyMY,
aMIepMeTp Ta AeMOHCTpalliifiia mameib, Ha AKI# 3akpimjieHo mpoBiIHUKHT
(man. 26.1). [IBa 3 HUX BUTOTOBJIEHO 3 HiIXPOMY 1 MAaIOTh OZHAKOBY JOBXUHY,
aje pisEy OJaomIy momepedyHoro nepepisy. Tperiit Burorosmenmii 3i cranii mae
TAKy caMy JOBIKHHY, AK i iHOIL TPOBIAHUKK, Ta MNJOMIY IONEPEIHOro Mepe-
pisy, AK y Apyroro nposimEuka 3 Hixpomy. I[Ipmian cKoHCTpyiiOBaHO Tak,
OI0 B eJIEKTPHUYHE KOJ0O MOXKHA BKIIOYATH AK MIJIHHA OIPOBIAHUK (KOHTAKTH
3 JIiBOro OOKY), TaK i fioro noJIoBHHY (OAHMH KOHTAKT 3 JIIBOrO OOKY maHeJIi,
a iHmuH# — 3 [IpaBoro).

/
“hixpom S = 0,05 Mi® s
m 5=0,05
crane §=0,10MM?
L |
g 4

Man. 26.1




§ 26. BUMIpPIOEMO eNleKTPUYHKA OMNip MeTaneBoro NposigHUKa

Jlait BinmoBifi Ha 3amHUTaHHA:

1. ¥V crinbKm pasiB BiApi3HAETHCA OOip NPOBiIHMKA, YBIMKHEHOTO Ha YCIO
IOBKHUHY, HOPIiBHAHO 3 YBIMKHEHHAM JIAIIE HATIOJOBULY 7

2. Omip arRoro MpoRiAHUKA OITBIIHE: TOTO, M0 Mae OIABIIY ILIONIY MOIIepe-
YHOTO ONepepisy UH MeHIITy?

3. Yu ogHAKOBMII Oip OPOBIAHUKIB 3 HIXpOMY 1 cTaJIl 3a YMOBH OigKJIIOUYEH-
HSA 1X HA HOBHY JOBKHEY?

3Hafinu ninTBepI;KeHHA CBOIX BimoBinei v Tekeri maparpada.

OI3SHABANCS

Hdisnaemoca npo elekmpoHHy NpPoeidHicms memanie. 3a BigcyTHOCTL
Y OPOBIIHUKY €JIeKTPHYHOTO IIOJIf eJIEKTPOHK PYyXaloThCA XA0THYHO, IIO-
mibHO 0 TOTO, AK PYXAalOThCA MOJIEKYJH rasis (masu. 26.2, @). Came Tomy
CYKYIHICTB BiJIBHUX €JEKTPOHIB Y MeTAJAX e HASHBAITH «EJIEKTPOHHUM
razoM». ¥ OVIb-AKRHI MOMEHT Jacy MIBUAKOCTI PyXy Pi3HUX eJIEKTPOHIB Bij-
PiBHATLCA 3HAaUeHHAM 1 HanpaMoM. TpaeKTopiero pyxy eleKTPOHIB € JHo-
BinbHI mamMani (Man. 26.2, @).

e =X
Hemae enektpuyHoro nons € enexkTpuyHe none

- -
& g - o
- o L
o . 7
/[ [

Man. 26.2

3a HAABHOCTI Y IIPOBIIHUKY €JIEKTPHYHOrO HOJIA eJIeKTPOHH, 30epirarnun
CBifl XAaOTHYHHUHA PyX, MOYHHAKTE 3MIIIIyBATHCA V HATIPAMI ITO3UTHBHOTO I10-
Joca gxepeda (man. 26.2, e). Paszom 3 0esnagHIM pyXOM eJIEKTPOHIB BHHH-
Kae i ix ynopaakosanuii pyx. Ha manoHKy 26.2, o CXEeMAaTHUYHO 300pakeHo
TPAEKTOPiI0 PYXY OJHOTO eTeKTPOHA i JieT0 eTeK TPUYHOTO IO .




Tema 3. EnekTpu4Ha B3aEMO s

YueHi 00UHCHIHIN CEPEHIO MIBUAKICTE YHOPAAKOBAHOTO PYXY EJIEKTPO-
HiB, BoHA mpubausHo AopieHe 107* M/c, mo y 10° pazis menmie Big cepes-
HBOI IIBUAKOCTI TENJOBOT0 PyXy eJeKTPOHIB 3a KiMHATHOI TeMIlepaTypwH,
AKa TpubausHo gopisaoe 10° M/c. A MIBHAKICTL DOMMPEHHSA eJIeKTPUYHOIO
CTPYMY B IPOBITHUKY cTaHOBUTE Os1u3sK0 300 000 xMm/c.

3TiiHO 3 eJIEKTPOHHOI TEOPIEID el (PAKT MOACHIETHCA TaK. SIK Bigomo,
TEIIJOBUH PYX €JIEKTPOHIB He IPUNUHAETECA HIKOJIH, TOMY €JIeKTPOHH 3 Be-
JIMYE3HUMU NIBUAKOCTAME PYXAKTHCS B YCiX HanpAMax. ¥ pasi cTBOpeHHS
Ha KiHIAX NPOBITHUKA eIEKTPUYHOrO MOJIS HA eJeKTPOHU i€ eJeKTPUYHA
cIJia, i HA TJIi OBOro XaOTUUYHOTO PYXV BiIOYBaeThCA MOBINBHHUH «Iapeiid»
Y HAIpAMi eJeKTpruHOro noid. [IIBMARICTE MOMUpeHEA caMOro eleKTPHIY -
HOrO TOJA B MPOBIAHUKY AOPiBHIOE ITBUAKOCTI MOIMHUPEHHSA OyAbL-AKOTO
eleKTpoMarHiTHoro BunpominoBauaa — 300 000 gm/c.

Bcmanoenawemo, 6i0 40z0 3aneimums ONip memanesozo nposidHUKA.
SIKIIo B eIeKTPUYHE KOJIO CIIOUATKY BKJIIOYATH ILJIMEA MPOBIHUK 1 criocTe-
piraT; 3a HIOKa3aMy aMIepMeTpa, a IMOTiM IOJOBHHY NPOBLIHUKA, TO BUAHO,
10 He3aJIeXKHO BiJ] pEUOBUHHU, 3 SKOI BUTOTORJIEHO MPOBIJHUK, HOTro maomri
OOIIepevYHOro Iepepisy, CTPYM OPH BKJIOUEHHI IiJOro mpoBiAHUKAa BABiui
MeHIINH, HijK TpU BRJAYEHHI MOJIOBHHHU NnpoBigamka. TobTo omip mimoro
OpoBimHUKA BABiui 6inbIuil, Hi)K HOT0 MOJIOBUHH.

Onip nposidHuka npamo nponopyiilHuil itozo doexcuni: R~ [. Ile noscHio-
€TBCS THM, M0 YHM OLIBINOK € HOBMKHHA [ MpoBigHUKA, TUM 0iJbIIe eJeK-
TPOHIB, II0 YOOPAZKOBAHO PYXAKTHCH, CTUKATHMYTHCA 3 HOHAMM METAaJy,
a, OT:Ke, OLIBIIHM OyJe eJIeKTPHYHHI omip.

CoocTepeskeHHA 3a MOKa3aMu aMIlepMeTpa y pasi miKIIOUeHHa TPOoBijg-
HUKIB 3 HiXpoMy OZHAKOBOI JOBMKHHU, aJie¢ Pi3HOI MJIOIIi ITOHepevYHOTo Ie-
pepisy cBiguaTh MpPo TaKe: SKIO BKJIIOYEHO NPOBiIHUK 3 OiMBLIIOI0 IIOMIEIo
OOIIEPEYHOTO Iepepisdy, ammepMeTp OoKasye oimpmuit ctpym. OcKinbKH Ha-
pyra OAHAKOBA, 4 CTPYM Y HPOBIAHUKY 3 OLIBIIOI MJIONIEI) NOIEPEeYHOT0
nepepisy OiIbOIMIL, TO OILP TAKOIrO IPOBIAHUKA Oyoe MEeHIIHH.

Onip nposidnukxa o6epHeHo NPOonopuillHull nNaowi iio2o nonepeLHozo nepe-

1
pisy: R~ I ITosicHIOETRCA TIe THM, IIT0 YUM OiIBOIMI MOTepeYHnH mepepis

OPOBiTHUKA S, THM 3 MEHITUMHU IePEMIKOSAMY PYXATHMYTHCS BIOPALKOBAaHI
eJIEKTPOHU i TUM MeHIIEM Oy e eJIeKTPUIHUH omip.

CoocrepeskeHHA 3a HIOKA3aMH AMIEPMETPa Y Ppasi BRIIUYEHHSA B @JIeKTPHY -
He KO0JIO 3a oaHiel 1 Tiel K HAIIPpYI'H NPOBIIHHUKIB 3 HIXpOMY Ta cTaJIi, AKi Ma-
OTh OJHAKOBY JOBXKUHY Ta Pi3HY MJOMIY MOIIepedYHOro mepepisy, cBiguaTh,
10 BEJIMUYMHA CTPYMY BiApi3HATHMETHCH.




§ 26. BUMIpPHOEMO eNIeKTPUYHIWA ONip MeTaNeBoro NpPoBigHMUKa

Onip nposidHuka 3aieXcums 6i0 pody pevosuHru, 3 AKOL 6U20MOBLEeHULL
npogidnuk. Ile NogACHIOETHCA THUM, 0 TPORITHUKY 3 PiBHUX MeTAaJiB MAOTh
pisHiI KpHmcTanmiuHi CTPYRTYPH, OTIKe, TadbMiBHA AiA 3iTKHEeHb HOHIB 1 BiJIb-
HUX eJeKTPOHIB BUABIAECTLCA PiZHOKI. 3aJeXHICTh ODOPY DPOBIAHUKA Bifg
PeYOBUHU, 3 AKOI BiH BUTOTOBJIEHUH, XapaKTEePU3YIOThH CHOEIiaIbHAUM Iapa-
MEeTPOM — OHTOMHUM OIIOPOM PEUOBUHI.

ITosrauaerbes Jiitepow p (4ymra-

€ThcA «po»). OOUHHUIEID THTOMOTO
omopyRCIe1Om - M.

1 OMm * M — 1e nuToMuil onip mpo-

BigHmKa DOBMHHOIO 1 M Ta IIOHIEIO
momepeuHoro mepepisy 1 m2, oo mae

MuTomuMin onip pevoBUHU NPOBIGHUKA
(resistivity of the conductor substance) —
Le isrMyHa BenMuuHa, L0 NokKasye, AKuin
onip Mae BUFOTOBNEHWUM i3 LET pe4oBUHN
MPOBIOHAK A0BXWHOIO 1 M i NiOLLEIO none-
pedHoro nepepisy 1 m°.

Om - m?

omip1Om: 1 =1 Om - M.

M

OCKIJBKE Ha OPaKTHIl OJIOIIY MOIEPEYHOro mepepisy OpoBimHHUKA Ha-
gacTilie BUPaKamoTh y MMZ, TOMY 110 BOHA HEBeJIHKa (HAIPUKJIAL, IoIepey-
HHH Oepepid HOPOBLIHHUKIB eNeKTPHYHOI Mepe:Xi B KBAPTHPL CTAHOBHTH

O -1 MmMm?
2,5 MM?), TO KOPUCTYIOTHCA TAKOIO OIUHHUIIEI0 TATOMOTO OIIOPY: IT.

V¥ rabauri Ha opaani HaBeAeHO NUTOMI OIIOPH AeAKHUX PEUOBHH i CIIIaBiB
sa remneparypu 20 'C. Bigxpuii hopsar i npounTail 3HAUEHHSA IIATOMOTO OII0-
py. Bauwmri, mo metanu (cpibso, MigL, CBUHEIb, AJIOMiHii) MalOTL IOPiBHS-
HO HeBeJHUKWY nutoMuiil omip. Iaa erekTpudyHol Mepeski BUKOPHUCTOBYIOTH
OpoTu 3 Mimi, amoMiHio. B eleKTpUUYHHX JTaMIIax, eJIeKTPOHATPiBAIbLHUX
OpuiIagax HAWJIACTiIE BUKOPHUCTOBYIOTH CIJIABH 3 BEIHKHMM ITUTOMUM OIO-
poM (HikeJriH, HiXpoM, ()expaib).

3ane)kHiCTh 0TIOPY MPOBiAHUKA Bij fioro posMipiB i peuoBUHH, 3 AKOI BU-
TOTOBJIEHO MPOBiIHUK, yIepIle BCTAHOBUB AocaiguuM nurgaxoM ['eopr Om.

Omip opoBifHUKA OPAMO OPOMOPIIAHMUN HOTro NOBXKUHI, 00epHEHO OPO-
nopuifiHUH mIomnii #oro NoIepevHoro Nnepepisy i 3aMeKUTh Bifl peuoBH-

. l . .
HH, 3 AK0l BUTOTOBJIEHO IPOBigHNK: K= p-g, e R — omip mporigHm-

Ka; | — [OOBMKHMHA OPOBigHHKA; S — NJOO[A HOTNEPEYHOr0o Hepepisy
OPOBIAHUKA; p — OHUTOMMIE OIIip PEYOBUHU IIPOBITHUKA.

Y cydacHIfI pamioeNeKTPOHINI IIUPOKO BHKOPHCTOBYIOTH PE3UCTO-
pum — npunadu, npusnayeni 0OaA 3MiHU ONOPY 6 eAeKMPUYHOMY HKOJI
(man. 26.3, . Pesumctop (Bim matumcbKoro «resisto» — ommparocs)
BKJIIOUYAKTE B €JeKTPHYHE KOJIO, 00 3MiHHTH Horo omip, i BigmoBimHO




Tema 3. EnekTpu4Ha B3aemMogia

no 3agoHy Oma — cuny erpymy B Koai (man. 26.3, @) 3aJjie;xHO Big TIpH-
3HAYEeHHA Pe3HCTOpPH OyBalOTh PiBHMX pOo3MipiB Ta KoHCcTpyKIii. Ha enex-
TPHYHUX CXeMaX PEe3UCTOPH 300pakaroTh V BHIJIAAL YVMOBHHUX IO3HAYEHE

(man. 26.3, ©).

\\

Cxema, AKa NosICHIOE

pobBoTy pesucTopa _IZI_
DTS
eneKTp M4HOIrO ﬁ
cTpymy PesucTtop

nepeLwKomKae

MPOXOAKEHHIO

@ €NeKTPMYHOro CTpyMy e

Man. 26.3. Peanctop: e — 30BHILLHIN BUrNaa;
— NpUHUMN Ail; — YMOBHE NO3Ha4YeHHs

" e 5

f

3’acosyemo, uu 3anercums onip
npoeidnukié 6id memnepamypu. Pos-
ouBuchE Masionok 26.4. o mxepena
CTPYMY HOCJiZOBHO MigKJIIOYEHO METa-
JIeBYy cOipajib, 3aKpimjeHy Ha IITaTHBI,
i amMoepMeTp. BHMIipHIOTE CHIY CTPY-
MY Ha cIIipaJi 3a KiMHaATHOI TeMIeparTy-
pu(man. 26.4, @) ITixg wac HarpiBaHHA
coipaJii B KOJIL cIocTepiraeTscsa 3MeH-
OIeHHS CHJIH cTpyMy (Man. 26.4, )‘

EnexTponu B MeTanax 6epyTs y4acThb
OJHOYACHO B JBOX pyXaX: TeIJOBOMY
Xa0THYHOMY Ta HanpamieHomy. Ha-
rpiBaHHA cOipaJi DPU3BOAUTE A0 TOTO,
10 KiHETHYHA EHEePrid TeNJI0BOTO PyXY
€JIeKTPOHIB Ta BY3JIIB KPHUCTAJIYHUX
rpar 30inpmyeTbes. 31 301IbLOIEHHAM
KiHeTnmuHOI eHepril 36idsmIyeThesa i
KiTBKiCTh 3iTKHEHL BiTBHUX eJIEKTPO-
HiB 3 loHaMH, AKi po3TanioBaHi ¥ BY3-
nax KpucramigHuUx rpat. OcKinsRU Il
3iTKHEHHSA i € OPUUMHOIO OTIOPY MeTa-
JIiB, TO 31 30LIBMIEHHAM KiJIbKOCTi 3i-
TKHeHb OIIip MeTaJiB 36iIbHIyeThCA.
Kpim Toro, B nmporeci HarpiBanHA Bifg-




§ 26. BUMIpPHOEMO eNleKTPUYHWA OMip MeTaneBoro NposigHUKa

OyBaeThCA TEIJIOBE PO3MIMPEHHA IPOBIIHUKA, Y Pe3yJIbTATL YOT0 3MiHIOIOTh-
cA Horo JiHIHH]L po3sMipH.

BuxopmcroByiouu cuipasi 3 pisHEX MeTajliB, MOJKHA IE€PEKOHATHCH, II0
OpH OiZBUMIEHH] TEMIEPATYPH OOip YCiX MeTaJiB 3pocTac MPOMOPIiHHO TeM-
mepaTypi.

Yy moxeLl Ternep NnoscHUTA, YoMy B TabnuLi
MATOMOIO ONOPY PEYOBUHKM BKA3AHO, LU0 L
3Ha4eHHs AiicHi 3a Temnepatypu 20 'C?

Icaye i npornnesxkne apume. leArki TpoBigEUKK ¢cTPUOKOIOLIOHO 3MEH-
OIVIOTH CBill @TeK TPHMYHITH OOip L0 HYJIA 32 YMOBHU OXOJIOAMKeHHA HITVKYE IeB-
HOI KpUTHYHOL Temueparypu. Lle Apuie Mae Ha3By HaA0nposionicmb.

B HBOMY €JIEKTPHUYHOTO 0J4 i 3a iforo HassBHOCTL?

ﬂyM AN | | fIk pyXamThCsd eJIEKTPOHHU V IPOBIAHUKY B pasi BigcyTHOCTL

IMoscEm TpUpoay eJIEKTPUUHOTO CTPYMY B MeTanax.

Ik moBecTH, 10 ETEKTPUYHHUN CTPYM V METAIAX BUHHUKAEC BHACTIIOK PYXY
eJIEKTPOHIB, a He pyxy ifoHiB?

Big yoro zase;xnTh OIIip MeTaJIeBOro IIPOBiTHUK AT
3a Ar o0 GopMyJIO0 BU3HAYAIOTE OOip OpOoBiAHUKAT

IITo mokasye nuTomMuii onip?

YUYUCDb PO3B’A3YBATU SAOAMI

O6GMOTKY peocTaTa BUTOTOBJEHO 3 HiKeJiIHOBOTO APOTY AOBXKUHOKO 50 M
i mmomero momepeunoro mepepisy 0,5 mm?, Hanpyra Ha saTHcKadyax peoc-
rara ctanoBuTE 40 B. flxa cuna cTpymy, 1o IpoxXoaAuTsh KPissk peocrat?

l=50mM C O T
&= 0,5 man HJIY CTPYMY BH3HAUYHMO 3a 3akoHOM Oma: [ = 7
U=40B Do :
Om - vy | OHID HiKeJiHOBOTO ZPOTY BUSHAYMMO 38 POPMYIOIO:

=0,4——— l

P M R=p-—.
S

I—2




Tema 3. EnekTpu4Ha B3aemMogia

Us
Tomi cuna cTpymMy BUsHAUATHMeThCA 3a opmyor: I = 7
P
40 B-0,5 :
IligcraBuBIIN 3HAUEHHS, OTpEMAaeMo: [ = :IM =1A.
Om - MM
0,4——-50m

M

211k CHIAa CTPYMY B peocTaTi gopisuioe 1 A.
PO3B’AXXN 3A0AMI

O6uncau omip 3ani3HOr0 IPOTY 3aBIOBKKHU 1 M, AKINO Hloro nonepeuaHmii
nepepis 10 mm?.

@ Omnip migaoro aApory mor:xmHO© 90 M mopirHioe 2 OM. Bu3Hay maommy mo-
IepevHoro nepepisy apory.

@ EnerTpuuHe KOJIO MICTHTE ABL JIMAHKHA 3 MiJHOTO APOTY, IO MAaOTh O]-
HAKOBY JOBXKHUHY, ajie pisHy mwonry nepepisy: 1,61 0,8 mm2. fAka ginaaka
Mae MeHIIUH omip i y cKiAbKY pas3iB?

E Busaau, cKiIBKM MeTpiB HikeJdiHOBOTOo JpoTy nepepizom 0,1 mm? moTpid-
HO JIJIA BUTOTOBJIEeHHA peocTata omopoM 180 Om.

Busmau macy MigHOro Apory, SJOBMKHUHA AKOTO 2 KM i omip 8,5 Om. I'yetu-
Ha migi — 8,9 r/cm®.

. o 6yauEKY OigeeqeHo Kabeab 3 MiTHUMIH KAJIAME 3araJbHAM Iepepizom
100 mm?. [NoBsxmua Kabena gopisuioe 80 m. Armit fioro omip?

BusHau omip KoKHOTO KiToMeTpa MiZHOTO TPaMBAHHOTO IIPOBOAY, IIOIE-
peuHUii mepepis Axoro gopisaioe 51 mm2,

Kpise HikeniHOBUI NPOBIAHUK JOBXKHUHOI 5 M 1 MONepeuHUM Iepepizom
0,12 mm? mporikae crpym cuioio 1,5 A 3a manpyru 24 B. Busunau nuro-
MUH OIip HiKkeJgiHy.

. Crinbku Tpeba B3ATH MeTPiB MifHOTO ApOTy mepepizom 3 MM?, 1106 foro
onip OyB TAKUM CAMUM, AK OIMip aTOMiHIEBOrO ApoTy mepepizom 4 mm?
i JoB:EHUHOW 15 M7

&n MNeperngds B e-000aTtky cumMynauii «EnekTpuyHmin ctpym B MeTaﬂeBMX\

wee MPOBIOHUKAX» (26.1) Ta «BUMIPIOEMO €NeKTPUYHWIA ONip MeTaneBoro
npoBigHuKa» (26.2). |

\
e .

OUuIHU CEBE

BuKOHait B e-10aTKy 3aBAaHHS A5 CAMOOLLHIOBAHHS (26.3).




§ 26. BUMIPIOEMO eNeKTPUHHWI ONip MeTanesoro NpPoBigHNKa

BUKOHAW JIABOPATOPHY POBOTY Ne 7

Buxonyii po6oTy 3 TOTPHMAHHAM MPABUJ 0e3MeKH KUTTEXIANBHOCTI!

Buwmipsaii omip npoBoay (cmipasi) 3a AOIOMOTOI0 aMIepMeTpa B BOJIBT-
metpa. IleperoHaiica Ha mocrizax, 10 omip mpoBoxy (cmipasi) He 3aie-
JKUTE BIJ CHIIM CTPYMY B HROMY i HATIPYTH HA Horo RiHnax. O6aadnanHa:
IEepeno CTPyMy, OOCJIIKYyBaHIII OpoBin (HixpoMoBa coipans), ammep-
MeTp, BOJETMET]D, PEOCTAT, KJII0U, 3’ €IHYBAIBHI TPOBOJH

Y uin poBOoTi ANa perynioBaHHA CUIM CTRYMY
B KOJi BUKOPUCTOBYIOTH CMeLjanbHUi npu-
nan — peocTar.

Ha maxn. 25.6, @ 300paskeHO0 30BHIIIHIN BHIJIAL IIOB3YHKOBOI'O peocra-
Ty. JlIs BUTOTORJIEHHA TAKOIO IPHJIAAY HA KepaMiyHHE KAapKAac UIiJIBHO
HAMOTYIOTh METAJIEBHI JIpiT, HAOPHUKJIAA KoHcTaHTaH. nsa izosroBaH-
HA BUTKIB JPOTY MiXX 00010 IX MOKPUBAKOTH TOHKWM MIAPOM OKAJMHH.
Haz 06MOTKOI0 KPITUTHCA MeTaleBHUil CTPUIKeHb, IO AKOMY MOKe BiTbHO
pyXaTucsa NOB3YHOK 3 KOHTAKTAMH Ta i30JILOBAHOI PYUYKOI0, MIO MIiTh-
HO IPUJIATA0Th 00 o6MoTKH. I1ix yuac mepemMinieHHA NTOB3YHKA HOTO KOH-
TAKTU CTHPAIOTE MIAP OKAJIHHU Y MiCHAX JOTHKY, I eIeKTPUYHUI CTPYM
OPOXOAUTE Bifl APOTY 4O MOB3VHKA Ta MeTaleBoro cTpixHaA. Ha BepxHil
YACTHHI PYYKH BKA3AHO MAKCHMAJbLHI 3HAUEHHS OIIOPY # CHIM CTPYMY,
3a AKUX MOYKHA BHKOPHCTOBYBATH PEOCTAT.

6 Om; 2A

5 o— %

Man. 25.6. PeocTaT: (&) — 30BHIWHIA BUrNgag; @ — yMOBHe 306paxeHHs;
— cxema po6oTy




Tema 3. EnekTpu4Ha B3aEMO s

Peocrar BMUKAaETLCA B €JIEKTPUYHE KOJIO 32 JOIIOMOT0IO IBOX 3aTHCKAYiB,
OJIH i3 AKMUX po3TanioBaHui Ha Kopnycel A i 3’egHanuit 3 gpotom, a iH-
MIUH — Ha OPOTIJIEKHOMY KiHIII MeTaJleBOTO CTPMKHA B, I0 AKOMY PYy-
XACTHCA IOB3YHOK.

Ha mam. 25.6, ¢
HHX cXeMax.

IIOKa3aHO YMOBHEe IMMO3HAYEeHHA peocCTaTa Ha eJIeKTpHY-

Ha man. 25.6, @ 300paskeHo cxeMy poboTH peocTaTta. 3a TAKOTO BMHKAH-
HA 3aJiSHO IOJIOBHHY JPOTY peocTara (He3aIITPUXOBAHY YACTUHY APOTY
B KOJIO He BBIMKHEHO). 3MiHIOIOYH IOJIOKEeHHA MIOB3YHKA, 3MIHIOIOTE J10-
BRKUHY APOTY, AKHM OPOXOJUTE CTPYM A0 TIOB3YVHKA, 1, BIATORIAHO, OITip
AKTUBHOI yacTuHH peocrara. Tak, AKIIO NEPECYHYTH MOB3YHOK Y KPAHHE
JiBe moyroxkeHHA (T. A), TO OIip B KOJi 3MeHIIUTHCA. AKRMII0, OKpiM peoc-
Tata, B KOJIi HEMae cIoKUBaYiB, TO CHJIA CTPYMY B TAKOMY pasi 3TigHo i3
saxomoM Oma cTpiMEKo 3pocTe (KopoTKe saMukaHHs!). ToMy, BRIIOUAIOUHN
PEeocTaT B eJIEKTPHUHE KOJIO, HOro MOB3YHOK NePeMINIYIOTE ¥ CepefHE TI0-
JIO}KEeHHd, 100 He BUNAILIN 3 JIAAY 1HII eJTeMeHTH KOoJa.

Crnamu eneKTpuUHEe KOJO, 3’ € THABIIH IOCTiJOBHO IYKEPENI0 CTPYMY, aM-
nepMeTp, OOCHiKyBaHHUH mpoBin (cmipans), peocrar, kiaod. o KiHIis
cripaii npuegHAail BOIbTMETD (YpaxoByi 3HAKH «+» 1 «—»).

Haxrpecan cxeMy CKJIAAEHOTO €JIEKTPHYHOTO KOJIA.
Bumipait cuiry cTpyMy B KOJI i Hanpyry Ha mpoBoai (cmipadri).

3a JoTmoMOT00 peocTaTa 3MiHM OIIip KoJia i 3HOBY BUMIpANH CUIY CTPYMY
B KOJIi Ta HANPYry Ha TpoBoji (cmipasi).

Kopucryouncs 3akoaom Oma, obumenau omip onpoBoay (cmipasi) 3a ganu-
MH KOKHOT'O OKPEMOT'0 BUMipIOBAHHA.

3a OTpUMAaHUMHP 3HAUEeHHAMHN (PI3HUYHUX BeIWUYWH mobyayil rpadir sa-
JEeXHOCTI CUJIU CTPYMY B mporofi (cmipami) Bif Hanpyru Ha il KiHIAX.
ITpoamanisyi# rpagik. 3a rpadirkom BH3HAY omip mposoxy (cmipami) sa
OyAb-AKOro IPOMIiKHOTO 3HAUEHHS CIIN CTPYMY.

3Baykail, 110 Yyepes HOXUOKY BUMIDIOBAHHA
TOYKH MOKYTh He Haje:xkarn ogiin npa- LA
Mifi, IIT0 TPOXOJUTE Uepe3 MOYaTOK KOoop-
guaaT (U = 0, I = 0). ¥V nupoMy BHOAAKY -
6yayi# rpadik Tak, niob6 BiH mpoxomuB We- | | _ _ _ _

pe3 Toury O i 106 3 06ox 6OKiB Bif rpadika e 79
6yyia npubJU3HO OJHAKOBA KiJNIbKiCTEH eKc- I
ODepUMeHTANbHUX TOUoK (Man. 26.5). na 0 !
SHAXOMIKEHHA OIOPY PE3HCTOpPa BUKOPHC- >
Tail 6yAb-AKY TOUKY OTPHMAHOTO rpadika. Man. 26.5




Tema 3. EnekTpyyHa B3aEMOAin

MIABMBAEMO MIACY

| m MKU

Tu 3HAE, 0 IPUUYUHOK eJeKTPOMATHITHOI B3aeMOil
€ eJeRTPUYHO 3aPAMKEH] JaCTUHKH PEUOBUHU: €JTeKTPOHN
i mpoTonu. Pi3WUHY BeJIUUNHY, KA XaPAKTEPU3Ve BIACTH-
BiCTh UACTHHOK 1 Ti/JI BCTYIIATH B eJIEKTPOMATHITHY B3a€MO-
QIifo, HABWBAIOTH JIEKTPUUYHUM 3apsanoM. IlozHauaeTses ¢.
Bumiproernsea B K.

\
IIpomorn — Hociii enemeHTapHOr0o Esexkmporn — HOCIH eleMeHTapHO-
[MO3UTUBHOTO 3aPANY: o HEraTUBHOI'O 3apPALY:

qp=+1,6' 10-¥ Ku e=-1,6-10"Kn

Tui MoKenI OIMUCYBATH eJIEK TPHUYHY B3a€MOJI1F0 T1JI:

+ AKiICHO: OMHOHMEHHO 3apAKeHi Tina BiAIMITOBXVIOTHCSA, Pi3HONMEHHO
3apAIKeH] — OPUTATYIOTHCA;

« KimbKiCHO (3axon Kynona): cuyia B3aeMofil TBOX HEPYXOMHX TOYKOBUX
3apAIiB OpAMO OPoNopIiiiHa [oOYTKY MOAYJIIB IIUX 3apAniB, o0epHEHO IPOo-
mopIifiHa KBaApaTy BificTaHI MijK HUMH Ta HaIpAMJeHAa B3JOBXK IPAMOI Ji-

5 . _ |Q1I'|Q2| - _
Hil, mo 3’eguye mi sapagu: F,, = kT. e k — Koe(lUieHT IPONOPIINHOC-

09 H'M2

5 -

ri, k=9-1

JI

« rpaiuyHo — JHIAMHE eJeKTPHUIHOTO O A.




Tema 3. EnekTpu4Ha B3aemogisa

Tu posymieni, 010 eJeKTPHYHO HEATPAJNBHIL TiJIa MOMKYTH eJeKTPH3YBa-
THCA:

« Yyepes TepTs (eIeKTPHU3AIlisd JOTHKOM);

« Yyepes BILIUEB (eJeKTPOCTATHYHA IHAYVKITIA).

Ilix wac emexkrpusanii Tio saB:xAu ofep:xye abo Biggae geAKY KiTbKicTh
eJICKTPOHIB: q| =+ Nle| — Timo

q[ = —Nle| — rimo ogepxano N enexTpomis;

Bigmamo N eleKTpoHiB.

IoBaMII 3apAn cucTeMH T a60 YaCTHHOK, [0 YTBOPIOIOTH 3aMKHEHY CHC-
TEMY, IiJ 4yac Oyab-sAKHX B3AEMOMIH y Ll cHCTEMI 3aJIMINAETBCA CTAJIM:
q, +q,+...+q, = const (3aKoH 36epeReHHSA EJEKTPUUYHOTO 3aPANY).

T MOKENI DOACHUTH, YOMY PEUOBUHU MOJIAIOTE HA NPOSIOHUKL, HANIE-
nposidnuku i dienexmpuru (isonaropu).

Twu 3Haeni, MO yMOBAMU BHHUKHEHHS Ta iICHYBAHHA €IEKTPUYHOTO CTPY-
MV € HafgBHICTE:

« BiIBHUX HOCIIB CTPYyMY;

« @JIeKTPHYHOTO [IOJIA, OiA AKOTO CTBOPIOE 1 miATpUMYe iXHil Hanmpamie-
HU pyXx;

+ 3aMKHEHOr0 eJeKTPHYHOTO KoJa ([iicHoro 3’€gHAHHA IPOBITHUKIB
i eleMeHTiB, AKHUMH IPOXOJUTE CTPYM).

Tu poaymieni, 10 MPOTIKAHHSA eJIEKTPUUHOTO CTPYMY XapaKTepU3VETHCA
TAKHMMU BeJIMYUHAME, K CIJIA CTPYMY, HAIPYTa it omip.

Mo- Mpunag,
Onu- :
BenuunHa | Lo xapaktepu3ye | 3Ha- ML dopmyna | onsa BUMI-
YEeHHSs b pPIOBaHHSA
LLIBuaxicTe Npoxo-
[OKEHHS eNeKTPUYHHNX
Ging 3apsais yepes none- I A =4 AmnepmeTp
CTpymMy 5 : t
peyYHuin nepepia Npo-
BiOHMKA
Po6oTy 3 nepemilLeH- U- A,
Hanpyra HeEEEH U B 7 BonbTMmeTp
Bnacrusicte npo-
. BiIHMKA NPOTUOIATA R i
e NPOXOMXeHHIO enek- | 11 Ot Prge | "OMNMEID
TPUYHOrO CTRYMY




Tema 3. EnekTpuyHa B3aEMOAin

Tu mocaigus / Jocaianiia 38’ A30K MiK BeNUUYHUHAMHF, 1110 XapPAKTEPH3YIOTH
eJIeKTPUYHUN CTPYM Ha AIMAHII eleKTpudHOro Kosa (zaxoxn Oma): cuia
CTPYMY B OTHOPiAHIT AINAHIII Koaa MpAMO MPOMOPIliifHAa Hampy3i HAa KiIHOAX

U

uiel ginsaHKY Ta 00epHEHO IPOHOPIiiHa 11 esleK TpruuHOMY omopy: I = '

Tu HaBUYMBCA/HABYWIACA KPECJUTH CXEMH eJIEKTPHYHUX Kijl, CKJIagaTu
eJIeRTPHUYHI K0JIa, PeTYJIOBATHA CHJIY CTPYMY 1 HATIPYTY B KOJIi.

= ‘
1. (0,5 0.) Yraxku, 1o BigOyBaTHMeETbCA 3 HiABimIe-
HOK HA MOIOBKOBIH HUTII HE3apAIMKEHOK JETKOH & P
KYJBKOI0, AKII0 0 Hel NigHecTH 3apa :KeHe TiJo. @‘, %

A KynbKa IPUTATHETHCA 40 3aPAMKEHOTO Tina
b RyJIBKA BIAITOBXHETHCS BiJl 3apA»KeHOTO Tijna

B KysibKa cOOYaTKY OPUTATHETLCS O 3aPAAKEHOT0 Tija, a micisa
KOHTAKTY 3 HUM — BiIOITOBXHETLCS

I" ocKRiMTBKM KYJIBKA HE3ApAIKEeHA, TO BOHA He B3AEMO/IiATIIMe
i3 3apAIKeHUM TijioM

2.(0,56.) Yraxu, 1110 € BiTbHUMHE HOCIAME 3apsAAy B METAJEBUX MPOBiI-
HHUKAaXx.

A HeraTHBHO 3apALKeHl HoHN
b mo3mWTHBHO 3apAnKeHi HOHH
B #iorn o60x 3HaAKiB

I" enexTpoHH]

3.(16.) Cuna ctpymy B KoJii enekTpuuHol Jamnu gopisaioe 0,3 A. Crinb-
KH eJIeKTPOHIB IPOXOAUTL KPish MoIepevyHui mepepis coipaJi sa 5 xB?

A 56 - 10*° enexTpoHiE
B 5,6 - 10% esrekTponiB
B 5600 enekTpoHIiR

I" 56 emexTpouiB

4. (1 6.) Vrayku HaOpPyry Ha peocTaTi, AKIIO Hif Yac OPOXOI:KeHHA IO
HBEOMY eJIeKTPUUYHOTO 3apaAny 12 K enekTprduHe MmoJie BUKOHAJIO0 pobOTY
720 Oox.

A20B B 60B B0,2B 1'8,64 B




Tema 3. EnekTpu4Ha B3aemMogia

5.(1 6.) Cuna cTpyMy B 3aJIiBHOMY IIPOBiTHUKY 3aBaoB:xKU 150 cm i nio-
mero momepeunoro mepepisy 0,02 mm? nopisamoe 250 MA. flka manpyra Ha
KiHIAX npoBigamKa?

A2Z2B B0,2B
b20B 1I"200 B

6. (1 6.) YEaXH1 eIeKTPHYHY CXeMy eJIEKTPHYIHOTO KoJIa, V AKOMY IIPH 3a-
MHWKAaHHI KI04a 2 J3BIHOK He TIpaIioe, a JaMna cRiTUThCH.

__1/_®_ _1/%
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I' 2 7 3 i 4
E

Ali2 B3 B2 TIl1,2i4

7. (1 6.) Obepu rpadir 3aNexHOCTI CHIKN
CTPYMY B METAJIEBOMY HNPOBIAHUKY Bix Ha-
Opyru, SAKHHE Bignoeimae OpoBigHHUKY 3
HaHMEHIITHM OIIOPOM.

Al B2 B3 T4

8. (2 0.) Maemo Tpu OJHAKOBI MeTaJIeBl KyJbKHU, HigBilIeH] HA MIOBKOBUX
HUTKAaX. Sapsg oaHiel gopisuioe 2 HKII, gpyroi — (—10 uKi), a Tperbol —
5 K. KynbKu 3iTRHYIH i po3Benu. AKWH 3apaAn MATUMYTh KYJIbKH IIiCJIA
nboro?

9.(26.) ¥V coipai erekTpoHarpiBada, BUTOTOBJEHOT0 3 HiKeIiHOBOTO APO-
Ty IJIOIIEI0 monepeunoro nepepisy 0,1 mm?, sa manpyru 220 B cmna cTpy-
my 4 A. Bussau goBKUHY IPOTY.

10. (2 6.) CKRinbKY eJIeKTPOHIB IPOXOAUTH Uepes 3aIi3HUH APIT YOPOIOBIK
10 ¢ 3a manpyru Ha HhOMY 10 B? [loB:xkuHa apoty — 150 cm, miaonia mo-
mepeuHoro mepepisy — 10 mm?.




TU HABHYULLCAH:
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TEMA 4. 3AKOHW NOCTINHOTO ¢
ENEKTPUYHA EHEPTIS

BMBMPaTK nidHaBanbHy CUTYaLIlO, AKY MOXHA PO3B’A3aTi AO0CNIAHWULbKIM
cnoco6om, GopmMynioBaTU BUMCHOBKW, MPE3EHTYBATWM PE3yNbTatw, 34iiA-
CHIOBATU CamMoaHani3 AoCnigHULLKOI iSNbHOCTI;

onpauLoBYyBaTW, CUCTEMaTU3yBaTu Ta MNPencTaBnaTh iHdopmaliio npu-
POOHWHOro 3MICTY;

OOCNiAXKYyBaTK PO3MOAIN CTPYMY i HANPYrk B ENeKTPU4HMX KOnax 3 nocni-
JOBHUM | MapanenbHUM 3'€QHaHHSAM MPOBIOHWKIB Ta MXEpen cTpymy, aii
NeKTPUYHOro CTPyMy, OCOBNMBOCTI MPOTIKAHHA ENeKTPUYHOro CTPYMY
B PI3HNX CEPEeOOBULLAX;

po3B’A3yBaTK Pi3NHHI 3ada4i Ha 3aKOHM NOCTIAHOrO CTPYMY, ENeKTPOi3y;
IOxoyna — JleHua, poBoTy i NOTYXHICTh eNeKTPUYHOT 0 CTPYMY.

TU 3PO3YMIELL:

<

LS SR NN

SIKi € CMIBBIOHOLWEHHA MK CUIOI0 CTPYMY, Hanpyrow Ta OnopoM y Konax
3 NOCNIAOBHO | NapanensHo 3’ e gHaHMMK NPOBIGHUKaMW;

SIK BUSABUTU ENEKTPUYHMIA CTPYM 34 MOro gismu;

fIK BU3HAYATL POOOTY ENEeKTPUYHOrO CTPYMY | NOTYXKHICTL;

51K 0O4MCNIOIOTE KiNbKICTE TENNOTU B METANIEBUX MNPOBIAHUKAX;

4HOMY BaXIMBE eHepro36epekeHHs.

TU 3MOXKELL:

KPECNNTU eKBIBANEHTHI CXeMW eNeKTPUYHUX Kin;

MOSICHIOBATW O0COBGNMBOCTI NPOTIKAHHA ENEKTPUYHOIO CTPYMY B PI3HUX Ce-
penoBuLLax, y TOMY YACHI B XXUBUX OpraHismax;

BM3HaA4aTK POBOTY i NOTYXHICTb ENEKTPUYHOr0 CTPYMY;

nopiBHOBaTK NOBYTOBI €NEKTPUYHI NpUnaan 3a iIXHLOW eHeproedexkTus-
HICTIO.




§ 27. DOCAIAXYEMO ENEKTPUYHI KONA
3 NOCAIA0BHUM 3'€EAHAHHAM

nrPoBIAHUKIB

Yagnaew, € Taki ANVHKOBI TipAAHON, Y AKUX
nij, 4ac neperopaHHs OaHIET NaMnoYK He CBi-
TUTLCS yea ripnasaa. Oue amso!

3’Acyil, UM OOHAKOBA CHJIA CTPYMY B YCiX TOUKAX eJeKTPHUHOrO KOoJa
3 IOCJIIOBHUM 3’ €MHAHHAM OIPOoBigHUKIB (Mai. 27.1). Bukornaii mogi0HM®i
JOCJIIif.

— 3

Man. 27.1. BumipioBaHHsa Cuiy CTpymy
B €NEKTPUYHHOMY KON 3 NOCNIJOBHUM
3’eOQHAHHSIM NPOBIAHUKIB!

@ — mix ko4em i Lxepenom cTpymy;

@ — MiX enekTponamnamu;

© — mix nxepenom i enektponamnamu

2

3’sAcyil, 4u OGHAKOBA HAIIPYra B YCiX eJleMeHTaxX eJIeKTPHYHOIO KOoJa
(mamn. 27.2). BuroHail mogiOHIIT JOCITiI.




§ 27. [ocnifgxXyeMo eneKTPUYHI Kona 3 NocnigoBHUM 3'€fHaHHAM NPOBIAHWKIB

Man. 27.2. BumipioBaHHSA Hanpyru
B KOMi 3 NOCNINOBHUM 3’ €AHAHHAM
NPOBIAHWKIB:

@ — Ha oxepeni;
— Ha nepLiin namni;
( — va gpyriii namni

AI3HABAWCS R R
N | <7 ~7,
Axi € cniegiOHouleHHa Midc cunrow cmpy- I
- |

My, HAnpPYz010 Ma ONOPoOM Y Kol 3 nOcnid06HO
3’ednanumu nposidnurxamu? Ilocnidoéne 3’e€0-
HAHHA ejemeHnmie enexkmpuuHozo kKoaa (serial
connection) — 1e 3’€IHaHHA, 3a AKOr0 eJIeMEeHTH eJIEeKTPHYHOTO KOJIA IPH-
€JHYIOTHCA OOWH 32 ONJHUM — KiHenb OJHOTO eJleMeHTa CIOJIYy4aloTh 3 IIoYAaT-
KOM HactymHoro (Mmai. 27.3).

Man. 27.3

IlocnigoBHO 3’€JHYIOTH PE3UCTOPH, €JIeMeHTH aKyMyJadaTopHoi Oarapeil.
IMocnimoBHO BMUKAIOTE B €JIEKTPUUHE KOJIO aMIIEPMEeTP.




Tema 4. 3aKOHW NOCTIVIHOTO CTPYMY. ENekTpu4Ha eHepris

Byab-saKi crioxkmBadi ctpymy (eJIEKTPHYHL TaMIOM, PE3HCTOPH TOIIO) IIPO-
BOAATEH EJIEKTPUUHHUI CTPYM, TOMY AJSA COPOMIEHHS TaKi eJleMeHTH KoJa
MOKHA HA3WBATH y3aralbHeHO — TPOBRIIHUKU. BIIcHOBKH, AK1 6YIyTEH OTPH-
MaHi mif yac JocJiKeHHsa, (JOPMYJTIOBATUMEMO, BEUBAIUNA TEPMiH «OpPO-
BiITHUKI» .

AKOio TOpiBHATH BEMIipAHI 3HAYEHHA cUIH cTpyMy (Mmaun. 27.1), i noba-
YHII, 10 CHJIA CTPYMY B 0y b-AKHMX YACTHHAX EJIEKTPUYHOTO KOJIA OJHAKOBA.

3a mocaimoBHOrO 3’ €IHAHHA NPOBITHUKIE CHJIA CTPYMY B VCiX HacTHHAX
eJIeK TPUIHOro KoJa oguarosa: [ =1, = I,.

Cna eJIEKTPHUYHOTO CTPYMY, AKHI Teye yepes MOCHIJOBHO 3’ €IHAHI Tpo-
BITHWKH, OTHAKOBA, TOMY [0 33 TAKOTO 3’ €THAHHSA CTPYM HE PO3TATYHKYEThH-
cA, a Teue MOCKIITOBHO Uepes KoeH npoBiguuK. EnekTpuuni sapanu Hige He
HaKOMWUVIOThCA, 1 Uepe3 OVAL-AKUI Nepepis TPoOBiAHMKA TPOXOAUTEL OOWH i
TOI caMuil 3apaA] 3a OZHAKOBL MPOMIKKHY Uacy.

Arnoio nopiBHEHATH BUMIipAHI 3HaUeHHA Hanpyrua (man. 27.2), Tu nobauwmi,
OI0 HAIPyTa Ha MOJIIocaX [JKepesia CTPYMY JOPIiBHIOE cyMi HANPYT HA eJieK-
rponamnax: U=U, +U,.

Taxum umHOM, IIOBHA HAOPYTra B eJIeKTPUYHOMY KoJai (abo Hanpyra Ha
IOJIIOCAX JIJKepesia CTPYMY) 3a HOCTiOBHOTO 3’c¢IHAHHA IPOBIAHUKIB
JODIBHIOE CyMi HANIPYT HA OKpeMuXx ginaHkax kona: U =U, + U,.

3actocyemo 3axoH OMa 1 BCLOTO K0JIa T4 OKPeMUX HOT0 JiNaHOK.

Orpumaemo: U=1-R,U =I1-R,U,=1"R, nel — cuna cTpymy B KoJIi,
R, R, R, — saranbHWMii OMp KOJIA Ta MO0 JUISHOK.

OckinbKy 3arajibHa HaOpyra Ha KiHIAX OOCJiOBHOTO 3’€IHAHHS I0PiB-

HIOE CyMi HANPyT Ha OKPeMHX HiagHKax Komxa, TobroU =U, +U,, Tol-R=
=I-R +1I-R,3sigcm: R=E +R,.

3araJpbHHUH OIip MOCIiZOBHO 3’€IHAHUX MPOBIIHUKIB AOPiIBHIOE CYyMi
ONOpiB OKPEMHX MOPOBIHUKIB a00 ALIAHOK EJIEKTPHYHOrNO KOJa:

R=R,+R,+..+R.

IIr0 BIacTHBiCTS NOCTiTOBHOTO 3’ €IHAHHA €JeMeHTiB eJeK TPHYHOI'0 Kola
BPaxoBYIOTb, BUTOTOBJAAIYN aMmmepMmerpu. OcKiIbKH aMIepMeTp BKJIIOYA-
€TBCs B KOJIO HOCJIiJOBHO, TO HOr0o omip Mae OyTH gy.xe MaxuM (gecATi ado
cOTi yacTKM oMa), 1100 BiH CYyTTEBO He BIJIMBAB HA 3araJIbHHUI Omip i, Bigmo-
BiTHO, HA CHJIY CTPYMY B KOJIi.




§ 27. [ocnifgxXyeMo eneKTPUYHI Kona 3 NocnigoBHUM 3'€fHaHHAM NPOBIAHWKIB

ITpoarasisyBaBIIH OCTAHHIO (DOPMYJIY, MOKHA 3pODUTH TaKi BUCHOBKH:

— 3arajgbHUN OMip MOCHAIAOBRHO 3’ € AHAHHX MPOBIAHUKIR OIABIIUH 3a omip
KOKHOTO i3 IIUX NPORIAHUKIB;

— BaraJbHUI OIip mOCHIiOBHO 3’ € JHAHUX MTPOBiAHUKIB, AKi MarOTHL O1HA-
KOBHI omip, MOoxXHA obuncauru 3a opmyiow: B = n + R, ne n — KinbKicTs
OpOBiAHWKIB; B — 0mip KOKHOT0 NPOBiAHUKA.

OrpuMaHi cOiBBiJHONIEHHA BHKOHYIOTHCA IJid O0y1b-AKOl KiJIBKOCTI 1 1I0-
CJHiTOBHO 3’ € THAHUX MPOBIIHNUKIB:

— CHJIa CTPYMY Ha KOXXHOMY 3 TPOBIAHUKIR OJJHAKORA 1 JOPiBHIOE 3arab-
Hifl cuni crpymy BRomi: I =1 =1, = ..=1 ;

— 3araJibHa HaNpyra Ha KiHIAX TOCJiIOBHOTO 3’ ¢ JHAHHS JOPiBHIOE cyMi
HaNpPyr Mix KiHnaMu KoyxHOTo 3 npoBignukie: U=U +U,+ ..+ U ;

— BarainbHHUH omip MoOCJigOBHO 3’€QHAHWX NPOBIMHUKIB MOpiBHIOE cyMi
onopis oxkpemux npoeiguukis: B + R, + .. + R .

TonorHMM HemONIKOM IOCHIJOBHOTO 3’€JHAHHS NPOBIJHUKIB € Te, IO
V pasi BUXOAy 3 JIagy OJHOTO 3 eJIeMeHTIiB 3’ €JHAHHSA IIePeCcTalTh JiATH BCi
iani. Hanmpuraazg, SO0 eperopuTh OJHA JaMTIOYKa HOBOPiUHOI ripadaHu,
TO IEePecTanTh CBITHTHUCE Yei iHmTi.
i"/ s epernsue B e-10aTKy aHiMaLifiHy MOAEb Kona 3 NoCii- E -\.E_';l
\ e [OO0BHWAM 3’€OHaHHAM NPOBIOHWKIB (27.1).

vse.ee/cp

nyMAﬁ Yu same:xuTh BHMipHHE SHa4YeHHA Bi,[[ TOYKH BKJIIOYEHHA

aMIIepMeTpa B eJIEKTPUYHE KOJI0?

SIK BH3HAYWTH NOBHY HANPYrYy B eJIeKTPUYHOMY KOJIi,
AKOI0 € BUMipAHI 3HAUEeHHA HAOPyTr KOMKHOI 3 Horo mins-
HOK, 3’ €JHAHHX IIOCIiTOBHO?

$IK BH3HAUHUTH OIip TIMAHKU KOJIA, 0 CKIaTaeThed 3 JEKIJIBKOX MOCJTi-
JOBHO 3’ €HAHUX PE3UCTOPIB i3 BiIOMHUMHU omopaMu?

Yomy BHYTpinIHil omip aMmoepmMeTpa Mae 0y TH Ay:Ke MaJHM?

YUUCDb PO3B’A3YBATU 3A0AMI

Tpu pesucropu 3 omopamu 2 Om, 3 Om, 5 Om 3’egHani mocaigoBHO.
AmMnepMeTp, YBIMKHEHHWH ¥ KOJI0, MOKa3ye cTpyMm 1 A. BuzHay omip KoJa,
HAOPYTy HA KOXKHOMY DPE3HCTOPi TA MOBHY HANPYTY Ha KiHIAX MINAHKNI
KOJAa.




Tema 4. 3aKOHW NOCTIVIHOTO CTPYMY. ENekTpu4Ha eHepris

R =20m Cxema JINAHKHN KOJa, AKa POITAAJAETHCA B 3a/1aUi, Ma€ TaKUH

R,=30m BUTHAL (Man. 27.4):

R, =50m e R R R
o - F(a)e |

R—7? o By

Pesucropu 3’egHAHIL HOCHILOBHO, TOMY 3araJIbHHAM OIIp KoJia:

R=R +R,+R,,R=20mM+30m+ 50m=10 Om.

Cua cTpymy 3a ocJIifoBHOTO 3’6 JHAHHS OJHAKOBA B yCiX pe3mcTopax:

I, =l,=I,=I=1A,

Hanpyry Ha Ko:XHOMY 3 pe3UCTOpPiB BU3HAUaeMo 3a 3akoHoM OMa and minaH-
kugona: U =I"R,U =1A-20m=2B;U,=I1"R,,U,=1A-30m=3B;
U, =I"R,U,=1A~50m=5B.

Ilopna manmpyra B Koni 3a mocaimosHoro 3’epnammsa: U = U, + U, + U,,
aboU=1"-R,U=2B+3B+5B=10B,a6oU=1A-100m=10B.

nine: R=100m, U, =2B,U,=3B,U,=5B,U=10B.

PO3B’AXXI 3A0AUI
QF’ﬁaf Kopucryrounck JaHUMH, 300pasKeHI-
MU Ha MaJXOHKY 27.5, BUBHAY HAIPYTY
IKepeJia CTPYMY Ta HAOIPYry Ha KO-
HOMY PE3HCTOPi.

b=

I B ocBiTIOBanbHYy Mepexy 220 B mo- 2 50Mm 1.5 Om
CHiIOBHO VBIMKHVJIN [Bi eJIeKTPUYHI A ‘

b T [
JaMIH 3 OJHAKOBHM omopoM. SIKoro :
O6vae HaIpyTra Ha KOKHiH i3 mamno? 'H‘ 'ﬁ‘
/.‘
| Omip eseKTPHYHOrO KOJAa, IOI0 CKJIa- Man. 27.5
ITAaeThCA 3 ABOX ITOCJiTOBHO 3’ €THAHUX

OMHAKOBUX JIaMT i peocrtara, mopisHioe 1000 Om. Buzrau omip Ko:KHOI
JaMIH, AKII0 onip peocraTa gopisaie 120 Om.

. Ha mamosky 27.6 306paskeH0 eleKTpuuHe Ko0j10. ONOPH DPE3HCTODIB,
YBIMKHYTHUX Y KOJO, Bignosiguo B, = 6 Om, R, = 12 Owm. Ilokasu BoabT-
Me.'rpa.— 6 B Busnau manpyry Ha pesucropi onopom R, ta Hanpyry U Ha
Beifi mimaani Koma.

' JlinaHKAa eJJeKTPHYHOT0 KOJIA MiCTUTE TPH MOCTI0BHO 3’ €IHAHUX PE3NCTO-
pu (mai. 27.7). Onopu pesucropis: R, = 50 Om, R, = 60 Om, R, = 120 Om.
ARy cmry cTpyMy NOKa3ye aMIepMeTp i sKa Hanpyra B KoJi, AKII0 IOKa-
31 BossTMeTpa 12 B?




§ 27. JoCnigXyEMO enekTPUYHI Kona 3 NocNiJoBHUM 3'€AHaHHAM NPOBIgHWKIB

e -‘\. r/" g
R, - \
| R, R, R,
z— —@—@
R, (\DBB
Vv
)
L
\ )L b
Man. 27.6 Man. 27.7

SK 3sMiHATHCA NOKA3W eJIEKTPHUHHX IPIJIANIB, 300pakeHux Ha Mayu. 27.8,
SIKII0 TOB3YHOK PEOCTATA IEPEMiCTUTH BHI3; Bropy?

f_rz %,

=

Busnau mokasu ammepmeTpa i Apyroro BoabT™MeTpa (Man. 27.9), AKRII0 TTO-
Kasy mepHioro BoabTMeTpa 18 B.

o =T 3

@r@T GO*

Man. 27.8 Man. 27.9

| BUKOPHCTORYIOUM TOKA3ZW BOJIBTMETPIR, 300pamenux Ha mai. 27.10, maii

Bi/IMOBi /I HA 3ATTUTAHHS: AKUM € OIip pesucTopa I, A0 o1ip peaucropa
R, nopisuioe 10 Om?

Man. 27.10




Tema 4. 3aKOHW NOCTIVIHOTO CTPYMY. ENekTpu4Ha eHepris

. ITo moJrrociB fpKepesia CTPyMY OPHUEIHAHO MOCJIIOBHO JIBA JPOTH OJXHAKO-
Bux posmipis. Ilepmmi gpiT BArOTOBIEHO 3 AMIOMIHIKO, IpYyrHil — i3 Mimi.
Ha riHIIgX AKOTO APOTY BOJIBTMETD MOKaxKe Oibnry Hanpyry? ¥ CKiTbKHT
paziB BiJIpiBHAIOTHECA MOKA3W BOJIBTMETPA ?

BUKOHAN NAEOPATOPHY POBOTY N¢ 8

e I
\

e :
|. B Bukonaii B e-nopaTky BipTyansHy nabopaTtopHy poGoTy 8. /|
L

X

o -~

Buxonyii po6oTy 3 IOTPUMaHHAM IPABUJI 0e3MeKH JKUTTENi ATBHOCTI!

Hocnign eJeKTPUYHE KOJO 3 HOCJIJOBHHM 3 €JHAHHAM IIPOBIAHHUKIB.
Oo0nadHaHHsa: Darapesa aKyMYJIATOPiB, ABL €JeKTPOJIAMIH, aMIIepPMeTp
mocTifiHOTO cTpyMy Ha 2 A, BOJBTMETP IocTifiHOTO cTpyMy Ha 4 B, nepe-
MUKAaY, 3’ €JHYBAJILHI TPOBOJIH.

1. Haxpeciu cxeMy eJIEKTPHUHOIO K0JIA, III0 CKIAJAETHCA 3 IKepesia CTPy-
My, OBOX €JeKTPHUYHMX JaMHO, 3’€IHAHHX IIOCJIiZOBHO, aMIEpMeTpa
1 KJIro4da.

2. Cknagm KOJIO 3a HAKPECIEHOI0 CXeMOI0 IJIA BHBUEHHS IIOCJITOBHOTO
3’eTHAHHS eJIEMeHTIiB.

3. Busmau cuny ctpymy I, Ha nammi 1 3a nokasamu amunepmerpa. BiMKHEK
amMmepMeTp Mics APYTol JaMOH i BUMIPAH CHIY CTPYMY I,. BeiMKHHI
aMIepMeTp B iHIIe Micie KoJa i BumipsAi cuny crpymy I. Ilepekonaii-
cs, IO CUJIA CTPYMY OJHAKOBA. Pe3yabTaTi BUMipIOBAHE 3aTIMIINN B Ta0-

aumio 27.1.
Tabauusa 27.1
Homep Cunactpymy, A Hanpyra, B Onip, Om
nocnipy 1 i I U, U, U R, R, R
2

4. IligrmoYu BOXBTMETD MapajesabHo: a) 1o jJamnu 1, sumipsaii nanpyry U ;
6) mo namnu 2, umipsait zanpyry U,; B) 1o AinsgHKY Kosa 3 o6oma amna-
MU, BUMipa# Haopyry U. PesyabTaTi BUMipIOBAHE 3ATMUIITH B TA0IHILIO.

5. Obumcau omopu namn R, R, Ta 3araasHuit onip R nocaifoBHO 3’€JHAHUX
eleMeHTiB. Pe3yibTaTii BUMipIOBaHb 3ATTHIIINA B TAGIHITIO.

6. 3pobu BUCHOBKH.




§ 28. 20CAIAXKYEMO ENEKTPHIHI KONA

3 NAPANENGHUM 3'€AHAHHAM
nPOBIAHUKIB

«¥Yci ab0 K04HOro» — Take racno MoxHa 3acTocysa-
TV A0 NOCNIA0OBHOrO 3'€AHaHHA NPOBIgHWKIB. OgHMM
BUMWKAYEM MOXHa YBIMKHYTWU/BUMKHYTU BCi enex-
Tponamnu, 3'€AHaHi NOCNiA0BHO.

-
\[A 4OMy TOAi ANA KOXHOro CBiTMﬂhHMKB]

Y KBAPTWPI Y¥ LWKONi noTpiGeH Caill Bumukaq?

3’sicyil, Y OMHAKOBA HAIPYTa HA [PKEePeJIi Ta eIeKTPOJIaMIax, 3’ €fHAHUX
napaJienbuo (man. 28.1). Bukonait moai6uuii gocui.

;" B

Man. 28.1. BumipioBaHHA Hanpyru B KONi 3 napanenbHUM 3’ € AHaHHAM NPOBIAHWUKIB!
e — Ha pKepeni; @ — Ha NepLwii nammi; @ — Ha apyrin namni
o /

"4




Tema 4. 3aKOHW NOCTIVIHOTO CTPYMY. ENekTpu4Ha eHepris

/
MponoBxeHHsa man. 28.1

ﬂ 3’dAcyil, UM OJHAKOBA CHJA CTPYMY B YCiX TOUKAX eJIeKTPUYHOTO KOJia
3 mapajelbHUM 3’€IHAHHAM OpoBimHuKiB (Man. 28.2). Buronail noxib-
HHUH JOCIin.

Man. 28.2. BumipioBaHHa cunu CTPyMy B KONi 3 NapanensHUmM 3’ e0HaHHAM
MPOBIOAHWVKIB: e — y 3aranbHi YaCTUHI KONa; — Ha nepLin namni;
) — na ppyrii namni




§ 28. JoCnigXyeMO eNeKTPUYHI KOMa 3 napanelbHWM 3'€AHaHHAM NPOBIAHWKIB

OI3HABAWUCSA

Axi € cniggidHOUWEeHHA MidC CU-
010 cmpymy, HAnPYz010 Ma ONo-
pom Yy KoiL 3 napanensviHo 3 edna-
Humu nposionuxamu? Ilapasenvre
3’€0HaHHA elleMeHTIB eJeKTPUIHO-
ro xoxna (parallel connection) — ne
Take 3’¢JHAHHA, 32 AKOTO OOHI KiH-
i BCiX TPORIAHUKIR IPUETHYIOTE 10
OJHiel TOUKH eJIeK TPUUHOr'0 KOJIa —
T. A, a innri kiggi — xo gpyroi Tod-
Ku — 1. B (man. 28.3). 7

/

.

Taki Kona me HASWBAKOTH PO3ra-
JIYKEHUMHU, a Miclda 3’€THAaHHA IPo-
BiJHMKIR — BY3JOBHMH TOUKAMH. By3J0BI TOUKHK
PO3ALIAIOTE eJIEKTPHUHE K0JI0 HAa oKpeMi rinku. Ocob-
JUBICTIO POSTANTYKEHUX eIeKTPUIHUX K1 € Te, mo ¥
KO:KHIH rinmi Tedue ¢Bifl cTpyM, AKUH MOXKe BigpisHA-
THCA 32 3HAUEHHAM. [lapanelbHo moIOCaM J3Kepesa
cTpyMy abo 3aTUCcKauaM CHOMKHBAUA EJeKTPUYHOL
eHeprii B eIeKTPUUHE KOJI0 BMHKAIOTE BOJIBTMETD. Man. 28.3

BMmukaoum BOMBTMETD TakK, AK MOKa3aHo Ha man. 28.1, f@, y Tebe
O6yna 3Mora nepeKoOHaTHCS, [0 HATTPyTra Ha J:Kepelli cTpyMy i Ha KiHIAX yeix
mapaJieibHO 3’ € THAHUX IPOBITHUKIB OTHAKOBA.

Hanpyra Ha KOXHOMY IapalebHO TPUETHAHOMY MIPOBITHUKY OJHAKO-
Ba i opiBHIOE HANPY3i Ha yeii ginsauni kona: U =U, = U,,.

3aBIAKHN TaKiil BIaCTHBOCTI mapajelabHOro 3’¢JHAHHA HOro IIMPOKO BH-
KOPHCTOBYIOTh ¥ TeXHIIi Ta mobyTi. ¥ci moOyToBi ciosKkHUBavi eJIeKTPHIHOTO
cTpPpyMy (eJeKTpHYHI OCBITJIIOBAJBHI JaMIOIK Y KBapTHpPi, TeJeBi3op, Xo0Jio-
JAUIBHUK, MiKDOXBUJILOBA MiY) PO3pPaxoBaHi Ha O0AHAKOBRY pobody HATIPYTY
220 B, i ix BMHKAIOTh ITapajelbHO B €JIeKTPOMEPEKY KBaPTUPH.

Buwmipromooun cumny crpymy I mo posrany:keHHs (IOBHY CHJIY CTPYMY
B K0JIi), cuuIy cTpymy I, v mepmiiii eleKTposaMIi Ta cuay crpymy I, y ApyTii
eJIEKTPOJIAMIIL, IePEKOHYEIICH, 10 CHJIA CTPYMY 0 PO3raJIy:KeHHS I0piB-
HIOE CyMi CHJI CTPYMIB B eslekrposamnax: [ =1 +1,.




Tema 4. 3aKOHW NOCTIVIHOTO CTPYMY. ENekTpu4Ha eHepris

Cuia cTpyMy B Heposrany:KeHiH 9acTHHI KoJia JOPiBHIOE CyMi cTPyMiB
B OKDEMHUX [apPaJIeJIbHO 3 €IHAHUX EJIEMEHTaX EJeKTPHYHOTO KOoJa:
=% &1,

U U
3aszaxonom Oma I =—, Bigoosigmo: I, =—, I,=—.
R R, R,
T'U*U+UC U, 171+1
oxi — R R KOpoTHBIIK HA U, OTpHMAcMO: — R R

3a IapaJjieJIbHOTrO B’G,E[HBHHH eJIEMEHTIB eJIEKTPHUYHOI'O KOJIa BeJIM4YH1HA,

obepHEHa J0 IOBHOI'O OIOPY 3’€JHAHHA, JOPIBHIOE CYMi BEeJIMUKH, 00ep-

1 1 1
HEHHX J0 OIMOPiB PO3TANYIKEHb: — = ——+——
il p1B P Iy R R, R,

OTpumMaHi cIiBBiIHOIIEHHA BUKOHYIOTECA JJIA Oy Ab-aAK0l KiadbKoCTi 11 ma-
PAaJIeJIBHO 3’ € JHAHNUX NPOBLIHUKIB:

— HAOpPyra HA KOXXKHOMY IapajenbHO OPHETHAHOMY IPOBITHUKY OSHAKOBA
i mopisHiOe Hanpysi Ha yeit ginaami kona: U=U, =U,=..=U;

— CHJI& CTPYMY B HEPOSTANY:KEHIH dYacTHHI KoJa JOPiBHIOE cyMi cTpy-
MiB B OKPEMHUX TApaNeJbHO 3’¢THAHWMX eJIeMeHTaX eJeKTPHYHOTO KOoJa:
I=1+I +..+1;

1 2 n

— 3araJbpHUH OIip mapaJiebHO 3’ ¢IHAHNUX TPOBIAHUKIB HopiBHIOE cyMi Be-

1 1 1 1
JIUYUH, O0ePHEHUX 10 ONOPiB POBTANYKEHb: —=——+—+ ... +—.
Y n piB p y R R R R

n

ITpoananizyBaBOm ocTaHHID GOPMYNyY, 3pOOHMMO TAKI BHCHOBKH:

— 3araJbHUH omip TPOBIAHUKIB, 3’ eAHAHUX HapaJieJIbHO, MEHIIUWH Big omopy
KOJKHOIO i3 IIUX OPOBIIHUKIB;

— 3arandbHUH OIip mapaneabHo 3’ € JHAHUX TPOBIAHUKIR, AKI MafOTH OJHAKO-

R
BUI 0mip, Mo Ha obuncanTh 3a hopmyno: BR=—%, ne R, — omnip KoHO-
0 OIPOBLOHUKA; 71 — K1JIBKICTE IIPOBLIHUKIE.

OcobamBicTh mapalelbHOTo 3’ €JHAHHS COOKHBAYIB Y MePeki 3 HalIpyrowo
220 B momarae B ToMy, I10:

1) Ha KoKHOMY IpUCTPOI OyAe Ta HANPYTa, HA AIKY BiH po3paxoBaHHUil, a caMe
220 B;

2) BUMKHEHHA OJHOTO 3i CIIO/KHMBAYIE HEe IPHBee 10 BUMKHEeHHSA PEITH.




§ 28. JoCnigXyeMO eNeKTPUYHI KOMa 3 napanelbHWM 3'€AHaHHAM NPOBIAHWKIB

- | maE
( {5 MepernsgHb B e-008aTKy aHIMALLiinHY MOAEeNb eNeKTPUYHOro | .

\_'w KONa 3 napanesibHim 3’eQHaHHAM NpoBigHuKiB (28.1).

ﬂyMAﬁ | HAxuUM YMHOM BUMIipIOIOTE HANPYTY HA TPOBIAHUKAX eJeK-
— TPUUHOTO KOJa, 3’¢JHAHUX ITapanelbHo?

~ §Ik coiBBiJHOCHUTBCH CHJIA CTPYMY B HEPOSTAJIyIKeHii dac-
THHI eJIEKTPHYHOrO KOJa 31 ¢TpyMaMH B OPOBIJHUKAX,
3’eJHAHWX apajieIbHO?

¢ Yomy B KHUTJIOBUX NOPUMIOIEHHAX CHOOKHBAYL eJeKTPUYHOI eHepril
3¢ IHYIOTDH HapajeJlnLHo?

YUUCDH PO3B’A3YBATU 3AOAMI

nm Hosenu, 10 AKIIO KOJO CKJIAAAETHCA 8 71 HAPAJIEJIbHO 3’ €JHAHUX OJHAKO-
BUX IPOBIAHUKIB 3 omopoM R, KOXeH, TO 3arajJbHWi omip Koxa R Oyne
R,
B 7 pasiB MEHIINM BiJ OIOPY OZHOTO IpoBigumKa: B =—".
n

Poarnnamemo BHOAOOK HapanejlbHOro B’E‘.,E[HaHHH ABOX OMHAKO-

R
N BUX ITPOBiAHUKIR (Mam. 28.4, @).
& 17 @ z & —--q
n ‘

a(le[] R R{A] R[] R[]
(o ) (6 X ©- ---

Man. 28.4. [NapanenbHe 3’'eQHaHHA NPOBIAHWKIB:
{ @ — [BOX; @ — TPbOX; e — N NPOBIAHWKIB

X
- ; ; . A L o4
3araJabHHH OOip ABOX HapaJIeJbHO 3’ € THAHMX IPOBIIHUKIB: e,
R R R,
. . 1 1 1 . R
OcKiIbKH OOOPH OGHAKOBL, TO — = —+——=——/, 3Bigcu R=—-.
R R, R, R, 2




Tema 4. 3aKOHW NOCTIVIHOTO CTPYMY. ENekTpuyHa eHepris

Y BuHoagky TpeBOX NapanesibHO 3’€JHAHUX OJHAKOBHUX TPOBIJHUKIB

1 1 1 1 3 R
(mar. 28.4, @): —=—+—+—=—, sBigkn R:?U.

(1] 0 0 0

BignmorigHo A5g n mapanenbHO 3’ €ITHAHUX OJHAKOBHX MPOBIAHUKIB 3 0omOpoM
R
0
R (mam. 28.4, () xoxen R=—".
¢ n
| ingHKa eJeKTPUIHOTO KOJA MiCTHTH TPHU MapajieJbHO 3’ €JHAHI IPOBia-

HUKH, OIOPH AKUX Bignosiguo: R, =3 Om, R, =5 Om, R, = 15 Om. Busunau
3araJIbHUH OmIip TJIIAHKH KOJAa.

R =3 0m 3araJpHUE Omip TPHLOX HapaielbHO 3’c¢THAHWX OPOBIAHUKIB
R,=50m o 1 1 . 1 N 1

_ BHUB3HAUYAETLCSA 38 PQOPMYIIO0: —=—+——+—.
R,=150m R R Ry B
R—7? ; 1 R,R;+RR,+RR,

3BeleMoO IO COiILHOTO 3HAMEHHHKA: — = ;
R R R,R,

. R,R,R, . .

3eiaku R = . IligcTaBiAaeMO YHCIOBL 3HAUEHHA:
R,R; + R.R; + R R,

30M-50m-15 Om

R= ~1,6 Om.
50M-150M+ 30Mm-150M+3 Om -5 Om

moBine: #1,6 Om.

3BepHu yBary! 3Ha4eHHs 3arajbHOro ONopy MeHLLUe Bif,
3HaYeHH:A Oyab-AKOro 3 ONopiB, WO CTAHOBNATE OiNSAH-
Ky NapanenbHOro ix 3’6 gHaHHs.

PO3B’AXHU 3AOAMI

ﬁ JlBa mpoOBiIHUKM MapajlesibHO TOpPH- o1
e€qHAHO M0 IKepena crpymy. Omip
nepmroro nposingukra 150 Owm, apy-
roro — 30 Om. Buauau, y axomy 1

- e DD
OPOBIIHUKY CHJIA CTPYMYy Oinbma U
[ ]
L1

1y cKiTBKH pasis. R

. AMmepMeTp, BKJIIOUEHHH B eJleK-
TpruHe Koo (Max. 28.5), morasye -
cury ctpymy 1,6 A sananpyru 120 B.

Man. 28.5




§ 28. JocnigxXyeMO eNeKTpWYHI KOMa 3 napanelbHWM 3'EAHaHHAM NPOBIAHWKIB

Omip nepmroro pesucropa R, =100 Om. K
Busunau omip apyroro pesucropa R, 1—
i cuny eTpyMy B KOMKHINA TiIAHI
KoJa.
—

JlinAgKa eNeKTPpHYHOTO KOJa Mic-
TATHL [ABI DapaneabHO TpHEAHAHI
JaMOW, TPH aMOePMETPH 1 [Ba KJIIO-
i (manx. 28.6). fAxmo samMrzeHi
kxodi 11 2, ammepmerp A mokKasye - A
cuny ctpymy 1,2 A. Illo moxaske am-

nepMerp A,, AKIIO 3aMKHYTH KJIOY -
1; xrou 2?7

| Ho mxepeiia cTpyMy OPHEIHAHO IBa
ogHAKOBI pesucropu (Mman. 28.7).
3a JaHUMH MAJIIOHKA BH3HAY CILTY
CTPYMY B KOJIi.

HeizonsoBaHMI IpiT MAE eNeKTpHY-
Hui onip 1 Om. BusHau onip nsoro
K JApPOTY, AKIO HOro mocepenuHi
pO3pi3aTH i CKPYTUTH OTPUMAHI T10-
JIOBHUHU PAa30M M0 BCiH JTOBRWHI.

IsonpoBanmit gpit omopom 1 Om
pospisamm mocepefmHI i CKPYTHINH
OTPHMAHI IOJIOBMHK PasoM II0 BCii

noB:xu@HI. BH3HAY omip Takoro mpo- - 2
BIIHUKA. Man. 28.7

IIpoBin po3pizau HA TPU YACTUHHY i cOJIeNH B OTUH. ¥ CKIIBKY pasiB aMi-
HUBCA oNip nposoay?

€ mpu pesucropu. Onip mepmoro 12 Om, apyroro — 6 Om. Busnau omip
TPETHLOTO Pe3UCTOpa, AKMOI0 32 1X MapajelbHOro 3’€THAHHS 3aTaJLHUH
orrip mopirHIOE 2 OM.

¥V GyauHKY BBIMKHEHO JBa OPUIAAH: eJeKTpuIHui yaiHuk (R, = 20 Om)
ra eqexkTpomuTa (R, = 10 Om). Born nigkaro4eHi napaJejJbHO 40 Mepexl
220 B. Busaau: cuiry cTpyMY, III0 CIIOKHABAE KOMKEH OPHUIal, Ta 3araJIbHy
CILIY CTPYMY B KOJIi.

e ™

‘“’ E;I.I MepernsHb B €-goaaTky cumMynaiio «JocnigxyemMo enekTpuyHe "‘

\ s KOO 3 NapanenbHim 3’edHaHHAM NPOBIOHUKIB» (28.2). J

.




Tema 4. 3aKOHW NOCTIVIHOTO CTPYMY. ENekTpu4Ha eHepris

BUKOHAN NNABOPATOPHY POBOTY Ne¢ 9

Bukonyii po6oTy 3 IOTPUMAHHAM IPABUJI Ge3MeKH KUTTENiATbHOCTI!

Hocaigd ejleRTpUYHE KOJO 3 [ApPaeJbHUM 3 €JHAHHAM IIPOBLIHUKIB.
Oo6nadnaunnsa: baraped aRyMYIATOPiB, ABRL eJeKTpoOJIaMOH, aMIIepMeTp
nocTiiiHOTO cTpyMy Ha 2 A, BOJBTMETP IOCTiliHOrO cTpymy Ha 4 B, nepe-
MHUKAaY, 3’€JHYRAJIBLHI TPOBO/IH.

1. Hakpecau cxeMy eJIeKTPHUHOTO KO0JIa, IO CKJAJAEThCA 13 mMKepena
CTPYMY, OBOX €JIEKTPUUYHHUX JIaMI, 3 €¢THAHUX MapalesibHO, BOMIBTMETPA
1 KJroua.

2., Crrmagm KOJO 3a HAKPECJeHOK CXeMOI0 JAJA BUBUEHHS IapalielbHOTO
3’eTHAHHSA eJIeMeHTIiB.

Homep Cuna cTtpymy, A Hanpyra, B Onip, Om
aocnigy | I, I, 1 U, U, U R, R, R
1
2

3. Busmau manpyry U 3a nokazaMu BoabTMeTpa. IligKII0UM BOJIBTMETP CIIO-
YATRY 10 KaeM jamnu 1, Bumipsii uanpyry U , a moTim no namnu 2, Bu-
Mipsaii Hanpyry U,.

4. Tliggmroyun aMIepMeTp OOCTiZOBHO: &) 3 JIaMIIO0 1 i 3amMIIM MOKas3H aM-
nepmerpa [ ; 0) 3 1amMnoro 2 i sanumiy noKasu amuepmerpa [ ,; B) y sarajib-
HY ZIIAHKY K0oJa i BuUMipsAi cuny ctpymy [.

5. OGumcau omopu namn R, R, Ta saransauii onip R napaieibHO 3’ ¢ THAHAX
eJIeMeHTiB.

6. 3pobu BUCHOBOK, UM BUKOHYIOThCS 3aKOHH NapajelbHOr0 3’ ¢ JHAHHA eJe-
MeHTiB. Un ofHaKOBUI omip elekTpudYHUX JaMn? Uu ofHAKOBHAY CTPyM
Vv KokHI# mamnoi? Sk sMiHmBesa saraJbHHI Oomip DOPiBHAHO 3 OMOpaMH
OKpeMHX JaMII?

7. fAxumu Oysu 0 pe3yabTaTH OOCIiny, AKOH IapaliebHO 3’ €IHYBaJId TPH
eJIEKTPUYHI JJaMIi ?

8. Hxumu O6ynu 6 pesyabTAaTH JOCTIAY, AKOM 3aMicTh JaMI BUKOPHCTAIU pe-
sucropu onopamu 10 Om i 20 Om i mexepeno xuByieHH:a 6 B?




§ 29. 40CNIAXYEMO ENEKTPUYHI KonA

3 MILLAHUM 3'EAHAHHAM
nrPoBIAHNKIB

0, 3apas mu Gyoemo po3s’szyBaTu 3a-
Jadi, y AKX B eneKTPUYHUX KONnax 0gHo- .® i

yacHO GyOyTh OiNAHKA 3 MOCHIO0BHAM

i nrapanenbHUM 3'€HaHHAM NPOBiAHWKIB!
H3porapganace? )

PosguBuca cxemy (mazn. 29.1, @}, npouuTail yMOBY 3aJadi Ta YCTAaHOBHU Bif-
moBiaHicTs Mix Kpokamm i1 poas’azamus (1—-3) ta cxemamu (D).

3adava: BU3HAY 3aTaJbHUN OOip HA HiaaHIl AB eleKTPUUYHOTO K0J4, SKII0
Bci ereMeHTH MaioTh omip 1 Om.

4 M




Tema 4. 3aKOHW NOCTIVIHOTO CTPYMY. ENekTpu4Ha eHepris

:
|

. 4
MNpopoexeHHa man. 29.1

Kporu pose’asanna sadaui

1. BussauuTu saraabHUH omip R, , HOCHAOBHO 3’€IHAHUX eseMeHTiB R, R,
Ha BepxHIH rigui BI'. ’

2. BusHaunTH 3araJIbHHI OIip Rg, 5 4 HAPAJIEJNBHO 3’€lHAHUX eJIeMeHTiB R,
Ta 0OUMCIeHOTO onopy R, .

3. BusHaunTu 3araJibHUMN OTip NOCIIJOBHO 3’€/IHAHUX eneMeHTiB B, R
R..

5

2,3.47

OISHABAWCSH

Ak nokporoeo saminweamu ckLA0HY eNeKMPUYHY CXeMYy eK6l6aLeRm-
row? EnekTpuuHi KoJsa, 3 AKUMH JOBOJUTHECA MATH CIpaBy HAa NMpPaKTHII,
CRJIAJIAKTHCA 3 KiJIBKOX PIBHHX CIOMKHBAYIB, AKI MOXKYTH OyTH 3’€aHAaHI
Mixk c000F0 TIOCTiIOBHO, TapanelbHO ado MOCTiIOBHO I mapajeabHo (MiniaHe
3’eMHAHHS).

06 obumcauTy 3araadbHUHE Omip
CXeMH 3 MIIIAHMM 3 €QHAHHAM, Ii
COPOIIYIOTh, HOCTYIOBO 3MEHIIIVIO-
YH KiJbKICTH OIOPiB [0 OJep:KaHHSA
CXEeMH 3 OJJHUM OIIOPOM.

Miwanum (mixed) HagnsaloTs Take 3’en-
HaHHS NPOBIAHWUKIB, aKe & KOMOIHALIE No-
CNifoBHKX | napanenbHux 3'eaHaHb.

Tari erekTpuuHi KoJa 06YHCIIOIOTE 38 JOIIOMOTOIO eKGi8ANCHMHUX CXeM.
Ina mobyaoBH eKBiBaJeHTHOL CXeMH BUIINAIOTH NIIAHKY KoJjia, Ha AKIH




§ 29. JlocnifxXyeMO eNeKTPUYHI Koa 3 MilLaHVM 3'€fHaHHAM NPOBIAHNKIB

eJIEMEeHTH 3’ €JHAHO TiJBKH MOCTIJOBHO a00 TLIBKH IapaJieJbHO, TOOTO omip
miel JinaHky MoXKHA odumcauTu. Jani Taky AiMgdHRY KoJia 3aMiHIOIOTE O/I-
HUM Pe3UCTOPOM, OIip AKOTO0 JOPiBHIOE o0uucieHoMy. BubynoBymoun TakuM
YMHOM KiJbKa eKBiBaJIEHTHUX CXEM, BU3HAUAIOTE 3araJbHUHT onip Kona.

SIkmo BimoMO HAOpPYTY AsKepeaa CTPYMY, MOKHA BHUSHAYHTH 3aTAJIBHY
cuy ctpymy. Hani Bike MoskHA O0OYUCIUTH HANPYTY 1 CHIIy CTPYMY Ha OKpe-
MUX PEe3UCTOPaX.

ITorkaxemo Ha NPUKIALi, AK BUKOPUCTOBYBATH MeTOANKY eKBiBaJIeHTHOL
CXeMH.

Y roso, 300pakeHe Ha MaJOHKY 29.2, e, nomaHo Hanpyry 55 B. Onopn
BCiX pe3mcTOpPiB 0fHAKORI 1 fopiRHIOIOTE 2 OM. Busnay 3aransHUi onip Kosa,
a TaKO’K PO3MOJIiI CTPYMIB i HAIPYTH.

Epor 1. Buginaemo minAHKY, A& TPH PE3HCTOPH 3’¢gHAHLI MixK cobomo

mocnijoBHO, — Oe pesucropu R, R,, R,. [ &
ObumcauMO iX eJTeKTPUYHHUH OIIip: R, R,
R, ,s=R,+R,+R;=60m. LT
Temep MOKHA HAKPECIUTH €KBiBATEHTHY l
CXeMY, 3aMiHHBIIH Il OIOPH €KBIBAJICHTHUM | [f R, R,
R, , ¢ (man. 29.2, @). 5 .
T s >
Epor 2. Buginaemo ainasry, v AKii pe- L
sucropu R, i R, 3’enuani Mix coboro nmapa- e
aensHO. Omip miel taukH:
R
‘R 2.6 12 3 !
By ymm= B = =—=—=1,560m.
T B, 216 8 B
Kpecanmo eKBiBaJIeHTHY cxemy R, o

3’eJHaHI Pe3UCTOPH eKBiBAJEHTHIM OIMOPOM
R

U
(man. 29.2, e), 3aMIHHBOIM IIapaJieJIbHO R
i 2
3,4,5,6" @
Kpox 3. HiTko BUAHO, 1110 TeIlep BCi oniopu
3’¢JHAaHi TOCIiZOBHO, OTIKE, 3araJbLHHUH OIip R
KoJa:

R=R_,=R +R,+R,

=2+2+1,5=5,50m.

.4,5,6

Toxi zaraxsHUH CcTPyM:

U b55B

:_:—:10 A.
R 550M




Tema 4. 3aKOHW NOCTIVIHOTO CTPYMY. ENekTpu4Ha eHepris

A Tenmep po3rnAJATHMEMO €KBIBAJIEHTHI CXEMH Yy 3BOPOTHOMY HANPAM-
KY: BiJl OpocTimUX A0 CKIAJHININX, TOOTO B HAIPAMKY 0 TOYATKOROI cXe-
vu. Crouarky HOOrJIsSsHEMO Ha maa. 29.2, @ Buano, 1o 3araasHU#E cTpyMm
OpOXOAuTh uepes onopu R, R, R W=l =8=1 ). OTxe, MOKHA

3,4.5,6 3.4,5,6
obuuciautu sanpyru U,, U,, U

3,4,5,6°
U=IR =IR =10A-20m=20B.
3posymino, mo U, = 20 B rakox giiicue:
U,=I,R,=IR,=10A-20m=20B,

U 1 R =I-R,

3.4,5,6 T¢3,4,5.6 3,4,5,6

=10A-1,60m=15B.

3,4,5,6
ITepesipumo renep pisnicte U =U, + U, + U !

8,4,5,6°
U=20B+20B+15B=55B.

Taka mepeBipKa NoKasye, UM NPaBUIABHO TH PO3R’A3yeNI 3aauy. JAxou 3a-
pas 1ei 3aK0H He ONifTBepArBCA, ToOi moTpibHO 6yJI0 6 MOBEpHYTHCA 1 ITyKa-
TH TOMUIKY .

ObGuucnumo renep crpym uepes R, i R (mam. 29.2, ). Hanopyra ma na-

panenssii nagmi U, , , ,=U,=U

4,5,6

4,5,6°

U, 15B U 15B
Ore, U,= U, , ;= 15B; I, :f:m=7,5A; Ko = R4,5,5 ST 25A.
3

4,5,6

Kourposmioit cebe, neperipsii, un cnpasmaxyeThes pisHicrs [ = I, + I
I=T5A+2,5 A=10A.

4, 5, 6°

Orixe, yce IpaBWIBHO!

Crpymuepes R, . .
eMocs Bij cxeMu Ha mai. 29.2, @ J0 cxXeMu Ha maiu. 29.2, @

Omxe, I, ;=I,=I,=I,=2,5A.

Hacopag/inporikae uepes onopu R, B, B,. Ilepecysa-

3po3ymino, mo ocklbKu R, =R, =R, o U, =U,=U,=2,0 A-20m=5B.
Hiitceo, Beymi U, . . =U,+ U, +U;=15B.

TakuM YMHOM, 34 JOINOMOI'OI0 eKBiBAJIEHTHIX CXeM BH3HAYEHO 3araJIbHEII
OIIip K0JI& Ta POBIOALJI CHJI CTPYMY i HAIIPYTH HA KOMKHOMY il eleMeHTi.

AYM AN 3 AKOIO MeTOI0 3aCTOCOBYIOTE €eKBiBaJIeHTHI cXeMu?

AK 3MIHUTBCA OIIip eNEeKTPUYHOTO KOJa, AKI0 A0 OyIb-
SAKO1JIAHKH KO0JIA MiARJIYUTH IIe OAWH Pe3HUCTOP: a) mOCTIi-
ITOBHO; ) mapaneabHO?

HAx Tpu ogHAKOBI OMIOPH 3’€AHATH pisHOMaHITHUME cnocobamu? Harpec-
JIW CXeMU IUX 3’ €THAHE.




§ 29. JlocnifxXyeMO eNeKTPUYHI Koa 3 MilLaHVM 3'€fHaHHAM NPOBIAHNKIB

YUUCDb PO3B’A3YBATU 3ALAMI

- Busmau sarampHH omip ALIAHKK KoJa 1 CTPYyMH B KOXKHOMY pesmcTOpi

(man. 29.3), axmo manpyra Mk Toukamu A i D nopisuioe 26 B; R = 2 Owm,
R,=30mM,R,=60m,R, =10mMm, R,=20m, R, =20mM, R.=40wm, R, = 120m.

-
Rl
R, R,
: B
Man. 29.3
.U= 26 B Ha ginaerax AB i CD pesuctopu 3’e€IHaHIL
R =R =R,=20m napanaenbHo. Omip KoxKHOI JIIAHKK BigIo-
R,=30m BifiHO:
R,=60m 1 1 1 1 1 1 1 1
R =10m 2 R ® R e "R TR
R4 40 Rm R1 Rz ﬂ; Rw Rs R?‘&
= M
R: . RA;;: =10m; R, = 1,2 Om. Tqui SaI‘B.:IIbHIfIfl
_ | omip xona 6yme cEIamaTHCE i3 MOCITiIOBHO
Blodglak o Pt Is __ o | 3’emHAHUX JIIAHOK AB, BCiCD:

B=R  t+R.+th,.088,.~R +® B3R, —10w+230n=30mn,
Saraneauii onip kona: R=10mM+3 Om + 1,2 Om = 5,2 Owm.

3a zakoHoM OMa A SIMAHKHM KoJa BusHayaemo: I = B I=

U 26 B

=HA.
5,20mM

Taguii cTpyM DpoxoguTs uepes pesucropu B, 1 R, tobro [, =1, =1=5A.
Hanpyra va ginsaniAB:U,,=IR,,,U,,=5A-10m=5B.
Tara o mampyra i Ha KoXHOMY 3 pesucropis R, R, R,, OCKiTbKH BOHU

3’eHaHI mapajgeabHO.

U,z 5B
» Il =

R 2 Om

1

Tomi I, =

= 2,5 A. Ananoriuno: I,=1,7TA,I,=0,8 A.

Tax camo BU3HaUaeMO po3TOAiN cTpyMiB i Ha ginarni CD.

Hanpyra va ginsaani CD: U, = IR

I,=1,5A;1,=0,5A.

U,,=5A-1,20mM=6B, roni [, =3 A;

D’

linmosins: R=5,20m, I =2,5A,1,=1,7TA, I,=0,8A,1,=I,=T=5A,

I,=3A,1,=1,5A,1,=0,5A.




Tema 4. 3aKOHW NOCTIVIHOTO CTPYMY. ENekTpu4Ha eHepris

PO3B’AXKU SAOAUI

B Yorupu npoBigHuKH 3 omopom 1o 1,5 OM KoKeH HeoOx1MHO 3’eJHATH TAK,
100 orpumaru omip 2 Om. Sk e sgiticanTu?

JBa mpoBiAHUKK 3a MOCJiAOBHOIO 3’ ¢IHAHHA MaOTh oIip 27 Om, 3a mapa-
nenbHOTO 3’ efHAHHA — 6 OM. BuzHau onip nux opoBigHUKIB.

Sxmit omip MOoKHA OJep:;KATH 3a JOIOMOIOI0 TPhOX PE3HCTOPIB OmOpOM
mo 2 Om KosxeH?

4 A

—
-
(%)

ﬁ Sk BMIHATECA TIOKA3W NPHIAJIB,
AKOIO IIOB3YHOK PEOCTATAa IOCYHYTH
BIiBO (May. 29.4)?

' Yorupy OQHAKOBHUX TPOBITHUKMU 3 9

onopom mo 10 OM KokeH 3’enHAHO,

L

AK ToKazamo Ha MaJoHKY 29.5. |

ek \ /
SArmm 6yme saranbHUHA omip, AKIIIO Man. 29.4
cTpyM miaBectu mo Touok A i C? [lo B
TouoK A1 D? 7 b
B 1 C
| I
10
BUKOHAU OOCHNIOAXKEHHSA o 5
Buronyii gocunign 3 JOTPUMAHHAM 10
- i —
IMPABHJ Ge3neKu JKUTTENI ATBHOCTI! | A | I y
Man. 29.5

Hakpecnun cxeMy eNeKTPHUYHOTO
KoJIa, OI0 MICTUTH J3Kepesio CTPY-
MYy, eIeKTPUUHY JIAMITY BiITOBiTHOI HATIPYTH i TPH BUMUKAaUl, YBIMKHeH]1
B KOJIO Tak, 1100 YHACKIIOK 3aMUKAaHHA OKPEeMO KOXHOTO 3 HUX JIaMIla
cBiTunaca. Bpaxy#, o mepnr Hisk 3aMUKaTH APYTIHH BUMHKAY, TOTPi6HO
poamvukaTu nepmui. CKIanu i nepesBip cxemy Takoro konaa. Ile BuKopuce-
TOBYETLCA el crmocid 3’ ¢aHanHA BUMUKAa4YiB?

P o— Bl
[ \
B Bukonaii B e-nopatky BineosasnanHa (29.1). |

= f

=3 o

OUuIHU CEBE

‘s BukoOHA# B e-100aTKy 3aBAAHHS ANS CAMOOLIHIOBAaHHS (29.2) Ta nepernsHb cu-
e MyNAUito «EnexTpu4Hi kona i3 MilwaHnum 3’ €gHaHHAM NPOoBIgHUKIB» (29.3).




S 30. A0CNIAXKYEMO Ali ENEKTPUIHOTO

CTPYMY

3Haew, y rogmHn GnexkayTiB Npo HAABHICTL €NEKTPUYHOrO

cTpymy f pobuna BMCHOBOK 3a KiflbkOMa MOKa3HWKamMu:

SIKLLO Ha BYNWUi ryayTb reHepartopu; KOau nigxoauwl oo

ABsepen nig’isgy, i MarHiTHUM 3aMOoK He Npauioe; a B KBap-

TUPi — 3a CBITIHHAM iHOWKATOPIB Ha BUMMKaYax, NnobyTo-
BUX NpUnajax.

-
-

Tak, enekTpuiHniA CTPYM YNHWUTBL TEMIOBY, CBITNIOBY, Mar-
HITHY Ta ximiyHy gii. JizHaemocs, HoMy Tak BinOyBaeTLCA
i K L& BUKOPMCTOBYE NIOOMHA.

Posguemer mamroHok 30.1. YceraHOBH BifOOBIAHICTE MidK MaITIOHKAMI
e—o Ta JiAME eJIeKT PUUYHOTO CTPYMY, AKY BOHHU LIIOCTPYIOTE: 1 — TemoBa,
2 — cBiTnoBa, 3 — marmiTHa, 4 — ximiuna. Kl gii cTpyMy viKe 3ragyBaach
y it i nonmepeaniit remax? Axri TpUKIaAM BUKOPHUCTAHHS il €IeKTPHYHOTO
CTPYMY TH MOKeIll HABeCTH caMoCTifiHO?

[ Barape# h

ﬂgnjé_

- AgNO,(aq)
Man. 30.1

- OI3HABAWCAH
Hisnaemoca npo mennosy diro enexmpuunozo cmpymy. Ilpo
B3aEMO3B’ 30K TEIJIOBOTO Xa0TUYHOTO PYXY BIIbHUX €JIEKTPOHIB ¥ MeTaIax
iiX yOmopaAAKOBaHHH PYX TiJ AIi€I0 €JIEKTPUYHOTO IOJIA MU 3Ta yBau, KOJIN

POBTIIAKANH 3aJIe;KHICTh ONOPY MeTaJleBUX ITPOBIAHWKIB BiJ TeMIepaTypH
(§ 26). IIpuragyem?




Tema 4. 3aKOHW NOCTIVIHOrO CTPYMY. ENekTpu4Ha eHepris

Konu pocnigxyeBann 3anexHiCTe ONOpy Bif, Temneparypu, TO
MPOBIOHWK 3i CTPYMOM Harpisanu. A 41 MOXE NPOBIAHWK 3i CTPY-
Mom ByTu mxepenom Tenna’?

Poaraaas mamoHok 30.2. Ilo momiociB mxepenaa cTpyMy HOif’eJHAHO Hi-
KeJiHOBY ApOoTHHY. Yepes meBEUI IPOMIiKOK Uacy JPOTHHA, IO AKIH mpoxo-

OUTEH €JIEKTPHYHHI CTPYM, HarpiBaeThbcs, Po3:KapIOETHCA O YePBOHOTO CBi-
TiHHA 1 TpOBHCAE.

//

| e MNepernsHe B e-000aTKy aHiMaLiiHy MOAEb Ll,bOF()\\J
7

\ - ﬂOCﬂi,ﬂ,y (30.1).

Man. 30.2

Ile nosacHIOETBCA THM, IO CHJIA €JIEKTPUYHOTO MOJA PO3TaHAE 3apalKe-
Hi YacTHHKHU, 30impOryioun ix KiHeTHUHY eHepriioo. YHACHIZOK 3iTKHeHHA
3 IHOIMMY YacTHHKAMH PEUOBUHH (aToMaMu, HOHAMI, MOJEKYJIAMI) YaCcTH-

Ha KiHeTUYHOI eHePrii 3apAIKeHX YaCcTHHOK NepeJacThed iM, 1o 36iasnrye
IXHIO BHYTPiMIHIO €Hepriio.

Jlns nesKUX peYOBMH TaKe HATPIiBAHHA MOMKe BUKJIUKATH i1 CRITJIOBY [ifo.
Hanpurnan, B eTeKTPUUHUX JAMIAX PO3KAPIOBAHHS, A6 BONb(pPAMOBA HUT-
Ka HarpiBaeThcsd J0 ACKPaBoOro cBiTiHHA.

Moxew NoACHUTK, YoMy ONS OEeMOHCTpPaLil TeEnnoBol
Oi7 obpanu HiKeniHoBy APOTUHY, & He MILHY 41 anioMmi-
HiEBY?

TennoBy mifo cTpyMy MOKHA CIIOCTEPiraTu Ha OPUKJIAAl HAarpiBamHA Cmi-
pasieil eJIeKTPUYHOL JIAMIIN PO3'KAPIOBAHHA, €JIEKTPONPACKHU, eJIEKTPOILIM-
TH, eleKTpHUYHOro obirpisaua (Man. 30.3).




§ 30. JocnigKyemMo Ali eIeKTPUHHOTO CTRYMY

~

A

Man. 30.3

TerroBa Aid CcTPyMy IMIMPOKO BUKOPHCTOBYETHCA MiJl YA€ KOHTAKTHOTO
3BaproBaHHA MeTaryiB (man. 30.4). Kpiss nerani, mio 3BapioioTh, OPOIIyCcKa-
IOTh BeJTMKUH cTpyM. ¥ pe3yJabTaTi B MicIlgX KOHTAKTIB AeTalli ay:ke Harpi-
BAIOTHCA 1 3BAPIOIOTHCA.

Man. 30.4. BukoprucTaHHa TENNOBOI 4ji CTRPYMY Mif 4aC KOHTAKTHOrO 3BapHOBaHHA
metanis (ED); micT Natona 8 Kuesi — nepLumii y CeiTi CyLinbHO3BapHUIA MiCT

S 3aBOoBXKKM 1543 meTpu (@) )

TenioBa Aisdg eeKTPUYHOrO CTPYMY CIOCTepiraeThCcA He JHIIIE B MeTajle-
BHUX OPOBiTHUKAX, 8 i V¥ PIAKUX i ra3yBaTux.

Hdisnaemoca npo ximinny diro cmpymy. IIpo B3aeMo3B’A30K XiMiuHHX
IPOIECiB Ta IPUUYAHY eJeKTPHYHOTO CTpyMy Tobi Tesk Bimomo. ITpuramyenr,
v § 22, posraagaroun XiMiuHI gepenaa cTpyMy, MH 3’ ACYBaJH, 10 BHACKTI-
JOK XiMiuHHMX peakIliil BiI0yBaeThCA BUBIIbHEHHSA eIeKTPUYHO 3aPAKEHUX
YACTHHOK, AKi HAKOIMYYIOTHCHA HA BiAOOBIIHHX mojrcax jxepena. Came
BOHU CTRBOPIOIOTH eJIEKTPUUHE TT0Je, AKe 3MYIIYE BiIbHI eTeKTPOHU YOOPSAI-
KOBAHO PYXaTHCH ¥ METAJMeBHUX NPOBIIHHUKAX.




Tema 4. 3aKOHW NOCTIVIHOIo CTPYMY. ENekTpyyHa eHepris

Hocaigil, yu MOe, Y CBOIO 4epry, eNeKTPHYHHNA CTPYM YMHUTH XIMIidHY
Iit0, To6TO CUPHUMHIOBATH XiMiUHI mepeTBOpeHHA pedoBWH. Po3auBucsS Ma-
awHOK 30.5, @

- o

( Batapes ~ o~ \
ﬁl\l 1 KuceHb—| « BopeHs

e 0, -4 n H,

Ag

Man. 30.5. XimiyHa oia enekTpu4HOro CTpymy:

@ — nocpi6nenns; (B — poaknapanns soam ]
X A

Jlo mosuTuBHOI (+) KJIeMH JyKepesa CTPYMYy NPHEIHAHO CPIGHY NJIACTHHY.
MeraneBy JOKKY (3 MEHII JOPOTOT0 METAJY ) TiAKJII0OYeHO J0 HeTraTHBHOI (—)
KJIeMH JsKepeia cTpymy. I mmactuny, i JOKKY 3aHypeHO B PO3UHH HiTpaTy
cpibmna (AgNO,). Konu uepes posyuH OPOIYCKAKTH €IEKTPHYHII CTPYM, TO
HOHH ¢pibyia BUAUIAIOTHECA i3 MJIACTHHH Ta TPUEIHYIOTHCA 0 JOXKHW — HAa
Hifl yTBOPIOETHCA TOHEHBKHH Iap cpibia. [loxgiéauM cmocoboM Moz HA U IIO-

30JIOTHTH BHpOﬁH. .I:‘:‘
E 'E_'\-

7
f

| ﬁlﬂ MepernsiHb B €-404aTKy aHiMaLiiHy MoAens No3o- |
\_'w JIO4EHHS BMpobiB (30.2).

vse.ee/cpd

Iamu#t npukaag — YTBOPEHHSA BOJHIO i (Ta) KUCHIO ¥V Pe3yAbTATI Ipomyc-
KaHHA KPi3b BOAY eNeKTpUuYHoro cTpymy (Mmaa. 30.5, ).

XimiuHa Aid eJIeKTPUYHOTO CTPYMY CIIOCTEePIiTaeThed i B iIHIIMX BUTTATKaX,
KOJIU eJIeKTPUYHUN CTPYM IIPOITYy CKAIOTh YePe3 BOAHI PO3UMHU KHUCJIOT, JIYTiB
iconeii. I e MIMpoKO RUKOPHUCTORYETHCA B XiMiuHI# npoMucaorocTi. [lerans-
HinTe opo 1e feThea y § 31.

OpnodacHo 3 XiMiYHOIO Ji€I0 CHOOCTEPIracTheA i TEIJIOBA — PO3YUUH, IO
AKOMY IPOXOAUTE CTPYM, HATPiBAETHCA.

Hisnaemocsa npo maznimuy 0ito cmpymy. Ilpo enexTpuuHi i MarmiTHi
B3aeMozxil Tobi Takoxk Bimomo. IIpuragyemt? ¥V § 17 6yno srajgasno Opo cxo-
JKiCTH YV TOBeMiHITI IBOX MATHITIB Ta ABOX HaeJIeKTpU3oBaHUX Tin. IlikaBuM €
daxT (abo merenga) mpo Te, AK 6YJI0 BUABIECHO MATHITHY Jil0 CTPYMY.




§ 30. JocnigxKyemo Ali eNeKTPUHHOTIo CTRYMY

Opsoro pasy nascekuil yueHnuid I'. Epcres neMOHCTPYBRAB CTYAEHTAM JI0-
cJHioM 3 HArpiBaHHA TPOBIMHUKIB enekTpuuHUM crpyMoM. Ilig gac nocmimis
OIVH i3 CTYJEHTIiBR MOMITHUB, IO Y Pa3i MPOXOKEHHS eJIeKTPUIHOTO CTPYMY

OO0 OPOBIAHUKY MArHiTHA CTpinIkKa, pPO3-
TAIIOBAHA MOOJMZY IPOBiTHUKA, MOUHHAE
BigxunaTHcA. K IIOHHO KOJO PO3MHKA-
I0TB, CTPYM 3HUKAE, 1 cTpiika moBepTa-
€ThCA Yy IMOImepenHe IMoaoKeHHA. CTymeHT
BKa3aB BUKJIAJAYEBl Ha AWBHY MOBEAIHKY
crpinku. Ile Binkpurta coonykano I'. Ep-
cTela Ta iHIIMX HAVKOBIIB A0 3 ACyBaHHA
OpUYMH B3aeMomil MarHiTHOI CcTPIIKM
i mpoBigEEKAa 3i crpyMoMm (Mau. 30.6).

//:’—“-

(&

nocniay (30.3).

/

)

ot
-

MepernsHb B €-00AaTKy aHiMauiiHy MoAenb Us0oro

E ;
)

Man. 30.6

Of 100
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Crorogni BUABUTH MATHITHY Aifo cTpyMy Moxken: iTu. [na nporo motpiduo
HA 3aJi3HMI NBAX HAMOTATH KiJbKa JeCATKIB BUTKIB 1301b0BAHOTO MiZHOTO
OPOBOIY, 3BiIBHUTH KiHIII IpoBOAY Bifm isosmarnii i mpueguaT ix 0o m:xepea

crpymy. Tarmii mpeHCTpid OPUTATIYBATH-
Me apibHi MeTasieBi mpegMeTH, AK MATHIT
(man. 30.7). Pos’egHaill eJleKTPHUHE KOJIO.
CTpyM IO KOTYOIII HEe OPOXOAUTH, i BOHA
BTpayae MarHiTHI RIACTHBOCTI.

Ha Bigmimy Big Temmosoi Ta ximiumnoi,
MAaTrHITHA [Oif eJeKTPHYHOTO CTPYMY CIIO-
CTepiracThCA B3aBKOM, He3aJeKHO Bin
TOro, AKHHA IPOBINHUK: TBEPAUU, PLAKHH
9y rasyBaTH, a TaKo:K y Baxkyymi. [e-
TaJbHINIe OPUYHHM MATHITHOI il eJek-
TPHYHOTO CTPYMYy BHBUaTHMeNl v 9 Kiaci.
3apas Junie 3a3HAYNMO, N0 BUEHi JOCJIi-
OUJIA He JIUIIe 3yMOBJICHHSA eJeKTPHYHIIM
CTPYMOM MarfHiTHoOI aii, a # HARIaKKW — 1110
IOTPi6HO pobuTH, 11106 MATHIT CTAB IPUUYH-
HOI0 BUHUKHEHHS eIeKTPHUYHOrO CTPYMY.
3aBIAKRK UM JOCTiI:KeHHAM CTAJIO0 MOXK-
JTUBUM (PYHKIIOHYBaHHA pPisHOMaHITHHX
eIeKTPUYHUX JBUTYHIB Ta TeHepaTopiB
(mau. 30.8).




Tema 4. 3aKOHW NOCTIVIHOrO CTPYMY. ENekTpu4Ha eHepris

Y ABUryHax eJIeKTPUYHHE CTPYM, AKHHA DPOXONHTH IO paMIii i3 apory,
po3MiNIeHi#t MixK moaocaMH MarHiTy, 3YMOBIE i1 00epTaHHA Y TEBHOMY
HanpaMmi. lle npusBoAUTh 10 00epTaHHA IHIINX YACTUH eJeKTPONPUIIAJiB,
HaIpUKJIaA HOMKIB B eIeKTpoM scopyOIli, cBepiiia B eJIEKTPOAPHAi, KOJic

B €IEKTPOCKYTEPi.
[=]2A: [m]

P S . e k.
|f mpm MNepernsiHe B e-A0AaTKy aHiMaLiAHy Moaenb obep- “"

ww  TAHHS PAMKU 3i CTDYMOM Y MarHditHomy noni (30.4). J

/

]
Vse.ee/cp

¥ remepaTtopax HaBOaKHM — MOOTPiOHO YMMOCH 3MYCHTH PaMKY i3 ApoTy
obepraTrcAa B MArHITHOMY II0JIi, 1100 ¥ Hifl BUHUK €TeKTPHUYHUN CTPYM.

Man. 30.8. [le renepartop, a oe — ABUryH?
N 7_/'

Axi dii wunumes earexkmpuunuil cmpym Ha opzanism nwdunu? Enex-
TPUYHAH CTPYM MOJKEe UHHUTH TENJIOBY, MarHiTHy, XiMiggy Ta moie i mexa-
Hiumy mii Ha opraHismu, y ToMy el i Ha TBifi. OcobnuBicTiO IPOXOIKeHHA
eJIeKTPHUYHOTO CTPYMY KPish TiJIO JIOAWHY € Te, [0 Pi3Hi JiIIAHKY opranisMy
MaIoOTh Pi3HY eJeKTPonpoBigHicTs. Pimzunu (KpoB, COHHHOMO3KOBA piguHa,
HUTOIIA3MA KJIITHH) 706pe TPOBOAATE eMeKTPUIHUH cTpyM. OCHOBHUMHE HO-
ciamu 3apagy B Hux ¢ Homu. IlIxipa, KicTkoBa # ;KHpOBa TKAHWHI, MeMO-
PaHU KJITHH Ta KJITHHHHX OPraHes] OOTiOHI 1o AielleKTPHKIB. ¥cepemmHi
OPTAHIZMY €JeKTPHYHHI CTPYM HNOMIUPIOETHCH HEPEeBaKHO KPOBOHOCHUMU
B amiM(QaTUHYHIMH CYJAHMHAMI, M A3aMK, 0DOJOHKAMH HEPBOBUX CTOBOYPIB.
SaJleKHO BiJ NUIAXY OPOXOJKEHHSA CTPYMY Ta HOTrO CHJIK BiH MOMKE IIPHBO-
JUTH 10 Pi3HUX Aif.

Y MeIMUHUX HINAX IJIA eNeKmpoiKy6aHHA 3aCTOCOBYIOTE HEBEJIMKI CTPY-
MI: JUIA IPOTrPiBAHHSA YACTUH TLIa KOPHCHOIO € TeILIOBA if, IJIfA CTHMYJIFOBAH-
HA TisUILHOCTI OPraHiB, MOMIOIIIeHHS 00MIiHY PeUYOBHH — XiMiuHa i MaraiTHa.

Besneunoio ana moguHu € cuia ctpymy MeHrne 1 mA. IIpote ctpymu, 3Ha-
yeHHA AKX Depepurye 100 MA i AKi IPOXOJATE MKUTTEBO BAXKIUBIMIU JiJIAH-
KaMU’ Tijla, MOMKYTh BHKJIMKATH 3HAYHI VITKOJ:KeHHA opragismy (maiu. 30.9).




§ 30. JocnigKyemMo Ali eIeKTPUHHOTO CTRYMY

lMoxkonioBaHHs Mapaniy guxaHHaA 3ynuHkKa cepug i
A HesignyckaHHs DiBpUNALIf LWAYHOHKIB
i S |
: & A
4 :
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0,02 ; _
\_ 1mA 5B MA 10mA 30mA 75mMA0Q05A 1A 5A Crpym P

Man. 30.9

ITix miero BeIWMKOTO CTPYMY BimOyBalOThCA HATPIBAHHA TKAHUHU, BUIIAPO-
BYBAHHSA BOJIOTH, M0 BUKJIWKAE OMiKW, PO3KJIANAHHSI OPraHiuHoi peuoBUHHA,
v Tomy uncesi KpoBi i mimdu. IlogpasaernHsa i 36ypeHHA CTPYMOM TKaHUH OpP-
TaHI3ZMY MOKe NPH3BECTH A0 MUMOBLIBLHOrO HemepeadadyBaHOTO CKOPOYeH-
HA M’ A3iB.

Tgi#t oprariam e g:RepesoM MiKpOCTPYMiB. ¥V i KIITHHH, OpTaHK Ta opra-
Hi3M ¥ IIiTOMY MAaloTh BlIacHE eJeKTpHUHe noyie. KoHIeHTpania HoHIB y IIH-
TOTJIa3Mi KIITHHHE Ta MIKKJIITUHHOMY CepelOBUIN pi3Ha, ToMy HA MeMOpa-
HAX KJIITHH € dionomeHyiaau. 3agBuuail Hanpyra 6iocTpyMiB He mepeBUIIIYE
0,01-0,1 B.

EnerTpuuHH cTPYM, AKHIl BHHIKAE B HEPBOBiil CHCTEMI TBapHUH Ta JIIOIH-
HH, HABUBAKOTH HEPBOBUM iMNYAbCcOM. 3aBIAKN [[UM iIMIyJIECAM BigOyBaeTh-
cA CKOPOYeHHA M’ A31B, nepexaBaHHA iHGopmanii. HasiTe Taki cknagHi opo-
IecH, SK MOBJIeHHSA , MUCJIeHHA, IaM’ ATh JIIOIUHN, OB’ A3aH] 3 eIeKTPHYHITM
CTPYMOM, AKUN BUHHKAE B MO3KY (maJsi. 30.10).

/

HEPBEOBA CUCTEMA PEIynioe

( po6GoTy M’'a3iB | opraHiB uyTTa j ( pPOBOTY BHYTPILLHIX OpraHiB J

o 8
B ;ﬁx
¥ & |

\ Man. 30.10. HepeoBa cuctemun NoAMHN QYHKLIOHYE 3aBOSKW €NEeKTPUYHOMY cTpymy




Tema 4. 3aKOHW MOCTIAHOrO CTPYMY. ENeKTprYHa eHepria

PearyBaHHsA eIeKTPUIHO 3apAIKEeHHIX YACTHHOK B OPraHiaMi Ha if0 eJleK-
TPUYHOTO YH MATHITHOTO MOJIIB MOKJIA/IEHO B OCHOBY JIIaTHOCTUK — EJIEKTPO-
Kapjaiorpamu, MartitHo-pesosancHol romorpadgii (MPT) Tonro.

: ,HYMAF' | | | Jle Ha TpaKTHUI[i MOKHA CIHOCTEpPiraTu il eJeKTPHUHOTO
—— ' cTpymy?
- Jle BUKOPUCTOBYIOTH TEIJIOBY Jif0 €JIEK TPUUYHOTO CTPYMY?

Y uomy monArae XxiMmiuHa gifg eIeRTPUYHOTO CTPYMY 7

- ¥V yomy ocobamBOCTi MargitTHol Iii cTpymy?

PO3B’AXU 3AO0AMI

g B enekrpuuHnx pud € AKUBUIM FreHEPATOP eJIEKTPOEHePrii, AKNH CKIANAETHCH
3 eJeKTpouuTiB. OOUH eIeKTPOIHUT eJIeKTPUYHOTO CKaTa CTBOPIOE HAIIPYTY
npubauzso 0,02 B. BuzHau MakcuMalbsHY HANPYTY, AKY MOXKE CTROPHTH
CKAT, SKII0 eJIEKTPOIIUTH 3i0PAHO ¥ CTOBIUMK M0 YOTHPHUCTA HITYK, 8 BCHOTO
TAKWUX CTOBITUMUKIB IT’ATCOT.

Byrop Mae eneKTpWYHI OpraHH, IO CTAHOBJIATHL 4/5 MOBXKHUHHU foro Tiia
# yTROpIOIOTE HATIpyry jo 650 B. IlopirHAl 3HaUueHHSA HAPYTH, 110 BUPO-
O1si€ Byrop, Ta o6unciaeHe To0010 3HAURHHA HANPYTU cKaTa (3axaua 1) 3i 3Ha-
YeHHAM HaUIPYTH B eIeKTPUYHIH Mepeski. YoMy A4 J10AMHE € 0CODINBO He-
6e3meyHM YpasKeHHS CTPYMOM BiJl X TBAPUH?

OMPALIIOMN IHOOPMALIKO
Bi3zbMM y4yacTb Y rpynoein poo6ori

B Ha yporax 6iosorii T BUBUYAEIN OpraHi3M JIOAUHU. 3 OMVISAY Ha BUBUEHE
10000 moenHAlN 3HAHHS 3 (pisukw, ximii i Giosorii. O6’egHaiiTecs v rpynu
i migroryiiTe moBimoMieHHSA mpo HioMexaHIKy opraHiaMy, TeNJIOPeryJsIfiio
Ta eHepreTUUHNi fanane, GiocTpyMu i HEPBOBL iMITY TbCH.

@ ITepernaus Bimeo B e-momatky (30.5).
[y [izHaTica OinbIme IPO 3BAPIOBAHHA MATEPiaIiB, ¥ TOMY YHCI H KUBHUX
wsw TKAHHH.

OUuIHU CEBE

Pt

59 Bukowaii B e-noaatky 3aBaaHHa ans camoouiHiosaHHs (30.6).

-—




§ 31. A0CNAKYEMO ENEKTPUYHNY CTPYM

B PI3HNX CEPEAOBULLAX

LLle Ha no4aTKy BUBYEHHS eNeKTPUYHUX SBULLL M 3BepTanu
yBary, L0 3aNeXHO Bif CepedoBuLLA PO3Pi3HAIOTL 0C00-
JIMBOGTI MPOXOMKEHHA ENeKTPUYHOro CTPpyMmy, 30Kpema
y MeTanax, piguHax i razax. JocnigiMmo enekTpudHuia CTpym
y pisHux cepenosuLlax!

Posgusucsa sobpakenHsa enekTpuuHux jgamn (Mman. 31.1). Copobyit ca-
MOCTifiHO BCTAHOBHTH, AKi xapakTepuctuku (1—7) BigmosizaroTe Bugam

namn (B)-0).

Man. 31.1

1. LED-namnu (Big aura. LED — light-emitting diode) 1ie Ha3UBAKTE C8iM-
A00I00HUMU LAMRAMU .

2. Boasppamora HuTka Harpisaerscs no 3000 'C. 3a takoi remneparypu
BOHAa IIOYMHAE ACKPAaBO CBITUTHCSH.

3. ENeKTpUYHWI CTPYM IPOXOJUTH Yepe3 CYyMillI raziB, AK1 BHACTIIOK IIHOTO
BUNPOMIHIOKOTE CRITJIO.

4. EnexTpuuHuil CTPyM, OPOXOJAUN Uepe3 HAMiBIPOBIAHUKOBI KpuUCTaIH,
BUKJHKAE BUIPOMIHIOBAHHSA CBiTJIA.

5. 5 % cno:xuTol eTeKTPUYHOI eHepril NepeTBOPIETHLCA HA CBITIO.

6. 70 % cnoxmTOl eMEeKTPIYHOI eHePril MepeTBOPIOETHLCA HA CBiTIIO.

7. 90 % cooxmuToi eIeKTPUUHOI eHepril IepeTBOPIOETHCA HA CBITIIO.




Tema 4. 3aKOHW NOCTIVIHOIo CTPyMY. ENekTpu4Ha eHeprisa

AI3HABAWCSH

Y

IIlo € HOciamMu eneKmMPULHO2Z0 cpPYyMmy 6 pidHux cepedosuuiax? Y tebe
Bixe OyJia 3MOTa MePeKOHATHCS, 10 eJIEKTPUUHH I CTPYM MOKE YTBOPIOBATH -
cq i mporikaTu B pisHux cepenosuniax. [lpuragait, v § 21 mu gocaigxysaau
eIeKTPUUHI BIACTUBOCTI PEUOBHH 1 JiMTUIH yci peuoBUHE, He3aJIEXKHO Bifg ix
arperaTHoro CTany, Ha NPOBiJHHUKMN Ta i30JaTOpH. 3ragyBajil IPO OKPEMY
rpyny peuoBuH — HaniBopoBigaukm. ¥ § 30 posraamanu gii cTpymy B MeTa-
aax i pigunax. Hocaimxyouu saBoanua Ha moyaTky maparpada, y tebe 6yma
3MOTa MePEeKOHATHCA, M0 eJeKTPHYHHUYI CTPYM 3YMOBJIOC CBITIHHA MeTase-
BOI BOJIL()PAMOBOI HUTKH ¥ JIAMIAX PO3KAPIOBAHHSA, ragy — Y ra3opospaz-
HUX JaMIax, HATIBOPOBiAHMKOBUX KPUCTAJIIB — ¥ CBITIOTiOZHMIX.

Ynopankyi ceoi 3HaHHA. ¥ MeTaTeBUX MPOBIIHUKAX HOCIAMY eJIeK TPHUY -
HOT'O CTPYMY € BiIbHI e1eKTPOHU, AKI MepeMinIyoThea ¥ KpUCTaJiuHUX r'pa-
Tax, y By3Jax SKHUX MiCTATLCI HOHH.

B igmmux TBRepaAMX Tinmax, mio He MiCcTATE BITEHUX eJTeKTPOHIR, KpHUCTaTid-
Hi I'paT™é MOXKYTE PYHHYBATHCA MiJl Uac HArpiBaHHA, YTROPIOIOUHN HOHM, AKi
MOXKYTH mepeMimaTuca. MoHT TBepAUX PEeUOBHH TAKOMX MOXMYTH OYTH PyX-
JUBUMH, AKOI0 PEUORHHY PO3UMHUTH V BoAl (Man. 31.2). ¥V Boxi TeBep/i peuo-
BHHH PO3NAJAIOTHCA HA TO3UTUBHO
Ta HETaTUBHO 3apAJKeHi WOHH Imig
BOIUBOM MoJeKyna Bomu. (Ilpura-
naii, 1110 TaKe JHUII0Jb. )

PosLienneHHs pe4oBUHK Ha MOHM Y BOA-

HOMY pO34MHi ab0 B pO3nnasi HA3WMBAITh

eneKTponiTU4HOI aucoljiauielo (electro-
HociaMu eleKTpHYHOTO CTPYyMY Iytic dissociation), a Taki pe4oBUHW —

B eIEKTPOJIiTAX € MO3HUTHBHI i Hera- enexkTponitamu.

TUBHI HOHH.

/

NaCl
NaCl NaOH NaCl
i 0 } ‘ (
3 o o
> ) 0B it )
= | ¥ ~=d
Man. 31.2. Y po3uunHi yTBOPIOIOTLCH BiIbHI HOCIT eNeKTPUYHOro CTPYMY

T'asu 3a 3BHUaliHUX YMOB MaliiKe MOBHICTIO CKJIAIAIOTHECA 3 HEHTPATBLHUX
aToMiB abo MOJIEKYJI, ToMy € AienexTpurkamMu. OgHaK 3a JeAKHX YMOB MOJKHA




§31. JocnigxXyeEMO eNekKTPUYHWUIA CTPYM B PI3HWX CepejoBULLLax

OJIEPAATH eJIEKTPHYHHE ¢cTpyM i B razax. lnda nporo norpibHo, 1mod atoMu
B rasaxX BUBLIBHANY eJIeKTpoHU. Takuil mporiec HA3UBAIOTE LOHI3AUIE TARY.
Hociamu eneKTpHUYHOTO CTPYMY B HI0OHI30BaHOMY Tasi € BiJIbHI eIeKTPOHU Ta
HoHH!.

Axinpoyecu cynposodicyrome eLeKMPULHUL CIIPYM 6 ereKkmpoaimax?
Bupuarmum xiMiyHY JiF0 eIeKTPUYIHOTO CTPYMY, MU ByKe 3BEPTaJIH YBary Ha
OeBHI 0cobIMBOCTI HOTro NpOoTiKaHHSA B po3dunHax. Jocaigmnmo i ocobauBocti
JeTansHINIe.

3a BimcyTHOCTI 30BHINIHLOTO €IEKTPUYHOTO HOJSA B €IEKTPOJITAX HOHN
pasoM 3 MOJIEKYJIaMK, AKi IIe He PO3majucsa Ha HOHM, 3HAXOZATLCA B Oes-
OepepBEHOMY XaoTH4yHOMY pyci. o mxepena cTpyMy mOig’ € IHYIOTH MeTaseBi
IJIACTHHH. 1X HABHBAIOTH efekmpodamu, IPHIOMY TO, IO i e JHAHHH 10
OO3UTHBHOTO IIOJIOCA IKEepelia CTPYMY, Ha3UBalOTh aHodom (anode), 1o Hera-
THBHOro — Kamodom (cathode). SIKnio aHOM i KATOJ OITYCTHUTH B €JIEKTPOJILT,
TO OYEBRHUHO, IO MO3UTHEHI HOHH (iX II[e HABUBAIOTE KAMIOHAMU) TOYHYTH
pyXaTtHcA D0 HETAaTHBHO 3apANKeHOr0 eJeKTpola — KaToja, a HeraTHBHI
HoHM (@HiOHU) — 0 NOSUTHURBHO 3apA/IKeHOro eneKTpoja, ToOTo o aHoAA.
Y Kosi BHHUEKAae eJeKTPUUYHUE CTPYM, 3YMOBJIEHHH HATPAMJIIEHUM PYXOM
eJIEKTPUYHUX 3apAdiB 000X 3HAKIB.

1o, Ha TBOIO AYMKY, BigOyBaTUMETLCH, AKIIO eIEKTPOJIIT HATPiTIH?

3 nigBULLEHHAM TEMMNEPAaTypW 3POCTAE KiNbKICTb MONEKYN, AKi
po3nagaloTLCa Ha MoHW, TOBTO KiNbKICTL BiTbHWMX HOCIB enek-
TPUYHOTO 3apaay 36inbLYeTheA. OTXE, Q4EBUOHUM € BUGHOBOK:
31 30inbLLIEHHSIM TEMIMEPATYPU PO3HUHIB | PO3MNIABIB €NeKTPOITIB
ix npoBinHicTb 36iNbLIYETHCS, @ OMipP, BIAMOBIAHO, 3MEHLLYETHCS.

IITo Ha TBOIOD AYMKY BigOyBaTUMETECA, KOJIH HOHHU JOCATHYTH CBOIX €JIeK-
Tpoair?

Bionosigb HA LU 3anUTaHHA yXe He € TakOol o4eBug-
HO10. OCOBNUBOCTI NPOXOAXKEHHA ENEeKTPUYHOrO CTPY-
MY B ENeKTPONiTax 4OCAIAXYIOTh i XiMikK, | pi3ukn.

Posrnane npukaaz (man. 31.3). Xmopug miai CuCl, suconioe y BoanoMy
posunHi Ha WoHH Mizai ta xaopy: CuCl, — Cu®" + 2C1".

¥ pasi oiarJIIOUeHHA eIeKTPOAIB JI0 J3Kepesa cTPyMy HOHH IiJ Hiero eJleK-
TPHUYHOTO MOJA MOYHUHAIOTh VIOPAAKOBAHUN PYX: TO3UTHUBHI HoOHHU Migi py-
XaloThCS IO KaTOJa, 4 HeraTuBHI OHU XJI0Py — [0 AHOJA.




Tema 4. 3aKOHW NOCTIVIHOIo CTPyMY. ENekTpu4Ha eHeprisa

Hocaraysuin Karoja, WoHWM Migi Ke1on, = N

HEATPANi3yIOThCA HANIHIIKOBHMH ’—i }‘"I
eJIeKTPOHAMHU KATOJa i MepeTBOPIO-
IOThCA Ha HeUTpanbHi aromMm, fAKi
BUILIAKTBCA (OCifaioTh) HA KATOMI.
BigbyBaerbesa ximiuna peakilis Bif-
gopaenua: Cu? + 2e¢ —» Cu. Monnm
XJI0pPY, MDOCATHYBOIN aHoja, Bimma-
OTh II0 OOHOMY eJeKTpoHy. BigOysa-
€ThCA XiMiuHa peaKIis OKHCHEHHA:
2Cl" — Cl, + 2e. Ilicnsa mporo Heii-
TpaJbHI aTOMH XJI0PY 3 €IHYIOTLHCA
HOIIapHO # yTBOPIOKTH MoJeKyau xjaopy Cl, axuil Bupinrserbca Ha aHOAL
Y BUIVIAAL OyJIB0AIIoK rasy.

Man. 31.3

Ha enextTpomax BuminsgeTbes peuoBHHA (Y HANIOMY OPUKJAAL — Migb
i xmop). Taxuii nporec Ha3UBAIOTD EJIEKTPOJILI30M.

Y 1833—-1834 pp. BUmaTHHUil aH-

rmificekmit yuenuit Matikn Papa- Enextponis (electrolysis) — ue npouec
el eKCIepHMeHTAJhLHO BCTAHOBURB BUZINIEHHS PEHOBUHM HA ENEKTPOAAX i,
KinbKicHI cOiBBiZHONIEHH S, IO OIH- YaC MNPOXOMKEHHHA EJIEKTPUYHOIO CTPy-

CYIOTHL SBHINE €JIEKTPOJI3y. 3aKoH MY Kpi3b po3umHK abo posnnaeu enek-
dapageda I eITeKTPOJi3Y Hac 3MOTY TPOITIB.

O0UHCIANTH MACy PeUYOBHUHH, AKA BH-

OiTAEThLCA HA eJIeKTPO/IL.

Maca peuoBUHU M, 110 BUAITHIIACA HA €IeKTPOJI B Pe3YIBTATI e IeKTPO-
Ji3y, IpaAMo Oponopiifiaa cuni crpymy I i yacy ¢ DpoxXoIxeHHsA CTPYMY
yepes exeKkTpoiit: m = kIt, ne & — KoedinienT nponopnoiiirocTi, 10
Ma€e HAa3BY eJIeKTPOXiMIiUHUI eKBiBAJIEHT.

3HaueHHA eJeKTPOXiMIiUHOTO eKBiBaNeHTY HAHDOOIMPEHIIIINX PEUYOBUH
moxaHo B TabHIIi Ha hopsalli OiapyYHUKA.

fABurmie eneKTPONi3y 32CTOCOBYIOTE ¥ CYYACHOMY BUPOOHHUIITEI, 30KpeMa,
B eJIEKTPOBUAOOYTKY KOJIHOPOBUX METANiB, BUDOOHUIITRI « 3eJIEHOTO BOJTHIO »,
AKUY € 0OCHOBOIO aNbTEePHATUBHOrO NajyibHoro (manu. 31.4, @). Y menunuHi Ha
ABUOIL €JIEKTPOJIi3y 3aCHOBAHO METOJ JIIKyBaHHA — eJIeKTpodopes — yBe-
OeHHA Yepe3 NIKipy ado car30Bi 000I0HKY Pi3HOMaHITHUX JiKAPCEKHUX pe-
YOBHH Hif Ai€i0 eIeKTPHIHOro crpymy (man. 31.4, @). Y npoMy BUOAOKY JIi-
KapChbKUI MPenapar mepeTBOPIOCTLCA Ha eNEKTPUYHO 3apAMKeHl YaCTHHKH
(«Jigu-loHu» ), AK1 ZiF0TH 0e3IocepefHbO Y MicIli, 10 HoTpedye JIKYBaHHA.




§ 31. JocnigxXyemMo enekTpUHHUI CTPYM B PI3HMX CepejoBuLLax

I w —>Reaia TpaHcnopT
i _ =_ —EnekTpo-
EHepria BITpY | pigep — (1Y) 36epiranHs exeprii
o | =
Cousie P>
OHA4Ha L Yucra Enexrponocra-
eHepris eHepris, YaHHgA 00 rasy
% ] wo 36epi-
FippoeHepreTuka raeThCa L,
e Y BOAHI T MpomMucnosicTb : ?a
\\_ . _,/f
Man. 31.4

Axi ocobrusocmi enekmpuinozo cmpymy 6 zasax? I1od y rasi npoxo-
JOURB eMeKTPUUYHHUH CTPYM, ra3 moTpidHo HoHizyBaTH — HATpPiTH abo ompomi-
HUTH eJeKTPOMATHITHUM BHIPOMIHIOBAHHAM, HATIPUKJIA DEHTreHiBChKUM
abo yasTpadionmerormM. OmHOUacHO 3 TpollecoM HoHizarmii BigbGyBaeThCcdA
i 3BOpoTHUI TIponec — pekoMOiHaNig — 06’eTHAHHA HOHIB 3 €JIEKTPOHAMU
Ta YTBOPEHHSA HEHTPATLHUX ATOMIB. I3 UacoM ras 3HOBY CTAE HieJIEK TPUKOM.

MexaHisM DpPOBIAHOCTI ra3iB CXO/KMUI HA MEeXaHi3M IIPOBIHOCTI PO3UMHIB
i poBILIaBiB eIeKTPOJITIB. ¥ pasi BiICYTHOCTI 30BHINTHBOTO ENEKTPHYHOTO
OoJId 3apAlMKeHl YJACTHHKHM 1 HeHTpaJbHI MOJIEKVIH PYXAKTHCA XA0THYHO.
fAKMI0 B rasi cTRBOPUTH eTeKTPHUUYHE TI0Je, TO HOHU i eIeKTPOHN PYyXaTHMY Th-
cA CIpAMOBAHO: MO3UTHRBHI MOHN pyXaloThCA 0 KaTola, 4 HeTATHBHI HoHIT
7 eIeKTPOHU — J0 aHOIA.

Ha enextpogax BigbyBaeThea HeHTpadizallia 3apAmKeHNX YACTHHOK, JK
1 y pa3i OpoxXomKeHHA eIeKTPHUYHOTO CTPYMY Uepe3 PO3UHMHI Ta PO3MJIaBU
ererTpoairie. OmHAK y rasax BiICYTHE BHALIEHHA PEYOBHH HA eIeKTpoJax,
AK Ile MAEMO B PO3YHMHAX eJeKTpouiris. Monu rasy, nigifnosmnmu 1o exekTpo-
JiB, BIAJAOTE IM CBOIL 3apAJH, TEPETBOPIIOTECA HA HEUTPAJABHL MOJEKYIH 1
TOTPAINIAIOTE HA3A] ¥V Tas.

IITo, ma TBOIO IVMKY, BigOyBaTUMEThCS, AKII0 HOHi30BaHUH ra3 Harpitu?

3 nigBULLEHHAM TeMnepaTypu 3poCTae WBUAKICTb Pyxy Mone-
Kyn, & OTxe, yce Oinblie MONneKysn, CTUKa4YCh, «pO30UBAIOTLCH»
Ha MOHW 11 eNeKTPOHK, TOOTO KiNbKICTb BiIbHUX HOGIB e1eKTprY-
HOro 3apsay 36inbwyeTbcd. OTKe, O4EBUOHUM € BMCHOBOK: 3i
30inbLUIEHHAM TemMrnepartypu rasis ix NPoBIAHICTE 30ibLLYETLCH,
a onip BiarosiaHO 3MEHLLYEThCS.

1o, HA TBOIO AVMKY, BiIOyBaTUMETLCA, KOJH BCi HOHU MOCATHYTH CBOIX
eJIEKTPOoAiB?




Tema 4. 3aKOHW NOCTIVIHOro CTPYMY. ENeKTpuYHa eHepris

FAKL0 HeMae 30BHILLHBLOrO MOHI3aTopa, akuli 6u CTROpPIO-
BAB HOCIT CTPYMY, TO MOro NPOTiKaHHS 3aBEPLUYETLCS.

EnekTpHYHHIE CTPYM ¥ rasax HASHBAIOTD 2A3068UM PO3PSAIOM.

Heecamoemiiinuil 2a208uil po3pad Moxe icHYBaTH 32 IBOX YMOB: icHyBaH-
HA eJIEK TPUYHOTO IIOJA Ta HASBHOCTI 30BHINTHBOTO HoHIZaTOpA.

3a meBHHX YMOB I'a3 MOKe OPOBOJNUTH eIeKTPHUYHUN CTPYM, 1 micas opiu-
OpHeHHA Oii HoHisaTopa HAcTae camocmiliHuil 2a308uil po3pad.

3ae)XHO Bil BIACTUBOCTeM i cTaHy rasy, xapaxkTepy i posMinieHHA eleK-
TPOLIB, & TAKOK BiJ IpUKJIamgeHol 40 eIeKTPOAIB HATPYTH BHHUKAIOTE PizHi
BHUAU cCAMOCTifiHOTO po3pany.

CAMOCTINHUA

= rA30BUN PO3PAL -

CnocTepiraeTbcy 3a HU3bKUX TUCKIB | Ha- CnocTepiraetbcs 3a aTMOCHEpPHOro
Mpy3i Mk enekTpogamMm B Kiflbka COTeHb TUCKY B AyXe HeOodHOPIOHUX enek-
BONbTIB. BUKOPWCTOBYIOTE Y peknamHmnx TPUYHUX NMONsX, Hanpuknag nobnunay
TpyOKax, rasopo3psaHux i nioMiHec- rNPOBOAIB NiHilA enexkTponepenay Bu-
LIEHTHMX naMnax (QeHHOro Ceitna). COKOI Hanpyru.

ICKPOBUI J l OYroBun }_

P T : -
BuHukae 3a BUCOKOI HANPYrM Mk enek- AKLIO ofepXaT iCKpoBUA po3psf, a

Tpogamu B MOBITPI | Mae BUrnaL ny4xka NOTIM NOCTYNOBO 3MEHLLYBATK Enek-
SICKPABUX  3Ur3aronofiGHux  CMYKOK, TPWUYHWIA ONip KOMa, 3MEHLUYIOYN Bif-

™

WO BIOranyXywTbCsa Bid, TOHKOrO KaHa- CTaHb MDK enekTpofamu, pospsag
ny. BUKOpUCTOBYETLCSH A5 06 pobneHHs nepeiae 3 nepepueyacToro B 6eane-
netaneit 3 Tyronnaekux metanis. [Npu- pepBHWA ayrosunii. BUKOpPUCTOBYIOTE
KNaaoM BeNeTeHCbKOro iCKpOBOro pos- y NMPOXEKTOpax, NPOEKUiNHUX anapa-
pany € 6nuckaska. Tax | KiHoanapartax, a Takox Ang 3sa-

% / | ProBaHHsi MeTanis.
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ﬂVMA“ HOHCHH, 4JY0MYy gporu, AL Hi,E[BO,E[HTB CTPpYyM 00 eJIeKTpH4-

HOI JaMIu, TPAaKTUYHO HE HATPIBAIOTHCA, TOJI K HHUTKA

PO3KAPEHHS IAMIN PO3KAPIOETHCA 00 6iJT0r0o KOIBOPY.

Yomy B qUCTHILOBaHIH BOAL i cipuaHiilt KueaoTi, y3ATHX OKPEMO, CTPYM
He OPOXOANUTH, 4 ¥ BOMHOMY PO3UHHI cipuaHol KUCIOTH IPOXOIUTE?

YoMy eIeKTPOJIT € eIeKTPUYHO HeATPAIbHUM, X04Ya MiCTHUTEH BeJIHMYE3HY
KiJIbKiCTh HOHIB 000X 3HAKIB?

TMosgscHr MexaHiZM BHHUKHEHHS CTPYMY B eIeKTPOIiTax.

Y domMy mossrac BiAMIiHHICTL MisX HeraTHBHHMM HOHOM B eJIEKTPOJITL
H eTeKTpoHOM ?

Yomy 3a 3BUUAHHUX YMORB Tasu € gienekrpuramu? YoMy min uac HarpiBanes
YW ONPOMi HEHHSA I'a3y PEHTTeHIiBCEKIMH A00 YABTPadi0NeTOBUMY TPOMEHAMEA
ras crae mpoRigEIKOM? HKi 3apAKeH] YaCTHHKHN € HOCIAMH CTPYMY B razax?

Aruit MexaHi3M TPOXOMKEHHSA eIeKTPUYHOTO CTPYMY B Tasax?
fxuit razoBu# po3paAx HAZUBAIOTE HecaMocTiiHuM? CamMocTitHIM ?

Yuwm BifpisHAETHCA HoHi3allia rasgiB Big qucoriaii erexTposiTie?

s|_Am

AT

YUUCDH PO3B’A3YBATU 3A0AMI

Ilig uac exexTpoJisy crajiesa geTaib i3 mionieno mosepxHai 800 cv? ykpuia-
cs IIAPOM HiKeJ0 TOBHIMHOW 54 MKM. 3a AKOL CHJIHA CTPYMY Bif0yBaeThCHA
eJIEKTPOJIL3, AKIIO BiH Tpusae 4 rox?

S =800 cm? 8-102m? Ilix gyac ereKTpOIi3y Maca PeUYOBUHH, 10
d = 54 MKM 5,4-10° M | BUALIACTHECA 3 PO3UUHY €JIEKTPOJITY, BU-
t=4ron 1,44 - 10*c | 3HagacTheda 3a hopmynolo: m = kIt.
kE=0,3-10°%kr/Kx Macy peuyoBHHH MOXHA BH3HAUHTH 34
p=28,9-10°kr/m? 3HAUeHHAM ii rycTuHH: m=p -V =p - Sd.

ITpupirHOIOUM (hOpMYJIH, BHU3HAYAEMO
I — pdS

cuny cTtpymy: [ =——,

kt
8,9-10° X .5,4.107° m-8-102 M’
1= M =8,9 A.
0,3-10° =T .1,44.10" ¢
Kn

: 8,9 A.
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PO3B’AXKU 3AOAUI

Ilixg gac emeKTPOIi3y PO3UUHY IMUHK CYIL(pATy BUAiamiocsa 2,45 r mUHKY.
Busnau eeKTpoxXiMiuHHH eKBiBaJIEHT IILOTO MeTaJy, AKINO KPi3b eJeKTpo-
ait mporaroMm 60 XB IpPoXoAHUE eleKTPHYHNE cTpyM 2 A.

E Busnau macy mizi, 1o BUALIUIIACA I Yac eJIEKTPOJIi3Y 3 PO3UNHY MiJHOTO
KYIIOpOCY, AKIIO Yepes PO3UNH IPoimIoB emekTpuunuii sapan 2500 K.

Busnau yac erexTporisy, 3a AKHH Ha katomi BuaimuThesa 20 r maTpiio mpu
cuai crpymy 12 A. Enexrpoximiunuii ekBiBasment narpio — 0,24 mr/Ka.

ﬂ fAroro Oyna cuiaa cTpyMy I Yac eJIeKTPOIi3y POSYHHY MiJTHOTO KYIIOpOCY,
aro 3a 50 xB ma KaToi suginmiaocsa 1,98 r mipi?

Ilim vac mocpibmenns Bupoby Ha kKaToi 3a 30 xB ocino 4,55 r cpibma. Busnau
CHUJIY CTPYMY Tif 4ac eJIeKTPOJIi3y.

Y OpoMHCTOBOCTI Migbh OUHMIAIOTH eNeKTpoaizoM. [lna mboro 6epyTh ILaac-
THHY HEOUHWINeHol Midl (aHOA) Ta YHCTY ILTACTHHY (KaToA), 3aHYPIOIOTH IX
y pozurrer CuSO, inpomyckaioTs cTpyM. Skunii mponec BifdyBaeThed Ha aHOA1?
1o BimbyBaeTHCA 3 KaToAOM? KW TPAKTHUHUH Pe3yILTAT TAKOTO TIpoIecy?

BUKOHAW OOCNIOXKEHHSA

Buronyii gocaian 3 1oTpHMMaHHAM IIPABHI 0e3IeKH :KUTTEXiAIbHOCTI!

Ilepexonaiica, 10 KYXOHHA CLIb Ta AHCTUALOBAHA BOAA — OieeKTPUKH,
a4 BOOHHUH PO3UMH KYXOHHOI COJIi — eJIEKTPOJIIT — IPOBOAUTE eJIeKTPUYHNHN
ctpy™ (Maz. 31.5). Obradnanna: Ajaa IeMOHCTPAIIIL eIeKTPOJIi3y.

Man. 31.5. JocnigxeHHA NpoBIAHOCTI:
@ — coni; @ — ancrunsosaroi Boaw; & — posunny coni

N A
s MepernausL B e-nogatky cumynauiio «Monisauia nositps» (31.1), \
W BiAEO ra3oBux po3papiB Ta enektponisy (31.2) i cumynauijio
«HecamocTiiHuii pospag» (31.3). Y,

OUIHU CEBE

¥ BukoHait B e-n00aTky 3aBOAHHA ANs CAMOOLLHIOBAHHS (31.4).
S



§ 32. 40CAIAXKYEMO POBOTY

ENEKTPUYIHOTO CTPYMY

Cawko, Wock MeHi 3gaeTeca, Mu e Bumnn. il i poborta .o

€NeKTPUYHOro CTPYMY — Le Te X came?

He 3oBcim. [lil enekTpnyHOro crpyMmy — L€ CBOEPILHI Ha-
CNigKN, AKi YAHUTL CTPYM, poBoTa — ue disuyHa Bennyu-
Ha, Ky MOXHa 064mncnuTy. Lie ayxe BaXIMBO 3HATK ANs
BUIOTOBJNEHHSA ENEKTPUYHKX NPUNALIB.

n Posguencsa ceitaubau (man. 32.1). Yu mMoyKen TH JIUIIe 34 CBiTIWHAMEK
BKa3aTH, Je AKHAHIIBHAINIE MOXKHA 3aKWI ATHTH BOJY: V YaWHUKY Ha
eJIeKTPUUHIN NIUTL, y CKIAHOMY YaWHUKY uu MeTaneBoMy ? SIki nani Tobi
IS nporo notpibuo smatm? Cropuceraiica MacHOPTHUME JaHUMHU eJeK-
TPOOPHAALIB. 3a MOMKJHBOCTL IepeBip ¢Bo€ NPHOVIIEHHA Ha TOCTifi.
IInan mepeBipKU CKIATH CAMOCTIHHO.

/’

o

N2) (5]

o

Man. 32.1

ITacmopTHi gani:

a) DJIMTKA eJIeKTPHYHA, KiNTbKicTh KOH(MOPOK — 1 IIT., DOTYKHICTL KOH-
tdhopor — 1000 Br, giamerp KoHpOpPOK — 15,5 cM™;

0) ualHHUK eleKTPUUHWH, MaTepian: ckio, noty:xHicTe — 1500 Br, Ha-
npyra — 220-240 B, o6’em — 2 11;

B) UallHMK eJeKTPUUHUI, MaTepian: Heip:KaBKa CTANb, NOTYKHICTE —
2200 Br (moBHMIT eTeKTPOUAHHNUK 3aKUTIAE TPOTATOM 2—3 XB), 06’em — 2 1.

a Ha cropiuni inrepuer-eumanua (https://persha.kr.ua/) «Ilepmia enex-
TPOHHA rasera» PO3MilIeHo Takuil miaakat (max. 32.2, @). 3’acyi, axi
OPUCTPOI JaloThL 3HAYHEe HaBaHTaKeHHsa Ha Mepexy. Cropucraiica ma-




Tema 4. 3aKOHW NOCTIVIHOIo CTPyMY. ENekTpu4Ha eHeprisa

HUMJ Ha MaJToOHKY 32.2, @ i HA3BM MOTYKHOCTL, AKi HOTPebyOTH Hail-
O01abII BiKUBaHI eneRTpuYHI npunaagun. Copodyil moACHUTH, YOMY Ha ILjIa-
rari (man. 32.2, @) BRKAa3aHO, 110 OOJHUM i3 HAHOIIbIIT eHeproBUTPATHUX
ToO6yTOBUX MPUIA/IB € MepcoHANbLHEUM KoMn toTep. [leperip cBoe mpuny-
OIeHHA — OpounTail maparpad.

EJIEKTPOEHEPIIA @ CrnoxmBaHHA eHeprii y KBapTupi
PO3N0OAINAETLCA Tak

geeoee

TeNeBi30pK, MPaHHATa  OCBIT/IEHHSA X0no- npuroTy- MWUTTS
irpoBi Npu-  CyLiHHA ONNLHWUKK,  BaHHS DK nocyny
CcTaBku T4 opdAry MOPO3UNbHI

KOMM'I0Tepu Kamepu

3Ha4yHe HaBaHTAXEHHA Ha Mepexy AaloTk Taki NPUCTPOI:
enexkTpoYaiHuK, MiKpoXBUNbOBa niy, ¢eH, ayxoea wada,
enekTponauTa, npacka.

Haitbinblw eHeproByuTpaTHi No6yToBI Npunagu:
nepcoHanbHU KOMN’KI0TEP, XONOAWNLHUK, TENEeBI30p, NpansHa
MalluHa, KOHAULIoOHepU, enekTpuyHi oGirpisadi Ta 6oiinepu.

NOTYXHICTb HAMBXXUBAHILUUX ENEKTPOMNPUNALIB

KoHouuioHep:
| 2,2-3,37 kBt

wxp
(6

L3

O6irpisavi:
1,2-2 Bt

MikpoxBunboBa mi4:
0,6-1,5«Br

™ ") EnextpouanHumk: Mpacka: ! Tenesizop:
2,2-2,4«Br 1-2,4 kBt 0,08-0,14 kBt
3 Munococ: MpanbHa mawuka: | Enextponamna
Bh 2kBr 0,8-2,2 kBt = Ha100BT:0,1kBT
Bownep: XonoannbHUK: Komn’ioTep:
1,5-2,5 kBT 0,30-0,90 kBt 0,065-0,45 kBT

Man. 32.2



§ 32. JoCNifXyeEMO POBOTY EIeKTPUYHOTO CTRPYMY

AI3HABANCS
?

Ax eusnavaioms pobomy enekmpuinozo cmpymy i nomysxscnicmu? Ilpn-
ragyeni, v 7 KjJaci MU po3TaAgaai MeXaHiuny noTy:xaicts? EnekTpuuna mo-
TYsKHICTh, TAK CAMO AK i MexaHiuHA, XapaKTepPHU3ye OIBHAKICTh BUKOHAHHA
pobotu. I mim uac BUBYeHHSA MEXAHIUHHX SIBHII, 1 Oig yac BUBUEHHS TEILJIO-
BHUX ABHII, i HA IOYATKY BUBYEeHHA eJIEKTPUIHUX ABHO] TOOL JOBOAUIOCA KO-
pucrysaTtucda trepmiHoMm podoma. Ilpuragyem? EnekTpruyHa Hanpyra Ha KiH-
OAX OPOBIAHHUKA JOPiBHIOE podomi, AKa 301HCHIOETHCA eJIeKTPUYHAM 10JIeM
OijJ yac nepeMilieHHS UM OPOBiIIHHKOM eJIeKTpuYHOTro 3apany B 1 Ki, To0-

A
r0 U =—. Bignosigno, poboTy eIeKTPHYHOIO OIS A 3 IepeMilleHHd eIek-

TPUYHOIO 3apAAYy ¢ MOKe OyTH BU3HAYEHO AK 400YTOK HEePeHEeCeHOro eJIeK-
TPUYHOTO 3apANy 4Yepe3 MONepeuHUIl mepepis NpoBiJHNKA Ta Hanpyru U Ha
KiHNAX npoBigauka: A =¢q- U.

CropHucTaBIIHCH CHOiBBiIHOOIEHHAM MiXX CIUIOKW CTPpyMy I, eJIeKTPHUHUM
3apAIOoM, SIKHI TPOUIIOB Yepe3 MOMePeYHMN mepepis npoBigHuKa ¢, Ta 4a-
COM #oro mpoxomKeHnsd ¢ (maragacmo: g = I't), miia obunciaenas pobOTH eJIeK-
TPUYHOTO IMOJISA MOYKHA 3alIUCATH TAKHY BUPAa3:

A=1IUt.

IIpaBuabHIiLIE O0yJi0 O TOBOPHTH «po00OTA CHJI €JIeKTPHYHOI'O [OJIA B IIPO-
BiJHUKY 3 NepeMiNeHHA eJeKTPHYHOTO 3apAny». OcKiabKA mepeMinieHHS
€JIEKTPUYHHX 3apAJiB MiJ Ji€0 eJIeKTPHYHOTO I[OJSA B OPOBIIHHKY HA3H-
BAOTH EJIEKTPHYHHUM CTPYMOM, TO TPUHHATO CKOPOYEHO TOBOPHUTH «poboTa
eJIEKTPUYIHOTO CTPYMY», abo mpocTo — «pobora cTpyMy». K 1 y BUDAIRY
MexaHiuHOI poboTH, pobOTY CTPYyMY

MOJHA ONIHUTH 38 TMEPETBOPEHHA- ' pagara enexrpuuHoro crpymy (opera-

Mu eHepril (mpuragaii, MexaHiuHA
poboTa BU3HAUAETHCA Uepe3 3MiHY
KineTmuHOI ab0 noTeHITiaNBHOI eHEP-
rii rtina). Takum uymHOM, 3araibHe
BH3HAYEHHSA POOOTH eIeKTPHUYHOTO
CTPYMY TaKe:

tion of electric current) — ue i3n4Ha Be-
NMHMHA, L0 XapaKkTepU3ye eneKTPUqHy
EHEprilo CTPYMy | MOXJIMBICTE 1i NepeTeo-
PEHHS HA iHLWI BUOW.

KinpricHo poboTa cTpyMy Ha AiJIAHII eTeKTPUYHOTO KOJIa BU3HAUAETE-
cA f00YTKOM CHJIM CTPYMY, HAOIPYIY Ha i J1AAHIIL Ta Yacy, BIPOAOBK
AKOro BUKOHYyBaJacd 11a pobora: A = IUE.

Opununero pobotu crpymy € dwcoyav, L Iszx=1B-1A-1c.




Tema 4. 3aKOHW NOCTIVIHOIo CTPyMY. ENekTpu4Ha eHeprisa

BigomosigHO, NIBMAKICTE BHKOHAHHA POOOTH €JIEKTPUYHOTO CTPYMY Xa-

paKTepU3YE MOTYKHICTD.
OpuHUIle0 TOTY:KHOCTL € sam,

1 Br =155
C

3 dopmymu A = Pt i 3Bamkar-
YM HA Te, IO il Yac CIOKHUBAaH-
HA eJeKTpoeHeprii eJeKTpHYHUN
CTPYM BHUKOHYE POOOTY BOPOIOBIK
3HAYHOTO Yacy i MOMKe cAraTH mge-
KiJbKa roaud i HaBiTh Ai6, BUMipIo-
BATH POOOTY €NEeKTPHUUYHOTO CTPYMY
B I)KOYIAX € JoBoJ He3dpyumo. Ha
OpaKTHIl A BHMipPIOBAHHA pPO-
00TH CTPYMY IIHPOKO BHKOPHCTO-
BYIOTh IMO3ACUCTEMHY ONHUHHUII0 —
KimoBar * roguny (kBT - rom):

1 kBr-rog = 3,6 - 10° IT:x.

Pobory i moTy:KHICTE eJeKTpuy-
HOTO CTPYMY MO’KHA BU3HAUUTH HE
aumIe 3a popMyaamMu, a i BHMIprO-
BaJILHUMU IIpuiagamMu (Mai. 32.3).

Ax o6uucnroiomev Kiabkicmov
menaomu 6 memaniesux nNPogioHu-
kax? EneKTpHYHNE cTPYM Harpisae
npoBigauk. Ile aBumie Tobi Bigo-

MoTyXHICTL EeNneKTpUu4HOro CcTpymMy
(power of electric current) — e isnuHa
BENINYIMHA, L0 OOPIBHIOE POBOTI enekTpuy-
HOro NOJIA 33 OOMHULLIO Yacy 3 Hanpamie-
HOro MEepeMillleHHa eNeKTPUYHKX 3apsaais
Y MPOBIOHUKY.

LLLo6 KinbKICHO BUSHAYUTY CEPEOHIO MOTYX-
HICTb ENeKTPUYHOTO CTPYMY, HeoOXioHOo
pPoBOTY eNeKTPU-HOro CTPYMY A MoginuTu

A

Ha 4ac i BukoHanua t: P = T

Man. 32.3. EnexkTpuyHi npunagwn:
) — enexTpuunnii nivvunbHVK Ans
BMUMIPIOBaHHS PODOTU CTPYyMY;

(i) — BaTMETP ANs BUMIPIOBAHHS
NOTY>KHOCTI €N1eKTPUUYHOTO CTPYMY

4

me. [ToACHIETHCA BOHO THM, 110 3aPAIMKEH] YUACTHHKH, TePeMIilyIOUHCh i1
BILTMBOM €JIEKTPHYHOTO TIOJIS, B3AEMO/IIIOTE 3 ATOMAMY PEeYOBHMH TPOBiTHM -
Ka Ta mepeslaloTh IM CBOIO eHEPTi. Y HAcaiIoK poboTH eIeKTPUUHOI0 CTPYMY
BHYTPINIHA eHeprig IpoBigHUKA 30i1bIMIyeThCA. TEeNIOBY Aif0 eTeKTPUIHOTO
CTPYMY eKCIepuMeHTanabHO Oyao mochimaxeno Buenumu I[:x. l:xoynem Tta
E. Jleaniem v 1842 p., AKi HesaleXHO OOUH BiJ 04HOTO AifiIIIN OLHAKOBOTO
BHUCHOBKY: KiAbKicmb menaiomu, wo 6udiiicmsca 6 nposidnury nid wac npo-

X0OHEeHHS eNeKMPUYHOZ0 CMPYMY,

yucenvno AopisHIoE pobomi cmpymy:
R=A.

Tensora Jidg cTpyMy O0UHCITIOETH-
cd 3a 1iero GopMyJIIo ¥ TOMY BHTIAT-
KY, KOJIU Ha MiJAHNL KoJja He 3aifi-
CHIOETHCA MexaHiuHa poboTa i eTpym
He 3JifcHIOE XiMiuHol mii.

3akoH [bxoyna — JleHua: KinekicTs Te-

nioTK @, WO BUAOINAETLCS B NPOBIAHUKY,
AKMIA Mae onip R, 3a 4ac ¢ mig 4ac rnpoxo-
[DKEHHS N0 HBOMY CTPYMY CUNOK I BU3HA-
4aETLCA A0DYTKOM KBEAPATA CUIM CTRYMY,
Onopy MPOBIAHWKA | Yacy NPOXOOXEHHA
CTpyMy: @ = I’Rt.



§ 32. JoCNifXyeEMO POBOTY EIeKTPUYHOTO CTRPYMY

Axki € ocobrusocmi 3acmocysanns Gopmyn dna obuucrenna pobomu
i nomymxcrnocmi enexkmpuinozo cmpymy? Ockinbku poboTa eJeKTPHUYHOTO
crpymy A = IUt, To, cKopucTaBmIHCh 3akoHOM Oma pid OiMAHKK KoJia

[I = E] , 3aMiHMMO CIJIY CTPYMY YV Bupasi ang obumciaennsa poboru. Toxi Bu-

U2

pas mia obuHCcIeHHA POOOTH MATHMe BUIIAL: A = b

Axmro & i3 3akony OMa BUPA3UTH HAOPYTY depes cuiay crpymy (U = IR),
OJIePHKHMO IIle OAUH BUPas AJia obunciaenusa poboru: A = I2Rt.

3ayeaxxumo, 01o qopmyna A = IUt € yHiRepcansHOI, TOJL AK (hopMyIHa
2

A= t TaA=I’Rt € cupaBefIMBUMH TLIBKH ¥ THX BHOAAKAX, KOJH PobHo-

Ta CTPYMY BUTPAYAETHCA JHUIIe HA 3MiHY BHYTPIIITHBOI eHeprii mpoRiHHUEKA,
2

ToOTO Ha Horo HarpiBanua. Kpim Toro, Gopmyny A= ?t 3PYYHO BUKOPHC-

TOBYBATH Y BUOAJKY MapaJIeJbHOrO 3’€JHAHHA IPOBIIHUKIB, OCKiJIbKHU HA-
Hpyra Ha OPOBIAHMKAX JHIIAETHCA ONHAKOBOIO, a Gopmyny A = I’Rt —
V BEIAAKY DOCTiOBHOTO 3’ ¢ JHAHHA OPOBIIHUKIB, OCKLJIIBKH Y TEOMY Pasi of-
HaKOBOIO € CHJIA CTPYMY.

I1i 3aneKHOCTI € cOpaBeAIUBUME TiJIBKH V TOMY BHOAIKY, KOJHU poboTa
CTPYMY MOBHICTIO BUTPAYAETHLCA HA HATPIBAHHA IPOBIAHUKA.

Armio y hopmysry Ans BU3HAYEHHSA noTysHoCcTi P = Ty mifzeTaBUTH QOP-
myry poboru enekTpuuyHOro cTpymy A = IUt, orpumyemo Tary opmyny:
Ut
=3 =

P= I1U.

Ax 6auuMO, NOTYRKHICTE EJIEKTPHYHOTO CTPYMY JIOPiBHIOE NOOYTKY HATIPY-
'l Ha KIHOAX OPOBLAHUKA TA CHJIH CTPYyMY B HbOMY: P = IU.

I1a dpopmyna € yHigepcaabHOK0 N5 O0UNCIEHHSA NOTYHKHOCTL eJIEKTPUIHO-
TO CTPYMY.

3 ypaxyBaHHAM (POPMYJI, OfEP:RaHUX JJIA 00UNCIeHHS POOOTH eJleKTpUY-
HOTO CTPYMY, HOTY:KHICTH CTPYMY MOKHA TaKO OOUYMCJIUTH 34 OJHIEIO i3
2 U2
aBox popmyn: P = IR, P =g

ARTI0 KOJIO CKIAJAETHCH 3 KITBKOX CIIOXKHBAYiB, TO, 00YMCIIOOYHN 1XHIO
darTHURY DOTVKHICTE, CHiJ maM’aTaTH, 010 3a OyAb-AKOr0 3’€THAHHA CIIO-
JKUBaYiB 3araJibHA TOTYVKHICTE CTPYMY B YCBOMY KOJi JOPiBHIOE CYMi TTOTY K-
HOCTel OKPeMUX CIOKHUBAYiB,




Tema 4. 3aKOHW NOCTIVIHOrO CTPYMY. ENekTpu4Ha eHepris

Axi3minu nomyxicrnocmi morcyms 6100Yy6amMuUcA 6 eLeKMPULHOMY KORL?
Byab-AKRWE eNeKTPUYHNI IpwiIaj (1aMnoa, eleKTPUYHN T YailHUK, eJIeKTPHY -
HUH ABUTYH) PO3paxoOBaHWI HA CIOKUBAHHA MEBHOI MOTYXHOCTL. ¥ macmopTi
eJIEKTPUYHOTO IPUIaAy abo 0e3nocepefHBE0 HA TPUJIAJL BKA3AHO HOTO HOMI-
HAbHY DOTYXHicTh. KpiM HOMiHaNBHOI DOTYKHOCTL, HA IPHJIafaX MOKYTE
BKAa3yBaTH HOMiHAJIbHE 3HAYEHHS HATIPYTH, HA AKY PO3PAX0OBAHUIT el Tpw-
nan. Ilpore Hanpyra B Mepe:xi MoOKe Bipi3HATHCA BiJg HOMiHAJIBHOTO 3HA-
YyeHHA, TOAi, BiAMOBIAHO, 3MIHHUTBCA W cHJIa CTPYMY Ta Horo ¢garxmuuna
noTy:xHicTh. OTiKe, 3HAUeHHA PaKTHYIHOI TA HOMiHAJIEHOI MOTY K HOCTEH CII0-
JKUBA4Ya MOJKYTH BiApisaaATHCA.

Ar BimoMo, cmo:KHBAUL Yy KBApTHUpaxX 3’e€MHAHI mapajelbHO, TOMY, AKII0
YBIMKHYTH Biipa3y KilbKa MOTYXHUX CIOXKHBAUIB, 3araJIbHUH Omip Koma
CYTTEBO 3MEHIIHTLCA, BiIMOBiAHO, CHIa CTPYMY B KOJIi 3HauHO 3pocTe. Cuia
CTPYMY MOXKe 3HAYHO 3POCTATH 1 ¥ pa3i KOPOTKOTO 3aMHUKaHHA — 3’€JHAHHA
KiHIIB OiTAHKH KoJa OPOBITHUKOM, OOip AKOTO AYy:Ke MAJTUH HOpPiBHAHO
3 omopoM 1iel minapku. KopoTke saMUKaHHA MOKe BHHUKHYTH § v pasi nmo-
pyIIeHHA i30aa1ii npoBoaiB.

1106 yEHKHYTH TTOMKEXK] Y BUIAJKY KOPOTKOro 3aMUKaHHEA a00 neperaH-
TaKeHHA eJIEKTPDHYHOIO KOJIa, a TAKOMK 100 He BUHMOIIN 3 JIALY CIOKHWBAYL
eTeKTPUYHOI eHeprii mig yac Hebe3neuHoro 30iIbIIIeHHA CUJIH CTPYMY, BUKO-
PHUCTOBYIOTE 3aN00L#HUKU — MPUCTPOI, IIT0 PO3MIKAIOTE KOJIO y pasi mouam-
HOPMOBOTIO 301JILIITEHHA CHIIN CTPYMY.

PoapisaAioTh 0gHOPa3oBi 3anobiKHUKE Ta aBTOMATHYHI (6araTopa3osi)
puMuKadi. OZHOPa3OBUMH € IJIABKI 3anmo0i:kEmKH (MaJu. 32.4, ). Kopmyc
3amo0iKHUKA BHTOTOBIAIOTH 3 eJIeKTPOoisoAnifiHoro Marepiamxy (ckiaa, Ke-
pamiku). I'oJIOBHOIO MeTanato 3anobisKHIKA € MJIaBKa BCTaBKa (ApiT, CMYyK-
Kd MeTamy), AKa 0O0MPAaeThCA 3 TAKMM PO3PAXYHKOM, 1100 BOHA POSIJIABHIIA-
cA paHimie, HiXK CTPYM J0OCATHe HENPHUOYCTUMHX 3HaUeHL. BuBOAW minaBKOl
BCTaBRI CIIOJYYeHi 3 RJIeMaMHt, 34 JOMOMOI00 AKUX 3am00iKHITK TTOCIiT0B-
HO BMHKAa€ThCSA B JIIHIIO 31 cIIOKMBaUeM a00 JLIAHKOIO K0JI4a, AKL 3aXHUNIa0Th-
cda. IIna nporo BUKOPUCTOBYIOTH CIIeIlia bHI KJIeMHI yTpuMyBadi.

-

| Man. 32.4. 3ano6ixHukn: €) — onropasosi; (8) — asTomartuuni (6araTopasosi)
N ’




§ 32. JoCNifXyeEMO POBOTY EIeKTPUYHOTO CTRPYMY

Pobouum enemMeHTOM 0araThOoxX ABTOMATHYHHX BUMHUKAUiB (May. 32.4, )
€ OiMeTaneBa ILIacTUHA, 10 CKIAJAETHCA 3 TBOX PIZHOPIAHMX MeTaliB, CKpire-
HHUX MiK c00010. 3a HarpiRaHHSA IJIACTUHH KOMKEH i3 JROX MeTaliB JehopMy€eTh-
¢ MMO-PiBHOMY, TIIACTHHA BUTHHAETLCHA, TUM CAMUM PO3MUKAIOUN eJIeKTPUUHE
roJyo. Ha BimMiHy BiJ m1aBKOTO 3anoliKHHUKA, aBTOMAaTHIHUY BUMKUKAY T'OTO-
BUH J0 HACTYITHOTO BUKOPUCTAHHS ITiCJIA OXOJM0MKeHH A TLIACTUH.

n.y-MAﬁ Sanunru GopMyIu AadA o0UMcIeHHA poboTH H DOTYIKHOCTL
€JIeK TPHYHOTO CTPYMY.

BucnoBu cBoO AYMKY, UM BUiile 3eKOHOMUTH eJIEKTPUU-
HY €Heprii, AKI0 3MEeHIINTH NOTYKHICTE eJIEKTPOILIIATH,
o100 3aKWTT’ ATUTH BOJY B KacTpyai?

YOopogoe:x rofUHU B KBAPTHUPi IpaMOBaIH OBl eTeKTPUYHI JaMOu: ogHa
nory:xxHicTio 75 B, npyra — 40 Br. IlopiBEait BuTpaTu elreKkTpoeHeprii
B [IUX JIAMIIAX.

TTosicum, yoMy OpPH ODPOXOIMKEHHI CTPYMY OPOBiAHHK HarpiBacThbca. SAK
3MIiHIOETHCA NOBYKHHA MPOBIAHUKA BHACHIJOK HNPOXOKEHHA [0 HbOMY
eNeKTPUYHOTO CTPYMY ?

Y yomMy npuuMHA KOPOTKOTO 3aMuKkanHA? Hazsi HeraTueHi HACTI KU KO-
POTKOTO 3aMUKAHHSA B eJIeKTPUIHOMY KOJIi.

YoMy B niIaBKUX 3aN00LKHUKAX HE 3a4CTOCOBYIOTH APIT i3 TyromimaBKHX
MeTaJIiB?

o mexepena Hanpyrow 200 B migkJ0UeHo JIIAHKY K04, 0 CKIAJAEThC
i3 wOTHPBOX pesucTopiB (Maa. 32.5). BusHau 3aranbHy HOTY)KHICTE CTPYMY
B yCiil IiNSHII KOJa Ta MOTYKHICTh CTPYyMY Ha pesuctopax R, i R,. Onopu
peaucropis nopisHIO0TE: R, =20 OM, R, = R, = 25 Om, R, = 75 Om.

- ~,

( \

R, R, R,
e—1 H{ +—{ 4=
T




Tema 4. 3aKOHW NOCTIVIHOTO CTPYMY. ENekTpu4Ha eHepris

U=200B Pesucropu R2 i R_s 3’enHani mocaigosHo. Omip miel mi-

R, =20 0Om aauku: R, , = R, + R,. 11i pesucropu 8’cAnani napa-
R,=R,=250mM JieabHO 3 peaucropoM R . IIpuilasasmu omip ABOX pe-
R,=T50m auctopiB R, i R, AK eKBiBaJeHTHHA R& 4» BH3HAYMMO
{ omip Takol JimaHKIE:
P3P —=3P,—=1 IR | 1 R,+R,; R,+R,+R, )
= = = s 3B1OKH
Rz,a,a Rz,s Ra R2,3'Ra (R2+R3)'Ra
(32 +R, )-R,l
R2,3,4 = R—‘
1t By + By
: ; (R2 + R3 )'Ra
Saranpuuii omip ginsakn: R=R +R,, , =R + —————,
T R, + BB,
250m +250m)-7T50
R=200m+ 220M ) THO_ et o,
75 OmM + 25 Om + 25 Om
U2 200 BY’
IMory:xHicTL cTPYMY Ha Beili ginanmi koma: P=—, P= (7) =800 Br.
R 50 Om

BusHauaemo 3arajibHy CHIY CTPYMY Ha AlaaHui 3 popmysm: P = I°R,

[P, [B00Br_,,
R 50 Om

Cuna ctpymy [, 1o npoxonuTsh yepes pesucrtop R, Takox nopisuioe 4 A.
¥ posrany:keHil yacTHHI JiMAHKI KOJA CUJIM CTPYMY 00epHeHO OpomopIiiini
" 2 Id Rg,g R2 + RS .
10 OTIOPiB WX AiNITHOK: = = . Cyma nux cun cTpymMy gopie-
12, 3 Rd Rd
HIO€ CIUIL CTPYMY Ha HeposraixyskeHii gumaumi: [, ,+1, =1,.

Poss’ i I O O :
03B A3YIHYH CHCTeMYy P1BHAHB Ta 2.3 gy , OTPHMacMoO:

I,,=24A,I,=1,6A. Ly 'ia
¥V pesucropax R, i R, mOTyKHICTb CTPYMY BiATIOBiAHO:
Py = 15,332, P, =(2,4 A)*-250m = 144 Br.

P,=I)R,, P, =(1,6 A)*- 75 Om = 192 Br.

: P =800 Brt, P,= 144 Br, P, =192 Br.

2 | 3a 10 xB B enekTpuuHOMY YaHuKy Harpiau 0,5 a1 soau Bix 20 ‘C 1o Kumin-
Hd, cuja cTpymy B Mepesxki 1,2 A, a onip coipari erexrpouaiinura 260 Om.
(ITmroma remnoemuicts Bomgu 4200 I:x/xr - °C). Busmau KK]II emexrpo-
JaliHUKA.




§ 32. JoCNifXyeEMO POBOTY EIeKTPUYHOTO CTRPYMY

t=10xB=600c¢ KEK]l marpirampHOTO TOPHIALY YHCEJIBHO JOPiBHIOE
V=0,51=0,0005m° BigHOHIEHHIO KOPHUCHOI eHeprii (poboTu) Ao BUTpaue-

t. =20°C A
1 .. _ i
tz =100°C HOl: N = AB .
1=1,2A K ) ) ) ‘
R =260 Om OPHCHOIO €HEPricIo € eHepriad HarplBaHHA BOJH:
¢ — 4200 Ic/xr-'C | Ax=Qu=emlty—t).
p = 1000 xr/m’ Macy BoA¥ BUZHAYAEMO Yepes YCTHHY:
m=pV, m=1000 R—§.0,0005 m® =0,5 kr.
n—7? o

BurpaueHoI0 € eHepris, 010 BUALIHJIACA B HArPiBaJIbHOMY eJIeMeHTi Imix Jac
IIPOXOAMEHHSA [10 HbOMY €IEKTPUYHOTO cTpyMy: A = @ = I’Rt;

A _Q, _cm(t-1)
A Q IRt
IligcTaBasgeMo YnMCcIOBl 3HAYEHHS!

4200 'H’fc-o,5m-(100—20)°c
n= T =0,75%.
(1,2 A)-260 Om -600
N =T75%.

PO3B'AXU 3A0AMI

zaraiabHa opMymsa: M=

. ITo mpoBimHUKY, KO KiHIIB SKOr0 NPUKJIALEHO HATIPYTY 5 B, MpoIIIoB enek-
rpuunni sapan 100 Ka. Busuau pobory crpymy.

o mxepena crpymy Hanpyromo 120 B mo uepsi Ha oguH i To caMUH uac mpu-
exnyBanu mpoBiguuku omopoM 20 Om i 40 Om. ¥V axomy Bumagky pobora
eJIEKTPUYHOTO CTPYMY OyJia MEeHIIIo0 i v cKiabKu pasis?

. fka cmna cTpymy B JaMII BeJOCHNENHOrO JiXTapHKa, AKII0 IPH HAIpysi
4 B y miii 3a 1 ¢ Burpavactoes 0,8 [ enexrpoeneprii?

Cnna cTpyMy B eleRTpoaMiti mpoxkekropa 2 A. HackinbKH BelKa HANIPY-
ra, miigefieHa Jio TPOKeKTopa, AKIo BiH cioxxuieae 45,6 kllx 3a 1 xB?

{s Hampyra Ha saruckavax rexeparopa 380 B, a cmia ctpymy B Koui 5 A.
Busnau moTy:KHicTb reHepaTopa.

. ITory:kHiCTE, AKY CIIOKHUBAE 3 Meperki eJleKTporamiH, popiBaioe (0,98 kBT,
a cuJja cTPyMYy B Horo Koui 7,7 A. BussHau BeIMUMHY HAITPYTH HAa 3aTHCKaYax
eleKTpoKaMiHa.

I/ Busnay DOTY:KHICTL CTPYMYy B €IeKTPUYHIN JaMIi, AKa BBIMKHeHA B MePEKy
' nanpyromw 220 B, sK1110 BifoMo0, 10 OIIip HUTKH po3aapoBanad Jamin 484 Om.




Tema 4. 3aKOHW NOCTIVIHOTO CTPYMY. ENekTpu4Ha eHepris

: |V crinpkm pasis omip mamnu, pospaxoBanol Ha manpyry 220 B, moBumen
OyTH GLIBIITIM 32 OITip JAMIIH TaKOl K MOTY:KHOCTIL, podpaxosanol Ha 127 B?

I8l ogmaxoBi mamnu, pospaxoBaHi Ha Hanpyry 6,3 B, BKIIOUEHO B eIeKTPHYHE
xoJo. Oxma mamma ropima 1 xB, apyra — 2 xB. ¥ aAxiit mammi pobora eIeKTpHd-
HOTO cTPYMY OyJ1a 6116111010, AK IO JaMIHN 3’ ¢qHaH0 nocaigosuo? ITapanennno?

SRR PR —R—e
3 3

Man. 32.7

A B
BUKOHAWU NABOPATOPHY POBOTY N2 10

Buxonyii po6oTy 3 IOTPUMAHHAM IPABUJI 0e3MeKH JKUTTEIi ATBHOCTI!
Bussau KoedimieHET KOpHCHOL Ail eTeKRTPUYHOTO HATPIBHUKA.

Ob6nadHaHHA: HATPiBAJNBLHUH eJIeMeHT, CKJISAHKA 3 BOJIOI0, MEH3YPKAa, BHY-
TPINTHA TOCYJNHA KaJTOpUMETpa, aMIEepPMeTp, BOJBTMETD, CEKYHIOMID,
TEpMOMETD, BUMHUKAY, 3’ €IHYBAJIILHI IPOBOJH, PEOCTAT.

1. V BHyTpimH nocyauHy Kanopumerpa Hamuit 100—-150 ma Boau i BuMi-
paf il TeMIIepaTypy.

2. Cxmagm eleKTpHYHE KOJO 3 IOCHLZOBHO 3’ ¢QHAHUX AKEPEN CTPYyMY, BU-
MHKAa4a, peocrarta, HarpiBanka. o HarpiBHIKa mapajieibHO MiIKJIIOYH
BOJIBETMETP. ¥ BIMKHH BUMHKAaU, 3a()iKCcyBaBIIN YaC BMUKAHHSA. SaIKIIIN
OOKa3W aMIepMeTpa Ta BOJLTMeTpa. Harpismim Bogy A0 TeMIOepaTypH
30—-35°C, BEUMKHH CTPYM y KoJii. BusHau yac HarpiBasHsa BOJH.

3. 3a oTpuMaHWMH JaHUMH OOUMCIH: a) IOTYKHICTH CTPYMY B CIipasi Ha-
rpiBEEKA; 0) KIIbKiCcTEh TEIOTH, 010 BHALIACTLCA CTPYMOM 3a 4ac HArpi-
BAHHSA; B) KiMBKicTh TennoTu, AKy orpuMasna Boga. Ilopisaail kKineKicTs
TEIJIOTH, OTPUMAaHY BOJOK0, T4 KiIbKiCTEH TEJIOTH, OI0 BUAIIHIIACE ¥ Ha-
rpiBEEKY. O0uncan KK]] marpisEuKa. 3podu BUCHOBKH.

F a8 i
‘I

‘f = [epernanb B e-goaatky cumMynsauiio «3akox Oxoyns — Jlenua» (32.1)
\ wee TaBWKOHAM Bioeo3aBaaHHs (32.2). ,|

/
e -




§ 33. A0CAIAKYEMO NEPETBOPEHHS
| BUKOPUCTAHHS ENEKTPUYHOI

EHEPTII

YkpaiHui — HeckopeHa Hauia! Y HaicknagHilli
yacu My HaBuunucs 3bepiraTk Tenno, reHepysa-
T eNeKTPUYHY eHeprilo. | My roTosi BUpiLWYBaTH
eHepreTuyHi npobnemu, 6yT1 eHepro3aoLaanm-
BUMMU, LLYKATU eHeproedeKTUBHI piLLeHHs.

Posguemca mamonok 33.1. ITpuaymaii fiomy Hassy. Hassu fsxepena eHeprii.
fAKi3 HHUX € BUHYEPOHUMH, a AKL — HeBuuepnHuMI? YKaKul, AK1 IepeTBOpeH-
Hs eHepril BigdyBalThCA B KOMKHOMY JaH03l. AR, Ha TBOXO IyMKY, HETOY-
HOCTi € y BUpa3i «/Ixepena elekTpudHOI eHeprii» 7 [Topisuaii fioro 3 Bupa3zoMm
«JIRepeJia eHepriis.

= X




Tema 4. 3aKOHW NOCTIAHOIO CTRYMY. ENeKTpyyHa eHepris

NISBHABAUCH

Ax enexkmpuina enepzia nompannae y meiiu 6yodurnox? Jlronu sgaBHA
BMiJIN BUKOPUCTOBYBATH eHepriio BiTpy il Teuil piuok — v BiTpAHUX i BOAA-
HUX MJIHHAX. S3TOAOM JIOJU HABUMJINCA BUKOPHCTOBYBATH TEIJIOBY eHEepTiio

napu. HacTynHUM eTamoM PO3BUTRY CTAJIO 3ACTOCYBAHHS eJIEKTPUYHOL eHep-
rii. ¥ XX cTomiTTi JII0ACTBO HABUUIOCA BUKOPUCTOBYBATH ATOMHY €Hepriio.

Poarnans, K Iparmioe TeNJI0Ba eleKTpocTaHIlig (Mas. 33.2).

AVAVAVAVAVAVS

Y . P
Man. 33.2

¥ riraHTCHKIiH medi cOaf0eThCA NaJTNBO (Byriuid, Had)Ta a00 IPUPOIHAH
ras), YHACJiJOK YOT0 BUAIISEThHCA TelJaIo. BOHO mepeTBOPIOE BOAY HA rapady
napy, sika CTpyMeHeM CIpAMOBYETECSA Ha JomaTi Typbiau it obepTae il pazom
i3 pyXoMoOI0 YacTHHOIO TeHepaTopa, AKUI BHPOOJIgEe eTeKTPHUHUI CTPYM.
Jairi mapa, 010 B:XKe 3HAYHO BTPATHJIA CBOI MOYATKOBI MOKA3HUKU — TeMIIe-
parypy Ta THCK, MOTPAaIJIAe B KOHIEHCATOD, A€ IIicId XO0JOAHOTO BOOSAHOTO
OYIIy BOH& 3HOBY CTAE BOAOIO.

3RepHU yBary, 10 eJeKTPOCTAHIIA BUPOOIAEe 3MIHHHI cTpyM, AKKAHA 1A
nepejadi Ha BEJHKI BiJICTAHI NEepeTBOPITH, BAKOPHCTOBYIUYH CIElialbHi
mpHUCTpol — TpaHc(OpPMATOPH, eIEKTPHYHI CTOBIH, TPOTH.

Temnoemextpocranmnia (TEC) pospaxoBanHa BHUKIIOUHO HA BUPOOHUIITBO
enexTpoeneprii. Cepenniit xoedimienr xopucnoi aii TEC cramosuts 30-35 % .
IToBTOpHE BUKOPHUCTAHHS BiANPANBLOBAHOIL IIAPH IIicaAd TYPOIHH Ha€ MOKINBICTE
CYTTEBO IMiABHIMUTH edeKTHBHICTL pobotu crammii. TemmoemekTponeHTpals
(TEILL) — pisaoBuyg TEC. Bona, Kpim rerepamnii esekTpoeneprii, 3aiiiCcHIOE 1O~
Iavy rapAYoi BOAM B MeHTPAJIBHY CHCTEMY ONAJeHHA Ta I H00yTOBUX ITOTPe0.




§ 33. JocnigxXyeMo NepeTBOPEeHHA | BUKOPUCTAHHSA eleKTPUYHOI eHeprii

TEC nocirinoBHO IepeTBOPIOE XiMIUHY eHeprio najuBa Ha TEIJIOBY, MeXa-
HiIYHY Ta eJeKTPUUHYy. EJIeKTPHUUHY €HEepriio OTPUMYIOTH TAKO0XK 34 JOTMOMO-
010 BOAHUX (rigpo), BITpOBUX, COHAUHUX TA ATOMHHUX eJIEKTPOCTAHIIIH.

Fiapaeniuui (FEC) |

[ Tennosl (TEC) ENEKTPOCTAHLL :
eHeprisi pyxy BOou |

Byrinns, HadTa, ras

Bitpoei (BEC)
eHeprisa BiTpy

| mgsam]
(" [ Mepernasb B €-408aTKy aHiMauiiniy Moaens rigpo- “-| -
\ wwe enektpocTaHuii (33.1).

. ey

[ Consiuni (CEC)

AtomHi (AEC)
eHepria CoHug

abaraveHuii ypaH

vse.e'gh:pd!

3a panumum HEK «Yxpenepro», cranoMm Ha ciueHb 2022 pory 3arajbHa
BeraHoBaeHa noty:xkHicTh BEC B YKpaiui nopisumosana 2 I'Bt, CEC — 6 I'BT,
TEC — 5 I'Br, TELl Ta cranniii za 6ionanusi — 6 I'Bt, AEC — 14 I'Br.

¥ XXI croairTi JIOICTBO AKTHEHO IIPALIOE HAJ THM, AK 3aJ0BOJIBHATH
CBOl eHepreTHYHi norpedu 0e3 OIKOAHN JOBKLIIIO. AJKe NJId OPOAYKYBaHHA
TETLJIOBOL TA EJIEKTPHYHOI eHEepPTriil CnaNdeThesA BYMJUIA, IPHPOSHNA ras, Ha-
¢ra, gpoBa. OgHUM 3i OIKiAJIMBHUX HACHIAKIB IIHOTO € 3a0pYIHEHHA HOBIiTPA.
Kpim Toro, yHacHiIoK cIanioBaHHA B aTMoc(epy BUAIIAETHCA BeIUKA Kilb-
KicTh TeOa i NAapHUKOBHUX TasiB, M0 COPUYMHAE II00aJIbHI 3MIHH KJIiMaTy.
Tomy 3apas AyKe aKTyaJbHOIO € TpobaeMa BUKOPUCTAHHSA IKepel eHeprii,

AK1 He ITKOAATE TPHUPO/Ii.

II/ = MepernsiHb B e-404aTKy aHiMauiiiHy MoAenb COHsY- A ' -.'i
\ e HOI enekTpocTaHuii (33.2).

%

Crinvru enepzii cnoxueéaoms nobymoei npuaradu? Yu smosxen: miBui-
KO, He 3aMUACJIIOYNCH, HA3BATH KLUIBKICTh NOOYTOBUX €JIEK TPDUUHUX TTPUJIA-
IiB, AK€ y Tebe Baoma? EneKTpuyHi npuIagy cTaau He3aMiHHUMY TOMIYHH-
KaMU JIIOeH, 110 3HAYHO MoK PAMYE IXHE KUTTA. BogHOUAC IX BHKOPUCTAHHS
36inpnrye moTpeby esleKTpuUuHOI eHeprii, mocTtiime 3poctanHa Tapudis,
a OTsKe, i KOIITiB ciMeliHOTO OO KeTy 3a 11 BUKOPHCTAHHA., AKTYAaJIBHHUMH €
OUTAHHSA eHepro3beperkeHHs, a TOUHINIE — eHepro3aomiagXeHHa — OTpPH-
MaHH4A 6inb1I0l KOPHUCTi Bif poboTH eJIeKTPONIPUIALIB 34 TOT'O 3K 00CATY CIIO-
skmTol eHeprii. Ar me 3pobutu? Tu, 3puvaiino, Jerk0 MOJKEI Mi3HATHCH,
CKiNBbKU eHepril cmo:xuBae TOU unM inmuii Tpuiazg 3a faHUME B Horo macnopri
abo omuci ma cropinni B intepuer-marasuni. Hanpurknaz, 0,8 kBt rog gns
npanbpHOl Mamuuu ado 1,5 kBT - rog giia enexkrpouadinuka. I, spuuaiino, tu




Tema 4. 3aKOHW NOCTIVIHOTO CTPYMY. ENekTpu4Ha eHepris

MOXKelI NOPiBHATH IIi HOKA3HUKH 1A aHAJOTIYHUX TOBAPiB iHMMX OpeH/IiB.
Tak BUHUKJA ifesd TPyOIyBaHHSA eNeKTPONPUIALIB 3a KJIACAMU eHeproedek-
THBHOCTI, 1 Oya0 mobymoBaHO MKaJIy 3a KaacaMu Bij D (HeedpekTHBHO BUTpA-
UaeThCsA CIIO:KHUBAHA NOTYXKHICTE) n0 Kaacy A+++ (HaliBuma e)eKTUBHICTD).
3BHuaiino, mo TexXHiKa Kjiacy A KOmTye Aoposkue. Ale KOMKEH/KOMXKHA Mae
BUpIimIuUTH: a00 3apa3 KYIUTH JelleBY TeXHIKY, ajle CIIJIAYyYBATH JOPOXKUE 34
KOPHCTYBAHHA Hel0, a00 KYIUTH HOPOKYY, ajle 3a0IIaiKyBATH KOMITH, KO-
pucTyIOUKCh Heio. Ha cydacHOMY PUHKY CKJIAJIacs CUTyAallis, KOJd B moOyTi
3aUIOIMIIACA TeXHiKa HaWBHMOIOTO KJacy eHeproedeKTHBHOCTI A (3 omgmmm,
IBOMa abo TphoMa mrocaMu). Iommi kiiacu mMakike mepecTalu 3acTOCOBYBa-
trcsA. [Jia Toro mjob6 MapKyBaHHA IPOLOB/KYBAJO i Hai BUKOHYBATH CBOIO
pOJIb, HOTO BUPiOIHAN OepeominuTu (Mama. 33.3).

8 &

Ak amiHunace knacudikauis eHeproeekTUBHOCTI?

7

80 %

Byno Crano

60 %

40 %

20%

0 %
Ree ’ _4

Man. 33.3

Age mpocto obpaTtm eHeproedeKTHBHHUH IIpUaal HeAocTaTHLO. IloTpibro
IOTPHUMYyBaTHCA H iHMIUX Iopaj, IOJAHNX B iIHCTPYKIIL 10 mpuiangy. SOKpe-
Ma, 000B’ A3KOBO BUMUKATH IIPUJIAIN, AKIMI He KOPUCTYyeHIcA. AnsKe 3apsa-
HUU TpHUCTPiil TenedoHAa, TeneBi30p, irpoBa KOHCOJb, MOHITOD KOMO IOTEpA,
MiKpPOXBUJIb0OBA OiU 3aJIMITAI0OThCA BBIMKHEHHIMH B MEDPEKY B PerKHUMIi 09iKy-
BAaHHSA i TPU ITEOMY CIIOKUBAIOTE EIEKTPUYHY eHeprito.

3a0maKYIOUH eJIeKTPUYHY eHepriio, TH He JIMIIe eKOHOMUII CiMelHuTH
OromsxeT, a i BINIXBaENI HAa eKOHOMIKY KpalHH Ta eKoJoTriio yciel mianeTs.
Amxe mingac cnamoBaEHa Ha()TH, BYyTianda i npuponuoro rasy B TEC B atmoc-
(hepy BHEKHAAETHCA BEJINKA KiTbKiCTh MKiAMNBUX rasis. OcobauBy Hebezme-
KY CTAHOBHTDH BYTJIEKHCIHH rad. 3a MiJIbHOHHE POKiB eBOJIIOIi] (hOTOCHHTERY-
041 pPOCIWHH, BOAOPOCTI i OaKTepil moryimEaIu BYTVIeKHUCIIHH ras i BUIiIaIm
KHCeHb, yCTaHOBUBHIHN OasaHc B Oiocdepi, 3a AKOT0 BMiCT BYTJIEKHCJIOTO Ta3y




§ 33. JocnigxXyemMo NnepeTBOpeHHA | BUKOPUCTAaHHA eNnekTpUYHOol eHeprii

B armocdepi cramosuth 0,03 % . Hagiumox ByriaeKHcEIOro rasy IpU3BO-
OUTE IO 3aTPUMAaHHEA TelJ1a B aTMochepi i yTROpeHHA MapHUKOBOTO eerTy.
T'mobanbHe moTenyinHA, yparaHu, MoBeHi, cHiromaau tTaMm i y Ti mopm pory,
Ie ix HiKoJH paHimnie He 0yiI0, — e JUIIe KIIMAaTHYHI HACHIIKHA ITapHUKO-
Boro ederTy. 'onmon, BifiHM, OifHICTE — Ile COIiaJIBHO-eKOHOMIUHI Hacin-
KM HeeKOHOMHOTO BHUKOPHCTAaHHA eJeKTPHUKY i Tera JoanHon. BuMKHeHA
T00OOIO TaMIa — e BHEeCOK Yy 30eperkeHHsI IIaHeTH.

IIpouwnrait nnakar (man. 33.4), po3pobsenuiit MiHicTepeTROM eHEPIeTHR U
Yxpainu, Ta gisHaficd, AK i0e TH MOMKeI JOTIOMOITH eHepTocHuCcTeMi KpaiHn
i mra”eTi B mijioMy.

1K SMEHLLUTU EJIEKTPOCMNOXXUBAHHS
1 AONOMOITU EHEPFTOCUCTEMI KPATHU

== EHeproemHumMu npunagamv KOPMCTYNCH BHOYI:

npanbHa MaluuHa, CyluunbHa, NOCYAOMUIAKaA

- Bucrasnain MiHiManbHO NPUAHATHY TEMNEpaTypy:
y npanbHiA MaluuHi, nocyaomMuiili, B 6oiinepi,
deHi, npacui
~ E ’
'@' 3aminu BCci namnu Ha eneproaGepiratoyi LED
g Bumukaii 3aiiBe: ogHa KiMHaTa = OOWH CBiTUNbHMK
@ MpioputeT — NpUpogHe OeHHe OCBITNIEHHA
BuiwoOB 3 KiIMHATU — BUMKHM CBIiTNIO

Bumukaii yci enektponpunagm, Wo He NoTPioHi Ha 3apa3
| ? Kun’atn B enekTpo4aiHUKy BOAY Ha OAWH pa3

? He zanuwain y pexxumMi CHy enekTtponpuaagu — BUMMKaN

He BMukaii Kinbka noGyTOBUX NPUNaAiB 0QHO4ACHO

Man. 33.4




Tema 4. 3aKOHW NOCTIVIHOrO CTPYMY. ENekTpuyHa eHepris

OYMAU

Hasei Tunm ejlek TpocTaHmii. SIKi 3 HUX He 3aBIAIOTEL 3HA-
YHOI IIKOIM JOBKLILIIO?

Onunim TepeTBOPEeHHA eHepril, AKi BiAOyBawThCA s
OTPHEMAaHHS €eJeKTPHYHOI eHepril Ha TeIJIOBIH eJIeKTpo-
cTaHIil.

Yum TEC Bigpizaaerbesa Big TEIL?

IITo o3Hauae KJac eHeprocnoXUBAHHA? HoMy Ba’sKJIHBO BHKOPUCTAHHSA
eHeproi3bepe:KyBaaIbHUX TeXHOJIOTIH 7

YHUCDb PO3B’A3YBATU 3ALOAUI

CKINTBKY KOMITYE eJIeKTPOeHepris, 10 BUTpauaeThesd Ha 2,5 ToguHu pobo-
TH KOMII'IoTepa moTty:kHicTio 494 Br? Tapud emexkTpoeHeprii cTaHORHUTH
4,32 rpu 3a 1kBT " rog.

t=2,brox
P =494 Br

Burpauena erexTpoeHepria gopisHIOE poboTi enex-
TPHYHOTO CcTpyMy: A = Pt,

T, = 4,32 rpa/KBr " rog | A =494 Bt 2,5 rog = 1235 Br ' rog = 1,235 kBt * roa.

T—7?

1 Bapriers enekrpoereprii: t=A - 1,
t=1,235kBr ron 4,32 rpa/kBr - rog = 5 rpu 34 kor.

Torins: 5 rpH 34 Kom.

PO3B’AXXU 3A0AMI

7 5 g
I Craxu, uH € y Ilefl MOMEHT ¥ TBOEMY OYAWHKY IPUJIATH, AKi mepedyBaoTh

B PeyKHMi OUiKYBAHHS — YBIMKHEHI B eJIeKTPHUHY MePerKy, ajie He BUKOPIC-
TOBYIOTECA. O0umean, CKINBKY eleKTPoeHepTii CroyKUBAa0Th TaKl IIpuIagu
B Pe:KHUMI OUIKYBAHHA VIIPOAOB:K Micama. I1ag pospaxyHKIB BisbMH Taki
mami: y micsmi 30 mi6, cepenmiii uac ouikyBanasa — 15 rogun Ha 1ody, TOTY K-
HOCTi IPHJIAAiB ¥ PesKUMIi OUiKyBaHHA: TejeBizop — 0,5 BT, komn’torep —
1,3 Br, moritop — 0,8 Br, irposuii xoncons — 0,2 Bt (y pemumi cay —
5 Br), mikpoxsuisoBaniu — 1,6 Br, myanstuBapka — 1,4 Br, KoHguoiorep —
1,6 Br, mysuunuii menrp — 1,5 Br, sapagai opucrpol nasd cMapT(OHLB
i mnaumeTtie — 0,7 Br, iHIIa TexHika, I0 Mae CBITJIOBI iHAUKATOpPH, —
y cepegabomy 0,5 Br. Tapug — 4 rpa 32 xon. 3a 1000 Bt - rop.

. Benexrpnuniii nammni sa nanpyru 220 B ige ctpym cuinoro 0,5 A. Busnad, CKijb-

KM eHeprii BTpaYaeThbeA 3a 4ac TBOTO ITepe0yBaHHA ¥ [IIKOJIL, a JaMITY IIPH IIbO-
My i 3a0yB/3a0ys1a BEUMEHYTH. CKiTbKH KOINTYE TaKka «3a0yIbKyBaTICTb» 7




§ 33. JocnigxXyeMo NepeTBOPEeHHA | BUKOPUCTAHHSA eleKTPUYHOI eHeprii

| ITopieHAN e(DeKTHBHICTE OCBITJIeHHA KIMHATH JJAMIIOIO PO3KAPIOBAHHA I10-
; ry:xHiCcTI0 100 Br Ta ecBiTHOmI0AHOIO JaMTION ToTY:RHiCTI0 9 BT 3a ofuH i To¥
caMuii mpoMixkoK gacy. CKiTbKHY eJleKTpoeHepTii MOKHA 3¢ KOHOMUTH BJOMA
OPOTATOM MicAA, AKINO 3aMIHUTH JaMITY PO3:KapOBaHHA CBiTJIOHI0NHOIO 7
3a MOMKJIUBOCTI MepeBip OTPUMAaHUH pe3ybTaT, 3AIHCHUBIIN MOIepHi3aio
OCBiTJIEHHA ¥ CBOIH KiMHATI.

' TlopiBHA#, KO TH OLIBIIEe BHKOPHCTOBYENI eHepTii: KOJM BUKOHYEII JI0-
MAIITHE 3aBIAHHA IPOTSATOM T'ONMHY 3 YBIMKHEHOIO HACTLILHO) JIAMIION T10-
ry:xHiCTI0 60 BT uM Koot HarpiBaemn Boay B HaHUKY nory:xHicTIo 600 Br
YIIPOAoOBXK 1 XB.

| IIpoanamisyii, Big yoro sane;Karh MiABUINEHI BUTpaTH eJeKTpoeHeprii i aki

MOKJINBL miIaxuy i1 exomomii. Buanau BapTicTh cImoxuTOl Vv TBOIH KBapTUpi
eJexTpoeHeprii mporarom micand. [To6yayii rpadik BHUKOPHUCTAHHA eIeK-
TPOEHeprii mpoOTATOM MiCAILA, AJA MBOTO 3AIMMCYH ITOKA3H JIYUIbHHUKA I[0-
IHA Y TOH caMMH uac.

| ITomemkanHa o6JagHAHO eeKTPONPUWIALAMU CIIOKMBAHOIO MOTY:KHICTIO!

' enektpouaiunk — 1,5 kBr, mikpoxeunsora miu — 2,0 kBr, npacka —
1,5 xBr, obirpieau — 3 kBr. fKi mpunagu oJHOYACHO MOYKHA BMHKATH
B MepeKy, AKIN0 MAKCUMAJbLHUN CTPYM, HA AKUN pPO3paxoBaHa Meperka,
CTaHOBUTL 16 A?

Kyxuo momemkanHa oOJIafHAHO €NEeKTPOIPHUIALAMH, [0 CIOKUBAIOTH
eJIEKTPUYHHUI CTPYM Pi3HOI BeIMUYMHN: KaBOBapKa — 2 A, Ttocrep — 3 A, mo-
cyJoMHMHA MamuHa — 7 A, MiKkpoxBmiaboga miu — 10 A. Aki npunagm ox-
HOYACHO MOXKHA MiIKJIIOUYNTH 0 MEPesKi eJIEKTPOKUBIEHHS 33 JOMOMOTOI0
HOJOBKYBAYA 3 MIIHUM JPOTOM ILIOMIEH MOIepedHoro nepepisy: a) 1 mm?
(cyma cTpymiB He mepesumye 6 A); 6) 1,5 mm? (cyMa cTpyMiB He IIePEBUILYE
10 A); B) 2,5 mm? (cyma eTpyMiB He eperuiye 16 A)?

| OGumcsam BaApTiCTh I'PU HA irpOBOMY KOMI'IOTEDPi 3 MOBITPAHOIO CHCTEMOIO
OXO0JIOJKEHHS Ta OJHIEI BiIeoKapTrol yIpojos:x 2 roguH. Bisemu mo yBa-
ra, 1o Ha Hemporpitomy ITK emeprocroxkueanHa cTaHORUATE 140 Br, axkmio
3aIlyCTUTH peHAepHHr Bifeo — 240 BT, He nepepuBawdu peHIEPHHT, MMPO-
noB:xkyBatu rpy — 400 Br, 3akiHUNTH pPeHAEPUTH, TPOJOBKUTH CTPIIATH/
ragaTa — 300 Br. CKinTbKH KOMITYRATHME iTpOBa 3aJIe:KHICTh 3a MicAIb,
AIKITIO BUTPAYATH HA I1e ITOAHSA 10 5 TOAHUH?

ONMPALIIOU IHOOPMAL IO

| Posgusucek indopmanifinui miaxar (man. 33.5). Ilpounrait giamor o6roso-
peHHA ILTaKaTa B 4aTi, 1110 BUHUK B OAHIHA i3 comialbHUX Mepex. 3 AKUMU
OYMKaMH JOIHUCYBaYiB,/ JOOUCYBAYOK TH moTomEyeica? Yomy?




Tema 4. 3aKOHW NOCTIVIHOIo CTPyMY. ENekTpu4Ha eHeprisa

e
[

HAWBU1bLU EHEPFO3ATPATHI NOBYTOBI NPUJAAU

MNpanbHa mawnHa

)

CnoxmnBaHHA eNneKkTpo-

Yac poboTtu, rog,

@  CroxueaHHsa enekTpo- Yac po6otu, ron  CepeaHboMicsyHa BUTpaTa
; eHepril, kBt/rog, (Ha TXAEHD) enekTpoeHeprii, KBt

) 2200 3 26,4
2 Mpacka

CepepnHboMmica4Ha BUTpaTa

eHepril, kBt/rog (Ha TUXOEHb) enekTpoeHeprii, KBT
1500 1 6
EnekTpovyaiHuk

CnoXxuBaHHs enekTpo-
eHeprii, kKBT/rog,
2000

CnoxXuBaHHs enekTpo-
eHeprii, kBT/rog,
400

Yac poboTtu, rog,
(Ha TUXOeHb)

2

MepcoHanbHUiA KOMN’lOTEpP

Yac poboTu, rog
(Ha Tk OeHb)
3

CepeaHbomicayra sutpara
enekTpoeHeprii, kBT

16

CepeaHbomicayHa sutpara
enekTpoeHeprii, kBT
36

Mocypomuitna mawumHa

CnoXuBaHHs enekTpo-

Yac poboTu, rog,

CepeaHbomicayra sutpara

CnoXuBaHHS enekTpo-
eHeprii, kKBT/ron,
150

MikpoxBunboEBa niy

Yac pobotu, rop,
(Ha TUXOeHb)
12

eHepril, kBT/rog, (Ha TvxaeHb) enekTpoeHeprii, kBT
1800 3 21,6
, XonoaunbHUK

CepepnHboMicayHa BuTpaTa
enekTpoeHeprii, KBT

54

. CNoXMBaHHA €NeKTpo-
eHepril, kBT/rog,
80

Yac poboTtu, rog,
(Ha TXOeHb)

5

|
7~ 28 CnoxuBaHHs enektpo- Yac poGotu, ron  CepeaHbOMICs4Ha BUTpaTa
eHepril, kBt/rog (Ha TxaeHb) enexTpoeHeprii, kBT
1800 1 7,2
Tenesizop

CepeaHbomicayra sutpara
enexTpoeHeprii, KBT
12

Man. 33.5



§ 33. JocnigxXyeMo NepeTBOPEeHHA | BUKOPUCTAHHSA e1eKTPUYHOT eHeprii

N
Munococ

CrnoxueaHHa enektpo- Yac pobotu, ron  CepenHbOMICSYHA BUTPATA
eHepril, kBT/rog, (Ha TVXXOEHB) enekTpoeHeprii, KBT

1600 1 7,4

. JNlamnum (5 wr.)
X CnoxuneaHHa enekTpo- Yac pobotu, rog  CepegHbOMICAYHA BATpATA
eHeprii, kBT/rog, (Ha TMXOEeHb) enekTpoeHeprii, kBT

60 45
% A

MpogoexeHHs man. 33.5

Cr3zyTom

LLlo? Komn'oTep cnoxueae Oinblue eHeprii, HiX Xono-

OUNBHUK? -
% neeko0001

Ta Bce ok. Miii komn’toTep B3arani Mmae notyxHicts 600 B1. MeHe iHwe TypOye,
wo ue 3a kBT/roa? EHepria? MoTyxHicTb?

Tak. Ona komn’iotepa ue Ok) A OT KOMM' IOTEePHY KOHCOb

YoMy He nokazanu? BoHaHa sci 1,5 kB - rog norarxe. 4 Vi
’ B the_hobbyte

Ta wo Bu Kaxerte?

BumkHeHa rpanbHa koHconb 5 tarHe: 0,1 BT, con: 3,3 B,
COH 3 GOHOBUM 3aBaHTaxeHHaM: 44,3 BT,

ronoBHe MmeHio: 57,4 BT,

Crpuminr Netflix: 80 Br,

Overwatch 2: 190-220 Br,

Cyberpunk 2077: 215-230 Br.

"' neeko0001

flk BUABMNOCS, rpanibHa KOHCOMb S HA4YUCTO NPOrpae BCiM CBOIM NonepeaHULAM.
Y meHe nig 4yac rpu eHeprocnoxumeaHHa gocarae 200 Br. A y nonepegHin sepcii
rpansHOl KOHCONI 4 eHeprocnoXmeaHHsa cTaHoBUTL 150 BT. Takum YnMHOM, irpo-
BUI PEXKUM HIBEMIOE BCi 3ax0au, CMPAMOBaHI Ha S3HKEHHS €HEeProCcrnoXuBaHHs
rpasibHOI KOHCONI 5 B peXUMIi MPOCTOHD.

LlikaBo, o npubnuaHo cTinbky x — 201 BTy pexxumi rpu — cnoxvsae 15-aioiMosuii
HOYTOYK. Amke B HOyTOYyL Ginblue KOMNOHEHTIB, Aki Tpeda xuBuTK exeprieio. Llikaso,
o 17-010MMOBWIA 3 IHLOK BIAEOKAPTOK CnoxXmneae Habarato Oinblwe — 227 BT.




Tema 4. 3aKOHW NOCTIVIHOIO CTPYMY. EnekTpuU4Ha eHepris

‘% Cr3zyTom
A kpaute 6 6yno, wo6 Bigpa3y NoOKa3yBanu, CKiNbku Le
JoshYx KOLUTYBATMME B MiCALb.

Ara. | ckinbkn 6yno 6 meHwwe Bukugie CO,. A TO NpuinaeTb-
CH Ha ypoLi CAMOMY PaxyBaTu.

7 - =%
{ ‘ @ MNepernsiib B e-goaaTky cumynauiio «igpoenekTpoctaHuia» (33.3). J
B T =

OUuIHU CEBE

—

q.ﬁ BukoHan B e-00gaTtky 3aBAaHHA 418 CamMOooLiHioBaHHA (33.4).

-_—

[ mas

Tw 3HaenI, gKi € CIIiBRIAHOIMIEHAA MiXK CHJIOIO CTPY-
MYy, HATIPYTOIO Ta OTOPOM Y KOJIaX 3 TIOCJIiIOBHO i mapa-
y 2 JenbHO 3’ € THAHUMU NPOBITHUKAMH.

Bung 3’¢qHaHHEA IPOBiITHUKIB

Iocaimosne ITapaneanne

b
Pizyuna BeIHINHA R, R,

Cuna ctpymy I=d =i o=md I =d +dy + s
Hampyra U= A & ==, = =,
Enxexkrpuunnii onip R, F R+ ¥R,

T Moxent BUABUTH Ail eJeKTPHYHOTO CTPYMY: TENJOBY, XiMiuHy, Mar-
HiTHY.




Tema 4. 3aKOHU NOCTIAHOTO CTPYMY. ENeKTpU4Ha eHepris

Tr Moenr NOACHUTH OCOOJIMBOCTI IPOTIKAHHA eNeKTPUYHOIO CTPYMY
V PiBHUX cepegoBUMIAX.

Meraan

EnexTpoisitu

laszm

HassaicTs /
CTBOPEHHS
BiJILHUX HOCIIB

CTPpyMY

3aB:x oI HAagBHL
BLIBHI eJIeKTpo-
Hu

YHacninox enex-
mpoaimuiHoi
ducouiauii yTBO-
PIOTHCA BlIBHI
nO3UMmMUuEHi i He-
2aMU6HI UOHU

YHacoigok
iloHi3ayil yTBO-
PIOIOTHCA BIAbHI
eAeKMPOHU, NO-
3UumueHLi i Heza-
MUGBHI LOHU

ITponecu, nio
CYTPOROKYIOTH
CTPYM

Buginmenna
KITBKOCTI Tenmno-
TH BHACJIiTOK
TPOXONKeHHSA
crpymy: @ = I°Rt
(3axoH

Iocoyna —
Jlenua )

Bupninennsa peuo-
BUHH HA eJIeK-
tpomax. et
ITPOTIeC HA3WRA-
IOTh €JIeKMPOoi-
30M.

3awxon @apades
m=RkIt,

ne k — enxeKTpo-
XimMiuEnNi eKBi-
BaJIEHT

Enexrrpuunnuii
CTPYM y razax
HA3WBAITH 2A.30-
BUM po3padom.
Hecamoemiitnuil
2a308uil po3pad
icHye 3a HaAB-
HOCTi eIeKTpuy-
HOTO TOJA Ta
30BHINIHBOTO HO-
HizaTopa, camo-
CMILHULL 20308UT
po3pad —

OicJidg MpUOMHEH-
HA gil HoH13aTO-
pa. € rari Bugu
caMoCTiIHHOTO
po3pAny: ickpo-
8uil, dyzosuil,
KOPOHHUIL, MJi-
YU

SajleKHICTh 0110~
py Bim TemMmepa-
TYpH

3i 30iIbIIeHHEAM
TeMOePaTypHu
omip ycix mera-
JIiB 3pOCTAaE Ipo-
TOPIifiHO TeMIIe-
parypi

3i 30inbIIeH-
HAM TeMIepa-
TYPH PO3YHHIB

i posmnagis
eMeKTPONITIB

iX OpoBigHICTE
301IBOTYETHCH,

a omrip, BiATORi -
HO, 3BMEHIITYETHC A

3i 30LJIbIIEeHHAM
TEMIIEPATYPH
rasis ix mposing-
HicTh 301JIb0IY-
€ThCd, a Omip,
BiAIIOBIIHO,
3MEeHIIYETHCA




Tema 4. 3aKOHW NOCTIMHOrO CTpYMY. ENeKTpr4Ha eHepria

Tu posymien, mo Ha AiNAHII KOJa eJIEKTPUYHHUE CTPYM BUKOHYE poboTy,
3HAUeHHA AKOI mopieHIOE nobyTKY Hanpyru U, cunu crpymy [ i uacy £ opo-
XOMIKeHHA CTPpyMY B Koai: A = UIt.

IIrugricTs BUKOHAHHS CTPYMOM pPOOOTH XapaKTepHaye MOOTYKHICTH
eleKTpuuHOro crpymy: P=Ul.

U2
R

i@ = Ult, opgrak mumu GopMyJIaMU MOKHA KOPHUCTYBATHCA TiJIbKH B TOMY
BHOAJKY, KOJH BCA eJIeKTPUYHA eHeprid fie Ha HarpiBa"H4d.

IcuyioTh mie aBi opMyan A1A 00YHUCIeHHA KiIbROCTL TEIJIOTH: @ = t

Tr ymienr BUMiprOBATH i O0UMCIIOBATH €JIEKTPHUYHY €Hepriio, IOpiBHIO-
BATH MOOYTOBI eMeKTPHUHI IPUIIAAH 3a 1IXHBOIO eHeproe(eKTUBHICTIO, 3/ifi-
CHIOBATH 3aX0IH 3 eHepro30eperke .

1.(0,5 0.) Yramy TBepIKeHHA, AKe BiIOoBigae
TTOCTiIOBHOMY 3’€THAHHIO OBOX Pe3UCTOPiB.
Omip mepmoro pesucropa 5 Owm, apyroro — &

150n. ?,

A saranpHN# omip pesucropis 10 Om

b cuna ecTpyMy Ha mepHioMy pesucTopi
Olrbmora

B manpyra Ha 000X pesucTopax OgHAKOBA

I" cira eTpymy B 000X pe3ucTopax OJHAKOBA

2.(0,56.) Yramu, 010 € HOCIAME CTPYMY B eJIeKTPOJiTaX.

A BiNBHI eIERTPOHHA

b BiNBHI eJIEKTPOHM, HO3UTHRHI TA HETATURHI HOHT
B nmo3uTwBHI Ta HeraTuBHi oHN

I' BiTBbHI eJIeKTPOHU Ta HETATHUBHI HOHU

3. (0,5 6.) ¥Yrammu, axKy po0OTY BUKOHYE CTPYM Y KOJi ABHIYHA, IO CIIO-
JKHUBAaE IOTY KHieTs 6,2 kBr3a 1,5 roa.

A 4,13 xllx
b 33,48 M]I:x
B 9,3 xllx
I'93 kBt - rog




Tema 4. 3aKOHU NOCTIAHOTO CTPYMY. ENeKTpU4Ha eHepris

4. (0,5 6.) YraRu TpAKJIAJ] cCAaMOCTIAHOrO ra3oBOro po3pAany.

A Becenka

b rpim

B bamckaBra

I" cBiTiHHA €IeKTPUYHOIL JaMIIK

5.(26.) lo AKX TOUOK HA cxeMi moTpibHO mpuegHATH BOJILTMET]D, 100 BiH
nokasas Hanpyry 4 B?

AmngoAib BmnoAiB BErnoBiB I'moBi]l

6. (2 6.) Cuma crpymy B enextporaituuniii Bamui 0,5 A. Busmau macy
cpibua, ARAa BHALINTECA Iifg yac eqekTpoJisy 3a 10 xB. (EnexkTpoxiMiuami
exBiBamenT cpibma — 1,12 mr/Kin.)

7.(36.) Ary pob6oTy BUKOHYE €JIeKTPOABUTYH ITpanbHol Mmamuuy 3a 10 xB,
armio Hanpyra B Mepesxi 380 B, a omip o6mMotru — 200 OMm? KKl enexTpo-
asuryua 70 % .

8. (3 6.) CrinpKM yacy MOBMHEH MPAIIOBATH eleKTPHUHUHN YailHUK, 1100
marpitu 0,5 o Bogu Bixg 20 'C mo KMOiHHA, SKI0 CHJIA CTPYMY B Mepesxi
1,2 A, a omip croipani erekrpouaiiauka — 260 Om? (ITutoma TemmoeMm-
HicTs Bogu 4200 Mx/kr - °C.)




§1.
§ 2.
§ 3.

§ 4.

§ 9.
§7.

§ 8.

§12.
§13.

BIANOBIAI

1.4-10°m.

1

700"

1. 28°C; 50,4 °F.

2. | 3alleanciem 0°C 232°C 20°C -10°C
3a ®apenreiitom 32°F 451°F 68°F 14°F
3a Keasginom 273K | 505,8K | 293K 263K

3. I I 111 IV %
Mina noxinku 2°C 4°C 2,6°C 5°C 4°C

Me:xi pumiproBanna | —20°C | -40C |-20C |-20C |-40°C
1040°C | 7080°C | 7o385°C | 5035°C | mo 76°C

3HaueHHHA
TeMIIepaATy pH

14°C 28°C | 22,5°C | 25°C 24°C

4. 2 pasie mBUAKICTH MOJEKYJT BOAHIO HinbmIa.

1.Big 0 g0 4°C 06’em Boau 3MeHITyeThes; Big 4 10 8 'C — 3011LIIVETb-
csa. 2. a) 200, 184 m; 6) 199, 866 M.

1.113;1i4; HeMOKINBO.

1. 640 . 2. 0,25 kr. 3. 10,08 &[[%. 4. 0,024 kr. 5. 920 v /(kr - C).
6. 106 MIsx. 7. 900 I /(xr - 'C); 54 x[x.

1.84°C. 2.V, =80 m; V,= 120 1. 3. 140 Ixx/(xr - 'C). 4. Ha 3,7 °C.
5.0,34 kr. 6. 0,16 xr. 7.870°C. 8.34°C. 9. 516 x/(xr - 'C).

Ouinnm cede

1.B.2.B.3.1.4.B.5.T.6.V,=80 1; V, = 120 1. 7. 2000 [l /(1 - 'C).
8.109 r.

1. 90 x/Ix. 2. I1apa Ha emuuny mL. 3. 180 gll»x. 4. a) 35 ‘C; edip;
6) 7 xB. 5. a) 80°C; criupt; 6) 15 xB. 6. a) Heaminua; smermysanacs Bif
100°C go 20°C; 6) va mouaTky. 7. 5,272 M. 8. 31,4 kr. 9. 1,12 kr.

1. 91 xr (akmio maca goguau 60 Kr).

1. lna nooxy B 13,3 pasa. & Cp
2.10,8 &l 2001
150+

100+

501

e
0 5 10 Q. kdx



§ 14.

§ 15.

§ 16.

Bianosigi
3. 748 k t,’C
10

5

i

0 100 200 300 400 500 600 700 @, k1

4. 42,65 xllx. 5. AB — oxonomxenns piguau; BC — TBepaHeHHA;
CD — oxoJNomKeHHS TBePIAOTO Tijia; MOYATOK CHOCTEpe)KeHHA 3a
250 C, ximenp — sa 218 C; 10 xB. 6. A, = 201 k x/xr; cmias
migi; A, = 60,9 k [Isx/xr; conas omosa. 7. 2,7 xr. 8. 0,56 xr. 9. 86 C.
10. 2,24 kr. 11. 53505 ITx.

1. Ieookwuc cipgmu, 1,8 - 10— 2,0 - 10" gr, 1,9 - 10" r; Byriemns
3,5-10"—4,0-10"kr, 3,75 - 108 kr; okcup azory 6,0 - 101°—6,5- 10 kr,
6,25+ 10'° kr; syrnesogens 8,0 - 1019 - 9,0 - 10 kr, 8,5 - 107 k.

CepenHe 3Ha4eHHs WKIATMBUX BUKUAIB Y NMOBITPS
Bif, pOBOTM TENNOBUX YCTAHOBOK 3@ PiK (M/H T)

M nBoOKUC CipKK
M Byrneup
oKcua, a3oTy

ByrnesoeHb

2.2, TMJIx. 3. 2Kr. 4. 44 M]x /kr; npupoguuii ras. 5. 6 : 13. 6. 40 °C.
7.1,1xr.8.2610xr.9.53°C.10. 3,1 M]I»x/xr. 11. ¢, = 16,7 M /KT,
6ype Byrimns; g, = 30 Ml /kr, kam’ane Byrimna. 12. 4,7 - 10® k.

1.29%.2.224 1x%.3.40% .4.11%.5.6%.6.40% .7.40% .8.30%.
9.1,7-10%kr; 31,75% . 10. 33,3 r.

1.12 rpH; 2 rpu 45 Kom. 2.63%; 72%.3.9,7- 10% [Ix. 4. 128.
Ouinu cebe

1.A.2.B.3.16,7% . 4. B. 5. a) Pigkuii; 6) smenmuaach; B) y T. K 6iib-
muit, 60 BUIIIA TeMIIeparypa; I') SMeHOIyeThbesd, 60 Ha ginanmi AB 3MeH-




Bianosiai

IYETHCA KiHETHYHA eHEPTid PYyXY YaCTHHOK BHACIIOK OXOJIO/MKeHHH,
a Ha jginaani BM 3MeHOIYeThCS NOTeHIialbHA eHEeprid BHACHIIOK
pPYHHYBaHHS 3B’A3KiB MijK YacTHHKAMH depes miaaBineHHsa. 6. 61 “C.
7.2,8-10° ITaxx.

§17. 1.5-10° 2. Heirrponis 60, nporonis 47. 3. Heitrpownis 35, enekrponis 30.

§ 20. 1. Bopaso Big ryui. 2. OnHakori 3a BeauuuHoO i Hanpamom. 3. Mo-
AYJb CUIM He 3MIHUTLCSA, 8 HANPAM CHJIV 3MiHUTHCA HA TPOTHJIE K HITH .
4, Tina 113 rali2 opurarviorbes ogHe 10 ogHOro; tina 21i3 — Bix-
MITOBXYIOTHCA. 5. 3MeHIIUTHCS B 9 pasis. 6. a) 36insmuTrbesa B 4 pasu;
6) sMiHUTHCA HATPAM 1 36iMBIIUTECSA BTPHYL 3a MoAyaeM. 7. 3,4 cm.
8.3uKn.9.6-10°H.10.9-10*H. 11. 30 mm. 12. 9,23 - 10 ® H.

13. F,H q,, Ka q,, K R, m
2,25 -10°° 2= 107 5-107 0,2
2+10™ 17,8107 9 107 0,2
2+107° 2-107° 44,4-10° 0,2

2-10°7° 5-10° 2«10 0,067

§24. 1.6,25-10'%,2.8,4A.3.15,4¢.4.0,6 A.5.5-10'2,6.1,6 MmxA.7.1,6Kx.
8.24B.9.18Kn.10.20B.11.2,5 A. 12. 27 r]Ix. 13.a) 3A; 0,5 A /nox;
0) 40 mA; 20 MA /mox; B) 5 A; 1 A/mon; 1) 0,8 A; 0,4 A/mon; ) 7,5 B;
0,5 B/mmog; o) 10 mB; 0,4 mB/miox; e) 3,6 kB; 0,2 kB/nmo.

§25. 1.29A.2.0,3A.3.R=20m; R =40m R =10wm. 4. 12 Om.
5.4400m. 6. 5,50 A. 7.8 kOm. 8.8 B. 9.0,2 Om.

§26. 1.10 mOm. 2. 0,765 mm?. 3. Byxxua. Binbmiuii omip y 2 pasu. 4. 45 M.
5.71, 2xr. 6. 13,6 mOm. 7. 0,33 Om. 8.0,384 Om * mm?/M. 9. 18,5 M.

Ouinu cede
1. A. 2. T. 3. 6. 4. B. 5. A. 6. B. 7. T. 8 -1 sKn. 9. 13,75 M.
10. 4,2 - 1022,

§27. 1.8,2B;2B;1,2B. 2. 110 B. 3. 440 Om. 4. 3B; 9 B. 5. 0,2 A; 46 B.
6. BEn3: cuia cTpyMy 3MEHOINTHCH, HAIPYra 3MeHIIUTLCS; BTOPY —
cuJia cTpyMy 30iMBIMHTHECA, Hampyra 30inemutheda. 7. 3 A; 12 B.
8. 40 Om. 9. AsrrominieBoro 6inbnre B 1,65 paza.

§28. 1.V gpyromy 0imemia B 5 pasis. 2. 300 On; 1,2 A; 0,4 A. 3.a) 0 A;
0)1,2A.4.1,12A.5.0,25 0Om. 6. 0,25 Om. 7. Bmenmuscsa y 9 pasis.

§29. 1. 2.9 0m; 18 OMm. 3. 0,66 Owm;
-




§ 30.
§ 31.
§ 32.

§ 33.

Bianosigi

H H H & 6 Om; 3 Om;

1,3 Om.

4. A, smenmureest; A 36inpmuThes; A, 30inbMIATHEA. 5. 10 Om;
7,5 0m.

1.4000 B.
1.3,4-10*r/Kum. 2. 825 mr. 3.6945¢.4. 1,9 A. 5. 2,3 A.

1. 500 Ixx. 2. ¥V apyromy BUTAAKY poboTa CcTpyMy BABiUI MeHIIA.
3.0,2 A. 4. 380 B. 5. 1,9 xBr. 6. 127 B. 7. 100 Br. 8. ¥ 3 pasu.
9. lHocnimoBHo — y Apyridl BABiui; mapalenbHO — y APYTid BABiUi.
10. 1 rycruaimnie, 2 ackpasimie. 11. 1 Hafigackpasimie.

4. Hacrinpma samna 6impmre. 6. Opmua ob6irpiBau; eneKTpodYalHHK
i mpacKy; eJIeKTPOYaMHNK i MiKpOXBHIBOBY IIiU; HpPacKy i MiKpoXBH-
OBy mid. 7. a) Cyma cTpyMiB He moBuHHA DepeBumiysat 6 A; 6) cyma
cTpyMiB He noBHHHA nepeBuniysati 10 A; B) cyma cTpyMiB He IOBHH-
Ha mepesunryBatu 16 A. 8. 194 rpu 40 Ko1.

Owuinm cede
1.I"2.B.3.B.4.B.5.B.6.3,36 r. 7. 303 g [I;%. 8. 7T xB 29 c.




NOKAXYUK

AbcomroTHaA BoJOTiCTh 84
Amopdue Tino 92

Amnep 164

Awmnepmerp 165
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Tabnuusa 1. MuToMmi TENNOEMHOCTI
AefakKnx pe‘lOBMH

Mutoma MuToma
PevoBuHa TEeNJIOEMHICTb, Pe4oBuHa TEeNnJIOEMHICTb,
ax/(xr -°C) Ax/(kr - °C)
AnOMIHIN 920 Micok 880
Bona 4200 MogiTpa 1000
BopsHa napa 2200 PtyTb 130
[ac 2100 CeuHeup 140
3aniso 460 Ckno 840
3onoTo 130 CnupT 2500
NaTyHb 380 Cpibno 250
Nin, 2100 Cranb 500
Migs 380 Llerna 880
Onia coHsILWWHMKOBA 1700 LmHk 380
Onoeo 230 YaryH 540
Temneparypa KMniHHA, NMurtoma TennoTta
PeuyoBuna °C (3a HOpManbHOro napoyTBOPEHHS,
THCKY) KK /kr
Amiak (pigkuia) -33 1370
Bogpa 100 2300
MniuepuH 290 830
KuceHs -183 210
PtyTb 357 300
Crnpt 78 900

Ta6nuus 3. EnexTpoximiyHuiA exBiBaneHT
nesakux pe4osuH, 10°° kr/Kn

Anomiin (AlFY) 0,093 Hikenb (Ni**) 0,30
BopeHs (HY) 0,0104 Cpibno (Ag*) 1,12
Kucens (0%) 0,083 Xpom (Cr®*) 0,18
Migb (Cu?") 0,33 LuHk (Zn®Y) 0,34




TaGnuusa 4. Temneparypa n/iasneHHs Ta nuToma

‘TeNnoTa NIABNEeHHA AeSKUX PEYOBUH

PeuosuHa @ Temnepartypa nnasneHHs, 'C Hurarag Ter;;z:/i:naneuun,
ANOMIHIR 660 393
3aniso 1535 270
nip, 0 332
Mige 1085 213
Onoso 232 58
CeuHeupb 327 24
Cpibno 962 87
Cranb 1400 82
pe4oBuH Ta cnnasiB (3a t= 20 °C)
PeuyoBuHa P, OM_MMz PeuyoBuHa P, OM—MM2
M M
AniomiHin 0,028 Hixpom 1,1
Bonedpam 0,055 Onoso 0,12
Mpadir 13 MnatuHa 0,1
EGoHIT 1020 PtyTb 0,96
3anizo 0,1 CauHelb 0,21
3onoTo 0,024 Cpi6no 0,016
KoHcTaHTaH ;5 Cranb 0,10-0,14
NartyHb 0,07-0,08 LmHk 0,061
Migb 0,017 ®dapdop 1019
Hikenb 0,073 YaByH 0,5-0,8

Ta6nuuga 6. NMuToma TennorTa 3ropaHHs

aeaxux Bugis nanuea, Mb/xr

BeHnaunH 46 MetaH 50
BopeHb 120 HadTa 44

Mac 46 MpupoaHwuii ras 44
JunsensHe nanMeo 42 Mopox 3,8
Opos.a cyxi 10 Crnnpt 27
Kam’aHe Byrinns 27 Topd 14




Teepgai Tina, 10° kr/m?

Ta6nuua 7. l'ycTuHa pe4yoBUHU

AnomiHin 2,71 Kopok 0,24 CBUHeLb 11,3
Bonedpam 19,1 NartyHb 8,5 Ckno 2.5
[paHiT 2,6 Jig, 0,9 CocHa cyxa 0,44
Ly6 (cyxuin) 0.8 Miab 8,9 Cpi6no 10,5
3anizo 7.8 Hikenb 8,8 LinHk 7.1
3onoto 19,3 Oprckno 1,2 YagyH 7,0
Pigunu, 10° kr/m?
BeHzuH Bopna 0,71 niuepwuH 1,26 Pinke onoeo 6,83
MOPCbKa 1,03 HadTa 0,8 (sat=409°C)
Bopa yucta 1,00 Onigs 0,9 PtyTb 13,6
(zat=4°C) Pinke noitpsa 0,89 | Crumptetuno- | 0,79
rac 0.8 (3at=194°C) BWIA
I'asu (32 HopManskHUX YMOB), Kr/m?
AsoT 1,25 Kucenob 1,43 Bopananapa | 0,88
BopeHb 0,09 MogiTps 1,29 | (3at=100°C)
Fenii 0,18 Xnop 3,21 Byrnekucnuia | 1,98
ra3s




ITepex mouarxom poboTu Op-
ramisyi poboue micue, sadbepu
3aliBi mOpeaMeTH, IT00 BOHU
He 3aBaskanu. Poamimryit mpuia-
o1, Marepiamm, oOJagHAHHS Ha
cBOEMY pobGouomy micii Tak, o6
3anobirty ix maminHio abo mepe-
KHJAHHIO. /,4

YiTko 3’Acyi NOPANOK i MpaBuia 0e3MeYHOro IIPOBEIeHHA NOCTAiny.
OsuaiioMmcs 3 iHCTPYKIiAMY 10 00JIafHAHHA, AKINO I8 Iepegdade-
HO 3aBAAHHAMM JOCJIiIKEHHS.

Ilounnait BUKOHYBaTH 3a-
BOAHHSA JHUIIE MiCJIsA HO3BO-
JIY BUUTEJIA.

TToBogbca Hag3BUUYaANHO 00€-
PEKHO 3 Pi3aJBLHUMU 1HCTPY-
MEHTAMH, BiIKPHTHM BOTHEM,
CKJIAHUM IIOCYIOM UM IIPHJIALA-
MH (TepMOMeTpaMu, JIiH3aMH,
IOKPUBHHMHE CKeIbIAMI), 00ep-
TOBEMH (PYXOMHMH) YACTHUHAMU
MIPHUCTPOIB TA TaPAYMMH IIPeMe-
TaMH.

He BinBomaikaiica Ha ¢oTo-
uu BimeodikcyBaHHA H0OCTi-
JIiB, AKIIO IIe He nepeada-
YeHO B3aBIAHHAMH JOCJi-
KEHHS.

He rTopkailica OpyaHumu

PYEaMHu oueli, HOca I poTa.
He BmxuBaii i»xky Oesmnocepej-
HBO IIiJf Yac IPOBEAEHHA HOCJIi-
I'KeHb YU 0Jpasy micjad HUX, He
IIOMUBIIY PYKH.



TUH MAaIlliH, AKi 00eprainTbes, i He HaXUIANHCA Hal HUMU. /

ITig yac BUKOHAHHSA POOIT 3 eTeKTPUUHUMU NPUIafaMU He BMU-
Kal JJKepeJsio CTPYyMY B eJIEKTPUYHE KOJIO 0e3 J03B0Jy BUNTEJI. )

IIliz wac ©DpoBegeHHA MOCHIMIB He HOONYyCKall TpPaHUYHUX
HAaBAHTAXKEeHb BUMipoBajbHuUX npuaagis. Crex 3a cupaBHICTIO
BCiX KpimeHs y npuiagax i mpucrpoax. He Topkaiicsa mo Tux dac-

BuaBuBimu HecmpaBHICTHL B ITicna zagimueHmHa [gocii-

CJIeKTPHYHIX IIPHUCTPOAX, IKeHHA 000B’A3KOBO IPH-

1110 TepebyBalOTh i HATIPY- Oepu Ha pobouomy Mmicri, Bu-
T0I0, HETaHO BHMKHHU IJKePeso MU pyku. Ko € HeobxigHicTs —
€JIEKTPOYKUBJIEHHSA 1 IOBiIOM IIPO BUHIW 3 IIPUMiNIeHHA KabiHery
Ile BUMTEJIH. / (srabopaTopii), o6 mpoBiTPHUTH. /

y ZOBKijLIi TOIIO. /

SIKmIo mix wac gociimxeHb TH
OTPUMAEI TPABMY, TPAIIUTLCA
HEeIIPUEMHA CUTYyallisa uu B Tebe
BUHHUKHE CTAH TPHUBOMKHOCTI — He-
rafiHo MOBiIOM y4YuTendA / YUUTE b-
ky! 1o 6 He cTamocss — Hamaraics

Hotpumyiica B3araJbHHUX MNPaBUJ 0Oe3NeKH IKUTTEAIATIBLHOC-
Ti — NPOTHNOMKEeXRHOI Oe3lMeKu, MOPOKHBOIO PYXY, KOpHUC-
TYBAHHSA EJEeKTPUYHMMMU NIPUJIaJaAMH, [OOBEIiHKN HAa BYJHUIL,

i !
L HEe NMaHIKyBaTu! /
- (
Tepa (T) 1 000 000 000 000 = 1012 ITOBIIKOBI MAHI
Tira (I') 1 000 000 000 = 10°
Mera (M) 1 000 000 = 10° Camru (¢) 0,01 = 102
Kino (x) 1000 = 10° Mixi (mir) 0,001 = 1073
Texro (r) 100 = 10” Mixkpo (mx) 0,000 001 =107¢

Hexa (ma) 10 = 10! Hamo () 0, 000 000 001 = 10°°




