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nOCBRlI4eHKe

C OrpOMHbIM YAOBOAbCTBHeM IlOCBHIJI.alO 3TY KHHry BeCbMa 3HaIO~

ll.\eMYII TaAillITAllROMY nezarory. KOTOPPlH CorpOMHbIM TepneBlIeM
AaBaA OTBeThI rra Bee MOM sonpocsr no epH3MKe. ¥tMeHHO 3TH OTBe~

TbI CAeAdAH KHHry 60Aee nOHHTJ-IOH If YBAeKdTeAbHoH. OrpOMHOH

qeCTbIO M5I MeHH 6bIAO pafiorart, co CTOAb YBaJ:KaeMbIM KOMerOH,

KaKHM HBAHeTC5I rxaaa cPH3K4eCKOrO epaKyAbTeTd Texaccxoro yrra
nepcrrrera KOMMepljlI1I A & M, AOKTOP BeH AOYTII.

6narOAapHOCTM

Xony BbIpa3IITL CBOIO np"3HaTeAhHOCTb cAeAyroll.\IIM HayqHbIM
cneuaaxacraa aa IIX nennyio rtoxronn, B npeA0CTaBAeHIIII IIB<jJOP
Mau,HH 11 B ee nOHCKe:

XOAAll Xappnc. AOKTOPY TIIHel<e CeKcToHY II P06epTY <DaHIIl<y.
XOAAll Xappac npenoaaer B l.JaHua Cnpmrr (nrrar Texac). OHa Be
TOAbKO IIOMOraAd MHe B noacxax MdTepHdAOB MJi KHHTH, HQ Ii 6bI
Ad 0AHHM 113 TeXHHQeCKHX pezaxropos. AOKTOp CeKcTOH - nperro
AdBdTCAb 6110AOfHH Ii MHKpo5HOAOfHH B XblOCTOHCKOM KOMeAJKe

KOMbIOHIITII, XblOCTOH (IJlTaTTexac), a P06epT <DaHIIK - XIIMIIK B
Hayqllo-lIccAeAOBaTeAhCKOM IIUCTlITYTe B CaH-AHToHlfO (mrar Te-
xac); .

llAeHdM nerrrpaxsnoro Texaccxoro aCTpOHOMI1QeCKOrO 061l(eCT

na, B TOM qlICAe A;KOHHII BapTOHY, /¥IKY KeMn6eAAY, A;KollY
B. MaK-AHaAAH II IToAlO AeppllKY. A;KOHlIll - qAeH rrpanxenas 06
mecrna Ii 501\.ee 20 xer HBA5IeTCH aKTIIBHbIM aCTpoHoMOM-AI06HTe

AeM. AllK - AI06llreAh-aCTpOHoM, nonyxapaaarop HayqHbIx 3Ha
HllM. A;KOII COCTOllT B IJlTaTe Accouaanan Ha6A1OAaTeAeH AYHbI B
IIAaHeT, rAe OIl paooraer B xaxecrae aCCHCTelITd-KOOPAHHdTOpa no
corJ\.aCOBdHHIO BpcMeHH npa na6MOAeHM5lX Kinarepa, nOAh - as

TOp KOAOHKH «3Be3AOqeT)~B «Y3HKO TpH6bKlH-repdAbAll;

AOKTOPY fAeHHY C. 0PllOHY, CTapIIIeMy tray-raoxy COTPYAHIIKY
Aa6opaTOpllll peaxrannoro ABHJKeHllll KaAH<jJ0PHIIHCKOro TeXHO
AorWIpCKoro I1HCTI1TyTa. [AeHH - aCTpOHOM, cneuaaxaaapyro
IL\IIHCH B ll3yqeHllll CTPYKTYPbI II COCTaBa naaaernsrx amoc<jJep.
HaH60AbIIIee rrpH3HdHI1e IIOAyql1AH ero HCCAeAoBaHI1H Kinnrepa If

Carypue. OOAhIIIllM YAOBOAhCTBlIeM 6bIAO AAl! MeHll 06IL\aTbCll C
I'AeHUOM, 06cYJKAaTb CHHM aCTpOHOMll'IeCKlle <jJaKTbI II npllAyMbI
BaTh pa3All\:lHhIe 3MatII1 no aCTpOHOMHH.



6 6JlaroAapHocT~

MOR ocooas npH3HaTeAbHOCTb MeTOAHCTaM, nOMoraBUIHM B

coope H npeABapHTeAbHOHo6pa6oTKe HHq,OpMaI\HH: 3HH Cxpaoa
HeK, KOHCyAbTaHTY AOMamHerO 06pa30BaHHlI B Ileppa [urrer Te
xac); KOHcyAbTaHTaM KOHHH qaTMac, Csro AyRxaM H CTeMe K3TeH
1<3 Mapxaae (urrar Texac).
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HaYKa - 3TO aenpepsraasra rrOHCK OmeTCB aa MHO>KeCTBO HHTe

peCHbIX BOIIpOCOB 06 oKpYJKalOll\eM Hac Mllpe. Hayxnsre OIIblTbI 
npexpecnsra crroco6 nOHCKa GTBeTOB npn pemenaa casnax CAOJK

HbIX npo6AeM. 3Ta KHHra 6YAeT BaM HaAeJKHblM nyreBOAHTeAeM If

rrOACKaJKeT HOBbIe HAeM. B03MOJKHO, "He see y sac 6YAeT rroAyqaTb

C5I. Ho nocraperirecs npOHTH CBOH JIYTb AO KOH~a, IlAdHHpy51 onsr

TbI, BbIHCKHBaH M 3anl1:CbIBaH HHepOPMdlJ;lHO, OTIlOCSlW;yroC5I K rrpo

6AeMe, H rrpHBOAK B nopxsox AaHHbIe B IIOHCKax HYJKHOrO OTBeTa.

OtIeHb IIOAe3HbIMH cTaRyr MJI aac BbICTj'TIAeHHH na HayqHbIx

cexaaapax, KOHetIHO, npn yCAOBHH, eCJUl BbI XOPOllIO K HHM IIOAro

TOBHTeCb. He crreuurre Ii He crepairreci, 3aKOl{tIMTb BaIIIH IiCCAeAO

BaHHSI aa OAMH Be~ep. TeM caMbIM BbI J\HIIIIITe cefis PdAOCTH CTaTb

HaCTOJlUJ;RM HaytlHbIM AeTeKTHBOM. Peuremro HayqHoH 3araAKH, TaK

JKe KdK If penrerrae AeTeKTHBHOH, rpeoyer Tm;aTeAbHOrO IIAaHHpO
BaHlIJilI cxpynyxeanoro coopa AaHHbIX.

Ilpncrynanre K AeAy C AI060IIbITCTBOM 11 :>KeAamreM OTKpbITb
'ITO-TO HOBoe. 3dnaCHTeCb' l.I,eAeyCTpeMAQHHOCTblO 11 peumxocrsro.

Bnoxne B03MO>KHO, 'ITO BdIIIH IIOHCKH YBeUtIdIOTCSI ycnexon.

Bbl60p TeMbl

TpHMaTh TeM, COAepJKarn;HXCH B 3TOH KHHre. AdIOT B03MO)KHOCTb

AAH nOCTaHOBKlf MHO>KeCTBa pa3HbIX 3aAaq. KdJKAillI TeMa BKhIOtId

er B ce65I KAaCCHtIeCKHH OTIbIT, cnoeofipaansni rOTOBhIH «xyxaaap

HbIH peuerrr», BaM CTORT AHllIb CAeAoBdTb eMy, H pe3YAbTaT rapers

'rapoaaa. Flepez, TeM KaK Bbl6paTb lIHTepccYIOll\yro sac rexy, IIO
3HaKOMbTeCb co BceMH rrpocrsnsa orrsrreraa. He3aBHClfMO OT BaIIIe

ro BbI60pa npoxexaaasre BaMli M3bICKdHI15I pacurapsrr naura npen

cTaBAE!HHSI a epH3H:Ke.

KaJKAaH 'rexa HaqHHaeTCH C xparxoro pe31OMe, BBOAHIIJ;ero B

Kpyr IIOCTaBAeHHbIX 3dAatI. B 3TO pe310Me BKAIOQeHa TaK/Ke CBH3dH

HaJi C 3TOll TeMoH He06xOAlIMaJi lIHq,opMaI1l1J1. OIIpeAeAeHlIe Tep
MHHOB AaeTcH TOAbKO IIpH HX nepaosi ynoMHHaHHH. CMblCA He3Ha

KOMbIX AJ\.H aac nOHHTHM pa3'b5ICHeH B rxoccapaa.
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HOBbie nOAXOAbl

Flocxe KaJKAoro BBOAHoro aIIbITa HAeT pa3AeA, 03arAdBAeHHbIH

«Honsre IIOAXOAhI». OR COAepJKHT AOrrOAHHTeAhHbIe aorrpocsr, CB5I~

aamnae C HccheAyeMoH np06AQMOH. Bneca He60AhiliHe I13MeHeHIUI

B AeMOHCTpaU;HOHHbIH OIIbIT, MO)KHO noxy-nrn, HOBbIe peayxsrersr.
nOAYMailTe, notIeMY MOrAll rrpOl.f30HTl1 3TH H3MeHeHH5[.

npHAyMaliTe aaur co6CTBeHHbili onsrr

B KaJKAOI1 rxanc HMeCTCH pa3AeA IlOA Hd3BaHI1eM (npHAY!"la:£1Te
Balli co6crneHHhIH OIIhIT» , KOTOPbH1 II03BOAHT BaM peapetioran,
OIIblTbI ANI OTBeTa na norrpocsr, CB5I3dHHbIe C rexymea TeMoH. Balli
OIIbIT AOJ\JKeH COOTBeTCTBOBaTb YCTaHoBAeHHoMY otipasuy H npe
CAeAoBan 0ARY KOHKpeTH)'IO I1eAh. DPM 3TOM HY>KHO: COCTaBMn
crrMCOK Heo6xoAMMbIX MaTepHaAOn; rroAPo6HO onacars Ka>KAbIR
nrar onsrra: npeacrasars pe3YAbTaTOI B BHAe AHarpaMM, rpadnrxos
H Ta6l\.H41 eCAM BbI CGQTeTe 3TQ nOAe3HJ;J:M; cAeAdTb BblBOAf 06'MIC

HlIlOlI1HR, noxexy Bbl rroAY"HAli AaHHOIe pe3YAhTaTOI, H OTBeTHTh aa
nOCTaBAeHHbIe BaMH JKe BOrrpOChI.

C60p ~aKTOB

HHepopMal.1HIO, cBH3aHHYIO C BarneR TeMOR, MO>KHO TaK>Ke HaRTH
B APymx KHHraX M>KypHaAax. 1.JeM 60Abrne BOI6YAeTe 3HaTb, TeM
ycrreumee rrpORAeT Barn orrsrr. Hexoropsre rrOACKa3KM 0 TOM, rAe
MO>KHO HaRTH Ty MAH mryro HHepOPMaI.1HIO, COAep>KaTClI B pa3Ae
Ae «C6op rpaxroa», AM 3arrHCH nOR MHepopMaI1HM 3aBeAHTe
>KypHaA, 3arrMcOIBaRTe TYAa MMH asropa, aaasaaae KHHm MAM
CTaThH, aoxepe crpeaau, Ha3BaHHe H3AaTeAhCTBa, AaTY H MeCTO

rry6AHKaI1HH.

Kynare 3arrHcH)'IO KHH>KKy, KOTOpBlI6YAeT CAy>KHTb BaM B xasecr
Be JKypHaAa. 3aIII1CbIBalITe TYAa ace, CBH3aHHoe C BalIIHM ODhITOM.

OqeHb xoponro, eCAHB »cypaaxe 6YAYTnepexexcersca nama C06CT
aenasre HAeH H MAeM, noxeprnryrsre H3 KHHr H or ApyrHX AIOAeR,
aanpmeep, OTyqHTeAeR H crreI.1HBAHCTOB. >KYPHaA AOA>KeH TaK>Ke
COAepJKaTh OIIHcaHHH BaIllI1X OIIhITOB, BKAlQtIa.JI AHarpaMMbI, epOTO~

rpadina H IIHCbMeHHhIe orxersr 060 ncex BaIIIHX pesyxsrersx.
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Bee sama 3dIlHCH AOJ\JKHbl 6bITb AdTHPOBdHbI H, KOHetIRO, dKJ<Y

parnsr. npaBHAbHO o<jJopMAeHHhIH >KypHiIA, COAep>KalllHH 1I0AHhIe
H TQ'IHbIe 3anHCH 0 rrpoexre c caxoro Hd'laAd AD KOH~a, I10MOJKeT

BaM B COCTaBAeHHH orxera 0 aanrea paoore. OH TalOKe 6YAeT CAy
>KliTb AOKa3aTeAbCTBOM Toro, qTO BhI HeAapoM lIpOBeAH apexa B
1I0HCKax paspeureana TOH HAll HHOH HayqHoH TaHHhI. B03MO>KHO,
DbI saxcrare npeACTdBlITb )KypHaA KdK qaCTb BbIIIOAHeHHOH BaMH

pa60ThI.

nonb3yiiTecb HaY'lHbIM MeTOAOM

Ka>KAaSl RAell 3TOHKHHrH COAep>KHT B ce6e 6a30BhIH MaTepHiIA, KO
TOPhIH 1I0MO>KeT BaM AOCTINb HaHAyqIlIHX pe3YAbTaTOB. B OCHOBe
ycrreiliHoro peureaas BdllIHX 3aAaq AeJKwr HCnOAb30BaHlie HaY'!

ROil: MeTOAOAOfHH. TaKOH HayqHhlH nOAXOA BKAIOtJdeT B ce65I cxe
AyJOlllHe CTYIIeHH: 1I0HCK, l\eAb, rHlIOTe3Y, OnbIT H BbIBOA.

Goucx: nponecc coopa HH<jJOPMalIHH 1I0 H3yqaeMoH rexe. OH
06bl'lHO CTOHT aa lIepBOM MeCTe, T.K. nepez, TeM, KaK c<jJOPMYAHpO
BaTh l\eAb H rHlIOTe3Y, Heo6xoAHMO npOBeCTH onpezexeaaoe HC
CAeAOBaHHe. AOllOAHHTeAbHble H3hICKaHHSl 1I0MOryT BaM B 06'bllC
HeRHH nOAyqeHHhlx B xoae omrra pe3YAbTdTOB.

LIeu.: yTBep>KAeHHe, aupaxcaiomee CYTb lIp06AeMbI HAll sonpoca,
Hd KOTOpbIH Db! atuere OTBeT. KaK TOAbKO Db! OCTaHQBHTeCb lid ne
KOTOPOi'! HAee AASl HCCAeAOBaHHSl, BhIpa3HTe ee B llCHOi'! <jJopMe B
BRAe l\eAH.

Funomesa: AoraAKa 0 pemeHHH IfccAeAyeMoi'! npo6AeMbI, ocHOBaH
HaH na 3HdHIUi If noacxe, nposeaeanoa BaMH nepea HdtIdhOM BhI

IIOAHeHHjJ 3Cl,AatIH. Osem, B8,)KHO aanacers ranoresy B caMOM Haqa

he peuterraa 33Ad1.J:li 11: He MeallTb ee, AaJKe eCAH OIIbIT AOKaJKeT ee

aenpaaovepnoc'n-.

o~ lIpol\ecc npoBepKH Balllei'! rHnOTe3bI. nepBOOqepeAHbIM
Tpe60BaHHeM SlBAlleTCSl 6e30nacHoe rtpoaeseuae orrsrra. B 3TOH
KHHre cOAep>KaTCll onsrrst, xoropiae noouipmor BaC K H3yqeHHlO
<jJH3HKH HeTPaAHI\HOHHbIMH MeTOAaMH, HOHCnOAb3yHTe, nO>KilAyH
CTa, trenponepennsre HpOl\eCChI If MaTepHaAbI TOAbKO nOA Ha6A1O
AeHHeM BAH C oAo6peHHSl B3pOCAblX.
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BhlBog: pe3JOMe, cOAepJKa1I1ee pe3YhhTaThI onsrra, H YTBepJKAeHHe,
noxaasreaioutee, KilK pe3YAhTdTbI COOTHOCSITCa cera qeAbIO. 06'b
lICHIITe pesyxsrarsr onsrre, xoropsre nOMepJKHBaJOT liAH onponep
rarer ranoresy,

Olj>opMneHllle CTeHA3 Anll nOK333

Bam CTeHA C OTlleTOM 0 npoaexaaaoa paocre AOJUKeH 6bITb CQCTdB

AeH TaKHM o6pa30M, 'tJT06hI rrpHBAeKaTb BHHMaHHe H IIOMepJKH

BaTh HHTepeC aYAHTOpHH. Ilocrepasrrecs CAeAaTbera rrpocTbIM. He
KOHI\eHl'j)HpyKTe BCJO HHq,OpManHJO B oAHOM xecre. '-ITo6bl C3KO
HOMHTb MeCTO na CTeHAe u Te~ He MCHee noxaaars BCID npoaexaa
HYJO pa6ory, AeMOHCTpHpyKTe xeprta, rpaljJl1KH, PI1CYHKH 11 APyrHe
Ma.'repHaAbI npHMO H3 saurero ~YPHaAa. a He BhlHOCHTC MX na
CTeHA·

PeaAbHbli1 peasrep R q,OPMi\ CTCHAa AAJ! noxaae MeHJleTClI B 3a
BRCHMOCTH OT Tpe60BdHRH roro Kl\H HHQrO Hayquoro cobpanas.
He 3a6YAbTe rrpOBePRTb RX na COOTBCTCTBRe KOHKpeTHbIM rpeoo
BaHHlIM. HaH60Aee qaCTOHcnohh3YIOTClI CTeHAhtIlIHpHHOi1 122 CM,
rAy6HHoii 76 CM HBhtCOTOii 274 CM. Bam CTeHA MOJKeT 6blTb H

3Ar0l10l'OK

pe310Me .1

---
.....

Puc. I.1
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MeHbIlIe 3THX MaKCHMaAbHbIX paasrepos. HaH:OOAee YAo6HbIH
CTeHA AMI AeMOHCTpaIjlf1f Barne" pa60Tbl HMeeT q,OpMy TpeAblrJKa
(pac. 1.1). MOJKHO rrpaotipecra AMI CTeHAa KapTOH HJm rreao
IIAdeT. MO>KHO TaKJKe coeAHHHTh BMeCTe AepeBHHHbIe nanexn.
Ho MOJKHO Ii orpemorarscs AemeBbfMH, HO npa 3TOM AOCTdTOQHO

3epepeKTI1BHhIMH AHCTdMH rnepxoro KapTOHa. COeAHHeHHbIMH

BMeCTe.

3aroAOBoK AOAJKeH 6blTb rroxeutcn asepxy l.\eHTpaAbHOH nene
AM. OR AOJUKeH 6bITb KaK MO}f(HO 60Aee KOpOTKHM H HeHO ssrpe
JKaTb rexy npoexra, HO rrpa 3TOM OTJ\WlaTbClI OT q,OpMyAHpOBKH
3aAaQH. Hanpaxep, BbI H3yqaeTe nporiaexy: «KaK nee BAHlIeT aa
nepaoz, KOAe6aHHH MaHTHHKa1) XOPOIIIHM 3drOAOBKOM MO}KeT

ObITb raxoa: «Bnepea H Hd3aA: peever BpeMeHH rapMOHHlJeCKOrO

OCQI1.AMlTOpa)). Ha3BaHHe Ii APyrHe 3arOAOBKH AOAJKHhI 6blTb BbI

noxtrema dKKYPaTHO H AeI'KO llHTaTbCSI c paccrosnaa IIpHMepHo 1 M.

Bst MOJKeTe HaKAeHBaTb 6YKBbI na AOCKy (KyrrHTe roroaue 6YKBbl

aapenee HAH caMH BbIpe>KhTe HX) HAH HaneqaTaihe HX ua KOMlIhlO

repe. OOAe3Honpaaecra xparxoe pe310Me AO 100 CAOB, 06'WlClUllO
I.IJ;ee HCIIOAh30BdHHble HdytlHbIe npHH~HIIbI. Ero MO)KHO paasrec
THTb noz, 3drOJ\oBKOM. Aro6oH qeAOBeKr He 3HdKOMbIH C IIpeAMeTOM

aaurero uCCAeAOBdHHSI, AOAJKeH no peatoxe AerKO nomm, a l.IeM
HAeTpe%.

KOHeQHO, HeT HHKaKHX rnepasrx npaaax, KaK cAeAyeT paaxe
IIJ;dTL MdTepHaA IIa CTeHAe. TeM He MeHee MdTepHaA AOA.JKeH 6bITb

ynopsnoven. 3arOAOBOK H pe310Me A0A>KHhl 6bITb paCrrOAOJKeHhI

naeepxy u;eHTpaAb~OHnanexx, a OCTdh.hHOH MdTeplIaA - pacrroxa
rersca cxeaa aanpano IlOA COOTBeTcTByKH.n;HMH 3aroAoBKdMH. 3a~

rOAOBKH 3dBHCHT OT roro, KdKHM 06pa30M BM XDTHTe ynOP.SIA0qHTb

HHepopMa:U;HIO. MOJKHO nOAh30BdTbCH TdKHMH Hd3BdHHSlMH, KdK

«Flponxexa», «Tlpoueaypa». «Pe3YAhTaTbI» Ii «BhlBOA».

06Cy>KAeHloIe onsrra

)KIOPH AdCT BaM oneaxy, HaCKOJ\.hKQ XOPOIIIO Bbi CMOfMf noaroro
BHTb.ll H3AO>KHTb Balli OIIbIT Ii 06"bHCHl1Tb era U;eAbr rrp0I(eAypy, pe
3YAbTaTbl If BblBOA. XOTll aa CTeHAe H COAepJKHTClr sea HHepopMa
IJ;IUI, BhI AOJ\JKHhI YMeTb 06CYAHTb Balli npoexr M oraera'rs Hd BO

npocsr )lUapH: 3TD y6eAHT HX B TOM, tITO UMeHHQ BbI rrpOAeAaJ\.H scro
paoory H noaanaere. QTQ BbI CAeAilJUI. Ilcrpeaapyarecs BHaQaAe
rrepeA APY3bllMH, nonpocare, QTo6bl OHH 3aAaBilJUI BaM nonpocsr.
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ECJLH BhI He aaaere OTBeTa na nonpoc, He nsrraarecs era yrMdTb

HJlli BbIAYMdTb.He rosopare TdlOKe: «51 He 3HdlO». CKaJKHTe AY'lme,
tITO BbI He CMOrAH HaHTH OTBeT B nponecce HCCAeAOBaHIHl, a 3aTeM

cooounrre '1TO-HII6YAb mrrepeCHoe "3 HaHAeHIfOro BaM". YBaJKaH
Te CBOIO paoory, He ryuryarecs nepez, iKlOplI - nYCTbBalli BMA Bbl
pascaer ysepeaaocrs,



l.fACTb I I



UeHTp TSI>KeCnt:

T04Ka paBHOBeCHSIrn~---
AI060H 06'beKT MOJKHO rrpanecra B paBHOBeClIe, eCJl.lI nOMepJKH
aarr, era B Hy.>KHOH TOtIRe. 3Ta TOtIKd Hd3bIBaeTCH I.J;eHTpOM TH)Ke

CTH.

B 3TOM QIIhITe Db! yanaere, KaK orrpeAeAHTb IJ;eHTP THJKeCTH CliM

MeTpll'lHOH 06'beMHOH qmryph! (TpeXMepHOH reOMeTpll'leCKOH qm

rypsr, KOTOpylO MOJKHO npeACTaBHTb B BlIAe ABYX OAllHaKOBblX no

J1.0BHHOK! C OAHOpOAHOH UAOTHOCTbIO (MaCCOH na eAHHlI~y o6'be

Ma). BbI Y3HaeTe TaKJKe, KaK HaRTlI uesrrp TllJKeCTH 06'beKTa C He
rrpaaaxsaoa epOpMOH H HeOAHOpOAHOH ITJ\OTHOCTbIO, HayqllTecb on

peAeJl.llTb uenrp THJKeCTH UAOCKOH qmryph! (reOMeTpll'leCKOH epll

ryph!, J1.eJKa~eHna nOBepXHOCTlI). Bbl1l3yqllTe, KaK BblCOTa nenrpa
TSDKeCTH o6'beKTa Ii urapana era OCHOBdHHH BJUUllOT Hd era Mexa

HMlleCKYIO YCTOH'lJHBOCTb (HaCKOAhKO AefKO OH orrpOKH,A,bIBaeTCH).

C 'lera Ha'laTb

LjeAh: HaHTH uearp TllJKeCTlI ClIMMeTpll'lHOH 06'beMHOH epllrypbl C

OAHOpOAHOH IIJI..OTHOCTblO.

MamepuCIAhl
KyCOK BepeBKH AJl.HHOH 45 CM

CTepJ'KeHb cesemresr 1 eM H MHHOft 90 eM

CKON

MapKep
60AhllIaH MeTpOBaH AHHeHKa

I10pJlgOK geUCDlBUU
1. fIpHBHJKHTe 0AllH KOlIe~BepeBKH K CTepJKHIO.

2. fIpHKAeiiTe ApyrOH KOHe~ BepeBKH K xparo CTOJl.a. CTepJKeHb

AOlUKeH BHceTh CBo6oAJ;Io.

3. fIepeABHrdH CTepJKeHb CKB03b aepeso-nryro neTJI.IO, A06eiiTecb

roro, tITo6bl OR BHceA ropH30HTaA1::lHO.

4. OTMeTbTe IIOAO)KeHHe sepesxa aa crepsore.
5. C IIOMO~bIO IiliHeRKH H3MepbTe paccrosnae OT 3TOH OTMeiKH

AD 060HX KOHI.J;OB CTepJKHH.
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Puc. 1.1

Pe3YAblllaIllhl

Bamn H3MepeHHH nosascyr, tITO OTMeTKa HdXOAHTCH rrocepeznae
crepxcns. CTep)I(eHh ypaaaonenrea, KorAa OH YAep)l(UBaeTCll B
3TOHTOQKe.

IIO"eMy?
TO"Ka 06'LeMHOil qlHryphl (rpexxepnoa reOMeTpWleCKoii <jmry
pu) - HanpHMep. CTep)l(Hll. - qepea KOTOpyro npOXOA\1T paBHO
AeHCTBYIDIqdH scex CHJ\. TSlJKeCTH, Ae:HCTByrom;HX Hd qaCTIH.J;bI sroro

rexa, Ha3bIBdeTCH u;eHTpOM TSUKeCTH. 31'0 TOQKd, B KOTOPO" KaK 6bI

cxonuenrpapoeana Macca TeM. ECAH 06'LeMHall qmrypa conep
IlIeHHO CHMMeTpHQHdJl no OTHOmeHMIO K u;eHTpYTH}f(eCTH (COCTORT

H3 ABYX 0AHHdKOBbIX rroAoBHHOK) H ee IIAOTHOCTb (xacca aa e.4I1HH

QY 06beMa) 0AHOPOAHB (Be3Ae OAHHaKOBaj. TO TO'lKa paBHOBeCHll
COBIIMaeT c reOl\H~TpHqeCKHM u;eHTpOM, KaK IIOKd3aA Balli OTIbIT.

HanOMHHM, qTO Macea - 31'0 KOAW-IeCTBO aeutecraa, H3 xoroporo
caCTORT qm3HtIeCKOe TeAD.

TOAKHyrh HAM IIOT.sJHyrI> aa ce6S1 TeAD - 3Ha'lHT rrpHAO>KHTb K

nesry CHAY. Caxa IIpHT5Di<eHH51 MeJKAY BceMH TeAaMI1 BO Bcexen
HOH Hd3b1BaeTCH rpaasrranaea. MepoH: CHJ\..hI rpaBHTdUHH ;:mMleT

CH Bee. Bee aa 3eMJ\.e - 3KBHBd.J\.eHT Clli\hI, C KOTOPOH noxe 3eM

HQrQ TjlTOTeHHH npHTHrHBaeT TeJ\.O K ueHTpy 3eMJill. CTepJKeHb
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COCTOHT 113 MHQJReCTBa qaCTli:Q, KdJKAd5I 113 KOTOpbIX HMeeT Bee,

Ha pac, 1.2 11306paJKeHbI HeCKOAbKO aexropoa seca (BeAll'lMH,
AeHcTBYlOll\IlX B o,npeAeAeHHoM nanpaaxeaaa]. Orra noxasaasr
CTpeAKaMM. DOAOJKeHlle BepeBKM OTMe'leHO 60AbIlIOH crpeaxoii F.
Bepeaxa YAepJKllBaeT CTepJKeHb C CllAO», pamroa cYMMe BeCoB
scex era xacrau. Kpcxe rcro. aa KaJKAyro qaCTMl\Y, B 3aBMCMMOC
TH OT ee need H MeCTOnOAOJKeHH5I, AencTsyeT apemarouraa MO

MeHT.

Bpauraiomaa MOMeHT pasea npoaaseaenaro CHAbl na AAllHY
rrepneaezxyxspe, orryutennoro 113 TOQKM, OTHQCHTeAbHO KOTOpOH

rrpOHCXOAHT npatnetrae, Hd AHHI1IO AeftCTBHH CHAhI. Bpautenne 
3TO ABlIJKeHHC T€Ad noxpyr era OCH (Boo6paJKaeMOH AHHMH, npo
XOMll\eH qepe3l\eHTp rexa, BOKpyr KOTOpOH OHO apantaerca]. T.K.
CTepJK€Hb nOMep)K]{BaeTC5I B 0AROM rouse, apauterounre MOMeH~

Thl xacran no CAllY CTOpOHy QT :nOH TOtIKl1 3dCTdBMlIDT crepxceas
npamarsca no qaCOBOH CTpeAKe, B TO spexs KaK apauiarourae MO
MeHTbl qaCTMl\ no APyryro CTOPOHY OT aee BPdI.I1alOT CTepJKeHb
rrpOTHB qaCOBOH: CTpeAKH. CTepJK€Hb ypaanoneurea TOfAd, KOfAd

aepeaxa npaaaaaua B roxxe, BOKpyr KOTOpOH CYMMa npemaiourax
MOMeHTOB, uenpaaxeaasrx no qaCOBOH CTpeAKe, paeaa CYMM€ apa
utarounrx MOMellTOB, aenpaaaeaasrx npcraa, Bepesxa pacnoxo
JKeHa ssnue uearpa TllJKeCTll. Koraa TeAO YAepJKllBaeTCll C nOMO
l1\blO OAHOH caxsr, OHa npOXOAMT 'lepe3 uearp TllJKeCTll rexa,

F

PMc.1.2
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lao rAe HdXONITCSI nerrrp TH/KeCTH necHMMeTpHlJHOrO rexa C OAHO
pOAHOif IIAOTHOCTblO? Flonpooyare rr03KcnepMMeHTHpOBaTb,
pacnoxaras AOIIOAHI1TeALHhlH Bee, nanpaxep. xyco-rex fIAaCTM

JUIHa peaxeposr C opex, na OAHOM M3 KOHI10B CTepJKHlI. fAe 6y
AeT HaxOAH'fLC5I ueirrp TSDKeCTH no OTHQIIIeHIHO K Ao6aBAeHHO
My aecy?

6. nOBTopHTe HCCJ\.eAOBdHHe, pecnoxaraa AOrrOAHHTeJU,HhlH: Bee B

pa3MP·lHbIX TQqKdX CTepJKIHI,

nOAfOTOBKa K O'fq~TY: M5i KaJKAoro HCCAeAoBdHHSl AeAaHTe AHd

rpaMMy, nOAo6HY!O pMC. 1.2.

npMAYMaiiTe aaur co6CTBeHHblii onsrr

1. EeAM TeAD IIoMepJKHBaeTCH B nexoropoa TQlJKe. OTi\HlJHOI'i OT

nerrrpa T5I)KeCTH, H AdJKe He AeJKHT C HHM lid OAHOH AHHHH, He

c6MaHCMpOBaHHblif BpaII1alOII1Mif MOMeHT C KaJKAoif CTOpOHbI
OT uerrrpa TSlJKeCTH 3dCTdBAReT TeAO BPau..J;dTbCH BOKpyr TOtIKH

rroaneca AD TeX rrop, noxa Q,eHTp TSlJKeCTH TeM He 3dHMeT MdK

.CMMMbHO IIM3Koe rrOAOJKeHMe. ITp"AYMaHTe crroco6 npoae
MOHCTPHpOBdTb, KdK C nOMO~blO 3TOro HBAeHHSl MO/KHO HaRTH

uerrrp TlDKeCTH nAOCKOH'<j>nrypLI [reoxre'rpsorecxoji qmryphI,
Ae)Ka~efi Hd IIAoeKOH IIOBepXHOCTIf) HerrpaBHAhHOH e,pOPMbI.

MOJKHO nupesarr, q:mrypy uenpasnxsnoa <j:>OPMbI 1f3 xycxa
TOHKoro KapTOHa (CM. pac, 1.3). C rrOMOII1bIQ Ab'pOKOAa npoxo
AHTe HeCKOAbKO (He MeHee qeThIpex) AblpOK no KpMM KapTOH

KH. nOABeCbTe KapToHKy na AOCKy, npanmaxnn ee KHOITKOH 'tIe
pea OAHO 1f3 crsepcrmi. Y6eAMTecb, 'ITO <j:>lfrypa cBo6oAHO xa
xaerca aa KHOIIKe, OTpeJKbTe xycoxex HHTKH aexaoro A/illH

nee caMoH illHpOKOH qaCTH KapTOHKI1. npHBJDKHTe rpY3HK, na
npMMep MeTMJUIqecKYlO lIIaif6y, K OAHOMy KOHI1Y HilTKM, a na
APyroM cAeAaHTe nerxro. TaK QTo6bI OHa cBo6oAHo HdAeBaAaCI>

aa KHOIIKy. HaKHHhTe IIeTAIO aa KHOIIKy, na KOTOpOH BHCHT

KapTOH, Ii oTrrycTI1Te HHTKy C rnafr:6o.H, tITo6bl OHa CBo6oARD BM

cexa. HIfTKa 6YAeT no-rra rrpaxerars K xaprony. OTMeTbTe ABe
TOqK>! na xaproaxe: 0AllY B03Ae orsepcraa, a APYrylO - Y xpas
(CM. pMC. 1.3). CHIfMIfTe xaproaxy MCOeAIIHMTe JUIHMeif3TMABe
TOqKM. IToBTopMTe rrpOI1eAYPY, MCrrOAL3Y" APyrMe oraepcraa B
xaproirxe. AHHHH nepecexyrca B uerrrpe TH>KeCTH.
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PUC. 1.3

2a. CnoC06HOCTb TeAa conpOTHBl\5ITbC5.I orrpOKJ1AbIBaInnO Ha3bIBa

eTCH MeXaHHlIeCKOH yCTOH'IHBOCTblO. KaK BAIHIeT BhlCOTa QeH

Tpa nVKeCTH rexa H BbICOTa caxroro rexa na ere) MeXdHlflIeCKyro

ycrOii'lUBOCTb? OPHAYMdiiTe cnoco6 H3MepHTb creneHb MeXd
HHQeCKOH: ycrOHlJHBOCTH: B 3dBHCHMOCTH OT BbICOTbI nearpa T5I

>KeeTH. OAHHM 113 cnocoooa SIBJUleTCH H3MepeHHe yrAa, np» KO

TOpOM OnpOKHAblBaeTcH 'rexo, aenpaxep, nycroa 60lJOHOK 113

nOA cporonxemct, y KOTOPOro ~eHTP TSIJKeCTH paCnOAOJKeH y
uerrrpa xpsrurexxa (CM. pac. 1.4). OOMecTHTe 60'lOHOK na lIAOC
KYKJ rroaepxnocrt., nenpaxep, na AllHeHKy, OAHOH PYKOH 1I0
CTeneHHO IIOAHHMdHTe ee, H C IlOM0IIJ;hlO rpaacnoprapa H3

MepbTe YTOA, rrpn KOTOPOM OlipOKHAb/BaeTCSI 60'lOHOK. l{To6bI
60QOHOK He CKOhh3HA, nOAQJKHTe TIOA Hero HaJl{Ad'lHyro 6yMary.
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PHc.1.4

As>yrOH KOHeu; J\.HHeHKH npRJKMHTe K TOACTOH KHHre. tIT06bI AH

HeHKd He CKOAh3HAa rrpa rrOA'heMe APyroro KOHl\d.

6. nOAOJKeHHe Q8HTpa nDK8CTH 60lJOHKa MOJKHO nOHH3H:Th, aa

nOAHHB era na 0AHY xeraepre llAdCTlIJ\.HHOM. OOBTopHTe OUbIT,

npaxenaa llAaCTlL'\HH K AOHbIlliKY 60QOHKa, 'tJ:To6hl OH He asma

AM. Terreps uearp T'DKeCTH 60'lOHKd HaxOAHTCll y era AHd, sa

IIOJ\.HeHHorO IIAdCTHAHHQM,

B. Texo OnpOKHAbIBaeTC5I, ecaa era I..J;8HTP THJKeCTH He HaxOAHTCH

Ha Boo6pa)KaeMOH BepTHKaAH, npOXOMlrn;eH xepea era OCHoBa

HMe. KaK IlIHpHHa OCHQBaHIHI BAH5IeT na M8XdHHlieCKYlO ycroa

lIUDOCTb? Ha aCROBe rrpeAbIAym;ero HCCA8AOBdHHH yCTOWIRBO

CTH HCIIbITdHT8 rexa c pa3HOH IT.J\.O~aAblOOCHOBdHHH.

r. L(eHTp TSIJKeCTH MOJK8T HaxOAHTbC5I BHe T8Aa. Hanpaxep, KaHa

TOXOAU;Y A8rt18 6a.AaHCHpOBaTb, eCAH on Aep*HT HCKpHBA8H-
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RbIM: urecr C rpyaexa Hd KOHU;ax, 3dBHCdlOI.IJ;HMH HIDKe BepeBKH,

no xoropoti OH lfAeT (CM. pHC. 1.5 na c. 23). Bec wecra Crpyaa
MH nOHH.>KaeT ~eHTP T.IDKeCTH KdHdTOXOMd, KOTOPhIH orrycxa
ercs HHJKe YPOBHllBepeBKH. npHAYMaiiTe cnoco6 npozeeroacr
pHPOBdTb :lTO HBJ\.eHHe. nenpaxep, astpexcsre «KdHdTOXOMd»

H3 KBilAparnoro xyco-rxa rodipapoaauaoro xaproae paaecepox
10 x 10 CM. IIpUMe'lWlue: KaHaBKn AOA.JKHbI pacnoxararsca ro
PH30HTdAbHO. a He BepTIlKaAbHO. DpOAeHbTe KyCOK npOBOAOKH

AAHHOH 30 eM xepea HIUI{HIOIO KdHdBKY KapTOHKH If nosecsre
Hd ee KOHIJ;bl MeTaAAMtIeCKHe mdH6nlJXH-rpY3HKH, dHaJ\.OfHt{

Hble fPY3aM na urecre KaHaTOXOAI\a. YpaBHOBeCbTe q,Hrypy aa
HaTllHYTOH nepenxe. Iloaxcnepnsrenrnpyare C pa3ARQHblMn
<pHrypKdMH H nOAOJKeHHHMH npOBOAOKH, l.JTo6bI OTBeTHTh na
CAeAyrolI\He aorrpocsr:
• KaKOMy qeAOBeKy xerse 6b1Tb xenaroxosnex - BblCOKOMy

HAH HH3KOMy?

• KaKOH mecr rroxoraer 60A.bIlIe npa 6dAdHCHPOBdHHH - KO·

pOTKHH HAH AJ'illHHbIH?

• BARlleT AM aa YCTOHqnBOCTh epnrypbl nsrcora nOAHllTH>I mec
re HaA BepeBKOH:? I..J;eHTp THJKeCTH 4JHrypbI HaxOAMTCH aa 80

o6paJKaeMoH .J\.HHHH, rrpoxo,lVlIl.(ei1 -repes TOL£Ky paBHoBecIDI,

H pacnoxeraerca HHJKe «rexa» KapTOHHOH epHrypW.

C60p cjlaKTOB

llenmp Mace - :.lTDTOtIKd rexa, rAe npeACTdBAHeTCSI cocpenorosea
HOH BCH era Maced. AMI TeA, paCnOAOJKeHHhIX Hd 3eMJ\.e, IJ;eHTp

Mace H ~eIITp TSVKeCTH cocpeaorosenu B 0AHOM H TOM JK:e Mecre,

OAllaKD AMI 60J\bIllHX TeA, TdKHX KdK naanersr Ii HX CIIyrHHKH, no

AOJKeHHe uerrrpa Mace 6YAeT cxerxa OTAIP-ldTbC5I OT nOAO}KeHHH

nenrpa TSlJKeCnl. KaK paasrep rexa BARReT Hd nOAOJKeHHe era 4eH~

rpa THJKeCTli? OTBeT MO:>KHO HalITH B CrrpaBOtIHHKdX no ¢H3HKe.
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PHc.1.5



.sMeXaH....~eCKaSl YCTOH~""BOCTb:

~ 3<1><I>eKT «BaHbK....-BCTaHbK....»

Hexoropsre HrpyiliKH yCTpoeHhI TaK, liTO eCAH HX TOAKHyrb, OHM

na-nryr paCKa':lHBaTbCH. HO rrpn 3TOM He 6YAYT OrrpOKJ1AbIBdTbCfl
1•

Hena)KHO, C KaKOH CHAoft BbI TOAKHyAH raxyro arpyrnxy: QHa Bee
paSHO BepHeTCH B rrepBOHaqaAbHOe rrOAOJKeHHe. 3Ta cnocori

HQCTh B03Bparu;aTbCH B HCXOAHoe nOAOJKeHHe - npasrep MexaHli

qeCKOH yCToiWHBOCTH. Texo HaXOAllTCH B COCTOHHIUf paeaoaecns,

KorAa ypennoncurensr Bee CHAhI, AeHCTByroII..\He ad Hero. CYI.IJ;eCT
ByroT TpM BHAd panaoaecas: yCTOHtUIBOe, HeycTOHtIHBOe H 6e3
pasxasnoe.

B 3TOM onsrre BbI 6YAeTe ABHraTb pa3J\W1HbIe rexe H Ha6i\1OAaTb

aa ABHJKeHHeM HX IJ,elITpoB T5DKeCTH. BbI 6YAeTe HCCAeAondTb 3anH

CHMOCTb MeXdHH'lIeCKOH yCTOHtIHBOCTH OT nbICOTbI IJ,eHTpa T~DKeCTH

H OT passrepa OCHOBaHHlI rexe. BbI CKOHCTpYHPyeTe TeAO C BbICO

ROM: MeXaHwrecKoH yCTOWIHBOCTbIO, T.e. naxoasmeecs B yCTO«tIH

BOM paBHOBeCHH. Bra IIOHMeTe pa3HHl\Y Me>KAYyCTOH'!HBhlM, Heyc

TOHtIHBhIM H 6e3pa3AHtIHbIM paBHOBeCHeM.

C 'lero Ha'laTb

lle.;u,: CMoAeAHpOBdTb ABH:>KeUHe nerrrpa TH>KeCTH xauarouieroca
rexa.

MamepuClJlhl
KapaHAarn

AHHeHKa
KyCOK KapTOHa pasnepora 15 x 25 CM

KyCOK xaprone paseseposr 5 x 20 CM

AhlpOKOA

KyCOK "HAMlMeTpOBKH pa3MepoM 5 x 20 CM

CKOTtl

'B Poccan -raxae nrpYUIKH npHWITO aaaereeri, nBaHbKH·BCTaHbKH)), - tlou». nep.
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lIopJlgoK geiiCllUlUil
1. C nOMOll\bIO xapauaanre H /iliHeftKH npoxeprrrre /iliHHIO Ha

60llhIllOM xycxe xaproaa BAOIIh oro A/iliHHOro xpas na paccroa
HHH5 CM OT Hero. 3TO 6YAeT/iliHHR A.

2. Ilpo-reprtrre IiliHHIO Qepe3 neirrp MilAeHbKoft rrOAOCKH xaprona
OT OAHoroKOpOTKOro KPaRAO APyroro. Haxersre ro'lKy B cepczn
He 3TOft AliHHH. C noxoinuo AhIPOKOAa rrpo6eftre 3AeCb MIPKY.

3. 0603Ha"tfbTe OAHU KOpOTKHH: Kpali IIOAOCKH xaproae «HH3», 3a

TeM CAeAaftTeBTOPYID AhIpKy B npasox HHJKHeM yrAY.
4. HilAoJKHTe MilAeHbKYID noaocxy xaproaa aa 60llhIllOft KyCOK

TaR, tITo5bI HX HI1JKHHe Kpa51 COBITaAH, a AeBdSl CTOpCiHd MaAeHh

xoro KyCKd AerAa 6hI aa AHHMtO A.
5. CKB03b HHJKHIOIO AbIpKy Hd MaAeHbKOH IIOADCKe xaproua 060

3HaqbTe KapaHAdIIlOM MeCTO AJUI AhlPKH aa 60AbIIIOM xaprone.
flpHnoAHHMHTe MilAeHbKYIO KapToHHYID noxocxy H rrpo6eftre
na 3TOM MeCTe AhIPKY.

6. BHOBb HaAO)f(lITe MdJ\.eHhKyro noxocxy xaprona Hd 60A.blIIOH

xapron KdK B rryaxre 4. Cneu,HaAbHhIM fB03AHKOM COeAHHHTe

o6a xycxa xaprona xepes 3THMIpKH.
1. [loAOJKHTe KyCOK MHAIiliMeTpOBKH rroz, MilAellbKYID noxocxy

xaprona Ii aaxperrare ee CKONeM, 3dTeM rrprrxpernrre CKOTtfeM

60llhIllOft KyCOK xaproua K CTOAy (CM. pHC. 2.1).
8. BCTaBbTe KOH'lHK KapaHAaIlla B I1eHTpilAhHYID MIPKy MilAeHb

xoro xaprona.
9. [lpHJKHMaR KapallAaIll K MHAIiliMeTpoBoft 6YMare, npautanre

MaAeHhKI1H KapTOH aanpaso, TaR tITo6hl npoxeprrrn, AHHHIO AD

xpas MliI\J\.HMeTpoBKH.

10. BhIHhTe xapanaaur If nOBepHHTe BepXHHH: KapTOH HaAeBO - BbI

YBHAHTe cAeA OT KapaHAdIlla aa MHAIiliMeTpoBKe.

Pe3YAbIIlamH
CAeA na MHA..lU1MeTpOBKc, OITHCdHHbIH u;eHTpaAbHOH AbIpKOH sra
AeHbKoro xaproaa, noxaasmaer, l.JTO BHaqaAe npn ero npamenaa
AbIPKa cxerxa rrOAHHAaCb.

lIoqeMy?
fTOCKOAbKy KapToHHaH rrOAOCKd cHMMeTpWlHd Ii J.lMeeT 0AlIOPOA

HYJO IIAOTHOCTb, ee 4eHTp T,5DKeCTH HaXOAHTC5I B I.J;eHTpe - TaM, rAe

BbI cAeAaIili MIpKy. Flepez, Ha'lilAOM npameaas nOAOCKa npeacraa
ASlAa C060R TeAO B CTaTUlIeCKOM paanoaecaa (r.e, B COCTO.5IHI1H no-
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PHe.2.1

KOSI, 683 ABllJK€HIUl). KaK noxaasrseer CheA QT xepanaaura Ed Mil1\.

illiMeTpOBKe, TIp" TIOBOpOTe na Hc60Aj>lIIOR yrOA nearp TlDKeCTH
KapTOHKH BHa't:JaAe IIOAHMMaeTCH, T.o., eCN! uearp TSIJK€CTH TeAa

COBITaAaeT cera reOMeTp1P-IeCKHM nerrrpon, npa IIOBopOTe HAM He

60AbllIOM OTKAOH€HHI1 T€Aa era IJ;€HTP THJKeCTH BHaqaAe cxerxa
rrOAHH:MaeTC5I.

HOBbie nOAXOAbl

Kaxoe B/illHHHe OKa3hIBaeT rrOAOJoK€HI1e uerrrpa T5DKCCTH na ABI1:)i<8

HHe TeAa IIpH era HdKAOHe? Op06e:HT€ ABe AonOAHHT€AbHhIX Ahrp
Kff B MM€HbKOM xaproae. DARY - na 7,5 eM BbIIlI€ U;€HTPa.AbHOH:

AbIpKI1, a APyryro - na 7,5 CMHI1"'C. Flponexairre OTIblT eII1e ABa pa
sa. Bnaxaxe BCTaBbT€KapaHAarn B BepXHIOIO AhIPKY. 3TO 6YA€T co

OTBeTCTBOBaTh 50A8e BbICOKOMY LJ;8HTPY T5DKeCTH, 3aT8M CAeAaHTe
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TO JKecaxoe, IIOMeCTHB xepaaaaur B HIDKHee OTBepCTHe. 3TO 6YAeT

COOTBeTCTBOBaTb 60Aee HH3KOMY IJ;eHTpY TSIJK€CTl-I. CpaBHHTe CJ\.e

AhI OT KapaHAaIIIeH, rroxyseaasre BO acex rpex CAY'!dHX.

nplIIAYMaiiTe aaui co6CTBeHHblii on biT

1. M5Iq HaxOAllTCSI B 6e3pa3JUI'lHOM paBHOBeCHH, T.e. B TaKOM co
CT05lHHH, xoraa TeA-O UpH BpaI.l..\eHHH He MeHfleT nsrcory nearpa
TlIJKeCT". Dp"A)'MaftTe cnocofi, KaK MOJKHO npocxeaars nepe
xemcnac nenrpa TIIJKeCTH MSIlIa. MO}KHO, aanpaxep, asrpeaarr,
xpyr "3 rodipapoaerraoro KapTOHa" npooars AbIpKy Bem uen
rpo. (Kpyr npeACTaBJI.lIeT C060M qeHTpaAbHbIM cpes MlIqa, a
AbIpKa CHMBoJl.lf3HpyeT neirrp TlIJKeCTH.) DOMeCTHTe Jl.lfCTOK
6YMam na CTOJl.. Ha sry 6YMary nOJl.OJKHTe KHHry CIIJI.OCKHM KO
pemxox, 3aTeM nOJl.OJKHTe aa 6)'Mary BbIpe3aHHbIM BaMH KPY
JKOK TaK, t:lT06bl OR ynHpaAC5I B xopenrox KHHm. B OTBepCTHe

KpYJKKa BCTaBbTe xepanaanr. Bpamairre KpyJKOK C rroxonnao
xapenzarua BA0Jl.b xoperuxa KH"rH OT KpM AO KpM. Ilpa 3TOM
aa 6yMare OCTdHeTCH CAeA xepaaaanre.

2. Texo HaXOAHTC5I B COCT05lHHH ycroH'IHBoro pasnoaecna, HAll

MeXaHHtIeCKOH yCTOH'IUBOCTU, eCAH QHO nocxe ne60AhillOrO

HdUORd B03Bpaw;aeTCH B cnoe nepaonasaasaoe rrOAOJKeHHe.

I.J;eHTp T~DKeCTM raxoro rexa IIpH ero BpaIIJ;eHHH BHaqaAe rroA

HHMaeTC5I anepx. 0PHAY1':laHTe QIIbIT AMI onpeaexenaa BJU:l5I

HIUI BhICOThI nerrrpa T5IJKQCTH aa MeXaHHqecKyro yCTOHqH

BOCTb. HaIIpHMep, HaIIQAHHTe ABe 0AHHaKoBbIe 6yrblAKH BO

AOH H aartexaratrre HX. Flycrr, 0AHa 6yrbIAKa 6YAeT 3anOAHeHd

na 0AllY xeraep'rs, a APyraSl - qeJl.lfKOM. ('-IeM 60Jl.bIIle BOAbI,
TeM BbIIIle uearp THJKeCTH.) nOCTaBbTe 6yrhIAKH P5lAOM; cxerxa
HdKAOHHTe HX, a 3dTeM orrrycrrrre. Flocreneuno YBeAHl.JHBaHTe

yrox HaKJI.OHa, noxa oAHa "3 6yrbIJl.OK He yndAeT. DepBOM yna
AeT Ta 6yrbIAKa. KOTopaH 06AaAaeT MeHhIIIeH MeXaHHl.JeCKOH

YCTOHQHBOCTblO.

3. B~ MOJKeTe IIOCTpOHTh MOAeAb AMl AeMoHcTpalv,ui MeXaHHt,IeC

KOH YCTOI1'Y:I1BOCTII (YCTof{l.JHBOrO paBHOBeCHH) 113 IIAaCTHKOBO

ro HHu;a. HaftAHTe raxoe llAaCTI1KOBOe HHIJ,O, xoropoe MOJKHO

OTKpbITb. BbIAeIIHTe 113 IlAdCTHAI1Ha urapax paasrepoxr C BHHO

rpaaaay. OTKpOMTe SlMqO " npaxernrre nrapax KO AHy em ryno
ro KOHu;a, 3aKpofue RHU;O H IIOCTaBhTe ero na 3TOT KOHel(. ECAH

~n1:u;o He 6YAeT CTORTE:. IIp5lMO, nepesrecrtrre IIAaCTl-IAHH. Cxerxa
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TOAKHHTe CTOllII\ee llHI10 B 60K. OHO AO!IJKHO HeCKOJlhKO paa

KatIHYI'bCSI B3BA-BnepeA H BHOBb BCTdTb np5IMO. EChH ono MVKeT

lid 60K, YAaJU1Te HeMHoro IIAaCTHAHHa.

4. TeAo HdXOAHTCH B COCTOSlHHH yCTOHtIHBOrO paBHOBeCHSI AD

TCX nop, IIOKd BepnH$a.hbHdH lillHIHl, IIpOBeAeHHa~_tl3 era uen
Tpa TllJKeCTH npOXOAHT xepea era OCHOBaHHe (CTOpOHy, Ha KO

TOpOH TeAO CTOlIT) (CM'. pHC. 2.2). DpHAYMaHTe cnocoti onpeae
AHTb, KdK urapaaa OCHOBdHHH BARSIeT Hd MeXdHHtIecKytO yc

TOHqHBOCTb TeAd. AMI sroro MOJKHQ HcnOAh30BdTb AepeB.SIH
HbIH 6pycoK co cropoaaxa paaaoa AAHHbI, aanpaxep, 5, 10 H

15 CM. DOCTaBbTe 6pyCOK OAHOH H3 CTOpOH 5 x 15 CM aa KyCOK

ITAOTHOro KapTOHd HAM Hd IIAOCKHH IIOAHOC, oAUlKe K era

xpaio. 'h06bI 6pyCOK He CKOJlh3HA, UOMeCTHTe nepez, HHM no

AOCKy nAaCTHAHHa. CeH'laC urapaaa OCHOBaHHll 6pycKa pasna
5 CM (pHC. 2.31. MeMeHHo nOAHHMaHTe UpoTHBOnOAOJKHbIH

KOHeI1 uOAHoca, UOKa 6pyCOK He nepesepaercs. YAepJKHBall

IIOAHOC B 3TOM IIOAoX<.eHHH, nonpocare KorO-HH6YAh H3Me

pHTb YTOA nOAbeMa nOAHOca HilA CTOAOM. DOBTopHTe onsrr He

MeHee rpex pas H ycpezrnrre noxyxeausre peayxsraru. Te

naps paaaepnare 6pyCOK TaK, 'lT06bI K UAaCTHAHHy 6bIAa 06

pautena cropoaa 5 CM. CHOBa npoAeAaiiTe OUbIT, onpeAeAllll

CpeAHHH YTOA nOAbeMa noanoca, npa KOTOpOM nazaer 6py

COK. McrrOAh3yHTe pe3YAbTdTbI AMI. 06'bHCHeHUSI roro, KdK llIH

paaa OCHOBdHHSI HdK.AOHeHHOro rexa BAIISleT Hd yroa, IIpM KO

TOpOM OHO nepeaopexaneerca.

PUC. 2.2
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PHc.2.3

C60p cl>aKToB

Texa, KOTOpbIC ABHTdlOTCH 6e3 yCKopeHHH, HdXOA,HTCH B COCTOSlHHM

pasuoaecas. B "eM COCTOIIT paaaana MeJKAY AHHeiiHbIM II spema
TeJ\.hHblM ycxopeaaess i KaK cpaBHHTb CTdTHlIeCKoe Ii AI1HaMJilleC

xce p~BHOBeCHe? OTBeThI aa 3TH aonpocsr MO;lKHO HaHTH B cnpa

BOtIHHKdX no q:n13HKe.



TpeHl-le: CI-lAa,

npenflTCTBYIOLUafl ABI-l>KeHI-lIO

Tpenne - 3TQ CHAa, B03HI1KdIOllJ,dH I1pH ABHJKeHHH JU06oro rexa,
rraxoasuierocs B KOHTal<Te C KaKllMlb\Hfio ApyrHMH TeAaMH. Tpe
HHe rrperUlTCTByeT ABlUKeHHIO. BhI craexnaaerecs C TpeHHeM Be3

Ae: xoraa noaxeraere 1l0A, tIHCTl1Te 3y6bI, nonopa-maaere AJ3epHYJO

PY"KY. Ee3 TpeHH5l BbI He MOrJJI fibI YAepJKaTb MeTJl.Y, 3yfiHYJO mer

KY HJI.H ABepHYJO PY"KY· Barna PYKa CKOJl.b3Hha fibl nOAofiHo KOHb
KdM aa AhAY. Pe3YAbTaTOM AeftcTBIDI TpeHH5I TdIOKe $lB.i\HeTCH 3d

MeMeHHe ABHJKynVfXC51 TeA. Bpourennsnr 6ei1:c6oAbHbIH MSPI HAM

AeTHIIJ;IiH AHCK ¢pHc6H IIpH ABHJKeHHH HCI1bITLIBdIOT TpeHHe 0 803

AYX H 3aMeAJI.lIIOTC5l.
B 3TOM OIlsrre BbI 6YAeTe H3MepHTb CHAy TpeHHR nOKDH rexa

(CHJl.Y, KOTOPYJO He06xOAHMO npHJl.OJKHTb K TeJl.Y, '!TOGbI OHO npa
urxo B ABHJKeHHej. BbI Y3HaeTe pa3HHl\Y MeJKAY TpeHHeM nOK05l H

TpeHHeM CKOJl.bJKeHH5l (CHf.Oll, TpeGyeMoll AJI.5l YAepJKaHH5l TeAa B
paBHOMepHOM ABHJKeHHH). BhI yaneere, KaKa5I H3 3THX CHI\. 60Ah

ure, BbI TaKJKe 6YAeTe Bbl'IHCMITb pa3J1.H'lHbreTHnbl K03q,q,Hl\HeH

TOB Tpeluul (ornourenae MeJKAY CHAOH TpCHH5I If MdCCOIf ABHJKy

merocs rexa).

C 'lero Ha'laTb

L(eJlb: H3MepHTb CHAy TpeHIHI nOK05I rexa.

MamepuCL\bl
KYCOK xaproaa 15 x 30 CM
CKQPI

IIAdCTMdCCOBbIH craxan 06'beMOM 270 MA

KyCOK BepeBKH 40 CM

peaanonos KOAhU;O

HOJKHI1U;bI

CTpaHI1u;a 11:3 60Abll10M TeTPaAll B KAeTolIKY

20 urapaxoa
xapaaaanr
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I10pJlgOK gedcmBud
1. Floxoxorre KapTOH na crox.
2. npm<AciITe CKOT'ICM uanncy B CCPCA'IHC KOPOTI<Oro xpaa KapT0Ha.

3. 06B">KHTe aepenxoa CTaKaHBOKPYT AOllbIllJKa. OA\iH "3 CBo6oA'

HbIX KOHI\OBBepCBK>< np>fBlDKIITC K PC3HHOBOMY KOAbI1Y. Pe3>fHKa
AOAJKHa no-rra npHMbIKaTb K CTaKaHY. OrpCJKbTB KOHI\bI BCpeBK><.

4. flOAOJKlITe 6YMary B KAeTKy aa KapTOI-I TaK, t.ITo6bI 0AHlI KpaH
6YMam npaxerax K CTaKaHy. Flpaxxeirre CKOT'ICM 6yMary K

KapToHY·
5. nOAOJKHTe B craxan nrapaxa.
6. BCTaBhTe KOHt.{IlK xapanaama B peaaaosyro rreTAIQ:H , He paCT5I

rliBa51, HanIHHTe ee.
1. CAeAaHTe oTMeTKy ira 6Y1"1are. Terrepa Hat.IHHdiITe pacTHTHBdTb

KapaHAallJOM pe3HHKY. Kapaaaam rrpoxeprar na 6YMare npa

MYJO ""HHIO (CM. pHC. 3.1).
8. OCTdHoBHTe ABHJKeHHe KapaHAdIIId, KdK TOAhKO xaproaxa npa

AeTB ABIDKeHHe.

'&UHa nrflMOU I\UI1UU ~

1'1 KAemO'lK3M

P"c.3.1
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9. COCl.{HTaHTe KOAMqeCTBO KAeTOqeK, xoropsie nepecex Balli xa

paaaam. Yl.JTHTe HeIIOAHbIe KAeT01.IKH:. 3aIIlIIlIHTe KOhl1QeCTBO

KJl.eTO'leK B Ta6AHllY 3.1.
10. OOBTopHTe nynxrsr 7-9 'leThIpe peaa, YcpeAHHTe peayxsra

Thl scex IHITH OllbITOB II 3dHeCHTe cpeAHHH pe3YAbTdT B Ta6AH-
llY 3.1. .

Ta6nH~a 3.1 BenH~HHa CHnbl TpeHHR

noaepxHocTb/
~HcnO

wapHKoB
a CTaKaHe '1Hcno KneTOqeK

OnbIT 1 OnbIT 2 Onsrr 3 Onsrr 4 Orrsrr 5 Cpe,11Hee

cTon/20

Pe3YALIlICll1Ibl
BaM npaaercs HeMHoro pecrsnryrs pe3HHKY, npe)KAe 'leM KapTOHKa
npHAeT n ABH",eHHe. TO'lHhIU pe3YAhTaT 3aBJolCJolT OTynpyrocrn pe
3HHKH, a TdKJKe OT IIoBepXHOCTl1 CTOAd II Heed CTaKdHd.

nO'leMy?
Tpenae - 3TO ofintee Ha3BaHHe CJolA, npOTHBOAeuCTnylOII\HX AnH
/KeHHlO OAHOI1 IIOBepXHOCTH OTHOCHTel\.bHO APyroH, eCAH 3TH no

BepXHOCTH HdXOAHTCH B KOHTdKTe. Tpenae AeHcTByeT napex

AeAhHO 3THM nOBepXHOCTHM II B HanpaBAeHHH, npOTHBOrrOAO>K

HOM ABHJKeHHIO. Tpeaae B03HHKaeT H3-33 roro. tlTO Af06aH rro

BepXHOCTL, KaKOU 6hI rAdA,KOH OHd'HH Bhlf.MIAeAd C MaKpOCKonH

'lecKoii TO'lKH speaaa (HeBoopYlKeHRhIM rAa30M), C MHKpOCKO
nH'IeCKOH TOI.lKH 3peHIUI (B MHKpOCKorr) 05hdAaeT mepOXOBdTOC

ThIO. HepOBHOCTH aa 05eMX TP~HXCHnOBepXHOCTHX nenxarorca
APyr aa APyra Jol OKa3hIBaIOT conpornaacnae ABlllKeRHIO. Tpexne
nOKOH - 3TO caxe, KOTopaH npOTHBOAeHcTByeT naxaxy ABlDKe

HUH rexa.

B 3TOM onsrre paCCTOHHMe, na xoropoe pacrsuyxacs pe3HHKa
(MHHa AHHIUl B KAeTOtIKax), noxaaunaer BeAll"IHHy CllJ\..bI TpeHIUI

rrOKOH MeJKAY I10aepXHOCT5IMH KapTDHd H CTOAa. 4eM CHAbHee pac

THrHBaeTC5I pe3HHKd AD Hal.laAa NH1JKeHIUI KapToHKH, TeM 60Abme

CllAd TpeHHH nOKOH.
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HOBbie nOAXOAbi

l. KaK rhdAKoCTb nosepxaocrea BhHJleT aa rpeane nOKOJl? Do
BTopHTe onsrr, noxeuraa KapTOHKY na pa3HbIX nOBepXHOCTSIX,
aanpxxep, ne aouienca 6YMare HAHna HdJKAaqHOii6YMare paa
HbIX HOMepOB j rrpH:KpeIIAeHHbIX K CTOAY.

2. KaK CHAa, npHJKHMalOlIjaJl nOBepXHOCTH APyr K APyry, BAHJleT
xa TJ'eHHe nOKOH? DOBTopMTe nepBOHaqaAhHblH: OIlhIT, yneAH

qHBaH Bee KapTOHa IIYTeM Ao6aBAeHHH llIapHKOB B CTdKdH.

3. KaK CMa3Ka BJlli5IeT na rpenae nOKoH? nOBTOpHTe OUbIT ABaJKAbI:
BHaqaAeacnoxsaysrre TOhbKO HaJKAa'ffiYlO6YMary, a 3aTeMry JKe
6Y1"fary. IIOKpbIryIO TOACTbIM CADeM TeXHWIeCKorQ na3eAllHd.

npHAyMaHTe Baw C06CTBeHHblH onsrr

la. DpHAYMaHTe cnoco6 H3MepHTb CHhY TpeHHJI rroxoa CHCTeMbl.
Hanpasrep. npaxpemrre OAHH xoneu BepeBKH K MaAeHbKOii KO
p060QKe, a APyroii xonen - K 6YMaJKHOMY CTaKaHQHKy. YCTa
HOBHTe APyroii CTaKaH, HanohHeHHbIH urepaxaxn, B xopooay.
Flocraasre aopooxy Hd eTOA TaK, tITOOhI nycroa 6YMaJKHblH CTd

KdWlHK caeunrnaxca C KpaJI CTOAd. Kopofixa AO/UKHa CTOSITh Hd

paccrosuaa 15 CMOTxpas CTOhd. Ao6aBhlliiTe aec B rrycroa BH
CSllll,lui CTdKdH AD rex nop, noxa CHCTeMd «xoporixa + ee COAep

JKHMoe» He na-nrer ABHraThCH. 3TOT Bee paaea CHAC TpeHH5I

naKDS{ (F() CHCTeMbl. B xasecrse AOIIOAHHTehhHOro sece 803h

MI-Ue, sanpasrep, MOHeTbI, CKpenKH H/llJ\H md116bI, aec KOTO

psrx H3BeCTeH. Flonpocare sarnero ytUITeMi RJU:I arrrexapa
B3BeCHTb BaIilR «rrrpt.xa» rra TOlJ:HblX necax,

6. Tpenne MeJKAY hI06b1MH ABYMJI nonepxaocraera xepaxrepaay
eTC" K03<1><I>HllHeHToM TpeHHlI noxoa, xoropraa pasea ornoure
HHIO CHJ\.bI TpeHHH IIOKO.H MeJKAY 3THM.H IIoBepxHOCTHM.H K C.HAe,

YAepJKHBaIOll\eii HX BMeCTe. K03<1><j>HllHeHT rpemra nOKO" 
IIOCTORHHaH, KOTopaH 3aBHCHT OT IIpHpoAbI IIOBepxHOCTeH, na
XOABlIjHXCJI B KOHTaKTe. Onpeaexrrre K03<j><j>Hl-\HeHT TpeHHJI
noKOH Me>KAY xapronora H MaTepHaAOM ITOKphITH5I CTOAd, HC

rroxsays CheAYlOlI\)'IO <j>OPMYhY:

fl = F,I FN

B 3TOii <j>opMYhe fl (MIO) 0603HaQaeT K03<j><j>HllHeHT TpeHHJI
IIOKOH, Fr - caxy TpeHlul IIOKOH {nOAHbHi Bee aacsnuero CTd·

2 zt. lI'aHKJlUIl
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PUC. 3.2

KaH'IHKa B naxaxe ABHJKeHHlI Kopo6KH) H FN - ncprrenaaxy
AApHM CHAa, npUJKHMaromali ONlY noaepxaocrs K APYTOll (na
rOpI130HTaAhHO:H rroaepxnocrn 3TO Bee Kopo6KH c ee COAep

JKHMblM). BeAH'lHHbI K03<P<PHIlHeHTa TpeHHlI rroxoa M5I pac
rrpOCTpaHeHHbIX IIOBepXHOCTeH COAepJKdTCH B CnpaaOQHHKdX

no <pH3HKe.
2a. Tpeaae CKOAbJKeHHH - 3TO CHAd TpeHHSI MeJKAY THhdMH,

CKOAb311ll\HMH APyr OTHOCHTeAbHO APYTa. npOAeAallTe rrpeasr
AyII.J;HH QIIbIT. HO YAaAHB IIpH 3TOM IIOll.OBHUY mda60QeK H3 BH

cauiero CTdKdHd. DOCTerreHHO Ao6aBMlRTe B CTdKdH rpY3f1KH no

0AH0My H IIOeAe KaJKAOH rndii60QKH cxerxa IIOATdJU{HBdHTe KO

P06KY K xpaio CToAa, 'lepe3 KOTOPblll nepenemanaerca APYTOll
(TaKdH, B KaKOH-TO MOMeHT xopooxa HaqHeT ABHraThca c no

CTOllHHOll CKOpOCTblO. (ECAll xopooxa yCKOpJleTCJI, T.e. H3Me
HReT CBOIO CKOPOCTb, CHAd CAHIlIKOM BeAHKa; eCAH xopotixa OC-
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TaHOBlfAdCb, CMAd CAHIlIKOM MdAa). KaK COOTHOCHTCH CHAbI rpe
HM$I CKOAhJKeHHH II TpeHHH rrOKOH Kopo6KH?

6. KaK cnxa TpeHHH CKOAbJKeHH:SI 3dSHCHT OT o6II.J;eA IlAOIIJ;ilAH co
npHKocHoBeHHH rrosepxaocrea! npHAYMdHTe cnocoti H3Me

prrrs CHAY TpeHHH CKOAbJKeHHH CHCTeMbI, B KOTOpOH MeHHeTCH

TOMKO IIAOll1ilAh nOBepXHOCTH. Hanpasrep, 3aMeHHTe xopooox

KY AepemlHHhlM 6pyCKOM C pa3HhI"H CTopOHaMH. Onpenexrrre
ClfJ\.Y lpeHHJI CKOAbJKeHHR AcpeBd, IIOMe~d5I 6pyCOK Hd eTOA

pa3Hb[MH rpdIDIMH.

B. OnpeAeAHTe Ko3ljJ$HI\HeHT rpenaa CKOAh>KeHHlI (OTHOmeHHe
CHAbI TpeHHH CKQAbJKer-urn MeJKAY conpHKdCalOII.J;HMHCH nosepx
HOCTHMH K CHAe, YAepJKl1BdIOmeH 3TH IIOBepXHOCTH BMeCTe)

AJI5I. nOBepXHOCTeM Kopo6KH H CTOAa no ¢OPMYAe I' = Fc / FN,
rAe I' (MIO) B AaHHoM cxysae 0603HaQaeT K03¢¢HI1HeHT rpeaas
CKO.AhJKeHHH. a Ff - CHAy -rpeHIDI CKOAb)KeHH.H.

C60p cl>aKToB

1. BhI MO>KeTC ABHrdTh 0AHOTeAO no nOBepXHOCTHAPyroro na KO
xecaxax. Flpa 3TOM TpeHHH CKOAhJKeHH5I B03HHK8Tb He 6YAeT.

lITO raxoe nrapaxoasre nOAlliHllHHKH? Kax OHM CBDMIT K MHHH

MYMY TpeHHe CKOAbJKeHI1JI, eCAH MX nOMeCTIITb Me*AY AB}'M5I

TPYll\HMHC5I rrOBepXHOCT51MH? HaHAHTe OTBeT.bI B yqC6HHKax no
¢H3RKe.

2. Topaosa B aBTOM06HAe pa6oTdIOT 6AaroAap" 'rpennro. Ilorrpo
6yiITe OmeTHTb na sonpoc. IIOqeMY aBTOM06HALHbIe ropxose
rtpoexrapyrorcs TaKHM o6pa30M, lfT06bI BHatIaAe TOpMOJKeHHe

rrpoH3BOAIf.i\OCb nepeAJulMH KOAecaMU, a rrOTOM 3aAHHMU?



nOBepXHOCTHoe HaTSI>KeHHe:

nAeHKa Ha nOBepXHOCTH

>KHAKOCTH[1] - __
<DopMaA0>KACBbIX KaneJlb II MblhbHbIX ny3blpeii Om.lICHlIeTClI CI1eIIAe
HlleM MOAeKYA (cHAoii rrplITlI)I{eHllll Me>KAY rrOA06HbIMll MOAeKYAiL'Illi)
aa nosepxaocra )I{llAKOCTII. Bce MOAeKYAbl aa nosepxaocra AI060ii
)I{llAKOCffi rrplITlITIlBaKlTClI APyr K APYIY. B peayxsrare nosepxaocr
HbIH CADIt HaxoAHTCSI a HaTIDKeHHH, xoropoe ua3bIBaeTCSI nOBepXHO

CTHblM. DAarOAaPlI 3TOMY HaTlI)l{eHlllO nosepxaocn, >KllAKocrn BeACT
ce6H nOAo6Ho ynpyroa «KO)I{]{Qe», BKOTOPOH nOMew;aeTC5J JKHAKOCTh.

B 3TOM OIIhITe BhI 113~HTe IIOBepXHOCTHoe HaTHJKeHHe If BAH»·

nae na Hero IIOBepXHOCTHo-aKTHBHI::aIX Ao6aBOK [aeutecra, xoropsre
YMeHbIIlaIOT nosepxaocraoe HaTlI>KeHlle). Bbl onpeaexrrre, KaK aa
MeHeHHe nOBepXHOCTHoro HaTHJKeHIDi BllliHeT Hd ABHJKeHHe /KHA

KoeTH. BbI TdlOKe HccAeAyeTe, KaK nOBepXHOCTHOe Hanl.>KeHHe BAH

ser na epoPMYxanexr, BOAblll ApyrHX )I{HAKOCTeii. Bsr yaaaere, B xa
ROH npOIIopU;HH HYJKHO C0eAHHHTb MhI.1\.O C BOAOll, 'lIT06hI nOAytIHTb

HaH60JlblIIHe MblJIbHble rryasrpn.

C '1ero Ha'laTb

lle.JlJh H3ytIHTb nOBepXHOCTHoe HaTHJKeHHe.

MamepuCLW
MHCKa

BOAOrrpOBOAHall BOAa
HOJKHHIJ;bl

6YMa>KHOe rrOAOTeHI1e
MClheHbKdH cxpenxa
3y60QllCTKa

110pJlgOK geilClIlBuil
1. HanoAHHTe MHCKy na rpa qeTBepTH BOAOH.

2. Bblpe)l{bTe ll3 6YMa>KHoro rrOAOTeHJ1a KBaAPaTco CTOpOHiThm 5 eM.
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3. DOMeCTliTe cxperrxy B uearpe 6YMaJKHOrO KBilAjlaTHKa.

4. DOMepJKIIBalI 6YMaJKltblii KBilApaT aa KOHI1b1, nOMeCTHTe ero

na nOBepXHoCTb BOAbI B MHCKe. DYMara co cxponxoa AOAJKHa

ITAaBaTb na BOAe.

PHc.4.1

5. C nOMOIl1blO 3y60'I1ICTKH exxyparno YTOoHTe 6YMary TaK, "ro
6bI cxpemca OCTaAaCb na rrosepxnocra nOAhl.

6. DOHa6AIOAaiiTe aa naasaromea cxpenxoa II onpeaexare, Ita
CKOAhKO OHa rrorpyaaxacr, B BOAY.

Pe3YA.bllIallIbI
CKpeUKa nOJUlOCTblO OCTaeTCSI na IIOBepXHOCTH BOAbI,He norpysca
RCb B nee, YpOBeHb BOAhI soxpyr cxpenxa HeMHoro IIQHH3HAC5i.

I1o"eMY
'nOoepxHoCTHoe HdT>I>KeHHe - 3TOcuenxenae MOAeKyA (CHAd ITpH

TSlJKeHHH MeJKAYITOAo6HblMHMOAeKyAaMH) B IlAOCKOCTH nOBepXHOC
TIl JKIfAl{0CTH, vb-3d sroro HaTJVKeHHH IIOBepXHOCTb .>KHAKOCTH Be

AeT O;611 KaK ynpyroe ITOKpbITHe. DOA oOBepXHOCTblOBOAbI KdJKAdli

MOAeKyAa rrpH'I1lrHBaeTCSI co scex CTOpOH CBOHMH COCeAK-aMM:. Mo
AeKyAhI CTHCJIYThI co ncex CTOpOH TaK MOTHO, l.J:TO recaee npaxcars
C>I APyr K spyry yJKe He MOryT. OAHaKO na ITOBepXHOCTH MOAeKyJ\bl
DOAhI npMT.S1THBaIOTC51 TOAbKO K 60KOBbIM H lllDKHHM MOAeKYhdM. B
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pe3YAhTare 3TorQ B03HHKaeT CYMMapHasI C:HAd, aenpaaaenaas BHM3,

lITO Bb13blBaeT xerxoe rrpOAdBNfBaHHe aepxnero CAOH BOAbl. 3ToT
CAOM BOAhI BeAeT cefix IIOA06HO nxortro HdTSIJIYfOH KOJKe ll.!ill ITAeH

xe, -rro QKd3hIBaeTCH anoxne AOCTdTOtIHbIM /'.05l YAepiKMBaHHH Aer
KHX TeA, TdKHX KdK cxpertxa B AaHHOM OIThITe. rOBOpJIT, 'rJTO TeAO naa

aaer (CAeI'Ka rrOIPjTJKeHO AH60 AeJKH1' na rrOBepXHOCTIf JK!fAKOCTH).
eCAlf era IIAOTHOCTh paaae HIll MeHbIlIe IIAOTHOCTH JKHAKOCTH. OAHa
KG ITAOTHOCTb cxperrxn asmre ITAOTHOCTH BOAbl; CAeAoBaTeA1~HO,ona

IIAdBaeT TOhbKO 6AarOAapH lIAeHKe noaepxnocrnoro HdTHJKeHIDI. Ha
no YKd3bIBaeT TOT <:PaRT, qw BeR cxpenxa HaxOAHTCH nsnue YPORIHI

BOAb!. Hao6opoT, I10A AeHCTBHeM neca cxperrxa nOBepXHOCTb BCALI

BbIrn6aeTCH BHH3 - BbI BRAeJUI IIOHIDKeHHe YPOBlliI BOAh! noxpyr
cKpeIIKH. 60Aee IIoAPo6HO 0 IlAaBaHHH paCCKd3hIBaeTCH B fAa-Be 12
((f1AaB~CCTb: BhITaJ\.KHBdlOIIJ;aH CHAd JKHAKOCTeH)).

HOBbie nOAXOAbi

MOIOIIJ;ne cpezcraa OTHOCSlTCH K nosepXHOCTHo-aKTHBHhIM Ao6aB

RaM. OHM C06HpdEOTCH aa nOBepXHOCTH )£{HAKOCTH H Yl\WHbIlldIOT

ee ITOnepXHOCTHoe HdT.ll)f(eHHe. KaK CKd3dAaCb Ubi 1l0BepXHOCTHO

dKTI1BHdH Ao6aBKd lid pe3YAhTdTax nanrero OIIhITa? nOBTopHTe

onsrr, HCIIOJ\..b3YH BOAY, B KOTOpOM pa3BeAeHO 1/2 qdHHOH AO)KKH

MOIOU1erocpeacrsa AMI nocYAbI·

npllAYMaHTe BaW C06CTBeHHblH onsrr

1. KaIIASI M010I4ero cpeacrna, Ao6aBAeHHaH B BOAY, HeMeAi\eHHO
YMeUbwaeT nOBepXHOCTHOe HdTSDKeHHe B MecTe csoero nona

AdHlUl B BOAY. npHA)'MdiITe cnocoo rrpOAeMOHCTpHpOBaTh. KaK
pa3hHQHe B CHAe rrOBepXHOCTHoro HaT51JKeHH)l MO/KeT 3aCTa

BHTb )Kl'l':AKOCTh neperexan, C MeCTa aa MeCTO. Hanpanep, na

AeMTe HeMHoro BOAhl B rapcxxy TaK, I.ITo6bl oaa TOAhKO npn
KphlAd ee AHO. nYCTh TdPeAKd lIOCTOHT lIpHMepHO MHnyry. 'HO
6hI BOAd B HeM YCIIoKoHAach. Ao6aBbTe xanxio muuonoro xpa

CHTeMl B BOAY PHAOM C xpaesr TapeAKH. OKYHHTe OAHn KOHe~

3y60"lMCTKH B JKHAKOe MOIO~ee CpeACTBO R npl1KOCHMTeCh

3THM KOHU;OM K oxpamcrrnoxy rurruy B BOAe. Ha6J\1OAdHTe sa
ABH)KeHHeM aroro II5ITHa.

2. Ilosepxaocrao-axraam,re acmccrna oCAa6..iU1lOT IIOBepXHOCl'~

Hoe HaTRJKeHHe. KaK HX KOHu;eHTpaIl,I1H BJU1JleT Hd IIOBepXHOCT-
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Hoe HaTlIJKeHHe? npHAYMaMTe cnoco6, l(al( orrpeaeaars CTe
nens 3TOrO BIillHHllSl. Henpaxep, rtoxpoirre BOAOH AHoMaAeHb

KGB TapeAKH. nOMeCUiTe Hd nOBepXHOCTh B0A,bl ABe KpyrAbIe

3y60qHCTKH. Tpersen 3y60qHCTKOM nOAOABHHhTe HX APYT K
APYTY. HdMoQHTe xoaen 3y60QHCTKH. xoropyro BhI AepJKHTe,
JKHAKHM MOIOI.l.\HM cpeACTBOM, H A0TpOHbTeCb 3THM KOHUOM AD

BOAhiMeJKAYABj'MlI nAaBalOll\HMII 3y6oQHCTKaMH (CM. pHC. 4.2).
Ha6AlOAafne, C KaKOU CKOpOCTblO ABHralOTCSI 3TH 3y60QHCTKH.

4eM 60AbIlIe CKOpOCTb, TeM 6oAh~e cnoC06HOCTb BeI.l.\eCTBa IIO

HHJKdTb nOBepXHOCTHOe HdTSlJKeHHe BOAbJ. nOBTopHTe QIIbIT

xersrpe peaa, HCnOAh3Y" xacryro BOAY. HOBbIe3y60QHCTKHII pas
MflIHble KOHU;eHrpdQHH MOJ()~ero BeI..IJ;eCmd. AMI COCTdBAeHHH

pa3J\WIHbIX KOHlIeHTPaI1HM MOJKHO I1Cn0Ah30BaTb Ta6Jllil\Y 4.1.
KOMIIOHeHTbJ MO>KHQ OTMepHTh C IIOMOI..IJ;blO DHIIeTKH, CMeIllH

BaTb ax aa someaon 6yMare, KaJKAblH paa - C nOMOIIJ;blO qHC~

TOM 3y6oQHCTKH.

Ta6nM~a 4.1 KOMqeMTpa~MH MOIOUlero cpeACTBa

KOM~eMTpa~MH

MOIOUlero cpeACTBa BOAa lKMAKoe MOIOUlee CpeACTBO
Bnpo~eHTax (Kon-BO Kanenb) (KOn-Bo Kanenb)

100 0 1
75 1 3
50 1 1
25 3 1
0 1 0

Pa3HbIe KOHu;eHTpaU;HH IIo-pa3HoMY BAKHIOT aa ABHJKeHHe

3y6otIHCTOK. Ou;eHHTe BAlUIHHe paaxa-nnax KOHu;eHTpaIl,HH: na

HX cnocooaocri, YMeHbllIdTb nOBepXHOCTHC?e HaT5IJKeHHe, HC

nOAb3yH nrxaxy PdCCT05lHHH: OT 0 AO 5, rAe 0 - naaxem.uree
paccrosmae, rrpoaaeaaoe 3y6oQHCTKaMli. 3anmIIIITe npoi\AeH
Hhle pacCTOllHH>I Af\5I KdJKAOM xoanearpenaa MOIOll\ero cpez
craa B Ta61U1ue BeAHYHH rronepxaocrnoro HdTfDKeHHH (Ta6AH
ira 4.2). C HCnOAh30BaHlieM 3THX AaHHhlX nocrpoaro rpa<jlIlK
3aBHCI'IMOCTH noaepxaocraoro HdT5DKeHHH OT xoanenrpauaa
MOlOluero cpeacrna.

3. Ilosepxaocruoe HdTSDK:eHHe SlBjUleTCH TaJOKe npH~I:HHofto6pa

30BaHH51 xanexs. CYMMapHa51 caxa, AeHcTByrom;aH Ha noaepx

HOCTHhIe MOAeKyAbI DOAhI Ii HdnpaBAeHHdn atryrps, 3aCTaBMleT
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Ta6nMqa 4.2 BenM~MHbI nOBepxHocTHoro HaTRlKeHHR

KOHqeHTpaqHR MOlOllIero
CpeACTBa 8 npoqeHTax PaCCTORHHR, 0-5

100
75

50
25
0

rrOBepXHOCTh CJKHMdTbCS!. Haanensnryro IlI\.OID,aAb rrosepxnoc
TI<M5I AaHHOrO 06"eMa llMeeT crpepe. npHA)'MafiTe cnocoo on
peAeAJITb <j:>op,ry KaneAh >KllAKocTefi. llMelOIl\I<X cAa60e no
BCpXHocTHoe HaTSDKeHHe, A,Mr :)Toro MO)l(HO HCIIOA.b30BaTb paa
MiQHb,e xoauearpauna xorouiax pacrnopoa (CM. Ta6J1.. 4.1). C
nOMOI.IJ;bJO IIUII8TKH Kdl1aHT8 no OAROM xanae KaJKAOro paCTBO

pa aa sonresyio 6)'Mary II cpaBHRBaHTe OKpyrJl.OCTb Ka>KAOH

....

-===
~

~ ~==-
. ~~

PRe. 4.2
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KallAM. Ol\eHHTe OKpyrAOCTh KaJKAOH KallAM lIO I1IKaAe OT 0 AO 5.
nYCTh 0 6YAeT COOTBeTCTBOBaTh HaHMeHee oxpyraoa <jlopMe.

4. MOIOlIjHe cpezcrae YMeHhlllaIOT noaepxnocrnoe HaTlIJKeHHe

BOAhI, 'ITO lIpHBOAHT K CJKHMilHHIO 3TOH lIOBepXHOCTH. I1MeHHD

1I03TOMY H3 MhIAhHOH BOAh! H noxyserorca rry3hIpH. OllpeAeAM

re HaHAyqIll)'lO KOM6HHaljHIO BOAhI H MhIAa AM BhlAynaHHlI Hd

H60AhIlIHX lIY3hIpeH. OKa3hIBaeT AM BAHl/HHe rAMljepHH aa lIO

BepXHOCTHOe HaTlIJKeHHe BOAhI? (fAMljepHH MOJKHO HaRTH B

anrexe.) Flonpooyare BhIAyTh «rAHljepHHOBhIe rry3hIpH».

C60p c!laKTOB

1. MOAeKYAhI BOAh! COAepJKaT BOAOpOAHhIe CBl/3H. KaK 3TH CBl/3H

BAlHIFOT Hd nOBepXHOCTHoe HdTHJKeHHe? HaHAHTe OTneT B

CrrpaBOQHHKax no XHMHH.

2. BOAd He sceraa «MOKpaSU). LITO 3TO 3HaqMT? OT xero 3aBHCHT

CBOHCTBD BOAh! 6hlTh MOKpOH? KaK MOJKHO CAeAaTh BOAY 60Aee

MOKpOH?



Pa60Ta: CHAa

H paCCTOSlHHern~_--
(Pa60Td» - 3TO q:H131'{lieCKHH TepMHH, KOTOpbIH: noxaaemacr, QTO

HeKaH CHA.d, rrpHAOJKCHHdH K rexy, rrpaaexa era B ABlDKeHHe. Ha
IIpHMep, TeHHHCHCT, YAap'u, paKeTKOH IIO MlIqy, IIpOH3BOAHT pa6o
1)', T,K. TeHHHCHbIM :-,ulqABHraeTCH rrOAAcHCTBHCM ororo YAapa. Ho
He KaJKAbIll paa, xorna rrpHKhClAbIBaeTCH CHAa, coaepmeerca pa6o
ra, Hanpaxrep, eCAM BbI HCCKDAhKO MHHyr I1ACQQM TOAKdCTe 3Aa
HHC, TO ).lOJKeTe YCTdTb, HO pa60TbI IIpH 3TOM He cosepunrre. 3Aa
HHe BeAb He CABHHyAOCb C MeCTa. KOAHtIeCTBO COBcprneHHOM pa
60TbI paBHO rrpOM3BeAeHHIO CRAhI, rrpHAOJKeHHOH K rexy, na pac

CTOHHHe, npOHACH1IOe TCAOM B HanpaBAeHHM AeficTBl1S1 CHAhI. B
MeJKAyHapoAHOH CHCTe"e eAHHHl\ (CM) eAHHHl\eH CHAbI 5IBAAeTC5I
HbIOTOH, eAIHUUJ;CH paCCTOHHHH - xre'rp. a eAHHHIJ;eH pa60TbI 

AJKOyAb.
B 3TOM OIIbITe BbI yaaaere. KaK H3"ep5ITb patiory, coaepnremryro

TeAOJ\1, xero 2\10)KHO Ao6HTbCH, HCnOAb3yH paoory rrpOCTOH: xannr
RbI, a TaK)I<e - xaxoe anasenne l1:vIeeT nanpeaxenae rrpHAO}IC8HHH

CHAW.

L(eu.: H3MepHTb paoory, coaopmearryro TeAOM.

MamepulL\bI
KHpImq (HAM AI060H ApyrOH npezorer C IIOXO)l(HM BeCOM)
xopobxa as-nos, 06yaH, B KOTOPYJO MO)l<HO IIOAOJKHTh KHpIUltI

AbIpOKOA
6e3MeH
60AbIl!aH MeTpOBaH AHHeHKa

M30AeHTa

nopflgOK geilc11Uluil
1. nOAO)l(MTe KMpnHq B xopooxy.

2. C IIOMOIl\blO AhIpOKOAa npooeirre AblpKy B 60KOBOH CTeHKe KO
p06KM. 3al\eIIHTe 6e3MeH KPIOQKOM 3a 3TYAhIPKY (CM. pMC. 5.1).
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3. DOAOJKllTe xopooxy y xpas CTOAa. Flepea Kopo6KOH, aa paccro
HHllll 15 CM OT nee, npHKAeHTe KyCOK H30AeHTbJ. 3TO 6YAeT
crapronaa AURIHI.

4. M3MepbTe paccrosnne B MeTpax (M) OT craprosoa AliHllH AO

KOHI1a CTOAa B TOMHanpaBAeHHH, B KOTOpOM Bbl 6YAeTe ABHraTb
xopooxy. 3anHlnHTe 3TO paccroaaae (d) B COOTBeTCTBYJOII\eH

rpa<jJe B Ta6AliQe 5.1.
5. HatIHHTe rOpl130HTaAbHO ABJ.1:raTb BeCbI BMeCTe C Kopo6KOH no

CTOAy C IIOCTO.SlHHOH CKOpOCTbEO, OTMeTbTe IIOKa3aHMe BeeDB,

KorAa xopooxa nepecexer cTapToBYJO AliHHIO. 3Ta CHAd AOAJK
aa 6bITb H3MepeHa B CHCTeMe CM - B HblOTOHax (HI. 3aHecll
re 3TH AdHHble B Ta6AliQY. BaM HaAO rrepenecra rpaMMbl na
mxaxe BeCOB B HblOTOHbIno <jJopMyAe: 1 r = 0,0098 H. Hanpa
Mep, eCAli secsr nOKa3aAH 908 r, CHAa B HblOTOHax 6YAeT paaaa
908 r x 0,0098 HI! r =8,9 H.

6. Floaropirre nYHKT 5 xerape peaa II ycpezurare noxyseaasre pe
3Y.!\hTaTbI.

7. PaCCqHTaHTe paoory, nponexaanyro xopofixoa, no rpopxyxe:
w = t x d.
B TOif <jlopMyAe w - paoora. [ - CHAa,AeifcTBYJOII\all na xopoe
xy BHbIOTOHax, d - paCCTOHHlle a xerpax, KOTOpoenpOXOAHT KO
potixa aa npexra npHAOJKCHllH CllAhl. Hanpaerep. eCAli [= 8,9 H H
d = 0,5 M, TO W = 8,9B X 0,5M = 4,45 HM.

npuMe4aHue: 1 HM = 1AJKOYAlO (AJK)· NKOyAb (NKl - eABHll
ua pa60TbI B cacresie CM.

I1TaK, B HallIeM npaxepe COBepllIeHHaH paeora pasna 4,45 AJK.

)

--- - - - ----------.;>-

c",ar",o&a~AUHU~

PHc.5.1
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TafinMqa 5.1 PafioTa
PaCCTORMMe
(d), M CMna (f), H Pafiora (w), .!IlK

OnbIT 1 Onur 2 Onsrr 3 Onur 4 OnblT 5 CpeAHee

PeSYALl1lCllllbl
npoAeAaHHaJI paoora 3dBHCHT OT CHAbl, npHAO>KeHHOH K xopooxe,
H OT paCCTOHHHH, lid KOTOpOe OHd rrepeABHHyAaCb. B neurex npa
srepe panora paaaa 4,45 /VK.

no'{eMy?
Pa60Td ecrs pe3YJ\.hTdT npH.J\.OJKeHHH CMhhI K TeAy. BbI3BaBmeH era

ABHJKeHHe. KOAHQeCTBO pa60TbI pasao npoH3BeAeHHIO CHAbl, npn
AO}KeHHOH K rexy, Hd paCCT05JHlIe, rrpoIiAeHHoe TeAOM B aanpasxe
HHH AeHCTBIUI CHhhl. Ern;e 0ARO YCAoBHe AM'- BhIIIOAHeHH5I pa60TbI 

paCCT05lHHe, Hd xoropoe nepeanarryxocs TeAO, AOJUKHO 6bITh npoa
AeHO B TOM JKe HanpaBAeHHH, '-ITO H npHAOJlteHHaH CHJ\d. B AaHHOM

OITbITe rOpH30HTaJ\.hHaH CMAd rtepennaraer KOpOOKy B ropH30HTaAb

HOM)lCe nanpaaxenaa, II03TOMY cosepuraerca paoora.

HOBbie nOAXOAbl

1. BAllJIeT AH CKOpOCTb AllJfJKeHIDl TeAS na cosepnreesryto npa
3TOM pa60ry? nOBTOpJfTe ornar AllilJKAbI, rrepBbIl1: pas - C BbI
COKOM, HO rrOCTOSlHHOH CKOpOCTblO, a nropoa paa - C HM:3KOH,

HO TO)Ke nOCTOHHHOH CKOpOCTbEO.

2. KaK nee AllJfJKYII\eroclI TeAa BAHlIeTna conepnraevyto IIPJf 3TOM
pa60ry? nOBTOpJfTe rrepBOHa'liL\bHblH onsrr AllilJKAbl, B nepssra
paa - C MeHbWJfM Beco" B Kop06Ke, a BTOPOH pa3 - C 60""
WJfM.npUMe'{tlHUe: cTapaHTecb TlIH}'Tb Kop06Ky C OABOH Jf TOH
JKe CKOpOCTblO B otioax cxyvasx.

npl1AYMaHTe aaur C06CTBeHHblH on biT

I. MeXaHJf3M - 3TO ycrponcrao, 06Mr'lalOII1ee paoory. OH 06
xer-iaer patiory nYTeM H3MeHeHHH Behl'[I!HHhI rrplfAOJKeHHOM

CIlAbI AH60 ee rrarrpaaxenna. HdH60AblIIee pecnpocrpaneane
rroAytl:HAH npocrsre MexaHH3MbI, TdKHe KdK HaKAOHHbIe I1AOC-
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KOCTH (ITAOCKHe HdKADHHbIe nOBepXHOCTH), HaK.hOHHhIe IlAOC

KOCTH HCllOAh3YlOTCH AMI TpaHCnOpTHpOBKH rcxa ae 3ilAaH

nyro BblCOTy. ITpHAyMaiiTe OIlblT AfI5I BblllCHeHHlI: BAHlIeT Alf
HdKAOHHaSl IIAOCKOCTb aa ofiuiee KOARQeCTBO paoorsr, BhIIlOJ\

HeHHon ABHJKyrn.H:>.t:CSl TeAOM. Hanprrsrep, MOJKHO B3H1'1. Ma

AeHhKyro xopooxy C xpuurxoa H Hano.hHHTb ee urapaxaera,
IIAdCTH..hHHOM HAM MOHeTaMH. 3aKpofiTe xopooxy Ii 3dKperUITC

KpbllllKy CKOT"leM. 06BlVKHTe BepeBKy noxpyr Kopo6KH H 3a
I1eIlHTe ee KPlOqKOM 6e3MeHa. C rroxoursro 6e3MeHa MeAAeH
HO rrOAHHMHTe xopooxy BepTHKaAbHO naepx aa BbIC0Ty 1 M,
DPH 3'rOM norrpocare Koro·HH6YAh rrOMDtIb BaM Cl.IHTblBdTh no

Kd3dHI1Jl BeCOB. ECAH crpezxa BeeOB cxerxa KOAe5AeTCH, yc
peAHHTe pe3YAbTaT H 3arrHIIIHTe ero. Hcnoxssyirre ysce 3Ha
KOMhIH BaM cnocoo nepecsera rpasosos B HhIOTOHbl. Onpeae
AHTe asmoxaeaayto rrpa rrOA'beMe Kop06KH paoory no qiopsry
xe: w = f x d. 3aTeM IIPHfoToBbTe HdK.J\.OIUIYIO MOCKOCTb.

B03hMHTe AOCRY, XOTH 6bl na 1 M MHHHee Kopo6KH, it 1101\0

JKHTe ee 0AHlIM KOHIJ,OM Hd CTOITKy 11:3 HeCKOAbKHX KIUfT. C ITO~

xomsro BeCOB nepensam-re xopooxy anepx no HaKAOHHOH

ITAQCKOCTH aa paCCTO.H.HHe B 1M. nOBTopHTe OIlhIT AMI orrpese
heHIHI CIlhbI, Heo6xoAHMoi{ A/UI rrepexcmenas rexa, H:BbIlIOA~

HeRRoR pa60TbI. AM!- ITQKa3a pe3YhbTdTOB OIThlTa nparoroasre
AHarpaMMbl.

2a. HHorAa CRAa rrpHKAaAbIBaeTCli K TeAy IlOA yrAOM K nanpaaxe
HHIO ABHJKeHMH. 3TO npoHcxOAIIT, nenpasrep, B TOM cxysee.
eCAHTlIHYTb aa PYKOllTKYABHJK)'ll1eiicli ropH30HTaAbHO TeAeJK
KH noz, yrAOM (CM. PHC, 5.2). B 3TOM cxysae BeAll'lHHY CHAld,
AelicTsyrorn;eM na TeAeJoKKy, MOJKHO BbftIHCAHTh H3 ypanaenaa
daldh = fhlfO' rAe do - paccrosmae BAOAb CTOpOHbI. rrpaxeraro
rqeii K yrAy, rroA KOTOpblM IlpRAOJKeHa CRAa; d h - AAHHa rHIlO
TeHY3bl (CTOpOHbl, AeJKarqeif HarrpOTHB npaxoro yrxa): fh - ro
PH30HTaAI:.HaH COCTaBMIlOllI,dH CHAbI B HarrpanAeHHH ABHJKeHIUI

TeM; fa - CHAa, npRAOJKeHHalI rroz, yrAOM A'. KOCIfHyC [cos] yr
Ad paneH OTHOIlleHHlO MHHbI npaxeraromea K HeMY CTOpOHbI

.(dal K AAHHe rarrorenyasr (dh). ITOCKOAbKY cos N = doldh H
do/d. = fhlfa. TO COS A' = fhlfa. TaKHM 06pa30M. roPH30HTaAb
ayro cocraaxarouryio CHAbl (fh ) . astasraarouryro ABl1JKeHHe re
Ae)[{Kl{ n rOpH30HTa.J\.hHOM HanpaBAeHHH, MO/KHO BhP-IHC.i'UITh H3

ypaanenas: fh = fox cos N. (CM. npRAOJKeHHe 1, rAe AaHbl 3Ha
qeHHlI KOCHHYCOB AfI5I pa3AHQHbIX yrAOB.)
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PUC. 5.2

npHAYMdHTe OIIblT, KOTOpbIH AdCT B03MOJKHOCTb paCCtIH

TaTb paoory, cOBepllIeHHYJO CHAOH, npHAO",eHHOH nOA yrAOM K
aenpasxeaaio ABHJKeHR5I Tehd. 3TO MOJKHO CAeAa.Th C nOMO

III,bIO npyJKHHHblX BeCOB. npaxpenxeansrx K Kop06Ke C rpyaosr.
TJlHHTe sa aecsr nOA yrAOM H rrepeaaarairre Kop06Ky no CTOAy,
KdK IlOKd3aHO Hd pac, 5.3. 113MepbTe H aenaunrre paccroanae
(d), npoHAeHHoe Kop06KOii. Tpencnoprapon H3MephTe yrox
(A0) npHAO>KeHHOH CHAb!. Onpezexrrre paoory C nOMOll\blO
ypaBHeHHJI:

w = (fax cos A oJ X d

Hanpnxrep, eCAHxopooxa nepeABH»yAaCh na 0,6 M nOAAeH
CTBHeM CHAbl 10 H, npHAo",eHHOH nOA yrAOM 30°. npOAeAaHH3JI

paoora 6YAeT paatra:

w = (10 H X cos 30°) X 0,6 M

= 10 H X 0,87 X 0,6 M

= 5,22 H'M, HAM 5,22 AJK
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Pa60Ta: cuna " paCCTOHH"e
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6. KaK B IIp''AbIA)'meM OIILITe yrox IIpllAOlKeHHlI CHJIhI BAI'llIeT aa
KOAH'leCTBO BhIIIoAHeHHoM pa6oThI? nOBTOpHTe OIIhIT TpH pa
aa, B IIepBhIM paa npHKAilAblBali CllAY nOA MaJIhIM yrAOM, BOBTO
POM - IIoA 60JlhWHM yrAOM, HO He 60Aee 90', B TpeTHil pas
B03bMHTe yrox 90', cxerxa npHIIOAHliB Kop06KY HilA CTOAOM,
AOKaJKI'lTe MaTeMaT'H'leCKH, 'ITO ecAH xopooxa 6YAeTI\BHraTbCli
roPH30HTaAbHO B MOMeHT npHAOlKeHHlI K HeM CHiIhI rroA yrAOM
90', pa60Ta cosepurarsca He 6YAeT. nOKaJKHTe sesropasre AHa
rpaMMhI AAlI KaJKAoro yraa, Flpa nOADeMe rexa BaMH coaepura
eTCH paoora, HO KaK TOMKO TeA-O nOAHHTO, BhI He conepnraere
patiory rro nepeaocy ero B KOMHaTe. norrp06yil'l'e 06'bllCHHTb
3TOT KaJK)'mHilcli rrapaaoxc.

C60p cjlaKTOB

/V!ou;nocIl1h - 3TO CKOpOCTb, CKOTOpOM cosepuraercs paoore. no
CKOJlhKY MOIl\HOCTb ecrs padore, AeAeHHali aa apexs, B CHCTeMe
CM' oaa BhIpalKaeTcli B AJKOYAlIX B ceKYHAY. EAHHHl1a MOIl\HOCTH,
BaTT, 6bWl Ha3BaHa B '1eCThAJKeMMca BaTTa (1736-1819), H306pe
TaTeM naposoa MaIllHHhI. KaK COOTHOCliTCli BaTTbl H AOIllaAHHhIe
CllAhI C eAHHHl1eil MOIl\HOCTH B CHCTeMe CM', AJKOyAeM B ceKYHAY?
O'l'BeT MOlKHO HaMTH B crrpaaouaaxax rro <pH3HKe.



Tpeno';i 3aKOH ABH>KeHHH

HbIOTOHa: AeHCTBHe

H npOTHBOAeHCTBHe

C3P Hcaax HhlOTOH (1642 - 1727) - 3HdMeHlITbIH 6PlITdHCKHH yse

HhUl, OTKphIBIlIlil1: 3aKOH scesorpaoro T.SlTOTeHH51. Kpone roro, OH

AM. HaM TpH 3dKOHd, OIlHCblBalO~HXABIDKeHHe TeA. DepBWH 3aKOH

HblOTOHd yrBepJKAaeT, 'lITO AMI H3MeHeHHH COCTOHHIDl ABHJKeHlUI

rexa rpeoyerca npaxoacrrs CHAy. APyrnMH CAOBdMH, eCAH npaxo

JKlITh K rexy CHAy, OHO AR60 Hd'iHeT ABHrdThClI (eCAH AO rex rrop no

KOHAOCh), AH60 OCTd![OBlITClI (eCAH AO aroro ABHrdAOch). Bropoa sa

KOH HhlOTOHd ofu>!cHlIeT, KdKHM 06pd30M CHAd, Tpe6yeMdlI AAlI YC

xopeaas (H3MeHeHHlI CKOpOCTH) rexa. 3dBHClIT OT ero MdCCbI. Tpe
THH 3dKOH Hsioroaa roBOpHT 0 TOM, q'fQ CHAbI AeHCTBYJOT nonapao.

B 3TOM onsrre Bbi npoaexoncrpapyere rperaa 3dKOH ABHJKeHHlI

HhIOTOHd: KdJKAoe AeHCTBHe COrrpOBOJKAdeTClI PdBHbIM eMy no Be

JUf1IHHe Ii rrpOTIlBOnOAOJKHO aanpaaaermsor rrpOTHBOAeHCTBHeM.
BbI TaKJKe Y3HaeTe, KdK napsr CHA, xoropsre pasau no BeAHqHHe

j

no rrpOTHBOIIOAOJKHbI no HanpaBAeHIHO, xoryr npHBeCTH K B03HHK

HOBeHHIO ABHJKeHHH.

C xero Ha'laTb

L(eu.: rrpOAeMOHCTpHpOBdTh TpeTHH 3dKOH ABHJKeHHlI HhIOTOHd.

MamepuClAbl
xapeaaam
6YMdJKHhIH CTdKdH'iHK 06."eMoM 150 MA

40 - 50 MoHeTOK

KyCOK BepeBKH AAHHOH 30 CM

BecbI-6e3MeH

nopJlgOK gerlCllIBuri
1. C nOMOII1hlO xepansaura npOAeAdiiTe ABe AblpKH B 6yMdJKHOM

craxane HdnpOTHB APyr Apyrd, aexaoro nOHHJKe ero 060AKd.

nOAOJKI1T€: B CTdKdH MOHeTbJ.
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2. Ilporanare 'lepes AbIpKM KonlJ;h1 BepeBKM M saB'DKHTe HX.
3. Ao6eiiTecb, 'lTo6h1 6es rpyaa BeChI IIOKaShlBiIMI nyAb.

4. B03bMHTe accsr H noaecsre aa HHX CTdKaH. OR AOAJKeH nacers
CBo'60AHo. 3aMeTbTe nOKa3aHHe BeeDB.

Motientbl

BCmaKaHe

PRc.6.1
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PesyALlllantbl I

CTaKaH THHeT aecsr BHH3, TdK'tITO nOKa3aHHe llIKaAbI COOTBeTcTBy·

er secy CTaKaHd BMeCTe C MOHeTaMH.

A

B

PHc.6.2

, ..

, ..

nOqeMyl
TpeTHH 3aKOH ABHJKeHHlI HLIOTOHa KOHcTaTHpyeT, 'ITO fV\lI Ka>K

Aoro AeikTBIiJl C)'1l1eCTByeT panaoe H npOTHBOnOAO>KHO aanpaa

xennoe npOTHBOAeiicTBHe. Apy-

fIlM" CAoaaMH, HbIOTOH 3aKAfO-

'tUfA, tITO eCAH CO CTOPOHbl OAHO~

ro TeAa npHAO>KeHa CHAa K APY

roxy, TO CO CTOpOHhI aroro APY

roro TeAd AeHcTByer Hd nepBoe
pasaes caxa, no B npOTl'IBOIIO

AO>KHOM HanpaBAeHHH. KaK y6e

AHTbCH, 'ITO B Ka>KAOM KOHKpeT

HOM cxysee MbI HMeeM AeAO C

AeHCTBHeM If npOTHBOAeHCTBH

eM? AM 3TOro Hy>KHO onpeae
AHTb Ka>KAyro CHAy H y6eAHTbCH,

'ITO onHcaHHe OAHoii H3 HHX

nOAXOAHT H fV\lI APyroii, HO CO

3HaKOM <cMHHyO>, 'r.e. .HBMleTCH

06paTHhiM YTBepJKAeHHeM. B
onsrre, H306paJKeHHOM ae pHC.

6.1, AeiicTByroT cAeAYIOI11He CH

AbI, xoropsre onpeaexarorca KdK

Ae iiCTBHe - uporaaoz,e iicTBHe:

AlA,; BIB,; C/C,. CHAy A MOJK

HO orracerr, CAeAYIOI11HM o6pa

30M: «Pyxa AeiicTByeT Ha BeChI»,

a CHAy A, - «Becst AeiicTBylOT

aa pyxy». Bropoe YTBepJKAeHHe

lIBAJleTCH 06paTHhiM no OTHOllIe

HHIO K nepsoxy. 3TO oaaaxaer.
tITO CHAbI paBHbI no BeAHqHHe H

AeiicTBylOT B npOTHBOnOAO>K

HLIX HanpaBAeHHJlX. T.o.. CHALI A
H Al npeACTaBAJiIOT c060ii Aeii

CTBHe II npoTHBoAeHcTBHe.
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Becht, K KOTOpbIM noxaeuren CTaKdH, H3MepHIOT Bee craxana - CH

AY, HanpiUlAeHHYIO BHH3 (AeikTBHe). KaK MOJKHO H3MepHTb ae
npeaaeaayio asepx CHAY co CTOpOHM PYKH (npOTHBoAei'rCTBHe)?
DOBTOpHTe onsrr, HO aa 3TOT paa B03bMHTe ABa 6e3MeHa. Bnexaxo
npnxpenare 0AHII 6e3MeH K APYT0M)'. He nOABeIlIHBall K HHJKHHM
BecaM rpys H YAepJKHBall BepXHHe BeCM (A), orperyxapyare o6a
6e3MeHa TaK, T.ITo6bl OHM: rrOKd3bIBaAH uyAb. nOABeCbTe CTaKaH K

HHJKHHM BecaM (B), KaK BrrpeAblAYIl\eM onsrrc. BeCbI A 6YAYTH3Me
parr, CHAY, aanpanxeaayro asepx (npoTHBoAei'rcTBHe), a secsr B 
CHAY, HanpaBAeHHyro ?JHH3 (Aei'rcTBHe).
K HaY"HoMY ceMHHapy: KOrAa BbI 6YAeTe AeAaTb AOKARA na ceMH
aape, Hd CTeHAe MOJRHO noxeaars AHarpaMMy eRA «AeftCTBHe-npO

TI1BOAeHCTBHe)) .

nplIAYMaMTe Ba~ co6cTBeHHblil onerr

I. KaJKAaR CHAd, AeMCTByro:w;aH na TeJ\O, sacrenxser TeAD HeMHoro
C:>KHMaThCH. npHAyMdHTe OIlbIT, KOTOpbIH MOJKeT noxaaeri., "lTQ re
AO C>KHMaeTCH AD rex nop, noxa CHAbI AeHCTBHH H npOTHBOAenCT

BRR He ypaBHHEOTCSL Hanpaaep, HdrrOJUu['re MOHeTdMH CTaKdIf 06'h

eMOM 90 MA. DOAOJKHTe Hd.CTOA ABe KHHm 0AHHdKOBoro pa3Mepa

aa paccrosuaa 25 CM APYTOTAPYTa, a aa HHX - TOHKyro, ynPYTYJO,
naacrsraccoayro AHHeHKy. B uerrrpe AHHeHKH nocreavre CTaKaH C

MOHeTaMH.

K HaY"HoMy ceMHHapy: CAeAai'rTe AHarpaMMY, IIoKa3bIBalOII.\yro
C>KaTHe Al1HeH.KH H napy CMA AeHcTBHe-npoTHBoAeHcTBHe, KaK aa
pHC. 6.3. K pHCYHKy MOJKHO Ao6aBHTb orracaaae rex nap CHA, KOTO
psre Aei'rCTByroTna KHHrH H Ha crexan. Hanpaxep:

napa CHA, KHHra A

• AHHei'rKa AeRCTByeTaa KHHry A.
KHHra A Aei'rcTByeT Ha AHHeRKy.

• Kaara A Aei'rcTByeT aa CTOA.
CTOAAei'rcTByeT aa KIIHry A.

• CTOAAei'rcTByeT aa 3eMAlO.
3eMAll AeRcTByeT aa CTOA.

2. AeitcTBHlI 6e3 nporasoaeacrsna lie cyutecrsyer. DOCKOAbKY
see CHJ\bI, AeHcTByrorn;He aa paansre TeAd, napmae. paaasr no
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PUC. 6.3

BeAw·UtHe H rrpoTHBOnOAO)KHbl no aanpaaxemno, TO 'lTD )Ke BbI

3bIBaeT ABHJKeHHe? B Kd>KA0M CAy-T.Iae BaJKHa TaK Hd3hIBaeMdJI

pe3YJ\bTupYIOIl\aSl CHJ\a, KOTOpaSl HMeeT TaKOH JKe 3cjJcjJeKT, KaK
cY~!Ma AIlYX HJ\H 6oJ\ee CHJ\, AeHCTByroll\HX oAHoBpeMeHHo rra
TeAO, Korna aa TeAO AeiiCTByroT 0AHoBpeMeHHo HeCKOALKO CHl\.

H pe3YAbTHpYJOIl\all CHl\a pasna HYAlO, rOBOplIT, 'ITO CUAW
ypaaaoaeureasa. Ilpa 3TOM yCKopeHIUI He B03HHKaeT. Ycxope
HHe ecrs H3MeHeHHe CKOpOCTH (ee a6COJUOTHOH BeMPIHHbI Ii

nanpaaxeana ABHJKeHHlI TeAa) aa eAHHHqy BpeMeHH. KOTAape

3YAbTHpyroIl\aS1 CHJ\a rpynnsr CHJ\, AeHCTByroll\HX OAHOBpeMeH
HO Hd reao, He paaaa HyJUO, rOBOpJIT, qTO TdKHe CHAW He ypaa
HOBemeHId. nepBbIH 3dKOH ABlUKeHHH HLIOTOHd yrnepJKAaeT,
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'ITOAMI nplfAaHlU1 TeAy ycxopeaas rpe6yeTcli HaAll'me aeypaa
HOBemeHHOH ClIAhI, AeHCTB}'IOlI\eH na TeAO. Texas pe3YAbTlipy
IOlI\dlI cliJl.a npencraaxner C060H cyMMapHylO CHAy (CYMMY
scex eHA, AeHCTByrorn;HX 0AHOBpeMeHHO ad TeAO).

npHAYMaiITe OUbIT, KOTOpblH Mor 6bI noxesers. tITOnapa CHA
AeiIcTBHe-npOTI1BOAeHCTBHe He ypaBHOBelllHBaJOTC5I, T.K. oaa
AeHCTB}'IOT aa paamre TeAa. B03hMHTe, aanpaerep, ABa OAHHa
KOBbIX B03AYJIIHbIX mapa. HdAyHTe 0ARR H3 HHX H 3aB5I.>KHTe

era. nOAO}KHTe nrapax na eTOA H Ha6AIOAaHTe aa BceMH era

ABHJKeHIUIMH. OOBTopHTe OIIbIT C HaAYTbIM, HO He 3aBH3aHHbIM

urapox.
K Hay'lHoMy ceMIiHapy: npHrOTOBhTe AHarpaMMY, nOKa3bIBalOII\}'IO
AeHCTBHe H npOTHBOAeHCTBHe AMI 3aBH3aHHoro H He3dB5I3aHHoro

urapos. TaK}'IO KaK aa pHC. 6.4. B03AYX, HaXOAllII\HHCli BHyrpH ma
pa, AeHCTByeT ad Hero BO ncex HanpaBAeHHHX C CHAaMJ1 A. Ilpane
Al'ITe Hd AHarpaMMe BbItIHCAeHHH AJUI orrpeaexenas CYMMapllOH CR

Abl B03Ayxa, HaxOAlllI\erOCli BHyrpH mapa H AeHCTBYJOlI\ero na map.
Wap raxace AeHcTByeT aa HaxOAllII\HiiCli airyrpa Hero B03AYX CCH- .
AaMIi B. DpOAeAaiiTe Bhl'lHCAeHHlI AMI onpezexenas CYMMapHOH
CHAhl, AeHCTBYlOlI\eH co CTOPOHhl mapa, aa B03AYX arryrpn Hero.
YpaBHeHHe AMI onpenexenaa CYMMapHOH CHAhI:

f = (tt + f.j.) + (f-> + f<--)

Cyxxapnas caxa, AeHCTB}'IOlI\dlI aa 3aB1I3dHHblH map co
CTOpOHbI B03Ayxa, HaxOAHI.IJ;erOC5I aayrpn Hero, BbItIHCAHeTCH

H3 ypaanenas:

f = (tt + f.l.) + (f-> + f<--)
= (AI t + A 3.l.) + (A2-> + A.<--)

=0+0
=0

YpaBHeHHe AMI orrpeaexenna CYMMapHOH CHAh', AeHcTB}'IO
meH co CTOpOHbI B03Ayxa na He3aBH3aHHbIH map:

f = (tt + f.l.) + (f-> + f<--)
= (A, t) + (A2 - , + A 3<--)

= (A,t) + 0
=A.,t

B 3dBH3dHHOM mape HMeIOTCSI C.AeAyro:rn;He napsr eRA AeHcT

sas-nporaaoaeacraas: At/B" A2/B2, A 3/B3 H A./B•. KaK CAe-
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PUC. 6.4

AyeT H3 ypaaaeaas. cYMMapHali CHAa, AeiicTBYIDUlali co CTOPO
Hbl B03Ayxa na 3TOT map, panae HYJUO. Bce CHAhI ypeanoncurs
HbI, n03ToMY map He coneprneer HHKaKOrQ ABIDKeHH51. B neaa
DH3aHHOM nrape TaKJKe HM8IOTCH napsr ellA AeHCTBlHI-rrpOTHBO

AeiicTBHlI: A,IB" A zIB2 H A3/B3 • B 3TOM cxysae cyMMapHaH CH
Aa noaayxa, AeiicTBylOUlero na map H3HYTpH, KaK cAeAyeT H3
ypaBHeHHlI, paaaa A, t. CRAbl A, t H B,t - 3TO napa cRAAeiicT
mUI-npoTHBoAeHCTBH5I, HanpaBAeHHbIX B rrpoTMBOnOAO/KHhIe

CTOpOHhI. Ho OHH A8HCTByJOT Hd paamae rexa H II03TOMY He

ypeaaoaeunreeror APyT APyTa. Hcypannosezueaaes caxa A, i.
AeHCTByrorn;aJI na urap, 3dCTaBMeT era ABl1raTbCK B nanpenxe-
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HI1H 3TOH ClL\b1. C rtossoun-io ypaBHeHHSI AI\H CYMMapHOH ClI.J\Ll

BbI'IHCAlITe C)'MMapJfYIO ClIAY, AeiicTByTOil'\ylO co CTOpOHbI ma
pa na B03AYX BHytPH Hero, KdK M5I 3dB5I3dHHOro, TaK Ii MJf- He

3dS5I3dHHOro mapa, Ii 06'bSlCHHTe, no-rexy B03AYX BbITeKaeT 113

He3aBH3dHHoro mapa.

C60p <!JaKTOB

npeAIlOJ\.OJKHTeAbHO snepasre nap 6bIJ\. HCnOAh30BaH B KdQeCT

Be HCTOQHHKd aneprmr B I sexe HameH apsr rpesecxax HHJKe

aeposr Feponosr AAeKcaHAPHHcKlIM (20? -52?). OH 1I306peA
arpymessyro napoayro ryp611HY, KOTOpa>I apemaxect, 6AarOAa
pa npHMeHeHHIO eRA ACHCTBIHI-npOTHBOAeHCTBIHI.



npeAeAbHaSi CKOpOCTb:

MaKCHMaAbHaSi CKOpOCTb

B TeKY~eiil cpeae

KOfAd roBOpHT 0 «cB06oAHoM naaenaa», 06bPlHO HMelO'I' B BllAY 1'eAO,

lIiJAilIOll\ee na 3eMlllO. B xaxecrae npaxepa MOJKHO IIpHBeCTII lIapa
1II1OTI1cra, em;e He pacxptmnrero CBOH ITdpaIlIIOT, HAH IIaAaIO~H MwI.

B <jJH3HKe rosopsr, 'fI'O TeAOnaxoaarca B CBo6oAHoM lIilAeHHH, ecAH

eAHBCTBeHHa>I AellCTByroll\a>I na Hero CHAd - CHAdTIDKeCTIl.Ilpa 3TOM
Heo55l3aTeJ\.bHO, "lfT05w rexo ITClACL\O BepTHKa.AhHO BHH3; raasaoe, lfI'O

6hl eAHBCTBeHHOll AellCTByroll\ell na Hero CHAOll 6hlAa rpasrrrauas.
n03TOMY IIOA6poIIIeHHblll snepx M>I'I HaxOAlITCli B CBo6oAHOM lIilAe
HHH, /JjJJKe KorAa OH erne henrI' naepx, C roro MOMeHfa, KaK OH BbJJ\.e

TIlT H3 BallIHX PYK, aa Hero 6YAeT AellCTBOBaTh TOJlhKO 0AHa CHAd 
sexaoe rrplITHJKeIllie, eCJ\H rrpeuefipexs CHAOR COIlpOTIIBJ\.eHH51 B03AY

xa (CHAOll, 3dMeMliJOll\ellIIOAeT TeAa CKB03hB03AYIIIHYJO cpaay),
B 3TOM onsrre BbI Y3HaeTe. KdK BMUleT aa ycxopeaae TIdAalOl.I.\e

ro TeAa era epopMa If Bee. BbI peccxaraere TeOpeTIrqeCKM npeAeAb

Hyro, HAll MaKCHMaAbHyIO, CKOpOCTh Teha B CBo60AHOM TIaAeHHH H

CpaBHlITe ee c epaKTHtjeCKOH npeAeAhHOH CKOpOCThIO IlaAeHIHI TeAa

B 3eMHOM erxocrpepe. BbI TalOKe orrpeaexnre BAHSlHHe CIthhI A060

Bora COlIpOTHBAeHHlI (COlIpOTHBAeHHlI TeKyqell cpaasr ABHraJOll\e
MYCli B Hell TeAY) H aeca TCAa ne ero IIpeAeJlhHYJO CKOpOCTh.

C sero Ha'laTb

lfeAb: BhlJlCHHTh BAHlIHHe <jJopMhllIilAaJOll\HX TeA aa HX ycxopeaae,

Mamepuau:
2 6YMaJKHhlX <jJHJlhTpa (B BHAe KOp3I1HOK) AAlI xoqionapos
.hl1HeHKa

llOpRgOK geuClllBuii
1. Cxerxa pa30rHHTe PYKaMH xpas 0AHoro H3 Ko<jJellHhlx <jJHJlhT

pOB TaK, '[To6hl ero aepxaaii AHaMeTp CTaA na 2,5 - 5 CM 6oJlh-
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we, '1eM Y APyroro <jJllJ\hTpa. OCTaBbTe xpas APyroro <jJllJ\hTpa

MdKCHMaAbHO BepTIIKaAbHbIMlI,

2. AepJKa ITO OAHOMY<jJllJ\hTpY B KaJKAoii PYKe OTKpbITbIMH CTOPO
HdMH naepx, IIOAHIlMHTe HX KaK MOJKHO nsnue, HO Hd oNlY Ii TY
JKe BbIe0TY'. 3aTeM 0AHDBpeMeHHo orrrycrrrre HX. 3aMeTbTe. xa
KOU <jJllJ\hTp ynaaer 6blcTpee.

3. nOBTOpHTe AeUCTBHll ITYBKTa 2 He MeHee rpex paa,

Pe3YJlhlIICUllLI
<I>llJ\hTp, xpaa xcroporo He orortryna, TIaAaeT 6bICTpee.

\
\

»

PHc.7.1
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lIoqeMy?
CKOpOCTb ABHJKeHIHI reAd orrpeAeJ\5IeTC5I He TOhbKO TeM, HaCKDAbKO

6bICTpO OHO nepexentaercs B npocrpancrae, HO H B KaKOM uanpenxe
HHH. Ycxopenne - no H3MeHeHHe CROpOCTI! 3d £'AI'IHMU;y BpeMeHH.

CBo6oAHoe rraAeHue - ABfDKeI-IHe TMd, xo'ropoe OrrpeAeASleTC.SI
eAMHCTBeHHOH AeHcrnYIOIIJ;CH ua Hero CMACH - CHAOH: THJKeCTll. B
rpaBHTallHOHHOM rroxe 3eMAll (o6AaCTII npocrpeacrsa, B KOTOpOH

AeHcrnyeTCHAd rrpHTJlJKeI-lJ15I) CBo6oAHoe IIaA,eHl1e B03Ae 3eMHOM no
BepXHOCTH rrpmlCXOMIT C IIOCTOHHHhIM ycxopeaaex 9,8 M/c2. 3Ta Be

AlfqHHd H3BecTHa KdK ycxopenae cBo6oAHOro lIi1AeHHSl. OAHaKO
3eMJUI oxpysceaa dTMoc<jJepoii (csocro pona ra30BblM 0AeJlAOM, KOTO
poe oxyn.meer xaorae He6eCHbIe rexa, TaKJ.{e KaK llAaHeThI). IT03TO

My IIaA,arorn;U€ rexa CTa.JUGIBaIOTCH C MOAeKyAaMH B03AYXa. H HCIIbITbI

BaIOTTOpM035lrn;yIO CHAy, narrpaaxemryro nnepx, B03I1HKdIOrn;yIO H3

aa TpeHIUI Me/KAY 3THMH MOAeKyAaMH 11 nOBepXHOCTblO rexa. (B03
AYX - 3TO aasaaaae CMeCH ra30B B arsrocrpepe 3eMMl.) 31·d CHAd

TpeHHH naasrnaerca Ao6oBbIM conpOTHBAeHHeM (A060Boe COrrpOTJiB

AeHHe - TOPM03H~dH caaa, AeHCTByro~aH aa TeAO, ABIDKyrn;eecH B

TeKyqei\ cpene, raxoa KdK BOAdJIJ\fl B03AYX).qe,,60J\bllle IlI\O!.l1dAb no
BepXHOCTIf IIaAaIOm;ero TeAd, reM C 60AhIIlHM KOJ\lfl.!eCTBOM MOAeKyA

B03AYXd 0110 CTdAKHBdeTC5l aa 0AIIY ceK)'HAY. Ho "eM 60Abwe TdKHX
CTOAKJIOBem·H1, TeM CIlJ\bHee ..\060Boe COrrpOTHBAeHlle. C YBeJrnqCHH

eM A060Boro COrrpOTIIBJ\.eHlliI ycropelllie ITaAaIOllI,erO TeAa yvensnra
eTCH If BpeMSI, 3aTpaQeHHOe 'TeAOMna ITaAeHH8, YBe.AwumaeTCH.

HOBbie nOAXOAbl

KaK Bee B.MIHeT na yCKopeIUfC naaaronnrx TeA? nOBTOpIITe QIIbIT, He

IIOAh3Y51 OAHHOQHhIl1 Koe:peMHbIH lfJJ.I.hhTP M ABOHHoit H3roToBAeUHhIH:

H3 ABYX, BAOlKellllbIX APyr B APYTd <pMAbTPOB. no ¢opMe H OAHHO'[
IIbli\, H ABOi\HOi\ ¢MAbTP AOAlKHbI6bITb rrp"AeAbllO I10XOJKH. 3'1'0 nylK
HO MJf. Toro, l.fT06hI RbI MOfAH HCCAeA0BaTb TO.J\bKO BJ\IHIHHe neca na
IIiJAeHHe. Pa3HHIJ,a B yCKopeHIDIX MO.>KeT 6bITb onpeaexena no spesre
lIM IIClAeHH5I. 'Y.eM 60AhllIe BpeMH IIClAeHlffi, TeM MeHbIIIe ycxopemre. 11
Hao6opOT, qeM xeasme BpeMH DaAeHIDI, TeM 60AhllIe YCKopeHHe.

npHAyMai'iTe eaui co6CTBeHHblH onsrr

I. npHAyMdi\Te OITbIT AMI orrpenexenns cpeaaero spexeaa naae
HH5I 'rexa C pa3AI1l.JHbJX BbICOT. fj.;.sI onpeaexenas BpeMeHI1 na-
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AeHIHI KOepeUHhIX epUAbTpOB C pa3HbIX BhlCOT MO/KHQ HCIIOJ\.b30

aars cexynaoxrep. Ilpaxpenare CKOT'leM KyCOK 6YMafH K CTeHe
H, HaqHHd5I OT noxa, 0603HaQbTe Hd 6YMare CAeAyIDllJ;lIe BbICO~

TbI: 0,5 M, 1,0 M, 1,5 M H 2,0 M. YAepJKHBali Ko¢eftHblft ¢HAbTP
lid BbICOTe 0,5 M, HO He xacascs CTeHbI, 6pOCbTe cPllAbTP H OAHO

BpeMeHHO aanycrare ceKYHAOMep. OCTaHOBHTe ceKYHAoMep,
xoraa epHAhTP KQCHeTCH noaa. 3anUIUHTe BpeMH IIaAeHHH B Ta6

AHIJ;y 1.1. nOBTopHTe OTIbIT MlI IIaAeHHlI ¢HAbTPa CBbICOTbl 0,5 M
He MeHee rpex pas H ycpeamrre IIoAyqeHHbIe 3HaqeHHH AMI
BpeMCHH IIaAeHHlI. npOAeAaftm OIIblT, fipocax ¢HAbTP C oc
Tdl\bHbIX BbICOT.

TalinHqa 7.1 CpeAHee apeMH naAeHHH

BpeMA, C CpeAHee BpeMA, C PaccToAHHe, M

0,5

1,0

1,5

2,0

2a. Texo, CBo6oAHo IIaAaIOIllee na 3eMAIO, ABHraeTCli Cycxopenaesr
9,8 M/C2

3TO oaaa-raer (rrpa yCAOBHH, qTO MbI npenefiperaev
TpeHHeM 0 B03AYX) r tiTO CKOpOCTb IIaAdfOIJJ;ero no nanpaaxeaaro
K 3eMAe TeAa B03paCTaeT aa KaJKAyro ceKYHAY ero IIaAeHHlI na
9,8 M/C. <DOpMyAaMli BblqHCAeHHlI BpeMeHH csofioanoro IIaAe
HHlI TeAa: I ~ ..}2d/g , T.e. spexa paBHO KBaApaTHoMy KOpUIO H3
YABOeHHOro paCCTOllHHlI (BblCOTbI), AeAeHHoro aa ycxopeane
cBo6oAHoro TIaAeHHlI (9,8 M/c2

) .

I1cIIOAb3yllTe 3TY diopxyxy MlI BblqHCAemfli TeOpeTHqeCKO
ro BpeMeHH caotioanoro IlCtAeHHH Koq,eHHoro epHAhTpa C BbIeOT

0,5 M, 1,0 M, 1.5 M H 2,0 M. 3ammmTe 3TO BpeMli B Ta6AHqy 1.2.

Ta6nHqa 1.2 TeOpeTHqeCKOe BpeMH naAeHHH

PaCCTOAHHe, M BblqHCneHHoe BpeMA, C( t ~ ..}2d/g )
0,5

.
1,0

1,5 '.

2,0
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6. ECJ\H ho6oBOC conpoTHBhCHHC ABHJKCHHIO naaaiomero TCM H3

aa COlIpOTHBhCmlH B03Ayxa paBHO ero BCCy, pC3yALTHpyIDll\il5I

CHJl.a, ACrrCTByIDll\il5I aa 'rexo, 6YACT pasua HYAlO, H reAO HC 6y

ACT YCKOPllTbClL Ho TeAO HC OCTaHOBHTCll - no cyra, OHO 6YACT

lIpOAoJIJKaTb lIilAaTb C 1I0CTOllHHorr CKOpOCTblO, KOTOpaJIJ Ha3bI

aaercs npeAe.ll.bHOH CKOpOCTblO. AMI KaJKAOrr BhICOTbl cpasna

TC CPeAHCC BpCMll lIilACHHll Ko<j!errHoro cjJHAbTpa, 1I0hY'IeHHOC B

pC3YALTaTC H3McpCHHrr (Ta6h. 7.1), C TeOpCTH'lCCKHM BpCMCHCM

CB060AHoro nilACHHll (Ta6h. 7.2). OlIpCAeAHTe BbICOTY, na KOTO

poa cjJHAbTp AOernraeT lIpCAeAbHOrr CKOpOCTH. BbIpa3HTe ,ny

BhlCOTY no OTHOweHHlQ K HMelOIQHMCH OTMeTKaM BhICOTbI. Hd

npnstep, «HHJKe 0,5 M» HAH <CMelKAY 0,5 H 1,0 M». OTMemM, tITO

KaK TOAbKO cjJHhbTp AOCTHraCT cBocrr lIpCACALHOrr cxopocra, OH

60Abrnc HC 6YACT HClIhITblBaTb yCKOpCHHC. TaKHM o6pa30M,

BpCMll ero lIMCHHll 6YACT npemaurarr, pacxernoe.
3a. npHAYMaHTC OlIbIT, xoropsni MOJKCT 1I0Ka3aTb. KaK BCC BAHlleT

na lIPeAeAbHyID CKOpOCTb lIaAalOll\CrO TeM. Hanpaxep, HClIOAL

3yHTe rexa c pa3AHQHbIMH necaxa, HD rrpa 3TOM AOCTaTOqn:o Aer

KHC, 'lTo6bI OHH MorAM 6blCTpO AOCTH'lb lIpCACALHOrr CKOpOCTH.

3To MOryr 6bITb 0AHHOQHble, ABOHHbIe HA.H rpoaasrs Koq:,eHHwe
cjJHAbTpbI. Crapairrecs, 'lT06bI cjJOpMbI, a CAeAOBaTeAbHO, H IlAO

ll\aAH nonepxaocrea 0AHHO'lHbIX H ABOrrHbIX cjJHAbTpOB 6bIAH

OAHHaKOBbI. n pHKACrrTC AMCT 6YMarH K CTCHC H CAeAailTc OTMCT

KH Ha BhICOTax 200 CM H 175 CM HMnOhOM. nOAHHMHTe OAHHO'l

HhIrr H ABOrrHOrr cjJHAbTPhI aa ypOBCHb 200-CM OTMCTKH H ornyc

THTe lIX. Ilonpocara Koro-HH6YAh 3aMeTlITb, KaKOH: H3 ¢lfAbT

pOB ynMCT nepasn«. nOMeTbTC 3TOT cjJHAbTP 6YKBorr A. a APyrorr

COOTBCTCTBCHHO 6YKBorr B. 3aTCM nOAHHMHTC cjJHAbTP A na Bbl

eery 200 CM, a cjJHAbTP B - na BhICOry 115 CM. OTnyCTHTe cjJHAb

'rpsr H lIOHa6AlOAailTc aa HHMH. B03MOJKHO, o6a cjJHALTpa AO

CTHrHyr noxa 0AHOBpeMeHHO. EChH 3TOfa He CAyqHTCH, nonpo
6ywTe nOHH3HTb HAM rrOBhICHTb nepBOHaqahbHyro BbIeory

cjJHAbTpa B. Barna IlCAL - Ao6HTbCll TOro, 'lT06bI 06a cjJHAbTpa

0AHoBpeMeHHo yrraxa aa nOA. 3aIIHIlIHTe, C KdKOH BbICOTbI na
'lMOCb lIilACHHC KaJKAOro cjJHAbTpa B 3TOM cxyuae.

6. OTHOlIICHHC BbICOT, C KOTOpbIX lIMah" cjJHAbTPbl A H B H npa

3TOM oAHoBpeMeHHo AOCTHfdi\M noxa, AOAJKHO 6bITb rrpu6AH

3HTeJ\bHO paBHO OTHOIlIeHHIO HX cpeAHHX CKopOCTeH naxe
HHll. 3TO MOJKCT 6bITb BhIpaJKCHO CACAYIOll\HM 06pa30M:

hA/hB = VA/VB.



npeAeJ1bHa~ CKOpOCTb

WOCM_--'~

11SCM

,--: .: :.
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nOATBepAHTC 3TO COOTHOllIeHHe, H3MepHB apexa, KOTOpOe

rpecyerca qJHAbTpy A, 'lTo6bI ynacre C BbICOTbI 200 CM, H
<jJHAbTpy B, 'lTo6bl ynecrt, CBbICOTbI, onpenexennoa B nynxre
Za. '{To6bI orrpexexirn, cpeAHlO1O CKOpOCTb KaJKAOro q,HAbT
pa, acnoxr.syrrre ypaanenae v = dlt, rAe d - paccroamse,
rrpoiiAeHlIOe <jJHAbTpOM Iero nucora), a t - npesss, HyJKHOe
esry AM rrilAeHHlI co cpeAHeii CKOpOCTblO. CpaBHHTe noxy
xentroe ornonreane cxopocrea C OTHOIlIeHHeM BblCOT naae
HMJI q,HAbTpOB.
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C60p cjlaKToB

1. Hcaax HblOTOH nepasrsr IIOHHA, t.ITO HeypaBHOBemeHHaJI, HAR

CYMMapHaH, CHAd BbI3blBaeT ycxopenae rexa, 3aBHCHMOCTh

MeJKAY eRAoft II ycxopeaaex Ha3bIBaeTCH BmopblM 3QXOHOM

gBl1Jl(eHuR Huomoua. KaK BTOpOH: 3aKOH HbIOTOHa mapaacaer

CH MaTCMaTliLIeCKM? KaK MOlKHO 3aIIHcaTh 3TQ BbIpaJKeHHe, ec

Ali CHAOH HBMIeTCH Bee 'reAd, a ero yCKopcHHe - 3TO yCKope

HHe cBo6oAHoro IIaAeHIDI? Orner BbI MO}KeTe HaHTH B yqe6HI1
xax no epH3HKe.

2. Kaxoaa MdKCHMaAhHillI, llJ\Ji npeAeAhHasI, CKOpOCTb IIaAeHMJI

napaunoracra, J'lHTbIBdH, l.JTO OR HCTIhITbIBaeT conporanaeaae
B03Ayxa B 3eMHOH aTMoc<jJepe? '-IeMj' 6YAeT panna npeAeAhHil5l
CKOpOCTb C MOMeHTa OTKPhlTIUI napaunorat



~HepU~H:conpOT~BAeH~e

ISl ~3MeHeH~HM B npHMOA~HeHHOM

~AB~)f(eH~~

PeMHH 6e30rraCHOCTH npacreraseror B dBTOM06HAe, QT06bI OHIl

YAep1KHBaAH llaCCaJKHpOB npa BHe3dnHOH OCTdHOBKe H.hH pe3KOM

TOpMOJKefUU{ MalllHHhL ABTOM06HAh II qeAOSeK, HaxOMlIlVnicSI B

HeM, ABIDKyrCll C ONmaKOBOH CKOpOCTbIO. OAHaKO KorAa aBTOMO
6HAh 6blClpO 3aMeMHeT CBOH XOA (BHe3anHO copacsraaer CKO
pocrs], ITdCCaJKHP, He rrpHBJl3dHHhIH peMHeM 6e30rrdCHOCTH K CM·

AeHbIO, npOAOAJKaeT A1mraTbCll snepez, CnpeJKHeH CKOpOCTbIO. 3TO
CBOHeTBD TeAd rrpOAOlUKdTb ABHJKeHHe AD Tex nap, IIOKd Hd Hero He

nOAeHcTByeT KaKall-AH60 ClIJI.a, aaasraaercs IlHep~HeH. I1Hep~Hll

TaIOKe xapaxrepaayer cBDHeTBO TeA OCTdBdTbC.SI B COCTOHHHH IIO

xoa. noxa ad HHX He IIoAel%cTByeT CHJ\.d.

B 3TOM onsrre BbI BbIllOAHHTe HCCAeA,OBaHHe, noxozcee ad TO, KO·

ropoe nposex I'axaxeo faAllJl.eH (1564-1642). OH 3aHHMdACll on
peA,eAeHHeM BAlHIHH5I pa~AHqHbIX cYMMapHblx CHA Hd AIUIJKeHHe

TeA. BbI TaKJKeHaY"HTeCb onpeAeJlllTb Maccy rexa (KOJlH'leCTBO Be
urecrsej c nOMOIIJ;hJO HHepI.\lfOl-IHOrO MaHTHHKd.

C 'lerO Ha'laTb

LfeAb: IIOKd3dTh, KdK CHAd BJ\JIHeT Hd COCTOHHHe ABHJKeHl:f.SI rexa,

MamepuaA1>I
pY"Ka
60AhlIIaSl MtUeHKa

KYCOK KapTOHd 10 x 70 CM
HO>KHHIJ;bI

rpaacnoprap
CKOTtI

nrapax
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IIopJlgoK geuCIllBuu
1. COOpYAHTe AByxCKaTHYJO HaKAOHHYIO nAOCKOCTb CAeAyroU1HM

06pa30M:

• C novouuao PY"KIf If A1fHeRKIf npOBeAHTe ABe A1fHIfIf aa pac
CTOllHlf1i 3 CM OTKaJKAoro npoaoxsaoro xpaa KapTOHa.

• HaHeCHTe AeAeHHSl CdlITHMeTpOBoH llIKaAhI no ocesojt AH

Hfill xaprona.
• 3annne xpaa KapToHd no JlliHHHM, xoropsre BbI HaQepTI1J\H B

mare I, qT06bI CAeAdTb HapYJKHble 60pTHKH.

• Ha OTMeTKdX 15 CM If 25 CM CAeAaiiTe AHarolfdAbHbIe HdAPe
3bI B 60pTHKaX no o6elfM cropoaesr (CM. pac. 8.1).

• COrHHTe KapToH B xecrax Hc1APe30B TaK, tlT06hI rroAytlIfAach

AByxcKaTHd.Sl HdKAOHHd51 ITAOCKOCTb C yrAOM HaKhOHa 60".
AMI YCTORqlfBOCTIf cxpernrre xaproa B MecTax 1f3rH6a KyCOq
KdMH CKOTtId.

E 10CM )

." ... "'" ... I II • "" " ..... I" " ..... to" . , , H \ •••• , II ... ," II ..

PUC. 8.1

t
10CM

~

2. YCTdHOBlfTe AByxcKaTHyro HaKAOHHYJO nAOCKOCTb aa CTOA. C
nOMOI..IJ;blO CKOTQa IIpl1KperUITe BepXHHH: Kpaft CKdTd A- K KdKOH

Hlf6YAb BepTIfKdAbHOll nOBepXHOCTH, nenpasrep. K CTeHe. Ce
peAIfHy coopysceaas npHlcAeiiTe i CTOAy. CKaT B, B rrpanunne.
AOJVKeH CT05ITb 6e3 onopsr. GAnaKD, eCAH I-ryJKHO, MQ)KHQ HC~

n0Ah30BdTb B KdQeCTBe onopsr KHHry.

3. nOAlIeclfTe nrapax K OTMeTKe2 CMOTaepxrrero xpaa CKaTdA (B

13 CM OTero ocuosanaa].
4. Ornycrure mapax If AallTe cMY KdTlfTbClI no cxary A
5. 3aMeThTe BbICOry, aa KOTOpylO nOAHIfMeTcli IlIapHK no cxary B.

]/\cnOAb3Yll caHTIfMeTpOByro IlIKaAy, orrpenexare paCCTOliIIHe,
xoropoc urapax npOAeAaA QT OCHOBdHH5I CKdTd B AD AocTHrHY

TORIfM BbICOTbI. 3anlfllIlfTe pe3YAbTaT B Td6A1fI\Y 8.1.
6. Florrropare mara 3 - 5 qeTbIpe pasa If ycpeamrre IIOAyqeHHble

pe3YAbTaTbI.
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Cmfl1a

KHura
onopa

?>

PMc.8.2

Ta6nM4a 8.1 PaccTDRHMe

Ha~anbHaR

BblCOTa

Ha CKaTe

A(60'), CM KOHe~HaR BblCOTa Ha CUTe B(60'), CM

OnblT 1 Onur 2 Onsrr 3 Onur 4 Onsrr 5 GpeAHee

13 12 10 11 12 10 11

Pe3YAb1IlClInbl
Paccroanac, Hd xoropoe rrOAHHMeTCSl urapax, 3dBHCHT OT paaxepe
nrepaxa H nOBepXHOCTH CKaTa. Illapax aaropa rrOAHHMaACH B cpez
HeM Ha,l1 CM IIO cxary B.

ITOqeMy?
Crpyxrypa HaKJI.OHlWM IIAOCKOCTH, KOTopylO BbI IIOCTpOWI.H, ana

AOrnqHa TOM, xoropyro paaperiorax faAHAeM. OH OTKpblA, qTO ec

AM nOBepXHOCTH cKaTOB (HaKAOHHbIX nAOCKOCTeH) oxens rAi!A-
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KRe, rua?"K CKaTblBaeTCH ITO DAHOR ITAOCKOCTH: Ii nOAHHMaeTCH no

rrpon,m{TIOAOJKHOH nO'lJTH aa Ty JKe caMyro BhICOry. Tperrae na

:K..AOHHO¥ llAOCKOCTH: aaropa 6bIAO 60AhllIe, qeM y KOHCTPYKIJ;I1H

raAHAe51. 3TO cAeAyeT 113 roro, lITO nrapax aaropa lliiAdA C BhICO

ThI 13 crl a rrOAHHMdAC5I no rrpoTHBOrrOAO}KHoMy cxary Allilib na

11 eM. CrollAO TOJ\.hKO OTIIyCTHTh urapax, KdK rra Hero ryT JKe na
l.lHHdAd AeHCTBOBaTb CHAd THJKeCTH. KOfAa urapax AOCTHfaA OC

HOndHI-:ul KOHCTpyKU;WH, OH na6HpaA MdKCHMaAbHYlO CKOpOCTb,

vrnax , If rJPOAOJUKaA 6w ABHraTbCR c :noH CKOpOCTbIO, ecxa fib} na

Hero He ~eHCTBOBa.A.HHHKaKHe CHAbI. CBOHCTBO TeAd COXpdHSlTb

COCT05IH~e IIOK051 HAM paaaoxepnoro npHMOAHHeHHoro ABlfJKe

HUH
l

IToI'd Hd Hero He AeucTBylOT BHeIlIHHe CHAbI, Hd3bIBaeTCSI

HHepl\Heii. B AaHHOM onsrre npHCYTCTBOBaAH CHAht, AeiicTBylO
tuae aa jUapHK, BKAlOqall rpeaae Me>KAY HHM H KapTOHHOM aa
KAOHHoi\nAOCKOCTblO. KorAa urapax nOAHHMaAcll nsepx ITO APY
rOMy cKary, CHAa TSDKeCTH Ta~HAa ere BHH3, QTO BhI3bIBaAO sa

MeAAeHHe ero ABHJKeHHll (YMeHbllleHHe CKOpOCTH B eAHHH~Y

BpeMeHH)' 3aMeMeHHe TaK>Ke Ha3htBaeTCll OTpHl\aTeAbHhtM YC

KopeHHer!·

HOBbIe nOAXOAbl

Flpa Y"lellbllleHHH yrxa MeJKAY CKaTOM B H ropH30HTilAhHOM ITO
BepxHocTPIO 3aMeAJ\llIOll.\1lllCHAd, AeMCTByroll.\all ita urapax, yxeas
uraercs. ~aK yxensurerrae 3aMeAMIlOrn;eH CHAbI nonxaser aa pac
CTOSlHHe, coropoo npoiiAeT nrapax. nOAHHMallCb no CKaTy B? OT
aert.re lIB 3TOT sonpoc, norrropaa omrr TpM paae, YM€HbllIaH yrox
CKaTa B AO 40', 20' H 0'. ECAH norpeoyerca, cAeAaMTe cxar B 60Aee
AJillHHblM. Ha OCHonaHIUi seurax pejYAbTdTOB 05'bRCHHTe, qTO npa

BeAD raAH,\-€5I, npozexanurero nOXOJKHH OIIbIT, K BhIBOAY, QTO B OT

cyrcrane 1peHHH MJ\.H IIOA'beMa no HaKAOHHOH IIAOCKOCTH mapax

ABHrClAC5I ChI BeQHO.

npl1AYMaihe BaW C06CTBeHHbl1l onsrr

la. Maced - :lTD KOhlPleCTBO acmecrse. COAepJoKam;eroc51 B TeA€, 11
Mepa erG HHepIJ,I1H. LJeM 60AbllIe Macea rexa, TeM 60AbllI€ era
HHepuyl.5l. (Bemecrao - 3TO cy6CTaH~IUI,H3 KOTOpOH COCTOHT

qnl3:WICCKoe rexo: nee, qTO 3dHHMaeT onpenexenaoe npOCT
paHCTB~ H o6AilAaeT MaccoM.) DpHAYMaMTe cnocoo onpeaexe-
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HIUI MaCChI 'rexa nyrcM H3MepeHIUI era JH-ICPll,HIL MO>KHO, ua

npaxep, CKOHCTpyHpoBaTh H OTKaAI16pOBaTb HHepU;UOHHbIU

MaSlTHHK, HHCTPYMCHT, KOTOphIl1 orrpexenaer Macey, ncnoxs
3YR nepUOAHQeCKOe ABH.>KeHHe (ABH)KCHHe TeAd, rroAo6Hoe xa

1.JdHIHO B3B.A-BIIcpeA. IIOBTopmOIll,CeC51 B AI060H paBHhU1: npo

Me*yroK BpeMCHH). TaKOH HHCTpyMCI-IT MO)IUIQ nOCTpOHTb 1-13

TOHKoro HO)KOBOl.JHOrO nOAOTHd H xoner. YTo6bI He nopeaars

C5I, 3aMOTaihe 3y6MI nOAOTHa KyCOl.JKOM M30AeHTbI. 3aTCM npn

KpelIIiTC rrOAoTHO CKo-rqeM K KpOMKC (TOAd. 3arrOAHI1TC nycroa

IIAaCTliKOBhIH 60l.JQHOK H3-nOA 35-MM cPoTOIIAeHKll IIAdCTI1I\.l1

HOM npWMcpHO lid DAllY QCTBep1:b. CAcAaHTe TdK, 1.JTo6bI IIAdC

THAI1H He BhlIlaA;aA 113 60l.JOHKd Ii era IIOBepxnOCTb 6bIAa 6bI OT

HQCI1:TCAhHO fAaAKUM:. Flpaxpemrre 60l.l0HOK CK01'tfCM K CBO

6oNIOMy KOHU;Y HO)KOBOQHorO nOAOTHa. BAO>KI1Te B 60l.J:OHOK

BaTHhIll TaMITOH. OTKaAH6pyH:Te )ld5lTHHK (HO>KOBOl.J:HOe noxor
HO + 6o-YOHOK). HCnOAb3Y51 rrpeAl\Ie1', nee xoroporo H3BeCTeu,

aanpavep. srone'ry,
Bna-raxe onpenexnre apexs 25 KOAe6aHHH 6e3 rpY3a B 60

qOHKe (6e3 MOHeT). 3aKpoiiTe 60qOlIOK Kpl.lllIeQKoH. 3aTeM aa

CTaBbTe Ma5lTHlfK KOAe6aTbcSI (KaqaThOI TyAa-cloAa), OTT5IHyB

If oTnyCTI-IB ero. /1.MI roro tlT06hI orrpeAeAI1Th BpeM5I, 3d KOTO

poe Ma.HTHIfK cOBeplllJ:fT 25 KOAe6aHlu1:, HCIIOAh3YHT€ ceKYHAo

Mep. Hal.J:HHTC OTcqeT BpeMcHH KOAe6aHI1H cpaay )Ke nOCAe

'roro, KdK ornycrtrre Ma5lTHHK. OAlIO KOAe6aHH:e - 31'0 MaKCH:

MaAhHoe OTK.l\.OHeHMe 60tlOIlKa Ii ero B03BpaJ.IJ;eHl1eB nepnona

qaAhHOe IIOAOJKeHlie. BbPUiCAHTe rrepnos, (T) - BpCM5I, KOTO

poe rpeoyercs KOAe6AIO!l1eMycll TeAy AA5I coaepureuua OAllO

ro KOAe6aHIISI (QTo6b1 KaQH)'Tbcll anepen II lIa3ilA) - no epop

MyAe:

T = nepnon (Bpe"'"/QHCAO KOAe6aHHH)

Hanpasrep. eCAH 25 KOAe6aHHH coaeprnaerca aa 10 c, TO rre

paoz, COCTaBA5IeT:

T = 10 c/25 KOAe6aHHH = 0,4 c/xoxeoanae

3alIHlIlHTe nepaon B Ta6AHlje 8.2. DOBTopHTe orn,n QeTblpe paaa

11 ycpeAHHTe pe3YAbTaT. 3aTeM nOAO)KHTeB 60QOHOKOAHy MOHeTKy

H 8HOBb nOBTopHTe OTIbIT. Ilonropsirre ero, Ao6aBA5I5I no OAROM MO

HeTC H KaJKAblH pas OrrpeAeA5151 nepaoz, Bcero I1CrrOAh3yRTe AeOITh
0AI1HaKOBhIX MOHeT.
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~YOb~ ~O>KO&KU
nOKpblmbl U~Ael1mo(i

) )

PUC. 8.3

Ta6nM~a 8.2 OnpeAeneHMe MHep~MM

'lMcno MOHer nepMoA (D, c

Onsrr 1 Onur 2 Onsrr 3 Onsrr 4 OnbiT5 CpeAHee

0

1

10

6_ C nOMOIIJ;blO 5blTOBbIX BeCOB onpezexare sec B rpaxxax DAHOR
MOHeTbI, HCll0Ah3ycMoH Ba.:.'1H. Aursroro B3BeCbTe sraccy lOOoAH·
HaKOBhIX MOHeTIi pa3AehlfTe ee aa eTG. Hcnoxsayare noxyxea
Hoe 3HaQeHl.re MaCChI 0AHOH MOHeTbI, tIT06bI paCC'YHTdTb xaccy

AllYX, rpex H T.A. MOHeT(AOAeCllTH).ANI KaJKAOfr MaCChI nocrpoji
Te rparpax 3aBHCI1MOCrn «sracca - rrepaoe,». Or'i\OJKHTeMdccyrro

rOpH30HTilAhlIofr OCH x, a nepaoz, (1] - no BepTHKilAhHofr OCH y.
B. Maccy APymx TeA, aanpavep. MOHeT HHOro AOCTOHHCTBa HAlf

MeTaAMPleCKMX UldMB, KOTOpbIMH BbI 6YAeTe 3anoAHSITb Balli

60'l{OHOK, MOJKHO onpeaexars. H3MepHB BpeMH 25 KOAe5aHHH H

BhIQHCAHB nepaon (1]. no HafrAelIHoMy rrepaozy aa rpadiaxe
«xacca - nepaoa», nocrpoennoss B IJyHKTe 6, HaflA,HTe Maccy
nosoro COAepJKHMOrO 601IOHKd.
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r, MO>KHO OnpeAeAllTh xaccy rexa ApyrHM crrOC060M - HCrrOAb

30BdTb 3aBHCHMOCTb MeJKAY MdCCOH a nepHOAOM, KOTOpaH Bhl

pa>KaeTCJI ¢OPMYAoii:

m1lm2= T/IT/

B:ITOii <!J0PMYAe ml - MaCCa, KOTOpytO CAeAyeT HaiiTH, a m2 
H3BeCTHdJIMacca (MOHeTl>!). T1 H T2 - nepaoasr, COOTBeTCTBy

lOUJ;He 3THM MaCCdM. AMI onpeaexeuaa HeH3BeCTHmi MaCChI

3TY <!JOPMYAy MO>KHO Bblpa3HTh CAeAytOIl\HM 06pa30M:

mt = mz x T/ + Tl

C60p c!laI<TOB

no ChOBaM Hcaaxa HbfOTOHa, faAlL\eii 6hIA 0AHHM as MHOmx BeAH

KHX yseasrx, BAOXHOBHBlUHX em na C03AdHHe 3aKOHOB ABH>KeHHH.

HhlOTOH OTKpbIA TPH 3aKOHa ABH>KeHHJI. OepBblH H3 HHX - 3aKOH

06 anepuan. KaK rrposnxser ce6J1HHepI1IiJ1, eCAl\ TeAOHaxOAHTCJI B
COCTOSlHHH IIOKOH? KaK anepnaa Bl\l'UIeT Hd aanpaaxeaae Ii CKO

POCThABH>KYIl\erocJI TeAa? Ilonporiyare HaRTH 3TH OTBeTI>! CaMH B

yqe6HHKax no <!JH3HKe.



Bpa~aTeAbHoe ABH>KeHHe:

Bpa~alO~HeCSI rexa

Ilpa Bpalli:eHIiIi TeAO apanteercs soxpyr HeKOTOpOH OCIi, xoropas
rrpencrasxaer C060H noofipaxcaeeryro AIiHIiIO, npoxonmuyro '1epe3
QeHTp rexa. 3Td oci, MO.>KeT 6hITb pcaxsnoa, nenpar-rep. BaA xoxeca
dBTOMo61I.lUI, MAli MHH-""lO:Hr KdK. aarrpaxep. oci, y spamaromerocs
MHqa HAlf o6pyqa. ECAH TeAD KdnlTCH no HdKAOHHOH llAOCKOCTH

HAl1 lID rOpH30HTaAhHOH: IIOBepXHOCTH1 QHQ npameerca BO~~yrPCH,
a CdMd OCb nOCTyIIdTeAhHO neperaernaerca H3 0AHoro MeCTa B APY
roe. MeXdHWIeCKdH 3HepnUI - 3TD AH60 3HeprW5I ABHJKeHH5I rexa,
AR60 snepraa era COCT05IHIHI, 113 xoroporo TeAO MQJKeT HdlldTh ABH

)IWHile. Y Bpa~alOm;I1XC5I TeA qaCTE. HX MeXdHI1"\.{eCKoH aaeprmr
ofiycxonxena nparueaacx.

B 3TOM OIIbITe BbI cpaamrre xexaaasecicyro sneprmo apama
IOlll,HXCH TeA, HMelOlll,I1X pa3AHQHbie 4JOPl\ihI - uiepon peancro
peaxepa, B TOM lineAe nOAbIX Ii cnxotuasrx: ~MAHHAPOB If o6py
qeH - IIpH ABIDKeHHH I1X TID I1aKAOHHbIM H I'0pH30HTaAbIlbIM IIAO

CKOCTHM.

C 'lerO H3'l3Tb

LJeIlh: orrpenezorrs, KaK BAlillIOT paaerepsr ASYX npamarounrxca no
HaKAOHHOH IIAOCKOCTH urapos Ha HX ~exaH1P·.J:eCKYIOsneprmo.

MamepuC1J>1,l
2 MJill 3 KIIHI'H

KYCOK TDCPAOrO xaprone 30 x 90 CM
(Pa3MepT.I He HMelOT cymecrnermoro 3Hal.J:eHHH; MO>KIIO HCIIOAb30

BaThAOCKY IIOAXOAllIl\erO pasxepa.)
6aHHoe IIOAOTeHu;e

MapKep
AHHeHKa

2 CTeKAllHHhIX mapaxa pa3A1i'lHhIX PaAHYCOB



TIOpRgOK geacnlBua
1. nOAOJIUITe KHHrH rPYAOH na nOAY H coopYAHTe HaKAOHHytD

llAOCKOCTb, paCnOAOJKHB KyCOK KapTOHd KOpOTKHM KOHI.J;OM na
KHllrax.

2. PaCT51HHTe noxorenue aa noxy y OCHOBdHHSI KapTOHHOH aa
KAOHHOH llAOCKOCTH, 3To nOMOJKeT 3dTOPM03MTb utapsr, KorAd

OHM OKaJKyrc.H na noxy,
3. C nOMOII1hlO MapKepa nexeprare AHHHIO rronepex xycxa xapro

na na peccroxnaa 10 CM OT ero sepxaero KOHI1a. npHAO>KHTe
Y3KHH Kpait hHHeHKH K 3TOH sepre H paaxecrnre urapaxa BbI

me .MIHeHKH.
4. nOAHHMHTe AHHeHKY. nycrs IIIapHKH CKanITClI BHH3. Flponefi

AJOAaliTe, KaKoH H3 IIIapuKoB nepBhlM AOCTHrneTnoxa.

:..

,', .

....

Pe3Y/llJIlQI1/hl
WapHKH AOCTHralOT noxa OAHOBpeMeHHO.

'UHU~

H3raccm~Huu
10 CM Om Kra~

PHc.9.1

TIOqeMY?
3Heprnll - 3TO cnocoriaocrt, K COBeprneHHIO pa50Thl. TIoTeHllH
dAbHall aaeprna (TI3) - saeprna, aanacennaa TeAOM 6AarOAapll
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era rroxoxcemno B rrpOCTpaHCTBe l1AH YCAOBHSIM, B KOTOpbIX OHO Ha

XOARTCH, Texa npaoriperaror rrOTeHL\HaAbH)'lO aaeprmo nocxe TO
ro, KaK CHHMH6blJ\a coacpureaa peoore: rranpawcp, rrOAHlIJ\ll MaJ<T
HHK HAll OKaAlf rrpy"'HHy. TeM, 06AMalOlI.\He rrOTeHL\HaAbHOii
3Hepmeii. MOryT COBepIllHTb peficry.

I'onopar, xro TeAD, IIoAHSIToe Haft, aexoropsnr npOH3DOAhHhIM

ypOBHe:M, na KOTOpOM era IIOTeHQH:aAhHaH 3HeprHH npHHHTd pas
HOM HyMo, 06AaAaeT rpaaarauaonaoa nOTeHQJfaAbHOH .3HeprneH.

KHHeTH"eCKall 3Heproll (K31 - aaepras, npaoopereanea TeAOM B
pesyxsrere era ABH>KeHlul. A,Mr 'roro tIT06bI OIIHCaTh KHHeTH"tfec

xyro aaepnno TeAd, HMo paCCMOTPeTb CIIoco6 era ABH)KCHIHI. KH

HenflleCKaH snepraa TeAd, xoropoe y-racrnycr B nocryrrareasnosi
ABluKeHKH (ABHJKeliHM, npn KOTOpOM nerrrp Mace TeAd nepesreuia
eTClI rrpllMOAlfHeiiHO H3 OAHoii TO'lKH rrpOCTpaHCTBa B APyryro) , lIB
MeTe» sneprnea rroc'ryrta'rexerroro ABHJKeHHSI. Bpa~eHHe - 3TO

KpyroBoe ABIDKCHHe rexa noxpyr csoea oca, a coOTBeTCTByroIJJ;all

KHHeTHQeCKaSi aueprna na3blsacTcH 3HeprHeH epamarexsaoro
ABHJKeHHSI.

MeXaHH'IecKaSl aneprna (EM) - 3Hcpmll ABMJKeHMlI. 3TO anep
rHJI rene, xoropoe AM60 AIH1TaeTCSI, JUf60 HMeeT IIOTeHLJ;HaA ABHJKe~

HHSI. ITOAHaJI MeXdHIP-leCKilll aaepraa eCTb CYMMa noTeHlJ,llaAhHOH Ii

KMHeTM'IeCKOii aaeprna TeM, 'r.e. EM = K3 + IT3. Hanepxy Hd
KAOHHOH IIAOCKOCTH o6a nrapaxa HMCIOT 0AHHdKOBYJO o6~YIOMC

XaHHQeCK)'lO 3HepmIO. B HAeaAbHblX yCAOBMlIX, eCAif 6bl He cynic
CTBOBaAO nOTepJ1 3nepI'HH BCAeAcTBHe conpoTHBAeHlI51 B03Ayxa

HA.H KaKoii-HH6YAb APyroii Cl{Ab1 TpeHHlI, MeXaHH'IeCKaJ< srrepras
urapaxos CoxpdHHeTC5I. 3TO 03Udl..J:aeT, \.fTO MaKCHMaAbHa5I MexaHH

QeCKd5I oaepras KaJKAOro nrapaxa nasepxy HaK.J\OHHOH: IIAOCKOCTII

paaua era MaKCMMaAhHOH MeXaHHT-leCKOH snepran y OCHosaHlHI na
MORHOH IIAOCKOCTH. Haaepxy HdKAOHHOH IIAOCKOCTI1 K3 mapHKOB

paaaa ayxro, T.e. OHli 06AdAdIOT TOAbKO rpaaarauaonrron IIOTeHIJ;H

aAhHOH snepraea, rn3. no xepe ndAeHH5I C HdKJ\.OHHOH IIAOCKOCTH

BbICOTd llIapHKOB YMeHblllaeTcSI, a HX Bpall.\aTeAbHaSI lyrxoaaa!
CKOpOCTb (CKOpOCTb nOBOpOTa rexa BOKpyr OCM) H CKOpOCTb npa
MOAHHeHHoro ABH:>KeHHH (CKOpOCTb TeAd, yuacrsyromero B 1I0CTy~

ndTeAhHOM ABH>KeHHI1) B03paCTaIOT; TdKHM o6pa30M, K3 mdpHKOB

B03paCTaeT, a I1X [13 yMeHbllIaeTcSI AO rex IIOp, IIOKa BHH3Y, na Hy

AeBOM ypoBHe, IT3 He 6YAeT paana HyAlO. 3Ta 3aBHCHMQCTb Me>KAY
K3 H D3 Hd3bIBaeTCSI 3aKOHOM coxpaaenaa MeXaHHtfeCKOH srrep-



Bpauiarensaoe ABH)I(eHHe: epauiaoumecs rena 73

rHH. ECAH AdJKe CTeKAHHHbIe nrapaxa RMelOT pasasre pa3MepbJ,

OlIH AOCTHralOT OCHOBdHM.sI HdK.l\.OHHOH llAOCKOCTH 0AJIOBpeMeHHO.

3TO 03HaQaeT, tITO pesxepsr He BJUunOT Hd BeAlItIHHy- MeXdHlfl-Iec- '

Koil aneprau.

HOBbie nOAXOAbl

KaK COOTHOC5lTC5l APyr C ApyrOM CKOPOCTH rrocryrrarexr.aoro ABH

JKeHH5l TeA, HMelOI!1HX pa3AIf'lHWe <j>0PMW? OOBTopHTe HCChBAOBa

HHe, HCIIOAb3Y" TBAa pa3110H <j>OpMhI: .

• AHCK (CITAOillHOH llIfAHHAP); 3TO MOJKeT 6brrb, HaIIpHMep, sa

xpsrraa KOHCepBHali 6aHKa HhIf ApyrOH IIpeAMeT, HMelOUlHH

<j>OpMy cTep.JKH5l;

• o6py'l (IIOALIH I~HAHHAP); B Ka'leCTBC Hero BhI MOJKeTe B35lTb

OTKpbITYIO KOHcepB"Y!O 6alIKy, YAaAHB y nee o6a AHHI!1a,

IfAH KapToHHyIO Tpy6y.

/'0JI KaJKAOrO OIIbITa HCIIOAb3yHTe ABa TeM pa3AHQlIOH <j>OPMbI,

IIarrpHMep, CIIAOIIIHOH H IIOAbIH QHhlfHAPbI, IIO pa3HhIX pessrepon.

npllAYMaiiTe aaur C06CTBeHHblii onsrr

la. B nepBOHa1.J:aAbHOM ?ITbITe nrapsr OTAHQaAHCb MaceOH H paa
MepOM, HO HMeAH 0AHHdKOByro CKOpOCTb rrocryna'rexsaoro
ABHJKeHHlI. OpHAyMaHTe CIIoco6 IIpOBepHTb BAlfllHHe TOAbKO

GAROrO H3 3THX epaKTopOB. narrpanep, MaCChI, na CKOpOCTb

nocrynarexsaoro ABHJKeHHJl. Y6eAHTeCb, qTO eAIIHCTBeHHbIM

pa3JHIQ»eM AByx TeA .sIBJUIeTC.R HX Bee. (3aMeTbTe, lITO Hd 3eM
Ae sec rexe nponopuaonaxcn era Mdcce.) Hanpaxep. MQ>KHO

B3HTb ABe KOHcepBHbIe 6aHKH oxnoro paanepa, HO paaaoro
seca. (BM MOJKeTe acnoxr.aonari, MaAeHbKHe nycrue nAaCTH

KOBbIe 6aHOlfKH co CbeMHbIMH KpbIIIlKdMH, xoropiae MO}KHO

HanoAHSITb pa3AUQHbIMI1 TBepALIMH neIlJ,eCTBaMIi B xaxecrae
rpy3a, uarrpaxep, caxapcx lIAIl IIAaCTHAHHOM.) I1CnOAb3yll

HaKAOHHylO IlAOCKOCTb H rrOBTopHB AeHCTBHH ncpaonasexs
aoro OUbITa, cpemnrre CKOpOCTIf nocryrrarexsuoro ABHJKeHlfH

ABYX TeA.

6. nOBTopHTe onsrr, HCIIOAb3Y5I urapsr pa3AHQHOrO paaayca, lIO C

DAHan H TOR >Ke MaceoR, nanpauep, 60AhIllHe CTeKASlHlIbie H

MdheHbKIle MeTaAhHQeCKIle c<j>epLI OAlfHaKOBOH MaCChI.
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2. KaK CKOpOCTH nocrynerexsaoro ABWKeHHH TeA C IIOXOJKHMH

q,opMaMl1, HO C pa3AH'IHhIMl1 paaxepaxa COOTHocnTcn aa ropa

30HTaAhHOH lIAOCKOCTHl KaK CpaSHHTb 3TH CKopOCTl11 Hanpz
Mep, MOJKHOHcnOAh30SaTb nrapaxa pa3AH'IHOra paaseepa. Flpa
AyMaifTe, KBK TOAKHYTb urapaxa snepez, C OAHHaKOBOH CliAOH.

npOII1B BCBro nOAOJKl1Tb HX nepea KaKOH-HH6YAb ABrKOH KOpO

60'lKOH H II1BAKH)'Tb no HeH naAbI\BM.

3a. TBAS nOXOJKI1X q,OpM 6YA)'T cxersrsersca no HaKAOHHOH IlAOC

KoeTH C DAHOR H TOM JKe CKOpOCThIO IIOCTYTIaTeAbHOrO ABMJKe
BUR. KaK MO)KHO cpaamrn, CKOpOCTH nocrynerexsnoro ABHJKe

Hl1n y TeA C pa3AH'IHOH q,opMOHl npliA)'MaifTe onsrr, 'IT06bI

CpaSHHTb 3TH CKOpOCTl1 Y ClIAOlliHOH crpepei, AHCKa l1 ofipyxa,

Hanpaxep, MOJKHO rrycrars HX KanITbCH B 0MID H TO JKe apesrs,
a 3aTeM CpaBHlITh CKOpOCTH IIocryIIaTeAhHOrO ABHJKeHIUL

MOJKHO He H3MepHTb CdMH BeAl{qHHhI CKopOCTeHj a BMeCTO 3TO

ro npocro cpasmrrs APYT C APYTOM. nYCTb CKOpOCTH nocryna

rexr.iroro ABl1JKeHl1l1 rpex TeA 6YA)'T I, 2 l1 3, npa 3TOM 1 - Ha

HMBHbllIali CKOpOCTb. 3anl11lIl1Te nOAyqeHHble pesyxsre'ru D

Ta6AHI\Y 9.1.

Ta6nM~a 9.1 3Ma~eMMA CKOpOCTM nocTynaTenbHoro ABMIKBHHA

CllopMa CKOPOCTb nocrynaTenbHoro ABMIKeHMA

OnblT 1 OnblT 2 OnblT 3 OnblT 4 Onsrr 5 CpeAHee

CnnOWHaA
cospa
,Q~CK

06py~

6. KaK BalliH 3KcnBpHMBHTaAhHhIB AaHHbIB Mil CKOpOCTH nocry

naTBAhHOra ABl1JKBHHlI ClIAOlliHOH cq,ephI, AHCKa H o6pyqa co

OTHOClITClI C COOTBeTCTByroII1l1MH TBOpBTH'IBCKHMI1 BBMI'IHHa·

MI11 OnpBABAliTB MaTBMaTl1'1BCKI1 CKOpOCTI1 nocrvnerexsaoro

ABI1JKBHl1l1 Mil KBJKAOra H3 3T11X TBA C nOMOII1blO ypaBHBHI1H,

npl1BBABHHhIX B Ta6AHI\B 9.2. CpaBHI1TB BbI'II1CABHHbIB BBMI'II1

HhI C BallIl1MH 3KCnBpl1MBHTBAbHhIMH AaHHbIMH. B KBJKAOM

ypaBHBHHH v, - CKOpOCTb nocrynaTBAhHOrO ABl1JKBHHn, g 
yCKOpBHl1B caoeosaoro nBABHHn (9,8 M/c2) l1 h - BWCOTa Ha·

KAOHHOH lIAOCKOCTH D MBTPax.
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Ta6nMqa 9.2 <llOpMyn&1 An~ CKOpOCTM nocTynaTen&HOrO ABMlKeHM~

<llopMa <llopMyna, VI =CKOPOCT& nocrynaTenbHoro
ABHlKeHH~ (M/c)

C¢epa (cnnowHaH) v, =1,2#

AI1CK (cnnowHo~ 411nl1HAP) v, = 1,15#

06py~ (nonbl~ 411nl1Hl\p) v, = #

4. KaK aa CKOpOCTb nocrynarexr.aoro ABH>KeHIUI TeAa, CKaTbIBaJO
nieroca BHH3 JIO HaKAOHHOH flAOCKOCTH, BAHHeT pacnpezexe
HHe MaCCbI OTHOCHTeAbHO era OCll? npHAYMdHTe cnocof onpe

AeAJITb BAH.5IHHe aroro pecnpenexenna Hd KHHeTJ.iqecKYIo

aneprmo upeutarexutroro AB1"KeHHJI. AM< sroro HYJKHO pesxe
CTl'ITb rpyasr Ed pa3HbIX paCCTOHHIUIX OT Dell rexa, MOJKHO, aa

npHMep, BOCnOAb30BaThCH ABYMSI 0AllHaKOBhIMH 6aHKaMH co

C'bCMHblMH KpbIllIKdMll.

A

oaHKU

B

A

PRe. 9.2
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C nOMOl1\bIO TOHKOft nOJlOCKH KJl.eftKoftAeHTbl 3a<!>mccHpyJITe
IUITb MeTaJIhH'IeCKHX IIIaft60'IeK aa ARe 6aHKH no ee rrepaxerpy
H nsrn, IIIaftOO'IeK - no BuyTpeHHeMy KpdIO KpblIIIKH. 3aTeM

yAO>Kll"l'e APYTna APYTa nsrrs waft60'IeK H npHK.I\.eftTe ax KJl.eft
KOft AeHToft K u;eHTPY AOHblWKaAPYTOft 6aHKH. TdKHM JKeoopa
30M CAOJKHTe eme nllTh waft60'IeK H npHKJl.eftTe ax Ku;eHTpy
sayrpeaaea 'IaCTH KpbIWKH :>Toft 6aHKH. 3aKpoftTe 06e 6aHKH

CBOHMH KpblWKaMH. HcnoAb3Yll MeTOAHKY npeAbJAYll\ero onsrra,
cpanaare CKOPOCTH nocrynarexsaoro ABHJKeHIDI ooeHX OaHOK.

C60p <j)aKTOB

1. <I>OPMyhd /VI5I Bbl'IHCAeHHlI CKOpOCTH nocrynarexstroro ABHJKe
HHlI KaTlIl1\HXCJI TeA pa3AH'IHbIX <!>OpM aJlreOpaH'IeCKH BbIBO
AmClI H3 <!>OpMyAbI nOAHoft MeXaHH'IeCKoft snepraa. nOAHdJI
MeXdHHtIeCKasI saepras rexe, naxoxauteroca na HeKOTopOH BhI~

COTe ornOCHTeAbHO YCAOBHoro rryxenoro ypOBHlI. panne CYMMe
KHHeTINeCKOH aaeprna I10CTyTIaTeAhHOro ABHJKeHHR, KHHeTIl

qeCKOH anepraa apautarexsaoro AlHIJKeHliH If rpaBHTaIJ;HOHHOH

nOTeHl..(MaAbHOH 3HCprHH. KdK BblrAHAHT aAre6paHf.leCKH mapa
JKeHHe/VI5I KaJKAOro H3 3THX BHAOB 3HeprnH?

2. CKOpOCTh nocrynerexsaoro ABHJKeHHlI spemerouteroca Tehd
3aBHCHT OTTOro, CKOAbKO KHHeTH'leCKoft 3HeprHH pecxoayerca
na ero spemenae. 31:0 xepe KHHeTH'leCKoft 3HeprHH spenra
TeAbHOrOABHJKeHHlI, KOTOpdJI CBlI3aHa C HHepU;Heft. "-ITO TaKOe
HHepU;IDI Bpal1\eHIDI? KaK OTAH'laeTClI HHepU;HlI spanreuaa TeA

pa3AHQHbIX epOpM, B xacrnocra. TeX, C KOTOPblMH DbI rrpOBOA"·

All HCCACAOBdHHe B ::nOH rAaBe?
OTBeTbi Ha 3TH sonpocsi COAepJKaTClI B yqeoHHKax H cnpa

BOtIHHKax lID !PH3HKC.



~HepUHSI Spal1l.eHHSI:

COnpOTHSAeHHe H3MeHeHHSlM

so Spal1l.aTeAbHOM ASH>KeHHH

J1Hepn;H.H - 3TQ CnOHCTBO rexa COXpaHHTh COCTOHHHe noxoa HAH

conpOTHBMITbCH AI06hIM H3MeHeHIHIM B COCTOHHHH ABHJKeHIUl, no

xa ne TeAO He 1I0AeHcTByeT BHemHSUl CHI\d. Bee rexa, HaxOMITCH AH

OHH B rroxoe HAll B AalUKeHHH, 06AilAaIOT HHepI1HeIT. HHepl1ID1 apa
m;eHHJI - CBOHCTBO TeAd COrrpOTIiBMITbC5I M06h1M H3MeHeHHSl~1BO

upamerexsnoss ABHJKeHHH. HarrOMHHM. xro spemereasnoe ABIUKe

HHe npescraaxaer C060H ABH:>KeHHe TeAd aoxpyr HeKOTopOH OCM.

B 3TOM onsrre BbI H3MepHTe aperuaronraa MOMeHT, Tpe6yeMblIT
AiUI rrpeoaoxeuns HHepl1HH Bpall\eHml TeAa. H3yqHTe, KaK naep- .
I1HlI spauteaaa 3aBHCHT OTPaAHyca TeAa. A raxzce HccAeAyeTe BAH
HHHe paCnOAO)f(eHIDI neirrpa Mace lid HHepIJ,HIO BpaI.IJ;eHHR.

C 'lero Ha'laTb

LIeu.: 1f3MepHTb spemerouma MOMeHT, KOTOpblIT rpeoyerca AiUI
npeOAOAeHHlI HHepl1HH Bpall\eHHlI TeAd.

MamepuQAhl
1 pyAOH HOBOH xaccosoa AeHTbl

crepxcem, C pesxepaxa 0,94 x 90 CM
KyCOK flAilCTHAllHa paasteposr CMlI'l AiUI rOAb¢a
20 - 25 He60AblllHX cxpenox

flOPJlgOK geilCDIBuu
L HaAeHbTe pyAOH KaCCOBOIT AeHTbI Hd crepxcens. Flyers 3TO 6y

AeT pyAOH A.
2. Pa3AeMITe IIAdCTllJU:IH Hd ABe qaCTH H C HX IIOMOIIJ;hlO 3dKpeIIH

re CTepJKeHb na CIIHHKax ABYX cryxses.
3. DplIKpeIIIITe cKpenKy K KOHl.\Y 6YMd)I{HOIT AeHTbl.Pa30rHHTe BTO

pyro cxpenxy TaK, 'ITo6b1 OHa HMeAa ¢OPMY KpIOqKa, If COeAHHH
re ee CnepBOITCKpenKOIT na 6YMd)l{HOMpyxono (CM. pHC. 10.1).
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PMC. 10.1

4. BeWaHT€ lid KPJOqOK ITO OAHOH cxpcnxe. TIOKa pyAOH ne na'IHeT
pecxpy-rnnarscs. 3anHlIIMTe B Ta6Alll\e 10.1, KaKOeqHCAO cxpe
nOK n01'pe60BilAOCbM" Taro, 4T06b1 pyAOH npaotipex HyJKHbIH
spamaromaa Mo~eHTM Hd"tfdApacxpyxasarsca.

Ta6nKqa 10.1 I1HepQMA BpallleHHA

TenD '1Kcno CKpenoK

OnbIT 1 OnblT 2 OnblT 3 Onsrr 4 On biT 5 CpeAHee
Pynoa A

Pe3YAhlnC111lbl
LIneAO cxperrox 6YAeT MCH5ITbCH B 3aBHCHMOCTM OT MHOfHX epaK·

TOpOB, nanpavep, 01' peasrepe H neca 6yMaJKHOH AellTbl. ABTOPY
norpeooaaxocr, 18 cxpcnox, l{To6bI ee pyAOH Hallah pacxpyxa
BaTbC5f.

[JoQeMy7
HHepU;HSI Bpa~eHH.H 3TQ CBDHCTBD rexa corrpOTHBA5IThC51 AID·

6bIM H3MeHeHH5!M npantareasnoro ABIDKeHIUI (noaopora soxpyr
OCM). ECAHHHep~H.H npaI.IJ;eIlH.ff noxomnerocs T€Aa n€AHKd, rpetiy-
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eTCH t)OAhWOH: Bpa~alO1lJ,HHMOMeHT, tITo6bI IIpHBeCTH era BO apa
II\eHHe. BpaII\alOII\HH MOMeHT - 3TO noaopexaaaroutee yCHAHe,
rrpHAO>KeHHOe K rexy H CTpeMH~eeC.H 3dCTdBHTb era BpaI.IJ;dThCH.

BpaII\alOII\HH MOMeHT pasen npOH3BeAeHHIO CHAbI aa AAHHy nep
neHAHKyNlpa, npoaeaeaaoro OT OCH apamenax AO MfHHH AeHCT
BHl! CHAbI. TOqHO TaK JKe, KaK CHAa, npHAOJKeHHall K rexy, crpe
MHTCH H3MeHHTb era nocrynarexsaoe ABHJKeHHe, TdK }Ke H spa
I.IJ;droUJ;HH MOMeHT, rrpHAOJKeHHbIH K rexy, crpeMHTCH H3MeHHTh

ero BpaII\aTeAhHOe ABHJKeHHe. KaJKAall noasemenaes cxpenxa
AeHcTByeT na 6yMaJKHbIH pyAOH C HeKOTopbIM yCHAHeM. MHHa
nepneHAHKyNlpa, nposexeanoro or' OCH apamenaa pyxona AO AH
HHH, BAOAh KOTOpOH npHAOJKeHO 3TO ycnxae, paena paaaycy py
AOHa. KaJKAall cxpertxa TaKHM 06pa30M YBeMf'{HBaeT spaurero
II\HH MOMeHT, AeHCTBYIOII\HH aa pyAOH. BeAHqHHa apeureroutero
MOMeHTa, KOTOpbIH HyJKeH ANI Toro, '!T06h! pyAOH HaqaA pacxpy
qHBaThCll, npOnOpI\HOHaAhHa BeMfqHHe HHepI\HH apameaas py
AOHa. TaKHM 06pa30M, qeM 6oAhll1e BpaII\alOlIlHH MOMeHT, rpetiy
eMbIH ANI pacKpyqHBaHHll pyAoHa (qeM 6oAhll1e '{HCAO nozneurea
HbIX CKpenOK), TeM GoAhll1e anepnxa BpaII\CHHll pyxoae,

HOBbie nOAXOAbl

KaK PaAHYc TeJIa BMflIeT aa era HHepI\il1OBp~eHlilll Iloaropsrre HC
CAElAOBaHlie, HCnOAh3yR ANI 3TOra BroPOH pyAOH 6YMaJKHOH AeHTbIC
PaAHYCOM, BABoeMeHhll1ePaAHYcanepsoaesexsaoro pyxoaa, ITyCTh
3To6YAeT pyAOH E. 3anHlIlHTe pe3YAhTaTbI onsrra B Ta6AHQY 10.1.
3a$HKcHpyifTe PaAHYCbI 060HX pyAOHOB.

npKAYMSKTe BSW C06CTBBHHbiK onsrr

I. QeHTp Macc rexe - 3TO TOqKa, xoropaa MOJKeT peccxerpa
BaThCll KaK cpeaoroxae BceH MaCCbI rexa, ECAH TeAO HaxoAHT
Cll B OAHOpOAHOM rpaBHTaI\HOHHOM noxe (OOAaCTH npocrpaa
CTBa, B KOTOpOH AeHCTBYIOT CHAbI rpaBHTaI\HH). I\eHTp xacc
GOBnaAaeT C I\eHTpOM TllJKeCTH, ITpHMep OAHOpOAHoro rpasa
TaI\HOHHOro nONl - rpaBHTaI\HOHHOe noaa 3eMAH. !.IeHTp
Macc AHCKa (cnAOll1HOrO I\HAHHApa) HaxOAHTCll 6AHJKe K ero
OCH, qeM uerrrp xacc otipyxa. ITpHAYMaHTe onsrr, B xoae KOTO
poro MOJKHO 6bIAO ObI BbIllCHHTh, KaK paCnOAOJKeHHe nerrrpa
xacc rexa OTHOCHTeAhHO ero OCH BpaII\eHHll BAHlleT Ha arrep-
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IJ;HIO npauienas. Hcnoxsayirre rexa C 0AHHdKOBblMH MdCCdMH Ii

<jJOpMaMH, HO C pa3HbIMH nOi\OJKeHHliMH nenrpa MacC. B Kaqe

erne TdKHX TeA MDJKHO B3HTb ABe 0AHHdKOBbIX MeTa.M.HtIeCKHX

6aHKH C KpbIIIIKaMH. BaM ITOHilAo6liTCli TaKJKe 10 MeTaAi\HqeC

KHX waH6oqeK. Bbi 6YAeTe cpaaaasars BeJUIqHHbl HHepqHH

Bpaw;eHH5I 6aHoKr KOTOpbIe 6YAYT CKdTbIBdTbCH C HdKAOHHOH

llAOCKOCTH. BaHKa c 60AhIlle:iI CKOpOCThHl nocTYTIdTeAhHOrO

ABHJKeHHli HMeeT MeHbIIIYJO xaepumo BpaIJ1eHHli. nOA!'OTOBb

Te 6aHKH Ai\li OITbITd, ITOMeCTHB aayrps IIIdH60qKH Ci\eAYJOIJ1HM

06pd30M (CM. pHC. 9.2 Hd CTp. 81). Ha AHO OAHOH 6dHKH ITOi\O

)KJITe ITHTb rnd:ii50QeK no nepaxerpy If 3dKpeUHTe HX TOHKHMH

nOAOCKaMH KAeWKOH AeHTbI. Ha BHYTpeHHeH:' qaCTH KpbllIIKH

pesxecrare H: npuKAefrre TdlOKe ITKTb rnaii6oQeK. Ha AHO BTO
POR 6aHKu, B uerrrpe, rrOAOJKHTe fiRTh mai1:60tIeK, CJ\OJKeHHbIX

axecre. H 3dKpenHTe HX B TaKOM nOAOJKeHHH. CAOJKHTe etne
IT.sITh mdi1:6otIeK It npnxpenare HX ad nnyrpenaea qdCTH BTO

POH KpblIIIKH, rrocepenane. 3dKpOHTe 6dHKH KdJKAYJO CBoeH
KpbIIIIKOH. 06e 6dHKH nOAHHMHTe Hd nepuraay HdKi\OHHOH

llAOCKOCTH (B xasecrae TaKOBOH MOJKeT CAY;lKHTb AOCKd, IIOA~

HHTaH 3d OAHH KOHen;). OAHonpeMeHHo ornycrare 6aHKH xa
THThCH ITO HaKJ\.OHHOH IlAOCKOCTH. 3aMeThTe, KaK HHepI.\H5I apa
rn;eHH5I 3dBHCHT OT paCrrOAOJKeHH5I uetrrpa xecc,

2. BAHlIHHe nearpa Mace Tei\d Hd ero anepmno BpdIJ1eHHlI MOJK

HO TaKJKe HCCAeAOBdTb C nOMOIJ1blO AByx 90-caHTHMeTpOBbiX

crepJKHeif If. qeThIpex 0AHHaKOBhIX KyCKOB IIAaCTHAHHd. Ha
xomna OAHOro CTepJKHlI IIpHKpeITHTe ITO KyCKy IIi\aCTHJUIHd.
YAep)KHBd5l3TOT CTepJKeHb B ueirrpe, Bparqa:HTe era B3dA-BOe

pez, npasrepuo Hd nOi\-060pOTa. 3dMeTbTe yCHAHe, xoropoe

BdM Tpe6yeTcli Ai\li roro, QT06bl IIoBepHYTb crepzceus B OAHy
CTOpOHy, d 3dTeM - QT06bI pd3BepHYTh em B 06pdTHOM na

npaBAeHHH. 06a XYCKd ITAaCTHAHHa HdXOAHTCSI Ha 3TOM CTep>K~

He aa PdCCTOliHHH 45 CMOTero uetrrpa. nOCKOi\bKY OCb BpaIJ1e

HHlI crepacns ITpOXOAHTQepe3 ero nerrrp, nerrrp Macc crepsc

HH HaXOAHTC5I Hd MdKCHMaAbHOM YAaAeHHH OT oca. nYCTh

mrepuna BpdIJ1eHHlI sroro CTepJKHlI paaaa I,. ABd OCTaBWHXCli
xycKa naacraxarra npaxpenare Hd sropoa CTepJKeHb Hd 20 eM

6JUIJKe K ero qeHTpy. COOTBeTCTBeHHO OHH 6YAYT HdXOAHTbCll
Hd PdCCTOliHHH 25 CM OT nenrpa aroporo CTepJKHlI. Llerrrp
Macc aroporo CTepJKHSI pacnoxaraerca, TdKHM o6pa30M, 6AH

JKe K ero OCM. Bpamatrre 3TOT crepxceas anepez, H Hd3aA, KdK
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H rrpeJKAe. Crapasrrecs noaopasase'n, BTOpOHcrepxcem, CTOH
JKe CKOpOCTbIO, liTO H nepnsni. nYCTb HHepQHH apautenas BTO

poro crepscns panna h OOKpyrHTe KdJKAhlH crepxcern, He
CKOAhKO paa H cpaamrre nama OIl\Yll\eHHH. '1eM 60AhUIe HHep
I.\HH npainenaa CTeplKHH, Tel'! TPYAHee ero npamars. KaKOH
CTepJKeHb apamarr, Aer~Ie? APyn:lMH CAOBaMH, liTO 60AhIlle: 11

HAll 12?

C60p cjlaKToB

I. KOlllKH Y"leIOT rrpaBlfAhHO crpynrrnpoaarsca nepex npaaesrxe
HHeM, eCAH HX nOA6pocIITb asepx ropxamxasnr. KaK MeHHeTC5I

npa 3TOM naepuaa spemenaa rOAOBbI Ii XBOCTd KOIIIKH? KaK
:ll3MeHeHHe HHepU;HH npanieaaa CKd3bIBaeTCH aa crroco6e npa
3eMAeHHH? 3aMel.l.QHue: Msr BOBce He npeaxaree» BaM npone
AhIBdTb 3TOT aITbIT C KOIliKOH. /vuJ- Ha6AIOAeHHH 3d KOIlIKOH B

MOMeHT rrpH3eMAeHHH rpeoyerca Cnel.\lfdAhHOe <pOToo6oPYAO
BaRRe. Kpoxe 'roro, HyiKHO rrp051BHTh 60AbIlIylO OCTOpOJKIIOCTh,

'ITOObI He HdBpeAJfTb xomxe.
2. 3aKoH coxpaHeHuR MoMeHma KOAUqecmBa gBUJKeHUR yreepxc

AaeT, -rro TellO, HdXOMIlIl,eeCH B ABHJKeHHH, npOA0A>KaeT OCTd-
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aerscs B COCTOHHHH ABu:lKeHHH, noxa aa Hero He nOAeikTByeT

aexoropas CKM. 3TO SHaqlIT, qTO BpaII1alOII1eeCll TeAO 6YAeT

npOAOAJKaTb apainarsca, noxa aa Hero He nOAeiicTByeT aaxpy
QHBalOII1dll CKAa B npOTHBOnOAOJKHOM HanpaBAeHHH. KaK on

peAeAlleTCll SpaII1aTeAbHbIii MOMeHT? C nOMOII1blO aasoaa CO

xpaaenaa spanrerexsrroro MOMeHTa 06bllCHHTe, nO'ieMy qlH
rypacrse HaQHHaeT 6bICTpee spamerscs. xoraa npHJKHMaeT

PYKH KTeAy.



MaSlTHHK: rapMOHH"IeCKHe

KOAe6aHHSI

MaHTHHK npencrasxaer C060H yCTpOHCTBO. KOTOpOe COCTOHT aa
rpyaa, IIOABerneHHOrO K OCM apeutenaa, OTHOCHTeAbHO KOTOpOH OH

conepuraer KOAe6aTeAbHbIe ABHJKeIUIH. nOCKOAbKY Ma.srrHHK CO

nepuraer pdSHOMepHhle KOAe6aHHsI. era qaCTO rrpHMeHHIOT B Mexa

HI1QecKHx qacax. '

B 3TOM OITbITe BbI onpezexrrre nepaoz, MdTeMdTHQeCKoro MdHT

HHKa (BpeMlI ero KaqaHHl1 anepez, H Ha3aA). BM HCCAeAyeTe BAHlI
HHe seea rpy3d If MHHhI MdHTHI1Kd Hd era nepaoz, C IIOMOII..J;blO Md

TeMdTIflleCKOrO MdHTHHKd BbI HaftAeTe ycxopenne cBo6oAHoro na
AeHHH. BbI rrOHMeT(~ raxxce. no-resry yrOA CMe~eHHHMdHTHHKd H~

AOAJKeH 6bITh ClllilliKOM 60AbIIlHM, "'!T06H ABHJKeHHH Mdj{THHKd

npeACTdBMIAH co6oft rapMOHWleCKHe KOAe6aHJUI.

C 'ferO Ha'faTb

l(eAb: OrrpeAeAlITh nepaoz, KOAe6aHHH MdTeMdTWleCKoro MdSITHHKd.

MamepuCIJILI
BCpeBKa AAHHoii 60 CM
MeTdJ\.AHQeCKaH rnaii6a

CKO'f\!

TpaHcnopTHp
cexyunoxep

llOpRgOK geuClIIBui!
I. npHBlIJKHTe aepenxy K rnaii6e.
2. Flpaxpernrre CKOTlleM rpencrroprap K xparc CTOAa, KdK noxasa

,HO na pHC. 11.1.
3. Flpaxpernrrc nepesxy K CTOAy TaKHM o6pa30M, QT06bI OHanpo

XOAHAa xepea uenrp rpancnoprapa.
4. Ma5lTHHK AOA)f(eH BHdl.J:aAe HaxoAMTbC5I B nOAOJKeHHH nOKOH.

Ha pHcYHKe 3TO aeprtrxaasnoe nOAOJKeHHe, OTMeqeHHOe 6yK
BaH B. 3aTeM OTKJ\.OHH'I'e rndif6y B CTOpOHY TaK, \JT06hl aepeaxa
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COCTaBMlAa yrox ISO C BepTHKaAhlO (noAOJKeHHeA). OTnyCTHTe
rnafi6y H 0AHoBpeMeHHo C 3THM BKAIOtIHTe ceKYHAoMep.

5. 3aqJHKCHpyiITe apesra, Heo6xoAHMOe M5I roro, '!T06hI lllaii6a co
aepnmxe xecart, KOAe6aHMM. 3a DARD KOAe6aHHe CQlITaeTC71 ITO!\.

Hoe KaqaHHe MaHTHHKa srrpaao H BAeBD OT csremetmoro IIOAOJKe

HHllA K C H 3aTeM CHOBa KA [aa pHC. 11.1 nOKa3aHO CTPeAKaMH).

I
'15rYrofl j/f
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6. Orrpezexare rrepnoz, pa3AeAHB rronyueuaoe npexa aa AeCllTb.
3arrl1:llllITe rrOA)"IeHHhIii peayxsrar B Ta6AHl\e 11.1.

7. [1oBTopHTe AeHCTBl1:11, OIlHcaHHble B rryHKTax 4-6, '1eTblpe pa
sa. Ycpentrrrre pe3YAbTaThI.
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TafinHQa 11.1 napaMeTpbl MaHTHHKa

'fMcno waAfi nepHOA, T (ceKyHAbl)

Onsrr 1 Onsrr 2 Onur 3 On biT 4 Onsrr 5 Cpe.QHee

1

Pe3YJl1JIlCllIll>l
8hl orrpeaexnre nepaoz, KOAe6aHHH MaHTHHKd, HCn0J\h30BaHHOro

BaMH B OITbITe.

fIo'leMY1
MaSITHHK - 3TOrpys, rrOABerneHHhIH TaKHM 06pa30M, 'ITO OHKOAe6
AeTC>I OKOAO OCH apamenas (HeKOTopOH tPUKCUpOBdHHOH TOqKU B
rrpOCTpdHCTBe). MaTeMaTnqeCKHH MdSlTHHK rrpeacraaxser C060H
TCAO, naasraeesroe OTBeCOM, xoropoe YAepJKHBdeTC>I HHTbIO (sepes
KOH, rrpOBOAOKOH H T.A.) npeaefipeaooro MdAOH MdCChI, npaxpen
l\eHHOH K OCM Bpa~eHHH. KOfAd MillITHHK BHeHT BepTHKaAbHO Hera

QeHTp TR"fceCTH HaxOAHTCH HHJKe OCM BpaIIJ,eHHH, AeHCTByroIIJ,asJ lid

Hero CYMMdpHa>l CHAa (CYMMancex CHA, OAROBpeMeHHO AeHCTByro
II\UX na YeAO) pamra HYAlO. B 3TOM cxysae rOBOp>lT, 'ITO MillITHUK na
XOAlITCH B roxxe nOKOH, J1AH B nOAOJKeHIi:H yCToWIHBoro paBHOBe

CU>I (rrOAOJKeHUe B ua puc. '11.1). Ilpa OTKAOHeHUU orsece B CTOpO
HY OH cncmaorcs lid yrxoaoe paCCTO»HHe, xoropoe 3dBHClIT OT dMII

AHTYAbi Md>lTHHKa. CMell\eHHe - 3TO orrpeAeAeHHOe pacc-roarrae,
Hd xoropoe nepeaaaraercs TeAo, ABHJRyru;eeCH B OnpeAeAeHHOM ira
npaaxenaa. AMnAHTYAa - HaH60AbIlIee CMe~CHHe '!'CAd OT rrOAO

>KeHHH paBHOBeCHH (TO'tJKH DOKOH AMI MillITHHKa), B aauresr onsrre
yroJ\. CMelQeHHR (yrox, aa KOTOpbIH OTKAOHHhCH MdRTHHK OT TOtIKl1

rroxox] pasea 15' (yrox A Hd pHC. 11.1). Fpya Md>lTHHKatPopMHpyeT
aoccraaaaaaeasouree yCHAHe [xoropoe cTpeMIITC>I nosepayrs Ma
RTHUK Ii YMeHblllHTh yrOA era cMeUJ,eHH:sI), 3dCTaBA5IlOUJ,ee MaHTHHK

ABHraTbC>I Ha3ilA K TOqKe noxos. Ha pHC. 11.1 6}'KBaMH I, II 12 060

3HaqeHbI BocCTaHaBAHBaIO~HeCHAbI, II05IBNUOUJ,MeC5I 6AaroAap»
Beey MdwrHHKd. Flocxe roro KaK MbI orrrycxaesr MasrrHHK, OR HaqH

aaer nepHOAHQeCKOe ABHJKeHHe. 3TO 03HaQaeT, tITO MdHTHHK HaqH

aaer KdtIdTbCH anpano H BAeBG or nOAOJKeHIUI A K C H ooperno K A
xepea TOqKY nOKOH, COBepIIIaH rroBTOpHIOIlJ,HeCH ABIDKeHIDl, KOTO

psre Hd3bIBdlOTCH KOAe6a.H.ID1MH. OepHoAoM MdSITHHKd T Ha3bIBaeT~

C>I BpeM>I, rpetiyexoe AA>I coaepuremer GAROrO KOAe6aHHlI.
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CQHTaeTC5I, 'tITOnpn yrae CMeIJ.J;eHIUI, MeHee llMI paaaosr 15", Ma~
lITHHK cosepmeer npocroe rapMOHH'IeCKOe ABHJKeHHe (nrAJ. DPH
3TOMBOCCTdHdBAHBalOrn;ee YCIfAHe nporropuaonaxsno yrAy cxenie
HUH. 3To 3Hd'tUiT, q'fO UP" yneMPleHHH yrAd CMern;eI-HUI B03paCTdeT

BOCCTdHdBAHBaIOm;ee YCl1AHe. B npocrox rapMOHH'tfeCKOM ABlfJKe

HHH nepaoz, MdHTHHKd He 3dBHClIT OT era dMIlJUITYAbI.

HOBbIe nOAXOAbl

1. KaK xacca MdTe.MdTIIqeCKOrO MdHTHHKd BMUleT Hd era nepnoA?
Ilosropare OUbIT qeTI>lpe paaa, KaJKAbLHpaa YBeAHYHBd51 Hd DA

RY KOAWIeCTBO rndi16. 3anl1111HTe noxyseaaue pe3YAbTdTbl B
Ta6Alll\e 11.2. K Hay'lHoMy ceMHHapy: rrOKaJKHTe aYAHTOpHH
¢oTorpa<jlHlO MaJITHHKa, a TaIQKe Ta6Alll\Y co 3Ha'leHHJIMH
CPeAM"" nepaozon MJI KaJKAOH MaCChi.

Ta6nM~a 11.2.3aBMCMMOCTb nepKOAa MaRTHKKa OT ero MaCCbl

'tKcno
wail6o"eK nepHOA, T (ceKYHAbl)

Onsrr 1 Onur 2 OnbiT 3 OnblT 4 Onur 5 CpeAHee

1

2

3

4

5

2. KaK RAlUleT AJ\J1Hd Md.SlTHHKd ira era rrepHoA? IToBTopHTe
rrepBOHaQaAbHhIl1: OIIhIT, HcnoAL3yH BepeBKH pa3AIP-IHoft AAI1

HbI. K HaY'IHoMY cesraaapy: BO BpeMl/ AOKAilAa rrpOAe>lOHCT
pHPYHTe epoTorpa<jJHIO Mal/THHKa, a TaKJKe Ta6AHl\Y, coxep
xcamyro AaHHbIe 0 3aBHCll~OCTH nepaona Ma5lTHHKa OT era

AAHHbI.

npllAyMaiiTe aaur C06CTBeHHblH onsrr

ta. CHAd npHT5IJKeHHSI .sIBMIeTC5I TOft CMADH, KOTOpa51 3aCTdBMIeT

MaHTHHK KaQaTbC5I. BHH3 OT csreuiermoro IIOJ\.OJKeHH.sI MdHTHHK

ABHraeTcSI C ycxopeaaex: npa ABH:>KeHHH saepx ycxopenne
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CMeHReTCH TOpMO>KeHHeM. 3aBHCHMOCTb Me>KAY nepHOAOM,

MHHOil MallTHHKa H CHAoil TlI)KeCTH BblrAllAHT cAeAYJOII1HM 06
pa30M:

g=41r'l/T',

rAe g - ycxopeaae eB060AHoro rraAeHHlI, 1 - MHHa MallTHHKa,
T - ero nepaoz, DpHAYMailTe onsrr, B KOTOpOM orrpeaexsercs ye
xopenae CB06oAHoro rrdAeHHJI C rrOMOII1hlO MaJlTHHKa. Hanpaxep,
MOJKHO H3rOTQBHTb He3dBUCllMQ CTOSl~YID AepeBHHH)'fO rrOACTdB

Ky - orropy AMI MaJJTHllKa, nOAo6HYJO 11306pa)KeHHOilaa pHC. 11.2.
B KaqeCTB€ Ma5lTHHKa MOJKHQ HcrrOAb3QBdTb aepeaxy C OAHOR J.iAH

HeCKOAbKHMH MeTa..AAHtIeCKHMH maft60tIKdMH. H3MepbTe 11 aamr
unrre MHHy MaJITHHKd (AAHHd MaHTHHKd ecri, paccrosnne OT TOtIKH

rrpHKpeIIAeHHH BepeBKR K oca apeuteaas AD IJ;eHTpa THJKeCTH OTBe

ca, KOTOpbIll na npaxrnxe COBIIClAaeT cera reOMeTpW'IeCKHM near
pOM). I1cnoAh3yilTe rrpOI1eAYPY nepaonauaxsaoro orrsrra AMI orrpe
AeAeHIUI nepaona MdHTHHKd, Bsrracxare ycxopemre cBo6oAHoro

IlaAeHHH TID epopMyAe, BhIIIOAHHTe OIIbIT nsrt, pas H AaHHbIe aann
urare B Ta6AllI1Y 11.3.

f-15CM -7

r~
s
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Ta6nHlla 11.3 MaRTHHIC AaHHbie 06YCKopeHHH

YCKopeHHe cB060AHoro
OnblT nepHoA (T), C JlJlHHa (I), M naAeHHR, Mlc'

1

2
3
4

5

cpeAHee

6. Ha 3eMAe npanaro ycxopenae CB060AHoro ni\AeHHlI, pasnoe
9,8 M/c'. C nOMOIl\blO cpeanero 3HaqellHlI ycxopeaas cB06oA'
aoro ITClAeHHJI BbNHCAHTe OTHOClITeAhHyro OllIH6Ky BdUlHX H3~

MepeHHH. 0 TOM, KdK onpeaexsrrs OTHOCHTeAbayro OllIH6KYr ex,
B npHAOJKeHHIl 2.

C60p c1JaKTOB

1. Ma5lTHHK C JKeCTKO 3aKpeITAeHHhlM OTBeCOM (TaKHe MdHTHMKM

acnoxssyiorcs B xacex] Hd3bIBaeTCSI cjJu3UQeCKUM MWlmnUKOM.

KaK nepaoz, tPH3HQeCKOrO MillITHHKa COOTHOCHTCH c nepxoaon
MaTeMarnqeCKOro MdSITHHKa?

2. <DpaHl\Y3cKIiK Y"eHblK )KaH <DYKo (1819 - 1868) HCnOAb30BaA
MaTeMdTHQeCKHH MdSlTHHK AMI AeMoHcTpaU;HH Bpam;eHHSI 3eM

AM aoxpyr caoea OCM. KaK Ma.HT~HK <Dyxo AOKa3bIBaA TO, 'ITO

3eMNI npeutaercar OTBeTbI Ha 3TH sonpocsr uonpooyirre HaK'
Til CaMli B Y"e6HHKax no <pH3HKe.
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CHAa >KHAKOCTeH

IlhaBytleCTb - ::lTD CBOHCTBO TeAa YAepJKHBaTbC5I ne nOBepXHOCTH

JKHAKOCTH noz, AeHCTBHeM BbITdAKHBafOll{eti CllAhI, AeHCTB)'lOll(eH

aa TeAD CO CTOpOHhI 3TOH JKI1AKOCTH. CtIHTaeTCH, tITO rpeqeCKHH

MaTeMaTIlX Apx",,,eA nnepasro 06'bliCHlIA AeikTBHe 3TOR CHAhI aa
reaa, HaxONlIIJ;HeC.H na nOBepXHOCTH JKHAKOCTH. 06bfl1HO IIAaBaHHe

CSlI3hIBalOTCBOAOil, HO nAaBaTb MOJKHO B AlO60il Tex)"Ieil CPeAe 
rase HAll >KHAKOCTII.

B 3TOM onsrre BhI onpeaezrrre nOA'beMHyro ClIAY, AeilcTBYIOII.\YIO
ae nxasesomee reAO, nyrex H3MepeHHlI aeca ShITeCHeHHoil 3TI1M
TeAOM SOAbI. BbI TaKJKe H3MepHTe pa3HHI\Y Me>KAY BeCOM rexa, as
xozsmeroca B B03Ayxe, H BeCOM roro >Ke rexa, rrorpyxceaaoro B BO
AY. TaKHM 06pa30M, Bb! ysaeere, '1eMY paaaa nOA'beMH"" caxe BO
Ahl, AeikTBYIOII.\all aa 3TO TeAO. BbI TaKJKe HccAeAyeTe 3aBHCHMOCTb
Me:>KAY IIJ\OTHOCTblO JKHAKOCTH Ii ee BhITaAKHBdlOm;etf caxoa,

C"Iera Ha"laTb

l.leAb: H3MepUTb sec BOAbI, BbITeCHeHHOH: TeAOM.

MamepuC1Abl
HO)KHHI.J;W

rrycraz 2-AHTpOBaH lIAaCTl1KOBaJI 6yrblAKd

AhlPOXOA
rnytnaacs COAOMHHKa Ai\5f KOKTel1AA

MeplIali '1alIIKa AAlI H3MepeHHlI 06'beMa (250 MA)
KYBlIIHII
nozonpoaoanaa BOAa
6yMaJKHbIH: CTaKaHl.IHK 06'beMOM 90 MA

20 OAHHaKOBhIX MOHeT

110pRgOK geilCl1l.Buii
L OTpeJKbTe aepxrnoro lIdCTb IlAaCTHKOBOH 6yrhIJ\.KM. HMJKHRH

'1aCTb 3TOR 6yrb!AKH BaM 6YAeT HY>KHa.



2. C nonouuao AbIpOKOAa rrpo6eiITe AbIPKY B I1AaCTI1KOBOH 6YTbIA
xe B 5 CM OT ee nepxnero KpaJI.

3. ltbofHHTe COAOMHHKy IIOA yrAOM 90" Ii BCTaBbTe ee KOpOTKHH

KOHe4 B oracpcrae ITA8CTHKOBOH 6yrblAKH. OOAcTaBbTe nOAHH

)KHHH: KOHe~ COAOMHHKM MepHyTo xanrxy.
4. 113KyaIIlHHa HaAeHTe BOAYB 6YTblAKY TaK, 'IT06bI OHa aaxpuxa

COAOMMHKy. BOAd nore-rer xepea COAOMHHKy n MCPHYIO 'tJdllIKY.

5. AOJKAHTeCb, xoraa BOAa nepecraner CTeKdTh Ii OnOp0>KHlITe

xaurxy. BHOBb nocraasre nycTYJO qaIIIKy TIOA HH)KIIHH xoueu
COAOMl1HKH.

6. TIoMeCTI1Te 6YMaJKHblii CTaKaH'IHK na nonepxaocrs BOAbI B 6y

TbIAKe. floMepxumaiiTe CTaKaWUfK PYK0H: H no OAHOH. HanOA
H5IHTeera rrOCTeneHHO MOHeTaMJ{. ueAHTe 3d TeM, t{To6bI BOAd

He rreperexaxa xepes xpaa 6YThlAKH.

....

PHc.12.1
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7. Korna BOAa nepecraner Te'lb sepes COAOMHHKy B MepHYJO xeru
KY, BbIHbTe 6YMaJKHbIH craKaHQHK H:3 6yrblJ\.KH. 3aIIHmHTe 06'L

eM BOAhI, HaKOIlHBweHClI B MepHOH '1aWKe, B .IlHTpax (AI (eAH
HHI1a 06'beMa B cacrexe CI1I.

8. I1cnoJ\b3YHTe cAeAYJOIl\YJO q,OPMYAy AAlI onpeaexeaaa MaCChI
BOAbIB KHAOrpaMMax (xr):

m - Maced, H3MepeHHdH B xr
DBOAbJ. - IlJ'lOTHOCTb BOAhl, KOTOpdH COCTaBMleT 1 Kr/h

V. OA'" - 06'beM BhITecHeHHoH BOAbI B AHTpax (A)

Ilpuuep;
ECAH 6YMaJKHhIH CTaKaH'IHKBbITeCHHJ\ 15 MABOAbI, T.e. 0,015A,

Macea 3TOH. BOAhl COCTaBAHeT:

mS OA bi = DBOA bI x VB OA bI

= 1 KrlA x 0,015 A

= 0,015 xr

9. C nOMOIl\blO CABAYJOIl\ero ypaBHeHHlI onpenexare nee BOALI B
HblOTOHax (H):

Fnee = m x g, rAe
FBee - Bee BOAhl, H3MepeHHhIH B HhlOTOHax

m - Maced BOAbI B xr
g - ycxopeaae cBo6oAHoro IldAeHHlI, paaaoe 9,8 M/c2

Ilpunep:
ECAH 6bIAO BhITeCHeHO 0,015 A BOAbI, Macca 3TOH BOAbI CO

CTaB.IllIeT 0,015 xr, a sec BOAbIB HbIOTOHaxpaaea:

FRee = m X g
= 0,015 xr x 9,8 M/c2

= 0,147 Kr'M/c2

= 0,147 H

Ilpusteuanue: 1 HblOTOH = I Kr'M/c2, 1l03TOMYnee BOAbI pasea
0,147 H.

Pe:JyllbI1U1IIlhl
BYMaJKHhIH CTaKdHlIHK IIAaBaeT B BOAe. BeAd, BbITeCHeHHCUI HM, rre
perexaer B MepHylO qaIlIKY. BbI HcnOAh30BaAlf 06'heM 3TOH BOAbl,



flnaeysecrs: BbITanK'1BalOU1a~C'1Jla)K'1AKOCTe~ 93

'1To6bl BbI'IHCAHTb BbITaJlKHBalOU1YJO CHAy, AenCTBYlOII\YJO Ha 6y
MdJKHbIH: crexarrsax. Hanpaxep, Hd TeAO, BbITCCIHIIOJn;ee 0,015 A

BOAbI, AeiicTByeT BbITaJlKHBalOII\a~CHAa, paaaaa 0,147 H.

llOQeMyl
EYMaJKHblH: CTdKdHtIHK IIAdBdeT B BOAC, IIpl1 3TOM npnxepuo noxo
BHRd era HaxoAHTC5I noz, BOAOH. EY1"laJKHhIH CTdKdr-rQHK BblTeCHJleT

(BbITaAKHBaeT) KOJUltIeCTBO SOAhI, paanoe no o6neMY TOll era tIaCTII,

KOTOpasI HaxOAHTC5I noe, BOAOH. BLITaAKHBalOlIWSI CHAd ecrt, IIOAbeM

Hall CHAd TeK}"leii cpeAbI (BeII\eCTBa - rase HAM >KHAKOCTH, - KOTO
poe 06Ai\AaeT TeKyqecTblO H AerKO MeHlleT cpopsry noz, AaBAeHHeM),
KOTOpa.sI Ae:H':CTByeT aa nOMern;eHHOe B Bee rexo. BbITaAKHBalO:rn;a51

CHAa BOAcl, AeiicTBYJOII\a~ Ha 6YMaJKHbIii craxanxnx, penna necy
BbITeCHeHHOH HM BOAhI. 3TOT 3dKOH Hd3BdH HMeHeM rpenecxoro
MaTeMaTHKa Apxnsreaa (298 - 212 AO H.3.). xoropsra YTBepJKAaA,
q'fO A!06oe TeAO, rrorpyxcemroe B BOAY, BbITaAKHBaeTC5I H3 nee C CH

ACH, paSHOM necy BbITecHeHHoH HM BOAb!. EClUf BbI saaere 06'beM

BbITeCHeHHOH TeAOM BOAhI. BbI MOJKeTe BbI1HICAllTb ee nee, KOTOpbIH:

6YAeT pasen BbITdJ\.KHBdlOrn;eil cl1J\..e B HbIOTORax,

HOBbie nOAXoAbi

I. TeAO 6YAeT AepJKaTbC~ lid BOAeAOrex nop, rroxa ero sec 6YAeT
vpasnoscuraaersca necox BhITeeHeHHOH MM BOAhI. CpaBlIMTe

nec CTaKaHl.IHKd M MOlleT e necosr BOAhI, KOTOpylO OHM BhITeCHH

AM B nepnOHa1.IaJ\hHOM OIIbITe. OIIpeAeJUITe aec CTdKdWlHKd C

MOHeTaMIi, li3MepHB HX Macey C IIOMOIIJ;hlO 6bITOBhIX aecos B

rpaxxax, Flepeaeznrre anaxenae neea n rpaxxax B KIlAOrpaM

MbI Ii no epopMyAe FBec = m x g HallAHTe Bee craxansaxe c MO
HeTaMH B HblQTOHax.

2. "tJeMY paaea MaKCHMaAhHhIH nee craxaasaxa H era COAepJKH~

Mora, UpR KOTOpOM OHM erne MOryr OCTdBdTbCH aa BOAe? ITo
aroprrre nepnOHdqaAbHbIH OIIbIT. B IIAaBalOIlJ,HH na BOAe fiy
MaJKHbIH eTaKaHqHK Ao6aBAHllTe no OAUOH MOHeTe Ii CAeAHTe

sa TeM, KaK MCHHeTCH IIOAOJKeRHe CTaKdHqHKa B BOAe. 3aMeTb~

Te MOMeHT, KorAd IIpH Ao6aBAeHHH 01.IepeAHOH MOHeThl CTa~

Kall'lHK ITOTOlleT. YAaAHTe 0AllY MOllery. Onpeaexrrre aec cy
xoro CTdKdHqHKa H OCTaBlIIHXCH MOlleT, KdK rrpeJKAe. HaifAHTe

nec BOAhI, nsrrecaeanoa CTaKdHqHKOM. KdK COOTHQCHTCH 06a

3TH neea?
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npltAYMaMTe Baw co6CTBeHHbiM onsrr

la. ECAH 3aKOH ApxHMeAd nepen, AciicTBHe BbITaAKHBdlOIIJ,eii CI1AbI

paBHOCHJ\bHO TOMY, liTO TeAO B BOAC 06AClAae-r Ka>KYIl-\l1:I\IOI ae

COM (FA!. paBHblM peilAhHoMY Becy (FDeel TeAd, H3MepeHHoMYB
B03Ayxe, MHHYC sec BOAhl, nbiTeCHeHHOH TeAOM (FB), KOTOPblH
pasen BbITaAKHBillO~eHCHAe. 3Ty 3aBI1CHMQCTh MQ)f{HO asipe

311Th ypaBHeHlIeM: FA = (FaBel - (FB)'
flpllAyMaHTe onLIT NUl npoaepxa sroro YTnep>KAeHHlI.

MOJKHO, aanpnsrep, orrpeAeAHTb peaAbHblH: Bee KaMH5I B B03·

Ayxe (Faec) B HbIOTOHax. 113MepbTe, KaK B npeAbIA)'ll1eM MeTO
Ae, Macey KaMH5I B KHAorpaMMax c rroseomsro 6e3MeHa, 3aTeM
paCCQHTaHTe Bee no ¢opMYhe Fnec = m x g. 3aIIHillHTe nee
KaMHlI (F.ec ) B Ta6,ull.\y 12.1. Floeropirre nepnOHaqilAhHblH
OllhIT AJUI onpeaexeuna acca BOALI (FB ) . BbITecneUHOH KaM·

HeM, npn ero norpyJKeHllll n nOAY. 3anlllllllTc nec (FB) n Ta6JU'I

uy. Pacc-nrrairre KaJKYll\lIHClI nec (FAl KaMHlI c nossoun.ro
ypannenaa FA = (FDec) - (FB) H aanaumre IIoAyqeHHL'H pe
3yALTaTB Ta6AHI.\Y.

Ta6nw~a 12.1 BblTanKWBaKulIaA ciliii
_.

Teno Bec BB03Ayxe Bec BbITeCHeHHoii Bec rena BBOAe
(F...I. H BOAbl (FBI. H (FAI. H

KaMeHb

6. ECJ\H /Jl3a rexa OAHHdKOBOro06'beMa, HOCpasnsn-r neCOMnorpy
JKeJlbI B BOAY, 6YAeT AM OThRtIaThC.SJ AeHCTBYIOrn;a51 na HHX Bbl

TaAKHBdEOrn;aH CHAa? npHAYMaiITe cnoco6, C IIOMOIIJ,blO KOTOpO

ro MO)KHO OTBeTHTb Hd 3TOT sonpoc, /1.MI 3TOH ll;eAH MOJKHO HC

nO.l\b30BaTb KOHTeHHep C nAOTHO 3aKpbIBdIOIIJ,eHCH KpbIUIKOH.

3anOAHHHTe KOHTeHHep pa3J\J1QHbIM cOAepJKI1MbIM H MemulTe

ero nee.
B. KaK na BbITaAKHBdlOllWlO cMAy B )KHAKOCTH BAHHeT ee IIAOT

HOCTh? Ilosropare HccAeAoBaIlHe, HCrrOAb3yH )f(HAKOCTM C pas
AHqHbIMM IIAOTHOCTSlMI1, aanpuvep, BOAHhIe pacraoprz C pes
AHQHOH: KOHu,eHTpaU;HeH: COAM. OAOTHOCTR pacrnopon C paansr
MIl KOHI..J;eHTpaI..J;HHMH OqeHb He3HatIl1TCAbliO OTJUltIalOTCSl APyr
OTAPyra. flO3TOMy HaAO H3MepllTb Maccy onpeAcAeHHoro 060
eMa KaJKAOrO pacrsopa aa TOtIHbCX aIITeKapCKHx necax, C TOq

HOCTblO no KpaHHei1: Mepe 0,01 r.
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PUC. 12.2

C60p c!laKTOB

I. DOAhlLlI1HCTBO Pbl6 06AilAiliOT CIIoco6HOCTblO IlAiIBdTb na rAy6HHe,

nOA nOBepXHOCThIO BOAbI. 3Ta HX cnoco6HOCTh ITGAyqlfAa Hd3Ba

HHe rugpoHenecoMocmu (HyAenoii llAQByYecmu). KaKHe CHJ\hl OT

BeTCTBeHHbI sa rryxesyro lIAaByYecTbl KaK pbI6bl COXpaHlIlOT eel

2. B03AYX - osem, xerxas TeKY"alI cpeAa c lIJ\OTHOCTblO scero

!\HIlIb 1.25 x 10- 3 r/MA (1.25 Kr/M3j . Aaun, HeMHorne rcxa. na

npasrep, B03AYJIlHbIe urapsr, HanOAHeHHbIe reAlleM HAM rops
'IHM B03AYXOM, cnocoonsr rraprrrs B B03AYXe' Floxesry B03AYIlI

HbIH map, HanOAHeHHbltf" ropWlHM B03AYXOM, IIAaBaeT B He6e?

Ha KdKyro BblCOTy crrocooes nOAHHTbCSI TdKOH map? OTBeTbI Hd

3TH BOllPOCbl 1I01lpo6yHTe HaHTH caMH B Y"e6HHKax 1I0 <pH3HKe.



TeK~a5I cpena - 3TO TdKoe neI..IJ;eCTBO, raa llAH JKllAKOCTb, xoropoe
o6AilAder TeKY"eCTblO H AerKO MeIDIeT CBOlO ¢OPMY [LOA BHel11HHM

AdBAeHHeM. 3eMHa>l arerocrpepe (OAe>IAo H3 ra30B, OKYTblBaIOUJ;ee

3eMAlO) COCTOHT H3 B03Ayxa, KOTOpbIii >IBMleTClI TeKY"eii cpeAoii.

B03AYX 06AaAdeT MdCCOH H necox, 1I0 lie H~eeT HH onpeAeAeHHoro

paaxepa, HH epOPMhl. OR l\10JKeT CJKHMdTbCH. 3TO oaaaseer, lITO qd

CTHIlbI, COCTaBMllOUJ;He B03AYX, MOJKHO nAOTHO npHJKaTb APyr K

APyry. '-IeM recnee CJKdTbI qdCTHIlbI, TeM 60Abrne ITAOTHOCTb B03AY

Xd (KOAHqeCTBO qaCTHIl B 3ilAdHHOM 06"beMe). AdBAeHHe eCTb CHAa,

AeiicTByroUJ;dlI aa eAHHHl\Y ITAOU(ilAH rrOBCpXHOCTH. CHAa, xoropax

B03HHKdeT B pe3YJ\.bTdTe CTOAKHOBeHlfH MOAeKyA B03Ayxa B 3eMHOR

erxocrpepe H AeiiCTByeT Hd eAHHHl\Y rrOBepXHOCTH, Hd3bIBaeTC>I ar

Moc<jlepHbIM AdBAeHifeM.

B 3TOM OCIhITe BbI HCCAeAyeTe BAHHHHe TeMneparypbI Hd AdBAe

HMe B03Ayxa. C IIOMOIIJ;bIO MaHOMeTpa BM onpenexrrre aanpaaxe
HMe Aei1:cTBHSI arvocrpepaoro AdBAeUHSI II CpaBHlITe dTMOc<pepHoe

AdBAeHHe B pa3HbIX CJ\OSlX 3eMHOH arsrocdiepsr.

C xere Ha'laTb

Lj'eIIb: H3MeplfTb BAHIIHHe nilAeHH>I TeMrrepdrypbI Hd AaBAeHHe 1303

AYXd.

Mamepu(W,l
1 ITAaCTHKOBall 06YBHdlI Kop06Ka

XOAOAHdlI sozortpoaoaaea BOAa

12 (HAlf 6oAee) KyCOqKOB MAd

MapKep xepnoro uaera

2 rrYCTbIX AlfTPOBbIX ITAaCTHKOBbIX 6YTbIAKH

ABa 1303AYIIIHblX urapmca (pa3MepOM OKOAO 22 CM)

ceKYHAOMep

6YMaJKHbIii CTaKd~HKo60eMoM 150 MA
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IIopRgox geucmsuii
I. 3anoJ\HHTe aanoxoaatry 06yaH)'lO Kop06KY XOAONlOll BOAOnpO

BONIOH BOAOll.
2. A06aBbTe B BOAY Ky6HKH AbAa.
3. Hapacyare MapKepoM Hd ONIOH oyTblAKe 6YKBY A, d aa APY

roll - B.
4. HdTlIHHTe B03AYIJlHbllllliapnK Hd ropAbllliKO KaJKAOll 6yTb[AKH.
5. Flocraasre 6yTbIAKY A PlIAOM C06yeHOll KOpOOKOll, a 6YTblAKY B

nOAQJKHTe Ha60K B BOAY.
6. C nOMOll\bIO 6YMilJKHoro CTaKaH'IHKa noAHBai"rre oXAiVKAeHHoH

BOAOH n3 Kopo6KH nOBepXHoCTb6yTbIAKH B He MeHee ABYX MHHyT.
7. Ha6AlOAallTe aa °noBeAeHHeM B03AYlliHblX mapaxoa aa ofieax

6yTblAKax, OTMeQdll AlO6ble n3MeHeHnll ax paaxcpa, <jJOPMbI
IlAI1 paCnOAOJKeHHH QTHOClITeAhHO 6)'TbIAOK.

A

I;

PHc.13.1

Pe3YJlbIIUlIIlhl

C B03AYIJlHblM mapaxoa. HdAeTblM aa OyTblAKY A, He OYAeT npoac
XOAHTb CKOAhKO-HH6YAb 3HaQHMbIX H3MeHeHHH. WapHK aa 6yrbIA
xe B, B03MOJKHO, 6YAeT HeMHoro MeHbllie pa3AYT, HO B "eAOM ero

4 11. BaHli.1111lo
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passrep H <jJOPMdTdKJKe He 6YAyr MeHlITbClI B 3HdqHTeJlbHoll crene

HH. TeM He xenee ITIdpHK qdC~HOBTlIHYAClI B 6yrblAKY B.

JIO'leMyl
Tessneparypa - xapaKTepHCTHKa TeAd, KOTOpaK IIOKd3hIBdeT, Hd

CKOAbKO OHO ropsxee HAH XOAoAHoe. Texmeparypa orrpcaexsrerca

cpeAHell KHHernqeCKOH :mepruell (K3) qdCTHI.\, H3 KOTOpbIX COCTO

HTTeAO.

Koraa 6yrblAKd B OXAaJKAaAdCb XOAOAHoll BOAoll, resmeparypa

B03AYXd anyrpn nee nOHHJKaAdCb. TdKHM 06pd30M, TaKJKe nOHH

JKaAdCb KHHern'leCKaJI arrepraa MOAeKyA B03AYXd snyrpa 6YfblAKH.

YeM MeHbwe KHHeTHtJ:eCKaJI aaepras, TeM MeMeHHee ABHJKyrCH

MOAeKyAbI B03Ayxa R TeM MeHbIIJe CTOAKHOBeHHH OHH HCITbITbIBaIOT

C sayrpeuaea nOBepXHOCTbIO 6yrblAKH H ITIdpHKd. CAeAOBdTeAbHO,

AdBAeHHe (BeAH'IHHa YAeAbHoll CHAbI, AellcrBYIOIl.\ell Hd eAHHHI.\Y

nAOu\aAH) B03Ayxa srryrpa 6yrblAKH B YMeHbITIHAOCb.

ljHCAO MOAeKYA B03AYXd aayrpa 06eHX 6yrblAOK 0AHHdKOBO.

Texneperypa B03AYXd BHe 6yrblAOK A H B npaxepao 0AHHdKOBd.

CYIl.\ecTByeT, npdBAd, He3Hd'lHTeAbHOe nOHHJKeHHe rexneparypsr

B03AYXd PllAOM C 6YfblAKOH B H3-3d roro, 'ITO OHd norpysceaa B Ae

AlIHyw BOAY. TdKHM 06pd30M, ersrocrpepnoe AdBAeHHe BHe 06'beMd

6yrblAOK npaxepno 0AHHdKOBO. ATMoc<!JepHoe AdBAeHHe - BeAH

'IHHa CHJ\b!, AellcTBYIOIl.\eu co CTOpOHbI B03AYXd Hd YAeJlbHyw DJI.O

Il.\dAb noaepxaocrn H B03HHKdIOIl.\eu B pesyxsrare CTOAKHOBeHHu

MOAeKYA rasa B 3eMHou erxocoepe C 3TOU nosepxaocrsro. aHO aa

3bIBaeTC>I TaKJKe 6apOMeTpHqeCKHM AaBAeHHeM. Arsrocrpepaoe
AdBAeHHe BHe 6yrblAKH A (PllAOM C Heu) H AaBAeHHe B03AYXd aayr

pa aee npiosepao 0AHHdKOBbI. n03TOMY He Ha6JUOAdeTC>I H3MeHe

HHll B COCTOJlHHH B03AYITIHOro urapaxa, HdAeTOro Hd 6yrblAKy A.
Ho qTO KdCdeTCJI 6yrblAKH B, arxocrpepnoe AdBAeHHe cuapyxca OT

nee 6oAbITIe, 'IeM AaBAeHHe B03Ayxa snyrpa. n03TOMY MOAeKyAbI

B03Ayxa BHe 6YfblAKH B, xoroptae CTaAKHBdIOTCS! C IIOBepXHOCTbIO

B03AyIlIHoro uiapaxa. HaAeTOrO na 3TY 6yrbIAKy, «BTaAl(HBaIOT» era

anyrps, HQ aenaxaoro.

HOBbie nOAXOAbl

Harpeaanae rase 3dCTdBMleT era MOAeKyAhl yneAHqHBdTh CKOpOCTh

csoero ABHJKeHIUI. CAeAOSdTeA.bUO, K3 raaa soapacreer. KaK 3TO

CRd3bIBaeTCH. na AdBAeHHH B03Ayxa? l1ccAeAyHTe BAHHHHe Harpe-
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BdHlla ad AdBAeHHe B03Ayxa. OOBTopHTe OIIbIT. 3dMeHHB XOAOAHYIO

BOAOilpOBOAJI)'IO BOAY na ropasyio B xopofixe H3-IIOA 06YBH. K aa
yqHOMY ceMHHdpy: CAeAallTe ¢oTorpaqJHH, Ha KOTOPblX 6b1AO 6b1
BHAMO, KdK H3:MenH.J\HCb paaxep, <jlOPMd H 1l0AOJKeHHe urapmcoa
OTHQCHTeAbHO 6yrblAOK B KOHU;e ornrra ITO cpaBHeHHIO C HatIaAOM.

npKAyMaiiTe RaW co6CTReHHblii onsrr

la. 3eMHdlI arssoccpepa He YAeTdeT H YAep",I<BdeTClI BOKpyr 3eMAH
6J\drOAdpll CHAaM rpaBHTdI1HH. Arxocrpepnoe AdBAellHe, c03Aa
naesroe MOAeKYAdMH.B03Ayxa, xoropsre YAdP"IOTCl I< OTCKaKR
BdlOTAPyr OTAPyra, a raxsce CTaAKRBalOTCJI C Pd3J\R'lHbIMH no
BepXHOCT5IMH H OTCKaKHndlOT OT HUX, rrpOTHBoAei'IcTByeT CH

AdM rpaBlITdIJ,HH B HX crpesrxeaaa npxranyn. Bee MOAeKyAhI

B03Ayxa ua nOBepXHOCTb 3eMAH. CHJ\d npMTHJKeHHH TSIHeT ar
Moc¢epy BIIH3, a AaBAeHlIe B0311YXd - naooopor, asepx. 03Ha
xaer AM 3TO, xro aTMOC¢epHoe AaBAeHHe nanpaaxerro mOAbKO

asepx, B CTOpOHy. rrpOTHBOIlOAOJKHyro CHJ\.e rrpRTf.lJKeHHH?

npHAYMaih'e onsrr AJ\lI onpezexenaa nanpdBAeHl/lI aTMocepep
aoro AdBAeHHH. MOJKHO, uanpasiep. HcnOAb30BaTh MaHOMeTp

(HHCTpYMeHT, rrpHMCHSIeMLU1: M5f. H3MepeHHH AdBAeHHH B TeKy

qnx cpexax]. B npHAOJKeHMH 3 Bbl HaMp,eTe OITliCaI-IHe roro, KaK

MOJKHO InrOTOBlITh CdMOACAhHhlH MaHOMeTp. Flpoeepsre dTMO

cdiepaoo AaBAeHlIe, HdnpdBAJIlI 0A"II KOHeI1 rpyoxa MdHoMeTpa
B paaasre CTOpOHhr; arrpaao, BlleBO. asepx Ii BHli3. YpOBHH BOAhI

B Tpy6Kax 6YIIYT OI\RHaI<OBbI, eCAR AaBAeHlIe no o6ellM CTOPO
HdM 0AHHaKoBo.

6. Bec croxda B03Ayxa nsnne noaepxaocrn 3eMJUI 3dBl1CHT OT nsr
COTbI H(lA ypoBHeM Mop.a: tleM 60AhIlIe BhICOTd, TeM MeHbllie ar
Moc¢'epHoe AaBlleHHe. 3TO npoucxozjrr H3-3d roro. -rro C yae
jllitleHHeM BhICOThI B03AYIliHoro CTOA6d yaeAHtlMBaeTCH ero ace,
H IIAOTHOCTb MOAeKyll B03Ayxa B6AH3H 3eMHoH nosepxaocra
CTdHOBI1TC5I 60AhIlle. C YBeAI1l.1eI-U1:eM nAOTHOCTH noapacraer
tIIfCAO CTOAKHOBeHHH MOAeKyA B03Ayxa C noncpxaocrsro. Ilpa
AYMafue onsrr, KOTOpbll1 Mor 6bI AOKd3dTb, 'lTO aTMocepepHoe
AdBAeHHe OAMHaKOBO nne 3aBHCHMOCTH OT roro, rAe OHO H3Me

p5leTCH, rroxa AaBAeHHe B03Ayxa He Mell5leTC5I. /i.MJ cpdBHeHIHI

arnocrpopaoro AdBAeHH5I n paaxasnsrx MeCTdX MOJKHO HCIIOAb

30BdT!> MdHOMeTp. AAx HdqaJ\.d BblCTaBbTe MdHOMeTp Hd yAHl.{y,

B KaKoe-HH6YAb MeCTo, rile lIHCTPYMeHT 6YlleT HaXOI\RTbCJl nOA
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OTKphITblM B03AYXOM. CAeAaMTe nsrpes C xpaio KpbIUIKH OT

60AbUIOM 06}'BHOM Kop06KH. nOAepJKHTe Kop06KY PlIAOM C Ma

HOMeTpOM He M8Hee MHHYI'bI, QTo6bI xopooxa HarrOAHllAdCh TeM:

JKe B03AYXOM, KOTOPbIM OKpYJKaeT IIHCTpYMeHT. BCTaBbTe KO

HeI1 MaHOMeTpa B Kop06Ky H rtpaxpemrre ero K BHYTpeHHeii '1a

CTH Kop06KH CKOT'leM. 3aKpoi'iTe Kop06Ky H y6eAHTeCb B TOM,

'ITO Tpy6Ka MaHOMeTpa BXOAHT B asrpes aa KpbIUIKe. C nOMO

II1bIO CKOT'la 3aKAeMTe II1eAH B KpbIUIKe BOKpyr Tpy6KH. Cpaa
HHTe YPOBHII BOAbI B rpyoxax. nOBTopHTe orrsrr C B03AYXOM B

ApyrHX xecrax. nOMHHTe 0 TOM, 'ITO aa IlAOTHOCTb B03Ayxa

BAHSleT TeMIIepaTYPa. ECAH CMOJKeTe, IIOBTOpHTe 3TOT OUbIT ad

pa3AHQHbIX asrcorax HaA ypOBHeM MOp», aartpnerep, na rope H

na yposae xops.

CKOtt1~

PIIC. 13.2

B. YT06bI npoAeMoHcTpllpOBaTb, KaK crpoeane 3eMHoM arnocrpe
psr 3dBHCHT OT neea (seAH'IMHLI CWAhl T.SIJKeCTH) H AdBAeHHH 803

Ayxa, MOJKHO BOcnOAb30BaTbCli AHarpaMMoM. npeACTaBbTe

CTOA6 aTMocq,epHoro B03Ayxa C OCHOBaHHeM B 1 KBaApambIM

xerp COCT05I~I1M113 «KHprm:QHKOB}), BK.J\IOqdIOIIJ;nX paauoe KO

AH'IeCTBo MOAeKyA B03Ayxa. Flpn YAaAeH>1H OT nOBepXHOCTH

3eMAH 3TH B03AYllIHhIe «KUpnW:lHKH» 6YAYT HaKJ\ilAbIBaTbC5I

APyr aa APyra. AaBAeHHe nepeMeII1aIOII1I1XCli MOAeKyA B03Ayxa,

H3 KOTOphlX COCTOHT caMbIH HH)I{HHH «KHpnHQHl{», IIOMep)KH~
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aaer Bee ncex OCTaAhHbIX «KRpIIHlIHKOB», HaxOASl~HXCSIBblIIIe.

nOA seCOM asnuexexcannrx B03AynrHbIX «KHpnWIHKOB» MOAeKy

hLI B03Ayxa B HHJKHeM «KHpnl-NHKe» 6YAYT TeCHO C)KHMaTbCH, II

IlAOTHOCTb HMJKHCrO «xapmcmxa» BYACT Cal-IdS! asrcoxas. B03Ae

IlOBepxHOCTH 3e~fM{ I1J\OTHOCTh B03Ayxa HaH6oAbmaR, H dTMO

crpepnoe AaBACHHe 3ACCh COCTaBMleT nprorepuo 100000 TIa (na
CKaACJ.1). Ha BblCOTe 5,5 KM nsnne nosepxaocra 3eMAH AaBAeHHC

rrprosepao B ABa psaa MCHbUle. 'IeM na rrosepxaocra: na BbICOTe

11 KM OHO B xerupe pasa MeHbIIIe, qeM na IIoBepXHOCTH 3eMAH.

C60p <!laKTOB

1. CUt/JaR - 3TO yCTpOHCTBO, B cocraa xoroporo BXOAHT rpytixa,
noaaoxaioutea JKHAKOCTH neperexars C 60Ace ssrcoxoro nB 60

Ace Hli3KHH yposens. Kaxoe B.i\H5IHHC OKa3bIBaeT arnocrpcpnoe
AaBAeHHe aa TeqeHHe JfUJAKOCTH B cHepoHe?

2. Bopouemp - HHcTPYMeHT, HCnOAh3yeMhlii N\5I H3MepeHHR ar
Moc¢epHoro AaBAeHHR. TIpHHI1Hn AeikTBHR fiaposrerpa OT
KphIA B 1643 r. HTaAhHHCKHii MaTeMaTHKH ¢H3HK 3BaHAJKeAH
CTaTOPPH'leAAH (1608 -1647). KaK MO>KHO CAeAaTh 6apOMeTPf
KaK OH patioraerj OTBeTbI xa 3TH nonpocra HaHNfTe caxa B

)"le6HHKax no ¢H3HKe. .
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CpeAbl: >KHAKOCTH H ra3bl

B COCTOSlHHH nOKOSI~----
CAOBO «HenOAIUDKHblih> oaaaxaer OTCYTCTBHe ABHJKeHIUI, a TeKy
qHe cpensr - 3TD JKHAKHe HAH ra3006pa3HbIe aemecrna, cnocofi
mae K rreperexaumo. TaKHM 06pa30M, nayxa 0 «HerrOABHJKHhIX Te

KytIHX cpeaax» 3dHI1MaeTC5I HCCAeAOBaHHeM xapaxrepacrnx JKHA

xocrea H ra30H, HaxOMlIIJ;HXCH B COCTOKHHH rrOKOR.

B 3TOM OfIbITe BbI 3KcrrepHMeHTdAbHO CpaBHHTe AaBAeHl:Ie, KOTO

poe OKd3b1BaeT B03AYX B pa3AWIHbIX HarrpaBAeHIUIX B 3aAaHHOH TOt!

xe rrpOCTpaHCTBd. BbI TaKJKe Hai1AeTe OIIbffilbIM rryren 3dBlfCHMOCTb

Me~yAaBAeHHeM« rAy6HHoH B nerrOABH>KHOH JKHAKOCTIL BbI npo

nepare aa OfIbITe CnpaBeAJUfBOCTb 3dKOHd IlaCKaASI. B KOTOpOM yr
nepJKAaeTCH, qTO AdBAeHHe Hd noaepxaocri, JKMAKOCTH B COCYAe,

rrpOH3BOAlfMOe BHeLUHHMH CllJ\.dMH, nepezaerca JKHAKOCThIO OAHHa

KOBO BO acex HarrpaBAeHHHX KG acesr yq:aCTKaM 3TOH JKHAKOCTII.

C -rero Ha'laTb

lleA.L: cpaBHHTb AaBAeHHe, OKa3bIBaeMoe B03AyxOM B pa3AWIHbIX

Hal1paBAeHH.sIX B 3iiAaHHOH TOl.IKe.

MamepuaAhI
1 6aHKa 06bCMOM 500 MA

BOAOllPOBOAIIa.sI BOAa

1 KaTaAO)KHaJI KdpTOl.IKa

60ALllId51 MHCKa

lIopJlgoJ< gerlcInBuii
I. 3arroJUUlTe 6aHKY BOAOH.

2. Ilpaxpoiire KapTOl.IKOH ropxsnuxo 6aHKI1.

3. nOAHeCHTe 6aHKy K MHCKe H paCIIOAO/KHTe HaA HeM.

4. ITpMAep.>KHBiilI KapTOQKY PYKOH, nepenepmrre 6aHKY.

5. OCTOP0.>KHO yfieptrre PYKY.
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6. YAepJKHBilJI ropxsuuao 6aHKH npaxepao ae OAHOH " TOH JKe
BhICOTe, MeMemlO nOBepHHTe GaHKY, CAeAaB nOAHhIH Kpyr
(360°) TaK, 'ITOGhI ropxsnnxo GaHKH BHa'laAe GhlAO oripameao
BHH3, 3aTeM nsepx, a 3aTeM CHOBa BHH3.

1. BHHMaTeAbHO Ha6AJOAaHTe aa TeM, KaK 6YAeT BeCTH ce6fl IIO
BepXHOCTb KapTO'lKH, 3aKphIBalOII1eH GaHKy.

\
\
\
\
I
I,

I.-
'"

P"C, 14.1

Pe3y..u.m<IIl1bl
Kapro-nca YAepJKHBaeTC>I Y ropxannxa 6aHKH see BpeM>I, noxa GaH
xa coaepuraer nOAHhIH060pOT. 80 BpeMS! BpaII1eH">I ra 'IaCTb xap
TOQKH, xcropas aaxpsrsaer ropxsnnxo 6aHKH, OCTaeTCH CAerKa 80

rnyroa BHYTpb H npaxravecxa He MeH>IeT CBOIO <pop"}'.
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[JOqeMy?

BOAB CMB'IHBBeT 6yMary xepea OTKpbITOe ropnsmrxo 6BHKH. CHAhl
CI1elIAeHHll (npHTllJKeHfle MeJKAY0Al1HBKOBblMHMOAeKYAaMH).Aeii
CTB}'lOII1He MeJKAY MOAeKyAaMH BOAhl,H CHAbInpUAHnaHHll (npara

JKeHHe MeJKAY pB3HblMH MOAeKyABMH), AeiicTB}'lOllIHe MeJKAY MO
AeKYABMH BOAbI H MOAeKYABMH 6YMBm, 06PB3}'lOT HeKOe nOA06He
«ne-rern». Ho 0AHOll :nOM «lleqdTlf» HeAOCTdTOYHO, ''':lT06bI npOTH·

BOAeikTBOBdTb CHJ\aM rpana-rarum. KaTaJ\.OJKHaJI xaprosxa. npa
JKBTBli K ropxsmncy 6BHKH, npHHHMaeT BOrHYTYJO <jJOPMY (ee no
BepXHOCTb HCKpMBJUleTCH BHYTPb Ii CTdnOBHTCH rrOXOJKeU na rapex
xy). 3HaQHT, nd KapTO"tlKy AeHCTByeT AdBAeHHe H3BHe, xoropoe H

BTdAKHUaeT ee B 6aHKy. 3TO CMAd dTMocepepnoro AdBAeHIUI.

AaBJ\CHHe, oxaasraaeeroe TeKyqetl: cpeAoH (rranpasrep. dTMO

c<jJepHblM B03AYXOM) na norpyscenaoe B nee TeAO, nanpaaxeno B
AI060ii TO'lKe cpeasr nOA npllMhlM yrAoM. Kaprcxxa YAepJKHBaeTCli
Hd rOpAbIIIIKe 6aHKH He3dBHCHMO QT ee opHeHTaU;HH, r.e, AdBAeHHe

noaayxe AeHCTByeT na KapT01J:KY co nccx CTOpOR. OOAce roro, Hd orr
peAeAeHHoft BbICOTe HilA nonepXHOCTbIO 3eM.J\J1 arxroccpepnoe AaB~

ACHHe, AeftcTByJOI.I.J;ee Hd TeAO co scex CTOpOH, 51BMleTCJl OAHHdKO

BhIM. 06 3TOM rOBopHT TO, lITO BOTHyraH epopMa KapTO"l.JKH rrparcra
tIC:CKH HC: MeHHeTCSI.

HOBbIe nOAXOAbl

1. EYAeTAM 06'heM 6aHKH CKa3hIBaTbCSI aa noxy-remrsrx pe3YAbTd

Tax? nOBTopHTe OIIbIT C 6aHKaMH, HMelOIll,HMH: paanue ofn.e
MbI, HO paasrep ropxsnuxa KaK y HCXOAHUH 6aHKH.

2. EYAeT AMBAM>ITh HB pe3YAbTaThl pasxep ropxsmrxa 6aHKH? no
BTOpliTC OUbIT C 6aHKaMH oAI-Ioro.o6'heMa, HMelO~HMHpaamre
paaxepu ropxr-nmce.

np....AyMaMTe aaur co6CTBeHHblM onsrr

1. 3aBHCHMOCTh MeJKAY AaBAeHHeM JKHAKOCTH H ee rAy6HHoll (BhI
coroii] BHeKoTopoll TO'lKe BLlpaJKaeTCli <jJOPMYAOii P~HAK = Dgh,
rAe D - llAOTHOCTb JKHAKOCTH, g - yCKopeHHe csoooxaoro na
AeHHll (9,8 ,,/c2) H h - BhlCOTa croxoa JKHAKOCTH HdA 3dAaHHOii
TOtIKOH. BTOM cAyqac, eCJUt IIAOTHOCTbAaHHoH KOHKpeTHoH >KHA

KOCTH [aanpnxep, BOAbl) nOBcIOAY 0Al1HBKOBa (1 x 103
Kr/M"),

eAHHCTBeHHOH nepexreauoa BeAMl.IHHOH .SIBMleTCH fAy6HHa, T.K.
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CHAd T5DKeCTH nptorepxo nOCTOHHHa. fl03TOMY AaBAeHWe )KJfA

KOCTH npasio lIPOlIOPI.\HOHaAhHO rAy6HHe (BbICOTCI )l(l!AKOCTH,
CKa>KeMr B CTaKaHe.

npHAyMaHTe CIIoco6, c rrcsrounao KOTOpOrO MO>KHD npose
pHTb 3TO yrBCPJKAeHHC. Harrpanep, 3alIOAHHTe COCYA BOAOH H
npOAeAaHTe BHeM OTBepCTHH 0AHHdKOBOro passrepe na pa3HbIX

BbICOTax, cooruercruyromnx paaasrsr rAy6HHaM (CM. pHC. 14.2).
o BeAHl.JHHe AaBAeHH5l B cocYAe Hd yposne 3THX oTBepcTHH
MO)l(HO CYAHTb lIO MHHe (L) CTPYH BOAhl, xoropaa 6YAeT 6HTb
H3 KdJKAOro OTBepCT.lHI. l..JeM 60Aee rAy6oKo paCrrOAOJKeHO OT

sepcrne, TeM 60Abwe AdBAeHHe. B03bMHTe BbICOKHH 6YMdJK

HbU1 CTaKaH H KOHqllKOM xapauaama npoAeAaih'e B HeM OTBep
CTHe OKOAO AHa. 3aKAetITe ornspcrae CKOTtleM H HarrOAHHTe

CTdKdH BOADH:. I13MepbTe paCCTOHHHe OT ororo OTBepCTIlH AD

nOBcpxHOCTH BOAbI. 3aIIHllIHTe IIoAyqeHHbIH: pe3YAbTdT B Ta6

AHI.\y [4.1 KaK BbICOry ornepcras A. C TIHM 3HaQCHHeM h lIO

¢opMyAe P130Al.l = Dgh orrpexexare AaBAeHMe BOAhI B xerpax
na ypoane oTBepCTH5I A, yqwrbIBdH , tITO III\OTHOCTb BOAhl paana
1 x 103 Kr/M3.

_ )< ///c >;
'-------

c
[§J
s

I9J
AJ----------
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[JpUMep: AdBAeHHe BOAb! aa ril.yoHHe h = 0,03 M peano

PBO"" = Dgh
PBO""" = 1 x 103

Kr/M
3 x 9,8 M/c

2 x 0,03 M
= 0,294 Kr''''M/M

3,c2

= 0,294 X 103 H/M2

= 0,294Kna

3aMeTHM, 'ITO eAHHHqbl Kr'M'M/M
3,c 2 npeoopa3YJOTCJI B Kr'M/c2'M2

nOCKOJlbKY 1Kr,Mlc2 = I H, TO 0,294 Kr'M'M/M3,c2 = 0,294 xla' Hhi',
a TaK KaK 1000 HI M2 = 1 xfla, TO 0,294 x 103 H/M2 = 0,294 xl'la.
KHAOnaCKaJIb (xfla] - OOblqHOnpHMeHSIeMilSI aa npaxrnxe MeTpH
qeCKaH eAHHH~a AAH H3MepeHHH APBAeHMH, nocKohbKY naCKaAb
(Tla] - CAniliKOM Mail.eHbKaSieAHHHqa,

Flocreasre na xpaio noxnoca nepeaepayryro npsnoyroasayro
KOpOOKy, a B Hee yCTaHoBHTe CTaKaH TaKHM otipaaox, qTOObl OT
sepcrae ObIAO ofiparneno B CTOpOHy noznoca. YAaAHTe C OTBep
eTHH CKOTtl H 3dMeThTe, B xaxyio ro-rxy aa rroxaocc 6YAeT 6HTb

crpys. H3MepbTe paCCTOSlHHe no rOpH30HTaAH OT oTBepCTHSI AO
3TOHTOqKH H 3anHIlIHTe 3TOT pe3YAbTaT B TaOM!qy 14,1 B KOAOHKy
All." AJl.HHbI BOAliHOH crpyn, OblOll\eH H3 OTBepCTHSI A. npoAeAaHTe
B CTaKaHe eute ABa oTBepcTHSI, B H C, asnne oTBepcTHH A. nOBTO
pare onsrr, OTKpblB8lI Ka>KAbIH paa TOAbKO no 0AHOMY OTBepCTHIO
(B HAn C). CAeAHTe aa TeM, qTOObl ace OTBepCTHSI OblAn OAHHaKO
Bora pasxepa.

Ta6nKila 14.1 BenM~KHa AaeneHKB

h =rny6KHa llaeneHKe l =AnKKa BOABHOil
OTeepcTMB (M) (Ina) CTpyK (M)

oraepcrae A(AHO)
orsepcrae B(cepeAHHa)
orsepcrae C(sepx)

2. Bxes naCKail.b (1623 - 1662), .ppaHqY3cKHH MaTeMaTHK H H30
6peTaTeAb, nepasrx OTKpblA, qTO JKHAKOCTb B coeTO"HHH no
KOSI rrepeaeer oxaasrseexoe Hd nee AdBheHHe DAM-HaKDBa no

scex HanpaBAeHHSlM. 3aKOH naCKaAli YTBepJKAaeT, qTO AaBAe
HIfe, npMAOJI'CeHHOe K HeCJKHMaeMOH JKHAKOCTH B 3dMKHyrOM

OO'heMe, pacnpexexserca paBHOMepHO no scesr aanpaaxena-
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PRc.14.3

HM H no BceM yqacTKaM JTOrO o6'be
Md. DPHAyMdHTe OIIbIT, KOTOpbIH

rrOATBepAHT cnpaBeAAHBOCTb
3dKOHd DdCKaMI. AJuI aroro

MO:>KHO B311Tb AByxAHTPOBy1O

IIAdCTlfKOBYIO 6yrblA-

xy, rrOMeCTHTb B

nee 3dKP.bJTbIH

n p o apaxma a
IIaKeTHK H3~nOA

cneU;UH H aa
rrOAHHTb 6YTbI"-

KY BOAOH. B rra

KeTHKe A0J'J)KeH

6bITb B03AYUI-

HbIH rrY3bIpb.

Dp... C:>KdT......

6yrbW<'" pyxa-
MH BOJAYIDHblH

rryasrps B naxe-
TIIKe BYAeT yneAHlIHBaTbC.H MAH j'MeHbmaTbCH B 3aBHCHMOCTH

OT rrpHAOJKelIHOro AaBAeHH5I, )f(HA,KOCTb npa CITArom;HBdHHH

6yrbIAKI1 He CJKHMae'TDI Ii nepezaer AaBAeHHe BO ncex aa
npaBAeHH,RX. DOA AeHCTBHeM sroro AaBAeHH5I B03AYillHblH ny

3hlpb B naKeTHKe,' HanpOTHB, CJKI1MaeTC5L n03TOMY CpeAHH5I

IIAOTHOCTb naxeraxa B03paCTaeT Ii IIAaByqecTb era yMeHbIUd

eTCH. AMI HaqaAa BbI6epHTe rraxerax H3-rrOA cneuaa. CAeAafi
re 3TO TaK: HdITOJ\.HlITe Ha TpM qeTBepTM J\.HTPOB)'lO CTeKMIH

HyIO 6aHKy BOAOH H 6pOCbTe B nee HeCKOAbKO rraKeTHKOB H3

nOA cnervui. BbI6epHTe H3 HHX TOT, KOTOpbIM u;eAHKOM, 1-10I-Ie

rAy6oKo norpY3HTC5I B BOAY. nOAOJKHTe 3TOT naxerax B nyc

TYlO AByxAHTPOBYlO nAdCTHKOBYJO 6yrb1AKY. 3dnOAHHTe ee BO

AOH H3-noA xpane TaK, t.I1'06bI BOAa nOAHJ\.aCh H3 ropxsnuse.
3dKpOHTe 6yrblAKY KpbIUIKOH. Teneps pyxasm CAdB...Te 6y

""lAKy. DaKCTHK 6YAeT ronyrs. KorAa BbI 6YAeTe CAdBAHBdTb

6yrbIAKY, H nOAHHMdTbCH, xoraa B.bI nepecranere HaJKHMaTh

ne nee. 06pdT"'Te BHHMdHHe Hd passrepsr B03AyUIHoro rry3bI

ps B rraxcraxe, KOfAa naKeTHK TOBeT If ncnxsraaer. 0 uaaayse
CTR Tel\. CM. fAday 12, «Flxaayvecrs: BhITaAKHBalOrn;aH CHAd

>KHAKOcTeih> .
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C60p <!>aKTOB

I. B <j:>H3HKe AaBAeHHe 3TO CHAa, AeHCTB)'lOll.\iUi ae e~HHl\Y

nAOll.\~, B MeJI<AYHapoAHOH CHCTeMe eAHHHl\ (CH) AaBAeHHe
H3MepJleTCJI B Hb1OTOHax (H) aa KBaApaTHblH MeTP, B '1eCTb Fla
CKd/UI AaBAeHHe H3:Mep5IeTC5I TaKJKe B rraCKaJ\.5IX. Cyutecruyior
TaKJKe APYTHe eAHHHl\b1 H3MepeHHll AaBAeHlUI: arnoctpepsr,
MHAAHMeTpbl PTYTHOro croxoa, 6apbI, MlIAAH6apbI H TOPbI.
HaHAHTe AonOAHHTeAbH)'lO HH<j:>0pMal\H1O 0 naCKaAJlX H APYTHx
eAHHH~aX 113MepeHHH AaBAeHHH. KaK APyrHe eAHHHlJ,hI COOTHO

CHTCH C nacxaxesr?
2. KaK c nosromsro 3aKOHa naCKaAJI 06'bJ1CHHTb paoory cHAPO

nOA'beMHHKa? AMI OTBeTOB aa 3TH aonpocsr 3arJUlHHTe B yqe6
HHKH ITO epH3HKe.
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CTaTHl.feCKOe 3AeKTpW"'leCTBO:

nOKORl1&HeCR 3apRAbi

3AeKTpHlIeCTBOM Hd3b1BaeTCa .JU06oe HBAeHHe, B03HHKdlOllJ,ee 6Aa

rozapa C~eCTBOBaHI1IOHellOABIDKHLlX Iflill: ABH>KyuJ;IlXCH 3AeKTpH

qeCKHX 3apKAOB. C.hOnG «3AeKTpH'-leCTBOll BIIepBbIe 6blhO BBeAeHO B

06HXOABHAhllMOM rHA6epToM (1544 - 1603), dHrAHHCKHM <pH3HKOM
H apavox, KOTOpbIH CTaA H:3BeCTeH 6AarOAap5I'£BoHM HCCheAOBaHH

51M IIpHpOAbl aaexrpaxecraa 11 MarHeTH3Ma (HBAeHHH, CBH3aHHhIX C

AeHcTBHeM xaraaraoro noxa]. ECAH norepert, ABa npeAMeTa APyr 0
APyra (aanpmrep, asrreperr, Horn 0 KOBep), TOrrpa 3TOM B aronax,
H3 KOTOpbIX COCTOSIT 3TH rrpeAMeThI, BQ3HHKdlOT ABa BHAd 3AeKTpH

qeCKMX 3ap5lAOB. COBOKynHOCTh rrOK05lI.l.l;HXCH 3apHAoD Hd3hIBaeTCH

3AeKTpOCTdTHtIeCKHM 3ap5lAOM. .HBAeHHe B03HHKHOBeHHH 3J\.eKTpo

CTaTHlJeCKMX 3apHAOB Hd3bIBaeTC5I 3AeKTpOCTdTHKOH. ECAH aaxan
AHBdeTCSI AOCTdrollHO MHaro sepaaoa, TO ITP" I1X peKOM6I1HaU;H:H

B03HH:KaeT HCKpa, Hd3bIBaeMaJI CTam'lleCKHM pa3PHAOM. AMepHKaH

CKyl]1 yqeHbIH: Ii rOCYAapCTBeHHbIH Ae~lTeAbEeHNKaMHH cDpaHKAHH

(1706 - 1790) Ha3BilA ABa B"Aa 3AeKTpWleCKHX 3ap"A0B «nOAOJKH
TeAhHbIMH» 11 «O'I'p"u,aTeAbHblMH». OH raxxce 3KcnepHMeHTaAhHO

nOKa3aA, lITO MOAHH5I, nOAo6Ho M3AeHbKoH HCKpe, KOTOPaJI B03HH

xaer, KorAa Bbl rporaere MeTilAAWlecKy>o ABepHYJO PY"KY. nepez,
3THM BbITepeB nora 0 KOBep, 51BAHeTC5I CTaTH'lIeCKI1M pa3PHAOM Ii no

HBAAeTC5I B pe3Y1U>TdTC neperexaaaa CTaTIP.JeCKHX 3apRAoB.

B 3TOM OITbITe BbI yaaaere, KaK MOMHO nOJUIpH30Ban. BemeCTBO

C noaomsro 3AeKTpocTan,p-IeCKOM H1lAYKQMH (pa3AeAeHHe 3ap5IAOB

6J\.arOAap»: npacyrcrsaio 3apHJKerIHOro rexa}, BbI Hayt:fHTeCb aapa
>KaTb BeIIJ,eCTBO C nOMOIIJ,blO 'rpeaas H 3AcKTpOnpOBOAHMOCTH. BbI
TaKJKe orrpenexare, KaK psccroanae MCJKAY 3ap5l)KCUHbIMH aeuie
crnaxa BAHReT aa Hanp5DKeHHOCTb 3AeKTpl1t:feCKOrO nOAH r B03HH

xaroutero MeJKAY HHMH.

Csero Ha'laTb

LfeAb: nOMlpH30BaTb Be~ecTBO C nOMOIIJ,bJO 5IBheHH5I 3AeK1poCTa

THtJecKoH MJiAYKIJ;HH.



MamepuaAbI
2 nOHqRKa
N'a xycosxa BepeBKH no 30 CM
CKOTtl

AHHellKa
B03AynJHhlH nrapax paaxepon 22,5 CM
rnepCT>IHOH rnap<p
peHKa

flOpJlgOK geuCDlBuil
L OOAroTOBbTe ABa «MaHTHHKa», .IlOABeCHB rrOIfl-lHKH sa KOHlJ,bl

BepeBOK.

2. C IIOMOll\hlO cxcrxe 3aKpeIIHTe cB060AHhIe KOHljhl BepeBOK aa
xparo CTOIld. BepeBKH AONKHhl HaxOAHThC>I AOCTaTOqHO AaAeKO
APyr OT APyra, paCCTO>IHHe MeJKAY HHMH AONKHO 6hITh He Me
nee I CM. OmeChl-IIOnqHKH AOAJKHhl CB060AHO BHCeTh P>IAOM,
HO He KaCaThC>I APyr APyra.
CAeAHTe aa 'reM, 'IT06hl Be-
peBKH Ii OTBCCbI BHCeAll

pa3AeAhHo.
3. HdAyHTe B03AynJHhlH

inapax AO pasxepa
60Ahrnoro rpeHmppyra H 3aBll>KHTe ero.

4. 3apllAHTe uiapas. norepes ero HeCKOAhKO
pas (He xenee nsrra] urepcraaux rnap<PoM.

5. r10AHeCHTe 3apll>KeHHhlH nrapax K BHC>I
Il\HM OTBecaM-noHqHKaM AOCTaTOQHO 6AH3
KD, HD TaR. tITO(jbI OR He KaCaACn HX.

6. MeMeHHo OTBeAHTe 3apll>KeHHhlH mapax
HaAeBO, a 3aTeM aanpaso. IToHa6AIOAaH
re sa TeM, KaK N'HraIOTC>I npa 3TOMOT
secsi.

7. B03bMHTe urapax H nOAO>KHTe ero
KYAa-HH5YAb B CTOpOHy, aa pac
CTO>IHHe He MeHee I M OT OTBe
COB. r1oHa5AIOAaHTe sa TeM, KaK
MeH>ieTC>I paCnOAO>KeHHe OTBe-
COB no OTHorneHHIO APyr K
APyry B TeqeHHe ABYX HAIi 50-

Aee MHHYT. PHC. 15.1
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Pe3YAhlIIQ1lIhl

BHaqaAe BepeBKH C rrpHKpelIJ\.eHHbIMH K HHM nOHtIHKdMH·OTBeCd

MHBHCeAH napawexsao APyr APyry. Koraa BbI nepexeutaxa nrapax
nOAOTBeCaMH, OHH TOJKe ABHrilAHCb BTy JKeCTOpOHy, KYAaABHrdA
Cli nrapnx. Cpasy JKe nOCAe YAdAeHHlI urapaxa BepeBO'lKH OKa3a
AIlCb paCnOAOJKeHHblMH nOA yrAO>1 APyr K APyry. a paccrosnae
MeJKAY OTBeCdMH yaeAH'lIHAOCb no cpaBBeRIHG c nepaonaaaxsasrsr.
Crrycra aexoropoe spexa BepeBKH CHOBa CTilAHnapaN\eAbHbI APyr

APyry·

110'leMY1
3AeKTpH'leCTBO - lIBAeHHe, B03HHKalOll\ee B pesyxsrere npHcYT
(TBHH HerroABHJKHbIX KI\.H /V310KYIl.J;I·IXCH 3AeKTplflecKHX 3apHAOB.

3aPIlA (:>AeKTpH'leCKHii 3dPllAl - 3TO cnoacrso BJIYTPHaToMHbIX
'laCTHl.\ npHTlIrHBdTb HAH OTTdAKHBdThAPyr APyra HAM 'lacTHl.\b1 B
APyrHX aeuiccrnax. CHAa, B03HHKdlOll\dlI MeJKAY ABYMlI 3apllJKeH
HbIMH TeAdMH, Hd3bIBaeTC5I CIl.AOH 3AeKTpUQeCKOrO (HJ\H KyAOHOB

cxoro] B3dHMOAeiicTBHII. BnpOCTpaHCTBe noxpyr 3apllJKeHHOrOre
Ad B03HHKaeT 3AeKTpH'IecKoe noxe, IIOCpeACTBOM KOTOpOro CRAa

3AeKTpHQeCKOrO B3dHMOAeHCTBHR nepeaaercx APyrHM aapaacea
HhIM TeJ\.dM. I1CTOQHHK I10AOJKHTeAbHhIX Ii OTpHIJ,dTeAbHbIX 3apSIAoB

coCpeAOTOtIeH B -aTOMax (C'rpOHTeAhHhIX «KHpnHqHKaxn nentecr
sa]. COAepJKall\HX IIAPO (l.\eHTpdAbHdlI qaCTb aTOMa) C npOTOHaMH
(llOAOJKHTeAbHO 3apllJKeHHble qaCTHl.\b1 BHYTPH lIApa) H 3AeKTpOHa
MH (OTpHl.\aTeAbHO 3apllJKeHHble sacrauu BOKpyr lIAra).

<DH3HtIeCKHH: KOHTaKT MeJKAY He3apH)KeHHbIMH neutecreaxa.
TaKOM KaK TpeHHe HX APyr 0 APyra, - OAHH H3 cnocooon cooouie
IIMSl 11M 3AeKTpHQeCKHX 3apSlAOB. 3To ,TaK Hd3bIBaeMbIH MeTOA Tpe

HUH. KdK MHorRe APyrHe Be~eCTBd, B03AymHbU1: urapax 11 urepcrs
AOTOro, KaK I1Xnorepxa APyr 0 APyra, 6bIAH HeiiTpaALHLIMI1 (HMe
AM OAHHdKoBoe KOJU.flJeCTBO nOAO}KHTeALHbIX Ii OTPMQdTeA.bHbIX aa
pliAoB, T.e. ne I1MeAH sxexrpasecxoro 3apllAa aoofinte]. Ilpa-nma
aroro 3dKAEOlIaAaCh B TOM, liTO 06d rexa HMeAH no 0AHHdKOBOMY KO

AII'leCTBY npOTOHOB (llOAOJKHTeAbHblX 3apllAOB) H 3AeKTpOHOB (OT
pauerexsasrx 3apllAOB). Korna BbI nOTepAH B03AYWHblM urapax
urepcrsro, 3AeKTpOHbI ncpeurxa C nrepcra aa nrapax as-se pa3J\.lp·l~

HOH crrOC06HOCTI1 ABYX COCTdB!lJlIOm;HX 3TH npezereria Bem;eCTB

YAepJKHBdTh 3AeKTPoHhI. TeAO, lid KOTOPOM cocpenoroxeno 60Ahilie

3dPHAd GAfloro BHAd, -qeM APyroro, Hd3bIBaeTC.H 3apSVKeHHblM. Ao

nOAHHTeAbHOe KOAHQeCTBO 3AeKTpoHoB, nepeureanree lid mapax,



C006II1I1AO mapaxy oTplIQaTeAhHblH aapsz, a HeAoCTaToK 3AeKTpo

HOB Y urapqia npasex K TOMY. 'ITO uraprp nOAY"IIA nOAOJKlITeAhHbIH

aapas, COBoKynHOCTb nOKollII1I1XClI 3AeKTpll'IeCK>lX 3ap"AoB Ha3b1

saerca craTHQecKHMH :JapSl,l\aMH. 3ct><peKT nOHBAeHHH CTdTHQeC

KHX 3apHAOB Hd3bIBaeTCH craTHtIeCKHM 3AeKTpH'IeCTBOM.

ABa 3apH:>KeHHbIX rexa, HMeroIIJ;HX pa3AHl.IHbIe 3apHAbI, rrpara
raseror APyr APyra. B TO BpeMJI KaK ABa 3ap"JKeHHb1X TeAa. >IMelO

lI1>IX OABHaKOBble 3apllAbl. OTTdAK>lBaIOTClI. n03TOMY xorna orpa
U;dTeAbHO 3ap.JIJKeHHbIH mapax nOAHOCHTCH K HefrrpaAbHhIM OTBe

CaM-IIOH'lHKdM, BHCSllQHM Hd nepeaosrxex, IIOAOJKHTeAhHbIe H OTpH

QaTeAhHbie 3ap"Abl B PllAe MOAeKyA sepaa, 113 KOTOPblX COCTOllT

IIOIPIHKH, cxerxa pa3AeNllOTCH 113-3a roro, qT() HX OTpH~aTeAbHbIe

3apHAbI OTIaAKHBdlOTCH 0TPHu;aTeAhHO 3ap1DKeHHbIM llIapHKOM.

YneAHtIeHH.Sl CYMMapnoro 3apSIAd He rrpoacxoaar: npOHCXOAHT

TOAbKO nepepacnpenexenae 3apllAOB. 3TO nepepacnpenexeuae CO

06m;aeT '1dCTH rrOBepXHOCTH rrOHQHKOB He6oAbII10H rrOJ\.OJKHTeAb

HblH 3apllA. TaKoH npouecc nOAlIpIl3~UU (pa3ACAeHII1I nOAOJKII

TeAbHbIX H OTpHQdTeAbHbJX 3apHAoB) HeJ:'npaAhHOrO aeutecrne
BCAeACTBHe nexoaautcrocs n06AH30CTH 3ap5DKeHHoro TeAd Hd3hI

BaeTClI 3AeKTpOCTaTII'IecKOH >IHAYKQHeH {CM. puc. 15.2).

nOH4UK

(?03dytJJHb1U
WapUK

PUC. 15.2
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nOAO:>KHTeAhHO 3apIDKeHHCUI CTOpOHd nOMIpH30BaHHhIX nonxx
KOB-OTBeCOB rrparsraaaercs K orpnnareasxo 3apllJlCeHHOMY B03
AynJHOMY urapaxy H A1lHraerclf BCMA se HHM. OAlfaKO eCAIf aapa
>KeHHbIH WapHK y6pan•• nOAO>KHTeAbHO 3aplf>KeHHLle CTOpOHbI no
BepXHOCTeH OTBeCOB OTTaAKHBaJOTClf. H OHH paCXOAJITCli. Ho nase

AeHHbIH (HHAYl\HpoBaHHLlH) nOAO>KlfTeAbHbIH aapae, - 3TO ape
MeHHOe lIBAeHHe. Il03TOMy xorna aapasceaaoro nrapaxa 60Abwe
He 6YAeT n06A1f30CTH, pa3BeAeHHbIe B paaasre CTOpOHbI 3apllAbI B
re'tleHHe KOpOTKOro BpeMeHH B03BpaTSITCSl B cnoe nepnoneuaar.noc
IIOAOJKeHHe, IIOBepXHOCTH OTBeCOB CTaHYT HethpdAbHhlMH H 60Al>

we He 6YAYT OTTaAKHBaTh APyr APyra. TaKHM 06pa30M, OTBeCbI
BHOBh 6YAYTBHceTh nepaxaaasno APYTAPyry·

HOBbIe nOAXOAbl

I. EYAeTAIf BAlfliTh COpTBeII\eCTBa, H3 xoroporo CAeMHLI OTBeCLI,
aa apexa, B TeqeHHe xoroporo OHM OCTdlOTCH 3apSDKeHHbIMH

nOGAe YAaAeHHlI B03AynJHoro wapHKa? Ilosropare onLIT, HC
rroxssya AAlf OTBeCOB APyrHe BeII\eCTBa, nanpasrep, neaonoxa
CTHpOA, aary H aJI1OMHHHeByro <jJoAhry.

2. KaK nOBAlfliAO 6bI aa pe3YAbTaTbI orrsrra He OTpHqaTeAbHO, a
nOAO>KlfTeAbHO 3aplf>KeHHOe TeAO? IloCKOAbKy wapHK npars
raaaer 3AexTpoHbI H3 urepcrsaoro wap¢a, wap¢ CTaHOBlfTCli

nOAO>KHTeAhHO 3apll>KeHHbIM. Floaropare nepBOHa'IaAbHbIH
onsrr, orrars norepes urapax ntaprpox. HOB 3TOTpas AAlf 3apllA
KH nOH'IHKOBHCnOAb3yHTe He urapax, a wap¢.

npHAYMaiiTe Baw co6CTBeHHbliii onsrr

la. KOHAYKTHBHaJl 3apJlAKa ecrs npouecc 3AeKTpH'IeCKOH3apllAKH
HeiiTpaAbHOrOrexe rryrex npHKOCHOBeHHlI K HeMY3apll>KeHHoro
TeM. IlpHAYMaHTe cnocoo, C nOMOII\hIO KOTOpOro MO>KHO aaps
AlITh TeAO KOHAyxqHeH. Hanpaxep, MO>KHO HcnOAb30BaTh rrpo

I1eAYPY nepaonasaasaoro orrsrra. Ho B 3TOT paa He rrpocro nOA
HeCHTe 3apH}KeHHblH mapax K IIOHtUiKaM-OTBeCdM, a rrpHKOCHH

recs K HHM wapHKOM na 1-2 ceKYHAhI. Onpezexare BpeMll, KO
ropoe norpeoyercs OTBeCaM, 'IT06bI norepars CBOH CTaTH'IeCKlfH
aepas, 3Ta norepa aapaaa Ha3hIBaeTClicraTH'ieCKHM pa3PlIAOM.

6. KaK CKa>KeTClf aa pe3YAhTaTdX OnhITOB C KOHAyxqHeH THn Be
utecrsa, H3 xoroporo H3rQTaBAlfBalQTC,SI 3ap5lJKaeMbIe OTBecbI?



OOBTopHTe npeAbJAytI.{HH Om~IT, HCnOAh3Yjl pa3AH1.JHhle MaTe·

pHdAhI M5I OTBeCOB, nenpassep, 6YMary HAll BdTHhIe urapaxa.
2a. npHAYMaiiTe orn-rr AMI onpeaexeaus Taro, KaK paCCTOllHHe

MeJKAY 3apHJKeHHLlMH TeAaMH BAHHeT Ha OTIaAKHBdlOUJ;yro CM

Ay 0AHHaKOBbIX 3AeKTpINeCKHX 3apSIAoB. Hanpasrep, MO>KHO
HCIIOAb30BdTb 3apHJKeHHLIl1 CKO'fl!. He-nnrre C roro, 'l.J:TO nOAO

>KHTe AHHeHKy aa KpaH CTOAa. Orpexcsre KyCOK CKOT'laMHHOH
12,5 CM. npHKAeHTe KyCOK AeHTb/ 10 CM K CTOAy, a OCTaAbHali
qaCTb AOAJKHd CBelllHBdTbCH cera xpas. PH,AOM C nepBbIM TdKHM

>Ke06pa30M rrpHKAeHTe BTOPOH KyCOK CKOT'la. Ha OCTPb/H KOH
qHK oaaoro KapdHAdllid no 4dCOBOH crpexxe HdMoTdHTe C80

60AHblH KOHeI.\ nepsoro KycKa CKOT'la. Ha OCTPblH KOHqHKAPY
roro KapaHAdllld fIPOTlfB qaCOBOH CTpeAKH HaMoTdftre aenpa
KAeeHHb/H OCTaToK BTOpOro xycxe CKOT'la (CM. pHC. 15.3). Db/C
TPo nOA/fliB KapaHAaUIH, sapaaare o6a xycxa CKOT'la, oropsaa
HX OTCTOM. Cpasy >Ke nocxe aroro paCnOAOJKHTe KapaHAaUIH
napaAAeAbHO CTOAy TdK, 'tIT06bI AeHTbI CKOTl.J:a CBeUUlBaAHCh C

HHX H YXd3bIBaJ\H aa Hd4dAO Ii Konen; AHHeHKH. Ilpa 3TOM Alln

KHe CTOpOHbl CKOT'la AoA>KHb/ CMOTPeTb APYI aa APYIa. Aep>KH
re KapafIAdm, KOTOpblH: paCIlOAO/KHACH HdA HYAeBOH OTMeTKOH

AHHeRKH, HenOABH)f{HbIM.

Ta6nM~a15.1 3neKTpM'IecKMii aapAA!PaccToAHMe
llnKHa neHTbl PacCroAHMe npMurMsaHMA IIsyx neHT, CM

OnblT 1 OnblT 2 OnblT 3 Onsrr 4 OnblT 5 CpellHee
10eM

5 eM

20 eM

BTOPOH xepenzam MeAJ\.eHHO ABHratiTe no HanpaBAeHHIO K

nepBoMy. OCTaHOBIrreCh B TOT MOMeHT, xoraa BbI 3dMeTIiTe ARM

)KeHHe KyCO'tJKOB cxcr-ta APyr OTHOCHTeAbHO APyra H3-3d HX OT~

TaAKHBaUHH. 3dIIHllurre pdCCTOHHHe, Hd KOTOpOM B 3TOT MO

MeHT OKa3aAHCb KapaHAaUIH, B Ta6AHI.\y 15.1. nOBTopHTe 3TY
rrpouexypy qeTbIpe paaa. YcpeA/fHTe nOAyqeHHble pe3YAbTaTbI.
nOBTopHTe onsrr, HCrrOAb3yH KyCKH CKOT'la APYlOH MHHb/, na
rrpasiep. 5 CM H 20 CM.

6. TIoBToplITe OITbIT AMI BbUIcHel-lHH epaKTa, BAHHeT AH paccrosmne
ae CHAyrrpHTlI>KeHHH Me"'AY pa3HoHMeHHblMH 3apllNlMH. 4T06bI
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HenoV~U>KHblii

""paHoa",

""~~

Puc. 15.3

nOAytIIITb pa3HoHMeHHhIe 3apHAhl Hd KYCOqKax CKOT'Id, IIOCTYJIH

Te CAeAyroII\UM o6pa30M, Baexaxe OTOpmITe 0AHH KYCOK npo
3pa'lHoii: AeHTbI AAHHOii: npaxepno 12,5 CM, Ha"oTdHTe 2,5 CM
AeAThI na aaocrpenasni KOWUIK xapanaaura. OOAOJKlITe xapan
AdllI C HdMOTaHHoH Hd Hero AeHTOH.Hd CTOAr fAClAKOM CTOpOHOH K

CTOAy. B03bMIITe KyCOK BTOPOH AeHTbI, TaJOKe MHHOH 12,5 eM, If

cxenca HdMOTafITeHd BropOH KapaHAam. HaAO}KHTe rAClAKYJO CTO
po")' BTOPOii: AeHTbl aa AHnKyro crapo")' nepsoa AeHTbl, YAep;>KH
BaH nepssui xepaaaanr C AelITOH na eTOAe, nOT.HHlITe aa BTOpOH H

OTOpBIITe aepxmoro Aemy OT HHJKHeH. Cpasy JKe IIOCJ\.e 3TOro no

sropare rrepBOHatIaAhHbIH OUbIT H H3MepbTe paCCT05IHae, Ed KO

TOpOM B03HHKaeT CHAd npIITH/KeHH5J MeJKAY KyCKdMH CKOPId.

C60p </>aKTOB

1. B 1785 r. rppaauyacxaa <P"311K Illapxr, KYAOH (1736-1806) "3

MeplfA CliAY B3dMMOAeHCTBH5I MeJKAY ABYMH 3ap.H>KeHHhIMH
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c<jJepaMH c IIOMOll1blO KpyrHAbHblX BeCOB. HaiiAHTe B Y"e6HHK€

ITO tPH311Ke IIoAPo6HOe OITUCaHHe OIIbITa Kyxona 11 ypaBHCHH€,

KOTOpbIM OH BhIPaJKaA 3aBHCHMOCTb MeJKAY CHAOH 3AeKTpirtleC

xoro B3aIfMoAeHCTBH5I, 3ap5lAOM H paCCT05IHHeM, 3TO ypanne

HJ1e Ha3hIBaeTC5I 3aKOHOM Kyxona.
2. TpH603AeKTpHtIeCKHH P5lA npeACTdBASleT co6oif nocxcaoaa

TeAhHbIH nepeueas MaTepHaAOB, pacIIOAaralOII.J;HXC.SI B COOTBeT~

CTBHH C KOAHQeCTBOM 3HepruH, KOTopaH rpeoyerca M5I YAMer
HH5I 3AeKTpOHOB. Pa3bIm;HTe AOrrOAHH:TeAhHhIe CBeAeHH5I 0 TPH~

603A€KTpJIt-IeCKOM P5lAe,



3AeKTpH"'IeCKHH 10K:

ABH>KeHHe 3apSlAOB

3AeKTpf[tIeCTBO - 51BAeHBe, B03HHKalOw,ee 6.J\aroAapH npucyrcr

BRIO n/HAH ABH>KeHHIO 3AeKTpHtIeCKHX 3apHA0B. 3AeKTpMtIeCKHH

TOK - npou;ecc TetI8HIHI 3AeKTpH'rJeCKHX 3apHAOB. Ho axexrpaucc

KdH J\.aMIIO'llKd aaropaerca cpasy IIOCAe roro, KaK BbI I.U;8AKaeTe Bbl

.KAIOtIaTeAeM, BOBee He rrOToMY, tITO 3AeKTpOHbI 6eryr no npOBOAO

xe K AaMne. flo nposoxoxe 6eryr He 3AeKTPoHbI, a 3AeKTpl1tIeCKHe
HMIIyAbCLI, nepeaaioumeca OT 3AeKTpOHa K 3AeKTpoHY.

B 3TOM OIIhITe BbI npoaesroacrpapyere, KaKHM 06pa30M 3AeRT

Pl:FICCKHH I1MIIYAbCABlvKeTCH no rrpOBOAOKe. BhI yaaaere, KaK na
npR)KCUHe BAI1HCT na 3ACKTpWleCKHll TOR. BbI TaIQKe HayqHTecb

onpeaexars 3AeKTplfYCCKYlO rrponoznxocrs, H3MepHTh CIIoco6
HOCTh BcIIJ,eCTBa npOBOAI1Tb 3AeKTpHQeCKHe 3apHAbI H HccAeAyeTe
BAInUIue conpOTUBAeHJUI aemecraa aa nporexarouraa t.Iepe3 Hero

3AeKTpl1tleCKHH TOK.

C xero Ha'laTb

IfeA.h: noxaaars, KaK 3AeKTpWleCKHH HMrryAhC nporexaer t.Iepe3
npoBOAOKY·

MamepuClJlbl
KHMfll

hHHeHKa MHHOH 30 CM

crepxcens ceveunesr 0,3 csr M MilHOM 40 eM

lleTbIpe xpyrxux MafHHTHKa AliaMeTpoM 2,8 CM, KaJKAbIH C AbIpKOH

IIocepeAHHe

JIOpRgOK geuclIulUU
1. OOAO)KHTe KHHrH na eTOA TaK, tITo6bI y aac ITOAytIHAHCb ABe

0AMHaKOBbIe no paanepy KllIlbI BbICOTOH He MCHee 3,75 CM.

2. PaeIlOAOJKMTe 3TH K1UlbI KHUf aa CTOAe TaK, QTo5bI MeJKAY HllMH

ObLAO paccroanae 30 eM. Me>KAY HHMll na CTOAeIIOMeCTHTe AH

HeHKy.
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3. Ilposeasre CTepJKeHh CKB03h AhIpKy OAHoro H3 MaraHTHKOB.
4. Ilpoaensre CTepJKeHhCKB03b AhlPKY sroporo MaraHTa H CTOM

HHTe 06a xaraare aa CTepJKHe APyr C ApyrOM. ECAH MarHHThI
npHAHnHYT APyr KAPyry, CHHMHTe BTOPOH MarHHT, nepenepna
re era H CHOBa H3AeHbTe EB CTepJKeHh. [Martnrrsr AOAJKHbI QT

TaAKHBaTbClI. )

5. IToBTopHTe eme ABa paaa AeHcTBHlI H3 rryaxra 4, nOMeCTHB aa
CTepJKeHh OCTaBllil1eCR ABa MarHHTa.

6. YAOJRHTe KOHIJ;bI CTepJKHH lid KHHfH TaKHM 06pa30M, llT06hI

MarHHTI1KH IIOBHCAH H(lA AHHeHKott npHJKMHTe KOHIJ;hI CTepJK

HSf KHHraMH, QTo6?I OH He KaTaAC51.

8

-*f- nromu~o()eUcm~!OU1ueCUAbl

~ <:u,a 00 nromu~o()eUcm~u~

PHc.16.1

7. TOMaHTe MarHHT D (CM. pac, 16.1) no aanpaaxeamo KHyAeBoH
OTMeTKe na AHHeHKe (AeBall cropoaa], Ocraxsmae MarHHThI

npaayr B ABHJKeHlle II 6YAYT nepexeutarsca no CTepJKHIO AO
rex nop, noxa MarallT A He YTKHeTClI B KHHrIl. OH 6YAeT aexo
AHThClI HaA HYAeBOH OTMeTKOH AHHeHKH. OCTOpOJKHO y6epHTe
PYKY OTMarHHTa D. 3anllWHTe Ha'iaAhHOe nOAOJKeHlle KaJKAOro
MarHHTa B Ta6AHI.\e 16.1. Ha'iaAhHOe nOAOJKeHHe MarHHTa A co
OTBeTcTByeTaCM.

8. Me}l,heHHo nepeasaasre MarHHTHK A srrpeao aa 2,5 CM.

9. YAepJKIlBall MarHHT A B 3TOM nOAOJKeHHH, nOAOJKAHTe, noxa
ace MaraHThI He ycnoxosrca, a 3aTeM H3MepbTe nOAOJKeHHe

KaJKAOrO MarHHTa.

10. OnpeAeAHTe, Ha xaxoe paccroaaao nepeABHHYAclI KaJKAhIH
)1arHHT no cpaBHeHHIO c nepBOHaqa.AhHhIM IIOAOJKeHHeM,
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Ta6nHqa 16.1 XapaKTepMCTHKH ABHlKeHHR MarHHTOB

MarHHT nonolKeHHe, CM npoiiAeHHoe paccToRHHe, CM

nepBoHa~anbHoe KOHe~Hoe

A 0 2,5 CM 2,5 CM

B

C

0

Pe3YAblllllIIlbl
MarHHTbI B, C H D IIpHXONJT B ABH)f{eHMe B TOT JKe l\IOMeHT, KOfAa

HaqHHaeT ABHraTbClI MarHHT A. MarHHTbI B H C npoxorcrr npasrep
HO TO JKe CdMOe paCCTOHHHe, tITO 11ManIHT A (2,5 cxr}, MarHIlT D ne
peABHraeTCH AdAbllIe OCTaAbHbIX.

llO'leMy?
To, QTO rrpOHCXOAHT B 3TOM OIIbITe, MO}KHO 06"hHCHHTb cAe/\yIOIlJ;l·[M

o6pa30M. 3l\eKTpOHhl B aexoropux TBepAhIX BeI.IJ;eCI'Bax, ocoocnno
B xeraxxex, IIpHMepHo 0AHHaKOBO rrpJITSIrlmaIOTC51 KQ nccsr cocex

HI1M aTOMaM, IIpM 3TOM OHM He JKeCTKO npHB5I3aHbl K KdKOMY-TO on

peAeAeHHoMY Mecry. TaKHe 3AeKTpOHhI OTHOCllTeAbHo CBo6oAHO
nepeABHralOTC51 B TBepAOM BelI.l,eCTB€, rr03TOMY onu Ha3blBaIOTCH

CBo6oAHLlMH 3AeKTpOHaMH. AB:IDKeHl1e CBo60NIbiX 3AeKTpOHOB

npHBOAHT K 1'01\1)', tITO rrpOHCXOAlIT rrepeAaqa ancprrra OT 0AHoro

3AeKlpOHa K ApyrOMY. Taxaa nepenaxe aneprmr npeACTaBABCT co
6all jAeKTpU'IeCKH" HMnyAbC, B03HHKdlOIIJ;HH BCAeACTBHe CHAhI OT

TaAKHBaHH5I MeJKAY OTpI1I.J;aTeAbHO 3apjl)l{eHHbIMH 3AeKTpOH8MH.

Koraa MarHHT A TOAKHYAH snepez; MarmlTbI B H C nepeABHHyAHCh
na raxoe JKepeccrosrrae. norosry-rro ae HI1X IIoAeHCTBOBaAd OAJ1Ha

KOBd5( CliAd cnepeza 11 C33AH. fl03TOMY cYMMapHa51 caxa, ABI1rdlO·

IIJ;a.H HX nnepez, (aarrpano]. OKa3aA.dCh 0AHHaKOBa. MarHHTbI n 3TOl\I

onsrre arparor POAh CBo6oAHhIX 3AeKTpoHoB n MeTa..;\)\JP-IeCKafl: npo
BOAOKe, .HBMlJOm;ei1C5I qaCTbJO 3AeKTpU'IeCKOH uena (rryra CAeAOBa

HH5l 3AeKTplftrecKHX aapsaoa}. 3AeKTpHtleCKdSI uern, AOAJKHd COCTO

51Th 113 semecrne, Ha3bIBaeMoro 3AeKTpUQeCKUM DPOBOAHHKOM,

I1AH npocro rrpOBOAHUKOM (npOBOAHHK - Bem;eCTBO C 60AhiliOH

KOHu;eHTpaU;Heft CBo60AHbIX 3AeKTpoHOB). ECAH 3AeKTpH'lIeCKaSI

uerrs oopaayer rreTJUO, TaK qTO cBo6oAHbIe 3AeKTpOHbI ABIDKyrCR no

aenpepsraacery rryTIf, OHa Hd3bIBaeTC5I 3aMKHYTOH nensio. ECAM B
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rex aeuiecraax, xoropsre 06pa3YJOTuens, HMeeTCll paspsra, TaK 'ITO
TOK He MOJKeT revs, nens Ha3bIBaeTCH pa30MKHyTOH q:enLIO. B pa

30MKHyrOH uemr HeT ABHJKeHHH 3apHJKeHHbIX sacrau. B HdllreM

orn.rre npezcraaxeaa TOAbKQ qaCTb 3dMKHyrOH u,eIIH. Flepez, ManUi

TOM D [r.e. crrpaaa OT Hero) 60AblIIe HHKaKHX MarHHTOB HeT, H OH
ReAeT ce6H He TaK, KaK AOAJKeH ABHraThCH 3,heKTpOH B 3dMKHyTOH

3,AeKTpulfecKOH uena, OH nepenaaraercs AaAhWe, IleM OCTaA.bHbIe

MarHHTbI, IIOTOl'\f}' tITO He HaTaAKHBaeTCH aa npOTHBOAe:HCTBYW

ll\YJO CHAy,KaK OHH. (OOAP06Hee 0 TOM, na xaxoe paCCTOllHHe yxo
AMT MarRI1T D, eM. IIytIKT «HOBbIe nOM.DAhl)} B 3TOH rxaac.)

3AeKTpI-PleCTBO - 5IBAeHHe, B03HHKdlOII.J.eC 6AdfOAapH npHcyr~

CTBH.EO M/H/I...H ABHJKeHIUO 3AeKTpWIecKHx 3apHAOB. AHHaMHtleCKOe

3AeKTpU'IeCTBO - .:)1'0 pe3YAbTaT ABIDKeHHH 3AeKTpH~recKHx3apH

ADB. OOTOK 3AeKTpWIeCKlfX 3ap5lAOB B rrpOBOAHHKe uaasmaerca
3AeKTpHQecKHM TOKOM, HAlf npocro TOKOM. 3HeprHH, ClU13aHHCtR C

3AeKTpl'p-leCTBOM, Ha3bIBaeTCH 3AeKTpHQeCKoit: saeprnea.
3AeKTpWleCK)'lO oneprmo, KOTOpa51 HBAHeTCH np:wuiHoH B03HI1K

HOBeUlliI 3AeKTplftIeCKoro TOKa, MOJKHO CpaBHlITh C aanaceaaon no
TeH~Hdi\bHOM. 3Heprneil ABYX npOTHBOCTOH~HX ManUITOH B HdllleM

onsrre (MarHHTOB A H B). Lie" 6AIDKe paCrrOAOJKeHbI MarHHTbI APyr K
APyry, TeMrpyznee <IX CTOAKHYTb APyr CAPyroM. TaKHM o6pa30M, npa
C6AIDKeHHH <IX noremraaxsnaa aaeprns B03paCTaeT. TaKH" JKe oopa
30M, rrOTeHlJ;HaAhHaR aaepras ABYX 3AeKTpOHOB B03paCTaeT! KOfAa/V3a

3apllAa npH6AHJKillOTCllAPyr K APyry. 3AeKTPWIeCKall snepraa, TPe
6yeMall MJf. rrepeneuteaaa 3apllAil H3 OAf\Oll TO'IKHB APyrYJO B 3AeKT
pmecxoa nena, Ha3bIBdeTCSl pa3HOCTbIO nOTeHqRaAOB (pa3HHI.J;a B

3AeKlpW:leCKOIf nOTeHQHaAhHOH aaeprua MeJKAY AB~UI TOliKaMH).

Henpasxeanoe ABUJKeHHe 3AeKTpOHOB xapaxrepaayerca TeM,

tITO ABH:>KeHHe caMHX 3ap5IAoB OtIeHh MeAAeHHoe no cpaBHeHIUO c

3AeKTpJf4eCKHM HMIIyA..hCOM. CBo6oAHbIe axexrpoasr B MeTaAAW!e

CKOH: rrpOBOAOKe MOryI' 6AYJKAdTb no MeTaAAy OT dTOMa K dTOMy.

0peACTaBbTe ce6e, 'ITO B npOBOAOKe CYll\eCTByeT TOAbKO OAHH PllA
3AeKTpOHOB. Korna 3AeKTpOH A ABlVKeTC51 suepez, HaxoMIII.l,HHC51

rrepeA HHM 3AeKTpoH B TO'Ke nepeABHraeTcll BnepeA 6AaroAapll
3AeKTpHtIeCKOH: CHAe OTTdAKHBdHMH 3THX AByx OAHOllMeHHbIX 3d

P5IAOB. 3AeKTpoH C, KOTOpbIH HdXOA"TCSl nepez, 3AeKTpoHoM B, B

CBOro oqepeAb, AImraeTC5I BI1epeA 3AeKTpHQeCKOH CHAOH OTTaAKH

BaHHH, H T.A. Bee npOI1CXOAHT TaK, KaK C ABM>KeHHeM MarHHTOB B

aauresr orrsrre. B TO BpeMSl KdK OTAeAbHbIe 3AeKTpOHbI ABHraIDTCH

CO CKOpOCThlO rrprorepao 0,001 carmorerpa B ceKYIIAY, 'ITO cano no
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ce6e AOCTdTOlfHO MHoro MH TaKHX MaAeHbKHX qaCTHI.J;, 3AeKTpHt:Ie

CKHll HMnyAbC, KOTOPbIllOHII nepeaaror, nepeereureercs npaKTII'Ie
CKH co CKOpOCTbIO CBeTa - 300 000 KIlAOMeTpOB B CeKYHAY. XOTll B
namex OIIbITe Ka/KAbIH 113 MdfHHTOB nepeaaaraerca BCerO AHllib aa
He6oAhiliOe paCCTOHHHe, HO ABHTaIOTC5I nnepez, OHM rrpexrnsecxa
MrHOBeHHO. 3TOT npOI\eCC npencraaaser C060ll nepexasy 3AeKT
paxecxoa snepraa xepea PllA 3AeKTpOHOB (poxr. KOTOPbIX nrpaior
MdrHlITbI) c nOMOLQbIO 3AeKTplflleCKoro HMrryAbCa.

HOBbie nOAXOAbl

Florcnnaaasnaa saepras 6aTapeH onpeaexaerca paanocrsso no
TeHU;HaAOB Me/KAY ee no ..\.IOCaMU (TOlJKaMH, B KOTOphIX K 6aTapee

nOAKAlO'IaIOTCll BHellIHHe 3AeKTpH'IeCKHe ycrpoacrse]. 3Ta paa
HOCTb IIoTeHQHaAOB Hd3bIBdeTCSI HanpBJKeHHeM, xoropoe H3MepH

erca B BOAhTax (BI. (BOAbT - noreanaaxsnes saepraa aa eAIlHIlQY
3apllAa.) qeM 60AbllIe pa3HOCTh nOTeHI\IlaAOB, TeM 60AbllIe nOTeH
U;HaAhHaH aaeprns H, cAeAOBaTeAbHO, BhYWe HanpHJKeHHe. Ilpa
B03paCTdHHH HaUpH)KeHHH BeAJillHHd TOKa B u.eIIH TdKJKe soapacra
er, EeAll aa 6aTapellKe nanacano 1,5 B, 3TO 03Ha'iaeT, 'ITO pa3HOCTh
nOTeHQIlaAOB MeJKAyee nOAIOCaMIl paaaa 1,5 B. B 6ampellKe rra 6 B
3Td pa3HOCTb B qeThIpe paaa OOAhIIIe. B 3lLeKTpJIlleCKOH uena, KOTO

PYJO rnrraer 6aTapeiiKa 6 B, TOK B xersrpe pasa 60AbllIe, '1eM B uerm,
nHTaeMoii 6aTapeiiKoii 1,5 B.

XOTll yaeAII'IeHIle aanpaaceaaa He noasnnaer CKOpOCTb pac
rrpOCTpaHeHHH 3AeKTpWleCKoro HMrryAbCa, ono YBeAHlfHBaeT CKO

pocrr- ABHJKeHHH 3heKTpOHOB. C pOCTOM CKOpOCTH ABHJKeHHH 3Ae

KTpOHOB 60AhllIee '1HCAO IlX rrpOXQAIIT xepes HeKOTOpYJO TO'lKy B
3iiAdHHblH JIepHOA BpeMeHH. Hanpascenae MOJKHO npeACTdBHTb ce

6e KdK HeKHH «HdJKHM» na csotionmac 3AeKTpOHbI.

!1poAeMoHCTpHpyllTe yaeAII'IeHHe Hanp"",eHHll, yaeAII'IIlBall
CKOpOCTb rrepeABHJKeHIUI MafHHTd A. CpaBHHTe paCCTOHHMJI,

rrpoiiAeHHbIe MdrHlITdMM. nOCKOAbKY MarHHT D He ncrpexeer npo
THBOAeiicTBYJOl.I.(eH CRAbI, ero ABH",eHIle H 6YAeT xprrrepaesr roro,
HdCKOAbKO B03pOC ((HdJKHMn.

nplfAyMaHTe Baw C06CTBeHHblH onb'T

la. 3AeKTpUlJeCKaH npOBOAUMOCTb xapascrepaayer B03MO)l(HOCTb

ABIDKeHH5I 3AeKTpWleCKHX 3apHAOB xepea BeIll,eCTBO. YAeAh-
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HiUI 3AeKTpOnpOBOAHOCTb (liM! 3AeKTpOnpOBOAtlOCTb) - 3TO
Mepa CnOC06HOCTM aetnccrna npOBOAHTh 3AeKTpH1.f.eCKWll TOR.

K Bew;eCTBaM C BbICOKOH 3AeKTpOrrpOBOAHOCTblO OTHOCHTCH Ta

KHe aeuiccrna, KOTOpbIe 06AaAaIOT BbICOKOH KOHu;eHTpaU;Hei1:

CB060AHhIX 3AeKTpOHOB, aanpnxep, MeTaAAbI. 3TH semccrua

Ha3hIBalOTCH 3AeKTpH'IeCKHMH npOBOAHHKaMH. npHAYMaHT0
OIIbIT! KOTOphIH: nosror 6N CpaBHIITh YAeAbHbIe 3AeKTpOnpOBOA

HOCTH pa3HhIX MaTepHaAOB. MOJKHO, B qaCTHOCTH, ckoncrpyu

poaers He3aMKH)'TYlO 3AeKTpH"lJe~Kyroucm, a nOTOM 3aMbIKaTb

ee c nOMOII.J;hIO pa3AHtIHblX Ma~pRaJ\.OB. nOMeCTwre B KaKoii

AR60 ITOAXOMlI.IJ;Hll 6aTapeHHbIH. GTeeK C BhIBOAaMH 6aTapeHKy
aa 1,5 B. Bxpyrirre AaMrry-BcublIllKy C 1(OKOAeM E-IO B AaMrro
EbU1: rrarpoa. C nOMOI.IJ;blO KycatreK OTpeJKbTe TpM xycxa 0AHO

JKHAbHOrO H30AlIpOBaHHoro npoaoxa AJUfHOH no 15 eM. 3a'tlHC

Tine npa-repao rro 2,5 CMC KaJKAoro KOH1(a nposona. CoeAlIHlI
T€ BbIBOAW 6aTap€HHOrO OTC€Ka C I..J;OKOA€M AaMlIbI, KaK rroxasa

HO Ha pac. 16.2. B3l1B B PYKlI nponoaa se 1I30AIIpOBaHHble yqa
CTKH, CO€AHHIIT€ 3al.JHIll.eHHbI€ )'l.JacTKH lIPOBOAOB TaK, l.JT06hI

AaMna aeropenacs. Ecxa OHa aaropexacs. pa30MKHHT€ npOBOAd.
Teneps CO€AHHIITe zx xepea HCCAeAyeMbIH MaTepHaA, nanpa

xop, xoaery. 17pUMe'lCUlue: y6eAJiTeCb, 'ITO npoaoaa KaCaJOTClI
TOAbKO accxezyexoro.aerepaaxa. a He APyr APyra. BaIJJa 1(eAb 
YAoCToBeplITbC5I, QTO HM€HHO HCCAeAY€MhIH lIp€AMeT 3aMhIKa

er 3AeKTpHl.JeCKYID uens, nponycxas xepes ce651 nOTOK 3AeK

TpOHOB, 6AarOAapll '1eMy roprrr AaMrra. OCTOPO)l(HO: eciu
qepscam» uens 3aMKHymoii 60Aee 5 C, nposoqa U AaMna Morym
CUAbHO narpemucst U Bbl MOJKeme 06JKeIJ.bcR. He mpofaiime AaM

ny U nponoqa, nOKQ OIUI He ocmblHym nOCAe pa3MblKaHUR uenu.
6. Hexoropsie npOBOAIIHKH CAepJKHBaJOT ABIDK€HH€ 3AeKTpw-IeC

KHX 3ap5lAOB B 60AbTll€H CTeneEM, l.JeM APyrlle. Mepa npOTHBO

A€HCTBH5I Tel.JeHIHO 3!1.e"KTpHl.JeCKOrO TOKa xepea IIpOBOAHHK aa

3bIBaeTC5I conporaaxenaees. JIpKOCTh CBeQeHll51 haMIIhI CAy:H<HT

HHAHKaTopoM 3A€IITpWlecKoro TOKa (KOJllitIeCTBa 3h€KTplfllec

KIlX 3apllAoB, rrp0TeKaJOI1(HX no nena 3a eAlIHlf1(Y BpeMeHlf). C
YB€J\WI€HH€M COlIpOTIfBAeHIDI CHAa TOKa lICiAa€T, rex /K€ KaK li

51pKOCTb CBel.JeHIUI AaMIIbI. nOBTOpHT€ IIpeAhIAyrIViH onsrr, ac

lIOAh3Y51 B KaQeCTBe «BbIKJUOl.JaTeJill» paausre xerepaaau H cpaa

HHBa5I 51pKOCTh CBeQeHI.fSL QTo6bI y6eAIfIbOI, lITO 3AeKTpOHbI npo

xOMIT xepea 0AHHaKOBO€ KOAWIeCTBO liccAeAyeMoro MdTepliaAd,

nplIKJ\.eftTe npOBOAa CKOTl.JeM K nOAOCKe raepxoro xaproue. 3aql1-
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PUC. 16.2

II..I;eHHhIe KOHIJ;bI npoaoxa AOAJKHhI BbICTYTIaTb aa xpaa IIOAOCKH H

MeJKAYHHMH AOAJKHO 6hITb paCCTOHHHe B 1,25 CM (CM. puc. 16.3).
B. npHA-yMaHTe cnocoo, KOTOpbIH Mor 6h1 noxaaars, BMUleT AlI KO

AlltIeCTBO HccAeAyeMoro xarepnaxa aa conporaaxenae. He
IIOAb3yHTe 60Aee AJ\.HHHbIe 06pa3I.J;bI, aanparaep, IIOAOCKyaAIO

MUHHeBoH <pOJlhrH HAll KapaHAaIIIHblH rpH<peJIh. DpHKaCaH:TeCb

orOAeHHbIMH rrpOBOAaMH K pa3HhIM MeCTaM I1ccAeAyeMbIx

npezcreroa, TaK, 4T06bl paCCToHHHe MeJKAY npoaoeasra 6blAO

PUC. 16.3
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pa3HhIM. IAonOAHHTeAhHhIe CBeAeHHlI 06 H3MepeHHH 3AeKTpH

qeCKOrO TOKa c nOMO~hlO recrepa eM. fAdBY 17 «Flocxesoaa
rexsnas nens: nOCAeAOBdTeAbHOe BKAIOtIeHHe»).)

C60p <!>aKTOB

1. Bamapes - 3TO ycrpoacrso, B KOTOpOM AAlI nOAyqeHHR 3AeKT

pHtIeCKOrO TOKa HCIlOAh3yroTCH XHMHtIeCKHe peaKQHH. B CdMOM

KOHl\e XVIII sexa HTaAhRHCKHii <jJH3HK Axeccaaapo BOAhTa

(1745-1827) paspatiorax yCTpOiiCTBO. BnOCAeACTBHH Ha3BaH

Hoe BOAbTOBbIM CTOA60M, xoropoe CTaAO rrpeAllieCTBeHHHKOM

6aTapeH. BOJ\.bTOB CTOA6 6:bIA cnoco6eH BbIpa6aTbIBaTh 3AeKT

pHtIeCKHH TOK. B tIeM OTJ\JIlIHe COBpeMeHHbIX 6aTapeeK OT BOJ\.b

TOBa CTOA6a? Florrpofiyirre HaiiTH HHqlOpMal\HIO 06 3TOM B

yqe6HHKax no <:pH3HKe H rrOJUITeXHHQeCKHX My3eax.

2. 3aKoH KyAOHd OllHCbIBaeT nOBeAeHHe CHAM. AeHCTByroIl\eH
MeJRAY ABYMH 3apSDKeHHhIMH TCAdMH. KaK 3Td CHAd 3dBHCHT OT

paCCTOllHHlI? EOAce nOAPo6HO °3aKOHe Kyxona CM. B yqe6HH

xax no <j:JH3HKe.

3. A!13AeKTpHKH H"CIOT HH3KYIO KOHl\eHTpal\HIO cB060AHbIX 3Ae

KTpOHOB H, cAeAoBdTeJ\..PHO, KpaHHe HH3KyID axexrponponoa
HOCTb. nOAPo6Hee np0'ITHTe 0 AH3AeKTpHKax B }"Ie6HHKe no

<j:JH3HKe.



nOCAeAOBaTeAbHaJi uens:
nocAeAoBaTeAbHOe BKAIO'feHHe

3AeKTpH'IeCKa>l uern, - 3TO nyrs, no KOTOPOMY ABHJKyrC>I 3AeKT
pH'IeCKHe 3ap>JAbl. ECAH CY111eCTByeT TOAbKO OAHH rexon nyrb, no
KOTOPOMY MO)KeT Teqb 3AeKTpH'IeCKHH TOK, TO TaKaH uens aaasma
eTCH rrOCAeAOBdTeAbHOH:. EcJUf KaKoif-J\JI60 ¥'IdCTOK TaKOH u;eIIH pa
30MKH)'T, TO TOK He MOJKeT CAeAOBdTh no uena soonme. Hexoropsre
HOBorOAHHe rnpMlHAbl rrpeACTdBJUlIOTco60H: nem- nOCAeAOBaTeAh

no BKA!OqeHHbIX AdMIlOqeK. ECAH XOTH fibI DAlIa 113 HRX rreperopaer,
TO racner BeR rnpMlHAd.

B 3TOM onsrre BbI H3roTOBHTe MOAeAb AM AeMOHCTpal\HH pa60
TbI nOCAeAOndTeAhHOH u;eIIH. BbI HayqlITecb H3MepHTb Hanp.SIJKe

HHe, caxy TOKa H COnpOTIIBAeUHe B IIOCAeAOBdTeAhHOH uenn. BbI
TdKJKe yanaere, KaK ).IdTeMdTHQeCKH onpeAeMJTb conpornaxemre c
nOMO~bJO 3dKOHd OMd.

C '1ero Ha'laTb

MamepulIAbl
6ampeiiKa CHanp>lJKeHHeM 1,5 B
6aTape'fiHhIH AepJKdTeAh C IIOAKAlOQeHHbIMH H30AHpOndHHhlMl1

npoeoaasra (KpacHbIll H '1epHblll)
AdMna-BCITbIllIKd C U;OKOAeM E-l0
AaMnOBblll narpoa C 1.\0KOAeM E-I0

lIopJlgoK geiiCl1l1lUtl
I. DOAOJKliTe6aTapelO B 6ampeiiHblii AepJKaTeAb MHH)'COM K xep

HOMY npoaozy.
2. Bxpynrre AaMny B narpon.

3. AepJKa npoeoza tiarapeaaoro AepJKaTeA>l aa H30AHpOBaHHble
ytlacTKM, nonnecare HX 3a1.JHIIJ;eHHble KOHll,bI K BlUITOBbIM KOH

TaKTaM AaMnoBoro narpona (CM. pHC. 17.1). OClDPOJKHO: He

ocmaBARume nposoqa nogKAlOl.J.el-lUblMU K AaMnoBoMy nampoHy
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Puc. 17.1
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60Aee 5 cexyuq. 3a_uUjeHHble KOHljbl nposoqoe U AaMna Morym
HarpembcR U o6)Ke% sac. npe)Kge _eM gompOH}'11lbCR go HUX,
gaiime UM ocmblmb.

4. Orsters're, KaK 6YAeT BeCTI-I ce6H AaMIIa, KorAd BHHTOBOro KOH

TaKTa ee natpoaa KacaeTCSI TOAhKO 0ARH npoaoz, OT MHHyca 6a
TapeHKM.

5. nOBTopHTe Aei\cTBHlI H3 rryaxra 4, rrOAKAIO'IHB K xasme nponoz,
OT nxroca 6aTapeHKH.

Pe3yAblllQmbl

AaMIIa CBeTHTCR: TOAbKO B TOM cay-rae, KorAa npOBOAa, HAyuJ;He OT

fiarapen, KacaIOTCH 060HX BHHTOBbIX KOHTaKTOB AaMnOBOro narpo
aa (Ka"'A!>IHrrpOBOA rrOABeAeH K cBoeMy KOHTaKTY).

nO'ieMy7
3AeKTpHtIeCKHH TOK - aOTOK 3AeKTpHtleCKHX 3apHAOB. 3AeKTpH

qeCKIUf TOK TeqeT no npOBOAHHKaM. B HameM CAyt.Iae :.lTD rrposoaa.
cOeAHHHlOIU;He AepJK.aTeAb 6aTapeHKH C MeTaAAHtIeCKHMH qaCTHMH
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AdMITOBorO narpona, caxa AdMlld H 6aTapeH (yCTpOHCTBO, KOTOpOe

C rrOMO~hIO XHMHtIeCKHX peaKQHH BhIpa6aTblBaeT 3A8KTpHtI8CKl1:H

TOK). Kanax CBH31f, cocrosnnan as npOBOAlIII\Ifl( MaTeplfilAOB, no KO

TOPbIM T8qeT 3AeKTplf1l8CKHH TOK, Hd3blBaeTCH 3AeKTpMtIeCKOH.

u.eIIhIO. ECAH 3AeKTpHtleCKdH uens nenpepi.maa, oaa Hd3hIBaeTCSl
3dMKHyrOH u;eIIhIO. EClUf >Ke B npoaoznaxax, 05pa3YlOIIJ;HX nens,

eeTb paapsm, raxea uens Ha3bIBdeTCH pa30MKHYToH. ECAH uens,
KdK B HallleM ornrre, COAepJKHTTOAbKO 0AHH rryrs, no KOTOpOMy MO

)KeT Teqb 3AeKTpntleCKHH TOK, 3TD nOCAcAOBaTeAbHaH uens.

C rrosiomsro AdMnbl MQlKHD onpeaexirrr., 5IBMleTCH U;8IIb 3dMKHY

TOH HJlli pa30MKHyrOH. AMr- roro ~JT06bI hdMIIa CB8TlI/\.dCb, 3AeKTpo

HbI AOhJKHbl ABHraThCH xepea ee 8HTb aaxaxa - TOHKYJO CITHpaAh

Ky BHyrpH AaMIIbI. DAaroAapH MaAeHbKHM peasrepasr CnHpdlU>KH

3heKTpoHbIi TeKyrI.J;He no HeM, C 60hhmeft BepOID'HOCTbIO 6YAYT

CTdAKHBaTbC5I C aTOMaMH:. I13-3a 3THX CTOAKHOBeHlui aTOMbI Ha'tfliM

HdIOT KOAe6aTbCH, H resmeparypa HIITH uossnneerca. Flpn AOCTa M

TOtIHO 60hbIlIOH: cnxe TOKa RUTb paaorpeuaerca BllAOTh AO caexe
HUH. ECAH ucm, 3aMKHYTa, npouone, rrOACOeAHReHHblC K 060HM

xotrraxrax AaMI1bI, 3aMbIKalOTC>1 ua IIOAlOCax 6aTapeu, srro rr03BOi\.Sl·

eT 3AeKTpoHaM npoxoarrrs no nena, Ii AaMnd CBeTHTC5L B pd30MKHY

TOM uernr 0AHH H3 npoeozoa, BeAyuJ;Hx OT AaMIIhI, OTcoeAMHCH or

fiarapea. B nena CYII\eCTByeT paapsm, If 3AeKTpOHbl He xoryr reus.

ECAH nons paaoxxayra, xasma He ropar.
Barapea BhIpa6aTblBaeT nOCTOBHHIdH TOK (3AeKTpHQeCKHH:TOK,

xcropsni rever B OAHOM nanpaaxcaaa]. CTpeJIKIf na pac, 17.2 rroxa

3bIBa1OT, tITO B 3aMKHyroil uena TOK, 0603HaQeHHbIM 6YKBOH e',
ABHJKeTCH OT orpanarexsnoro noxroca 6aTapen xepea AaMIIy K no

hOJKllTeAbHOMY IIOMOCY fiarapen,

HOBbie nOAXOAbl

1. EYAeT hH TeqeHHe TOKa B 06paTHoM nanpanxeaa« B.I\IDITb na

SlpKOCTh CBeQeHH5I AaMITbI? OOBTopHTe onsrr, nepexxro-ma

npoaoaa aa IIOAlOCax 6dTdpeH.

2a. BYAeT AH BKAIOqeHae AOITOAHHTeAbHbIX AdMIT B IIOCAeAoBdTeJ\b

Hoe cOeAHHeHHC BJUUlTb aa CBCqeHHe K(lJKAOH AaMllbI? nOBTO

pare llepBOHa1.liiJU,HbIli OITbIT, Ao6aBHB B QeIIb eure 0ARY AdMny.
Hcrroxsaynre KycaQKH, l.{To6bI 3al;.JlICTHTb KOHlJ;hI AOIIOAHHTeAb

HblX npOBOAOB OT H30Mlll,HH. Flpaxpenare 3at,lHrn,eHHhle KOHU,hl

K KOHTdKTaM xasmoaoro narpoaa. K Hay'lHoMy cesuraapy: Ha-
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xeprare cxexy 3AeKTpOCOeAHHeHllii, TaKYJO KaK na pnc, 17,2,
tITo6bI IIOKd3aTb nOCAeAOBdTeAbHOe coeAHHeHHe ABYX 3AeKTpH

'tIeCKHX AdMIT.

YCAO~HbleOOO:;Ha4eHUR

t t ilaMna ---lL

e' e: npo~o()
++

oamapeR II
mOK e'

Pac. 17.2

6. 'YTO npoacxoaar, KOfAd neperopeer DAlIa H3 AdMIT npa nOCAe

A0BaTeAhHOM COeAHHeHlm? Ilorrpooyare BhIKPYfIITb "3 narpo
Ha 0AHY J.f3AaMIl, BXOAHI~HXB uens, (IIpUMellaHUe: xoraa AaMrrd

rreperopaeT, HHTh HaKaAMBdHIUI 06phIBaeTC51. n03TOMY BhlKPY

'mBaH"e AaMrrhI rrp"BOAHT K TOMY JKe 3epepeKTy, 'ITO " ee rrepe
ropartne.]

3. KaK IIOBJUfHeT na HpKOCTh AdMIIn'-leK KOlill'Y:eCTBO BKJUO'LIeHHbIX

B C€Th 6aTapeeK? Ilonroprrre nepBOI-IaqaAbHhIH OUbIT. HCIIOAh

3y" OARY AaMrry" nOACOeAHHIDI rrOCAeAOBaTeAhHO ABe 6aTapeii
Kll aa 1,5 B c rrOMOII1hIO rrponona. OTp"1\aTeAhHhIii rrOAlOC 0A
HOR 6aTapeH AOAJKeH 6bITb COeAHHeH C IIOAO)KllTeAhHbIM rrOAJQ

COM APYToii. OCTOPO)l(HO: nOAb3yiimech mOAbXO 6amapeiixa
MU Ha 1,5 B. Ilocseqosamessnoe coeguHeHue 60Aee gByx nOAy
mopaBoMmoBhlX 6arnapeii. UAU UCnOAb30BaHue tiamapeii c 60Ab

mUM HanpRJl<eHueM MOJKemnpUB€CmU K neperopmwlO AQMIlbl, a

mQlOKe K onacHoMy B03pacmaHUlO CUAblmOKa.

npl1AYMaMTe saur C06CTBeHHbiM onsrr

lao KyAOH (KA) (3apM 6,25xlO'8 3AeKTpoHoB) - 3TO eAIIHII1\a KO
AHlJeCTBa 3AeKTpHlJeCTBa B CHCTeMe Cl-I. EAHHHU;d CHAbI 3AeKT

pUtIeCKOrO TOKar 0AHH KyAOH B CeKYHAY. Hd3bIBdeTCR aMnepOM

(A). Flpafiop Af\5I "3MepeHll" CllAhI 3AeKTplI'IeCKOrO TOKa B ue-
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PRe. 17.3

TIM Ha3bIBaeTC5I aemepsrerposr. Tecrep - HHCTPYMeHT, KOTO

pbIii cnOC06eH 3aMeHHTb cpaay HeCKOAbKO rrpatiopos. B TOM

4HCAe axnepxerp H BOAbTMeTp (npaoop M5I H3MepeHH" aa
npJDKeHH5I). Tecrep MOJKHO xyrnrn, B xarasaae 3AeKTpOTeXHH

t.IeCKHX TOBapOB. 0pWAYMdHTe OIIbIT, B KOTOpOM MO)l{HO HC

nOAh30BdTb TeCTep B xaxecrne axnepxerpa AM£ H3MepeHHH CR

AbI TOKd B HCIIQAb30BdHHhIX paaee nOCAeAOBaTeAbHbIX I..\emIX.

CAeAyHTe HHCTPYKIjHH no npHMeHeHHIO Tecrepa H 06paTHTe

TaKJKe BHHMaHHe na CBeAeHH" H3 3TOll KHHrH. OCTOPO)l{HO:
GMnepMemp Bcerga nogKAlOllaemCR nocAegoBameJl.bHO. 3mo
3J-lUllUffi, limo npu UCnO)lb30BQUUU mecmepa gAR U3MepeHUJl cu

Abl mOKQ Bbl gOAJKHbl pa3'beguHumb uens, B xomopoii nposoqsm
Cfl usuepenus, U cgeAamb amnepuemp ee .aCmbJO. B npomus
HOM CA}"Iae IItO}l(HO nOBpegumb mecmep. Ha pHcYHKe 17.3 rrpea
craaxeae zorarpasoaa uena, COCT05lrn;eW 113 6aTapeH, AdMIlbl, Bbl

KAIO"IaTeAH (yCTpOHC'I'Bd, pa3MbIKalO~ero 11 aaxsrxeronrero
3AeKTpH4eCKyro uens] u asmepxerpa. AllTOP nOAh30BaAaCb re
crepox co IIIKaAOH Af"S{ H3MepeHH5I nOCTOHHHoro TOKa OT 0 AO

150 MA (MRAAHaMnep). t.jTo6hI H3MepllTb TOK, nepeKAI04aTeAh

<PYHKl\Hii na 'recrepe HaAO nOCTaBRTb B nOAO>KeHUe 150MA no

CTOllHHOro TOKa (CM. pHC. 17.4). npHCOeAHHHTe orpauerexs
HbIll uryrr recrepe (06bI4HO 4epHhIii) K MRH)'CY uena, a nOAO>KH

TeAhHblii uryn (06bI4HO xpacaua) - K nxrocy ucrnr, KaK noxa
3aHO Hd pnc. 17.4. Ha puc. 17.4 noxasaaa TOAhKO 4aCTb IIIKaAbI

recrepa, xoropas HCrrOAb3yeTcH AMI R3MepeHH5I nanpHJKeHIHI

I1 CHAM IIOCTO.RHHoro roxa, ECAH aa AdHHOH nrxaxe He YXd3a

HhI IjR<PPhI, TO cAeAyeT HMeTb B BHAY, 'ITO KorAa nepeKAI04a

rexs <PYHKIjHii aa TeCTepe ycranouxea B nOAO>KeHHe 150 MA

rrOCTO.SlHHOrO roxa, rpdAYHpOB~
Kd A,MIHHbIX AeAeHI1H na ruxa
Ae, 4HCAO KOTOpbIX paaao 15,
cooraercrayer 10 MA. Floxa
3aHHe AJUI BeAHqHHhI CRAbI TO·

AaMna xa B IJ,enH, H306paJKeUHOH Hd

pHC. 17.4, onpenexaerca CAe

AYJOIl\RM oopaso:«. CTpeAKa

HdXOAHTCH Me>KAY AeAeHHHMH

30 MA H 40 MA (CM. KpynHbIii

ITAaH cnpaaa}. CHAd TOKa paa
ira 35 MA = 0,035 A.
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Puc. 17.4

6. l1MeeT JUf 3Ha'lfeHHe MecTO paCIIOAO}l{eHHH TeCTepa B u;eIIH?

CnpoeKTHpyftTe HeCKOAbKO nOCAeAOBdTeAhHba QerreH M rro
npobyirre nOAKJ\1O'IHTb recrep B paansrx MecTax uemr, narrpa
Mep, MeJKAY ABYM" AaMnaMH, HAM nOAKJ\1O'IHTe ero K nzrocy 6a
rapea, a 3aTeM - K MHlJYCY.

2. 3AeKTpOABH:>KYIl.\aH CHAd, KOTopaH 3aCTaBAJ[eT 3AeKTpOHbI

ABHraTbCSI. no nena B onsrrax 3TOH rAdBbI, BbIpa6aTbIBaeTCH 6a
rapeea. Barapes paooraer KaK caoooopaanua nacoc AJI5! 3AeK
TpOHOB. HarrpSIJKeHMe - 3TO srepa BeAl-PIHHbl nOTeHQMdA.bHOH

3HeprHH, KOTOPYJO 6aTape" coooruaer 3AeKTpOHaM B nona.
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ApyrHMH CAOBaMH, 3TO pa3HOCTb rrOTeHI.\HaAOB no o6e CTOPO
Rbi raAhBaHHQeCKorO 3AeMeHTd. Hanpaxcenne H3MepHeTCSI B

BOAbTax (B). Tecrep MOJKeT, B '1aCTHOCTH, BbmOAH5ITb ¢}'HK
I.\HIO BOAbTMeTpa. OpHA)'MaMTe orrsrr AA5I H3MepeHH5I nanpa
)KeRMS! B nerm. B uern, MO}KHO BCTdBlITb BhIK.1UOQaTeAh, QTo6bI

06AertlHTb ee 3dMbIKaHHe Ii pa3MbIKdHHe. I1CIIOAb3yllTe TecTep

A/\5I H3MepeHHH HarrpHJKeHHH B IIOCAeAOBdTeAhHbIX u.eIIHX, KO

ropsae ynoxaaaxacs B npeAbIA)'llIHx orrsrrax. CAeAyMTe HHCT
PYKl(HH no rrpHMeHeHHIO recrepa, a TdKJKeTeM yKa3aHlulM, KO

'ropsre AaHbI B 3TOM KHHre. OCTOPO)l{HO: BOAhmMemp Hi1
KorAA He gOAJKeH nogKAlOoambCJl B Ijenb nocAegoBameAbHO;

OR gOAJKeH tiunu. nogcoeguReR napaAAeAbR~.OOCTaBbTe nepe
KAlOG:aTeAh ¢YHKll,HH: na recrepe B caxoe HHJKHee nOAOJKeHHe

/VUI H3MepeHHJI HdrrpHJKeHHH nOCT05IHHOrO TOKa. Ha recrepe
aaropa, nanpareep, 3TO nOAOJKeHHC COOTBeTCTBOBa..110 AeAeHIUO

15. 4T06h1 H3MepHTb nanpaacenae aa AdMIIe, IIOA,KAlOt.IHTe OT

pHI.\aTeAbHblii myn TecTepa (06bI'IHO '1epHbIM) K nerra co CTO
poasr MHHyca 6ampeH, a rrOAOJKHTeAbHbIM nryn (06bI'IHO xpac
HbIM) - K uena co CTOpOHbI nxroca 6aTapeH (CM. pac. 17.5A).
Hanp5IJKeHHe aa AaHHoii cxexe panao 1,5 BOAbTa. Ha pHcyIIKe
17.56 IIOKa3aHd cxexa U;eIUi C rrapdJ\AeAbHbIM nOAKAIOt.IeHHeM

BOAhTMeTpa.

3. KaJKAoe yCTpOHCTBO, IIoAKlUOQeHHOe B nens, BMUleT HB rIOTOK

3AeKTpoHoB. Hexoropsre YCTPOI1:cTBa OrpaHHQHBBIOT 3TOT no

TOK 60AbIIIe, '1eM APYrHe. l\ro6iUI '1aCTb I1enH, 6YAb TO AaMlla
HMf npoaoz, 06AClAae-r TeM HAM KHhIM conpOTHBAeHHCM. Ho cy

utecrnyior cncuaaxsm.ro yCTpOHC'l'BB, xoropue acnoxssyiorca
AMI c03AaHIHI B uena 3AeKTpHtICCKOrO COrrpOTIlBAeHJiH, TBKue

ycrpoacraa Ha3bIBalOTClI pe3HCTopaMH (COIIpOTHBAeHH5IMH).
COIIpOTHBAeHHe B CHCTeMe eM H3Mep51eTC51 B osrax. AMI H3Me

peHHSI COrrpOTIlBAeHH5I MO/KHO HCrrOAb30BaTh recrep, OARaKO

COrrpOTHBAeHHe B uenax, 0 KOTOphIX rOBOpHAOCb B 3TOH: rxaae.
ClillllIKOM HH3Koe, l.fI'06bI era MOJKHO 6bIAO TDtIHQ H3MepIITh re
CTepOM. MOJKHO, OAHaKO, paCC'IHTaTb COnpOTHBAeIIHe no ¢op
MyAe, IlOCKOAbKY aanpasccnae H CHAy roxa MO/KHO H3MepHTh.

(J)OpMyAa, CB5I3blBalOll\a5I MeJKAY C060M Harrp5IJKeHHe, CHAY TO
xa Ii conporaaxeirae, Ha3hIBaeTCfI. 3aKOHOM OMa. 3aKOH OMB
3anHCbIBaeTClICAeAYlOll\HM 06pa30M: V = 1 x R. 3TO osnasaer:
Hanp5IJKeHHe V (B BOAbTax) paBHO npOH3BeAeHHIOTOKa I (B ax
nepax) rra conpOTHBAeHHe R (B oxex), ECAHrranpazcemre H CH-
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lla TOKa H3BeCTHbI. corrporanxenae BhIqlfCMIeTCSI no C/lBAyIO

II.\eii ¢OPMYAe:

R = VII

Hanpaxep. eCAHHanp'DKeHHe B nerra paano 1,5 B, a CHAa TOKa
35 MA, conporaaxenne AONKHO paaasrsca

R = 1,5 B/O,035 A = 42,85 OM

KracH• ,U
lUYTl...-_--;:=::- -,

PUC. 17.5A
Puc. 17.56
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C60p cjlaKTOB

3neKTpl14eCTBO 11 MarHeTl13M

Barapez CQCTOHT H3 0AHOrO HAH HeCKOAbKHX raAbBaHUlleCKUX 3Ae

MeHmOB, COeAHUeHHbrx nOCAeAOBdTeAbHO. yb xero CAeAaHbI rd.AJ,

BdHlil.J:eCKHe 3AeMeHTbI? l..JTO c06011: TeXHHtIeCKH rrpeACTdBAHeT He

TO'-IHHK IInTdHH,SI xapxensoro ¢onap5I - fiarapero IiAll raxsaana
qeCKHH 3AeMeHT? KaK faAbBdHHlJeCKHe 3AeMeHThI BbIpa6aTbIBdIOT

B 6aTapee 3AeKTpOABMJKyIl1YJO CMAy? 'ITO raxoe cyxoil: 3AeMeHT?
'IeM}' paaen 3AeKTpM'IeCKMil: IIOTeH~MaA 6aTapeM M B pesyxsrare
xero OR B03HHKaeT? OTBeTbI Hd 3TH sonpocsa HaiiAHre caMB B Y'Ie6
HHKax IIO q,H3M,Ke,

1



napaMeAbHaSi uens:
napaMeAbHOe BKAIO~eHHe~---::-_--

flapaJ\AeJ\bHCilJ nens - 3TO TdKdH 3AeKTPWIeCKd.sI nerts, B KOTOpOH

3AeKTpHLIeCKHH TOK MOJKeT rrpOXO~Tb ITO HeCKOAhKHM rryrsx.
npeRMYJI-I;eCTBO 3dKNQ'lJaeTCH B TOM•. lITO, IIOA06HO BBeAeHHIO AO

nOAHHTeAbHOH nOAOCbl Hd CKOpOCTHOH dBTOCTPdAe, B peayxsrare
xero no Hen MQ)I{eT rrpOe3JKdTb 60AbIIIe 1pdHCIIOpTd, sepea napex
AeAbHYIO nens MOJKeT rrporexars 60AbllIee KOAHtIeCTBO 3AeKTpWle

CTBd.

B 3TOM onsrre Bb[ "3yq"Te rryrb, rro KOTOpOMy CAeAYJOT 3AeKTpo
HbI B rrapaAAeAbHOH u;eIIH. BhI H3MepMTe CHAY TOKa If aanpasceaae
B uerra If ee OTBeTBAeHHHX, a 3dTeM HCIIOAb3yeTe rroxyxeaasre pe

3YAbTdTbI AMI rrOATBepJKAeHHlI 3dKOHa OMa. Bsr noaxere raxsce,
KdK napaAAeAbHO COeAHHHTb raAhBdHWIeCKHe 3AeMeHTbI 6aTapeH Ii

KdK nepaaxexsaoe COeAHHeHHe 3AeMeHTOB BMUleT Hd TOK H nenpa
JKeHHe B uena.

C '1ero Ha'laTb

L(e,u,: orrpeAeAHTb rryrt, npOXOJKAeH"" 3AeKTp"QeCKOrO roxa B na
pdIV\.eAbHOH nertrr.

MamepuWlhl
6dTdpeHKd C Hdrrpll",eH"eM 1.5B
6aTapeHHbIH AepJKdTeAb C IIOAKAIOQeHHbIMH H30AIIpoBaHHbIMH

rrpOBOAdM" (KpdCHblH "QepHblH)
2 0AHHaKoBbIx AdMIIbI-BCnbIlliKH C U;OKOAeM E-l0
2 AdMrrOBblX rrerporra CI10KOAeM E·I0
KycaQKH

KyCOK "30AHpOBdIlHoro nponoxa AAHHOH 30 CM
orneprxa AMI OTKpyqHBdHH5I BHHTOB

lIopRgoK geilC11lBuil
1. nOMeCTHTe6ampelO B 6aTdpeHllblH Aep"'dTeAb.
2. Bxpyrare AdMllbl B rrarpoau.



136

3. C novomsro xycasex paapexcsre npoaoz, na Nie panmae 'Jacm no
15CM. 3a'JHCTIITe KOHI1b1 rrposonoa na AMIHYrrpreaepno 1.25CM.

4. nOACOeAHHHTe npoaoaa K AaMITOBblM narpouasr. KaK nOKa3aHO

ua pHC. 18.1.
5. B03bMHTe npOBOAa, nOACOeAHHeHHble K 6ampeHHoMY AepJKa

TeJHO, aa H30JlliPOBdHHble -tecra H AOTpOHhTeCh HeH30JllipOBdH

HhIMH KOHIJ;dMH 3TIlX npOBOAoB AD BHHTOB no 06eHM CTOpOHdM

0Alfora 83 AdMIIOBhIX naTpOHOB, KdK nOKd3aHO aa pac, 18.1.
CpaBHHTe "PKOCTH ooeax AaMn. OCTOPOJKHO: ne gepJKume
nposoqa flO BUflmax 60Aee 5-6 ceKYflg. Fosue npouoqa UAOMllO
Morym CUAbHO narpemscst U 06}/{elf.b BQC. JIepeg meM KaK ux
mpornnu, goiime UM ocmblffib.

PHC. 18.1

Pe3YAblllC1ll1.bl
AaMnbI cBeUITc.SI C OAHHdKOBOH SlPKOCTbIO.

llOqeMy'
3AeK'rpHGeCKHH TOK TeqeT TID AdMIIdM B 3TOM onsrre no pa3HbIM ny
Tf.lM. TIoAyqeHHillI uerrs Hd3bIBdeTCSI napaxaexsnoa uensso. CTpeA-
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KR aa 3AeKTpR'IeCKOH CXeMe, R306pil)f{eHHOH aa pRC. 18.2,yxassr
BalOT aenpaaxeaae ABRJKeHRJI TaKa (e') OT OTpRQaTeAbHOrO nOAIO

ca 6aTapeM sepes AdMnbl H otiparno, K nOAO/KlITeJ\hHOMY noxsocy
6aTapeR. B TO'lKe pa3BeTBAeHRJI A (TaM, rAe HaXOARTCJI OAHH R3

BRHTOB AaMnOBoro narpona 1) TOK AeARTcJI aa ABe '1aCTR rrepex
TeM, KaK HanpaBHTbCH B AaMIILI. 3aTeM TOK BROSh BOCCOeAHHReTCH

B TO'lKe pa3BeTBAeHRJI B (TaM, rAe HaxOAHTCJI BRHT C npornsono
AO>KHOii CTOpOHbl AaMlIOBOrO narpoaa t) M aoaapaznaercs K nOAO

"'"TeAbHOMY noxrocy 6aTdpeR. TOT ljJaKT, 'ITO AaMnbI 0AHllaKOBhI R

ropsr C 0AHHaKOBOH 51pKOCTblO. nOKa3bIBaeT. QTO Qepe3 AdMnbl Te

xer paanoe KOMltteCTBO 3AeKTpHtIeCTBa.

PRc.18.2

HOBbie nOAXOAbl

L I13MeHHTC.H AM HpKOCTh J\dJlom, eCAJi coeAHHHTh napaJV\.eAhHO

eaie HeCKOAbKO A.aMTI? nOBTOpHTe QIIbIT C Ao6a:aAeUHeM AdMn.

2. M3MeHHTcR AM RpKOCTb AaMll, COeAHHeHHbIX rrapdAJ\..eAhHO, ec
.MI nOCAeAOBdTeAhHO C HHMH coeAliHHTb eure oMfY AdMuy? 00

BTOpHTe rrepBOHatIaAbHbIl:{ aUbIT, coeARHRB, KaK H paasnre, ABe

AaMnhI nepexxexsno R Ao6aBRB B uern- TpeTblO AaMny, cOeAH

lIeHHYIO nOCAeAOBaTeAbHO, KaK noxaaaao aa pRC. 18.3.
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eJr n:~:2-

e;Lb !t~Ue/
3

ell + J
e/

PRc.18.3

nplllAyMa'he aaui C06CTBeHHblH onblT

1. AOAJKHbI All AaMllbI B lIapaNlehhHOH uerra 6bITb reoxrerpauecxa

lIapaNlehhHbI APYT APyry IlAIf AOCTaTO'lHO COeAlfHIfTb IiX rax,
4T06b1 3J1.eKTPOHblIlPOXOAlfAllpa3Jl.ll4HblMIf lIyrllMIf OTOTpI1~a
TehhHoro 1I0Jl.lOca K nOJl.O)f(lfTehhHOMY noxrocy 6aTapelf? Ilpa
AYMaHTe If cooepare pa3Al14Hble 3J1.eKTp1f4eCKlfe cxexu, 110
Ao6Hble TOH, 4TO 1f306pa)f(eHa aa pac, 18.4. B Ka*AYIO nens
BKJI.I04lfTe Jl.aMllbl If 6aTapeIO. BHIfMaTehhHo IIpOCJl.eAlfTese IIp
KOCThlO AaMI1r KOTopaH COOTHOCHTCH C CRAOK TOKa,

PRc.18.4
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2a. B COOTBeTCTBHH C 3aKOHOM OMd. CY1"1MapHblH TOK B napawexs
HOM nernr [L] ecn, cYMMa roxoe B OTBeTBAeHiHIX nona. CKOHCT

PYHPyHrC I1Cnb C napaJlACAbHblM c,oeAHHCm{CM N3YX HJW. 60ACC
AaMn H nOATBCPAJITC COOTHOmCHHC It = I, + 12 + INAI'" napax
AeAbHOrO COCAHHeHHlI. B 3Toa cjlopM)'Ae I, - cYMMapHbla TOK,
I, - TOK, TCKyulHa B xaxne I. 12 - TOK, rexymaa B AaMnC 2, a

IN asrpascaer c060a CYMMy TOKOB B OCTaAhHblX AaMnaX nepax
AeA!>HorO coeAHHcHHlI, T,C. h I. H T. A. I13MCPbTe CHAy TOKOB C
noxounao TccTcpa (CM. rAdBY 17).

6. B COOTBeTCTBHH C 3aKOHOM OMa rrenpsxcenae aa KaJKAOH J\.aM~

fie B rrapahAeAhHOM coeAHHeUHH paSHO 06m;eMy HarrpH)KeHHIO

ucna. Hcnoxssyrrre uern, H3 rrpeAblAyulcro onsrre H C nOMO
unao recrepa rroATBcPAHTC 3TO yTBCPJKAeHHc.

3. Ilpa nOCAeAOBdTeAbHOM coeAHHeHHH raAbBaHHQeCKHe 3Ae

MCHTbI fiarapen COCAHHCHbI TaKHM 06pa30M, 'ITO aHOA (nOAO
:>KHTeAbHhIH IIOAIOC) 0AHoro .3AeMeHTa coeAMHeH C Kal'0AOM

(OTpHl1aTCAbHblM rrOAIOCOM) APyroro 3ACMCHTa. B rrapaMCAb
HOM COeAHHeHHH rrOAo6Hble UOAIDed coeAHHHIOTCH Apyr c

ApyrOM, aHOA CaHOAOM H KaTOACKaTOAOM. Ha pHC. 18.5 noxa
3dHbI ABC 6aTapCH, COeAHHeHHbIe IIOCACAOBdTCAhHO, H ABe 6a
TapCH, coeAHHCliHblC rrapaJIACAbHO. DpHAyMaaTc orrsrr AAlI
onpexexenaa BAHHH~'lSI napaaxexsnoro coeAHHeHHH 6aTapeI:i
aa TOK H nanpaxcenae B u;eIIH. CoeAHHHTe rrepaxxexsao ABe

6ampeH H C06CPHTC nem-. B KOTOPYlO tlYAYT BXOAHTb 3TH 6a
Tape", xasme H BblKAIO'IaTCAb. OCTOPO)l(HO: ucnoAb3yiimc
mOAbKO 6amapciiKU C HanpRJKeHUeM 1,5 B, Ilocseqonamesunoe
coeguHeHue 60Ace gByX 6amapeii C HanpRJKCHUeM 1,5 B UAU
UCnOAb30BGHUe tiamapeii c 60AbWUM HanpRJKeHUeM MOJKem

npuBecmu K neperopaHulO AQMllbl UK onacHoMy B03pacmaRUlO
CUAbl mOKa.

C60p <lJaKTOB

Paaune B HOBorOAlIHX eAOl.JHhIX rllpMIfIAaX AaMIIOtIKH COeAHHH:

J\.HCh, IIOCAeAOBaTeAbHO. 3TO II03BONlAO 3KOHOMHTb Hd HX ueae. B
nacrosmee BpeMH B 60AbIDHHCTBe fllpMlHA HCIIohb3yeTc5I napax
ACAbHOC COCAHHCHHe. K 'IeM)' rrpHBOAJIT neperopaxae OAHoa AaM
IIDqKH B rHpAHHAe C IIOCAeAOBdTeAhHbIM COeAHHeHHeM? A B rap
1lJiHAe c rrapaAAeJ\.bHhIM coeAHHeHHeM? KaKHe rHpASIHAbI HCrrOAb3y
IOTC5I rerrepi, AJUI YKpaIIleHHH AOMaIlJHHX eAoK?
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1l00lwo&ameAbliOe COWUlietlUe oamapeu

I~

--{- +A- +?-

-+

I I
Puc. 18.5



MarHIoiTHoe noxe: nAOU1aAb

npIoiAO>KeHIoiSI CIoiAbl

ITPH: ABIDKeHHH 3AeKTpUlIeCKHX 3apHAOB B HeKOTOphIX neutecrnax

B03HHKaeT CHAa, KOTopaH OTIIOCHTCH K 06AdCTH MarHHTHhIX JlBAe

HHM, - CHAd MarHHTHorQ nOM. Beurecrsa. 06AflAalOIl.\He MdrHHT

HbIMH CBoiIcTBaMH, Ha3bIBalOTCH ManUITaMH, a rrpOCTpaHCTBO BO

xpyr HHX, rAe npoHB~eTcHAeikTBHe MarnlfTHoH CHAbI, Hd3h1BaeT
C5I MdrHH'I'HbIM IlOAeM. Y MamHTa ecrs ABe otixacra, rAe MamHTIlOe

rtoxe HBJUleTC51 HdH60Aee CH.hbHbIM, 3TO MamHTHbIe nO.J\lOCd. OARR
H3 IIOI\lOCOB HB3b1BBeTCll ceaepasni rrOI\lOCOM (N). B APYTOH - IOJK

HbiM (5). PB3Hble IIOAIOCB nparsrasasor APYT APYTB, B 0AHHBKOBbie

OTIaAKHBaIOTCSI.

B 3TOM onsrre BbI IIOKdJKeTe, KdK 3dBHCHT ABHJKeHHe GAROrO

MdfHHTa OT nerrpasxenaa AeiicTBHH OITaAKHBaIOIQei% CH.hhI Mar
HHTHoro nOM! APyroro MarHHTd. BbI H3ytIHTe, KdK BeAHtlHHa 3TOH
OITaAKHBaIOll.\eH CllAhI BJ\.HHeT na ABHJKeHHe MarHHTd. Hay-nrrecs
cpauaaaa'n, HarrpSIJKeHHOCTH MdrHHTHhIX IloAei%. A TdKJKe HCCAe
AyeTe 3dBHCI1MOCTb nenpaxennocra MdrHHTHoro nOAA OT paccro
RHHH.

C 'Iera H3'l3Tb

L(eu.: IIOKd3dTb, KdK aerrpaaxexae Aetl:cTBH:5I OTTaJ\.KHBdlOI..Qeft CH

AbI xarmrrnoro noJUI MarHilTa BARReT na ABHJKeHHe APyroro Mar

HHTd.

Mamepuasu
AHHeHKd

KBpBHABm

1 AlICT 6eAOH 6)'MaIH

IIOAOCKd rnepxoro xaproaa
npoapesnes KAe5Uu;a51 AeHTa

3 xpyrxsrx MafHHTHKa OAHHaKOBOrO peaxepa

KOMIIdC
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lTOpllg0K geuCUIBuli
1. C nOMOW;bIO l\.HHeHKI1 If KapaHAdmd aaxeprare .i\HHHIO, npoxo

ASlII\)'lO xepea I1eHTp JIliCTa 6YMaru. 3aTeM rrponezurre eme ABe

AHHHH napaJV\.eAhHO u;eHTpaAbHOH aa paccroaaan 5 eM OT nee.
2. Haxeprare rronepeunyro JIliHHIO aa nOAOCKe xaprone, npoxo

ASlII\)'lO xepea I1eHTp. H erne ABe JIliHHU no 60KaM. na paccros
HUH 5 CM OT nee. To >Ke canoe CAeAaHTe HB ooparnoa cropone
KapToHHoH IIOJ\OCKH.

3. Onpeaezorre, rAe HaxoASlTCR MarRHTHbie noxioca MarRHTOB. /'0Jf.
3TOro nOAOJKHTe xoxnac Hd AepeBHHHbIH CTOAo a ad paCCTOHHHH

30 CM OT Hero - OAHH li3 KpyrAbiX MarHHTHKOB nepneRAHKyMp

HO CTpeAKe KOMnaca. Me,MeHHO ABHraHTe MarHHTHK no nenpaa
AeHHIO K xoxnacy, noxa CTpeAKa He YKd>KeT npaxo aa Hero. ECJIH
3TO ceaepasra KOHeq CTPeJ\KH, CAei\aHTe OTMeTKY 5 Hd COOTBeTCT

B)'lOlI\eii "aCTH MarRHTHKa. Ilepesepaare MarHHTllK Ii CAeAallTe

OTMeTKY N aa ooparaoa ero CTopOHe. ECJIH >Ke B CTOpOHY MarRH

'J'HKa tranpaaaea IOJKHbIH KOHen; CTpeJ\KH KOMrraca, 0603HaQbTe N
Hd 3TOH: sepxyunce MdrHlITa H S Hd npoTIiBOnOAO:>KHOM era cropo
He. nOBTOpHTe 3TY npOI1eAYPY AM OCTaJlbHbIX MarHllTOB.

4. IToAOJKHTe ABa aa Tpex MarHHTHKOB IIl\.dllIMSI aa ABe BHeIllHHe

AllI~]1R. npo-repxenmae Hd nOAOCKe xaproaa, TaK, tITo6bI cenep
Hble HX noxioca IN) cstorpexa BHH3. CKOT'IeM npaxpenrrre Mar

HHTHKU K KapToHY.

Maf1iumk

V
!.-

,~/... ... 1/~,/ '\.~
I , ,~ •• '&-' ~ \. 1/,, / ~ \

( :i~)
, · )\1 ·

nOAQeK<!
K<!l'moHa
e nl'uKl'er1lleHHblMU

K Heli eHu~y
Maf1iumUKdMU

PRc.19.1
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5. nOMecTHTe noxocxy xaprona C MarHHTHKaMH, CMOTP5l~HMH

BHH3, Ha HHJKHllH Kpaft 6YMarH. KapToHHaH nOAOCKa AOAJKHa

6blTb napaxxexsaa HlfJKHeMY xpaso 6YMarn If lIeplleHAllKyMlp
Hd AHHHSlM. nposepueaasna na HeR. LJ;eHTpaAbHdH AHHHH lid

KapTOHHOH IIOAOCKe AO.l\JKHd COBITdAdTb C r.teHTpaAbHOH AHHHeM

Ha 6YMare.
6. nOAOJKlfTe ocreauiaacs CB060AHbiM MarHlITl1K (AI na I1eHT

paAbHYJO AllHHIO 6YMarn, na paccroanaa 5 CM OT1I0AOCKl1 xap
TOHa. CeBepHbIH 1I0AlOC 3TOro MarHHTHKa (N) AOAJKeH 6bITb 06
paI.IJ;eH ssepx, KaK 11 ceaepnsre nO.l\lO~a MarHHTHKOB, npaxpen
AeHHhIX K rrOAOCKe xaprona.

1. MeAAeHHO ABHraHTe KapToHHYJO 1I0AOCKy IIO HaIIpaBAeHHIO K
Manm:THKy A, CAeAfl3a rex, l.J:To6hI AHHHH aa IIOAOCKe COBIIaAaw

All C AllHHllMIf na 6YMare, nOHa6A1OAaHTe aa ABHJKeHlfeM Mar
HHTHKaA.

Pe3Y.ILbllI(IIllhI
Do xepe Toro KaK nOAOCKd xaprona ABH/KeTCH no HanpaBAeHHIO K

MafHHTY A. MafHHT nocreneano OTOABHraeTC5I 01' nee. OR OCTaHaB

AHBaeTCH H BHOBb HatIHHaeT ABHraTbCH, H T .A.

lIoQeMy7
BeIIJ;ecTBd, xoropsre rrpOHBAJlJOT MdrHHTHbIe csoacrae. Ha3bIBdlOTCSI

MaraHTaMH. B IIpoCTpaHCTBe aoxpyr MarHlITOB MOJKHO 06HaPYJKllTb
MarHHTHoe noae, CRAa MarHHTHOro nOM! Bbl3bIBaeTCSI ABH>KeHHeM

3AeKTplf'leCKHX aapzaoa. Bce llBMHH>!, IIpOHCXOAl!II1lfe B MarHIIT
HOM noxe, OTHOCSlTC.H K TaR Hd3hIBaeMbIM MarHHTHLlM S1BAeHHSlM.

MarHIITllK A ABHJKeTCll BAOAb AHHHHHa 6YMare 6AarOAapll ClfAe OT
TaA,KHBdHHH MeJKAY HRM H MarnHTdMHr npHXpellAeHHhIMH K IIOAOC

xe xaproaa. KdJKAbIH MarHHT HMeeTABa oTAeAbHOpaCIIOAOJKeHHbIX
MarHHTlIblX no..\Ioca (06AaCTb xa MarHHTe, rAe Harrp"JKeHHOCTbMar
HHTHOro nOMl MaKCHMaAbHa). 3m IIOAlOca Ha3b1BaIOTCll ceBeplIhlM
If IOJKHbIM MarHIITHbIM IIOAIOCOM, B03Ae Cesepaoro noxsoce 3eMJUi
(caMall ceaepaaa reorpediaxecxes TO'lKa aa 3eMAe) pecnoxeraerca
MeCTO, xoropoe Ha3bIBaeTClllO)I(HLlM MarHHTHLlM nOAIOCOM 3eMJUi.
VlMeHHo 'r'fAa yKa3bIBaeT ceBepHhlH KOHeI1 cTpeAKH KOMIIaca, If BO

o6II1e AI060H ceBepHhlH IIOAlOC cB06oAHO nOABeweHHoro MarallTa.
IOJKHbIH KOHeI1 CTpeAKHKOMIIaca yKa3bIBaeT ae ceBepHLlH MaraHT
HLIH IIOAIOC 3eMJUi, KOTOpbIH HaxOAHTCll B03Ae IO)I(HOro IIOAlOca
3eMAH (caMalllO)I(Hali reorpaqnorecxas TO'lKa 3eMAll).
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Pa3HhIe nOAFOCa ASYX MarRIITOB rrpHTHTHsaIOTCSI, a OAHHaKO

asre nOAIOca OTTaAKHBdEOT APyr APyra. Bee Mdrnl1TbI B naurex
onsrre paCrrOAOJKeHbI TaK, qTO 0AHHdKOBbIe nOAIDed 06paI.I..\eHhI

APyr K APYry. Marmrraxa, npaxpenxenmae K nOAOCKe xaprona,
c03AalOT HeKYIO ABH"'Yl.I.\YIO CHAY, AeiicTBYIOl.I.\YIO aa MarHHT A H
3aCTdSMlIOIIl,Yro era OToABHTaTbcH. ABH)KeHHe MarHHTd A nponc
XOAHT BAOAb nerrrpaxsuoa AHHHH, KOTopaH AeAHT Hd ABe qaCTH

yrox, 06pa:JOBaHHbIH AHHH5IMH, npOBeAeHHbIMH K MarHHTHKaM

Ha xap-rotrxe. ABH"'Yl.I.\a>l CllAa - pe3YAhTaT AeiicTBll>l OTTaAKH
BdlOIIl,HX eMA MdrHHTHoro noxs /1 H [2' nanpasxemnax OT AByx
MarHHTHKoB nOA yrAaMH K MarHHT)' A. Cxaxxoofipaanoe ABH"'e
BRe MdfHHTd A 06'bHCHHeTcSI CHhdMH TpeHHH MeJKAY MarHHTQM It

GYMaroii. ABH"'Yl.I.\a>l CHAa A0A>KHa GbITh AOCTamQHO GOAhUIOii,
QTo6bI npeonoxers rpemre Ii npaaecra MdfHHT B ABHJKeHHe. C
YBeAlflleHHeM pacCTOHHHH: d I H d2 ABH)f{yrn,dH CHAd ocxaoeaeer.
M MdrHHT A QCTdHdBAHBaeTCH. 3aTeM paccToHHMSI BHORb yMeHh

llJdIOTCH, ABH)KyJ.n;aH CHAa aoapacraer It: aa-uraaer ABHraTb Mar

HHTA.

HOBbie nOAXoAbl

I. EYAeT AH BAH>lTh (H eCAH GYAeT, TO KaK) na nanpaaaeaae ABH
)KeHH5I MarHHTa yrox MeJKAY CHAaMM OTIaAKMBaHMfI. I, If I2 ?
nOBTopHTe OITbIT ABaJKAbI. Bnaxaxe ysreasurare yrAhI npHAO

)KeHIUI CHA. /!itJI sroro CAeAaihe paCCT05lHHe MeJKAY near
paAbHhIMM H ABYM5I 60KOBbIMH AHHH:51MH MeHbilie 5 eM. 3dTeM

YBeAHQbTe yrJ\bI npHAOJKeHIHI CHA, /!itJI sroro paCCTOSlHHe

Me>KAY u;eHTpaAbHbIMH H 60KOBbIMH J\HHH5IMH CAeAaftTe 60Ab

UIe 5 CM.
2. KaK 6YAeT CKa3bIBaTbCH aa nOAyqeHHbIX peaynr.rarex I13MeHe·

HHe ne..rUf.lII1HbI AlUfJKyrn;eii CI1J\.bI? OOBTOpHTe nepBOHaqaAhHbIH

OITbIT, yneAlll.JHB HdrrpHJKeHHOCTh MarHHTHoro noxa 0AHoro H3
MarHHTOB, /:vuI aroro nOMeCTHTe ne KapToHJIYlo IIOAOCKY rpe
THM MafHHTHK, TaK 'lTo6bI OR OKa3aJ\.C5I csepxy 0Alloro M3 HH

JKHHX MarHIITMKOB. OpH 3TOM HX pa3HOHMeHHbIe IIOAlOca rrycrs
GYAYT ofipatueasr APYTK APyry. B 3TOM nOAo",eHHH HaxOMl.I.\H
eC>I APyr HaA ApyrOM MarHHTHKH GYAYT rrpirrsrnaars APyr APY
ra, H TpeTHii MarHHTHK GYAeT npO'IHO YAep"'llBaThC>I Ha xep
TOHKe.
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npltAYMaihe oaw C06CTBeHHblii onsrr

1. Boxpyr KaJKAoroMarHllTa cymecrnyer nexoropaa 06AacTb npa
AOJKeHIDI CHAhI, npocrpeucrso, B KOTOpOM OH MOJKeT AeftcTBo
BaTh aa APYTHe MarHHTbI. npHA-yMaiITe onsrr, KOTOpbIH n03BO
AHA 6bI cpaamrn, HarrpH}KeHHOCTH MdfHHTHbIX nOAen. MO>KHO,

nanpaxep, uocrynrrn, CAeAYJOU\llM 06pa30M. DOAO"'llTe KOM
nae rra AepeBJIHHbIH eTDA. AOJKAlITeCb, KOfAd CTpeAKa xoxnaca
yCIIOKOHTCH, paCrrOAOJKHBIIIHCb BAOAb MdrHlITHbIX CIiAQBb!X Al[

Zilui Mdf11HTHOro noxs 3eMr\H. MeA/LeHHO nosepmrre KOMIIdC

TaK, '-IT06b1 ceBepHbli'l xorreu ero crpexxa YKa3bIBaAna 6YKBy N
Hd era IJlKaAe. Crpexxa 'reneps YKd3bIBaeT Hd Cesepasni nomoc
3eMAll. DOAO"'llTe AHHei'lKy PllAOM C KOMnaCOM, nepneHAHKy
MIpP.::) !<. era CTpeAKe. BOCIIOAh3yWreCh 0AHHM 113 MarnHTHKOB

ll3 npeAbIA}'ll1ero orrsrra, na KOTOpOM OTMeqeHbI 6YKBbr N II 5.
DOAO"'llTe ero CTOPOHOi'l N xsepxy aa paccroaaaa 30 CM OT
KOMnaCd, P5IAOM C AJ.1HeHKoM. MeMeHHo rrepeABHfaHTe MamH~

THK no HdrrpaBAeHHIO K KOMIIdCY II OCTdHQBHTe era, KorAd
crpexxa KOMoaca OTKJ\.OHHTCB Hd 90° OT TOtIKH cenepa N. 3a
MeTbTe paccrosane 01' xoxneca. aa KOTOpOM UpH :)TOM OKa3aJ\

CH MarHHTI1K. nOBTOpHTe OUbIT C nOMOIJJ;blO MdrHHTd, o6AdAdlO

utero 60AhIIIeIi ndrrpHJKeHHOCTbIO MdrHHTHOrO IIOASJ. tyu.r aroro
B03bMHTe, nerrpnxep, TpH Marnl1THKd Ii CJ\.O>KHTe RX BMeCTe

TdK. tIT06bI cesepasra nOAIOC N 6bIA nnepxy.
2. npHA~aHTe DIIhIT, KOTOpbIH nOKd3aA 6hI, KdK BAHReT ira na

npHJKeHHOCTb MdrHHTHOrO noxa paccroaaae 01' MdrnHTa. MOJK

HO rrocryrrars cAeAYIOll\HM o6pa30M. Ha AllCTe 6eAoi'l 6YMam
HaqepTHTeABe nepnenzorxyxapnsre AHHllM, npoxozmnao xepea
ueirrp AHCTa. 0603HaQbTe 3TH AHHMll 6YKBaMll N H 5, E II W,
KdK IIOKd3dHO Hd pRC. 19.2.C UOMOI.IJ;hIO JlliUeHKH OTMeThTe Hd 6y~

Mare BAOAb M1HIU1 W CdHTRMeTpOBhle AeAeHIUI BIlAOTh AD 12 CM,

HdtIl1I1dH 01' KO).1IIaca KaK 01' HYAeBOH OTMeTKH. Iloxecraro KOM

rrac B TOtIKy nepecexenas AHHMH. OOBepHI1Te KOMndC TdKHM

06pa30M, QT06b1 TOQKa cenepa N COBnaAa CAHHMei'l N Ha 6YMa
reo Floxoxorro OAllH ll3 MarHllTHKOBC0603HaQeHMlIMll N M5 (A)
B caMQM KOHlIe AHHllll N CTOpOHOi'l 5 xsepxy, ABHrame MarHM
THK rro HarrpaBAeHHID K KOMrracy AO rex nop, noxa cesepasni
KOHen; CTpeAKH xosmaca He )'KdJKeT Hd MdI1IHTI1K, HaxOAJICh

npa 3TOM Hd AHHHH N. BTOpOH MdrHHTHK C 0603HaQeHriH!>fH N

H 5 (B), aanpszceaaocn, noxa xoroporo TaKM xce, KaK II y nep
aoro, nOAOJKllTe CTOpOHOi'l 5 xsepxy B xoaue AHHllM W.
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PUC. 19.2

HeCKOJlbKO pas nepeasmn.re MarHliTHK B rro aanpaaaenaro
K xoxrrecy, Ka;KAbIl1 paa aa 1 eM. 3anHIIIHTe OTK/l.OHeHI1JI CTpeA·

KH KOMrraca OT aanpaaxeaaa na cesep, xoropsre 6YAYT npa
3TOM rrpOHCXOAliTb, B Ta6J1Hl1Y 19.1. BoCrr0Jlb30BaBllIHCb 3aBIi

CHMOCTbIO Me>KAY paccroaaaex Ii YTJlOM OTKJlOHeHHlI, noayxea
HOll B 3TOM onsrre, onpesexare 3aBHCHMOCTb HanpsDKeHHocTH

xaraaraoro noxa OT paccrosnas.

TatinHQa 19.1 napaMeTpbl MarHHTHoro nonA

PaCCToAHHe AO KOMnaca, CM Yron OTKnOHeHHA, •

1
2

3
4

5
12

3. npliAYMallTe cnocoo, c nosroursro xoroporo MOJKHO 6bIJlO 6bI
IIOKa3aTb, liTO xarnarasre nOM! paaaaxnsrx MafHIITOB nepe
KpbIBalOTClI. MOJKHO, aerrpaxep. rroCTYIIHTb cJleAYlOll1l1M o6pa
30M, nOAOJKHTe nAalUMH aa CTOA xersrpe 0AHHaKOBbIX MarHHTa

B03J1e JlHHeHKII TaK, '1To6bI HX ceaepnsre no.coca 6bIJIH o6pa
ll1eHbI asepx. C rroxomsto CKOT'la npaxpenare K CTOJlY MarHIIT,
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HaXOMlI..qHHCSI OKOAO HYAeBoH OT:M:eTKU AHHeHKH (eM. pac.
19.3). nOAOABHHbTe MarHHTbI APyr K APyry aa MaKCHMaJlbHO

B03MQ.JKHOe paccroanae. CpaBHlITe paccroaaaa MeJKAY MamH

TaMH H 06bllcHHTe, KaKHM o6pa30M ne paaaauy B paccrosaasx
d,. d:2 H d3 BAMHIOT nepexpsraaromaecs MarHHTHWe nOM l£eTbI

pex MdrHHTOB. OG'b5ICHlITe TaJOKe, IIOlleMY CllJ\.d I, 6oAhwe, l£eM

CHJ\bI 12 H 13 , AeHCTBYJOII\He MeJKAY MarHHTaMH.

PHc.19.3

C60p <!laKToB

1. CUAOBOU AUlweii Ha3bIBaeTCH AlnlMH, KdCdTeAhHdsr K KOTOpOH B

M060A TOl£Ke YKd3bIBaeT irenpeaxenac MdrHHTHOrO nOM. l.JTO

raxoe I1II.OTHOCTh MafHHTHoro noroxar
2. (]>eppoMamemu3M - 3TO CBOHCTBO nexoropux BelI\eCTB, sa

KAIOqalOrn;eeCH B TOM, lITO OHM CMAhIIQ rrpHTKfHBdJOTC5I K MarHl:I

TaM. KaK ABIUKeHHe 3AeKTpOHOB npnnozurr K BQ3HHKHOBeHIUO

q,eppOMarneTH3Ma? '-ITO raxoe AOMeH? OrBeTbI Ha 3TH norrpo
ChI nonpoeyare HaHTH caMH B )"le6HHKax no q,H3HKe.



3AeKTpOMarHenf3M:

MarHenl3M H3 3AeKTpH'IeCTBa

B 1820 r, AaTcKHll <pH3HK Fane 3pCTCA (1777-1815) 3aMeTHA, 'ITO
crpexxa KOMIIdca OTKAOIDIeTC5I IlOA np5lMbIM yrAOM B6AH3H npOBOAd.

no KOTOPOMY re'leT 3AeKTpt"flIecKHM TOK. K TOMy BpeMeHH y>Ke 6bIAO

H3BeCTHO, -rro crpexxa KOMuaca OTKJ\QH.sIeTC5I B npacyrcraan ~rarHH

Ta, n03ToMY yqeHbIH CAeAdA BhIBOA, \fTO 3AeKTpH'tJeCKldi TOR. KdKHM

TO 06pa30M BbI3bIBaeT rr05lBAeHHe MarHHTHoro nOM B6AM311 npOBOA

HHKa. AaAhHellllJHe HCCAeAOBaHHJI 3pCTeAa nOATBepAHAH, 'ITO BO

RPYI' JU06oro npOBOAHfiKa, no KOTOPOMY TeqeT 3AeK11HilleCKHH TOK,

B03HHKaeT MarHHTIwe noxe, OTKpbITHe 3pCTeAd IIOAOJKHAO HaqaAQ

HCCACAoBaHIHIM 3AeKTpO:~{drneTH3Ma(B3aHMOCB5I3H MeJKAY MdrHHT

HbIMH IIOMlMH H 3AeKTplfl.J:eCKHMH TOKdMII) H HCnO.hh30BdlUUO 3AeK

TpOMaI1UITOB (ycrpoacra, B KOTOphIX HCnOAb3yeTCH 3AeKTpHQeCKHH

TOK M5I cPOp~H"pOBaHlUIKOHu;eHTpHpOBafUloro ManIHTIIOfO nOAH).

B nOM ornrre BbI onpezexrrre HanpaBAeHHe MarHlITHOrO nOM,
B03HHKaIOll.I,erO soxpyr npOBOAHHKa C TOKOM. BhI H3yqHTe, KaK Ha

npaaxerrae pacnpocrpaaernor 3AeKT}JWleCKoro TOKa B rrpOBOAHHKe
BAH~eT aa MarHlITHOe noxe soxpyr npOBOAHHKa. BhI caMH CAeAaeTC
3AeKTpOMarHHT, onpenexare era IIOMIpHOCTb H OlJ,eHHTe aanpa

JKeHHOCTb ero MdrHHTHOrO nOM.

C 'lerO Ha'laTb

LJeAb: onpeAeAHTb aenpaaxenae xarnarnoro nOAJI BOKpyr nposon
HHKa C TOKOM.

MamepuClAbl
xapanaeur
!l.llHe:tJxa
1ABCT 6eAoll 6YMam
KOMnac

6aTapellKa aa 1,5 B paaxepa D
HO/K M5I 3aQHCTKH H30J\..Hl.J;l1H

KyCOK H30AllpOBaHHofo 0AHOJKH.i\bHOrO nponoaa MIlHOM 30 CM
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IIopJlgoK gei1CIIlBui1
I. C nOMOIl1blO xepaaaaura If JUfHeiiKIf rrpoaezorre ABe neprreaaa

KyAJIpHble rrpaxsre IIHHlfH sepea QeHTp IIHCTd oYMarn. Boxee
AJlHHHyIO npllMyIO ooo3Ha""Te OYXBdMIf N H S, d oOAee KOPOT

KyIO - 6yxBaMIf E H W (KaK nOKa3dHO na pHC. 20.1)"
2. I10.i\OJKHTe .MICT 6YMdrn na AepeBHHHbI:H CTOll H nOMeCTlITe

KOMrrac B neirrpe AHCTd, B MeCTe rrepecexexaa AliHHH.

3. AOJl'.N<TeCb, noxa CTpeAKa KOMndCd copaerrrapyerca BAOAb aa
npaaxeaas MarHHTHOro lIOAH 3eMAH H ycnoxoarcs.

4. Baaxaxe paaaepmrre xosmac TaKlfM OOpd30M, 'lTo6bl 6yxBd N
Hd era Qlfq,ep6AdTe COBnaAd co crpexxon, YXd3blBdlOIl1eii Hd ce

sep, 3aTeM nOAHHMHTe KOMlldC a nOSepHHTe AHCT 6YMarn TdK,

'tfI'OObI aanpaaxeaaa Hd CTOpOHbI CBeTa, 0003HaQeHHWe na oy·
Mare, COBIIdJUI co CTopOHaMH CBeTa Hd KOMrrace. CHOBd nOAO·

JKHTe KOMndC B,QeHTp 6YMaJKHOra IIHCTd.

5. nOAOJKHTe odTapeiiKy aa BOCTO'lHylO CTOPOHY 6YMaJKHOrO IIHC

ra TdK, 'tfT06bI ee oTpHu;aTeAbHbIH noAIOC yx.d3bIBaA Hd ror.
6. C nOMOIl1blO HOJKa 3a"lfCTHTe npaxepno no 2,5 CM If30AJIQlfH aa

KaJKAOM KOHQe nposoze.
7. COrHHTe npoaoz, TdKHM 06pd30M, 'lT06bl B uerrrpe era nOAyqHAClI

npllMoii KyCOK, no AJlHHe HeMHora npensnnaroutaa OaTapeiiKy.

5

PHc.20.1
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8. YAep>KHBa>I nposoz, aa H30AHpoBaHHble KOHl\bI, paCnOAO>KlITe

ern HaAKOMnaCOM ITO AHH"H cesep - tor aa BblCOTe nparaepao
2,5 CM. 3aTeM KOCHHTeCb 3atIHm;eHHbIMH KOHQaMH npOBOAa rro
AIOCOB OOTapeHKH H nOAep>K1ITB HX B TaKOMnOAO>KeHHH npanep
HO 1 ceK)'HAY. OrMen,TB, KaK 6YABTBeCTH ce611 crpexxa xoxnaca
H n KaKOMaenpaaxenaa 6YABT nOKa3b1BaTb ee ceBepHblH KOHeQ.
OCTOPO)I{HO: gepxwme tiposoq cmporo 3a U30AupoBOHHble
}"IacmKu, UHaoe Bac MOJKem ygapuJnb mOKOM. ECAU Bb! 6ygeme
ygepJKUBOJnb nposoq npucoeguneHllblM K nOAlOCOJlI 6amapeiiKu
60Aee3 ceJ<YHg, OH MOJKem CUAbHO HI1IpeInbC>l U 06JKe'lbBaM PYKU.

PeSYAhlllCUllhl
ECAH BbI nOAOJKHAH 6aTapeHKY aa BOCTOK OT KOMnaca OTpHQaTBAb

HhIM nOJUOCOM na IOf, ceaepnsni KOHeQ. C'rpeAKH KOMnaca OTKAOHHT

CSI OT csoero 06hItIHOro rrOAOJKeHHSI no HanpaBAeHHIO K BOCTOKy.

IIO'leMyl
Hanpaaseaae TOKa B npOBOAHHKe coorsercrayer HanpaBAeHHIO OT

OTpHQaTeAbHOrO no.ooca 6aTapeH K nOAOJKHTeAbHoMy. 3AeKTpH~e

CKUH TOX B IIpOBo.~HHKe C03AaeT ManmTHOe none soxpyr npoaon
HHKa. ECAH TOK TeqeT c iora na ceaep, MarHHTHOe TIOhe, c03AaHHoe

HIDKe npOBOAHHKa, nenpaaxeao na BQCTOK. n03TOMY ceBepHhIH
KOHe4 CTpeAKH KOMrraca OTK.l\.OHHeTCSI aa BOCTOK. B3aHMocBSl3b

MeJKAY MafHHTHblM nOheM H 3AeKTpHlIeCKHM TOKOM Hd3bIBaeTCH

HBAeHHeM 3AeKTpoMarueTu3Ma.

HOBbie nOAXOAbI

I. 'lro lIpOIf30HABT, ecAH nepecraaars ooTapelO na npOTHBOnOJlO>K

JIYIO cropoay l\HCTa, TdK 'lTo6w OHa OKd3aAdCb na 3dJIaAe OT KOM

naca? Flyers OTpIfl\aTeAbHblH 1I0JllOC ooTapeH no-npeaoreay 6y

Affl' oopauieaua ror, DOBToplITe nyHKT 8 rrepaoxavaxsaoro onsrra.

2. KaK GYAff OTKJ\.OIDIThCSI: CTpeAKd KOMndCd, eCAH JIOMeHRTb ua
rrpaaxenae pacnpocrpenenaa TOKa1I0 npOBOAHHKy? DOBepHIITB

fiarapeio Hd 180°, TaK QTo6b1 ee JIOJ\lOCd nOMeHMHCb MeCTdMH.

nplllAyMaiiiTe aaui C06CTBeHHbliii onblT

I. Boxpyr npassoro npOBOAHHKa C TOKOM ofipaayerca MarHHTHOe

noxe C CHAOBbIMlf J\.HHHHMH. oKpy>KdlOm;HMH 3TOT rrpOBOAHHK.
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0pliAyMaiiTe cnocoe, C nOMOII1blO KOTOPOro MOJKHO 6bIAO 6b1
IIoKa3aTb, tITO MarHHTHOe IlOAe aanpaaxeao no Kpyry c U;eHT

POM B TOM MeCTe, rAe npoxozrrr rrpoaoz, C TOKOM. /MJI 3TOro
MO)KHO, aerrpaxep. cpaBHHTb aanpaaxeaae MarHHTHoro noxa
asnne Ii HHJKe nponoanaxe B paccxorpeaaosr onsrre. DpHAY
Md}lTe, KdK IIOAIUlTb KOMrrdC HClA CTOAOM H paCIIOAOJKHTb npo
BOA !IDA KOMIIdCOM. MOJKHO CKOHCTpynPOBdTh AJUI KOMIIdca He

'ITO BpOAe AepJKaTeAlI, nOAorH}'B xpas KaTaAOJKHOif KapTOQKH.
2. MarHHTHoe IIOAC IIpMHHTO xepexrepaaoaa'n, C IIOMOI..qblO Bo06

pascaexr.rx hHH11J1, xoropsre Hd3bIBdIDTCSI MafHuTHblMH CHAO

BLIMlt J\.UHUSlMH. Mamarnsre cnxoasre ARRHH YKd3bIBdIOT aa
rrpaaxanae H BeAH'IHHY noxa. OPliAyMaifTe cnoco6, CnOMOII1blO
xoroporo MO>KHO noxaaars. KdK paCIIOAaralOTCSI MarHHTHhle CH~

AOBble AHHHH BOKPyr MarnHTa. /MJI sroro MOJKHO, HanpHMep,
BCTdBHTb KyCOK H30AllpOBaHHOrO rrpoaona B AHCT KapTOHd. B
xasecrne TdKOBoro MOIKHO B351Tb xpsnnxy OT He6oJ\.hIlIOM: xap
TOHHOif Kop06KH. Boxpyr npOBOAa pacnsixare aa KapTOHe TOH
KHM cxoex JKeAe3HWe OUI1J\KH TaK, qTo5w OHH AerJUf ITO Kpyry

AHaMeTPOMnprorepao 10 CM. KOHI1bl npOBOAa COeAHHHTe C no
lUOcaMH IIoAyropaBOAbTOBOH 6aTapeHKH. BM YBHAI1Te, -rro BO

Kpyr npOBOAa Ha KapTOHKe 06pa3ylOTcH KOHI1eHTpH'IeCKHe
xpyra (xpyra C 06II1HM l\eHTpOM). OOBepHYB 6aTapeIO aa 180°,
B pesyxsrare '1ero xenpaaxeaae TOKa H3MeHHTCH aa nporaso
nOAOJKHOe, nOBTopHTe npOl\eAYPY.

3. 3AeKTpoMarHliT - 3TO ycrpoacrso, B KOTOpOM AAlI Bblpa60TKH
KOHI1eHTpHpOBaHHoro MarnHTHOrO nOAA liCnOAb3yeTCH 3AeKTpH
QecKHif TOK, 3AeKTPOMarnHT COCTOHT aa COAeHOHAa (MOTKa npo
BOAOKH, no xoropoa MOJKeT nporesars TOK), BHY"PH xoroporo aa
XOAHTCSl CepAeQHHK, CAeAaHHhu1: 113 aentecrse C MarHHTHhIMH

CBOi'tCTB&'lli, aanpasrep, JKeAe:>a. 00 npOBOAHHKy COAeHOliAa re
QeT TOK, B peayxsrere xero B03HHKaeT MarHIITHOe IIMe, KOTOpoe

HaMarHH'IHBaeT (npaaaer BeII1eCTBY csoacraa MamHTa) JKeAe3
Hblif CepAe'lHHK. OpliAyMaiITe onsrr AAlI onpeAeAeHlliI nOJlJlpHOC
TH (B3aHMHoro pacrroxozceaaa MarHHTHblX nOAlOCOB) 3AeKTpo
MarHHTa, /MJI 3TOro MOJKHO nocTYTIIITb CAeAYJOII1HM 06pa30M, Ha
MOTa>rre KyCOKH30AHpOBaHHOro npcsoaa AAHHoif 90 CMaa AAHH
Hblif rn03Ab (CM, pHC. 20.2). C 0601iX KOHI\OB OCTaBbTe CB060AHbI
MH npaxepao no 10 CMnpoaoaa. C nOMOII1blO HOJKa 3a'lHCTHTeno
2,5 CM H30AllI1HH Ha KaJKAOM KOHl\e npoaoaa. 0YCTb CTpeAKaKOM
naca copaearapyerca no MarnHTHblM CHAOBblM AHHHHM MarHHT-



152 3J1eKTpl1yeCTBO 11 MarHeTI13M

. '; ",.. . ::.:':
.', .

':~'~":.~': .;.'.::.:.:

PHc.20.2

Hom nOMl3eMAH H ycnOKOHTClI.DOMeCTIITe6aTapelO Caanpasce
HHeM 1,5 B B 6aTdpeihu,D, Aep>KaTeJlh. CKPYTHTe BMeCTe OAHH H3
3aqJfru;eHHbIX KOHIJ;OB nponona COAeHOHACl If CBo60AHbIH or H30

Mll.\HH KOHeq rrpoaoaa OT 6aTapeHHom Aep>KaTeMl. YCTaHOBHTe

311eKTPOMarHlIT TaK. t.rI'06bI ocrpsnr KOH'lHK rn03M1 HaxOAHACH

PHAOM, HO He KaCaACH 3aIIa.¥IOH: qaCTII KOMIIaca. B :nOM IIOAOJKe

HHH AOTPOHbTeCb CBo60AHblM KOHqOM nponoaa COAeHO\1Aa AO
CBo6oAHom KOHqa nposona OTOaTdpeH H nOAep>KHTe !IX COBAH
HeHHbIMH npHMepHo 1ceKYHAY. 3aMeThTe aarrpanaenae, B KOTO

pOM OTKAOHHAaCb cTPeAKa xosmeca, ECAH 0CTPHe rB03M!, na

npaasennoe B CTOPOHY xoxnace, 6YAeT nparsraaars ceaepnsra
KOHen; CTPeAKH xosmeca, 3Ha'tIlIT, na OCTpHe HaxOAHTCH IOJKHbIH

noxioc 3AeKTpOManrn:Td. ECAlI JKe cenepnsra KOHen; crpexxa KOM~
naca OTIaAKHBaeTCH OT rno3AH'. 3HaQHT, Hd ocrpae rB03M1 naxo
AHTClI cesepnsra noxroc 3AeKTPoMarnHTa. DOMeHlIifTe rroxsp
HOCTb 6aTapeH H rrOBTOpHTe npouezypy onsrra,
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4. KaKHanp5.1JKeHHOCTb MarHHTHOrO IIO/UI 3dBHCHT QT KOl\.WIeCTSa

BHTKOB nposoxoxa na COAeHOllAe 3AeKTpOMarHHTa? OPHAY
MaRTe OIIbIT AMI onpezexenaa HanpHJKeHHOCTH MdrHHTHora

nOM! 3AeKTpOMarHHTd. /J..MJ- 3TQra MOJKHO HCn0Ah30BdTb 3AeKT

pOMarHHT H3 ITpeAbIA~erOOITbITd C COAeHOHAOM, Hd KOTOpOM

HaMOTallO 90 CM npoaoaa. Cofieptrre nens, cOCTO,nI\YJO H3 3AeKT

pOMarHHTd, IIoAyropaBOAbTOBOH 6aTapeH THIId D B 6aTapeHHoM
AepJKdTeAe H BhIKAJOQaTeJUl. 3AeKTpoMarHHT npaxpernrre
CKOTtIeM K xparo AepemIHHoro CTOAd, KdK nOKd3dHO aa pac.
20.3. Ilparoronsre MeTdAAHqeCKHe cxpenxa. C HX nOMOII\hIO

BbI 6YAeTe ouemraars HdrrpHJKeHHOCTb MdrHHTHorO 110M 3AeK

TpOMarHHTa. Pa30rHHTe OAHy cxpenxy, QTo6b1 IIOAyqHAC>I

KpIOK. Ha 3TOT KpIOK BbI 6YAeTe rrOABenHmdTb APyrHe cxpenxn,
3aMKHwre BhlKAIOQaTeAb 3AeKTpIIQeCKOH uena M AOTpoHbTeCb

3TOH CKpeIIKoH-KproQKOM AD OCTpIUI fB03NI. nOCTeIIeHHo ne
IlIaHTe na KpIOK no OAHOH CKpeIIKe AD rex nop, IIOKd sec xproxa
co CKpeUKdMH He CTaHeT 60AbIlIe CHAbI 3AeKTpOMarHHTHOrO

rrpHTRJKeHHR H BCR sra KOHCTPYK~HRHe ynaser. 3aTeM rrOBTO-

PUC. 20.3
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pare OUbIT C COAeHOHAOM, Hd KOTOpOM HdMOTdHO B ABa pase
6oJ\hIIle nponoaa (180 CM). DOCKOJ\hKY HOBhlH npOBOAB ABa pa
3d AAHHHee, HaMaTbIBaHTe era aa fB03Ah KdK MOJKHO IlAOTHee,

eAOH sa cxoex, H HOBhIl1: C.hOU HaqHHdHTe HdMaTbIBaTb C sep
l<yIUKHrB03Al1 B TOM JKeHanpaBJ\eHHH. OCTOPO)l(HO: eCAU Bbl

novyscmsyeme, llmo nposoq om rBO,1gR nQllQA narpesamscn, pa
30MKHume BblKtUOllameAb uenu. He qomparueaiunecs go Mem(ZA

AUqeCKUX yqacmKoB rsosqs UAU 3QlluUJ,eHHblx KOH4oB nposoqa,
nOCKOAbKY GHU Morym CUAbHO HarpembcR 3Q Cllem 3AeKInpUlleC

xoro mOKa U 06)l(eQb BQC.

C60p cl>aKTOB

1. TeAeBH3:HOHHhIe H306paJKeHHH B03HHKdlOT B peayxsrare roro,
qTO ThlCHqH 3AeKTpoHoB 6oM6apAHPY1OT 3KpaH TeAeBH30pa
(KHHecKon). Kaxoe BAHHHHe OKa3bIBalOT 3AeKTpOMarHHThI aa
nanpaaxeaae ABHJKeHIHI 3AeKTpoHoB1

2. Cytnecrayer HAeHc03AaHHlI 3AeKTponoe3AoB MAGLEV Ha Mar
HHTHOH nozyurxe (MAGLEV - «magnetically levitated», 6)'KB.
«Cxermmroa AeBHTa/1Heii»). t.IeM noeaaa MAGLEV OTAHqaIOT
CH QT 06bIQHbIX IIoe3AoB?

3. AM roro QTo6h1 onpeAeAHTh aenpasxenae CHAhI, AeHCTBYIO
llJ,eft na 3AeKTpMQeCKHH TOK HAH IIOTQK ABI1JK~HXCHqaCTHIJ; B

MarHHTHOM IIOAe, HCIIOAh3yeTcH npanaxo AeBou pyxu, 3TO npa
BHAD IIpHMeIDIeTCH TdlOKe MH orrpeAeAeHHH nanpaaaeaas Mar

HIITHorD nOAH, C03AdBaeMoro 3AeKTpHQeCKHM TOKOM B IIpHMO

AHHeMHOM npoaozoraxe HI'tH B COAeHOHAe. B qeM 3dKJU01.IaeTCH

npaBHAO AeBOM PyKH? 4eM OTAH1.IaeTC5I npanaxo AeBoH PYKH OT

npaaaxa rtpaaon pyKH? OTBeThI na 3TH eonpocsr HaMAHTe CdMH

B yqe6HHKax no q,1I3HKe.
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TenAonpOBOAHOCTb:
nepeHOC3HepnoiH KOAe6aHHH

TeIlAOBa>I saepras TeAa OpeACTaBAJleT C060H CYMMapH)'IO KHHeTIl'Ie

CKyYO H OOTeHI\HdAhH)'IO 3HepI'HlO acex '1aCTHI\, BXOAllll\HX B cocran
3TOro rexa, Bce '1aCTHI\hI rexa yqdCTBYJOT B TeX HAn HHhIX CAyqaHHhIX

ABIDKeHIDlX. qeM 6hICTpee ABIDKyTCli 'ldCTH!1hI,TeM 60llhllIe resmepe

rype BelI1eCTBd, H3 KOTOpOro COCTOHT TeAO. 06hI'1HO rosopsr, 'ITO ro

pgtlHe rexa 06.r\aAaIOT 60AbllIHM KOAW-IeCTBOM renxa. qeM XOAOAHble.

OAHaKO WpMHH «KOAWIeCTBO TeIIAa» qaCTO necsxa YCAOBHO xapax
TepH3yeT TeAO. C cjJH3H'1eCKOH m'IKH 3peHM sa TeMoeparypy rexa

OTBetIdeT He KOAH'!eCTBO TeIIAa, a TeIIAOBaH ouepraa. Koxaxecmo
renxa - aro nepenoc TeIlAOBOHaaepraa OT0AlIOI'o TeAa K APyroMY B

pesyxsrare cYlI1ecTByYOlI1eH Me>KAY HHMH pa3HHI\hI rexneparyp,

Flponecc OepeAd'lH TeOlla OT OAHOH '1dCTH!1bl K APyroH BCAeACTBHe
cToAlCHoBeHHH Me~yqaCTIII..\dMH Hd3bIBdeTCH TeIlAOnpoBOAJ:IOCThIO.

B nOM OIIhITe BbI orrpeAeAHTe, xaxoe BA!:UIHHe Hd TeIIAOrrpOBOA

HaCTh OKa3bIBdlOT paCCTOHHHe, BpeMH, IlAOIIJ;dAb nonepesnoro ce

qeRHa H resrrreperype: KaK TerrAOnpOBOAHOCTh 3aBHCHT or THIld ne
lI1eCTBa. BhI CpaBHHTe 3cjJcjJeKTHBHOCTb pa3AH'IHhIX TeIlAOH30AHPY

IOll\HX MdTepHaAOB.

C 'lerO Ha'laTb

lle.u.: OOpeAeAHTb BAHllHHe paccrosmsa aa TeIIll.OOpOBOAHOCTb.

MamepuQAhl
KyCOK IlAaCTHAHHa pa3MepOM C AHMOH

OAH~ MdAeHbKa5l cne-rxa /i,Mf. rrpa3AHHtIHOrO napora
MeTdJV\.I{t{eCKHH rrpornnetn,
1 MdAeHbKall cxpenxa Ahll 6YMaI'

xapxep
hHHeHKd

MapI'apHH

AHCTdAlOMHHHeBoH cjJOAbI'H pa3MepoM 45 x 75 CM

CKO'J'll

xyxonnsre CIIHtIKH
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JIOPJlgOK geiicDlBuii
I. C rrOMOII\blO He6oAbillOrO (paaxepoxr c nauorpeanayl xycosxa

IIAaCTlIAJIHd aaxpenare CBe1.JKY ne rrpoTHBHe,' KdK IIOKd3dHO na
pllc.21.1.

2. Pa30rHlITe cxpenxy, qTo6bI npenpertrrr- ee B MeTaN\lIqecK)'l0
npoaoxoxxy. CAeAdHTe ee KdK MOJKHO 60Aee npaeroii.

3. C nOMO~blO MapKepa If AMHeMKH CAeAaHTe QTMeTKH ne npono
hOQKe Hd paccToHHIUIX 2 ex, 4 eM If 6 eM, CqH:TdH OT 0AHoro xa
Koro-J\.H60 KOHqa.

4. yb OCTdBIllerOCH KyCKd ITAdCTHAHHCl cAE~J\.aH:Te IJ;llAHHAPHK BbI

coroa IIpHMepHo 7,5 eM H npnxpernrre era K rrpOTHBHIO na pac
CTOHHHH. pasHOM AAHHe BallieH rr:p0BOAO'tlKH. BbICOTd nxacr
MaCCOBoro IJ;HAHHAPHKd AOAJKHd 6bITb TdKOH, 1.JTo6bI npOBOAOq

Kd, BOTKHYTdH 0AlUfM KOHlI,OM B era BepXHlOlO xacrs, 6hIAd na
paJ\.JI.eAbHd IIOBepXHOCTII CTOAd Ii ApyrHM KOHIJ;OM HdXOAHAdCb

BbIIlIe epHTHAH CBeQKH (3TOT KOHen; npOBOA01.JKH AOAJKeH OKd

3dTbCH B aepxaeii qaCTH IIAaMeHH rrpa 3aXOKeHHOM qUITH.l\-e,

KaK rrOKa3aHO na pnc. 21.1).
5. Cxemrre 1I3 MaprapliHa urapaxa AlIaMeTpOM rrpasrepao 1,25 CM

H HaCaAHTe HX na npOBOAOl::lKy B OTMeqeHHbIe MeCTa.

6. CAOJKlITe AHCT aAIOM1UIHeB0J1 epOAbrH IIOnOAaM H CAeAaHTe H3

Hero Kpyr BhICOTOH IIpH!"fepHo 10 CM, coeAHHHB era KOHIJ;hI C IIO

MOI.IJ;bIO CKOTtId.

PUC. 21.1
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7. nOAOJKHTe xpyr dAJOMHHHenoH qlO"u,fH aa rrporaaom, TaK, 'lTO

6bI anyrpa Hero OKa3aAHCb cnexa If ITAdCTMdCCOBbIH ll,HJ\.HHA

pHK C IIPOBOAOqKOH. Kpyr 6YAeT CAyJKHTb 3KpaHOM H 3aIl.\H
IIJ;dTb ITAdMH CBe'tUI OT CKB03HHKOB.

8. 0PHfoToBbTe CITfllIKH H 3dJKfHTe cae-ry,
9. ECAlI BbI Bee CAeAaAH rrpamou.ao, KOHeq npOBOAOtIKH AOAJKeH

OKa3dTbCH B IIAdMeHH CBeqM. BHHMdTeAhHO IIOHaOJUOAallTe sa

TeM, KdK 6YAYT BeCTI' ce611 urapaxa MaprapHHa H B KaKOM IIO
PllAKe OHH HaqHYT IIAaBHTbCJL Koraa Bbf YBHAHTe, 'ITO ace tua
pHKH HaqdAH IIAdBHTbClI, 3dAyHTe caesy.

PeayNJllCUllbl
llIapHKH xaprapaaa IIAdBliTCli B IIOpliAKe HX YAdAeHHlI OTlIAdMeHH
cae-ra. TOT nrapax, KOroPbIH HaxOAHTCH 6.J\HJKe acero K cae-ncc, IIO

KdJKeT npH3HdKH IIAaBAeHHH caMbIM nepssoa, a HaH60Aee YAaAeH
HbUI Hd'lJHeT lL\aBHTbClI JIOCAeAHIIM.

nO'leMy7
TenAOBaH 3HeprHB, HAR BHyTpeHHSIJI aneprna rexa - 3TO cyxxep
HaH KIIIICTHtIeCKdH If nOTeHIJ;HWlbHilfl snepraa acex qaCTIfIJ; sroro
TeAd, yqacTB}'lOIl.\HX B cAyqaHHbfx ABHJKeHHlIx. nepeAaqa TelIAOBOH

aaepran OT oaaoro rexa K APyroMY HAM OT0AHoro yxecrxa rexa K
APyrOMY BCAeAcTBHe CYIl.\eCTB}'lOIl.\eH MeJKAY HHMH pa3HHljbf TeM
neparyp xapaxrepasyer TaK Ha3blBaeMoe KOAUqecTBO TenJlOThI.

TeIIAOTd nepeaaercs OT ropasero 'rexa H.J\.H ero y-racrxa K 60Aee xo
AOAHDMy-. Tenxoeaa npoBoAHMOCTb, HJ\.H renaonpoeonnoc'n, 
3TO cnocoonocrs nepeaocsm, B rrpouecce CTOAKHOBeHHH qaCTHIJ"

06AClAaIOIIJ;HX 60AbIIIOiI KHHeTJ1l:IeCKOR 3H~pmeH:, c coceAHHMH xa
CTMu;aMH, qhH KHHeTHqeCKaH sneprna MeIIhIlle, TaKHM 06pa30M,

TCITAOnpOBOAHOCTb - rrepena-ra TeIIAd B nemecrne OT ofixacreii C

BbICOKOH reemeperypoa K 06AaCTHM c 60Aee HH3KOH rcxnepary
pOR, TCITAOrrpOBOAHOCTb MOJKeT npoacxoaars B JKHAKHX IUlli raao
ofipasrrsrx cpenax, eCAH MOAeKyAhI B HHX CTaAKHBaIOTCH. Ho xarue
scero TeIIAOrrpOBOAHOCTh BCTpeqaeTC5I B TBepAhlX Te..hax. BeIIJ,eCTBa,

:x.OpOIIIO nepeaarounre TeITAO, Ha3hIBaIOTC5I npo8oAHHKaMH renaa,
I1AH MaTepHMdMH IIoBbIIlIeuHoH TCIlAOnpOBOAHOCTH. OC06eHI-IO

XOPOIIIHMH rrpoBoAHHKaMH renaa HBMlIOTCH MeTaAAhI. B HaU!eM

OITbITe TaKHM rrpoBoAHHKOM TeIIAa CAy)KlIT MeTaAA.l{qeCKaH expert
xa. XopoIIIaH TeIIAOnpOBOAHOeTb B MC'TaAAax AocTHraeTcH sa CQCT

BbICOKOH KOHIJ,eHTpaU;I1H cBo6oAHbIX 3AeKTpoHoB (3AeKTpoHbI B He-
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KOl'OpbIX TBepAhIX aeuiecraax, oco6eHHO B M€TaAAaX, He npHBH3a
UbI JKeCTKO K KaKOH-TO orrpeAeAeHHOH: TOQKe, a rrpHT.SITHBdIOTCH

cpaBHHTeAhHO 0AMHaKOBO KG BeeM 6Al13Ae)Kam;HM dTOMdM, TeM ca

MbIM IIOA)"Ia5I B03MO>KHOCTb OTIlOCHTeAbHO CBo6oAHO rrepezna

rarsca B 3TOM netnecrae). 3TH cBo6oAHbIe 3AeKTpOHbI CTaAl(HBalO1'
C51: C dTOMaMI1 B MeTdJ\Ae H nepenarcr CBOIO KHHeTlftIeCKyro anep

rmo, KOAl1QCCTBeHHaJI Mepa cnoco6HOCTH acuiccraa rrepeAdBdTh
renxo Ha3bIBaeTC5I YAeAbHoii TenAonpOBOAHOCThlO.

ECAH rrarpeaerr, KaKOe-AH60 TeA-O, KdK, aenpaxep. npoaoxoxxy

B aauresr OIlbITe, TeITAO 6YAeT pacrrpocrpaasrrsca 01' ropsxero yqa
CTKd K 60Aee XOAOAHOMY. TOT q,aKT, qTO CdMbIM nepasrx pacnxa
BIiAClI MaprapMHoBbirr I1IapMK, 6AMJKarrllIMrr K aarperoxy KOHlJ,y
llpOBOAO'lKII, 3aTeM rro nopsxxy sropoa II rperaa, ronoprrr 0 TOM,
'ITO TerrAy HyJKHO KaKoe-TO npexa, '1To6bI pacnpocrpamrrsca OTro
pssero KOHU;d rrpOBOAOtJKH K XOAOAHOMy. CAeAOBaTeAbHO, KO.AHqe

CTBO 'renaa. xoropoe 6bIAO nepeaano xepea MeTaAAM'IeCKYJO nposo
I\O'lKY OT ee TeIIAOro KOHlJ,a K XOI\OAHOMY, rrpOnOplJ,HOHaAbHO ape
MeHH rerrxonepeaa-ra.

HOBbie nOAXOAbl

1. KaK BMUleT aa rrepeAaqy T~IIAd IIAOll.J;ClAh nonepexnoro CeqeHHSI

MeTaAAHtleCKorO npOBOAI-IHKd? OOBTop:VlTe onsrr. acrroxsaoeas
aa 3TOT paa cxpenxy, CAeAaHHYJO H3 nposoxoxa C 60AbIllerr
IIA0IIJ;dAblO rronepe-nroro CeqeHHSI. Bsrscnare, KdK KOAHtIeCTBO

rrepenaaaexroro TeIIAd 3aBHCIIT OT nonepexnoro CeQeHH5I MaTe

pnaxa: 6YAeT AM OHO nponopuaonexsno IiAM 06paTHo rrponop
IJ;HOHaAbHO IIA0I..IJ;dAH nonepexaoro CetIeHHH.

2. KaK BAllSleT Hd TerrAOrrpOBOAHOCTb TOT HAM HHOM BRA MeTaJ\Ad?

DOBTopHTe rrepBOHdQaAbHbIH OlIbIT C HCnOAb30BaHHeM pd3AHtI

HbIX THrrOB rrpOBOAOKH 0AHHdKOBoro rrorrepesmoro CeQeHH5I,

T.e. OAHHaKoBoro KaAH6pa (craaaapraoro AHaMeTpa). CYJ.Il,eCT
ByroT cneuaaxsasre yCTpOHCTBd AMI 3d1.JHCTKH nposozoa, KOTO

psre MOryr H3MepSlTb 06XBdT rrpOBOAOKH. 06bItIHaH MaAeHbKdSl

cxpcnxa Af\5l 6YMam IIMeeT KaAH6p 2211 cAeAaHa 113 CTaAH. Boc
IIOAb3yHTecb KyCKOM rrposoxoxa roro )KeKaJUf6pd If MHHbIr HO

cAeAdllHoH H3 APyroro MdTepHaAd, nenpaxep, MeAH. Tmareas
HO 3dqHCTHTe BCIO H30ARQ:H'IO C npoaoza. ITPHfoToBbTe ABd IIAa~

CTHAUHOBbIX I.J;RhHHAPUKd OA,HHdKOBOH BbICOTbI H nOCTdBbTe FIX

lID paauue CTOpOHbI OT cnesa. PaCrrOAOJKlfTe ax TdK, 'tffo6bI
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IIOMep>KI1BaeMblC liMH rrpOBOAOtIKH OKa3aAHCb B IIAaMeHH CBe

'11f B OA\fHaKOBOH xepe. BaM norpeoyerca KPYT 1f3 <pOAhrH 60Ah

mero AHaMeTpa. CpaBHHTe BpeMH IIAdBAeHHH paamax Maprapn
HQBbIX urapnxoa.

nplolAyMa'lTe aaui co6CTBeHHbl'l onsrr

1. BAllHeT All na TeuAOUpOBOAllOCTh AJlliHa rrposoxoxa i npHAY

MdMTe OUbIT, C IlOMOIqbIO xoroporo MO)J(HO 6blAO 6bI rrpOAeMOH

CTpl1pOBdTb, KaK MHHa rrpOBOAHHKa renxe B.lliIHeT Ha TeIIAOByJO

rrpOBOAI1MOCTb. MOJKHO, narrpanep, nouropa'rs ITYHKT 2 Bpaaze
1\.e «Hoasre IIOAXOAhIl), HCnoAb30BaB aa 3TOT paa ABe npOBOJ\OKH

0AlII-IaKOBOro KaAH:6pa, HO pa3HOH AJUfHbI. KaK TOAhKD nepnsni

MaprapHHOBbIM: urapax HaqneT TaRTh, 3aAyHre CBeqy. nOCAe
sroro npOAOAJKHTe Ha6AlOAeHHC sa OCTaAbHbIMH MaprapWHOBbI

Mil mapaxaaa. MCIIOJ\b3yHTe noxysemrsre pe3YAhTdTbI MJI OT

sera aa sonpoc: 0AHHaKOBoe AM KOAHqeCTBO ronxa nepenaercs
OT oaaoro KOHlIa UpOBOAOKH K APYTOMY B 060HX ClI.y'Iil5Ix?

2. KaK 3aBHCHT npOBOAHMOCTh TeIIAa Me>KAY AB}'MH MaTepHaAaMH

oTpa3HHlIhI HX TeMucpaTYP? npHAYMaHTe cnocoo, C noxounao
xoroporo MOJKHO BhIHCHHTb, KdK YBeAlflleHHe pa3HHIJ;W TeMIIe~

paryp BJUUleT na nOTOK TCIIAa QT 0AHoro Be~eCTBa K ApyroMy:

CTaHeT.h.H 3TOT nOTOK 60AhIIIC 11J\.H MeHbIlle? MOJKHO IIOCTYJIIITb

CAeAyroI.I..J;HM o6pa30M. HarrOAHHTe ABa rreHOnOl\llCTHpOAOBbIX

CTaKaRa BOAOH: na 0ARY qeTBepTb. B CTaKaH A HaAe:Kre rop5lQcft

BOAorrpoBoAHOH BOAhI, a B CTdKaH B - XOAOAHOH. 113MephTe

TeMIIepaTYPY BOAhI B 060HX craxanax. Bpocsre HeCKOAhKO (lIe

MCRee ABYX) MeTdi'\AHqeCKHX IllaH60QeK B CTdKaH C rOpHtIeft BO

AoH. l.Jepe3 3 MHIJYTbI AOCTaHbTe' AOJKKOH rnaH60QKH H3 ropa

qeH BOAbI H orrycrirre HX B CTaKdH B C xOAoAHOft ROAOH. Hepes
1 MHHyry nOM8IlldHTe BOAY B CTaKaHe B U H3MepbTe ee TeMrre

parypy. 06paTHTe BHHMaHHe, KdK H3MeHlIAaCb, no cpdBHeHHIO

C nepaoaaxexsnoa, T8MnepaTYPa BOAbI B CTaKaHe B nocxe Toro,

KaK rennsre IlIaft60tIKH IIOAeJKaJU{ B HeH: B TCqCHHe MHHyrbI. 110

BTOpHTC OIIbIT erne ABa paaa. Caaxaaa HaAC:HTe B CTaKaH B pas

HbIC KOAHtIeCTBa rOpHlJeH H XOAOAHOM BOAOrrpOBOAHOH BOAhI

TdK, "Y.To6hI BOAa B 3TOM CTaKaHe CTMa TCllAOH. 3aTeM oXJ\.dAHTe

BOAY B CTdKaHe B, Ao6aBHB B nee HCCKOAhKO Ky6HKOB AhAa.

(nYCTh Jl.eAUOll.eJKlIT B BOAe 2 MHuyThI, rrOTOM noxeuraare BOAY

II YAaAHTe A€A; TOJ\..bKO nocxe aroro Ao6aBbTe rnaft:60YIKH.) 1-1.3-
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MeHCHHe TeMIIeparypbI B 3dBHCHMOCTH. OT paccToHHHSI nayrpa

nemecraa Hd3hIBaeTCH rexnepervpasra rpaAUeHTOM, HAM rpa

AlleHTOM TeMIIepaTYPhI.
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Pile. 21.2

3. H30AHTOpaMH Ha3blBaIDTC5I BeI.I.J;eCTBa C HH3KOH KOHu;eHTpaIJ;HeH

cBo6oAHblX 3AeKTpoHoB; TenAoH30lUlTopaMH Ha3bIBalOTCH IlAO

XHe rrpOBoAHHKH renxa, K TeIlA.OH30JUITOpaM O'IHOCHTca CTeRAO,

6YMara, neHOnOAHCTIfpoA. B 3TIfX aemecraax nepenana renxa
rrpOHCXOAHT aa C'tIeT B3aHMOAeHCTBI1H KOAe6AJOIIJ;HXC.H aTOMOB H

MOAeKyA. TaKOH CIIoco6 ropasao MeHee 3cj:>cj:>eKTIlBeH, ~eM nepe
AatIa TeIIAa B npOBoAHHKax BCAeACTBHe pecnpocrpaneaas CBO·
60AHbIX 3AeKTpOHOB. n03TOMY n Teru\OH30AHTOPax rrepenoc TeII

xa ropaaao xemauc. ~eM B IIpOBOAHIlKax. npHAYMaiiTe OIIbIT, KO
TOPhIH rrosror 6hI cpanmrrs TCIIAOH30AHpyroUJ;l1e CBOHCTBa MaTe

pHaAOB, I1CnOAh3yeMbIx Al\5I xpaaeuaa rOpHQI1X JKHAKocTeli.
MOJKHO, aanpaxep, B3HTb CTaKaHbI, CAeAaHHWe 113 pa3AHtlHbIX

TeTIA0I130AHpyrom;HX MaTepHaAOB. HaAefITe B KaJKAhIH CTaKaH

6 II BaHIUlI1n
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0AllHdKOBoe KOAHQeCTIJO ropsrreir BOAbI. Flosrecrare TepMOMeTP

B KaJKAbIH H3 CTdKaUOB. YbMepsIirr€ TeMnepaTYPY BOAhl B K(i)K

AOM CTaKaHe xepea KiUKAbIe 2 M"nyTbI B Te'leH"e 20 M"HYT liAR

AD rex nap, noxa TeMneparypd He rrepecraaer MeHRThCH. 3an:w:
urare 3Ha'IeH"" TeMnepaT)'PbI B Ta6A1fI\Y 21.1. HaHeCIITe rroxy
'IeliHble AaHHbIe ANI KaJKAoro xarepaaxa na rpaqlHK. I1cnOAh
syirre 'IepHJIAa pasmax I1BeTOB ANI pasnux MaTep"aAOB.

TafinM~a 21.1 BnMAHMe TennOM30nA~MM Ma K3MeHeHKe TeMneparypbl

MaTepHan TeMneparypa, ·C

BpeMA, MKHYTbl

2 4 6 8 10 12 14 16 18 20
CTeKJ10

fiyMara

neHononHCTHpOJ1

C60p cl>aKToB

I. YgeAbHoii meIlAOeMKOCl1lblO aeurecraa Ha3hIBaeTCJI KOAlf'IeCTBO
aaepraa, xoropoe Tpe6yeTcli ANI roro, QT06b1 nOAHlITb resme
paT)'PY eAHH"I1b1 MaCChI 3TOro aemecraa aa OAHY eA>fH"I\Y "3
MepeH"lI resmeperypsr, ECAIf 1 rpasery BOAb! C0061l1HTb 1KaAO
pHIO TeITAa, resrneperype BOAb! nOAH"MeTCli Ha 1 T. '{eMY pas
HhI YAeAhHble TeITAOeMKOCT" APyrnx Bell1eCTB. nanpaxep. aAIO

MHHHH? KaK, 3HM YAeAhHYJO TeITAOeMKOCTb MeTaAAd, onpeae
hHTb KOAHQeCTBO TeIlAd, KOToRoe nepeaano 3THM MeTd/V\OM?

HaiiAHTe "H<popMaI1"ro 06 YAeAhHblX TenAoeMKOCT>IX pa3A1f'I
HblX semecrn B cnpaaosaaxex ITO QJH3HKe.

2. Hepaueae OKOH'lIdHHH BdilleR KO)l(H l{YBCTBHTeAbHhI K H3MeHe

H"lIM rexneparypsr " xoryr onpeaexars pa3H"I1Y rexrreparyp
sayrpa " cnapyzca naurero rexa. MbI 'l}'BCTByeM, 'ITO npeaxer
XOAOAHbIl1, KOfAd TeIIAO nepenaerca OT aaurero rexa K 3TOMy

rrpeAMery. YfHOfAd MbI OIIJ;yrI{aeM, llTD Te HMI UHhle rrpeAMeTbI,
CA€AdHHbI€ us pa3AHlIHbIX MaTepHaAOB! HMefOT pasaue rexne
paryphI, XOTSI rra CaMOM AeAe 3TO He TaK. DOqeMY npHKOCHOBe

HHe K KOBpy " K KepdMHqeCKOH IlAHTKe IIp" OAMHaKOBOH TeM

neparype np"BOAHT K 0Il1Y1l1eHHIO paaaon TeMnepaT)'PbI? Do
rrp06yiITe HaiiTH OTBeT B yqe6H"Kax no <p"3"Ke.



KOHBeK~HH:pacnpOCTpaHeHHe

renxa B TeKY"IHX cpesax

TerrAOOOMeH c epH3HQeCKOH TOQKH 3peHIHI - 3TO nepexentenae
3HeprMH OT TeAa, 06AaAalOm;ero 60.AbIIIOH TeIIAOBOH 3HeprHeii, K
Te.J\.Y C MeHbllieH TenAOBOH 3Hepr~eH. KOHBeKll,H5I npeacraaaaer
ca60ft nponecc nepexoca renxa sa CtIeT 06'beMHhIX ABH}KeHHH B

TeKyqHx cpeaax (raaax HJ\H >KHAKOCTlIX). K eCTeCTBeHHOH KOH
BeKLJ;HH OTHOCHTCK ABIIJKeHHH B rexyxax cpeaax, npOHCXOASlllJ;He

B BepTHKaAbHOH IIAOCKDCTH BCAeACTBHe pa3HOCTH rexneparyp.
BhIHYJKAeHHaH KOHBeKIJ;HH npOlfCXOAIIT IlOA AeHCTBHeM xaxoro
AM60 anemaero yCTpOHCTSd, aenpasrep. KorAa c nOM0I..I.J;blO BeH~

THMlTOpa ocytaecrnxaerca IJ;HPKYMlll,HH TeIIAora HAM XOAOAHoro

B03Ayxa.
B :nOM onsrre BbI nccxezyere, KaK TeMneparypa BOAbI BAHlieT

Hd ABHJKeHne BOAHbIX Macc. 113ytIHTe rrpoueccsi aerpeseaaa Ii

OXAdJKAeHHH, npOHCXOAHI.IJ;Re 3d CtIeT KOHBeKI.J;HOHHhIX IIOTOKOB.

TaK>Ke HaHAeTe Be""qHHY TeMneparypbl aa paansrx asrcorax B
BdllIeH KOMHaTe H C nOMOm;bIO nOAyqeHHbIX pe3YAbTaTOB onpe
AeAHTe. cymecrsyror All B 3TOH KOMHaTe KOHBeKTHBHbIe ABHJKe

HHH.

C xero Ha'laTb

Lfe,u,: OnpeAeJUITb BAHlIHHe TeMnepaTYPbl BOAbl aa ABH>KeHHe BOA
HbIX Mace.

MamepuCMbl
AlITpOBali 6aHKa
XOAOAHa51 H ropasaa BOAorrpoBoAHdSI BOAa

4 HAH5 Ky611KOB hbAa
AOJKKa

KO¢eHHaJl l·IaIIIKa

IIHI.I.J;eBOH KpaCHTeAb caaero U;BeTd

nanersa
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lIOpRgOK geilClllBuil
1. Hanoxnare 6ilHKY XOh<'AHOll BOAOll npanepno uanoxoa..;,y.;"
2. OOAOJKHTe B 6aHKy'c BOAOll Ky6mm AhAa:',
3.,)\OJKKOll rroMernallTe BOAY, qTo6hI OHa 6blcTpee OXAaAHAaCb; y6e

pare KyCOqKH AbAa, xoropue OCTaAlICb nxanart, B BOAe,
4. Herroxasrre xaurxy npnxepao na srernep'n, ropaxea BOAOll H3

noz.xpaae.
5. Ao6aBbTe B roP""YID BOAYHe MeHee 10 KarreAb JKHAKoro name

aoro KpaCHTeJ\5l. Paaereuraare BOAY.
6. Hariepare B II1iIIeTKY rop""ell oxpaureanoa BOAhI.
7. Onycrare nanerxy B 6aHKy C XOAOAHOll BOAOll TaK, qT06bI KOH

qHK mmerxa He AOTpanIBaJ\.CH AO BOAb! H HaxOMlACH npaxepuo
Hd 2 - 3 eM; asnue noaepxnocra BOAbl. MeAJ\-eHHO BbDKMHTe BO

AY 11:3 mmerxa. nOHa6AIOAdHTe 3d TeM, KdK BOAd 113 IlHIIeTKH

6YAeT pacnpocrpaasrsca B 6aHKe CXOAOAHOll BOAOll. Crpyaxa
rOpllQell OKpalIleHHOH JKHAKOCTH 6YAYT XOpOIIlO 3aMeTHbI Ha
rpone OCHOBHOH MaCChI XOhOAHO:H BOMI.

8. OOBTOpHTe BaIIlH AellCTBlIlI 113 nynxra 7 QeTblpe paaa.

.... . ,,:.. "'./;
. :'... ':: .' f'"

PHc.22.1
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9. Oona6AIOAaHTe 3d TeM, KdK 6YAeT MeHHThCH KapTHHa B 6aHKe c
BOAOM. MO>KeTe 3aHlITbClI ApyrnMM AeJl.aMM, HO pas B 10 MI1H)'T

IIOAXOAHTe K 6aHKe If CMOTpliTe, 'ITO 113MCHHAOCb. KOfAd BbI He

3dMe'TIITe 60Ahme HHKdKHX H3MeHeHIoU1:, IIOAOHAsI K 6aHKe B

oqepeAHOH paa, 3dKOWUITe OUbIT.

Pe3YAJ.1IICl11I1,I

lJacTb CMHeM BOAb! H3 ITI1TIeTKH HerJl.y6oKo yfiAeT TIOA ITOBepXHOCTb

XOJl.OAHOM BOAb! B 6aHKe, a APyrall '1aCTb cpa3y JKe pacnpecrpeaar

C5I Hd 60Ablll)'IO fAy6HHY. Boxsruasr qaCTb «IlOT0H)'BmeH» oxpanren
HOM >KHAKOCTH 3aTe).1 rrOAHHMe'rC7I H npacoeaaaarcs K TORr KOTO

pall OCTdJl.aCb B6J1.H311 J;IOBepXHocTH J;OJl.OAHOM DOAb!. lJepe3 HeKOTO
poe Bpe:r.m CHHH5i >KHAKOCTb HdtIHeT 60Aee paaaossepno nepexie
llIHBdTbCH C OCTdAhHOH BOAOH, M BCR BGAd B 6aHKe npHMeTOAlIOPOA~

HWH fCAy60BdTbU1: O'ITeHOK.

JIOQeMy1
TelIJ\.OndH 3HeprIDI rexa CKAdAbIBaeTol R3 KHHeTlflJeCKOH H nOTeH

lJ,HdAbHOH sueprmr acex qacTHI.J;, BXOAHIl1,HX B era COCTaB. TeIlAOTd
xapaKTepJ.:I3yeT rrepesrentenne TeITAOBOH saepraa OT T€Ad. B KOTO·

pOM 3TOM 3HCPrHI1 60Jl.blIle, K TeAy, 06J1.dAalOlIleMY MeHbllleu TeTIJl.O

BOH anepmeii. APyrHMH CAOBdMH, T€ITAOBdH 3HeprYHI rrepeHOCHTCSI

OT 60Aee rerrxoro 06'beKTd'K 50Aee XOAOAHOMY. Ilpa nerpeeanaa
JfUfAKOCTI1 I1AH rasa ax renxosaa anepraa soapac-raer, a 3HatUIT,

B03paCTaeT H KHHeTIitIeCKdH aaepras COCTaBA5lIOIqHx IlX qaCTHJ.J;.

EAaroAdPll 3TOMY '1aCTI1I1b1 TeKY"eM cpeAb! Ha'lMHalOT paCWHpSITb

ClI (nepesremaracs B CpeAHeM na 6oJl.ee AdJl.eKl1e paCCTOllHMlI,

BCAeAcTBue tIero rexyxea cpeaa 3aHHMaeT 60AI.IDHH 06'beM). :H

ITAOTIIOCTb T€KytleH cpeasr YMeHbilldeTCH, I1TdK, ropsvaz oxpaurea
Han BOAd H3 IU111eTKM HMe€T xensuryto IIAOTHOCTb, tIeM XOAOAHaH

BOAa B 6aHKe. KOfAa MbI BnphICKHBaeM H3 IIHneTKH B 6dHKy C BOAOH

roPll'l}'10 OKpalIleHHYJO JKHAKOCTb, 6J1.arOAapll noxyseaaoxy I1M
nYAhey (HMrryAhC - BeAHlfHHdj omrcsraerontas KOAHtIeCTBO ABHJKe

HI15I rexa) ona pacnpocrpaasercs I10A rrOBepXHOCTh XOAOAHOH BO

AbI. Ho I10TOM OCHOBHaH tIdCTh rOp5llJ,€H Ol~pdllIeHHOH:BOAbl.nOAHU

J\laeTCH"Hd nOBepXHOCTh, noroxry 'lJTO rOpHQaH BOAd xeaee IlAOTHd5I,

q€M XOAOAHaH. l..{eM 60Abrne pa3HOCTb TeMnepa'ryP rOpHtIe« H XO

AOAHOH BOAbl, TeM 60AbIIIe paanaua B me IIAOTHOCTH.

00 Mepe roro KaK ropxsasr oxpameaaaa BOAd OCThIBaeT, OHa

orrycxaerca H rrocrerrenno rrepeveuraaaerca C OCTaJl.bHoH BOAOH.
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KOfAa TeMueparypa BeeR BOAhI ypaBHOBeIIIl-lBaeTCH, ABIiJKelUUI

OKpameHHOH BOAhI saepx II BHJ.:I3 npexpamerorca. BMeCTO aroro
OHa HatIHHaeT pacnpOCTpaHHThCSI BO see CTOpOHbI OharOAap51
AI'I<P<PY31'11'1 (AH<P<pY3nJl - paClIAhIBaHne TeKyqeH cpeAbI BCAeACT
sne MOAeKyAJIpHbIXABnJKeHIlH). Ilpouecc rrOAbeMOB H onycxaaaa
B TeKyqefi cpez,e, nponcxozmnaa BCAeACTBHe pa3HHIJ;bI IIAOTHOC~

TeH coceaaax ee yqacTKoB, IIpHBOAHT K IIOSIBAeHHIO TaK naasmae
MbIX KOHJ;JeKTHBHbIX ABHJKeHHH. KOHBeK~HD - rtportecc nepeao
ca TerrAa OTOAHOH 'laCTn TeKyqeH cpeasr K ApyrOH BCAeAcTBHe rre
peMelI\eHnJl pa3All'lHbIX yxecrxon JKnAKOCTI'I HAll rase APyr OTHO
CHTeAhHO APyra. ECTeCTBeHHaa KOHBeKltHD - ABHJKeHHe TeKytlCH
cpeasr, rrpOHCXOAJIlI\ee 113-3a pa3HOCTI'I rcsmeparyp pa3AH'lHbIX
ee yqacTKOB. Pa3All'lHe resrneparyp rrpHBOAHT K TOMy, 'ITO IIAOT
HaCTH pa3A.W!HhIX yqaCTKOB TeKyqeH cpeasr CTdHOBHTCH pasasr
MH. BLlHy:>KAeHHaH KOHBeK&HSI B03HHKaeT, KOfAa MJI CTHMyJUI

~HH rrepeHoca TeITAd H3 cARcro MeCTa B APyroe HCrrOAb3yeTcH
aneuraee yCTpOHCTBO. Hanpaerep, IIpH BKAEOQeHHH BeHT1L'UITOpa

MbI AocTHraeM :.l¢¢eKTa OXltaJKAeHHH aa cxer nepexeuienaa B03

AyuIHbIX xacc.

HOBbie nOAXOAbl

la. KaKH3MeHHTcH rroxyneanrae pe3yAhTaTbI, eCAH IJOMeHHTb COOT

HOIIIeHHe TeMIIepaTYP )KHAKOCTeH, yvacrayrounrx B oIIbITe?

Flosropare HccAeAoBaHlie, HO aa 3TOT pas HaIIOAHHTe 6aHKy ro
pSlqeH BOAOH. a IIHneTKy - XOAOAHOH. KaK C noxoun.ro 3TOH

MOAeAH MOJKHO orracarr, aTMoc¢epHoe 51BAeHHe, rraasraaesroe
HHBepCHeH? DOAee rroAPo6H)'lO HH<popMaqH!O 0 KOHBeKTllB
HbIX ABHJKeHHHX Ha.i1:AHTe B yqe6HHKax no <pH3HKe.

6. ABH)KeHHe KOHBeKTHBHQro IIOTQKa IIp0l1CXOAlfT no neTAeo6·

pa3HoH rpaexropaa, KOTOPdSl Ha3bIBaeTCH KOHBeKTHBHoH

JI'IeHKoH. Hapacynre AnarpaMMy, noxaaicaaionryro ABI'IJKeHHe
rexyxea cpeAbI B KOHBeKTMBHoH HlIeHKe.

npHJlYMaiiTe eaui C06CTBeHHblii onsrr

lao KOHBeKIJ;HOHHbIe TelIeHIUI npHMeHHIOTcH AJUI OXAdJKAeHHH TOM

I1All HHOH: Tepp:VITOpHH, aanpareep, TaK, KaK :.lTD npOHCXOAHT B

XOAOA\iAhHOH xasrepe. npHAyMaHTe crroco6 AAJ! AeMoHcTpa
IJ;HH roro, tITO paCIIOAO)KeHHe OXAaJKA,dIOrn;ero 3MeeBHxa B



sepxnen qaCTM XOAOAMAhHMKd C03AaeT OXAdJKAdlOIIJ;l1e KOH

BeKTHBHbIe rrOTOKH. MO)KHO nocraaarr, onsrr. B KOTOpOM 3TO

6YAeT I1arAHAHo BHAHO no ABliJKemUO BOAhi. B03HliKalOIl\eMY
H3-3d pa3HOCTIi TeMIIeparyp. Hanoxanre 6YMa)KHblH CTdKaH

XOA0AI-IOM BOA0H: 11 Ao6dBhTe B BOAY 2 KaiiAll nautesoro KpaCH

TeAR. Pa3MeIIIdHTe. HaKpOHTe CTdKdH He60AbIIIHM KyCOqKOM

aAlOMliHlieBOH q,O!\.brH. DpOTKHya q,O!\.bry B uearpe COAOMHH
KOH, BCTdBbTe ee B CTaKdH. Ilocraparrrecs YCTdHOBHTb COAO

MHHKy KdK MOJKHO 601\ee BepTHKdAbHO. nOCTdBbTe CTdKdH B

MOP03liAbHYIO KaMepy. Koraa BOAa3aMep3HeT. AOCTaHbTe 6y
MaJKHbIH CTaKaH as MOP03HAbHliKa. YAaAHTe co !\.bAa6YMary H
q,O!\.bry. COAOMH'!Ka rrponao BMep3Aa B AeA. Hanoxnare 6aH
Ky C llIHpOKHM ropAbIlliKOM aa TpH tIeTBepTH ropHqeH BOAOH
li3-noA xpaaa, Onycrnre ileA aenoxoaaay nOA noaepxxocrs
BOAbI B 6dHKe If saxpemrre ero B 3TOM nOAOJKeHHH , npaxxeaa
CKOTqeM COAOMliHKY K ropxsrnncy 6aHKII (CM. pac, 22.2). B re
qeHHe 1 - 2 MHHYTnOHa6111OAaHTe aa TeM. KaK 6YAeT BeCTH ce
611 COAepJKIIMGe 6aHKH. 3aMeTbTe nenpesxeaae KOHBeKTHB
HblX nOTOKOB.

PIIc.22.2
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6. ECAI1 fibl 3MeeBHKH pacuoxarexacs B HIUKHCH qaCTM XOAOAHAh

HOM KdMepbI, KaK OM :lTD CKd3aAOCb aa <pOpMHposaUHH OXJ\.aJK

AaIOIll,HX KOHBeKTHBHbIX nOToKoB?

2. 06bPIHO rOBopHT, srro «TcnAO IIOAHHMaeTC5I}), no aa CaMO]\{ Ae

Ae noz, 3THMH CAOBdMH HMCCTC51 B BHAY. liTO 60Aee xerxue H

MCHce IIAOTHhIC rOpSP-IHC 06AdCTH JKHAKOCTM HAM raaa nOAHH

MdlOTCSI HilA 60Ace XOAOAHbIMH H IIJ\OTHbIMM 06AdCTKMH. Ilpa
AYMdHTC cnocoti, c rrOMOII.l,blO xoroporo MO)KHQ 6hIAO fibI ITOKd

38Th, lJTO TcnAbIH B03AYX IIOAHHMaeTCH, a XOAOAHbIM - onyc

KaCTCH. 3TO MQJKHO cAeAdTh c nOMOIl{bJO Tpex TCpMOMCTpOB,

npaxperraa HX K CTeHe. CHalJaAd IIOJ\.OJKlITe Bee TpM TcpMOMe

rpa Hd CTOl\. H nOACp>KHTC HX TaK He MCHce 3 MHHYT, QTo6hI

OHM nOKa3bIBaAM 0AMHaKOBYIO rexneparypy. 3aTCM yCTdHO

BHTe OAHH TepMOMeTp aa yposne noxa, APYTOH - Hd CTeHKe,

rrocepezome MeJKAY IIOJ\.OM 11 rrOTOAKOM, 11 TpeTlU1 - B03Ae no

TOAKa. EeAR y Hac B KOMHaTe ec'rs lid nOTOAKe BeHTHIUlTOP,

OTKJUOllHTe era BO npexs OITblTd. 3aIIHlliHTe nepnonaaexs
mae nOKd3dHHH TeMnepaTYphI ncex Tpex TepMOMeTpOB B Ta6
AMlJ,e 22.1. Ha6AIOAdHTe 3d nOKd3dHH.HMM TepMOMeTpOB KaJK

Able 15 MHH)'T B TeqeHHe 1 qaea H aanncunarrre JIOA~eHHble

PC3YALTdTbI. HaMAMTe a6coAIOTHyw BeAH1UuIY peanocrn TeM
neparyp na paansrx asrcorax. Hanpasiep, eCAH T, = 24 'C, a

T2 = 26 'C, TO a6COAIOTHaH pa3HOCTb Me>KAYT, H T2 HBJUleTCH
rrOAO)KHTeAbHOH: BeAHQI1HOH 11 COCTdBMIeT 2 "C. 3TO 3anHCbI

BaeTCH KaK IT, - T2 1 = 2 'c.

Ta6nMqa 22.1 3Ha~eHMA reMneparypbl

BpeMA/ TepMOMerpbl
MMH

T, T2 T3 A6comOTH3A A6conlOrH3A A6comoTH3A
(non) (cepeAHH3 (nOTonoK) P33HOCTb p33Hocrb P33HOCTb

creHKH) IT, - T21 IT2 - T31 IT, - T31

0

15

30

45

60

cpeAHee
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C60p «I>aKTOB

Koraa CBeTl1T COAHU;e, 3eMHillI noaepxaocrs aarpeaaerca aa ClJeT

COAHeQHOH aaeprna. TeITAo OT 1I0BepXHOCTH 3eMAH nepexaercs

B03AYXY, C03AaBall KOHBeKTHBHble 1I0TOKH. OOTOKH 1I0AHHMalOll\e
rOClI narperoro B03Ayxa aaasraerorcs BOCXOAlllIjHMH B03AymHbIMH
rrOTOKdMH. KaK BOCXOAH~lle B03AYlliHble nOTOKH BAJUlIOT na aa
rpaaneaae B03Ayxa? KaK OHHBAHlllOTna norozyt HaHAHTe OTBeTbI
caMH B yqe6HHKax no <jJH3HKe.



j,lfHcI>paKpacHoe H3Ay~eHHe:

TenAO,nepeHOCHMOe
BnpOCTpaHCTBe

3AeXTpOMarHHTHoe H3A~eHHe npeACTaB~eT C060M nepeHOC
3HeprHH C nOMOI..I.J,blO 3A8KTpOMarHHTHblX BOAR (KOAe6aHHH 3h8KT

PH'tl8CKI1X If MdrHHTHbIX nOheR, pacnpOCTpdHSnOI1Q'JXCH CO CKOPO

CTb!O CBeTa). COAHeQHaH snepraa - 3TQ 3A8KTpOMarHHTHOe H3AY·

qeHHe. COBOKyrrHOCTb scex 3A8KTpOMarHHTHbIX BOAH, COCTdBMIIO

I1J;HX 3A8KTpOMamiITHOe H3AY1.J8HH8, Ha3blBaeTCH crr8KTpOM H3AY

l.J8HMH; HH<ppaKpaCHoe H3AyqeHH8 Ii BHAHMhIH caer HBAHIOTCH xac
TbIO aroro cnexrpa H3AyqeHIuL

B 3TOM QllbIT8 BhI OrrpeA8AHT8, KaK BJ\.HH8T IJ,B8T aa norxouteaae
11 11311}"leHl1e COlIHeQHOrO HHcj>paKpacHoro H311}"leHHlI. Bsr HCCAe

AyeTe, KdK BeN1\{I1Hd IlOfAOrn;eHUH HH¢lpaKpaCHoro H3AyqeHHH aa
BHCIIT OT IIAOll\ilAH nOBepXHOCTH TeM; cpaBHIITe HHcj>paKpaCHoe

11311}"leHHe, nocrynaiomee H3 KOCMoca, C HHcj>paKpaCHbiM H311}"le

HHeM OT nOBepXHOCTH 3eMIIH.

C ..era Ha..aTb

I.(eu.: onpeaexars BlIHlIHHe I.\BeTa aa norxouieaae HHcj>paKpacHoro

H311Y'!eHHlI.

MamepullAbl
ABa IIHCTa I.\BeTHOll 6yMarn paaxepoa 10 x 10 CM, OARH IIHCT 6ello

ro, APyrOll QepHOrO I.\BeTa

2 TepMoMeTpa

CKON

HOJKHHl.\bI

xycox raepaoro xaprona paaereposr npasrepno 15 x 30 CM

KyCOK MaCTIII\HHa paasrepox C rpeuxaa opex

xapaxaanr
qaCbI
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JIOPJlgOK gellcntBull
1. lIIapHK 0Afloro H3 TepMoMeTpoB ofiepmrre 0AHHM eAOeM xep

HOll 6yMarn co acex CTOpOH H saxpenare IIOA~eHHoenoxpsr
THe c rrOMOI..qhIO CKOTl.Jd. BbI nOAyt-IKhIi cncrexy «TepMOMeTp B

'1epHO\{6)'Mare».
2. IToBTopHTe AeiicTBHll H3 nynxra 1 co BTOPblM TepMoMeTpoM H

6eAoii 6)'Maroii. Bsr nOAY"HAH cacrexy «repxoxerp B 6eAoii
6YMare».

3. 3anHllurre llOKa3dHlUI KaJKAOrO TepMoMeTpd KaK HX Ha'llaAbHbIe

TeMnepaTYPbl B Ta6AMQe 23.1.
4. ITOAOJKHTe o6a aanepayrtae B 6)'Mary repxoxerpa PllAOM ae

xeproa H rrpaxpenare HX K AMCry xaproaa CnOMOlQblO CKOT'la.
5. C noxrorusro nAaCTHAHHa aaxpenare xspanaaur aa xparo KapTO

na TaR, lfTo6hI OH CTOM BepTUKaAbHO.

PMc.23.1
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6. B HCHbIH COAHe1.£HhIll AeHb ssnrecare xaproa H3 AOMa H UOi\O
JKHTe era aa 3e:MAlO. 06a aaura naxera CTepMoMeTpaMu, npM
xpenxeaasre K KapToHY, A0A>KHbI pecnoxaran.cs nOAyrAOM 900
K COAHeQHhlM A)"IaM. T.-!To6b1 Ao6HThCH aroro. Cnoxoun.rcrpya
Ta HeMHoro IIOAHHMHTe TOT xpaa xaproaa, rAe YCTaHoB.M~Hxa

pannein. HMO nOAHHTb H yCTaHoBHTh AHCT xaproaa B raxoe
rrOAO>KeHHe, QT06hI xapaazenr rrpaKTaqeCKH He oropacueax
TeRM. B xOAe onsrre BpCMH OT DpeMcHH xoppexrapyirre nOAO

JKeHHe xaprona, tlTo6hI era nOBepXHOCTb ace BpeM51 HdXOAH
AdCb flOA yrhOM 90" K COAUeqHblM AyqaM HAR 6AH.3KO K 3TOMY

3HaQeHI1IO.

7. B reQeHHe nepmax 5 MHHyr aanacsrseare rrOKa3aHHH 060HX
TepMoMerpoB B Ta6Al'Iqy KaJKAyID MI1HYTY. B TeqeHMe UOCl\eAY

ioutcro xaca aanacsmaare IIOKd3aHlUI repxosrerpoa KaJKAbIe
10 MHHyr.

Ta6nHQa 23.1 nOKa3aHHR CHcreM "repMOMerp 8 ~epHoil 6YMare,.
H"repMOMerp 8 6enoii 6yMare,..

BpeMR (MHH) TeMneparypa, 'C TeMneparypa, 'C
CHCTeMa "repMOMerp CHcreMa "repMOMerp

8 ~epHoii 6YMare» 8 6enoii 6YMare..

Ha~anbHaR

reaneparypa. 0

1
2
3
4
5
15
25
35
45
55
65
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Pe3YAlJIlll11lbl
Texneparype CHCTeMhI {(TepMOMeTp B xepaoa GYM-are») MeHHeTCSI

6brCTpee. '-[epe3 aexoropoe BpCMH 'resmeparypsr 06eHX CHCTeM ne

peCTaH}'T H3MeHHTbCli, npa 3TOM rcsmeparypa repsroxerpa B xep
HOti 6YMare 6YAeT 60Ahllle.

nOqeMy?
BOJl.Ha - 3TO rrepHOAH'leCKOe B03MymeHHe cpeAbl (seuiecma, B
KOTOpOM rrpOHCXOAHT TO HJ\.H naoe AeticTBHe) HJ\.H npOCTpaHCTBa
(o6J1.aCTH, rAe HeT cpexsr]. BOJ\.Hbl nepeuocsrr snepnno H3 OAHOll
TOqKH B APyryro. 3J1.eKTpOMarHHTHOe H3J1.y'leHHe - aaepraa, rre
penocaxas 3AeKTPoMarHMTHbIMH BOAHaMH; ono MO)KeT pacnpocr
paH5IThCH B rrpOCTpaHCTBe. 3JleKTpOMarHHTHble BOAHM - 31'0 no
nepe-nure BOAHbI, xoropue ABIDKyrOI co CKOpOCTblO CBeTa H CO

CTORT H3 6bICTpO QepeAYKHllI1XCSI 3AeKTpHQeCKHX H MarnHTHbIX IIO

Jl.eti, nanpaaaeansrx nOA rrpHMbIMH yrJl.aMH APyr K APyry H K aa
rrpasxemoo ax pacnpocrpaaeaas. (Ifonepesmae BOJl.lfbl rroAo6lfbl
BOAHaM na BOAe, B KOTOP'bIX KOAe6aHI15I neprrcnaaxyxapnsr na
rrpaBJI.CHIUO pecnpocrpanenua BOJ\.H.) MHHa BOJl.Hbl (paCCTOHHHe
Me>KAY ABYMli COOTBeTCTB)'I0I1\HMH TO'lKaMH ABYX nOCJl.eAOBaTeAh
HbIX BOJ\.H) rroxaaaaa ne pHC. 23.2. 3J1.eKTpOMarHHTHoeH3J1.yqeHHe
Ha3bIBaeTCH TdKJKe A yqHCTOH 3HeprU6H. AHana30H AJUfH BOAH

3AeKTpoMarHHTHoro H3AyqeHRH Ha3blBaeTCH cnexrposr Jl3Aytle

HUSI. Cnexrp 3AeKTpoMarHHTHOrO H3AYt.IeHHSl, B nopxsxe B03paCTa

HI-HI AJlliH BOAR, COCTQHT H3 raMMa~H:lJ\.yqeHIU[,perrrrenoacxoro 113·

Jl.yqeHHH, YAhTPa<!>liOJl.eTOBoro H3J1.yqeHliH, BHAHMOrO CBeTa, HH
¢paKpaCHoro H:3A~eHll5J,MHKPOBOhHOBoro H3AyqeHHK If P<lAH0H3

Jl.yqeHHH.

COAHelJHaH :lHeprHH - 3AeKTpOMarHI1THOe H3AY'leHHe OT

COAHI.J;a. BKAIOqarom;ee necs crrexrp 3AeKTpOMarnHTHoro H3Ayqe

HH5I, B TOM tIliCAe H OOAbllIOe KOAHQeCTBO HH<ppaKpaCHoro H3J\Y~

'1eHRSI (3AeKTpOMarHHTHoro H3AyqeHHSI C AJUlHaMH BOAH, Ae)Ka

~HMH D OfiMCTM. cnexrpa sa KpaCHhIM CBeTOM BHAliMOrO AHarrd30

na: Ha3bIBaeTCH 'TaKJKe TeIIAOBhIM H3AyqeHHeM). Koraa TeAO rro
rxoutaer HH¢paK:paCHOe H3AyqeHH:e, DHO CTaHOBHTC5.1 ropsxee,
T.K. nOBbllIIaeTCH era TeIIAOBilll 3HeprH5I. Ilorxomenae HH¢pa

KpaCHoro H3AyqeHHH MOAeKyAdMH nOBepXHOCTH TeAa yCKopHeT

ax ABHJKeHHe. Ilpa yaeJUf'leHHH CKOpOCTH ABIDKeHHH MOheKYh
neI.IJ;eCTBa B03paCTaeT TeUAOBdH 3Hepfl.UI II, cAeAOBaTeAbHO, TeM

nepaTypa BCm;eCTBa.
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()hUHa &ohHbl

renno

Hanpa&~ue

pacnpocmpaHeHU~

~heKml:?MafHUmHOii

&OhHbl

D 3heKmpu~ecKoe OOhe

.• Mal1lumHoc nose

PRc.23.2

B 3TOM QIIbITe anrppexpacaoe H3A~eHHe nOfAOII.J;aeTCH CHCTe

MaMH «TepMOMeTP B qepHOH 6YMare) Ii «TepMOMeTp B 6eAOH fiyMa
re», 3TO AOKd3b1BaeTCH IIOBbIIDeHHeM ax resmeperypu. OGeCHCTe

MbI TepMOMeTpOB OTAlItIaIOTCH TOAbKO IJ;BeTOM 6YManf, B KOTOpyro

OHR aaaeptryrsr. Texneparypa TepMOMeTpa B qepHOH 6YMare pOCAa
ropaaao 6hlCTpee, 'leM TepMOMeTpa B 6eAOH 6YMare. CAeAOBaTeAh
HO, xepaea 6YMara norxouteer 60Ahwe mlCjJpaKpacHoro H3Ayqe
HIUI, qeM 6eAdH. KOfAd CHCTeMbI aarpexacs AD rexneperypsr BbIIl1e

oxpyzcarcurero B03Ayxa. OHH Ha'laAH repsrrs TenAO (HaqaJ\c>I nepe
HOC TeUAaOT OAHoro rexa K ApyrOMy) aa c-rer rrpoueccos TenAOnpO
BOAHOCTH, KOHBeKljHH H R3AyqeHHfI (HH<ppaKpaCHoe H3AyqeHHe 
<popMa norepa TeUAa rOp>lqHMH TeAaMH). -Iepes nexoropoe BpeM>I
KaJKAdH CHCTeMd AOCTHTAd renaoaoro paanoaecaa - raxoro co

CT05lHHSI, IIpH KOTOpOM np0I..\eCCbI rrorepa Ii nOAyqeHHH TeIIAd ypaB

HOBeweHbI. Tesmeparypa CHCTeMbI «TepMOMeTp B qepHOH 6YMa
re», HdXOAHr.u;eHCH B TeIIAOBOM paBHOBeCHH, BbIIl1e rexneparypsr
CHCTeMbI «TepMOMeTp B BeAOH 6yMare», TaKJKe HaXOAH~eHCSl B
TeII.l\.OBOM paBHOBeCHH, T.K. nepaaa CHCTeMd nOfAOTKI'I.a 60AbllIe HH

rppaspacnoro H3AyqeHH5I H3 COAHeljHOrO CBeTa. TaKHM 06pa30M.



175

CHCTeMd «TepMOMeTP B qepHOH 6YMare» XapaKTepl13yeTC5I BbICO

KOHCKOpOCTblO npHTOKa 3HeprHH.

HOBbIe nOAXOAbl

1. KaK 3dSHCJ1T BeAH'IHHd H3AyqeHHH, rrorxoutenaoro TehOM, OT

IL\OII\ilA" ero noaepxaocrai nOBTopHTe onsrr, nOBepHYB oy
MaJKHbIe nexersr Crepxoxerpaxa Y3KHMH KpallMH K COAlU\Y.

2. BJ\.HHeT.AH U;BeT CHCTeM Hd CKOpOCTb H3AytteHHH I1MH 3HepnUI!

npHAYMaifTe cnocoo OXAaJKAeHHll CHCTeM. MO"'HO, HanpHMep,
IIOMeCTHTb KaJKAYJO CH<7TeMY B ITA.dCTHKOSyro repMeTH'IeCKH sa
KPbIBaIOII\YIOCli CYMKyH nOAO"'HTb CYMKH B nepeaocaoa XOAO
AJfAbHHK.

npMAYMaiiTeBaw co6CTBeHHblH onblT

ta, KaK MQJKHO CpaSHHTh renxosoe H3AyqeHHe B npocrpaacrae c

TelL\OBbiM H3AY"eHHeM OTnosepxaocra 3eMAH? npHAYMaHTe
cnocoo H3MepeHHH H3Ayq:eHHH, rrepeaocaxoro B onpenexea
HOM aenpaaxenaa. AMI perHCTpdQHH raxoro H3l\.yq:eHHR MO}f{~

HO CKOHCTpynpOBdTb «TellAOBOH TeAeCKOIJ). IIOMeCTHB TepMO

MeTp BHYTPbxoayca H3 aAIOMHHHeBOH q,OAbrH. AM cpaaaeaas
BeAH'IHHhI H3AyqeHHHr npnxonantero 113 pa3HhIX HanpaBAeHHH,
HY"'HO nanpensm, OAMH TenAOBOH TeAeCKOIIB CTOPOHY Heoa, a
ApyrOH - no HanpaBAeHHIO K 3eMA.e. B03bMHTe MJI H3fOTOBAe

Hlfll TeAeCKonOB oseas npo'lHYID rpoxsry, BaM nOHilAOOllTCli ABa
xycxa passsepox 30 x 45 CM. CAO"'lITe BMeCTe KOpOTKlfe KOHI.\hI
q,OAbrH If CKPYTlfTe If3 Hee QHAlfHAP, 3aKpYTlfB q,OAbry He
CKOAbKO pas. BCTdBbTe nrapax repaoxerpa B QHAlfHAPH3 q,OAb
ra. CO"'MlITe q,OAbry soxpyr repxoxerpa TaK, '!TOObi oepeao
BaAOCb nOAooHe BOpOHKH. Pa3MecTHTe TepMoMeTp B sopoaxe
TaKHM otipasox, 'lTOObi era mapax HaxOAHACli KaK MOJKHO HH'
>Ke. nOAOJKHTe oGa rexecxona aa CTOA H AaHTe lIM nOAeJKaTb

PllAOM He MeHee 2 MHHYT. nepeA Ha'laAOM OIIbITa OHH A0A>KHbI
nOKa3bIBdTb 0AMHaKoBYIO TeMneparypy. 3anmnHTe 3TY rexne
parypy KdK Ha'laAbHYIO rexneparypy. T" OOOHX repsscsser
pOB. B llCHbIH AeHb BbIHeCHTe 000 rexecxona na YAHQY. 0AHO
spexenao aanpaasre OAHH TeIIAOBOH TeAeCKOII na He60, a

APyroii - aa 3eMHYIO nOBepXHOCTb. Aep"'Hre HXBTaKOM nOAO
JKeHHH He Melfee MHHyr'bI. 3aTeM 3anHWHTe IIOKa3dHWI TeMIIe·
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parypsr na Ka)KAOM TellAOBOMrexecxone. 3TO 6YAYT xoaexnsre
3HdtIeHHH TeMueparyp. TKo OOBTopHTe OIIbIT He MeHee 'IeTblpex

paa. BbIl-lHCAlITe H3MeHeHue rexneparypsr BCll.eACTBHe H3AY'Ie

HHl! H3 oxpyzcaromero rrpOCTpaHCTBa ("'Tn), HallAs! a6COJUOT
Hy!O pa3HOCTb Me)KAy T, H TK AM! renaoaoro TeAeCK6na, Hd
npaBAeHHOrO B He60. Bbl'IHCAHTe TaKJKe H3MeHeHHe rexnepa

T}'PbI BCAeAcTBHe H3AY"eHHll OT nOBepXHOCTH 3eMAH ("'T3 ) ,

HaiiAll a6coJUOTHyro pa3HOCTbMe)KAy T, H TK AM! TenAOBOrO re
AeCKOna, aanpeaxeaaoro B cTopoHY3eMAH. CpaBHHTe pesyxs
TdTbI, rroAyqeHHbIe A.JUI KaJKAOrO rexecxona.

6. Paccvarasrre OTHomeHHe BeJU!tIHHbl H3J\.yqeHHH 113 OKpyJKdlO

utero npOCTpaHCTBaK BeAWIHHe H3AY"eHIDI3eMAH no q,opMyAe:

st; I "'T3

BYAeT lill3TO OTHOlIIeHHe MeHHTbCH B HOqHOe BpeM.SI? OOBTopn
re HCCAeAOBdHMe HOtIblO.

B. EYAYTAH OKa3b1BaTb BAHllHHe aa H3AY"eHHe H3 oxpysceromero
npocrpaacraa rrpeIHITCTBHH, nanproeep, AepeBhS? KaK OTAWld

IOTCH BelilltIHHbI H3AyqeHHH, npHXONIIIJ;ero li3 pa3HbIX rranpas
AeHRH Hd He6e? EYAeT .AJf 3aBHCeTb KOAWIeCTBO H3AyqeHHH

3eMAH OT MeCTOrrOAOJKeHHH ae rrOBepXHOCTH 3eMAH? f1pHAY
MdHTe cnocoosr OTBeTOB Hd 3TH BOnpOCbI C IIOMOID;hlO TeIIl\.OBO

ro TeAeCKOrra.

C60p cIlaKToB

1. CrrOC06HOCTb rexa norxomars H3AY"eHHe XapaKTepH3yeTCH KO

3rjJrjJUljUemnOM nOrA014eHUJl. A6toJUOTHO qepHOe TeAO HMeeT
K03q,q,HI\HeHT norxomemor. paBHblH eAllHHl\e. '-ITO TaKOe a6
COA!OTHO qepHOe TeAD lor KdK era K03epQJHU;HeHT rrOrAOI.I.J;eHMH

CBH3aH C K03q,q,HI\HeHTaMll norxoutenaa APyrnx TeA?
2. COAHe'iHOe H3AyqeHHe COCTOHT npeareymecreenao H3 BHARMO

ro CBeTa, yAbTpaq,HOAeTOBoro ll3AY"eHHH H HHeppaKpaCHoro
H3AyqeHH5L qeM OTJUfllalOTCH 3TH BHAhI H3AyqeHIDI? OTBeThI na
3TH aonpocu noanurre caMH B yqe6HHKax rro epH3HKe.
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nOARpH3aUHH:KOAe6aHHH
B OAHOM HanpaBAeHHH

HenOMlpH30BdHHbIM CBeT COCTOlIT. R3 3AeKTPOMarHHTHbIX BOAH, B

KOTOpbIX 3AeKTplftleCKHe IIOJUI KOAe6AIOTCH BO BceB03MO)KHbIX na
rrpaBAeHHHX. B HeKOTopbIX CAytl85IX, OAHdKO, MhI lfMeeM AeAO c rryx
KOM CBeTa. Bee BOAHhI xoroporo KOAe6l\JOTCH B 0AROM HanpaBAeHHH

HAH B GAROM llAOCKOCTH, TaKOH cser HBMleTC.H IIOJUlPH30BaHHhIM.

B 3TOM OIIbITe BbI 3aHMeTeCh HCCAeAondHIUIMH IIOMIpH30naHHO

fa Ii nenoxspasoaaaaoro CBeTa. BbI H3yqHTe AeHCTBl1e aUa.AH3aTO

pa na nOMlpH30ndHHhIH CBeT; ysaaere, 3aBHCHT AM crerrens ropn
30HTd.!\hHOH IIOJUIpH3alJ,HH CBeTa OT yraa IIaAeHIUI AyqeM CBeTa Hd

IIOBepXHOCTh. Taxxce accxeayere OIITHl.leCKyIO dKTHBHOCTb paa
All'lHblX TBepAbIx BeI1\eCTB H pa3All'1HbIX KOHl\CHTpal\HH BOAIlbIX
paCTBopOB,

C "lera Ha"laTb

LJe.u.: nOAJIpH30BaTb CBeT.

MamepuaJl1>l
HaCTOAhHaH AdMIIa C AdMIIOllKOH HdKaAHBaHIIH

HeAoporHe II.llaCTHKOBbIe COAH:Qe3am;HT~blenOMlpH3YJOI..QHe DtIKH

llOpJlgOK geitClllBuit
1. BKAlOqHTe AaMrry H yCTaHOBHTe ee TaKHM o6pa30M, 'IT06bl 6bl

Aa BHAHa AaMTIOtIKa HaKaAHBaIUUI. BCTdHbTe xa paCCTO.sIHHH

npaxepao 1 M OT Hee, nOCMOTpHTe aa AaMnOqKY H 3anOMHHTe
ee llpKOCTb,

2. YAa..urre IlJ\.dCTHKOBbIe JUfH3bI H3 OtIKOB.

3. eTOH Ha PdCCTOHHHH 1 M OT haMIlLI, 3dKPOiITe OAHH rha3 H 00

CMOTpHTe APyrH" Ha AaMny CKB03b 0AIlY H3 nOAJIpH3yroI1\HX
AHH3. 3anoMHHTe apxocrs AaMnoqKH B nOM cxy-rae. nYCTb sra
AHH3a aaasraaerca A.

4. B03bMHTe aropyro AHH3Y (AHH3Y B) H Aep*HTe ee rrepez, AHH
30M A, HO He xacaarecr, rrepaoa AHH3bI. 3aKpbIB OAHH rwaa,
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rrOCMOTpHTe Hd AaMllOQKY CKB03h o6e AHH3hI. He MeHSHI nOAO

JKeHMH AlfH3bI A, apauraare AHH3Y B AD rex nop, noxa HpKOCTb

AaMIIOQKH He CTdHeT MaKCHMaAhHOH. 3aTeM MeAJ\.eHHO IIOBep

HHTe JlHH3Y B aa 90°, Ha6AJOAaB npa 3TOM aa TeM, KaK 6YAeT Me

HHTbC51 HpKOCTb AdMIIOtIKH.

PesyAhllUllllbl
51pKocTb AaMnbI yMeHbiliaeTcH, KOfAd BbI paccxarpnseere ee

CKB03b AHH3Y. ECAH IIOCMOTpeTb na xaxny CKB03h ofie /illH3bl, TO

MO}KHO y6eAIfTbC>l, 'ITO ee >lpKOCTb CTaAa erne MeHbllIe. Ilpa apauie

HHH 0AMOR H3 JlHH3 nepea APYTOR Bbi YBliAHTe, 'ITO BpKOCTb AaMlIbI

craHoBHTCH Bee MeHbIlle H xensnre. HaKOHeu Bbl sooome nepecra
aere BHAeTh CBeT OT AaMITbI.

nO'leMy7
BHAHM".;; CBeT - 3TO 0AHa H3 <POPM H3I\yqeHH>l, T.e. cnoco6 pee

npOCTpaHeHHH 3HeprHH B BRAe 3AeKTpOMarHHTHblX BOAH. CBeT
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rrpeACTaB.JUIeT caBaft nonepe-taste BOMIbI, KOAe6aU11JI KOTOpbIX

rrpOHCXOMIT BO scex HarrpaBAeHIHIX nepnerrzorxyxapno K nanpas
AeHHIO pacnpocrpaaeana CBeTa. nOASlpH30BaHHbIH CBeT. - 3TO

rexae 3AeKTpOMarlfHTHhre BOAHbI, y KOTOpbIX KOJ\e6aHIUI 3AeKT

pUqeCKUX nOAeif napilJV\.CAbHhI APyr APYry. nOAlIpU3al\HlI CBeTa
xapaKTepu3yeT HarrpaBAeHHe JAeKTpHqeCKOrO nOAH B 3A~KTPO

MarnHTHOH CBeTOBOH aoxne. CneTOnd.5I BOAHd, 3AeKTpHtIeCKOe no

xe KOTOPOH KOAe6AeTC5I B BepTHKaAbHOM narrpaaaeaaa, HBMIeTCH

BepTHKaAbHO nOMlpH30BaHHoH. Cneroaaa BOABa, axexrpauec
xoe rroxe KOTOpOH KOAe6ACTC.sI B rOpH30IITdAbHOM HanpaBAeHHH,

Hd3bIBaeTOI ropU30HTaALHO nOA5IpH30BdHHOH. HenOJUlpH30BaH

UbIn CBeT COAepJKHT Ca€TOBbIe BOAHbI C 3AeK11HltIeCKHMHrrO!IJIMH,

tIbH KOAe6aHIUI npOI1CXONIT n pa3J\HtIHbIX aarrpanxeuasx. TIpH

Mep HenOMIpH30naHHoro CBeTa - CBetIeHHe AdMITbI HdKaJUiBdHHH

B naurex OITbITe (CM. pHC. 24.2). Floxapxayiomes AHH3aAeifcTByeT
KaK noxspaaarop, T.e. raxoe BeII.\eCTBO, xoropoe, rtpa rrpoxcacae
HMW xepea Hero caera, nponycxaer TOAhKO 3AeKTpHtIeCKHe nOAH.

KOAe6AlOIQHeCH B OAHOM HdrrpaBAeHHH HAM B DAHOR IIAOCKOCTH.

Koraa CBeT noneaaer aa noxapaayionryto AUH3Y, qaCTb ero o'rpa
JKaeTCSI. a QaCTb rrorxomaerca AHH30H. Hepes MiH3Y npoxozorr
TOJ\hKO ra tIaCTb CBeTa, y xoroporo 3AeKTpHqeCKHe nOAA KOAe6

AIOTCH B 0AHO:H 3dAaHHOH: riAOCKOCTH. vb rroxapaaaropa CBeT B-bI

XOAUT nOAllpU30BaHHhIM. PHC. 24.2 AeMoHcTpupyeT BCpTHKaAb
Hyro nOMlpH3dU;HIO CBeTa. nOAHpu3yroTIJ;He COAHu;e3aIlJ,HTHble ox
Kif CAeAaHM 113 CHHTeTMQeCKoro MaTepHdAa C Ao6aBAeHHeM

HTOAbQaTblX KpHCTaAAOB. 3TH KpHCTaAAhI opaererapoaansr napex
AeAbHO APyr APYry. DAarOAapli HM noxapnayromaa AMH3a AeifcT
nyeT TaKHM o6pa30M. KdK 6YATO OHa cocronr 1'13 MHOJKeCl'Ba na

paAAeAbHMX IlJ,eAen. n03TOMY -repea IIOASlpH3aTOp rrpOXOAJIT

TOAbKO re caeroasre BOAHbI. y KOTOphIX IIAOCKOCTb KOAe6aHHH

3AeKTpHQeCKHX rrOAen COBIIaAaeT C HanpaBACHHeM paCIIOAOJKe

HUH napaxxexsmax m;eAeH.

ECAH pa3MeCTHTb APyr ncpea APyroM ABe nOAllpU3YJOII.\He AMH
3bl. OHM 6YAyr AenCTBOBaTb KaK ABa 0AHHdKOBO OpUeHTHpOndH

HbIX IIOMIpH3dTopa. Flepaas AHH3a no XOAY pacrrpocrpanenan CBe

ra rraasmaerca rrOA5IpH3aTOpoM, a BTOpaH l\HH3a - aaaxaaaropow
(dHaAH3aTOp - TaKoll nOA5IpH3dTOP, KOTOpbIll HCnOAh3yeTcH MJI
orrpeACAcHH5I IIOA5IPH3dU;HI1 csera]. Koraa KpHCTdAAbI B ofienx
AHH3ax oprretrraponaasr napaxxexr.no APyr APyry, 'lel'e3AMH3bI
rrpOxOAHT MaKCHMaAbHO B03MOJKHOe KOAHQeCTBO csera. ECAH, aa-
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ucmo4HUK
cf>ema

Her10ASlrU30f>aHHb'u
cf>em

PUC. 24.2

nOASlrU'jOe.aHHb'U
ce.em

tIHUd5I OT aroro nOhOJKeHHR, nOBepHYTh dHaAI13dTOP na 90", KpHC

'faAAhI B ./\.HH3dX OKd)K)'TCH paCnOAOJKeHHbIMH IIOA npstMbIMH yraa
M" APyr K APY''Y- nONIpH30SaHHblii caer He CMOJKeT npojrra Qepe3
aHaAH3dTOP B 3TOM nO.l\O/KeHHH, KaK noxaaauo na pHC. 24.3. K aa
yQHOMy ceMuHapy: nocrporire AHarpaMMbI, AeMoHcrp"pytOI.!1le
pe3YAbTdThI aaurero MCCAeAoBaHlul. IIOAo6HbIe TeM, xoropue npa
aeAcHbI B KHHre.

ucm04HuK
cf>ema Her10ASlrU:;,oe.aHHb'U

ce.em

Pllc.24.3

ce.ema
--+~'F==l Hem

nOASlrU:;,oe.aHHb'U
cf>em
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HOBbIe nOAXOAbl

GBeT

KaK BAH5UOT Hd CBeT HerrOMIpH3yroI.I..\He AHH3bI! nOBTopHTe OUbIT C

HCnOAb30naHHeM AHH3, B3f1ThIX H3 KdKHX-AH60 AemeBbIX, He nONI

pH3YJOII\HX COAHIje3aII\HTHbIX OQKOB.

npMAyMaiiTe aaui C06CTBeHHblii onsrr

Ia, HenOh.H:pH30BdHHbIlI cner CTdHOBHTC5I qaCTH"lIHO IIOMlpH30Bau

HbIM TIP" OTpaJKeHHH OT He:MeTa.AlUflIeCKHX nonepxaocrea, aa

IIpHMep, OT SOAhI HAM crexxa, Y:aCTb CBeTa npa 3TOM nporrycxa

eTC>! H/HAll I10rAOII\aeTC>!. napaAAeAbHhIe AY'lH I1i1AalOII\ero

CBeTa «CITbITbIBdlOT CHJ\bHOe OTpdJKeHKe QT nonepXHOCTH. Or
paJKeHHbIH CBeT OKd3bIBaeTCH qaCm'llHO nOMlpH30BdHHbIM B

HanpaSAeHHH, rrapaAAeAhHOM nosepxaocra, OT KOTOpOH OR QT

pascaerca. I1TdK, KorAd CBeT OTpaJKaeTCH OTrAilAll oaepa IihH OT

ApyrOH KdKOft-AH60 nosepXHOCTH. napaAAeAbHOH rroaepxnocra
3eMAH, OR eTdHOBHTeH ropH30HTaAbHO nOMlpH30SdHHbIM. npH
HeKOTopOM yrxe DilAeHH>I (YTAe MeJKAY I1ilAaIOII\HM AY'l0M CBe

ra H AHHHeH, nepneaaaxyxapnoa K noaepxnocrn] CBeT. orpa

JKeHHbIH OT HCMeTaAAM1IeCKOH nOBepXHOCTH, CTdHOBHTCH rrox
HOCTbIO rrOAHpH30BdHHbIM. TdKOR yrOA IIdAeHIIH CBeTd Hd3bIBd

eTCH yrAoM OOAHon nOAHpH3aIlHH. npHA)'MdHTe cnoco6, KdK

MOJKHO npH6AH3HTeAhHO onpeaexrrrt, yrox nOAHOH nOMIpl1.3a

U;HH CBeTd lip" OTpaJKeHIlH OT BOALI. MO)fCHO IIOCTYTIJITb CAeAY

IOIIJ;IfM o6pa30M. HarrOAHI1Te 60Ablllyro MUCKY nOAOH: If nOCTdBb

re ee Hd CTOA B TeMHoH KOMHdTe. 3a.JKTHTC ¢oHapHK, pacnoao
>KHTe era HilA BOAOM H aarrpaasre CBeT nepneHAHKYA>lpHO (I10

HOpMaAH, nOA yrAOM 90°) K I10BepXHocTH· BOAhI. C>IAbTe AHIjO" K

MliCKe C BOAOH Ii IIOHa6AIoAaiITe 3d nOBepXHOCTbIO BOAhl QepC3

nOA>lpH3YJOII\yIO AHH3Y. nOCKOAbKY BOAa AeMcTByeT KaK I10A>l

pM3dTOp, AHH3d HB.J\5IeTCH dHaAH3dTOpOM. l..faCTh CBeTa BOHAeT B

BOAY If BYAeT SHARD KdK CBeTOBoe IUITHO aa AHe MMCKH, a \JaCTb

CBeTa OTpa3lITCH OT nOBepXHOCTII BOAhI. B pesyxsrare qero IIO

>!BHTC>! H306pa>KeHHe [ofipaa <jm3HQeCKOrO 06."eKTa, C<jlOpMH

POBdHHbIH OTpaJKeHHbIM OT IIOBCpXHOCTH CBeTOM) epOHdP.sr. no

BepHHTe dHaAH3dTOp. tITo6bI onpexexrrrs, nOMlpH30BdH AM

CBeT. OTpaJKeHHbU1: OT nOBepXHOCTH BOAbi. Crenem, IIOMIpM3a

lJ,HH orrpeaexserca TeM, HdCKOl\bKO CHAbRO HC'lJe3aeT OTpdJKeH

HhIM CBeT (lf306paJKeHHe). ECAH BHAHMoe BaMH lf306paJKeHHe

He H3MeHHTCH. 3TO 3HatIHT, 'lITO OTpdJKeHHbU1 CBeT He IIOl\JlPH-
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30BdH. ECAH IIpH IIOBopOTe JUlH3hI-dHaAH3dTOpa HdCTYIIHT MO~

MeHT, KOfAa H306paJKeHHe IIOAHOCThIO HCtIe3HeT, 3TO 3Ha1.JlIT,

'ITO OTpilJKeHHbIII CBeT nOA>lpH30BaH aa 100%. YBeAll'IbTe yroa
IICiAeHHH CBeTa, CHAbHee HaKAOHHB rpoaapax, H rrpOdHaAH3M

pyiiTe OTpaJKeHHe CBeTa npa HOBOM yrxe. DpOAOAJKalITe Balle
HCCA8AoBaHHe AMI pa3HhIX yrAOB, noxa rryxox CBeTa OT epOHapli
He CTaHeT napaAAeAbHbIM nOBepXHOCTH BOAbI. OI1eHHTe yrox
OTKAOHeHHlI CBeTa OT neprreuaaxyxsrpa (yrox naAeHHlI) H npa

AYMailTe cnoco6 cpasaenaa CTeneHH nOA>lpH3aI1HH AMI KaJKAO
ro yrAE lIO nllTH6aAAbHOH CHCTeMe, OT0 AO +5. Flyers + 5 6YAeT
COOTBeTCTBOBdTb HdH6o./UJilieH IIOA5IpH3aU;HH:.

6. KaK BAHHeT aa IIOAHpH3dll,HIO MdTepHaA, H3 xoroporo CAeAdHd
orpascaiontaa nosepxaocn;1 DOBTopHTe lIpeAhIAYIIIHil OIlhIT C
HCIIOAh30BdHHeM pa3MPiHhIX MdTepHdAOB. B xa-recrne fAaAKOH

MeTaAAH1.JeCKOH: IIoBepXHOCTH MOJKHO B35ITb IIAOCKyro CKOBO

pOAKY·
2a. Beurccrao Hd3bIBaeTCH OllTHlJeCKH aKTHBHLIMr eCAH OHO IIOBO

pexaaeer IIAQCKOCTh IIOJ\jlPH3dIJ;HH CBeTOBbIX BOAR, npoxons
IIJ;HX xepea Hero. [lPHAYMdHTe CIIoco6 AJUl MCIlbITdHHH OIITHQe

CK0I1 dKTI1HHUCTH pa3J\.WIHbIX BeI1J,eCTB. MOJKHO, aanpareep,
rroxeuta'rs BeIl1eCTBO MeJKAY ABYMlI nOA>lpH3yroIl1HMH AllH3a
MH. t.:ITo6bI yaaars, HBlUIeTCH AM IIAdCTWKOBbIM CTaKaH onrase
CKH dKTHBHblM, rrOMeCTHTe era aa OAHOM np5IMOH C AaMITOR, ITO·

A>lpH3aTOpoM H aaaxaaaroposr. Bpatuanre aHaAH3aTOp H aa
6A1OAaHTe, KaK 6YAeT MeHlIThCli I1BeTOBall KapTHHa. l.jTo6hI
nposepars orrrasecxyto aKTHBHOCTh cxcrva, MO)l{HO nersnyrs
KyCOKnp03pa'IHOH AeHThI aa KaKyro-HH6YAh aeooxsnryto pasr
xy. BbIpe3aHHyIO, nanpaxep, H3 xaprcaa, R rrOMeCTRTb paxxy
aa OAHOH npHMOR hHHHIi C haMITOR, IIO.J\jlpH3aTOpoM Ii aHdAH

3aTopOM, MeJKAY nOA>lpH3aTOpoM H anaxaaaropox. Bpamairre
aHaAH3aTOp H Ha6AIOAailTe, KBK6YAeT MeHlIThClI nseroaea xap
THHa.

6. 113BecTHo, lITO caxap H BIIHHO-KdMeHHdSI. KH:CAOTd HBl0UOTCH orr

TH'IeCKH aKTHBHbIMHBeIl1eCTBaMH. DpHAYMaHTe cnocoo HCCAe
AOBaHHlIBOAHbIX paCTBOpOB 3TUX BeIl1eCTB C pa3All'lHhIMH KOH
I1eHTpaI1HlIMH. I1MeilTe B BHAY, 'ITO KOHTeHHep, B KOTOpOM CO
AepJKaTClI pacraopsr. He AOAJKeH 6hITb OlITH'IeCKH BKTHBHhIM.
I1clIbITailTe HeCKOAbKO nyCThIX KOHTeHHepOB H BhI6epHTe TOT,
KOTOpbIH S1BN1eTCH OIITHtIeCKH HeaKTHBHbIM, /VJJ. 3TOro noose
peAHO nporrycrare CBeT'Iepe3 3TH KOHTeHHepbI H lIpOaHaAH3H-
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pyare ero noxspasamno. npHA)'MaiiTe MeTOA cpaanenaa CTe

neaa OllTHl.JeCKOH: dKTItBHOCTH pacraopon C pa3fll{qHbIMH KOH

uempeuasxa.

C60p l/>aKToB

ECAU pa3MeCTHTb APyr sa APyrOM ABe rrOAllpH3y!oI1\He AUH3hI. MaK

CHMYM CBeTa 6YAeT rrpOXOAHTh xepea aHaAU3aTOp B TOM CAY'lae.

KorAa KpHCTilJV\hI, BXOAllI1\He B COCTaB noxapasaropa H aHaAU3aTO

pa, paCrrOAOJKeHhI rrapaAAeAhHO APyr APyry. KOfAa KpHCTilJV\hI no
AlIpH3aTOpa H anaxasaropa opHeHTHpOBaHhI rrepneaaaxyxspao
APyr APyry, CBeT "epe3 aHaAU3aTOp He rrpOXOAHT Bo0611\e. nO"eMY

CBeT npOXOAMT Qepe3 AMH3bl B TOM CAyqae, KorAa paClIOAOJKeHHe

KpHCTaAAOB B AUH3ax rro OTHOrneHHIO APyr K APyry COCTaBAlieT He

KHii yrOA OT 00 AO 900? '-(TO TaKOe <jJOTOHhI H KaK HX cnan BAHlIeT aa

noxapasanmo! Oraeria na 3TH nonpocsr paasrunrre CdMH B Y"e6

HHKax rro <jJH3HKe.



PacceSlHHe:«npHeM
H nepeaasa- CBeTa~~---

'facrnU;bl nentecraa, nponycxeromero CBeT, B"AYT ce611 nOAo6HO xpo
XOTIlbIM illITeHHaM (ycrpoacreax, npCAHa3HaQeHHblM M5I nocstxxa H
npaexa 3AeK'IpOMamlITlIbt;X HOMI). 3TH aIITeHHbI «rrpHHIIMaJOTl> BHAll

MhIH CBeT, xoropsra ecrr, He -rro HHoe, KaK 3AeKTp0MaI'HlITHbIe BOJ\HbI.

H IIeIJeAaIOT 3TIf BOAHbI B HOBbIX HarrpdBAeHIDIX. 3ToT rrpouecc Hd3bI

saerca p3AeenCKllM paCCe5IHHeM no HM:eHH aHI'AHHCKOrO epJ13l1KdAOp

AdPaxesr (AJKOH YliAblIM CTpeTT, 1842- 1919). B 1871 r, OHHCCA"A0BilA
paccesnne CBeTa H csror OTDeTHTh na nonpoc, rroqe~ry He60 roxy6oe.

B 3TOM OITLlTe Bbl accxenyerc BAlUIHHe He6o.AhlllHX qdCTHIJ; Hd

paCCeHHH:C CBeTa. Y3HaeTC, KdK peaxep qaCTIuJ, BAlHleT Hd yrOJ\ pac

ceHHIDI caera. TaKJKe H3yqHTe, KaK 3aBHCHT BHAHMdH HpKOCTb

rrpezorera OTyrAa pacceaaas.

C "era Ha"aTb
Lleu.:npOAeMOHCTpHpOBaTb BI\.HHHHe MaAeHhKHX qaCTHIl, aa pacce

HHHe CBeTa.

MamepuCIAhl
1 AHCT 6eAoM 6YMdrH

<l>oHapb
ABa 6ecU;BeTHbIX, rrpoapa-nrsrx IIAaCTIlKOBbIX CTdKaHd 06'beMOM 300 l\1A

AHCTlIAAHpOndHHaK nOAd

MapKep
IIHneTKd

U;~HoeMOhORO

AOJKKd

KYCOK 6eAoro xaprona paasseposr 15 x 30 CN

nopJlgOK geuCIIlBuii
1. nOAOJKHTe AllCT 6YMarn na CTOA, a PllAOM C HHN <l>oHapHK ra

KUM o6pa30M, lIT06hI era HCTOtIHHK CBeTd paCIIOAaraACH noce
peAHHe AhHHHOH CTOPOHbI AHCTa6YMaru.
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2. HanOAlIHTe CTdKaHbI BOAOH.

3. C rrOMOlIlblO MapKepa 0603Ha'lbTe CTaKaHbI 6YKBaMH A H B,
4. Ao6aBLTe KdITAIO MOJ\oKa B CTdKaH B H pasxeuraare.
5. CAO/KHTe IUfCT xaprona BMeCTe KOpOTKHMH KOHQaMH H cornu

re era IIOIIOAdM B Bl1Ae uraxennnca. OR 6YAeT CAY)IU1Tb BaM 3K
paHOM. YCTaHOBHTe 3KpaH HarrpOTHB qJOHapHKa, C nporanono

AOJKHOH: CTOpOHhI I\.HCTd 6YMarH.

6. 3aTeMHHT€ KOMHdry. BKAlO'HITe epoHapHK II 3&\feTbTe user CBe
TOBorO mITHa, otipaaonaaaoro cjJOHapHKoM aa 3KpaHe,

7. nOCTaBbTe craxan A B uearpe AHCTa 6YMarn, nepez, cjJoHapH

KOM, H CAeAallTe cAeA)'IOlIlee:

• 3aMeTbTe IJ;BeT CBeTOBoro ll5ITHd Hd axpane, xoropoe o6pa
30BaAOCb B peayxvrare npOXOJKAeHHlI CBeTa OT cjJoHapli xe
pea BOAY.

• BHHMdTelLhHo nocxorpare na BOAY H OTMeTbTe, KaK H3Me~

HHAC,H IJ;BeT DOAhI.

8. nOBTopHTe AeiicTBHlI H3 nYHKTi! 7, 3aMeHHB CTaKaH A aa CTa

KaH B,

A
'it,

111

PHc.25.1

Pe3YAhl1lambl
Llser CBeTOBorQ IHITHa, 06pa30BdHHoro lid axpaae AytlOM CBeTd 4>0

aapa, na nyra xoroporo ReT naxcro, KpOMe B03Ayxa, MO)l{eT 6bITb

BeAHM HAll cxerxa >KehTOBdThIM. KOTAd AY'l CBeTa rrpOXOAHT xepea
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l{HCryro BOAY, U;BeT TIHTHd Hd axpaae He MeHHeTCH. He MeHHeTC51

TdKJKe It nser BOAhI. Ho nocxe npoxoscaemra AytId Qepe3 BOAY, B KO
ropyro Ao6aBAeHo MOAGKO, ceerosoe II5ITHO Hd axpaae KIDKeTC5I
)l{eATbIM H.l\H Aa..>Ke opaH:>t<eBbIM, a BGAd CTdHOBHTCH. roxyoosaroro

OITeHKd.

I10QeMy7
CBeT, KdK If 3AeKTpoMarHHTHoe H3AyqeHHe nootime, o6AaAaeT KdK
BOAlIOBbIMU, TaK U xopnycxyxspasma CBoHcTBaMIf. Pacnpocrpane
Hue (ABUJKeHue) CBeTaUMeeT BOAHoo6pa3HblH xapexrep, a era B3a
HMOAeHCTBue c Be~eCTBOM npOHCXONIT TdK, KdK 6YATO CBeTOBoe

H3AyqeHHe COCTDHT H3 OTAeAhHhIX qaCTIfLJ;. l..{acrnU;bI, HAH cseroasre

KBdHTbI, rrpeACTdBJUIEOT c060:H CryCTKH 3HeprHH C pa3J\HlJHbIMH xa

CTOTdMH. I1Haqe CBeTOBhie qaCTHI.\bI Hd3h1BdIOTCSl cIloTOHdMH. <Do~

TOHbI, llhH KBdHThI 3AeKTpOMarHHTHOH 3HeprHH, HMelOT csoacrsa

KdK qaCTMI..\bI, TaK If BOAHbI. nOCKOAbKY ¢OTOHbI HCIIbITbIBdlOT BOA·

HOBbIe KOAe6dHUSl. aa pasxep epOTOHd npHHHMdeTC5I MHHa BOAHbI

CBeTa COOTBeTCTBytol..QeH qaCTOThI.

<DoHapb HBMleTC5I HCTO'lHHKOM 6eAoro CBeTa. 3TO BHAMMbIH

CBeT (qaCTb cnexrpa ~AeKTpoMarHwrHoroH3AyqeHIDI, qYBCTBlf

TeAbHaSl Af\!il rxaa], COCTOSlI..QHH H3 BceB03MOJKHhIX OTT8HKOB I.J;Be
TaB, T.e. lf3AyqeHHH pa3HbIX MHH BOAR - DT xpacnoro, C HaM6oAb

UJeH AAHHOH BOAHbI. AD roxyooro M epHDAeTOBOfO, C HdH60Aee KO·

pOTKHMH AJlliHdMM BOAR B BHAHMDM AHand30H8. KOfAa CBeTOBbIe

KOAe6dHHH paaasrx AJUiHBOAR CMeIllHBaIOTCH, rxaa socnpamoraer
I1X H M03f HHTepnpeTHpyeT :}TY KOM6HHaIJ;UIO KdK 6eAbIH IJ;BeT, T.e.

OTCYTCTBue usera. CBeT npOXOAlfT xepea QUCryJO BOAY, He npnoo
peres HHKaKoro IJ;BeTd. Ho IIpH rrpOxOJKAeHHH CBeTa xepea BOAY,

noxxpaurenuyto MOhOKOM, MbI 3dMeQdeM, llTO BOAd CTaAa roxytio
BaToH, a CBeTonoe rr5ITHO Hd 3KpaHe - JKehTO-OpaHJKeBbIM. 3TO

npoH30UJAO B pe3YAbTdT8 pacccanaa (oTKAOHeHHSI, I1AH PdCXO)K

AeHH5I rryvxa 3AeKTpOMarnHTHOrO H3AyqeHHH npa era npoxoxcae

HMM xepea BeI..I:J;ecTBo) qdCTH CBeTOBbIX BOAH. Paccesnne MOJKeT

rrpencraaaars C060R KOM6HHaU;HIO HeCKOAbKHX nponeccon. OA
HUM 1f3 HlfX MOJKeT 6bITb ynpyroe pacceaane [orpaxcexae}, rrpa
KOTOpOM epOTOHE.I CTdAKHndlOTC5I C qaCTHQaMH H OTCKaKHBdIQT OT

HI1X, coacpureano TaK JKe, KdK ABa 611AbHPAHbIX mapa OTCKdKI1Ba

lOT APyr OT APYTa. HaH60AbllJeMy peccesnmo nOABepraeTCli rpo
TOH, xoraa OH CTaAKI1BaeTC5I C QaCTI1QeH rtpaxepno TaKOfO JKe, KaK

OH cax, paasrepa. MaAeHbKHe qaCTHLT,bI MOAOKd B BOAe AytIllie see-
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ro pacceanaror H3AytleHHe KOpOTKlfX MHH BDAH - CI1Hee H ¢HO

AeTOBOe, TaKJ1M 06pa30M, npn npOXOX<AeHHH 6eAoro CBeTd xepea

BOAY, IlOAKpailicIlHylO MOAOKOM, OIL\YJI\eHHe 6AeAHo-roAy6oro nne
ra B03HRKaeT H3-3a paccoanaa KOpOTKHX MI1H BOAR. Tlocxe pac

ceHHHH aa -racrauax MOAOKd KOpOTKHX MHH BOAI-l 1'13 CBeTOHQro

rrynxa B HeM OCTdlOTCH B OCHOBHOM MHHbI BOAH JKeATOrO H opan

:>KeBOrO nsera. OHH H IlpOXOAllT ABAbIIIe, K 3KpaHY (CM. pHC. 25.2).
ECAH paaxep qaCTHQbI 60J\.hIlle, tIeM MaKCI1MaAbHaSl AJ\HHa BOAHbI

BHAHMorO CBeTa, pacceHHHbIH cBeT'GYAeT COCTOHTh 113 ncex MHH

BOAR; TaKOH CBeT 6YAeT 6eJ\.hlM.

HOBbIe nOAXOAbl

KaK 3aBHCHT pacceaaae OT KOHu,eHTpaU;HR qaCTHu,? nOBTOpHTe

ornrr, HCIIOAh3y» paamae KOHu;eHTpau,HH MOAOKa B BOAe, OT0 AD 10
xartexs, AMI KaJKAOH KOHu,eHTpau,HH aarnrnnrre OTIeHKH QBeTOB 80

AM If CBeTa, rrporrym;eHHoro BOAOH"B Ta6AHqe 25.1.

l1aoaKlUluu
OetlblU cl?em

Pacce>lHHbiU
cl?em

PHc.25.2
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Ta6nHqa 25.1 llaHHble pacceRHHR

.j(oHqeHTpaqMR MonOKa,
,KOnH~ecTBD Kanenb
MonOKa aa 1 CTaKaH BOAbl IIBeT BOAbl IIBeT nponYlI\eHHOrO eaera

0

1

2

3

4

5

6
7

8

9

10

npMAyMaHTe aaui co6CTBeHHblH onsrr

CKOpOCTb CBeTa 3aBHCHT OT IIAOTIIOCTH neuiecrae, B KOTOpOM pac

npocrpansercs CBeT. l..JeM 60AhllIe MOTHOCn CpeAhI, TeM MeMeHH€e

pacnpocrpanserca B HeH CBeT. DpHAYMaHTe cnoco6, Cnonoursso KO

roporo MOJKHQ 6bIAO 6bI noxasars. 1ITO paCC€HHHe CBeTa B cpeAe 'reM
60AhIlle, qeM 60J\.bIIIe H3M€WIeTCH CKOpOCTb csera npn era B3aHMO

A€I1CTBHH C lldcmqaMH nemccrsa B 3TOH cpeae. PaCC€HHHe CBeTa B

pa3HbIX BeW;eCTBax MOlKIID CpdBHlITh, Ha6AIOAdSI 3d SlpKOCTbIO 3TI1X

semecrn. 3HillI, tITQ CKOpOCT!> CBeTa B B03Ayxe COCTaBMIeT 3 x lOB x/c,
a CKOpOCTb csera B BOAe2,23 x 108 MIC, MOJKHO CpaBHlITb, xanptoeep,

5IpKOCTb MOKporo pellHoro rrecxa C .5IpKOCTblO cyxoro -necxa. OPI1
3TOM HaAG HMeTb B BHAY TOT rpaxr, lJTO CBeT. IIdAdIOIIJ;mi Hd CYXOH no

COK, rrpOXOAHT sepes B03AYX, a CBeT, llaAaJOIl.J,HH: na MOKphIH necox, 

'1Cpe3 BOAY. HaCbII1bTe neCOK B pa30BYJO 6YMiUKHYJO TapeAKY. Ha
AeHTe C RpM TapeJ\KH nesnroro BOAbI.OTMeTHB HpKOCTh pa3HbIX yxa

CTKOB rrecxa B rapexxe, CAb\.a.HTe BbIBOA, B KaKOM necxe pacceanac
60Jlbllie: B CYXOM (B KOTOpOM neC'IHHKH OKpYJKeHbl B03AYXOM) llilli B

MOKpOM (neC'IHHKH OKpYJKeHbl BOAOH). MOJKHO rronpoooaart, acrrsr

rart, Ii APyrrre )KHAKOCTH, aanpaxep. pacrtrrexr.aoe MaCAO.
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C60p <lJaKTOB

CBeT

B 3aBHCHMOCTH OT 06CTOHTeAbCTB, pacceaane 3AeKTpOMdrHlITHOro

H3AyqeHHH, rrpOHCXOASlI..tJ;ee UpH era B3aUMoAeticTBHII c qaCTHQ.dMH

BeII.\eCTBd, MOJKeT BKAlOqdTb B ce611 KOM6HHdl\HIO rpex Pit3HbIX

npOl\eCCOB. K HHM OTHOClITClI ynpyroe paccesnae (orpaaceuae}.
Heynpyroe pacceRHue (norAOII.\eHHe C Ih)CAeAYI0II.\HM nepeaaayse
HHeM) H AHq,PdKl\HlI (oTKJ\OHeHHe AY'!d CBeTa npa acrpese C npe
nllTCTBHeM). AOnOJ\HHTeJ\bH}'IO HHq,0pMal\HIO °TOM, qTOTdKoe pac
ceaaae H, B qaCTHOCTH, 'lJTO raxoe pacceaaae P3AeSl, nOHJ.IJ.HTe caMH

B Y'!e6HHKax no q,H3HKe.



j,I1HTepcl>epeHI.I.HSI B TOHKHX

nAeHKaX: CBeTOBble BOAHbl

B cl>a3e H noorseoease

YrrOMHHdHHH 0 TOM, srro AlOAH Ha6A1OAMH uaernsre Mac.A.SiHble

ITAeHKH aa I10aepXHOCTH BOAbI, COAepJKdTCH Hd fAHHHHhlX Ta6AWI·

xax, lIeft B03paCT AdTHpyeTcH HeCKOAbKHMH TblCXqeAeTHHMH AD H.3.

B APeBHocTH 1I0 TaKHM 1\BeTHbiM IIAeHKaM lIpeACKa3bIBaJIH cYN>6y.

C pa3BHTHeM HdyKH yqeHble 3aHHTepeCOBaAHCb 3THM HBAeHHeM C

<pH3HtIeCKOH TDqKH speaaa. Hcaex HblOTOH IIOCTdBlI.A OIIbIT, no pe
3YhhTaTaM sorcporo OfulICHHA lIpWIHHY B03HHKHOBeHHlI 1\BeTHbiX

IIAeHOK.

B 3TOM onsrre Bbi 6YAeTe Ha6AlOAaTb B03HHKHOBeHHe 1\BeTHbiX

PHCYHKOB aa TOHKHX 1I11.eHKax H BbilICHHTe. KaK 6YAeT MeHlITbClI

IJ;BeTOBaH KapTHHa B 3dBIlCHMOCTH OT MdrepHaAd nAeHKH lL\l{ ee

ABHJKeHHlI. Bbi 3aHMeTecb HCCll.eAOBaHHeM HHTepq,epeH1\HOHHOH

QBeTOBOH: KapTIlHbl, B03HHXdIOIqeU ad MhIAbHbIX rryasrpax, H rroii
MeTe, KdK 3Td KapTHHd 6YAeT MeIDITbCH B 3dBMCHMOCTH OT TOAlI.(H

Rbi Mh1JUJHOrO rryasrps, yraa ITaAeHIDI CBeTd HJ\.H THUd HCTOqHHKa

CBeTa.

C 'lero' Ha'laTb

Ifeu.: Ha6AlOAaTb HHTepq,epeH1\HIO aa TOHKHX IIAeHKax.

MamepuaAbl
nenpoapasnas MHCKa (Henp03pa'lHaB B CMbICAe. q-rQ He nponycxa
er CBeT xepea CTeHKH)

BOAa H3-1I0A xpena

HdCTOAhHaH AdMITd C AaMIIO'-lKUll HaKaAllBaHH5I

6eCIJ;BeTHbIll AaK MJI HOITell

lIopRgoK geiiCIIIllUii
1. HallOIl.HHTe MHCKy BOAOii npaxepao na TpH qeTBepTH.

2. Flocrsasre MIfCKY PJlAOM C AaMnoH, 1:10 He npsoro UOA Hen.
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3. nOAepJKHTe KHCTO'lKY OT OeCl\BeTHOro AaKaAMI HOrTe;; HilA MH

CKOH Ii AOJKAHTeCh, '1T06hI aa nOBepXHOCTh BOAhI ynaM oARa

KdIlJU[ haKd.

4. BKAlO'IHTe xaxny H YCTaHOBHTe ee TaK, '1To6hI CBeT n.ilAM sep

THKaAhHO BHH3. [1Cro'lHHK CBeTa AOJIJKeH HaxoAHThC>! xa pac

CTO>!HHH 15 CM OT nOBepXHOCTH CTOAa.

5. MeMeHHo ABHra;;Te MHcKy C BOAOH no aanpaaxemno K AaMne.

BCTaHhTe TaK, 'lITo6bI Bb! Bee BpeMH Morllli BHAeTb cBepxy no
BepXHOCTb BOAbI B l\1HCKe. Ilocreneano IIOAOABHHbTe MHCKy K

AdMIle HdcrOAbKO, QTo6h£ OHa CTO,SIAd nCAcaMOH haMnoR. Floaa
6AlOAdthe aa T8M, KaK GYAeT MeH.SITbCH LJ;BeTOBaJI KapTHHd, B03

HHKdlOII..J;da aa TOHKOH IIJH~HKe H3 haKd Hd rrOBepXHOCTH BOAh!.

PHc.26.1

Pe3YAhlllQllll,l
Ha nOBepXHOCTH BOAhI B MHCKe 6YAYT Ha6J\1OAaTbC>! TOHKHe nner

HbIe IIOAOCKH B rex M8CTax. rAe no Hell pa30fIAeTcH AdK.

IIo'leMy7
Kanxs haKd pasouixacs ITO BOAe M o6pa30BaAa o-reas TOHKyro Ii

npoapasnryro TIAeHKy aa ee nonepxaocra (no3BOAlllOll\YIO CBeTY

rrpOXOAHTb HdCKB03b). EeAbIH CBeT OT HdCTOAbJ-lOH AdMI1bI coaep-
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)KlIT Bee MHHbI BOAR BIIAHMOrO AHarra30Ha, T.e. Bee LJ;BeTa. OpH IIO

llaAdHHH 6eAoro CBeTa aa TOHKyro rrpoapa-nryso IIAeHKy l.IaCTh era

orpaxcaercs OT BHeulHeH rpsaausr llAeHKH (BOAHa 1), a xacrt, BXO
NIT B nxemcy H 3aTeM orpaxcaerca OT ee BHYTpeHHeH rpanausr
(BOAHa 2) (CM. pHC. 26.2). XOTlI paaaaua B upoHAeHHbIx paccroxaa
HX Ii He BeAHKa, TeM He srence CBeT, OTpaJKeHHbIM: OT BH-yTPeHHeH

rpaamrst, UpOXOAHT 60AbllIee paccrosaae, HeJKeMl CBeT, OTpaJKeH
HbJii OT BHeuIHew rpaHHI.J;hI.

06e BOi\HbT oTpaJKeHHOrO 6eAoro CBeTa, 1 H 2, HMelOT MeHhlllyro

IUITeHCI1BHOCTb, 1.JeM ITaAalOllvnl CBeT. KOfAa ABe orpascetmsrc sox
RbI BHOBh BCTpetIaIOTC5:I nocxe OTpaJKeHH5I, npOHCXOAHT cynepno

3MIIHlI (HaAOJKeHHe lIX APYT na APYTa). Taxas cynepnosauaa B03
HHKaeT B cxyvae. eCMl OTAeAbHbIe OTpiUKeHHbIe BOAHbI <jJOKyCHpy
IOTeR c nOMOI.IJ;blO J\HH3bL 3To H npOHCXOAHT B HaI11HX rxasex, xor
Aa XpyCTaAHKrnaaa <jJOKyClIpyeT CBeT aa cerxarxe, HaAOJKeHHe OA
Hoii BOAHbI aa APyryIO Ha3bIBaeTClI HHTep<j>epeHl\Heii.

ECAH orpasceamae BO/lHbI COBllaAalOT no ¢»a3e, npOHCXOAHT

YCHMlBalOII1a>lIIHTep<jJepeHl1lIlI. YCHAHBalOII1a>l aureprpepeuuaa 
HaAOJKeHHe AByx HAlf 6o/lee BOAlI, HaXOAHIIJ;HXCH B oAMHaKoBoH
rpase, xoropoe rrpHBoAHT K B03HHKHoneHHlO KOM6HHHpoBaHHoH

BO)\.HbI. AMilAHTYAa HOBOU BOAHbI 6oJ\.bI1Ie aMilAHTYA COCTaBASlIO

Il\IIX ee BOAH (CM. pac. 26.3). Hanpasrep. eCAII npa oTpiUKeHlIH OT
UJleHKHnareprpepapyror APyr C APyroM ABe BOAHbI, MHHbI KOTO
psrx COOTBeTcTBylOT xpacnosry AHaIIa30Hy. 3Ta lfaCTb IIAeHKH

PHc.26.2
7 lJ.. BaHI<1II4B
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V
YcUAU&atDLl\3~ UHmer4'erfliUU~

PHc.26.3

6YAeT HMeTb KpaCHbIH orrenox. 3TO IIpOHCXOAHT IIOTOMy, 'ITO

BOJ\.HhI xpacaoro IJ;BeTa B 3TOH 06AdCTII HMelOT ropasz,o 60J\.bllIYIO

aMITAHTYAY, a cAeAoBaTeAbHO, Ii 60AburylO HHTeHCHBHOCTh, 4eM

BOJilibI APymx I.\BeTOB. OpH OTpaJKeHHH OT ApyrOH '1aCTH IIAeHKH

MOJKeT IIpOHCXOAHTb YCHAHBalOII1all arrrepdiepenuas BOAII aexe

uoro LJ;BeTa; 3Td tracTh nJ\.eHKI1 6YAeT BbITA5IAeTb 3eAeHoH. H T.A.

Pa3HbIe yuacrxsr TOIlKOH IIAeHKH 6YAYT oxpeurensr B pasmae

I.J;BeTa.

HOBbie nOAXOAbl

1. KaK IIoAyqeHHhIe pe3YAhTaThI 6YAYT aaaacerr, OT TOAlI.l;HHbI

IlAeHKH? OOBTopHTe DIlbIT, HCrrOAb3Y51 MaJ\eHbKHH KOHTeHHep

AAll BOMI, nenpasrep, KPbIIIIKY OT 6YTbIJI.KH.

2. EYAeT AM BAMllTb lid lIoAyqellllbIe peayxvrarsr COpT MdTepHaAa,

U3 xoroporo COCTORT TOHKaH ITAeHKa '7 DOBTopHTe OIIbIT C HC

IIOAb30BaHHeM pa3HbIX COpTOB MaCAa: paCTHTeAhHOrO, AeTCKO

ro, MOTopHoro.
3. KaK H3MeHHTC5I noxysenmae pe3YAbTdTbI, eCAH IIAeHKa fiy

AeT HdXOAHTbCR B ABH)KeHHH? C rrOMOIIJ;blO 3y6ol.J:MCTKM oc

TOpO)KHO nouresexure IIAeHKy Ha noaepxuocra BOAbl H noaa
6J\.IOAaHTe se KapTHHoH, noanaxarourea npn OTpaJKeHHH cne
ra QT nee.

npHAyMaHTe aaur C06CTBeHHblH onsrr

la. MbIhhHbIH rryasrpr, npeACTaB.JUleT coGOR KOM6HHaU;luo MhIAa c
BOAOH, CBH3aHHblX B oIIpeN~AeHHoH nponOpI..V111 H oopaayio-



IiIHTeP<t>epeH4H~ B TOHKHX nneuxax 195

l1\HX TOHKHll CAOll ynpyroa JKHAKOCTH. BHYTPH KOTOpOro HdXO

AHTCli B03AYX. I1ccAeAyllTe l1BeTHYJO KapT<fHy atrreprpepen
l.\HH. npOHCXOAlIl1\ell na MhlAhHOM nY3hlpe. OpHrOTOBhTe

MhlAhHhIll pdCTBOp AA" ny3hlpell CAeAYJOl1\HM 06pa30M. HaAell

Te B He6oAhrnyIO MHCKy 1 CTdKdH (250 MAl BOAhl H3-nOA xpaae
H A06aBhTe B BOAY 1/4 CTaKdHd (63 MA) JKHAKOCTH AA" MhIThli

nocYAhI. OCTOpOJKHO pd3MernallTe JKHAKOCTh. OnyCTHTe OAHH

KOHCQ COADMHHKH B MhlJU:,HblH pacrnop H: IIoAyfrre B COAOMHH

Ky. OCTOPO)KHO: gyiime mOAbKO om ceti», He BI1lJlrUBaiime B

ce6Jl MhlAbHYlO JKugKocmb. Flocreasre MHCKy c ny3hIpllMH B03

he HCTOllHHKd 6el\or<? CBeTa M nOHa6AIOAaHTe 3d PdAYJKHOH
KapTHHoH.

6. EYAYT AMrtoxysemme peayasrarsr 3dBHCeTb OTyraa, nOA KOTO

phIM CBeTnaaaer Hd llAeHKY? npHAyMdllTe cnocoo. CnOMOl1\hIO

xoroporo MOJKHO 3dCTdBHTb CBeT IIaAdTb DOA onpenexemnax
yrAOM. Hanpaxep, nOCTaBhTB MHCKy B Kop06Ky. B KOTOpOll

npeABapHTeAhHO npoAeAaiITB ABe AhlpKH: 0AllY AA" ndAdIOl1\ero

CBeTa, d APyryro AA" 0630pa.
2a. KaK 3dBHCHT LJ;BeTOnd51 KapTHHd, B03UHKdI0I.U;illI npa narepcpe

peHIJ,HH, 0'1' TOAIJ~HHbI MbIAbHOro nyssrpa i 0pHA}'1>tdHTe cIIoc06

H3MeHeHIUI TOAllJ;lllfLI MhI1\.bHOft ITACHKH. /VJr- 3TQrO MO:>KHO IIpH

3BdTh na noxronn, CHAy T5IJKCCTJ1. OKyHHTe B MhIAhHbIH pacrnop
nposoxonayso nerexsxy. /J.,MI npoBeAeHIHI OIIbITd BaM IIOHaAO

6HTCSI KdKOH-HH6YAb TeMHhIH 3KpdH, nanpaacp, AlleT qepHOH

6yMam. AOCTaHhTe npOBOAOQKy H3 pecrsope H nOAepJKHTe ee

BepTHKaAbHO na e:pOHe resmoro sxpaaa. nOHa6AIOAdHTC sa pa
AyJKHOH KapTIfHKOH, B03HHKdlOIIJ;eH aa IIAeHKe. 06paTHTe BHH

MdHHe Hd TO, KdK 6YAYT OTAHQaTbC5I LJ;BenUJe Y30PhI B BepXHeH

H HIUKHeH qaCTH IIAeHKH. 3aMeTbTe, xaxoro IJ;BeTd 6YAeT nxen
xa nepez, TeM, KaK pasopsercs.

6. MeHHTb yrox naAeHHH CBeTa MOJKHO TdK>Ke CAeAYIOrn;HM 06

pd30M. B03bMl1Te nposoxosnyio IIeThlO H YCTdHaSAHBaHTe ee
nOA pa3HhlMI1 yrAaMH K HCTOqHHKY IIOCTOKHHoro CBeTa. no

Ay-M:dHTe, KaK MOJKHO H:3MepHTb 3"OT yrox. CAeAdHTe He

CKOAhKO <poTorpa<pHll PdAYJKHhIX KapTHII. OHH BdM nOIIaAO
651TCSl AJUI OTtIeTa 0 IIpoAeAaHHbIx AeI1CTBH5IX 11 rroxyseansrx
peayxsrarax.

B. KaK 6YAeT 3aBHCCTb mrreprpepeanua OT THUd I1CTQQHHKa CBe

Ta? nOBTOpHTe OUblT, HcnOAh3Y51 Pd3AHQHbie HCTOtIIUiKH CBeTd,

BKAlOtIdH epAyopeCQeHTHbl.M If COAHetIHblH CBeT.
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PUC. 26.4

C60p cjlaKTOB

I. EYAeT JIll HHTepepepeHqH" YCHMlBalOlI.\eH HMl oCAa6AJ1IOlI.\eH,
3aBHCHT OT TOAI.I..J;IiHhI lL\eHKH. Hro TaKOe oCJ\.a6JUUOII..J;dH (racs
lI.\B>I) mrreprpepeanasi KaKOBbI AOJUKHbI 6bITb Tpe60BaH"" K
TOA.II.J;HHe IIAeHKH AMI B03HHKHOBeHHH YCll.IUiBalOrn;eH If oC1\.a6·

AJlIOlI.\eH HHTepepepeHl.\HH na OrrpeAeAeHHOHAMlHe BOAHbI?
2. AHrJlllHCKHH yqeHbIH HcaaK HblOTOH (1642 - 1727) rrpeMOJKHA

KoprrycKYAJlPHYlO TebpHIO CBeTa. n03AHee APyroii aHrJlllHCKHii
yqeHbIii, TOMac IOHr (1773 - 1829). rrpeMoJKHA AMI o5""cHe·
HMS! CBeTa BOAHOByro TeopHIO. 4eM OTJ\HQaIOTCSI 3TH ABe Teo·

pHH? Kaxaa TeopH" HCnOAb3yeTc" B HaCTO"lI.\ee BpeM"? KaKYIO
TeopHIO CBeTa cAeAyeT npHMeHHTb AMI 05'b>lCHeHH" anreprpe
petruaa na TOHKHXIIAeHKBX? nonpo6yiiTe caMH HaHTn OTBeTbI
na 3TH sonpocsr B yqe5HHKBX no epH3HKe.



BblnYKAaSi AHH3a:

CXOASI~HeCSICBeTOBble AY~H~--~-
"

J\HH3a - 3TO npoapaxaoe TeAO, OrpaHW,eHHOe ABYM" nOBepXHOC
niMH; AlI60 a6e 3TH IIOBepXHOCTIl HCKpHBAeHHhle, hH60 DAlIa HC

xpasxeaaaa, a APyrilll nxocxaa, J\HH3bl MOryr 6blTb H3rOTOBAeHbl
H3 AI06oro rrpoapasraoro MaTepl1aAd. l\.HH3a, KOTOpaH HMeeT no

BepXHOCTb, HCKpHBAeHH)'IO Hapy>Ky, Ha3blBaeTCll Bb'nyKAOH. Taxaa
hHH3d Hd3bIBaeTCSI TdlOKe co6HpaJOI.I..{eH, rrOToMY tITO OHa npexox
MeT (H3rH6aeT) CBeTOBble A}"lH, rrpoxoxsmae xepea aee, H cotiapa
(IT HX B TOqKe aa ocesoa AHHHH - epOKyce. PacCTOHHHe OT JUIH3b1

AO TO'lKH q,OKyca aaasrseerca q,OKyCHblM paccroaaaex.
B 3TOM OITblTe Bbl 1f3MepHTe q,OKycHoe paccrosnae BblITYKAOH

AHH3bl; accxeayere, KaK q,OKycHoe paCCTO"HHe AHH3bl 3aBHCHTOT

ee AHaMeTpa If BblITYKAOCTIf (Mepbl HCKpHBAeHH" Hapy>KHOH ITO
BepXHOCTH). BbITdKJKe onpeaexare, KdK rrOAOJKeHHe npeAMeTa no

ornouremno K q,OKyCy AHH3bl BAH"eT na nOAyvaexoe H306paJKe
HHe.

C 'fero Ha'faTb

!feu.: 1f3MeplfTb rpoxycnoe paccroaane BblnyKAOH AHH3bl.

MamepuCLW
6eAdfl: KdTaAOJKUaSl xapromca
60A1>llIa51 AHHeHKa

CKO~

yaeAHqHTeAbHOe CTeKAO CAHaMeTpOM 3,75 CMHAlf 60Abllle

nopRgOK geuclIulUu
1. OplfAo.>KHTe KaTMO.>KHYID KapTOqKy KOPOTKIfM KOHl10M K AH

HeRKeCToro xpaa, rAe aa AHHeMKe HyAeBaH OTMeTKa. Ilpaxpe
ITH:Te KpaH KapTOqKH (ITpHMepHo 1,2 CM) C noxonuao CKoNa K
AHHeHKe II COfHHTe KapTOlJKy TaK, QTo6bI OHa CTOHAd np.SIMO Hd

xparo AHHeliKH ITepITeHAHKyAllpHO K Heli (CM. pHC. 27.1). Kap
ro-rs;a 6YAeT CAy.>KHTb BaM 3KpaHOM.
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2. BhIHAHTe H3 AOMd 11 HaiiAHTe COAHe'tfHOe MeCTO. BCTdHbTe TdK,

QTo6bI COAHn;e OKa3dAOCb y sac 3d ,cnHHOH,

3. YCTaHOBHTe CBo60AHbIM KOHen; AHHeHKH na npeacx nxexe H
nOMepJKHBaiiTe AIIHellKY AeBoll PYKOll.

4. B03bMIITe YBeJUiQHTeAhHOe CTeKAO Ii, YAepJKHBdH era HeMHoro
asnne AllHeMKH. ABHraHTe no aanpennemoo K 3KpaHy AD rex
nop, noxa na oxpane He oopaayerca apxoe IT>lTHO CBeTa. flepe
ABHraH MUI3Y snepez, H Ha33A BAOAh JUfHeHKH, HdHAHTe rroxo
>KeHHe, B KOTOpOM [lHTHO 6YAeT CqMhIM MaAeHbKHM Ii MaKCH

MilAhHO >lPKllM. OCTOPOJKHO: He CJlwmpume np>lMO Ha COAR

'le, UlWqe Bbl MOJKeme nOBpegumb rAa3a. TAK)KE: He gepJKume

AUH3Y c</JOKYcupOBaHHoii Ha KapmOqKe 60Aee 3-4 ceKYHg, UHa

qeKapmOl.lKU MOJKem 3arOpembCR.

5. 3anHlllwre paccrosmre MeJKAY AIIH30ii If 3KpaHoM.

PHc.27.1
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Pe3YAbIllantl.l
CBeT, lIPOXOA'lII1Rll xepea MlH3Y, oopasyer na sxpaae MaAeHhKOe
5IpKOe CBeTOBoe IHITHO.

nO'l.eM.y?
AHH3a - TeAD l13 npoapavnoro MaTepHaAa C HCKpl1BAeHHhlMH no
BCpXHOCT5IMH, soropoe npexovxaer (H3fH6aeT) CBeTOBble AyY.M,

T.e. H3MCIHIeT aanpaaxenae npOXOA51mefO CBeTa. BbIUYKAblH 03Ha
xacr BblTIryTbIH napyxcy. AAH3a B yae.hJf'llHTCAbHOM CTeKAe S1BA5IeT
C5I BbIII)'KAOH C 06emc cropon, DHa Ha3bIBaeTCH ABOSlKoBbInYKAO"
AHH30", HAM AB05IKoco6HpalO~eH. TO~HHa AB05IKOBblllyKAOH

AHH3bIMaKCHMaAbHa Bee cepexane, a qeM 6lU1JKe K Kpa.sIM, TeM CTa

HOBHTCSJ MeHbwe. AHIUHI. rrpOXOMlII,aH xepes uerrrp AHH3h1 nep
rreHAHKyMlpHo K ee rrOBepxHOCTM, Ha3bIBaeTC5I ChaDHO" OC&IO xan

3hI. Bce CBeTOBhle "Y"H, BxoA'lII1He B BhlllYKhYID MlH3y napaxxcxs
HO ee fAaBHoH OCH, HCIIbITbIBaIOT npexoswerme B CTOpOHy :JTOH. OCM

B MOMeHT BXOAa B J\..HH3Y H B MOMeHT BbIxOAa H3 nee. B pe3YAbTaTe

sroro rrpeAOMAeHHSI OHM CXOASlTCSI B HeKOTopOH TO'lJKe aa OCM, Hd

3h1BaeMOH <jlOKyCOM (<jloKa"hHOH TO'lKOH) "HH3h1.
Ha pHC. 27.2 H306paJKeHa AliarpaMMa, lIOKa3h1BalOII1all lIYTh

CBeTOBbIX AyqeH, acrrycxaexsrx YAaAeHHhlM HCTOqHHKOM, nanpn
Mep, COAHu;eM. 3TH CBeTOBble AyqH MOJKHO CqHTaTb napa.AJ\.eAhHbI

MR, KOfAd OHH AOCTI1:ralOT 3eMJili. ECAH yCTaHoBMTh AHH3Y nepnen-

()BOilKoBblnYKl>3~AUH33

/

PHc.27.2
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AHKyMlpHO COAHe'lHoMy cBery, COAHe'IHbIe AyqH 6YAYT npOHHKaTh
B AHH3Y napawexsno ee rAaBHOH: OCM, npehOMASlThCSI H, rra BbIXOAe
H3 JillH3hI, CXOAH1'bC.SI B ee cPOKyce C 06pa30BdHHeM apxoro mITHd

CBeTa. PaCCTO>lHHe OTcpoxyca (narua na xaproxxe] AOAH1I3bI naau
BaeTC>I <\JOKYCHbIM paCCTO'IHHeM (F).

HOBbie nOAXOAbI

KaK 3aBHCHT rpoxycnoe paCCTO>lHHe (F) AHH3bI OT ee AHaMeTpa?

Flouropare OUbIT, HCrrOAb3yS: YBelllilUITeAbHbIe CTeKA.a c pa3.JUrtIHhI

l\Ui AHdMeTPaMH.

npl1AYMaKTe aaui co6cTBeHHbiK onsrr

1. CYl11eC'fByeT AH CB>l3b MeJKAY q,OKyCHbIM paCCTO>lHHeM (F)
Jl.HH3LI H ee yBeAWIeHHeM? npHAYMaJITe, KdK MOJKHO cpaa

HHTb YBeAHQeHH5I JUIH3 C pa3A1lQHbIMH ¢OKYCHhIMH paccros

HH5IMH. B03bMHTe, rranpasrep, H€CKOAbKO YBeAHqHTeAbHbIx

CTeKOA c pa3HblMH epOKyCHhIMH paccToHHIHIMH H no ol.lepeAH

MeMeUHO IIOAHHMdHTe HX HaA 3TOll. CTpaHHI.J;eti: C HaneqaTdH

HhlM TeKCTOM AD BblCOTbI. CKdJKeM, 2,5 eM. CpaBHHTe yaexxxe

HH5I 3THX AHH3.

2. BAH>leT AH na rpoxycnoe paCCTO>lHHe IF) AHH3bI ee AHaMeTp,

BbllIYKAOCTb (Mepa KpHBH3HhI BHemHeft rrosepxaocra] HAH OK
PYTAOCTb? TIpHAyMaiITe, KaK MOJKHO AeAaTb AHH3Y 60Aee HAH

xenee BbIn)'K.AOH, He MeHSISI ee AHdMeTp. A,A5I aroro MOJKHO H3

rOTOBHTb CaMOAeAhHYIo JllIH3Y c nOMOIIJ,blO 06bNHOH BOAM If

rrpOBOAOqnOH: rrcrxa. HaMoTdHTe 15 eM rrpOBOA01.IKH Ka.J\J.{6pa20
lid xapanaaur TdK, l.JTo6hI IIOhynIHAdCh xpyrxaa neTMI. YCTdHO

BHTe HdCTOAbHYW AdMUY ne Kpaft CTOAd HIill BbICOKoro KOMOAd,

t.IT06hI CBeT OT Ree 6LL\. aanpeaxea Hd nOA. B TOM MeCTe Hd no

AY, KYAd IICiAdeT CBeT OT AdMllbl, IIOAQJKHTe 6CAyro KdTaAOJKIfY!O

KapTo'lKy. OKYHHTe npOBoAo4Ky B MHCKy C BOAOH, AepJKa rter
AID rOpH:30HTaJ\.bHO. OCTOpOJKHO BbIHbTe rrpOBOAOQKy H:3 BOAbI If

nOAepJKHT€ ee HaA KdTaAOJKHOH xapro-txoii. Bnyrpa npOBOAOq

HOR nerxa OCTaAdCb 60AhllId5I aaxpyrxenaaa KdIIMI BOAb!. Ta
KHM 06pa30M, Y sac IIOl\.yqlL\dCb TOHKaR BbIlIYKAdH AHH3d, 3a

IIOAH€HHdH BOAOH. MeMeHHO OTOABI'UdHTe Barny BOAHHyro

AHH3Y OT KapTOtIKH BBCpX, IIOKd BbI He HaiIA€Te TaKDe nQAOJKe

HHe, B KOTOpOM cneroaoe nsrrno aa KapTOQKe 6YAeT MaKCH-
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Ma.J\bHO SlpKHM. Ilonpocnre KOrO-HH6YAb BaM rrOMOlI:b - M3Me

pars paCCTOHHHe OT rrpOBOAOqHOH neTAJiI AD KapTOlJKH B MHMH

MeTpaX. 3aTeM c rrOMOll.J;bJO nnnerxa aKKypaTHO Ao6aBbTe He

MHoro BOAbI B rreTAIO, CAehdB TaKHM 06pa30M BOAHHYJO JUfH3Y

TOJUIJ;e, r.e. 60Aee BbIrryKAOH. HaftAMTe HOBae IIO.J\.OJKeHHe AHH

3hI OTHOCHTeAbHO KapTOQKH, B KOTOpOM HpKOCTh rrarne l\{aKCH

MaAbHd, 11 H3MepbTe paCCTOHHHe AHH3bJ AD ITOM. DOBTopHTe

OUbIT neCKOAbKO pas C BOMlHbIMH Al'IH3a~1l1 pa3HOH TOAIU;HHhl.

[lOCKOAbKY OAHHaKOBble lUtH3bJ CAeAdTb npaxrnsecxa HeB03

MOJKHO, pe3YAbTaTbI rrOBTopHhIX H3MepeHHH: 6YAyr OTMlQaThC5I

AaJKe AMI /il3yx. «TOHKHX» HAll AMI ABYX «(TOACThIX») AHH3. TeM He

MeHee AdHHble AMI «TOHKI1X» H «TOACTbIX» AHH3 B cpeAHeM 6y
Ayr OTAJPlaTbCH, Ii HX MO:>KHO CpaBHHTh.
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3a. C nOMO~blO AHH3bI 1\10.iK1I0 c03AaTb H306pMKeHHe (npeacras
AeHHe epH3HQeCKOrO 06'beKTa, KaK, HanpHMep, B sepxaxe].

AeiicTBHTeALHhlM H306pa)KeHHeM Hd3bIBaeTCR H306paJKeHHe,

C03AdHHoe .h11H30H, xoropoe MOJKHO cnpoexraposars na 3K

paa. KaK IIOAOJKeUHe o6beKTa BllliHeT lid paavep H306pa)Ke

HUH, era paCCT051HHe OT AHH3bI Ii Hd TO, 6YAeT All: M306paJKeHlfe

npllMbIM HAH nepesepnyrsm? DpHAyMaiiTe cnocoo cnpoexra
ponara H306pdJKeHHe aa 3KpaH Ii H3MepHTh paCCTOHHHH OT

AI1H3bI AO 06'beKTa 11 H306piUKeHHll, a TaJOKe paasrep H306pa
JKeHHll. MOJKHO nocrynars CAeA)'I0Il\HM o6pa30M. Bstpexcsre
H3 qepHOIT 6YMaIH epHrypy B BI1Ae CTpeAKH H HaKAeITTeKyCOK
6yMam C npopeasro B BHAe CTpeAKI1 na TOT KOHel\ rponapaxe,
rAe pacnoxoaceue AaMIIOqKd. TIoAOJKHTe ¢OHapH:K na crox TdK,

QTo6bI npopess Ha 6YMare YKa3blBBAa BepTHKaAbHO nnepx. no
AOJRHTe aa (TDA AHHeMKy, HyAeBoH oTMeTKoH PHAOM C 3dKAe

eHHbIM KOHl\OM epoHapHKa. YCTaHOBI1TB AHH3YTaKI1M o6pa30M,
l.lTo6hI paccroaaae OT nee AD 3aKAeeHHOro KOHIJ;a rpoaapnxa
6bIAO paBHO epOKyCHOMypaCCTOllHI1IO AHH3bI. B03bMHTe KnaA
paTHbIIT KyCOK 6eAoro xaproxe (30 x 30 CM) H AepJKI1Te era aa
J\J1H30:H, c npOTHBOnOAO)KHoft QT rponapaxa CTOpOHbI, HaHAHTe
HdHAY':IllIee H305pa/KeHHC CTpeAKH, 06pa30BaHHoe AHH30H Ha

KapTOHKe r MurraH xapronxy B3CiA H BrrepeA no OTHOll!eHHlO K

AlfH3e. 3anOMHHTe paCCTOHHHe, aa KOTOpOM IIpH 3TOM OKd3a

AdCh KapTOHKa OTHOCHTeAhHO JlliH3hI. DOBTopHTe OuhIT, yCTd

HOnl1BepOHapl1K aa cAeA)'IOII\HX paCCTOllHI1= OTAHH3bI: (1) aa
paCCTOllHI1I1, 60AbllleM ABOITnOrO epoKycHora paccroaaas: (2)
aa ABOITHOM epOKyCHOM paCCTOllHI1I1; (3) MeJKAY epOKyCHbiM 11
ABOITnbIM epOKyCHbiMpaCCTOllHl1eM; {4j 6AHJKe epoKycHoro pac
CTOHHHH.

06beKm

.2F' F'

PHc.27.4

F
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6. Cxesry nocrpoenas H306paJKeHHH MOJKHO rrpeacramrrr, rparba
qeCKH. nOKdJKHTe na AHarpaMMe ABa AY'la, HCXOAHIIJ;He 113 DA

HOM T01JKH aa ofueKTe: 0AHH rrapaaxeasao rAdBHoH OCI{ AHH3bI,

a ApyrOH - npoXOA"ll\HH xepea I.1eHTp AHH3bL TO'lKa, B KOTO

POR nepecexatorca o6e npfIMhle AHHHHI Hd3hIBaeTCH TOtIKOH
H306paJKeHHH. Hanpasrep. eCAH 06beKT paCnOAOJKeH Ha pac

CTORHHH OT .MIH3hI, 60AbIlleM ABOHHoro rpoxycaoro paCCTO.HHlISI

(F), AHarpaMMa na pHC. 27.4 nOKa3bIBaeT, 'ITO nOAyqeHHoe H30
6paJKeHHe 6YAeT AeiicTBlITeAbHblM, rtepesepayrsnr H YMeHb
rneHHblM. OHO 6YAeT paCnOAOJKeHO c npOTHBOnOAOJKHOH CTO

POHbI AHH3b1 na paCCTOHHHH MeJKAY F H 2F.

C60p cIlaKToB

1. <DoKycHoe paCCTOHHH€ AllH3bI, paCCT05lHHe OT AHH3bI AD 06'beK

ra H paCCT05IHHe OT AHH3bI AD H306pa)KeHIUI CB.SI3dHbI c nOMO

UJ;bIO MdTeMdTHqeCKOrO ypaBHeHIHI. ECAH KaKa.Sl~AH60 0AHd 113

rpex BeAlfIIHH neaanecrne. ee MOJKHO HaHTH 113 aroro ypanne
HHH. KaK BbIfNIAHT 3TO ypaBHeuHe?

2. ECAH CBeTUBble A)'YIJI BbIXOAHT 113 AHH3bI rrapdA!l.eAhHO rAdBHOH

OCM H, CAeAoBaTeAhHO, rrapaAAeAhHO APyr Apyryr OHH HBAHIOTCH

KO/LllUMUPOBQHHbIMll. rAe AOAJKeH pecnoxararsca 06'beKTr tITO

6w BbI3BdTb KOMl1Mau,luo Aytteft caera? KaK lICnOAb3yroTC51 ra
KHe Ayt.I1I1 HdHAHTe caMH OTBeTbl Hd 3TH nonpocsr B yqe6HHKdX

no <jJH3HKe.
3. Bee nsmyxxsre AHH3bI HMelQT MdKCHMdAbHyro TOAUJ;HHY B ucnr

pe H nOCTerreHHO yroHtIaFOTCH K KpaHM. Ho He Bee OIlU SlBAHIOT

CH ABOHKOBblrryKAbIMH. Kasyro rpopsry HMelOT CAeAYIOll\JoIe xac
TO BCTpeQdIOm;HeC.SI hlIH3hl; IIAOCKO-BhIny-KAble H BOfHyrO-BbI

rryxxsre [BbIlI)'KAbIe MeHHCKH)? Ofiparsrre BHHMaHHe aa TO, 'ITO
CAeAdHHdJI BaMH BOMHa.H J\HH3d - npHMep BOrHYTO·BbInyxAoi1

AHH3bI. HaiiAHTe Byqe6HHKax no <jJH3HKe AOnOh1;lHTeAbHyro HH

<jJ0pMaI.1HIO °<jJopMeAHH3.
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3BYK:
npOAOAbHbie BOAHbl[@J-=------_

ECAH B Aecy IIClAaeT AepeBo, a PHAOM ReT mncoro, KTO 6bI xor yCAbI

nrers 3BYK era IIClAeHll.sI, MO)KHO All ronopars 0 B03HMKHOBeHIUi

3BYKa? OTBeT na 3TOT llHTepeCHbIM aorrpoc 3aBl1:ClITOT roro, KaK BbI

onpeaeaxere rrOHHTH8 ({3BYK». C TO'-(KH 3peHIHI qH.f3HKH 3B)'K 

31'0 MexaHWleCKoe KOAe6aHF1:e, pacnpocrpausrcmeecs B cpexe, Do
3TOMy q>H3HK CKaJKeT, tITO 3B)'K 01' IIClAeHH5I AepeBa B03HI1KaeT, Aa

}f{e eCAM HHKoro PHAOM HeT. Ho eCAll OrrpeAeAHTb nOH.HTl1e «3BYlO)

C TOl.IKI1 3peHIHI epH3HOJ\.onUi, rAe 3B)'K - 31'0 ouryutenae, B03HMKa

roinee B opraaax cxyxa 6AarOAapH KOAe6aHH5£M CpCAbI, TO 3Byxa

HeT. HeT cxytnerexa, HeT Ii 3ByKa.
B 3TOM onsrre BbI 6YAeTe liCCAeAoBaTb 3BYK CTOQKIi spenas <1m

3HKH: BhI3bIBaTb nmlBACHHe 3BYKOBhlX BOhH H onpeaexa'n-, KdK sa

BHCHT ~aCTOTa3B)'KOBbIX KOAe6am·H1. 01' AAI1IIhI KOAe6AlO~erOC5ITe

Ad H MdTepHaAa, H3 xoroporo OHO CAeAaHO. BbI H3ytIHTe CIIoco6

HOCTb 3Byxa, KOTOphIH HBMleTCH 0AHHM 113 BHAOB 3HeprHH, conep
urari, pa6ory. BbI cpaaaare TaKJKe 3cjJ<jJeKTliBHOCTh pacnpocrpane

HIU! asyxa B aeutecraax, HaxOAHll.I,IIXC5I B pa3AHl.J:HbIX rpaaax: rnep

Aoft, }KIIAKOH H ra3006pa3HoH.

C 'lero Ha'laTb

l(eIlb: onpexexrrn., KaK l.J:aCTOTa B03HHKaIOIll,ero aayxa 3aBIICHT OT

MHHbI KOAe6Aloru;crocSJ TeAa.

MamepuC1Ahl
rH6Kd5I !IAdCTHKOBa5I AHHeHKa

JIOPJlgOK geilcmBuil
I, nOAO)KHTe AllHeHKy aa CTOA TaK, lITo6bI oaa npaxepno na TpH

xeraepra BblCrynaAd aa KpaH CTOAd.

2. Kpenxo npaxonrre PYK0r'\ 0AliH Kpar'\ AllHeiiKIi K CTOAY.

3_ Apyroli PYK0r'\ OTOrHliTe CBo6oAHbIii Kpali AllHer'\Kll BHli3 Ii OT

rrycrare era. Flocxymaare, KaKoM 3BYK IIpH 3TOM B03HHKHeT, M
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06paTHTe BHHMaHHe aa TO, KaK 6hICTPO KOAe6AeTCH CB060AHbIH

KOHeu; AMHeHIUI.

4. nOBTOpHTe AeiicT8Hll H3 IIYHKTa 3. Koraa AllHeiiKa Ha'IHeT KO

Ae6aThcR, MeAf\.eHHo nOABHHhTe ee TaK, QTo6bI BbIcrynalOrn;aH
HaA CTOhQM GaCTL hHHeHKH CTaAa MeHbwe, 3aMeTbTe, KaK npn

YMeHbllIeHlm AAllHbI KOAe6AIOl.l\erOCll KOHl\d AllHeiiKH 6YAeT

MeH>lTbC>l H3Aa8aeMbIii ero 38yK H KaK 6h1CTpO 6YAeT KOAe6aTb

CR KOHen; J\HHeHKH B 3TOM cxy-rae .

.~.

PHc.28.1

Pe3YJlhIllantbl
Flpa YMeHbllIeHlm MHHbI KOAe6AIOl.l\erOCll KOHl\d AHHeiiKH 38YK

MeHHeTCSI.
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nO'IeMy?
3UYK - KOAe6aHHe, KOTOpOe pecnpocrpaaaerca B cpese. 3UYKO
B&Ie BOAHbl - 3TO BOAHhI, B03HHKalOm;He B peayxs'rare KOJ\.e6aHIH1:

KaKOm-AH60 TeAa. 3B)'K nOllBJUleTClI B pesyxsrare TOro, '1':0 KOAeo
xrorneecx TeAD BbIHYJKAaeT OKpy»<alOm;yro ern cpeAY TaKJKe KO}\e~

6aTbclI B npouecce npOXOJI<AeHHlI 3B)'Ka. /UmeHKa - npaxep KO

AeoAlOl11erocll HCTO'lHHKa 3B)'Ka. ECAH OTTlIHYTb H omYCTHTh AH
HeHKy, MbI YSHAHM, 'ITO OHa ABHraeTClI snepen H Ha3dA C onpeae
AeHHOH '1aCTOTOH ('1aCTOTa - KOAH'IeCTBO KOAeoaHHH B ceKYHAY).
KOAeodHHlI AHHeHKH 3aCTaBJUlIOT MOAeKYAbI B03Ayxa. HaxOABI11He
CSI PHAOM C AHHeHKOH, ABl1.raTbCSl snepez, H Hd3dA C TOM xce qaCTO

TOH. Ilpa nOM C03AalOTClI OOAacm CJKaTHH (TaM, rAe MOAeKYAbr
cnpeccosansr oOAee recno) H pa3peJKeHHH (TaM, rAe MOAeKYAbI
YAaAeHbI APyr OT APyra AaAblIle OObI'IHOm peccrosnas}. BOAHbl, B
KOTOpbIX ecrs 06J\.dCTH c>KaTl,u1: Ii pa3peJKeHHH, Hd3blBalOTCR npo
AOAbHbIMH. K rrpOAOAhHbIM BOAHdM OTHOCSITCH 3BYKoBbIe BOJ\HhI.

Bxaroaapa ABHJKeHHIO B03Ayxa BOKpyr KOAeOAlOl11eHClI AHneH
KH aayxonaa aaeprns nepeaaerca '1epe3 B03AYX. KOAeoaHHlI B03AY
xe AocTuraIOT BdIllllX yurea H YAapslloT 0 6apa6aHHhlc nepenoaxn,
H OHH TOJKe Ha'lHHalOT KOAeOaTbClI. 4acToTa KOAe6aHHH 6apa6aH
HLIX rrepenoaox HHTeprrpeTHpyeTc» M03rOl\l KaK 3BYK orrpenexeu
HOM: BblCOTLI. Flpa yMeHbIlIeHHH MHHbI AHHelJJUI qaCTOTa ee KOAe

oaHHH yseAll'lHBaeTClI. TaKHM ofipaaosr, '1aCTOTa KOAeOaH>IH All
HeHKH otiparno npOnOpI1HOHaAbHa ee AAHHe. 3B)'K CTaHOBHTClI BbI
we no xepe Toro, KaK qaCTOTd B03paCTaeT.

HOBbie nOAXOAbl

ByACT AM BbICOTa 3ByKd 3aBHCe1'b OT IIAOTHQCTII aemecraa, H3 KOTO

poro CAeAaHO KOAeOAlOl11eeCH TeAO, H eCAH 6YAeT, TO KaKHM oopa
30M? nOBTopHTe orrsrr C npeAA-"1eTOM IlpHMepHO raxoro }Ke paaxe
pa, KdK H B nepaov cxysee, 110 H3 60Aee IIAOTHOrO MaTepHaAd.

MOJKHOB3HTb, nenprorep, AepeBlIHnyIO AHHeHKy.

npMAyMaHTe aaur C06CTBeHHblH onsrr

I. 3Byx - 3TO BHA aaepraa. CAeAOBaTeAbHO, 3B)'K MOJKeT COBep
lIIaTb paoory. npHAyMaiiTe onsrr, C nOMOl11hlO KOTOpOro MOJKHO
npOAeMOHCTpHpOBaTb, KaK 3BYKcoaepnraer paoory nYTeM npa-
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BeAeHHH Teha B ABH)KeHMe na paCCTOHHIUL MO)KlIO, nanproaep,
CAeABTh cxeaytomee. Orpexcsre AHO y 6YMaJKHOro CTaKBHa 06'h

eMOM 270 >-fA (CM. pRC. 28.21. B03hMliTe KBdAPaTHhill KYCOK BO

Il\eHOll 6YMam C AJUfHOll CTOPOHhI 15 CM. C nOMOIl\hlO TOHKoro

MapKepa napacyiire na 6YMare cerxy, COCTOSlIl\)'lO R3 KBBApaTR

KOB co cropoaoa I CM. Haxposrre sepx CTaKaHa 3Toli 6YMaroll R

sexpernrre ee na CTaKaHe c nOMO~b}() pe3HHKH. .!\.HlUHHe qaCTH

6YMam OTpeJKhTe. B KBBApamKe, HaxoASlIl\eMCSI B caMOM near
pe aa craxane, napacyare KpeCTlIK; X. nOAO"'liTe PBAflOIIpReM

HHK na eTOA AllHdMHKOM asepx. (EcAH y sec KOAOHKH OTAeJ\h

asre, nOAO"'RTe 0AHY II3 HRX ssepx rpoxxorosoparesex.j no

CTaBhTe CTaKaH 6e3 AHa HB AHHaMliK. BKAlO'IliTe PBAflo aa He

60AhlII)'lO rpOMKOCTh R HaifAHTe B 3<jmpe PBAflOIIoMeXH. BhI yc
AhIlliHTe nOCT05lHHbIH: 3B}'K GARarO TOHa. Onpeaexrrre. B KaKOM

IIOAOJKeHIIII AOAJKeH HaxOAHThCJI peryxarop rpOMKOCTlI B CAy

'Iae raxoro, cpenaero II rpoxxoro 3BYKa. BhIKAlO'IliTe PBAflO II

IIOAOJKIITe 0AHO sepao paca aa l.\eHTpaAhHhlli KBBApaTllK BOIl\e

Holi 6YMam (KBBApaTliK C nosrerxoii X). BKAlOQ'ITe PBAflO II IIO

CTaBbTe rpOMKOCTb aa THXIUI 3Byt<. Ilpocxeaare sa BceMH ABH

JKenHSlMli sepaa paca H3 nenrpaxsaoro KBClAPaTHKa. nOBTOpM

re Balli OUbIT co CpeAHHM H rpOMKllM 3BYKOM. Ou;eHHTe 3aBHCH

MOCTb MeJKAY rpOMKOCTblO Ii saepraea 3BYKOBOH BOhHbI.

PUC. 28.2
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2a. 3B)'K MOJKeT paCrrpOCTpaHIDbC5I B seutecrne HC3aBHCHMO OT TO

ro, B KaKOH epa3e aHOHaxOAHTC5I: B TBepAOH, )KHAKOH HAll raao
06pa3HoM. npHAYMaMTe onsrr, KOTOphlM 1I0MOr 6hl cpaaaars
3q,q,eKTHBHOCTh pacnpocrpatrenaa 3ByKa B raae H TBepAOM Be

II..\eCTBe. RbI MO)KeTe BOCIIOJ\.b30BaTbC5I M5I aroro 06bflIHbIMH

HapyqHhIMH qaCaMH. Baaxexe AepJKIITe qaChI aa paccrosnan
BhITllHyrOM PYRH. MeMeHHo 1I0AHOCHTe "aChI K yxy AO'rex 1I0p,
noxa He YCJ\.bIIlIHTe nepsoe c1\a60e THKaHbe. B 3TOM IIOAOJKeHHH

H3MepbTe paCCT05IHHe OT qaCOB AD yX:a. 3aTeM rrpHJKMHTe YXO K

CTOAy H IIOAO)KHTe qaChI na crox aa paCCTOHHHH BbIT5IHYTOH py

KH OT yxa. Ilocxynraare, He 6YAeT l\I1 CAbIIIIHQ THKdHbH qaCOB.

BeAM BbI YCJ\.bIIIIHTe THKaHbe B 3TOM IIOAOJKeHHH, nonpocrrre aa

nrero rrOMOll~HHKaMeMeHHO OTOABHH)'Th tIaebI IIOAa..hbIIIe, rroxa

THKdHbe He CTaHeT cAa6bIM. ECAH JKe BbI He YCAbIllIHTe THKaHbH

qaCOB Hd paCCT05lHHH BbITHHyrOH: PYKH, MeAJ\eHHO rrpHABHTarr

T€ K ce6e xacsr H BaHARTe IIOAOJKeI-lI1e, B KOTOpOM OHH 6YAyr
CAbIIlIHbI. 113MepbTe paccrosnae OT qaCOB AO yxa H cpaaaare
era C TeM paCCTOHHl1eM, Hd KOTOpOM BLI CMorl\M YCAbIllIdTb CAd·

60e THKaHbe tIaCOS, rrpncxyruaaaacr, K RHM B B03Ayxe,

6. npHAYMaiiTe OllhIT Mll lIpOBepKH 3q,q,CKTHBHOCTH pacnpocrpa
HeHlliI3Byxa 8 BOAe. MO>KHO BOCrI0Ab30BaTbCH TeMH JKe qaCaMH, C

KOTOpbIMH DbI 3KcrrCpHMeHTHpOBaAH B OIILITe 2d, nOMeCTMB HX B

repMeTHqeCKJIM MelliOK. npHBllJKHTe K MewKy nepeaxy II orrycra
re em B dKBapHyM: C BOAOH. MellIOK C l.faCdMH AOAJKeH HaxOAlfTbCH

aa cepezorne paCCT07lHHH Me>KAY AHOM H IIOBepXHOCTbIO DOALI, no

6lill30CTH OT CTCUKll dKBaPHYMd. flpIDKMHTe yxo K npOTIfBOrrO

AOJKHOH CTeHKe aKsaPHYMd, ECAH BbI YCAhIllIHTe THKdHbe qacoB,

H3MepbTe paCCTOHHHe AD HIIX, ECAH ReT, IIOrrpOCHTe nanrero IIO

MO~HKa ABHrdTb t-raCLI B naury CTOpOH)' AO 'rex rrop, KOfAd BLI

CMO>KeTe YCAl.IllIaTb TllKdHW, J13MepbTe 3TO paccrosaae. Cpaa
HYITe 3TO paCCTOHHl1e C Te.l.\U1,xoropue BhI rroAyn:.IHAH B OIIhITe 2a,

C60p <jlaKToB

1. C YBeAHqeHHeM TeMIIeparypbI B03Ayxa aospacraer HHTeHCHB
HOCTL MOAeKyfUlpHoro ABHJKeHHH. KaK CKOpOCTh ssyxa B B03AY

xe saaacar or nOBbIliIeHHH rexrrcperypsr aa OAHH rpazyc?
2. MIIKPOq,OH IIpeBpaII1aeT aaeprrrro 3BYRa B 3AeKTpHqecKyro

anepnno. HaMAHTe HHq,0pMaI1HIO 06 3TOM nponecce B yqe6HH·
xax 110 q,H3HKe.
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KOAe6aHHSI

KOfAa COAAdThI HAyr no MOCTY. MoeT HdqH:HdeT KOAe5aTbCH. ECJ\H

COhAaThI MaplllllpyroT B HOry, 11 pl1TM "" ABI1""eHI111 connaaacr C
C06CTBCIlHOH: qaCTOTOH KOAe6aHHM MOCTa, KaJKAhIH mar 6YACT Bee

60AbIIle paCKaQHBdTb MOCT. AMIlAHTYAa era KOAe6aHJ:u1: MOJKeT BbI

pacrn HdCTOAhKO. srro MOCT 06BaAHTCH. 51BAeHHe, npa KOTOpOM Hd

TeAD nepaoaasccxa ACnCTByeT ne60AbIllaH CHJ\d, BbIHYJKAdIOIII,aH

TeAD KOAe6aTbCH co Bee 50AhIIIel1: H 60Abmeii dMII.l\HTYAOH, Hd3bIBd

eTCH pe30HaHCOM, OpH peaonance dMIIAHTYAd KOAe6aHHM rexa MO
JKCT crari, OqeHb 60AbIDOH.

B 3TOM onsrre Bbi paCCMOTpl1Te "HA)'l\"pOBaHHble (BblHY>KAeH
nue) KOAe6aHHH, T.e. pe30HdHC, H H3ytIIITe era 3dBHCHMOCTb OT

paCCTOHHH5I. BbI IIOHMeTe, KdKHMH AOAJKHbI 6bITb paaxepsr 3AdHHH

H I1X JKeCTKOCTb, qTOObI ycneurno corrpOTHBJUlTbCH pe30HdHCY, BbI

3BdHHOMY 3eMAeTpHceHIDIMH. BbI HccAeAyeTe reioxe, KaK IIpHAO

JKeHHaH K rexy CHAa Bllli5IeT aa aMII.rU1TYAY ero ABHJKeHH5I, eCllli CH~

Aa AeHcTByeT C C06CTBeHHOH 'tJaCTOTOH KOAe6aHHH rexa.

C xero Ha'laTb

L(eAb: npOAeMOHCTpHpOBaTh HBACHHe HHAyrJ,HPOBaHHbIX KOAe6a

HHH:.

MamepllUAlX
ABe 0AHHaKOBbIX, nycrsrx IIAaCTHKOBbIX 6YThL\KH 06'beMOM 1 A

llpou,egypa
I. B03bMI1Te 6yrblhKI1 B peansre PYKll 11 IlOAyHTe nosepx ropxsnu

xa OAHOM 113 HI1X. Y sac A0.i\JKeH rrOAytIHTbC5I IIOCT05IHHbIH 3BYK.

3anOMHHTe ero BbICOTY H rponxocrs.

2. OpOAOhJKaHTe Ayrb 11 IlOAHeCl1TerOpAhIIllKO ApyrOH 6yrLlhKI1 K
yxy, KaK llOKa3aHO na pac, 29.1. 06paTl1Te BHl1Malme na AlO6b1e
H3:MeHeHH5I BbICOTbI H rpoxsocrn 3BYKa, KOTOpblC npa 3TOM MO

ryr rrpOH30HTH.
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PRe. 29.1

Pe3y.AhlllQlllLl

Koraa BbI npoero rroAyAH HaA ropxsunxox nepnoa 6YJ'b!AKH, BbI ye

AbIlIIaAH 3ByK. KorAa BbI, rrpOAONKiUl AYTb, rrOAHeCAH BTOpyIO 6y
TbIAKY K yxy, BbI yCAbIlliaAli 3BYK TOU: JKe BbICOThI, lITO H OT nopsoa
6YTbIAKH, HO 60Aee rpoMKRii.

IIO~eMY?

nOCKOAhKY06e 6YJ'b!AKHcoaepnreaao 0AHHaKOBbIe, OHRHMeIOTOA'
HY H TY JKe co6cTBeHHYIO '1acTOTY KOAe6aHHii. Korna BbI AyeTe na
6)'TbI.lt.KY nosepx ee rOpADIllIKd. B03AYX BHYTPH nee Hd'lliHdeT KOJ\.e

6aThol. 3TH KOAe6amfJl rrepeaerorca B03AYXY, oxpyacasomesry rop-
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AhIIIIKO 6fTbIAKH, H AaAee AocrnralOT BTOPOH 6yrbIJlKH. B03AYX BO
BTOPOH: 6yrbIAKe TOJKe HaqHHaeT KOAe6aTbCSI. ECAll qJH3HKH HMelOT

AeAO C KaKHM-JlH60 peryMipHO IIPOHCXOA'!ll\IIM C06b1TlleM, OHII
rtoxssyrcrcs nOID!TMeM (flIaCTOTd». K TaKHM IIOBTOp5l1OIIJ,HMC5I C06hI

TlHIM OTHOC51TCSl, sranpanep. KOAe6aHIUI (KaqaHIDI IlAH ABIDKeHHSI

srrepez, H Ha3dAl. '-IacToTa - KOJIH'IeCTBO IIOBTOP"IOll\IIXC" C06bITIIH

(KOhe6aHIIH) sa ONlY ceKYHAY. Pe30HaHC - COCTOlIHlle TeAa, xorna
B HeM HaqHHaIDTCH H.AH YCIIJlliBaIOTCH KOAe6aHIUI Hd era C06CTBeH·

BOH qaCTOTe IIGA B.J\lUIHMeM BHeIIIHeH CRAbI, AeHCTByrorn;ei1: C TOM >Ke

caMoH xacroron. TaKHe KOAe6aHlliI Hd3bIBdIOTO) HHAYU;HpouaHHbI

MH. Pe30HaHC B03HHKaer rorxa, xoraa ABa rexa HMelOT OAHHdKoBbIe

co6CTBeHHhIe 'ldCTOThI, HAH co6cTBeHHd5I qaCTOTd oaaoro 'reAd HB

M!eTC5:I BehH'llHHOH, KpaTHOH co6CTBeHHOH -racrore APyroro TeAd.

BTOpa5I 6yrbIhKd3d3BYQaAd «casta no cefie», BhI ua nee He AYJ\H.. 31'0
rrpOH30llIAO IIOTOrvry, 'ITO KOAe6aHHH B03Ayxa, AomeAillRe AO nee,
IIMeJIH '1aCToTY, paBHyIO co6CTBeHHOH '1aCTOTe 3TOH 6yrbIJlKlI. flo

CKOI\bKY TeMII KOhe6aHIIH AMI 06ellX 6)'Tb11\OK COBlIdAaeT, IIpOIl30III
M YCIIJIHBalOll\dlI snrreptpepemtaa. 3To 3Ha'lHT, 'ITO HaAOJKeHHe
ABYX 3BYKOBblX BOAB: IIpHBeAO K B03HHKHOBeHHIO 3BYKOBOH BO,hHhI C

60l\bIIIeH aMIIJlHTYAOH (aMlL\HTYAa - cxenreaae TeM OT IIOhOJKe
HHB paBHOBeCHH). T.e. K nOHBAeHHIO 60Aee rposncoro 3BYKa. KOAe

6aHII1I B03Ayxa IIOPOJKAdIOT asyx, KOTOpblHMbI CAhIIIIIIM, KOrAd 3BY
KOBhIe BOMIbI AOCTHraIOT HaIIIHX yurea, MTaK, 3BYKOBbIe BOAHbI,

IIpHIIIeAIIIHe OT ABYX 6yrbll\OK BMeCTe, IIOPOAIIJIH 60hee rpOMKHH
3BYK. BblCOTa era IIpH 3TOM ocraaacs npexcaea,

HOBbie nOAXOAbl

KaK Blili5IeT na peaoaaac paccroaaae, na KOTOpOM HaxOAJITCSI KOAe6

AlOIIJ,eeC5I TeAO? nOBTOpMTe OIIbIT, liO ua 3TOT paa nonpocwre, QTo6bI

KTO-HII6YAbIIOAepJKaAOARY 6yrbIJlKY OKOhO csoero yxa, IIOKa BbI AY
ere na APyryJD. BHa'laAe BCTaHbTe aa paccrosnaa 1 M APyr OTAPyra,
3aTeM pa3o:fi.¥rrecb na 2 M. OOMeH.5I1ITeCh MecraMH. OYCTh aam IIO

MOll\HHK IIoAyeT Ha ropxsnmco OAHOH 6yn,IAKH, a BbI IIOAepJKIITe
APyryJD 6fTbIAKY B03Ae cnoero yxa H nocxyuranre, KaK OHa3BYQIlT.

nplllAYMai1Te aaui C06CTBeHHbli1 onsrr

lao 3eMAeTpHceHHe (CaAI:.HOe KOAe6aHHe 3eMHoH nosepxaocra
IIOA AeH:CTBHeM BH83dllHorD nepeMeru;eHH5I rAy6J1HHhIX CKaJU:r-
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HhIX noposj npHBOAIIT K B03HHKHOBeHlno pe30HaHCa B 3AaHH
llX. B OABHXAOMax pe30HaHC 60JlhIIIe, 'leM B ApyrHX. 51BAlleTCll
All npH'lHHOM 3THX pa3AH'mM paaxep 3AaHHM? npHAyMaMTe
cnocoe AAll AeMOHCTpal.\HH roro, KaK pasxep TeAa BAHlleT na

ero pe30HaHC. AMr. 3TOM l.\eAH MOJKHO B3llTb ABa 6)'MalKHblX
xoxsua Ii aa HX npHMepe noxaaers, 'ITO npa )'MeHbmeHHH AAH
HbI OKpyJKHOCTH KOJlhl.\a B03paCTaeT 'laCTOTa, na KOTOPOM OHO
HalJHHaeT CHJ\.hHO KOAe6aTbCSJ J.f peacaapoaars. Flpnroroas're
6)'MaJKHble xoxsua, OTpe3aB OT 6eAOM 6)'Marn nOAOCKH mapa
HOM upaxepao 1,2-1,3 CM. OABa nOAOCKa AOAJKHa HMeTb AAH
Hy 25 CM, a APyrall - 20 CM. CKAeHTe KOHl.\bI nOAOCOK TaK, 'lTO
6bI nOAY"HAHCb ABa KOJlhl.\a. B03bMHTe KyCOK KapTOHa pasxe
pOM 10 x 10 CM H npHKAeiITe 06a KOJlhl.\a npasrepno B ero ncrrr
pe na paccrosnaa 2,5 CM, KaK 1I0Ka3aHO aa pHC. 29.2. BCTpllX
HUTe xapronxy "3 CTOpOHhI B CTOPOHY. HaqHHTe C MaAOH: qac
TOTbI, MeMeHHO AB"ra.Sl KapTOH snepez, If Hd3(lA. nOCTerreHHO

nossunaare qaCTOTy «KapTOHOTp5ICeHHM)}, yBeAH'lJHBaH CKO

POCTb BamHX KOAe6aHliH. Ooparare BHHMaHHe aa TO, xoraa
naxnyr KOAe6aTbCll 6)'MaJKHble xoasna.

6. KaK 3dBHCHT peaoaanc OT )KeCTKOCTH MdTepUaAd? DOBTopHTe

lIpeAbJAYJl\HM OlIbIT, HClIOJlh30BaB JKecTKyro 6)'Mary AAll 113ro-

PHc.29.2
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TOBAeHM5:I KOAel\. Flpaxpernrre KOAbu;a H3 JKeCTKOH 6YMara aa
Kpa5I KapTOHa, KOTOpbIM BbI nO.1U>30BaAHCb B onsrre 1a. Teneps
Hd OAHOM xacre KdpTOHd Y BdC PSlAOM HdXOAllTClI KOAbl.\d pas

HbIX TIUIOB. nOTpHCHTe KapTOR H nOHa6AlOAdHTe sa KOAbl\aMI1

OAHHdKOBoro paasrepe. Barna 3aAaqa - onpenezorrs, OTAHQdfOT

CH AM HX 1.J.dCTOThI KOJ\.e6aHMH.
2a. Pe30HaHC MO>KHO BbI3BdTb, eCAlllIpllKAilAblBdTb He6oAblIlYJO CH

Ay C HY.)f(HOH qaCToToH. Bee 3HalOT, KaK MOJKHO pacxauarr, xaxe
All. npHAYMdHTe cnocoti, '1To6bI IIOKd3dTb cxezytontee: eCAll K

TeAY IIpllKAilAbIBdTb CRAy C HHTepBdAdMH, 6All3KHMH K C06CT

BeHHOM: tIdCTOTe aroro rena. dMIIAMTyAd era KOAe6aHHH 6YAeT

YBeAH1.J.liBdTbCSI. MOJKHO BOCIIOAb30BdTbCSI TeM cPaKTOM. xro qa

CTOTa MdSITHHKa 3aBHCHT OT era MllHbI, H CdMOCTOHTeAI:.HQ 113

rOTOBHTb HeCKOAbKO MdlITllHKOB (He MeHee rpex] C IIOMOlI\blO

CTPYH (HAll BepeBOK) Pd3HOH AAIIHbI. HdTBHHTe Me>KAY ABYMB

CTyAbBMll CTpYHY AAIIHOH 1 M H IIpHBlI)lCHTe ee K CTyAbBM. 3d

'reM B03bMHTe TpH llIail6011KH H rrpHB.JDKHTe HX K rpex CTpyHdM.

HMelOlI\llM paaasre AAIIHbI: 30 CM, 25 CM H 20 CM. CBo6oAHbIe

KOHUhI CTPYH C llIdH6aMI1 npHRSDKHTe Hd paCCTOHHHH 10 eM

APyr OT Apyrd K roPH30HTdAbllOH CTpYHe, narsnyroa Me>KAY

CryAhSlMH. C npaBHALHblMH HHTepBMaMH, Q'lJeHb MRI'KO, rrocT)'

KHBatITe no ropH30HTdhhHOH: CTpYHe B03he oznoro H3 CTYAheB.

Floautare secrory 6HeHHM. na xoropoa Hd'lJHeT KOAe6aTbCSI

0AHH KdKOll-HH6YAh Md.slTHHK. KaK TOAhKO DR Hal.lHeT KOAeBaTb

C.SI, npOAOAJKdiITe IlOCTYKHOdTb ITO crpyne c 3TOH qaCTOTOM Ii

AOJKft,l·lTeCb, noxa MaHTIUIK He cOBepLUIiT 20 KOAe6aHHM:. Hacro
Ty KOAe6aHHH MdHTHHKd MO)KHO orrpeAeAMTb, 3aMepHB BpeMH, B

reuenae xoroporo OR conepuraer 20 KOAe6aHHH, Hacrora BIJ

'1HCAlIeTClIlIO q,opMyAe:

F = (KOAll'leCTBo KOAe6dHHH)/BpeMB

Henpasrep, ecxa MdllTBHK coaepurax 20 KOAe6dllHH sa 10 ceo

KYHA, era qaCTOTd panna:

F = 20 KOAe6dHHH/10 ceKYHA = 2 KOAe6dHHH/C

6. HCCAeAyHTe, KdK ABHJKeHHe oaaoro Ma51THHKa MO)f{eT nOBAHHTb

Hd ABIUKeHHe APyroro MdSITHHKd, KaQaIDI.l.J,erOC5I C TOM JKe xac
TOTOH. npHB5UKHTe -rerseprsia MaHTHHK MHHO(r 30 C~{ K ropn
30HTaAbHOH cTpyHe M3 rrpeAhIAyr.u;ero onsrre Hd paCCTOHHHH

10 CM OT APyroro raxoro )ICe MdllTHHKd AAIIHOH 30 CM. DOTlIHH-



216 3ByK

re "3 ce611 0AIIH "3 30-CaHTHMeTpOBbiX MalITH"KOB " OTIlyCT"·

re. nOHa6JUOAai!.Te aa AB">KeH"lIMH 060HX MalITH"KOB.

B. 3aBHCKT MI ABHJKeHHe MdSITHHKOB OAHH8KOBOH MHHhI OT HX

B3dHMHOrO paCnOhO:>KeHIHI? nOBTOpHTe nepBOHallC1{\.bHbIH

onsrr ABa>KAbI, HO aa 3TOT pas B03bMIITe Tp" 0AIIHaKOBbiX MalIT

H"Ka AJIllHOi!. 30 CM. Bnaxaae np"BlI>KHTe MalITH"K" K ropason
TaAbHOi!. CTpYHe aa paccrosaaa 5 CM APyr OT APyra, a 3aTeM 

aa paccrosaaa 15 CM.

C60p <IIaKTOB

I. C06cTBeHHble KOAe6aHHlI Ha3b1BaIOTCli TaKJKe cBo60gHblMU KO

Ae6aHUJlMU. 'ITO TaKOe BblHY>KAeHHble KOAe6aHHlI?

2. 7 H01l6pll 1940 r. B CWA nOA Aei!.cTB"eM peaonaace pa3pymHA

ca MOCT Taxosra Happoys B UITaTe BaIIl"HITOH. KaK TIO MorAO

npo"30i!.T,,? Flonponyare OTBeTHTb na 3TH sonpocsr C nOMO

IIIblO "HqlOpMaI\H", Hai!.AeHHoi!. caMOCTOliTeAbHO B Y"e6H"Kax

no qm3"Ke.
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YrAOBble H3MepeHHSI:
pa3MepblBrpaAycax

Flpa npOBeAeHHH onbITOB no <pH3HKe npHXOAHTClI AeAaTb H3Mepe

HHH caxux pa3HbIX BeAHl.JHH. 06hItIHO Mhl J13MepSleM pa3MepbI o6'b
exra, paCnOAOJKHB era HenocpeACTBeHHO Hd H3MepHTeAhHOM HHCT

PYMeHTe (HAM BIJYTpH Hero), HAM JKe nOAHeClI H3MepHTeAbHblH HH

CTPYMeHT K 06beKTY. Ho HHorAa np"I\MeTbI, xoropue HyJKHO H3Me

prrrs, Ali60 CAHIlIKOM BeAHKH, JUI60 Chl1Il1KOM MaAbI, AH60 CAHlIIKOM

AaAeKO paCnOAOJKeHbI. I1x paaxepsi HeB03MOJKHO H3MepHTb nps
MbIMH MeTOAdMH. Paaxepsr TaKHX 06'beKTOB OrrpeAeMlIOTCH C IIOMO

UJ;bEO MeTOAd KOCBeHHhlX H3MepeHUll, OCHOBdHRoro Hd MdTeMdTH

qeCKHX pac-rerax.
B 3TOM onsrre RbI onpenexare CBH3h MeJKAY AHueHHbIM It: yr

AOBhIM pa3MepaMH rexa, l\.HHeHHbIH: paaxep xepaxrepaayer
cy6'beKTI'IBHYIO npOTHJKeHHOCTb rexa: TaK, KdK ono BbIfAHAHT C

onpeaexenaoro paCCTOHHH5I. YrAOBOM paasrep - BHAHMblH paa
Mep, H3McpeUHblH B paAHdHdX HAM rpaaycax. BbI rray-nrrecr, pac

CtIHThlBaTb AMHeHHhI:M paaaep rexa no ero yrwososry pasaepy c
IIOM0UJ;blO MeTOAa KOCBeHHbIX M3MepeUHli. BbI yanaere, KaK no

CTpOKTb HHcTpyMeHT [lOA Ha3BdHI1CM aCTpOA5I6~UIH KaK I1cnOAb

30BdTb ero M5I H3MepeHH5I yrxonoro peaxepa TCAa. H3MepHB

3TOT yrox, BbI CMOJKeTe Bhl'lHCAHTh HCTI1HI,lbIM AHHeHHhIH pa3

Mep TeAa.

C sero Ha'laTb

LJeu.: [JpOACMOIICTpUpOBdTL CB1I3b MeJKAY BHAHMblM H yrAOBbIM

pa3MepoM.

MamepuWlhl
CKOTtI

6YMaJKHalI AeHTa AAHIIOH 1 M

AHHeHKa
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JIOpRgOK geucDlBurl
I. C nOMOII1blO CKONa npaxpemrre 6}'Ma>KHyro AeHTYK creae aa

ypoane rxas, KaK nOKa3aHOna pRC. 30.1.
2. BCTaHbTe nepez, 3TOH AeHToH ne paccTOlIHRR 3 M.
3. 3aKpoiITe 0AHH rAa3 H BbITSlHHTe 60Jl..bIIIOH TIMen; PYKH nepez,

OTKpbITbIM fAd30M.

4. Flepestemaa ITaAelJ, K CTeHe Ii OT CTeHbI, HaH:Mrre raxoe IIOAOJKe

HRe, npn KOTOPOM 6}'Ma>KHalI AeHTa 6YAeT BClI saxpsrra BalliRM
naxsnex.

<. !J6' ~

If.! "'

!JM -------

PRc.30.1

Pe3YAblllCUIlbl
Ha nexoroposr paccrosnaa OT raaaa naxeu no nnrpane cpaenaerca
c paaxrepasor 6yMaJKHOH AeHThI aa CTeHe Ii aaxpoer ee.

JIOQeMy7
Cosepureaao OqeBHAHO. q"J'Q B peaJ\.bHOCTIf ITdAeQ ropasno yace, qeM

MCTpOBalI 6}'Ma>KHalI noxoca, KaJKYII1eeclI peseacrao RX paaxepoa
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06'bHCIDIeTOI TeM, \:ITO OHM HaXOA51TCH aa pa3HhIX paCCTOHHH.HX OT

rwaaa. Ilpa BIIOAHe OIIpeAeAeHHOM paCIIOAO)l(eHlHf IIaAhI1a H 6y
McVKHOH nOAOCKH OTHOCHTeAhHO rxaaa aacrynaer MOMeHT, KOfAa

HX BHAHMbIe paauepsr CTaHOBSlTCH 0AMHaKOBhIMH. BHAHMbU1: pes
xep TeAd 6YAeTMeHHTbCH B 3dBlfCHMOCTIf OT roro, C xaxoro fldCCTO

HHHH era paCCMaTpHBaTI•. B TOM noxosceuaa. KOfAa IIaAeU; sexpu
aaer 6yM~H)'lOAeHry, OHHxascyrcs OAHHaKOBoro paastepa IIOTO
MY, qTO HMelOT OAHHaKOBbill yrJloBoll paanep. OH IIpeACTaBJIlleT
C060ll BHAHMblll paaxep 'rexa, Bblp~eHHblllB rpaAycax HJIH PaAH
anex. ECJIH ABa IIpeAMeTa, aaxozonuaeca APyr nepez, ApyrOM aa 0A
HOR rrpHMOH, HMelOT OAHHaKOBbIH BHAHMbIH paasrep, TO Ii ax yrxo
Bble paavepsr COBIIaAalOT. B aanrex OIIblTe (pHC. 30.1) yrJlOBOll pas
xep 60JlhlIlOro IIaJIhI1apasea yrAOBOMy pa3Mepy 6yMa)l(HOll Aembl
H COCTaBJllleT yrOJl A (AO).

HOBbie nOAXOAbl

KaK 6YAeTMeHllTbCll BHAHMblll paaxep iIpeAMeTa B 3aBHCHMOCTH OT
'roro, na KdKOM paCCTOHHHH OR HdXOAHTCH QT TOlJ:KH Ha6AlOAeHHH?

nOBTOpHTe AellcTBHll 2 - 4 H3 OIIHcaHHoro OIIblTa. Baexaxe, YAep
>KHBall BbITllHyrbIll 60JlblIlOll IIaAeI1 rrepez, C060ll, CAeAaiiTe -rerrape
nrara BIIepeA. YBeAflqaTCll HJIH yMeHblIlaTcll peaxepsr 6yMa>KHOii
AeHTbI no cpannenaro C IIaAbu;eM? Bepmrrect, B HCXOAHOe noxoxce
Hue. nOBTopHTe DUbIT, CAeAdB xerupe mara Hd3dA.

npl1AyMaiiiTe BaW C06CTBeHHbliii onerr

1. KaK 3dBHCHT yrAoBoi1 paasrep rrpeAMeTd OT paCCTOHHHR AO

Ha6AlOAaTeJlll? npHAyMaiiTe crroco6 OI1eHKH yrxonoro paaxe
pa B 3dBI1CHMOCTH OT. paCCTOHHHH AD TOtIKI1 Ha6hlOAeHHH.

MO>KHO IIpeAJlO>KHTb CJleAYlQII\MH MeTOA. Flponearrre rrpllMYlO
JlHHHlO IIOCepeAIIHe xycxa 6eAoro KapTOHapaasrepoxr 30 x 30 CM.
B KOHI1e 3Toii JlHHHH IIpOAeJlaHTe B KapTOHe AbIPKY C IIOMO
II[blO AblpOKOJla. Orpexcsre TpM BepeBOqKH MMlloii 60 CMpaa
HbIX U;BeTDB. ChO)KHTe I1X BMeCTe H cortnrre nonoxasr. Flpo
AeHbTe corrryrsre KOHI1b1 MMHOll 2,5 CM qepe3 AblpKy B xap
TOHKe H aaxpemrre ne ooparnoa cropone KapToHKH (rAe BeT

AHHIUi). :V1:3 AHCTa qBeTHoH llAOTHOH 6yMarM BbIpe>KbTe rpa
IIOJlOCKH paaxepox 2,5 x 15 CM M IIpoBeAHTe IIPllMYlO JlHHMlO
-repea cepaaasry KaJKAOM: H3 HHX. Pa3MeCTIfTe uaernsre IIOhO-
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eKM Hd xycxe fiexoro KapTOHa nonepex npoaeaeaaoa aa HeM

AHHliH TaK. qTo6bI OHH pecnoxeraxacs na paccroaaaax 7,5, 15
H 22,S CM OTroro xpas, na KOTOpOM nposexane AbIpKa. HaTlI
HHTe ABe SepeBOtIKH 0AKHdKOBoro uaera, Hd30BeM IlX At Ii A2,

Hd KycKe xaprona TaKHM o6pa30M, QTo6bl DHII KaCdAHCb

nepxnero Ii HIDKHero yrxa IIOJ\.OCKH AI KaK 3TO nOKd3dHO Hd

pHC. 30.2. 3aKpenHTe BepeBOQKH aa xpasx KapTOHa H OT
peJKbTe AHIlIHHe KYCKH. BblcTYDaIOIl\He aa xpaa. nOBTopHTe
3TY nponeaypy Mll OCTaBIlIHXClI BepeBOQeK H" H2 H C" C2•
xoropsre AOAJKHbI xacarscs 6YMaJKHbIX nOAOCOK H H C COOT
BeTCTBeHHo. 0603HaQbTe yTAb!. o6pa30BaHHbIe BepeBOQKa
MH. AO, BO, C". C nOMOIl\bIO nOAyqeHHoft MOAeAH MOJKHO npo
AeMOHCTpHpOBaTb, KaK, B 3aBHCHMOCTH OTpaccroaaaa AO aa-

A,

15CM--------- - ... ----,
I
I

c;).

Puc. 30.2
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6AIOAdTeA.Sl, MeHHeTCH yraosoa pasnep 06'beKTOB 0AMHaKOBO

ro AHHeHHOrO paaxiepa.
2. KaK MOJKHO orrpeAeAHTb HCTHHHbIH paaxep 'rexa, 3Hd51 era

yrxoaoa pa3Mep? 3TO MO:>KHO CAeAaTh, nOAL3YSICb MeTOAOM

nOAo6HlI npastoyroz.smax TpeyroAhHHKoB (y nOAo6HhIX rrpa
xoyroxaaux TpeyroAbHHKOB Bce/;'AbI pasusr, a CTOpOHbI

IfMeIOT Pd3HYlO MIfHy). B TdKIfX rpeyroxsaaxax TdHreHChI
nOAo6HhIX yrxon pasma. Tenreac OCTpOro yrAa B npsxro
yroAhHoM rpeyroxi.naxc paseu OTllOllIeHHIO MHH AByx rrep
rrellAIfKYAlIPHhIX OTpe3KOB (KaTeToB), cocTaBAlIIOII\lfX npa
MOM yrox. a HMeHHO: MHHe nporaaoxcxcaurcro xarera. Ae
AeHHOH na ,A,.hHHY npHAe)l{a:ru;ero xarera, Hanpaxep, eCAH

rrpOAOA>KIfTh rUUOTefIY3Y (CTOPOfIY HarrpOTHB npaxoro yrxa)
U rrpUAe>KalI\yIo K yrAy A (PA) CTOpOHy TpeyroAhHIfKa CAB
na pHC. 30.3, MO>KHO otipaaoaarr, rpeyroxsnax EAD. ITo
CKOAbKY yrAbI B AByx TpeyroAhfIHKax paaara, CAB HEAD lIB
1I.:HIOTC5I nOAo6HbIMH IIpSIMoyrOAbHbIMH rpcyroxsuaxaraa: ra
KHM o6pa30M, TaHreHC 0AHoro rpeyroxr.naxa pasen ranren
cy APyroro rpeyroxsuaxe.

/!0>I rpeyroxsaaxa CAB: TaHreHCLA = BCIAB
/!0>I TPeyrOAhHHKa EAD: TaHreHC LA = DEIAD

OTHOllIeHHc TdHreHCQB yrxa A, HaHAeHHbIX H3 ABYX IIOA06HhIX

TpeyrOAbHHKOD, paBHO;

BCIAB = DEIAD

E:
'I

" I
" I

" I, I

C , ' I

" I, I

I
I
I
I
I
I
IA"-------!B'-- -- ------D

PUC. 30.3
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AenCTBHe ororo MeTOAa MO.IKHO npoAeMOHCTpI1pOndTb, paCCl.£I1

TaB nucory KaKOrO-AH60 06beKTd, uenpnr-rep. CTCHbI B KO~HaTe.

B03hMRTe 30-caHTHMeTpoByro AMHeiiKy H AepJKHTe ce aa paccroa
HHHBhITlIIIYT0i'i pyxa 01'AM[(a. 06031Ia<JhTe AJillHy AMHeiiKH \30 CM)
KaK paccroaaae Be (CM. puc. 30.4). 3aKpoihe 0AIIH TAa3 H nOCMOT
pare aa AMHeiiI<y B BhlT}(HYToii PYKe orxpsrrsn« rAa30M. IloAoifAH
1'8 K CTeHe 11M1, Hd06opOT. OTOHAHTe 01' tree H HdMAHTC rrOAO>KeHHe,

B KOTOpOM BHAUMd51 BhICOTd JU1HeHKH pasue BJifAHMOH BbICOTe C1'8

HbI. B 3TOM IIOAOJKeHHll 6YAeT Kd3dTbC51, q1'O AHueHKd IIOKpbIBaeT

paCCTOSlHHe 01' noaa AD nOTO.I\.Ka. Iloupocnrc KorO-Hu6YAb H3Me~

pan, pacc'roanne OT AHHeHKH AD saiuero rwase. 3anHllIHTe pesyxs
TaTKaK AJillHY OTpe3Ka AB (CM. pRC. 30.4). 3aTeM nonpocare aame
fa rrOMOll.\HHKa H3MepllTb paCCTOSIHHe QT (TeRbI AD sanrero rxaae,
3anHwHTe 3TO paCCTolIHHe KaK AJillHY OTpe3Ka AD (CM. pac. 30.4).
OCTOPO)KHO: usuepsuirae paccmoRHuR AB U AD, He KaCQRCb rAa

3Q. OTHOllIeHHe TdHreHCOB yrAd A, BbIQHCAeHHbIX "3 ABYX nOAo6
HbIX TpeyrOAhHHKOB, panno

BC/AB = DE/AD

TaKHM 06pd30M, HeJ\.HQHHY DE MOJKHO HaHTH no epopMyhe:

DE = [BC x AD)/ AB

Hanpanop, eCAM BC = 30 CM, AB = 50 CMHAD = 405 CM, TO

DE = (BC x AD)/ AB

IT

DE = (30 x 405 CM) /50 CM = 243 CM

E

c
cmetla

Pnc.30.4
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qacTo BhI,COTd IIOl'OAKOB B AOMax 6hIBaeT 240 eM, II03TOMY

fill60 BhI OllIH6Al:fCh Hd 3 eM npn H3MepeHIUIX, AI160 31'0 Heo6bIQ

HaJ! CTeHa. 4T06bI 0QeHI1Tb ro-nrocrs BaIIIHX BbPHICAeHHH, BbI

MOJKCTe M3MepHTb BbICOTY nOTOAKa H HaHTl-l HCTHHHbIH paaaep
CTeHbI. KpOMe Taro, B npasrepe MhI rrpnaexa pecner ~BbICOTbI.
rroAyqeHHoH B peayxsrere TOJ\bKO DAHOll IIOIIhITKH. OOBTopHTe

H3MepeHHH C 0AHoro H roro JKe paCCTO.flHH5I He MeRee lleThIpex

pas H ycpeAHHTe nOAyqeHHhle pe3YAhTaThI.
3. YrAoBoH paassep MOJl<HO onpeAeA51Th C noxoun.ro aCTpOAJl6HH.

ACTP0A516Hll npeAHa3Ha'leHa AAll H3MepeHHll yrxoasrx paccro
SlHHH (yrxosoe paccroauae ecri, BHAHMoe AHHeHnOe paccros
HHeMeJl<AY AB)"'!ll TO'lKaMH, BhlpaJl<eHHOe Brpaaycax llAH PilAH
aaax). AaAee MhI paccxaxcevr, KaK caxosry CAeAaTh aCTpoA516HlO
Af\5I H3MepeHHH yrxomax paCCT05IHHH H KdK C ee IIOMOII.J;bIO on
peAeAliTb HCTHHHbIH: paaxep KdKOrO-.Illi60 BbICOKOro 06'heKTa,

aanpanep, Aepeoa.
B03hMHTe nmypoK AAHHOH 30.CM, npoxensre ero KOHel1 B

ncrrrpexi.nyro AblpKy B OCHOBaHHH 'rpaacnoprapa H 3aBllllUl
're Y3eAOK. K APyroMy KOHI1Y nmypxa npHBllJKHTe IIlaH60'lKy.
K OCHOBdHHIO 'rpancnoprapa IIpHKpenHTe CKONeM C01\O

MH1IKY. OHa AOAJKHa pacnoxerarsca nepaxxexr.uo OCHOBd

BRIO. AKKYPdTHO HdAerUITe KyCOqKH IIAdCTbIpH aa TpaHcrrop

Tap, 'lITo6hI He aaxpsrrs AeAeHHH WKaAhI. Harnnuare na HMX

'lHCM OT 0 AO90 (CM. pHC. 30.5). BhlHAHTe aa yAHU,yH ncraas
Te na orrpeAeAeHHoM, aapaaee H3MepeHHoM paCCT05lHHH OT
BhlCOKoro AepeBa. TIyCTh 3TO paccroaane 6YAeT AB. Flortpo
crrre Koro-HH6YAb BaM noxo-rs: rrycrs Balli rrOM0Il..\HHK H:3Me

pHT BWCOry, tra KOTOpOi1: ndXOAHTC5I Balli rxas HaA ypoBHeM
3eMAH. 0603HallbTC 3TO paCCTOflHHe AD. 3aKpoHTe 0AHH

rxea II C rrOMOI1J;hIO APyroro rxaae aarxamrre B COAOMHHKy,

rrpliKperrAeHHyEO K TpaHcrropTHpy. HaHAHTe IIOAOJKeHHe, B

KOTOpOM BbI BHAHTe B COAOMliHKY BeplliHuy AcpeBd. Flonpo
CHT€ aaurero rrOMOI.I..J;HHKd 3aepHKcHpOBdTh yroA, na KOTOpbIH:

IIOKdJKeT nraypox, CBHCdIOllVfl'1 H3 AbIpKH na rpencnoprnpe.
3amlIIlHTe neAH'lHHy sroro yrwa. 3TO yrox A (LA). HaHAHTe
BhICOry y-racrxa AepeBa, 0603Ha'leHHoro BC na pHC. 30.5, no
<jJopMyAe:

TaHreHC LA = BCIAB
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"","---."#1 ....' , ...

Puc. 30.5

c

E

BC = TdHreHC LA x AB

nOCKOAhKY AD = BE, lIOAHil>I BbiCOTd AepeBd peaaa BC + AD.
(3HdqeHHe raarenca L.A MOlKHO Hdihll B lIpllAOJKeHlIH I.)

C60p cl>aKTOB

Bo BpeMlI COAHeQHoro 3amMeHUR (xoropoe lIpOllCXOAHT, xoraa

Ayna B csoex ABlIJKeHlIlI lIO op611Te OKd3b1BdeTClI MeJKAY 3eM

AeH 11 COAHI\eM 11 lIOAHOCTblO aexpuseer OT HdC COAHI\e) yrxo

asre AlIdMeTpbl Aynbl 11 COAHI\d CTdHOBHTCH pauma. Bo BpeMlI

KOAbqeo6pa3Horo 3amMeHUR Ayae HdXOAHTCR MeJKAY AyHOH 11

8 D. BatlK..1HB
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COAuu;eM H saxpsmeer nosrra aecr, AHCK COAHlI,a, aa HCKAIQl.Ie

HHeM He6oAblliOrO KOAbU;d no era 'KpaIO. HaHAHTe CdMOCTOR·

TeAbHQ AaHHbl€ 06 lfCTMHHhIX H BliAHMbIX AHdMeTpax COAHu;a H

AYHbI. BCAeAcTBHe xero rrpoacxozorr H3MeHeHlUI BHAHMOro AHa~

MeTpa J\yHbI?
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TpHrOHOMeTpW·leCKHe <j>yHKLtHH

Ta6nHqa TaHreHCOB

yron KOCHHyC TaHreHC yran KOCHHyC TaHreHC

0" 1,0000 0,0000 45" 0,7071 1,0000
I" 0,9998 0,0175 46" 0,6947 1,0355
2" 0,9994 0,0349 47" 0,6820 1,0724
3" 0,9986 0,0524 48" 0,6691 1,1106
4" 0,9976 0,0699 49" 0,6561 1,1504
5" 0,9962 0,0865 50" 0,6428 1,1918
6" 0,9945 0,1051 51" 0,6293 1,2349
7" 0,9925 0,1228 52" 0,6157 1,2799
8" 0,9903 0,1405 53" 0,6018 1,3270
9" 0,9877 0,1584 54" 0,5878 1,3764
1O" 0,9848 0,1763 55" 0,5736 1,4281
II" 0,9816 0,1944 56" 0,5592 1,4826
12" 0,9781 0,2126 57" 0,5592 1,5399
13" 0,9744 0,2309 58" 0,5299 1,6003
W 0,9703 0,2493 59" 0,5150 1,6643
15" 0,9659 0,2679 6O" 0,5000 1,7321

I

16" 0,9613 0,2867 61" 0,4848 1,8040
17" 0,9563 0,3057 62" 0,4695 1,8807
18" 0,9511 0,3249 63" 0,4540 1,9626
19" 0,9455 0,3443 64" 0,4384 2,0503
2O" 0,9397 0,3640 65" 0,4226 2,1445
21" 0,9336 0,3839 66" 0,4067 2,2460
22" 0,9272 0,4040 67" 0,3907 2,3559
23" 0,9205 0,4245 68" 0,3746 2,4751
24" 0,9135 0,4452 69" 0,3584 2,6051
25" 0,9063 0,4663 7O" 0,3420 2,7475
26" 0,8988 0,4877 71" 0,3256 2,9042
27" 0,8910 0,5095 72" 0,3090 3,0777
28" 0,8829 0,5317 73" 0,2924 3,2709
29" 0,8746 0,5543 74" 0,2756 3,4874
3O" 0,8660 0,5774 75" 0,2588 3,7321
31" 0,8572 0,6009 76" 0,2419 4,0108
32" 0,8480 0,6249 77" 0,2250 4,3315
33" 0,8387 0,6494 78" 0,2079 4,7046
34" 0,8290 0,6745 79° 0,1908 5,1446
35" 0,8192 0,7002 8O" 0,1736 5,6713
36" 0,8090 0,7265 81" 0,1564 6,3138
37" 0,7986 0,7536 82" 0,1392 7,1154
38" 0,7880 0,7813 83" 0,1219 8,1443
39" 0,7771 0,8098 84" 0.1045 9,5144
4O" 0,7660 0,8391 85" 0,0872 1,4301
41" 0,7547 0,8693 86" 0,0698 14,3007
42" 0,7431 0,9004 87" 0,0523 19,0811
43" 0,7314 0,9325 88" 0,0349 28,6363
44" 0,7193 0,9657 89" 0,0175 57,2900
45" 0,7071 1,0000 9O" 0,0000 "'
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OTHOCIo1TeAbHaSl oW1016Ka:

npoueHTHaSi nOrpeWHOCTb

I(eu.: paCCQHTaTb OTHOCJITeAhH)'lO OIIlll6KY ll3MepeHllH sxcnepa
MeHTdAbIlhlX BeJ\HQHH.

MamepuaAJ,{
KaAhKYNlTOP

ITOpRgOK geucmBull
1. HaiiAHTe cpeasee HeCKOAbKllX ll3MepeHllH. Hanpaxep. cpea

nee 3HaqeHHe yrAd, noxyxennoe 3KcrrepHMeHTa..tU>HhIM rryTeM

no pe3YAhTaTdM HeCKOAhKHX H3MepeHHH, nplfBeAeHHhIX B Tafi

AHl.\e A2.!, paBHO

cpeznee = (28" + 3D' + 31' + 29' + 3D') + 5 = 29,6'

Ta6nMlla A2.1 Pe3ynbTaTbi M3MepeHMii yrna

~3MepeHMe Yron••

1 28
2 30

3 31

4 29
5 30

2. OTHOCllTeAhHYIO OIIlll6KY ll3MepeHllH (Ha3hIBaeMylO TaK:>Ke

rrpouerrraoa norpenmocrsro) MO;>KHO OrrpeAeAaTb C noxoursro
cAeA)'lOlI.\ero ypannenaa. nYCTh TOQHOe 3HaQeHHe yrAa paano
29,S'. OTHOCllTeAhHaK OIIlll6Ka axcnepareerrraasnoro onpeae
AeHJUJ sroro yraa pasna

E, = Eo+A x 100%,

rAe E, - OTHOCMTeAhHa51 OIIIH6Ka, Ea - a6COAIOTHdH OIllH6Kd

(paanocrs Me:>KAY TOQHblM 3HaqeHMeM yrxa Hera axcnepaxea-
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2. Corrnrre xaprox BAOJ\.b 3THX AHHHH Ii 3dKpeIIHTe era xpaa c no
xoun.ro CKONa. Y Hac nOAyqHTcSI qnuypa B BHAe «nraxanraxe»
(CM. pRC. A3.2).

PHc.A3.2

3. TIpRKpenHTe JUmenKy CKOT'leM nocepeznae 60KoBon CTeHKH
(CIIIaAallHIKa»r nepaxxexsno ee MHHHOH cropoae.

4. OTOpBHTe ropAOBRHY y B03AyuIHoro nrapaxa. OHa BaM He no
HaA06RTCJI. HIVKHIOIO qaCTb urapaxa HaTJlHHTe aa pacrpyo BO
pOHKH.

5. HaAeilTe B CTaKaH BOAb! npasrepao na 0ARY xeraeprs.
6. A06aBbTe B BOAY 20 xertexs mnneaoro KpaCRTeAJI xpacnoro

unera, Paasreurairre JKHAKOCTb.

7. DOMeCTHTe OARH KOHeq Tpy6KR OT aKBapHYMa B CTaKaH C nOA
xpamomron BOAOH. BTHmBd51 B ce671 B03AYX H3 Tpy6KH. KdK H3

COAOMHHKH IIpH IIHTbe COKd, HanOAHHTe ee BOAOH rrpasrepao Hd

45 CM. 3aTKHHTe rpyoay, qT06bl B BOAe paCCOCaAHCb nY3b1pbKR
B03Ayxa.

8. 3aKpenRTe na xaproae BOKPYT AHHenKH npasrepao nOAoBRHY
Bcen Tpy6KR B BRAe 6yxBbI U, KaK nOKa3aHO na pRC. A3.3. 06
parare BHHMdHHe Hd TO, KaKYIO qaCTb Tpy6KH 6YACT 3dHHMdTb

IIOAKpaIIIeHHaJI BOAd.

9. CB060AHbln KOHeLI Tpy6KR BCTaBbTe B HRJKHIOIO qaCTb BO
pOHKH. 3aAeruITe utean IlAdCTHl\.HHOM. BbI H3fOTOBHAH MdHO

MeTp.
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10. /::>,MI Toro 'lTo6b1 HaHTHAaBAeH"e CI10M0II1blO 3TOro MaHOMeTpa,
nosrecrare 3aTliHyTyIO mapaxox BOpOHKy B 30HY "3MepeH"1I
AaBAeH"lI. DOA'beM CTOA6"Ka BOAblB OTKPblTOH '!aCT" U-06pa3
HOH TPy6K" 6YAeT yxaausers aa POCT AaBAeHlllI.

nr.acmUAUH

PHc.A3.3



axnep (AI EAllHHQa H3MepeHHlI 3AeKTp"'IeCKOrO TOKa B CHCTeMe
CH.

asmepaerp YCTpOHCTBO AA5I. H3MepeHH" CHAbI 3AeKTp""ecKoro TO
xa B U;eUH.

aMnl1HTYAa HaH60AbllIee cxemeaae rexa OT rrOAOJKeHHH pannoae
cas,

aHaAH3aTOp Floxapaaarop, npHMeHlIeMbIH AA5I. onpezexeaas noxa-
pH3aQHH CBeTa.

aHOA nOAO:>KHTeJ\.LHhIH IIOAJOC.

acrpoAlIoHli HHCTPYMeHT AA5I. H3MepeHHll yrxcesrx paCCTOllHHH.
aTMoc<!Jepa OAellAO H3 ra30B, oxyrsrearomee He6eCHoe TeAO - ec-

TeCTBeHHblii 06'beKT aa He6e, narrpaxep, nxanery.
aTMoecjJepHoe AaBAeHHe CHAa AaBAeHllll B03Ayxa na eAllHHQY no

BepXHOCTI1, B03HHKaIO~aJIB peayxsrare CTOAKHOBeHHH MOACKyh

resa B aTMocepepe 3eMAH C3TOii nosepxnocrsro.
aTOMbi CTpOHTeAbHble C<KHPUHQI1KH)) semecraa.
6aTapeli Yc'rpoitcrao AA5I. nOAY'IeHHlI 3AeKTpWlecKoro TOKa CnOMO

I11blO XHMHqeCKHX peaxuaa.
6e3pa3AHQHOe paBHOBeCHe COCTOSIHHe rexa, npn KOTOpOM AellCT

ByJOI.IJ;M:H: na Hero orrpOKHAhIBdlOI.I.J;HH MQMeHT He H3MeHSleT ssrco
T)' ero QeHTPaTlIJI<eCTll.

aexropsr Xepexrepaayrcr BeAllQHHbI, AeHCTByroll1He B onpeaexea
HOM nenpaaxeaaa: 06bNHO QTMeqaIOTC.H crpexxasm.

aepraxaxsaaa nOASlpH3aU;HR 00 OTHQllJeHHIO K csery: CBeTOBaH

BOARd, 3l1.eKTpHtIeCKOe IIOAe KOTOpOH KOAe6AeTCSI B BepTHKaAh~

HOM HanpaBAeHHH.

Bee Mepa CHAb! rpaatrrauaa: aa 3eMAe paaaa BeAllqHHe CHAbI npa
TlIJI<eHllll rexa K '1eHTPY3eMAll.

BeU\eeTBO Cy6CTaHQHll, H3 xoropoa COCTOllT epH3llqeCKOe rexo: ace,
tITO 3dHMMaeT onpezexeanoe npocrpaacrao H 06AaAaeT MaCCOM:.

BHAHMldii paasrep Cy6'beKTIlBHbIH pasxep npezcsera: orracsraaer
TO, KaK 3TOT npeAMeT BbIfMlAHT C HeKOTopOfO onpezexexaoro
paCCTOllHHlI.

BHAHMblH CBeT T.{acTb cnexrpa :)AeKTpOMafHHTHoro H3AY'IeHHH, BH

AllMBll rAa30M; epopMa AyqHCTOH aaepraa.
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BorHyrall MCKpHBJleHHilHBHyrpb nOBepXHOCTb, nOAo6HilH TapeAKe.
B03AYX Ha3BaHHe CMeCH ra30B B 3eMHOHaTMOC<jJepe.
OOJ\Ha PHTMHQeCKOe ABHJKeHHe semecraa HJ\H npOCTPaHCTBa, ne

peAalOl.l\ee aneprmo H3 oanoro MeCTa B APyroe.
OOJ\LTMeTp OpH60p, HCnOJ\b3yeMblH MJI H3MepeHHlI HdnplIJKeHHlI.
BOJ\LT EAHHHl\d H3MepeHHlI pa3HOCTH nOTeHl\HdJ\OB B CHCTeMe CM;

uoreauaao.aaa snepras na eAHHHl\Y sapaae.
BOCCTdHaBJ\HOdlOl.l\ee YCHJ\He 00 OTIIOIlleHHIO x MiJjITIIHXY: yCH

!\He, XOTOpoeYMeHbilldeT yro» cxentenaa MiJjiTHHKd, aoaapentas
era K COCTOHHHIO paBHOBeCHH.

Opal.l\aTeJ\LHdlI (yrJ\oBalll CKOpOCTL CXOPOCTb noaopora TeJ\d BO
XpyrOCH.

Opal.l\dlOl.l\Hil MOMeHT OpOH3BeAeHHe CHJ\bllld MJlHY nepnenaaxy
J\lIpa, npoaeneanoro OT OCH speineuaa AOA>lHHH AeHCTBHlI CHJ\bl.

opdl.l\eHHe Kpyroooe ABHJKeHHe TeJ\a aoxpyr OCH.
OLIBOA Pe31OMe, COAepJKal.l\ee pe3YJ\bTdTbl orurra, H ymepJKAeHHe,

noxaauearoutee, KaK pe3YAhTdTbI COOTHOCSlTCSIc ero IJ;eAblO.

BblKAIO'IaTeAh YCTpOHCTBO, paaxuxatoutee H 3aMhIKdlOII..\ee 3AeKT~

pftqecxyro nerrs,
OLlHYJKAeHHall KOHOeKI\HlI CTHMY!\lIl\HlI nepeaoca TellJ\a H3 OAHO-

ro MeCTa B APyroe npa HcnOJ\b30BdHHHaaeunrero YCTPOHCTOd.
oLlnYKJ\dlI OOBepXHOCTb, HCKpHBJleHHdlI HapyJKY.
BblnYKJ\OCTL Mepa XpHBH3Hbl BblrayTOH HdpYJKYnOBepXHOCTH.
BblCOTa 3ByKa XapaKTepHCTHKd qaCTOThI 3B}'Kd.

BLlTdJ\XHBalOl.l\dlI CHJ\a Henpesxeaaaa BeprnXdJ\bHO nsepx CHJ\d,
AeHCTByrol.l\dH co CTOpoHhI JKHAKOCTH Hd rroxeurernroe B nee TeAO.

ranoreaa AOrdAKd 0 pemenua HCCJ\eAyeMoH npo6J\eMbl, OCHOBdH
HaH na 3HaHHH II nOHCKe, rrpoBeAeHHoM BaMH nepes, HaqaAOM BbI

nOAHeHHH 3MB'lH.

ranoreaysa CTOpoHa B npliMoyrOJ\bHOM TPeyrOJ\bHHXe, npOTHBO
nOJ\OJKHali rrpasrosry yrJ\Y.

UdBHdll OCL AKHHlI, npoxoasutaa xepea nesrrp !\HH3bl nepneasa
KYJ\lIpHOK ee nOBepXHOCTH.

roPH30HTdJ\LHdll nOJ\lIpH3al\HlI 00 ornorueaaro x CBCTy: KOJ\e6a
HRS! cseroaoa BOAHM B rOpH30HTaAhHOM HanpaBAeHHH.

rpaaurauaonnas nOTeHl\HdJ\LHdll saepraa nOTeHl\HdJ\bllall aaep
mH rexa, nOAHSITOrO HaA aescropsea YCAOBlIbIM yponaex, rAe era

rrorennaaxsuaa aaepner npamoraerca paauon HYJ\IO.
rpaBHTal\HOHHOe noae 06J\dcTb npocrpencraa, B KOTOpoil Hd TeJ\d

AeHCTBYeT CHJ\d npHTllJKeHHlI.
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rpaBHTal4HlI CHJla nplITlI)I{eHHlI, AeiicTBYJOll\dlI MeJKAY BCeMH rexa

MH 80 BCeAeHHOH.

-AaBAeUHe BeAM'lHHa YAeAbHOii CHAbI, AeiicTBYIOll\eii aa eAHHHlIY

lIAOll\dAH·
ABOHKOBblnYKAaJl AHH3a AHH3a, BhlllyxAd5I C 06eHX CTOpoH; Hq3bI

BaeTCSI TaKJKe ABOSIKOCo6HpaIDliWH hHH30M.

AeiicTBHTeJl.LHOe H306pa)l{eHHe 11306pa)l{eHHe, C03AaHHOe AMH

30ii, xoropoe MO)I{HO cnpoexrapoaart, aa 3KpaH.

AJKOyJl.L {AlK1 EAHHIU\a pa60TbI H aaepraa B CHCTeMe CI1.

AHHaMHtJecKoe 3AeKTpHtJeCTBO 3AeKTpWIeCTBO, D03HHKdIOUJ;ee aa
cxer A!llf)l{eHHlI 3J1.eKTpH'leCKHX 3apllAOB.

AHCK ClIAOIllHOii lIHAMHAP.

AHljIljIpHlI,OepeMell\eHHe B )I{!fAKOCTH HJIH rase sa C'l€T MOJl.eKY

JI.lIPHblX A!llf)l{eHHii.

AH3J1.eKTpHK Bemscrao C MdJl.oii'KOHlIeHTpdl\Heii CBo60AHblX 3J1.eK

TpOHOB; nxoxoa 3J1.eKTpH'leCKHii npOBOAHHK; COl. H30J\.llT0I'.

AAHHa BOAHId PaCCT05urne MeJKAY COafBeTCTByrou.r;HMH TOqKdMH

(aenpaxep, rpe6WlMH) A!lYX nOCJl.eAOBaTeAbHbIX BOAM.

eerecreeaaas KOHBeKI\HlI OepeMell\eHHlI B TeKY"eii cpeae BCJl.eA

CTBHe pa3HOCTH TeMnepaTYP.

3aKAIO'IeHJ{e KpaTKHH. 0630p pe3YhbTdTOB onsrroa H BhIBOA 0 TOM,

HaCKOAhKO 31'H pe3YAhTaTbl COOTBeTCTByroT nOCTdBAeHHbl14 35Aa

'laM (COl. 5MBOA).

3aKOH OMa <lJOPMYJI.d, CB1l3LIBalOll\dlI MeJKAY co6oii aIlnpl[)l{eHHe,

caxyroaa .. conpcraaxenae B BRAe ypanaenaa V = I x R, 'ITO 03

Ha'lileT: nanpsxceaae (B BOAbTax) paBHO npOH3BeAeHHlO TOKa (B

asmepax] aa COIlpOTHBJl.eH\le (B or-tax].

3aKOH IIaCKaJUI 3aKOH, B KOTOpaM yTBepJKAaeTCll, 'lTO AaBJl.eHHe rra

1I0BepXHOCTh HeC}f{I.{MaeMOH JKHAKOCTH B cOCYAe, npOl.f3BOAHMoe

BHellIHHMH CHAdMH, nepeaaerca JKHAKOCTbEO 0AWHaKOBO 80 acex
HdnpaBAeHRSlX KO scexr yqacTKaM :nOH JKH,6,KOCTH.

3aKOH coxpaneaas MexaHHlleCKOH 3HeprHH 3aBHCHMOCTb MeJK

AY nOTeHIJ;HdAhHOH: 3HeprHeti H KHHeTHQeCKOH aaeprnea, H3

KOTOpOH CAeAyeT, qTO nOAHaH MeXaU1P:leCKaR aaepraa rexa
paaua CYMMe ero nOTeHI..\HaAhHOH 3HeprHH H KHHeTHl.JeCKOH

saepraa.
3aMKHYTall14enL HenpepblBHdll 3J1.eKTpH'leCKdlIlIenb.

3apSlA CBOIdCTBO BHyrpHdTOMHhlX qaCTIuJ; rrpHT5IfHBaTb lW1 O'ITaA

KHBaTL APyr Apyra !IJI.H 'laCTHlIbl'APyroro semecrae: Hd3b1BaeTCll

TaKJKe 3AeKTpH"IeCKHH 3apHA.
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3apH:>KeHHhIH 0 TeAe: TaKOe COCTOHHHe, rrpa KOTOpOM B HeM coaep
>KIITCli 6oJ\hllle aapsnos OAHoro BHAa, "eM APyroro.

3B)'K MeXaHll'IeCKOe KOAe6aHHe. pecnpocrpaustotueeca B cpeze.
3BYKOBhIe BOAHLI BOAHhI, B03HHKdlOIIJ;He B pesyxsrare KOAe6aHHH

KaKoro-JlH60 TeAd.

3eMAeTplICeHHe CHJ\hHOe KDAe6aHHe 3eMJIH nOA AeHCTBHeM BHe

aarraoro rrepexeuieaas rAy6HHHhIX CKdJ\hHhIX nepos,
H3Ay"eHHe TenAOBoe Ilponecc, C nOMOIl\blO xoroporo ropasne Te

Ad TeplilOT TellAO B BHAe HH<jJpaKpacHoro H3AyqeHHlI.

H306pa>KeHHe 06pa3 TeAa, C03AaBaeMhIH JlHH30H HMI 3epKaAOM.

H30JUlTOP f1AOXOH npOBOAHHK renxa HMI 3AeKTpH'leCTBa; BeIl\eCTBO

C HH3KOH KOHl\eMTpdl\HeH CBo60AHhIX 3AeKTpOHOB; CM. AH3AeKT

pHK H renAOH30J\lITOp.

HMOyALe BeAHtIHHa, onHCbIBalOm;IDI KOAHQeCTBO ABlUKeHHH TeAa.

HHAY~HpOBaHH_KOAe6aHHlI CM. pe30HaHC.

HHep~HOHHWiiMalITHHK I1HcTpYMeHT, KOTOPhIH onpeaexaer Mac

ey rexe, HCnOAb3YSI csoacrsa rrepHOAHQeCKOrO ABHJKeHIDI MdHT

HHKa.

HHep~HlI CTpeMJI.eHHe rexa COXpaHlITb cocroaaae nOKOlI HAM npa
MOAHHeHHOro paBHoMepHoro ABlUKeHHff B crcyrcraxe BHeWHHX

CHA.

HHep~HlI BpaIl\eHHlI CBOHCTBO TeAa cOnpOTHBJI.lITbCli AI06WM H3Me

HeHHlIM upamareasncro ABH>KeHHlI.

HHTeP<l>epeH~HlIHaAO>KeHHe OAHOH BOJI.HhIna APytyIO.

HH$paKpaCHoe H3l1.y"eHHe 3AeKTpoMarHHTHoe H3AyqeHHe C

MHHdMH BOAH, AeJKa1l.(HMH B o6AacTH cnexrpa aa KpaCHhIM CBe

, TOM BHAHMOrO AlIana30Ha; Ha3bIBaeTCH TaKJKe TenAOBLlM K3AY-

IJeHHeM.

KaAH6p CTaHAapTHhIH AHaMeTp [aenpaxep, TOJl.Il\HHa npOBOAQKH).

KaTOA OTpHl.\aTeJ\hHhIH noMOC.

KRaHT CryCTOK 3HeprHH C onpeAeAeHHOH "aCTOTOH H3AyqeHHlI.

KHHeTH"ecKali saepras IKEl 3Heprnll, KOTOpOH o6A1lAaeT rexo
6A1lrOAaplI CBOeMY ABH}I(eHHIO.

KOAe6aHHe Kaaanae HJI.HABH>KeHHe anepez, H Ha3d)\,.

KOAHQeCTBO TeIlAOThl eM. TenJ\OTa.

KOHBeKTHBHdSl SllJeHKa Ileraeoopesnaa rpaexropas ABHJKeHHH

KQHBeKTHBHoro nOTOKa.

KOHBeKTUBHbIH nOTOK Ilpouecc rrOA'beMOB H OrryCKaHHH yqaCTKOB

JKHAKOCTH HAH rese aa CtIeT pa3HHD;bI MeJKAY HX IIAOmOCThIO H

llJI.OTHOCTbIO OKPYJKalOIl\eH cpeAhI.
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KOHBeKI\H>I Ilpouecc nepenoca renxa B peayxsrere A!lIDKeHllil
JKHAKOCTH I1AH rasa,

KOHAYKTHBHiUI 3apllAKa Ilpouecc 3apllAKH HeiiTpdAbHoro rexa ny
TeM rrpHKOCHoneHHH K HeMY 3ap5lJKeHHOrO rexa.

KOCHHyC (cos] /vJI yrxe: OTHOlIleHHe MHHbl npaaararourea CTOpO
HbI K fHIIOTeHY3e.

K031j11j1HI\HeHT TpeHH>I nOKO>l Oraourexae CllAbl TpeHHlI noxon
MeJKAY ABYMlI conpHKaCalOI1\HMIjClI nOBepXHOCTlIMH K CHAe,
YAepJKHBalOI1\eii HX BMeCTe.

K034KPH~HeHT TpeHH$I CI<OAh)KeHHB Ornourenae CHhhI TpeHHH

CKOJ\.bJKeHHH MeJKAY conpHXdCdIOUJ;HMHCH nOBepXHOCTHMH K CH

xe, YAepJKHBdlOI1\eii 3TH nOBepXHOCTH BMeCTe.
KyJl.OH (KAI EAHHHl\d KOJl.H'IeCTBd 3J1.eKTpHQeCKoro 3dPllAa B CHCTe

Me CI1; sapae, Hd 6,25 x 1018 3J1.eKTpoHax.

AHH3a Texo H3 np03paQHOrO MdT€pHaAd C HCKplfllJl.eHHOii noeepx
HOCThIO, npeJ\.oM.MlIOI.IJ;ee CBeT.

AHTp (JI.).EAHHHl\d o6",eMd B cHcTeMe CI1.

Ao6oBoe conporaaxeaae TOPM0351I.qdH caxa, AeikTByrorn;aH Hd re
.hD, ABHJKym;eec5I B TeKyqeH cpeae, TaKoH KdK BOAa HAIl B03AYX.

A~HCTaji 3HeprHH 3HeprHH, nepeHOCHMd51 BOAHdMH B IIpOCTpdH

(TBe.

MarHeTH3M 5IBAeHW5I, CB.SI3dHHbIe C AetiCTBHeM- MdrHHTHoro nOM.

MarHHT Beurecrno C MdfHIITHbIMH CBofkTBdMH; rrpHT.SIfHBaeT )KeAe

30 H APyrHe xerxo HaMarHHqHBaeMbIe aeuiecraa.
MarHHTfloro nOAR CHAa CHAa, B03HHKalOl..QaSl BCAeACTBHe ABHJKe

mUI 3AeKTpHQeCKHX 3apHAOB B BeI1J,eCTBe.

MarHHTHoe noxe 06J1.aCTb BOKpyr MarHHTa, B xoropoa 06HapYJKH
aarorca era MarHHTHhIe CBOHCTBa.

MamHTHLIe noajoca OQAdCTH MarnHTd, rAe Hanp.sIJKeHHOCTb Mdr

HHTHoro nOM! MdKCMMaAhHd.

MarHHTHLle CHAOBhle ABHUR Bootipazcaesrure AHHHH, xapaxrepaay
IOlI.J;He MdrHHTHOe rroxe: YKd3bIBaEOT BeAHlIuHY H nanpaaxenae
nOM£.

MaKpOCKODU'IeCKHH AOCTaTOQHO 60AbiliOti; MOJKHO YBHAeTb HeBO-

opyJKeHHhIM rAa30M.

MaHOMeTpI1HcTPYMelIT A.I\lIH3MepeHllil AaBJI.eHHlI B TeKyqux cpezax.
Macea KOAHtIeCTBO semccraa B TeAe; Mepa HHepIQfH.

MaTeMaTHQeCKHH MaHTHHK MaHTHMK, npeACTaBMIIOI1J,MH C060H 1'8-

Jl.O (OTBec), xoropoe YAepJKUBdeTCli HHTblO npenetipeacaxo Md
Ami MacchI, npHKpeIlAeHHOH: K OCM spauteaaa.
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MaliTHUK YCTpOHCTBO, KOTOpOe COCTOUT H3 rpyaa, noaaenrennoro K
OCU spenreaaa, OTHOCHTeAhHO KOTOPOH OH cosepnraer KOAe6a
TeAbHble ABHJKeHHH; eM, MaTeMaTlrlecKHii MaSlTHHK.

MeTp 1M) EAuHHqa paccroaana B CHCTeMe CM.
MexaHH"eCKali YCToil"UBOCTh Mepa YCTOH"HBOCTU TeAa conporaa

AllThCll OrrpOKHAhlBaHHIO; COCTOllHUe YCTO""HBOro pasaosecas.
MexaHu"eCKali 3HeprUli (EM} 3HeprHll ABH)KeHHll reaa AH60

3HeprM5.[ era COCTOHHIHI, H3 xcroporo TeAO MO}KeT HatIaTb ABH

}l(eHHe.

MHKpOCKOnH1JeCKHH Oxem, Md1\.eHbKHH; OTHQCllTCH K npeAMery,

KOTOphiH MOJKHQ YBHAeTb TOAbKO B MHKpOCKOII,

MOIOU\He CpeACTBaIToBepXHOCTHO-aKTHBHbIe A06aBKH.
HaKAOHHaH nAOCKOCTh ITAOCKiliI IIOBepXHOCTb, paCnOAOJKeHH(il[

noz, yrAOM.
HaMarHHtIHBaTb C006ru;dTb TeAy MamHTHbIe CBoHeTBd.

HanpSIJKeHHe Pa3HOCTb IIOTeHIJ;HaAOB, asxepennea B BOALTax.

HanpSI1KeHHOCTb MarHHTHOrO ROMI eM. MarHHTHoro nOASI CHAa.

HaTlI)KeHHe PdCTlIrHBdlOU\ee YClIJIHe.
HdY"Hdll MeTOAOAOrHlI Crroco6 pemeana HayqHoil rrpo6AeMhI rry

TeM rrponenenaa noacxa, rroCTaHoBKH qeAH, <fl0PMYAHPOBdHIUl
rarroreasr, 3KcnepHMeHTaAhHOH nposepxa rHnOTe3bI H Cy-MMHpO

BaHHR noxysennsrx pe3YAbTaTOB B OKOHQareAbHQM BbIBOAe.

He6eCHhle rexa ECTeCTBeHHhle 06'beKTbl Ha He6e, nenpasrep, rrxa
HeThI.

HefITpaAhHLlH HMelOUJ;HH paanoe KOAWIeCTBD IIOAOJKHTeAbHblX H

orpanarexsmax 3apllAOB, r.e. He 06AdAdIOU\Hil3dPllAOM aoofnue.
HenOABpH30BaHHbIH CBeT CBeToBbIe BOAHbI C 3AeKTpWleCKHMH rro

NIMH, qbH KOAe6aHHH rrpOHCXOAHT B pa3J\HliHhlX HarrpaBAeHHHX.

aenpoapesnsra OTHOCllU\HHCll K BeU\eCTBY, xepes KOTOpoe He IIpO
XOAHTCBeT.

aeypaeaoaeurenasre CUAhI CHAbI, OAHOBpeMeHHo AeHCTBytOU\He
na TeAO, peayxsrnpyromaa CHAd KOTOphlXHe paaae HYJUO.

HUTh aaxaxa TOHKdllIlPOBOhO'iHall CIIUPdAh BJIYTpH hdMllhI.
HhlOTOH (H) EAuHuqa CUAhI B CUCTeMe CM.

06py" IToAhlil qllJlHHAP.
06'beMHdll "'urypa Tpexxepaaa reoxerpasecxaa <flHrypa.
OAHOpOAHhlH HeH3MeHHhlH; OAHHaKOBhlH 1I0BClOAY.
OM EAHHHqa 3AeKTpll'leCKoro COllpOTUBAeHHll B CHCTeMe CI1.
OnTH'IeCKH-aKTHBHoe Bentecrao, noaopexasaiomee IIAOCKOCTb 00-

NlpH3a:U;HH CBeTOBbIX BOAH, rrpOXOA5!I.I..(HX sepes Hero.
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onsrr Flpouecc nposepxa rnnoressc nepsoosepeaaax Tpe60BaHH
eM lIBA>1eTCli 6e30naCHoe nposeaeaae onsrra.

OCI> Bo06palKaeMalIIlliHHlI, rrpoxoaauraa xepea uearp TeAa, soxpyr
xoropoa OHO apamaerca,

OCI> Bpall.\eHHJI Hexoropaa <!>HKCHpOBaHHali TO'lKa B npocrpaacrse,
OTHOCHTeJ\bHO xoropoa npOHCXOAHT apameaae rexa.

OTBecB MalITHRKe:rpys, npHKpellAeHHhlil K aepeaxe HI\H npoBOAOKe.
OTKAOHeUUe 113MeHeHHe HanpaBAeHHH.

orpesceaae OTCKOK.

OTTilAKHBaTI>CJI OT6paCbIBaTh APyr APyra.
naAalOlI(HH CBeT CBeT, HanpdBAeHHbIH aa nOBepXHOCTb aemecr

aa,
napiL\AeAI>HaJll.\enl> 3AeKTpH'IeCKBlilIenh, B xoropoa 3AeKTpH'IeC

KIII1: TOK MO}l(eT npOXOAJITb no HeCKOAbKHM rryrax.
nepHOA ITI Bpesss, sa xoropoe KOAe6hlOll.\eeCli TeAOcosepmaer 0A

HO KOAe6aHHe.

nepHOAlI'feCKOe ABHlKeHHe AsHlKeHHe TeAa, nOAo6Hoe KOAe6a
HHlO, noeropsnomeecs BhlO60il paBHbIH npoMelKyroK BpeMeHH.

naaaars, ObiTh cxerxa norpYlKeHHbIM AR60 AelKaTh aa UOBepXHOC
TH JKHAKOCTH.

llAOCKBJlclIHrypa Feosserpnsecxas <!>Hrypa, see TO'lKH KOTOpOH Ae
)KaT B OAHOH IlAOCKOCTH.

nAOTHOCTh KOAH'lecTBo MaCChi rexa na eAHHH4Y o6beMa.
no lIJa3e COBnaAeHHe no OTHOllleHHIO K rronepe-nnaa BOAHaM: rop6

OAHOM BOAHhI pacnpocrpenaerca CHHXpOHHO C rop60M APyroM
BOJ\HbI.

nOBepXHOCTHo-aKTHBHaJi Ao6aBKa Bemecrno (aanpaxep, MOIO
utee CpeACTBo), KOTOpoe UpH Ao6aBAeHHH B lKHAKOCTh )'MeHhllla
er ee nOBepXHOCTHOe HdTIDKeHHe.

noaepxnocrnoe HaTJI}J(eHHe CI..\eIIheHHe MOAeKyA B nAOCROCTH no

BepXHOCTH lKHAKOCTH, C03AaIOll.\ee rra HeM ynpyryro naeaxy.
nonCK Ilpouecc c60pa HH<!>0PMaIlHH no H3yqaeMoH TeMe.
nOAlOca :JAeKTpH'IecKoH 6aTapeH TO'lKH, B KOTOPbIX K 6aTapee

nOAKAlO'IalOTCli BHelllHHe :JAeKTpH'leCKHeycrpoacrsa.
noaspaaarop Bell.\eCTBO, nponycxaiontee CBeTOBhle BOAHhI, :JAeKT

pH'IeCKHe noxa B KOTOPhlX KOAe6hlOTCli TOAbKO B OAROM nanpen
AeHIUL

nOAlIpH3al.\HJI no OTHOllleHHIO K CBeTY: xapexrepaayer aenpaa
AeHHe 3AeKTpHQeCKorO 110M B 3AeKTpOMarHHTHOH CBeTOSO"

BOARe.
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nOMlpH3aqHH nponecc Pa3AeAeHlle nOAOJKIITeJlbHhIX II 0TPHI1a
TeAbHhIX sapaaon B Be1.l1eCTBe; npa 3TOM CYMMapHhIH aapae, pa
BeHHyAlO.

nOJUlpU30BaHHItIH CBeT CBeTOBble BOAHbl, 3AeKTpU':IeCKHe noxa B

KOTOPhIX KOAe6AlOTCli B OAHOM HanpaBAeHIIH lfAl{ B OAHOH DAOC
KOeTH; Ha3b1BaeTCH TdKJKe IlAOCKOlIOMlPll30BaHHbIM CBeTOM.

nOARpHOCTb no OTHOlIIeHHIO K Mammy: tranpaaxeuae paCnOAOJKe

HUH MarHHTHbIX nOAlOCOB.

nonepesasre BOAHhI BOAHhI, B KOTOphIX KOAe6aHHlI nepneHAHKY
MlpHbI aanpaaxeaaro pacnpocrpaaeaaa BO.I\H;CBeTOBhle BOARM If

BOAHhl Hd BOAe.

nOCAeAOBdTeAbHdlIqenb 3AeKTPlI'IeCKdlIqelIb, xoropaa COAepJKlIT
TOAbKO OAMH IIyTh, no KOTOPOMY MOJKeT Teqb 3AeKTpH'leCKHH TOK.

nOCTOHHHblH TOK 3AeKTpH'IeCKHH TOK, TeKYlllHH B 0AHOM aanpaa
heHRH.

nocrynereasaoe ABHlKeHHe ABHJKeHlle, npa KOTOpOM neirrp MdCC
rexa nepesreruaercs rrpHMOJ\.HHeHHO H3 OAHOH TD'IKH npocrpaa
CTBa B APyryto.

norenuaaasaaa 3HepI'H1I (n3) 3Hep1'H1I, aenaceaaas TeAOM 6AdrO

AapH era UOJ\OJKeHHIO B npocrpeacrse H.hli yCAOBHRM, B KOTOphIX

OHO HaxOAHTCH.

npeAeAbHaSi CKOpOCTh CKOpOCTb, KOTOpoH: AOCTHraeT TeAO, KorAd

xoooaoe COrrpOTHBAeHHe era AJUiJKeHHIO H3-3d cOrrpOTHBAeHHH

B03Ayxa CTdHOBHTCfl paBHbIM era aecy,
npexosrxeaae 113MeHeHlle HdnpdBAeH"" pacnpocrpaaeaaa BOAHhI

npa ee nepexoze H3 OAHOH cpeAhI B APyryto; IIO OTHomeHHIO K CBe
Ty. OTKAOHeHlle CBeTOBOro JIY'lKa Bcropoay na rpanane ABYX cpes,

npaxanaaae CHAd IIpllTlIJKeHIIlI MelKAY pa3HblMII MOAeKYAaMII,
nparasceuae Caxa, TOAKaJ01.l1dl1 TeAa APyr K APyry.
npOBOAUMOCTL eM. 3AeKTpH'IeCKaH npOBOAHMOCTb HAll renxonpo

BOAHOCTb.
npoBoAHHK Be1.l1eCTBO, xoropoe xopouro IIpOBOAHTTeDAO HAll 3Ae

KTpll',eCTBO; Be1.l1eCTBO C BhICOKOH KOHqeHTPdqlleH CBo6oAHhIX
3AeKTpOHOB; CM. 3AeKTpH'IeCKHii npoBOAHHK; CM. npoBoAHHKH
renxa.

npoBoAHHKH TenAa Be1.l1eCTBd C BhICOKOH KOHQeHTPaqHeHCBOOOA
HhIX 3AeKTpOHOB, xopomo nepezznoutae TeIL\O; Ha3bIBaEOTC,SI TaK

lKe npOBOAHHKaMH.
npOAOALHhle BOAHbl BOhHbI, B TOM QHCJ\e 3BYKoBbIe, HMelOm;He 06

AdCTH C}KaTHH H paspezceaaa.
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np03pa'lHOCT& ClIOCOOHOCTh BeIl\eCTBa nporrycxars CKB03& ceoSl

AY'U'CBeTa.

rrpocroe rapMOHH'IeCKOe ABH",eHHe [TlfAI KOAeoaHlfli MaTeMaTIf

secxoro MalITHHKa, npa KOTOP&IX BOCCTaHaBAHBalOIl\ee,YCHAHe
lIPOllOPI1HOHaAbHO YTAy CMeIl\eHHSI MallTHHKa,

npOCTpaHCTBO OOAdCTh, AHWeHHalI cpeAbi.
npocrste MexaHH3M&1 OCHOBHhle ycrpoacrsa AAlI OOl\eI"!eHml pa

GOTbI, TaKHe KdK HaKAOHHbIe IIAOCKDCTH.

npOTOHbInOAOJKHTeI\bHO 3apll>KeHHbIe'IaCTIfI1hIBHYTPIf SlAPa aTOMa.
paeora Pe3Yl\bTaT lIplfAOJKeHHJI CHI\bI K rexy, BbI3BaBweH ero ABH

JKeHMe; paSHO rrpOH3BeAeHIUO CIL\hI, rrpHAOJKeHHOH K rexy, aa
paCCTOHHHe, npoiiAeHHoe TeAOM B nanpesxeaaa AeH:"CTBHH CHAb!,

paBHOBeCHe CHA OAHOBpeMeHHoe AeHCTBHe aa TeAO HeCKOI\bKIfX

cax, rrpn KOTOpOM pe3YI\bTHpYlOIl\aSl ClfAa paaae rryxro,
pa3HOCTh nOTeHl\HaJlOB Pa3HIUl;a B 3AeKTpHtIeCKOH IIOTeHIJ;HaAh

HOH 3Heprnlf MeJKAYABYMlI TO'IKaMIf; 1f3MepSleTCli B BOI\bTaX; na
3bIBae-rC.SI TalOKe HanpBJKeltHeM.

pa30MKIlYTali nens 3AeKTpH'IeCKali uern. Cpeapsrsox, liD KOTOpOH
He MO'KeT Teqb 3AeKTpHQeCKHH TOK.

paapescenae no OTHoweHHIO K 3BYKOB&IM BOADaM: OOMCTh, rAe
MOAeKyhbI seiuecraa paCIIOAOJKeHbl MeHee TeCHD.

pacceaaae OTKAoHeHHe HAH paCXOJKAeHlfe rrysxa 3AeKTPoMarHHT
noro H3AyqeHHSI npa ero lIpOXOJKAeHHIfqepe3 BeIl\eCTBO.

pacnnrpeane VI3MeHeHHe peaxepoa TeAd UpH era aarpenaaaa, tITO

lIpHBOAHT K ysel\H'leHHIO OO'beMa.
pesoaaac COCTO.sIHHe reaa, KorAd B HeM HatIHHaIOTC5I HAH yCHAllBa

IQTC5I KOAe6aHHH Hd era C06CTBeHHOH q~CTOTe lIOA BAHSIHHeM

BRemHeR CHAbI, AeHCTByrom;ei1: C TOR JKe caMoR qaCTOTOH; TaKHe

KOAe6aHHH Ha3bIBaJOTCH .TalOKe HHAYl.\upOBaHHhIMH.

pe3YA&THpYIOIl\all CHAa CIfAd, xoropas HMeeT TaKoH JKe 3q,q,eKT,

KaK CYMMa ABYXHAH OOAee CHI\,AeHCTBYIOIl\HX 0AHOBpeMeHHO na
TeAO.

CB060AHoe naAeHHe ABlf)l(eHHe reM B nplfCYTCTBHH AHW&OAHOH CIf
I\bI - CHl\bl lIpHTSlJKeHHlI. Flpo rexa, xoropsre naaaror aa 3eMl\lO,
rosopsr, tITO OHH HaxOAHTCR B COCTORHHH CBOOOAHOro IICiAeHHH.

cBo6oAIl&le 3AeKTpOHbI 31\eKTPOHhl B aexoropsrx rsepasrx sente
CTBax, lIpeHMYI!1eCTBeHHO MeTaI\MX; HcnbIThIBalOT paaaoe rrpa
TlIJKeHlfe co CTOpOHbI OKpY)I(alOIl\IfX aTOMOB H 1I03TOMY «He npa
B1I3allbI» K orrpeeexeaaoxy xecry H MOryT CBOOOAHO rrepeasa
raTbC.SI B Be1I.\eCTBe.
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CenepHbJU: MarHHTHbIH nOAJOC no OTHOIlleHHIO K 3eMAe: MecTO

B6hH311 IO)KHoro IIOAIOca 3eMI\.H, KYAa YXd3b1BaeT IO}KHhIH KOHeu;

CTpeARI1 KOMnaca.

Ce8epHLn~ "OAlOe CaMaSl CeBepHa5I TO't.{Kd 3eMAH.

cxcarne no OTHOlUeHMlO K 3BYKOBbIM BCAHaM: 06AdCTh, rAe MOAeKy

AId cnpeccoaauu 60llee TeCHQ.

eli MeJKAyHapoAHall MeTplI'leCKall CHCTeMa H3MepenHlI q,H3HQeC-
KHX BeJillqHH,

CHAaAaSAenHe (TOAQOK HAlf Ha)f{arne), npHAO)f{enHOe K rexy,
CHMMeTpH'fHIdH VIMelOllJ,IU1: ABe 0AHHaKOBble IIOAOBHHKI1.

CKaT HaKJ\OHHaSl IIAOCKOC'tb.

CKOpOCTb Onacsmaer 6blCTpory nepexeuteaaa H nanpaaxeaae
ABHJKeHH.H TeAa.

CKOpOCTb npJlMOAHHeHHoro ABH)KeHHJI CKOPOCTb rexa, ysacrsyio
utero B rrOCT)'IIaTehbHOM ABIDKeHl:Uf.

CMel.l\eHHe CABHr B cropoay,
cMerqeHHSI yroA YrOA DTKAoneHHH MdSlTHHKa DT IIOAOJKeHHH paSHO-

BeC:IoH{.

COAeHOHA BHTOK npOBOAOKH, tlepe3 KOroPbIH MOJKeT nporexars TOK.

coxnesnaa saepran 3AeKTPOMarHHTHoe H3AyqeHMe OT COAHIJ;a.

conpOTHBAeHHe BeAHqHHa rrpoTHBOAeHCTBIHI rroroxy 3AeKTpHQeC-

KHX 3apHAoB B npOBOAHHKe.

cpeaa Bell.1,eCTBO, B KOTOpOM rrpOHCxOAHT KdK0i1-AM60 Q:>H3HlleCKHH

npouecc.
CTaTH"IeCKUe 3apSIAbI COBOKynHOCTh nOKOSlIJJ;MXCH 3AeKTpWIeCKHX

;3apllAOB na rexe,
CTaTH"IeCKHH pa3PJIA nOTep51 crarrrsecxoro 3apHAd.

CTaTH"IeCKOe paeaonecae COCTOHHHe rexe, HdXOAHI.U;erOCH B no
xoe, 6e3 ABHJKeHH:H.

CTaTHlJeCKOe :lAeKTpU'IeCTBO 3¢¢eKT IIO.R:BAeHH5I CTdTUqeCKHX se
PllAOB.

cyMMapHaJl CHAa CYMMa scex CHA, 0AHoBpeMenno AeHCTByrol.l\HX
aa TeAO.

cynepn03HI\HJI HaAOJKenHe APyr na APyra, aenpaxep, naAOJKenHe
BOAR.

CXOAHMOCTb KOHBepreHLJ;H5I; HCKpHBAeHHe Ayqeft CBeTa BblnyKAOH

AllH30H rro HarrpdBAeHHIO K rAdBHO:H: oca hHH3hl.

euenxeaae CHAa rrpHTlI)KenHlI MeJKAY rrOAo6nbIMH MOlleKYAaMH.
TeKy'IaJI cpeaa raa HAlf )KHA!'0CTh, 06AaAalOI.l\He TeKyqeCThIOH xer

KO MeHHEoUJ;He CBOIO <pOpMy noz, BHelliHHM AaBAeHHeM.
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rewrreparypa XapaKTepHCTHKa reM, xoropaa IIOKd3hIBaeT, aa
CKOAbKO oao ropsuee HlLH XOAOAHde; onpeAeJ'UIeTCH cpeAHeJi KH

HeTl1tIeCKOH 3HeprHeH qaCTHI.r;, 113 KOTOpbIX COCTOHT rexo,
resmeparypasm rpaaaerrr 113MeHeHHeTeMneparypLl B 3p.BHCHMO

CTH OT paCCTOSlHHSI BHYTPH nemecraa.
TenAOBaSi npOBoAHMOCTL CrrOC06HOCTh rrepeHOCHTb TeIIAO B npo

uecce croAKHoBeHHii 'IaCTHQ.06AaAalOIQHX 60ALIIIoii KHHeTH'IeC
KOH aaepraen, C coceAHHMH QaCTH4aMH, tIMI KHHeTHQeCKd5I

suepras MeHbme; Ha3.hIBaeTCS[ TaKJKe TenAOnp0l30AHOCTblO.

TenAOBall sneprns, HAH BHYTpeHHlIlI3Heprnll CYMMapHalI KHHeTH
secxaa If IIOTeHlJ,HaJ\...hHdH anepras scex 'tIacTHIJ; reAd. ysacrsyro
IQHX B cAY'IaiiHLlX ABH>KeHHlIX.

TenAoBoe paBHOBeCHe COCTOllHHe CHCTeMLI, npa KOTOpOM npouec
CLI norepa H nOAY'IeHHJI renaa ypaBHOBeIlIeHLI.

TenAOH30AJlTOPLl BeIQeCTBa C HH3KOii KOHQeHTpaQHeii CBo60AHLIX
3AeKTpOHOB. nAOXOnpoaoasume TenAO.

TenAoo6MeH nepeAa'Ia TenAOBOii 3HeprHH OTonaoro rexa K APyro

My HAHOTOi\Horo Y'IaCTKa rexa K APyrOMy BCAeACTBHe cymecrsy
IOlQeii Me>KAY HHMH pa3HHQLI TeMnepaTYP.

TeCTep I1HcTPYMeHT, KOTOpLlii cnocooea 3aMeHHTL cpaay HeCKOAL
KO npnfiopoa, B TOM'IHCAe aMnepMeTp H BOALTMeTp.

TOK Cx. :).i\eKTpHqeCKHH TOK.

TopMoiKeHHe YMeHbIlIeHHe CKOpOCTlI aa eAHHHQY BpeMeHH; Ha3L1
BaeTCH raxsce OTpHu;aTe..hhHblM ycxopeaaex,

rpeaae 06IQee Ha3BaHHe CHA, xoropste npen>lTCTBYIOT ABHJKe
HHIO conpaxacarouraxca noaepxaocrea APyr OTHOCHTeAbHO

APyra.
TpeHHe nOKOH CHAa, KOTOPYlO Heo6xoAllMO npHAoJKHTh K TeAy.

'!TOGhI OHO IIpHlllAO B ABHJKeHHe.

TpeHHe CKOALiKeHHH CHAa TpeHHH Me>KAY TeAaMH, CKOAL3J1IQHMH
APyr OTHOCHTe,\bHO APyra.

TpeHHlI MeTOA Cnoco6 C006IQeHHlI 3AeKTpH'IeCKoro 3apJIAa TeAy
MeTOAOM <jJH3H'IeCKOrO KOHTaKTa (TpeHHJI) CApyrnM TeAOM.

rpeTHH :JaKOB HblOTOHa 3aKOH ABHJKeHHH, Ha3bIBaeMbIH 3aKoHOM

AeHCTBHH H npOTJ.mOAeHCTBH.H; QTHOCHTCH K CHJ\aM, C KOTOpbIMH

ABa rexa AeiicTBYIOT APyr aa APyra.
yrAOBOe paCCTOJlHHe BHAHMOe""HeiiHoe paCCTOJlHHe Me>KAY ABY

MHTO'IKaMH. BLlpaJKeHHOe B rpaaycax HAH PdAHaHax.
YrAOBoii paasrep BHAHMLlii paasrep npeAMeTa. BLlpaJKeHHLlii B rpa

AYCax HAH paaaenax.
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yrox nilAeHH<' B npHMeHeHHH K caery: yrox MeJKAYITyqKOM CBeTa,

IIaAdlOW;I1M rra llOBepXHOCTb, II nepnenznxyxaposr K :nOH IlO

BepXHOCTH.

yrox 001\.HOH rroxspasauaa YrOA ITdAelUUI CBeTd, npa KOTOpOM
CBeT, OTpaJKeHHhIM OT HeMeTaMHqeCKOH nOBepXHOCTIf, CTaHO

BliTCH IlOAHOCThlO nOMlpH30BaHHblM.

YAeAbHag TenAOllpOBOAHOCTb KOJ\lll.J:eCTBeHHd51 Mepa cnocoonoc
TH semccraa nepeaaaars TeIIJ\.O.

YAeA.bHaH3J\eKTponpOBOAHOCTb KOJ\H'IeCTBeHHall xepa CITOC06HO

CTH BeW;eCTBd rrpOBOAHTh 3AeKTpHl.J:eCKHH TOR (eM. axexrponpo

BOAHOCTb).

ynpyroe pacceaaae OpOI1eCC, npa KOTOpOM <jJOTOHhI CTahK»BaIOT
CH c QaCTI1IJ,dMI1 Ii OTCKdKHBdIOT OT HHX.

YCIIJ\HBaroU\aH UHTep<!>epeHIJ;UH Haxoxcenae AMYX HAll 60Aee BOhH,

HaxOAHrn;HXC5I B rpaae, B peayxsrare xero IIOHBMleTC.fI BOARa c

60Abweft aMITJ\HryAOH.

ycxopenne 113MeHeHHe CKOpOCTU aa eAHHUI1Y BpeMeHU.

vcxopenae cBo6oAHoro naAeHIfil nOCTOHHHoe ycxopeaae, HCIIhI
rsrseessoe TeAOM IIpH CBo60AHOM ABIVKeHHH B6AH3H nOBepXHQC

. TIl3eMJ\H, pasnoe 9,8 M/c2,

yCToH'IHBoe paaaosecne noOTHomeHlUO K rexy, HaxOAHUJ;€MYCH B

COCTOHHIUi rrOKOH: ecxa OHO IIOCAe He6oAbillOrO HaKAOHa B03Bpa

ntaercs B caoe nepaonexexsnoe nOAO)KeHHe; aaasraaercsr TaKJKe
MeXaHJf'leCKoir ycrOH'IHBOCTblO.

QJOKyc Tovsa, B KOTOPOM CXOAHTCSI hyqH CBeTa nocxe rrpOXOJKAeHIUI

Qepe3 BhInYKJ\yro J\HH3Y.
<\lOKycHoe paccroauae AM J\HH3bI;paccromrae OTAHH3bIAO<jJOKyca.

c1JOTOH Crycrox aaepraa: KBaHT 3Aeli-TpOMarHWfHoro H3AyqCHHH;
HMeeT CBOMCTBa xacrmna Ii BOAHhI.

IJ;eJ\b YTBeplKAemfe, BblpaJKalOU\ee CYTb npo6J\eMhI HAll BOITpOCa,
aa KOTOpbIH BbI mnere OTBeT.

uenrp Mace TOt.IKd reaa, B KOTOpOH C MaTeMaTUtIeCKOH TOt.IKH ape
HI1S1 COCPeA0TOt.IeHa BC5I xacca rexa. To >Ke caxoe, 'liTO H nerrrp
n[)KeCTH, eCAH rexo HaxoAHTCH B 0AHOPOAROM noxe TIDKecTH, 'ra

KOM, KaK aoxpyr 3eMhH.

uenrp nDKeCTH TOqKd TeAa, B KOTOPOft C MdTeMaTIPIeCKOH: TO'lKH

apenaa cocpenoroxen ero nee.

qaCTOTa KO.Mp-leCTBO KOAe6aHHH aa 0ARY ceKYHAY.
3AeKTpHQeCKaB npoBoAHMOCTL Flponecc ABIIJKeHHH 3AeKTpHqeC~

KHX 3apSlAoB xepea Be:rn;eCTBO.
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3AeKTpHIIJeCKaR uens COBOKynHOCTb npOBOAIU1KOB, no KOTOpbIM

'reliCT 3AeKTpHQeCKHH TOK.

3AeKTpH'IeCKa.H 3HeprUR 3Hepm5l, CBH3aHHaH C 3AeKTpHQeCTBOM.

3AeKTpH'IeCKHH 3ap>IA CM. 3ap>IA.

3AeKTpH'IeCKHH HMnyAbc Ilepeaoc 3AeKTpWleCKoii 3HeprHH OT 0A

aoro cBo6oAHoro 3AeKTpoHd K APYToMY sa C'IeT CHJ\hI OTTaAKHBd

HHlI MeJKAY OTpHl1dTeAbHO 3dp"JKeHHbIMH 3AeKTpoHdMH.

3AeKTpH'IeCKHii npoBoAHHK BeII.\eCTBO C BbiCOKOii asexrporrpoaon-
HaCThED; Bem;eCTBO C BbICOKOR KOHu;elITpa:U;HeR CBo60AHbIX 3AeK

TpOHOB, nanpaerep, MeTaAA.

3AeKTpH'IeCKHii TOK ITOTOK 3AeKTpWleCKHX 3dPllAOB xepes npo

BOAHHK; Mepd KOAW,eCTBd 3AeKTpWleCKHX 3dPlIAOB, rrpcrexato

IIJ;HX lID uena.
3AeKTpUIIJeCKOrO B3aHMOAeHCTBH.H CHAa CHAd, B03HHKdlOm;aSl

MeJKAY ABYM" 3dp"JKeHHbIMH TeAdMH.

3AeKTp....ecxoe noxe CBoiiCTBO npocrpaacrsa BOKPYT 3dp"JKeHHO

ro rexa OKd3bIBdTb B03AeHCTBHe aa APyrHe 3apHJKeHHbIe TeAd.

3AeKTpH'IecTBo ~BAeHHe, B03HHKdlOII.\ee 6AaroAdpli CYII.\eCTBOBa

HHIO HerrOABHJKHbIX liJ\.H ABHJKyuJ;HXCH 3AeKTpnQeCKHX 3apHAOB.

3AeKTpOMameTH3M B3dHMOCBH3b MeJKAY MdrHHTHbIM nOAeM H 3Ae

KTpHQeCKHM TOKOM.

3AeKTpOMarHHT YCTpoikTBO, B KOTOpOM HCnOAh3yeTc.sI 3AeKTpHQe

CKHll TOK AAlI q,0PMHPOBdHHlI KOHl1eHTpHPOBdHHOro MdrHHTHoro

nOM; COCTOHT H3 COAeHOMAd C CepAe'lHHKOM 113 setnecraa C Mar

HHTHbIMH CBOH:CTBdMH, rrsnpaetep, .JKeAe3a.

3AeKTpOMarHHTHoro H3AyqeHH~ cneKTp AHana30H AAHH BOAR

3AeKTpOMarHIITHOrO H3AyqeHHH,

3AeKTpOMarHHTHoe H3AyqeHHe 3HepnUI: nepeaocaxas 3AeKTPO~

MarHHTHbIMH BOAHaMH, .

3AeKTpOMarHHTHbIe BOAHLI Flonepexasre BOAHbI, ABMJKY~HeCH

co CKOpOCTblO CBeTa 11 COCT051IlJ;l1e H3 6b1CTpO QepeAYlOIIJ;HXCH

3AeKTpHQeCKHX II MarHHTHbIX nOAeH, HanpaBAeHHbIX nOA npa
MbIMH yrAaMH APYT K APYry H K HarrpdBAeHHIO HX pacnpocrpa

HeHM».

3AeKTpoHbl OrpHl1dTeAbHO 3dp5lJKeHHbIe 'ldCTHl1bI BOKPYT lIAPd

aTOMa.

3AeKTponpOBoAHOCTb Mepa cnocoonocra neutecraa rrpOBOAHTb

3AeK'q)Jf'leCKHH TOK,

3AeKTpOCTaTH'leCKa51 HHAYKl1H5I ITpol1ecc rrOAllpH3al1HH HeiiT

paasnoro aeurccraa (pa3AeAeHHH nOAOJKHTeAhHLIX H orpana-
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TehbHhlX 3ap>IAOB) BCheACTBHe Hax0A"I!1erOClI rr06hH30CTH saps
)KeHHOro rexa.

saepraa CrrOC06HOCTb K coscpureamo pa60Thl.
saepraa aparnarexsaoro ABHlKeHHlI KIolHeTWleCKa>I saepras, KO

ropoa o6AaAaeT TeAO BCheACTBHe BpaI!1eHHlI.
3HeprHSI uocrynarexsaoro ABH.>KeHHSl KHHeTHQeCKaH 3HeprHSI Te

Ad, xoropoe yvacrsyer B noc'rynarexsaov ABIDKeHHH.

IO)I{HbUf: MarHHTHbllf nOAIOC Do OTHOIlIeHHIO K 3eI\IAe: MeCTO, KYAa
YKa3bIBaeT cesepnsni KORell, CTpe.hKH KOMrraca.

IOJKHLlH nOJUOC CaMillI IOJKHdSI TOtIKa 3eMAH.

lIAPO !..1eHTpaAbHa>I qaCTb aTOMa.
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