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AK NMPAUABALb 3 BYY3bHbIM AANAMOXHIKAM

[Tepan Bami ByusOHbI panamoxHik «®digika» pns 10 knaca. ¥V rateim
HaBy4YaJIbHbIM To3€ Bbl Oya3elle Mpaudareallb BbIByYSHHE LEMJABbIX i 3JeK-
TpaMarHiTHbIX 3’51y y pasnzenax «MasekyssipHasi ¢isika» i «Djekrpabl-
Hamika». Kab6 pabora 3 jaji3eHbIM JanaMoxKHikaM MpbiHecaa 60Jbli
KapbICLLi, BbIKaXKaM HeKaJlbKi napaj.

Cnauatky rpaubitaiille naparpad aj rnavaTky J1a KaHiia, a 3aTbiM Osipbl-
uecsl 3a §iro JsTanéBylo npanpaioyky. HeabxonHa He ToJbKi 3acBoillb siro
3MecCT, ajie i BbIBYUblllb a3HausHHi (i3idHbIX NaHALLsY, (i3iuHbIX BeJiublHb,
ACHOYHbISI POPMYJIbl, MPaBijibl, 3aKOHbI i TMPBIHIBIHL.

3BsipHille yBary Ha aGa3HausHHi, §IKis BbIKAPBICTOYBAIOLIA ¥ TIKCLE BY-
ysOHara JanamoxkHika: A — mpbipalllysHHe (3MsiHeHHe) i3iuHai BeJiublHi,
I. 3H. po3HacCllb MaMiXK fle KaHYaTKOBbIM i MMayaTKOBBIM 3HAUHHSMI;
—A — 3MsHILISHHE BeJiublHi, I. 3H. po3HAClb MaMiK sie MayaTKOBbIM i KaH-
YaTKOBBIM 3HAY3HHSIMI; & — 3jleMeHTapHae 3HausHHE BeJiublHi (HAIMpPbIK-
Jajn, OA — ajemeHTapHas paboTa).

Lmoctpaupli i anicanxi jocaenay janamoryilb BaM 3HauHa Jieril 3pagy-
Mellb (i3iuHbIs 3'siBbI, a6 SIKiX TaBOpbIlllA § TIKCIE ByusOHAra JarnamoxkHi-
Ka. [Hdapmatibig, naganzenas y tabjinax, Mae JaBelauyHbl Xapakrtap i cna-
Tp36illlla BaM TMpbl palllsHHI 3a1ad. ¥ HeKaTOpbIX naparpadax amelrvyaHbl
JIa7laTKOBbI MaT3pbisisl (éH HajpyKaBaHbl APOOHBIM WIpbipTaM). [3Thl MaT3-
pbISJT MOXKHA BbIByYallb Ma KaJaHHi.

Koxnas ryiaBa i nmaparpad naubHamolllla 3 KapoTKiX YBOJ3iH. ACHOYHbIS
nausi i GopmyJibl BblJydaHbl § TIKCIe. Y KaHIbl KOXKHara naparpada
chapmyJsisiBaHbl TaJOYHbIS BbIBAJIbl, MPbIBEJI3€Hbl KAHTPOJILHbBIS TMbITAHHI i
npaxTbikaBaHHi. [lactapaiiiecsi ajkasaub Ha KO)KHAe MbiTaHHE i BblKaHallb
yce 3ajianHi, Kab Jernul 3acBoillb BbIByYaHbl MAaT3PbIsil. 3aaubl § MPaKThi-
KABAHHAX pa3MellYaHbl 3roJHa 3 y3pAaCTaHHEM CTYIIeHi iX CKJalaHacLy.

Y ByusOHbBIM JIaMIAMOXKHIKY Bbl CYCTp3IHelle HACTYIHbIS aba3Hau3HHi:

I‘aJIO}U/HbIH BbIBA/1bl,
— KaHTPOJIbHbISA HbITaHHi;

— MaTIpbIsa ISl JANbITJIBbIX;
— HauboOJIbLI CKJAMAHBIS MBITAHHI | 3a7aHHI.

% e=men) <\
|

sKanaem TBopubIx nocnexay i goGpbix aj3Hak!
Aymapol
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Maunekynsipuasi ¢isika — pasnzes ¢isiki, ski BbIByuae yjacuiBacii p3ubliBa
(pisiunbIx 11€s1), abymoyJeHbIs pyxaM i y3aemajzesiHHeM yaclill (MaJsieKyJ, atamay,
ioHay i iHu.), wro 3msimvalonua y paubiBe. Ha mancraBe 3akonay masiekyssipHai
isiki KaHCTpylOOLb LieNJIaBblsl pyXaBiki, yCTaHOYKi /sl 3BaJKABAaHHS rasay, xaja-
JBIMbHBIA anaparbl | iHIIbIA T3XHIYHBIA YCTPOUCTBLI, CTBAPAIOLb HOBLIA MATIPLIAJDI
(po3HbIA CMJIaBbl, KepaMmiki, MJacTMachl, TaTyHKi pbI3iHbl, lIKJAa, OETOHY, pa3Ha-
CTalHbIsS MayrnpaBajHiKOBbISI MaTIPbI/IbI i iHII.) 3 3ajaa3eHbiMi isiuHbIMI (MexaHiu-
HbIMi, 3JE€KTPbIYHbIMI, MarHiTHbIMi, anTbluHbIMi) yJaacuiBacusami. HaiiHoyuibis
anKpbILLi Y MagjekyaspHa# idilbl yrubiBatollb Ha passinué ximii i Gissorii.
Hanpbikaan, masnekysasipHass Oissorisi, WTO Y3HiK/JIa HA CTbIKYy HaBYK, TJyMayblllb
3’sIBbl, sIKisl al0bIBAIOLLA Y KbIBbIX apraHizmax.

Y 9 kJaace npbl BbIByYSHHI MexXaHiki Bbl pasrisjaali MexaHiuHyio (Gopmy pyxy
MaT3pbli, I. 3H. MepaMsAlIYHHE LeJ aJHOCHA aJHO aJHaro i ix y3aeMan3esiHHe.
[Ipbl rathiM yHyTpaHas OyaoBa Taro abo iHIIara lie/ja He meJsa 3HausHHs. Harana-
eM, LITO @isiuHbIM Ueaam HA3bIBAIOIbL MATIPbIsbHBLL ab’eKT, sKi Mae macy i 3ak-
Mae nayHbl a6’ém npactopbl. Toe, 3 yaro ckaagaeuua ¢isiyHae uesna, Ha3bIBAOUb
paubieam. PaubiBa — ansin 3 Bimay mamapeii, npyrim 3’ayaseunua noae. Mats-
peisi — T3Ta ycé, 1WTo icHye a0’eKTblyHa, I. 3H. He3aJjeKHa aj| yajaBeyai CBSJIO-
macii. MaTapbisi icHye § pyxy. ¥ ¢i3ilibl BbIBydaolb (i3iuHbisi GOPMbI pyxy MaT3-
pbli — MeXaHiuHyt0, LEIIAaBYyl0, 3JIEKTPAMATHITHYO i iHL.

Y MmasekyJasipHail ¢isilbl pasrasaaoub 3'6Bbl, sKif anOblBalolllla 3 MakpacKa-
niuHbIMI LesaMi i aGymoyJ/eHbl LeniaBoi gopmail pyxy martspbli. Makpackaniu-
Homi yearami (cicmamanmi) y ¢isitbl Ha3bIBalOlb 11eJbl (CICTIMbBI), §Kisd CKJjajia-
folla 3 BslisHail KoJibKacli yacuil. Kponsist Bajbl, ra3 y naBeTpaHbIM LIapbl, apay-
JIsiHast Jl0llIKa, csipaOpaHas JibKKa, Hailla njaHera (poic. 1) — ycé rata makpa-
CKaniyHbIsl LIeJbl.

Jlns anicanHs uengaBbix 3’4y, ki aadbiBaollla 3 MakpacKariuHbIMi leJami
(cictamami), HeaOXOJHbI {HUIbIS MAAbIXOAbl i METa/bl, UbIM Thisl, LUTO MPbIMSHSIOLbL
y MexaHiubl. Pyx anHo#l MaJjekyJibl, sIKi aabbiBaeuua ¥y MpacTopbl, MOXKHA
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anicaub 3 BbIKAPbICTAHHEM 3aKOHAY JblHAMiKi aJHbIM BeKTapHbIM ab0 TpbIMa CKa-
JSIpHBIMI ypayHeHHsIMi. AnHaK TpbIMsHilLL 3akoHbl HbloTana pa ycix maseky.,
KOJIbKacllb sIKiX y JIl0ObIM MaKpacKamiuHbIM LieJie BsiJli3Hasi, HepasbHa. [Ipbl BbI-
KapbICTaHHI 3aKOHAY JAbIHAMIKi /sl 3HAXO/KAHHS XapaKTapbICThIK MaKpacKariyHa-
ra lesia, Hanpblkaal, nasetpa ¥ a6'éme 1 cm®, cnatpsGinaca 6 palibiib NpLIGIs-
Ha 810" ypaynennsy pyxy wacuin. MakpacicTsma — rsta sikacHa HOBas CicTs-
Ma, sIKasi najrapajkoyBaellla CTaTbICTbIYHBIM 3aKaHamepHacusM. [anoyHai acabii-
BaCLll0 I'SThIX 3aKaHamepHacuel 3’siysisieniia Toe, WTOo sl iX BbI3HAUSHHS BbIKAphl-
CTOYBAIOLb CAPI/HIA 3HAYSHHI NapameTpay CIiCTOMbI i aCOOHBIX fle€ YacLill.

Jlnst anmicanHsi MakpackamniuyHad — ciCT3Mbl, HanpbIK/aj, rady y nacyusiHe, Mox-
Ha BblKapblCTallb JBA MeTajbl — MaJeKyJisipHa-KiHeTbIYHbl (CTATBICTBIYHbI) i TIP-
MaJblHaMiuHbl. MaJiekyJisipHa-KiHeTbIUHbl MeTajl 3bIXOA3illb 3 M3YHbIX TiNoTs3 ab
yHyTpaHa# OyloBe p3ublBa, a TIPMajlblHAMiuHbl pasrisjae MakpacKamiyHylo cicTs-
My V L3JbIM, He LiKaBsiublCsl YHyTpaHaw OynoBa# yBaxoissubix y sie ued. [1pbl ma-
ACKYAAPHA-KIHEMblYHbIM  AQNiCaHHI  BBIKAPBICTOYBAIOLb  CSAP3JHiA  3HAYIHHI
(hi3iuHbIX BeJiublHb, §IKisl XapaKTapbl3ylollb MaBOjA3iHbI yaclliill, LITO CKJaAaI0lb
cicramy. Hanpbik/aaz, csip3iHIO0 KiHETBIYHYIO IHEPTito i CAP3/HION cKopaclb Xaa-
ThluHara pyxy d4acuiu. Ilpsl mapmadeinamiunoin anicanrni KapbicTaonua
(hisiuHbIMI BeJsliubIHAMI, §Kis XapaKTapbl3ylollb CicTaMy ¥ LJbIM. Tak, amicallb cTaH
NayHal Machl razy y mnacyjadiHe MOKHa 3 jJanamoraid Tpox fnapamerpay — ILiCKY,
a6’émy i ToMIMepartyphl.

Y MmanrekyrapHa-KiHemoluHat maopell BbIBydalollb yJacliBacli LeJ y 3a/ex-
Hacli aj ix OyIoBbI, aj CiJl y3aeMaJzesiHHs MamiXkK Jaciiliami (Maseky/aami, atamami,
ioHami), 3 fKiX ckJagalola UeJsbl, i Xapakrapy pyxy raThix uyacuil. 7apmadeina-
Mika BbiByyae criocaObl i opMmbl nepaaaybl Heprii aja aaHaro lesa ja Japyrora,
3aKaHaMmepHaclli nepaTBap3HHsl aaHbIX Bigay sHeprii ¥ japyris. Takim ubiHam, cTa-
THICTBIYHBI i TIPMaJbIHAMIUHbI METa/bl JANAYHAOLUbL AA3iH aaHaro.

Pbic. 1
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/\I'nasa 1

ACHOBbI
MANEKVIAPHA-KIHETbIYHAMN
T30PbII

§ 1. ACHOYHbIA NanakaHHi
ManeKkynAapHa-KiHeTblYHanW TIOPbIi

[llmo yagase caboi ynympauas dydosa awbdoea pavvisa? CyysrvHae sSHO
abo mae dovickpamuyto cmpykmypy? Yamy yracyisacyi po3nelx pausieay ao-
posHisaroyya adna ad adnotl? Ad uaeo 3arexncaub mola yi iHWbLL yracyisacyi
pauolea?

Y acHoBy MaJeKyJisipHa-KiHeTbIYHAN T0Pbli MaK/JAAA3€Hbl TPbl MNaJaKIHHi:

1.P3ubiBa Mae JbICKpaTHYI0 OynOBYy, I. 3H. CKJajaela 3 MiKpackamiuyHbIX
yacuiu,.

2.Yacuiupl p3aubiBa xaaTblyHa pyxaloiia.

3.Yacuiubl paubiBa y3aemaj3eliHiyaloub namMix ca0oii.

DbicKp3THaa 6yAaoBa p3ublBa. 3rojiHa 3 MEpIIbIM MaSaXKIHHEM MaJieKyJisipHa-
KiHeTbIUHAK T30pPbli p3ublBa Mae JbICKP3THYI0 Oyl0BY, I. 3H. CKJajaella 3 acob-
HbIX uaclil (maJekys, atamay, ionay). Ilpel BbiByusHni ¢isiki ¥ 6 i 8 ksmacax Bbl
JaBejiajiicsi, LITO paaJjibHae icHaBaHHe MaJieKyJl NauBsipjLKatollb SKCHepbiMeHTab-
Hbisi pakthbl. Takimi axkrami, y npbiBaTHACL, 3’ayJsiolia pacTBapIHHe p3ubiBay Y
Baji3e i iHILIbIX pacTBapaJsibHiKax, ClicKaHHe i paclublpaHHe J0ObIX e i acabJiba
rasay, mMexaHiuHae japaGJieHHe p3ublBa, Jblysis, OpoyHaycKi pyx i MHorae iHiiae.

Boka moka pacnasdHaub JBa MyHKTbI, KaJi ajjer-
Jgacupb namixk imi He MeHm ubiM 0,1 mm. CydacHbist
anThlYHbIS  MIKpacKolbl Ja3BaJjsiiolb aJpo3HiBallb
CTPYKTYPbI 3 aJIerJacllio MaMizk JeMEHTaMi Mpbl-
KJanHa a3Becte HaHametpay i Gosbul (=200 Hm), mwrTo
3absicrieyBae MarybIMaclib Hasipaupb i ¢atarpadanalp
BeJIbMi BSUIiKisl MaJIeKyJibl, §IKisl CKJIaIaoULa 3 COUEHb
i HaBaT ThicAY aTamay (MaJsieKyJsibl HeKaTOpbIX BiTami-
Hay, rapmMoHay i Osikoy). Ha pbicyHKy 2 mpbiBeiseHsbl
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ACHOYHbIA Nana¥3HHi ManekynAapHa-KiHeTblYyHalk T30pbli 7

doTazbiMak MaJieKkyJbl HyKJeiHaBal KicaaTbl HiTKanaaoOGHait Gopmbl, arysbHas
JayKbIHS AKOH 34 MKM.

[Tepaxon aj cBeTJsIaBblX XBaJlb y alTblYHbIX MiKpacKonax Ja MackopaHblX IMyy-
KOY 3JIEKTPOHAY, pyXaM siKiX KipyiOllb, BbIKAPbICTOYBAIOUbl 3JIEKTPbIUHbISA i MAarHiT-
Hblsl NaJli, y 3JEKTPOHHbIX MiKpackornax jae MardbiMaclb pacrasHalb /Ba MyHKTHI,
KaJi ajjersiaciib namixk imi ckiagae npbikaanHa 0,1 uM. BbeikapbicTanne 3/eKTpoH-
HbIX MiKpackornay 1a3BoJija Hasipaupb i ¢aTtarpacaBalb atamapHbis CTPYKTYPHI.

o 4 cakaBika 1981 r. HAmeuki By4oHbl lepa BiHir i weeiiuapcki ByyoHbl leHpbix Popap
ynepubiHio ¥ cBele Hasipani acoGHbIA aTaMbl Ha maBepxHi kpamHilo (pbic. 3). Ha pbicyH-
KY 4, @, 6 apnoCTpaBaHbl 3NEKTPOHHbI i TYH3NbHLI MiKpacKombl. 3a CTBap3HHe neplara
3/IeKTPOHHara Mikpackona HsAMeLKaMmy By4YoHamy JpHCTy Pycke i 3a BblHaxoAcTBa CKaHipy-
foyara TyH3nbHara mikpackona I. biniry i [. Popapy 6bina npeicymkaHa HoGeneyckas npa-
Mis na ¢isiupl 3a 1986 T.

Q

Pbic. 3 Pbic. 4

LlennaBbl pyx w4acuiy paybiBa. 3roaHa 3 JIPYTiM MajaK3HHEM
MaJieKyJisipHa-KiHeTblUHal T0pbli yacliilibl, LITO CKJ3AAl0lb P3YblBa,
3Haxo/3sia y OecrepanbiHHbIM XaaTblUHbIM PYXY, $§IKi Ha3blBalOllb
Yenaasoim.

HatiGosiblil sICKpaBbIM KCHepbIMEHTAJbHBIM MalBSIP/RKIHHEM 11eT-
JlaBora pyxy dacliill p3ubiBa (MaJieKys, atamay, ioHay) 3’syssenia opoy-
HaycKi pyx, T. 3H. pyX «3aBicjbiX» y Bajkacli abo raze HawapaOHeii-
LIbIX HepacTBapaJsibHbIX LUBEPABIX yacllill namepami npbibsiszHa 1 MKM i
MeHII. «3aBic/iblg» Yaclillbl — T3ITa Yaclillbl, YbLIbHACIL PIYbIBA
sIKix OJ1i3Kast J1a ILIublIbHACI HaBakoJbHAra acsipomiss (Baakacii abco
ragy). SIHbl pagmspkoyBaioliia na ycim ad’éme acsipoausdsi, He acsjaio-
Ubl Ha JIHO MAcy/3iHbl i He Y3HIMaloublcs Ha SITO MaBepxHIO (pbIc. D). Poic. 5
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8 ACHOBbI MANTEKY/IAPHA-KIHETbIYHAN T30PbIT

[TepuibiM 3BSIpHYY YyBary Ha JaJ3eHyIo
3'aBy § 1827 r. anraificki 6atanik PoGeprt
Bpoyn (1773—1858). bpoynayckis uacuipl
pyxatouua OecrnepanblHHa | XaaTblyHa, a
TPAEKTOPbli iX pyXy BeJdbMi CKJaLaHbIs.
Ha peicynky 6 ammioctpaBana crpoldaHas
TPAaeKTOpbIA pyxy OpoyHayCKal dvacuilbl.
[lynkTami agzHavyaHbl CTAHOBIlIYbl YaCLillbl
npas ajgHoOJbKaBblsl NpaMexKki yacy. TpaekTo-
pbisl pyxy Ha Mpausry KoxKHara npamex-
Ky uYacy 3aMeHeHa aAp33KaM NpamMou, sKi
yayasge caboil MOLyJ/b BbIHIKOBara nepamsiii-
Y3HHS YacCLiLl.

Bpoynaycki pyx aGymoysneHbl yaacuiBac-
usiMi Bajgkacui abo rasy, He 3aJieXbllb aj
NpbBIpoAbl pyubiBa OpOyHAyCKal dYacLilpl i
3HELLUHIX Y3[3€sHHAY (akpaMmsi TaMIepaTypbl).
[IpblubiHail 6poyHayckara pyxy 3’siyJsieriiia
LeMJaBbl pPyX yacuil acsipoiussi, y sKiM 3Ha-
xo/3ilia OpoyHayckas yacuiua, i ajcyTHacllb
JlakJaaHal KammeHcaubli ynapay, sikis 3Beji-
Bae yaciila 3 60Ky MmaJjiekys (atamay a6o
ionay), wro sie akpyxatolb (pbic. 7). Ubm
MEHIIbI Mamepbl i Maca OpoyHayckal daclli-
Lbl, TbIM JATU3H 3ayBaKblllb 3MAHEHHI sie iMNyJbCy Maj y3A3esHHEM ynapay.
[uTsHciyHacub pyxy OpoyHayckix daclil, y3pacrae 3 MaBbILISHHEM T3IMIEpaTyphbl
i mamsiHILISHHEM BfI3KACLLi acsipo/yi3st, I. 3H. yHyTpaHara TP3IHHsl, SIKOe sIHO akas-
Bae. bpoyHaycki pyx Jea3b NPbIKMETHBI § TJiL9pbIHE, a ¥ rasax &H, HaaaBapor,
BEJIbMi iHTIHCIYHBI.

[Tepuiyto KoJibKacHyt T30pbltlo GpoyHayckara pyxy mnpananHasay y 1905 r.
Anbbepr itnmroitn  (1879—1955). Ilosbeki  dizik Mapbisn  CMagyxoyceki
(1872—1917) y 1906 r. Takcama pacripaiiaBay KoJbKacHyIO TI0pbllo GpoyHaycKa-
ra pyxy. DKcrnepbiMeHTaJbHae MalBsp/XKIHHE TMpanaHaBaHal T30pbli 3’siBijacs 3a-
cayrai paniy3ckara ¢izika Kana [lsapsna (1870—1942). «3a noka3 icHaBaHHs
masekys» K. [lapsny npbicymkana HobGeneyckas npsmis na ¢igiubl 3a 1926 .
BpoyHaycki pyx cBemubillb a6 ThIM, LITO MaJeKyJibl carpayibl iCHYIOLb i IITO SHBI
OecriepanblHHa i XaaThldHA pyXalollla.

Pbic. 7
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ACHOYHbIA Nana¥3HHi ManekynAapHa-KiHeTblYyHalk T30pbli 9

[Taussip/okaHHeM LenJaBora pyxy uacuill paubiBa 3’sayJsieniia Takcama
doihy3iss — mpal>C BbIpayHOYBAHHS KaHUIHTpalbli HeagHapoJHa pa3MepKa-
BaHbIX y NpacTopbl atramay, maJekysa abo ioHay p3ubiBa. KaHusurpaubiss —
BeJliublHS, poyHasi aaHociHe KoJsbKacui N dacuil na a6’émy V, ki sHbl 3aiima-

N
0lb: N=—.
o Kani ¥ posubix 4acTkax agHaro i Taro x uena y a6'€max V; i V; kaHusuTpa-
. N; . N; . . ..
ubli n; =V i n;=—= vacuiy He cynagawoub, T0 § BbiHiKy ix uennasora pyxy ap6bisa-
A .

eyua ynapap,KaBaHa{e nepamally3HHe, AKOe BAA3e Aa BbIpayHOYBaHHA KaHLIHTpaLbli
npbl nacTasHHaW TamnepaTtypbl i agcyTHacyi 3HewHix cin. Kani Tamnepatypa Henacra-
AHHaA abo Ha cicTamy A3elHivaloub 3HEWHiA Cinbl, TO ¥ BbIHIKY Abidy3ii ycTanéysaeu-
La mpactopaBa HeafHapOAHae payHaBaxHae pa3MepKaBaHHe KaHL3HTpalblil yacuiy.

Ckopactib 1ply3ii 3a/1exKbllb aJl Xapakrapy pyXy yaclill p3ublBa, sIKi Bbl3Haua-
ellla TaMmrepartypail i acabJjiBa arpsraTHbIM cTaHam. ¥ rasax ablysisi anObiBaelia
XyTusH, 4YbIM y BajikaclsxX, a ThiM GOoJibll y UBEPALIX Lesax. [lbidysis mMae BaxHae
3HAusHHE Y TIpbIpoa3e i TaxHilbl. JI35Kyoubl Abldy3ii axbIlsyasea cilkaBaHHe
pac/iH HeaOXOAHBIMI p34biBaMi 3 TJieObl, Y KbIBbIX apraHidmax i3de YCMOKTBaHHE
NaXKbIYHbIX P34blBay Mpa3 CLEHKi cacylay cTpaBaBajibHara Tpakty. s naBesiusH-
Hsl 1BEpJacili CTafbHBIX JA3Tajell iX MaBepxXxHeBbl CJOH Jblhy3HA HacChlYalollb
Byrasponam. Jlbichy3isi BbIKapbeicTOyBaellla ¥ SA3€PHbIX TIXHAJOTIAX SK an3iH ca
criocabay abarausHHsl ypaHy.

V3aemapasesaHHe 4acuiy paybiBa. Cam dakrt icHaBaHHS UBEPAbIX i BaaKiX LeJ
cBeMUbIb ab ThiM, WLITO MaMiK dacuilami p3ubiBay, sKif yTBapatollb T3Thbis LEJbl,
N3eHHIYaoUb Ciabl YJ3aemHaea npolysancanns. Yacuiubl (atamMbl ab0 MaseKyJbl) y
I3TBIX 1leJ1aX yTpbIMJIiBalolllla pasaM MeEHaBiTa cijlaMi y3aeMHara NpbILAKIHHS.
3 naycsi3éHHara BOMBITY BSZIOMA, LITO T3IThIS Cijibl HAMOOJbLI HATJIsAHA Mpastyisi-
ola ¥ uBépabix uesax. ToHKI cTasibHbl TPOC AbIIMETPaM 2 MM JacTaTKoBa TpbIBa-
Jabl, ka6 Ha im magHaub rpy3 macaii 100 kr. Toe, mTo rasel 3ailMaiolb yBeCh
JajaseHbl iM a6’ém, raBopbllb Mpa 3ycCiM HsA3HA4YHae Mpasy/JeHHe CciJl y3aeMmMHara
NPBILSKIHHA NaMiK iX Majekyaami*. YesapasjHenas ajjersiaciip namizk MaJjiekysami
razay iCTOTHa IepaBbllliae Mamepbl CaMix MaJieKyJs, a Takcama ajlersacii namix

* Hsarnemsaduel Ha Toe, MTO He Yce rasbl i BaAKACI[ CKIAAIONIA 3 MANEKYJ (SHBI MOTYIIb CKJa-
jauia i 3 aramay, i 3 ioHay), najeii, raBopausl a6 rasax i Bajaxacusx, Mbl Oy13eM BbIKapbICTOYBallb
TIPMIH «MaJleKysa».
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10 ACHOBbI MANTEKY/IAPHA-KIHETbIYHAN T30PbIT

yacuiuami, 3 fIKix ckJajalola Bajakacii i UBEpabia Uesbl. Takas posHiua y npasy-
JIGHHI CiJl y3aeMHara NpblUSKIHHA MaMizK yacuinami UBEpAbIX LeJs i Bajakacler, 3
anHaro OOKy, i yacuiliami razay — 3 Jpyrora MarybiMa TOJIbKi ¥ TbIM BBITIAJKY, KaJi
MO/lyJib CiJl y3aemHara NpbILUSKIHHS [aMiK YaclilaMmi XyTka 3MsiHLIaella 3 y3pa-
CTaHHeM ajylerjiaciii namixk ix usHtpami. I1pbl raThiM KiHeTbluHasi sHepris £, 1en-
JIaBora pyxy MaJieKyJ rasay HaMHOra rnepasbllllae MOJAYJb MaT3HUbIAJIbHAN SHEp-
rii |E,| ix ysaemangesuusi: £, >>|E,|.

AnHocHa masasi cliicKasibHacllb Bajkacled i LBEpAbIX Liesl CBeIUblllb Tpa TOoe,
IITO MaMiXK MaJsieKyJami p3dbiBa iCHYIOLb i Cijibl y3aemHara amutypxBaHHs. Cisbl
NPLILUSKIHHSA i CiJbl aNlITypXBaHHS A3eHH{UalOlb ajHauacoBa. ¥ aJBapOTHLIM Bbi-
najKy YCTOWJIBBIX cTaHay BSJIKIX CyKyMHacleHd maJekya He marjio 6 icHaBallb:
yaclilbl pavbiBa cudarsaJgicd 6 y aiHo Mecua abo pasgaTajgics y po3HbIA Oaki.
3ajiexHacllb MOJlyJiell CiJl y3aeMHara MpbIsKIHHA | y3aemMHara ajiTypxBaHHs
ajl ajjiersiacili nmaMmiK L HTpami vacuil, naBiHHa Oblllb po3Hal. AKpamsi Taro,
NnaBiHHA iCHaBalUb M3YHas ajjeraacilb ry NaMikK LUHTpaMi Yaclil, Npbl SKOH

CiJIbl TIPBILUSI2KIHHS YpayHABAXKBAOLL-

a cijaMmi aalITypxBaHHsi — iX pay-
a e il > Haj3erHasi poyHas Hyqdo (peic. 8, a).
//1 \\// 2\\ Ansersiacupb ry HasbiBawllb payHa-
I P o) BANMCHALL.
- » » .
r F F R ! Pasrnengim ysaemajigesinie 3J1€KT-
Nyg [ TPyg N7 Py|" gy, . S .
N AN " pblUHA HEHTpaJIbHBIX YaCLLilL atamay
~ 1 — - 1L - . .
] i masexyn. Y 8 kjace Bbl jaBezadics,
LITO TMepapasMepkaBaHHe 3apajy
6 RN PN leJsie, BbIK/JIiKaHae y3J3esiHHEM iHIlIara
. . C
/| Fo\ /F 2\ zapauKaHara 1e/1a, Ha3blBalolb 3JeKT-
[ 1P 11Dy \ . . .
\ = ——p — | pbI3alblsid 1pas YIIbLY. Kani amer-
an,. , . .
2 Y, \ Fan,, , Jlacllb namiK LSHTpaMi MaJiekyJs re-
N7 S -7 paBbilliae ix mamepsl (pbic. 8, 0),
TO andbiBaela cBoeacad/liBasg «3JEKT-
. S i pbI3alplst» TITHIX MaJeKyJ Mpas yIibly.
//1 /\ﬁnp 2\ Ka6 3pasymel, uamy rsta anbbiBa-
12 o .
< ; “‘/ )n \l » euua, Tp36a  Yuiubllb  HACTyMHae.
Fa]112 \\ angl/ / Fa;l21 [la-nepinae, npaToHbl i 3JEKTPOHbI,
~l I~ L7 KISl Matollb 3apajibl CyrnpalbJeryblX
3HAKay, YHYTpbl 4aclillbl He 3HaxXO0-
Puic. 8 JBSILLA Y aTHbIM MyHKIE, Tamy nabJisy
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Jobora atama abo MaJiekyJbl icHye sJjekTpbiuHae rnode. [la-npyroe, naju ysnzesH-
HeM raTara MoJis CTaHOBIlUYA i PyX 3apalKaHbIX Yaclill YHYTPbl CYCEIHIX MaJeKy.l
KPbIXy 3MSIHSIelA TaKiM UYblHAM, LITO SAPbI, sIKif 3MsIIYaiolb MPaTOHbI, 3pylIBa-
I0LLA ¥ HAaNpaMKy 3HELLHsAra 3JeKTpbluHara IoJisi, a 3JeKTPOHbl — y cynpaubJer-
Jbl 00K. [3Ta 3’siBa aTpbiMasa Ha3BYy 3JEKTpblYHAH NaJjsipbl3alibli. DJeKTpbluHaAe
noJsie, CTBOpaHae Massipbl3albIiHbIMI 3apafiami MaJsieKysabl 2, y CBaio 4apry, BBIKJIi-
Kae rnepapadMepKaBaHHe siizep, sKis 3MsilLYarollb MpaToHbl, i 3JeKTpoHay y MaJe-
KyJe [. Y BbIHIKY MaJjieKysbl Oylyllb 3BepHYTbl aJHa Jla ajJHOH cynpalbJerja 3a-
pajLKaHbIMi yacTKaMi, LITO i 3a0screuBae ix y3aeMHae MNPbILSKIHHE.

3rofHa 3 Tap3TblUuHbLIMI i 3KCMEepbIMEHTAJbLHBIMI JacjelaBaHHAMI Ha OJ1i3KiX
ajjieryiacusx, KaJji 3JeKTPOHHbIA a0aJlOHKi y3aeMaA3eroublX MaJjieKyJ/l MepakpbiBa-
ola (peic. 8, 8), cifibl MaJjieKyJsipHara ajllTypXBaHHs TepaBaxkalollb Haj ciiami
NpbILSKIHHA. Moy b CiJl aAlITypXBaHHS BeJIbMi BsJIiKi Mpbl MaJsblX ajajerJsac-
LSIX MaMiXK 1I9HTpaMi y3aeMa/i3eloublX MaJieKyJs, aje XyTKa 3MsHIIaellla 3 MnaBedi-
USHHEM  ajjerjacui. YsaemMHaMmy [epakpblLLI0  3JEKTPOHHbIX abaJloHaK
nepalkapKae ysaeMHae aallTypxBaH-

He 3JIeKTpPOHAY. Fra
o Moaynb cin mixmanekynspHara y3ae-
Maf3eAaHHA afBapOTHA nNpanaplblAaHaNbHbl
n-ail cTyneHi agnernacui namix U3HTpami
manekyn F~ in A3€ ANs CiN NPbILAKIH-
r ) [Tpaexupist
HA n=7, a ANA CIN aBWTYpXBaHHA cisibl y3aema- [Tpaekiibisi Cisibl
n=13. JI3ESTHHS A/ILITYPXBAHHS
. . Fr \/F an,
3aJsiexKHacllb npaekiibli payHaazei- \
Hail F, cin NpbILSKIHHS | alUTypXBaH- \
Hsl JI3BIOX CYyCEJHiX MaJsieKyJs aj ajjier- \\\\\
Jlaclli r namiK iX UPHTpaMi MOKHa ma- T =
Kasallb rpadiuna. Hakipyem Boch Or an 0 le r“//\\ ‘\ " r
MaJiekyJsbl [, U3SHTp SsIKOH cyrnajae PR BN >
3 nayaTkam KaapjblHaT, Jla U3HTpa Ma- + /
JeKyJbl 2, ajjierjacub jaa sKora r ] 2
Moxka 3msaHsuua (poic. 9). bynzem /&
Jiybllb, WTO MaJekyaa [ ymoyHa He- [paekupist Cibl
pyxomasi, a maJjiekyJja 2 3MmsiHsie cBaé TIPLILKIHAA
CTaHOBilllYa aJHOCHA MaJieKyJabl [. Fup,
Tanbl npaexubist cisibl aalITypXBaHHS PLic. 9
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12 ACHOBbI MANTEKY/IAPHA-KIHETbIYHAN T30PbIT

MaJsiekyJbl 2 an Masekynabl [ Ha Boch Or Oynsde najaTHai, a MpaeKubls Cijibl Mpbl-
LSZKOHHS MaJieky bl 2 a Masiekysbl | — aaMoyHai.

Ha masnbix apyiersiacusix (r < rg) MOyJib CiJibl alITypxBaHHs (/1. pbic. 9) GoJib-
LIbl 32 MOJYJib CiJibl MPbIUSKIHHS, aje 3 MaBeJiysHHeM ajjieracii r éH 3MsiHuIa-
eula XyTysi, ublM MOJYJb CiJibl NpbIUsKHHSA. [laubiHaloubl 3 HekaTopal amjer-
Jacui r, ysaemajidesiHHe MaJieKyJs MOXKHa He npbiMallb naj ysary. HallGosbuiyto aj-
Jerjacup r,, Ha SIKOH slI43 YJiUBaKOUb y3aeMaJ3esiHHe MaJleKyJl, Ha3blBaKOLb pa-
dolycam marekyrapraea 03esarHs. Annersacipb ry aanassjiae yeroiaisamy (pay-
HaBaKHAMY) y3aeMHaMy CTaHoBiluy maJjekyJ/. ToHKiss «BepThiKaJbHbIsI» (Mapa-
JiesibHbIsE F,) JliHii npaBejideHbl MPbl BbIKAHAHHI CKJIAJIaHHSl MpaeKibli CiJl.

[padik 3anexkHacui npaekiibli payHaazeiHai [, cij NpbILSKIHHA | ajlITypX-
BaHHS J3BIOX CYyCeJHIX MaJjieKyJs aj ajjierjacii r nami>k ix sHTpami (KpbiBas rnpa-
eKlbli CiJibl y3aemanzesiHusi F, Ha pbicyHKy 9) na3BaJjsie pacTiyMaublllb MaJjeky-
JISIPHBl MeXaHi3M Y3HiKHEHHs1 cisl npyrkacui ¥ upépapix uesax. [Ipbl y3a3esiHHi Ha
LeJIa PACLS2KHBIX 3HELIHIX Cil aiieryiaclb 7 MaMixkK LSHTPAMi yaclill, p3yblBa cTa-
HOBillIA OoJibllIal 3a payHaBaXKHyl0 ajyiersiacib r. Mojysb Cijibl TPBILSZKIHHA Ha
ajyiersiacusix r > ry nepa,blliae MOIYJb Cislbl amutypxBaHus (ri1. peic. 9). JI3esH-
He CiJl NPbILUSKIHHA NaMiK yacuilami BsipTae ix y MeplianadyaTkoBbls CTAHOBILIYbI
nacsisi CriblHeHHsl 3HellHsira y3nzesiiHs. [Ipbl cuickaHHi 1Bépjara eJsa siro yacli-
upbl 30JiKatolLa Ha aeryacip r < ry. Llsnep cijibl amuTypXBaHHsl nepaBazkatolb
i nepauikampKaoUb Jajeiiiamy cuickanHto. [1pbl MaibIX 3pylISHHSX yacllil, 3 nep-
11anavyaTKoOBbLIX CTAHOBillIYay ycTOHJiBall payHaBari, BbIKJiKaHbIX j3dapmaibisii
uBépara 1eJsa, 3ajexkHacllb Npaekliibli BbIHIKOBaW cijibl [, aj aajersaclii npak-
TbluHa JiiHelHas (ydacrak AB KpbiBo# F, rpadika Ha pbicyHKy 9 MOXKHA JIiUblllb
anpI3KaM Mpamoit ).

\/ 1. Y acHoBy MaJieKyJisipHa-KiHeTbIUHAN T30pbli MakJajA3eHbl TPbl MaJja-
JKOHHI:

1) PsubiBa Mae AbICKPITHBI CTaH, I. 3H. CKJajaellla 3 MiKpacKamiuHbIX
yaclyill.

2) Yacuiipbl psubiBa XaaThluHa pyXatollla.

3) Yacuinbl psubiBa y3aemajgderHidaolb namixk cadok.

2. Cisbl y3aeMaji3esiHHsl MaMizk daciiilami paubiBa Malollb 3JE€KTpamMarHiT-
Hae Maxo/pKaHHe i BeJibMi XyTKa 3MsIHLIAOLIA 3 MaBeJiuy9HHEM ajJersaacii
namMi>k yaclliami.
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o 1. lMepaniybille aCHOYHbIA MaNaX3HHI ManekynspHa-KiHeTbIYHAN T3opbli. AKis HaByKo-
BblAi (haKTbl i 3KCMepbIMEHTbI iX NaLBAPLKAOLb?

2. Yamy 6poyHaycki pyx MOXHa 3ayBabllb TOMbKI Y yacuiy 3 ManbiMi namepami i
macan?

3. flkoe naxogxaHHe Cin MiXManekynspHara y3aemaA3esHHA?

4. fkis cinbl (NpbIUAX3IHHA ab0 afwWTypxBaHHA) 6GyoyUb NepaBaxalb, Kani nap yspse-
AHHEeM 3HEWHixX Cin apnernacub namix vacuiuami paybiBa CTaHe: a) MeHW 3a payHaBax-
Hyto; 6) Gonbl 3a payHaBaxHyt? LUTo apbyaseuua ¥ KOXHbIM 3 r3TbiX BbiMagkay nacns
CMNbIHEHHA [3€fHHA 3HeWHix cin?

5. Kani 3mswaub aBa poyHbif ab’@mbl Bafgbl i CnipTy, TO arynbHbl ab'ém Bajkacleil Oy-
A3e MeHLWbl, YbiM cyma ab’émay Bagbl i cnipty. Kani § nacyasiHy, y AKylo HaniTbl HekaTopbl
ab'ém Bafbl, Aafalb Taki X ab’'€m pTyui, To arynbHbl ab’ém Bagkacuein Oypn3e poyHbl cyme
ab’émay Bagpbl i pTyui. K MOXHa pacTnymayblilib po3HiLy?

6. Yamy pobpa npbiLépThl WKASAHBI KOpaK LsXKA BbILATHYLL 3 ropiayka WKAsHoOra
tnakoHa?

§ 2. Maca i namepbl Manekyn.
KonbKkacub p3ybiBa

1,0 eM® a0boea easy, aki 3Hax003iyya Apel HAPMAALHOLX YMOBAX (MAM-
nepamypa ty=0,0°C, yick po=1,0-10° Ta), smawuae 2,7-10' marexya.
Hakoavki 6sarikas eama KoOAbKACUb, NAKA38ae HACMYNHbL NPoLKAAOD. Ya8iM,
wmo 3 admyainel § amnyre ymawuarenacyio V=10 cM® wmocekynona eol-
aamae cmo marekyr. Tadet 0as maeo, Kab yce manrekynrvl solreyesi 3 amny-
a6l, cnampabiyya 8,6 mirvapoa eadoy, e. 3H. NPAMEHCAK 4acy, NAPayHaALbHbL
3 yspocmam cyceemy (12—15 mapd eadoy). Takaa 8arisHas KoabKacub
Manekya y pauvige cgeduvlyb npa moe, wmo ixX namepv. 8eAbMi MAAbLLA.
Skis o namepol i maca uacyiy pauvisa? Sk ix MOIHA 8613HAULILb?

MauiiexynspHa-KiHeTbIUHAsl T0PbIS Jaja MardbiMacilb alaHillb Macy i rnamepbl
yacujl, WTo yTBapalolb MakpacKamiyHbls Lesbl. MasekyJsbl, K i aTambl, He Ma-
10Lb JakaaaHbiX MexK. Kani siBillb Masiekysy ¥ BbIrvIsiA3e LIapblka, TO sie Pajiblyc
mae sHausHHe an 0,1 HM y cambix mpoctbix 12 100 HM y cKiamaHbIX Masekys, siKis
3MAIIYAolb HeKaJbKi Thicsu atamay. Hampeikian, ansHauyHbl IbIIMETP MaJseKyJibl
Bajgapony ckianae 0,2 um, a magexkysabol Baasl — 0,3 um. [Ipbl Takix namepax
KOJIbKACLb Yaclill y p3ubiBe BesbMi Bsiikas. Hanpbikaan, y aaHbiM rpame Bajibl
amsuaenua 3,3 © 10?2 maseky..
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[Tamepnbl i Maca maJjiekyJibl y3pacTaiollb 3 MaBesiu9HHEM KOJIbKACL atamay, LITO
yBaxonasillb y sie Cckaan. AtaMbl i MasieKyJibl (akpamsi IMaTaTaMHbIX MaJleKyJ apra-
HIYHBIX P3ubIBaY) Maiolb Macy mpbikaaaHa 1072% kr. 3 npblublHbl MAbIX 3HAUSHHSY
BbIpakallb Machbl aramay i Masiekys y Kijarpamax (Kr) usspyuna. Tamy ajisi BbIMsIpIH-
HSl Mac MaJieKyJ1 y Ximii i isillbl BbIKapbICTOYBaIOLb aTaMHYIO afi3iHKy Machl (a. a. M.).

AtamHyto ajiziHKy Machl BbIpaxKalollb 1pa3 Macy i3aTory ByTJIsIpOIY lgc;

1 —97
|l a. a. M. = Emocz 1,66-10 KI.

Macy masiekysibl (aTama), BblpaXKaHylo ¥ aTaMHbIX aJ3iHKaXx Macbhl, HA3biBalollb
aJlHOCHall MaJieKyJsisipHail (atamHai) macail i aGagHauatoub cimBanam M,. AnHoc-
Hasi MaJiekyJsipHasi (atamHasi) maca M, nakasBae, y KOJIbKi pa3oy mMaca MaJieKyJibl
(aTama) Gosiblliasi 32 aTaMHyl0 aji3iHKy Machl:

My
M, =1
1o Moc
12
Koavkacyv pauviea v BbI3HAuaolb ajaHociHall KoJbkacui N uvacuil ratara
paublBa Jla nacrasHHan Aparagpa Ny:

N

v=—.
Ny

AcnoyHail anzinkail koJsbKacui psubiBa § Cl 3’ayaserniia mosb (Mosb). A03in
MOAb POYHBI KOJIbKACILi p3YblBa, sIKOe 3MsilIvae CTOJIbKi »K 4Yacllill, KOJIbKi atamay

yrpbimatiBaeria y 0,012 kr izatomny Byrssiposy lg(j, Y amHbiM MoJi Jio6ora paubl-

Ba 3Haxojgilllia aaHo/bKaBasi KOJIbKacllb atamay abo MaJsekyJ, sikas § roHap itasb-
siHCKara BydoHara Amensa Aaranpa (1776—1856) atpeiMana HasBy nacmasavHas
Asaeadpa (N,). Tara BesiubiHs 3’siy/sieliiia ajgHol 3 (yHIaMeHTalbHbIX (Di3idHbIX
nacTasiHHbIX, si€ 3HaYHHE

Nx=6,022 - 10* moan ™.
Y MaJsiekyJisipHa-KiHeTbIUHaH TI0PbIi pasaM 3 aJHOCHAH MaJeKyjaspHai (aTam-
Hail) macail M, BbIKapbICTOYBalollb MaJjsipHylo macy M.
Manspras maca — wmaca p3ublBa, y3sitara y KoJbkacli v=1 moJb. MaJsip-
Hylo Macy M BbI3Hauaiolb ajHOCiHAH Machl M P34bIBa Ja SIr0 KOJIbKACI V:

m="
A%
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AcHoyHait anziukaii wmagsipuail macoel §  Cl  3’aysisena  kinarpam  Ha

KI'
MOJIb (MOJ’[bj. Ma.ﬂﬂpl—laﬂ Maca pa4biBa 3BsidaHa 3 sro aJlHoOCHaM MaJieKyJisip -

Ha# (atamHail) macail HacTynHai cyaaHoCiHaMH:

KI'

M=M,-1073 :
MOJIb

[Ipbl pailisHHi 3aau ajHOCHYIO aTaMHyl0 Macy Bbl3Hauaiollb, KapbICTAIOUbICSH
nepbisjibluHal cicTaMail XiMiuHbIX 3JeMeHTay. Y OoJibllaclli BblMajkay 3HAuHHE
aJIHOCHAU aTaMHal Machl akpyrJsiolb Ja uaJara Jjiky. Tak, agHocHasi aTaMHasi mMaca
Bajapoy poyHasi 1, kicmapomy — 16, asoty — 14.

Mansapuyto macy M p3ubiBa MOXKHA BbLI{Ubllb, TAMHOXKbIYIIIbI Macy aJHOH Ma-
JIEKYJIbl 1M Ha KOJIbKaCllb MaJieKyJs Y ajHbiM MoJi (nacrasiinasi ABarajipa Ny ):

MzmoNA.

M

3 yJaikam Ttaro, wro :N_’ aTpbiMaeM opMyJy /s pasdiiky Kosbkacui N
A

MaJIeKyJ/l y JAaA3€HbIM p34blBe:

m m
N=LE TN — N,
MoA A

My
Ji3e m — Maca p3ubiBa, V — KOJbKACllb p3ubiBa (KOJbKaclb MoJsty). Bbikapbic-
Taylibl 1aa3eHylo (opMyJy, MOXKHA pasJiublilb KOJbKAClb MaJeKys Y aJHbiM Tpa-
Me Bajpl. 3pabille raTa camacToiHa i nepakaHaiiilecsi ¥ npasiJbHaclli 3HAUYIHHS,
npbiBeA3eHara y rnavatky naparpada.

‘/ 1. AngiH MoJib — KoJIbKacllb p34biBa, Y sIKiM 3Msillyaeliiia CTOJbKi XK
yactil, (aramay, masekysa abo ioHay), KoJbki atamay sHaxomgiuua y 0,012 kr
isaTony ByrJsipoy 1§c.

2. Tlacrasinnas ABaragpa — dynnameHTanbHas (igiuHas mnacra-
sIHHasl, pOYyHasl KoJIbKacli Yaclill y aAHbIM MoJi Jwobora p3ublBa:
Ny = 6,022 10?3 mosn ™"

3. Kosbkaciib paubiBa (KoJibKacllb MOJISIY) Bbl3HAualollb ajHOCIHAK KOJib-

Kaclli 4yacllil raTara p34biBa Jia rnacrasiHHan ABaraﬂpa: V= N_
A
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16 ACHOBbI MANTEKY/IAPHA-KIHETbIYHAN T30PbIT

4. Mansipuyio Macy Bbl3Hauarollb aAHOCiHAaW Machl P3YbiBa Ja KOJIbKACLLi

m
paubiBa: M=—.
\Y

5. Macy masekyJibl poublBa MOXKHA BblIiUbILb Na (opmyse 1, =N
A

? 1. Y sAkix aa3iHkax BbIMApaloLb Mackl atamay i manekyn?

2. lTo Takoe KonbKacub pa3ybiBa? Y AKix ap3iHkax BbiMApatoub raTy QisiyHylo Beniybi-
HIO?

3. WTo naka3eae nactasHHas ABaragpa?

4. lTo Ha3blBalOLUb MaNApHAN Macait paybiBa?

5. Ik, Befaloybl afHOCHYIO MasnekynspHy (aTaMHylo) Macy p3yvblBa, BbI3HAYbILb ATO Ma-
NApHy0 macy?

Mpbiknagbl pawsHHA 3apay

[pbikaan 1. BeidHaulie majnsipHyio mMacy i Macy ajHO# MaJieKyJibl cyJbdarty
menzi(Il) CuSOy.

Pamwsnune. Kab Bbuiiubil Mansipuyto macy M Jiobora psubiBa, HeabxoiHa ra
XiMiuHa# (opMysie 3HaMCILi anTHOCHYIO MaseKysapHylo mMacy M, ratara psubiBa i at-

pblMaHae 3HAuHHE MAMHOXKbILb Ha 1073 [Takosbki ximiunasi opmy.ia

MOJIb
cyabdary menzi(Il) mae Boirasin CuSOy, To M, =64+ 32+ 16-4=1,6- 102,

KT KI'

Tanbl mansipnasi maca M=1,6- 102-1073 =0, .
MOJIb MOJIb

M *
Jnst BbIdHAusHHs1 Mackl Masiekysbl CuSOy BblKapbicTaeM opmydy 1, =—=*:
A

KI'

= 502 IOQI\gOJIb ~ =0,027- 1072 kr=2,7-10"® kr.
,02- MOJIb

0,16

my

Kr —95
Ankasz: M=0,16 ——, my=2,7- 10"’ kr.
MOJIb

* Tlpbl pawsuni 3agau nacrasinyio ABaragpa Jiueiib poynaii Ny=6,02-10% moan ™.
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[pbiknan 2. BeigHaule KoJsibKacllb p3ublBa Y »Kase3HbIM OpycKy ab’émam
V=100 cm®. Yamy poyHas KosbKaclb aTamay »Kajesa § 6pycky? IllublibHacupb

KT
»KaJiesa p=7,8-103 —-
M
Hansena: Pawsnue. Kosbkacub psubiBa MOxKHa Bbl3HA-
V=100 cv®=1,00- 107" w? m
Yblllb na (opmyiie V=M, J3e m — Mmaca »KaJjes-
KT
p=7.8-10°> —
M _
Hara 6pycka, a M=56-10""° — MaJisipHas
MOJIb
v—? . P
N — ? maca anesa. [lakoabki m=pV, To VZW'

7,8-10° *5 1,00 - 107w
v= M =14 moJib.

561073 X
MOJTb

Kosibkacup atamay y jnan3eHbiM 2xkase3HbiM OpycKy N = VNj.
N=14 moab-6,02-10% mom '=8,4-10%*.
Ankasz: v=14 momb, N=8,4-10%*

[IpakTbikaBanHe 1

1. Kapoicratoublicst nepbisyibluHail cicTaMald XiMiuHbIX 3J1€MEHTay, BbI3HAulle Ma-
JsipHbis Mackl Bambl HoO, Byrasikicaara rasy COs, amisiky NHj, aszornail kiciatel
HNOg3. Bbiznauile machkl mMajiekys raThiX pIubiBay.

2. Y wkasHky Hajita Baga HoO macait m=0,20 kr. BbisHauile KoJibKacllb
p3ubiBa i KOJIbKACIb MaJIeKyJl Bajibl Y HIKJSHIIBL.

3. Brisnauie macy N=4,5-10* manekyn cepasagapony HoS.

4. Tlapaynatine KoJbKaclb yYacuill, p3ubiBa Y ajioMiHieBbIM i MeIHbIM KyOikax

KT
anHosbKaBara a6’émy. IupuibHacip asmiominiio p,=2,7 - 103 —3» LIYblIbHACLD
M
. 5 Kr
mensi p,=8,9-10° —3-
M

5. Y csapsbpanaii naacuinsl N=1,0- 10" atamay. Boisnauue a6’ém miaciinki,

KT
Kaji mubLibHAcL cepadpa p=1,05- 10 "
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18 ACHOBbI MANTEKY/IAPHA-KIHETbIYHAN T30PbIT

6*. Anrusiicki ¢isik JLkon Yinbsim Ctpat, jopa Paseit (1842—1919) npana-
HaBay Taki crioca® alsHKi namepay MaJiekyJ/: Ha MaBepXHIO Bajbl y UIbIpOKaH
nacyjsine €H KarHyy KpOILIO aJiyKaBara

d aneio a6’émam V=8,9-10"1" m® i wupwib-

A 4

Kr
A 5N naciio p=9,0-102 R Kponuisi pac-

—

LSIKJACsl, yTBapbIyllbl MJEHKY MJOlIYAH
S$=0,55 m2. BhigHaulle na raThix Ja-
HbIX Macy i rnamepbl MaJieKyJbl aJjiyka-
Peic. 10 Bara aJero, Nagdiyblylibl — TayIIYbIHIO
NJAEHKI poyHal Aay»KbIHi IbIJITHAPbIYHBIX
na ¢gopme majekysn ajneto (poic. 10). Mansipuyto macy asiykaBara ajielo nasiubile

la
<

KT

vaain M=0.2 .
poyHai 0,28 OTL

7. Bana y ankpbitail nacyasine Bblnapbliacst 3a npamexxkak vacy {=6,0 cyrak.
Brisnauiie macy Bajpl, sikasi 3Haxojgizacst y nacyagine, Kasi 3 sie nmaBepXHi KOxK-
Hylo cekyHay Bblisitana (N,)=5,0-10'® maneky..

8*. VY mnacymginy 3 Bajo# KiHysi Kpbimtasik naBapanai cogi NaCl wma-
cat m=2,0 mr. [Ipa3 HekaTopbl npamexxak yacy CoJib, PACTBApPLIYLIBICS, payHa-
MepHa pasMepkaBajacs na ycim a0’éme Bajibl Tak, WTO Y KOXHbIM KyOiuHbIM
MiniMeTpbl pactBopy akasamacs N;=6,0-10'2 ionay narpbio. Bbisnaule a6’ém
Bajbl y macy/asiHe.

9%. Kponesnbka ayxoy, sKas 3wMmsllyae apamaTbluHae p34yblBa Macai
m=2,0-10"% r, Beinapbiiacs § makoi ymsimuanbHacuio V=40 m>. Manspuas

Maca apamatbiuHara psubiBa M =50 BhigHaulle csp3jiHIO0 KOJIbKACllb Ma-

MOJIb
JIeKyJl I3Tara paublBa, siKisl TParJsiiolb Mpbl KOXKHBIM YIbIXYy V JIETKis dajaBeka,

KaJai ab’ém ynbixaemara nasetpa Vo= 2,2 .

§ 3. Makpa- i mikpanapameTpsbl. Ig3anbHbl ras.
AcHoyHae ypayHeHHe MaJjieKynsApHa-KiHeTblYHaM
T30pbli ig3anbHara rasy

Hatiboaour npocmoim 3 ycix aepacammuvlx CmMaHay pauviea 3 ayrieyua ea-
s3anadobrol. Tamy soleyudnHe yracyisacuyeil pauvleay nausvlHarouys 3 easay. las
(epau. chaos — xaoc) — maki aepacammuol CMAH pIaublea, KAl 4acyiyol,
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wmo f20 ckAadaruyb, amaro c8aboOHa i xaamoldHa pyxa-
oyYya Namine CYmolKHeHHAMI, Yy 4dac AKix adbslsaeyuya
paskasa smera ix ckopacyi. Topmin “eas3” npananasay y
nauwamcy XVII cm. widaparawdcki ximix v bamoeicm 8amu
leaomanm (1579—1644). 3 ¢isiki 7 kaaca svl sedaeye,
WMo yick ea3y Ha CueHKi nacyosirnel, Yy AKOU EéH 3HAXO0-
dsiyya, Ak [ Ha awoboe yeaa, 3meuwdanae YHYympol nacy-

4

o5
“Q
° 9% ’00

2

?
o

03iHbl, Y3Hikae Yy 8blHIKY yoapay wacyiy, wmo ymeaparoyb ? d‘
eas (poic. 11). /[3akyrousl xaamolunacyi ix pyxy yeapao- ‘)'O\A
HeHbl na wace yick easdy 8a Ycix NYyHKmMax nacyo3iHol "og &’x
adHoavKagel. ¥ acyrvHolM 86lNa0KY yick — Qisiunas cKa- o’ ~Q
AAPHASL BCAIYbIHA, POYHASL AOHOCIHe MOOYAS Cidbl WiCKY, Puic. 11

aKas 0selrniiae Ha NAOCKYI0 NaBepxHio, d0a NAOwHbL

v . 10 v v . v .
eamatl nagepxui: p=—. ¥ Cl acrnoynail ad3inkail yicky

S

3’ayaseyya nackare (lla).

Makpa- i mikpanapametpbl. ¥ 9 kjace npbl BbIBydSHHI MeXaHiKi Bbl MasHaémi-
Jicsl 3 maHsinileM “‘cTaH MexaHiuHal cictambl 1esa” i mapaMeTpami raTara cTaHy —
KaapJblHaTaMi, ckapacusiMi i immoyJabcami. ¥ UenapbiX Mpaiscax acHOYHbIMI
(hisiunbIMi BesTiubIHAMI, SIKisi XapaKTapbl3ylollb HEKATOPYIO KOJIbKACIb ragy siK Mak-
packamiunyto cicramy, 3’ayasiouua uick p, a6’ém V i tamneparypa T. [3Thbis
hi3iuHbIs BeJIiUbIHI HA3bIBAIOIL MAKPACKANIYHOIMI napamempami crany rasy. Jla
MIKpACKAni4HolX napamempay CTaHy rasy ajHOCSlb iHJABIBiIyaJbHbis XapaKTapbl-

CTBIKI MaJjieKyJ/1: Macy acoGHail MaJieKyJbl 1M, a Takcama CKopacllb g, IMIyJbe p
i KiHeTbIUHyI0 3Heprilo £, se 1enaaBora pyxy. 3ayBaxKbiM, LITO raBopKa inze rpa
CAP3IHIA 3HAU3HHI AK Makpa-, Tak i MiKpackKaliuHbIX NapameTpay.

Anna 3 rajoyHbIX 3ajau MaJieKyJsipHa-KiHeTbluHAW T20pbli 3akjiodaelila Ba
ycTaHayJieHHI CyBfA3i MaMi>k MakKpackKamniuHbIMi | MiKpacKariuHbIMi MapaMeTpami.

IpdanbHbl ras. Jlns toapaThiuHara TJAyMausHHs yuacliBacuel rasay BblKapblC-
TOYBAIOLb iX CIPOLIYAHYI MaldJb. [19a/bHbl ra3 — Majsib ragy, skas ainassjae
HACTYMHBIM yMOBaM: 1) MaJsieKyJsibl ragy MOXKHA JiUblllb MAT3PbISIbHBIMI TyHKTaMi,
sIKisl XaaTblyHA pyXaiolla; 2) Cijibl y3aeMa/i3esiHHsl NaMizK MaJsieKysami i1sajbHara
ragy npakTbliHa ajCyTHiYalolb (MaTIHIbISJIbHAS SHEPris y3aemaa3esiHHsl poyHast
HYJII0); SIHbl JI3€HHIYAOLb TOJIbKI TPbl CYTBIKHEHHSIX MaJleKyJl, MPblYbIM I'3Ta CiJbl
amuutypxBanHs. [laBoasiHbl MaJsiekys iva/jbHara ragy MoKHa armicallb, BbIKapblC-
Tayuwbl 3akoHbl Hblorana. [TaMizk CyTbIKHEHHAMI MaJieKyJ/bl pyXaroLlla MpaKThlyHa
payHaMepHa i npamaJiHeiHa.
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Jlois1 paadibHbIX razay MajaJb igsajbHara rasy MoxKHa IMpbIMSIHSLL Y aOMexa-
BaHbIM sIK 3Hi3y, TaK i 3BepXy JblsillazoHe TIMIepatyp i Npbl JacTaTKoBa MaJibiX
uickax. Tak, yJnacuiBacui Bagapoiy i resito mpbl HapMaJbHbIM atMac(epHbIM 1LiCKy
i nmakaépail Tamnepatypbl OJi3Kis Aa yJacuiBacuel insajbHara rasy.

Bsanoma, Hi agHa mansdb, y ThiM JIiKy i Maja3Jb ifsajbHara rasy, He y cTaHe
anicallb yce yusacuiBacii cicTambl. AHaK BbIKapbiCTaHHe MajaJi ifgzajbHara rasy
icToTHa crnpawyae 3a1adyy 3HAXO/LKAHHS KOJIbKACHBIX CYaJHOCIH MaMiK Makpacka-
MiYHbIMI | MiKpacKariuHbIMi napameTpami raay.

Lick rasy y manekynapHa-KiHeTbl4HaW T3OPbli. 3 MyHKTa TJeKAHHS MaJe-
KyJISIpHA-KiHETbIYHAK T20Pbli LIiCK ra3dy Yy3HiKae y BbIHIKY yaapay MaJekyJ, siKis
yTBapatolp ras, na ueJe, WTo cyjakpaHaeuua 3 iM. [Ipbl ynapbl imnysabe male-
KyJibl Tagy 3MmsHsenua: Ap =mg0—myd,, A3e My — sie mMaca, a ¥y i U — cKopacui
nepaj ynapam i nacas aro. Kanai Af — npamerkak yacy namizk JByma MacJsijioy-
HBIMi yrapami agHo# i TOH ka MaJiekyJbl a6 1eJsa, TO CAPIAHAHN cije <FM>, 3
SIKOH 1le1a J3efiHiuae Ha MaJekyJay § uyac yaapy npausrsaaciio O0f, aanapsjiae cs-

p3aHAA cina <Ficu>’ 3 AKOH aJaHa MaJieKyJ/a J3efiHiyae Ha LeJsa (HanpblKaaz,
CLIEHKY Macya3iHbl) Ha Mpausry rnpamexky dacy Af. Beikapbictayiuibl apyri 3akoH

Helotana ais anicanHs ynapy maJjiekydsibl <FM>8t=m05—m060 i Tpaui 3akoH Hblo-

TaHa J/Is1 IMTHEHHBIX 3HAUSHHAY CiJl y3aeMa/3esHHs MaJeKyJ/bl i 1ena ﬁMz — Feys
aTpbIMaeM:

<FM>8z‘ =myd — Myly= — <F1€H>At. (3.1)

[Ipbl HapMaJsibHBIX YMOBAx i MakpacKamiuHbIX Mamepax Mnacyi3iHbl KOJbKacllb

ylapay Masekya rasy a6 MJoCKylo MaBepxHio riolmail | cM? ckiajae npblKaajiHa

10%* y cekynny. BeabMmi ciabbisi ciibl yaapay acoGHbIX Majeky. <Ficu> CKJIaJBa-

OULA IS BSWUII3HAK KOJIBKACL MAJIeKyJs y 3HAUYHYKO I1a BeJiublHI i amaJib MacrasiH-
HylO Cijly, WITO J3elHiyae Ha LeJsa. Ycsp3aHeHae Ma yace 3HAusHHE ryTall Cijbl,
aJlHeCceHae J1a NMaBepxHi ai3iHKaBal Muowybl, i €Clb LICK rasy.

Hsaxa#i y nacyngine, wto mae gopmy kyGa 3 Kantam aay:kbiHéit [ (pwic. 12), 3Ha-
XO/I3ILLA i9aJbHbl Ta3, sKi CKJajaella 3 alHOJbKABbIX MaJleKyJ Macai 11y KOxKHasl.
Bynzem asiubllp, TO MadjeKyJ bl Mpyrka yaapatolia ToJbki ad ClieHKi nacyisiHbl, He
CyThiKatoublcsl anHa 3 anHol. [lakosibki mMasekydibl, §IKisi YTBapatollb CLEHKi nacyisi-
Hbl, BbIKOHBAIOLb LleMJIaBblsl BaraHHi, TO CKopacli pyXy MaJieKyJs rasy Inpbl CyTbIK-
HEHHSIX 3 iMi 3MsIHSIIOILA BbIMAJKOBbIM uUblHAM. AJHAK KaJji ras i rnacyagiHa 3Haxo-
J3s11a V LeNJaBod payHaBase, TO CAP3IAHSAS KiHETbUHAS SHEPris MaJieKyJs He
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3MsiHsielllla 3 yacaM. [sta nasBajsie pa- YA c
aJlbHbl XaaTbluHbl pyX MaJeKyJs rasy 3

. . . )
ycemarybIMbIMi HarpaMmkami i MoayJsimi Jomwe, S—|

cKkapacued crnpowdaHa pasrasjaub sk -
pPyX, Ipbl sIKIM MOMYJi MpaeKlbli cKapac- A wa
el Ha KOXKHYIK 3 Kaap/blHATHbIX BOCEH !
aJHOJIbKABBIS, T. 3H. [v,|=|v,[=]v,|, i 3a- | |
cTalolla HA3MEHHBIMI, a Mpbl CyTbiKHeH- || 1 | 1000 I
: I
|

HSIX 3MsIHsiellla 3HAK TOJIbKi y aiHOH 3 Move: D >
TPOX MpaeKUbld CKOpACLi Ha KaaplblHAT- g@v_oz_ ________
HbIsl BOCI. ) A
Jlns anicanHsi ynapy masieKyJibl rasy ‘z/
a6 cuenky ABCD (rai. pbic. 12) 3animam e, 12
bIC.

cyaaHociny (3.1) y mpaekupisix Ha Kaap-
JIbIHATHBIST BOCI:

<FMX>8t =Ap, = My, —Myly, = Myo, —(=myv, ) = 2myo, =—2my,, = —<FICM>At;
<FMy>6t =Ap, = myv, —myvy, =0; <FMZ>6t =Ap,= myv, —mgyy,, = 0.
[Tako/ibKi MpamMerkak yacy namix JByMa MacJsyloyHbIMI CYTHIKHEHHSIMI MaJieky-

Jbl ca cuenkail ABCD Atzﬂ, TO
Yoy

F Apx _ 2m000x _ QmOng _ movgx
(a2 20 |

Af At 21 [
[Tpaekubist noyHail capaHsil ciabl, 3 Kol yce N MasiekyJs, 1ITO 3HAXO/A3SLA Y

nacyngide, azedHivaoip Ha cueHky ABCD <FCH>=<F1CM>~N, MaKoJIbKi <F1CW>=0
i (Fag)=0.

my, <Ux> 2 . .
3Haublllb, <FC >:Nf’ n3e <Ux> — ycsp3JiHeHbl na ycix N uacuinax
KBajlpaT Mpaekiiblil iX ckapaclieli Ha Boch Ox.

Paznasaniyiibl abenspe yacTKi cyaJHOCIHBI /ISt <Fcu> Ha MJIOLIYY CLEHKI S=lQ,
aTpbiMaem GopmyJy /s BbI3HAUSHHS IiCKY, SIKi MaJieKyJsbl ragy akasBalollb Ha

cuenky ABCD:

Nmy, <v§>

pP= /3
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. 2 2 2 2 .
IMakosbki v° = U)% + 03 + UZQ, TO <U > = <Ux > + <Uy > + <UZ > Maunekysbl ragy 3ycim

ajHosibkaBa anbiBatollla aj TPOX Map cynpaubJerja pagMmellyaHblX rpaHeil Kyoa,

Tamy <Uf>=<03>=<022>=%<02>- 3 ysikam Taro, mTo ras 3aiimae a0’ém V=13,

N
a KaHUPHTpaublsi MaJieKyJl rasy I’l=v, aTpbIMaeM:

p=%nm0<vz>. (3.2)

YpayHeHHe (3.2) Ha3bIBAIOUb ACHOYHOIM YPAYHEHHEM MAACKYAIPHA-KIHe-
moluHal maopoli idaasvHaea easy. 1sra ypayHeHHe jazBasisie pasJiublilb MaK-
packaniyHbl MapaMeTp WiCK p rasy 1pas KaHLOHTpALbllO 1 MaJleKyJ, mMacy mg Ma-
JIEKyJIbl i CSP3JIHIO KBAZpaThluHYKO CKOpaclb sie LleMJaBora pyxy, sikas Bbl3Haua-

eua na gopmyse <UKB>=,[<UQ>- [Hakw Kaxkyubl, opmysa (3.2) 3Bsi3Bae namix
caboll Makpa- i MikpackamniuHblsl MapameTpbl CiCTIMbl “i13asbHbl ra3”.

3aJiexKHaciib 1iCKy ragy aj csipdIHsara Kpaaparta CKopacli pyxy fro maJekyJ
TJyMaubllllla ThIM, LITO 3 TaBeJiiYHHEM CKopacll, na-repuiae, y3pacrae iMmyJbcC
MaJleKyJibl, a 3Haubllb, i cina yunapy ab cuenky. Ila-npyroe, yspactae KoJbKaclb
yaapay, MakKoJibKi MaJieKyJ/ibl 4acled CyTbIKAoLA ca CUEHKAMI.

Abasnaubim npas (F

m ()
K>:T CAPIOHION KIHEMblHHYIO IHepeilo nacmy-

naarvraza pyxy masexys. Tanbl acHoyHae YypayHeHHe MaJieKyJsipHa-KiHeTbluHal
T30pbli HaOy/3e HACTYIHbI BbITJISIL

p=2n(E). (3.3)

3 BhIpasy (3.3) GauHa, WITO 1iCK ifzajbHara ragy sajexbilb aj CAPIAHSN KiHe-
ThIYHAH 3HEPrii macTymasbHara pyxy fro MaJjekyJs i iX KaHUSHTPAllbli.

o MpaintocTpaBaub 3anexHacub LicKy af CKoOpacli pyxy Manekyn rasy MOXHa, BblKapbic-
TaylWbl MexaHiyHyto Mafdsb. 365pOM YCTaHOYKY, sKas MakasaHa Ha pbicyHKy 13. 3amauyem
nnacuiy /1 TakiM 4blHaMm, kab sHa Marna naBapoyBalla BaKoA rapbi3aHTanbHail Boci. Ha-
cbinyieM y NeiKy 3 By3Kaill rapnasiHail [poGHbI WPOT. BbikapbicTaylbl HaxineHbl xonab,
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HakipyeM Ha nnacuiHy CTpyMeHbYblK WpOTy (WpauiHKi Bbl-
KOHBalOLb ponto Manekyn). Y BbIHiKY WMamikix yaapay wpa-
WiHaK niacuiHa apxiniuua Ha HekaTopbl Byran nap y3asesH-
HeM cinbl Wicky wpauiHak. Kani naBaniybiyb BbIWbLIHIO, 3 AKON
CKOYBaAILLA LWPALiHKI, @ 3Haybllb, i iX CKOpaClb Yy MOMAHT I1
ynapy ab nnacuiHy, To MOXHa 3ayBabllp, WTO NAacliHa af- .

xiniuua Ha 6onblbl Byran. Afctonb MOXHa 3pabiub BbiBaf: .

S0
I

s
.m,g“):

YbiM Oosiblias cKopaclb pyxy WpauiHak, ToiM 6obWbl Lick :
3BefBae nnacuixa.

So°2e °%

Pbic. 13

1. Insanbubl ra3 — Majua/b rasy, sikasi ainapsiilae HACTYMHbIM YMOBAM:
1) masnexysbl ragy MOKHA Jiublllb MaTIPbISIIbHBIMI MyHKTaMi, sIKisi XaaTbluHa
pyxaioliia; 2) ciiibl y3aemajnzessHHs Mamixk MaJjieKyJaaMi ifvasbHara ragy npak-
ThIYHA AJCYTHIYAIOUb (MATIHUbISIIbHAS SHEPTis y3aeMal3esiHHs POyHas HyJIIO);
SIHBI JA3€HHIYAIOLb TOJIbKI MPbl CYTBIKHEHHAX MaJIeKyJl, MPblUbIM I'3Ta CiJlbl ajl-
LITYPXBAHHS.

2. YpayHeHHe, 1ITO 3BsI3Bae MikKparnapaMeTpbl CTaHy ilvajnbHara rasy (macy

MaJIeKyJibl i sie CAP3HION KBaIPATLIUHYIO CKOpacllb (U, )= <02>) 3 SIT0 MakK-

panapametpam (LickaMm, siKi xapakrapbldye ras sik Lajae i siki BbIMsipaeLa He-
nacpsjHa y yac J0c/ely), Has3blBalollb aCHOYHbIM ypayHeHHeM MaJjleKyJspHa-
KiHeTbIYHAN T0pbli iI3a/bHAara rasy:

p=snmy(o°).

3. Lick insanbHara ragdy sasexbllb ajl CP3AHSN KiHeTbluHAH sHeprii na-
cTynaJjibHara pyxy §iro MajiekyJs i iX KaHUSHTpallbli:

p=§n<EK>.

° 1. Mepaniyblle iCTOTHbIA NPLIKMETbI NAHALLUA “ig3anbHbl ras”.
2. fIKi MexaHi3M y3HiKHEHHA LicKy rasy 3 NyHKTa refKaHHA ManekynspHa-KiHeTblYHail
T30pbIi?
3. Az sAKix (i3iuHbIX BeniublHb 3aNeXbIlb LiCK ia3anbHara rasy?
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24 ACHOBbI MANTEKY/IAPHA-KIHETbIYHAN T30PbIT

4. flkas cyBA3b MaMiX UicKaM ifdanbHara rasy i CAP3AHAN KiHeTblYHail 3Heprisi na-
CTynanbHara pyxy fro manekyn?

5. Y A3Btox macynsiHax 3Haxopf3ilua afHOMbKaBas KONMbKAcLb Manekyn if3anbHara rasy.
Y AKkim BbiNafKy LicK y nacyasiHax Oyase afHONbKaBbl?

6. Y 6anoH, AKi 3mMAWYae HEKATOPYIO KOMbKAcUb atamay renilo, AafaloLb TaKylo X KOMb-
Kacub MaseKkyn Bajapody, CAP3AHAN KiHETbIYHAA 3HEepria macTynanbHara pyxy sKix poyHas
CAP3AHAN KiHETblYHaAlM 3Heprii uennaBora pyxy aTamay renito. Y Konbki pasoy 3meHiyua
Wick y nacypgine?

Mpbiknagbl pawsHHA 3apay

[pbikaan 1. DnexTpbluHasi JsMMa HamoyHeHa rasam, IIYbLIbHACIL SKOTa

KT
p=0,90 —3- Ilacasa ykmousHus asmbl Lick razy y € nassiiubiyces an py=90 klla
M

na pe= 150 xlla. Bri3Haulle, Ha KOJIbKi MPbl TITHIM MaBsJIiUbIyCS CAPIAHI KBaapaT
cKopaclli LenJsaBora pyxy MajiekyJ raay.

Mansena: Paumsnue. 3HoiiizeM CyBs3b MaMixK IIUblIbHAC-
0.90 Kl 1o P ragy i KaHUIHTpalUbIAl 1 aro yacuil. [ubuib-
p=Y, Mo Hacllb p3ublBa poyHasi afHOCiHe Machl Jia firo ad’émy.

21=90 k[Ta=9,0-10* Ia [TakosibKi 31a0bITaK Machl Mg alHOH MaJieKyJbl Ha
po=150 kITa = 1,50 10° ITa| Kosbkacis N MaJekysa poyHbl Mace publBa, To:

0 m _ myN

‘ = =——"=Mmgon.

AW?y — ? Vv v

Tanbl acHoyHae ypayHeHHEe MaJsieKyJsipHA-KiHEThIU-

. . . 1
Hall T30pbli MOXKHA 3amicallb y BBINJISZE: p= gp(vg).
. . ) 3p
Ancionib csips/HI KBaapaT CKopaclli lernJaBora pyxy MaJjiekys ragy (v)=—-.
3Hoii3eM 3MsIHeHHe CAp3HAra KBajapara CKopacli liensaBora pyxy MaJjekyJs ragy

3py _3p_3

nac/is YKMOUSHHA Jsamnbl  A(0?) = —(pa—p1)-
PP P
3 M
Av?)= ———(1,50-10° [Ta — 9,0~ 10* TTa)=2,0- 10> —.
0,90 c

MS

2
Ankasz: Alw?=2,0-10° M—2
c
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Mpobiknan 2. YV nacynzive ymsimvanbHacigo V=10 n1 3Haxopziua ajHaaTamMHbl
raz, KoJibKacllb paubiBa sikora v=2,0 moJib i wick p=6,0" 10° Tla. Buizuauie csi-
P3/HIOI KIHETBIYHYIO SHEPrilo LenjaBora pyxy aramay rsrara raay.

Hanzena: Paumisnne. 3 acHoynara ypayHeHHs MaJekyJsspHa-

V=101=1,0-10"2 m® 9

p=6,0- 10° Tla KiHeTbIUHAHW TIOpBIi, 3amicaHara y BbITJIsI3e p=§n<EK>,

v=2.0 mMoJib

<E > . BbIHiKae, 1ITO <EK>:2—Z. [TakosbKi  KaHUIHTpALbIS
« ;

_3p_3pV _3pV
2n 2N 2N,
3-6,0-10°Ia-1,0-1072n°
< K>:2-2,0 Modb - 6,02 -10% mosin™!
Ankaas: <EK>:7,5~ 10721 JTxk.

N .
aTamay ﬂ:V’ a ix kosmbKacub N=VN,, TO <EK>

=7.5-1072" k.

[lpakTbikaBaHHe 2

1. BbigHaulle KaHUHTpaLbl0 MaJseKyJs KicJapoiy, KaJji csipyjiHse 3HaudHHe
2

KBajpata ix ckopacii (v?)= 4,9-10° M—Q a wick ragy p=2,0-10° Ia.
c

2. Y amHol 3 /13BIOX a/IHOJIBKABBIX MACY/3iH 3HAXOA3ILLA Kicaapos, a y apyrod —
azoT. KoJsibKaciip MajieKy/ KoxKHara rasy i csipsjiHisi 3HausHHi KBajapartay ix ckapac-
el ajHo/bKaBbid. Bbi3Haulle 11icK a3oTy, KaJji 1ick kicaapory p =32 klla.

3. BbisHaule csApsiHIO KiHETBIUHYIO SHEPrilo macTynajbHara pyxy maJjekys
KicIapojly TIpBl HAPMAaJILHBIX YMOBAX, KaJsi iX KaHLsHTpaupis n=27-10% m~ 2.

4. Y 6Gasone ywmsimuanabhaciio V=4,0 g 3naxonzinna N=38,0- 10% MaJeKyJi
azoty. BbisHaulle csip3/iHIO0 KiHETBIUHYIO IHEPTilo nacTynajbHara pyxy MaJjeky.,
KaJi 1ick aszory p=2,0 MIla.

5. Y Ganone ywmsiuanbHacigo V=25 M gHaxomgilua rediii macaii m=3,0 Kr.
BbigHaulle csipsjiHsie 3HaYHHE KBajpaTa CKopacli atamay rediio, Kaji §iro 1ick
p =100 kIla.

6. Y KoJbKi pa3oy 3MeHilllla 1iCK ifsajbHara agHaaTamHara ragy, Kaji csipaj-
HsISl KiIHEThIYHAsA 3HEPrid 1lerJiaBora pyxy siro atamay napsiJliyblla y Tpbl pasbl, a
a6’ém ragy 3MeHIUIbIIIA § /Ba pasbl?

7*. Sk 3meHilla LicK ifvanbHara rasy, Kaji csipsjiHse 3Hau3HHE KBaapaTa CKO-
pacui firo Maseky.s1 napsiiiubinua Ha 10 %, a a6’ém rasy smenwbiuua Ha 50 %?
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§ 4. UennaBas payHaBara. Tamneparypa —
mMepa CAP3AHAN KiHeTblYHaW 3Heprii yennasora pyxy
yacyiy p3ybiBa. 3aKoH [lanbTaHa

Y naycadzénrnoim scolqyi nad mamnepamyparl Mol pasymeem CmyneHv Ha-
epamacui yeaa (xarooduae, uénaae, eapauae). Taxi nadoixod 3’sayrseyuya oa-
80l cyb’ekmoljroim, 60 3aaedxcolyp He MOAbKI ad cmany pasessdaemaed
ueaa, are i ad Hawovlx adduysarHay. Kab nasbeenyusv cyd’ekmoljrall HABbL-
sHauarnacyi, Heabxodna 3Haticyi cnocabd BOIMAPIHHIL MIMNEPAMYPoL.

LlennaBas payHaBara. Kasi /Ba ue/bl cynakpaHaroLla, TO iX MaJjeKyJbl YCTy-
nawoib Ba y3aemansesHHe namixk cabGoil. [Ipbl r3ThiM ajadbiBaellla mnepajaada
SHeprii ax manekya 3 OoJibllIall KiHETbIYHAH SHEPTidd Ja MaJeKyJ 3 MeHILIa#
KiHeTblYHAH sHeprisgii. Y BbIHIKY Cp3/AHSsS SHepriga nacrynajbHara pyxy maje-

KyJl ajHaro ueJia napsJiuyBaelllla, a japyrora — namsaHuaeuua. [lesa, sakoe
ajylae SHeprito, HasblBalollb 0O0JbLI HATPITbIM, a LeJsa, 1a sKora sHepris nepa-
XO/3illb, — MEHIL HarpsTbiM. SIK MakasBae BONBIT, Taki NMepaxoj sHeprii npausr-

Bacllla Ja Taro yacy, nakyJ/b He ycTaJloelllla M3YHbl CTaH, y fKiM LeJbl MOTYIb
3HaxXo/3illa KOJbKi 3ayrojHa. ¥ TITbIM CTaHe CTyNeHb HarpaTacli e/ CTaHOoBill-
LA aJHOJIbKABAl i TAaKOW 3acTaeulla, a 3Haubllb, LeJbl MAOLb ANAHOJbKABYIO TIM-
nepatypy. [sra yuiiuBaiolp 1npbl BbIMSIPIHHI TIMIEpaTypbl liesa. TspMoMeTp TMpbi-
LicKalolb Ja 1eJa, aje aJliK garo rnakasaHHsy poOsillb He ajapasy, a 1pas HeKaTo-
pbl npameskak yacy. [5Ta HeaGxoiaHa sl Taro, kab namik TspMomeTpam i lesam
ycraJisiBajacsl LerJabasi payHaBara.

Llenaasou payrasaearl Ha3blBaOUb TakKi cTaH, Npbl KiM yce Makpackariu-
HbISl TTapaMeTphbl i3assBaHal CicT3Mbl 3acTalolllla HA3MEHHBIMI Ha mpaudary Heao-
MexkaBaHa Bsilikara npamexky uacy. [lan isaaseawnaii, abo zamknymai, cicma-
Mmail pazymerolb CicTamy LeJl, sfiKas He aOMeHbBaellla HEprisi 3 uesami, LTO sie
aKpy»XKamlib.

AngHaubiM, WITO 1esbl ¢isiuHail cicTaMbl, siKasg 3HaXogillla § craHe LemJaBou
payHaBari, MOTylb Mellb PO3Hbls 3HAY9HHI LIYbLIbHACLI, KaHIIHTpALbli, ILicKy i
ab’émy. AnHak mamnepamypa ycix uyea, wmo ckaadaroyb makii cicmamol,
saycédel adnHorvkasas.

Tamnepatypa i cAp3AHAA KiHeTbIYHAA 3Hepria nactynanbHara pyxy Manekyn
rasy. BoisHausHHe TsMmmepaTypbl MaBiHHA IpyHTaBallla Ha Takol isiunail BeJi-
UblHi, fIKasi XapakTapbldye CTaH LeJs i 3'siysselllia afaHoJbKaBa ajs Jo0bIX Led,
ITO 3HAXOA34llla y cTaHe ULenjaBod payHapari. HeabGxonua# ysacuiBaciio BaJso-
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Jae cApIoHAs KIHemouluHas JHepeis yenaasoea pyxy uacyiy padsiea. [Ty
9Heprito Jarysit 3a Y& BbI3HAUbILL VIS i19a/bHara ajHaatamHara rasy, atambl siKO-
ra 3A3sICHSIONb TOJIbKI MacTymajbHbl PyX.

BosbMem Hekasibki émicTacuelt po3Hail ymsiluajbHaclli, acHalIYaHbIX MaHO-
MeTpami i BBIMAP3HHS 1icky (pbic. 14). 3anoyuiyibl ix po3HbiMi razami, Ha-
MPLIKJIAJ aproHam, HEOHaM i reJjieM, 3MecCIiM Cravatky y nacyiasiHy 3 Jaénam, ki
pacraé (f,=0 °C), a satbiM Oya3em 3MsiHsIb TAMIEpPATypy 3MecliiBa émicracief,
nakyJib siHa He craHe poyHail Tamnepatypbl Kinenust Baapl (1= 100 °C). Llick rasay
y émicTacisix MoXKa ajfipo3HiBaiia. Mackl razay Mo:KHA BbI3HAUbBIIb 1IJIXaM Y3BaXK-
BaHHS ajlaMraBaHbIX i HarMoyHeHbIX émicTacued. Bepaioubl mMacy m i maJjsipHyto

macy M ragy, na dopmyJe NZMNA MO>KHA BbWIUbILb KOJbKAClpb Yaclill i, 3Ha-

Ublllb, BbI3HAUBILb iX KaHUIHTPALLBIIO n:V y KOxKHa#l 3 émicracuei.

Pbic. 14

JocaenubiM miisixam OblI0 ycTaHOyJeHa, LITO ¥ cTaHe LeNJaBod payHaBari,

HAMJIEA3A4Ybl Ha PO3HbIA 3HAUHHI LICKY p i KAHLSHTpALbl 7 yaclil, aaHociHa P

n
LCKYy Ja KaHUSHTpaubli Ba yCix €micTacusix akasaJgacsi NpakTblyHA aaHOJbKaBaM:

P _@. Isran aJHociHa ISl pa3p3jKaHbix razay (sikis aanabsiarolb natpadaBaH-

n
HSIM MaapJi “ilvajibHbl 1as3”) 3ajexbllb TOJbKI aj TIMIepaTyphbl, NPbLIUbIM I'3Ta 3a-

JiexkHaclb 3’syJisiena JineiHan, r. 3H.

P _o=kit-t,).
n
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Tyt © xapakrapbidye Tammepatypy razay y sHeprerTbiunbix andinkax (y Cl se
BbIMSIPAIOLb Y JPKOYJSAX). B — KasdilbleHT npanaplbisiHajibHacll, sKi 3a/exblllb
an BbibGapy TamnepaTypHail wikajbl. KasdiubieHt k Hociub Ha3By nacmafrnHall
boavymana § ronap aycrpbiiickara ¢isika Jliogsira Bosbumana (1844—1906),
aJlHaro 3 3acHaBaJsbHIKAY MaJieKyJsipHA-KiHETbIYHAH TI0pbli rasay:

k=138 10-2 22
K

Kasni nist BbIMSIpSHHSI ToMIlepaTypbl BblKapblcToyBatolpb LiKajay KesbBiHa, TO
Npbl BbI3HAYZHHI JliKaBara 3HausHHs TIMIEPATypbl Ma raTaid WKaje MsPKYHOllb, LITO

Loprran =L (4.1)
n nk

Cyannocina (4.1) nasBasisie cTBapbllb TIMIEPATYpHYIO LIKaJdy, siKas He 3aJjie-
XKblllb Al poly p3ubiBa (rasy). Takyto wmikasy, sikyilo HasblBalolb abcaaromuatl
(mapmadoinanivnatl) wrkarol mamnepamyp, npananasay y 1848 r. Bsjombl
auraivicki ¢isik Yinpsam Tomcan (1824—1907), arpbimMayuibl 3a paGoThbl § raJgiHe
¢isiki ¥ 1892 r. thiTyn sopaa Kesbsina. Tamy raty 1wikasny 3Bbluaiina HasbiBaiolb
wkarol Keavsina.

Hyansisbl nyHkr na wikaje KesbBiHa annaBsinae camail Hi3ka#l Tap3IThluHA Mar-
ublMall TaMrepatypbl (abcasnioTHbl HyJb TaMIepatypbl). Tsmnepartypa Jémy, siki pa-
craé, ma ryrail wkane T, =273,15 K. Cyssisb namix ToMmnepatypami na iikase
[aabcis (7) i na wkane Keabsina (7) mae Bbirasy T ={+273,15.

Ajginka TaMmnepatypbl na ab-

[kana Llsnbcis Tspmaapinamiunast mkasa calioTHAH IIKaje an3iH KeJabBin
t=T-273 T=1t+273 . . . .
(1K) 3’synsieniia acHoyHai angin-
100 —— —— 373 ggg_K_iIlegH_ega_ug___ Kail Tamnepatypel ¥ Cl i cynanae
o
gg 390 3 alHbiM  rpajycam (1°C) na
40 %8 wikajse Llsabeis. Tamy posHacib
20 273 ] 9gp _mnayuenne i€y rymmnepatyp na wkase Kesbina i
oy 200 na wkage Lls/bcis agHosbKaBas,
60 —78__ 195 _ 230 cyxiagn(CO,) 1 o3n. AT= Af(pbic. 15).
-100 %28 3 acHoyHara ypayHeHHSI Ma-
:%28 }38 JIeKyJ/IsipHA-KIHeTbIYHAl  T0pbli
180 o1 82 100 Bankae naserpa invasnbHara rasdy (3.2) BbiHiKae:
= o p 2 2
:%28 40 —== <EK>, T. 3H. —<EK>:kT.
20 273 o) _adcamorm gy 13 3
CsipajiHsisi KiHeTbluHasl 3Hepris
Peic. 15 nactynajbHara pyxy —MaJieKy.J
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rasay, sIKisi 3HaXoA3s1ULA MPbl aJHOJbKABANH T3MIEPATypbl, aAHOJbKABAs /sl PO3-
HbIX Tasay, NpblUubIM sie 3HaYSHHE MpanaplibisiHajbHae TSMIepaTypbl i He 3asiexKbllb
aJl Macbl MaJsIeKyJbl rasy:

<EK>=ng. (4.2)

Janzenasi cyanHociHa ycraHaysiBae CyBsi3b MaMiK MakKpackarniuyHbIM Mapamer-
pam craHy invajbHara ragy — Tamnepatypail T i MikpackamiuyHbiM — CSp3HSIH
KiHeTblUHAH 3SHeprisi <EK> nactynaJjibHara pyxy siro vaciii. Taxkim ubiHam, 3 dop-
MyJibl (4.2) BblHiKae, WITO CAPIOHASL KIHEMbluHAs IHepeisi nacmynatoHaea
pyxy uacyiy idsarvHaea 2asy NpanapybliHaibHas 120 abcarromuall mamne-
pamypbot.

[5Tbl BbIBaJ, 3acHaBaHbl Ha SKCIEpPbIMEHTaX 3 pa3p3/KaHbIMi rasami, npaynsi-
Bbl JUIs1 BaJKACUEH i LUBEPIABIX LeJ.

2
. . )
payHenHe (4.2) MorkHa 3armicallb HACTYMHBIM UblHAM: —:ng,

B) 3kRT
<UKB>=,[<U >= /—
My
3 ynaikam Qopmysbl (4.2) acHoyHae YpayHeHHe MaJsieKyJsipHa-KiHETbIUHAN T30-

pbli i13a/bHara ragy MoxKHa 3anicallb y BbINIAA3€

p= nkT. (4.3)

aJIKyJlb

3 ypayHenHsi (4.3) GauHa, WITO Mpbl aAHOJbKABBIX 3HAYIHHSX TIMMepaTypbl 7 i
KaHLPHTPALlbli 71 yacliill LicK JioObIX razay ajHOJbKaBbl He3aJsexHa aj Taro, 3 sKix
Yacliill fHbl CKJIaJAoLILa.

3akoH [JlanbtaHa. Pagrsienzim cymech XiMiuHa He p3aryroubix pazp3KaHbiX
rasay, WTO 3Haxojzsiua y nacyiazine ymsimdanbHacuio V. Llennasbl pyx uactiill
KOKHAra raszy payHamepHa pasMsipkoyBae ix na ycim a6’éme nacyngiHbl. ¥ BbIHiKY
CYTbIKHEHHSl 4acllill aJHa 3 ajJHOW y cyMmeci ycTajéyBaellla lLieraBas payHaBara.
Jlakaxkam, 1TO 1iCK KOxKHAra ragy, WITO yBaxo3illb y cactay cymeci, He 3ajieXblllb
aJl HaslyHACILl ACTaTHIX pa3p3/UKaHbIX razay i BBIHIKOBbBI 11iCK BbI3Hauaelllla cymap-
HbIM LliCKaM YyCiX KaMIaHeHTay cymeci rasay.

ArynbHast KosibKaclpb yaclil, rasay y nacyasive N =N, +N,+...+N;, 13e N|,

N, ..., N; — KoJsbKacllb 4aclill KoxKHara rasy.
A6asnaubiM 1pa3 py, po, .., p; NaplbIsIbHbIA LiCKi KoxKHara rasy. [lapyolise-
HblL yick — Taki LicK ragy, fKi yBaxoj3illb y cacTtay rasaBai cymeci, KaJi 6
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€H aj3in 3aiimay yBechb ab’ém, ajlajideHbl cymeci, Mpbl TOH »Ka TaMrepartypbl. Taipl,
yaiublylIbl cyaaHociny (4.3), samniiam:

N kT
p=nkT :VkT :7(N1 +Ny+...+N;), suaubiip,

p=pt+p+..+p;. (4.4)

Dopmyna (4.4) 3’syssieliia MaTIMaTbIUHBIM BbIpa3aM 3aKOHA, SKCIEPbIMEHTAJb-
Ha ycranoynenara y 1801 r. anrgifickim BydonbiM J[konam [lambranam (1766—
1844) i nasBanara saxowam /laremara. 3roaHa 3 T3ThIM 3aKOHAM LiCK Cymeci
XiMi4Ha He paarylubiX namixk caboi rasay poyHbl cyme NapubisiibHbIX LicKay
KOXKHara 3 rasay.

\/ 1. LlennaBoii payHaBaraii HasblBalollb TaKi CTaH i3ajsBaHail ¢iziuHan
CiCTOMBI, Mpbl AKIM yce f€ MakpackaliiyHblg MapamMeTpbl 3acTarolla HA3MEH-
HbIMi 3 Ldram vacy. ¥ craHe LeNJaBod payHaBari TamrepaTypa pO3HbIX yac-
TaK (idiuHail CiCTIMbI aJHOJIbKABasl.

2. CsipanHas KiHeTbluHas Heprisi nacTynajbHara pyxy MaJekyJs ragy mnpa-

3
naplblsiHa/bHasl abca/lloTHal TIMIEpaTypbl: <EK>=§kT.

3RT
My

4. Llick invanbHara ragy npama npanapubisiHajJbHbl KaHLSHTpaLbli Sro
MaJiekyJs1 i abcasoTHaill Tamnepatypbl rasy: p =nkT.

5. Tamneparyphyto 1IKasy, siKas He 3a/exKblllb ajl POy p34blBa, Ha3blBa-
101b abcasioTHal (TapMajibiHaMiuHaK) LIKaJgold Tamrepatyp (uikanokn Kesbpi-
Ha). Tsmnepatypa na uikane Kenbsina (7) npbiGJizkaHa 3BsidaHa 3 TaMmrepa-
Typai na wkase Llssbcis (¢) cyamnocinaii T =1+273.

6. Llick cymeci ximiuHa He paaryioublx nami>k caGoll pa3pa3KaHbIX razay
POYHBI CyMe MapLblsi/IbHBIX LicKay KoxkHara 3 rasday (3akoH lasbraHa):

p=ptpt..tp,
J3e MapublsiJibHbl LiCK — LiCK rasy, siki yBaxoisillb y cacray rasaail cymeci,
KaJi 6 éH ajziH 3aimMay yBech ab’ém, ajlajideHbl CyMeci, Mpbl TOH »Ka TIMIIe-

paTtypsbl.

3. CﬂpSI[Hﬂﬂ KBaJlpaTbliHasg CKopacClb MaJleKyJl rasy <UKB> =

. 1. fkas BeniyblHA XapaKTapbi3ye CTaH LEeniaBoi payHasari?
2. Ak 3anexbiub CAP3LHAA KiHETbIYHAA 3Heprif macTynanbHara pyxy Manekyn ifsans-
Hara rasy af Tamnepatypbi?
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3. Ui cynapatoub csp3gHis KBagpaTbluHbIA CKOpacui Manekyn kicnapogy i asoty y na-
BETPSLI?

4. Mpbl HarpaBaHHi rasy y 6anoHe cAp3fHAA KBagpaThlyHAsA CKOpACLb Manekyn nassi-
yblnaca § ABa pasbl. AK 3MAHIYCA uick rasy?

5. lWto yaynse caboii abcanioTHas wkana Tamnepatyp? LUTo npbiHATa 3a aa3iHky ab-

canoTHait Tamnepatypsl ¥ CI? flk cyapgHocsuua TamnepaTypsl na wkane Lanbcis i na wka-
ne KenbBiHa?

6. Ak 3BA3aHbl UicK iganbHara rasy 3 Aro Tamnepartypait i KaHU3HTpaLblaid Manekyn?
7. AKi yick HasbiBaloLUb napublisnbHbiM? Chapmynioiue 3akoH [lansTaHa.

Mpbiknagbl pawsHHA 3apay

lpbikaan 1. [Tapaynarie csipsiHisi KBajpaTbluHblsl CKOpacli atamay reJito i
MaJieKyJl Kicjapofy, KaJi aGojiBa rasbl 3HaXo[sslllA Y CTaHe UeMJaBoi payHaBari.

Jansena: Pawmsuue. 3 acHoynara ypayHeHHsI MasieKyJsipHa-KiHETbIY-
. . 1 o .
M,=4,0 Hall TI0pbli p=—nm, <02> i ypaynennsi p=nkT BblHiKae, WITO
" MoJb 3
2 3kT
My=32 ()=
2 MOJIb My
=Ty= , M SNART .
h=T=T [TakosbKi mozN—, TO <02>=L. [TakosbKi rasbl 3Ha-
. A . o .
UKB1> _ 5 XoJ3sillla § craHe 1enaaBoi payHasari, r. 3. T\ =Te=T, TO
UKB2> . . . . ) 3NAI€T
CSIp/IHIST KBaapaThl CKapaclliell atamay redito <Ul >:T
1
. o\  ON\RT
MaJieKyJs Kicaapony — <UQ>=—~

My

Ancionb <UKBI>:\/@: /%, <UKBQ>=\/@= f%

Anxas: y craHe 1enaBoil payHaBari csip3aHsisi KBaJapaTbluHasi cKopaclpb ara-

may redqito y 2,8 paza Gosibliasi 332 CSP3AHIOI KBAAPATbIYHYKO CKOpAcllb MaJeky.l

KicJjapogny.
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Mpoikaan 2. Y GajoHe ymsimdanbHacio V=14 a1 3Haxopgiuua ras, tammnepa-
Typa sikora T=290 K. Ipel pacxonasauni rasy 3 Ganona peiyciiai N=1,0-10%
MaJiekyJsl. Bbl3Haulle, Ha KOJbKi 3MeHLUbIYCS LicK rasy ¥ OaJjioHe, KaJji Mpas HekaTopbl
npamexkak yacy siro Tsmiepartypa napsiliubliacs jAa nepluarnayatkoBara 3HausHHs.

Hansena: Paumwsnne. TIlauatkoBbl wick ragy pi=mnkl=

V=14n=14-10"2m" N

T=290 K = VlkT. Kasi 3pacxonaBasi yacTky rasy, siro Lick mnac-

— . 1022

N=1,0-10 JIsl Taro, sIK TAMIMepaTypa Napsiiubliacs Jia mepiianavar-

pr—p2—? KoBara snausnusi T, cray po=nokT = 72137". Taner 3msin-
kT RTN

WISHHE 1icKy ragy p; — po=—r(Nj—Ny)=—.
Vv %4
1,38-10‘23%2{{-2901(-1,0-1022
PL1—po = =29 «lla.
b 1,410 27

Ankas: p;— pe=2,9 «lla.

[lpakTbikaBaHHe 3

1. Tsmnepatypa uena na mkane [laabcia t=—53,0 °C. Yamy poynasi tamme-
paTypa ratara X leJsa na uikase KesbpiHa?

2. Tsmneparypa uesa na abcanotHail wkane: a) 7'=473 K; 6) T=120 K.
Yamy poyHasi TaMmrepartypa ratara iesa na iikajae [[a/ibCisi § KOKHbIM BbINajKy?

3. BbigHaulle csip3/IHIO KiHETBIUHYIO 3HEprilo MactynajbHara pyxy daclill
invanbHara ragy, Tammneparypa sikora ¢t =20 °C.

4. BbizHaulle KoJibKacllb MaJjIeKyJl isajbHara ragy, LITO 3Haxojgilua y nacysisi-
He ymsmuanbHacio V=1,4 a1, xani siro Tasmnepatypa =27 °C, a uick p=3,0 klla.

5. Banapon, tamneparypa sikora 7=290 K, a maca m=2,0 kr, 3Haxonziuua y
nacyigine ymsuuanbhacigo V=20 M°. BbidHaule 1icK Baapojy.

6. Tsmneparypa naBeTpa, wITO 3Haxoxziuua Yy nacymzdine, ¢#;=24,0 °C. Ha
KOJIbKI Tpajlycay MaBsiliubliiacst ToMIepaTypa naBeTpa, KaJji Csp3/Hss KiHeTbluHast
9Heprisi nactynaJjbHara pyxy siro MaJiekyJl napsijliubliacst § JBa pasbl?

7. Boiznaulie uublibHacIb asoTy, wick skora p=1,1- 10° Tla i TaMIeparTypa
T=298 K.

8%. ¥V HekaTOpbiX KpaiHax TaMIepaTypy BbiMsipatoillb na iikaje PapsHrefirta.
[1a ryTail mKajse MyHKTY 3aMsip3aHHsi Bajbl ajinabsjae Tamnepatypa t,=32 °F nyH-
KTy sie KineHHsi — TaMmneparypa =212 °F Brignauue napmasnbhyio Tamneparypy
yajiaBedara leJsa na uikaine Papsnreiita.
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9*. Ha xoJsibki mpausHtay 3meHilla IicK iaajbHara rasdy, ski sHaxoagiuua ¥
3aKpbITall nacyjgiHe, KaJji CAp3/Hssl KBaAPATbluHASI CKOPACLb SIFO MaJIeKyJl MaBsili-
ybita Ha 20 %?

§ 5. YpayHeHHe cTaHy igl’anbHara rasy.
I3aTapmiyHbl, i3a6apHbl i i3axOpHbI Npauyachl

Mor pasenedseni idsaavror ea3 3 nagiybli MALeKYAAPHA-KiHemoluHall
maopeuli. Boicgemaini zaredxcHacys yicky idsarvHaea easy ad KAHYIHMpayoli
220 marekys i mamnepamypol. Are Ak 381a3arnvl namioe cabou yick iddarvHa-
ea easy, seo maca, ab’ém i mamnepamypa?

VYpayHeHHe cTaHy ip3danbHara rasy. CraH makpackariuHail cicTaMbl LlaJiKam
BbI3HAUaHbl, KaJi BSJIOMbl §ie MaKpacKamiuHblisd napameTpbl — LiCK p, TaMmIiepa-
typa T i a6’ém V. ¥YpayHeHHe, sKoe 3BfI3Bae TapaMeTpbl Jaa3eHara CTaHy,
Ha3bIBAWOUb YpayHeHHem Cmany cicmamo.. 3MsSHEHHe JBYX i OOJiblLI MapaMer-
pay cTaHy cicTaMbl 3 LSITaM yYacy Ha3blBaKUb 1payIcat.

Kani npbl nepaxosgde ifzanbHara ragy 3 ajHaro CTaHy ¥ Jpyri KoJibKacllb §ro

m . .
MaJieKyJ1 N:MNA 3actaella nacrasgiiaud, r. 3. Maca 1 MaJisipHasi Maca rady He

. . . N .
3MsHSOLIA, TO 3 ypayHeHHsAy p=nkT i nzv BbIHiKae:

pVi = NET,, poVy = NkTy, (5.1)

n3e k — mnacrasivHas bosblimana, py,V,T)— napameTpbl nayatkoBara CTaHy rasy,
a po,Vy, Ty — KaHuaTKoBara. 3 cyajHociHbl (5.1) BbIHiKae, 1ITO

P _ PV rv
= = t. 2
T 7, a6o 7 = cons (5.2)

YpayHeHHe cTaHy Yy Bbinsijize (5.2) yrepuibiHio BbiBey y 1834 1. dpaniyyscki
tdizik benya Knanetipon (1799—1864), tamy siro HasbiBaolb ypayHenHem Kia-
neiipona. TakimM yblHam, Npbl HA3MEHHbIX Mace i MajsipHail mace indajnbHara rady
ajHociHa 31a0bITKy Aro wicky i a6’émy ga aOcajsloTHai Tammepatypbl 3'siyis-
eulla BeJiublHEN nacrasiHHai. YpayHeHHe (5.2) 3Bsi3Bae jiBa CTaHbl if?aJjibHara
ragy HesaJjiexKHa ajl Taro, §IKiM 4YblHaAM ras nepaillioy 3 ajaHaro ctaHy y Jpyri.
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Y npayaziBacui ypayHeHHsi CTaHy MOxKHa Irepaka-
Halllla, BbIKAPbICTAYLIbl YCTAHOYKY, I[laKa3aHyl Ha
pbicyHky 16. Manometpam [, siki 3jydaHbl 3 repme-
ThlUHAW radpbipaBaHail nacyjzinai, paricTpyiolb 1icK
ragy YHyTpbl nacyizinbl. AG’ém ragy y macynziHe Mox-
Ha BbIMepallb 3 jganamorai Jineiiki 2. Tsmnepatypa
ragy y nacynasdiHe poyHasi TIMIIEPATypbl HABAKOJbHATrA
acsipoyizsl, i sie MOXKHA BbIMepallb TIPMOMETPaM.

Boisnaublyiibl napametpst ragy py, V|, T,y na-

MU

|

Pbic. 16

. . Vi
HYaTKOBbIM CTaHE, Bbl/IYBAOLb aJAHOCIHY M [Tacas

1
ratara 3msiluyarollb MacyjisiHy ¥ rapauyto Bajy, ThIM CaMbIM 3MSIHSIOYbI TIMIlepaTy-

py rasy i siro uick. Bepusubl BiHT 3, 3MsiHsiOlb yMsilIYajibHACIL Macy/3iHbl. Bbi-
Mepayliibl 3HOY LCK rasy po, siro ab’ém Vo i Tamneparypy 7Ty, BblliuBaiolb ajHOCi-

V . . .
HYy m, Slk nmakasBarolb pasJiki, ypayHeHHe cTaHy (5.2) BbIKOHBaellla y MexKax

2
xibHaci 9KCIlepbIMEHTA.

PsasibHblsl radbl 3ajaBajbHAOLbL YpayHeHHE CTaHy ia»aJjbHara rady npbl He
BeJIbMi 3HAYHbBIX LlicKax (MaKyJsb yJacHbl ab’éM yciX MaJieKyJs rady HaasBbluail Maiibl
Y mapayHaHHi 3 ymsilldaJbHacLlo Macyl3iHbl, y sIKOH 3Haxoj3ilua rad) i npbl He
BeJIbMi Hi3KiX ab0 BBICOKIX TaMmepartypax (naky/b abca/ioTHae 3HauyHHE MaT H-
UbIsIbHAA Heprii MixKMmaJieKyJsipHara ysaemaJasesiHHsl HaJA3Bblyall MaJsioe ¥ napay-
HaHHI 3 KiHeTblUHAH 3Heprisii LernaBora pyxy majeky.).

. . m
[TakoJibKi KOJIbKACLb YacLiiLy NzﬁNA, J3e m — wMaca ragy, M — sro ma-
JsipHasi maca, Ny — nacrasHHas Asarazgpa, 1o 3 (5.1) BbiHiKae:
m
pV =kN,—T.
M

YBsiI3éM HOBYIO nactasiiHyio R, poyHyio 31a0bITKy nacrasiiHbix Bosibumana i
Asaranpa:
_ K 1 XK
R=FkN, =138 -10 2 JUK 6 09 .10% —— =83l A
K MOJIb MoJib - K
[Tacrasinnyto R HasbiBawolb yrigepcarvrai easasai nacmasrHatl. Tajibl

m
v="URr
PV=1 (5.3)
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. m
abo 3 yJiKaM Taro, lTo KOJIbKaCllb pa4biBa v :M:

pV =vRT.

YpayHeHHe cTaHy Yy Bbirsaze (5.3) ynepiibiHio ObIO aTpbiMaHa PYCKiM BYy4dO-
oM 1. [. MennzsineeBbim (1834—1907) y 1874 r., Tamy aro HasbiBaollb ypay-
HenHeM Kuanefipona—Menzassiieesa.

Angnaubim, wwto ypayHenne Kianeiipona— MennssiieeBa 3Bsi3Bae namixk caboit
napaMeTpbl KaHKp3THara cTaHy insasbHara rasy. Beikapbictayuibl ypaynente Kia-
nefipona— MenjgsijieeBa, MOXKHA arlicallb PO3HbIs MpalIChl, siKis andbiBaoLla Y
i1va/IbHBIM rase.

[Tpauscel ¥ razax yacrta aadblBalolilla Tak, WITO 3MSIHSIOLIA TOJBKI JIBa Mapa-
metpol 3 misui (p, V, T, m, M). Kani angin 3 makpanapamerpay (p, V, T), wrto yBa-
XOJ1351llb Ba YpayHeHHe CTaHy ijsajibHara ragy, He 3MmsiHsielllla, TO Takisi Npaischl
Ha3bIBAOUb (3anpay3cami.

IsatapmiuHbl npaydc. [lpaise 3msHeHHsT cTaHy ragy Tpbl MacTasiHHal TIMIepary-
pol (T=const) HaswiBatoupb isamapuivnem. Kani maca insanbHara ragy i sro ma-
JisipHasi Maca He 3MsiHsoLLA, TO 3 ypayHenHnsi Knanefipona—MenzsisieeBa BbliHiKae:

pV=ﬁR7=const, a60 p:ﬂz const' (5.4)
M 1% 14

Takim ublHaMm, WiCK Jaj3eHal Macbl ra3y npbl MacTasiHHbIX MaJjsipHall mace
i TaMnepaTypbl ajBapoTHa MpanapubisiHadbHbl siro a6’'émy. [sTae cusepmkaHHe
HasbIBalolb 3akoHam boitnisi— Mapeiéra. 3akon boinsi— Mapeiéra anicae izatap-
MiuHbl MPALIC Y il%a/bHbIM raze, Maca i MaJjsipHasi Maca SIKOra IMpbl Mepaxoise 3
nayaTKoBara CTaHy ¥ KaHYaTKOBBI He 3MSIHSIOLLA.

[TpaynziBacup 3akona boiasi— Mapbiéra MoxKHa NpaBepblilb IKCMEPbIMEHTAb-
Ha, BbIKApbICTAylIbl YCTAHOYKY, MakasaHylo Ha pbicyHky 16. Kani maarpeimsiBaib
nactasitHHai TIMIepaTtypy rasy, TO 3MSIHIUSHHE sro
a6’émy npbl BpusHHi BiHTa 3 nausrHe 3a caboil naBe- A
JIiUsHHE 1liCKy, i HaaJBapoT, napesiusHHe a0’éMmy Mpbi- Ti<T
BsA3€ Ja NaMsHLISHHS wicKy. AnHak 3pabwitak pV
3acraenyia nactrasiiabiM: pV =const. Ty

[padik Takora npauscy y kaapabiHatax (p, V)
ysiyssie caboil rinep6any (pbic. 17). Y ¢isiubl raty T
KPBIBYIO Ha3bIBalOUb i3amapmati. Po3HbIM 3HAUIHHSM
TaMIepaTypbl  aaNaBsialolb  PO3HbIS  i3aTIPMBbI.

. VRT ,
3ronHa 3 ypayHeHHeM CTaHy p=7 JUIs ajHaro i Peic. 17
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tTaro K a6G’éMmy ragy, ubiM OOJbLIbl 1iCK, TbIM BbILLISMLIAsT SIrO T3 MIepaTtypa
(ra. poic. 17).

Jlocnenpl makasadi, TO p3ajbHblf Tadbl MaanapajkoyBaola 3akony boiig—
Mapbléta ThiM 60JbILI JaKJIaAHA, YbIM MeHLIas iX wyblibHaclpb. [1pbl 3HauHbIM Na-
BEJIIYSHHI LIICKYy I'3Thl 3aKOH HE BbIKOHBAeLLA.

[3aTapmiuHbl Mpaise MoXKHa ayocTpaBalb iy kaapabiHatax (p, T) i (V, T).
3pabille rara camacroiHa.

I3a6apubl npauyac. [lpansc 3MsiHeHHsI CTaHy rady Mpbl MacTasiHHbIM ICKY
(p=const) HazbiBawolb i3abapHbim. YnepuibiHio éH Obly pasriempkanbl y 1802 .
¢dpanuysckim BydonbiM JKozedam Iedi-Jliocakam (1778—1850). Kani npel nepa-
Xo/i3e 3 MayaTkKoBara CTaHy Y KaH4aTKOBbl Maca i MaJjisipHasi Maca rasy He 3MsiHsI-
olna, To ab’ém ragy, sk BbliHikKae 3 ypayHeHHs Kuaneifipona— Mennssiie-
eBa (5.3):

Vzm—A]fIT abo V:ﬁT, r. 3. V =const T. (5.5)

p p

Takim ublHam, i3aGapHbl Mpaisc y ia2albHbIM ra3e amicBarolb 3aKOHaM, 3rojHa
3 sKiMm a6’ém nmap3eHad mMachl ra3dy Npbl NacTasiHHbIX MaJjsipHal mace i WicKy
npamMa npanapupisiHaibHbl abcajoTHaii Tamnepartypbl. [lpaynsiBacub 3akoHa
[eii-JTrocaka MoxKHA NpaBepblllb KCIepbIMEHTaNbHA, BbIKApbICTAYLIbl YCTAHOYKY,
aJyIiocTpaBaHyio Ha peicyHKy 18. Bankacup y nacyngine 3Haxozgiuua y 1ienaBoi
payHaBade 3 ToHKall TpyOKa#, 3anoyHeHall naBeTpam, sikoe 3aKpbiTa CJAYNKOM aJeto.
[Ipbl naBesiiusHHI TAMMEpaTypbl Bajkacli ab’éM naperpa, LITO 3HAXoj3ila y Tpyo-
bl Maj CJAYMKOM aJjielo, y3pactae, a Mpbl MaHDKIHHI TIMIIE-
patypbl — 3MsiHIIaewla.

[Takosbki V ~ T, 10 § kaapueiHarax (V, T) rpadik izabap-
Hara Tnpauscy /s igsajabHara ragy ysayjse cabol npamylo
JIiHil0, npausr sKOW npaxondilub Mnpa3 nayatak KaapAblHAT
(peic. 19). Isty sinilo HaswiBaloup i3abapatii. [3abapa paaiib-
Hara ragy He MoxKa Obllb MpaldrHyTa J1a HyJsiBOra 3HauHHS
TaMrepaTypbl (Ha rpadiky MyHKI{ipHasi JiiHis1), Tamy LITO Tpbl
Hi3KIX TaMIepaTypax yce rasdbl MavblHalolb iCTOTHA aJpO3Hi-
Balllla aj Majasqi “inzajnbHbl raz” i npbl gajellibiM MnaHi-
JK9HHI TaMMepaTypbl MepaTBaparollia ¥ Baakaclli. ¥ aiHbIX i

ThiX ka KaapabiHatax (V, T) moxkHa mnaOynaBallb HeKaJbKi
izabap, skig Oyayub ajanaBsfaallb PO3HbIM LicKaM Jaji3eHail
Peic. 18 Machl igsajbHara rasy Ipbl HA3MeHHall MaJsspHa#l Mace.
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. : mR ., VA
Awnanis rpadikay (ria. poic. 19) i cyapHocinbl V:p_M 1< po
JasBajisie 3pabillb BbIBAM, WITO OOJblIAMY LICKY p al- pi

naBpsijae MeHIUIbl Haxisl i3ab6apbl ga Boci Tamneparyp 7.

[3aGapHbl nmpausc MoxKHA aajocTpaBallb i § Ka- / P2
apabinarax (p, V) i (p, T). 3pabiue rsta cama-
CTOMHA.

)\

Pbic. 19

o YpayHeHHe (5.5) i3abapHara npauscy MOXHa 3amicaub y iHWbIM BbimAa3e. Haxaih pa-
A3eHas maca ifdanbHara rasy npel uicky p i Tamnepatypbl T, =273,15 K 3aiimae HekaTo-
pbl a6’ém V. YpayHeHHe cTaHy rasy s ratara BbiNagky mae BbIMisAf

Vb m
P _Mp.
I, M
byn3zem niybiLb, WTO ra3 izabapHa Harpani ga Tamnepatypel T =273,15+t, O3e t —

. . pV/ m
Tamnepatypa na wkane Lanbcia. [na ratara ctaHy MoxHa 3anicalb T=ﬁR' Macna cy-

. W V
nacTayieHHA A3BIOX POYHAcLen npbiIXOA3iM [a BbiBagy, WTO T_0=? Tagpl

0
V=Vl 1+ ! t.
273,15

= o, AKas 3'Aynseula nactasHHail BeniyblHEN AN YCix paspagmaHbix

ApHOCiHY

’

rasay, HasblBalolb mamnepamypHsiM (M3pMiyHbIM) Ka3giysleHmam ab'éMHaea pactublpIHHs
rasy npbl MacTasHHbIM LicKy, AKi xapaKTapbi3ye afiHOCHae MaBefiy3HHe ab’'EMy rasy npbl
3MAHEHHi Aro TaMnepatypsl Ha af3iH rpagyc. KasdiusieHt oo BbiMapatous y KL 3 ynikam
ratara ypayHeHHe i3abapHara npauascy Oya3e Meupb BbIMAL

V = Vy(1 + at).
Sk 6ayHa 3 anowHsA CyafHOCiHbI, ab’'éM faf3eHail Macbl rasy npbl NacTasHHbIM LicKy
NiHeliHa y3pacTae 3 pocTam T3MnepaTypsl.

I3axopHbl npausc. [Ipaisc 3MsaHeHHs1 cTaHy ragy npbl nacrasHHbiM ab’éme

(V =const) HasbiBatoLb i3axopHoim. YrepiibiHio éH Obly pasriempkatbl ¥ 1787 r.
¢paniysckiMm BydonbiMm Kakam [Hapaem (1746—1823). Kani npel nepaxonse
3 mayartkoBara CTaHy y KaHYaTKOBbI Maca i MaJjisipHasi Maca rasy He 3MsHSIOLLA,
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TO WLiCK Trasy, siKk BbiHiKae 3 ypayHenHsi Knaneiipona— Mennzsiieesa (5.3):

pzm—RT a6o pzﬁT, r. sn. p=const T. (5.6)
VM vV

Taxim ubiHaM, i3aXOpHbI MpalsdC Yy iAvajbHbIM rase amicBalollb 3aKOHAM, 3rojHa
3 sKiM LicK man3eHaid mMachl ra3y Npbl NacTasiHHbIX MaJjsipHaii mace i a6’'éme
npaMa mnpanapubisiHajdbHbl abcanioTHal Tamnepatypbl. [IpaynziBaciupb 3akoHa
[lapJst MO2KHA MpaBepblllb KCIEPbIMEHTANbHA, BbIKapblCTayllbl YCTAHOYKY, ajlto-
crpaBanyio Ha pbicyHky 20. Kosba 3 maBerpam, 3JjydaHasi 3 MaHoMeTpam, 3HAxXo-
Jgilla ¥ ouensaBoil payHaBade 3 Bajkacliio Vv nacyagine. [lpbl naBesiusnui Tamre-
patypbl Bajkaclli Lick naseTpa y Kosibe y3pacrae, a npbl MaHiK3HHI TIMIEpaTyphl
LiCK MaBeTpa 3MsiHLIaeLla.

Y kaapabinatax (p, T) rpadik izaxopHara mpauscy ajs igsajabHara rasy,
Maca i maJisipHasi Maca sikora nacrasiHHblsl, ysiysisie caboil rpamyto JiiHilo, npausr
SIKOH Mpaxoisillb Mpas mnadatak KaapiabiHaT (pbic. 21). [3Ty qinilo HazbiBalolb
izaxopa.

SIk i ¥ BbInajky izabapHara mnpauacy, i3axopa paJjibHara rasy He Moxka Obllib
npausirHyTa Ja HyJsiBora 3HausHHSI TIMIepaTypbl. [3axopy MoxkHA ajyilocTpaBallb i
y kaapapiHatax (p, V)i (V, T). 3pabiue rata camacroiita.

PA
V1 < VQ
Vi

Vs

@)
A\

Pbic. 20 Pbic. 21

Y amHbIX i ThIX »ka KaapjablHatax (p, T) moxkHa nabypaBallb HeKaJbKi i3axop,
SKisl aanaBsjatollb po3HbIM ab’émam JlajideHall Machl rady Mpbl HI3MeHHAH MaJisip-
Hail mace. AHasis cyaaHocin (5.6) nakaspae, mrto GoJibliamy a6’émy V' aanassiiae
MeHIIbl HaxiJl i3axopbl ga Boci Tamnepatyp T (rai. peic. 21).

o Kani Tamnepatypy t BeiMApaup na wkane Lanecis, To p=p,(1+7t), A3e py — uick
rasy npul TaMnepatypel t, =0°C, Y — T3MnepaTypHbl KasdilpleHT LicKy, Aki ana ycix pas-

p3MKaHbIX razay Y= KL

273,15
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‘/ 1. Tlpbl macrasHHbIX Mace i MaJsipHall Mace iaaJjbHara ragy ajHociHa
31a0bITKy 1icKy rasy i sro a6’émy jga abcasioTHal TaMmepaTypbl 3’syJsieria
BeJIiUbIHEN MacTasiHHail (ypayHeHHe CTaHy ipajbHara rasy):

ﬂ:const, pV:ERT.
T M

2. ljck nansenail Machl insajbHara ragy mpbl NacTasHHbIX MaJjsipHai Mace
i ToMnepatypbl aiBapoTHa TpanapubisiHaibHbl a6’émy rasy (isaTspMiuHbl npa-
13C):

_ const
T
3. AG’ém JnanseHail Machbl invajbHara rady Npbl MacTasiHHbIX MaJisipHai
Mace i Llicky npama npanapuplsiHajibHbl adcanoTHail TaMmnepaTypbl (i3abapHbl
npausc):
V=const T.
4. Iick nanzeHail machl inzajbHara rady Mnpbl nactasiHHbIX MaJisipHaid mMace
i a6’éme mpama mnpanapibisiHaJdbHbl a0ca/ioTHAl TIMMepaTypbl (i3aXOpHbI
npauasc):
p=const T.

L 1. Wvo Ha3blBalOLUb ypayHEHHeM CTaHy if3anbHara rasy? Ak 3Bf3aHbl nMapaMmeTpsl if3-
anbHara rasy y Aaf3eHblM ypayHeHHi?
2. Sk 3BA3aHbl Lick i ab’'€m igdanbHara rasy npbl i3aTapMivyHbIM Npauace?
3. Ak 3BA3aHbl a0'ém i TaMnepaTypa if3anbHara rasy npbl i3abapHbiM npayace?
4. flk 3BA3aHbl LicK i TamnepaTypa if3anbHara rasy npbl i3axopHbIM npauace?
5. Mpbl AKix yMmoBax npaya3iBbl KOXHbI 3 3aKOHAy Ans i3anpauscay y p3ajbHbiM rase?
6*. flkoe naBeTpa 6Gonbl UAXKKae — cyxoe abo BinbroTHae (Mpbl agHONbKABLIX TaMMe-
patypbl i Uicky)?

Mpbiknaabl pawsHHA 3apay

Mpbiknag 1. Y a3Blox nacyaginax ymsimmdanbhaciio V=20 a1 i Vo= 30 a1 3na-
XOI3s1llla XiMiuHa He p3aryloubls ilsajbHbidg rasbl, Lick skix p;=1,0 MIla i
p2=0,40 MIla annaBenna. Beignauile wick y macyaginax macis taro, siK ix 3Jjy-
ublli TOHKal kKapoTkail TpyOkail. Tsmnepatypa rasay mnepaj 3JiyusHHeM i racJs
3JIyusHHSI TacyA3iH ajHoJbKaBasl.
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JlanseHa:

V=20 1=2,0-107% m®
Vo=30.1=3,0-10"2 m*
p1=1,0MIla=1,0-10° Ia
po=0,40 MITa=4,0-10° Ia
T'=const

Pawsune. Llick cymeci razay poyHbl cyme
napubisiHaJdbHbIX — UicKay (3akon J[asbrana):
P =pi+ps.

3Hol/A3eM Napubld/bHbIS LicKi rasay nacss
3Jy4sHHsl mnacynasin. [lakosbki Tamnepatypa i
Machl rasay He 3MsHsIIOLLA, TO NaYaTKOBbl i KaH-
UATKOBbI CTaHbl KOXKHAra 3 rasay 3Bsi3aHbl 3aKO-
Ham Boins—Mapoiéra, 1. 3H. p V) = p/(V|+V5),

p— 7

poVo = po (Vi +V,). Anctosib nmapublsiibHbIsl LiCKi razay macss 3JyuysHHs NacyusdiH
%
I ’ é:m. Takim ublHaAM, p=M.
i+ i+V, Vi+1s
e 1,0-10° Ma-2,0-107 m* +4,0-10° [1a-3,0-107 v’
2,0-10% M* +3,0-1072 m®
Ankas: p=0,64 MIla.

aanaeejHa: p| =

=6,4-10°I1a=0,64 MIla.

Mpbiknan 2. basnon 3 razawm, ick sikora p;=2,84 Mlla, snaxongiycs § Hearten-
JIeHbIM TamsillKaHHi, 13e Tamnepatypa nasetpa f;=7 °C. [lacns Taro sik Hekaro-
past KoJibKacllb ragy Obljia 3pacxojiaBaHa, OaJioH yHeC/i V nmamsllKaHHe, J3€ TIM-
nepatypa nasetpa fy=27 °C. Bridnaule, sikasi yacTtka ragdy Obl1a 3pacxojaBaHa,
KaJsli nacjisi npaugsirjara 3Haxo/pkaHHsi OajioHa Y namsiliKaHHi IicK ragy y im
cray po=1,52 MIla.

JlanszeHna: Pawsnue. Kani ne npeimaip nan ysary uer-
p1=2,84 MIMa=284-10° Ia| nasoe paciibipsHHe 6ajioHa, TO §Aro ymsiidasib-
T,=280 K Haclp He 3MsHsela. 3animam ypayHeHHe Knanefi-
To =300 K poHa— MemgsiieeBa Jyisi auatkoBara i KaH4aTko-
pe=1,52 MITa=1,52-10° [1a| Bara cranay rasy, najiublyiubl SIr0 iI5aIbHbIM:
m my pVM
V="IRT, pV="2RT,, ankyab m, =1—
memy b o P2 TR Y 1 RT,
my _pVM
RT,
‘/M(pl_sz
m —
Tanb Mo RAT T =1—p2Tl.
m VMp, pl
RT,
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my —m _1_1,52-106 Ia - 280K

m, 2,84 -10°TTa - 300K

0,50.

Ankaas: mm 0,50.
m

Mpoikaan 3. Ha peicynky 22 npbiBendeHbl rpadik
npauscy 3MsiHeHHs cTaHy HeKaTopail machl ilsajbHara 3 2
ragy. Sk amsiHsilicsi napameTpbl rasy Ha yyactkax [ — 2,

2—3, 3—1? Anmoctpyiilie T3Thl NpalsC y KaapjbiHa-
tax (p, V)i(p, T). -

@)
A 4

Pawsune. Ha yuactky [ — 2 a6’ém ragy npama
npanapupisiHa/bHbl TIMIEpaTypbl. 3Haublllb, Npausc mne- Peic. 22
paxofy ragy ca crany [ y cran 2 3’siysisieniua isaGapHbiM.
3 rpadika 6auna, 1iTo y craHe 2 Tamnepatypa i ab’€m ragy OOJbllbisl, YbIM y CTa-
He /. 3Haublllp, y npaiace i3abapHara pacllblpIHHSI HeKaTopai Machl ragy ca cra-
Hy [ y cran 2 Tamnepartypa i ab’ém rasy napsuiiubliicsi. [3Ta MoxkHa 3anicalbh Takim
UblHAM:

nepaxon I —2: p=const, VT, T =
anbbiBaelllla i3abapHae HarpaBaHHe rasy.

Y mpaiace nepaxody ragy ca cra”y 2 y ctaH 3 3acTaella nactasiHHbIM ab’ém
(mpaisc i3axopHbl), a TaMIepaTypa rady 3msiHinaena. Henacpsana 3 rpacgika ne
6auHa, 1ITO Gyn3e anObIBalllla 3 1ickaM raay, aje 3 cyajHociHbl (5.6) BbHiKae, 1ITO
Npbl i3aXOPHBIM axaJa/K3HHI 11icK rady 3MsiHIIaela npanaplipisiHajbHa Sro TIM-
nepartypbl. Tamy MorkHa 3ariicallp:

nepaxon 2 — 3: V=const, T, pi =
anbblBaelllla i3axopHae axasaKdHHe rasy.

[Ipausc nmepaxony ragy ca crany 8 y cran | — i3aTspmiunbl. [Ipbl raThiM
a6’ém ragy 3MsHIIaella, Wro 1grue 3a cabol, 3roaHa 3 3akoHam bofis—Mapbi-
éTa, naBeJliusHHE LICKYy rasy:

nepaxop 3 — [: T = const, Vi, pT =
anOblBaellla i3aTapMiuHae CLiCKaHHEe Trasy.

Ha naacraBe 3poOJieHbIX BbIBajiay aylloCTpyeM yce Tpbl MpalsChl Y Kaapibli-
narax (p, V)i (p, T) (pwic. 23, a, 0).
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a p p = const 6 p p = const
| 9 | VIT1 2
V = const ;T TCO“St
T = const Tipt P _ V = const
Vipt 3 773 Tipl
0 v 0 T
Pbic. 23

[IpakTbikaBaHHe 4

1. BrigHaulle KoJbKaciib MoJIeH if3asbHara rasy, siki 3Haxojgiuua y nacyjagiHe
ymsuanbHaciio V=480 cM® npbl HAPMANLHEIX YMOBAX.

2. VY nacyagine ymsuganbHacuio V=20 g 3Haxoassdua Kicaapoja macai
m;=4,0 r i asor macail my=7,0 r. BeidHaulle 1ick cymeci rasay, kaji sie TaMre-
patypa T=300 K.

3. Dbason ywmsimuasbHacuio V=15 s, jn3e 3Haxoxzilyia ras, IicK sikora
p1=2,0-10°ITa, anyubini 3 mycTbiM GanoHaM ymsiuanbHaciio Ve=5,0 /1. Bbisuau-
e LicK ragy macjs Ttaro, siKk y 0ajioHax ycTaJjsiBajacsi Tamreparypa, WITo Oblia §
nepibiM HasoHe.

4.Tlpbl i3abapHbIM NaBesiu3HHI TAIMMEpPATYphl ifAajsbHara rasy, ki 3Haxo/3ill-
a § repMmeTbiuHa 3akpbIThiM LbWIiHAPLL, Ha AT=60,0 K aro a6’ém nassiiubiycs
y B=1,21 pasa. BoigHaulle nauatkoByio TaMIepartypy rasy.

5. Amioctpyiitie rpadiuna npaisc isabapHara axasapKsHHs M3yHai Machbl 13-
anbHara rasy y kaapaeinarax (p, T); (V, T); (V, p).

6. [mvanbubl ra3 nsyHai machl crniayatky izabapHa paclublpblli, a 3aTbiM i3a-
THPMiuHA CLCHYJI Ja nepuianauatkoBara a6’émy. Anjoctpyiilie rpadiuHa raTbis
npauscol y kaapapinatax (V, T); (p, V).

7. Ha poicynky 24 npbiBensenbl rpadik 3MsiHeHHs
PA cTaHy msyHal machkl inzanbhara ragy. (Ilepaxox 3—1
aXblLLSYJAsella Mpbl  nactasHHai TaMOepaTyphbl.)
Ajoctpyiitie rpadiuHa T3Thl Mpausc y KaapjbiHa-
tax (T, V)i (p, 7).

2 > 3 8. Asor, a6’ém sikora V,=2,9 m>, Tammepatypa
0 v Ty=293 K i nick p;=2,0-10° Ia, nepapsii y pajxi
crad. Boisnauie a6’ém, siki 3afimae BajKi asoT, KaJi
Poic. 24
r
Aro 1ublibHacub P =0,86 —-
cM
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9. Ilpbl Tamneparypnl 1= —3,0 °C maHomeTp Ha GajioHe ca CLICHYTbIM Kic/a-
pogam nakaspay wick p;=1,8-10° Tla, a npul Tamneparypnl fo=27 °C — wick
po=2,0-10° ITa. Beiguaune, i GbLia yleuka rasy 3 GasoHa.

10%*. [npanbHbl ras, uick sikora p;=4,0- 10° Ia, zarimay a6’ém V=2,0 n1. Cna-
yaTKy raa izatspmiyna pacubipbuii ga a6’émy Vo=8,0 J1, a 3aTbiM i3axopHa HarpaJi,
y BbIHIKy 4yaro §iro Tamrepatypa napsiliubliacs ¥ Tpbl pasbl. BbidHauue LicK rasy ¥
KaHLbl MpalaCcy, Kaji Mmpbl nepaxojse 3 rnayaTkoBara CTaHy ¥ KaHUaTKOBBI Maca rasy
3acraBasacs nacrasiHHap.

§ 6. bypoBa i ynacuiBacui uBEpAbIX uen

Y naycadszénnoin acolyyi mol Aiubim YeEPALIM At000OE yera, Koe 3axoysae
Gopmy i ab’ém npor adcymuacyi 3HewHix y3oseannay. Hanpoikaad, mol aivoim
usepaduimi yeaol, solpabarenvla 3 memanray, niacmmacel, 160y, wkaa. 1leépdois
yeaol 03eadaub Ha 038e epynel, AKi a0pO3HIBAIOUUA NA CBAIX YAACUIBACUAX:
Kpoliumaniunols i amopdrols. a KpolulmanivHolx yea adHOCAUb MiHepaaol,
HANnpolkaad nasapanyilo corb, meouol kynapsac (cyavgpam medsi(ll)), ksapy,
COpHBL XpYcmanw, i memanvl y ysépooim cmare; 0a amop@dHolLx yes — anaan,
abcidvlan, sbanim, cypey4, WKA0, PO3HbLA NAACMMACHL, CMOAbL (8ap, KAHI-
Gore, anwmap) i iHw. Y ublm a0pO3HEHHe NAMINC KPOLULMAAIYHbIMI [ anopgd-
HoLMI yeépdoini yeaami?

KpbiwTtani. Kpoiuumanami HasbiBaollb TakKis UBEPIAbIS 1eJbl, aTaMbl, iOHbI
ab0o MaJsieKyJbl fIKiX BBIKOHBAlOLb LEMJaBblsd BaraHHi KaJs ToYHBIX, yrnapajaka-
BaHbIX y TpacTopbl CTaHOBilluay payHaBari. YynapajakaBaHae pa3MmsilludHHE
yaclil uBépaara KpolrajaiyHara uesna abymoyJiBae fro mnpaBiJibHYIO TeaMeT-
pbiuHyto (hopMy, y BBIHIKY Uaro MaBepxXHs KPHILITa/As yTBOpaHa MJOCKiMi Tpa-
Hami (psic. 25).

Pbic. 25
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Hacujupl KpbilTans YTpeiMJiBatolia Ha NoyHAW ycspaHeHal ajjieryacui ajaHa
an npyroit (~ 0,1 um) cinami mikaramHara i MixkmasiekyJsisipHara y3aemaasesiHHsi.
Hsrsienssiubl Ha LenJiaBbisi BaraHHi, siHbl YTBapatolb ylapajlkaBaHylo MpacTopaBylo
CTPYKTYpy, reamMeTpbluHail BbIiBAl SKOH 3’sy/sielllia KpblliTajiuyHas paioTtka. Bys-
Jibl KpbILUTAJAi4HAl palIOTKi — TI3Ta CTAHOBIilUYbl YCTOHJIBAH payHaBari BaraJbHbIX
yacuii (ioHay, atamay a6o Masiekys), 3 sIKiX CKJajaelllla KpbiiTaib. AcHoBail Oy-
JIOBbI KpbilITassl 3'stysisielilla TaK 3BaHasi 3JeMeHTapHasi KpblliTajiuyHas susika —
MHararpaHHik HauMeHIbIX amepay, nacjsiloyHblM MepaHocaM siKora pasam 3 vac-
ujlami, 1ITO 3HAXOA3SLA YHYTPbI I'yTara MHararpaHfika, MoxkHa nabyjaBallb YBech
KpblliTadb. Ha peicyHky 26 nakazaHbl camblsi TPOCTbISI 3JeMEHTAPHbIS SUIHKi: Ky-
OiuHbIst (@ — TpbIMiTHIYHAs, 6 — a6’éMHa-UPHTPaBaHasi, 8 — TpaHelHTpaBa-
Hast) i rekcaraHaJjibHasi rpbiama (e).

| \\
o1 o

Pbic. 26

Y KpbllWTa/MiYHbIX LeJax ynapajkaBaHae pa3msilllusHHe vacliil, nayrapaeliila Ba
Ycim ab’éme KpblliTags, Tamy raBopallb, LWITO Y KpbllTaji icHye daaéki napadax
Yy PasMSIILIUoHHI YacljLl.

Y zajiexkHaclli aj Biy uyacuil, 3 sIKiX CKJajaeuua KpblliTasjb, i aj Xapakrapy
CiJl y3aemaji3esiHHA MaMiXK iMi aApO3HiBalOlb YaTbIPbl ACHOYHDIS ThIMbl KPbLILLTAJEY:
[OHHbLA, AMAaMHbLL, MEMAAIUHbLA | MAAeKYAAPHbLL. Y BysJax iOHHAW KpblliTa-
JiUHAW palloTKi pa3MellyaHbl JaaTHa i aIMOYHA 3apajpKaHbisl iOHbI, sIKisl 3BSI3aHbI
namixk ca®oil ssexrpacTatbluHbiMi cijiami. ThlTOBBIM TNpbIKJIaJaM iOHHAra KpbilITa-
Js1 3’ayJasenua KpblinTanb naBapaHail coui (xnapeity Hatpbiio NaCl) (pbic. 27).
Kpoitirani 3 ioHHall paioTka# Tyramjaykisi i Bajofaiollb BbICOKAaH LBEPAACLIO.

Y ByaJjax aramHai KpbllITajiyHad palloTKi 3Haxoa3sila HeHTpaJibHblsl aTambl.
CyBsi3b nMamixk aTamami axbllLSY/Isella JIeKTPOHHbIMI MapamMi — Ta ajHbIM Ba-
JIEHTHBIM 3JIEKTPOHE aj KoxkHara arama. [IpblkianaM aTaMHbIX KpbILITAAEy 3’syisi-
ota anmas i rpadit. [5Thisi KpbllTai ToecHblsl na XiMiuHail Npblpoade (siHbl CKJa-
Jawola 3 atamay BYIJIsipoiy), aje ajaposHiBaiouua na cBaéii Oynose (pbic. 28).
[5Ta icrotHa yrubiBae Ha iX yJacuiBacii: anmad — UBEPAbI MiHepasa (IJ1. pbic. 28, a),
a rpadit — HaamBapoT, MsKKi i Kpokxi (rs. peic. 28, 0).
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Y ByaJax KpbllUTasiyHall pauloTKi mera-
Jlay 3HaxXON3sIllA JafaTHbIS iOHbI, HaNpPbIK-
Jan, nanodito Po (pwic. 26, a), xanesa Fe
(pwic. 26, 6), cepabpa Ag (pwic. 26, 8),
maruito Mg (poic. 26, e). Ilamix ioHami,
sIKisl Bararollla aJHOCHA CTaHay YCTOWJiBak
payHaBari, OecrnepanblHHA pyxamlllla cBa-
OOIHBIS 3JE€KTPOHHI. Pbic. 27

Y Byasnax MaJsieKyJsipHbIX KPbIITaJiuHbIX
palIoTak 3Haxonssila MasiekyJsbl. Bosbliacip NMpocThbiX payublBay HemeTanay y LBEp-
JbIM cTaHe, Hanpbikaan én lo (puic. 29, a), Bapapon Ho, kicnapon O, i ix 3/ydsH-
HAY angdiH 3 agHbM, Hanpeikiaan Jéx HoO (puic. 29, 6), a Takcama mpakTblyHa yce
UBEP/bIS apraHiuHblsl p34bIBbl YTBApatoOllb MaJseKyJsipHbIs KpbILITaJ.

a a
&?
6
(&) Q.. 5
o8,
@7 5gd
[1*2 Q9
Peic. 28 Peic. 29

LIBépapisi 1enbl, AKig Maolb Ba yciM ab’éMme angiHylo KpbllITa/iuHyl0 palioT-
Ky, Ha3blBAIOUb MOHAKpblimanami. I3ra andiHnkaBblsi KpbllITaJi, siKis MOIyllb Mellb
JIaBOJIi 3HAUHBIA TaMephl (CycTpakarolllla KpbllliTaldi ropHara xpycrasio, namepbl
SIKiX CyBbIMEpHbIsI 3 pocTaM uajaBeka). MHorisi UBEp/bIs 1lesbl CKAagaoula 3 Bsi-
JliKall KoJibKacli MaJieHbKiX KpbllITaaEy, WTo 3paciicsi namik caboil. Takis upép-
JIbIfl 11eJIbl HA3bIBAOUb NnOAiKpoluimanami. Bel cami Moxkalle § gamaliHix ymMoBax
BbIpaciiilb MoHakphbiitani (poic. 30, a) i nosikpeitani (poic. 30, 6) mMenHara Ky-
napsacy (cyabdary mengi(ll) CuSOy).

XapakrapHail acab.iBaclllo MOHAKPBILITANEY 3'stysisieliia ix aHisarpanis, r. 3H.
3ajiexkHaclb (i3iuHbIX yJaciliBaciieil (MexaH{uHbIX, LEMNJaBbiX, IJEKTPbIUHBIX, af-
TBIYHBIX) aji HanpaMmKy. AHizaTparnisi MOHaKpbILITAIEY abymoysieHa y3aeMa3esiHHeM
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yacuill i ix ynapaakaBaHbiM pasmsitiusHHeM. Ha peicynky 31 nakasaua, wro anu-
Jerjacii naMmipk aTamHbIMi MJOCKacUsgMi § KpbilTajai HeaaHoJbKaBbis (d| < ds).
Tamy, y npeiBaTHacui, ajaposHiBaiilia Oyayllb i MOAyJi Cijl, HeaOXOAHbIX AJIs STO0
paspbiBy (F; > Fy).

’ | ¥

Pbic. 30 Pbic. 31

Y azposHeHHe aji MOHAKPBIITAAEY MOJIKPbILITANI i3aTPOIHbIS, I. 3H. iX yJacli-
Baclli aHOJIbKABbIsl Ma Ycix Hampamkax. [3Ta BbIHIK Taro, 1ITO MOJIKPbILTAAb CKJa-
Jlaella 3 BsJIiKak KOJbKACI XaaThbliHA apbleHTaBaHbIX MaJICHbKIX MOHAKPBILITAJEY.

AmopdHbia uenbl. Auvopprer cman (ax rpsu. amorphous — 6Gsichopmen-
Hbl) — UBEP/BI HEKPBILITAM{UHbl CTAH P34YbIBA, §IKi Xapakrapbidyella i3aTpanisii
yJacuiBacuei i aacyTHacuro MsyHal Tsmnepatypbl niaysaeHHs. [Ipbl naBbllLIoHHI
TIMIEpaTypbl amopdHae p3ublBa pasMmsikuaellla i macTynoBa nepaxoisillb ¥ BajKi

cTaH. ¥ amMopHbIM CTaHe aJCyTHiuae CTPOTi nmapagak y pas-
a MSANIY5HHI aTtamay i masekysa. Ha pwicyHky 32 cxemarbiuHa
nakazaHa OyjoBa KpbllITajgiuHara kpapiuy (peic. 32, a) i
amopcHara KBapity (peic. 32, 6). AMopdHbl ctan — 6sicop-
MeHHbI CTaH ca cjaba BbisgyJeHal usgKydacio. AMopgHbIs
LeJIbl Ha3bIBAWOIb Mepaaxano/KaHbIMi BaJKaCUsIMi, MaKOJbKi
y iX, 9K i ¥ BajkacLeHl, icHye ToJibKi OJIKHI napajak pasmsii-
YHHS YacLiLl.

AMopdHBIS 11e/Ibl TIPBI T3YHBIX YMOBAX MOTYIb KpbILITa-
JizaBauua. llykap-nscox 3’ayssieniia KpblITaaiuHbIM 1I€JaM.
Kani dro pacniagilp, To, 3acThiBaioubl, €H meparBapaelia y
Npa3pbICThl LIKJA0NAA00HbI JieJ3sHell, sKi 3’say/senua amopd-
HbIM LlesiaM. [Ipa3 HekaTopbl npamerkak yacy JieassiHell 3a-
LyKpoyBaella, I. 3H. 3HOy poOilla KpPbILITAJiUHbIM.

[Ipbl ckapacusix axajaJpKsHHS, $IKis TepaBbllliaiollb
MiJIbEH Tpajycay y CeKyHJy, ylajocsi aTpbiMallb aMOpQHbIs

Pbic. 32
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MeTaJliuHblsl CIJIaBbl — IIKJA0NAA00HbIs MeTaJjbl. AMOpPQHbI MeTas Hai3Bbluail
UBEP/AbI 1 TpbiBaJbl. JIro BbIKApbICTOYBAOLb Y sIKACLi p3xKydyara iHCTpyMeHTA.
En Basonae BbICOKIMi MarHiTHbIMI ysiacuiBacusMi, Tamy 3°syiisiellia He3aMeHHbIM
npbl Bbipabe MarHiTHbIX rajioBak Juisi ryka- i Bigsasamicy. Akpamsi Taro, aMmopgHbisi
MeTaJ/ibl BaJoJalollb BbICOKAH aHTbIKapasiiHak yCTOHJiBaCLIO.

\/ 1. LIBépabisi Lesibl [3€Jisillb HA JI3Be TPyMbl, SIKi ajpo3HiBaiolllla Mna cBaix
yJaciiBaclsgx: KpbITaA{YHbls i aMOPhHbIS.

2. Arambl, ionbl a60 MaJieKyJsibl § LUBEPAbIX KPBILITAJ{YHBIX LieJax 3/3s1i-
CHSAIOLb LeIJIaBbld BaraHHi KaJs M3YHbIX, YIapalkaBaHbIX y MPacTopbl CTaHO-
Billluay payHaBari.

3. MoHakpbllTa/aiuHbIM 1leJ1aM yJaclliBa aHizaTparisi, I. 3H. 3aJexKHacllb
(hisiunbIX ysacuiBacied an Hampamky. [loJiKpbIliTasiuHbIs 11€JIbl i3aTPOIHbIS,
I. 3H. iX (i3iuHbIA YJaciiBacli ajHOJMbKaBbIsS Ma YCiX Hanpamkax.

4. AmopcHbl cTaH — UBEPAbl HEKPILITANIUHBl CTaH P34bIBa, Ki Xapak-
TapbI3yelllla i3aTpamnisil yJaciiiBacled i ajcyTHACLO M3YHAU TIMIepaTypbl
nJayJeHHs.

? 1. fAkia uensl HasbiBalLb LBEPALIMI?

2. fkia acabnisacui OyaoBbl KpblWTaNiYHbIX LBEPAbIX Len?

3. Y 4biM afipo3HEHHE NaMiX MOHA- i NOMIKpbIWTANAMi?

4. fkis Teinbl KpblWTAn&y Bbl Befaeue? YbiM fHbI agpo3HiBatouua af3iH af agHaro?

5. YbiM appo3HiBatoLLla acHOVHbIA (hi3iuHbla YnacuiBacyi KpblwTaniyHbIX i aMOpdHbIX Len?

§ 7. bypoBa i ynacuiBacyi BagKacuem.
lNaBepxHeBae HauAXK3IHHe

Capadusas adaeeracyo namise Marekyrami pausisa y sadkim cmare (polc.
33, a) MmeHw.aa 3a CAPIOHION a0Aeeracyb NAMINC MANEKYAAMI 2amaea I
padobiea §j eazanadobroim cmawne (poic. 33, 6). fIna poynas npoloaizna adnamy-
dsym doisimempam marekyrol. [5ma 6ad3e da maeo, wmo w4blibHACYb 8AO-
kacyi npobrizna § 10° pasoy nepasviwae wdbLbHACKL RADOL, AKAA
3Haxodsiyya Yy Odelnamiunatl payrasade 3 sadkacyro (Hacvlianas napa).
Hanpoikaad, wuslaoracyo sader npe. mamnepamypor 100 °C y 1,67-10° pasoy
boavulas 3a wubLAbHACYL HACLIMAHAL 8a03AHOU napel. ¥racyisacyi sadkacyell
sanrexncaysb Ak ad acabaisacyel pyxy marekyr, max i ad yszaemao3esHHs
namioc imi.
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Bajzsnas napa

Pbic. 33

bypoBa i ynacuiBacui BapgKacuel. Y jocsenax na pacceiBaHHi pIHTTe-
HayCKiX mpaMsiHéy Yy BaJKaclsaX BbIAYJeHbl OJIXKHI Mapajak y pasMsillysHHi
yacuil, (ra. poic. 33, a). ¥ aaposHeHHe aj UBEPAbIX lLiesa (pbic. 33, 8) y Baj-
Kaclsax yrnapajkaBaHacllb y pasMsalIY3HHI MaJieKyJs 3axoyBaellla TOJIbKi CAPOL
OJ1KIMIIBIX cycenssy (Ha ajjiersiacusix, poyHbIX HeKaJbKiM JibiiMeTpaM MmaJe-
KyJ) i crnasydaena 3 OecrieparblHHbIMI i XaaTblUHbIMI BaraHHsMi KaJis CTaHOB-
iuay paynasari. CsipsaHsis KiHeTblYHast SHEpPris BaraHHsY MaJjeKyJ/ Bbl3Hauae
TaMnepatypy Bajkacui. Masekysbl, §Kis aTpbiMaJi 1alaTKOBYIO 3HEPrilo Y Bbl-
HiKy CYTbIKHEHHSY 3 iHLIBIMI MaJsieKysaMi, MOrylb “repackoybilb” y HOBae cTa-
HoBilua payHasari. Takim ublHaM, OJi>KHI Napajak y BaJkKacli MacTasHHa Ma-
pyliaelia ¥ BbIHIKY LeMJaBora pyxy MaJekyJ i 3HOy yTBapaelLla cisami maJe-
KyJIspHara ysaeMan3esiHHs.

CyBbIMepHacCIb ajjeracii namizk MaJjiekyJjaami Bajkacli 3 iX yJacHbIMi mame-
pami i MarusiMacllb MaJieKyJ ajiHocHa cBabojHa mnepamsiyauua abymoyJiBarolb
yJjacuiBacli Baakaclieid. Baakacui, sik i UBEpabIs LeJbl, NPaKThlYHA HECLiCKAJbHbIA,
ajie siHbI 1SKYyubls, TaMy iX opMa BbiHauaellia dopMmail aj3eHan iM nacyjiziHbl.
Ha copmy Bazikacui ynubiBatolb 3HELIHisl Cislbl (HaNpbIKAaA, cijla LszKapy cymec-
Ha 3 cijlami p3akiipli JHA i ClleHaK Macyag3iHbl, y sIKOW 3HaXoA3illa BajKaclb) i Cifbl
naBepxHeBara HalsgKIHHS.

NaBepxHeBae Hauax3HHe. Pasriensim 3’s1Bbl, sKis ajOblBalollla Ha MsKbl Na-
Ji3eJly Bajikacli 3 naserpam abo 3 sie napai. CBaim y3HiKHeHHeM Tr3Tbisi 3'siBbl aba-
Bsi3aHbl acabJiiBbIM (Di3idHbIM yMOBaM, Y SIKiX 3HAXOJ3sIIA MaJieKyJbl MaBepxHeBa-
ra cjosi Bajkacli.

Y naBepxXHeBbIM CJIOi BajKacli npasyJ/sella HeckamIeHCaBaHacllb MaJleKyJisip-
HBIX CiJl TIpbIUsKIHHS. Ha camaii cripase, JitoGast MaJsieKyJ/a YHyTpbl Bajkaclii 3 ycix
0akoy akpy:KaHa CycelHiMi (aaHOJIbKABbIMi) MaJeKyjaaMi, J13esiHHe §IKiX y3aeMHa
KamreHcyeta (poic. 34). Tamy TyT ManeKyaspHbIs CiTbl MPBILTKIHHS YpayHaBaK-
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Baouua i payHaaledHass TITbIX CiJ poyHas
HyJto. [TakoJibKi KaHUIHTpalbls MaJieKy/ y Ta-
BeTpPbI (Mapbl) 3HAYHA MEHIIAsH, YblM Y BaJKaclli, A
TO payHajzeiiHast CiJ NPBILSKIHHA  KOXKHAK R3#0 +vRy#0
MaJleKyJibl MaBepxHeBara cJjos Ja MaJieKyJs rasy R =0

MeHIIas 33 PayHaA3eHHYIO Cial 1€ MPLILAKIHHSA
Jla MaJiekys Baakacui. TakiMm ublHaMm, payHaa3er- _
HbISl CiJl TIPBILS2KIHHA, sKisg JA3eHHiYalolub Ha
MaJieKyJibl [1aBepxHeBara cJosl, HakipaBaHbl
YHYTp Bajakacili. ¥ BbIHIKYy JA3€SIHHS T3IThIX CiJl Poic. 34

MaJieKyJibl MaBepxHeBara ¢Jos YUArearouua

YHYTP, KOJIbKAcCllb MaJieKyJs Ha MaBepxXHi MamsiHIIaellla i nJjollya naBepxHi Baf-
Kaclli ckapavaelua Ja nayHai BeJliyblHi.

Tayuubig naBepxHeBara cJiosi, y sIKiM NpasiyJisielilla HecKkaMreHcaBaHacllb Cil Ma-
JIEKyJIsipHara MpbILKIHHS, poyHas Mpbib/isHa pajiblycy cdepbl MaseKyJ/spHara a3esiH-
Hs (~1 HM). [lan y3ngesitiHem cist MpbILSKIHHS | ¥ BbIHIKY LIKydaclli Bajkacli Ha sie
NaBepxHi 3acraellla Takasg KOJbKaClb MaJieKyJ/, Ipbl KO I[JIolIYa NaBepXHi
MiHiMasbHas i JagzeHara ab’émy Baaxacui. [lpaisc ckapausHHs njomdbl na-
BEPXHi Ha TITHIM CIIbIHSELIA, BaIKacllb Mepaxof3illb y CTaH payHaBari. ¥ T3ThIM CTa-
HE CiJIbl TIPBILSKIHHA MaJsleKyJs MaBepXHeBara cJios, HakipaBaHbld VHYTp BaJKaclli,
ypayHaBaxKBalolllla cijlaMi aJllTypXBaHHs1, sIKisl Y3HIKJi Mpbl 30JiXK9HHI MaJsieKyJ1 Ta-
BepxHeBara ¢Josl 3 MaJsiekyJiami YHYTpbl BaJIKACL, BbIKJIIKAHBIM sle CLiCKaHHEM.

Ka6 nepamsicuilnb Masexkysay, pasMelidaHyio YHYTPbl BajKaclli, Ha MaBepXHIO
(maBsJTiuBIIL MJIONIYY MAaBepXHi Bajkacili), HeabxofHA BblKaHallb paboTy cymnpailb
Cil y3aeMa/i3esiHHs I3Tadl MaJieKyJibl 3 MaJjeKyJaMi NaBepxHeBara cJosi BaJKaclli.
3Haublllb, MaJseKyJbl, sKisi yTBapalolb MaBepxXHEBbl CJOH BajKacll, BaJojalolb 3a-
JULIHSIA MAaTIHUbISJIbHAK SHEPrisiil y napayHaHHi 3 MaJsieKyJami, LITO 3HAXOA3SIL1A
YHYTpbl Bajikacii. [3Ty sHeprito Ha3blBalOlb MaBepxHEBAH 3IHepPrisiid.

[TakosibKi maT3HIbIVIbHAS SHEPris LeJa (CcicTaMbl 1LeJ) y cTaHe yCToHJiBai
payHaBari MiHiMaJsibHasi, TO HasyHAclb NMaBepxHeBau sHeprii £, y Bajakacui aody-
MoyJiiBae sie iIMKHEHHe Jla cKapausHHS mJjoldbl S cBaéil maBepxui. PaGoty 3HelHix
CiJ1 ma naBeJsliYsHHI NJIOLIYbl NABEPXHI BAJKACLi HA aA3iHKY IUJIOLIYbI MPbl 3aXaBaHHI
a0’émy i TaMMepaTypbl BajKacili HI3MEHHbIMi Ha3bIBalOllb KaddiybleHmam nasepx-
Hesaea HauAMCIHHA G abo, KopaTKa, nasepxHesoim HaysancdnHem. 15ty disiunyio
CKaJISIPHYIO BeJIUBIHIO MOXKHA BBI3HAUBIb Ma (opmysie

o= Lo (7.1)
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MinimManbHylo mJondy naBepxHi Mpbl aji3eHbIM ab’éMe Matollb 1apanajoOHbis
uesbl. Hanpbikaan, kpomsi Bajkacli npbl cylakpaHaHHi 3JjiBatouua y aaty, dopma
SKOH ajpo3HiBaellla aj cdepbluHail TOJbKI 3-3a JI3esHHS CiJibl LsKApy i Ciibl p3-
aKubli anopbl. UblM MeHILbl pajblyc Kporuli, ThiM OOJbLIYIO POJIIO ajbllpbiBae Ia-
BEPXHEBAsl HEPrisl Y napayHaHHi 3 NaT3HUbISJIbHAK SHEPTisii KPoruli y rpaBiTallblii-
HbIM MoJi 3siMaii i ThiM GJIK9H opma Kporesib Bajkacli Ha anopbl 1a cgepbiu-
nHati. Tamy MmaJieHbKisi KporeJsbKi pachl Ha JicTax pac/ii HaOblBamolb (opmy,
6J1i3Kyto 1@ 1apananobHai (peic. 35).

Pasryienzim HacTynHbl jgoc/en. Anyciim KaJjblio 3 APOTY 3 NpbiBsidaHai ja
SIr0 HiTKal y MblibHbl pactBop. KoHTyp KaJjblua, BblHyTara 3 pacTBopy, 3alsr-
HYTbl MblJbHAW NJEHKAH, a HiTKa y €{ pa3Msiliuyaellla BblNaJKOBbIM YblHAM
(pbic. 36, a). Kani npakanoub niaénky 3 agHaro OOKy HiTKi, TO acTaTHsisl yacTka
MUIEHKI cKapallillua Tak, LITO IJIolua sie TaBepxHi cTaHe MiHiMasbHail (pbic. 36, 0).
Hitka yTpbiMsiBaenua y HaUATHYTbIM CTaHe cijami, fKif aTpbiMaJi Ha3By
CiA nagepxuwesaca HayfANCIHHA. SIHbl HaKipaBaHbl Na JaTblYHbIX Aa cBabOJL-
HbIX MaBepxHAY MAEHKI MeprneHablKYyJAsipHa Ja JiHii, sikasg abMsKoyBae TaTbisl
naBepxHi.

Pasrsiensim situus angdin pocsen. IlpamaByrodibHylo pamky 3 pyxomail nepa-
KJan3inail nay:kbiHéil [ anycuim y MblibHbl pactBop. [lacasi BeiManHsi pamki 3 pa-
cTBopy OaublM, LITO MepakJ/ajziHa rnepamsiiuyaenya, 60 MblibHas MJIEHKA IMKHeLl-
ua ckapauiupb nJjoudy cpaéil napepxHi. Kab® yTpbimaib nepaksaaginy ¥ payHa-

Base, Ja sie Tp30a npbikjaacli cily F. | sKas ypayHaBaxKblllb CiJbl NaBepxHeBara

3H?
HalSKIHHA, LWTO JA3€HHIYalolb HAa KOXKHAW 3 J3BIOX [MaBepPXHAY MJIEHKI:

E, =1*;1+FH2=2FH, MaKoJIbKi FH] =FH2=FH (pwic. 37). Kani npaBougitb pociesb 3

paMKaMi po3HbIX Namepay, TO MOXKHA BHIIBilb, LITO ajHoCiHA — - ISl MAEHKI

[
a 6
| 2F,
************* R
.&l#.
v
Pbic. 35 Pbic. 36 Pbic. 37
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Jlaf3eHail Bajkaciii npbl dikcaBaHail ToMIepaTypbl 3ayCéibl ajHObKaBast. 3Haubllb,
3Ty AAHOCIHY MOXKHa ¥3slb Yy $KacClli XapakKTapbICTbIKi TMaBepxXHeBara cJjos
BajJKacLi:

co=—.

[

[TaBepxHeBae HalsK3HHE G JiiKaBa poyHae ajHOCiHe MOJyJsl Cijibl MaBepx-
HeBara HalsKSHHA [, sKas J3efiHiyae Ha NpamajliHelHbl y4acTak MsKbl [aBEpX-
HeBara cJiost Bajikaclli, J1a Jay»KbiHi [ ratara ydacTka.

CinaBoe BbI3HAUSHHE MaBepXHeBara HalSKIHHS jlanayHsie 3HepreThiuHae.
Anzinkail naBepxHeBara HausksHHs1 Y Cl 3'sijsiseniia Jukoy/ib Ha MeTp y KBaj-

Tk H .
paue | —5- abo HblotTaH Ha wMetp | — |. Ilakaxbille camacrtofiHa, UWTO
M M
K H
1 ﬂ—2=1 i
M M

[TaBepxHeBae Hals)KoHHE 3a/exKblllb al POy BaiKacli i Taro acsipomiss, 3
SKIM sIHa MsKye, HasiyHacClli pacTBOPAHBbIX Y BaJKacCli iHIIBIX p34yblBay i ax sie
TomnepaTypol. [laBbilisHHe TaMnepaTypbl Baakacli, nabayjeHHe § sie Tak 3Ba-
HbIX TaBepXHeBa-aKThIYHbIX P3IUblBay (Mblaa, TAYCTbIsI KiCJOTbI) BBIKJiKae mMa-
MSHLISHHE [aBepxHeBara HalsKoHHA. Hanspbluall pasHacTadHblg npasy/eHHi
ci/l maBepxHeBara HalsK3HHS Bajakacui Y npbiponase i Taxuiubl. [laBepxuenae
HallsPK9HHEe — MpblYblHA Taro, wito Baja 36ipaeuua y kpomui (pwic. 38), yTBa-
paioula MblabHBIS Ty3bIpbl (pbic. 39), KyK-BajaMmep pyxaellla Ha MaBepxHi
Baabl (pbic. 40), a ¥ crane Os3BaxKkaclli Jo0Obl ab’éM Bajkacli npbiMae cde-

pbIuHyt0 hopmy.

Pbic. 38 Pbic. 39 Pbic. 40
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3moyBaHHe. Ha MsKbl cylakpaHaHHsI UBEPAbIX LleJl, Baakacuell i rasay Hasipa-
ella 3’18a 3mous8aHHs abo HA3MOuBaHHA. $lHA 3’sAyJsela BbIHIKaM y3aemajse-
SIHHS1 MaJleKyJl Bajkacui, LBEpaara 1esa i rasay, sKoe BsjJ3e Jia CKpPbIyJeHHs Ta-
BepXHi BaJKacli KaJsl MaBepxHi LBEpAara Leja Ha MsKbl 3 rasam. [Ipbl KaHTakie
BaJIKaclli 3 UBEP/AbIM LielaM MardblMbl BbIMajKi, KaJji BajakKacllb 3MOYBae (4acTKoBa
abo 1askam) abo He 3MouBae (4acTkoBa abo Haskam) sro. Tak, pryib po6pa 3mou-
Bae UbICTbIS MaBepxXHi MeTasay i He 3MouBae ybicTae 1IKJI0. Bana nobpa 3mouBae
yplCTae LIKJO i He 3MOUYBae TJIYCTbIsl ITaBEpPXHi.

a 6

Pbic. 41 Pbic. 42

CpabojiHasi maBepxHsl Bajkacili Ha MsDKbl 3 LBEPJBLIM 1leJaM CKpbIyJsiella,
yTBapatoubl merick. Kasi Bajkacub 3MoyBae MaBepxHio LeJsa, yTBapaelllla yBarHy-
Thl MeHicK (pbic. 41, @), Kajni He 3MouBae — BBIMyKJbl MeHick (pbic. 41, 6). Ha
MsKbl CyIaKpaHaHHs TPOX acsipoiissty — UBEpAara, Bajkara i rasanagobHara —
BaJlkacllb HaObiBae Takylo ¢opMmy, Mpbl SKOH cyma NaT3HUbISJIbHAK SHeprii Baj-
Kacii § rpasitaupliinbiv nosi 3simiii i maBepxHeBail sHeprii ycix wes MiHimMasbHas
(uBEp/pIs 1lesibl TakcaMa BaJsioflaiollb NaBepxHeBall sHeprisil). [laBepxHeBae Hatisi-
JKIHHE Ha MsKbl LBEpAara uesa i Bajkacui abasHayaolb O, Ha MsKbl LBEpaara
uesa i rasy — Oy, Ha Ms2Kbl BaaKacli i razy — Oy Kani 6,,> 0, + 0, TO Baj-
Kaclb LaJKaM 3MoyBae MaBepxHio LBEpjara uesa, nakpbiBatoybl siro TOHKaH TJIEH-
Kai. Kani o, = 0, + 0., TO BaJkaclb LajKaM He 3MOuBae MNaBepxHIo LBEpaara
1eJsa, CUATHYYLIBICA Y KPOIJIIO, TPOXi CIJIIOIIYaHYyI0 A3€SHHEM CiJbl UsKapy i
Cisibl pakubli anopbl. ¥ OoJsiblIACLi BbIMaAKay Mae Meclia YacTKOBae 3MOYBAH-
He (pbic. 42, a) ab6o yacTKoBae HA3MouBaHHe (pbic. 42, 0).

3’dBa 3MOUBaHHSI BbIKapbICTOYBaelllla y nmpambicjoBactii i Obiiie. lo6pae 3amou-
BaHHe HeaOXojHa Mpbl adapOoyibl i MbIllli PO3HBIX TKaHiH, HaHsCeHHi Jakadap-
6aBbIx Makpbilusy i r. g, Ha 3’sBe 3MouBaHHSI 3acHaBaHa CKJICHBAHHE PO3HBIX Bbl-
pa6ay. ITakpbililé Mertaniunbix p3vay macieHaid N€HKal Jyuisi axoBbl iX aji Kaposii
Mae y acHoBe 3’sIBYy HSI3MOUBaHHSI BajoH TJyCThIX naBepxHsy. Henpamakanbnae
aj3eHHe BbIpabJIsitollb 3 TKaHiH, sIKis He 3MOuYBalolllla Bajod. 3 yJsaclliBaclio 3MOY-
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BaHHsl 3Bsi3aHa NasiiHe Metasay. Kab pacriaysieHbl npbinoil gobpa pacusikaycst Ha
naBepxHi MeTa/liyHbIX Bblpabay i mpbulinay jga ix, Tps36a raTbisl NaBepxHi aublCUillb
al T4y, Mb1y i akcimHal MNJEHKI.

Kaninapubia 3'aBbl. [lan kanisapromi 3’seani pasymerollb 3'siBbl naj émy
a0 anyckaHHsl Bajkacli V By3Kix TpyOKax, siKisl HasbiBatolla Kanijspami. Kadi
BaJlKacllb 3MOYBae CLEHKi Kamijsipa, TO Mac/s siro anyCKaHHs Y nacyasiHy 3 ra-
Tal BajKacllo Y3pOBeHb BajKaclli y Kamijspbl Oya3e BbILISNIIbLI, YbIM Yy Macy/3i-
He (poic. 43, a). Ilpbl HA3MouBaHHi y3poBeHb BaaKacui y Kamiispbl ycranéysa-
ellla HiXK9H 3a y3poBeHb Baakacli y nacynsine (poic. 43, 0). Takas 3’siBa Hazipa-
€LA, HANPbIKJAAA, NMPbl alMyCKaHHI LWIKJAHOTA Kamijsgpa y NnacyasiHy 3 pTyLLIO.

a 6
< Ry . rA | |
1 / -
ISR SIS |
Pbic. 43 Pbic. 44

Briibing nap’émy (amyckaHHsi) Bajikaclli ¥ KamiJsipbl 3a/iexKblllb aj yJaclliBac-
el Baakacui i paablyca Kaminsipa (peic. 44). Kani Baaxkacupb maskam 3mouBae
Kanijisip, TO BBILIBIHIO Maf’éMy Baikaclli Y Kamiisipbl Bbl3HAualollb na gopmysie

=22
pgr
Ji3e r — YyHyTpaHbl pajblyC Kamijisipa, G — T[aBepxHeBae HalsKIHHE BaJKaCL,
P — 1wublIbHAacub Baakacli. Kani Bajkacib UajkaM He 3MoOuBae Kamnijsip, TO
h — rubiGins, Ha sIKylO anyckaellla Bajkacilb y KariJjsipbl.

Kaninsipubisi 3’sBbl Maiolb BakHae 3HAuHHe § Mpblpoase i TaxHiubl. Tak,
CTBOJI, TafliHbl, CUAGJIO i Jiiclle pacJiH MpaHi3aHbl MHOCTBAM KaliJsfpHbIX KaHa-
Jlay, na siKix rnactynarolb MnaxkKblyHbist paublBbl. [la kamnijsipax y rsiebe rpyHTaBbist
BOJIbI MajiHiMalollla a KapaHéBal cicTaMbl paciid. J[poOHbIS KPBIBAHOCHbIS ca-
Cyllbl yaJsiaBeKka i »KbIBE&J MOXKHA Takcama pasrisiiallb sik Kanisisipsl. KanissipHblis
3’sIBbl yacTa cycTtpakatouua i y obile. Pyuniki no6pa yGipaioub y csibe Bamy npbl
BbILLipaHHi, y ayTapyullbl yapHija iaze jpa nsipa na kaniasipel. Kab naszbernyub
HamaKkaHHsl cKypaHora abyTKy, sIr0 Hacblyarolb TJAYCTbIM ryTasiHam. KanijsipHbis
3’5IBbl JisKallb y ACHOBE MHOCTBA TIXHIUHBIX Mpaiacay: Mnpbl 3Masiibl A3Tajgei
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MallblH i MexaHidmay MpbIMSIHSIObL KHOTaBbl crocad; npbl adapOoyibl CKypbl i
TKaHiH cdapba 3anayHse Kaninspbl Bbipaby; npbl OyaayHILTBEe JaMoy Maamypak
aBAMSIONUb aj clieH pybepoiiam abo Gitymam, kab nasberHyub KamijsipHara
naj’émy Bajibl 3 TJeObl.

‘/ 1. CyBbiMepHaclb ajjiersiaciii nami:k MaJjieKyJaMmi Bajikaclli 3 iX yJacHbIMi
naMepami i pyxomacilb MajieKyJ/ Bbl3HAuatollb yJacliBacli BalkacLeH: Majiyto
3ajieXkHaclb a0’éMy Bajikaclli aji 1icKy i sie LsgKydaclib.

2. Pa6oty 3HelHiX ci ma nmaBesiusHHI MJIOIIYBLI MABEPXHi Bajkacli Ha aj-

3iHKYy TJIOIIYbI TPl 3axaBaHHi aG’éMy i TaMMepaTypbl BajKacili HsI3MeHHbIMi
HasblBalollb Kas(illbleHTaM MaBepxHeBara HalsKIHHS (MaBepXHEBbIM Halsi-
JKIHHEM ):

3. Cisibl maBepxHeBara HallsK9HHSI HaKipaBaHbl Ma JaThiuHak ja cBabojl-

Hal MaBepxHi Bajkaclli i iIMKHyLLA CKapalillb MITy MaBEPXHIO Ja MiHIMyMy.

4. [laBepxHeBae HalK HHE JiiKaBa poyHae aAHOCiHE MOJyJisl CiJibl MaBepx-

HEeBara HalUSKIHHS, s1Kasl A3eHHiuae Ha npamalliHeHHbl YUacTak MsiKbl [aBepX-
HeBara CJiosi BaJKacli, 1a Jay»KblHi rsTara yyacTka:

o=lu

[

5. Bbibisa nap’émy (amyckaHHsi) BajKacli Y KamiJisipbl 3ajexXbllb aj na-

BEpPXHEBAra HalLf>K9HHA BaJKAacCLli, LIYbIIbHACLI BajKacli i YHyTpaHara pajbl-
yca Karnijgpa:

°J

_2
pgr

h

1. fAkimi acabniBacuysmi GynoBbl Bagkacuen Bbl3Hayalouua ix ynacuisacui?

2. fkia acabniBacui naBepxHeBara cios Bagkacuen?

3. flk BbI3HayaloLb NaBepxHeBae HaLfXIHHe BafKacli?

4. YbiM BbIKNiKaHa CKpbIyNeHHe naBepxHi Bagkacui nabnisy cueHak nacyasibi?

5. Yamy kponns Bagbl abo anew pacuskaeuua na naBepxHi Ap3Ba, a Kpomis pTyLi He
pacuskaeuua?

6. lTo pasymeloub map KaninapHeiMi 3'aBami? Af 4aro 3anexbilb BbIWbIHA Nagémy
(anyckaHHs) BagKacui Y kaninspax?

7. BsicHoit 3smMnt0 y3BopBatoLUb i GapaHytolb. PacTaymayue, yamy rata caaseiiHivae 3a-
XaBaHHI0 Binbraui y rnebe.
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Mpbiknap pawsHHA 3apaybl

Tankacuennae kajblio macailt m=8,0 r i paaplycam r=10 cM cynakpaHaelua 3
MbIJIBHBIM pacTBopam (pbic. 45, a). Kanbuo Bbipabsena 3 mataphisiy, siki joGpa
3MOUBaellla MbLIbHbIM pacTBOpaM. Bbi3Haulle MOIyJsb Cijbl, 3 KO Tp30a A3eiHi-
yallb Ha KaJsibllo, ka6 ajapBalb siro aj naBepxHi pactBopy (pwic. 45, 6). [laBepx-

HeBae HalsK3HHe MblibHara pactBopy 6=4,0-1072 —.
M

a 6 } T 8 YA
- AF
-
-
= -~
: -
= P | IS —
/{\ /{\ Y F,
\ / \ /
| A ¥ mg
0
Pbic. 45
Jlansena: Pawmsuue. ¥ MoMaHT afpbiBy aj MaBepxHi pacTBO-

— — 1073 . . . .
m=38,0r=8,0-10"" kr py Ha KaJbllo 13efiHiuae Inykaemas cina F, cina 1ska-

r=10 ecm=0,10 m oL 7
py mg i cina naBepxHeBara HausksHHs [y, (pbic. 45,

c;=4,()-1()—2E 8). «Paspaxam» naBepxHio Bajakail MJAEHKI, siKas

M UsATHELla a7 pacTBOpY JAa KaJsblia, ysyHal rapbl3aH-
TasbHail napepxHsiii. Hixkusis yactka naéHki msiokye
3 BEPXHAHW Ma KaJblibl, aOMexaBaHbIM A3BIOMa aK-
py>KHacUgAMi — YyHyTpaHad i 3HELHAH, aryJbHasd

F—7

NayKblHs sIKiX OJi3kas jga 4mr. Moaysb cijbl naBepxHeBara HalsXKIHHS BbI-
3Ha4ybIM na GopmyJe
F,=4mnro.
YMoBa payHaBari kKajbla y rpaekipli Ha Bock Oy y MOMaHT $iro aJpbIBy aj pa-
CTBOPY, sik GauyHa 3 pbiCyHKa 45, 8, Mae BbIMVIS]

F=mg+F, abo F=mg + 4nro.

M H
F=80-10"2«r-9,8 C—2+4 -3,14-0,10 m-4,0- 1072 §=0,13 H.
Ankas: F=0,13 H.
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[lpakTbikaBaHHe 5

1. Yamy nepan adapboyBaHHeM naBepxHi nansipsHe IPyHTYIOLb — MNaKpbl-
Batolb afidaii?

2. Yamy npbl nasiHyi BosiaBaM aG0 asnaBsiHbIM TPLINOEM MaBEPXHIO MeTajy CTa-
paHHa 3aubllyalolh?

naéHKi Ha nepakaansiny nay:oiHén [=15 cMm.
SIkylo pabGoTy na rmnepaajoJieHHi CiJl naBepx-

3. Pamka 3 npoty 3 pyxoMail nepak/ajsinait p i £
3aUfrHyTa MblibHai miéHkail. Beisnauue mo- % I
AyJib Ci/ibl, fIKas A3edHiuae 3 OOKYy MblibHal 3 II F
[ —
I
I

\ 4 |
HeBara HalsKIHHA Tp36a BblKaHallb, Kab < | o
nepaMsiClillb Nepak/aja3diHy Ha amjersaclb —d
d=8,0 cm (pbic. 46)? [laBepxHeBae HaUSKIH- Puc. 46
bIC.

H
He pactBopy 6=4,0-10"2 —.
M
4.11i MoxkHa makJacli CTajdbHyl0 IiroJKy aay:KbiHéH [=3,5cM i Macan
m=0,10 r Ha naBepxHiO Bajpl Tak, KaO siHa He nartaHyna? [laBepxHeBae Halsl-
K9HHe Bajgpl 6=7,3-107%2 —.
M

5.BbisHaulle Moaysib Cisibl, siKasi jagaTkoBa J3eilHiuae Ha ajdyBaJibHbISI Bari
3-3a Taro, WITO Bajia 3MouBae JPOLiK Jbisimerpam d=0,12 MM, najpeliaHbl BepThI-
KaJibHa JIa yYalllbl Baray i yacTkoBa amyllvaHbl y nacynginy 3 Bajnod. [laBepxneBae

HalsKIHHE Bajgpl 6=7,3- 1072 — |
M
6.3 ninetki, abisimeTp anartyninbl sikoi d=1,8 MM, Bbilekaa N=24 kpornui

Bajibl. BbisHaulle a6’ém Bajpl, 1ITO BbilleKaa 3 mnineTki. [laBepxHeBae HalsKIHHE

H
Bagpl 6=7,3- 1072 o

§ 8. BbinapaHHe i1 KaHA3HcaLbIA.

HacblyuaHasa napa. BinbrotHacub nasetpa
3 naycadszénnaea sonvlmy mol edaem, ulmo eadkacyi, Hanpolkiad sada,
3HAX003A4blCSL [ A0KPLLMbLX NACYOISiHaAX, 3 Ysieam 4acy nepaxodsauv y easa-

nadobuol cman — soinapsaroyya. [lpoiuoim xymracyb 86lNAPIHHI 3A1EHCHLUL
ad pody sadkacuyi, se maomnepamypol, niowdel c8abodnal nasepxui i ad
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npolmoky nasempa. Y B6lHIKY BblNAPIHHA 8006l 3 nNasepxri 8ad3aHol aba-
AOHKI 3amai — eidpacgepol, 3 nasepxui eaebol [ pacainHaea nokpouisa Y na-
gempol 3aycédol 3Hax003iyya 8a03aHAL NApa, AKAL MONA KAHOIHcasayya,
ymsapayb 8004aKi, sapmayya Ha 3amaio i soieaidse anadkay. [Ipayacer soi-
NapanHs [ KaHO3HCaybll pacnaycrodicarsl §j npolpodse i Maxriyol, [ 86l8Y4IH-
He ix acabaisacyell mae 8ANIKAe NPAKMbIUHAC 3HAUIHHE.

BoinapaHHe i KaHA3Hcaubia. Pasrsenzim nacyngi- P——

Hy, $IKYI0O 4YACTKOBA 3allOyHiJi BaAoH i WIYblIbHA 3a- : o o
Kpbui. ¥ macyngdiHe ajHauacoBa ajbblBaiolilla JiBa Cy-
npatbJjersa HakipaBaHblsl Mpalscbl — [epaxojl Bajibl
Y rasanajoOHbl cTaH (BbiMap3HHe) i Mepaxojl Baj3siHOU
napbl ¥ Bagkacupb (kaupsHcaupist) (poic. 47). Ha npa-
LSITYy HeKaTopara MnpamexkKy yacy nac/si repMmeTbi3allbli
nacyn3iHbl BbIIAPIHHE BaJKaCli MepaBakae Haj KaH-
J9HCcalbisi sie napbl. Kasi sHepris na cictambl Baj- Peic. 47
Kacub—rapa He nactynae 3 HaBakoJibHara acsipojyiss,
TO Mpbl BbIMap3HHI Bajkaclbh axajojkpaellia. [53ta andbiBaellia y BbIHIKYy Taro,
LITO MaBepXHEBbl CJOW BajKacli Makilaolb MaJjeKyJbl, §Kisi Bajojalolb HailboJb-
wal ckopacuro i, aanabeiHa, KiHeTblUHAW SHEPrisii uenJjaBora pyxy, LITO Aa3Ba-
Jisie iM Tepaajiofiellb CiJibl MPbILIFKIHHSA, dKisf A3elHiuaoub y Bajaxacui. Tamy cko-
paciib MaJieKyJ, siKisi BbUISITAIOUb 3 BaJKaclli, 3MsiHILAela, a CKopaclb MaJeky.,
sIKisl YJsiTaolb y Bajlkaclb, HaaiBapoT, MapsuliuBaeula. Takoe 3MsiHeHHe cKopacll,
A 3Haublllb, i KiHETbIYHAN 3HEprii MasieKyJ, LITO MepacsiKalolb MAaBEPXHIO BaIKACL,
JlazBaJisie CiCTaMe JacsTHylb CTaHy LeMJIaBOM payHaBari, Mpbl sIKOW T3MIEePaTypbl
BAJIKACLLl i sie napbl aJHOJIbKABBIS.

KanusHrpallblsi MasieKkysl napbl yspactae Ja Taro yacy, nakyJb KoJbKacllb Ma-
JIeKyJ1, WITO NaKifgawllb BaJKacClb, He CTaHe POYHAH KOJbKACL MaJieKyJs, LITO BSIp-
Tawolla ¥ sie 3a Taki »K [pamexxak vacy. Y T'3TbIM BbINaJKy raBopallb, WITO MaMix
BaJKACLIO | napail ycranspaycs cran doimamiunaii pagrasaei. En Gynse icnapaib
Jla Taro vacy, nakyJjib He 3MeHillla Tamreparypa abo a6’ém cicTIMbI.

° MaBeTpaHas abanoHka 3amni — armacdepa — yaynse caboi cymech rasay. Atmacdep-
Hae naseTpa 3aycénbl 3MslYae BaA3fHYI Mapy, KaHL3HTpPaLblf Manekyn AKOW Kans na-
BepxHi 3amni Baraeuua ag 3% y Tponikax Aa 2-107° % y AHTapkThia3e. 3 naBepxHi aki-
AHay, Mopay i p3k, a Takcama 3 cywsbl 3a rof Bbinapsaeuua 3sbiw 5- 10 M3 Bagbl, wTo
npbI6ii3Ha poyHa ab’'émy Bagbl ¥ YopHeiM mopbl. Ha BbinapaHHe 3aTpayBaella Kais nmanaosbl
YCEN narnblHyTail naBepxHsail 3aMai 3Heprii coHeyHara BbiMpaMeHbBaHHsA. [pbl KaHA3HCA-
Lbli mapbl KOMbKaclub LennaTel, AKas paHeil cnatpabinacs Ans BbiNapaHHA BafKacli,
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BblA3AnfeuLa ¥ atmacdepy. [3Ta BAfg3e Aa HarpaBaHHA aTMacdepsl i nansp3gxBae paskis
BaraHHi Tamnepatypbl. [pbl nepamAwWY3HHI Baf3saHOM napbl ¥ atMacdepsl Ha BAnikis ag-
nernacyi apbbiBaeLya fe KaHA3Hcaubls § abnacusx 3 6osmbW Hi3ka Tamnepatypaii. Takim
YblHaM, y afHbIX abnacusx naBepxHi i aTMacdepbl 3amMni nepaBaxaroLb NpaL3Chbl BbiNAP3IH-
HA Bagbl, @ ¥ APYriX — npauacbl KaHA3HCcaubli Baf3saHOW napbl.

HacbivaHaa napa. [lapy, sikas 3Haxonsiuua y craHe jAblHamiyHa# payHasari 3
BajIKaclllo, HasblBalolb Hacoluaxati. Haceluanas napa Bajopae yuacuiBacusiMi, sikist
ajJipo3HiBalolllla aj yJjacuiBacuei insanbHara rasy. [la-nepuiae, uick HacbluaHah
napbl Mpbl NacTasiHiHai TaMOepaTypbl He 3ajexbillb aj se ab’émy. Kosbkacip ma-
JIeKyJ1, sIKisl Mepaxoi3sillb 3 Bajkacui y napy npas aiasiHky IJIOLIYbl sie MaBepxHi 3a
aJI3iHKaBbl MpamMexxak dacy, 3aJexbllb TOJbKI aj TaMnepaTypbl i 3’siyJsielna mna-
cTasiHHail BeJiiublHEN. KoJsibKacub MaJjiekysi, LITO Mepaxojgdilb 3 napbl ¥ BajaKaclb,
3aJleXKbllb ajl KAHUIHTpaLbli Napbl, a 3Haubllb, aj sie LicKy. Tamy Npbl NaMsHILISHHI
a0’éMy naphbl sle LicK ajpasy napsiliuBaeliiia, WITO Bsij3e Jia y3pacTaHHsl KOJbKaclli
MaviekyJ1, sIKisl epaxojssiilb y Bajkaclib. ¥ BbIHIKY KOJIbKACLb MaJsieKyJl napbl 3MsiH-
1laelia i npa3 HekaTopbl NMpaMexkak vacy ycranéypaeua paHekiiibl 1ick. [Tpbl na-
BeJiusHHI a6’éMy maphbl sie 1icK, HaajBapoT, namsiHilaela. Paszam 3 raThiM namsi-
1aenua i KoJibKacilb MaJieKyJl, siKisi rnepaxoj3siib 3 Mnapbl ¥ Baakaclb. ¥ BbIHIKY
KoJIbKacCllb MaJieKyJi, siKisi Makigaiolb MaBepxHio Baakacli (siHa He 3MsiHsiella Mpbl
T=const), nepaBbilllae KoJbKacllb MaJjiekyJsi, 1ITO BsipTaiollla ¥ Baakaciib. PayHa-
Bara 3HOy ajHayJisielllla Nnpbl JACATHEHHI MepliuanayatkoBara 3HaY3HHS LLCKY.

Jlpyrasi BbI3HauaJbHasi yJacliBacllb HacbluaHail Mapbl 3BsI3aHa 3 3aJiexKHACLIO
sie 1icky an Tamnepartypsl. Llick p, HacblyaHail napbl y3pactae 3HauHa XyTusi, UbIM
WicK ivajibHara ragy p; pbl NaBeJsiusHHI TIMIepatypbl. ¥ BbINAJAKY il3ajbHara
rasy pocT I1icKy abymoyJeHbl TOJIbKi MaBesiusHHeM sro Tamnepatypbl (p=nkT,
V=const). ¥ BbINajKy K HacbluaHail mapbl POCT TIMIEPaTypbl Bsij3e Ja NaBeJi-
U9HHS KOJIbKACLi MaJieKyJl, LITO Mepaxoj3slb 3 BaJKacli y mapy, I. 3H. 1a POCTy
KaHLHTpallbli MaJieKysl napbl. ¥ aanaBeaHacti 3 dopmynail p=nkT uick napsl na-
BsIiUBACLILLA He TOJIbKI 3 MPbIUbIHbl HEMacp3JHara MaBbllLISHHS TIMIEpaTypbl, aje
i ¥ BbIHIKY NaBeJIiUsHHSI KAHLIHTPAllbli MaJsieKyJl Mapbl, BbIKJiKaHara takcama mna-
BbILLISHHEM T3IMIIEpPATYPbI.

[Ipbl nepaxonze 3 aaHaro cTaHy y Jpyri Maca HacbliaHaill napbl 3msiHsiela. Tamy
3aKOHBI il3aJibHAra ragy AJsl isanpauscay MoxKHa MPbIMSHSLL 14 [apbl TOJbKI y ThiM
BbIMaJIKy, KaJi siHa jajiéKasl aJi HachlusHHs i sie Maca 3acraelllia HsisaMeHHai. AnHak

m
ypaynenne Knaneiipona— MenjzsiieeBa pV=MRT MOXKHA BBIKAPBICTOYBALlb JUIS

Taro, ka0 sHaiicui Jio6bl 3 napamerpay (p, V, T, m, p) HacbluaHaii napsbl.
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Llick (mublIbHACIL) HAacblUaHal Mapbl Npbl Aaj3eHal TaMrepatypbl — Makci-
MaJibHbI 11iCK (1IYblJIbHACIL), SIKi MOXKa Mellb napa, 1ITO 3HaxXo/A3illla y cTaHe Jipbl-
HaMiuHa#l payHaBari 3 Bajkacllio npbl ratai Tamnepartypbl. [lapy, wick (wyblib-
Hacllb) KO MeHINasi 3a 1ick (LIUblIbHACIL) HAChldaHaH Mapbl NPbl TOH »Ka TIM-
neparypbl, HasblBalollb Henacvluarat napa.

BinbrotHacub nasetpa. [laBetpa, sikoe 3msiliyae Baa3siHylo Mapy, HasblBalolb
BinbeOMHbIM nasempam. ACHOYHBIMI KOJILKACHBIMI XapaKTapbICTbIKaMi Takora rna-
BeTpa 3'sysisiiola saro abcasioTHas i aqHoCHast BibrOTHACLL.

A6canioTHal BilbroTHaciio P, naBeTrpa HasbiBaollb ()i3iuHYI0 BeJiublHIO,
pPOVHyIO wWYblIbHACLI BaA3sIHOW Mapbl, siKasi 3HaxoA3illa y maBeTpbl Npbl Aa-
JA3€eHbIX yMoBax. 3BbluaiiHa aOCaJsIOTHYIO BiJIbIOTHACUbL BblpaKkalolb y rpamax Ha

r
KyOiuHbl MeTp [—3j Boikapeictayuibl ypayHenne Koanefipona— MenjgsiieeBa,
M

4Ybl/IbHaClb Mapbl MO2KHa BbI3Hayblllb Ipas3 g€ Maplblisd/ibHbI LicK Pu-

_pM
Pu RT (8.1)
r
nze M=18 o MaJsisipHasi Maca Bajibl, T— T3MIepartypa rnaBeTpa.

Benatoubl ToJibKi LIUbLIbHACLE P, a00 NaplbisUibHbl LiCK p, Napbl, HeJbra mep-
Kapallb Npa Toe, y sIKIM CTaHe 3HAXOA3illlla Mnapa y JaA3eHbIX YMOBAX i HAKOJbKI siHA
Jlasiékast aji HachblusHHsI. Bochk uyamy YBOA3sILb JPYTYI0 XapaKTapbICThIKY BiJbrOTHACLL
naBetpa — QOHOCHYIO BirbeomHacys @. AJNHOCHAsi BiIbroTHACIL Naka3Bae, Ha-
KOJIbKI BajigsiHasi napa Mpbl JajideHaid Tamieparypbl Aajékasi aj HAChlYSHHSL.

AnHocHaii BifibroTHacilio ( naBeTpa Ha3biBalollb (Di3iuHyl0 BeJiublHIO, POY-
HYI0 aJHOCiHe a0caJjloTHail BilbroTHacui P, Aa WublibHACUi P, HacbluaHaW Ba-
J35IHOM mapbl Npbl AajA3eHad Tamnepatypbl. 3BblUaiiHa aJHOCHYIO BiJbrOTHACIb
BbIpaxkarollp y rpausHrax:

(p:p—“-l()o%. (8.2)
Pu
[TakosibKi MIYbLIbHACIL Mapbl i sie NapUbIJbHbL 1iCK 3Bf3aHbl CYaJHOCI-
Ha#t (8.1), TO aAHOCHYIO BiJILFOTHACIL MOXKHA BbI3HAUbIL SIK aJHOCIHY Maplbisiib-
Hara WiCcKy p,, BaA3siHOM Napbl, sKasi 3HAXOI3iLLA Y MABETPbl NPbl JAN3€HAN TIMIIE-
paTypbl, a WiCKy p, HACblUaHAW Mapbl NpPbl TOH Ka TIMIEPATYpPhI:

Dn
(p=p—H-100%. (8.3)
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Takim ublHam, ajHOCHAsl BiJbFOTHACUb Bbl3Hauyaellla He ToJbKi abcastoTHak
BiJIbFOTHACLIO, ajie i TammnepaTypall napetpa. 3HausHHI LHCKY p, i UIUbLIbHACL
P, HacblyaHall BaA3sIHOM Napbl MPbl PO3HBIX TIMIepaTypax NpbiBeA3eHbl ¥ Tab-

Jiusl 1.

Ta6aina 1 — llick i wWyblIbHACIL HAacbluaHaW BaA3sIHOM Mapbl
t, °C Py, Klla P Lg t,°C P, Kla Pus %
M M
—20 0,103 0,85 6 0,934 7,3
—18 0,125 1,05 1,06 8,3
—16 0,151 1,27 10 1,228 9,4
—14 0,181 1,51 12 1,402 10,7
—12 0,217 1,80 14 1,598 12,1
—10 0,260 2,14 16 1,817 13,6
—8 0,337 2,54 18 2,063 15,4
-6 0,368 2,99 20 2,338 17,3
—4 0,437 3,01 22 2,643 19,4
=2 0,517 4,13 24 2,984 21,8
0 0,611 4,84 26 3,361 24,4
0,705 5,60 28 3,780 27,2
0,813 6,40 30 4,242 30,3

Kasi napupbisiibHbl 11icKk BaJ3siHOH MNapbl Y MaBeTpbl POYHbI 1iCKy HacbluaHai
napbl Npbl TOH »Ka T3MIeEpaTypbl, rapopailb, LITO NaBeTpa HacbliaHa Bai3sHOH Ma-
pail. Kani K 1wubliibHacllb BaJ3siHOM Mapbl NepaBblllae lyblibHACIh HacbluaHai
napbl, To napy y naBeTpbl Jiyalb neparaceiuanail. Taki ctan 3'sy/selnua HaycTod-
JIBBIM 1 3aKaH4yBaellla KaHAIHCALbISAH.

Tamnepatypy, npbl siKoil BaazsiHasi napa y BbIHiKy i3aGapHara axaJsaJukKoHHs
pobillla HacbluaHak, HasblBalolb nyHKmam pacel. I1pbl naHi>kaHHI TIMMEpaTypbl
Hi2K3# 32 MYyHKT pacbl afa0blBaelllla KaHasHcallblsl BaassiHod napbl. Hanpeikaan,
IHEM TaMnepatypa naseTpa Oblia {1=26 °C, a wmublibHACb BAJ3SHOH MNapbl

r
pp=24,4 B Houuy taMnepatypa nanisinacs ja to=16 °C. I'lpbl raraii Tammnepa-

r
Typbl LIYbIIbHACLL HACblYaHal Baa3sHOHW napbl Py, = 13,6 —3- 3Haubllb, Jillak
M
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napbl CKaHjHCyelllla i BbiNajde y BbINIsA3e pachl. [5Thl mpausc 3’syjsienia npbi-
ublHAH Y3HIKHEHHsI TyMaHy, BoOJakay i JaxpKy. ¥ TIXHilbl KaHAHCALbIS 3BblUaii-
Ha anOblBaelllla Ha [aBepXHsX, sIKis axaJoKBaroLLA.

Kani amnocnas sibrotnacup menin 3a 100 %, To TamnepaTypa, sikasi aanapsi-
Jlae TYHKTY pachl, 3aycébl HiXK3U 3a TaMrepaTypy naBeTpa, i ThIM HizK3H, UblM
MeHLUasl ajHoCHasi BiJIbIOTHACLLb.

MpbiGopbl ANA BbIMAPIHHA BinbroTHacui. AnHocHyio i
BUJIbIOTHACLIb [1AaBeTPa 3BblYalHA BbIMSApPAIOLb [CIXpOMETpPaM = =7
(pbic. 48). TlcixpomeTp cknajaenia 3 AByX TIpMOMeTpay — '
cyxora i BisbrorHara. Cyxi T9pMOMETp Maka3Bae TIMIepary-
py naseTpa. PagzepByap BisbrotHara TspMmomeTpa abropHyTbI
najsjockall TKaHiHbl, Kpall sKOH amyuyanbl ¥ Baay. Bana 3
TKaHiHbl BbIapBaellla, y BbIHIKY 4aro TSpMOMETp axaJojK-
BaeLla. UblM MeHIasl alHOCHAs BiJIbIOTHACLb MaBETPa, ThIM
6oJibll iHTHCIYHA anObiBaellla MpalyC BbIMAapIHHS Bajbl 3

emsmm=morsadEEd

TKAHIHbl i ThIM MalHEH axaJoKBaella BiJIbITOTHbI TIPMO- el Wi
MmeTp. | HaagBapoT — mnpbl Bsslika#l agHocHa# BisibroTHaCL|
BiJIbFOTHbI TPMOMETp axaJio/pkBaelia HssHayna. Kani an- Peic. 48

HocHas Bisbrotnacui @ =100 %, Bana i sle napa 3HaxoA3sil-

ua y jablHamiuHa#l payHaBagde, i MakasaHHi abGoJAByX T3pMoMmeTpay cyrnaaarolb.
Benatoubl makasaHHi cyxora i BiJibroTHara T3pMoMeTpay, aJHOCHYIO BiJIbFOTHACLb
naBeTpa Bbl3Hayalolb 3 BbIKapblCTaHHEM crielbls/ibHall TabJilbl, sKas Ha3blBaella
ncixpamerpbiunai (radgina 2).

JKbIBbISI apraHismbl i pacJiHbl BesibMi aguyBaJibHbIl Ja aJHOCHAW BiJbrOTHACLL
naserpa. [Ipbl Tamneparypbl 20—25 °C HailGoJiblll CHpbIsiIbHAsK JIJIsT YajlaBeka ajl-
HocHas Binbrotuacup ckaagae 40—60%. [pbl Bbicokail BinbroTHacui, acatuisa y
CISIKOTHbBI JI3€Hb, BbINAPIHHE BiJIbrali 3 MaBepXHi CKypbl axKblLLAYJAseLlA 3 LsK-
Kacllo, 1ITO BsJ3e Jia NapyllsHHs HaJ3BblUail BaKHbIX OisljariyHbIX MexaHizmay pa-
ryJisiBaHHs TaMmnepaTtypbl liena. [Ipbl Hiska#l BisbrotHacti agbbiBaelia iHTIHCIVHae
BbI[Tap3HHE 3 MaBepxHi Lesa i BbiChIXaHHe cJligicTail abajloHKi Hoca, raprati, JErkix,
mTo narapiiuae camaanuyBaHHe. [Ipbl Hi3kail BinbroTHaclli ¥ maBeTpbl Jay:Kai 3axoy-
Balolllla NaTareHHblsl MiKpaapraHidmbl, LITO TakcamMa HeOsCneuHa I YajaBeka.
Y BbIMaJKy Hi3kail BiJbroTHACLi MaBeTpa iHTIHCIYHACLL BbIMAPIHHS 3 JICTOY pac/iH
naBsuliuBaelllla, i npbl HA3HAUHbIM 3arace Bijbraili y rsiebe siHbl XyTKa BSIHYLb i 3a-
chbixatollb. BinbroTHacip naBetpa Tpaba YuiuBallb i ¥ PO3HBIX TIXHAJATIUHBIX Mpalld-
cax, TakixX, Hanpblk/aj, sIK CyllKa i 3axoyBaHHe raToBblX Bblpa0ay. CrajibHbisl BbIpa-
Obl Mpbl BbICOKAH BiJILIOTHACLI XyTKa prkaBelollb. 3axoyBaHHe TBOpay MacTallTBa i
KHII Takcama natpadye najarpbiIMaHHsl anTbiMaJibHAW BilbroTHACL MaBeTpa.
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Bssikae 3HausHHe Mae BiJbrOTHACUb Y MeT3apaJiorii s npajaKasaHHd
nHanop’si. Kani maBerpa kass maBepxHi 3simsii axaJjojpkBaelilia fa TIMIepaTyphbl
Hi>K3 3a MyHKT pachbl, TO MOTyllb yTBapaiua TymaH, BoOJsaki, paca abo iHed.

Ta6aina 2 — [lcixpameTrpbiuHasi TabJina
[Takasanne Posnacup nakasanssty cyxora i BisbrotHara Tspmometpay, °C
cyxora ot 23456780910
TIPMOMETPA,

°C AnnocHasi BiibrotHacipb, %
0 100 | 8 |63 |45 | 28 | 1l | — | — | — | — | —
2 100 84 68 | 51 35 20 — — — — | —
4 100 85 70 | 56 42 28 14 — — — | —
6 100 | 8 | 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 5 —
12 100 | 8 | 78 | 68 | 57 | 48 | 38 | 29 | 20 | 11 | —
14 100 89 79 | 70 60 51 42 34 25 17 9
16 100 90 81 71 62 54 45 37 30 22 15
18 100 | 91 | 8 | 73 | 65 | 56 | 49 | 41 | 34 | 27 | 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
24 100 | 92 | 84 | 77 | 69 | 62 | 56 | 49 | 43 | 37 | 31
26 100 92 85 | 78 71 64 58 51 46 40 | 34
28 100 93 85 | 78 72 65 59 53 48 42 | 37
30 100 | 93 | 8 | 79 | 73 | 67 | 61 | 55 | 50 | 44 | 39

\/ 1. Llick HacbluaHall napbl Npbl NacTasiHHAH TIMIEPATypbl HE 3aJ/leXKblllb
aj sie ab’émy.

2. Lick HackluaHa# mapbl 3a/exblllb aj TIMIEPATYphl NMapbl i KaHLIHTPA-
Lbli sle MaJseKyJ:

p=nkT.

3. AGcanioTHail BiIbrOTHACIIO MaBeTpa Ha3bIBalOlb (hi3iuHyl0 BeJsiUbIHIO,
pPOYHYIO IIUYBILHACLI BaA3sHOW Mapbl, sKasgd 3HAxoA3illa y MaBeTPbl MPbI
JAaI3€EHbIX YMOBAX.
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4. AnHocHail BiIbFOTHACIIO MaBeTpa Ha3biBalOLb (i3iuHyI0 BeJIiUbIHIO, POY-
Hyl0 ajiHociHe abcasiloTHAW BiJIbFOTHACIL Ja LIYblJIbHACI HAChblYaHAW Baj3si-
HOW Mapbl IIpbl JAA3€HAH T3MIIepPaTyphbl:

o="".100 %.
Pu
? 1. flkas napa HasbiBaeuua HacblyaHait? fkis ¢i3iyHblg npaydcel abymoyniBatoub CTaH

OblHaMiyHai payHaBari mamix BafjKacuio i sie mapain?

2. fAxis ynacuiBacui HacblYaHaii napbl aApo3HiBalolUb fie af iA3anbHara rasy?

3. WTo Ha3biBatoup abcanoTHa i afHOCHal BinbroTHacui nasetpa? Y skix aasiHkax
iX BbIMApaloUb?

4. WTo Ha3biBaloLb MyHKTaM pachl?

5. flk MOXHa 3HaiicLi aAHOCHYIO BifbrOTHACLb MABETPa, Kani BAAOMbI Aro TIMnepaTypa
i NyHKT packl?

6. Ak 3MsHALULA abcanioTHas i agHOCHas BiNbroTHaclb NaBeTpa Mpbl Ar0 HarpaBaHHi?

7. Ha sakix ¢i3iuHbix 3'ABax 3acHaBaHa A3esiHHe MCixpomeTtpa?

8. Lli MOXHa, BblKapbICTayWbl NCiXpOMETP, BbI3HaUbILb ALHOCHYIO BiNbroTHacLb NaBeT-
pa, Tamnepatypa siKora Hixai 3a 0 °C?

Mpbiknagbl pawsHHA 3apay

Mpoikaan 1. Beuapam npbl tamnepatypbl =20 °C agHocHasi BiJibrOTHACIb
nagetrpa @;=60 %. Lli Bbinagse paca, Kaji Hoduy TIMMepaTypa nawisiuua aa

t2= 12 OC?

JlanseHna:
t;=20 °C
to9=12 °C

0;=60 %

L1i Bbinanze
paca?

t;=20 °C, moxHa 3Haiicui 3 GhopMyJbl (p1=&-100%, nze Pu=17,3 3

Pawsnne. Jlna taro ka6 naBenaiia, 1 BbiMaase paca Mpbl MaHi-
JK9HHI TIMIepaTypbl naBetpa jaa fo =12 °C, HeabxojHa mapayHailb
IYblIbHACHD (1iCK) HAcbYaHail Mapbl Mpbl T3Tail TAMMEpaTypbl ca
IIYBbLIbHACLIO (TMapUbIAAbHBIM L[icCKaM) Mapbl NPbl TIMIEpPATyphbl
t,=20°C. Tlpbl tamneparypbl to =12 °C mublibHACIb HachbluaHai

r
BajI3sIHON napbl Py = 10,7 F (r1. Tabainy 1 § 8). HlubibHacib

BaA35IHON Mapbl, siKasl 3Msllvaelllla y MaBeTpbl Mpbl TIMIEPATYypbl
r

Hl

(ra. Tabainy 1 § 8):

60% 17,3 5
M

_ PPy _ =10.4 L
) 3

Pr=T00% ~ 100% "
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i r r . .
[TakosibKi Py < Pyo (10,4 — < 10,7 —Sj, TO HasyHal y MaBeTPbl KoJbKaclli
M M

BaJI3SIHOK Mapbl HEAACTaTKOBA JUIsl HACBIUSHHS, paca He BhIMaj3e.
Ankas: paca He BbINajze.

Mpeikaan 2. Y namsamkanni ymamuansacigo V=1,0-10° M® npul Tammepary-
pbl 1;=10 °C agnocnas Bisbrotacup nasetpa @;=40 %. Bbisnauue macy Baupl,
SIKylo Tp30a BbIMapblllb, Ka0 Mpbl TaMIepatypbl fo =18 °C anHocHas BijbroTHaclb
naBeTpa y namsiliKaHHi nasbicizaca 1a @g =60 %.

Hansena: Pamsnne. [lper Tamnepatypnl £1=10 °C y naBeTpbl namsii-
V=1,0-10° M| kanua 3msmuaenua BajssHas napa macail m;=@p,,V, 13e
t1=10 °C r
(;1=0,40 Pu1=9,4 ) (ra. Tabaiy 1 § 8). Maca BajnzsHol napnl y ja-
f;=_1086(§: J3eHbIM ab’éMme maBeTpa Mpbl TIMIEPATYPhl lo: Mao=P9P,0V, N3e
2= Y,
r

=154 — (rn. tabainy 1 § 8). Tagbl Am=mse— m; a6o

A —2? Pu2 3 ( wy 1§ 8). Tan 9= M,

Am= (p2p112v - (plpnlvz ((pruQ — @1Pu1 )V
Am=(0,60- 154 — —0,40-9.4 —)-1,0- 10° w*=55 «r.
M M

Ankas: Am=>5,5 Kr.

[IpakTbikaBanHe 6

1. Ilpbl Tamnepatypbl £=16 °C napuplsiJbHbl 11iCK BaA3sHOH Mapbl § MaBeTpbl
pn=1,2 k[la. Bbeignautie ajHoCcHyI0 BiJibroTHaClb NaBeTpa.

2. BbI3Haule aJHOCHYIO BiJIbIOTHACLb [aBeTpa y MamsillKaHHI yMsllyasbHac-
wo V=200 m® npsi Tamnepatypsl t=20 °C, Kaji mMaca Baj3siHOH Maphl y namsii-
KaHHi m =24 K.

3. Ilpbl Tamnepatypbl {=18 °C amnocnas Binbrotnacib nasetpa @ =61 %.
[Ipbl sKO# ToMMepartypbl NavyHe BbiNajallb paca?

4. Tlpol Tomnepatypbl ¢ =28 °C aanocnasi BijbrotHacub nasetpa @ =50 %.
BhisHaulle Macy pachl, sikasi Bbinaja 3 mapetpa aG’émam V=1,0 kv, mpbl mawi-
»K3HHI ToMnepaTypbl Ha AT =16 K.

5. Bbignauue anHocHyio i abGcasioTHylo BifbroTHacli naBeTpa, Kaji rnakasaH-
He cyxora Tapmomerpa ncixpomerpa f.= 14 °C, a nakasaHHe BijbrotHara —
t,=10 °C.
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6. Ilpoi Tamneparypbl £=20 °C agnocHas BisbrotHacub nasetpa @ =44 %.
Bbi3Haulle nakazaHHe BiJibrOTHara T3pMOMeTpa IciXxpomeTpa.

7. TlaBerpa a6’émam V=20 M, amHocHast BisbrotHacup sikora @)= 20 %,
aMsllai 3 rnaBeTpam TOH »Ka TIMIepaTypbl, ab’éM i ajHoCHasi BiJIbIOTHACIb SIKOTa
annaseaa Vo=3,0 M i @9=230 %. Briznauue agHocHylo BiJbrOTHACUL CyMeci, Kadi
sie a6’ém V3=5,0 m°.

8*. ¥ nacyngine 3Haxoxgillia naserpa rnpbl Tamnepatypol =10 °C, agHocHas
BisibroTHacip sikora @)= 60 %. Bbisnaule agHocHylo BijbroTHaclb NnapeTpa nacs
3MSIHIISHHS siro ab’éMy ¥ Tpbl pasbl i HarpaBaHHsi 1a Tamrnepatypbl to= 100 °C, npbl
SIKOH LiCK HackluaHail napbl pyo=1,013-10° Ia.
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ACHOBbI
T3PMAAbIHAMIKI

§ 9. TapmaabliHaMiyHaa cicTama.
TapmapblHamiyHaA payHaBara. YHyTpaHas 3Hepris.
VHyTpaHas 3Hepria ig3anbHara apgHaaTtamHara rasy

Y 9 kaace soi Odasedanrica, wmo noynas 3dHepeis Gisiunail cicmamol
yagase caboi cymy se mexaniuwail IHepeii [ JHYmMpaxolx dxepeii uea, aKis
ymsaparoys cicmamy. [poiuoim 3mMaHeHHe Mexarniunail aHepeil y wapaey 8ol-
nadkay adbwvisaeyya Y BblHIKY nepaxody de 4acmki 8a YJHYMPAHYIO IHEpPiio
uea cicmamol. Pascyuolss iHcmpymermeol NPoLKMEMHA HA2pas8aroyya npol 3a-
mouysl ix Ha madviabroim Kameri. [lpo. beecy kawvrkabencya na 1603e nad
Kanvkami pacmaé aéd, wmo 3zabacneugae dobpae caizeanre. ¥ eamoix-
NPbLLKAAO0Ax yeavl npol MPIHHI HApaAsaoyya, [ iIHMIHCIJHACYb xaamoliHaea
pYyxy ix marekys yspacmae, wmo 8103e 0a NABEAIUIHHS YHYMPAHAL 3HEpeii
uea. SIK olca 8obl3HAUbIYL YHYMPAHYIO IHepeilo mapmMadblHamiyHal cicmamol?
[ wmo pasymeroyv nad mapmadolnamiunail cicmamatl?

TapmapbiHamiyHaa cictama. TapmaabiHamiyHaAa payHaBara. BoiBanbl Tapmajpl-
HaMmiKi rpyHTylola na ¢GyHJaMeHTaJbHbIX 3aKOHaX, sIKis HasblBalollb NavyaTkami
TIpMajiblHaMiKi. [5Thbisi 3aKOHbI YCTaHOYJeHbl Y BbIHIKY abaryjbHeHHsl IMAaTJiKix
IKCrepbIMeHTaNbHbIX (haktay. AGanipatoubicsi Ha iX, TIpMajblHAMiKa Ja3BaJsie
pabillb MaYHbISA BbIBaJAbl a6 yJjacliBaclsx JacjelyeMbiX CiCT3M, siKis MauBsip/pKa-
1011118 3KcrepbiMeHTa bHa. Di3iuHbls 1esbl i iX Majai y TopMajibiHaMillbl Ha3biBa-
0lb MIPMAObLHaAMIYHbLME cicmamami. T>pMajbIHAMIUHYIO CICTOMY XapakTapbl3y-
10llb Habopam IapameTpay, siKisi Bbl3dHaualollb sie cTaH. ¥ aApo3HeHHe ajl MaJeky-
JISIpHA-KiHETbIUHAN T30pbli § TIpMajblHAMIlLl HEe pa3nisiaolb Mikpackaniuuyio Oy-
JIOBY 1ieJ1 i JIIsT iX arnicaHHsi BbIKAPLICTOYBAIOLbL He (i3iuHbls XapaKTapbICThIKi Ma-
JlekyJl (MiKpanapameTpbl), a rnapameTpbl CiCT3Mbl (MakpanapameTpbl), Takis siK
ick, a6’&m, Tamreparypa.
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3amkHyTast, abo i3asisiBaHasi, TSpMaJbIHAMIYHAS CicTOMA IMKHelllla Ja payHaBari,
KaJsi yce sie MakpamapaMeTpbl He 3MsiHsIIOLA 3 UdraM uacy. [Hakil Kaxkyubl, 041
KOJCHAL (3aA98AHAL MAPMAObIHAMIUHAL CICIMAIMbL ICHYe CMaH mapmadblia-
MiYHal payrasaei, y AKi AHA nepaxodsiyb camaads8osbHA.

[5Tae cuBep/rkaHHe HA3bIBAIOLb HYJSIBBIM [MayaTKaM TIPMajIbIHAMIKI.

VYHyTpaHasa 3Hepria. [aBopaubl a6 moyHa# sHeprii MakpackamiuHara iieJfa,
HeaOXxo/Ha 3ayC&pbl YJliuBallb HE TOJbKi SITO MeXaHiuHyl0 3HepTilo (KiHEeTbIUHYIO
i MaTIHUbISVIbHYI0), aje TakcaMa KiHeTbIYHYI0 SHeprito LenJsjabora pyxy siro
yacuill i MaTIHUbBIANBHYIO SHEPrito ix y3aemaa3esiHHs. Y T3pMajblHAMillbl Maj
YHyTpaHal SHeprifAf 1esa pasyMelollb MOYHYIO SHEPTilo yciX yacuiu, skig yTBa-
paoub 1esa. [3Ta KiHeTbluHAsi HepPris LenJaBora pyxy MmaJjekyJs, KiHeTbluHas
9Hepris pyxy aramay YHYTpbl MaJjieKyJ, MaT3HUbIsAJIbHAs SHEPrisg y3aemal3esiH-
HSl MaMiK MaJjieKyJami, Hepris 3JeKTPOHHbIX abajioHaK aTtamay i YHyTpbisja3epHast
SHepris.

YHyTpaHast sHepris o000l TopMaAblHAMIUHAH CiCTIMBI CKJaaellla 3 YHyTpa-
HBIX HEprifl 1eJ, ITO YBaXo3sllb Y AaA3€HYI CiCTIMY.

Y T3pMazblHaMillbl TaJIOYHYIO POJIIO aibllpblBae He cama YHyTpaHasi 3Hepris, a
fe 3MsAHCHHE, fKOe anOblBaelLla Mpbl Mepaxoase CICTSMbl 3 aiHaro CTaHy y Apyri.
[Tag npbipaiusHHeM yHyTpaHa# 3Heprii padymelollb po3Hacilb YHYTPaHbIX HEPrii
y KaH4YaTKOBBIM i Ma4aTKOBbIM CTaHAaX:

AU=U,—U,.

Hanpoiknan, nepaxon HekaTopad Machl igvafb-

Hara rasy ca crany [ y cran 3 (poic. 49) moxna P A
aXbILLABIL ab6o ¥ xonze npaiey [ — 2 — 3 (npwl 9 3
i3aXOpHbLIM HarpaBaHHi, a 3aTbIM MPbl i3a0apHBIM
paciblpsHHi), ab6o y xomze mnpauscy | —4—3 A A
(npbl i3aGapHbIM pacuIbIp3HHI, a 3aTbIM TpHI i3a-
XOPHBIM HarpaBaHHi). AJHAK MpbipallysHHe YHyTpa- 1
Hail sHeprii ragy i y aiHbIM i Yy JPyriM BbIMAJIKy >
Oya3e aTHOJIbKABBIM: 0 1%

AU 93=AU43=Us— U}. Puic. 49

Y

Y

YHyTpaHasi sHeprisi 3’ayJsielia QyHKUbIsIH cTaHy cictambl. [5Ta agnavae, wro
3MsIHEHHe VHyTpaHail 3Heprii nNpbl nepaxoj3e TIpMajablHAMIUHAN CicTaIMbl 3
aJlHaro craHy y Jpyri 3ajexblilb TOJMbKi aji 3HAUIHHAY MapaMeTpay raTblX CTaHay,
a He aj npauacy nepaxomy.
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VYHyTpaHaa 3Hepria iA’anbHara apgHaatamHara rasy. Bbi3HaubiM YHYTpaHylo
9HEprilo ifvasbHara agHaaTaMHara ragy, I. 3H. ragy, ski ckjagaelia 3 acoOHbIX aTa-
may. Hampwiknan, agHaataMHbiMi 3'siysisiiolilla iHEpPTHBISI Ta3bl — TeJiid, HEOH,
ApProH i iHul.

3 asHauysHHA NaHsLUS «iIPajbHbl Ta3» BblHiKae, LUTO SIr0 YHyTpaHasi Hepris
3'siyJsielllia cyMal KiHeTbIUHbIX 3HEpPTill XaaTbluHara pyxy ycix majekys aGo ata-
May (ysaemazidesiHHe MamiK yacliiami ajcyTHiuae). 3Haublllb, YHyTpaHas 3Hepris
il3a/pbHara agHaaTaMHara razy poyHas 3aObITKy CsAp3AHAH KiHeTbIUHAH 3ZHep-
rii (£,) uenjaBora pyxy vaclill Ha ix Kosibkaciib N, 1. 3H. U=N(E,). TlakoJbKi

3
NzﬂNA, n3e m — maca rasy, a (E.)=—=kT, 1o
M 2
U="UN, 3T
M "2
Kani yaivbius, wro kN, =R, atpbiMaem:
3m
U= __RTv 9.1
abo
3
U=—=vRT.
2

Slk Gauna 3 copmysibl (9.1), yHyTpaHasi aHeprisi 1aa3eHail Machbl igdajbHara
ajHaataMHara rasy npanapubisiHajdbHas a0canloTHad Tamnepatypbl rasdy. jlna
He 3aJiexbllb aJl iHIIbIX MakpacKaliuHbIX napameTpay cTaHy — IicKy i a0’ émy.
3Haublllb, 3MsiHeHHe YHyTpaHail 3Heprii Aaj3eHall Machl inasbHara ajgHaatamHara
ragy ajoblBaellla TOJIbKi Mpbl 3MSIHEHHI SITO TIMIIEPaTypbl:

AU =2 pAT. (9.2)
2M

[Ipbl BbI3HAYHHI YHyTpaHall 3Heprii psajbHbIX rasay, Bajkacued i LUBEPAbIX
ueJs HeaOXo[HA VJiuBallb MaTIHUBIAJILHYIO SHEPrilo y3aeman3esHHs daclil, sikas
3asiexKblllb a1 aaerjacli namik imi. Tamy y arysbHbIM BbINAJAKy YHyTpaHasi SHep-
risi MaKpacKamiyHbIX 1LleJl 3aJieXKblllb He TOJbKi an abcasioTHal TaMIepaTtypbl, aje
i an ab’émy.

[Ipbl BbIByusHHI ¢i3iki ¥ 8 kiace Bbl jaBejasicsi, WTO 3MsHIlb CTaH TIPMajpl-
HaMiuHal CiCTSMbl MOXKHA AByMa criocabaMi: BbIKapblCTayLIbl LerJianepagady i Bbl-
KoHBatoubl padoty. [lpaiusc uensanepanausl i BbIKaHaHHe pabOThl XapaKTapbl3yloLb
annaBeHbIMi (Di3iuHbIMI BeJIUBIHAMI — KoJbKacifo Lemsathl ) i paGorai A, skis
g'ayssitona MepaMi 3MsIHEHHSI YHyTpaHail Heprii CicTIMBI.
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\/ 1. ®isiunbia Uenbl i iX Magaai § TIpMajibiHaMIilbl HAa3bIBAIOLb TIPMaJIbIHA-
MidHbIMi cicTamami. TapmajbiHamidHylo cicTaMy XapakTapbi3dyiollb Habopam
MaKpanapameTpay, sKisi BbI3Haualollb € CTaH.

2. Cran i3ansiBaHall TdpMajablHAMiuHAH CiCTAMBI, KaJi yce sie Makpanapa-
METPbl HE 3MAHAIOLLA 3 LAraM 4acy, Ha3blBAOLb PAyHABAXKHLIM.

3. Ilan ynyrpanail sHeprisiii TospmajplHaMiuHall CiCT3MbI pasdyMelollb Cymy
KiHeTbIYHAW HEPrii YCiX Yacllill CiCTSMbI i MaT9HUBISIBHAN 3HEPrii iX ysaema-
J3EHHS.

4. 3vsHeHHe YHyTpaHa# SHeprii Lena Tpbl Mepaxoa3e 3 aaHaro CTaHy y
JIPYTi 3aJIeKbllb TOJbKI aJ 3HAUSHHAY MapaMeTpay TaThIX CTaHay, a He aj
npauscy Mepaxomy.

5. YHyTpaHasi sHeprisi jaA3eHall Machl igsajbHara ajHaaTamHara rasy 3a-
JIEXKBILb TOJIbKI al TIMIIepPaTyphl:

? 1. lWTo Ha3biBaloUb TIpMafbIHAMiIYHAK CcicTamain?
2. lWiTo pasymetoub nap TIpmagblHaMmiyHait payHaBarai?
3. Ap Akix napameTpay 3asexbllb YHYTpaHas 3Heprif igsanbHara rasy i YHyTpaHas
3Hepris paanbHblx rasay?
4. Ip3anbHbl ra3 mayHai mackl nepaBoA3slb ca CTaHy 1
y CTaH 3 AByMa po3HbIMi cnocabami: i3aTapmiyHa (I — 3) p
i awbluuAYAAl0Ybl CnayaTKy i3abapHae paclbip3HHe, a 3a- 1 2
TbiM i3axopHae axanopxsaHHe (I— 2— 3) (pbic. 50).
Li 3anexsilub 3MsAHEHHe YHyTpaHaii 3Heprii rasy aj cnoca-
Oy Aro nepaBofy ca cTaHy Iy cTaH 3?

5. Akimi cnocabami MoxHa 3MsAHiLb YHYTpPaHyl 3Hep- 3 >
rito cicTambl? 0 14
6. flkas disiuHas BeniubiHA 3'Aynselua mepail 3MAHeH- Poic. 50

HA YHYTpaHail 3Heprii cicTambl npbl Lennanepagaysi?
7. Ak cyapHocauua YHYTpaHblis 3Heprii rasay, HeoHy i renito, y3aTbiX Npbl agHOJbKa-
Ball TamnepaTypsbl Y Kombkacyi 1 monb?

Mpbiknap pawsHHA 3apaybl

Ha poicynky 51 y kaapabiHaTax (p, V) ammoctpaBaHbl npaisc rnepaxoiy iis-
ajJlbHara ajHaatamHara ragy nsyHail macbl ca ctaHy [ y cran 2. BbidHauie npbi-
palusHHe YHyTpaHal 3Heprii ragy, KaJi IicCK ragy ¥y KaH4YaTKOBBLIM CTaHe
po=1,5MlIla, a siro a6’ém y nauatkoBbiM crane V=20 J.
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Hansena: Pawsuue. [lpblpaimusuue yHyTpaHail sHeprii
po=1,56 MIla=1,5-10° Ia 3m

Vo=2,0.1=2,0-107° m® iI’a/bHara ajHaatamMHara rasy AU=§MRAT.
AU — ? 3uaiicui macy m rasy, sfiro majsphyio macy M i

3MsiHeHHe TaMmnepatypbl A7 HsMa MardbiMacli.

Annak, BblkapbicTayibl ypayHenHe Knaneiipona— MenngsiieeBa, uisi cranay [ i 2

m
MOXKHA BbI3HAUbILbL 3HAYSHHE BLIPA3y MRAT- 3 pul-
cyuka 51 Gauna, wro § crane [ uick rasy 2pg, a siro  2pol-—_1
a6’ém Vy, a y crane 2 — pgi 3V, Tanwl ypayHeHHe T\
Knaneiipona— MenjzsiieeBa ass cranay [ i 2 6ynze  Po ——l— ————— 2

BbIIVIsiAallb Tak: :

0 Vo 3V, Tr/
2poVy =~ RT,, (1) °
M Peic. 51
m
3V, =—RI,.
PooVo TR (2)
Boiniubim 3 ypayHenHsi (2) ypaynenne (1): 3poVo—2poVy= %R(TQ—TI) i
m 3m 3
arpbiMaeM, WTo poVy = —RAT. Tagpl AU =——RAT =—p V.
p PoVo M i\ oM 2170 0
3
AU=—-1,5-10°TIa-2,0- 1072 m>=4.,5- 10° [k =4,5 kIx.

2
Ankas: AU =45 kIIxk.

[IpakTbikaBanHe 7

1. BoisHauiie yHyTpanyio sHepritio aprony macai m=4,0 r npbl TaIMOepaTyphbl
t=27 °C.

2. Brignaulie mpblpalysHHe yHyTpaHail sHeprii igsasbHara ajgHaatampara rasy,
KoJIbKacllb p3ubiBa sikora v =2,0 Mosib, mpbl siro HarpaBaHHi Ha Af =20 °C.

3. Ivanbhbl anHaatamubl ra3 3aiimae a6’ém V=4,0 5, sro uick p=0,30 MIIa.
BeigHaulle yHyTpaHylo 3Hepriio rasy.

4. Tlpbl 3MsiHEHHI cTaHy imPaJjibHara ajHaatamHara ragy fro a6’ém naBsJliubly-
ey oo=2,4 pasa, a uick namenuibiycst ¥ B=1,2 pasa. BoisHaule ajHociHy yHyT-
paHbIX HEPriil ragy ¥ KaHYaTKOBBIM i MayaTKOBBIM CTaHaX.

5. Maca renito m=2,0 kr, aro uick p=60 klla. Boiznauue ynyrpanyio sHep-

KT
rito reJito, KaJgi siro udbibHacub P=0,20 —3-
M
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6. Ipbl Tamnepatypnl =27 °C yHyTpaHasi 3Hepris ilvajbHara ajHaaTamHara
ragy U=1,2 JI:)x. BbisHaulle KoJibKaclp atamay rasy.

7*. InsanbHbl agHaaTaMHbl ras nepaxoidillb 3 ajHaro cTaHy ¥y Apyri Tak, LITO
Aro 1ick aMaHsienua na sakone p=AT? nze A — kasdiubleHT MpanapibiaHalb-
nacui. [Ipbl naBeniusuui a6’émy ragy § Tpbl pasbl MpblpallysHHe §Iro YHyTpaHai
sneprii AU=Uy— U;=—0,60 kIlx. Bbidnauie nepianayaTkoBbl LicK ragy, Kadsi
siro a6’ém y nayatkosbiM crane V=40 J.

§ 10. Pabora y TapmagbiHamiubl. KonbKacuyb uennarbi

Y 9 kaace so1 dasedarics, wmo paboma cirel (mexarniunas paboma) 384-
3aHa 3 nepamsapiHHem adHaeo 8i0y aHepeii y§j dpyei, HANpolkiad, Mexarii-
Hatl 3Hepeil sa yrympawnyro. Pabomy cirel pazeasdaroyo ik mepy 3MAHEHHS
gHepeil isiunail cicmamol. A aK 86l3HAULLUL pabomy 1 mapmadviHamiyol?
Sk ModcHa sulpadiys eamy pabomy npasz MAKpacKkaniymula napamempol —
uick i ab’ém?

Pasrnengim raa, siki 3Haxojagiua y ublIiH/-
pblyHall nacyagdiHe 3 nJjouvad acHoBbl S, 3a-
KpbITall PyXOMbIM TopiiHeM (pbic. 52). Y3ae- \
Maji3esiHHe ragy 3 [MopluHeM, a TakcaMma ca S\'
CLUEeHKaMi Macya3iHbl MOXKHa XapaKTapbl3aBallb ,’
lickam p, siki ra3 akaspae Ha ix. Jlanycuim, 1to /
Y BBbIHIKYy i3abapHara paculblp3HHs rasy Inop-
lIaHb nepamscliycs ca craHosilya [ y cTaHo-
Bila 2 Ha ajsiersiaciib Al. Mojtysib cisibl 11icKy
ragy, WTo J3eiHiyae Ha nopwaub, F=pS. [5Ta cina BbikoHBae paboTy na nepa-
MSILLIY9HHI [TOPLLUHSA

Ao =FAlcosa, (10.1)
Ji3e O — ByraJ namik HarnpaMmkami cijibl i nepamsiliysHHs. Y pasriezKaHbiM
npbikaanze o=0, Tajbl
Ay = pSAL

3nabbitak SAl BbldHauae npbipalysHHe ab’émy AV =V, -V, (ra. pbic. 52),
Tamy paboTa rasy Mnpbl siro i3aGapHbIM pacllibIPIHHI
A = pAV = p(Vy=1), (10.2)
n3e V| — nauatkoBbl a6’ém rasy, Vo — a6’ém rasy y KaHuaTKOBbIM CTaHe.
[TakosibKi 1ick ragy p 3aycénbl BeJiiublHs jgafgaTHasi, 3 Gopmyabl (10.2) BbI-
Hikae, 1ITO, KaJi ras pacwbipaenua (Vo> V), pa6ota, sikylo BbIKOHBae cina
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uicky ragy, pagatHasi (Ajo>0), a ¥ Bbinaaky cuickanust (Vo< V) pabora aamoy-
Hast (A15<0).

[Ipausc naBosbHara isaGapHara clickaHHsi ragy ca cTaHy 2 3 MauyaTKOBbIM
a0’émam Vyy cran [ 3 kaHyaTkoBbiM ab’émam V| MoxkHa xapakTapbidaBallb pa6o-
Tail A% 3HelHiX cin Haj rasam:

Ay =p(Vy V) (103)
3 napaynauus poynacueit (10.2) i (10.3) BbiHiKae cyanHocina namixk pa6o-
taii A%, BblkaHaHail 3HelHiMi cinami, i paGotail A9, SIKyI0 BbIKOHBAe cija

uicky rasy: Ay =A,. Idra cyaanocina aanassgae Tpsuamy sakony Hbroorana
(3HewHsist cijna F, sikasi ja3edHiyae Ha ra3 3 OOKy MOpUIHs, Mae Harpamak,

cynpaubJersbl Cije  LicKy F, skas jgeiiniuae Ha nopuanb 3 OOKy rasy).
3 dopmyabl (10.3) 6auna, wrto pabora, BbiKaHaHasi 3HEUIHiMi cijami, naxat-
Has (A’>0), kani aneiBaeuua cuickanue rasy (V. > V). Kani ras pac-
wblpaentd (Via< Viaw), TO paboTa, BblKaHaHas 3HEUIHiMi cijami, aamoy-
Hast (A’<0).

leameTpblyHae TayMausHHe pabotbl. [laGymyem P A
rpadik 3asexHaclii 1icky rady am fro a6’émy mnpbl
p=const. Ik 6auna 3 peicyHka 53, npbl i3a6apHbIM
paclbIpoHHI ragy paboTa, BblKaHaHas Cijak 1icKy
ragy, JikaBa poOyHas T[JIOWYbl MPaMaBYTroOJbHi-
ka ViABV;.

Kani npaise nepaxony ragy 3 nauatkosara cra- O
Hy ¥ KaH4yaTKOBbl He 3’siysiselia isabapHbIM, TO pa-
6oTa, BblKaHaHasl cijlail LiCcKy rasy Mpbl 3MsiHEHH]
aro a6’émy an V| na Vy, nikaBa poyHasi mJoinybl D
dirypsl, abMmexkaBaHail rpadikaMm mnpauscy (Kpbi- Do
Bass [—2), Boccto OV i npambiMi, siKisi aanabsjia-
tollb 3HausHHAM a6’émay Vi Vo (pbic. 54).

< f———f

Pbic. 53

[Ipatac, y BBIHIKY siKOora TapMajblHAMiuHas cic- P
T5Ma, NPANULIOYILbl HEKATOPYIO MaC/s0yHACLb CTa-
Hay, 3HOY BSIpTaellla y 3bIXOAHbI CTaH, HA3bIBAOLb 0

ublKAiuHoIM npayscam abo yvikaam (poic. 5H).
Pa6ota, BbiKaHaHasi cicTaMai Mpbl LBIKJIIYHBIM T1pa-
sce, Ui paborta UbIKAA, pPoyHasi MJolIubl (irypsl,
abMerkaBaHal JiHisIMi, sIKisl aIJIIOCTPOYBAIOLb LIbIKJI:
A=A+ Ay + Ag) = Sjg +Sp3+ 531 =519+ 531 = Spaays
n3e So3=0, Si93; >0 Ha pbicyHKy 55, a i Sj93; <0 Ha pbicyHKy 55, 0.
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P A
6
T pa
P 1
2 | 3 P1 |
Szg=0 T
P2 =P3—§|—->—— 3
3 5 2 | I
0 "/ (0] ; O V=V, Vs V
Pbic. 55 Pbic. 56

Kani «kpwiBas paciubipsuns» (izabapa [ — 2) (1. pbic. 55, a) pa3melnyaHa
BBILISH, UbIM «KpbIBasi cllickaHHsi» (izatspma 3 — [), To noyHasi paboTa, BblKaHa-
Hasi cicTaMail 3a Uplka (paboTa LblKaa), AanaTtHas. Kagi K, sK nakazaHa Ha pbl-
CYHKY 05, 0, «KpblBasl clickaHHs1» (i3abapa 3 — [) pasmeliyaHa BbILIdH, YbIM
«KpbIBast paclibipaHHs» (i3atapma [ — 2), To paGorta LbIKIa aJIMOyHas.

3 pbicyHka 56 GauHa, 1ITO JiKaBae 3HausHHE PabOTHI 1IbIKJIA BbI3HAUYaelllla He
TOJIbKi [TAYaTKOBBIM i KAHYATKOBBIM CTaHaMi CiCT3Mbl, aje i Bigam npauscy. Hanpbik-
Jaj, ras ca craHy / MoxkHa nepaBeciii y ctaH 3 abo y BbIHIKy i3aTapmiuHara pac-
HIbIp3HHSA, a60 cradaTky i3axopHa MaHi3iyilbl fro 1iCK Ja 3HAUSHHS P9, a 3aThIM
izabapHa napstiublylibl siro a6’ém an 3HausHHs V| ja 3HausHHs V.

Sk Gauna 3 pbicyHka 56, y mneplibiM BbINaAKy paboTa, BblKaHaHasi cijiami 1icKy
ragy, GoJibliiasi, YbiM y JApyrimM. TakiM ubiHaM, paboTa BblKaHaHasi Mpbl Mepaxonse
TIpPMaJblHAMIYHAKH CIiCT3MbI 3 aJHAro craHy y JApyri, 3ajexbilb He TOJbKi aj na-
yaTKoBara i KaHuaTKoBara craHay CiCTaMbl, aje i aj Bimy npaiacy.

Konbkacub uennatbl i yasenbHaa uennaémicracyb. TakiM dybiHaM, iCHYIOIb
JBa crnocabbl nepajgaubl sHeprii ag aaHaro ueJsa jpa japyrora. Ilepuibl xapakra-
peI3yellla nepajgadyai Heprii ¥ npausce MeXxaHiuHara ysaeMaJ3esHHA LeJ —
MeXaHiyHas SHeprisg agHaro uesaa MepaxoAsillb y 3HEPTilo XaaTbluHara pyxy
yacuil pubiBa jpyrora uesa abo, HaaaBapoT, 3MSIHLIHHE HepTii xaaTbluHara
pyXy 4Yacuil, ps4blBa aaHaro 1leJsa andiBaelllla Ha MaBeJiusHHI MeXaHiyHal Heprii
npyrora 1ena. Takyio dopmy mepanaubl sHeprii § TopMmaabiHamilbl (K i § Mexa-
Hillbl) HasbIBalolb padotail. Hanpbikiaaa, y pasriepkaHail Hami paHed TIpMajibl-
HamiuHa# cicTame (ras y UbLIiHAPbIYHAK Macyj3iHe Maj MOplIHEM) pacllblpIHHE
rasy BbiKJikae nepamsiliusHHe nopuiHs. [Ipbl raTeiM 3MsiHIISHHE YHYTpaHal
SHeprii ragy poyHae pabolle, BblkaHaHaWl cinail WicKy ragy, naji JA3esiHHeM $IKOH
MoplIaHb MepamsicCliiycs.
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[Ipbl axbilgyaeHHi apyrora crnocaly nepajaubl 3Heprii andbiBaelllla Hernacpai-
Hbl aOMeH 3HeprisiMi 1lenjaBora pyxy namixk vacuiuami tes (yacrak ien), sikisi yBa-
XOJ3511lb Y CKJIaJl TIPMajblHAMIUHAK CiCTAMbIL. 3a KOIUIT Nepajaj3eHail Mpbl FIThIM
SHeprii napsiliuBaella YHyTpaHasi HEpris aaHaro ueJa i 3MsiHllaeuua yHyTpaHasi
sHeprist apyrora. KaJsi, Hanpelk/aan, npbsiBecli ¥ cylakpaHaHHe JBa LeJbl 3 po3-
HbIMi T3MIlepaTypami, TO yacuillbl OoJibll HarpaTara iesa OGyaylb MnepajaBallb ya-
CTKy cBaéil sHeprii yacuiuam GoJibll XaJjiofHara ueJsa. ¥ BbIHIKYy YHyTpaHasi sHep-
risi nepluara leJsa 3MsiHIIbILLA, a jApyrora lesa napsJiubinua. [Ipausc nepagaybt
IHeprii aj ajHaro ueJsa ja japyrora 6e3 BblKaHaHHsI pabOThl Ha3blBaKOUb yeniane-
padauaii. SIk Bbl Y»KO Belaelle, iCHYIOIL TPbl Bijlbl LienJanepaaaubl: LenaanpaBoj-
Hacllb, KaHBEKLbIsSl i BblllpaMeHbBaHHe.

KosbkacHail mMepailt sHeprii, nepajgaazeHan ey y mnpausce lernJanepaiadbl,
3’'siysisenia KosbKacip tensiathl Q. Y Cl anginkail koabkaclli 1enatbl 3’ siysisiera
mKoyab (k). Hacam st BBIMSIpSHHS KOJIBKACLi LeMJiaThl BbIKAPBLICTOYBAIOLb Ma-
3acicTamuyto anginky — kasopbito (1 kan=4,19 JIx).

Kasi npausc uensanepajnaubl He cynpaBajikaellla 3MsiHEHHEM arparatHara
CTaHy p34blBa, TO

Q=cm(T,~T,), (10.4)
ase m — Maca uena, To—T =AT — posHaclb T3MIEpatyp y KaHUbl i ¥ 1adartky
npauscy Lensanepanaubl, ¢ — yoseavHas yenaiaémicmacyp padviea — QiziuHas

BeJiUbIHSA, JIiKaBa pOyHasl KOJIbKACLL LEMNsaThbl, siKylo aTpbiMJiBae abo aniae p3ybl-
Ba Macail | Kkr npbl 3MsiHeHHi siro Tamnepatypbl Ha 1 K. ¥YnsesbHyto uensaémi-

)

CTaclp BbIMSApAIOLb Y JRKOYJISX, Maj3e/eHblX Ha Kinarpam i KeJsbBiH (KI‘ K

o OiziyHas BeniybiHA, poyHas 3A4a0bITKY Machl Lefa Ha YA3enbHyl uennaémictaclib paybl-
Ba, HOCilUb Ha3By uennaémictacuyi uyena. AbasHavaloub Lennaémictacub C i BbIMApaloLUb Y

IV

LXOYNAX HA KesbBiH (T) C=cm. lennaémicTacuyb, y afpo3HeHHe aj yAs3enbHai uen-

naémicracui, 3'synsela LennaBoil XapaKTapbiCTbiKai Liena, a He paybiBa.

VYn3enbHasa uennata nnayneHHa. QisiuHylo BeJsiublHIO, JliKaBa POYHYIO KOJb-
Kacui lenJjaTtbl, HeaOXoAHaW JJis MepaTBap HHS KpblllTajiyHara pa4biBa Ma-
cai 1 Kr, y3siTara npbl TaMIepatypbl [JIAyJIeHHs, Y BalKaclb TOH »Ka TaMmIeparty-
pbl, HasblBallb yd3eavHall yeniamol niayrenns A. JIisi niayjieHHs uena ma-
cail m, nansip3jHe HarpsTara ja TsMIepaTypbl IJayJeHHsi, siMy HeaOXxoiHa nepa-

Jalb KOJIbKACUb LenaaTtbhl ), =Am. [Ipbl Kpbiranisaupli 1esna BbA3s/Isgela

KosbKaclib Leratbl @, =—Am.
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VYa3enbHaa uennata napayteap3HHA. DiziuHyio BeJsiiubiHIO, JiKaBa pOYHYIO
KoJIbKAcCL llenJaThbl, siKylo HeaOXojiHa Nepajalb Baakacui macail 1 Kr, wTo 3Ha-
XOJ3ila Tpbl TOMMEpPATypbl KilleHHS, JJs TMepaTBapIHHA se Mpbl MacTasgHHau
TIMIEpATypbl ¥ napy, HasbiBalolb ydsesvHai yeniamoi napaymseapinua L.
KoJsibkacup 1enarel, HeabXoaHyto Il epaTBapaHHsl BaJkacli mMacai m, nanspsi-
He HarpaTai Jga T3 MMepatypbl KileHHs, y TMapy, Bbi3Hayawollb na GopmyJe
@, =Lm. Kanpsucaupia napol cynpabajkKaellla BblI3sJIeHHEM KOJbKacLli LerJa-
Tol @, =—Lm.

VYa3enbHasa uennata 3rapaHHa naniBa. PiziuHylo BeJsiublHIO, JiKaBa POYHYIO
KoJIbKAcCLl LenJaThl, sikasi BblA3sisela npbl MOoyHbIM 3rapaHHi najisa macai 1 kr,
HasbIBalollb yd3eavHail yeniamotl 3eapanus nanisa q. Kosbkacib LemnaThl, 1ITO
BbII3SJISICLLA [IPbl [TOYHbIM 3rapaHHi HeKaTopad Machl m MajliBa, Bbl3HAuawolb Ia
dopmyne Q,.=gm. Slna nepanaeuna uesnam, sikis yTBapaiolb TIPMajiblHAMIUHYIO
cictamy, i ¥ agHociHax Ja ix 3’ayiseniia gajaTHal BeJiubIHEH.

AngHaubiM, WITO ¥ BBIHIKY llenJianepajaubl MOTYlb 3MsiHSLLA K a0el3Be CKJa-
Jlatoubls YHyTpaHail sHeprii 1iena, Tak i agHa 3 ix. [Ipbl HarpaBanHi (axanamKaHHi)
3MSAHAIONIA KiHEThIYHAsA 3IHEPris XaaTbluHAra pyxy 4acllill, LITO CKJAajalolb lena, i
NaTIHUbIsIIbHAS 3Hepris ix ysaemajidesHusi. [lpbl nuaysnenni (KpbiluTagizaibli)
i KinenHi (kaujsHCAlbli) 3MsIHSEIA TOJbKI MaTIHIbBISIbHAS SHEPTisl y3aeMaji3esiH-
HA yaclil, p3ubiBa.

[Ipbl BbIKaHaHHI pabOTHI Takcama MoxKa 3MsIHSILA SIK KiHeTblYHasi, TakK i NaTsH-
UbIJIbHAST SHEPTisl yacuill p3ybiBa. TakiM ublHaM, siK Npbl LenJanepaiaybl, Tak i
Npbl BblKaHaHHI paboThl ai0biBaelllla 3MsiHEHHE KiHeTbluHAW i MaT3HUbIsAJIbHAN
SHeprifl yaclill p34biBa, LITO MPLIBOJSIL Ja 3MSIHEHHS] YHyTpaHa# 3Heprii 1iena.

\/ 1. Paboty ragy mpbl i3abGapHbIM Mpai3ce BbIpaxkarolp Mpa3 MakpacKariy-
HbI NapaMeTpbl T9PMaAblHAMIYHAN CiCTIMBL:
A=pAV.

2. Pa6ota ragy JikaBa poyHasi njoindsl irypel, abme:kaBaHai rpadikam
3asexkHacli wicky am a6’émy, Boccio OV i mpambiMi, siKisi annaBsigaiolb 3Ha-
ysHHAM a6’émay Vi Vs.

3. Pabora, skasi BbIKOHBaelllla TIpbl Mepaxoji3e CiCTIMbI 3 ajHaro craHy y
JIPYTi, 3aJIeKblllb He TOJIbKi aj MayaTkoBara i KaH4aTKoBara CTaHay, aJje i aju
BiJly Ipatscy.

4. Tlpausc nepajaubl 3Heprii aj ajHaro 1eJfa ja japyrora 6e3 BblKaHAHHS
paboThl Ha3bIBAWOLb lleMJarnepajauai.
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? 1. Ak BbIAiYbILL paboTy, BbIKAHaHyl cinail Uicky rasy npbl Ar0 PaclWbIpIHHI
(cuickaHHi)? flk cyapHocsuua namix caboit paboTa cinel uicky rasy i paboTa, sKyio Bbl-
KOHBalOLb 3HELWHis cinbl Hap rasam?

2. Y ybiM 3aK/ioYaeLla reaMeTpbiuHbl CIHC MaHALLA «paboTay § TapMmagbiHaMilbl?

3. YaMy paclwblpaHHe rasy npbl afcyTHacyi LennaabmeHy 3 HaBaKoJbHbIM acspoan3em
CynpaBajyKaeLla Aro axanokBaHHeM?

4. flkas isiyHan BeniubiHA 3'Aynseuua Mepail 3MAHEHHA YHYTPaHAM 3Heprii npbl uen-
nanepagaybl?

5. Pactnymauyue, yamy npbl Lennanepagaybl i BblKaHaHHi paboTbl 3MAHAeUua YHyTpaHas

3Hepris uena.

Mpbiknagbl pawsHHA 3apay

[poikaan 1. Beiznauue paboty, siKyl0 BbiKaHae cijia LiCKy inzasbHara rasy
nsyHall Mackl Mpbl i3a0apHbIM MaBbILISHHI siro Tamnepatypsl an f=12 °C na
to=87 °C, kani 1uick ragy i siro nayatkoBbl a6’ém annaeaHa p= 190 klla i

V,=6,0 am>.
JlagseHna:
T1=285 K
To=360 K

p=190 xITa=1,90-10° I1a

Pamsune. Cina uicky rasy BbIKOHBae jaajar-
Hyt0 paboTy, MaKoJbKi Mpbl i3abapHbIM HarpaBaHHi
napsJgiusaeuua sro a6’ém. Tamy A=p(Vo-V|)=
= pVo—pV,. 3roana 3 ypayHenHem Knaneipona—

V,=6,0 m*=6,0-1073 m?
A—7

Menmssaneesa pVy=vRT, i pV, =vRT,. 3Haubllb,

A=p<v2—v1>=vR<T2—m:an[%_l]:le[&_ ]
1
360 K

A:1,90-105Ha-6,0-10SMS-(M—IJZ 3,0-10% Ik =0,30 kJDx.

Ankas: A=0,30 /x. 'N

lMpoiknan 2. Cran igzanbHara ragy, ysstara ¥
kosibkacti v=1,0 mosb npbl Tamnepatypol ;=300 K,

2 3
3MsIHsIellla TaK, sIK MakKasaHa Ha pbICyHKYy O7. Bbignau- P2 [~
e paboTy ragy y xoiase ycsaro rnpauscy, Kajdi Ha isaxo- ' ' >
pbl [ — 2 dro 1jick 3MsiHIIaelnla ¥ Tpbl pasbl, a MyHK- 0 Vi=V Vs 4
Thl [ i 3 JspKallp HA ajiHOH i3aTapMe. Puic. 57
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Hansena: Pawsnue. PaGora A ragy § xomze ycsiro npauscy poyHas
v=1,0 mosb | cyme pabor Ha yuyactkax [ —2 i 2— 3. [lakosbKi npbl nepaxonse
T,=300 K ca crany [ y cran 2 a6’ém ragy He 3msHsiela (mpatsc izaxop-
p1=3ps Hel Vo=V}), T0 padota ragdy A;,=0. Llick ragy npbl nepaxoaze ca
T\=Ts cTaHy 2 y cTaH 3 3acTtaeuua nactasHHbIM (po=ps3). 3Haubllb,
/T pabora rasy Ags= po(V5—W). Tanet A=Ao+ Ags= py (V3 -1)).

[Takonbki ma ymoBe Ty=T5, To BbikapbictaeM ypayHenHe Kuoanefipona (5.2):

v _poVs
I Ty P2

— 2p '

3

2
Tapl A=§VRT1.
9.1,0 mosb-8,31 A
MOJIb -

-300K

A=
3

Ankas: A=1,7 k/lx.

[IpakTbikaBaHHe 8

, aIKyJb ngﬂVlz?)Vl. Taxim ubiHam, A=py(3V,— V)=2p,V,=

3romna 3 ypayHennem Kaaneitpona—MennzssieeBa pV;=vRT].

=1662 Lx=1,7 kJx.

1. a3, uick sikora p=0,10 MIla, izabapHa pacubipaenna. [Ipel rateiM cina
icky rady BoikoHBae patoty A =40 J[k. BoisHadlle, Ha KoJIbKi MaBsiliublycs ad’ém

raay.

2.Ha pobicynky 58  amitocTpaBaHbl
rpacik sasexkHacui 1icKy ragy aja a6’émy.
BrisHaulle pa6oTy, BbIKaHAHYIO CiJail 11icKy
ragy npbl pacliblpIHHi.

3. [lpbl i3abapHbM mMaBesiusHHI TIM-
nepatypbl azory Ha AT=180 K cinait
Aro 1icKy BblkaHaHa pa6ota A =25 k/Ix.
Brignaulie macy asory.

4.1nsanbHbl ra3z nayHail Mackl Npbl TIM-
neparypbl 71=290 K i uicky p=0,20 Mlla
3aiimae ab’ém V;=0,10 M°.  BbigHautie pa-
60Ty, BbIKaHaHylO Cijlail LicKy ragy Inpbl §iro

p, 10°TTa 4

>

8,0

6,0

4,0

2,0

izabapHbiM HarpaBanHi jaa Tamnepartypbl To =370 K.

30 60 90 V.I0 W

Pbic. 58
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5. Ha poicynky 59 ammoctpaBanbl rpadik pac-

WIBIP9HHS i%ajbHara ragy, yssrara y KoJbKacLli LK
v=1,0 mosb. BbisHauue pa6oty, BbIKaHaHYIO Ci-
Jail 1icKy rasy Mnpbl fro nepaxojade ca crany [ 00 2
y cTaH 2. I
6%. Teniit, y3stel y kosabkacui v=2,00 moab, 300
isabapHa pacuibipaeuua. [Ipbl raTeiM cija wLicKy

3
M

rady BblkoHBae paborty A=7,20 k. BrisHauue 0  0.10 0.20 vio°
NayaTKOBYIO T3MIepaTypy reJilo, Kaji firo maca

He 3MsHsellla, a KaHU HTpallblsl MaJseKyJ y KaH- Poic. 59
YaTKOBBIM CTaHe Yy Tpbl pa3bl MeHUIasi, YbIM y Ma-
YaTKOBBIM.

§ 11. Mepwbl 3aKOH TIpMaAbIHaMiKi.
MpbiMAHeHHe nepliara 3aKoOHa T3pMaAbIHAMiKi
Aa i3anpayacay v ig3anbHbiM rase. Apbifs0aTHbI NpaudC

[IpoL sol8yusnni Giziki 9 kaace sol dasedanics, uLmMo NOYHAST MEXAHIY-
HQ 9Hepeisl 3AMKHYMAll Cicmamobl year 3axoysaeyya moabvKi npel adcymmacyl
MPIHHA, @ NPbl HAAYHACYL MPIHHAL AHA namsanwaeyya. Kyoew dsseyua mexa-
HiYHaa anepein? Kaai 6ymarvky, 3anoyHenyro 0a narosel 8adoil npvl naxka-
ésail mamnepamypel, na0mMpacsayb Ha Npayacy HeKaAbKiX X8IAIH, MO aKa-
acayya, wmo sada Haeparacs Ha |—2 °C. Skim uwoinam Haeparacs sada?

Y capangine XIX craromnzs Bsaombl anrdificki ¢isik k. [koyab (1818 —
1889), npaBéyiibl 1IMaTIiKis J0CJ€e/bl, NaKazay, 1ITO BblKaHaHasi Mpbl Mepamel-
BaHHi Bajbl MexaHiuHasi paboTa MpaKTbluHA pOYHAsl MaBeJiusHHIO sie YHyTpaHai
sneprii. Hocaenbl [Ixkoy/asi, a Takcama jgacjefaBaHHi HsiMellKara ypada i Mnpbipo-
nasHayubl P Maepa (1814—1878), nsimenkara npacdecapa disissiorii i agnaro 3
camMbIX 3HakaMiThix izikay npyroit masoBbl XIX craromizs [. Tenbmrogbiia
(1821—1894) nasposini chapmysiBallb 3aKOH 3axaBaHHs i repaTBap3HHS HEPrii,
pacnaycioigiyiibl sro Ha yce 3’siBbl Npbipojbl. [laBomjie ratara 3akoHa mpbl JHOObIX
y3aeMajJ3esiHHAX MaT3pbisiibHbIX a0’ekTay asHepris He 3Hikae i He Y3HiKae
3 Hiyora, siHa TOJbKi Nepajaellia aja agHbIX a0'ekray na Apyrix ab6o neparBa-
paeuua 3 aaHoi Gopmbl § apyryio.
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Jlist TapMajibiHaMiuHbBIX cicTaM (Y TIpMajblHAMIllbl 3BblUuaiiHa pasrsjiaolb
MakpacKarniuHa HepyXxOoMblsl CiCTIMbl) 3aKOH 3axaBaHHsl i mepaTBapIHHS HePTii
Ha3bIBAIOUb Nepulblm 3aKOHam mapmadsinamiki. I1aBoaie nepiuara sakona Tap-
MaJblHaAMiKi MpblpallusHHe YHYTpaHaW aHeprii TapmMaablHaAMiuyHai cicTIMbl MpbI
nepaxoj3e 3 ajgHaro craHy y JApyri poyHae aireOpaiuHail cyme paboOTbl, Bbl-
KaHaHa# 3HeWHiMi cijami, i KoJbKacli uemnjatbl, aTpbiIMaHaii a6o aanajase-
Hail cicramail nmpbl y3aeMaJ3esiHHi ca 3HeUIHiMi 1enami:

AU=A+ Q. (11.1)

[TakosibKi pabGoTa sHelHiX cis poyHasi pabolle, siKasi BbIKOHBAELA TIPMa/ibIHAMi-
yHa# cicramail, yssitail 3 cynpaup/iernibiv 3Hakam (A= —A), To nepiibl 3aKoH TIp-
MajlblHAMiKi MOxKHA capMysisiBallb iHaKII: KOJbKaclb Lenaarbl, aTpbiMaHasi abo
ajnaa3eHasl TapmajablHaMiuyHai cicTamMail mpbl y3aemaa3esiHHi ca 3HEWHimi
uejami nNpbl sie nepaxoja3e 3 aaHaro cTaHy y Apyri, il3e Ha MpbipaliusHHe YHYT-
paHaii aHeprii cictambl i Ha paboTy, SIKYI0 IHA BbIKOHBAae NpPbl PaCLIbIPIHHI:

Q=AU+ A (11.2)

Kani cicrama ysynsie caGoit a3eiouae YCTPOHCTBA, sIKOe MEpbIsAblUHA BSpTaELl-
1a y 3bIXofHbl cTaH, To npbl r3thiM AU=0 i A=@. Mexaniam, siki MOr Gbl BbIKOH-
Ballb paboTy 6e3 3MHEHHsI CTaHy lieJl, 1ITO §ro CKJajawollb, i 6e3 1enanepanaubl
aJl 3HELHIX LleJsl, Ha3blBalOllb «BeYHbIM PyXaBiKoM Mepluara pojay». Tamy rnepuibl
3aKOH TIpMajblHaMiKi MoxKHA capMmyJisiBallb i HACTYMHBIM YblHAM: Hemaeublma
CMBapulyb BEUHbL PYXABIK nepuiaca pody, T. 3H. Taki pyXaBik, siKi Mpbl HSA3MeH-
HbIM 3HAY3HHI YJacHall yHyTpaHa#l sHeprii BbIKOHBAY Obl padoTy OGOJbIIYIO, UbIM
SHEPris, AKyl0 €H aTpbIMJiBae 3BOHKY.

[IpbiMeHiM Meplibl 3aKOH T3pMajiblHAMIKI Ja PO3HBIX i3ampaiiscay, LTo aadbl-
BaloUlla 3 i9aJbHbIM alHAATAMHbIM ra3aM.

IsaxopHbl npauyac. Hsxal igsajbHbl ajHaaTaMHbl ra3 3HaXoJ3illlla y UbLIiH/-
pbluHal nacynsiHe, sikasi 3akpbiTa HepyxoMmbiM nopuiHem (V'=const). Harpsem na-
cynziny 3 razam. AG’ém ragy sacraella NpakTbiUHA MacTasiHHbIM (1leMJIaBoe pac-
HIbIp3HHE nacyadinbl He YuiuBaem) (pbic. 60). 3Haubllb, padoTa Ciabl 1iCKy rasy
A=0. Tanpl nepiibl 3aKOH TIPMajibiHAMIKI HaOy/13e BBITJIsIL

Q=AU. (11.3)

[5ta agnauae, WTO Yesi KoJbKAcUb LlenJaThl, sikasl rnepajaeliiia rasy, iize Ha mna-
BeJliusHHe sro YHyTpaHai sHeprii. IIpbl r3ThiM npblpallysHHe YHYTpaHaid

9Heprii rasy AU:%vRAT>O (To>Ty) (pwic. 61, a). A kani ra3 npbl i3aXopHbIM
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Vi=V, a pA 6 pa
p2————2 p2, To pif——-1 pi T
__
Ty pPi———=p, Ty po——— IpQ,TQ
D 1! QI
0 Vi=Vy v 0 Vi=V, %
Puic. 60 Puic. 61

npauace aaaae KoOJibKaClb ULeEIlJIaTbl, TO HAro S’/HYTpaHaH 9Hepris{ 3MdAHIIaenua.
AU=%VRAT<O (Ty<T,) (poic. 61, 6).

I3arapmiynbl npaudc. Hsxaii upliinapblunas nacynasina 3 razam naj rnopiiHem
3HaxXo/gilllla ¥ TIpMmacTralle — YCTpPOHCTBe, y sIKiM MajpbiMJiBaelllla nacrasHHas
TIMIepaTypa. ¥ TIThIM BbINajKy YHYTpaHasi SHeprisl igsajbHara ajHaaTamHara rasy

3 .
U=§VRT gacraenia nacrasiHiau, a sie 3msaHenHe AU=0. Taubl nepiubl

3aKOH T3pMajibiHaMiKi HaOyn3e BBITISA,

(114)

SIkist BbIBajbl BbIHiKAOUb 3 ratara? Kasi 3 nanamorail 3HelHsira yCTpoHcTBa
naBoJibHa TNepamsiliyailb MnopliaHb y nacyigdiHe Tak, kab aG’ém ragy napsiiiuBaycs
(AV >0, nockosbky Vo> V) (pbic. 62), To paGoTa cijbl 1icKy rasy npbl pacuibl-
pauni A >0 (peic. 63, a). [Ipbl anHosbKaBak nepiianayaTkoBai TIMIEpaTypbl TIP-
macrata i ragy uenJjanepajaausl He anObiBaela. Jlagatnas pabota cijibl 1icKy raay,
sIKi pacliblpaelllla, BbIKOHBAEIla 3a KOUIT TMaMSIHILISHHS $r0 YHyTpaHa 3Heprii, a
3Haubllb, i TIMMepaTypbl. Anpasy K y3HiKae lienJanepajgaua aj TIpMmacrara Jia
ragy. [Ipbl maBOJIbHBIM MepamMsilIY3HHI MOPIIHS Yy MacyasiHe TaMrepaTypbl rasy i
TIpMacTarta nacrnsiBalolb BbipayHsiia. AnbbiBaelia npausc, 6Ji3ki ga i3aTapmiu-

a 6
n=1, PA 1 PA 2
1\ | |
. | |
| 2 | 1
| |
A>0 | A<0O |
v V2 (D ! L, | L
— P — = P2 0 Vi Vo Vv (0] Vo Vi |74
Puc. 62 Puc. 63
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Hara, npbl SIKiM ras naayac paculblpIHHSI aTpbIMJIiBae HEKaTOPYIO KOJbKACllb Ler-
gatbl (Q > 0) an Tapmacrara.

Kani » sHellHi Mexanism 3absicnieuBae napoJibHae 3MsiHIISHHe ab’éMy razy y na-
cymzine (AV < 0, nakosbKi Vo< Vy), To paboTa cisibl 1icKy npbl ciickanti rasy A <0
(pbic. 63, 6) NpbIBOARILG @ MaBeJiiusHHA YHyTpaHail SHeprii ragy, a 3Haubllb, i Sro
TIMIepaTypbl. Y BbIHIKY Yy3Hikae LenJanepajaya aja razy jaa tspmactara. [Ipsl
CliCKaHHi ra3 ajyiae TIpMacraty HeKaTopylo KoJbkKacllb leraatbl @ < 0. Takim ubiHam,
i3aTspmiuHae cllickaHHe rady ajObiBaelllla 3a KOIIT paboThbl 3HellHix cin: A" > 0.

I3a6apHbl npayac. Hsxai ras snaxoigiuia y ubliiHApbluHAH nacyagine, 3a-
KpbITall MopliHeM, §IKi MOxka cBabonHa abo naj nactasiHHal Harpy3kai nepamsiil-
yauua (poic. 64). Harpsem ras, nepanayiibl simy HeKaTOpylo KoJibKacllb LeMJaThbl
(@ >0). ITaBomne nepuiara 3akona tapmaabiHamiki (11.2) nepananzenasi rasy Kosib-
Kacllb llenJiaThl 4acTKOBA pacxojyellla Ha MaBesiusHHe YHyTpaHail sueprii (AU > 0)
CICT3MbI i YaCTKOBA i3¢ HA BblIKAHAHHE PAOOThI CiJlall LiCKy ragy Mpbl sir0 pacliibl-
pauni (A >0) (pbic. 65, a): Q=AU+ A.

[Ipbl i3aGapHbIM npausce paboTa pacuiblpsHHA (cuickaHHsi) ragy A= pAV =0,
i mepiiibl 3aKOH TIpMajiblHAMiKi HaOblBae HACTYMHbI BBITJISL

Q=AU + pAV. (11.5)
a 6
p P
p1=p T—’—TQ 1—4—12 1
1=pP2— =Ds
l | AT>O | pl [72 | AT<0 |
V T | AU>0 | | AU<0 |
1, lp1 I AAV>0 | | AV<0
- I >0 > L A<0 »
(0] Vi Vo Vv 0 Vo Vi %4
Peic. 64 Peic. 65

[Ipbl isaGapubiM cuickanHi ragy 3HelHis cijibl BbiKoHBawolb padory A" > 0.
Kab wick rasy npbl rs3ThiM 3acTaBaycsl NacTasiHHbIM, a3 HeaOXojlHa axaJsoLKBallb,
. 3H. €H MNaBiHeH ajyaBallb y HABAKOJIbHAe acspoja3e HEKaTOpyr KoJbKacllb Ler-
aatel () < 0). [TanikK9HHe TaMnepaTtypbl razy npbl i3a0apHbIM CLiCKaHHi Mpbl-
BOJBIlb Jla MaMsIHIIHHA Aro yHyTpaHail sHeprii (AU < 0). Pabora cisbl 11icky rasy
npbl cuickanii A <0 (pbic. 65, 0).

! . : . .
*  YpsenbHas uennaémictacub payblBa 3aneXbllb He TONMbKi aj Aro ynacuiBacueil, ane i
ajl XapaKTapy axbiLiusyneHHs npauacy uennanepapadsl. Canpayapl, 3 dopmynsl (10.4) Bbi-

Q AU+A

HiKae, WTO YAa3enbHas uLennaémicrtacyb €=——= .
mAT  mAT
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Tagbl 3rofHa 3 neplwbiM 3aKOHAM TIpMagblHaMiKi npbl i3axopHbiM npausce (11.3)

AU
yA3eNnbHas uUennaémictacyb iglanbHara rasy CV:W' a npbl i3abapHeim (11.5) —
AU+ pAV . . .
PET AT Takim YblHaM, Ans afHO/MbKaBara naBeniysHHA TamnepaTtypbl npbl i3abap-

HbIM HarpaBaHHi aa3iHuUbl Machl rasy HeabxofHa nepafaub 60blY KOMbKACUb Lennarthbl,
YbIM NPbl 133XOPHBIM HarpaBaHHi, I. 3H. C, >Cy.

[3Ta TAymaybilla ThiM, WTO Mpbl MAacTasiHHbIM LiCKYy YacTka nafBefseHait aHeprii pac-
Xofyella Ha BblKaHaHHe cinaii uicky rasy paboTbl Mpbl paclibipIHHi.

PacwblpaHHe BafKix i UBEPAbIX LieN Mafyac HarpaBaHHs Mpbl NAcTasHHLIM LiCKY 3Hay-
Ha MeHWae, YbiM rasay, Tamy ans ix A<<AU i ix yasenbHbla uennaémictacui mana 3ane-
*aub aj xapakTtapy npauacy (c,=cy).

Apbis6atHbl npausc. Adeisbammein Ha3biBalOLb Mpalac, y XoA3e sIKora T3p-
MaJiblHAMiYHas CiCT3Ma He aTpbiMJiBae i He auuae 3Hepriro wJsxam uernJanepaia-
ubl. TakiM ublHaM, Npbl a/bLIIOATHBIM Mpallace

@=0.
HprMHHH}OLIbI Ja ratara npauscy nepuibl 3aKOH TapMaﬂbIHaMiKi, aTpbiMaeM:

(11.6)

a6o A=-AU.

[Ipbl anbiibaTHBIM Npalsce 3MsiHEHHe YHyTpaHai sHeprii cicTambl anObiBaell-
11a TOJIbKi 3a KOWIT BblKaHaHHsl paboThl. Kasi 3HellHis cisibl BbIKOHBaOLbL paboTy
na cuickauti rasgy (AV <0, A<0) (pbic. 66, a, 6), To yHyTpaHasi Heprisi razy na-
BssliuBaelia (AU > 0), ras narpaBaenya. Kanai cijna 1icky ragdy BbikoHBae paboty
na pacubipanti (AV >0, A >0) (pbic. 67, a, 6), To yHyTpaHasi sHepris rasy mna-
msiHiaena (AU < 0), raz axajompkBaelia.

Ha npakrbiibl aapisibaTHbl NMPaLsC axKblLLAY/Isgelllla rajoyHbiM YblHAM He 3a
KOLIT Llenviai3ansitpbli (Hesbra akpyXKbillb CicTaMy abaJsioHKail, sikasi abcajioTHa He

a 6 a 6
P 2 p |
| |
|
I | I 2
| |
| |
o v, v, Vv O v v vV
Pbic. 66 Pbic. 67
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Jlanyckae LerJianepanaubl), a 3a KOLIT XyTKACLi Mpaxo/rKaHHs
npauscy. Kani npausc inge BesbMi XyTka, To LienJarnepajiaya
npakThluHa He anObiBaelia. MoxHa npasecii BeJibMi HarJsil-
Hbl J0CJ/el, §Ki iJlocTpye NamMsiHWISHHE T3MIepaTypbl rasy
npbl Iro aaplsi6aTHbIM pacuiblpsHHi. BblkapbicToyBatoubl Mom-
My, Mpa3 aaTyJdiHy Y KOpKy Oy[A3eM HamnamroyBalb Yy UIKJSHYIO
nacyiginy nasetpa (pbic. 68). I1pa3 HekaTopbl mpamexxak vacy
HaraMIOyBaHHs CLiCHyTae NaBeTpa BblKaHae paboTy na rnepa-
aJIOJICHHI CiJIbI TPIHHSA, 3 AKOW CUEHKi Macy/A3iHbl A3eHHYaolb
Ha Kopak, i cinbl atMacdephara iicky. [lennanepanaua namix
nacyisiHad i uesami, WITO fe aKpyxKawolb, He NacrnsiBae Inpa-
ABilllla 32 TOH MaJsbl TMpaMeKaK 4dacy, MakKyJ/Jb KOpaK BblIsATae

Pbic. 68

3 nacynginbl. [lamsHiIsHHe YHyTpaHa#l sHeprii maBeTpa Yy nacyisiHe BbisyJselia
Y MaHK3HHI Fr0 T3MIepaTypbl, LITO MPBLIBOA3ILL Aa KaHAHCAllbli BaJ3sHOH Maphl,

I. 3H. Jla YTBAPOHHS TyMaHy.

Y sdKkacui npbikJany aabisbaTHara npaiscy MOoKHA NpPbIBECi axaJajiksHHe
naBetpa y atmacdepnl. Harpsrae kansi naBepxni 3smJ/i maBeTpa najgyac XyTkara
najp éMy y BepxHisi ciai aTMacdepbl pacuibipaeliia amaib aabisibaTHa i Mpbl IThIM
p33Ka axaJjokBaela. BanzsiHas napa y iM KaHaHcyelllla ¥ MaJeHbKis KporJii
Bajibl i KpblITasiki J€ny, yrBapaioubl BobGJaki. buiski na ajbissbatHara npausc Bbl-

KapbICTOYBAIOLb Y pyXaBiKax yHyTpaHara 3rapaHHsl.

U AbapayanbHbl apbisbaTHbl NMpau3Cc agHoCAUb Aa i3anpauscay, nakonbKi €H xapakTa-
pbi3yella nacrasHcTBam (yHKUbII CTaHy, AKYI0 Ha3blBaloUb 3HTpanisi. Y agposHeHHe
af, acTaTHix i3anpauyacay npbl aGapavanbHbiM aabliabaTHbIM npausce apdbiBalolLLa 3Me-

Hbl Uicky, a6’émy i Tamnepatypsl. [padik agbisbatHara
npauscy Y kaappbiHatax (p, V) mapgo6Hbel Ha rpadik
i3aTapmiyHara npauyadcy (peic. 69). AgHak apHamy i
TaMmy X 3MAHeHHI0 ab'émy AV npbl apbia6aTHbIM Npaya-

ce aanasafae 6o/bliae 3MAHEHHE LiCKY, YblM npbl i3a-  P1TAPa-

TapMiunbIM: [Ap,| > |Ap| (. peic. 69). Tta Taymaubiy- 147

PA

Anpisibara

ua ThiM, WTO ¥ BbINaAKy aabiabaTHara paclibipIHHA PiF==- Isaropma
uick p=nkT 3mMAHWaeULa He TONbKi 3a KOWT nase-

NiY3HHA aG’émy rasy (NaMAHWIHHA KaHL3HTpaLbli =
yacuiy), ane i 3a KOWT MAMAHWAHHA T3MMepaTyphl. O VimaV vy v

Mpbl i3aT3pMiyHbIM pacWbIPIHHI LicK rasy 3MaHWael-
1@ TO/IbKI 33 KOWT MaMsAHLW3HHA KaHU3HTpaUbli Yacuil.
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\/ 1. Ilpbipauusnue yHyTpaHail sHeprii TspmaJblHaMiuHal CiCTMblI Npbl Me-
paxojge 3 ajHaro CTaHy y Apyri poyHae anreOpaiyHail cyme paOOThl, BbIKAHA-
Hall 3HEILIHIMi cimami, i KOJbKacli Lemnjathl, aTpbiMaHal abo amiaaseHan
cicTsmal Npbl y3aeMa[3esiHHI Ca 3HELUHIMI LesaMi:

AU=A"+Q.

2. KosibKacup uenJgathbl, aTpbiMaHas abo aalajaseHasi TSpMajblHaMiuHak
cicTaMail mpbl y3aeMaji3esiHHI ca 3HEWIHiMi LeJami Mpbl e Mnepaxoi3e 3 ajaHa-
ro CTaHy Y Jpyri, iA3¢ Ha MpbIpallysHHE YHYTpaHail SHeprii cicTambl i Ha pa-
60Ty, SIKyIO CicT3Ma BBIKOHBAE€ MpPbl pPaclUblpHHI:

Q=AU+ A.

3. Ilpebl i3axopHbIM mpaiace ycsi nepagan3eHasi cictame KoJbKaclb Liel-

JIaThl i13¢ Ha MaBeJliusHHE sie YHyTpaHal Heprii:
Q=AU.

4. Tlpbl i3aTapmiuHbIM TIpanace padoTa pacilibipsHHs abo CliCKaHHS 13-
ajibHara rasy cynpaBajpkaelllla LernJianepagayaid naMmizk rasam i TspmacraTam:
A=0Q.

5. [lpbl i3abapHbIM mpallsce nepaianzeHas igsajbHaMy rady KoJbKacllb
LIEMJIaThl YaCTKOBA pacXojyelllla Ha MaBeJliYHHe YHyTpaHaKl SHeprii ragy i ya-
CTKOBA i13¢ Ha BblKaHaHHE PabOTHI razaM Mpbl IrO PacllibIPIHHI:

Q=AU+ pAV.

6. Ilpbl anbisiGaHbIM Tpalsce NpblpalllyHHE YHyTpaHail sHeprii rasy poy-
Hae pabole, sIKyl0 BBIKOHBAe Cila IiCKy ragy, y3sTal 3 CyrnpaubJerjbiM 3Ha-
KaM:

AU=—A.

°J

1. MpbiBag3iue A3Be hapMynéyki nepwara 3akoHa TIpMafbiHAMIKi.
2. Y AKix BblnagKax 3MsAHEHHe YHyTpaHaW 3Heprii ig3anbHara rasy agmoyHae?
3. Yamy HemarybiMa CTBapblLb «BEYHbI pyxaBik meplwara poay»?

ACHOBbI T3PMAbIHAMIKI

4. fKi npau3c 3MsHEHHA CTaHy rasy HasbiBaloLUb afblabaTHeIM? SK r3Thl NpaLu3C MOXHA
AXbILUABILL?

5. Ha wro pacxopyeula KonbKacub Uennathl, Ky nepagamub CicTame, npbl i3aTap-
MiYHbIM, i3a06apHbIM i i3aXOpHbIM Npau3cax?

6. MMpbl XyTKiM clickaHHi ra3y aabbinocs naBblW3HHE Aro Tamnepatypsl. Li a3Hayae
raTa, WTO rasy nepajani HekaTopyl Konbkacub Lennatel? Lii MOXHa cuspaxaup, WTO
YHyTpaHas 3Heprisa rasy naesniybinacs?

7*. Lli moxHa nepajaub rasy HeKaTopylo KOMbKACLb 3HEPrii wisxam Lennanepagaysbl,
He BbIKNiKaloYbl Mpbl F3TbIM NABLIW3HHA Aro Tamnepatypbl? MpeiBsa3iLe npbikagbl.
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8*. Y § 10 mbl cuBspmxani, wWro paboTa, siKas BbIKOHBAELLA Npbl NepaxoA3e CiCTIMb
3 apHaro crady Y apyri, 3'aynseuua QyHKUbIAK Npauscy, r. 3H. 3a0eXbilb He TONbKi af
nayaTtkoBara i KaHyaTKoBara cTaHay, ane i aj Bify npaudcy. BbikapbicToyBaioybl nepubl
3aKOH TIpMafbiHaMiKi, Aakablle, WTO KOJbKACUb Lennatsl, fKyl aTpbiMiiBae abo agaae
cicTama npsl Nepaxof3e 3 afHaro CTaHy Y Apyri, Takcama 3'aynseuua dyHKUbIAK npauacy.

Mpbiknagbl pawsHHA 3apay

Ipoiknan 1. [gsanbHbl ras, mMaca sikora macrasiH- PA 1
Has, TepaBoJ3sillb ca cTaHy [ y cTaH 3 JByMa PO3HBIMI
cnocabami: 1 >2—3 i | ->4—3 (pwic. 70), nzse
|—>2i4—3 — izarspmbl, a 2—>3 i [ —4 — i3a- 4

xophbl. Lli anHO/bKaBbIA TPbl KOXKHBIM Tepaxojse: a) | 2

npblpaliysHHi yHyTpanan sHeprii ragy; 6) paboThl, I

SKisi BBIKOHBAIOIIb CiJIbl 1[iCKy Ta3dy; B) KOJIbKAaCIli Ler- l

JIaThl, NepajiaJidetblsl ragy? ! ,3 -
Paumisune. a) [lakosbki mayaTkoBbl i kanuatkoBbl O V) Ve V

CTaHbl Ui a0OJIBYX Tepaxojay aJHoJbKaBbls, TO Oyyllb Peic. 70
aJIHOJIbKaBbIMi | MpbIpalIYaHHI YHyTpaHal SHeprii:
AU 93=AU43=U3 — U,.

6) 3 peicynka 70 6adna, 1To mJoiya ¢irypsl, abmexkaBaHa# Boccto OV, i3a-
TopMail i i3axopami, siKisi Mpaxoassillb Mpas MyHKTbl 3 i 4, MeHIasi 3a mnJjounyy, a6-
MexkaBanyio Boccio OV, i3arspmail i izaxopami, siKisi npaxoassiiib npa3 MyHKTbl [
i 2. 3uaubllup, y npausce nepaxony [ — 2— 3 cina uicky rasy BbIKOHBae 00Jb-
uyto pa6oty, ubiM y mpatace nepaxony | — 4 — 3:

Aoz >Aygs.
B) 3 mepuiara 3aKoHa TIpMajbiHAMIKi BbIHiKae:

Qo3 =AU+ Ay, Qu3 =AU+ Ajys.

[TakosibKi npbipaliysHHi YHyTpaHail sHeprii ¥ aGoiByX BbINAAKaxX aaHOJbKaBbIs,
a BblKaHaHasl cijlall 1icky ragy pabora Gosbliasi npbl nepaxomde [ — 2— 3, 10
KOJIbKacllb LeTJiaThl, TepanaaseHas rasy, npbl nepaxopze I — 2— 3 takcama 6y-
J3e 6ogblast: Qo3> Q143

Ankas: a) AUjg3 = AU, y3; 6) Ajgz > Aygz; B) Qa3 > Quaa.

lMpoiknan 2. In2anbHbl agHaataMHbl ras, 1ick sikora p=2,0- 10° [Ta, i3abapHa
pacliiblpaelilia Tak, mwro aro a6’ém yapacrae Ha AV=0,40 m®. Bei3naulie npbipa-
IY9HHE VHyTpaHa#l sHeprii rady i KoJibKacilb LEMNJaTbl, aTPbIMaHylo rasam y
IITHIM Tparlace.

O6pa3soBaTenbHbIn nopTan www.adu.by/ HaunoHanbHbI MHCTUTYT 06pa3oBaHus



86 ACHOBbI T3PMAbIHAMIKI

Hansena: Pawsune. [IpbipawysHie yHyTpana# sHeprii ifgsaJjbHara
p=2,0-10° Ia 3m

AV=0.40 m> ajiHaaTamHara rasy AU=§MRAT. [Ipbl i3abapHbIM paclibl-
p = const p3HHI 3MsiHeHHe TaMnepatypbl AT inpanbHara rasy 3BsidaHa ca

m
AU — 2 Q — ?| swsmennen a6’émy AV rasgy cyamHociHai MRAT=17AV (.

NpbIK/IaL palisHHs 3anaubl nacas § 9). Tauel AUzgpAV. [laBomie nepuuara 3sa-

KOHa TypMajplHaMiKi 115 i3a6apHara npauscy @ =AU+ pAV.

Ancions Q= gpAV + pAV = gpAV.

3
AU=Z-2,0-10° Ta- 0,40 w® = 1,2-10° Jbx = 0,12 ML,

5 5 3 5
Q=§ +2.0-10° [1a- 0,40 m°> = 2,0 10° Ix = 0,20 MJTk.
Ankas: AU=0,12 M)k, @ =0,20 M.

Mpoikaan 3. ¥V nacynziny Hagita Baga maca#t m; =800 r, Tamnepartypa siKoi
t1=60°C. ¥ Bamy naGaBijni HeKaTOpylo KOJIbKaClb JI&Ly Mpbl T3MIEpaTypbl
to=—10"°C. Brignauie macy Jény, Kaji nacjsi JacsirHeHHs 1eTJiaBoi payHaBari
TIMnepaTypa 3mecuiBa nacynginbl f3=40°C. Llennaémicraciib nacyizinbl MOKHa He

L g Ak
npbiMallb Maj yBary. ¥agesbHasi uensaémicracib Baapl ¢;=4,2- 10 K aény —

’H)K 05 &

ce=2,1-10° KK Yiseabhas Lensara nJayaenust aény A = 3,33 1

KT
Hansena: Pawsune. Kani He npeiMaub naj yBary crpatbl 3Heprii
m;=800 r=0,800 kr| ¥ HaBakoJ/bHae acspojase, TO TIPMajablHAMiuHAs cicTIMa
t,=60 °C «nacyagina — Baja — Jén» 3’ayaselua isanspanai. Tamy
tho=—10°C yJiuBaeM ToJIbKi aOMeH SHeprisii namik LeJsami, sikis yBa-
t3=40 °C XO/I3s1llb Y CiCT3My, Ipbl llenJanepagaubl. Pasriensim ien-
5, Ak JIaBblsl MpauaCchl, siKis anbbiBatola y cicrame: 1) narpa-
¢1=4,2-10 Kkr-K BaHHE JIENY all TIMIEPATypbl fo 1a TIMIIEPATYPbl IJIAYJIEH-
Tk ua 1o=0,0 °C: Q=comy(tg—ty); 2) nuaynenne naéuy:
0y=2,1-10° kr-K Qo=Amy; 3) HarpaBaHHe XaJloHANl BaJbl, siKasi aTpbiMa-
Tk Jlacsl Npbl [UIAYJeHH JEmy, all TIMIEepaTypbl [y 1a TaMmIie-
A =33310"—— patypbl f3: Qs3=c mo(ts— tp); 4) axanomksanue UEnaf
p” 5 K BaJbl Macal m; aj TaMnepartypbl f| jJa TaMnepartypbl Is:
2 - Z
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Qi=cym(t3—t)). Cknanzém ypayHeHnHe uensaBora Oagnancy: @+ Qo+ Q3+
+ @4=0, a6o
Comy(lo = ty) + Amg + cymyo(l3 — lo) + cymy (i3 — 1) =0.
amy(t —13)
Gyt —ty) +A+ci(t —1y)

Anctonb maca nény my =

KT -
m2 = =

2.1-10° 2% (0.0 °C+10°C)+3.33-10° 2% 4 4.9.10° 2% .40 °C 0.0 °C)
Kr-K KI' kr-K
=0,13 kr.

4,2.10° ﬂ’*}‘( -0,800 kr- (60 °C — 40 °C)

Ankas: my=0,13 kr.

[IpakTbikaBaHHe 9

1. 3n3elicHiyIIbl BIKIIUHBI Npal3C, i13adbHbl Ta3 BspTaellla y 3bIXOJAHbI CTaH.
Brignauue paGoTy rasy y raThiM rnpaisce, Kajdi aarebpaiuHas cyma KoJbKacli
aTpbiMaHai i amianzeHai uensatbl @ =84 JIxk.

2. [lpbl anpisbGaTHBIM  pacllibIpaHHI  cijall  1icky rasy BblkaHaHa pabora
A =265 JI). BblsHaulle npbipaiysHHe yHyTpaHai sHeprii rasy. Ik 3msHijacs
TIMIIEpaTypa rasy?

3. BhigHaulle KoJsibKaclib LienJiaThl, Nepajaa3eHylo Kicaapoay, Kasi npel i3aTsp-
MIUHBIM paclIbIp3HHI paboTa, BbiKaHaHasi cijiai 1icky rasy, A =6,4 kIDx.

4. Y repmeThluHa 3akpbiTbiM GajioHe 3Haxoxzilua azot macau m=4,00 k.
BrisHaulle KoJibKacilb 11eMJathl, siKylo HeaGXoqHa mepanallb a3oTy /s MaBbIIISHHS
sro tamnepatypbl Ha AT=120 K, xani ynzenbHas uensaémicracilb a3oTy Mpbl Ma-

CTasiHHbIM a0’éme ¢y, =745 &
kr-K

5. Ilppl  nepanaubl igsasbHaMy ajHaaTamMHamy rasy KoJbKaclli —LernJa-
Tl Q=60 JIk dro Tsmmeparypa mnaBsliublacs Mpbl NMacTassHHbIM 1iCKY Ha
AT=10 K. BbigHaulle KosibKaclb p3ubiBa raay.

6. Ilpbl i3abGapubiM pacuibipsnHi reqito Macain m =20 r aro a6’éMm napBsIiubLy-
csl ¥ JBa pasbl. BbigHauue paboTy, BblKaHaHyto cisiail LicKy Mpbl paclubIpIHHI raasy,
i KoJibKacub LeMnJaThl, Mepagaa3eHyto ragy, Kaji sro rnadaTkoBasi TamIepary-
pa T;=300 K.

7. Ilpbl i3aGapHbIM pacllbIp3HHI cifai 11icKy ilzasbHara ajaHaaTamHara rasy
BbikaHaHa pa6ota A=50,0 k/:)k. BbisHaulle naBesiiusHHe YHyTpaHail sHeprii ragy i
KOJIbKACLlb LIeMJIaThl, Nepagai3eHylo ratamy rasy.

8. VY nacymsiny, sikas 3msiudae Baay a6’émam V=3,2 ;1 npbl Tamnepatypbl
t,=20°C, xinyni kaBasak crajni macail myo=4,0 Kr, Harp3Tel 1a T MIepaTyphl
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t5=360 °C. VY BbiHiKy lieruiaabMeHy Baja HarpaJgacsi aa tamnepatypbl f3=50 °C,
a yacTka sie rnepartBapbliacst ¥ napy. BbidHaulle macy Bajpl, sikasi repaTBapbliacs ¥
napy. lennaémicracup nacynginbl MoxkHa He YuiuBaub. s Bajbl: ya3esbHas Ler-

o 3 ﬂ}K 3 KT
Jaémicracup ¢ =4,2-10 e wyblibHacub Pp=1,0-10° —3, yasesabHas wen-
KT - M
Y — .106 & : _ 0
Jgara napayrBapauusa [L;=2,26 -10 , Tamnepatypa kineuus f,=100 °C.
KT
- . o JIK
Vigenbnas uennaémicracup crani Co =4,6-10 oK
KT -
9%. 3 invanbHbIM rasam N3yHal Macbl axblUUSABIN  p,
npaiase, rpadik sikora nakasaHbl Ha pbicyHKy 7 1. BbisHau- 3

e: a) Ha fIKiXx ydyactkax rpadika pabora ragdy aajaTtHas;
6) Ha siKix yuacTkax rpadika ras atpbimJjiBay 3Hepriio, a

Ha sKiX — ajjaBay.

10%. Teniit, KoabKaclb paubiBa sikora v=2,0 MoJb,
wto 3Haxongita npbl Tamnepatypol 7'=300 K, crnavarky i3a- 1 9
OapHa Harpaparolb, a 3aTbIM i3aXOpHa MepaBoa3silb y CTaH 3 /

) 4

TIMIIepaTypail, poyHai nauatkoail. Bei3Haulle, y KOJbKI pa3oy O
napsiiiublycst a6’ém reqito, kasi ajsreOpaiuHasi cyma KoJb-

. " . . Pbic. 71
Kaclli aTpbiMaHai i ajianzeHan razam uenartbl @ = 4,2 kJLx.

§ 12. LlennaBbia pyxaBiki. MpbIHUbIN A3€AHHA LenaaBbiIxX
pyxaBikoy i ix KK[. IkanariuHbia npa6nembl
BbIKApbICTAHHA LenNaBbIiX PyXaBiKoy

JI003i dayHo Hasyublaics BblKaApblcmMoysaub 3MAHEHHe YHYympanatl
aHepeil ueaa, AKkoe adbvisaeyya npol BLLKAHAHHI MexaHiuHatl pabomol.
Hanpoikaad, mooxcHa caepayv pyki, nayiparous, 0aroui adna ab aduy, yi 3da-
OblUb acoHb MpaHHem adnaco Kasaaka opasa ab dpyei. 3Haura Goavul uacy
cnampabiraca waraseymsy Yy npayace csatieo passiyyd, Kab HABYUbLUUA BbL-
Kapolcmoysayo Mexariunyio pabomy, ampolmMarylo WALXam nepada4ol yeiy
Hekamopatl koarvkacyi yenaamol. Toavki §j 1765 e., napayjrarorna HadayHa na
eicmapolyHolx mepkax, pyckamy soiHaxoduiky I. I. [layjsynosy yoaroca cmsa-
poulib nepuiae NpaKmoliHa KapolCHAE YJHIBEPCANbHAE YCMPOUCMBa O Aol -
UAyrenHs eamail M3aIme. — napasyro mawsvlHy. Belnaxodcmsa napasol
MQULbLHbL, @ NACAS | pYXABIiKA YHYMpawnaea 32apaHHi GpaHyy3CKiM [HHCoIHE-
pam 3. Jlenyapam y 1860 e. mesa soikarouna saxcHae 3HaudrHe. llanep ysoic-
Ka yasgiyb Hawa acolyué 6es aymamadinfy, camarémay, kapabréy i iHuwolx
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CKAQOAHbIX KAHCMPYKYoLU, Y AKIX YHYMpaHas aHepeia cnaseHaea nairisa i
20 AKICASINbHIKA 4ACMKOBA Nepaymeopulyua §j mexariynyro pabomy.

Hea6apayanbHacub npauacay y npeipoase. [lepiibl 3aKOH TIpMajbiHAMIKI He
Jla3BaJisie BbI3HAYblLb, y SKiM HANpaMKy MoxKa iCli TspMaiblHaMiuHbl npausc. [lepiibt
3aKOH T3IpMaJIbIHAMIKi Jaryckae camaaJBoJIbHbI Tepaxojl SHeprii K aja OoJibll Harpa-
Tara uesa jJa MeHUI HarpsTtara, Tak i HaaaapoT. Mae 3HauysHHe TOJIbKI YMoBa, Kab
3MSIHII9HHE YHyTpaHal sHeprii aaHaro 1esna OblIO POYHBIM MABEJIUIHHIO YHYTpaHaH
SHeprii Jpyrora uesa. AjJHaK y MpbIpojide caMaaBoJibHbl Mepaxojl Heprii aj MeHLI
HarpaTtara Ja OoJibll HarpaTara uesa He anObiBaelua. Hanpbikian, HemardbiMa Ha-
3ipailb, Kab Tpbl anycKaHHi XaJlolHaN JIbDKKI § rapadbl 4yail JibDKKa axaJo/pKBaJiacs
149 OO0JIbLL, Tepajiatoubl HEKATOPYIO KOJIbKAClb LierJiaThl rapauamy vaio. Ha camait
cripaBe 3aycéabl HEKaTopast KoJibKaclb LenJaThl camaaiBoJibHa NMepaxoisilb aj rapa-
yara yato Ja XaJiofHa#l JIbDKKi, MaKyJ/b y CiCTIMe «4al—JbDKKa» He ycTaJitoela
LeIviaBasi payHaBara 3 ajHoJIbKaBai TamrepaTypai ycéi CicTaMbl.

Cupeppkante, Bbikazanae P Knaysiycam y 1850 r. a6 TbiM, 1LITO HemardbiMa
camaalBoJ/IbHas MNepagada KoJbKacli LerJaTbl ai MeHILI Harpsrara uesa Aa OoJbl
HarpaTara, HoCillb Ha3By Odpyeoea 3aKOHA MIPMAOLIHAMIKI.

Takim ublHaM, Jpyri 3aKOH T3pMajibiHAMIKi KaHCTaTye TOH (aKT, ITO KOAbKACUb
yenaamol camaad8oibHa MONCA Nepaxod3iyb mMoabvki ad 00AbUL Ha2PIMbLX yen
da meHur Haepsmolx. [5Tbl HaByKOBbl (DakT i Bbl3dHAauae aidiHa MardbIMbl Hampa-
MaK camaaJBoJIbHara Mpaxo/LKaHHs LeNJaBbIX Mpalscay — dHbl (Iyllb Y HamnpaM-
Ky CTaHy LlerJiaBoi payHaBari.

o 37Tl 3 3akoH y 1851 r. capmynsasay i Y. TomcaH: «HemarybiMma npbl janamose Heapy-
WwaynéHara maTtapbifibHara A3esya atpbiMalb af AKOW-HeOyA3b Macbl p3ybiBa MexaHiyHae
A3eAHHe WAfxaM axanafK3HHA fe HiX3i 3a TamnepaTypy camara xanofHara 3 npaamertay
WTO fie aKpyx)aloLby».

AnzHaubiM, TO § Xasai3i/ibHBIX yCTAHOYKAxX Mpallac Lienaanepajiaubl ize ajn
60JIbLI XaJIo[Hara ueJsa Ja MeHLI xaJjojaHara. ¥ Npaiaykra, siKi axasjoiKBaella, Ia-
MsHIIaelllla YHYTPaHash SHEPrisi, a 3Haublllb, i AT0 TOMMEPATypa, i 3MAHLISHHE YHYT-
paHal sHeprii ¥ BBINIAA3€E KOJIbKACL LIeMJIaThl Mepafaelllla ¥ HaBaKoJbHae acspoj-
n3e (3 6oJblll BBICOKAH, UbIM Yy MpajayKTa, TaMrepartypai). Ajie raThl mpausc nepa-
Jlaybl KOJIbKACLli LerJaTbl He caMaajiBoJIbHbI, €H anObiBaellla 3a KowT paboThl py-
XaBiKa KamIipacapa xaJsal3ijibHiKa.

LlennaBbia pyxaBiki. Sk y»xo ansnauanacs y § 11, y anpisibaTHbIM npaisce
cina 1icky ragy BbIKOHBae paboOTy 3a KOIUT 3MsIHEHHsI sir0 YHyTpaHai sHeprii, a ¥
i3aTopMiuHBIM Tpaldce — 3a KOWIT LenJanepagadbl NaMixk Tpmacratam i rasam.
AnpisibaThbl i i3aT9pPMIUHBI MPALIChl PACUILIPIHHS a3y JIa3Bajsiiolb BbIKAPBICTOY-
Ballb YaCTKy YHYTpaHal >Heprii crajseHara naJiBa JJ/s1 BbIKAHAHHS MeXaHi4Ha#
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pabotbl. Pyxasiki, y aKix anOblBaellla nepatBapsHHe 4acTKi YHyTpaHail sHeprii cra-
JieHara naJjiiBa i firo akicssiibHiKa (HarnpblK/Iaj, Kicaapoay 3 naBeTpa) y MexaHiu-
Hyt0 paboTy, Ha3blBalOLb YENAABbIMI PYXABIKAMI.

Y sikaclli cripollyaHall MajaJi LerJiaBora pyxaBika pasnyieisiM LbLIiHAPbIYHYIO Ma-
CyI3iHy, y §IKOH 3Haxojgillla ras (maBeTpa) maj nopiiuHeM. 3MecliM Ha MopliaHb LeJa
macaii m i Gya3em HarpaBallp ras y 1bLIHAPbI (pbic. 72, a). Llick ragy nmausiHae y3pa-
crallp, MopillaHb MPbIXOA3ib y pPyX i MajbiMae Lesna Ha HEKATOPYIO BHILIBIHIO A/
(ppic. 72, 6). A6’ém rasy nassJiiuBaellia, I. 3H. cija I[iCKy rasy BbIKOHBae paboTy
(A >0). Ane § nanseHbiM BbINAAKy YCTPOHCTBY yuiaciiiBa aHapa3oBae BblKaHAHHe
paboTbl. 3padymesia, LITO Takisi YCTPOHCTBBI MaJanpbliaTHbls. TaMy mnepliibl MpbiH-
UbIN J3esHHS LENaaBbiX PyXaBikoy — UbIK/IiYHACHbL (OecrnepanbiHHaCIb) iX pa6o-
tol. Llena, sikoe BbIKOHBae padoty, — pabouae yeaa nac/s aTpbIMaHHS KOJbKACLI
uenJiathl Q| aj HaepasaivHika, sIKi 3HaxoA3iuUa Mpbl TaMnepatypol T, nasiHHa ¥
KaHYaTKOBBIM BbIHIKY BSIDHYLILIA ¥ 3bIXOAHBI CTaH, KaO 3HOY Mavallb TaKi XK Mpausc.

Jlnist BsipTaHHsl MOPLIHS Y 3bIXOJHAE CTaHOBIilIYa ra3 HeaOXOJHA CLCHYLb Aa
nepiianadatkoBara a6’émy. [Ipbl TThIM 3HellHsisi cifa BbIKOHBae paboTy cClicKaH-
Hsi. Asie Kagi cuickanHe Oyaze anbbiBalllla Mpbl TOH KA TIMIEPATYpPbl, ITO i pac-
LIBIP3HHE Tagdy, To paboTa 3HEIIHiX cii Oyaze poyHas pabolle CiJibl ILiCKy ragy npbl
Ir0 paclUbIPIHHI. ¥ BbIHIKY MoyHast paboTa rady 3a ai3iH LbIKJ (pacliblpoHHE —
ClliCKaHHe) aKakauua poyHail HyJio. ANCionb BbIHiKae JAPyri MpPbIHLBIN A3€SHHS
LeMnJaBbIX pyXaBikoy — cllicKaHHe ragy naBiHHa aaObiBalllla Npbl OOJbl Hi3Ka#
TaMrepaTypbl To, UblM SITO paclibipaHHe (pbic. 73). 3 pbicyHka 6auHa, WTO § -
ThIM BbINaJKy MoyHasi paGoTa rasy 3a ubikja aaaatHas (A >0) i snikaBa poyHas
MJ1I0IYbI C]Dl['ypbl ABCD: SABCD = SABEF - SDCEF-

a 6 m
o

D

|

|

|

' >
= | I | 0 F E %
Pbic. 72 Pbic. 73

Takim ublHam, nepan cuickaHHeM paGouae Lesa HeaOXolHa axasajgilb. [5Ta
AKbILLAYISeNa ISXaM Mepafaubl KoJbKacli Lemaathl (o  TPIUsSMy Leay —
xaraosirvrixky. Ca ckazaHara BblHiKae, 1ITO J/1si paGoThbl LbIK/JAiYHATA 1€MJIaBora
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pyxaBika akpamsi HarpaBaJibHika i pabouara ueJsia He-
abxo/iHa HasiyHACIb XaJaJ3iJIbHIKa.

Cxema uen/iaBora pyxaBsika TNpbIBel3eHa Ha PbICYH-
Ky 74. LlensaBbl pyxaBik cKJ/ajaelllla 3 HarpaBaJibHi-
Ka, paGouara lena (5K npasina, raz) i xajajsijibHika
(aTmacdepa abo Bajia Mpbl TASMIEpPATYpbl HaBaKoJbHAra
acsaporzss — kanst 300 K). Duepris, sikas Bbygsisiell-
LA Mpbl 3rapaHHi najiBa y HarpaBaJibHiKy, nepagaelia
paGouamy 1y (ragy) wisxam uensanepaznaubl. [Ipbl
paclbIP3HHI ragy yacTKa §Ir0 YHyTpaHa sHeprii inse
Ha BblkaHaHHe paboTbl. Hekaropasi KoJibKaclp Lensa-
Thl HernaszbekHa Mepajaellia Xaaaa3isbHikKy.

° HaitGonblw 3¢dekTblyHa axanagsiup paboyae uena nepag
CUiCKaHHEM MOXHa WAsxaM afbisbaTHara paclbipIHHA rasy,
npbl AKiM Aro TamMnepaTypa naHisiyua fa Tamnepatypbl xa-
napzinbHika T,. [laneit npbl i3aTapMiyHbIM CclickaHHi pabo-
yae uena nepafae xanaf3ifbHiky Konbkacub uennatbl Q.
3aBApwbiLb LKA LennaBora pyxasika 3deKTblyHelh 3a Ycé
anbla6aTHbIM CcuickaHHeM rasy fa Tamnepatypsbl 7.

Takim yblHam, npbl pabolie pasrnepxaHara Leniasora
pyxaBika af6biBaloLLa HAcCTyMHbIA npauacsl (peic. 75):
1) i3atapmivyHae pacwbip3HHe rasy (A — B, npbl raThiM ra3s
aTpbiMiiBae HeKaTopylo KonbKacub uennatel @; ag nepara
Tapmactata 3 TamnepaTypait T, — HarpaBajbHika);
2) appisbatHae pacwbipaHHe rasy (B — C, Tamnepatypa rasy
naHixaeyua ma tamneparypsl T, (T,<T;)); 3) i3atapmiy-
Hae cuickaHHe npbl Tamnepatypsl T, (C— D, ras npbiBo-
A3AUb V CyAaKpaHaHHe 3 ApyriM TapmacTataM — xanapgi-
JIbHiKaM, TamnepaTypa fikora T, Npbl CLiCKaHHI HekaTopas
KonbKacupb uennatel @, nepagaeula af rasy xanapsinbHiky);
4) apbifabaTHae clickaHHe rasy Aa neplianayaTkoBara
ab’émy (D— A, TamnepaTtypa rasy naesniyBaeuua a 7q).

Ubikn pabGoTel LennaBora pyxasika, ski agnaBsgae aj-
JIICTpaBaHaMy Ha PbICYHKY 75, HasblBawoub ysikaam Kap-
Ho (y roHap dpaHuy3ckara disika i iHxbiHepa C. KapHo
(1796—1832)). Mpblubim KapHo pa3srnepsey ifsanbHel
UbIKN, Y SIKIM He YniuBay cTpaTbl 3Heprii, abyMoyneHbi Hs-
MOYHbIM 3rapaHHeMm naniBa i TpaHHeM (y TbIM JiKy i
BA3KIM y naTokax rasy), a Takcama HeizaTapMiyHacub i He-
afpifabaTHacub npaylcay CUicKaHHA i paclblpaHHs § pa-
aNbHbIX Liennaeblx pyxasikax.

T\
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KasdiubleHT KapbicHara p3eaHHa (KKJ) uennaBora pyxaBika. Kasghiyvienm
KapolcHaea 03eAHHA yenaasoea pyxasika — ajHoCiHa KapbiCHAa BblKapblcTaHai
SHEPrii Eyapyeq 1@ aryJibHail Kosibkacli sueprii £, atpbiManail cictamaii:

_ KapbICH
M, I

Boiznauanbl Takim ubiiam KKJII 1ennaBbix pyxaBikoy HasbiBalolb gexmoly-
How KK/ TIpbl 19ThiM E'= Qpopu, 136 Qo — KOJbKACIb LEMIAThl, AKast Bbl3si-
Jisiela 1pbl MOYHbIM 3rapaHHi naJisa.

Crynenb jackaHaJgjaciii nepayTBapsHHsl MoyHaW yacTKi yHyTpaHail sHeprii Ha-
rpaBaJsibHiKay y MexaHiuHyio paboTy, 1ITO afbblBaella y LbLIiHAPaX LernaaBora py-
XaBiKa, XapakTapbl3ylolb MmapmiuHoin (MmapmadoiHamivHoln) Kasdgiyolenman

A
Kapoicnaea 03esHus M, =—-, n13e A, — pabora, BbikaHaHasi paGoubIM LieJaM 3a

| .
UBIKI,  — KoJbKaclpb LeMaThl, aTpbiMaHas paGoubiM LesaM aj HarpabajbHika
3a uplka. Kani Qo — KosbKaclb LenuaThl, ajiasenasl paGoubiM LeJaM XaJa-
13inbHIKY (Q2<0), T0 Ay=Q) + Qo=Q; — Q9| i
Q —|Qy|
=" - (12.1)
@)

3 cdopmyabl (12.1) Boinikae, wto Tapmiunbl KKJI nensaBora pyxasika 3ase-
JKbILb a1 Mpauacay, y sKixX yazesabHiyae pabouae 1iesa, i 3aycéubl MEHIIbl 3a ai3iH-
Ky. PsajibHblsl LlenaBblsi pyXaBiki Malollb HACTYMHbIS CAP3HIS 3HAYSHHI TIPMiu-
nara KKII: npisenbnbl pyxaBik — 40 %; rasaTypGinnbisi yeranoyki — 25—30 %;
napasasi Typ6ina — 40 %.

Y 1824 r. Kapno nakasay, 1mto KasillbleHT KapbicHara J3esiHHsi ycix abapa-
YaJibHbIX MallblH, SIKisl Mpalylollb Y iI3HTBIUHBIX YMOBaX (I. 3H. MPbl ajHOJbKABbIX
TIMIepaTtypax HarpaBasibHika T i XasnajasifibHika 7o), Bbi3Hauyaella TOJbKI TIMIIe-
paTypami HarpaBaJibHiKa i XaJaJ3iJibHiKa i He 3aJsiexKblllb aJl pojy p34biBa paboya-
ra uena. KK/ insanbHara upikiaa KapHo my 3'aysisienina MakciMajbHa MardbiMbIM
npbl 3aganzenbix Ty i To.

e =112, (12.2)
T
Takim ubinam, KK]I sio6ora psasnbHara 1liernsaBora pyxapika He MoxKa MepaBbl-
. n-Ty
watp KK/ inpanbHara upikiaa Kapuo: n<mng :T'

AHaniz arouHsil HspoyHaclli Ja3Basisie BbIHBiLl,lb MardybIMblsl LJIAXi [aBeJiU9H-
na KK/ uennasbix pyxasikoy. [5Ta naBbilisHHe TaMmrepaTypbl HarpaBaJjbHika 77 i
naHiKIHHe TIMMepaTypbl XasajzijibHika To.
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KK/ insanbHara uensaBora pyxaBika Mor Obl Oblllb POYVHbI ai3iHLbl, KaJji 6
6blJa MardybiMacllb BbIKapbiCTallb XaJaJ3i/ibHiK 3 TaMIepaTypai, poyHail abcasior-

T
namy Hymo (To=0). ¥ raTeiM BbINaaKy mg =71=l, Ane, gk BsiioMa, T3Ta Hemar-

YybIMa HABaT T2ap3TbluHA, TaMy LITO aGeamoThara HYJIS1 TOMIIEPATypbl JACATHYLb
Hesibra. AcHoyHbIM Harpamkam naseJsiusHis KKJI nernsaBbix pyxaBikoy 3’styisielr-
ua naseJsiiusHHe posHacui Tamrepatyp Ty — To — HarpaBajibHika i XasaizijibHiKa.
Y ayramaOisbHBbIX pyXaBikax yHyTpaHara 3rapaHHsi 3(eKeTblyHbl Kad(DillbleHT
KapblCHAara J3esiHHA BbI3HAUAIOlb Ma KCMepbIMeHTaJ bHAH MeXaH{UHad MaryTHac-
ui P pyxaBika i KoJibKacli naJjiBa, sikas crajibBaelilla 3a aji3iHky vacy. Tak, kaji 3a
npaMexkak uyacy ! crnaJjeHa naJjiBa Macad m, §IKOe Mae YA3€JbHYI0 LenaaTy
3rapaHss ¢, To
Pt
M, =—.
qm
Ca ckasaHara BbIllI9H MOoxKHa 3pabillb BbIBaJ, LITO M, <T1);.

3Hauy3HHe uennaBbiXx PyxaBiKoy i 3KanariyHbia npabnembl ix BbIKapbiC-
TaHHA. HaiiGosblilae 3HausHHE Mae BbIKApPbICTAHHE LEMJaBbiX PyXxaBikoy y sHep-
reToilbl i Ha TpaHcnapue. LlensaBbia pyxaBiki — mnapabis TypOiHbl — CTaBsillb
Ha 1eNJaBbIX | aTaMHBIX 3JIEKTPACTaHUBIAX, JA3€ 3IHEPrisd napbl rnepatBapaeuua y
MeXaHiuHyl0 Heprilo porapay reHepatapay 3JeKTpbluHara TOKy. ¥ MepuibiM Bbl-
NMajKy napy BbICOKaH TaMMepaTypbl aTpbIMJiBalolb 3a KOIUT 3rapaHHs TnaJisa,
a y IpyriM — 3a KOILUT 3Heprii, fAKas BbIA3SJIACIIA ¥ XOA3€ SA3€PHBIX PIaKIIbIA.

Brinaxonersa pyxasika yHyTpaHara arapaHHsi ajplrpajia BeJlidapHylo poJiio y ayra-
mabineOyaBaHHi, Ba yrackaHaseHHi cefibckaracnanapyail i OymayHivai Taxuiki. Kap-
OlopatapHblsl pyXaBiKi YHyTpaHara 3rapaHHs ycTaHayJiBallb Ha aytamaOisisiX, MaTalblK-
Jlax, BepTaséTax i camasérax, Abl3esbHblA — Ha LEIJIaxolaX, LeIaBo3ax, Tpakrapax,
MaryTHbIX aytamabinsx. CTBapaHHe psaKThlyHara pyxaBika Ha3BoJijia MaHsllb cama-
JIETBI Ha BSWIKYIO BBILIBIHIO, MaBAUbIbL CKOpaclb i Janékaclpb ix najnéray.

Annak iHT3HCIYHAe BbIKapbICTaHHE IEMJABbIX PYXaBiKOy y HepreThbillbl i Ha
TpaHCHapLe aaMOyHa YIIblBae Ha HABAKOJbHAE acApomise.

[Tamuac paGoThl LemaBbIX pyxaBikoy y armacdepy BbIKiaBaellla BsJlikas KOJb-
Kaclb rapayaid napbl abo ragy, IITO NPbIBOA3ILL Aa ILenjgaBora 3abpylKBaHHS
atmacdepsl. 1lIbipokae BbikapbicTaHHe PO3HBIX Bifay najiBa LiirHe 3a cabol naBe-
JiusHHe § atMmacdepbl Byryskicaara ragdy (awisikein Byraspory CO,). 3uydatoubics
3 BaJ3sHOM Mapail y aTMacdepsbl, BYIJISIKiCJbl Ta3 yTBapae ByrajbHyIO Kic/jaty, skas
HaBaT MPbl MaJbIX KaHUIHTPALBIX, BbINAAAOubl Y BBITIAA3€ KiCJOTHAra ALKy,
3a craroansi pasOypae L3Iy, MeTas, Mapmyp.
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CnajsbBaHHe nasiBa Ha LEMJIAaBbIX 3JEKTPACTaHLbISX BsA3€e Jla HasanaulBaHHs
Y armacdepnl yamHara ragdy (akcin Byraspory CO), ski 3’syssela atpyrai s
XKbIBbIX apraHiamay. Hanpeiknan, npel srapansi 1 T Gensiny yrBapaeuua 60 kr ak-
ciny Byraisipony. [lpbl pabole ayrarpaHcnapty pasam 3 akcigam BYLJIspojy § at-
macdepy Tpamsitolb 3JydsHHi cBiHiy. [Ipbl rapsuHi najiBa BbiKapbicToyBaeliila
Kiciapon 3 armacdepsl, WTO MPbIBOAZiLL A NAacTyrnoBara NMaMsiHILISHHS SO0 KaH-
I HTpallbli § maBeTpbl i, akpams Taro, yrBapsHHs akcinay azoty (NO,). PacrBapa-
I0YbICA Y JaXKDKABOW Baj3e, fHbl NepaTBaparolla y a3oTHYIO KicjaTy, a paryroubl
3 pa3HacTalHbIMi MpbIMECsaMi, WITO 3MALIYAIoLIA ¥ MaBeTPbl, YTBAPAIOlb TAKCIYHbISA
3JIYUSHHI, §IKi BbIIQJAl0lb HA MABEPXHIO Baibl i CyLIbl 3 KiCJOTHBIMI AAXKIKAMI.
[5Ta npbiBoAgillb Ja 3acasneHHs e, aJKpbIThiX i MaA3eMHbIX Bagaémay, ribesi
JIICOY, MapylisHHS XiMiuHara cacraBy y 3KacicTamax. Akpamsi Taro, y «KicJjaii»
BaA3e JICMLI pacTBaparollla Takifg aTPYTHbIA PUbIBbI, AK KaaMil, pTyLb, CBiHeL,
sIKisl 3Haxoi3sduua y rjebe i JOHHBIX aK/JalaXx, a rITa YIblBae Ha YbICIHIO Bajibl,
AKYIO CHAKbIBAIOLb JIIOA31 1 XKbIBEJIbI.

[Ipel nanérax camasnéray i samyckax pakeT anObiBaeuua pa3OypaHHe a3oHaBa-
ra ciosi atmacepbl, siki axoyBae ycé kKblBoe Ha 3aMJi aj JilliKy Yubrpadisera-
Bara BbilpamenbBaHHs CoHlA.

Pawsune npabJgeM, sikis Y3HiKaloLb NMpbl 3rapaHHi MajiBa y LeNJIaBbIX pyxasi-
Kax, BY4YOHBISl i KaHCTPyKTapbl Oauvaup y:

a) sKajarizaupbli THXHaJAriuHbIX npauscay (cTBap3HHi 6e3aaxoAHbIX i MaJaaj-
XOJIHBIX T3XHAJIOTiH, §IKisl BbIKJIOYAIOUbL ManajaHHe y atmacdepy LIKOIHbIX P3Ubl-
Bay); aublCTIbl ra3aBbIX BbIKinay y atmacdepy (yJoyaiBaHHi i nepanpauoyiibl Byr-
JisiKicslara rasgy, akcizay asoTy i iHIIBIX TAKCiYHBIX pP3YbIBay);

6) naBesliusHHI KasillbleHTa KapbiCHAara A3esiHHs 11eMJIaBbIX PyXaBiKoy, Y TIpbI-
BaTHACL, LIJIAXaM CTBAPIHHA YMOY JI HaHOOJIbII TOYHAra 3rapaHHs Nasisa;

B) 3aMeHe LeMJaBblX pyxaBikoy Ha 0GoJblI 3KajariyHa yblCTbiS pyxaBiKi, Ha-
NPbIKIAJ, 3JEKTPbIUHbIS.

JlanaTkoBa jia repaJjiiyaHara § MHOTIX KpaiHax CBeTy ¥ 3aKaHajayublM Mapajky
MPBLIHATHI TPaHiyHa AANylvyaJbHbl HOPMbI YTPbIMAHHS TAKCIUHBIX KAMIAHEHTAy y
BbIxJIAMHBIX razax. ¥ Pacny6uiupl Benapych npasinami papoxknara pyxy 3abapo-
HeHa 3KCIyaTalbld ayTamaOiisy, yTpbIMaHHE akciay BYIVISpPOLy Y aanpalaBaHbIX
rasax sikix nepagbiiae 1,5 %. Jlisi BbIsIyJeHHST TaKiX TPaHCMAPTHBIX CPOJAKAY yBe-
JI3eHa CiCT3Ma iHCTPyMEHTAJIbHAra KAHTPOJIIO MPbl MPAXORKAHHI A3sip2KayHara TX-
HiyHara arJisy.

Paupisinanbhiasi apranizaupisi ayramatiiibHara pyxy V rapagax (OynaayHiirBa cka-
pacHbIX MaricTpaJsel, JalaTKOBbIX pa3Bf3aK i 3CTakaj, WITO CIpbise 3MIHUIIHHIO
KoJsibKacli cBsataadopay i JikBigalpli 3aTopay) Takcama Ja3BoJillb 3MEHIUIbIIb
IIKOJIHBIST BBIKibI ¥ aTMacdepy Mpbl SKCMIyaTallbli TPAHCHAPTHBIX CPOIKAY.
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\/ 1. Ilpauschl 3 MakpackamiyHblMi LieJaMi, fKist aa0blBaoLla y Npblpoase,
HeaOapaydasbHbIA: HEeMardybIMbl CaMaalBOJIbHBL MPaLC, fAKi CylnpaBaKaella
nepafadail HeKatopal KOJbKACLi LIEMJIaThl aj XaJofHAra LeJsa Ja rapavara.

2. PyxaBiki, y sikix anpObiBaelllia nepaTBapHHe YacTKi yHyTpaHail sHeprii
criajieHara najiiBa i siro akicjsuibHika Y MexaHiuHyio paboTy, Ha3blBalollb LIerl-
JIABbIMi pyXaBiKami.

3. TspmiunbiM KasilbleHTaM KapblcHAara A3esiHHs LeMNJaBora pyxaBika
HA3bIBAIOLb aHOCIHY pa0OThbl, fKAas BbIKOHBAeLLA paOOYbIM LieJaM 3a LbIKJI, 14
KOJIbKACLL LIETJIAThl, aTpbIMaHail 3a LBIKA paboybIM LieJaM aJl HarpaBasbHiKa:

AL Q@]

Ny = Q Q

4. MakcimMasbHa MarybiMae 3HausHHE TIPMiuHara KasgillbleHTa KapbiCHA-

ra J3esiHHSs1 i3aJibHara LemnJjaBora pyxaBiKa:
_h-T

M=

° 1. MpbiBAg3iue npbiknagbl HanboblW ThINOBLIX HeabapavasbHbIX mpau3cay.

2. lUTo HasbiBaoUb LennaBbiM pyxaBikoM? fKis NpbIHUbING NaKNaA3eHbl § aCHOBY CTBa-
P3HHA UEennaBbiX pyXaBikoy?

3. Y 4ybiM 3aK/ioyaellla pons HarpaBasbHika, xanaf3inbHika i paboyara uena Lennaso-
ra pyxaeika?

4. Li moxa adektoiyHbl KK[ uennaBora pyxaBika cTallb poOyHbIM aA3iHubl, Kafi TP3HHE
¥ yacTkax pyxaBika 3Becui fa Hyns?

5. Ak Hanbonbw 3cekTblyHa NaBsaniybiub T3pMiuHbl KK uennasora pyxasika?

6. Ak Bbi3HayaloUb 3PeKTbIYHbI Kad(ilbleHT KapbiCHara A3esHHs A ayTamabinbHbix
pyXaBiKoy yHyTpaHara 3rapaHHsa?

7*. Lli moxHa axanap3iub naeeTpa Y nakoi, Kani apKkpbiub A3BepLbl Npauytoyara xa-
napasinbHika?

Mpbiknagbl pawsHHA 3apay

[pbiknan 1. Tspmiunbl KasdilbleHT KapbicHara A3€sHHS LlenJaBora pyxa.i-
ka M,=20 %. Boisnauue pa6oTy, BbIKaHaHyl0 iM 3a LbIKJ, KaJli KOJbKAClb LernJa-
Thl, NepajiajideHast xanaaziibHiky, Qo= —1,2 KIK.

Jlanzena: Pawsnue. Tapmiunbl KasdilbleHT KapbicHara
=0,20
o 3 - A Q-0
Qo] =1,2 x[lx=1,2-10" JIK | n3esuHsi uenjaBora pyxapika 1 =U=T,
I 1
A, —? | n3e (Q— KoJbKacllb 1leMNJaThl, aTpbiMaHast pabo-

10
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YbIM LeJIaM ajl HarpabaJibHika. Taapl Q) =1|Q—2|. Takim ubiHaM, Au =n,Q, =M.
- -y
. . 3
. :O,QO 1,2-10° Ix 0,30 KDk.
0,80

Ankas: A=0,30 kIDx.

A

Mpoikaan 2. KoxkHbl 3 yaTbIpoX pyXaBikoy paakTblyHara camaséra Ha LJIsIXy
s=5,0-10% km passisae csipsauioio ciny uari (F)=0,11 MH. Brisnaune a6’ém
rasbl, 3pacxoaaBaHail Ha TITHIM LLISAXY, KaJi 3(eKTbIyHbl Kad(illbleHT KapblcHara
nzesHns pyxasika M,=24 %. lubuibHacup i ya3esbHas Lierata 3rapaHHsi rasbl

amnapena p=8,0-10% — ¢=4,3-107 Lok
M KT
Hansena: Pamsune. 3roaHa 3 azHausHHEM 3>(EKThIYHbI
s=5,0-10° ku=5,0-10% m A
(F) =0,11 MH=1,1"- 10° H Kaacbiublem KapblcHara J3estHHsi M, :%, n3e
— noyH
n.=0,24 . AKapHCH:4<F>s — KapbicHas paboTa, BblKaHaHasi
p=8,0-10> —% ycimi yaTblpmMa pyxaBikami camanéra, @op=qpV —
M KOJIbKaCllb LEMJaTthl, sKas BbUIBsJsena Mpbl
TPAL . :
g=4,3-10" — MOYHbIM 3rapaHHi radbl Ha UWIAXy S. Tajbl
K 4(F)s 4(F)s
n, = , AIKyJb V =——"—
V—>2 apV n,gp
5 6
V= 4 1,1 10° H 5,0 10° m _ 2’7 102 MS,

02443107 2% . g0.102 X
KT M

Ankas: V=27 10% v’

[MpakTbikaBanHe 10

1. 3a ansin ublka pabouae liesa lienjaBora pyxaBika aTpbiMJiBae aj Harpa-
BaJibHiKa KoJsibKacib tenaathl ;=800 [k i nepagae xanansifbHiKy KoJbKacllb
nenyatbl Qo= —600 /I)x. Brignauiie Topmiunbl KasgilbleHT KapblcHAra A3esHHs
LernJiaBora pyxasika.

2. Tsmnepatypa HarpaBaJjbHiKa insanbHara uengaasora pyxasika 7;=390 K,
a Tamneparypa siro xanansinbiika To=290 K. Bbisnauue topmiunbl KasgilbleHT
KapblCHara J3esiHHs ivasbHara 1ernjaBora pyxasika.
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3. Tspmiunbl KashilubleHT KapbicHara asestHHst uensasora pyxasika 1;=20 %.
Brisnaulle KoJibKaclb 1llenaathl, nepajanseHyio pabouyamy liesly aj HarpabaJibHika,
KaJii 3a LK paGoubiM Leaam Bbikanana padora A,=300 k.

4. nasabHbl LeMNJaBbl pyXaBik 3a KOWIT KOXKHAra KiJamKoyJ/si sHeprii, arpbiMa-
Hall aJ HarpaBasibHiKa, 3a LbIKI BbiKoHBae pabdory A,=250 JLx. Bbignauue tsp-
MidHbl Kas(illbleHT KapbiCHAra J3esiHHs ilsajibHara lenjaBora pyxaBika i Tamre-
patypy sro HarpaBaJsibHika, KaJi TamnepaTypa xanansinbHika To=300 K.

5*. Tapmiunbl KasgillbleHT KapbicHara J3esiHHS ilvajibHara 1lienjaaBora pyxasi-
ka M;1=30 %. Bbisnaule, Ha KoJbKi npaisHray yspacie TIpMidHbl Kas(ilblenT
KapbicHara JA3esiHHsl, KaJi TIMnepaTypy XasaisiibHika namediibiib Ha 25 %,
He 3MSIHSIIOUbl TIMIMepaTypy HarpaBajibHiKa.

6*. HarpaBasbhikam insanbHara uenjaBora pyxaBpika 3’syJsieniiia pssepByap 3
Kinsuait Bano# npel Tamnepatypbl {1=100 °C, a xananzinbHikam — nacynzina 3
Jénam npbl Tamnepatypbl fo=0,0 °C. Bbi3Haulle mMacy pactajara 3a aidiH LbIKJ
Jéy, Kaai pabouae liesa pyxaBika 3a aias3iH bk BbikoHBae padoty A,= 1,0 MIx.
0r 2%

KT

7*%. Boinikam paGoThl invasnbHara uensaBora pyxapika Obly naa éMm rpysy ma-
cail m=100 kr Ha BblubHIO A =20 M. AnHociHa KoJibKaCLi LeJIaThl, anbIMaHal/UI

I[)K

VigesibHasi 1ienJiarta niaynaeHds aény A=3,33- 1

3a aJ3iH LBIKJ aJ HarpaBaJsibHiKa, Ja TIMIepPaTypbl HarpaBajbHikKa —.- = 2()

T
a posHacllb T3MIepaTyp HarpaBaJjibHiKa i xananginbHika T — To= 125 K. Bobiznau-
e, siKast KoJibKaclp LblkJaay Oblaa 3A3elcHeHa 3a uac naj’émy rpyay.
8. Maraupika Ha npausry Hekatopara nmpaMeXKy udacy pyxaelia ca ckopac-

M
o, mMoayJb sikoi v=30 —. [Ipbl rateim pacxon Gensiny Ha wsaxy s= 100 km

cknanae Vy=4,0 n. BbisHaulle csp3aHIOl0 MaryTHacllb pyXxaBika MaTalbiKJja,
KaJi 3heKTbIyHbl Kas(illbleHT KapbicHara jagesHHs pyxabika M,=25 %. [lublib-

KI'
Hacllb | ya3esibHasl LernJaTta 3rapaHHs OeH3iHy aanaBeaHa p=7,1~102 -3,
M

MJLx
qg=46 —|——.
KT’

9. Jlnsi paboTbl pyxaBika sJjekTpareHepartapa, 3(eKTblyHbl Kas(illbleHT Kapbic-
nara ageanust sikora mM,=20,0 %, maapbixTaBaHa LbICT3pHA Abl3€JbHAra naJina
a6'émam V=62,0 mM°. Bbignauile, Ha KoJIbKi J3EH XOMilb raTara nasisa npbl TO-
J3éHHal pabolle pyxaBika Ha mpausry npamexxky dacy f{=7,00 raag, kanai capajHss
maryTHaclb pyxaBika mnaadac pa6otbl (P)= 150 kBr. [lublibHacip i yusesbHas
MJLx

KT
LernJara 3rapaHHst JbisesibHara naJjisa agnaseada p= 800 —3, ¢=42,0
M KT
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[TaBoasie cyuacHbIX ysiyJeHHsTy acHOBal ycé€l pasHactailHacui 3’y MpbIpojibl
3’syJIst011la YaThipbl PyHAAMEHTa/NbHbIS Y3aeMai3esiHHi MaMizkK vacllitaMmi mikpa-
CBeTy (3JIeKTPOH, MPaToH i iHIl.) — MollHae, cjaabae, 3JieKTpaMarHiTHae i rpasiTa-
upblitHae. KoxkHbl Bill y3aeMaa3esiHHsl 3Bsi3aHbl 3 M3YHal XapaKTapbICTbIKal YacLiLbl.
Hanpeiknian, rpasitaubliiHae y3aemajidesiHHe 3aJjiexbllb ajl Mac 4vacllill, 3JeKTpa-
Mar”iTHae — ajl 3JEKTPbIYHbIX 3apajay.

DJeKTpamMarHiTHae y3aemaja3esiHHe JISKblllb Y aCHOBE YCiX 3JEKTPbIUHBIX, Mar-
HITHBIX i anTblYHBIX 3's1y. [5TbIM 2ka y3aemanzesHHeM aOyMoyJieHbl Cijibl Mpyrkaciii
i CiJibl TP3HHS, BSUIOMbIS BaM 3 MeXxaHiki. Y3aemaji3esiHHe atamay i MaJsiekyJsi, sKoe
Mbl pasryisiiafi Mpbl BBIBYYSHHI MasieKyJ/sipHa-KiHeTbIYHANH TI0pBli, Takcama 3’s1yJisi-
ellla 3JeKTpaMarHiTHbIM. JDJeKTpamarHiTHae y3aemaji3esiHHe Bbl3Hauae YJiacliiBacli
p34blBay Y PO3HBIX arparaTHbIX cTaHax i iX XiMmiuHblig nepaytBapaHHi. [lakosbki ma-
JIEKYJIAPHDBIA CiJIbl MalOLb 3JeKTpAMarHiTHae Maxo/KaHHe, MpaKTbluHa yce Oidna-
FiyHbIsE 3’sBbl aOyMOYJIeHbl 3J1eKTpaMarHeTbi3aMaM.

IaekmpadoviHamika — pagnzes ¢isiki, y sikiM BbIBydalollb 3akaHaMepHaclli
(isiunbix 3’sty, aGyMOYJIEHBIX 3JEKTPLIUHBIMI i MarHiTHbIMI y3aeMaJ3esiHHSAMI, MaT3-
pbISUIbHBIM HOCLOITaM §IKiX 3’styJisieliiia sJjekTpaMarditiae noge. Tapmin «ssekrpa-
NbiHaMiKa» YB&Y y isiky dpanityacki ByuoHbl Annps Mapbl Amnep (1775—1836)
y 1822 1.

[Ipbl BbIByusHHI 3JIeKTpajJblHAMIKI Bbl Ma3Haémillecs 3 3aKoHaMi y3aemajlesiH-
Hs wes (Yaclil), fKis Basofalolb 3JEKTPLIUHBIM 3apaiam, acabJiBacusami ynapan-
KaBaHara pyxy uacuil, (isiuHbIMi BeJliublHAMi, sIKisl XapaKTapbl3ylOlb 3JEKTPbIYHbIS
i MarHiTHbIs 3’5IBbI.

Y 10 knace Bam HeaGXo/Ha BbIBYYbILb HACTYIMHbIS pasizesibl JeKTpablHaMiKi:
9JICKTPACTATBIKA, MACTAsHHbI 3JIEKTPbIYHBI TOK, TOK Y PO3HBIX aCAPOI3AX i JIEKT-
paMarHiTHbIsl 3’sIBbI.

Iarekmpacmamoika — pasazes 3JaeKTpajblHaMiKi, Y fKiM BbIBydalolb yJac-
uiBacui, yzaeman3esiHHe i YMOBbI payHaBari Hepyxomvlx y HeKaTOpPai iHepLUbIsib-
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Hall cicTaMe ajyiky 3JeKTpbluHa 3apajkKaHbiX 1eJ, pa3MepkaBaHHe 3apajy Ha
SIKIX He MeHselllla 3 Lsram uyacy, a Takcama 3JeKTpacTaTbluHblsl MaJji, WTO CTBa-
parola 3apagami Takix ues. TapmiH «ssekrTpactaTbhika» yBéy Ammep y 1822 r.
dyHnamMeHTaM 3JeKTpacTaThiKi 3’'syJstola SKCrnepbIMEHTANbHbISI HABYKOBBIST (haK-
Thl, Kisl aIIOCTPOYBAIOLb MABOA3iHbI 3apaJKAHbIX LEJ MPbl iX 3JEKTPbIYHbIM
y3aemajzesiHHi. $IIpo aseKTpacTaThiki CKJIaaaolb 3aKOH 3aXaBaHHS 3JE€KTpPblUHA-
ra zapaiuy, fki magdac gocjenay ycranaBiy y 1759 r. meuspOyprcki akamsmik
@panu, Aninyce (1724—1802), i 3akoH y3aemajasesiHHs MyHKTaBbIX 3apajay y
crnakoi, siKi sKcmepbiMeHTasbHa anakpbly y 1785 1. dpaniyscki Bydonsl [lapab
Kyson (1736—1806).
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3NNEKTPACTATbIKA

§ 13. JnekTpblyHbI 3apag.
3aKOH 3axaBaHHA 3JIeKTpblYHara 3apaay

Ha igpokax ¢isiki y 8 kaace
naduac npassadazenns docieday 8ol
HA3Ipanri  NpoLUANCIHHE  KPOWAK
nenanaacmy, He8ANIKIX Kasasad-
Kay nanepol (poic. 76), réekail cma-
Hiéresall einv3ol (poic. 77) da na-
uépmaili ab cyxyro nanepy naacm-
Mmacasatl AiHeldKi abo WKAAHOLU
narauki. Ba ycix nepanivanolx
golnadkax meaa mecya 3’a8a 3ek-
mpol3ayeli year. SIHa 3akaouaeyya 8a Y3HIKHEHHI cYnpayvieeivlx na 3Ha-
KY 3AeKmpoliuHolXx 3apaday, MoOysl AKIX pOYHbLA, HA nepuanaiamrkosa
INEKMPOIUHA HeUmparoHblx yearax. A wmo aznauae, wmo yeaa abo uac-
uiya mae srekmpolumol 3apad? Sk yzaemadsernivaroyo 31eKmpolyHa 3a-
padxcanvla yeaol?

Pbic. 76 Pbic. 77

IneKTpbIYHbI 3apaf. DJEKTPbIUHbI 3apaj Yaclliilbl 3'dyJ/sielia KpblHillail sjek-
TpamarHiTHara moJis, 3Bsid3aHara 3 MaT3PbIJIbHLIM HOCLOITAM. DJIEKTPBIUHBI 3apal,
ab0 KoJibKacllb 3JeKTpbiuHaclli (aGasHavaiolp Jjitapail ¢ abo @), — disiunas cka-
JIApHAs BeJIUbIHA, fAKasg XapakKTapbldye iHTIHCIyHACLb SJeKTpaMarHiTHara ysaema-
N3esHHS 1eJs (Jaciiil). DJeKTPbIUHbl 3apaj Mae HaCTyMHbIS (yHIaMeHTaJlbHbIs
VJaacuiBacui:

1) ssekTpbluHbl 3apajl icHye V ABYX Bilax, sIKisi Ha3blBalollb JafaTHbIM i aamoy-
HbIM 3apanam (icHaBaHHe ABYX Binay 3apamy ycrauasiy Ilapsab J3togs (1698 —
1739) y 1733 r., a § 1747 r. Benmxkamin ®@pankain (1706—1790) npeinicay im
3HAKI «+» i «—»);
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2) y mobol aseKTpbluHa i3ajsiBaHaill cictame ajreOpaiuHas cyma 3apajay 1es
(vacuin) He MsHSIELL;

3) 3Hau’HHe 3JIeKTPblUHAra 3apajy leJa (Yaclillbl) He 3ajexbllb aj BbiOapy
cicTaMbl a/uliKy, a 3Hayblllb, He 3aJiexKblllb ajl Taro, pyxaeuua siHO (siHa) L 3HaxXo-
Jgilua y crnakoi;

4) 37eKTPbIUHBI 3apajl 1ieJia (Yacliiiibl) He 3aJiexbllb Hi aj iro (sie) MexaHiuHa-
ra craHy, Hi ajn siKix-HeOy/3b A3€l0ubIX Ha sro (se) cis.

Hocbbitam 3apany moxka Obllb SK 3/€MeHTapHas 4acuiua, Tak i Makpackarniu-

Hae ueJsa.
1
C Y apHbiM Moni paubiBa (~6- 102 Manekyn) 3apapkaHara Lena 3BblyaiiHa 3MAwwvYaewLa

afHOCHa HeBsA/iKas KonbKaclb 3nekTpoHay (ga ~1-101°), 3aMiWHIX Ui afCyTHbIX Yy napay-
HaHHi 3 Ko/MbKacLl npaToHay. [3Ta BbIKNiKae 3MsAHEHHe Macbl 3apajpkaHara uena He 6obL
ybiM Ha 9-10731 kr-1-10' = 9.107% kr y napayHaHHi 3 Macait HeliTpanbHara uena. Ta-
Koe 3MsAHEeHHe Machl Lena, 6e3ymoyHa, Henbra He yniuBallb.

SIk Bbl Benaelle, 3JeKTpblUHAE Y3aeMaji3esiHHE TpasyJisi-
ela ¥ ThIM, 1ITO aAHalMeHHA 3apajKaHbis Lesbl (Yacllillbl)

a
alIITYpXBalolb alHO ajHaro (poic. 78, a), a po3HaiMeHHa
3apa/pKaHblsi — TMpbILArBalollb aaHo ajaHaro (poic. 78, 6).

Kani § arekmpoiuna nedmparonoin yese 3apadel pas-
MepKasamvl HepayHamepHa i 3 MpblUbIHbI r3Tara Y3HiKii
cynpaubJerja 3apajkaHblsl 4acTKi, TO Takisl LeJsbl Takcama 6
3J1IeKTpbluHA y3aemazgdekiHivaioub (rJ1. pbic. 76 i 77).

3apajbl po3HbIX LieJs (yYacllill) MOryllb apo3dHiBalia He
TOJIbKI 3HAKaM, aJjie i JIiKaBbIM 3HAYIHHEM.

3a anginky ssekrpbluHara 3apamy ¥ Cl npbiHATHI KyJOH
(Ka). Ista anginka nassana y ronap L. Kynona. 1 Kn —
3JIEKTPbIUHBl  3apaj, $§IKi MNpaxoA3iup Mpaz mnansipouyHae Poic. 78
CslUHHE TIpaBajiHiKa 3a mpamexxak vacy 1 ¢ npel cije na-
crasiHHara Toky 1 A.

° AA3iH KynoH — BenbMi BAnikas ap3iHka 3apapy. Pasniki nakasBawoup, WTO AblAMETP
aflaneHara af acTaTHixX Len MeTaniyHara wapa, AKi 3HaxoA3ilua Y cyxim naBeTpbl, nasi-
HeH Obilb PoyHbl NpblbnizHa 110 M, kKab Ha iM Mor 3Haxoasiuua 3aniwHi 3apag 1 Kn.
Pasam 3 TbIM y Yac YKIIOY3HHA ayTamabinbHbIX dap cina ToKy Y naHuyry npeibnisHa 10 A,
r. 3H. WTOCEKYHAHA Npa3 nanspoyHae CAYIHHE NPaBajHiKoy, JanyyaHolx Aa dap, npa-
X0A3ilb 3apag npbibnizHa 10 Kn.

Ha wmskel XIX i XX craromizsy By4doHbIsl 9KCTepbIMEHTAJbHA BbI3HAUBLI, LITO ¥
NPLIPO/3E iCHYe 3JIEKTPbIYHbI 3apaj, MOIYJb sIKOra MiHiMaJ/bHbl, €H HOCillb Ha3BY
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anemenmaprol. Slapbl yeix atamay 3msiyatollb NPaTOHbI, sKis 3’AYJstoNIA HOCh-
OiTami jJajatTHara sJeMeHTapHara 3apajy, a cami aTaMbl 3MslIYalOlb 3JEeKTPOHbI,
sIKis 3’ayJsiolia HocbOiTaMi anMoyHara ssnemeHTapHara sapaay. Poynacub mouy-
NSy 3apajiay SJeKTpoHa i mpaToHa ycTaHoyaena 3 aknamHaciio ~10720. Moayab
s/]leMeHTapHara s/JeKTpbiuHara sapaty e=1,6022- 10719 K. 3pbuaiina abMsKoy-
BalOLlA J3BIOMA 3HAYHBIMI JiuGami: e=1,6- 1071 Ku.

DJIEKTPOHBI, TPATOHbI i HEUTPOHBI YBAXOA3sllb y CKJajA ycix 1es, 60 3 iX ckia-
Jlatolllia aTambl i MaJieKyJibl Jiobora paublBa. ¥ 3JeKTpbliHAa HEHTpasibHbIM LieJe
ajreOpaiuHasi cyma 3apajay ycix uyacuil poyHast HyJto. Kasi sikiM-HeOya3b ublHaM
CTBapbIlb Y TAKIM Llese JillaK 3apajay aHaro 3Haka, sIHO akaxkallla 3apauKaHbIM.
3apan ¢ uesa cTBapaellla CyKyMHAcLIO 3JeMeHTapHbIX 3apajay i 3aycénbl KpaTHbl
sJ7IeMeHTapHaMy 3apajy e (3JeKTpbluHbl 3apajl AbICKPITHBbI):

q=e (Np —N,),
nze N, i N, — KosibKacui npatoHay i 3JeKTpoHay y Ja/3eHbIM LeJe.

Hanpeiknan, uena, sapan sikora g=7e, aposHiBaelllla aj HelTpasbHara lesa
cTpatail csIMi 3JIeKTpoHay.

3aKkoH 3axaBaHHA 3JIeKTpbIYHara 3apapy. Mojysi cynpaupbjernibix na 3Haky 3a-
panay, siKisi Y3HiKJi ¥ BbIHIKY 3JeKTpbl3allbli Ha LeJax, LITO 3HAXOA3iJicsl § KaHTaK-
e, poyHbisl. Y T'IThIM MOKHA MepakaHallla nagyac jociely. Bosbmem s0aHiTaByro
nanauky i kapasauak ¢yrtpa. [Ipbl TpsHHI agHo a6 aaHO Lesbl 3JeKTpbI3ytoLla.
[Taknansém na yapse YHyTp MertasiyHai cdepbl, WITO 3aMallaBaHa Ha CTPbIKHI 3J1eK-
TpomeTpa, 36aHiTaBylo nanauky (peic. 79, a) i kaBanauak dyrtpa (pwic. 79, 0).
Crpasika s/1eKTpomeTpa ajxisilla, NpbubIM §IK y MeplibiM, Tak i ¥ ApyriM BblNajKax
Ha ajaHosbKaBbl Byrajd. Kasi ajnavacoBa anycuilb yHyTp cdepbl s0aHiTaByto najau-
Ky i KaBajauak Qytpa (pbic. 79, 8), CTp3JiKa 3JEKTPOMETpPA 3acTaHelllla Ha MecClibl.
3Haubllpb, MO/ 3apajay abojiByX Liesl POYHBIS, a iX 3HaKi CyrpaubJerbis.

Bhiniki mimatiikix skcnepbiMeHTay Aa3BoJiji chapMyssiBallb ClBEPXKAHHE,
sKoe 3’siysseniia GyHlaMeHTalbHbIM 3aKOHAM MPbLIPOJbl — 3aKOHAM 3aXa-
BAHHA INeKMpbliHaca 3apady: y 3JeKTpblyHa i3ajdsiBaHaW cicTame maayac
JI00bIX y3aeMan3essHHAY ajarebpaiuHasi cyma
9JIeKTPbIYHBIX 3apajay 3acraeuua nacrasH-
HaM:

g1+ q>+ q3+ ... +q,=const,

Ji3e n — KoJibKaclh 3apajay y cicrame. Cictamy
1esi (Yacliiy) HasblBalolb IACKMPLIUHA (301160 -
Hatl, KaJai namixk i i sHewHiMi LesaMi HsiMa a6-
MEHY 3JIEKTpblUHA 3apajKaHbIMi yaclilami. Puic. 79
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3J'IeKprI'~IHbI 3apag. 3aKOH 3axaBaHH# 3N1eKTpblYHAra 3apapa

\/ 1. DuekTpblunbl 3apag — QisiuHasy ckajsipHas BeJiublHsl, siKasi Xapakra-

pbidye iHTIHCIYHACUb 2JeKTpamarHiTHara y3aemajizesiHHs Les (yacuin). DJjek-
TPBIUHBI 3apajl iCHye Yy JBYX Biiax: JaiaTHbl i aaMOyHbl. AnHaliMeHHbIs 3apa-
JIbl aJILTYpPXBaloLlla, a PO3HAIMEHHbISI — MpPbILSTBAOLLLA.

2. IcHye 3apan, MofayJsb siKora MiHiMaJbHbl, €H HasblBaellla 3JeMeH-
TapHbIM:

e=1,6-10""Ku.

3. DJIeKTpbIYHbl 3apajl AbICKPITHBI, I. 3H. 3JEKTPbIUHbl 3apaj J00#H
yacuiupl abo 1eJga 3’sygaseniia KpaTHbIM 3JeMeHTapHaMmy 3JeKTpbluHaMy
3apajy.

4. 3akoH 3axaBaHHs 3JeKTpblUHAra 3apajy: y 3JeKTpbluHa i3aJsiBaHak
cicTame najyac JoObIX y3aeMaa3esiHHsy ajrebpaiuHasi cyma 3JeKTpblYHbIX 3a-
pajay sactaelua nacrasiHHai:

q1+qs+ g3+ ... +q,=const.

5. 3HausHHe 3JeKTpbluHAra 3apajy He 3ajexblllb aj Taro, pyxaeuua &

a0 3Haxogilla Y Crakoi.

103

* 1. K pacmiymaybllb 3MEKTPbI3aUbII0 Le Y Yac cyaakpaHaHHa? Yamy npbl 3neKTpbl3a-

Ubli 3apapxatouua abogsa Lenbi?
2. lTo xapaKTapbi3ye 3neKTpbIYHbI 3apag?
3. Lli moxa icHaBallb 3NeKTpblYHbI 3apaf 6e3 MaTtapbisnbHara HocbbiTa?

4. fKia [Ba Bifgbl 3NeKTPbIYHbIX 3apafay icHylUb Yy npbipoa3e? AK y3aemap3eitHivaioLb

afiHaliMeHHa 3apafXaHbla Yacliubl? po3HaiMeHHa 3apafXaHbia?
5. fAlki 3apap HasblBaloLb 3/E€MEHTApHbIM?
6. Y 4biM npasynseuua ynacuiBacub LbICKP3THACLI 3NeKTpblYHAra 3apagy?

7. Cchapmynioiiue 3aKOH 3axaBaHHS 3NeKTpblyHara 3apagy. AKis Mexbl NpbIMAHAAbHACUI

ratara 3akoHa?

[MpakTbikaBaHHe 11

1. LIi moxHa y uac sjeKTpbi3alibli IKASHON Majauki ab 1oy Hajgalb €d 3a-

pan g=4,8-1072" Ku?

2. Metaniunbl mapelk Mae N=>5,0-10° sanimmix snexrponay. Beisuaute, uyamy

POYHBI ATO 3apa.

3. Bbisnauue cymapubl 3apaj ycix nparonay, skis 3Haxoazsuua y Bajaze

a6’émam V= 9,0 cm®.

4. Tlapuac coigranHus wkiasgHora Gpycka 3 HaxijieHa#W MJocKacli andbiBaelliia

Ir0 3JIeKTPhI3aliblsl. 1K rata yrnJibiBae Ha KaHYaTKOBYIO CKopaclb Opycka?
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104 INEKTPACTATBIKA

5. JIBa anHo/bKaBbls MeTasiuHblsl 1Iapbl, JEKTPbIYHbIS 3apaibl KX —g
i 4q, npuiBani ¥ cynakpaHanHe. BbigHaulle, yamy poyHbl 3apaji KO)KHara liapa mnac-
JIsl Cy/laKpaHaHHsI.

6. Meraniuubl wap, 3apaa sikora g=—4,8-10""" Ku, npuieani § cynakpanau-
He 3 TakiM »Ka Hezapa/LkaHbM wapam. Jlki 3apan atpeimay apyri wap? KoJbki
3aJlilllHIX 3JIEKTPOHAY 3acTasjiocsl Ha TepllbiM [Iaphl?

7*%. Jlanathbl 3apan MenHara wapa g =25 nKu. $lkyio yacTky cBaix BasieHTHbIX
3J1eKTpoHay cTpauiy wap, kani siro maca m=0,10 kr? Banentnacup mensi n=1.

§ 14. Y3aemapsesAHHe NyHKTaBbix 3apapay. 3akoH KynoHa

AbmapKkoyearousl 31eKmpol3ayolio 9K INeKMPACMamolyHyo 3’38Y, Mol He
cmasiai noimanKe: «A K 8bl3HaUbLYbL CiAY, 3 AKOU adwO 3apadicaunae yera
npoiysesae abo adwmypxsae opyeoe?» Adkas Ha eama nolmanue Oovly 3HOU-
dzenvl j karnyv, XVIII cmaeoddss wezarencna adidin ad adHaeo 08Yma 8Y4O-
wnoimi: I. Kasendsziwam y 1774 e. i Il Kyronam y 1785 e. Adnak cyuacHikam
cmaani 8a0omblst MoAbKL BulHiKI docaeday Kyaona.

3akoH KynoHa. Bbl yx0 cycrpakaJgics 3 ¢idiuHbiMi Maas/asmi, Kaji BBIBY-
yasli MexaHiky (MaT3pbisiJIbHbI MyHKT) i Majeky/aspHyto ¢idiky (igsanabHbl ras).
Y sJeKTpacTaThilbl MMaayac BbIBYYSHHS Y3aeMaj3esiHHS 3JeKTpPbluHa 3apajKa-
HbIX 1eJ 3(eKThlyHal akasBaelllla Majas/b <MyHKTaBbl 3apan». [lynkmasel
3apad — 3apaj Takora 3apajpKaHara leJsa, rnamepbl §IKora 3HauHa MEHILbIs 3a
ajuleryiaciib aj raTtara lieJsa Ja MyHKTa HazipanHs i ga iHIbIX weq (r. 3H. naMe-
pBl 3apajykaHara leJsa Ba yMOBax AaJi3eHad 3ajaybl MOXKHA

He TpbIMallb Maj yBary). =

Kynon nepuibl any6sikaBay BbIHiKI cBaix aacjeaaBaHHsy C
na ysaemaj3esiHHi HEPyXOMbIX MyHKTaBbIX 3apanay. EH wwis-
XaM J0cJe/lay YCTaHaBiy 3aJie’KHACILb CiJl 9JIeKTpblyHara ysa-
eMaJi3esTHHA 11eJT ajl MOMyJIsy 3apajiay TIThIX LeJ i ajjerjacu
nami>k imi. AtrpbimMaHas iM cyaaHociHa 3’stysisieliia ajHbIM 3
ACHOYHBIX 3aKOHAy 3JIeKTPacTaTbIKi.

Y cBaix jpocaenax KysoH BbIKapbICTOYBay CrelblsiJIbHbI
npei6op — KpyuijabHylo Bary (pbic. 80). Kpyuinbnas Bara
Vsiyuisie cabol JiBa LIKJSIHbIST LBIHAPBI, YHYTPbI §IKiX Ha TOH-
Kall cspsOpaHail HiTLbl NajgBellaHbl JErKi HeNpaBOAHbl Kapo-
mbices1. Ha aaHbiM KaHLbl KapoMblc/1a 3aMallaBaHbl MPaBOHbBI
wap I/, a Ha apyrim — mnansipoBasi npouisara 3. Illap /
MOXKHA 3apaiKallb 3 JanaMorail Takora » MpaBojHara Peic. 80
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Y3aemaf3enaHHe NyHKTaBblX 3apapjay. 3akoH KynoHa 105

mapa 2, WTo 3Haxoj3illlia Ha i3a/10l04biM CTPbDKHI, sIKi 3aMallaBaHbl Ha HaKpbIY-
Ubl Hi2KHATA LbIIHAPA. ¥ uyac cylakpaHaHHsl wwapa [ 3 3apajKaHbiM wiapam 2
3apajl pa3MmsipkoyBaellla naMmixK iMmi napoyny, i wapsl amitypxpatoia. [la Byr-
Jie 3aKpyuYBaHHsA HIiTKi, AKi ajajiyBaella na LikKajge, MOXKHa Bbl3HAublllb CiJy,
3 dKOH 3apaj wapa 2 j3eilHiuae Ha 3apaj wapa [. 3pabiyiibl BAJIIKYI0 KOJb-
Kacupb gocgaenay, KyjsoH Bbl3HaAubly, LITO MOJYJi CiJl y3aeMan3esiHHs JIBYX 3apaj-

JKaHBIX LIapoy ‘Fgl‘z‘ﬁg‘zF aJlBapoTHa NpanapubisiHa/bHblsl KBaaparty ajjer-

. o 1
Jacui namik imi: F~r—2.

Paspaxkatoubl 1map 2 I0ThIKaM pPyKi, a MOTbIM JaKpaHaloubICs iM Jla KO 3apajika-
Hara mapa I, Kyson amor atpbimalib Ha iM 3apajibl, MOIysib KX y 2, 4, 8 i . 1. pasoy
MEHIIBI 33 MEepLIanayaTKoBLl. LH BLICBET/IY, IITO Mpbl HASMEHHAH ajleriacii MOyJb
CiJT y3aemaji3esiHHs JIByX HEePyXOMbIX HEBSUIKIX 3apa/pKaHbIX 1ieJl TpaMa rpamnapliibis-
HaJlbHbI 371a0bITKY MOJYJISTYy 3JEKTPbIUHbIX 3apajiay KoxkHara 3 ix: F~|qy|-|qsl-

AbGaryabHiyiibl KcnepbiMeHTasbHbIA AaHbisg, Kysnon chapmysnsBay 3akoH, sKi
atpbiMay fro ims.

Mogayai cin y3aeman3esiHHsl BYX HEPYXOMbIX MYHKTaBbIX 3apajKaHbIX LeJa Y
BaKyyme Mpama MnpanapibisiHaJbHbisl 31a0bITKy MOAYJsly 3apanay raTbhiX UeJ,
ajJiBapoOTHA MpanapubiHaJbHbIS KBaJApaTy ajjierjaciyi namixk imi, a cami ciibl Ha-
KipaBaHbl V3/10y2K MpaMoii, WITO 3Jy4ae TraTbid LeJbl, 3'AYIs0UbICS cinami an-
IITYPXBAHHS JJIs1 aJHAWMEHHbIX 3apajay i cilaMi MPbILSKIHHA I PO3HAIMEHHBIX.

F-pl 1] (14.1)
r
J3e k — KasdilbleHT npanapubisHanbHaclli, siKi 3ajexbllb aj Bbl6apy aaziHak
(i3iuHBIX BesiublHb, |q| i |go| — MomyJi MyHKTaBBIX 3apajgay, r — ajjerjacipb
namizk imi.
Cinibl y3aemajizesiHHsi HEPYXOMbIX MyHKTaBbIX 3apajay Ha- r

3bIBAOUb KYAOHAQYCKIMI ciaami. ¥ annapBejHacli 3 TP3UiM .« @n
sakoHaMm HbioTaHa raThisi Cibl Cynpalibjersa HakipaBaHbl [, g g2 Fio

ﬁ12 =—ﬁ21, a ix momysi poyHbisi (pbic. 81).
Y CI kasoiubleHT npanapupbisiHalbHacLi

2 2

p= 1T 1 _g99.10° o > <D

|QI|'|‘]2| 4mey Kan q For Fio qo
Kan®

n3e 80=8,85-10’12 ool — SAEKMPbIUHAS NACMAAHHAAL.
‘M

Pbic. 81
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[Ilnsixam nocJsenay BbI3HAYbLIi, WITO CiJbl y3aeMaJ3€siHHS JBYX MyHKTABbIX
3apajay He 3MsiHsIOLA Npbl 3'dyJeHHi Tpausra nyHkTaBara sapauy a6o Jjo060i
KoJibKaclli MYHKTaBbIX 3apajay. ¥ T3TbIM BbINAJAKY Cijlbl  Y3/13€sIHHS
1521, FSI, cey Fnl KO)KHara 3 sapanay ¢, ¢3, ..., ¢, Ha 3apan ¢; Bbl3Hayawllb
na 3akoHe Kysona. BoiHikoBas cina 3’ayssienia BekrapHaid cymai cij, 3 skimi
KOXKHbBI 3 T'3ThIX 3apajaay naacobHa y3ieiHiyae Ha 3apaj ¢ (MPbIHUBII Cyrep-
nasaibli).

BbikapbicTayuibl NpbIHLbIT cynepnasiibli i 3aKoH
KyJsiona, moxkHa anicailb 3aJeKTpacTaTbluHae y3aemajze-
siHHe J1I000H cicTambl 3apajay. Ha poicynky 82 nakasa-
Hbl TPbl [MYHKTaBblsl 3JEKTPbIUHbISA 3apajpl, siKis y3aema-
J3elHiutonb namixk cabon: q; >0, go<0, g3<0. Payna-
J3efiHail cij, wTo J3edHivatoub Ha 3apaj ¢, 3 OOKy
3apajay go i g3, 3’stysisenua cina ]:"l, sKasl poyHasi Bek-

tapuaii cyme cin Fo; i Fy0 R =F+F. Cobl Fyif
y3I3€esIHHS 3apajay o i g3 Ha 3apaj ¢ Bbl3dHAuawllb Ma
3akoHe KyJoHa.
3akon KyJsona, siki anicBae sJjekrpacraTbluHae y3aemangzesinie, (apmaJjbHa na-
J0OHBl Ha 3aKOH cycBeTHara npblUsirHeHHsl HbloTana, WTo BbI3HAuae cijibl rpabi-
TalblHAra y3aemala3esiHHsl NBYX LeJl:
P P iy
‘]:12‘=‘F21‘=F=G 2
Y aboiByx BbIMajKax MOJYJib Cill y3aeMas3esiHHS:

— ajBapoTHa MparnapuplsiHalbHbl KBaApaTy ajjerjacili nami>k MaT3pbisiibHbIMI

Pbic. 82

MyHKTaMmi;

— npama TpanapublHaJbHbl BeJiYbIHSAM, fIKifl XapaKTapbl3ylollb Thif YJIACLLi-
Baclli 1es (MaTIpbIsIbHBIX MyHKTaY), §IKif BbI3HAYaIoOllb y3aeMal3esiHHi, — Macam
Yy aAHBLIM BBIMAJKY | 9JEKTPLIYHBIM 3apafaM — Y JPYTiM.

Jlist BBIMSIPSHHS CiJl JIeKTpblUHAra i rpasiTallbliiHara y3aemaj3esiHHsy BYUOHbIsl
BbIKapblCcTa/i NajoOHbIsl Na KAHCTPYKLbL SKCIepbIMEHTA/bHbISI YCTAHOYKI.

Annak namix cinami rpaBiTaibliiHara i sJeKTpacTaTbluHara ysaemajizesiHHsY
icuye icrotHae anposHenHe. HbloTanayckisi cijibl NpbIUSTHEHHSI — T3Ta 3aycélpl
Cisibl NpbILSKIHHS. KysioHayekist 2K cijibl y3aemajgesiHisi 3apajgay Moryib Obllb sIK
cijlamMi TpBILSRKIHHSA (MaMi>k po3HaiMeHHBbIMI 3apajami), Tak i cijami aalTypxBaH-
He (mamik ajHaliMeHHbIMI 3apajami).

3akon Kysnona y Beirasinge (14.1) npayngiBbl He TOJbKI /sl MyHKTaBbIX 3apa-
nay, ajse i s 3apakaHbiX 1les cdepbluHai GopMbl, 3apaipl sIKiX pasMepkaBaHbl

O6pa3soBaTenbHbIn nopTan www.adu.by/ HaunoHanbHbI MHCTUTYT 06pa3oBaHus



Y3aemaf3enaHHe NyHKTaBblX 3apapjay. 3akoH KynoHa 107

pa
Jia

yHamepHa na ycim a6’éme aGo na maBepxHi TITHIX Les (MPbl TITbIM 7 — ajJier-
Clib MaMizk LHTpaMi cepbluHbIX 11eJ).
SIk nakaspatolb Jloc/e/lbl, y3aeMaji3essHHe 3JeKTpbluHa 3apajukaHblx LeJ y Ba-

KyyMe MpakTbluHa He ajpo3HiBaelllia ajl iX yzaemaadesiHHsi ¥ naseTpbl. Tamy op-
myJry (14.1) BbiKapbicTOyBatoLb, aricBatoubl y3aemaj3esiHHe 3apajpKaHbiX e 5K Y

Ba
ab

Kyyme, Tak i § naserpbl. Kasi 3apamkanae liesa 3Haxoigilua ¥ Banse, rase, ajei
0 §IKiM-HeOy/a3b iHLIbIM HENPaBOAHbIM aCSPOAA3i, TO MOIYJ/b CiJl y3aeMaa3esiHHs

Oy/i3e MeHLUbl, YbIM y BaKyyMe.

JKcnepbiMeHTaNbHbIA (aKThl CBefYalb, WTO Y3A3esHHE Hepyxomara Y AaA3eHail iHeplbl-
ANbHAl cicTame apfiky NyHKTaBara 3apajly Ha NyHKTaBbl 3apaf, fKi pyxaeuua, Moxa
aniceallb 3aKkoHaMm KynoHa 3 npbiManbHail gaknagHacuto. Tak, BbIHiKi TaapaTblyHara anicaHHs
paccesHHs O-yacuil, Ha sigpax atamay 3onarta Y gocnefax Pasepdopga 3 ganamorait Magani
nyHKTaBara 3apapgy, Ha fiki A3eiiHiyae KynoHayckas cina 3 6oKy Hepyxomara sgpa, cynaga-
I0Lb 3 3KCMepbIMEHTANbHBIMI AaHbIMi y Mexax gaknagHacui anowwix (8~ 3-107%). Moaynb

M
cKopacli pyxy o-yacuiy agHoOCHa sagpa atama 3o/aTa v=14-10" —= 0,05¢, a3e ¢ —
c
CKOpacub pacnayclogKaHHA CBATAA Y BaKyyMe.

[lBa i Gonbw 3apapay, sKki pyxatoyya Y [af3eHail iHepublsnbHall cicTame, He Mozyub
XapaKTapbl3aBaula moJibKi KyNoHayCKiM y3aemaj3esiHHeM, NaKoNbKi KOXHbl 3 ix cTBapae V
HaBaKOMIbHbIM acAPOAL3i MarHiTHae none, akoe y3A3eiHivyae MarHiTHal cinait Ha iHWbIA 3a-
pagbl, WTO pyxawuua y im.

\/ 1. TlynkraBbl 3apajg — 3apaj Takora 3apajpkaHara 1leJfa, rnaMmepbl siKkora

3HAUHA MEHIUbIS 3a ajjleryiaclb aj rsrara LeJsa 1a [yHKTa HasipaHHdA i Ja
iHWBIX LeJs (I. 3H. NaMepbl 3apajKaHara lieja Ba yMoBax Jaj3eHal 3ajaubl
MOKHA He MpbiMallb Maj yBary).

2. 3akon KysoHa: momysi cisi yzaemansesiHHsl IByX HEPYXOMbIX MyHKTaBbIX
3apajKaHblX LeJ Y BakKyyme [pama MpanapubisiHajbHblsi 31a0bITKYy MOJyJsy
3apajay raTbIX LleJ, aJBapOTHA MpanapubliHaJbHbIS KBAApaTy ajJ/leraacii
naMmizk iMi, a caMi CiJibl HaKipaBaHbl Y3»KOY»K MPaMOH, LITO 3Jiy4ae CIThIs
Lesibl, 3'AyJsI0UbICS CilaMi aIUTYypXBaHHS Ui aqHAUMEHHbIX 3apanay i cinami
MPBILKIHHSA I PO3HAIMEHHBIX:

F=k|(h|.2|%|.
r
3. Cinbl y3aemanzesiHHsl AByX MyHKTaBbIX 3apajay He 3MsHsIIOLLA Mpbl
3’yJIeHHi HIbIX MyHKTaBbIX 3apaaay. Cijbl y3/13esiHHS ﬁgl, ]331, ces ﬁnl KOXK-
Hara 3 3apajay ¢s, ¢s, ..., g, Ha 3apaj ¢; Bbl3Hauawolb na 3akoHe KyJioHa,
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a BbIHIKOBYIO Cijly, LUTO JA3€HHiYae Ha 3apai ¢, 3HaX0A35lb K BEKTAPHYIO
CyMy CiJl, 3 sIKiMi KOXKHbI 3 T'3ThIX 3apajay naacobHa y3a3eiHiuae Ha 3apaj g

(MpBIHLBIT cyrepnasiiibli).

4. 3akon KyJ/oHa npaynziBbl sl HEpyXOMbIX MyHKTaBbIX 3apagay i

cepbluHbIX 1LIeJ 3 payHaMepHbIM pasMepKaBaHHeM 3apajy MNa naBepxHi a0co
ab’éme.

2

1. Jla sKora Bigy Y3aemaA3esHHAY afHOCALb y3aemaf3esHHe HepyXOMbIX 3NEKTPbIYHbIX
3apagay (3apapaHbix uen)?

2. Pactnymaule, YaMmy rpasiTaubliiHae i 3fneKTpacTaTblyHae Y3aemaf3esiHHi He 3aycépbl
npbikmeTHbIA. [MpbiBAR3iLe NpbIKNaAbl, Kani Takia Y3aemaasesHHi Hasipatouua, i pactiymau-
e, yamy.

3. 3apapbl AKiX 3apafpKaHbiX Lef MOXHA Nivbllb NYHKTABbIMi?

4. Aniwblue 3kcnepbiMeHTbl KynoHa na pacnefBaHHi Y3aemaf3esHHA 3MEKTPbIYHbIX 3a-
pagay.

5. Cchapmynioiye 3akoH KynoHa. fKis mexbl npbiMaHanbHacLi 3akoHa KynoHa?

6. Yamy poyHbl Y CI kasdiybleHT k? fAki aro diziyHbl caHC?

7. MatamaTbluHbl 3anic 3akoHa KynoHa HarajBae 3akoH CycBeTHara npbliUATHEHHS.
Y YybiM appo3HeHHe raTbix 3akoHay? [apayHainue ¢i3iuHblf NaHALLT «Maca» i «3NeKTpbly-
Hbl 3apag».

8. Y ubIM cyTHacLb NpbIHLbINY cynepnasiubli ANf 3NeKTpblyHara y3aemaa3esHHA NyHK-
TaBbIX 3apapjay?

Mpbiknagbl pawsHHA 3apay

[Mpoiknan 1. Jl3Be nauepki, 3JeKTpbluHbig 3apajabl skix ¢;=40 uKua i

go=90 uKu1, 3amanaBanbl Ha HenmpaBoAHbIM CTPbRKHI Ha amyersacui r=40 cm agHa
an anHor. Beignaule: a) n3e Tpsba pasMsiclilb TPILIOI0 MalepKy, skas Mae 3a-

pai
ep

g3, Kab siHa Oblna y payHaBase; 6) sKiM naBiHeH Oblllb 3apaj g3 TP3USH mna-
Ki, Kab cija sJeKTpacTaTbluHara ysaemaj3esiHHsl KOXKHAll 3 Tpox mnauepak

3 iHUIbIMI JI3BIOMa Obla pOyHAasl Hy.JIo.

Nansena: Pamsnne. a) Tpaussa nauepka, sikasi Mmae 3apaj
g,=40 uKn=4,0-10"% Kn g3, Oynze 3Haxojzila y payHaBase, KaJi se
gy=90 nKn=9,0-10" Kn 3MSICLiLb Y HeKaTopbl MyHKT A namik 3apagami ¢,
r=40 cMm=0,40 m i go HA Tpamoli, sikasi 3Jjiydae T3Tbisl 3apajibl (pbiC.

83). Hsxaii 3apan g3< 0. Taabl 3 60Ky 3apanay g

x—2q3—7? i go Ha 3apaja g3 6ynyub A3elHivallb cynpalibJjaerya
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U Fiy gz Fos 42 g1 q3 Fae 942 Fio
Pbic. 83 Pbic. 84

HaKipaBaHbI KyJOHAYCKifl CiJIbl MPbILAKIHHSA ]7“13 i F‘QS. 3rofHa 3 JpyriMm 3akoHam
Heiorana ratas nauepka Oyjze 3Haxoigilllia y crakoi, Kaji mMoayJi cin Fig i Fog
poyHbist. Tazbl, NpbIHAYLIBLL ayleryacllp aji 3apany ¢; jAa nyHkra A poyHail x, sami-

. k511|f]3|_k C]2|513| S .
1am: 5= ( o [lakosbKi & i g3 He poyHBIS HyJIO, TO TITbl BbIpa3 MOXK-
X r—x
Ha cKapallillb: q_12=((]_2)2 3nabynzem 3 abej3BIOX 4YacTak poyHAcCIli KBaJpaTHbI
X r—x
-r

kopanb (x>0, r —x>0): ﬁz \/g . Ancrosib X=L.

x  (r=x) \/a +\/%

[ 3
_ 4,0-107° K -0,40m 0,16
401078 K +4/9,0-107® Ko

Takoe »k 3HAusHHE X Mbl aTpbiMaeM, KaJji MpbIMEM, WITO 3apaj ¢3 Nauepki
JlaflaTHbl (MpaBeplie rata camacroiHa).

6) Cisa ajekTpacraTbluHara y3aemaJ3esiHHs KoxKHail 3 TPOX Tailepak 3 iHIIbIMi
JI3BIOMA pOYHAasl HyJIlO, KaJjli, HANpbIKAAA, TP3Uss Nauepka MNpbllsgreae JIpyryro 3

X

cinai, mMoayJsb |ﬁ32| SKOU POYHbI MOJIYJIO CiJibl |F‘12|, 3 §IKOU fle aIlITypXBae rnep-

wast nauepka (peic. 84). Ilpbl raThiM 3apan Tpausil nauepki nasBiHeH Obllb aaMOY-

g g (r—x)*

HbIM, T. 3H. g3< 0. Tazapl k%:k o AzKyJib |q3|=r—2q1_

r (r—

(0,24 m)?

A -+4,0-10° Kn =1,4-10"% Kn= 14 K.
(0,40 m)

Anxas: x=16 cwm, ameraacup ja nauepki 3 3apagam gz He 3aJexKbllb ajl 3Ha-
UHHA 1 3Haka sie 3apaiy; kaji sapaj nauepki gz=—14 uKan, To cina snexrpa-
CTaTblYHara ysaemaj3esiHHsl KOXKHall 3 TpoX nalepak 3 iHWIbIMi J3BOMa poyHas
HYJI10.
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[Mpoikaan 2. JIBa ajaHo/bKABbi MaJieHbKiss MpPaBOJHbIST 1IapbiKi Macai
m =20 Mr KOXXHbl NaJBelllaHbl § MaBeTpbl Ha JIErKiX HepacUsKHbIX HITKaX JayKbl-
Héit [=0,20 M, 3amanaBaHbiX y ajHbIM MyHKIe najBeca. AN3iH 3 1apbikay aj-
Bsi1i ¥ 00K, Hanani amy 3apan g <0 i agnycuini. [lacas cyThiKHeHHS 1IapbIKi
pasbllicss Tak, WITO Byrajs namik Hitkami cksiay 2a=60° (pbic. 85). Bbiznau-
e 3HausHHe 3apamy, s1Ki Obly HaJaA3eHbl Meplamy LapbiKy, a Takcama KoJib-
KacClb 3a/lilIHIX 3JEKTPOHAy HAa KOXKHLIM 3 LIapblKay Mac/s iX CYTbIKHEHHS.

Pbic. 85 Poic. 86
Hansena: . Pawmsune. BolkapbicTaeM 3aKOH 3axaBaHHs 3JeK-
m=20mr=2,0-10"" kr TpbluHara sapajiy. [lajguac cyTbiIKHEHHSI JABYX aJHOJIb-
[=0,20 m KaBbIX MPaBOJHBIX LIapblKay Halaj3eHbl ajHaMy 3
— [0} . P o .
200=60 iX 3apan naasaniycss napoyHy i Ha KOXKHbIM Lla-
q—7? pBIKY akasaycs 3aJlillHi aJAMOYHbI 3apajl = (o= 9
N—? -
Ha koxubl mapbik jageinivae cina uskapy Fy =mg,
cina sjekTpacTaThluHara ysaemansesiHHa fy, i cina npyrkacui wmitki  Fy,

(pbic. 86).

[Tacast cyTblIKHeHHs lapblKi pasbluuiics, i ycransBanacst payHabara. Bekrap-
Hasi cyma cij, sKis JA3eHivyalolb Ha KOXKHbl LIApbIK, CTaja poyHas HYJIO:

mg + F‘KH + an =0. Moayab  cigbl  3/eKTpacTaThiuHara  yzaemajizesiHHs

R = pltlleel ke
, .

: 07 [Takosbki wapbiki  pasblliicss ciMeTpbluHA — ajHOCHA
r r

. . . r .
BepTbikKaJil, TO I[paxoA3lllb Ipa3 MNYHKT MajaBeca HITaK, TO -——=SInao

kq® I
g [Takoubki —L=tg o (ru. poic. 86),

1. pbic. 86). 3uaubiup, fi; =—5—5—.
(ra. p ) o T 16/%sin” o mg
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kq2

6lsnla T8 tg o, amkyms |g|=4/sina

mgtg o
TO -

H-m?
[peivem £=9,0-10° K2

2,0-10° kr - 9,85 - 0,58

lg/=4-0,20m - 0,50 o € =45-10"° Kn=45uKn.
9,0-10°~ -
Kn
Kosibkacub 3asilliHiX 2JeKTpoHay Ha KOKHBIM LLApPbIKY N=|£i|.
e
_8
y=_20-10 IQK‘” =14-10"
2-16-10" Kn

Anxas: gq=—45 uKn, N=14-10"

[IpakTbikaBaHHe 12

1. BbisHauue Mojy/b Cijl y3aemal3esiHHsl JABYX aJHOJIbKABbIX HEPYXOMbIX IMyH-
KTaBbIX 3apanay q;=qgo=9,0 uKa, sxia snaxomssuua na ampiernacui r=0,30 m angin
aJl aJHaro y BaKyyMe.

2. BoizHaulle, y KoJibKi pazoy Tp36a napsuliublib ajjleryaciib namixK JByma He-
PYXOMbIMi MyHKTaBbIMi 3apajami, kab MOJyJb CiJl y3aeMmaJ3esiHHs 3acTaycs paHei-
LWIBIM Npbl MaBeJY3HHI JliKaBara 3HAYSHHS aJHAro 3 3apajay y 4aTbipbl pasbl.

3. JIBa ajHosIbKaBbIsi MaJieHbKisl MPaBOJHbIS LIAPbIKi, 3apajibl SKiX aapo3HiBa-
olua ¥ aBa pasbl, 3Haxoazsiuila Ha amersacti r=950 cm. Bbignauie amnernacip,
Ha Kyl HeaOXoJHA pa3dBeclli lIapbIKi Mac/s CyTbIKHEHHS, Kab MojyJ/b Cia y3ae-
MaJi3esIHHA 3aCTayCsl PaHEHLIbIM.

4. Ha nByx aaHoJbKaBbIX MaJieHbKiX 1apblkax macail m=40T KoxXHbl 3Haxo-
J3sIL1a aJHaUMEeHHbIsT 3apajibl, MOJyJi sIKiX poyHbIs. Ajjersiaciib namixk 1apbikami
3HayHa repasblllae iX rnamepbl. BbidHaulle Mojysi 3apajay liapblkay, KaJji KyJso-
HayCKasi Cijla iX ailTypXBaHHS YpayHaBaXKBae CiJly rpaBiTalbliHAra MpbILUSKIHHS
I3TBIX LIapbIKay.

5. Ilynkrasbis 3apanpl ¢; =50 nKa i go=80 nKn 3amauaBanbl Ha ansersacti
r=2,0 m angin an agHaro y Bakyyme. Ha csipsigine ajpsska npamoii, 1ITO 3jydyae
3apajpl, 3Haxonziuua Tpaui nyHkrasbl 3apan gz= 1,0 uKa. Beisnauue momysnb BbiHi-
KOBall aJieKTpacTaTbluHail Cijibl, fKasi A3eiHiuae Ha Tpaui 3apaa. Kyabl HakipaBana
ratas cina?
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6. Hepsnniki wapbik, 3apan sikora ;=20 uKa i maca m =60 mr, naasewansl ¥
naBeTpbl Ha LIaykoBa# HiTubl. [lacss Taro sk Ha BepTbiKaJi, LITO MPaxoigillb npas
LSHTP LIApblKa, Ha ajjeryacii r=15 ¢M HixK9H 3a siro pasmsiclisi aApyri MajeHbKi
LapblK, 3apajpKaHbl po3HAiMEeHHA, MOJMyJb CiJibl NPyrKacuUi HiTKi NaBsiiublycsl ¥ 1Ba
pasbl. BbigHaulle 3apaj apyrora liapbika.

7. JIBa masienbkKisi wapbiki Macail m =40 r KoXKHbl NajBellaHbl § aaHbIM MyHK-
e Ha HiTKax nayXKbiHéh [=20 cm. BoisHaulle, sikis ajHoJbLKaBbIs 3apajibl TpaOa Ha-
Jalp lapbikaM, ka0 HiTKi pasbliiiics Ha Byran o= 60°.

8*. Tpbl meplanauaTtkoBa 3amallaBaHblsl aJHOJbKABbIS MYHKTABbIs 3apajibl
q1=q2=q3=qo=1,0 1K1 pasmelruyanbl y BAPUIBIHAX POYHACTAPOHHSITA TPOXBY-
roJibHika. Bbl3Haulle, siki MyHKTaBbl 3apaj Tp30a 3MsCUillb Y UIHTP TPOXBYroJib-
Hika, ka0 ycs cicTama 3Haxojziziacs ¥ payHaBase macJis Bbi3BajieHHs Mepliana-
yaTKoOBa 3amallaBaHbiX 3apajay. YcroisiBaih abo HsaycTohsiBall 3’aynsielna jaa-
J3eHasi payHaBara?

§ 15. dnekrtpacrarbiyHae noJse. HanpyxaHacub
1 NiHii HanpyXaHacui 3NeKTpacTaTbiyHbIX Nanéy

3apadacanolss yeaol i dacyiyol, AKiA KOPAMKa Haselearoub 3apadami, y3a-
emadselirnivaroyo adno 3 aduoim. [3ma naysapoxicaroyo wmamaikis dociedol,
a 3aKkoH Kyrona dassansie 8oi3HAUbIUL CIAbL Y3ACMAOZCAHHA HEPYXOMLX NYH-
Kmasolx sapaday. Are wmo 3’ayaseyya npolublHall makoea ysaemad3eanns,
AKI 120 MexXaHism?

nekTpacratbiyHae none. [lepuibiM, XTO 3aaragaycs, WTO «UeJbl N3eHHIUAIOUb
aJHO Ha aJHO Ha aJJIeryacli lIsgXaM MPbIBAA3EHHSA HaBakKoJbHAra acsapoiisds y
CTaH Hampy:KaHHs», Obly BbIIATHbI aHryMicKi BydoHbl Maiika ®Papansi (1791 —
1867). AbarysbHiyiIbI BBIHIKI Y/IacHBIX JacienaBaHHsY, npaBen3eHblx 3 1832 r. ma
1852 1., dapansit yBéy y ¢isiky HoBae mausie — mnose. MarsmatbiuHylo 3aBep-
maHacipb insi Papagss mpa 3MeHy cTaHy rnpacTopbl nMabJidy 3aparKaHbIX LeJ
(uacuiiy) i y3HiKHEHHe HOBaH CyTHACIl, IKyl0 MOTbIM Ha3BaJi 3JeKTPaMarHiTHBIM
noJiemM, Hajaay §iro reHisibHbl cyailublHHIK i nepaemuik [[kaiime Kaepk Makcsed
(1831—1879).

DJIeKTPbIUHBI 3apajl, sKi cTBapae y HaBaKoJbHall MPacTOPbl 3JEKTPbIUHAE TIOJE,
Ha3bIBAIOLb KpbIHiLAK 1oJs | yacta aba3Havaiolb ciMBasam (). DJeKTpblyHae mose
akaspae ciJlaBoe J3esIHHe Ha JII0Obl iHUIbI 3apajl ¢, 3MELIYaHbl y ro.

Camas icroTHas aca6JiBacllb 3JeKTpblYHAra mMoJsi — sir0 MaT3PbisijibHACIb,
T. 3H. a1eKkmpolurae nore — 8i0 mamapoii. Y panbHacl iCHABaHHS 3JIEKTpPbIU-
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Hara mnoJisi MOKHa MepakaHalla na siro npasiBax: rnoJe, cTBopaHae 3apajam, J3eH-
Hiyae 3 MsyHail cijal Ha iHIIbIA 3apaibl, AKif Y Aro YHOCALb.

[Tosie, sikoe cTBapaellla HEPYXOMbIMi aHOCHA BbIKAPBICTOYBaeMaK iHEPLbIsIIb-
Hall CicTaMbl aJliKy 3JIEKTPbIYHbIMI 3apajami, Ha3blBAKOLUb IACKMPACTIANI6LYHbOIM
noae.

Ka6 nacnenaBaupb sjekTpactaTbluHae mnoJe, cTBopaHae 3apaaam (), ameclim y
rata noJsie 3apaj qo, sKi HasbiBaloub npooubiM. [lan npobreim sapadam pazyme-

I01lb 3apajl, MOJyJib SIKOra JacTaTKoBa MaJbl (|q0|<<|Q|) i ynacHae noJe He

MsiHsie iCTOTHA pa3MepKaBaHHs acTaTHIX 3apajay, sikisg cTBaparollb Jaji3eHae MoJe.
[IpoGHbl 3apajn naBiHeH Oblllb MyHKTaBbIM, Ka® MOxKHa OblL10 jacjefaBallb I0Je
Y MaJiblx yacTkax npactopbl. [IpoGubl 3apan Moxa Oblllb SK JadaTHbI, Tak i
AJIMOYHBI.

AngnaubiM, WITO yaacliBacip 3J€KTpbluHAra mods, abymoyJeHasi MpbiCyTHACLIO
leJsa 3 sapajaMm-kKpbiHinan noJsi ¢, ysuzeiHiuailb HekaTopal cijail npasyJjsiena
He TOJIbKI ¥ MyHKUE, y sIKiM 3Haxojgilla npoOHbl 3apai qo. [5Ty YuacuiBacup ma-
I0Lb yCe MyHKTbI 10JI5l, CTBOpaHara 3apajiam ().

BeikapblcToyBatoubl NpoOHBI 3apajl g, MOKHA KOJbKacHa axapakTapbl3aBallb
sJIeKTpacTaTbluHae MoJie, CTBOpaHae JItOObIM 3apajKaHbIM LieJiaM, Makasayubl Mo-
JyJb i Hanpamak Cisibl, siKasi J3efHiyae Ha aThl 3apajl go. 3pyuyHa KapblcTalllia Ta-
KOH XapaKTapbICTbIKall 3JeKTpacTaTblyHara mnoJs, sikasg He 3aJjexKblllb aj JiKabara
3HausHHA TpoGHara sapajy. Lo 3'ayiselia Hanpy:KaHaclib.

HanpykaHacub 3nektpactatbiyHara nond. Kasi y  anBosbHa BblOpaHbl
nyHKkT A sJjeKrpacraTbluHara mnoJisi, CTBopaHara 3apagam (), yHecui npoOGHbI 3apaj

Go1, TO MoJie Naj3eiHiyae Ha Aro 3 nayHai cinail fi. 3mecuim na yapse y raTbl XK

MyHKT 10Js1 iHLIbIST TPOOHBISI 3apajibl G, Go3, o4 ---, 3HAUSHHI KX y 2, 3, 4 i 1. 1L
pasoy ajiposHiBatollla aj 3HAUdHHS 3apamy qo;. Jlocnen nakazmsae, 1mITo MojyJsi cij
Fy, Fy, F3, Fy ..., sikis j13eiinivuaionp 3 OOKy 3JeKTpacTtaThluHara mnoJisi, cCTBopaHara
3apagam @, Ha npoOHbIsS 3apaibl Goi Go2. o3, o4 ---, PaMa NpanaplbisiHalbHbIs
3HAYHHSIM TITHIX 3apajay.

Takim ublHaM, afHOCiHA CiJibl, siKasl Ji3eiiHiuae Ha 3MellYaHbl ¥ HEKATOPbI MyHKT
noJist npoGHbI 3apaj, Ja 3HAY3HHSI raTara 3apajuy Jyisl jaj3eHara MyHKTa MoJsi 3a-
CTaelllla Hsi3MeHHal. [3Ta amHocina 3’stysisielliia cijlaBoi XapakTapbICThIKAH 3JeKT-
pacraTbluHara roJisi, sikasi aTpbiMaja Ha3By HANPYHAHACYb.

-

Hanpyxanacuio E ajekTpacratblyHara noJjsi y JioObIM (ro MyHKIE Ha3bl-
Balollb (pi3iuyHYyl0 BEKTapHYI0 BeJiublHIO, fIKasg XapaKTapbi3ye cillaBoe y3a3esiH-
He MoJil Ha YHeceHbisl § Aro 3apajipl i poyHas ajHociHe ciibl F, 3 siKoi moJe
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J3eliHiyae Ha MPoOHbI 3apaj ¢y, WTO 3Haxoj3ilua y adpaHbiM MyHKIlE, Aa 3Ha-
Y3HHSI rarara 3apajiy:

=L (15.1)
q0

3 Bwipasy (15.1) BbiHikae, miTo an3iHKal Hampy:KaHaclli 3JeKTpacTaTbluHara

H
nosisi ¥ Cl 3’sijisieniia HbloTaH Ha KyJIOH (K—) Annak y CI 1ibipoka BbIKapbICTOY-
J

B
BalOLb HIIYIO HA3By I3Tall ai3iHKi — BOJIBT HA MeETp (; . ITakaxblue cama-
. B
croiia, mto 1 - =1 —.
Kan M

Boipaz (15.1) nasBaJisie Bbi3Haublllb Cijly, siKasi J3eiHiyae Ha MyHKTaBbl 3a-
pajl ¢, 3MelluaHbl y sJeKTpacTaThluHae MoJe HaMpyKaHaclyo £, CTBOpaHae iHIIbIM
MyHKTaBbIM 3apajzam (:

F=Eq.
Hanpy:xaunacup nossi, sik i cina, BeJiubiHs BekrapHasi. Hanpamak Hanpy:ka-
Hacui noJisg cynajae 3 Halpamkam Cijbl, fKasi A3€HHi-
Q yae Ha JafaTHbl NMpoOHbI 3JeKTpblYHbl 3apan. Hanpyxa-
@ ALy hacus y JMoObIM MYyHKIle 3JleKTpacTaTblyHara mnoJis Ha-
S
Q

. KipaBaHa Y3/0yK Mpamol, sikasi 3jydae r3Thl MYHKT i
< MyHKTaBbl 3apaj, WITO cTBapae noJe. HanpyxaHacib
noJisi, CTBOpaHara IyHKTaBblM JaJaTHbIM 3apajiam
(@ >0, HakipaBaHa aji 3apajy, a HanpyxKaHacllb M0Js,
CTBOpaHara MyHKTaBbIM aJMOYHbIM 3apaiam () <0, —
na sapany (poic. 87).

HanpyxaHacub nons, cTBOpaHara NyHKTaBbIM 3apapaMm. 3HOM3eM Harpy:xa-
Hacllb 3JeKTpacTaThluHara noJsl, cTBOpaHara MyHKTaBbIM 3apajiaM, MoyJb sikora |Q)|.
3MeclliM y HeKaTopbl MyHKT M0Jisl AafaTHbl NPOoOHbI 3apaji gp. 3rojHa 3 3aKOHaM

Q]9
2 b

Pbic. 87

Kysnona w™oaynb cisbl, skasi J3eiHidvae Ha npobHbl 3apan F=Fk

Ji3e r — ajjiersiacib namixk 3apajgam @), siki cTBapae mnoJie, i nyHKTam, y siki 3mell-
yaHbl MpoOHbl 3apan qo. [laactayasitousl Bbipa3 is MOAyJsl KyJoHayckail cinai y
hopMmysty Uil MOJLYJIsl HaMpyzKaHacl oJisi, aTpbIMaeM:

zizk_m'qo :kM

2 2"
9o qo” r

E
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Mopnynb Hampy:KaHacli roJisi, cTBopaHara payHamepHa 3apapkanail cdepati,
3apaj sKoi (Q, y MyHKTax Ha sie naBepxHi i ma-za cdepail Ha angiersacui r

ol

an sie U3HTpa Bbi3Haualoub na Gopmysne E=Fk—. Y nyHkrax, sikis sHaxoassiua
r

YHYTpBl cepbl, K Mbl YOaubiM najnei, E =0.

Hanpy:kanacup sJ/eKkTpactaTbiuHara noJsi payHamepHa 3apajpkaHai OsicKoHLa
MJIOCKACL aJHOJIbKaBasl Ba YCiX MyHKTax MayrnpacTtopbl 3 KoxHara OOKy aj MJoc-
Kacti (npel rateM F =—Fy ), a sie MojtyJb

El=lE|=E=ges
2¢,S

J3e S — ruiollya HekaTopara yyacTka MJocKaclli, ¢ — 3apaji ratara yuyacrka.
MpbiHUbIN cynepnasiybli 3NeKTpblyHbIX nanéy. Kasi sapamkaHbisi 1edibl, sKis

CTBapatollb 3JeKTpacTaTblUHblsl NaJi, He 3MsIHSLb CBAUro cTaHy (pasMepKaBaHHs

3JIEKTPBIUHBIX 3apajiay) y 3aJjiexkHaclli aj MpbICyTHACL 11i ajCcyTHACIi iHIIbIX LeJ,

TO HamnpyxkaHaclb E BbIHIKOBara roJisi, sKoe yTBOpaHa HAK/aJaHHEM JIaJ3eHbIX

najnéy y HeKaTopbiM MyHKLE:

mse E Ey Es, ..., E, — Hanpyxasacui naa€y y Bbl3Hau4aHbIM NyHKIE, sKis CTBa-

n
patouua l-m, 2-M, 3-M, ..., 1-M 3apa/pKaHbIM 1leJiaM y ajICyTHACIb iHIUILIX (SIK 3a-
pajKaHbIX, TaK i He3apapKaHbIX) LieJ.

CaMbIM MpOCTBIM MpbIKJalaM MpasiBbl NMPbLIHUBIY cyneprnasiupli 3’ayJastonua
3JIeKTpacTaTbluHbIsl MaJi, CTBOpaHblS PO3HBbIMI MyHKTaBbIMi 3apajnami: Kadgi ¥
N yHbIM MNYHKLE MpacTopbl 23JeKTpacTaTbluHbig Naji cTBapamouua cicra-
Mail _MyHKTaBbIX 3apajay, HanpykaHacui sIKiXx y BbI3HaYaHbIM MNyHKLE
El, E2, E3, ceey E,,, TOo HanpyxaHacub E BbiHiKOBara mojsi y raTbiM MyHKIle
poyHasi BeKTapHai cyme HampyxaHacued nanéy,
fIKisl CTBapailollla KOXKHbIM 3 NMyHKTaBbIX 3apagay [
cictambl nmaaco6Ha.

Ha poicynky 88 nakasamna, sik MOXHa Bbi3Ha- \ /|
ublllb Hampy»KaHacllb BbIHIKOBara moJsi, ctBopa-  Eisl |
Hara JByMa IyHKTaBbIMi 3J€KTPbIYHbIMI 3apanami

rg/ ‘
. . 1B \ 2B oA
cynpatbjaerabix snakay ;<0 i go>0, y nyHk- / \ A
tax A i B. > *****_’_"’52,4
- - qu/_EW Ex
Hanpyxanacui E,, i E,, nanéy, cTBOpaHbIX pe '
3apajami q; i go, y myHkue A HakipaBaHbl Y310yK Puic. 88
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npamoi, sikasi 3jydae 3apajbl, y cynpaubiaeribisi O6aki. Hanpyxanacub E, BbiHi-
KoBara roJisi ¥ nyHkue A poyHas BekTapHail cyme HanpyxaHacuei [Fjy i EQA

i Takcama HakipaBaHa Y310y:K Mpamoi, sikasi 3Jjydae 3apaabl. Hanpyxkanacup Ep
BbIHIKOBara mnoJist y nyHkile B3, siki 3Haxojgillla na-3a npamom, 1ITO 3Jyvyae 3apajpl,

poyHasi BeKTapHal cyme Harpy:KaHaciien EIB i EQB. BbigHaubllb sie MOxKHaA Ma-
BOJJIe TIpaBisia napasenarpama (rJi. poic. 88).

Ananariuna BbI3HaYalollb HamNpy)KaHacllb i Jylsl 3J€KTpacTaThluHara moJisi cicra-
Mbl PABOJHBIX KAHLIIHTPBIYHbBIX 3apajLKaHblX cdep.

Jlinii HanpyaHacui anekTpactatblyHara nona. KaG HarssiiHa nakasBallb
pasmepkaBaHHe moJist § npactopbl, Papansii y 1845 r. npananasay crnocab aj-
JIIOCTPABAHHS 3JIEKTPLIYHBIX MaJey y BBINJISA3€ YAVHBIX JiHil, Ha3BaHbIX JIiHisIMi
Hanpy»aHacui (cisiaBbiMi JiHisIMi).

Jlinii HanpyxaHacli — ysayHbisg HakipaBa-
HbISI JIiHii, AaTbIUHBISA Ja SKiX Yy KOXKHbIM MyHK-
e noJsi cynajaloub fna HampamKy 3 Hampyxa-
Haculo 3JjeKTpacTaTblyHara noJsi y TbIM Ka
nyHKUe (r. 3H. 3 Hanpamkam 3JeKTpacTaTbly-
Ha#l cisbl, sikas J3eliHiyae Ha JajaTHbl 3apaj)
(pbic. 89).

BinaBouna, wto npas JioObl MyHKT [0JIs, Y SIKIM E#0, MoxHa npasecli aaHy
i TOJIbKI ajiHy JiHiI0 Hampy:KaHacili. ¥ KOXKHbIM TaKiM MyHKIle HarpyKaHacllb Mmae
3yciM TM3YHbl Hampamak.

Ha poicynky 90, a nakasanbl JiHii Hanpy:xaHaclli najéy, cTBopaHbIX 3apajami,
payHamepHa pa3MepKaBaHbIMi Ma naBepxHi agacobJeHbIX MPaBOAHBIX lIapbiKay.
Hanpamak koxxna#i ctpajiki Ha peicyHky 90, a cynajaae 3 HanmpaMkam Hampy»a-
Hacui noJsi. Jlinii Hanpy:kaHacui ¥ nepiibiM BbINaAKy HaKipaBaHbl aj jajaTHara
3apany y OsicKoHIAClb, a ¥ ApyriMm — 3 OsICKOHIACIL Aa aaMoyHara sapafmy i 3a-

() s

Pbic. 89
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KaHUBalolllla Ha iM. ¥ 3JeKTpacTaThblUHbIM MOJIi JiHii Hanpy»KaHacli nadblHAOLA i
3aKaH4YBAIOLLLA HA 3JIEKTPbIYHBIX 3apajax HaBaT Tajbl, KaJji aiHbIM CBaiM KaHLOM
ChIXOA3AUb Y OACKOHLACUb, J3€ | 3HAXOA3dULA 3apaibl, fKis aACyTHiYaloUb Ha
PBICYHKY.

Ha poicynky 90, 6 nakasaubl JiHii Hanpy»KaHacli sJeKTpacTaTblyHara mnoJs,
CTBOpaHara JBymMa pO3HAaiMeHHbIMi 3apajami, MOAYJ sKiX aJHOJIbKaBblsl, 3aCApo-
JUKaHBIX Ha TpaBojiHbIX Mapbikax. CTpaJiKi naka3pBarollb Hanmpamki Hamnpy»KaHacli
NoJisi Y PO3HBIX A0 IyHKTaXx.

Ha peicynky 90, 6 nakasaubl JiHii Hampy:kaHaclli sJeKTpacTaTblyHara mnoJs
JIBYX aJIHOJIbKABa 3apajzKaHbIX 1lIApbIKaY.

Ha poicynky 90, e ammocTpaBaHa noJie, CTBOpaHae 3apajiaMi cynpalbJer-
JIBIX 3HaKay, MOAYyJi sIKiX aJAHOJbKAaBbIfl, WITO 3HAXOA3AULA Ha JBYX TJOCKIX Me-
TaJliYHbIX MJAaclliHax, Jay»KblHA §KiX 3HauHa OoJibllias 3a ajjiersacib namizk imi.
Jlinii Hanpy»kaHacui Takora mnoJsi napaJieJibHbisl ajHa ajJHOH 32 BBIKJIIOUIHHEM
npacTopbl Kajs Kpaéy muacilin i ma-za mexami iX nepaxpbllls. DjeKTpacTa-
ThlYHae 1oJie § UIHTpaJbHAal yacTubl NaMixk po3HaiMeHHa 3apajkKaHbIMi MeTa-
JiYHBIMI MylacuiHami 3’ayJseniia npbikjaagam adHapodnaea noas. DJeKtpa-
CTATbIYHbISA MaJii, nakasaHbis Ha pbicyHky 90, a, 6, 8, 3’ayjdiolia HeajaHapoJ-
HbIMi, MakoJbKi a0 Mojy/ib, abo Hanpamak (abo i Toe i aApyroe) Hampy»KaHacii
Y PO3HBIX MyHKTAaX MoJs aApo3HiBalollla.

AueKkTpacTaTbluHae MoJe, HanpyxaHaclb siKkora y Jo0ObiM SIr0 MyHKLE aj-
HOJIbKaBasl, Ha3blBalOLb aJHAPOAHBIM 3JEKTPACTATbIYHBLIM MOJEM.

JIinii Hanpy»kaHacui s/eKTpacTaTblyHara roJis He repapbiBatollia y MpacTopbl
(mpbl ancyTHacui § €l iHIIbLIX 3apajay), HiKoJi He mepacskalolllla i He JaThiKaioll-
La ajHa ja aaHou.

Ka6 ninii nanpykanacui aaitocTpoyBaJi He TOJIbKi Hampamak, aje i MoJyJib
HanpyzKaHacui oJisi, Ha PbICYHKax iX AaMOBiJicsl MpaBOA3illb 3 M3YHAW TyLIYbl-
HEN. TywubiHg JiHIH HanpyKaHacli § npacTopbl 3aJjexblllb aj
MOJlyJIl HampyzKaHacli MmoJs: JiHii Hanpy»kaHacui OGO0JbUI TyCThIS
TaM, Ji3e MOJyJb HampyxKaHacll 1noJs 6oJiblibl, i paa3efilbis TaM, @

J3e €H MeHlIbl. Y aAHApOJAHBIM 3JEKTPACTATLIYHbIM MOJi TylLIYbl-

H§l JiHiA HanpyxkaHacui He msiusiena. Kapuiny Jiniil Hanpyxa- Q1>Q,
Hacli NpblHATa OyfaBallb Tak, Kab siHa na mardbiMacui ajJocT-

poyBasia CiMETpbIlO 3JeKTpacTaTbluHara noJjs, sikoe nakaspaeia. ©2
KosbKacup JiHifi HanpyxKaHacli, nadyatkam abo KaHLOM §IKiX ciy-

JKbIlb  J1aJ3€Hbl  3apaj, MnpanapliblaHajbHas 3HAY2HHIO rITara

3apany (pwic. 91). Puic. 91
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\/ 1. ITosie, sikoe cTBapaellla HEPYXOMbIMi alHOCHA BbIKApbICTOYBaeMaK iHep-

LbISIJIbHANA CICTOMbl aUliKy 2JIEKTPbIUHbIMI 3apajaMi, HA3blBAKOLb 3JEKTpacTa-
TBIYHBIM [1OJIEM.

2. HanpyskaHaciifo s/jekTpactatblyHara noJsi y JitoObIM SIfO MyHKIlE Ha3bl-
Batollb (hi3iuHyr0 BEKTApHYIO BeJIUbIHIO, siKasi XapakTapbldye cijlaBoe J3esiHHe
MoJIsl HA YHeCceHbIs Y §ro 3apajbl i poyHasi aaHOCiHEe Cijibl, 3 KO MoJie J3el-
Hiyae Ha MpoOHbI 3apajl, LITO 3HaXOA3illlla ¥ abpaHbIM MyHKIE, 1a 3HAYIHHS
rarara 3apaniy: -

F
Q@

3. Mojy/ib Hanpy»KaHacli 110Jisi, CTBOpaHara y Bakyyme a0o MaBeTpbl MyHK-
TaBbIM 3apajaM, Mpama npanapublsiHajJbHbl MOIYJ/I0 T3Tara 3apany i aaBaport-
Ha MpanaplbisiHaJbHbl KBaJIpaTy ajJjersaclii naMmi>k 3apajam i MyHKTam, y
SIKiM BbI3HAUalOllb 3HAYSHHE HarmpyxKaHaclli:

/5=

sol9
r
4. Jlinii HanpykaHaclli — ysAyHbIS HaKipaBaHbIsl JiiHii, AaTbIUHbIS 1A SKiX

y KOXKHBIM TyHKIIE MOJIsl CyNajiaiollb Na HarnpaMmMKy 3 Harpy:KaHaclllo 3JeKTpa-
cratbluHara noJs. JIiHii Hanpy»kaHaclli maublHaollla HA AafaTHbIX 3apajax i
3aKaHYBaloLlla HA aJMOVHbIX, Hi3e He repapblBalollla ¥ MpacTopbl, sikas He
3Msillluae iHIIbIX 3apajay, He Mepacsikaiolla i He JaTblKalolla aaHa Jaa ajHoM.
5. DJleKTpacTaThluHae MoJie, HanpyXKaHacllb sIKora Yy JioObIM SIr0 MyHKIE
aJIHOJIbKABAsl, Ha3bIBAIOLb AJHAPOIHBIM 3JEKTPACTATHIYHBIM [MOJIEM.

?

s 1. fkoe none HasbliBalolb 3EKTpaCTaTblYHbIM? fKis acHOYHbIA fro acabnisacui?

2. WTo Ha3blBaloLb HanmpyaHACLio 3/eKTpacTaTblyHara nons?

3. flk pasniybiub HanpyxaHacub 3MeKTpacTaTblyHara nons nyHKTaBara 3apagy y abpa-
HbIM MyHKLE?

4, flk 3MeHiyua HampyXaHaclb Mons NyHKTaBara 3apagy Q, kani: AN
a) apflernacup r aj 3apafy Aa NyHKTa HasipaHHs nmaBsnivbiub y ABa \:\4 \\\
pasbl; 6) 3apap Q naBaniubiub Y iBa pasbl, @ apfiernacupb r ag 3apagy \
A3 NyHKTa Ha3ipaHHA NaMeHwWsblyb Yy ABa pasbl? @ B |

5. MpoGHbl 3apaf 3MAWYAOLb Y PO3HbIA MyHKTbl 3/E€KTpacTaThiy- 0 / ?/
Hara nons, ctBopaHara 3apagam Q (pbic. 92). Y AKiM NyHKUe Mopysb e
HanpyxaHacyi nons 6ya3e HaMGOAbWLIM? HANMEHWbLIM? Y AKIX MYHK- - Sr
Tax éH agHOJIbKaBbI? 7

6. Y ubiM 3aKitoyaellua NpbiHLbIN cynepnasiublii nanéy?
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7. WTo Ha3biBaloUp NiHiAMiI HanpyxaHacui anekTpacTaTbiyHara nona? fAkia ix acabni-
BacLi?
8. flk HakipaBaHbl NiHii HanpyXaHacui 3neKTpacTaTblyHara nons 3apagy Y 3anexHacuyi
af, Aro 3Haka? cicTambl ABYX 3apagay (agHaiMeHHbIX i po3HaiMeHHbIX)?
9. fkoe 3nekTpacTaTblyHae nose HasblBawLb agHapoAHbIM? [lpbiBAA3iLe NpbiKnagbl.
10*, lpaBiTaubliiHae nofe 3aMAi TakcamMa MOXHa XapaKTapbli3aBalb HanpyxaHacuto. la-

payHaiiue BbIpasbl ANs 3neKkTpbluHait cinbl F, =gE i cinbl usxapy /-:u:mg. Yamy poyHas
HanpyxaHaclb rpasiTaubiiHara nons 3amMai Kans se NaBepxHi?

Mpbiknagbl pawsHHA 3apay

lMpbikaan 1. JIBa HepyxXombifi myHKTaBbif 3apaabl  ¢=6,70 uKan i
qo=—13,3 uKn snaxomssuna y naBeTpnl Ha ameraacui r=95,00 cm angin an amHa-
ro. Beignaulie mMoiysib HampyzkaHacui 3JeKTpacTaTbluHara MoJs y nyHkKie, sKi
3Haxo/giuua Ha amieraacui r;=3,00 cm an panatHara 3apamy i ro =4,00 cm an an-
MOYHara.

JlanseHna: Pamsnue. 3roaHa 3 mpbiHUBIIAM Cymep-
¢,=6,70 uKn=6,70- 1072 Kn nasiibli  HanpyKaHacilb BbIHIKOBAra mMoJist
go=—13,3 nKn=—1,33-10"% Kn
r=5,00cm=5,00-10"2 m
r=3,00cm=3,00-10"%m
ro=4,00cMm=4,00-10"%

E:EIJrEQ (pbic. 93) BbIZHAUAIOLb MaBOJIE
npasina napajenarpama. Tyt El i EQ — Ha-
npyxaHacui naJjéy, CTBOPaHbIX MYHKTaBbIMi
3apajgami g i go y 1ai3eHbIM MyHKle. 3 yMmo-
E—7? Bbl 3aJaybl i T?apaMbl, alBapOTHAH TIapIMe

[lidaropa, BeiHikae, wro Byrana namixk £, i E, npambl. 41 q2

Monyab Hanpyxkanacui £ BblHiKOBara mnoJisi 3HOHA3eM ma

tvapame [lidaropa: E=\/E12+E22. [Takousibki 3apaibl g,

i gy TNyHKTaBbIsl, TO Elzlei E2=k@. 3 yJaikam

r12 ’ 0
ratara E =4k Peic. 93
2 2
Foggg.0f v |[ 670107 Kn 1" (133107 Ka | _ 100 XB
’ Kn? \ (3,00 - 1072 m)? (4,00 - 1072 m)? M

kB
Ankas: E=100 V
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[pbiknan 2. [lepuanauatkoBa HepyXombl lapbik Maca#h m =10 r i 3apagam

M
g=10 uKna naubiHae najgaip 3 nackapsHHem, MojyJb sikora a = 8,0 2 y BepThI-

KaJlbHbIM aJIHAPOJIHBIM 3JIeKTpacTaThluHbIM MoJi. BbidHaulle Hanpy:KaHaclb rarara
noJisi. MexaHiuHae cynpalliy/JieHHe acsipo/yi3si He NpbIMalille naj yBary.

ﬂaﬂseHa: Pamsnne. ¥ nayaTkoBbl MOMaHT Ha apbliK

_ —10-10-2 . B
m=10r1=1,0-10"7 kr n3eitnivae cina wikapy F,=mg 3 Goky rpasira-

=10 =1,0-107% L
g aiar =1, K upblitHara nosst 3smai i sjextpelunas cina F,, =gE

M
a=8,0 C_Q 3 OOKy ajHapojHara sJeKTpacTaTbluHara IoJsl.
— Mopysb nackapsHHsi, 3 siKiM nadblHae najallb aa-
E —7? JlaTHa 3apajpKaHbl LIapblK, MEHIIbl 3a MOJyJb MNa-

M
CKapsHHs1 cBaboanara naagennst g¢=9,8 —5- 3Haubllb, 3JMeKTpbluHas cina F,|
c

HaKipaBaHa BepTblKa/JbHA yBepX | Cynajae na HalnpaMKy 3 Ha-

npy»KaHacllo 3JeKTpactaThiuHara mnogs (pboic. 94). Monynb % B
Hanpy»KaHacli BbI3HAYBIM, BbIKapbicTaylibl Apyri 3akon Heio- Fa
taHa: mg+F,, =mad. VY npaekubli Ha BepTbiKa/ibHylo Bocb Oy
(ra. poic. 94) rara ypayHeHHe Mae BbiryAn mg-—qE =ma.
m(g—a
Ancionib Ezﬁ.
q
—9 M M
E= 5 =18-10° —=18 —.
1,0 -107™° Kn M M yv
Ankaa3: Hanpy:KaHacilb 3JeKTpacTaThbluHara 1moJsi HakipaBaHa PLiC. 94

MB

BepThiKaJbHA yBepX i sie Moayib £=1,8 —.
M

[IpakTbikaBaHHe 13
1. ¥V anmnapojaHae sJieKTpacTaTbluHae T10Je, MOJYJib Harpy:KaHaclli sikora

kB
E=160 ¢ Swilltaioub 3apaj q=4,00 uKn. Bbisnauie, yamy poyHbl MOJYJb

CiJIbI, ITO J3elHiuae Ha 3apaln 3 60Ky aJIEKTpacTaTbliHara mnoJis.

2. BbisHaulle MoyJ/b MyHKTaBara sapajiy, sIKi 3HaxoA3illla y naBeTpbl, KaJsi Ha

kB
anersiacui r=1,0 cM an 3apany Momy/ab HampyxKaHacui noas E=3,6 Ve

3. ,U,Ba JaJaTHblgd MYHKTaBblsl 3apajibl 3HAXO[A3sllla Ha ajJieraacii ro= 10 cm
aJ3iH aj ajgHaro. N MMyHKLE, pasmelldyaHbiM Ha npaMoﬁ, siKaslt 3Jiydae 3apallbl, Ha
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annernacui ry=8,0 cM am nepuiara sapaay MoAyJb HarpyxKaHacli BbIHiKOBara

qi
9JIeKTpacTaThluHara noJisi poyHbl HyJito. Bbi3Haulle amHociHy 3apanay q_
)

4. Tlbitinka macait m=2.5-10"% r mae 3apan ¢=95,0" 1072 Ku. Boiznauie
Hanpy»KaHacllb BepThlKa/JbHara ajHapojHara sJeKTpacraTblyHara rodisi, y siKiM Iibl-
JliHKa Oyj3e 3Haxojzillla y payHaBase.

5. lapbik macait m=0,040 r i 3apagam ¢g=34 nKa nagsemansl Ha 11ayko-
Bail HiTlbl. Bbi3Haulle, Ha siKi ByraJ aj BepTbiKaJi ajxijilla HiTKa 3 L1apbiKam,
KaJli WapblK 3MsICLiLb Y aJHapoJHae rapbl3aHTajlbHae JeKTpacTaTblyHae MoJe, Mo-

JlyJb Hanpy:Kanaci sikora E=1,01-10° o

6. Amtersacup namixk nyHKTaBbIMi 3apazami ¢, =3,2-107% Kn i go=
=—-3,2-1072 Ku cknanae ro=12 cm. Bri3Haulle HampyKaHacilb MoJisi § TMyHKIIE,
amaneHbiM ajn aboByX 3apanay Ha amiergacib r=8,0 cm.

7. Tpbl anHOJbKABbBIS aIMOYHBIS MyHKTaBbisi 3apajibl, MoayJi skix |g|=2,0 uKu,
pasMelyaHbl Y BSIPUIBIHAX payHaGenpaHara mnpaMaByroJibHara TPOXBYToOJbHiKa.
BrisHaulle HampyrkaHacilb 3J1€KTpacTaThluHara noJisi § MyHKIe, siKi 3Haxof3illila Ha
csip3/iiHe TimaTaHysbl, AayKbiHs kol a=8,0 cm.

8%. OKcnepbIMeHTa/bHbIS (haKThl CBeMUAllb Mpa Toe, ITO Y3/I3esiHHE HepPyXo-
MbIX y Jaj3eHal iHepliblsiJibHAH cicTaMe ajfiiky MyHKTaBbIX 3apanay (cTBopaHara
iMi aJieKTpacTaTbluHara moJisi) Ha MyHKTaBbl 3apaj, ki pyxaela, Moxa Obllb ari-
caHa 3akoHam KysioHa 3 mpbIMaJibHal Jak/aaaHaciio. BbidHaulle mackapsHHe, 3 KiMm
nayHe pyxauia vactina macaii m=2,0 mr i 3apagam ¢=9,5 nKa y agHapoansim
rapbl3aHTajibHa HaKipaBaHbIM 3JIEKTPACTATBIYHBIM MOJi, MOYJb HarpyKaHacll KO-

B
ra E=8,0-10° o SIki misix mpofiaze rata yacliila 3a Teplylo CeKyHIy pyxy?

§ 16. MaT3HubIANbHACcLUb 3N1eKTpacTaTblYyHara nosns.
NMaTaHubian

Iaekmpacmamoelurae noae, 03eliHiuaroubl 3 nayHai cirail Ha 3apadol,
AKIA Y M 3Hax0034uuya, moxa ix nepamawdayv. 3 MexaHiki sol gedaeuye,
WMo npol NepamsawidnHti yeaa 03euas Ha 120 ciia 8olkoHeae pabomy.
Bowceemain, ad waeo 3anedxcoiyvb paboma cirbl na nepamMsaul4dqHMHi INeKmpol -
Haea 3apady Y ANeKmpacmamoldHolm HOAL.
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Pa6ota cinbl agHapoaHara 3/eKTpacTaTbi4Hara nosia na nepamAwWY3HHI 3neK-
TpblYHara 3apapy. Y arysbHbIM BbINagky padoTa ciJl 3JeKTpbluHara mnoJsi npbl mne-
paMsILLIY9HHI 3apajly 3aJexKblllb K ajl Aro nadatkoBara i KaHyaTkoBara CTaHOBIL-
yay, Tak i aJ Billy TpaeKTopbli, Ma fKOH pyxaela 3apaj.

AjHak sjieKTpacTaThiuHae roJie Mae BaxkHylo acalJiBaciib. PaGora cin rartara
NoJIsl TIPbl NepaMSILLIYIHHI 3apally MamiK JByMa [yHKTaMi 3aJiexKblllb TOJbKI al cTa-
HOBillIYA T3IThIX MyHKTAy i He 3aJjiexblllb ajl Bity Tpaekrtopbli. Takoil »xa acabJiBac-
110 BaJsiojlae i rpasitaipliiHae noJsie. Piziunbis naji, pabota cii sIKiX He 3a/eXbllb
ajl GopMbl TPAEKTOPbIi, HA3BIBAIOLbL NAMIHYbLAAbHOIMI (260 KaHCEPBATBIYHbIMI ).
[Takaxkam, WITO 3JeKTpacTaTblyHaEe M0Jie MaT3IHLbIsIbHAe.

Hsaxail nanatHbl npoOHbI 3apaj g nepamMsiliyatrollb y aaHapoJHbIM 3JeKTpac-
TATBIYHBIM TOJIi HaNpyKaHaCLIo E 3 nyHkra By nyHkr C y3aoy: JiHii Hampy-
kamnacil gaxsenara noss (peic. 95, a). Tlpbl roThiM cia F, 3 sikoil nose a3eii-
Hiyae Ha 3apajx ¢g, BbIKOHBae padoTy. ¥ cKaJsipHbIM BbIMVIsi3€ Bbipas s
paboTbl Mae Bbirsisia A=FArcosa, Jde o0 — Byraj namixk cisiai Fi nepamsii-
ysuHeM A7 3zapany. Mojy/ib ssekTpbluHail cinbl F = gyE, coso=1 (Hanpamki cisbl
i mepamsLIY3HHS 3apalny cynanawoip), a Ar=d, n13e d — ajjeryacib namix MyHK-
tami B i C. Tanpl pabGora cisibl agHapojHara aJeKTpacraTbluHara roJisi na nepamsiii-
Y3HHI 3apany:

A=q,Ed. (16.1)

Pbic. 95 Pbic. 96

Kani 3apan nepawmsiiuaioub na npamod 3 nyHkrta By nyHKT D naj Byrjom o
Jla HanpamKy HanpyxaHacui nosst E (pbic. 95, 0), To Arcoso=d. Pabota cisbl
noJisl 1a nepamsiliysHHI 3apany i ¥ raThiM BbINAJKY:

App=FArcos o= qyltd.
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BinaBouna, wto a1 nepamsiliusHHA 3apajy Y aaBapoTHbIM Hanpamky (3 MyHK-
ta D y nyHkr B) 3HelnHsil cijie narpabyelila, nepaajoibBaloubl CiJly MoJisi, BblKa-

Halb paboTy, MiHiMa/JbHae 3HausHHe sIKOH Oynse Takim xa: AXE" =App, Tamy

App=—Apg. Takim ublHam, Kaji 3apaj BsipTaelllla y MayaTKOBbI MYHKT, I. 3H. TPbl
pyXy 3apajy na 3aMKHyTail TpaekTopbli, paboTa Cijibl 10Jsl poyHasi HyJ0.

o Janycuim, wWTo nepamAwWwY3HHe 3apapy 3 NyHkTa By nyHkT D apbbiBaeuua § agHapoa-
HbIM 371eKTPACTaTbIYHbIM MO HanpyxaHaclio £ na KpblBaniHeiHai TpaekTopbli (pbic. 96).
Y raTbiM BbINagKy TPaeKTOpPbID MOXHA pa3billb Ha Takis Manbls Y4acTki, Kab KOXHbI 3 ix
MOXHa Obl0 Niybllb npamaniHeiHeiM. Kani anre6paiyHa napcymaBaub paboTbl cinbl Ha
KOXHbIM 3 T3TbIX y4acTKay, To aTpbiMaem:
A=qoE(Ady+ Ad,+ Ads+ ... + Ad)) = goEd,

Ase Ad; = Ar,cosaj, Ar; — Moaynb NEPaMAWYIHHA Ha I-M MabiM y4acTKy TPaeKTopsli,
o — BYraj namiX Hanpamkami nepamslWy4sHHA Ar. i HanpyxaHacui E nons (i=1, 2,
3, ..., n).

Takim ublHam, paboma ciael adHapoOHaea 3LeKmpacmamoiinaea noAs na
nepamau4sIHHi 3apady 3 a0Haeo NYHKmMa noas yj opyei He 3aaesxcolyb ad ¢op-
MbL Mpaekmopoli, e. 3H. A0HAPOOHAe 31eKmpPacmamoiiHae noae NnamaHyol-
AAbHAe.

BoikapbicTayiiibl 3aKOH 3axaBaHHsI SHeprii, MOxKHa Makasallb, LITO J0O0e 3JeK-
TpacTaThluHae moJie 3’ayssela naTHUbIAAbHBIM. [5Ta azHauae, 1ITO J€KTpacTa-
ThIYHae i rpaBiTalbliiHae naJji Marollb NagoOHbIA yJacliiBacli, fKis Bbl3HAYarollla
iX MaTsHUBISIBHBIM XapakTapaMm. ¥ JaublHeHHi Ja 3JeKTpacTaTbluHara roJisi raThbist
YslaciiBacili BbISYJSIONIA Y HACTYMHBIM:

a) [lyHkTaBbl 3JIeKTPbIUYHBI 3apajl, sKi 3HaxXo/3illa Yy JioObIM TyHKIE 3JeKTpa-
CTaTblUHAra MoJis, BaJojlae MaTIHIbIA/IbHAN SHEPTidi y3aeMai3esiHHS 3 I3ThIM MOJeM,
3HAUZHHE SIKOW BbI3HAYAIOlb AIHOCHA ajiBOJIbHA BblOpaHara HyJisiBora MmyHkrta. y Hy-
JISIBBIM TIYHKIIE MAT3HIBISILHYIO SHEPrilo 3apajy MpbiMalollb poyHaw HyJsuo. [lamar-
YbLSNbHAS IHepels J3aemad3esHHi nyHKkmasaea 3apady 3 IACKMPacmaniolt -
HOlM noaeMm poyHas paboue, AKYr BbLKAHAAL O CiAbl NOASL NPbL NEPAMAULHUIHHE
dadsenaea 3apady 3 BbI3HAYAHARA NYHKMA NOASL I HYAAB6L NYHKIM.

0) Paboma cia srekmpacmamoliiaca nOAL 1A NEPAMAULYIHHI INCKNIPLLY -
Haea 3apady 3 nawamkosaea nyHwkma | y Kanyasel NYHKM 2 poyHas npol-
PAULYIHHIO (BMAHEHHIO) NAMIHUbIANbHAL 3Hepeil 3apady Yy noai, ysamamy
ca 3Hakam MiHyc, abo 3MAHULIHHIO NAMIHUbLANOHAL dHepeii:

Apg==AW 19 ==(Wio— Wi)= Wy — Wi, (16.2)
nze Wy i Wy — narsHublsiibHbIS 3Heprii 3apajy, siki nepamsiiiyaenya, y rnadar-
KOBBIM i KaHILIABbIM IMyHKTaX 3JeKTpacTaTbluHara moJs.

O6pa3soBaTenbHbIn nopTan www.adu.by/ HauvoHanbHbI MHCTUTYT 06pa3oBaHus



124 INEKTPACTATBIKA

Tpa6a nagxpacaillb, WTO NaTIHIbIAIbHAS HEPris — rITa dHepeil yjaaema-
dsesanns, i sie HeabXoJMHa ajHOCIL He Jla 3apajpKaHall uaclilbl abo 1ena, a ja
cicTambl § 1abIM. Y TpbIBaTHACL, AAs 3apajpkaHai yacuilbl (1iesa), skas 3Ha-
XOIBiLLA Y 2JIEKTPACTATbIUHbIM [0J1i, I'3Ta MATHUbISAJAbHAS SHEPTis Y3aeMan3esiHHs
3apajpkaHai yacllilbl 3 roJieM, I. 3H. 3 iHLIbIMI 3apa/KaHbiMi yacliinami i (a6o) ue-
Jami, sKist 3’ayJsionia KpbiHinami ratara noss. Koparka rata npbinsara dapmyJisi-
Ballb TaK: MAaT3HLbIAJbHAA SHEPrid 3apaay y MOJi.

3Hak «MiHyc» y Bblpase (16.2) agnavae, wIto KaJji cija 3sJjeKTpacraTbluHara
noJisi BbIKOHBae AajaTHylo paboTy (rmamoOHa cije rpasitaiibliiHara noss 3sMJi Mpbl
naji3eHHi KamMeHsi), TO NaT3HUbIAJbHAS SHEPTisl 3apa/pkaHara 1eJja y rnoJi namsit-
maena: AW, < 0. [lpbl raThiM 3rojHa 3 3aKOHAM 3axaBaHHsI 3Heprii naj ysi3esiH-
HeM TOJIbKI CiJl 3JieKTpacTaTbluHara noJist (iHibis CiJibl aJCyTHiYalolb) MaBsJiiuBa-

2 2
moy _ mo

2
3apaj/pKaHblX yaclill sjeKkTpactaTbiubbiM nosieM. Kasni padora cini ssekTpactaTbiy-
Hara noJisi aaMoyHasi (najgo6Ha pabolle cisibl rpaBiTallbliiHara noJisi Mmpbl pyxy Ka-
MeHsl, KiHyTara yBepx), TO MaT3HIbIs/bHas 3Hepris napstiuBaena: AW, > 0. [pbl
I'SThIM KiHeTbIYHAsl SHepris 3apajpkaHara lieJsa Mpbl aJCyTHACLi He3JeKTpacTaThiu-
2 2
My my,
< —.
2 2
"aTBHI.I,bIﬂﬂ JNIeKTpacTaTbiYyHara noaA AK Aro 3HepreTtbiYyHaA XdpaKTapbic-

Thika. 3 Bbipaszay (16.1) i (16.2) BbiHiKae, WITO NpbipaliysHHe (3MsIHEHHE) Ma-
TIHUbISVIbHAN 9Heprii 3apajiy ¥ aAHApOAHBbIM 3JIEKTPACTATBIYHBIM I10Ji Mpbl Sr0
nepamMsUIYsHHI 3 NyHKTa [ y MyHKT 2 10Jisl NpanapublsiHajJbHae 3HAUY9HHIO T'3-
Tara 3apany. SIk cBeqyalb BbIHIKI LIMATJiKiX KCHepbIMEHTay, rsTa Mpanapublsi-
HaJbHACllb 3axoyBaella i [Jisl HeaJHapojaHara sJekrpacratblyHara noJs. [lac-
Jisi BblOapy MyHKTa MoJist, y SIKiM NaTIHUbISHAJbHAs SHepris 3apajiy NpblHATa
poyHall HyJl0, 3HAYSHHI MAT3HIUbISIbHAK 3HEpTii 3apajay Ba yCiX acTaTHiX MyH-
KTax noJsi adnasHaura svianavaroyya dopmynai (16.2). Kani § agsosibha
BbIOpaHbl MYHKT 3JeKTpacTaTblyHara rnoJis na yapse YHocillb NpoOHbIsS 3apajbl
qo1> 902> Go3> Gos4 ---, BHAUIHHI sKiX anaposHiBaouua y 2, 3, 4 i r. 1. pasoy, To
nataHubisabhbis sHeprii W, Wi, W3, Wy ... T3ThiX 3apajay Oyayub npama
npanapubisiHadbHbIsl iX 3HAYSHHSAM.

Taxkim ublHaMm, ajHociHA MaT3HUbISILHAN 3Heprii npoOHara 3apaiy y noJi ja
3HAYIHHA r3yTara 3apajuy JAIs Jaj3eHara MyHKTa [oJs 3acTaelllla Hs3MeHHai.
[5ra agHociHa 3’siy/sienia sHepreThlyHal XapaKTapblCThbIKall 3JeKTpacTaTblyHara
NoJis i HOCilb HA3By HAMIHUbLAA.

eula KiHeTblyHas 3Hepris ueJa: Ha ratbiv 3acHaBaHa nackapsHHe

HbIX CiJ MaMsiHLIaela:
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[MaTaHupigamMm @ 3jeKTpacTaTblyHara noJs y Jaf3eHbIM MYyHKIE MPacTopbl
Ha3biBalolb (i3iuHyl0 CKaNsipHYI0 BeJliublHIO, IKas XapaKTapbidye 3HepreTbiu-
Hbl CTaH MOJS § NajA3eHbIM MyHKIlE MPacTopbl i poyHas afHOCiHE MaTIHUbISAIb-
Haii aHeprii W, nyHkraBara (npoOHara) 3apaay ¢(, 3mMewiuaHara y Aaji3eHbl
NYyHKT MoJs, Ja 3HAUsHHA rarara 3apany:

o= (16.3)
qo
[TakoJsibKi MaTsHLUbIVIbHAS SHEPrisd 3apajy y 3/JeKTPacTaTbYHbIM MOJi 3aJe-

JKblllb ajl BbIOApy HyJsiBOra TyHKTa, TO T3Tasi 3ajiexkHacllp 3axoyBaeuua i jjisi na-

ToHUbIsy. Kani npbinsiue, mwTo Ha OsickoHUA Bslikall ajjersiacii aji KpblHillbl 110Jie

ajcyTHivyae, I. 3H. NaT3HLbIAJIbHAS SHEPrisl CICTIMbI «3apaj — 3JeKTpacTaTblyHae

nose» Ha OSCKOHUACIL POYHas HyJIO, TO MATIHUBISJ TOJS Y AaJI3EHBIM TyHKIE

MO?KHA BBI3HAYbIIb HACTYIHBIM YbIHAM:

_ Wnl _ Al—)oo
= ="
4o q0

[lamanyoiin srekmpacmamelunaea noAs Y 0dad3eHublM NYHKYe AiKasa
pOYHbL paboye, AKYO BbLKOHBAIOYb CiAbl NOASL NPbl NePAMAUUIHHI A03iHKA-
saea dadamwuaea 3apady 3 dad3eHaea NYHKMa Y OACKOHYACYb.

3a anzinky natsuupisay y Cl npbinsitel BosibT (B). Anginka HasBana y ronap
itanbsincKara BydoHara Assicannapa Bosibra (1745—1827), siki 3pa6iy Bsitiki ykan
Y BbIByUSHHE 3JIeKTPbluHbIX 3's1y. 1 B — mnarsuubiss Takora nyHkra sJjekrpacra-
ThluHara noJisi, y kim 3apan | Ko Basonay Obl natsnubisiibHail sHeprisit 1 JIxk.

[TaTsHuplisn @ saeKTpacTaTblyHara mnoJisi MyHKTaBara 3apajy ¢ Ha auierjacui r
ajl siro y Bakyyme a00 § naBeTpbl BbI3HAUAIOLb CyaJHOCiHAN

¢=kg.
r

(16.4)

3HaK 3apajly-KpblHillbl 110J1s1 BbI3HAUae 3HAK MaTIHLbISUY raTara mnoJs.
[TaTsHubisgN MoJIsA, 1LITO CTBAapaellla payHamepHa 3apajykaHail cdepail pajibly-
cam R, 3apan gKo# ¢, y Bakyyme abo y naBeTpbl ¥ MyHKTax mna-sa cdepail Ha

. -k q .
ajgiersiacui r> R ajl sie 13HTpa BbI3HAYalolb na gopmyse @ = 7 Y nyHKTax, siKist

3HAXO/3SILIA Ha MaBepxHi i yHyTpbl cdepbl, (p:k%.

JI71s1 maTsHIbIANY BBIKOHBAELLA NPbLHUbLL Cynepnasiyvli: Kadi noJje crpopa-
Ha cicTaMail n NMyHKTaBbIX 3apajay, TO MaT3HUBIS @ Takora noJjsi y Jo0biM
NyHKLE MPacTopbl POYHbI ajrebpaiuHaili cyme maTaHUbiIay Nanéy y ratbiM Ka
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NYHKLE MpacTopbl, CTBOPAaHbIX KOXHbIM 3 MyHKTaBbIX 3apajay cicTambl na-
acoOHa:

P=0Q + Qo+ @3+ .. +0,. (16.5)

[eameTpblyHae Mecua MyHKTAY Yy 3MeKTPACcTaTblyHbIM MOJi, MATIHUbIAAbI AKIX afHONbKA-
Bblsi, HA3bIBAKOLb 3KBINAM3HUbIANbHAL NaBepxHAU.

BbiKapbiCTOYBaKOYbl IKBINATIHUBIANLHLIA NaBEpPXHi, MOXHA rpadiyHa agniocTpoysaLb
3/leKTpacTaTtblyHbiA nani. Mpas KoXHbl NYHKT NoAs Npaxoa3ilp TONbKI afHa NiHis Hanpy-
KaHacyi i agHa 3KBINATIHUbIANbHAA NABEPXHS. Y KOXHbIM NYHKLE 3NeKTpacTaTbiyHara nons
NiHis HanpyXaHacyi i 3KBINATAHUbIANbHAA NAaBEPXHA Y3aeMHa nepneHfbiKyspHbif (pbic.
97). Maka3 aneKkTpacTaTblyHara nons 3 fAanamoraid 3KBINATIHUbIAAbHLIX MaBepxXHAY,

AK 1 TIpMiH «naTaHupbliany, YBEY HaMeuki ByyoHbl K. @. fayc y 1840 .

Pbic. 97

\/ 1. Pa6ora cini ssiekTpacraThluHara noJisi na mnepamMsiiiusHHi 3apaiy 3 aj-

Haro MyHKTa TMoJist ¥ JPyri He 3asexbllb af (GopMmbl TpaekTopbli. PaGora cin
MnoJisi Ma nepaMslIuysHHI 3apajy Ma 3aMKHYTall TPAaeKTOpbli poyHas Hy.Jio.
AJeKkTpacTaTbluHae ToJie — MaTIHIbITHAJIbHAE.

2. Pa6ora cifbl ajHapojiHara sJeKTpacTaTbhlyHara noJsi na nepamsiiusHHi
3apany

A=qEd.

3. Pab6ota cin snektpacratbiyHara moJisi na nepamsilusHHI 3apaay 3 na-
yaTKoBara MyHKTa [ y KaHLaBbl MyHKT 2 pOyHasl TMPbIPAIIY3HHIO (3MSHEHHIO)
NaT2HUBIAILHAN SHEprii 3apamy y I'STbIM M0Ji, y3ATaMy ca 3HakaM MiHyc, abo
3MAHLISHHIO MaTIHUbIAJIbHAA SHEpTii:

Ag==AWip=— (Wia = W) = Wi — Wio.

4. TlarsHupisaM 3JeKTpacTaTblyHara noJisi ¥ JAaA3eHbIM MyHKIE MpacTo-
pbl HasbiBalolLpb (i3iuHyl0 CKassSipHYIO BeJiublHIO, 5IKasi XapakTapbidye sHepre-
TBIYHBl CTAH MOJIS Y AAA3EHbIM ITyHKLE MPacTopbl i poyHas amgHOCiHe MaT3H-
UblslIbHAl 3Heprii myHkTaBara (nmpoOHara) sapajy, 3MellyaHara y Jai3eHbl
MyHKT M0JIs1, Ja 3HAU9HHA r3Tara sapaiy:

W
o=—"
do
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5. Kani mose crBopaHa cictamail MyHKTaBbIX 3apajiay, TO Sro MaTIHIbISA
y JaJ3€HbIM TMYHKIE MPacTopbl POYHbI ajrebpaiyHall cyme MNaT3HUbIsAIAY
najéy y TraThiM MyHKIE, CTBOPAHBIX KOXKHBIM 3 MYHKTaBbIX 3apajiay CiCTIMbl
naacooOHa:

O=0; t @t Q3+ .. +@,

o 1. Ak BbI3HAYbILL PabOTY Cinbl agHApofHara 3MeKTpacTaTblyHara noas na nepamswysHHi
3MIeKTpblYHara 3apagy?

2. flk Bbl pa3symeele CLUBEpPAXaHHE «3NeKTpacTaTblyHae none — naTIHUbIANbHAE»?
Ak 3BA3aHa paboTa Cin 3neKkTpacTaThlyHara nois na nepamsly3HHI 3NeKTpblyHAra 3apagy
Ca 3MSIHEHHEM NaT3HUbIANbHAN 3Heprii 3apagy y ratbiM noni?

3. [lakaxblue, WTo paboTa cin anekTpacTaTblyHara Nofs na nepamswWyY3HHiI 3apagy na
3aMKHyTail TpaeKTopbli poyHas Hyno.

4. Y ybiM npasynseyua nafabeHCTBa 3NeKTpacTaTblyHara i rpasiTaubliiHara nanéy?

5. flkia p3Be i3iuHbiA BeNiybiHi XxapaKTapbi3yloUb 37eKTpacTaTblyHae none § tobbiM
Aro nyHkue?

6. LUTo Ha3blBaloLUb NAaT3HLUbIANAM 371eKTpacTaTbiyHara nons?

7. [lapaTHa 3apajXaHas vacliuya nepamslwyaeuua nag A3esHHeEM Cinl aneKTpacTaTblyHa-
ra nons Ha Hekatopyl agfernacup. Y fKiM NyHKUe TPaeKTopbli pyxy yaclilsl — navaTko-
BbIM 200 KaHLABbIM — MAT3HLbIAN NOAA BbIWIiAWbI, Kani Mogyib se cKopacui: a) nassaniy-
Baeuua; 6) namaHwaeyua?

8. AnmoyHa 3apapKaHas vacuiua nepamslyaella nag A3esHHEM Cin TONbKi 3neKTpa-
cTaTblyHara nofs Ha HekaTopyl apnernacub. Y AKiM NyHKUE TpaekTopbli pyxy vacuiubl —
NayaTKoBbIM ab0 KaHUABbIM — MNAT3HLbISA NOAS BbIWIALbI?

9. Yamy poyHbl MAT3HUbIAN 3NEKTpacTaThlyHara Nofs MyHKTaBara 3apagy § Ha agner-
nacui r ag aro?

10. Yamy poyHbl MaT3HLUbIAN 3NeKTpacTaTblyHara nons payHamepHa 3apajpKaHail cdepbl
pagblycam R Ha apgnernacui r ap se U3HTpa, kani: a) r< R; 6) r>R, a 3apas cdepsbl §?

11. Ak BbI3HAUbILb NATIHUBIAN 3NEKTPACTATblYHArA MOJIsA, CTBOpPAHAra HeKasbKiMi myHKTa-
BbIMi 3apajami?

Mpbiknap pawsHHA 3apaybl

M
DJIEKTPOH, PYXAIOUBICS Ca CKOPACLLIO, MOAYJIb sikoii vy =4,0-10° —, Tparuse
1 c

aJHapoJiHae 3JIeKTpacTaThluHae [oJie, Hanpamak JiHid HanpyzKaHacli sikora cymna-
Jae 3 HanpamkaMm siro ckopacui. [lpadimoyuisl agmersaacup d=2,0 ¢M, 3JeKTpoH
naubiHae pyxalla ¥y aaBapoTHbIM Hanpamky. BbisHaulle MoJyJsb HampyzKaHacui
3JleKTpacTarblyHara noJisi. JlK 3MsiHijlacsl NaT3HUbIAIbHAS SHEPTisl y3aeMai3esiHHsl
9JEKTPOHA 3 TMoJieM Ja MOMAaHTy 3MeHbl HanpamKy pyxy? Maca ssekTpoHa
m,=9,1-1073" kr.
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Hansena: Pawsune. la sMeHbl Hanpamky pyxy cija aaHapojl-
Hara sJekTpacTaThluHara roJisi BBIKOHBae ajiMOyHylo pa-
0i=40-10° M p . JIMOYHYIO D
=% c 00Ty Na TapMaKoHHi 3JeKTpoHa:
M muos  muo? myu?
vy=0,0 — A= Be¥2 M1 Tt
¢ 2 2 2

-2
d=2,0 cm= 2,1%- 107" M [51y paGoTy Takcama MOXKHA Bbi3HAublllb Ma (GopmyJie
e=—16-10""" Ka A=eEd.

m,=9,1-1073" xr P mo’
3naubllp, ——L=pFd. Tagpl E=—¢L,
iW—i g 2 2le|d
11 M 2
9,1 - 10 kr- 1,6 - 10" X
P ’ _93 B
21610 Kn-2,0-10%m M

3roaHa 3 3aKoHaM 3axaBaHHs HEPTii MoyHast SHEpPris CiCTIMbI «3J1€KTPOH—
nojie»  3acraeuia Hsa3meHHad, 1. 3. AW, ,+AW,=0. Takim ublHaMm,

2 2 2

y3pacrae Ha BeJliublHIO

2 2 2
_ | MUy Moy | MU .
AW, = = , . 3H. TaT3HUBLIAJNbHAS 3HEPrif 3JEeKTpPOHA

2
9,1-10% kr-1,6 - 10" *-

AW, = 5 ¢ =73-10"2" .

B —20
Ankas: E=23 o AW, =7,3-1077" JIx.

[IpakTbikaBaHHe 14

1. L 3aexbillb paboTa Cll 3/1EKTPACTATHIUHATE  |p—
noJsisi aj TpaekTopwli pyxy 3apany? [lapayuaiiie pabdorty 2+ T 4 + F
CiJl 3JleKTpacTaTbluHara 1oJisi, cTBopaHara 3apajpkaHbIMi
nJiacuiHami, npbl nepamsiliysHHI 3apaay ¢ na KOHTY-
pol A i koHTypbl B (pbic. 98).

2. Anmoyubl 3apan, moayab sikora |g|=0,50 uKu, 1
nepaMsiCLiji y aiHapOJHbIM 3JEKTPACTATHIUHbIM 110J1i, [—

K
MO/yJib HamnpyxkaHacui skora £ =2,0 oy’ Ha auer-
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Jgacup d=10cm y HanpamKy JiHi#i Hanpy:xaHacui. Bbiznauue pa6oty cisnbl noJs,
BbIKAHAHYIO TPl NEepaMsLIY9HHI 3apajy, i 3MsIHEHHe NAaT3HLUbISVIbHAK 3Heprii y3a-
eMa/I3esiHHsl 3apajy 3 IoJieM.

3. Ilynkraswl 3apan g=05,0 nKa nepamsuyaioub y aaHapoaHbIM 3JeKTpa-

K
CTaTbIYHBIM MOJi, MOJyJb HanpyxKaHacui skora £=40 — . [lepamsiiiusnne,
M

monyJsib sikora Ar=8,0 cm, yrBapae Byrajs o=60° 3 HanmpamkaMm JiHill Hanpy:ka-
Hacli noJisi. BoisHaulie paboTy cijibl MoJisi, 3MSIHEHHI MaTHUbISVIBHAN i KiHEeTbluHAK
SHepril 3apajy, KaJji 3HellHss cija 3absicrieuBae TOJbKi MpamasiiHelHacllbh nepa-
MSILIYSHHST 3apajy.

4. Pa6oty, sIKyt0 BbIKOHBAWOUb CiJbl 3JeKTpacTaTblyHara noJisi 1pbl repaHoce
sapagry ¢=2,40 nKn 3 Osickonuacui y Hekatopbl nyHKT mnodasi, A=72 nJlx.
BbisHaubllle nmaTsHUbIAA ryTara nyHkra nods. [llto 3meniuia, kajai pa6oty na
nepaHocy replianajyaTkoBa Hepyxomara 3apajly BbIKOHBAIOLb 3HELUHisl CiJibl Cy-
npaib Cijl 3JjeKTpacraTtbiuHara noJisi? MinimasibHae 3HausHHE PabOTHI 3HELIHIX CiJl
A =72 ullx.

5. Monyai HanpyxKaHaciii JByX MyHKTay [oJisi, CTBOpaHara HepyXoMbIM MyHK-
TaBbIM 3apajaM, ajpo3HiBaroula y A3eBsillb pa3oy. BbidHadlle, y KoJbKi pa3oy aj-
po3HiBatoLLla NaTIHUBIAJbBI § TIThIX MYHKTAX MOJsl.

6. DJjexTpacratbluHae MoJie CTBOpaHa AByMa pO3HAiMeHHbIMI 3apajami, sKisi
3Haxojzsa Ha ajjerjacui r=80 cM aa3iH aj aaHaro, MojyJii 3THIX 3apajaay
|g11=1g2|=6,4 uKna. Bpignauue Moaysnb Hanpy:KaHacli i NaTIHUBIAA Y CAPIAHIM
NyHKLE alp33Ka, sIKi 3Jiydae r'3Thisl 3apajibl.

7. Y 13BIOX BSIPLUbIHSX pOYHACTApOHHSIrAa TPOXBYTOJIbHiKA ca CcTapaHoW JayzKbl-
HEH a =25 cM 3HaxoA3sILIA JiBa 3apajibl, MOy sIKiX |gi|=]|gs|=5,0 nKn. Bbiznau-
e MaT3HUBIAI 1oJs Y TPIUAN BSIPLWIbIHI TPOXBYroJibHiKa, KaJi: a) abonBa 3apajbl
nanaThbisl; 6) aboaBa 3apajbl aIMOYHbISI; B) 3apajbl CyNpalbJerbix 3HaKay.

8. DJleKTpoH i MpaToH ca CTaHy Crakolo rackaparolia y aaHbiM i ThIM »Ka ajHa-
POIHBIM 3JIEKTPACTATBIYHBIM [10JIi J1a CKapacuer, MOMyJi sIKiX 3HAuHa MEHLLbIsSl 32 CKO-
pacub cesaTa. BbldHaule agHoCiHy MOJyJIsty ckapacliell 3JieKTpoHa i MpaToHa nacist
npaxo/pKaHHs ajHoM i ToH »ka ajjersacui. Maca sqekrpona m,=9,11 - 1073 «r,
maca nparona m,= 1,67 10727 «r.

9%. JIBa cymnpalbJjerdibisi na 3HaKy MyHKTaBblsl 3apajibl, MOAYJi SIKiX POYHbIS,
3HaxoA3sila y naBeTpbl. ¥ IMyHKUE Ha Mpamoil, WITO 3Jyvae 3apajpl, siKas 3HAXO-
nzinna Ha amneraacusix rp=10,0 mm i ro=30,0 MM an 3apanay, naTsHIbIAI 3JEKT-
pacraTbiynara noJs @=75,0 mB. Bbignauuie momysb HanpykaHaciii noJst § raThim
MyHKLE.
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§ 17. Po3Hacub nataHublANAY dNEKTpacTaTbiyHara nons.
HanpyxaHHe. CyBA3b namiX HanpyKaHHeM
1 HanpyXaHacul agHapoaHara
3NeKTpacTaTbiYyHara nons

[lakoavki namanyvlasvHas dHepeisa 000U Cicmamol yea, ciivl ysaema-
03eSAHHA NamMiHe AKIMI 3 'AYALIOYYA NAMIHYbLAAOHbIMI, 3arexcoiyb ad solbapy
HYyarseoea nynkma (HYa1802ea Y3poyHio), mo nepad axcoblyyiyieHHem NmaKko-
ea 8ulOAPY NAMIHYBIANOHAS IHEPis CICMIMbL MOKA Oblijb B6ISHAYAHA MOALKI
3 dakaadnacyto Oa Hekamopail NACMAAHHAL BeAidblHi. Are 3MAHEeHHe
NamaHyblAAbHAll IHepeil He 3anedxcviyb ad SHAYIHHSI 23Matl NACMAAHHAL
BEAIMbIHI | AOHA3HAYUHA XAPAKMAPLLEYE Npayac nepaxody cicmamvl 3 adHaco
cmany Yy dpyei. [dma damvluviyya [ 3MAHEHH NAMIHYLLALbHAL IHEpeli
sapadxcanail wacyiyol (3apady) Yy 9AeKmpacmanioiiHovim 1noAi.

Po3Hacub nataHubianay. [lausiiiie naTsHUpIsy icTOTHae i KoJibKacHara ar-
icaHHs1 sJ1eKTpacTaThluHara noJsi pasam 3 aro Hanpy:kaHacio. [lepamsiniusHue 3a-
pa/pKaHbIX Yacllill y 3JeKTpacTaThbluHbIM T0JIi, fKOe CyrnpaBajpKaella 3MsHEeHHEM
iX MmaT HUbIAJIbHAK HEPrii, XapaKTapbi3ylollb, BbIKAPbICTOYBAIOUbl MaHSIIE <PO3-
Hacllb MaTaHubiAAay». 91K i npbipaiusHHe (3MsiHEHHE) MaT3HUbI/IbHAN SHEPrii,
po3Haclb MaT3HIIbIA/IAY He 3ajeXblllb aJl BbiGapy HyJsiBOra MyHKTa.

Posnacuio naranupisaay Upp namik aByMa MyHKTaMmi ajeKTpacraTbluHara mnoJsi
Ha3biBawolb (i3iyHyI0 CKaJISIpHYIO BeJi4bIHIO, POYHYIO aaHociHe paGoTbl A9, siKas
BbIKOHBaeLla MoJieM Npbl NepaMsillYaHHi nMpodHara 3apany ¢ 3 nayarkoBara MyH-
KTa | y KaHUaBbl MyHKT 2, a 3HAU3HHSl 3apajy, WITO MepaMsiyaenia:

Uw:@:‘vm anz(Pﬂo (p2qo=(pl—(p2. (17.1)
do 40 do

Posnaciib maTsHibisaay Bbi3HAuaelllla 3MSHIISHHEM MATIHIbIAIbHAN SHEPrii
aJi3iHKaBara JajatHara 3apajiy, sKi nepamsudaenia y nodi.

Beniubitio, cynpatibaersyio ma 3HaKy posHaclli MaTIHIbIS/IAY, HA3bIBAIOIb MPbI-
pamusHHeM (3MsiHeHHeM) MaT HUBIANY: Ujo=@; — @y =— (Qo — @)= —AQo.

3a anzinky posHaciii natsxupisnay y Cl npeimatous BosisT (B). I B — pos-
Haclb naTsHupianay Uy Takix ABYX MyHKTaAy MoJs, AJs KiX Mpbl MepaMsiIyIHHi
sapany 1 Ka 3 mynkra [ y nynkr 2 cina, mro ja3eiiHiuae Ha 3apan 3 GOKy moJs,
BbikaHasa 0 pabory 1 JIk.

[TaTsHupIsn MpaBagHika MOXKHA BbIMepallb 3JekTpomerpam. [list rarara npa-
BaJIHIK 3J/Iydaiollb ca CTP3JIKai 3JIEKTPOMETPA, KOPIyC siKora 3a3siMJisiiolib. AJXijieH-
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HEe CTP3JIKI 3JEKTpOMeTpa MakKaka HasiyHacllb PO3HACL MaT3HUbIAIAY [aMiK 1pa-
BagHikoM i 3samnéit. [IpbHAYLIbI NaTIHUBIAA 35IMJI POYHBIM HYJI0, MOXKHA JIiUbllb,
LITO 3JeKTPOMETp BbIMsipae MaTIHLbIsW T1PaBAJIHIKa.

Kani marona asa 3apajpkaHbisi npaBajiHiki, TO, 3Jyublylbl a3iH 3 iX ca CTP3Ji-
Ka#, a Apyri 3 KOPIyCcaM 3JIeKTPOMETPA, BbIMSIPAIOLb PO3HACLb MMATIHLUbIAIAY [TaMiK
3apa/LKaHbIMI [IpaBajiHiKaMi.

CyBA3b NamiK Hanpy)aHHeM i Hanpy)KaHaculo agHapoAHara 3NeKTpacTaTbiy-
Hara nona. Tspmin «uanpyxanue» yBé€y y 1792 r. Boabsra. Ilnsi sjekTpacrarbiu-
HbIX Naa€y NaHsULl «3JeKTpbluHAae HANpYyKAHHE» i «PO3HACLb NaTIHLbIAIAY»
TOECHBbISI.

PaGora, sikyio BbIKOHBae ajHapojiHae 3JieKTpacTaTbluHae I10J1e HarpyxKaHac-
wo E npbl nepamsitusuii npoGHara jajatHara sapajmy ¢o 3 NyHKra [ 3 MarsHilbl-
faM @) y MyHKT 2 3 MaTsHubisaaM @y < @, MoxKa Oblllb BbI3HAUaHa § ajraBejl-
Hacti 3 Bbipazam (17.1)

Aig =qo(¢1 = Py),
a y aanasesiHacli 3 Bblpasam (16.1)
Ay =qoEd,
J3e d — MOyJib MepamsillludHHs 3apajly Y3J0yK JiHii Harpy:KaHacll 3JeKTpacra-
ThbIYHAra IoJisl.

[IpbipayHsiem ajnaBesiHbis 4acTKi poyHacliedl i 3HOWI3eM BbIpas, siki ycraHay-
JiBae CyBsi3b IaMiK MOJyJieM HalnpyzKaHaclli ajHapojHara 3JeKTpacTaTblyHara
NoJis i PO3HACLIO MaT3HLbIAAY, . 3H. MaMiK A3BIOMA XapaKTapbICTblKaMi 3JeKTpa-
craTbhluHara noJs: go(Q, —@y)=qokd, anky/b

FoOT® _ Appy
d d
[Ipbimatoubl naj yBary, wto Ujp=—AQ9, aTpbiMaeM
d

Ha nancrase dopmysbl (17.2) yBopssitb angdinky nanpyxasacui Cl BoJibT Ha

E= (17.2)

B B
METp (; = — MOYJ/1b HanpymaHacui Takora ajaHapojHara 3sJieKTpacTaTbly-
M

Hara mnoJisi, y §IKiM Harpy:KaHHe MamiK JByMa TMyHKTaMi, LITO 3HAXO[3fllla Ha aj-
HOM i TOW »ka JiHii Hanpy»KaHacui Ha amiersacui 1 M, ckiamgae 1 B.

BbIkapbicTOYBaloubl TIPMiH «HaIpy:KaHHe», Ha MPaKThIbl MYHKTbl [ i 2 moJs
BhIGipatolb Tak, kab Ujg > 0.
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‘/ 1. Pa6ota, sikyto BbIKOHBAIOLb CiJibl 3JIeKTpacTaThlyHara 1oJisi rpbl nepa-
MSALIY3HHI npo6Hara 3apaiy 3 rnauaTkoBara MyHKTa [ y KaHUaBbl MyHKT 2, poy-
Hast 31a0bITKy 3HAYSHHS 3apajy i po3Hacli MaT HUbIANAY (HAMPYKAHHS) MamMixK
rSThIMi JByMa MyHKTaMi MOJIS:

Alg = 4o(91=93) = 4oV
2. Mopyab HampyKaHacli aaHapojgHara 3JeKTpacTaTblyHara moJs i pos-
Haclb MaT3HIbIANAY (Hampy:KaHHe) npbl yMoBe, WTo Uy >0, 3BsI3aHbl mamix
caboi cyanHociHal

F_2=9 Uy
d d
? 1. Wto Ha3biBaloLb po3HACLO maTaHUbANay?
2. flk po3Hacub naTaHUbIANAY NaMiX ABYMA MyHKTaMmi nons 3anexbilub ag pabotsl cin
3NeKTpacTaTblyHara nonsa?
3. Y sAKix aa3iHKax BbIMApalLb PO3HACLb MATIHUbIANAY?
4. flk 3BA3aHa HanpyxaHHe 3 HanpyXaHaculo afHapoAHara anekTpactaTblyHara nons?

Mpbiknagbl pawsHHA 3apay

[Mpbikaax 1. Y usHTphl cepbl 3 payHamepHa pa3MepKaBaHbIM JafaTHbIM 3a-
panam ¢;=36 uKs 3Haxoxziula MajieHbKi HIapbiK 3 aJAMOYHBIM 3apaaaM, MOMYJb
sikora |qo| = 16 K. BrigHaulle nmaTsHibisa a/jeKTpactaTbluHara noJs y nyHkile, siki
3Haxozzilla na-3a cdepait Ha amtersacui r=10wm an sie usHTpA.

IlanseHna: Pawsnue. [Matsnupian y aai3eHbiM MyHKILe
g,=36 uKn=3,6-10"% Kn noJisi BbI3HAYbIM MaBOJJIE MPbIHLbIY cyneprasi-
go=—16 nKn=—1,6-10"% Ku| ubli: @=@;+ @y, 13¢ @ >0 — mnarsHupisii
r=10m sJleKTpacTaThluHara ToJisi JajaatHa 3apajpkaHai
; | cepbl, @ Qo< 0 — MaTIHLBIST JEKTPACTaThIU-
¢ Hara mnoJisi ajMOyHa 3apajpkaHara LiapbiKa.

[Takosbki @ = kﬂ, Po= kq—Q, TO @ = kﬂ +kq—2 = E(Ch +4y).
r r r ror
2
9,0 10° M

o=——— K 90,10 Kn=18B.
10m

Ankas: @=18 B.
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[pbikaan 2. DuexkTpoH, sKi pyxaeuua y3A0y»K JiHii HanpyKaHaclli 3JeKT-

pacratblyHara mnoJs, y nyHkie noJs 3 natsuupissiam @;=0,90 B mae ckopaciip,
o 5 M

MofyJib sKo# vy =3,0-10° —. Bbi3Haulle naTaHubis NMyHKTa MOJS1, 3 SKOra 3JekK-
c

TPOH TNayblHAe pyxalla § aaBapoTHbIM Hanpamky. Maca ssaekTpoHa
m,=9,1-1073" kr,

Hanzena: Pauwisnne. Ilpbl pyxy a/ekTpoHa cijibl M0Jisi BEIKOHBAOLb

¢=0,90B padory A=e(p —¢y). Isras pabGora poyHast npbipa-

0,=3,0- 10 M HIY9HHIO (3MSIHEHHIO) KiHeTblUHAW 3HepTii 3JeKTpoHa:
¢ mer2 meUIQ .

03=0.0 M T—Tze((pl—(pg). 3 yJikaM Taro, 1ITO CKOpaclb pyxy

9JIEKTPOHA 3MeHUIblJacsa Ja HYJISA, aTpbIMaeMm:
2 2 2

em—16-10-19 m.o m,v mu
M 2 - elpy—go). g 0 =0+ =01 o
@ —?
M2
9,110 kr-9,0-10' M
9> =0,90B- —=064B.

2-1,6-107" Kn
Ankas: @y,=0,64 B.

[lpakTbikaBanHe 15

1. Cisbl ssieKTpacTaTbluHara roJisi BoikoHBatolb padory A=1,0 mx/x, nepa-
MsllYaloubl 3apapkaHylo yaclily 3 nyHKTa 3 narsHubisiaam @= 100 B y nyHkr 3
natsHubifaaM @o=75 B. Bbi3Haulle 3HausHHE 3JeKTpblUHAra 3apay yacliillbl.

2. Hanpyxanne namixk AByMa MyHKTami, siKis 3Haxo3siuua Ha aaHoOH JiHii
Hanpy:KaHaclli agHapojHara sJekTpacTaTblyHara noJsi Ha aajerjacui r=1,5 cm
angin an anHaro, U= 18 B. Bbignauue nanpyxkanue nami>k aByma MyHKTaMmi, pas-
MellyaHbIMi Ha ryTall »ka JiHil Hanpy:kaHacui Ha ajjerjacii ro=20 cM ajziH aj
ajiHaro.

3. Kab6 y naBerpbl npbl atmMacepHbIM 1iCcKy Mpackoublia icKpa, y iM mnaBiHHa
Obllb 3JeKTpacTaTblyHae I[oJe, MOJyJ/b HanpyKaHaclli sikora He MeHLI YbIM

B
E=3,00 ——. BrigHaulle posdHaclib NaT3HUbIAAay naMi>k BoOJakaM i naBepxHsii
M

3sMJli magyac HaBaJIbHILbI, KaJli Jay:KblHS «icKpbl» — Majanki — d =480 wm.
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4. HanpykanHe namixK JByMa MyHKTaMi, pagmellyaHbIMi Ha ajHoM JiHii Hanpy-
»KaHacui anHapoaHara sJjekrtpacratbiunara nodsi, U=4,8 kB. Brignauue monynb
HarnpyzkaHacli noJisi, Kaji ajjerjacib namik nyHkrami d=12 cwm.

5. Tbutinka macaii m=4,0- 107" kr 3uaxonziiua Ba Y3BaxKaHbIM CTaHe MaMixK
po3HaiMeHHa 3apajKaHbIMi rapbl3aHTa/bHbIMi MJacliHami. HanpyxanHe namix
nnacuinami U=12 B, apnernacup namixk imi d=4,0 cm. BbigHaulle 3/eKTpbIUHbI
3apaj MNblIiHKI.

6. DsieKTpoH ca CcTaHy CMakolo Mackapaela y 3/eKTpacTaTbluHbIM M0J1, pyxa-
foublcst 3 MyHKTa [ y MyHKT 2, Hanpy:aHHe namik sikimi U;o=20 B. Bbiznauue
MOJIyJ/Ib cKOpacli 3/eKTpoHa y nyHkue 2. Maca snekrpona m,=9,1-1073! kr.

7. Y BsIpUIbIHSIX payHaOelpaHara rnpamaByroJibHara TPOXBYTOJibHiKa 3HAXOI35ILL-
ua nyHkraBbis 3apanbl ¢y = 1,2 uKn, go=2,4 uKa, g3=3,0 nKn. Bbisnauie narsu-
UbISJT 3JeKTpacTaTblyHara noJisi TThIX 3apajay y MyHKIe, sKi 3HaxXoAsilua Ha csi-
pa/3iHe rinatsHy3bl AayKblHEH a =18 cm.

8%. JlBa MaJsieHbKis WIapbIKi, 3JeKTPbluHbIA 3apaiabl sKix ¢;=3,2 uKa i
go=7,2 uKn, snaxonzsiuua Ha aernacui r;=40 cm anzin an aaHaro. Bwignauie
MiHiMaJibHae 3HausHHEe paboThl, Kyl Tp36a BbiKaHalb, Ka® 30J1i3illb 1IapbiKi j1a
ajjieryiacui ro=25 cm.

§ 18. MpaBapHiki Y 3neKTpacTaTbl4HbIM NoAi

Mot Yoo abmapkoysari nadabencmaa i adpo3nenHe epasimayslilnaea i
arekmpacmamoluraea yzaemadzesannay. Tpada adsmauwviyb awus adHO ix
icmomuae adpoanernHe. A0 cin npolysieHenHs Heavea 3acyepaedvics. Hama
makoea mecya, Yy AKiM cinel npolysieHenHs He dselimivari 6. A soce ampol-
Mayo HadseuHyro axosy ad IAeKmpacmamolyHblX CiA Yygoeyse Macubima.
Takyo axosy mooxca sabacneuviyo 110060 npasaduik. SKia o yracyisacyi
npasadrikoy 0a3sariloyb BbLKAPLICMOYBAUL X 04 IAEKMPACMAMbILHAL
axosol?

MNpaBapHiki y 3nekTpacTaTblyHbIM noni. ¥ Meranax cBaGOJAHBLIMI 3apa/KaHbIMI
yacujuami 3’saysisionia 3J4eKTpoHbl. [3Ta andbiBaelia Tamy, LITO JEKTPOHbI, SIKis
3HAXOA35111lA HA 3HELIHiX abaJloHKax atamay, CTpauBarollb CyBsI3i ca CBaiMi aTamami
i Morylpb agHocHa cBabGoiHa Nepamsiyala na yciMm a6’éme merady.

BoicBersiiM, 1TO aabbiBaelilia § agHapoAHbIM MeTaJliuHbIM [paBajJHiKy, KaJi
Aro yHecli Y 3sJeKTpacTaTbhluHae node. [l ratara 3mecuiMm MeTaJlidyHbl Mpa-
BajiHiK A y sJieKTpacTaTbluHae roJje, CTBOpaHae J3BloMa 3apajKaHbiMi TJiacili-
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Hami B i C (poic. 99). Hanpyxanacipb Eo rarara noJs B_E, :1 ¢
HakipaBaHa aj jAajaTHa 3apajpkaHail mJjacuinbl B ja i ;“9 = I
ajMoyHa 3apajpkanail muiactinbl C. [lan jnzesiHnem sJsek- - :E bt
TPBIUHBIX CiJl cBaOOJHbBIS 3JEKTPOHbI HapayHe 3 Oecre- - 39+ -
panbiHHbIM LleTJIaBbIM pyxaM MayHylb pyxauua yrnapau- =
kaBaHa. $lubl Oyayub 36ipauua 3J/eBa KaJjs MaBepxHi =9
npaBajiHika A, cTBapaioubl TaM 3aJjlilliHi aIMOYHbI 3apaj. c -
Henaxon snaekrponay Ha mnpaBbiM 6aky MpaBajiHika Puc. 99

NpbIBSA3€ 1A Y3HIKHEHHs Ha iM 3aJjlillHsara gajgatHara
3apajuy.

[lepapasmepKaBaHblsi 3apajibl CTBapatolb yJacHae 3JieKTpacTaTbluHae [oJe E.
Jlinii Hanpy»kaHaclj raTara noJsi ¥ npaBajHiKy HakipaBaHbl § OOK, cynpallbJjerJbl

JIHISIM Hanpy»KaHacili 3uernsira noJsi Ey. YnapaakaBaHae nepamsiiiiysaHHe cBaGoji-

HbIX 3JIEKTPOHAY Yy MpaBaJHiKy CIbIHilLLA, KaJjai yJjacHae mnoJse E ckammneHcye

3HellHsIe EO. Y r3ThIM BbINAJKY Hampy:KaHacllb BbIHIKOBAra mnoJisi YHyTpbl NpaBaj-
HiKa CTaHe pOyHa# HyJo, I. 3H. 3JIEKTpacTaTblyHae IoJe Y MpaBaHiKy 3HiKHE.

Takim ubiHaMm, arekmpacmamelunae noase YyHympol npasaoHika adcymiHi-
yae. CymapHbl 3apaj J00O0H yHyTpaHa# 4YacTKi npaBajHika pOYHbl HyJio i He
VIJIbiBa€ HA pa3MepKaBaHHE 3apajay Ha siro NaBepxHi i HA HampyxKaHaclb I[0Jis
YHYTpbl npaBaaHika. Ha ratail ynacuiBacii npaBajHikoy 3acHaBaHa 34eKmpacma-
moiunas axosa. Kab abapaHiub ajuyBaJsibHbIsl Ja 3JeKTpblYHAra mnoJisi npbioopsl,
iX 3MslIYaloOlb YHYTP 3a3eMJEHbIX MOJIbIX MPaBajHIKOy 3 CYLJbHbIMI abo ceTKa-
BaThbIMi clieHkami. Hacuel, anHak, skpaHyolb He MpblOOpbl, a camy KpbIHilly 3JeK-
TpblUHAra moJisi, aji HexkajgaHara y3a3esHHs sikora HeaOxojHa abapaHillb pa3mell-
yaHblsl NabJi3y MpblIabL.

BbiHiKam Taro, WTO HampyKaHacllb 3JeKTpacTaTbliHara noJsi YHyTpbl alHapoj-
Hara npaBajiHika poyHas HyJio, 3’syjsela Toe, TO NaT3HIbISA YCiX MyHKTay npa-
BajIHiKa ajHoJbKaBbl. Ha camail crpaBe, KaJsi Hampy:aHaclib MoJisi poyHasi HyJIo,
TO po3HaclUb NaTIHLbIANAY MaMizK JIOObIMI IByMa MyHKTaMi MpaBajHika poyHas
Hy/o. Tamy MoxKHa raBapbilb Mpa NaT3HUBIAI TpaBajiHika, He [akasBaloubl KaHK-
P3THBI MYHKT, y sIKIM €H BbI3HAYaHb.

IneKkTpacTaTblyHaA iHAYKUbIA. Y ajinaBejHaclli 3 3aKOHAM 3axaBaHHS 3JeK-
TpblUHAra sapajay MoJyJii JillHiX 3apajay, sKisg Y3HiKalolb Ha CyMpalbJerbiX
NaBepXHsX MepulanayaTKoBa He3zapajpkKaHara MpaBajiHiKa Mpbl YHSCEHHI $IT0
Y sJseKTpacTaTbluHae MoJe, NaBiHHbI Obllb poOyHbIMi. [IpaBepbiM rata naauac
Joc/ey.
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3amalyeM Ha HeNpaBOJHbIX CTPbRKHSX JIBA LIUbLIbHA MPbIET/IbIsT MeTa/iuHbls
uptinapel A i B 3 npbiMaliaBaHbiMi jia ix JicTKami TOHKall marnepbl. 3MecCLiM Iibl-
JUHAPBL § 3JeKTpacTaThluHae roJie JajaTHa 3apamkanara mapa (poic. 100, a).
JlicTki manepbl pasblayllla, WITO CBEIUbIb Mpa 3’yJeHHe 3apajay Ha UblIiHApax
CpabonHblsl 3JeKTPOHbI Majl A3esHHEM M0J1s1, CTBOpaHara 3apajam liapa, rnepamec-
usiia 3 upiinapa B Ha upltinap A, 3apamgiyiibl sro agmoyHa. piinap B 3-3a
HeJaxoIy 3JEeKTPOHay CTaHe JajaTka 3apajLkKaHbIM.

3’s1By, Npbl SIKOH Ha MaBepXHi npaBajHika (y [AaA3eHbIM BbINAJKy Ha MaBepxHi
3JIydaHbIX LBUIHIpPAY), 3MellyaHara y sJekTpacraTbliHae TmoJie, 3’ syJsionia 3JeK-
TPbIUHBISI 3apajibl, Ha3blBaloLb d1eKxmpacmamolynall iHOYKyolstl abo 1eKmpol-
sayblat npas ynavly. DJIEKTPbIUHbIA 3apajibl, sKis Y3HIKalOLb Yy BbIHIKY 3JeKTpa-
cTaTbluHaK (HAYKLbI, HA3bIBAIOLD [HOYYbLPABAHBLMI.

Kasi 3apamkanbl wap npsiopalb, TO Byras pasbIXO[KaHHS JiCTKOY nanepbl
3MeHIIbIIIA A2 HyJs. [5Ta Taymaubiiiia ThiM, LITO Y ajCyTHACLi 3JeKTpacTaThluHa-
ra mnoJisi, CTBOpaHara 3apajam l1apa, 3JeKTPOHbl payHaMepHa pa3MsapKoyBaloLla ra
Ycim ab’éme aGoJBYX LbIiHAPAY.

[Ipbl pas’saaHanHi UbLIIHAPAY Y MOJi 3apapkaHara 1iapa Ha iX 3acraHyiia cy-
npatbJersbis na 3Haky 3apaipl (peic. 100, 6), Moay.i skix poyHbis. [5Tbis 3apapl
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Pbic. 100
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3axaBawolla i y ThIM BbINAJKY, KaJji 3apa/eKaHbl liap, §IKi cTBapae 1oJe, Mpbl-
6patb (poic. 100, 8). Tonbki ¥ raThiM BbINAAKy 3apaibl Oyaylb KaJjsi CyCeaHiX
acHOY UblIiHApay. ¥ TbiM, WITO MOAyJi 3apajnay aboJABYX UbLIiHApaAY POYHbIs,
MOXKHA TMepakaHauua, 3jayublyubl ix (peic. 100, e): Byran mamixk JicTkami craHe
POYHBI HYJIIO.

Pa3smepkaBaHHe 3apapay y npaBapaHiky. BoicBeTsim, §IK pasmspkoyBaioll-
1ua 3apajibl y HasJeKTpbldaBaHbiM NpaBajHiky. [Ipassnzém nocaen. Hanansim
NpaBajHiKy 3JeKTpbluHbl 3apaj. MaJsieHbKiM WlapblkaM Ha i3aJjsiBajibHall pyd-
bl Oyn3eM jJakpaHallia 1a pPO3HbIX MyHKTAy Ha 3HEIHSAH NMaBepXHi 3apajKa-
Hara mnoJara MeTaJiyHara mapa, a noTbiM sJjekTpometrpa (pbic. 101, a).
AzzHavaroubl KOXKHbI pa3 ByraJj ajxiJleHHsl CTP3JIKi JIeKTpOMeTpa, MOXKHa Ie-
pakaHauua, WTO Ha 3HELIHsH NaBepxHi wWapa 3apaj pa3MspKoyBaellla payHa-
MepHa. KaJsi K pakpaHyllla MajeHbKiM LlapblkaM Ja YHyTpaHail naBepxHi 3a-
pajrkaHara roJiara uiapa, a noTbiM Jia 3JIeKTpoMeTpa, TO CTP3JiKa 3JIeKTPOMeT-
pa He aaxiniuua (pwic. 101, 6). 3Haublub, HA yHyTpaHal naBepxHi wapa
3ajlilliHsra 3apajy HsiMa, I. 3H. 3apajbl, HajaJ3eHblsl MpaBajHiKy, pazmsiiya-
I0L1A HA r0 3HELIHSIH MaBepXHi.

1029

U 3apaasim npaBagHik cTpananagobHait thopMmbl [afaTHbIM

3apagam. Haibonblwbl 3apaf, AKi npbinafgae Ha Hepanikis == —=-
yuacTki naBepxHi ajHonbKaBail MAaowybl, 3HaxoAsilyua Ha < (::
BbIMyKNAcLAX NpaBagHika, acabniBa Ha BOCTPbIX BbICTyNax. T~ T~
Ha poicyHky 102 wTpbixaBod NiHiAW pns HarnapgHacui

nakasaHa pasmepKaBaHHe MOAYNA HanpyxaHacui nons kKans Poic. 102

naBepxHi 3apajKaHara npaBafHika cTpananagobHait top-

Mbl. HanpyxaHacub 3nekTpacTaTbiyHara noss nabnaisy BOCTpbIX BbICTyMay 3apajKaHara
npaBafHika Moxa Obllib HACTONbKI BANiKaM, WTO MayHewLua iaHisaubla Manekyn rasay, akis
yBaxon3slb Yy CKiaj naBeTpa, Y BblHiKY 4Yaro 3'aABAuUa AafaTHbIA i aAMOYHbLIA iOHbI i
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3NeKTPOHbI. 3apafKaHblfd Yacluilbl 3 ThIM }a 3HaKaM 3apafy, WTOo i Ha BacTpbli, pyxalouua
af Aro, 3aUArBaloybl HENTPanbHbIA Manekynbl. 3 NpblYbiHbl F3Tara Y3Hikae HakipaBaHbl pyx
naBeTpa Kans BacTpbisi, a6o, K raBopalb, «3INEKTPbIYHbI BeLep». ro MoXHa BbiABiLb, Kani
nagHecui Aa BacTpbif 3anmajeHylo CBeuKy: sfie NosbiMs agxiniyua Y 60k af BacTpbif i HaBaT
MOXa MaTyXHyLb.

3'ABy CcUAKaHHA 3apagay 3 3aBOCTpaHbIX NpaBajHikoy Tpaba yniysaub y TaxHiubl. [Ans
npajyXineHHs CcuAKaHHA 3apafay Ba Ycix npbibopax i MexaHi3max, fIKif BblKapblCTOYBAKOL-
La ¥ BbICOKABOMLTHBIX CiCTIMax, METaNiuHblA YacTKi pobsALb 3aKpyrNeHbIMi, a KaHubl MeTa-
NiYHBIX CTPbIXHAY 3abAcneyBaloub MafKiMi HaKaHeuHikaMi.

‘/ 1. [lpaBanHik — ajgHa 3 MajaJiei, Kyl BbIKAPBICTOYBAIOLb Y 3JEKTPa-
CTATbILbl JUIS amliCcaHHsl aJAHapoAHAra ueJa, YHYTpbl sIKOra HarnpyKaHacllb
9JIEeKTpacTaTblyHara rnoJjs YCIoAbl poyHasi HydJIo.

2. 3’sBy, npbl 5IKOH Ha MaBepxHi MpaBajiHika, 3MellyaHara y sJeKTpacra-
ThIYHae MoJie, 3’gyJstolla 3/1eKTPbIUHbIS 3apajibl, HA3bIBAIOLb 3JEKTPACTATbIY-
Hall HAYKUbIH ab0 3JeKTpbl3allblsii Mpa3 yIJbly.

3. [laTsHupianbl ycix MyHKTay Ha MaBEpXHi i YHYTpbl agHapojaHara rfpa-
BaJlHiKa, 3MellyaHara y 3JeKTpacTaTblyHae MoJie, aAHOJIbKABbIS.

4. 3apazbl, HajanzeHbls MpaBajiHiKy, pa3MsilI¥aiollla Ha SIr0 3HELIHsH na-
BEPXHi.

? 1. WTo apbbiBaeyya Y afHapoOAHLIM MeTaniyHbIM NpaBafHiKy Npbl YHACEHHI Ar0 § 3neK-
TpacTaTblyHae none?

2. Ha sko# ynacuiBacli npaBafHikoy 3acHaBaHa 3/eKTpacTaTblyHasA axoBa?

3. Y 4biM 3akn0YaeLLa 3'ABa 3NeKTpacTaTblyHaN THOYKLUbII?

4. Pactnymayue gocnefbl 3 AByMa MeTaniyHbIMi LbINiHAPaMi, 3MeLWYaHbIMi § 3nekTpacTa-
TolyHae none (m. poic. 100).

5. Yamy poyHas cina, sKkas f3edHiyae Ha MyHKTaBbl 3apag, Kani Aro 3Macuiub y LIHTP
payHamepHa 3apafyKaHaii cdepbl? y Nt0Obl THWbI NYHKT YHYTPbI raTail cdepsi?

§ 19. [lbIaneKTpbIKi Y 3/1eKTpacTaTbiYHbIM MO

Hacaedyrouol 3’8y ssrexkmpoldauysli npas ynaely, axeaiticki ¢isik Cmagan
Ipatt (1670—1736) soidnauely y 1729 e., wimo pauoi8or MONCHA NAO3AAIUL HA
dsa kaacel: 30046HbLSL NEPAHOCIYb INCKMPbIUHbLL 3apadsbl i Mols, Wmo eamatl
yracyisacyro He 8aro0arys. Aonagednsis MapMiHol «NpasadHiks [ «i3aas-
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map» OvLai fjsedsenol j 1742 e. aweaivaninan Kanam Tragiran [[3ezactonrve
(1683—1744). [Ipoikaadami 0obpoix Oviasekmpolkay 3 'yrsroyya sHmap,
wKao, abanim, eyma, woyk, niacmmaca, caooa, gapgop. llmo adboisaey-
ua y OblaNeKMmpoLKY, SMEUWHYAHbIM Y dNeKmpacmamolyunae noie?

AbidnekTpbiki. TopMmin «abianekTpbik» yBEYy Papansii y 1838 r. maias abasHa-
USHHSI pIUbIBAY, Y fKisl MpaHikae 3/eKTpacTaThluHae ToJie (<JIbI3JEKTPLIK» aj Tpay.
dia — mpas, ckpodb i aHri. electric — 3JeKTPbIUHbI). ¥ JBIJEKTPLIKY yce 3JjeK-
TPOHbI 3BSI3aHbl 3 spaMi atamay. DJEKTpbluHae MoJie He «ajpbiBae» iX aj aTamay,
a TOJIbKi 3JIETKY 3pyllBae aJHOCHA JajaTHa 3apajLKanbix siipay. JblajekTpbik
3MsilIuae TOJbKiI 3883aHblLd 3apadel, T. 3H. 3apajbl, §IKis YBaxXo#3sllb y CKJaj aTa-
May (MaJsieKyJs) JIbl3JeKTpblKa i nazbayseHblss MardybiMacli cBabojHa Mepamsiiuyall-
a naj A3esiHHEeM 3JIeKTpblYHAra mMoJsi.

BeicBetsiiM, wTo anbbiBaellla § AbI9JEKTPbIKY, 3MELIYaHbIM Y 3JeKTpacTaThly-
Hae roJie.

[TpaBsanzém nocnen. Iloyryio apay/sHyto
TN JiHelKy pa3meclliM Ha Majacrayubl Tak, Kao
= = siHa Mmarsia csabonaHa kpyuiuua (peic. 103).
( g Hasnexrpoigdyem uikasnyio (a6o s6aHiTaByto)
- nasauky i nagHscéMm sie J1a aaHaro 3 KaHuoy
Jivediki. Jlinelika naune naBapouBauua. Takim
ublHAM, He3apaKaHbl JbI9JEKTPBIK, SKiM
Peic. 103 3'stysisieliua JipayJsinasi JiHelka, npbllsirBael-
1a Ja 3apajKanara ieJsa.

[Tano6HbIsi MaBOABIHbI AbI3JAEKTPbIKA MardbiMbl TOJbKI MPbl YMOBe 3’1yJIeHHST Ha
SIr0 KaHlax JilIHIX 3apajay, cyrnpaubJerjbiX Mna 3Haky.

Mansapbi3ayubla pbIdNeKTPbIKA. SIKi kK MexaHidM mnepa-
pasmepkaBaHHsi 3apajay na naBepxHi abiaJexTpbika? JI3e-
siHHE 3JIeKTpacTaThluHAra MOJisi 3 HanpyxkHaciio £, y sikoe
3MellluaHbl JbI9JEKTPbIK, 3BOA3illlA Ja Mepapa3MepKaBaHHs '
3JIeKTpoHay y a0’éMe KoxKHara atama Jbl3JeKTpblKa. Y Bbl- ®
HIKy USHTp 3JIeKTpblYHAra 3apajay 3JeKTPOHHaH abaJsioHKi
atama rnepamsiiiyaena ajHoCHa I3HTpa JajaTHara 3apaiy

sipa arama. ¥ L3JbIM HeHTpasibHasi MaJjekyJsa repaTBapa-
eliia y 3JeKTPbIUHbI AbINOJb (06t — JBa, NOAb — TIOJIOC) i
(poic. 104). Pasranemkanas 3’siBa atpbiMaia Ha3By 3AEKMPOH- —>
Hail naaapoidayoli. MexaHiaMm 3J€KTpOHHAH MNassipbl3alibli Pbic. 104
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YHiBepca/ibHbl, MAKOJbKi BbiAy/sfella ¥ aTaMmax, majekyaax abo ioHax Jwobora
JIbI3JIEKTPbIKA.

Kani aplsnekTpbiki ckianamolia 3 Majekys, §Kis 3'syasiolnia 3JeKTpPbIUHbIMI
JbIIOJSAMI Ba YMOBAX aACYTHACLi 3HELIHATA 10Js, TO iX HA3blBAKOLb MaJsSPHbIMI
(Bazma, amisk, 3¢ip, audToH i iHIL.). ¥ MaJspHBIX JAbI3JEKTPbIKAy Mpbl aJICyTHACL
3HCLIHAra JIEKTPACTATblUHATA MOJIA MAJEKYJbl-AbIIOJI, 3A3ANCHAIOUbl LEIJIaBb
pyX, pasmsiniyaiolia xaatelua (poic. 105, a). BbiHikoBae sjekTpbluHae mode, sKoe
CTBapaelllla MaJieKyJaMi-IbInoJsaMi, MpakKThlYyHa pOyHae HyJIIo.

[Tan ysnsesHHeM 3HelLHsAra 3JeKTpacTaThlYHAra I0Js  MaJseKyJbl-Abl0Ji
IMKHyLIa NaBsipHyLA Tak, Kab ix BOCI cynaJsii 3 HanpamKaMm HarpykKaHaclli 3HeLl-
uara noasst (peic. 105, 6). Kani nanpamak Hanpy:aHacii noJisi neprieHabIKyJisipHbl
NaBepxHsIM, WTO aOMsKOYBaIOLb JbI3JEKTPbIK, TO a/lHa 3 3ThIX MaBEpPXHsIy aKas-

Baelllla 3apa/pKaHail ajMoyHa, a Japyras — JjajaaTHa.
° H-0_ ° & ° E=0 S
% Se ;‘G@‘&@@%g OOO O I~ & )
00 % | oie®l |q 5 | ear-®elt
&P Se g T<® %% o O Tee__eo 1
8 S e e, |° O L& e,
F=Fo+ E F=Fy+

Pbic. 105

Y HenaJisipHbIX JibIaJeKTpbiKay (napadin, 6eH30J1, a30T i iHII.) MaJeKyJbl ca
cepbluHa CiMETPbIYHBIM padMepKaBaHHEM 3apajay Npbl aAcyTHacCLi 3HeLIHsira
3JIeKTpbluHAra roJisi He cTBapatwllb i yJjacHara noJgsi (poic. 105, 8). Ilan
yIJIbIBaM 3JIeKTpacTaTbluHara mnoJsi, ik y»Ko OblJIO CKa3aHa, J1aJaTHbls i aMOYHbIsI
3apajibl § MexKax MaJieKyJsbl HeKaJsbKi 3pyluBarollla an3iH aJHOCHA ajHaro, yrBapa-
104bl JIbINOJb. Tamy, §IK i ¥ BbIMaAKy 3 NaJsipHbIMi JbI9JEKTPbIKaMi, Y HenaJsipHbIX
JIbI2JIEKTPbIKAX Ha aHON NaBepxHi 3’syJsielllia AajaTHbl NassipbidalpbliiHbl 3apaj, Ha
Jpyroii — aamoyHbl (pbic. 105, e).

Y ajposHeHHe aj cBabOJAHLIX 3apajay MpaBajHiKa NaJsipbl3allbliHbisg 3apajpl Y
JIbI3JIEKTPBIKY He Tepamsilyarolia, TaMy ix i HasblBatollb 3Bsi3aHbIMi. [3Thist 3apa-
Jibl HeJibra ay3silillb anziH af aaHaro. Tak, kaJsi najsipblsaBaHbl JIbI9JEKTPbIK pas-
p33alb nanaJjamM y 3HEUIHiM 3JeKTPbIUHbIM MOJli, TO Ha ajHbiM OaKy KoxKHal na-
JIaBiHKi Oy/3e HecKaMIleHcaBaHbl JaJaTHbl 3apaj, a Ha JPyriM — ajMOYHbI.
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IneKTpbiyHae noJsie YHYTPbl AbI3JIEKTPbIKA. [lassipbidalibliinbis  3apajibl
(ra. peic. 105 6, e) crBapalolib yJacHae 3JeKTpacTaThbluHae ToJe, HanpyxKa-

Hacub E' sikora HakipaBaHa HacycTpad Hanpy:KaHacLi Eo 3HellHsATa noJid i acjab-
Jife se, ajie He KaMreHcye [aJjKaMm.

3rojHa 3 MpbIHIBINAM Ccyneprasilbli MOAyJb HampyxKaHacui £ BblHiKoBara
JJleKTpacTaThlyHara noJst YHyTpbl JblajekTpbika £ =FEy—E'< E,.

Jlsis1 XapakTapbICThIKi 3JEKTPbIYHbIX YyJacliBacllell JibI3JeKTpblKay YBOA3SILb
(hisiuHyl0 BeJiubIHIO, HA3BAHYIO JbIJEKTPbIUHAH MpaHiKaJbHACIIO P3YbIBa.

JblajeKTpbluHas npaHikajbHacllb pubiBa € — (i3iuHas ckajaspHas BeJi-
4yblHS, SIKasi MakasBae, y KOJbKi pa3oy moayab Hanpyxanacui |E| saekrpa-
cTaTbluHara nmoJiss YHYTPbl ajJHapojHara JAbI3JEKTpPblKa MeHIlbl 3a MOIYJb

HamnpyXxaHacii |E0| noJisi y Bakyyme:

)
-2,

€

Kani nyHnkraBbisi HepyXomblsi 3apaibl ¢ i o 3HAXOA3sIA Y aAHAPOJHbIM Heal-
MEKaBAHBIM JIbISJEKTPBIKY, TO MOJAYJb CiJl iX 3JeKTpacTaTbluHara y3aemaJ3esiHHs
BbI3HAuawllb Na (opmyJie

Po3Hblsl IbI9JEKTPbIKI Najspbi3ylolilla 3HELIHIM MoJeM Ma-po3HaMy i Malollb
PO3HYIO JIbI3JIEKTPbIUHYI0 MpaHikasbHaclb. Tak, ablsjeKTpbluHasi MpaHikajbHACIb
JBICTBIISIBAHAN Bajibl Mpbl TaMrepatypbl 25 °C poyHas 78,54, nény npbl Tammepa-
typel —10° C — 95, a wkna — an 4 na 16 y 3anex-
Hacui an aro rartyHky. JbIaJeKTpbluHylo MpaHiKa/b-
Haclb nasetpa, poynyto 1,0006, npbl pamsuui 3anau
akpyrJsiioub j1a 1.

e Mansapbi3aybllo Yacyiy y MOLHbIM 371€KTPACTaTblYHbIM

noni BbIKapbICTOYBAlOUb Y 3NEKTPbIYHbIX (inbTpax ans
auyblCTKi AbIMY aj UBEPAbIX NMpajyKTay 3rapaHHs naniea,
AKis 3a0pyMXBalOLUb TIPLITOPHIO BAKON LENNaBblX 3ekK-
TpacTaHublil i OyiHbIX npagnpeiemcTBay (peic. 106). Ons
ratara y gbiMaxopax yctaHayniBatoub npaBajHiki cneubl-
AnbHan GopMbl, AKIM Hajamub N3YHbI 3NEKTPbIYHbI
3apag.

Pbic. 106
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-30kB

Aupilyanbl
ras

InekTpadinbTpbl YcTaHayniBawLb Ha XiMiYHbIX 3aBOAAX,
y L3xax, AKif Bblpabnstolb LU3IMEHT, i iHWbLIX aHanariyHbIX [y
BbITBOpYacUax. [anspbi3aBaHblad yYacuilbl pasHacTaHara ¢ npwiam
Mbiy NpbILArBaloLLa Aa BepTbiKanbHbIX 3nekTpogay (peic. >
107). Kani mopynb cinbl usxapy, fikasa n3eiHiyae Ha vacui-
Ubl, WTO 3aTpbiMAiBaloyLa (inbTpam, facsrae nayHara 3Ha-

Y3HHA, NblN acagae Ha fHo dinbtpa. [Ona aubicTki dinbTpa ¥
Nbia 3 Ar0 NepbiAfblYHA BbILANAIOLb. [bi1
Peic. 107
1. IIbIa/ieKTpblK — ajiHa 3 MajidJiel, Kyl BbIKApbICTOYBAOLb Y 3JEKTPa-

CTaTbILBI /I alliCaHHs TaKora p3yblBa, LUTO YHYTPbI LEJ 3 rsTara pIybiBa Ha-
Mpy’KaHacllb JEKTpacTaTblyHara mnoJs ajpo3HiBaeulla aa HyJs.

2. 3’sBy nepapasmepKaBaHHSl 3JEKTPbIYHBbIX 3apajfay y JAbl3JEeKTPbIKY Mpbl
VHSICEHHI SIr0 Y 3JEKTpacTaTbluHAe MOJIE HA3bIBAIOLbL MaJspbl3allblii.

3. [blajiekTpbluHasi npaHikajbHaclb p3ubiBa — (pisiuHasi ckassipHasi Be-
JIUbIHA, sKas NakasBae, y KOJbKi pa3oy MOyJb HalpyzKaHacli 3JeKrpacra-
ThIYHAra MoJisi YHyTpbl aAHApPOAHAra JbI3JEKTPbIKA MEHUIbl 3a MOJYJb Harpy-
JKaHacllj Taro 2K MoJsi y Bakyyme:

° 1. fAkis 3apagbl Ha3blBalOLb 3BA3aHbLIMI?
2. Ha skia gBa Toinbl nag3sansioub AblANEKTPbIKI ¥ 3anexHacli aj npactopaBara pas-
MepKaBaHHsA 3apagay y ix manekynax?
3. WTo HasblBatoUb Nansapbi3aubisii Abl3NeKTPbIKA?
4. fIKi MexaHi3M nanspbi3aLbli NANAPHLIX i HENANAPHbLIX AbIANEKTPbIKAY?

5. Lli icHye none YHyTpbl AbI3NEKTpbIKA, AKI 3HAxoA3iyua y 3HEWHiM 3neKTpacTaTbiy-
HbIM noni?

6. LUTo HasbiBalOUb AbIINEKTPbIYHAKM NpaHiKanbHACLIO P3YbiBa?
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§ 20. Jnekrpaémicracub. KaHpaHcatapebl.
InekTpaémictacub NJOCKara KaHA3HcaTapa

[Ipasaduiki i cicmamol, ki ckradaroyya 3 HEKAAbKIX NpasadHikoy, 8a-
200ai0Ub YAACYIBACUIO HA3ANAUWBAYL IAEKMPOblUHbl 3apad. ¥ MHO2IX 9A1€K-
MPAMaIxXHitHOLX | pA0bIEMIXHIUHOIX YJCMPOUCMBAX BOIKAPLLCIMOYBAIOUbL NPbL-
OopolL, 30016HLLA NPLL MAABLX NAMepPaX HaA3anauwsayb 0acmamrKosa BaAIKi
dnekmpoliurol 3apad. Boicgemain, 9K 2ama MOMCHA AHCHLUYABILD.

InekTpbiyHaa émictacub. /s xapakrapblCThiKi yJacliBacui npaBajaHika Hasa-
namBaoilb 3JeKTPbIYHbl 3apajl yBsJi (i3iuHyl0 BeJiublHIO — 3JEeKTPbIUHYIO
émicracub. Jlyis TaymausHHs pisiunara cIHCy raTail BeJiublHi pasriea3iMm HacTyn-
Hbl JIOCJIE/L; Ia/lydybIM TOHKIM JIOYTiM MPaBaAHIKOM Jla CTPbIKHSI 2JIEKTPOMETpa 3 3a-
3eMJIeHbIM Koprycam ajacoOJieHbl MoJibl MeTaJliuHbl wap.

[IpaBanHik Jivalp agacobJieHbiM, Kaji €H pagdmelllyaHbl BOJiaslb aji MardbIMbIX
KPbIHiLL 3JeKTpbluHara roJisl sIK MpaBojHbIX, TaK i HenpapojaHblx Ues. Kani nabsisy
3apajpKaHara npapajiHika 3HaXoJI3s111la iHIbIsS [eJbl, TO Y BbIHIKY 3’sIBbl 3JIeKTpa-
CTaThbluHAK iHAYKUbl ¥ NpaBajHikax aabbiBaella rnepapasMepkaBaHHe CBaOOHbIX
3JIEKTPBIUHBIX 3apajay, a y JbI3JeKTPblKax — 3pYLISHHE y cynpaubJersbisd Oaki
pPO3HAIMEHHbIX 3apajiay, WITO YBAXOA3slllb Yy CKJAJ aTamay i MaJsieKyJ p3ublBa, sIKOE
NpbIBOAZILb J1a Y3HIKHEeHHsl naJjsipbl3albliiHblx 3apagay. [lansipbizaubiiinbls 3apajsl,
WITO V3HIKAKOLb Y JbI3JEKTPbIKAX, i 3apaibl, WTO iHAYLbIPYOULA HA [PaBaAHIKaX,
CTBapaollb JalaTKoBae 3JieKTpacTaTbluHae MoJie, SIKoe 3MsiHsie MaT3HLbI/ 3apa-
JKaHara npaBajHika.

JlakpaHatoublcsl HasJeKTpbl3aBaHbIM MPABOJHBIM LlIAPbIKaM, siKi 3aMalaBaHbl Ha
i3ansiBasibHAl pyullbl, Ja YHyTpaHaW MaBepxHi MoJara meraJjiuHara uiapa, Oy-
JI3eM Tac/sioyHa HalaBallb SIMY aJHOJIbKABbISI 3JIEKTPbIUHbISI 3apajibl, NaBsiiuBaio-
Ybl AIr0 cymapHbl 3apany 2, 3 i . 1. pazoy (pbic. 108). UbiM Gosiblibl  3/1€KTpbIY-
Hbl 3apajl HajaJA3eHbl Lapy, TbIM OOJbLIBLIM CTaHe sro MNaT3HUbISA, MaKOJbKi

q1<4q,
Q1< P2

qi P g2 02

Pbic. 108
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(ka%, J3e R — panblyc mapa. 3Haublllb, Y KOJbKi pa3oy napsiiiublycsi 3apaj

uiapa, aanaBe/Ha Y CTOJIbKi 2K Pa3oy MaBsliublyCsl i Iro MaT3HLbIAA, a aAHOCIHA
3JIEKTPbIYHArA 3apajy [a M[aT3HUbIAJAY 3acTaellla BeJiublHEH NacTasiHHal 1151

JlaJiseHara uapa: i=q—2= 93 _...Zq—ﬂ= const.

¢ P2 @3 P

[Ipamasi npanapupbisiHa/bHasi 3ajieXKHACIb MaMiXK NaTIHUBISAIAM i 3JE€KTPbIYHBIM
3apajaM yJacliiBa He TOJIbKi lllapanaioOHbIM MpaBajHikaM, aje i jo0biM anacos-
JIEHbIM TpaBajHikaM ajBoJibHai opmbl. HeabxonHa ToJibKi, ka6 cdopma i namepsbl
npaBajiHika, a Takcama JbI3JEKTPbIUHbIS YJacliBacli acsipoiiss, y sKiM €H 3Haxo-
J13ila, 3acTaBaJiicsl HSI3MeHHbIMI.

AnekrpbluHas €mictacub C amacobjeHara npaBaaHika — (isiuHaa ckansap-
Hasl BeJiublHSl, fIKasl KOJbKacHa Xapakrapbi3ye yjaacuiBacib npaBajHika Ha3a-
nawBalb 3JeKTPbIUHbI 3apaj i poyHas ajHociHe 3apaay ¢ npaBajHika ja firo
NaTaHUbIATY @:

c-1.
¢

3BsipTaeM Bally yBary, LITO 3JeKTpblyHas €mictacib 3’syJselia xapakrapbic-
ThIKall TMpaBajiHika i He 3ajiexbllb Hi a1 sro 3apajy, Hi aj natsHubisiy. [lakosbki
3apajibl pasMslIYaLLA TOJbKI HA 3HELHAH NaBepXHi MpaBajiHiKa, TO Hi aj paubl-
Ba, 3 siKora &H BblpaOJsieHbl, Hi aj iIro Machl 3JeKTpaémicraclb MpaBajHika Takca-
Ma He 3ajiexKbllb. SIHAa 3asexKblllb TOJbKI a1 (opmbl i namepay npaBajHika, a Tak-
cama aj Abl3JIEKTPbIYHAN [paHika/JbHACLi acapoii3st, Y AKiM I'3Tbl NPaBafHiK 3Ha-
X0/3i11a.

Anginky ssektpbiunail émicracui y Cl HasbiBatolb dapan (D).

1 & — snekrpaémicraciip Takora agacoOJjeHara npapajiHika, siKomy JJisi NaBbl-
1I9HHS naTaHubisiy Ha 1 B neabGxonna napaub 3apan 1 Ko
1 Kn
| &= ——.
1B
| & — BesbMi Bssikasi saekTpaémicraciib. Hanpbikaan, y Bakyyme sJjekTpa-

émicraciio C=1 @ Basonay 6b1 anacobaensl wap pagslycam R=9-10% m (11a na-
payHaHHs: paiblyc 3saMHora wmapa Rs=6,4-10% m). Tamy Ha MpaKTLILLl MpbLIMsHS-
I0lb J01bHBIA an3inki: mikpadapan (IMx®=1-10"%®), uanadapax (1 nd=
=1-10"? ®) i nikacapan (1 nd=1-10"'2 D).

Hanpeiknazn, snektpaémictacib Takora BsiliKara npabajiHika, sIK 3siMHbI Lap,
poynas C=0,71 m®, a snekrpaémicracip yanaBeuara ena npoikjaaaHa C= 50 nd.
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o InekTpaémicTacub afacobneHara npaBoAHara wapa pagslycam R, siki 3Haxopsiuua ¥
HeabMexaBaHbIM acApOAA3i 3 AbI3NEKTPbIYHAN NpaHikanbHacLio € Bbi3HavaloLUb na hopmy-
ne C=4mneyeR. [3Tbl BbIpa3 MOXHa aTpbiMalib Y BbIHiKY MaT3MaTbluHbIX MepayTBap3IHHAY

A3BloX (Gopmyn: ANA 3HaXOAMXaHHA 3nekTpaémictacui c=2 i naTaHLUbIANY 3apaAxaHara
¢

wapa @ —m-

KanpaHcartapbl. 51 arpbiMaHHsl NaTp3OHBIX 3HAUSHHAY 3JeKTpaémicracui
BbIKApbICTOYBAWOIL KaHOIHcamap — cicTaMy, sikas ckJaajaeuua 3 AByX abo
6oJibllIal KoJibKaclli npaBajiHikoy i 3/10JibHasi HazanaiiBallb i ajiaBalb (nepapas-
MsIpKOYBallb) 3JeKTpbluHblsl 3apaabl. Kaugsucarap — an Jau. condensare —
YIYBIBbHSALb, 3ryllYallb.

Ka6 na snexrpaémicraciib KaHjasHcaTapa He akasBaJi YIJIbLY LEJbl BaKOJ $Iro,
npaBajHikam, siKis yTBaparmllb KaHJsHcaTap, Hajalollb Takylo (GopMmy, Mpbl sIKOH
noJie, CTBOpaHae 3apajaMi T3ThbIX MpaBaHiKOy, 3acspo/pKaHa namix imi. [3Tyto
YMOBY 3ajiaBaJjibHSIIOIL J3Be OJli3Ka pa3MmelluaHblsi MJacliHbl (MJI0CKI KaHasHcartap)
(pwic. 109, a), nBa KaakcisibHbis UbLIIHAPBI (bIHAPBLIUHLL KaHasHCaTap) (pbic.
109, 6), Jj3Be  KaHUSHTPbIUHbIA  cdepbl  (cdepbluHbl  KaHaHcaTap)
(puic. 109, 8).

a 6 R 8 R,

Pbic. 109

Meraniynas

! Lbipoka pacnayciogyKaHbl Tbil KaHA3HcaTapay yaynse
caboit A3Be CTyXKi MeTaniyHaii donbri, Naa3eneHbls TOH-
Kaii napadiHaBaHaii nanepai, nonicTbiponam, CnoAoi
ab0 iHWbLIM [AbI3NEKTPbIKAM, AKiA CKpydYaHbl § Tyrywo
cnipanb i 3anasHel (peic. 110).

BbikapbicToyBalOLb i Tak 3BaHbls MaBeTpaHbls KaH[IH-
caTapbl, y AKix i3anfBafbHbIM CNOEM, WTO aff3anse npa-
BafHiKi, 3'aynseyua nasetpa.

[TapadinaBanas
narnepa

Cambl npocCTh Kaﬂﬂaﬂchaup — cicTaMma, skas Puic. 110
CKJajlaelllla 3 JBYX MpaBajiHiKOY, MaJ3esIeHbIX CJI0eM
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JIbI2JIEKTPbIKA, Tayll4blHSl sIKOra maJas y napayHaHHi 3
IS namepami npapaaHikoy (poic. 111). IlpaBanniki, sikis
- € YTBapaiolb KaHjasHcatap, HasbiBalollb siIr0 adKJaaKami.
td Ha abkjaankax KaHjasHcaTapa HasamnallBaiolllla CyIl-
paubJeryblsi Na 3HAKy 3JeKTPbIUHbIA 3apaibl, MOAYJI
Kix poyHbld. [Ipausc HasanawBauHsl 3apajay Ha a6-
Puic. 111 KJIa/lKax HasblBalOUb 3apajkail KanasHcatapa. [Ipausc
HelTpaJisallbli 3apafay Mnpbl 3Jyu4sHHI aOKJIaAaK KaH-
JI3HCaTapa NpaBajHiKOM Ha3blBaIOlb pa3pajkai KaH-
nsHcarapa. Mopy/b 3apaly, siKi 3HaxoA3illla Ha anHoi 3 aOKJalaK KaHasHcarapa,
HasblBalOLb 3apagaM KaHAZHcaTapa.
YnacuiBacihb KaHAHCATapa HazamnauiBallb i 3aXOyBallb Ha Mpaugdry jaoyrara dacy
3JIEKTPbIUHbBIS 3apajbl XapaKTapbI3ylollb SN0 JeKTpbiYHal €micTaclio.
AaekrpbiuHail €micracuio C KaHAHcaTapa Ha3biBalolb (i3iuHyl0 cKajsp-
HYI0 BeJliublHIO, SIKasi KOJbKAacHa XapaKTapbi3ye 3[0JbHaclib KaHIdHcaTapa Ha-
3analuBalb 3JeKTPbIUHbISl 3apajbl i poyHasi ajHoOciHe 3apaly ¢ KaHadHcaTapa
na HanpyxanHa U namix aro aGkmaaakami:

+q

InekTpaémicracub nnockara kaHp3dHcatapa. Kasni aGknankami kannsHcaTapa
3'aysitola J13Be ajHO/bKaBbls MapaJesibHbls aJHa aaHOU MJAaCIiHbl, TO KaHIHCa-
Tap Ha3bIBAOIb NAOCKIM. DJeKTpacTaThbluHae MoJie 3apajpKaHara mnjockara Kah-
JI3HCATapa Y acHOYHBIM 3acspojpKaHa MaMizk siro aOkjaakami i 3’syssenia npak-
ThiuHa ajHapoaHbiM (pbic. 112, a). Kans kpaéy nnacuin agnHapopHaciib moJsi ma-
pyliaenla, ajHakK rata yacra He MpbIMaloLb Naj yBary, Kaji ajerjaclb namix
nJiaciiinami 3HayHa MeHIuIas 3a ix namepsl (peic. 112, 6).

Kab6 BbI3Haubllb, a1 4aro sajexbilb 3JeKTpaémicracib MJocKara KaHjsHcata-
pa, TpaBsia3éM HekasbKi jocienay. ¥ sikacui abk/ajak KanazHcaTapa BblKapbicTa-
€M JI3Be MeTaJliyHbIA MJIACLIHbI, pa3MellyaHblsl ¥ MaBeTPbl HA HEKaTopal ajerjaciy

___________ D)

Pbic. 112
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napaJsiesibHa ajaHa ajHof. 3JyublM CTpbDKaHb
3JIEKTPOMETPA 3 AJIHOH I1acuiHai, a siro Kopryc 3
apyroil (poic. 113). 3apansdim kaumsHcatap, naj-
KJIIOUBIYLIbI SITO /12 KPbIHillbl NAcTasiHHara TOKy Ha
HekaTopbl Npamexkak uyacy. Kani namik nsacuinami
KaHJsHCcaTapa VY3HiKHe Harnpy»aHHe (CTpaJKa
3JIeKTPOMETPa AJXIiLIA), aAKJOUbIM SIT0 ajl Kpbl-

Hillbl TOKY.
Kani nepamsimuaiib nJaciiiHbl ajHOCHA ajHa
aJHOM, MaMsiHIIAIOUbl MJIOIIYY iX y3aemHara fie- Peic. 113

pPaKpbILUS NPbl HI3MEHHAN ajleryacili namizk imi,

TO NaKa3aHHi 3JIeKTPOMEeTpa Mpbl I'SThIM MaBsiiuBatollla, HsreA3sidbl HAa Toe, LITO
HaJla3eHbl MJacliHaM Mpbl 3apajlbl KaHasHcaTapa 3apajl He 3msiHsielua. [lakosbki
HanpyxKaHHe namipk MJacuiHaMi napsiliuBaeuua Npbl 3MSIHUISHHI MJ10LIYbI Nepa-
KPbILLS IJACLiH KaHAHcaTapa, sro 3Jjekrpaémictacub MaBiHHA NaMsHIIauUa
(Si=cl).

[TaBssiuBatoubl ajjersaacib nami>k nJacliHaMi KaHjaHcaTapa i He MSHSIOUbI
MJIOIYbl iX Mepakphliils, Oya3eM Hasipallb y3pacTaHHe MaKalaHHsY 3JeKTpoMmeTpa,
. 3H. MaBsIiY9HHE HANPyKaHHA NaMiK MJjacuiHami KaHasHcarapa, WTO MarybiMa
Npbl MaMSHUWISHHI Ar0 3JeKTpaémicraciii. 3Haubllb, YblM OoJiblias ajjeraacib
naMi>k TJiacilinami KaHasHcatapa, ThIM MeHIlasi Aro sJjekrpaémicracip (d T:>Cl).

Kani namixk abkjankami KaHasHcaTtapa 3MsClillb MJACLIHY 3 JbI3JEKTPbIKA, Ha-
NpbIKJIAJ, ca LKA, Naka3aHHi 3JeKTpoMeTpa sMeHwala. Hanpyxanue namik at-
KJIaJIKaMi ¥ T3TbIM BBIMAAKY MaMsiHILAeLLA, 3HAUbIlb, 3JeKTpaémicTacilb KaHI9H-
caTtapa mnaBsiJliuBaelliia (ET:> C T).

Y CI kasdiuplentam npanapupbisiHaJbHACLi MaMiXK 3JeKTpaémicTaclio KaHadH-
carapa i BesiublHsMi (S, d, €) WITO sie BbI3HAYalolb, 3'sAyJ/sella JeKTpbluHas na-

Ka”
H-m?

Boiniki sKcnepeiMenTay nasBasisiiolb 3aricaib GopMysty JUls BbI3HAUIHHS 3J1€K-
Tpaémicracly nJ/ockKara KaHjasHcarapa:

crasiHHast € = 8,85+ 10 712

C €€S
- b
d
n3e S — rmuomya ajHoi 3 abkJaajak kanasHcarapa, d — ajjeryiaciib namix
abkyajaKaMi, € — JbI3JEKTpblYHAs MpaHiKaJbHACLb acsapoji3s, KOe 3HaxXo/3illlla

namizk siro aokJaaKami.
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YKJI0UaJIbHIK

Pyxomasi
njacuina

Misikki
JIbI9IEKTPBIK

Hepyxomas niiaciina

Pbic. 114

C

_ll_

Pbic. 115

3anexHacub 3nekTpaémictacyi kaHp3HcaTapa af agner-
facui namix Aro nnacuiHami BblKapbICTOYBaloLb Yy CXemax
Kaf3ipaBaHHs iH(apMalbli 3 KNaBiaTypbl nepcaHanbHara
kamn'totapa. Mag KoXHai knasilwai 3HaxoA3iLua KaHAg3HCa-
Tap, dMeKTpaémicTaclb AKOra 3MsHseulUa npbl HauicKaHHi
Ha KnaBiwy. Mikpacxema, NafKnioyaHas fa KoXHail Knai-
Whl, NPbl 3MAHEHHi 3nekTpaémicTacyi Bbigae Kaa3ipaBaHsl
cirHan, aki agnaeafae gaaseHait nitapsl (poic. 114).

YMoyHasi BbisiBa KaHJHcaTapa mnacrasHHai
2JICKTpaéMiCTaclli Ha 2JIEKTPbIYHbIX CXeMax I[akasa-
Ha Ha pbicyHKy 115.

Ha cxemax HamiHanbHyl0 3neKTpaémicTaclb KaHf3HcaTa-
pay 3Bbl4aiiHa majatoub y Mikpadapapax i nikadapapgax.
ALHaK pa3anbHas 3nekTpaémicTacub KaHA3HCaTapa Moxa
3Ha4YHa 3MAHALUA Y 3aNexHacui ap wmamikix dakrapay.

Awys afHON, He MEHW Ba)KHAM XapaKTapbICTblKal KaHA3HcaTapay 3'aynaseuua HamiHanbHae Ha-
NpyXaHHe — 3HaY3HHe HaNpyXaHHsA, Na3HayaHae Ha KaHA3HCATapbl, NPbl AKIM Ar0 MOXHA Bbl-
KapblCTOYBaLb Y 3afafi3eHblX YMOBAaX Ha npausry TIpMiHy cayxO6bl. [3Ta HanpyxaHHe Moxa
3Haxopf3iula ¥ Mexax af, HeKanbKix BOMbT [ja HeKaNbKix COTHAY KinaBonbT. HamiHanbHae Ha-
NpyXaHHe 3anexbllb ajf, KaHCTPYKLUbIi KaHf3HcaTapa i ynacuisaclei NpbIMeHEHbIX MaT3pbls-
nay. [na MHorix Teinay KaHA3HcaTapay 3 naBeniys3HHeM TaMmnepaTypbl JanylyanbHae Hanpy-

XaHHE naMmAaHuWaella.

Jlonst atpbiManHsi natp36Hail ssexkTpaémicracii
KaHJI9HCATaphbl 3/ydarollb y 6atapsi, BbIKAPBICTOY-
Baloybl iX MapaJesbHae i nac/asguoyHae 3Jy4yIHHe.
[Ipbl mapanesbHbIM 37yusHHI (pbic. 116) nanaTHa
3apa/uKaHblsl aOKJIaJIKi KaHAsHcaTapay 3J/y4aiolb Y

&t
U C___
o_

aJiHy TpyImy, a aiMoyHa 3apajpKaHbli — Yy JPYTyio.

[Ipbl TakiM 3/yusHHi HanpyKaHHe Ha yciX KaH-

Pbic. 116

JOHCaTapax aJHoJibKaBae, aJie ix 3apaibl MOT'yllb

ObIlb PO3HBIMI.

o Mpbl napanenbHsiM 3/1y43HHT KaHA3HCATapay:
1) HanpyxaHHe Ha nostocax 6atapai KaHAIHcaTapay poyHae HanpyXKaHHIO HA KOXK-

HbIM KaHA3HCaTapbl:

U=U, =U,=...=U,;

2) noyHbl 3apag 6atapai KaHA3HcaTapay poyHbl cyme 3apapay acobHbIX KaHA3HcaTapay:

q=q,+q+...+qy;
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3) anekTpaémicTacub 6aTapai kaHp3HcaTapay poyHas cyme 3nekTpaémicTacui acobHbIX
KaHf3HcaTapay:

C=C+C+...+C,.

[TapanenbHae  3syusHHe  KaHasHCATapay G Co Cs
NPbIMSIHSIOLb YISl aTPbIMAHHS BsJIiKak 3JeKTpa-
émicraciy.

[Ipbl nmacaspoyubiM 3ayusuui (pwic. 117)
JajatHa 3apajpkanasi abkJajka nansipajHsra
KaHJ3HCcaTapa 3JydyaHa 3 agMoyHa 3apajpkaHai ol o
abOknankai Hactynuara. [Ipbl Takim 3/y4sHHi - +
MOJyJli 3apaiay Ha ycix aOKJaikax poyHbld, a
CyMapHbl 3apajl 3JydyaHblIX ajHa 3 aaHoH abkina-
JIAK POYHbI HYJIIO.

| =
4+
[
+—_
| —1
4+

Pbic. 117

o Mpbl nacnAa00yHbIM 3/1Y43HHT KaHLIHCaTapay:
1) HanpyxaHHe Ha nonilocax GaTap3i KaHA3HCATapay poyHae cyme HAMpyXaHHAY Ha
JCix KaHp3HCcaTapax:
U=U,+U,+...+U,;
2) 3apap 6aTtapai kaHpg3HcaTapay poyHbl 3apajy afHaro KaHasHcatapa:
a=0,=q;=...=qy;
3) BeniyblHA, afBapoTHasA 3nekTpaémictacyi 6atapai, poyHas cyme BeniuybiHb, aABapoT-
HbIX 3n1eKTpaémicTaclii aco6HbIX KaHAIHcaTapay:
1 1 1 1

=ttt
c ¢ G C

\/ 1. DnekrpbiuHas émicracib agacobJeHara npaBaaHika — isiuHasi cka-
JIIpHAsl BeJIUbIHA, sIKas KOJbKACHA XapaKTapbldye 370JibHAClb MMpaBajHika
HaszamnalBallb 3JEKTPbIUHbI 3apaj i poyHas aJHOCiHe 3apajiy NpaBajHika 1a
Sr0 MATIHUBISAIY:

c=1

¢
2. Dnexrpaémicracilb NpaBajiHiKa 3aJeXblllb TOJbKI aj fro Ghopmbl i

namepay, a Takcama aj Jbl3JeKTpbluHal MpaHikaJbHACLi acsapoiiss, y sKiMm
[3Thl MPABAIHIK 3HAXOASILLA.

3. DJieKTpbluHall €micTaclio KaHasHcaTapa HasbiBalolb (idiuHylo cKaJsip-
HYIO BeJIiUbIHIO, sIKasi KOJIbKAacHa XapaKTapbidye 3/0JibHAClb KaHAHcaTapa
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HasanauiBallb 2JIEKTPbIYHbIS 3apajibl i poyHas ajHOCiHE 3apajy KaHJIoHcaTapa
Jla Hanpy:KaHHsl NamixK siro abkKJiajaKami:
c=ZL
U
4. Dnekrpaémicraciib mJockKara KaHasHcaTtapa 3ajexblllb aj MJIolubl ab-

KJAJaK, amjeryacli namixk imi i AbI3/JeKTPblYHAN MpaHiKaJbHACLI acApoaa3s
namixk abkJaaKami:

_gES

==

C

°J

1. fAki npaBagHiK MOXHa Niybilib afacobneHbimM?

2. lllTo Ha3biBaloLb 3NEKTPbIYHAK EéMicTacuio afacobneHara npaBafHika?

3. Ap uaro 3anexellb i af, yaro He 3anexsbilb 3NeKTpaémicTacyb npaBafiHika?

4. Ui écub anekTpaémictacyb y He3apafxaHara npaBafHika?

5. flkyto cicTamy npaBafHikoy Ha3blBaloLb KaHA3HcaTapam?

6. WTo yaynse caboit nnocki kaHgaHcaTap? flkoe Aro npbi3HaysHHE?

7. fAxi npauac HasblBaloLb 3apajKad KaHA3HcaTapa® pa3pajkail kaHpsHcaTapa?

8. AL uaro 3anexblUpb 3nekTpaémicTaclb Nnockara KaHasHcatapa?

9. Mnocki naBeTpaHbl KaHA3HCATap fanyyaHbl Aa KPbIHilbl nacTasHHara Toky. Lli 3me-
HiLLa 3apaj KaHpg3HcaTapa i HanpyXaHHe Ha iM, Kani npacTopy namix abknagkami Ka-
[3HcaTapa 3anoyHiub [bl3NeKTpbIKam?

Mpbiknagbl pawsHHA 3apay

Mpobiknag 1. Tlnockamy kaumsHcatapy sgaektpaémicracio C=0,4 Mx®d Hana-
JI3eHbl 3JEeKTPbIuHbl 3apan ¢ =2 HKa. Bbisnaulle momynb HampyKaHacliii sJeKTpa-

CTaTbluHAra noJis nami>k aOkJaikaMi KaHIsHcaTapa, Kaji anjlerjacub MaMixk imi
d=5 mMMm.

JlanseHa: Pawsuune. Moayab Hanpy:kaHacii ajHapojHa-
C=0,4 vmx®=4-10"7 ® | ra s/jekrpacraTbluHara MoJis BbI3HAUbIM Ta (opMy-

qg=2 HKn=2-10"2 Ku _g . . .
d=5 um=5-10-3 u ae F= 7 [Takosibki Hampy:kaHHe MaMixk abkjajakami
q q

_ U=4 E=-"1

E p KaHILSHCElTapa C, TO Cd

2107 Kn _, B
4.107®.5-10 m M

B
Apkas: E=1 —.
M
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[Mpoikaan 2. [lpacropa namixk aGkJajkami MJjockara KahjasHcaTapa 3aroyHe-
Ha jablajekTpbikaM. Kanpsucartap 3apangini na Hanpyxanus U;=1kB i ankito-
UblJli A KPbIHilbl TOKY. Bbi3Haulle Jbl3JeKTPbIUHYIO MpaHiKa/JbHaCLb AbI3JEKTPbI-
Ka, KaJi nacjsi fro BblaJeHHs 3 KaHJIsHcaTapa HamnpyKaHHe Mapsijiubliacs
na Uy=3 kB.

Hansena: Pawsuune. ¥ aboaByx BbiMaakax 3apaj, KaHjasHcaTapa
U=1xB=1-10°B Oy/13e aJHOJIbKABbIM §| =gy, 00 €H aiKJ/iouaHbl aJ KPbIHillbl
UQ=3 kB=3" 103 B TOKY. [TakoJibKi 6]1=C1U1, go= CQUQ, TO C1U1=C2U2 (1)

€=1 DJiekTpaémicTaciib Mjockara kKaHjsHcatapa Bbl3Haualollb Ma

— €0eS . .

€l ? dopmyne C ==L Jlnst 1aj3eHbIX BHINAAKAY J1EKTPAEMi-

. . €015 €0€9S .

cracui agnasejaHa poyHbis: C) = Odl , CQ:% (2). IMancraBiyuibl hopmyJibl

. U 3-10°B
(2) y poynacup (1), arppimaem: g U, =gyUsy, € =—2g,, g =————1=3.

U, 1-10° B

Ankasz: €/=3.

[IpakTbikaBanHe 16

1. BbigHaulle ssekTpaémicracub KanJlsHcaTapa, KaJji Harpy:KaHHe Namix sro
abknankami U=20 B, a siro 3apan ¢=5,0" 107* K.

2. DuexTpaémicraciib nyiockara naBetpaHara kanasHcarapa C=54 nd. Brignau-
lle aieracib naMix siro abKJaagKkami, KaJi njomua KoxkHai 3 ix S=2300 cm>.

3. BbisHaule, dK 3MeHiuUa sJjekTpaémicraciub MJjockara KahjasHcarapa, Kadi
MJIOILIYY KOXKHAH 3 §iro aOK/ajaK NaBsiliubllb y ABa Paskl, a aajeryacib namix imi
NaMeHIbIlb y TPbl Pa3bl.

4. AGknanxi miockara KampsHcatapa nuotmuaii S=100 cm? KoxkHas pasmer-
yanbl Ha amtersnacii d=2,0 mv anna an aaHor. [lpactopa namix abknanxkami 3a-
noyHeHa CJI0/I0H, AbI3JEeKTpbluHas MpaHikasbHaclb sikoil €=6,0. Bpignauue 3a-
paj KanjpHcaTapa, KaJji HanpyxKaHHe namixk siro abknaaxkami U=3,0 xB.

5. Bbignaulle Moysb HanpyKaHaclli 3JeKTpacTaTbiyHara 1oJisi nami>K abkiaj-
Kami rJiockara naBeTpaHara KaujsHcatapa, Kasi Hajaazenbl My 3apain g =20 nKi,
a nJIolIua KoykHail 3 abknanak S=>50 cm.

6. Mojysb Hanpy»KaHaciii 3JeKTpacTaTbluHara noJisi y npactopbl namik ao-

kB
KJIaaKaMi mjockara KanmasHcarapa £;=2,1 — . He anxkmouatoubl KaHasHcatap an
M

KPBIHilbl TOKY, ajiersiaclib namixk siro aOKJajkami 3MeHLIbI Y 4aTbipbl pasbl.
BbisHaulle MOy/ib HampyzKaHacli noJisi nac/s 30JiK9HHS aOKJlalak.
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7. Kponasi macain m=1,5 r 3naxomgilua y payHaBaze namizk aOKJaakami
rapbi3aHTajbHa pagmellyaHara rJjockara KaHasHcartapa, 3apajpkaHara aa Harpy-
x)auug U=500 B. Boisnauile amjersacup namipk abkjaajakami, KaJi 3apaj Kpor-
Jai g=0,15 mxKu.

8*. AGknanki n/ockara KawasHcartapa niotmai S=200 cm® KoxHas pasmeli-
uanbl Ha amersacui d=4,0 mm aaHa an aaHol. [lpacropa mamix imi 3anoyHeHa
razai, JbIaJeKTpbluHasi npaHikajbHacib kol €=2,0. BbisHaulle MoayJib Cisl Mpbl-
LSKOHHS 3apajay aOknanak, Kaji Hanpy:kaHHe Ha kangsHcarapbl U=2,0 kB.

§ 21. JHepria 3neKTpacTaTblyHara nNoas KaHA3Hcatapa

Y npausce arekmpoizauyoli yea SHEULHiss Ciabl 8bLKOHBAOYb pabomy na
nepapasmepKasamHi 3apaday namix yesami, nepaadoivb8aiowbl Ciibl KYAo-
Hayckaea ApolYAKIHHA —nadyac nadieay aoOmMoyHelx I dadamHolx
sapaday. Are yeaki nadzea zapaday npol8o0d3itb 0a Y3HIKHEHHS INeKMmpa-
cmamoiuHaea noad. lsma asnawae, wmo 04t CMBAPIHHI INEKMPACMA-
MoluHaea NOAs CICMIMbl 3apadHcanbly yer HeabxooHa B8olKaHayb pabomy na
nepamawyInKi 3apaday namixe eamoimi yesami. Kari § axkacyi makix yea
paseasdayb abOKAaOKi KandaHcamapa, mo npaysc 120 3apadki MOMCHA
yasiyo Ak neparoc 3apady q 3 adHOU aOKkaadKi Ha Opyeyro, Y BbLHIKY 4aco
adna 3 ix Habosae 3apad —q, a dpyeas — +q. [Ipor eameim paboma, Bol-
KAQHAHAS 3HEULHIMI CIAQMI, POYHAS 3Hepeli dreKmpacmamoliHaea NnoAs 3a-
padxcanaea Kandancamapa.

[Tepakanaia y ThiM, WITO ¥ 3apajpkaHara KaHjHcaTapa
€clb Heprisl, MOXKHa LIsAXaM jocjery. 305poM 3JeKTpbly-
Hbl JIAHLYT, §IKi CKJajaella 3 KpblHillbl TOKY, KaHAsHcaTapa

i snektpbluHail Jsmnbl (pbic. 118). 3apangdim KanpsHcarap,

¢ JIAJIYubIyIIbl STO J@ KPbIHillbl TOKY. 3aTbiM, aJKJI0UbIylIbl

' \K KaHJoHcatap aj KpbIHillbl TOKY, MaJKJIOYbIM Sro 1a JISMIIbL.

] [Ipbl r>TbIM HazipaeM KapoTKayacoBYylO YCIBILIKY CBATJA.

@ Y 1aj3eHbIM BbINAJKY Najyac pas3pajki KaHasHcatapa §iro

9Heprig mnepaTBapaelllla Ba YHYTpaHyl 3Heprilo cripadi

Pbic. 118 JIIMIIBI, YaCTKa raTall SHeprii pacxojyelllla Ha BbllIPAMEHb-
BaHHE CBATJIA.

Y yac npaxojKaHHSl 3JIeKTpblYHAra TOKY Ma JIaHLYTry KaHasHcaTap 3apajkay-
csd, I. 3H. Ha siro aOKJaJKax HaszanaluBaJicsi 3JeKTpbluHbIs 3apajibl. [Ipbl r3TbIM y

-
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npacTopbl BakKoJl KaHasHcatapa 3’siBisiacsi ajekTpacraTbluHae nose. CymapHbl 3J€K-
TPbIYHbI 3apajl abe[3BloX abKJalaK KaHlsHcaTapa nepaj 3apajkad, naayac 3apajki
i macasi paspaiki poyHbl Hyso. AngiHae 3msiHeHHe, sIKOe aa0blLIoCs TMpbl pa3pailibl
KaHA3HcaTapa, 3ak/wodaella y TbiM, LITO 3HiKJaa 3JeKTpacTaTbluHae IoJe, sKoe
cTBapaJsiacsi 3apajami Ha abkjajkax KaHasHcatapa. TakiM yblHam, 3Heprisi BaJso-
Jlaja sJeKkTpacraTbluHae 1oJie, cTBopaHae 3apajami Ha abkJjajlkax sapajpkaHara
KaHJ3HcaTapa.

Kani dopma i namepnl abkaagak kanjsHcaTtapa,
a Takcama ajjierjiaclb namizk iMi i Jbl3JeKTPbIUHbISA
yJaacuiBacli acspojisst, sKoe 3amnayHsie MnpacTopy
namixk abkJajakami, 3acrarolia HsI3MeHHbIMi, TO Ha- [ S —
npyKaHHe Ha KaHJ3HcaTapbl [pama MnpanaplibisiHalb-

UA

1
Hae MOIyJto 3apaiy sro abkJjanak U:Eq (pbIC.

119). Ka6 nassiiiublilb MOjysib 3apajy Ha abkjajkax
an q; na q;+ dq, 3HelHsi cije HeabGXoiHA BbIKaHAllb
pa6ory 0A; =U;-dq na nepamsiusHHi OGsICKOHLIA Ma- () Gi Gi+q q
JIOW JajatHai rmopubli 3apamy 8¢ 3 aamoyHa# a6-

KJIAJKI Ha jpanatHyto. [srai paboue Ha poicyHky 119 Peic. 119
ajnassiiae IJjollya 3allTpbixaBaHara ciaynka. [loynas

K pabora A na 3apaiibl KamjasHcatapa Ja Hanpy:aHHsi U poyHasi cyme mJjoinyay
YCiX aHaJariuHbIX CJyMKOY, T. 3H. TWIolIubl (irypbl nan rpadikam 3anexuacui U(q).
Y Jan3eHbIM BbINAJAKY 3Ta IJ0l4a TPOXBYToJbHIKA, poyHasi naJjobe 31a0bITKy sro
ACHOBbI Ha BbILLIBIHIO:

<y

A=
2
[IpbipaliusHHe sHeprii s/eKTpacTaTbluHara noJisi 3apajpkaHara KasjasHcaTapa
poyHae pabolle, BbIKAHAHAN 3HELUHAH Cijlail Mpbl Aro 3apajiubl:

AWzW—OzAz%.

Yniubiyuel, wrto g =CU, dopmyny st BbI3HAYSHHSI HEPrii 3/eKTpacTaTblyHa-
ra roJisi 3apajykaHara KamjsHcarapa MOXKHA 3ariicallb y BbITVIsI3e

B 2
oy abo | W = q—.
2 2C

W =

OHeprilo 3JeKTpacTaTbluHara roJs 3apajpkaHara KaHjsHcaTapa MOXKHA BbIpagillb
npas Harpy:kaHacib £ 1oJis1, 3acsipojpkaHara namik siro abkjaaakami (poic. 120).
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154 INEKTPACTATBIKA

AaekrpaémicTaciib nJaocKara KaHasHcaTtapa C:@,
Hanpy:kaHHe namik aokjaakami U=FEd. 3Haubllp,
2 2 2
g,eSU gnek goek
W == =Sd =",
9 e 2 . 2 .
nze V=Sd — ab’ém npacropbl namik aGkJajKami KaHaH-

carapa.
MNpbimaHeHHe KaHp3dHcaTapay. Kanpsucatapbl 3Haxo-
N3s1lb LIbIpOKAe MpbIMSIHEHHE § 3JEeKTpPaTIXHillbl, pajblé-
TOXHIUHAW 1 TaJseBi3ifiHall anapatypbl, paibléjakaubliHan
TIXHilbI, T3JjedaHii, THXHillbl JiUblJbHA-pallajbHbIX TPbI-
Puic. 120 Jlall, JlazepHail THXHillbl, 3JeKTpasHepreThilbl (HANPbIKIAL,
JUISl TIaBbIISHHS KasdillbleHTa MaryTHaclli MpambICJ0BbIX
YCTAaHOBAK, P3ryJisiBaHHSI HANpy»KaHHs ¥ padmMepKaBaJibHbIX
CeTKax, y Mpbliajax acBSITJEHHsS JIOMiHECUSHTHBIMI JsiMIIaMi), MeTaJsanpamblciio-
Baclli (Hanpbikaan, JIs naayki i TapmiuHai anpailoyki merasay), 3naabbiBajbHai
npamblc/oBactli (HampbIK/Iaa, y 3JeKTPaBblOYXOBbIX MPbLIALAXx), MeAbILUbIHCKAR TIX-
Hillbl (HanNpbIKJAA, y p3IHTreHaycKal amnapatypbl, Npblibopax 3JiekTpaTaparnii),
(hotaTaxHilbl (U aTpbIMaHHSl YCMbILIKI CBATJIA Mpbl (atarpadabani).
Y cyBsi3i 3 I'3ThIM pas3am 3 MiHisILLIOPHBIMI KaHAHCATapami, sikis Mawolb Macy
MEHL 32 rpam i namepbl KaJjsl HeKaJsbKiX MijliMeTpay, iCHyILb KaHa HcaTapbl 3 Ma-
cail y HekasibKi ToH (pbic. 121).

N e - '

A o-.’ ‘
- &0

et o,

Pbic. 121

/ 3H€pFi}O SJIeKTpacTtaTblyHara IoJisd Jatobdora KaHJloHCaTapa MO2KHa BbI3Ha-

_ qU cU? q°
yblllb Na gopmysax: W==21-— W=—— W="—.
opmy 2 2 2C
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?

H 1. fkis dakTbl AasBansolb 3pabilpb BbIBAA, WTO 3JeKTPacTaTblyHae noje BaNoAae Hep-
rign?

2. Pactnymauyue, sK, BblKapbicTOyBato4bl rpadik 3anexHacui HanpyxaHHs namix
abKknafikaMi KaHA3HcaTapa af MoAyns 3apagy Ha ix, MOXHa Bblliublb paboTy npbl 3apaj-
bl KaHJ3HCcaTapa.

3. MNa sKoit dopmyne MOXHa pas3Niybilb 3HEPril0 3neKTpacTaTblyHara nons 3apagaHa-
ra KaHpaHcarapa?

4. fK 3MeHiuua 3Hepris 3neKTpacTaTblyHara nosis 3apajiKaHara KaHg3HcaTtapa npbl na-
BeJiY3HHI agnernacyi namix aro abknagkami, kani: a) KaHA3HcaTap agKIoYaHbl af KpbiHi-
bl TOKy; 6) KaHA3HCATAp MafKMoYaHbl Aa KPbIHiLbl TOKY?

Mpbiknap pawsHHA 3apaybl

[Tnocki maBeTpaHbl KaHpsHcaTap, sIKi ckjajaeula 3 A3BIOX abKaajak MJouvan
S=100 cm® KoxKHast, 3MSICII Y rasy, Jbl3JieKTpbluHasi MpaHikajdbHaClb SIKOH
€=2,0, i maak/oubLIi 1a KPBIHIlBI TOKY, HanpyxKaHHe Ha noJiocax sikoil U= 120 B.
Brignautie paboty, sikylo HeaOXoJHa BblKaHallb, Kab® Macjs ajkJo49HHS KaHJIvHCca-
Tapa aj KpbIHillbl TOKY MaBsliublllb ajyierjacib Namipk siro abkjajakami aj
dy=1,0cm na ds =2,0 cm.

Jlanszena: Pawmsnue. Mony/b 3apany KoxKHail 3 aOKJajnak

S$=100 cm*=1,00- 102 m?

€=2,0 KaHasHcatapa q=CU =M. OHeprisi s/eKTpa-

dU: 1128 B 10-10-2 cTaTbluHara mnoJis KaHﬂaﬂcalTapa Jla 3MeHbl ajJjier-
1=1Lvcem=1,U- M

dy=2,0ecM=2,0-10"2 m qU _ ggeSU°

Jacui namixk Aro abknankami W =

2d,

1
[Tacssi ank/ai0u3HHS KaHAHCATapa aj KPbIHillbl TOKY
3apajbl Ha Siro abKJaaKax He 3MSIHSIIOLLA.

A—"7?

DHeprilo 3JjieKTpacTaTbiuHara mnoJs KahjasHcatapa nacjsi rnapesiusHHs ajjier-
JIaclli MaMixK sro MnJacliHami BbI3HAUbIM HACTYIHbIM YbIHAM:
2 2 2
w, =4 (egeSU) dy €yeSU%d,
2 = = = .
2C,  2d%¢,eS 2d?
1 €0 1
Pa6ora, sKyto HeaGxojHa BbIKaHallb, Ka0 MaBsJiublllb ajjerjacib MamiK
abKJaJKaMi KaHJ3HcaTapa, poyHasl MpbIpallusHHIO 3HEPTii 3JeKTpacTaTbluHara

£0eSUd, B £eSU? B £eSU? dy

. ~1,
2 2, 20, \ ¢

noas Kanasncarapa: A=W, -W, =
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2
8,85-10—‘2%-2,0-1,00 107 m* - 120° B B
2,010 m

A= H-wm - _ 1=
2.1,0-10"m LO-10" ™

=1,3 1077 JIx =0,13 Mg/Lx.
Apnkas: A=0,13 mMx/Dx.

[IpakTbikaBanHe 17

1. BbigHaulle sHeprilo s/jekTpacraTbluHara rnoJsi KamjasHcarapa sJekrpaémicrac-
wo C=0,20 mx®, kani Hanpyxanue Ha im U=200 B.

2. Moaysb HanpyKaHaclli ajaHapojHara 3JeKTpacTaTbluHara MoJisi naMix

kB
aOKJaJikaMi TJlockara napetpaHara kanastcarapa £=200 — . Bnignauie ajger-

Jlaclb NaMipk aGKaagkami, Kaji rioiua Koxknai 3 ix S=100cm?, a IHEPris 3JeK-
TpactatbiuHara noJsst KanpsHcarapa W= 35,4 mxIlxk.

3. DHeprisi sJjeKkTpacTaTbluHara noJs 3apajpkaHara mJjockKara KaHasHcatapa
W, =5 mkIk, Kaai namixk siro aOkJajkami 3Haxoigilua rasa, JIbI3JIEKTpblYHast Ipa-
HiKaJbHACIb SKOH €= 2. Bbi3Haulle sHeprilo mosig ratara KaHasHcatapa, KaJi rpa-
cTopa namixk Aro abk/aaakami Oynase 3alloyHeHa MacJ/aMm, Abl9JEKTPblUHAs MpaHi-
KaJlbHaCLb sIKOra €= 2,5.

4. Tlnocki kanmsHcaTap, nJjoinda KoxkHail abkiazki sikora S =40 CMQ, a ajJer-
Jactb namixk imi d=8,0 MM, 3anoyHeHbl TpaHchapMaTapHbIM Mac/am, JbI3JEKT-
pbluHasi MpaHikaJbHACIb sikora € =2,5. Bbi3Haulle 3Hepriio i Mojysb HampyKaHacli
sJIeKTpacTaThluHara noJjisi KaHasHcarapa, Kaji HampyxkanHe Ha im U=200 B.

5. Ilnocki kanmgsHcarap maaxstoublIi a KpblHillbl TOKY i 3apangini aa Harpy-
x)anusg U;=220 B. Ank/ioublyiibl KaHIsHcaTap aj KPbIHillbl TOKY, MaBsiJliublli aj-
Jerjiacib namik siro aokaaakami an dy=1,0cm na de=3,0 cm. BrizHauile MojyJb
Harnpy»KaHaclli 3JeKTpacTaTblHara moJisi i Harpy:KaHHe Namizk aOKJajKami KaHIsH-
carapa macJsi ix paccoyBaHHSI.

6%. DyekTpoH yJasiTae Y MJOCKI MaBeTpaHbl KaHAHCATAp napasiesbHa KaHTy

. . M
saro aGkaanki (peic. 122) ca ckopaciyo, Moay.ib sKoil v=6,5-10° . Angyiernaciib

nami>k abkaanakami d=>5,0 MM, J1ayKbIHST KOXK- < [ o

Hail 3 ix /=50 mm. Bbi3Haulle HanpyaHHe Ha B

KaHasHcaTapbl, Kaji nagdac pyxXy y sro sjekr- @

pacTaTblYHBIM TMOJIi 2JIEKTPOH aaxijiycs an d ?\
nepluianayaTkoBara Harnpamky Ha ajlersiacipb E

h=2,0 mm. JI3esinne cisbl LsKapy He Tpbl-

MafLe naj ysary. Pbic. 122
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NACTAAHHbI
INIEKTPbIYHbI TOK

[Ipbl BhIByusHHI (igiki ¥ 8 kjace Bbl jaBejajics, HITO:

— 9JIeKTPbIYHbIM TOKAM Ha3blBaIOllb HakipaBaHbl (ynapajkaBaHbl) pyX 3apajka-
HbIX yacljly, — HockbiTay 3apajy;

— 3a Hampamak TOKy ¥ [paBaJHiKax MpbIHATbHl HalpaMak yrnapajkaBaHara fe-
pamsIIu9HHSA JIaIaTHBIX HOchOITay 3apajy;

—3a ciJly TOKy npbiMaiolb (i3iuHyl0 CKaJspHYIO BeJiubIHIO, POYHYIO aJHOCiHe
3apajy, sKi mnpailioy npas mnansgpouHae cCsiUSHHE MpaBajHiKa, Ja MpaMexkKy

vacy: /= %

TopmiH «3/1eKTpbIYHbI TOK» | BbI3HAUZHHE HANpaMmMKy TOKY yBeJaseHbl Amrie-
pam y 1820 r. [lactasiHHbl TOK — Maj3Jb 3JeKTpbluHAara TOKYy, Y SIKOH cija
TOKY He 3aJ/iexblllb aJ 4acy i pasMepKaBaHHe 3apaly y NpaBalHiKy 3acTraera
HSI3MEHHbIM.

Bbl HaByubliicst 36ipalib 3JeKTpblUHbIS JAaHLYTi i Bejaele, WTO abaBA3KO-
BbIMi iX 3B&HaMi 3’AyJsiiona KpbiHilla TOKy i crnaxkbisell. KpbiHina Toky 3absic-
neupae HeaOXojHae HampyxKaHHe Ha CNa)Kblylbl — YCTPOHUCTBE, y sKiM Tpaba
CTBapblllb 3JIEKTPbIYHbI TOK i BbIKapbICTallb LITOCHL 3 SIr0 JA3€sIHHSY: LeNJaBo-
ra, ximiuHara, marHiTHara, cBetjiaBora. ¥ Jaj3eHail rjaBe Mbl pasrJyejziMm ymo-
Bbl iCHABaHHSA TOKY i Mpailachl, fKisg aadObiBalolla Y 3JeKTPbIUHBIM JaHIYTY,
YBSII3EM XapaKTapblCThIKi KpbIHillbl TOKY. [5Ta crasa MardbiMbiM Macssi BbIByYSH-
H§l BaMi XapaKTapbICTbIK i ysacuiBacuei sJjieKTpacTaTbluHara noJsi, aca6JjiiBa siro
naT HLUbIAJbHACLL.

§ 22. YMo0BbI iCHaBaHHA nNacTasHHara
3JIeKTpblYHara Toky. MabouHbia cinbl.
IPC KpbIHiLbI TOKY

Sk 8oL oo sedaeye, 048 YJ3HIKHEHHA 3LeKmpoluHaea MoKy HeabxoOHa
HaaygHacyb c8abOO0HbIX 3apadicanblX yacyiy, 300AbHbLX nepamawyayya na
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npasaoriky nad 03esHHem Cid dLeKmpoluHaea noas. Taki 34eKmpoluHbl MOK
Hazolays mokam npasoduacyi. lllmo 3abscneusae icHABAHHE AKMPoLl-
Haea MoKy Y npasadwiky Ha npaysey doyeaea udacy?

[Ipbl BoiByusHui § 18 «IlpaBaniki ¥ s/7eKkTpacTaTbluHbIM MMOJIi» Bbl JaBeaadi-
Csl, WITO pPyX CBAOOAHBIX 3apaJKaHbIX Yacllill y MPaBajHiKy Naj A3€THHEM CiJl 3JeK-
TpbIUHAra TOJsT NPLIBOJBILL Jla 3’siyJieHHsT iHAylbIpaBaHbIX 3apajaay. [3This 3apajibl
CTBaparwlb 3JEKTPblYHAe IoJe, AKoe La/jKaM KaMmIleHCye 3HELIHse 3JeKTpblyHae
noJie, Tamy pyx CBAOOJHBIX 3apa/LKaHbIX Yacllill y MPaBaJHiKy XyTKa CITbIHSEIA.

Jloisi najTpeIMaHHa ¥ NpaBalHiKy nacTasiHHara 3JeKTpbluHara TOKy HeabXo/Ha,
KaO npaBaJHiK 3’yJsIsIyCcsl yacTKall 3aMKHyTara JiaHuyra, siki amsiliyae KpblHilly TOKY,
J3e axblUUgyasgenua pabora na nepamsuIysHHI 3apagay cyrnpaub CiJl 3JIEKTpblUHA-
ra rnoJisl.

PasrsienziMm 3aMKHYTBI 3JIEKTPbIYHBI JIAHLLYT, §IKi CKJajaella 3 KpbIHillbl TOKY
(yuactak ac) i meraniuHara npabaaHika (ydactak abc) (pwic. 124).

Y npaBaiHiky abc cBabGOJHbISI JEKTPOHBI MaJl y3/13€e-
SIHHEM CiJl 3JIEKTpblYHAra rmnoJisg rnepamsinyaronia aj
nyHkra ¢ jga nyHkra a. Kab pyx HochGitay 3apanay y
JIAHLYTYy Obly Npausr/biM, 3JeKTPOHbl aj MyHKTa a
naBiHHbl Mepamsiiyania aa nyukra ¢. CamaanBoJibHa
Takoe MepamsilliysHHe 3apanay aadblBalllla He MOXKa,
NaKoJbKi Ha iX y cynpaubJeryibiM Harnpamky (aa MyHK-

Poic. 124 Ta ¢ Jla NyHKTa @) J3edHivalolb Cijbl 3JeKTpbluHara

noJisi. Pyx ssiektpoHay cynpatib Ciji 3JeKTpbluHara noJisi

MardbIMbl TOJIbKI Maj y3/I3esiHHEM CiJl HesJieKTpacTaTbluHal MpbIPOb, fKis aTpbl-

MaJi HasBy nabounoix cia. [1abGounblsl cisibl A3elHivaloOlb HA 3apa/uKaHblsl 4aclli-
bl TOJIbKI YHYTPbl KPbIHILLbI TOKY.

Y3HiKHeHHe MaboyHbIX CiJ Yy KpblIHiLAX 3JeKTpblyHara TOKy abymoyJ/eHa
XIMIYHBIMI p2aKUBIMi, MEXaHIYHbIMI, LEMNJIaBbIMi i iHUIBIMI Mpauscami, sKif y iX afi-
ObIBaIOLLLA.

Y mo6oi KpbiHillbl TOKy MaGouHbis CiJibl BRIKOHBAIOLb paboTy na mnajgese ja-
JIATHBIX | aJIMOYHBIX 3apajay, y BbIHIKY 4aro aj3iH MOJIOC KPbIHillbl 3apajzKaHbl
Jlanatha, a apyri — ajaMoyHa. Hanpbiksan, y XiMiuHbIX KpbIHilAX TOKY (raJjibBaHiu-
HBIX 3JeMeHTax, akymyJsitapax) najases 3apajay aadblBaella Mpbl XiMiuHbIX pIaK-
LBISIX, V 3JEKTPAMEXaHIUHbIX iHAYKUBIAHBIX reHepatapax — Tpbl BbIKAHAHHI MeXxa-
HiyHail paboThl, y COHeYHbIX OaTap3six — Taj y3[A3esiHHEeM 3Heprii coHeyHara
BbINPAMEHbBAHHSA | T. L.
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Yuacrak JaHuyra, Ha sikiM 3apajbl pyxatouua naj JA3esiHHEM TOJIbKi 3JeKTpbl-
HbIX CiJI, Ha3blBalOLb 3HEUHIM (PO3HbBIS CMAXKbIYIbl JEKTPblUHAra TOKY, 3JyYaJb-
HbIsl TIpaBajibl, BbIMsIpAJbHbIsSI PbIOOPHI). YdyacTak JaHllyra, Ha sIKiM 3apajipl pyxa-
oula naj jazesiHHeM MabouyHbIX i 3JIEKTPbIUHBIX CiJl, HAa3blBAWOUb YHYMPAHbLM
(KpbIHiLLA TOKY).

AcHoyHall XapaKTapblCTbIKail KpbIHIlbl TOKY 3’siyJisielllla 91eKmpapyxaouas
ciaa (9PC). Abasnauawoup sie &.

! : : : :
J TapMiH «3nekTpapyxaiuas cina» He 3ycim ypanbl, nakonbki ¥ faf3eHbiM BbiNagKy
raBopka He ia3e Hi npa skylo ciny, BbiMepaHyto ¥ HbloTaHax. Tamy ¥ paneiiwbim mMbl 6ya3em

BbIKapbICTOYBaLb TONbKI CKapoyaHylo Hassy 3IPC.

3PC & HasbiBaoub (i3iuHy0 CKaJsiPHYIO BeJi4bIHIO, POVHYIO aJHOCiHe pa-
60Tbl A, ;5 NaGOYHBIX CiJl Ma NepaMsLIYdHHI AajaTHara 3JeKTpbluHara sapany
VHYTPbl KPbIHiLbI TOKY aj Ir0 aJMOyHara mnoJioca jJa jAajaTHara Aa 3HaudHHs
ratara 3apauy q:

A

nad
q

Takim ubinam, DPC nikaBa poynasi paboiie naGoyHbIX CiJ Ma rnepamsiliysHHi
aji3iHKaBara 3apajy YHYTPbl KPbIHillbl TOKY NamiXkK siro moJiocami (jajgaTHara 3apa-
1y ajl aAMoyHara roJitoca Jia jajatHara, ajmoyHara 3apajy, HaaaBapoT, al Jajar-
Hara mnoJioca jia aaMoyHara).

Y CI 9PC, sk i nanpy:xanHe, BbIMsipaiolb y BoJsibTax (B).

IPC 3'siynsieniia sHepreThiuHAl XapaKTapbICThIKAN KPbIHillbl TOKY. DHeprisl sJeK-
TpblUHara 3apapmy, §Ki nepamsiiiyaeliia YHyTpbl KpPbIHillbl, NaBsJjiyBaella 3a KOLIT
pabotbl nabouHbix cif. [Ipbl nMaaxka0usHHI MpaBagHika Ja MoJiocay KpbiHillbl r3aTa
SHEPrisi pacxojyella Ha nepamsiliysHHe 3apajly Ma YCiM 3JeKTPbIYHBIM JIAHLYTY.

Kani s/eKTpbluHbl JaHLyT 3aMKHYTbI, TO MOXKHa rasapblib, wto JPC nikaBa
poyHasi pabole MaGOYHBIX Cijl Ma nepamslIYdHHI a/3iHKaBara jajatHara 3apajiy na
YciM 3aMKHYTBIM JIAHLYTY, MAKOJbKi paGoTa 3JIEKTPLIYHbIX CiJl Y 3aMKHYTbIM JlaH-
Lyry POYHasi HYJO.

‘/ 1. Jlns icHaBaHHSI nacTasitHHara sJeKTpblyHara TOKY y NpaBajHiKy Heal-
XO/iHa, Kab MpaBajHiK 3’s1y/1syCcsl yacTKal 3aMKHyTara JiaHuyra, ITo 3msiiuyae
KPBIHilly TOKY, sIKasi CTBapae i MaaTpbiMJliBae y MpaBajHiKy 3JeKTpblYHAE MoJie
Ha IMpaudry joyrara rnpamexkky 4acy.
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2. YHyTpbl KpbIHilIbI TOKY MepaHoC HocbOiTay 3apamy cynpailb CiJl 3J1eKT-
pbluHAra MoJisi aXKbILUAYJAIONb CiJibl HE3JEKTPACTATbIUHAN TPBLIPOABI, SKif Ha-
3bIBalOLb MAOOUHbIMI CiJIaMi.

3. Yuacrak JaHilyra, Ha sKiM HOCbOITBI 3apamy pyxatolllla naj y3a3esH-
HEM TOJIbKi 3JIEKTPbIUHBIX CiJl, HAa3bIBalOLb 3HELIHIM. YuacTak JaHilyra, Ha
SIKIM HOCBOITBI 3apajy pyxarolla naj y3juzesiHHeM MaO0oUYHbIX i 2JEKTPblUHbIX
CiJl, Ha3bIBAKOLb YHYTPAHBIM.

4. 9PC nasbiBatollb ¢isiunHylo cKaJjsipHylo BeJiublHIO, POYHYIO ajHOCiHe
paboTbl MaGouHbIX CiJ Ma MepamsillusHHI JajaTHara 3JeKTpbluHara sapaiy
VHYTpbl KPBIHiLbI TOKY aJi siIr0 aJAMOYHara MoJioca Aa JajaTHara aa 3Ha43HHSA
rarara 3apajiy:

Z = Anaé ;

q

°V

1. fkis YMOBbI iCHaBaHHA 3NeKTpblyHAra TOKy?

2. fAkis cinbl Ha3biBalOLb NaboOYHbIMI?

3. fAKas pons KpblHiLbl TOKY Y 3NEKTPbIYHbIM NAHLYTy?

4. WWTo HasbiBaoLpb 3HEWHIM y4acTKaMm 3NeKTpblyHara naHuyra? YHyTpaHbiM?

5. fAkis Hanpamki pyxy cBaGOAHbIX 3NEKTPOHAY HA 3HEWHIM i YHYTPaHbIM y4acTKax aH-
uyra?

6. LWTo HasbiBatoub IPC KpbIHiLbl TOKY?

7*. Ui icHye aneKkTpbiYHae nosie NaMmix noatocami KpbiHilbl TOKY Y HE3aMKHYTHIM NaH-
uyry? AAnKCTpyiLe CxemaTblyHA 3MEKTPbIYHAE MOME KPbIHiLbl TOKY Y 3aMKHYTbIM i He3am-
KHYTbIM NaHLyTy.

§ 23. 3akoH Oma AnA noyHara 3NeKTpblyHara naHuyra.
KKl KpbiHiubl TOKY

Hameuyxki ¢isik [eope Cimon Om sKkcnepoimeHmarvHa 0akasay, wmo ciia
arekmpolunaea moky | y adHapoOHblM MemariuHoiM NPpABAOHIKY 3AAEICHLUb
ad nanpyscanns U namione seo kanyami. Ha nadcmase eamaea ooy cghapmy-
ASI8AHBL 3AKOH, Ha38aHul 3aKkoHam Oma 04 yuacmka IreKkmpoluraca AQH-

yyea: [=%, dse R — cynpayiyrenne yuacmka aanyyea. Boeiceemain, ad

4aeo I AK 3aAedcolyb Ciaa MOKY Y 3AMKHYMbIM AAHUYY, AKI 3MAw4ae KpolH-
iyy moky, e. 3H. Y NOYHbIM INEKMPbIUHOIM NLAHYY2Y.
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3akoH Oma ana noyHara 3neKTpblyHara naHuyra. Pasriensim s/eKTpbluHbI
JIQHLYT, 1ITO CKJagaenua 3 KpbiHinpl Toky 3 IPC & i cynpauiyientuem r, sikoe
Ha3bIBalOlb YHYTpPaHbIM, i p33icrapa cynpatiiyienHeMm R (cynpatiiyjieHHe 3/ydaibHbIX
npaBajoy He npbiMaem man ysary) (pwic. 125). Hsixait cina toky y Jsanuyry /,
a Hanpy:KaHHe Ha 3HELIHIM y4acTky JaHuyra U.

3akon Oma Jyisi moyHara JiaHilyra 3Bsi3Bae Cijty TOKy / & |7
y sanuyry, OPC & KpbiHilbl TOKy i MoyHae cynpariy- I I
JIeHHe JlaHuyra R+ r, sKoe ckjajgaelya 3 cynpauiy/eH-
Hsl 3HellHsAra (pasicrap) i yHyTpanara (KpblHilla TOKY) V[
yyacTkay JiaHiyra. [3Tyto cyBsi3b MOKHaA yCTaHaBillb R
Tap3ThiUHA Ha MaJCTaBe 3aKOHA 3aXaBaHHs SHEprii. —{

Kani npas nansipoynae csiusHHe npaBajHika 3a rnpa-
MexKaK yacy ¢ mnpaxozgillb 3apaj ¢, To paboTy nabouHbIX Pbic. 125
ciJl ma rnepamsilY3HHI 3JIeKTpblYHAra 3apajly MOXKHa
BbI3HAUbILb Ma (opmysie

Ana6 = gq
3 yJikaM asHau3HHS CiJIbl TOKY ]:%:

As=8&1t. (23.1)

Y HepyxOoMbIX MpaBajiHikax Hs3MeHHara XiMiuHara cactaBy y BblHiKy pa0oOThl

naGoyHbIX cif aadbiBaellla NaBeJiysHHEe TOJbKI VHyTpaHal 3SHeprii 3HewIHsra i

YHyTpaHara ydacTtkay Janiyyra. TakiM yblHam, Npbl Npaxo/RKaHHi 3JeKTpbluHAra

TOKY ¥ p33icTapbl i KpbIHillbl TOKY BbII3si/ISElla KOMbKACIb LEMIaThl (), Kyl0 MOX-
Ha BbI3Haubllb Na 3akoHe J[koyas—Jlenua:

Q=1"Rt+1I°rt. (23.2)
Ha napcraBe 3akoHa 3axaBaHHs 9Heprii
Apnas= Q. (23.3)

[TancraBiv dopmysbl (23.1) i (23.2) y dopmyay (23.3) i § BbIHIKY MaTsmMaTbiu-
HbIX [epayTBAPHHSY aTpblMaeM

&=IR+Ir. (23.4)

31abbITak CiJibl TOKy Ha cyrnpalliyJeHHe yyacTKa JaHllyra 4acTta HasdblBalollb
naji3eHHeM Harpy:KaHHs Ha T3ThbIM ydacTky. Tamy [R=U — naageHHe HampyKaH-
Hs (Hampy:KaHHe) Ha 3HEIIHIM ydacTKy JiaHlyra, [r — mnaJ3eHHe Harpy:KaHHs Ha

YHyTpaHbIM y4acTKy JaHIyra.
Bripasiyuibl cisty Toky 3 dopmydibl (23.4), aTpbiMaem

&

“R+ir

1

(23.5)
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Dopmyna (23.5) 3’'ayusielliia MaTIMaTbluHbIM Bbipazam 3akora Oma 0a8 noy-
Haea 3AeKMmpoliHaea AaHyyea, 3roaHa 3 sKiM cina TokKy I y MOYHbIM 3JeKTpblu-
HbIM JIaHLyry npama npanapupisabHags IPC & KpbiHiubl TOKY i agBapoTHa
npanapupisiHajbHas MoyHamy cynpauiyjieHHto JaHuyra R+ r.

[lepayTBapbiM dopmy.y (23.4):

IR=& —Ir,
naxoJsibKi IR=U, 10
U=& —1Ir. (23.6)

Boikapeictayuinl dopmyay (23.6), npaaHasizyem po3Hbisi PIKbIMbl paGOTh
3JIeKTpblYHara JiaHuyra:

1. Jlanuyr pasamknytbl (/=0): Tanp U= &.

Takim ubiHam, y pazamkHyTbIM JiaHuyry DPC KpbiHilbl TOKY poyHasi HanpyxaH-
HIO TaMiK §Ir0 1oJitocami. ¥ T3ThIM BbINaAKy MoxKHA BbiMepallb DPC KpbiHilbl TOKY,
NaJIKAIOYbIYIIbL 1a e [0J10cay BajJbTMETp 3 OSICKOHLA BSJIiKIM yJacHbIM cynpatiiy-
JIeHHeM, Ka0 He napyulblllb p3:KbIM pasaMKHyTara JaHuyra.

2. CynpatiiyyieHHe 3HellHsra yuacTka JiaHiyra imMkHenua aa Hys (R—0): Tajpl
cijla TOKy y3pacrae i jacsrae MakciMajbHara sHausHus. [lajggenHe Hanpy:kaHHsi Kpbl-
Hillbl TOKY Mpbl I3ThiM poyHae DPC, a Hanpy:KaHHe NMamiXK sie noJiocami — HyJIo.

Taki paKbiM pabOThl KPbIHillbl TOKY HA3bIBalOLb KAPOTKIM 3aMblKaHHEM, a MakK-
ciMa/ibHy10 JUIS1 Ia3eHAN KPbIHillbl CiJly TOKY Ha3blBalOLb Cijladl TOKY KapoTkara 3a-
MbIKAHHS:

I,=%
K.3 r’

J3e r — YHyTpaHae cymnpauiysieHHe KpbIHilbl TOKY.

J1nst KpbIHILL TOKY 3 HsI3HAUHBIM YHYTPaHbIM Cynpaliiy/ieHHeM (HanpbiKaaL, y ay-
tTamabinbHbIX akymyssatapay r=0,01 OM) p3KbiM KapoTkara 3amblKaHHsSI HaJ3Bbl-
yail HeOsICrIeYHbl, MAKOJIbKi MOKa TpbIBECL [a MallIKO/LKAHHS KPbIHillbl TOKY i Ha-
BaT Oblllb MpPbIUbIHAK MaXKapy.

KasdiubleHT KapbicHara p3esHHA KpbiHiubl TOKy. [Ipbl nepamsiusHHi 3apa-
Jly g Ta 3HelHiM yyacTKy JiaHlyra, HanpyxkaHHe Ha sikim U, 3a mpamexak uacy
CiJIbl 3JIEKTpbIYHAra MoJisi BbIKOHBaIOLL paboTy

A=Ug.
BeikapbicTayiiibl Bbipas [:% aTpbiMaeM GopmyJy st paafiky paboTbl JeK-
TpbIYHAra TOKY, BbIKAHAHAH Ha 3HELIHIM y4yacTKy JaHLyra:
A=1Ut.
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Y arysibHbIM BbINajAKy paboTa TOKYy MoOKa feparBapaula ¥ mexaHiuHytlo pado-
Ty Ayex 2JEKTPAPYXaBiKoy, pacxojaBalilla Ha rNaBeJiusHHe YHyTpaHai sHeprii yda-
CTKa JaHllyra (BblA3siIeHHEe KoJibKaclli uernsiathl (), 3absicrieyBalb MpbipaliysHHe
ximiuna# sueprii AE,;,, a Takcama nepayTBapalllla ¥ sHeprilo y3HiKiiara sJjekTpa-
MarHiTHara BbIPAMEHbBAHHST Fyypp!

Ut = A, +Q+AE, + EBbmp.
. Kani ga KpbiHilbl TOKY najkntoyaHsl ToNbKi anekTpapyxasik, To IUt =A,,, +Q 1 Kapbic-
Hail paboTait bynze Aex.
Kani npaxopxaHHe TOKy cynpaBajxaella XiMiyHbIMi paakubiiMi (Hanpbiknag, 3apajka
akymynsTapa), 7o IUt =AE,;, +Q i kapbicHas paboTa Oynsze poyHas Af,.
Mpbl paboue anekTpaaceamianbHara abcranaanHs IUt=E,,,,+Q i kapbicHas pa6oTa
poyHas Egynp.
Mpbl YKAY3HHT Y NaHUYr TONbKi 3neKTpaHarpaBanbHbiX npelbopay IUt=Q i KapbicHas
pabota poyHas Q.

[Ipbl BbIByusHHI (hisiki § 8 Kaace Bbl jaBenasicsi, 1ITO 3rofHa 3 IKCMEpPbIMEH-
TaJibHA ycTaHoyseHbIM 3akoHaMm J[koyns—JleHua KoJibKaclh LenaThbl, sikasg Bbi-
J3siisielllla § npaBajiHiky Mpbl MPaxo/pKaHHi 3JeKTpbluHara TOKy, Bbl3Hadalolb Ma
dopmyse Q =I*Rt.

3Haublllb, paboTa TOKYy Ha aABOJbHBIM YYaCTKYy JIAHILyra Y aryJbHbIM BbIMaJKy
He poyHasi KOJIbKAcClli 1IeMJaThl, ITO BbIA3ASENA HA TITbIM Y4acTKy Mpbl MPaxo-
oKanmi Toky, T. 3n. 1Ut # I*Rt.

Poyuacup [Ut=[?Rf BbIKOHBAeLLA TOJILKI ¥ ThIM BBINAAKY, KaJi Ha y4acTky
JlaHlLlyra mMae Meclla repaTBapIHHE 3Heprii aJeKTpbluHara rnodis, siKoe MaaTpbIMJIi-
Baellla KpbIHiLai TOKy, Ba YHYTpaHylo SHeprito rsrara yyacrka.

Takim ublHaM, KaJi 3HEWIHIM ydyacTkam JiaHlyra 3’syJjsielllla HarpaBajbHbl 3Je-
MeHT (abo pazicrap), To dopmysa s pasfiky KapbicHail paboTbl 3JeKTpblyHAra
TOKY Ha 3HELIHIM y4acTKy JaHlyra

Aapusen = IR

KapbICH

YaiuBaioubl, 1ITO MaryTHacllb P=7, aTpbIMaeM BbIpa3 JIIsl BbI3HAUSHHA Ka-

PbICHAH MaryTHaclli TOKY Ha 3HELUHIM y4YacCTKy JIaHLyra:
Peanyen = "R =1U.

KapbICH

[Takosibki paboTa MaboUHbIX CiJl KPbIHillbl TOKY

Ana6 = AHO}”/H = ]gtv

O6pa3soBaTenbHbIn nopTan www.adu.by/ HauvoHanbHbI MHCTUTYT 06pa3oBaHus



164 MACTAAHHbI 3NIEKTPbIYHbI TOK

TO MaryTHaclib, fIkasi pasBiBaelllla NaOOUYHbIMI CijlaMi KPbIHillbl TOKY MpPbl HasyHACL
Y JIAHLYTy TOJIbKI HarpaBajibHara 3JeMeHTa:

Pras = Pooin =1& =1U +I°r.

na MoyH
. _ 2
Takim ubiHam, Pyoey = Beapyen 177
AnHociny KapbicHai maryTHacui Py,,,c, TOKY Ha 3HELIHIM Y4acCTKy JlaHuyra
na noyHait maryrHacui Py, fKas passiBaeuua nabouHbIMi cilami KpbIHilbI
TOKY, Ha3biBalolib Kas(iubientam kapbicHara n3esiHHs (KKI) kpbiHiusl TOKy Y

AAA3€HbIM JIAHLYTY:

y = Prapuen -100%=% D 7o

P NoyH NoyH

Hanpbikian, npbl 3apajiibl akymyJsitapa aji Kpbititibl Toky 3 9PC & npbl cije

o . AExiM 0,
sapannara Toky [ KK]I rartail KpbiHillbl Bbi3Hauamolb na gopmysae M= 7R 100 %.
Kani 3neuini yuacrak JsiaHilyra — HarpaBaJibHbl 3J1EMEHT, TO
_ 2 _p2
PKaprCH =1 R’ PHO}”/H =1 (R+f).

Tanbt KKJI KpbiHilpl TOKy

__R
n_R+r

100 %.

\/ 1. Cina ToKy y MOyHBIM JIaHLTy Mpama mnpanapibisiHaabias DPC KpbiHi-
Il TOKY i aJBapoTHa MpanaplplsiHajibHas MoyHamy cCyrnpaliyieHHIo JaHllyra
(3akon Oma 71 moyHara sJeKTpbluHara JaHiyra):

_ &

CR+r

2. Y pa3aMKHYTbIM 3JeKTpblYHbIM JaHiyry DPC KpblHilbl TOKY poyHas
HAIPYKAHHIO MaMiK Ar0 MOJI0CaMI.

3. Kaporkae 3ambikaHHe — pP3KbIM PabOThl KPBIHIlbI TOKY, MpPbl SKiM
CymnpalliyJieHHe 3HelIHAra yyacTKa JaHIyra iMKHelllla Ja HyJs, a ciJla TOKy
jacsirae MakciMmaJjbHara Jijisi 1aja3eHai KpbiHillbl TOKY 3HAUIHHS.

4. AnHociHy KapbiCHail MaryTHacili TOKY Ha 3HELIHIM y4acTKy JIaHLyra Ja
MoyHaW MaryTHacly, sikasi pasBiBaelllla NaOOuHbIMI CiliaMi KpbIHillbl TOKY, Ha3bl-
Balollb Kas(illbleHTaM KapbiCHara N3esiHHs KPbIHILbl TOKY § JaA3eHbIM JIAHLYTY:

PKaprCH o

MOYH
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?

Cchapmynioiine 3akoH Oma gns noyHara naduyra.
Ak moxHa BbiMepaub IPC KpbIHiLbl TOKY?
AKi pakbIM paboThl 3neKTpbIYHAra faHuyra agnaBAfae KapoTKaMy 3aMblKaHHIO?
LUTo pasymelolb nap cinait TOKy KapoTkara 3aMblKaHHA?

5. lTo pa3ymeloub Nag KapbicHail paboTaii anekTpblYHara ToKy? noyHaii paboTait Kpbi-
HiLbl TOKy?

6. AK BbI3HAubllb KApbICHYIO MaryTHacUb 3/EKTpblYHAra TOKY? MOYHYI MaryTHaclb
KpbIHiLbl TOKY?

7. W7o Ha3biBaloub KaddiupleHTaM KapbicHara asesaHHa (KK[) kpbiHiLbl Toky?

i o S

Mpbiknagbl pawsHHA 3apay

[pobiknan 1. Pasicrap cynpauiyiennem R=3,0 Om naakioyaHbl Ja KPbIHillbl
toky 3 IPC &=8,0 B i yuyrpansim cynpauiyiennem r=1,0 Om. Boiznauie ka-
poicHyto mMarytHacip Toky i KKJI KpbiHilbl TOKY § Ja13€HbIM JIaHLYTY.

Hansena: Pamsnne. KapbicHaii 3’siy/sieliiia MaryTHacllb TOKY Ha 3HEIIHIM

R=3,0 Om YUacTKy JIaHlyra, . 3H. Ha p33icTapbl Poeq =/?R. 3 ynikam 3akoua
£=8,08B

2
r=1,0 Oum Owma st noyHara Jjianiyra [ = arpbiMaemM  Pyp e = ﬁ
Prssen — ? Retr (R+r)°
KapbICH * 9
n—? _ 64 B~ - 3,0 Om _12 Br.

KapbICH

(3,0 Om + 1,0 Om)?

KKJL KpblHillbl TOKY ¥ J1a73€HbIM JIAHIYTY BbI3HAYLIM 1a opmyJsie 1 ZRL; -100 %.
r

. 3,00m
173,00m + 1,00m
Ankas: Pepyes=12 Br, n=75 %.

-100% =75 %.

[pbikaan 2. DjekTpapyxaBik, MajK/AOUaHbl 1a KPbIHIlbl MacTasHHAra TOKY 3
HanpyxanHem U= 120 B, cnaxbiBae Tok cinait /=6,0 A. 3naiinziue cynpatiyueH-
He siro a6motki, Kasii KKJII snexkrpapyxasika M =80 %.

M anszena: Pawsnune. MarytHacup, fIKyl0 ClaKblBae 3J€KTPapyXaBiK, Bbl-
U=120 B | znaupiv na dopmyne Py, =1U (1).

/=6,0 A YacTka raTail maryTHacli 3aTpauBaelila Ha HarpaBaHHe aOMOTKi:
n=0,80 P:IQR, a yacTKa — TMepaTBapacilia Y KapbICHYI0O MEXaHiYHyl0 Ma-

ryTHAaCUb Pyyyey 9M€KTpapyxaBika. 3roaHa 3 3aKoHaM 3aXaBaHHs
.. 2
sneprii Pog, = PR+ Pyyyey (2).
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166 MACTAAHHbI 3NIEKTPbIYHbI TOK

Boikapbictayibl dopmyabl (1) i (2), 3aniimaM Bbipas Jyis 3HAXORKAHHST Kapbic-
Hall MaryTHacli 3JeKTpapyxaBika:
P =P

KapbICH NOyH

—I’R=IU-I’R (3).

KKJ1 snekrpapyxasika BeizHaubiM ma dopmyse 1N =—-r-= 100 %.
NoyH
2
3 ynikam dopmya (1) i (3) arpbimaem nz%zl—% (4).

CynpatiiyieHHe abMOTKi 3JieKTpapyxaBika BbipasdiM 3 (opmysibl (4):
U(l-n)
R=——".
/
~120B-(1-0,80)
6,0 A

R =40 Ow.

Angkas: R=4,0 Om.

[lpakrbikaBaHHe 18

1. Cina Toky y sanuyry /=1,5A. BeisHauiie paGoty naGouHbIX cis 3a npame-
xak vacy ¢ = 1,0 min, kani DPC kpoinitpl Toky & =6,0 B.

2. Pasicrap cynpaujiysiennem R=2 OM najax/ioouaHbl Jia KpbiHilbl ToKy 3 DPC
& =5 B i ynyrpanbim cynpatiysiennem r=0,5 Om. BbidHaulle cijly TOKy Y JlaHIyTy
i maj3deHHe HamNpy:KaHHA HAa 3HEUIHIM | YHYTpPaHbIM y4acTKax 3SJEeKTpbluHara
JIaH1LyTa.

3. Psacrar nanksouanbl 1a KpbiHilbl ToKy 3 OPC & =4 B i yHyTpaHbim cy-
npaujysennem r=1 Owm. [labynyfie rpacik 3asnexkHaclli cisibl TOKy ai cymnpariy-
JIEHHS1 YacTKi paacrara, na ko npaxongiub 1ok, [=/(R).

4. Tlpwl mankmousHHi ja KpbiHisl Toky 3 OPC & =22 B pasicrapa cynpa-
uiysenHeM R=4,0 Owm cina toky § nanuyry /=0,50 A. BbisHaulie cisy TOKy mpbl
KapOTKIM 3aMbIKaHHI KPbIHiLlbl TOKY.

5. BrizHaule moyHyto MaryTHaclb, sikas pasBiBaelllla KpbIHillal TOKy 3 YHYT-
panbiM cynpauiyiennem r=0,50 Om npbl naak/aousHHI 1a sie pasicrapa cynpa-
uiyneHHem R=2,0 Om, kaJgi Hanpy:aHHe Ha p3asicrapbl U=4,0 B.

6. Crnipasb HarpaBasibHara sJjemeHTa cynpatiyienHem R =38 Owm maakmioua-
Ha 1a KpbiHilel Toky 3 OPC & =12 B i yuyrpaubiM cynpatiyieniem r=2,0 Om.
BbigHaule KoJbKaclb LenJaThbl, dKas BblA3eJillla § chipaji 3a npamexak
yacy =10 miH.

7. JlBa napanesnbHa 3jydaHbisi pagictapbl cynpauiyaenusmi R;=4,0 Owm i
Ry=16,0 OM nanxstoublii ga KpbiHilbl Toky 3 IPC & =12 B i yuyrpanbim cymnpa-
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uiynennem r=0,60 Om. Bbignauue Hanpykanne Ha pasicrapax
i cisy TOKy ¥ KOXKHBIM 3 iX.

8. Mony/ab HarpyKaHaclli 3/71eKTpacTbITbiuHara moJsi mnjoc-
Kara KaHJasHcartapa, NajkjiouaHara jJa KpbIHillbl MacTasHHara

KB
Toky (peic. 126), E=3,0 v BrisHaulle ajaiersiacib namixK

abknajikami KanjsHcarapa, kajai 2DPC  KpbiHilbl  TOKY
& =0,16 kB, sie yuyrpanae cynpauiysenne r=>5,00m, a
cynpatiysnenne pagicrapa R=15 Om.

9. DuekTpapyxaBik, Maak/oOyaHbl Ja KPbIHilbl MacTasgHHa-

gl

Pbic. 126

ra Toky 3 HanpyxanHem U=220 B, cnaxbiBae Tok cinaii /=12 A. BbisHauie me-
xaHiunyto maryTtHacups i KKI ssnexkTpapyxasika, kaJgi cynpauiysieHHe siro abMOTKi

R=5,0 Owm.

10%. Y snexTpbluHbl yaiiHik HaJjini Bagy a6’émam V=1,0 s i naakaoublii na
KpbiHilbl Toky 3 DPC & =140 B i yuyrpaubim cynpauiyientem r=4,0 Owm.
BanbrmeTp, naax/aiouaHbl Aa MoJiocay KPbIHilbl TOKY, MakKa3Bae Harpy:KaHHe
U=120 B. Bridnauue, Ha KOJIbKi Mapsliubllllla TIMIepaTypa Balbl 3a MpaMexKak

yacy ¢ =2,0 min, kani KKJI vaitnika n=70%. [ubibnacus sagel p=1,0-10

JIxx
kr-K -

ya3ebHas 1ensaémicracih Bajabl ¢ =4,2 - 10°
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/\r naea 5

INEKTPbIYHbI TOK
Y PO3HbIX ACAPOAA3AX

[Ipbl BbIByUSHHI 3J1€KTPbIUHBLIX 3’y HeaOXojaHa Bejallb, i MardybiMa icHaBaHHe
3JIEKTpblUHAra TOKY y pasrsjiaeMbiM p34blBe, MaKOJIbKi yce p3ublBbl A3e/silb Ha
rpynbl Ma iX 3JeKTPbIUHBbIX yJaclliBaclfx: NpaBajHiKi, naynpaBajiHiki, AbI3JeKT-
pbiKi. UbIM 3Thisi TpyMbl p3ublBay ajiposHiBatollla aaHa aj ajHou? Sk sHbl NpaBo-
J3s1b 3JIEKTPbIUHbI TOK?

[IpaBasnikaMi 3JieKTpbluHAra TOKY MOTYLb Oblllb P3UbIBbI i ¥ LBEPIbIM, i ¥
BaJKiM, i ¥ razanajobHbiM cTaHax. BbiByualoubl Aaj3eHYl0 TOMY, Mbl ajKakam Ha
HACTYIHbIS MbITAHHI: sIKis 4acliibl 3’ayJsiolla HocbOiTaMi JeKTpbluHara 3apajy
Y nan3eHbiM acsipoizi? Sk 3aexbilb cifa TOKy aj HanpyxKaHHus? Sk 3ajiexblilb
9JIEKTPbIUHAs MpaBOJAHACLb aCspOAA3sl aj TIMIepaTypbl, BbllIpAMEHbBAHHS i
{HWBIX y3/13esiHHAAY? SIKoe TaxHiuHAe MpbIMsiHEHHE 3JeKTpblUHAra TOKY ¥ PO3HbIX
acsapoI3sx?

§ 24. dneKTpbIYHbI TOK Yy MeTanax.
3anexHacub cynpauiyieHHAa MmeTanay aj Tamnepartypbl.

3BbIWNpaBojHaCLb
Totnosoimi npadcmayHikami Kaaca npasao-
D De D Pe kot 3’ ;
_;?&t) ;){»&:é»gi» N HIKOY 3.;1y/mi0Lma .Mema/lbt. Y memaniunolx
® P OO 9D npasaodrniKkax HoCobOimol INeKmpoluHaea 3apa-
S S o o

B @ @ie @ dy — ceaboldHbla anekmponel. [lad dzeanrnen

BHeWHAQ JNeKmpoiiHaea noas c8ab00HbLA

Puc. 127 9NeKMPOHbL YnapaoKasana pyxaroyya, cmsapa-
o4l drekmpolurol mok (peic. 127).

Mpbipoaa 3neKTpblyHara TOKYy Yy MeTanax. DJeKTpOHHasi MpaBoJHACIL MeTaJsay
Oblyla yriepllblHIO CKNepbIMeHTa bHa NalBepkaHa Hsmelkim ¢isikam K. Peike
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y 1901 r. CyrHacub pocseny 3akjaouanacs y HacTyI-
HBbIM: Tpa3 NMpaBajHiK, sKi CKJAaaaycs 3 TPOX ajmnadi-
paBaHbIX | WYblIbHA MNPbILICHYTbIX AA3iH aj agHaro Cu Al Cu
UbLJIiHApAYy — JABYX MEIHbIX i ajHaro aJjoMiHieBara
(ppic. 128), na npaugsiry roga npaxojgiy TOK aaHaro
i Taro »k HanpamKy. 3a r3Thl yac npas npaBaaHik
npaiwoy 3apan 6osbw 3a 3,5 MKa. I[lacas 3asp-
LWI9HHS JocJjelly y3BaxKBaHHe [akaszaJa, LITO Machl
UblJiHApay 3acrtaJgicss H3MeHHbIMI. [3Ta 3’siBinacs
IKCIepbIMEHTAJNbHbIM Jl0Ka3aM Taro, LITO MepaHoc 3apajy Npbl paxoKaHHi
TOKYy V MeTasiax He cynpaBajkKaeula XiMidyHbIMi Mpauscami i nepaHocam p3ubl-
Bbl, a axblllgyJ/siella yaciiiami, sxis 3’ay/siolia aryJbHbIMi Jjis ycix mera-
Jlay, T. 3H. 3JIEKTPOHAMI.

[TepakaHayubl J0Ka3 3JeKTPOHHAH MPLIPOJbLI TOKY ¥ MeTajaXx Obly aTpbIMaHbl ¥
Jloceiax 3 npasiyJieHHeM iHeplbli aseKTpoHay. [nsst Takix gocsaenay i nepubis
BoiHiki (1913 1) nanexaup pyckim ¢izikam J1. I. Maupsabwramy i M. J1. Tlana-
JIEKCI.

Y 1916 r. amepbikancki ¢isik P. Tosmen i wartnanacki ¢izik T. Curoapt ynac-
KaHaJlijli METOMbIKY TI'3ThIX A0CAeAAY i BblKaHaJi KOJIbKACHbIS BbIMSIPIHHI, §IKisl He-
abBeprKHA JlakasaJii, ITO TOK y MeTaJliuHbIX MpaBajHikax abyMoyJeHbl pyXxam CBa-
OOJIHBIX 3JIEKTPOHAY.

Y I3ThIX J0c/elax Wy 3 BsliKal KoJbKaclUo BITKOY TOHKara JApoTy Maj-
KJtouaJi Jla rajbBaHoMeTpa i NpbIBOA3IJI § XyTKae BSpPUHHE BaKoOJ CBaél BOCi
(peic. 129). Ilpbl paskiM TapMmMaxKsHHI 1Myl § JaHLyry y3HiKay KapoTkayaco-
Bbl TOK, abymoVyJeHbl iHeplblsiii HocbOiTay 3apajy. [la Hanpamky anxijieHHsi
CTP3JIKi rajbBaHoMeTpa OblJIO YCTaHOYJEeHA, LITO 3JEKTPbIUHbl TOK CTBapalollb
aaMoyHa 3apajkaHblsl yacuilbl. [Ipbl r3ThiM
IKCIepbIMeHTa/lbHa aTpblMaHasl ajHociHa 3apa-

4y
Jly KOXKHaW 3 TI3ThIX Yaclil Ja sie Machbl

Pbic. 128

(yn3enbHbl 3apan) OJiiskasi j1a yazejbHara 3a-
pamy 3JIeKTpoHa, aTpbiIMaHaMy ¥ iHLIBIX jocJe-
nax. Tak Oblio sKcnepbIMeHTa/lbHA AaKasaHa,
mTO HochbOiTaMi CBaOOAHBIX 3apajay y MeTajax
3'SIYJISI01LA SJIEKTPOHBbI.

P34bIBbl, §IKisl BbLI0OJAIOLL 3J€KTPOHHAH Tpa-
BOJIHACLIIO, Ha3bIBAOUb NpPABAOHIKami nepuiaea Peic. 129

poay.
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170 INEKTPbIYHBI TOK ¥ PO3HbIX ACAPOOA3AX

DD Y annaBejpHaculi 3 KJaciuHaW 3JeKTPOHHAHW TIOPbIsH
?| npaBojHacli MeTaJjay, cTBopaHai HsMelKiM dizikam
49D 9/\,9’/% [1. Ipynge i I‘aJIa.H,U,CKiM cbisixay X. Jlopsnuam y 1900—
|# &__ gu 1904 rr., meraniuHbl MpaBajHiK MOXKHA pasrgsjaallb K
.ﬁj/?/ &ﬁgé ¢isiunyio cictamy, sikas cksajgaelia ca CBaOOAHBIX 3JEKT-
é——é——-é poHay i JagaTHa 3aparkKaHbIX {OHAY, LITO Bararollla KaJs
cranoBiluay paynasari (poic. 130).
Pbic. 130 3’siysieHHe CBaOOJHBIX 3JE€KTPOHAY MPbl YTBAPIHHI Me-
Ta/liuHara KpbllITajass 3 HEUTpasbHbIX aTaMay MOXKHa
cripollyaHa pacT/jymaublllb HACTYMHBIM YblHAM. DJIEKTPOHbI, sKisl 3HAXOA3sILLLLA
Ha 3HellHiX abaJjoHKax atamay, cjaba 3BsidaHbl ca cBaimi siapami. [Ipwl yTBa-
pP3HHI KpbllITajsg ataMmbl 36Jixkatoia Ha amjaergacupb r~0,1 HM i 37eKTpOHBI
NnaublHAOLb y3aeMaJ3elHiyallb He TOJbKi ca cBaiMi siapami, aJge i 3 giapami
Cyce/HiX atamay. Y BbIHiKY rstara ix ysaemajJsesiHHe 3 yJacHbIMi spami cra-
HOBILlA BEJbMi CJAa0bIM, 3 TPbIYbIHBI 4aro siHbl TyOJad0Ub 3 iMi CyBs3b i
MOIylLb pyXallla na yciM KpblTasi ¥ JI0ObIM HanpaMmky sik cBaOOJHbIS YacLillbl.
Arambl nmepaTtBaparola npbl r3ThIM y JadaTHa 3apajpKaHbisg iOHbL. Y MPacTopbl
naMmi>k ioHami XaaTbluHa pyxaiolllla, najgoOHa yacuiuam ifdajbHara ragy, cBaboj-
Hblsl 3JeKTpoHbl. Tamy s amicaHHsi pyxy 3JeKTpoHay BbIKapblCTOYBAIOLb
Ma3J/b «3JEKTPOHHBI Trad» — CYKyMHAaclb CBAOOJHBIX 3JIEKTPOHAY y KpbILITa-
JiuHail pauoTibl Metasdy. Ha peicynky 131 nyukuipuail Jqinisiii nakasana Tpa-
eKTOPbIS PYXy aJHaro 3 3JeKTpoHay.

Y ratail MansJi 3JeKTPOHbBI, ynapajkaBaHbl pyX siKiX 3’syJseliia Tokam Tpa-
BOJIHACLLi, pasrJsilalollb sIK MaT3pbisi/ibHbIS MYHKTbl, MOJYJ/b MaT3HIbIsJbHAN
9Heprii y3aemansessHHsl sKiX HaA3BblYal MaJibl y MapayHaHHi 3 iX KiHeTblYHaH
sHeprisiii. Jlivaup, WTo pyx 3/7eKTpoHay naj y3n3esiHHeM 3JeKTpbluHAra mnoJis naj-
napajgkoyBaellla 3akoHaM KJaciuHal MeXaHiKi, a iX CYTbIKHEHHi 3 iOHaMi KpbILl-

TajiuHal pawoTki Mertasy 3’aynasiolia Hs-
) QJ ® -0, 0 Npyrimi, r. 3H. Npbl CYTbIKHEHHSX 3JIEKTPOHbI
o—- - Tx t,/ uaJjkam Iepajarllb i0HAM KiHETbIUHYIO 3Hep-
rito cBaiiro ymapajxkaBaHara pyxy. ¥ npamex-
S . , f Kax MaMmi>k CyTbIKHEHHsIMiI CBAaOOIHbBISI 3JIEKT-
(55 \éf@ /é/‘“\@ ") POHbl BBIKOHBAIOLb XaaTblUHbl LEMJaBbl PyX i
~\j\ ?__ ————— 35" ’T\ v< Y TOH »ka yac pyxawuua yrnapajaKaBaHa i poy-
@ @ wuanackopaHa naj ysasesHHEM 3JeKTPblYHATA

noJisi.

Pbic. 131
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o Maganb 3neKTpoHHara rasy fae MarysiMaclb T3apaTblyHA pacTAyMaybilb NpLIPOAY Cy-
npauiyneHHs i BeiBecyi 3akoH Oma gns YyacTka naHuyra, AKi He 3MAlYae KPblHiLbl TOKY,
Ha acHOBe KNaciyHai 3N1eKTPOHHail TIopbli npaBogHacui metanay. [MpaaHanizyem ynapag-
KaBaHbl pyX 3N1E€KTPOHAy NpaBOAHACLi.

Hsaxail 3neKTpoH pyxaelua 3 nackapaHHeMm a

y HanpaMmKy, cynpaubierbiM HanpamKy Hanpyxa-

Hacui E anekTpbiyHara nons (peic. 132):
_ F eE

G=—=———, [3€ My — Maca 3eKTpoHa, e —
my my

3/IeMEHTApHbl 3EKTPbIYHbI 3apaj (MoAyib 3apa-

Ly 3NekTpoHa). Tajbl Mofynb CAP3AHAN cKopacui

) a<t*> eE<t*>

Aro Hakipasawara pyxy (v)=——f=—1

2 2m

Pbic. 132

Ase <t*> — YCAP3AHEHbI MpaMexak yacy namix

LBYMA NacNAfoYHbIMI CYTbIKHEHHAMi 31eKTPOHA 3 iOHaMi KpbllWTaniyHal pawoTki.
MakonbKi 3neKTpblyHae mone YHyTpbl afHapofHara npamaniHeiiHara npaBajHika 3 To-

. ] .
KaM afiHapofHae, TO MOAYJb HampyaHacui ratara nons EZT' ase [ — payxbiHa npa-

BafHika, U — HanmpyxaHHe naMmiX fro kaHuami. Tamy moayib CAp3gHAN CKopacli Hakipa-
BaHara pyxy 3/JeKTpoHay npanapubliHaibHbl HanpyXaHHIO MaMiX KaHuami npaBafHika:
(v)~u.
Cina ToKy ¥ npaBagHiky npanapupifiHajibHas MoJyMio CAP3AHANA CKopacui HakipaBaHara
PYXy 3NEKTpOHaY:
g _eN eN(v) enV(v)
t ot [ [

=en(v)S,

y . [ .
A3e ¢ — MoAynb 3apady 3NeKTpoHay npaBoAHacLi, t=<—> — vYac ix npaxodxaHHs na
v
npaBafHiky, N — KonbKaclb 3M€KTpoHay npaBofHacui Y npa
raTbix 3neKTpoHay, V=Sl — a6’ém npaBagHika.
3Haubllb, Cina TOKY npanapublaHanbHas HanpyXaHHI namix kKaHuami npasapHika: I~ U.

Ba}J,HiKy, n — KaHU3HTpaubla

3anexHacub cynpauiyneHHa mertanay ag Tamneparypbl. [1pbl BoiByusHHI iziki
Y 8 kJjace Bbl JaBejajiics, WTO cynpalliyjeHHe MeTaliuHbIX MPaBaHiKOy 3aJexblllb
ajl pojly p3ubiBbl (y/3eJibHAra cynpatliyjieHHs p) i iro reaMeTpbIUHbIX Tamepay
(mayzkbiti [ i nJolubl nansgpoyHara csiusHHs S):

/
R=pL.
S
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A wi 3anexbilb cynpatiyieHHe aj
TIMIEpaTypbl NpaBaHiKa?

[IpaBsiizgém jocsien. 365pOM  3J1€KT-
e+ PbIUHBL JIAHLYT, sIKi CKJanaella 3 KpblHi-
\ Ubl TOKY, ApausiHOW cripaJi i rajbBaHO-
metpa (poic. 133). Hocnen nakassae, mro
[pbl HArpaBaHHi ClipaJji NakasaHHi rajb-
BaHOMeTpa NamsiHluatouua. BeiBan Bina-
BOUHBI: MpPbl MaBeJiY3HHI TIMIEpPaATyphbl
cynpaliyJeHHe MeTasnay napsiliuBaeliiia.

YigenbHae cynpatliyjieHHe paublBa MeTajiyHara npaBajiHika 3ajiexKbllb ajl KaH-
LPHTpallbli cBAOOAHBLIX HOCHLOITAY 3apajy i KOJbKACLi iX CyTbIKHEHHSY 3 ioHami
KPbILITAMIYHAN PALLOTKI, LITO AXKbILLUAYJSAOLL BarajbHblsl pyXi KaJjs CTaHOBilIYay
yCcToHsliBall payHaBari.

Y MeTaJsliyHbIX NpaBajHiKax KaHUIHTpauUbls CBAOOAHBIX 3JEKTpoHay MNpak-
ThlYHA MacTasiHHasl Jyisl Jaj3eHara npaBajiHika i He 3aJsiexKbllb ajl TIMIepaTyphl.
AjiHaK KoJibKacllb CyTbIKHEHHSTY CBaOOJHBIX 3J€KTPOHAY 3 ioHaMi KpblliTaJjiuHak
pawoTKi 3 pocTaM T3aMIepatypbl NnapsijiuBaeuiia. [3Ta npblBoAsilb 1a pocTy
ya3esbHara cynpauiyjaeHHs mMeTaJiuHara npaBajHika Npbl MaBbILISHHI ToMIepa-
TYpHI.

[Ipbl anicanHi TaMrepatypHail 3ajexHaclli yazeabHara cyrnpatiyJieHHs: npaBaj-
HiKa YBOA3SIUbL mamnepamypHol Kaspiyvblenm cynpayiyjiernns o, JikaBa poyHbI
AIHOCHAMY MPbIpALIYZHHIO YiA3€eJbHAra cynpaliyJeHHsi p3yblBa NpaBajHika Mpbl
npblpalllusHHi iro Tamnepatypbl Ha 1K:

Pbic. 133

P—Po
A= 24.1
po(T—Ty) (24.1)
J3e Po i P — YA3eJbHbIS CynpauiyieHHi p3ublBa MpaBajHika ajinaBeiHa Mpbl TIM-

nepatypbl Top=273 K (0 °C) i nanzenait Tamneparypbi 7.
3 dopmyJibl (24.1) BbiHiKae, 1ITO

P p=po(l + aAT),
nze AT=T— T, — npblpamusHHe adcajioTHal TIMIepPaTyphbl
po npaBajiHika, siKoe cynajaae 3 MNpblpallly>HHEM TIMIEpaTypbl Ma
uikase [aabcis AT=Af. Takim ublHam, yji3esbHae cynpatiy-
JIeHHe p34blBa MeTaJsliyHara mnpaBajiHika y3pacTtae 3 rnaedi-
0 [ 43HHEM T3MIlepaTyphbl.

Puic. 134 [pachik rarail 3ane)kHaclli nakasaHbl Ha pbICyHKY 134.
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. " . [ -
[TakousbKi cylnpallyJieHHe rnpaBajaHika RZ%, TO, HE€ YyJlIYBaroybl HSISHAYHYIO

!
ToOMIIEPATYPHYIO 3aJie2KHacCllb alLHOCiHbI E , MO>KHa 38HiCale:
R =Ry(1+aAT) = Ry (1+aAl), (24.2)

m3e Ry i R — cynpauiyiienni npaBaaHika aanaBeaHa npbl Tamnepatypbl To=273 K
(0 °C) i nanzenai tamneparypnt T (7).

JI1st MeTasliuHbIX MPaBajHiKOy TITbisi GOPMYJibl MOXKHA TPLIMSHSIbL MPbl THM-
nepatypax 7> 140 K. Ba ycix meranay npbl nmaBbllISHHI TIMMepaTypbl Cynpa-
uiysieHHe y3pactae, r. 3H. TIMIEPATyPHbl Kad(illbleHT CymnpalliyJeHHs o — Be-
JiublHsl nanatHas. [as Gosblnacui metasnay (ase He crJiaBay) Mpbl TIMIepaTy-
pax an 0 na 100 °C cspsnHsie 3HAausHHE TIMIepaTypHara KasdgilbleHTa cyrnpa-

I
HiyJIeHHST <0t>z% K™.
3asexHaclb cynpailiyJeHHs mMeTajay aj TIMIepaTypbl BbIKAPbICTOYBAIOIb Y
CMelbIAIbHBIX MpbI6opax — TIpPMOMeETpax cyrnpailiyaeHHs (poic. 135).

[Ibipokae pacnayciojpkaHHe aTpbiMaji TIPMOMETPbI CyMpalliy/JieHHsT 3 UbICThIX
MeTaJiay, acaOJiBa TJaliHbl i MeA3i, fKis KaHCTPYKTbIYHa VayJsdolb cabod MmeTa-
JIUHBI JIPOT, HAMaTaHbl Ha »KOPCTKi Kapkac (3 KBapiy, dapdopy, coabl), 3amernya-
Hbl ¥ axoyHylo abaJjioHKy (3 MeTasy, KBapiyy, dapdopy, mkna) (peic. 136). Ilnari-
HaBbisl TSPMOMETPbI CyINpalliyJeHHs] NPbIMSHSAOLb JJIsi BBIMSPIHHS TIMIEPATypbl ¥
Mexkax ax —263 ma 1064 °C, memnsis — ag —50 ga 180 °C.

Pbic. 135 Pbic. 136

Kani npel BbipaGe 3JsieKTpaBbIMsIpabHbIX MpbiOopay narpadyiolila MnpaBajHiki,
cynpauiyjeHHe §IKiX NMaBiHHa §IK Mara MeHUl 3aJjiexkallb ajl ToMIepaTypbl HaBaKoJb-
Hara acsipojyidsi, TO BbIKAPbICTOYBAOLb CIELbIS/IbHbISA CIJIaBbl — KaHCTaHTaH i
maHranin. TamnepartypHbl KasdilbleHT cynpaliiyjients ¥ kaHcrantany y 820 pazoy,
a y manraniny ¥ 510 pasoy MmeHIibl, ubiM y cepabpa.

3ebiwnpasogHacyb. [Ipbl BesbMi Hi3KiX TaMMepaTypax cynpatiyieHHe Heka-
TOPbIX MeTasliyHbIX MPaBaJHIKOY p33Ka (CKAYKOM) 3MsIHLLIAellla J1a HyJs. Yrepiibl-
Hio ra1a BhIABYY y 1911 1. ramanacki ¢isik I Kamepainr-Onec (1853—1926). En
9KCTepbIMeHTasbHa YcTanapiy, wto npbl TaMmnepatypbl 7<4,12 K (na cydacHbix
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BbIMsApoHHAX 4,15 K) snexkrtpbiunae cynpauiysnenne pryui 3Hikae. [lasneit y
HIMaTJIKIX Jocsenax OblI0 BbIsIyJeHa, 1ITO rITa 3'siBa XapakTIpHa Jisi MHOTIX Mpa-
BajHikoy. Tamrepatypy, npbl KOU 3JEKTpbluHAE cyrpalliyJieHHe MpaBajHika cTa-
HOBILlLA POYHBIM HYJI0, Ha3blBalolb Kpoimoiinail mamnepamypatl (T,). Cran
npaBajHiKa Mpbl F3TbIM Ha3bIBAWOLb 38bLLUNPABOOHACYIO, @ CAM NPaBajHIK —
3BblILINpaBajHikoM. KoxKHbl 3BbILINPaBOA3sIUbl MeTaJ/l XapakTapbidyelua cBaéit Kpbl-
ThluHAH TIMMepaTtypail. 3’siBa 3BbILINPABOJAHACL] YJacliBa He TOJIbKi HEKaTOPbIM
MeTajiaM, ajie i crJjiaBam, naynpaBajHikam i najgimepam.

3aJsexxnacllp cynpatiyjaents R 3BbllnpaBaaHika aj abcasioTHail Tamrepary-
pbl T npbl Hi3KIX TaMOepaTypax rnakazaHa Ha pbicyHKy 137, rpadik b; st metady,
SKi He 3’syJiseliiia 3BbILINPABaHIKOM, — Ha
poicynky 137, rpadik a.

Kasi § 3BbilINpaBajHiky CTBapblllb 3JEKT-
pblUHbl TOK, TO €H Oyn3e icHaBaub y iM Heal-
MerkaBaHa joyra. IIpbl raThiM sl najTpbiMaH-
HSl TOKY HAMa HeaGXoaHACLi Y KPbIHillbl TOKY.
[5ra ykasBae Ha nepcreKkTbiBY BbIKapblCTaHHS
3’sIBbl 3BbILINPABOAHACLI MpPbl Mepajaubl 3JeK-
TPpbIYHAHA HEPrii.

Puic. 137 3BbILINPABOHBIS 3JIyU9HHI 3HAHULLII MPbI-

MsIHEHHE Y sKacli mMaTapbisay abMOTaK 3JeKT-

pamartitay Jyisi CTBap3HHs MOLHbIX MAarHiTHbIX

najséy Ba YCTaHOYKax Kipyemara TapmasijizepHara CiHT33y, a Takcama y MaryTHbIX

3JIEKTPbIUHbIX pyXaBiKax i reHepatapax. PacnpaiioyBatolia npaextbl 3BbILUNIPABO/L-

HBIX 3JIEKTPOHHA-BbIYa/IbHbIX MallblH. Y2KO CTBOPaHbl KaMIAKTHbISI iHT3rpaJibHblsl

CXeMbl Ha 3BbILINPABAJHIKAX, sIKisl BaJOJA0Lb LIparaM MepaBar y napayHaHHi 3

HasiyHbIMi aHajarami. MarubiMacii NpbIMSIHEHHST 3’Bbl 3BbILINPABOJHACLI MaBsIi-

yaila, kaji Oyayllb 3HOWJ3€Hbl MaT3IPbIsibl, §Kif BaJofalollb r3Tail yJaciliBaclo
Npbl He BeJbMi Hi3KiX TIMMepartypax.

A

plbs

=) 4

(0] T,

1. DJIeKTpbIUHBI TOK y MeTajax ysiyssie caboil yrnapaakaBaHbl pyx cBaboj-
HBIX 2JIEKTPOHAY.

2. Metaniunbl npaBajiHiK MOXKHA pasrisaallb sk ¢isiuHyio cicTamy, skas
CKJIalaella ca CBaOOJHBIX 3JEKTPOHAY i JAajaTHa 3apa/LKaHbIX ioHay.

3. Tsmnepatyphbl KasilbleHT cynpailiyJaeHHs JikaBa pPOYHblI aJHOCHAMY
NpPbIPALIYSHHIO Yi3eJ/bHAara cynpauiy/JeHHs NpaBajiHika Mpbl Npblpally3HHI
siro Tamneparypbl Ha 1 K:
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a=P—Po
Po AT
4. CynpalliysieHHe MeTaJiiuHara npaBajiHika y3pacTtae 3 TaBeJslilY9HHEM TIM-
nepaTypbl:
R =Ry(1+aAT).
5. Cran, npbl sKiM 3JeKTpbluHae cynpariyjeHHe MNpaBajgHika CTaHO-
Billlla POYHBIM HYJIIO, HAa3blBAIOLb 3BbLILINPABOAHACLIIO, a caM IMpaBaiHiK —
3BbILLNPABAIHIKOM.

° 1. flkas npbipoAa 3neKTpblYHara ToKy Yy metanax?
2. Ak 6bINO fakasaHa, WTO HocbGiTaMi 3nekTpblyHara 3apagy y MeTanax 3'saynswouua
3NEKTPOHbI?
3. Wto pa3ymetoub naf 3NE€KTPOHHbLIM rasam?
4. Ik 3MAHAeulLa cynpauiyieHHe npaBafHika npbl NaBblW3HHI TIMNepaTypbl?
5. Wto Ha3biBaloLb TIMNepaTypHbIM Ka3dilbleHTam cynpauiyaeHHs?
6. Ha skoii ynacuiBacyi npaBafHikoy 3acHaBaHa [3efHHe TIPMOMETPA CynpauiyieHHs?
7. Y ybiM npasynseuua 3'sBa 3BblWNPaBOAHACLI?

Mpbiknap pawsHHA 3apaybl
Bbignaulle cynpatiysiente ajiomiHieBara npaBajHika [Mpbl  TIMIepaTy-
pbl 15=90 °C, kani npbl Tamnepatypbl ;=20 °C siro cynpauiyienne R;=4,0 Owm.
TomrepatypHbl KasdillbleHT cynpaliiyienns amominio o=4,2-107% K~!,

Hansena: Pamsnne. 3roana 3 dopmynaii (24.2) cynpauiynenne
to= 90 °C npaBajiHika Mpbl TaMrepaTtypax fi ty ajnaBejaHa
n=e e Ry = Ry(1+aAT,), Ry = Ry(1+aAT)).
§1=_4,é‘ 101\£3 K- Paiuatoubl cictamy ypayHeHHsTy, aTpbiMaem
1+ aAT;
— > Ry=R—=2.
Ry — 2= AT,

[Takoabki AT=At=1— 1y, 13e 15=0,0 °C, To AT, =90 K, AT;=20 K.

1+4,2 - 102 K- 90 K
1+4,2 - 103 K™ 20 K

Ry =4,0 Om - =5,1 Om.

Ankas: Ry=5,1 Om.
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[lpakTbikaBanHe 19

1. BoigHaule yigesbHae cymnpaiiyjieHHe ajioMiHieBara npaBajHika Mpbl TIMIE-
patypbl 1=0,0 °C, kani npel Tamneparypbl =20 °C sro yazesnbHae cyrnpariyJ/eH-
He p=2,8-10"% Om- M. TamneparypHsl KasGilbleHT cynpaliyieHHs aToMiHi0
oa=4,2-10"3 K1

2. Cynpauiysienne MerajiuHara mnpaBajiHika Tnpbl Tamnepatypbl fp=0,0 °C
y b=1,5 paza meniae, ubiMm npbl TaMnepatypbl =120 °C. BbisHaule TaMnepa-
TYpHbI Ka3QillbleHT cynpalliyJieHHs p3ublBa NpaBajHiKa.

3.11pbi Tamneparypol £5=0,0 °C cynpauiyseHHe BasbhpamaBara rnpaBajiHika
Ro=40 Owm. Ilaguac npaxomkaHnHsi sJeKTpblyHara TOKy fa npaBajHikax sro cymnpa-
uiysenHe napsiubliacsa Ha AR=100 Om. BbisHaulle, Ha KOJIbKi 3MsiHijacs TaMmIie-
patypa mnpaBajaHika. TsmnepartypHbl Kas(ilubleHT cynpaiiyaeHHs Bajbppamy
o=>5,0-10"* K"

4.T1pul tamnepatypol £1=20,0 °C cynpauiy/ieHHe HikeJiHaBara npaBajiHika
Ry=30,0 Owm. IlpaBannik nanxmioublii ga cetki 3 nanpyxanuem U=120 B. Bui-
3Haule TaMIepaTypy NpaBajHiKa, KaJji fa iM [paxoA3illb JEeKTPblUHbl TOK cCinai
/=800 MA. TsmmneparypHbl KasthillbleHT cynpatiyienns Hikeniny o= 6,50 1073 K.

5*. [lpbl HarpaBaHHi MeaHara npapajHiKa, MJollya narspoyHara CsiysHHs §1KO-
ra S=0,10 mm?, sro cynpauiysiente nassiubliaca Ha AR =30 MOM. Brisnauue,
Ha KOJIbKi y3pacsa YHyTpaHasi sHeprisi npabagHika. lisi Mei3i TamnepaTypHbl Kas-

. " 3 - KT
diuslent cynpargiynenns ov=4,3- 1072 K™!, wuslishacuy D=8,9 - 10° —» Y/sedb-
M

2K
Hasi uenJaémicraciph ¢ =380 ﬁ’ yl3eJbHae 3JeKTpbluHae cynpalliyieHHe
p=1,7-10"8 Om" m.

§ 25. INeKTpbIYHbI TOK Y 3NEKTpanitax.
3aKoHbl 3nekTponisy ®Papapia

[IpoL 8oL8YUIHHI nanapadnsea napaepaga 8ol dasedanics, wLmo y mema-
AaX Nepanoc 3apady He Ccynpasadtaeyua nepaHocam padvlea, a HOCbOImMami
c8a000HbLX 3apaday 3’ayrdrouua 3LeKmporsl. Are icnye kaac npasadHikoy,
npaxoo0xicanHe 3reKkmpulyHaea mokKy Y AKix 3aycédel cynpasadicaeyuya
XimiuHoimi 3menani i neparnocam pauoiea. Taximi npasaduikami 3’ayagoyya
pacmesopoel MHO2IX coAaetl, KICAOM [ w4oaauay, a maxkcama pacniasgol corell i
akciday memanay.

O6pa3soBaTenbHbIn nopTan www.adu.by/ HaumoHanbHbIn MHCTUTYT 06pa3oBaHns



INeKTPbIYHbI TOK Yy 3eKTpanitax. 3akoHbl 3nektponizy Papapas 177

Mpbipopa 3neKTpbiyHara ToKy Y 3nekTpanitax. PsubiBbl, pacTBopbl abo pac-
MJ1aBbl AKIX MPaBOJA3sLb JEKTPbIUHbI TOK, HA3bIBAKOUb 9ACKMPAAIMAMI.

306poM  3JIEKTPbIUHBI  JaAHLYT, fKi

cKJlajaella 3 KpbIHillbl TOKY, JIsIMIIbl Ha- =
NajbBaHHsl i BaHHbl 3 JIbICTbLIsIBAHAU Ba-
JIOH, y SIKOH 3HAXOI351LA J1BA BYraJjibHblsl
snektpoabl (poic. 138). Ilpbl 3ambikaHHi
JlaHllyra JisiMna cesiuinua He Oyase, 3Ha-
Ublllb, JBICTBIISIBAHASI Baja He [PaBOJ3illb
3JIeKTpblYHbl TOK. [layTopbiM pochen, na-
6aBiyuibl Y JbICTBIISIBAHYIO Baay LyKap.
Jlsmna He cBewlila i ¥ r3TbiM BbINAJKY. Poic. 138
PactBop 1ykpy y Bajze takcama He 3’sy-
Jsiellia npaBajHikoM. A usinep naGaBiM y AbICTBUISIBAHYIO Baly HEBSJIIKYI0 KOJIb-
Kacub coJqi, Hanpbikaan xaapwiry meazi(ll) CuCly. ¥V nanuyry npaxonsiub 3/eKr-
pPbIYHBI TOK, Mpa IITO HArJsiHA CBEMUbIlb CBSIUSHHE JISIMIIbL. 3Hauybllb, PacTBOP
coJii ¥ Bajge 3’siyJisielilia MpaBaHiKOM 3JeKTpblyHara TOKY, I. 3H. Mpbl pacTBa-
paHHI xyapbiny Meagi(Il) y jabicThiisiBanail Bajze 3’siijlicst cBaGOJHbBIS HOCLOITHI
3JIeKTpblyHara sapajy.

BoiByualoubl XiMmilo, Bbl jJaBejajiicsi, WITO MPbl pacTBap3aHHI coJiel, KicjaoT i
wyosiauay y Bajze aiaOblBaelllla 3JeKTpaJiThbluHash Ablcalblsiliblsl, I. 3H. pacnaji ma-
JIEKYJl 2JICKTpaJIiTy Ha iOHDI.

Y npaBenzerbim focnende xaapbyl Mengi(1l) CuCly y BoaHbIM pacTBOpHI jibica-
ublipye Ha JajaTHa 3apajpKaHbisl iOHbl Meq3i Cu’ti aAMOYHA 3apajzKaHblsl 10HbI
xaopy Cl™:

CuCly— Cu?*+ 2CI™.
lIoner Cu®* i CI™ y pacTBOphl TpbI ajiCyTHACLI 3/JEKTPLIYHATA MO/ PYyXaloLLa
xaatbluHa. [laj J13esiHHeM 3HelIHsira 3JeKTPblUHArA T10JIsT HA XaaTblUuHbl PyX yacllill
HaKJaJBaelllla HaKipaBaHbl PyX JajaTHa i agMoyHa 3apajpkaHbix ioHay (pbic. 139).
[Ipbl r3ThiM JazaTHa 3apajpKaHbis iOHbI

Cu®" pyxalonua ja sjeKTpoia, Najkaoua- 5 o
Hara jJa ajMoyHara MoJiloCa KPbIHillbl TOKY
(karona), anmoyHa 3apamkanbis ionbl Cl~ —
Jla 3JeKTpoja, MajkjadyaHara aa aaaatHa- - o <@
ra noJioca KpbiHiLbI  TOKy (aHona). hd_)at_@@" '
Ha anonze Oynge anbbiBallila npaisc akic- . @ 9:@
sennst ionay Cl™ na atamay xJopy:

Cl—e =CL Pbic. 139
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Hefitpasnbublsi atambl XJopy yTBaparolb MaJjeKyJbl XJ0py, sKi Bbl3sisella

Ha aHojze:
2C1=Cl,T.

Ha katoasze Gynse agGbiBanua npausc agHaysienus ionay Cu’’ na meirpain-

HBIX aTamay i acakKoHHe MeTasliuHal Measi:
Cu?t+2¢~=Cu.

Takim ubiHaM, cBaOGOJHBIMI HOChOITAMi 3JeKTpblUHATA 3apajiy ¥y 3JeKTpaJsitax
g’ayasionia AagaTHa i aJMoyHa 3apajKaHblsl iOHbI, §IKisi yTBapaiollla y BbIHIKY
3JIEKTPAJIIThIUHAN JIbICALlbISILbI, 4 MPABOAHACUL 3JEKTpaJiTay y aipo3HeHHe aj
npaBojiHacLi MeTasay 3’sysselia ioHHa#. DJEKTpaiThl aJHOCALb Ja APABAOHi-
Koy Opyeoea pody.

CynpauiyneHHe 3nekTtpanitay. [lis BbIByuSHHs cymnpauiy/JeHHsl JaeKTpasitay
305IpOM 3JIEKTPbIUHbI JIAHIYT, fKi CKJIafaella 3 KPbIHillbl TOKY, 3JeKTpaJsiTbluHal
BaHHbI i amnepmetpa (pbic. 140).

. [TaaTpbiMJliBatoybl nacrasiHHae HarpyKaH-
o o He maMmiX 3JekTpoaami, HabJi3iM iX anziH ja
anHaro. AmrepmeTrp nakaxka faBeJsliudHHe CiJibl
@) TOKy Y Jianuyry. TakiMm ublHam, npbl namsiH-
______ | LWI3HHI aaferiacli namik JeKTpojaMi cynpa-
| LiyJIeHHE 3JeKTpaJiTy NaMsHIIaella.
== 3mecliM angiH 3 3JeKTposay y JaeKTpasiT
TakK, Ka® 4acTKa §iro BbICTyIaJsa Hajl MaBepXHsi
pactBopy. [lakasanHe amrepTMeTpa 3MeHUIbILL-
ta. Ajicioib BbIHiIKae, IITO MpPbl MaMSIHIIYHHI
MJI0LIYbl NEepaKPbILLS 3JeKTPoIay Y 3JeKTpa-
Jiue sro cynpatiyseHHe napsijliuBaela.

Peic. 140 Harpsem sJekTpatiT Ha 3JeKTpbluHafl

MUITIEL. AMIepMeTp nakaxa MaBeJiiusHHe CiJlbl

TOKY V JIaHIyTy. 3Haublllb, MPbl MaBeJiY3HHI TIMIEpATYpbl CynpaliyieHHe 3JeKT-
paJiiTy naMsiHuiaera.

Bynzem napsitiuBalb Hampy:kaHHe namixK sJdektpopami ¥ 2, 3, .., n pasoy. Ila-
Ka3aHHi amrepMeTpa y3pacTarollb, MPbIUbIM CiJla TOKY V 3JeKTpadille 3MsHselua
npama rnpanapuplsiHajbHa Harpy:KaHHio, I. 3H. JUIs 3JieKTpaJitay BbIKOHBaellla 3a-

ko Oma [=L.

J1
Bapra ansHaubllib, WITO MPbl MPAXO/LKAHHI 3JEeKTpblYHAra TOKY pa3 3JeKTpaJiT

HpaH}U’JIHGLlLLa HernJgaaBoe A3€gHHE TOKY, I 3H. BbIKOHBacllla 3dKOH I[}KO}UUIH—JIQH-

na Q=1R,,t.
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3aKoHbl anekTponisy ®apap3a. [Ipbl BbIByusHHI XiMmii Bbl jaBejaJiics, 1ITO
NpalsC BbIA3SJIEHHS] p3UblBa HAa 3JEKTPOJ3e, 3BsI3aHbl 3 akKicJsijibHa-alHay/eH bIMi
paakuplami, Kis andbIBaloLA MPbl NPAXO/PKAHHI JEKTPblUHATa TOKY Mpa3 pacTBO-
pbl (pacrniaBbl) JeKTpajitTay, Ha3blBAOUb 31EKMPOAIZAM.

[lepwiot  3akoH  3aekmponaizy Obly 3KCIepbIMEHTaJbHA  YCTAHOYJEHbI
aurJiiickim dizikam Papansem y 1833 r.

Maca m paubiBa, sikoe BbiA3eJijacsi Ha 3jeKTpoi3e, npama npanapubisi-
HajlbHasi 3JeKTPblYHAMy 3apajy ¢, sIKi npailoy npas ajekTpadir:

m=kq. (25.1)

Y dopmysie (25.1) kasdilbleHT npanaplbisHalbHaclli HasbIBalolb 1eKmpa-
XiMi4HbILM IKBiBANEHMAaM Naj3eHara pIubiBa. LH JikaBa poyHbl Mace pIubiBa,
sIKOe BbIA3eJiJacsi Ha aHbIM 3 3JEeKTpoJay TMpbl NpaxoKaHHi NMpa3 3JeKTpaJsit
anginkaBara sJjektpbluHara 3apamy. ¥ Cl sjexTpaxiMiuHbl 3KBiBaseHT BbIMsIpAIOLb

KT
y Kijarpamax Ha KyJOH (—j 3HausHHI /eKTpaxiMiuHbIX SKBiBaJeHTay HeKaTo-

K

pbIX p3ubIBay MpbIBeA3eHbl § TabJ/ilbl 2.

Ta6aina 2 — aekTpaxiMiuHbl 3KBiBaJeHT p3ubiBa
p k1078 — P k1078 —
94bIBA , Kn 94bIBA , Kn
Amominiit 9,32 Hikesb 30,4
(BYXBaJIEHTHbI )
Banapon 1,04 Hikesb 20,3
(TpOXBaJIEHTHBDI )
Kicnapon 8,29 Xnop 36,7
Mensb 65,9 Xpom 18,0
(annaBasieHTHast)
Mensb 32,9 Lpiuk 33,9
(ByxBaJsieHTHAS )

[Takosibki g=1f, n3e [ — cina Toky, { — npameKak 4acy Npaxo/KaHHsl TOKY

npas 3JeKTpasit, TO
m=~rIt.
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Macy psublBa, siKoe Bbl3eJiacsl Ha 3JeKTPoj3e Mpbl NPaxoKaHHi Mpas Jek-
TpaJliT 3JieKTpblYHAra 3apajly ¢, MOXKHA Bbl3Haublllb, BeJatoubl Macy 17, ajHaro ioHa
i Kosibkacub N ioHay, LITO acesi Ha I'3ThIM 3JEKTPO/3e:

M
m=mgN, my=—-,
Na
n3e M — wmagspHas maca paubiBa, Ny — nacrasiHHast Aparajpa.
L. m _mN
Tanbl Kosbkacub ionay N=—=—"~A
my, M
3 npyrora GoOKy, KoJibKacllb ioHay, §Kis HeHlTpaJsizaBaJicsi Ha 3J1€KTPOI3e:
N=1
4o

n3e go — 3apap anHaro iona. IlakosibKi 3apaj ioHa gy KpaTHbl JeMeHTapHamy 3a-
pany e, To gy=en, A3e¢ n— BaJIeHTHACLb iOHA.

3HaublLb, mNy -4
en
m= M 25.2
enhN & (25.2)
[TapayHayuibl dopmyabl (25.2) i (25.1), atpbiMaem
b M
enNy (25.3)
[Takonbki Ny i e — yHiBepcabHbis MNacrasiHHbis, TO (i3iuHyl0 BeJiubl-

Hio F=Nye=9,65-10* Ka y ronap M. ®apanssa Haspani nacmasuuail Pa-
MOJIb

paoas.
Takim ubinam, dopmyay (25.3) aisi BbI3HAU9HHS 3J€KTpaxiMiyHara sKBiBajeHTa

p34blBa MOKHA 3arlicallb y BbIMVIsI3e

Gapansii cchapmyasiBay 3akoH, siKi HasblBalOLb OpyeiM 3aAKOHAM IAEKMPOAI3Y.
[3Thl 3aKoH ycTaHayJ/iBae CyBsi3b MaMi>kK JeKTpaxiMiuHbIM i XiMiYHBIM 3KBiBaJeH-
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TaMi p3ubIBa: 3JEKTPaxiMiuHbIsl 9KBiBaJeHTbl P3ubiBay MpanapibisiHaldbHbIA iX

. . kR x
XIMIYHbIM 3KBIBAJIEHTAM: —=—,
X9
1 ., M . .
° [MakonbKi k=F—, TO Neplbl 3aKOH 3/IEKTPOMI3Yy MOXHa 3anicalb:
n
M
m=—1t. 25.4
Fn ( )

Bbipas (25.4) HasbiBatoub a6’ A0HaHbIM 3aKoHam Papadas 0 anekmponisy. Nasogne ra-
Tara 3aKoHa Maca p3ybiBa, AIKOE BbIA3eNiNacs Ha KOXHbIM 3 3J1EKTpoAay, npanapublsaHanb-
Has ManspHail Mace ioHay ratara paybiBa, Cife TOKY i Yacy Aro NpaxofXaHHA npas3 3MeKT-
panit i agBapoTHa npanapupifiHanbHas BajeHTHACLi ioHay paybiBa.

BbikapbiCTaylibl 3aKOH 3MeKTPONi3y, MOXHA Bbi3HAUbllb 3HAY3HHE 3apagy 3NeKTpoHa Y
WKoNbHalh nabapartopsli. [anycuim, npa3 3neKkTpanit Ha Npauary npamexky vacy t npa-
X0[31y 3NeKTpblYHbl TOK cinait I (MoXHa BbiMepaub amnepmeTpam). Mpbl raThiM Ha 3EKT-
pOA3e Bblf3eninacs paubiBa Macaih m (MOXHa BbiMepalp, Y3BAXbIYLbl 37€KTPo4 nepap i
nacns NpaxofpKaHHA TOKY Npa3 3nekTpanit). Tagbl MOAynb 3apajy 3MeKTPOHa Bbi3HayatoLb
na gopmyne

M
Nymn

e= It.

TaxHiYHae NpbIMAHEHHE 3EeKTPONi3y. DJeKTPOoJi3 3HANIIOY PO3HbIS MPbIMSI-
HeHHi ¥ npambicsioBactii. Pasriengdim Hekatopbist 3 iX.

|. HaHsiceHHe aXOyHbIX i J9KapaTbIyHbIX MaKPBILAY Ha MeTajiuHbl BbIpaObl
(rasbBaHacCTaris ).

Ka6 sacuepardybl Metajibl aj akicjJeHHsl, a Takcama Hajalb Bbipabam TpbiBa-
Jaclb i nmaJienilbllb 3HEWHI BBIMVIS, iX NaKpbiBalollb TOHKIM CJI0eM BblCaKapoj-
HbIX MeTasay (3oJarta, cepabpa) abo Majaakic/syibHbIMI MeTajami (Xpomawm,
Hikesiem). Ilpaamer, siki namjsirae rajbBaHiuHaMy MaKpbILLIO, HANPBIKAAJL JIbIK-
Ky (pbic. 141), anyckawolb y sikaclli Katoja y 3JeKT-

paJsliThlUHYI0 BaHHYy. DJieKTpaJitaMm 3’siysiseliiia pacTBop — 15 0
coJli MeTasty, siKiM aKblllsyJsiellla nakpbiué. Anonam

. |
CJYKbILb MJACIliHa 3 Taro x Mmetajy. [Ipanyckatoubl =

npa3 3JeKTPasiThluHYI0 BaHHy Ha Mpausry nsyHara
NpaMeKKy 4acy 3JeKTPbIUHbl TOK, JIbKKY MaKpblBalOllb
cjoeM Metagy natpaOHail tayurdbini. s HainGogbld
payHaMepHara nakpbllllUsl JbDKKI e Tp30a 3MACUilb

Pbic. 141

O6pa3soBaTenbHbIn nopTan www.adu.by/ HaumoHanbHbIn MHCTUTYT 06pa3oBaHus



182 INEKTPbIYHBI TOK ¥ PO3HbIX ACAPOOA3AX

namik a3ptoma a6o OoJibll aHOAHbIMI MJacuiHaMi. [lac/st nakpbillsl JbKKY Bbl-
Malolb 3 BaHHbI, Cyllalb i NajipyoLb.

2. BoipaG metasliuHbIX KOMiil 3 pasbepHbIX MajsJ/ell (rajbBaHan/acTbika).

Jlnsi atpbiMaHHs Komi#i mpaaMeray (MaHeT, Menanéy, 6apasabeday i iHul.) po-
Os1llb 3J1eMKi 3 sKora-HeOya3b MJacThluHara MaTIpbisily (Hanpbikaaa, Bocky). s
HajlaHHs 3JIeTIKy 3JeKTpanpaBoHaclli iro MnakpbiBalolb rpadiTaBbiM MbliaM, amyc-
Kalollb Y BaHHY Y sKaclli KaToja i aTpbIMJiBalollb Ha iM CJOH MeTajy natpabHan
TayuubiHi (pbic. 142). 3aTbiM 11/15XaM HarpaBaHHsl BbLIAJSIOUb BOCK.

[Ipausc ranbBanansactbiki Obly pacrnpauaBanbl ¥ 1836 r. pyckiMm akansmikam
b. C. $Iko6i (1801 —1874).

3. ArpbiMaHHe MeTajiay 3 pacrjayJaeHbx pya i ix
aubICTKa, 2JIEKTpaxiMiuHas anpaloyka MmeraJgay.

[Ipaisc aubicTKi MeTanay ajabbiBaellla y 3JeKTpa-
JITbluHAH BaHHe. AHOJAM CJIy»Kblllb MeTaJl, siKi najyisi-
rae aybICTLbl, KaToJaM — TOHKasl IJiacliiHa 3 yblcTara
MeTaJy, a 3JeKTpajitTaM — pacTBOp COJi JaazeHara =
metasy. Hanpbikian, nJacuiHy 3 HeaubllluaHal Mengsi
3MslIYalLb Y fIKacli aHoja y BaHHY 3 pacTBopam
MeJiHAra Kyrnapaacy, Jide Katojam 3’syJsieliia JicT 4bl- Puic. 142
crail mensi (poic. 143). ¥V 3abpymKaHblx mMeTasax Mo-
ryub 3MsilIyallla KauToyHbis rpbiMeci. Tak, mensb va-
cTa 3msiyae HikeJb i cepabpo. [lpbl npanyckanHi
npa3 BaHHy 3JIeKTpblUHAra TOKYy Me/3b 3 aHoja nepa-
XO/3illb y pacTBOp, 3 pacTBOpPy Ha KaTol3e BblA3slsl-
ellla yblcTasl Me/3b, a [pbIMeci BbINa/AoLb Y BbIMVIs-
J3e acajky abo nepaxoissillb y pacTBop.

1y

Pbic. 143

1. DuekTpajiTami Ha3blBalOlb P3UbIBbl, PacTBOPbl ab0 pacraBbl SKiX
MPAaBOA3SALbL 3JEKTPLIYHLI TOK.

2. DJieKTpbIUHBl TOK Yy 3JeKTpaJgitax ysyjse caboil ynapaakaBaHbl pyx
ioHay, $§IKisi yTBaparolla Y BbIHIKY 3JIEKTpPaJiThlYHAN AblCAllblsiLbli pacTBoOpa-
Hara psubiBa. [IpaBoaHacib 3Jekrpajitay 3’syssenia ioHHaH.

3. [lpaisc BbyIsiieHHs] p3ublBa Ha 3JEKTPOJ3e, 3BsI3aHbl 3 aKiC/s/IbHA-ajl-
HayJeHUbIMi paaKUbIaMi, §Kis aadbiBalollla Mpbl MPaXo/KaHHi 3JeKTpbluHAra
TOKY Ipa3 pacTBOPbI (paciiaBbl) 3JeKTpajitay, Ha3blBalOLb 3JEKTPOJi3am.

O6pa3soBaTenbHbIn nopTan www.adu.by/ HauvoHanbHbI MHCTUTYT 06pa3oBaHus



INeKTPbIYHbI TOK Yy 3eKTpanitax. 3akoHbl 3nektponizy Papapas 183

4. Maca p>sublBa, fIKOe BblI3eJliJlacsl Ha 2JEKTPOA3e, Npama Mpanapubls-
Ha/IbHAs 9JIEKTPbIUHAMY 3apajy, LITO MpaHLIoy I1Pa3 JEKTPAJIT:

m=Rq.
2

1. Wvo Ha3biBaloLb 3neKTpanitam?

2. fki npaudc HasbiBaloLb 3/eKTpoai3am?

3. flkas npblpofa 3neKTpblYHara ToKy Y 3nekTpanitax?

4. Ap varo 3anexbilb cynpauiyieHHe 3nekTpanitay?

5. Cdapmynioiie nepuwsl 3aKOH 3nekTponidy. Aki disiyHbl CIHC 3nekTpaximiyHara
3KBiBaNeHTy?

6. Mpa3 anekTpaniThluHylo BaHHY, HanoyHeHylo pacTBopam cynbdaty mensi(II) CuSO,
npanyckawoub 3NeKTpblyHbl TOK. Lli 3MeHiuua Maca mepnsi, Akas BbiA3andeuua Ha KaToA3e
3a afiHONbKaBbIA NMpaMexKi yacy, Kani naBanivbilb HanpyxaHHe Namix 3nekTpopami? na-
BANIYbILb TIMNEPATYpPY PacTBOPY 3MeKTPaniTy? naBaniubilb KaHLU3HTPALbIDO PacTBOpPY 3/eK-
Tpanity? Yamy?

7. Yamy HebscneyHa pakpaHauua ronbiMi pykami aa HeizansiBaHbix MeTaniyHbIX npaBa-
L0y, Na AKix npaxoA3ilb 3NeKTPblYHbI TOK?

8. Mpbl HikenipaBaHHi NpagmMeTay y AKacli aHOAA BbIKAapbICTOYBatOLb NAacLiHy 3 Hike-
no. Ui 6yase acapaub Hikenb 3 pacTBopy HikeneBail coni Ha mpagmeue, kani § skacui
aHofa BblKapbiCTalb MaacliHy 3 sikora-He6ya3b iHwara metany?

Mpbiknagbl pawsHHA 3apay

[pbikaan 1. [Ipa3 ssekTpaJsiTbluHyl0 BaHHY, siKas 3Msllyae pacTBOpP cepHai
KicslaTbl, Ha Tipausry npamexkky udacy ¢=060,0 min npaxonsiy Tok cinai /=1,20 A.
[azanano6ubl Bajapoa, siki Bbyidesiycsi Ha Katojzde, cabpaHbl Yy mnacyjagiHe
ymsianbhacio V=350 cm®. BbisHaule ToMrepatypy Bajapoiy, Kasdi sro Ijck
p=150 «lla.

Jansena: Pawsnne. Jlng 3HaxokaHHs TAMIepaTypbl Ba-
t=60,0 min= 3,60-10° c Jlapojly BbiKapbicTaeMm ypayHenHe Kuanefipona—
[=1,20 A Mennzsiieena
V=350 em®*=3,50- 10" m* m
p=150 k[la=1,50-10° Ila pV=MRT,
r—?=?

KT
e M — wmansipuasi Maca Bagapoay (M=2,00- 1073 oL ), R — yHiBepcasbHasi
razasasi nacrasuuas (R = 8,31 Jox ). 3Haubliib, T =ﬂ.

MOJIb - K Rm
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Macy Banapomy, §Ki BbgeJiiycsi Ha KaToji3e, 3HOUJI3EM, BbIKapbICTayllibl
3aKOH 3JieKTpoJiisy m=kIl{, n3e k — 3JjeKkTpaximMiuHbl 3KBiBaJEeHT Balapojy

KT
(k=1,04-10"% —). 3 ysikam rsrara Tsmneparypy Baiapoiy BbI3HAUbIM T1a (hop-

K
VM
RRIt
1,50 -10° [Ta-3,50-107* M- 2,00 - 1073
T = MOJIb 281 K

831 A 104108 K . 190A.3.60-10° ¢
MOJib - K K

Ankas: T=281 K.

myse T =

KI'

[pbikaan 2. XpamipaBanHe TOHKaH TNpaMaByroJibHal MNJacCIiHKi AayKbIHENR
a=3,0cm i wbippiHét b=05,0 cM y BssiKal rasbBaHiuHal BaHHE aXKblLLSYJseLA
Ha Tpausry npamexky uacy {=2,0 ragz npbl cine Toky / =1,5A. BoisHauue Tay-
LWIYbIHIO CJI0sI  XpoMy, siKi yTBapblycss Ha nJacuiHubl. HlublibHacub Xpomy

KI'
p=7,18-10° el

Jlansena: Pawsunue. JIns BbI3HAUZHHSI Macbl Xpomy, sIKi acey
a=3,0cm=3,0" 1072 m | Ha aByx 6akax IIacLiHKi, BbIKapbicTaeM 3akoH Papanssi
b=5,0 cm=5,0-10"2 _, KT
£=2.0 raiz=7.2-10% ¢ m==~kIt, 13e k=1,8-10 E
[=15A 3 npyrora 060Ky, Macy XpOMYy MOKHA BbIpasillb
p=7.18-10° K_g npas wublIbHacubL P i a6’ém Vi m=pV=pab2h,
M n3e h — TayuublHS CJ0S XpOMY, siKi YTBapbIycs Ha
n— > NJIaCLiHIBI.
) 3 yaikam ratara 2pabh=RkIt, ankyab TayurubHs
kit
cyiost xpomy A= :
2pab
1L8-107 5L 15A-7,2-10% ¢
h= Ka =9,0- 1075 m=90 mkm.
2.7,18-10° 1 .3,0-10% ™ -5,0-107
M>

Ankaz: h=90 mMkwm.
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[lpakTbikaBanHe 20

1. HikenipaBanue Bblpaly JBYXBaJEHTHbIM HikeseM axkKblUUsyJsjaacs Ha npa-
usry npamexky uacy ¢ =20 min npbi cisie Toky /=15 A. Bbi3Haulie macy cjiost Hike-
Jo, sIKi acey Ha Bbipabe.

2.11pas Bounbl pactBop cyabdary mensi(ll) CuSO,, siki sHaxomziuua y 3/eKr-
paJliTbluHail BaHHe, MparnycKalolb 3J1eKTPbluHbl ToK cijail /=4,0 A. BbigHaulle KoJib-
Kacllb i0Hay Mea3i, sKisl IITOCEKyHIHA acs/alolb HA KAaTOA3€ BaHHDI.

3.V npaisce 37eKTpoJi3y JABYyXBaJeHTHbIM HikeJeM Ha KaToi3e yTBapaelila
cnoit macait m=0,15 kr. Beiznautie paboTy, BbIKaHaHYIO JIEKTPbIYHBIM TOKaM, Kadli
Harpy»KaHHe Mami>K 3JeKkTpofami sJjekTpadiTbliuHai Banubl U=4,0 B.

4. dnextponbl, sKis 3Haxonssuua y pactsopbl cyibdary mensi(ll) CuSO,, nan-
KJouaHbl 1a KpbiHilel Toky 3 OPC & =12 B i yuyTpanbiM cynpatiiyieHnHem
r=0,40 Owm. BbigHaule mMacy Mej3i, sikasi acesa Ha KaToj3e 3a Mpamexkak uacy
t=10 miH, kani cynpatiiyseHHe pactBopy namiK sjaekrpopami R=0,60 Owm.

5.[1pbl anekrposize cnabora pacTBopy cepHai KicjaTbl Ha KaToize 3JeKTpadi-
ThIYHAH BaHHbI BblI3eJiycs razananoOHbl Bajapon ab’émam V=1,5 J, Tamneparypa
skora =22 °C i uick p=100 klla. BeisHauile pacxon s/ekTpasHeprii, Kaji 3jeK-
TpoJii3 anbbiBaycst npbl Hanpy:xanHi U=6,0 B, a kasdiupleHT KapbicHara azesiHHsi
yeranoyki =75 %.

6*. Boisnauie nan’émuyio cijly maBeTpaHara inapa, HaroyHeHara Ipbl Hap-
MaJibHbIX YMOBax Bajapojam, siki Obly aTpbIMaHbl § BbIHIKY 3JIEKTPOJIi3y Majkicie-
Hail Bajbl, KaJi 3JeKTpbluHbl TOK cinail /=300 A mpanyckasi npa3 sjekTpaJiT Ha
npaury npamexky yacy ¢= 1,50 - 10° rana.

§ 26. IneKTpbIYHbI TOK Yy rasax.
CamacTtoMHbl i HecamacTomMHbl paspagbl. Mnasma

[a36L npol HApMANbHOLX YMOBAX HE NPaBO03Ayb INEKMPoIUHbl MOK, 2. 3H.
3'ayasioyya dvlarekmpoikami. [yma abymoyrena molm, wmo easvl cKAa0QIoy-
ua 3 Heiimpanvrolx amamay (marexyr). AOHaK npol nagueLx ymosax easol, Y
moim AIKY [ nasempa, cmaHosayya npasadudikami. Beicgemain, npor saxix
YyMosax eama maeyoima.

Mpbipopna 3nekTpblyHara Toky V rasax. [IpaBsazém nocnen, siki jaspajsie rpa-
J3MaHCTpaBallb 3MSIHEHHE 3JIeKTPblUHAH MpaBojHaclli ragy (maserpa). /IBa merta-
JIUHBIAA ABICKi, 3apa/KaHblsd PO3HAIMEHHbIMI 3apajgami i pa3MellyaHblss Ha HeKaTopau
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ajyieriacli angdiH aj ajHaro, 3JydbiM 3 3jektpomerpam (poic. 144). Crpajika s/ek-
TpOMeTpa TMpbl IITHIM AJXiJilllAa HA HEKATOPbl Byraj. DJEeKTPOMETp He paspajika-
ella, 3Haublllb, NPbl HEBsWUIIKAH po3HACIli MaT HLbIAIAY NaMixK JbICKaMi NaBeTpa He
NpaBoJ3illb JIEKTPbIYHbI TOK.

[TayTopbiM jlocaen, HarpaBatodbl MoJibIMEM (CMiPTOYKi, CBEUKi) MaBeTpaHbl Mpa-
MeXKaK MaMiXK JbiIcKaMi. DJEKTpoMeTp pa3pajpkaelilla, . 3H. Mpa3 naBeTpa Tpa-
XO/I3illb 3JEKTPhIUHbI TOK (pbic. 145). BbiBam BimaBouHbl: y MaBeTpaHbIM MPaMEKKY
namixk Jibickami 3’siBijlicsi ¢cBaOOJIHBISI HOCLOITHI dJIEKTpbIUHAra 3apajy.

+j +:6€r)->(—

Pbic. 144 Pbic. 145

Kasi npbibpalib noJibiMsl, TO 3J€KTPblYHbl TOK 3HiKHE, TI. 3H. [aBeTpa Namix
JILICKaMi 3HOY CTaHe JIbI3JIEKTPBhIKaM.

PactsiymaubiM BbIHIKI pasrsiekanara jocieny. HarpaBanHe rasy mnoJsibiMeM
NpbIBOA3IlL JIa Y3HIKHEHHSI CBAGOMHBIX 3JEKTPOHAY i JajaTHa 3apajKaHblX ioHay.
[Ipaise, y BbIHIKY $IKOra HEKaTopbisi aTaMbl (MaJieKyJibl) Tady CTpayBalollb 3J€KT-
poHBbI i nepaTBaparollla y JajaTHa 3apa/uKaHblsl iOHbl, HA3bIBAOUb [AHI3AUbLAL
easy. MiHimanbHae 3HausHHe 3Heprii, HeaOXolHAN A8 aipbIBY 3JEKTpPOHA aj aTa-
Ma (MaJsieKyJibl), Ha3blBalOUb dHepeidll [aHiszayvli atama (MmaJjekyJbl). Pasam 3
iaHizaubIAf Moxka andblBalllla JaJyysHHE YTBOpaHbLIX Mpbl aJpbiBe 3JEKTpPOHay Ja
HeUTpasbHbIX atamay (maJjiekys) rady. [3Ta npbiBoa3illb Aa YTBapIHHSA ajMoyHa
3apa/LUKAHbIX i0HAY.

[Tan ysnsestHHeM 3/1eKTpblYHAra noJs y rase y3Hikae HakipaBaHbl pyX JAajiaTHa
3apa/pKaHblX ioHAY Ja aaMoyHara sJeKTpoja (KaTtofa) i HaKipaBaHbl pyX 3J€KTpo-
Hay i aaMOyHa 3apa/KaHbIX i0OHAy Ja jajnaTtHara sJsektpojaa (aHozpa). Takim yblHaMm,
HochOiTaMi 3JeKTpbluHara 3apajy Yy iaHizaBaHbIX razax 3’ayJsiouia jaajatHa i aji-
MOyHa 3apajzKaHblsi iOHbl i CBAOOAHBIS 3JEKTPOHbI. 3Hauyblllb, MpaBOAHACLb Ta-
3ay — I[OHHa-3sexkmponHas. TlpaxomKanHe 3JieKTpbluHara TOKy Ipas iaHizaBa-
Hbl Ta3 Ha3bIBAIOUb 2a3a8blM pa3pada.

[Tacnst criblHeHHSs1 3HellHsira Y3/13esiHHS (y JIa[3eHbIM BbINAJKy HArpaBaHHS MOJIbl-
MeM) 3JIEKTPBIUHBI TOK Y raze 3Hikae. [3Ta aGymoyseHa ThIM, LITO TPbl CyThIKHEHHI
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JaJlaTHa 3apa/pKaHara ioHa 3 3JIeKTPOHaM siHbl YTBapalolb HeHTpasibHbl ataM (maJe-
KyJsly) rasy. [oHbl po3HbIX 3HAKay Mpbl CYTbIKHEHHi Takcama MeparBaparolla ¥ HeHT-
paJibHblsl atambl (MaJiekyJibl). [5Tbisl mpalschl HasblBalOUb paKambinayblal ioHay.
[Ipel pskamOiHalpli BbI3BaJIsIELLIA SHEPTisl, POYHAs SHEPrii, 3aTpayaHall Ha iaHi3aublio.

Takim ublHam, st Taro ka6 y rase 3’siBislicst cBaGOIHBIS HOCHOITBI 3JEKTPbIY-
Hara 3apajiy, siro atambl (MaJsieKyJ/bl) HeabxojHa iaHizaBalb. [5Ta MOXKHA aXblll-
UABIUb LIJIsIXaM HarpaBaHHsl rasdy Ja BbICOKAH TIMIepaTypbl, Y3I3€sHHSI Ha ras yJb-
TpadisiieTaBbiM, PIHTreHAYCKIM, PaIbléaKTbIyHbIM BbIIpAMEHbBAHHEM i iHIII.

SHellHisA Y313€dHHI, y BBIHIKY SKiX anObiBaellla iaHidalblsd, Ha3bIBalolb [QMi-
3amapani. Paspan, siki y3Hikae ¥ BbIHIKY iaHi3albli razy naj y3Ja3esiHHEM 3Helll-
HAra iaHisatapa, HasblBAOUb HECamMactmotHolM.

BonbT-amnepHasa xapakrapbiCTbiKa rasasara paspapy. [l BbIByuSHHsI paspa-
Jly ¥ rase 3pydHa BbIKapblCTOYBallb LIKJSHYIO TPYOKY 3 JAByMa 3JekTpojaami. Pas-
rJieA3iM 3aJjie’KHaclb CiJbl TOKY Yy rase aj Halpy:KaHHs, NpbIKJaj3eHara aa 3JeKT-
pojay TpyOKi, — BOJILT-aMIIePHYIO XapaKTapbICThIKy raszaBara paspaiy (pbic. 146).

Y BbIHIKy J3€siHHSI 3HellHsira iaHizaTapa ajadblBaellla iaHizalbls ragy y mpac-
TOPbl MaMiXkK 3JeKTpoiami. AHayacoBa 3 I3ThIM /A K
anObiBaelllla i aaBapoTHbI Mpausc — neparsa-
paHHe ioHay y HeHTpaJibHbIS aTaMbl (MaJeKyJibl).
[Ipbl HeBsIiKIM HaMpy)KaHHI MaMizK 3JEKTPoAaMi
HSI3HAUHASl KOJIbKACIb YTBOPAHBIX iOHAY i 3J€KT- fLii-————=
poHay npacsirae 3JeKTPOoAay, CTBAPAIOUbl 3JEKT- B
pblubbl TOK. DoJgbliacub ionay pskamOinye, He
nacrsiBatoubl jJacsiruyib sJexrponay. [Ipbl nase-
JIUSHHI HANPYKAHHS NAMiXK 3JEKTpoIaMi yspac- (O
Tae KoJIbKacllb 3apajKaHbIX yacllill, sKisg pacsr- Poic. 146
HyJli 3JeKTpojay, I. 3H. cilia TOKy NaBsiiuBaell-
ua. [lpbl raTeiM cijla TOKy npama mnpanapuplsiHajbHash MpbIKIaJ3eHaMy HaNpy»KaH-
HIO, T. 3H. BbIKOHBaela 3akoH Owma (yuacrak rpacgika AB).

[Ipbl pasieiiuiblM MaBbILISHHI HANPYKaHHS MpanaplblsiHajbHaClb Napyluaela
(yuacrak BC). [TaubiHatoubl 3 HekaTopara 3HausHHs1 HanpyxaHHusi (myHKT C) yce
HOCHOITBI 3JIEKTpPblUHATA 3apajly, §IKisi YTBapbllics naj y3/I3esiHHeM iaHizaTapa, ja-
csiralollb 3JeKTpojay, He mnacrneyiibl pskamOiHaBalb. [Ipel raThiM cisia TOKy Mpbl-
Mae MakcimasibHae 3HausHHE i He 3aJjexblllb aj HanpyxKaHHs (ydacTak rpa-
¢ika CD). DaeKTpbluHbl TOK, Cijla sIKOra He 3aJsexKblllb ajl HarpyKaHHsl, Ha3blBa-
IOUb MOKAM HACLIYIHHSA.

[Ipbl naBoJii BBICOKIM Hampy:KaHHi CBAaOOJHbBIS 3JEKTPOHbI Mal Y3I3€SHHEM
9JIeKTpbIUHAra mnoJisi rnackaparoouua i HaObIBalOLb KiHETbIUHYIO 3SHEpPrilo, JaCTaTKO-

Y
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- BylO JIIs1 iaHi3allbli atamay (MaJieKys) rady npbl CyTbIK-

7 HeHHsiX 3 imi. [Ipausc anpeiBy an arama (MmaJsiekysibl) rasy

& ajHaro abo HeKaJlbKiX 3JeKTPOHaY, BbIKJiKaHbl CYThIK-

<@ HEHHEM 3 I3ThIMi aTamaMmi (MaJeky/aami) cBaGOAHBIX

K@’l‘e\ Ka‘l*e\ 3JIeKTPOHAY, Ha3blBAOUb [AHI3AUbLAL INCKITPOHHOIM
@ @ s e .

S A Sy gdapaM. 'CB.a60,[LH.bIﬂ 3JIEKTPOHBbI, §IKisl Y3HiKJi ¥ BbIHIKY

SN @A @ @ yrapHail iaHisaupli, mackapaloliia JeKTPLIYHBIM [0J1eM

O+ i BbIKJiKaloUb iaHi3alpbllo HOBbIX uacuil. Takisi cBaboj-

Hbisl 2JIEKTPOHBI 3’s1yJistolllla JApyracHbIM iaHizaTapam.
[3ta BAjgze na JsaBiHanajgoOHAra HapacTaHHS KOJIbKACLL
JpyracHblx cBaOOJHBIX 3JEKTpoHay i JajaTHa 3apaKaHblx ionay (pwic. 147),
a 3Haublllb, i J]a NaBeJIilusHHSA Cibl pazpajHara TOKy. AlHak cam pasdpaj ycé sy
3acraelllla HecaMacCTOMHBIM, TMaKOJbKi TMacJ/sl CrbIHEHHS JA3€sHHsI 3HellIHsra iaHisa-
Tapa €H npausirBaellla TOJbKi Ja Taro yacy, nakyJ/b aaMOyHa 3apajpKaHbis iOHbI i
yce 3JeKTPOoHbI (MepluacHbisl i JApyracHbisi) He HacsrHyllb aHoia, a JaaaTHa 3apaj-
»KaHblsl ioHbl — KaToja. HecamactofiHamy JaBiHananoOHaMmy paspaiy y rase ajina-
Bsijlae yuactak rpacika DE Ha pbicynky 146.

AjHak y mspary BbiNajKay rasaBbl paspaji MO)Ka icHaBallb i Mac/si CribIHEHHS
JI3esIHHS1 3HeLIHsra iaHisatapa. Y r3TbiM BbINAJKy MOLHAE 3JEKTpblyHae MoJe, LITO
icHye mami>k 3JieKTposiami, 3’siyJisielilia MpbliubiHail 3axaBaHHs raszaBara paspajiy, siKi
Ha3bIBaOUb CamMacmotHbIM.

Jlnsi y3HiKHEHHS camacToiHara paspajy HejacTaTKoBa HasyHacli ajaHaro
TOJIbKI TIpalacy ynapHail iadizaubli. st naarpbiMaHHst padpajy HeaOXojiHa, Kad
y rase mnacrasiHHa y3HiKaJji HOCbOITbI 3JieKTpbluHara 3apaay 0e3 JA3esiHH§l 3Helll-
Hsira iadizartapa. [Ipbl pyxy najnaTHa 3apajpkaHblx ioHay Ja KaToja iX KiHeTbluHast
IHepris naj ysiazessHHeM 1oJisl naesiliupaeuta. Kasi sHeprisi ionay pacraTkosa
BslJliKast, TO Mpbl yaapbl ab KaTo/ siHbl MOTYlb BbIOiBallb 3 Ir0 MaBePXHi 3JE€KTPO-
Hbl. [5Thl mpaisc HasbiBawlb dpyeacHat 3AeKmpoHHall amiciad («amicis»
agHauae «BblnyckaHHe»). Ilpbl 6ambGapagipoyubl nanatHa 3apaiKaHbiMi ioHaMi
KaToja anbdbiBaellla siro HarpaBaHHe. [Ipbl Bbicokal TamnepaTypbl KaTona aadbli-
Baelllla BbITyCKAHHE 3JIeKTpoHAy 3 fAro nasepxHi. Taki npausc Ha3blBalolb
MapMasreKmporHar amiciad. ¥ BbIHIKY I'SThIX Npauscay y rase yTBapaelilia
3HauYHasl KOJbKacllb CBaOOJHBIX 3JEKTpoHay. ¥ 3ajiexkHaclli aji LicKy rasy, §iro
TOMIIEPATYPbl i HANPYKAHACLL 2JIEKTPblUHATA 10Js1 APYyracHasi 3JeKTPOHHAsl 3Mi-
cisi i TapMmasjeKTpoHHAs 3Micig Moryub ajdbiBalilla agHavacoBa (ydacrak rpa-
¢dika EK na poicynky 146). Takim ubiHam, mpbl ajcyTHacli 3HellHsira iaHizatapa
camacTodHbl paspaj Oyase MaaTpbiMJiBaLlla 32 KOWIT JApyracHal 3JeKTpOHHaH
smicii i (abo) TopmasneKTpoHHAN 3Micii 3 maBepxHi KaToja.
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Biabl camactoiHara rasasara paspapy i ix npbIMAHeHHe. Y 3aJjexxHacui an
Hampy»KaHaclli JIeKTpbluHara MoJisi, 1icKy rasy, opMbl i paublBa 3JeKTpojay aji-
pO3HiBalOlb HACTYIHbIS Bijlbl camMacToiHara rasapara paspajy: TJelubl, JyraBbl,
KApOHHbI i iCKpaBbl.

Therount pasdpaj xapakrapblsyelllla HeBsliKai cinail Toky (A3sicsiTki Miniamrep),
aJIHOCHA BBLICOKIM Hampy»KaHHeM (JI3SCATKi i COTHi BOJIBT), Hi3KiM Liickam rasy (j3s-
CATBIA /101 MiJiMeTpa pTyTHara cjynka). Tsetoubl paspaj 1iblpoKa BbIKapbICTOYBA-
I0llb Y PO3HbIX razacBeTs1aBblX TpyOKax (pbic. 148), sKis npbiMsiHsOLLA IS CBET-
JIABOW p3KJaMbl i J13Kapaublil, y Jasmnax azénnara cstia (pwic. 149), nHeonaBbix
JISIMITaXx.

Pbic. 148 Pbic. 149

Hyeasol pazpan ysiyasie cabodt cayn ragy, ski sipka ceuiuua (poic. 150).
En xapakrapbiayela Bsiiikail cinail Toky (13sicaTKi i coTHi ammep) i napayHasbHa
HeBSUIIKIM HanpyKaHHeM (HeKaJibKi J3scaTkay BoJibT). JlyraBbl paspajn 3’sayJsienia
MaryTHail KpblHilal cBATJA. $Ir0 BBIKAPBLICTOYBAIOLbL Y ACBATJSJIbHBIX YCTAHOYVKAX,
JJIs1 3Bapki i paski metasnay (pbic. 151), snekTponidy pacnsasay, ajisi miayki cradi
Y MPaMbICJOBbIX 3JEKTpaneyax i iHLI.

Pbic. 150 Pbic. 151
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o Y 1802 r. npacdecap ¢isiki Meusapbyprckaii meabika-ximiyHait akagamii B. Y. Matpoy
aTpbIMay 3NeKTpbluHylo Ayry. EH BbIABIY, WTo kani manyubiub ga nomocay Banikail anekT-
pblyHait 6atapai 4Ba KaBanauki ApayHsHara Byranio, NpbiBeCLi ix y CyAOTbIK, @ 3aTblM TPOXi
paccyHylb Ha HeBAMiKylo afnernaclib, To Namix KaHuami BYyrnEY yTBOpbILLA APKae Nofbl-
M5, a cami KaHubl BymEY pacnansuua fabsna, BbiNycKaloybl acnsnnsibHae CBATNO (3NeKT-
pbluHara fyra). YnepuwelHio 3neKTpblyHas Ayra 6bina npeiMeHeHa Y 1876 r. pycKim iHXbI-
Hepam 1. M. fl6naukaBbiM Ans ByNiYHara acesTIeHHS.

Kapornoer pazpaj y3nikae nabJiidy saBocTpaHail yacTKi npaBajHika Npbl atmac-
(epHBIM LiCKy Maj ysj3esHHeM BesbMi HeagHapoJHAra 3JeKTpbluHara moJs. L
cynpaBapKaellia c1abbiM CBSIYSHHEM, sIKOe HarajBae KapoHy (peic. 152) i xapak-
TIPHBIM TP3ICKaM.

KapoHHbl pa3pajz BbIKapbICTOYBAOLbL Y JEKTPbIYHbIX (PifbTpax sl aublCTKi
MPaMBICJIOBBIX raday aj UBEpPAbIX | BajiKix npbiMeceil. AnHak y3HiKHEHHe KapoHHa-
ra pagpajy BaKoJl BbICOKABOJILTHBIX JiHil 3JeKTpanepagaubl HenaxkajaHa, 60 Mpbi-
BOJ3ilLlb Jla CTPAT 3JIEKTPbIUHAK SHEPrii.

lckpasoL paspan Hasipaioltb Npbl BbICOKIM Hanpy:kanni (pwic. 153). En cynpa-
BajLKaellla SpKiM CBSIUSHHEM rasy, I'yKaBbIM 3deKTam, siki cTBapaelila p33kiM ma-
BbILISHHEM LlicKy. [Ipblknanam ickpaBora paspaiay y mnpbipoase 3’siyJsielia MajaH-
Ka (pbic. 154).

Pbic. 152 Pbic. 153 Pbic. 154

O Mepap 3'ayneHHeM ManaHKi HanpyxaHHe namix Bobnakam i naBepxHsai 3amni gacs-
rae U~108—10° B. Cina Toky ¥ manaHusl cknagae I~10° A, npausrnacub paspagy Ma-
naHki t~107° ¢, gpiAmMeTp cBetnaBora KaHana d~10—20 cM. 3BinicTbl BbIAA Manawki
TAyMaubllyla ThiM, WTO 37eKTPbIYHbI pa3paj NpaxoA3iub npa3 yyacTki naseTpa, AKia Mma-
follb HalimeHlWae cynpauiyneHHe. A Takia yyacTki pa3mewdyaHsl Y naBeTpbl BbiMaAKO-
BbIM YblHAM.
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Mna3ma. [Ipbl naBosii BbiCOKIX TaMIepaTypax abo naj y3A3esiHHEM 3JjeKTpamar-
HiTHara BbiMpamMeHbBaHHs aj0biBaellla iaHizaupisi rasy. [laakam a6o yactkoBa iaHi-
3aBaHbl Ta3, y §IKiM KaHUSHTpalbld JaAaTHBIX i aAMOYHBIX 3apajay MpakTblyHa
cynanae, HasblBaoub naaamari. [lnasma — cambl pacnaycrojkaHbl CTaH p3ublBa
¥ CycBelie (pbic. 155).

Y 3ajexxHacli aj CTyneHi iaHizaubli aaposHiBa-
I0llb 4aCTKOBA iaHi3aBaHyl i LAJKaM iaHi3aBaHyo
nsiasmy. Y 3ajexkHacli aj CKopaclii xaaTblYHara pyxy
3apa/UKaHbIX  yaclill — aApOo3HiBaIOb  XaJOJHYIO
(T< 10° K) i rapauyio (T > 10% K) nniasmy. ITpbiksia-
JaM XaJlofHall MnJja3mbl 3’aysselila njaasma, skas
yTBapaeLa MNpbl yCiX Bilax 3JeKTpblUHAra paspamy y
razax. 3opki ysayusiolb caboil riraiikis 3rycTki ra-
pavail nsnagmbl. [lnagma 3anayHsie kacmiyHyro npac-
TOpy namik 3opkami i rasaxkrteikami. [ublibHacub
nJasMbl ¥ KacMiuHa#l npacTopbl BeJibMi MaJasi, y Csi-
pP3AHIM ajHa uacuila Ha KyOiuHbl CaHTbIMETpP. ¥ aj-
pO3HEHHe aj rapadall njasMbl 30paK TIMIepaTypa
MiXK30pKaBai Msa3mbl BeJibMi HidKast. Bepxui ciioil atmacdepbl 3smii Takcama ysiy-
Jsie caboil ciaba ianizaBanyio njasmy. [IpbiubiHabh ianizaupli 3’aysserna yiastpa-
(isiieraBae i psHTreHayckae BbimpameHbBaHHe CoHL@A i iHIIBIX 30pak, XyTKis 3a-
palKaHbld Yyacuilbl i iHLI.

Hesanexxna an criocaby aTtpbiMaHHSl MuadMa y L3JbIM 3'ayJsieliila sJeKTpbluHa
HEeHTpasbHal, MaKOJIbKI 3MslIYae POYHYI0 KOJIbKACIb JANATHBIX i aJAMOYHBIX 3apa-
nay. [lpaBopHaciib nuia3mbl paciie 3 naBeJsliysHHEM KOJIbKACL iaHi3aBaHbIX atamay
(manekya). Lankam ianizaBanas musiagma na cBaéil npasojHacui HaOJikaeuua ja
3BBILINPABAAHIKOY.

‘/ 1. HocbGitami siektpbluHara 3apajiy y iaHi3aBaHbIX rasax 3’stysisiiola ja-
JlaTHA i aaMOyHA 3apa/pKaHblsl iOHbI i CBAOOJHBIS 3JIEKTPOHDI.

2. llpaxomkaHHe 3JeKTpblUHATA TOKY Tpa3 iaHi3aBaHbl ra3 Ha3bIBalOlb ra-
3aBbIM pa3panam.

3. Paspan, ski y3Hikae § BbIHIKYy iaHisalpli ragy naji ysnsessHHeM 3HEIIHS-
ra iaHizatapa, HasblBalollb HecamacToHHbIM. Paspan, siki anObiBaelilla ¥ BbiHi-
Ky iaHisallpli ragy macJisi CIbIHEHHSI J3efIHHS1 3HEIHSAra iaHizarapa, Ha3bIBa-
I0Llb CAMaCTOWHDIM.

Pbic. 155
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4. lanisaupisi 3JIEKTPOHHBIM yAapam — Tpalsc ajpbiBy aj arama (mase-
KyJibl) Tagy agHaro a00 HEeKaJbKiX 3JeKTPOHaY, BbIKJiKaHbl CyTHIKHEHHSMIi 3
aTamami (MaJjieKyJami) ragy 3/7eKTpoHay.

5. Ilnasma — nankam a6o yacTkoBa iaHi3aBaHbl ras, y §IKiM KaHLIHTpa-
bl JQAaTHBIX | aIMOYHBIX 3apafiay aAHOJbKABAsl.

? .
. 1. flkas npbipoAa 3NeKTpblYHAra ToKy ¥ rasax?

2. Ik MOXHa naBAniybllb 3NEKTPbIYHYIO NPaBOAHACLb rasay?

3. Aki pa3pap HasbiBalLb HECAMACTONHBIM?

4. fIki MexaHi3M y3HIKHeHHs HecamacToiiHara paspagy ¥ rasax?

5. lto Takoe iaHi3aupls 3NeKTpoHHbIM yaapam? Mpbl sAKiX ymoBax sHa apbbiBaeuua V
rasax?

6. Alki paspap HasblBaKOLb CaMaCTOWMHbLIM?

7. Aki MexaHi3M y3HiKHEHHA camacToiiHara paspagy y rasax?

8. fkis Bigbl camacToiHara paspagy Bbl Befaelie? [MpbiBAA3iLe NpbiKAagbl iX BbIKAPbIC-
TaHHs.

9. lWto Takoe nnasma? flk se MoOxHa aTpeimMaLb?

§ 27. JneKTpblyHbI TOK Y NaynpaBagHiKax.
VYnacHas npaBoaHacub naynpaBagHiKoy

[laynpasadHiki — WoLPOKI KAQC AK HEAPeaHiYHbLX, MAK [ apeaHiuHblX
pauvieay y ysépdoim abo s8adKkim cmawue, yoservbHae cynpayiyjrerre SKix 3HaA-
x0dsiyya § mexwcax ad 107° da 10° Om-m (npor T=300 K) i icmomna sman-
waeyya npol NABEAIYIHHI MIMNepamypvl, a makcama 3mMAHIeUUa npovl. 3me-
He acBAMACHHA [ JBAO03eHHI NAPAYHANbHA HeBAAIKAL KOAbKACYL npolmecel.
la naynpasaduikoy adnocayv wapae ximiunolx aremenmay (6op, syerapod,
KpaMHitl, eepmariti, ocghap, moiul’ak, cypmy, cepy, ciarer, maiyp i iHui.),
MHOCcmBa akciday i cyrvgpiday memanay, a maxkcama [HULbLX XIMIYHbLX 31Y-
YIHHAY.

3anexHacub cynpauiyieHHA naynpaBapHiKoy aj Tamnepatypbl i acBetne-
Hacui. BeiByublllb yaacuiBaciii naynpaBajHikoy MoxKHa wLuisixam jaocjenay. 36spom
3JICKTPBIUHDI JIQHLYT, fAKi CKJaJaellla 3 KPbIHILbl TOKY, MaylnpaBaiHika i Mijgiammep-
metpa (pbic. 156). Hocsen nakaspae, 1WITO Mpbl HarpaBaHHi MaynpaBaaHika cija
TOKYy V JlaHlyry y3pacTae. Y3pacTaHHe CiJibl TOKy aOymoyJeHa ThIM, LITO Mpbl
naBeJiiusHHi TaMMepatypbl cynpaliyieHte naynpapajfika namsiiaeuya. [Ipbiubiv
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y aIpO3HEHHe all MeTasay 3aJ/eXKHACLb CylpauiyJeHHs NnaynpaBajaHikoy ai TaMIie-
paTypbl 3’stysidelilia HeJliHelHal. 3 MaHKIHHEM TIMIepaTypbl cynpailiyieHHe Mme-
Tajay namsHIlaela, a naynpaBafHikoy y3pactae i ma0Jizy abcasioTHara HyJis
CTAHOBILILIA TAKiM »Ka BSIKIM, sIK y JbI3JeKTpbikay. [padik 3anexHacui ynzenbHara
CynpalliyJieHHs1 a TIMIepatypbl ublctara (6e3 npbiMeceil) naynpaBajHika MpbiBe-
JI3eHbl Ha PbICYHKY 157.

[IpaBsiigém sius angin jlocen. 3MsHSI0Ub acBeTJeHACb MaBepxHi naymnpa-
BaJiHiKa, HazipaeM 3MsiHEHHe TakKazaHHsy Mijiamrnepmerpa (pbic. 158). Boiniki Ha-
3ipaHHAy cBequaub a0 ThIM, LUITO NPbl ACBATJEHHI NaBepxHi MaynpasBaiHika Aro
cynpatliyJieHHe namsiHILaela.

—_—
. 10

,\\\\\\y # /
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) 4

Pbic. 156 Pbic. 157 Pbic. 158

Takim yblHam, nameHWbILb cynpauiyjieHHe naynpaBajHika MoxkHa, a0o0 Harpa-
BalO4bl Aro, abo y3n3eHHiualoubl 9JIEKTPAMATHITHLIM BbINPAMEHbBAHHEM, HAIPbIK-
JIajl, acBATJAIOYLI M0 MaBEPXHIO.

Mpbipoaa 3neKTpbiYHara TOKy Y naynpaBapHikax. DKcrepbiMeHTasbHA yCTa-
HOYJIEHa, LITO TMpbl MPAXOIPKAHHI JIEKTPbIUHATA TOKY V MaynpaBajiHiKax, sk i y Me-
TaJsax, HisgKix XiMiYHbIX 3MAHEHHAY He andbiBaelllla, I. 3H. llepaHoc 3apaiy Ipbl 1pa-
XO/PKaHHI TOKYy He cynpaBajpkaelllla nepaHocam paubiBa. [3Ta cemubillb ab ThiM,
wto cBabojHbIMi HOChOITAMi 3JeKTpbluHAra 3apaiy y naynpabBajiHikax, siK i § me-
Tanax, 3’yJsIHoLLa 3J1eKTPOHBI.

Pasriienzim mexaHism mnpaBojHaclii naynpaBajHiKoy Ha TPbIKIaA3€e KpbILTas
repmanito Ge, BaJleHTHAClb aTtamay sikora poyHasi YaTbIPOM.

Atambl repmaniio Ha 3HelIHsH aGasoHLbl MalolLb YaThiPbl BAJEHTHBIS 3JEKTPO-
Hbl, napayHajbHa cjada 3BsizaHbls 3 sApoM. [Ipbl I3ThIM KOXKHBI aTaM KpbILITaJsi
3BfI3aHbl 3 YaTbIpMa CyCe/HiMi aTamami KaBaJleHTHbIMi cyBsissiMi. JIBa cyceHisi ara-
Mbl a0’sIHOYBalOLb JIBA CBae BAJIEHTHbISI 2JEKTPOHbI (Ma aJHbIM aj KOoXKHara
atama), sikis yTBapaiollb 3JeKTpoHHyI0 napy. Tamy yce BajieHTHbISI 3JEKTPOHbI
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atama repmatilo yia3eJsbHidalollb Ba YTBap3HHI
KaBaJieHTHbIX cyBsizeil. Ha poicynky 159 amo-
CTpaBaHa MJOCKas CXeMa IpacTopaBal palloTKi
Kpbilitans repmadito. Ilpbl  Tsmneparypax,
OJ1i3KiX Ja abcajtoTHara HyJs, KaBaJeHTHbIS
CyBSI3i TepMaHil0 JacTaTKOBA TPbIBAJblsl, Tamy
CBAOOJIHBIA 3JEKTPOHBI AJICYTHIYalOlb, i rep-
MaHil 3’syJsielia Jbl3JeKTPhIKaM.

Jois Taro Kab pasapBallb KaBaJIGHTHYIO Cy-
Bs3b i 3pabillb 3JeKTPOH CBAGOAHBIM, KPHILITA-
JII0 repMaHilo HeabXo[Ha Mepajalb HeKaTopylo
9HEPrilo, HanpbIK/JIa[, HarpaBaloybl KPbILITAb
ab0 anpaMmeHbBaloybl siro naeepxHio. [Ipbl rs-
ThIM YaCTKa 3JEKTPOHAY aTpbiMJiBae 3HEPrito,
JACTATKOBYIO ISl Taro, ka0 MakiHyllb aTambl i
cTalb CBAGOIHBIMI.

HefliTpasibHbl atam, sikoMy HaJsiexkay BbI3Ba-
JIeHbl 3JIEKTPOH, CTAHOBIlllla JalaTHa 3apajiKa-

Puic. 160 HbIM [OHAM, a Y KaBaJICHTHLIX CyBA3§IX yTBapa-
ellla BaKaHTHAe MecCla 3 aJICyTHBIM 3JICKTPOHAM.
Slro HasbiBatolb dzipkati (peic. 160).

AnnavyacoBa 3 mpanscaM y3HiKHEHHsI CBAOOJHBIX 3JIEKTpoHaY i a3ipak anbbia-
elia npaiac, npbl SKiM ai3iH 3 sjeKkTpoHay (He cBaGOjAHBI, a TOH, 1ITO 3a0sicred-
Bae KaBaJIeHTHYIO CyBsI3b) MepacKoKBae Ha Meclia YyTBOpaHaH N3ipki i aaHayJssie Ka-
BaJICHTHYIO CyBs3b. [Ipbl ITBIM CcTaHOBilIYa A3ipKi 3MsHsella, ITO MOXKHA Maj3-
JsiBallb K sie rnepamsiluysHHe. TakiM 4blHaM, Mpbl aACyTHACLi 3HELIHSAra 3JeKTpbly-
Hara noJisi Y KpbllUTaJdi naynpaBajHika Hasipaellla xaaTbluHae MepamsiliysHHe CBa-
OOJIHBIX 3JICKTPOHAY i A3ipaK, KaHUSHTPALbI SKIX Y YBICTBIM MayrnpaBagHiKy aaHOJb-
KaBblsl.

JI3ipki Jivaib pyxoMbIMi HOochbGiTaMi jJajaTHara 3apay, siki poyHbl MOJYJO 3a-
pajy 3JeKTpPOHY.

. [l3ipayHas npaBoAHacub y payaicHacLi abymoyneHa «3cTadeTHbIM» MepaMAlYIHHEM TN
BaKaHCifAX aj agHaro atama KpbllWwTans naynpaBajHika Aa Apyrora 3neKTpoHay, AKif abil-
uAYnAoLb KaBaneHTHylo cyBA3b. [13ipak fK faAaTHbIX 3apapjay, AKif iCHyloub p3anbHa, Ha
camaii cnpaBe HaMa. TbiM He MeHW yayneHHe mpa ix 3'aynseuyua pobpait disiyHait ma-
[N, AIKAA fae MaryelMaclb pasmafalb 3MEKTPbIYHbI TOK Y NaynpaBajHikax Ha acHoBe
3aKkoHay ¢iziki.
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[Ipbl HasiyHacli 3HelIHsira 3JeKTpbluHAra noJs Ha
XaaTbluHbl PyX CBAOOJHBIX 3JEKTpoHAYy i A3ipak Ha-
KJaJBaelllla ix ynapajakaBaHbl pyX, [I. 3H. Yy3HiKae
3JIEKTpbluHbl TOK. [IpblubiM pyX CBaGOAHBIX 3JEKTPO-
Hay ajbbiBaelllla ¥ Hampamky, cynpalbJeryibiM Ha-
npamKy HarnpyzkaHacui E snemmnsira 3JIeKTpblUHara
noJsisi, a pyx J3ipak cynajae 3 HarnpaMKaM Harpy»ka-
nacui £ moassi (poic. 161).

[IpaBopHacub, abymoyseHass pyxam cBabOOJHbBIX
3JIEKTPOHAY i J3ipak y 4bICTHIM MayrnpaBajiHiky, Ha3blBalolb YAACHAl NpasooHac-
yro naynpasantika. [Ipel nepagausl naynpabafHiky sHeprii KaHUIHTpalblsi cBabo/1-
HbIX JIEKTPOHAY, a 3HAYbllb, i A3ipaK y3pacTae, MaKoJbKi NaBs/iuBaellla KOJIbKACLb
paspblBay KaBaJleHTHbIX cyBsised. [5TbIM i TJymaublllla MaMsiHILISHHE CynpauiyJeH-
Hsl MaynpaBajHika Npbl Ar0 HarpaBaHHi i arnpameHbBaHHI.

TaxHiyHae npbiMAHeHHe naynpaBapHikoy. [IpbiGopbl, paboTa sikix 3acHaBaHa
Ha YyJslacliBaclli naynpabaiHiKoy 3MsiHsILb CBaé cymnpauiy/JeHHe Ipbl 3MeHe TIMIle-
patypbl, HasblBalOUb T3pMicTapaMi abo Tapmapasictapami.

Tsapmapasicrapbl (pbic. 162) BbIKapbICTOYBaIOLb /151 aXOBbl T3/Je(POHHBIX CTaH-
UbIH i JIiHIA al TOKaBbIX Meparpy3ak, IJs [yCKAaaxOyHbIX p3Jie KamIpacapay
XaJla[3iJibHiKay; 3anajbBaHHS JIIOMIHECUSHTHBIX JISAMIT; JJIs1 Ma-
Jlarp3By Jbl3eJibHara naJjiba; y pO3HbIX 3JeKTpaHarpaBaJsbHbIX
npbibopax: HarpabaJjibHbIX palllOTKaX llerJaBeHThlasiTapay, cy-
LIBIKAX J/1s1 abyTKYy.

[IpbiGopbl, paGoTa sKiX 3acHaBaHa Ha YJacliBacll naymnpa-
BAJIHIKOY 3MSIHsILb CBa€ cynpauiyJieHHe Ipbl 3MeHe acBeTJie-
Haclli iX naBepxHi, Ha3dbiBallb (oTapasictapami abo goracy-
npatiyaenusami (poic. 163). Ix BbiKapbicTOyBatolpb AJis1 paricTpa-
Ubli cabblX MATOKay CBSATJA, MpPbl capTaBaHHI i MamjliKy rato-
Ball MpajiyKibli, IJs KAHTPOJIIO §IKACUI i raToyHaculi CaMblxX
PO3HBIX JleTajiell; y najirpadiuHail npambicjoBaclli AJisi BbIsiy-
JieHHs1 aOpbiBay ManspoBail CTYXKKi, KAHTPOJIO 3a KOJIbKACIIO
JICTOY Manepsl, WTO Najawlla y IPyKAPCKyl0 MalllbHy; y Me-
IblLbIHE, CeJIbCKall racrnajapulbl i iHIIBIX raJiHax. Poic. 163

Pbic. 161

‘/ 1. DJieKTpbIUHBI TOK y MaynpaBajHiKax ysysse caGoil ynapajkaBaHbl pyx
CcBabOJHBIX 3JIEKTPOHAY i J3ipak.
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2. IlpaBoaHacib, abymoyJ/eHylo pyxam CBaGOJHBIX 3JEKTpOHAY i J3ipak y
YBICTHIM MayNpaBajHiKy, Ha3blBAKOLb yJaCHAH MPaBOAHACLIO MaylpaBajHiKa.

3. CynpatliyjieHHe nayrnpaBajHikoy namsiHilaellia rnpbl naBesiuysHHi TIM-
neparypbl i y3A3€sHHI JeKTpamarHiTHara BbllIpaMEeHbBaHHS.

? 1. fkas 6yposa maynpaBagHikoy (Ha MpbIKNaf3e KpblWTans repmatiio)?

2. flkas npblpofa 3NeKTpblYHAra TOKY Y naynpasafHikax?

3. Pactiymayle mMexaHi3M ynacHaii npaBofHacui naynpaBagHikoy.

4, Ik 3anexblyb cynpauiyneHHe naynpaBajHikoy aj Tamnepatypbl? acBeTneHacyi?
Yamy?

5. Lli moxa Hasipayua y naynpaBagHikoy 3'aBa 3BbiwnpaBofHacLi? Yamy?

6. Y ublM afpo3HEHHe 3anexHacli 3NeKTpblyHaW MpaBofHACLi MeTaniuHblX MpaBajHi-
KoY, maynpaBafHiKoy i AblaneKkTpbikay af Tamnepatypbl? Yamy?

7. Y AKiM BbiNafgKy naynpaBafiHiK MoXa npasynsub ynacuiBacuyi AblaNekTpbika?

8. MpbiBAa3ile npbiknagbl BbIKAPbICTAHHA NaynpaBafHiKoBbIX Npbibopay.

§ 28. MpbimecHas npaBopHacCub naynpaBagHiKoy.
INneKTpOHHA-A3ipayHbl Nepaxop

SMaHiysb yracyisacyli naynpasadHikoy MOMHA He MOAbKI HaepasaHHem
ab0 [J303eAHHEM INCKMPAMACHIMHACA BbINPAMEHbBAHHA, aie [ dabayreHrHem
Yy ublcmol naynpasaduik npowmeceti. Tadol j naynpasadriky paszam 3 YyaacHatl
npasooHacylo JsHIKae NpoimecHas npasooHacyb.

MNpboiMecHaa npaBoaHacub naynpaBapHikoy. [IpaBomnacub, aGymoysenyio Ha-
SYyHACLIO MpbIMecel y TnaynpaBajiHiky, Ha3blBalOllb HpbLMECHAll NPaBOOHACYIO
nayrnpaBajiHika.

Pasrnengim mexaHisaMm rataii npaBojHaclii Ha
npbiK/aaa3e Kpbilitans repmaniio Ge, siki amsiuae
npbiMech atamay Mbill'siky As, BaJieHTHacClb SIKiX
poyHasi nmsui.

YarbIpbl BaJIeHTHBIS JEKTPOHbI aTama MbILII si-
Ky VTBapawolb KaBaJEHTHbISI CyBs3i 3 CyCeIHiMi
atamami repmaniio (pbic. 164). Ilatbis s1eKkTpoHbI
atamay MbIlI'IKy He 3a[3eiHiuaHbl Ba YTBapIHHI
KaBaJIeHTHbIX CyBsI3ed i Moryub cBabojaHa mnepa-

Pbic. 164
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Msil¥aLla, amaJjb siK 3JeKTPOHbl ¥ MeTaJliuHbIM NpaBaiHiky. [IpaBojHacips Takora
KpbllUTaJsl Oyasze nepapaxkHa sjektpoHHail. JI3ipki, siKis yTBapatollia ¥ BbIHiKY
paspbiBy acoGHBIX KaBaJIeHTHBIX CyBsi3el MaMi>k atamami repmadito, 3’syssionia
HEacHOYHbIMI HOCbOiTaMi 3JIeKTpbluHAra 3apajy, MaKoJibKi iX KaHLHTPAallbll MaJiast
Y napayHaHHi 3 KaHUSHTpalbI cBaGOIHBIX 3JeKTpoHay. Takisi mayrnpaBaaHiki Ha-
3bIBAIOLb IACKMPOHHLIMI NAYApasadHikami ab0 naynpasaoHiKkami n-moiny
(am Jnail. negativ — aaMOYHBI).

[Ipbimeci, sKig nacray/asiolb y naynpaBajHiki cBaOOAHbISA 3JEKTPOHbl 6e3
y3HiKHEHHS] poyHa# iM KoJibKaclli Ji3ipak, Ha3blBaollb JOHapHoiMI (A1al0UbIMi).
YigedbHae cynpauiyjieHHe naynpabajHika 3 yTpbIMaHHeM Takix npbiMecedl p3ska
3MsIHIIaena i Moxka HabJiKauua j1a yazesabHara cynpauiyJeHHs MeTaJgiyHara
npaBajHika.

Llsinep pasrien3iM MexaHi3aM MpbiMecHall MpaBojAHACI MNaynpaBajHika Ha
npbiKaaa3e Kpbiutais repmatito Ge, siki 3msiiuae npbiMech atamay inabiio In, Ba-
JIGHTHACLb §IKIX pOYHasl TPOM.

BaneHTHBISI 3J1eKTPOHBI aTtaMa iHbll0 YTBapa-
I0Lb KaBAJICHTHbIA CYBf3i TOJbKiI 3 TpbIMa CyCeHiMi
atamami repmatito (pwic. 165). Ha yrBapsune cy-
BSI3i 3 4auUBEPTbIM aramam repMmaHilo y arama
iHablio asekTpoHa Hsima. Tamy Kajsi KoxkHara ara-
Ma iHIBIIO alHa 3 KaBaJIeHTHBIX CyBsi3ell Oynize He-
3arnoyHeHau, T. 3H. y3HiKae ja3ipka. DJIeKTpPOH, siKi
aJicyTHiuae, MoxKa Oblllb 3aXOMJEeHbl aTaMaM iHJbIIO
3 KaBaJIeHTHaW CyBf3i CyCeIHiX atamay repMaHilo. Pbic. 165
[Ipbl raTeiM 13ipKa yTBapaelllia Ha ThIM MecCLibl, 13€
paHel 3HAXOA3IyCsl JEKTPOH.

Y BBIHIKY ¥BsI3E€HHSsI Tako# MNpbIMeci § KpbllliTaji pazpbliBaelllla MHOCTBA KaBa-
JIEHTHBIX CyBsi3ell i yTBapatouua j3ipki. [IpaBojnacip Takora Kpbiiradst Gynse rme-
paBaxkHa j3ipaunabi. CBaGOJHbIS 3JE€KTPOHbBI, §IKisl Y3HiKaIOlb 3a KOIIT YyJacHan
npaBojiHacL nayrnpaBajHika, 3’gayJsiolla HeaCcHOYHbIMI HOChOITaMi 3JeKTpbluHara
3apajly, NakoJbKi iX KaHUIHTpaUbld MaJsasi y napayHaHHi 3 KaHUSHTpaubIaHh A3ipak.
Takis maynpaBaaniki HagwbiBawlb 03ipaureini naynpasadwikami abo naynpa-
sadHikami p-moiny (an Jau. positiv — nanaTHBI).

[Ipbimeci, HastyHacllb SIKiX y naynpaBajHiky MpbIBOAZIbL Aa YTBap3HHS J3ipak,
He MaBsliuBaloybl Mpbl T3ThIM KOJbKAcli CBaOOAHBIX 3JEKTPOHAy, Ha3blBalOUb
akyanmapHoimi (TMpbIMalOubIMi). Yn3esnbHae cymnpaliyieHHe TnaynpaBagHiKoy,
SIKisl 3MALIYAIOlb aKU3NTAapHBIS MPbIMEC], Takcama p33Ka 3MsIHIIaella.
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IneKTpoHHa-p3ipayHbl nepaxop. PasriensivM naynpaBaaHik, ajHa yacTka sKO-
ra 3msiiyae JOHapHYIO TMpbIMeCh i Tamy 3’siyJsielilia naynpaBajgHikoM r7-Thbily, a
Jipyrasi — a3 NTapHylo NpbiMech i 3’siyJsieliia naynpaBajaHikoM p-Thiry. Y 30He
KaHTaKTy yTBapaella TOHKi CJOH, siKi Ha3blBaKOLUb 3JEKTPOHHA-A3ipayHbIM Mepaxo-
Jam abo n—p-nepaxojgaM. KaHusHTpalbisi cBaOOAHBIX 3JEKTPOHAY y r-BoOJacli
3HAUHA BbILIHLLIAS, UYbIM y p-BoOJACLi, aalaBelHa KaHLSHTpaLbls I3ipak y p-BoO-
Jacili 3HauHa OoJibliasi 3a iX KaHUHTpalbIo § n-BoOJacli. 3-3a Taro, 1TO TMpa3
MsKy najzesy aabbiBaelilia Ably3is seKkTpoHay 3 n- y p-obsacip i abldy3is
J3ipak 3 p- y n-o0Jacllb, Ha MsKbl 71- i p-abjacueil 3'sysseniia sJaeKTpbiuHae
noJie. SlHO nepaiukamKae jgajefiiamy repaxoly acHOYHbIX HocbOiTay 3apany 1pas
MsXKY najsesy. [HUIbIMI cjioBaMi, y 30He Mepaxojy NamiK naynpaBajHikami n- i p-
ThiNay yTBapaelia 3arnipatoubl cjoil (pbic. 166).

30651ipoM 3JIEKTPBIUHBI JIAHIYT, 5Ki CKJIajaellia 3 KpbHillbl TOKY, JsMIaukKi i nay-
npaBajHika 3 n—p-nepaxojgam. [Ipbl r3ThiM JaAaTHBI MOJIOC KPbIHillbl TOKY Maj-
KJIOYbIM Jla p-BoOJacii, a aaMoyHbl — ja n-Bobaacti (pbic. 167). [lpbl 3ambi-
KaHHI JaHuyra Jsmnadka Oyasze cBsillilllla. BbiBaj BilaBOUHBI: y JIAHUYry Ipa-
XOZ3iLlb 3JIEKTPBIUYHBI TOK.

n-teiny Ly, p-Thiy
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3anipatoubl
CJI0M
Pbic. 166 Pbic. 167

Pacrnymaubim 3’s1By, sikylo HagipaJgi. ¥ BbIHIKY A3€sHHSI 3JeKTpbluHara 1moJs,
CTBOpaHara KpbiHillall TOKY, 3aripaiodbl CJIOH MadyHe 3HiKallb, MaKOJbKi Harpyxa-
Hacub £ 3HelIHAra s/jeKTpbluHara noJisi KpbiHillbl CynpaubJ/eryas na Hanpamky
Hanpyxxanacii £’ moJist 3amipaiouara ¢Jiost i MpakThiuHa [aJKaM KamreHcye sie. [5ta
NpbIBOA3IL Jla ajHayJeHHs Jblysii acHOYHbIX HochOiTay 3apamy mnpas
n—p-nepaxo/; 3 BoOJacli 1y BoOJaacllb p — 3JeKTpoHay, a 3 BoOJacli p y BoO-
Jactp n — jgipak. [Ipbl raThIM TaylubiHA /1—p-TNiepaxody NamsiHLIaeLla, 3Haublllb,
namsiiaenya i siro cynpatjyjente (poic. 168). ¥ r3TbiM BbINAJAKy 71— p-nepaxoj
YKJIIOUaHbl § MpambIM (TMPanyCKHbIM) HarpaMmKy.

A usnep maakaoOUYBIM AaaaTHBI MOJIOC KPBIHiLBI TOKY Ja 1-BoOJaclli, a aaMoy-
Hbl — gaa p-oOJacui (pbic. 169). [lpbl 3ambikanHi JaHiyra JsiMnauka He
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CBellilllla, I. 3H. 3JEKTpbluHAra TOKY Y JIAHLYTY
HfIMA.

[IpblubiHa § ThIM, WITO TaylIubIHA 3aripato-
yara cJosl i, 3Haubllb, ro CynpauiyjaeHHe NaBsi-
JIYBAOLLA, NAKOJbKI HalpaMmak HanpyxKaHac-
ui E 3JIeKTpblUHAra IoJisi, CTBOpaHara KpblHi-
uau, cynamae 3 HalnpamkKam HanpyKaHacui E'
noJisi  3amipatoyara cJjosi. Y T3TbIM BblaJKy
n—p-nepaxojl YKJUaHbl ¥ ajBapoTHLIM (3ami-
paioubiM) HampaMmKy i TOK Mpas n—p-rnepaxoj
npakThlyHa ajcyTHidae (KaJi He yJiuBallb TOK,
CTBOpAHbl HEACHOYHbIMI HOCLOiITaMi, KaHIIHTpA-
Ublsl SIKiX MaJsiasi y napayHaHHi 3 KaHL HTPallbl-
Il aCHOYHBIX HOCBOITAy TOKY).

Takim ublHaM, n—p-niepaxoj y naynpaBajHi-
Ky BaJsioflae ajHaOakoBall npaBojHaciio. Ha pbi-
cynky 170 npazacraysneHna BoJibT-amIepHasi Xa-
pakTapbiCcTblka Ipamora nepaxojy — ydac-
tak OB i angBapoTHara nepaxomy — ydactak OA.

MaynpaBagHiKoBbl Abléf. YiaciiBacib aj-
HaGaKoBall MpaBojHACLi 1—p-nepaxojiy BbIKa-
pbICTOYBaIOLb Yy MaynpaBajHiKOBbLIX MPbIOOpPaX,
fKis  HasblBaollb Jblénami. Jljas aTpbiMaHHs
n—p-nepaxoiy Ospylib, HaNpbIKAa, KpbILITa/lb
repmaHito 3 joHapHa# npbiMeccto. Taki Kpbllli-
TaJb Baslofae 3JeKTpoHHall npasoaHacuio (a6o
npaBoaHaciio n-Toiny). Kani y amxny 3 nasepx-
HSIY KPbILLTAJS TepPMaHito yiJjaBilb iHAbIA, TO 3
NpbIUbIHBL JbIy3ii atamay iHabll0 § naBepxHe-
BbIM CJIOi repmanitlo YTBoOpbIla BoOJaClb 3
npaBojHacLO p-Thiny. Tast yacTka KpbllUTads,
y SIKyIO aTambl iHJABIO He [paHikai, na-paHei-
uiamy Mae npaBojHacub 71-Tbiny. Ilamik n3Bio-
Ma absacugmi 3 MpaBOJHACUSAMI PO3HbBIX ThiMay
y3Hikae n—p-nepaxon (poic. 171). ¥ naynpa-
BAJIHIKOBBIM JIbIEJ3€ TePMaHill CayKbllb KAaTO-
naM, a ingpli — anomam. CxemaTbluHae abasHa-
ysHHE Abléna NpbiBe3eHa Ha pbicyHKy 172.

1-ThIMy p-ThIIy

@;f<> :35%}* +

e— &
O <E§2

Pbic. 168

1-ThblIly pP-ThlIly

2 4o — — || —
— — o2

+
L
4

4+

-
o O __®_>®—'

o+
ol

Pbic. 169
I A

A 0

=) /

Pbic. 170

d ﬂ _fpa
\\F@

Pbic. 171

+ —
i

Pbic. 172

O6pa3soBaTenbHbIn nopTan www.adu.by/ HaumoHanbHbIn MHCTUTYT 06pa3oBaHus



200 INEKTPbIYHBI TOK ¥ PO3HbIX ACAPOOA3AX

Jlist axoBbl ajl 3HELLHiX Y3[3€esIHHSY KpblllTajb repma-
Hil0 3MsILLYAUb Y FepMeTbluHbl MeTaJsliuHbl a00 LIKJSIHbI
koprnyc (pbic. 173).

Y naynpaBajHiKOBbIX JbléIay BbICOKI KasDilbleHT Ka-

Puic. 173 pblcHara J3esiHHsl, SIHbl JAyraBeuHblsl i MiHISILIOPHbIS 114

namepax. Jla Hemaxonay naynpabajHiKOBbIX Ablénay aj-

Hocilla Toe, LITO siHbl MOTYlUb IpallaBallb y abMexKaBaHbIM iHT3pBaJje TIMIepaTyp
(an —70 °C na 125 °C).

[TaynpaBasHiKOBbIS JAbI&/bI 3’AysI0111la ACHOYHBLIMI 3JleMeHTaMi BbIMPaMHiKOY
nepaMmeHHara TOKY i J3T3KTapay 3JeKTpaMarHiTHbIX cirHajay. 3 nanamorad nay-
NPABAJHIKOBBIX [bIENAY MOXKHA axKbILUSBILb HernacpsjaHae nepaTBapaHHe 3HeEprii
sJleKTpaMarHiTHara BblllpaMeHbBaHHs Y 3JIeKTPblUHYl0 3Heprito. Takis 1bIéapl
HasbiBaolb Qoraabiénami (poic. 174). Kani na Bbixagay dorajbiéna najkaoublilb,
HanpblKaal, p33icTap, TO ¥ 3JeKTPbIYHbIM JIAHLYTY MPaxolsillb 3JEeKTPblUHbl TOK,
AKi y3Hikae V BbIHIKY jably3ii Mpa3 n—p-nepaxojl HeACHOYHbLIX HOChOITAy 3JeKT-
pblyHara sapajiy, LTO yTBapatoula naj y3[A3esiHHeM BblllpaMeHbBaHHsI, sIKoe Majae
Ha ¢otaaplén. [lpbiubiM cia sgekTpblyHara ToKy, WITO Mpaxoadilb npad (poTaubién,
JiHeliHa 3ajieXblllb aj iHTIHCIYHACLi CBATJA, fKOE Ha Siro najae. Y Jaj3eHbIM
paKbiMe oTaaplén «rnpaiye» sK KpbiHilla TOKy (coHeunasi 6atapssi). Kani cora-
JIbIEN YKJI0UaHbl ¥ aJBapOTHLIM Hampamky, To &H «mpalye» siK dorapasicrap i siro
MOKHA BbIKApbICTOYBAllb ISl KipaBaHHSI TOKAM Y 3JeKTPbluHbIM Janiyry. Potaspi-
€/1bl NPLIMAHAOLbL Yy BbIMSApAJIbHAH TIXHIilLbl, CICTIMAX ayTaMaTblKi i iHLI.

CBsIT/IOBbIIPaMeHbBalOUbl JbIEN (CBATAOABIEN) — MaynpaBajHiKoBbl NpbIGOP,
sSIKi nepaTBapae 3JEeKTPbIUHYI 3SHEprilo HernacpsjHa y CBeTJaBoe BblllpaMeHbBaHHE.
En ysaynse caGoii MiHisAIOpHLI NaynpaBaaHikoBbl AbIEA, 3MELIYAHLI § MPA3pLICTbl
kopnyc (pbic. 175). BoikapbicToyBatoubl CBATAOABIENBI, BbIpabJIsitollb, HAMPbIKJIAL,
CBATJIONBIEHBIST CBALIBLHIKI (pbic. 176).

Pbic. 174 Pbic. 175 Pbic. 176

‘/ 1. I[IpaBosHacub, abymMoyJieHy0 HasiyHACLtO MpbIMECe y MnayrnpaBajHiky,
HasbIBalolb MpPbIMECHAH MPaBOAHACLIIO NaynpaBaaHiKa.
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2. Ilpwimeci, ki nacray/siiollb y nayrnpaBajHiki cBaGOIHBIS JEKTPOHBI
6e3 V3HiKHEHHsI poyHal iM KoJibKaclli A3ipak, Ha3biBawollb JOHApHbIMi. [lay-
MpaBafHiKi, AKis 3MALYAIOLb AOHAPHbIA MPbIMECi, HA3bIBAIOLb JICKTPOHHBIMI
naynpasajtikami abo nayrnpabajHikami 7-ThbiILy.

3. Ilpbimeci, HasiyHacUb SIKIX y KpbILITadi nayrnpaBagHika MpbIBOA3ilb 1a
YTBApoHHSA J3ipaK, He MaBa/iYBalOubl MPbl T'ITHIM KOJbKACLi CBAOOAHBIX 3JeK-
TpoHay, HasblBalollb aklznrapHbiMi. [laynpaBantiki, siKisi 3Msilyaolb aKUsI-
TapHbIs MpbIMeCi, Ha3blBalOLb J3ipauHbiMi MaynpaBajaHikami a6o mayrnpaBaj-
HiKaMi p-ThbIIy.

4. DnekTpoHHA-J3ipauHbIM MepaxojaM abo n—p-TnepaxofaM HasbIBalollb
TOHKi CJIOH Yy 30HE KAHTAKTy MaynpaBajHiKoOy 7- i p-Thllly. A—p-NePaxon y
nayrnpabaJHiky BaJiojiae agHa0akoBal MpPaBOAHACLLIO.

? 1. Wto Ha3biBaloLb MpbIMECHA MPaBOAHACLIO MAYNpPaBaAHIKOY?

2. Tpbl AKoit ymoBe Y NpbIMECHbIM MaynpaBajHiky Y3HiKae 3NeKTPOHHAA NpaBOfHACLb?
MpbiBAA3iLe NpbIKNAAbI.

3. Mpbl AKON yMOBe Y NpbIMecHbIM naynpaBafHiky Y3Hikae A3ipayHas npaBofHacLb?
MpbiBAA3iLe NpbIKNagbI.

4. flkoli npaBofHacuto GyA3e Banojalb repMaHiii npbl YBAA3eHHi ¥ Aro Hesanikau
Konbkacui tocdapy? ranio? cypmbl?

5. flk ynnbiBae Ha NpaBoAHACLb MeTaniyHbIX NpaBafHiKoy, naynpaBafHikoy i fAblaneKT-
pblkay HasyHacub Y ix HeBANiKal KonbKacui npbiMecen?

6. Pactnymauue, Ak yTBapaelula n—p-nepaxop.

7. Lli moxHa aTpbiMalib N—p-nepaxof Wisxam ynnaynieHHs Bonasa Y repmaniin? Yamy?

8. Bbi3Haule Tbin mpaBojHacyi naynpaBagHikoy I
i IT (pbic. 177), kani BbIER yKNOYAHbl § afBApOTHbIM
(3anipatoybimM) Hanpamky. o——-1 | I —o

9*. Ha pbicyHkax 178 i 179 apniocTpaBaHbl n-p-ne-
paxodbl AByX AblEfay i Hanpamak pyxy aCHOYHbIX HOCb-

o " . Poic. 177
6iTay aneKkTpbluHbIX 3apafjay. Bbi3Haule, npa3 fKi 3 Abl-
€nay npaxoAsilb 3NeKTpblYHbl TOK. Yamy?
= 0 [0 @ o= =0 =0
o—<—<:)__<+)1_ @ e—o0 Oo—1 s %’129‘-@@_0
@ - |+ @_> @" e» |- <—@<—@
Poic. 178 Poic. 179
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MATHITHAE NOJE.
INEKTPAMATHITHAA
IHAYKUbIA

Sk BBl y2KO Benaelle, mamik 3apapkaHbIMi LiesaMi (dacuiinami), akpams rpasi-
TalblfiHara, icHye i sjeKTpamarHiTHae ysaemanzesinHe. Kani sapaabl 3Haxoassiia
Y CMakoi agHOCHA M3YHall iHepUbIAAbHAR CICTIMBI aJliKy, 3JeKTpaMarHiTHae y3ae-
MajigesiHHe MaMixk iMi Ha3blBaloUb 3JeKTpacTaTbluHbIM. [Ipbl pyxy 3J/eKTpbluHa 3a-
pa/pKaHbiX 1es (Yaclill) npasiyaseniia siids ajaHa CKJajaiodasi JieKrpaMartitTHara
y3aeMayi3esiHHsl — MAeHIMHae §3aemad3esrHe.

Y raTail riaBe Bbl nasHaémillecsi ca 3’siBami, y AKiX BaXHYIO POJIIO ajibiTpbiBae
MarHitHae ysaemajzesinie, abymoy/eHae icHaBaHHeM MarHiTHara mnoJs, WITO CTBa-
paellla nactasitHHbIMi MarHiTami, 3JeKTPblYHbIM TOKAM a00 3JEeKTPbIYHBIM [0JIEM,
SIKOe 3MSIHSIeIlla 3 LsraM yacy.

§ 29. [1seAHHe MarHiTHara nNoasa Ha NpaBaAHiK 3 TOKaM.
V3aemap3esHHe nNpaBafHiKOy 3 TOKaMm

Toe, wmo maernimol yzaemadaetrinarouyb ad3in 3 AOHLIM, NPLIYbIM DO3HA-
IMEHHbLSL NOAIOCHL MACHIMAY NPbLYSBAOUYQA, A AOHAUMEHHbI — adumypxea-
oyya (poc. 180), wmo pacnisrenvl nanaram maeHim nepamsapaeyua yj 08a
MaeHimol, a xaresa npol CYOAKpaAHAHHI 3 MASHIMAaM HamaeHiusaeyuya, ynep-
wolHo anicay gpanyyscki syuonol ['ep 03 Mepoikyp U
mpakmaye «llicomo a6 maeniye» (1269 e.). ¥ 1759 e. na
ysaemacysasv INEKMPuLlUHACYL | MACHEMbI3MY 38APHYY g 5
ysaey P. Ininyc y mpakmaue «Bonoeim maopoii ssek-
mpolyHacyi i maeHemosmys. ¥ 8 kaace sol dasedasics,

WMo aHeAIUCKI npolpodas3nayua i npol08OpHLL AeKap

Yinoan [lirebepm (15644—1603) y mpakmaye «A6 hg :_»
MacHiye, MA2HIMHbLX yeaax [ ab 8AAIKIM maeHiuye —

3amai. Hosas ¢izisnoeis, dakasanas mHocmsam apey-

menmay i docaedays (1600 e.), aki amawuae anicamHe Puic. 180
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boarvu 3a 600 docaeday, npasedzervlx 8YHO-
HblM, nadséy BulHIK pabomam ycix csaix na-
NApIOHIKAY [ YAACHbIM 8ACAMHAULUALI2A008bIM
nowykam. Bol makcama abmapkoyeaii, Ak
dauyki ¢izik I. X. Ipcmad (1777—1851)
BbLABIY, ULMO MACHIMHASL CMPILKA, PASMEUL-
YaHas Kaasd npasadrnika, nasapo4saracs Ha
HeKamopol 8yeas npol NPaxoonanHi na npa-
8a0HiKYy 3arekmpoiinaea moky (poic. 181),
IMKHYYbLCA 3apblenmasayya nepnerovlKyasp-
HQ NpasaoHiKy.

Adkpolyyé Ipcmada daszsoarira Amnepy
3pabiyb 861600, ULMO MASHIMHbLA YAaACUIBACYL
at0boea yeaa BLIZHAUAIOYYQA  3AMKHYMOIMI Pbic. 181
INCKMPOLIUHOIMI MOKAMI, AKIL UbLPKYAIOIOYb
YHYMmMpoL 29maea yeaa i HocAauyb HA38y «amne-
paso. MoKi» yi «MareKyrapHols moki» (pelc.
182). [>ma 3naubira, wmo macHimuae ysae-
madaesnmne abymoyreHa He acadaisoimi mae- Pbic. 182
HIMHOIMI 3apadami, a pyxam 3LeKmpoluHoLX
sapaday — 9AeKMPoIUHbIM MOKAM.

MarHiTHae none. Y3aemaj3esiHHe TpaBajiHika 3 TOKaM i MarHiTHaW CTP3JKi Y
Jocne/ze IpCeTofa 3'ayssena ysaeMaa3essHHeM 3JeKTpblyHara TOKy NpaBajHika 3
«amnepaBbIMi TOKami» § MarHiTHail cTpaJjubl (rinorssa Amnepa). [sta y3aemanze-
SIHHE aXKbILUAYJIACLLA NPbl AaaMo3e Ma2HimHaea noAs.

Hocaenpl nakaspatolb, LITO MarHiTHae noJe y3HiKae Mpbl pyxy JIHOOBbIX 3J€KT-
PBIYHBIX 3apajzay — CBAaOOAHLIX JIEKTPOHAY MeTaJliyHara IpaBajHika, iOHay 3JeK-
TpaJsliTy i rasy, 3JeKTpoHay i A3ipak naynpaBajHiKa, 3BA3aHbIX 3apanay Npbl pyxy
3apajukaHara JplaJiekTpbika. [lakosbKi ckopaclib pyxy 3apajy 3ajexbilb aji BblOa-
py cicTaMbl aJliky, MarHiTHae MoJie ajHaro i Taro » 3apaiy y PO3HBIX cicTaMax
ajngiky Oya3e posHbiM. Kasi § afaHocinax ja nsyHail iHeplbisiibHAR CiCTIMbI aJTiKy
3JIEKTPBIYHbBI 3apajl 3HAXoJ3illa y Crakoi, To § raTal cicTaMme ajfliky €H cTBapae
TOJIbKI 3J1eKTpacTaTblyHae roJe. DJAeKTPbIYHbl 3apajl, sKi pyxaella ajHocHa Ja-
JI3eHall iHepUbIs/IbHA CiCT3MBI a/liKy, cTBapae y €i He TOJIbKi 3JeKTpbluHae MoJe,
ajle i MarHiTHae, sikis 3’siyJsisolllla KamrnaHeHTami ajziHara 3JeKTpamarHitHara
10JIs1.

3rofHa 3 ysyJeHHsIMi KJaciuHall sJeKTpaiblHaMiki maenimnae nose — acab-
JiBasi opmMa MartIpeli, CTBOpaHasl JeKTPbIUHBIMI 3apanami, sKis pyxaiolua (anHoc-

O6pa3soBaTenbHbIn nopTan www.adu.by/ HaunoHanbHbI MHCTUTYT 06pa3oBaHns



204 MATHITHAE MOJIE. 3NEKTPAMATHITHAA IHAYKLbIA

Ha T3yHall iHepUbIsJibHAH CiCTaMbl ajliKy), ab0 MnepaMeHHbIMi 3JIeKTPbIYHbIMI Ta-
JgMi. 3 janaMorail MarHiTHara mnoJisi axKblllsgyasela ysaemaazesHHe Mamix
PYXOMBIMi 3J1eKTPbIUHBIMI 3apajami (a Takcama marHitami). [Hakil Kaxyubl, KOKHbI
3JIEKTPbIYHbI 3apall, SIKi pyxaeuua y Jan3eHal iHepublsijibHAl cicTame aifliky, CcTBa-
pae y HaBaKOJIbHAW MPACTOPbl MarHiTHae MoJe, sikoe JA3eHHiuae 3 HeKaTOpPbIMi
ciami Ha JitoObIs iHIIbIS 3JIEKTPbIYHbIS 3apajibl (MacTasHHbI MarHiThl), TO pyXa-
I011a ¥ aA3€HbIM MarHiTHbIM moJii. TakiM ubiHam, a6 icHaBaHHi MarHiTHara mMoJis
MOXKHA MepKaBallb Ma HastyHACUi CiJibl, LITO J3€HHiYae HA 3JEKTPbIYHbI 3apaj, sKi
pyxaeuua ajHOCHa BblOpaHall iHepLbIAAbHAN CICTOMBI a/TiKy.

o CyyacHblf HaBYKOBbIS YAYNeHHi He afBApralolb, a, HaafaBapoT, NpaakasBatolb Yaclilbl
3 MarHiTHbIM 3apajaM — MarHiTHbls MoHanani. AQHakK Takis 4acuiubl Nakylb 3KCNepbIMEH-
TafbHa He Hasipani.

Cinbl, sikisi J3eiiHiuatolb 3 60Ky MarHiTHara mnoJisi Ha NpaBajHiKi 3 TOKam, IITO
¥ iM 3HaxozsALLa, Ui 3apajbl, WITO pyxawouua, y JajnediibiM Oya3eM HasblBalb Mae-
HIMHOIML CLAQMI.

lI3esAHHe MarHiTHara nonA Ha npaBagHikK 3 Tokam. [lakoJibKi MarHiTHae noJe
npaBajiHiKa 3 TOKaM Ji3eiHiuae 3 MayHail cijai Ha marHit (y jaocsienze Iperyga —
Ha MarHiTHyl0 CTP3JIKy), TO HaTypaJjbHa Janyclillb, 1LITO 3 OOKy MartiTHara moJs
MarHita Ha NpaBajiHiK 3 TOKaM MaBiHHA A3elHivaub cina. [5Tae panyuniysHHe MOXK-
Ha NpaBepbllb LIAXaM 10CJeaay.

305IpOM JIEKTPbIUHbI JIAHLYT, Maka3aHbl Ha pblcyHKy 183, a. Ilpbl pasamkHy-
TbIM JIAHLYTY J3esiHHs 3 OOKy MarHiTHara mnoJisi jyranajoOHara MarHita Ha THYTKi
npaBajiHiK He Hasipaelua. [Ipbl 3amMblkaHHI JaHIyra NpaBajHiK MPbIXOJ3illb Y PyX:
€éH abo yudareaeuua y npacTopy naMmizk moJirocami jayranagoOHara MarHita
(peic. 183, 6), abo BeIITYypxBaela 3 sie (peic. 183, 8) npbl aABAPOTHBIM pa3MsiLi -
Y3HHI MoJsiiocay Mardita (i npbl 3MsiHEHHI HAanMpaMmKy TOKy). [3Thl jocien siys pas
JlakasBae, LITO MarHiTHae moJie J3eiHiyae TOJbKi Ha 3apajpl, sIKisl pyxatolia.

a 6 1 8

Pbic. 183
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Lli n3efiniuae marHiTHae moJie Ha 3apajKaHbisg a
yactilpl, siKisi pyxatouua y Bakyyme? Hsixah y ka- E KO(( = GA Ji
TopHail Tpybusl (pbic. 184, a) an xartona K na
anona A pyxaeuua nydok sjektponay. [lpei aj-
CyTHACLL 3HELlHsira MarHitHara mnoJisi €H Oynze py-
Xauua npamajiiHeiHa i neprneHablKyJsipHa Aa na-
BepxHi anopa. Kani na Tpy6ki naaHecui marsit
(pbic. 184, 6), TO 37eKTPOHHBI My4YOK aaxigdilua
YHi3. TlamsiHsiyuibl Mecuami pasMsiluysHHE [10JI10-

cay MarHita, MOxKHa ajxijiub ny4ok ysepx. Tpa- Puic. 184
EKTOPBIIO 2JIEKTPOHAY YHYTPbl TPYyOKi MOXKHA Ha-
3ipallb 13sIKyloubl 3KpaHy 3, makpbitamy JioMiHacdopamMm — p3ublBaM, sIKOe CBeLlill-

ua naj ysagesiHHeM yuapay aJieKTpoHay ab siro.

Ba ycix pasrsie/pkanbix BbINajKax Ha NpaBajHiki 3 TokaMm (3apajpKaHbis daclli-
Ibl, LITO pyxatolliia) JA3ekHiuana MarHiTHasi cijia, sikylo MOXKHa pa3rjsijiallb siK BbIHIK
Yy3aeMa/i3esiHHs MarHiTHara rnoJisi nacTasiHHara MarHitTa 3 MarHiTHbIM [10JIEM MPaBaj-
HiKa 3 TOKaM (3apapKaHbIX Yacljll, WTO PyXaiollia).

V3aemap3esaHHe npaBapHiKoOy 3 TOKaM. AJKpbIE DpCTyfa Jaso IITYPUIOK Ja
JacjeaBaHHsay Ma BbistyJleHHi CyBs3i MaMiXK 3J€KTPbIYHBbIMI i MarHiTHbIMI 3’siBami.
Awmniep y 1820 r. npaB&y wispar sKcrepbiMeHTay Ma BbIBYYSHHI y3aeMmajzesiHHs
JIBYX THYTKIiX [epllanayaTkoBa NapajiesbHblX i NpaMasiHedHbIX MPaBalHIKOy 3 TO-
KaM. AMnep BbIsIBiy, LITO Y BbINAAKY, KaJi TOKi § MpaBaaHikax Mpaxoassillb y
CynpallbJeryblX Harnpamkax, npabajHiki amurypxsatouua (poic. 185, a), a xadai
Y anHbIM HampamKy — npbiugreatouua (peic. 185, 6). Ilpwl aacyrtnacui tokay
y TpaBaiHikax siHbl He y3aemajagelriHiuaiolp (pwic. 185, 8).

[TakosibKi ¥ mpacTopbl BakoJl MpaBaHiKOy 3 TOKAM iCHye MarHiTHae roJe, TO
y3aemajzesiHHe Takix npabajHikoy aOymoysieHa MarHiTHbIMi ciami.

8
=l

Pbic. 185
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Kani pasmsgaup y3aemaasesHHe npaBafiHikoy 3 Tokam Gonbli A3Tanésa, To Tp3ba ans-
Haublllb, WITO IHO Mae AK MArHiTHYI, TaK i 3MEKTPbIYHYI0O KaMnaHeHTbl. JNeKTpblYHae y3ae-
Maf3esHHe abymoy/ieHa 3apajami, AKif 3Haxof3AulUa Ha naBepxHi MpaBajHiKoy 3 TOKaM.
CuBepmaHHe ab ThiM, WITO NpaBafHiKi 3 ToKami agHaro HanpamKky npelusrsawoLua, 3'ayna-
elula npaBifbHbIM TOMbKI Y ThiM BbIMAZKY, Kani 3NeKTpblyHae y3aemaa3esHHe namix npa-
BajHiKaMi 3HayHa cnabeillwae, YbiM MarHiTHae, r. 3H. Kani cynpauiyneHHe npaBafHikoy Ma-
noe, a cina Toky Y ix gactaTkoBa Bsnikas.

MarnitHae y3aemanzesiHHe JBYX NapaJjiesbHbIX MpaBaJHiKoy 3 TOKaM BblKapblc-

toyBatolb y Cl 1/isi BbI3HAUSHHS aJ3iHKiI CiJibl TOKy — amrepa (A).

I A — cira Ha3menHaea mMoky, AKi npel npaxodicanHi na 0syx napa-

ACNbHBLX NPAMALIHEUHbIX NPABAOHIKAX OACKOHYQU 0ayicolHi | MIZIPHA MALO-
ea Kpyeagoea CA4IHHA, pasmeuwdanolx Ha adareeracyi | m adsin ad adwaeo i
BaKyyme, BolKAIKAY Obl namige 23moelMi NpasadHiKami Cily MaeHimHaeda y3a-

enadsesnns, mooyre saxoii poyrer 2- 107 H Ha KOxcHbL Memp OayHcolHi.

NiseAHHe marHiTHara nonA Ha pamKy 3 Tokam. [[zesH-
He MarHiTHara roJis Ha NpaBaJHiK 3 TOKam He 3ayc€upl rnpa- ¢
syJsielllia ¥ NpbIUsKIHHI Wi aflITypXBaHHi. ¥ '3TbIM MOX-
Ha nepakaHalua 3 ganamorail jpocseny. Ha nekatopail an-
Jerjiacui aj npapajiHika NajBeciM Ha TOHKIX i THYTKiX naj-
BO/I3AYbIX MpaBajlax MaJsleHbKyto (y napayHaHHi 3 ajjerJiac-
UsMi, Ha sIKiX Mar”iTHae rnoJsie NpblKMETHa 3MsIHsella) pam-
Ky (pbic. 186, a). [lpbl npanyckanHi na npapajHiky i pam-
bl 2JIEKTPblUHAra TOKY paMKa IaBepHella i pasdmeclilua
Tak, LITO anblHella ¥ aJHoH MJocKacll 3 NpaBaJHiKoM 3 TO-
Kam (pbic. 186, 6).

6

B

B

U

Pbic. 186

[l3esHHe MarHiTHara nosis Ha TOK Y MaABOA3AYbIX MPAaBafax MOXHa He MpbiMallb Naj
yBary, Kani siHbl absialoub af3iH agHaro (. peic. 186) abo pa3mewyvaHbl Gni3ka af3iH
pa apHaro. Canpayabl, npaBafbl 3Haxof3suua Y afHOM i Toi xa Bobnacui nons i na ix
npaxoA3slb TOKi afHONbKaBal Cinbl i cynpaubfernara Hanpamky. TakiMm YblHaMm, Cinbl, Kis
A3eiiHivalolub Ha TOK y NajBoA3sybiX NMpaBafax 3 60Ky MarHiTHara noss, poyHels na Mo-
Ayni i cynpaubnerna HakipaBaHbisi. 3Haybllb, NafBec 3acTaeuya y cnakoi. Pamka, pasmew-
yaHas Henacp3gHa Kans npaBafHika, Oya3e He TOAbKi NaBapoyBalla, ane AWY3 i Npbiusr-
BauLa Aa npaBafHika 3 Tokam, 60 nabnisy npaBagHika iCTOTHA npasynseuua HeagHapog-
HacCLub MarHiTHara nofis, CTBOpaHara TOKaMm y npaBafHikKy.
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ApbleHTylouae J3esiHHe Ha PaMKy 3 TOKaM aka3Bae He TOJIbKi
MarHiTHae roJie MpaBajHika 3 TOKaM. 3MecLiM JApalsHylo paMKy,
sKasi MOoxKa cBabojiHA MaBapouBalllia, MaMixK MoJocaMi MacTasiH-
Hara ayranajo6Hara mardita. Kasnai na pamibl npaxojisillb TOK,
SIHA YCTaHayJiBaela Tak, LITO sie€ IJI0CKACLb 3HAXOM3ilLA MeprieH-
JbIKyJISIpHA MpaMoi, siKasi 3/jy4ae mnoJiochl Marsita (pbic. 187).
Taxkim ublHaM, MarHiTHae roJie aka3Bae Ha paMKy 3 TOKaM apol-
enmyroduae 03esaHHe, TaKoe X, K i Ha CTP3JKy Kommaca. Poic. 187

‘/ 1. MaruitHae nose — acabJiBasi ¢popMa MartIpbli, CTBOPaHasi 3JEKTPbIU-
HbIMi 3apajami, sKisi pyxawola (aaHocHa M3ayHail iHeplbIsJbHAR CICTAMbI aj-
JiKy), ab0 rnepaMeHHbIMi 3JIEKTPbIYHbIMI MaJIsIMi.

2. KoxKHbl 3JIeKTpbIUHbI 3apajl, WITO pyxaelilla, cTBapae Y HaBakoJibHaH
MpacTopbl MarHiTHae mnoJie, fiKoe jA3eiHiuae 3 M3IYHbIMI cijami Ha JOObIS
{HLbIS 3JIEKTPbIYHbIS 3apajbl, LUTO PyXaroLLa.

3. MarniTHast ciia — cina, sikasi ngeiiHiyae 3 60Ky MarHiTHara rnoJisi Ha mpa-
BajIHIK 3 TOKaM, 3apaj, LITO pyxaelllia, abo MarHir, §ikis 3HaXoA35LlA y ISThIM
TOJIi.

4.1 A — cina HA3MeHHara TOKy, siKi Mpbl Mpaxo/KaHHI Ma JByX napa-
JIeJIbHBIX MpaMaJsiiHelHbIX MpaBajHikax OSCKOHLAN Jay»KblHi i Mi3spHa MaJo-
ra KpyraBora CslUSHH$, pasMellluaHblX Ha amjersacii 1 M angiH aj amHaro y
BaKyyMe, BbIKJIiKay Obl MamiK ITbIMi MpaBajHiKami Cily MarsitHara ysaema-
J3estHHs, MOyb KO poyHbl 2+ 1077 H Ha KOXKHBEI METp JaysKbIHi.

5. MarniTHae nosie aka3Bae apbleHTylouae A3esiHHe Ha paMKy 3 TOKaM i Ha
MAarHiTHyIO CTP3JIKY.

o 1. fkis nani icHytoub Y NpacTopbl, WTO aKpyXae 3MeKTPbIYHb 3apaj, AKi pyxaeuua?
2. Wro yaynse caboit marHiTHae none? Kk Aro MOXHa BbiABiLb?

3. lUto HasbiBalOLb MarHiTHait cinai?
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4. flki pocnep fakasBae, WTO MarHiTHae nmoje A3eliHivae TONbKi Ha 3apafbl, AKiA pyxa-

ouua?
5. fkyio 3'sBY BbIKapblCTOYBatoLb [ BbI3HAY3IHHA af3iHKi cinbl Toky y CI?
6. Y ubiM npasynseLua A3esHHE MarHiTHara nofs Ha paMmKy 3 TOKam?

7. Y KkHi3e dpaHuy3ckara npbipogasHayubl Aparo «[pom i ManaHka» npbiBeA3eHbl
npbiknagbl NepamarHiyBaHHs CTP3/Ki KoMnaca i HamarHiYBaHHA CTafibHbIX MpaAMeTay Ase-

SHHEM ManaHki. K MOXHa pacTaymaybllb raTbis 3'sBbI?
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§ 30. IHayKubIA MarHiTHara nons.
Jlinii marHiTHau iHAYKUbIi

Boisyuarouel srekmpacmamolky, 6ol 0a8e0aAiCs, WMO pPaA3MePKABAHHE
noAs §j npacmopol MOMCHA 3paditb «OAUHbIMY, KAPLICMAIOUbLCS YAYLeHHAMI
ab ainiax Hanpyocarnacyi. [pol soisyusnni Qisiki ij 8 kaace ol dagedarics,
WMo MAcHIMHMbLL NAAL MAKCAMA MOICHA NaKkazsayv epagiuna i eoleasdse
MACHIMHOLX AR, [As anicQMHs MAeHIMHAea NoAs JBA03EM 120 QACHOYHYIO
XapaKmapeicmolKy, aHaraiMHYI0 Hanpyicanacyi E arexmpacmameiunaea
noas. Takotl xapakmapolcmelkatl cayxicolyb iHOYKYbLs maeHimnaea nois B
(abo maenimnaa I(HOYKUbis), AKkas 3'ayrdeyya BeKMmMapHail BeAi4blHéll
i dassarsie 8ol3HaUbLIYL Ciay, WMo O3eliHivae Ha nNpasadwik 3 mokam (3a-
paod, aKi pyxaeyya) y MASHIMHOIM NOAL.

Hanpamak iHpyKubli MardiTHara nons. Jlns BbI3HAUHHS HamNpamKy iHIyKIbIi
MarHiTHara noisi B BHIKAPHICTOYBAIOLL apLIEHTylouae A3esiHHe MarHiTHara roJis Ha
MarHiTHyI0 CTp3JiKy Li pamky 3 Tokam. Hanpamak an naynnésara mosoca S na nay-
HouHara noJsitoca N MarHiTHail cTpaJiki, sikasi cBabojHa ycTaHayJiBaella y MarHit-
HBIM [OJIi, MPbIMAIOLb 34 HalpaMaK MarHiTHal iHOyKLbIi.

Hanpamak maruiTHa# iHIyKiibli B y TbIM MeCLbl MarHitTHara 1noJisi, j3e pasmelrl-
YyaHa HeBfJlKasd IJI0OCKasg paMKa 3 TOKaM, Cylajae 3 HalpaMmMKam JafaTHal HapMa-

Ji A ja miockacii pamki. Hanpamkam nagathail nap-
MaJli MpBIHATA JiYbllb HalpaMak pyXy CBspA3EJKa,
N PYUKy fIKOra maBapouyBarollb y HarpamKy TOKYy Y paM-
O:,Cm y — W Ubl. Y MarHiTHbIM MoJi, WTO jAacjeyella, Hanpamak
JajaTHail HapMaJli cynajae 3 HanpaMmkaM aj MaymHe-
Bara mnoJitoca S jla nayHouHara rnoJitoca N MarHiTHai
Peic. 188 cTpaJki (pbic. 188).

Y MarHiTHbIM TNOJIi NpamaJiiHeiiHara rnpaBajHika 3
TOKaM MAarHiTHBI CTP3JKi pa3Msllyalola mna JaTblu-
HbIX J1a akpyxkHacuei (pbic. 189), UIHTPHI sKiX Jisi-
JKallb Ha BOCi MpaBajiHiKa.

Ha npakreiubl yacta aaBoisillla Mellb CHpaBy 3
MAarHiTHbIMi MaJisIMi 2JIEKTPBIYHBIX TOKaY, fIKisl Mpaxo-
A351b Na wnyasax (casneHoigax). Y MarHiTHbIM MOJI
WyJi 3 TOKAM MAarHiTHbIS CTP3JKi YCTaHayJiBaroLla

Pbic. 189
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na AaTblUHbIX Ja 3aMKHYTbIX KPbIBbIX, LLITO
axomJiiBatolp BiTKi wimyai (pbic. 190).

Jlinii marniTHai iHpykubli. Takim dbiHaMm,
Jlac/ie/lyloubl  MarHiTHae IoJe, CTBOpaHae
MpaBafgHiKOM 3 TOKaM ab0 MacTassHHBIM Mar-
HiTam, 3 janamoraid MarHiTHal CTP3JiKi ¥
KOXKHBbIM TYHKIle MPacTopbl MOXKHA BbI3HA-
Ublllb HalpaMak MarHiTHai iHaykibli. Takoe
JacjeaBaHHe JasBajsie rpadiuHa aaocTpaBallb MpacTopaBylo CTPYKTYpY MarHit-
Hara mnoJist y BBINJIIA3E JiHiF MarHiTHad iHIyKIIbI.

JliHig# iHAyKUbli MarditHara noJjsi Ha3biBawlb YSAVHYIO JiHil0 ¥ npacTopbl,
JaTblyHasi a SIKOW cynajae 3 HampamKam iHAYKLbli MardiTHara noJjsi y Kox-
HbIM nyHkue noas (pbic. 191). Jlinii marnitHa# iHaykupl OGecriepanblHHbIS (He Ma-
[0llb Hi MayaTky, Hi KaHUa), 3aMblkaolla cami Ha csbe. [3Ta xapakrspHa Jyist Jio-
6bIx MarHiTHbIX naJgeft. [lagi, skisg Basopalollb Tako# yJaciiiBaclllo, Ha3blBaOLb
8iXpPaBbLIMI.

BinaBouna, wro npas JioObl MyHKT Y MarHiTHbIM MOJIi MOXKHA MpaBeclli TOJbKi
ajHy JiHito iHayKupi. [Takoabki iHayKibls MarHitHara noJs y JioObIM MyHKIE Mpa-
CTOPBI Mae M3YHbl HanpaMak, TO i Hampamak JiHii iHAyKUbli ¥ KOXKHBIM TMyHKIE
ratara noJig Moxka Oblllb TOJIbKI aidiH. I5Ta 3Haubllb, WITO JiHii MarHiTHaW iHIyK-
Ubli, AK i JIiHil HanpyxKaHacli 3JeKTpblyHara noJs, He repacsakarouua.

BbisHaubllb Hanpamak JiHil MarHiTHad iHAyKLbli MOXKHA, BbIKapblCTaYLLbl
npasira c8apd3éika: Kaai nacmynasoHel pyx ceapdiéika cynadae 3 Ha-
npamKam moky, mo pyuyka ceapd3éika
nasapousaeyya i HanpamkKy AiHil mae- B

o >
Himuail inOyKyoli. Y BHINAIKY TpaMasinei- // \';\
Hara npaBafHiKa JiHii MarHiTHall iHAYKUBbIi

yayadoub cabol KaHLIHTPBIYHLIA aKpy»X- Poic. 191

Haclli, Kis 3HAXOoA35IlA V MJackacugx, nep-
MEeHJBbIKYJSPHBIX Ja MpaBajJHikKa 3 ToKaM
(pbic. 192).

BbigdHaublllb  Hanmpamak JiHil  iHAyKIbl
MarHiTHara mnoJisi npamaJiHeiiHara npaBajHi-
Ka 3 TOKaM MOKHa Takcama 3 jarnaMorap npa-
Bifa mpaBail pyki: Kaai melcaenHHa adxaniyo
npasadunix npasatl pykoi max, Kab
BANIKI nasey nakaszsay Hanpamax moky,

Pbic. 190

Pbic. 192
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mo acmammisa naavyvl OYOyyo CASHYMOGIMI I HANPAMKY AiHill MaeHiMHAl
indykyoi (poic. 193).

Kapuiny siniii marmiTHall iHAYKUbIi MOXKHA aTpbiMallb, BbIKAPbICTAYIIbl
JpOOHbIS Kaje3Hbls anijki, fKisg § MarHiTHbIM MoJii naBoja3sllb csibe, K MarHiT-
Hbist cTpanki. Ha peicynky 194 naxkasana kapuina mariiTHara mnoJis npamadi-
HellHara yuyacTka npasajHika 3 TokaMm. KapuiHa marniThHara noJs kpyrasora
BiTKa 3 TOoKaM i rpadiuHas BblsiBa JIiHiH MarHiTHail iHAyKIb ajaiocTpaBaHbl Ha
pbicyHky 195, a, 6.

Pbic. 193 Pbic. 194

Msipkytolib, 1ITO JIiHi iHAYKIbli MarHiTHara noJsi, CTBOpaHara rnacrasiHHbIM Mar-
HiTaM, HakKipaBaHbl YHYTpbl MarHita aj siro nayaHésara roJioca S aa nayHoyHara
nosmoca N (poic. 196).

Pbic. 195 Pbic. 196
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MaruitHae mnoJie cajieHoiga 3 Tokam najoOHae Ha roJie naJjiacasora maruita. Ha
pbicyiky 197, a, 6 nakazana xapliiiHa MarsiTHara mnoJsi cajeHoiia 3 Tokam i ja-
n3eHa rpadiunasi BeisiBa JiHi# iHaykiupli. CajneHoin ysyase caGoll UblIiHAPLIYHYIO
LIMyJIt0, HA SIKOW BITOK Ja BiTKa HamaTaHbl rpoBaj. Kasi nayKbiHsi casieHoifa 3Hau-
Ha OoJbllas 3a Aro JbIIMETP, TO YHYTPbl LI9HTpaJbHAU YacTKi cajeHoina JiHii
{HAYKLbIl MardiTHara noJisi NpakThluHa MNapaJiesibHblsd i HaKipaBaHbl Y3[0YK IO
Boci. Pasjsiikami MoxKHa Makasalib, WITO JlikaBae 3HaYHHE MarHiTHai iHAyKUbl YHYT-
pbl jloyrara cajieHoiia jJasnéka aji siro Tapuoy Oynze ajHoJbKaBbIM Ba YCiX MMyHKTaXx.
Jlna HarssiiHacli Ha pbICyHKaXx JiiHii iHAYKIbI Makas3Balolb IyClLel Yy ThiX Meclax
MarHiTHara mnoJisi, ide 3HausHHe MarHiTHa# iHmyKubli Gosbliae (ra. peic. 197, 0).
[Ipbl r3ThiM Ha JiHii iHAYKLbI CTaBsllb CTPIJKY Y HArpamKy iHIyKIbli MarHiTHara
noJst. Jloisi KpailHix BiTKOY caJieHoifa MarHiTHae roJie KpyraBora BiTKa 3 ToKaM, siKi
Npaxoi3ilb y HanpamkKy pyxy raadiHHikaBail CTp3JiKi, KBiBaJ€HTHae MOJI0 Nayi-
HéBara roJioca nacrasiHHara MarHita, a MartiTHae IoJie KpyraBora BiTKa 3 TOKaM,
SIKi Ipaxoj3ilb Cynpallb HanpamKy pyxy raji3iHHiKaBak CTP3JiKi, KBiBaJleHTHae
noJitlo  MayHouHara TmoJiloca nacrasiHHara wardita (npasiia ead3iHHiKasatl
CMPINKL).

Pbic. 197

MarnitHae mnoJsie, iHAYKLbISL SIKOra Ba YCiX MyHKTaX aaHoJbKaBasi, Ha3blBalollb
adnapoOdwroin. Jlinii iHIYKUBI Takora noJsis napasesbHbis. Y aaBapOTHLIM BbINAIKY
noJie HasbiBalollb HeajHapoAHbIM. MarHiTHae noJe YHyTpbl joyrara caJjeHoina
npaxTbiuHa aaHapoaHae. [labaizy kpaéy cajieHoina MarHiTHae roJie Y»K0 He ajaHa-
poanae. He annapoanae i marsiTHae mnoJsie npamasiHeiHara npasajiHika 3 TOKam
(r1. pbic. 192).
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Bbi3HauaHHe HanpamKy MarHiTHaW iHAYyKubli. L5 BbI3HAUSHHS HAMpamKy Mmar-
HiTHal iHIYKIbIi MOXKHA BbIKapbicTallb Ji00oe 3 Mpasijay, capmysisiBaHbIX BbIIH.
[IpblubiM, KapbiCTaloubiCsl TpaBifam cBspA3éaKa, TpsOa namsTallb, LWITO Harnpamak
TOKy — r3Ta HarpaMmak yrnapajkaBaHara pyxy jAaaaThbix 3apanay. Kani na pbicyH-
Ky npaMaJiiHeiiHbl MpaBajHik 3 TOKAaM MaKa3aHbl He Y TIOCKacli CcTapoHKi, 60 pas-
MellvaHbl nepreHabikyaspHa €i (poic. 198), i npbl T3TbIM TOK HaKipaBaHbl @ 4bl-
Taya, TO siro ymMoyHa abasdHauaiollb kpornkaid (peic. 199, a), y Bbinaaky, kKajai TOK
HakipaBaHbl ajl ublTaya, — KpbKblKaM (pbic. 199, 6). I5Tak xa (kponka i Kpbi-
»KbIK) abagHaualollb BeKTapbl (MarHitHasi iHmyKupisi, cija i iHll.), KaJji iX Hampamki
nepreHbIKyJIsSPHbIS MJI0CKACL] PbICYHKA.

By
Pbic. 198 Pbic. 199 Pbic. 200

[Tostochl caJsieHoifa, a 3Haublllb, i HalpaMak MarHiTHa# iHAYKIIbli, MOXKHA Bbl-
3Haubllb Na npasife raazinnikaBa# crpadki (pbic. 200) a6o na npasine cBspA3én-
Ka: Npbl NaBapouyBaHHI PydyKi CBAPA3EJKA Ma TOKYy Y BIiTKYy MacTyNajbHbl PyX
BACTPbISl CBSIPA3E/KA [aKaxka HallpaMak MarHiTHa# iHAyKUbl YHYTPbI caJieHoiaa,
a 3Haublllb, i CTAHOBILLYA SO MAayHOUHAra MoJIKCa.

‘/ 1. 3a Hanpamak iHIyKIlpli Mar"iTHara noJsi MpbiMaiolpb Hanpamak aj nay-
aHéBara moJoca S na mayHouHara nosioca N MarHiTHail cTpaJiki, sikasi cBa-
OoaHa ycTaHayJdiBaella ¥ MarHiTHbIM 1oJi. [5Thl Hanpamak cynajae 3 Ha-
npamMkKaM JajaTHail HapMmaJsi Ja IJIocKaclli HeBsliKall pamki 3 TokaM, cBaboj-
Ha 3apbleHTaBaHAW y HABAKOJUII ryTara »K MyHKTA MarHiTHara moJs.

2. Jlinisifi iHAYKUBI MarHiTHAra MoJsi HasblBalOLb YAYHYIO JIiHil0 ¥ MarHir-
HBIM T0JIi, JaTbluHAs Ja IKOH Cynajae 3 HarnpaMKaM iHAyKLbli MarHiTHara moJs
YV KOXKHBIM TYHKLE.

3. Jlinii ingykipli MarHiTHara moJsi 3aycénbl 3aMKHYTbIs i He mepacs-
Kamouua.

4. MaruiTHae noJie, iHAYKLpIS sIKOTA Ba YCiX MyHKTaX alHOJIbKaBasi, Ha3bl-
BAIOLb aJHAPOIHDBIM.
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U 1. Ak rpadiyHa nakasBaloub MarHiTHae none? LLUTo HasbiBaloUb NiHiAMI MarHiTHai

THAYKLbII?

2. fAkia npaBinbl BbIKApLICTOYBAIOLb /1A BbI3HAYIHHSA HAanpaMKy MarHiTHah iHAYKLbIi?

3. flkas KapuiHa niHiit marHiTHaW iHAYKUbIT nons npa-
ManiHeliHara npaBajHika 3 TOKkam? KpyraBora BiTka 3 To-
Kam? wnyni 3 Tokam? SIK Bbl3HaYatoLb Hampamak fiiHiit mar-

HiTHaW THAYKLbIT?
4. flkia nani HasbiBalOLb BiXpaBbIMi?

5. Y ybim dJpO3HEHHE MarHitHara nons afl 3/1IeKTpacTa-

ThblyHara?
6. flkoe marHiTHae mose HasblBalLb afHAPOAHBIM?

7. Ha pbicyHKy 201 cxemaTblyHa Naka3aHa MarHiTHae
nose Kpyraesora BiTKa 3 Tokam. Lli agHapogHae marHiTHae

none Bitka? Yamy?

Mpbiknagbl pawsHHA 3apay

[pbikaan 1. [Iydyok ssekTpoHay pyxaeuua Tak, siK
nakazaHa Ha pbicynky 202, a. Boisnauue nanpamax
JIHIA IHAYKUBI Mar”iTHara IoJs, CTBOPaHara raThbIM
My4YKOM.

PawsHHe. Boi3Haubllb Hampamak JiiHiH iHIyKLbl
MarHiTHara IoJi, CTBOpaHara Iy4KOM 3JIEKTPOHAY, sKi
pyxaeuua, MOXKHa §IK Ma npasijie CBAPA3EJKA, TaK i na
npasizie npaa# pyki. AnHak Tps36a namsraiib, ITO I'3-
Thisl TpaBiibl chapmy/siBaHbl /sl 1afaTHBIX 3apajay,
fKisg pyxatouua. Tamy Yy jnaja3eHbIM Bblaaky Tpaba
VJIUBILb, WITO 3@ HalpaMak 3JeKTpblYHAra TOKY Ipbl-
HATbl HaNpaMak, CylnpaubJersbl pPyXy 39JEeKTpPOHay,
sIKisl yTBapatollb Mydok. Tajbl, Kasi TJsA3elb Ha JIiHil0
{HIyKILbli MMa HanmpamKy pyXy 3JeKTpoHay, sHa Oyase
3apbleHTaBaHa Cynpallb HanpamKy pyxy rajidiHHikaBal
cTpadki (poic. 202, 6).

Mpobiknan 2. Ha peicynky 203 nakazaHbl Harmpa-
MaK 3JieKTpbluHara TOKy y cajieHoingde. Bbignauiie mar-
HiTHBIA TOJIIOCHI CaJIeHOia.

Pbic. 201

a s/ N

6 //_\k
e ==
\\‘\>‘//l/
Pbic. 202
A B
[
I
Pbic. 203
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Pawsunue. ¥ naazenadt 3agaubl Jiisi BbI3HAUSHHS MArHiTHBIX MoJilOcay caJe-
HOiZla MOXKHa BbIKapbICTallb sIK IpaBijia CBsApA3€JiKa, TaK i Mpasijia ragsiHHikaBan
CTP3JiKi. ¥ mepuibiM BbINAAKy Oyl3eM MbICJeHHA TaBapouBallb PYUKy CBSIPA3ENKa
na Hampamky TOKy ¥ BiTKax caJieHoina. BacTpbié cBsipi3énka npbl r3ThiM Mepamsilii-
yaela y3noy:k Boci caneHoina an tapua A nga tapua B. [lakosbki siiHii iHIyKibli
VHYTpBl MarHiTa HakipaBaHbl aji mayjaHéBara roJioca Ja [aro nayHoyHara rnoJioca,
TO Ma aHaJorii MoxHa 3pabillb BbIBaJ, IITO Kajs Tapia A — mnayaHéBbl MoJoc ca-
JieHoila, KaJs Tapua B — nayHOuHbI.

[IpaBepbiM cBOI BbIBaJ, NpPLIMAHIYIIbLI NpaBiaa raadiHHikasail cTpadki. Kasi
rasazelb 3 60Ky Tapua A cajeHnoina, To 6auHa, LITO HarmpaMak TOKYy ¥y BiTKy cyma-
Jlae 3 HarpamkKaM pyxy raagiHHikaBail cTpaJjki. 3Haubllpb, Kans tapua A — mnayu-
HEBBI MOJIOC, a Kajis Tapia B — MayHOuHbI.

[IpakTbikaBanHe 21

1. MarniTHas cTpaJ/ika, pa3MelllyaHasi naJ MeIHbIM MpaBajJHiKoOM, NaBapoyBa-
ella Mpbl Mpaxo/pKaHHi Ma iM sjekTpbluHara Toky. Lli 6ynze cTpasika maBapoyBall-
1a, KaJji MeJHbl MpaBajHiK 3aMsHillb BOJHLIM pAcTBOpaM LIYOJaubl, 3MELIYaHbIM Y
TOHKYIO LIKJSIHYIO TPYOKy?

2%, 3a kowT gKOU 3Heprii BbIKOHBaelllla MexaHiuHasi paboTa mna naBapolie
paMKi 3 TOKaM, LITO 3HAXOJZilllla § MarHiTHbIM MOJi?

3. Sk HakipaBaHbl JiiHii MarHiTHa#l iHAYKLbI [M0Js1, CTBOpaHara npamaliHeli-
HbIM TIpaBaHIKOM 3 TOKaM, NakasaHbisi Ha pbicyHky 204, a? ¥ gxim Hanmpamky rnpa-
XOJI3illb 3JIEKTPBIYHBI TOK Y TMpaBajiHiKy, Maka3aHbiM Ha pbicyHky 204, 6?

4. S5k Oynge naBojgilp csibe MarHiTHasi CTpaJka, Kaji nobau 3 € pazmscllillb
npamaJjiiHeliHbl MpaBajiHik 3 3JEKTPblYHbIM ToKaM (pbic. 205)?

5. Tla kpyraBbiM BiTKy mnpaxozgillb 3JeKTpbluHbl TOK (pbic. 206). Sk ycraHo-
Billlla MarHiTHasi CTp3JiKa, KaJji sie 3Msiclillb y LUIHTP BiTka? [[3esiHHe MmaruiTHara
nosist 3aMJi He YJiuBaiilie.

Pbic. 204 Pbic. 205 Pbic. 206

O6pa3soBaTenbHbIn nopTan www.adu.by/ HauvoHanbHbI MHCTUTYT 06pa3oBaHus



3akoH Amnepa. pbiHUbIN cynepnasiubli MarHiTHbIX nanéy 215

6. Sk Oynyub yzaemajgeliHiualb Ji3Be 1IMyJi, NajBeliaHblsi HAa TOHKIX NpaBa-
Jax, Kaji ix naak/oublllb 1a KpblHilL ToKy (pbic. 207)?

7. Tlpbl nank/ousHHI casieHoina Ja roJiocay KpbiHill TOKY €H alllTypxBaeuua
an pagmenryanara na6Jigy nacrasHHara marsita (poic. 208). Y skiMm Hanpamky inze
TOK y caJjieHoijze?

A B
¥ — = +
—
D C

Pbic. 207 Pbic. 208

§ 31. 3akoH Amnepa. MpbiHUbIN cynepnasiybli
MarHiTHbIXx nanéy

/la KoabKacHaea anicawHa MaeHimuaea Nnoas HeabxoOHa sedayb He
MOAbKI HANPAMaK [HOYKybll mMacHimuaea noas, are i e mooyrs. Koavkacna
anicayb mMaeHimuae noae MOINCHA, AK [ IAeKMpacmamoliHae, Ha aACHO8e 20
KpoulHiYy, 2. 3H. mokay. [lis 8vlayienHs MAeHIMHa2a NOAl [ BbI3HAUIHHSA 520
XapaKmapulcmolk BblLKaApblCMoysaoub «npobHely MoK, AKi yayrde cabodi
maav yuacmak npagaduika (sremenm moky). Boidnauoijuior ciay, akas
d3elinivae Ha KONMCHbL dAeMeHnt MOKY 3 OOKY MaeHimuaea NnoAs, MONCHA Bbl-
Alublyb ciay, akas 03elHivae Ha 1jsecb NpasadHik.

Moaynb iHAYKubli MarHiTHara nons. J[3esiHHe MarHiTHara 1oJisi Ha MaJbl yda-
CTaK MpaBajHika 3 TOKaM, sIKi 3HAXOA3illA Y T3TbIM M0JI, KCIEePbIMEHTAJbHA
nacjenaBay Amrep, npaBojasubl J0CJAeIbl 3 PO3HbIMI MpaBajHiKami, 1ITO YBAXOA3iJi
Y 3aMKHyThISI 3JeKTpbluHbla JaHuyri. ¥ 1820 r. Amnep atpeimay dopmysy s
CiJibl, 3 SIKOM ajHapo/lHae MarHiTHae roJie A3elHidae Ha NpaMaJjiiHedHbl yuyacrak
npaBajHiKa 3 TOKaM.

[Tacrasinubl gyranajgoOHbl MarHiT 3aMallyemM y BepTblKajbHAH MJ0CKacli Tak, Kab
JIiHIl {HAYKLblI MardiTHara noJsi, sikoe €H cTBapae y MpacTopbl MaMix MoJtocami,
pasmsiyasicss BepThikasbHa (pbic. 209). MarnitThHae noJie Maruita, y acHOYHbIM
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Pbic. 209

CKaHIPHTpaBaHae Mamixk siro roJitocami, Oya3eM Jiubllb aaHapoiHbiM. Menagita ¥
ratafi BobJsaclli noJsi 3HaXo/J3illla MaJjbl (Bbl3HaYaeMbl namepami BoOJacli npac-
TOpbI, JI3¢ MarHiTHae roJie MnpakTbluHa ajHapofHae) yyactak Al npamaJiHeiiHara
npaBajHika nay»KoiHéil [ > Al T5Thl npaBajHik najBelllaHbl i 3JydaHbl 3 KpbIHillal
TOKy 3 JlanaMorai TOHKiX TMpaBajoy Tak, kab €H pagmsuyaycsl MneprieHabIKyJaspHa
nJIocKaclli, y sKo# 3Haxongila marHit. JIgesiHHe csabara MarditHara noJst Ha ac-
TATHisl YaCTKi 3JIEKTpblUHAra JaHllyra MOXKHA He NpbIMallb Maj yBary.

[Ipbl 3aMbIKaHHI JiaHIyra y 3ajiexkHacli aj HampaMKy 3JeKTpbluHara TOKY i
pPa3MALIY9HHA MOJII0CAY MarHiTa NpaBajHIK NMaj A3esHHEM rapbl3aHTa/bHAl Cislbl F
nayHe pyxauua yrnpasa a6o ysea. [Ipbl rThiM najBec ajxijselua aa BepTbiKaljb-
Hara CTaHoBilllYa Ha HekaTopbl ByraJa . [laBstiuBatoubl Ciy TOKY ¥ 3JIeKTPBIYHBIM
JaHuyry § 2, 3, 4 ... pasbl, MOXKHa 3ayBaxKblllb, LITO y CTOJIbKi XK pa3oy NabsiiiuBa-
ella i MoIyJib Cisibl £, sikas A3eiiHiuae Ha TpaBaIHiK (ir0 MOXKHA BbIMEpallb JIbIHA-
MOMeTpaM, aixiJifgoubl a0sACTOYaHbl MaJBeC Ha Taki »K ByraJa O, ad0 pasJ/iubllpb Na
dopmyne F=mgtg o). Jabapiyuibl guus aaziH Taki K i raTak »Ka pazMmelidaHbl
MarHiT jjs naBeJiiusHHA namepay BoOJaclli, A3¢ MarHiTHae roJie JAacTaTKOBa BsiJli-
Kae i MpakTbluHa aaHapoJHae, MOXKHA JACsATHYIb NaBeJiusHHs JNay:kbiHi A" mpa-
MaJliHeliHara yyacTka TpaBajHika, siKi 3HaXOA3illla ¥ aJqHapOAHBIM MAarHiTHbIM TOJi,
Al'=2Al < [. Monysib CiJibl, 1ITO JI3elHiuae Ha NpaBajHiK, MPbl TITbIM NaBsJIiyBa-
elta y 2 paspl. Pasmsiinuatoubl Marit He y BepTbiKasbHall MJockacii, a naj Byr-
JIOM Jia MaBepXHi cTasa, Ha AKIM 3HAXOA3illla YCTAHOYKA, MOXKHA 3MSHSALbL Byraj
nami>k HanpaMmkaMm JIiHill iHAyKUbli i npaBaaHikoM. $SIK nakaspae jpocjiell, MOAyJb
CiJibl, 3 IKOW MarHiTHae mnoJie A3eiHi4yae Ha NpaBalHiK 3 TOKaM, Mpama npanapiibl-
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SIHAJIbHbL CiHYCy ByIJIa MaMizK Hampamkami TOKY Yy NpaBajHiKy i MarHiTHai iHAyk-
1bli. [IpblubiM MOJyJIb Cisibl Jlacsirae MakcimMasibHara 3HausHHs  F. ~ IAl, kani yua-
CTak MnpaBajHika 3 Tokam yTtBapae Byraj 90° 3 Hanmpamkam iHIyKIbli MarHitHara
nosist (sin90°=1), i minimanbibl (Fo,;,=0) y BbINajaKy pasMmsiliusHHS MpaBajHika
napaJiesibHa JiiHisgM iHaykibi (sin 0° = 0).

TakiM 4blHaM, MOJyJ/b CiJibl, ITO A3elHiuae 3 GOKy ajHapojHara MarHiTHara
noJisi Ha TpaMaJsliHelHbl yyacTak IMpaBajiHika 3 TOKaM, NpanapuplsiHajbHbl Cijie TOKY 1,
JayKblHi ratara yuactka A/l i ciHycy Byryia oL mamiK Harpamkami TOKy Y TpaBajiHi-
Ky 1 iHIyKLbli MarditHara noJisi:

F~IAlsin o.
[5ta cina nazana y ronap A. M. Amnepa cizrati Amnepa.

. . Fmax o . .
[TakousbKi Fp~ 1AL, TO amHociHa W JUIst JajseHail poo6Jjiacll marsitTHara

noJisi He 3aJieXKblllb Hi aj cisibl TOKy [ y npaBajHiky, Hi an jaay:koiHi Al mpamaJi-
HeliHara yyacTka MpaBajHika, IITO LaJKaM 3HaXoA3illlla Y aaHapOJAHbIM MarHiTHbIM
nosti. Tamy napzeHasi ajHociHa MOXKa CJYXKblllb XapaKTapblCTbiKal ToH BoOJiacll
MarHiTHara rnoJsi, y siKod 3HaxoAgiula yyactak npasaiHika. [3Ta nassajsie naub
HACTYIHAE a3HAY2HHE iHAYKLbli MAarHitHara mnoJis.

IHayKubisi MarHiTHara noas — (i3iuHass BeKTapHasi BeJiublHSI, MOAYJb
KO POYHbI aJHOCiHE MOMyJ]sl MaKciManbHa# cinbl F,,,, AKas A3eliHiuae 3 OOKy
MarHiTHara noJsi Ha npamaJjiHedHbl yyacTak npaBajHika 3 TokKaM, Aa 31a0bIT-
Ky cisbl ToKy I i mayxkbiHi Al rarara yuacrka:

Fmax
Al (31.1)

Takim ublHaM, y KOXKHBIM IyHKLE MardiTHara roJisi Moxka Oblllb BbI3HAuaHbl $IK
Hanpamak iHIyKLbli MarHitHara roJis, TakK i sie MO/yJib.

Y CI inaykuplto MarsitTHara noJisi Beimsipatolib y Tacaax (Ta) y ronap ceptcka-
ra imkbiHepa i BbiHaxonaHika Hikosa Tecna (1856—1943), siki 3 1884 r. npaua-
Bay y 3IIA. | Tn — iHaykubisg Takora ajHapoJHara MarHiTHara moJs, sikoe Ha
npamaJsiiHelHbl yuacTak npaBajHika nayKbiHéid 1 M npel cine Toky ¥ iMm 1 A nged-
Hiuae MakciMmasjbHail cinail, moayJb skoi 1 H:

T LI L N
lAlwm A-m A-c?

Cina Amnepa. Hsxaii marniTHasi iHIyKibis yTBapae ByrajJ O 3 HanmpamkaM TOKY

Y nmpamasiiHefHbIM y4acTKy mpaBaiHika naykeinéin Al (poic. 210). Kani yBech npa-

MaJliiHelHbl MpaBaHiK NayKbIHEH [ 3HaxoA3illa ¥ ajHAPOJAHLIM MArHiTHLIM MOJI,

to Al=1[. $lk yxK0 aj3Hauyanacsi, y BbIMaAKy pasMsillusHHA MpaBajHika napasesbHa
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Pbic. 211

JIHIAM IHYKLbll MarHiTHae roJie He akaspae
Ha MpaBajiHiK Hisikara ysn3esHHs. Tamy Mo-
Iynb cinbl Amrnepa 3asexblllb TOJbKI a1 Mo-
JyJsl  CKJajalyad  MarHiTHa#  iHIyKIbl
B, =Bsin o, nepneHabKyaspHail npabBajHiky,
i He 3ajexblllb aJl MOAyJs CKJajatodan
By = B cos o, napasnejbHail npaBajHiky.

3 Bbipagy (31.1) BeiHikae, wWTO MOMYJb
MakcimasibHail cijibl AMmepa

Fx=BIAL

Y ary/ibHbIM BbINAAKY MOJIYJb Cijibl AM-
nepa MOXKHA pasJiiublllb 1a gopmyJe

F, = BIAlsina. (31.2)

Boipas (31.2) nasbiBatolub 3akonam Am-
nepa.

Hanpamak cinbl Amrepa Bbl3HAuamollb
naBojyie npagiia Aesail pyki: Kaii Ae8yro
PYKY pasmacyiyb mak, Kab nepneroviKy-

Aapras 0a npasaduika ckiadaouas iHOYyKyvli maeHimuaea noas B, ysaxo-
daina § 0aroHb, wamolpol 8olyseHymols nasoybl ObLAL HAKIPABAHbLL NA MOKY,
mo adaenymor Ha 90° y naockacyi 0aaOHi 8AAIKI nasey naKaica HaANpPamax
cinol Amnepa, skas 03eliHiuae HQ NPAMAAIHEUHbL Juacmak npasaoHika 3 mo-

kam (pbic. 211).

o 3akoH Amnepa fasBanse pacTiymaybilb y3aemaasesHHe napanenbHbix NpaBafHikoy 3

ToKam (pbic. 212). Tok cinait I; cTBapae marHiTHae nose iHayKubiai By, skoe a3eitHivae

a

0

]

Bos || B
ey
—

(D

Pbic. 212
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Ha npaBafHik 3 Tokam I, cinaii, mogynb sKoit Fy,=B,I,Al Tok I, cTBapae MarHiTHae nosne,
iHayKubla skora B,. [3Tae none pg3eitHivae Ha npasagHik 3 Tokam I, cinail, Mogynb SIKOM

Foy= BoLAL Cinbl F,i F,, 3HaxoA3auua y Toi xa nnockacui, Wro i npasagHiki 3 Tokaw,

i 3'aynaouua cinami npbIUAKIHHA, Kani Toki HakipaBaHbl Y af3iH 6ok (peic. 212, a), i
cinami aplWTypxBaHHA, Kani TOki HakipaBaHbl § cynpaubnernbis 6aki (pbic. 212, 6) (npa-
BepLe raTa caMmacToMHa, BblKapblCTaylbl npasina cBapa3énka (abo npasina npasait pyki)

AN BbI3HAYIHHA Hanpamkay iHAYKUbIA MarHiTHeIx nanéy By i B, i npasina nesait pyki
ANA BbI3HAYIHHA Hanpamkay cin Amnepa).

MpbiHubIn cynepna3siubli marHiTHbIX nanéy. Kani marnitHae nose crBapaeriua
HEeKaJbKiMi KpbIHillaMi, TO iHAYKUbIIO BbIHIKOBAra MarHiTHara IoJisg MOKHA Bbl3Ha-
Ublllb TABOJJIE APLLHYbIAY CYnepnasiysli: Kaji MarHiTHae noJje y HEKaTopbIM
NyHKLE MPacTopbl CcTBapaellla He aJHbIM, a HEKaJbKiMi 3JEKTPbIYHbIMI TOKaMmi
(abo 3apapami, sKisi pyxaiouua), To iHAyKUbiS BbIHiKOBara MarHiTHara noJs y
raTbiM NyHKIEe pOyHas BeKTapHail cyme iHAYKLbIH MarHiTHbIX najéy, crpopa-
HbIX KOXHbIM TOKaMm (3apajaam, fiki pyxaeia):

B=B +B,+..+B,. (31.3)

MarHiTHblA nani, cTBOpaHbiA Po3HbIMi KpblHiuami. Jlis taro ka6 pas-
JIiublllb HAYKUBIIO BbIHIKOBAra MariTHara mnoJisi Ha mnajcTaBe MpPbIHIbITY cynep-
nasiibli, HeabxoaHa yMellb Bbl3HAYallb iHAYKILbIi MArHiTHbIX MaJjéy, CTBOPaHbIX
pPO3HBIMI KpbIHillaMi. DKCHepbIMEHTbl MakKa3Balolb, LITO Ba YCix BbIMaJKax MO-
JyJb iHAyKLbli MardHiTHara mnoJs, cCTBOpaHara TOKam, MpanapublsiHajbHbl cije
TOKY, 3aJieXblllb aJi JAay»KblHi i popMbl NpaBajHika 3 TokaM i ajjerjacui ja
BhiOpaHara nyHkKra. 3aJiexkHacllb iHJyKIlbli MarHiTHara mnoJis npamaJjiinefiHara
npaBajHika 3 TOKaM aj ajjersacii ja §iro 3KclepblMeHTaJJbHa JacJjenaBadi
dpanuysckis ByuoHblsi JKan barwicr bio (1774—1862) i ®enikc Capap
(1791—1841) y 1820 r. ®panuyscki Bydonnl [I'ep Cimon Jlannac (1749—
1827), npaananizaBayuibl 3KCHepbIMEHTAJNbHbISI JaHbls, aTpbiMaHblisg bio i
CaBapam, mpanaHaBay BbIKapbICTOYBallb JeMEHT TOKY (aHaJjar MyHKTaBara 3a-
paiy ¥ 3JeKTpacTaThillbl), ITO Aa3BodJiijia capmyssiBallb 3aKOH, siKi aTpbiMay
HasBy 3akona bio—Caapa—/Jlannaca.

3akoH, atpeimanbl bio, Capapawm i Jlansacam, nassajsie, y npbiBaTHacl, pas-
JIiublllb MOJYJib iHJYKIbIi MarHiTHara TMoJis, CTBOpaHara nacTasHHbIM TOKam
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ciail /, siki mpaxoigillb Ma KpyraBbIM BiTKy (1ITO 3HaxXoigilla y Bakyyme abo ma-
BETPbI) pajiblycam R, y 1I3HTPHI raTara BiTKa na gopmyse

Mo/
B=to
9R (31.4)
mse Uy = 4n- 1077 —5 — marniTHas nacrauHas.

2
Monynb iHIIyKU,bé MarHitTHara mnoJisi, CTBOpaHara nacTasiHHbIM ToKaM cijiail [, siki
npaxoa3illb na OGsiICKOHLA JIOYTriM MpaMaliHedHbIM MpaBajHiKy (1ITO 3HaXoA3iluua y
BakyyMe a60 TaBeTphl), y TMyHKTaX, padMellvyaHbIX Ha ajjiersiaciii » aj Boci mpa-
BaJHiKa, BbI3HAYAIOIb Ma (opmyJie

Mo/
B=:0" (31.5)
2nr
siKasl ajinaBsyjlae BbIHIKAM sKcnepbiMeHTay, npasensenbix bio i CaBapam.
o Mopynb iHAYKUbIT MarHiTHara nons, CTBOpaHara nacTasiHHbIM TOKam cinait I, yHyTpbl Aoy-

rara cajeHoifia, WTO 3Haxof3ilua § Bakyyme abo MaBeTpbl, MOXKHA Bbi3HAYbILb Na hopmyne
v B=pynlI,
a3e n= 7 — KonbKacub BiTKOY Ha af3iHKYy AayXkblHi caneHoiga.
Hsxall agnernacub namix TOHKiMi AoyriMi napanenbHbIMi npamaniHeiHbIMi NpaBagHiKaMmi

3 Tokam r (m. pbic. 212). Tagbl MoAynb iHAYKLUbII MarHiTHara nons, cTBOpaHara TOKam ci-
nait I; nepwara npaBagHika ¥ TbiX MyHKTax NpacTopbl, A3e 3HaxoA3iuua Apyri npaBagHikK,

I . . . -
B, =Kot ApnasepHa Moaynb iHAYKUbIT MarHiTHara mosis ToKy cinait I, gpyrora npasag-

2mr I
.. ) w
HIKa Yy TbIX NYHKTAaxX NpPacTopbl, A3€ pa3MelldYaHbl neplbl NpaBafHIK, BZ = 20 2. TaMy
T
pol, LAl L P~
F, =Fy = r. 3H. Ciflbl Y3aeMajI3eAHHA napanesbHblX NpaBagHikoy 3 ToKam nag-

napagkoyBawoLuLa TpauaMy 3aKoHy HbloToHa.

Af3HaybiM, WTO Y3aemaf3esHHE acoOHbIX 3/eMEHTay TOKY He majnapagkoysaeuua Tp3-
UAMY 3aKOHy HblOTOHa, TaMy WTO MarHiTHbIA Cifbl /?1 i ,E2 y aryibHbIM BbiNafKy He ns-
Xallb Ha agHoW npamoi. AfHAK ONs Cin y3aemaf3esHHs 3aMKHYTbIX KOHTypaS'/LﬂKiﬂ CKIa-
falouua 3 npaBajHiKoy 3 TOKaMi, Tp3ui 3aKOH HblOTOHA BbIKOHBAeUUa, . 3H. Fip =—Fy;.

\/ 1. Ingykupis marnitHara nosisi — isiuHasi BeKTapHasi BeJliublHsl, MOMIYJb
SIKOW POYHbI aJHOCiHE MOJIYJIsl MakciMaJjibHal CiJibl, fiKas A3elHiuae 3 OOKy mar-
HiTHara mnoJis Ha npamaJjiiHeiiHbl yyacTak NpaBajHika 3 TOKaM, Ja 34a0bITKY
CiJIbl TOKY 1 Jay»KblHi raTara yuacrka:

F

max

AL
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2.1 Tn — wmaruiTHas iHAYKUbIS Takora agHapojHara MarHiTHara moJis,
SIKOe Ha rpamaJiiHeidHbl ydacTak rpaBajiHika JayKblHEH 1 M mpbl ciie TOKy ¥
iMm 1 A nzeiiniuae makcimasbHail cinai, momysb sikoi 1 H:

ITn=:1 i
‘M
3. Monysib cisibl AMriepa MOXKHa pasJiiubilb na popmyJe

Fx=BIAlsina,

JI3e O — ByraJj nami>k HampaMmkami TOKY i iHIyKLbli MarHitHara rodJs.
4. Hanpamak cinbl Amrepa Bbl3Hauatollb MaBojyjie Mpaijia JieBail pyki:
KaJli JIeByl0 pPyKy pasMsclillb Tak, Ka® MepreHabIKyAsipHas J1a MpaBajiHika

CKJajiatouast iHAyKLbli MarHitHara noJsi B, yBaxonsiza y AaJioHb, YaTbIpbl Bbl-
UATHYTBIST NaJiblibl OblIi HaKipaBaHbl Ma TOKY, To agarHyTtbl Ha 90° y nuockacui
JIaJIoHi BSUTIKI MaJiell rakaxka Haripamak cijibl Amrepa, sikasi j3eiiHiuae Ha yua-
CTaK MpaBajHiKa 3 TOKaM.

5. Kasi marnitHae noJie § nsyHbIM MyHKLE NpacTopbl CTBapaellla He aj-
HbIM, a HeKaJibKiMi 3JeKTpbluHbIMI TokKaMi (abo 3apanami, sikisi pyxatoiia), To
{HIYKLbIS BbIHIKOBara MarHiTHara roJs y r3TbIM IyHKLE pOyHasi BeKTapHau
CyMe iHJyKIbI MarHiTHBIX MaJiéy, CTBOpPaHbIX KOXKHBIM TOKaM (3apajaam, sKi
pyxaeiiia) (MpbIHIbBINT cyneprnasiipbli):

B=B +By+..+B,.

U 1. flkas iziyHas BeniubiHA XapaKTapbi3ye MarHiTHae nose y KOXHbIM Aro nyHKue?

2. fk Bbl3HayawUb MOAYAb iHAYKUbII MarHiTHara nons? Y sAkix afg3iHkax BbIMspatoLb
THOYKUbIIO MarHiTHara nons?

3. Ak Bbi3Havaloub Mopynb cinbl Amnepa? [llpbl AKiM 3HAY3HHI ByrMa namix Hanpam-
KaMi ToKy Y npaBafHiKy i MarHiTHal iHAYKUbi MOAYNb Cifbl, AKas A3eiHiyae Ha npaBagHiK
3 TOKaM 3 GOKy MarHiTHara nons, MakcimanbHbl? POYHbI HYJHO?

4. flx BbI3HAYbILb Hanpamak cinbl Amnepa?

5. Y agHapoAHbIM MarHiTHbIM MOMi NepneHAblKyNsApHa MiHiAM iHAYKLbIT pa3mellyaHs
npaBafHiK 3 TOKaM, carHyTel nag npambiM ByrioMm. ap sKkiM ByroMm ajHa fa ajHoit Ha-
KipaBaHbl cinbl AMnepa, WTO fA3eiHiYaloLb Ha CTOpaHbl ratara Byrna?

6*. MpamaniHeiiHbl NpaBaAHiK AayKbIHENR [, mMa AKiM npaxop3iup ToK cinait I, pasmel-
yaHbl Y3A0YK BOCi 0X y afHapOAHbLIM MarHiTHLIM Mo, iHAyKubla B AKora HakipaBaHa
y3poyx Boci Oy. Yamy poyHas npaekublsi cinbl AMnepa Ha Bocb Ox?

7. Chapmyntoiie NpbIHUbIN cynepnasilbli MarHiTHbIX Nanéy.

8. fAK BbI3HaYbILb MOAYNb iHAYKLbIT MarHiTHara noss poyrara npamaniHeiiHara npaBaj-
HiKa 3 ToKaM? KpyraBora BiTKa 3 TOKaM?
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Mpbiknagbl palwsHHA 3apay

Ipbiknan 1. Y agHapoAHbIM MarHiTHbIM TOJi, iHAYKUbIS SKOra HakipaBaHa
BepThiKajbHa i e mMoayab B=0,50 Tu, Ha nérkix npaBajax rapbi3aHTajbHa Maj-
BellaHbl MpamaJiiHelHbl MeTaJiuHbl cTpbiKaHb JayxkbiHéld [=0,20 m i ma-
cail m=>50 r. BeidHaulle, Ha siKi ByraJ aj BepTbiKaJi ajaxijsiia npaBajbl, LITO
najATpbIMJAiBalOb CTPbXKAHb, KaJi mna iMm mnpanycuiiub Tok cijaid /=5,0 A.
Y3nzesiHHe MarHiTHara MoJisi Ha TOK Y MajBOJA3SIUbIX TpaBajax He IMpbiMallb

naj yBary.

JlangseHa:
B=0,50 Tn
[=0,20 m

m=50 r=0,050 kr
[1=50A

o—?

tga

0,50Ta-5,0 A-0,20 m

Pawsnue. Ha crpbikanp A3efiHivatoub cijibl npyrkacii

npasanoy fr, =F, +F,, . cina uskapy mg i cina Amne-

pa ﬁA (peic. 213). Momynb ratai cijibl Bbl3HAualollb Ma 3a-
KoHe Awmnepa: Fn =BIll. Tlpbl payHaBase CTPbIKHS BeK-
TapHass CyMa CiJl poOyHas HyJo: an +mg + ﬁA =0.
3 peicyHka 213 BblHiKae:

P . )
l mg mg

Pbic. 213

=1,0; Takim ubiHam, o =45°.

0,050 kr- 9,8
C

Ankasz: a=45°.

[Mpoikaan 2. Tla aByx ajmHOJIbKAaBbIX KPyraBbiX BiTKax pajplycam R=6,28 cm
KOXKHBI, TIJIOCKACL §IKIX y3aeMHa MepreHbIKY/ISPHbIS, a LSHTPbl CyNajialollb, Mnpa-
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X0/13s11ib aJiHOJIbKaBbIsi TOKI cinait [=4,0 A. Bbi3Haulle MOJy/ib iHAYKIbII MarHiTHa-
ra noJist ¥ UHTPbI BiTKOY. BiTki 3Haxoa3siuua ¥ naBeTphbl.

Jlansena: Paumsnue. Moaynb iHAyKIbli MarditTHara moJis,
R=6,28 cM=6,28-10"%m CTBOpAHAra KOXKHbIM KPYraBbIM TOKaM Yy LIHTPbI ajl-
L=hL=1=40A naBejqHara BiTka, 3Ho#n3eM na cdopmyJae (31.4)
Mol
_ B, =By =——.
B : | 1 2 2R

[TaBomnie npasina cBaApa3éska A8 BbIOpaHbIX Hampamkay
TOKay y BiTKaX iHIyKIbIs Bl HakipaBaHa NepreHabIKYJ/IspHa
NJIOCKacCLi pbICYHKa aj Hac, a iHAyKUbIA 32 — ynpasa
(ppic. 214). 3romna 3 mpbiHIbITaM cynepnasiusi (31.3)
iHAYyKUbISI  BbIHIKOBAra MarditTHara MmoJis 1§=1§1+1§2.

[TakosibKi iHyKIbl MarHiTHbIX NMaJEy y3aemHa MepreHibIKyJIsip-

Hbist, na teapsme [licharopa snaxongim: B=\/Bl2 +322 =B 2, Peic. 214
Tanpl B = M
2R
7 H
4-3,14-10" —-4,0 A-1,41
B= A =5,6-107° Tn=56 mxTu,
2-6,28-10 “m

Ankas: B=56 mxTu.

[lpakrbikaBaHHe 22

1. Ilpamaninefinbl npaBanuik nayxbiuéit /=40 cMm, na skiM npaxoasillb 3J€KT-
pbluHbl TOK cinait /=8,0 A, 3Haxongilia y agHapojHbIM MarHiTHbIM TI0Ji, MOIYJIb
innykupli sikora B=0,50 Tn. Bbisnauile HailGoJibliiae i HaliMeHIllae 3HAUSHHI MO-
JlyJist Cinbl, AKasi A3efiHiyae Ha npaBajHiK 3 OOKY MarHiTHara mnoJs.

2. llpamaninedinbl npaBaaHik nay»kbliHéH [=1,5 M 3Haxonsinua y anHa-
POAHBIM MarHITHBIM MoJi, MOAyJb iHAyKIb sikora B=0,20 Tn. Cina Toky ¥
npaBanuiky /=3,0 A. BbisHauile ByraJs nami:k Harnpamkami TOKy i iHIyKIbli Mar-
HiTHara moJisi, KaJi Ha npaBajHik J3eiHidae cija Amnepa, MojyJb SIKOH
Fa=0,64 H.

3. llpamanineiinbl npaBaaHik jgayKbiHéi [=50 cM, na skiM mnpaxojasilb TOK
cinaii /=2,0 A, pasmelnryaHbl neprieHAbIKYJ/IsipHa JiHiAM iHAYKIbI ajHapojHara
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marsiTHara noJs (pwic. 215). Ha npaBamnik 3 60Ky MarhitHara moJs
Jzeitnivae cina, momynb kol FF=0,40 H. Beignauue moaysb i Hanpa-
Mak iHAYKLbli MarditHara roJs. F

4. Ilpamaninefinbl npaBajHiK 3 MJolIYaidl manspoyHara CsiuHHS il
S$=0,10 cm? 3Haxoa3ila § aAHAPOAHBIM MArHITHBIM TMOJi, MOJYJIb
inpykupli sikora B=0,20 Ta. [lpel npaxomxkanui na npaBajHiKy TOKY
cimail /=3,9 A na siro n3efiHiyae MakciMajibHa MardbiMasi il jajase- b 215
bIC.

Hara MmarHiTHara rnoJisi ciia Amnepa. Bbi3Haulle 1IUbLIBHACIL PIUbIBA
npaBajiHika, KaJji MojyJsib Ciibl AMriepa poyHbl MOJYJIIO CiJibl LisKapy,
LITO J3€HHiYae Ha [paBajHiK.

5*. Ilpamanineiinbl npaBajgHiK aayxkbiHén [=40 cm i macait m =20 r pasmel-
YyaHbl rapbl3aHTajJbHa i NEprHeHAbIKYJsApHA JiHiAM iHAYKLbI aJHApOJHAra MAarHit-
Hara noJisi, MofyJib iHayKupbli sikora B=40 mTa. Buiguauue ciny toky, siki Oynze
npaxojsillb Na MnpaBajHiKy, KaJji €H 3acjirae ma MpaBoOJAHbIX IIbIHAX 0e3 TPIHHS 3

M
HakKipaBaHbIM BepThbiKajbHa YHi3 MackapsHHeM, MojyJsb skora a=1,0 —5-
C

6. MarniTHae moJsie cTBOpaHa HakJaJaHHEM JIByX ajHAPOJAHBLIX MarHiTHbIX
nanéy, monyJi iHgyKupl sxix B;=0,03 Tn i By=0,04 Tn. Bbiznauile MoayJib iHIyK-
Lbli BbIHIKOBara moJisi, KaJi JiiHii iHAyKUbl T3THIX Naaéy yzaeMHa MeprieH/bIKy-
JISIPHBIS.

7. MarnitHae nosie, Momysb iHayKibl sikora B;=0,03 T, cTBopana HakmanaH-
HeM JIBYX aJHapOJIHbIX MarHiTHbIX najnéy. BbigHaulle MakciMasbHa MardbiMae 3Ha-
YHHE MOAYJA IHAYKLbI Iepuiara IoJid, Kaji MOJyJb iHAYKUbI Apyrora IoJis
By=0,02 Ta.

8. MaruitHae nosie, mMomysb iHaykibli sikora B=0,02 Tna, crBopaHa HakJanaH-
HeM JIBYX ajHapOJHbIX MarHiTHbIX naJjéy. BbizHaulle miHiMasibHa MarubiMae 3HAU3IH-
He MO/ iHAYKUbI Apyrora mnoJis, KaJji MOAyJib iHIYKLbIi
nepiara noJs B;=0,05 Ta. .

9*. Jloyri npamasiiHeliHbl MpaBaHIK 3 Tokam cinail /=30 A / b
pasMellyaHbl y MaBeTpbl IepPreHAbIKYNAApHA JiHIAM IHAYKLbI =
ajHaposiHara marsitHara noJs (peic. 216), Momysb iHAyKIbI
skora B=0,20 mTsn. BrigHauile reamerpbiuHae mMecla MyHK-

Tay, y fKiX iHAyKILbIS BbIHIKOBara MarHiTHara mnoJs poyHas Puic. 216

HYJIIO.

10%. Ila nByx OsickoHIIA JOYTiX MapaJjesbHbIX NpaMaJjiHeHHbIX MpaBajHiKax,
pagmelnuanbix Ha amlernacui r=050 cM an3iH aj ajHaro, npaxoj3siilb y ajHbIM Ha-
npamky Toki cinami /{=4,0A i [,=8,0 A. Bbi3Haulle Moy/ib iHAyKIbli BbIHiKOBara
MarHiTHara moJist y MyHKTax, ajjlajieHblx Ha aaieraacipb rj=40 cm an nepiiara npa-
BajHiKa i ro=30 cm an apyrora.
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§ 32. Cina Jlop3Hua. Pyx 3apapxaHbix yacuiy
Yy MarHitHbIM noji

[lakoabki srekmpolurol MoK yayrie cadboll ynapadkasavl pyx 3apadia-
HOLX uacyiy, mo 2ama asznauae, wmo MacHimuae noae, aKka3saroyvl 03esHHe
Ha NPasadHik 3 MoKam, O03elHiuae Mol CAMbIM HA KOMWCHYIO 3 IMblX 3a-
paodacanolx dacyiy, akia pyxarouya. Takim aoinam, ciry Amnepa, modyre kot
Fa=BIAlsino, moxcHa pazersdayv K B6lHIK CKAAOAHHA CiA, WMo 03eiHiua-
10Yb HA acoOHbLA 3apadicanels dacyiyvl, akia pyxaroyya. Ciry, 3 akoi mae-
HimHae noae dseliHiyae HA 3apadHaHyio 4acyiuy, Wmo pyxaeyya 1 23molm
noai, Haselsaoyy cirat Jlopanya §j eoHap svldamuaea earandckaea ¢isika
Xendpoika Anmona Jloparnya (1853—1928).

Cina JlopaHua. Monyab cinbl JlopsHiia MoxkHa Bbl3HAublllb Na QopmyJie

F, .
FJI =—A, J13¢ N— aryJibHasi KoJIbKacCllb cBabOHbIX 3apaKaHbIX Yacull, Ha Ipa-

MaJsliHeHHbIM YuacTKy TpaBajHika nay»KeiHéu A/l (poic. 217). Kani monynb 3apamy
aJIHo} uacuilbl ¢, a MOJyJb CymMapHara 3apaiy ycix yacuily Ng, To 3roaHa 3 agHa-

N
USHHEM CiJibl TOKY I=A—;], n3e Al — npamexak uacy, 3a sIKi 3apajpkaHas yacuiua
npaxo/3illb ydacTak TpaBajiHika AayKbiHEH Al.
Tabt A A5
BlAlsino.  BNgAlsina.  BgAlsina B| /
Fﬂ = = = . 7 = /'
N AN At [\ *=|fa |
| S HHH B.r |
[TakoJabki E:U — MOJyJib CSIP3AHSIA CKO- \\ ez O oo\

pacui 3apajkaHail yaclilbl, sikasg yrnapaikaBaHa |<A—1>|

pyxaelilla ¥ MarHiTHbIM MoJii YHYTPbl MpaBajHika,

. Pbic. 217
TO (opMyJsly JUlsl BbI3HAUSHHA MOJYJsS  CiJlbl
JlopsHLa MoxKHa 3aricalpb y BBILIsI3E
Fp=Bqusina, (32.1)
J3e O — Byras Tamix Harpamkami iHAyKibli MarHitTHara nosas B i ckopacui U

yrnapajaKaBaHara pyxy 3apajuKaHaid 4acllilibl.

Hanpamak cinibl JlopsHua, sikasi n3eiiHiuae Ha 3apajpKanblsl Yaclilibl, SIK i CiJibl
Awmniepa, BbI3HAuawlb NaBOMJIE NPABiAQ Ae8All pYKi: KAl Ae8Yi0 pYyKy pas-
macyiyv mak, Kab ckaadarouas maeHimuai iHOYKyoli, nepnenoolKYripHas
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ckopacyi ynapadkasaraea pyxy 3zapady, ysaxoosiia
y daaonb, a wamoelpel nasovyol ObiAl HAKIpABAHbL NaA
pyxy dadamruaea 3apady (cynpayo pyxy aoMoyHa-
ea), mo adaenymo. Ha 90° y naockacyi darowi
BANIKI nasey nakasca Hanpamak cinel Jlopanya,
aKas 0setinivae Ha 3apad (pwic. 218).

Angnaubiv, wto cina JlopsHiia 3ajexbilb an Bbiba-
py iHepubIslIbHAR CiCTIMbl a[JliKy, NAKOJbKI § PO3HbIX
cicTamax amjliky ckopaclb pyXy 3apajy MoxKa alpo3Hi-
BallLLA.

Pyx 3apapXaHbix Yacuiy y agHapoAHbIM MarHiTHeiMm noni. [lan n3esnuem
cinbl JlopaHua yacuiipl, siKis Marolb 3JeKTPblUHbl 3apajl, pyXatolllla ¥ MarHiTHbIM
noJii na KpbiBaJiHedHbIX TpaekTopbisx. [IpblubiM Kaji § nanzenadt iHepupblisiibHal
cicTame ailiKy Hampamak CKOpAacli pyXy yacuillbl MepreHblKyJasipHbl HAllPaMKy
inayKipl MarditHara noas (7 LB, a=90°), To TpaeKTopbisiii pyXy 3apaKaHaii
YacIilbl Y aaHapoJHbIM MarHiTHBIM MoJi 3’siyJsieliiia akpyHacib (pbic. 219).

Pbic. 218

Hsaxail yacuiua macaii m i 3apagam ¢ pyxaella ca CKopacli U, HakipaBaHak
A5 4 N NepreHbikyIspHa  JiniaM  THAYKUBI § - aaHapojHbiv
MarHiTHbIM 10Ji, iHaykiupis sikora B. Ilakosbki cina

—

%{'— R D\ Jlopanua Fﬂ NepIreHAbIKYJ/IspHast CKOpacli v pyxy uac-
' %

h uiupl (ra. peic. 219), To raTa cisa 3MsHse TOJbKi Ha-
q a/\v—«/ npamak ckKopacli, Hajaarubl daclilbl LU3HTpPaiMKJiBae
nackapsHHe, MOAyJb siKOra § ajanaBejHaclli 3 Jpyrim
3akonaM HbloToHa

Fu_Blglo
m m ’

Y BbIHiKy uaclila pyxaella na akpy:KHaclli, pajiblyC sIKOH MOXKHa BbI3HAUblllb
2
v
3 opmy.ibl a:E:

Pbic. 219 a=

02 UQI”I’l mo

a Blglv Blql
[Tepuisin T aGapausHHsi yaclilpl, siKas pyxaelia na akpykKHacii y aaHapoJHbIM
MAarHiTHbIM [10JIi:

(32.2)

_2nR _2n mv _ 2mm

T = = .
v o Blg| Blq| (32.3)
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Sk Gauna 3 BbIpagdy (32.3), nepbisi abapausHHsl yacllillbl He 3aJexKbllb a1 MO-
JlyJisl CKOpaclli sie pyxy i paiblyca TPaeKTOpbli, a BbI3HAYaelllld TOJIbKI MapameTpami
yactilpl (MofyJ/aeM sie 3apajy i macail) i BesiublHER MarHiTHa# iHayKubli. [5Ta BbI-
KapbICTOYBAIOLb Y UbIK/JAIUHbIX NAaCKapasbHIKaX 3apazKaHblX 4Yaclil, — LblKJa-
TpOHaXx.

Ha wacuily, sikasi pyxaeuua y3uoy»K JiHii iHayKubli Mar"itHara noisi, cina Jlo-
paHLa He n3efinivae (sino=0).

o Kani 3apapxaHas vacuiua pyxaeuyua y afHapoAHbIM MarHiT-
HbIM MONi TaK, WTO HanpaMak fie cKopacui ¥ yTBapae 3 iHAyK-
UblA MarHiTHara nons B Byran o, npblubiM oL# 0, OL# T, TO Tpa-
eKTopbIA pyxy Yacuiubl yaynse caboii cnipanbHyto niHilo (pbic.
220). Mpbl rateiM pagblyc R cnipanbHaii NiHii 3anexsbiub ag Mo-
Oy CKnapatyai ckopacui v, nepneHpblKynspHai iHAyKLUbI
MarHiTHara nons, a KpoKk cnipanbHaii fiHii h — ap Moayns ckna-
Aalouai ckopacui v, napanenbHai MarHiTHam iHayKupli. Takim
YblHaM, TPAeKTOpbIs 3apafyKaHail yacuiubl HiGbl HaBiBaella Ha
NiHii MarHiTHal iHAyKUbIi.

Mago6Has 3'ABa anbbiBaellla ¥ MarHiTHLIM noai 3samni, AKoe .

axoyBae YCE XblBOe aj naTokay 3apafiXkaHblX yacuill 3 KacMiy-
Hall mpacTopbl. 3apajXaHblf Yaclilbl 3 KOcMacy, AKia pyxalol-
La 3 Besi3apHbIMi cKapacusaMmi, «3axonniBalolLa» MarHiTHbIM no- Pbic. 220
nem 3amni i yTBapaloub TaK 3BaHblA PafblALbIAHbIA Nascbl (pbiC.
221), y AKix yacuiubl nepamswWwyalLLa na cnipanenafoOHbIX TPAEKTOPbIAX NaMix nayHou-
HbIM i NaymHEBbIM MArHiTHbIMI Molocami Tyabl i Has3af 3a 4ac, PoyHbl MpbikNagHa A0AAM
cekyHabl. Tonbki ¥ nanapHbix abnacusx HekaTopas 4acTKa yacuil ypbiBaeuua y BepxHis
cnai atmaccepsl, BbIKIiKalubl NaNApHbIA 338HHI (pbic. 222).

Makonbki cina JlopaHua HakipaBaHa mag Byrmom 90° fa ckopacui pyxy 3apagMaHbix
yacuil y KOXHbIM NyHKUe TpaekTopbli (pbic. 223), To paboTa ratait cinbl npsl pyxy

Pbic. 221 Pbic. 222 Pbic. 223

O6pa3soBaTenbHbIn nopTan www.adu.by/ HaumoHanbHbIn MHCTUTYT 06pa3oBaHus



228 MATHITHAE MOJIE. 3NEKTPAMATHITHAA IHAYKLbIA

3apajiXkaHaii yacuiubl Y MarHiTHbIM Mo poyHas Hynto. TaMy KiHeTbIYHAs 3Hepris yacuilbl, sKas
pyxaeuua y cTaubifiHapHbiM (HA3MEHHbIM Yy 4Yace) MarHiTHbIM MOJi, He 3MAHAELLa, T. 3H.
CTaubliHAPHAEe MarHiTHae nose Henbra BbIKAPHLICTOYBALbL ANA MACKap3HHA 3apafKaHbiX
yacuiy. MaBeniyaHHe KiHETbIYHAM 3Heprii yacuiubl, r. 3H. fe NacKap3HHe, MarysiMa nag
A3esiHHEM 3/eKTpblyHara nons (y raTbiM BbINAfKy 3MAHEHHe KiHeTblYHai 3Heprii yacuiubl
poyHae paboue cin nons). Tamy ¥ cyyacHbix mackapanbHikax 3apafKaHblX 4aclil, 3neKT-
pblyHae none BbIKAPbICTOYBAKOLb A MACKap3HHA, a MarHiTHae — pas «dapMipaBaHHA»
TPaEeKTOpbIi pyXy 3apafKaHblX Yacuil.

Kani 3apampkanas yacuiia ¥ MOMaHT y3HiKHEHHSI 3HEILHSAra 3JeKTpbluHara mnoJis
mo*
3HaxoA3ijacs y Cnakoi, To Tqu, n3e U — HanpykaHHe namik MyHKTami, y

SIKIX 3HAXO[3W1acsl yacuila Y MOMAHTbl Y3HIKHEHHSI 3HELIHsIra 3JeKTpbluHara mnoJis
i BbIXajqy 3 siro, ¢ — MOJyJib 3apajy daclibl. Tamy MojyJ/ib CKOpaclli Yacllillbl Mpbl
BbIXaJi3€ 3 3JIeKTpbluHAra 1oJist

2qU

0=\~ (32.4)

Kani nacsst ratara wacuiua tpanJsie y ajHapojHae MarHiTHae roJie, iHIyKIbls
sIKOra TepreH/IbIKyJIpHas sie CKOpaclli, TO paiblyC aKpy»KHacli, na jyse siKoi Oy-

. mov
Ji3e pyxaulla yactila, R:B—, aJIKyJlb

q
q _ 2U
m RQB2 '

. q . .
BeniubiHI0 —— HasblBalollb YA3€JbHbIM 3apajam uacliilbl. Tamy, KaJi jocJsen-
m

HBIM 1IJISIXaM BbI3HAYbILb PaJblyC TPAEKTOPbIi YacClillbl ¥ MarHiTHbIM MOJi, TO, Be-
JIaloybl HIYKIbIIO MarHiTHara mnoJisi i rnackapakpoyae Hanpy:KaHHe 3JeKTpPbluHara
MoJisl, MOXKHA pasJliublllb Y/3eJbHbl 3apajl 4yacllillbl. [5Thl MeTaj i BbIKApbICTOYBA-
101lb TIPbl KaHCTPysIBaHHI Npbl6opay, §Kis HasbIBalOlb Mac-CHEKTPOMETPaMi.

\/ 1. Ciny, 3 sikoil mMarHiTHae rnoJie A3eiHiuae Ha 3apaj, siKi pyxaeuua y ra-
TbIM M0J1i, HagdbiBalpb cinail Jlopsnua. Mopysb cinbl JlopsHia BbisHayarolb
na dopmyJe
Fn=B|g|vsin a.
2. Hanpamak cinbl JlopsHua BbldHaualollb MaBojyie Mpasifa JeBai pyki:
KaJli JIeBYIO pyKYy pasMsicliillb Tak, ka® CkJajaiouas MarHiTHal iHayKIbli, nep-
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NEeHBIKYJIAPHAs CKOpPACLi pyXy 3apaiy, yBaxoA3ijla y JaJOoHb, a YaTbIpbl NaJb-
bl Obl1i HakipaBaHbl Ma pyxy AajaTHara 3apany (cynpaub pyxy aaMmoyHara),
To azjardyThl Ha 90° y muiockacliii JaJIoHi BsJIKI MaJjel nakaxa Harpamak CiJibl
JlopsHua, sikas ji3eiiHiyae Ha 3apaf.

3. Pa6ota cinbl Jlopsnua npbl pyxy 3apapkaHai yacllilbl § HSI3MEHHBIM
y 4ace MarHiTHbIM MOJli POYyHAas HYJIIO.

4. Kani ¥ nangeHait iHepupisiibHail cicTame ajjliky cKopacib pyxy 3apaj-
JKaHail yacliubl NepreHablKyJspHasl iHAYKIbIi MarHiTHara mnoJs (5.].1§),
TO TPaeKTOPbIAl PyXy yacuillbl ¥ aJHapOAHbIM MarHiTHbIM MoJi 3’syJsenua
akpykHacub. [lepbisin abapaysHHa 4yaclilbl He 3aJjexbllb aJ CKopacli se
pPyXy i pamblyca TpPAaeKTOpbli, a BbI3HAYaACLLlA TOJIbKI MOJYyJIEM se 3apaiy i ma-
call i 3HAYSHHEM MarHiTHAH iHIYKIIbI.

U 1. AK BbI3HaubILb MOAYIb Cilbl, WTO A3eiHiYae 3 GOKy MarHiTHara mons Ha 3apajxa-
Hyl0 yacuily, fikas y im pyxaeuyua?

2. K BbI3HAyaloUb Hanpamak cinsl JlopaHua?

3. 3apapxaHas vacuila pyxaeuua Y agHapofHbIM MarHiTHbIM noni ca ckopacuio, Ha-
KipaBaHail nepneHAbIKynApHa NiHiaM iHayKubli. Ma AKoi TpaekTopbli pyxaeuua yacuiua?

4. Yamy cina JlopaHua 3MAHsie HanpaMmaKk CKOpacLi 4Yacuiupl, ane He YnibiBae Ha fe Moaysb?

5. Ap uyaro 3anexbilb nepbiff abapaysHHa 3apafkaHail yacuiubl ¥ afHapofHbIM Mar-
HiTHBIM TONi?

6. Ha pbicyHKy 224 nakasaHbl HanpamKi cKopacui pyxy Yaclilibl, MOAynb 3apagy fKoW g,
i cinol JlopaHua, WTo A3eitHivyae Ha yacuiuy 3 6OKY MarHiTHara noss, iHAYKUbIS KOra Ha-
KipaBaHa nepneHAblKyAspHA MAOCKacli pbiCYHKA Ha HasipanbHika. Bei3Hauue 3Hak 3a-
pafly vacuilbl.

7*. MNa pbicyHKy 225 nakasaHbl TPaeKTopbli pyxy A3BIOX Yacuil, fKis MawLb afgHONb-
KaBbll 3apafbl. Yacuiubl ynstawoub Y agHapogHae MarHiTHae nose 3 afHaro nyHkta A
3 afiHONMbKaBbIMi cKapacuami. Bbi3Hauue 3Hak 3apagy vacuiy. Pactnymauue npblubiHy He-
Cynaf3eHHs TPaeKTopbIA iX pyxy.

° ° IIE:JII . .

Pbic. 224 Pbic. 225
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Mpbiknagbl palwsHHA 3apay

[Mpbikaan 1. DyekTpoH pyxaelya ¥ ajHapoJHbIM MarHiTHLIM MOJI Ta akpy»x-
Hacui paablycam R=12 c¢Mm ca ckopacliio, MOyJib SIKOH 3HaYHA MEHLIbl 32 MOMIYJb-
cKopacui cBsiT/a. BbidHaulle MOjyJib iMIyJbca 3JeKTpoHa, KaJji MOMAyJb iHIyKIbli
martitaara noJst B=0,020 Tu.

Hansena: Pamsuune. Mopyiab imny/ibca 3JeKTpoHa p=mu, J3e
R=12 cm=0,12 M | m — wmaca snektpona, v — MOMyJb CKOpACLi fITO PYXY.
B=0,020 Tn Ha ssektpon y MarHiTHbIM Tosii ageitnivatoup cina Jlopsuua

— i cima uszkapy, MOIyJib SIKOH y IIMAT pa3oy MEHIbl 32 MO-
p ' ayab cinbl Jlopsuua. Tamy nzesinne cinbl Lskapy Ha 3apaj-
JKaHYI0 4acllilly, sKasi pyxaelllla ¥ MarHiTHbIM MOJli, MOXKHA He MpbIMallb Maj yBa-
) mov BeR

ry. 3rojHa 3 japyriMm 3akoHam HbloTana TZBQU’ ajkyJb U=—i,

—19 BeR

e e=1,6-10""Y Kin — wmomy/b 3apajiy a/ekTpoHa. 3Haubll, p =m——=BeR.
m

KI'-M

p=0,020 Tn-1,6-107"9 Kn-0,12 Mm=3,8-10"%

Ankas: p=3,8- 10722 L

[pbiknan 2. DaeKTpoH, MackopaHbl ca CTaHy CMaKol Y 3JeKTpacTaThlYHbIM
nosi pogHacio natsHupinay U=270 B, pyxaeuia napasesbHa TOHKamy jaoyramy
npamaJsiiHefiHaMy MpaBajHiKy, sKi 3Haxoxzillla y Bakyyme, Ha amiersnacui r=05,0 MM
aj siro. Bbl3Hauue MojyJib Cifibl, siKasi navyHe ja3edHiuallb Ha 3JEKTPOH, KaJi
na npaBajHiKy MyCUillb JeKTpbluHbl TOK cifail /=10 A, a Takcama pajblyc Kpbi-
Bi3Hbl §ITO TPAaeKTOPbli Y MayaTKy CckpblyJeHara yuactka. Maca 3sJseKkTpo-
Ha m,=9,1-1073! kr.

2

m,u
Hanszena: Pamsuue. Ilpb pasrone snekrpona el = 92
U=270 B AJciosib MOJTyJib CKOpAcli, ia IKOH pasarHaJji 3JeKTPoH
r=50mMm=5,0-10"3wm ’ ’
[=10A U= 2e¥ 3¢ e — MOJyJib 3apajy 3JeKTpoHa
m,=9,1-107%" kr R b sapay pond.
Fy— > PayHamepHbl npamasiiHefiHbl pyx 3JeKTpoHa napaselb-
R —? Ha TOHKaMy Jioyramy rnpamaJiHeliHaMy TpaBaJHiKy 3Msi-

Hiycs Ha payHaMepHbl KpbIBaJiHEHHbI, SIK TOJbKi Ma

O6pa3soBaTenbHbIi nopTan www.adu.by/ HaunoHanbHbIn MHCTUTYT o6pasoBaHust



Cina JlopaHua. Pyx 3apapxaHblx Yacuil, y MarHiTHbiM noni 231

NpaBajiHiKy Mnavay Mpaxoizillb 3JIEKTPbIUHbl TOK i Ha 3JIEKTPOH MajJ3eiHiyaja ciia
JlopaHua, mMonyJib sikoit Fj = Bev.
Mopnynb iHIyKIBI MarHiTHara mnoJisi, CTBOpaHara TOHKIM JIOYTiM TpamMaJjiiHeHHbIM

NpaBaJHiKOM 3 TOKaM, B:“—Ol.
2nr
kol [2eU

Tanwt Fp=e onr \| m,
o 1610 Kn+4.3.14- 1071 10A 2:1,6-10"" Kn-270 B

— s . JI . s . —_— — — =

“ A? 92.314-5,0-10° m 91107 kr
=6,2-107' H.

SIk TosibKi 3’sysisielilia MarHiTHae TI0Jle, sIKOe CTBapaelllla NPaBajHikOM 3 TOKaM,
9JICKTPOH Tpausreae pyxaula, ane y»Ko 3 LUIHTPAIMKJIBbIM MAaCKapIHHEM:

2 2
. v m,u°  2eU
Fy=m,a. Taml Fp=m,—, amkymp R=—4—="—
J1 J °R Yy I3 F,

JI
_2-16-10"Kn-270B
6,2-107"°H
Ankas: Fy=6,2-107" H, R=0,14 m.

R =0,14 wm.

[IpakrbikaBanHe 23
CM
1. DnexTpoH pyxaela ca cKopaclio, Moay/b sKoil v=2,0-10° — » TepreH-

JbIKYJISIpHA JIiHiSIM MardiTHal iHAYKUbI aJHApOJAHAra MarHiTHara noJsi, MOJyJb
innykupli skora B=1,6 mTa. Bbignauue momysb cisibl, 1WITO A3eiiHiuae HA 3JEKTPOH
Yy MarHiTHbIM MOJI.

2. DusieKTpoH pyxaeula Yy aaHApOAHbIM MArHiTHBIM TMOJi Ma aKpy:KHaclli,
panblyc sikoik R=8,0 mMm. Breignaulle Mopyab iHAyKIbl MarHiTHara moJs,

Kaai Momyab ckopacli pyxy adexktpona v=4,0-10° % Maca 3JiekTpoHa
m,=9,1-1073" xr.

3. Ilbwninka 3 sapagam g=1,6 uKa i macait m=0,80 mr pyxaeuua y anHa-
POIHBIM MarHIiTHBIM MOJi, MOAyJb iHAyKibl skora B=1,0 Ta, nepnenabikyaspHa
JIiHiAM iHAyKibl. BbidHaule nepbisa abapausHHs MbLIIHKI.

4. DnexTpoH pyxaelua y aaHapOAHbIM MarHiTHbIM TOJIi, MOJIYJIb iHAYKIbli KO-
ra B=2,0 mTn, na axkpyxuacui paaplycam R=2,0 cm. BbisHauile KiHeThluHYIO
sHeprilo saekTpoHa. Maca sekrpona m,=9,1- 1073 k.
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232 MATHITHAE MOJIE. 3NEKTPAMATHITHAA IHAYKLbIA

5.Brignaulle, sikylo mackaparouyio po3Hacilb MaT3HIbIsS/Iay NaBiHeH npaicii ca
CTaHy CIIAKOI 3JIEKTPOH, Kab Yy aJHapOAHbIM MAarHiTHBIM MOJi 3 MOIyJeM [HAYKLbli
B=50 mMTa ua aro ageiinivana cina Jlopsnua, momyab sxoi Fn=8,0 - 107 H.
Y MarHiTHae roJie 3JIeKTPOH YJisiTae MepreHjblKyJasipHa JiHisiM iHaykipi. Maca
aneKkTpoHa me=9,1-1073! kr.

6*. 3apajkanas yacujila pyxaeliiia y npacTtopbl 3 y3aeMHa MepreH/bIKyJsip-
HbIMi aJIHAPOHBIMI 3JIEKTPbIUHBIM i MarHiTHbIM mnansmi. Mogaysi Hanpy»kaHaciii

3JIeKTpbluHAra mnoJst i iHayKubli maritHara aanaseaHa £=0,24 — i B=0,04 Ta.
M

Brisnauue mopysib cKopaclli payHamepHara pyxy 3apajpkaHail dactiiibl. J[3esiHHe
Ci/Ibl LsPKapy Ha yacuilly He NpbiMaile Mnaji ysary.

§ 33. MarHiTHbl naTtoK. 3'ABa 3neKTpamarHiTHan iHAYKUbIi.
Mpasina JleHuya

[lacas docaeday Ipcmada i Amnepa cmasra 3pasymena, Uimo 3AeKmpoit -
HOlSL | MACHIMHbLA NAAL MAOUb AOHbL [ Mol HC KPOLHIYbl — INCKMPbIUHbLA
sapaodel, akis pyxaroyya. [dma dazsorira soikasayb MepKasaHHe, Wmo SHbl
HelKim YblHaM 3883aHbl A0HO 3 adHblM. Papadail Ovly abcartomua ynayue-
Hol I Q03iHCMBe IAeKMPbIUHbLX | MACHIMHOLX 3 Y. ¥ Xymkim uwace nacas ao-
Kpolyys Ipcmada § ceaim 036HHIKY Y cHexcni 1821 e. én 3anicay: «llepa-
meapolyb MacHemol3m Yy dreKkmpolunacyvy. Ha soipawasnne eamail ynoamen-
maavnatl 3adauel amy cnampadiraca 0secayob eadoy. [lacaa wmamaikix
aKkcnepolmenmay Papadail 3pabiy naxaroHae AOKPoLIYUE: 3AMbIKAIOUbL | PAS-
MOLKQIOUbL INeKMPolUHbL AAHYYe QOHOU WNYAl, EéH Y 3AMKHYMbIM AAHYY2Y
dpyeoil wnyai ampeimay ssrekmpolyunol mok. Hasipaemyro 3’asy Papadsi
HA3B8aY INeKMPaAMAeHIMHAL [HOYKYbLAL.

MarHiTHbl naToK. [HAyKIbIs MarHiTHara roJisi XxapakTapbidye MarHiTHae moJie
YV KaHKP3THBIM MNyHKIle npactopbl. Kab axapakrapbidaBallb MarHiTHae mnoJie Ba
Ycix myHKTax mnaBepxHi, aOMekaBaHall 3aMKHYTBIM KOHTypaM, YBOA3SIb
(hiziuHyl0 BeJiubIHIO, fKYI0 Ha3biBalOlb MarHiTHbIM MaTokaMm (MmaTokaM MarHirt-
Hal iHAYKIbI).

MarxitTHbiM natokam @® npa3 nJoOCKyl0 NaBepxHio, sikas 3Haxojadiuua y an-
HapOJHbIM MarHiTHbIM MoJi, Ha3biBaOlUb (Pi3iUHYI0 CKAJSIPHYIO BeJiubliHIO, pOY-
Hyl0 31a0bITKy MOAyJdsl iHAyKUbli B MarditHara moJsi, mJjowdbl S maBepxHi
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i KociHyca ByrJa O. maMiK HampaMmkami HapmaJgi Aa rartau
naBepxHi i MarHitHai iHayKubli (pbic. 226):

® =BScoso.. (33.1)

3a ayzinky MardiTHara natoky y Cl npbiHsiThl BeGep (BO).
I B6 — wMarHiTHbl maToK ajgHapojHara MarHiTHara mnoJis
ingykupisiii 1 Ti npas miockylo naBepxHio miowdain 1 w2,
pasMellyaHyto [epreHablKyaspHa iHAyKLbli MardiTHara
[10JIs1. Peic. 226

3 dopmyabl (33.1) Gauna, wITO MarHiTHbI NaTOK 3aJe-

JKblllb ]I y3aeMHaW apbleHTallbli JIiHI Mar”iTHad iHAYKUbl i HapmaJi Ja MJ0cKal
nasepxHi. [laTok makcimasbhbl, Kani oo=0, T. 3H. KaJi naBepxHsi MepreHIbIKYJIsp-
Hasl JIiHiIM iHIyKUbli MarditHara noJis:

Dax=BS.

Kani nnockasi naBepxusi napaJgesbHasi Jinigm inaykubli (oo=90°), To narok
npas sie poyHbl HYJIO.

Ha npakTbiubl yacTta cycTpakaiouua ciTyaubli, KaJji JiHii MarHiTHail iHayKubli
nepacsikarollb naBepxHi, abmexKaBaHblsi He aJHbIM KOHTypaM, a HeKaJsbkimi. Tak,
HanpbIKJaA, JiHii MarHiTHai iHAyKUbli MOTyllb Nepacskallb NnaBepxHi, abmexKana-
Hblsl BITKAMi casleHoija, §Kisl «mnapaJjie/ibHbisi» an3iH anHamy i Marolb aJHOJIbKABYIO
MUIOLIYY MaBepxHi. ¥ TITbIM BbINAJKy MarHiTHbl MaTOK Bbl3HAaYalolb Na GopmyJe

O =NBS,
n3e N — KoJgbKacub BiTKOY cajieHoina, S — nJjouva naBepxHi, abMmekaBaHai
KOXKHBIM BiTKOM.

3MsHillb MarHiTHbl MaToK Mpa3 MaBepxHio, aOMeKaBaHyl KOHTypaM, MOKHa,
3MsIHSAIOYbL: 1) iHAYKUBIIO MarHiTHara noJisi, y sikiM 3HaxoJ3illlla KOHTYp; 2) rnamepbl
rstara KOHTYpY; 3) apbleHTalbll0 KOHTYpYy ¥ MarHiTHbIM MOJI.

3’'aBa aneKTpamarHiTHam iHpyKubli. ¥ 1831 r
Qapansii npaBéy cepbllo jgocaenay, sKis JaazBoJiii
YCTaHaBillb HACTYIMHbIST (haKThbl:

— IIpbl pPyXy NacTasHHara MarHita ajHocHa LUMyJi,
najk/JayaHail ja rajibBaHOMeTpa, y MUINyJi Y3HiKay
3JIeKTPbIYHbl TOK (CTp3JKa rajbBaHomeTpa ajxissia-
cs1). [lpblubiM Hanpamak TOKY 3MsIHSIYCsl Ha Cyrnpallb-
Jieryibl Mpbl 3MeHe Hanpamky pyxy Mmardita. [sTas X
3’dBa Hazipajacs, KaJji MarHiT Obly HepyXoMbl, a
pyxaJi wmnysmo (pbic. 227);

Pbic. 227
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234 MATHITHAE MOJIE. 3NIEKTPAMATHITHAA IHOYKLbIA

—y WnyJi, naak/arouaHad na rajb-
BAHOMETPA, Y3HIKay 3JIEKTPbIUHbl TOK,
KaJli aJHOCHA sie pyXaJi APYryto Ly-
Jo, sikasi Oblja najkJ/iovaHa aa KpblHi-
bl MacTasiiHara Toky (pbic. 228);

— KaJi J3Be IyJi HaMmaTaHblsl Ha
aryJibHbl Kapkac i ajHy naakJ/wouaJi na
rajibBaHoMmeTpa, a Jpyryro — Ja Kpbl-
Hillbl TOKY, TO TOK Yy Mepliaf wumyJi
V3HIKAy Mpbl 3MsIHEHHI TOKYy Yy APYyrou
(pbic. 229).

Ba ycix pasriemKaHbIX BbINaJKax 3JeKTPbIYHbI TOK Yy JIAHLYTy rajbBaHOMeTpa
V3HiKay TOJIbKi Mpbl 3MsIHEHHI MarHiTHara naToKy Ipa3 MnaBepxHi, aOMeKaBaHbIs
BiTKaMi winyJi, najakmodanai na rajsbpanomerpa (poic. 230). [IpblubiM 3HAu3HHE
CiJIbl TOKY, sKi Y3HIKay y KOHTYpbI, He 3aJjexkasa aj crocady 3MsHEHHsI MarHiTHara
NaToKy, a BbI3HauaJiacs TOJIbKI CKOpacCLo Aro 3MsiHeHHs.

TR
\\\\\\\\

NS

NS

N 7/

Pbic. 228
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Pbic. 229 Pbic. 230

DJIEKTPbIUHBI TOK, §Ki y3HiKae ¥ 3aMKHYTHIM MPaBOJHBIM KOHTYPbI MpPbl JIOObIM
3MSIHEHHI MarHiTHara natoky fpas TaBepxHio, abMexKaBaHyl0 T'STbIM KOHTypam, Ha-
3bIBAIOLb [HOYKYbLUHBLM  MOKAM.

SIk BBI y2KO Benaele, /18 iCHABaHHSI TOKY § 3aMKHYTBIM 3JE€KTPBIYHBIM JIAHILYTY
HeaOxofHa, Kab Ha cBabOMHBIA 3apaKaHbld yaclillbl A3eHH{Uali MaGOUYHbIA CiJibl,
I. 3H. y JiaHuyry nasinHa Obiilb KpbiHia DPC. BinaBouna, wiro y jnocnenax ®Papajss
KPBIHIlIal TIThIX MabOUHbIX CiJl 3'Sy/IAYCsl MarHiTHbI MATOK, 3MsIHEHHE §IKora 3 1ram
yacy crBapae Y Jjanuyry IPC. sty DPC naswbiBaoub atekmpapyxarouall ciratl
indykypli abo IPC indykyeii. Kani nanuyr samkaytbl, DPC iHnyKupli cTBapae iHIyK-
IBIHHBI TOK, T. 3H. y3HIKHEHHe iHAyKIIbIHHAra TOKY 3’siyJisielllia IPyracHbIM 3heKTam.
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3’aBa y3HikHeHHs1 IPC iHayKupli § KOHTYpbI, siKi ab0 3Haxoaziuua y crnakoi
Y MarHiTHbIM moJii, sikoe 3MsiHsiella ¥ 4yace, a0 pyxaella y nacrasiHHbIM Mmar-
HiITHBIM NOJIi TaK, WITO MarHiTHbI MaTOK Mpa3 MaBepxHI0, aOMeXKaBaHYl0 KOH-
Typam, 3MsiHsIelllla, Ha3biBalOlb 3JEeKTPaMarHiTHal iHAYKUbISIA.

Hanpamak iHpyKublitHara Toky. Jlocaens @apanss nakasagi, mTo Hampa-
MakK iHAyKUbIFiHara TOKY, BbIKJiKaHara y3pacTaHHeM MarHiTHara nartoky, Obly
cynpaubJerabl HanpaMKy iHAyKIbIHHAra TOKY, BbIKJiKaHara siro 3MsiHILISHHEM.
JlacnenaBayuibl 3’gBy 3JeKTpaMarHiTHa iHAYKUbI, NeusipOyprceki akaasMik
Awminiit Xpoicuisuasiu Jlenn (1804—1865) y 1833 r. chapmynsBay mnpasina
IJ1s1 BbI3HAYSHHS HAMpaMmKy iHAyKIbIHHAra TOKYy. 3TOJHA 3 T3ThIM MpaBijam
iHIYKUBIHHbI TOK, SIKi Y3HiKae y 3aMKHYTbIM NMPaBOAHbIM KOHTYPbI, Mae Taki
Hampamak, WITO CTBOPaHbl iM MarHiTHbl MaToOK Npa3 naBepxHio, abmexaBa-
HYI0 KOHTypaMm, cynpaubi3eidHiyae 3MSIHEHHIO MarHiTHara naTtoky, siKiM Bbl-
KJiKaeuua ratbl iHAYKUbIAHBI TOK. [3Ta asHauae, 1ITO Npbl y3pacTaHHi MarHiT-
Hara rnaTtoky MarHiTHae mnoJie iHAyKUbIHHAra TOKy HakipaBaHa cyrpalb 3HeIIHsIra
noJisi, a npbl 3MSIHLWIOHHI — MarHiTHae MoJie iHJIyKlbliiHara TOKy HakipaBaHa
Tak »Ka, sIK i 3HelIHse ToJie.

Y OGoabll cuicnail opme npasisna JleHua moxkHa cdapmyJsiBallb HACTYMHBIM
UblHAM: [HAYKUBIFHBI TOK 3ayC€lbl HaKipaBaHbl TAK, LITO Ar0 J3esHHE CynpaubJ/er-
Jlae J3esIHHIO MPbIUbIHbI, sIKasi BbIKJiKaja I'3Thbl TOK.

[IpaBina Jlenua moxkHa npaisiocTpaBallb, BbIKApbICTaYllbl JBa aJiOMiHieBbIsl
KaJiblbl (aMHO 3 iX 3 pa3p3aM), 3aMallaBaHblsi Ha CTPbDKHI, siKi cBaGoJHA Bep-
uila BakoJ BepThikaJbHal Boci (pbic. 231). Jlocnen nakazpae, 1ITO Mpbl Ha-
OJ1i2K9HHI nacTasiHHara MarHiTa Ja cylsJbHara Kajbla sSIHO aAlUTypXBaelua aj
Marsita; npbl ajiajeHHi Martita KaJbllo MpbllsrBaenia aa siro. AmtypxBaHHe i
MPBILSKIHHE CyLdJbHAra Kajbla TJayMadalb Y3HiKHEHHEM Yy iM iHAyKUbIHHAra
TOKYy Mpbl 3MsIHEHHI MarHiTHara natoky npa3 naBepxHio, abMeKaBaHylo KaJbLOM.
BinaBouna, mro npbl HaOJ>KIHHI MarHiTa Ja Kajblla Harnpamak iHAyKIbIHHATA TOKY
Taki, WTO iHAYKLbIA MarHiTHara IMoJd TOKYy cCylnpalbJeraas iHAyKUbli Mar-
HiTHara noJisi nacrasiuHara mardita (poic. 232). Ilpbl amnajensi martita iHayKibli
MarHiTHbIX Majséy ToKy i MarHiTa cynajatoollb na Hanpamky. [Ipel pyxy marHita

Pbic. 231

Pbic. 232
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aJHOCHA KaJiblla 3 pa3p33aM y3aeMmaj3esiHHe He
Hazipaeuua, 60 iHIyKUBIAHBI TOK aJACyTHivae.

Ka6 BbI3Haublllb Hanpamak iHAyKIblHHAra
TOKy naBojyie npaina Jlenua, HeabxoaHa Bbika-
Hallb HACTYMHBIS anepaubli:

1) BbI3HAUbILL Hanpamak JiHid (HIyKIbli
3HelUHsira MarHitHara nosst B,

2) BbICBETJIillb, MaBsijliuBaelia abo naMsHIa-
ell@ MarHiTHbl MAaTOK Mpa3 MaBepxHio, abMexKa-
BaHYIO MPaBOAHBIM KOHTYpaM;

3) BbI3HAubllb HamMpamak JiiHid iHIyKibli Mar-

e Kasi 3ms-

HeHHe MarHiTHara natoky A® <0, To Hanpamak

Peic. 233 HiTHara noJisi iHayKuUbliiHara Toky B

iHIYKUbIA 3HELIHAra MardiTHara rnoJsi B i MarHitHara noJisi iHayKubliHara TOKy Bm;l
cynajgatoup, kaai AP >0, To Hanpamki cynpatbJerbls;
4) Bejaioubl Hanmpamak JiHill iHAyKIbi MarHiTHara noJisi iHayKibIFiHATA TOKY

B, maBoisie npasina capasénka (npasina raasiHHikaBad CTP3JIKi) BbI3HAUbILb Ha-

npamak iHayKipbifiHara Toky (poic. 233).

[IpaBina Jlenua ajnaesiiae 3aKoHy 3axaBaHHSI Heprii Y MpbIMsHEHHI Jia 3’sBbl
aJleKTpamartitHai inaykipli. Ha camaii cnpaBe, kani 6 iHIyKUBIAHbI TOK M€Y iHILIbI
Hanpamak, éH Mor Obl icHaBallb 6e3 3aTpaT Heprii, LWITO CyNsp3Yblllb 3aKOHY 3a-
XaBaHHs SHEPTii.

AJKpBILIE 3’sBbI JIeKTpaMarHiTHai iHIyKibli MeJja Bsilikae 3HausHHe. Dblia
JlakazaHa y3aeMacyBsi3b MATHITHBIX i 3JEKTPbIUHBIX 3’5y, 1ITO MacayXKbljia y aajei-
WbIM AANPAYHbIM [yHKTaM JUIsi PacnpauoyKi T30pbli 3JeKTpaMarHitHara MoJisi.

\/ 1. MaruiTHbIM NaTokam Mpa3 IMJOCKYI0 MaBepXHIO HasbiBalolb (isiuHyto
CKaJIIPHYIO BeJIiUbIHIO, POYHYIO 31a0bITKy MO/YJIsl iHAYKLbli aJHapojHara mar-
HiTHara mnoJisi, MJOLIYbl MABEPXHi i KOCiHyca Byrja Namizk HanpamKami MarHit-
HaW iHAyKUbl i HapmaJi Ja rataid naBepxHi:

® = BScosa.

2. 3’siBa y3uikHenHss IPC inaykupli § KoHTypbl, sKi a6o 3Haxonsiuua ¥
CraKoi § MarHiTHbIM I0Jli, siKoe 3MsiHslella y yace, abo pyxaelllla y nactasiH-
HbIM MArHIiTHBIM I10Jli TaK, LWITO KOJIbKACLb JIiHIH MarHiTHal iHLyKLbli, sKis
MPaHi3BaOLb KOHTYpP, 3MsAHACLLA, HA3bIBAIOLb 3JCKTPAMArHiTHAH iHLYKLbIAH.
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3. DJIEKTPbIUHbl TOK, LITO Y3HiKAe § 3aMKHYTbIM MPABOAHBIM KOHTYPbI Tpbl
JIOObIM 3MSIHEHHI MarHiTHara naToKy Ipas MaBepxHio, aOMeKaBaHY0 I'IThIM
KOHTypaM, Ha3blBAIOLb iHAYKLBIHHLIM TOKAM.

4. THAYKUBIAHBI TOK, SIKi Y3HiKae Y 3aMKHYTbIM MPABOJAHBbIM KOHTYpbI, Mae
TakKi Harnpamak, IITO CTBOPAHbl iM MarHiTHbl MAaTOK Mpa3 MaBepxHo, abMexxa-
BAHYIO KOHTypaMm, CynpaubJ3eiHiuae 3MsAHEHHIO MarHiTHara Iaroky, fKiM Bbl-
KJiKaela raThl iHAyKIbIHHbI TOK (rpaBina JleHua).

° 1. Wro HasbiBatoub MarHiTHeIM natokam? LTo 3'aynseyua apsiHkait mardiTHara
natoky y CI?

2. flkimi cnocabami MOXHa 3MsAHiLb MarHiTHbl MaTOK Npa3 MaBepXHI0?

3. Mpbl AKiXx yMOBaX Yy 3aMKHYTbIM MPABOAHbIM KOHTYPbI Y3HiKae iHAYKLUbIAHbI TOK?

4. Y 4ybiM 3aKnoYaeLua 3'ABa 3NeKTpaMarHiTHali iHAYKLUbIi?

5. Ak dapmyniotolb npasina Jlenua?

6. Ak pactiymaublyb BbIHiKI fociefay 3 CyLdJbHbIM astoMiHie-
BbIM KaNbLOM i NacTasHHbIM MarHiTam, sKi pyxaeyua?

7. Sk BbI3HAyaloLb Hanpamak iHAYKLUbliAHAara TOKy?

8*. Y aKim BbINapKy Y 3aMKHYTbIM NPaBOAHLIM NPaMaByroibHbIM
KOHTYpbI, fiKi 3HaxoA3iuua ¥ afiHApOAHbIM MarHiTHbIM NONi, iHAYLbI-
pyeLua 3MeKTpblyHbl TOK: a) KOHTYp pyxaeuua nactynanbHa;
6) KOHTYp BepuiyLa Bakon BOCi, WTO NpaxoA3ilb npas agHy ca
cTapoH? Yamy?

9*, Yamy npbl 3amMblkaHHi naHuyra wnyni antomiHieBae KanbLo,
Haj3eTae Ha acApofak, AKi ckiagaeuua 3 XanesHbiX CTPbIKHAY,
wro yctayneHsl Y wnynto (pbic. 234), nagbimaeLua ysepx?

§ 34. 3aKOH 3neKTpamarHiTHauM iHAYKUbIi.
BixpaBoe 3neKTpbi4yHae none

AOdkporguiel 3’8y srekmpamnaeHimuall iHOykyoli, Papadai npakmeluna 3a
naymapa mecaya yjemanasiy yce icmommrola 3aKanamepracyi 2amaii 3'seol. En
spasymey cymuacyv 3’a8ol, AKai adovlepara MmMaxylo 8ANCHYIO POAIO OASL 4AAA-
Beumsa: 8a Ycix IKCNEePLIMeHmMax, npased3eHvlx M, IHOYKYbLiHbL MOK Y npasoo-
HbLM KOHMYPbL Y3HIKAY Y BOIHIKY 3MAHEHHS MACHIMHAea NAmoky npas nasep-
XHIO, QOMeNaBaAHYO eamoim KOHmypam. Papadai He moavki adkpely 3°a8Y
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INeKMpamaeHimuail iHOyKyeli, are i nepuiol NPadIMAHCMPAasay, «Uulmo MOMCHA
cmeapolyb NACMAAHHbL MOK INeKMPbIYHACYL Npbl 0anamose 38614QUHbLX MACHI-
may», CKaHcmpyasayulol YHINAAAPHLL 2eHepamap 3AeKmpoiina2a moky, AKi
nepamsapay MexamiuHyo IHepeiro Y INeKMpPoluHYIO.

3aKoH 3neKkTpamarHiTHam iHpykKubli. AHasizyloubl BbiHiKi nocsenay Papanas,

Makcsen y 1873 r. nmpoiiioy na BeiBagy, wro DPC iHAyKubl § 3aMKHYTbIM Tpa-

BOJ3SUbIM KOHTYpPbI MpanapliblsiHajibHasi CKopacili 3MsHEHHsl MarHiTHara naToky
npas naBepxHio, abMexKaBaHyl0 KOHTypaM, T. 3H.

AD

giHI{ At ' (341)

Ka6 3absicrieubliib cTporyto poyHacib y Bbipade (34.1), neaGxonna yuiubllh Ha-

npamak iHayKipbliiHara Toky. 3rojHa 3 npasijiam JleHlia npbl naBesiiusHHi MarHit-

AD
Hara naToky (E>Oj OPC inpykupbli aamoynasi (&, <0) i, HaagBapor, npel

3MSAHILIHHI Mar”iTHara naToky [E<Oj OPC inmykusli aapathast (&, >0).

Tanpl
AD
gi“ﬂz_Tt‘ (34.2)

Takim ubiHam, IPC anekrpamarHiTHail iHAYKLbIi ¥ KOHTYPbl poyHas cCKopacii
3MSIHEHHSl MarHiTHara naToKy npa3 fnaBepxHio, aOMeXKaBaHyl0 KOHTypam, y3si-
Tail 3 cynpaubJerjibiM 3HaKaMm.

Bripas (34.2) HasbiBaolb 3aKOHaM drekmpamaeHimual iHOyKyoli Papa-
0351, MAAKPICJAIBAIOUbI ThIM ThIM CaMbIM 3aCJlyri ByuoHara Y BbIByYSHHIi ratai 3'si-
Bbl. Tpa6a aj3Haublllb, 1ITO JA/I3EHbI 3aKOH 3'AyJ/siellia yHiBepcaabHbIM, I. 3H. DPC
HIYKIBI He 3a/exKbilb aji criocaby 3MsiHEHHs MarHiTHara natoky.

3romHa 3 3akoHam Owma Jyisi royHara JiaHiyra

[ = gil—m
iHj R ’
J3e R - CynpauiyﬂeHHe HpaBaﬂHiKa, 3 gdKora Bpra6JIeHbI 3aMKHYTbI TMPaBOJAHbI

KOHTYD.

BixpaBoe 3nekTpbiyHae nose. SIK raBapbliacst BbILLISH, Mpbl 3MsSHEHH] Mar-
HiTHara natoky npas NaBepxHIO, aOMeXKaBaHyl0 MPAaBOJAHBIM KOHTypaM, y 3aM-
KHYTbIM HEPYXOMbIM (aJHOCHA BbIOpaHal iHEpIbIJbHAN CICTIMbI a/JiKy) KOH-
TYpbl Y3HiKae 3JIeKTPbluHbl TOK. [3Ta cBepublllp Mpa Toe, WITO Ha CBAOO/AHBIS
3apajuKaHblsl Yaclilbl ¥ KOHTYpPbl J3eliHidaoub cijabl. Ase s 3apajkaHbiX
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yaclill, siKisi xaaTbluHa pyXxarwula, ycsipsjiHeHae 3HausHHe cijbl JlopsaHua poy-
Hae HyJlo, TaMy Ha Takisl yaclillbl J3esiHHe akaspae 3JieKTpbluHae mnodie. Takim
YblHAM, TIpbl JIOOBIM 3MSIHEHHi MarHiTHara mnoJs y HaBakKoJbHAW MpPacTophI
Yy3HiKae aJjieKTpbluHae mnoJsie. MeHaBiTa ratae iHAyKIbliiHAE 3JEeKTPblUHAE MOJE
J3efiHiuae Ha 3apaJuKaHblsl Yaclillbl, MPbLIBOA3AYBl iX Ba yrnapajakaBaHbl pyxX i
CTBapaloubl iHAYKUBIHHBI 3JeKTpbluHbl TOK. [lagkpscaim, wTo iHAyKIbIHHAE
3JIEKTPbIUHAE [0Jle He 3Bsi3aHa 3 3JeKTPbIUHbIMI 3apajami, firo KpbiHilan 3’sy-
Jiselllla MarHiTHae moJie, sikoe 3MsiHsela 3 vacam. JIinii HanpyaHacui iHayk-
LbIAHAra 3JIeKTpblYHATa TOKY 3aMKHYTbIS.

DJieKTpblUHae moJe, siKoe Y3Hikae Mpbl JOObIM 3MsIHEHHI MarHiTHara rnoJsi, Ha-
3bIBAIOLb BIXPABOIM INCKIMPOILHOIM NOACM.

BixpaBbl, I. 3H. HeMaT3HUBISAIbHBI, Xapakrap iHAyKLblHHAra 3JeKTpbluHara noJis
3'syJsieliia npblublHail Taro, LWTO Mpbl MepaMsIY9HHI 3apajiy Ma 3aMKHYTbIM JlaH-
LTy cijlami raTara rnoJsi BbIKOHBaella paboTa, He pPOyHast HYJIO.

Takim ubinam, DPC innykipli, skas y3Hikae § HepyXOMbIM 3aMKHYTbIM KOHTY-
pbl, LITO 3HAXOA3iLLA Y MarHiTHbIM MOJi, siKOe 3MsIHslelllla 3 Lfram vacy, poyHas
pabolie ciJl BixpaBora aJeKTpbl4Hara mnoJis na nepamsilysHHI Y3/10y?K raTara KoH-
Typy aiziHKaBara jaajatHara sapaiy. Kasi Taki KOHTyp akasBaelllla MpPaBOIHbIM, TO
IPC inpykupl, wro y3Hikiaa y iM, NpbiBOAZilb @ 3’s1yJ1eHHs iHAyKIblHAra TOKY.

Makcpen y 1873 r. ycranasiy, wto IPC inpyKupli, skas y3Hikae ¥ HEPYXOMbIM
KOHTYpbl Npbl 3MSIHEHHI MarHiTHara mnoJsi, He 3aJjiexKbllb aJl XapaKTapblCTbIK raTara
KOHTYpY (p3ublBa, Bily cBaGOIHBIX HOChOiTAy 3apajy, cynpauiyjieHHsl, Tamreparty-
pbl i inul.). Ha acHoBe ratara éu 3paGiy BbIBaj, WITO POJisi KOHTYPY 3BOA3ilLA
TOJIbKI Jla iHAbIKAllbli BiXpaBora 3JEeKTpPbluHAra I0Jisl, sIKOe CTBapaellla MepameH-
HbIM MAarHiTHBIM TOJIEM.

TakiM ubiHaM, cyTHacllb 3’sIBbI 3JIeKTpaMarHiTHal iHAYKUBI 3akKjaovaela y
ThIM, LITO BiXpaBoe 3JIEKTpblUuHAEe MoJie Y3HiKae Y JoObIM MyHKIE MPacTopbl, KaJi
Y TSTBIM TyHKIIE iCHye MarHiTHae ToJe, siKkoe 3MsHsella 3 1fAraM yacy, HesaJsexKHa
aj Taro, €clib TaM NMpaBOJAHbI KOHTYp ab0 HsMa.

o JIinii HanpyxaHacui BixpaBora 3nekTpblyHara nons axonnisaloub NiHii iHAYKUbIT mar-
HiTHara nons, fiKoe 3MAHseuUa 3 uAram vacy. Hanpamak niHil HanpyaHacui BixpaBora
3/IeKTpblyHara nons Bbi3Havaeua nasogne npasina JleHua. Canpayabl, Kani 3macuiub y mar-
HiTHae none, Akoe 3MAHAeLLA 3 LAraMm yacy, 3aMKHyTbl MPaBOAHbI KOHTYP, TO na iMm y Ha-
npamKy NiHiA HanpyaHacLi 3neKTpblyHara nois noip3e iHAYKLUbIAHBI 3NEKTPbIYHbI TOK.

[3Tbl TOK CTBapae iHAyKUbIfiHae MarHiTHae none, iHAYKUbIA AKora Bj,, nakasaHa Ha pbl-
CYHKy 235 wTpbixaBbiMi NiHiAMi. flHa HakipaBaHa TaK, WTO iHAYKUbIiHAe MarHiTHae none
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cynpaub,n,3el71Hiqae 3MAHEHHIO aCHOg/HaI'a MarHiTHara nons a

(npaeina JleHua): kani mogynb iHAYKUbIi acHOYHara nons y3pac- 27?>O B
Tae, 10 By, cynpaubnernas iHaykupli acHoyHara nons B

(pbic. 235, a); kani mopynb iHAYKLUbIi acHoyHara nons 3msHwa-  Fig

eyla, To Emn i B matoub agHosnbKaBbl Hanpamak (peic. 235, 6).
IPC iHpyKuUbli Y3HiKae He TONbKi ¥ KOHTYpbI, AKi 3Haxo-

asiuua y CTaHe cnakoto a:U,HOCHa nayHai iHepubisabHAN CicTa- 5 IEm

Mbl afniky, Npbl 3MAHEHHi MarHiTHara naToKky npas NaBepxHio, 6 i ¥
abmexaBaHylo KOHTypam, afne i npbl pyxy npaBagHika § na- AB \5
CTasHHbIM MarHiTHbIM noni. IPC iHayKupli, skas Y3Hikae § npa- A7 <0 [
ManiHeMHbIM MpaBafHiKy, WTO NacTynanbHa pyxaeuua y apHa- Byl

pOAHBIM MarHiTHbIM Noni, Npama npanapubiiHanbHas MoAyio | E
iHAYKUBIT MarWiTHara nona B, paymbiHi aKkTbiyHail yacTki npa- S e
BagHika [ (yacTki, wWTO 3HaxoA3iuua Yy MarHiTHeIM noni), <=::D
MOAYNIO NanspoyHail ckopacui npasagHika v i ciHycy syma o En

naMmiX Hanpamkami marHiTHait iHgykubli nons B i nanapouyHaii "

ckopacui vV, pyxy npasagHika: &, =Blv sina. Pbic. 235

‘/ 1. OPC inmyKupli ¥ KOHTYypbl poyHasi cKopaclli 3MsiHEeHHsl MarHiTHara mna-
TOKY I1pas MaBepxHio, abMeKaBaHyl0 KOHTypam, y3siTail 3 cyrnpallbJerbiM 3Ha-
KaM (3aKoH 3JeKkTpamartitTHai iHaykupli Papanss):

AD

At
2. DyieKkTpbluHae MoJe, fIKoe Y3HiKae Mpbl JIOObIM 3MSIHEHHI MarHiTHara
10J1s1, Ha3blBAOLb BiXPaBbIM 3JIEKTPbIYHBIM [OJIEM.
3. BixpaBoe ssekTpbiuHae mosie y3Hikae y JiioObIM MyHKIlE TPACTOPbI, KaJi
Y I'STHIM MyHKLE iCHye MarHiTHae mnoJe, fKoe 3MsHsellla 3 UudraMm yacy, Hesa-
JiexKHa aji Taro, €clib Tam [PaBojHbl KOHTYp ab0 HsMa.

&

iHg =

? 1. Aniwelue gocnepsbl, y AKiX BbIAYNAOLUb 3'ABY 3NeKTpaMarHiTHa iHLYKLUbIi.

2. Ak dapmynioloub 3aKOH 3MeKTpaMarHiTHam iHAyKLUbIi?

3. Yamy y dopmyne, skas 3'aynfella MaTIMaTblYHbIM Bblpa3aM 3aKOHA 3JeKTpamarHiT-
Hal THOYKUbI, CTaillb 3HAK «MiHYC»?

4. ITo 3maHinaca 6 y pocnepax ®apapas, kani 6 € BbikapbicToyBay wWnyni 3 6ofb-
Wwai KonbKacuto BiTKOY?
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5. Li appo3HiBaeyua iHAYKLbIHbI 31eKTPbIYHLI TOK Yy NpaBafHiKy aj 3neKTpblyHara
TOKy, AKi cTBapaelua n060i iHWali KpbiHiLaid, HanpblKAaA ranbBaHiyHbIM 371eMeHTaM?

6. fkas npbipoaa NaboYHbIX Cifl, WTO BblKAiKalOUb 3'AYNEHH] iHAYKUbIAHAra TOKY § Hepy-
XOMbIM MPABOAHBIM KOHTYpEI, 3MEWYAHbIM Y MArHiTHae nofe, Koe 3MAHAeLUA 3 uAram yacy?
7. Y 4biM afpO3HEHHe 3feKTpacTaTblyHara nosis af BixpaBora 3neKTpblyHara nons?

8*. Ap varo 3anexbluyb IPC iHAYKUBI, KA Y3HiKae ¥ npamaniHeMHbIM NpaBafHiKy, WTO
nacTynanbHa pyxaeuua Y MarHiTHbIM MoJii, AKOe He 3MsAHsAeLua 3 Yacam?

Mpbiknap pawsHHA 3apaybl

Bbisnaulie Hanpamak iHiykiblidHara Toky y o 4 B 451_
caJieHoi/ze, §IKi MakazaHbl Ha PbICYHKY 236.

Pawsune. Ilpbl HabaikaHHI nayHouyHara
[0J1I0Ca MarHitTa Ja cajieHoina y im iHayubipyel- _Uz>

L@ SJEKTPbIUHbl TOK TaKora Hanpamky, LITO
OMXKOULIBI JJTa MarHiTa KaHel, cajieHoinia HaObIBae
YyaacuiBacili MayHoyHara MarHiTHara moJioca.
BbigHauatoubl Hanpamak TOKy MaBojie Ipasija
cBsipizéika (mnpasina rajgiHHikaBail cTpaJiki), Oa-
YbIM, LITO TOK y caJieHoin3de in3e § Hampamky aji nyHkta A na nynkra B. [pbl an-
JIAJIEHHI MayHouHara roJiioca MarHita aj cajleHoiga y iM y3Hikae iHIyKUBIHHbBI TOK,
HakKipaBaHbl ajl MyHkra B na nyHkra A.

Pbic. 236

[lpakrbikaBaHHe 24

1. Kpyrasbl kKoHTyp pamplycam r=12 cm 3Haxoxziula y amHapojHbIM MarHit-
HBIM T0J1i, MOAyJib iHayKibli sikora B=0,40 Ta. BbisHaulle MarHiTHbl natok npas
naBepxHio, abMeXKaBaHyl0 KOHTypam, KaJi: a) JiHii MarHiTHa#l iHayKiibli napaJesb-
HbI HApMaJi Jia raTail naBepxHi; 6) naBepxHsi, abMexxaBaHasi KOHTypaM, napaJeib-
Hasl JIiHiAM MarHiTHafl iHAYKIbli; B) JiHii Mar"iTHa# iHAyKUbli yTBapaiolb Byral
o=30° 3 raraii naBepxHsii.

2. Bocb casenoina, saki cknagaeuua 3 N=100 BiTkoy, napaJjesbHas JiHisgM
iHAyKUbl ajHapojHara MarHiTHara mnoJsi, MojyJ/b iHayKubli sikora B=0,20 Ta.
BhigHaulle MarHiTHbl NaToOK Mpas naBepxHi, abMexkaBaHblsl YCiMi BiTKaMmi casieHoija,
Kani myolua KoxHaii 3 ix S=16 cm?.

3. Bbignaulle npamexkak uyacy, Ha Mpaugsiry sikora MarHiTHbl MaTOK Tpa3 naBepx-
HI0, aOMexXaBaHylo 3aMKHYTbIM [paBajHIKOM, payHamepHa M[aMeHIIbIyCs Ha
AD =—0,20 B6, kani ingyuslpaBanas y npasaaniky dPC &,,=0,80 B.

4. Bbi3Haulle MarHiTHbl NMaToK Mpas naBepxHio, abMeKaBaHylo BITKOM caJsleHoi-
na, siki ckaanaenya 3 N=100 BiTkoy, kaai npbl payHaMepHbIM MaMsiHUISHHI Ja
HyJIsI MOJyJisl iHAYKLbli aJHApOJHAra MarHiTHara moJsl y cajieHoig3e Ha npausry
npame:kky uacy At=5,0 ¢ ingyupipyenua IPC &, =20 B.
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5.Boch canenoina ckiagae 3 iHAYKIUbISIH aaHapojHara MarHiTHara roJsi
Byras o.=30° Ilnouua naBepxui, abmexaBanai koxubiM 3 N=100 Bitkoy caJe-
Hoima, S;=12 cm? Brsuauue, sikas DPC inyusipyenua y cajeHoiige npbl payHa-

AB Tn
MEPHbIM 3MsIHEHHI MOJyJIsl iHAYKLbli MarHiTHara IoJisi ca CKOpPacLio EZIS —.
C

6. IIpaBoanbl KOHTYp 3 mJjolnuaii aGmexapaHail iM nasepxui S=0,16 m? i
cynpauiyienieMm R=5,0 mOM 3Haxojsiuua § ajaHapOJAHLIM MarHiTHLIM [0Ji,
MOJIyJIb HIYKIbI siKkora mrocekyHaHa napsJiuBaeiiia Ha AB=0,50 mTn. Boiznau-
e KoJibKacllb llenJiaThl, siKasi BbIA3SJSIENA Y KOHTYpbl 3a TMpaMexkak ua-
cy t=1,0 u.

7*. Y ajHapoJHbIM MarHiTHbIM MoJii 3 MojyJeM iHaykibli B =80 mTn Bepuil-
1a cTpbbKanb aayKblHéi [=1,0 M 3 macrasiHHail ByrylaBoi cKopacliio, MOy b SKOH

pan . . o
=10 —. Bocsb BAPYSHHA NMPpaxoA3ilb Ipad aJA31H 3 KaHUOY CTPbLKHS IapaJielib-
c

Ha JiHisM MarHitHail ingykupli. Beignauue 9PC inaykupli, sikas y3Hikae y CTpbLKHI.
8*. Kpyrasbl BiToK abisimerpam D =20 cM 3 MeaHara nposajy, nsoinya narsi-
pouHara csiusHHs sAkora S=1,2 MM?, pasMellyaHbl § aTHAPOAHLIM MATHITHEIM TIOJI,
MoayJsib iHaykibli sikora B=40 mTn, nepneuabikysasipHa JiHisiM MartiTHai iHayK-
upli. BbisHaulle, §iki 3apan npoiage ma BiTKy, KaJi: a) Harmpamak MarHitHai iHayk-
bl M0JIS 3MsIHIlL HA CynpalbJjerbl; 0) BiTOK BBILUATHYLb Y CKJaJ3eHbl yiBasi aji-
p33aKk  npamod. YinzedbHae cynpauiyjeHHe — Measi
p=1,68-10"80m M. J
9%. BbidHauue Hanpamak iHAyKUblHHAra TOKy ¥ —
]
C

I
, , =,
wnyai CD (pwic. 237) y BbINaakax: a) 3aMblKaHHS JiaH- ::,::
D\_®7

uyra; 6) pasMmblKaHHs JaHilyra; B) nepamsiliidsHHS nay-
3yHKa p3acTata yrpaBa Mpbl 3aMKHYTHIM JIAHLYTY; T) Tie-
paMsIlLuSHHSA May3yHKa pacraTa yJjeBa Mpbl 3aMKHYTbIM

JIAHLYTY. Pbic. 237

§ 35. 3'aBa camaiHAyKubli. IHAYKTbIYHACLb.
JHepria marHiTHara nonA wnyni 3 TOKam

IarekmpamaeHimuas iHOYKyols Npasyiseyya 8a ycix 8oina0KaAxX 3MAHEH-
Hi MaeHimuaea NAmMoKy npas nasepxuio, aOMeNca8anHyo KOHMYPAM.
Cyuacnik Papadaa amepoikarcki Qizik [Jowcosed lenpor (1797 —1878) nesa-
AedcHa ad ceaileo awnenitickaea Kaareei adKpoly HeKamopolsa 3 dLeKmpamae-
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Himnox agekmay. ¥ 1829 e. lenpor soiasiy, wmo IPC indykyeli yanikae
Y Hepyxomolm KOHMyYypoL i npol A0CYMHACUi 3MAHEHHs 3HEUlHsea MAeHIMHa-
ea noas. Akasaaacs, wmo 3NeKmpuluHol MOK, AKi 3MAHACUYA, npvl NPaxoo-
MCAHHI IJ KOHMYpoL cmeapae 3MeHAI8bl MaeHimHo. namok. [dmasa 3’ssa Ovira
HA38AHA CAMAIHOYKUYbLALL.

Camainpgykubia. Camainaykibisi 3’s1yJisellla Ba>KHbIM MPbIBATHLIM BbINaKaM
3's1Bbl dJeKTpamartiTHail iHaykibli. Kasi 37eKTpbluHbl TOK y 3aMKHYTBIM TPaBOHbIM
KOHTYpbI Ma §IKiX-HeOya3b MpblUblHAX 3MsIHsellla, TO 3MsIHsellla i MarHiTHae mnoJe
ratara Toky (B ~1/). Ane npbl 3MsiHeHHi iHIYKIbli MarHiTHara mnoJis, sikoe cTBapaell-
1a ToKaM, LITO Mpaxoisillb y KOHTYpbl, 3MsiHsiella i MarHiTHbl natok (P ~ B). 3ua-
Yblllb, MArHiTHbI MaTOK Mpa3 MaBepxHio, abMexKaBaHyl0 KOHTypam, npanaplbisiHajb-
Hbl CiJle TOKY Y KOHTYPBbI:

O~B~1

KasdilplenT npanapupisiHasibHacly namipk mMarditieiM natokam @ i cinait Toky /
Tomcan (siopn Kesbin) y 1853 r. nmpananaBay HasBallb «KasQillbleHT camaiH-
JYKLbLi»

d=LI (35.1)

KasdiupbleHT camainaykibli [ yacta Ha3blBalolb [HOYKMbLJHACYIO KOHTYPY.

[nnykrbiyHacis y Cl BeiMsipatots y renpbl (I[H). IHaykThIyHACHL KOHTYpY poy-
Hass | [H, xani npbl cie Toky § KoHTypbl | A MarHiTHBI MaTok Mpas MmaBepxHIo,
abMexKaBaHyl0 T'3TbIM KOHTypaM, poyHbl 1 BO.

[HIyKTBIYHACIL 3a/1€Kblllb aj namepay i opMbl KOHTYpy, a Takcama aj mar-
HIiTHBIX yJacliBacleld acsipoii3si, y sIKiM 3HAXOA3illlla I'SThl KOHTYP.

o Hanpbiknag, iHayKTbIYHACLb agHacioiiHara canexoiga L=pounSl, n3e n — konbkactpb
BiTKOY Ha afi3iHKy AayKblHi caneHoiga, S — nnowda naBepxHi, abmexasaHaii BiTkoMm, [ —
OayKbIHA CafeHoifa, L — MarHiTHas npaHikanbHacub acspopnss. MaBsanidbilb MarHiTHyO
npaHikanbHacLb acApoff3s MOXHa YBAA3eHHeM y caneHoin depamarHiTHara acapogka.

3 copmyabl (35.1) BbiHiKae, 1ITO 3MsHIlb MarHiTHbI MAaTOK MOXKHA, 3MSIHSIIOUbI
CiJly TOKY ¥ KOHTYpbI Li Iro iHZyKTbIyHacllb, ab0 Toe i Jpyroe ajHayacoBa. 3rojiHa
3 3aKOHaM 3JieKTpaMarHiTHal iHIyKlbli MarHiTHbI MaTOK, sIKi 3MsIHsIelllla, CTBapae ¥y
KOHTYypbl DPC, §Kyl0 ¥ r3ThiM BbINajKy Ha3blBAIOUb 91eKMpapyxaodail ciial ca-
maindykyoli a6o IPC camainOyKuybli:

AD AL
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244 MATHITHAE MOJIE. 3NEKTPAMATHITHAA IHAYKLbIA

Kani inaykTelyHacllb KOHTYpY He 3MmsiHsielia y uyace, r. 3H. L =const, To

Al
&, =-L=.
At
[TakosbKi KoHTYp 3amKHYThI, DPC camainmykipli cTBapae ¥y iM TOK camaiHiyK-
. . C ‘o
1pli, ciJy siKora Bbl3Hayarwlp na 3akoHe Oma /. = _R » 13e R — cynpauiy/jeHHe

KOHTYpy. 3rojaHa 3 mpasinam JleHua Tok camaiHaykilbli 3aycéabl HaKipaBaHbl
TakK, WTO €H cynpaubjA3elHiyae 3MsHEHHIO TOKY, SIKi CTBapaelllla KpbIHillad.
[Ipbl y3pacTaHHi cijibl TOKy TOK CaMaiHAyKLbli HaKipaBaHbl Cynpalb TOKY Kpbl-
Hillbl, a Mpbl MaMAHLIZHHI — HaNpaMKi TOKY KpbIHill i TOKYy camaiHIyKLbli
cynajamub.

HasipaHHe camainpykubli. [l HasipaHHs 3’dBbl camaiHyKiibli 30pOM 3J€K-
TPBIUHBI JIAHIYT, §Ki CKJAajaella ca WmyJi 3 BsWlikal iHIyKThIyHACLIO, p33icTapa
3 3JIEKTPBIYHBIM CyMpalliyJeHHeM, POYHbIM CynpauiyJeHHo aOMOTKi Wy,
JI3BIOX aJIHOJIbKABBIX JIsIMIIauakK, KJjioua i KPbIHilbl nacrasiHHara Toky (pblc. 238).

[Ipbl 3ambiKaHHi JaHlyra Jsmnadka Jl, naubiHae

M%i cBAUiLLA TpaKThlYHa aapasgy, a Jsmnauka J/; —

3 NpbIKMETHbIM cragHeHHeM. [Ipbl y3pacTanhi cisbl
— JIQX ly| Toky [}, cTBOpaHara KpblHiLal, Ha Y4aCTKy, yTBOpa-
HbIM 1nyaed i asmnaukaii JIj, IPC camainaykiipbii
n / N LLIHy:Hi Mae.Tfle}O naJisipHacub, L'LITO TOK CaMaiH-
OyKubli /., siki €0 cTBapaelllla, HaKipaBaHbl HacycT-
Peic. 238 pau TOKY KPbIHill. ¥ BbIHIKY pOCT Cijibl TOKy Ha
TSTHIM YYaCTKY JIAHIyTa 3anaBoJibBaelllla, i Cijla TOKy
[, —|I.] He anpasy nacsirae cBailro makcimaJjbHara
3HAYIHHSA.
3’siBy camaiHyKIlbli MOYKHa Hazipailb i Mpbl pas-
MBIKaHHI 3JIeKTpbIYHAra JaHiyra. 30sipoM JIaHLYT, K
CKJIaiaelliia ca 1wy i [ 3 BsJiKall KOJIbKACIO BiTKOY,
HaMaTaHbIX Ha »KaJle3Hbl acspojiak 2, /1a 3allickay siKoi
NAJK/IIOYaHA JISIMIIAYKA 3 BAJIKIM 3JIeKTPBbIYHBIM CyIIpa-
- UiyJaeHHeM y napayHaHHi 3 cynpaujiyjeHHeM abMOTKi
wmyai (poic. 239). ¥V siKaciii KpbIHillbl TOKYy BO3bMeM
kpeitily, IPC sxoit 2 B. Jlsamnauka nagk/iouana
napaJiesibia rysi. [Ipbl pasmblkanHi kioua 3axoyBa-
- eLla 3aMKHyTasi yacTKa JIaHlyra, siKasg CK/ajaelua
Poic. 239 3 Y2KO MacJsyioyHa 3JjydaHbiX LIyJi i JsMiavki.
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[Takysib KJIOU 3aMKHYTHI, JsMnauka Oyase 1bMsiHA CBslila, 60 ajgHociHa cif
TOKay, §IKisl Mpaxoi3sillb Mpasz JsMIAauKy i LUMyJ0, aaBapoTHas aaHOCiHe iX cynpa-

o . L Ry . .
uiynennsyy —4+=—%. AnHak npbl padMblKaHHi KJoua MOXKHA yOaublllb, LITO JISIM-
Iy R,

nauka sipka ycnbixae. Yamy rata anObiBaenua? [lpbl pasmbikaHHi JaHiyra cina
TOKY Y IIMyJi 3MsIHILIAela, To NpbiBOA3ilb na y3HikHeHHs DPC camaiHayKiibli.
Tox camainnykupli, siki y3Hikae y saHuyry, arogHa 3 npasijnam Jlenua, cynagae mna
HarpamKy 3 TOKaM y LLUMyJli, He Ja3BaJjsitoubl SIMy p33ka 3MsiHWIauua. [5T1a i 3absc-
neyBae YCMbILIKY JsMIauki. 3ayBaxKbiM, WITO 3'iBa cCaMaiHAyKIbli Mae meclia ¥
JIOOBIX BBIMAAKAX 3MAHEHHS CiJIbl TOKY V JIAHUYTY, sIKi Mae iHAyKTbIyHacub, a6o
3MSIHEHHSI CAMOW iHyKThIYHACLL.

JHepria marnitHara nonsa. Ankyab Osipslia 3Hepris, sikasg 3absicrieuBae
YCMbIIKY JisiMnauki? [5Ta He sHepris KpbiHillbl TOKY, 60 siHa Y»KO aikjaiovaHa. yc-
NbIILIKA JaMIauKi aadbiBaella aaqHayacoBa 3 MaMSHLISHHEM CiJibl TOKY Y LUMyJi i
CTBOpaHara Tokam MarHiTHara noJsi. MoxkHa BblKasdallb MepKaBaHHe, 1ITO Hazana-
masasi y wimyJi y rnpaisce camaiHyKibli SHepris MarHiTHara mnoJisi nepaTBapaell-
L@ Ba YHYTPAHYIO 3HEprilo cripaJi Jamnayki i Heprio se BbIIPAMEHbBAHHS.

Ha camail cnipaBe, npbl 3amMblKaHHi JaHLyra, siki cKJajaella 3 KpblHillbl TOKY
3 9PC &, wnyni inaykrbiyHacio L i pasicrapa cynpauiyjaennem R, cina Toky /

Al
y JaHLyTy nauHe yapactaupb i 3'apiua SPC camaingykupli &, :_LE'
Tamst § . . . &y+&,
anpl ¥ annaseHacll 3 3akoHam Oma cila Toky ¥ JaHuyry [ :T, 3Haubllb,
&y = ]R+L£.
At
[TamHOXKbBIYUIBI aTpbIMaHylo poyHacub Ha [Af, 13e Al — jpacratkoBa MaJbl

npaMerkak 4acy, Ha npausdary sikora cijla TOKY 3acTaellla NMpakTbluHA MacTasiH-
Hal, 3HOUA3EM 3JIeMEHTapHyl0 paboTy, sAKYI0O BbIKOHBAIOUL MaOOYHBIA CiJbl ¥
KPBIHiLLbl TOKY:

&oIAt = *RAL + LIAI

Y npausce ycranaysieHHsi TOKy, KaJi cijia Toky / i marnithel natok @ =L/ y3pa-
cTatolb, padora, sIKyl0 BbIKOHBAIOLb MaOOUHbIsI CiJibl ¥ KpPbIHillbl TOKY, MepaBblilae
KOJIbKACLlb LeMNJaThl, LITO BbII3sISElla HA p3I3icTapbl. DJjeMeHTapHas J1aaaTkoBas
paboTta, BblkaHaHasi Mabo4YHbIMI cijami 3a mpamerkak yacy Af mpbl nepaajosieHHi
APC camainnykupli § npaisce yeranaysienuss Toky (pbic. 240):

8/, = DA
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246 MATHITHAE MOJIE. 3NEKTPAMATHITHAA IHAYKLbIA

DA [Toynas nanatkoBasi pa6ota A,,;, poyHas cyme 3JeMeH-
N I TapHbIX 1aJaTKOBbIX paboT &flﬂaﬂ Y mpausce yCTaHa}U/J]eHHUH
| TOKy, poyHasi CyMme IuJlollyay YCiX aHaJsariuHbiX CJYyIKOY,
I I. 3H. nuiowybl ¢irypel najn rpadikam 3anexuacui P =D (/)
| (pbic. 240):
|

2
- _ (DyCT]yCT _ L[yCT
@) Al lyer g picch 9 T 9
Puic. 240 [3ra paGora mnepaTBapaelia y 3sHeprilo MarHitHara
' MoJisi LINyJi, Tamy
LI*
W, ="
2

v

1. 3’siBy y3uikHeHHss DPC iHAyKIbl § 3/JE€KTPLIYHBIM JIAHIYTY Y BbIHIKY
3MSIHEHHSI CiJIbl TOKY V I'SThIM 2Ka JIAHILYTY Ha3blBAIOLb CaMaiHLyKLbIsIH.

2. 9PC camainmykupli poyHasi 31a0bITKy iHIyKTbIyHACIi KOHTYPY (LTTyJIi)
i CKopaclli 3MSIHEHHs CiJibl TOKY Y iM, y3aTaMy 3 CyNpaubJerjbiM 3HAKAM:

g -1
At

3. [HaykThIyHACLb KOHTYpY poyHasi | [H, Kazi mpel cise TOKy § KOHTYpbI
1 A MarHiTHbl MaTOK Mpa3 MaBepxHiO, aOMeKaBaHYI0 I'ITbIM KOHTypam, POYHbI
1 B6.

4. Dueprisg maruiTHara moJisl WMyJi 3 TOKaM Mpama rpanapuplisiHaabHast
KBAJpaTy CiJlbl TOKY:

°J

1. lto Ha3biBalOLUb caMaiHAYKLbIAN?

2. Y sKix pocnepax MoXHa Hasipaub 3'ABY caMaiHAyKLbli?

3. Ap varo 3anexsbiyb IPC camaiHayKkubli?

4, llto Ha3blBatOUb iHAYKTBIYHAcWO? Y skix ap3iHkax CI se BbiMsApaoub?

5. Yamy sl CTBap3aHHA 3/IEKTpbIYHAra TOKY Y NaHUyry ca Wnynsi iHAYKTbIYHACLi Kpbl-
Hila TOKY MaBiHHa 3aTpaliub 3Heprit?

6. fAK BbINiYbILL 3Hepril0 MarHiTHara noas Wnyni 3 Tokam?
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Mpbiknap pawsHHA 3apaybl

3a npamexkak uyacy Af=9,50 Mc cina Toky Y uimyJi iHIyKTbIyHacli payHa-
mepHa y3pacaa an [{=1,60 A na [o=2,40 A. Tlpbl rateiM y wnyai y3uikaa IPC
camainaykibli &, =—14,0 B. BbigHauiie y/JacHbl MarHiTHbl 1MaToK y KaHIbl Mpa-
L3Cy HapacTaHHsi TOKY i MpblpallydHHE 3HEprii MarHiTHara noJs LUIMyJi.

JHansena: Pawsune. [Ipbl 3MsiHeHHi § wimyJi ciibl TOKYy aj
Af=9,50 mc=9,50- 1073 ¢| 7, na I, y3uikae ysacubl Maruithbl natok, ®.=Lls.
=1,60 A [npyKkThIyHaclb L wimyJi MOXKHA Bbl3HAubllb 3 3aKO-
[rb=2,40 A Ha 3JeKTpaMarHiTHa iHAyKUbli 15 3’sIBbl camaiH-
&.=—14,0 B . A Iy—1,
aykupli: &, =—-L—=—-L—=—.

o, — AW, —? At At

EN &N & Al

3uaublip, L=——S—=—C— Tagp O, =——2
Iy=1y 1 =1y I =1y

~14,0B-9,50-10% ¢ - 2,40 A

®, =

=0,399 B6 =399 mB6.

1,60A-2,40 A

[IpblpamysHHe sHeprii Mar”iTHara noJs LmyJi

AWM :WM2 _WMI = 9

~(-14,0B)-9,50 - 10 ¢ - (2,40 A + 1,60 A)

_5(12_12)_ ~EN(I3-17) &AMy +1))
9 2 2Aly—1,) 2

2

AW, =

2 =0,266 Jlx =266 mIIx.

Ankas: ®.=399 mB6, AW, =266 m/x.

[IpakTbikaBaHHe 25

1. [la 3aMKHYTbIM MPaBOJHBIM KOHTYPbI MPaxoA3illb 3JEKTPblUHbl TOK cijai
[=1,2 A. MaruiTHae mnoJsie ratara ToKy ctBapae MarHitHbl natok @ =3,0 mB6 npas
naBepxHio, abMexKaBaHyl0 KOHTypaM. Bbi3Haulle iHIYKTbIYHACLL KOHTYPY.

2. Tlpbl payHamepHbIM 3MsiHEHHi cijibl Toky y wmysi Ha Al=—4,0 A 3a npa-
mexkak vacy Af=0,10 ¢ y wnyni ysuikae IPC camainaykupli &,=20 B. Bbisnau-

e iHAYKTbIyHACUb LLITYJI.

3. Bbiznauile DPC camainaykipli, sikasi y3Hikae § 1myJi iHIyKTblyHACILO
L=1,2 Tu, npbl payHamepHbIM 3MsiHeHHi cisibl Toky an [;=2,0 A na [,=6,0 A 3a
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248 MATHITHAE MOJIE. 3NEKTPAMATHITHAA IHAYKLbIA

npamexkak yacy Af=0,60 c. BbisHaulle, Ha KOJIbKi Mpbl TITbIM 3MsIHIJIACST IHEPTis
MarHiTHara mnoJis.
4. Ha poicynky 241 nakasanbl rpadik sanex- ;A
Hacui ciibl TOKy y wimyai ingykTbiyHacio L =10 mlu
an uvacy. Boisnaune OPC camainaykubli npas mnpa-

Mexki uacy #;=10 c i 1,=20 ¢ an MomaHTy nmavaTky 6.0==7
aJuUliKy yvacy. I I

5. Cina Toky Y 1wmyJi payHamepHa 3MeHIIbLIACS | | >
an ;=10 A na [o=5,0 A. Tlpbl raTbIM 3Hepris mar- 0 10 20 te
HiTHara mnoJjs 3msHinacs Ha AW, = —3,0 [Ix. Puic. 241

BbisHaulle iHAyKTbIYHACLD LUMYJi i MeplianayaTkoBae
3HAUHHE 3SHEpPrii Mar”itHara mnoJis.

6. Boiznauue IPC camainaykubli, sikasg y3uikae § wmysi iHIyKTbIyHACILIO
L=0,12 Tu npbl payHamepHbIM 3MsiHLISHHI cisibl Toky an /;=8,0 A, kani 3a npa-
mexkak vacy ¢;=0,20 ¢ sHepris mMarHiTHara roJisi 3MeHIIbLIACS § JBa Pasbl.
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JlabapaTopHbl 3KCNepbIMEHT

JlabapatopHas pa6ora 1

BbiByusHHe i3aTapmiuHara npauacy

Mbsma: nacnenaBallb 3ajieXHacllb LiCKy rady Aaj3eHall mMachl aj 3aiiMaemara
iMm a6’émy npbl MacTasiHHail TIMIMEpaTyphl.

Abcmansasanne: npaspbicrasi cinikonaBasi Tpyoka apissmerpam 8—10 MM 3 3a-
ickam ab60o KopkaMm Ha KaHlbl (1KJsHast TpyOKa aplssmerpam 10— 12 mm i payxbi-
Héit 60 cwm, 3amasHasi 3 agHaro KaHia); MeHaypka (250 miu) 3 Banoil nakaéman TIM-
nepaTypbl; NajloH; BbIMsipasibHasi CTy:KKa (JiHeliKa), 6GapoMeTp-aHepoin (an3iH Ha
KJjiac).

BbiBan pasnikoBait hopmy.ibl

3roana 3 3akoHam boilssi— Mapbiéra
Npbl nacrasiHHal TaMIepaTypbl napamert-
pel py i V| nauatkoBara craHy rasy ja-
Jn3eHal macol i napametpbl po i Vy sro
KaH4YaTKOBara CTaHy 3Bs3aHbl CyaJIHOCiHAH
6 V7 A Pbic. 242 p1Vi=psVe.
ﬂ JlacnenyembiM rasam y jAaazeHail padotie
3'y/siellia naBetpa, sikoe 3Haxoigilua yHyT-
pbl NpagpbicTail ciikoHaBal TpyOKi 3 3alickam abo KOpKaMm Ha KaH-
upbl (wkasgHOU TpyOKi) (puic. 242, a (6)).
[Takosbki yHyTpanasi moJjacub TpyOki Mae dopmy ublaiHApa i
[, Towya S se nansipouyHara Csi43HHs aJHOJbKaBas na YCéi aayKblHi
Tpy6ki, To V; =8I, i Vo=5Is, n3e [} i [y — nayxkbini cjayna nasetpa
Y TpyOlbl ¥ MayaTKOBbIM i KAHUATKOBBIM CTaHaX ajrlaBeHa.
3Haubilb, p;Sli= psSly a6o &:l_l_
po b
A [Ipbl BbiKaHaHHi paboThbl MpaBsipalolb MpayaziBaciib ratail poy-
Hacu.

[y

A
Y

[lapanak BblKaHaHHS PaboOTbI
1. 3akpbliille 3allicK HA ajHbIM KaHIUbl cijikoHaBai TpyOKi i BbiMepalille jay-
JKBIHIO [ caiyna naBetpa ¥ TpyOlbl ¥ MauaTKOBLIM CTaHe.
2. Beimepaiille 1ick p; naBeTpa y MadaTKOBbIM CTaHe, BblKapbicTaylibl 6apo-
METp-aHEePOifl.
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3. Ilacrayue meH3ypky Ha majIoH i 3anoyHile sie Bajgod naxaé- ,1.
Bail TaMIIepaTypbl Tak, KaO Mpbl anmyckaHHi TPyOKi Baja ¥ MeH3ypLibl
najHsijiacst 1a sie BepxHsira Kpato.

4. Anycuiue y Bany TpyOKy Tak, KaO sie aJKpbIThl KaHell arlbHyy-
csl KaJist IHa MeH3ypKi (pbic. 243).

5. Hasipaiiiie 3a nacrynsiennem Baapl ¥ TpyOky. Kani siHo cribl- A
Hillla, BbIMepaklle aayxbiHio AL cjyna Bajbl, sikas yBaiiuia ¥y
TpyOKYy.

6. Bobimepaiille posHaclb y3poyHay A Baabl ¥ MeH3ypubl i
TpyOUbI.

7. Bbliiubllle paykbiHiO [y cayna naBeTtpa y TpyOlbl ¥ KaHYaTKO-
BbIM cTaHe: ly=1[; — AL.

8. Bbuniubile wick p, cayna Baabl na dopmysae p,=pgh, Pbic. 243

A 4
\
v AL

KT
J13e P — WublibHacub Badbl (npbivite p= 1000 —3). 3HausHHe
M

M
nackapsHHs cabojiHara najaseHHst npeimite g¢=9,810 — .
c

9. Bbutiubllle 1ick py naBetpa y TPyOlbl ¥ KAHUATKOBBLIM CTaHe: po=p| + py.
BbIHiK BbIMSIDSHHSIY i BbUIUSHHAY 3arilibiie ¥ TabJiLly.
. . Do . ll .. . o .o
10. Bbuniubiie agHocinbl —= i —. BbIHiKi BbUIUSHHSAY, aKpyrJiylibl 3 JaKaajl-
b ly
Haclllo Jia ThICSUHbIX, 3aniibile Y Tabaily. [lapayHnaiilie aTpbiMaHbis BbIHiKi i 3pa-
Oile BbIBALL.

how [poTla| ALw | s | bow | poTla|ppTa | 2 | &
D ly
1'1. Bbuniubilie agHocHyto xiGHACUb €; BbIMSIPIHHST AIHOCIHbI P
14
Ap A
b P
n3e Ap=Ap + Ap (A, — abGcanmoTHas iHCTpyMeHTaJbHas XiGHaclb NPbIOOPa;

A, — abcamotHas xi6Hacub auliky (rJ. pagarak).
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12. Bouiiubllle abGcantoTHyo XiOHAclb A; BBIMSIPIHHSI aJHOCIHbI D
D
Al =& & .
D
. . . b
13. Bbliiubllle anHOCHYIO XiOHACLb €9 BbIMSIPIHHS aHOCIHBI —:
2
Al Al
g9 =—+—, J13e Al=Aj[+ Al
b b
. . . l1
14. Bbutiubllle abGcanioTHyto xibHaclb Ay BBIMSIPIHHSI aJHOCIHbI ——:
2
l
AQZ 82—1.
Ly
15. 3animblile BbIHIKI BBIMSAPIHHSY Y BbIMVIsI3e MAABOMHBIX HSpOYHACLEH:
[ [ [
&_A1<&<&+A1, —1_A2<—1<—1+A2
14| D D ly ly 1

16. Tlapaynaiille aTpbiMaHblsi iHT9pBasibl 3HAYSHHAY i 3palbille BbIBAJL.

Kani iHT3pBansl nepakpbiBaloLua, TO aAHOCIHbI LicKay i AaykKblHb Clyna naBeTpa y
TpyOUbl Npbl Aafi3eHai afiHOCHAN XibHAcUi BbIMAPIHHAY aAHONbKABbIA, WTO i NalBApAKae
npaya3iBacub npasspaemail poyHacui.

KaHTpoabHbIsi NbITaHHI
1. ITpbl siKix ymoBax /sl BbI3HAUSHHS MapaMmeTpay CTaHy rasy MOKHA BbIKApbl-
cToyBallb ypayHenHe pV =const?
2. Yamy npbl BblKaHaHHI Aaji3eHail paboTbl Mpausc 3MsiHeHHs ab’éMmy naBeTpa
MO2KHA JIiUblllb MPAKTbIYHA i3aTIPMiUHbIM?
3. lro ynsbiBae Ha jak/ajHaclb aTpbIMaHbIX BbIHiKay?

Cynep3anaHHe
Bbi3Haulle MaTSMaTbIYHYIO 3aJ/leXKHACLb NMaMizK LIYbIBHACLO | LliCKaM [aBeTpa
Y TpyOlbl. BblKapblcTOyBatoubl BbIHiKi, aTpbIMaHbI Mpbl BbIKAHAHHI Jaj3eHal pa-
6oTbl, i TopMoMmeTp, nmabysyiiiie rpadik sanexkHacli lUbLIbHACLI NaBeTpa § TPyo-
Ubl aJ1 LLCKY.
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JlabapatopHaa pa6ota 2
BbiByusHHe i3abapHara npaiacy

Mama: nacnenaBaupb 3ajexkHaclb ab’éMy rasy jJaja3eHad Machl aJ TIMIepaTy-
pbl TIPbI MACTastHHBIM LiCKY.

Abcmansasanne: npaspbictast cifikonaBas Tpyoka aeisimerpam 8—10 mm i nay-
*)biHén 80— 100 cm 3 nByma 3ailickami (KopKami) Ha KaHIAX; TIPMOMETp; 3Hell-
Hssl IIKJISHKA KaJapbiMeTpa; BbIMsipasibHasi CTy»KKa (JiHelika); macynsina 3 Bajou
npbl TaMnepatypbl 55—60 °C; macyngdina 3 Bajod nakaéBa# TIMrMepaTyphl.

BoiBan pasnikoBaii hopmyiibl

3ronHa 3 3akoHam lefi-Jltocaka npbl nacrasiHHbIM LicKy napametpsl Vi Ty na-

yaTKoBara craHy rasy AajzeHail macol, napametpbl Vo i Ty §Iro KaHyaTKoBara craHy
e NV

3BfI3aHbl CyajHOCIHAN — =—=.

I Ty

JlacsenyembiM razam y jajnzeHai pado-
ue 3’AyJasenla naperpa, siKoe 3HaxoA3illLa
YHYTpBI NpaspoicTail cijikoHaBal TpyOKi 3 L
3ailickaMi (KopKami) Ha KaHiiax.

[Takosibki yHyTpaHasi moJiaciilb TPYyOKi
Mae opMmy LblIiHApa i muotya S sie nans- Pbic. 244 A
poyHara CsuYsHHS aJHOJIbKaBas mna VYCEén
nayxuiii Tpyoki, To Vi =8/ i Vo=Sly, n3e [ i [, — nayxbixi ciy-
na naBetpa y TPyOllbl ¥ MayaTKOBbIM (pbic. 244, @) i KaHUATKOBBIM
(pbic. 244, 6) cranax aanaBeHa.

S4_Sh 15, Bl

A
Y

3Haubllp, — —=—

I Ty Ty b
[Ipbl BbiKaHaHHI paboThI MpaBspaiolb NpayaziBacib ratai poy- ]{
HaCLLi. AL

[Mapanak BbIKaHaHHsI PadOThHI

1. Boivepaiitie nay»keiHio /| cayna naBetpa § TpyOlbl ¥ MauyaTKOBbIM CTaHe (T.JI.
pbic. 244, a).

2. TpyOKy uublibHa YK/IaA3ille YHYTPbl HIKJASHKI KajapbiMeTpa, mamnsipfHe 3a-
KPBIYLLbI 3allicK, sKi pa3MellyaHbl na6Jidy AHA. Bepxni 3allick NakiHble aaKpbIThIM.
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3. 3anoyHille WIKJASHKY KaJjapbiMeTpa Bajlo, nansipsjgHe HarpsTail 1a Tammepa-
Typbl 55—60 °C, Tak, ka6 KaHel| TPyOKi 3 BepxHiM 3allickam Obly arnyuiyaHbl Y
Bajly He 0OJIbLI UYbiM Ha 5— 10 mMM.

4. 3msicuiue TapmomeTp y Bany. Hasipaiiue 3a BblagsiienHem 3 TpyOki OypOa-
JlaK naBeTpa. $IK TOJIbKi sIHO CIIbIHILlLA, BbI3HAULle 3HAUYHHE Tamrepatypbl 7 1én-
Jlara naBeTpa, fIKoe 3HaxoAsiuua y TpyOLbl.

5. 3akpbliille BepxHi 3allicK, 3Jille HArpaTylo Baay i 3anoyHile WKJISHKY BaaoH
nakaépa TaMrepatypbl Jia paHediinara y3poyHio (KaHel, TPyOKi 3 BepxHiMm 3allic-
KaM Tpsba amycuillb y Bamy He OoJibll ubiM HAa 5— 10 MMm). Ankpwiiilie BepxHi
3allicK.

6.[Ipaz 1—2 wmiHyTbl nacjsi ycrajsiBaHHsl LEeNJaBoH payHaBari Bbl3Haulle Ma
naKasaHHi TapMoMeTpa TaMnepatypy [, naBeTpa, sIKoe 3HaxXoA3ilua y TpyOLbl.

7. 3akpblfille BepXHi 3allicK i 3Jile Bajy ca LWKJIsSHKI KajgapbiMerpa. [lacranbiie
TpyOKy, maarpaciue sie i, pagMmsicUiyiubl BepTbiKa/jbHa, BbIMepaile AayxKbiHiO AL
c/yna Bafpl, sikas yBafiiiia § Tpyoky (Tii. pwic. 244, 0).

8. Bbuiubllle naykbiHio [y ciyna naBeTtpa § TpyOlibl Nac/si axafamKIHHs:

ZQ = ll - AL

BbiHiKi BbIMSIpIHHSIY i BbUIYSHHSY 3amillbiue § TabJilly.

L

9. Bb]JIl‘{bILle AJIHOCIHBI 1 —1 Bhiniki BbIJIIY9HHSY, aKpyrJalylibl 3 AakKJ/aaHac-

2 2
1Io J1a COThIX, 3aniuibile y tabaiiy. [Tapaynaiiie atpeiManbisi BbIHIKI i 3pabille

BbIBAJI.

i, m T, K Ty, K AL, M ly, M I 4L
T ly
10. Bbliiubllle agHOCHYIO XiOHACLb €; BBIMAPIHHA AHOCIHBI —-:
2
g =A—T+A—T, m3e AT=AT+ A,T .
noh
h

11. Bbuiiubllle abcantoTHyto XiGHaclb A; BbIMSIPIHHSI aJHOCIHbI —-:
2

AIZSIE.

2
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. . . [
12. Boutiubilie agHoOCHyI0 XiGHACLL €9 BLIMAPIHHS aJHOCIHBI —-:
2

82=A—1+A—l, 3e A=A+ Al .
b b

. . . /
13. Boutiubiie a6camoTHyio XiGHaclb Ay BLIMSIPSHHSI aIHOCIHBI —-:
2

/
AQ =&9 £ .
Ly
14. 3aniuiblile BbIHIKI BLIMSIPIHHSY Y BBIMVISI3e MaJBOHHBIX HSIPOYHACLEH:
E_A1< £<£+A1, l—l_AQ<l—l< 1—1+A2
I 2 I 2 ly

15. Ilapaynaiitie atpbiMaHblst iHTSpBasbl 3HAU9HHAY | 3pabille BbIBAJL
KaHTpoabHbIsS MbITaHHi
1. ITpbl fiKiX ymoBax Juisl BbI3HAUSHHS NapameTpay CTaHy rasy MOXKHA BbIKapbl-
croyBallb ypayHeHue V=const 7?

2.Yamy npbl BblKaHaHHI Jan3eHail paboThbl Mpalsc axajoiKBaHHS MaBeTpa
MOKHA JIiublllb MPaKTblYHA i3a0apHbIM?

3. 51K BbI3HAubIlb, Kaji aa0bLIOCS BbIPAYHOYBAHHE T MIEpaTypbl MmaBeTpa ¥
TPyOLbl i TOMMepaTypbl HarpsTail Balbl ¥ IIKJASHIBI KajgapbiMeTpa?

Cynep3sanaHHe
BoikapbicTayuibl abcransiBaHHe Jyis Aajn3eHait jabapatopHa#t pa6oTbl, 6apo-
MeTp-aHepoifl i LITAHTeHIbIPKYJ/b, BbI3HAULlE Macy naBeTpa Y TpyOLibl.

JlaGapatopHas pa6ora 3

BblMﬂp3HHe naBepxHeBara HaUSAXKIHHS

Moama: BbiMepallb NaBepxHeBae HaLKIHHE BaJKacCLL.

Abcmanssanre: xKanijsipHas TpyOKa; KJiH BbIMspaJsbHbl (MeTasiuHas iroJika);
MiKpameTp (LITAHTEHLBIPKYJb); JiHeHKa; LIK/ISHKA KajapbiMeTpa 3 JbICTblIsIBAHAM
BAJION; TYPMOMETP VISl BBIMAPIHHA TIMIEPATyphbl NaBeTpa y KaliHeLle.
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Pbic. 245

_ pgbh
4

BoiBan pasnikoBait hopmy.ibl

Kani amscuiub KanisisspHyto TpyOKy aaHbIM KaHLOM ¥ HaJiTylo ¥
LIBIPOKYIO MAaCYA3iHy BajKaclb, fKasg LaJKaM 3MouyBae TPyOKy, TO Ma-
BepXHs Bajkacui y TpyoOubl Oyase BBIWSH, 4YbIM Yy [acyisiHe
(pblic. 245). BeimbiHIO majbiMaHHs Bajkacli y kanijsipHail TpyOLbl

2c
MOXKHa BbI3Haublllb Ma (opmyse h=-—, ]3¢ G —IaBepxHeBae

pgr
HaLPKIHHE BaJKaClli, 0 — IIYbIIbHACIbL BaJKacClli, © — YHyTPaHbI
paziblyc KanijsgpHai TpyOKi, g — MOJAyJib MacKapsHHs cBabojHara

naf3eHHsl.
TakiMm ublHaMm, Bejaloybl BBLILIBIHIO NajbIMaHHS BajKacll BsiioMai
IYbIIbHACII Y KamijigpHaid TpyOUbl BsiAOMara pajablyca, MOXKHA BbI-

grh

. . p
3HAYbIlb IMaBepXHeBae HalUsK3HHE T'3Tau BaJKacCll. O© = abo

, 13e D=2r — yHyTpaHbl JbISIMETP KamijispHai TPyOKi.

[Ipbl BblKaHaHHI paGOThl 3HAUY9HHE MACKApP3IHHS cBaOOjHAra Maja3eHHsl MpbIMi-

M
e g=9,810 C—Q

3HausHHI MaBepxHeBara HalSKOHHS G Bajlbl HAa MsDRKbl 3 MaBeTpaM i LUYbLIb-
Hacli P AbICTbUISIBAHAN Balbl NPbl PO3HAW TIMIIEPATypbl [ i HApMaJIbHbIM aTMac-
(hepHbIM LiCKy MpbiBeA3eHbl § TabJIilbl.

Loc |e0 | oK Loc |e100 B oK
M M M M
10 7420 | 999.700 18 73.05 | 998.595
1 7407 | 999.605 19 79.80 | 998.405
12 73.92 | 999498 20 79.75 | 998.203
13 73.78 | 999.377 9] 79.60 | 997,992
14 73.64 | 999,944 99 7944 | 997.770
15 73.48 | 999,099 93 72.98 | 997538
16 73.34 | 998,943 24 79.12 | 997.296
17 73.20 | 998,774 95 7196 | 997,044
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[lapanak BbIKaHaHHS PabGoOTHI

1. Boimepaiiie Tomneparypy nasetpa y kabiHeue. 3amiuibiiie § Tabsily 3Ha-
YSHHE LIYbUIbHACL] P Bajbl, fIKOe ajinaBsjae JaA3eHall TIMIepaTypbl.

2. Boimepatite yHyTpaHbl aplssMeTp D KanijspHail TpyOKi, BbIKapbICTayLLIbl KJiH
BbIMAIPAJIbHBI (METaJiuHyl0 iroJiKy) i MiKpaMeTp (LUTaHTeHLbIPKYJIb).

[ins BbIMADIHHA AblAMETpa KaninapHait Tpyoki ycrayue ¥
fe KNiH pa ynopy i na3Hauyue MsXy CyAoTbIKY KhiHa i % ________ j)
TpY6Ki (pbic. 246). Maniublywbl AbiAMETp KNiHA Ha raTtau
MsXbl POYHbIM YHyTpaHamy AbliMeTpy TpyOKi, BbiMepaiue Poic. 246
Ar0, BbIKAPbICTaYLWbl MikpameTp (LITaHreHUbIPKYb).

3. Anycuiue KaninspHyto TpyOKy § WIKJASHKY 3 Bajol nakaépail TaMrepartypbl.
Hasipaiile nagpimanHe Baapl ¥ KanisisipHail TpyOubl. [Ipas Hepsuliki npamexak vacy
(npbikaaaHa 1 MiH), pasmsicuiyiibl KaniisgpHyto TPyOKy Tak, KaO siHa He JaTblkaja-
csl Jla HA LLIKJSIHKI, BbIMEpaKie BBILIBIHIO A NajbIMaHHs Bajbl ¥ TPyOLLbI.

4. Bbuiiubllie MaBepxHeBae HaLSKIHHE G Bajlbl.

BbiHiki BbIMSIpIHHSY i BbIUSHHSY 3armillibile ¥ TabJilly.

z | =

p, 3 D, m h, M o,
M

5. Bblniublile agHOCHYI0 XiOHACID €; YCKOCHBIX BbIMSIPIHHSY TaBepxHeBara Ha-
LSKIHHST BaJbl:
=£+£+£+A—h, nse AD=AD + A,D, Ah=Ah + Ah.
p g D nh

6. Bobuiiubiile abcanoTHyto xiGHacilb AG YCKOCHBIX BbIMSIPSHHSIY MaBepxHeBara
HaLSXKIHHA Bajibl: AC = €40.

7. 3anilibllle BbIHIKI BLIMSIPIHHSY MaBepxHeBara HallsKIHHS Ba/ibl Y BbIMVIs/I3e

&

0=(GiAG)E, &= %.
M

8. Tlapaynatine arpbiManae i taGJiuHae 3HAUSHHI NMaBepxHeBara HalLSKIHHS
Bajlbl. 3pabille BbIBAJL.
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KaHTpoJ/ibHbIA NbITaHHI

1. SIki ¢isiunbl coHC MaBepxHeBara HalsKIHHA? ¥ skix anzinkax Cl siro Bbl-
MspaoLb?

2. Yamy naBepxHeBae HalSPKIHHE 3aJ1€XKbllb ajl POy BajKacCLLi?

3. Yamy muiomya csabojaHail naBepxHi Bajkacili MiHiMaJibHasi?

Cynep3anaHHe

[Ipaananisyiille 3asexkHacllb NaBepxHeBara HallsPKIHHS Jlaj3eHai Bajkacili
aJl TAMMEpaTyphbl, BbIKapbicTOyBaoubl TabJily (c. 255). Sk Oyn3e 3MmsiHsLILA Bb-
HIbIHS TaJbIMaHHsl BaJKacli Y KamijsipHail TpyOlbl Mpbl 3MsIHEHHI THMIepaTypbl
BaJKacLi?

JlabapatopHaa pa6ota 4

Boimsapanne IPC i yHyTpaHara cynpaiiiyieHHs] KPbIHillbl TOKY

Mama: Bbimepaub DPC i yHyTpanae cynpatiy/aeHHe KpbiHillbl MacrasHHara
TOKY.

Abcmanasanre: ranbBaHiuHbl jeMeHT (6arapsiika 1,5—4,5 B); Basbrmerp;
amrepmeTp; pacraT; KJou; 3JydaJsibHblsl MpaBajibl.

BbiBajn pasaikoBbix (opmy.

3roana 3 3akonam Owma jyisi noyHara Janiyra DPC & KpbiHillbl TOKY, SIr0 YHYT-
paHae cynpauiyjieHHe r, cina Toky / y JaHIyry i cymnpauiyjeHHe R 3HelIHAra yua-
CTKa JIaHIyra 3Bsi3aHbl cyanHociHail & =IR + Ir.

3 ynikam Taro, 1TO Hampy:KaHHe Ha 3HEIIHiM ydacTky JaHuyra U=IR, aTpbl-
Maem

&=U+Ir.

Kani BblKaHallp HemacpaJHbisi BbIMSPIHHI Cisibl TOKY /i i [y i Hanpyxxauus U i
U, nipbl IByX PO3HBbIX 3HAUHHSIX CyMpauliy/JeHHsl 3HeLIHsira yyacTka JaHilyra, To
aTpbIMaeM CiCcTaMy, fKas CKJanaeula 3 ABYyX YpayHEeHHSY:

&=U+Ir,
& =Uy+1or.
Anctonib yHyTpaHae cyrpailiyieHHe KPbIHIilbl MacTasiHHara ToKy
Uy =0,

r=——
=1y
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N
L—1,

3 sro DPC &

3amecT paacTata MOXHa BblKapbiCTalb ABa pa3icTapel, cynpauiyneHHi Ry i R, Akix Bs-
pombls. Tagbl dopmynbl Ans pasniky YHyTpaHara cynpauiyneHs r i 3PC & kpblHiLbl nacta-
LRy LR, o Ll(R—R\)

AAHHAra TOKy npbiMyub BblMA4: r =———,
Il _IZ Il _IZ

[lapanak BbIKaHaHHS PaboOTHI

1. 306sipbilie 2J1€KTPbIUHBI JIAHLYT Na cXeMe, NakazaHai
Ha pbICYHKY 247.

2. Tlpbl pazaMKHYTBIM KJIOUbl TpaBeplie Haa3eHHacllb
KAHTAKTHBIX 3JyY3HHAY | MpaBiJbHACLb MNaJKJIIOYIHHS
3JICKTPaBbIMSAPAJILHLIX TPbIOGOPaY.

3. IlpaBsaasille He MeHLI 3a WISCLb BbIMSPIHHAY CiJlbl
TOKY i Halpy»KaHHS Ha 3HEUIHIM y4yacTKy JaHLyra Mpbl
PO3HBIX CTAHOBIlLYAaX pyXomara KaHTaKTy psacrara.

4. Bouiiubilie yHyTpaHae cynpauiyiende r i 9PC & Pbic. 247
KPbIHillbl MacTasiHHAra TOKY Ui KOXKHall mnapbl BbIHiKay
BBIMAPHHSAY.

5. Bburiublile csipaaHisi 3HausHHS YHyTpaHara cymnpauiyJieHHs <r> i 9PC <g>
KPBIHILbI TOKY.
BbiHiki BbIMSIpIHHSY i BbUIUSHHSY 3armillibiie ¥ TabJily.

Ne

U, B [, A r, Om <r>, Owm &, B <g>, B
Jl0cIety

| U= | W N[ —
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6. [laGynyiiiie rpadixk sanexknacui Hanpy:xauus U Ha 3HEWIHIM ydyacTKy JaH-
uyra aj cijibl ToKy [y JiaHLyry.

7. Tlpanoyxbille rpadik ga ckpbikaBaHHSI 3 KaapablHaTHbIMI Bocsimi. [la rpa-
¢iky BbizHaule DPC & kpbinilbl ToKy. BbikapbicTayiibl gaHbisi rpadika, Bbi3HAU-
Lie YHyTpaHae Cymnpatiy/JeHHe 7 KPbIHillbl TOKY.

3 rpadika i ypayHeHHs &= U+ Ir BbiHiKae, wWTo npbl I=0 (naHuyr pasamkHythl) &=U;
npsl U=0 cina ToKy ¥ NaHuyry makcimanbHas, i YHyTpaHae cynpauiyieHHe KpbiHiLbl TOKY

MOXHa Bbl3Haybllb na Gopmyne f=——.
max

8. Tpbl pasaMKHYTbIM KJIHOUbI MAJK/IIOUbIIE BAJBTMETP Jid KPbIHIlbI TOKY i BbI-
mepaiitie siro 9PC &.

9. Tlapaynatiue BbHiKI BbLIiUSHHSA csipsaHsira 3nausHHs IPC <c%”> KPbIHiLLbl
TOKy (1. 5), BbidHausHHsi DPC & mna rpadiky (n. 7) i nmpambix BbIMSIPIHHSY
OPC & (m. 8).

10. Bouiiubliie abcanmoTHyto xiGHaclb A& npaMbix BbIMspaHHSAY DPC KpbIHillbl
TOKy: A& =A& + A&

11. Bbutiublle agHocHyto XiOHAcUb €z MpaMblX BbIMAPIHHAY DPC KpbIHiLbl TOKY:

A&
12. 3aniuibille BbiHiKI NpambiX BbIMsIp3HHSAY DPC KpbiHillbl TOKY ¥ BbINJISIZE!

E=(&+ AZ) B; eg= %.
KaHTpoJ/ibHbIA NbITaHHI

1. Yamy aznposHiBatolilla nakasaHHi BajJbTMeTpa, NajKJAroyaHara jaa KpbIHillbl
TOKY, MPbl PA3aMKHYTBIM i MpPbl 3aMKHYTbIM KJIIOUbI?

2. An yaro 3anexblllb MaryTHacllb TOKy Ha 3HELIHIM y4acTKy JaHLyra Juis Ja-
JI3eHal KPbIHillbl TOKY?

3. SIk 3msHsenla KasgilbleHT KapbicHara A3esiHHSI KPbIHillbl TOKY Tpbl MaBeJi-
U3HHI JIayKbIHI aKThIyHall yacTki psacrara?

Cynep3anaHHe

BoikapblcTayuibl BbIHiKi, aTpbIMaHblsl Mpbl BbIKAHAHHI Jaji3eHail paboThl, Bbl-
3Haulle MaKciMaslbHyl0 MaryTHacllb TOKY Ha 3HELIHiM y4acTKy MoyHara JaHuyra.
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Janpartak
BbiniuaHHe xi6Hacuen BbIMAPIHHAY

Bhikananne snaGapaTopHbix paboT 3Bsi3aHa 3 BbIMsIpIHHEM (hi3iuHbIX BeJiublHb,
I. 3H. BbI3HAU9HHEM 3HAUOHHAY BeJUblHb JIOCJEAHBLIM LIJIXaM 3 Janamorad BbIMs-
paJsibHbIX Mpblbopay (Cpoakay BbIMSIPIHHS), i arnpalloykai BbIHiKay BbIMSIPIHHSY.

AnposHiBaoiib npambisi i YCKOCHbBISI BbIMAP3HHI. [Ipbl I3ThIM BbIHIK JlI0O0OTa Bbi-
Msp3IHHS 3'syssieniua npbiGJidHbIM, . 3H. 3Mslldyae xibHaciib BbIMsipaHHS. Jlaknan-
Hacllb BBIMSIDIHHSI pi3iuHall BeJliublHi XapakTapbidylollb aGcajioTHast i ajHoCHas
XiOHaclL.

[Ipamoe BbiMsip3HHe — BbI3HAUdHHE 3HAYZHHs (i3iuHAN BeJsliublHi HermacpsaHa
3 Jlanamorai BbIMsipaJibHara npoioopa.

Ab6casoTHyto XiGHACIb MpamMbIX BbIMSIPIHHSIY Bbi3Hauaiollb cymai abcasioTHai
iHcTpymeHTasbHal xiOHacui i abGcanmoTHal xiOHAcUi ajujliKy

Ax=Ax+A,x
npbl YMOBe, LITO BbINAJAKOBasl XiOHACIUb i XiOHACLb BbIMSIPIHHS ab0 ajCyTHivalollb,
a00 HsI3HAYHBIA i iX MOXKHA He MpbIMallb Maj yBary.
Abcarrwomnaa incmpymenmanvnaa xibHacyb A;x 3Bs3aHa 3 Kjacam

nakaaaHacui npoiGopa. AGcasIOTHbIS IHCTPYMeHTAJbHbis XiOHACLi HEKAaTOPbIX
CpOJIKay BbIMSIPIHHAY MaznandeHbl y tabJiubl 1.

Tabaiva 1
AbcasmotHast

Cponki BbIMSIpIHHSY JIbIsiNasoH BbIMSIPIHHSTY {HCTpyMeHTaJ/IbHas

xiOHacllb

1 2 3

JliHe#ki:
MeTaJiyHbIst 150, 300, 500 mm 0,1 mm
JpaysiHblst 400, 500, 750 mm 0,5 mm
MJIACTMACABbISI 200, 250, 300 mm I mm
Crykka BbIMsIpasibHasi 150 cm 0,5 cm
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3akanuanne maodaiyol |

1 2 3
MeHnsypki 2-ra kniaca 100, 200, 250 cm® 5 cm®
AmnepmMeTp WIKOJIBHBI 2A 0,05 A
Miniamnepmerp An 0 na I,y 4 % makcimanbHai

MSIKbI BBIMSIPIHHSAY /7y

BasbT™MeTp 1IKOJIbHbI 6B 0,15 B
TspmomeTp 100 °C 1 °C
JlabapaTopHbl
Bapowmerp-anepoin 720—780 MM pT. ca. 3 MM pT. CJI.

IranreHubIpKyJi
3 LAHOH J3AJICHHS

155, 250, 350 mMm

0,1; 0,05 mm y annasej-
Hacli 3 UAHOW A3siJIeHHS]

0,1; 0,05 mm HOHiyca
MikpomeTpbl 3 UAHON 0—25, 25—50, 0,004 mMm
mastennst 0,01 mm 50—75 MM

Abcarromnaa xibHacyb adaiky A,x 3Bsi3aHa 3 JIICKDSTHACLLO LIKAJbl

npbibopa. Kasi BesiublHIO BbIMsIpaolb 3 JakJaAHaCLIo Ja 113Jara J3sleHHsl 1liKa-
Jbl nipbibopa, To XiGHAcUb aJJliKy MpbiMalolb poyHaW LaHe A3sjeHHs. Kaui npbi
BBLIMSIDIHHI 3HAY9HHE BeJIUbIHI aKpPYyrJAOlUb Aa MaJoBbl A3SJEHHS WIKaJbl, TO
xibHacUb aJUliKy NpbIMalollb poyHa# NajoBe LaHbl J35JICHHS.

AbcantorHast xiGHacllb Bbi3HAUae 3HAUSHHE (HTIPBaAJY, y SKIM JISKbILbL Tpay-

+ Ax.

J3iBae 3HausHHE BbIMEpaHal BeJIYbIHI: X =X, T

AnnocHyto XiGHaclb Mpamora BbIMSIPSHHSI BbI3HAYalollb ajHOCiHAN abcasioTHal

. ) . . Ax
XibHaclli J1a 3HAY9HHSA BbIMspaemal BeJiyblHi: &, =——- 100 %.
BbIM

AnHochasi xiGHaclb Xapakrapbidye JakjaaaHacllb BbIMSPIHHS: YbIM siHa MeHIlasi,
ThIM JlaKJIaJHAClb BbIMSIPIHHS BbILLSHILIAS.

O6pa3soBaTenbHblin nopTan www.adu.by/ HaumoHanbHbIN MHCTUTYT 06pasoBaHus



262

[Nanatak

YcKocHae BbIMSID9HHE — BbI3HAU9HHE 3HAUSHHS (DisiuHall BesiublHi 3 BbIKApbl-
cTaHHeM (OpMyJibl, sIKas 3Bsi3Bae sie 3 iHUIbIMI BeJiublHSIMi, BbIMepaHbIMi Hera-

cp3iHa 3 janamorail npbibopay.

AiHbIM 3 MeTajay Bbl3HAu3HHSI XiOHACLi YCKOCHBIX BbIMSIPIHHSY 3'siysisieriia
mMeTajy Mex XibHaciied. PopmyJibl sl BbIIIUSHHS aOCaJIOTHBIX i aJHOCHbBIX
xi6Hacllell YCKOCHBIX BBIMSIPOHHAY MeTajaM Mexk xibHacliedl najaajaszeHbl § Tab-

Jinsl 2.
Tabaiva 2
) . A6casornas Annocuas
Bin dyukubii y Ay
xibHacupb Ay xiOHaclb
1 2 3
X+ X9 Ax| +Ax, Ax) +Axy
g +
X| = Xo Ax| +Ax, Ax| + Ax,
[ = x|
Cx CAx Ax
X
XXy || Ay + x| Axy Ay | By
| el
X 1| Ay +|xo| Axy Ay Axy
Xo e | |l
x" |n||x|n_1 Ax Mﬂ
[+
In x Ax Ax
x x[In x|
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3akanuanne maobriyvl 2

1 2 3
sin x |cos x| Ax Ax
ltg
cos X |sin x| Ax |tg x|Ax
tgx Ax 2Ax
cosZ x |sin 2x|

Abcarromuyro xibHacyb mabaidHbIX 8enidblHb | pyHOAMeHMmarbHbLX
Qi3iunbIXx nacmasHHbIX BbI3HAYAIOLL SIK MaJ0OBY aj3iHKi amnoliHsra paspajy

3HAUSHHST BeJIiYbIHI.
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ApKasbl Aa NPaKTbIKaBaHHAY

r

MpakteikaBanne 1. 1. M(H,0)=18 my(Hy0)=3,0-10"%r; M(COy)=

b
MOJIb

44— my(COy)=7,3-10%r; M(NH;)=17——, my(NH;)=2,8-10"2r;
MOJIb MOIb
M(HNOS):63 r mO(HNOS):LO.IO_QQF. 2.V=11 MOJIb, N=6,6. 1024.

,
MOJIb

3. m=25r 4. %:1,4, 5. V=17 e 6.1=1.6-10"°m, d=6.4-1010 y,

a

my=4,7-1072° xr. 7. m=78 1. 8. V=35 71. 9. No=1,3- 10",

MpakreikaBanne 2. 1. n=23-10® w2 2. p,=28 «lla. 3. <EK>=

MQ

=56 1072 Ik, 4. (E)=1510"2 Jix. 5. (0")=2,510° ot

6. 22_¢ 7. P2_99
141 P

MpakrbikaBanne 3. 1. T=220 K. 2. {,=200 °C, t,=—153 °C. 3. (E,) =
=6,1-1072" Ilx. 4.N=1,0-10°". 5.p=1,2 MIla. 6. A/=297 °C. 7. p=1,2 “—g
M
8. t=98 °F 9. IlaBsutiubiia Ha 44 %.

MpaktbikaBauue 4. 1. v=2,1-10"2 mosb. 2. p=0,47 MIla. 3. py=1,5 MI]a.
4. T,=286 K. 8. V,=7,8 21. 9. Yueuki raay ne 6bu10. 10. p3=3,0-10° Ia.

lMpakrbikaBanue 5. 3. F,=12 mH, A,,=0,96 m/[x. 4. MoxHa, nakoJbKi
F,>mg. 5. F,=28 mxH. 6. V=1,0 cm®.

MpaktbikaBanue 6. 1. =66 %. 2. ¢=69 %. 3. [Ipu Tamneparypnl ¢ < 10 °C.
4. Am=2.9-10° k. 5. ¢=60%, p=7.3 M—Z 6.7, 13 °C. 7. ¢3=26%.
8. 0,=2,9 %.
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[lpakreikaBanne 7. 1. U=0,37 k/x. 2. AU=0,50 k/Ixx. 3. U=1,8 kIIX.

U
4. UT=2,0~ 5. U=0,90 MIlx. 6. N=1,9-10*. 7. p;=1,5-10° Ia.

MpakrbikaBane 8. 1. AV=4,0-10"* m>. 2. A=3,5 klx. 3. m=0,47 kr.
4.A=55 klIx. 5. A=25 x[Ixk. 6. T)=217 K.

[pakrbikaBanne 9. 1. A =84 JIxx. 2. AU =—265 [Ix, To<T,. 3. Q=6,4 x]x.
4. Q=358 kJIk. 5. v=0,29 mosib. 6. A=12 xJIx, @=31 kllx. 7. AU =75,0 g/Ik,
V
Q=125 k/Ix. 8. m,=68r. 10. v =1,8.
1

Mpakrbikasanne 10. 1. 1,=25%. 2. Ng=25,6%. 3. @,=1,5 «kllx.
4. n,=25,0 %, T,=400 K. 5. Ha 58 %. 6. m,=82 kr. 7. N=8. 8. (P)=9,8 kBr.
9. N=110 nzén.

MpakrbikaBaune 11. 2. ¢g=-8,0-107"% K. 3. ¢=4,8-10° Ku

N
5. gi=q5=15q. 6. g5 =—2,4-10""1 Kn, N;=1,5-108 7. Wc: 1,6-10713,

lpakroikaBanne 12. 1. F=8,1 mxH. 2. ro=2r. 3. ry=53 cm. 4. q,= q9=
=3,4-107'2 Kn. 5. F=2,7-10"" H, naxipaBanasi 1a 3apauy q;. 6. go=—74 uKu.
7. |g|=1,0 mxKan. 8. ¢qg;=-—0,58 nuKu.

MpakteikaBanne 13. 1. F=0,64 mH. 2. ¢=4,0-10""" Kn. 3. i=16.
4s
4. E=49 E, yBepx. 5. a=95,0° 6. £=6,8 @ 7. E=11 @ 8. |d|=11 %,
M M M c

a=21° 8§=5,5wm.

lpakrbikaBanve 14. 2. A=—10 mkllx, AW,=10 mxllx. 3. A=8,0 mMkIlx,

®
AW, =—8,0 Mk, AW,=8,0 mkIlx. 4. ¢;=—30 B, ¢,=30 B. 5. (?;=3.
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6.E=O,72@, ¢0=0. 7. a) ¢,=0,36 kB, 6) 9,=—0,36 «B; B) @3=0.
M
v, _ _ B
8. U—=42,8- 9. Kani nynkr pasmewyanbl namik sapamami, To E,;=12,5 v
P

a KaJsii 3apajipl 3HAaXON3sIA 3 anHaro Goky an nyHkra, 10 Epy=10,0 "

MpakreikaBanne 15. 1. ¢=40 nKu. 2. Uy3=0,24 kB. 3. U=1,44-10° B.

kB 6 M
4. F=40 —. 5. ¢=0,13 uKn. 6. 0v=27-10 o 7. ¢=0,66 kB.
M

8. Ao =0,31 MKIDK.

IMpakrbikaBanve 16. 1. C=25 wmx®. 2. d=4,9 wmm. 3. % =0.
1
4. ¢=0,80 mxKa. 5. E=0,45 @ 6. Fy=84 @ 7. d=5,0wmm. 8. F=44 mH.
M M

IMpakTbikaBanue 17. 1. W=40 m/x. 2. d=2,00 cm. 3. Wo=4 mkllx.
@
M

4. W=0,22 mxllx, E=25 . 5. E=22 @ Us=0,66 xB. 6. U=1,9 B.
M

MpakrbikaBanne 18. 1. A,s=0,54 xllx. 2. /=2 A, U;=4 B, Us=1 B.
4. I,;=55 A 5. Py =10 Br. 6. Q=2,1 kllx. 7. U=9,6 B, [;=2,4 A, [,=1,6 A.
8.d=40 mm. 9. P, = 1,9kBt, =73 %. 10. Af=12 °C.

MpakrbikaBanne 19. 1. pg=2,6-10"% Om-m. 2. a=4,2-1072 K. 3. At=
=5,0-10>°C. 4. £, =715 °C. 5. AU=15 JIx.

MpakrbikaBaune 20. 1. m=55 r. 2. N=1,2-10"9 3. 4=2,0 M/Ix.
4. m=24r. 5. W=94 kllx. 6. F=2,23 kH.
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[pakrbikaBanne 22. 1. F,,,=1,6 H, F;,=0. 2. a=45°. 3. B=0,40 Tn, an

KT
nasipanbnika. 4.p=7,8-10° F 5. I=11A. 6.B,=0,05 Ton. 7. Bjjax=0,05 Tu.
8. Boin=0,03Tn. 9. r=3,0- 1072 m. 10. B,= 5,8 mxTu.

MpakrbikaBanne 23. 1. Fy=5,1-10"" H. 2. B=2,8 mTa. 3. T=3,1-10° c.

M
4.W.=23-10"" Ix. 5. U=2,8-10> B. 6.v=6-10° <

[pakteikaBanne 24. 1. a) & =18 mB6, 6) Py=0, B) P3=9,0 mBG.
2. =32 mB6. 3. A1=0,25 c. 4. ©,=1,0 B6. 5.&,,=—1,9 B. 6. Q=4,6 mJIxk.
7. &y=—0,4 B. 8. a) ¢;=0,29 Ku, 6) go=0,14 Ku.

lpakrbikaBanve 25. 1. L=25 wmlu. 2. L=0,50 Tu. 3. &.=—8,0 B,

AW,=19]x. 4. Tlppt 0<1<10c¢c &, =—-6,0 MB, npoi £>10c¢c &o=0.
5.L=80 mlu, W,;=4,0 JIx. 6. &=1,4 B.
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3mecT

Sk npauaBanb 3 ByUIOHBIM JAMAMOMKHIKAM ...vvveeiiiieeiiieaiiieeiiie et 3

MAJIEKYJISIPHAS ®I3IKA

InaBa

§ 1.
§ 2.
§ 3.

§ 4.
§ 5.

§ 6.
§ 7.
§ 8.

1. AcHOBbI MasIeKyJSIpPHA-KIHETBIYHAN TIOPbI cevuernerrenienienreneeerneennennnn 6
AcHOYHBISI NasiaXKsHHI MaJieKyIsipHa-KiHETbIUHAH TI0PbI ...vvveeevveeeeeieeee. 6
Maca i namepbl Masekys. KosbKaClbh PIUBIBA .....ccvvuvvireeiiiiiieeeiiieeeennse, 13
Makpa-i MikpanapameTpbl. nsanbHbl ras. AcHoyHae ypayHeHHe
MaJIeKyJIIpHA-KIHETBIYHAN TI0PbI 19A/MBHATA TA3Y eeeevririiiiiiiiieeeeeeeeannns 18
LennaBasi payHaBara. Tsmnepatypa — Mepa Csp3IAHSN KiHeTbluHal
SHeprii LenaaBora pyxy yacuill, p3ublBbl. 3aKoH JlaabTaHa ..................... 26
YpayHeHHe cTaHy invajbHara rasy. [3aTapmiuHbl,

i320aPHBl 1 13aXOPHDBI TIPALICDBI ...veieeeeiiiieee et e e et e e et eeeeiieeee e 33
BynoBa i yacliBaCLli UBEPIBIX LLEJT «.eeuvvrreeeiiiiieeaaiiiieeeeaiiieeeeaiiieeeeeeieeaes 43
Bynosa i ynacuiBacui Bankacueid. [laBepxHeBae HalSIZKIHHE .................. 47

Brinapsuue i kannsHcaubid. Hacbluanasi napa. BinbrotHacibs nasetpa .. 56

[aBa 2. ACHOBBI TIPMAJABIHAMIKI vuevvivniiniirniiieereeneereeneeeeeneesneesesenesnnaenss 00

§ 9. TspmanpiHamiynas cictama. TopmanbiHamiuHast payHaBara.

YHyTpaHasi Hepris. YHyTpaHasi 3Heprisi iajbHara ajHaatamHara

TABY ettt e e e e e ettt ettt e e e e ettt e e e e e e et reaeeaeaaea 66
§ 10. Pa6ota § tapmanpiHamitbl. KoabKaClb HEMAATBI ..vvveeevieeiieeeiiieeiieen, 71
§ 11. Ilepuibl 3akoH TapmaibiHamiki. [IpbiMsiHeHHe mepliara 3akoHa

TIpMaJbIHAMIKI Ja i3ampalscay y iaalbHbIM rase.

AJIBITOATHBI TIPALIIC 1.t e et e et e et e et e et e et eeensteeeaseeetaeeenseeen 78
§ 12. Lennabis pyxaBiki. [IpbiHIbIN A3€sHHS LEMJIABbIX PyXaBiKoy

i ix KKI. 9xanariunbis npab/embl BbIKapPbICTAHHS LIEMJIaBbIX

PYXABIKOY ettt ettt e et e e ettt e et e e 88
DJIEKTPAIDBIHAMIKA ..ot 98

[N1aBa 3. DJEKTPACTATBIKA vuevuernereeneenrenrenreersessernesneenssessesnessssnesesnssnseass 100

§ 13.
§ 14.

DJEeKTPbIUHBI 3apajl. 3aKOH 3aXaBaHHS 3JEKTpPbIUHATA 3apaly............... 100

Y3aemazgesiHHe MyHKTaBbIX 3apajay. 3akoH KyJoHa.......................... 104
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§ 15. Daekrpacratbiunae noJe. Hanpy:kaHnacip i JiHii Hanpy»KaHacii
SJIEKTPACTATBIUHBIX TTAJIEY ..viiiiiiiiiiie ettt e eiieee ettt 112

§ 16. [MaTsHupisabHacib aJeKkTpactaTbiuHara noJist. [TaTaHubIs .......cveeeee.. 121

§ 17. Pognacup natsHubisziay sJjekrpactatbiuHara noss. Hanpy:anue.
CyBsi3b Mami>k Hanpy»KaHHeM i Hampy:KaHaclllo ajHapojHara

IJIEKTPACTATBIUHATA TTOJIS uvvvieeeiiieieeeeiiieeeeeeiaeeeeesenaseeeesenineeeeeeenreeeeeeeens 130
§ 18. IlpaBajHiki § 3/€KTPACTATBIUHBIM TTOJ «uuvvireetiiiiiieeeeiiiieeeeiiieeeeeiiieeae e 134
§ 19. IIpI3neKTpbiKi § 3/JEKTPACTATBIUHBIM O +vvvreeiireeiiiieeeiiieeenieeeeiiee e 138
§ 20. Dnexrpaémicracip. Kangsucarapbl. djexkrpaémicraciipb

MJIOCKATA KAHJDHCATADA .evvvvieeeeeeiiiieeeeiiieeeeeiieeeeesineeeeeeneaseeeeennaeeeeseeeeis 143
§ 21. DHepris s/eKTpacTaThlyHaAra MOJsl KAHAIHCATAPA «..vvveeneireeiiieeeiieeanineen 152

InaBa 4. MacTasgsHHbI JEKTPBIUHBI TOK .cuuvvnrereenerneeeneenesensenessneensenaanases 107

§ 22. YMOBbI icHaBaHHsI MacTasiHHara 3JeKTpbluHara TOKY.
[Ta6ounbist Cistbl. DPC KPBIHILBL TOKY ©.eeevviieiiiieeeiiieeiiieeeiieeeiiee e 157

§ 23. 3akon Owma st noyHara snekrpbiHara janiyra. KKIL kpbiHitibl TOKy ....... 160

[maBa 5. DNEKTPbLIYHBI TOK Y PO3HBIX ACAPOIIBAX cevuerurennrenrennrennennnennaeenes 168

§ 24. DeKTpbluHbl TOK y MeTasjax. 3a/ekHacllb CynpaliyjeHHs MeTanay

aJl TOMMEPATYPbI. 3BBILUTPABOMHACLD «..veevvvreeaiireairieaiereeenireaenieeenieeens 168
§ 25. DJIeKTPbIUHBI TOK Y 3JeKTpasitax. 3akoHbl 3jeKTposizy Papanss ........ 176
§ 26. DseKTpbluHbl TOK y razax. CamacToOHHbI i HecaMacTOHHbI pa3pajpl.

TITABMA .t 185
§ 27. DJeKTpbluHbl TOK y MayrnpaBaaHiKax. YiacHasi MpaBoJHACIb

TAYTIPABATIHIKOY ©.oieiiiiiieeieiiieieeeiieee e ettt e e et e et e e e e e e e eiaaee e e 192
§ 28. [lpbiMecHasi mpaBojHAaCIb MayMpaBajHiKoy. DJAeKTPOHHA-A3ipauHbl

TTEPAXO e+ vvveeeeeettieeeeentaeee e ettt e e e ettt e e e e st e e e e esas e e e e e entsbeeeeentbeeeeeeanreeeeenenes 196
[maBa 6. MarHiTHae noJe. daeKTpaMarHiTHasl iHAYKUDBIS «ccuverreneeneenennennns 202

§ 29. [/IzesiHHe MarHiTHara moJisi Ha MpaBaJHiK 3 TOKaM.
Y3aeman3esiHHE TPABATHIKOY 3 TOKAM ...ccuvvvreeeriiiieeeeiiiiieeeeniireeeeeeneeeeennns 202

§ 30. Inmykupis marHiTHara moJs. JIiHii MarHiTHa# THIYKUBIH ..oovevvveeeeeeeeeeennn, 208
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§ 31. 3akon Amnepa. [IpbiHibIn cynepnasiibli MarHiTHbIX MAEY .................. 215
§ 32. Cina Jlopsnua. Pyx 3apamKkaHbix yaclill Y MarHiTHbIM TOJ ................. 225
§ 33. Marnitibl natok. 3’siBa 3JeKTpaMarHiTHal iHLyKIbli.

[TPaBifIa JICHIIA ..ooiiiiiiiiiiiiiiic e 232
§ 34. 3akoH sjexkTpamarHitHai iHayKubli. BixpaBoe ssiekTpbiuHae mnodie ........ 237

§ 35. 3’aBa camainaykupli. [HIyKTBIYHACHH. DHEprisi MarHiTHara noJs Wy
3 TOKAM ...ttt ettt ettt 242

J1a0apaTOPHDBI IKCTIEPBIMEHT «.vuevrennrnrrnrenrenrenrnseneensensensensessnsensansansensensenee 249
1 F:D; T & 1 L QR RPRUURRPRPR o | ||

ANKa3bl 1a NPAKTBIKABAHHSY cevuevuiernrrnreneenreneanernssnesnesanecsnssnesnnsanesnnsenss 204
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(HasBa ycranoBbl ajykalibli)

Cran Byus6bHara

AjzHaka BydHIO

Hasyuasbhbl Imst i npo3siiua . 3a KapblCTaHHe
JlanaMoxKHiKa
roj BYYHSI . By430OHbIM
Npbl aTpbIMaHHi )
JlanaMoXKHiKaMm
20 /
20 /
20 /
20 /
20 /
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ByustHae BblnaHHe

Ipambika Asena YnanzimipayHa
3sHbKOBIU Yanzimip IBaHasiu
Jlyuasiu Ansikcanap AsisikcanapaBiu
Cnecap Ineca dmyapnayna

PI3IKA

Byus6Hbl janamoxuik st 10 ksaca
VYCTAHOY arysibHAl CAP3AHAN ayKallbli
3 GejlapycKail MoBail HaBy4aHHS

Panakrap I I. Kawsgnikasa
Macrtak BoKJIaIKi K. ¥. Makcinasa
Macraki K. ¥. Makcinasa, K. K. lllacmoycki
Kawmr'torapbl Habop H. A. llamkoyckaii, H. M. Xamarneesati
Kamn'torapHasi BEépcTka H. M. Xananeesaii
Kapakrap I I. Kawsgnikasa

[Mannicana y apyk 13.06.2013. ®apmat 70 x 90 /,. Tanepa acbeernas Ne 1.
Jpyk adcetHbl. YMoyH. apyk. apk. 19,89 + 0,29 cdopa. Vin.-bit. apk. 15 + 0,4 dops.
Toipax 16 750 3k3. 3akas

PVIT «BoinaBeirrsa “Anykatipist i BbixaBaHHe” ».
JIM Ne 02330/639 an 31.01.2012.
Byn. Bynséunara, 21, 220070, r. MiHck.

AAT «ITanirpadiunbl kamGinat imsi §1. Kosaca».
JIIT Ne 02330/0150496 an 11.03.2009.
Byn. Usipsonas, 23, 220600, r. Minck.
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NEPbIAABIYHAA CICTOMA XIMIYHbIX JIEMEHTAY A. |. MEHO3ANEEBA

§ r Py n bl Q9 1 EMEHTAY

2l 1 2 | 3| 4] 5] 6 | 7 | 8 [ 9 [ 10 [ 11 [ 12 13 ] 14 ] 15 ] 16 | 17 18

@

=l IA P VIIIA
1,00794 Somoonms Miassomucsd , MepbifabIYHbI 3aKOH 4,0026

1B H \ ) 7 JI.;I l. N!eH.El:!.FIHEEBa“ ; He

‘nacyieacyi amamay )

BABAPOD 55,845 e ! -
6,941 snlg\z e/ AWNSIY I oy 0 s I"‘?t\ - o f:iil‘.ili 20,179
: ! 2% ; 10,811 12,011 | 14,007 | 15,9994 i 1797
Li B o ~_ amakcama cacmay B C N 0 F N

2(, L1 |, be . i ynacyieacyi ymeapaembix | . . s . o o IN@
MTbiA | GEPBIMIA i \ imi paysieay 3Haxod3syya BOP BYITIAPOA A30T Kicnapop | @rOP HEOH
22,9898 | 24,305 A;;::;' ! an";"::::m g anﬁfb:é?’.':':: “”e”‘g:‘;‘i‘ 26,9815 | 28,086 | 30,9738 | 32,066 | 35452 | 39,948

paday amamHbIx 0pay. .

3|4 Na 12Mg fSAI 14 Si 15 P 16 S 17 Cl 13Ar
HATPIH MATHIA IIB IVB VB VIB VIIB VIIIB IB IIB ANOMIHIA | KPIMHIR | @OCHAP CEPA nnop APTOH
39,0083 | 40,078 | 44956 | 4787 | 50942 | 51996 |54938 55845 | 58933 | 58693 |[e3s46 |6539 | eszes | 7261 | 74922 |[7896 [ 79904 | 8380

sl . K [,Cal,Sc|,Ti |,V [,.Cr|.Mn|,.Fe|,Co|,Ni|,Cul,Zn|.Ga| . Ge|.As|.Se|.Br|.Kr
Wamd | wambubih | ckAmmbiA | TemAM | BAWAGbIA | XPOM | MAPTAMEW | WAMESA | WoBAMGY | WKEMb | MEA3b | UK rami | reemawid | Mbuwak | cene GPOM | KPbINTON
85468 | 87,62 | 88906 | 91,224 | 92906 | 9594 (98] 101,07 | 102,905 |10642 |107,868 | 112411 | 11482 |11871 |[121,76 [127.60 |[126904 |131,20

5sRb|Sr |,Y |.Zr|.Nb(.Mo|,Tc |.Ru|.,Rh|.Pd|.Ag|.Cd|.In|.Sn|,Sb|.Te|.] |[.Xe

PYGIABIA | CTPOHULIA ITPRIA UbIPKOHIA HIOBIH MAMIGAIH | TAXHEUBIA |  PYTIHIA POALIA CEPAGPOD HAZMIA IHABIA Tanvp En HCEHOH
132,905 | 137,327 178,49 180,9479 | 183,85 186,207 | 190,2 192,22 195,08 196,96654 | 200,59 204,3833 | 207,2 208,98037 | 208,9824 | 209,9871 | 222,0176
6|.Cs |.Ba (=) .Hf |.Ta|.W |.Re|.Os|,Ir |.Pt|,Aul,Hg|. Tl |.Pb|.Bi |.Po|.At|.Rn
KT BAPBIA TADHIA TAHTAR | BANbOPAM P3HIA oCMIA IPbIABIA NNAWHA 30MATA PTVllb TARIA CBIHEY BICMYT NANOHIA ACTAT PAIOH
[223] [226] [261] [262] [266] [264] [269] [268] [271] [272) [277] [284] [287] [288] [291] [293] [293]
7 87 Fr saRa @ 104Rf wsDb 10659 erh 1mHS 109Mt 110DS 1M1 Rg ﬂzcn 113UUt mFI ﬂyl'p 116LV WUUS ﬂBULD
SPAHUBIA PADbIA mmnbl\l AVEHIA CIBOPFIH BOPbIR NACIH MIHTHIPbIA mmmbml PIHTTEHIA | HAMEPHIKIA GNEPABIH MIBEPMOPBIA
JlanTaHiabl
138,9055 | 140,115 | 140,907 | 144,24 144,913 | 150,36 151,965 | 157,25 158,92534 | 162,50 164,93032 | 167,26 168,93421 | 173,04 174,967
+,La |.Ce|, Pr|,Nd|,Pm|.Sm|,Eu|.Gd|,Tb | Dy|.Ho| Er |, Tm|,Yb |, Lu

NARTAH L3IPbIi MPASEALIN | HEAABIM NIPAMETLIR CAMAPBIH EVPOMIA TROARIHIA TIPGIR AbICTPO3IH TONbMIA IPBIR TV IT3PGIH MOT3UbIA
AKTbIHIAbI
[227] 232,0381 | 231,0359 | 238,0289 | 237,0482 | 244,0642 | 243,0614 | 247,0703 | 247,0703 | 251,0796 | 252,083 257,0951 | 258,099 259,1009 | 260,105

—tAc|,Th|,Pa|, U |.Np|.Pu|,Am|.Cm|,Bk |, Cf |, Es |.Fm|.,Md|.No|, Lr

AKTBIHIA TOPBIH I'II'II'III!'I‘HHI“I YPAH HENTVHIA NAVTOHIA | AMEPBILLIA HIOPBIH GEPRAIA | RANIOOPHIA | JHHIITIAHIA | HEPMIA Hilﬂalll'liﬂml HOBEMIA NAYPIHCIH
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