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BCTYII
Cnoeéo 0o yunie

IOHi apysi! HabyTi B Kypci ¢ismKu chOMOTO KJacy 3HAHHA IIPO
OyZIOBY PEUOBUHU, BJIACTHUBOCTI MeXaHIUHOTO PyXy, OCOOJIMBOCTI B3a€-
momii Tij, BuAM MexXaHiuHOI eHeprii Ta I BHKOpPUCTaHHSA JIOAUHOIO,
CTAHYTh HamiHUM (QYHIAMEHTOM IJA IIOJAJbIIIOT0 BUBUEHHS ONHiel
3 (hyHZAMEHTATbHUX IPUPOSJHUUYNX HAYK, SKA € OCHOBOIO CyYacHOI
TeXHIKN Ta TEeXHOJIOTiM.

Y BocbMOMY KJIaci BM IOTJIMOJIIOBATHMETE 3HAHHSA IIPO IIPUPOIHI
SABHUIIA, Ji3HAETECS PO IX BUKOPUCTAHHS B mMOOyTi, HayIi Ta TexHii,
BHECOK BUJATHUX YKPAIHCBKUX YUEHUX y PO3BUTOK CBiTOBOI HAyKHU.
OcHoBHa yBara B Kypci (ismKM BOCBMOTO KJIacy IMpuAijieHa BUBYEH-
HIO TEeIJIOBUX Ta €JeKTPUUYHUX SABUIM]. BU3HAUHI HOCATHEHHS JIIOJ-
CTBa B IIUX Tray3AX (PisuKu 3a6e3mMeuuam MOKJIMWBICTHL PO3TOPTaHHS
HAYKOBUX JOCJTiIKeHb BiJ HaAp HAIIMOI IIJTaHEeTH OO AaJIeKOoro Koc-
MOCY, CTBOPEHHS CYYaCHUX TPAHCIOPTHUX Ta €HEPreTUYHUX MEPerk,
BUCOKOTEXHOJIOTIUYHNX BUPOOHUIITB, KOM(MDOPTHUX yYMOB IPOKUBAHHS
M misJIBHOCTL JIIOAWHW B Pi3HUX KJIIMaTHYHUX 1 MOTOAHUX YMOBaX.
BoHu yTBOPIOIOTH OCHOBY Pi3HOMAHITHMX KOMII IOTEPHUX CHUCTEM: Bin
BAIIIOT0 MOOiJMBHOrO Teae()OHYy UM ILJIAHINIETAa A0 IEeHTPY YIPaBIiHHS
KOCMIUHUMHU IIOJILOTAMU.

Y momepemHbOMY KJIaci BU II€PEeKOHAJNCH, IO JIOAWHA TOCIiIMKYE
sABUINA OJM3BKOTO Ta MaJeKOTr0 HaBKOJUIIHLOTO CBITY 3aBAAKM CIIO-
CTEePE)KeHHAM Ta eKCIepPUMEeHTY, AKi i € ocHOBHMMHU MeTomaMu (Qi-
suku. IIpore AKMMH O MOCKOHAJIUMU He OyJ CydacHi IIpucTpoi Ta
iHCTPYMEHTH, YCIIiX HAYKOBOI CIIPaBU 3HAYHOIO MipOI0 3aJIeKUTh Bif
imimiaTuBYM mOCHIigHMKA, MOTO IiJecIIpPAMOBAHOCTI Ta HAMIOJIETJINBOCTI.
Tak camMo ycIixm y BUBUEHHI (DiSMKM BU3HAUAIOTHLCA HE TiJIbKM 3yCUJI-
JSIMHU BUUTEJIA Ta AKICTIO MiAPYYHUKA, a IepeayciM BaIllOI AOIIUTJIN-
BiCTIO, IPAarHeHHAM Ta YMiHHAM TBOPYO HiIXOAUTHU A0 PO3B’sI3yBaHHS
THUX YW iHIIUX 3a7ad, IIpalioBaTH CaAMOCTifHO Ta B KOMaH/i 3 TOBa-
puiamu.

Tomy BakJIUBe Miciie B Kypci Gi3smKu BOCBMOTO KJIacy HAJEKUTH
HAaBUAJBHUM IIPOEKTaM. 1X BUKOHAHHS IOTpefyBaTHMe BiJ Bac pe-
TeJILHOTO ONpAaIlIOBaHHA MaTepiaay, pPo3yMiHHA (PiBUUYHOTO 3MicTy
SIBUII[ Ta IIPOIlECiB, a TAKOMK HAIOJErJIMBOTO TBOPYOIO IIOIIYKY, K
CaMOCTifHOTO, TaK i KoJIeKTuBHOTO. KOJKeH BUKOHAHUI IPOEKT CTa-
He MiHi-BiIKPUTTAM, JACTh MOKJIMBICTH BUSABUTU YMiHHSA Ta HaBUY-
KN PO3B’sA3yBaTH Pi3HOMAHITHI 3aBIaHHs, a TAKOK BUCJIOBJIIOBATU



BJIacHe OaueHHS IIOCTABJIEHOI mpobjeMu Ta ILIAXiB ii BupimeHHs,
110 3HANOOUThCA B MaliOyTHiM HaBUaibHIiN, a 3romoM i mpodeciiimiii,
TisgJIBHOCTI.

CoogiBaemocs, IMo el mMiAPYYHUK Oyne BaIllUM HATiMHUM IIOMid-
HUKOM y BUKOHAHHI ITMX HeJEeTKUX 3aBIaHb. ABTOPM HaMaraJjucs BU-
KJIACTH HABUAJLHUM MaTepiaJ TAKUM YMHOM, I100, IPAIIOIOUYN 3 HUM,
BU PO3BUBAJIM CBOE MUCJEHHSA, CBiTOrJIAA, (DOPMYyBaJM BJIACHI OIiHHI
cymxenHa. CyuacHUU TDigpyYHUK — Iie HE €JuHEe IKepesio 3HaHb IIPO
ocHoBHU (hisuuHOl HayKu. BiH €, cKopimie, HaBiraTopom y opraxisaii
HaBuaHHdA. [[J17 BUKOHAHHSA 3aBJaHb Ta IIiATOTOBKU IIPOEKTIB BU MO-
JKeTe KOPUCTYBATHUCS TOAATKOBUMU IKepesiaMu, HaopUKJIall, eJ1eKTPOH-
HUMH OCBITHIMU pecypcamm.

IIpamrooun 3 migpyYHUKOM, IIaMm’ ATaiTe, IO BaKJINBOIO € caMe
BaIlla HAIIOJIETJIUBICTh i cucTeMaTuuHicTh poboTu. Tomy HamaraiiTecs
BAYMJIMBO YUTATH MaTepiaj maparpada, sBepTaiTe yBary Ha IIiJCyM-
KU Ta y3arajJbHeHHsS, BUKOHYHUTe 3aBAaHHA JIJsd caMOKOHTpPoJio. Toxx
0aKkaeMoO BaM YCIIiXiB y BHBUeHHi (ismku ¥ cmomiBaemocs, IO e
OiIPpYyYHUK OOMOMOKE B IITBOMY.

Aemopu



Cnoseo 0o suumens

IITanoBHi Kogeru! IIpomoHoOBaHUN MiAPYUYHUK peasidye 3MiCT KypCy
disuKm 8-ro KJaacy AJs 3arajJbHOOCBITHIX HaBUAJBLHUX 3aKJaliB, BU-
3HAUEHUN HABYAJLHOIO IIPOTPAaMOI0 AJsA OCHOBHOI mioau (7-9 Ki.),
saTBepm:kenor0 MOH Vikpainu y 2012 p., 3i 3amimamu Ta momoBHe-
HHAMU, BHeceHuMu y 2015 p. HaBuanpuuii martepian migpyvyHura
BimiOpaHO Ta CTPYKTYPOBAHO BiNIIOBiZHO A0 BHECEHUX 3MiH, CIPIMO-
BaHUX HA PO3BAHTAXKEHHS 0a30BOr0 Kypcy (PpisMKU Ta IMOCUIEHHS HOTO
KOMIIETEHTHICHOI ¥ MifAJAbHICHOI CIIPAMOBAHOCTI.

MeTtoguunuii amapaT OiApyYHMKAa OPi€HTYEThCS Ha PO3BUTOK B
YUYHIB BOCBMOT'O KJiacy HpeIMeTHOI KOMIIeTeHTHOCTiI 3 (idmku, (op-
MyBaHHA AKOI poO3Ioyajocd B ChOMOMY KJiaci, a TaKoX (popMyBaHHSA
IPUPOSHUYO-HAYKOBOI KOMIIETEHTHOCTI AK KJIIOUOBOI JJIA OCBiTHBHOI
ranysi «IIpupomosHaBcTBO». 3 OrJIALYy Ha Ie MiAPYYHUK MiCTHUTH Ha-
BUAJIbHUI MaTepiaJ, COpAMOBAHUIN HA MOTJIMOJEeHHSA 3HAHb OCHOB (i-
3UYHOI HayKU, BIIPABU Ta 3aBAAHHA Ha PO3BUTOK €KCIIEPUMEHTAJILHUX
i obumcaBaIbHUX YMiHb i HABUYOK YUHiB, (DOPMyBaHHSA HAYKOBO-
OPUPOSHUYOI KAPTUHU CBiTYy, HAYKOBOTO CBiTOTJIAAY W KPUTUYHOTO
MUCJEeHHA YYHIiB.

[ 3abe3mevyeHHA MIUPIITUX MOXKJIUBOCTEH BUKOPUCTAHHS HiApyd-
HUKa B opragizamii amdepeHIIiioBAHOTO HaABYaHHS CHCTEMY BIIPaB
po3moijieHo 3a PiBHAMM, IO BiAIOBialoOTh BUBHAUEHUM KPUTEPiAMU
OIIiHIOBaHHS HABUYAJBbHUX OCATHEHb YUHIB.

3 MeTOI0 IiATOTOBKM BOCBMHUKJIACHUKIB M0 MaiOyTHHOI HaBUYAJb-
HO-TIi3HaBaJbHOI MisIIBHOCTI B CTapIIiil IIKOJIi Ta cBimomoro BuGOpy
mpodisiro HaBYAHHSA [0 MiAPYUYHUKA JIOTIYHO BKJIOUEHO IIPUKJIALU 3a-
CTOCYBaHHSA (DiBMUHMX 3HAHb, IO BUBYAIOTHCS, B HAYIL Ta TexXHiIi,
PiBHOMAaHITHUX Trajdy3AX MisJIbHOCTI JIIOOWHU.

OcobauBy yBary mpupgijieHo opraHiszaifii miAroToBKM Ta BUKOHAH-
HS YYHAMM HABYAJbHUX NPOEKTIB AK IIPOBiTHOTO BUAY ITi3HABAJL-
HOI mismbHOCTI, CIIPAMOBAHOI HA MaKCUMAaJbHUI PO3BUTOK TBOPUYUX
3mi0HOCTel, 3aJIyYeHHIO IIKOJAPIB A0 IPOAYKTHBHOI caMOCTiliHOI Ta
KOJIEKTMBHOI Tpalli IIiJ KepiBHUITBOM yUuUTead. ¥ TiIPYYHUKY IIPO-
MMOHYIOTHCA PeKoMeHgaIlil 1100 opraxisaiii podoTu HajJ HaBUAJILHUMU
OpoeKTaMU Ta OKPECTIOETHCSI KOJIO OCHOBHUX HABUYAJbHO-HAYKOBUX
MUTaHb, IO MOMKYTH CTATH IIPEIMETOM IOCIiTKeHH.

CoogmiBaemocs, IO el TiAPYYHHWK CTaHe BaM y OPUTOAI Tia uac
MOoOyMOBY aBTOPCBKUX METOAMYHUX CHUCTEM HaBUaHHS (GisuKu.

Aemopu



Pozpgin 1

TEMJNOBI S1BULLIA ‘

fBMLLA NpMpoaun, 3 F9KMMM BM O3HAMOMUTECS B LbOMY PO34ini, € BU3HA-
YaNbHUMK ONS NIATPUMAaHHS XWUTTS Ha Hawiii nnaHeTi. IX Nposisn CTBOPIO-
I0Tb YHiKaNbHi KJliMaTuU4Hi yMOBU, 3a6e3MneydyloTb PO3MaiTT POC/IMHHOIO 1
TBApPWHHOIO CBITY. BMKOpuCTaHHA 3HaHb NPO TEroBi 9BMLLA 3 AABHIX 4aciB
[aBano NoAuHI MOXIMBICTb 00MaLLITOBYBATM KOMMOPTHI YMOBU MPOXNBAH-
HS B PIBHOMaHITHMX KyTouykax 3emri, BOepiratncs Big, apKTUYHOrO Xonoay Ta
nycTenbHOI crnekn. LOoCnigXeHHa TenaoBmux siBULL i BCTAHOBJIEHHSA Qi3NYHUX
3aKOHIB, Ha AKMX BOHU I'PYHTYIOTbCH, 3a0e3Mne4nsio CTBOPEHHSA PiBHOMaHITHUX
MalLWH i MexaHi3MiB, LLIO € OCHOBOI Cy4aCHOro TpaHCMNopTy Ta BUPOOHMLITBA.

MpuHuMn aii oBuryHiB aBTtomobiniB i kopabnie, niTakiB i pakeT, TypOiH
€NeKTPOCTaHL,M, KNIMaTUYHUX CUCTEM XMUTNOBUX OYyOUHKIB i cynepMapKeTiB
I'PYHTYETBLCS Ha TenoBMX gBuMLLax. YNpoaosxX Garatbox CTONiTb BUAATHI A0-
CNigHVKM NPMPOOU CTBOPIOBATM BYEHHS MPO TEMnJoTy, OCHOBU 9KOr0 BUKNa-
OEHi B UbOMYy po3aini. Bu o3HarioMumTecs 3 TakumMy NOHATTAMU, K TEMJ0BUM
pyXx, TeMmnepaTtypa, BHYTPILLUHS eHeprid Towo, 3’aCcyeTe IXHin QisnyHNI 3MICT,
0cob6NMBOCTI Nepebiry TennoBMX ABULL, Ta iX BAKOPUCTAHHS B HayLi 1 TexXHil,
NnepcnekTMeY NoAasblUMX OOCNIOXEHb LIET BAXJIMBOI rasy3i cy4acHol Qi3nku.
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§ 1. TemoBi ABUIIA Ta 1X mpuUpoaa

» Tennosi ssuwa 6 npupodi ma xummi A10OUHU
» Tennosuil pyx, ilozo npossu ma npupooa

TEILJIOBI ABUIITA B ITPUPOAI TA KHUTTI JIOAUHHN. Temaori
SABUINA € HEBiJi’€MHOI0 CKJAA0BOIO IIPUPOAV. BOHW BUABIAIOTHCA Y
BUBEDKEHHI BYJIKaHIB, YTBOPEHHI JBbOJOBUKIB, 3a0e3meuyiOTh Oe3me-
PepBHUI KPyroobir BOAUW, IMiATPUMYIOUU KUTTA Ha 3eMJi. 3MiHU mip
POKY Ta po3MAaiTTsS POCIMHHOTO i TBAPWMHHOTO CBITY Te:K MIOB’A3aHi 3
mepebirom TemymoBuX ABUII. IIpoTe BOHM MOKYTh COPUUYMHSATH i IIO-
TY:KHI TaidyHu, HaAMipHI omanu, IMOBeHi, piske migBuINeHHs abo
3HMKEeHHA Temneparypu (puc. 1.1).

Puc. 1.1. Tennosi siBMLWA BM3HA4YalOTb PO3MaITTS Npupoam

JltommHa HaBUMJacsd BUKOPHCTOBYBATH TEILJIOBI ABUINA AJA CBOIX
moTrped y moOyTi Ta Ha BupoOHHuIITBi. Karammsa Ha JaMiKax, IPUTO-
TyBaHHS 1:Ki, 00irpiB mpumiineHb, BUKOPHCTAHHSA aBTOTPAHCIOPTY,
BUILJIABJICHHSA MeTaJy — Bce Ie IIOB’s3aHe 3 TEeIJIOBUMU SIBUIIAMU.
ITpuanun aii gsuryuis aBToMOo0iJiB i mapomiasis, JdiTakiB Ta paker,
TeIJ0BO3iB, XOJIOAUJIbHUKIB, KOHAUIIIOHEPiB I'PYHTYETHCA Ha TEILJIO-
BUX ABUINAX. BOHU cTalM TaK0OX OCHOBOIO BMPOOHHWUMX TEXHOJIOTiH
(puc. 1.2).
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Puc. 1.2. BukopucTtaHHsa TernioBUX SBULL,
y no6yTi, BUPOOHULTBI, HayLli Ta TexHiLi

BuBuaTm TemnsioBi ABUINA JOAMWHA IOYaja Ife 3 TOTO Yacy, KOJU Ha-
BUMJIaCs BUKOPHCTOBYBATH BOTOHBb IJISI IIPUTOTYBAaHHA i3Ki Ta 00irpiBy
JKuTia. Xodua 3yCUIIAMHN BUJATHUX (Pi8WKIB HOCATHYTO BU3HAUYHUX
ycuixiB y (popMyBaHHI BUEHHS IIPO TEILJIOTY Ta MOT0 BUKOPHCTAHHI B
HayIli ¥ TexHiIi, el HaIpAM 3aJUINAEThCA OJHUM i3 IPiOPUTETHUX
y cydacHiit ¢isurni. Hag pospobaenuam Iiiei mpobieMaTHKU y CBiTi
IPAIIOIOTh MOTY:KHI HayKOBi KOJEKTUBU, OO0 SKUX HajleKaTh i Ha-
YKOBO-ZOCJiAHI ycTaHOBU YKpainu: [HCTUTYT TeXHiIUHOI Tero(idukm
B KueBi Ta Pi3suKo-TeXHIUHUN iHCTUTYT HU3BKUX TeMIIepaTyp iMeHi
B. I. Bepkina y XapKogi.
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TEIIJIOBU PYX, MOI'0 ITPOSABH TA IPUPOJIA. Mocrimxyiodun
TEMJIOBI ABUIA, BUYEHi BCTAHOBUJIM, II[0 BOHU 3yMOBJIEHI TeIIJIOBUM
pPyXoM HacTUHOK peuoBuHU (MojeryJ). Ilix ywac marpiBamua Tinma iH-
TEeHCUBHICTh TEIJIOBOTO PYXY MOJIEKYJ PEYOBMHU 3pOCTa€, a y pasi
OXOJIOJI’KE€HHA 3MEHIITYEThCA.

TenmIoBMM pPyXOM HA3UBAIOTh 0e3MepPEePBHUII XaOTUUYHUN PyX
YaCTUHOK PEYOBHMHU.

11106 cmocTepiraTu TpoOSAB TEILJIOBOTO PYXY MiKPOUACTHHOK PEYOBU-
HU, BUKOHAEMO JOCTiA. ¥V CKJIAHKY 3 YHMCTOIO BOAOIO JOAaMO HeKiJbKa
KpameJyb 3ab0apBjieHOI pifuHM, HAIPUKJIAL, YOPHUI. 3a JeIKHH Uac
TIIOMiTHMO, IIIO0 BOJA B CKJISHIIL IIOCTYIIOBO 3a0apBJIIOETHCSI — BimOyBa-
eTbcsa aBuitie nudysii (Big nat. diffusion — momupenns) (puc. 1.3, a).
Hudysiro MoyKHaA cIllocTepiraTv, 3aHYPUBIIN B CKJSHKY 3 BOJOIO IIa-
Ketuk uaio (puc. 1.3, 0).

Judysis — ne aBuIe B3a€MHOr0 IIPOHNKHEHHSA MOJEKYJ OfI-
Hi€l PEYOBMHU y MPOMIKKM MiK MOJIEKYJIaMH iHIIIOI B Pe3yJIbTATi
TEILIOBOTO PyXYy.

Hudysia moxxe BimbyBaTuca B rasax, pifmHax Ta TBEPAUX TiJax.
Asuie gudysii momuperne B IPpUPOAi, a TAKOK BUKOPUCTOBYETHCA ITiJ
yac BUPOOHUIITBA PiBHOMAHITHMX PO3UMHIB, OApBHUKIB, KJeiB, IJac-
TUYHUX Mac, cmaaBiB. CyuacHi TexHoJoril augysiiiHoro 3BapioBaHHSI
3a0e3Meuy0Th OTPUMAHHA MIIHUX i HamifiHUX 3’€THAHbD.

3 mocBimy Bu 3HaeTe, IO Yail 3aBaplOIOTh y rapAdYiil Bomai, a IIyKoOp
y Hill pO3UMHAETHCA 3HAYHO IIBUIINE, HidK y xomoauiii. TodTo weud-
Kicmbv dugysii 3pocmae 3 nidguu,eHHAM Mmemnepamypu.

HaiiBumioro € mBuakicTh audysii B raszax. HampurJian, maxomri
nap@ymiB, O€H3MHY TOIIO AOCUTH INIBUAKO HOIIMPIOIOTHCSI YV IIOBITPi

a) 6)

Puc. 1.3. Ondysia € ekcnepMMeHTanbHUM MiATBEPIXKEHHSAM TEMOBOrO PyXy
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a) 0)
Puc. 1.4. CnocTepexeHHs XaOTUYHOro TEMJIOBOr0 PyXy MiKPOYaCTUHKM

KimuaTu. I1a ocoO0auBiCTh MOKe COPUUMHATH M IMKIiAJWBI HacTigKuU.
30KpemMa, Ha XiMiuHMX BUPOOHUIITBAX YHACJIIZOK Audysil B aTmo-
cepi momupioOThCA MKiAANBI pevoBuHUu. ToMy s iX moramHaHHS
BCTAHOBJIOIOTH CIleliaJbHI (piabTpH.

Hocainym miaTBepAKYIOTh, IO BHACTIAOK AM@Py3il YacTUHKU pedo-
BUHU IIOIMIUPIOIOTHECA B yci 60Ku omHakoBo. TobTo mensosuil pyx mo-
JeKYJl peuosuHU 8i00ysacmuvcs 00HaAK080 8 ycix Hanpamax. Ilpu 1mpbo-
MYy BiH € HeBIOpPAAKOBaHUM, abo xaoTuuHuM (Big rper. chaos — He-
BIIOPAAKOBaHAa cyMiIr). XaOoTUUYHICTD TEIJIOBOTO PYXY MiKpPOUACTUHKU
CMOJIX MOXKHA CIIOCTEpPiraTy B MiKPOCKOII. YHACHIiZOoK 6oMOapayBaHHS
YAaCTUHKU MOJIEKYyJIaMU BOAM BOHA IouymHae pyxarucd (puc. 1.4, a).
OCKiJIbKY TEIJIOBUI PYX MOJIEKYJ € XaOTHUYHUM, TO i HAIpPAM PYyXy
YaCTUHKHU CMOJIU IOCTiAHO 3MIiHIOETHCA i TeXK
€ XaoTUUYHUM. JIKIO 3a()ikcyBaTH IIOUATKOBE

TIOJIOYKEeHHA YaCTUHKM CMOJIM 1 ITO3HAYaTH ii
mepeMillleHHsA uepe3 PiBHI mpomimkKu uacy,
TO OTPUMAEMO JIaMaHY JIiHil0, IO BilIIOBizae
XaO0TUYHOMY TEIJIOBOMY PYXY MiKpOUYacTUH-
Kku (puc. 1.4, 0).

TenysoBuil pyX 3aBUCIUX y PiAvHI yacTu-
HOK yIIepIlle CIIOCTepiraB Ta OIIMCAB aHTJIiM-
cbKui 6oraHik P. Bpoyw.

ToMy TemysoBHME pyX MiKpPOUYACTHMHOK, 3a-

BUCJUX y pigmui abo rasi, HasuBaioTh OpO- PoGepT BpoyH

yHiBcbKuM. Ilig yac OpPOYyHIBCBKOTO pyXy (1773—1858)
MOJIEKYJIM PigmHM ab0 moBiTpA 3imTOoBXYy- | LUOTnaHOCLKWIA yyeHui,
IOTHCSA 3 MiKPOYACTHHKOIO, AKA mepebyBaec B | Akuin y 1827 p. Biakpus
3aBUCJIOMY cTaHi y piguui a6o rasi. Moseky- TEMOBUIA XaoTN4HNIA

pyX MiKpo4YacTUHOK
PEYOBUHN — sBULLE
OPOYHIBCLKOrO pyXy

Jau “IITOBXalOTh” MiKPOYACTUHKY 3 PisHUX
O0OKiB, i 1i 3iTKHEHHS He KOMIEHCYIOThCH,

13
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AnbbepT EMHWTENH
(1879—1955)
BupatHuin Himeubkni
Ta aMepunKaHCbKN
disnk-TeopeTmk. ABTOp
YHiKanbHUX npaup i3
Teopil BiAHOCHOCTI,
bOTOENEKTPUYHOIO
edekTy, MOJIEKYNSAPHO-

Map’aH CmMOnyxoBCbKUi
(1872—1917)
BupaTtHnin ykpaiHCbKnin
Ta MOJIbCbKUA Y4EHUIA.
Mpodgecop
i pekTop J1bBIBCbKOrO
YHiBEpPCUTETY.
OCHOBOMONOXHMK
CTaTUCTUYHOI DIi3VKN

Kan Batuct lMeppeH
(1870—1942)
dpaHLy3bKui
YYEHUN, AKUN

€eKCnepuMeHTaNbHO

JOBIB, O

OPOYHIBCbKUIA PyX €

HacnigKoM TEensoBOro
pyxy Monekyn

KIHETUYHOI Teopil.
Naypeat Hobeniscbkoi
npemii 3 di3nkn

cepenosuLLa

mo3adAK iX KIJBbKIiCcTh Y KOMKHUII MOMEHT uacy 3 KOXKHOI'o OOKY pisHa.
V¥V pesysbTraTi yacTUHKA pyxaeThcAd B meBHOMY Hanpawmi. Ieit mampam
MMOCTiHO 3MiHIOETHCA, OCKITIBKY MOJIEKYJIN PYXalOThCId XaO0TUYHO, a iX
3iTKHEHHS 3 MiKPOYACTHMHKOIO PEUOBMHIN MAIOTL BUIIAAKOBUII XapakK-
Tep. MiKpoYacTUHKM PYXalOThCS 3a PAXYHOK TEIJIOBOTO XAOTHUUYHOTO
PYXy MOJIEKYJ i He MOKYTb OyTH 3ynuHeHi. [HTeHCUBHiCTH OPOYHiB-
CbKOr0 PYXy 3POCTa€ 3 MiABUINEHHAM TeMIlepaTypu. BiH € HaouHuM
MiATBEPAKEeHHA OCHOBHUX IOJIOMKEHb MOJIEKYJIAPHO-KiHeTHUYHOI Teo-
pii: 6ci pewosunu crknadarmsvea 3 LWACMUHOK; YACMUHKU pPevlo6uU-
HU nepebyeéarombv Yy 6Ge3nepepéHOMY XAOMUYHOMY PYCi; YACMUHKU
pevosunu 63aemodiromsv 00HA 3 00HOIO.

HaykoBi ocHOBU BueHHA HpO OYyIOBY PEUOBMHU Ta TEILJIOBUN PYX
ii yacTHHOK pPO3BUBAJIM B CBOIX IIpalsgXx BuAaTHI yueni: A. ABoraapo,
A. JlaByasre, M. B. JlomonocoB, B. Pymdopx, II. Hesi. ¥ 1905—
1906 pp. Benukuit HiMenbkuii Gisuk A. EfiHmTeilin Ta yKpaiHChbKUI
i moabchkuii yuenuit M. CMOJIYXOBCBKUI PO3POOUIN TEOPilo Pyxy
OpOYHIBCHbKOI UacTHHKN. BOHM mOBeJM, IO IIi YACTUHKU PYXAaOThCS
AK TiraHTCHKI MOJIEKYJIN, cepenHs KiHeTHUYHA eHeprid AKX HOPiBHIOE
cepenHil KiHeTuuHifl eHepril MOJEKyJ, M0 IX OTOUYIOTh.

Dpannyspknit yuenuii sK. B. Ileppen y 1908 p. BUKOHAB HUBKY
eKCIepPUMEHTAJIbHUX AOCIi:KeHb OPOYHIBCHBKOTO PyXy i mimTBepauB
MOJIEKYJISPHO-KiHeTnuHy Teopito Efimireiina — CMOJyXOBCBHKOTO.
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.103He B ubomy naparpadi

TennoBMM pyxoM Ha3mBaloTb OE3MEPEepPBHUN XAaOTUYHUNA PYX HACTMHOK
PEYOBUHMN.

Asuile audysii Ta BPOYHIBCbKUN PyX € eKCnepuMeHTaslbHUM niaTeep-
IDKEHHSM TEMN0BOro pyxy.

Ondysia BinOyBaeTbCcs BHACMOOK B3AEMHOINO MPOHUKHEHHS PEYOBUH Y
pesynbTati TensIOBOro pyxy X YaCTUHOK.

BpOYHIBCbKMI pyx — TEnioBUN PyX MIKPOYaCTUHOK, 3aBUCIUX Y PiOUHI
abo rasi.

OCHOBHIi MOJIOXEHHSI MOJIEKYNSIPHO-KIHETUYHOI Teopii 6y40BM PEYOBUHU: BCi
PEYOBUHWN CKIaJalTbCs 3 YACTMHOK; YaCTUHKN pevoBUHN nepebysatoTb y 6e3-
nepepBHOMY XaOTUYHOMY PYCi; HACTUHKM PEYOBUHU B3aEMOLIIOTb OHA 3 OOHOH0.

3anutaHHs ans camonepesipku

. HapexiTs mpuKJagy TEILJIOBUX SBUIL Y HIPUPOMi.

. HasexiTes npukgagm HarpiBaHHA Ta OXOJOAMKEHHSA TiJ.

Y uomy moasarae ssuile audysii pevosun? HapeniTs mpuKJIaLH.
fAx BIAMBAIOTH 3MiHM TeMIepaTypu Ha TuQPy3i0 peuoBuUH?

. $SIxi aBuima BKal3yOTh Ha HEBIOPAIKOBAHICTbL Ta XaOTUUYHICTH PY-
Xy YaCTHUHOK PEeYOBUHU?

IToscHiIT, TpUUMHY OPOYHIBCHKOTO PYyXYy.

7. $Ki oCHOBHIi IOJIO}KEHHA MOJEKYJAPHO-KiHeTUUHOI Teopil peuo-
BUHU IiATBEPIKYIOTHCSA OPOYHIBCHBKUM PYyXOM?

QU IR W DN =

e

JdoMallHii eKCcnepuMeHT

Y uailiHy Uaiiky HaJuiTe BOAY W 00epesKHO IMOKJIALiTh T'PYAOUYKY
IYKPy. SaJIUINTe YalllKy Ha IeBHUU UYac, He IMEPeMillIyiouu pPiAuHy.
Yepes 2—3 roauHM Bi3bMiTh BOAY 3 MOBEPXHi JIOMKEUKOI W MOKY-
miryiiTe. OmumriTe cmaxk Bomgu. IloscHiTh, AKe sBuUIle BigOyJaocCs.

FoTyemocs A0 BUKOHUHHSI HOBYANBHOTO NMPOEKTY

BukopucroByoun HayKOBO-TIOOYJIAPHI AiKepeisa Ta iH(poOpMAIliii-
HO-TIIOIIYKOBi cucTtemMu, miaroryinTe imdopmaiiizo Ha Temy: “Bumartai
yKpaiHCBhKi Ta 3apy0iskKHI BueHi-QpisuKM, AKi 3poOuan BaroOMuii BHECOK
Y PO3BUTOK YUEHHS IIPO TEILIOTY”.

Bnpasa no § 1

1(n). Yn € HEeBNOPSAKOBAHUI PyX MOPOLUMHOK Y MOBITPI OPOYHIBCbKUM?
2(n). Yomy nmn Moxe HagoOBro 3aBmcaTtu y MoBiTPi?
3(c). MosiICHITb, YoMy BUKOPUCTOBYBaTWU apby A03BONSETLCS NMLLIE B OO-

Ope NPOBITPIOBAHNX MPUMILLEHHSX.

4(c). [MopiBHANTE WBUAOKICTL PYXY MOJIEKYN MOBITPSA Ta WBUAKICTbL ANDY3il

B MOBITPIi. NMoSACHITL BiAMOBIAb.
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5(m). JliHiiHMiA po3mip monekynu Ginka ctaHoButb 40 - 108 cm. BusHauTe,
SKa KiIbKICTb TakuUX MOJIEKYT MOXE PO3MICTUTUCS Ha Bigpi3ky B 1 CM
3a YMOBM, LLO BiACTaHi MiXX HMMMW OOPIBHIOTb IXHIM po3Mipam?

6(a). Maca monekynun Boam 3 - 10726 kr. BuaHa4yTte KinbkicTb Mosekyn vy
60 cm® Boau.

§ 2. ArperaTHi cTaHU PEYOBMHU

» Azpezammhi cmaHu peioSUHU

» Disuuni eracmugocmi mis ma 0co6aAUBOCMI X MONEKYAAPHOL
oydosu

» Kpucmaaniuni it amopHi mina

ATPETI'ATHI CTAHM PEYOBUHMN. fIkimo BaM Ha MOJOHIO IIOTPAIIUTH
CHI’KMHKAa, BOHA HMIBUAKO PO3TaHe I MepeTBOPUTHCA B KPAIJIMHKY BO-
o1, AKa, Y CBOIO Uepry, 3 4UacOM MO:Ke BUIlapyBaTucsa. Bu, HameBHO,
3BEpHYJIN yBary, III0 BBUMKY IIOBEPXHA PiUOK Ta CTaBKiB BKpPUTa KPU-
roio, a HaBecHi Jig TaHe. BIiTKy mmicasa moimy KaJrio:Ki IIBUIKO BU-
CHUXaloTh — BOJla BUIIAPOBYETHCS i IMIEPEXOAUTL Yy Ta30MOmiOHUI CTaH.
Omxe, omHa ¥ Ta caMa PeUOBUHA — BOJa MOJKe IepedyBaTu B IPUPOIL
B PiBHHX cTaHmax 3aJieKHO Bim ymoB (puc. 2.1).

Puc. 2.1. Boga B npupoai nepebyBae B Pi3HUX arperatHuUx cTaHax
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He Tinpku Boma, a I iHIIII peyOBHMHUN MOKYTHL IIepe0yBaTH y TBep-
IoMy, pizkomy Ta rasomomibmomy crami. IIi Tpum cTaHM HaA3UBaIOThH
arperatHuMHu (icHye TaKOK UeTBEPTHUII CTAH PEYOBUHU, 3 AKUM BU
o3HalloMUTEeCsS IIPU HOJAJBIIIOMY BUBYEHHI (PisMKH, — IjaasMa).

Ha Bigminy Bim Boam, arperaTHi CTaHM iHIIMX PEUYOBHH Yy IIPUPOI-
HUX yMOBaXx cliocrepiratu ckjaapgHinie. Hampukiazn, 3a1i30 B piikomy
CTaHi BHAXOMUTHCA B HaJApax 3eMJIi, a piflka PTYyTh MOXKe IIEpeUTH y
TBEPAUII CTaH B YMOBaxX CYBOPOi 3WUMH.

BasxamBoio 0cOOJIMBICTIO BCiX arperaTHHUX CTaHIB € Te, IO OyAb-AKa
peuoBmHa 30epirae B HUX OpUTAMaHHi i BJIacTHBOCTi, OCKiJIBKU MO-
JeKYyau 00Hi€l i miel camoi peioBUHU He3aJeHHO 8i0 il azpezamHozo
cmany (meepdozo, pidkozo yu 2a3onodibH020) HiLUM He DPIZHAMbCA
Minc coboro. ToOTO Jif i mapa cKJIamalOThCS 3 TAKUX CAMUX MOJIEKYJI
BOJM, xoua (hi3MUHI BJIACTHUBOCTiI PEUOBMHU B PiBHUX arperaTHUX CTa-
HaX BigpisHAIOTHCA.

®I3NYHI BJIACTHUBOCTI TIJI TA OCOBJIMBOCTI IX MOJIEKY-
JISPHOI BYJIOBU. disuuni BracTHBOCTI TiJ y PiSHMX arperaTHUX
cTaHaX BU3HAYAIOTHLCA OCOOJUBOCTAMU IX MOJIEKYJIAPHOI OymoBU Ta
MOSICHIOIOTHCS Ha IIiICTaBi MOJIEKYJIAPHO-KiHETHUUYHOI Teopii, 3 AKOIO
BM O3HAMOMMJINCA B IIollepesHboMy maparpadi. Bamkampo 3’scysaTtu
XapaKkTep B3a€MO/il, PO3MIIIIeHHA W TEILJIOBOTO PYyXY MOJIEKYJ Yy Pis-
HUX arperaTHUX CTaHaX.

Hocaimy miaTBEPIKYIOTh MOJOMKEHHS, II0 MOJIEKYJIU OOHUX 1 THUX
caMUX PEUYOBMH y PidHMX arperaTHuUX CTaHAX He BipisHAIOTHCA Of-
Ha Big omuoi. ToOTO MOl wu iHWUL azpezamHull cMmaH PeLOBUHU BU-
3HAYAEMbCA He 0COOLUBOCMAMU CAMUX MOLCKYJL, A IX PO3IMIULEHHAM,
xapaxmepom pyxy ma 683aemodil.

Tak, BaxkJauBUMU (PiSUUYHUMU BJIACTHUBOCTSIMU TBEPAUX TiJd € 30e-
pedcenns o6’emy ma gopmu. TBepai Tisa ZOCUTH Ba*KKO CTUCKYBaTHU
abo posrarysatu (puc. 2.2).

BiactuBicTs TBepaux Tia 30epi-
ratu ¢opmMy Ta 06’eM BU3HAYAETHCS
MIOPiBHAHO BEJUKUM IPUTATAHHIM
ix yacTuHOK. MiKpoUuacTUHKM 0ijb-

ITOCTi TBEPAUX TiJl PO3MIiIleHi y IeB-
HOMY THOPAAKY 1 YTBOPIOIOTHL KPUC-
Tajgiuny rpatrky. YacTUHKU TBEePAUX
TiJ XaOTWYHO KOJMBAIOTLCA Ha-
BKOJIO IIEBHUX CEPEeIHiX IIOJIOXKEHb

piBHOBarm, AKi HasMBalOTh BYy3Jia- Puc. 2.2. o6 3miHuT dopmy
MU KpHuCTaJiuHOl r'paTKu. 3Ha4YHA 3anisHoi getani, 1i nonepeaHLo
IOTeHIliaJbHa eHeprisg iX B3aeMo- CUJIbHO HarpiBaroTb

Ta 0OKNAAalTb 3HA4YHI 3ycunng
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Puc. 2.3. Ocob6nmBoCTi
po3TalwyBaHHS MOJIeKyn OOHIET
i TIEl caMOl PEYOBUHU Y PISHUX

arperaTtHmx ctaHax

Puc. 2.4. KpuctaniyHi Tina
NPUPOAHOI NpaBuiibHOI GopMU

Iii mepernkoiKae 3MiHI cepegHBOI
Bimcraui mixk mumMu (puc. 2.3, A).
Hacminkom 1mboro € 30epeikeH-
HA TBepAuMU TimamMum GopMu
1 006’emy.

Omixe, peuosuHa nepedbysae Yy
meepdomy cmani modi, Koau ce-
pedHs nomeHuiasbHaA eHepezis 83a-
EMHO020 NPUMSAZAHHA MOJEKYL 3HA-
yHOo Oiavuwia 6i0 IXHbOI KiHemuuHOL
eHepeil.

Tsepai Tima, atomum abo MOJEKY-
JU SKUX 3OiMCHIOIOTH TEIJIOBiL KO-
JUBAHHA 0iJid BY3JiB KpHCTAJIidHOI
I'PaTKM, Ha3UBAIOTh KPUCTAJTIUHNMH
(Bim rpen. krystallos — minm). Ix ic-
TOTHOIO O3HAKOIO € IIPUPOIHA IIpa-
BUJbHaA reomeTrpudyHa ¢opma, K,
HAIPUKJAL, ¥ CHI’KMHOK Ta CTajaK-
TuTiB (puc. 2.4).

BaxxanBoo 0coOMMBiCTIO KpUC-
TAJTIYHUX TI'PaToK PIBHUX THUIIIB €
YyiTKa IIePiOgUYHICTH aTOMIB y IIPO-
cTopi. ¥ KpucramiuHux Timax ic-
HY€ TaK 3BAHUI MaJbHIilI TOPAIOK Yy
posramryBaHHiI aTromiB. IIpukaamom
KPHCTAJIUHOTO Tijla € KYXOHHA Cijb
(puc. 2.5).

VYeci meranm y TBepaoMy CcTaHi
CKJIaJAIOThCA 3 KpucrajaiB. Baxciu-
6010 B6JIACMUBICMI0 KPUCMALILHUX
min, € me, WO B0HU Nepemeop-
omucs 8 piduny npu negHiil Qirco-
8AHIl memnepamypi.

Iamti ¢iswmuni BaacTuBOCTI Ma-
I0Tb amopgHi (Bim rper. amorphos
— Toi, 1o 6e3 (opmu) TBEpAi Ti-
Ja. Y HuUX atoMu abo MOJEKYJaun
KOJIMBAIOTHCA BiTHOCHO IIOJIOMKEHB
piBHOBaru, dkKi, Ha BiAMiHYy Bifg
KpUCTAJIiUHMX TijJ, He 3adikcoBaHi
y mnpocrtopi. Imsa artomiB amopd-
HUX TiJI XapakTepHUHA TaK 3BaHUN
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OnMmxHIN mopagox. IIpuriaamamu
TaKUX TiJI € CMOJIa, CKJIO, OYPIIITUH
(puc. 2.6).

Amop@ni mina He marmMvb neéHoL

Qircosarnol memnepamypu nia8JeH-

HA. 3 IMiABUITEHHAM TeMIIepaTypu

BOHHU IIOCTYIIOBO PO3M AKIIYIOTHCH,

IepPeTBOPIIOYNCh HA B A3KYy piau-

my. IIpoTe Takmii cTaH HeCcTiHKWH, i

yepes3 MEeBHUM Yac pevyoBHHA TBEPI-

He. XapaKTePHUMU BJIACTUBOCTAMHU Puc. 2.5. Kpuctan KyxoHHOI coni
aMop(HUX TiJ € TerkydicTs i miac-
TnuHicTh. ToMy iX IIWPOKO BU-
KOPUCTOBYIOTH IJisI BUTOTOBJIEHHS
pisHOMaHiTHUX repMeTuKiB. Pazom
i3 Tum amopdHi Tijma mim yac mexa-
HiuHol mii Ha HUX JIeTKO po3bOuBa-
IOThbCA Ha YaCTUHM OOBiabHOI (hop-
mu. Hampukiazg, cKJI0, TaK caMO AK
i cmoJsia, y TBepAOMY CTaHi JIeTKO
pyiHy€eTBCA.

Ha Bigminy Bixm TBepaux Tinm pi-
JUHM JIETKO 3MiHIOIOTH CBOIO (hOopMY.
Piguna mabyBae ¢gopmu Tiei mocy-
IUHU, B AKYy Il HaJauBamTh, aje Il
00’eM IIpU IILOMY 3aJHUINAETHCS He-
aminauM. TobTo pidunu 36epizaromo
00’em, ane nezKo 3MiHIOIOMb GOpMY Puc. 2.7.

(puc. 2.7). PiguHa Habysae ¢opMy MocyamHu

Moaexkynasapua OymoBa piguH Mae
ocobsmBocti. ITpu HarpiBanHi TBepAoOTO Tijla cepenHA KiHeTHMUHa eHep-
rid MoJeKyJ, AKi KOJMBAIOTHCSA HABKOJIO IEBHUX IIOJIOXKEHb PiBHO-
Baru, 30inbinyeTheda. Komu TeMmiepaTypa Tija mocsrae TeMmiepaTypu
IJIaBJIEHHSI, PEUYOBMHA TOUYMHAE IIEPEXOMUTH 3 TBEPAOTO y PiaKwmit
CTaH.

Ilig miero 30BHIMIHBOI cuiu (HAITPUKJIA, CUJIN TIKIHHA) piguHa Te-
ye, sbepiraioun 06’em, i HabyBae ¢opmMu mocyauuu. PisuuHi BIacTu-
BOCTi PiIWH MOSICHIOIOTLCS TUM, II[0 BiICTAHb MijK KOKHUMU ABOMAa MO-
JeKyJaMU MeHIIAa, HixK iXHi posMmipu. Ha Takux BifcTaHSX cuja Ipu-
TATAHHA MiXK MOJEeKyJaMHN Ma€ BeJWKe 3HaueHHA. BHaAcCIIZOK IIbOTO
MOJIEKYJIN He MOJKYTh BiJJaJATHCS OAHA BiJ O4HOI Ha 3HAUHI Bixcradi,
TOMY pifuHa 3a 3BUYAWHUX yMOB 30epirae o6’em (muB. puc. 2.3, B).
Paszom i3 TMM cusu MPUTATAHHS MiK MOJIEKYJaMU HeIOCTATHLO, II00

Puc. 2.6. Cmona ta OypLUTUH
€ amopdHUMK Tinamum
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a) 6)
Puc. 2.8. 'aau nerko 3miHOOTb GopMy Ta 06°’eM

piguHa 36epirasa opmy, TOMYy BOHA JOCUTHL JIETKO 3aiiMae 00’e€M IIO-
CYAUHU.

OckinbKHU BificTaHI MidK MoOJIeKyJaMM PiAUHMN BiKe JOCTAaTHLO MaJi,
iX Ba’jKKO 3MEHIIIUTH, TOMY PiAUHU CKJIAJHO CTUCKaTH. Peyvosuna ne-
pebysae 8 pidkomy cmari, KOJLU cepedHs KiHemuuHa eHepezis MOJeKY.L
cmae cyMmipHow i3 cepe0HbOI0 eHepzicio IX NpumszaHHs.

Ha Bigminy Bix pifwH rasu nosHicmio 3aiimaromsb my Yu iHWY €Mm-
Hicmb, 3MinOOUU popmy Ui 06’em. OnHA I Ta caMa Maca ra3dy MOKe
3aimaTu pisHi 06’emu (puc. 2.8).

Moaexkynasapua OyqoBa rasiB BusHaua€e iXHi BJIaCTHUBOCTI I[IIKOM 3a-
MMOBHIOBATH Hamauuii iMm 06’em. Ilpu HarpiBaHHI pigvMHM IMIBUAKICTD
MOJIEKYJ MOKe 30iJBIIUTHCA HACTIJIBKU, IO CTaHE JOCTAaTHLOIO IJIA
IIOJOJAaHHA CUJI IPUTATAHHA MijK MoJieKyJsamMu. PinnHa mepexogurmume
B ra3oloiOHuIA cTaH.

Peuosuna nepebysac 6 2a3onodibHomy cmari, KOAU cepedHs KiHe-
MUYHA eHepzis MOJeKYJ Nepesaxdcac ixXHio cepedHI0 NOMEHUIANbHY
eHepzii.

OcKinbKHM Tras JIeTKO CTHUCKAETLCS, MiK HOro MOJIeKyJlaMU MAaloTh
OyTu BiAcTaHi, III0 IIEPEeBUINYIOTH iX poaMmipu. CepegHs BiAcTaHb Mixk
MoOJIeKyJaaMu B rasax npubamsuo B 10 pasiB OinbIa, HixK y pigmmax
i TBepaux Tinax (guB. puc. 2.3, B). Ha Takux BimcTaHAX MOJIEKYJIU
JIOCUTH CJA0KO MPUTATYIOTHCA OAHA M0 OJHOI, a OT:Ke, rasu He MaioTh
BJIACHOI (popMm Ta cTtajsioro 00’emy. CamMe TOMY HEMOKJINBO 3aIIOBHUTU
ra3oM IOJOBUHY e€MHOCTi. Mojlekynau rasy pyxaioTbCd OJHAKOBO Xao-
TUYHO B PiBHMX HaOpsAMaxX i Mali’Ke He B3a€MOIIiIOTh OJHA 3 OJHOIO.
IIpu mboMy ras IIBUAKO 3aIlIOBHIOE BCIO €MHIiCTb. BiacHuii 06’eM moJe-



§ 2. ArperartHi CTaHM peyoBmHM

.103He B ubomy naparpadi

OpgHa 11 Ta cama pevyoBMHA MOXe nepebyBaTu y Pi3HMX arperatHuUx crta-
Hax. Ii monekynu y TBepaoMy, pioKOMy i rasonofibHOMy CTaHi Hi4MM He
BiOPI3HAIOTLCA MiXX co0oto. Pi3Hi arperaTHi cTaHM PEYOBUHW BU3HAYaOTHCS
XapakTepoM pyxy Ta B3aemogii il monekyn.

306epexeHHs 06’eMy Ta GOpMU € BXINBUMKU PiZUYHMMU BNACTUBOCTAMMU
TBEpAMX Tin. PignHu 36epiraiote 06’eM, ane nerko 3miHowTb Gopmy. asum
HEe MaloTb cTanoro o6’eMy Ta BacHOI GOPMIU I LiSIKOM 3aMNOBHIOTb HadaHy
M EMKICTb.

PeyoBnHa nepebyBae y TBEPAOMY CTaHi, KON CepenHs noTeHuianbHa
eHepris B3aEMHOro NPUTAraHHsS MOJIeKYSl 3Ha4YHO Ginblia Bif, IXHLOI KiHETWY-
HOI eHepril.

TBepai Tina, y 9kux atoMmu abo MOMEKYIM 3OINCHIOTb TEN0BI KONIMBAHHS
6ina nosnoxeHb piBHOBarn (By3niB KpUCTaNivyHOI rpatku), Ha3MBalTb KpUC-
TaniyHuMn. Npn nesBHin GikCoBaHi TemnepaTtypi BOHM NEPETBOPIOTLCA B
PiOVHY, HE PO3M’SAKLUYIOYUCH Nepen LUM.

B amop@dHux Tinax ctaHum piBHOBaru, HaBKOJIO SIKMX KONMBAKOTbCS aTOMM
abo Monekynu, He 3adikcoBaHi y MpocTopi. AMOP®HI Tina He MatoTb NEBHOI
dikcoBaHOI TeMmnepaTypu nnaBneHHd. 3 NigBULLEHHAM TemMnepaTypu BOHU
NMOCTYMOBO PO3M’AKLLYIOTbCH, NEPETBOPIOIOYMNCH HA B’A3KY PIOUHY.

AKLWO cepenHs KiHETUYHA eHepria MOJIeKyl CTae CYMIpPHOLO i3 cepeaHbOolo
€Heprieto iX NpUTSaraHHs, TO pevyoBMHa MEPEXoanTb Y PIOKUIA CTaH.

PeuvoBnHa nepebyBae B ra3onofibHOMYy CTaHi, KON cepenHs KiHeTu4Ha
€Hepris MOMEKys nepeBaxae IXHID CEPEHI0 NOTeHLjanbHy eHeprito.

3anutaHHs ans camonepesipku

1. HasezniTs npukJagu OJHUX i THUX caMHUX PEUOBHUH V Pi3HUX arpe-
raTHUX CTaHaX.
2. Ywu BigpisHAOTHCS MOJIEKYJIHN BOLYM B Pi3HMX arperaTHUX CTaHaX?
IlosicHiTh, BigmoBigh.
3. Haasith coisbui Ta Bigmimui (ismuni BiacTuBOCTI Ti y TBepmo-
My, piiKoMy Ta rasomogiOHOMY CTaHaX.
. IlosicHiTh, YoMy BasKKO 3MiHUTH (DOPMY TBEPIOTO TiJja.
Ho aAKmx Tij, TBepAMX UM PiAKUX, HaJexKaTb amopdHi Timxa?
fAKi peuoBHMHMN Kpallle CTUCKAIOTLCA: piguHu um rasu? IloscHITh.
. Ha miacraBi AKUX IIOJO0KEHb MOJIEKYJIAPHO-KiHETHUUYHOI Teopil
OyIOBU PEUOBMHU MOKHA MOSCHUTH BJIACTUBICTH ra3iB MOBHiCTIO
3aliMaT Bech 00’em?

=N ootk

JdoMallHiW eKcnepyumMeHT

BisbMiTh MOPOMKHIO MJIACTUKOBY ILIAIIKY 3-MIif] BoAu. 3aKkpuiite ii
HIiJIBHO KPUIIEUKOI i MOKJAMITh Y XOJOAUJIBHHUK (200 B MOPO3UJIb-
HUK). BuiimiTh migamky depes 2—3 roguuu. AKi sminu BigbOymucsa 3
Hew? IlosacHiTe mobaueHe.
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Bnpaea go § 2

1(n). MoscHITE, y 9KOMy arperatHoOMy CTaHi nepebyBae peyvoBMHA, SKLLO
30epiraetbea il 06°eM, ane 3MiHIOETbCA dopma.

2(n). MosICHITb, Y IKOMY arperaTHOMYy CTaHi nepebyBae peyoBuHa, AKLLIO
il 06’em Ta dopma 30epiraloTbCs.

3(c). MosicHITb, YoMy antoMiHIEBY APOTUHY NPOCTiWe po3ainnTtn 6araTto-
pPa3oBUM 3rMHaHHAM, HiX po3ipBaTu.

4(c). Ym MoxHa ckasaTu, WO B KiMHATI Nig CTeNelo MOBITPS MEHLUE, HiX
6ina nignorn?

5(n). MMOACHITb, YN MOXHaA EMKICTb HaAnoOBHUTK rasom Ha 50 %.

6(a). Yepes MiKpOCKOMiyHi LWiNMHX 3 6aioHa 3i CTUCHEHUM ra3oM LLOCEKYHON
BMXoOmMTb 5 Mnpa, Monekyn. Maca koxHoi Mmonekynn 5- 102 r. BusHau-
Te, Yepes AKMA Yac mMaca GasioHa 3 ra3oM 3MEHLUMTLCS Ha 1 Mr.

7(B). Heaknin ra3z nepeTBopuan Ha pPiguHy BHACAIAOK CUBHOMO OXOJ10-
DokeHHs. Mpu ubomy 06’eM rasy ameHwwmecs B 700 pasis. BusHaute,
Ky 4acTuMHy 00’emy rasy ctaHoBMB O00’€M MOro MOJIEKYII.

BHKOHYEMO HABYAJBHHHN ITPOEKT PA3OM

ITamosHi apysi! Bu osHatiomuancsa 3 GisMUYHMME BIACTHBOCTAMMU Tij
y pisHuX arperaTHuxX craHax. llocarHeHHaA ()i3WKM B rajaysi MOJIEKY-
JIAPHO-KiHEeTUYHOI OyI0BU Tijla HAJIU MOKJIUBICTH CTBOPUTU PEUOBUHU 3
VHIKAJIbHUMU BJIACTUBOCTAMU, AKi YTBOPIOIOTH OCHOBY CYyYacHOI TeXHi-
Ku Ta TexHoJorii. IIpomoHyeMo i BaM JOJYUYUTHCS OO IIHOTO IIpoIecy i
BUKOHATH HABUAJBbHUUN MPOEKT, B AKOMY AOCHiANTH (Di3WUHI BJIACTHBOC-
Ti Ta BUKOPUCTAHHSA PiIKUX KPUCTAJIIB, IOJiMepiB abo HaHoOMAaTepiasiB.

II1o6 HaBYaJBbHUI IIPOEKT CTaB BaIlllUM COPABKHIM MaJIeHBKUM
BIIKPUTTSM, PeTeJbHO CILJIAHYHWTE HOro BUKOHAHHS Ta MOTPUMYHTECS
BCTAHOBJIEHOTO rpadika podoTu. OOroBopioiiTe BCi MUTAaHHSA, IO BUHU-
KaioTh, 3 yUUTeJeM i ToBapuiiaMu. 3BepPHITh yBary: HaBUAJbHUIN IIPO-
eKT BUKOHYETHCA B JEKiJbKa eTalliB, KOKHUHN i3 AKUX € BaKJIUBUM.

Ha mepimomy erami noIiTbHO HpoaHasidyBaTH IPoOJieMy Ta BU-
3HAUUTH HAWNPUHIIUIIOBINII NMUTaHHS, IO IMOTPEOYIOTH BUBUEHHS, a
TaKOMK IKepeJsa iHdopmarrii, B AKMX BOHU BHCBITJIIOIOTHCSA. BamamuBo
KOHKPeTH3yBaTU 3aBIaHHS Ta POSIOMIJIUTU IX MiK OKPEeMUMU YUHSI-
MU, AKIIO TPOEKT BUKOHYETHCA KOJEKTUBHO.

Ha gpyromy erami 36umparoThs iHdopmarliito 3 mpobyieMu TpPOEKTY,
aHaAJi3YyIOTh PiBHOMAHITHI M:KepeJsa, TPOIOHYIOTH BJIACHI imel Ta 006-
roBOPIOIOTH inei iHmmx yuyacHukiB. Ilomepenni pesyapTaTm MOXKHA
0OTOBOPUTHU 3 YUUTEJTEM.

Ha tperpomy erami ohopMIAIOTHECA OTPUMAaHI pe3yabTaTH Ta I'OTY-
€ThCA IIPE3EHTAIliA MPOEeKTY. 3aBePIIYETHCA IIPOEKT 3aXUCTOM, Yac Ta
dopmMa AKOTO YBTOMKYIOTHCA 3 YUUTEJIEM.

IIpommoHyeMO OKpeMi OCHOBHI IHUTAHHA 3 TeMU HABUYAJILHOTO IIPO-
eKTy, Ha AKi JOIiJbHO 3BEePHYTU yBary B MIpPOIleci HOoro BUKOHAHHS.



8 2. ArperartHi CTaHM peyoBmHM

1. PIIKI KPHCTAJH TA IX

BJIACTUBOCTI. PeuoBunu, aki

MOJKYTh IIepe0yBaTH B IIPOMIisKHO-

My (MiK TBepAuUM Ta PiAKHUM) arpe-

raTHOMY CTaHi, Ha3UBAIOTh PiOKUMU

kKpucmanamu. PiduuHi BIaCTUBOC-

Ti TaKMX PEYOBUH BU3HAUAIOTHCS

icToTHUMU cuyiaMu B3aeMOIil Mik

MOJIeKyJIaMu, IIT0 3abesmeuye 30e-

pexeHHS cTaJoro 00’eMy Ta IIOEN-

HAHHA BJIACTUBOCTEN TBepAMX TiJa i

pioguH, BHCOKY UYyTJHUBIiCTH O TEM- Puc. 2.9. MaiibyTHe unbpoBoi
nepaTypu, TUCKY, €JIeKTPUUYHOTO I €NEeKTPOHIKMN 3@ THY4KMMU
MargiTHoro mouis. Ilixg soBHimEIiMpr ~ HAATOHKMMM DIOAKOKPUCTANIMHAMM
BILIMBAMU PifIKi KpuCTalu MOMKYTh Ancrneammn
3MiHIOBATH CBOI XapaKTepPUCTUKU

(HampuKJazg, KOJip, eJeKTPOIPOBiAHICTE), TOMY iX BUKOPHCTOBYIOTH
mij yac BUTOTOBJEHHA AUCILIEIB PiBHOMaHITHUX ITU(GPOBUX IIPUCTPOIB
Ta eJIEKTPOHHUX HAaTUYMKiB. Pigki Kpucrajau maroTh MOKJIUBICTH CTBO-
proBaTH HAATOHKI ¥ THYYKi IpuUCTpoi, ase IXHIM HeZoJIiKOM € moMiTHA
YPasJauBiCTh IMOI0 MEXaHIUHUX IOIIKOI:KeHb (puc. 2.9).

ITikaBo, 1o Taki GiosoriuHi pevyoBUHU, AK Ae30KCUPUOOHYKJIEiHOBA
KMCJIOTa, II0 Hece KOJ CIIaAKOBOI iH(dopMmarii, i peuoBIHA MO3KY, TEX
€ PiIKUMU KpUCTaJIaMMU.

ToMy OmZHUM i3 MEePCIEKTUBHUX HAIPSAMIB € BUKOPUCTAHHS PiIKUX
KPHUCTAJIIB Y MeIWITUHI.

B Vkpaimi gocuaimkeHHsA PiAKUX KPUCTAJIB PO3IMOUASIHNCA i3 ce-
pemnunu 1980-x pokie y Imcruryti ¢isuxku HAH VYkpaimu. Ha mo-
yaTKy 1990-x pokiB TyT OyB BigKpuTuii edekT «(doToopieHTAIlii»
PiAKMX KpHCTAJiB CBITJIOUYTJIMBUMHU IIOJIiMepaMu, IO 3a0e3meduunio
HOBi MOMKJIMBOCTI iX BUKOpHCTAHHA B HayIli Ta TexHimi. Croromui y
Bigmimi ¢isuku kpucraniB Imcruryry ¢pisuxku HAH Vrpainu Tpusa-
I0Th (yHIaMEHTAJbHI TEOPeTUUHI Ta eKCIIepUMeHTAJbHI TOCTi g KeHH
BJIACTUBOCTEHN PiAKMX KPUCTAJIB.

2. ITOJIIMEPH. Ocob6suBi BJIACTUBOCTI MAalOTh IPHUPOIHI Ta INITyY-
Hi CIOJNYKM 3 BeJIUKOI0 KiJbKiCTIO IIOBTOPIOBaHL OZHAKOBUX abo
pisHux aromiB, 3’egHAHMX y OOBTi JaHIioru, — moaimepu (2.10).
Ixus s3gaTHiCTh 10 BigHOBJIEHHS dopmu micasa sHauHuUX medopmMalriii,
HU3bKA KPUXKICTH, €JIeKTPO- Ta TeIJIOi30JAIiHI BJIAacTHUBOCTi, BU-
COKa CTiMKicTh B arpeCMBHHX CepeJoBUINAX 3a0e3IIeUyloTh IINPOKe
BUKOPHUCTAHHA B TeXHimi Ta mobyri. OmHUM i3 HeZOJiKiB mosimepiB
€ cTapiHH4g.
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ITpuponui momimepu — O6inakwu,
BilirparoTh BaKJIUBY POJIb Y SKUT-
TEAIAIBHOCTI MXMBUX OpPraHisMmis.
IlepcnekTBHUM HAIPAMOM B3acCTO-
CyBaHHA IIOJIiIMepiB € iX BUKOPUC-
TaHHA AK OiocyMicHUX MaTepiajiB
IaA iMOJIaHTaTiB.

Puc. 2.10. Monekyna 3. HAHOMATEPIAJIN. OcHOBOIO
BOAOPO34YMHHOrO noJsiiMepy Cy4YacHUX TEeXHOJIOTifl CTaloTh HaHO-
MaTepiajiu — pPeYoBUHU, MOJIEKYJIHN

SAKHUX He IepPeBUINyIOTH 3a posmipamvu 1 um (10~° m): pynepenu, HaHO-
TPpYyOKM Ta HAHOBOJIOKHA, HAHOIIOPUCTI CTPYKTYpH, HaHOAMCIIEPCii, Ha-
HomriBKU. Hanoxkpucramiuni marepianau HaOyBalOTh IOITUPEHHS 3aBI -
KM YHIiKAJIbHUM TEIJIOBUM, €JeKTPUUHUM, MArHiTHUM BJIACTHUBOCTSIM.

Hanomarepiaau € 0CHOBOIO IJIS T€XHOJIOTiH, 1110 HAIOTh MOMKJINUBICTD
00pO0JIATH PEeYOBWHU B JiamasoHi po3MipiB, AKi He IIepeBUIIYIOTh
TOBIIUHY BOJIOCMHM, TA CTBOPIOBATH 00’€KTH 3 HOBUMH XiMiUuHMMM,
dismuHrMU I 6i0JOTIYHMMU BJIACTHUBOCTSIMU.

VkpaiHChbKi BUueHi aKTMBHO IIPAIIOIOTh Y HAIIPAMIi JOCTiAKEeHHA Ha-
"Homarepianis. Hanpukaanm, HaykKoBII Bigminy (isuko-meoprauiuHoi
ximii IHcTuTyTy 3aranpHOl i HeoprauniuHoi ximii im. B. Bepraacbrxoro
HAH VYxpainu po3po06JisgioTh TEXHOJIOTiI0 CTBOPEHHS BYTJIEIIEBUX Ca-
MO30ipHUX HaHOMAaTepiasiB.

§ 3. TemroBU#M cTaH Tijla Ta TeMIeparypa.
BumiproBanHsa TeMmmeparypu

» Tensaosuii cman miaia ma memnepamypa
» Tennoobmin min i mennosa pigHosaza
» Bumiprw8aHHsa memnepamypu

TEILJIOBUM CTAH TIJIA TA TEMIIEPATYPA. 3rigso 3 OCHOBHUMH
TOJIOKeHHAMEN MOJIEKYJIAPHO-KiHeTuuHOI Teopii OymoBu peuoBuHMU, ii
YaCTUHKU IIepe0yBaioTh y MOCTiHHOMY XaOTUYHOMY PyCi Ta B3aeMoii.
IHTEeHCUBHICTD PYXy YACTMHOK Tijia BUBHAUYAETHCA CTYIEHEM IOro Ha-
rpitocti abo TemyoBUM cTaHOM. Tennoguili cman miaa 3anexcumsv gid
menJso80z0 pyxy itozo mikpowacmuHok. Yum suwia weudxicmsv xao-
MUYH020 PYXY MOJEKYJL, AMOMIE Mma LHUWUX MIKPOYACMUHOK Mmild,
mum Oiavul Hazpimum 60HO Oyde, i HABNAKU.

3MiHa TeIJIOBOrO CTaHy Tijla HPU3BOAUTEL A0 3MiHU HOT0 (PismuHmX
BJIacTuBocTed. Tak, HarpiTe M0 BUCOKOI TeMIlepaTypu 3aJIid0 cTae KOB-



§ 3. Tennosuit cTaH Tina Ta Temnepatypa. BumipiosaHHs Temneparypu

KHM, a OXOJOMKeHHS aMOop(pHUX TiJ poOuUTh iX KpuxKuMmu. PiguHa,
IIT0 KUIIUTH, IIePETBOPIOETLCSI Ha IIapy, AKa He 30epirae gopmum Ta
3aliMae Bech HaZaHUM 00’ eM.

0O6’eKTHUBHA OI[iHKA TEIJIOBOTO CTAaHy TiJ BasKJIMBa AK HA BUPOOHIU-
ITBi, TaK i B moOyTi. 3 mocBimy Bu 3HaeTe, JIIOAUWHA 3JaTHA OI[iHIOBA-
T TEIJIOBi CTAaHU 3a BJIACHUMU BigUyTTAMHU, AK IPABUIO, Ha JOTUK:
YyaliKa 3 KaBolO rapsdya, cHiroea rpyaka xojomua rtoiro. lllonpasza,
TakKa OI[iHKa OyZe JOCUTH BiIHOCHOIO, aJi?Ke BigUyTTsS MOKYTH He IIOB-
HiCcTIO BimmoBimaTum cmpaB:XKHBOMY cTaHOBi. Hampukiaanm, omyckaroum
3Mep3JIi PYKU Y BOIY, JOCUTH CKJIAJHO 3POOUTU BUCHOBOK, HACKIIBKU
BoHa HarpitTa. KpiMm Toro, AKII0 HeoOepe:KHO MOTOPKHYTHCA OO IIO-
CyOWHHN Ha PO3irpiTi# mimTi, MOXKHA OTPUMATH OHiKMH.

Tomy mJig HOCTAaTHBO TOUYHOT'O OIIMCY TEIJIOBOTO CTAHYy Tijla BUKO-
PUCTOBYIOTH KiJIBKiCHY Mipy #oro Harpitocrti, AKy HasuUBaIOTh meMm-
nepamypoio.

CoocreperxkenHsa audysii MOKa3yoTh, II0 IIBUIKICTE PYyXY YACTUHOK
PeUoOBMHMU 3aJIe;KUTh Bif TemiepaTypu. Ajle K CIiBBiIHOCATHCSA IIIBU/I-
KOCTI TeILJIOBOTO PYXY YaCTHMHOK Pi3HUX PEUOBUH IIPYM ONHIiM i Tifi camii
TeMmepaTypi? 3’sicyBajiocs, IO 3a IIeBHOI TeMIIepaTypu PEeUYOBUHU OTHA-
KOBUMHU € He CepelHi IIBUIKOCTI PyXy MOJIEKYJ abo aToMiB, a cepenHi
3HAUEHHS X KiHeTMYHMX eHepriii. ¥ YaCcTUHOK i3 IOPiBHAHO MAJIUMU
MacamMu (HaAOpPUKJAL, aToMu a00 MOJIEKYJHW BOIHIO, TeJil0) IMBUIAKOCTI
TEeILIOBOTO0 PYyXy OiNbImi. ¥ YacTWHOK i3 GiJbINIO0 Macoio (HampUKJIAHd,
MOJIEKYJI KUCHIO a00 BOJAM) IIIBUIKOCTI TEIIJIOBOTO PYXY MEHIIIi.

Or:xe, TeMIlepaTrypa Tijia 0e3locepeaHbO IIOB’sI3aHA 3 TEIJIOBUM
PYXOM MiKpPOYaCTMHOK PEYOBMHU, 30KpeMa 3 IXHBOIO KiHETHYHOIO
enepriero. Jum suwa memnepamypa mina, mum Oiavuia cepedns Ki-
HemuYHa eHepzia 11020 MIKPOYACMUHOK, | HABNAKU.

Temnepatrypa — 1e (pisMyHA XapaKTEPUCTHUKA TEIJIOBOTO
CTaHy PEYOBHUHU, IO BU3HAYAETHCA CEPETHHOI0 KiHETHYHOIO
€HEePri€l0 XaoTHYHOrOo PyXy Ii YaCTUHOK.

MoJseKyau Ta aTOMU HaArpiTillIoro Tija MaioTh OiJIBINY cepeqHIo Ki-
HETUYHY €HEepTil0 TeIlJIOBOTO PYyXYy MHOPiBHAHO 3 MOJIeKyJlaMU ¥ aTo-
MaMM MeHIII Harpitoro tija. Tak, MoJieKyJam BOoAM KiMHATHOI TeMIIe-
paTypu B3UMKY PyXalOThCA 3HAUHO IMBUJIIE, HiK MOJIEKYJU BOAU B
piuni mix xpuroro.

TEILJIOOBMIH TIJI T TEIIJIOBA PIBHOBATA. 3 mocBimy Bu 3Hae-
Te, M0 YaIKy 3 I[OMHO IPUTOTOBAHUM YaEM CTABJATH Ha OJIOAILE,
abu He 3imcyBaTH IIOBEPXHIO CTOJY BHACJIZOK ii pisKoro HarpiBaHHS.
T'apsua uamika mmepenae CBO€ TeILIO IIOBEPXHi cTony, Ha AKifl cro-
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iTe. Kpuikama OypyJsbKa IIBUAKO TaHe B pyKaxX, AKi BogHOUYAC OXO-
JOIKYIOThCsa. To6To OinmbIn HArpiTi Tima BiAZalOTH TEIJIO MEHIT Ha-
rpiTUM i IpM IBOMY OXOJIOJKYIOThCSA — MisK TimamMmu BigOyBaeTbCcs
TEeIJIOOOMiH.

ITi0 yac menaoobminy Oinbwl Hazpimi miaa 8i0dams menJo meHul
Haepimum. IIpu yvbomy KiHemuiHa eHepeiia Xa0muiH020 pYxy MOLEKY.L
abo amomis, a omoice, i memnepamypa nepuiux 3HuUNMCYyemouvcsa (60HU
0xon00xcytomosbcs ), a Opysux — nidsuwyemuvcs (60HU HA2ZPiBAIOMbCA ).

Y mpupozai mporiecu Temaoo0MiHY, IIiff yac SKUX TeIJoTa Iepe-
XOIUTDL Bif OiJABII HATPITUX A0 MEHII HArpiTHMX Tij, BigOyBarTbLCS
MmOCTifiHO. 3a 3BMYAMHMX YyMOB TeIIJIOTA CAMOYMHHO He MOKe Iepe-
XOAUTH Bim MeHINI Harpitux mo OinbIn HarpitTux tin. lapauwmit uaii y
Jarmimi uepes JeAKUN Yac CAMOUYMHHO OXOJOIMKYETHCA N0 KiMHATHOI
TeMIlepaTypu, aje He MOKe caMOoCTiiiHo Harpituca. Came mo cobi Tijo
3 BUIIIOI0 TEMIIEPATYPOIO He MOKe HArpiTHCs 3a PaxyHOK OXOJIOM KEH-
HA Tijla 3 HUMKYOIO Temmeparypoio. Iad 1mboro moTpi6HO BMKOHATH
pob6ory. Taka pob6oTa BUKOHYETHCS IIiJi YaC OXOJIOMKEHHS MIPOIYK-
TiB y XogoauabHUKY. TeMIeparypa IPOAYKTiB, AKi KJIAZyTh OO XO-
JIONUIBbHUKA, TOCTYIIOBO 3HUMKYETHCA OO0 TEMIIEPATYyPU XOJOAUJILHOI
KaMepu. 3 YacoM YHAaCJiOK TeIlJoo0MiHYy TeMIlepaTypa BcepemmHi
XOJIOAUJIBHOI KaMepu [elno IiABUINyeThbcda. A miaTpuMaHHA MeB-
HOI TeMIIepaTypu B XOJIOAMJIbHIN KaMmepi XOJIOAMJIbHUK OCHAIYIOTh
TepMopeJie, dKe BMUKAE€ ABUTYH XOJIOAMJIbHUKA y Pasi ImigBUINeHHS
TeMIepatypu. [[BUTYH mpaiioe OOTH, AOKU TeMIlepaTypa BCepeauHi
XOJIOAUJBHOI KaMepu 3HUBUTHCA A0 3aJaHOT0 3HAUEHHA, He0OXiTHOTO
I 30epiramHsa IPOAYKTIB.

Axwo mina mawms pi3HY memnepamypy, mo CAMOYUHHUIL 00MiH
menJomon Mid HuMU 6i00Yy8aembCa 6 LiMmKO 6U3HAYEHOMY HANDAMI:
6i0 mina 3 U010 Mmemnepamypor
00 mina 3 HUMXCHO memnepamypoio.

Y 3BOPOTHOMY HAIIPSAMi CaMOUMH-
{ HUN OOMiH TemyJoTOI0 He BimOyBa-
€ThCA.

a) Y Tpu OgHAKOBi CKISHKU HaJLIE-
MO IIOPiBHY BOJM Pi3HOI TeMIiepaTy-
{ pu: KiMHaTHOI, HarpiToi B 4yalHUKY
Ta OXOJOIMKEHOI B XOJOAUJIBLHUKY

(puc. 3.1, a).
0) Yepes IeBHUII 4yac IOPiBHAEMO
Puc. 3.1. Yepes neBHuii yac TEIJIOBUI CTAaH BOAM B KOMXKHIHN mO-
Temnepartypa BOAWN B CKIITHKax cyauHi. IlomiTumo, mio Temmepa-
CTaHe O[IHaKoBOI0, TOGTO Typa BOAU B YCiX CKIAHKAaxX Oyze

BCTAHOBUTLCA TernioBa piBHOBaAra 0JIHAKOBOIO, TOOTO BCTAHOBUTHCS

TemyioBa piBHoBara (puc. 3.1, 0).



§ 3. Tennosuit cTaH Tina Ta Temnepatypa. BumipiosaHHs Temneparypu

Tina 3 pisHOIO TeMIIEpaTypoIio, IO IepedyBarTh y IIEBHOMY oOMe-
JKEHOMY TIPOCTOPi, 3 YaCOM CaAaMOUYMHHO IIePeXOATh Y CTaH TeIJIO0BOI
piBHOBarm — ix TeMmepaTypu 3PiBHIOIOTHCS.

Byov-sxe mino abo cucmema miJg, w0 nepedysaioms 8 00MelIeHoMY
npocmopi, 3 4acom CaAMOLUHHO Nnepexodsmyv Yy CMaH, 3a K020 6Ci yac-
munu mina abo 6ci miaa cucmemu marwmMv 00HAKO8Y memnepamypy,
mobmo y cmaH MmenJoeoil piéHo6azuU.

MoJsiekyiu TapAadoro Tijla MalTh OiJbINY KiHETUUYHY €HepTiio IIo-
CTYHaJILHOTO PYXY, TOMY PYXalOThCsA IIBUAINE, HisK MOJIEKYJIU XOJIOI-
Horo Tijna. Ilim yac KOHTAKTy Tia (JOTUKY TBepPAUX TiJ a00 3MiITyBaH-
HA piawH i rasiB) MIBUAINI MOJIEKYJN TapAdvoro Tija CIiByZapAOTHCA
3 MOBLIBHIINIIMU MOJIEKYJIAMM XOJOAHOTO Tija ¥ BiAZaOThL iM YaCTUHY
CBO€l KiHeTuuHOi eHeprii, MounHaun pyxartucs moBinbuimnme. Cepenus
KiHeTHYHA eHepridg XaoTMUYHOTO PYXYy YaCTUHOK yCiX Tij, IO B3a€eMO-
IifoTh i mepeOyBalOTh y CTaHi TEIJIOBOI PiBHOBArHu, CTA€ OJAHAKOBOIO.

BUMIPIOBAHHA TEMIIEPATYPH. Tensosi aBuia Ta mpoiecu Bi-
IirpaioTh BaKJIUBY POJIb YV KUTTi U misabHOCTi JoguHu. ToMy IIOCTifi-
HO BUHUKAaE IMOoTpeba BU3HAYATHU TEIJIOBi CTaHUW PiSHOMAaHITHUX TiJ Ta
ix cucrem. Ak 1e Mo:kHa 3pobutu? Hacammepen BuUMipiouu Takry
BaXKJIMBY KIJIBbKiCHY XapaKTePUCTUKY TEIJIOBOTO CTaHy, AK TeMIIepa-
Typa. Bam, HaneBHe, JOBOAMJIOCS BUMipPIOBATH TeMIIEPATypPy BJIACHOTO
Tijsia, mOBiTpA B KimMHaTi Ta Ha ByJauili. [loTpibHO BUMipioBaTu TeMmIie-
paTypy BcepenmHi ra3oBOT0 AYXOBOTO IMKada YU eJIeKTPUYHOI IIJIUTHU
UL BUOOPY ONTUMAJIBHOTO PEKUMY IMIPUTOTYBAHHA CTPAB, TEMIIEPATY-
Py BOOM B CUCTEMi OXOJIOJ)KEHHS TEIJIOBUX ABUTYHiIB, TeMIepaTypy,
mpu AKif BimOyBaioThCsS PisHI TEXHOJIOTIUHI IIpoIlecH.

BuwmipioBaTu TemmeparTypy HaBUMJINCA PaHile, Hixk 3’sacyBaau ii
disuurMit 3mict. [[Jig BUMipIOBaHHA BUKOPUCTOBYIOTH CIIOCi0, AKUI
I'PYHTYETBCA Ha 3AAEHHOCMI NEBHUX 8Jacmusocmeil minia 8i0 3MiHU
1020 memnepamypu.

BaskyimBe mpaBumJI0O BUMipIOBAaHHA TeMIIEPATYyPU BUILJIUBAE 3 YMOBU
TeIJIOBOI piBHOBAru: MOTPiOHUI meAKUIl Yac AJis BCTAHOBJIEHHS TeIl-
JIOBOI piBHOBaru Mi’X TEPMOMETPUUYHUM TiJIOM i TijloM, TeMmepaTypy
SKOTO0 BUMipIOIOTh.

IIpunanu, BUKOPUCTOBYBAHI AJIA BUMipIOBAHHA TEMIIEPATyPU IILIA-
XOM KOHTaKTy 3 JOCIIIKYBAaHUM CepelOBUIIleM, HAa3WBAIOTh MepMo-
mempamu.

Ilepminii mpuigan OJaA OI[IHIOBAHHS TeMIIEPATYPU — TEPMOCKOI
— CKOHCTPYIOBaB BHAATHUU itagaificbkmii yueHuii I'amineo Taminei
y 1592 p. TepMoMeTpUYHUM TiJIOM Y TepMocKomi 0yso moBiTpsa. Tep-
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AHpepc Llenbcin
(1701—1743)
BupatHuni
wBencbkni di3nk Ta
acTpoHoMm. Y 1742 p.
CKOHCTPYIOBaB nepLuni

PIAVNHHWIA TEPMOMETP

/3

/1

Puc. 3.2. bynoBa
pPiAVNHHOIO TepMoOMETpa

mockon I'. Tamines OyB Ay:Ke UYTJIHUBUM 0
3MiHU TeMIepaTypHu, ajie OCKiJIbKU HPUJIAL
He MaB IIKaJW, BiH He BUKOPUCTOBYBAaBCH
IJIs KiJIbKiCHMX BUMipIOBaHb.

Haiinmomupenimnri, 3okpema y mobyTi, pi-
OIUHHI TepMoMmerpu. BoHM mOCHUTH IIPOCTi 3a
KOHCTPYKIIi€l0 Ta 3py4YHi y BHKOPHCTaHHI.
B ocuoBy mpumanuny aii pigmaHOTO TEepMO-
MeTrpa 1BeacbKuil yuenuit A. Ilenbciii mo-
KJaB BJIACTHUBICTHL PiAMHU 3MiHIOBATU CBiil
o0’eM 3aje;kHO Bim Temmepatrypu (mmim uac
HarpiBaHHA PO3IINPIOBATUCH, a IIiJ Yac 0XO-
JOIKEHHSA CTUCKATHUCST).

Y 1742 p. A. Iensciiti cTBOpUB IIpuJam,
AKUHN Ha3BajJu TepMOMETpPOM. Piguuuuii Tep-
MOMETP CKJIATa€ThCSA 3 HEBEJIMKOTO PEe3ePBY-
apa (CKJsgHOI Koa6ouku) I, 3allOBHEHOTO pi-
IUHOIO (HAIIPUKJIAL, COUPTOM, IIEHTAHOM, TO-
ayosoMm). PesepByap 3’eqHaAHUII 31 CKJIAHOIO
KamiJaapHoo TpyOKoio 2, 3amasHOI0 3TOPH.
TpyOka KpinuThbcs OO TeMOepaTypHOI IIMKa-
au 3 (puc. 3.2).

g 3sMeHIIIeHHA 30BHIIIHIX BILJIMBIB eJie-
MEHTH TepMOMETpa BMIIIyIOTh y IIPO30PUit
Kopnyc. PigmHHI TepMomMeTpu MOKHA 3a-
CTOCOBYBaTU MAJiAd BUMipIOBAHHA OdiamasoHy
TeMIIepaTyp, 3a SKMX pigmHa 30epirae csoi
BjaactuBocTi. Kpim Toro, sucoma nidniman-
Hs cmoéniuka piOuHH0z0 mepmomempa 3ae-
Jeumov 8i0 enacmusgocmeil camoi piduHu ma
CKAA, 3 AK020 6U20MOBJEHO MPYOKY. 3 OTJA-
Iy Ha Ie, HAIPUKJIAL, BOJa IMPAKTHUUYHO HE
BUKOPHUCTOBYETHCS AK TEPMOMETPUUHE TiJo,
OCKiIbKM 3amepsae mpu Temiepatrypi 0 °C
i sakumae mpu 100 °C. TpuBanuii uyac mjas
mo0yTOBUX 1 TEeXHIUHUX HOTPed BUKOPUICTO-
ByBaJu DPTYyTHI TepmomeTrpu. [liamason BU-

MipIOBaHUX HUMHU TeMIEpPaTyp 3HAYHO INMUPINHNI. 30KpeMa, PTYTHUM
TePMOMETPOM MOXKHA BUMiproBaTu Temieparypu no —39 °C (Temmepa-
Typa TBEPAHEHHS PTYTi).

PosrasaHeMo MPUHIMI BUMIipPIOBAHHS TeMIIEPATyPU PiIMHHUM Tep-
momeTrpoMm. Ilig uac KOHTaKTy pesepByapa, Ie MicTuUTbCsA pimmHa (Tep-
MOMETPHUYHE TiJIO), 3 TijJaMH, TeMIIepaTypy SKUX IOTPiOHO BUMipATH
(TioMm JiromuMHYM, TMOBITPAM y KiMHATi), TeMIlepaTypa PiAUHU IIOCTYIIO-
BO 30iibITyBaTUMEThCA. BHACTIZOK TEIJIOBOTO POBIIUPEHHA 3POCTATH-
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Me ii 06’eM: CTOBIUMK PifMHM B KaOiJAPHIiN TpyOIi migHiMaTuMeTbC.
AKIo moTiM TepMOMeTp 3aJIMINUTH Ha CTOJIi, BiH IIOYHE OXOJIOIKY-
BaTHCsS M0 KiMHATHOI TemMmepaTrypu. TeMmIleparypa pigmHM, a OTiKe,
i i1 06’em, 3sMeHIIyBaTUMEThCA. CTOBIUMK PiAUMHU ONYyCKATHMETHCS.
30iabllIeHHA Ta 3MEHIIIeHHA TeMIIepaTypu PiAWHU TepMOMeTpa, a Ta-
KOK 11 00’eMy BimOyBaeThCsA IMOCTYIOBO — IIOTPiOeH MEeBHUU Yac I
BCTAHOBJIEHHS TEILJIOBOI PiBHOBAru Mi’K TiJIOM i T€EpMOMETPOM.

Tepmomempu noxkasyrombs 8aacHy memnepamypy. as eumiposar-
HA memnepamypu miia nompiOHo 3abe3neiumu KOHMAaKm MiH HUM
i mepmomempom npomszom ne6Ho20 1acy, NOKU 6CMAHOBUMbCS Mmern-
J08a pigHo8aza i memnepamypa piOUHU MmepmomMempa 3PiBHAEMbC 3
memnepamypon miia.

TinbKM Uyepe3 IMeBHUM Yac ITicJId BCTAHOBJEHHSA TEMJIOBOI PiBHOBArm
TeMIIepaTypa, IKy IIOKa3ye TEPMOMETD, 3PiBHIOETHCA 3 TEMIEPATYPOIO
HaBKOJIMIITHBOT'O cepemoBuIlia. ToOTO TepMoMeTpaM BJIACTHMBA IIeBHA
iHepHifiHicTh.

Ha mpaxTumi 3acTocoByioTh pisHi Buam TepmMoMeTpiB. ¥ HUX BHU-
KOPHCTOBYIOTHCA Pi3HI TepMOMETPUUYHI Tijla, a TaKOK 3aJIe’KHiICTh
BJIACTHMBOCTEH Tijla BiJi TeMIepaTypu, HaIpUKJIam, 3MiHa 00’eMy Ti-
Ja abo eJIeKTPUYHOro omopy. A BUMipioBaHHA TeMIepaTypu IOBi-
TPpA B KiMHATi BUKOPMCTOBYIOTHL PigumHHI Tepmomerpu (pmc. 3.3, a),
TeMIepaTyp y KOTJaX ONaJIeHHA Ta AYXOBKaxX KYXOHHUX IIJIUT —
meTasneBi Tepmomerpu (puc. 3.3, 6). TepMOMETPUUYHUM TiJIOM TYT €
OimMerajyieBa ILTACTHMHKA Y BUTJISAAL cIipayi 3i cTpinkoro.

Hna TexHiYHUX TOTPed BUKOPUCTOBYIOTH TAKOMK €JIeKTPUUHI Tep-
MOMETPH, MPUHIUN Oii AKUX I'PYHTYEThCA HA BUMIPIOBAaHHI 3aJI€iK-
HOCTi eJIEKTPUUYHOTO OIOpY Tija Bix Temmeparypu. lemasi 6imbiroro
MIOITUPEeHHA HaOyBalOTh €JeKTPOHHI TepMoOMeTpHu 3 ITU(POBOIO iHIM-
Kariero (puc. 3.3, B), IKi MOKHA 3aCTOCOBYBATH ¥ 1A BUMipIOBaHHSA
TemMOeparypu BiacHoro tina. Ile mimiaTiopHi mpuctpoi, wyTamBi 10
HaMEeHINNX 3MiH TeMmOepaTypu. BumipioBaHHA TeMmepaTypu iHdpa-
YepBOHUMU TepMOMeTpaMu He MmoTpebye ixX 0esmocepeHbOTO KOHTAKTY
3 timamu (puc. 3.3, r). [flocTaTHBO 3PYYHUMU Y BUKOPUCTAHHI € BU-
COKOUYTJMBI CMYXKOBI TepMOMETPH JJA BUMipIOBaHHA TeMIepaTypu
rima aroguau (puc. 3.3, o).

OckinbpKku TeMIlepaTypa € KiJbKiCHOI0 XapaKTePUCTHUKOIO, 3aMaJjio
sadikcyBaTu 3MiHU PiBHIB cTOBOUMKA piguHu Tepmomerpa. IloTpibHO
IIOCTABUTH IM y BiAHOBiZHIiCTEL UMCJIOBI 3HAUEHH:A, AKi 3aexkanu 6 He
BiZ ocoOJIMBOCTEN BUMipIOBaHHS, a JUIIE BiJ TeMIepaTypu Tija, TOOTO
npoezpadyioeamu memnepamypHy uwikaay. 3 Ii€0 MeTOK Ha Hill BU-
oupaioTh ABi ikcoBaHi (Tak 3BaHi pemepHi) TOUKHU, IIIO BiAmoBigamoTh
3HAUEHHSIM TeMIIepaTypu, sIKi JIETKO BiITBOPIOIOTHCA i 3a IKMMU MOK-
Ha IIepeBipsATH TOYHICTH TepMOMETpPiB i mopiBHIOBATH iX Mi)K c000I0.
TeMIepaTypHy IIKaJIy, BAKOPUCTOBYBAHY B CyYaCHUX PIAUHHUX Tep-
MOMeTpax, 3alpoIloHyBaB mBeAcbKui yueHuii A. llenwcit y 1742 p.
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Puc. 3.3. TepmomeTpu pi3HUX TUMIB

3a (ixkcoBaHi TOUKHM TeMmOepaTypHOI ITKaIM BiH y3AB TOYKM, IO Bif-
IMOBiIAIOTH TeMmepaTypaM maHeHHs AbodYy (3amep3anHHs 600u) Ta
KuninHa 600u 3a HopMaiabHOTO THUCKY (1 aTtmocdepa, 110 BixmoBizae
760 MM pr. cT., a6o 101 292,8 Ila). IaTepBan MixK (pikcoBaHUMU TOU-
kamu Iensciit mominue Ha 100 ogHAKOBUX YACTHH i BCTAHOBUB PO3Mip
ONWHUIIL TeMIepaTypHOi mranu — zpadyc (puc. 3.4).

Ha uyecThr yueHOTo OAMHUIIL TeMIOepaTypu Hal3BaJU TIpagycaMu
Ienscia. Bumipani sHauenHA TeMIepaTypu IIO3HAYAIOTh 3HAUYKOM °C
(mampukian, 22 °C — 22 rpaaycu Ilenwcisa).

Odunuuysa eumiprweanns memnepamypu 1 °C (odun zpadyc Ilenw-
cig) — ye o0HaA coma memnepamypHoz0 iHmMepeaLy Mix memnepamy-
PoI0 naasneHHs Ab00Yy ma memnepamypor KUuniHHS OUucCmuJb08aHOL
800U 34 HOPMAJLHOZ0 AMMOCHEPHO020 MUCKY.

Pamimre BuKopumcToByBaJsiacs IIKaja Peomiopa, 3ampomoHOBaHA
dpaHIy3bKUM IpupomomociaisuukoMm P. Peomiopom y 1730 p. Tem-
mepaTtypa TaHEHHA JIbOAY 3a IIi€lo
miganorw 0 °R, a Kuminua sogu
80 °R.

Y okpemux kKpaimax cBiTy (Ha-
npukjgan, AHrmaii ta CoomyueHMX
IITrarax AmMepurm) moremep BUKO-
PHUCTOBYETHCA TeMIepaTypHa IIIKa-
na DapeHreiiTa, AKy 3aIpPOIIOHYBaB
Himenbkuit ¢isux [[. DapeHreiT
y 1714 p. 3a mkanow PepeHreii-
Bopa Ta TeMIepaTypa TaHEHHS JbOAY

32 °F, rtemmepaTypa JIOACHBKOTO Ti-
Puc. 3.4. MpaaytoBaHHs LIKaIM na 98 °F, a TeMmepaTypa KUIIHHSA
piaAMHHOro TepmMomMeTpa Bogu 212 °F.

100 °C

Okpin

0°C

Nnip,
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Y 1848 p. auraificekuii ¢pisux B. Tomcon
(mopx KeasBiH) 3ampomoHyBaB TaK 3BaHy
mepmodunamiuny wrary memnepamyp (il
TAKOK HA3MBAIOTh a0COJIOTHOIO).

3a I[iero IIIKAJIO BiAJiK TeMIlepaTypu IIO-
YMHAIOTH Bifl a0COJIOTHOTO HYJIA — T'PAHUYHO
HU3BKOI, HeJOCSKHOI TeMIepaTtypu (3a AKoil
MaB OM TOBHICTIO MPUNUHUTHUCST XAOTUUHUMN
pyx mouiexyJa). [1o6au3y abCOTIOTHOTO HYJIA
YACTUHKY PEUOBMHU BOiHCHIOIOTH TaK 3BaHi
HYJIbOBI KOJIMBAHHA, €HEePTisad SKWX He 3aje-

JKUTH BiJ TeMIlepaTypu. Binbsiv TOMCOH, f10pA

OfuHUTIEI0 TePMOIUHAMIYHOT TITKAJIN TeM- Kenbein (1824—1907)
neparyp € Keabsim. BunpgaTtHuin aHrnincekun
3a ocHo8HY 00uHUYI0 memnepamypu Mixc- ®disvk, Binomuin
HapodHoi cucmemu oduHuuv (CIl) npuiinsa- dyHAaMeHTaIbHUMM

mo Keavgin (K ). Inmepean memnepamyp npauamn 3

TepMoanHaMIiKu

1 xeavein dopieHioe iHmepsary memnepamyp
1 2padyc Ilenvcia:
1 K=1°C.

HynvoBuii piBeHb abCOJIOTHOI IMIKAJIW TeMIIepaTyp IPUNHATO 3a
-273,15 °C. Temmeparypa IIJIaBJeHHA JbOAYy abo 3aMeps3aHHS BOIU
(0 °C) 3a abCoOJIOTHOIO HIKAJOI0 TeMIepaTtyp mopiBuioe 273,15 K.

ITxana Ienvcia ma mepmoOuHAMILHA WKAAA 3MIULEeHT Midc c00010
Ha 273,15 K. Tobmo:

T, =1t °C + 273,15 K.

ne t °C — remmepatypa 3a mkauaoo llenscisa; T, — TemnepaTrypa 3a
mKajgoo KeabBiHa (TepMOAMHAMIUHOIO ITKAJIOHNO).

FonoeHe B ubomy naparpadi

TennoBuii CTaH Tina 3anexuvTb Bif, TEMNIOBOr0 Pyxy MOro Mikpo4aCTUHOK.
Yum OBinblia WBMAOKICTb XaOTUYHOIO PyXy MOJEKYJ, aTOMIB Ta iHLIMX MIKpO-
YaCTMHOK Tina, TMM HarpiTivm BOHO Oyae, i HaBMmaku.

Temnepatypa — @i3nyHa xapakTepmucTMKa TEMNOBOIr0 CTaHy PEeYOBUHU, 3
SIKOI CKNaAa€ETbCs TiNo, WO BM3HAYAETLCS CEPEenHbOI0 KIHETUYHOKO EHEpPrieto
Xa0TUYHOrO PyXy H4aCTUHOK PEYHOBUHN.

MNig, yac TennooOMiHy Ginbll HarpiTi Tina BigOalOTb TEMIO MEHL HaArpiTUM.
Mpy UbOMY KIHETUYHA EHEepris XaoTUYHOro Pyxy Monekysn abo aToMiB, a OTXe, i
TemMnepaTypa nepLumnx 3HWXYETbCS (BOHM OXONOMXKYIOTbCS), a ApYyrux — niaBu-
LLYETbCS (BOHW HarpiBatoTbes). Y npupogi nig, 4yac TennoobmiHy TennoTta nepe-
X0OWTb Bif, BinbLU HArpiTUX A0 MEHLU HarpiTmx Tin. 3a 3BU4anHKUX yMOB TennoTa
CaMO4YMHHO HE MOXE MEepexoauTU Bif, MEHLU Harpitux Ao Ginbll HarpiTmMx Tin.

Tina 3 pi3HOO TemMnepaTypoto, WO rnepedyBaloTb Yy NEBHOMY 0OMEXEeHOMY
NpPOCTOpPI, 3 YaCOM CaMO4YMHHO NMepexoasaTb Yy CTaH TEMIOBOI piBHOBarn, To6To
IXHI TemnepaTypu CTalTb OOHaKOBUMMU.

31



32

TemnepaTypy BMMIPIOIOTE CreuianbHUMK npunagaMmm — TepMOoMeTpamu,
O NOKa3ylTb BAACHY Temniepartypy. Ana BMMiplOBaHHA TemMnepaTtypu Tina
NOTPIOHO 326e3MeyYnT KOHTaKT MiX HUM | TEPMOMETPOM MPOTAroM NMEBHOIro
yacy, NOKM BCTAHOBMTbLCH TEMSIOBA PiBHOBAra i temnepartypa pianHyu TepmMo-
MeTpa 3PIiBHAETLCA 3 TemnepaTypoto Tina.

3a 0CHOBHY oguHuuo Temnepatypu MixHapoaHoi cuctemn ogmHuups (Cl)
npunHato KenbeiH (K); iHTepean temnepatypmu 1 K =1 °C.

LLIkana Llenbcis Ta TepmoamHaMiyHa wkana 3MilleHi Mixk coboto Ha 273,15 K.
TobTto: Ty=1t °C + 273,15 K.

I!unwrul-u-m ANns camonepeBipKu

1. IloscHiTh, IKMMH XapaKTePUCTUKAMUN MiKPOYACTHHOK PEYOBUHU
BU3HAYAEThCA TENJIOBUI CTaH TiJja.

2. YuMm MOKHA MOACHUTHU, IO 3a ONHiel i Tiei camoi Temmeparypu
aTOMHU Ta MOJIEKYJIM Pi3HMX PEYOBUMH MAalOTh PidHi cepemHi IIBUM-
KOCTi TeIJIoBOro pyxy?

3. Skuit QisuyHUI 3MiCT MOHATTA «TeMmIepatrypa»?

4. TloscHiTh, 110 O3HAUAE TEIJIOBA PiBHOBAara 3 IO3UIIiNl MOJEKYJISIP-
HO-KiHeTHYHOI Teopil.

5. 3a gKuUX yMOB MOXKYTH BimOyBaTHCs HpPOIlECH, KOJM MEHII Harpirti
Tijla BiAZaIOTh TEMJOTY OLIbII HarpiTum?

6. ki TemmooOMiHHI mpollecu BiAOyBalOThCA B YAl 3 rapadyuM
YaeM, OO0 SKOTO AOMAJH JIiJ i3 XOJOOUJIbHUKA?

7. SKuil OpUHINUIO IIOKJAaJeHO B OCHOBY mii TepmomerpiB?

8. IIlo e ommummero TemmeparypHuoi mianu Ilenabcisa?

BnpaBa po § 3

1(n). MOSCHITE NOLWMPEHHS B MOBITPi 3anaxiB 6eH3uHy, AUMy, HadTaniny,
napdymiB Ta iHWMX Maxy4mx PeHOBUH.
2(n). 3anponoHyiTe MeToam NPUCKOPEHHS andysii peyo-

BVH.

3(c). Yn moxe nepebyBaTu B TEMoBili piBHOBa3i 3 Ha-
BKOJINLLHIM CepenoBuLLIEM BOAA Y BOOONMI?

4(c). Biokputy nocyamHy 3 BOOOK 3pPIBHOBaXEHO Ha Te-
pesax. YoMy 3 yacom piBHOBara TepesiB NMopyLum-
naca?

5(m). BuaHauTe, y CKinbku pasiB cepenHs WBMAOKICTb Te-

NJ0BOro pyxy MOnekynu BoAH Ginblua 3a cepefHto
WBNAOKICTb MOJIEKYNM Tenito 3a OAHIEl i Tiel camol
Temnepartypu, SKWO mMaca MOJIeKyau renito BABIidi
Oinblia 3a Macy MoONeKyan BOAHIO.
6(m). YHacnigok HarpiBaHHS NEBHOrO rady cepeaHs LBUA-
KiCTb pyxy Moro mosnekyn 36inblimnacs BTpuyi. Bu-
3HauTe, Yy CKiJibkn pasiB 3MiHMNacs KiHeTu4yHa eHep-
ris NOCTyNasnbHOro Pyxy MOro MOJIeKyIl.
7(n). Po3rnsHbTe PUCYHOK, Ha SKOMY 300paXEHO MEONYHNIA
TEepMOMETP (puc. a) Ta NodyToBUIA TepMOMETP (puC. 6). a) 0)



§ 3. Tennosuit cTaH Tina Ta Temnepatypa. BumipiosaHHs Temneparypu

BusHauTe mMexXi BUMIpIOBaHHS LX TEPMOMETPIB Ta iXHi nokasn. Cnpo-
OyliTe NOAICHMTK, fika 0COBGMMBICTL OYO0BM MeOVYHOro TepMOMETpa
3abe3rneyye TOYHE BM3HAYEHHHA Temnepatypu Tina NOVHW HaBiTb
yepes OesKnii Yac nicng Toro, sIK NPUNUHSIOTbL BUMIPIOBAHHS.

8(m). Y MOXHa 3BUYANHUM PTYTHUM TEPMOMETPOM BUMIPATU Temnepa-
TYpy KpananHu Boau. Bignosigb NOSACHITH.
9(B). TemnepaTypa peyvoBuHK 36inbwmnacs Big 25 po 75 °C. BusHaute,

Yy CKiflbkn pasiB 3MiHMMNaca cepenHd KiHEeTUYHA eHeprigd 4acTUHOK
LET pevyoBUHMN.

10(B). BwsHauTe cepenHio WBUAKICTb TEMIOBOrO PyXy MOJIEKY/IM BOAHIO Ta
Boau 3a Temnepatypu 20 °C, 9KlO cepeiHs WBUAKICTb TEMN0BOro
PyXy MOJSIEKYN KWUCHIO 32 LIEl TemnepaTypn CTaHOBUTb 478 m/cC.

TEMIIEPATYPHI PEKOPJIH B YKPAIHI, CBITI TA BCECBITI

ABGCONIOTHUIA MakCUMyM TemMnepaTypu MNoBIiTPS B YKpaiHi, 9Knii CTaHOBUB
+42 °C, 6yB 3adikcoBaHuin 12 cepnHsa 2010 p. Ha MeTeocTaHUji B JIyraHCbKy.

MakcumanbHy Temnepatypy + 80 °C, oo kol nporpisanacs noBepx-
HA r'pyHTY, Oyno 3adikcoBaHo 2 4yepBHA 1995 p. Ha mMeTeocTaHuUil Bo3He-
ceHcbk (MukonaiBcbka 06n1acTb). AGCOMOTHUIA MiHIMYM TeMnepaTypu NoBiTps
—41,9 °C cnoctepiraBca 8 ciyHa 1935 p. B JlyraHCbky. HalHmxyy Temnepa-
TYpy Ha NoBepxHi rpyHTy —46 °C G6yno 3adikcoBaHo 31 ciyHa 1987 p. Ha
MeTeocTaHLUil Kyn’aHcbk (XapkiBcbka obnacTb).

HalnxonogHiwe micue 3emni po3dtawioBaHe Ha ii lMiBaeHHOMY MONOCI, y
ueHTpi AHTapktukn. 10 cepnHga 2010 p. 3a 4ONOMOro CYynyTHUKOBUX iH(-
pavyepBOHUX OaTynkiB TyT Oyno 3adikcoaHo Temnepartypy —93,2 °C. Haii-
BULA TemnepaTypa nosiTps +70,7 °C O6yna 3adikcoBaHa B cepnHi 2005 p.
y nycTeni Ha nisgHi Ipany.

TemnepaTypa COHSYHOI MOBEpPXHi cTaHOBUTL Onn3bko +6000 °C. Y Hap-
pax CoHusa Temnepatypa carae +15 000 000 °C. OgHuM i3 HaMXONOAHILLIMX
Micub y CoHSIYHI cucTtemi € TeMHMin Bik Micsius, y kpaTepax sikoro Temne-
paTtypa He nigHimaeTbcs Buule —238 °C.
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YyeHi [oBOoAsTh, WO B MOMEHT Benukoro Bnbyxy Temnepartypa Bcecsity
ctaHoBuna npndnnsHo +4 000 000 000 °C. HarxonogHiwmnm o6’ektomMm Beec-
BiTY, BIAKPUTMM Ha CbOrofHi, BBaXaeTbCs TymMaHHiCTb BymepaHra B cy3sip’i
KeHnTaBpa, poaTtawloBaHa Big 3emni Ha BiactaHi 5000 cBiTNOBUX POKIiB (Mpu-
6113Ho 4,73 - 102° m). i TemnepaTypa cTtaHoBUTbL —272,15 °C. MNpu ujit Tem-
nepatypi 3amep3sae ligporeH — Hannerwmn XiMiyHUn enemMeHT.

B YkpaiHi dyHoamMmeHTanbHi OOCAIAKEHHS 3 Di3VUKN HU3BKUX | HAAHU3bKUX
Temneparyp BUKOHYIOTbCA 3 1928 p. B YKpaiHCbKOMY (iSUKO-TEXHIYHOMY IHCTU-
TyTi (M. XapkiB), ge nig kepiBHMuTBOM |. B. O6peimoBa O6yno 3aCHOBAHO OOHY
3 HaMMNOTYXHiWKnx B €Bponi kpioreHHy nabopatopito (1abopaTopilo HU3bKKX
Temnepatyp). Bxe y 1931 p. B Hiin Oyno CTBOPEHO TEXHOJIOTi0 OTPUMAHHS
pigkoro renito, S9kuii Mae Temneparypy kuniHHa —268,96 °C. I3 1960 p. ugq
npobnemMaTnka BUBYAETLCH Y Di3MKO-TEXHIYHOMY IHCTUTYTI HU3bKKX Temnepa-
Typ imeHi B. I. BepkiHa HAH YkpaiHn (M. XapkiB). 3okpema, HayKOBLLi NpoBenmn
YHiKasibHi Y CBITOBIN Qi3MYHIN HayLi ekcnepyuMeHTasbHI JOCNIIKEHHS Di3NYHNX
BNACTUBOCTEN renito npu temnepatypax 6imM3bko TUCAYHUX rpaayca Llenbcis.

§ 4*.3ane:xkHicTh Po3MipiB (hisHUHMX TiJ
BiJl TeMmeparypu

» Ocobaugocmi menaogozo po3uluperHs meepoux min, piOuH i zasis
» Tennose niHillHe ma 00’ €MHe POSULUPEHHS

OCOBJIHUBOCTI TEIIJIOBOTO PO3IIUPEHHS TBEPIAMUX TIJI,
PIIVNH I I'AS3IB. 1a BUBYeHHSA 0COOJMBOCTEH TEMJIOBOTO PO3IIUPEH-
HA TBEPIOro Tijila BUKOHaeMoO mociin. MerayneBy KyJabKy Ha migBici
mponycTuMo uepes Kiabie (puc. 4.1, a). Harpiemo xKyasky B moaym’i
CHOUPTIBKU Ta cIrpodyeMo moBTopuTu gociain. Kynabka sacrpsarae it He
MIPOXOAUTEL uepes Kiabie (puc. 4.1, 6).

Or:xe, IIPU IIiABUINEHHI TeMIlepaTypu TBepPHi Tijia po3MINPIOIOTHCA.
Ile mosAcHIOETHCA THUM, IO I Uac iX HArpiBaHHS 30iJIBITYIOTHCA IPO-
MIKKU MidK MOJeKyJlaMt Ta iHTEHCUBHICTH KOJUBAHb MOJIEKYJI abo
aToMiB, IO MiICTATBCA y By3JaX KpPHUCTAJIIYHUX I'paTok. Ilpu pieHo-
MIDHOMY Hazpi6aHHi meepde Mijo POIULUPIOEMBCA 6 YCiX HANPAMAX.

YHacaigoKk TemJaoBOro PO3MIMPEHHS APOTU JiHIN eJgeKTpoliepemad
VJITKY OPOBHCAIOTh CUJIbHIiIE, HiK B3WMKY, a BUKPYTUTH T'BUHT i3

Harpitoi merajyi cTae 3HAYHO BaK-
ye. ToMy 0COOJIMBOCTI PO3IIUPEHHS
TBEPAUX TiJ ITiJ yac HarpiBaHHsS IIO-
TpPi6HO BpPaxoByBaTH B PiBHUX KOH-
CTPYKIiAX Ta MexaHismax. Tak, Ha
CTHUKax TpaMBaiHUX abo 3aIi3HNY-

a) 0) HUX PEHOK 3aJIMINaioTh IIPOMIiXKKH,
Puc. 4.1. Mpy NigsvLLEHH 1060 mix uac HarpiBaHHgA (BJIITKY abo
Temnepartypu Teepai Tina BHACJIIIOK PYXy IOTATY) PEeHKH He

PO3LLMPIOTHLCA IeopmyBaanca uepe3 PO3ITUPEHHA.



§ 4%, 3anexHicTb PO3MipiB disMUHKMX TiNBIA TEMNEPATYPH

II1o6 ypaxyBaTu PO3MINPEHHA METAJeBUX KOHCTPYKI[ili MOCTY BJIiT-
Ky, #oro 3’e¢qHaHHA POOJATH He 30BCiM ImimbHUMU (puc. 4.2).

Pazom i3 TMM BJIACTHBICTh TBEPAMWX TiJl HEOJHAKOBO PO3IIUPIOBATH-
cA Mixg yac HarpiBaHHS MOKe OyTM KOPHCHOIO. Y HomepegHbOMY IIa-
parpadi B 03HAMOMUJINCA 3 METAJEeBUM TEPMOMETPOM, ¥ AKOMY BH-
KOPHCTOBYEThCA OiMeTaseBa IJIACTHHKA. 1i IPUHIUI Jii I'PyHTYeThCA
HA HEePiBHOMIpDHOMY POBIIUPEHHi ITIif yac HarpiBaHHS CKJIAZOBUX, BU-
TOTOBJIEHUX i3 pisHMX MeTrasaiB. Posiupenusa 6iMmeranseBoi MIACTUHKHI
mpu ii HarpiBaHHI BHACJiJOK NepeBaHTAKEHHA €JeKTPUUYHOI Meperki
3abes3meuye CIPAIIOBAHHS aBTOMATHUYHOTO ITOOYTOBOTO 3amo0i:KHUKA,
AKUN PO3MHUKAE eJeKTpuuHe Kojo (puc. 4.3).

Mik TeIsIOBUM POSINHPEHHAM PiAWH i TBepAMX TiJ € 3HAUHI Bin-
MiHHOCTi. BuKOoHaeMo gociin. ¥ TOBCTOCTiHHY KOJIOY, 3aKPUTY KOP-
KOM i3 TOHKOIO CKJISHOIO TPYOKOI0, Ha/LleMO 3adapboBaHy BOAY Tak,
1100 BOHa YaCTKOBO IIOTpammja B Tpyoky (4.4, a).

IIpu marpiBamui kKosiOu 3adapboBama Boma Oyae mimHiMaTucs IO
TpyO11i (puc. 4.4, 6) Tomy, IO IIPHU IIiABUINEHHI TeMIepaTypu pigmHa
POBIIMPIOETHCA ¥ BCix HampaMmax. ¥ IIbOMY Jociimi moTpibHo Bpa-
XyBaTHU, IO HarpiBaeTbCcsA He TiJIBKHU BOJA, a W CKJAHA Kojba. Xo-
Yya CKJIO TEeXX PO3IINPIOETHCA, BOAA POBIINPIOETHCA 3HAUHO OijbIile.
Mo:KkHA TPUIIYCTUTH, IO PIAUHU PO3IMUPIOIOTHLCI 3HAYHO CUJILHIiIIe,
Hi’K TBepzai Tina, aje MenIe, Hixk rasu. AkOu Boma If CKJIO PO3IIIU-
proBaucsa OJHAKOBO, TO PiBeHL BOAM B TOHKIiNM TpyOIli He sMiHuUBCA 0.

PosrisaaeMo 0co0JIMBOCTI TEILJIOBOTO PO3ITUPEHHS ra3diB. Bukomaemo
mociain. IToposKHIO TOBCTOCTIHHY CKJIAHY KOJOY 3 KOPKOM 3’€IHAaEMO
TPYOKOI0 3 BiIKpUTUM OeMOHCTpAaIifiHuM MaHOMeTpoM (puc. 4.5, 0).

bimeTanesa Baxinb
naactuHa  BUMMKa4da

Puc. 4.2. Onga Puc. 4.3. MpuHumn
3a6e3neyeHHs nii aBToMaTn4HoOro
LLiNiCHOCTI nobyToBOro

KOHCTPYKLIN 3anobixHuKa Puc. 4.4.
nepenbadvaloTb I'PYHTYETLCS PoswmnpeHHsa

MO>J/IMBICTb Ha TenioBOMYy piovHn

X TennoBoro PO3LUNPEHHI nig Jac
PO3LUVPEHHS bGimeTaneBoi NAacTUHKM HarpiBaHHS
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a) 06) B)
Puc. 4.5. Oco6nMBOCTI TEMMOBOro PO3LUMPEHHS MOBITPSA

HarpiBatoun Kog0y momiTumMoO, IO piBeHb MAaHOMETPUUYHOI PigumH!
smimioeTbesa (puc. 4.5, 8) BHACHILOK 3pOCTAaHHS TUCKY IOBITPSA B KOJI-
0i. fAxmio KoxbOy momicTuTH B mOCcyAuHY 3 JbomoMm (puc. 4.5, a), To
el piBeHb 3MiHUTHCA B iHmomy Hampawmi. Ilig wac HarpiBaHHA KOJIOU
OiABUINYETHCA TeMIIepaTypa HOBiTpsS B Hili, i BOHO THUCHe HaA PiAuMHY
B TpyOIi mMamHomeTrpa, ii piBeHs 3MmiHO€TBhCsS. IIpu oxoJom:KeHHi IIO-
BiTps B K0J0i piBeHb piAvHU B TPYOIli 3MiHIOETHCA B IIPOTUJIEIKHUI
0ik, TOOTO 3i BHUIKEHHAM TeMIIepaTypu MOBIiTPA CTHUCKaeThcA. Takum
YUHOM, NpuU nid8uuw,eHHi memnepamypu 2a3y il0z0 MUCK HA CMIHKU
nocydunu 30iavuwyemuvcs (2a3 pPO3UWLUPIOEMBCS), A NPU 0XO0JLO00HEHHI
— 3MEeHWYEMbCA.

IIpu migBumieHHi TeMmepaTypu 30iJIbIITyeThCSI cepenHs KiHeTwd-
Ha eHeprisg pyxy MoJeKyJ abo aTromiB rasy. MoJjekyau CUJbHiIlIe Ta
YacTillle CTHUKAThCA 31 cTiHKamMu mocyauHM. Hacaigkom 1boro i e
301JIBbITIeHHA TUCKY rasdy. 1lsa BiacTuBicTh rasy gae MOMKJIUBICTL BCTa-
HOBUTHU 3aJIEKHICTH MijK 3MiHOIO TeMIlepaTypu M 3MiHOIO THCKY rasy
3a yMOBHU, IO 00’€M ra3y € CTaJuM.

*TENIJIOBE JIIHIHHE TA OB’€EMHE PO3IIUPEHHS. Ockinb-
KM TBepAi Tinma, Ha BigMinmy Big pigmu Ta rasiB, 30epiraroTh crairy
dopMy, PO3IIAmAIOTH IX JIiHifIHe PO3INWpPEeHHS Mia yac HarpiBaHHM.
PosmupeHHa TBepAUX Tij 3HAUHO MeHIe, Hik pingmu Ta rasis. Tax,
3aJIi3HUI CTPUIKEHDb 3aBHOB:KKHN 1 M, AKIIO HOro HArpiTHM OO TeMIie-
patypu 100 °C, BumoB:KyeThCA BHACTIOK PO3MIUPEHHS HA 1,2 MM, a
CTOBITYMK PiIUHHOTO TePMOMETPA, 3aHYyPEHOTO B KUILJISAYY BOAY, IIij-
HiMaeThbCsa HA KiJbKa CAaHTUMETPIB.

TenJioBe JiHiliHEe POSINMUPEHHSA TBePAUX TiJ 3aJeKUTDH BiJ poay pe-
YOBUH, 3 AKNX BOHHU CKJaJaloThCcA. TOMYy IIpM KOHCTPYIOBaHHI Pi3HUX
IIPUCTPOIB Tija HOOMPAIOTH TaK, I00 BOHU POIMINPIOBAJIUCA OTHAKO-
Bo. Tak, 3ayizo0eToH He PYHUHYETHLCS BHACJIIOK PO3IIUPEHHSA MeTa-
JIEBUX KOHCTPYKIIi#l 3a paXyHOK TOTO, IIT0 OETOH Te’K PO3IIHPIOETHCA.



§ 4%, 3anexHicTb PO3MipiB disMUHKMX TiNBIA TEMNEPATYPH

Ha mpaxTuiii 6yJio BCTAHOBJIEHO, II[0 34 IMOPiBHAHO HEBEJIUKUX 3MiH
TeMIepaTypu TBepJoro Tija ¥oro JiHifiHI po3amMipu 3MiHIOIOTBCA TPO-
MOPIIifHO 3MiHi TemMIlepaTypu.

SMiHA AIHIUHUX PO3MIPiE meepdoz0 Miaa NPAMO NPONOPUILHA 3Mi-
Ham memnepamypu.

IIpu HeBesUKUX B3MiHax TeMIlepaTypu BiZHOCHE BUJOBXKEHHSA

1—

CTPUIXKHSA Oyme mpsaMO IPOIOPIHHMM 3MiHi Temmepatypu At,

0
TobTO0 At =t — t,, e t, — moYaTKoOBa TeMmepaTrypa Tijma, ¢ — TeMmIe-
parypa, 40 AKOI HArpiBaeThCs TiJO:
! 7 b ~ At.
0
BBenmemo xoegitieHT mpomopIiritHOCTI o
[=k
by
KoedirieHT MpOmOpPIifiHOCTI ¢, HA3WUBAIOTH MeNnJa08uM, abo memnepa-
MmypHuUM, Koepiuyienmom JiHillHOz0 po3uwiupeHHs (8ud08HceHHs) mina.
HMoro 3HaueHHS 3aJI€KUTh BiJl IPUPOLY PEUOBHHH, a TAKOXK TeMIIEPATYDH.
Temnepamypruil koe@iyienm JAIiHIILHO20 POSULUPEHHA O NOKA3YE,
HA CKiAbKU 3MiHUMbCA 008X UHA Meepdozo mina 8i0HOCHO NOYamKo-
801 dosxcunu npu 3mini memnepamypu Ha 1 °C.
Jlimitiai posmipu Tinma, TemimepaTypa SKOTO 3MiHHJIAaCs HA BeJIUYH-
HY At, 00YHCIIOIOTHCA 3a (OPMYJIIOIO
l=1,-1+0,-At),
e oo — Koe(iIieHT JIIHIAHOTO PO3INMPEHHS.
PoamipuicTh TeMIepaTypHOTO KoedimieHTa JiHiAHOTO PO3ITUPEHHA:

1 1
— abo &’ ockinbku imTepBasa temmeparyp 1 K =1 °C.

=0, At.

°C
[ 6imbmIoCTi TBEPAMX TiM KoeilieHT JiHiNTHOTO POBIIUPEHHS IIe-
1 1
pebyBae B mexxkax (1076 — 10*5)%. Tak, mrsa crani o, = 2,4-107° c’
L1 6 1
nersim — o, = 0,5-10 %, a mia ckaa o, = 9,510 %

s npakTHyHUX MOTped HeoOXimTHO PO3PaxoByBaTU TAKOK TEILJIOBE
00’eMHe POSIIMUPEHHA PiANUH 1 TBepAUX Tia. Y HeBeJIMKOMY iHTepBaJi
TeMIepaTyp 3MiHa 00’eMy PiguH i TBepAMX TiJ IPSAMO IIPOIOPIiHA
3MiHaAM TeMIIepaTypu:

V-V,
Vo

KoedimienT npomopitifiHOCTi o Ha3UBaIOTL MenJosum, abo memne-

pamypHum, KoepiuieHmom 00’ EMHO020 POSULUPEHHS Miad.

=0y -At.
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3HaueHHS TeMIEPATYPHOro Koe(illieHTa 3aJeXUTh BiJ IPUPOLU
PEYOBUHU.

Temnepamypuuil Koepiyicum 06’ €MH020 POSULUPEHHS O, NOKA3YE,
HA CKiAbKU 3MiHUMbCA 00’ €M mina 6i0HOCHO NOYAMKO08020 00’ EMY Npu
3mini memnepamypu Ha 1°C.

006’eMm Tija, TeMIepaTypa SKOro 3MiHMIacsa Ha BeaInuyuHy Af, 00-
YUCJIETHCA 3a (POPMYJIOIO

V=V,-1+a,-At).
PosmipHicTs TeMIepaTypHOTO KoedillieHTa 00’€MHOT0 PO3IINPEHHA:

1 1 . .
— abo — (ockinbku inTepBan remmneparyp 1 K =1 °C).
C K
TemneparypHi KoedilieHTH 00’€MHOTO POSIIUPEHHS PiAWH 3a 3HAUEH-
HAM OLJbIIN ITOPiBHAHO 3 KoedilieHTaMu JTiHIHHOTO BUAOBKEHHS TBEPAUX

.. .. 1
Tin i MOKyTH cyTTeBO Binpisaruca. Tak, nna Bogu oy, = 2,1 - 10 %,

1
°C

3HaUeHHs TeMIIepPaTypPHOro KoediljieHTa 00’€MHOTO PO3MIMPEHHS
BKasye Ha 0co0JMMBOCTI 3MiHu 06’emy pigmum. AKIMo HArpiTH CIupPT
i pryte mo temmeparypu 100 °C, To o0’eMu IuX PiguMH 3MiHATHCS
mo-pisaomy: 06’em cuupTy 36imbimuThesa Ha 11 %, a pryri — Jawuime
Ha Oam3pko 1,8 %.

KoepimieHT 06’eMHOT0 POSIIUPEHHA PiAUHN MOXKe OyTU Big’ e MHUM
(HanmpukJian, aasa Boau upu temiepatypi Bix 0 mo +4 °C).

pryri o, = 1,8 - 10* %, a cnupry o, = 1,110

Fonoene B ubomy naparpadi

Teepai Tina, pigMHM Ta ra3v po3LWMpPIOTbLCS abo CTUCKAOTLCA MNPU 3MiHi
X TeMmneparypu.

Mig yac HarpiBaHHA TBEPAOro Tina 30iNbLIYETLCSA IHTEHCUBHICTb KOJIMBAHb
MOJIEKYST Y BYy3nax KpUCTaniyHux rpaTtok. BigcTtaHb, Ha SKy BOHU 3MilLYOTbCS
nig, Yac KonvBaHb Bif, cepenHix rnosioXeHb, 3pOoCcTae, TiNno HabyBae BinbLIOro
06’emy. lNpu piBHOMIPHOMY HarpiBaHHi TBepAe TiNo PO3LUMPIOETHCS B YCiX
Hanpsmax.

Mpwn nigBuULLIEHHI TeMnepaTypu PianHY PO3LLINPIOITLCS 3HAYHO CUIbHILLE,
HiXX TBepai Tina, ane MeHLle, Hix ras3m. 30inbleHHs 06’eMy CNoCTepiraeTbcs
3 noganblUMM MNiOBULLLIEHHAM TemMrnepaTypu.

Y pasi nigBuueHHa TemnepaTtypu rady 306iblUyeTbCa MOro TUCK Ha CTiHKK
nocyauHn (ra3 posLMPIOETLCS), @ NPU OXONIOOXKEHI TUCK 3MEHLUYETHLCS.

JiHirHI po3mipu Tina, Temneparypa S9Koro 3aMiHMIacs Ha BeNnUnHY At, 06-
sncniootbes 3a popmynoo I=1;-(1+o,-At).

0O6’eM pianHK, Temnepartypa sKoi 3MiHUNacsa Ha BeNUYuHy At, ob4ymcnio-
eTbea 3a dpopmynoo V =V, -(1+o,, -At).



§ 4%,

3anexHicTb PO3MipiB disMUHKMX TiNBIA TEMNEPATYPH

Panm'al-u-m ANA camornepeBipku

1.

2.

IToscHITHL 0COOJIMBOCTI TEIJIOBOTO POBIIUPEHHA TBEPAUX TiJl i pi-
IVH OpU 3MiHI TeMIepaTypu.

Ha migcraBi MoleKkyJIsSpHO-KiHETUUHUX YsSBJEHb IIPO OYAOBY pe-
YOBUHU IIOACHITH 3POCTAaHHA THUCKY rasdy Ipu 30iJbINTeHHI TeM-
mepaTypu.

YuM 3yMOBJIeHe JiHiliHe Ta 00’€MHe TeIJioBe PO3IIUPEeHHS Tija?
Bix goro sanme:xuth TemaoBuii KoedillieHT JIiHIAHOTO PO3MINPEH-
Ha? TemmoBuit KoedilieHT 06’€MHOTO PO3IIUPEHHA?

3a gK00 (popMYJIOI PO3PaxOBYIOTHCA JiHiHIHI posdmipu Tina mpu
3MiHi Temmepatrypu?

3a AK0I0 (POPMYJI0I0 BU3HAUAETHLCSI 00’€M piauvHM mpu 3MiHI TeM-
neparypu?

Hagenits npukiagyu HeraTUBHOTO BILJIMBY TEILJIOBOTO PO3IITMPEHHS
TiJI y TEeXHIIi Ta 3aNpPOIOHYHUTEe IIIAXW HOTO 3MEHIIIeHHS.
HagegiTh mpukiany BUKOPUCTAHHS TEILJIOBOTO PO3IIUPEHHS TiJ
y TeXHiIi.

JdoMallHiW eKCnepuMeHT

IToposkHIO IIIacTMacoBy ILIAMIKY 00’emom 0,5 j1 6€3 IpPoOKU IIOKJIAa-

IiTh

V XOJOAMJIBHUK (MOYKHA B MOPOSWJIBHUK) Ha 2—3 rof. ¥ Ipo3o-

Py CKJIAHKY HaJawiiTe Boxy, miairpity mo 40—50 °C. HicTanbTe IJIAII-
Ky ¥ mocrtaBTe ii ropysom y Bomy. CmocrepiraiiTe, mio BigOyBaeThbes.
3amnuIriTh Ta MOSCHITH.

Bnpasa go § 4

1(c). TemnepaTypy CTaIbHOrO CTPUXKHS 3aBA0BXKM 50 cmM 36inbwimnm Ha

200 °C. BusHa4yTe OOBXMHY CTPWXKHA MICAS HArpiBaHHA, KLU0 TEM-

nepaTtypHuin  KoedilieHT  NiHINHOrO  PO3WMPEHHA  cTani
1

o = 12 - 1076 %.

2(c). Ha ckinbkn noTpibHO Harpiti BoAy B YaiHMKY, WOO il 06’eM 36inb-

3(n)

wmeeca 3 1 n po 1,02 n? TemnepaTypHuii koediuieHT 06’€MHOro
1

[e]

PO3WKMpPEHHSA BoaAN o= 2,1 - 1074

. BusHaute MiHiMaJ'IbHy OOBXWHY CTaneBoro Apoty, B34TOro BJ'IiTKy npum

TemnepaTypi 25 °C, wob 3’egHatv OBi onopwu NiHiin enekTponepena-
yi, pogTawosaHi Ha BiacTaHi 200 M ogHa BifA OOHOI, SKLWO B3UMKY
Temnepartypa MoBiTpS 3MeHwyeTbes 0o —35 °C? TemnepatypHuii

. . . 1 . .
Koe@IiLEHT NMiHINHOro Po3LWnpeHHs ctani a, = 1,2 - 105 " Bignosigp

OKpYrNiTb 40 COTUX MeTpa.
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4(n). [o skoi Temnepatypu noTpibHO oxonoautu 10 N rniuepuHy, B3ATOro
3a Temneparypu 50 °C, wob ihoro o6’em gopisHioBaB 9,8 n?

5(B). LinctepHy o6’emom 70 m® 3aBaHTaxyloTb GEH3MHOM Ha HadTone-
pepobHoMy 3aBogi npu Temnepatypi 35 °C. Ha ckinbku BiOgCOTKIB
3arnoBHEHOI0 BUSIBUTBHCH LIMCTEPHA, AKLIO Tl PO3BAHTaXyBaTMMYTh 3a
Temnepatypu 5 °C? TemnepaTtypHuii koediuieHT 006’eMHOro posa-
LUMPEHHS BeH3nHy o, = 1,1 1073 i

oc'

§ 5. BHyTpimHA eHepria Tija Ta crocoOu il 3MiHH

» BuympiuwHnsa eHepeia miaa
» Cnocobu 3mMiHU 8HYMPIWHbLOL eHepzil mina

BHYTPIINIHA EHEPTIA TIJA. 3 xypcy GisuKu chbOMOTO KJacy Bam
BijoMi ABa BUAU eHeprii, o xapakTepusyIOTh MeXaHiuHi ABuUIa: Ki-
HeTUYHAa Ta HOTeHIliaJbHa eHepris (puc. 5.1).

Onuc eHEPTETUYHUX XAPAKTEPUCTUK MEXaHIUHUX ABUI I'DYHTYETH-
cA Ha TaK 3BAHOMY MAKPOCKONIYHOMY TMiIXOMi, KOJW BU3HAYAJIBHUMU
€ 30BHimIHi abo0 3araJbHi BJIACTUBOCTI Ta XapaKTepPUCTHUKU (HAIIPU-
KJIag, mMaca, MIBUAKICTL) i He OepyThca OO yBarm OCOOJIMBOCTI BHY-
TPIiITHBOI CTPYKTYPHU TiJ.

SIK Bu BiKe 3Hae€Te, TEIJIOBi ABuUINa 6e3mOCepPeaHLO IIOB’sI3aHI 3 Te-
IJIOBUM PYXOM MiKpouacTHMHOK peuoBuHU. Came iX Pyxom i B3aeMo-
Iiel0 BU3HAYAETHCS XapaKTep TeIlJIoBUX IIpolieciB. Takmii HayKOBUI
migxix MO BUBYEHHSA TEIJIOBUX SABUII OTPUMAaB HA3BY MIKPOCKONIUHO-
20. MikpouacTUHKU OyIb-AKOTO Tijla 3MiMCHIOIOTH TEIJIOBUII XaOTHY-
HUHA PyX, IO XapaKTepPU3YETHCSA CEPEIHBOI0 KiHEeMmuuHOl eHepzielo.
Kpim KiHeTuuHOI eHeprii XaOTUYHOTO PYXy MiKPOYACTUHKU KOXKHOTO
Tijla XapaKkTepusyIThCSA eHeprieio MOCTiHuX B3aeMonin (puc. 5.2).

Y TBepamx Timax i pifmHaAX aToOMM Ta MOJEKYJHW HOCTiHHO B3ae-
MOJiIOTh Mixk c000r0, 3miJiCHIOIOYM KOJHBAHHSA BiJHOCHO cTaOiIbHUX

MexaHiyHa eHepriqa

E, Ox
A
[MoTeHujanbHa eHepriqa KiHeTn4Ha enepris
E,, Ox E3 LL>K2
E, = mgh E = mv
« 2

Puc. 5.1. [IBa Bnan mMexaHiyHoi eHeprii Tina
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BHyTpilwHa eHeprig Tina Ta cnocobu i 3miHu

IOJIOJKEeHb piBHOBarm. ¥ rasax BiJicTaHb MidK MOJIEKYJaMH 3HAYHO
Oinmbmra, HisK y pigumHax i TBepaux Timax. Emepriio, sgKa 3aleXUTb
BiJT BBA€MHOTIO PO3MIII[EHHS ATOMiB Ta MOJIEKYJ, HAa3WUBAIOTh NOMEH-
uianvbHO eHepzie 83aemo0il MIKPOLACMUHOK.

SArimo Bu cmocTepirajam piske raibMyBaHHSA aBTOMOOiJs, TO IIO-
MiTHJIN, M0 HA AOPOKHBOMY HOKPUTTI 3aJIUIMAIOTHCA CIiAu T'yMu, a
IVNHY HarpiBalOTbCSI HACTIJIBKHU, IO «IUMJATH» (puc. 5.3).

3a 3aKOHOM 30epesKeHHS eHep-
rii, KiHeTuYHa eHeprisg PyXy aBTO-
MOOidg MepexXOoAuTh y iHINI BUIU
eneprii. IligBunienHa TeMmuepaTypu
BKasye Ha 30iJbIIIeHHS IIBUIKOCTI,
a OTiKe, M KiHeTMYHOI eHeprii xao-
TUYHOTO PYXYy MiKPOYACTHUHOK IIO-
KPUTTsA moporu Ta imuH. Kpim Toro,
3MiHIOETHCA IOTEHIliaJIbHA eHeprisd
B3a€EMOJil MiKpoYacTHHOK (BUHUKA-
I0oTh nmedopmallili IIOBEPXOHb, yHAa-
CIiIOK AKUX 3MIiHIOETHCA B3aEMHE
poamimenuaa moJsekys). Orike, xou
aBTOMOOLNIb i ByIMHUBCS, IIPOTE HO-
ro KiHeTHUYHa eHeprigd He B3HUKIJIA,
a mepeHIa y 6HYMPIULHIO eHepzito
MMOKPUTTSA JOPOTU Ta IIMUH.

TaxuMm umHOM, BHYTPIIIIHA eHep-
rig Tijla BUBHAYAETHCA KiHETHUYHOIO
€Heprieo XaoTUYHOTO pPyXy HOro
MiKpPOYaCTHHOK i IIOTEeHI[iaJbHOIO
eHeprieio ix Bszaemonii (puc. 5.4).

Puc. 5.2. Mikpo4aCTuHKK
PEYOBUHU 3AINCHIOITb TEMNOBUN
XaOTUYHUI PYX i NOCTIHO
B3aEMOLIOTb

Puc. 5.3. Mig yac pi3koro
rasibMyBaHHSI €Hepria pyxy
NnepexoauTb Yy BHYTPILHIO EHEPrilo:
LUNHM aBTOMOOINA Ta NoBepXHS
[0porv HarpiBaTbCs

U, Ox

BHyTpilwHA eHepria Tina,

[NoTeHuianbHa
eHepris
B3aemogil
MOJIEKY

KiHeTnyHa
eHepris
Xa0TUYHOIO pyxy
MOJIEKY

Puc. 5.4. BHyTpIWHA eHepria Tina € CyMOK KiIHETUYHOI eHepril XaoTUYHOro
pyxy Ta noTeHujiasbHOI eHeprii B3aEMOAII BCiX MOro MiKpo4aCTUHOK
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BuympiwHa eHepeia miaa € cymorw KiHemu4HoOl eHepzii xaomuuy-
HO020 pyxy 6cix 1020 MIKDPOYACMUHOK mMa NOMeHULAAbHOL eHep2il iX
83aemo0il.

OanHuIleo BHYTPIINIHLOI eHeprii, aK i iHImuX BUAiB eHeprii, € aKo-
yab (k). BHyTpiniaa eHepria mosHauaeThbecA JIATUHCHKOIO JiiTepoio U.

Cupobyemo 3’sicyBaTH, Bill UOTO 3aJIe}KUTh BHYTPIIIHA eHepria Ti-
jga. Bu Bike 3HaeTe, 110 TeMIilepaTypa € (isMUHOI0 XapaKTePUCTUKOIO
TEIIJIOBOTO CTAaHy PEYOBUHU, 3 AKOI CKJIaZaeThCcA Tijl0, i BUBHAUAETHCS
cepelHbOI0 KiHETMYHOI0 €HEePri€l0 XaoTMUYHOIO PyXy HOTro 4acTUHOK.
Tomy 3MiHa TemIepaTypu O3HaYaTHMeE 3MiHY CyMapHOI KiHeTHYHOI
eHeprii Bcix wacTuHOK. Kpim Toro, mpu 3miHi Temmepartypu Tija Bin-
OyBaeThbCA IX TEIJIOBe PO3MIMpPEeHHsS ab0 CTUCKAHHS, 3MiHIOIOTHCS Bi-
CTaHi MiK yacTMHKaMM, i, BiIIIOBiTHO, 3MIiHIOETHCSA €HEPris B3aeMo-
mii misk HuMu. OTiKe, BHYMPIWHA eHepezia miaa 3anexumsv 6id 1020
memnepamypu. 3MiHa OyIb-AKUX 30BHIITHIiX XapaKTePUCTUK Tija (Ha-
IPUKJIAL, IIIBUIKOCTI) He 3yMOBJIIOE 3MiHU MOT0 BHYTPIITHBbOI eHeprii.

Tarkum YuHOM, BHYMPIUWLHA eHepezia mina He 3ajexcumbs 8i0 iiozo
MeXAHILH020 PYXY mMa NOJOHCEeHHSA 6i0HOCHO iHwWux mija. Bona 3sane-
Jdumov auue 8i0 npouyecis, Axi 6iddysaromuvcs cepedurni miaa, it 6u-
3Hawaembves 020 6HYMPIULHIM CMAHOM.

CIIOCOBH 3MIHH BHYTPIIIHLOI EHEPTII TIJIA. 3a BizcyTHOCTi
30BHIITHIX BIIJIMBiB Ha TiJi0 10T0 BHYTPINIHA €HEPrid 3aauIliaTuMeTh-
cAa crajor. IIpm mpomMy BcepeamHi Tijia MisK HOT0 MiKpoyacTHHKAMU
BiiOyBaeThCsA IOCTiMHMIT OOMiH eHeprieo: KiHeTHuYHa eHeprid ix xao-
TUYHOTO PYXy HiJ yac 3iTKHEHb IIePEeTBOPIOETHCA B IIOTEHIiAJIbHY
eueprito ix Bzaemopii. I11o6 3sMiHUTH BHYTPIITHIO e€HepPriio Tijga, IO-
TpiOHO 3MiHUTH IfoT0o TemMmepaTypy. IIpoTe BHYTpiIIHA eHepria Tiia
3MIiHIOETHCA T IIiJ yac IJaBJIEHHA KPUCTAJIIB Ta KUIIIHHA PiAWH, X0ua
i ImpoItecu BiAOyBalOThCA MPHU CTAJill TeMiepaTrypi. 3MiHa BHYTpiIl-
HBOI eHeprii BimOyBaeThca 3a paxXyHOK 3MiHU eHeprii Bzaemomii mix
YaCTMHKAMU PEYOBUHU Hij] yac ii mepexojy 3 OMHOTO arperaTHoOro
CTaHy B iHIINIA.

Buympiwnsa enepzisa miaa 3MiHI0OEMbCA MIAbKU NPU 3MIHI memne-
pamypu minia ma nepexodi peioUHU 3 00H020 A2Pe2AmH020 CMAHY
6 IHwull.

OTike, BHYTPIiIlIHA eHepria TiJ 3MiHIOETBbCA IMiA Yac TEMmJIOBUX
mporieciB, MmoB’A3aHUX 3i 3MiHAMHK TeMIIepaTypu Ta arperaTHUX CTa-
HiB. T0oOTO OyABL-AKi mensosi npoyecu cynpogodiucyomvcsa 3MiHAMU
BHYMPiWHbOL eHepeil miaa. OCKinbKU Tija mOCTifiHO 0epyTh ydacThb
Yy TeILIOBUX MpOIlecax, TO BaKJMBOIO € caMe 3MiHa iX BHYTPIITHBOI
eHeprii, axky mosHauaoTs AU.



§ 5. BHyTpilwHa eHepris Tina Ta cnocobu i 3miHu

3MiHU 6HYMPIULHbLOL eHepzili mina noe’sa3ani 3i 3MiHaMU KiHemuu-
HOI eHepzii XaomuyH0o20 pYXy ma NOmMeHuianbHOl eHepezil 83aemolil
MIKPOLACMUHOK, 3 AKUX B0HO CKAAOAEMbCA.

3minu BHYTpimHLOI eHeprii Tim mMo:kamBi mimg uac xiMiuHMX pe-
aKIi#fi, y pe3yJabTaTi AKWX BigOyBalOThCA INEPETBOPEHHA OTHUX pe-
YOBMH B iHIN (HampUKJaL, IIPoIllec TOPiHHA IIajamBa, KOJU BigbOyBa-
IOThCA CIIOJIyUEeHHS BYTJIEII0 3 KHMCHEM Ta YTBOPEHHSA BYTJIEKHCJIOTO
rasy). BigmosimHo, 3sMiHIOIOThCA KiHeTmuHa i moTeHIIiaJbHa eHep-
riga B3aemopmii aTromMiB y CKJaAl MOJEKYJ
Ta eHeprisg B3aeMofil eJeKTPOHIB 3 Aapa-
MU, 1[0 ¥ BU3HAYa€ 3MiHY BHYTPiIIHBLOI
eHeprii.

BuyTpintaa eHepriga MoKe TaAKOMK 3Mi-
HIOBATHUCA B MPOIIEC] ATEPHUX IIePETBOPEHbB,
KOJIU 3MiHIOEThCA CyMapHa KiHeTHWYHA i mo-
TeHIliaJbHA €Heprisd BHYTPIIIHIX YaCTHUHOK
Aapa — HEHUTPOHIiB Ta HMPOTOHIB.

Takum wuHOM, 6HYMPIWHA eHepzisa 3Mi-
HIOEMbCA NPU MenJaosux npoyecax, Ximii-
HUX ma S0epHUX peaxuisx.

OpgauM 3i cmoco0iB 3MiHM BHYTPIITHBOL
eHeprii € BUKOHaHHSA MeXaHiuHOl poboTu. 3 : B
IaBHIiX uaciB JIOACTBY BimoMwuii cmocid mo- BHYTPILLABO! EHEpT

LiMaTKIB AepeBnHN

OyBaHHS BOTHIO HATUPAHHAM OJHOTO IIIMAT- 3YMOBJIIOE NOSIBY BOFHIO
Ka cyxoi mepeBuHHU iHIMUM (puc. 5.5).

HarpiBanusa mepeBuHHM Ta II0ABAa BOTHIO
cBimuaTh mpo HArpiBaHHA TiJ, AKi B3aeMoO-
IifoThb, TOOTO 30iNbIIeHHSA IXHBOI BHYTPIII-
HbOI eHeprii. KiHeTnuHa eHepria pyxy ma-
JUYKKN TePexXOqUuTh Y BHYTPIIITHIO eHepriio
JIePEBUHMU.

3miHumu 6HYmMpPIWHI0O eHepzilo mina
MOMHCHA 30 PAXYHOK BUKOHAHHS MEXAHIYHOL
pooomu: AU = A.

Takum ymHOM, 00HUM 3i CnOCO0I8 3MIHU
BHYMPIULHLOL eHepeil misla € MexaHiyHa
poboma, Aka xapakmepu3ye 3MiHU 6HY-
MpIiWHbOL eHepzil miaa npu nepemeopeHHi
MEeXAHIYHOL eHepezil Y 6HYympiulHio ab0 BHY-

Puc. 5.5. 3miHa

MPIULHbOL eHepzil 8 MeXAHILHY. Puc. 5.6. Mg uac
IlepeTBOpeHHsa BHYTPIIIHLOI eHeprii B HarpiBaHHs MoBiTPs
MexaHiuHy poOOTy MOKHA CIIOCTepiraTw mif BUKOHYE MEXaHiuHy
yac pociuainy (pue. 5.6). po6OTY 3 BULLUTOBXYBAHHA
Kopka
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SKI0 moposKHIO MeTaJieBy IIPOOIpKY, 3aKpUTYy KOPKOM, HarpiBa-
TH B HOJYM’I CIIMPTiBKHU, 3a HeAKHHN Yyac KOPOK BUJIeTUTH. IIim uac
HarpiBaHHS HPOOIipKU BHYTPIIIHA eHepris moBiTps 36iabinyeTbesd, i
BOHO BUKOHYE MeXaHiuHy poOOTy 3 BHUIITOBXYBaHHA Kopka. TobOTo &8
pesyavmami 3MiHU BHYMPIULHbOL eHepeil Mmiaa MO e BUKOHYBAMUCS
MexaHiuHa poboma.

Hnsa Toro mo0 3MiHUTH TeMIlepaTypy Tijia, a OT:Ke, i HOro BHY-
TPiIIHIO eHepriio, He 000B’A3KOBO BUKOHYBATU PobOOTYy. AKINO B3ATH
B PYKHU CKJAHKY 3 XOJIOJHOIO BOJOIO II IoTpmMaTu ii IeBHUU dYac,
IIiJTPHO OXONWBIIU IOJOHAMMU, BOAA HATPIETHCA IO TEMIIEPATypPU MIO-
JoHb. IIpOAYKTU 3 MOPO3SUIBHOI KaMEPU XOJIOAMJIbHUKA IEepes BUKO-
PUCTaHHAM iHKOJM ONYCKAalOTh Y BOoAy KiMHaTHOI Temieparypu. Ilo-
CTYIIOBO BOHM PO3MOPOKYIOThCA (HarpiBaioTbCs), a TeMIepaTrypa BOIu
3MEHINYyeThCA. JIK y IeprioMy, Tak i B APyromMy OpHKJALl TeMIepa-
TYypU ABOX TiJI, IO mepedyBalOTh y KOHTAKTi, BUPiBHIOIOTLCS, TOOTO
BCTAHOBJIOETHCA TEIJIOBA piBHOBAra.

Harpita meraneBa KyJbKa Oyae 3aHYpPIOBATHCSA B JIif, IIOCTYIOBO
0XOJIOMKYIoUunCh (puc. 5.7).

IIpu oMy TemIepaTypa KyJbKH, a OT:Ke, 1 II BHYTpillIHsa eHeprid,
aMeHIIyeThbcsa. JIig Oyme TaHyTH, HOT0 BHYTPIIIHSA eHeprisa 30iabIry-
BaTuUMeThCs. BijbIll Harpite Tijio mepenae YacTUHY TEIJIOTH, a BiAIo-
BiHO, ¥ BHYTPiNIHBOI eHeprii, MeHII Harpitomy Tiny. Taxkuil mpoiiec
HA3WBAIOTh TEIJIO0OMiHOM.

Tennoobmin — ue npouec 00MiHY BHYMPIULHBOIO eHepzien Mine mi-
AaMu YU ix wacmuHamu 0e3 6UKOHAHHS poOOMU.

Ilix yac KOHTAKTY ABOX TiJ i3 Pi3HOIO TeMIIEPATYpPOIO HIPHU TEILIO00-
MiHi BigOyBaeThca Iepemaua eHeprii Bif Tija 3 BHUINMOIO TeMIIEpPaTypPOIO
IO Tijla 3 HUKYOIO TeMIIepaTypolo.

Takum yuHOM, OyIb-AKi 3MiHU BHYTPIIlIHBOI eHeprii Tija moB’asani
3 BUKOHAHHSAM MexaHiuHOi poboTu abo TemmroooMinom. TobOTo 3minu-
mu 6HYMPIUWHIO eHepzilo MONHA UWLIAXOM 6UKOHAHHA MEeXAHIYHOL
pobomu wu mensooOMiHY.

Puc. 5.7. BHyTpilWHS eHepria rapsayoi Kynbku, Lo nepebyBae y nboai,
3MEHLUYETbLCS, KyJSibka OXON0OXKYETLCH



§ 5. BHyTpilwHa eHepris Tina Ta cnocobu i 3miHu

IIporec Temmoo0MiHYy € HE3BOPOT-
HuM. EHepria saBKIm mepenaeTbecsa
Bil rapsAdYoro Tija 40 XOJOJHOTO.
CaMOUYMHHO 3BOPOTHHII IIpoIec Ie-
penmaui emeprii He BimOyBaeThCA.

€ TemJoBi mpoIlecHu, Imig yac AKX
BimOyBaeThCcsA 3MiHA BHYTPIIIHBOI
eHeprii gBoMa cmocobamMu omHOYAC-

"Ho. HampukJiaz, y gociiai 3 mozmes-
JII0 mapoBOi TYpOiHM CKJISHY KOJOY
3 TPpyOKOIO B3alOBHIOIOTH BOJOIO i
HarpiBamTh CIIUPTiBKOIO (puc. 5.8).

Mixx momym’AM CHOHPTiBKH Ta Puc. 5.8. Mix nonym’sim crivipTiBku
KOJIOOI0O 3 BOLOIO BiflOyBaeThbCsA Te-  Ta KONOOK 3 BOAOK BinOyBaeTbCs
JI0OOMiH, BHACJIZOK SIKOTO BHY- Te"'HOPGMiH, a napa BUKOHYyeE
TPilllHA eHepria Boau 3pocTae i Bo- MexaHi4Hy poGoTy 3a paxyHok
Ha 3akumnae. Ilapa BUKOHYye poOOTy BHYTPILIHLOL eHepril
3a PaxXyHOK CBO€I BHYTPIIIHBOI eHeprii, i Typbina obepraerbesa. TobTo
OJHOYACHO Bif0OyBa€eThCsS TEIJIOOOMiH Ta BUKOHYETHCA MeXaHiuHa pPo-
6ora. TemysoBi mpolecu, B SKUX BUKOPUCTOBYIOTHCA PidHi crocobu
3MiHN BHYTPIIIHBOI eHeprii, € mpeaMeToM BUBUEHHS TeIJIOMiZUKU 3
MEeTOI0 KOHCTPYIOBAHHS NPOMUCJIOBUX TypOiH, 3 AKMMUW BU O3HAMO-
MUTHUCSA B HACTYOHUX Iaparpadax.

FonoeHe B usomy naparpadi

BHyYTpIilLHA eHepria Tina € CyMol KIHETUYHOI eHepril XaOTUYHOro pyxy Ta
NOTeHLiaNbHOI eHepril B3aeMOLIl BCiX MOro MiKpO4aCTUHOK. BHYTpIWHA eHep-
rig Tina, 9K i iHWi BUOWM eHeprii, BAMIPIOETLCHA B OKoynax ([xk) i no3HavyaeTbcH
NaTUHCBKOO niTepoto U.

BHYTpIWHA eHepria Tina 3anexuTb He Big NOr0 MEXaHiYHOro pyxy Ta no-
JIOXXEHHS BIIHOCHO iHLWIKMX Tif, a nuuwe Big, NpoueciB, SKi BiaOyBalOTbCA BCe-
penuvHi Tina, N BU3HA4YaETbCA MOro BHYTPILWHIM CTaHOM. BHyTpiwHA eHepria
Tila 3MIHIOETBLCS TiNbKM MPY 3MiHI TEMMepaTypu Tina Tta nepexoni pevyoBuHU
3 OOHOroO arperatHoro CTaHy B iHWMWA. BHYTPIWHA eHepria 3MiHIOETbCA Npun
TEenaoBMX mpoLecax, XiMiYHUX | 9aepHUX peakLisX.

BHYTpILLHIO eHeprito Tina MOXHa 3MiHUTU, BUKOHABLUM MexXaHiyHy poOOoTy:

AU = A.

TennooOmiH € npouecomM OOMiHY BHYTPILLHLOK EHeprieln MK Tinamu,
IXHIMM YaCcTMHaMK Ta HABKOJIMLIHIM cepenoBuLL,eM 6e3 BUKOHAHHS poboTu.

Mpouec TennoobMiHy € He3BOPOTHMM. EHepria 3aBxan nepenaeTbecs Bif,
raps4oro Tina oo xonogHoro. Camo4yMHHO 3BOPOTHUI NMpouec nepenadi eHep-
rii He BiLOyBa€ETbLCS.
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Fanm'am-m AN camonepeBipKu

1.

IITlo HasuBalOTh BHYTPIIIHBOIO eHeprieio Tina? Big axux yuHHUI-
KiB BOHa 3aJIE}KUTH?

IToacHiTh, AK BHOJAMBAIOTHL 3MiHU TeMIIEpaTypu Ha BHYTPIIIHIO
eHepriro Tima.

ITosicuiTs, um BigOyBaeThcsa 3MiHA BHYTPIiIIHLOI eHeprii Bogu B
mpolieci KUMiHHA IPU cTajJiil TeMIlepaTypi.

fAx sMiHUTHCA BHYTPIITHA eHepria Boamu mix yac il Kpucrasisaiii?
HageniTe npukaay mporieciB 3MiHM BHYTPIITHBOI eHeprii B IPUPOIi.
HagegiTs nmpursnagu 36isbllleHHSA BHYTPIIIHBOI eHepril Tija BHa-
CIiTOK BMKOHAHHA POOOTH CUJIU TEPTA.

HasemiTs mpukiagy BUKOHAHHSA TijaMMu poOOTH 3a PaXYHOK 3MeEH-
MIeHHA iX BHYTPINIHBOI eHeprii.

Yomy BoOJIOTi ApoBa TpimaTh y 6ararTti, a MOKpe KaMiHHS MOXKe
pyliHyBaTucA Ha JPiOHEHBKI IIIMaTOUYKU?

Y yomy moJiArae BiAMiHHICTH mpOIleciB 3MiHM BHYTPIillIHBOI eHep-
rii yepes BMKOHAHHS POOOTH Ta TEIJIOOOMIiH?

JdoMallHiW eKcnepuMeHT

MeTaneBy, IJIACTUKOBY, a 3a HASBHOCTI i JepeB’sHY, JIOXKKHU IIO-

KJIAAiTh Ha JeKiJbKa MOAWH Y XOJOAWJIbHUK. BUiiMiTh ix i mopiBHANTE
iXHIO TeMIepaTypy Ha JOTHUK. 3po0iTh BUCHOBOK IIPO iXHIO BHYTPIIII-
HIO €Hepriio Ta II0SCHITH HOro.

BnpaBa po § 5

1(c). K 3MIHUTBCS BHYTPILLIHA eHepris CKASHKM BOAM KIMHATHOI TemMmne-

patypu, gkwo: a) ii Harpitu oo Temnepartypu 40 °C; 6) oxonoamtu
no 10 °C?

2(c). AK 3MIHUTBCA BHYTPILWHSA €Heprid CKNAHKM BOAWM, SKWO: a) 11 ne-

pemicTuti 3i cTony Ha nignory; 6) NOMICTUTU B XONIOOUJIbHUK;
B) 3aKum’atutn Boay?

3(m). B qkii i3 nocyamH 3 ogHakoBMMKW Konbamu, 300paxeHuMu Ha pu-
CYHKY, TemMnepatypa Boau Buwa? lMOSACHITb, YoMmy.

4(n). Yomy nig yac po3nusoBaHHA OepeBa MeTaneBolo NMuiolo, N1uTa Ha-
rpiBaeTbCs A0 BiNbLWOI TeMnepaTypu, HiXX AepeBo?

5(n). Yomy nicna cunbHOro WTOPMYy TemnepaTtypa BOAW CTAE BULLOKO?

6(n)- YoMy HarpiBaloTbCad METEOPUTHU,

WO BXOAATb Yy wapu atmocdepun?

7(n). Yu mMoXHa crnocTepiratn «nagarodi

3ipkm» Ha Micaui?

8(B). YoMy npu 3abuBaHHi uUBSIXa B

[epeB’sHy MOBEPXHIO MOro wasan-
Ka HarpiBaeTbCd 3HA4YHO MEHLLUE,
HiXX TOMi, KONM BiH BXE MNOBHICTIO a) 0)

7
3a0UTUNINY PucyHok po 3aBgaHHa 3
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§ 6. Buau Tenio0o0MiHYy Ta iX BUKOPMCTAHHSA
B MOOyTi i TexHimi

» Tenaonpogionicmo
» KoHnsekuis
» Ilpomenesuit menioooOMin

TEILJIOITPOBITHICTD. TemmoBi sBUIa, 3 AKMUMU MU CTUKAEMOCS
B OPUPOAi I mMoOyTi, MOB’sA8aHi 3 Imepemadyer0 TEIJIOTH Biff OMHUX TiJja
Io iHmwmx, ToOTO 3 TemaooOMiHOM. fIK BimOyBaeThCs TEIJIOOOMIiH Mik
TimzamMu?

PosrisaaemMo oco0JIMBOCTI mepegaui TemaroTu Ha gocaimi. MeraneBuit
CTPUIKEHb 3aKPimMMO OSHUM KiHilem y mrratuBi. I[Ipukpinumo B3moOBIK
HBOTO BOCKOM KijJbKa MeTajieBUX IBAXiB. CIMPTiBKOIO HAarpiBaTHMeMO
BLIBHUHA KiHelb cTpmyKHA. CTpH)KEeHDb IIOUHEe HarpiBaTucs, i Bick, IIf0
yTpuUMy€e LIBAXU, Oyae TamyTu. llepmium Bigmazge IBSX, PO3TaIlloBa-
HUH HaWOJMKYe N0 KiHIA CTPMIKHSA B HOJyM’I cnupTiBKu. 3a HUM
o uepsi BigmamaTuMyTh HACTyIHI nBaxu (puc. 6.1).

Mu mob6aumiu, IO TEIJOTA BiJ MONyM’A CIUPTIBKU IePemacTh-
cd MeTaJIeBOMY CTPMIKHIO M IOCTYIIOBO IIBSIXaM Ha HbBOMY. $IK Bin-
OyBaeThbCca Iell mporec? Y moayM’i COUPTIBKU MOJEKYJU IIOBiTpA
MaloTh 3HAUHY KiHEeTHUUHY eHepriio, sSKa CyTTeBO OinbIna, HiK Ki-
HeTUYHA €eHeprid XaoTHUYHOTO PYXy aTOMiB KPHCTANiuHOI I'paTKu
crprmkHuA. Ilig yac 3iTKHEHHA MOJIEKYJM IIOBITPsS HepemaroTh eHep-
rito ii aromam. CmouaTKy B30iJbIIIyeThCA IIBUAKICTH XaOTUYHO-
ro PyxXy aToOMiB KpHCTaJidHOI I'paTKu I, BiAOHOBiZHO, TeMIepaTypa
YACTUHU CTPUIKHA HaJ cumpriBKoio. IlocTymoBo aToMm 3 GijbIITOO
eHeprieo IepenaroTh YacTuHy Ii cycimmim atomam. IligBuniyerbcsa
TeMIIepaTypa HaCTyIIHUX YacTUH MeTajJeBOT0 CTPH:KHA. Hepes me-
AKMH Yac TeMIepaTypa BCiX YacTUH CTPUMKHS CTa€ OoxHaKoBoio. Ile-
pemauy emHeprii Big OijbII HaArpiTHX YacTWH Tijla MO MEHIII HAarpi-
TUX IJIAXOM Oes3mocepefHbOol B3aeMOAil MiKpOUaCTHMHOK Ha3MBAIOTh
menJonpogionicmio.

Tennonpogionicms — ye nepeda-
ya mensomu 8i0 Giavul Hazpimux
yacmuH mina 00 MeHUL Hazpimux,
3YMOB8JEeHA XAOMUYHUM DPYXOM Mi-

KPOUACMUHOK PEeYOBUHU.

MikpouacTUHKU TBEPAUX Tixa
KOJIMBAIOTHCA BiTHOCHO IIOJIOJKEHB
piBHOBaru. 3 HmiABUINEHHAM TeMIIe-
paTypu NeBHOI AiNAHKU Tijga 36i1b- Puc. 6.1. TennonposigHiCTb
IIYEThCA IHTEHCUBHICTh KOJUBAHb METaNEeBOro CTPUXHS
YACTUHOK PEYOBMHU, IXHA KiHe-

47



48

TUYHA Ta IIOTeHIliaJlbHA eHepria 3pocrae. 30iIbIIYEThCA KiIbKicThb
Ta IOCUJIIOETHCSA IHTEHCHUBHICTDL CIIIByJapiB WX YACTHHOK i3 UaCTHH-
KaMM CyCimHiX, XOJIOOHIIMX IMapiB i3 HHM:KUYOI TeMIeparypor. Hac-
TUHKMN 3 OiJBIIIOI0 eHeprielo ImepemaroTh ii HaAJUINOK cycigHimM duac-
TUHKAM, eHeprid SKMX 3pOoCcTae, a TeMIepaTrypa OigBuiiyeTbes. IloTim
eHeprisg mepemaeThbCcA OO HACTYIIHOTO Imapy. Taxkuii mpoliec mepemadi
eHeprii BimOyBaeTbCsA AOCTATHBO ITOBiJIBHO.

Tenaonposgidnicmb cynpogodicyemuvcs nepedayveid 8HYMPIULHbOL
eHepeil 6i0 Oiavuwl Hazpimux min 00 MeHUL Hazpimux 06e3 nepeHecex-
Hs DEeYOBUHU.

Came mMeTrasam MaOTh HaOiJbIITY TEILIONPOBiAHICTL, AKa Y COTHI Ta
THCAYL pasiB OiibIa, HidK B iHIINX peuoBmH. HalKpallle IPOBOAATH
TeIJa0 Mifgb i cpibsio. Bucoka TemaonpoBigHiICTh MeTaJIiB IIOB’si3aHa 3
0cOo0IMBOCTAMU iX OyZOBU Ta 3yMOBJIeHA, HA BiAMiHY Bif iHINTUX TBep-
OIUX TijJ, He JUIle XaOTUUYHUMU TEIJIOBUMUN KOJIMBAHHAMU Yy By3JIax
KpHUCTaNiuHOI I'paTKu, a i TUM, IO MiK I'pPaTKaMHu € 0araTo BiIbHUX
eJIEKTPOHIB.

Ha ginanmi 3 BUIOI0 TeMIlepaTypoio YacTuHA eJEeKTPOHIB OTPUMYE
O0inpIly KiHeTuuHy eHeprito. Ili eJeKTPOHU JeTKO I0JAI0Th MPOMiKKHI
Mik fomamu. CTHKAIOUNCH i3 HOHAMM B XOJIOSHIININX IIapax MeTaJy,
€JIeKTPOHU IIepenaioTh iM HAIJUIIOK CBOEl eHeprii, 110 3yMOBJIIOE IIif-
BUII[EHHSA TeMIlepaTypu B Iili mijaHIli. IlocTynmoBo BHYTpilIHA eHepria
mepenaeThbecs OiJbINT XOJOAHIN mimAHIT.

Bapro 3asHauuTHu, 110 TEMJIOMPOBiAHICTH MeTaJiB iCTOTHO IIepeBU-
IIy€ TeIJIONPOBiAHIiCTE pigmH Ta rasiB. Hampukian, TeIJoIpPoOBigHICTE
Bogu y 330 pasis menmia, Hik Mimi. A TemomnpoBigHicTh MmOBiTpPH,
y CBOIO uepry, y 25 pasiB MeHIa, HijK BOAU.

fke 3HaueHHS Mae TEILIONPOBiAHicTs y mpupoxi Ta TexHini? Bawm,
HAIlIeBHO, JOBOJAWJIOCSA UYTH BiJ cTapImx, IO cyBopa 3mMma 0e3 CHi-
Iy HaA3BUUYAWHO HeOe3leuHa AJA IIIIeHUIli, IIocisgHol BoceHU (03U-
muHU). CHIr mOraHo TPOBOIUTH TEIJIO, OCKiJIBKM BiH MyXKWUH i MixK
oro KpucTaJluKaMU MiCTUTLCS 0araTo HOBITPsS, AKe MAae€ HEBEJIUKY
TermaonpoBigHicTh. ToMy mim cHirom 1mociBu 03MMOI ITIIIEHUITI HATIHHO
saxwuireHi mo Becuu (puc. 6.2).

TemmonpoBiAHICTL Tas3iB € HACIIAKOM XAO0THYHOT'O HEeBIOPSIAKOBAHO-
r'0 TEeIJIOBOTO PYyXy iX aTomiB abo moJserya. IlIBuaki mosekyau rasy 3
mIapiB i3 BUINOIO TeMIIEPATYpPOIO MEPEMIITYIOThCA Y XOJIOTHINII Iapmu.
Mosaekynau, 1m0 PyXamwThCA 3 MEHIINMU IITBUIKOCTAMU, IIEPEXOIATH
y OinbIn HarpiTi mapu, saminiyrouu IIBUAKI Mojeryau. Ilpu mbomy
cepenHA KiHeTHMUYHA €HePrid TEemJOBOTO XAOTUUYHOTO PYXYy MOJIEKYJ
rady B HarpiTomy Iapi 3MeHIIYEThCS, a BiAIOBiTHO, 3HUKYETHCS
TemmepaTrypa rasy. ToMy rasu IoraHo IIPOBOASATH TEIJIO0. 3aBIAKU
He3HaUHifl TeIJIONPOBiHOCTI radiB iX IMMPOKO BUKOPUCTOBYIOTH IIPU
BUTOTOBJIEHHI Temaoisonamniinux martepiauiB. CyuacHi BiKOHHi cuc-
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TeMHr MAalOTh IIOABiliHe Ta MOTPiliHEe
CKJIO 3 TOBiTPAHUME IIPOIITapKaMu
(6.3, a). Cporomui y OymiBHUIITBi
IIUPOKO BUKOPUCTOBYIOTHLCS CIIEILi-
aJibHA IeTJia 3 OTBOPAMHU JJIs IIOBi-
pa (6.3, 6) i razo6J0KU 3 TmOpUC-
TOIO CTPyKTypowo (6.3, B). Crinm
OYAUHKIB yTeIJIIOITh HMiHOMOJIiCTH-
poapHUMU nautramu (6.3, r).

Mainy TemyonmpoBiZHiICTL MAaIOTh
IepeBO, IJIAaCTUK, TKaHWHAaA. Tomy
PYYKH KYXOHHOTO IIOCYAYy BUTO-
TOBJIAIOTh i3 JepeBa Ta IIJacTUKY,
a rapAYnil yaWHUK i3 MeTaJIeBOIO
PYYKOIO 3HiMAalOTh i3 ILJIUTHU 3a [JO-
IIOMOTOI0 TaHYipKH.

OT:xe, pi3Hi peuoBUHU MaAMb
HeoOHaK08Yy menJjonpogidnicms.

KOHBERIIIA. Ha Bigminy Bim me-
TajiB, y piAMHAX Ta rasax TemJaoo00-
MiH MOKe CYITPOBOJIKYBATHCA IIepe-
HECEeHHAM PEUYOBUHU — KOHBEKUIEI.

Konsekuyia — menaooOmMin Y
pidunax ma ezasax, AKuil cynpoeo-
0HcYyeMbCs nepeHeceHam PeiosUHU.

IITo6 cmocrepiraTu KOHBEKIIiIO,
3aKpiOuMoO B IIITATHUBI CKJIAHY TPYO-
Ky vy (popMi mpaMOKyTHHKA. 3aIl0B-
HuUMO II BOZOIO Ta mOoJaMO KiJbKa
YacTUHOK IlepMaHTaHaTy KaJilo.
HarpiBaTuMeMoO CIHPTIBKOIO TPYOKY
B nmeBHoMy Micmi. IlomiTumo, ax y
BOJi BUHUKAIOTh KOHBEKI[iIIHI IIOTO-
KHU: pigmHa Bech Yac IIePeMilIyeTh-
ca (puc. 6.4).

Xomonui (3adapboBaHi) 1Iapu

Puc. 6.2. O3umMmuHa HagjinHo
3axuLLleHa CHIrom Bip,
nepeoxonoaokXeHHs

a) 0)

r)

Puc. 6.3. TennoizonsauivHi
MaTtepianu: a) TPUKaMepHuin
cknonakeT; 6) uerna);

B) raso0/10ku; ) MiIHOMOMICTUPON

BOOU OIIYCKAIOThCA JOHU3Y, a Harpiti migmimaiorbesa moropu. ToOTo
3IiMICHIOETHCS IIePEeHEeCeHHs PEUYOBUHU. POo3rjasHeMo, YoMy Iie BigOy-
BaeThCcsa. PimvHa y HMIKHIN YacTHHI CKJASHOI TPYyOKM HarpiBaeTbcsd, i
BHACJIIIOK IBOTO ii I'yCcTHMHA 3MEHIIYETHCSI, a 00’eM 30iJIbITyeThC.
BigmoBigmo 30imbiiyeThes i apxXimemoBa cuia, IO Ai€ Ha HaArpirti mmia-
pu pinmuau. Tomy BOHM migHiMalOTBCA Bropy, BUTICHAIOYUCH XOJIOI-

HUMU IIapaM¥ PiIuHU.
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Puc. 6.4.
KoHBekuis B pianHi

Puc. 6.5.
YTBOpPEHHA BGeperoBoro 6puay

ITomi6bHMM uYwmHOM BiZOYBa€Th-
cs KOHBEKIIid CTPYMEHiB IIOBiTps.
3aBOAKY MPUPOIHINA KOHBEKIil IT0-
CTiiHO mepeMillyoThCcsa HOBITPAHI
MacHu, y 3B’A3KY 3 YNM BUHHKAIOTH
KOHBEKIIilfiHi moToKu B aTtmocdepi
— BiTtpu. IIpukiagoMm KOHBEKIIII B
atTmocodepi 3emii € GeperoBi Opu-
3u. MexaHi3M iX yTBOpPeHHs IIOsC-
HIOETHCS KOHBEKI[i€I0 IMOBITPAHUX
Mac. YIeHb cyllla IIPOTPiBaeThbCcs
Counem mBupaIiie, Hixx Boma. To-
My TOBiTpdA HaJA CyIIel IpPOrpi-
BaeThCA CUJBbHIiINIe, Hi¥X Haa MO-
pem. I'yeTuHa moBiTpA HaAJL CYIIEIO
3MEHIIYEThCA, YTBOPIOETHCA 30HA
HU3BKOTO THCKY, a HaJ MOpeM
YTPUMYETHCS 30HA IIiIBUINEHOTO
THUCKY. XOJIOAHiNIe NoBiTpaA iH-
TEHCUBHO PYXa€ThCA 3 MOPA y OiK
3HUKEHOT0 THUCKY n0 Oepera, ame
BiTep, SAKUN HA3UBAIOTh JEHHUM
Opu3oM. YHOUI cyIlla OXOJOIKY-
e€ThCcA IIBUAINE, HiK Mope. Hapg
Heio (popMyeThbcsa 00JacTh IIiABU-
IIeHOTO0 THUCKY, i OXOJOmKeHe II0-
BiTpA pyxaeTrbcA B OiK obOjacti 3i
3HUKEHUM THUCKOM, 10 Mops. Tak
3BaHUUM HiUHUNA Opm3 aAMe i3 cymri
Ha Mope (puc. 6.5).

Pigmam Ta rasm HarpiBaioTh, AK OpaBuJio, 3Hu3y. [Ipm HarpiBamui
3TOPY KOHBEKIlid He Bif0OyBaTUMeEThLCs, OCKiJIbKYM BepXHi I1apu 3 MeH-
1100 TYCTHHOIO (OiIbIIT HArpiTi) He OMyCKAalOThCSA MOHUIY i He BiaOy-
Ba€ThCs IepeMilryBanusa. KpiM Toro, KOHBEKIlid MOMKJINBA 3a YMOBH,
10 Mi’K YacTMHAMHU PEUYOBWHU € PiBHUILA TeMIlepaTyp.

Tomy paziaTopu BOASHOIO OHaJIEHHSA Ta €JeKTPUUYHI KOHBEKTOPU-
obirpiBaui BCTAHOBIIOIOTL mOOMU3y migyoru (puc. 6.6).

IIpoxosomHilie MOBiTPs OIyCKAEThCA HOHM3Y, HAI'PiBa€ThCs Ta IIif-
HiMaeTbCsa Bropy. 3aBOAKU NPUPOAHIN KOHBEKIIil ITOBiTpA Iporpina-
€ThCS PIBHOMIPHO # y KiMHATI HiATPUMYeEThCA cTajia TeMIlepaTrypa.

BuwmyiieHa KOHBEKI[isd BUKOPUCTOBYETHCA B CHUCTEMAX OXOJIOIMKEH-
HA OBUTYHIB aBTOMOOLIIB, :KapoBUX i cymuabHUX Imadax (puc. 6.7).
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Puc. 6.6. KoHBekujs NoBiTPS B KiMHATI

Puc. 6.7. BukopucTaHHS SBMLLLA BUMYLLEHOI KOHBEKLLT

IIPOMEHEBUM TEIJIOOBMIH. Oco6uBicTio TeIJIOIPOBiAHOCTI Ta
KOHBEKIIil € mepesada TEeIJOTH B IIEBHOMY CEPEIOBUII 3a JOIIOMOTOIO
MiKpPOYACTUHOK PEeYOBMHU. UM 3aMUCJTIOBAJINCSA BU HAJ TUM, AKUM
ypHOM Terio Bif CoHia morpamisae Ha 3emao? Amke i HebecHi Tima
posmiisae BakyyM, e KOHIIEHTPAIlisd MiKpOYaCTUHOK He3HaUHAa i BOHU
He MOKYTb 3a0e3MeunTH IepeJaBaHHs TEIJIOTH. BUABIAETHCH, IO B
IPUPOAi iCHYe IIfe OAWH BU TEILJI00OOMiHY, AKUU He moTpebye MoJe-
KyJ Ta aToMiB. BiH 3ymMoOBJIeHUI TepeTBOPEeHHAM BHYTPIITHBOI eHepril
Tijla B €Hepriio men.sogozo, abo npomene60z0, 6UNPOMIHIOBAHHS.

IIpomenesuil mensooOMiH — e npoyec nepeneceHHs 6HYmpiulHvol
enepeii 6i0 00H020 miaa 00 iHUL020 BHACAIO0K BUNYCKAHHS, NOULUDECH-
HS Ma NO2JUHAHHSA BUNDOMIHIOBAHHA.

IIpoyec 6unpominio86AHHA MA NOZAUHAHHSA Menaomu 6i00yeaemuvcs
34 pAXYHOK 3MIHU 6HYMPIWHbOL eHepzil miaa.

Yamika 3 rapga4uM YaeM BUIIPOMIHIOE TEIIJIOBY €Hepriio, IIOCTYIOBO
OXOJIOMKYIOUNCh. 1i BHYTpilllHA eHeprid Ta, BiAmOBiZHO TeMmepaTypa,
aMmeHITyeTbecA. CKRIAHKA BOAM Ha COHIII HarpiBaeThCA, MOTJIMHAIOYUN
TeIJ0Be BUIIPOMiHIOBAaHHSA, Ii BHYTPIIIHA eHeEprisa, a oT:Ke, TeMIiepa-
Typa, 36iJbIIyeThC.

s crmocTeperkeHHs OCOOJIMBOCTEH TEIJIOBOTO BUIPOMiHIOBAHHS
nposegemo gociin. U-momgiOHMiT MmaHoMeTp (cToBOUMKM 3adapboBaHOI
piguHENT B 000X KOJiHAaX OAHAKOBI) 3’€¢JHAEMO 3 TeILIOIpHUIMAUeM Ha
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mrTatTuBi. Ha omHOMy piBHI 3 TemjompuiiMmaueM pPO3TaIIyeEMO IIi/ICTaB-
Ky. SKIII0 MacuBHY THpIO HArpitTu mo Bucokoi Temmepatypu (300—
500 °C) i BcTaHOBUTHM Ha MifCTaBKy, TO Uepes3 JeAKMNIl yac piBHOBara
CTOBIUUKIB MaHOMeTpa MOPYIIUThbCA. ToOTO B TemonpuiiMadi 36iJb-
MIATHLCSA THCK. YHACJIOK IIPOMEHEBOr0 TeILIOOOMiHY MiK rapsauoro
ruper0 Ta TeIIONpHUHAMavYeM IIIIBHIMUTLCA TeMIlepaTypa MHOBiTps, a
oTiKe, I TUCK Y HbOMY, 3MiHY SIKOTO IOKake mMaHoMeTp (puc. 6.8).
YHiKaJIbHUM OPUPOTHUM IKepesioM eHeprii, 1o 3abesmneuye icHY-
BaHHA BCHOTO KWBOTO Ha HAIMi#A raHerti, € CoHIle. 3aBAAKU IIpOMe-
HEeBOMY TeILIOOOMiHYy HOT0 eHeprid HaAXOAUTL A0 3eMJIi, HiATPUMYye
KpPyroo0ir BoAM B IPUPO/i Ta IUPKYJIAIiI0 TOBITPAHUX MAac, (pOTOCHH-
Te3, 110 € OCHOBOIO KUTTENISAIBLHOCTI POCIMHHUX OpraHismiB. 3a pik
Conre Bumpominme mpubiausuo 1,2 103 Ik eHeprii, 3 AKMX JuIie
0,000 000 002 % otpumye 3emJs.
IlepcuexTuBY MaiOyTHBOI €KOJOTiUHO YMCTOI €HepPreTUKM OB’ a3y-
I0Th came 3 BukopucrtauuaMm eHeprii Conna (puc. 6.9).
CriBBigHOIIIEHHA BUIIPOMiHIOBA-
HOI Ta IIOTJMHYTOl eHeprii 3aJe-
JKUTh BiJ TeMIlepaTypu, CTaHy Ta
KOJIbOPY moBepxHi Tina. Tino 8u-
npoMmiHE mum Oinblle eHepezii, Yum
suua 1020 memnepamypa.
Tina 3 YOpHUMHU HIOPCTKUMH IIO-
BEPXHAMM BUIIPOMIiHIOIOTH i IIOTJIU-
HaIOTh OinbIlle eHeprii, Hixk Tiga 3
OimuMU Ta TIaJeHbKUMU IOBEePXHA-
MU, HaArpiti 1o ogHAKOBOI TeMIiepa-

Puc. 6.8. MNMpomeHeBuiA TENIO0OMIH Typu. Tomy cmemianbii marepiama

Puc. 6.9. BukopucTaHHs eHeprii CoHuUa B NoOyTi Ta TexHilj
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Puc. 6.10. TennoBigOnBHUIN ekpaH i3 Nopunekcy

3 BiOMBHUMU MMOBEPXHAMU BUKOPHCTOBYIOTH IJIs 3SMEHIIIEHHSA BTpPAT
TeIJIOBOTO BUIOPOMiHIOBaHHsA. Hampukiaan, TemJIoBiZOWMBHI eKpaHu 3
donbpru abo mMopuMIIEKCY POSTAIIIOBYIOTH 3a pajiaTopaMy BOAAHOTO OIIa-
JeuHa B KimuaTi (pumc. 6.10). TakuM ymHOM CTiHA i30JII0ETHCA Bin
HarpiBaua # Temyio 36epiraerhbcAd B KiMHaTi.

Tennosy eHepeilo 8UNPOMIHIOIOMb MA NO2AUHAWMb YCi miaa npu
0yov-sakiil memnepamypi, suwiiit 8i0 abcontomHozo Hyaa. HaBiTh mma-
TOK JIBOAY BUIIPOMiHIOE TemJjo. IIpore Mmu He BimuyBaemMo IIbOTO, IMij-
HiCIIIM OO0 HBOTO PYKY, OCKIIbKM pYKa BUIPOMiHIOE OiJIbIlle Tera,
Hi)K IIOTJIMHAE.

JltonmHa ¥ TBAPUHU TEX € MKepejaMU TeIlJIOBOTO BUIIPOMiHIOBaHHSA
(puc. 6.11).

«IToGauuTy» #HOro Mo:KHa 3a JOMOMOTOIO CIIeIliaJbHUX IIPHUCTPOIB
— Tema0Bi3opiB (iX TaKOK HA3WBAIOTL MPUIaJaMU HiYHOTO OAUeHHS)
(puc. 6.12).

Ha gucmei TemmoBizopa BimobOpakaeThbcsa POS3IOAIJ TeMIIepPaTypu
IOCTiIKyBaHOTO 00’€KTa y BUIJIAAL KOJHOPOBOI raMu, e HMEeBHOMY
IiamasoHy TeMIIepaTyp BiAIIOBilae BU3HAYEHUN KOJIIp.

Puc. 6.11. XXugi opraHiamu € gxepenamu Tens0BOr0 BUNPOMIHIOBAHHS
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Puc. 6.12. Tennosi3op 0ae MOXIMBICTb
cnocTepirati 3a po3noainomM Temnepatypu

.nom-le B Ubomy naparpadi

TennonpoBigHiCTb — Le nepefadya TennoTu Big OinblLl HArpiTUX 4acTUH
Tina 4O MEHL HarpitTnx, 3yMOB/IeHa XaOTUYHUM PYXOM MiKPO4aCTUHOK PeYvo-
BUHW. TennonpoBigHICTb CYNPOBOOXYETLCH MNepefadyetd BHYTPIWHBLOI eHeprii
Bif, GiNblU HArpiTUX 40 MEHLU HarpiTUx Tin 6e3 nepeHeceHHs1 PEeHOBUHW.

KoHBekuis — TennoobMiH y pigmMHax i rasax, skuii CynpoBOOXYETbCA MNe-
PEHECEHHSIM PEYOBUHW.

MpomMeHeBUIA TennooObMiH — MNpoUeC NepeHeCeHHs BHYTPILLIHbOI eHepril
BiJ, OOHOrO Tifla 4O IHWOro BHAC/IAOK BUMYCKAHHS, MOWWPEHHS Ta MNOrnu-
HaHHS BMMNPOMIHIOBAHHS.

I!unwral-u-m ANns camonepeBipKu

1. IITo Ha3WBAIOTH TEIJONPOBIAHICTIO PEeUYOBUHU?

2. HaseniTs IpHUKJIaAN PEUYOBUH i3 Pi3HOIO TEILIOIPOBiIHiCTIO.

3. IlosicHicTb 0COBGJIUBOCTI TEIJIOMPOBIAHOCTI MeTaJiB.

4. HasenmiTh mpuKJIagyM KOHBEKI[ii B IPUPOIi.

5. TIloscHiTh, YoMy pifuHU Ta rasdum HaArpiBalOTh 3HU3Y.

6. Yu MoKJIMBa KOHBEKI[isI V TBepAWX Timax?

7. UYwu Moxke BimOyBaTumCsA KOHBEKI[isI B KabiHi KocmiuHOro Kopabiis
B yMOBax HeBaroMocTi?

8. HagseziTh OpuKJIagy BUKOPUCTAHHA KOHBEKIIil B MOOYTi Ta TeXHIITi.

9. IIlo HaswBaIOTH IIPOMEHEBUM TEILJIO0OMiHOM?

10. fx BigOyBaeThCcsA MPOMEHEBUU TEIIJI0O0OMiH?

11. fIxe sHaueHHsA Mae€ IIPOMEHEBUH TEILJIOOOMiH y IPUPOAL Ta TeXHiIi?

Bnpasa po § 6

1(n). MosCHITL, YoMy ANga Tena0i30asLUIl BUKOPMCTOBYIOTb NiHOMOMICTUPON,
raso6,0ku, NMOPUCTY LEry.

2(n). [MOACHITb, YOMY B Xapky noroay AOLiSIbHO BASraTy CBITAWK OOsr.

3(c). YoMy HarpiBHU eneMeHT efiekTpovarHMKa POo3TallOBYIOTb YHU3Y
npunaay?

4(c). MOSACHITb, K 3MIHUTbLCSA edEeKTUBHICTb POOOTU eNneKTPUHHOIO KOH-
BEKTOpa, AKLO0 MOro pos3TawlyBaTv BUCOKO Hapn Miasioroo.

5(a). fAkuin 3i cnocobie Tennonepenadi Moxe 6yTV BUKOPUCTAHUA O)1s

06irpiBy KOCMi4HOro Kopabns B yMOBaxX HEBaromMocCTi?
6(n). Yomy KOHAMLIOHEPU PO3MILLYIOTh BiNg cTeni, agxe BOHU TEX MO-
XYTb BUKOPUCTOBYBATUCH Ans 06irpiBy?
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§ 7. Kinskicts Termmotu. IluTomMa TenaIoeMHICTh PEYOBUHU

» Kinvkicms menaomu.
» OduHuui Kiavkocmi menJomu
» ITlumoma mennoeMHICMb PELOBUHU

KIJIBKICTH TEIIJIOTHU. Ilig uac TemmoobMiHy OinbIn HArpiTi Ti-
Ja IepemaloTh MEHINI HarpiTuM TemaoTy. Ilpu mboMy 3MiHIOETHCS
BHYTPIIIHA eHepria AK Tija, IO Biggae TemjaoTy, Tak i Tima, 1o ii
orpumye. 1li smMiHM OmiHIOIOTL Kinlvkicmio menaomu Q. Kiavkicnoro
XapaKmepucmuKkow menjaoooMiny € KilbKicmb meniomu — eHepeis,
nepedana miaom y npoueci mennoobminy. ToO6TO 3MiHA BHYTPilTHBOL
ereprii Tima AU [0piBHIOE KiJBKOCTI TeILJIOTH, AKY BOHO OTPUMAJIO
abo Bigmaso mim yac TermsooOMiHy:
AU = Q.

Or:xe, Mu 3’sicyBaju, IO KiJAbKicmb menaomu 6e3nocepednvo
noe’a3ana 3i 3MiH0I0 6HYMPIWHLOL eHepeil mina, AKa, Y CBOIO UEpTy,
IpoIopIifina 3MiHi #foro TeMmIiiepaTypu 3a ymoBu ctajyioi macu. Toxi

AU ~ At.

Kinvrkicms menaomu — ue Pisuuna 8esUUUHA, AKA € MIPOWO 3MIHU

BHYMPIWHBOL eHepeil mina nid ywac menaoooMiHy.

OIMHUAUIII KIJIBKOCTI TEILJIOTHU. fAxmio B mpolieci TemaoooMiny
Tijo Bimmae abo oTpmMye MEBHY KiJIBKiCTH TEILJIOTH, Ile O3HAYAE, IO
oro BHYTPIIlIHS eHeprisg, BiAMMOBigHO, ab0 3MEHIIIYETLCSA, a00 30iJb-
myeTbeAa. OCKiIbKM KiJIBKICTh TEMJIOTH, AKY BifJae 4 OTPUMYE TiJjo,
XapakTepudye 3MiHYy HOro BHYTPIIIHBOI eHeprii, TO 3a OAWHUILIO
BUMIipIOBaHHSA KiJIBKOCTI TEIJIOTH MPUNHATO MKOyaAb (I:K).

TobTo Kinvkicmb menaomu, maxk camo, Ax i poéoma il eHepzisi, MA€E
o0uHuyio sumiprosarus dxcoyav (Ix).

Oco0sMBiCcTIO KiJIBKOCTI TEIJIOTH € Te, IO Ie KiJbKicHa xapakTe-
PHCTHKAa caMe TeIJIOBUX IIpoleciB. TemyoBuii cTaH TOT0 YU iHIIIOTO
TijIa 3a BiZCYTHOCTi TeIJIOOOMiHY XapaKTepU3ye€ThCA BHYTPIIIIHLOIO
eHepriero.

IIUTOMA TEIIJIOEMHICTH PEHOBUHMN. KinbKicTh TEmJI0TH, SKY
OTPUMYE TijJIO Iix vac HarpiBaHHs, Oyae TUM OiJNBIITOI0, UMM BHIIA
TemMIiepatypa t,, IO AKOI Harpijocsa Tijgo, MOPiBHAHO 3 HOTO ITOYAT-
KOBOIO TeMIIepaTypoio t;.

BigmoBimHo, Tijmo Bigmae TuM OiAbINYy KiJbKiCTH TEILIOTH, UUM
MeHIIIa HOoro KiHIleBa TeMIlepaTypa IIOPiBHSAHO 3 IMoyaTKoBoio. OTike,
KiJIbKicTh TemaoTH, OTPUMAHA TiJIOM IIif yac HarpiBaHHs abo BiggaHa
T Yac OXOJIOMKEeHHA, IPOIopIliiHa 3MiHi Temneparypu (At = t, — ¢;):

Q@ =C - At.
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KoedimierT mpomopiifinocti
45 °C C MiK KingbKicTio TemaoTu @ Ta
30 °C 3MiHOIO TemMnepaTypu At Ha3UBaIOTh
menJjoeEmMHICMIIO miJa.
Tennoemnicmio misia HA3uB8aNMb
QPi3UYHY 6eaUUUHY, UL0 NOKA3YE,
AKa Kilbkicmb menJjomu HeoOxio-
Ha, abu 3MiHUMU memnepamypy
mina na 1 °C.
TemmoeMHICTL Tijla BUMipIOETHCSA
Puc. 7.1. Ona HarpisaHHs B II:x/°C.
rniuepuHy noTpiGHa MeHLwa KinpkicTs TemmroTu 3aieXuTh Bif
KIIBKICTb TEMIOTW, HDK AN pPOLY pedoBMHH. Bramocsa mo mocui-
HarpIBaxHs BOAv ny. Hammemo y aBi ogHaxoBi Koa0ou
BOAY Ta TJilepuH OgHAKOBOI Macu. IlomicTMO B HUX TepMOMETPHU
IS CIOCTePe)KeHb 3MiHM TeMIepaTypH, a Kojiobum — B KIOBETY 3 BO-
1010, AKY MiAirpieMo COMPTiBKOIO.

Bynemo crmocrepiratu 3a 3MiHOIO TeMIepaTypu BOAM Ta TJiIEPUHY
mig yac ix HarpiBamHs 3a OJHAKOBUX yMoOB. IlomiTmmo, mio Temmepa-
Typa IJIilepuHy IIiABUINYBATUMETHCS 3HAYHO IIIBUAIINE, HijK TeMIlepa-
Typa Bomu (puc. 7.1).

Ile osmauae, o 0.4 HazpieanHsa odunuui macu zaiuepuny Ha 1 °C
nompioHa meHwa KiavKicmbs menjaomu, Hid 0181 HAZPiBAHHA 800U.

Hociiagm moKasyioTh, MIO OJA HarpiBaHHS TiJ OJHAKOBOI macw,
B3ATUX NPU OJHAKOBilI TeMmepaTypi, HeoOXimHa pisHa KigbKicTh Te-
mirotu. Tak, y Hamomy gociaimi aasa HarpiBanHa 1 Kr Bogm Ha 1 °C
morpiomo 4200 [I»x TemaoTu, a AJA HarpiBaHHA 1 Kr TUIinepuHy Ha
1 °C — rinpku 2400 k.

Ha mpaxTuii 3pyuHinie KopucTyBaTHUCSA He TEIJIOEMHICTIO Tija, a
nUMOMO MenJoOEMHICMI0, TOOTO TEIJOEMHICTIO OWHUIIL Macu pe-
YOBUHU:

c=—.
m

ITumomow mennoemHicmio peyo8UHU HA3UBAIOMb (DI3UYHY Beau-
YUHY, WO NOKA3YE, AKaA KiavkKicmb menjomu Heo0Xi0Ha 018 3MIiHU
memnepamypu pevosuru macorw 1 kz na 1 °C.

. . . . K
HatimenyBaHHS OOWHUIII IMTHUTOMOI TEILIOEMHOCTI IH—OC.
KI-

PisHi peuoBuHU MalOTh PisdHy MUTOMY TeIJIOEMHicTh (Tabu. 7.1).
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Tabavuya 7.1
MnutomMma TennoEMHICTb AEAKMX PEYOBUH
PeuoBuHa c, 'H—m PeuoBuna c, H_?K
Kr-°C Kr-°C
30J10TO 130 I'padiTt 750
PryTh 140 CkJo 840
CBuHeIb 140 ITersna 880
0J10BO 230 Anrominii 920
Cpibuo 250 Ouria 1700
Mins 400 JIig 2100
Hunk 400 T'ac 2100
JlaTyHb 400 Edip 2350
3aJriso 460 IepeBuna 2400
Craib 500 Crupr 2500
YaByn 540 Bogaa 4200
IIpoanasisyeMo 3HaueHHs, HaBeaeHi B Tabaumi. Hampukiaanm, mu-
TOMAa TeIJIOEMHICThL cpibJjia CTAaHOBUTH 250—K§T . ITe osmauae, 1110

I HarpiBamusa cpibma macoro 1 kr ma 1 °C fiomy HeoOXimHo HamaTu
250 Ixx temmotu. Ilim uac oxosmomxenua 1 xr cpidaa ma 1 °C He Bu-
minurbesa KinbKicTb Temmoru 250 Ik, Orike, mixg uac 3amMiHu Temie-
parypu 1 Kr cpibma BoHO abo BuUAijisge, a00 HMOrIMHAE KiJbKiCTh Te-
mwirotu 250 k.

ITumoma mennoEmMHICMb PELOBUHU Y PI3HUX A2Pe2AMHUX CMAHAX
— pidkomy, meepdomy, 2a3onodibHomy — He o0Hakosa. Ilpurian
I .

, TOOl AK IINTO-

(e}

KI-

Ma TeIJIOEMHICTh JIbOAYy — BABiui mMeHmIa i cramoBuTh 2100 H—}?
Kr-°C

3aBIAKN BeJUKIiN TEIIJIOEMHOCTI BoJa B MOPAX, Oo3epax, piukax, Ha-
IpiBaOUNCh, IIOTJIMHAE 3HAUHY KiJIbKiCTh COHAYHOI eHeprii i TpuBaImii
yac ii 30epirae. Tomy 0isiss BOOIHUX MaCUBIB He TaK CIIEKOTHO BJITKY.
B xos00HY TTOPY POKY BOZIa OXOJOIKYETHCA, BiImaioun B HABKOJUIITHIN
IIPOCTip 3HAUHY KiJbKiCTh Telja, TMM CaMUM IIOM SKIITYIOUM KJiMar.

Yepes BeIUKY TEMJIOEMHICTD BOAM 11 BUKOPUCTOBYIOTH AK TEIIJIOHO-
cifi y cucteMax BOIAHOTO OHAaJIEHHS, OXOJOMMKEHHA ANEPHUX PeaKTo-
piB, aBTOMOOITLHUX ABUTYHIB TOIIO.

ILOro — Boja, i muroma TemaoeMHicTs 4200
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.nom-le B ubomy naparpadi

KinbkicHOIO XapakTepuUCTUKOI Tennoo6MiHy € KifbkKiCTb Tennotm @ —
eHeprida, nepegaHa TiloM y npoLeci Tenoo0bmiHy. KinbkicTb TENOTU € Mipoto
3MiHWM BHYTPILWHbLOI eHeprii Tina nig, yac TennoobmiHy. BoHa BUMIpIOETLCS Tak
camo, sk i poboTa Ta eHepriqa, y mkoynax (Ox).

KinbkicTb Tennotn, oTpumaHa abo BUTpadyeHa TifloM, 3anexuTb Big oro
Macu, poay PEYOBUHU, 3 9KOI MOro BUIOTOBJIEHO, Ta PIi3HMULI MOYaTKOBOI i
KiHUEBOI TeMnepaTyp.

MMTOMOIO TEMNNIOEMHICTIO PEYOBUHU Ha3UBaAIOTb Pi3NYHY BEJINYMHY, LLO MNO-
Ka3dye, fKa KifbKiCTb TEMIOTU HeobXigHa AN 3MiHW TemMrnepaTtypu pPevyoBUHM
macolo 1 kr Ha 1 °C.

panm'al-u-m Ans camonepeBipku

1. dAxy ¢isuuHy BeJUUYNHY HA3WUBAIOTL KiJIbKiCTIO TemaoTu?

2. [TloscHiTh QisuyHmil 3MiCT KiIBKOCTI TermoTu. ¥ SKUX OSUHUIAX
BOHA BUMIipIOETHCA?

3. IIlo HasWBaIOTH ITUTOMOIO TEIJIOEMHICTIO PEUOBUHU?

4. IIlo xapaKTepusye IMIUTOMA TEIJIOEMHICTh peuoBUHU? Y SAKUX ONU-
HUIAX BOHA BUMIipIOETHCA?

5. Yu BiApisHAEThCA NMUTOMA TEIJIOEMHICTH PEYOBUHHM B PIiZHUX
arperaTHuX craHax?

AdOoMaLLHiW eKCnepuMeHT

IligrorytiTe Tpu mocyauuu 3 Bomoro. Ileprmry 3 Temsioro (3 TeMiepa-
TYypOIO, M0 HNPUOJIM3HO JOPiBHIOE TeMIIepaTypi Tijsa JIOAWHUN), IPYTY
3 XOJIOMHOIO (3-IIiy KpaHy), TPETIO 3 BOAOI KiMHATHOI TeMmepaTypH.
OmycTiTh OAHY PYKY B IOCYAUHY 3 TEILJIOI0, a APYIr'y — B HOCYAUHY 3
XOJIOOHOIO BOMOI0. BuiiMiTh 00MABI pyKM Ta OOMyCTiTh iX y BOAY KiMm-
HaTHOI Temnepatrypu. llopiBHANTe ¥ mMOACHITHL cBOI BiguyTTA.

Bnpasa go § 7

1(n). Ins HarpiBaHHA Tina 6yno BukopuctaHo 1 Ix Tennotu. Hackinbku
3MiHMNAcsa BHYTPILWLHA eHepria Tina?
2(n). Mig 4yac oxonoo)keHHs Tina MOro BHYTPILWWHS eHeprigd 3MeHLwmnacs
Ha 5 [x. flka KinbKiCTb TENAOTW BUAINUAACS NpU LbOMY?
3(c). Ky KiNbKiCTb TEMNOTU OTPUMANO TiNI0, BUFOTOBJIEHE 3 PEYOBUHU
JIk:

Tennoemuictio 2000 ¥, SKLLLO BOHO Harpinocs Big Temnepartypum

20 °C po 80 °C?

4(c). O6umMCniTb TEMNIOEMHICTb PEYOBUHU, 3 SIKOI BUrOTOBJIEHE TiNO, LLO
octurHyeum Ha 50 °C, Biggano 15 k[ TennoTu.
5(m). Bubepitb maTtepian, gskum 6u B1U CKOpUCTanMCs, Wo0 3HATU KUM'a4min

YaMHUK i3 MEeTaneBol PYYKOK 3 NAUTW: meTanesa ¢osnbra, Mo-
Kpa randipka, rybka onsg MuTtTs nocyay, cyxa raHdipka. MNMosacHiTb
BUOIp.
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6(a). BunbepiTb maTepian, skum 61 BM CKO- t, °C
pUCTanucsa Ons BUrOTOBJIEHHS PYYKU yA
0NS99 KPULLIKK KacTpyhi: 3ani3o, anto- /
MiHIn, nepeBo, nnacTtuk. [MOACHITL / 1l
BNOIp.

7(n). YoMy MenunyHy rpinky 3anoBHIOIOTb
rapsi4yolo BoaOok?

8(B). Ha pucyHky HaBeneHo rpadikm Ha-
rpiBaHHA BOAM M MAiLEPUHY OOHAKO-
BOI Macu. YkaxiTb, akuii 3 rpadikis A
BiONOBIOAE HArpiBaHHIO KOXHOI 3 pi- iy

OVH. 4

TeMnepaTypa
N\
N\
N

4ac

§ 8. Po3paxyHOK KiJbKOCTi TeIJoOTH,
SIKy OTPUMYE a00 Bigmae Tijgo
il Yac TEeIJIOBOr0 IPOoIecy

» Po3paxyHorx KiJdbkKocmi menjomu npu HAZPi6AHHI ma 0X0J0-
O0xceHHi mina

PO3PAXYHOK KIJBKOCTI TEIIJIOTH IIPU HATPIBAHHI TA
OXOJIONJKEHHI TIJIA. Tlix uac TemJIOBMX IIPOIECIiB Tijga MOMKYTh
OTPUMYBaTU IIeBHY KiJbKicTh Termsoru (HarpiBatucs) abo BigmaBaTu
ii (oxomomkyBaTuca). Big axux (GisMUYHUX XapaKTEePUCTUK 3aJIeIKUTh
KiJTBKiCTh TEIJIOTH, AKY TiJIO Ofep:Ky€e IIPU HarpiBaHHI UM BiAmae mpu
OXOJIOMKeHHI? 3 MOoCBiAy BU 3HaeTe, IO INgirpiTé cTpaBy, 3aHIIIEHY
3a KiMHATHOI TeMIlepaTypu, MOKHA 3HAUHO IIBUAIIE, HijK Ty, AKa 30e-
piramaca B xonoauabHUKY. IloB’s3aHO IIe 3 THUM, II[0 B JPYIOMY BU-
MagKy IovaTKOBa TeMIepaTrypa OyJia icTOTHO HMIKUYOIO, i, BiAmoBigHO,
HabaraTo OiibIIo0 OyZe PisHUILT KiHIIEBOI Ta IIOYATKOBOI TeMIIepaTy-
pu. Omxe, uum Oinvwie 3MIHIOEMbCA Mmemnepamypa miaa nid vac Ha-
2pieanHsa, mum Oinvuly KinvkKicmb menaomu ilomy HeoOxiOHo Hadamu.
HeBakko moMiTuTH, III0 B3allOBHEHUI HAIOJOBUHY YaWHUK
3aKUI’ATUTH WIBUAINE, HiK MakKcuMaJabHO 3amoBHeHuii. TobTo 3a of-
HAKOBOI ITOYATKOBOI TeMIepaTypu BOJa MEHIIIOl Macu HarpieTbCs IIBU-
me. OTiKe, KiabKicms menjaomu, HeoOXiOHa 01s HAZpi6AHHs mina, 3a-
Jexncumo 8i0 iiozo macu: yum 6iavuia maca mina, mum 6ilvla KilvKicmos
menJaomu Heo0XiOHa 015 11020 HAZPIBAHHSA HA NESHe YUCJLO0 2padycis.
IIpore KimbKicTh TemysoTH, IMOTPiOHA AJA HArpiBaHHS Tija, 3aje-
JKUTH He JININEe BiJ pisHUIl MiK KIHIIEBOIO Ta IIOYATKOBOIO TeMIIepa-
TYypoIO Tijla Ta ¥oro macu. I3 momepemHbOro Imaparpada BaMm Bigomo,
110 KiJIbKicTh TemIoTH, moTpiObHa aad HarpiBamus 1 KI' peUyOBHMHHU Ha
1 °C, 3a7eKUTh BiJl pOAY PEUYOBUHU Ta BU3HAUAETHCS ii MHUTOMOIO Te-
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miroeMHicTIo. ToOTO KiZbKicmb meniomu, HeoOXiOHA Ol HAZPIBAHHSA
pevosuru, 3aaexums 8i0 ii NUMOMOL MenjioEMHOCMI.

TakuM YMHOM, KiJIbKiCTh TEIJIOTH, MOTPiOHA AJIA HarpiBaHHA Tijga
0 IIeBHOI TeMIepaTypH, 3aJIeKUTh Bi/l: TMTOMOI TEIIJIOEMHOCTI pedo-
BUHU, 3 AKOI BUTOTOBJIEHO Tijo (¢), Macu mporo Tija (m) ta pisHuIti
Mixk #ioro kKiHIEeBoio (f,) i mouaTKoBOIO (t;) TeMIIepaTyporo.

Omxe, 11100 OOUMCIUTH KiJIBKiCTh TEIJIOTH, HEOOXiAHY AJA HArpi-
BaHHA Tijla, MOTPiOHO MHUTOMY TEIJIOEMHICTH PeUOBUHU (C) ITOMHOMKHU-
T Ha Macy IIbOro Tijla (m) Ta pisHUII0O MiK oro KimmeBorw (i) i
mouaTKoBoio (f,) Temmeparypamu (puc. 8.1):

Q=cm(t,—t,)=cmAt. (8.1)

3 (8.1) mo:kHaA oTpuMaTH Taki opmysm:

IS O0YMCJeHHS TeIJIOEMHOCTI Tija:

em=—2_, (8.2)
t2 - tl
IJIA OOYMCJIeHHA PIi3HUI TeMIeparyp:
At=t2—t1=i. (8.3)
c-m

Y mporieci oTpuMaHHA TENJIOTU BHYTPIIIHA eHeprid Tijsa i Temme-
paTtypa 30iIbIIyIOTECS, a TiJio HarpiBaeThes. Koau Tijno Bigmae meBHY
KiJBbKiCcTh TenJa0TH, OTO BHYTPIIIHA eHeprid i TemnepaTypa 3MeHIITY-
IOTBhCSA, a TiJIO IPU IIBOMY OXOJIOAYKYETHCH.

Busasnserbes, 1o mig yac HarpiBamusa 1 kr Bogum Ha 1 °C ii BHY-
TpiltHa eHepria 36imbmuThea Ha 4200 Ik, a mimg yac oxoJIOmKeHHS
3MEHIIUThCA Ha Take camMe 3HaueHHdA. OTike, CKiaIbKu eHeprii (Te-
IJIOTH) Tijlo BOMpae I vac HarpiBaHHA, CTiJIBKMW K Bigmae mim uac
oxoJyiomkeHHA. ToOTO KiIbKicTh TemaoTw, AKY Bifgmae Tijgo mim dac
OXOJIOM:KEeHHA, MOKHA TaKOK obumcauty 3a GopmyJoo (8.1).

Q=c-m-At

Q — KinbkicTb TEnnOTH, X

C — NMUTOMa TEMJIOEMHICTb PEYOBUHM,

3 AKOi cknagaeTbes Tino, x/(kr - °C)
m — maca Tina, Kr

At — 3miHa Temnepatypu Tina, °C

Puc. 8.1. KinbkicTe TENAOTU NpY HArpiBaHHi Ta OXONOMAXEHHI Tina
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Y ¢isumi npuiiHATO BBasKATH KiJbKicTb TermoTu momaTHoio (@ >0),
SAKIIO TiJI0 OTPUMYE TEILJIOBY eHepriio, Ta Big’emuomo (Q <0), AKIIO Bia-
mae ii.

3BepHIiTH yBary: sukopucmosyiouu gopmyry (8.1) 0 po3paxynky
KiabKocmi menaomu, AKYy ompumye abo 8iddae mino, 3MiHY memne-
pamypu mina At eusHauaomo, gi0HiMaruu 8i0 6ilbWOl memnepamy-

pu meHuLy.

Hanpukiiazn, SKIMO OiJ Yac TEIJOBOTO IPOIECy TiJIO OXOJOHYJO Bif
remneparypu t, =100 °C go remmneparypu t, =25 °C, To 3miny Iioro
TeMIlepaTypyu BU3HAYaIOTh AK: At=1t —1, =100 °C-25°C="T75 °C.

Ha mpaxTuili BuHuKae morpedba BUKOHYBATH PO3PAXYHKU OTPUMA-
HOl uM BigmaHOi TijaMm TemaoTu. Hampukiaan, Ipu CIOPYAKeHHI Oy-
IVHKIB IMOTPiOHO BpaxXoBYBATH, AKY KIiJMbKiCTh TEILJIOTH BimgaBaTume
BCA cHCTeMa OIaJIeHHS, a TaKOXK Te, AKa KiJbKICTh TEeNJoTU HAZXO-
IUTHMEe B HABKOJIMIITHE CepemOBUINE Uepe3 BiKHA Ta CTiHWU.

IMPUKJIAIN PO3B’AA3YBAHHSA 3A/TIAY HA POSPAXYHOK
KIJIBKOCTI TEIIJIOTHU IIP HAT'PIBAHHI
TA OXOJOJ;KEHHI TIJIA

dopmysia, 3a AKOI0 OOUMCIIOETHCSA KiJbKiCTh TEIJIOTH ITPU HATPiBaH-
Hi Ta oxogom:keHHi Tina (8.1), BUKOPUCTOBYETHCA I PO3B’A3YBaHHS
(¢ismuyHUX 3a7au HaA TEIJIOBI mporecu. PosrisgsHeMO IPHUKJIAIHU.

3amaua 1. Boxgy macoro 0,8 kr mpu Temmeparypi 25 °C swmimranan
3 okpomom Macoio 0,4 xkr. Temmeparypa 3MmiraHoi BoguW TOPiBHIOE
50 °C. O6umnCIiTh KiJIBKiCTh TEIIOTH, AKY Bigmae okpim, i KigbKicTb
TEeILJIOTH, AKY OTpUMAaJja, HarpiBamuuch, XoaonHa Bojga. IlopiBHAlTE iX.

Harno: Pose’a30k
m,; = 0,8 kr Oxpin, oxonomxyrounck Bix 100 o 50 °C,
t,=25°C BijjaB yacTUHY CBOEI BHYTPIITHBOI eHepTii:
c;= ¢y, = 4200 HTC Q; :ICIZ- my- (&, — t);

KI'- K o
m, = 0,4 Kr QZ = 4200 Kr-° -+ 0,4 kr - 50 °C =
by = 109 °C = 84 000 II:x = 84 k][x.

t =50 °C Boga, B aKky BaIMIUM OKpill, Harpimaca Bim 25
Q, —? @, —7? nmo 50 °C, i orpumaJia Taky KiJbKiCTh TEIJIOTH:
Q, =c¢; " my - (T—1y);

Q.= 4200 2 . 0.8 kr - 25 °C =

KI-

= 84 000 O:x = 84 JIx.
BigmoBigs: @, = @, = 84 rllx.
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3amaua 2. B amrominieBiii KacTpyui, maca akoi 800 r, HarpisaroTb
5 kr Bogu Big 10 °C go xuminHs. BusHauTre KiJIbKicTh TemaIoTH, HeoO-
XigHy mJig HaArpiBaHHS: a) KacTpyJi; 0) Boam.

Hano: Posg’a30k
m; = 0,8 Kr KinpkicTs Temmotu, HeoOXimHa ms Harpi-
¢, =10 °C BaHHS aoMiHieBOI KacTpyri:
t2 =100 °C Ql :cl.ml.(tz_tl);
m, = 5 Kr ik
=920 —— - 0,8 Kr X
¢, = 4200 2 & Kr-°C i
Rr- X (100 °C — 10 °C) =
¢, = 920 I[_’R — 66 240 I = 66,24 & [[x.
Kr-°C KinpkicTs Temmoru, morpibHa nna HaArpi-
Q, —? @, —? BaHHSA BOJU:
Q,=cy-my-(t,—1);
Q,= 4200 -2 . 5 k- (100 °C - 10 °C) =
Kr-°C

=1 890 000 I:x = 1,89 MII:x.
Bigmosins: @, = 66,24 xl)x; @, = 1,89 MIIx.

Fénoere B ubomy naparpadi

KinbkicTb TENNOTU, 9Ky TiNo BOMpAaE nig, Yac HarpiBaHHS, OOPIBHIOE Kisb-
KOCTI TennoTu, Ky BOHO Big4a€ Mig Yac OXONOOKEHHS.

LLIo6 oBuncnnTn KinbkicTb TEMIOTWU, HEOOXiOHY ANs HarpiBaHHsA Tina abo
BiAA@HY HMM Mif, 4ac OXOJIOOXKEHHS, NMOTPIGHO NMUTOMY TEMIOEMHICTb pedvo-
BVHU (¢) MOMHOXMTK Ha Macy UbOro Tina (m) Ta 3MiHy MOoro temnepatypm
At: @ =cmAt.

SanutanHs ans camonepesipku

1. HasBiTe BeJuumHU, Bif AKUX 3aJ€KUTHh K1JIbKICTH TEILJIOTH, HE0oO0-
XimHA AJd HarpiBaHHA TiJja.

2. Big aKux BeJWUYMH 3aJeKUTh KiJIbKiCTh TEILJIOTH, IKY Bimgae Ti-
JIO TiJ 4ac OXOJIOMKeHHs?

3. 3a AKo (POPMYJIOI O0YHCIIITH KiJIbKICTh TEHJIOTHU, IO OTPHU-
Mye Tijo mifg uac HarpiBaHHSA a0o0 Bigmae IIif uyac OXOJIOMKEHHS?

4. SfAxigo mposecTH AOCJLS 3i 3MiIIyBaHHS OJHAKOBHX Mac rapsuvoi i
XOJIOAHOI BOAM Ta OOUMCIUTU KiJbKiCTh TEMJIOTH, Bigmamoi raps-
Y00 1 OlepsKaHOl XOJIOAHOI0 BOMOI0, OTPUMAEMO Pi3Hi 3HAUEHHH.
IloscHiTh, YOMYy.

Bnpasa po § 8

1(n). MopiBHANTE KiNbKICTb TEMMAOTU, NOTPIOHY ANS HAarpiBaHHA OO KiMHAT-
HOI TemnepaTypu NUTHOI BoaM B nnaswkax ob’emom 1 Tta 0,5 n, axi
BUMHANM 3 XonogunbHMkKa. BignoBigb MNOSACHIT.



8 9. Tennosuit 6anawc

2(n). MopiBHANTE KiNbKiCTb TEMNOTW, NOTPIOHY ANS HArpiBaHHS Tina, B3ATOro
npu KiMHaTHI TemnepaTypi, Ha 5 °C, i KinbkiCTb TEMI0TH, WO BWUAi-
NNTBLCS Mig, Yac 0xonoaXKeHHs Lboro Tina Ha 10 °C. Bignosiab NOACHITb.

3(c). flka KiNbKiCTb TenaoTu HeoOXigHa AONs HarpiBaHHA Hikenio Mma-
coto 200 r Big 20 po 100 °C. lNwnTomMa TENSOEMHICTb HIKENO
460 Ox/(kr-°C).

4(c). fky macy nicky moxHa Harpitm Big 18 pno 78 °C, BukopucTaBLiun
264 MIx tennotn? MNutomMa TennoeMHicTb nicky 970 x/(kr-°C).

5(m). Lo gkoi TemnepaTtypun OyB HarpiTMii 4aByHHU OPYCOK Macoio
1,8 Kkr, akwoO npu MNoro oxonoaxeHwi oo 20 °C Buainuno-
ca 77,76 kx TennoBoi eHeprii? [UuToma TENNOEMHICTb YaBYHY
550 Ox/(xr - °C).

6(m). BuaHauTe KinbkicTb TEnnoTu, HeoOXioHy Ans HarpiBaHHA Big, 15 a0
20 °C noBiTps B KiMHaTI, AOBXMHA SKOI 5 M, WMprHa 4 M Ta BMcOTa
2,8 M.

7(B). BusHauTe, Hackinbky 36ibWNTLCA TEMMEPATypa CBMHLEBOI KYJIbKWU,

fka nNagae Ha 3anisHy nnacTtuHy 3 Bucotu 120 M, AKWO BBaXatw,
O BCA MEXaHiyHa eHeprigd NepeTBOPKETLCSH HA BHYTPILLHIO EHEPriio
Kynbku. Nutoma TennoemHicTb cBuHU© 120 IOx/(kr-°C).

§ 9. TennoBuit 6axanc

» Tenanosuil 6bananc
» PigHAHHA Menno60z0 6anaHCy ma 1020 6UKOPUCMAHHSA Oas
po36’a3yeannsa 3a0ay Ha menJosi npouecu

TEIIJIOBUM BAJIAHC. BaskIHBOIO 0COGIMBICTIO TEIJIOBHX IIPOILECiB
€ Te, IO MiJl Yac TeILJIOBOTO KOHTAKTY MisK TijlaMM TeIJjoTa caMo-
BLJIBHO IIE€PEeXOANTh Bim OGiJIbIII HATPITOTO A0 MEHIN Harpitoro Ttiza. 3
YacoM MiK IIMMH TiJIaMM BCTAHOBJIIOETHLCS TeILJIOBA piBHOBara, ToOTO
TeMIlepaTypa TiJl cTae OJHAKOBOMO. ¥ 3aJauvaxX Ha BU3HAUEHHS eHep-
FeTUYHNX XapaKTEPUCTHUK TEIJIOBUX IPOIleCiB BUHUKAE HeOOXigHicTh
00YHCII0BATH KiJIBbKICTh TEIJIOTU, KA HALAECTHCI a00 BUMIIAECTHCS Ti-
JaMHu 3 PidHOIO TeMIIepaTypolo IO BCTAHOBJEHHS TEIJIOBOI PiBHOBaru.

IIpomecu TemmooOMiHYy MiAIOPALKOBYIOTHCS 3aKOHY 30eperkeHHs
eHeprii 3a ymMoBU, IO BOHU Bi0OYBalOThCA B TEIJI0i30JIbOBaHiil abo
3aMKHeHi# cucteMmi. Tensnoi3onb08aH010 HA3UBAMb cUCMeMY, 8 AKIl
mina oOMinOIOMbCA menaom auwe mix cooow. TodTO B TeII10i3050-
BaHill cucTeMi He BiOyBAeTbCS BTPATHU TEIJIOTH B HABKOJMUIITHE cepe-
goBuIle. ¥ peaJbHUX CHUCTeMaX TaKi BTpPaATH € JOCTATHLO BilUyTHUMMU.
Tax, yacTMHa TEmJIOBOI eHeprii, IT0 BUIIIAETHCSI KOH(MOPKOIO eJeK-
TPUYHOI MJINTU, Ha AKifl KUI ATATH BOAY, e HAa HarpiBaHHS IIOBi-
Tpsa B KiMHaTi. Uepes mMeTasieBi CTIHKM YallHMKA TEILIOTA BigmaeTbCS
B HaBKOJMUIIIHE cepemoBuine. IIpuKIagoM Tema0i30J0BAHOI CHCTEMU

63



64

€ KaJIOpUMETP — NPUCTPili, BUKOPUCTOBYBAHUU IJIA HOCTiIKEeHHSA
TeIJIoBUX Iporecis (puc. 9.1).

Kanopumerp cKJIamaeTbcsa 3 OBOX MMOCYAWH IUJIIHAPUYHOI dopmu,
BMiImeHuX ogHa B oaHy. Mix mocyamHAMM PO3MIIIeHUH IIap TerJio-
isomaTopa (MOBITPsA, MiHOIIJIACTY TOIIO) AJIA 3MEHIIIEHHS BTPAT TeIllaa
mig Jyac Temma000MiHy. SOBHIIIHA MOCYAUHA IPUKPUBAETHCA KPUIIKOIO,
0 AKOI MOKHA IPUKPITUTH TEPMOMETDP Ta IPUCTPiN AJA mepeMimry-
BaHHA pigmHu. Taxky cucTeMy HeBHOIO Mipoi0 MOKHA BBasKaTU TEILJIO-
130/1b0BAHOIO.

3a 3aKOHOM B30epe’KeHHSA eHeprii AJsA Temioi30JbOBaHOI CHUCTEMU
KiavKkicmb menaomu, aky eiddaroms Oiavul Hazpimi miaa, 0opiBHIOE
KilbKocmi menaomu, OMPUMAHOL MeHUL HazZpimumu milamu 6 npo-
yeci menJsooOMiny.

Tob6To KiTbKiCTh TEIJIOTH, AKY BigmacTh HarpiTuii samisHuii BaXKoK,
10 OMYCKAEThCA y BHYTPIIIIHIO IOCYAWHY 3 BOJOI0, MOPiBHIOE KiJb-
KOCTi TeIJoTH, OTPMMAaHOI BOJOIO.

Mepemiwysay

TepmomeTp BOAM
BHyTpILWHA
nocyavHa

30BHILLHSA

nocyavHa .

3 KPULLKOIO Tennoisonarop
(nosiTps,
niHonnacrT)

a) MpUHUMMNOBA CxemMa KanopumeTpa

6) cknapgoBi kanopumeTpa

Puc. 9.1. bygosa kanopumeTpa
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IlopiBHAHHA KiJIBKOCTI TEIJIOTH, BiAZaHOI Ta OTPUMAaHOI TijgaMu B
TeILJIOBUX IIpoIlecax, HAa3UBAIOTh mensosum oarancom. Temmnosuii 6a-
JIAHC BUKOPHUCTOBYIOTh YV TEXHIIli JJIf aHAJi3y TEIJOBUX ITPOIECiB, AKi
Bif0yBalOTLCA B IMapoOBUX KOTJIaX, MedaxX, TeIJOBUX ABUTYHAaX TOIIO.

PIBHAHHS TEIIJIOBOT'O BAJIAHCY TA MOTO BUKOPUCTAHHS
OJIA PO3B’AASYBAHHSA 3AJJAY HA TEIIJIOBI ITPOIIECH. Pos-
TJISHEeMO TeIlJIOOOMiH ycepequHi cuCTeMU, IO CKJIAJAETHCI 3 MeKiJb-
Kox Tism. Bymemo BBaskaTu, 1o cucTeMa JOCTAaTHHO 130JIbOBaHA Bif
HaABKOJIMMIHIX Tij i i1 BHYTPIiIlIHA eHeprisd He 3MiHIOETHCA Ta BcCepe-
IUHI CHCTeMH He BUKOHYETLCSA poboTa. ¥ Mpolleci TemIooOMiHy mo
HAaCTaHHSA TeNJOBOI piBHOBArm KOKHE 3 TiJI oTpuMae @' MeBHY KiJb-
KicTtb abo BimmacTh Ii @ .

3a 3aKOHOM 30epesKeHHs eHepril, AKUHI CIpPaBIKYEThCA OJIS TEILIO-
BUX IIPOIECiB TaK caMoO, SK i JJd BCiX iHIINX IPOIECiB y mIpupomi, y
BaMKHYTIiH cucTeMi mim yac Tertolmepenadi omHi Tija BigmamoTh Taky
caMy KiJbKiCTh TeILIOTU, AKY OTPUMYIOTH 1HIIIi:

Qo'rpHMaHa = QBim:(aHa 4 3.60

Q +Q; +Q; +...+Q =Q; +Q, +Q; +...+Q ;. 9.1)

ITid wac neénozo menno6ozo npoyecy 6 mennoi3onbo6aHill cuc-

memi cymapHa KinbKicmb menniomu, ompumana OOHUMU mina-

Mmu, dopieénioe cymaphiil kKinvkocmi menaomu, 6i00aHOL iHWUMU.
PiBuauusa (9.1) HasuBaOTh PiBHAHHAM TeIIJIOBOTO Oajamcy.

* OCKinmbKY y (pisulli OpuiiHATO BBAXKATU, W0 KiJbKiCMb Meniomu,

ompumana miaom nid wac mensooominy, € 000AMHUM YUCLOM, @ Kilb-

Kicmb menaomu, 6i00ana misom nid wac mensooominy, — 6i0°€MHUM,
Mo DiBHAHHSA MeNnJa08020 0ANLAHCY MOXCHA nodamu Yy euzasndi:
Q+Q,+Q;+...+Q, =0. (9.2)

TobTo B 3amxHymill cucmemi cyma Kinvkocmeli menaiomu, 6i0-
danux ma ompumanHux ycima minamu cucmemu nid 4ac neéHoz20
menno6ozo npoyecy, 00OPi6HIOE HYNIO.

Ocob6auBocTi po3B’a3yBaHHA (PisSMUYHMX 3aaU HA TEILJIOBi mpoiecu
3 BUKOPHUCTAHHAM PiBHAHHA TEILIOBOro OasaHcy. IIpomoHyemMo Bam
IedKi pekoMeHIAIlil 11100 PO3B’ A3YBAHHS 3aJay Ha BU3HAUEHHS eHep-
FeTUYHUX XapaKTEepPUCTUK TeIJOBUX IIpolieciB. Hacammepesn yBasKHO
IpoaHaJIi3yliTe YMOBY 3ajJadvi Ta BU3HaAUTe, UM € CUCTEMAa, B AKil Bix-
OyBalOTHCS TEILJIOBI Ipollecu, 3aMKHYTOIO (TeII0i30/iboBamoio0). Ilisa
3aMKHYTOI CHCTeMH CKJIaJalOTh i PO3B’SA3YIOTh PIBHAHHSA TEIJIOBOTO
baJyiaHCy.

ITocmimoBHiICTE PO3B’A3yBaHHSA 3aJau 3 BUKOPUCTAHHSAM PiBHAHHS
TEILJIOBOTO 0ajlaHCy MOYKHA IMOJATH y BUIJIALL TAKOTO aJITOPUTMY:

1. 3’acyiiTe, AKi Tija 6epyTh yuyacTh y HPOIlECi TEILJIOO0MiHY.
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2. Busnaure, K010 0yjia IOYaTKOBA TeMIlepaTypa KOYKHOI'O 3 TiJl cuc-
TEeMU Ta TeMIepaTypa CHUCTEeMU ITiCJI BCTAHOBJIEHHS TEIJIOBOI piBHOBATHU.

3. IIpoanasisyiiTe TeILJIOBI mpoliecu, 110 BigOyBaucsa 3 TijaMmu IO BCTa-
HOBJIEHHS TEILJIOBOI pPiBHOBaru, Ta ()OPMyJiH, AKi OMMCYIOTH IIi ITPOITECH.

4. CxjaniTh piBHAHHSA TemaoBoro OasaHcy. [ mboro B JiBifi uac-
THHI 3a0UIIITh CYMYy KiJIBKOCTEH TeIlJIOTH, AKY ONHI Tija Bimgmaam Irifg
yac TemyoobMiHy, a B mpaBiii — cymMy KiJbKOCTell TeIJIOTH, AKY Bin-
many iHmi Tina: @ +@, +Q; +...+Q, =Q; +Q, +Q; +...+Q,,.

5. 3a peayimbTaTaMmu aHaJi3y TEIJIOBUX IIPOIIECiB 3amuMIiTh (op-
MyJay KigbkocTi Temnotym @, ®,, @3, ..., @, OJIA KOMKHOTO 3 Tia, AKi
0epyTh yuacTh y TeiooOMimi. BpaxyiiTe, 110 A/ BU3HAUEHHS 3Mi-
HU TeMIIepaTypu KOKHOTO 3 TiJ At moTpiOHO Bif 6inbIIoro 3HAUYEHHSA
TeMIOepaTypu BiIHATH MeHIIIE.

6. Po3B’sKiTh oTpuMane piBHAHHSA BiZHOCHO HEBilOMOI BeJIMYUHU
1 3aOuImiTh KiHIeBY (POPMYJIy.

7. O6uuciTh UIYKaHY BEeJIUUMWHY Ta NPOAHAJI3yHTe OTPUMAaHUM
pesyJabTar.

IIPUKJIANL PO3B’I3YBAHHSA ®I3UYHOI 3ATAYI HA PIBHAH-
HdA TEIIJIOBOI'O BAJIAHCY

3agaua. Y ckiaaHiii xonb6i macoro 100 r micrursca 200 r Boxgu,
remueparypa saxoi 40 °C. ¥V Boxy samypuau Tijgo macoio 200 r, Ha-
rpite mo temmepatypu 90 °C. Uepes medAKuii uac temmepaTypa BOAU B
KoJ6i cranoBusa 44 °C. BusHauTe IHUTOMY TEMJIOEMHICTH PEUOBUHU,
3 KOl BUTOTOBJIEHE TiJoO.
Ilano:
m;= 0,1 Kr

Pos6’as3ox
IIpoamanizyemo ymoBu 3amaui. Cucrema, MixK

m, = 0,2 Kr

TijlaMu SAKOI BigOyBaeThCSA IIPOIlEC TEILIOOOMiHY,

t; = t,=40 °C  |cxnagaernes 3i cKAAHOI KOJIOU, BOAM Ta HATPITOTO
¢, = 840 I[’? Tiza. Bymemo BBaskaTtu ii 3amKHeHom0. OTike, mJd
Kr-°C  |poss’asyBaHHS 3amadi MOTPiOHO CKJIACTH PiBHAHHSA
c,= 4200 o TQHJIOB(?I‘O bajamcy. ‘ .
Kr-©° ITomipxyemo, 110 BizdOyBasoca 3 KOKHUM TiJIOM
my= 0,2 Kr CHUCTeMH IIif yac Temaoo0Miny. OckiIbKHM Boga Mic-
t;=90 °C TUJacsad B KoJ0i ImeBHUI yac OO TOro, AK y Hei 3a-
t =44 °C HYPUJMW TiJIO, TO mOYaTKOBA TeMIepaTypa BOAU ©
s —2? KoJIOM OyJsia OOHAKOBOIO i craHoBuia ¢, = t, = 40 °C.

TenyioBa piBHOBara Iicjs 3aHypeHHA Yy BOIY Ha-
rpiToro Tija Hacrasa mpu Temiepartrypi ¢ = 44 °C.
ToOTo mix uac TemaooOMiHy Kojsba Ta Boma Harpi-
aucsa po t = 44 °C. Ilpu 1mpomy 3aHypeHe Y BOIY
TiJIo oxoJoamiocsa Ao Temieparypu t = 44 °C.
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CriameMo PiBHAHHSA TEIJIOBOTO OajaHCy, B AKOMY @, — KiJbKicThb
TeILJIOTH, OTPUMAaHa KOJIOOIO Il yac HarpiBaHu#A; @, — KiIbKicTh Te-
ILJIOTU, OTPUMAaHa BOAOIO ITiJi yac HarpiBaHHA; @; — KiJbKICTH TeILIO-
TH, AKY BiAjgajio 3aHypeHe TiJIO mij Jac OXOJOMKeHHH.

Omxe, @ +Q,=0Q;.

Burkopucraemo dopmysy Oy BUSHAYEHHS KiJIBKOCTI TemyioTu,
oTpuMaHoi abo BimmaHoi Timom.

Toxi: @, = ¢c;my (T — 1,); @y = comy(t — 1,); Q3 = cymy(t; — t).
IlizcraBUMO y PiBHAHHS TEIJIOBOTO 0ajlaHCY 3allMCaHi BUpa3u:
clml(t—tl)+cgm2(t—t2):c3m3(t3—t).

Y pesyabTaTi MU ofep:Kasiu PiBHAHHSA 3 OJHi€I0 HEBiIOMOIO BeJH-
YUHOIO Cs.

PosB’a3aBmiu #ioro BiZHOCHO IIIYKaHOI BEJIUYUHU, OIEPIKUMO

_emy (t—ty)+emy(t-ty)

5 =
ms (ts - t)
JIOB1 3HaueHHA (PiBUUYHUX BeJUUYMH. BUKOHAEMO pO3paxyHKU:

840 L -0,1 xr-4 °C+4200 L 0,2 kr-4 °C

C. = KI'- C KI'- C ~400( JI’K ).
8 0,2 xr-46 °C kr-°C

I

Kr-°C
3a Tabj. 7.1 BCTAHOBJIIOEMO, IO OTPUMAaHe 3HAUEHHS BigmoBimae

OUTOMINA TemJOoeMHOCTI Mismi.

. IlincraBumo B oTpumMaHy (POpMYyJay UHUC-

Opepsxumo c; = 400

Bignmosigs: ¢; = 400 'H—O Tino BurorosJieHe 3 Mini.
KT-

FonoeHe B ubomy naparpadi

Tennosum 6GanaHCOM Ha3WBalOTb MOPIBHAHHS KiIbKOCTI TENNOTWU, onep-
XaHol Ta BigOaHOoI Tinamu B Tennosux npouecax. ig yac 3anucy piBHAHHSA
TennoBoro 6anaHcy pPiBHOMPABHUMU € MipPKYBaHHS:

— nig Yac NeBHOro TenJoBOro NPOLECY B TENJ0I30/IbOBAHIN CUCTEMI Cy-
MapHa KifibKiCTb Tenna0Tu, OoTpumMaHa OAHWUMMU Tinamm, OOPIBHIOE CyMapHiin
KiNbKOCTiI TEnAOTK, BiOOaHOI iHLWMMWN.

Q +Q; +Q; +...+Q =Q; +Q, +Q; +...+Q, ;

— Y 3aMKHYTIli Tennoi30/IbOBaHIN CUCTEMI CyMa KilbKOCTEW TensaoTu, Bia-
JaHuX Ta OTpMMaHUX ycima Tinamm CUCTEMU nif 4Yac NEeBHOro TensioBOro
npouecy, Mae AOpiBHIOBATU HYNO: @ +Q, + Q5 +...+Q, =0, npnyomy Kinb-
KiCTb TennoTu, oTpyuMaHa TinoM nig 4ac TennoobMiHy, € 40OaTHUM YUCIIOM,
a KinbkKiCTb TennoTw, BiggaHa TiNoM nig 4ac TennaooOMiHy, — BiA’€MHUM
YNCIIOM.
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SanutanHs ans camonepesipku

1.
2.
3.

1(c).

2(c).

3(an).

4(n).

S(a).

6(B).

IIlo HasuBawOTL TemaoBUM Oayiamcom?

HaseniTer npukIagm Teloi3osboBaHOI CHUCTEMU.

st posB’A3yBaHHA AKUX (PisMUYHUX 3a7aU AOIMIJIBHO BUKOPHUCTO-
BYBaTHU PiBHSAHHSA TEIJIOBOTO OasaHCy?

3anuiriTh PiBHAHHSA TEIJIOBOTO OaJiaHCy. Y UOMY IIOJISATAE HOro
3micT?

3a gKUX YMOB PiBHAHHS TEILJIOBOTO OaJIaHCy € CIPAaBeIJIUBUM?

Bnpaea go § 9

O06uuncniTh, Ha CKiNbKM rpaayciB HaArpieTbCa antoMiHiEBa getanb Ma-
COl0 2 Kr, 9KWO 1 HagaTn Taky camy KinbKiCTb TEMOTU, ska Ham-
X0OMTb Ha HarpiBaHHa Bogu macoto 880 r Big 0 go 100 °C.
BusHauTe Temnepartypy BOAM, WO BCTAHOBUTLCS MiCNSA TOro, gk 3Mi-
watn 100 r okpony i 100 r Bogmn, B3aTOl Npmn Temnepatypi 10 °C.
AnomiHieBa kactpyna macoto 1,5 kr mictute 800 r BOAM 3a Temne-
patypu 20 °C. Ckinbkm oKpony noTpiOHO AOAUTU B KACTPyIio, Wob
oTpuMaTtun Boay, Temnepatypa skoi 45 °C?

Y migHnin kanopumeTtp macoto 100 r Hanunm 740 r Bogu, Temne-
patypa skoi 15 °C. licng uboro B KanopumeTp 3aHypuinm Opycok
macoto 200 r, HarpiTuii B okponi. llicna BCTaHOBMEHHS TEMIOBOI
piBHOBary Temnepatypa B kanopumeTpi nigsuwmnaca no 17 °C.
BrnsHaute nmMTOMYy TEMJIOEMHICTb PEYOBUHMU, 3 $SKOI BUIOTOBAEHO
OpycoKk.

Locnigite, yn 6yne B 3aKpUTOMy TEPMOCI TaHyTWU Nid, SKLWO NOro
Temnepartypa i TemnepaTtypa BOAM CTaHOBUTUMYTb °C.

Y yaByHHy BaHHy, maca gakoi 200 kr, crnoyaTky Hanunu BoAy TeM-
nepatypoto 20 °C, a noTim gogann Boau Temnepatypoto 80 °C.
Micna BCTAHOBJIEHHA TEMJIOBOI pPiBHOBarv temneparypa sBoay crana
popisHioBaTtn 60 °C. 9Ky mMacy X0nogHoi Ta rapsyol Boay Hanunm y
BaHHY, GKLIO 3aranbHUn 006’€M BOAM y BaHHi cknae 160 n?

§ 10. IIlnasaenna Teepaux Tijg. Kpucraaizaimia

» Ilnasaenns meepdux min. Kpucmaanisayis
» Po3paxyHox Kiabkocmi menjomu npu niasjenHHni meepoux mig

i kpucmaanizayii

II.;TABJIEHHA TBEPJAUX TIJ. KPUCTAJJISAIIIA.
Busuarouu arperaTHi cTaHW PeUYOBHMHU BH O3HANOMMU-
JUCS 3 MJABJIEHHAM 1 KpUCTAJIisallielo TBepAUX TiJ.

Puc. 10.1. I[ImaBjeHHAM HA3WBAIOTH IIPOIEC IIePexX0y PeUOBUHU
MnaBneHHs 3 TBepAoro cramy B pigkuii (pumc. 10.1).
nboay



8 10. [naenexns Teepaux Tin. Kpoucranisauis

3BOPOTHUI IPOIleC IMePexXonqy PEUOBHMHU 3 PiSKOr0 CTaHY B TBEPAUM
Ha3WBAIOTh KpHcTajizamiclo (TBepaHeHHAM). Kpucraniuui Tina miaas-
JATHBCA Ta TBEPAHYTH 3a MEBHOI CTAJIOl AJIA KOXKHOI PEUYOBUHU TeMIIe-
patypu, AKy Ha3WBAIOTh TEMIIEPATypPOIO ILIaBJeHHA. PisHi Kpucramiuai
TijIa JIaBIATHCS Ta TBEPAHYTH IIPU PisHUX Temieparypax (tabsa. 10.1).

Tabamys 10.1
Temnepatypa nnasJsieHHS Ta KpucTasnisauil AessKMxX pe4vyoBUH

PeuoBuna TeMnepaTyp?
IJIaBJeHHA/KpUcTagizamii &>
Pryrs -39
Jig 0
Tanin 29,8
Os0BO 232
CBuHeIb 327
Anomini 660
Cpibio 960
Craab 1400
Boabsdpam 3387

I KOoKHOI KpHCTaJiuHOI PeYOBMHU € CBOA TeMIlepaTypa ILjaB-
gerHA. Hanpukian, Temneparypa IJIaBJeHHA BOJb(paMy CTaHOBUTH
3387 °C, samisa — 1535 °C, ammowminito — 660 °C, madraminy —
80 °C. € meranu, gKi IJIaBIATHCA IIPU TeMIIepaTypi, MeHIIIiA 3a TeM-
neparypy Tina gioguau (puc. 10.2).

Ilig vac marpiBaHHS TBEPAOTO Tijia iHTEHCUBHICTH KOJIMBAJIBLHOTO
PYXy MOJIEKYJ Y KPUCTaJi IMiABUIITYETHCA, & 3 NOCATHEHHAM TeMIIe-
parypu IJIaBJIeHHA KOJUBAHHA CTAIOTh TAKUMU iHTEHCUBHUMM, IO
MOJIeKyJau (aTOMHU) yKe He MOMKYTh YTPHUMATHCA Yy BYy3Jax I'DaTKU i
BOHA PYUHYEThCA — BigOyBaeThCA MIJaBJEeHHsA. Y IPOIeci MIaBIeHHS
BCsS eHeprifd, Mo IepemaeTbCs TBEPAOMY Tily, HAAXOAUTL Ha PYHHY-
BaHHA WOT0 KPUCTAJIUHOI I'PaTKU,

TOMY IIiJl Yac IIJIaBJIEHHS TeMIlepa-
Typa KPHUCTAJTiYHOI PEUOBUHU 3aJIV-
IIAETHCA CTAJIOIO.

OTixe, BHYMPIWLHA eHepeis po3naa-
8y 3a6xc0u Oinbwia, HiHC 6HYMPIULHA
eHnepzis makKoi camoi macu Kpucma-

Ji6 3a mi€el camol memnepamypu.

Coocrepe:keHHA MOKa3yIOTh, IO
TeMIlepaTypa IJIaBJIEeHHS He TiJbKU
BHU3HAYAETHCA IPUPOAOI0 PEUOBUHM, Puc. 10.2. Temneparypa
a U 3alexuTh BiA THUCKY. K0 nnaBneHHs MeTany ranio
IIJIAaBJIEHHS PEYOBUHU CYIIPOBOIKY- cTaHoBUTL 29 °C
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€ThCA 30iabIeHHAM ii 00’€My, TO 3i 3pOCTAHHSIM 30BHIIIIHBOTO THCKY
TeMIlepaTypa IJIaBJIeHHS ITiel PeYOBUHM IIiABUINYETbCA. SIKIIO ILIaB-
JIEHHS PEUYOBUHU CYIPOBOIKYETHCA 3MEHINeHHAM Ii 00’emy (HAIpu-
KJaz, JbOAy, YaBYHY, BiCMyTy, CypMM), TO IIiJi Yac ITiABUIIEHHS 30-
BHIIITHBOT'O THCKY TeMIlepaTypa ILJIaBJeHHA Iliel peUOBUHU 3HUMKYETHCA.

IIix vac xpucraaisaIili peuoBUHU Bif0OYBAETHCA HPOTUICIKHUNA IIPO-
nec. CepenHsa KiHeTMUYHA eHePriA MOJIEKYJ 3MeHITyeThbcda. Cuu mpu-
TATAHHSA IIOYMHAIOTh YTPUMYBATH MOJIEKYJIU MixK coboro. SIK Haci-
IOK, PYX MOJEKYJI CTAa€ BIOPAAKOBAHUM — YTBOPIOIOTHCA KPUCTAJIU.
Enepria, 1o BumijsgeTbcA IIi yac TBEepAHEHHA PEUOBUHN, BHUTpPaUa-
€ThCA Ha IMiATPUMAHHA CTAJOl TeMIlepaTypu. Temnepamypa kpucma-
Aizauyii pewosuHu 0opisHioe memnepamypi il NAABJLEHHA.

Hocaimym mokasyoTh: AKIIO B3ATHU PidHI peUOBUMHUW OAHAKOBOI Ma-
CU, TO JJI TIePEeTBOPEHHSA IMX PEUYOBUH y PiAMHY IIPW TeMIlepaTypi
IJIaBJIEHHA HeoOXifHA pisHa KiJIbKiCTh TEmJOTH.

@isuuHy BeJIUUUHY, IO IIOKA3ye€ KiJbKiCTh TEmJIOTH, HEeoOXimmy
IS TIOBHOTO IIePEeTBOPEHHsA 1 KI' KPUCTAJIIUHOI PEYOBUHU 3 TBEPAOTO
CTaHy B PiAKMI 3a cTajol TeMIlepaTypHu ILJIaBJIeHHSA, Ha3WBalOTh ITU-
TOMOIO TEIIJIOTOI0 TIJIaBJIEHHA:

A=—. (10.1)
m
Opunuiiero nutToMoi Temnaotru 1miaasiaeHHa y Cl e:
ok
[ = ==
KT

ITuTomMy TeILIOTY NJIABJEHHSA KPUCTAIIYHOI pPEYOBMHM BU3HAYA-
I0THh eKCIepUMEeHTAJbLHO 3a OOIIOMOTroI0 Kajgopumerpa. ¥ Tabda. 10.2.
HaBe[eHO 3HAUYEHHS IIMTOMOI TEILJIOTH ILIABJEHHS Ta KpPHUCTaJIisairil

IIeBHUX PEUYOBUH.
Tabavus 10.2
NMutoma TennoTa njaBNEeHHA Ta KpucTanisauil pe4oBUHMN

IInToma TemioTra IJIaBJIEHHS

Pevopnna (kpucramizamii), l}c—f{ 3a t°,
Tamii 5 590
CBuHeIb 25 000
0J10BO 59 000
Craib 82 000
Cpibso 87 000
Mizgs 180 000
Jlig 330 000
Asrominini 380 000
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3 popmyau (10.1) BuniuBae, 110 AJA IIJIaBJI€HHS TBEPAOTO Tija Ma-
CcOI0 m TOTPiIOHO HAmaTH KiJIBKIiCTh TEIJIOTU, MPOIOPIIiHiHY HOro Maci:
Q = Am. (10.2)
BigmosigHo mo 3aKoHY 30epe:keHHs eHeprii, mig uac xpucrasaisarii
PeYOBUHU BUIIJISAETHCA MEeBHA KiJbKicThb Temsmotu. Tomy mix uac Bm-
MaJaHHs CHIIy IIiABUINYEThCA TeMIOepaTypa HABKOJHUIIHLOTO Cepe-
oBuInia. 3a KpucTaJizaril peduoBMHU il BHYTPIIIHA eHepTrid 3MeHITY-
erbcsa. KinbKicTh TemmoTu, IMo0 BUAIISETHCS MHia yac Kpucrasisarii
PeuoBUHU, BH3HAUAIOTH 3a (DOPMYJIOIO
Q = —\Am. (10.3)
Oco06MBOCTI TJIaBJIEHHS Ta KPUCTAJTi3allil TBepAUX TiJ POSTJITHEMO
Ha IpHUKJaIl rpadika sajie;KHOCTI TeMmepaTypH JbOAY Bif yacy Horo
HarpiBauHa (puc. 10.3). Ilo ropusoHTanbHill oci BigkmameHo uac Ha-
rpiBaHHdA, a IO BePTUKAJNbHIA — TemIiiepaTypy B rpaaycax Ileabcid.
Jis coocrepe:keHHA Bi3sbMeMO II€BHY KiJIBKiCTh JBOAY HPU TEMIIE-
parypi —40 °C. Hexait mjsa HarpiBanHs BUKOPHCTAHO HATPiBHUK IIO-
CTifiHOI MOTYKHOCTi, TOMAi KiMbKiCTh TEIJIOTU, AKAa HUM BULIISIETHCA,
Oyme IIpsaAMO IIPOIOPIIiiHA Yacy poboTu HarpiBHuUKA (KiabKicTh TeIwyo-
T IOPiBHIOE HOOYTKY HOTYsKHOCTi HATPiBHMKA Ha Yac HMOro poboTu).
IIpum marpiBauHi aboxy mo 0 °C iioro Temmeparypa 30iJbIIujiacs
Bim —40 °C mo 0 °C (minauxa AB). 306iibllIeHHs TeMmOepaTypu BinOy-
Bajocsa 10 0 °C — remmepaTrypu IIaBJeHHS Jbony. Ilpu mocarmeHHi
0 °C mix mouaB IMJIaBUTHUCS, a TeMIIepaTypa CyMiIlli JboAy ¥ yTBOPEHOI
3 HBOTO BOAU He 3MiHIOBajacsd, Xoua HaArpiBaHHA TPUBAJO (miTAHKA
Ha rpagiky BC). Ilicis Toro Ak yBechb Jig po3TaHyB, TeMmeparypa
yTBOpeHOi BoaM mouaja migsuinysatucda (minsaxa CD).
PosriissHemo mporiec oxXoJIOMKeHH Ta Kpucrasrisamnii Bogu. IIpomos-
JKUMO posrisan rpadika ma ginsuxax DE, EF, FK. Koau Temiepary-
pa Bogu pmocsaria +40 °C (touka D), HarpiBaHHA BOAM TPUINHUJIOCH,

o A AB — HarpiBaHHSl nboay DE — oXxonog)XeHHs BOau
t, °C BC — nnaBneHHs nboay EF — kpwucTanisauisa Bogu
60| cp — HarpiBaHHa BOOU D FK — oxonomxkeHHs nbony
40
20
0 B C E F _
[ [ [ [ -
20 T, XB
B
~40 () ona K
-60 Jlig i Bopa Jlip i BOpa
Nnip, nin,

Puc. 10.3. 'padik 3anexHoCTi TemnepaTtypu fboAy Bif 4acy MOro HarpiBaHHS
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BoZa cTajia oxoJsomkyBaTuca (mingauxka DE). Komu Temmeparypa Boau
sausuaaca 1o 0 °C (trouka E), mouaBca mpollec KpucTaisalilii Bomu.
Kpucramnisamnia BigmbyBaerhcsa, Sk 0auumMo, HPU CTAIiil TeMmIepaTypi,
110 MOPiBHIOE TeMmepaTypi miaaBiaeHHs (minauxka EF) 3 BumiJeHHAM
TEIJIOTY PEYOBUHOI. BifmoBigHO 40 3aKOHY 30epe)keHHsI eHeprii Bu-
IijmeHa eHeprid AopiBHIOE TemyioTi miaBieHHA. [[IOKM BcA Bojga He 3a-
Mepaae, ii TeMmepaTrypa He 3MiHIOETbCSA, 1 JUIe ITicjid 3aBepPIIeHHS
IIpoIlecy KpucTaiisallii TemmepaTypa yTBOPEHOI'O JbOAY IIOUNHAE 3HU-
sKyBatucsa (minguxa FK).

POSPAXYHOK KIJBbKOCTI TEIIJIOTU IIPU IIJIABJIEHHI TBEP-
JINX TIJI TA KPUCTAJIISAIIIL. Aranisyooun ocobauBoCTi mpoIecis
IJIABJIEHHS Ta KPHCTaIisaifii TBepAUX TijJ, MOKHA 3pOOUTH BUCHOBOK,
10 AJIA IIJaBJeHHA PEYOBWHU, B3ATOI MPU TeMIepaTypi MJaBJIeHHd,
il HeoOXimHO HaZaTH KiJBKiCTL TeILIOTH, OOUMCIIEHY 3a (PpOPMYJIOIO0
(10.2): @ =Am.

[ Toro 1106 posIIaBUTH KPUCTAJIIUYHY PEUYOBUHY, B3ATY IIPU TEeM-
mepaTtypi ¢ (HM:KUiii 3a TeMIlepaTypy ILJIaBJIeHH:), ii cIioyaTKy HeoO-
XifHO HaArpiTu nO TeMIlepaTypHu ILJIaBJIE€HHS, HAAABIIU KiJIBKICTH Te-
mwiotu @, =cm(t,, —t), a HOTiM HaZaTu KiJbKiCTh TeIJIOTH, HEOOXiA-
Hy AJIA IJIaBJIEHHA: Q, = Am.

Orike, KiJbKicThb TersoTw, mOTpiOHA I/ IIJIaBJIeHHS PEUYOBUHU,
B3ATOI IPU TeMIepaTypi, HMMKUil 3a TeMIlepaTypy ILJIaBJIeHHS, 00-
YHCJIIOETHCSA 3a (DOPMYJIOIO:

Q=cm(t,, —t)+Am. (10.4)

IIix yac oxXOJIOMKEeHHS Ta TBEPAHEHHS KPHCTAJTiuHA PEeUOBUHA BHU-
IiINTh TAKy caMy KiJbKiCTh TeIJIOTH:

@ = cmAt+ Am. (10.5)

3BepHITH yBary, Io0 pPO3paxoBYIOUM KiJbKiCTh TEIJIOTH, AKY Bif-

Iae TiJIo IIiJ Jyac OXOJIOM:KEeHHS 0 TeMIIepaTyp! TBEpAHEHHS, 3MiHY

TeMIeparypu Af BM3HAUalOTh, BigHiMaiouwm Big OiJIbIIIOro 3HAYEHHS
MeHIIIe.

.103|-|e B Ubomy naparpadi

KpucTaniyni Tina nnaBnaTbCs i TBEPAHYTb 3a MNEBHOI, CTaNoi AJsi KOXHOI
PEYOBUHU, TEMNEPATYPU, SKY HA3MBAIOTb TEMMEPATYPOIO MNaBAeHHd. Temne-
paTypa NnaBfeHHs Pe4YOBMHWU OOPIBHIOE Temnepartypi il kpuctanidadil.

Mg yac npouecy nnaBfieHHA (TBEPOHEHHSA) pevyoBUHM 1T TemMneparypa He
3MIHIOETbCS.

BHyTpilIHA eHepria po3nnasy 3aBXxay Oinblua, HiXX BHYTPILLHA eHepria Ta-
KOI caMol Macu KpucTtanis 3a Tiei caMoi TeMmnepartypu.

®di3nyHy BENMUNHY, LLO NOKa3ye KiflbKiCTb TEMIOTN, HEOOXiaHY A5 NOBHO-
ro nepeTBopeHHd 1 Kr KpUCTaniyHOI PEeYOBUHM 3 TBEPOOro CTaHy B PiaKuia
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3a CTaﬂdfTeMﬂepaTpr nnaBJZIEHHA, HA3MBAKOTb NMUTOMOIO TEMJIIOTOKO MJiaB-

Q .
neHHs A=—_Y Cl nuToMy TEnnoTy MAaBAEHHA BUMIPIOIOTb Y MKOYNSX Ha

m

Kinorpam ('ﬂ'—x) .
Kr

[ns nnaBneHHs KpUcTaniyHoro Tina mMacoto m oMy NOoTPIBHO HagaTw Kinb-

KiCTb TEnIoTu, MPOMNopLiiHy Maci Tina @ = Am .

Mig yac TBEPOHEHHSI PEYOBUHM il BHYTPILLHS €eHepria 3MeHLWYETbCH, 3a

paxyHOK BUOEHHS KiNlbKOCTi TEeMoTH, WO OOPIBHIOE @ = —Am .

panmuuuu ANs camonepeBipku

1. IITo HasWBaAIOTH MJIABJIEHHAM PEUOBUHU?
2. IIlo HasmBarOTh KpUCTAJIi3alli€l0 PeuyOBUHU?
3. Ha3sBiTh 0CHOBHiI 0COOGJMBOCTI IIPOIECiB ILJIaBJEHHS Ta KPUCTa-
Jizarrii.
4. TloscHiTh, YoMy IIiJ Yac IJIaBJIEHHS Ta KPUCTaidarii pedoBUHU
ii TemmepaTrypa He 3MIHIOETHCH.
5. [IlopiBHAliTe BHYTPIIIIHIO €HEPTil0 PEYOBUHU, B3ATOI IPU TEMIIe-
parypi niaBieHHA, Ta ii posIaaBy.
6. Illo HasWBAOTh MUTOMOIO TEIJIOTOIO ILJIABJIECHH?
7. $IK 0o0UMCHIOIOTh KiJBKICTh TEIJIOTH, HEOOXimHY OJIs IJIaBJIeHHS
pevYoBUHM, B3ATOI 3a TeMIOepaTypu ILIaBJIeHHI?
Bnpasa po § 10
1(n). MoSACHITb, AKi 3MiHKM BHYTPILWHLOI eHepril BiaOyBalOTbLCA NMpu MnaB-
neHHi 1 kr nboay Ta 1 Kr 3anisa, B3ATMX Npu TemnepaTtypi nnas-
NEHHS.
2(n). MosiCHITb, AKi 3MiHW BHYTPILHBLOI eHeprii BiabyBaOTLCSA MpU KpPUC-
Tanisauii 1 kr onosa.
3(c). $IKy KinbKiCTb TEnaoTUM MOTPIOHO BUTPATUTM, WOO pPO3NIABUTK
150 kr migi npu Temnepatypi ii NnaBneHHa?
4(c). BusHaute pevosuHy, npu kpmuctanidauii 40 r akoi BUAINAETbCA 6 KX

TennoTu.

5(n). CeuHeub Macoto 100 r, B3aTmin nNpu Temnepatypi 27 °C, posnna-

BUNW Yy CTanesin kopoOuj. 3HanaiTb Macy KOpoOKU, SKLWO KisbKiCTb
TenaoTn, BUTPAYEHOI HA TEMNJIOBI Npouecu, AopiBHIOE 44,2 k[X.

6(a)- BugzHauTe Temnepartypy nboay, WO YTBOPUBCHA 3 BOAW MaCOK S Kr,

B3aTOI Npu Temnepatypi 10 °C, akwo nig yac kpuctanidauji Buai-
nnnuesa 2,225 MIx tennoTtu.

7(B). Y nocyauHi Mictutbes 2 n Boau, Wwo mae temnepatypy 30 °C. Bu-

3Ha4Te TemnepaTypy, siIka BCTAHOBUTbLCH B MOCYAMHI, AKLWIO Tyau
nopann 200 nboay, Temnepatypa skoro 0 °C.
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BYUNMOCHA PO3B’A3YBATHU PISUYHI 3A/TAUI
HA TEIIJIOBI ABHUIITA PA3SOM

ITamoBHi Apya3i!

Y BocbMOMY KJiaci BM IIPOJOBIKYETe HaBUATHCA PO3B a3yBaTH Qi-
3MYHi 3agaui pisaux Tumis. IIpukaagu Ta 0coOJIMBOCTI Po3B’A3yBaHHS
PO3pPaxyHKOBUX 3aJau HaBEeIeHO B MiIPYYHUKY y BIAIOBiZHUX Iapa-
rpadax. ITpomonyeMo BaM KOPOTKi Imopaau 1010 PO3B’A3yBaHHA SKic-
HUX, eKCIepUMeHTaJbHuX i rpadgiunmx (ismuyHmMX 3amay Ha TeIJaoBi
mpoIlecu, AKi BasKJMUBI JJA I'PYHTOBHOTO OIIAHYBaHHA Kypcy (isukm
BOCBMOTO KJacy.

Axicui ¢isuuni 3amaui. HesBarxatouum Ha Te, II0 Taki 3amaui, AK
IPaBUJIO, HEe HNOTPeOYIOTh BUKOPUCTAHHA (PopMysa i rpoMisgKmx 00-
YUCJIeHb, IJs X PO3B’A3aHHSA HAA3BUUAWHO BaKJIMBO IIPABUJIBHO BU-
OyayBaTH JIOTiuHi MipKyBaHH, 1110 0a3YIOTHCA HA OCHOBHUX (Pi3MUHUX
3axoHax. ToMy mOTPiOHO I'PYHTOBHO Ta YCBiJOMJIEHO HpAaIlOBATH 3
HaBYAJBLHUM MaTepiasoM, 30KpeMa HifpydYHUKA.

Ilixg uac posB’aA3yBaHHA AKicHUX (isMUYHUX 3a7a4 Ha TEMJIOBI ABU-
m1a cJiJi 3BepHYTH yBary Ha iXHi OCHOBHiI eHepreTuuyHi XapaKTepuc-
TuKU (HaOpuKJIal, KiHeTUYHA eHepriad XaoTUYHOTO PYyXy MiKpoUacTH-
HOK, IIOTeHIiaJIbHA eHeprid B3aeMOJil YaCTUHOK PEUOBUHU, BHYTPIIII-
HS eHeprid Tija, TeMIepaTypa TOIO), a TAKOK Ha IIiAIOPAIKOBAaHICTH
TEIJIOBUX IIPOIECiB 3aKOHY 30epesKeHHs eHeprii.

OcHOBHMMMU eTallaMH IIifi Yac PO3B’sA3yBaHHS AKicHOI 3agaui e:

1. YBaKkHe UMTaHHS YMOBU 3amadvi, 3’sAcyBaHHA BCixX TepMiHiB, aAKi
BOHA MiCTUTb.

2. Amanis ymoBu Ta 3’scyBaHHA (PiSMUHUX SBUIL], [0 B Hili OIIHU-
caHi, moOymoBa cxeM Ta KpeCJIeHb.

3. IloOymoBa JIaHITIOMKKA JIOTIUHUX MipKyBaHb, IMiAKpimmIeHux @i-
BUYHUMU 3HAHHIMU.

4. Amajis mponoHOBaHOI Bimmosigi 3 moraany ii gisuwunoro smicry,
BiAmmoBimHOCTI yMOBi 3amaui Ta MpPaKTUYHOMY IOCBimy.

HaBenmemo mpukJazn po3B’sA3yBaHHSA AKicHOI Qismunoi samaui.

3adaya 1. Y § 6 migpyyHuKa HaAroJIOIIyeEThCH, IO IIiJ CHiroM IIo-
ciBM 03MMOI NIIEHUI[I HaAINHO 3aXUINeHi Big BuMeps3aHHA. [loAcHITSH,
3a SKWX YMOB CHIroBUM HOKPUB Kpallle 3aXMINA€ MOCiBU: B3UMKY,
mpu mocTiiiHift Temneparypi menmie 0 °C, uu paHHBOIO BECHOIO, KOJU
MO:KJIMBE THMYAacOBe MiIBUINEHHS TeMIIepaTypu HABITHL IO AOJaTHUX
3HAYeHL?

Poss’asok. IlpoanarizyemMo ymMoBY 3amadi. ¥ Hifl posrisagaloTbCs
TEIJIOBI TpoIlecu, TOMY IIOTPiOHO 3BEepPHYTH yBary Ha 0COOJMBOCTI
Telmjonepeavi B IEPIIOMY Ta APYyromMy BuIlagkax. TemaoisondArmiiai
BJIACTUBOCTi CHIry moB’s3aHi 3 HOro 3JaTHIiCTI0O HOTAHO HPOBOIUTU
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Temsao. AJie Ile XapaKTepHO JIHIIIe
IJIsT IyXKOTO CHiry, AKWH IIOCTiHO
nepebyBae IIpu TeMIIepaTypi MeHIIe
0 °C. Ilpu nmpboMy MiK KpHCTaAIHUKAa-
MH CHiIry MicTuThbca O6araTo ImOBi-
TP, AKe Mae HeBeJIUKY TeIJIOIpPOo-
BiguicTs (puc. 10.4).

Ario TemMmepaTypa HaBKOJIMIII-
HBOTO TOBITpA Xo04ua 06 TUMYACOBO
6yne sumorio 0°C (remmeparypa Ta- Puc. 10.4. CtpykTypa nyxkoro
HeHHs JIbOAY), BepxHiil map Gyne cHiry 3a6eanedye oro
TaHYTU, CHII YIMLJIBHIOBATUMETHCH, TEen0i30NSLiHI BNacTUBOCTI
HOBiTPAHI IIPOINApPKM 3MEHIITYBATHU-
MYTbhCA 1 TEIJIONPOBifHICTL 3pocTa-
tume (puc. 10.5).

To6To mMyXKuii CHIir 3HaAUHO Kpa-
e 30epirae mociBu Bijg BuUMep3aH-
Hs, HiK miapHUA. TakuM dymHOM,
03MMUHA BUTPUMYE 3HAUHO OiJbIITi
MOPO3M MiJ OYXKHM CHIrom, HiK
He3HAUHi IIiJ HiiJIbHUM.

ExcnnepumenranapHi  Gisuuni
3amaui. BamamBoio ocobamBicTiO
posB’a3yBaHHA (PisuUHUX 3aad € BUKOPUCTAHHS JIaOOPATOPHOTO Ta
IeMOHCTPAIiiHOrO (AKIIO 3amaua Po3B’A3YeThCA B MIKLIbHOMY (hisdmu-
HOMY KabiHeTi), a TaKOK HaAWIIPOCTIIIIOr0 caMOpPOOHOTO (ZOMAIITHIiM
eKCIIEPUMEHT) OOJIaTHAHHA.

Y mKosi Bu po3B’s3yeTe eKCIepUMeHTAJIbHI 3amaui mig KepiBHU-
IITBOM YUYHUTEJA 3 JOTPUMAHHAM OCHOBHUX IIPABUJI O€3MEeKU JKUTTEIi-
anpHOCTi. Haromocumo, 1110 foTpuMaHHA OpaBUJ 6e3MEKU € OCHOBHOIO
YMOBOIO II IJOMAIITHBOT'O eKCHepUMeHTy. BaaHo 1oro BUKOHYBaTU 3a
JOIIOMOT0OI0 HOpPOCIuX. Ajle y Oyab-AKOMY pasi HeoOXigHO mam’sTaTu,
110 He MOJKHa KOPHUCTYBATUCHA EJEeKTPUUYHUM CTPYMOM, OKPOIIOM, Tra-
30M, JIETKO3aIMUCTUMH Ta HeOe3ImeuHMU pedoBrHaMU. EKcIepuMeH-
TadbHiI (pismuHi 3amaui, 3ampomoHOBaHI Bam y pyopuili «lomarrwii
eKCIIEPUMEHT», € 0e3MeUYHUMU 3a YMOBU JOTPUMAHHS HAWIIPOCTIIIINX
IpaBUJ 0e3meKu KUTTENisIIbHOCTI.

Tak camo, AK i gKicHi, eKcumepuMeHTaJbHI (isuuHi 3amadi moTpedy-
IOTh PETEeJIbHOTO BUBUEHHS Ta aHAJIBYy IXHIX YMOB, 3HAHHS OCHOBHUX
¢isnuHMX 3aKOHIB i JOTiuHMX MipKyBaHb. AJie IXHBOIO BaKJIMBOIO
0COOJIMBICTIO € MOOIiJbHICTHL CKJIANAHHSA CXeMU Ta ILJIAaHY eKCIepu-
MEHTY, MOT0 BiITBOPEHHSA 3a AOIIOMOTOI0 HAWMIPOCTIMINX MiAPYUHUX
3aco0iB.

Puc. 10.5. Mpun nigBuLLEHHI
TeMnepaTtypu CHIr YLWi/IbHIOETLCA
i MOro TennonpoBigHICTb 3pocTae
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Tomy ekcnmepuMeHTaJNbHI (PidmuHi 3ajadui BUKOHYHTE 3a CXEMOIO:

1. OsuafioMJIeHHA Ta YCBiLOMJIEHHS YMOB eKCIIepHMEHTaJJbHOI 3a-
maui. OcobamBY yBary 3BepTalTe Ha J0AATKOBI yMoBU (HampuKJam,
HeXTYBaHHsS BTPaTaMU TeIJa Ha 30BHIIIIHE cepemoBUIIE).

2. BusHaueHHs (PisMUHOrO ABHUINA Ta MIPOIECiB, AKi OMMCYIOTHCS
B eKCIIepUMeHTaJIbHill yMOBi, 3’sgcyBanua (Ppi3sMUHOrO 3aKOHY, IO Jie-
JKUTh Y HWOTO OCHOBI.

3. 3aye:kHO BiJ yMOBHW 3aJadi: CKJaJaHHSA CXeMHU Ta IIJIaHy IIPO-
BeIeHHS eKCIePpUMEeHTY, J00ip mpuiaaaiB, BUKOHAHHA €KCIEePUMEHTY U
ys3araJIJbHEHHS OTPUMAaHUX Pe3yJabTaTiB; a00 MPOBEJEeHHA TEOPETUUHUIX
pospaxyHKiB Ta IX eKclepuMeHTAJbHA IIepeBipKa.

Hasenmemo mpukJiag eKcoepuMeHTAJNBHOI 3amadi.

3adaua 2. BisbMiTh OBa IMOPOXKHI OJHAKOBI MeTaJieBi KOHTeHHepH
(bnAmaHKM) OJig yaio abo KaBU, OOAUH i3 AKUX Ma€ TeMHY IIOBEPXHIO,
a apyruii cBiTny. HanuiiTe B HUX OZHAKOBY KiJbKiCcTh rapAadoi Bomgu
3-TIiJT KpaHa, HollepedHbO BUMIPABINMN il TeMIlepaTypy, Ta IIOCTaBTe
Ha TeIJI0iBoIAIiNiHY mifmcTaBKy auas mocyny (puc. 10.6).

Yepes IeKiJIbKa XBUJIMH BUMipANTE TEMIIEPATYPY B KOXKHOMY KOH-
TeliHepi. 3a AOIIOMOIOI0 eJeKTPOHHOTO TepMOMeTpa Ile MOKHa 3PO-
outu Mai:ke omHouacHo. IlopiBHsaiiTe Bumipsaui sHaueHHA. [loscHiTh
pisHHUIII0O TeMIepaTyp yV KOHTeliHepax.

BuKoHAHHSA eKCnepumMenmaJsvbHo20 3a60aAHHS ma 00T pPYHMYEaH-
Ha pe3yavmamis. 'oTyoun eKCIepuMeHT, 3BEPTAEMO yBary Ha Te,
10 TOTPiOHO BHUKOPHMCTOBYBATHU JBa OJHAKOBiI MOPOKHI KOHTeHEPU
(6gIIaHKY) 3 PiSHUM KOJIBOPOM IIOBEPXHi. ¥ KOMKHUNA 3 HUX 3aJIMBAa-
€MO 00epesKHO OJHAKOBY KiJbKicTh rapAdoi BOAM Ta 3aJUIIAEMO Ha
mekinbka xBuauH. [IIBUAKO BUMipHOEMO TeMIIEPATYPy B KOMKHIHA i3
nocyauu. ITomiTumo, 10 B IMOCYAWHI 3 MOBEPXHEIO TEMHOTO KOJBOPY
TeMIlepaTypa HUKUYA, HilK y IMOCYAWHiI CBIiTJIOr0 KOJILOPY.

[ mosicHeHHA Pe3yJabTaTy €KCIEePUMEHTY IIPOaHaJidyeMO yMO-
BM 3aJavi Ta BU3HAUMMO IOUYATKOBI yMOBM II 0COOJMBOCTI mepebiry

Puc. 10.6. OgHakoBy KinbKiCTb rapayoi BOAM 3-Mif, KpaHa HanneawTb Y
KOHTENHEPWU Ta BUMIPIOIOTb TemnepaTypy
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dismunux mporieciB. Boma sanuBaeThea B omHaKOBi (00°eM, MaTepiau)
KOHTellHepHu, fAKi BiApisHAIOTHCA TiIbKU KoOJbOopoM IoBepxHi. Ilo-
YaTKOBa TeMIepaTypa BOAM, IO 3aJMBAETHCA, a TaKOK Ii mMaca Tex
oxuHakoBi. ToOTO BHyTpilllHA eHepris Boau B 000X HMOCyAHMHAX Ha IIO-
YaTKy eKCIEePUMEHTY OJHaKoBa. Uepes3 IMEBHUU Yac TeMIlepaTypa BOAU
B IOCYAWHAX 3HUMKYETHCHA, OTIKE, BMEHIITYETHCA 11 BHYTPIIIHA €Heprid.
Mixk xoHTeiiHepaMu i3 BOJOI0 Ta HABKOJMIIHIM CepegOBUIINEM Big0y-
BaeThCsa mpoiiec Temaoobminy. Ilomipkyemo, KM BUJ TEIJIOOOMiHY
crocrepiraerbesa. IlocyauHay 3 rapA40i0 BOAOI0 KOHTAKTYIOTH JIUIIIE 3
TeIJI0i30JaANINHOI0 ITiACTABKOIO Ta IIOBITPAM, IO MalOTh HU3BKY Te-
miaonpoBigHicTh. ToMy B IIbOMY €KCIIEPUMEHTI BifOyBaeTbCAa TaKWM
BUJ TEemJ000MiHy, AK TeIJIOBe BUIIPOMiHIOBaHHS, 3yMOBJIEHE IIepe-
TBOPEHHAM BHYTPIiIIIHLOI eHeprii B TemyjoBe BUIpPOMiHIoBamHA. Oxo-
JIOPKYIOUNCH, TTOCYAWHA 3 BOJIOI0 BUIIPOMIHIOE TEIJIOBY €HEPTito.

fAx Bam BimomMo, TeMHi MOBEePXHiI BUIPOMIHIOIOTH eHeprii Oijbiie,
Hixk Tina 3 6inumu (cpibascTuMu) moBepxXHAMU. TaKMM YMHOM, BHY-
TPillIHS eHepris MOCYAMHU 3 YOPHOI0 MOBEPXHEI0 3MEHIITYBATUMETHCS
mBuaine. ToOTo TeMmepaTypa BOAU B Hili Oyme HUMKUYOIO, HiXK y IIO-
CynuHi 3i CBITJIOIO ITOBEPXHEIO.

I'paciuni 3agaui. ¥ Takmx s3agagax 00’€KTOM IOCIiI:KeHHSA € T'pa-
dikm s3ase:xkHOCTeH (QismuyHmMX BeanumH. AHanid rpadikiB mae MOK-
JUBiCTh, BUBHAUATHU KiJbKiCHI CIiBBifHOINIEHHA MiX (pismuHUMU Be-
JUYNHAMU Ta CKJagaTu (POPMYJIU.

Hnsa poss’asyBaHHA rpadiuHoi QisuuHOoi 3amadi BUKOHYIOTH TakKi
mii:

1. AmaxisyoTh yMOBY 3aJaui Ta 3BepTaiOTh yBary Ha Te, 3aJIeiK-
HiCTh MK AKMMUN (PiBUUYHMMHN BeJUUYMHAMH IIOKasye rpadik.

2. BuBuaioTh rpagik, 3’sCOBYIOTh XapaKTep 3ajiesKHocTell Mixk (i-
BMYHUMH BeJUUYMHAMM Ha KOKHOMY 3 BipiskiB.

3. Kopucryrounchk macinrabom i rpadgikoM BHM3HAUAIOTh HeBimomi
BEJIUYUHU.

4. AHanisyooTh OTpuUMaHi pe3yJabTaTh Ta POOJATHL BUCHOBKU BiJmo-
BigHO mO 3amuTaHb 3amadi.

I'padiuna samaua MozKe ImepemdadaTH TaKoK IIOOYmOBY rpadikis
3ajJIe;KHOCTe MisK (PisMUHMMM BeJIMUMHAMHN 3a YMOBOIO 3ajadi abo
TabJIUYHUMU JaHUMU. Y TaKOMY pasi KpecssaTh OCi KOOpAMHAT, 00U-
paroTh MaciiTabd, ckiaamaoThk (a0o0 0epyTh i3 moBimHMKiB) Tabauili, Ha-
HOCATh Ha KOOPAMHATHY ILJIOIMWHY BiAHDOBiZHI TOUKM Ta 3 €IHYIOTH
ix JgiHiamn.

3adaya 3. IlpoamamnisyiiTe rpadik IJIaBJIeHHS II€BHOI PEUOBUHU
(puc. 10.7). OxapakTepusyiiTe OCOOJMBOCTI TENJOBUX IIPOIleCiB Ha
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t, °C A minauxax AB, BB, BI'. Busuaure

r PevYoBUHY, TEILJIOBUUA CTaH AKOI Xa-
-35 pakTepusye Ieil rpadix.
Poss’asok. T'padix BimoOpaskae
b B 3aJIeKHICTh TeMOepaTypu pPeuoBHU-
—40 HU Big wacy. OxapakTepusyeMo

0COOJIMBOCTi TEIIJIOBOT'O MPOIleCy Ha
KOKHOMY 3 BipiskiB.
45 LA > 1. BpaxoByrounu IOYaTKOBY TeM-
0 5 10 15 20 1, x8 meparypy peuoBunu (—44 °C), mo-
Puc. 10.7. Mpadik 3aneXHOCTi eMO 3DOGUTH BHCHOBOK, IO BO-
TeMnepaTypy PeYoBMHU Bifl Yacy Ha mepebyBajia y TBepAOMY CTaHi.
Ha ginaumi AB TemmepaTypa pedo-
BUHU 30iJbIITYyETHCS, OTKE, BOHA HarpiBaeThCsd.
2. Ha ginaani BB TeMIepaTypa PeYOBHHU cTaJia, TOOTO BimOyBa-
€ThCA 11 IJIaBJIeHHA.
3. Ha pminmauni BI' temmepaTypa pedoBUHU 30iJbINYETHCSA, a BiAIoO-
BiTHO, peuyoBMHA HarpiBa€ThCA.
4. IlnmaBaeHHs peuoBMHU Bif0yBaeThca mpu Temiepatypi —39 °C.
3a tabs. 10.1 BusHauaeMo, IO IIA PEUOBUHA — PTYTh.

BUABJAEMO ITPEAMETHY KOMIIETEHTHICTD
3 TEMU «BHYTPIIIHA EHEPI'IA. KIJIBKICTb TEIIJIOTH »
1(m). BusHaure, AK 3MiHIOETHCA BHYTPIIIHA €HePrisd PEUOBUHU i
Yyac IIJIaBJIEHHS:
A) 30imbIIyETHCS;
B) cmouaTKy 306iJbITyeTbCsSI, a MOTIM 3MEHIITYETHC;
B) smenmyerses;
I') He 3miHIOETHCA
2(m). IlopiBHAlTe 3HaUEHHSA BHYTPIIIHLOI eHeprii BoAM Ta JILOAY OZ-
HakoBoi macu B3ATux mpu 0 °C:
A) 6inpmia B apony; B) ogHakoBa;
B) Ginbma y Bogu; I') He 3ajeKUTh Bil arperaTHOTO CTaHY
3(m). VYEKaxiTh QisuuHy BEeJIMUNHY, KA YHUCEJHHO JOPiBHIOE KiJbKOC-
Ti TEMJOTH, 0 BUAILISETHCA IPU OXOJIOMKEHHI 1 KI peuoBUHU
Ha 1 °C:
A) muToma TemoTa MAapOyTBOPEHHS PEUYOBUHU;
B) TenmnoemHicTh Tija;
B) nuToma TemsoTa miIaBIeHHS PEUOBUHU;
I") nuroma Temys0EMHICTH PEUOBUHMU.
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4(c).

5(c).

6(c).

7(c).

8(c).

IlopiBHAIITE KiJBKICTh TEMJIOTH,
MOTPiOHY [JIA HArpiBaHHA KOMKHO-
T0 3 TijJl, BUTOTOBJIEHUX 3 OJHAKO-
Boi peuoBunu Ha 20 °C (pHUCYHOK):
A) nna marpiBamaa Tima 1 mo-
TPiOHO BUTPATUTU OLIBINTY KiJb-
KiCThb TeILJIOTH; 1 2

B) nna marpiBamusa Tina 2 HeoO- PucyHok o 3aBoaHHa 4
XiTHO BUTPATUTU OiJIBINY Kijab-

KiCTh TeIJjoTH;

B) nna marpiBanHA Tijla 2 MOTPiOHO BUTPATUTH MEHINY KiJb-
KiCThb TeIIoTu;

T') KinbKicTh TemmroTu, HeoOXigHa s HarpiBamuda Tima 1 i Tina
2, ogHAKOBa

IlopiBHANTE KiJABKICTHL TEIJOTH, BUTPAUEHy OJA HarpiBaHHS
KOJKHOI 3 BOX CKJSHOK BOAU, B3ATOI IIpW KiMHATHi# TeMIie-
parypi (20 °C):

A) nna marpiBaHHA CKJAAHKU 1 mOTPiOGHO BUTPATUTH OiIBIITY
KiJBKIiCTh TeIIoTH;

B) pna marpiBaHHA CKJIAHKU 2

HeoOXigJHO BHUTPATUTH OiJbIITYy

KiJIbKiCTH TeIoTu;

B) kinmbkicTh TemsmoTu, HeoOXin-

Ha IJid HArpiBaHHA CKJIAHKM 1 i

CKJIAHKHN 2, OJHAKOBA.

YrkaxiTh arperaTHU#l cTaH, ¥ S S
AKOMY OJHA M Ta caMa PEedYOBU- 1 2
Hg Mae HaWOiJIBIYy TeIJIOIpPOBin- PUCYHOK [0 3aBAAHHS 5
HiCTBb:

A) ras; B) piguna;

B) TtBepauii cramn; I') omgmakoBa mys Bcix craHiB.

YKaKiTh KoJip mOBepXHi, 110 HAMOiIbIIIe HATPIiBAETHLCA BIIITKY
Ha COHIIi:

A) 6inuit; B) cipuit; B) uepBouuii; I') wopHuii.

Ha pucyuky so0pakemo rpadi- ;
KU 3aJIeKHOCTL TeMIlepaTypu pe- "
YOBMH OJHAKOBOI MacHu Bim uacy '
HarpiBamHs. YEKamxkiTe rpadik, Il

110 BimmoBimae peuoBuHi, mHTOMA 1]
TEIJIOEMHICTDh AKOI HaibigbIma:
A)T; B) 1I; vV
B) III; I IV. >

T, C

PucyHok oo 3aBpgaHHs 8
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9(c).

10(m).

11(m).

12(xm).

BusHauTe KiJgbKiCTh TENJIOTH, N0 BUAIJINUTBHCA HPU TBEPAiIHHI
cBuHIlI0 Maco 50 r. IlmToma TemyoTa IJIABJIEHHS CBUHIIO
25 000 Mox/kr:

A) 500 Ix; B) 1,25 xx;

B) 1,25 M]I:x; ) 125 - 103 Ix.

YceTaHOBITH BiIIOBiAHICTE MisK HasBOIO HPOIeCy Ta AiISHKOIO
rpagika 3sMiHM TeMmOepaTypu PEUOBMHU 3 YACOM.
A

t, °C
1400
1200

1000

>
>

0 5 10 15 20 25 30 35 40 45 T, XB

PucyHok oo

A) xpucraiisaiisa 1) AB 3aBaaHHa 10
B) marpiBanHsa TBepmoro rtima 2) BI
B) marpiBanHsa pigmHu 3) BB
I') nnaBnennsa 4) EK
5) IIE

YcTaHOBITH BiAIOBIAHICTE MisK OmMCAaHOIO IMOAi€I0 Ta (DiSUUHUM
IpoIecoM, 1o ii CyIpPOBOMIKYE.

A) cxensa marpizach y COHAUHUN 1) KOHBeKIIia

IeHb 2) TemyonpoBiAHiCTH

B) xomogHi pyKuM mOTHpPaioTh, 100 3) BUIPOMiHIOBAHHS

ix sirpitTu 4) BUKOHAHHA MeXaHid-
B) smo:xkKa, yacTKOBO 3aHypeHa HOi poboTu;

B rapsuy BOAY, CTa€ rapsdoio BcA H) KOHAeHcAIlisd
') xiMmHaTy IpOBiTPIOIOTH, BiAKPUB-
I KBAaTUPKY

PosraliryiiTe B IOpAAKY 3pOCTaHHA 3HAUEHHSA €Heprii KOKHOTO
3 mpoIiecis, 110 BigOyBasucsa 3 Bomooo Macor 400 r, B3ATiH mpu
remneparypi 20 °C

A) HarpiBaHHS IO TeMIepaTypu KHIiHHS;

B) moBma kpucranizairis;

B) oxonom:xenns mo 5 °C;

I') meperBopenus B jim 3 Temmneparyporo —5 °C.
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13(x).

14(zm).

15(B).

§ 11.

Y Boxy macomo 1,2 kr, Temmeparypa akoi 15 °C, sanypuau me-
TajgeBy meTanab mMacoro 1,92 Kr, marpity B okpomi. Temmeparypa
BOAM BHACJIiZOK Iboro migsuinuiacsa go 36 °C. Busmaure, 3
SKOTO MEeTajJy BUTOTOBJIEHO IeTaJb.

s oTpuMaHHSA TeMJol BOAWM B IOCYAWHI 3Mimranam 2 KI' Xo-
Jonxuol Bomu, Temieparypa saxoi 10 °C, ta 3 Kr rapsaudoi Bo-
nu, temieparypa akoi 80 °C. BusHauTe TeMIlepaTypy BOAU Y
HOCYAUWHI Ticjisg BCTAHOBJEHHA TemoBoi piBHoBaru. IlmToma
remmoemMHicTh Bogu 4200 [[:x/(xr - °C). Brparamu temmoTu Ta
TEIIJIOEMHICTIO TTOCYIMHU 3HEXTYHUTE.

Y mocyauni nepebyBae Jin Mmacoio 8 Kr 3a Temueparypu —20 °C.
Busznaure macy Jsbomy Iicasd HagaHHS MNOCYAMWHI KiJIbKocCTi
remtotu 1,5 MJIx.

BunaposyBanusa pimunu. Konmencairis

» BunaposysaHHs piduHnHu
» Konldencauis

BUITAPOBYBAHHSA PIIWH. Yeka-
0UM, TTOKM OCTHUTAE ITOMHO 3aBapeHu
yaii, IPUANBITHCA YBaXKHO, IO Bim0y-
Ba€ThbCA HAJ IIOBEPXHEI0 YalIKu. [0-
BOPATH, IO Tapsua Boja “mapye”. Ha-
cIpaBni, BOAsHA IMapa, AKA MiCTUThCS
B IOBiTpi, — HeBuamMma. IIpo ii Ha-
SABHICTh, HAIIPWKJAMI, HaJI IIOBEPXHEIO
yamku abo oszepa CBiIUMTL TyMaH —
MaJIeHbKi KpamJMHKW BOAU, SIKi yTBO-
PIOIOTHCS BHACJIIIOK TOTO, IO YaCTHUHA
apyu IEePEeTBOPIOETHCS 3HOBY B PiIUHY
(puc. 11.1).

Han moBepxHEIO BOIU, IO KUIIUTD,
CKaKiMo, B HalHUKY, TAKOXK YTBOPIO-
e€ThCcsa TyMaH. MoJeKyJau piguHu mepe-
0yBaoTL y 0e3IepepBHOMY XaOTHUHO-
My pyci. leaki MoaeKkyJu, 110 ONUHSA-
I0TbCS HA IIOBEPXHI PiAMHU, MOXKYTH

BaJUIMUTUA ii i BUHATHU y IPOCTIp HaZX
pizmuaolo. CyrkynHicme moaekysr HaO
nosepxnern pidunHu ymeopre napy.

Puc. 11.1. lNMosiBa TymaHy
(ManeHbknx KparnenboK BOAU)
CBiA4NTb NPO HasIBHICTb BOASHOI
napwu
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Aeuwe nepexody pidunu 6 napy Ha3uearOmMsv nNApPOYmMeopeHHAM.

OpHuM 3i crmocobiB MapOyTBOPEHHA € BUIIAPOBYBAHHIM.

BunapoByBaHHS — IMapoOyTBOPEHHH, III0 BigTOyBaeThCA 3a OyIb-TKOL
TeMIIepPaTypHu 3 BiJIbHOI MOBEPXHi pigmHM.

OckinbKHY 3 PiAMHM IIiJ yac BHUIIAPOBYBAHHS BUJIITAIOTH HANIIIBU-
IIi MOJIEKYJIM, TO CEPeNHA IMIBUAKICTh PYXy TUX MOJIEKYJ, IO 3aJIV-
MINJINCs, a BiATIOBigHO, i TemMmepaTrypa piauHU, 3MEHIIYETHCA, TOMY
nid uac eunaposysanHs memnepamypa piOuHu cmae 0eu,0 HUMICHOH.

IIporiec BumapoByBaHHA PiWHU CYIIPOBOIKYETHCA ITOTJIMHAHHAM
eHeprii. HampukJias, miciida 3MOUYyBaHHA IIKipa JIIOAWHU OXOJOIMKY-
€ThCS Yepe3 BUOAPOBYBaHHA BOAM 3 IoBepxHi Tina. Ilpu mbomy Ha
MOBePXHi Tija BiguyBaeTbcsa mpoxoJioga. CIEKOTHOro IHS PEeKOMEH-
OIVIOTH V KiMHATi 3aBilryBaTm BiKkHA BOJIOTMMH IIpoctupaaiaamu. Ilix
yac iX BUCUXaHHS Boja OyJe BUIIaPpOBYBATHUCS, IMOTJIMHAIOUU TEILJIO-
BY €HEpTilo i 3BHM)KYIOUM TeMIIepaTypy MoBiTpA B KimuHarti. IIpoaykTn
XapuyBaHHSA II€PEBO3ATHh CIEIiaJbHUMU TPAHCIOPTHUMHU 3acobamiu,
00JIaTHAHUMY XOJIOOUJIBbHUMU IIPUCTPOAMU, V POOOTI SKUX BUKOPUC-
TOBYETHCA BUIIAPOBYBAHHSA PiAKOTO XOJIOAWJIBHOTO areHTy. ¥ Micie-
BOCTAX i3 KapKUM KJIiMaTOM BOAY HaMaramTbcA 30epiraTtu y Imopuc-
TUX TJIUHAHUX OOCyAuHax. Boma, mpocouyiouuch Kpish mOpu TaKoi
IIOCYAWHU, BUNAPOBYETHCS 1 B Pe3yJIbTATi 3aJIUIIIAETHCA IIPOXOJIOTHOIO.

BumapoByBanHs Ma€ BeJMKe 3HAUEHHS B IPUPOIi, KUTTI JIOAWHI
i TBapuu (puc. 11.2). YTpyaHeHHsS BUIAPOBYBaHHS IIOTipIIIyE 0XO0JIO-
I'KeHHdA Tija 1 MoiKe Ipu3BecTH A0 Ioro meperpiBaHHA. Bumaposy-
BaAHHSA € HeBiJ’ €éMHOI0 YMOBOIO KPYroo0iry BOAM B HPUPOLi.

IumencusHicmb 8UNAPOBYBAHHSA 3aJIEKUTD Bim: naowi eidxkpumol
nosepxhi piounu (uuMm 6inbIna MOBePXHA, TUM OijbIIa KigbKicTh MO-

Puc. 11.2. BunapoByBaHHs B NPUPOAI
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JIEKyJl BUJiTae 3 Hel), memnepamypu (3 migBu-
IIeHHAM TeMIepaTypu IIPoIlec BUIIAPOBYBAHHS
cTae iHTeHCUBHIMUM) Ta 308HiwWHiIx ymos. Ha-
OPUKJAL, BaM BijoMO, ITO y BITPSAHY CyXy IIO-
TOAy PO3BiIlleHa Ha ABOPiI MOKpa Oilm3HA COXHe
3HAYHO INIBUIINE, HijK y 0e3BiTpsAHYy Imoroxy Iic-
asa pomty. IIBUAKICTE BUIAPOBYBAHHSA 3aJI€KUTH
TaKOXK Bif npupodu peuosuHu, UL0 BUNAPOBYEMb-
cs. 30KpemMa, BOIa BUIIAPOBYETHCS IIIBUIIIE 3a
0JIif0, ajie CIMPT BUIIAPOBYETHLCA IMBUIIIE, HiXK
Boza. lle MOSCHIOEThCA Pi3BHUMU CHJIAMU B3aEMO-
Iil MisK MOJIeKyJaMU HasBAaHUX PEUYOBUH.

HocBinm mokasye, 110 BUIIAPOBYBATUCA MOXKYTH
i TBepai Tina. Hampurian, Jix, AKUA yTBOPUB-
cA Ha KaJIloXKi, IIOCTYIIOBO 3HUKAE. ICHye ABUIIE,
i yac IKOTO0 PeUOBMHA IIEPEXOAUTH i3 TBEPIOTO
cTaHy B ras3omofiOHWM, OMUHAOUN PiAKUI CTaH.
IIporec mepexony PeUOBUHU 3 TBEPAOTO CTAHY B
ra3onofiOHMil Ha3WBAKOTH CYOLiMaAyico.

* Bei sxuBi opranismu Ha 3emuti Ha 80—90 %
CKJIaJalThCsI 3 BOAM. BIPOmOB:K H0oOM uepes
MOBEepPXHIO INIKipu Ta JiereHi JOAWHA BTpadae
ii mo 2 kr. Bogama mapa mocTiiiHO HasgBHA B
atrMocdepHOMY HOBiTpi, TOoMYy piBeHBb ii BMicTy
HaA3BUYANHO BaKJIUBUI OJA 3J0POB’SA JIOMU-
Hu. HIKigmuBuMmy A8 KUBUX OPTaHi3MiB € AK
HaAMipHUU# BMicT BOAAHOI Imapu, Tak i HemO-
craTHA 11 KijgbkicTh. [aAa XxapaKTepUCTUKU
BMiCTy BOASIHOI mapu B IOBITPi 3aCTOCOBYIOTH
Taky (idmuHy BeJIMUYUMHY, SK BiJHOCHa BOJIO-
rictrb. HopmasbHe 3HAaUeHHSA BiZHOCHOI BOJO-
TOCTi B MOMENIKAHHAX 3a KiMHaTHOI Temiepa-
Typu cranoButh 40—60 %.

IlinTpuMmamua HeoOXimHOI BoOJIOTOCTI €
000B’S3K0OBOI0 YMOBOIO 30epiramus KHUT, Kap-
TUH, MY3WYHUX iHCTPYMEHTiB, XapuyoBUX IIPO-
IyKTiB. ToMy ChOTOOHI HIMPOKO BUKOPUCTOBY-
IOTh CHeIliaJibHi mpuaagu, AKi migBuITyoTh abo0
3MEHIIYIOTh BOJIOTiCTh mMOBiTpaA (puc. 11.3).

Jisa BUMiprOBaHHA BOJIOTOCTI 3aCTOCOBYIOTH
cIelliaJbHI Opumjaagn, HaAIIPUKJIAL, TirpoMeTpu
Ta ncuxpomerpu (puc. 11.4).

Pnc. 11.3.
3B0ONOXyBay MOBITPS

6)

Puc. 11.4. Mpunaan
011 BUMIPIOBaHHS
BiAHOCHOI BOJIOrOCTi:
a) rirpomeTp;

0) ncuxpomeTp
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Puc. 11.5. KoHgeHcauia BoasiHOI napu

Puc. 11.6. YTBOpeHHs namMoposi BHACNIAOK KOHAEHCcaLii BoOM 3 rasyBaToro
y TBEPAUN CTaH

KOHIEHCAIIISL. ¥V mpolieci XaOTHUHOTO PYXy AesdKi MOJIEKYJH, IO
MicTAThCA y Hapi, MOKYTh HOBEPHYTUCH y CTaH PifMHM — BigOyBa-
€ThCsA KOHOeHcAallid.

IIpoyec nepexody pewosunu 3 napu 6 piduHy HA3UEAIOMb KOH-
dencauiero.

Kongencarizo BogsAHOI mapu BM MOXKeTe cIIOCTepiratu mmig uac il
oxoJIomKeHHA. Hanmpukian, yaiTKy BHOYi, KOJU IIOBITPSA CTa€ XOJIOX-
HiIllMM, BOAsSHA IIapa, IO MiCTHUThCSA Yy IOBiTPi, KOHAEHCYETHCA, YTBO-
proouYM KPAIJINHKYW POCH Ha pPocJuHaX. BoasHa mapa KOHAEHCYETHCS
Ha CKJIi 3aJIMIIIeHOro 0e3 IPOBITPIOBAHHS BiKHA HA KYXHi, 0COOJIMBO
B3uUMKY (puc. 11.5).

Kondencauis napu cynpogodicyemuvcs sudinienHHam eHepeii. Ium
TOSACHIOETBCA TOM (paKT, IO OApPasdy MHicJd JIOIMY CTAE AEMI0 TeILIiIle.

3a IMeBHMX YMOB MOJKJIMBA KOHAeHCAIlisd PEUOBUHU 3 Ta3yBaTo-
ro cTaHy Bigpasy B TBepauii. Take sgBUIle BU MOXKeTe cIlocTepiraTu
B3UMKY, KOJHM 3 BOASHOI Hapu yTBOPIOIOTLCS IIaMOPO3b Ha JepeBax
a0o0 BisepyHKHN Ha CKJII B caJIOHI aBToOyca, SKMI IIle He BCTUT [O0-
cTaTHBO Iporpituca (puc. 11.6).



8 11. Bunaposysants pinnkun. Konmercauis

.103He B ubomy naparpadi

CykynHicTb Monekyn, wo nepebyBalTb Y NPOCTOPI HAA, PIAMHOI, Ha3uBa-
I0Tb Mapoto, a MNPOLLEC MEPEXOAY PIANHU Y CTaH Mapy — MNapPOYTBOPEHHSM.

MapoyTBOpeHHs BioOyBaeTbCs ABOMa crnocobamu — BUMNAPOBYBAHHAM i
KUMIHHSM.

BunapoByBaHHSA — MapOyTBOPEHHS, WO BioOyBaeTbcsa 3a OyAb-AKOI TEM-
rnepatypu 3 BisIbHOT MOBEPXHI PigNHN.

I[HTEHCMBHICTb BMNAPOBYBAHHS 3a7€XUTb Bif MAOLL BIAKPUTOI NMOBEPXHI
piaviHK, i TemnepaTtypu Ta 30BHILLHIX YMOB.

KoHaeHcauieo Ha3nBaloTb NPoLEec nepexony PevyoBuHU 3 napu B PigviHy.

Bunwram-m ANS camonepeBipku

1. IIlo maswBalOTh IIApPOYTBOPEHHAM; KOHIeHCAIli€l0; BUIIaPOBYBAaH-
HAM; Iapoio?

2. HasBiTh UMHHHKHN, BiJ SKMX 3aJE€KUTL iHTEHCHUBHICTh BUIAPO-
BYBaHHA PiAWHU.

3. IloscuiTh, yoMy IIif uac BUIapoBYyBaHHA piguHu ii Temmeparypa
BHUMKYETHCH.

4. TloscHiThb, YoMy KOHIEHCAIiA CYNIPOBOMKYETHLCA IIiABUINEHHIM
TeMIlepaTypu.

5. TIloscHiTh, AKe 3HAUEHHS MAalOTh BUIIAPOBYBAHHSA Ta KOHIeHCAIlid
B IIPUPOAIL Ta KUTTI JIOOUHU.

JdoMallHiW eKcnepumeHT

1. HabepiTh y BUCOKY BY3bKY CKJSHKY Ta OJIOAIE OTHAKOBY KiJb-
KicTh Bomu. 3ajuiiTe ixX Ha AeKinbka AHIB Ha migBikonHi. ITopiBHI-
Te KiJIbKicTh BOAM, IO 3aJUINWJACA B KOKHiN mocynauui. IlodcHiTh
pesyJbTaT eKCIepUMEeHTY.

2. IlogmxaiiTe Ha mepeB’AHY IIOBEPXHIO, a IMOTIM Ha Asepkajo. Ilo-
piBHANTE cIlOCTEpPeKyBaHi ABUIIA.

BnpaBa po § 11

1(c). MOACHITb, YOMYy AN BUrOTOBNEHHA NappymiB BUKOPUCTOBYIOTb
CnupT, a He BO4Y.

2(c). [MOACHITb, YOMY IPYHT NPOCUXaE LWBUALIE Y BITPAHY noroay.

3(a)- Mg yac BunyckaHHa rady 3 GafsoHa BEHTWUSIb BKPUBAETLCS POCOIO.
MoACHITL Ue aBuLe.

4(n). MosACHITb, YOMY CUpi ApoBa MiA, Yac ropiHHS MOTPICKYIOThb.

5(m). [MOACHITL, YOMY B 3aKpuTiIA NOCYOMHI pidMHA BUCTUra€ MOBIMbHILLE.

6(a). Yomy okynapm «3anoTiBaloTb» (BKPUBAKTLCA KpanjvHkamu BOAM)
KON B MOPO3HWUI OeHb 3aiTn 3 ByAULI B Ternje NpuMILLEHHS, a He
HaBnakun?
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§ 12. Kunminna piguamn

» Kuniuusa pidunu
» Temnepamypa KuninHus

EMIITHHA PIJIWHM. ¥V monepenubomy maparpadi Bu gidHAJIUCH, IO
OOHUM 3i cITOCObiB ITapOyTBOPEHHA € BUMNAPOBYBaHHA. IlapoyTBOpeHHS
TaKOXK BinmOyBaeThcsA y mpoilleci kuninua. Ha Bigminy Big BumapoBy-
BaHHA, ITiJ] yac KUIIIHHSA MepeTBOPEeHHS Ha Iapy BigOyBaeTbcA AK Ha
IOBEPXHi, TaK i BcepeauwHi pimmuHM.

Posrigmemo ocobamBocTi mepebiry mpoiiecy kuminHs. IlocTymoBo
i yac HarpiBaHHS BOAM HA BHYTPIIIHIN IOBEPXHI IIOCYAUHN yTBOPIO-
I0ThCS MaJIeHbKi OyJILOAIIKM MOBITPs, AKe 3aBKIN IPUCYTHE Y BOAi
(puc. 12.1, a).

Ilig wac marpiBamHsa BOJA BUIIAPOBYETHCS B3J0BK IIOBEPXHi OYJIb-
oamiKuy B ii cepenmuy. 3 IMiABUINEHHAM TeMIepaTypu OyianbOaIka 3a-
TMOBHIOETHCA HE TiJILKU ITOBITPAM, POSUYMHEHUM y BOMi, a ¥ BOIAHOIO
napoio (puc. 17.1, 6). 3i 30iabIIeHHAM KiJBKOCTiI BOAsAHOI mapu Bce-
penuHi Oyabbamiok ixHi#T 06’eM mocTymoBo 306iabiryeThed. Bimmosin-
HO, 3pOCTa€ i BUIITOBXYBaJbHa CHUJA, OYJABOAIIKMN BiApHUBAIOTLCSA Bif
MMOBEPXHi MMOCYIMHU TAa PYXalThCA M0 MOBEPXHi pimgmuwm.

Skmio Boma 1ie He Iporpita i BepxHi ii mmapu 3aauINamOTbCA XO-
JOIHUMHU, OYILOAIIKN CTHUCKAIOTHCSA, CTBOPIOIOUYM XapPaKTEePHUU IITyM,
AKUA MW YyeMO IIepel IMouYaTKOM KUIIiHHA pigzuHm (puc. 17.1, B).
SKIMo mPOaOBXKYBaTU HarpiBaTu BOAY, IIPOIEC IIapOyTBOPEHHS Bin-
OyBaeTbcsa inTeHcuBHiIme. KinbKicTs mapu BcepenuHi 6yabp0aIiok crae
OinmbIIol0, BigmoBimHO migBuINyeThcA i il Tmck. AK Hacaimox, o6’em
Oy/IBOAIIIOK 3pocTae i 3a MeBHOI TeMIlepaTypu piAuHU OyabOaIIKu;
CIIMBAIOTH HA IIOBEPXHIO Ta JIOMAIOTHCA, a BOAAHA ITapa, IO MiCTH-
Jaca B Oyabballlkax, BUXOAUTHh Ha3oBHi (puc. 17.1, 1).

Kuninna — npouec ymeopenHsa napu He MilbKu HA NOGEPXHI
pidunu, a i y i 06’ emi.

a) 6) B) r)

Puc. 12.1. KuniHHg pignHu



8 12. Kuninns pignmm

TEMITIEPATYPA KUIITHHA. Tem- t, °CA
mmeparypy, 3a AKOI piluHA KUIUTD, 100l B
Ha3WBAIOTh TEMIIEPATYPOIO KUIiHHA.

. . 80
Y npoyeci xuninna memnepamypa 60
pidunu He 3Mminloembca. 3a HOD- 40
MaJbHOTO aTMOC(HEPHOr0 TUCKY HaJ ool A

IIOBEPXHEI0 PiIUHU TepMOMETp, BMi- L
IeHni y Boxy Imig vac ii KUmiHHA, 0 10 20 30 40 50 r, B
IIOKas3ye ONHY U Ty camMy TeMIepa- Puc. 12.2. Tpadi

Typy, npubrusro 100 °C. Tomy Ha 3aexHOCTi TeMnepaTypu Boau
rpadiky B3aJjie;KHOCTL TeMIlepaTypu BifL Yacy KMMiHHS

BOAM Bim yacy KUIiHHA BiAmoBizae

Bimpisoxk BC (puc. 12.2).

Ile BimOyBaeThcA TOMY, IO BCA €HePridA, AKa HAJAeTbcA PiguWHI,
BUTpPavYaeThCcA Ha 30iJbIeHHsA 11 BHyTPIiIIHLOI eHeprii Ta pyiHyBaHHA
3B’A3KiB MiK MOJIEKYJIaMMU.

BryTpimHa eHeprid mapu 3aB:KAu 0iJbIlla 3a BHYTPIIIIHIO eHEPriio
pinmHu npu Ti# camiii Temnepatypi. PisHiI peuoBWHU MaiOTh CBOIO
TeMneparypy Kuminua (tabua. 12.1).

Tabanysa 12.1
Temnepartypa KUMiHHA Pi3HUX PEYOBUH
(3a HOpMasibHOro aTMOCMEPHOro TUCKY)

PeuoBuna Temneparypa kuminaa t, °C
Teniit -269
Bogenn -253
Edip 35
CrupT 78
Bozna 100
PryTh 357
CBuHeIH 1745
Boasdppam 5680

*Ha mpaxTuiii Ta B pe3yJbTaTi AOCHimiB OyJa0 BCTAHOBJIEHO, IITO
TeMIlepaTypy KUIIIHHA 3ajJie’KaTh He TiJIbKU BiJ POAYy pPeUYoBUHU, a U
Bix mucky. Yum Oinvwiuil 306HiWHIL muck Had nogepxHern piduHu,
mum suwior 6yde memnepamypa KuninHs piounu i Hasnaxu. Haopu-
KJIaJ, Ha BUCOTi 5 KM HaJa piBHEM MOpPsS, A€ THUCK YABiUi HMMKYMEI Bif
HOPMAaJILHOTO aTMOC(pepHOro, TemMIeparypa KUOiHHA BOAU CTAHOBUTH
83 °C. Tomy BOAY MOJKHA 3aKHUII ITHUTH, ajieé IPUTOTYBATHU CTPaBy Oy-
me craagHimie. TakuM YMHOM, HPU SHUMKEHHI THUCKY 3MEHIIYETHCS
TeMIlepaTypa KUIIiHHSA peuoBMHU. BogHouac mpu 30iJIbIIEHHI THUCKY
TeMIlepaTypa KUIIIHHA 3pOCTae€.
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a) 6) B)
Puc. 12.3. BukopuCTaHHS 3aneXxHOCTi TeMmnepaTypu piavHW Big, TUCKY:
a) «ckopoBapka»; 6) aBTOkNaB; B) NAapOBUIA KOTEN BUCOKOIO TUCKY

3ajlexXHiCTh TeMIepaTypyu KUIIIHHS Bifl THCKY IIIHNPOKO BUKOPUCTO-
BYIOTH Y TEXHOJIOTiUHUX Iporecax. Hanpukiian, 3SHUKEHHA THUCKY 3a-
Oesmneuye pos3’eqHAHHA HATOMPOAYKTIB, a TaKOK BUKOPUCTOBYETHCS
B IIYKPOBapiHHi (CHpPOI KMOUTHh 3a 3HUKEHOTO THCKY Ta IIOPiBHAHO
HEeBUCOKOI TeMIIepaTypu, 3aBIAKU YOMY IIYKOP He IIPUTOpae).

IligBuIleHHA THCKY B «CKOPOBapIli» 3a PaXYHOK IIMiJIbHOI KPUIIKI
30ispmIye Temmeparypy. Ilpu mboMy TeMmIlepaTypa KUIIIHHS BOAU JO-
carae 120 °C, a mpollec IpUTOTYBaHHA 1K1 IPHCKOPIOETHCA MAab:Ke B
4 pasu. Tak camo IpAaIIOIOTh aBTOKJIABU, B AKX KOHCEPBU T'OTYIOTHCS
IIpU BUCOKHUX TeMIlepaTypax, Ifo 3abesleuye YyCYHEeHHS IIKiIJIUBUX
MiKpoopraHismiB. ¥ mapoBuX KOTJax, Ae TuUCK y 15 pasiB mepeBu-
mye armocdepHUil, Boja KUOUTHh 3a TeMmmneparypu O6amsbko 200 °C
(puc. 12.3).

Fonosne B ubomy naparpadi

KnniHHa — ue npouec yTBOPEHHS napu He TilbKM Ha MOBEPXHi PiavHW,
anyii ob’emi.

Temnepartypy, 3a 9KOi piaMHa KUnnTb, Ha3MBaOTb TEMMNEPATYPOIO KUMIHHS.
Y npoueci kuniHHg TemnepaTtypa piavHu He 3MIHIOETLCS.

Yum BinblWKniA 30BHILWHIA TUCK, TUM BULLA TemMnepaTypa KUMiHHS.

'GHMTGHHH ANs camonepeBipKu

1. IITo HaswBaIOTL KUIIIHHAM?

2. IIlo HaswBaIOTH TEMIEPATYPOIO KUIiHHI?

3. IloscHiTh, yoMy B mpolieci KUIIiHHA piguHu ii TeMieparTypa He
3MiHIOETHCA.

4. Big uyoro sajxexuTh TeMIilepaTypa KUMiHHA piguum?

5. HaseniTh mpuKJaaAu BUKOPHUCTAHHSA SABUINA KUIIIHHA PiJUHU B
TeXHiIli.



§ 13. PospaxyHOK KinbkOCTi TEMIOTU MPX MAPOYTBOPEHHI T KOHZeHcaLji

Bnpasa po § 12

1(n). [MOACHITb, YMM NPOLLEC KUMIHHSA PIANHU BiAPI3HAETLCS Bif, Tl BUNapo-
BYBaAHHS.

2(n). MopiBHANTE eHeprilo BOASHOI mMapu Ta BOAM 3a OAHAKOBOI Temne-
partypwu.

3(c). [MoACHITb, YoMy Nifg, Yac NPUroTyBaHHA CTPaB AS19 NPUCKOPEHHS KU-
MiHHA NOCYyA, HAaKPUBaKTb KPULLIKOIO.

4(c). Mpoananidynte rpadik 3anexHoCTi Temnepatypu BOAM Bif, 4acy.

YKaxiTb, fIka OiNsgHKa BigNOBIAAE MPOLECY KMMIHHS.

t, °C 4

>

100
90
80
70
60
50
40
30
20
10

A

>

0123456738 910111213141516171819'20 T, XB
PucyHok 0o 3aBaaHHsa 4

§ 13. Po3paxyHOK KiJIBKOCTi TEIJIOTH
IPU MaPOYTBOPEHHI Ta KOHIEHCAIIil

» ITumoma menaoma napoymeopeHHs ma KoHOeHcayil
» Po3paxyHox Kiavbkocmi menjaomu npu napoymeoperhi
ma KoHdeHcauil

IINTOMA TEIIJIOTA ITAPOYTBOPEHHSA TA KOHJIEHCAIIIIL.
Bu B:ke 3HaeTe, IO MIPOIlEC MMAPOYTBOPEHHS IIOB’A3aHUUA 3 ITigBU-
IIeHHIM TeMIepaTypu PeUYOBMHU ¥, BiAMOBiZHO, 31 30imbImeHHAM Iii
BHYTpPimmHBLOI eHeprii. ToOTo misa mepeTBOPeHHS PiAMHN B Hapy IIO-
TPiOHO pevoBUWHI HamaTU MEBHY TEILJIOBY eHepriio. EKclepuMeHTaIbHO
BCTAHOBJIEHO, IO KiJIBKiCTh TEILIOTH, HeoOXigHA AJA IIepeTBOPEHHS
pimuHU Ha Tapy, 3aJ€KHUTh BiJi MOJEKYJISPHOI OyJOBM PEUOBUHU Ta
XapaKTepus3yeThCA MUTOMOIO TEILJIOTOI0 ITapOyTBOPEHHS.

ITumomoro mennomor napoymeopeHHA HA3UEAIOMb Pi3UUHY 6Ee-
AUYUHY, WO XapaxKkmepu3ye KinbKicmb meniomu, nompiony oasn
nepemeopennsa pidunu macor 1 xz 6e3 3minu il memnepamypu

6 napy.
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IIuToMy TemJIOTy mapoyTBOPEHHA MO3HAUYAIOThH JiTepoio r. ¥ CI nu-
TOMY TEILIOTY HapOyTBOPEHHS BUMIipPIOIOTh V MKOYJIAX, IOTIJIeHUX HA

. K

Kimorpawm [r] = ’u— ITuToMy TemaoTy HapoOyTBOPEHHSA BU3HAUYAIOTH
KT

eKCIepUMEHTAJNbLHO 3a AOIIOMOrol Kajaopumerpa. ¥ Tabdna. 13.1. Ha-

BeleHO 3HAUeHHs ITMTOMOI TEeILJIOTH IMapOyTBOPEHHS AJA IIeBHUX pe-

YOBUH.
Tabmmus 13.1
NMutoma Tennota NapoyTBOPEHHS AEeAKUX PEYOBUH,
npu t° KUNiHHA 1 HOpManbHOMY aTMOChEpPHOMY TUCKY

PeuoBuna IIutoma TemjoTa MapoyTBOpPEHHSI, 'i—:c
Teniit 20 600
Pryrs 290 000
Edip 350 000
Bogeunn 454 000
Croupr 900 000
Boga 2 300 000
OJ10BO 2 450 000
Hikennb 6 480 000
CBuHeIb 8 600 000

[ BUBHAUEHHA BEJIWUYUHU IHUTOMOI TEIJIOTH ITapOyTBOPEHHS pe-
YOBMHU 34 CTAJOI TeMIlepaTypu Ta aTMOC(EPHOTro TUCKY IIOTPiOHO
KimbKicTh TemioTu @, BUTpaueHy Ha BUIIAPYBAHHS PiAWHU Macoio m,
po3nainuTu Ha Macy piguHH:

r=—. (13.1)
m

3 mammx Tabua. 13.1 6aummo, 110, HAIPUKJIAL, OIS BUIAPOBYBAHHS
1 xr cnupry npu Temieparypi Kuminua (78 °C) moTpi6HO BUTPATUTU
900 x/»x eHeprii, a AJig BUOAPOBYBaHHS 1 KT PTYTi Ipu TeMIepaTypi
kuminaag (357 °C) — 290 kl»x. OT:ke, njd BUIIapOBYBaHHSA OJHA-
KOBUX MAaC PifWH IIpW TeMIepaTypi KMOiHHA HeoOXilTHO BUTPATUTHU
pisHY KinabKicTh Temaotu. IluToMa TelsioTa mapoyTBOPEHHS PEUYOBUHU
3aJICKUTh TAKOXK BiJl TeMIepaTypu Ta TUCKY.

3a TemIiepatrypu, sSKa JOPiBHIOE ab0 MeHINIA Big TeMmepaTypu
BUIAPOBYBAaHH, IIapa KOHAeHCYeTbcA. IIpu 11bOMYy BUBIIBHIOETHCS
eHeprid, HOTJIMHYyTa PeYOBUHOIO Hif uac yTBOopeHHA mnapu. ocui-
IV TOKAa3yITh, 1110, KOHOEHCYHUUCh, napa 6i00ae cmilvbKu eHepeil,
CKinbKu 60Ha ompumana nid uac napoymeoperhHs. Tomy muToma
TeIJIOTa KOHAeHcallil AOPiBHIOE IIMTOMIN TemJOTi IIapoyTBOPEHHS
(mmB. Taba. 13.1).



§ 13. PospaxyHOK KinbkOCTi TEMIOTU MPX MAPOYTBOPEHHI T KOHZeHcaLji

PO3PAXYHOK KIJIBKOCTI TEIIJIOTH ITPU ITAPOYTBOPEHHI TA
KOHJIEHCAIIIIL. IIuToMa Temrora HapOyTBOPEHHA XapaKTepU3ye Kilb-
KicTb TermsmoTu, HeoOXiZHY IJis IIOBHOTO IIEPETBOPEHHS B IIapy HeBHOI
peuoBunuu. I11o6 Bunapysatu 10 Kr 1miei peuoBuHM, MOTPiOHO HamaTH it
TemioBy eHeprito B 10 pasiB Oinpiry. Hampukianm, Aad IepeTBOpPEeHHS
Boau Macoro 10 Kr, B3sATOI Ipu TeMIIepaTypi KUIIiHHA, Ha IIapy MOTPi6HO
BUTPATUTHU KiIbKicTh Temrotu @ = 2,3 MIx/Kr - 10 kr = 23 M.

VY sarambHOMY BUIIAAKY KiJbKiCTL TEIJIOTH, IKY HEOOXiZHO BUTpa-
TUTH, 1100 TOBHICTIO MEPETBOPUTHU B IApy m KI' PEUOBUHU, PO3PAXO-
BYIOTH 3a (DOPMYJIOIO:

Q = rm. (13.2)

Iz miei ¢opmynu 3a BimoMMMM 3HAUYEHHAMHU KiJIBKOCTI TeIJIOTH,
BUTPadYeHOl Ha IIePEeTBOPEHHA PIIMHM B IIapy, Ta IIUTOMOI TeIJIOTU
IIapOyTBOPEHHA MOJKHA BU3HAUUTH MACy PiIuHU:

m= Q . (13.3)

r
SAx11o moTpi6HO MOBHICTIO ITEPETBOPUTH B APy PIAUHY, IO MA€ TEM-
mneparypy ¢t HUMKYY, Hi3K TeMIepaTypa KUIIiHH:A, Ii cIloyaTKy HeoOXigHO
HarpiT g0 TeMieparypu KUIIHHA f,, ., HaZAaBIIU i KiJbKiCTH TeIJIOTH

Q, =cm(t,,, —1), a IOTIM JOJATKOBO HAJATH KiIbKIiCTH TemI0TH, MOTPiO-

HY IJis TapOyTBOPEHHA IIPU TeMIIepaTypi KUIHHA @, = rm.

OT:xe, KiTbKiCTH TEIJIOTH, HeOoOXifHa [OJA IepPeTBOPEHHS B IIapy
piguHM!, B3ATOI IpU TeMIlepaTypi, HUMKUiN 3a TeMIlepaTypy KHUIIiHHA,
00UUCII0ETECA 3a (POPMYJIOIO:

Q=Q,+Q,= cm(tm —t)+rm.

Ilig wac xoHzeHcallil Ta OXOJIOAKEHHS PiAMHU OO TeMIlepaTypu t
peuoBMHA BUIIJINUTH TaKy caMy KiJbKicTh Temaotu Q.

TobTo KiIbKiCTh TEILIOTH, IO BUALIAECTHCA IIif yac KOHAeHcAallil ma-
pu IeBHOI Macu, TaKOXK BU3HAYAETHCA 3a (opmytono (13.2): @ = rm.
SAKIo0 peuoBUHA CIIOUATKY OXOJOIKYETHCs, BOHA Bimmae KiJIbKicThb Te-
mwIotu @ = cmAt, ne At xapakTepusye 3MiHy Temieparypu. Haragaemo,
110 At 00YMCIIOIOTh, BiflHIMAal0uM Bijf OiJbIIIOr0 3HAUEHHS TEeMIepPaTypu
MeHIIIE.

Taxum YmHOM, i Yac OXOJOIKEHHS Ta KOHAEHCAIll BUILIAETHCI Kilb-
KicTb TeILIoTH, AKY MOXKHA OOUMCIUTH 3a (popMysor @ =cmAt+rm.

Posp’asyoun 3amaui Ha mpollecu NapOyTBOPEHHSA Ta KOHAeHcAaIlii,
MMOTPiOHO JOTPUMYBATHCSA AJTOPUTMY CKJIAJZAaHHS PiBHAHHS TEIJIOBOTO
bajyamcy, IO CIPaBeAJINBO AJA OYyAb-IKUX TeIJoBUX IpoiieciB. TobTo
B JIiBi#f yacTUHI 3alMCYIOTh CyMy KiJIBKOCTi TeIJIOTH, AKY OTPUMYIOTH
Tija, 110 0epyTh y4yacThb y TEIJIOBOMY IMpoIieci, a B mpasiii — cymy
KIJIBKOCTI TemjaoTH, AKY BigmaroTs Tija. IIpu mbomy HeoOXimHO Bpa-
XOBYBaTHU IEBHi 0COOJMBOCTI mepebiry came mmx mpoliieciB. 3oKpema:
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1. [Insg BUIIapOBYBAHHA PiAWHU ITOTPiOHO BUTPATUTHU IIEBHY KiJb-
KiCTh TemJaoTH, TOAL AK IIi Yyac KOHAeHcAaIlil BUIIISIeThCA AesdKa Kilb-
KicTh TemjaoTu.

2. KougeHcaria BigOyBaeThcsa 3a MeBHUX (PisMUYHMX YMOB, IO BU-
3HAYaThCA TeMIepaTypol Ta THCKOM i BKa3yHThCcA B YMOBi 3amaui.

3. Ha Bigminy Big miaBieHHs Ta KpucTaidisailili TBepaumxX TiJa BU-
MapoByBaHHA Bim0OyBaeThca 3a OyIb-AKOI Temieparypu. Tomy, pos-
PaxoByOUM KiJIBKIiCTh TEMJIOTH, HEOOXiMHY IJIsI BUIIAPOBYBAHHS II€B-
HOI Macu pPeuYoBUHM, CJiJl BUKOPHCTATH 3HAYEHHS HHUTOMOI TEIJIOTHU
IIapoOyTBOPEHHA [Js 3aJaHol TeMIilepaTypu abo B3ATU TaOJUUYHE 3HA-
YeHHS OJIA TeMIepaTypu KUIIIHHSA Ta BpaxyBaTH, IO IJIsd HarpiBaHHSA
piguHM 1Mo 1miei TemmepaTypu HOTPiOHO TAKOMK BUTPATUTHU IIEBHY KiJb-
KicTh TemnotTn: Q=@Q; +Q, = cm(tKHH - t)+ rm.

4. Tlig yac oXOJIOAKeHHs PEUYOBUHU Ta ii KOHAeHcAaIlil BUAIIUTHCS
KimbKicTh Temmotum @ =rm+cmAt, ge At XxapakTepusye 3MiHy TeMIe-
paTypu Ta OOUHMCIIOETHCA SAK PISHUIT MiK OiIbIIMM i MeHIIUM 3Ha-
YeHHSAMU TeMIIepaTypu PEeUYOBUHU.

IMPUKJAIN PO3B’A3YBAHHSA 3ATAY
HA BUITAPOBYBAHHS TA KOHIEHCAIIIIO.

3agmaua 1. fIKy KigbKicTh TemJoTH MOTPiOHO BUTPATUTHU, 006 2 KT
Boau, Temmeparypa Akoi 20 °C, HarpitTu g0 TeMmOepaTypu KUIIIHHSA Ta
MIOBHICTIO BUNIAPYBaTU 3a HOPMAJBLHOTO aTMOC(HEPHOTO THCKY?

Hano: Po38’a30k
m= 2 Kr OCKiJIBKM BOAY CHOYATKY HATPiIM OO TeMIle-
t, =20 °C paTypu KUIIiHHSA, a IOTiM BUIIapOBYBAaJIU, TO BU-
;=100 °C TpaueHa IPU IILOMY TeIlJIOBAa €Hepris AopiBHIOE:
r:2,3.106'r[_m Q=cm (t, — t;) + rm.
KT Bukonaemo pospaxyHKuH:
_ Mox o 6 HOK
c= 4200 ——— Q=4200———— 2 kr-80°C+2,3-10° — 2 kr=
Kr-°C kr-°C KT
=672 000 I:xx+4 600 000 [I:x =
Q — ? =5 272 000 Hxx =5,272 M]IIx.

Bignorige. [lyia HarpiBaHHS 1 BUMIApoBYBaHHA 2 KI' BOJAMW, B3ATOL
3a temneparypu 20 °C, morpioHO 5,272 MK TemaoTu.

3adaua 2. flka KigbKicThL TemJIOTHM BUMIIUTLCA IPH KOHIEHcAIril
100 r Bogsauoi mapu 3a Temmepatrypu 100 °C Ta momajbIIIOro 0xXo0Jo-
mxeHHA Boxu. IlopiBHAlTE 11 3 KIJBKICTIO TEIJIOTH, IO BUAIJIUTBHCS
Opu Kpucrajisaiii Boau Takoi caMoi mMacu, B3ATOI 3a TeMmOepaTypu
0 °C.



§ 13.

PospaxyHOK KinbkOCTi TEMIOTU MPX MAPOYTBOPEHHI T KOHZeHcaLji

Hano:

m=100 r = 0,1 kr

tl = O OC

t,= 100 °C

r=2,3-100 &%
KI

% = 330 - 10° %
KT

¢ = 4200 A%

Kr-°C
Q — 2

.mm-le B Ubomy naparpadi

Posé’a3ok

KinpkicTh TemroTu, IO BULIIAETHCA IPHU
KOHAeHcaIlil BoaggHoOI mapu:
R=rm; Q@ =2,3"-10° AL 0,1 xr = 230 gJx.

KT

KinekicTs TemmoTu, 1[0 BUALISAETHCSA IIif yac
Kpucrasisariii gbomy:
Q=im; @ =330 - 103 'H—m 0,1 xr = 33 gIx.

KT

Bignosins. Ilig vac koHmeHcallil BoAsSHOI ma-
pu Bunpinserbca 230 gl TemyoTH, 110 MaiiKe
B 7 pasiB OinbIlle, HidK IpM KpHUCTaJIisallii Bogu
Takoi caMoi macH.

®disnyHy BENMUNHY, LLO NOKa3ye, Ky KifbKiCTb TEMNIOTU HEOOXiAHO HapaTw
pianHi macoto 1 kr, abu nepetBopuTK ii B mapy 6e3 3MiHM Temnepartypwu,
Ha31BalOTb NMUTOMOKD TEMJIOTOIO MapPOYTBOPEHHS.

MuToMy TEnnoTy NapoyTBOPEHHS Mo3HadvatloTb nitepoto r. Y Cl nutomy Tenno-

ok

Ty NMapOyTBOPEHHS BUMIPIOKOTb Y O)KOYASX, NOAINEHNX Ha Kinorpam [r] = —.
K

[na oG4YMcneHHsa KinbkoCTi TennoTu, aky HeobxigHO BUTpaTUTK, WoO noB-
HICTIO BUMapyBaTM m KIr pPe4yoBUHM, 3aCTOCOBYIOTb dopmyny Q = r-m.
KoHaeHcyouncb, napa Bioga€e CTiNbkM X eHeprii, CKiNnbkKyu oTpumana nif

yac NapoyTBOPEHHS.

3anutaHHs ans camonepesipku

1. IIlo HaswWBaOTL IUTOMOIO TEIIJIOTOIO IapPOYTBOPEHHS?
2. Big uoro 3ajieKUThL IUTOMA TEILJIOTA HMAPOYTBOPEHHS?
3. Big uoro sameXuTh KiJbKiCTh TEmJIOTH, HMOTPiOHA AJIA IIAPOYT-

BOpPEHHA?

4. x oObumcauUTH KiJbKiCTh TEILIOTH, HEOOXiAHY IJIs IIePeTBOPEHHS
pizuuu Ha mapy?

5. Yowmy mapa pe4oBUHU MAa€ OiJIbINTy BHYTPIIlIHIO eHepriio, HixK cama
peuoBHHA B piAKoMy cTaHi 3a ofgHiel # Tiel camoi Temmeparypu?

Bnpaea go § 13

1 (c). Sy eHeprito HeobxigHO BUTpaTUTK, W6 0,4 T ckMNupapy, B3ATOro
npu TeMnepartypi KUMiHHA, NepeTBopuTn Ha napy? lNMutoma TennoTta
napoyTtBopeHHs ckunuaapy 300 kx/kr.

2(c). Mpwn koHgeHcauii napis pTyTi BUainmunoca 240 kx Tennotn. Buanau-
Te Macy PTyTi, 9KWO PTYTb 3HAXO0OAMUTbCS 3a TEMNepaTypu KUTMIHHS.
3(m). Bu3HauTe KinbKiCTb TEMAOTU, 9Ka BUAINUTLCA Nif, 4ac TenjoBOro

npoLecy, B AKOMy croyaTky napu cnmpty macoto 0,2 r, B34Ti npwu
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TeMmneparypi KUMiHHSA, KOHOEHCYIOTbLCH, a MOTIM pigvHa OXON04XY-
eTbca oo 18 °C.

4(n). Bu3HayTe KiNbKiCTb TENNIOTU, MOTPIOHY AN NEepeTBOPEHHS B Mnapy

50 kr pTyTi, 9ka nepebyBae y cTanesin BaHHi macoo 0,8 T, aKLlO
rnoyaTkoBa TemMnepartypa BaHHW 3i pTyTTio 17 °C.

5(B). Y BHYTPILWHIA NOCYOUHI KanopuMeTpa, BUTOTOBJIEHIV 3 aslloMiHiIlo,

macoto 100 r, mictuteca 200 r neoay 3a Temneparypu —10 °C. Bu-
3HauTe, 9Ky Macy BoasiHoI napu 3a Temnepatypu 100 °C noTpiGHO
BBECTM [0 KanopumeTpa, wob yBecb Nif po3TaHyB.

BUABJAECMO IIPEJMETHY KOMIIETEHTHICTD
3 TEMHU “IIAPOYTBOPEHHA I KOHAEHCAIIIA”

1.

. YKaxXiTh, y AKOI 3 pPeyoBUH HAaU-

VEKaxiTh mporec mepexony PiflKol peuOBHMHUW B rasdyBaTHUll CTaH:
A) BunapoByBauusa; B) cyOmimariis; B) kougencamnia; I') kpucrauri-
3ais.

. IlopiBusaiiTe BHyTpimmHi eHeprii 1 Kr Bogu Ta BOAAHOI mapu, B3ATUX

mpu 100 °C.
A) 6inpmia y mapu; B) omHaxkoBa;
B) Ginpima y Bogu; I') He 3ajeXKUTh Bif arperaTHoOTO CTaHY.

. YKaXXiTh Ha3By BEJIMUYMHU, SKa JOPiBHIOE KiJIBKOCTI TEILJIOTH, IIIO

HeoOXimgHa IJid ImepeTBOpeHHA 1 Kr piamHM, B3ATOI IIpH TeMIlepa-
Typi mapoyTBOpeHHs, HA IIapy:

A) mmuTOMa TEILIOEMHICTL PEUOBUHIU;

B) rennoemuicTs Tijna;

B) nmmuToMa TerioTa IJIaBJIEHHS PEYOBUHU;

I') muToMa TerioTa MapoyTBOPEHHS PEUOBUHU

. YRaxiTh, e TeMIeparypa KUIIIHHS BoAu Oyae HAWBUIIOIO:

A) ma piBHi Mopsa; B) y rimbokii mriaxri;

B) ma Bucoxkiit ropi; I') omHakoBa CKpisb.

. t,°C I
OisbIlTa TemJ0oTa NapOyTBOPEHHS
(puCyHOK): I

A) I; B) II; B) III; ') y Bcix omHakoBa. 1l

. BusHauTe KiJbKiCTh TEmJOTH, IO /

BUIiINTBHCA ITpu KoHAeHcarii 200 r
BOOAHOI mapu, skKa Iepe0OyBae 3a 0
remmeparypu 100 °C, Ta oxoJo- Q, Ox
mxenni i1 go 30 °C:

A) 5188 kll:x; B) 518,8 xJIx;
B) 51,88 [:x; I') 51,88 xI:x.

>
>

PucyHok 0o 3aBOaHHs 8

. Ha pucynky Ha c. 95 mokasaHo rpadik 3ajeKHOCTi TeMIlepaTypu

peuoBMHU Big uacy. BcTaHOBiTHL BiANIOBiIAHICTE MidK arperaTHUM
CTaHOM PEYOBWHU Ta JTiJIAHKOI rpadika.



§ 13. PospaxyHOK KinbkOCTi TEMIOTU MPX MAPOYTBOPEHHI T KOHZeHcaLji
t, °ocC A A
B C
D E
F
0 T, X8
PucyHok oo 3aBpoaHHsa 7
1) AB A) TBeppae Timo
2) BC B) cymim mapu Ta pigmau
3) CD B) mapa
4) DE ) piguHa
5) EF
8. YcraHOBiTH BimmOBigHICTL MijK HaA3BOIO IIPOIleCcy Ta 3MiHamMu y Oy-
IOB1 PEUOBMHMU IIiJ Uac I[OT0 IIPOIECy.
1) marpiBamua A pyliHyeTbcA KpHUCTAJiuHaA I'paTKa
2) KpucraJsisaiia B yTBOprOETHCA KpuCTaJiuHA I'PaTKa
3) BUIIapOBYBaHHSA B 30inpmIyerncs cepeqHs MIBUAKICTD
4) 0XOJOMKeHHA XAOTUYHOTO PYXYy MOJIEKYJI
I’ smenmyerscsa cepeqHs MIBUIKiCTH
XAOTUYHOTO PYXYy MOJIEKYJI
Il TToBepXHEBUH IIap PEUYOBUHU ITOKUIAIOTH
HaAUMIBUANIL MOJIEKYJIN
9. PoaramryiiTe 3amporoHOBaHI TEMJIOBI Ipollecu y MOPSAAKY 3POCTaH-

HA abCOJIIOTHOTO 3HAUEHHS IXHBOI TEIJIOBOI eHeprii (A crasioi Ma-
CH BOJM, B3ATOI 3a KiMHATHOI TeMIIepaTypu):

A) OBHOTO BHUIAPOBYBAaHHSA 3a TeMIIepaTypu KUIiHHSA;

B) marpiBanHs A0 TeMIepaTypu KHUIIiHHS;

B) oxomnomxkenusa ma 10 °C;

I') mepeTBOpeHHsA B JIin.

10. Boma 3 mouarkoBoio Temireparypoio 15 °C sakumisa B YallHUKY

uyepes 15 xB. BusHauTe uac, yIpomoBK SKOTO BOJA IIOBHICTIO BIU-
KUIIUTE.
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§ 14. Po3paxyHOK KiJIBKOCTi TeILJIOTH,
0 BUTIISACTHCSI BHACIIIOK 3rOpAHHS IAJHBA

» 3eopanna nanuea. Ilumoma mennioma 320pAHHA NALUBA
» Po3paxyHox Kinbkocmi menaomu, w0 6udiaiemvcsa 6HACAIO0K
320pAHHA naJU8a

3IrOPAHHSA ITAJIUBA. IINTOMA TEIIJIOTA 3TOPAHHS ITAJINA-
BA. OgauM i3 OCHOBHUX [OiKepeJs eHeprii AJsd cyJYacHMX BUPOOHUUMX
TeXHOJIOTi¥, TPAaHCIOPTY Ta MOOyTy € maauBo. Ilig vyac ropinHa masu-
Ba BUMIJIAETHCA MeENnJa06a eHepezis, 10 AK 6e3mocepeIHbO0 BUKOPUCTO-
ByeThCA (HAIIPUKJIAL, AJSA IJaBJIEeHHS MeTaJiB Ta IIPUTrOTYyBaHHSA 13Ki
B mo0OyTi), Tak i mepeTBOPIOETHCA B iHINI BuAM eHeprii (HampukJam,
Y eJIEKTPUYHY Ha TEIJIOBUX eJeKTPOCTAHIIisIX).

OCHOBHUM IIPOIIECOM, IIiJi UYAC SIKOI'0 BUILISETHLCS TEILJIOBA €Heprid, € 20-
pinnsa (puc. 14.1, a). I'opiHHa — ye ocobausuil mun XiMitHOL pearyii OKuc-
JIeHHS, W0 CYnposodrcyemucs sudijeHHam menaa it ceéimaa (puc. 14.1, 6).

TenoBuit edpeKT TOPiHHA IOACHIOETHCSA BUIIJIEHHAM eHepril B
IpoIeci yTBOPeHHsS HOBUX MoJIeKyJa. Tak, mig yac ximiumoi peaxirii
TOPiHHA OPUPOIHOro rasy, To6To B3aemomii mosiekya metramy CH, 3
moJieKysiaMu KucHio O,, YTBOPIOIOTHCA MOJIEKYJIM BYIVIEKMCJIOTO ra3y
CO, i Bogu H,0 Ta Buminaerbca TemsaoBa eHepria (puc. 14.2).

11106 3amamuTu pPeyoBUHY B MOBIiTPi, crmouaTKy moTpi6HO il HarpiTh
0 TIeBHOI TeMIlepaTypu — TeMIlepaTypu saiiMamud. [yia pisHumx pe-
YOBUH BOHA pisHa. Hampukriazn, mepeBo 3aiiMaeThCA 3a TeMIIepaTypu
npubausuo 270 °C, Byrinmaa — 350 °C. Temnora, TKa BUSIIAETHCA Hif
yac TropiHHA, MiATPUMYE TeMIepaTypy PEeUYOBUHHU BUIIOIO 3a TeMIepa-
Typy 3aliMaHHA i TOpiHHA, IO PO3IMOYABIINCH, CAMOIiITPUMYETHCA.

a) 0)
Puc. 14.1: a) ropiHHa — 0CoOAMBMIA TUM XiIMIYHOI peakuii; 6) 3HIMOK nmoyaTky
npouecy GpopMyBaHHS XiMIYHOI peakLii (BCTAHOBMIEHHS 3B’S3KYy MiX ABOMa
aroMamu), BUKOHAHU 3a OOMOMOrOI0 PEHTreHiBCbKOro nasepa



§ 14. PospaxyHOK KinbkOCTi TEMIOTH, IO BMAINAETCA BHACTIZOK 3rOPsiHHS MAMBA

BaxxamuBoio 0co0JHBiCTIO PigKoro
majuBa € Te, IO CIOYaTKy MOoro
HeoOXimHO HarpiTu, AOMOKH BOHO
He IIOYHe BUIIAPOBYBATUCH.

IlikaBo, 110 MeTaJu, 30KpeMa
JYKHI, T «TOpATh», ajle 3a CcIle-
miaarpHuUX ymMoB. Tak, 1100 ciocre-
piratu ropiHHS, HaIPUKJIAL, Kajiio,
HaTpilo, Migi, mOoTpiOHO BMicTHUTH
ix B atMmocdepy, HAaCUUEHY UHUCTUM
KucHeMm (puc. 14.3).

3BepHiTH yBary, IO AJsA IIPU-
OUHEHHS TOPiHHS PEeYOBUHU, SKa
TOPUTH, IIOTPiOHO OXOJOLUTU OO0
TeMIIepaTypu, HUKUYOI Big TeMiie-
patypu 3aiiMaHHsS, a00 TPUIUHUTHA
moctyn KucHio. O0uaBa IIi crocoOu
BUKOPHCTOBYIOTh IIiJl Yac TaciHHS
moskexi Bomoro. Kosu Boga moTpar-
JIsie Ha OKepesio BOTHIO, BOHA BUIIA-
poByeThcs i Bimbupae Bim Tim, 1Mo
TOPATH, TEIJIOTY. IXHA TeMIIlepaTypa
pPisko 3meHIIyeThcsa. Bomama mapa,

CH, + 20, = CO, + 2H,0

Puc. 14.2. Mig 4yac B3aemogji Mo-

nekyn metaHy CH, 3 monekynamm

KkncHio O, yTBOPIOIOTLCS MONEKYN

Byrnekmcnoro rasy CO, Ta Boau
H,O

Puc. 14.3. MNpouec ropiHHA
MeTaniB y atMocdepi KUCHIO

1[0 YTBOPIOETHCA, YTPYAHIOE JOCTYI KUCHIO, 1 TOPiHHSA MIPUIUHAETHC.

OcCKiJbKY BOJA € eJeKTPOIPOBiITHOI PEUYOBUHOIO, Ii HEe MOXKHA BU-
KOPUCTOBYBATH IJIsA TaCiHHSA IIOMKeXKi, CIIPUYMHEHOI HeCIIPaBHOCTIMU
eJIEKTPUYHUX MepeK. ToMy 3aCTOCOBYIOTH BYTJIEKWCJIOTHi, ITOPOIIKOBi
Ta IIiHOYTBOPIOIOUi BOrHeracHWKU. Ilig uac iXHBOI poOOTU BUIIISETHCS
Byriiekucanit raz CO,, KU 3MiNTyeThCcA 31 CIeIiaIbHUMU IIOPOIIIKOIIO-
Ii0HIMM a00 MiHOYTBOPIOIOUMMU PEUOBHWHAMHU i MEPEITKOAKAE TOCTYITY
KHCHIO 3 TIOBITPs 0 m:Kepesa BorHio. OmHUM 3i cIIoc0o0iB raciHHa moske-
JKi € TaKOXK MexXaHiuHe MepeITKOIKaHHA MOCTYyIy HmoBiTps (puc. 14.4).

Puc. 14.4. OpgHuMm 3i cnocoBiB raciHHA NMOXEeXi € MepPeLUKoKaHHA OOCTYny
KVUCHIO A0 PEYOBUHU, LWO ropuTb
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Puc. 14.5. Pi3Hi Buan nanuea

Y mpoMmcIoBOCTI Ta MOOYTi BUKOPUCTOBYIOTH PisHi BUAM HaauBa:
meepde (apoBa, BYTiJIs, caaHIli, Topd); pidxe (6eH3UH, rac, AU3EJb-
He TajJbHe, CIUPT); 2a3onodioHe (MeTaH, IIPOIaH, OyTaH, alleTUJIEH)
(puc. 14.5).

Ockinpku OymoBa MOJIEKYJI PEUOBUH PiBHMX BUAIB maJjinBa Binpis-
HSETHCS, BOHM MAaIOTh Pi3HY TEIJIOTBOPHY 3AaTHicThb. A xapakTe-
PUCTHKHU TEILJIOTBOPHOI 3aTHOCTI BBeAeHO (DhiBWUHY BEJIUUYNHY, AKY
Ha3WBAIOTh MMTOMOIO TEIJIOTOIO 3TOPAHHA IaJMBa. BacTuBicTL ma-
JUWBa BimgaBaTU IIEBHY KiJbKiCTh TEIJIOTH MiJ Yac TOPiHHSA XapakTe-
pUBYyETHCA MUTOMOIO TEIJIOTOIO 3TOPSIHHA.

ITumoma mennoma 320pAHHA — QI3UYHA BEAUYUHA, UL0 NOKA3YE,
AKQ KilbKicmb menaomu 6udilsiemvcsa npu no8HOMY 320paHHi 1 Ke
negHozo eudy naausa.

ITuToMa TemIoTa 3TOPAHHS MO3HAYAETHCA . 1i OAUHUIEIO € 'i—m

r

PisHi peuoBMHU MalOTh Pi3HY MUTOMY TEMJIOTY 3TOPAHHS HaJUBa

(taba. 14.1).



§ 14. PospaxyHOK KinbkOCTi TEMIOTH, IO BMAINAETCA BHACTIZOK 3rOPsiHHS MAMBA

Tabamua 14.1
NMutoma TennoTa 3ropsHHA nasiuBa NEeBHUX PEYOBUH

Mx
PeuoBuHa 9 —
KT
ITopox 3,8
HpoBa cyxi 10
Topd 14
Kawm’saue Byrinns 27
Crupr 27
Ilpuponuuii ras 44
Hadra 44
Tac 46
Bensun 47
Bopgennb 120

POSPAXYHORK KIJIBKOCTI TEIIJIOTH, IO BUAIJIAECTHCA BHA-

CJHITOK 3ropdaHHS ITAJIMBA. 3arambHy KiJgbKicTh TEmJIOTH, IO

BUOLISETHCA IPU 3TOPSAHHI majanBa, MOMKHA pPo3paxyBaTu, AKIIO Bimo-
Mi HOro mMTOMa TEeIJOEMHICTH i Maca.

3azanvHa Kiavkicmv menaomu @, ska 8udiasiembcsa NPU 320PAHHI
naiuéa, o0HUCIIOEMbCI 34 POPMYNOI0:
Q = gm.

Macy maauBa, HeOOXiTHY AJA OTPUMAHHS AesdKOl KiJIbKOCTi TeILIo-

TH, MOKHA po3paxyBaTu 3a (PopMyJio: m=—.
q

PosriasimeMo mpuKaagy pos3B’A3yBaHHA 3a4a4 HA BUSHAUEHHS KiJlb-
KOCTi TemjaoTH, M0 BUMIISETHCA MHiJl Yac 3TOPSHHS IaJHBAa.

3amaua 1. fIka KigbKicThb TemI0TM BUAIIUTHCSA IIPU IIOBHOMY B3TO-
pAHHI cyxux OepesoBux ApoB o6’emom 5 Mm3? I'yeruma Gepes3oBoi e-

pesunu 700 xr/m3, muroma Temsora sropsuHs 13- 108 I[_HC
KT

Hano: Pos6’a30k

V=5wm KinbkicTh TemmoTH, 110 BUALIAETHCS IPU IIOBHOMY
p = 700 Kr 3rOpsAHHI 6€Pe30BUX APOB, OOUMCINMO 3a (POPMYJIOO:

3 @ = qgm, ge m = pV.
g =10-10° &% m =700 ~= -5 m® = 3,5 10° kr.
KT M
Q — ? @=10-10° & .35.10% xr =
KT
=3,5-10° Txx = 3,5 T'Ix.

Bignmosigs: @ = 3,5 T'II:x.



3amaua 2. fIKa KiTbKiCTh TEIIOTU BUIIIUTHCSA IPU IIOBHOMY 3TODSIH-
Hi cywminmi, 1m0 ckaamaeTbea 3 1,5 g 6eusuny Ta 0,5 o conupry? I'yeruHa

KT K
6ensuny 710 —5 » INTOMA TEeILIOTa 3TOPSAHHS 4,7-107 ’H—, TyCTHHA
M KT

KT K
cuupry — 800 —, nuroma Temsora SropsHHA — 2,7 ° 107 '11—
M

KT
Hamno: 1,5-103 M3 Po3é’a30k
Vi=1,6x 0,5-102 ™3 KinpkicTs TemmoTu, Io BUII-
Vy= 0,51 JIUTHCA IIPU HOBHOMY B3TOPAHHI Cy-
0, = 710 Kr Mmimmi, mopiBHIOE cyMi KiZbKocTi Te-
M° ILJIOTH, II[0 BUALINTHCA IPU IIOBHO-
KT My B3ropAHHI ii KOMIIOHEHTIiB:
=800 —
P2 e Q=@ +Qy
JIk:S Q1 = ¢imy; @y = qaMmy;
— . 6
¢ =47-10 KT my = p,Vy; my = poVs,.
KT -
g, = 27+ 106 Mok m1=7IOF'1,5'103M3:
KT
Q_ 2 R: 1,065 xr;
m, =800 — -0,5-10° m* = 0,4 kr;

M

@ = 47 - 10° 2% .1 065 kr ~ 50 - 10° Isx;
KT

@ =27 10° 0.4 kr ~ 11-10° I
KTI
Q =50 - 10° I + 11-10° I = 61-10° Mok = 61 MIDx.
Bigmosinp: @ = 61 M.

Fonosne B ubomy naparpadi

FoOpiHHA — 0COBGNMBUI TUM XiMIYHOI peakLil OKMCNEHHSs!, ika CYrnpoOBOOXY-
€TbCS BUAINEHHSAM Tenna i cBiTna.

M1TOMOK TENAOTOI 3rOPSHHS ManMBa Ha3MBaloTb QiSUYHY BENYHUHY,
O rnokasye, ska KisibKiCTb TernsioTu BULINAETLCA MPU MOBHOMY 3rOPSAHHI
1 kr NneBHOro BuMay nanvea.

3aranbHa KinbkicTb Tennotn Q, WO BUAINSETLCS NPU 3ropsiHHI m Kr na-
nvBa, obymcnoeTbesa 3a dopmynot: Q = gm.

SanutanHs ans camonepesipku

1. Onwumits ¢isuuHe gBUIE, IO JEKUTb B OCHOBI BUKOPHCTAHHS
najmBa fAK JKepejia eHeprii.

2. Illo HasmBaOTh IIUTOMOIO TEILJIOTOIO 3TOPSHHS majauBa?

3. dArwuii pismuHMN 3MiCT MUTOMOI TEIJIOEMHOCTI 3TOPAHHSA HaJIuBa?
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§ 15. TlepetsopeHHs eHeprii B MexaHiuHux i Tennosux npouecax. [MpuHuMn i TeNNoBMX MALLMH

4. TIpoanaisyiiTe (GopmMyJy, 3a SAKOI PO3PAXOBYETLCA KiJIbKiCTh
TEIJIOTH, II[0 BUAIJIAETHCA B IIPOIeCi 3TOPAHHSA HaJKBa.
5. SIKki peuyoBMHU € IMEePCIEKTUBHUMU BUIAMM IajJuBa i yomy?

Bnpasa po § 14

1(n). [MOACHITb, YOMY CIPHMKOM Jieriie 3ananamTtu apkyll 3BMY4aMHOro na-
nepy, HiX LLUMaTOK KapTOHHOI YNakOBKW.

2(n). MosicHITL, YoMy, racayn 6arartTs, MOro po3ropTaloTb MO 3eMJii.

3(c). flka KinbkiCTb TENAOTU BUAINFETLCS NPWY NOBHOMY 3ropsiHHi 10 r no-
poxy? MNuTtoma TennoTa 3ropsiHHA nopoxy 3,8 MIx/kr.

4(c). fky macy cyxmx gpoB noTpibHo cnanutn, wob suginunocsa 15 MOx
eHeprii?

5(a). Crnnpt 06’emom 0,005 M® noBHiCTIO 3ropsie. fAka KinbkiCTb TEMA0TU
BUAINAETLCA?

6(n)- fka KinbKiCTb TEMIOTU BUAIIAETECA NPW MOBHOMY 3ropsiHHI MaJIMBHOI Cy-
MiLLi, O CKIMaaaeTbes 3 6eH3nHy 06’emMom 2 11 i cnmpTy o6’emom 1,5 n?

7(B). Bu3HauTe, Ha ckinbky Oinblue TEennoTU BUAOINSETbCA B pe3ynbTaTi

MOBHOIO 3ropsiHHA 6eH3MHY Macoto 7,1 Kr NOpPIBHAHO 3 TOP(OM
Takoro camoro o6’emy.

§ 15. IleperBOopeHHs eHeprii
B MEXaHIYHMX 1 TEemJIOBUX Ipolecax.
IIpyanun gii TEemIOBMX MAIINH

> 3aKoH 30eperceHHs | nepemeopeHHs eHepeil 8 MeXaHitHuX i me-
nJaosux npouecax

» Ilpunyun 0ii menaosux MauwluH

» KK]I menaosux mauluH

3AKOH 3BEPEKEHHS I IEPETBOPEHHSA EHEPIII B MEXA-
HIYHUX I TEIIJIOBUX ITPOIIECAX. ¥V § 5 Mmu mpuragaau, 1o Me-
XaHIiYHA eHepris € KiJIbKiCHOI XapaKTepPUCTUKOI MEXaHIidYHOTO PyXy.
IToBHa MexaHiuHa eHepPrid CUCTEeMHU TiJ MOPiBHIOE CyMi iXHBOI IIOTEH-
mianpHOI Ta KiHeTwuyHOI eHeprii. ¥ 3aMKHeHiI# cucTeMi BUKOHYETBHCA
3AKOH 30eperceHHs MeXaHiYHOl eHepeii: TTOBHA MeXaHiuHa eHeprid cuc-
TEeMU TiJ 3aJIUIIAETHCA CTAJ0I0, AKIIO YVHEMOXKJIUBUTU Oil0 Ha HUX
igmmx Tin. IIpu mboMy KiHeTWUYHa eHeprisg MOoJKe IIePeTBOPIOBATHUCS
B IIOTEHIliaJIbHY Ta HaBIaKMU.
E,.. = E;+E; =const. (15.1)
Y mpupozi Ta TexHili MoKHaA crocTepiratu 6arato GpisMUYHUX ABUII]
Ta IPOIeciB, y AKUX BiOYBA€ThCA HE JIUIIIE HePEeTBOPEHHA CKJIATOBUX
MexaHiuHOI eHeprii, a i B3a€MOIIePEeTBOPEHHS iHIIMX BUIIB eHeprii.
Ha mpakTtuiii mexawiuHi cucTeMu He € MOBHICTIO 3aMKHEHUMHU. 30-
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KpeMa, 32 PaXYHOK HAaABHOCTI CUJIM TEPTA YaCTUHA MEeXaHiuHOI eHep-
rii meperBopioeThcs y BHyTpimmHio. Hampukiaax, maiiba, 110 BiJbHO
KOB3a€ II0 JIbOAY, 3 UAacOM 3YIMHUTHCA IiJ Ai€l0 CHIM TepTdA. 1i Ki-
HeTUYHA eHeprid He 3HUKHE, a IePEeTBOPUTHCA B TEILJIOBY, IPHU IILOMY
TeMIIepaTypa IIawou Ta JbOAY AeIll0 HigBUIMUThCA. ToO0To MexaHiuHAa
€Heprida Tija mepeTBOPIOETHCA HA MOT0 BHYTPIITHIO eHEepPriio.

Orixe, AKINO B i30aboBaHiii cucremi Tin BimbyBarmThCA TeIIOBi
mpoliecu, To ii MexaHiuHa eHeprisg He 30epiraetrbes. Ilpore 1me mHe
O3HauJae, II0 B TAaKOMY pasi mopymryerbca GyHIaMEHTAJIbHUN 3aKOH
30epesKeHHs eHeprii. 3MeHIIeHHS MeXaHiuHol eHeprii cucTeMu CymIpo-
BOJIKY€EThCA 30i/IbIIIeHHAM Ii BHYTpilIHLOI eHeprii. Ilpu nibomy 3mina
MexaHiuHOl eHepeil min, wo Gepymdv yuacmov Yy 83aemo0il, KiabKicHO
00opiHI0E 3MIHI IXHbOI BHYMPIULHBLOL eHepZzil.

Tomy sarajsioM nosna eHepeia cucmemu mia E_ .. € cymom Mexa-
Hiunoi emeprii E,, Ta BHyTpimHbOl eHeprii U. IloBHa eHeprisa Bpa-
XOBY€ He JIMIlle eHeprilo MaKpPOCKOMIiUHOTO PyXy Ta B3aeMomii Tia, a
M MiKPOCKOIIiUHY eHepriio pyxXy Ta B3aEMOMil0 YaCTHHOK PEUYOBUHU.

3aKoH 30epe)KeHHs IIOBHOI eHeprii AJs cucTeMu, B AKiii BimOyBa-
IOThbCS He JINIlle MeXaHiuHi, a ¥ TemyoBi (a Tako:k ximiumi, amepni
rTa immi) opomecu, GOPMYJIIOIOTH TAKUM YMHOM: NOBHA eHepzis 3aM-
KHYmMOI MenJoi3olbo08aHOl cucmemu mia 30epicacmucs.

E ..=E,+tU=E;+E;+U=const.

TakxuM umHOM, OJA BCiX SBUIN i OpPOIleciB y IPUPOAL CIPaBIKY-
e€ThbcA (PyHAAMEHTaJbHA 3aKOHOMiPHICTH:

Enepeia y npupodi He 6uHuKae 3 Hi4020 i 6e3CNi0HO He 3HUKAE.
Bora auwe nepemeopremuvcs 3 00H0z0 6udy 8 iHwull, 30epizariu
C80€ 3HAUEHHA.

IPUHITAIL AIT TEIIJIOBUX MAIIINH. Ik Bu BiKe 3HaeTe, OXHUM
3i cmmoco6iB 3MiHM BHYTPIIIHBOI eHeprii € BUKOHAHHSA MeXaHiuHOI po-
6otu. BogHouac BHYTPillIHA eHeprid
PEUYOBUHU MOJKE€ IIEePEeTBOPIOBATUCH
B MexaHiuny. Hanmpukmaan, y mocui-
Ii 3 mpobipKoI0, 3aIIOBHEHOIO BOJIOIO
i ITiJIBHO 3aKPUTOI T'YMOBHM KOP-
KoM (pumc. 15.1), mig uac HarpiBaH-
HS CIUPTiBKOIO 30iJBINYETHCA BHY-
TPIIIHA eHepria BOOMU.
Boga saxkumnae, Tuck mapu 30iJb-
IyeThCA, KOPOK Buiitae. BHY-
TPIMTHA eHeprisgd mapu HepexoIuTh
Puc. 15.1. MNMepeTBOPEHHSA BHY- y KiHeTmuHY eHepriio xKopka. IIpu

TPIWHbLOI eHepril BOAW B KiIHETUYH .
P p A Y IIbOMY BUKOHYETHCA MeXaHI1uHa pPo-
EHeprito pyxy Kopka
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§ 15. TlepetsopeHHs eHeprii B MexaHiuHux i Tennosux npouecax. [MpuHuMn i TeNNoBMX MALLMH

0oTa 3 OTO BUINTOBXYBAaHHA, a BHYTPIIIHA
eHepria i, BigmoBimHO, TeMmepaTtypa Iapu
3MEHIITYETHCA.

Enepria, mijo Buminserbecs Immig duac 3ro-
pAHHA masnuBa (y HaAIIOMy IPUKJALl CIIIp-
Ty), IIePeXOIUTh V BHYTPIIIIHIO eHepTriio BOAU
(mapu), a mapa, PO3IIUPIOIOYNCH, BUKOHYE
pobory 3 mepewmimnenHs Kopka. OTike, Te-
IIJIOBA €HEePTid HepeTBOPIOETHCA Yy BHYTPIIII-
HIO €Hepriio mapu, a Ta, y CBOIO Uepry, — Ha
KiHeTHYHY eHepriio pyxy KOpKa.

Ilpunyun nepemeopeHHs BHYMPIULHBLOL
eHepeii 6 mexarniiHy pobomy NOKJLAOeHUl &
OCHO8Y 0il meniosux MAULUH.

VYnepiite Ha OpakTUI el OPUHIUI OYB
BUKOPUCTAHUMN IIPWM CTBOPEHHI IIOTJIAHT-
cbKUM BuHaxigHukKoM [[)KeifimcoM YaTTom y
1769 p. mapoBoi MalIuHHI.

ITapoBa MmamimHa ¥YaTTa BIPOJOBIK Oara-
ThOX POKiB sajuiiaiacad €IWHOI0 (PYyHKILio-
HAJBbHOIO TEIJIOBOIO MAIIIMHOIO, IO 3aCTOCO-
ByBajacsa AJII IIPOMHCIOBUX IoTpeb. 3a ii

Ixenmc Yatt
(1736—1819)
LLloTnaHacbkuin
BUHAaXiOHUK
OTpMMaB naTeHT
Ha BOOCKOHANeHun
MPUCTPIN, aKNn
[aBaB MOXIMBICTb
BUKOPMCTOBYBaTU
€Heprito napu B
MPOMWCIIOBOCTI

IOIOMOT'0I0 BUIOOYBAJIMW BYTiJJsi, HPUBOAUJINA B PYX MJMHU, MIHUJIO-
pamu, TKalbKi BepcTaTu, moisdau i mapomaasu (puc. 15.2).

TakuM YMHOM, MENna08UMU HA3UBAIMb MAWUHUY, 8 AKUX eHepzii
320PAHHS OP2AHIYHO20 NAAUBA NEPEeMBOPIEMbCS 8 MeXAHIYHY pPOo0Oo-

my. Bci TemysoBi MamuHU CKJIAZalOThCA 3 TPHOX OCHOBHUX UYaCTHUH:

Pp0o004020 opzara, nepedasanibH020 MeXAHI3MY Ma NPUCmMpoIo, 6 AKOMY
neeHuill 6ud eHepezii nepemeoprEMbC 6 MeXAHIUHY pobomy.

Puc. 15.2. Maposa
MalmHa [xenmca
YatTa
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Temn0Bi MamIuHEM HAOyJIM IMTUPOKOTO BUKOPUCTAHHSA Ha TPAHCIIOPTI,
Y BUPOOHUIITBI, CiIbCBKOMY I'OCIIONAPCTBi, TEIIJIO€HEPTreTHUIli, JKUTJIO-
BO-KOMYHAJbHOMY T'OCIIOJAPCTBI.

3a mpu3HAUEHHAM TEIJIOBI MAITMHY HOMiJMAIOTHCA HA ABAa OCHOBHUX
TUON: TEIJIOBI ABUTYHM Ta XOJOAWJIbHI YCTAHOBKU.

KR/l TEILJIOBUX MAIIWH. ¥ kypci (¢isuku cboMOTro KJacy BU
O3HAMOMMUJIVICA 3 IOHATTAM <«KoedimieHT ropucuoi xmii» (KKI) ma
mpukJani poboru mpocTux mexaHismiB. Haramaemo, mo KKl mexa-
HisMy — 1e (QismuHa BeawumHA, 10 MOKa3ye e(EeKTUBHICTH HOT0 PO-
00Tu i YMCeIbHO MOPiBHIOE BiHOIIIEHHIO KOPUCHOI POOOTHM IO BUTpA-

A
yeHoi (moBHOI) pobGoTu: nzA—K~1OO % . KoHCTpyKTOpaM BIa€ThCA
B

crBoproBaTu Mamnumau Ta MexaHismu 3 KKII, mo mopisaioe 98—99 %.

Pasom i3 Tum KK][ TemmoBux MaiivH NOPiBHAHO HEBUCOKUHA. SIK
mpaBuJIo, BiH He gocarae 50 % . Tax, KKl 6in1bIrocTi mOpIIHeBUX Te-
ILJIOBUX OBUTYHIB He mepesBuiitye 35 %, a temnoBux Typoin — 40 %.
Ha mpaxTumi me osHauae, 110 OiJbIlle HTOJOBUHM eHeprii, AKa BUMIi-
JSEThCA i Yac 3TOpAHHS IIaJMBa, BTPAUAETHCH.

Opnuiero 3 ocHOBHUX mpuurnH Hu3bKoro KK]I TemaoBuX MaIIWH IIO-
PiBHSHO 3 iHIIMMHN MeXaHi3MaMM € 0COOJMBOCTI KOHCTPYKIII iXHBO-
0 TEIJIOBOTO ABUTYHA. TelioBa eHepris 3TOPAHHSA HaiiBa He MOXKe
IOBHICTIO IEepPeTBOPIOBATUCA B MeXaHIUHY eHepriio. BimmoBimmo, me-
xaHiuHa poboTa He Oyae MaKcuMaJjbHOIO. I'a3, AKUI OTPUMYE eHep-
rifo BHACJiJOK STOPAHHA ITaJWBa, He MOJKe I IIiJTKOM IIepeTBOPUTU B
MexaHiuny eHeprito. Ilicisgs BukoHaHHSA Me-
xXaHiuHOI POOOTM TPU POIIMTUPEHHi ras, IIo
BUBOAUTHCA 3 ABUTYHA, MAE€ TOCUTH BUCOKY
TeMmnepaTrypy i, BiAIOBiZHO, 3HAUHUII 3amac
BHYTpimHBOI eHeprii. Ila BHyTpilmHS eHep-
ria mepemaeThcA B HABKOJIUIITHE CEePeIOBUIIE.

Or:xe, IPUHIIUIIOBO HEMOMKJIUBO BCIO Te-
IJIOBY €Hepriio, OTPUMAHY IIiJi Yac 3TOPAHHSI
najiuBa, IIEPEeTBOPUTU B MexaHiuHy. BoaHo-
Yyac PO3Cil0OBaHHS 3HAYHOI YACTUHU TEILJIO-
BOi eHeprii B HaBKOJUIIHbOMY CePEIOBU!IITI
CIPUUYMHSAE €KOJIOTiuHi mpobaeMu, TOB’ A3aHi
3 BUKOPHCTAHHAM TEIIJIOBUX MAIIIMH.

(1796—1832) OguuMm i3 HanpﬂMif miguienua KK
DpaHLY3LKUI YISHNI, BUKODUCTAHHA EHePrii SropaHHA mNaInBa
akuit yneplue BugHaume | € HMOETHAHHA KiNbKOX TEIJOBUX MAIIIMH.

MakcumanbHuin KK, Hampurnaan, Ha TemJIoOBUX eJEeKTPOIeHTpPa-
TEMI0BOI MaLUNHK JISX BIAETHCS BUKOPUCTOBYBATH OiIbII AK

Capi KapHo
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§ 15. TlepetsopeHHs eHeprii B MexaHiuHux i Tennosux npouecax. [MpuHuMn i TeNNoBMX MALLMH

80 % eneprili 3ropAHHA IIaJKUBA.

Ilisas BUPOOHUIITBA €JIEKTPOEHepPril HarpisHuk T,
BUKOPUCTOBYEThCA 0Jau3bKO 22 %,
3aCTOCYBaHHS rapsadoi rasoBoi Cy- A=Qi-Q
Mimmi i BUpOOHMYUX ITOTPed cTa- KinbkicTb
HOBUTHL 0aM3LKO 18 %, Ha 06irpis Tennotn Q,
JKUTJIOBUX 1 BUPOOHUUMX IIPUMIi-
IIeHb HAAXOAUTL Oau3bkKo 40 % Po6oue
eHeprii 3ropAHHA MaJIUBA. Tino 5
. NKOHaHHS
IIpo6nema migBumnenas KK Te- 0060TH A

IJOBUX MAIIUH € OJHi€I0 3 HalakK-
TYAJLHIINNX AJA TeIIOCHEePreTUKU KinbkicTb
ta TexHikKu. Y 1824 p. ppanmyssb- Tennotm Q,
kuii yuenuii Cagi KapHo BU3HaAUUB
3arajbHy CXeMy CTBOPEHHS TeILJIo-
Boi MmamwmHU. Byab-fiKa TeIoBa
MAaIllMHA MAa€ CKJAJATUCSA 3 Hazpis-
Huka (I:KepeJio TeIJaoTH), pobouozo
mina, 110 BUKOHYe poboty (mapa,
ras), i oxonodmysaua (B 6araTbox BUIIAAKAX Ile HABKOJUIIIHE Cepe-
mosuirie — artmocgepa) (puc. 15.3).

C. KapHo HayKoBO OOI'PYHTYBAB, IO B KOXKHIN TemyJoBi#T mammai
MOJKHA OTPUMATH KOPUCHY POOOTY TiMIBKU TOMi, KOJU eHeprid 3aBmasd-
KM TeIJIOOOMiHY IIepexXOoAuTh Bif rapsadyoro mo xojogHoro Tina. Ilpu
IIbOMY JIUIIIe YaCTUHA TeIJIOBOI eHepril MoKe BUKOPHCTOBYBATUCA Ha
BUKOHAHHSA MexaHiuHOi poboru. TobTo TemsoBa MaIllMHa MOKE BU-
KOHyBaTH poOOTYy JIMIlle TOAi, KOJM TeMIlepaTypa HarpiBHuKa Oyme
OLNMBIITOI0 3a TEeMIIEPaTypPy OXOJOIKyBaua. BUKOHaHa TeILJIOBOIO Ma-
IIIUHOI0 poboTa A mopiBHIOBATUME

OxonopxyBay T,

Puc. 15.3. 3aranbHa cxema
TennoBoi mawmHm C. KapHo

A= Q1 - Q29
Ie @, — KiJIbKicTh TemjaoTH, mepemaHa podOUOMY TiJly HarpiBHUKOM;
@, — KiJbKicTh TemyjoTHu, BiAmaHa poOOYMM TiJIOM OXOJOIKyBady,

IpuUYoOMy 3aBXIU @, < @;.
Toxi KKl TemnoBoi mammuym Bu3HauUaTUMeEThCA 3a (hOopMyJIOIO:
A _-Q | @
@& @ @

Ax 6auunmo 3 mporo piBHAHHA, KK][ TemaoBoi MalluHMU 3aBXKIN
menHwuil 3a o0unuyio, adbo 3a 100 % . Bumoro KK]I 3a Takux 3HaueHb
TeMIIepaTypPHd HArpiBHHKA Ta OXOJOMKYyBaua OTPHUMATH HEMOIKJIUBO.
VY peanpaux ymoBax KK]l € icTOTHO HMKUYUM YHACJiLOK pisHOMAaHIiT-
HUX BTpaT eHeprii: m<m,,..

* Y 1851 p. auraiticbkuii ¢pisuk B. Tomcon (1opx Kennsin) cdop-
MYJIOBaB TBEPIKEeHHS, BaXKJUBE AJId KOHCTPYIOBAHHS TEIJIOBUX Ma-

105



IMUH: Y npupodi HemoMcAu6uil npoyec, €eOUHUM Pe3Yyabmamom sAK020
€ BUKOHAHHA MeXaHiuHOl pobomu Juule 34 PAXYHOK OXO0JL00NHCeHHS
Oocepesa mensomu.

Ile o3mauae, W0 HeMOMCAUBO CMEOPUMU «BIUHULL 0B8UYH», AKULL
O0u miz nepemeopumu 6 pobomy 6CH0 HAOAHY ULOMY MenJosy eHepzii.

.nom-le B UboMy naparpadi

TennoBMMU Ha3MBalOTb MaLUMHKU, B 9KUX €HEPris 3ropsiHHa nanvea nepe-
TBOPIOETLCS B MexaHi4yHy poOoTy.

3a npu3HayeHHaIM TEenoBi MalLUMHU NOAINSIOTECA HA ABa OCHOBHUX TUMW:
TENMOBI ABUIYHU Ta XOJ0AMUSIbHI YCTAHOBKMU.

Bbyab-gka TennoBa MallvHa Mae CckjagaTtucsa 3 HarpiBHuka (o)kepeno Te-
nnoTu), podoyoro Tina, ke BUKOHYE poOOTy (nmapa, ras), i oxonomxysada
(4acTo Ue HaBKONMULIHE cepenoBulle — aTMocdepa).

KK, TennoBoi MalnHW BU3HA4YaETLCH GK:

peA_R-@ @
@& @ @

KK/, TennoBoro aBuryHa 3aBXau MeHLUUIA 3a OANHULIKO.

Y nNpupoai HEMOXIMBUIA NPOLEC, EAMHUM PEe3yNbTaTOM FKOro € BUMKOHAH-
HS MexaHiyHOoi pobOoTK NLEe 3a PaxyHOK OXOJIOLXKEHHS mxepena TennoTu.
HeMoXn1MBo CTBOPUTK «BiYHUIA OBUTYH», KU BU Mir NepeTBopuTM B pOOOTY
BCIO HaZl@aHy MOMY TEMJIOBY €Hepriio.

Panm'um-m Ans camonepeBipku

1. V uomy moasArae 3akoH 30epe’KeHHS ¥ IIepPEeTBOPEHHS eHeprii B
MeXaHiuHMX i1 TeIJIoBUX mpolecax?

2. IIlo masuBaiOTh TEIJIOBUMH MAIlIMHaMu? KU OPUHITUI HTOKJIA-
JIeHNIi B OCHOBY IXHBOI mii?

3. SfIKe 3HaueHHA MAaJI0O BUHAWAEHHS TEIJIOBOI MAIIMHU B PO3BUTKY
TexHiKu? Jle BUKOPUCTOBYBAJIUCSI HAWIIPOCTIIIi TeIJI0Bi MaIlmuHm?

4. Ha3sBiTb OCHOBHiI THUIIM TEIJIOBUX MAaIIIWH.

5. 3a akow (opmyaoio moxkHa podpaxyBatru KK]I TensmoBoi maru-
HU?

6. UYomy TemysoBi MamuHMU MalOTh MOPiBHAHO Hu3bKuii KKI[?

7. $xi ocuoBHi miaxu migBuinerHda KKl TemsmoBux mamuH?

BnpaBa o § 15

1(n). MosICHITb, SKi NepeTBOPEHHS eHeprii BigOyBaloTbCA Mig, 4ac NocTpiny
3 rapmatu.

2(n). Yu MOXHa CTBOPUTU TErJIOBY MallvHy, B AKiA O BUKOHAHHA Me-
XaHiyHOI po6oTn 1 XX BUTpAYa€TbCa BHYTPILIHS eHepria 1 Ix?

3(c). O6uuncnite KK, TennoBoi MalMHKW, WO A9 BUKOHAHHS KOPWUCHOI

po6oTtn 250 MOx Butpavae 0,87 I'dx eHepril.
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§ 16. Tennosi oBuryHu. IBuryH BHYTPILLHBOrO 3ropsHHS

4(c). LBUryH TennoBoi MallMHM BMKOHAB KOPUCHY poOOTY, WO AOPIBHIOE
2,6 - 10® Ixx. BusHauTe eHeprilo BATpaAyeHy ABUIyHOM, ko KK,
nBuryHa 27 %.

5(n). O6uucnite KK, auryHa igeanbHOI TenjoBOI MalUMHU, AKLIO BiH
OTPMMYE Bif, HarpiBHmka wocekyHan 14 200 k[x Tennotu, a BiAa-
nae xonoannbHuky 12 800 k.

6(a)- LBUryH TennoBoi MallMHM BMKOHAB KOPUCHY pPOOBOTY, WO AOPIBHIOE
3,6 - 108 Ox, i Bukopuctas 40 kr Byrinnga. O6umcnite KK, asuryHa.

7(B). IBUryH TennoBoi MalUMHU MOTYXHiCTIO 36 KBT 3a roanHy poboTu
BuTpatuB 14 «kr racy. Busnaute KK, oBuryHa.

§ 16. TemmoBi ABUTYHH.
JIBUTYH BHYTPIIIHHOTO 3TOPSIHHS

» Ilpunyun 0ii mennogux 06uzyrie
» Jleuzyn 6HYMPIiULHb020 320PAHHA

IIPUHITAIL OII TEILJIOBUX JBUI'YHIB. TemmoBi MamuHU, BUKO-
PUCTOBYBaHI AJid pisHUX IIijieil, MalOTh PiBHOMAHITHY KOHCTPYKIIiiO.
Aute He3aJIe}XHO BijJ IIHOTO 3a TPU3HAYEHHAM BOHU IOMIJIAIOTHCA HA
IBa OCHOBHUX THUIIU: TEILJIOBI IBUTYHU Ta XOJOAWJILHI YCTAaHOBKH. YcCi
TEIJIOBi IBUTYHU BUKOHYIOTH OJlHE M Te caMe 3aBIaHHA: 3a0e3IeUyIoTh
IIepeTBOPEeHHs BHYTPIiIIHLOI eHeprii B mMexamiunmy. XOJOAUILHI ycTa-
HOBKY BUKODPWCTOBYIOTH IJIA TOTO, a0 3a PaXyHOK BUKOHAHHA POOOTH
(HampuKJajJ, IBUTYHOM XOJIOAWUJILHUKA) BiZOupaTu MeBHY KiJbKiCTh Te-
IJIOTHW BiJ XOJOMHOIO Tijia I MiATPUMYyBATH MOro HU3BKY TeMIepaTypy.

B ocHOBY po00OTH TEmJIOBOTO ABUTYHA ITOKJAAEHO IPUHIUI nepe-
MB0PeHHA BHYMPIUWLHbOL eHepzil 6 MexaHiuHy pobomy, 3 AKUM BU
o3HaioMUJICA B HollepefHbOMY maparpadi.

Tennosuil 0sueyn — npucmpiil, Yy AKOMY ompumaHa nid yac 320-
PAHHA NAJLUBA eHepzis, NepemeopPHEMbCL 8 MeXAHIUNRY eHepeiio.

3a OOIOMOTOI0 IIepefaBAaIbHOTO MeXaHidMy I[I0 eHeprilo OTpH-
Mye poboue Tijo I BUKOHYEThCSI MexaHiuHa pobora. Haifimorminu-
peHimuMu, 30KpeMa Ha TPAHCIOPTi, € IIOPIIIHEBI TeIJOBi ABUTY-
HUM, B SAKHX HATPiTUHA Tras THUCHE Ha IIOPIIeHb Ta IIepeMiIlye Horo
B IIMJIIHIPI.

YV nopwnesux mennosux dsuzynax 8UuKOpUCMOByYyeMbcsa 30amuicmow
Hazpimozo za3y (abo napu ) nid yac po3wWuUpeHHs 8UKOHY8amMu pobomy.

KoHCTpyKIlis TemI0BUX ABUTYHIB 3a0e3leuye mepefaBaHHs eHeprii,
110 BUIOIISETHLCS Wil Uac 3ropAHHS majamBa abd0 BHACITIZOK SAepPHUX
PeakIriii, IMJIAXoM TeIlJIOOOMiHYy A0 AeAKOro rasy (HampukJjam, IIapu B
IMapoBUX MAaIllnHax). Harpituii ras posmupioeTbesa, BiH BUKOHY€E P0O0OO-
Ty IIPOTU 30BHIIIHIX CHWJI i 3yMOBJIIOE PYX TOT'O UM iHIIIOTO MeXaHi3My.
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Puc. 16.1. OgHa 3
nepLnx MawviH i3
TEMNJIOBUM MOPLLUHEBUM
OBUTYHOM

IlopmizeBi ABUTYHU, B AKX BUKOPHCTOBYBABCSA IIPOIlEC IIEPETBOPEH-
HA BHYTPIIIHBOI eHepril CTHCHYTOro rady B MeXaHiUHy eHepriio pyxXo-
MOT'O KoJieca, CTaJIM IEePIINMU TEILJIOBUMM ABUTYHAMM, CKOHCTPYIOBAa-
HuMU JioanHoo (puc. 16.1). Temmosi mopiHeBi ABUTYHM BCTAHOBJIIOBA-
JIUCA Ha IMapOBUX MOTATaX, MIapolljiaBaX, MapoOBUX MOJOTapKaX TOIIO.

JBUTYH BHYTPIINIHHOTO 3IrOPAHHS. Ilig uac cTBOpeHHS Te-
IJIOBUX IOPIIHEBUX ABUTYHIB JOBOAMJIOCSA PO3B’sI3yBaTU IpPobIeMU,
moB’s13aHi i3 3a0e3meueHHAM OTPUMAaHHA HATPITOTO Ta CTUCHYTOTO
ragy (mapm), IIOUYEPrOBUM Ta CBOEYACHUM (AJA MEBHOTO MOJIOKEHHSA
MOPIIIHA) BBEJIEHHAM rasdy B IIWJIIHID, CBOEUACHUM BUBEIEHHAM rasy
3 MUJIiHApa Ta MiATOTOBKOIO A0 HACTYIIHOTO IUKJY POOOTH.

Hanpuknazn, naa marpiBanHa pobodoro Tija (mapu) 10 BUCOKOI
TeMIepaTypu HOTPiOHO ImependauyuMTH OKpPEeMHIl IIPUCTPiil, cKaskimo,
MapoBUU KOTeJ, AKUI € NOCUTh rpomisakmm. TomMy B cydyacHill TeXHi-
IIi BUKOPHCTOBYIOTh TEMJIOBI ABUTYHU, Je HarpiBamHs poO0YOTOo Tija
3IiMICHIOEThCA 0e3ImocepeaHbO BCEePEAUMHI KaMepu 3TOPSIHHI.

Heueyn 6RympilHb020 320pAHHA — MENJ06G MAWUHA, WO 6 Hill
AK poboue mino 6UKOPUCMOBYIOMbCA 2a3U BUCOKOL memnepamypu, AKi
ymaeopioombcsa nid uac 3z20pAHHs pidkozo abo 2a30nodibH020 naausea
0e3nocepedHbo 8cepeduHi nopulHegozo 0s8uzyHa.

Y nopiirHeBUX ABUTYHAX BHYTPIIIHBOTO 3TOPAHHSA 3aCTOCOBYETHCH
OOWH i3 HaWmpocCTimux cmocobiB IIepeTBOPEHHsS BHYTPIIIHBOI eHeprii
ximMiuHOTO MajuBa B MexXaHiuHy eHepriio. PobGoue Tijio (cymimn moBi-
TPA Ta XiMiUHOTO ITajBa) HarpiBaeTbCA BHACJHIZOK XiMiuHOl peakii
TOPiHHSA, 10 BigOyBaeThcAa B IMUJIIHAPI ABUTYHA.

Posrasaremo OymoBYy Ta IPUHITUII Oil IDOPIIHEBOTO ABUI'YHA BHY-
TpimEbOrO 3ropAHHA (puc. 16.2). oro oCHOBHMME ejeMeHTaMU €:
muiIiHap 1, y SKoMy IIepeMiIllyeTbcsA IIOPIIeHb 2, IOPIIeHb 3 AOIIO-
MOTOI0 ITaTyHa 3 3’eAHAHUNA 3 KoJliHuaTuM BajoM 4. Y BepXHIO Uac-
TUHY IUWJIiHApPA BMOHTOBAHO ABA KJamaHu 5 i 6, aKi B mpoiieci po-
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§ 16. Tennosi oBuryHu. IBuryH BHYTPILLHBOrO 3ropsHHS

00TU ABUTYHA IIEPiOJMYHO BigKpu-
BalOThCA i 3aKpHBalOThcA. Kiaaman
5 Ha3WBaIOTL BIIYyCKHUM. IIpu iioro
BiIKPMBaHHI B NWJIIHAP ABUTYHA
HaJAXOQUTh MOPIid TopruYoi cywmi-
mri, AKa IMicjad 3aKPUTTA KJamaHa
3aMaIlOEThLCA 3a JOIIOMOT'OI0 CBiUKM 8

danmajneHHsa 7. Hiamam 6 HasuBa-

IOTh BUIIYCKHUM. Yepes HBOTO Bin-

mpalboBaHa poboua cyMmimr Buza-

agerbed 3 nuiingpa. [lo6 kmaman g 3
He CIIpallbOBYBaB CaMOBiJIbHO, BiH 4
yTpuMyeThcsa mnpyskuuon 10. Ko-
JiHuaTuii BaJ MiCTUTL MaxoBUK I1
i uepes cucremy 3y0uaTuUx Iepenad
9 3’eaHYETHCA 3 PO3MOAIIBLUMM BajoM 8 Ta craprepom 12.

Y mmainapi gBuUryHa OpU 3TOPAHHI MaJMBa MOBITPA HarpiBaeThCs
mo 1600—1800 °C. Tuck rasiB Ha HOpPIIEHL IIPU IILOMY Pi3KO 3pocC-
Tae, IM0 CIIPUUYMHAE HOTO MOCTYNaJbHUN PyX. PyXoMuil mopiieHb 3y-
MOBJIIOE 00epTaHHA KOJiHUACTOrO BaJja i cucTeMu 3y0UyaTuX Iepenad,
mepenamnyy MeXaHIUHy eHeprilo MexaHismMaMm (cTaHKaM, Ha KoJeca aB-
TOMOOGiJIS TOIO), AKi, ¥ CBOIO Uepry, BUKOHYIOTh MEXaHiuHy POOOTY.

Kpaiini mosmosKeHHs HOPIIHS B IIUJIIHAPI HA3MBAIOTh MEPTBUMU
TouKaMu. BimcTaHb, AKY IPOXOAUTH IOPIINEHb, PYXalUNCh MiK BepX-
HBOIO i HMIKHBOIO MEPTBUMM TOUYKAMM, HA3WBAIOTH XOJAOM IIOPIIHS.

OpuH poboumnii MUKJ Y ABUTYHI BimOyBaeTbcsa 3a 4 TakTu (X0au
MIOPIITHA), AKi OTpUMaIu TaKi Ha3BU: BIIyCK POOOUOI cyMiImi, cTHUCKAH-
Hs, pobounii Xif, BUIycCK BiampaiboBaummux rasiB (puc. 16.3). Tomy
Il ABUTYHU HA3WBAIOTh YOTHUPUTAKTHUMU.

N=010=

12

11

Puc. 16.2. byooBa NopLHEBOro
OBUTYHA BHYTPILUHLOrO 3ropsiHHSA

Pobounii xig, CTuckaHHs Pobounii xig, Bunyck

Puc. 16.3. Pobouunii uykn 4oTUPUTAKTHOrO ABUIyHA BHYTPILWHLOIO 3rOpsiHHSA
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ETbeH Jlenyap
(1822—1900)
dpaHLy3bkui
BMHaXiOHVK NEPLIOro
MOPLLUHEBOro ABUryHa
BHYTPILLUHLOIr0 3ropPsiHHS

3a MOBHUI ITUKJ POOOTH YOTHUPUTAKTHOTO
JIBUTYHA BHYTPIIIIHHOTO 3TOPAHHSA 3IiMCHIO-
€ThCA TiABKM OOUH PoOOUMil TakKT — pPo0O-
yni Xifx, ignm rakTy € migrorosuumu. TooOTo
CaMOCTiITHO pO3IoUaTu POOOTY TaKUil MTBUTYH
He MOKe. Bay mgBuryHa moTpiOHO PO3KPYTH-
TH, AJIA YOTO BUKOPUCTOBYETHLCA CTApTEP.

Ilepiuii mopITHEeBUM ABUTYH BHYTPIIIIHBO-
ro 3ropAHHa BuHAlIOB y 1860 p. dhpaHIlysnh-
kuii imxkenep E. Jlemyap. ABToM00inb i3 ra-
30BUM IBUT'YHOM HMOT'0 KOHCTPYKIIII mmpoixas
Bimcraub 9 kM Big Ilapuika mo JKoHBinb-ie-
ITon 3a 3 romuHwH.

Y 1877 p. HiMeubKMUH iH)XeHep Ta BUHA-
xiguuk H. OTTO 3amaTeHTYBaB YOTUPUTAKT-
HU OBUTYH BHYTPIiIITHHOTO 3TOPAHHSA, AKUN
VIOPOJOBIK HACTYIHUX OECATH POKiB OyB BU-
nymenuit y Kimbkocti 30 000 mrryk. Ileit

IBUTYH € OCHOBOIO Cy4YaCHOT'O aBTOMOOiJBLHOTO TpaHcmopTy. IlopimHeBi

IBUTYHU BHYTPIIITHBOTO

3TOPAHHS 3a3BUYaM IIPAIIOIOTh HAa OeH3WHI

abo mpupomgHOMYy rasi. BoHM BCTaHOBIIOIOTHCSA Ha aBTOMOOiIAX Ta iH-
oMy aBToTpaHcmopTi (puc. 16.4).

KoMmakTHI ABOTAKTHI HOPINTHEBiI NBUT'YHU BHYTPIiIITHBOTO 3TOPSAH-
HS BCTAHOBJIIOIOTH, HANPUKJAZL, Ha MOTOKOCApKax Ta OeH30mmiax

(puc. 16.5).

Y cyuacHi#l TexHINi IMIMPOKO 3aCTOCOBYIOTHCA MBUTIYHU BHYTPIIII-
HBOTO 3TOPAHHA, AKI IIPAIIOIOTh HA BaKUMUX THUMNAX PIAKOTO HaJuBa
(rac, mHadra Toio). Taki ABUTryHM OTpUMAaJU Ha3By OU3EJILHUX 3a
iM’am HiMelbKoOro imkeHepa-BuHaxiguuka P. [[usens, axuit y 1897 p.

Puc. 16.4. ABTOMOOGinNbHUIM
OBUTYH BHYTPILLHLOIO
3ropsiHHS
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§ 16. Tennosi oBuryHu. IBuryH BHYTPILLHBOrO 3ropsHHS

CKOHCTPYIOBAB MePIINil ABUTYH HOTY:KHicTio 20 KiHCBKHX cui. 3
1898 p. posmouasucsa TPOMKCIOBE BUPOOHUIITBO i BUKOPUCTAHHS
IV3EeJbHUX NBUTYHIB.

BakamBOI0O KOHCTPYKTHBHOIO OCOOJIMBICTIO AM3EJIBHOTO ABUTYHA €
BificyTHiCTHb CBiUuKM 3amajitoBaHHs. Poboua cyMmimm majJbHOTO Ta IIOBi-
TP HarpiBaeThCA MPHU INMBUAKOMY CTHCKAHHI I 3aiimaeTbesa. Pobounmit
Xig i BUIyCK cpalbOBaHUX TasiB AM3eJbHOT0 ABUTYHA BigOyBaIOTHCS
TaK caMo, AK i 66H3MHOBOTO UM ra30BOT0 (KapOOpaTOPHOTO ABUTYHA).
JdusenbHi ABUTYHU, AK NPaBUJIO, IIOTYXKHIIII Ta MacWBHIiIIi, TOMY iX
BCTAHOBJIIOIOTH HA TPAKTOpaX, aBTOMOOiIAX-Taravax. HuHi cKoHCTPY-
MOBAHO KOMMOAKTHI AU3eJbHI ABUTYHU OJA JIETKOBUX aBTOMOOiJIiB.

BignpaiboBaHi rasu BUOYCKAIOThCA 3 ABUT'YHIB BHYTPIIITHBOTO 3T0-
paraa npu temmnepatypi 500—600 °C. [locraTHbO BHCOKa TeMmmepa-
Typa rasy Ha Buxoxi s3HmKye KK mBurynis. KK][ xapOropaTopHUX
neuryHis mocsarae 20—25 %, a guseapaux — 30—36 %.

FonoeHne B ubomy naparpadi

TennoBuii ABUIYH — MNPUCTPIN, Y 9KOMY OTpUMaHa nig 4ac 3ropsgHHsa na-
NIMBa eHepris, NepeTBOPIOETLCH B MEXaHIUYHY eHeprito.

JBUIryH BHYTPILWHBOrO 3ropsiHHS — TEMJ0oBa MallnHa, WO B Hil gk poboye
TiI0O BMKOPUCTOBYIOTLCS ra3n BWUCOKOI TeMrepaTypu, aKi YTBOPIOIOTbLCS nNig,
4yac 3ropsiHHA PigKoro 4u rasonofibHoro nanvea 6e3nocepenHb0 BCEPEAMHI
NnopLUHEBOro AsuryHa abo ra3oBoi TypOiHuW.

OauH pobounii LUMKN Yy YOTUPUTAKTHUX OBUIYHaXxX BigbyBaeTbcsa 3a 4 Tak-
TN (XO0OU MOPLUHS): BNYCK poO0OY0i CyMilli, CTUCKaHHS, pobo4Ymin Xid, BUMYCK
BiANpaubOBaHMX rasiB.

KK, kap6topaTopHux apuryHie gocsarae 20—25 %, a amaenbHux — 30—

36 %.

Bunwram-m ANS camonepeBipku

1. IIlo HaswBalOTHL TEIJIOBUM JBUTYHOM?

2. HaBepniTh npuKJamyu BUKOPHUCTAHHS TEIJIOBUX ABUIYHIB y Tex-
HiIi.

3. SIki Tems0oBi MaIIMHM HA3WBAIOTh ABUTYHAMU BHYTPIIITHBOTO 3T0-
pAHHA?

4. $xi ocHOBHi BiZMiHHOCTiI OIBUTYHiB BHYTPIiIITHHOTO 3TOPSHHS Bif
IHIIUX TeIJIOBUX ABUTYHIiB?

5. dAxri ¢isuunmi aBuima BigOyBarThCA B KOKHOMY TaKTi poOouoro
IUKJY YOTUPUTAKTHOTO ABUTYHA BHYTPIiIITHHOTO 3TOPAHHA?

6. Yowmy B TexHili HabyJM ITUPOKOTO BUKOPUCTAHHA YOTUPUTAKTHI
IBUTYHU BHYTPIiIIIHBOTO 3TOPAHHSA?

7. $Iki ocobimmBocTi Mae MU3eNIbHUN ABUTYH BHYTPIIIIHBOTO 3TOPSAH-
HA?
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AdoMallHii eKCnepuMeHT

3a TeXHIYHMMH XapaKTePUCTUKAMM IBUTYHA aBTOMOOLJNIS BaImx
6aTbKiB a60 aBTOMO0i/IaA OaThbKiB BaIux APY3iB, BKABaHUMU BUPOOHU-
KoM (IIOTYy:KHicTb, BUTpaTu nmaamBa Ha 100 KM IISxXy 3a BigmoBigHOI
cepenuboi mBUAKOCT), BusdHaute KKl agBuryna. 3a MOKJIMBOCTi CcIIpo-
oyiiTe pospaxyBatu KK]l nBUryHa eKcIepUMeHTAJIbHO, 3a)ikCcyBaBIIIT
BUTpATH IajJuUBa IIiJ Yac MOI3AKU, BifcTaHb Ta uac moisgku. Ilopis-
HAWTe oTpuMAaHi 3HaueHHs. TexHiUHI XapaKTepUCTUKU aBTOMOOiIS
BiITIOBiIHOI MapKW MOYKHA 3HAWTHU 3a HOMOMOTIOIO ITOMIYKOBUX CHCTEM
Ha caliTi BUpOOHUKA.

Bnpasa go § 16

1(c). MOSICHITb, YOMY Ha Cy4aCHUX TPAHCMOPTHUX 3acobax BUKOPUCTOBY-
I0Tb TEMOBI ABUNYHN BHYTPILLIHBbOrO 3ropsiHHS.

2(c). Y NOTY>XXHUX OABUNYHax BHYTPILWHLOIO 3ropsiHHA 3aCTOCOBYIOTb BOOSA-
HE OXONOOKEHHS, a He NoBITPSAHE. MOSACHITb, Yomy.

3(a)- O6uuncnite macy GeH3MHy, Ky BUTpa4Ya€e 3a roguHy OBUMYH MOTO-
LMKna, Wo po3BMBAE MOTYXHICTb 6 KBT, akwo noro KK, nopisHoe
15 %.

4(B). Bu3HauTe NoTyXHICTb ABMIyHa aBTOMOOINS, SKLWO BUTPATU GEH3UHY

ctaHoBnaTb 38 n Ha 100 KM wWNgxy 3a yMOBU, LLO CEPeaHs LIBWUA-
KicTb pyxy popiBHioe 35 km/rog. KK, nsuryHa 22,5 %.

AKI € THIIN TEIIJIOBUX ABUI'YHIB
TA JIE IX BUKOPHUCTOBYIOTH?

Bu worHO o3Hanmomunucs 3 NpUHUMNIOM Aii Ta 6ynoBOO MOPLUHEBOrO
OBUIYHA BHYTPILLHLOIrO 3ropsiHHSA. Y CydacHin aBiaujiHin Ta KOCMIYHIA TEXHiL)
BMKOPWUCTOBYIOTb PEAKTUBHI 1 ra30peakTUBHI ABUIYHU, B SKMX poOoYye Tino Ha-
rpisaeTbcs 6e3nocepenHbO BCEPEAMHI KaMepu 3ropsiHHA. Tomy Ui 6e3noplu-
HEBI OBUIYHW TaKOX HasexaTb A0 TUMY OBUIYHIB BHYTPILUHLOMO 3rOPAHHS.

Y kamepi 3ropsHHSA Takoro ABUryHa BHAC/igOK B3aemMogii pigkoro abo
TBEPLOr0o PakeTHOro nanmMea Ta OKMCHIOBa4Ya (9K MasnmBO MOXeE BUKOPUC-
TOBYBaTUCS 3PILKEHMNIN BOLEHb, @ 9K OKMCHIOBAY — KWUCEHb) YTBOPKETHCS
CYMill i3 BMCOKMM TUCKOM Ta TeMnepaTypolo, dka 3i 3HAYHOK LWIBUAKICTIO
BUTIKAe i3 conna. PeakTnBHa cuna, WO A€ Ha COMMO, Pyxae OBUIYH Yy Ha-
npsMi, NPOTUAEXHOMY A0 HanpsiMy BUTIKAHHS ra3oBOI CyMilli. Y peakTUBHO-
My OBUIYHi BHYTPILLHSA eHepria nannea 6e3nocepefHbO NepPeTBOPIOETHLCS B
€eHeprilo pyxoMoro anapary. PeakTuBHI OBUTYHM BUKOPUCTOBYIOTb Y pakeTax
i peakTUBHUX JliTakax.

YKpaiHCbKi BYEHi Ta O0CNIOHMKU 3p0o0unu BarOMmii BHECOK Yy PO3BUTOK
peakTUBHOI TEXHIKN. TakK, KOHCTPYKTOPOM OOHOr0 3 MNepLuux CepinHmx pe-
aKTUBHUX [OBUMYHIB OyB TaNaHOBUTUIA BITYUSHAHWUIA iHXEHEP-KOHCTPYKTOP
B. M. Mywxko (puc. 16.5).
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§ 16. Tennosi oBuryHu. IBuryH BHYTPILLHBOrO 3ropsHHS

YKpaiHa 9k ogHa 3 NPOBIAHUX KOCMIYHUX Oep-
XaB CBiTY Mae MOBHWUIM UMK BMPOOHULTBA CYy-
YaCHUX PeakTUBHUX OBUryHiB. Ha BMPOOHMYOMY
o6’enHaHHI «lliBAEHHUI MaLIMHOOYAIBHMIA 3aBO[,
imeHi O. M. Makaposa» (MIBOEHMALL) y m. OHi-
NPONeTPOBCbKY PO3P0OOASATE | BUTOTOBASIOTL YCi
OCHOBHI KOMMJIEKTYIoui aeTasi Ta BY3/M peakTuB-
HUX CUCTEM, siKi 30MpaloTbCs Ta BUNPOOOBYIOTLCS
Ha YHiKanbHIN BUPOOHWMYIN 6asi (puc. 16.6).

MapoBi Ta rasosi TypBOiHM TexX € TennaoBMMU
ABUIYHaMW. IxHi npuHLMA aii, Tak camo, §iK i BCiX
iHLLIMX TEernjoBMX MaLLWH, MONSArae B NepeTBOPEHHI
TEnsoBOl eHepril B MexXaHiYHy: BHYTPILLHS eHep-
risg napyv nepeTBOPIETLCS B MEXAHIYHY €HEPri
obepTaHHs sonatevi TypOiHN.

KoHcTpykujto naposoi Typ6iHM 3anpornoHyBaB
y 1882 p. weencwukuii yyenunn . Jlaganb. lpo-
MUWCIOBI MapOCWU/IOBI YCTAHOBKM CKnagailoTbCs 3
napoBoi TypOiHW, 3’edHaHOI 3 POTOPOM reHepa-
Topa enekTpuyHoro ctpymy. OCHOBHOK PoB0OYOI0
YyacTMHOW napoBoi TypbiHM € Ban 1, Ha KoMy
3akpinneHo amckn 3 3 nonartamu 4 (puc. 16.7).

Puc. 16.5. PeakTnBHWI OBUTYH Puc. 16.6. CyyacHi peakTuBHi
PL-108 koHcTpykuii B. . Mywka OBUTYHN BITYU3HAHOIMO BUPOOHMLITBA
ona paketmn-Hocia P-7 BVKOPUCTOBYIOTLCA OJ19 3aMycKy
C. N. KoponsoBa KOCMiYHMX anapartiB GaratbOx KpaiH CBIiTy

B. IM. Nywko
(1908—1989)
BupatHun
YKpPaiHCbKUI
KOHCTPYKTOP
PEaKTUBHUX OBUTYHIB
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2 Yepes naponposig 2 CTpyMUHK napu
3 BEJINKOKO LWBUAKICTIO CNPSAMOBYIOTLCSH
Ha nonaTi 1 obepTaloTb POTOP TyPOiHU.
Yepes BuxigHuin naponposig 5 signpa-
LbOBaHa MNapa BUBOAUTLCA 3 TypOiHU.
1 BHyYTpIWIHA eHepria napu nepeTsopio-
€TbCS B MexaHi4yHy eHeprilo ob6epTaHHs
il potopa. MpuHumn fjii napoBoi TypOiHU
'PYHTYETbCS Ha SABWULLi, NPWU SKOMY ra-

n W

5 psumyi ra3 (napa) po3LVPETLCS i
Puc. 16.7. Cxema npoOMUCNOBOI Yac BUXOAY i3 cora v, BUKOHYIOYN Me-
napoBol Typ6iHl/l XaHI"-IHy pO6OTy, OXOJ1I04XYETbCA.

KoHcTpyKLji napoBux TypOiH NOCTil-
HO BOOCKOHaOITbCA, ane, He3Baxalum Ha ue, ixHin KK He nepeswuilye
40 %. OCHOBHI BTpaTu eHeprii B NapoBiii TypOiHi BUHMKAOTb YHACNiA0K HEMOB-
HOrO BMKOPUCTaHHA BHYTPILWHLOI eHepril napu. lMapa, gka 3anvwae naposy
Typ6iHy, € AOCUTL rapsyoto. i BHYTPILLHS eHepria MeHLwa, HiXX Napy Ha BXOA;
B TypOiHy. Pa3om i3 TuM Uj€i eHeprii gocTaTHbO, WO6 ii BUKOpUCTaTK, Ha-
npuknan, ona obirpiey npuMilleHb. BTpaTtn eHeprii B naposin TypOiHi 6yayTh
TUM MeHLWi, yim Oinblia pisHMUSA TeMnepaTyp MiX Napotlo, WO BXOOUTb A0
conna, i napoto, ska BUXOAMTb i3 TypOiHW.

MpomucnoBi napoBi TypOiHM € TenaoBUMU ABUFYHAMW BEUKOI MOTYX-
HOCTI " BUKOPUCTOBYIOTbCHA Ha TEMJIOBUX i aTOMHUX €JIEKTPOCTaHLuiax. Te-
NnjoBa eHepris 3ropsiHHSA NasnBa Ha TErnJ0BUX eIEKTPOCTaHLIfgxX abo eHepris
AAEPHUX peakuih Ha aTOMHUX efIeKTPOCTaHLAX Yy creujasibHUX KOTnax 4u
B CMCTEMI OXOJIOOXXEHHS peakTopa MNepeTBOPIOETLCHA Y BHYTPILLHIO €Hepritlo
napu, ska obeprtae potop TypOiHM, 3’€OHaHOI 3 reHepaTopoM enekTPUyHO-
ro ctpymy. KpiMm enekrtpocTaHuin napoBi TypOiHM MOXYTb MPUBOAUTU B PyX
FBUHTU BEANKUX HAABOAHMX MOPCbLKUX CYAEH Ta MNigBOAHMX YOBHIB. Cy4yacHi
napoBi TypOiHM enekTpoCcTaHLjii MaloTb pobody NoTyxHicTb Ao 1300 MBT.

Ha BigmiHy Big napoBux, y razoBux TypOiHax poTtop obepTaeTbcs nig TUC-
KOM rapsiyoi ra3oBoi CyMilli, sika YTBOPIOETbCSH BHACNIAOK 3rOpsiHHS PiAKOro
nanuea B camili TypOiHi. i KOHCTPYKLiS € NPOCTILLO, OCKiNbKM BiAOYBAETLCS
CMNPOLLEHNI MPOLEC NEPETBOPEHHS BHYTPILWHBLOI eHEprii rady B MeXaHiyHy
eHeprilo pyxomoro potopa TypbiHun. Lle mae moxnmeicTe obxooutucsa 6e3
KOTNna, Ae yTBOPIOETLCA Napa BMCOKOI TemMnepartypu Mig Yyac HarpiBaHHS BOAMW.

Y kamepy 3ropsiHHS rasoBoi TypOiHM 3a AOMOMOrol komnpecopa noga-
€TbCHA MNOBITPA Npu TemnepaTypi 6nm3bko 200 °C Ta nig BEIMKMM TUCKOM
BMOPCKYETHLCA PigKe nanmeo (rac, mMasdyT). YHacnigoK 3ropsiHHS CyMilli yTBO-
POETLCS po3xapeHuin oo Temnepatypm 1500—2200 °C ras, akuii 3 BENNKOIO
LBMAKICTIO Ta Mig 3HAYHMM TUCKOM MOAAETLCA Ha nonaTi TypOiHn 11 obepTae
ii. Fa3oBi Typ6iHM MalOTh Kiflbka POTOpPIB. Nepexoasyun Big, OOHOro A0 iHWOro
poTopa, ra3 NoCTynoBO BigAa€ CBOK BHYTPILLHIO €HEpPrilo, ska NepeTBoplo-
E€TbCSA B MEXaHiYHy eHeprito o6epTaHHa poTopa TypOiHw.

CyuacHi rasosi TypOiH1 pO3BKBaAIOTb MNOTYXHICTb 6n1M3bko 150 MBT. BoHM
BUKOPUCTOBYIOTLCA B ra3oTypOiHHUX CUMOBUX reHepaTtopax TernjioBuUx enek-
TPOCTaHUiM, ABUIyHax, O BCTAHOB/IOTLCA Ha NiTakax.
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§ 17. Exonoriuni npobnemn BUKOPUCTAHHS TEMNOBMX MALLIMH

Puc. 16.8.
MoTy>XHi MPOMUCOBI
GaratocTyniHyati TypOiHK
BUPOOHMLTBA «TypboaTom»
(m. XapkiB)

YkpaiHa Ma€e MOBHMI 3aBEpPLUEHUA LMK BUPOOHULITBA HAAMOTYXHUX Ma-
pPOBMX Ta ra3oBux TypOiH. TypOiHKN BUPOOHMLTBA MyBNiHHOro akLiOHEPHOro
ToBapucTtea «TypboaTtom» (M. XapkiB) AN TEMJIOBUX Ta aTOMHUX E€NeKTPOo-
CTaHUin ycniwHo npauotoTb y Bonrapii, lchanaii, Kutai, Mexkcuuj, PiHnanaii
Ta 6araTbox iHWKWX KpaiHax (puc. 16.8).

§ 17. ExoJoriuni mpo6ieMu BUKOPUCTAHHS
TEILJIOBUX MAIINH

» Bnaue mensaosux maulun Ha O08KiNLA
» Hlnaxu 3meHUWeHHA HACAIOKIB HezamueH0z0 68NJaU6Y 6UKOPUC-
MAHHSL MEeNnLoBUX MAULUH

BIIJIUB TEIIJIOBUX MAIIINH HA MTOBEKIJIJIS. 3pocTanusa moTpe-
Ou JIIOACTBA B €HEPrOHOCIAX IPUCKOPIOE OYPXJIUBUM PO3BUTOK TEILJIO-
enepretuku. OQHUM i3 HAWBAMKJIUBIIINX HENOJIKiB BUKOPUCTAHHS Te-
ILJIOBUX MAIUH € 3a0pyIHEeHHSA HaBKOJUIITHLOTO cepenoBuIma. Temnosi
IBUTYHU Pi8HOI KOHCTPYKIIii, BUKOPUCTOBYBaHi Ha aBTOMOOiJIbHOMY
3aJIIBHUUYHOMY, IOBITPAHOMY, MOPCHKOMY TPAHCIIOPTI Ta B pPaKeTo-
OyayBaHHi, CIPUUYNHAIOTE XiMiuHe, (pisuuHe, TEIJIOBE Ta IIIyMOBeE 3a-
OpyAHEeHHS HABKOJIMIITHLOTO CEpPeIOBUIIA.

CyuacHi HaAIIOTY KHi TEILIOBi eJIEKTPOCTAHILII CIIAIIOIOThL MiJIbHOHN]
TOHH KaM’SHOTO BYTL/IJIA Ta MiJbApAU KyOOMETPiB MPUPOTHOTO Trady
HI0poKy. Ilpm oMy B HOBiTPpA BUKUAAIOTHCA INKiIJINBI pEeUYOBUHH,

115



Puc. 17.1. Mig, yac cnanoBaHHA OPraHiyHOro nanvMea Ha TEnJo0BUX
€NeKTPOCTaHLsX B aTMocdepy LLOPOKY BUKMOAIOTLCA TUCAYI TOHH LWKIAJINBUX
pPEeYOBUH

HaBiTH mompu OGaraTOCTyIeHEeBi CHMCTEeMU OUMCTKM AMMOBUX BiIXOMIiB
(puc. 17.1).

Hampuraan, mig gac poGOTH TEHJIOBUX €JeKTPOCTAHIIN y HmOBiTpA
BUKUIAIOTHCA OKCUAM CipKHU, a3oTy, (PTOPUCTI CIIONYyKU, YaoHUU Tas,
MeTaH, eTHUJeH, I’ ATUOKHC BaHamiro. OgHa TelaoBa eJeKTPOCTAHIlisA
3a pik BuKHugae B armMochepy OiabIllle TPHOX THUCAY TOHH OKCUIIB CipKuU
Ta MabKe OBi THCAYI TOHH OKCHUIIB as30Ty. BiJbIIicTh IIUX PEUOBUH
€ TOKCUYHNMHN I HETaTMBHO BILIMBAIOTL HA MOBKiIIS. 3MiIIyounuch
i3 BOmOIO y XMapax, BOHM BUIIAMAIOTHh 3TOJOM y BUTJISAAI KUCIOTHUX
moriB. BenmdyesHWX BTpPAT Bifl KUCJIOTHUX OIAAiB 3a3HAIOTH IMOPOKY
Kpainu €Bpomu Ta AMEpPUKHN Uepe3 3HUINEHHS XBOWHHX JIiciB, 3HU-
JKeHHS BPOKAWHOCTiL 3epHOBUX KYJIbBTYP.

3HaUHy YAaCTKY IIKiAJINBUX BUKUIIB Y aTMoc(epy CTaHOBJIATH IIPO-
IYKTH POOOTH ABUTYHIB BHYTPIiIIHBOrO 3ropAHHA. OCOOJIMBO CUJIBHO
3a0pyAHIOIOTh aTMOc(epy PeakTHUBHI ABUTYHU JiTaKiB i paker. Buku-
IaloThCA IMKIiIINBI peuoBMHU B atMocdepy # mig uyac poOOTH KOTJIiB
OIIAJIIOBAJILHUX CUCTEM.

TeroBi ABUTYHU, CHAJNIOIOUN OpraHiuHe majuBo (BYTrijus, ras, Ha-
¢Ty), IOCTYIIOBO BUUEPIYIOTH IPUPOLHI pecypcu, OTPUMAaHi JIOJCTBOM
BiJl mOIepeHiX TeoJIOTiYHUX emoX.

I3 PO3BUTKOM TEIJIOBOI eHepreTUKIM BUEHI MOB’A3YIOTHh TEIJIOBE 3a-
OpyaHeHHs aTMoc(hepu I Tak 3BaHe 2/.00a/bHe NOMEnaiHHA. «X0J0-
IUJIBHUKOM» IJIA TeIJIOBUX NBUTYHIB € aTMoc(epa, KyIU IIepefacThb-
cA «BigmparboBaHe» Temyo. KpiMm Toro, mo armocgepu IOTPAILIAIOTH
oysKe OpiOHI YacTMHKMN BUKHUIB, AKi 3aBHCAOTh y Hill i BimbmBaioTh
TEeIJIOBI IIPOMeEHi, 110 BUIIPOMIiHIOIOTHCSA 3€MHOIO IIOBEpXHe. BigdoyBa-
€ThCA TaK 3BAHUU NAPHUKOBUIL epekm, Y Pe3yAbTATI AKOTO ITiABUIILY-
€ThCA TeMIepaTrypa aTMocdepu, IO BUABIAECTHCA Y 3MiHAxX KJiMaTy
3 HelmepeadauYyBAaHUMU HaCJIiTKaMMH.
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§ 17. Exonoriuni npobnemn BUKOPUCTAHHS TEMNOBMX MALLIMH

HedaKi BUIM TeNJOBUX JBUTYHIB BUKUAAIOTH B aTMOC(EDPY PEUOBU-
HU, III0 3YMOBJIOIOTH, HAIIPUKJIAL, 3MEHIINEHHSA TOBIIUHU O30HOBOTO
miapy, AKUN 3axulIllae Bce »KMBe Ha 3eMJi Bif yabTpadiosieToBOro BuU-
npominoBaHHa CoHIl.

He MeHII aKTyaJbHUM € ¥ IIyMoOBe 3a0pyaHeHHsA. PoOoTa TemIoBux
IBUTYHIB CYHIPOBOMKYETHCS IITyMaMU, SKi HeraTMBHO BILIWBAIOTH Ha
Giosoriuni 06’eKTH.

Tomy mepen JIOACTBOM, 30KpPeMa B OCTaHHI JecaTupiuusa, Imocra-
I0Th TJI00aJIbHI eKoJIoTiuHi mpobJjeMu, Po3B’sA3aHHA SKUX IIOTPedye
YCYHEHHA MIKIiAANBUX UMHHUKIB Oii TEIJOBMX MAIIWH.

MJAXHW SMEHIIEHHSA HACJIIKIB HETATHBHOTI'O BIIJIN-
BY BUKOPUCTAHHSA TEIIJIOBUX MAIINWH. BuoKpeMIOOTh OBa
OCHOBHUX HANpPAMU 3MEHIIIEHHsS HEeTaTHBHOI'O BIJIMBY BUKOPHCTAHHS
TEIJOBUX MAaIIMH Ha AOBKias. Ilepminii mos’s3aHUN 3 YIOCKOHAJIEH-
HSAM TeXHOJIOTifl BUT'OTOBJIEHHS Ta €KCIIyaTallil TemJoBUX MAaIllWH,
IIT0 IPAIIOI0Th Ha TPASUIIINHUX AKepesiax TeILsIoBOoi eHeprii, To0To Ha
oprarmiuHomy manamBi. 3oxkpema, nigBurnienuda KK][ TemaoBux MaiimH,
CTBOPEHHSA Ta BUKOPUCTAHHSA CYUYacHHX 0araToCcTymeHeBUX CHUCTEM
dimpTpamnii MKiAJINBUX BUKUAIB, AKi YTBOPIOIOTHCA B IIPOIleci iXHBOI
poboTu, mepexia Ha €KOJOTIUHO OiJBIIT YKMCTI BUAW OPTAHIUYHOTO Ia-
JuBa (OPUPOSHUN ras, COUPT, BOAEHD).

IlepcneKTUBHUM HaAIPAMOM € IIOCTYIIOBAa BigMOBa BiJ BHKOpPHC-
TaHHA TeIJIOBUX MAaIIMH Ha TPAgUIliMHMUX OKepesax MajluBa Ta 3a-
MPOBAJKEHHSA HOBITHiX TEXHOJIOTiM IIPAMOTO HMePeTBOPEHHS TEeIJ0BOI
eHeprii B enexkTpuuny. Hanpmkiaazn, 3amMiHa TeJOBUX IBUTYHIB eJeK-
TPUYHUMU, BUKOPUCTAHHS €KOJIOTiUHO YMCTUX M:KepeJs eHeprii (Boxau,
COHIISA, BiTPY), PO3BUTOK T'e€OTEPMAaJIbHOI €HEepreTUKU.

Croromui B YKpaiHi, AK i B ychboMy CBiTi, aKTHUBHO DPO3BUBAETH-
cA aJbTepHATUBHA, ab0 BigHOBIIOBaJbHA, eHepreTuka. Illopoxky Ha
COHSYHUNX €JIEKTPOCTAHIIiIX BUpPoOaaeThesa mouan 500 muua kBT - rofg
enekTpuuHoi eHeprii. IlomynapHocTi HaOyBalOTh COHAYHI MiHi-elek-
TpocTaHIlil, aKi 3a0e3IeuyioTh eJIeKTPOeHEePrielo OKpeMi JOMOTroCIIO-
JapcTBa Ta MOCTAYAIOThH il HAAJHUIINOK aep:kasi (puc. 17.2).

Puc. 17.2. OgHa 3 nepwux B YKpaiHi Mannx COHAYHUX €NeKTPOCTaHL,n
(c. ConoHka Ha JIbBiBLUMHI)
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Puc. 17.3. BitpoBi Typ6iHu
HoB0a30BCbKOI BITPOBOI
enekTpocTaHuji

Puc. 17.4. l'eoTepmarnbHi
€HepreTUyHi KOLIWKN

Ilory:xuicts HoBoa3oBChKOI Bi-
TpoBOi ejiekTpocrauilii (c. Bezimen-
He Ha y30epeix:Ki A30BCHKOI'0 MOPsI)
cranoBuTh 107,5 MBT (puc. 17.3).

OpHuM i3 HalIepCHeKTUBHIIINX
HaOpAMiIB PO3BUTKY TEILJIOBOI eHep-
TeTUKN € BUKOPUCTAHHS TIeoTep-
MaJbHOI eHeprii. CyuacHi Temaocuc-
TeM: Oal0Th MOJMKJIMBICTHL 3aCTOCO-
BYBaTH TEIJIOBY eHepriio, akKymy-
JbOBAHY B HaJApax B3eMHOI KYJIi,
AK IJIA BUPOOHUIITBA €JeKTPUUYHOI
eHeprii, Tak i aaA omaJieHHA, rapsd-
YOT'0 BOJOIOCTAYAHHS, IIOBEPXHEBO-
O OXOJIOKEHHS.

T'eorepMmanbHi eJjieKTpocTaHILil
po3MimiyioTs OJMBBLKO 10 BYJIKa-
HiYHOrO Kparepa, e Marma Mak-
CUMaJIbHO HiAXOAUTL MO0 B3eMHOI
Kopu. Y cremniaibHUX CBEPIAJIOBU-
Hax POS3TAIIOBYIOTH TypOiHU, SAKi
OpaIpoioTh 3a PaXYHOK BeJInUe3s-
HOI TeMmepaTypu Ta THUCKY MarMu
1 reHepyIOTh €JeKTPUUHUN CTPYM.
Pobounm eremeHTOM reoTepMaabHOI
€JIEKTPOCTAHIIII € TaKO)X MeTaJieBi
TPpyOM 3 BOMAOIO, 3aHYpPeHi OJU3bKO
IO TOBEpPXHi MarmMu, TeMIIeparTy-
pa Akoi cranoBuTh maiixke 450 °C.
Bonma meperBoproeThcss Ha mapy Ta
HOJAaeThCA A0 MApOBUX TYpPOiH, IO
00epTaoTh TeHepaToOpPH.

ITomupenus HabyBalTh TeoTep-

MaJIbHi TEemJIOBI Hacocu IMOOYTOBOTO IPH3HAUEHHS. BOHU BUKOPUCTO-
BYIOTH TeoTepMaJibHy €Hepriio AJd OnajJieHHdA NPUMillleHb, HarpiBaHHA
BOIM, KOHIUI[iIOBaHHS MOBiTps. B ymoBax, Koau riamboxe OypiHHS
HEMOJKJIBE, 3aCTOCOBYIOTH TaK 3BaHi reoTepMaJjbHIi eHepreTWYHI KO-

muku (puc. 17.4).

TeoTepMmanbHi eHepreTHYHI KOMIMKY IIPU3HAYUEHI IJIs eKCcILIyaTairii
Ha TmOuHi Big 4 70 5 M. 3a paxXyHOK CE30HHOTO IIepemany TeMIle-
parypu rpyuty B 7—13 °C, aKuii € imealbHUM I:KepeoM eHeprii
IIJIs1 TeIlJIOBOTO HACOCY, €HEePreTUUHi KOIIMUKN BUKOPUCTOBYIOTH AK BHU-
COKOIIOTEeHITiliHe I:Kepeso IIPUPOTHOTO OXOJOMKEHHSA. YKpaiHa Mae



§ 17. Exonoriuni npobnemn BUKOPUCTAHHS TEMNOBMX MALLIMH

3HAUHi 3ammcu reorepMaJbHOl eHeprii. ['eorepmanbHi pecypcu TeInio-
€HepreTUYHUX BOJ CTAHOBJATH Maixke 27,3 muaH M3/m00y, a IXHiN Te-
IJIOEHEPTeTUYHUMN ITOTEHIiaJ eKBiBaseHTHUN 12 MJIH TOHH YMOBHOTO
nanusa abo 6amspKo 10 mupa m® nmpuposHoro rasy. IlepcreKTUBHEMUA
palioHaMu OJIsI PO3BUTKY BiTUM3HAHOI reoTepMaJjbHOI €HEepreTUK’ €
Kpuwm, KepuencbKuii miBocTpis, JIbBiBCchKa Ta 3aKapmaTchka obJacTi,
HuimpoBo-JlloHeIlbKa 3amagnHa, Ha TePUTOPil AKoi posrarroBani Hep-
HiriBcbka, IlonraBchbka, XapkiBcbKa, Jlyrancbka o06JiacTi.

OnHiero 3 BaKJIMBUX IIPo0JeM BUKOPHCTAHHS TeoTepMaJbHOI eHep-
rii € yruiaisamnisa BignpanboBaHoi Bogu. OCKiJIbKM BOHA MiCTHUTL BEJIU-
Ky KiJIbKiCTh coJiell TOKCHYHUX MeTaJiB (Hampukjaam, 00py, CBUHIIIO,
IUHKY, KaaMio, Mumr’ arky) i ximiuaux cmonyk (amiary, ¢eHOJiB),
TepMaJIbHI BOAMW He MOXKHA CKHUIATHU y IIPUPOMHI BOOHI cmcTeMu.

Foénosne B usomy naparpadi

OOHUM i3 HaMBaXMBILLNX HEOonikiB BUKOPUCTAHHA TEMNOBMX MallUH €
3a0pyAHEHHS HABKOMULLHLOIO CepenoBMLLa.

OcHOBHUMK BuaamMun 3abpydHEHHS HaBKOJIMWHBLOIO CepenoBuLla,
NOB’A3aHNMKN 3 BUKOPUCTAHHAM TEMJIOBMX MAaLUUH, € XiMidyHe, @i3nyHe, Te-
njaoBe, LyMOBe 3a0pyOHEHHS.

Jo wnaxiB 3MeHLWeHHs HacniakiB HeraTMBHOrO BMMBY POOOTU TEMIOBUX
MaLUWH HanexaTtb YAO0CKOHaNIEHHS TEXHOJOrIN IX BUrOTOBNEHHS 11 ekcnnyaTa-
uii, nigeuweHHs KK, CTBOpPEHHS Ta BUKOPWUCTAHHS CydYacHux GaraTocTyne-
HEBUX cucTeM OinbTpauil WKIAJINBUX BUKUAIB, WO YTBOPIOKTLCH B MPOLECI
pobOoTK TEnnOBMX MAalUWUH, Mepexig Ha eKosoriyHo Oinbll YMCTi BMOM opra-
HIYHOro nanmea (MPUPOAHWIA rasd, CNMpPT, BOAEHb), 3arnpPOBaOXEHHST HOBITHIX
TEXHOJONi NPSMOro NEePEeTBOPEHHS Tensaa B efeKTPUYHY EeHeprilo, 3amiHa
32 MOXJIMBICTIO TEMOBUX OBUTYHIB €N1EKTPUYHUMMN, BUKOPUCTAHHS €KOJIoriy-
HO 4YMUCTUX O)Kepen eHeprii (Boau, COHUS, BITPY), PO3BUTOK reoTepMasibHOl
EHepreTmkn.

3anutaHHs ans camonepesipku

1. $Ik BOnamBarOTh HA MOBKLJIIA TemjaoBi Mammmum?

2. {xKi mrigawBi peuoBMHM BUKHAAIOTHCA B aTMocdepy B mpoiieci
pOOOTH TEILIOBUX €JEeKTPOCTAHITiii?

3. $IKi ocHOBHI ILIAXYU 3MEHINIEHHS HETaTHUBHOI'O BILJIMBY BUKOPUC-

TaHHS TEIJIOBUX MAIWH?

SIx po3BUBaEeThCA BiAHOBIIOBAJIbLHA eHepreTmka B YKpaiHi?

Axi npobiemu, moB’sI3aHi 3 BUKOPUCTAHHAM HOBUX BUIIB €KO-

JIOTIYHO YUCTHUX [KepeJl eHeprii, mocTaTh mepel] eHePreTUKoio?

or s
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BYUNMOCHA PO3B’A3YBATHU PISUYHI 3A/TAUI
HA TEIIJIOBI MAIIIMHU PA3OM

s BupaBHOro po3s’sa3yBaHHa (isumunux 3amad i3 Temu «Termmosi
MaIlIMHW» 3BEPHITHL yBary Ha OCHOBHUU HaBUAJLHHUHU MaTepias mapa-
rpadiB 1—17, soxpema pyopukry «I'ojoBHe B mpomy maparpadi», Ta
IOBTOPiTh OCHOBHI 3aKOHH i (DOpMYJIH.

Bam Tako:K cTaHYTH Yy IPHUroAi 3HAHHSA, HAOYTi ITiJi Yyac BUBYEH-
HA TomepenHix TeM (BHYTpPilllHA eHepria Ta cmocobu ii smiHM, pos-
PaxXyHOK KiJIbBKOCTi TeIJIOTH, OTPHMMAHOI Ta BigmaHOl TijioM, PiBHAH-
HS TeIJIOBOTO OajlaHCY TOI0), a TaKOMK i3 TaKuX TeM Kypcy Gisuxu
cbOMOI0 KJacy, gk «Pobora», «IloTy:xHicTb», «TuckK».

3BepHiTh yBary, mio AJisg ONNCY TeIJIOBUX IIPOIeciB, AKi BimOy-
BAIOThCA ITIiJ Yac poOOTU TEIJIOBUX MBUTYHIB, BasKJNBe KOPEKTHE 3a-
CTOCYBaHHA 3aKOHY 30epe’keHHs ITOBHOI eHeprii (Hacamiepen BapTo
BPaXOBYBAaTU Ty OCOOJUBICTDH, IO 3aKOH BUKOHYETHCA B 3aMKHYTUX
TeIJJ0i30JbOBAHNUX CHUCTEMAaX).

SKI0 s posB’sA3yBaHHS 3amadi MOTPiOHI 3HAUEHHS IMHUTOMUX Te-
MJIOEMHOCTEeM, MUTOMOI TENJIOTU IIapoyTBOPEeHHA, KOHIEeHcallil, mJiaB-
JeHHs, KpucTaxizaiii abo 3ropsHHs PEUYOBUH, 3BEPHITLCA OO BiAmo-
BimHuX maparpadiB miApyuyHHMKa Ta BUKOpucTaiiTe Tabauiii. AKIo B
HUX HeMae HeoOXimHMX NaHUX, 3BePHIThCA A0 iHIIUX OKepes. ¥ Ta-
OMMITAX 3HAUEHHA MOXKYTH MOIJABATHCS 3 BUKOPUCTAHHAM IIpedikKciB
(mampukiaan, KI:x abo MI[»k), BpaxoByiiTe Iie IIiJi yac OOYMCIIEHD.

Ockinbky mig uyac po3B’sA3yBaHHS 3a4ady i3 Ifiel TeMu BaM IIOTPi6-
HO OyZe CKJaJaTH PiBHAHHS TeIJIOBOro OajlaHCy Ta pPO3B’sa3yBaTu
ix, OyabTe YBaXKHNMM, CKJATAI0UM IPOIIOPIIil Ta BU3HAYUAIOYUM 3 HUX
(ismuni BeamumHMU. BakaHo cIIouaTKy BUBECTH KiHIIeBY (POPMYJIy, a
BJKe IIOTiM BUKOHYBATH oOumMciaeHHA. Ile 3MEHIIUTL MOXUOKH 00UMC-
JleHb, HAIIPUKJIAMI, HiJ Yac OKPYIJIeHb.

O060B’A3K0BO IIPOAHAJTIBYHTE OTPUMAHUN Pe3yabTaT. 3BePHITHL yBa-
Iy, UM MAlOTh OJep:KaHi BeamuuHU (hisuuHUil 3MicT (HampuKIad, II0-
TpibHO mam’araru, 1o KK][ 6yab-AKOro TemJI0BOTO ABUTYHA HE MOXKe
mopisuioBatu abo mepesuintyBatu 100 % . Kpim toro, KK]I mopiue-
BUX ABUTYHIB BHYTPIIIHBOTO 3TOPSAHHA, K IIPABUJIO, HE IIEPEBUIIYE
40 %). Ile macTh MOIKJIMBICTH BUACHO MOMITUTH TMOMUJKY Ta BUIIPA-
BUTHU 1i.

Bakamo mepexomuTH OO0 PO3PAXYHKOBUX (PisMUHUX 3amad BUIIO-
ro piBHS CKJAHOCTI Iicjisg pPo3B’sA3yBaHHA I IEPEBIPKU IIPOCTIIIIMX
3a7a4, a TaKOXK SAKICHUX Ta eKCIIepMMEeHTAJIbHWX 3ajaad, AKi IIpoIro-
HYIOThCA V TmiApyuHURY. lle momomoske rambime yeBimomuTu GisumaHumit
3MiCT ABHUII i IIPOILECiB, AKi PO3IIAZAIOTHCA B 3ajJadax Ha TeILIOBi
MAaIllMHU, Ta Ai0paTy HANONTUMAJBHIININI BapiaHT iX po3B’sa3yBaHHII.
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8§ 17.

Exonoriuni npobnemn BUKOPUCTAHHS TEMNOBMX MALLIMH

OdopmirroiiTe 3amaui B 30IIUTI 3rigHo 3 mpaBmaamu. OCHOBHI eTamnu
po3B’s3yBaHHA PO3paxyHKOBOI (GismuHOl 3amaui moTpi6bHO 3amucyBaTu
3 BiATIOBiZHMMU KOMEHTapsIMU, IO AACTh MOMKJIMBICTH CAMOKOHTPOJIIO
Ta IIOBHIIIIOTO OIIiHIOBAHHS BUMNTEJIEM.

3amaua 1. Ky macy HadTu Tpeba CIAINUTH B KOTEJbHIN yCTaHOBIII
3 KoedimierTom Kopucuoi aii 60 %, mo6 4,4 T Bogu, AKA HAAXOAUTH
i3 Bomomuposoay mpu 7 °C, Harpitu o 100 °C i 10 % Bciei Bogu mepe-

rBoputu npu 100 °C ma mapy?

Hano: 7 °C Posg’a30k
b =7 °C 100 °C Q= @ + Qy;
t, =100 °C 0,1 @, — KiJIbKicTh TeILIOTH, SKY He-
n=0,1 4,4-10°kr |o00XiZHO OTpPMMATH BiJ HArpiBHHUKA
m; = 4,4 T kll»x |Ha HarpiBaHHS Ta BUIIAPOBYBaHHS

ko 2256 —— o
r=2256 —— KT AU o

Kr Hox 1 =N g my

¢ - 4200 2 (1290 105G my =,

kr-°C  |0,6 > ng’
n=0,6 44 - 10° I’ | @, — KimbKicTb TemioTu, moTpibHa
g = 44 - 10° Hox ‘kr |AJA HArpiBaHHA BOAW IO TeMIepa-

KT TYPU KHUIIiHHSI:
my, — ? Q=c m-(t—t);
Q, = 4200 Kﬂ’f -4,4-10°xr- 93 °C = 1718,64 MI[x;
o

@; — KingbKicTh TemioTu, HeoOXigHa masa meperBoperus 10 % BasToi

BOJIM Ha Iapy.

Q =n-r-mgQ =0,1-2256 S 4 4.10°kr = 992,64 Msx;
KrI
n, _1718,64 M,Hm+13§[2,64 MG oo 2
0,6-44

KT

Bigmosigs: m, = 102,7 kr.

3amaua 2. fIky Macy Kokcy moTpi6HO cmaiauTu, 1100 10 T uasy-

HY, B3ATOoro mpu Temieparypi 10 °C, mepensnaButu B neui, KKl akoi
20 % ? Temneparypa miasiaeHHs dyaByHy 1160 °C; nuTomMa TeIJI0EMHICTE
460 % /(xr - °C); murtoma Temnora miaasiaenuda 140 000 [Ix/Kr; mu-
TOMAa TEemJoTa 3ropAHHSA Kokcy 29 M /Kr.
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Hano: Po36’a30K

m, =10 T CrJiazieMo piBHAHHSA TEILJIOBOTO 0ajiaHCY.
o

c2= 460 ke /(xr - °C) ne @ =cm,(t,—t) — HarpiBaHHA 4YaByHy BiJ
¢ = 29 M /Kr temmeparypu t; = 10 °C, mo Temmeparypu IjIaB-

aeHHsa t, = 1160 °C, muToMa TeIJIOEMHICTL YaBy-
Hy ¢ = 460 [I»x/(xr - °C); maca uaByuy m, = 10 T.
KinpkicTh TemaoTu, moTpibHA AJIA ILJIaBJIEHHS
4aByHy @, =Am,, INUTOMAa TEIIOTa ILIABIEHHSA

m—?

A = 140 000 IIx/Kr; KiIBKiCTH TemJOTU, IO BUAIIAETHCA IIif yac
BTOPAHHA KOKCY @Q5=-—qm, TNUTOMa TeIJOoTa 3TOPAHHA KOKCY
qg = 29 MII»x/Kr.

Ckiaamemo piBHAHHa 3 ypaxyBamHaM KK]J[ Ta BusHaummo macy
KOKCy: cm, (t2 —t,)+Am, —qm0,2=0. PosB’szkeM0 ofiepsKaHe PiBHAHHS
Ta BUPA3MMO 3 HLOTO IIYKAHY BEeJIUUYNHY:

_cm, (t,—t,)+Am,
0,2q
IligcraBuBIIM BiAMOBiAHI 3HAaUeHHS OmepP:KMMO, o m = 1153 Kr.
Bigmosigs: m = 1153 Kr.

3amaua 3. X0J0IUILHUK, II[0 CHOMUBaE noTyXKHicTs 20 KBT, 0xo0-
goxus mo Hyaa rpagyciB Ienscia 200 Kr mpoayKTiB, y3ATUX IIPU TEM-
nepatypi 20 °C. IIutoma temmoemHicTh mpoayKTiB 2500 Ik /(xr:°C).
3a KMl uyac BHMKOHaHA I poboTa, AKIIO XOJOAWUILHUK BULLIUB Y
npumintenua 70 Mk Ttermmotu? TemI0eMHICTIO XOMOIUIBHUKA MOMK-
Ha 3HEXTyBATH.

Posé’as30x

IBUTYH XO0JOAUJIbHUKA BUKOHYE PoboTy A = PT. 3a paxyHOK IIiei
poboTu Bim xosommabHOI mIa)u BigOupaeThbCcs KiJbKiCTh TEMJIOTH
Q, =cmt, pge ¢ — INUTOMaA TeNJOEMHICTh NPOAYKTiB. KimbKicTb

TeIJIOTU, BUAiLJIeHAa B KiMHATY, 3a 3aKOHOM 30epe)XeHHs eHeprii mo-
piBHIOBaTUME
Q=A+Q, = Pt+cmt.
3 IIbOTO PiBHAHHSA BUBHAUMMO dYac:
= Q-cmt :
P
ok o
70 000 000 Ixx—2500 -~ 200 kr-20 °C
1= Kr-°C =3000 c.
20 000 Br

Bigmosigs: T = 50 xB.
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§ 17. Exonoriuni npobnemn BUKOPUCTAHHS TEMNOBMX MALLIMH

BUKOHYEMO HABYAJBHUN ITPOEKT PA3OM

IITamoBHi apysi! Bu osmaifioMmuancsa 3 0coOJUBOCTAMU mepediry Te-
IIJIOBUX IIPOIECiB Ta iX BUKOpuUCTaHHAM y TexHimni. [locarHenusa ¢isu-
KN B IIi Tayrysi maju MOJKJMBICTH JIOACTBY CTBOPUTH PidHOMAaHITHI
TEeIJIOBI MAIIMHU, AKi IMTMPOKO 3aCTOCOBYIOTHCA B HMOOYTi Ta TeXHIIi.
Pasom i3 po3BUTKOM HAYKOBO-TEXHIiUHOI'O IIPOIlECY BUHUKJA HEOOXis-
HiCTh BUPIiIIeHHA BaXKJIUBUX IIPOOJIeM, MOB’SA3aHUX i3 e(PeKTUBHUM
BUKOPUCTAHHAM TEIJIOBOI eHeprii, po3po0/ieHHAM eHeprosbepiraroumx
TEeXHOJIOTifl Ta 3MEHINeHHSIM HETraTUBHOTO BILJIMBY TEIJIOBUX MAIITWH
Ha eKOoJIoTilo.

IIpommonyemMo BaM cIIpoOyBaTH BUKOPUCTATU HAOYTi 3HAHHS 3 PO3-
niny «TemnoBi aBuIa» y mpolieci BUKOHAHHSA HABUAJBHUX IIPOEKTiB
i 3ampomoHyBaTH BJACHI CIIOCO0M PO3B’SA3aHHSA €KOJOTiUHUX IpodJiem
TEIJIOEHEPTEeTUKHN Ta TeIJIOKOPUCTYBaHHA, 3alIpPOBAIKEHHS eHepro-
OIIAJHUX TEeXHOJOTiH, e(peKTUBHOTO BUKOPUCTAHHSA TEIIJIOBUX MAIIIKH.

HaBemeMo oCHOBHI mHTaHHA, SKi MOXKYTh OyTH PO3BUHEHI
y IIPOEKTi.

1. XoxoauabHi MAIIMHHU. 3 MiAPYUYHNKA BU Li3HAJIMCS, IO TEIJIOBL
MAIIIVUHUA TOMIJNAIOTHCA HA OBa OCHOBHUX THUIM: TEIJIOBI ABUTYHU Ta
XOJOAUJIbHI YCTAHOBKU. 3a 3BUYAMHUX yYMOB TeILJIOTA CAMOUYMHHO He
MOJKe TepPexXOAUTH Bij MeHIN HarpitTux mo Oinbin HarpitTux Tia. Huia
TOTO IMO0 TeIIoTy ab0 BHYTPIIIIHIO eHepriio Bifg MeHIT HarpiToro Tiia
mepemaTu OiJbII HATPiTOMY Tiny, MOTPiOHO BUKOHATH PoOOTYy. 3 IIi€io
MEeTOI0 BUKOPUCTOBYIOTH CIIeIliaJbHi IPUCTPOI — XOJOAUJIBbHI MaIllu-
HH1, a00 XOJOOUJIBLHUKUI.

Y xomommibHMX MallMmHAX €Heprisa ImepenaeTbes Bia OOJHOTO OO iH-
IIIOT0 TiJjia 3a PaXyHOK BHTPAT e€Heprili TpeThboro Tija, TOAi AK TeILIOBi
IBUTYHU BUKOHYIOTH POOOTY 3a PaXyHOK BHYTPIIIHLOI eHeprii majauBa.
To6To XoJIoAMJIbHA MAaIlMHA IIPAIIO€ 3a IIPUHIIUIIOM, 3BOPOTHUM [0
NPUHIIUOY Ail TemmoBoro aBuryHa (puc. 17.5).

HalimomupeHinmumMu X0J0ANIBHUMEI MallnHaMB B IOOYTi Ta Ha BU-
POOHUIITBL € TapPOKOMIIPECOPHI XOJOAUIBHUKM, Je POOOUNM TijIoM, II[O
OXOJIOIYKYETBhCA, € 3piAsKeHi rasu (B
pizkoMy cTaHi KUILISATL 3a TeMIIe-
parypu Big —15 mo —20 °C i mmxue).
Y crapux Momeaax XOJONUJIbHUKIB Q Po6oue Tino
BUKOPUCTOBYBaJIU aMiak abo (ppeoH. A
V¥V cyuyacHUX XOJOOWJIBbHUX YCTAHOB- Po6oTa
KaX 3aCTOCOBYIOTH CHeIliaJbHi cyMi- Q,

IITi eKOJIOTiIYHO GiJIBITT YMCTUX TasiB.

CbOrofHi MOIIHPEHI XOJIOAUIb- Oxonomxysa Q=Q +A

HUKYU HOBOT'O MOKOJIiHHSA i3 cucre-

moio «Bes inero» («No frost»), axa Pnc.17.5. MpuHupn pi
XONOoAUbHOI MaLUUHU

HarpiBHUK
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3amobirae yTBOPEHHIO iHeI0 Ha BHYTPINIHIX poOOUYMX ITOBEPXHAX i
HeoOXiTHOCTI PYYHOrO PO3MOPOKYBAHHA. ¥ TAKUX XOJOSUJIbHUKAX
BUIAPOBYBaUi PO3MIIIYIOTh ¥ HUMKHIN UM BEePXHiNl YaCTUHI MOPO3UJIb-
HOI Kamepu abo 3a Hero. 3a JOIOMOTOI0 TypOiHU (IIOTYKHOTO BEHTHU-
asTopa) 3abe3meuyeThbCcs MUPKYJIAIiA MMOBITPs, AKE OXOJOMMKYETHCI
BUIIAPOBYBaUeM Ta IIO CIEIiaJbHUX IMOBITPAHMX KaHaJaX IIOJAE€THCS
B MOPO3WUJIbHY Ta XOJOAUJIbHY KaMepH.

Y mobyToBUX XOJOAWJIbHUKAX HiATPUMYyeEThCS Temmepatrypa Bim O
mo —6 °C, y moposunbHuUX Kamepax — g0 —20 °C, a y BeJIMKUX IIPO-
MUCJIOBUX XoJomumabHuUKax — no —40 °C. II1a oTpuMaHHS HUBBKUX
TeMIepaTyp y JabopaTOpHUX YMOBAX AK OXOJIOAKYBau BUKOPUCTOBY-
IOTh PiAKUU Tesill, 1110 3a HOPMAaJbHOTO aTMOC(HEepPHOT0 TUCKY KUIUTh
npu temnoepatrypi —269 °C (4 K).

OgHUM i3 MOIMUPEHNX CHLOTOAHI BUAIB XOJOIUIBHUX MAIINH € KOH-
nuiionepu. BoHU TpaIiOOTh 3¢ NPUHYUNOM X0JA00USbHOL MAWUHU U
BUKOPUCMOBYIOMbCA 0N 0X0NL00HCEHHSA NOBIMPAL.

CyuacHi KOHIHWIIIOHEPW MalOTh PisHiI posmipu Ta (GpyHKI[iOHAJIbHE
mpu3HaUeHHsA. BOHM 3aCTOCOBYIOThCA B IOOYTi Ta Ha BUPOOHUIITBI.
ITomupenasa HaOyBaOTh MOOIIBHI KOHAUI[IOHEPH, AKi He HOTPeOyIOTh
BCTAHOBJIEHHS 30BHIIITHBOTO OJIOKY i JIETKO II€PeMiIlyloThCs 3a II0-
Tpeou.

2. TenmoBi Hacocu. CydyacHi TeXHOJIOTIl ZAIOTh MOMKJINBICTH CTBO-
pIOBaTU TEIJIOBI MAIIIWHU 3 PO3IMIMPEHUMU (PYHKI[IOHAJTbHUMU MOK-
auBocTamMu. OZHUM i3 IPUKJIALIB TaKWX MAIIUH € TeIlJIOBI HacoCHU.
IIi mpucTpoi 3a0es3neuyroTh IlepelaBaHHA TeIllJa BiJl cepemoBuUIna 3
HUXKYOI0 TEMIEePaTypoOl0 MO0 CepedoBUINA 3 BUIMOI TeMIIEPATYypPOIO.
TemoBuil Hacoc IpAIflOe 3a IPUHITUIIOM, O0O€PHEHUM IIPUHITUITY mii
TemyioBoi MamuHau KapHo. Brepiiie cxeMy TemJIOBOTO HAcoCy, IO MaB
IpaKTUYHe 3HAUEHH:A, 3amponoHyBaB y 1852 p. jmopxa Kenbsin, axkuit
Ha3BaB Iell OpUJaj] «IOMHOXKyBaueM TeIlsia». IIpuKJazoM TEmJIOBO-
r0 HACOCY € KOHAWIliOHep, KUl IpaIlioe B pekumi obirpiraua. Ilpu
IbOMY XOJIOJIOBUM areHT Tede B IIPOTUJIEKHOMY HANPAMi, HiK ITif
yac KOHAUIIIOBAaHHA MOBITPA.

Baxa1BoI0 0CO0JIMBiCTIO TEIJIOBMX HACOCIB € Te, IO BOHU 3a0es-
IeuyIOTh MOJKJMNBICTH BUKOPUCTAHHA HUBBLKOIOTEHI[iaJbHOI eHeprii
HaBKOJIMIIIHBOTO CEPemoOBUINA, HAIIPUKJAM, IIOBiTPsS, 3eMJi, CTIiUHMX
BOJ, OJA TeHepallili Teljia 3 MeTOI0 OIaJIeHHs OYAWHKIB i HmarpiBam-
HA BOAM, a TAKOMK XOJIOAY IJIs OXOJIOM:KeHHs OynumHkiB. Ilpm mbomy
He TOTPiOHO BMKOPHCTOBYBATH Tasd Ta iHIN BUAW OPTaHIUHOTO MHaJIU-
Ba, IO HAA3BUYANHO BaKJMWBO 3 OIVIAAY Ha €KOJIOTiuHi mpobiemu,
IOB’sI3aHi 3 eKCILIyaTalli€l0 TeIlJIOBUX MAIIIWH.

Henani momyiaAapHIiMIUMEN SK aJbTepPHATUBHI iKepeJsa TemJJoBOl
eHeprii crarmTh I'PYHTOBI Ta BOAHI reoTepMaJibHiI TEmJ0OBi Hacocu.
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§ 17. Exonoriuni npobnemn BUKOPUCTAHHS TEMNOBMX MALLIMH

TE;
nﬂOOSM/ H HMK

Puc. 17.6. MNpuHuMn aii rpyHTOBOro reotepmasibHOro TersioBOro Hacocy

IIpuanmuno ixHboi il I'PYHTYETHCSA Ha TOMY, IO TPYyOM 3 Hesamepsa-
UMM PIiAKUM TEIJOBUM areHTOM PO3MIiIIyIOTh Y CBEPAJIOBUHAX abo
BomoMUIIaX mobgudy OyaiBens (puc. 17.6).

YKpaiHna Mae IOBHHII IMKJ PO3POOJEHHS TAa BUTOTOBJIEHHS Te-
IJIOBUX MAaIIMH HOBOTO IIOKOJIIHHA. BayKJauBi JOCHIIKEHHS B IILOMY
HanpaMmi 3xificHioTbea B IHcTuTyTi TexHiuHOl Temaodisuku Harrio-
HaJIbHOI akameMii HayK YKpainu, akuii mpaiioe B M. Kuesi 3 1963 p.
B iHcTuTyTi BUKOHYIOThCA (DyHIAaMEeHTaJIbHI HAYKOBO-IOCHiAHI POoOOTH
3 MATaHb TEILJI0- I MacoOOMiHY B AUCIIEPCHUX CHCTeMaX IIPU TUCKPET-
HO-IMIIyJIbCHOMY BBeJleHHi eHeprii; Temao(}hisuKu BUCOKO(MOPCOBAHUX
IIPOIIECiB ¥ TeIlJIOeHEePTeTUUYHOMY O0JIafHAHHI; HAYKOBUX OCHOB TEILIO-
MeTpii Ta TemrodisuuHOro mpUIALO0yAyBaHHA.

IIpakTUUYHUM pPe3yJabTATOM HAYKOBUX MOCJIiJKeHb iHCTUTYTY CTa-
JIO CTBOPEHHS Ta HaJaroAKeHHs IPOMUCJIOBOTO BUPOOHUIITBA €HEPTro-
OITATHNX TEIJIOHACOCHUX TEeXHOJIOTiH i3 3acCTOCYyBaHHAM aJIbTePHATUB-
HUX BimHOBIIOBAaHUX I:Kepes eHeprii. TemsoBi reorepmasibHi Hacocu
BiTUMBHSIHOTO BUPOOHUIITBA BUKOPUCTOBYIOTh TEIJIOBY €HEpriio 3eMmJri
3a JOIIOMOTOIO CBEPJIOBUH TVIMOMHOIO 4O 25 M, a TaKOK €Hepriio BOAU
(puc. 17.7).
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TennoBun Hacoc «noBiTpa — piguHa» IVT, 17 kBTt

TennoBuin
Hacoc
VDE TH-6,
6,3 kBT

TennoBi Hacocu «rpyHT — piguHa» IVT 6 ta 11 kBT

TennoHacocHa yctaHoBka EES24
«EBpoeHeprocepsic» 7,2 kBT

Cnnit-cuctema, 2 kBT

Puc. 17.7. Tennosi Hacocn, po3pobneHi
IHCTUTYTOM TexHiYHOI Tennodisvkn HAH Ykpainm
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§ 17. Exonoriuni npobnemn BUKOPUCTAHHS TEMNOBMX MALLIMH

BUABJAEMO ITIPEAMETHY KOMIIETEHTHICTD
3 TEMHU «PO3SPAXYHOR KIJBKOCTI TEIIJIOTH
BHACJIIAOK 3IrOPAHHSA ITAJHUBA. TEIIJIOBI MAIIINMHHA »
1. ITmuToma TemyioTa 3ropsHHA HajWBa — Ie KiJbKiCTH TeImjioTu,
10 BUIIJIAETHCA:
A) pu moBHOMY 3TOPAHHI ITaJINBAa;
B) npu 3ropanni nmanusa;
B) npu moBHOMY 3ropsHHi majamBa Macom 1 Kr;
I') mpu yacTKOBOMY 3TOpPSHHI majmBa Macoio 1 K.

2. VEKaxiTh, AKa 3 PEUOBUH MOK€ BUKOPUCTOBYBATHUCH AK XOJIO-
IWJIBHUU are’HT y KOMIIpecopi KoHAWIlioHepa:
A) Boga; B) dpeon;
B) coupr; T') moBiTpa.

3. Toproua cywmiri, 1110 HAAXOAUTH V IMWJIIHAP ABUTYHA aBTOMOOLIA,

CKJIAJa€ThCA 3:

A) pisHUX BUAIB PifKOTO HaJMBAa;

B) posmopoimenoro racy 3 moBiTpsaM; t, °C

B) moBiTpa i mapu GeH3uny; Il
T") macTuna i 6eHsuHy.

4. YoTupu OmHAKOBUX JeTaJi i3 saJisa Ha-
rpiBajgm racom, ByTijisM, OEH3MHOBO-CIUP-
TOBOIO CYMIIIly Ta APOBAMU 3a OJHAKOBUX
YMOB. YKaXKiTh, AKUI i3 rpadikiB 3amex- PI/ICyHOKt’ XB
HoOcTi Temmeparypu (¢) merasi Bim uacy () 10 3aBnanHs 4
no0ymOBaHO JJiA HATPiBaHHS APOBAMMU:

A) IV, B) III; B) II; INEN
5. Hassith Bupg nmanuBa, Ha AKOMY IpAaIlo€ ABUTYH BHYTPiITHBOTO
3TOPAHHA:
A) vadra; B) mopox;
B) kam’aue Byrinns; T') GeusuH.
6. YKax)iTh TaKT ABUT'yYHA BHYTPIIIIHBOTO 3TOPAHHA, ITiJ Yac AKOTO

BITYCKHUU Ta BUIYCKHUU KJAIlaHU 3aKPUTi, MOPIIEHb PYXAETh-
cdA, CTHUCKauM majbHy cywmimn. CTHCHYyTa HaJiMBHA CYMIIll 3a-
NMAaeThCA Bifl eJIEKTPUYHOIL iCKpU I IIBUIKO 3TOpse€:

A) Bmyck; B) Bumyck;
B) pobGouwnit xin; I") cruck.
7. AKXy KiJbKicTh TeIJIOTHM MOXKHA OTPUMATU, CHAJI0IUYN obe-

pemork apos macor 20 xr? IluToma TerioTa 3ropsAHHS IPOB
q = 12 MIIx/Kr:

A) 6 - 108 ITox; B) 2,4 - 107 [Ix;

B) 6 - 10° Ix; ) 2,4 - 108 Iox.
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10.

11.

fAxy macy mpoB mOTpPiOHO CIAIUTH, IMOO OTPUMATU TaKy camy
KIJIBKiCTh TEmJIOTH, AK i OIpPU cHAJIOBaHHI aHTPAIUTy MAacoio
2 kr? IIuroma Temaora 3ropaHHs ApoB 12 M /Kr, aHTpPaI[UTY
30 M /Kr:

A) 3 Kr; B) 2,5 kr; B) 5 kr; ) 4 xr.

BcrasoBiTh BigmoBigHicTh MidK (PisMUYHMMN BeJIWMUYMHAMHU Ta IX
ONUHUIAMU:

1) KimbKicTh TemIoTH A) I:x/(kr - °C)
2) muTOMa TEMJIOEMHICTD B) % /xr
3) muToMa TemJoTa 3ropaAHHA majauBa B) K
4) TmoTy}KHiCTB ) x/c
) Tx - Moab

YcraHoBiTE BiAIIOBiAHICTH MiK HA3BOIO AeTaJli ABUI'YHaA BHY-
TPiITHBOTO 3TOPAHHA Ta il HOMEPOM HA PUCYHKY:

1) maxoBe KoJeco A1l
2) maryH B) 2
3) mopiIeHb B) 3
4) MUIUHAD T4

) 5

PucyHok oo 3aBpaHHa 10

PosramryiiTe B mopAaaKy 3poCTaHHA KiJIbKiCTh TEIJIOTH, IO BU-
OinsaeTbesa mig yac sropaHHa 1 m® pisHmx Bumgis mamaumsa. s
00YNCIeHh CKOpHUCTAlTecda TabJUIIeI0 I'YCTHH Ta IIHUTOMOI Te-
ILJIOTU 3TOPAHHA ITaJnBa:

PeuoBuna |I'yctuna, kr/m?® | Ilutoma temnora sropauas, MJx/kr
Bogensn 0,00009 120
Tac 800 46
Bensun 710 46
Hadra 800 44

A) Bogenn B) I'ac B) Bensun T') Hagra

12. Ha ckinbKku 6ibIlle TEIJIOTH BUIIISAETHCSI B Pe3yJIbTAaTi TOBHO-

13.

14.
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ro 3TOPAHHSA racy Macoio 4 Kr, HiK Topdy, 00’eM SAKOro mo-
piBHIOE 06’emy racy?

XoJoauJIbHUK, IO cooxkuBae mory:kHicTh 0,5 kBT, 3a 50 xB
oxosoxaus g0 0 °C 20 xr Bomgu, B3aToi mmpu Temmepatypi 20 °C.
AKy KigbKicTb TEmJOTU BUAIJINUTH XOJOAUJIBHUK y KiMHaATI 3a
el yac 3a yMOBH, IO MO0 TEIJIOEMHICTIO MOYKHA 3HEXTYBATH?
ABrom006inb, mpoixaBmu 110 KM, BurpatuB 6,9 Kr OeH3UHY.
Cepenus IOTY!KHICTh, SKY PO3BHUBAB JIBUIYH, OOPiBHIOBAJIA
13 kBT, a cepemua mBuaKicTh pyxy 72 km/roxn. Suangite KK
IBUTYHA aBTOMOOiJA.



§ 17. Exonoriuni npobnemn BUKOPUCTAHHS TEMNOBMX MALLIMH

I'onoBue B po3mimi 1

BuBuuBmu posxpin «TemsoBi aBuima. TenyoBi MamumHu i MexXaHi3-
MWU», B O3HAMOMUINCA 3 (PisMUHMMU OCHOBAMU TEILJIOBUX SBUII] Ta
IPOIleciB, 0COOJMMBOCTAMHU iX Iepebiry i BUKOpHCTAHHS B IOOYTi I
TeXHiIIi.

1. HeBmopaaxoBaHUM (XaOTUUHUIT) PYX MOJIEKYJ, aTOMiB, €JIeKTPO-
HiB HasWBAIOTh TEIJIOBUM PYXOM, ab0 TeIIoTol. besmocepenHiM eKc-
IIEPUMEHTAJBbHUM HiATBEPAKEHHAM TEIIJIOBOTO PYXY B rasax, pigmHax
i TBepamx Tinax e aBumia au@dysii Ta O6POYHIBCBKOTO PYyXYy.

2. TemmepaTypa € XxapaKTepPHUCTUKOIO CepeaHbol KiHeTuuHOI eHeprii
XAOTUUYHOI'0 PYyXy MOJIeKYJ i aromiB Tima. ITig uac TemmoodoMminy OibIrn
Harpiti Tija BigmaioTh TEILJIO MEHINI HArpiTuM. ¥ IPHUPOAL y Iporeci
TemJ000MiHy TeIlIoTa IePeXOAnTh Bix OibINT HArpiTHMX T 4O MEHIII
HarpiTux. 3a 3BUYAWHUX YMOB TeIlJIOTA CAMOYMHHO He MOKe Iepe-
XOAUTU Bif MeHIII HArpiTux g0 OiJbII HArpiTUX TiJ.

3. OmHa ¥ Ta cama pedoBWHA MOKe HepedyBaTU B TAKUX OCHOBHUX
cTaHax: TBEPAOMY, PiiKoMy Ta rasomomiomomy. HeTBepTUM CTAHOM
pevoBMHU € IIIasMma.

4. HamomarepiasamMu Ha3uWBalOTh MaTepiajam, OCHOBHi (ismuni xa-
PaKTepPUCTUKYU AKX BU3HAUYAIOTHCSA BJIACTUBOCTAMU HAHOOO €KTiB, IO
MiCTATHCA B HUX; KpucTaJdiuHi abo amop(dHi cuctemMu 3 po3mMipom uac-
THOK MeHIuMu 3a 100 HM.

5. 3a 0CHOBHY OJMHUINIO TeMIepaTypu MiKHapOAHOI cCTEeMU OIH-
Hunb (CI) mpuiinaro Keawnsin (K). 1 KenbBin gopiBuioe 1 rpamycy
enscia (1 K = 1 °C).

6. Jlimitiai posmipu Tina, TemiepaTrypa SKOTO 3MiHMJIACS Ha BeJU-
unHy At, 00UKCIIOIOTECA 3a Gopmyao =1, -(1+ocl -At) . O6’em pigko-
ro Tija, TeMmepaTrypa AKOTO 3MiHMJIACA Ha BEJIUYUHY Atf, 00UMCIIIO-
€ThbCA 3a (POPMYJIOIO: V=V0(1+OLV-At).

7. BHyTpilllHA eHepria Tija € cyMoi0 KiHeTHMUYHOI eHeprii xaoTuu-
HOTO PYyXy Ta MOTeHIliaJdbHOI eHeprii B3aemomii Bcix #oro mikpouac-
TUHOK. BHYTpPilIHA eHepria Tija 3MiHIOETHCA IIPU 3MiHI TeMIlepaTypu
Tijla Ta mepexoAi PeuoBHMHU 3 OJHOTO arperaTHOTO CTaHYy B iHIIIUM.
OcHOBHUMHU cmoco0aMu 3MiHM BHYTPIIIHBOI eHeprii € mMexaHiuHa po-
0oTa, TEMJOMPOBiAHICTh, KOHBEKI[isI, IIPOMEHEBUH TEIJIO00MiH.

8. KinbKicHOIO XapaKTepUCTUKOI0 TeIJIO0OMiHY € KiJbKicTh TeIrIo-
™1 @, 1110 BUMiPIOETHCA TaK caMoO, IK 1 poboTa Ta eHeprid, y mKOyIax
().

9. IIuToMOIO TETJIOEMHICTIO PEUOBUHY HA3WBAIOTh (DiBMUHY BEJIUUU-
HY, IO IIOKa3ye, AKa KiJbKICTHh TemJ0TH HeoOXimHa IJsd 3MiHU TeM-
nepatypu peuoBuHu Macoro 1 kr ma 1 °C.
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10. 1106 obuMCAUTH KiTbKICTH TEIJIOTH, IOTPiOHY AJIA HArpiBaHHA
Tia, abo Bigmamy HUM IIifi Yac OXOJIOM)KEHHs, CJIiJ IHUTOMY TeILJIO-
€MHICTh PeYOBUHU (C€) IOMHOMKUTH HA Macy IIbOoro Tija (m) Tta 3Mimy
oro Temneparypu (At): @ = cmAt.

11. TemmoBuM GajiaHCOM Ha3MBAIOTh HOPiBHAHHS KiJbKOCTi TeILIO-
TH, OLEPKaHOI Ta BifgaHOI TilaMM B TEILIOBUX IIpollecax. ¥ 3aMKHY-
Tiff TEIJI0i30JIbOBAHINA cUCTEMI cyMapHa KiJIbKiCTb TEIJIOTH, OTpUMAaHa
ONHUMMU TijlaMU, JOPiBHIOE CyMapHiil KiJbKOCTi TeImjaoTu, BigmaHin
iHIITIMM: Q1++Q; +Q§+...+Q; =Q, +Q, +Q; +..4+Q,.

IIpuitanaTo BBasKaTH, IO KiJbKiCTh TEILJIOTH, OTPUMAHA TiJIOM Mif
yac TemJao00MiHy, € JOZATHUM YHCJIOM, a KiJIbKiCcTh TEmJIOTH, BiggaHa
TiJIOM Iif Yac TemI0o00MiHy, — BiA’€eMHUM YHCJIOM.

12. ITix yac mporiecy maaBjeHHA (KpucTrajisalilii) peuoBUHU ii TeM-
mneparypa He 3MiHIOETbCA. PidUUHY BEJIUUUHY, IO IIOKA3YE, KA Kijb-
KicTh TemysoTu HeoOXigHAa IJisI IMOBHOTO IIePeTBOpPeHHA 1 Kr Kpucra-
JiYHOI PeUOBUHM 3 TBEPJOTO CTaHy B PiAKHUI 3a cTajol TeMIlepaTypu

IIJIaBJIEHHA, HAa3MBAIOTh IIMTOMOIO TEIIJIOTOIO IIJIaABJIEHHA: A=—. ,H.HH
m

IJIaBJEHHSA KPHCTAJIiUHOrO Tija Maco m oMy IIOTpiOHO HamaTu
KiZpKicTh TemyoTu, IO IMPOIOPIiiiHa Maci Tima: @ =Am.

13. Kuminua — mpollec YyTBOPEHHA IIapy He TiJIbKMW Ha TOBEPXHi
piguuu, a i y ii 06’emi. TemmepaTypy, 3a AKOI piguHAa KUINTH, HAa-
31BAIOTh TEeMIIePATypOI0 KHUMIiHHsA. ¥ IIPOIleci KUIiHHS TeMIepaTrypa
piguEN He 3MiHMO€THCSI. UmM OiJbINuii 30BHIIIHIA THCK, THM BHIIA
TeMmepaTypa KUIIiHHA.

14. KinbKicTb TemwioTu, AKy HeoOXiZHO BUTPATUTHU, 100 IIOBHiCTIO
BUIIAPYBaTU M KI' PEUOBUHU, OOUMCIIOIOTH 3a (popMyJiow: @ = rm, me
r — OUTOMAa TeIIoTa mapoyTBopeHHsA. KoHaeHcylouuch, mmapa Bigmae
CTiJIBKU K eHeprii, CKiJIbKM oTpuMaJjia IIiJ yac IIapoyTBOPEHHI.

15. 3aragbHa KiJIbKiCTb TEILIOTH @, IO BUIIIAETHCA IPU 3TOPAHHI
m KT majuBa, OOUUCIIOETHCA 3a (popmMyJioo: @ = gm.

16. IToBHA eHepria 3aMKHYTOI CHCTEMHU TiJl € CyMOIO MexXaHiuHol
Ta BHYTPiIIHBOI eHeprii: E =E, ,tU=E;+E;+U=const.

17. TensmoBUMM HA3WBAIOTHL MAIIIMHU, B AKUX €HePriA 3ropsaHHd
OpraHiuHOro IajJnBa IEePeTBOPIOETHCA B MeXaHiuHy poboTy. 3a Mmpu-
3HAUEHHSAM TeIJIOBI MAaIIMHU MOMIJIAIOTHCA Ha ABAa OCHOBHUX THUIIU:
TeILJIOBL IBUTYHU Ta XOJIOAWUJIbHI YCTAHOBKU.

18. B ocHOBY po00OTHU TEILJIOBUX MBUTYHIB IOKJAMEHO ITPUHIUI TIe-
peTBopeHHs TeloBOi eHeprii B mMexaniuny po6ory. KKl TemmoBoro
IBUTYHA BU3HAYAETHCA 3a (POPMYJIOO

A_G-Q 6

R Y
Q, Q, Q,

KEK]I TemnoBoro ABUTYHA 3aBXKIW MEHIIHIN 3a OJUHUITIO.

IIOBHA&
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§ 17. Exonoriuni npobnemn BUKOPUCTAHHS TEMNOBMX MALLIMH

19. [IBUryHOM BHYTPiIlIHHOTO 3TOPAHHS HA3WBAIOTh TEILJIOBY Ma-
IMUHY, B AKii poboOUYMM TiJIOM € rasu BHMCOKOI TeMIlepaTypu, IO
YTBOPIOIOTHCA Mifi Uac 3TOPAHHSA PiAKOro abo rasomogiObHOIro maJimBa
0es3mocepeHbO BCePeAUHI MOPIITHEBOTO ABUTYHA UM ra3oBOi TypOiHmM.

20. XoJa0AuJABHOIO MAIINHOIO, ab0 XOJOAMJIbHUKOM, HA3WBAIOTh
IIPUCTPill, Y SKOMY BHYTPIIlIHS eHepria 3a0upaeThbcsa B MEHIII HAT'PiTO-
ro Tijla ¥ TIepelaeThbCs TiJy 3 BUIIOIO TeMIIEPATypPor. ¥ XOJOMUJIbHUX
TeIJIOBUX MAIWHAX BHYTPIIIHS eHepris Tija, 10 OXOJOAMKYEThCH,
3MEHIIYEThCS 34 PAXYHOK BMKOHAHHA POOOTH iHIITMM TiJIOM.

21. TennoBuii HacoC — IPUCTPiHN, AKUNA TPAIIOE 3a IPUHIIUIIOM,
OPOTUJIEIKHUM XOJIOAWUJIbHIN MAaINnHi, mepemardyu TeIJIO Bim cepe-
IOBUIIla 3 MEHIIIOI0 TeMIIEpaTypoio [0 CepeJoBHUINA 3 BUIIOI0 TeMIIe-
paTyporo.

22. OpguuM i3 HaWBaKJIMBIIINX HEMOOJNIKiB BHKOPHCTAHHS TEILIO-
BUX MAIllMH € 3a0pyIHEeHHS HaBKOJUIITHLOTO cepenoBuinia. OCHOBHUMU
BUAAMU 3a0pyIHEHHS HaBKOJUIIHLOIO CEPeJOBUINA, OB A3aHUMHU 3
BUKOPUCTAHHAM TEIJIOBUX MAaIlWH, € XiMiuHe, (pisuuHe, TeNJoBe, IIy-
MoBe 3a0pymHeHHs. [[o IMIIAXiB 3MeHIIeHHSA HAaCJiAKiB HeraTWBHOTO
BILIMBY POOOTH TEIJIOBUX MAIIUH HaJeKaTbh: YIOCKOHAJEHHS TEXHO-
JIoriii iX BUT'OTOBJIEHHS Ta eKciutyaralii; migsumenusa KK]I; cTtBopeH-
HA @ 3aCTOCYyBaHHS CydYacHMX OaraTocTymeHeBUX cucTeM (iabrparrii
IMKIIIMBUX BUKULIB, IO YTBOPIOIOTHCA B IIPOIleCci POOOTH TEMJIOBUX
MalIlliH; IepeXiJ Ha eKOJIOTiUuHO OiJIBII YMCTi BUAM OPTAHiIUHOIO HaJIu-
Ba (IPpUPOAHUI Tra3, CIIUPT, BOJEHB); 3aIIPOBAIKEHHA HOBITHiX TeXHO-
JIOTi#i TIPAMOTO IIePeTBOPEHHS TeIlsla B eJeKTPUUYHY eHepriio; 3amiHa
II0 MOKJIMBOCTI TEIJIOBUX ABUTYHIB €JIEeKTPUUYHUMMU; BUKOPUCTAHHS
€KOJIOTiUHO YMCTHUX IKepes eHeprii (Boau, COHIIA, BiTPY); PO3BUTOK
reoTepMaJibHOI €eHepreTUKN.
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Pozpin 2

EJIEKTPU4YHI SBULLIA.
EJIEKTPUYHUN CTPYM

Ycim Bam pobOpe BifOMi crioBa «efnekTpuka», «enekTPUHHUN CTPyM»,
«@NEeKTPUYHI aBULLa». 3HA4YeHHs Qi3UYHUX MPOLECIB, WO 3 HUMM MOB’SA3aHi,
BaXXKO MNepeouiHnTh. MNobyT cyyacHOi NOANHU HEMOXIINBO YABUTU 0e3 BU-
KOPUCTAHHS eNeKTPUKM: CBITIHHA eNnekTPUYHMUX namn, poboTU eNeKTPUYHUX
OBUryHIB, MOOiNbHUX TenedoHiB, KoMn'toTepiB Towo. [eplwa 3ragka npo
enekTpuky gatyetbcsa VI cT. oo H. e., konun Panec MineTcbkuin, HaTupato-
4YM WIMATOK OYPLUTUHY CYXOK TKaHWHOW, OTPMMAaB CTaTU4YHY enekTpuky (Big
rpeu,. elektron — OypLITnH). MNpoTe CTPIMKNIA PO3BUTOK HAyKU MPO enekTpuy-
Hi 9BMLWA PO3MoYaBCs 3 BUMHAMAEHHAM y 1799 p. ranbBaHiYHOro efnemMeHTa
iTanincbkum ¢isnkom AneccaHgpo BonbTa. BuByalouum uen po3gin ¢isukm, su
Oo3HanomMuTecs 3 OyAOBOK Ta MPUHUMMOM Ajii Pi3HOMAaHITHUX eneKTPUYHNX
npunaaiB, ski BAKOPUCTOBYIOTbCA B MOOYTI Ta TexHiui, rnmbwe 3po3ymieTe
SIBMLLA HABKOMULLHBOIO CBITY.
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§ 18.

Enextpuuni seuwia. Enextpusauia Tin

§ 18. Exexkrpuuni asuima. Exekrpusaiia Tia

> EnexmpuyHi aeuuia
» Enexkmpuyrnuil 3apsod
» Enexmpu3sauyis mia

> 3axoH 30epeiceHna eleKmpPUiH0o20 3apady

EJJEKTPUYHI ABUIIA. TuHe it
He3po3yMijie 3aB:Kau IpuBabiioBa-
ao gioguny. Ille neriomepu IOmia
Ilesapa Ta wmopaxu Xpuctodopa
Konymb6a momituiu, 110 mobGam3sy
BicTep cmuciB i 3arocrpeHmx uac-
TUH IIOTJI KOpalOJiB mig uac meromu
iHomi 3’ABAAIOTHCA OMBHI CBiTiHHSA
0JIaKuUTHOTO, 3ejieHoro abo ioJte-
TOBOT'O KOJBLOPY, SKi CYIPOBOIKY-
IOThCA MOTPicKyBaHHAM (puc. 18.1).
3rogoM mOmiOHiI CBITIHHA MOPAKU
CTaJX Ha3WBATH BOTHAMU CBSITOTO
Eapma. OckinbKu BOTHI 3asBuuait
3’ABJANNCSA TOMi, KOJU IIK IIITOP-
My BJKe I103a7y, MOPSAKM Pajijay iM
i cmpuiimanu AK MacJAWBUU 3HAaK,
BipAuwm, Mo cBATUU EjibM y34B KO-
pabeJb ITig CBOE 3aCTYIIHUIITBO i BiH
000B’SIBKOBO TOBEPHETLCA B PIigHY
raBaHb.

Ha crimax IaBHBOETUNETCHKUX
XpamiB MOKHA MOGAYUTH 300pasKeH-
HA CBAeHHOI pumbu AKa Bpaykae
JKepTBY Ha BijcTaHi, — HIJIBCBKOTO
coma (puc. 18.2, a). Iloxi6buy 3mart-
HicTh Mae W eJeKTPUYHUU CcKaT
(puc. 18.2, 6), 10 MOKe Iapasisy-
BaTH HeBeJIWKUX pub, AKiI mpomiu-
BAIOTh TOB3 HBHOTO.

Y miBHiuHMX Kpaimax Ta B ApK-
TUI[I MOXKHA CIIOCTEpiraTm OWBHE U
KpacuBe eJIEKTPUUYHE SBUINE — IIO0-
JasapHe caiiBo (puc. 18.3). obpe 3Ha-
loMe BaM IIOTPiCKyBaHHSA IIijJ dYac
3HIMaHHSA CUHTETUYHOTO OATY — IIe
TaKOXK eJeKTPUUYHEe SBUIIE.

Puc. 18.1. BorHi cBatoro Enbma

6

Puc. 18.2.
Pubn,
30aTHi BUpoOnaTr
€NeKTPUKY:
a) HINbCbKU COM;
0) enekTpuyHUIA ckat
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Puc. 18.3 MonsapHe cariBo B Hopserii

Hapasi Ba:kKKO yABUTH HAIlle »KUTTSI 0e3 eJeKTPUUYHUX ABUIL. BoHu
3a0e3meuyoTh JIIOAWHI TeITo, CBiTJIO, JOomOMAaraioTh y IIOOYTi, HAlOTh
MOXKJIUBICTD CITIJIKYBATHCA Ha BEJIMKUX BifcTaHaxXx. EjeKTpuuHi aBuia
3aCTOCOBYIOTHCA IIiJi Yac JiKyBaHHA Ta yPisSHOMAHITHIOIOTH HAIIle J03BiJI-
Js. JlroguHa BUHAMIILIA 6araTo CIroco0iB ofepKaHHs eIeKTPUYHOI eHeprii,
HaBumacsa 30epiraTtu ii, mepemaBaTi Ha BeJUKi BifcTaHi I BUKOPUCTOBY-
BaTu A pisHMX 1motpebd. IIpore, mepIn HiXK HABUMUTHCA KOPUCTYBATHCS
€JIEKTPUUYHUMU SABUIIAMU, HEOOXimHO OyJIO iX peTebHO BUBUUTHU.

Bararo BuzaTHUX YyYEHUX JOCJIMMKYyBaNIU eJNeKTPUUYHI SABUIIA.
Dparnysskuil (pisuk III. Kyja0oH BCcTaHOBUB OCHOBHUII 3aKOH €JIeK-
TpocTaTuku. ITamificbkuii BueHuit A. BoabTa BUHANIIIOB IPUHIIUIIOBO
HOBEe [I)KepeJjio IIOCTiMHOTO0 CTPYMY, SKe BigirpaJjo BUPIIIAJIbHY POJb Yy
MOJAJBINNX AOCHiMKEeHHAX eJeKTPUUHUX 1 MardiTHUX ABUIn. AHTJIi-
crkuil pmocaigauk M. dapameit BifKpUB ABUIIE eJIEKTPOMATHITHOI iH-
IVKIIii, MOKJIaZeHe B OCHOBY CYy4YaCHOTO BUPOOHUIITBA eJIeKTPOeHeprii.
Anraiens [I:x. MaKcBeJIJT CTBOPUB TEOPil0 €JIeKTPOMATrHiTHOTO ITOJIA.

BuBueHHIO €JEeKTPUYHUX ABUI IIPUCBAUYEHA HAYKOBA MiAJb-
HicTh i Oararbox yKpaimcbkux yuyenmx. Cepen mmx M. Borouo6os,
B. Bap’axrap, M. l'omonak, 3. Xpanausuii, M. JleoutoBuu, 1. Ilyaroi
Ta OaraTo immwux. IxHi HayKoOBi 3K06YTKH BijoMi majeko 3a MesKaMu
Ykpainu.

EJEKTPUYHHNN 3APAJL. 3 nocBigy BaM BifoMo, IO Imif 4ac pos3di-
CYBaHHSA BOJIOCCA ILJIaCTMAacoBUM rpebiHIleM BiH HabyBae BJIaCTUBOCTI
MPUTATYyBaTU OO0 cebe BoJIOCCA, MaJIeHbKI IITMATOUKU Hamepy TOIIO.
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§ 18. Enektpuuni ssuwa. Enextpusouis Tin

Puc. 18.4. I'pebiHeub NpUTArye BONIOCCS Ta OPiOHEHbKI LWMaToOYKM nanepy;
CKknisiHa nanuyka, notepta o6 LLIOBK Ta MOBITPSIHA KyNbka HaTepTa 006 XyTpo
BiOXWUNSIOTb TOHEHBKUIM CTPYMiHb BOOM

ITomiGHi BAcTMBOCTI BUABJIAIOTHCA U Yy 0AraTboxX iHINTUX TiJI, HAIPHU-
KJIad, CKJISHOI HaJUYKHU, IIOTEPTOI 00 IITOBK, €00HiTOBOI MaJUYKU, IIO-
TepToi 00 CYKHO, IIOBITPSAHOI KyJbKH, HaTepToi xXyTpoM. HamesHo, Bu
3BepTaJM yBary, II0 BOJOCHHHU IIiJ] YaC PO3UiCyBaHHSA IPUTATYIOTHCS
Io TpebiHIldg, ajie BiOIITOBXYIOThCA MisK coboio (pumc. 18.4).

HaBeneni aBumia € OposgBOM eJieKTpOMAarHiTHOI B3aemomii, sAKa
BimOyBaeThcA MiXK s3apsamiKeHMMU TijmamMu, TOOTO TijamMu, IO MalOTh
eJIeKTPUUHUN 3apaAn. Uum OijgbIIoro 3HaYeHHS 3apsany HaOyBalmoTh
Tijla, TUM iHTEHCHUBHIiIlle BOHU IPUTATYIOTHCA a00 BiAIIITOBXYIOTHCS
MixK coboro.

Enexrpuunuii 3apsag — e (pisuyHa BeJIWUYMHA, SKa XapakK-
Tepu3ye BJIACTUBOCTI (Pi3SMUHHX TiJd a00 YACTMHOK PEUYOBUHU
BCTYIIaTH B €JIEKTPOMATHITHY B3a€EMOJIil0.

EnexTpuunnii 3apan € giKepesoM i Miporo eJleKTpoOMaruiTHOI B3a-
emomii. Mo:xyTh icHyBaTu Tijla Ta YaCTUHKU 0e3 3apsany, IPOTe 3aps
0e3 Tijla UM YACTMHKMU iCHYBaTU He MOKe. EJIeKTpuuHUil 3apAm IIo-
3HAYAETHCS JIATUHCHKOIO JiTepoio ¢ (Bix aHri. quantity — KiIbKicTh).
Opununiero enexrpuuHoro 3apanay B Cl e rkymou (Ki), HasBaHuil Ha
yecTsb (PpaHy3dbkoro suenoro III. Kymxona, To0TO

[¢] = K.

Hocnigy moKasyioThb, IO IIif uac ejeKTpu3alii Bci Tima, mo Oe-
PYTh y4acTh y IIbOMY IIPOIiECi, OTPUMYIOTh eJIeKTPUUYHHNI 3apanm. Ha-
IPUKJIaN, SK CKJISHA IIaJnudKa, TakK i IITOBK, HAOYBAaOTh BJIACTUBOCTI
MIPUTATYBATU IIIMATOUYKU HaIepy.

Po3pisHAIOTL IBa BUAU €JIEKTPUUHOTO 3apAny. @PisUKU TOMOBUIUCS
Ha3WBaTHU 3apsjl, 10 BUHUKA€E Ha CKJIi P HATUPaAHHI HOT0 ITTOBKOM,
MO3UTUBHUM i IIO3HAYATH 3HAKOM «+», a 3apdal, II0 BUHUKAE IPU
HaTupaHHi eb0HiITY abo OYpPINITHMHY XYTPOM UM BOBHOIO, BBAXKATU He-
TaTUBHUM i mo3HauaTym 3HaKOM «—» (puc. 18.5). Bubip HaszBu mux
3apaniB OyB icTopuuHor BumagkonicTio. Tak, sapsan, AKMN HasBaHO
MMOBUTHUBHUM, 3 TUM CaAMHM YyCIiXoM MOKHa OyJyio 6 HasBaTu i He-
TaTUBHUM.
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Ckno E6oHIT

LloBk XyTpo

Puc. 18.5. Mo3nTtmnBHUIA 3apsig, YTBOPIOETLCS Ha CKJi, NOTEPTOMY 00 LLUOBK,
HeraTMBHMN — Ha ebOoHITi, noTepTomMy 006 XyTpo

<+ + —> <« - —> 4 —> <

Puc. 18.6. B3aemogia 3apsais

TepmiH «3apAax» YacTO BXKUWBAIOTH IJA HO3HAUEHHS MAaJIEHBKO-
ro 3apAIMKEHOTr0 Tijla UM 3apANKeHOl YaCTUHKU. SIKUM JKe YMHOM
B3a€MOMIIOTh MiK €00010 eqeKTpuuHi 3apanu? Odnolimenui (Ti, 1110
MaloTh OJHAKOBY Ha3BY) 3apadu 6i0umoéxyromubca, a pi3HOUMeHHI
npumasazyromuca (puc. 18.6).

EJIEKTPUSAIILA TIJI. PosriauyTi Buille (PisUUHI SBUIA, B PE3yJIb-
TaTi SKMUX Tijia HaOyBalOTh BJIACTUBOCTI IIPUTATYBATUCSA, HA3UBAIOTh
eJIeKTPU3aIliio.

EjexTpusaliiero Ha3uBaIOTh IIPOIeC, Y Pe3yabTaTi AKOr0 Ti-
Ja HaOyBaIlOTh €JIEKTPUYHOIO 3apA;y.

Tino moxke HAOyBaTH e€JEKTPUYHOTO 3apsaAy He TiJIbKU BHACIITOK
TepTdA, a U IIiJ Yac JOTUKY A0 HBOTO iHINNM, HAaeJIeKTPU30BaHUM, Ti-
gom. ITpu 1boMy UacTHHA €JeKTPUYHOrO 3apAAY MePeXOoAUTh 3 OJHOTO
rTisa Ha inmre. OTiKe, HaeJIEKTPU3YBATH TiJ0 MOXKHA BHACJIIIOK TEPTS
3 iHImuM TijioM ab0 CTHKAHHS eJeKTPUYHO HeHTpaIbHOro Tijla (dKe He
Ma€ eJIeKTPUYHOrO 3apsAny) 3 HaeslleKTpu3oBaHuM. € ¥ iHImi cmocobu
eJleKTpuaaIllili TiJ, HAIIpUKJIaJk, HAarpiBaHHAM, ONPOMiHEHHSAM TOIIO.
IIpo HUX BUM misHaeTecsa y HMOTAJBIIIOMY.

Bu B:ke 3HaeTe 3 Kypcy (ismKuM cbOMOTO KJIacy, IO aTOM CKJaja-
e€ThbcA 3 Anpa (BOHO Mae TO3UTUBHUIN 3apsin), HABKOJO SKOTO pyxa-
IOThCS HEeTaTUBHO 3apsAaliKeHi eJeKTPOoHH. ATOMHE AP0 YTBOPIOETHCS
3 npomoHi6 (YaCTUHOK, IO MalOTh MO3BUTUBHUN 3apAl) Ta HelmpoHis
(eTeKTpUYHO HeUTpalbHUX YacTuHOK). KpiMm Toro, 3apsnm mpoToHa 3a
3HAUEHHAM JOPiBHIOE 3apsI0Bi eJeKTpPOHA.

3a HOpPMAJbHUX YMOB AMOM € eJleKMPULHO HellmpaibHO0 4LACMUH-
K010, OCKiAbKU CYMAPHUL 3apsad ycix esrekmporie 00pieHIOE 3apsdy
A0pa, TOOTO KiJBKICTHL €JeKTPOHIB y aTomi 30iraerhbca 3 KiJbKicTIO
IPOTOHIB y #ioro Axapi (Haramaemo, IO AJIS I[LOTO JOCTATHBO BU3HA-
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8 18. Enextpuuni seuwia. Enextpusauia Tin

MpoToH / I
+
HelnRpoH
+ =
EnexTpoH _\j

Puc. 18.7. bynosa atowmis: a) lgporeny; 6) lenito; B) Kapbory

YUTU TOPAJKOBUI HOMEDP XiMiuHOTO .
. ATom MoH
ejemMeHTa B Tabauii Menngeneesa)

(puc. 18.7). \
TakuM YMHOM, 00 €JIeKTPUUHO

HeHUTPaJIbHUHA aTOM MEePeTBOPUTH Ha

3apsAmKeHy YaCTUHKY, Heo0XimHo

nopymuTu 6ajlaHC MijK ITPOTOHAMU

i emexkrponamu. Ile moke BimbyTu-

cs BHACJIZOK TOro, Imo aroMm abo
BTPATUTh eJEeKTPOHUu, abo Habynme
HA[JIUIIKOBUX €JEeKTDOHIB. Puc. 18.8. Atom Ta 1ioH lenito

AKwo amom empavae 1acmuHy
eNleKMpPOHiB, MO Nepemeoplemvbcs Ha NO3UMUBHO 3apA0NCeHY uac-
MUHKY — no3umueénuil iton (puc. 18.8).

Koau amom nHabysae HAOIUUWKOBUX eleKMPOHIB, 6iH nepemeopio-
€EMbCA HA HE2amu8HUll UOH.

Tob6To {toH — ye 3apadicena LacMUHKQ, AKA YMEOPULACS 3 AMOMA
B8HACAI00K 6mMpamu HUM eJeKmpoHié abo HAOY8AHHSA HAOLUULKOBOL Ix
Kinvkocmi. 3BepHITL yBary, Io B IpoIieci eleKTpusallii TiJ mpoToHu
He MOXKYThb 3aJIMIIIaTA aTOMHU, OCKiJIbKM YTPUMYIOThCA B AApPi cuiamu,
10 B COTHIO Pas3iB HMepPeBUIIYIOTH CUJIM eJeKTPOMAarHiTHOI B3aeMOii.
Omace, y npoueci enekmpusayii mino abo empavac YACMUuHYy eJeK-
mpoHi8, abo Habyeae HAOLUULKOBUX.

3 oryaay Ha Ie 3apsfAm, SIKOro HaOyBae TiJI0 BHACHIiJOK eJIeKTPU3a-
1ii, MOKHa BU3HAUNUTHU SIK JOOYTOK 3apsAny eJIeKTPOoHA e Ta KiJIbKOCTi
eJIeKTPoHiB N, AKUX HaOyJ0 UM BTPATUJIO TiJO:

q = eN.

SHaueHHA eJeKTPUYHOro 3apsany elexTpoHa: e = —1,6 - 1071° Ki.

IIixg uac MIiIBHOTO KOHTAKTY TiJl OZHE Tijio HaOyBae eJIeKTPOHIB, a
Ipyre — BTpauae. BusaBisersed, 1110 nid uac mepms 3 pidHUMU peuo-
suHaMu 00Ha i ma cama pevosuHa Moxe Habysamu 3apsdy pPisHUX
3Hakis. Hampukaasm, mig uac TepTd CKJa i IMOBKY CKJIO HAOyBae IO3U-
TUBHOTO 3apsAny, a IIIOBK HeraTWBHOro. SIKINO cKJOo TepTm 00 asbecr,
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TO BOHO HaOyae HeraTHUBHOIrO 3apsany. Ilpu mbomy s3apsan asbecty Oyae
MMOBUTUBHUM. IIpUUYMHOIO TAKOTO ABUINA € Te, IO B Pi3HUX PeUOBUHAX
€JeKTPOHU MO-Pi3HOMY IPUTATYIOTHCA A0 AApa: B OGHUX CUJIbLHIiIIe, B
igmux — ciaabmie. Ti aTomMu, B AKNX eJIeKTPOHU IepeOdyBaiOTh maJii
Bim sgpa ¥ csabllle HUM YTPUMYIOTBCHA, JIETIIe BTpadaroThbesd. Taki
aTOMHU IIePEeTBOPIOIOTLCA Ha IIO3WUTHUBHI HOHU.

3AKOH 3BEPEJKEHHA EJEKTPHYHOI'O SAPANY. B pesyiasn-
TaTi BBaEMHOTO TepPTA eJeKTPUUYHO HeUTpaJbHUX TiJ, AKi yTBOpIO-
I0Th 3aMKHYTY CHUCTEMY, 3apAAU IIepepO3MOAiIAIThCA MiXK TijlaMu.
Ha cKifbKU 3MEHIINTBLCA KiJIBKICTh €JIEKTPOHIB y OZHOMY Tiji, Ha
CTiJIBKM K 30iMbIUThCA B iHIomMy. IloBHUI 3apaAn Takol cUCTeMU He
3MIHMTBCA 1 Hamaai mopiBHIOBaTmMe HyJ 0. Ilig wac cTukaHHA 3aps-
IKEeHOTO TijIa 3 eJIEKTPUYHO HEUTPAJbHUM 3apsAl Iepepos3IIoaiInThC
Mi}K TijlaMu, OpoTe CyMapHUi 3apdan Tim JUIMUTbBCA craauM. OT:ke
CIIPABEJINBUM € 3AKOH 30epereHHs eJeKmpuiHozo 3apsdy.

INoeruii (cymapruil) erekmpurHuill 3apad min, w0 ymeoprowms
3aMKHEeRnYy cucmemy, 3aNUUAEMbCA CIMATUM:

q, +q,*+...q, = const,

e q15 Qoy «y ¢, — €JIEKTPUUHI 3apAIU TiJ, YACTUHOK TOIIIO.

.IOBHe B UboMy naparpadi

EnexktpnyHuin 3apsag — ue ¢didnyHa BenmymMHa, gka € KiflbKiCHOK Mipoto
BJIACTUBOCTI Di3nyHMX Tin abo 4aCTUHOK PEYOBMHM BCTynaTu B efliekTpomar-
HITHY B32aEMOLIt0.

EnekTpnyHnin 3apsn no3Ha4aeTbCs IATUHCLKOK NITEpPolo q.

OannHuueto enektpuyHoro 3apsaay B Cl € kynoH (Kn), To61o [q] = Kn.

3apsaa, Wo BUHMKAE Ha CKJi Nig, 4ac HaTMpPaHHS MOro LOBKOM, AOMOBMU-
INCb HasmBaTy MNO3UTUBHUM i NMO3HAYaATU 3HAKOM «+»; 3apsf, LLO BUHUKAE
npu HaTMpaHHi eBoHITy (OypLUTMHY) LWEePCTIO, AOMOBUINCS BBaXaTu HeraTus-
HUM i NO3Ha4YaTn 3HAKOM «—»,

OpHoVMMEHHI 3apsiaM BiALITOBXYIOTbCS, @ PISHOMMEHHI MPUTArYOTLCS.

AKLO aTOM BTpAYae 4YaCcTUHY €NEKTPOHIB, TO BiH NEPETBOPIOETLCS Ha MO-
3UTUBHO 3aPSOKEHY YAaCTUHKY — MO3UTUBHUIA MOH. AKLLO aTtom HabyBae Han-
JINLLKOBUX €JIEKTPOHIB, TO NEepPeTBOPIOETLCH HA HeraTuBHUIN OH.

3apsan, akoro HabyBa€e Tino BHACIOOK enekTpuaadii, MOXHa BU3HAYUTU
K [OOYyTOK 3apsay efNlekTpoHa € Ta KiNbKOCTi enekTpoHiB N, akmx Habyno
4yM BTPATUIIO TiNO:

q = eN.

3HauyeHHs enekTPMYHOro 3apsiay enekTpoHa ctaHoButb e = —1,6 - 107'° Kn.

CymapHuin enekTpuyHuin 3apsan Tin 'y 3aMKHEHIn CUCTEeMI 3aNnLLAaETbCS
ctanum: ¢, +q, +...+q, = const.
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§ 18.

Enextpuuni seuwia. Enextpusauia Tin

Panm'al-u-m ANA camornepeBipku

O Otk W

HUA?

o

. HaBeniTh mpuKJagu eJeKTPUUHUX SBUIII.

. IIlo HasWBAOTh €JIEKTPUUYHUM 3aPAIOM?

fAKi BuAM eleKTPUYHOro 3apsany iCHYIOTL y IPUPOIi?

IITlo HaszuBawOTL eaeKTPUIAIli€r0?

HasBiTh cmocobu esexTpusarlrii Tiaa.

fx BUBHAUUTU KiJBbKiCTL €JIeKTPOHiB y aTomi?

. $lka wacTuHa aTomMa Hece HETATUBHUUN 3apsl, a AKa — IIO3UTHUB-

YuM MOKHA MOSCHUTHU eJeKTPpu3aIliro Tia mix wac Tepra? Ilig uac

MOTUKY 3apAAMKEHOTO Tijla 3 eJeKTPUUYHO HeHTpasbHUM?

JomaluHin eKkcnepumeHT

1. BispMmiTh miaacTMacoBuii Tpe-
OiHeIlb i PO3UYEIiTH HUM BOJIOCCA
ab0 moTpPiTh #oro 06 XyTPOo YU CYK-
HO. IlimHeciTh #OT0 MO MaJIeHBKUX
MIMATOUKiB mamepy. Omnumiites Ta
HOSICHITH SABUINE, dAKe CIocTepira-
€ThCA IIPU IIHLOMY.

2. BispMiTH HaAAYTy HOBITPAHY
Kyabky. Ilorpits ii 06 mamip. Ilix-
HeciTh KYJIBKY MO0 CTiHM abo cTesi
KimMmHaTu. K0 KyJbKy rapHo Ha-
eJeKTPU3yBaTH, BOHA «IIPUJIUIIHE»
Io crimm abo go cremi (puc. 18.9).
IToscuiTe 1€ ABUIIE.

Puc. 18.9. EnektpoctatuyHi
MOBITPSAHI KYbKW

Bnpaea go § 18

1(n). [MosCHITE, WO BiAOYyNeTbCa 3 aTOMOM
OkcureHy, Konu BiH BTpaTUTb [Ba enek-
TpoHW. HasBiTb YacTUHKY, WO yTBOpMAACS
BHACNiQOK LUbOro, Ta BKaxXiTb il 3apsaa.

2(n). BkaxiTb, Ha IKOMY PUCYHKY rpadiyHo 30-
OpaxeHO aToOM, NMO3UTUBHUN iOH, HEraTUBHUN iOH.
3(c). MOACHITb, 9K TEOPETUYHO 3MIHUTLCA Maca Tina, 3apsaXXeHoro no-

SUTUBHUM 3apaaoMm, AKWO OO0 HbOro AOTOPKHYTUCHA HEeratuBHO 3a-

PSOKEHO eOO0HITOBOID Nannykolo.

4(c). MOSACHITL, YN MOXe Tifo mMaTu enekTpuyHuii 3apsg 1 - 107° Kn,

3,2 - 10" Kn.

5(n). Moaynb 3apgaay OAHIEl 3 ABOX OAHAKOBUX MeTasieBUX KYJSbOK Yy
3 paau Ginbwmnin 3a Moaynb 3apsiay iHWOoi. Kyabkn OOTOPKHYAN OOHY
[0 OJHOI, Micng 4oro NOBEPHY/IN 00 MNOYaTKOBUX MOJIOXEHb. Bka-
XiTb, K 3MIHUTbLCA MOAYSb 3apsay KOXHOI 3 KyJNbOK MiCnsg OOTUKY.
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PosrnaHbTe BUNagoku, KONMW KyJbKW 3apsaXeHi: a) OAHOMMEHHO;
0) pi3HOMMEHHO.

6(a). Yomy nig, yac nepenvBaHHa GEH3WHY 3 OOHIEl KaHICTPW B iHLWY BiH
MOXe 3aropiTucs, SKLWO He BXUTW cheuianbHuX 3axoaiB 6e3neku?
7(B). Mig yac enektTpusauii TepTam eboHiToBa nanuyka Habyna 4 - 102

€JIeKTPOHIB. Bu3Haute enekTpnyHui 3apsag Ha nanuyui. Ha ckinbku
36inbwmnacs Maca nanudkn? Maca enektpoHa 9,1 - 103 kr.

§ 19. 3akon Kymona

Iz momepenuix maparpadiB Bam BiKe Bifo-
MO, IO eJIEKTPHUYHO 3apAalKeHi Tijia B3ae-
MOAifOTH oxHe 3 omHuUM. IliTKoM JoTriuHO
mocTae 3aluTaHHA: «Bimg 4doro »x 3ajlekuThb
cuja B3aEMOIl eJIeKTPHUYHO 3apAmdKeHUX
Tin?». Bmepiile 3aKOH B3aeMOIil HEPYXOMUX
€JICKTPUUYHUX 3apsliB YCTAHOBUB aHTJIili-
ceruit pisuk I'ernpi KaBewpgimi, ogHaxk cBoOi
IOCJIIIKeHHA BiH He ONPUJIOAHWB 1 BOHU
cTajyd BiloMi HayKOBii I'poMaJChKOCTi BiKe

Lapnb OrtocteH KynoH

micas Toro, Ak y 1785 p. dpannyssruii ¢i- (1736—1806)
suk IIlapap Oriocren KysioH Hesasle:KHO Bif dpaHLy3bKuit
KaBengima Bu3HaumB 3aKOH B3a€MOil ejIeK- $i3nK, BiNCbKOBUN
TPUYHUX 3apALiB. iHXeHep, BUHaxigHUK

OCHOBHOIO 3aKOHY
eneKTpocTaTuKn —
3akoHy KynoHa.

¥ cBoix gocraigax Kynon BuMipoBaB cuiIu
MIPUTATAHHA ¥ BiAINITOBXYBaHHA 3apAIKeHNX
KYJILOK 3a JOIIOMOTOI0 CKOHCTPYOBAHOTO HUM
Ipuaagy — KPYTUIbHUX TepesiB (puc. 19.1),
AKiI MaJu HaA3BUUYAWHO BUCOKY UYTJMUBICTB.
Hampukaan, KOpoMMCJIO TepesiB moBepTa-
Joch Ha 1° min gpiero cuam jume 10° H.
Buwmiproroun 3a IIIKaja0i0 KYT IOBOPOTY PYXO-
MOTO 3apAny, MOKHA BHU3HAUATHU CHUJIy B3ae- KBapuesa HUTKa
Momil Mixk 3apsamamu.

Inesa BumipioBaHBb I'pyHTyBajach Ha OJivic-
Kyuiii spmoraznui Kyaona mpo Te, 1o nid uac
Konmaxmy 0680x 00HAKOBUX KYJbOK, 00HA 3

AKUX 3apadicena, a Opyza eNeKMmpPUuHO Heli- SGPAMXEHA
mpanvHa, 3apsa0 po3diiumvbcs MiK KYJabKa- Kyioka

mu nopieny. Tax OyJio sHaligeHO ciocid 3wmi- LWkana

HIOBATHU 3apsAl KYJbKM Yy OBa, TPU i OijdbIie

pasis. Puc. 19.1. KpyTunbHi

Tepe3n KynoHa
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§ 19. 3akoH Kynowa

Kyson BuMipoBaB y mocjaiflaX B3a€EMOLiI0 MijK KyJabKaMI, PO3MipHu
AKUX HabaraTo MeHIIi 3a Biacramb Mixk HuMH. Taki sapamskeHi Tima
HA3WBAIOTh TOYKOBUMU 3apAJaMU.

ToukoBMM 3apAA0OM HA3UBAIOTHh 3apsiAAKeHe Tijlo, po3MipamMu
SIKOT0 B YMOBaX I€BHOI 3a/Jlayi MOSKHA 3HEXTYBATH.

YV pesynbraTi mocraigskens KyJaoH BCTAaHOBUB 3aKOH, SKUU HOCUTD
moro im’sa:

Cuna B3aemMofii JBOX HEPYXOMHMX TOYKOBHX 3apsXiB IMPAMO
HPOMOPIiifHA YHCEIbHOMY 3HAUEHHIO MTOOYTKY IIUX 3apsaiB,
00epHEeHO NMPOIOoPIliilHA KBaJgpaTy BigcTaHi Misk HUMH Ta Ha-
NpAMJIeHA B3IOBK NMPAMOI JiHil, Mo 3’€mHye IIi 3apsamu:

F=krDlz
r

Ie ¢y, g, — MOJIYJIi 3apANiB; r — BifcTaHb Mi’XK TOUKOBHUMMU 3apsana-
Mu; B — KoedillieHT mpomopIlifiHOCTi, 3HAUEHHA AKOTO 3aJIEKUTDH Bif
o0paHoi cucTeMu OAUHUI.

09 H * M2

¥ CI xoedirmienT mpomopirifiHocti B 3akoHi Kymona £=9-1 5.

K
dizuuHNMit 3MicT BOT0 KoehilieHTa Takuii: 8iH NOKA3ye, 3 AKO0I0 CU-
Ja010 83aemolditomy 06a moukosi 3apadu no 1 Ka, koau nepedbysaromy
Ha gidcmani 1 m. HampsaMm cua KyJoHiBCBKOI B3aeMomii MiK TouKo-
BUMHU 3apAgamMu 300pakeHo Ha puc. 19.2.

Puc. 19.2. Hanpam cunmn KynoHa nig 4ac B3aemogii
OOHO- Ta PI3HOMMEHHUX 3apsaaiB

Bsaemozito HepyXOMUX eJIEKTPUUYHUX 3apAiB Ha3UBAIOTh €JeKmpo-
cmamuyHnoio, abo KYJO0HIBCbKOW0, 83a€MODIET0.

PosrigsHemMo OpuKJaagyu Po3B’sA3yBaHHA 3aJau Ha BUKOPHUCTAHHS 3a-
kony Kymomna.
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3amaua 1. [IBi omHAKOBO 3apAMKeHUX MOPOIIUHKU HepebyBaioTh
Ha Bigcrami 12 MM oxma Binm iHmmoi Ta B3aemopgioTh i3 cuoro 1 mH.
BusHauTe 3apsg KOXKHOI 3 IIOPOIIMNHOK.

Ilano:
r=3mMm=38"-103%m™
F=4mvmH=4-10°H

qg—?

Pos8’a30k

Hasa posB’asky 1iei 3amaui ckopucraemo-
csa 3axkoHoMm Kymona

p-pd:

r2

3a YMOBOIO 3a7aUi eJJeKTPUUHI 3apsaay € OJHAKOBUMM, TOMY 3aKOH

2

Kynona mo:kHa 3anmmcaTtu y BUTJIALL szq—z, 3BiIKU eJIeKTPUUYHUN
r

3apsan MoKe OyTH BU3HAUEHO 3a (DOPMYJIOIO

. [F
q P

O0umcauMoO ITyKaHe 3HAUEHHS eJeKTPUYHOTO 3apAnLy:

¢=3-10"m

Bignmorigs: ¢ = 4 uKI.

3adava 2. Tpu TOUKOBi 3apAaM PO3TAIIOBAHI B3JOBMK HPAMOI Ha

BiICTaHAX I,= 4 CM Ta Iy

= 6 cM oguH Bim omHOTO.

—q; +q> +Qs
Ja Jan Ja
N \/ N

B ro 1 I3 N

O0unCIiTh Pe3yabTyI0Ui KYJOHIBCBKUX CHJI, IO MiIOTh Ha KOXKEH
i3 mMux 3apAaniB, AKINO 3HaueHHA 3apaniB ¢; = —20 uKi, g, = 30 aKi.

Iano:

q, = 20 uKin = -2 - 108 Kun
g, = 30 uKn = 3- 108 Kn
ro=4cm=4-102m

res =6 cm=6-102m

Po38’a30k
Bigmoigzo mo saxkony Kysiona mepiire
1 Apyre Tijla IPUTATYIOTHCS i3 CHJIOIO

ﬂz=kQI§qz-

F-?
F,-?
F,-?
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Hpyre i Tpete Tija BigMITOBXYIOTHCA
i3 cuioro

Fy, =k qs '2‘]3 )
23




§ 19. 3akoH Kynowa

Ilepmie Ta Tpere Tijla IPUTATYIOTHCA i3 CHUJIOID, MOAYJIL AKOI BU-
=k 4,93 -
(r 12 T 23)
3anuiieMo pPiBHOAIMHY CHJI, AKi AilOTh Ha KOMKEH i3 TOUKOBUX 3a-
pAanis.
Cunu, mpuKIafeHi A0 HepIoro 3apAny, HanpsaMJIeHi B oguH OiK,
TOMY MOJYJb 1X PiBHOAINHOI cuyu ,I[OpiBHIOG CyMi MOAYJiB IIUX CHUJ:

3Ha4YaeTbCcA 3a opmyJio: Fj

ds
B =F,+F3=kq _+ .
12 13

IligcTaBuBININ BiAMOBiAHI 3HAUEHHS, OLEPIKUIMO, IO

F =~4,3 mH.

Cunu, IpuKJIageHi o APYyroro 3apany, TaKoMK HAIPAMJICHI B OOWH
0iK, TOMy MOAYJb iX PiBHOIINHOI CHJIM AOPiBHIOE CyMi MOAYJIIB I[UX
CHUJI:

F,=F,+F,=k 23
g = Ly T I'93 = RQ, _+_2 .
12 Tos
O6uncnausmu, ofgep:xumo, mo F, =7,1 mH.

Cunu, IpuKJIaZeHi 0 TPeThOro 3apAaY, HAIPAMJICHI B IPOTUIEKHL
0OKM, TOMY MOAYJb IX PiBHOAINIHOI cuIM HOPiBHIOE Pi3HUIIL MOAYJIiB
IMUX CUJI i cIpAMoOBaHUi y O0iK OinbIimoi cumiam:

_ _ 4 4
F; = Fy3 - F3 = kg3 s 2 |
23 T3
F, = 2,8 mH.

Bignosins: F, = 4,3 mH, F, = 7,1 mH, F; = 2,8 mH.

.'IOBHe B ubomy naparpadi

Mig 4ac KOHTaKTy ABOX OAHAKOBMX Tifl, OOHE 3 9KUX 3apsiaXeHe, a apyre
€/IEKTPUYHO HENTpasibHEe, 3apsd PO3no4iINTbCA MiXK TilaMmu NOPIBHY.

To4ykoBMM 32pAO0OM Ha3uBalOThb 3apsaKeHe Tilo, PO3MipamMu 9KOro B yMO-
Bax MNeBHOI 3agadvi MOXHa 3HEXTyBaTW.

3akoH KynoHa: cmna B3aeMofii ABOX HEPYXOMMX TOYKOBUMX 3apsifiB NpsMo
MponopLjiiHa YNCEeNbHOMY 3Ha4YeHHI O00YyTKY Uux 3apsiaiB, 06epHeHOo npo-
nopuiriHa kBagpaTy BiACTaHI MiXX HMMW i HanpaMaeHa B340BX NPAMOI NiHil,
WO 3’€OHYE Ui 3apaan.

Fo k|Q1|LQ2|
r
oe |q1|, |q2| — Moayni 3apsagiB; ¥ — BiOCTaHb MiXK TOYKOBMMUW 3apsifamu;

k — xoedilieHT NponopLiiHOCTI.
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Y CI koediuieHT nponopuinHocTi £=9-1

panwral-u-m Ans camonepeBipku

09 H‘M2

Kn?

1. ki sapagu Ha3sWUBAOTh TOUKOBUMU?

2. CdopmynaioiiTe 3akon Kymona.

3. IloscHiTh (iswmunmMil 3MicT BeJIWYMH, IO BXOAATL M0 (POpPMYyJH,
AKa Bupaskae 3axoH KyioHa.

4. Illo HasWBaIOTh KYJIOHIiBCHKOI B3aEMOIi€I0?

JdoMallHii eKcnepumMeHT

BissmiTh aBi HazyTi moBiTpsaHi Kyabku. OgHy 3 KYJILOK HaelleK-
TpU3yiiTe, MOTepIIn ii 00 mamip, APyry — 00 BOBHSAHY TKAHUHY YU
xyTpo. IlimBichTe KyJbKM Ha HUTKaAX Ha IE€BHIN Bifgcrawi omHa Bif
onuoi. IIpocTe:kTe, K 3aJIe:KUTh CUJa NPUTATAHHSA MiK KyJIbKaMU
Bim BizcTaHiI MisK HMMHU Ta BiJl BeIUYMHU €JEKTPUYHOIO 3apsany.

1(c).
2(c).

3(an).

4(n).

5(n).

6(B).

7(B).
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Bnpaea go § 19

MOSACHITL, 9K 3MIHUTBCA Cuia B3AEMOMI OBOX TOYKOBUX 3apsigiB,
AKLLO BiACTaHb MiX HUMMK 30inbWUTN Yy 3 paswu.

MOACHITb, 9K 3MIHUTBLCS Cuia B3aEMOAii MiXX ABOMA 3aPSAXKEHMMU
TOYKOBUMM Tinamu, SKLIO 3apsig, KOXKHOro 3 HUX 30inbwnTn y 2 pasu.
[Bi oowoBi xmapyn MalTb enekTpuyHi 3apaam 12 i 20 Kn. Xmapu
nepebyBaloTb Ha BiacTaHi 3 KM ogHa Big oaHoi. O64mcnite cuny
KY/JTOHIBCbKOI B3aEMOZ|I MiXXK XMapamu, BBaXKal4dn iX TO4KOBMMU 3a-
psgamm, OCKIIbKM PO3MIpU XMap 3HAYHO MEHLWWI 3a BiacTaHi Mix
HUMN.

O6uuncnith BigcTaHb, MiX gBomMa ToudkoBuMu 3apsagamm 10 HKn i
3 HKn, akwo cuna ix B3aemopili ctaHoBUTb 24 - 1075 H.

[lBa ogHaKOBMX TOYKOBMX MO3UTMBHUX 3apsam nepebyBaloTb Ha
BiacTaHi 10 MM oamH Big ogHoro. 3apsan B3aEMOAIOTL i3 CUIOK
7,2 - 10 H. BuaHaute BeNMYUHU UMX 3apsiaiB.

[Bi ooHaKOBi ManeHbKi 3apsaaXeHi Kynbky nepebyBaloTb HA BiACTaHI
40 cm opgHa Big, ogHoil. 3apsan ogHiel 3 HUX 8 HKn, a gpyroi —
2 HKn. Kynbkn npvBenu B OOTUK i NMOBEPHYN B NO4YaTKOBE MOJIO-
XEeHHS. 3HanaiTb cuny B3aEMOZAIT KybOK OO Ta Micng OOTUKY.
Toukosi 3apsaan 20 HKn i 40 HKn 3akpinneHi Ha BigcTaHi 10 cm oguH
BiZ, OOHOro y Bakyymi. lMocepeauHi Mixk HUIMU PO3MILLYIOTb TOYKOBUIA
3apan, — 5 HKn. O64mcniTe MOoAynb i HAaNpPsM Pes3ysbTy4oi CUIn,
fgKa Oie Ha uen 3apsa.



§ 20.

Enekrpuune none

§ 20. ExexkTpuune moJie

» EnexmpuyHe noJe

» I'pagiune 300paxcennsa ereKmpuiHo20 NoJs

EJIEKTPUYHE IIOJIE. Bam y:xe Bimowmo,
10 Tija, AKi MaOTh EJeKTPUUHUN 3apsn
B3a€MOJiI0Thb, MisK co0oro. Pasom i3 Tum Ha
JocJIiTaX BCTAHOBJIEHO, IO B3a€EMOIidA 3a-
pAmKeHNX Tia BimOyBaeThcA He TiJIbKU B
moBiTpi abo B Oynb-AKil peuoBumHi, a i1 y
BaKyyMi (KoJiu moBiTpsa Bimkauamo abo Tima
poawmitieHo y BizkpuToMy Kocmoci). Bumarui
auruiicbki Bueni II:x. MakcBensn Ta M. da-
pazmeil BCTaHOBUJIU, IO B3aEMOIisI TOUKOBUX
3apamiB BimOyBaeThCs 3a OOIIOMOTOIO eJIeK-
TPUYHOTO MOJIsA, IO YTBOPIOETHCSI B MPOCTOPi
HABKOJIO €JeKTPUYHUX 3apsamiB.

OcCKiNbKU eJeKTPUYHE II0JIe He Iie 0e3I1o-
cepegHbO Ha HAIMi OpPraH’ YyTTs, MOT0 JOCUTH
CKJIQTHO YABUTH TA CIPUNAHATU. Y IeBHUTUCSH
B iCHYBaHHI eJIEKTPHUYHOIO TOJA MOYKHA 3a
roro gissmu. OCHOBHMM UMHHHKOM, IO IIif-
TBEPAKY€E HAIBHICTH €JIEKTPUYHOTO IIOJIS, €
oro Aisa Ha OyIb-sKe 3apdAmKeHe Tijao abo
3apsn, BMiIlleHI B HBOTIO.

Tak, B3aeMOIisi eJeKTPUUYHO B3apAIKe-
HUX KYJbOK BIINCHIOETHCSA 3a AOIIOMOIOIO
eJleKTpUUYHOro mojid. Kosu omHa 3apsamskeHa
KYJbKa MOTPAILIAE B eJeKTPUUHE II0Je APY-
roi, y pesyJabTaTi 4oro KYJbKU BiIXUISAIOTH-
ca Bim moso:xkeHHs piBHOBaru (puc. 20.1).

SN
Baaenon 7R

€neKTPUYHO
3apSoKEHNX
KYJIbOK
30iICHIOETLCS '\ /
3a 4ONOMOrot

€NeKTPUYHOTO + —> <« _
nonst

Ixenmc Knepk
Makceenn
(1831—1879)
LLloTnaHaACbKUA BYEHUIA,
KNI CTBOPUB TEOPIO
e/1IeKTPOMarHiTHoOro
nonsi

Marikn ®apagei
(1791—1867)
AHrRiNCbkM
®I3uK i XiMiK,

OCHOBOTMOJIOXHUK
BYEHHSA Mpo

enekTpoMarHiTHe

none
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EaxexTpuune moie — ocob6auBa (popmMa martepii, 1o icHye
HaBKOJIO 3apAMKEHHUX TiJI a00 YaCTUHOK i i€ 3 IIeBHOIO CHUJIOIO
Ha iHIr yacTMHKH a0o Tijia, AKi MalOTh €JIeKTPUYHMUNA 3apsad.

Cuna, 3 AKOI0 eJIEKTPHYHE IIOJIe [Ti€c Ha BHEeCeHe B HHOTIO 3a-
pAIKeHe Tijo a00 YaCTHMHKY, HAa3MBAIOTh €JIEKTPHUYHOIO.

Ba:xauBoio 0cOOJMBICTIO €JIEKTPUUYHOIO IIOJIS € HOT0o MaTepiajb-
HicTh: X0ua MM He MOYKeMO MOro crmocTepiratm OesmocepegHbBO, BOHO
icaye. IlpuragaiiTe, y DiApyYHHMKY CHOMOI'O KJAacy ONHCYBAaJIOCH, AK
MOJKHA «I00AUUTH» 34 HOIOMOI0I0 ()OTOKaMepu MOOIJIBLHOTO TesedoHy
HeBUAUMeE IJIs JIOACBKOTO OKa, ajie MaTepiajbHe iH(ppauepBOHEe BU-
OPOMiHIOBaHHSA IIYJBTY AUCTAHIIITHOTO KepyBaHHS TeJieBisopa.

Mwu KuBeMO y CIPaBKHBOMY IIaBYTHUHHi, 3iTKAHOMY 3 BeJIHWUYE3HOI
KiJIBKOCTI ejeKTpuuHUX moJiB. TpuBanuii yac BBasKaJiocsd, IO BOHU
He BILIMBAIOTh Ha *KUBi opramismu. IIpore TpuBasia mis 30BHIiIIIHBOTO
€JIeKTPUYHOTO TOJIS JIOAUHY MOKe CIPUUYMHATA HEraTUBHI Hacim-
KM: 3MiHEU rOpMOHaJbHOTO (OHY Ta 0ioCTPyMiB MO3KY, HOTipIIIEeHHS
mam’sATi, BTOMJIIOBAHICTb, 3aroCTPEHHsI 3aXBOPIOBAHL HEPBOBOI, cep-
IIeBO-CYAMHHOI, iIMyHHOI Ta iHIIINX CHUCTEeM OpPTaHi3ZMy.

ITocnabuTy MKIigIUBUN BIJIUB €JIEKTPUUYHOTO IIOJS MOKHA, 3MEH-
IIXBIIN Yac HOro BILIMBY a00 IIiABUIMUWBIIMN BOJOTICTH IIOBITpPA UM
3aCTOCYBaBIIIN AHTUCTATUKMU.

Hapasi Bimomo, 1110 KJIITMHU I TKAaHWHU OPraHisMy TaKOK CTBO-
PIOIOTH HABKOJIO cebe eJeKTPUUHi moaa. BumipioBanHs Ta peecTparriio
IUX TOJIiB HIMPOKO 3aCTOCOBYIOTH JJIS AiarHOCTYBaHHSA Pi3HUX 3aXBO-
poBaub (enexTpoeHIedamorpadis, edexkTpoxapaiorpadia, elekTpope-
TuHOTrpadis ToImo).

I'PA®IYHE 30BPAKEHHSA EJEKTPUYHOI'O IIOJIA. dna maou-
HOTO 300paKeHHs eJIEKTPUUYHOTO II0JIsI BUKOPUCTOBYIOTH CUJIOBI JiHIT,
AKi Ile Ha3WBAaIOTh JiHIAMU HAIPYKEHOCTI eJeKTpuUYHOro mojd. Oco-
O0JMBiCcTIO CcUJIOBUX JiHIill € Te, IO BOHM MAalOTh HAMIPAM, AKUHA 30i-
TaeThbCA 3 HAIIPAMOM CHJIM, IO Ai€ HAa NPOOHUN MO3UTHUBHUUA 3apsm,
BMIiIlleHNII B eJIEKTPUYHE II0JIe.

Cuosi JiHil OKpeMOro TOUKOBOTO 3apAny — Ile pajfiajabHi mpsami,
IpoBeJleHi uepe3 TOUKY, B AKill mepebyBae Iieil 3apsn, OCKIIbKU B
OyIb-aKili TOUYII HABKOJHUIIHLOTO IIPOCTOPY CHJA, IO Oi€ Ha HpoOHe
Tijlo, CIIPAMOBaHA II0 HNPAMIil, AKa 3 €IHYyE€ IEHTPU 3apAIKeHUX TiJ.
SAxiro sapsan Tija IMO3UTHMBHUWI, CUJIOBI JIiHII copAMoBaHi Big IeH-
tpa Tinma (puc. 20.2, a), AKII0 HeraTUBHUIN — MO0 IleHTpa Tijsa (puc.
20.2, 0).
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§ 20. Enextpuune none

"X

A

FonoeHe B ubomy naparpadi

Puc. 20.2. Cunosi niHil Nons TOYKOBMX 3apsfiB: a) NO3UTMBHOIO;
6) HeraTMBHOIro; B) ABOX PIBHOMMEHHUX; ') ABOX OAHOWUMEHHUNX

EnekTpuyHe none — ocobnuea ¢popma martepii, Wo iCHYeE HaBKOJIO eflek-
TPUYHO 3apsmkeHuUx Tin abo 4YacTUMHOK i Aje 3 MEeBHOK CUMOK Ha iHLWWI Yac-
TUHKK abo Tina, aki MaloTb eNeKTPUYHUN 3apaa.

Cuna, 3 9KOl0 efleKTpUYHe MoJsie Ai€ Ha BMIllleHe B HbOro 3apsiiykeHe Tifo
ab0 4aCTUHKY, Ha3UBAETbLCS ENEKTPUYHOLO.

L>xepenom enekTpoctaTtM4yHOro nons € 3apsig, 6e3 Hboro rnoJsie He iCHyE.

.anwrum-m ANS camonepesBipku

1.

1(n).

2(c).

3(c).

AKmMuy gociizaMu MOXKHA JOBECTH iCHYBaHHS €JeKTPUUYHOTO IIO-
as?

ChopmysroiiTe BU3HAUEHHSA €JIEKTPUYHOTO IIOJS.

SIK 3MIHIOETBCSA [is €JIEKTPUYHOTO IIOJA Y Pasi BigmaeHHS Bif
€JIeKTPUYHOI'0 3apAmIy, IO HOTro CTBOPIOE?

IITlo maswBaiOTh CUJIOBUMU JiHIAMU €JeKTPUYHOTO IIOJS Ta IJIA
YOro iX BUKOPHUCTOBYIOTH?

Bnpasa po § 20

MosACHITL, Y ByayTb B3AaEMOAIATY ONIM3bKO PO3TALUOBaHI €EKTPUYHI
3apaau y Bakyymi 6ins KocMiyHoOro kopabns, Hanpwuknan, Ha opoiTi
HaBKoNo 3emni, ge Hemae atMmocdepm.

OgHuMM 3i cnocobiB OYUMLLIEHHNA MOBITPSA Big, MUy € 3acTOCYyBaH-
HA enekTpodinbTPIB, Y AKUX MOBITPA NPOXOAUTb KPi3b 3apPALKEHI
CTPWXHI. MOACHITb, HA YOMY IPYHTYETLCA MPUHUMN Ail Takmx enek-
TPOINbTPIB.

Y enexkTpuyHe nosne 3apagokeHoi Ky NnoMiCTUNv aga Tina i3 pisHuMm
3a Mogynem 3apsgamu. NopiBHANTE 3HAYEHHS €NEeKTPUYHOI Cuiu,
fKka AOie Ha KOXHe 3 ABOX Tifl. YKaxXiTb, 9K 3MIHUTbCS €fiekTpuyHa
cuna, WO Aie Ha 3apsamkeHi Tina, gkWwo 3apsg, Kyni, 9kmii yTBOPIOE
none, 36iNbWUTK BAOBIYI.
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§ 21. Bzaemongia 3apAmKeHHUX TiJl.
IIpoBigHMKM Ta HENMPOBITHUKU €JIeKTPUKH

» 3apsadricarHns Ui po3padranns mia. IIposidHUKU eleKmMPUKU
» Hienekmpuru. Enexmpusauis wepes enaug
» Hanienpogionuxu

SAPANKAHHA M PO3SPANKAHHA TIJ. IPOBITHUKU EJIEK-
TPUKWN. Bu B:Ke 3HaeTe, IO y IIpoIeci emdexTpusaiiii BimOyBaeTbcs
IePepPOos3IOoAil eJIeKTPUUHOTO 3apany. SapAmKaHHsA Ta PO3PAIKAHHSI
TiJ 3yMOBJIEHO II€PEXOJO0M IIeBHUX 3apAMKeHNX UYaCTUHOK YaCTHU-
HOK 3 OJHOTO Tija Ha imme. SKIMO Tijo Mae HAAJIUIIOK eJEeKTPOo-
HiB, BOHO 3apsfAI:KeHe HeraTWBHO. SIKIIO K IIPOTOHIB OijbIlle, HixK
eJIeKTPOHiB, Tij0 3apsAmKeHe MO3UTHUBHO. KoM KiJIbKiCTh IIOBUTUBHO
Ta HEraTUBHO 3apa:KeHNX UYACTUHOK OSHAKOBA, TiJI0 € eJeKTPUUHO

HeNTpaJbHUM.
EnexkTpuuHo 3apAaKeHi Tijia BUBUAIOTHL 34 JOIIOMOTOIO CIIeIliajib-
HuX npwiafiB. OpHuUM i3 HUX € erekmpockon — npunad 014 6UA8-

JeHHa elekmpuiHux 3apadie (puc. 21.1).

EnekTpockomn cKJagaeThcsa 3 MeTajJgeBoro kKopiyca I 3i ckigom 2.
Bceepenuui Kopmyca posMillieHO MeTajeBUII CTPUMKEHb 3 3 IPUKPII-
JeHUMH OO0 HLOTO JIETKO PYXOMHMM IIallepoBUMM abo aJioMiHieBU-
Mu cmyskKamu 4. Big merasieBoro Kopmyca ODpujaany CTPUMKEHDL i30-
JBbOBAHO IIJIACTMACOBOIO BTYJIKOIO 5. [0 BEepXHBOI YACTHUHU CTPUIK-
HA IPUKPIILJIEHO MeTaJjieBy HOPOKHUCTY KyJI0 6, AKy HA3WBAIOTh

KOHOYKmOop.
1
3
2
4
Puc. 21.1. Puc. 21.2.
Enextpockon MpuHuuyn aii enekTpockona
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8 21. Baaemopia sapamxenux Tin. [1poBigHMKM TO HEMPOBIAHMKM ENEKTPUKM

SIKIT0 10 KOHAYKTOpA AOTOPKHYTHCA 3apPAIKEHHM TiJIOM, eJIeKTPHUd-
HUII 3apsAl 4yepes IIPOBITHUM CTPUIKEHBb IOTPANUTh HA KOMKHY CMYIKKY.
OcKinbKU, OMHOMEHHO 3apAMsKeHi Tijia BifIIITOBXYIOTbCS, TO HUMKHI KiH-
IIi CMY’KOK pO3ifimyThbcs B pisHi Ooku (puc 21.2). Yum OGinabimit 3apsn
MaTUMe TijIo, AKUM JOTOPKHYJIMUCA IO KOHAYKTOpa, TUM OiIbImM Oyme
KYT PO3XOM:KeHHS MK cMmyskkamu. OTiKe, 3a KYyTOM MidK CMY:KKaMu
MOKHA 3POOUTH BMCHOBOK IIPO BEJIWYUHY 3apsIy AOCIiIKYBAaHOTO Tija.

Konu mo 3apsm:KeHOTo eIeKTPOCKOIla IIiJHECTH Tiao, SKe Mae 3aps
IIPOTUJIEIKHOTO 3HAKA, TO KyT MiK HIOT0 CMYKKaMU IIOYHE 3MEHIITyBaTHUCH.
TakyM YMHOM, €JeKTPOCKON [Ta€ MOXKJIMBICTH BU3HAUYUTU 3HAK 3apamy
HaeJeKTpu30BaHoro Tisia. CopoOyiiTe MOACHUTH, YOMY TaK BifOyBaeTbCA.

OKpiM eJIeKTPOCKOMa, IJd BUABJIEHHS Ta BUMIipPIOBAHHS €JIeKTPUU-
HUX 3apAliB BUKOPUCTOBYETHCA esexkmpomemp. BiH mpaifioe 3a TaKUM
caMuM IIPUHIIUIIOM, AK i eJeKTPOCKOoIl. BimMiHHiICTIO eJeKTpomeTpa
€ HasgBHICTH JIETKOl aJIIOMiHi€BOI CTPiIKM, AKa MOXKe obepTaTucs Ha-
BKOJIO TOPUBOHTAJIBLHOI OCi, a TAKOXK IPOrpaayioBaHOl IIKaIM Ha IIe-
penHiii cTiHII KopIiyca, IO AA€ MOMKJINUBICTH BUKOPUCTOBYBATHU IIPU-
Jaj He TiJIbKM I AKiCHUX, a ¥ OJd KiJbKicHMX BUMipioBaHb. 3a
KYTOM BiIXUJIEHHS CTPIJIKU MOKHA 3POOWTU BHCHOBOK IITPO BEJIUUYNHY
eJIeKTPUUHOTO 3apsany, AKOro 0yJio HagaHo ejneKkTpoMeTpy (puc. 21.3).

Bu B:ke 3HaeTe, IO IIiJ Yac eJeKTpHU3allili, HAIPUKJIAI, TOTUKOM,
eJIEKTPUYHI 3apAay MOXKYTh HEePEeXOAWTH BiJ OSHMX TijJ M0 iHIIHX.
Bukonaemo pmociif. 3a JOIOMOIO HATEPTOl 00 IIIOBK CKJISIHOI IIa-
JUYKU 3apagumMo ejexkTpomerp. IIpu mbomMy CTpiika, AKa OTPUMYE
BiJl CTPMIKHA TaKUI caMUU 3apsdal, BiIXUISAETbCA. SIKITO OO0 KYJIbKU
eJIeKTpoMeTpa, IM0 3apAd:KeHUN MO3UTHUBHO, JOTOPKHYTHCA PYKOIO,
BiH POBPAMUTHCA.

Ha enexTpomeTp dUepes Tijlo JIOOAWHU IHepeiige

i3 semJi meBHa KiJIBKiCTh HETAaTUBHOTO 3apsamny, IO
KOMIIEHCY€E MOro mo3suTuBHUU 3apsan. [logidHe aBuime
MOJKHA CIOCTepiratu, SKIINO TOTOPKHYTHUCA OO 3aps-
IKEeHOTO eJIeKTPOMeTpa 3aJ[i3HUM IpPeaMeTOM. SIKIIo
JK TOBTOPUTHU OOCIiZ, ajie B3ATU B PYKY IIJacTMacy,
CyXy ZepeBUHY a00 OAATHYTHU I'YMOBY PYKaBUUKY, 3a-
paasKeHe TiJo He PO3PAMIKAETHCA.

To6To PyX eJeKTPUUHUX 3apsdaniB Y PeYoBUHi 3a-
JeKUTH Bim i mpupoam. 3arajioM pevuoBUHHU PisHO-
MaHITHI 3a eJIeKTPUUYHUMMU BJIACTUBOCTAMU. P03pis-
HAIOTH IIPOBIIHNKM €JIeKTPUKM, HAIIBIPOBIAHWUKU, a

TaKOXX PEUYOBUHM, IO HE NPOBOLATHL 1i, — mieyiek-
TPUKU.
Puc. 21.3.
3apsaoxeHuin
eneKTpomMeTp
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IIpoBimHMKaMu Ha3WBAIOThL PEUOBUHU, AKi
MaloOTh 3apAIKeHi YaCTUHKU, 3JaTHI pyxaTH-
cd 1Mo BchoMy 06’emy Tisa. I1i yacTUHKYU HaA3uU-
BAIOTh GINbHUMU eleKMmpPUYHUMU 3apadamu.
IlpoBiguuKamMu € Bci mMeranm, OKpeMi Ximiumi
CIIONIYKW, BOJHI PO3UMHU COJiell, KUCJOT, JIY-
riB, pPO3ILJIaBU COJIEH TOIIIO.
Y MmeTanax BiIBHUMM HOCIiAMU eJeKTpPUU-
HOTO 3apAly € eJeKTPOHHU, AKiI TaKOX Hasu-
BAIOTh BIAbHUMU eJeKmpoHamu, abo enexmpo-
Hamu npoeidnocmi. Jlo BiILHUX €JIEKTPOHIB
HaJIe}KaTh €JIeKTPOHU OCTAaHHBOT'O BAJIEHTHOT'O
Puc. 21.4. miapy, 1o mepebyBaiTh IIOPiBHAHO AaJeKO Bifm
Hocisamun 3apaay B MO3UTHUBHO 3apAIKeHOro saapa, TOMY cjaabo
MeTanax € eneKkTpoHn  op’a3aHi 3 HUM i MOMYTBH BiJIBHO PyXaTHCHA
_ NpoBIAHOCTI, Al II0 BCHOMY 06°€My MeTajy B OyIb-AKOMY Ha-
BUUIbBHO PyXaloTbCA MDK .
NO3NTUBHUMU PioHamy — PAMI (puc. 21.4). .
KPUCTANIYHIX FPATOK SIKmo0 Hemae B0BHIINIHBOTO EJIEKTPUYHOTO
MOJIdA, HeraTUBHUI 3apAl eJeKTPOHIB MeTaJie-
BOT'O IPOBiIJHUKA KOMIIEHCYETHCA IMMO3UTUBHUM 3apAgoM iouiB. Takwuit
OPOBiZHUK Oyne eJeKTPUUYHO HEeUTpaJbHUM, TOOTO He MAaTUMe eJeK-
TPUYHOTO 3apsany.
SIKIII0 MPOBiTHMK BHECTHU B e€JIEKTPUYHE I10Jie, BCePeIrHi HLOTO BU-
HUKHe BIOPAAKOBAHUN PyX BiJIBHUX HOCIIB €J€KTPUYHOTO 3apALY.

OIEJJEKTPUKHU. EJIEKTPU3AIIIA YEPES3 BILJIUB. [Jierexmpura-
Mu, abo izoassTOpaMu, Ha3MBAIOTh PEUOBUHU, AKi 3a IMEBHUX YMOB He
MAIOTh BiJIbHUX HOCiIB €JIEKTPUYHOTO 3apsany i He MPOBOAATH eJIEKTPU-
Ky. IIpore aKIO yMOBM 3MiHIOIOThCS, HAIIPUKJAM, MiJl yac HarpiBaH-
HA, Y OieJeKTPUKY MOKYTh BUHUKHYTH BiJbHI €JeKTPUUHI 3apsamgu.
OT:xe, TIOAIN PEeUOBUH Ha MPOBIAHUKU U ieJeKTPUKU € YMOBHUM.

Jlo nieneKTpukiB HajeKaTh yci rasu 3a HOPMaAJbHUX YMOB,
pinmuu (rac, cmnupTuU, aleToH, AUCTHUJIbOBaHa BoJa Ta iH.),
TBepai Tima (cKJo, IJacTMacu, Ccyxe [AepeBo, Iamip, TryMa
TOIIIO).

SIKII0 mieJIeKTPUK MOMICTUTH B €JIEKTPUYHE II0J€e, TO MO0 MOJIEKY-
JIX TOYMHAIOTh OPi€HTYBaTHCA y HAIPAMKY CHUJIOBUX JiHil (puc. 21.5).

VY pesyabraTri Ha MOBEepXHi AieJeKTpHMKa BUHUKAE MOCUTh TOHKUM
miap 3apsAniB, 3HAK SKUX MIPOTUJICKHUN 3apsALy, IO CTBOPIOE eJeK-
TPUUHE moJie. ¥ JOCIiAi 3 HaeJeKTPU30BAHOI €00HITOBOIO MaJNUYKOIO0
Ta KJIaOTUKaAMHU IIalepy eJeKTPUUHE IOoJie 3apaAKeHOol MaJuuKu i€
Ha MOJIEKYJIU, 3 AKHX CKJamaeTbcA mamip. Ha moBepxHi KJIaOTUKIB
mamnepy yTBOPIOETHCA TOHKUI ITap €JIeKTPUUYHOTO 3apAny, IPOTUIEHK-
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HOTO 3a 3HAKOM 3apany maamuyku. Tomy
KJAITUKYU IPUTATYIOTHCA M0 HAJTUYKHU.

CopoOyiiTe BigmoBiCTM Ha 3aOUTAHHSI:
Yy MOKHA B3apAAUTU eJIeKTPUUYHO Heli-
TpaJbHe TijJI0 He HaTupaoyum HOoro Ta He
TOPKAIOUNCh A0 Hhoro? BukoHaemo mocurin.
ITigHecemMo 10 He3apAIKEHOTO eJeKTpoMe-
Tpa, He TOPKAIOUYMWCh HOro KOHAYKTOpA,
MMO3UTUBHO B3aPAMMKEHY CKJIAHY MaJIUUYKY.
CTpinka ejleKTpoMeTpa BiIXWJIUTHCA HAa
MMeBHUUM KyT Big crpuxua (puc. 21.6).

Bu BiKe 3HaeTe, IO Hig BIJIMBOM 30-
BHIIITHBOTO eJIEKTPUYHOTO MOJsA BimOyBa-
€ThCA PYX €JeKTPUUYHUX 3apAliB ycepeanHi
peuoBuHHN. YacTuHA IPOBIgHUKA, HA AKik
30CepPeIKyIOThCA HAIJIUIIKOBI €JIeKTPOHU,
HabyBae HeraTMBHOTO 3apANy, a YacTUHA,
AKY 3aJIUIIUIN eJIEKTPOHU, — IIO3UTUBHO-
ro sapany. Ilig BIIMBOM €JIEKTPUYHOTO II0-
Jisl, CTBOPIOBAHOIO IIO3UTUBHO 3aPsIKEeHOI0
HaJUYKOI0, BiJIbHI €JIEKTPOHM 3i CTPiiaKH;
Ta CTPUKHSA IEPEeMilIyITbcsa OJmKUe 0
3apAMKEeHOl MaJUUYKU y BEPXHIO YacTUHY
earekTpomerpa. OT:Ke, y CTPidIi Ta HUMK-
Hifl YacTWHI CTPUIKHS YTBOPIOETLCA He-
craua eJeKTpoHiB. Tomy cTpinka I HUMKHSA
YacTHHA CTPUKHS HAOYBaIOTh MO3UTUBHOIO
3apAny I BimINITOBXYIOTHCSA, BHACJITOK UOTO CTPijiKa MOBEPTAETHCA HA
MIeBHUUA KYT.

VYV pasi HaOmIMKeHHSA OO0 eJeKTpoMeTpa 3apsamsKeHOro Tija KyT Bin-
XWJIeHHS CTPiIKM 301JIbINYETHCA, BiAmaleHHA — 3MEHIIYEThCS.

OckiIbKM y IBOMY HOCJiAi He Oy0 0e3locepeIHbOro KOHTAKTY MiK
3apAIKEHOI0 MAJTUUYKOI0 M eJIeKTPOMeTPOM, TaKuii cIocid HamaHHSA
Tiy eJeKTPUYHOTO 3apAny HAa3UBAIOTh eJeKMpPU3auicio uepe3 6nJaus,
abo esexmpocmamuinow iHOYKUi€EO.

Puc. 21.5. [ienexTpukun
B €IeKTPUYHOMY MO

Puc. 21.6. BigxuneHHsa
CTPINKM enekTpomMeTpa nig,
BMNJIMBOM €NEeKTPUYHOro
nons

HAIIIBIIPOBIJITHUKN. PeuoBuHUW, AKi 3a 3HATHICTIO TPOBOIUTH
eJIEKTPUKY IIOCiIaloTh MPOMisKHEe Miclle MisK ITPOBIiJHUKAMMU Ta TieJIeK-
TPUKaAMM, HAa3WBAIOTHCS HAIiBIpOBigHUKamu. /[0 HamiBOpoBiZHUKIB
HaJIeXKaTh, HAIIPUKJIAZ, KPEMHill, repMaHiil, ceJieH Ta iHIIi peYOBUHU.
Ha BizMiHy Big IpPOBiHUKIB, y AKMUX HaABHI BiJIbHI HOCiI 3apany,
HAIIiBIPOBIAHUKY He IPOBOAATH €JIEKTPUKY 34 MOPiBHAHO HU3BKUX
TeMIlepaTyp i BifcyTHoCTi 30BHIIIHIX BILIMBIB (HAOPUKJIAL, OCBIT-

151



JeHHs), OCKiJIbKW BCi eJeKTpoHU’
€ 3B’sA3aHMMU (BOBHIIIIHI €JEeKTPO-
HU MAalOTh NOCUTL MIiIHI 3B’d3Ku 3
Aapamn).
Pasom i3 TuM 3B’s30K €JIEKTPOHIB
i3 aToMaMu B HaIiBIPOBiJHUKAX HE
TaKUU MIITHUN, K y JieJeKTPUKax.
Tomy HaBiTHL 3a HE3HAYHOTO ITiABU-
IIeHHA TeMIlepaTypu abo ocBiTJIeHHA
HaIIiBIIPOBIAHUKA JeAKi eJeKTPOHU
YTBOPEHHS BiIbHOIO €NEKTPOHa BmpHBaIO.TI’Cﬁ Biz CBf)iX aToMiB i
Ta «fipki» B KDEMHIEBOMY CTaIOTh BIIBHMMM HOCiAMM 3apany,
HaI'IiBI'IpOBi,ELHI/IKy TOOTO MOMXYTH HepeMiU_IaTI/ICﬂ 10
BCHbOMY HAIIiBIPOBITHUKY.
Konu enexkTpon BigpuBaeThcsa Bifn
aToma, MOoTro eJeKTprUYHa HeUTpaJib-
HIiCTb HMOPYIITYETHCA: HA MICIIi eJeK-
TpoHa 3’SABJISAETHCA HAIJIUIITKOBUMN
HNO3UTUBHUN 3apaAn, AKH y (pisuiri
Ha3MBaWOTh «Iipkoio». Ilpu 11HO-
My B HAIIiBIIPOBiIHMKY BUHUKAIOTH
HeraTuBHi (BiJbHI eJleKTpoHU) Ta
mo3uTuBHiI (mipxu) mocii sapanmy

Puc. 21.7.

Puc. 21.8. (puc. 21.7). Tobro HamiBIPOBIZHUK

Mpouecopn MoBINbHUX CcTae MPOBIAHUKOM €JeKTPUUYHOTO
NPUCTPOIB BUTOTOBASIOTb i3 3apany.

HaniBNPOBIOHMKOBMX MaTtepianis ko HamiBIPOBiZHUK momicTh-

TH B 30BHIIITHE €JIEKTPUYHE II0JIe, TO
Pyx HociiB 3apanmy crae BHOPAAKOBAHUM. IIpu IbOMY HAIPAM PYXY
eJIeKTPOHIB OyAe MPOTUIEKHUM HAIPAMY PYXY «IipOK».
3aBOAKK CBOIM YHIKaJbHMM BJIACTHUBOCTAM HANIiBOPOBIJHUKK Ha-
OyJIu IINPOKOT0 BUKOPHCTAHHS B CydacHiil emexkTponimni. Tak, ogHiero
3 TOJIOBHMX UYACTHH BAIIIOro KOMII'foTepa abo cmapTdoHa € IPOIlecop
— MiHiaTIOpHU#T HamiBOPOBiAHMKOBUN mpuctpiit (puc. 21.8).

Fonoene B ubomy naparpadi

3apamkaHHa Ta pPO3psSaXaHHA Til 3yMOBJIEHE MEPEXOAOM MEBHUX 3apsi-
I>KEHUX YaCTUHOK 3 OOHOro Tina Ha iHwe.

MpoBigHMKaMn Ha3uBalTb PEYOBUHU, GKi MalOTb 3aAPSAOXKEHI YACTUHKW,
WO 34aTHi pyxatmca no BcboMy 06’emy Tina (ix Ha3nBalTb BilbHUMU eflek-
TPUYHMMW 3apapamu).

LienektpykaMmn Ha3nBaoTb PEYOBUHU, SIKi HE MICTATb BiJIbHUX HOCIIB eNek-
TPUYHOrO 3apsay i He NPOBOAATbL €NEKTPUKY.
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Cnocib HagaHHA enekTPUMYHO HEeWTpanbHOMY Tily eNeKTPUYHOro 3apsay
06e3 6e3nocepenHbOro KOHTAKTY i3 3apamkeHMM TifloM Ha3nBaloTb eNeKkTpu-
3aLielo Yyepes BMIMB.

HaniBnpoBigHNKM — Lie Pe4YOBUHU, SKi 3a 34ATHICTIO MPOBOAUTU €NeKTPUKY
nocigalTb NPOMIXKHE MICLLEe MK MPOBigHMKAMMK Ta AieNekTpukamm,

Hociamu enekTpruyHOro 3apsaay B HaniBnpoBigHVKAX € eNeKTPOHU i OipKu,
K 3’BNAIOTbCA BHACNIOOK PO3PMBAHHA KOBAaJIEHTHMX 3B’A3KIB, Hanpuvknan,
nig, yac HarpiBaHHa abo OCBITNIEHHS HaMiBNPOBIOHMKA.

Y HaniBNpOBiAHWKY 0e3 A0MILLIOK eNeKTPUYHNIA CTPYM CTBOPIOETHLCS enek-
TPOHaMU Ta AipkamMu, WO PyXxalTbCd B MPOTUMAEXHUX Hanpsmax.

3anutaHHs ans camonepesipku

1. IlosAcHiTb, UMM 3yMOBJIEHO 3apAMKaHHSI Ta PO3PAMKAHHS TiJ.

2. [TloscHiTe mpuHDUN Aii ejleKTpocKola ¥ ejgexkTpomerpa. IIlo
CIILJIbHOT'O BOHM MAIOTh Ta AKi IxHI BigMiHHOCTL?

3. SfKi peuoBMHM Ha3WBAIOTL IPOBiTHUKAMIU?

4. TIloscHiTb, 110 BiAOYyBAETHCSA 3 MPOBITHUKOM IIPW BMIiIlleHHI #ioTO
B €JIEKTPUYHE IIOJIE.
5. $Iki peuoBMHHN HA3UBAIOTH TieIeKTPUKAMI?
6. IloscHiThb, 110 BifOyBaeThCSa 3 MOJIEKYJIaMU AieJIeKTPUKA HPU KO-
ro PO3MiIlleHH]I B €JIEKTPUYHOMY ITOJIi.
7. Y YoMy IOJIiTa€ 0OCOOJUBiCTH eJeKTpum3allii uepes BILIUB?
8. $ki peuoBuHN Ha3WMBaIOTL HANiBIPOBiAHUKAMM?
9. IIlo € BiIbHUMEN HOCIAME €JIEKTPUYHOTO 3apAAy B HAIIiBOPOBif-
HUKax?
Bnpaea po § 21
1(n). MeTaneBy NAacTUHKY 3apsauim HeraTUBHUM 3a-
" PSOOM. |}/|09|CHin, u?ll,o Bri)n,g'ynom npu UboMy 3 3
[esiKol 4aCTUHOK aTOMIB. |-
2(c). [0 HesapsamkeHX MeTaneBmnx naanyok nigHecnu
3apsamkeHi Tina. MoscHiTb, K po3noainsaTbes 3a- I C
pPSOM Ha nanuykax y KOXXHOMY 3 BUNAAKIB. S —
3(c). 3ap.ﬂv.u>KeHa' naneposa rinb3a nigeiweHa Ha OB~ PUCYHOK
KOBI HUTLj. AKWO HAGAM3UTL PYKY OO rinb3u, 10 3ama4i 2

BOHA NMPUTAraeTbCs 40 PykWU. MNOSCHITb Le aBuLLe.

4(p). MeTaneBy nannyky HaTMparKTb BOBHAHOIO TKAHW-
Hoto. lMicns UbOro TKaHMHA NOYMHAE NPUTAryBaTU OPIOHI LLUIMATO4YKN
nanepy, a nanuyka — Hi. MoOSACHITb, YoMy Tak BigOyBa€ETLCS.

5(m). Ha TOHKUX LLOBKOBUX HUTKaXx MiABilleHi ABi 04HAKOBI Naneposi KyJb-
kn. OgHa — 3apsaxeHa, apyra — HesapsamkeHa. [0oacHiTb, 9k, He
Malo4yn XoOHUX A0OATKOBUX MpuUnagiB i matepianiB, MOXHa BU3HA-
4YUTKU, SKa 3 KyNbOK 3apsiakXeHa.

6(B). [MOACHITE 9K 3MIHUTLCHA BIOXWUJIEHHSA CTPISIKN 3apPSOKEHOro enekTpo-
MeTpa, AKLWO MiAHECTU 00 HbOro (He TopKak4MCb) TiNo, WO Mae
O[HaKOBUI 3apsg, a NOTIM TiIO NPOTUNEXHOro 3apsay.
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Komaxu, LWo yTBOPKOTb CKIaAHOOPraHi3oBaHi CnisibHOTW, 34aTHi BUKOPUC-
TOBYBaTW AJ19 CMiNKyBaHHA Ta nepegaBaHHs iHGOopMaL,il CBOE CTaTUYHE efek-
TpuyHe none. bionorn npoBenn cnoctepexeHHs 3a AoMallHiMK 6axkonamu,
nig 4ac 9Koro BCTaHOBW/IN, WO PO3TALLOBaHI HA roJIoBi KOMaxX aHTEHW YYTJINBI
[0 efIeKTPUYHOro nons i BiOXMNATLCA Yy pasdi Moro BriimBy.

Mpy LbOMY aKTUBYIOTLCS MEXaHOPEeLLEeNTOPU B OCHOBI aHTEH, §ki i nepe-
[alTb iHpOopMaLilo NPO BIOXMNEHHA B LEHTpasibHYy HEPBOBY cucTtemy. Bu-
SIBNSIETLCS, WO TakMM YMHOM OOKOSM MOXYTb BUKOPUCTOBYBATU CTATUHHUN
3apan ons toro, abw nepepasaty iHGopMaLilo CBOIM poauyam: pyxu «3a-
pPAOXEHO!» O)KO0NM BrMBalOTh HA aHTEHU iHWKX KoMmax. CTaTU4HOro enek-
TPUYHOrO 3apsioy KOMaxm HabyBaloTb Yy Pe3ynbTaTi WBMOKUX PYXiB Kpua nifg
yac nonbOoTy.

CratnyHa enekTpmka Moxe OyTW LIKIAAMBOIO AN TBApPUH Ta AOAUHU. Yun
[0BOAMNOCS BaM Big4vyBaTu i gjt0?

MoBiTPSAHI NnaHepwu Nig, Yac NONbLOTY 3a3HaAlOTb BMANBY aTMOCHEPHOI efek-
TPUKM BHACHIOOK TepTa 006 noBiTpa. Lle moxe BnavBaTu Ha OYHKLiOHYBAHHSA
OOpPTOBUX PadiOeNeKTPOHHUX cuctem (puc. 21.9).

EnexkTpmnsauis Moxe OyTM NPUYNHOID aBapiit Ha TEKCTUbHUX i Npsanib-
HUX, NanepoBux dabpukax, y ApyKapHSX, Y FYMOBiA NMpoOMMUCNOBOCTI. ToOMy
Ha BUPOOHULITBI CTBOPIOIOTb CreLjasibHi CUCTEMU eNIeKTPOCTATUYHOIO 3axmc-
Ty 019 3MEHLUEHHS HEraTUBHOIO BMJIMBY CTATUYHOI €/1eKTPUKM Ha 340PO0B’A
npaLiBHUKIB.

3a 9KUM NpUHUMNOM BOHKM npauoloTb? pn BHECEHHI MeTanesoro npo-
BiHMKa B €NeKTPUYHE MOJie B HbOMY BiAOYyAEeTbCA PO3Monin 3apsaiB, xo4da
B LINIOMY MNPOBIOHUK JINLLAETLCHA €NeKTPUYHO HenTpanbHUM. EnekTpuyHi 3a-
psouv, WO YTBOPIOKOTLCA Ha NPOTUAEXHUX YaCTMHaX MPOBIAHWKA, BMIlLLEHO-
ro B €/IeKTPUYHE Nnose, y CBOK Yepry TakoX CTBOPIOTb €NeKTPU4He nosne
(BHYTpILWHE). MNpuyomMy BiNbHUX ENEKTPOHIB Yy MeTasiax HacTinbku 6araTo, Wwo

Puc. 21.9. CBiTiHHS niTaka B Hi4HOMY Hebi BHACNiooK enekTpu3aauii
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8 21. Baaemopia sapamxenux Tin. [1poBigHMKM TO HEMPOBIAHMKM ENEKTPUKM

CTBOPIOBAHE HUMU €JIEKTPUYHE MOJIE KOMMEHCYE 30BHILLHE eNekTpuyHe Mno-
ne. Taka ocobGnMBICTb BUKOPUCTOBYETLCS B CMCTEMAX €/1IeKTPOCTATUYHOIO
3axuCTy.

BigCyTHICTb enekTpuyHOro nosns ycepeauHi npoBigHMKa BUKOPUCTOBY-
ETbCA OJ11 CTBOPEHHS €NeKTPOCTAaTUYHOro 3axucTty. PO3rngHeEMO MOAESb
HaMNPOCTILLIOro NMPUCTPOI0 OJ1I9 eNeKTPOCTaTU4YHOro 3axucty. Bisbmemo aBa
CYNTaHu, OOMH i3 9KMX CKNagaeTbCsd 3 NiACTaBKW Ta MPUKPINIEHUX OO0 Hel
Nerkux MeTaneBux CMYXOK, ApYrMin — 3 nerkux naneposux (puc. 21.10, a).
BmicTmMo Ui cynTaHn MixK ABYX MeTaneBux MnacTuH, 3’€dHaHux i3 axepe-
JIOM enekTpuyHOro nons. Konu Hemae enekTpu4HOro nonsi, CMyXku cynrta-
HIB 3BMCaAlOTb O0HU3Y. FAKWO 3apaanTyv NNacTUHWU, MK HUMKU CTBOPIOETLCH
enekTpuyHe nosne. CMyXKM CynTaHiB €NeKTPU3YITbCS | MOYNHAIOTL B3AEMHO
BigwToBxyBaTucs (puc. 21.10, 6). AKWO X CynTaHU OropoauTN 3axXUCHOK
CITKOK, CMYXKW 3HOBY OMYCTATbCH AOHMU3Y, TaKk caMO $K i 3a BigCYTHOCTI
enekTpuyHoro nonga (puc. 21.10, B).

OTxe, Big, enekKTpU4HOro Mons MOXHa 3aXUCTUTUCH, SAKLLO OTOYUTU TiNo
NPOBIAHNKOM. Ha npakTuui ue BUKOPUCTOBYETLCS A 3aXUCTY Bif, MOTYXXHOIoO
€/IEKTPUYHOro MoNs paaiosiokaTopiB Ta pagioCTaHLir, BUMNPOMIHIOBAHHS SKNX
MOXe 3aLLIKOAUTM 300PO0B’'10, a TakoxX Ans 3anobiraHHs Ail eNeKTPUYHOro ro-
N9 Ha 4YyTAMBI Npunagun.

B)
Puc. 21.11. EnekTpocTatn4HmUin 3axnct
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§ 22. IMCKpeTHICTh eJJeKTPUIHOro 3apany. EjeKkTpon

» [ocaidu Hoppgpe — Minnixena. Enexmpon
» [locaidncenns duckpemuocmi eleKkmpuyHozo 3apady

JTOCJIIN NOPDE — MIJJIIKEHA. EJEKTPOH. Bupuatoun ejex-
TpuuHi aBuIna, Qisuku B:ke Hanpukinmi XIX crT. AiANIM BUCHOBKY
IITOZ0 HAABHOCTI HOCisI eJIeMeHTapHOr0 HeraTUBHOTO eJIEKTPUUHOTO 3a-
pany, AKUE IicTaB Ha3By «eJeKTPOH». IIpoTe iioro icHyBaHHA 3ajuIla-
JIOCSI TiOTe3010, OCKiJIbKM He 0yJIO HiATBEpAKeHe eKCIepruMeHTAILHO.

Y 1910—1911 pp. HesaleXHO OAUH Bif OLHOTO pociiicbKuii (phisuk
Abpam Modde i amepurancbkuii Buenuii Podepr Minaiken mposenn
eKCIIePUMEHTH 3 JOCJiIKeHHS JUCKPEeTHOCTi (IIoAiIbHOCTI) eleKTpuy-
HOTO 3apsany Ta BU3HAUEHHS 3apsany eJeKTpoHa. ¥ CBOIX mociimax
BUEHi 3aCTOCOBYBAJIN YCTAHOBKM, HPUHIHUII Oil AKX 300pasKeHO Ha
puc. 22.1.

ExcnepuMeHTalIbHa YCTAHOBKA CKJIAMAJACA i3 3aKPUTOI €MHOCTI
2 (3aXMCHOTO KOJKyXa), 3 BilKAUaHUM A0 CTaHy BaKyyMy IIOBiTpPAM.
Ycepenuni eMHOCTI ITepe0yBaIn ABi MeTajeBl ILTaCTUHU 3, SKUM MOMK-
Ha OyJo HagaBaTH IEBHHUI 3apdafn. 3a MOBEeNiHKOI YaCTHHOK MOXKHA
OyJio cmocTepiraTu uepes clieriajbHe BiKOHIIE 3a JOIOMOIOI0 MiKpo-
cKora.

3a BiZICYTHOCTi €JeKTPUYHOIrO IOJA 3apsaAsKeHi YaCTUHKHN y BaKy-
yMi OyayTh pyxaTucs MOHU3Y, IIPOTE Ieil mpollec MOKHA 3YOUHUTH,
AKIIO 3apAIUTH BEPXHIO IIJIACTUHY ITO3UTHUBHO, a HUYKHIO HETaTUBHO.
Peryiioroun BeIWUUHY 3apsany IJIACTUH, VUEHI JoMarajucs TOro, II0
YacTOUKHU ILJIaBaJl BCepPeAUHI MiXK IJIaCTUHaAMMU.

YHacIigOK OIMPOMiHIOBAaHHS YaCTUHOK PEHTTeHiBCbKUM a0o0 yJIbTpa-
(dioseToBUM BUIIPOMiHIOBAHHAM YACTUHKU BTPAUaU 3apsal i pyxaJiu-
¢ TOHU3Y, IX 3HOBY 3YIUHSAIN, PEryJIOOUN 3apAn maacTuH. Taxkuii
mpoliec IIOBTOPIOBAJM KiJibKa pasiB i 3a cmemiaabHuUMU (POopMyJIaMU
00UMCIIOBAIN 3aps YaCTUHOK.

Y pesyabraTi mpoBemeHUX AOCTiI)KEeHb BIAJOCA BUABUTHU, IO 3a-
PAI YACTUHOK 3aBiKIM 3MiHIOBABCA CTPUOKAMMU, HA CTPOTO BU3HAUEHY

Puc. 22.1. Cxema
eKCNnepuMeHTasbHOI YCTaHOBKMU
nocnigis Moddpe ta Minnikena:
1 — cneuianbHuin
po3NuoBaYy; 2 — 3axUCHUN
KOXYyX; 3 — napasnesbHi
3apsakeHi NNacTuH;

4 — wmikpockon;

5 — pxepeno ceitna

(niBOpYyY Big YyCTaHOBKW)
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§ 22. uckpetricts enektpuyHoro sapsaay. Enektpon

BeINUMHY a00 KpaTHY ifi BeIWUNHY, TOMY OYJ0 3p00JEeHO BHCHOBOK
IIpo icHyBaHHS MaJIeHbKOI YaCTHMHKMU, IO Hece Ha cobi HemominlbHu!it
enekTpuuHuil 3apazn. Iliero yacTuHKOO € esekTpoH. HalimeHmui
€JeKTPUUYHUN 3apsaj] NPUUHATO HA3WBATHU €JIEMEHTAapHUM 3apsAoM.
(CoBO «ejeMeHTApHUM» IIOXOAUTH Bifg JjaT. elementarius — TepBUH-
HUM, HAUIIPOCTiMINii, OCHOBHUI.)

3apsan eleKTpoHa 0yJI0O BUSHAUEHO JOCJifaMu aHTJIificbKoro (isuka
P. Minnrikena. Bin ycTaHOBUB, ITIO €JIeKTPOH Ma€ HETAaTUBHUU eJIeK-
TPUYHUN 3apsan, SKui gopisHmoe: e = —1,6 + 107! K.

3apan eJeKTpoHA € HeBiJ €éMHOI0 HOT0 BJIACTUBICTIO, ITO PO3TJIA-
IaeThCcAd He caMa 1o cobi, a TiIbKM pa3oM i3 Ii€el0 MiKpPOYaCTHUHKOIO.

JOCJIITKEHHSA TUCKPETHOCTI EJJEKTPUYHOI'O 3APANY.
JucKpeTHicTh (MOAIMBHICTD) €JIEKTPUYHOTO 3apAAY MOKHA JOCTIIUTH
3a IOIIOMOTOIO0 eJieKTpoMeTpa. Bukonaemo mocJiz. Bisbmemo aBa omHa-
KOBi esmekTpomerpu (puc. 22.2, a). 3apanuMo oguH i3 HuxX. 3adikcye-
MO KiJbKicTh HMOAIJNIOK, Ha AKY Bimxumauiaacsa iioro crpinka. Kopucryio-
YHUCh METAJIEBUM ITPOBIIHUKOM i3 PYUKOIO IIOCEepequHi, BUTOTOBJIEHOIO
3 IieleKTpuka, 3’egHaeMo IIi eleKTpomerpu. Ilig uac ix 3’egHaHHS
yacTHUHA 3apAny i3 3apsamKeHOro eJeKTPoMeTpa IepeXxOoAuTh Ha Hesa-
pamxenuii. [Ipu mboMy CTPiIKM 000X €JIEKTPOMETPiB BiAXUIATHCA Ha
omHAKOBUU KyT (puc. 22.2, 0).

ToOTo MOUYAaTKOBUI 3apAmL 3apALKEeHOI0 eJeKTpPoMeTpa IIOAiINBCS
Ha ABi piBHI yacTuHU.

dAxmo pos’emHaTH IIi €JIeKTPOMETPH M OAWH i3 HUX PO3PALUTH,
JTOTOPKHYBIIINCEH OO HOT0 KYJbKM PYKOIO, a IMOTiM 3HOBY iX 3’eaHaTH,
3apdAn IMONiJNTHLCA Ha ABI piBHI yacTuHU.

Bu 3BepHyJIM yBary Ha Te, IO B IIbOMY [OCJTili BUKOPHCTOBYBAJIU-
cs IBa OAHAKOBI emexkTpomerpu? K Bu ramaere, uomy? BusBiaserbes,
eJIEKTPUYHUN 3apAl OiIUThCA TAKUM UYMHOM, IO IIPOBiAHUK i3 0ijb-

a) 6)
Puc. 22.2. MNopainbHICTb enekTpuyHOro 3apsay
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IIT0I0 IIJIOINEeI0 MOBEPXHi HabyBae OiJIBIITOTO eJIeKTPUYHOro 3apAny. Lla
0CO0JIMBiCTh BUKOPUCTOBYETHCS IJA 3aXHUCTy CIIOPYH Bim OJMCKABOK,
eJeKTPUYHUX IPUJIALiB BiJf HAKONWUYEHHS CTATUYHOI €JIEKTPUKMW Ha
ixHiX Kopmycax Toio. OckinbKu pos3mipu 3emJi OinbImi 3a posmipu
OyIWHKIB, TO Maii:ke Bechb 3apdAj i3 TiJ mepexoAuTh Ha 3eMJio. s
IIbOT'0 3aCTOCOBYIOTH MeETAJIeBi IIPOBIZHUKM, PO3TAIIOBAHI HAJTEKHUM
yuHOM i 3’eqHaHi 3 H0Ope MpoBiAHMMHU IapamMu IpyHTy. Takuii Bunm
3aXUCTy HA3UBAIOTH 3A3CMACHHAM.

.nom-le B ubomy naparpadi
EnekTpoH € HOCIEM enemMeHTapHOro HEraTMBHOIO EIEKTPUYHOrO 3apsay,
KN, 9K yctaHoBuB P. MinnikeH, gopisHioe: e = — 1,6 - 107!° K.
EnexTpunyHun 3apsan € ANCKPETHUM (MoainbHUM). AKLWO 3’eaHaTn aga oa-
HaKoOBUX NPOBIOHUKU, OOVH 3 9KMX MA€E eJIEKTPUYHUIA 3apsa, a LPYrnuin enek-
TPUYHO HEWTPANbHUN, TO eNeKTPUYHUA 3apsan MiXXK HUMWU OiINTbCH MOPIBHY.
[na BUEBNEHHS M OOCNIOXKEHHA €NeKTPUYHUX 3apsigiB BUKOPUCTOBYIOTb
€/1eKTPOCKON Ta eNIEKTPOMETP.
Ao 3’egHaTn ABa NPOBIAHUKN PISHUX PO3MIPIB, OOMH 3 AKUX 3apsaxe-
HWIA, @ OPYrnii eNekTpPUYHO HeNTpasibHUIA, TO NPOBIAHVK i3 BiNbLLOD NOLE
noBepxHi HabyBae BiNbLLIOro enekTPUYHOro 3apsay.

Punmum-m ANs camonepeBipKu

1. Vraxirs mery mocaigy Modde — MimtikeHa Ta ONUIIITEH HOTO CXEMY.

2.  OnumriTs Jociin, SKuii JOBOAUTH ANUCKPETHICTH eJIEKTPIUHOTO 3apsIy.

3. $Ika 0cobGaMBiCTHL MOMIIBHOCTI €JIEKTPUYHOTO 3apPANY MPOBIAHUKIB?

4. IlosAcHiITH, YOMY CTPHUKEHDb €JIeKTPOCKOIIA 3aBKAN POOJIATL MeTa-
JIEBUM, a KYJIIO IOPOKHUCTOIO.

5. TIloscHiTH, YOMYy €JEKTPOCKOIl PO3PAMKAETHCA, AKIIO TOTOPKHY-
THCS 0 MOT0 KYJbKH IIAJbI[IMU.

Bnpaea ao § 22

1(n). [MOACHITE 3MiHY BIOXWUAEHHSA CTPINKM 3apsSoKEHOro enekTpomMeTpa,
AKLWLO OO MOro KOHAYyKTopa MigHecTu (He TopKalyucb MOro) meta-
JNIEBUI CTPUXKEHD.

2(c). MoSACHITb, KM 3HaK 3apsaiB YTBOPKOETLCS Ha GNMCKABKOBIABOAI 1
3eMJli, KON Ha, HUMU MPOXOANTb MO3UTMBHO 3apsag)KeHa xmapa.

3(m).- AKWOo 3apsagxeHe Tino NiaHecTn OO0 efekTPoOMeTpa, MOro CTpinka
BIiAXMNaeTbes. MoSCHiITh, Wo BiaOyBaTUMETbCS 3 €/IEKTPOMETPOM,
AKWO TiIO HakKpUTM MeTaneBumMm KOXyxoMm. LLlo cTaHeTbecs, aKkwo
KOXyX 3a3emMnmTun?

4(B). Jlerka meTanesa Kynbka BUCUTb Ha LLIOBKOBIM HUTL,i, TOPKaYNCb enek-
TPUYHO HENTPANbHOI MeTaneBoi nannykn. Konm oo iHWoro KiHug me-
Tanesoi Nannykn, He TOPKAKYNUCH i, MIAHOCATb iHLLY 3apAaXeHy Kyslb-
KY, Kyfbka Ha HUTLI BigXMNSETLCA (PUCYHOK OO0 3aBAAHHA Ha c. 159).
MoacHiITb ue aBuLe.
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§ 22. uckpetricts enektpuyHoro sapsaay. Enektpon

-

’ \

I

\ ’
~

-

PucyHok 0o 3aBpaHHsa 4

IIE BAPTO SHATH

BauckaBka — TiraHTChbKUHA eJeK-
TPUYHUN PO3PAM, [0 BUHUKAE BHACJIi-
IOK eJIeKTpuaailili armoc(epu (PUCYHOK).
IIpoGiemu aTMoc(epHOl eTeKTPUKU I0-
CILIKYIOTH cIelliaiicTu jJabopaTopiit Ta
reodisuuyHUX 00CEpPBATOPIii.

EnexkTpuuni pospamzu OJNCKABKU
HEeCYTh IIOCTiHiHY 3arpody Jogam. IIpo-

XOIJKEeHHA 11 3apAany uepe3 JIOAUHY

HafiuacTimie 3aKiHYyeTbCA MUTTEBOIO

CMEpTI0O V 3B A3KY 3 TepMiuHHM ypa-

JKEeHHSIM BHYTPIINHIX opraxiB. ¥ ge-

AKUX BUIIAAKaX MOKJINUBE KOPOTKOYAaC-

He IPUONHEeHHA TuxaHHda. JloTpuMaHHA

MIPOCTUX ITPABUJ MOBETIiHKU YHEMOKJIN-

BUTH TpariuyHe 3iTKHEHHA 3 I'PO30BUM PV'CYHOKI- Eﬂe'fTDOCTaTVILlHa
PO3PAIOM. eHe-pFIﬂ BUBIJIbHAETBCYHA

Axuro Bu mepedyBaeTe Ha BimgKpwuTiit niA, 4ac Grnckasky
MicueBocri, TO:

1. He xoBaiiTecss B HeBEJIMKUX CIOPYyAaX, XaTUHAX, OyAWHKAaX, Ha-
MeTax, TUM OiJbllle, cepel OCTPiBIiB mepeB. Kpaie B TakxoMmy pasi
3aX0BaTHUCh Y AKilich 3arnmOuHi.

2. SIxkmrio Bac ABOE, TPOe YU OiJibIlle, — He CKyHuyiTecd B YKPUTTL
pasom, a XoBamTecsa ITOOAWHIII.

3. IlepemimryBaTucs 40 CXOBHUINA IIOTPiIOHO IMOBiJIBHO I 3JIeTKa IPU-
THYBIIIUCh, & He y BeCh 3piCT, TOMY IO PO3PAAU IIPOXOIATL Uepes
BUIITY TOUKY.

4. Tlig uyac rpo3u HiKoJM He XOBalTecsd 0isisg MeTaleBUX CIOPY,
KOHCTPYKIIili, IIiJ 3a/JisHUMHU OIIOpaMH eJIeKTpoIlepenad i MocCTiB, He
TOpPKaWTecA APOTIHUX OTOPOK Ta iHIMMX 00’€KTiB i3 MeTasry.

5. Ao Heroma 3acTajia Bac Ha YOBHiI ab0 BU IJaBaju B Iell dac
y piumi, To HaliHe0E3IEeUHIINIMM pillleHHAM € BUOpaTucAd 3 BOAUW Ha

159



Oeper, IOBiIbHO, CIOKiIiHO, He PO3Maxymouu pykKamu. JKIIo Ie He-
MOJKJIMBO, TO HaMaranTecda CUIITA B YOBHI HEPYXOMO.

Axmo B mepebyBaeTe B MPUMIilleHHi, TO:

1. Heraiino 3aumHiTh yci KBaTUpPKU, BiKHaA, ABepi.

2. BUMKHITEL yci eleKTpoupuaagu.

3. YrpumaiiTecsa Bif KOpUCTyBaHHsS Teae(OHOM, ajie AKIIO BiKe Oi-
Ia MPUMYCHUJIa BUKJIUKATHU «MIBUAKY JOIOMOTY» UM MOKEIKHY Opura-
Iy, 3po0iTh IIe oApasy IIicJisg UepProBOTO I'PO30BOTO PO3PALY, IIBUIKO
BUKOPUCTABIIIN HEBEJUUKY I1ay3y A0 HACTYIIHOIO.

BYNMOCSH PO3B’A3YBATHU PISUYHI 3A/TAUI
3 TEMH «EJIEKTPOCTATHKA »

IIix yac posB’saA3yBamHA 3amad 3 €JIeKTPOCTATUKY IMOTPiOHO MaTH Ha
yBasi, IM0 HAOpPAM eJeKTPUUYHOI (KYJOHIBCHbKOI) CUIM 3aJIeKUTDh Bil
3HAKiB 3apsAmiB Tij, AKi B3aeMoAifoTh. B okpeMux saBHaHHIX BUKO-
pHUCTOBYeThCA 3aKOH 30epeskeHHA 3apany. IloTpibHO TakoK BpaxoBY-
BaTHU, IO MiHiMaJbHA HOPI[isg eJIeKTPUUYHOrOo 3apAny (MOAYJIb 3apanmy
eJileMeHTapHOI yacTuHKM) gopiBuioe 1,6 - 1071 K.

[a mpukIany posrjsHeMo AeKinbka 3agau. Haramyemo, 1o CIIo-
YaTKy 3ajJa4y HeoOXiJHO Po3B’sA3aTy B 3arajJbHOMY BUIVISALL, a IIOTIM
IPOBECTH OOUMCJIEHHS IMYKAaHOI BeJHMUNHM 34 OJEPKAaHOI0 KiHIIeBOIO
(popmyJI010.

3amaua 1. [IBi ogHakoBi IpoBigHI KyabKu i3 3apagamu —2,5 HKx
ta 3,5 uKa mepeOyBatoTh Ha Biactraui 5 cm. Kyibku npuBogaTs y mo-
THK, a IOTiM HIOBEPTAIOTh y Ti cami Touku. BusHaure cuam B3aemMomil
KYJbOK IO Ta IIiCJIA JOTHUKY.

Hano: Po3sé’asok

¢,=-2,5 HKx = BignoBimuo mo sakony Kymnona, cuiaa B3aemomii
=-2,5-10°Kn |gBOX TOYKOBUX 3apALiB IO HOTUKY BU3HAUAETHCS
g, = 3,5 sk = |3a dgopmyoro:

=3,5-10°Kx F - k|q1||q2|
r=5cm=5102%m r2
7 _9 ITicna moTuky s3apAny KYyJIbOK CTAHYTHL OJHA-
F} ? KOBHUMU. 1X 3HAUeHHA O0UUCIIOEMO 32 (hOPMYJIOIO:
5 —?
_hitY
g -
Cuiy B3aeMogil TOUKOBUX 3apsAAiB MicJasd MOTUKY BU3HAUMMO 3a
(GopmMyI0I0:
2
F=kL.
r

160



§ 22. uckpetricts enektpuyHoro sapsaay. Enektpon

O0umcamMO MIYKaHi BeJIUUYNHN:

F,=910° & Mg =3,15-10° H=31,5 mxH.
K (5 10 M)
—_— . _9 . _9
_ 25107 Ka+8,510°Ka _ oo
2
2 -9 2
F=9.10° M (0310 K7 15105 H=4,5 kL

Kn? (5102 m)?
Bigmorigs: F,=31,5 mxH, F,=4,5 mxH.

3amaua 2. IlopommuaKa, mo mae 20 - 10'° HagIMITKOBUX €JIeKTPO-
HiB, 3aBucjJa B eJeKTPUUYHOMY IOJi, KOJM HaJa HE Ha BiacraHi
4 cM po3MicTUIM MO3UTHUBHUI TOUKOBUiT 3apan 2 mKiua. Busmaure
Macy IOPOIITUHKH.

[ano: Posg’a30k

N =20-10" Ha nopommHEKy, 3aBUCIY B eJIeKTPAYHOMY IIO-
q,= 2 uRx = Ji, AiIoTh CHUIN TAKIHHS

=2-10°Kn F, =gm,

r=4cm=4-10% m|i KYJIOHIBChKA CHJIa B3a€MOJil JBOX TOYKOBUX
m— ? 3apAanis

|Q1||Q2|

r’

3apan TOpOIIMHKY MOMKHA 3aIllcaTH AK AOOYTOK 3apany eJIeKTpo-
Ha e Ta KiJbKOCTi HAAJWUINKOBUX €JEeKTPOHIB N, AKHX BOHA HalOyJa
BHACJIJIOK eJieKTpU3aIrii:

F=Fk——

g, =eN ,
=-1,6-10"° Kn —
Ie e = , J 3HAUEHHA €JeKTPUUHOTO 3apAAY eJIeKTPOoHa.
OckiNbKM cuiia TSKIHHS 3a YMOBOIO 3aJadvi BPiBHOBaXKYETBHCA KY-
JIOHIiBCBKOIO, COPABEAJNBUM € PiBHAHHS

| ||‘12|
F=F,; k———=gm.
r?
Po3B’s:xeMo0 piBHAHHSA BiJHOCHO IIIYKAHOI BeJIWUYMHU TAa OOUMCINMO
Macy IIOPOIIMHKMN:
eNl|q
Nl

gr®

9. 109H w’ 19K .20. 1010\ \2 10_9RJ1‘

m= ~36-10° kr=36 mr
H B 2
9,8—(4.10 M)
Kr

BigmoBigs: m = 36 wmr.
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BHUKOHYEMO HABYAJBHUI ITPOEKT PA30M.

V¥V nomepenHix maparpadax miApyYHUKa BU O3HANOMUMJINUCA 3 €JIeK-
TPUYHUMU ABUIIAMU Ta OCHOBAMU €JEeKTPOCTATHUKU. BaM IPOIOHYETH-
cA TIOIPAIIOBATH HAJ HAaBUAJBHUMU IIpoeKTaMu Ha TeMu: «EjeKTpura
B JKUTTi JiroguHMU», «CydacHi moOyTOBi Ta IPOMMCJIOBI eJeKTpUUHIi
npuianaus, «EjgekTpusaia B IPUPOALI Ta TEXHIILi».

Y mporeci BUKOHAHHS MNPOEKTIB 3BEpPHITHL yBary Ha poamaiTTs
€JeKTPUYHUX SBUIN Y IIPUPOIi, 1X BaKJIMWBICTH AJIA JIOOWHU, BUKO-
pucTaHHA B Cy4YacHil TexHIiIli i TEXHOJIOTiAX, MepCIeKTUBU MHOAasb-
MINX JOCTiIKEeHb Ta JOCATHEHHS BITUM3HAHMX BUYeHHX-(PiduUKiB i
HAYKOBUX YCTAHOB.

BpaxyiiTe, 1110 0c00IMBUIT HAYKOBUH iHTEpec CTAHOBJIATH IIPOOJIeMu
BILIMBY €JIEKTPUYHUX SABUII HA JKUBi OpraHisMm Ta METOAU 3MEHIIIEeH-
HA IX HIKiZJIWBUX HACJHIIKiB.

ToTyloum OpoeKT, BUKOPUCTOBYHTe HaAYKOBO-IONYJIAPHI miKepesa
Ta iHQopMAaIliliHO-IOMIYKOBI CHCTEMH, a TaKOXK CIPOOYyHTe 3aIlpoIlo-
HyBaTH BJAaCHIi PO3pPOOKM BiAIIOBIZHMX IIPUCTPOIB.

BUABJAEMO ITIPEAMETHY KOMIIETEHTHICTD
3 TEMHU «EJIEKTPOCTATHEKA»
1(m). BrakiTs mpuiaaj oy BU3HAUEHHS HASABHOCTI €JIeKTPUUYHOIO 3a-
pany Tina:
A) manomerTp;
B) emekTpockomn;
B) 6apomeTp;
I') murmamometp.
2(m). BxakiTh mpaBuJIbHE MPOMOB:KEHHA peueHHA: «EieKTpocTaTmy-
He (eJIEKTPUUHE) II0JIE [Ti€...»:
A) TinpKu Ha HepyXOMi 3apaAnu;
B) Ha pyxomi @1 HepyxoMmi 3apsanu;
B) rinbKu Ha pyxowmi s3apsamu;
') B ogHuUX BuIagkax Ha HEPYXOMi, B iHIIMX — Ha PyXoMi
3apsanu.
3(m). Bxaxirs, sKe 3 HaBeIeHUX TBEPIKEHb IIOSCHIOE SBUIIE eJIeK-
Tpusaiii TepTaAM:
A) yci Tima BTpavaioTh eJIeKTPOHU;
B) yci Tina mHabyBaioTh eJIeKTPOHIiB;
B) y Tinax BMHMKAaIOTh MO3UTHUBHI I HEraTWBHI 3apsAnu;
T") omme Tijo BTpauae eIeKTPOHU, APyre — CTLIBKHU K iX HaOyBae.
4(m). BraxxiTh mpaBmMIbHE MPOMOBKEHHSA PeUeHHA: «SKIIo mo Jerkoi
rign3m, gKa BUCHUTHh Ha IMOBKOBiMl HUTIII, HigHECTH, He TOPKa-
I0UNCh, HETATHUBHO 3apAMKeHY HaJIUUYKy, TO Ha HAWOJIMMKUIOMY
IO TMaJWYKM OOIli IiJib3U yTBOPIOETHCSH...»:
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§ 22. IuckpetHicts enextpuutoro 3apsay. Enextpon
A) HaAIUIIOK eJeKTPOHiB, i BiH HaOyJe MO3UTUBHOTO 3apany;
B) magaumiok enekTpoHiB, i BiH HaOyJe HeraTHBHOIO 3apsAny;
B) Hecraua esleKTpoHiB, i BiH Habyme IIO3UTHUBHOTO 3apALY;
I') HecTaua eneKTpoHiB, i BiH HaOyae HeraTHMBHOTO 3apsAdy.

5(m). BusmauTe, AK 3MIiHMTLCA CHJIA B3a€EMOJIl MixK 3apsamaMu, SIKIIO
BiicTaHb MiK HUMU 3MEHIIIUTH B 3 pasu:

A) 36inbmuTHCA B 3 pasu;
B) sb6inpmiuThes B 9 pasis;
B) smenmuTsca B 9 pasis;
T') smenmursca B 3 pasu.

6(m). BrakiTh mpaBUJbHE IPOJOBKEHHA PeUeHHs: «BHACTIIOK esieK-

Tpusarii Tizo Moke HaAOyTH 3apAny, KPaTHOTO...»:
A) 1/2 sapany enexrtpona; B) 1,5 zapany esmeKTpoHa;
B) 1/3 sapany enexrpona; I') momBoeHOMY 3apAny eJIeKTpPOHA.

7(c). J[IBi omHaKOBi MajieHbKi KYJbKU, III0 MAIOTh €JIeKTPUYHI 3apamu
18 i —-10 uKxa, nmpuBenu B AoTukK. BusHauTe 3apsajn, KOMKHOI 3
KYJBOK ITiCJSA JTOTUKY:

A) 28 uKn;
B) 8 uKux;
B) 14 uKu;
) 4 uKn.

8(c). fIx 3MiHUTBCA KYT PO3XOMKEeHHSA JUCTOUYKIB HEeraTHWBHO 3aps-
IXKEeHOTO eJeKTPOCKOIIa IIpu HAOJUKeHHi 1O HbOTO IO3UTUBHO
3apAamKeHoro Tima?

A) 30inBIINTHCH; -
B) smenmurses;

B) cmouarky 830imbIIuTHCA, a MOTIM

3MEHIITUTHCS;

T") me saminuThCA.

9(m). BusnHauTe BigcTaHb MiK edekTpuuHUMU 3apagamu 4 i 9 uKu,

Ha AKill BOHM BiAIITOBXYIOTHCA 3 cuioio 8,1mMrH:
A) 40 mm;
B) 2 cwm;
B) 3 cwm;
) 2 om.
10(x). BeranosiTh BigmoBigHiCTE MijK HaA3BOIO YACTUHKHU Ta il YMOB-

HUM 300paKeHHSIM...

A) 1. Ion JliTiro

B) 2. Arom Jlirtiro

B) 3. Artom Texiro

Iy} 4. Arom Tigporeny
5. Ior Temiro
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b B T
11(x). ToukoBUil €JIEeKTPUUYHUN 3apAL BMi- A \
HIYIOTh IMOCJHiJOBHO B TOYKHU eJIeK- \°\B RC
TPUUHOTO l'I.OJIH,U HOo3HaUeHi .Ha. pu- 2 oa | Fo
cyuky. IlopiBHANTE cuin, AKi OiIOTH
Ha OPOOHUH 3apAf y IUX TOUYKaX, i / /
BCTAHOBITh BiANOBigHICTHL MiXK TOU- _ »~D /O/ E

KaMHu Ta BeJINYNHOIO CHUJI.

PucyHok oo 3aBoaHHsa 11

A) cuna minimasbHa 1) Tourka A
B) cunu ogHakKoBi 2) Ttouku B—C
B) cuma maxcumanabHa 3) Touxka D
I') cunu pisui 4) Trouku C—E

5) Touka F

12(x). BusuauTe cuay B3a€MOMil ABOX OJHAKOBUX TOYKOBUX 3apANiB
Ha Bizmcrami r Ta poaramryiTe ii y mopsaakKy s30iabIIeHHS.

Beauunuu Bigcrani
TOYKOBHMX 3apAIiB r, M
A 8 aKa 0,005
b 5 uKa 0,05
B 4 MK 0,8
T 2 mKn 8

13(B). YKaXiTh cmocib, 3a JOIOMOIOI0 AKOTO MOKHA HaJATH IIO3U-
THUBHOI'O 3apsAAy MeTaJIeBill KyJbIli, MAlOUM JIKIIE 3apaIKeHy
HeraTUBHO e0OHITOBY HaJIHUKY.

14(s). IBa HeraTuBHUX 3apAnu mepedyBaroTh Ha BifcraHi 20 MM OgUH
Big ommoro. 3apasy B3aeMOAiOTHL i3 cmioio 7,2 - 10 H. Bu-
3HAUTE BEJINMUYUHY KOMKHOTO 3apsanmy.

15(B). 3apAg ogHOTO 3 TOUKOBUX TiJI y 5 pasiB Oinbinumii 3a iHIINWIA.
Tina mpuBoOAATH y MOTHUK i PO3MIIyOTh Ha Ti#l camiit Bimcra-
Hi. BusHauTe, AK IpM IHOMY 3MIiHUTHCA CHUJIA B3aEMOIil TiJ.
PosB’soxiTh 3amauy AJd OBOX BUIIAAKIB: Tijla 3apsam;KeHi omgHO-
IMeHHO Ta piBHONMEHHO.
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§ 23. Enextpuunuit crpym

§ 23. EneKTpuYHU# CTPyM

> EnexmpuyHuil cmpym
» Ymosu suHuKHEHHA Ma ICHYBAHHA eLeKMPUYLHO20 CMPYMY
» JTii erexmpuunozo cmpymy

EJEKTPUYHHUI CTPYM. Hapa- MpoBigHuk
31 BayKKO YABUTHU HAIle KUTTA 6e3
BUKOPUCTAHHSA €JIEKTPUYHOTO CTPY-
My. BiH HeoOXimHuit mas (pyHKILio-
HYBaHHSA MOOYTOBOI Ta IPOMMCJIOBOL
erextporexHiku. Toyk crpobyemo
3’scyBaTu, II0 K TaKe eJIeKTPUY-
HUI CTPyM. ATom

Is momepenuix mnaparpadgis Bu BinbHi enexkTpoHm
3HaEeTe, IO B TiJlax HASBHI eJeK-
TPOHU — HeraTHUBHO 3apsamisKe-
Hi YaCTWHKM, AKi @I 3yMOBJIIOIOTH
pi3HOMAaHITHI eJIeKTpUYHI ABUIIA.
EnekTpuuyHUi 3apAn MaOTh i 3HAYHO OiJbINi YacTMHKUM — HOHWU.
Y MeTaseBMX IPOBIJHWKAX, HAIPUKJIAL, JiHiAX eJeKTpoliepenaui,
€ KpUCTaJiuHi I'paTKu, YyTBOPEHiI aToMaMu Ta MO3UTUBHO 3apsaaKe-
HuMHK HomaMu. MidX HUMIM XaOTHWYHO PYXalOThCSA BiIbHI eJIeKTPOHU
(puc. 23.1). IIpoTe AKINO TPOBITHUK BMiCTUTH B €JeKTPUUHE II0JEe, TO
PYX 3apAIKeHUX YaCTUHOK CTaHe HaOpAMJEHHM. ¥ IIbOMY BUIAIKY
TOBOPATD, III0 B MPOBIJHUKY iCHYE€ eJeKTPUUHUNA CTPYM.

Puc. 23.1. Mix noHamm
KPUCTaNiYHMX rpaTtok MeTtany
pPyXalTbCs BiflbHi €N1EeKTPOHMU

ExekTpuyHNM CTPYMOM HA3MBAIOTh YHOPSATKOBAHWUH (HaA-
NPAMJIEHUH) PYyX 3apAIKeHNX YaCTUHOK.

YMOBA BHHHUKHEHHSA TA ICHYBAHHS EJEKTPHUYHOTIO
CTPYMY. Odnierw 3 sancausux Yymo8 GUHUKHEHHS eNeKMmPUiH020
Cmpymy € HAABHIiCMb BiAbHUX HOCIL8 eJleKmpuyiHozo 3apsady (3aps-
O0XHCeHUX YACMUHOK ), HANPUKLAd, eleKkmpoHié abo lloHie. 3po3yMiJio,
1100 3apAAMKEeHI YaCTMHKU HOYaJi PYXATUCS BIOPAAKOBAHO U BUHUK
€JIeKTPUUHUN CTPYM, Y IPOBIZHUKY IIOTPiOHO CTBOPUTH eJIEKTPUU-
He mojye. OTike, Apyra yMoBa: w00 eleKMpPUiHUllL cmpym icCHY6as Yy
nposidHUKY, 8 HbOMY NOMPIOHO NiOMpPuUMyeamu ereKmpuyiHe noJe.
Enexmpuune noje cmeoproemuvcs ma nidmpumyemvpcs 3a 00nomozorn
Oxcepena eneKmpuinozo CMpymy.

Pyx eleKTpOHIB IIif Ai€l0 eJeKTPUUYHOTO IIOJA MOKHA YABUTHU c00i,
AK Piffi MOIIIOK YM OAKij, IO IepeMilllyeThCcAd Y IeBHOMY HAIPAMKY
mig giero BiTpy. IIIBUAKICTh HAIPAMJIEHOTO PYXY BiJIBHUX €JIEKTPOHIB
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IysKe MaJia TMOPiBHAHO 31 IMBUAKICTIO IX XaOTHUUYHOIO PYyXy — JIHUIIE
IeKisbKa MijimeTpiB 3a cekyHAy. Pasom i3 TuM ejgeKTpuuUHe II0JE Y
OpPOBiZHUKY momupioeTbeA 3i mBuakictio 300 000 km/c i mim fioro
Ii€fo MPaKTHUYHO BCi BibHI eJIEKTPOHU MaM:Ke OJHOYACHO ITOUYHMHAIOTH
pyxaTtuch y meBHoMy Hampami. TomMy KaKyThb, IO CTPYM BUHUKA€E B
yCiX TOUKaX eJIeKTPUUYHOTO KOJia OJHOYACHO.

OTixe, we 00Hi€ YMOB0I0 iICHYBAHHSA eJeKMPULHO2Z0 CMPYMY € HA-
ABHICMb 3AMKHEH020 eleKmpPuUiHozo Koaa. ToOTo mpoBimHUK i mKepe-
JIO CTPYMY MAalOTh YTBOPIOBATH 3aMKHeHY cuctemy. 1106 mo mpoBigHuU-
Ky IPOTiKaB eJeKTPUUHUI CTPyM, Horo obuasa KiHii mia’ e IHYIOTH 4O
IKepesia cTpyMmy. SIKIO PO3iMKHYTH KO0J10, cTpyM 3HuUKae. Came Tomy
Bci moOyTOBi Ipujaaayu BMHUKAIOTLCS B €JIEKTPUUYHY Mepe:Ky 3a OOIIo-
MOTOI0 BUJKHM 3 IBOMAa BUBOAAMHU. TaKUM YHMHOM CTBOPIOETHCS 3aM-
KHeHe eJeKTPUUYHEe KOJIO, IO IKOMY IPOXOAUTH €JIEKTPUUHUN CTPYM.

3a Hanpam eleKmpuiHoz0 CMPYMY NPUUMAIOMb HANPAM PYXY NO-
3UMUBHO 3aPA0HCEHUX YACMUHOK, MmoOmo Hanpam 8i0 No3umueHo
3apsadxcerno0z0 noarwca oxepera cmpymy 00 HezamuBHO 3apsadicerHozo.
Ile mpaBmJio € JOCUTHL YMOBHUM i cKJjasiocd icropuuHo. Hum ropuc-
TYIOThCA B Cy4YacHi#l HayImi Ta TexHimi.

1T EJEKTPUYHOIO CTPYMY. Mu He MOXKeMO 0e3mocepemHbO
cIlocTepiraTu BIOPAAKOBAHUU PyX €JIEKTPOHIB y IPOBITHUKY, AKUU
3YMOBJIIOE eJIeKTPUUYHUN cTpyM. HadaBHICTHL eJIEKTPUYHOTO CTPYMY
MOJKHa BUABUTU 3aBAAKU (Hi3MUHUM SABUIIIAM, IO 3YMOBJIIOIOTH i CYy-
OPOBOKYIOTh IIPOTIiKAHHSA €JeKTPUUYHOTOo cTpymMy. Taki aBuina Ha-
3UBAIOTh JIiAMU cTpymMy. Po3pi3HAIOTL menaogy, XiMivHYy, MAZHIMHRY,
@isionoziuny 0ii cmpymy.

TenyioBy Aifo cTpyMy MOJKHA CIIOCTepiraTm Ha NPUKJIAAI HarpiBaH-
Hs cIlipayiefl eJIeKTPUYHOI JaMOM PO3KapIOBaHHA, eJEeKTPOIIPaCKU,
eJIEKTPONJINTH, eJIeKTPUUHOro obirpiBaua (puc. 23.2). MerameBuii
OPOBITHUK, II0 SKOMY IIPOXOAUTEL €JeKTPUUYHUNA CTPYM, HAarpiBaeThCH.
EnexkTpuuna eHeprid IepeTBOPIOETHCA HA BHYTPIITHIO €HEPrilo IIpo-
BijHMKa, i #oro Temmeparypa 30iJbIIYEThCA. B €JIEeKTPUUYHUX JIaM-
max pos3sKapioBaHHS BOoJb()paMoBa HUTKA HArpiBaeThCcsA A0 SACKPaBOTO
CBiTiHHA.

Ximiyna 0isa cmpymy TOJATAE
B TOMY, IO Mil Yac TPOXOMKEeHHS
€JIEKTPUYHOTO CTPYMY uUepe3 BOIHI
PO3UMHU KHUCJOT, JYTiB i coseii Ha
eJIeKTpoJaX, 3aHypPeHUX y PO3UUH,
cIocTepiraeThcA BUAIIEHHSA IEeBHUX
peuoBuH. Tak, mpm npomyckKaHHI

Puc. 23.2. Tennosa gija CTPYMy Uepes PO3UnH MiI[HOI‘O Ky-
€NEeKTPUYHOTrO CTPYMY
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§ 23. Enektpuunmid crpym

Puc. 28.3. XimiyHa pis cTtpymy.

mopocy (CuSO,) Ha HeraTuBHO 3a-
PAIKEHOMY €JIEKTPOIi BUIIIAETHCA
Mige (puc. 23.3).

Axio Ha 3ani3HU CTPpUIKEHDb HAa-
MOTaTH 130JIbOBAHUUM MiZHUUN IpiT,
a KiHIi mpoBigHMKAa IIifg egHATH OO
IIOJIIOCIB AsKepesia CTPyMy, TO APiOHI
MeTaJIeBi mpeaMeTu OYAYTHL HPUTHA-
ryBaTucsa Ao cTpukHs (puc. 23.4).
Ile aBuIie 3ymMoOBJIEeHe MAaTHiTHOIO
Ii€l0 eJIEKTPUYHOTO CTPYyMY, AKUHA
IIPOXOIUTDL Uepe3 MPOBiTHUK, HAMOTAHUM HABKOJO CTPUIKHSI.

Brepilie BOJINWB €JIeKTPUYHOTO CTPYMY Ha MATHIT OyJI0 DOBEIEHO
y 1820 p. mancbkum yueHuM-(pisukom I'amcom Kpucriamom Epcre-
IoM. 30KpeMa, eJeKTPUUYHUNA CTPYM, IO IPOXOAUTH IIPOBIAHUKOM,
CIPUUMHAE BiIXMIeHHA MATHITHOI CTPiJIKM, PO3TaIIOBAHOI IOOJIU3Y
nporo mpoBigHuKa. Ha Bigmminy Bim TemsoBoi Ta XimiuHoi, marmiTHa
Iis eJeKTPUYHOrO CTPYMY CIIOCTepPiraeThCsA 3aBiKIM, He3aJIeKHO Bif
TOTO0, AKWN MPOBIAHUK: TBEPAUM, PIAKWI UM TrasomomiOHMI.

IcTopuuno mepiioro Oyjaa BusBIeHa (isiosoriubma mis eleKTpuyU-
HOro ctpymy. Ile aBume y XVIII cT. onmcas royuiaHACBKUMN (hisUK
ITitrep Barn My1ieHOpyK micas BiAUyTTA il eI€eKTPUYHOTO CTPYMY Ha
oprauisam. dDiziosoriuHa Oisl €JIeKTPUUYHOrO CTPYMYy Ha OpraHisM JIio-
IVHU MOJKEe BUABJATHUCA B CYJOMHUX CKOPOUEHHAX M’ fA3iB, OmiKax,
MOPYILIeHHAX Oiosoriunmx (GpyHKI[iHA, eJleKTposisi KpoBi. Heratusumii
BILJIMB Ha OPTraHi3M JIIOAWHU IPOHOPIifiHui TpuBasocTi aii. [TloTpioHO
YiTKO JOTPUMYBATHUCA IIPABUJ OE3IEeKH ITiJi yac IPOBEAEHHSA MOCIiIiB
3 eJIEKTPUYHUM CTPYMOM Ta BUKOPHCTAHHSA ITOOYTOBUX €JIEKTPOIPU-
JaniB.

Pasom i3 Tum disiosoriuta Aisg eIeKTPUUYHOTO CTPYMY MOXKe OyTHu i
KOPHUCHOI0. ¥ BiJHOBJIOBAJBbHIA MeIUIIMHI IITUPOKO BUKOPUCTOBYIOTH
eaxexTpodopes. EleKTpoan MeguuHOTro IPUCTPOIO s eJeKTpodhope3y
(puc. 23.5) obropTaloThCsA CIEiaJbHUM MaTepiaJioM, SIKUH IIPOCOUy-
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€ThCA JIIKAPDCBKUMU PEeYOBUHAMU.
Ilig nmiero cabKoOro eJIeKTPUUHOTO
CTPYMY BOHHU PO3IiIAITHCA HAa IIO0-
3UTUBHO 3apAMKeHI YaCTUHKM, SIKi
PyXamThCsA OO KaToja, Ta HeraTus-
HO 3apsaKeHl YacTUHKH, II0 pyXa-
IOThCA OO aHoma. ¥ pes3yJbTaTi ITif-
CUJIIOETHCS Oif JiKiB Ha yIIKOI:KeHi
IiMTAHKYW OpraHismy.

Ilin wac mpomeaypu MiocTuMy-

Puc. 23.5. . .
BUKOPUCTAHHS adAmnii opraHiB i TKaHWH OopraHismy
PigioNoriuHoi Aji CTPYMy HU3bKOYACTOTHUM CTPYMOM BUKJIU-
nig, yac enekTpocdopesy KaeTbesAa (PisioioriuHe CKOPOUYEHHSA
M’S30BUX BOJIOKOH, IO TIOKPAIIYE
KPOBOOOIr.

Fonoene B usomy naparpadi

EnekTpuyHMM CTPyMOM Ha3MBalOTb YNOPSAKOBaHWNA (HanpsiMAEHUIA) pyX
3apaaXKeHNX YaCTUHOK.

[ns iCHyBaHHSA €NeKTPUYHOro CTPpyMy MOTPiOHA HasABHICTb:

— BINIbHNX HOCIIB €N1eKTPUYHOro 3apsaay (3apsaXeHmx YaCTUHOK), Hanpu-
Knajg, enekTpoHiB abo WNOHIB;

— €JIEKTPUYHOr 0 Nong, ke NOCTIMHO NIATPUMYETLCA OXKEPENOM XUBJIEHHS;

— 3aMKHEHOro efleKTpUYyHOro Kona.

3a HanpsM enekTpUYHOro CTPyMy MPUAMArTb HanpsiM pPyxy MNO3UTUBHO
3apsoKEHNX YaCTUHOK, TOOTO Big, MO3UTUBHO 3apsXeHOoro nostoca axepena
CTPYMY A0 HEraTMBHO 3apsiXKEHOrO.

OCHOBHUMW [ji MU €NeKTPUYHOro CTPYMy € TEennoBa, XiMivyHa, MarHiTHa
Ta ¢isionorivyHa.

Ha BigmiHy Big, TEnsOBOI Ta XiMi4HOI, MarHiTHa Ajg eneKkTpuYyHOro CTpymy
CMoCTepiraeTbCa 3aBXAW, HE3aNeXHO Big, BUAY NPOBigHMKA.

'GHHTGHHSI Ang camonepeBipKu

IIlo Taxke eneKTpuUHUI CTPyM?

3a AKX YMOB BUHUKAE Ta iCHYE€ €JeKTPUUYHUUA CTPyM?

fAx BUBHAUAIOTH HANIPAM €JIEKTPUUHOTO CTPYMY?

fAxi ocHOBHI Aii eeKTPUUYHOro CTPyMy BM 3HAETe?

Ile BUKOPHCTOBYIOTH TEILJIOBY [if0 €JeKTPUUYHOTO CTPyMYy?

Y uvomy moJisrae ximMiuHa i €JIeKTPHUUYHOIO CTPyMYy?

dAxi ocobmmBocTi MarHiTHOI il cTpymy?

fAx BmuBae Ha opraxism (disiosoriuna Iisi eIeKTPUUYHOTO CTPyMYy?

OO\IO.OTHAODM»—I
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8§ 24. EnektpuyHe koo Ta MOro OCHOBHI eNemeHTH

Bnpaea pgo § 23

1(n). HasBiTb, sKi Ail YAHUTb eNEeKTPUYHUIA CTPYM Nig, 4ac MNPOXOOXKEHHS
yepes cnipasb AaMnu pPo3XapioBaHHS.

2(n). MosAACHICTb, YOMY PyXa€eTbCa CTPiSIka KomMmnaca nig 4ac BMUKAHHS i
BUMMUKAHHS CTPYMYy B MPOBIAHWKY, PO3TalloBaHOMYy Mo6an3y KOM-
naca.

3(c). Po3rngHbTe pUCYHOK Ta BKaxXiTb, Y 9KUX BUMNaAkax i B KOMY Ha-

NpsiMi NPOXOANTUME €NEKTPUYHUIA CTPYM NO MeTanesi nanunydij, Lo
3’eHYE [Ba 3apsXeHi enekTpocKonu.

1 1 1 1
OO OO OO O

4(c). [MOACHITb, YOMY HanNPAMIEHUI PYX €NEeKTPOHIB Yy MPOBIOHUKY, AKUN
3’eOHye OBa 3apsmkKeHUX Tina, WBWUAKO NpunuHaeTbed. LLlo HeoO-
XiAHO [N OO€ep>XXaHHA TpuBanoro 6e3nepepBHOr0 eNekTPUYHOro
CTPyMy B MPOBIAHUKY?

5(m). HasBiTb Al enekTpMyHoro CTpymy, BUKOPUCTOBYBaAHI B €/1€KTPONo-
OyTOBMX Npunagax, ski € y Bac BoomMa (Hanpuknag, enekrpornpacka,
€NIeKTPUYHUIA YarHUK, NpasibHa MalunHa TOLLO).

6(B). Opea Tina, wo matoTb enektpuyHuin 3apag 10 mKn i 18 mKn,

3’€0HYI0Tb NPOBIAHVMKOM. BM3HauTe KinbKiCTb €MeKTPOHIB, WO Npo-
XOANTMME MO MNPOBIAHKKY.

§ 24. EjekTpruHe KOJIO Ta MOr0 OCHOBHIi eJIeMEHTH

» [ocepena xusnienHs ma iHWi cKAA008i eleKMPULHOZ0 KOLA
» Enexmpuuna cxema

JEKEPEJA ;KUBJIEHHSA TA ITHIII CKJIAODOBI EJIEKTPUYHOTIO
KOJIA. 3 montepenuix maparpadiB Bu BiKe 3HA€ETe, IO AJA BUHUKHEH-
HA ¥ OiATPpUMaHHS €JeKTPUYHOTO CTPYMY B IPOBIAHUKY BUKOPUCTO-
BYIOTH JKEPeJsi0 eJIeKTPUYHOTO CTPYMY.

Jxepesa eJIeKTPUIHOTO CTPYMY — Iie IIPUCTPOi, B AKUX Bif-
OyBa€ThCsd IEPETBOPEHHS Pi3HUX BUMIB eHeprii (MexaHiuHO],
XiMiuHOI, TemI0BOI, eHepril eJeKTPOMATHITHOTO BHIIPOMiHIO-
BaHHA) B €JIEeKTPUUHY.

H:xepesa eIeKTPUYHOTO CTPYMY PiBHMX BUIB IIPAITIOIOTH 3a IIPUHIT-
IIOM, AKWI MOJATae Y BUKOHAHHI POOOTH PIBHMMU CUJIAMU IJIA POSIIOLIi-
JIy TO3UTHBHUX i HeraTmBHUX 3apamiB. Ilosaroc mxepena cTpymy, 3aps-
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—Tlo3uTuBHUA

5 nosoc
CraneBuii —Cenapa TOp
kopnyc
1301591151 —AHOA
Karton
—AHOAHWV
rpPOBIAHVK
—I3on9Top

AN

HeratusHuii "CTpymoBuaHa
rnosoc wanba

a) 6)
Puc. 24.1. lanbBaHiyHi enemMeHTr:
a) 6ygoBa rasbBaHiHHOro €fIeEMEHTa;

0) ranbBaHi4Hi eneMeHTn ansg NoOyToBUX MPUCTPOIB

IXKEHOTO TO3UTUBHO, IIO3HAUAIOTH «+» 1 HA3WBAIOTHL aHOAOM, HEraTUBHO
3apAMKEeHUI TIOJIIOC JyKepesia IIO3HAYAIOTh «—» 1 Ha3WMBAIOTh KATOMIOM.

Hkepesa eJIeKTPUYHOTO CTPYMYy IIOAIJIAIOTH Ha ABa OCHOBHI BUIM:
ximiuHi Ta GisuuHi. ¥ XiMiuHHX J)Kepesax eJleKTpUUYHA eHeprid oTpu-
MYETLCA 3aBASAKU OKMCJIIOBAJbHO-BiJHOBIIOBAJLHIM XiMiUHUM peak-
miam. PisuuHi mAKepesa 3a0e3meUyIOTh IIEPETBOPEHHS IHINMX BUIIB
eHeprii B eJeKTPUUHY.

HalimomuperimuMyn XiMivHUMHI I)KepeaaMM eJIEKTPUYHOTO CTPY-
MYy € raJbBaHIUHI eJeMeHTH U akyMmyaATopu. ['ajbBaHiYHUYN eleMeHT
(puc. 24.1) craamaeTbcsA 3i cTajeBOr0 KOpIlyca, BCEPEAUHI AKOTrO
po3MiiieHo kKarton (CyMiIll ZBOOKIMCY MAarHiio Ta THUTaHY), a TaKOK
aHop (sKesemoAiOHA CYMIiIll IIMHKOBOTO IIOPOIIKY Ta eJeKTpoaiTy). Ka-
TOX i aHOA po3aijeHi cemapaTopom. MeTajleBuil KOPIyC IaJIbBAHIUHOTO
eJeMeHTa € MO3UTUBHUM IMOJIIOCOM i BKPUTUH i30JAIIHOIO IIJIiBKOIO.
Ilig wac ximiuHOI peakIlili MUHKY 3 €JeKTPOJIITOM Ha IIOJIOCAX TaJib-
BaAHIYHOTO eJieMeHTa BUHUKAE eJeKTPUUHE II0JIeE.

Jlo ranpBaHiUHUX [OKepesl CTPYMy HaJeXaTh TaKOXX eJeKTPUUHi
akymyaaropu (puc. 24.2). II1o6 akyMyJIsTOp CTaB I:KepPeioM CTPYMY,
oro moTpidHO 3apaauTH. Y Ipolleci 3apsamKeHHs BHACHIIOK XiMiuHMX
PeakIiii ouH eJIEKTPOJ aKyMyJIATOPa CTa€ MO3WUTUBHO 3apAMKEHUM,
a Ipyruii — HeTaTHUBHO, a OT/Ke, aKyMYJIATOpP IIOYMHAE HaramayBaTH
rajbBaHIiUHUNA €JIEeMEeHT, AKWN IIPAIIO€ JOTH, JOKU MOr0 eJeKTPoou He
BiTHOBJATHCA OO IOYAaTKOBOTO (umcroro) crany. IloTiMm arkymyJasaTop
HOTPiOHO 3HOBY 3apAIUTH.

Iammm npuKIamoM mikepesa eIeKTPUUYHOTO CTPYMY € eJIeKTPodop-
Ha MallluHa, IPUCTPill, Y AKOMY MexXaHiuHa eHeprid IepeTBOPIOETHCA
B exekTpuuHy. Ilig uac obepraHHsa ii AuCKiB BimbyBaeThcsa Helepeps-
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8§ 24. EnektpuyHe koo Ta MOro OCHOBHI eNemeHTH

lMnactuHa +
13onsuis
lMnactnHa —
Obmexy-
BasibHa
nnactuHa
a) 0)
Puc. 24.2. Akymyngaropu:
a) akymMynaTtop aBToMOOins;
0) akymynatopy MobinbHOro TenedoHy Ta HoyTOyka
Puc. 24.3. Puc. 24.4. BHyTpiwHS eHepria Harpis-
EnexktpodopHa mawmHa HUKa MEepeTBOPIOETLCS B €JIEKTPUYHY

He PO3MiJIeHHA eJeKTPUYHMX 3apAfiB i MiK eseKTpojaMu BUHUKAE
eJIEKTPUYHUN CTPyM — rasoBuii pospsan (puc. 24.3).

IIle ogaMM BUAOM AsKepesia JKUBJIEHHS € TEPMOEJIEMEHT, y IKOMY BHY-
TPIITHA €Heprisi HarpiBHUKA MePETBOPIOETHCA B eleKTpuuHy. HaitpocTi-
IITUM TEePMOEJIEMEHTOM € MBI CHadHi APOTHMHU 3 PIBHUX MeTaJiB (TepMo-
mapa). SIKIIf0 HarpiTu Miciie cIaio, TO B IPOBIAHUKY IIPOTiKaTHME eJeK-
TPUYHUMN CTPYM, AKUHN BiIXUIATUME CTPLJIKY rajbBaHomerpa (puc. 24.4).

Jocuts MepCcrneKTUBHUM [IKePesaoM KHUBJIEHHS € (POTOeJIeKTpUUHi
mxepesa (puc. 24.5). OcHOBHOIO IXHBOIO (PYHKI[IOHAJIBHOIO YACTHHOIO

Puc. 24.5. ®oToenekTpuyHi oxepena enekTpuyHoro CTpymy
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€ oToereMeHTH, AKi ITePETBOPIOIOTH
eHeprifo cBiTJa B eJeKTpuuyHy. Bu-
ABJSAETHCS, IO IIiJ Yac OCBiTJIeHHS
MeBHUX PEYOBUH, HANPUKJIAL, Ce-
JIeHYy, OKHCY MiZli, BOH BTPadYaioThb
HeTaTUBHUM eJIeKTPUUHUI 3apsan, a
OTKe, CTBOPIOETHCS €JIeKTPUYHE II0-
Je.
OkpiMm [mxepesia KUBJIEHHS IO
CKJIay eJIeKTPUUYHOTO KOJIa BXO-
Puc. 24.6. EnemeHTH IATH CIOKHBAUYL eJIeKTPUUYHOTO
eNleKTPUYHOro Kosa CTPYyMy — IIPUCTPOI, SAKi mepeTBO-
PIOIOTH €JIEeKTPUUYHY eHepriio B iHImi
BUAM (HampuKJal, TEIJOBY, MexaHiuHy). Clmo:xuBauaMu € eJeKTPO-
OBUTYHHU, €JICKTPUYHI JaMIMu, HarpiBaJbHi IIpMaIagn, pagionpuiiMaui,
TeJIeBi3opHu, MiKPOXBUJILOBI meui, HOyTOyKU, TeJedOHU TOIIO.

s mepemaBaHHS eJIEKTPUYHOI eHeprii Bifg mikepesa *KUBJIEHHSA
IO CIOKHMBaua BUKOPHCTOBYIOTH 3’ €IHYBaJbHI HPOBigHUKHU. SIKIIMO B
AKOMYCh MiCII[i IPOBiZHUK 00ipBEeTHCA, TO CTPYM Y KOJi IPUIUHUTH-
cd. Ha mpomMy I'pyHTYeETbCA HPUHIUAI Ail BUMHKAUIB €JIeKTPUYHOTO
crpymy. o HUX HajJeXaThb KJIOUi, KHOIKOBI BUMUKAaui, pyOuIbHUKH,
TOOTO TMIPUCTPOI, AKi 3aMUKAIOTh i POBMUKAIOTH €JIeKTPUYHI KoJa.

HapemiTi, 11106 BuMipoBaTu mapaMeTpu eJEeKTPUYHOTO CTPYMY B
KOJIi, BUKOPUCTOBYIOTH €JeKTPOBUMIipIoBaNbHI npuianu (puc. 24.6).

OT:xe, elekmpuyHe KOJO YmeEopowmbsb 0xepeso CMmpymy, Cnoriu-
8ayi eleKmMpPuUYHOl eHepezii, npucmpoi 018 BMUKAHHA MA BUMUKAHHS
eNeKMPUYH020 CMPYMY, eAeKMPOSUMIPIOBALbHI npucmpoi, 3’ €0HaHi
Mixc cobo10 3a 00NOM02010 NPosiOHUKIE.

EJIEKTPUYHA CXEMA. Coocobu 3’eIHaHHA eJeKTPUUYHUX IIPUIATIB
Y KOJIO 300pasKyIOThCS HA KPECJIeHHSIX, IKi Ha3sWBaAIOTh eJleKMpuiHU-
Mmu cxemamu. Ilpunagm Ha cxeMaxX IIO3HAUYAIOTHCSI YMOBHUMU 3HAKAMU
(puc. 24.7).

CxeMII IPOCTOTO EeJIeKTPUUYHOTO KOJia HaBeAeHO Ha puc. 24.8.

Bukopucranusa eJeKTPUUHMX CXeM A€ MOKJINBICTH 300paskaTu
KOMIIAKTHO HABiTh MOCHUTHL T'POMIi3JIKi eJeKTPMUYHI KoJja, IO 3HAUYHO
MIOJIETIIYE POOOTY iHIKeHepiB, KOHCTPYKTOPiB i (axiBIiB 3 006cCayro-
BYBAHHS Ta PEMOHTY €JeKTPUUYHUX IIPUJIALiB.

% PogsramyskeHi eaekTpumuHi Koaa. Ha Bigminy Bim mpocrtoro
B PO3raIy:KeHOMY eJIEKTPUUYHOMY KOJII € TaK 3BaHiI BY3JIOBi TOUKU
(Touku 3’emHAHHS TPHOX i OiNbIlle MTPOBIAHUKIB), AKi PO3MiIAIOTE HOTO
Ha okpemi rinkum (pumc. 24.9).
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§ 24. EnekTpuuHe kono Ta MOr0 OCHOBHI enemeHTH

C 3 Puc. 24.7. YMOBHI nNo3Ha4YeHHs
€/IEMEHTIB eNeKTPUYHUX Ki:

1 — ranbBaHiYHU €NeMEHT

. . % abo akymynsaTop;
2 — GaTapes rasbBaHi4YHUX

3. 9. _|:|_ enemMeHTiB abo akymMynsaTopis;
3 — 3’efHaHHeA NPOBIOHVKIB;

4 — nepeTuH NPOBIOHVKIB

_D:[D_ (6e3 3’egHaHHA);

: 5 — 3artuckyBadi gna nin’egHaHHsa

5 z z 11 CrnoxmBaya enekTpuyHoro cTpymy
(knemn);
6 I 6 — BuMUMKaY

(enekTpuyHUn KNoY);
7 — enekTpuyHa namna

B PO3XapEHHS;
Nk — . _
| 8 — enekTpUYHUIA A3BOHWUK;

9 — nNpoBIgHMK, WO Mae
neBHUIM onip (pe3ncTop);
® 10 — HarpiBaflbHUIN €NeMeHT;

11 — enexkTpPOBUMIPIOBASIbHUI
npunag (amnepmeTp)

()

U Puc. 24.8. Cxema npocToro
€eNIeKTPUYHOro Kona

BakI1BOIO 0COOJIMBICTIO IPOCTOTO €JIEeKTPUUYHOIO KOJa € Te, IO B
ycix #oro ejeMeHTax Teue OMHAKOBUU cTpyM. ToMy AJA BUSHAUYEHHS
€JIEKTPUYHOTO CTPYMY B IIPOCTOMY KOJIi JOCTATHBO BUMIPATH HOTO
BeINUYNHY Ha ONHil i3 HiIAHOK (BUSHAUUTHU CTPYM, AKUI Teue uepes
OyIL-AKUHA eJIeMEeHT).

Y KoKHIiH rijmi posrajy:KeHoro eJeKTPUUYHOro KOoJia CTPYyM, MOKe
BiZipidHATHUCA 3a 3HAUeHHAM. ToMy MOro BU3HAYAIOTh 3a CIeliaJIbHU-
MU IpaBUJIAMU, 3 AKUMU BU O3HAOMMUTECS IIi3HiIIIe.

Puc. 24.9. EnekTpuyHe KONO po3ranyxXeHe
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.nom-le B ubomy naparpadi

I>xepena enekTpuyHOro CTpymMy — L MNPUCTPOI, B SKUX BigOYBaAETbCA
NepeTBOPEHHS PISHUX BUAIB €Hepril (MexaHi4yHOI, XiMi4HOI, TEeNNOBOI, eHepril
€NeKTPOMarHiTHOro BUNPOMIHIOBAHHS) B €1EKTPUYHY.

EnekTpmnyHe KONO yTBOPIOIOTH OXXEPEesio CTPYMy, CroXmBadi enekTpu4HoOl
eHeprii, NPUCTPOI A9 BMUKAHHA Ta BUMUKAHHSA €/IEKTPUYHOIOo CTPYMY, efiek-
TPOBUMIPIOBAJIbHI MPUCTPOI, 9Ki 3’eQHaHi Mixk cOOO0K 32 AOMOMOro0 NpoBia-
HUKIB.

CnoxunBayaMmn enekTpUYHOro CTPYMY € eNeKTPOABUIYHU, ENEKTPUYHI Nam-
nn, HarpisanbHi Npunagm, paaionpunmMadi, Tenesi3opun, MiKPOXBUILOBI Medi,
HOYTOYKWN, TenedoHn ToLl.

3’eOHaHHS enekTPUYHNX NPUIadiB y Kosli 300paxyloTbCa Ha KPECTIEHHSX,
SIKi HA3MBAKOTLCHA E€NEKTPUYHUMMU CXEMaMMU.

Panm'ul-mn Ans camonepeBipKku

1. IIlo HaswWBaOTL AKEPEIOM eJeKTPUUYHOTO CTPyMy?

2. HasBiTh Bugu AKepea eJIeKTPUUYHOTO CTPYMY.

3. Slke mpusHaueHHS Ma€ OKepPesio eJeKTPUUYHOI'o CTPpyMy?

4. fxuM YMHOM eJIeKTPUUYHA €HepTis BiJ AsKepesa HaZa€TbhCsA CIIO-
JKMBaYaM eJeKTPUUYHOTO CTPyMy?

. HapexiThs mIpuUKJaaM CIIOKUBAUIB €JIEKTPUUHOTO CTPYyMY.

1o masuBaioTh eJeKTpUYHUM KojsioM? HasBiTh #ioro ocHOBHI eJie-

MEHTH.

.QO'(

AdoMallHii eKCnepuMeHT

Haiinpocrime ximMiude mxepeso eJIeKTPUYHOTO CTPYMY BH MOKETe
BUT'OTOBUTHY, BCTABUBIIIK MiTHUN Ta 3aJi3HUN €JEKTPOX Yy IIOJOBUHKY
aumona (puc. 24.10).

VHacrigok xiMiuHMX peaxiiiii oquH 3 eJIeKTPO/IiB, IO mepedyBaiTh
Y KHCJOTHOMY CEepeIOBUIIi JUMOHA, CTAE IMO3UTUBHO 3apAMKEHUM, a
OPYTuii — HETraTUBHO 3apAmlKeHnM. SIKIMO IIi ejleKTpoau 3’e€qHATH
MIPOBIAHUKOM BUHUKHe ejeKTpuuHuii crpym. Ha puc. 24.10 mysabTu-

MeTp IOKaldye 3HAUEHHS eJIeKTPUUYHOIO CTPY-
My, III0 BHHUKAE, KOJM M0 HMOTr0 3aTHUCKAUYiB
MpUETHATY CTAJEeBUHA i amomiHieBui (MimgHMIT)
IPOTU, a APYTi KiHI[I BCTPOMUTH B JUMOH abo
a0myko. Iloscuites 1me aBuine. IlepeBipre, uu
BILIMBAIOTH Ha MOKA3W MYJLTHMETPA BIUJ OBOUA
(kapromis, moMizop, IMuOyJasd TOIO) TA PEUOBU-
Ha apory (Migb, cTajdb, aJlOMiHi).

Puc. 24.10. CamopobHe XiMidyHe Oxepeno CTpymy
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§ 24. EnekTpuuHe kono Ta MOr0 OCHOBHI enemeHTH
BnpaBa po § 24
1(n). HasBiTb MepeTBOPEHHS eHeprii, WO BiaOyBaOTLCS B TaKMX OKepenax
CTPYMY, §K rasibBaHi4HU enemMeHT, GOTOENEMEHT, TEPMOESIEMEHT,
COHfIYHa enekTpobaTtapes. BkaxiTb, y AKkOMy HanpsiMi pyxaloTbcs
eJIeEKTPUYHI 3apaan BCepeavHi oxepena XUBJIEHHS.
2(n). Ha3BiTb OCHOBHi €neMeHTN enekTPMYHOro kona, 300paxeHoro Ha
PUCYHKY.
|\
| I
3(c). HakpechniTb cxeMy enekTpuYHOro kosna, 306paxeHoro Ha PUCYHKY.
4(n). HakpecniTb cxeMy 3’€HaHHS rasbBaHiYHOrO efieMeHTa, A3BOHMKA
Ta ABOX BUMMKAYiB, PO3TaLLOBAHUX Tak, W00 MOXHa Oyno BMMKaTK
O3BOHMK i3 ABOX PiI3HUX KiMHaT.
5(B). Bigomo, wo TpamMmBamHa niHia Ta NiHig XUBNEHHA €1eKTPOoNoi3aiB, Ha

BiAMIiHY Bif, TPONenbyCcHOI, Mae nNule OANH KOHTaKTHUIA enekTpuy-
HWI NPOBIAHUK. [MOACHITL, SKMM YMHOM 3aMWUKAETBLCSH E€NeKTPpU4He
KOJIO XMBMIEHHS €NeKTPOABUryHIB TpaMBaiB Ta €5eKTPOonoi3iB.
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§ 25. Cuna crpymy Ta ii BUMiproBaHHA. AMuepMeTrp

» Cuna cmpymy

» Buwmiprwearhnsa cuau cmpymy. Amnepmemp

CHJIA CTPYMY. fIx Bu 3HaeTe 3 momepeaHix maparpadiB, HagBHICTH
€JIeKTPUYHOTO CTPYMYy B MeTajIeBOMY IPOBiTHUKY BUABJIAETLCA Uepes
ioro TemsoBy, XimiuHy, marmiTHy, (isiosoriunmy gmiro. Ila mia moske

AHppe-Mapi AMmnep
(1775—1836)
BupaTtHuii dpaHLy3bkmin
MatemMaTuk QisuK i
npUPOAOOOCNIOHWK,
yneH lMapusbkoil
akagemil Hayk. ABTOp
HayKoBOI @i3NYHOT
Teopii, sika NOSICHI0E
B32EMO3B’ 30K
€NeKTPUYHUX i
MarHiTHUX SBULL,

A. M. Amnep
yBIB MOHATTHA
«ENEKTPUYHUI CTPYM».
YueHnii Tak
3axonoBaBcs
di3mkot0, WO 0gHOro
pasy BUMLLOBLUN 3
OOMy, HanmcaB Ha
OBepsiX Kpengow ong
BiABigyBadiB «[laHa
Amnepa Hemae BOOMa»,
a MOBEPHYBLUNCH
[0A0My, MpoYnTaB
BNIACHUI Hanuc
i MiLWOB reTb
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O0yTu abo cUJIbHIiIIOI, abo ciaabmrooo. OgHa i
Ta caMa eJIeKTPUYHA JlaMIa MOJKe CBiTUTHCS
MeHIII a0o0 OiJbIIl ACKPaBO HPU IIiAKJIIOUEH-
Hi 0 pisHMX m:KepeJs eJeKTPUUYHOIO CTPY-
My. YuMm Oinbllle 3HAUEHHS €JeKTPUUYHOTO
CTPYMY B €JIEMEHTi eJJeKTPUUHOTO KOJa, TUM
CUJIbHIiIIIe BUABJAETHCA Iid cTpyMmy. Benm-
YWHA eJeKTPUYHOTO CTPYMY B IIPOBITHUKY
3aJIeKUTh BiJl KiJIBKOCTI eJIeKTPOHIB (eJeK-
TPUYHOTO 3apAny), III0 IPOXOAATL Uepes Ho-
o TIOoIepevHuil Ilepepis 3a OAUHUIIO Yacy, i
XapaKTepus3yeThCA CHUJIOI0 CTPYMY.

Cunoro crpymy I HaszuBaroTh isuy-
HY BEeJIUYUHY, 1[0 XapPaKTEePHU3Y€E eJIeK-
TPUYHUN CTPYM y KOJi il JOpiBHIOE
BiTHOIIEHHIO €JIEKTPUYHOTO 3apAny q,
III0 MPOIIIOB Uepe3 MoNmepeyHuil mepe-
pi3 mpoBigHMKA, IO Yacy HOro IMpoxo-
IKeHHd i:

=1,
t
OpunHuieo cuiau crpymy € ammep [I] = A
(Ha3BaHUI TaK HA YeCTb BijoMOro ()paHIly3b-
Koro ¢isuka Amape Amiepa)
1Kan

1A= .
lc

Awmnep e ocuoBHOO omuuuieo CI. Ha Mixna-
pornHiit KoH(epeHIil y 1948 p. O6yJso BupileHo
TMOKJIACTY B OCHOBY BUSHAUEHHS OAWHUIL CUJIN
CTPYMYy SABHUIIE B3aEMOIl ABOX IapayeIbHUX
OpOBIAHUKIB 3i cTpymoM. [1a BCTaHOBJIEHHSA
OINUHUII CUJIV CTPYMY OepyTh ABa THYYKi ZOBTi
IPOBIJHUKY, PO3TAIIOBaHI IIapaJieJbHO OOUH




§ 25. Cuna crpymy Ta Ti BUMipIOBAHHS. AMnepmeTp

oguomy. I1i mpoBigHUKY in e THYIOTH
IO Kepejia eJeKTPUUYHOIO CTPYMY
TaKUM UYMHOM, 11100 CTPYM IIPOXOIUB
1Mo HUX B ogHOMYy Hampsawmi. Ilpu 3a-
MUKAHHI KoJla IPOBITHUKU OYyIyTh
MIPUTATYBATUCSA OOUH IO OOHOTO 3
nmeBHOIO cuyoio (puc. 25.1).

Ao NOpoOBiZHWMKU IIig egHATH
0 »Kepejia Tak, o0 CTpyM II0 HUX
NPOTiKaB y pPiBHUX HaAIpPAMKaxX, BO-
HU OyAyTh BiAIITOBXYyBATHCS 3 Ta-
Koo camoro cmioro. Cuia B3aemomil
mapaJjieIbHUX IITPOBIAHUKIB 31 CcTPy-
MOM BaJIeKHUTh BiJ iX MOBKWHM, BiICTaHI MisK HUMW, CHJIN CTPYMY
B HUX, CEepemoBUINA, B SKOMY BOHU posMmimieHi. Yum Oinwina cmia
CTPYMY, TUM OiJIbIIIOI0 OyAe cujaa B3a€eMOIil MPOBIAHUKIB.

3a 1 amnep Oepymv makxky cuiy cmpymy, 3a kol 8i0pisku 0680x
napaJnenrvHux npogidHukrie 3asdosixiku 1 m, podmauwosani Ha 8idcma-
Hi 1 m odun 8i0 00H020, 83acmoditoms Yy saxyymi i3 cunow 2 - 107 H.

g mpakTUUYHUX II0TPe0d BUKOPUCTOBYIOTH TaKOK UYACTHUHHI it
KpaTHi oguHUI cuau crpymy: Mimiammep (1 mA = 102 A), mixpo-
ammep (1 MrA = 10°% A), ximoammep (1 kA = 103 A).

Yepes OAMHUIIO CUJIU CTPYMYy amIep BU3HAYAIOTHL OIUHU-
II0 eJeKTPUYHOro 3apAny KyJoH: 1 xkymom = 1 ammep -1 ceKyHIa
(1 Kn=1A-1 c). 3a ofUHUIIO €JEeKTPUUYHOTO 3apsAny HNPUAMAaIOTh
3apdAn, IKWU IIPOXOANTL UYepes IIONEepPeuHmil Ilepepis MpPOBimHMKA 3a
1 ¢ mpu cuai crpymy 1 A.

EnexrpuuHuii 3apsan, 0 IPOXOAUTH Uepes IIONEepPeuH’il Iepepis
IIPOBiHUKA, HA3UBAIOTh TaKOXK KiNbKicTio enekTpuku: q = I -¢.

Puc. 25.1. MposigHnkn
NPUTATYIOTLCA NPU NPOXOOXKEHHI
4yepes3 HUX CTPyMy B OAHOMY
Hanpsami

BUMIPHOBAHHA CUJIN CTPYMY. AMIIEPMETP. [lyisa BuMmiproBaH-
HS CUJIA CTPYMY B €JIEKTPUYHOMY KOJIi BUKOPHCTOBYIOTH CIIeIliajIbHi
mpujagu — amiepmerpu (puc. 25.2).

a) 06) B)
Puc. 25.2. AMnepmeTpu: a) AeMOHCTpauiriHni; 6) nadopaTopHuii; B) LMOPOBUIA
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Puc. 25.3. BuMipioBaHHSA cunu
CTPyMy amMrnepMeTpoM:

a) amnepMeTp BMUKAETLCA B
eneKTpuyHe KOoJio NMoCniaoBHO;
6) nokasn amnepmeTpa B PI3HUX
TOYKaX efieKTPUYHOro kona
O HAaKOBI

178

IIpunnun nii ammepmerpiB (AuB.
puc. 25.2 a, 0) T'PYHTYyeTbCcA Ha
MAarHiTHi#A ail eJIeKTPUUYHOrO CTPY-
my. Crpinka amMimepMeTrpa KpPilHThb-
csd OO0 KOTYIIKMW, PO3TAIlIOBAHOI B
Mar"HiTHOMY MOJIi TOCTiHOTO Mar-
Hity. Ilpu migkiaroueHHi ammepwme-
Tpa 0 eJEeKTPUUYHOro KoJia uyepes
KOTYIIKY IIPOXOAUTH €JEeKTPUUHUNA
CcTpyM. YHacCJiloK Mar"HiTHoi B3ae-
MOZii KOTYIIIKa 3 NPUKPIIIJIeHOIo
0 Hei CTPLJIKOI0 TOBEPTAIOThCA Ha
neBHUU KyT. YuM OiIBIINHA CTPYM B
€JIEKTPUYHOMY KOJIi, TUM OiJBIINM
Oyme KyT BiIXWJIEHHS CTPIiIKU aM-
mepMeTpa.

s BUMipIOBaHHA CHUJI CTPYMY
B II€BHIiN AiJAHII KojJa IOTPiOHO
Moro po3iMKHYTU y OyAL-AKiH TOU-
mi miel gimapxkm # mig’egHATH IIO-
ciaimoBHo ammepmerp. Ha puc. 25.3
IOKa3aHO IIPUKJAJ BUMipIOBaHHSA
CUJIM CTPYMY Ha OiJIAHII KoJIa MiXK
JAMIIOYKOIO Ta KJUeM. SIKIIo II0-
PiBHATU IIOKa3u aMIlepMeTrpa, IIij-
KJIIOUEHOT'O OO0 PiBHUX MiJIAHOK KO-
aa (auB. puc. 25.3), BUABUTHCH, IO
BOHH OYAyTh OJHAKOBUMI, OCKiJb-
Ku uepesd OyIb-AKHU IIepepis KoJa,
BKJIIOUHO 3 »KepejioM, IIPOXOIUTH
OJHAKOBUM E€JeKTPUYHUN 3apsn.

Or:xe, amnepmemp nid’ednyromo
0o Odxcepena cmpymy nocnidoéHo 3i
cnojxcugavem (pesucmopom, enekx-
mpoaamMnow mouw,o) maKum 4UHOM,
wob 3HAKU «+» ma «—» Ha Kopnyci
8UMIPI08AILHO020 npunady 3bizanucs
3 8i0nogi0HuUMU noawcamu Oxcepena
cmpymy.

Posrnamemo peraabHimie IIKa-
JIy BUMipIOBaJIbHOTO Ipuiaany (puc.
25.4). Ha =i € miTepa A, AKa BKa-



§ 25. Cuna ctpymy Ta i BUMIpIOBAHHS. AMnepmeTp

3ye, MI0 el BUMipioBaJbHUI HpUJIag — aMIlep-
MeTp.

OckinbKU mepen JiTeporo A HeMae iHITUX JiTep
(HampuKJIam, m, 1) TO MAKCUMAaJIbHEe 3HAUYEHHS BU-
miproBamoi Besnmunau — 2 A. IlIkama ammepmerpa
piBHOMipHaA. 3arajgbHa KijdbKicTh momiiox — 40
(uucsio momisioK MisK IMU(pPOBUMU MO3HAUKAMU JI0-
piBuioe 10). Tozxi miHa MOmiIKYM IMIKAJU IIHOTO aM-

2A A . .
——=0,05——-_ Iligy mominkm
O mopg oz
MOKHa BUSHAUUTH 1 TaKuM uymHOM. MiMK cycin-
"HiMu mosHaukamu 0,5 Ta 1 ImKaau aMiepMerpa €

10 moxinok. Tomi:

C

nepmerpa: C=

Bigmosiguo mo puc. 25.4 crpinka npunany Bigxuiamiaacsa Ha 23 mo-

OiTKW, OT/Ke, aMIIepMeTp MOKa3ye CHUJIy CTPyMY:

I= 0,05A'23 nog=1,15A.
mop,

:1A—O,5A: 0,5 A 0,05 A '
10 mox 10 mopm afoYit

Puc. 25.4. Wkana
amnepmeTpa

Y pagioTexHili BUKOPHUCTOBYIOTH MiJi- Ta MiKpoamMIepMeTpu, Ha

IMKaJax SAKUX 300paskeHo BiamoBimmo mA, pA. MakcuMmajiabHe 3Ha-

YeHHS CHJIU CTPYMY, IO BUMipIOETHCA MiJliaMIIepMeTpPOM, 3a3BUYail

He mepeBuinye, 0,5—1 A, mikpoammepmerpom — 1 MA. Ilasa 3abes-

MeUYeHHs TOUYHOCTI BUMipIOBaHb IIKajJa TaKMX mpuiaagiB micturs 100

Ta OinbIie momijok (puc. 25.5).

Puc. 25.5.

Mini- Ta MikpoamnepmeTpu BUKOPUCTOBYIOTb

ON9 BUMIPIOBAHHA Manunx CTPyMiB
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.nom-le B ubomy naparpadi
Cunoto cTpymy | Ha3vBaloTb QiSNYHY BENVYUUHY, LLO XapaKkTepusye enek-

TPUYHUIA CTPYM Y KOJi W OOPIBHIOE BIOHOLLIEHHIO €NEeKTPUYHOro 3apsay g,
IO MNPOWLLOB 4Yepes MomnepeyvyHnin nepepi3 NpoBigHMKa, A0 Yacy WMOoro npo-

XOOXKEHHSA T

1=,
t

OanH amnep BignoBigae Takin cuai CTPyMy, 3a sKOI BiApi3kn ABOX napa-
NlefibHUX MPOBIAHVKIB 3aBAOBXKM 1 M, po3TawoBaHi Ha BigcTaHi 1 M oauH
BiO, OOHOro, B3aEMOMAIOTb Y BakyyMi 3 cunoto 2 - 1077 H.

[na BUMIpIOBAHHSA CUNU CTPYMY B €JIEKTPUYHOMY KOJli BUKOPUCTOBYIOTb
cneuianbHi Npunagn — amnepmeTpu. AMNepMeTp Nig’egHyloTb A0 aXepena
CTPYMY MNOC/ILOBHO 3i CnoXuBademM (pPe3ncTopoM, efieKTPOoNamnol TOLLO)
TakMM YMHOM, W06 3HAKU «+» Ta «—» Ha KOPMYCi BUMIpIOBANIbHOrO npunagy
3b6iranvcsa 3 BiANOBIAHMMK MOJlOCAMU OXXepena CTPyMmy.

BuMipsHe 3HaYeHHS CUnM CTPYMY B €NeKTPUYHOMY KONi JOPIiBHIOE O00YyT-
Ky LiHM MNOAINKWN LWKanu npunagy Ha KifbkKiCTb MNOAINOK, Ha §Ky Bigxununacs
CTpisika npunagy.

panm'al-u-m Ans camonepeBipku

1. Bixg yoro 3ajeXuTh Ois €JIEeKTPUUYHOTO CTPyMYy?

2. $fxy QismuHy BeIMUMHY HA3MBAIOTHh CHUJIOIO CTPYMY?

3. {K cmia cTpyMy 3alIeKUTh BiJ €JIeKTPUYHOrO 3apsny, IO IIPO-
XOOUTL Uepe3 MPOBimHUK, i uacy?

4. Sruii yyeHUH-Qi3UK yBiB MOHATTA «EJIEKTPUUHUN CTPYM»?

5. B axwumx ogmuunax MixHapomgHoi cucTeMu BUMIPIOETHCA CHJIA
ctpymy? SIKMM UMHOM BH3HAYAIOTH I[I0 OJMHUIIO?

6. $fxum mpumiamzoM BUMipIOIOTH CUJIY CTPYMY B €JIEKTPUUYHOMY KOJIi?

7. $Ixi ocob6aMBOCTI BKJIIOUEHHA aMIIepMeETPa B €JIEKTPUUYHE KOJIO?

8. Inasa 4yoro BUKOPHCTOBYIOTH Miji- Ta MiKpoammepmeTpu?

Bnpaea no § 25

1(n). BkaxiTb enekTpuyHy CXemy Ha sikii NpaBuibHO 300paxeHo Migkio-
YeHHs aMnepMeTpa B eNeKTPUYHE KOJO.

@) () OO
X & & 2

a 0 B r

2(c). HasBsiTb npunaamn, 306paxeHi Ha pUcyHky Ha c¢. 181, Ta BCTaAHOBITb
LiHY X noginku.
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§ 26. EnektpuuHa Hanpyra Ta i BumiptoBaHHs. Bonbtmertp

a) 6) B)
PucyHok oo 3aBgaHHeA 2

3(m). BusHaute cuay cTpymy B NpPOBigHUKY, 9kwWwo 3a 20 ¢ 4yepe3 nonepeu-
HUI nepepi3 NPOBigHMKA NMPOXOAUTb enekTpu4Huin 3apsan 68 Kn.

4(n). Yepes enekTpuyHuin npunag, yBiMKHEHU B €1eKTPUYHe KOJ10, Npo-
XOOUTb €NEKTPUYHUIA CTPYM cuioo 8 MKA. BuaHaute enekTpudHui
3apan, Wo NpoxXoamTb Yepes uen npunag 3a 12 xs.

5(m). BuaHauTe yac NPOXOOKEHHSA ENIEKTPUYHOIro CTPYMY MO MPOBIOHUKY,
aKwo npu cuni ctpymy 0,5 A No NpoOBiOHMKY NPONLLIOB €NeKTPUYHUI
3apan 7,7 Kn.

6(B). BuaHauTe KinbKiCTb €N1eKTPOoHIB, LLO NpoxoasTb 3a 1 ¢ 4yepes nepe-

pi3 MeTaneBoro NpoBigHuKa nNpu cuni cTpymy B HbomMy 0,8 MKA.

§ 26. ExexkTpuuHa Hampyra Ta il BUMiprOBaHHA.
BoasT™mMeTp

» Eaexmpuuna Hanpyza
» Buwmipweanna nanpyzu. Borvmmemp

EJIEKTPUYHA HAIIPYTA. Bam y:Ke Bimomo, I0 IJsA icCHYBaHHS
eJIEKTPUUYHOTO CTPYMY B PEUOBMHI He0OXimHa HAABHICTDL Y Hill BiIbHUX
3apAniB Ta eJeKTpuuyHOro mojd. Ilig yac pyxy BIIBHUX €JeKTPUYHUX
3apAMiB y OPOBITHUKY CUJIU €JIeKTPUUYHOTO II0JIT BUKOHYIOTH POOOTY,
AKY IIle Ha3uBalOTL POOOTOIO0 CcTpymMy. PoboTa cTpymMy B3ajeKUTh Bifm
BEJIMUMHU 3apANY, IO IEPEMIIyeThCA I Ai€l0 eJIeKTPUYHUX CHUJI,
TOOTO Bim cuam cTtpymy. YuMm OinbIa cujia CTPyMy, THUM OiJIBIIY PO-
60Ty BUKOHye cTpyM. llpuramaiiTe, ejleKTpoJiaMIla, uepe3 SAKY Teue
OinpIUIT CTPYM, CBIiTHUTBH scKpasiime. Pasom i3 Tum pobGora cTpymy,
a oTKe, 1 oro TeiioBa Oid 3aJE)KUTL He JININEe Bil 3HAUEHHS CU-
JU CTPyMYy. SIKIIO B €JIEKTPUUYHY MepeKy YBIMKHYTH ITOCJIiJOBHO
3’emHaHi MOOYTOBY €JIEKTPOJIAMITY TA HU3BKOBOJBLTHY €JIEKTPOJIAMITY
BiJl KUIIIEHHBKOBOTO JiXTapuKa, BOHU OYAYTh CBITHUTHCS IIO-pPi3HOMY.
ITo6yToBa ejeKTpoJiaMIIa CBITHTH 3HAUHO sSCKpaBillle, HiXK HU3BKO-
BOJIbTHA eJIEKTPOJIaMIIA.
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OCKinbKHM cmjia CTPYMY B 000X €JIeKTPOJIaM-
max OJHAKOBA, aje CTPYMOM BUKOHYETHCS Pi3-
Ha poboTa, Mae icCHyBaTH iHIIIa BeJUYMHA, Bil
AKOl 3ayIesKuTh pobora cTpymy. 110 Besmum-
HY, III0 XapaKTepusaye 3TATHICTHL eJIeKTPUYHO-
T0 II0JIA BUKOHYBATH POOOTY IIPU TEpeMillieH-
Hi eJIeKTPUYHOTO 3apsny B KOJIi, HasWMBaIOTH
€JIeKTPUYHOI0 HANpPyroio i mosHauaioTh U.

Hanpyra — ue ¢isuuna BeauuuHa,
KA XapaKTepus3ye Po6OTy eleKTpud-
Aneccanppo Bonbta HOTO TIOJIA 3 MepeHeCeHHA 3apaay

(1745—1825) 1 Ka y meBHiil mimgHni koJa.
BupatHun

iTaniicekun Gisnk, Hanpyza U na 0inanui KOLA YUCEJAbHO
XiMiK Ta @izionor, Py y

OGHOBOMONOKHIK dopisHie 8i0HOWeEHHI0O pobomu cmpymy 00
YUEHHSI NP0 ENEKTPUKY eseKmpuiH0z0 3apady ¢, W0 nepemiujyemo-
cs 8 negHill JinaHyi Koaa:

v=2.

q
EnexkrpuuHa Hampyra BuMmiproerbea y BoabTax [U] = B (HasBano Ha
yecThb Bimomoro itagificbkoro ¢isuka Ajeccanapo Boabta). 1 BOJBT
IOPiBHIOE TaKill eJeKTPUUHINA Hampysi Ha KiHIEX TiIAHKMN KoJa, KO-
Ju, IepeMillyoun ejJekTpuunuil 3apan B 1 Ki, elekTpuune mojie Bu-
KoHye poboty 1 JI:x:

1 MTox
1Kn

O TpakTUYHUX IIOTPed BUKOPUCTOBYIOTH TAKOMK UYACTUHHI U
KpaTHi omuuuii Hampyru: miziBoasT (1 MB = 102 B), MikpoBoJbT
(1 mxB = 10 B), xinoBosast (1 kB = 102 B), merasosst (1 MB = 10¢ B).

1B=

BUMIPIOBAHHS EJIEKTPUYHOI HAIIPYTH. [Ins BuMipioBaHHS
HaAIpyru Ha OOJIIocax M:Kepesia CTPyMy Ta Ha Oyab-AKil MiaaHIl Ko-
Jla BUKOPUCTOBYIOTH CIIEeIliaJibHi mpuaagu — BoJabTMeTpu (puc. 26.1).

a) 6) B)
Puc. 26.1. BonbTMeTpu: a) AeMOHCTpaLinHuiA; 6) nabopaTopHuiA; B) undpoBuii
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§ 26. EnektpuuHa Hanpyra Ta i BumiptoBaHHs. Bonbtmertp

BoabTMeTpn mpaIfioioTh 3a TAaKIM
caMUM OPUHITUIIOM, AK i aMIepme-
Tpu. Yum OijgbIlta Hampyra Ha [mi-
JSHII KoJa, TUM OijabIiuM Oyme KyT
BiIXMJIEHHS CTPiJIKM BOJIBTMETPA.

Ha sBigminy Big ammepmertpa,
BOJIBTMETP BMUKAETHCA B €JIEKTPUU-
He KOJIO IapajieJibHO Tili Woro mi-
JISHIT, Ha AKifl moTpibHO BUMipaTH
Hamnpyry (pumc. 26.2, a). Ilpu min-
KJIIOUEHHI BOJBLTMETPA eJIeKTPUUHEe
KOJIO He PO3pUBa€EThCA. BoabTMeETD,
OigxaodyeHuin go Touok I i 2, BuMi-
PIOE HAIPYTy Ha eJeKTPUYHIN JlaM-
mi, a 7o TOUoK 3 i 4 — Hampyry Ha
eJqekTpoaBuryHi (puc. 26.2, 6).

Boavmmemp nid’ednyroms napa-
JeavHo 00 3amuckysauie 0xcepena
cmpymy abo OiNAHKU KOLA MAKUM
YUHOM, W00 3HAKU «+» mMma «—» HA
itozo kopnyci 36icanucs 3 8i0nosio-
HUMU noawcamu dxcepena cmpymy.

Posrigmemo merajapHille IIIKa-
Jy BHUMIipOBaJLHOTO IIPUJALY
(puc. 26.3).

Ha mit € gitepa V, sgKa BKasye,
010 el BUMIipIOBaJbHUN NOpPHJIANL
— BoabTMeTp. OCKiJIbKM Iepen Jii-
Tepoio V HeMae H#OOHUX IIO3HAYOK
(mHampukJam, m, |1), TO MaKCUMAaJb-
He 3HAUEHHS BUMipIOBAaHOI BeJIUYU-

Hu — 6 B. IliHa momiixu IMKaJIu
IILOT'0 BOJILTMETPA:
6B B
C= =0,2 .
30 moz afoYit

OckinbKM CcTpiiKa mpuiaamy Bif-
xuanjgacsa Ha 23 MIOAiIKIM, BOJILT-
MeTp IIOKAa3ye HAIpPyry:

U=0,2£-23n0,u;=4,6B.
oI

Y pagiorexwmini nas BUMipioBaH-
HA HU3BKUX HaAIpPyr (HAaOpUKJIamH,
i yac HaJaroM:KeHHS PaIiompuii-

Puc. 26.2. BuMmiptoBaHHS

€NeKTPUYHOI HaNpyrn BOJIbTMETPOM:

a) BOSIbTMETP MigKN4aeTbCH

napanenbHo OO AO0CNIOKyBaHOI

ninsHkn kona; 6) BONbLTMETP,
MiOKAOYEHUA 00 ToYoK 1 i 2,

BUMIPIOE HanNpyry Ha enekTpuyHin

namnmi, a oo To4ok 3 i 4 —
Hanpyry Ha enekTpPoaBUryHi

Puc. 26.3. Lkana

BOJIbTMETPA
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Puc. 26.4. Ons
BUMIPIOBAHHS Hanpyru
BVIKOPUCTOBYIOTb
crneujanbHi
BOJIbTMETPMU:

a) MiniBoONbTMETP;

0) BONbTMETP 0N
BUMIPIOBAHHSA BMCOKNX
Hanpyr

MauiB) BUKOPHUCTOBYIOTH MigiBoabTMeTpu, mV (puc. 26.4, a). Maxk-
cuMaJibHe 3HaueHHs HaIpPyTH, III0 BUMipPIOETHCA TaKMMU IPUJIALaMU,
He IepeBuIllye, AK mpasmio, 0,5—1 B. Jl1a BuMipioBaHHSA BUCOKHX
HAIIPyT 3aCTOCOBYIOTHCS CIIeIiaJbHi BoabTMeTpu (pmc. 26.4, 0).

Fenoexe B ubomy naparpadi

Hanpyra — ue ¢isnyHa BenuunHa, sika xapaktepmaye poboTy enekTpuy-
HOro nong 3 nepeHeceHHda 3apsay 1 Kn y nesBHin aingHui kona.

Hanpyra U Ha AingHui kofa 4YnMcenbHO O0PIBHIOE BiOHOLLEHHIO POOOTU
CTPYMY 00 €eNIeKTPUYHOro 3apsay g, WO NepeMillyeTbCa B MNEBHIM AiNaHL
Kona:

v=4.

q

OOviH BONbT OOPIBHIOE Takil eNeKTPUYHIA Hanpy3i Ha KiHUSAX OingHKK Kona,
KOMN, nepeMillyodmn enekTpUYHNn 3apss B OAUMH KYJIOH, efleKTpUYHE none
BUKOHYE POBOTY OOVH OXKOYSib:
10
1Kn

[na BUMIpIOBaHHA HaNpyrv Ha NoJsiocax gxepena CTpyMy Ta Ha OyOb-SKil
OiNsHUi Kona BUKOPWUCTOBYIOTb CrewuiasibHi Nnpunaan — BONbTMETPW.

BonbTmeTp nig’egHyloTh napanenbHo A0 A0CAIOKYBaHOI AiNSHKX Kona Ta-
KUM YMHOM, W06 3HaKM «+» Ta «—» Ha MOro kopnyci 3b6iranuca 3 BiAnNoBiA-
HUMMK MOJIIOCaMK OXepena CTpyMmy.

1B=

'GHMTGHHH ANns camonepeBipku

1. dxy ¢isuuHy BeJMUYNMHY HA3WMBAIOTL HAIPYIro0?

2. S§xki mHaliBasKIMBIIIL mOCTHiAKeHHS BUKOHAB yUYeHHI, 3a iM’ aM
SAKOTO Ha3BAaHO OJWHUIL HATIPYTHU?

3. B arkux omununax Cl BumiproeTbcsa Hampyra?

4. $fxuMm mpuaazoM BEUMIPOIOTH HAIPYrY Ha TiAdHIi Kosa?

5. $fKi ocobamBoOCTi BKJIIOUEHHS BOJLTMETPA B €JIeKTPUYHE KOJO0?

6. 1A 4oro BUKOPHUCTOBYIOTH MiJiBOJIbTMETPHU?



§ 26.

EnektpuuHa Hanpyra Ta i BumiptoBaHHs. Bonbtmertp

1(n).

2(c).

3(n)-

4(n).

5(n).

6(B).

BkaxiTb €neKTpuyHy cxemy Ha §Kii MpaBuiIbHO 300paxXeHo MiaKIo-

Bnpaea po § 26

YEHHS BONbTMETPA?

Has3BiTb npunaan, 306paxeHi Ha PUCYHKY, Ta BCTAHOBITb BUMIpPIO-
BaHE HMMW 3HAYEHHS Hanpyru.

a)

BunsHaute Hanpyry Ha AiAgHLUi eNekKTPUYHOro Kona, sKuWo nig 4ac
nepeHeceHHs 3apsay 50 Kn enekTpuyHmini cTpym BUKOHaB pobOTy

1,2 kOx.

BusHauTe pobGOTy €N1EKTPUYHOro CTPyMy, KLLO npu Hanpy3i 220 B
no nNpoBioHUKY 6yno nepeHeceHo 3apsg 40 Kn.

Mig yac CBITIHHA NamMnM PO3XapktBaHHA E€NEeKTPUYHUN CTPYM BU-
koHaB poboTty 3,96 kx. BusHaute enekTpuyHuin 3apsig, KU npo-
MLIOB Yepes3 namny, sKLo BOHA yBiMKHyTa B Mepexy 220 B.
BuaHauTe, y CKinbkn pasiB BiAPI3HAETbCA Hanpyra Ha OBOX AiNHKax
KOna, SKWO Mg Yac MPOXOMXKEHHSI MO HUX OAHAKOBOrO eneKTpuy-
HOro 3apsiny B OAHOMY BUKOHYETbCS poboTta 160 [x, a B opyromy

400 Ox.

0)

&

B)
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§ 27. EneKTpUYHMH OIIip.
3axon OMa Oaqa JIIAHKM eJICKTPUYHOTO KoJia

» Enexmpuurnuil onip
» 36’A30K cusu cmpymy ma Hanpyzu
» 3akoH Oma 0ns OiNAHKU esleKMmpPUuiH0z0 KoJd

EJEKTPUYHHNI OIIIP. Po3riAHeMO eJeKTpPUYHe KOJIO, AKe CKJa-
IaeThbCcsd 3 oKepesa eJIeKTPUUYHOTO CTPYMY, METAJIEBOTO IIPOBiZHUKA
(cmipasi) Ta ammepmerpa. IlapajsenbHO A0 TPOBiTHWKA IIiAKJIIOUMMO
BOoJIbTMeTp. Ilpu 3aMuUKaHHI KJIOUA aMIepMeTp Oyae MOKa3yBaTU CUIY
CTPYMYy B KOJIi, a BOJIBTMETDP — HAIPYyry Ha KiHmax nposiguumka. Ilpu
Hampysi 6 B Ha KiHIAX TPOBiZHMKA cUJIa CTPYMY B KOJIi mopiBHIOE 1,2 A
(puc. 27.1, a). Ilin’egraemo 3amicTs crmipasi emexkTpuuny jgamnoy. [Ipu
Tifi camiii mampysi 6 B cTpym y sammi Oyme HACTiIbKM MaJUi, IO
I oT0 BUMipIOBAHHS NOBEIETHCS 3aMiCTh aMIlepMeTpa YBIMKHYTU
Migiammepmerp, AKkui mokamke 12 mA (puc. 27.1, 6).

TakuM ymHOM, 3a OJHAKOBUX YMOB €JIEKTPUYHHUNA CTPYM Yy HHUTIIL
pos:xkaproBanua jgamnu Oyzae B 100 pasiB mMeHIInii, HijK y OPOBiIHU-
Ky-cmipaJi.

YoMy K y APYroMy BUIIQAKY CHJIA CTPYMY 3HAQUHO MEHIIA, Hi¥XK Yy
IepIioMy, aasKe IKepeJio *KUBJIEHHS 1 eJeKTPUYHEe IoJie Ha KiHIaxX
OPOBiZHMKA B 000X BHIIaAKaxX OOHAKOBiI? AmHajisyioum pesyJbTaTu
eKCIIEpUMEHTY, MOKHa 3pOOUTU BUCHOBOK IIPO Te, IO CTPYM Y KOJIi
3aJIEKUTH BiJi BJIAaCTUBOCTEH ITPOBiHUKA, YBIMKHEHOTO B Kojio. HuTka
po3:KapoBaHHS €JeKTPUYHOI JIaMON YWUHUTL OiJbINy IIPOTHUOiI0 Ha-
OPAMJIEHOMY PYXY 3apAMKeHNX YaCTHHOK, Hi)K IIPOoBigZHUK. 'oBOPATH,
III0 BOHA Mae€ OLIBIINN eJeKTPUUHUI OIIip.

a) 0)
Puc. 27.1. Mpwn ogHakoBin Hanpyai
Ha KiHUAX PiI3HUX NPOBIOHWUKIB Cuia CTPYMY B HUX MOXE BiOpI3HATUCS:
a) cuna cTpymy B MPOBiIOHUKY-cRipani gopisHioe 1,2 A;
©) cuna CTpyMy B cnipani enekTpUyHOI namMmnum
y 100 pasiB MeHwa i gopisHoe 12 MA
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§ 27. Enextpuunmit onip. 3okon OMa ans QinsHKM EMEKTPUYHOTO KON

Puc. 27.2. Pyx BiNbHUX €NeKTPOHiB
y MPOBIAHWKY CrOBINIbHIOETLCS
BHACNIOK X B3aEMOAII 3 NOHaMu
KPUCTaniyHMX rpaTok

TakuM YMHOM, CHUJIa CTPYMY 3aJIe’KUTHh BiJ BJIACTHUBOCTEH HPOBi-
HUKAa, OCKiJIbKM Pi3HI IPOBIIHUKY MalOTh HEOAHAKOBUHN €JEKTPUUHUN
orip.

Enextpuunuii onmip — ¢izmuyna BearnumHa, IKa XapaKTepH-
3y€ BJIACTUBICTH MPOBiTHUKA HMPOTHHISTH IMPOXOIKEHHIO €JIeK-
TPUYHOTO CTPyMy.

EnekTpuunnii omip mpoBigHMKA ImOo3HAUYaIOTh JiTepoio R. Capobye-
MO po3ibpaTucsd, y YoMy IIOJATAE IPUUYNHA eJeKTPUUHOTO OIopy. K-
01 eJIEKTPOHU y IIPOBIAHUKY He 3a3HABAJU JKOTHUX IIEPEeIIKOo IIiJ uac
PYXy, BOHU, IPUBEAEHI B YIOPAAKOBAHUN PYyX €JEKTPUUYHUM II0JEM,
pyxanmca 6 3a iHepllieto HeoOMe:KeHO mOBro. HacmpaBii ejleKTpoHU
B3a€MOJIIOTh 3 iOHAMM KPHCTAJIUHMX I'paTOK i Mixk coboio. Ile cmo-
BIJILHIOE YIIOPAIKOBAHUU PYyX €JIEKTPOHIB i uepes ImolepevyHuil mepepis
NpoBigfHMKA 3a 1 ¢ TPOXOAUTHME MEHIa iX
KiJIbKiCcTh, TOOTO 3MEHIITYBATHMETLCS CHJA
crpymy (pme. 27.2).

3a OAWHUITIO OTIOPY IPUUMAOTh oguH OM.
[R] = Om. Omip Takoro mpoBigHUKA, B TKOMY
Ipu HAIpysi Ha #oro Kinmax 1 B cuaa cTpy-

1B
My gopiBHiOEe 1 A: 10m=—-.
y Z0op 1A

Opuunuisg omopy B 1881 p. Ha eleKTpoTex-
miugomy 3’ismi B Ilapum:ki Oysia HasBaHa Ha
YyecTh BigomMoro Himerpbkoro ¢ismka I'eopra

Oma.
3acTOCOBYIOTh I iHIIL OAMHHUIIL OIIOPY: Mi- Feopr Om
adiom (MOwm), Kimoom (kOm), meraom (MOm): (1787—1854)
1 MmOm = 0,001 Owm; BuoaTtHuin HiMeubkuia
1 kOm = 1000 Ow; Pisvk, oanH 3

OCHOBOMONOXHUKIB
YYEHHSI MPO ENEKTPUKY

1MOMm = 1 000 000 Om.
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Puc. 27.3. Mpunagn ona BMMIpIOBaHHSA
€NeKTPUYHOro ornopy: a) oMMeTp;
0) merommeTp; B) uMbpPOBUIA OMMETP

OaHUM i3 HAUIIOMIMPEHINNINX METOAiB BU3HAUEHHS OIIOPY IIPOBiIHU-
Ka € BUKOPUCTAHHA 3aJIeKHOCTI MisK HAIpyrom Ha HHOMY Ta CHUJOIO
cTpyMy B npoBigHuKy. Ha mpaxkTumi niad BUMipioBaHHA OIOPY IIPOBi-
HUKIiB BUKOPHCTOBYIOTH CIIeIiajgbHi mpuaagu — oMmmerpu (puc. 27.3).

3B’A30K CHUJIM CTPYMY TA HAIIPYI'U. Cuna cTpymy, Hampyra
i eJIEKTPUYHUN OIIip — Ie TPU HaAWBAXKJIMUBIIII (piswmuHI BeJamumHU,
AKi XapaKTepusyioTh Oy[b-AKe eJeKTpUuuHe Kojo. SIK IIi BeqmumHU
moB’aA3aHi MiK cob60i0?

Ha pocaigi BusHaummo, AK 3aJI€KUTHh CHUJa CTPYMY B IIPOBiTHUKY
BiT Hapyru Ha HbOMY. Po3ridHeMoO eJIeKTpHUUYHE KOJO, IO CKJIazja-
€ThCA 3 IOCJIIJOBHO 3’€HAHUX [)Kepejia CTPYMYy, METAJEeBOTO IIPO-
BimHUMKa y BUraani coipasi ta ammepmerpa. IlapanenbHo cmipadi
mig’equano BoabTMeTp (puc. 27.4, a). Beranosumo nHampyry U, = 2 B
Ha MeTaJieBili cmipaJi. 3aMKHeMO KJIOY i BUMipAEMO CHUJIY CTPYMY B
MPOBIiZHUKY aMmmepMmeTpoM. Bora cranoButh: I; = 0,4 A.

36inpIIMMO HANPYTy Ha OPOBigHWMKY y 2 pasu: U, = 4 B, cuna
CTPpyMy 306iJabIIUTHECA — amiepMmerp mokasye I, = 0,8 A. fAxmio Ha-
npyry 36imbmutu: U; = 6 B, 3pocre # cuma ctpymy: I; = 1,2 A
(puc. 27.4, 6).

ITo6yayemo rpadik 3aje’KHOCTI CUJIN CTPYMY B IIPOBIZHUKY Bix Ha-
npyru Ha HboMy (puc. 27.5).

a) 0)

Puc. 27.4. BuMipioBaHHSA cunau CTPyMy Ta Hanpyrv Ha AingHui kona:
a) npu Hanpysi 2 B cuna cTpymy B NpoBigHnKy ctaHoButb 0,4 A;
0) npu 36inbleHHI Hanpyrn oo 4 Ta 6 B
cuna cTpymy 306inblunTbes, BignosiaHo, ao 0,8 ta 1,2 A.
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8§ 27.

Enextpuunmit onip. 3okon OMa ans QinsHKM EMEKTPUYHOTO KON

TakuM UYWHOM, Cu.la CMPYmy 6
npogiOHUKY NPAMO NPONOPYIllHA HA-
npy3i Ha KiHUuAx nposioHuUKA.

OT:ke, MU Ha OOCJiAl IepexoHa-
Jucsd, I0 cuja CTPyMy B IIPOBif-
HUKY IPAMO ITPOHOPIlifiHA HAIpPYy3i
Ha ¥oro Kimmax. 3’sdAcyemo, AK 3a-
JIEXKUTH CHUJIA CTPYMY B IIPOBIAHUKY
Bif fioro omopy. Marumemo Ha yBa-
3i, 1o mig yac mpoBeneHHA (iszmu-
HUX OOCJTiNiB, Yy AKNX BU3HAYAIOTh
3aJIeKHICTL OAHiel BeJMUYMHU Bif
apyroi, Bci iHIII BeJIWYMHW MAaIOTh
0yTu craruMu. ¥ IOMEPegHbBOMY MI0-
CJIifi BUKOPHMCTOBYBABCA OAMH i TOI
caMuil IIPOBIJHUK, TOOTO HOro OIip
0yB cTrajauM. 3MiHIOBajJacs Hampyra
Ha KiHIIX IPOBiIHUKA, IO, ¥ CBOIO
yepry, 3yMOBJIOBAJIO 3MiHY CTPYMY
B IIPOBiIHUKY.

Y HacTymHOMY AOCTimi omHy W Ty
caMy HANpyTry OPUKJIATATIMEMO IO
MIPOBiIHUKIB i3 pidHUM omopom. Pos-
TJITHEMO eJIeKTPUUYHEe KOJIO 3 IIOCJi-
IOBHO 3’€QHAHUX MAsKepesia CTPYMY,
MarasmHy omopiB (Habip mMeTajeBUX
MPOBIAHUKIB i3 pisHMM omopoM) Ta
ammepMmerpa. IlapamenbHo a0 Mara-
3UHY OIOPiB YBiMKHEHO BOJbTMETD,
AKUi 3a0esmnmeuye KOHTPOJb CTaJIOl
Hanpyru 2 B (puc. 27.6).

BMukatuMeMo B eJIeKTpUYHE KO-
J10 1Mo uepasi omopu 1 Om, 2 Om, 4 Om
IpHU CTajJill Hampysi Ha KiHIEX mIpo-
Bimuuka 2 B. Ammepmertp, Bixmo-
BigHO, Oyme mokasyBatu 2 A, 1 A,
0,5 A. Ilobymyemo rpadixk 3a-
JEXKHOCTI CHJIM CTPYMYy B IIPOBif-
HUKY BiJ OIOpPYy HOPOBiZHWMKA IIPU
cTayliiii Hampysi Ha Horo KiHIIAX
(puc. 27.7).

I, A

1,2
0,8

0,4

0 2 4 6 U, B

Puc. 27.5. 3anexHictb cnam
CTPyMy B MPOBIAHMKY Big, Hanpyru
Ha MOro KiHUax

Puc. 27.6. docnigXeHHs
€NIEKTPUYHOro Kona 3
NMpoBigHMKaAMKM Pi3HMX ONOpPIB

1, AA
2__

o 4 2 4 R, Om

Puc. 27.7. 3anexHictb cunm

CTPyMy B MNPOBIOHMKY Bif, ONopy
NPOBIAHMKA NMpW cTanin Hanpyai
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3AKOH OMA OJid AIJAAHKHA EJJEKTPUYHOI'O KOJIA. Ilpoana-
JIIByBaBIIU PE3YJIbTATHU PO3TJIAHYTOTO MOCIiAY, MO0AUMMO, IO CULA
cmpymy 8 nposi0HUKY 3asedums 8i0 HAnpyzu HA KiHUAX 0iNSHKU KOJA
ma ii onopy.

3ajle’KHIiCTh CUJIM CTPYMY Biff HaOpyru Ha KiHIAX TIIAHKH KoJa
Ta Omopy Iiei AiNAHKY HaszuBaeTbcAa 3aKoHOM OMa Ui JiIAHKU KOJIa,
3a iM’aAM HiMelbKoro BueHoro I'eopra Oma, AKUII eKCIIepUMEHTAJIbHO
BiIKpUB Iieil 3akKoH i B 1826 p. oTpuMaB MaTeMaTUYHUNA BuUpas Iriel
3aJI€KHOCTI.

3axkon Oma anda minAHKYU KoJsia (JOPMYJIIOETHCA TAKUM UMHOM:

CUJIA CTPYMY B OTHOPiAHINA TiNSHIII KOJa MPAMO IIPOIOPILiii-
Ha HaIpPy3i Ha KiHIFEX i€l JIIIHKKM Ta 00epHEHO IIPOIopPIiiHa
ii eJIGKTPUYHOMY OIIOPY:

ne I — cuya cTpymy B AinauHIii kKosaa; U — mampyra Ha i mijgaHI;
R — omip minaHKwH.
3a zakoHom OMa MOKHA PO3PaxyBaTU CHJIY CTPYMY B OiISHIIL KO-

aa I ZE’ Hanpyry Ha ii kimmax U=1-R Ta omip AiIAHKU KoJa

U . . .
R= T 3BepHITH yBary: 3 oCTaHHBLOI (POPMYJIU HE BUILIWBAE, IIO OIMip

IPOBiTHMKA 3aJe€KUTh BiJl HAIPYTrW HA MOro KiHIIAX a00 CUIU CTPYMY
B HbOMY. Mu Oaumiu, IO OIip 3aJeKUTh BiJi PEUYOBUHU, 3 STKOI BU-
TOTOBJICHUH IIPOBIJHWK, MOT0 MOBHHU Ta IIOIEPEUYHOTO Iepepisy.

Mg spydHOCTi po3paxyHKiB popmMysu, HaBeleHi BUIllle, 3BOIATDH y
Tak 3BAaHUU TPUKYTHUK A BU3HAUEHHS CUJIU CTPYMY, HAIIPYTHU Ta
OIOPY B eJeKTPpUYHOMY Koii (puc. 27.8).

U U U

R
U
E=7

Puc. 27.8. 3anexHiCTb MiX CUIOKD CTPYMY B MPOBIAHMKY, MO0 ONOPOM i
Hanpyrow Ha KiHUgX NpoBigHMKa
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§ 27. Enextpuunmit onip. 3okon OMa ans QinsHKM EMEKTPUYHOTO KON

. U
Hna BUBHAUEHHA CUJIM CTPYMY 3aKPUBAIOTh I i UYMTAIOTH: E; LIS
BU3HAUEHHA HAIPyru 3akpuBawTb U 1 umrators [-R; niaa BusHa-
. U
YeHHs ONOpYy 3aKpuBawTh R i umraroTp —.

dopmyau, 110 BUILIUBAIOTL i3 3aKoHY OMa, BUKOPUCTOBYIOTHCS
IUIsi po3B’sizyBaHHS (GisWYHUX 3a7ad.

3adava. Ky HaATpPyry OOTPiOHO NPUKJIACTHU OO KiHIIIB AiIAHKU
KoJsia omopoM 10 Om, 1106 y gmimauii mpoxoaus ctpyM 2 A?

Hano: Po38’a30k

R =10 Om U

I=92A 3a s3akonomM OmMa miIsa JiIAHKKA KoJia: I:E’ 3BiAKHT
U=1"R;

U—? | U=2A-10 Om = 20 B.
Bigmosigs: U = 20 B.

FonoeHe B usomy naparpadi

EnekTpunyHnin onip — ue ¢idnyHa BennynHa, gka xapakTepusye BrnacTu-
BiCTb MPOBIAHMKA MPOTULIATU MPOXOLXEHHIO €NEKTPUYHOIO CTPYMY.

3a oavHuuo onopy npunmMatote 1 OM — onip Takoro NpoBigHVKA, B SKOMY
npwu Hamnpysi Ha noro KiHuax 1 B cuna ctpymy gopisHioe 1 A:

1OM=1E.
1A

Ha npaktuui gns BUMIpIOBaHHS ONopy MpPOBigHMKIB BUKOPUCTOBYIOTbL Cre-
uianbHi npunagn — OMMETPMU.

3anexHicTb CuUnM CTPyMy Bif, HanNpyru Ha KiHUSAX OiNsHKM Kona Ta onopy
Liel OingaHkyM Ha3mBaeTbCcs 3akoHOM OMa ong OingHKM Kona: cuna CTpymy B
OOHOPIOHIM AiNgHUI KoNa NpsAMOo NPOMNopLUiiHa Hanpy3i Ha KiHUAX Liel OingH-

U U
kn Ta o6epHeHO nponopujiHa i onopy: I=E.

Onip npoBigHMKa 3aneXuTb Big, PEY4OBUHU, 3 AKOI BiH BUrOTOBJIEHWUI, A0r0
OOBXMHM Ta NOMEPEYHOro nepepisy i He 3anexmTb Big Hanpyrnm Ha noro
KiHUSIX ab0 cunn CTPyMy B HbOMY.

3anutaHHs ans camonepesipku

1. IIlo Has3WBaOTL €JIEKTPUYHUM OIIOPOM?

2. $Ixa ogmuuna omopy B CI?

3. Sdrwuii meTonm HalyacTiIlle 3aCTOCOBYIOTH [JIs BU3HAUEHHS eJIeK-
TPUYHOTO OIOPY IIpoBimHMKA?

4. ki mpunagy BUKOPUCTOBYIOTH MJIsI BUMiPIOBAHHSA €JIEKTPUUYHOTO
ormopy? Ha yomy r'pyHTyeTbCSa NMPUHIIUANI iX mii?

5. CdopmyaoiiTe 3akoH Oma ajaa OiIAHKU KoJa.
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6.

1(n).
2(n).
3(c).

4(n).

5(n).

6(n).

7(B).

.. U .
IIpoananiayiite dopmyay R:T . U mMoikHaA BBa)KaTu, IO OIIip

TINTAHKYW eJeKTPUUYHOTO KoJia 3aJeKUTh BiJl CMIM CTPyMy B Hil
Ta Hanpyru Ha ii Kinmax? IlosgcHIiTb.

Bnpaea po § 27

YKaxitb, 9K 3MIHUTLCA Cwuia CTPYMYy B MPOBIAHWKY, AKLLO HAMpyry
Ha Moro KiHUsax 36inbwuTn y 2 pasu.

YKaxiTb 9K 3MiIHUTbCSA Cunia CTPYMy Ha AiNgHUi kona, SKWOo enek-
TPUYHWUIA OMip OiNSHKM KoNa 3MEHWUTN y 3 pasu.

BuaHaute cuny cTtpymy B nNpoBigHMKy ornopom 4 Om, aKWO enek-
TPUYHA Hanpyra Ha Moro KiHuax ctaHosuTb 10 B.

BnsHayte Hanpyry Ha 3aTuckyBadax enekTpuyHOl namnu nig, 4ac
NPOXOMXeHHs Mo Hin ctpymy 0,05 A, akwo npu Hanpysi 220 B cu-
na cTpymy B Hii gopiHioe 0,1 A.

Ha pucyHky nogaHo rpadikm 3anexHocTi I A

CUAN CTPYMy B MPOBIAHWKY Bif HaNpyru. 1 I
MosICHITE NPUYMHY PO30BIKHOCTEN 3HAYEHb

cuny cTpymy Ha rpadikax I, Il, Il npn Ha- 3

npysi 2, 4, 6 B. BusHaute enekTpuyHui 2

onip KOXHOro npoBigHVKa.

Mpwn Hanpy3i Ha 3aTucKyBavax pe3ncropa

220 B cuna cTpymMy B HbOMY CTaHOBWUTb 0 2 46 8U,B
5 A. Homy popiBHIOBaTUME cuna CTpymy

B PE3nNCTOopIi, SKWO Hanpyry 3MeHLUIUTN B

yoTupu pasn?

Y nposigHnky 3a 30 xB nNpoxoauTb enekTpuyHui 3apsg 1800 Kn.
Bu3HauTe onip NpoBigHVKA, SKLWO Hanpyra Ha Hbomy 12 B.

§ 28. PospaxyHok omopy mposBigauka. IIutomuii ormip

» Po3paxyHox onopy nposidHuKa
» ITumomuiir onip
» Pesucmopu. Peocmamu

PO3SPAXYHORK OIIOPY IIPOBIITHUMEKA. fIx Bu BiKe 3HaeTe 3 IIO-
nepeaHBOro Imaparpada, oIip IpPoBiJHMKA MOMKHA po3paxyBaTH 3a 3a-
kKoHoM Oma [Jid AiIAHKU eJIEKTPUYHOTO KOJa:

r=-Y.
1

Tako:K iCHYIOTH CIeIliaJbHi IPUCTPOI AJid BU3HAUEHHS OIOPY —
omMerpu. OgHAK He 3aB/KAU 3PYUYHO KOPUCTYBATUCH AK IEPIIUM CIIO-
coboM (ITOTPiOHO BUMipIOBATH CHJIY CTPYMY B IPOBIZHUKY Ta HAIPYTY
Ha TOTo KiHIAX), TaK i ApyruM (BUKOPHCTAHHSA OMMETpAa) IJS BU-
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§ 28. PospaxyHok onopy nposigHuka. [utomuit onip

3HAUEeHHsA omopy npoBimamka. Tomy
I PO3PAxXyHKY EJIEKTPUUHUX Kij 1
BUKOPUCTOBYIOTh (opMyJay, sAKa 2
BUpaKae 3ajIeKHICTh OIOPY IIPO-

BiZHUMKAa Bif MOT0 HOBMKWHMU, ILJIOIIL
A A A Hl 1. Hixpom S = 0,05 mm?

IIOTIEPEeYHOro IIepepisy Ta poay pe- 2. Hixpom S = 0.10 M2
yoBuHU. {1 BCcTaHOBJIEHHS ITiel 3a- 3. Cramb S = 0,10 mMm2
JIeXKHOCTI pOBTJIAHEeMO mociing (puc.

28.1).

CkiameMoO eJIeKTpUYHE KOJIO, B
AKOMY IIOCJiZOBHO 3’e€THAaHi mIiKe-
pesgo cTpymy, aMIlIepMeTp Ta [Je-
MOHCTpallifiHa TaHes b, Ha AKiit sa- Puc. 28.1. locnia Ana Bu3HaueHHs
Kpinieni mpoBigHuku. [IBa 3 HuUX SanexHOCTI onopy MeTanesoro
BUTOTOBJIEHI 3 HiXpomMy ¥ MaroTh MPOBIAHIKA BN, NOTO AOBXNHN,

) MJoLLi MOMepeYHoro nepepisy ta

OQHAKOBY NOBXKUHY, ajie Pi3HY ILIO- POZly PEYOBUHM
1y IomepeuHoro mepepisy. Tperiit
BUTOTOBJIEHUI 31 cTaJi I Mae Taky caMy OOBKHUHY, AK 1 iHIIi 1mpo-
BiIHUKM, Ta IIJIOILIY HOIIEPEYHOro IMepepisy, AK y APYroro MpoBiTHUKA
3 Hixpomy. IIpuian ckoHCTpyHOBaHMI TaKMM UMHOM, IO HOTO MOXK-
Ha BMHKATH B €JEKTPHUYHE KOJIO i AK IiJIUHA TPOBiAZHUK (KOHTAKTU
3 JjiBoro OOKy), i AK #10ro mojoBUHY (OAMH KOHTAKT i3 JiBOTO OOKY
mmaHesii, a IPyruil 3 mMpaBoro).

Bynemo crouaTKy BMUKaTU B €JIEKTPUUHE KOJO I[Nl MPOBIiAHUK
i cmocrepiraTu 3a IMOKasaMu aMIlIepMeTpa, a IIOTiM HOTo IIOJIOBUHY.
ITomiTuMo, IITO He3aJeKHO BiJ PEUYOBMHU, 3 SIKOI BHUT'OTOBJIEHO IIPO-
BiTHMK, OTr0 AOBXKHWHM Ta IIJOI IIOIIEPEYHOr0o IIepepidy CTpyM Ipu
BMUKAHHI ITiJIOTO IPOBigHWKA BABiUi MeHININN, HidK IIPM BKJIIOYEHI
MMOJIOBUHU IIpoBigHmMKa. ToOTO ommip Iisioro mpoBimHmKa BABiUi 6inb-
Ui, HidK HOro MOJOBUHMU.

‘ Omip npoBigfHNMKA NPAMO NMPOMOPIiHHUI HOTO TOBIKUHI. ‘

Mo:xkHa mepenbaunTH, IO, YUM OiJbIla JOBXKWHA [ ITPOBiIHUKA, TUM
OiyTBITIE €JIEKTPOHU, IO BIIOPSAAKOBAHO PYXaIOThCH, CTUKATUMYThCS 3 110-
HaAMI MeTaly, a OT:Ke, OLIbIIUM Oyae eleKTpUuHuii omip: R ~ [.

IToBTOPUMO mOCIizm, 3BepTalouud yBary Ha MOKAa3W aMIepMeTpa IIpu
BMUKaAHHI NPOBIJHUKIB i3 HiXpoMy OZHAKOBOI MOBXKUHU, ajie 3 pis-
HOIO TLJIOIEI0 IoIlepeuHoro mepepidy. IlomiTmmo, 110 mpm BMHKaHHI
OPOBiHUKA 3 OiJIBIIIOI0 IJIOIIEI0 IIOIEPEeYHOTo IIepepisy aMIiepMeTrp
moxasye Oinpimuii ctpyM. CTpyM y HIPOBiAHUKY 3 GiJIBIIIOIO IIJIOIIEIO
MIOMePeYHOTro IIepepisy IIpu OAHIN i Tifi camiit Hampysi Oyme OiIbIITNIA.
OT:xe, omImip Takoro mpoBigHMKA Oyme MEHIITHIA.
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Omip nmpoBigHUKa 00€pPHEHO MPOMOPIiHHUI ILIONIi WOTO IO-
IMepevyHoro Imepepiay.

Yum Oinpimmii Oyme IOIepeuyHHnil Imepepis mpoBimunmka S, TuM i3
MEHIIINMHU IIePeHIKogaMM PYXaTUMYThCA BIOPAIKOBAHI €JeKTPOHH i

. . . 1
TUM MeHINui 0yJe eJeKTpUUYHUN omip: R -3

ITloBTOPUMO mocCiiz, 3BepTaloym yBary Ha IIOKa3u aMIepMeTpa IIpu
BMHUKAaHHI B eJIeKTPUUYHE KOJIO IPM OAHIiN i Tifi caMiii Hampysi mpoBizg-
HHUKIiB i3 HiXpoMmy Ta craJi, AKi MalOTh OJHAKOBY MOBMKUHY Ta OIHAa-
KOBY ILJIOIITY ITolepeuHoro mepepisy. IlomiTumo, 1110 BeIuduuHa CTPYMY
BiZIpiBHATUMETHCH.

Omip mpoBigHUKA 3aJI€KUTH BiJ POAYy PEUYOBUHM, 3 AKOI BiH
BUTOTOBJIEHUH.

OueBUAHO, OMIip IMPOBIJHMKA 3ajieXKaTHMe BiJ HOro BHYTPiIIHBLOI
oymoBu. ToOTO Big pony peuyoBHHU, 3 SKOI BiH BUTOTOBJIEHUMN, OCKINIb-
KM BHYTPiIIHA KpucrajdiudHa OymoBa BU3HAYATHUME YACTOTY 3iTKHEHD
(B3aemogii) eJIeKTPOHIB i3 HIOHAMU KPHCTAJIUHOI I'DATKMH.

TakuM YMHOM, eJeKMPULHULL ONnip npamo nPonopuyiitHuil 008ICUHL
nposidHuKa, o6epHeH0 NPONnoOPuillHUll nJouwii 1020 nonepeyHozo nepe-
pisy U 3anexcumsv 8i0 pevos8uHU NPoBiIOHUKA.

Dopmyny o po3paxyHKY OHOPY IPOBiJHWMKA 3alUCYIOTh Y BU-
TJIAmL

R=p-,
ne R — omip mpoBigumka; | — [OOBMKMHA IPOBigHMKA; S — MJOIIa
IIOTIEPEYHOr0 Iepepisy mpoBigHUKA; p («po») — KoedillieHT mMPoIop-
mifftHOCTi, AKMIl 3aJIe’KUTH Bij Marepiany mposiguuka. VMoro Hasupa-
IOTH TUTOMUM OIIOPOM.

IIUTOMMUI OIIIP. IIuroMuii omip XxapakTepusye He KOHKDPETHHIT IPO-
BiIHUK, a MaTepiaj, 3 AKOr0 MOTO BUTOTOBJIEHO. 3 (DOPMYJIU IJIA PO3-
. . R-S
PaxyHKY OIOpPY IIHUTOMMH OITip MOKHA BU3HAUUTU SAK: p:T.
3a ogmHUII0 TUTOMOro omnopy B Cl 6epyTh MUTOMUI OIIip IIPOBif-
HUKa JOBKHUHOIO 1 M Ta IMJIOIIEI0 MmoIepeuyHoro mepepisy 1 m2, 1o

mae omip 1 Om.
2
19 M o
M

[p]zOM-M.
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§ 28. PospaxyHok onopy nposigHuka. [utomuit onip

Ha npakTuii Haiuacriine IJIONIY IIOIEPEYHOTO IIepepisy HPOBif-
HUKA BUPaKalOTh y MijJiMeTpax KBaApaTHUX (HAIIPUKJIAM, IIOIIEped-
HUU mepepis ONPOBIJHUKIB eJJeKTPUUYHOI MeperKi y KBapTUpi CTaHOBUTH
2,5 MM?), TOMY KOPHUCTYIOTHCS TAKOI0 OJUHUICIO IIMTOMOTO OIIOPY:

Om - mm?
1——.
M

PisHi peuoBuHU MaTh pisHi muToMmi omopu. ¥ Tabis. 28.1 HaBene-
HO TMHUTOMi OIIOPU AesIKUX PEUYOBUH i cmaaBiB mpu Ttemmepatypi 20 °C
(OCKiIBbKY OIIip MPOBIAHMKIB 3aJIe}KUTH BijJ TeMIepaTypu).

Tabauus 28.1

3HaYeHHS MUTOMOTIO OMOPY AeAKMX PEUYOBUH Ta CILJIABIB

Om - Mmm> Om - Mmm>
PeyoBuna py ——— PeuyoBuna py ———
M M
Anominii 0,028 Hixpom 1,1
Boabppam 0,055 OJ10BO 0,12
T'padit 13 Ilnatuna 0,1
3aJizo 0,1 PryTh 0,96
30JI0TO 0,024 CBuHeIb 0,21
Koncranran 05 Cpibo 0,016
JlaTyun 0,07—0,08 |Crans 0,10—0,14
Mins 0,017 Munk 0,061
Hikenn 0,073 dexpaab 1,3
Hikenin 0,4 YaByn 0,5—0,8

Ak 6aummo 3 Tabuawuii, meraau (cpibso, Migb, CBUHEIlb, AJIOMi-
Hilf) MaOTh MOPiBHAHO HeBEJUKUI nutoMuil omip. 1A mpoBigHUKIB
y eJeKTPUUYHUX KO0JIaX BUKOPUCTOBYIOTH APOTH 3 Mimi ¥ aroMiHifo.

B enekTpuyHUX JlaMIIaX, eJeKTPOHATPiBaJIbHUX ITpUJaax Hanyac-
Tillle BUKOPUCTOBYIOTh CILIABU 3 BEJIUKUM ITUTOMUM OIIOpoM (HiKesiH,
Hixpom, dexpaib).

l , .
Dopmyry R=p~§ 3aCTOCOBYIOTh MIJIA PO3B’sA3yBaHHA (PiSMUHUX

3aJlauy Ha BU3HAUEHHSA ONOPY IPOBiIHMKA.
3amaua. [[Bi ApoTMHM MAlOTh OJHAKOBY ILJIOIIY IIOIEPEUHOTO IIepe-
pisy Ta mom:xmuy. OmHa OpPOTHMHA BUTOTOBJIEHA 3 Mimi, a Apyra — 3
Hikeniny. BusHauTe, AKa 3 ABOX APOTHMH Ma€ MEHIITUUA eJeKTPUUHUN
onip. IlopiBHAiTE, ¥ CKiJIBKK pasiB BiApi3HAIOTHCA OMOPU IIPOBiAHU-
Om - Mmm? Om - Mmm?

KiB? IIuTomuii omip migi: 0,017 ——— , mikeminy: 0,4 ———.
M M
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Hano: Posé’a30k
S5, =8,=8 Onopu APOTHUH MOKHA BU3HAUUTHU 3a (POPMY-
L=1=1 l l

2 [MaMII R, =pyc—; Ry=py-—.
b= 0,017 M S S

M , 3Bigcu:
o, = 0,4 MMM 0.4 O’

M By _PelS By 77 m_g35
1.8 MM T

R, 9 B p R, 0,017 Om-mm™
R M

Bignmorigp: omip migHOi apoTruHu y 23,5 pasy MeHINHUH 3a OmIip Hi-
KeJiHOBOI IPOTUHH.

PESUCTOPU. PEOCTATH. ¥V cyuacHil pagioe/IeKTPOHIIli IITHMPOKO
BUKOPUCTOBYIOTH IPUCTPOI, IPUHITUI il AKUX I'PYHTYETHCA HA 3aKOHI
Owma. IIpunadu 3 Hepezysbo8aHUM (NOCMIUHUM ) ONOPOM HA3UBANOMDb
pesucmopamu (8i0 sam. resisto — onuparcy).

Haiinpocrimuit pesucTop ckjJamaeTbcad 3 Kapkaca I, BUTOTOBJIE-
HOTO 3 HEHpPOBiMHOTO Ta TePMOTPUBKOIO MaTepianay, Ha SKUN HaMO-
TaHoO APiT i3 BeIMKUM IIUTOMHUM OIIOpOoM 2, ab0 BKPHBAIOTL KapKac
TOHKOIO IIJITIBKOIO 3 IILOTO MAaTepiasy, 3aXMCHOTO IIIapy 3 Ta BUBO-
IiB 4, 3a JOMOMOTOI0 SKUX PE3UCTOP BMUKAIOTH B €JeKTPUUYHE KOJO
(puc. 28.2, a).

3ajie;KHO BiJ IpU3HaAUEHHS PE3UCTOPU BUTOTOBJAIOTH PiBHUX PO3-
MipiB Ta xKoHcTpykIii. Ha eleKTpmuHMX cxemMaxX iX 300paKaroTb ¥
BUIJIAAI YMOBHUX HO3HaueHb (puc. 28.3).

Y 6araThbox IPUCTPOSAX IIOTPIOHO mepeadauunTH MOKJINBICTDL IIIBU/I-
KO 3MiHIOBATH CHJIy CTPYMY B KOJIi (HAIIPUKJIAA, PeryJIOBaHHSA CUJIHU
CTPYMY B €JIEKTPOiHCTPYMEHTaX, eJIeKTPOABUTIYHAX IIBEIHOI MAaIHH-
Ku, TpoJieiitbyca abo TpamMBas). 3SBUYAWHUMU PE3UCTOPAMU POOUTHU Iie
IOCUTH CKJIALHO, OCKiJIbKM IX moBeJiocs OM HIOCTiiHO BHIIQIOBATH Ta
BOAIOBATU B eJeKTpuuHi cxemu. Tomy Ajd peryJroBaHHA CUJIU CTPY-

3 2 1

Puc. 28.2. bynosa peauncTopa

Puc. 28.3. Pesuctopu _:l_
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§ 28.

PospaxyHok onopy mposignuka. [Mutomuit onip

MYy B KOJIi 3aCTOCOBYIOThH CIIeIliaJIbHi
npuiazu — peocratu. Hatimomupe-
HIiIIUMU Ta JOCUTH 3PYUYHUMHU B KO-
pHUCTyBaHHI € ITOB3YHKOBI peocTaTw.

[ BUTOTOBJIEHHSA TAKOTO PEO-
craTa Ha KepaMiuHU#I Kapkac
HIiJIbHO HAMOTYIOTH APiT i3 Beau-
KUM IIUTOMHUM OIIOPOM, HAaIPUKJIAI,
KoHcTaHTaH. [Jia i30oJiFoBaHHSA BUT-
KiB ApoTy MisK coboio ix BKpuBa-
I0TH TOHKUM IIIapoM oKajJuHu. Ham
O0OMOTKOIO KpimuUThCSI MeTaJeBUi
CTPUKEHb, II0 AKOMY BiJIbHO MOXKE
pyxaTucsa IMOB3YHOK i3 KOHTaKTaMUu
Ta i30JLOBAHOIO PYUYKOIO, IO IIiJIb-
HO OPUJIATAIOTH A0 obmorku. Ilixg
yac IepeMillleHHs IIOB3YHKa WOTO0
KOHTaKTHU CTUPAIOTH ITap OKAJUHU
y MicIAX TOTHUKY, U eJIeKTPUUHUHN
CTPYM IIPOXOAUTH Bif APOTY MO0 TO-
B3YHKA Ta MeETaJeBOT0 CTPHKHA.
3SMiHIOIOUM IIOJOKEeHHsS MOB3YHKA,
3MiHIOIOTH MOBXKUHY IPOTHUHU, IIO
AKIiA ITPOXOIUTH CTPYM IO ITOB3YH-
Ka, i, BigmoBimHO, omip aKTwWBHOI
YyacTUHU peocrara. PeocraT BMUKa-
€ThCA B €JeKTPUUYHE KOJIO 3a JOIO-
MOTOI0 IBOX 3aTHCKYBAaUiB, OOUH 3
AKUX PO3TAlllOBaHUN HaA Kopmyci #
3’emHAHUNI 3 APOTUHOIO, a APYTHUi
— Ha IPOTHJIEKHOMY KiHIII MeTa-
JIEBOTO CTPUKHSA, IO AKOMY pyxXa-
€ThCsA MOB3YHOK (puc. 28.4).

Omip peocraTta MOKHA 3MEHIITY-
BaTHU BiJl NMEBHOTO MAaKCUMAJBLHOTO

6)

Puc. 28.4. PeocTtartu:
a) nabopaTopHU NOB3YHKOBUIA
peocTar;
6) AeMOHCTpauiiH1A NOB3YHKOBUIA
peocTaT i3 3aXUCHUM KOXYXOM

-+
—F &

Puc. 28.5. EnektpuyHe kono
3 peocTatoMm

3HAUYeHHA TpakTnyHo A0 0 (Ipm IbOoMy cuja CTPyMy B KOJIi 3TimgHO
i3 sakonom Oma cTpimMKo 3pocte). Tomy, eMuKawu peocmam 6 ejek-
mpuyHe KOO, 11020 NOB3YHOK Nepemiliyiomsv Y cepeiHE NOJONCeHHS
B8i0HOCHO AKMUBHOL 4acCMUHU, W00 He suilwau 3 1ady iHWi eaemeH-

mu KoJia.

Peocrat BMUKAOTh B €JIEKTPUYHE KOJIO, HAIPUKJIAJ, ITOCTiJOBHO
3 IJKEepesioM CTpyMy Ta amiepmerpom (puc. 28.5).
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Puc. 28.6. Pi3Hi Tunm peocrtatis

BukopucToByooThs peocTtaTu ¥ iHIIOI KOHCTPYKILii. SIKHIo omip B
eJeKTPUYHOMY KOJIi He IMOTPiObHO 3MiHIOBATU ILJIABHO, AK IIOB3YHKO-
BIM PEOCTATOM, TO MOXKEe 3aCTOCOBYBATHCA BasKiapHMII peocrar. Moro
omip i, BimmoBiAHO, Omip E€JIEKTPUUYHOTO KO0Jia, 3SMiHIOETHCS CTPUOKO-
momibHo. SIKIMO cujaa CcTPyMy B KOJII HEeBeJINKa, BUKOPHCTOBYIOTH pe-
OCTaTU y BUIJIALL HAOOPY PesMCTOPiB — MarasuHu pe3ucTopiB. Bu-
iMaioun ab0 BCTaBJIAIOYM MiJHI CTPpMIKHI — IITerncesi, 36iJbITYIOTH
Yy 3MEHIIYIOTh OIIip Iboro peocrara (puc. 28.6).

Fonosne B ubomy naparpadi

EnekTpuyHMin onip NpsiMO NPOMOPLiiHUIA [OBXMHI NPoBigHMKa, 06epHEHO
NMPOMOPLHNA NAOLLI NOro NonepevyHoro nepepisy n 3anexuTb Big, PEeYOBUHN
MPOBIAHMKA.

dopmyny ong po3paxyHKy Onopy NpoBigHMKA 3aMUCYIOTb Y BUMSAA]

R=p- i
S

MuToMnI onip xapakTepu3ye He KOHKPETHWUIM MPOBIOHMK, a mMarepian, 3
SIKOro MOro BUroToBNeHo. 3a oanHMLo nutomMoro ornopy B Cl 6epyTb NUTOMWIA
onip NpoBigHMKa 3aBAOBXKM 1 M Ta MJoLelo nonepevyHoro nepepizy 1 m?
wo mae onip 1 Owm:

2
1 OM—“z1 Om-Mm.
M

na perynioBaHHA CUnM CTPYMY B KOJi BUKOPUCTOBYIOTb CreLiasbHi npu-
nagn — peoctatu. Bmukatoum peoctat B efeKTpuUyHe Koo, MOro noB3YHOK
nepeMillyioTb Yy CEPEOHE MOJIOXEHHS BIQHOCHO akTUBHOI YaCTUHW, W06 He
BUNLINKW 3 nafy iHWi eneMeHTn Kona.

'GHMTGHHSI ANns camonepeBipKu

. Bimg axumx xapaKTepHCTHK 3aJI€KUTL OMIip HPOBigHHKA?

. 3a K00 (POpPMYJI0I0 PO3PAXOBYIOTH OIip METAJeBOTro IPOBigHUKA?
IIlo Ha3WBaIOTL MUTOMUM OIOPOM?

B AKUX OOUHUIAX BUMIipIOIOTH MUTOMUU OIip MPOBiIAHUKIB?

. Yomy mim uac MOHTa}Ky eJIeKTpoMepe:Ki OyIMHKY BUKOPHCTOBY-
IOTh IepeBaKHO MiJHI 0araTo:KMJIbHI ApoTu?

QU I W DN =
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§ 28. PospaxyHok onopy nposigHuka. [utomuit onip

6. dAxi mpuimagu HasuBalOTh pe3ucropamu? K pes3ucTopu mo3HaUa-
I0Th Ha €JEeKTPUUYHUX cXemax?

7. Sxuit npuaan masuBaioTbh peocrarom? IlosicHITHL mpUHIUIO HOTO
mii.

8. §Ix peocraTu mosHaualTh HA €JIEKTPUUYHUX cXeMax?

AdOMALLHIW eKcnepuMeHT

Booma yBakHO ompaijoiiTe HaBuaJdbHUN Marepian § 25—28 mig-
pyuHHKa. BisbMiTh MIMATOK MiZHOTO i30JILOBAHOTO APOTY Ta BUMi-
pdAliTe OTO MOBXKUHY 3a AOIIOMOTOI0 MipHOI cTpiuku. 3MoTaiTe APiT.
ITomipKy¥iTe, SKMM UYMHOM MOYKHA BU3HAUYUTU JOBXKUHY i30IbOBAHOTO
MiZHOTO IPOTY B MOTKY, He PO3MOTyiouu Ioro. Braskite mpuianu,
MOTPiOHI 1A IIBOTO eKCIEePUMEHTY, Ta HaKPeCJiTh CXeMy eJeKTpul-
HOTrOo KoJjia. ¥ KJaci I KepiBHUIITBOM YUHUTeJId IIepeBipTe 3amIpoIio-
HOBaHUI cIIoci0 Ta MOPiBHANTE OTpUMAaHe 3HAUEHHS NOBKUHU IPOTY
3 BUMipAHUM BAoOMaA.

Bnpaea po § 28

1(n). OaviH i3 OBOX MPOBIOHWKIB 3 OAHAKOBOKO MJOLLEKD MOMNEePEeYHOro
nepepisy, BUroTOBNEHNX 3 OOQHOrO Marepiany, BOBiYi KOPOTLWINI 3a
OpYyrun. 9knii 3 NPOBIOHMKIB Mae OiNblUMA €NeKTPUYHUIA Onip i B
CKinbkn pasis?

2(c). LBi OingHKM MigHOro ApoTy MaloTb OOHAKOBY OOBXWHY, ane pi3Hy
nnowy nepepisy: 1,6 i 0,8 mm2. Aka gingHka mMae MeHwWWi onip i B
CKinbkn pasis?

3(c). OGuuncniTe onip 3ani3HOro ApPOTY 3aBOOBXKM 1 KM, SKLWLO MOro no-
nepe4yHuin nepepiz 10 mm2.

4(n). OpvH i3 pBOX NPOBIAHMKIB ¥ 8 padiB AOBLUMI 3a iHWWIA, ane apyrun
Mae BABIYI Ginblly niowy nonepevyHoro nepepidy. MopisHsnTe, y
CKiNbkM pasziB BigPI3HAIOTLCA ONOPU MPOBIOHUKIB.

5(m). Onip migHoro gpoty 3aBmoexkm 90 M popiBHioe 2 OM. BusHaute
naoLLy rnornepeyvyHoro rnepepisy ApoTy.

6(m). BusHauTe, CKinbku MeTpiB HikeniHoBOro ApoTy nepepizom 0,1 Mm?
NMoTPIOHO ONs BUroTOBMIEHHSA peocTtata 3 ornopom 180 Om.
7(B). Bu3HauTe macy MigHOro opoTy, AOBXKWHA 9KOro 2 kM i onip 8,5 Om.

l'yctnHa migi 8,9 r/cmé.

LLle y XIX cT. Oynn BUHaWaeHi matepiann 3 BEVKUM MUTOMUM OMOPOM.
Brneplwe matepian, onip 9KOro He 3anexwuTb Big Temrepatypu, OTpuMas
amepukaHcbknin BUHaxigHuk EaBapn BectoH y 1888 p. Ta BUMKOpUCTaB 1Moro
BUIOTOBJIEHHS A1 KOTYLUOK €SIEKTPOBUMIPIOBaIbHMUX NMpuniagis. Y4eHnn Ha-
3BaB noro «Cnnae Ne 2», ane HiMelbki BUPOOHUKU, Y SKUX BiH PO3MICTMB
3aMOBJIEHHS] Ha BMPOOHMLTBO OPOTY 3 HOBOro marepiajny, Aaav MoMy Ha-
MMeHyBaHHS «KoHCTaHTaH», Mig, SKMM BiH i 3000yB nonynsipHicTe. Liein ma-
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Tepian BUKOPUCTOBYETLCA OJ19 BUTOTOBIEHHA TEPMONap, akTMBHOIO efleMeH-
Ta TeH3o4aTyMKa, PeocTaTiB i enekTpoHarpiBasbHUX e1eMeHTiB 3 poOoyoto
Temnepartypoto go 400—500 °C, BuMiptoBanbHUX NpunagiB BUCOKOrO Kiacy
TOYHOCTI.

BYNMOCA PO3B’A3YBATHU PISUYHI SATAYI
3 TEMH «CUJIA CTPYMY. EJJEKTPUYHA HAIIPYTA TA OIIIP»

PosB’asyioun 3amaui Ha 3aKOHU IIOCTiMHOTO CTPYMY, IIOTPiGHO Ipu-
rajaTy OCHOBHIi (DisMUHi 3a€KHOCTI MijK €JIeKTPUUYHUMHU XapaKTepuc-
THUKaMU, 3aKOHU, (popMyJu (Cujaa CTPyMy, Hampyra, omiip, sakoH Oma
IJIS OTiIAHKKW KO0JIa, 3aJeKHICTh OIIOpPYy MeTaJIiB Bil TeMmepaTypu, 3a-
KOHOMIipHOCTI, I1T0 BUKOHYIOTBECA IIPU IIOCTiJOBHOMY Ta IIapajelbHOMY
3’eqHAHHI MPOBIAHUKIB).

He za0OysatitTe, 1Mo geski gami, a camMe NMUTOMHUNA OIip, I'yCTHHA
TOIO, MiCTATHCA B TAOAUIAX (PiBUUHUX BEeJIWUUH, HaBEIAEHUX y IIif-
PYYHHUKY abo iHIUX J:Kepesax.

I mpuKJIany PosTIAHEMO POo3B’sI3yBaHHA AeKiJbKOX 3amad.

IIpukaan po3p’a3yBaHHA aAKicHOI ¢isuunHOi 3amaui
1. K OyayTh 3MiHIOBATHCS IMOKa3M HNPUJIALIB, 300paskeHNX HA PU-
cyuKy (a, 0), AKIIIO MOB3YHOK peocTaTa IepeMilllyBaTu JiBOpyd?

a) 0)
PucyHok oo 3apaui 1

Hacammepes BaKJIMBO 3BEePHYTH yBary Ha Te, II[0 HAIpyra Ha
KJeMmax (puc. a) € mocriiiHoio. SIKIMO Ha cxeMi 300pakeHO IKepesio
cTpymy (HampukJaanm, 6arapes, puc. 6), To 1A yMOBa He BUKOHYETBHCA!

Bynste yBaskHi!

IIpu mepewmimienHi mMoB3yHKa peocraTa JiBOpydY, HOTO0 Omip 30iJb-
ITyEThCS — CTPYM IIPOXOJUTH II0 IPAaBiii yacTWHi peocrara, AKa cTa-
jga posioio. OTiKe, OmIip ychOTo Kojia TeX 301JBIITYETHCA, TOMY IO
peocrar i pesucrtop 3’enHani mociigoBHO. I[A 0COGIMBICTD € CIiIBHOIO
I 000X eJeKTPUUYHUX Kija (puc. a, 6).
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§ 28. PospaxyHok onopy nposigHuka. [utomuit onip

PosrasaemMo 0COGJUBOCTI IIEPINIOTO eJeKTPUUYHOTO KoJia (puc. a).
Bigmosiguo g0 3akony Oma nis HiIAHKY KoJia Ipu 30iJbIIeHHI omopy
cHUJia CTPYMY 3MEHINYETHCA: aMIIepMeTp MoKasKe 3MeHIIIeHHA CTPYMY.

BoabpTMeTp mokasye Hampyry Ha pesuctopi. OCKiJIbKH ejleMeHTH
eJIEKTPUUHOTO KOoJIa 3’ €JHAHi MOCJIiTOBHO, CUJIa CTPYMY B YChOMY KOJIi
omHakoBa. IIpu 36iabIlIeHHI OIIOPY peocTaTa uepe3 Pe3UCTOp IIoTeue
meHmuit crpym. OTike, i Hampyra Ha HbOMY 3MeHIIUTheA: U = IR.
BoabpTMeTp moKaske 3MEHIIIEHHS HAIPYTH.

PosrasaaeMo 0coGJIMBOCTI APYroro ejgeKTpPUYHOTO KoJa (puc. 0).
Y KoJi0 YBIMKHEHO [AKepejio CTPpyMy, TOMY HaIpyra Ha Pi3HUX mi-
JAHKaxX OyJe HeoJZHaKOBOIO.

IIpu 36isbIlleHHI OMOPY peocTaTy uepes3 pPe3ucTop Oyae MPOXOAUTU
MEHIIU# CTPYyM, a HOTO0 OIIip 3aJHIIUTHCA HEe3MiHHHUM. 3a 3aKOHOM
Oma gna minaaku Koiga U = IR, ToMy IIOKas3u BOJbTMeTpa V, 3MeH-
ITyBaTUMYTHCS, AK i B IePIIOMY €JIeKTPUUYHOMY KOJIi.

Ilokasu BoabTMeTpa V,; OyAyTH 30iJIBIITyBaTHCA, TOMY IO OIp pe-
31CTOpPa 1 peocrara, AKi 3’eIHaHi IOCIiZOBHO, 3POCTaE.

IIpukaanu po3B’A3yBaHHA PO3PAXyHKOBUX (hi3MuHUX 3amau

3amaua 1. flka KiJBKicTh eJIEKTPOHIB IIPOXOAUTH KPish IIOmeped-
HUI Tepepis MpPOBiZHMKA 3a 5 ¢, KOJU CUJIa CTPYMY B HPOBITHUKY
12 A?

Hano: Posé’aszox

I=12 A s pos3B’sA3yBaHHA 3aJadui CKOPUCTAEMOCST
t=5c dopmyI0i0, IO IIOB’A3Y€ KiJIbKiCTh 3apsamiKe-
e=1,6 - 10" Kx HUX YACTHUHOK 3 €JeKTPUUYHUM 3apAg0oM, SKUHI
N—? OPOXOAUTH II0 MPOBIZHUKY ¢ =eN , a TaKoX

GopMyJIOI0 BUBHAUEHHA CUJIU CTPYMY B KoOJi I :% .

Orxe
I=ﬂ:> N :ﬁ,
t e
12A-
ITigcraBisiemo uwmciia N=—71‘20=37,5-1019.
1,6-10 " Kax

Bigmosins: N = 3,75 - 1020,

3amaua 2. BusHauuTu Macy HiKeJIiHOBOTO IIPOBiJHMKAa Ilepepizom
1 mm2, HeoOXiZHY /IS BUTOTOBJIEHHS PEOCTaTa, B AKOMY IPHU HAIpy3i
380 B mpoxomuth cuia crpymy 25 A. I'yveruma mikeniny 8,8 r/cmd.
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Hamno: Posé’a30k

I=25 Az Macy HiKeJaiHOBOro IPOBiAHMKA MOKHA BUPASUTU
S=1mm 3 OpMYyJIN A1 BUBHAUEHHS T'yCTUHU DPEUOBUHU
U=3808B m

p = 8,8 r/cm® p:V::»m:pV.

m — ?

OckinbKHK APIT MOKHA BBAsKATH IMIIHAPOM, II[0 MA€ BEIUKY JOB-
JKUHY I MaJIy IIJIOIIY IIOIIePeYHOro mepepisy, To 00’eM IpOBigHUKA
mopiBHioe 06’emy muiiaapa, Tooro V =1-8S.

JOBXUHY APOTY po3paxyemMo 3 (DOPMYJIM OIOPY IIPOBiAHUKA:

R:pei:ﬂ:E.
S e
. . U U
3a saxkomoMm Oma omip mOpiBHIOE: I=E=>R=7.

ITuromuii omip Hikeniny 3a Tabauieio: @ =1 2RAt
OT:xe, DOBKUHY IPOBIJHMKA MOKHA 3HAWTU 3a (DOPMYJIOIO:

[= U-S
P
IligcraBisieMo 3HAUEHHS:
B-1mm?
1= 3§O =38 m.
0,4 MMM oA

M
s 3pydyHOCTi po3paxyHKiB 06’€M BUMIPIOEMO B CAHTHUMETPAX KY-
Oiunmx, Tomy 38 M = 3800 cm, a mroma mepepisy 0,01 cm?:
m=pSi,
m=8,8 —.0,01 cm? 3800 cm =334 .

CM3

Bigmosigs: m =0,334 Kr.

BUABJIAECEMO IIPEAMETHY KOMIIETEHTHICTD
3 TEMH «CHJIA CTPYMY. EJJEKTPUYHA HAIIPYT'A TA OIIIP»
1(m). OOGepiTh YyMOBHe HMO3HAUEHHS PE3UCTOPA Ha €JeKTPUUYHUX CXe-

Max:

A) 1;

s  — T —— (X
B) 3; 1 2 3 4
T) 4.

2(mm). O6epith popmyay, AKa BUparkae MAaTEeMATHUUYHUI 3aIINC 3aKOHY
OMma ais OIIAHKY eJeKTPUYHOTO KoJjia:
A 1=, B) U=2, B) 1=Z, r) R=P.
t q R S
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§ 28. PospaxyHok onopy mposignuka. [Mutomuit onip

3(m). BraxiTh, AKa 3 €JIeKTPUUHUX XapPaKTEPUCTUK 3MiHUTHCA Ta IK
came, AKIIO 3MEHIIUTH AOBXKUHY IPOBiIHWKA, YBIMKHYTOrO B
eJIEKTPUYHE KOJIO IIPUM MHOCTiHHiN Hampysi:

A) cuna cTpymMy B KOJi 3MEHIIIHUTLCS;

B) #ioro omip 36inmbIIMTHCH;

B) cuna ctpymy B KoJi 36iJbINTUTBHCA;

I") manpyra Ha gminanii xKoja 30iIbHINTHCA.

4(m). OO6epiTh mpmiaajn, NPUSHAYECHUN [JIsd BU3HAUEHHS CHUJIU CTPYMY
B €JIEKTPUYHOMY KOJIi:

A) ammepmeTp;
B) BonbTM™MeTD;
B) emekTpockomn;
I') ommeTp.

5(mm). OOGepiTh Ha puc. 1 rpadix same;KHOCTL
CUJIU CTPYMY B METAJeBOMY IIPOBiIHI- 3
Ky Bim manpyru, AKMH BigmoBimae mpo-
BIiJHUKY 3 HAMEHIIIMM OIIOPOM:

A) 1;

B) 2;

B) 3; Puc. 1 O U B
T 4.

6(m). OOGepiTh Ha puc. 2 eJEeKTPUUHY CXEMY eJIEKTPUYHOTO KOJa, Y
AKOMY IPM 3aMHKaHHI KJpoua 2 A3BiHOK He mIpaifioe, a JiaM-

IIOYKa CBITUTBHCA: 1 1 1
A)1i2; ) 1 @;
B) 3; 2 2 1
B) 2; 1 2 3 4

i, 2id4. Puc. 2
7(c). VY rabauiii HaBeaeHO Pe3yJbTATH BUMipIOBaHHSA 3aJI€KHOCTI CH-
JU CTPYMYy Bif Hampyru ajs pesucrtopin 1 i 2.

LAA 4

U, B 0 1 2 3 4
I, A (pesuctop 1) 0 2 4 6 8
I, A (pesuctop 2) 0 3 5 7 9

BubepiTh nmpaBuibHe TBEePAKEHHS:

A) saxon OMa eKcIepUMeEHTaJbHO IiATBEPIKYETHCA TiIbKH
Ias pesuctopa 1;

B) 3akon OMa eKcIepuMeHTaJIbHO IIiITBEPIKYETHCA TiIbKU IJIA
pesuctopa 2;

B) saxon Oma eKcIepHMMeHTAJbHO IIiATBEPAKYEThCS OJIS pe-
suctopiB 1 i 2;

T") sakon Oma excliepruMeHTaJbHO He IMiATBePI:KyEThCA OJII pe-
suctopiB 1 i 2.
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8(c).

9(c).

10(x).

11 ().

12(x).

13(m).

14(s).

15(8).

204

BxaxiTh Hampyry Ha peocTraTi, SKIIO IIiJl Yac IIPOXOMKEeHHS
II0 HbOMY eJIeKTPUUHOTo 3apany 12 Ki ereKTpuuHe IIoJe BU-
KoHaJyio pobory 720 I:x:

A) 20 B; B) 60 B; B) 0,2 B; T') 8,64 &B.
BubepiTh 3HaueHHA OIIOPY MiAHOTO APOTY 3aBAOBXKKU 1 KM,
AKIO Horo mouepeuyHuil mepepis 10 mm?2:

A) 17 Owm; B) 1,7 Ow; B) 170 Owm; ) 0,017 Owm.
YcTraHOBITH BiATIOBIAHICTE MisK HA3BOIO [iKepeiia CTPYMY Ta Ho-
0 THUIIOM.

A) enexktpodopua mammHa 1) CBiTJIOBE IJKEPEIO CTPYMY

B) akymynarop 2) TemyioBe IKEPeJsio CTPYMY
B) Tepmomapa 3) MexaHiuHe OKepesio CTPyMY
I') comaunuii eremeHnTt 4) ximiuHe AKepeso CTPyMy
5) eJleKTpoOMAarHiITHe IKepeJo
CTPYMY

YceraHoBiTh BiAHOBIAHICTE MisK CHMJIOIO CTPYMY Ta 3apsagoM, IO
IIPOMIIIOB Uepe3 IIPOBIAHUK 3a BKasaHUM uac.

A) 3 A 1) 5 K, 10 ¢
B) 5 A 2) 15 Ka, 0,2 ¢
B) 75 A 3) 200 Ku, 20 ¢
I 0,5 A 4) 0,5 K, 0,1 c
5) 24 Kn, 8 ¢
/ 1 4

YoTupu IPOBiIHUKU, BUTOTOBJIEHI
3 ONHi€l peyoBWMHU, MAIOTh OJHAKO-

BY moB:KuHYy. CKOPHCTABIIINCH I'pa- 3
dikaMu 3aJIe:KHOCTI CUJIU CTPYMY
Big Hampyru (puc. 3), mopiBHATE 2

ILJIOIIi ITOIIePeYHOro IIepepisy mpo-

BiIHUKIB i poaTamiyiiTe iX y IIO-

PAAKY 30iJIbIIeHHA. Puc. 3
PeocraT BUTOTOBJIEHO 3 HiKEJiHOBOTO APOTY 3aBAOBMKKU 2 M i
ILIOIIEI0 moIlepeunoro mepepisy 0,3 mm?. Busnaure Hampyry Ha
peocrati, akimo cuiaa ctpymy B HboMy 0,5 A. IluTomuii omip
mikexiny 0,42 105 Om - m.

YV coipaii enexTpoHarpiBaua, BUTOTOBJIEHOTO 3 HiKeJIiHOBOTO
IPOTY ILIOIIEI0 Iolepeunoro mepepisy 0,1 mm2, mpu mHampysi
220 B cuna crpymy 4 A. BusuauTe ZOBKUHY IPOTY.

CKiNbKY eJIeKTPOHIB IPOXOIUTEL Uepesd 3ai3HUN APIT IPOTATOM
10 ¢ mpu mampysi Ha HhOoMy 10 B. Ilomxxuuaa apory 150 cwm,
ILIOIIA IoIlepedyHoro mepepisy 10 mm2.
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8 29. [NocninoeHe 3'€QHAHHS MPOBIAHHKIB

§ 29. IlocaigoBHe 3’¢THAHHSA MPOBITHUKIB

» IlocnidosHe 3’€0HAHHSA eJeMeHmi6 eleKmpPUYH020 KOAA
» Cusna cmpymy npu nocai0osHomy 3’€0HAHHI NPOBIOHUKIE
» Hanpyza npu nocnidogHomy 3’€0HAHHI NPOoBiOHUKIE

» Onip npu nocaidoéHomy 3’€0HAHHI NPOGIOHUKIE

IIOCJITOBHE 3’€MHAHHSA EJIEMEHTIB EJIJEKTPUYHOI'O KO-
JIA. Ona Toro 1mo0 CKJACTH eJeKTPUUYHE KOJO, IOTPiOHO IIeBHUM
YMHOM 3’€IHATHU OeKiJbKa eJleMeHTiB: AKepeso CTPYMY, CIIOKuBaY
eJIeKTPUYHOI eHeprii, BuMiproBandbHUM mpuian Tomio (puc. 29.1).

X

Puc. 29.1. MNocninoBHe 3’€OHAHHA €NeMEeHTIB eNeKTPUYHOro Kona

3’¢mMHaAHHA €JIeMEHTIiB eJIeKTPUYHOTO KO0JIa, 3a AKOT0 IIPOBij-
HUKHM 3’€THYIOTHCH II0 Yep3i OAUH 3a OJHHM, IPUUYOMY KiHelb
OIHOTO eJIeMeHTAa 3’€IHYETHCS 3 MOYATKOM TiJIbBKM OJHOTO Ha-
CTYITHOTO, HA3UBAETHCS MOCJIiTOBHUM.

Hampukaan, mocaioBHO 3’€IHYIOTh PE3UCTOPU, €JIEMEHTH aBTOMO-
0iibHOI aKyMmyJIaTOpHOI OarTapei (puc. 29.2).

a) 0)

R, R, R,
{3+ F
Puc. 29.2.
Mpuknagm nocnigoBHOro 3’€gHaHHS eNeMEHTIB:
a) nocnigoBHe 3’€QHAHHS PEe3nCTOopiB;
6) nocninoBHe 3’eQHaHHA €NeMEeHTIB
aBTOMOOINLHOI akyMynaTopHOi 6aTapel

CUJIA CTPYMY IIPU ITOCJIJOBHOMY 3’€IlHAHHI ITPOBI/-
HHUKIB. PosrasmemMo eJIeKTPHUYHE KOJIO 3 IIOCHiJOBHO 3’€qHAHUX
IiKepesia CTPYMY, ABOX eJIeKTPOJIaMII, aMIepMeTpa Ta BUMUKaUua
(puc. 29.3). 3aMKHEMO eJIEKTPUYHE KOJIO TA BUMipPAEMO CUJIY CTPYMY I,
B HBOMY.
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PoziMkHEMO eJjleKTpuuHE KOJIO
Ta HOig’egHAeMO aMIepMeTp Mix
eJIeKTpoJamMIaMu. Bumipaemo cuiry
ctpymy I,. IlpoBememo amasoriuni
BUMIpIOBaHHA cuUJU CTpyMmy I; Mik
JUKepeJoM CTPyMy Ta eJIeKTPOoJaM-
namu. IlopiBHABIN oTpuMaHi 3HA-
YeHHs, M006auYnMo, IO CUJIa CTPYMY
B OyIb-AKUX OiMAHKAX €JeKTPUUHO-
ro KoJia OfHaKOBa.

Puc. 29.3. MocniooBHO YBIMKHEHW IIpu nocaidosnomy 3’€0HAHHI

aMnepMeTp BUMIPIOE CUNY CTPYMY  eJleMeHmi8 cuaa cmpymy 6 ycix 0i-

B €/1eKTPUYHOMY KOS JLAHKAX eleKMmpPUYH020 KoJaa 00Ha-
kosa: I =1, =1,=..=1,.

HAIIPYTA IIPHU ITOCJIIJOBHOMY 3’€IHAHHI ITPOBIITHHKIB.
IIpuragaiiTe e1eKTPUUYHY TipJAAHIY, IKY BaM JOBOJAWJIOCS ITPUJIAIITO-
ByBaTH Ha HOBOPIUHY AJMHKY. 3a3BUUYail BOHa CKJIaJaeThCcsa 3 Oara-
THOX, IIOCJIiTOBHO 3’€IHAHUX HU3BKOBOJBTHUX €JEKTPOJIAMII, CBiTJIO-
miomiB, pospaxoBaHWX, HAIPUKJIAL, Ha OeKiJbKa BOJBLT, IIPOTE BU
3HaETe, IO TipJAHIa BMHUKAEThCA B Mepe:Ky Hampyromo 220 B. Homy
K HM3BKOBOJIBTHI €JIEMEHTH CBiTATLCA I He meperopamTs? Buapisa-
€ThCs, IO 3arajibHa HaIpyra, SKa IPUKJIAJAETHCA 0 KiHI[IB T'ipJIsaH-
I, POSIOAIIAETBCA MiK OKpPeMUMH eJeKTpojamMmnamu. Hampukrian,

100 eJIeKTpoJaMIIM TipJSHAW, po3paxoBaHi Ha Hampyry 3,5 B, He

. . . 220B
meperopinam, moTpioHO moCHiZoBHO 3’emHmatm —— =~ 63 JaMIum.

b
Posriasgnemo eeKTpudyHe KOJIO 3 IIOCHiIZOBHO 3’€¢QHAHUX [I:Kepesa
CTPYMY, ABOX €JIEeKTPOJaMII, aMIIepMeTpa Ta BUMHKAUYa. SaMKHEMO eJIeK-
TPUYHE KOJIO. AMIIepMeTp HoKaKe CUJIYy CTPyMy B HboMy. Ilo uepsi Bu-
MipsA€EMO BOJIBTMETPOM, I’ €qHYIOUM HOro mapajieibHO I0 3aTHCKYBauiB,
HAIIPyTy Ha HoJiocax m:Kepesa ctpymy U Ta Ha KOXKHIN 3 eIeKTPOoJIaMI
U,, U, (puc. 29.4). IlopiBHsIEMO BUMipAHi 3HAUEHHA HATPYTH.

Puc. 29.4. MapanenbHo
MigKAOYEHNA BOTbTMETP BUMIPIOE
Hampyry Ha nosiocax axepena
CTpymy
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8 29. [NocninoeHe 3'€QHAHHS MPOBIAHHKIB

Y pesyabTaTi Hampyra Ha HOOJIOCaxX IKepejia CTPYMY JOPiBHIOBA-
THMe CyMi Hampyr Ha eJIeKTPoJaMIlax:
U=U, +U,.
Takum YuHOM, NOBHA HANPY2a 8 eJeKMmPULHOMY Koai (abo Hanpy-
2a Ha noaiocax Oxcepeaa cmpymy) npu nocnidoénomy 3’€OHAHHI Jopis-
HI0E cymi Hanpye Ha okpemux Oiaaukax koaa: U =U; + U, +... + U,.

OIIIP ITPHU ITOCJAIZOBHOMY 3’€IHAHHI ITPOBITHUKIB. Po3s-
TJISAHEMO eJeKTPUUHe KOJIO 3 I MOCHiZOBHO 3’€¢THAHWX eJeMeHTiB.
3actocyemo 3axon OMa AJid BChOTO KOJIa TA OKPEMHX HOTO MiJAHOK.
Orpumaemo:

U=1I"R,
U, =I1'R,
U,=1"R,,
U, =I'R

ne I — cuia ctpymy B KoJai; R, R, R,, R, — 3arajbHUu#l omip Koja Ta
oro minaHok. OCKiJIbKM 3arajibHa HaIpyra Ha KiHISX MOCJiTOBHOTO
3’eIHAaHHA HOPiBHIOE CyMi Hampyr Ha OKPeMHX AiISHKaxX Koja, TOOTO
U=U,+U,+.+U,
Tol R=1"R, +I1I'R,+..+1 "R

3Bigcu: R=R, + R, + ... + R,.

3azanvruil onip npu nocaifoénomy 3’€0HAHHI 0OPiBHIOE cYMi Ono-
pis okpemux npogidHUKI8 ab0 O0iNAHOK eNeKMPUYHO20 KOILA!

R=R, + R, +.. + R,.

ITfo BJIACTUBICTH ITOCTiIZOBHOTO 3’€IHAHHA €JIeMEHTIB eJIeKTPUUHOIO
Ko0JIa BPaxOBYIOTh IPU BUTOTOBJEHHI ammepMeTpiB. OcKiIbKu aMIiep-
MEeTpP BMHKAETHCSI B KOJIO HOCIiJOBHO, TO MOro OIIip Mae OyTHU Ay:Ke
manuM (mecaTi abo coTi yacTKu oMma), 100 BiH CYTTEBO He BILINUBAB
Ha 3arajJbHUN OIIip i, BiATOBiAHO, CHUJIY CTPYMY B KOJIi.

Poarnamemo mpukianm 3amadi Ta ciapobyemMo poaibparucs, sk Qop-
MYJHN OJIS PO3PaXYHKY €JNeKTPUUHMX XapaKTepHUCTHUK Kija i3 mocJri-
IOBHUM 3’€IHAHHAM BHUKODPUCTOBYIOTH IJIsI PO3B’sA3yBaHHS (Pi3UUHUX
3amady.

3adaua. Tpu pesucropu 3 omopamu 2, 3, 5 OM 3’eqHAHI TOCIiTOB-
HO. AMIIepMeTp, YBIMKHEHU Yy KO0JIo, mokKasye ctpym 1 A. Busnauutu
OIlip KoJia, HAaOpPyry Ha KOKHOMY PEe3HCTOPi Ta MOBHY HAIPYry Ha
KiHIAX OiISHKM KoJa.
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Hano: Po3z6’a30k

R, = 2 Om Cxema miTAHKYW KOJa, KA POSTJIANAETHCA B 3aja-
R, =3 Om i, Ma€e BUTJIAM:
R3 = 5 OM

R, R, R,
I—1A T @

R—7 Pesucropu 3’emHaHi mocaimoBHO, TOMY 3aralbHUN
omip kona: R = R, + R, + Rg;
R=20m+ 3 0Om + 5 Om = 10 Owm.

Cuna cTpymMy IIpuU IIOCIiZTOBHOMY 3’€IHaAHHI OJHAaKOBa B yCix pe-
3UCTOPAX:

I,=1,=1,=1=1 A.
Hanpyry Ha KoXHOMY 3 pe3ucTOpiB BM3HAUMMO 3a 3akoHoM Owma
I OiTAHKU KoJa:
U =1-R,U;=1A"-20m-=
U,=1-R,,U;=1A"-30m
U;=1-R;,U;=1A"-50mMm-= .
IToBHA Hampyra B KOJIi IIpW IIOCJIiZOBHOMY 3’€IHaHHI:
U=U,+U,+U,, abo U =1 * R,
U=2B+3B+5B=10B,
abo U =1 A -10 Om = 10 B.
Bignosigs: R = 10 Om, U, =2 B, U, =3 B, U; =5 B, U = 10 B.

we we

I
ot W Do
W ww

Fonoene B ubomy naparpadi

3’eQHaHHS eNeMeHTIB eNIeKTPUYHOro Kona, 3a $KOro MpOoBiOgHUKN
3’€0HYIOTLCA MO 4Yep3i OOMH 3a OOHMM, MPUYOMY KiHEeLb OLHOro eflieMeHTa
3’€OHYETLCA 3 NOYaTKOM TiJIbKM OOHOM0 HACTYMHOro, HAa3MBAETLCH MOCNIL0B-

HUM.
Mpu nocnifoOBHOMY 3’€4HAHHI €N1EMEHTIB cufla CTPYMY B YCiX YaCTMHaX
enekTpudHoro kona ogHakoea: I =1, =1, =... = 1.

MoBHa Hanpyra B efeKTpuiHOMY Kosli (ab0o Hanpyra Ha noJscax axepena
CTPYMy) Npu MOCNIAOBHOMY 3’€4HAHHI OOPIBHIOE CyMi Hanpyr Ha OKPeMuX
pingukax kona: U = U, + U, +... + U,..

3aranbHuU onip Npu MOCNIAOBHOMY 3’€4HaHHi OOPIBHIOE CyMi OMOpiB
OKpEeMMX NPOBIAHWKIB ab0 AiNsgHOK enekTpuyHoro kona: R =R, + R, +... + R,.

SanutanHs ans camonepesipku

1. ke 3’emHaHHS €JIEMEHTIB eJIEKTPUUHOTO KOJa HAa3WUBAIOTh IOCJIi-
moBHUM? SIK iioro 300pasKaioTh HA €JIEKTPUYHUX CXeMax?

2. S§x BUMipATH CUIYy CTPYMY B €JeKTPHUUYHOMY KOJIi IPU IIOCJIiTOB-
HOMY 3’e¢mHaHHi #Horo enemeHTiB? Uum 3aeKUTh BUMipsHe 3Ha-
YeHHS BiJ TOUKM YBIMKHEHHS aMIIepMeTpa B eJeKTPUUYHE KO0JIO?

3. SIx Bu3HAUUTU IOBHY HAMPYTy B €JEKTPUUYHOMY KOJIi, AKIIO €
BUMIipsHI 3HaueHHsA HANPYr KOMKHOI 3 Horo AiJIsgHOK, 3’emHAaHIi
oCJJaigoBHO?

208



§ 29.

[NocninoeHe 3'€QHAHHS MPOBIAHHKIB

4.

5.

1(n).

2(c).

3(c).

4(n).

5(n).

6(B).

SIK Bu3HAUMTHU OHip AIIAHKU KOJIa, IO CKJIAZAETHCI 3 HeKiJIbKOX

IOCJIiIOBHO 3’€IHAHUX PE3UCTOPiB i3 BijoMuMu omopamu?
YoMy BHYTPIilIHIiN omip ammepmeTpa Mae OyTH Ay:Ke MaauM?

Bnpaea po § 29

HakpecniTb y 30WKUTI CXeMy eNeKTPMYHOro Kosa, 300paXxeHoro Ha

puc. 29.4. fki eneMeHTN eneKTpMYHOro Kona 3’eaHaHi NocnigoBHO?
MocnigpoBHO 3 BonbTMETpPOM, onip akoro 300 Om, yBiMKHEHO O0-
natkosui onip 2,7 kOM. BusHaute 3aranbHUiM ONip UMX €NEMEHTIB

ENEeKTPNYHOro Kona.

[ns OCBITNIEHHA TpaMBaMHOIo BaroHa BMKOPUCTOBYIOTLCS €N1eKTpUY-
Hi namnu, po3paxoBaHi Ha Hanpyry 120 B, xo4ya Hanpyra B KOHTaKT-
Hin Mepexi TpamBas 600 B. Ckinbku nammn Ta 9KMM YMHOM MatoTb
OyTn YBIMKHEHI B €NeKTPUYHY CUCTEMY OCBIT/IEHHSI TPaMBaMHOroO

BaroHa?

[MopiBHANTE TemnepaTypy HUTOK PO3XKapHOBaHHA OBOX OLHAKOBUX

eneKTpUYHMX namnoyok J1, i JI,, 300paxeHnx Ha eneKTPUYHI cxe-
Mi. 9K 3MIHUTbCS PO3XaAPKOBAHHA HUTKM KOXHOI 3 NTAMMOY0K, SKLLO
noB3yHOK D peocTtata R nepemictutu: a) npasopyd; 0) niBopy4d?
Harapaemo, wo po3XapeHHS HUTKM NaMMoYku 3aNeXuTb Big, CUiu
CTPYMY B Hili: yium Ginblua cuna cTpymy, TUM Binblue po3XapeHHs

i HaBnakwu.

PucyHok 0o 3aBpaHHsa 4 PucyHok 0o 3aBpaHHs 5

Onip pe3uncTopiB, YBIMKHYTUX B ENEKTPUYHE KOJSI0, CTAHOBUTb

R, =6 Om, R, = 12 Om. Noka3n BonbTMETPa 6 B. BuaHa4ute Hanpyry

Ha pe3uncTopi ornopom R, Ta Hanpyry U Ha OingHui kona.

Y KOO YBIMKHEHO MOCHIAOBHO TPY NPOBIAHMKK ornopoM R, = 50 Owm,

R, = 60 Om, R,= 120 Om (OMB. pUCYHOK A0 3agadi). Ay cuny cTpy-
My nokKadye amnepMeTp i gka Hanpyra Mix Todkamm A i B, akuwo

nokasu BonbTmMeTpa 12 B?

A R, R, R, B PucyHok oo 3apadi 6
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§ 30. IlapanenbHe 3’¢MHAHHSA NPOBITHUKIB

» Ilapanenvre 3’€OHAHHA eleMeHMi8 eLeKMPULHO02Z0 KOJA
» Hanpyea npu napanenvHomy 3’ €0HAHHI NpogiOHUKIE

» Cuna cmpymy npu napanenrbHomy 3’€0HAHHI NPOBiOHUKIE
» Onip npu napanenrvHomy 3’€0HAHHI NPOBIOHUKIE

ITAPAJIEJIBHE 3’€MHAHHSA EJIEMEHTIB EJIEKTPHYHOT'O KO-
JIA. Ha mpaxTuili ImmrpoKo BUKOPHCTOBYIOTH IIapajiefibHi 3’eIHaHHS

npoBigauKiB (puc. 30.1).
AN
R e
L

R T=aT

Puc. 30.1. MapanenbHe 3’e0HaHHSA €EMEHTIB €NeKTPUYHOro Kona

ITapajierbHNM HA3WBAIOTh TaKe 3’€THAHHS €JIEMEHTIB eJIeK-
TPUYHOTO KOJIA, 3a AKOTO OJHi KiHIIi BCiX MpOBiTHUKIB mpuen-
HYIOTH JI0 OJHi€l TOYKHU eJIEKTPUYHOIO K0JIa, a iHmIi KiHIi — mo
JIPYToi.

IIpu mapaJsiesbHOMY 3’€IHAHHI CTPYM Yy TOUKAaX 3 €IHAHHS PO3TAJy-
JKyeThes. Bei moOyToBi coKuBaUi eIeKTPUYHOTO CTPYMY 3’ € IHYIOThCS
napasieabro (puc. 30.2). ITapasmenbHO moIOCaM AiKepesa CTPyMy abo
3aTHCKYyBauaM CIOKMBAYa €JIEKTPUYHOI eHepTril BMUKAETHCA B €JIeK-
TPpUUHE KOJIO BOJILTMeTp. EJIeKTpruHi OCBiT/IIOBANIBbHI JlaMnIu, TejeBi-
30D, XOJOAMJIbHUK, MiKPOXBUJIbOBA IIiU TEK BMHKAIOTHCA IIapajeabHO
B €JIEKTPOMEPEKY KBapTUPHU.

Puc. 30.2. CnoxuBadi enekTpmMyHOro CTpymy
3’eQHYIOTbCS napanenbHo
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8 30. [MopanenbHe 3'€QHAHHA NPOBIAHMKIB

HAIIPYTA IIPHA ITAPAJIEJIBHO-
MY 3’€IHAHHI ITPOBITHUKIB.
PosrisueMo eleKTpuuyHE KOJIO, IO
CKJIaIaeThCs 3 JIBOX IIapajieIbHO
3’eTHAHNX HU3BKOBOJLTHUX e€JeK-
TpOJIaMII, IKepesia CTPYMY, BOJBT-
MeTpa Ta BuMmukKauiB (puc. 30.3).
OcKinbKu ejieMeHTH KoJia 3’€f-
HaHi mapaJjieJlbHO, TO IIPH PO3iMK-
HEeHUX BHUMHUKAYaX BOJLTMETDP IIO-
Kasye Hampyry Ha I[IOJIcax mIiKe- _|}‘___ 1
pena crpymy U = 6 B. 3amkHEMO
IepiIuii BUMHUKAY. Omma eJyieKTpo- .
JlaMIla IOYHe CBITHUTUCSA, BOJIBLTMETD
moxKasye Hampyry Ha Hiit U; = 6 B. 1 q
BumkHeMo nmepmiuii BUMUKAY i 3aM- L~
KHeMO Jpyruii. 3acBiTUThCA apyra
eJIEKTPOJIaMIIa, BOJBLTMETD ITOKa3ye
TaKky caMy HaIpyry Ha eJeKTPoJaM-
mi U,= 6 B. 3amkHemMO0 o6ugBa BU-

S

MuKadi BogHOUYac. OOuABL eneKTpo- Puc. 30.3. Mpu napanensHomy
JIJaMIIX CB1TATBCA OJHAKOBO ACKpPa- 3’eQHaHHI NPOBIOHWUKIB Hanpyra
BO, a BOJILTMETP IIOKa3ye€ HAIpyry Ha BCiX AiNFHKax enekTpuyYHOro
Ha JiAHIL KoJia (IoJrcax J:Kepesa Kona oAHakosa

crpymy) U = 6 B. Takum umaOM,
HAIpyra Ha IIapajejbHO 3 €JHAHUX eJIEKTPOoJIaMIIaX OJHAKOBA M [0-
piBHIOE HAIIPY3i Ha moJIfOcax :KepeJsa cTPyMy (Ha KiHIAX TiIAHKN):
U, =U,=U...

IIpu napanenvHomy 3’€0HAHHI HAnpyza HA NPO8iOHUKAX MaA KiH-
uysax dinauxu odnarosa: U =U, =U, = ... = U,.

3aBIAKM TaKill BJACTHBOCTI ImapajebHOro 3’€THAHHA HOT0 IIINPOKO
BUKOPHUCTOBYIOThL y TexHili Tta mooOyri. Tak, yci moOyToBi emexTpo-
mpuJiagu po3paxoBaHi Ha ogHAKOBY pobouy Hampyry 220 B, i ix ymu-
KalOTh B eJIeKTpoMepeKky mapajenbrHo. OCKiIbKU IIpu mapajelbHoOMY
BBIMKHEHHI CIIOKMBAaUi MOKHA BMHUKATU i BUMHUKATH He3aJeKHO OJUH
BiJl ogHOrO, TO BUXiJ i3 Jaay OmHOTO IPHJALy He BIJIMBA€E Ha POOOTY
iHImIUX.

CUJA CTPYMY IIPU ITAPAJIEJIBHOMY 3’€IHAHHI ITPOBI/-
HHUKIB. PosrisHeMo eJeKTpPUYHE KOJIO, IO CKJIAZAEThCSI 3 OBOX
HU3BbKOBOJBTHUX €JEKTPOJIaMII, YBIMKHEHUX MapajejbHO [0 IKepesa
CTPYMYy, aMIIEPMETPiB, MOCIiIOBHO BBIMKHEHUX 3 eJeKTpoJIaMIIaMI Ta
I:KepeyioM cTpymy, i Bummkauda (puc. 30.4).

211



X &

Puc. 30.4. Mpwn napanenbHOMy 3’€4HaHHi NPOBIAHUKIB CTPYM Y TO4YKaXx
3’€OHaHHS PO3rasly>XXyeTbCs

3aMKHEMO eJIEKTPUUYHE KOJIO Ta BUMIipsAeMO CUIy cTPymy I OO0 po3-
rajay:keHHa (MOBHY CHJY CTPYMY B KOJIi), cuay cTpymy I, y IepImii
eJeKTpoJaMIIi, cuay crpymy I, v apyriii exekrpoaamni. IlopiBHAeMO
BUMIpAHI 3HAUEHHA cUJU CcTpyMy. OTpuMaeMo, IO CHJA CTPYMY IO
poaranysKeHHA JOPIiBHIOE CyMi CHJI CTPYMIB y eJIeKTpoJiaMIIax:
I=1I +1,.

Cuna cTpymMy B HepO3rajly:KeHiii YacTHHiI KoJia JTOPiBHIOE
CyMi CTPyMiB y OKpeMHX MapaJjieIbHO 3’€THAHUX eJIeMeHTaXx
€JIEKTPUYHOTO KOJIa:

I=I+1I,+..+1

ne

OIIIP ITPU ITAPAJIEJIBHOMY 3’€ITHAHHI ITPOBI/ITHUKIB. Posz-
IJISHEMO eJIeKTPUYHE KOJIO 3 IIapaJiesibHO 3’eqHaHuX eaeMeHTiB. Cuia

. U
ctpymy B Takomy Koui I =1, + I, + ... + I, 3a sakonom Oma I:E,

a Il=£, Izzi, In=£. Toni g=£+£+...+£. CKOpOoTUB-
R, R, R, R R, R, R,
mu Ha U, oTpuMaemMo:
1 1 1 1
— =t — ..+ —.
R R, R, R,

IIpu napaneavromy 3’€OHAHHI eJleMEHMIB eeKMPULHOZ0 KOJA 6e-
AUYUHA, 00epHena 00 N08H020 onopy 3’ €OHAHHA, OOPIBHIOE CYMi 8eu-

. 1 1 1 1
YuH, 00epHeHUX 00 ONOpi8 P032ANYHCeHb: —=—+—+...+—.

R, R, R,

OcCKiZbKM BOJBTMETP [OJI BUMiIPIOBAHHA €JEKTPUUYHOI HAIPY-
I Mg’ eIHYEThCA IapajielbHO TiJAHII KoJia, Horo omip po6JdaTh
MakcuMagbHUM. PopMynu AJis BUSHAUEHHSA CUJIM CTPYMY M OIIOPY
Ipu IapajeJbHOMY 3 €THAHHI IIPOBiIHUKIB BUKOPUCTOBYIOTDH MJIS

po3B’aA3yBaHHA (pismuHUX 3amadu. PosriisgHeMo IPUKJIAL.
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8 30. [MopanenbHe 3'€QHAHHA NPOBIAHMKIB

3adaua. [IBa pesucropu 3 omopamu 2 Ta 4 OM 3’eqHAaHI Imapajeib-
Ho. o KiHIIB miiguKu mpuKIameHa Hampyra 8 B. BusmauuTu omip
KO0JIa, CUJIy CTPYMY B KOKHOMY PE3UCTOPi Ta IOBHY CHJIy CTPYMY B
TIIAHIL KoJia.

Hano: Pozé’a30k
R, =2 Om Cxema OiIAHKUN KoJa, SAKa PO3rJIATacThcsA B 3ama-
R, =3 Om 4i, Ma€ BUTJIANI:
R3 = 5 OM R1
I=1A
R —? F—e ——

 —

L

R,

Pesuctopu 3’eqHaHi mapajeabHO, TOMY Hampyra Ha KiHIIAX AiTdH-
KU OOpiBHIOE Hampysi Ha KokHOMY pesuctopi: U = U; = U, = 8 B.
3araJapHU# Oomip mpM MmapajerbHOMY 3’€IHAHHI BHU3HAYAETLCA i3 3a-

JIEXKHOCTi:
1 1 1 R ‘R 20M-40m 8 Om?
-~ i~ 10610 R=ate p_ cUM/AUM _OUM
R R, R, R, +R, 20M+40Mm 60mM
Cuny ctpymMy B KOKHOMY 3 Pe3MCTOPiB 3HaiigeMo 3a 3akomoM Oma
I TIIAHKKM KoJia:

=1,30m.

R ' 20m
12_2 [2:8_B:2A.
R, ? 40m

IToBHa cuma cTpymMy B OiJISHIIL KOJa OPU IapajiebHOMY 3’ €IHAHHI:
U
I =1 +1,, abo I=E,

I=4A+2A=6A, abo I:8—B:6A.
1,30m

Bigmosigs: R=1,30Mm, I, =4 A, [, =2 A, ] =6 A.

Foénosne B usomy naparpadi

MapanenbHMM Ha3MBaKOTb Take 3’€OHAHHS e/IEMEHTIB eJIEKTPUYHOro Kona,
3a 9KOro OAHi KiHUj BCiX NPOBIAHMKIB NPUEOHYIOTb OO0 OAHIEI TOYKMN ENeKTpuY-
HOro Kona, a iHwWi KiHui — a0 apyroi.

Mpwv napanensHOMy 3’€QHaHHI Hanpyra Ha NPoBigHMKAX Ta KiHUAX OiINgGHKU
o HakoBa:

U=U,=U,=..=U,.

Cuna cTpymy B HEPOIrajlyXXeHilh YacTUHI Kona OOPIBHIOE CyMi CTPYMIB Y

OKpEMUX MapanenbHO 3’€dHaHUX efleMeHTax efeKTPUYHOro kona:
I=I,+1,+..+1,
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Mpu napanenbHOMy 3’€0HaHHI eNeMEeHTIB eJIEKTPUYHOIr0O Kona BEJINYMHA,
obepHeHa [0 NOBHOIo OMopy 3’€fHaHHs, OOPIBHIOE CyMi BEIMYNH, 0OEPHEHMX
[0 0ropiB po3ranyXeHb:

Banwral-u-m Ans camonepesBipku

1 1 1 1
=t — ..
R R R R,

[\

1. Sdke 3’emHaHHA €JIeMEHTIB eJIeKTPUYHOrO KOJia HAa3MBAIOTh IIapa-
JIeJbHUM?

2. SfxuM YMHOM BUMIipIOIOTH HANPYTry HaA PiSHUX MiIAHKAX eJeK-
TPUUYHOTO KOJa, 10 3’€qHaHI mapajelbHO?

3. Sk cmiBBimHOCUTBCA cuja CTPYMY B HepO3TANyKeHil uacTuHi
eJIeKTPUYHOTO KOJIa 3i cTpyMaMu B HOTO ejieMeHTax, 3 €THAaHUX
mapaJjieibHO?

ou s

K po3paxoByIOTH 3aTAJILHII OIIP POSTANIYKEHHS eIEKTPIYHOro KoJa?
Yomy B KHUTJOBUX IIPUMIIIEHHAX CIIOMKUBAYI €JeKTPUUYHOI eHep-

rii 3’eAHYIOTHCA MapajIeabHO?

1(n).

2(n).

3(c).

4(c).

5(n).

6(B).

7(B).
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Bnpaea go § 30

YoMy OOMNOMIXKHI eNeMeHTU efnekTPUYHOro kona (knemu, 3atmckadi
i T. iH.) BUrOTOBNSIOTb i3 Mifji 1 BOHW MalOTb 3HAYHUIA NOMNEepPeyHUin
nepepis Ta Many OOBXMHY?

[Bi ApoTnHM — 3ani3Ha Ta MigHa, 0QHAKOBOI AOBXWHW N OOHAKO-
BOro nepepisy, YBIMKHYTI B €/1eKTPUYHE KOJSI0 nmapanesnbHo. Y KoMy
3 gpoTiB cuna ctpymy 6yae GinbLiowo?

HeizonboBaHuii apit mae enektpuydHmin onip 1 Om. BusHadte onip
LLbOro CamMoro ApoTy, SKLLO0 NOro nocepeaviHi po3pisatn i CKpyTUTH
OTPUMAaHI MOSIOBUHKM Pa30M MO BCil AOBXMHI.

I3onboBaHu gpit onopom 10 Om po3pisann nocepeguviHi N CKPyTUIn
OTPUMaHI MONIOBUHKM Pa3oM MO BCi JOBXUHI. Bu3HauTe onip Takoro
NnpoBigHMKa.

B enekTpuyHe KOO BBIMKHEHO MapasnesbHO ABa MpoBigHWkU. Onip
oaHoro 150 Om, gpyroro — 30 Om. BusHauTe, y 9KOMY NPOBIOHUKY
cuna cTpymy GinbLia 1 y cKiflbkn pasis.

AmMnepMeTp, YBIMKHEHNI B e1eKTpuY-

He KOno, nokasye cuny ctpymy 1,6 A
npu Hanpyai 120 B, onip R, = 100 Om. R,

BusHauTte onip R, i cuny CcTpymy B
KOXHIN OingHui kona. —>—@—<>—®—

3aranbHuin oMnip AOBOX MNPOBIAHVIKIB

npu NOCNIAOBHOMY 3’€AHaHHI CTaHO- R,
BuTb 50 OMm, a npu napanenbHoOMy
— 12 OM. OBYuMcniTb Onip KOXHOro

. PucyHok oo 3aBpaHHs 6
nposigHMKa. y A A



§ 31. Pobota Ta NOTYXHICTb E1EKTPMYHOMO CTPYMY

§ 31. Po6ora Ta MOTYKHICTh €JIEKTPUUYHOTO CTPYMY

» Poboma eneKkmpuiHo20 CMpymy
» ITomydxcHicmv eleKmMpuiH020 CMPYMY
» Odunuyi pobomu, W0 UKOPUCMOBYIOMbC HA NPAKMUUL

POBOTA EJIEKTPUYHOI'O CTPYMY. Bu B:Xe 3HaeTe, IO eJeEK-
TpUUYHA HAIpyra Ha KiHIAX IPOBiAHMKA YKMCEIBHO HOPiBHIOE Po6OTi,
3IiMICHIOBAHIN €JIeKTPUUYHUM MHOJIeM IIPHU IIePEeMillleHHi mo IboMy IIpPO-

BiIHUKY eJeKTpuuHOro s3apany B 1 Kia, TooTo

v=2.

q

Or:xe, poGOTY €JIEKTPUUYHOTO HOJIA A 3 IepeMillleHHsS eJIeKTPUUHOTO
3apAny ¢ MOKHAa BUSHAUUTU AK AOOYTOK IEePEHECEHOTO eJIEKTPUYHO-
ro 3apsAny uepes IIOIEPeUHUU mepepis mpoBigHumka ta Hanpyru U Ha
KiHIIAX IIPOBiIHUKA:

A=qU.

CKopHCTaBIIINCH CIiBBiAHOIIEHHAM MisK CHUJIOIO CTPyMy I, eJeK-
TPUYHUM 3apAN0M, KNI IPOUIIOB Uepel IIOINEPEeUYHUIl Hepepis IIpo-
BiHUKA ¢, 1 yacoM HOro MPOXOKeHHA ¢t (Haramaemo, g =It), MOXHa
3anucaTd BUPas AJsS 00UMCJIEHHS POOOTH eJeKTPUYHOIO II0JIA:

A = IUt.

Po6ora eJeKTPMYHOTO CTPyMy Ha TiJAHII KOJa TOPiBHIOE
JOOYTKY CHJIM CTPyMY, HAIPyTd HA Wil TiAgHI Ta yacy, mpo-
TATOM SAKOro BUKOHYBaAJIAaCda LA p060Ta.

Y CI oxmuuieo podboTu crpymy € mKoyab (J:x):

[A] = TLox;
1 ik = 1B- A.

. U .
Crkopucrasmuchk 3akoHom Oma mia minaaku Koma ([ =E) 3aMiHU-

MO CHUJIy CTPYMY y BuUpasi Ajsd obumcieHHs pobOTH, TOAi BiH MaTuMe
BUTJIAL:
2
A=
R
Axmro iz dakomy Oma BuUpasuMO HAMPYTy dYepe3 CHUJIY CTPYMY
(U=1R), omep:KUMO IIle OOWH BUpPAa3 AJA O0UMCICHHA POOOTH:
A = I’Rt.

3ayBaskumo, 1o ¢opmyna A = IUt e yHiBepcalbHOIO, TOIi fAK
2

A :Et Ta A = I?Rt cupaBeAJNBi TIILKK y BUIAAKAX, KOJU podOTa
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CTPYMy BUTpaUvaeTbCcA JIMIle HA 3MiHY BHYTPIIITHBOI eHeprii mposin-
2
HUKa, ToOTO ¥oro HarpiBauus. Kpim Toro, popmyiry A:?t 3PYYHO

BUKOPUCTOBYBATH IIPM PO3PaxXyHKAaX 3a MapaJiebHOro 3’€THAaHHS IIPO-
BiIHWKiB, OCKiJIBKM HAIIPpyTa HA IIPOBIJHUKAX JIUINIAETHCA OJHAKOBOIO,
a dopmyny A=I?Rt — y pasi HOCIiZOBHOrO 3’€IHAHHS IIPOBIIHUKIB,
OCKIJIbKY IPU IILOMY CHJIa CTPYMY € OJHaAKOBOIO.

g Toro 1mob6 BU3HAYUTU POOOTY €JIeKTPUYHOI'O CTPYMY, HEOoOXis-
HO BMBHAYUTH HANPYTy, CUJIY CTPYMY Ta YaCc BUKOHAHHS POOOTH.

INOTYHICTh EJJEKTPUYHOI'O CTPYMY. BamaumBoio xapak-
TEPUCTUKOI0 KOMKHOTO €JEeKTPUUYHOTO NPUJALy € eHepris, sAKa CIo-
JKMBAETHCS HUM 3a OAWHUII0 dYacy. 1[0 xapakTepuCTHUKY Ha3WBAIOTH
MMOTY:KHICTIO CTPyMy. ByAb-AKHWH eleKTpUUHNN mpuaan (JaMmia, eaek-
TPUUHUN UYalHUK, €JIeKTPUUYHHUN OBUTYH) PO3PAXOBAHUI HA CIIOMKU-
BaHHA II€BHOI HMOTYKHOCTI.

IlotysxkHicTh eeKTPUYHOTO CcTpyMy — (hisuuHa BeJNYUHA,
110 TOPiBHIOE POOOTiI €IeKTPUYHOTO MOJA 3 HANMPAMJIEHOTO Iie-
peMillieHHs eJIEKTPUYHUX 3apPANIB Yy NMPOBITHUKY B OJTUHUIIO
gacy.

11106 3HaiiTy cepenHIo MOTYKHICTh €JIEKTPUUYHOTO CTPYMY, ITOTPiOHO
pobOTy eTeKTPUUYHOTO CTPyMy A mOAijuTu Ha yac ii BUKOHAHHS f:
p=2.
t
Ockinbku pobota enexTpuunoro crpymy A = IUt, To
P= 1ot =1U,
t
TOOTO NOMYHMHICMb eNeKMPULH020 cmpymy 00pieHIOE Q00YMKY HaA-
npyzu Ha KiHuaxX npogioHuKa ma Cuau cmpymy 6 HbOMY:
P =1U.
I1a ¢opmysia € yHiBepCcaJbHOIO M1 OOUMCIEHHS ITOTYKHOCTI eJIeK-
TPUYHOTO CTPYMY.
Bawm Bimomo, mio B CI omuHuiiero mory:xkuocTi € Bat (BT):
1Br=12%_ 1 5.a.
lc
3 ypaxyBaHHAM (PopMyJ, OofepsKaHuX HaMHU IJis OOUYMCIEHHS PO-
00TU eJIeKTPUUYHOTO CTPYMY, IMOTYKHICTH CTPYMY MOKHa TaKOK BU3-
HAYUTHU 3a OOHi€I0 3 ABOX (POPMY.JI:
P = I’R,
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§ 31. Pobota Ta NOTYXHICTb E1EKTPMYHOMO CTPYMY

2
p=
R

I1i s3a;meskHOCTI cupaBeAIMBi JuIlle Y BUNAAKY, KOJU PoOOTA CTPyMY
TMIOBHICTIO BUTPAYAEThCA HA HATPiBaHHS IIPOBiIHUKA.

BusHaunTH MOTY)KHICTH €JIeKTPUYHOTO CTPYMY MOYKHA, IMEePEMHO-
JKUBIIIY TTOKA3MW aMIepMeTpa Ta BOJbTMETPa, YBIMKHYTHX B €JIeKTPUY-
He KoJjo. IIpoTe g BuUMipOBaHHA IMOTYKHOCTI BUKOPUCTOBYIOTDH IIPU-
Janu, 110 JaloTh MOMKJIMUBICTL 0e3IocepelHb0 BUMiPIOBATH IOTYKHICTh
eJIEKTPUYHOTO CTPYMY. IX HasMBAIOTH 6amMempu.

3BepHIiTh yBary Ha Te, 110 BUMipPIOIOUM IIOTYKHIiCTH CTPYMY BU3HA-
4aTh (PaKTUUHY IOTYKHICTh croskuBada. IIoTy:KHicTh, 3a3HaUYeHy B
MIaCIIOPTi eJIEKTPUUHOTO IpuiIany abo 6esmocepeHbO HA IIPUJIAMTi, Ha-
3WBAIOTh HOMiHAJBLHOIO MOTY:KHicTI0O. KpiM HOMiHAJIBHOI HMOTYXKHOCTI
Ha OpujagaxX MOKYTh BKa3yBaTU HOMiHaJIbHi 3HAUEHHsA HAIPYTU, HA
AKY po3paxoBaHUU 1eit mpuaan. Ilpore Hanpyra B Mepeki MosKe Bin-
pisHATHUCA BiJg HOMiHAJBHOTO 3HAUEHHS, TOMi, BiAMOBiAHO, 3MiHATHCA
1 cujga CcTpyMy Ta HMOTo MOTy:KHicThb. OTike, 3HaUeHHA (PaKTHUUHOI Ta
HOMIHAJIBHOI IIOTYKHOCTEH CIIOJKMBada MOMKYTBH BiApi3HATHCA.

OAVHUAUIII POBOTH, IIIO BUKOPUCTOBYIOTHCA HA ITPAKTH-
III. ¥V macmoprax mpUiiMadiB eJIEKTPUUYHOTO CTPYMYy 3a3BUYail BKa3y-
IOTh IOTYKHICTH CTPYMY B HUX. 3HAIOUMW IOTYKHICTH €JIEKTPUUYHOTO
CTPYMy Ta 4Yac BUKOHAHHA POOOTH TOBOJI JIETKO BUBHAYUTU POOOTY,
IIT0 BUKOHYETHCA CTPYMOM 3a IIEBHHI NPOMIiKOK Uacy, CKOPHCTaB-
much opmyisoio: A= Pt.

OcCKiZbKHY I Uac CIOKMBAHHSA eJIEKTPOeHEeprii eJJeKTPUUHUHA CTPYM
BUKOHYE POOOTY BIPOAOBIK 3HAUHOTO YACY i MOYKe CTAHOBUTHU AEKiJb-
Ka roguH i HaBiTh mi6, BUMipioBaTu POOOTY E€JIEKTPUUHOTO CTPYMY B
IKOYJISAX MOBOJI He3pyuHo. Ha mpaxTuii ais BuMiproBaHHsA poboTH
CTPYMY IIUPOKO BUKOPUCTOBYETHCA II03aCUCTEMHA OSUHUILA — KiJo-
Bar-roguHa (KBT * rom):

1 kBt rog = 3,6 - 106 IT:x.

.mm-le B ubomy naparpadi

PoboTa enekTpuyHOro CTPymMy Ha LingHLUi kona OopiBHIOE O0OYTKY cunu
CTPYMYy, Hanpyrn Ha Ui AiNgHUi Ta Yacy, NpoTaroM siKoro BMKOHyBanacs us
poborTa:

A = 1Ut.

Y Cl oguiHmueio poboTu CTpymy € Oxoynb ():

1T:x=1B-A-c.

[MOTYXHICTb €NeKTPUYHOro CTpymy — @i3nyHa BennyuHa, WO OOPIBHIOE
poO6OTi eNeKTPUYHOro Nnosst B OOAUHULIIO Yacy 3 HanpsiMAEHOro nepemilleHHs
€NIEKTPUYHNX 3apsaiB y NPOBIAHUKY.

MOTYXHICTb CTPYMY MOXHa TakoX OO4YMCNUTU 3a OAHIED 3 pOopMyn:
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2
P:é, P=IU, P=I°R, P=U—.
¢ R

Y Cl oguHmuglo NoTyXHOCTi € BaT (BT):

18r=1PX_1g.A
1c

Ha npakTtuui gns BuMiptoBaHHS po60TU CTPYMY LLUMPOKO BUKOPUCTOBYETLCS
no3acuctemMHa oamHuusa — KinosaT-roguHa (kBT - ron):

Panm'am-m Ang camonepeBipKu

1 kBT - rog = 3,6 - 108 .

1. IIlo HaswmBawOTL POOOTOI0 EJIEKTPUUHOTO CTPYMY?
2. 3a gK010 (PopMyJI0I0 O0UHCIIOETHLCA POOOTA EJeKTPUUYHOTO CTPY-

my?

IITo Ha3WBaOTL HMOTYKHICTIO CTPyMYy?

A Mo:xHA 00UMCIUTU TOTYKHICTH?

3anunritTe GopMyaH IJs OOUMCIEeHHS IIOTYKHOCTI Ta BKaXKiTh,

.OT»-POO

KOoJIi sIKOI0 (hOPMYJIOI0 3PYUHIiIlIe KOPUCTYBATUCSH.

e

1(n).

2(n).

3(c).

4(c).

5(n).

6(n).

7(B).

8(B).
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o mpuiiMaTh 3a OAUHUIIIO IIOTYIKHOCTI?
Axi ommuMIi po60TM BUKOPUCTOBYIOTH HA ITPAKTHUIL?

Bnpaea po § 31

[Ba TpamBai 3 04HAKOBMMW €NeKTPOABUIYHAMU PYXaloTbCHA: OOMH
i3 BINbLLOK, APYrUA 3 MEHLLOKO LUIBUAOKICTIO. AKMA 3 HUX CMOXWUBAE
OinbLUy NOTYXHICTb €NIEKTPMYHOIO CTPYMY, SIKLLO BBaXaTu, WO Onip
pyxy B 060X BMNagkax OgHAKOBWUIA?

MpoTarom roavHW y KBapTupi npauioBany ABi €NeKTPUYHi namnu:
ofdHa noTyxHicTio 75 BT, gpyra 40 BT. lNopiBHANTE BUTPATU enek-
TPOeHepril B uMx namMmnax.

MpUMILLEHHS OCBITNEHO 8 eNeKTPUYHUMM TaMnoYykamMu, 3’€aHaHMIN
napasnesibHO 1 yBIMKHEHUMW B Mepexy 3 Hanpyroto 220 B. 9k 3mi-
HUTLCA BUTPaTa €IeKTPOEHEPrili B Mepexi, AKWLO KiNbkKiCTb namn
36inbwntn go 107?

[Bi namnu, po3paxoBaHi Ha O4HAKOBY MOTYXHICTb, MPALIOTb Bid, Pi3-
HUX okepen Hanpyru: ogHa Big 220 B, gpyra Big, 127 B. Aka 3 namn
Mae BinbLUNI enekTprdHMin onip? MNMopiBHANTE Cuy CTPYMY B flaMnax.
PospaxyiTe BuTpaTy eHeprii eNeKTpMYHOK 1aMroto, sIKY BBIMKHYNU
Ha 10 xB y Mepexy Hanpyroto 220 B, akuwio cuna cTpymy B namni
ctaHoBuTb 0,5 A.

MoTyxHicTb enekTpoaBuryHa 3 kBT, cuna ctpymy 12 A. BusHaute
Hanpyry Ha 3aTuckyBadax efekTPOABUIyHa.

MignoMHMIA KpaH PIBHOMIPHO NigHIMAe BaHTax mMacow 285 kr 3i
weunakicTio 20 m/xB. Cuna CTpyMy B eNeKTPOABUIyHi, po3paxoBa-
Homy Ha 380 B, 5 A. BugHaute KK/, kpaHa.

Po3rnsHbTe yBaXKHO HanMCK Ha eNEeKTPUYHI namni po3XaploBaHHSA
Ta BU3HA4Te 3a HUMKU Onip namMnu B poboyvyomy CTaHi. Beaxatoun,
wo aiameTp BonbdpamMoBoro ApoTty ctaHoBuTb 0,08 MM, 064MChiTh
Oro OOBXUVHY.



§ 32.

3akoH Ixoyns — JleHua

§ 32. 3akon [:koyaa — Jlenma

» 3arxon Jaucoyas — Jlenuya

» IIpaxkmuune UKOpUCMAHHA MenJoeol 0il cmpymy

» Kopomke samurxanus

3AKOH [I/KOYJISA — JIEHIIA. 3 moBCAK-
IEeHHOTO JKHUTTS BaM BiloMO, IO eJIeKTPUY-
HUH CTPYM, HOPOXOAAYH II0 IIPOBiTHUKY,
BeJle N0 ioro HarpiBaHHaA. [aBaliTe 1O-
MipKyeMo HaJ THUM, YOMY BimOyBaeTbcs Iie
HarpiBaHH.

Y MmerasieBOMYy IIPOBITHUKY €JIeKTPUUHE
oJie 3YMOBJIIOE PYX eJeKTpPoHiB. CTukaro-
YpCch 3 i0HAMHM KPUHCTAJIUYHOI I'PATKH, eJIeK-
TPOHU HIEepPemarTh IM UacTHHY CBO€I eHeprii.
YV pesyabraTi XaoTMUYHUN pPyX ioHIB BimHOC-
HO CTaHy piBHOBAru CTa€ iHTEHCUBHIIIIUM,
a BigmoBimHO 30iNBITyeTHCA i BHYTpPimTHA
eHeprid mpoBigHuKa. SIK Hacaigok, TeMmie-
partypa TIpPOBiZHMKA NOiABUINYETHCA, i BiH
mnepenae TEMJIOTY TijiaM, IO MOT0 OTOUYYIOTH
3aBaAKK POOOTi eIeKTPUUYHOTO IIOJS 0 IIPO-
BiJHMKA IIOCTifiHO HAAXOAUTH eHeprisg. OT:xe,
KiJTBbKiCTh TEIJIOTH, SIKa BULILIAECTHCA eJIeK-
TPUUYHUM CTPYMOM y MPOBiTHUKY, OB’ sI3aHa
3 po0OTOI0 €JIEKTPUYHOTO CTPYyMY.

TenoBa Oisl eIeKTPUYHOTO CTPYMY €KCIIe-
puMeHTaJIbLHO OyJa DOCIimKeHa aHTJIINChKUM
yuenuMm [:x. I:xoysem Ta pocitickkum Qi-
sukoM E. Jlernmem y 1842 p., aAKi Hezaex-
HO OJAWH BiJ OJZHOTO IiHIIJIM OJHAKOBOTO
BHCHOBKY:

KilbKicmb menJjomu, w0 6uldiliembvbes
8 NPOBIOHUKY eJleKMmPUYHUM CMPYMOM, HLU-
ceslbHO 00pi6HIOE pobomi cmpymy.

@ = A.

3 momepenHboro maparpada BaM Bimomo,
III0 KOJHU Po0OTa CTPYMYy BHUTPAUYAETBhCA Ha
HarpiBaHHsA OPOBiZHMKA, TO i MOKHA BU3HA-
uyntu 3a gpopmyaoo A = I?Rt. Otxe,

Q=I?R-t.

Ixenmc
MpeckoTT Oxoynb
(1818—1889)
AHMNINCBbKUIA yYeHn,
nocnigxysas
MexaHiyHy poboTy,
eneKTpuKy
n Tennorty

Eminin XpmnctusaHosumy
(Fenpix ®pigpix Eminb)
JleHuy,
(1804—1865)
Pocinceknin yqaeHuni.
onoBHi
HaykoBi pob0TK
NPUCBSAYEHI
€N1eKTPOMarHeTU3my
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ITe i € daxkon [sxoynsa — Jlenma, akuil hOPMYJIIOETHCA TAKUM YMHOM:

KinbKicTs TemmoTru, AKa BHUOIISETHCA MPOBITHUKOM 3 eJIeK-
TPUUYHHUM CTPYMOM, TOPiBHIOE MOOYTKY KBaJpaTa CHUJIH CTPyMY,
oImopa MPOBiTHMKA i Yacy IMPOXOMKEeHHS CTPyMY.

HABKOJUINHIM Tijgam.

TenyioBa Oisi CTPyMy CIIOCTEpPiraeThbcs I y BUIIAAKY, KOJU Ha [i-
JSAHIL KoJia He Bim0yBaeTbcA MexXaHiuHa poboTa i cTpyM He 3ailicHIoe
ximiumoi mii, ToOTO HArpiTHMIi IPOBiAHMK Bigmae KiJbKicTh TemJaoTH

IIPAKTUYHE BUKOPUCTAHHSA TEIIJIOBOI JII CTPYMY. Te-
IJIOBA Jif CTPYMY BUKOPHUCTOBYETHCA B PiBHUX eJIEKTpOHArpiBaJbHUX
mpunagax. Enexmponazpisanvrhi npunradu — mexHiuHi 3acobu, npu-
3HaueHi 01 nepemeopeHHs eleKmpuyHol eHepeii 8 menaosy. Hapasi B
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Puc. 32.1.
EnekTpoHarpisanbHi
npunaam

MOOyTi IIMPOKO BUKOPHUCTOBYIOTH €JIEKTPUUHIL
npacKu, IIJUTHA, YaWHUKW, eJeKTPUYHI KaMi-
HU, pedierTopu Tomio (puc. 32.1). ¥V mpo-
MMCJIOBOCTI TeIlJloBa His CTPYMY BUKOPUC-
TOBYETBCA OJA TJIABJICHHS CIEI[iaJlbHUX BHU-
IiB crTaji Ta iHIIUX MeTaJiB. ¥ CiIbCbKOMY
roCIOJapCTBi 3a OIOMOTOI0 €JIEKTPUUHOTO
CTpyMy o0OirpiBarmoTh TeImauili, iHKyOaTopH,
cyIlIaTh 3epHO TOIIIO.

OcHoBHaA yacTuHA OyIb-AKOTO €JeKTpOHa-
rpiBaJbHOIO IIPUJIAZly — HarpiBaJbHUMN eJe-
meHT. Ile MPOBIAHWK i3 BEJIMKUM ITUTOMUM
OIIOpOM, AKUN MOKe BUTPUMYBATU BUCOKi
Temneparypu. IlepeBaskHO IJisi BUTOTOBJIEH-
Hs HarpiBaJbHOTO eJIeMEeHTa 3aCTOCOBYIOTh
CILIaB HiKeJI[0, 3ajlida, XpOMy Ta MapraHIlio,
AKWU micTaB Ha3By «Hixpom». 11106 yHUK-
HYTH ypasKeHHsS CTPYMOM, HarpiBaJbHi ee-
MEHTH i30JII0I0TH BijJf KOpIIyca HarpiBaJbHOTO
IIPUCTPOI0. SMiHIOIOUM CHJIy CTPYMY B Harpi-
BAJLHOMY eJIEMEeHTi, MOJKHa PeryJioBaTu #o-
ro TeMIIepaTypy.

IlimkoMm 3posdymino, IO KOXKEH, XTO KO-
PUCTYETHCA IIMMHU NOPUJIATAMU, IIOBUHEH
3HaATU iX OyZIOBY, IIpaBMJia KOPUCTYBAHHS U
IIOTOYHOTO PeMOHTY. EjeKTpoHarpiBaJabHUN
Ipujaj MOKe IIpaIoBaTU HOPMAJIbHO JIMIIIE
Opu HmeBHi pobouili (HOMiHANLHIN) Hapysi i
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pospaxoBaHUil Ha BU3HAUEHY BEJIUUYUHY CTPYMY
Ta MOTYKHICTH. YcCi IIi BeIMYMHU € OCHOBHUMU
MMAaCIOPTHUMH AAHUMU OYIb-sKOTO eJIeKTPOHAa-
rpiBaJbHOrO MPUJIAAy Ta HaOMCaHi Ha TaOJIMUILi,
3aKpimieHiit Ha HbOMY.

IIle ogHUM OPUCTPOEM, Oe BUKOPUCTOBYETH-
cd TeIJioBa Ois CTPYMYy, € JiaMIa pPOo3iKapeH-

HSA — OCBIiTJIIOBaJIbHUU NpUIam, Oe CBiTJIO BU-

NIPOMIiHIOETHCA TYTOILJIaBKUM ITPOBiIHMKOM, Ha-

TPiTHUM eJeKTPUYHUM CTPYMOM [0 PO3KapPEHHS

(puc. 32.2). OCHOBHOIO YACTHUHOIO JIAMIIX PO3-

KapeHHs € TOHKHUN BOJb()PaAMOBUII IIPOBIIHUK.

Boabphpam — TyromiaaBKUHA MeTaJs i3 TeMIIepaTy- Puc. 32.2. Jlamna
poro miaasiaenusa 3387 °C. Y maMmi pos:KapeHHS PO3XapeHHs
Bosb()paMoBa HHUTKA HarpiBaetbcsa mo 3000 °C.

3a Takoi TemMmIepaTypu BOHA MOYMHAE ACKPaBO cBiTuTuca. Ilpu mpak-
TUUYHO Aoca:KHUX Temmneparypax 2300—2900 °C sunpomiHoeThCA
CBiTJIO, IKe 3JAa€ThCA OiJBII «}KOBTO-UEPBOHUM», HidK meHHE.

Hutky pos:xapioBaHHS BMIIIyIOTh yV CKJISHY KOJOYy, 3 SKOI 3a JI0-
IIOMOT'0I0 HacoCy BigKauyioTh moBiTpsA. Ile pobasaTs i3 MeTo0 3aIio-
OiraHHs IeperopaHHi0 HUTKU PO3KAPIOBAHHS BHACIITOK OKMUCJICHHS
BoJib(hpamMy. ¥ 3BMUYANHOMY MOBITpPI IpPU TaKUX TeMIlepaTypax BOJIb-
dbpaM MUTTEBO MEePETBOPUBCA O Ha OKCHUI.

IIpore BimkauyBaHHS NTOBiTPS NPU3BOAUTHL OO BUIIAPOBYBaHHS
BOJIb(pbpaMy 3 HMOBEPXHiI HUTKU PO3XKApPIOBaHHSA, BHACIIIOK YOro BOHA
CTa€ TOHIIIOIO i ITeperopae. 3 MeTOIO 3alo0iraHHA MIBUAKOMY BHUIIapPO-
BYBaHHIO BOJIb(h)paMy JiaMOM HAIOBHIOIOTH rasdaMH, sAKi He B3aeMOJi-
IOTh i3 HUM, HaIpUKJIaJ, a30oToM abo iHepTHUMHU ra3aMu, TAKUMU K
KPUITOH YW aproH.

IlepeBaroio jamMIu pos3KapeHHS € BUIPOMIHIOBAHHS pPiBHOTO (He
MepexTJUBOro) cBiTimHs. IIpore samMmu pos3:KapeHHs MalOTh HU3KY
cyTTeBuX HemosikiB. Cepen HUX BeJMKe €HEeProCHOKUBAHHS, IIOPiB-
HAHO HeTpUBaJUIl TepMiH poboTu Ta Majna edekTuBHicTb. Tak, auiie
5 % cmo:kuTol eHeprii mepeTBOPIOETHCS Yy cBiTs0, a pemita 95 % —
Yy TemJo.

Y 1976 p. O6yj0 3po0JieHO AKiCHUI HPOPUB — aMepuKaHenb K
Xappic TpomeMOHCTPYBaB IIPUHIIMIIOBO HOBY JaMIly, fKa 3T0I0M
oTpuMaJia Ha3By eHeprosdepiramouoi, rasopospaAmgHOI JaMOu HU3bKOTO
TcKy. TepMiH po0OTHM cydacHUX eJIeKTpos3depiraroumx JIaMII CTAHO-
BUTL O0am3bK0o 10 Tucsau romuu, a 70 % cmoskuToi eHeprii mmepeTsBo-
proerbes y cBiTio (puc. 32.3, a).

OcranHiM uyacoM gemaji OinbIrioro moinmupeHHs HaOyBaioTh LED-
agamnu (aura. LED — light-emitting diode). LED-namna — HamiB-
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a) 0)
Puc. 32.3. EHeprosbepiratodi namnu:
a) rasopos3psiaHa namna HU3bKoro Tucky; 6) LED-namnu

NPOBIAHUKOBUI NPUCTPiii, 110 BUIIPOMIHIOE CBITJIO IPU IIPONYCKaHHI
yepes3 HbOI'O eJeKTPUUYHOro crpymy (puc. 32.3, 6). Ilpu mpomy 011135-
Ko 90 % cmoskuToi eHeprii mepeTBOPIOETHCS Y CBITJIOBY.

KOPOTKE AMUKAHHS. EnekTpuuHi KoJa 3aBXKIN PO3PaXOBYIOTH
Ha IIeBHY CUJIY CTPyMy. SIKIIO 3 Tiel um iHINMOI NPUUYMHU CHJIA CTPYMY
B KOJIi IepeBUIINyE AOIYCTUME 3HAUEHHS, IIe MOXKEe 3YMOBUTH HArpi-
BaHHS IIPOBIAHWKIB, MJaBJeHHA 130JAIil i HaBiITH moKexxy. SABuIre
icToTHOTO 30iJIBIIIEHHS CHUJIN CTPYMY B KOJi BHACIiZOK 3MeEHIIIEHHS
0r0 eJIEKTPUUYHOTO OIIOPY HA3MBAIOTh KOPOTKUM 3aMUKaHHAM. IIpu-
YMHOIO TAKOT0 3aMUKaHHA MOKe OyTH OZHOYACHE BMUKAHHS TOTYIK-
HUX CIOKWBAUIB €JEeKTPUUHOTO CTPyMy abo IOpPYIIeHHs i3oadaiii
eJIeKTPOoobIaJHAHHA.

[na s3amobiramHsa HACHiZKaM KOPOTKOTO 3aMUKAHHS BUKOPUCTO-
BYIOTH CIIeIliaJibHiI eJIeKTPUYHI mpucTpoi — 3amobiskHuKU. PospisHs-
I0Th OJZHOPAas30Bi (maaBKi) 3amobi:kHUKEK (puc. 32.4) Ta aBTOMATHUYHI
(6bararopasosi) Bumukaui (puc. 32.5). IlmaBKa BcTaBKa OIHOPA3OBUX
3amo0i’KHUKIB 00MpPaeThCA 3 TAKUM PO3PaxyHKOM, 11106 BOHA PO3ILIa-
BUJIACS pAaHiIlle, HiXK CTPYyM [OOCATHE HENPUIYCTUMUX 3HAUEHb.

PoGounm eremMeHTOM 6araThbOoxX aBTOMATUUYHNX BUMUKAUiB € Oimera-
JeBa IIJacTHHA 3 ABOX PiBHOPiAHMX MeTaJiB, CKPIIJIEHNX MiXK co0oIo.
IIpu marpiBaHHI mJacTWMHU I Yac NPOXOIKEHHA IO Hill eJeKTpuU-
HOT'O CTPYMY KOXKeH i3 MeTaJiB gedopmyerhbesa 1mo pisaomy. Ilnactmra
BUI'MHAETHCA 1 POBMUKAE eJeKTpuuHe Koyo. Ha Bimminy Big miraBkoro

i —

a) 6) B)
Puc. 32.4. MnaBki 3ano6iXXHUKN:
a) nnaBkMin 3anobixxHUK; 6) yTpuMyBadi 3arnobiXXHUKIB;
B) MO3HAYEHHS NNaBkuX 3anobiXXHUKIB HA €NeKTPUYHMX CXemax
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bonTt KoHTakT
. BimeTanesa . f
MPOBIOHVK [nacTyha MposigHuK
OcHoBa
a) 6) B)

Puc. 32.5. ABTOMaTM4HI BUMUMKaUi:
a) nig Yac BUrMHaHHA GiMeTaneBoi NAaCTUHM KOHTaKT PO3MUKAETLCS;
6) aBTOMaTMYHI 3anobiXHNKK; B) MO3HAYEHHS aBTOMATUYHUX BUMUKAYIB
(3anN0BIKHMKIB) HA ENEKTPUYHUX CXEMax

3ano00isKHINKA, aBTOMATUYHUN BUMHUKAY I'OTOBUI 0 IMOLAJILIIOIO BU-
KOPUCTAHHA MiCJIA OXOJIOMKEHHS TJIACTUHMU.

3sepmaemo ysazy Ha me, W0 3a 00NOMO200 CNEUiALbHUX MYmO-
Jepié wu KHONOK, PO3MAULOBAHUX HA ABMOMAMULHOMY BUMUKAUL
(puc. 32.5, 6), moxHa 8i0HOBUMU eJLeKMPOMCUBLCHHS, ale Ue 8apmo
pobumu nruwe nicas YcYHeHHs NPULUHU BUHUKHEHHS KOPOmMKO0z0 3a-
MuKaHHs!

.103|-|e B uUbomy naparpadi

Y mMeTaneBomMy MPOBIAHUKY BHACMIAOK PyXy €NeKTPOHIB i CTUKAHHS iX i3
MOHaMM KPUCTaNiyHOT rpaTky 306iNbLUIYETLCS IHTEHCUMBHICTb XaOTUYHOIO Pyxy
MOHIB, a BiONOBIOHO BHYTPILLHA eHepria i TemnepaTtypa npoBigHMKa.

KinbkicTb TennoTtn, gka BUAINSETbCA NPOBIAHMKOM 3 €JIEKTPUYHUM CTPY-
MOM, [OpPiBHIOE AOOYTKY KBagpaTa CUIM CTPyMy, OMOpy MPOBiAHMKA i Yacy
NMPOXOOKEHHSI CTPYMY:

Q =I*RAt.

EnekTpoHarpiBanbHi npunagn — TexHi4yHi 3acobu, npusHa4veHi ons nepe-
TBOPEHHSA €NeKTPUYHOI eHepril B TENOBY.

OCHOBHOIO 4aCTUHOW OyOb-SKOro enekTpoHarpiBasbHOro npuniagy € Ha-
rpiBasibHUN €NeMeHT — MPOBIOHVK i3 BEIMKMM MUTOMUM OMNOPOM, SKUIA MOXE
BUTPUMYBATN BENUKI TemnepaTypu.

fABULLE 3HAYHOIO 36iNbLUEHHS CUNM CTPYMY B KOJli BHACNIAOK 3MEHLLEHHS
MOro enekTpuyHoOro Onopy HasmBaloTb KOPOTKUM 3aMUKAHHSM.

[na 3anobiraHHA Hacnigkam KOPOTKOro 3aMuKaHHS BUKOPUCTOBYIOTb 3a-
NOBGIKHUKN,

3anutaHHs ans camonepesipku

. IMoscHiTh, MM 3yMOBJIEHA TENJOBA OifA €JIEKTPUYHOTO CTPyMY.

. Chopmyroiite 3akon [:xoyma — JleHra.

Y uyoMy MmojArae IPUHIIUI Ail eJeKTPoHarpiBaJbHUX IPUJIATiB.

HagBiTh mepeBaru # HemOJIKU JIaMIIA PO3KAPEHHS.

. TloscHiTh, YoMy AJA MJIABKUX 3aM00iKHUKIB He BUKOPHCTOBYIOTH
3aJIIBHUN UM MIiZHHWI OPiT.

QUi W DN =
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6. IlosicHiTh, yoMy B 3amo0iKHUKAX IJIABKHWII IPOBIIHUK € 3HAYHO
TOHIIINM, HiK IIPOBIZHUKU, 110 3’€IHYIOTH AKEPeso i CIIOKMBaYiB
eJIEKTPUYHOI eHeprii.

Bnpaea go § 32

1(n). BnsHauTe, y CKilbku pasiB 3poCTe KifIbKiCTb TEMNOTU, L0 BUAINSA-
€TbCA ENEKTPUYHUM CTPYMOM, GKLLO CuAa CTPYMy B MPOBIOHUKY
36inbwyeTbCca y 3 pasu.

2(n). [Ba BonbppamMoBi NPOBIAHNKN OOHAKOBOI AOBXWHW MalOTb Pi3HUNM
niameTp. TMOACHITE, Yy 9KOMY 3 HUX BUAOINSETHCSA Oinblia KinbkicTb
TENIOTU NPWU NOC/ILOBHOMY BBIMKHEHHI.

3(c). MOACHITb, 9K 3MIHUTBLCSA KiNIbKICTb TEMNOTU, WO BUOINSETLCA €Jiek-
TPUYHMM CTPYMOM, Mif, 4ac MPOXOOXKEHHSI MO MPOBIOHUKY, SAKLO
MOro AOBXWHY 3MEHLUUTU Yy 2 pasu.

4(c). BuaHauTe KifbKiCTb TEMI0TU, WO BUAIINTLCS Y MPOBIAHUKY OMNOPOM
15 Om 3a 10 xB, 9KLO cuna CTPyMy B MPOBIOHMKY CTAHOBUTL 2 A.

5(c). MosACHITb, Y1 Byae 3anobiXHKMK BiOnMoBiaaT CBOEMY MPU3HAYEHHIO,
AKLLO BiH po3paxoBaHuii Ha 10 A, a npoBoaka y KBapTUpi — nulie
Ha 6 A.

6(a)- MnaBki 3anob6iXXHUKM pO3paxoBaHi Ha MakcuManbHUn cTpym 10 A

npu Hanpysi 220 B. Y1 po3nnaBuTbcs 3anobixkHUK, SKLLO B Mepexy
O[HOYACHO YBIMKHYTb €JIEKTPUYHI Npuaaan 3arajsibHoK MOTYXHICTIO
2,5 kBt?

7(n). Mo npoBigHWKY NpoxoauTb cTpyM 5 A. BudHauTe onip npoBigHuKa,
akwo npotaroMm 10 xB BMAINAETLCA KibKICTb TENNOTM 5 KIX.

8(B). IBa nposigHukn, onip gkux 10 i 23 Om, yBIMKHYNIM B Mepexy 3
Hanpyroto 100 B. BusHauTe KinbkiCTb TEMMOTU, KA BUOINAETLCA LLO-
CEKYHAN B KOXXHOMY MPOBIAHMKY, SKLLO iX 3’egHatn: 1) NnocnigoBHO;
2) napanenbHo.

9(B). Ha enextponnuTui, yBIMKHEHIn y Mepexy Hanpyroto 220 B, cToiTb
KacTpynd, B ki mictuteca 0,5 n Boau 3 mo4yaTkoBOK Temnepa-
Typoto 10 °C. 3a 12 xB Boma 3akumnae. BusHaute KK ycTtaHOBKW,
AKLLO Cuia CTPYMYy B €NEKTPONAnUTLI CTaHOBUTbL S A.

10(B). [panbHa MalmMHa Mae NOTYXHICTb HarpiBanbHMX TeHis 500 Bt i KK/,
85 %. Bu3HauTe yac HarpiBaHHA B MalUvHi Bogu o6’emMomM 5 n Bifg,

25 po 95 °C.

Cnpobu cTBOPUTU Nammny PO3XKAPEHHS 3AINCHIOBANINCA BYEHUMU PI3HUX
KpaiH we 3 no4vatky XIX CT., NpOTe CKOHCTPYKBaTU HaLiMHUA MPUCTPIA He
BoaBanocs. Jinwe B 1854 p. HiMeubkuin rogmHHmkap eHpix Mebenb npo-
OEMOHCTPYBaB NePLUNiA NPUCTPIN, GKUA MOXHaA Ha3BaTU S1IaMMOK0 PO3XKaAPEH-
HA, — 06BYyrneHy 6amM0OyKoBY HUTKY B CKNSHIN KOnbi, 3 kol Oyno BigkayaHo
noBiTPS.

ByrinbHa namna [lMMaBna $6no4koBa, po3pobneHa B 1874 p., npa-
uoBana He Oinbwe 2 roauH. [llpuaaTtHy AN9 NPaAKTUYHOrO 3acTo-
CyBaHHA namny nepwum 3anateHTyBaB /[xo3edp CBoH y 1878 p.
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Puc. 32.4. IBaH lMasnoBuy lynion
Jlamna Egjcona (1845—1918)
BcecBiTHLO BigomMmuin
YKPAIHCbKUI YH4EHUN Y
ranysi enekTpoTexHiku,
pekTop Ta npodecop
Himeupbkoro
MONITEXHIYHOrO
IHCTUTYTY Y
Mpa3si, aBTOp
dyHOaMeHTaNbHUX
npaupb i3 Teopii
eNeKTPUYHUX Kin,
OOVH i3 PO3POBHMKIB
nepwoi B €sponi
€NeKTPOoCTaHLLl

Puc. 32.5.
Namna . MMyntos

AK HWUTKY po3XapeHHs Oyno BUKOPUCTAHO O0OBYyrineHe OaBOBHSA-
HE BOJIOKHO, BMilleHE Yy CKAsHY Konby 3 pO3PiaXEHUM KUCHEM.
Y 1879 p. Oyno posnoyato obnagHaHHSA eNeKTPUYHOro OCBITIEHHS B MicTax
AHrnii, He3Baxatun Ha Te, Wwo namnu CBOHA Mann HeBenukuii (6m3bko 13
roavH) TepMiH BUKOPUCTaHHSA 4epes3 HedOCTaTHIN BakyyMm.

Y nepeamicTi Hoto-Mopka 31 rpyaHa 1879 p. amepuKaHCbKUM BUHAXIOHUK
Tomac AnbBa EpficoH 3anaTeHTyBaB flaMny pPO3XapeHHs 3 MIaTMHOBOIO HUT-
KOK. A HaACTyrMHOro pPoky BYEHW CTBOPMB JlaMMy PO3XapeHHs 3 BYriJIbHOKO
HUTKOIO, dka npautoana marxke 40 roguH (puc. 32.4).

Y 1884 p. Ha MixHapoaHiin enekTpOTEXHIYHIA BUCTaByi B LLITaepi Bnpat-
HUI yKpaiHCbKnin @i3mk IBaH lynion NpoaeMOHCTPYBaB nammny pPoO3XapeHHs
BIACHOI KOHCTPYKLLI.

3anateHToBaHa |. Mynioem namna mana BOOCKOHANEHY HUTKY PO3Xaplo-
BaHHS, O B AEKifbka pasiB 30inblUyBano TEPMIH il BUKOPUCTAHHS, MOPIBHAHO
3 aHanoramu. Jlamna lMyntoa (puc. 32.5) cepiriHO BUroToBnsinaca Ta BUKO-
pucToByBanacs B €Bponi.
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§ 33. JliunapHUK eJIeKTPUYHOI eHeprii

» Bydosa ma 0is eneKmposivuAbHUKA
» O6uucaenHs 86apmocmi CnoHUMol esexmpoerepeii

BYJTOBA TA JNId EJJERKTPOJITYUJIBHUKA. Ha saBepiiaibHOMY
eTari Apyroi IPOMMCJIOBOI PEBOJIIOIiI 3 BMHAXOAOM AHMHAMO-MAIIMH
3’ABUJIaCId MOXKJIUBICTH BUPOOJIATU €JIeKTPOEHEePrilo Y BeJIUKUX 00CsH-
rax. Ilepiroro cgepoio MacoBOro 3aCTOCYBAaHHS eJIEKTPOEHeprii craJjo
ocBiTyienusa. Koy 1eil HOBUII IPOAYKT — €JEeKTPOEHEepPTilo — IIoYaJIu
mpoAaBaTh, BUHUKJA HeoOXimHicTh BuaHaumTu ii mimy. IIpore Oyio
He3po3yMijo, B AKMX OAUHUIIAX CJIif BecTH OOJIK i AKI mpuHIMAIN
BUMIipIOBaHHA OyJu 0 HaW3pyUHINIIMMU.

JiYNJIbHUK eJIeKTPUYHOI eHepril (eJeKTPONdiuHIbHUK) —
€JIeKTPUUYHUY BUMipIOBAJbHUN IPHUJIAZ, IPUSHAYEHUH TJIA 00-
JIKy CIIOJKMUTOI eJIEKTPUYHOI eHeprii.

IlepmiuM eJeKTPOJIUYUABHUKOM CTaB JIUMJIBHUK TOIUH POOO-
tu jgamnu Camioens Tapmpimepa (CIIIA), samarenToBanuii y 1872 p.
Bin BumMmiproBaB yac, IPOTATOM SAKOTO IIofaBajiacs eJeKTPoeHeprid
(puc. 33.1).

Y 1889 p. yropens Orro Tiryc Baari sanarentyBaB «EaxekTpuunnii
JIUNIBHUK OJA 3MiHHUX CTPyMiB», a v 1894 p. Oxisep IllesmnenGepr
Po3pobuB IHAYKIIHHUN npuiazn oOJIKYy BaT-TOMMH.

CydacHU# JiUYMJIbHUK eJIeKTPUUYHOI eHepril AJsd 3MiHHOTO CTPyMY
CKJIaIa€EThCA 3 METajJieBOro 00epToBOro amcka. Bick oOepramusa auc-
Ka 3’emHaHa 3 JiUMJIBHUM MeXaHi3MOM, AKHHA BUMIipIO€ KiJIbKicThb

o0epTiB auMCKy i mgae imdopmaIlrizo mpo uYmHCJIO
CIIOKUTUX BaT-TOAWH, OCKiJIbKM KiIbKicTh 00ep-
TiB AMCKaA IPOMOPIliiHA BEJUUYUHI eJeKTPUUHOIL
eHeprii, 110 TPOXOAUTH uepes mpujazx. Hacrora
o0epTaHHA AUCKA OPOIOPIifiHa IOTYKHOCTI Ha-
BaHTAXKEHHSA: YMM OiJBIIIOI0 € CIIOKHBaHa IIO-
TY:KHICTh, TUM IIBHUAINE BiH oOepraerbcda. Ilo-
Ka3HUKMN JiUMJIbHUKA BiAIOBiZaOTh KiJIBKOCTi
BUKOPUCTAHOI eJIeKTPOeHeprii, BUpa)KeHill y
kBt - rox. IMugpa, mo mokasye mecATi yacTUHU
KBT ‘- roz, y3saTa B KOJILOPOBY pPaMKy (puc. 33.2).
Taki egexTpomiunIbHUKY HA3UBAIOTh IHAYKITil-

HUMH.
Puc. 33.1. IIpore iHAYKIIFIHI €JIEKTPOJIUMILHUKMN Ma-
MepLunii I0Th HUSKY HEIOJiKiB: IMOPiBHAHO BeJUKA IIO-

€NeKTPONIHUIIbHUK
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§ 33. JliunnbHuK enektpuyHoi exeprii

Puc. 33.2. Puc. 33.3.
IHOYKUIMHI eNneKTPOoAiunAbHNKNA EnekTpoHHI enekTponiynnbHUKN

XxuOKa 00JIIKYy, HEMOMKJINBICTH ABTOMATUYHOTO 3HATTSA MOKA3HUKIB Ha
BificTaHi TOmIO, TOMY Hapasi MIMPOKO BUKOPUCTOBYIOTHCA €JeKTPOHHI
mpuaagu o0JiKy eidexTpoeHeprii (puc. 33.3).

OBYHNCJEHHS BAPTOCTI CIIOKHUTOI EJJEKTPOEHEPTII. Ko:x-
HOTO MicsIld Ballla POAMHA OTPUMYE PAaXYHKH 3a CIOMKUTY eJeK-
TpoeHeprito. Copobyemo 3’sacyBaTH, SKHUM UHHOM OOUYMCIIOETHLCA Ii
BapTicTh. Hacammepen 3BepHeMO yBary, Io o0JIiKOByeThbcsA poboTa,
BUKOHAHA €JIEKTPUUHUM CTPYMOM y MpoIleci (pyHKIIiOHyBaHHA BCix
YBIMKHYTHX Y Mepe:Ky IIPHJaZiB, IO € Y Bac BIOMA.

IIpoTe cmo:xkuTa eJeKTPUUYHA €HEPTid PO3PaXOBYEThHCA HE B IMKOY-
Jg9X, a B KitoBaT-rogmHax, OCKiIbKHM pPoOOTa CTPYMY 3a OSUHUITIO Yacy
(BaT-3a-CeKyHIy) € He3HaAUuHOI. TOMYy AJIs CIIPOINeHHA PO3PaxyHKiB
NPUUHAIN ONUHUIIO «KiJoBaT-rogWHA», AKOI0 i BUMipIOIOTH CIIOMKHU-
Ty IpUJagaMi eJeKTPUUYHY eHepriio Ta BiAmoBiZHMHA uac ixX poboTwH.
3Haouu Tapu@ Ha eJeKTpoeHepriio (BapTicTh KijloBaT-roguHN POOOTU
€JIEKTPUYHOrO CTPYMY y BaIlloMy OYAWHKY) Ta KiJIbKiCTh CIIOMKUTUX
KijoBaT-roguH, MOYKHA OOUYMCIUTH BApTiCTh CIIOMKUTOI eJeKTPOeHep-
rii. Husa 1mporo HeoOXiZHO KIJBKIiCTh CHOMKUTHX KijgoBaT (BUTpaTu
eJIEKTPOeHeprii) TOMHOMKUTH Ha Tapud.

Hanpukigan, AKITO IIOTOYHI MOKAa3W €JeKTPOJIiUYMJIbHUKA CTaHOB-
aate 011706,9 kBt - rox, a monepexnui 6yaum 010982,6 kBt - rox, To
BUTPATU eJeKTpoeHeprii nopiBuioioTh 724 KBt * rox. Hexaii Tapud Ha
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eJeKTPOeHePriio y BalioMmy OYAUMHKY CTaHOBUTH 45 Kom. 3a 1 KBt - rog.
Toxai BapTicThb CIIOMKUTOI eJIeKTpoeHeprii BU3HAYAEMO AK JOOYTOK:
724 - 45 = 32 580 (xom.) = 325 rpu 80 kKorm.

Fonoene B ubomy naparpadi

JivnnbHUK enekTpU4YHOI eHepril (eNeKTPONIYNNbHUK) — eNeKTPUYHNIA BUMI-
POBaNbHUIA NpUnaa, NpuU3HadeHni ans o6siky COXUTOI eNEKTPUYHOI eHepril.

JIiYNNbHUK eNnekTPUYHOI eHepril ansg 3MiHHOrO CTPYMY CK/1adaeTbCsd 3 Me-
TaneBoro o6epToBOro amcka. Bicb o6epTaHHA aucka 3’egHaHa 3 NiYUNbHUM
MeXxaHi3MOM, KM BUMIPIOE KiNbKiCTb 00epTiB Ancka i gae iHpopmalito npo
KiNIbKiCTb CMOXUTUX BaT-roauH.

[nga cnpolleHHs po3paxyHKiB BapTOCTi eNeKTpOoeHepril 3a OaUHULLIO Cro-
XUTOI €Heprii B3ATO «KiNnoBaT-roanHy».

[ns oByncneHHs BapTOCTi CMOXUTOI eNeKkTpoeHeprii HeoOXiAHO KiNbKiCTb
CMNOXUTUX KifloBaT (BUTPATU €NeKTPOEHePril) MOMHOXNUTM Ha Tapuo.

panwral-u-m Ans camonepesBipku

1. IITo Ha3WBaAIOTH €JIEKTPOJIUMIbHUKAMU?

2. Omwuirits OyZoBY Ta HPUHIUI Oil €JIeKTPOiYNIbHUKIB.

3. IloscHiTh, YoMy Oy OOUYMCJIEHHS BapTOCTi eJeKTPOeHeprii cmo-
JKUTY eJIEKTPOEHEePTil0 BUMipIOIOTH Y KiJloBaT-rogMHAaX.

4. $xuM yMHOM OOYMCJIIOIOTH BAPTICTH CIIOMKHUTOI eJIeKTpoeHeprii?

Bnpaea go § 33

1(n). [MoACHITbL, 9K MOXHa NnepekoHaTnUcs B TOMY, WO BCi CNOXVBaYi enek-
TpoeHepril Big eOHaHi Big enekTpomMepexi.
2(n). PosrnaHbTe ¢oTtorpadito nivnabHMKA 1 NOSCHITb, WO 03HayaloTb

Hagnueun: KW-h; 220V; 50 Hz; 10-40 A.

PucyHok 0o 3agay 2 ta 3

3(c). MippaxyinTe BapTICTb CNOXMUTOI enekTpoeHeprii 3a nokasamu Jii-
YMNbHUKA, GKWO Tapud 3a enekTPoeHeprilo cTaHoBUTb 1 rpH
3a 1 kBT - roa cnoxutoi eHepril.

4(c). MippaxyinTe BapTICTb €NeKTPOEHePril, CMOXUTOI €IeKTPUYHOIO NlaM-
noykoto noTyxHicTio 100 BT npoTtarom micsausa (30 gHis) npu Tapudi
1 rpH 3a 1 kBT - roa, axkuwo BoHa CBiTUTbCS MO 8 rofd 3a oooy.

5(n). Pospaxyinte BapTicTb enekTpoeHeprii npu Tapudi 1 rpH 3a
1 kBT - roa, WO CNOXWBAETLCS €MEKTPUYHOIO Npackow 3a 4 rof,
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§ 33. JliunnbHuK enektpuyHoi exeprii

po6oTKn, KLU0 BOHA BMUKAETLCSH B Mepexy Hanpyroto 220 B. Cuna
CTpyMy B npacui 2,5 A.

6(a). 3a KOPUCTYBaHHS €NeKTPOEHEPTIE NPOTAroM Micsus poamHa cnna-
Tnna 112 rpH 50 kon. BusHayTe BUTpaTU eNeKTpoeHeprii, AKLLo Ta-
pnd Ha Hei ctaHoBuTb 45 kon. 3a 1 kBT - rog.

7(n). 3anuuiTe NacnopTHi AaHi NOTYXXHOCTI AOMALUHbOrO €NeKTPUYHOro
YanHuka. BuaHauTe KinNbkiCTb eNneKTpUYHOI eHeprii, CNOXUTOI Ha Ha-
rpiBaHHS BOAW B YaMHWKY A0 KUNiHHGA. OGuucniTh i BapTiCThb.

8(m). 3anuLliTe MacnopTHi AaHi enekTpuUYHUX npunagis, SKMMU BU KO-
pucTtyeTecs B noOyTi. BusHauTe, Ha aKy cuiy CTpyMy MailoTb OyTu
po3paxoBaHi 3anobixXHMKN, SKLLO BCi Npunaan 6yayTb YBIMKHYTI OA-
HOYACHO. JOMALLHbOrO eNeKTPUYHOro YamHuka. BusHa4yte KinbkiCTb
€NEKTPUYHOI eHepril, CMOXWUTOI Ha HarpiBaHHS BOAV B YaMHUKY 00
KUNiHHSA. OB4YMCniTh T BapTICThb.

9(B). Y kBapTUPi 3aUWNAN BBIMKHEHOIO TiflbKM OOHY €1eKTPONAMIMOYKY.
Yucno obepTiB amcka niynnbHuka 3a 10 xB8 gopisHioe 20. Ha naHeni
NiynnbHuka € Hanue: 1 kBT - rog = 1200 o6eptam gucka. BusHaute
MOTYXHICTb YBIMKHEHOI namnu.

BYNMOCS PO3B’AA3YBATH PI3UYHI 3A/TAUI
3 TEMHU «3’€IHAHHSA ITPOBIJJHUKIB.
POBOTA, IIOTY/KHICTHh EJIEKTPHYHOTO CTPYMY »
ITounHaoun po3B’sA3yBAaTH 3ajJadi Ha PO3PAXYHOK EJIEeKTPUUHUX
Kijg, moHOBiTH y mam’aTi 3akon OMa mjig AiIAHKM Koja, 3aKOHU, AKi
BUKOHYIOTBHCS IPHU IIOCJiZOBHOMY Ta MapajelbHOMY 3’€THAHHI IPOBif-
HUKIiB Ta IIpaBUJIa CIPOINEHHS PO3PAXYHKY eJeKTPUUHUX Kijg: mepe-
MiIlleHHSA TOYOK 3’€QHAHHS Ta 3MiHM MOBXKUHU 300paKeHuX MHPOBijI-
HUKiB, mil 3a HAABHOCTI IepeMUYOK, BUKOPUCTAHHS €KBiBAJIEHTHUX
OmIOpiB Ta cuMeTpii eJeKTPUUHOI CXeMU.
3adaua 1. Ha ManoHKY 300pakeHO CXeMy eJeKTPUUYHOTO KoJa 3
IIeCTU OJHAKOBUX pesaucTopiB mo 60 Om. BusHaure cuyiy cTpymy B

KOXKHOMY PesucTopi, AKIO Hampyra Misk Toukamum A i B mopiBHIOE
220 B.

B i

* LT
Hano: Posé’a30x
R,= R,= R;= R,= Pesucropu R,, R, i R; 3’egquani MisK cob6or0
= R;= R;= 60 Om napaienbuo. Hassemo 1e 3’emmamusa «Ilapa-
U=220B saenb-1» (I11). 3uaiimemo oImip 1bOT0 3’€JHAHHS:
Il—z I4—Z 1 1,1 1 RR+RRE~+RE
2 o ‘, ﬁz o 9 Ry, R R, R R\Ry R, ,
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R, R,R; )
RR,+RR,+R,R,’
B 60-60-60

™ 60-60+60-60+60-60
Pesuctopu R, Ta R, 3’enmani Mik coboio mapaJsiesbHo. HasBeMmo 11e
3’enqumanusa «Ilapanenan-2».
3HaligeMo omip IbOro 3’€mHAHHSI:

By, =

=20 (Owm).

1 1 1 R+R,
:—+_:—,
RHZ Rl R2 R1R2
_Bhy 60-60 _ g, (Om).

Bz = R +R,’ ™ 60+60

«Ilapanenns-1», «Ilapamens-2» i pesuctrop Ry 3’emnani mik coboro
MOCJIiZOBHO. 3araJbHUN OHip IILOTO 3’€IHAHHSA, 4 OTXKe, i BChOTO eJIeK-
TPUYHOTO KoJia, AopiBHIOE R =Ry, + Ry, +R;=20+30+60=110 (Om).

U 220
Pospaxyemo 3arambHy cuay crpymy: [ :E:EZZ(A)'
Ockinbku «Ilapanenb-1», «Ilapamens-2» i pesuctop Rg 3’emmani
MiX co00I0 IIOCJTIiZOBHO, TO
I = Iy = Ig= 2A.
Ha «ITapaneni-1» cTpyM po3mifisieTbcs HA TPU YACTUHU, a OCKiJb-
I 2

ku R, = R,= R;, TO I1:I2:I3:%:§A

Ha «Ilapaneni-2» cTpyM poO3AilsgeThbcs HA ABi 4aCTUHU, a OCKiJb-
ku R,= R;, TO I4:I5:%:§:1A

BigmoBigs: II:I2=I3:§A, I,=1,=1A, I= 2 A.

Posp’sasymoun 3asadi Ha PO3PaxyHOK POOOTH Ta IMOTYIKHOCTI eJeK-
TPUYHOTO CTPYyMy, HeoOXimHo mam’ atatu: (GopmMyam pobOTH Ta IIO-
TYsKHOCTi €JIEKTPUYHOTO CTPyMy, 3aKoH [:koynas — Jlenma, 3akou
30epe)KeHHA eHeprii, 3aKOHOMIPHOCTI ITOCJIiZOBHOTO I IIapaJieIbHOTO
3’emHAHHA IIPOBITHUKIB, 3ajJIe}KHICTh OIOPY Bij MaTepiany Ta po3Mi-
piB, opMysu IaA PO3PAXyHKY KIJIBKOCTI TEIJIOTM B Pi3HUX IIpoIle-
cax.

3adaua 2. 3a 10 XB y eJIeKTpUUYHOMY YanHuUKY Harpiau 0,5 1 Bo-
mu Bim 20 °C mo KumiHHs, cuja cTpymMy B Mepe:xi 1,2 A, a omip
crmipaismi esnektrpouarnuka 260 Owm. IluToma TemroeMHiCTh BOAU
4200 Mx/(xr - °C). Busnauntu KK][ erexkTpouaiiHuKa.
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§ 33. JliunnbHuK enektpuyHoi exeprii

Hano: Poszs’a3ok

t =10 xB = 600 c KK HarpiBaJbHOro IpuUaamy YHCEJIbHO
V= 0’5OJ1 = 0,0005 m? JIOPiBHIOE BiTHOIIIEHHIO KOPUCHOI eHeprii (po-
t; =20 °C 60Tu) 10 BUTpPaAUEHOL

t,= 100 °C

I=12A n=%-

R = 260 Om ) ) ]

¢ = 4200 ITx/xr - °C KopucHorwo eHepriero € eHeprisg HarpiBaH-
n—? HS BOOU

A =@, =cm(t—t,);

Macy BOAM HalZleMO uepe3 I'yCTHUHY:
m=pV; m=1000—5--0,0005 m® = 0,5 xr.
M

BurpaueHoro € eHeprid, 1o BUALINIACA B HArpiBaJIbHOMY eJeMeHTi
Iif yac IPOXOAKeHHs 10 HbOMY eJIeKTPUUHOro cTpymy A, =Q =1 ’Rt;
i_&_ em(ty, —t))

A Q@  I’Rt
nigcTaBasgeMO YMCJIOBL 3HAUEHHS:
4200 I /xr-°C-0,5 kr-(100-20)°C
" (1,2A)° 260 Om 600 ¢
Bigmosigs: 1 = 75 %.

3arajbHa (popmyisa: M=

=0,75.

3adauva 3. ExexTpuuHa Mepe:ka KBapTHUPU Po3paxoBaHa Ha CUJIY
cTpymy 6 A, JiUMJIBHUK eJIEKTPUYHOI eHeprili — Ha CUJy CTPyMy
10 A. Ha axwuii ctpyM Mae OyTH PO3pPaxOBAaHUI aBTOMATUUYHUMN BU-
Mukau? Ywm copariioe aBTOMaTUUYHUN BUMHUKAY, SKITO YBIMKHYTH OI-
HOYACHO [EeKiJlbKa eJIeKTPUYHUX MPUWJIALIB 3araJIbHOI0 ITOTYKHICTIO
2 kBr?

Bci enexTpuuHi nmpuaagu, y TOMY YUCJHL eJEKTPUUYHUN JiUUILHUK,
MalOTh 3aIlac MiITHOCTi, TOMY aBTOMATUYHHUI BUMHKAY a00 ILTaBKUM
3amo0iKHUK CJIiZ pO3paxoByBaTH 3 MEeBHUM 3allacOM Ha MiHiMaJIbHY
CHUJIy CTPyMy, ToOTO 6 A.

IIpu mampysi B Mepe:ki 220 B MmakcuMaibHA TOTYKHICTh MPUIATIB:

P=1U;
P=6A-220 B=1320 Br;
aBTOMATUYHUIN BUMNKAY MOBMHEH CIIPAIIOBATH 00 IIOTYKHICTH MPH-
JaniB OiJibIla 3a AOIIYCTHUMY IJIS APOTIiB eJeKTPUUHOI Mepe:Ki.

Axmro 3anobi:KHUKYU OyayTh pos3paxoBaHi Ha 10 A, To mIpoBigHUKHU

B OCeJIi HarpiBaTUMyThCA, MO0 MOKE IIPU3BECTU IO TOKENKi.
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BUABJAEMO ITPEJMETHY KOMIIETEHTHICTD
3 TEMHU «3’€JHAHHSA ITPOBIJHUKIB.
POBOTA, IIOTYHHICTh EJEKTPUIYHOI'O CTPYMY »

1(m).

2(m).

3(m).

4(m).

5(c).

6(c).

232

fAxa pisumuna BelrmumHa 3aBMKAM € OJHAKOBOIO B KOJII IJA BCix
IIPOBIAHUKIB, 3’€IHAHUX IIapajebHO?

A) cuna crpymy;

B) manpyra;

B) omip;

T") mory:xHicTs.

PobGoTa eleKTpuYHOTO CTPYMYy Ha MiJISHIN €JIeKTPUUYHOTO KOJa
BH3HAYAETHCA 3a (hOopMYJIOI0:

A) A = Fs;
B) P =UlI;
B) A = Ult;
') A =AE.

VKaxKiTh mpisBuIlle BUEHOTO, SKUU BCTAHOBUB BijJ 4Oro sale-
KUTH CUJIa CTPYMY Ha MIJIAHII eJeKTPUUYHOro KoJia:

A) I:xx. [:xoynab;

B) I'. Owm;

B) III. Kyusomn;

') E. Jlenm.

IBa pesucropu 3’emHani mociimoBuo. Omip mepIioro pesucropa
5 OmMm, a omip apyroro — 15 Om. BubGepiTh mpaBuiabHE TBep-
MKeHHS:

A) saranpHu# onip pesmcropiB 10 Owm;

B) cuma crpymy Ha meprioMy pesucTopi OijbIia;

B) mampyra Ha 060X pesucTopax OJTHAKOBA;

I') cuna ctpymy B 000X pes3mcTopax OJHAKOBA.

Axi omopu MoKHA oxep:kaTH, 3’€IHABIIN 3 PE3UCTOPU OIIOPOM
2 OMm KosxeH?

A) 2/3 Om, 6 Om, 3 Owm;

B) 2/3 Om, 4 Om, 3 Owm;

B) 1/3 Om, 6 Om, 3 Ow;

I 2/3 Om, 2 Om, 4 Owm.

[Ba mpoBimHWMKM;, IO MAlOTh OJHAKOBiI Ommopu, 3’€THAHO CIIO-
YyaTKy MOCJIiJOBHO, a MOTIM mapaJjieJbHO. B 000X BuUIagkKax Ha-
nmpyra Ha TiJIAHIII KOJIa € OJHAKOBOIO. BcTaHOBITH, y AKOMY
BUIIAAKY PoOOTA €JeKTPUUYHOIO0 CTPYMY 3a TOM camMwuii yac 0yme
0iJIBIIIOI0 1 B CKiJIBKM pasiB:

A) mpu mocaimoBHOMY 3’€IHAHHI pPoOOTa €JIEKTPUUYHOTO CTPYMY
B 2 pasu 6iybIma;

B) B 060x BuUmagxax OJHAKOBA;



§ 33.

JliunnbHuk enektpuyHoi eHeprii

7(c).

8%c).

9(c).

10(xm).

11(m).

B) mpu mapasensHOMy 3’eaHAHHI pob0oTa €JIEKTPUYHOTO CTPYMY
B 4 pasu 0inbIna;

I’) mpu mapanenbHOMYy 3’€mHaHHI POOOTA €JIEKTPUUYHOTO CTPYMY
y 8 pasiB OinbIma.

AK sMiHUTBCA KiJBKIiCTh TEIJIOTH, AKa BUIIJIAETHCS B IPOBiA-
HUKY 31 CTPyMOM 3a IeBHUU iHTepBaJ dacy, SKIIO0 3a He3MiH-
HOTO OIOPY HANPYTy Ha HBOMY 3MEHIIUTH B 2 pasu?

A) s6inpmuThCsa B 4 paswu;

B) smenmuTsesa B 4 pasu;

B) s6inpmuThea B 2 pasu;

T") smenmuTbca B 2 pasu.

O0uucIiTh BapTicTh eJIeKTpoeHeprii 3a 2 roa po6oTHU eIeKTpPo-
IBUT'YHA IOTY:KHicTI0O 6 KBT. Bapricth 1 KBT* rom cramoBuThb
16 kom.:
A) 1,6 rps;
B) 1,92 rpmu;
B) 0,96 rpmH;
) 2,4 rp=.
EnexTpoaBurys, yBIiMKHYTHUH IO Mepe’Ki, CIIOKMBAa€E MOTYK-
HicTs 6,2 KBr. Ky poboTy BHMKOHYE CTPYM y KOJi JBUTyHaA
3a 1,5 roxn?
A) 4,13 x]lx;
B) 33,48 M]IIx;
B) 9,3 xII:x;
") 93 kBt - rog.
YcraHoBiTh BiHOBigHICTE MiK Ha3BOIO 3aKOHY Ta HOro Mare-
MaTUYHUM 3aIIXCOM.
A) zaxonm [»xoyna — JleHia 1) P=1U;
B) mory:xHicTh emexTpuunoro crpymy 2) A=1Ut;
B) sakom Oma mna minTAHKH KoJa 3) A=Fs;
T') pobGoTa eeKTPUUHOrO CTPYMY 4) Q=I*Rt;
U
5) I=—;
R

YcraHoBiTh BiAMOBiAHiCTE MiK Hampyrowo, pobOTO0 eJIeKTPUY-

HOTO CTPYMY Ta 3apAloM, IO IPOUIIOB yepes MPOBiIHUK.

Pobora enekTpuuHOro cTpymy,
3HAUYEHHHA 3apsiaxy
A) |220 B 1) |24 [k, 4 Kn

Hampyra

B) |36 B 2) (2,2 k], 10 Kx
B) |25 mB  |3) |36 Ik, 1 Kx
T) |6 xB 4) |36 xllx, 10 Kx

5) |50 Ix, 2000 Ka
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12(x). o KiHIIiB AiIAHOK KoJa IPUKJaAeHO OJHaKoBY Hampyry. Ilo-
piBHANTE cUJIy CTPYMYy B KOMKHIN 3 MinAHOK i posraimyiite 1i-
JSHKYA B HOPAAKY 30iJBINIEHHA CUJU CTPYMY:

36 KOM 5 kOm 360 Om 60 Om
A AL+ 1= B ~_H{ 1=

50 Om 10 Om 12 kOm 600 Om
15) Wi M e N n ~ L +—{1+=

13(m). o mxepesa moctitiHol Hanpyru 9 B migxkaouuam Tpu ogHAKO-
Bux pesuctopu mo 1 Om. BusHauTe mOTYKHIiCTH €JIeKTPUYHOTO
CTPYMY B KOKHOMY 3 HUX.

a)»:EL 6)® gy A H_H =

14(8). Busnaute po0OOTy eJIeKTPOABUTYHA HPaJbHOI MAINMWHU, SIKUHA
npaiioe Big mampyru 380 B mpomos:xk 10 xB. Omip o0MOTKU
cramoBuTh 200 Om. KK]I enexrpoaBuryua 70 %.

15(8). Busmaure uac, IpPOTSArOM SKOTO MAa€ IIPAIIOBATH €JIeKTPUUHUNI
yaiHuK, 1106 Harpitu 0,5 a1 Boxm Big 20 °C mo Temieparypu
KUIIIHHA, AKI0 CUJa CTPYMY B HArpiBaJbHOMY eJeMeHTi OIIo-
pom 260 Om cramoBuTh 1,2 A. IluTomMa Tem/JIOEMHiCTHL BOAU
4200 Mx/(xr - °C).

§ 34. Ilpupona eJIeKTPUYHOTO CTPYMY
B PO3UYMHAX i po3maaBax eJeKTPOJIITIiB

» Enexmpoaimu. Enexmpoaimuuna ducouiauis
» Enexmponis. 3aKoH eseKkmpogi3y
» 3acmocy8aHHs eaeKmponi3y

EJJEKTPOJIITHU. EJEKTPOJITUYHA OTUCOILIAIIISA. 3Bepaemocs
IO mocJimy. 3’€THAEMO HOCIIMOBHO IKepeJsio KUBJIEHHSA, eJIEKTPUUHY
JAMIIOUKY Ta ABa MeTAaJieBi eJIeKTpoAu, AKi 3aHYPUMO B CKJSAHY IIO-
cyauny 3 KyxoHuoio cijro NaCl (puc. 34.1, a).

3aMKHEMO eJeKTpuUYHe Ko0J0. JlaMmoukKa He CBiTUTHCSA, OCKiJIbKU
KYXOHHA CiJib € HieJIeKTPUKOM. 3aHYPUMO Tellep eJIeKTPOAU B IIOCY-
IWHY 3 OUCTUJILOBAHOIO Bomoio (puc. 34.1, 6). Jlammouka 3HOBY He
CBiTHUTBCS, TOMY IO AMCTUJIHLOBAHA BOJA TAKOMK € TieJIeKTPUKOM.
PosumHuMO Tpoxmu coji y Bomi Ta moBTopuMo mocuin. ITo6aummo, 1Mo
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a) 6) B)
Puc. 34.1. JocnigXeHHsa npoBigHOCTI:
a) coni; 6) ANCTUNBLOBAHOI BOAW; B) PO34YMHY CONi

JaMIIOuKa IouHe cBiTuTucsa. OT:Ke, B KOJIi 3’ABUBCA €JIEKTPUUHUN
crpym (puc. 34.1, B).

TakxyuM YWHOM, PO3UYHMH KYXOHHOI COJIi IPOBOAUTH €JEKTPUUHUMA
cTpyM. PeuoBuHMN, PO3UMHU i PO3IJIABU AKUX IIPOBOAATL €JIEKTPUU-
HUH CTPYM, Ha3MBAIOTh enekmpoaimamu. [1o eJeKTPOIiTiB HaleKaTh
PevoBUHU, B AKUX €JeKTPUUYHUUA CTPYM YTBOPIOETHLCA MOHAMHU, 30Kpe-
Ma PO3ILJIABJEHI COJIi, BOAHI PO3UMHHU COJIEH, KMCJIOT i JIYyriB TOIIO.

Y momepenmix maparpadgax BU AisHAJIHCA IIPO OCOOJMBOCTI eJeK-
TPUYHOTO CTPYMY B MeTaJjaX Ta HaMiBOpoBiZHMKAaX. fKi K mpoiiecu
BiI0yBAIOTLCA B €JEKTPOJITAX IIiJ Uac IMPOXOMKEHHS eJeKTPUUHOTO
cTpymy?

MousieKkysiu cojei, KUCJIOT i JIyTiB YTBOPEHi ITOBUTUBHUMM ¥ HETraTUB-
HUMM HOHaAMM, AKi YyTPUMYIOTHCA CHJIAMU €JeKTPOCTATUYHOTO IIPUTSI-
ranasa. Haopukian, y moJsekyaax xKam’sHoi cori NaCl mosutuBHO 3apsi-
IKeHUE foH HaTpito Na' mpuTaryeTbcsa A0 HeraTuBHOTO IfoHa xJiopy CI.
Y BogsgHomy posumHi MoJieKyau coii NaCl moTpamisitoTh B OTOUEHHS
TIOJIAPHUX MOJIEKYJ Boau (puc. 34.2). CBOIMH MOSUTUBHUMU IIOJIIOCAMU
MOJIEKYJI BOAM HAOJIMIKAIOThCS M0 oHiB xJyopy CI-, a HeraTUBHUMU —

i
el SO0

Z et WA 1

{
Puc. 34.2. % ﬁ % ﬂ
MexaHiam G DiNgr P + a » C & D
AN AN

poanany

MoJiekynu coni ﬂ

NaCl Ha oHun
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mo romiB HaTpiro Na'. ¥V meBHUI MOMEHT CHJIA IPUTATAHHSA MK ITIMN
MoHaMM i MOJIEKyJIaMHW BOJIM IIEPEBAKA€ HAJl CUJIOI0 ITPUTATAHHA MisK
WoHamMu, i MoOJIeKyJia coji posnamaeTbea Ha aBa noHu CI-rta Na'.

IIpoiiec posmaay MOJIEKYJ HAa HOHHM Ha3HBAETHCI €JIEKTPO-
JITHYHOIO JUCOIialli€ro.

Hocisamu 3apsaay B eadeKTpoJiTax
€ IioHM, TOOTO €JeKTPOJiTH MaioTh
|+ WOHHY HOpoBigHicTh. I3 mimBmImeH-

EnektpoHn —

T l _  HAM TeMIepaTypu KOHIeHTpaIlisd
+ IIO3UTHBHO I HETAaTHMBHO 3apdAmKe-
| Anon [ |Katon HUX iOHIB 30inbIIyETHCH.
AN 7 3a BiZcyTHOCTI 30BHINIHBOTO

€JIEKTPUYHOTO II0JITI MOHW pasoM i3
MOJIEKyJaMU, SKi Ie He PO3IMaJiu-
cs, mepe0yBaloTh y 0Oe3mepepBHOMY
Xa0TUYHOMY PYCi.

SIKIIT0 €EMHICTD 13 PO3UMHOM eJIeK-
TPOJIITY IMiAKJIIOUUTH A0 eJIeKTPUY-
EnekTponiT HOrO KOJIa, TO MiX eJeKTpOodaMu
YTBOPUTHCA €JeKTPUUHE mojie i iio-
HM B PO3UYMHI IIOYHYTH PYXaTUCH
HampsaMiaeHo. I[[o3UTUBHO 3apsamsKe-
Hi MoHM OyAyTHL pyXaTHUCA OO0 eJeKTPoaa, 3’€IHAHOr0 3 HeraTHBHUM
TOJIIOCOM [ KepeJa KUBJIEHHs, TOOTO A0 kKamoda, a HeraTUBHI HOHU
— y IPOTHJIEIKHOMY HampaMi, mo amoza (puc. 34.3). Ilpu mpomy ue-
pe3 pPo3UMH eJIEKTPOJIITY BiOyBaeThCA HMepeHeceHHsA AK 3apsany, Tak i
peuoBuHu. IIpoBinHicTh, 3yMOBJIeHY PYXOM MOHiB, HA3WMBAIOTh MOHHOIO.

IIpuragaiite 3 JOCBigy: IYKOP UM Cijib 3HAYHO INBUIIE PO3UMHS-
€ThCS B rapsauiil Bomi, Hisk y xosomHii. ToOTO 3 HmigABUINEHHAM TEM-
mepaTypu 3pOocTae KiJbKiCTh MOJIEKYJI, AKi po3IIagailoThbCcsd Ha HOHU,
a OT)Ke, YMCJO BiIbHUX HOCIIB €JIeKTPUUYHOrO 3apsany 30iJbIIyEThCH.
Yum Oinpmroo Oyae KiJbKicTh BiIBHUX HOCIIB 3apsamy, THM Kpalle
peuoBMHA MIPOBOAUTH EJIEKTPUUYHUN CTPYM.

TakuMm YUHOM, i3 NIOBUWEHHAM MeMnepamypu po3uuHié i posnJa-
8i8 ejqekmposimie ix nposiOHicmbs 30iAbWLYEMbCA, a onip, 8i0nosidHo,
3MEHULYEMBCAL.

— Na*

Ay

— CI-

Puc. 34.3. MoHHa npoBigHicTb
po3unHy kam’aHoi coni NaCl

EJIEKTPOJII3. SAKOH EJIEKTPOJII3Y. IIpoxXomKeHHsA eJIeKTPUIHO-
ro CTPyMy uepe3 eJeKTPOJIIT IIOB’si3aHe 3 IepeHeCeHHAM PEeUYOBUHM.
Ha enexTpomax BimOyBaeTbcA BUMIJIEHHS PEYOBUH, IO BXOAATH IO
CKJIaAy eJeKTPOJIiTiB.
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§ 34. [MpMpPORa eNeKTPMUHOTO CTPYMY B PO3YMHOX | PO3MIABAX ENEKTPOITS

IIpouec BumiTeHHA peYOBMHU HA €JEKTPOJdaxX I 4ac mpo-
XOMKEeHHA eJIEKTPUYHOTO CTPYyMY depes3 eJeKTPOIT Ha3UBAIOTh
€JIEKTPOJIi30M.

SABumie ejekTposidy BigkpuB Ta mocaimuB Maiika Papaneii. Bin
3’scyBaB, II[0 HA aHOAI HeraTMBHO 3apsAmKeHl HOHM BimggaioTh 3aiBi
ejqekTpoHn (y ximii 1me# mpoliec Ha3MBAETHCA OKMCHOIO peakIli€), a
Ha KaTOJi IMO3UTUBHI HOHU OAeP:;KYIOTh BifiCyTHi eleKTpoHU (BigHOBHA
peaxkiris).

Kosxunii ioH, 110 y mpolieci eJeKTpoaidy HeNTpaIidyeThbesa HaA eJIeK-
TpoAi ¥ BUIAINAETHCA HA HbOMY y BUIJIALL HEHTpaJLHOTO aToMa, Mae
meBHY Macy. AJie pasoM i3 THM BiH IIEPEHOCUTHL Uepes eJIEKTPOJIT He
TIJIBKM Macy, a i meBHHUU 3apsan. Tomy Maca pevyoBUHM, IO BUAiJIMJIA-
Ccs Ha eJIEKTPO[i, Ta KIIbKICTh eJeKTPUKM, KA IIPOUIIIa Uuepes eJeK-
TPOJIT, 3aJieKaTh BiJl KiJbKOCTI HOHIB, IO AicTaaucs eJIEKTPOMIiB.

Y 1833 p. M. ®apazeir ycTaHOBUB 3aKOHOMipHIiCTh, KA OoTpuMAaja
Has3By 3akony Papages:

maca peiosuHu m, wo eudiiunrace Ha erekmpoli nid yac eiexmpo-
Ai3Y, npamo nponopuiilHa 3apady ¢, AKUL npoliulos uepe3 eaeKmpo-
aAim:

m= kq.
Ockinbkm q = It, ne I — cuja cTpymy, ¢ — dYac TPOXOIKEHHS
CTPpyMy, TO
m= kIt.

Crany k Ha3uWBaIOTh €JEKTPOXIMIUHUM eK8i6AJLEeHMOM PELOBUHU.
BiH 3asiekuTh BiJf IPUPOAY PEUOBUHU Ta UHUCEJIbHO NTOPiBHIOE Maci pe-
Y08UHU 8 KiJozpamax, Axa sudinisemvces nid wac npoxodxcenns 1 Ka
eNeKMmpuUKU.

3HaUeHHsS eJeKTPOXiMiuHOTO eKBiBaJieHTa HAWIOMINPEHIIINX Pevo-
BUH MOKHA 3HAWUTU B AOBiAHMKOBiil Tabawuii (taba. 34.1).

Tabaruuysa 34.1
EnxexkTpoximMiuHi ejileMeHTH PeYOBUH

PeuoBuna EaexTpoximiunmii ekBiBajsieHT, mr/Ka
Anrominin 0,093
Bogenn 0,0104
Kuceunn 0,083
Mins 0,33
Hikenn 0,3
Cpibio 1,12
Xpom 0,18
Muuk 0,34
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S3ACTOCYBAHHA EJIEKTPOJIISY. Ha mesxi XVIII i XIX cr. ira-
Jiticbkuii ¢isiomor JIyimki 'ambBaui i1 anrmificbkuil ¢Gisur AseccaH-
apo BousibTa 3pobumin BIiAKPUTTS, SKi 3aI0oYaTKyBaJl HOBY HaYKOBY
rajgysb — eJIeKTpoxXimito. YueHi 3’scyBaju, IO IIiJi 4ac IPOXOIKeHHS
€JIeKTPUYHOIO CTPYMY Uepe3 BOAHUII PO3UMH COJIi B HbOMY BimOyBa-
IOThCA XiMiuHi mepeTBOPEeHH:A, AKi HUHI Ha3MBAIOTh €JIEKTPOJiTHYHI-
mu. Ilismimre pocificbrkuit yuenuii B. C. fIKo6i BuHAaiiIIOB cmoci6 Ha-
HeCeHHs IIapy MeTajly Ha IIOBEPXHIO PidHMX BUPOOIB 3a JOIOMOTOIO
€JIeKTPUYHOTO CTPYMY.

CroromHi eseKTposis HabyB IMTUPOKOTO 3aCTOCYBAHHS B TEXHIIIi.
Moro BUKOPUCTOBYIOTH Y TeXHOJOTil paginyeanns (OUUIEHHA) Me-
TaJIiB BiJ JOMIIIIOK. 3a MOIIOMOTOI0 eJIEKTPOJIi3y B eJIeKTPOMeTaJyprii
OTPUMYIOTh UMCTUU HATPill, HiKeJIb, KHNCeHb, BOAEHb, XJIOP Ta iHIIII
peuoBuHU. IlitacTuHa MeTany, SKHUN HiAjsgrae OouYMINEeHHIO, € aHOIOM,
IIT0 Pa3oM i3 KaToAOM 3aHYPIOETHCSA B €JIEKTPOJITUUYHY BaHHY, 3aII0B-
HEeHY BOJHUM PO3UMHOM coJi 1mboro merany. Ilig uac enexTpoJisy
MeTaJ aHoJa y BUTJISAAL HOHIB IepexoAWTh y PO3UYMH i masmi Bigk.a-
IaeTbeAa Ha Karofi. EjexTposiTuuHuii cmoci® padimyBaHHSA 3acTOCO-
BYETLCA, HAIIPUKJIAM, OJISI OTPUMAHHS €JIeKTPOTeXHIuHOI Mifai, 3 IKOI
BUTOTOBJAIOTh €JeKTPUYHI IMPOBiAHMKU. 30KpeMa, i3 pyam 3 pisHO-
MaHITHUMU AOMiIIKaMX BifJanBailOTh MiJHI MJIACTHUHU, SKi IPUETHY-
IOTBbCA A0 aHoJa I BMINMIyIOThbCSA B podumH cyJabpary mimi (CuSO,).
IIix yac mponycKaHHA eJeKTPUUYHOTO CTPYMY Ha KAaTOAi BUIIISIETHCS
YUCTUI MeTasl, a BCi CTOPOHHI AOMIIIIKM BHUIIAJAIOTH B ocan abo mepe-
XOIOATHh B €JeKTPOJIIT.

3a IOIIOMOT00 eJIeKTPOJIi3y OOHI MeTaau BKPUBAIOTh IIIapOM iHIITO-
ro. Ileit mporec HasdmBaeTbCcA 2anvéanocmeziero. Tak, TOBepxHi BU-
pobiB i3 s3amiza BKpuBaIOThL HiKejleM ab0 XpoMOM, AKi MalTh 3HAUHO
BHUIIYy CTiMKiCTh IO KOpPOS3ii.

Puc. 34.4.
BukopucTtaHhs
rasibBaHOMNaCTUKMN
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Puc. 34.5. Uex ranbBaHikn

SBuIe eyIeKTPOJIidy ITOKJIaJeHO B OCHOBY 2Al1b8AHONAACMUKU —
OTPUMAHHSA METAJeBUX KOIIill pisHux mpeameriB (Memgasieii, MoHer, Oa-
peabediB, MATPUIL AJA IPYKOBAHUX eJIEKTPUUHUX miar) (puc. 34.4).
Haa mporo 3 MJIACTUYHOTO MAaTepiany, TaKoro, HAIPUKJAL, IK BiCK,
BUTOTOBJIAEThCA Komia mpeamera. Ilotim ii BKpuBaroTh rpa@iToBUM
IUJIOM, II00 HamaTH IIOBEPXHI KOIil eJIeKTPOIpPOBiZHOCTI I BMimIy-
IOTh yV BaHHY, e BOHA € KaTOAOM. ¥ IIPOIIECi eJIeKTPOJi3y IA KOoImid
BKPUBAETHCS IIAPOM MeTaJly IMOTPiOHOI ToBIMuMHHU. A BicK (mjaacTuu-
HUU MaTepiajs) mOTiM BUAAISAETHCA IIJIAXOM HarpiBaHHMd.

Ha BupoOHUIITBI IIpollecu TajJbBaHOCTEril Ta raJbBaHOILIACTUKU
MIPOBOJATL YV TaJIbBaHIUHUX I€XaX, BUKOPUCTOBYIOUU BeJNKi rajbBa-
HiuHi BaHHU, MO0 AKWX OJHOYACHO MOKHA BMIiIlyBaTH 3HAUYHY KiJb-
KicTh BupoOiB (puc. 34.5).

XMeJApHUILKUHA ManHoOyaiBuuii 3ason «TEMII» Buroromise cy-
yacHe rajbBaHiuHe obJIafHaHHS, 1[0 BUKOPUCTOBYETHCA IK B YKpaiHi,
Tak i B iHmux Kpaimax (puc. 34.6).

Puc. 34.6. CyyacHa
YCTaHOBKA rajbBaHOMIACTUKN
«anbBaHonnact-1M»
BUPOOHNLITBA XMENIbHULbKOIO
MalunHobyaiBHOro 3aBoay
«TEMTI»
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IMPURKJIAIN PO3B’AASYBAHHSA ®PISHUYHUX SATAY
HA EJEKTPOJII3

3adauwa 1. Busmaure macy cpibJia, 110 BUAIINIOCA Ha KAaTOAL IpHU
eJIeKTPOJIi3i a30THOKMCIOTo cpibja 3a 2 rom, AKIIO A0 PO3YUHY I0-
KJaazeHo Hanpyry 2 B, a #ioro omip 5 Om (2 = 1,118 - 10® xr/Kin).

Hano: Poss’aszox
t =2 rox = 7200 ¢ BigmoBigHo m0 3aKOHY eJIeKTpPOJidy, Macy
U=2B8B cpibaa, 110 BUAIIUTHCA HA KATOIi, BU3HAUAIOTh
R =5 Om 3a (POPMYJIOIO:
K _
k=1,11810° — . m=kIt.
Kn Hesizomy cuny cTpymMy MOKHA OOUMCIUTU 34
m — ? saxonoMm Oma:
U
I=—.
R
CkiramaeMo piBHAHHSA # PO3B’A3yeMO HOT0 BiHOCHO IIIYKaHOI Be-
JINYUHA:
U ¢ Kr 2B _
m=k—t; m=1,118-10°=——"=-—".7200 c=3,22-10 k.
R Ja 50m

Bigmosigs: m = 3,22 r.

3adaua 2. Ilixg gyac enekTpoJizy posunuay HBr ma Katomi Bumiiuscs
1 r Bogmio. CKinmpKu OpoMy 3a TO caMMi uac BUIIJIMJIOCS Ha aHOmII,

AKIIO cuya cTpymy 1,5 A (k = 0,0104-10° =X k, = 0,829-10° =L )2
Kn Kn

Hano: Posg’a30k

m, =1r= 10kr 3a YMOBOIO 3aaui yac eJIeKTpPOJi3y I/ BOJ-

I=1,50A HIO Ta OpOMYy € OJHAKOBUM, TOMY 3a MEePIINM

0.0104.10°6 XL 3aKOHOM eJIEKTPOJIi3y Macy pedyoBHH, AKi BUMIi-
k=0, ' K |IAOTBCA Ha €NIEeKTPOJAaX, MOMKHA BalMCATH HK
b —0.829.10-° XL | ™ =Rt my =kt
2 =0, : —

K PosBs’s3yemMo ofep:kaHy cHCTEMY pPiBHAHD
iTHOCHO Uacy:
F = 964857 PUROCHO 1 ,3;1 . ek
MOJIb My _ My =m, = 2 .
— Wl hyl hy
1.10%xr-0,829.10°° *F
m, = - K1 _79,7.10kr.
0,0104-10°% X°
Ka

Bignosine: m, =79,7 r.
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.103He B ubomy naparpadi

Pe4yoBUHU, PO34YMHU i PO3MNJIaBn AKMUX MPOBOLSATH €IEKTPUYHUIA CTPYM,
Ha31BalOTb €NeKTPOiTaMMU.

EnextponitnyHa gucoujauia — npouec po3nagy MOJieKysl Ha MOHW.

MapanenbHO 3 enekTPOJSIITUYHOK AMcoLjauielo BinOyBaETbCS 3BOPOTHUNA
npouec 3’eQHaHHS MOHIB y HelTpanbHi Monekynn — pekomOBiHauis.

[MpoBigHICTb PO34YUMHIB | PO3MNaBiB €EKTPONITIB 3yMOBJIEHA PYXOM WMOHIB,
1l Ha3MBalOTb MOHHOIO.

Mpouec BMAINEHHS PEYOBUHM Ha enekTpoaax nif, Yac NPOXOOXKEHHS enek-
TPUYHOIO CTPYMY 4Yepes efIeKTPONIT Ha3nMBalTb €JIEKTPONI30M.

3akoH Papapges: maca pevyoBUHU, fKa BUOIIMNACA HA enekTpoai nig Jac
€e/1eKTponi3y, NPAMO NMPONopLIriHa CUAi CTPYMY Ta Yacy NMPOXOAXEHHS CTPYMY
yepes enekTponit: m = kq; m = Kit.

EnexTpoxiMiyHuIn ekBiBaNeHT K YMCENbHO OOPIBHIOE Maci PEYOBUHU B Ki-
fiorpamax, ska BUOISETbCA Nif, Yac NpoxoaxeHHs 1 Kn enekTpuku.

EnekTponia BMKOPUCTOBYIOTb Y TEXHONOriI padiHyBaHHA MeTaniB — O4un-
LLIeHHI X Big, OOMILLOK.

MokpuTTS NPOBIAHOI MOBEPXHI LLAPOM MEBHOFO MeTany enekTPOAITUYHUM
CNocoO0OM Ha3MBaAKOTb rafbBaAHOCTETIEIO.

ManbBaHOMNacTMKa — OTPUMAHHSA KOMiM PI3HUX MeTaneBux NpeaMmeTiB 3a
[OMNOMOroK enekTpoisy.

panmuuuu ANs camonepeBipku

1. IITo HaswBaiOTH eJgeKTpoJiTamMmu?

2. TloscHiITH MexaHi3M eJeKTPOJIITUUHOI mucoIialii.

3. IloscHiTH MexaHi3M IIPOBiAHOCTI PO3UMHIB i PO3ILIABIB eJIeKTPO-

JITiB.

1o Has3uBaOTh €JIeKTPOJIi3oM?

Bix uoro same:XuTh Maca PeUOBMHU, SKa BUMIIAECTLCA Ha eJeK-

TPOAi Iig uac eJaeKTpoJizy?

6. VY uomy mosArae (pisumuHUIl 3MIiCT eJIeKTPOXiMiuHOTO eKBiBAJEHTY
peuoBUHUI?

7. ¥ uomy moJsrae mpoiec padiHyBaHHS MeTasiB?

8. VY uomy moJsdrae CyThb rajJbBaHOCTerii?

9. [IloscHiTb, AKi (isuuni aBuIina BigOyBarThCA B MIPOIlECi rajbBa-
HOILTACTUKMU.

o

Bnpasa po § 34

1(n). IMOACHITb, 9K 3anexuTb Onip eNeKTPoNiTy Bif, TeMnepartypu.

2(n). [MOACHITb, Mif, 4ac BUKOPUCTAHHSA SKUX eNekTpoAiB (MigHIX 4n By-
rifIbHMX) NPOLEC enekTponidy TpmBaTume OOBLUE.

3(c). BusHaute macy miai, wo Buainunacs nig 4yac enekTponidy 3 po3ymHy
MiIHOrO Kyrnopocy, SKLLO Yepes3 Po34MH MPOMLLOB enekTPU4HNA 3a-
psa 2500 Kn.
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4(n). BuaHauTe Ha CKinbkM 3MiHMNAcd mMaca kartoga nig 4ac npoBeneHHSA
enekTponidy coni 3aniza BNpogoBxX 1 rog 45 xB npu cuni CTpymy
2,5 A, 9KLWO enekTpoxiMiyHniA ekBiBaneHT 3aniza 0,19 mr/Kn.

5(n). Bu3HauTe yac enektponisdy, 3a kUi Ha katoai Buainutbea 20 r Ha-
Tpito Npn cuni ctpymy 12 A. EnekTpoxiMidyHMA ekBiBaneHT HaTpito
0,24 mr/Kn.

6(a). 3a 10 xB y ranbBaHiyHii BaHHi Buainunocs 0,67 r cpibna. AMnep-
MeTp, YBIMKHEHWIA MOCNIAOBHO 3 BaHHOW, nokadyeaB 0,9 A. Bcra-
HOBITb, Y NPaBW/bHI MOKa3M aMmnepmMmeTpa.

7(B). BusHaute TOBLUMHY LIApy HiKen, WO OCAAe Ha AeTtani naouieto
0,2 M2, 9KLLO MPOLEC HiKesntoBaHHA TpUBaB 2 rod, Npu cuii CTpymy
25 A. EnekTpoximiyHmii ekBiBaneHT Hikento k = 3 - 107 kr/Kn, a roro
ryctmHa 8,9 - 10° kr/ms.

§ 35. EneKTpuuHM CTPyM y rasax

» IIpogidnicmo 2asie
» HecamocmiiiHuil i camocmilinuil za308uil pospsd

ITPOBIIHICTD T'AS3IB. 3a 3BuuyaiiHMUX yMOB rasu MaiiKe HOBHICTIO
CKJIaIal0OThCA 3 HEUTPAJIbHUX aTOMiB UM MOJIEKYJ, TOMY € JIieJIeKTPU-
kamu. Ha BiaacTuBOCTI MOBiTpA OyTU i30JIATOPOM I'PYHTYETHCSI POOO-
Ta 3BUYAMHOIO BUMMKAaUa €JIEKTPUUYHOTO CTPYMYy, AKUI € y BaIliomMy
JKutTjaoBoMy mnpuwmimienui. Ilig wac BuUMmMKaHHSA cBiTjia MidK aBOMA
KOHTAKTaMU YTBOPIOETHCS MHOBITPAHUI HPOMIiKOK, YHACJIJOK YOTO
PO3MUKAETHCA E€JIEKTPUUYHE KOJIO.

Yu MoKe MOBITPS HPOBOAUTHU €JIEKTPUKY? 3BepHEeMOCs I0 JOCTimy.
IIpuemnaeMo omHY MJIACTHUHY IJIOCKOTO KOHAEHCATOPA A0 eJIEKTpOMe-
Tpa, a iHmry s3asemaumo. IloTiM goTOpKHEMOCSA ITO3UTHUBHO 3apsmKe-
HOI0 IMAJMYKOIO0 O OJHiel 3 IJIaCTUH — CTPijJKa eJeKTpoMeTpa Bin-
XUJIUTHCA Ha HNeBHUi KyT (puc. 35.1, a). 3a yMOBHU JOCTATHBO CYyXOTO

a) 0)
Puc. 35.1. JocnigxeHHs NpoBiAHOCTI rasis
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§ 35. Enekrpuunmit ctpym y rasax

IIOBiTpA 3apdA] Ha MJAacTHHAX TPUMaTUMeThCA AOBOJI ZOBro, a OTKe,
€JIEKTPUYHUI CTPYM Uepes MOBITPAHUN IPOCTIp MiK ILJIAaCTUHAMU He
MIPOXOAUTD.

Brecemo y mpocTip Mixk miactTuHamMmu 3amajeHuil cipuuk. Crpinka
eJIeKTpoMeTpa IOoYHe IIBUAKO IIOBEPTATUCA B IIOUYATKOBe IOJOKEHHS,
IO CBiIUUTH IIPO PO3PAIKEHHA ILIaCTUH KOoHAeHcaTopa (puc. 35.1, 0).
OTixe Harpite moBiTpsA CTaJI0 IPOBIAHMKOM i yepe3 HHOTO IIPOMIIIOB
eJIEKTPUYHUIN CTPYM.

IIpouec MPOXOIKeHHS €JIEKTPUYHOTO CTPYMy Uepe3 ra3 Ha-
3MBAIOTh Ta30BMM PO3PAIOM.

IIpoanamisdyemo peayiabTaTu Aocainy. Bu Bike 3HaeTe, 110 BCi pe-
YOBUHU CKJANAIOTHCA 3 MOJIEKYJ (aToMiB), aAKi mepebyBaioTh y 06es-
IIepepBHOMY XAOTHYHOMY pyci. 3 IiABUINEHHAM TeMIepaTypu rasy
30iiBITyeThCA KiHeTWYHA eHepria woro moJjeryJ. Ilig gyac siTkHeHHSA
MOJIeKYyJ abo aToOMiB rasdy BOHU MOKYTh BTPATUTH OAUH a00 MeKiJb-
Ka eJIEKTPOHIB Ta IEepPeTBOPUTHUCSA Ha IIO3UTHUBHUN i0H. Y TBOPIOIOTHCHA
IBa BijabHI HOCil 3apany: eJeKTPOH Ta IIO3UTHUBHO 3apAMKeHUN ioH
(puc. 35.2, a).

BinbHI eeKTpoHM, 3iTKHYBIINCH i3 MOJEKYJIOK UM aTOMOM, MOMKYTh
3aXOILTIOBATHCA HUMU — YTBOPIOIOTHCA HeraTuBHi WoHU (puc. 35.2, 0).

N i -~

a) 0)
Puc. 35.2. Monisauis monekyn rasy

IIpoiiec yrBopeHHA MO3UTUBHUX i HETATUBHUX HOHIB Ta BiJb-
HUX €JEeKTPOHIB i3 MoJieKyJ (aTOMiB) Ha3WMBAaIOTh iOHi3aIli€I0.

HMonisyBaTu ras MoKHA, HATPiBIIM $0ro a6o ONPOMIHUBIIHN €JeK-
TPOMAaTHITHUM BUIIPOMIiHIOBAHHSAM, HANOPUKJAL, PEHTTeHIBCBKUM YU
yabTpadioseToBUM.

ITosuTuBHI Ta HeraTuBHI WOHU (ab0 IMOBUTUBHI MOHU I €JIEKTPOHN)
Ipu 3iTKHEHHI MOXKYTh 3’€THYBaTHCS MiK c000I0, YTBOPIOIOUMN HE-
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TpaJbHi aTroMu abo MoJeKyau (puc.
35.3). Or:ke, y rasax OJHOYACHO 3
mporecoM HowmHizarii BimOyBaeTbcs

N
7

+ 3BOPOTHUUN IIPOIEC — PeKOMOIHA-
uis.

IIpoBigHicTh rasiB 3ajeKUTh Bif

Puc. 35.3. TeMIlepaTypu. 3 MiIBUIIEHHAM TeM-

Pekomb6iHaLis Monekyn rasy [epaTypu 3poCTae MIBAAKICTH PYXY

MOJIEKYJI, a OT:Ke, AenaJi OiabIie
MOJIEKYJI, CTUKAIOUNCh, «PO30MBAIOTHCA» HA HOHU U €JIEKTPOHU, TOOTO
KiJbKicTh BiIbHUX HOCIIB ejleKTpUUYHOro 3apaxy 3poctae. Yum 06iib-
oo Oyne I KiJbKicTh, TMM Kpallle PeYOBMHA IIPOBOAUTUME eJIeK-
TpuuHul ctpyMm. OTiKe, OUEBUAHUM € BUCHOBOK: i3 Ni08UUW,eHHSAM
memnepamypu 2a3ié ix npogioHicmuv 30inbULYyEMbCA, A Onip 6i0nosio-
HO 3MEHULYEMbCA.

HECAMOCTIMHHNN I CAMOCTINHUM I'A30BUM PO3PSAN. VrsBo-
PeHHA HMOHIB y radax CYTTEBO BiIpi3HAETHCSA BiJ IILOr0O MIpoIlecy B
eJIEKTPOJIiTaxX, e MOJIEKYJIM PO3MaAaloThbCA Ha MOHU B IPOIIECi eJleK-
TpoJsiTuuHOl aucorniamnii. 3okpema, y pasi npunuHeHHs Ail ioHizaTopa
rasy 3HOBY CTAlOTh AieJeKTpuKamMu. BijabHiI eleKTporHm abo gocsra-
IOTHh €JIEeKTPOJIiB Ta HEUTPai3yloThCsa, ab0 PeKOMOiIHYIOTh, YTBOPIOIOUN
HeHTpaJIbHi aTOMU YW MOJEKYJIN.

To6To 3a ymMOBUM YyCYHEHHsS J:KepeJsa HoHizalii rasy (mpubpaTtu
NaJbHUK, BUMKHYTH [OJKEPeJ0 PEeHTIeHiBCbKOIO0 BUIIPOMiHIOBAHHS
TOII[0) Ta30BUIl PO3PAN NPUINHAETLCSA BHACJIIZOK pekoMOiHAaIllii mo-
JeKyJI.

l'a3oBuii po3panm, AKHMIl BimOyBa€ThCA TiIBKH 3a HAABHOCTI
30BHIIIHHOTO HOHI3aTOpa, HA3MBAIOTh HECAMOCTIHHUM Ta30BUM
po3pAIOM.

l l l l l l 1106 B eJIeKTPUUYHOMY KOJIi, 300parkeHoMYy
Ha puc. 35.4, icHyBaB e€JeKTPUYHUUA CTPYM,

moTpidHO MaTHm IoHizaTop (IIaIbHUK, OIIPOMI-
HIOBAY).

30i/IbIIIeHHA HAIPYTU Ha eJeKTPoJax 3yMO-
BUTH 30iJbINeHHA KYJOHIBCBKUX CHJI, IO Mi-
IOTh Ha eJeKTPOHU i, AK HACIiZOK, — 30ijb-
IMIeHHA iX MIBUIKOCTI Ta eJIeKTPUYHOI eHeprii.
Matouu BeJIMKY KiHETUUHY €HEeprilo, eJeKTPOH,
CTUKHYBIINCH i3 MOJIEKYJIOI0 (aToMoM), «pO3-
o6uBae» ii (puc. 35.5) Ha IIOH Ta eJEKTPOH,

Puc. 35.4.
Mowizauia rasy
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AKUHA, TPUCKOPEHUH eJIeKTPUUYHUM II0JIeM, PYHUHYE 1HIITI MOJIEKYJIN
(aromu). KinbKicTh 3apAMKeHUX YaCTHUHOK HIBUAKO 3pocrtae. lleit
IIPOIleC HAa3UBAKOTh YOapHOM lloHi3auicto za3y. OCKiIbKY 3a IIUX YMOB
IJIs TiATPUMAHHSA Ta30BOTO PO3PSAAY 30BHINIHIN HOHI3aTOp BiKe He
MOTPiOHMIT, TaKuii PO3PAS HA3MBAIOTH CAMOCTiHHIIM.

CamocTiiiHuii Ta30BUH PO3PAT — PO3PAd, AKUMA MOKe ic-
HyBaTH 0e3 30BHIIIHHOTO HOHi3aToOpa.

3ajyesKHO Bim craHy rasy (Temme-
paTypu Ta TUCKY), Hampyru, opmu
M po3MipiB eJIeKTPOZiB camMoCTiiiHi
rasoBi po3pAIM MOYKYTh Bipi3HATHU-
cs OJUH BiJ OZHOTO AK 3a 30BHIIIIHI-
MU O3HAaKaMH, TaK i 3a XapaKkTepoM
¢ismuHUX IIpoIleciB, IO iX 3yMOB-
JI0I0Th. Bci Buam rasoBux poaps-
IiB CYIIPOBOMKYIOTHCS CBOEPiTHUMU
apumiaMu (pisHOMaHiTHI cBiueHHA,
XapaKTepHUHN 3BYK TOIIO).

3a HUBBKUX THUCKiIB (0JU3BKO
0,1 MM pT. cT.) i Hampyru Jawuiie
B KiJIbKa COTeHbL BOJBLT, a iHOOI I
MeHIIle B TrasaX CIIOCTepiraeTnbcsa
Taifounii pospan. Moro moskHa mO-
0aunNTH Y BUTJIALL CBiTIHHA Y CKJIA-
Hili TpyOIli, HAIOBHEHili Ta3oM IIPU
HU3bKOMY TUCKY (puc. 35.6). Kouip
CBITHMX IIIapiB rasoBOTO pPO3PAIY
3aJIeXKUTL Big camoro rasdy. CBiTin-
Hs TOBiTPsA Mae Oy3KOBUI BiATiHOK,
HEOHY — OpPaHKeBO-UepBOHUM, ap-
TOHY — B3eJIeHyBATHUH TOIIO.

Trairounit po3pAL y PO3PimsKeHuX
razax IIIHUPOKO B3aCTOCOBYIOTH SK
JI’KepeJio cBiTJia B PiBHMX TrasocBiT-
HUX TPyOKax. ¥ JamMIax IeHHOTO
cBiTJIa TJailOUMI PO3PAN 3a3BUUAN
BimOyBaeThcsa B mapi pryrti. Bumpo-
MiHIOBAaHHA PTYTHOI Iapu IIOTJIH-
HA€eTLCA IIIApOM CHeIliaJbHOI pe-
YOBUHU, HAaHECEHOI Ha BHYTPiNIHIO
TOBEPXHIO TPYOKM, SKa IIijJ gieio

_/l\_ _/i\_
¥ @ N ¥ @\
_/i\_ _/i\_ _/l\_ _/l\_
F @ N ¥ @ NF @ N F N
Puc. 35.5. MexaHi3amMm MoHi3auji
€NeKTPOHHUM yOapoM

Puc. 35.6. Tnitounii po3psna;
a) 3asIeXHICTb KOJIbOPY CBITiHHA
Bio, rasy; ©) namnu OeHHOro ceitna

245



Puc. 35.7. IckpoBuin po3psaa,

OOTJNHYTOTO BUOPOMiHIOBaHHA CBiTUTBbCA BugmMum cBiTiom. Ilepe-
Baroio0 TaKWX JaMI HOPiBHAHO 3 JIAMIIAMU PO3KApPIOBAHHA € IXHA
€KOHOMIUHiCTh, a HEJOJiKOM — MepeXTJBe CBiUueHHS.

CamocTiliHI eJleKTpUYHiI po3psaau MOKYTh BimOyBaTucsa B rasax i sa
HOPMAJbHUX Ta BEJIMKUX TUCKIB y pasi 30i/JbINTeHHA HAIIPYTH MiK IBO-
Ma BMIiIlleHIMHX B aTMOC(epHe IOBITps eJeKTpomaMu. 3a IEeBHOI HAIIPY-
TH Mi)K eJIeKTpPOoJaMM IIPOCKaKye eJeKTpPUUHA icKpa, IM0 MA€ BUTJIAL
TOHKOTO, SICKPABO CBiTHOTO, 3irHYTOT0 Ta PO3Tay:KeHOTO IIMHypa (puc.
35.7). Ilpu oMy icKpoBuUii PO3PAM i3 BEJIMUE3HOIO HMIBHUIKICTIO IIPO-
HUBYE MMPOMIiKOK MiK eJIeKTpoJaMu, TacHe i 3HOBY BUHUKAE, TOMY OKO
0auuTh OOHY CYILLILHY icKpy. IcKpoBHUii po3psas 3a3BUUail CYIIPOBOIIKY-
€ThCS XapaKTepPHUM TPICKOM i GJIAKUTHYBATUM CBiUeHHSIM.

XapaKTepHUM IPUKJIAIOM IIOTYKHOTO iCKPOBOTO PO3PALY € OJmc-
KaBKa — eJIEKTPUYHUUN PO3PAL MijK HEraTMBHO 3apPSaAKEHOI0 XMapoIio
i MOBUTHBHO 3apPAMKEHOI0 ITIOBEPXHEI0 3eMJi abo MiskK JBOMA XMapaMU.
MakcuMaJabHA CHJIA CTPYMY B OJMCKAaBII JOCATaE OECATKIB i coTeHb
amiep, Ii TpuBagicTh 0au3bKo 107° ¢, eleKTpuUYHA HAIpPyra Mid XMa-
poio i semiero imoxi mepesumiye 15-107 B, a go:kuHa OJIMCKABKU
MOJKEe CTAHOBUTHU JIECATKU KiJoMeTpiB.

3a aTMoc(epHOTOo THUCKY B AyKe HEeOOHOPIZHUX eJIeKTPUUYHUX IIO0-
JAX, HAIIPUKJAL, Mo0JM3y APOTiB JIiHilT BMCOKOI HAOPyru, CHOCTEpi-
raeThbCcA PO3PAI, CBiTHA AiJAHKA SKOTO YAaCTO Haraaye KOpoHY (puc.
35.8). Tomy 1melt pos3pAn HA3WBAIOTHh KOPOHHUM. IHOmi Iioro MOKHA
cIocTepiraTu Imepen rpo3oio abo mig uac Hei Ha BiCTPAX BMCOKO IIif-
HATUX IpeaMeTiB (KopabeJdbHUX IOTJIaX, BePIINHAX OEPeB, IMITUIAX

Puc. 35.8.
KopoHHumn
po3span,
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§ 35. Enekrpuunmit ctpym y rasax

Puc. 35.9. Ayrosuii po3psg,

OamT, aHTeHaxX TOINO) Y BUTJAAI CBiUeHHA, CXOMKOTO HA KUTHUIIL KO-
HYCiB.

SKI0 omepiKaTH iICKPOBUI PO3PSAMI, a IIOTIM HMOCTYIIOBO 3HUMKYBATU
€JIEKTPUYHUN OIIip KoJIa, 3MEHIIYIOUMW BiJCTaHb MiK eJeKTpomaMu,
pospsazn mepeiifie 3 ImepepuBUACTOTO y Oe3lepepBHUN — BUHHUKAE HO-
BUII BUJ ra30BOTO PO3PANLY, AKHH micTtaB HasBy 0yzosozo (puc. 35.9).

TemmoepaTypa eJlIeKTPOAiB y MiCIAX BUHUKHEHHS €JeKTPUUYHOI IyTru
3a aTMoc(pepHOT0o THUCKY cTaHoBuUTh 0au3bko 3500—4000 °C, a mig
tuckoM 20 atm mepeBuinye 7000 °C, ToOTO BHIA 3a TeMIEpaTypy
3oBHiIHLOI moBepxHi Couna (6aussxko 6000 °C).

EnexkTpuuna ayra € mOTY:KHUM sKepejioM cBiTja, ToMy ii BHKO-
PUCTOBYIOTh Yy MPOEKIIHHUX Ta NPOXKEKTOPHUX JixTapax. HyroBmii
po3pA IITUPOKO 3aCTOCOBYETHCA MJIsI 3BapIOBAHHA M Pi3aHHS MeTaJiB,
a TaKOXK y OYrOBUX eJIeKTpoIleuaxX CydJacHOI MeTaJypriiiHoi mpomwuc-
JIOBOCTI.

FonoeHe B ubomy naparpadi

[Mpouec NPOXOOKEHHS eIeKTPUYHOIro CTPYMY Yepes ras Ha3mBaloTb raso-
BMM PO3PSAO0M.

[Mpouec yTBOPEHHS NO3UTUBHUX | HEraTUBHUX NOHIB Ta BifIbHUX €1EKTPOHIB
i3 Monekyn (aTomiB) Ha3MBalTb MOHI3aLjELD.

PekombiHaLjis — NpoLLeC YTBOPEHHS MOJIEKYN Y pe3ynbTaTi 3iTKHEHHS Mo-
3UTUBHUX | HEraTUBHMUX YACTUHOK.

EnexTpuuHmnini CcTpym y rasi gBnsie cobo CnpsaMOBaHUM PyX MO3UTUBHUX
MOHIB 0O KaTo4Q, a HEeratuBHWX MOHIB i eNeKTPOoHIiB — A0 aHoaa.

I3 nigBULLEHHSAM TemnepaTypu rasiB iX NPOoBIOHICTb 30iNbLUIYETLCS, a onip
BiANOBIAHO 3MEHLUYETLCH.

a3oBuin po3psaa, AKU BioOYBaETLCSA TiSlbkM 32 HAABHOCTI 30BHILLHbOIO
MoHi3aTopa, Ha3MBalTb HECAMOCTIMHMM Fa30BMM PO3PSA0OM.

CaMocCTIiriHUI ra3oBuin po3psia — po3psad, SKuii Moxe icHyBaTtu 6e3 30-
BHILLWHBbOrO iOHiI3aTopa.

3anexHo Big, CcTaHy rasy (Temneparypm n TUCKy), Hanpyru, dopmu Ta
PO3MIpiB ENEKTPOAIB PO3PI3HAOTL Taki BUAW CAMOCTIMHUX ra30BUX PO3PSaiB:
TNiOYNA, ICKPOBUIA, KOPOHHWUI, OYrOBUMA.
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Banm'al-lml AN camonepeBipKu

1o Ha3wBaOTh Ta30BUM PO3PAIOM?

flxa mpupoma ctpymy B rasax?

IITo masuBaoTh peKoMOiHAIi€l0 aTOMiB?

Axi sapamKeHi WacTMHKY € HOciaMHU CTpyMy B rasax?

3a IKUX YMOB BUHUKAE CAMOCTIHHUYN eJIeKTPUUHUN PO3pAl y rasax?
fAxi yMOBU BUHUKHEHHS Ta 30BHIIIIHI O3HAKM TJIiI0UOTO PO3PALY?
fAxi xapakTepHi 03HAKM iCKPOBOTO €JIEKTPUUYHOIO PO3PALY?

3a AKX YMOB BUHHKAE AyroBuil po3psn? HaseiTh 11oro ocobGIMBOCTI.

0O Otk W

JdoMallHil eKcnepuMeHT

SKIo y Bac BIOMa € «eKOHOM»-JIaMIla, BUKOHAWTe IIiKaBi JOCJIi-
IOKEeHHA.

Hocaixg 1. YBimMKkHITE Jammry. CrocTepiraioun 3a TMM, K BOHA IIO-
YMHAE CBiTHUTHCS, BU3HAUTE, AK Ile BigOyBaeThCs: Bigpasy sACKpaBoO
yy mocTynoBo. BumkHiTE samiry. IIpocte:xTe, AK 3HUKAE CBITJIIO —
pantoBo um moctyioBo? IlopiBHSITEe ACKpaBiCTh JlaMIIU Ha MOYATKY
Ta HAIPUKiHIII poboTu.

Hocaig 2. YBiMKHITEL sammy. CmocrepiraiiTe 3a TUM, AK IIPAIIOE
JIUNIBLHUK eJeKTpuuHol eHeprii. Baskawo, 11100 He mpalffoBaJu iHII
eJeKTPONpUIaAn. 3amulliTh MOKasu 3a 1 XBUJIMWHY, a IOTIM uYepes
MeBHUU Yac 3HOBY 3aluIIiThL MoKasu 3a 1 xBuuuHy. IlopiBHANTE ITO-
Ka3u JIiYuJIbHUKA.

YoMy He PEeKOMEHIYIOTh YacTO BUMUKATHU Taki jamrum?

Bnpaea go § 35

1(n). MosiCHITb 3anexHicTb OMopy rasiB Big TemnepaTypu.

2(n). Hagepnitb npuknaan gXxepen ceitna, Ae BUKOPUCTOBYETbCS ra3oBuUi
po3psaa.

3(c). AKWO B MPOCTIP MiX 3apsgiKeHMMU MNnacTMHaMu BHECTU MOonyM’s

CBiY4KM 4N CNUPTIBKX, TO BOHO PO3ABOIOETLCH (OAMB. PUCYHOK). [lo-
SICHITb Lie aBuLLE.

4(c). MoACHITL YM BIOPIZHAETHCA MOHI3aLIa rasiB Bif, aucoujauji eneKTporiTiB.

5(c). [MoACHITE, HOMY B asbliHICTIB € Take NpasBuio: 3aHO4YyBaBLUW BUCO-
KO B ropax, BCi MeTaneBi npegmMeTu NOTpiOHO knacTu nogani Big
Tabopy.

6(n).- MoSACHITb, YOMY Yy BONOrOMY MPUMILLIEHHI CKIaaHO NPOBOAUTU A0CHIi-

OV 3 eneKTPOCTaTMKN, OCKiSIbKM €NeKTPOCKOMN NOraHo 3apsiakaeTbCs
i LWWBNOKO BTpaya€e HagaHun rMomy 3apsig.

7(B). Bnuckaeka € nepepuByYacTUM po3psaomM TpusanicTio 1 Mc. KinbkiCcTb
3apsaay, g9kuii npoxoautb no kaHany, 20 Kn, a Hanpyra OopiBHIOE
2 'B. BuaHauTe cuny CTpyMy Ta MOTYXHICTb OGnuckaBku. BusHa-
YyTe EHeprilo, gKka BUOISETLCS NpY crnanaxy 61MckaBky, SKLLO BOHA
CKJ1afaeTbCd 3 5 po3psLiB.
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§ 35.
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YKpaiHa Ma€ YHikasbHi OOCArHEHHS B ranysi
€/1eKTpO3BaploBaHHA, §Ki BMKOPUCTOBYIOTbLCH B
ycboMy CBITi. Lls npobnematuka po3pobnsaeTbes
B IHCTUTYTI enekTpo3BaploBaHHA HauioHanbHOT
akagewmii Hayk. Moro ¢yHpatopoMm Ta neplumm
anpekTopom 6yB akagemik €sreH OckapoBud lMa-
TOH — BIOOMMWI y4YEeHUI Yy ranysi 3BaploBasibHUX
npoueciB i MOCTOOYOyBaHHS.

Y 1930-x pokax €. O. lNaToH po3BUHYB igel
M. BeHappgoca Ta CTBOPUB METO[, LWBWOKICHOrO
aBTOMATUYHOrO 3BaplOBaHHA Mig, Wwapom ¢iocy,
KNI aicTaB Ha3By «MeTopA aTtoHa». Y poku Opy-
roi CBiTOBOI BiliHN PO3pPOOUB i BNPOBaAMB TEXHO-
norito Ta 06nagHaHHS Ans 3BaplOBaHHS creLiasnb-
HUX cTanen, 3okpema, AJis TaHKOBUX GaluT.

Y 1953 p. im'am €. O. lNaToHa Ha3BaHO MiCT
yepes [OHinpo B KueBi, aknin cnopyayxysascs nig,
noro kepiBHMUuTBOM (prc. 35.10).

HaykoBUSAMMW [HCTUTYTY eneKkTpo3BaptOBaHHY,
akmin o4onmoe bopuc €sreHoBud [aTtoH, npesu-
neHT HaujoHanbHOI akagemii Hayk YKpaiHu, po3poo-
NATbCA aKTyaslbHi HAyKOBO-MNPaKTUYHI Npobiemu.

CTBOpPEHO YHiKasbHI TEXHOOrII eNeKTpo3Bapto-
BaHHSA: «MOKPOIro 3BaploBaHHSA» (NiLBOLHE 3Bapto-
BaHHS TPyOOMpPOBOAIB BUMCOKOINO TUCKY, PEMOHT
KOpMyCiB MOPCbKUX CYOEH Ha rnnaBy, OypoBuUX
nnatpopM); 3BAPIOBAHHA HEPXXABIOYMX CTaNen Ta
TUTAHOBKX CMaBiB B YMOBaX KOCMIYHOrO Bakyymy
Ta HEeBaroMOCTi; TEXHOSOris HaniaBMOBaHHA TOH-
KOMNIBKOBKMX MOKPUTTIB B YMOBaxX OpOiTasibHOro no-
NbOTY; 3BapIOBaHHS Y BiAKPUTOMY KOCMOCI 3a A0M0-
MO0 YHIBEPCASIbHOr0 €NeKTPOHHO-MNPOMEHEBOIO
npunagy; Po3pobieHHs 3BAPHUX KOHCTPYKLLN, LLO
pPO3ropTaloTbCs Y BiAKPUTOMY KOCMOCI (puc. 35.11).

€. 0. MNaToH
(1870—1953)
BcecBiTHbO BigoMMiA
y4yeHun B ranyasi
€51EKTPO3BapPIOBAHHSA

b. €. MNMaToH (Hap. 1918)
MpesngeHT
HauioHanbHOI akagemil
HayK YkpaiHu

Puc. 35.10. MicT lMaTtoHa B Kunesi
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Puc. 35.11. [JOCArHEHHS BITYN3HAHOIO €/1EKTPO3BAPIOBAHHSA

CborogHi NepcnekTMBHMMM HaNpPsIMaMun OisfbHOCTI iHCTUTYTY € HaHOCTPYK-
TYPHI CUCTEMU, HAHOTEXHONOrIT Ta HOHOMAaTepianu.

BYNMOCH PO3B’A3YBATHU PISUYHI 3A/TAUI
3 TEMHU «EJEKTPUYHUH CTPYM
Y PISBHUX CEPEJOBHUIIAX»

YV ¢pismuHHMX 3amavax Ha e€JEeKTPUUYHUN CTPYM y PiBHHX cepeaoBU-
Iax IepeBakHO PO3TIIAMAETHCA SIBUINE €JIeKTPOJi3y Ta HOro 3acToCy-
BaHHA. 3BepPTAaE€MO BAIIly yBary, IO 3aKOHU IOCTiHAHOTO CTPyMY (3aKOH
Oma, IOCJIiOBHOTO Ta IIapajieibHOTO 3’ €IHAHHS IPOBiAHUKIB, poboTa
Ta MOTYKHICTh €JIEKTPUYHOTO CTPYMY) MOYKHA 3aCTOCOBYBATH ITiJ Uac
poO3B’sI3yBaHHA 3a[au, II0B’A3aHUX i3 IIPOXOMMKEHHIM eJeKTPUUIHOI'O
CTPYMY Uepes PO3UMHU YN PO3IJIaBU €JIEKTPOJIiTiB.

ITam’aTaiiTe TakoK IIPO Te, IO He 3aBKIU € IMOTPeda MepeBOIUTH
onMHUILI BuMipioBauHsa (ismunHmx BeawmuuH y Cl, mampuraan, ejlek-
TpoxXiMiuHMHA eKBiBaJeHT Mo:kHa BuMipioBatu B Mmr/Ki, Tomi maca
PEeUYOBHHN BU3HAUATHUMETHCS TAKOMK Y MT.

3amaua 1. Cuna cTpymy B eseKTpoJaituuHii Banui 0,5 A. Busnaure
Macy IUHKY AKa BUMIIUTHCA IPU eJeKTpoJisi 3a 10 xB.

Hano: Posé’a30k
k = 0,34 mr/Kn CxopucTaBIIuCch TabINIeI0, BUSHAUMMO eJleK-
I=0,5A TPOXiMIiUHMI eKBiBaJIeHT Ta Macy IHUHKY 3a

t =10 xB = 600 c HepIIM 3aKOHOM eJIeKTPOoJIidy: m = kIt;

m — ?

m=0,3422.0,5A4-600 c=102 mr.
K

Bigmosigs: m = 0,102 r.

3amaua 2. Y enxexTpoaitTuuHiii BamHi 3a 20 xB Bumiaumoca 1,98 r
mini. BusHauTe eJeKTPHUUHY IIOTYKHIiCTh, IO BUTPAYaeThCAd Ha Ha-
rpiBanHa eseKTposiTy. Omip posumHy BaHHU cTaHOBUTH 0,8 OmMm.

250



§ 35. Enekrpuunmit ctpym y rasax

Hano: Posg’a30k

t =20 xB = 1200 ¢ 3aCTOCYEMO 3aKOHH IIOCTIAHOTO CTPYMY: IIO-
m =1,98 1 = TY:KHICTh €JIEKTPUUYHOTO CTPYMY PO3PaXyeMoO 3a
= 1,98:103 kr bopmy.I0t0

R =108 Om P=IU=I’R.

kE = 0,33-10% Kr Cuity CTpyMy MOKHA BU3HAUUTU 34 IIEPIINM
- % 3aKOHOM eJIEKTPOJIi3y

m=klt=T="".
kt

. -3
;- 198 12 K.
0,33-10°° 2 .1200¢
JI

O0UMCANMO IIOTYKHICTDh €JeKTPUUHOT0 CTPYMY:
P=(5A)"-0,8 Om =20 Br.
Bigmorigs: P = 20 Br.

3amaua 3. IlocimizmoBHO 3 €JIEKTPOIITUYHOI BAHHOIO, 3aIIOBHEHOIO
cistio HiKesro, 3’eqHaHa BaHHA, B AKif MicTATbea cosi xpomy. CKib-
KM XpOMY BHIiIWJIOCA y APYrifi BaHHI, AKIIO B HepIHIifi BaHHI micad
posMukanua Kojsa Bumiauigoca 10 r Hikemo?
Ilano:
m, =101
ky = 0,3 mr/Ka
ky= 0,18 mr/Kn

Po3g’a30k
EnexTposituuni Banum 3’egHaHi mociigoBHO,
TOMY €JeKTPUYHUMN 3apsal, IKNUH NPOXOIUTH IO
po3umHax, OJHAKOBUMA.
3amnuIneMo 3aKOH eJeKTPOJIidy AJA PO3UUHIB
m, =k,q; m, =Ek,q; PO3B’A3YyE€MO CIiJIBHO:

m -k
MMy ke
Ry ky ky
eJeKTPOXiMiuHiI eKBiBAJeHTH HiKeJI0 i XpomMy 3a TabJIuIlero:
10r-0,3mr/ K
9 = > / =16,7r.
0,18 mr/Ka
Hna cuponieHHA PO3paxyHKIB MU He IMePEeTBOPIOBAIN OOWHUILL (i-
suuHux Benuuwnu y CI.
Bigmosigs: 16,7 r.

my, — ?
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BUABJAEMO ITPEJMETHY KOMIIETEHTHICTD
3 TEMU «EJIEKTPUYHUN CTPYM
Y PISHUX CEPEJOBHIIAX »

1(m).

2(m).

3(m).

4(m).

5(m).

6(1m).

7(m).
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EjleKTpuyHUM CTPYyMOM B €JIEKTPOJIiTaX HAa3WBAIOTh CIPAMOBA-
HUHN pyX:

A) esleKTpOHIB;

B) arowmis;

B) mosuTtuBHUX i HEraTMBHUX HOHIB;

T") #ioniB i emexkTpOHIB.

IIpuksiamom caMOCTiiHOTO Ta30BOTO PO3PALY €:

A) Becenka;

B) rpim;

B) 6iuckaBka;

T") cBiTiHHA €MeKTPUYHOI JIAMIOYKU.

EjleKTpruHUM CTPYMOM y rasax Ha3WBAIOTh CIPAMOBAHUN PyX:
A) eJIeKTpPOHIB;

B) atomis;

B) iiownis;

') mosuTMBHUX, HETaTUBHUX HOHIB i eJIeKTPOHiB.

Y HOpMaJIbLHOMY CTaHi IOBITPA €:

A) TIPOBITHMKOM €JeKTPUUYHOTO CTPYMY;

B) mienexTpuxom;

B) mamiBmpoBigHUKOM;

T") exexTpoJsiTom.

Macy peuoBuHU, SIKa BUMIJISETBHCSA IIPU €JEKTPOJis3i, MOMKHA
BU3HAUUTHU 3a (HOPMYJIOIO:

A) m=pV;
B) sz;
g
B) m=~kIt;
T) m=£.
gh

Busnaure npaBusbHE IPOJOBKEHHS PEUEHHA «3 HiABUITEHHAM
TeMIIEPaTypPU E€JEeKTPUUHUU OIip...»:

A) 36imbIIyeThCA TiNIBKU Yy Tasis;

B) 36inbIIyeThes TiMbKU B €JI€KTPOJIITiB;

B) smenmyersess y rasiB i eJIeKTPOIIiTiB;

I') samenmyerbcsa TiTbKY B €JIeKTPOJIiTiB.

VEKaxiTh nmpaBUJIbHE IIPOJOBKEHHA peueHHA «IIpormecom onep-
JKaHHS KOIIl pisHMX MeTaleBHUX IIPEAMETiB 3a JOIOMOIOI0
eJIEKTPOJIi3Y €...»:

A) rambpBaHoOCTETIS;

B) ranpBaniam;



§ 35.

EnextpuuHmit ctpym y rasax

8(c).

9(c).

10(c).

11(m).

12(x).

13(s).

B) padinyBanHa meTasriB;

T") ranbBaHOILIACTHKA.

Cuia cTpymy B esqexTpositnuHid Banui 0,5 A. Busmaute macy
cpibia, AKa BUOIINUTHCS Mg yac eneKTpoaisy 3a 10 xB. Eixek-
TpoxiMiuHMM eKBiBaseHT cpibaa 1,12 mr/Kn:

A) 0,056 r;

B) 0,336 r;

B) 560 wr;

T") 33,6 wr.

Y mporeci eeKTposidy 3 BOASHOIO PO3UMHY XJIOPHUAY 3aJisa
Buginnimoca 560 mr sanmisa. AKuit sapsam IPOUIIIOB Uepes eJieK-
TposiTuuny BaHHY? Eixexrtpoximiumuit eksiBasment 0,2 mr/Ki:
A) 28 Ku;

B) 280 Ku;

B) 2800 Kui:

) 28 000 Ka.

YcTaHOBITH BiAMTOBIAHICTE MisK BUAOM Ia30BOTO PO3PSALY Ta HO-
TO TIPOABOM UM 3aCTOCYBAHHAM:

1 Tairounii A jJammnu pos:xapioBaHHS
2 ickpoBuit B pisanHa metasiB

3 KOpPOHHUMI B 6a1uckaBka

4 myroBuiu I’ mamnn menHOTrO CBiTJIA

I cBiuemHa HaA MIIMAAX OalmT
YcTaHOBITH BiANOBiAHICTE MiK HOMEPOM eJIEKTPOAY Ta peuo-
BUHOIO IIIO OCiJaTMe IPU ITPOXO/YKEHHI eJIEKTPUUYHOTO CTPYMY
uepes 3asHaueHi Ha MAJIOHKY PO3UMHU?

1 A H !
— > > ——
2 B ,Cl 12 3 4
3 B ,Br — — — — — —
4 T Br I T
I Cu Tl — B

BusHauTe uac, 3a AKMI Ha KaTOHi €JIEKTPOJiTUYHOI BaHHU BU-
minuTbesa 50 ¢ XpoMy, AKIIIO €JeKTPOJIi3 MPOXOAUTH IIPU CHJIL
ctpymy 25 A? EnexTpoximMiunHmuii eKBiBaJIeHT XpOMY IOPiBHIOE
0,2 mr/Kia.
BusnauTe BuTpaTu eJIeKTpOoeHeprii Ha oTpUMaHHSA KOXKHOI TOH-
HU MeTajly, SKIIO eJeKTpPoJIid BimbyBaeThesa 3a manpyru 850 B,
Ta PO3TAIIyHTe BUTPATHU Yy IMOPAAKY iX 3MeHIIIEeHH:
A) amrowminiii;
B) mins;
B) mikems;
I') cpibuo.
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14(8). B enexrtposituunHiit BanHi 3a 10 xB Bumimmmoca 0,33 r wmini.
Omip po3YMHy MiJHOTO KYIIOPOCY CTaHOBUTHL 3,6 Om. Busuaure
MMOTYKHICTh CTPYMY, AKUN IIPOXOIUTH Uepes posumnH. KEiaexkTpo-
ximiuHuii ekBiBasmeHT Mimi mopiuioe 0,33 mr/Kr.

15(8). [eraus i3 miomiero moBepxHi 45 ¢cM? HEOOXiMHO BKPUTH IITAPOM
Hikeato saBToBImIKU 0,3 mMm. IIpu 1pbomy cuijia CTpymMy B eJIeK-
TpoJaiTuuHiii BaHHiI craHOBUTH 8,9 A. Busmaure uac, BUTpa-
YeHNII Ha IMOKPUTTA AeTasi 3a TaKuxX yMoB. I'yCcTMHA HiKeJo
8900 kr/m3. EjeKTpoxiMiuHHi eKBiBaJIEHT HiKeJII0 NOPiBHIOE
0,3 mr/Ka. BigmoBigps momaiiTe B CeKyHIax.

§ 36. BniuB eJIeKTPUYHOTO CTPYMY Ha OPraHi3M JIIOMUHU

» Enexmpuurni cmpymu ma HAnpyzu 6 mexHiyi it nodymi

» Ocobausocmi 0ii eneKmMpPUYHO20 CMPYMY HA OP2aAHi3M JLIOOUHU

» Ilpasuaa Oe3nexu aOuHU nid uac po6omu 3 eleKmpPUYHUMU
npuaadamu ma npucmMpoSmu

EJEKTPUYHI CTPYMH TA HAIIPYTH B TEXHIIII M IIOBYTI.
EnekTpuka € ogfHUM i3 HAWUIIOIMHWPEHIMUX BUIAIB eHeprii, 1o sacTto-
COBYETBHCS B TeXHIiIli, Ha BUPOOHUIITBI Ta mo0OyTi. BUKOpHCTOBYIOTHCS
pisHOMAaHITHI AKepeJa eJIEKTPUYHOT'O CTPYMY, IIIO CTBOPIOIOTHL HATIPY-
Ty Bil KiTbKOX BOJIBT (SIK, HAIpUKJIAJ, raJbBaHiuHi eJeMeHTH) [0 co-
TeHb i THCAY KiJToBOJBT (IpoMUCI0Bi reHepaTropu) (puc. 36.1). Poboua
Hampyra mIpolecopa cCy4acHOTO KOMII'I0oTepa CTaHOBUTHL 0us3bKo 1,5 B.
VY enexkTpuuHill Mepeski OyIUHKIB 3aCTOCOBYETHCS CTPYM BiJl reHepaTo-
piB, m1o crTBopioioTh Hampyry 220 B. Bimg enexTpocTaHIIill eleKTpUU-
HUN CTPYM HepefaeThbCcA II0 BUCOKOBOJBTHUX JIiHiAX, PO3PAXOBAHUX
Ha 500 i 6imbmre kB. BinbmricTs mobyToBUX HpuUJIaAiB IPaIIOIOTh Bif
mepeski 220 B.

PizHi moOyToOBi mpuIagu CHOKUBAIOTH €JIEKTPUUHUIN CTPYM Pis3HOI
BEJIMYMHU. ¥ CyYacHOMY IOOYTi IIMPOKO BUKOPUCTOBYIOTHCA WPU-
CTPOi, SAKi CIIOKMBAIOTH IIOPIBHAHO HEBEJUKUHN CTPpyM (HaOpUKJIAI,

1,5B 220 B 500 000 B
Puc. 36.1. Hanpyra B TeXHi4HMX i NOOYTOBUX MPUCTPOSAX
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§ 36. Bnnve enekTpuyHOro CTpyMy HO OPraHi3m MtoamnHM

0,3 A 0,8 A 1,2 A 2—13 A 6—10 A
Puc. 36.2. Cuna ctpymMy enekTpornobyToBuX MPUCTPOIB

€JIEKTPUYHI JJaMIIN), a TAKOK MOTYKHi eJeKTPUUHI mpuiaaam, Taki aK
obirpiBaui, BomoHarpiBaui, nmiococu, mpaybHi Mamuau (puc. 36.2).

BennumHa cTpyMy B Pi3HUX CIIOKMBaUax eJeKTPUUYHOI eHeprii mae
BasKJIMBe 3HAUEHHS IJId IX IIpaBUJIbHOI Ta 0e3meuyHol eKcryararrii,
BUKOPHUCTAHHS BiIOBiIHMX €JeKTPUUHUX Mepe:K Ta 3alo0iKHUKiB.

OCOBJIMBOCTI JIII EJEKTPUYHOI'O CTPYMY HA OPTAHI3M
JHJIWNHN. I3 § 23 Bu 3HaAETe, 1[0 €IeKTPUUYHUN CTPYM UMHUTL (i-
siosoriuny miro, TOOTO BHAmMBae Ha KuUBi opramiamu. OckinbKu Ha
OpraHi3M JIIOAWHHN BILIMBAE caMe eJeKTPUUHUII CTPyM, IIOTPiOHO IO-
TPUMYBaTHUCA MpPaBuUJ 0e3leKU HaBiThL Hi yac poOOTH 3 IMOPiBHSIHO
HU3bKUMM Hampyramu. @iziosioriuHa misg eJeKTPUUYHOTO CTPyMYy 3a-
JIeKUTDH Bil TPMBAJIOCTiI BIJIMBY Ha OPraHisM JIIOAUHMU.

Hatiuacrima npuuymHa ypaskeHHA JIOAUHU €eJeKTPUUYHUM CTPY-
MOM — MOPKAHHA 00 Hei30/1b08AHUX CMPYMONPOBiOHUX NPOBIOHUKIE;
00 npoBidHUKIE i3 NOWKOOHEeHOI I30/AUI€I0, & MaKoXd: 00 MemaJsesux
eseMenmis KOHCMPYKUIl MAWUH, Mexaridmie i anapamis, aki eunao-
K060 OnuUHUJLUCA ni0 Hanpyezoio.

[iag eJIeKTPpUYHOTO CTPYMY Ha JIOIUHY Ma€ YOTHUPU OCHOBHI 0CO0-
JIMBOCTI:

1) BiicyTHiCTDH 30BHINIHIX O03HAK 3arpo3JUBOi HeOe3IeKU BparKeHHS
eJIEKTPUUYHUM CTPyMOM (JII0ArHA He MOKe Io0aunuTH, IOUyTH, BiguyTu
Y1 AKOCH iHAKIIE 3aBUYACHO BUABUTU MOMKJIUBICTL YpasKeHH:);

2) cKJIaHICTH eJeKTPOTPaBM i, K HACIiZOK, BTpaTra mpalesjaar-
HOCTi Ta MOMKJIMBUHN CMepPTEJbHUN BUIANOK;

3) crpymu cuioo 10—25 mMA mpomwucioBoi wacroru (50 I't) mo-
JKYTh COPUYMHATH iHTEHCUBHI cygoMu M’s3iB, YHACJIiZOK UOT0 BimOy-
BAETHCS TAK 3BaHe IMIPUKOBYBAHHSA OO CTPYMOIIPOBIIHUX YACTUH, KOJHU
JIOAWHA B IIbOMY BHIAAKYy He MOJKe CAMOCTiMHO 3BiJIbHUTHCSA Binm mii
€JeKTPUYHOTO CTPYMY;

4) MOMKJUBICTH IOJAJIBIIIOTO MEXaHIUHOTO TPaBMYBaHHSA, HAIPU-
KJIaJl, KOJU JIIOJWHA IIpaIfoBaja Ha BUCOTi, Oyja ypaskeHa eJeKTPO-
CTPyMOM, 3HEIIPUTOMHiJa i BmaJa.

Iisg eJeKTPUYHOrO CTPYMY Ha KHUBY TKAHMHY Ma€ CBOEpPimHuii Ta
pisHOOiuHMiT xapaxTep. IIpoxodsadu yepe3 mino AWOUHU, eleKmpPuy-
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HUlL cmpym 6UABLAE MEPMIURY, eAeKMPONLIMUYHY, MEXAHIYHY ma
oionoziuny diro.

Tepmivna 0is cmpymy BUSABISAETHCA B OMiKaX OKPeMUX IiJAHOK
Tijla, HArpiBy OO0 BUCOKOI TeMIIepaTypu KPOBOHOCHUX CYJIWH, HEPBiB,
ceplisi, MO3KY Ta iHIIMX OpraHiB, AKi mepeOyBalOTh HA ILIAXY CTPYMY,
IIT0 BUKJWKA€ B HUX CYTTEBiI po3jamu.

Enexmponimuuna 0is cmpymy BTIiTIOETHCSA B PO3KJAaTaHHI opra-
HiUHOI PiAMHK, Y TOMY YHCJIi KPOBi, III0 CYIIPOBOAKYETHCS 3HAUHUMU
3MiHamMu ii cKJIagy, a TaKOXK TKAHWHU B IIiJIOMY.

Mexaniuna 0is cmpymy BUABIAETHCA B PO3IIapyBaHHi, PO3PUBI Ta
iHIMUX TOAIOHUX IIOIIKOAMKEHHAX Pi3HUX TKAHUH OpraHisaMy, B TOMY
yucai M’sI30BOI TKAHWHU, CTIiHOK KPOBOHOCHUX CYAWH Ta CYAUH Je-
reHeBOl TKAHWHU TOIO, BHACJIMOK eJIeKTPOAMHAMIUHOTO e(deKTy, a
TaK0X MUTTEBOTO BUOYXOIOMiOHOTO YTBOPEHHS IIapu Bij meperpitoi
CTPYMOM TKAHMHHOI PiAWHU Ta KPOBI.

Bionoziuna dia cmpymy € cIenuPiuHUM IIPOIECOM, II[0 BUABJIAETDH-
csd B MOApasHeHHI Ta 30yAKeHHI :KMBUX TKAHUH OPraHisMy, a TaKoK
y IOPYIIeHHI BHYTPIIIHiX OioeJIeKTPUUYHUX IIPOIleCiB, IIOB’sI3aHUX i3
JKUTTEBUMU (PYHKIIIMU OPTraHi3My.

3MiHHHY CTPYM ITPOMMCJIOBOI YacTOTH JIOAWHA IIOYMHAE BimuyBaTu
npu 0,6—15 mA. Crpym 12—15 MA BUKJIMKae CUJIbHI 00Ji B maJb-
max i kucrax. Jliommuaa BuTpumye Takmii crad 5—10 ¢ i Mmoike camo-
cTifiHo BimipBaTu pyKu Bif edexTpogiB. Ctpym 20—25 MA cupuumHsie
Iy:Ke CUJIbHUI 0iJib, PYKU Hapasli3ylOTbCd, MUXAHHA YTPYIHAETHC;
JIOANHA He MOKe CAMOCTiMHO 3BiJIbHUTHCS Big egexkTpoxis. Ilpu cTpy-
mi 50—80 MA Hacrae mapaiiu gmxanud, a upu 90—100 MA — ma-
paJiu cepid i cMepThb.

Haiinebesneunimuii — smimuuii crpym uactororo 50—60 I'm. 3i
30iJIbIIIEHHAM YaCTOTU CTPYMHU IIOUMHAIOTH MHOMIIMPIOBATHUCSA IIO IIO-
BEepPXHi IMKipM, BUKJIMKAIOYMN CUJIbHI OHiKW, ajie He IIPU3BOAAYU IO
eJeKTPUYHOTO yaapy.

Menin uyTauBe JIOACBKE TiJIO OO IIOCTiHHOrO cTpymy. Beamuwmua
CTPYMY, IIIO0 MIPOXOAUTH Uepes TiJIo JIOAUHU, 3aJeKUTh Bifl OIOPY Tijsa
Ta IpUKJageHol Hampyru. ToMy I/ BCTAHOBJIEHHS Me:Ki Oe3meuHmX
YMOB Opi€HTYIOThCA He HA BEJIWUYUHY CTPYMY, a Ha OOIYCTUMO 0e3-
neuHy Hanpyey. 3ajeXHO Bil HABKOJUIIHIX yMOB Ii mpuwiiMaroTh Ha
piBui 12...42 B.

IIpu cyxiii HEMOIIKOMKeHill IMIKipi omip JIIOACHKOTO Tijia eJeKTPUY-
HoMy cTpymy mopiBuioe 40 000—100 000 Owm. Ilam’amaiime, wo onip
A100CbK020 Mina 3MeHULyembvbcs 3i 30iavulenHam wacy 0ii cmpymy. To-
My Oyoce 8aHAUB0 WEUIKO YCYHYMU KOHMAKM NOMmepninozo 3i cmpy-
MONPOBIOHUMU YACMUHAMU.
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§ 36. Bnnve enekTpuyHOro CTpyMy HO OPraHi3m MtoamnHM

MoyaTok HesignyckanHs YcknagHeHHs Pebpinguis 3ynuHka

T (MC)Bi,EI,'-IyTI'H JUXaHHs cepLs cepust
10000
1000
Puc. 36.3. Bnnus
eneKTPUYHOro
CTPyMy Ha 20 I (MA)
OpraHiam NIoauHM 1 5 10 30 75 500 1000 5000

Pesyabrar ypakeHHs 6araTo B UOMY 3aJeKUTh TaKOMK Bim IIis-
Xy CTPyMy B Tini aioguau. HaillnHebe3neuHiuli wWaaxu pYykKu — HO2U
i pyka — pyka, KoJu HAUOiIBbIIAa YaCTWHA CTPYMY IPOXOAUTH Yepe3
cepize.

IToTpi6bHO 000B’SIBKOBO IIaM’SATaTH, IO JIOACLKUIN OpPraHidaM ypaskae
He HaIpyra, a BeJIUUuHAa cTpyMy. Beauvura cmpymy, Akuii npomixkae
yepe3 miao N100UHU, € TOJTOBHUM YMHHUKOM, III0 BU3HAYAE HACJITOK
YparKeHHsA: YUM OLIbITuil 3a BeJIUUUHOIO CTPYM, THUM HeOe3meuHilna
voro misg. IIpuiiHATO BBAsKATHU CMEpPTeIbHO HeOe3IMeuHUM IJIs JIOTUHU
ctpyM mpomucyioBoi wactoru 50 I'tp i Berumumuono 0,05 A (50 mA).

IIpu gii enexkTpuuHOTrOo CcTPpyMy Oinbile 1 ¢ 6e3MEeUHUM BBaKAETh-
cA SMIHHUN eJeKTPUUHUII cTpyM He Oinbmre 6 MA Hampyrowo 36 B,
MOCTIAHUI eJeKTPUUYHUN cTPyM He Oimbime 15 mMA mampyromo 40 B.
Sminuuii enektpuunuii crpym 0,6—1,5 MA BiKe € IMOPOTOBUM I
JIOAVHU, TTOYNHAIOTHCS BiTuyTTA cIabKOro cBepOiHHA Ta HMOIUITyBaH-
Ha (puc. 36.3).

3BasKkaouy Ha Te, M0 EJEKTPUUYHUMN CTPYM HeOe3meuHWM IJid JIio-
IUHU, IOTPIOHO CYBOPO AOTPHUMYBATHUCS IIPABUJ Oe3IeKu i Jac po-
6otu y ismunHiit saboparTopili Ta BUKOPUCTAHHA IMOOYTOBUX €JIEKTPO-
OpUJIaIiB.

V ecix eunadxax ypaxrcenHHs eleKMPUUHUM CMPYMOM, HE3ALEHHO
8i0 cmaHny nomepninozo, BUKJAUK JAiKaps 0608’ sa3Kosuil!

ITIPABHUJIA BE3IIEKHU JIIOAWMHHU III]I YAC POBOTU 3 EJIEK-
TPUYHUMU IIPUJIATAMHU TA IIPUCTPOAMMU. Koxuoro musa
BU KOPHCTYETECS EJNEeKTPUUHUMHU IpUJIagaMi, AKi BMHUKAIOTLCI B
Mepe:Ky. Bu BiKe 3HaeTe, IO Mifd €JIEKTPUUYHOIO CTPYMY Ha JIOIHU-
HY MOKe ITPU3BOIUTH [0 eJeKTPUUYHUX TPABM i MOIIKOIKEHb, TAKUX
K CKOPOYEHHA M’dA3iB, II[0 CYNPOBOMKYETHCA CUJILHUM 00JieM, BTpa-
TOIO CBiJOMOCTi, MOPYIIIEHHAM POOOTH ceplid uum Auxauud (abo oboma
MUMJ TOPYHIIEHHAIMU pasoM). [HOAI TpamjadaThCs HEMaCHiI BUIIAIKU
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Bim mil eJeKTPUUYHOTO CTPYMY, AKi COPUUMHAIOTH CMEPTh JIOIUHMA.
Enexmpompasmu Yymo8HO MOMCHA nodirumu Ha 08a eudu: micuyesi,
KOJAU BUHUKAE JOKAJbHE NOWKOONEHHS 0pzaAHi3MYy, Ul 3azalbHi, MakK
36aHI elleKMpPUiHi yoapu, KOLU Yparaemuvbcs 6eCb OP2AHI3M, U0 MOXHCEe
CNPUYUHUMU cmepmb JLI00UHU.

106 yHuUKHYTHM 0araTbOoxX HEIIPUEMHOCTEN, MAOCTATHBHO B3aBXKAU
nam’ATaTy NPaéuld N0600%eHHA 3 eleKMmMPULHUMU npuiadamu Ta
IOTPUMYBATUCH IX:

4

EnexrponarpiBaabHi mpmiaaau, Taki K eJeKTPOUYaHUK, eJIeK-
TpocaMoBap, eJeKTpoIpacka, eJIeKTPOKaMiH Ta iH., ImMOTpPiObHO
BMUKATH B €JIeKTPOMEPEIKY CIPaBHUMU.

SKmio Bu guBuUTECS TeJIeBi3op, a eKpaH Imorac abo IIouaB Me-
pexTiTu, y JKOTHOMY pasi He MOKHaA IO HBOMY CTyKaTu. Bim
MOJKe 3aropitucsa abo HaBiTh BuOyxHyTU. TeaeBizop moTpiOHO
HeraiiHo BUMKHYTH.

He mo:kHa TOpKaTHCs YBIMKHYTHX €JEKTPOIPUJIALIB CTOPOHHI-
MU IIpegMeTaMU.

IlepeBasxma O6inbmIicTh TOOYTOBUX e€JEKTPONPUJIANLIB € IIe-
PEHOCHUMH, TOMY MOKe€ BUHUKATU IIOIIKOMKEHHS i30JIaIrii
3’eIHyBaJbHUX MPOBiAHUKIB (puc. 36.4, a). Takox endeKTpuy-
HUU OpiT MOsKe o0ipBaTHCS UM OTOJUTHCSI. Y TAKMX BUOAIKAX Y
JKOTHOMY pasi He TOpKalcs OrojeHuX MicIlb, 00 Ile MOXKe IIPH-
3BECTHU IO TPaBMWU.

He sanummaiiTe 6e3 HariAqy YBiMKHEHI B eJIeKTPOMEPEKY IPU-
Janu.

3a00pOHAETHCA TATHYTH 3a €JeKTPUUYHUN APIT pyKamMu, TOMY
10 BiH Mo:ke obOipBaTuca @ ypasUTHU €JeKTPUUYHUM CTPYMOM
(puc. 36.4, 0).

a) 0) B)

Puc. 36.4. MNpaBuna NOBOOXEHHS 3 eNeKTPUYHUMUK npuiagaMmn Ta NpUCTPOSMMI:
a) HEe TopKaKrcs OroseHMx NPOBIAHUKIB Y MiCUSX MOLUKOOKEHHS i30N5LT;
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6) 3a60POHAETLCS TATHYTU 3@ ENEKTPUYHUIA LLUHYDP pyKamu;
B) HE MOXHa 3amnOBHIOBATM BOOOK YBIMKHEHI B €1EKTPOMEPEXY
efleKTpoHarpisasbHi npunaan



§ 36. Brinve enexkTpuuHOro CTpyMy HQ OPraHi3M MIOAWHM

» He MokHaA 3aIlOBHIOBATH BOJOI0 YBIMKHEHI B e€JEeKTPOMEPERY
YaWHUKU, KaBOBapKMU.

» He TopkaiiTecd MOKPUMM PYyKaMH Ta He BUTHUPANTE BOJOTOIO
TaHUIpKOIO eJeKTpuuHi Kabesi, MIiTenceJabHi PO3eTKM, BUMHUKAYI,
iHIIIL eJleKTpoNpHMIanM, YBIMKHEHI B €JIEKTPOMEPEIKY.

He mosxkHa mifgsimyBaTtu peui ma Kabei.
He mosxkma GaBuTHCA 3i HITeICeIbHUMHN pPO3eTKaMU — Iie 3a-
TPOXKYE JKUTTIO.

» Kosn iimeTe 3 moMy — BCi eJeKTpompuaany MailOTh OyTU BUM-
KHeHi.

BukopucTaHHS eJeKTPUUYHUX IIPUJIALIB He 3a IPU3HAUEHHAM abo

HeBMiJle KOPUCTYBAHHA HUMHU MOXKe IPU3BECTH 0 noycexci!
SKIIo BiKe Tak crajocs, IO eJeKTpuuHe 0o0JIagHAHHS 3aropijgocs,
TO mepenycimM moTpidHo:

) BUMKHYTH aBTOMATUYHHUN 3am00i:KHUK (000B’A3KOBO IIOIliKaBTe-
csd, e 3HAXOAATHCA aBTOMATHUHI 3alo0iKHUKHM, Ta HABUYiThCA
HUMH KopucTyBaTucsdl!). fKINO 3HECTPYMUTH eJIeKTPOMEPENKY
HEeMOJKJIMBO, TO CJiJl maM’saTaTy: He MOYKHA 3aCTOCOBYBATH IJIs
raciHHsg BOAY Ta IIiHHI BOTHEraCHUKM, MOKHA JIUIIIE IIOPOIIKO-
Bi. TepminoBo Temedonyiite 3a Homepom 101 i BuKJuKaiiTe 10-
JKeKHUKIB Ha JOIIOMOTY.

SAKRIMO esleKTpoIpUIIAL 3aMHABCHA, CJiA OifgTH 3a TaKOK CXEMOIO:

» obMoTaliTe PYKY CYXOI0 TaHUYipKOIO0, BUCMHUKHITH BUJKY 3 PO-
3€TKU;

) HAKPUITE MaJal0uuil IIpeaMeT KOBIPOIO;

) IIOBiZOMTE HOPOCJIUX IIPO IIOMKEKY.

IIix vac mporynsuaxku SABOPOHAECTHCS:

) OiAXOAWTH JO OTOJIEHMX APOTiB i uimatm ix pykamm;

) posBoauTH OaraTTsd, 3alMyCcKaTHU IMOBITPAHUX 3MiiB mifm JiHiAMHT
eJIeKTpoIepeaui;

» TpaTuch MOOGJU3Y MifCTAHITIHN.

Arxwo ne 3abyeamu yi npocmi npasuna, mo MOIHHA YHUKHYMU
b6azamvox HenpuemHocmel.

IHaw’amaiime, necnpaénocmi 6 enekmpomepesci Ui eleKMPULHUX
npuaadax moice ycynymu auuie cneuyianicm-enexmpux!

FonoeHe B ubomy naparpadi

HayacTtiwa npuynHa ypaKeHHs JI0ANHU €NEKTPUYHUM CTPYMOM — TOp-
KaHHS 0O Hei30NIbOBaHMX CTPYMOMPOBIAHMX MNPOBIAHWKIB, A0 MNPOBIOHWKIB i3
NOLUKOXKEHOIO i30M151LIEI0, @ TaKOX A0 METaNeBuX efleMeHTIB KOHCTPYKLIT Ma-
LWMH, MExXaHi3MiB i anaparTiB, SKi BUNaAKOBO OMNUMHWANCS Mifd Harnpyroto.

BenunynHa cTpymy, SKuin NpoTikae Yepes Tino NIoauHN, € FOIOBHUM YMHHU-
KOM, LLIO BU3HAYA€E HACMIOOK YPaXKEHHS: YuM Binblunii 32 BENIMYUHOIO CTPYM,
TM HebesneuvHiwa noro aig.
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LLo6 yHMKHYTM 6GaraTbOX HENMPUEMHOCTEN, BaM [OCTATHbO 3aBXAu

nam’atTaty Ta OOTPMMYBATUChb MPaBW/I NOBOMXKEHHS 3 €NeKTPUYHUMU Npu-
nagamu.

Y pasi 3aiMaHHA enekTpu4yHoro obnagHaHHa Hacamnepen NoTPiOHO Moro

3HECTPYMUTU Ta BUKINKATU MOXEXHUKIB.

'anwrm-u-m Ans camonepeBipku

He mMoXHa nigxoamTyn 00 OrosieHUX OPOTIB i TOpKaTUCH X pyKamu.

1. ki ocobamBocTi Aii eIeKTPUUYHOrO CTPYMy HA JIOAUHY?

2. $Iki ocobsmBocTi il cTpymMy Ha JKMBY TKAHUHY?

3. Big uoro 3aseXuTh AiA CTpyMy Ha OpraHisM JIOIWHUI?

4. YoMy BasKJWBO IIBUAKO YCYHYTU KOHTAKT HOTEPIILJIOTO 3i CTPY-

MOINIPOBiIHUMH YaCTUHAMMU?

5. Ski maiimebe3meuHIIIi IIIAXM CTPYMY uUepe3 OpraHisM JIOIUHU?

6. Sxi ocHOBHI mpaBMa MOBOMKEHHS 3 €JIeKTPUUYHNUMU IPUIAZAMU?

7. IIlo moTpi6bHO pobuTH Tim yac 3aliMaHHSA eJeKTpompuaanin?

Bnpasa no § 36

1(n). Yomy BKpar Hebe3neyHo TopKaTMUCH OO0 OrofieHMX OPOTiB enekTpo-
Mepexi, Konu B3yTTH i FPYHT Nig HOoramm MOKPI?

2(n). 7IKLLLO TOpKaTUCS PYKOK 40 KOHTaKTiB 6aTtaperikm KULWEHbKOBOIO Jlix-
Taps, TO JIIOAMHA HIYOro He BigyyBae, ane, 3aMKHYBLUM KOHTaKTW
S1I3MKOM, BiQ4yBaA€ETbCA MOLMMIYBAHHS. [1OACHITL, YOMY.

3(n). Bigomo 1o aepeBnHa — Lg i30M19TOP. 3a 9KUX YMOB AepeBuHa CTae
MPOBIOHNKOM €NEeKTPUKN?

4(n). Bigomo, wo noaMHa — npoOBIAHWK €EKTPUYHOro CTPyMy. 3a SKuX

YMOB Tiflo NIOAMHN Ma€e Binblnii enekTpUYHNA onip?

BUKOHYEMO HABYAJBHHUHN ITPOEKT PA30M

3a Ttemoi0 «EjdeKTpuUHUE CTPyM» BaM IPOIOHYETHCA IIiATOTYBATH

HaBUAJbHUUA HPOEKT, SIKNI BUCBITJIOBATHME OJHE 3 IMHTAaHL: Cy4YacHi
IKepesia eJJeKTPUUYHOTO CTPYMY; BUKOPHCTAHHS MaTepiasiB BHCOKOI
MIPOBITHOCTI Ta BEJIMKOrO OMOPY; OCBiT/IIOBAJIbHI JaMOM Ta €KOJOrid-
Hi, MeAWYHi, eKOHOMIUHi acmeKTH 1X BUKOPHCTAHHS; 3aCTOCYBaHHSA
€JIeKTPOJIiBY A OTPUMAaHHA aJlOMiHiI0, BIJIUB €JeKTPUUHOTO CTPYMY
Ha OpraHisM JIIOJMHMU.
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§ 36. Brinve enexkTpuuHOro CTpyMy HQ OPraHi3M MIOAWHM

I'onoBHe B po3mini 2

1. EnexTpuunnii 3apan — Iie (pisuuHa BeJIMUYMHA, IKA XapaKTepu-
3ye BJIACTUBOCTI (hi3mUHMX Tis ab0 YACTUHOK PEYOBUHU BCTYIIATU B
eJIeKTPOMATHITHY B3a€EMOIiIO.

Opununeto exexkrpuyunoro 3apaxny B Cl e xyion (Kir), To6To [¢] = Kur.

2. OgHoliMeHHi 3apAaM BiAIITOBXYIOTHLCS, a Pi3HOMMEHHI IpuUTH-
TYIOThCA.

3. IIpomec HAOYTTA TiJIOM €JEKTPUYHOTrO 3apsany Ha3WBAIOThH eJeK-
TPU3aIlieo.

SKImo aToM BTpavae 4acTUHY €JeKTPOHIB, TO IIPU IIBOMY BiH IIepe-
TBOPIOETHCA HA IMO3UTUBHO 3aPAMKEHY YACTUHKY — IIO3UTHUBHUU 10H.
fAxiro x aTom HaOyBae HAIJIUIIIKOBUX €JIE€KTPOHIB, TO IIEPETBOPIOETH-
cd Ha HeraTUBHUI iOH.

4. TloBHU (cyMapHHI) eJEKTPUUYHUN 3apAmL TijJ, AKI yTBOPIOOTH
3aMKHEHY CUCTEMY, 3aJIUIIAETHCA CTAJIUM:

q, +qy+...q, =const.

3HaueHHA eJEeKTPUUHOTO 3apAny eJeKTPOoHa CTaHOBUTH
e=-1,6-10" K.

5. 3akon KyJsoHa: cujaa B3aeMOAil ABOX HEPYXOMHX TOUYKOBUX 3a-
pAgiB IpsSMO IIPOIMOPIifiHA YMCEJIbHOMY 3HAUEHHIO JOOYTKY ITUX 3a-
paniB, obepHeHO IPOIMOPIIifHA KBaApaTy BifcTaHi MisK HUMHU Ta Ha-
OpsaMJeHa B3AOBXK IpPAMOI JiHii, 1mo 3’egHye i 3apagu:

|(Z1||QZ|
F=k—
r
e |q1 R |— MOMAYJIi 3apsAniB; r — BicTaHb MiK TOUYKOBUMMU 3aps-
mamMu; kB — Koe@dillieHT IIPOMOPI[ifiHOCTI, 3HAUEHHA AKOTO 3aJIeKUTH

Bim oOpamoi cucremu omumHuIb. ¥ Cl xoedimieHT mpomopirifiHocTi B
saxkoui Kymona:

o H-M?
10" ——-.
JI

6. Enekrpuune moje — 1e ocobsmBa hopma MaTepii, 1o icHye Ha-
BKOJIO 3apAMKeHUX TiJ ab0 YaCTHHOK 1 Ji€ 3 IeBHOIO CHJIOI0 Ha iHImi
YacTUHKHU abo Tija, IIT0 MalOTh €JeKTPUYHUN 3apsn.

7. IlpoBigHUKaMM Ha3MBAIOTL PEUYOBUHU, AKi MAaOTh 3apAmKeHi
YACTUHKMU, IO 3JaTHI pyxXaTucs o BChoMy 00’eMy Tija.

261



8. iemexTpukamu, abo i3oasaTopaMu, HA3WBAIOTL PEYOBUHU, AKi
3a MEeBHUX YMOB He MAIOTh BIJILHUX HOCIiB €JIeKTPUYHOTrO 3apALy.

9. HaniBnpoBigHMKamMu Ha3MBAIOTh PEYOBUHM, ITI0 3a IIPOBIAHICTIO IIO-
cimaroTh mpPOMisKHe Miclle MixK mpoBigHmKamu i miedektpukamu. Hocis-
MU eJIEKTPUYHOTO 3apsAAy B HAIIIBOPOBITHMKAX € €JIEKTPOHU i MipKuU.

10. EneXTpUYHUM CTPYMOM HA3WBAIOTh YIOPAIKOBAHUN (HAIPAM-
JIEHUIT) pyX 3apAJKeHUX YaCTUHOK.

YMoOBU iCHYBaHHS €JEKTPUUYHOTO CTPYMY: HASIBHICTH BiJIBHUX HO-
CiiB eJIEKTPUYHOTO 3apAAy U eJIeKTPUYHOTO IIOJI.

11. 3a HaOmpaM eJeKTPUUYHOTO CTPYMY HPUUMAIOTh HAIPAM PYXY
MMO3UTUBHO 3apAMKEHUX YACTUHOK, TOOTO HANIPSAM Bij] TOBUTHBHO 3a-
PAIMKEHOTO TOJIOCA JAKepesia CTPYMY 0 HEeraTHUBHO 3apAKEHOTO.

12. [I:xepesia eJIEKTPUUHOTO CTPYMYy — Iie IPUCTPOI, B AKUX BimOy-
BAETHCS MEePETBOPEHHS PiSHUX BUMIIB eHeprii (Mexawiumoi, ximMiuHOi, Te-
IJIOBOI, eHeprii eJIeKTPOMAarHiTHOTO BUIIPOMIiHIOBAHHS) B €JIEKTPUUHY.

13. OcHOBHUMU JisiMU €JIEeKTPUYHOTO CTPYMY € TeIlJioBa, XimiuHa,
MarHiTHa, cBiTJioBa Ta (pisiosoriuHa.

14. EneKTpuuHe KOJIO YTBOPIOIOTH IKEPEJO CTPYMY, CIIOKUBaUi
eJeKTPUYHOI eHepril, IpUCTpol AJid BMUKAHHA Ta BUMUKAHHA €JeK-
TPUUYHOTO CTPYMY, €JIeKTPOBUMIipIOBAJIbHI IPUCTPOI, 3’€IHAHI MixK CO-
000 3a MOIIOMOTOI0 IIPOBIAHUKIB.

15. Cunoro crpymy I HasumBaeThcA (piswuHa BeJIWUYMHA, IO XapakK-
TEePU3y€e EJIEKTPUUYHUN CTPYM Y KOJi ¥ MOPiBHIOE BiJHOIIIEHHIO eJIeK-
TPUUHOTO 3apANY (¢, AKUIN IIPOMIIIOB Uepes MOIepeuHuil mepepis mpo-
BilHMKA, OO Yacy HOT0 IIPOXOMKEHH:

=%,

t

3a OOWHUINIO CUJIM CTPyMy mpuiimaioTb 1 A.

16. ExekTpuuHuii omip — 1e (pisyuHa BeIWUnHA, SKa XapaKTepu-
3y€ BJIACTUBICTH IIPOBIAHWKA HNPOTUIIATH ITPOXOMKEHHIO €JIeKTPUUHO-
ro CTPyMy. 3a OOMHUINI0 Oomopy mpuiiMamoTb 1 Owm.

17. 3axkon Oma mjia AiTAHKY KOJIA: CUJIAa CTPYMY B OTHOPimHiN mi-
JSAHIII KOoJla IPSAMO HPOIOPIifiHa Hampysi Ha KiHmAX 1miel miadaHKm Ta
obepHeHo mporopiiifina ii omopy:

18. EjekTpUYHUN OIIip IPAMO HPOIIOPIiAHUNA TOBKUHI IIPOBiITHU-
Ka, 00epHEeHO HPOHOPIiNHUNA IJIOIIiI HOT0o MONepeuHOoro Iepepisy i
3aJIeKUTh BiJl PEUOBHMHU ITPOBiIHUKA:

R:p-i.
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§ 36. Brinve enexkTpuuHOro CTpyMy HQ OPraHi3M MIOAWHM

19. IIpu mocraimoBHOMY 3’€IHAHHI €JeMeHTiB BUKOHYIOTBCS TakKi
3aJIeXKHOCTI:

I=1,=1,=.=1; U=U,+Uy,+..+U,; R=R, + R, +..+ R,.

IIpu mapanenbHOMY 3’€IHAHHI €JeMEHTiB BUKOHYIOTHCS TaKi 3a-
JIeYKHOCTI:

U=Up=Up=um Uy T=li+ Ituct Ly o=ttt

20. PoboTa eseKTPUUYHOTO CTPYMY Ha IiJAHIII KoJia JOPiBHIOE IO-
OyTKY CHJIM CTPYMY, HAIIPYTU HA I[i¥ AiJISHIII Ta Yacy BIIPOJOBIK SAKO-
ro BUKOHYyBaJiacsa I poboTa:

A = IUt.

21. IloTy:KHiCTh CTPYMY MOKHA TAKOK OOUMCIUTHU 3a OJHi€I0 3 Gop-
MYyJI:

2
P=£, P=IU, P=I°R, p=-Z.
t R

¥V CI opunuunero mory:kHocTi € BaTt (BT).

22. Ha mpaxTuii ajisg BUMipioBaHHSA PoOOTH CTPYMY IMHUPOKO BUKO-
pPHCTOBYETHCA MMO3acuUCTeMHA OAMHUILST — KijoBar-roguHa (KBt * roxm):
1 kBTt - rog = 3,6 - 10° II:x.

23. KinbKicTh TemnioTH, AKa BUIIIAETHCA IIPOBIIHUKOM 3 eJIeKTPUY-
HUM CTPYMOM JOPiBHIOE MOOYTKY KBajapara CHJIN CTPYMY, OIIOPY IIPO-
BimfHMKA i yacy mpoxomkeHHs cTpyMy (3akoH [:xoymra — Jlenma):

Q@ = I’RAt.

24. PeuoBUHU, PO3UMHHN M PO3ILIABU AKUX IIPOBOAATEH €JEKTPUU-
HUH CTPYM, HA3WBAIOTL €JIEKTPOJIiTaMM’.

25. 3akon Papajges: maca peUOBUHU, AKa BUAIINIACH HA €JIeKTPO-
Oi mig gac eJeKTpoJridy, IpAMO IIPOIOPIIifiHA CUJII CTPyMy Ta uacy,
MIPOXOMKEHHS CTPYMY Uepes3 eJIEKTPOJIiT:

m = kq; m = EIt.

26. EnexTpoxiMiuHU#l eKBiBaJeHT k YMCEJBbHO MOPiBHIOE Maci pe-
YOBMHU B Kijorpamax, ska BUIIIAEThCS Hifg yac npoxomxenus 1 Ka
eJIEKTPUKU.

27. Ilpolec IPOXOmKEeHHA eJeKTPUUYHOTO CTPYMY uepes ras3 Hasu-
BalOTh Ta30BUM po3pAgoM. HocisiMu eJeKTPUUYHOro 3apsany B rasax €
MOHU i eJIeKTPOHH.
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Jla6oparopHi po6otu

SAK OIIHMTH TOYHICTH BUMipPIOBaAaHHSA
Ta O0YMCJIUTH MOXUOKY

BuwmiproBaHHA (isMUHUX BEJIWUYUH 3aBiKAU BUKOHYIOTHCA 3 IIEBHOIO
TOYHIiCTIO, TOOTO HAOJIMIKEHO ab0 3 moxubKomo. IToxnbka BUMipIOBaHb
XapaKTepuaye CTyIIiHb HAOJIMMKEeHHSA IIOKAa3iB mpuiagy MO0 iCTUHHUX
3HaueHb BUMipIOBaHOI BeanunHN. € pisHi cmmocobu OIiHIOBAHHS MOXU-
00k BuMipioBaHb. OIiHIOIOUM Pe3yJbTaTU BUMIipIOBaHHS, MU OyIeMO
KOPUCTYBATUCA IOHATTAMU aOCOJIIOTHOI Ta BiZHOCHOI MOXMOKIU.

V¥ mporieci omiHioBaHHSA Ta 3alHUCy Pe3yJbTaTiB BUMipIOBAHHS IIPO-
IMIOHYEMO MTOTPUMYBATHCA TAKUX IPABUJI:

1. IIpu npAMUX BUMipOBAHHAX (Pi3MUYHOI BEIMUYMHU IPUJIALOM BU-
3HauaeMo abcoaoTHY MOXuOKY. CKJIaJ0BOIO MOXMOKM BUMipIOBaHHS
€ abCoJIIOTHA iHCTPpYMeHTaJIbHA IOXMOKA, 3yMOBJIEHA BJIACTUBOCTSIMU
3aco0y BuMiprooBaHHA. MaKcUMaJbHO MOMKJIMBA abCOJIIOTHA TOXHOKA
JOPiBHIOE ITiHi HAWMEHIIOI IOMIIKK HIKAJIXW HPHUJIany, 3a YMOBHU, IO
3HaYeHHA (PisuuHOl BesMUYMHU He 30iraeThbca 3 MO3HAUYKOIO ITKAJIW abo
KOJIMBAETHCS; MOPiBHIOE MOJOBUHI IiHM IMOAIIKMN, AKIIO IMOKAMKUUK
30iraeThcA 3 MO3HAYKOIO ITKAJIN.

2. IIpu pospaxyHKaxX (PisMUYHUX BEJIUUYUH KOPUCTYIOTHCS MIPaBU-
JaMu HaOJM:KeHUX OoOUYMCIeHb, 30KpeMa OKPYIJIEHHSA: SKIIMO IIeplia
BifkuHyTa mu@dpa mopiBHIOE 5 abo Gijbima 3a 5, TO OCTaHHIO i3 3a-
auineHux nu@p 30iJbITYIOTH Ha OAUHUINIO; SKIO IIepIla BiZKMHYyTa
mudpa MeHIIa Hi 5, TO OCTaHHIO i3 3aJUINEeHUX PP He 3MiHIOOTh,
HaIIpUKJIaL

24,5 = 25; 24,4 =~ 24; 1455 = 1500; 144 =~ 140.
3. Jlyia OIiHKM TOYHOCTI OyAb-AKMX BUMiPIOBAHb KOPHUCTYIOTHCH

OOHATTSAM BiHOCHOI MOXMOKMU &, AKa MOPiBHIOE BigHOIIIEHHIO abco-
JIIOTHOI MTOXMOKU A0 HAOJMKEHOTO 3HAUEHHS BUMipIOBAaHOI BEJIMUUHU:

ez%-IOO%:AAzaAc;
C
Ine AA — a0OcoJifoTHA MOXMOKA BUMipIOBAHOI BEJIWMYUHU;
A, — cepenHe UMCJIOBe 3HAUEHHS BUMipIOBAHOI BEJIMYNHU;

£ — BigHOCHA IMOXMOKA.
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4. KiumeBuii pesyJbTaT BUMipIOBAaHHA Mae OyTU 3alnCaHO Yy BHU-
TJISIJTi:
A=A TAA;

5. Ilpu BusHauveHHi (PiBMUYHUX BeJWUYNH TOUYHICTH BHMipIOBaHb i
o0unc/ieHb MOKHaA 3a0e3lmeuyBaTH, IMOPiBHIOIOUM BUMIPAHI @ oOuwmc-
JIeHi 3HaUYeHHA 3 TabamuHmMu nasuMu. Hanpumkian, TabimuHe 3HA-
YeHHs T'yCTHHU cTaji (TBepgoro Tinma) p, = 7,8 r/cm®, a omep:kame
eKcIepuMeHTa bHe 3HAUeHHA I'ycTuHu p, = 7,6 r/cm?. Toxi abcomror-
Ha moxmOKa BUMIipIOBaHbL MOXKe OyTH BHU3HaUeHa AK Ap = p, — P, ;
Ap = 17,8 — 7,6 = 0,2 (r/cm?). OcKinbKu KiHIEBUil pes3yiIbTaT MaeMoO
samucyBaTU y BUTJISALL p = p, = Ap, To p = 7,6 + 0,2 (r/cm?)

A
(BigHocHYy MOXMOKY pPO3pPaxoOBYIOTH TaK: € =—p-100 % .)
Pm

JlabopaTropua po6ora No 1
BuBueHHs TelmioBOro 0aJjlaHCy I 4ac 3MillyBaHHS
BOAM Pi3HOI TeMIIepaTypu

MeTta pob60oTuU: PO3BUTOK E€KCNEePUMEHTaIbHUX YMiHb AOC/IAXYyBaTU
Terns0Bi NPOLECU, YMIHHSI BU3HA4YaTU KiJibKiCTb TEMJI0TU, BigAaHOI rapsiqyoro
BOZOIO Vi OTPMMAaHOI XOJIOAHOO i Yac Terns1000MiHy.

Mpunagu Ta obnagHaHHA: Tepe3u, Pi3HoBarv, KaaopumeTp, MeH3yp-
Ka, TepMOMETP, CKIISIHKA.

I Xin po6orn

1. 3a gomomMorom TepesiB BU3HAUTE Macy BHYTPIIHBOI ITOCYIAMHUI
KajJopuMeTpa. BcTraBTe HOro B 30BHIIIIHIO IIOCYAUHY.

2. HanutiTe B Kajmopumerp rapsauy Boay macoro 100 r, a B CKIAHKY
— CTiJBKM K XoJomHOi. 3auekaiiTe 1—2 XB i BUMipsaliTe TeMIepary-
Py XOJIOOHOI Ta rapAa4oi BOIM.

3. O0epe:kHO BIAMWITE XOJOAHY BOAY B MOCYJUHY 3 Tapsadoi0 BOJOIO
i BuMipaiiTe TeMIepaTrypy cyMimri. 3amuIniTh IOKa3u TepMOMeETpa B
TabJIUITIO.
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4. BBaKamouu CHCTEMY TeIJ0i30/IbOBAHOIO, BANUIIITH PiBHAHHS
TeILJIOBOTO OajamHcy:

Q:=Q;+ Qs (1)
Ie @, — KiJIbKicThb TeIIOTH, OTPHUMAaHa XOJIOAHOIO BOAOIO Imim uac ii
HarpiBaHHS [0 TeMIIepaTypu TeIlJIOBOI pPiBHOBAru;

@, — KiJbKicTh TemyoTm, SIKy Bimmasa rapsda Boja, 1Mo OyJsa B Ka-
JIOPUMETPi, ITi Yac OXOJIOAMKEHHs 0 TeMIIepaTypu TeILJIOBOI PiBHOBATW;

@; — KiJBKiCTBh TEIJIOTH, AKY BifjlaB CTaKaH KaJopuMeTpa Mif Jac
OXOJIOMKEeHHsA HOoro A0 TeMIIepaTypu TeIlJIOBOI piBHOBaru.

5. PospaxyiiTe KiJIbKiCTh TEIJIOTH, OTPUMAaHY XOJIOZHOIO BOIOIO IPU
ii marpiBaHHI [0 TeMIepaTypu TeILJIOBOI piBHOBaru: @, =cm2(t—t2) ,
a TaKOXX KILJIBKICTh TEIJIOTHU, BiAJaHy rapsdyoi0 BOJAOI i KajJopuMme-
TPOM IIii 4ac IX OXOJIOAKEeHHSA A0 TeMIIepaTypH! TeIJIOBOI piBHOBarum
(TeMmmepaTypu cymirri):

Qy=cmy (tl _t);
Q3 =c,m, (tl - t) .

6. IlincraBTe Bupasu @,, @,, @;y dopmyay (1) Ta mepeBipre Bu-
KOHAHHS PiBHAHHS TeIJIOBoro Gajsiancy. PesyabraTu 00UYHMCJIE€HB 3a-
OUIIITE 00 TaOJMIli.

7. PospaxyiiTe moxubKy BUMipiOBaHb:

Am At Am At Am At
g =—+— € =—+—; g =—+—. (2)
m m, 4 my, 1

8. BusHauTe abCOJIOTHY MOXUOKY BUMipIOBaHb:

AQ, = €,Q;; AQ, = €,6)5 AQ; = £50;. 3
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9. 3anuIliTh pe3yabTaTH BUMipIOBAaHb:
QBiZl = (Ql + Q2 )£ (AQl + AQz ) QOTp = Qg T AQ3.

10. IlopiBHANTEe KiJBbKiCTHL TEmJIOTHU, BiAgaHOl rapsadyoio BOLOIO i

KaJOPUMETPOM, 3 KiJIbKiCTIO TEIJIOTH, OTPUMAHOI XOJOMZHOIO BOMOIO,
Ta 3p00iTH BUCHOBKM.

JlaGopaTtopHa po6ora No 2

BusHaueHHs MUTOMOI TEIJIOEMHOCTiI PEeYOBHMHU

MeTta po6oTu: pO3BUTOK €KCMEePUMEHTAIbHUX YMiHb [OCIAXYBaTH
TeroBi npouecu, YMIiHHSI BU3Ha4atv MUTOMY TerJIOEMHICTb PEYOBUHU
Kas0pUMeTPUYHUM CrIocoOOoM.

lMpunagn Ta obnagHaHHSA: CKJsSHKa 3 BOAOK, Ka/loOpUMETP, TepMo-
MeTp, Tepeau, pi3HoBarv, MeTaneBuil UWIIHAP Ha HUTLI, NocyauvHa 3
rapsiyor0 Bo4oI0.

Xig po6otu

1. 3a momomoroo Tepes3iB BU3HAUTE MACy BHYTPIIIIHBOI HMOCYAWMHU

KasiopuMeTpa. BeraBTre ii B 30BHIITHIO IIOCYAUHY.

2. Haawuiite B kagopumerp Boxy Macor 100—150 r ximmaTHOI TeM-

nepatypu. BumipsaiiTe TemnepaTypy BoOAU.

3. 3a IOIIOMOroi0 Tepes3iB BHU3HAUTE MACy METAJIeBOTO IMJIiHApA.
4. 3amypTe IWIIHAP Yy €MHICTH i3 TapsSd0i0 BOJOIO APOTAHUM Trad-

KOM, IIOTiM 3aHYpPTe B rapsdy BOAY TePMOMETP i JoueKamnTecsd MOMEH-
Ty BCTAHOBJIEHHS TEIIJIOBOI piBHOBaru (CTOBIUUK TePMOMETpa MaiiKe
NPUIMHUTL PyX). BumipsaiiTe TemepaTypy Boau. ¥ MOMEHT TEIJIOBOI
piBHOBarm BOHA JOpPiBHIOBATHUME TeMIIlepaTypi IIWJIiHApa.

5. O6GepesXHO BUUMITh HATPITHH HWJIIHAP APOTAHMM TauKoM i, He

3BOJTIKAIOUM, 3aHypTe HOro y BOAY B KaJOPUMETpIi.

6. IlouekaiiTeca MOMEHTY HAaCTaHHS TeILJI0OBOiI piBHOBaru. Bumipsaiite

TEeMIIEPATyPy BOAM B KAJOPUMETP IIic/is 3aHYpeHHS B Hel murinmpa.

PesynbraTy BUMipioBaHB 3aIlUIIITH MO TAOJIUILi:

e (@) ot

e S 2
S . o E[.\ = o EE?

) o .- = ® QO
= o -~ ® ©° ﬁms.\
E o E s & s A7 a sa . | &8

= =5 2 8 R > 9 2=
2Eg | 828 | g&5| sf | g5 |EE%¢E
I > O O = < = =

%E(E o . HFE < HQ‘Q [T =T =]
> & - =} Q. =
I © g g s g == SEX |25 8E
SE | E3 2 2B E | B8 E 58,8
s = g = EES = E3E | 2egR 5
= 8 m s o = “E |FEE,
= < g = = ® 9 E

= M =]
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7. BBaxkaroum cucTeMy TeIJ0i30/IbOBAHOIO, 3ANMINEMO PiBHAHHS
TeIJIOBOTO OaJiamcy:

Q1 + Qz = Q3,
Ie @, — KiJTbKicTh TemaoTH, IKYy OTPHMMAB KaJOPHMMETP IIiJ Jac Ha-
rpiBaHHA;
@, — KiJTbKiCTb TeIIoTH, AKY OTpUMAaJja BOJa B KaJOpUMeTpi mig uac
HarpiBaHHS;
@; — KijgbKicTb TemyoTH, BigZaHa MeTaJeBUM MUJIIHIPOM Hig dac

OXOJIOIKEHHS.
3amnuIeMo BUpPasu I O0UMCIeHHSA KiJIbKocTi Temiaotu @, @, Ta

Q;:
Q =cmy (t_tl) ’
Q, :cama(t—tl),
Qs = cymy (1, —t).
ITizcraBuMO iX y PiBHAHHS TemJIoBoro 0amancy. B pesyabraTi omep-
JKMUMO PiBHAHHS 3 OJHI€I0 HEBiZJOMOIO C,:
eymy (t=t;)+e,m, (t—t,)+ = cymy (t, — ).
PosB’s3aBIiu #oro BiJHOCHO HEBiZOMOI C,, OJEPIKUMO:
(clm1 +cama)(t—t1)
m,(t, —t)
8. IlixcraBTe y hopMysny /s BUBHAUEHHSA C, 3HAUEHHA (PismuHUX
BeJINYMNH, BUMiPSAHI mig uac mociaizy, Ta OOUMCIIiTHL IIUTOMY TEILJIOEM-

HiCTh PEUYOBUHU, 3 AKOI BUTOTOBJIEHO HMUJIHID.
9. IlopiBHAliTEe OTPUMAHUN pPe3yJbTaT i3 TAOGJIUUYHUM i OOUHUCIITH

abCoOJIOTHY MOXUOKY 3 BUMipiB:
Ac, = |c2 —cTa6|.

2:

10. OOuwmcaiTh BifHOCHY HOXMOKY BUMipIOBAHbD:

Ac
e=—2,
CTa6
11. 3a pesyabTaTaMu BUKOHAHHSA JabopaTOpHOI poboTu 3pobiTh

BHICHOBKMH.
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JlaboparopHa pooora No 3
BumiproBaHHS omopy HpPOBiZHMKA 3a JOIOMOTOIO
aMimepmMeTrpa i BoJIbTMeETpa

Meta po60Tu: PO3BUTOK E€KCMEepUMEHTasIbHUX YMIiHb LOCJiAXyBaTu
eJIEKTPUYHI KOJIa, eKcriepyuMeHTasibHa rnepesipka 3akoHy Oma ans OinsHK1
Kosa.

Mpunagun i martepiann: gxepesio CTPyMy, PE3NUCTOP i3 HIKEJIIHOBOK
cripasulio, amrnepmMeTp, BOJIbTMETP, PeocTar, KoY, 3’€HyBaslbHi rpoBia-
HUKN.

I Xin po6orn

1. BusHauTe IiHy DOAIIKK IIIKAJ aMIIepMeTpa, BOJbTMeTpa Ta ao-
COJIOTHY moxmuOKy ammepmerpa Al i BoabTMmerpa AU.
2. 36epiTh Ko0JIO, 3’€qHABIIU IIO-
cIimoBHO OaTapeio eJIeMeHTiB, aM-
ImepMeTp, pPesucTop, peocrar (IIoB-
3YHOK po3TainyiTe 0ias BepxXHbLOI
KJemMu), KJao4. Jlo KiHIIB mocJri-
IKYBAHOTO IIPOBimHUKA (pesucTopa)
npuenHaiTe BOJIbTMETP. HakpecaiTh
cxeMy 3i0paHOro BaMu KoOJIa.
3. BumipsaiiTe amMmmepMeTpoM CHJIY CTPYMY B KOJi. 3a JOIOMOTOIO
BOJIbTMETpa BUMIipATe HANPyry Ha NPOBiJHUKY I 3aHECITH Pe3yJib-
TaTU BUMipIOBAHb A0 TAOJIMILi:

PosramyBanusa Cuna .
MOB3yHKA );)eoc'ra'ra crpymy, A Hanpyra, B Omnip, Om
Bina BepxHBOI KaeMu
Ilocepenuni
Binga HuKHBOI KaeMnu

4. 3a DOIIOMOroOI0 peocTaTa 3MiHITHL OIip Koja, KOMKHOTO pPasy BU-
MipIofiTe CHJIy CTPYMYy B KOJIi ¥ Hampyry Ha JIOCJiIKyBaHOMY IIPO-
BiIHUKY, 3aHeCiTh pe3yJbTaTU BUMipIOBAHL OO0 TAOJIUIIi.

5. BukopucroByioun 3akon Oma, 004YmMCIiTH OIip HpoBiZHMKA 3a
TaHUMHU KOYKHOTO OKPEMOT0 BUMipIOBaHHI.

6. PospaxyiiTe BiZHOCHY MOXMOKY BUMipIOBaHb OIOPY HPOBiTHUKA,
KOJIM IIOB3YHOK peocTara mepedyBaB IOCEPEAMHi.

Al AU
e=—+—.
I U

n n

(1

7. PospaxyiiTe abcol0THY IOXUOKY omopy mpoBifHuka AR=¢R, ;

3alUINITL 3HAUEHHS OIOPY 3 yPaxXyBaHHAM ITOXUOOK
R=R, *AR. (2)
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8. 3a mammmu TabJUIlI BUMipIOBaHb HAKPECTiTh rpadik 3aaeKHOCTI
CUJIU CTPYMY Bim Hampyru. 3’egHaliTe OCTAHHIO TOUYKY HEPETUHY CHU-
JU CTPYMYy — Hanpyru (3HaYeHHA OJIA HUIKHBOI KJIEeMHM) 3 IOYAaTKOM
rpagika 0.

9. Ilicia moOymoBu rpadiky BisbMiThL TOUKY HaA IpaMii (y cepemHii
yacTuHi rpadika) BusHauTe cepelHi 3HAUEHHA CUJIU CTPYMY i Hampy-
W, IO BiAMOBiZAIOTH IIiif TOUIli, OOUMCIITL cepeaHe 3HAUEHHS OIMOPY

R =—=¢. (3)

10. PospaxyiiTe abCOJNIOTHY IIOXMOKY CEepeaHLOTO 3HAUEHHS OIIOPY
nposigHuKa AR, =€R, ;3anulliTe cepeJHE 3HAUEHHS OIOPY 3 ypaxy-
BAHHAM MOXUOOK

R=R.tAR_; (4).

11. IlopiBHaAliTe 3HaueHHA OIMOPY 3 piBHAHB: (2) Ta (4); 3podITH
BHCHOBKH IIOJO 3aJIEKHOCTI OIIOPY IPOBIAHMKA BiJ CUJIM CTPyMY i
HAIIpyru Ha HOro KiHIIAX.

JlaboparopHa podoora No 4
JocaimKeHHsI eJIeKTPMYHOTO K0JIa 3 IOCJIiTOBHUM
3’¢THAaHHAM NPOBLIHUKIB

MeTta pob6oTHU: PO3BUTOK €KCNEePUMEHTaIbHUX YMiHb AOC/iAXYBaTU
€JIeKTPUYHI KoJsla, eKcriepuMeHTasbHa fnepesipka 3aKOHOMIPHOCTEN Mo-
C/1iJOBHOro 3’egHaHHs1 rnpoBIiAHWKIB.

Mpunagn i marepianu: gxepeso cTpymy, ABa PE3NCTOPU, amrep-
MEeTP, BOJILTMETP, K04, 3’€AHyBasibHIi MPOBIAHVKW. [is perysitoBaHHS
CTPYMYy B KOJIi MOXHa BMKOPUCTOBYBATU PEOCTAT.

I Xia po6orn

1. CraamiTs KoOJIO 3 AiKepesa CTPyMY, peocTaTa, ABOX IPOBIIHUKIB,
aMIiepMeTrpa, KJioua, 3’ €IHaBIIN iX HOCJiJOBHO (PUCYHOK).
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2. HakpecaiTh cxeMy CKJaJeHOr0 BaMM KoJia 1 MOKaXiTh Ha Hii,
KyIU IMiIKJII0YaeThCA BOJBTMETP IIPY BUMIipPIOBaHHI HAaIPyTrW HA KOXK-
Hi# cmipaji I Ha ABOX cHipajisax pasoM.

3. 3a IOIIOMOroi0 aMIlepMeTpa BUMipsSTe CHUJIY CTPYMY B KOJI.

4. YBIMKHYBIIIZ B KOJO BOJBTMETP, BUMipsiiTe HAIPYTy IIa BCii
MIJIAHI KoJia, IO CKJIAJAEThCA 3 MIBOX IPOBIIHUKIB.

5. BumipsaiiTe Hanpyry Ha OKpeMUX HIPOBiTHUKAX.

6. 3a pesyJbTaTaMi BUMipIOBaHb OOUMUCJIITHL Omip yciel mimankm i
IPOBIAHUKIB:

U U
R=—;R,=—1; R, =—2.
I B 1’772

7. PesyabTaTu BUMipOBaHbL i 00UmMCIeHDb 3aHECITH MO0 TAGJIUILi:
‘= = X X
i A g © | E= S | Eg 3
S P . =i o == .
] M Hol Q’: o S o A o = (= N
< © Z = g R Z = s
< = > '5‘ < = m 1 = m 1
28 g« ] S B - @ = N
S = - & = - &
& = > . o 2 [= B T o & o =
. o~ B s 2 = B ® B = B
zF 5 E 5 B A E 2 5 R E 2
& = o o & 2o S 2 2 o S 2
< s A E A
=] B = S = & | sa 2
= &) =t jan = an =

8. IlopiBualiTe omip yciel mimaHKm R Koja i3 CyMOIO OIIOPiB IBOX
IPOBiTHUKIB
R, + R,.
9. IlopiBHANITEe HAIPYTY HA AiJAHIII ABOX HNpOBimHUKIB U, i3 cymor0
Hampyr Ha oKkpeMux nposimumkax U; + U,.
10. BusHauTe moXuOKM ¥ MOPiBHANWTE OTPUMAHI pe3yJbTaTH 3 ypa-
XYBAHHAM TOXUOOK.

. . Uu, . R . . . .
OO6uuciiTe BifHOIIeHHA —— i ——, BigHoCcHI moxmuOKu (g, i €,) i

2 2
abcosrorHi moxubku (A, i A,) BuMipioBaHb WX BeJWYHUH 3a (popmy-

JIaMMU:
AU AU
g =—+—y,
Ul U2
U AT
A =—Le, g,=—+¢,, Azzﬁez.
2 I RZ

(Ilizma maiiMeHIIOl MOAIMIKYM IIKAJIM aMIlepMeTpa ¥ BOJIbTMeTpa € ab-
COJIIOTHOIO ITOXMOKOI0 BUMipioBaHHsA cuiu cTpyMmy Al Tta Hanpyru AU.)

11. 3pob6iTh BUCHOBOK NP0 COpPaBeIJMBiCTL 3aKOHOMipHOCTEH IIO-
caimoBHOrO 3’€IHAHHSA HTPOBIAHUKIB.
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JlabopaTopua pooora Ne 5
JMociasKeHHsI eJIeKTPUYHOTO KO0JIa 3 MapajebHUM
3’¢MTHAHHAM IPOBIIHUKIB

Meta pob6oOTH: PO3BUTOK EKCMEePUMEHTaIbHUX YMiHb LOCiAXyBaTu
€JIEKTPUYHI KOsia, ekcriepyuMeHTaslbHa nepesipka 3akOHOMIPHOCTEV rnapa-
J1eJ/IbHOro Ta MNOC/Ai4OBHOIO 3’€AHaHHs rpoBIaHUKIB.

Mpunagn i marepianu: gxepeso CTpymy, ABa PE3NCTOPU, amrep-
MEeTP, BOJILTMETP, K04, 3’€AHyBasibHIi MPOBIAHVKW. [is1 perysitoBaHHS
CTPYMYy B KOJIi MOXHa BMKOPUCTOBYBATU PEOCTAT.

I Xia po6oru

1. CraagiTh eJleKTPUUYHE KOJIO 3
J'Kepeja CTPyMYy, peocTaTa, IBOX
OPOBiAHUKIB, 3’egHaBIIM IX mapa-
JeJbHO, aMIlepMeTpa i KJjmoua (pu-
CYHOK).
2. HaxpeciiTh cxeMy CKJIaIeHOI0
BaMH KoJIa i IIOKasKiTh HA Hil, Kyau
OiAKJII0YaEThCA aMIIepMeTpP IIPU BU-
MipIOBaHHI CuUJIM CTPYMYy Ha KOXKHO-
MYy pesucTopi I Ha ABOX pesucTopax
pasoMm.
3. BumipatiTe HanpyTy Ha KiHI[AX MPOBITHUKIB, 3’€THAHNX MAPAJIEIHHO.
4. BMukaoun aMIlepMeTp IO uep3i B OCHOBHE KOJIO i B OKpeMmi
Horo minAHKU, BUMIpANTE CUJIYy CTPYMYy B OCHOBHOMY KoJi I i Ha mi-
aaukax I, i I,
PesynbTaTy BUMipioBaHb 3alUINITL M0 TAOJIMINi:

] = ;
B 3 < = < =
i e o e o
= 2 - > o ) B & o
S o RS o~ B oo g~ =&
® = A 3] s . S - S pe
E > 58 28 E = N R £
zE=| g« | 2% | EE5| Bz | zE | Eg
- 3}
SES| B~ | 8% | 5% FEE | £& | TE
= I = o= g;:% Q_‘E [>T e =
T g © S & R = ) g K
< = = %‘o o o Cﬁg% ©
= = B =) = 5 9 =
) ‘" =1 = 5:. =

5. 3a oTpUMaHMMU AAHUMHU OOUYMCIITH 3HAUEHHS OmOpy Bciel mi-

aaaku R 1 okpemux posrany:xeHb R; i R,:

R:g; Rlzg; R zg.
I I, I,
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6. IlopiBHAIITE CYMy CHJI CTPYMiB y OKpeMuX mpoBiguukax I, + I,
i3 cmyIo0 CTPyMy B OCHOBHOMY KoJii I.
7. IlepeBipTe, uu miATBEPIKYEThCA mocaimom Gopmya:
1 1 1
==t
R R, R,
8. BusHaute moxmbKMU BUMipIOBaHb i IOPiBHANTEe OTPUMAHI Pe3yb-
TaTU 3 ypaxyBaHHAM IIOXUOOK.

OOuncJIiTh BiZHOIIIEHHS i i i, BigHOCHI (€, 1 &,) i abcouroTHi
2
(A, i A,) moxubKu BuUMipOBaHb MUX 3a QopMyaaMu
€ :%+%, A =§—1£1;82 =%+81, A, =%82.
1 2 2 1

(ITima mominKM ITKAJIW aMIlepMeTpa Ta BOJIBTMETPa € abCOJIIOTHOIO
MOXWOKOI0 BUMipioBaHHA cuiau ctpymy Al ta Hanpyru AU.)

9. 3polbiTh BHCHOBOK IMIOA0 3aKOHOMipHOCTEN mapaJjeJbHOTO

3’eIHaHHA TPOBITHUKIB.
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BianoBigi no enpas

Bigmosimi mo BmpaB 3 po3smimay
«TEIIJIOBI ABHUIIIA ».

Buopasa mo § 1. 5a. 1,25- 105, 6x. 2 - 10?7,

Buopasa mo § 2. 6x. 4-10° ¢. 7a. 1/700 aKIio BBasKaTH, IO IIPO-
MiKKM MiK MOJIeKyJIaMH PiAMHM HEXTOBHO MaJi IOPiBHAHO 3 IIPO-
MiXKKaMHM MiK MOJIEKyJaMHu rasy.

Bmpaga g0 § 3. 5a. nmpubsusuo B 1,4 pasu. 6a. y 9 pas. 9B. 36ib-
muaack npubausuo B 1,17 pas. 10B. Bogaio — 1912 m/c, Bogu —
637 Mm/c.

Bmopasa mo § 4. 1c. 0,5 m. 2¢. 96 °C. 3a. 200,14 m. 4a. 10 °C.
58. 99,73%

Bmopasa 1o § 7. 1m. 1 k. 2m. 5 k. 3e¢. 120 x:x. 4e. 300 Ix/°C.
8B. I-rainepun, II-soma

Bupasa 10 § 8. 3c. 7360 [[:x. 4c¢. 4,5 T. 51. 805,45 °C. 61. 343,14 x][k.
7B. 9,8 °C

Bupasa 10 § 9. 1¢. 210 °C. 2¢. 55 °C. 3a. 0,5 xr. 4a. 380 H:x/(kr - °C).
6B. 123,8 Kr.

Bmopaa mo § 10. 3e. 27 MIx. 4c. 150 xI:x/Kr (madramin).
5a. 0,25 kr. 6. —263,5 °C. 78. 19,1 °C

BusasiasgeMo mpeagMeTHy KOMIIETEHTHICTh 3 TeMH
«Buyrpimuaa enepria. KinepkicTs Temmoru»
3aBgaHHA 3 BHOOPOM OAHi€l MpaBMJILHOI BigmoBimi
1 2 3 4 5 6 7 8 9
A B T B B B r T B

3aBHaHHSI HA BCTAHOBJIEHHA BigmoBigHOCTI

10z. 11nx.
112|13|4(5 112|345
A X A x
B | x b X
B X B X
Tr X T | x

3aBIaHHS HA BIOPAAKOBAHMII BUOIp
12a. B-A-B-T
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3aBHaHHA BiIKPUTOrO THUITY

13B. 860 I:x/(xr - °C) (ckao, meraa). 14B. 52 °C. 158. 4,5 Kr

Bmopasa 1o § 13. 1e. 12 MII:x. 2¢. 0,83 xr. 3a. 210 Hx. 4x. 153 MII&.
58. 30r.

Busasiasgemo mpeaMeTHy KOMIIETEHTHICTh 3 TE€MH
«ITapoyTBOpeHHs i KOHIEHCAIis»
3aBgaHHA 3 BHOOPOM OAHi€l IMpaBMJILHOI BigmoBimi
1 2 3 4 5 6
A A T B B 5)

3aBIaHHYI HAa BCTAaHOBJICHHSA BimmoBimHocTi

7. 8.
112|13|4(5 112|345
A X A
b X B X
B[ x B | x
r X T X
Ji| X

3aBHaHHS HA BIOPSAAKOBAHUII BUOip
9. B-B-T-A

3aBHaHHA BiIKPUTOrO THUITY

10sB. 16,1 rogx

Bmpasa g0 § 14. 3c. 38 x:x. 4¢. 1,5 7. 5a. 108 M. 6x. 98,2 MII:x.
78. 95,7 MII:%.

Bmopasa mo § 15. 3c. 28,7%. 4e. 963 M. 5a. 10%. 6x. 33%.
7B. 25%.

Bmopasa mo § 16. 3c. 10%. 4e. 31 kr. 5B. 28,5 kBr

Buasiasemo nmpegMeTHy KOMIIETEHTHICTh 3 TE€MH
«Po3paxyHOK KiJIBKOCTiI TEIJIOTH BHACIIIOK 3TOPAHHS IAJNBAa.
Temmosi MamyuamM»

3aBmaHHA 3 BHOOPOM OIHi€l MpPaBMJIBHOI Bimmosimi
1 2 3 4 5 6 7
B B B T T r r B

oo
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3aBIaHHSI HA BCTAHOBJIEHHA BigmoBigHOCTI

9. 10n.
112|13|4(5 11213415
A X A X
b X B X
B | x B X
T X T | x

3aBTaHHS HA BIOPAAKOBAHMII BUOIp
11x. A-B-T'-B

3aBHaHHA BiIKPUTOrO THUITY
12x. 64 MI:x. 13B. 0,18 MII:x. 14B. 22,5%.

Bimnmosigi mo BmpaB po3miiy
«EJJEKTPHYHI ABHUIIIA. EJIEKTPUYHUI CTPYM»
Bmopasa no § 18. 68. xr; Ku
Bmopasa g0 § 19. lc. 3menmursea B 9 pas. 2c. 3pocre B 4 pasu.
3x. 240 kH. 4. 34 mm. 5x. 2,8 uKa. 68. 90 mxH; 1,4 mxH. 78. 360
MKH B HampaMKy MEHIIIOTO 3apAmy.

Buasiasemo nmpegMeTHy KOMIIETEHTHICTH 3 TeMH
«ExexkTpocraTukra»
3aBmaHHA 3 BHOOPOM OTHi€l MpaBUJIBHOI Bimmosimi
1 2 3 4 5 6 7 8 9
B B T B B T r B T

3aBgaHHSI HAa BCTAHOBJIEHHSA BiamoBigHOCTI

10z. 11nx.
112|13|4(5 1121345
A X A X
b X B X
B X B | x
I'| x r X

3aBIaHHA Ha BIOPATKOBAHUI BUOIp
12x. B-A-B-T
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3aBHaHHSA BiIKPUTOrO THUITY

13B. EnexTpusaiia smausom. 14B. 5,7 uKa. 158. Oguoiimenso 1,8
BiJl TOYATKOBOI cuJin, a AKIIO pisHoiiMenuo 0,8 Bim mouyaTKoBOI cuIu
Ta TPOTUJECKHUNA HATIPAM.

Bupasa mo § 23. 68. 2,5 106,

Bmopasa mo § 25. 2¢. 0,2 mA /mon; 2 mA/mon; 4 A/moxn. 3a. 3,4 A.
4n. 5,76 mKia. 5a. 15,4 c. 6B. 5-10'2,

Bopasa go § 26. 2¢. a) 7,5 B; 6) 10 mB; B) 3,6 kB. 3x. 24 B.
4n. 8,8 xll»x. 5a. 18 Kiu. 6B. 2,5 pasu.

Bmpaa mo § 27. 1m. 3pocte BaBiui. 2m. 3pocte BTpuui. 3e. 2,5 A.
4n. 110 B. 5a. 2 Om; 4 Om; 1 Om. 64, 1,25 A. 7. 12 OmMm.

Bupaga no § 28. 1n. Omip apyroro Basiui 6inbiuii. 2¢. [Ipyra, BaBi-
yi. 3¢. 10 Om. 4x. B 16 pas omip mosmroro 6insmuii. 5m. 0,765 mm2.
6x. 45 m. 7B. 71,2 K.

BusasaseMo nmpeaMeTHy KOMIIETEHTHICTh 3 T€MH
«Cuna crpymy. EnekTpuuyna Hampyra Ta oOIip»
3aBmaHHA 3 BHOOPOM OHi€l MpPaBUIBHOI Bimmosimi
1 2 3 4 5 6 7 8
B B B A r b A B B

©

3aBgaHHS HAa BCTAHOBJIEHHS BiamoBigHOCTI

10z. 11n.
123|415 1(2(3]|4]|5
A X A X
b X B X
B X B X
T x | x

3aBIaHHA Ha BIOPATKOBAHUI BUOIpP
12n. 1-4-3-2

3aBIaHHA BiJKPUTOro THILY

13x. 1,4 B. 14x. 131 m. 158. 4,17 - 1022,

Bopaa mo § 29. 2¢. 3 kOm. 3c¢. 5. 4a. a) B 000X 3MEHIIIUTHC;
6) B obox sb6inmpmuTca. 5g. 3B; 9 B. 6. 3,1 B.

BmopaBa go § 30. 1m. Manuii ereKTpuuHuii omip. 2m. Y MmigHomy.
3c. 0,25 Om. 4e. 2,5 Om. 5a. ¥V gpyromy B 5 pas. 6a. 1,5 A; 0,4 A;
300 Om. 7. 30 Om; 20 Om.
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Bmopasa mo § 31. 4c. Ilepima mae y 3 pasu 6inbinuii omip. 5. 66 x:x.
6x. 250 B. 7s. 50%.

BmopaBa go § 32. 4e. 36 xI:x. 5c. Hi. 6a. Tax. 7a. 0,33 Om.
8n. 91 xllxk, 209 x]llx; 1 Ik, 435 Ix. 98. 24% . 10B. 57 xB 39 C.

Bmpaga g0 § 33. 3c. 83 rpu 44 kom. 4c¢. 6 rpH 72 Kom. 5a. 61 Kom.
6x. 250 kBt - rox. 78. 100 Br.

Busasiasemo mpeagMeTHy KOMIIETEHTHICTh 3 TE€MH
«3’eqHAHHA TIPOBiITHUKIB.
PoGoTa, MOTYKHICTh €JIEeKTPUYHOTO CTPYMY»
3aBmaHHa 3 BHOOpPOM OaHi€l MpaBUJIBHOI Bimmosini
1 2 3 4 5 6 7 8
B B B T A B B B B

©

3aBJaHHA HAa BCTAHOBJICHHS BimmoBimHOCTI

10x. 11x.
123|415 112|345
A X A X
B[ x b X
B X B X
T X T x

3aBOaHHS HA BIOPSAIKOBAHUI BUOIp
12x. A-T-B-B

3aBHaHHA BiIKPUTOrO TUILY.

13B. a) 54 Br; 6) 13,5 Bt; B) 27 Br. 148B. 303 r/l)x. 158. 7 xB 29 C.

Bopasa mo § 34. 2¢. 825 mr. 3a. 3 r. 4a. 1 rog 55 xB 44 c.
5a. Henpasuabhi. 6B. 0,5 Mm.

Bmopasa o § 35. 7. 20 kA; 400 TBr; 2 TI:x.

BusaBiasgeMo mpeagMeTHy KOMIIETEHTHICTh 3 TeMH
«EJIeKTPUYHMI CTPYM y Pi3HHX cepegoOBHMIAX»
3aBmaHHa 3 BHOOpPOM OIHi€l mMpaBuabHOI Bigmosimi
1 2 3 4 5 6 7 8
B B T B B B r B B

©
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3aBoaHHS HA BCTAHOBJIEHHA BiAmoBigHOCTI

10z,

A

b

B

il

1
2
3
4

11n.

A

W N | =

3aBIaHHS HA BIOPAAKOBAHMII BUOIp

138. A-B-B-T'

3aBHaHHA BiIKPUTOrO THUITY
12x. 10000 c. 148. 10 Br. 158. 1 rom 15 xB.
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