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Aoporne apy3ba!

B atom yuebHOM rogy HauyMmHaeTCsa Balle MyTewlecTBME B MUP HOBOW A/14
BacC Haykm — punsmku. Bbl bygeTe Habnwogate ABAEHUA NPUPoAbl, NPOBOAUTL
HacTosIWMe HayuHble IKCMEPUMEHTbI U Ha KaXXA0M YpOKe fAesiaTb CO6CTBEHHbIE
OTKPbITUSA.

Bam BCTpeTATCH He TO/IbKO XOPOLIO M3BECTHblE U3 Kypca NpupojoBefeHUs
MOHATUA: «PU3NYECKOE TEMO», «BELLECTBO», «aTOM», «MOJIeKya», «anddy3ns»,
«MeXaHNYecKoe ABUXKEHNE»,— HO M MHOF0 HOBbIX.

KoHeuHo, HM 04HO HacTosilee NyTewecTBMe He ObiBaeT NIErkMMm, 3aTo Bbl
y3HaeTe MHOI0 HOBOI0O U YAMBUTENIbHOro 06 oKpyXkawlwem mupe. A yyebHUK,
KOTOPbIA Bbl AEPXXNTE B PyKax, CTaHeT A/19 BaC HaAe>XHbIM MOMOLLHUKOM.

ByabTe BHMMaTesIbHbl M HACTOMUMBbLI, M3yyas KaXAblii naparpad, n torga
Bbl CMOXKETE MOHATb CYTb M3/I0)KEHHOr0 MaTepuana n NPUMeHUTb NOSTYYEHHbIE
3HaHWA B NOBCEAHEBHOM XXWU3HMW.

Ob6patnTe BHMMaHWe Ha TO, YTO Naparpagbl 3aKaHuMBalTCA pydbpuKamu:
«Mogsogm nTOrny», «KOHTPOsIbHbIE BOMPOCHI», «YNpa>XHeHue». [Ind 4ero oHw
HY>XHbl U KakK ¢ HUMKU nydlie paboTtaTtb?

B pybpuke «[MogBOAUM MTOrM» MpeacTaB/ieHbl CBEAEHUS 06 OCHOBHbIX MO-
HATUAX W ABMIEHUAX, C KOTOPbIMW Bbl 03HAKOMWAUCHL B Naparpade, a 3HauuT,
Bbl CMOXXeTe ele pa3 06paTuUTb BHMMaHWe Ha r/iaBHoe.

«KOHT pO/IbHbIE BOMPOCHI» MOMOFYT BbISSCHUTb, MOHSAMN N Bbl U3YYEHHbIN
maTepuan. Ecnm Bbl CMOXXeTe OTBETUTb Ha BCe BOMPOCbI, TO BCe B MNOpsaKe,
a ecnn HeT, CHOBa BEPHUTECb K TEKCTY naparpada.

Pybpuka «Ynpa>kHeHue» cAenaet Bawle NyTewecTBMe B MUP PUINKU eLe
6osiee yBnekaTenbHbIM. 3afaHus 3TON pPyopuKku AndepeHyMpoBaHbl Mo ypoB-
HAM C/IOXKHOCTWM — OT [0CTATOYHO MPOCTbIX, TPE6YLWMX TO/IbKO BHUMATESb-
HOCTW, [0 TBOPYECKUX, MPWU BbIMOJIHEHUN KOTOPbIX c/iegyeT MPOsABUTb CO06-
pa3uTesIbHOCTb U HaCTOMUYMBOCTb. HOMep KaXkaoro 3agaHus UMeeT CBOW LBET
(B mopsiAiKe MOBbIWEHUSA C/TIOXKHOCTU: CUHWUIA, 3€/eHblil, OPaH>XeBbli, KpacHbIN,
tbnoneTtosblii). HekoTopble 3agaHUa ciayXkaT 4S9 MNOBTOPEHMA maTtepuana, u3-
YUYEHHOro B Kypcax npupogoBefieHUs, mateMaTuku WM Ha npeabigyuimx ypo-
Kax oU3nKWU.

Te, KTO He MPUBbIK OCTaHaB/IMBATbCA Ha AOCTUTHYTOM, HalgyT MHOro no-
Ne3Horo B Matepmasiax, OTMeUYeHHbIX «#».



Be3 COMHEeHWIA, MHTepPecHOM W MNOJIe3HOM OKa)keTcs Aasa Bac VIHTepHeT-
nofjep>kKa: Ha 3/1eKTPOHHOM ob6pasoBaTesibHOM pecypce «MHTepakTUBHOe 06-
yueHune» (interactiv.ranok.com.ua) npennoXeHbl BUAEOPOSIUKU, KOTOpble [e-
MOHCTPUPYIOT 3Tanbl MPOBeAEHUSA MPERJIOKEHHbIX B y4ebHMKe nabopaTopHbIX
paboT, NMokasbiBalT B AEWCTBUU TOT WUAN WHOA (PU3NYECKUI OMNbIT WUAM MPO-
Lecc; TPEHMPOBOYHbIE TECTOBbIE 3a4aHUSA C KOMMbIOTEPHOW MPOBEPKOIA.

du3mKa — HayKa npexkje BCEro aKCnepMMeHTasibHasA, Mo3TOMY B y4ebHUKe
Bac 0XXKMAawT 3KCNepMMeHTaslbHble 3afaHnsa U nabopatopHble paboTbl. O6s13a-
Te/IbHO BbIMO/IHAWTE UX — W Bbl BygeTe ny4vwe NoHuUmaTtb m3smky. CoBeTy-
eM BbIMOSIHATb 3a4aHUs «CO 3BE3[04YKOV», KOTOpble MOMOrYT BaM HayuuTbCs
npeacTaBnATb pe3ysbTaTbl 3KCMEPUMEHTOB TaK, KaK 3T0 fesalT Hactosuime
y4yeHble. OfgHaKo npexpae cfegyeT 03HAaKOMUTLCHA C COOTBETCTBYHLNM MaTepu-
asnom B § 5.

MaTepunanbl, NpenioKeHHbIe B KOHLLE KaXA0ro pasgena B pybpukax «Iog-
BOAUM WTOrK pasgena» n «3ajaHus gas camMonpoBepKU K pasgeny», NoMoryT
cucTemMaTusnpoBaTb MOJSTyYEeHHbIe 3HAHUA W OyAyT MOse3Hbl NP NMOBTOPEHUN
M3YYEHHOro, NOAroTOBKE K KOHTPOJ/IbHbIM paboTam.

Mpu paboTe Hapg y4ebHbIMW MPOEKTAMW COBETYEM BHMMAaTE/IbHO 03HAKO-
MMUTbLCA C HEKOTOPbIMW COBETAMM MO UX CO34aHUI0 N NMpe3eHTaunun, NpUBEAEH-
HbIMWN B KOHLEe y4ebHuKa.

[Ana Tex, KTo xo4eT 60/blue y3HaTb 0 Pa3BUTUMN (PU3NYECKON HAyKU U TeX-
HUKN B YKpauHe M MuUpe, HaNgeTcd MHOIM0 MHTEPECHOro W MOoJIe3HOr0 B py-
bpukax «du3nKa n TexHnkKa B YKpauHe» N «JHUUKNONeMnUYecKas cTpaHuLar.

O6paTuTe BHMMaHMWe Ha TO, YTO B y4eBHWKE MCMO/Ib30BaHbl 0603HAYEHUS,
KOTOpble MOMOryT BaM OpMeHTUPOBAaTbCA B MaTepuarse:

MoaBoAUM UTOTU 3afaHune Ha NoBTOpeHMue

OKCrnepuMeHTasibHoe 3ajaHuve

YnpaxHeHue MHTepHeT-nogaepxKa

MHTepecHOro BaM Ny TELIECTBUA B MUP DUINKKU W yaaun!



OUN3NKA — HAYKA O NMPUPO/LE.
[NMO3HAHWE MNMPNPOAbI

Bbl 3HaeTe, Kak M3MepuTb AIVHY NPEAMETOB, HaNpUMep LWHypa,
ay3HaeTe, Kak ONpeaenunTb pasmep MOJEKy/bl

Bbl ymeeTe onpefensatb 06bemM NpAMOYronbLHOrO napannenenunesa,
a HayunTecb U3MepsATb 06beM Tena Nto6oi GopMbl

Bbl 3HaeTe, KaK BbIFAAAT MOAENM CAMONIETOB, & BbISICHUTE,
MOXHO /M YBUAETb PU3NYECKe MOLENN U NS Yero UX co3AarT
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8§ 1. pI3NKA — HAYKA O NPNPOLE.
OUN3NYECKWE TENA N DUNSNYECKWNE ABAEHNA

B nepeBofe C [IPEBHErPEUECKOr0 C/I0BO «(M3MKa» 3HAUMT «MPUPOda». PUsMKa — Hayka
0 NPUPOAE, OAHA U3 eCTECTBEHHbIX HAyK. OBPaTMMCS K TOIKOBOMY C/l0Bapto. CIOBOM «Mpu-
poga» 06bIYHO Ha3bIBAIOT OKPYXKALOLLWA HEPYKOTBOPHBIA MUp. HO CyLLECTByeT 1 Apyroe Ton-
KOBaHWe: Npupoga — 3TO CYL{HOCTb, OCHOBHOE CBOWCTBO Yero-1n6o. BenomHuTe: «npupoaa
MOJTHWW», «NPVPOAA BYNKAHWYECKON AesTeNbHOCTU», «Mpupoaa Ten COMHEYHON CUCTEMbI».
Monpo6yeM onpeaeniTb, B KAKOM e MOHMMaHKM 1CNo/b30BaHO C/I0BO «MpUPoaa» B Ha3Ba-
HUW NpeAMETa, KOTOPbI Bbl HAYMHAETE M3yyaTb.

l,  Y3HaeM, KaK 3apoxpjanacb hu3nka

Ewe B ApeBHOCTU MOAM Havyanu uccrefoBaTb OKpyXXawwui mup. Mpex-
[le Bcero 3To 6bl/10 BbI3BAHO MOBCEAHEBHbIMU NMOTPEOHOCTAMMU: HALEXHO 3aLiu-
TUTbCA OT Henorogbl U XMWWHWKOB, cobpaTb ypoxkai, MPOTUBOCTOATbL Bpary
U T. 4 J1I04AM HYXXHO 6bi/10 HAYYNTbLCA MOAHUMATb U MNepemMeltaTb TsXKesble
KaMHW, 4ToObl CTPOUTL AOMa C KPENKUMWU CTeHaMW; BbINAaBAATb MeTann u3
pygbl, 4T00bl M3roTOBAATb MJYrK, TONOPbl, HAKOHEYHUKWN CTpen...

Ho He TONbKO MpaKTU4YecKme noTpebHOCTM Noby>Kaanun NAen K N3y4eHuto
npupogabl. J1lo603HaTe/IbHOCTb, NPUCYyLLLAs YenoBeKy, NnogTankmeasnia ero K no-
WCKY OTBETOB Ha MHOroymcrieHHble Bonpocbl (puc. 1.1); Kak BO3HUKNW 3emns
n ConHue, JlyHa 1 3Be34bl? Kak feTaloT NTULbI N KaK NaBalT pblobl? noyemy
cayyarTca 3eMNeTpsiCeHUs, HaBOAHEHMUSA, 3acyxu, MoXKapbl? O0TKyAa nosABwUA-
CA 4Yesl0BEK W KaKOBO ero npegHasHadeHme? Tak Hadana 3apoxpatbCsa Hayka
0 npupoae, KOTOPYH CerofHs Ha3biBalOT NPMPOAOBefeHUE (eCTecTBO3HaHMe).
Co BpemeHeM 06beM 3HaAHUN yBeNMUYMBASICA U eAUHAA «HayKa 0 npupoge» cra-
Na pacnagaTtbCca Ha oTAesibHble AUCUUNANHBI (puc. 1.2).

Ewe B ApeBHWE BpeMeHa BO3HMK/Aa acTPOHOMUSA — Hayka, usydawouias
pacnosiokeHne n ABMKEHUE HebecHbIX Ten, no3xe — dgumnocodumsa (B nepesoge

Puc. 1.1. MbiTasicb MOHATb OKPY>KAKOLMIA MUP, Ye/TOBEK 3aa€eT cebe MHOXECTBO BOMPOCOB U MLLET
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Puc. 1.2. dusuka, xumus, reorpadus, buonorus, MeguumHa 6epyT cBoe Hauano B NPUPOL0BELEHNN

C [peBHEerpeyecKoro 3To C/I0BO 03HayaeT «1060Bb K MyApoCcTu»). Pusocodsl
cobmpanmn 3HaHMA 06 OKpy>KalLwemM MUpe, JOMOHANAN UX COBCTBEHHLIMU MAe-
AMU W nepefaBann yyeHukam. OcHoBatesieM (PU3NKU CUNTAKT [ApPeBHerpeye-
ckoro cunocogpa ApuctoTens (puc. 1.3). OgHy m3 cBomx paboT, B KOTOPOIA
OblM cUCTEMATU3UPOBAHbl eCTEeCTBEHHOHAYUYHble 3HaHWUSA, CYLLecTBYWLLME Ha
TO BpeMsA, ApUCToTesb HasBasl «DuU3nkan.

mBC BbIAACHSEM, UTO yyeHble Ha3biBalOT MaTepuei

* YcnblWwae C/I0BO «MaTepus», MHOrme uU3 Bac HaBepHsKa npeacTaBAaT
KaKyl-HMUbyab TKaHb. HO Ans y4veHbIX 3T0O MOHSATME HaMHOro wwupe! MaTe-
pus — 3TO BCe TO, YTO HAC OKPY>KaeT.

Habnwopgas mMup BOKPYr, Bbl BUAUTE pas3HoobpasHble (uU3MyecKne Tena
(puc. 1.4). JTio6oe hn3nyeckoe Teno COCTOMT U3 BewecTBa — MeTanna, nna-
CTUKa, fepesBa, Bo3ayxa n T. 4. Bewectso — 3TO0 O4UH U3 BUAOB MaTEePUN.

dusnyeckoe TeN0 — 3T0 06BLEKT M3 BELLECTBA, MMEKOLWMIA BHELLUHIOW TpaHuLy.

Puc. 1.3. ApuctoTtens
(384-322 1. io H. 3. Puc. 1.4. Mpumepbl GU3NYECKNX Ten
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Puc. 1.5. Mpumepbl NpUpoaHbIX
ABNEHWIA

8

dunsnyeckne Tena MoryT 6biTb TBEpAbIMU (KapaH-
Jaul, KaMeHb), XXUAKUMU (Kannn [oXAA, pacTu-
TeslbHOe Macno B 6yTbifIKe), ra3oobpasHbiMu (BO3-
AYX B BO3AYLWHOM LIapuke). MHorne tena nmewT
TBEpAble, >XUAKWe U ra3oobpa3Hble cocTas/iA-
owme (KMBble CylLlecTBa, aBTOMOOUAN, Tyun).

MonpobyiiTe NPMBECTU eLle HECKOJIbKO MoJ06-

HbIX MPUMEPOB.

B XIX B. yyeHble yCTaHOBW/IN, YTO KpOoMe Be-
LuiecTBa cyliecTByeT ele OAWH BUA MaTepum —
rnone. C MNOMOLLbI 3/IEKTPOMarHUTHOro nons —
HEeBUAUMbIX 3/1IEKTPOMArHUTHbIX BOMIH — Mbl,
Hanpumep, WMMeeM BO3MOXHOCTb 00WaTbca o
MO6MIbHOMY TenedoHy, KanutaH Kopabns Mo-
XKeT onpefeninTb KOOpAMHaTbl CBOEro CyAHa yepes
cnyTHMK. Ha nogobHbix Bo/iHax paboTalwT paamo
n TenesugeHue. CBeT TOXKe SABMIAETCA MPUMepPOM
31eKTPOMarHMTHOro nons.

BewiecTBo 1 nose pasnmyakwTca CBOMMU CBOM-
cTBaMu, 0AHAKO MOryT npeBpawatbcs Apyr B Apy-
ra. Ceet ConHua 1 38e3, POXKAEHME 3/ieMeHTapHbIX
4acTuL, B COBPEMEHHbIX YCKOPUTENAX — pe3y/ibTa-
Tbl TAKMX MpeBpaLLeEHNN.

B koHue XX B. Y4YeHbIMU OblIN OTKPbIThI
HOBble MaTepuasibHble CYLWHOCTU — TemMHas ma-
Tepusi 1 TeMHas 3Heprus, usnyeckas npupo-
Ja KOTOpbIX MOKa He ycTaHoBsieHa. Mo gaHHbIM
2013 r., BceneHHasa Tonbko Ha 4,9 % cocTouT
N3 «0b6bl4YHOM» MaTepumn (BellecTBa M Monsl), a Ha
95,1 % — n3 TEMHOW MaTepun N TEMHOIA 3Hep-
run. Bonpoc o cBolcTBax 3TUX 3arafjoyHbiX cy6-
CTaHUMn — ofHa U3 rnaBHbIX NPobseM COBPEMEH-
HOV (Pn3nKN.

M| PaccmatpuBaeM (pusnyeckme sBneHus

Mup BOKPYr Hac HenpepbiBHO M3MeEHSETCS.
Tena nepemewalTcsd OTHOCUTE/IbHO APYr Opyra,
HEKOTOpble M3 HUX CTa/IKMBAKTCA U, BO3MOXXHO,
paspywaknTcsa, U3 ogHUX Ten obpasylTca Apy-
rne... lNepevyeHb TaKUX WU3MEHEHWI MOXHO Mpo-
JomkaTb M NpoAo/HKaTb — HegapoMm eule ApeBHe-
rpeyeckunin omnocodp MNepaknunT (oK. 544-483 rr.
[0 H. 3.) ckaszan: «Bce Te4yeT, BCE U3MEHHAETCA».
M3mMeHeHMA B Npupode y4veHble HasblBalOT Mpu-
pogHbIMU ABMeHUAMU (puc. 1.5).
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JBmKeHne 061aKoB

MosnHusa —
3N1eKTPOMArH1THoE 1 nageHne Kanenb —
ABNeHne [opeHve opeBeCHHbI MexaHu4yeckne siBfieHns

TennoBoOe AB/eHne

Benbiwka
MOJTHUW -
CBETOBOE
ABMIEHNE

Puc. 1.6. CnoxxHoe npupogHoe ABNeHne -
rpo3a — npeacTasnseT coboi CoBOKyn-
HOCTb PasHbIX (IN3NYECKMX ABMEHNUI

UT06bl Ny4we NOHATb C/IOXKHbIE MPUPOLHbIE SABNEHUSA, YYEHble paccmaTpu-
BalOT NX KaK COBOKYMHOCTb PM3NYECKUX SABMIEHUI — SABAEHUI, KOT Opble MO>K-
HO onucaTb C MNOMOLLLID (PU3NYECKUX 3aKOHOB.

Tak, rpo3y MOXHO paccMaTpuBaTb KaK COBOKYMHOCTb MO/HUWU (31€KTPO-
MarHUTHOe sIB/IeHMe), rpomMa (3BYKOBOE SIBMIEHME), ABUMXKEHUA Tyd, NajeHus Ka-
nenb goxaa (MexaHuyeckue siBneHuns) u gp. (puc. 1.6).

PaccmoTpuTe npuMepbl HEKOTOPbIX (WU3NYECKUX SABAEHWIA, NPUBEAEHHbIE
B Tabnmue. Kasasocb 6bl, UTO MOXeT 6biTb 00WEr0 MeXAy MOJIeETOM paKeThl,
nageHMem KamHs, 6erom KoHsi, BpaweHnem 3emnmn? OTBeT npocT. Bce 3Tn 4B-
NEHNA — MEeXaHM4YecKmne, N ONUCbIBAOTCA OHU O4HMMU 3aKOHaMN — 3aKoHaMu
MeXaHMYeCKOro ABU>KEHUS.

Mpueegem ewe oguH npumep. CHMMasi CBUTEP WM pacyecbiBass BOJIOCHI
MJiacTMaccoBOM pacyecKkol, Bbl, HaBepHOe, obpal,asin BHUMaHWE Ha BO3HUKHO-
BEHME KPOXOTHbIX MCKOPOK. DTU UCKOPKM W MOLHbIA paspsag MOAHUM OTHO-
CATCA K 3/IEKTPOMArHUTHbIM fABfieHUAM (puc. 1.7), a 3HauuMT, NO4UYUHAKTCA
OOAHUM W TeM >Xe 3aKoHam. [Mo3Tomy Onsa umccriefoBaHUsS 3N1E€KTPOMAarHUTHbIX

dusnYeckne ABieHNA Mpumepsbl

MoneT pakeTbl, NageHNe KaMHS, 6er KoHS, BpalleHune
MexaHunyeckue P aA paty

3emnun Bokpyr ConHua

3BOH KOJ10KOJ10B, MeHue MTuL, TOMOT KOMbIT, pacKaThbl
3BYyKOBble

rpoma, becega

3amep3aHune BOAbl, TasHUe CHera, HarpesaHue efpl,
Tennosble P A P A

CropaHune Tonsimea B UmnnunHApe AsuUrartesa

Pa3psag MONHWW, 3/1eKTpU3auus Bosioc, NPUTS>XXEHUE

OeKTpoMarHUTHble
MarHuToB -

CseueHue 3ﬂ€KTpI/I‘-I€CKOI7I aMrno4yku, CcoJ/iHeYHble

CBeTOBbIE
M NYHHble 3aTMEHUA, pagyra
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Puc. 1.7. NMpumepbl 31eKTPOMarHUTHbIX SBAEHNI

ABMIEHUI He 0653aTesIbHO XAaTb rpo3bl. JoCcTaTouHO M3Yy4nTb, KaK BeayT cebs
6e3onacHble MCKOPKWU, 4TO6bI MOHATb, Yero >XAaaTb 0T MOSHUN N KaK n3bexartb
BO3MOXXHOW OMacHOCTW.

MN3yyasa unanyeckne siBNIEHUSA, YUeHble, B YaCTHOCTWU, yCTaHaB/IMBAOT UX
B3aMMOCBSA3b. Tak, pas3psas Mo/HUU (3N1eKTPOMarHUTHoOe sABNeHne) 06a3aTesibHO
COMpPOBOXAaeTCcsA 3HA4YNTE/IbHbIM MOBbILLIEHNEM TeEMMepaTypbl B KaHane MOSTHUN
(TennoBbIiM siBfieHNEM). MccnegoBaHue sTUX SABAEHUIN B MX B3aUMOCBA3N M0O3BO-
NINJI0 He TO/IbKO Nyylle MOHATb MPUPOLHOE AB/IEHWE — FPO3Y, HO U HATK NyTb
AN NpaKTNYecKoro NpPUMEHEeHUs 3M1eKTPUYECKOro paspsaga. MNprMepom MoxeT
6bITb 3/1eKT pocBapkKa — Cnocob coeAMHEHUS MeTasl/INYecKUX getanein ¢ momo-
Wbl 3anekTpmnyeckoro paspsga (cm. puc. 1.7) (KaxAbli, KTO MPOXO4UT MUMO
CTPOUTENbHOM NAoWanKu, HaBepHAKa Buaes pabounx B 3alUTHbIX Mackax
M ocnienuTesibHble BCMbIWKKN). D/IeKTpocBapka — 3T0 NpUMep NpaKTMYecKoro
MCMNO0Nb30BAHUA Pe3yNbTaToOB Hay4YHbIX UCC/ef0BaHUA.

L BbiicHsieM, 4TO u3y4daeT pusmka

®dun3nkKa — 3T0 Hayka, M3yvawoulas Hambonee o6LIME 3aKOHOMEPHOCTU sBne-
HUIA NPUPOAbI, CBOICTBA, CTPOEHUE MATEPUN W 3aKOHbI €€ [BUKEHMA.

dunsnka ABASETCA OCHOBHOM M3 eCTEeCTBEHHbIX HayK. Movemy Tak? Yewm
OHa OT/INYAaEeTCA OT APYrMUX eCTEeCTBEHHbIX HayK — 6MOM0TUN, XUMUU, acTpo-
HOMUU, reorpamm n 1. .

Bo-nepBbIX, 3nka nlyvaeT Haubosee obuive 3aKOHOMEPHOCT U, KOTOpble
onpeaensanT CTPYKTYPY U NoBefeHMe caMblX pasHbIX 00bEKTOB — OT FMraHT-
CKNX 3Be3[ [0 OYeHb ManeHbKUX aTOMOB.

Bo-BTOpPbIX, 3aKOHbl PU3NKN ABMSAIOTCA OCHOBOM A/18 BCEX eCTeCTBEHHbIX
HayK. Hanpumep, B aCTPOHOMUU 3aKOHbl PU3UKU OBBACHAKT MNPUYUHBI CBeE-
YEeHUA U CTPoeHMe 3Be3fa, obpa3oBaHWe MnaHeT, ABUXKEHWE KOCMWUYECKUX 00b-
eKToB. B reorpacuun 3aKoHbl (PU3NKU MPUMEHAIT AN 00bACHEHUA KIuMmara,
TeyeHWii pek, obpaszoBaHuA penbeda. B xumMum nmeHHo usnka o6bACHAET Ha-
npasfieHNUe U CKOPOCTb MPOTEKAHUA XUMUYECKUX peakLuunii.

il Y6exgaemcs, UTo pun3nmkKa ABNAETCS OCHOBOW TEXHUKM

CpaBHMM MOPCKME nMyTewecTBUA B cTapuHy u cerogHda (puc. 1.8).
B oT/iMuve oT napycHMKOB npownoro, cyaHo XXI B. nmeeT Asuratenib N He
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Puc. 1.8. BkoHue XV B. UCMaHCKMin mopennaeatenb Xpuctogop Konym6 nnbin K 6eperam coBpeMeH-
HOi AMepukmn ABa MecsiLia. CerofHs 3To pacCTosiHWe cyfia MOTyT NPeosoneTb MEHEE YeM 3a HeAesto

3aBUCUT OT NPUXOTEN BeTpa. Y COBPEMEHHOr0 KanutaHa ecTb nogpobHas Kap-
Ta; cygHo umeet OPB-HaBuratop, 6n1arogaps KOTOPOMY BCerga M3BeCTHbl Kypce
N MecTopacnofioKeHue cyfHa; coHap, npegynpexgawwmnii o NoABOAHbIX CKa-
nax v pudax; pagap, KoTopbii 06Hapy>XuUT aicbepru, ckanbl U gpyrve cyga
B YCNOBUAX MNO0XOA BUAMMOCTU*. B cnydyae aBapmu Bcerga MOXXHO Bbl3BaTb
nomouwib no pagmo. OYeBMAHO, YTO C COBPEMEHHbIM 060pyAOBaHMEM MOPCKUE
nyTewecTemsa ctanm 6osee 6bICTPbIMU N 6e30NaCHbIMU.

Ha npoTs>keHUn Bceli ncTopuun M04M co3jaBasin TeXHUYECKMe YCTPOUCTBa
Ha OCHOBE (JU3MNYECKUX 3HAHWIA.

MN3yyeHune TennoBbIX SABAEHUA NPUBENO K CO34aHUI0 TEM/0BbIX ABUratesnen,
KOTOpble YCTaHaB/AMBAOT HAa aBTOMOOMAAX U MOTOLMKAX, CyAax U camorieTax,
TenaoBbIX 3/1EKTPOCTAHLUUAX N paKeTOHOCUTENSAX.

Bnarogaps oTKpbITUAM B 0611aCTWN 3/1eKTPUYeCcTBa Mbl MMEEM BO3MOXKHOCTb
ocBellaTb NOMeLWeHUs 1 yauubl, N01b30BaTbCA TENEBU30POM, TefleDOHOM, KOM-
MbOTEPOM, YTIOFOM, CTUPa/IbHOM MallMHOW U ap.

MprMepHO NONOBMHA 3NEKTPO3IHEPTMM B Hallei cTpaHe BbipabaTbiBaeTcs
Ha aTOMHbIX 3/1IEKTPOCTAHLUMAX, CO34aHHbIX 6narogapsa OTKpPbITUAM B 06/71aCTU
ALEPHON (PU3NKN.

Bpaun v cTpouTenn, NnyTewecTBEHHUKN U 3eM/efeNblbl, 3HEPTeTUKN N Ma-
LWMHOCTPOUTENN MNOJb3YIOTCA YCTPOCTBAMN N TEXHOOTUAMMU, CO3[aHME KOTO-
pbIX CTano BO3MOXHbIM 6/1arogaps 3HaHWK 3aKOHOB, B CBOE BPEMS OTKPbITbIX
hnsnkamu.

MoasoAumM nTOrU

BceneHHasi cOCTOUT M3 pasHbIX BUAOB MaTepunm — BellecTBa M nons. He-
[aBHO OblNIM OTKPbITbl TEMHAs MaTepusi U TeMHas 3Heprusi, Npupoja Ko-
TOPbIX MOKa TOYHO He ycTaHoBfieHa. Bce hmamuyeckme Tesia «MOCTPOEHbI»
13 BellecTBa.

* GPS — BcemMupHasi cucTema onpeaesieHMs MeCcTOHaXO0XAeHUs; coHap — YCTPOMCTBO Ans
MCCeaoBaHMa MOPCKOT0 AHA C MOMOLLbI0 YNbTPA3BYKOBbLIX BOMH; pajap — YCTPOWCTBO ANA
06Hapy>KeHNs1 06LEKTOB C NMOMOLLbI0 3N1EKTPOMArHUTHbLIX Bo/IH. O GPS-HaBuraTtope, coHape,
pasape cM. Tak)e Ha «QHLUK/I0MNEeAMYECKON CTpaHuLe» B KOHLe pasgena 1.
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Pasgen L ®U3NKA — HAYKA O MPUPOAE. NMO3HAHME MPUPOIbI

B npupoge MOCTOSSHHO MPOUCXOAAT WU3MEHEHUs, KOTOpble Ha3blBaKT MPU-
pPoAHbIMU SABNEHUAMMK. CoXKHble MPUPOAHbIE SABMEHUS paccMaTpuBalT Kak
COBOKYMHOCTb (PU3NYECKUX SIBMIEHUIM — TaKUX, KOTOpPblE MOXHO onucaTb C Mo-
MOLLLbIO JU3NYECKUX 3aKOHOB. D U3MYecKne siBIeHUS GbiBalOT TEMJ/IOBble, CBE-
TOBble, MEXaHWYeCcKNe, 3BYKOBbIe, 3/IEKTPOMArHUTHbIE U Ap.

dusnka ABMSAETCA OCHOBHOM M3 eCTeCTBEHHbIX HaykK. OHa mM3ydaeT Hambo-
Nee 06WMEe 3aKOHOMEPHOCTU SIBSIEHUIA MNPUPOAbl, CBOACTBA M CTPOEHME maTte-
pUK, 3aKOHbI ABUXKEHUS MaTepuun.

KOHTpONbHbIE BONPOChI —

1. UTo o3HauaeT C/10BO «(hu3MKa» B MepeBofe C rpeyeckoro? 2 Yto Takoe
Matepus? Kakue cyLecTBYOT BUAbl Matepumn? 3. MNpueeauTte npumepbl du-
3NYeCKUX Tesl. YKaXKUTe, Kakue 3To Tesla (KuaKue, TBepaple, ra3oobpasHbile,
MMeloLLMe CMeLllaHHY CTPYKTYypy). 4. lMpuBeauTte npumepbl OU3NYECKUX
ABNEHNA — 3/1EKTPOMArHUTHbIX, TEMI0BbIX, CBETOBbIX, MEXaHNYECKUX, 3BY-
KOBbIX. 5, UT0 n3yyaeT msnka? 6 [lMovemy hmn3nka ABNAETCS OCHOBOW ANns
BCeX eCTeCTBEeHHbIX Hayk? 7. lNpuBeauTe gokKasaTe/ibcTBa TOro, 4To (PU3M-
Ka — OCHOBa TeXHUKMW.

YnpaxHeHue Nel

1. Ha3oBuTe BeLLecTBa, U3 KOTOPbIX COCTOAT Takue Tena: yyebHUK, KapaH-
Jall, oyT60MbHbIA MSAY, cTakaH, aBTOMOOUSIb.

2. MNpoaHanusnpyiitTe NpUBEAEHHOE HWKE MNPEASIOKEHME U 3arnoSHUTe Tab-
nmuy*.
NcenepoBaTens NoMoXKua Kycok 0/10Ba B CTasibHOM cocyf v pacnnasun
0/10BO B MJlaMeHU ra3oBoi ropesku.

duisnyeckoe siBeHue dusnyeckoe TeN0 BewectBo

3; OnpefenvTe, 0 KAKOM (PU3NYECKOM SIBNIEHUM UAET pedb B KaXK4oM rnpej-
JNIOXKEHUMN.

BpauwaeTcsl BUHT 3/7eKTpoMsicopybku. [MpoBosioka Harpesack B rjiame-
HU ropesikn. OKpy>KawLwmii MUp Mbl BUAMM Pa3HOLBETHbIM.

4. MopymaiiTe, Kakue Pr3NYeCKMe SIBJIEHUS MOXHO «yBUAETb» B MPUPOS-
HbIX SIB/IEHUSIX: U3BEPXXEHME BYJIKaHA; HABOAHEHWE; CXOXAEHUE CHeX-
HOIi NaBUHbI; «NageHue» 3Be34bl.

5. MpuBegnTe NPUMEPbI MPUMEHEHUST (PU3NYECKUX 3HAHWIA B BbITY.

6. 3aKOHOMEPHOCTM KaKUX (U3NYECKUX SBMEHWI crefyeT 3HaTb, YTOGLI
co3faTb aBTOMOOUIbL?

7. MpeacTaBbTe, UTO Bbl MOMasiM Ha Heo6UTaeMbIi 0cTPOB. Kak Bbl MOXETE
y3HaTb, U3 KaKMX BELLECTB COCTOAT OKpY>Kawline Tesa U B KaKoM arpe-
raTHOM COCTOSIHUM OHW HaxoasiTcs? Monpo6yliTe 3anucaTb NaH BalUnX
nccnefoBaHUi 1 NPOMIIOCTPUPOBATL €ro.

* PasymeeTcs, Tabnuubl, NpuBeaeHHbIe B y4e6HUKe, cnefyeT NepeHocMThb B TeTpass. Konu-
YecTBO CTONBLOB B TAG/IMLE JOMKHO 6bITh TAaKUM, KaK B yuyeGHUKe, a BOT KOJIMUYECTBO CTPOK,
KaK Npasuo, Hy>KHO YBE/TUUYUNTb.



§ 2. CTPOEHWE BELWECTBA. MOJIEKY/JIbl. ATOMBbI

3 kypca npupofoBefeHns 5 Knacca Bbl 3HaeTe, YTO BCE BeELLECTBA COCTOAT W3
MefbyailmMx YacTuL, — MOJIeKy/l, aTtoMOB. Bbl Talkoke 3HaeTe, 4TO aTOMbl UMEHT
crneupanbHble Ha3BaHWA W CMMBOSbI 4711 0603HaYeHWUs, Hanpumep: naporeH (H),

OkcureH (O), Kap6oH (C), Cynbdyp (5).

Celivac Hayke M3BeCTHbl 118 pasHbIx BUJOB aTOMOB U NPY 3TOM — MWIMOHbI Pa3HbIX
Morekyn. Kak 06bSCHSETCS Takoe pacxoXaeHue B uygpax?

W, Pasnuyaem aToM W MONeKyny

Kakgoe BewecTBO COCTOUT U3 OMNpefesieH-
HbIX MOJIEKY/T N TONIbKO U3 HUX. Tak, BeLLecTBO
MeTaHO/T COCTOUT M3 MOMIEKY/T MeTaHoMa, a Belye-
CTBO MypaBbMHas KUCN0Ta COCTOUT U3 MOJIEKYS
MYpPaBbWUHOM KWUCNOTbI.

Mpexge 4YeM HayaTb W3Yy4YeHWE CTPOEHUSA
MOJIEKY/Ibl, BCMOMHUM asnaBuT. B Hem Bcero
33 6YKBbl, HO KaXXAblii N3 BAC MOXeT COCTaBUTb
13 3TnX OYKB ThbicA4M c/oB! A Tenepb NpoBeguTe
aHasnorui: 6ykBa — aTom, C/1I0BO — MoOJieKyna.
Kaxxpoe cnoBo — 3TO ornpegesieHHad KoM6uHa-
umsa 6ykB. TOYHO TaK >Xe KadkKfasd Mosiekyna —
3TO0 onpegesieHHass KOM6UHauMsa aTOMOB.

Mcnonb3ysa 3Ty aHas/loruiw, pacCMOTPUM CXe-
MaTmyeckoe n3obpakeHne ABYX MOJIEKY/T — MO-
NEeKYNbl MypaBbUHOW KUCAOTbl U MOJEKY/bl Me-
TaHona (puc. 2.1, a, 6).

Bugnm, 4To 3T MONEKybl cogepXxaT ofguHa-
KOBble BMAbl aTOMOB, HO O4E€BUAHO, YTO 3TN MoOJle-
Ky/ibl — pa3Hble; MOJIeKy/ia MypaBbUHOM KUC0-
Tbl COCTOUT U3 5 aToMOB (M ABNAETCA aHas10rom
cfioBa, B KOTopoM 5 6yKB), a MosieKyna mMetaHona
COCTOUT U3 6 aTOMOB (M AB/ISAETCA aHasI0rom crio-
Ba, B KOTOPOM 6 6ykB). Takum 06pasom, Ka>kjas
HOBas KOMOMHaUMA fa>ke 0GHUX N T ex >Ke BUA0B
aTOMOB COOTBETCTBYeT, HOBO MOJEKY/IE.

CyuwiecTByeT MHOXECTBO CJ/I0B, WMeELWKnX
0AMHaKOBOE KO/INMYecTBO 6YKB, — TOUYHO Tak e
B pasHbIiX MOJIEKy/slaXx MOXEeT OblTb 04MHAKOBOE
KOJIN4EeCTBO aToOMOB.

Takum obpasom, n3 118 BMA0B aTOMOB MOXK-
HO COCTaBUTb MWIMOHbI pPasHbIX MOEKY/
W, COOTBETCTBEHHO, MOMy4YNTb MWUAJINOHbI pas-
HbIX BeLLecTB.

Puc. 2.1. Cxemarnyeckoe 1so-
BpaXkeHrie MOSEKY/T HEKOTOPbIX
BELLECTB: 0 — MYPaBbWHOI
Kncnotbl (HCOOH);

6 — meTtaHona (CH30H);

B— kvicnopoga (02);

r— metaHa (CH4);

4 — 3TaHa (C2H6);

e— Bogp! (HAD).

CviHVe LLapyKu — MOZen
aroMoB ['1aporeHa, cepble —
Kap6oHa, kpacHble — OKcureHa
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Pasgen 1 ®U3NKA — HAYKA O MPUPOJE. MO3HAHWE MPUPOAbI

7 PaccmoTpute puc. 2.1. CKONbKO BUAOB aTOMOB COLAEPXUT KaXkAas MOJIEKY-

na? CKo/IbKO aTOMOB B KaXkgoi Mosiekyne? MoXKeT nv MofieKysia CoCToATb
M3 04MHAaKOBbIX aToMoB? MOXeT N1 B pasHbiX MosieKysiax 6blTb O0AMHAKOBOE
KO/IN4eCcTBO aTOMOB?

MblTaemcs npencTaBuTb pasMepbl aTOMOB

Mup Monekys, aToMOB M MX COCTaBAAKWLWMUX Ha3biBAT MUKPOMMPOM.
XapakTepnsys 06beKTbl MUKPOMMPA, YUYEHbIE UCMOMb3YIOT YNUC/A, CYLLEeCTBEH-
HO OT/IMYawLwmecs OT Tex, C KOTOPbIMW 04N MMEKT [eNo B MNOBCeAHEBHOM
XU3HWN. ONA KpaTKOM 3anmcym TaKux uYmcen UCMNosb3yKT CTeneHb 4yucna 10%
Tak, pasamep aToma npubnmsnTensHo paseH 0,0000000001 M, nam 1-1010 m.
Monpobyem npeacTaBUTb, HACKO/IbKO Masio 3TO 3Ha4YeHue.

Mpumep 1. Ecnun v3 6annoHa co cKaTblM BO3AYXOM 4epe3 MUKPOCKoNuye-
CKYH TpewunHy 6yfeT KaXKAyl CeKyHAY BbiTeKaTb MUIAMaph MoJieKysn B03-
ayxa, To 3a 650 sieT macca 6annoHa ymeHbwmnTca Bcero Ha 0,001 r.

Mpumep 2. FonoBKa cTanbHOW 6GynaBkM paguycom 1 MM BMELLAET OKO-
no 100000000000000000000, nnn 1-KO20, atomoB. Ecnn 3Ty atombl pasme-
CTUTb APYr 3a APYroM, Mosy4ymm Lernoyky ANVHOA 20 MWASIMOHOB KWUJ/TIOMETPOB,
4To NpMbNM3nTesnbHO B 50 pa3 6onblue pacCToaHUA mexagy 3emnen v JTyHON.

YBuaeTb OTAesibHble atoMbl M MOJIEKY/bl AaXXe B CaMblii MOLLHbIV ONTU-
YECKU MUKPOCKOMN HEBO3MOXXHO, HO B XX B. y4yeHble co3gann npubopsbl, no-
3BO/IAKOWME He TONIbKO BUAETb OTAe/IbHble aTOMbl, HO JaKe Mnepemeliatb UX
C MecTa Ha MecTo.

K| BcnomunHaem cTpoeHue aToMa

ATOM, KakK M MOMeKy/ia, UMeeT C/IOKHYI0 CTPYKTYpYy. ATOM npeacTaBns-
eT coboii A4p0, OKPY>XXEHHOoe flerKNMKn Yyactuyamm — 3feKTpoHamMu. JnameTp
Afpa HaMHOro MeHblle, 4YeM guameTp CO6CTBEHHO aToma, — MNPUMEPHO BO
CTO/IbKO pas, BO CKOJIbKO pa3Mep ropoLlivHbl MeHblUe pasmepa (pyT60/1bHOro
nons. BHyTpeHHee cTpoeHMe aToma Hariasa4Ho onmcaTb HEBO3MOXHO, MO3TOMY
4N 06BbACHEHUA MPOLLECcCcoB, MPOUCXOAAWMX B aToMe, co3faHbl ero usnde-
CKMe Mofenn**, Hanpumep njaHeTapHasa mofenb atoma (puc. 2.2).

ONEeKTPOHbI MOTYT MOKMAATb OAHW aTOMbl U MPUCOEAUHATBHCA K APYTUM.
Ecnn atom notepsan O4MH WA HECKO/IbKO 3/1eKTPOHOB, TO artom npeBpala-
eTcs B MOMIOXKNTENbHbIA MOH. Ecnin Xe K aTtomy MnpucoesuHUNNCL O4UH Wn
HEeCKO/IbKO 3/1eEKTPOHOB, TO aToM MpeBpallaeTcs B 0T puLaTeNbHbIA MOH.

y6expaemcs, 4To MeXAy MOMeKynamu ecTb MPOMEXYTKM

Kak Bbl cumnTaeTte, ecnim cmewarts 100 mn sBogbl M 100 mn cnupra, Ka-
KnUm 6yaeTt o6bem cmecu? HaBepHsAKa MHOrme oTeeTdaT, uto 200 M. Ha camom
Jene oH 6ygeT meHblwe! Oeno B TOM, UYTO Me>XAY MOJIEKy/laMU CYLLeCTBYHOT

* Takyto 3anuncb Ha3bIBalOT CTaHLap THbIM BUAOM YmMcna, TO ecTb 3TO 3anncb Yncna B Buae npo-
n3BefeHns a-10n, rge 1<a<10, n — uenoe ymcnio. Ymeno N HasbiBaOT MNOPSAKOM 4vucna.
Hanpumep, nopsagok ymcna, nepejaroLLero pasmep atoma, coctasnset -10.

** Bosiblle 0 PU3NYECKUX MOLensAX Bbl y3HaeTe U3 matepnasna § 3.
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8§ 2. CTpoeHvie BellecTBa. Monekysbl. ATOMbI

NPOMEXXYTKU U BO BPEMS CMeLIMBaHUA AaHHbIX
XXMUOKOCTEeM MONeKynbl BOAblI NonajakwT B rnpome-
XXYTKU MeXay MoJieKynamu cnmpta n HaobopoT.
OTOT ONbIT XOPOLWIO MOAesIMPyeTca C MOMOLLbIO
rnweHa v ropoxa (puc. 2.3).

3HAaKOMMMCSH C TEMNNOBbLIM ABVOXKEeHNEM

Bam y)e 3HaKoOMO Takoe sB/ieHMe, Kak
anpdpysna (ot natr. diffusio — pacnpocTtpaHe-
HWe, pacTekaHue).

Onthdysns — npouecc camonpon3BOJIbHO-
r0 NMPOHWKHOBEHWS MONEKy/n OOHOro BeLlecTBa
B MPOMEXYTKN MeXAy MOJieKynaMmu Apyroro Be-
LlecTBa, B pe3ynbTate Yero NpouUcXo4uT nepemMe-
LIMBaHME COMpUKacaloLLmMxcs BeLLecTs.

MpoBegem onbIT. B npo3payHbIi cocys ¢ BO-
[0 aKKypaTHO Ha/lbeM BOAHbI/ pacTBOP MeLHOro
Kynopoca — Tak, 4To6bl XWAKOCTU He repeme-
wanucb (puc. 2.4). CHavyana MmexXxay BoAon u pac-
TBOPOM OyfeT HabnwgaTbCa 4YeTKasa rpaHumua,
0lHaKO, eC/IN 0CTaBUTb COCYA B MOKOe, Yepe3 He-
CKO/MIbKO OHEN BCA >XXWAKOCTb MpuobpeTeT 6umplo-
30BbIi UBeT (puc. 2.5), TO ecTb XXMAKOCTU Mepe-
MeLuarTcs.

MpuunHa gndysmm — HenpepbIBHOE Xa0T U-
YecKoe [ABM>KEeHMe 4YacTMul, BellecTB (MOseKyn,
aTomMoB, MOHOB). Bnarogaps 3ToMy [OBUXEHMUIO
BewlecTBa MepemewnBatoTcad 6e3 Kakoro-nubo
BHELLIHErO BO34elCTBUS.

HenpepbiBHOE XaoTu4yeckoe [ABUXKEHME Ya-
CTWL, BeLLecTBa Ha3blBaT TEMN/A0BbIM ABMXKEHU-
eMm. C yBenuyeHuem (yMeHbLUEHMEM) Temnepa-
Typbl BellecTBa yBesnmumBaeTcad (YMeHbLUAeTCs)
CpefHAS CKOPOCTb ABWXKEHWA ero yactuu. Tak,
ec/ln  Ha/UTb pacTBOp MeAHOro Kyrnopoca He
B O4WMH, @ B fABa cocyja C BOLOW W OA4UH cocyf
NnoMecTUTb B TernJsioe MecTo, a BTOPOi — B X0/04-
Hoe, TO MOXXHO y6eAuTbCHA, YTO B TEMNJIOM MecTe
Anddysns npoTekaeT HaAMHOro 6bicTpee.

O  MNoaTBepXkpaeM B3aMMOAENCTBME MOMEKYN

MOI'IeKy!'IbI HaxogAaTCcA B HEMpPepbiIBHOM Xa-
O0TUNYEeCKOM ABUXXEHUN. I'quelv|y >)XKe OHW He pas-
ietarnTcAa BO BCe CTOpOHbI? Bonee Toro, Tena He

Puc. 2.2. MNnaHeTapHas Moaesnb
atoma. Ha camom fene paccros-
HWe OT aApa [0 3N1eKTPOHOB 60/1b-
e pasmepa sapa 8 100 OO0 pa3

Puc. 2.3. Obbem cmecu ropoxa
W NleHa MeHblue, YeM cyMma 06b-
€MOB KOMMOHEHTOB 3TOW CMecK:
KPyNuHKM MlleHa nonanu B Npo-
MEXYTKN MeX/y ropoLnHaMm

Puc. 2.4. AKKypaTHO Ha/iMTb pacT-
BOpP MeAHOro Kynopoca Ha [HO
CTakaHa C BOZOW MOXHO C MOMO-
LI NENKM
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Pasgen 1L ®U3NKA — HAYKA O MNMPUPOIE. MO3HAHUE MPUPObI

Puc. 2.5. Mpouecc anddy3nm n ero cxematnyeckoe n306paxkeHne: Ha rpaHnLEe pasaena BeLecTB KX
MOJIEKy bl MEHSAKOTCA MecTaMu, 1 Yepes HEKOTOPOe BPeMs BELLECTBA MOHOCTLIO NepemMeLUrBatoTCs

TO/IbKO He paccbinalTCcA Ha OTAesibHble MOJIEKY/Ibl, & HaobopoT, 4YTOoObl KX
pacTaHyTb, C/oMaTb, pasopBaTb, HY>XHO MPUAOKUTL ycmnuda. lNpunynHa —
B NMPUTSXKEHUN MeXAYy Mosiekynamun. VImeHHo 6narogaps Me>KMONeKynsapHoOMy
NPUTAXKEHNIO TBEpPAble Tesla COXPaHAKT CBOK (QOPMY, XXMUAKOCTbL cobupaeTcs
B Kannu (puc. 2.6), kneli npunvnaeTr K bymare, a pacTaHyTas MNpy>XXuHa BO3-
BpaliaeT UCXOA4HY dopMmy.

Ecnun ockonku pasbuTon Yaliky npukaTtb ApYr K ApYry, yallika He cTaHeT
cHoBa uenov. Ho noyemy, BeAb MeXXAy MOJieKy/laMu e€CcTb NMpUTsSKeHmne? [eno
B TOM, YTO Me>XMOJIEKYNIAPHOE MPUTAXKEHNe CTAaHOBUT CA 3aMeTHbIM TOJ/IbKO
Ha 04YeHb MaJsiblX PacCTOAHUAX — CPaBHUMbLIX C pa3mepamMu camMux yacTwul,
Korga mbl npywxXnmaem gpyr K ApYry OCKOJSIKW YallKWu, TO K3-3a HEPOBHOCTEN
MX MOBEPXHOCTEN Ha yKasaHHble paccTOAHUA NpUbnKaeTca He3HauyMTeslbHOe
KO/INYeCTBO MOJIEKY/l. A paccTosiHMe MeXAay 60/IbLUMHCTBOM MOJIEKYT OCTaeTcA
TakMM, 4YTO OHU NPAKTMYECKMN He B3aMMOAENCTBYIOT.

MonpobyiTe cxXaTb, HaNpUMep, 3aKpbITYH NAACTUKOBYK OYTbl/IKY, A0Bep-
Xy 3anosiHeHHYI0 BOAOM, UM MOHETKY — Bbl MOYYBCTBYeTe, YTO U3MEHUTb UX
pasmMepbl unu opmy 6e3 AOMOAHUTENbHbIX CPEeACTB HEBO3MOXHO. [le/10 B TOM,

Puc. 2.6. CBucatoLLyto Karn/to Bogbl HEKOTOPOe BpeMsl YAEPXKMUBALOT OT NAAEHNS CUMbl NPUTSHKEHMS!
MeXay MoneKynamu



§ 2. CTpoeHue BellecTBa. Monekysbl. ATOMbI

YTO MOJIEKY/Tbl He TO/IbKO NMPUTSATMBATCA APYr K ApYyry, HO M 0T TaJKnBawT-
csi. OBbIYHO B XXUAKOCTSAX U TBepAbIX Tenax NpUTs>KeHue ypaBHOBELLVBAETCS
oTTaslKmBaHueMm. Ho ecnmn cxXumaTb XUAKOCTb WAW TBepAoe Teno, TOo paccTo-
SHME MeX[y MOJieKynaMu YMEHbLUUTCS U MEXXMOMEKYNspHoe oTTasIKMBaHue
CTaHeT cusibHee, YeM MPUTSIXKEHMUE.

®OopMYyMPYEM OCHOBHbIE MOMIOXEHUS MONEKYNAPHO-KMHETUYECKON

B Teopuu

Bonee 25 ctoneTnin Hasag apeBHerpedveckuin punocod demokpnT (oK. 460-
370 rr. fo H. 3.) NpeanosiodXKus, 4To BCe Tesnla COCTOAT U3 MaleHbKUX Tenew,
(JemokpuUT HasBa/n MX aToMamMu, 4YTO B MNepeBofe C rPeveckKoro o3HayaeT «He-
AenVMbIi»). A BOT MOATBEPXXAEHME CYLW,ECTBOBAHUS aTOMOB M MOJIEKY 6bl0
nonydyeHo Tonbko B XIX B. VIMeHHo Torga nosiBunacb M 6blna 3KCNepuMeH-
TasfibHO 060CHOBaHa MOJIEKY/IAPHO-KMHETUYECKasa Teopus, paccmaTpuBatoLas
CTPOEHME BELLECTB C TOYKM 3PEHUSA CNEefYHLNX TPex OCHOBHbIX MOJIO>XKEHMWIA.

1. Bce BellecTBa COCTOAT U3 YaCT UL, — MOJIEKY/, aTOMOB, NOHOB; MeXXAy
yacTuuamMu ecThb MPOMEXKYTKN.

2. YacTuubl BewecTB HaXOAATCS B HernpepbiIBHOM 6eCNOpAL0YHOM (XaoT u-
YECKOM) ABU>KEHWUN; TaKoe ABUXXEeHMe Ha3blBalT TEeN0BbIM.

3. YacTuupl, B3anMofeiCcTBYHT APYr C gpyrom (NMputAarnsBarTcs u oTTas-
KMBarTCs).

NMooBoAuMM nNTOrU

Bce BewecTtBa COCTOAT M3 MefibYalnX 4YacTul, — MOJIEKY/T, aTOMOB, MO-

HOB. MeXay 4yacTmuaMu ecTb NMPOMEXYTKMU.

YacTuubl, U3 KOTOPbIX COCTOSAT BellecTBa, HaXo4saTCA B HEMPEPbLIBHOM Xao-
TUYECKOM ABMXKeHUWN. TaKoe ABUXKEHME Ha3blBalOT TensoBbiM. C yBesIMH4eHUEM
(ymMeHblLUEHMEM) TeMnepaTypbl BeLWECTBa yBennumBaeTcs (yMeHbLUIaeTcs) cpea-
HSI1 CKOPOCTb ABWMXKEHUS ero 4yactuy. OAHMM W3 A0Ka3aTeNbCTB ABMXKEHUSA
MOSIeEKyn siBnsieTca Andgysns — npouecc caMmonpon3BO/IbHOIO MnepemMellmBa-
HUS conpuKacalLWnXxcs BewecTB, KOTOPbI NponcxognT BCNeacTBME TEMIOBONO
ABVDKEHUST X MOMEKY.

YacTumubl BelecTBa B3aMMOAENCTBYT — OHW OTTaNIKMBAKTCA U NMPUTATKN-
BatoTcs. B3anmopeincTBme yacTuL, NPOSIBMISAETCA Ha PacCTOAHUSAX, CPaBHUMbIX
C pasmepaMmyu cammx 4vactuu,.

KOHTpO/bHbIE BOMPOCHI —

1. CKO/bKO BW/0B aTOMOB M3BECTHO HayKe? 2. UeM 00bACHUTb TOT (aKT, uTo
CYLLEeCTBYIOT MWIIMOHbI pa3HbiX BewecTs? 3. UTo Bbl 3HaeTe 0 pasmepe aro-
MOB U Mosiekyn? 4. Kak MOXHO AoKa3aTb, YTO MeXAy yacTuuammn BellecTsa
VIMEIOTCA MPOMEXXYTKM? 5. UTo HasbiBalOT TEMN/I0BbIM ABMKeHMeM? 6. [aii-
Te onpegesnieHve guddysun. 7. Mpusegute npumepbl anddysnun. 8. MNovemy
TBepable Tena v XXUAKOCTU He pacnafatoTcs Ha oTAesbHble yacTuubl? 9 lMpu
KakoM YC/I0BMW B3aUMOZENCTBME MeXAy MosieKy/namu (atomamu, MoHamm)
CTaHOBUTCA 3aMeTHbIM?
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ynpaxHeHume Ne2 e

1. MoxemM N1 Mbl U3MEHUTbL 06beM Tenia, He U3MEHASA B 3TOM Tesle Kosnye-
CTBO Monekyn? Ecsin moXkem, TO Kak 3TO caenarb?

2. Mouemy gnsa Toro, 4Tob6bl pasopBaTb HUTb, HY>XXHO NPUIOXKNTL YCUNINA?

3. MOXXHO /i NpuBefeHHOe HMXKe YTBepXAeHVe cuuTatb UCTUHHBIM? OTBeT
obocHyiiTe.

Ecnn He ncnonb3oBaTb 4OMNOAHUTE/IbHbIE CPeAcTBa, U3 ABYX 06/10MKOB
NIVHENKN HEeBO3MOXKHO MONYUYNTb eNHOe Liesioe, TakK Kak MeXKay MOJeKy-
NnamMu IMHENKN JelicTBYIOT CUJ/Ibl 0T Ta/IKMBAHMA.

4. Bbluncnnte, CKOMbKO NPUBNAUN3NTENBHO MOJSIEKY/ST MOXXHO pPasMecTUTb
BLOMb OTpe3ka pAnuHoii 0,5 mMm. [lnameTp Mosieky/nbl NpUMUTe pas-
HbiM 0,000 000 0001 M.

5. Mnowagb nNAeHKW, 06pa3oBaHHON Ha MOBEPXHOCTM BOAbl Karsen pacTu-
TesibHOro macna o6bemom 0,005 Mm3, He MOXKeT 6bITb 60/bLLe 50 cm2. Ka-
KO BbIBOA 0 pasmepe MOJIEKY/Ibl PACTUTENbHOI0 Macsa cnegyeT 13 aToro
thakTa?

6. BcnomHMTE 1 onuwinTe ABa NpumMepa HabngeHni 1 aBa npuMepa sKcne-
pUMEHTOB, KOTOpble Bbl MPoBOAUIN B 5 nnu 6 Knacce. B yem, no sawuemy
MHEHWIO, F1aBHOe O0T/INYMe HabnwaeHNA oT IKCnepnMeHTa?

dKcnepmMMeHTanbHble 3afaHuns = —

1 Bo3bmuTe ABe Hersy6okume tapenku. B ogHy Haneiite HEMHOIO X0/104HOVA
BOAbI, B APYTYI0 — MPMMEPHO CTOJ/IbKO >Xe ropsA4deit. C NOMOLWbI MUMETKU
KanHuUTe B LLEHTP KaXK[oW Tapesikym HEeCKOSIbKO Karnesib KPenkKo 3aBapeHHOro
yas. O6bACHUTE pe3y/bTar.

2. Bo3bMUTE MATKYI0 APYXUHY (MM TOHKYIO Pe3UHKY), YNCTYI0 MeTasi/inye-
CKYH (M CTEKNIAHHY) NAacTUHKY, 6aaue ¢ BoAoA U NPOoAEMOHCTPUPYA-
Te, 4TO MEeXAYy MOJIeKy/SlaMu BOAbl U MeTaslia (CTeKa) CYL,EeCcTBYHOT CUbI
NpuTs>KEHUA. ONuUWnTe CBOWM LEWCTBUA WAW MNpPeAcTaBbTe CXemaTuyeckme
pucyHku (thotorpacun).

LL|3|/|,qeoonb|T. MocMoTpUTE BUAEOPO/INK U 06BSICHUTE HabogaemMoe SABMeHMe.

§ 3. HAYYHbIE METOAbl N3YYEHWA NMPUNPOAbI.
BKNAL YKPAMHCKNX YYEHbIX
B PA3SBUTUE ®UN3NKW

Bbl Kaxablii AeHb 1cCneayeTe OKpYXXaloLwmii MUP 1 NolyyaeTe HOBble 3HaHWs. Hanpumep, Bbl
€aMOoCTOSTENbHO U AOCTaTOYHO AABHO YCTAaHOBM/IM, YTO JIOXKA, ECMIN €€ BbIMYCTUTb U3 PYK,
06s13aTe/IbHO NaAaeT BHU3, NIaMsi KOCTpa YCTPEMSETCS BBEPX, COMHEYHbIe yul HarpeBaroT
3eM/t0, a NIbANHKA XOMOAMT NafioHb. A Kak MPOBOASAT Hay4Hble MUCCNEA0BaHNS yyeHble? Kak
OHM MOJyYatoT HOBbIE 3HAHMSA?



§ 3. HayuHble MeTobl U3yueHnst NpUpPo/pl. BKNad YKParHCKMX YUeHbIX B PasBuTUE (U3NKU

L  Y3HaeMm, yTo Takoe (GM3MYecKoe UCCNef0BaHME U YEM OTNMNYAKOTCA
HaGNIOAEHNA 1N IKCTIEPUMEHTBI

I ®dun3nyeckoe uccnefoBaHne — 370 LiefieHanpas/ieHHOE MOJlyYeHWe HOBbIX 3Ha-
HWIA O CbI/ISVILIeCKVIX Tenax WUnn aBneHusx.

O6bIYHO (hm3nyeckoe mccnegoBaHMe HavyMHaeTCs ¢ HabnwaeHUs, Korga umc-
criegoBaTesib HabwogaeT 3a° AB/IEHMEM, He BMELUMBAsACh B €ro Xog.

Ecnuv pesynbTaThl HabnwogeHWn MOBTOPATCHA, TO MccnegoBaTesib Ha oOc-
HOBE MOJIYYEHHbIX AaHHbIX fdefaeT BbiBOAbl. Hanpumep, B xoge HabnwpeHwuin
MOXXHO YCTaHOBUTb, YTO KaXkAyl 3MMYy Boda B pekax, npyjax 1 o3epax Haluemn
CTpaHbl NOKpbIBaeTca NbAoM. Mo pe3ynbTatam 3TUX HabMOAEHUA MOXKHO che-
naTb BbIBOZ: BC/AeACTBUE CUIbHOIO OXAaXXAEHUA (40 MUHYCOBOW TemrepaTtypbl)
BOJa B peKkax, npygax u o3epax npespaliaeTcs B fies.

OfHako faneko He Bcerga BbiBOAbl, MONYYEHHbIE C MOMOLbIO HAbMOAEHNA,
UCTUHHbI. Hanpumep, Ha puc. 3.1 ANMHa KPacHOro oTpe3kKa KaXXeTCAa MeHblue
ANviHbl cuHero. Ecnn >ke namepuTb A/IMHBLI OTPE3KOB JIMHENKONM, TO OKaXkeTcs,
YTO OHW paBHbI.

YT06bl He genaTb NOAO6HbIX OLLNO0YHbIX BbIBO-

[0B, y4eHble NPOBOAAT 3KCAepUMEH T bl (OMbIThI).

JKcnepumeHT (0NbIT) — 3TO UccnegoBaHne u-
3MYECKOTO SIBEHMS B YC/OBMAX, Haxo4awmxcs
I nop koHTponem wccnepoBatens (puc. 3.2).

3KCI'IepVIMeHTbI 006bIYHO conpoBoOXAakwTCA U3- Puc. 3.1. [NnHbI OTPE3KOB paBHbI.

MePeHUSAMMN. B aToM nerko y6eamntbcs ¢ Nomo-
Korga yyeHble NPOBOASAT CEPUI0 IKCMEPUMMEH-  LUbHO IMHENKN

TOB, HanpaBJ/IEHHbIX Ha N3y4YeHWE onpenes1IeHHoro

(*)I/I3I/I‘-IeCKOFO ABIEHNA, — 3TO IKCNEPUMEHT aJlb-

Hoe umccnegoBaHue. CoBCceEM CKOpO Bbl byaeTe Bbl-

MOSIHATL NabopaToOpHY paboTy — nMpocTenwmnii

BN 3KCNepnMMeHTasIbHOIro nccsiegoBaHuA.

BbiiCHSieM OCHOBHblE 3Tanbl
MONYyYeHUs HOBbIX 3HAHUM
B X04€e (PU3NUYECKNX UCCNef0BaHNIA

CHauana uccnegosaTtesib aHanu3npyeT yBUIEH-
Hoe BO Bpemsi HabnwaeHWIA, a 3aTem BbiABUTra-
eT rMnoTesy — fJesniaeT HeKoe MpearnosioXKeHune,
CBSI3aHHOE C UcC/leayeMbIM SB/IEHMEM.

Hanpumep, no pesynbTaTam Ha6n+0,quV||:| PYC. 3.2. YueHbie NPOBOSIT
33 COCTOAAHMEM BOABI B PeKax M 03epax 3UMOW . nenvienTsl (ONbiTl) B Criewy-
MOXHO BbIABUHYTb TUMOTE3Y: MOC/ME OXNAXAE-  anLHo 060PYA0BAHHBIX NOMELLE-
HMSA [0 TeMnepaTypbl HUXe Hy/A Boja Beerfja (He  Huax — (uanuecknx naboparo-
TOMIbKO B peKax W 03epax M He TOMbKO 3UMOWN)  pusix
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VAL

Puc. 3.3. FTannneo lanuneit
(1564-1642)

Pwuc. 3.4. Ncaak HbtOTOH
(1642-1727)

Puc. 3.5. 3KCNepUMEHTBI € «Tpy6-
Kol HbHOTOHa»: B CTEKSAHHYHO
TPY6KY NOMECTUIN MOHETY

1 NTYbe nepo. Tena Havam
nafieHne 0JHOBPEMEHHO. /3-3a
COMPOTUBNEHMS BO3AyXa Nepo
«OTcTano» (a). M3 Tpybkm otkava-
Ny BO3AYyX — Tena AOCTUIN AHa
Tpy6KM 0AHOBPEMEHHO (6)

npeepaliaeTtca B ned. Janee vccnenoBaTenb Npo-
BOAUT 9KCMEepMMeHT, C TMOMOLbI0 KOTOPOro
npoBepsieT rMnoTesy.

T Kakoi 3KCNepMMeHT Bbl MOXETe MpPOBECTU,
4YTO6bI MPOBEPUTL FNUMOTE3Y 06 yC/I0BUM Mpe-
BpalleHuna oAbl B nen?

Bnarogapsi runotese m ee 3KCNepuMeHTaslb-
HO MNpoBepKe wuccnegoBaTesib MoslydaeT HOBOE
3HaHMe. A pesynbTar Bawero 3KCNepUMeH-
Ta HaBepHsKa 6ygeT Takum: Mpu Temnepatype
Hmxke O °C Boga Bcerfa npespaljaeTca B feg*.

MpoBegeHME HEKOTOPbIX 3KCMEPUMEHTOB He
TpebyeT MHOro BpeMeHU, HO MHOrga MOUCKU UC-
TUHbLI MNpojospKakTca crtonetnamu. [pusegem
npumep.

Onupascb Ha MOBCEAHEBHbLIM OMbIT, (PUI0CO-
bl OApeBHen Mpeynn caenanuv BbIBOA, YTO 6onee
TsOKenble npegmeTbl Bcerga nagawT ObicTpee,
yem nerkve. M To/bKO NOYTU 4epe3 ABe ThbiCS-
Yn NeT NTaabAHCKNIA y4deHbln Tanunneo Manunei
(puic. 3.3) BbIABUHYA TMMNOTe3y: BpeMs NageHus
Tesl He 3aBUCUT OT UX Macchl, U ecsin 6bl He 6b110
CONpPOTUBAEHUSA BO3A4yXa, Bce Tesa Naganv Obl
04MHAaKOBO.

Mo nereHge, NS NOATBEPXXAEHUSA CBOEW fo-
ragkv y4yeHbii NpoBen mccnegoBaHme, NCNO/b30-
BaB A1 3TOr0 3HaAMeHUTY MKr3aHCKy 6allHH.
C BeplwnHbI 3TOF0 COOPY>XeHns oH 6pocan npega-
MeTbl (MYLIKETHYI My/ai0 W nywe4vyHoe £4p0),
Ha [ABV>KeHVe KOTOpPbIX CONPOTMB/IEHWE BO34Y-
Xa BNMsieT He3HauuTeNnbHO. Pe3ynbTaTtbl 3kcne-
PUMEHTOB MOATBEPAUIN TUMOTE3y YYEHOro: oba
npegmeTta foCcTUrann 3eM/IN NPaKTUYECKN OLHO-
BPEMEHHO.

Bosiee TO4YHbIE 3KCNEPUMEHTbI OCYLLECTBUN
BblAAKWWNIACA aHIIMACKNI yyeHbln Ncaak Hbio-
TOH (puc. 3.4, 3.5). MNpn atom HbIOTOH He orpa-
HUYU/CA NOATBEPXKAEHUEM BbIBOAOB [anuvnes.

JlaHHbIli BbIBOA, ABNAETCA UCTUHHbLIM 47151 BOAbI NMPU HOp-
MasibHOM aTMocepHOM AaBneHMM — npegnonaraeTcs,
4YTO 3KCNEPMMEHT MPOBeAeH MMEHHO Mpu 3TOM YC/IOBUM.
Moppo6Hee 06 aTMochepHOM AaBNEHNN Bbl y3HaeTe U3 Ma-
Tepnana § 25.



§ 3. HayuHble MeTodbl U3yyeHnst NpUpofpl. BKMad YKPanHCKMX YUeHbIX B PasBUTUE (U3NKU

MpoaHannsnposas NosyYeHHble AaHHbIE U ce-
NlaB HeobxoAuMble BbIYUC/EHUSA, TO eCTb MNpoBe-
0A TeopeTwuyeckne wuccnegosaHusa, WM. HblOToOH
NMpearosioKna, 4To N nafjeHwe Tes, N BpalleHue

nnaHeT CosHeYHoM cucTeMbl BOKpyr CosiHua mnoa- JKcnepuMeHTa
UYMHSTCS O4HOMY 3aKOHY. UT006bl 060CHOBATbL 3TO
YTBEPXK/EHNE, YUeHbIi CHOBa 06paTuics K Ma- “MnoTe3ajb_

Tematuke. B pesynbtate HbHOTOH OTKPbLIZT 3aKOH
BCEMVPHOr0O TArOTEHUA — COo34asl HOBOE 3HaHWe.
Co BpemeH [lanuneda v HblOTOHA OCHOBHbI-
MU MeToAamu MOAYYEeHUSA HOBbIX 3HAHWIA cTanu
3KCMepUMEHT asbHbIA 1 TeopeTuyecknii. Co-
BPeMEHHbIe 3KCMepumMeHTaslbHble uccief0BaHUA
HEBO3MOXXHO MpeacTaBuTb 6e3 creunasibHO CKOH-
CTPYMPOBaAHHbLIX CNOXHbIX NpubopoB. B paspa-
60TKE HOBbIX TEOPWI YYacTBYIOT COTHMW yueHblx, "VC. 3.6. Tanbi nonyuenns
ONA TeOPeTUYECKMX pacyeToB NMPUMEHSAIOT CBEPX- HOBBIX 3HAHUN B XOAE (usmeckux
nccnepoBaHnn
MOLLHbIE KOMMbIOTEPDI.
Mpwy 3TOM 1 cerogHA OCHOBHbIE 3Tanbl NOSyYeHUS HOBbIX 3HaAHWI (Habnge-
HUSA — TUMoTe3a — 3KCMEPUMEHT) OCTAKTCA HEU3MEHHbIMU,
MocnefoBaTesibHOCTb 3TAMOB MOSYYEHUS HOBbIX 3HAHWI B X04e (PU3NUYECKUX
nuccnefoBaHUii MOXKHO NpeacTaBuTb B BUAE CMpanu, KoTopas COCTOUT M3 Mo-
BTOPAKOLWNXCA 3/IeMeHTOB (puc. 3.6).

- . Paswmbllunenns <
"HabntogeHns

g BbisicHseM, 3a4eM co3jatT uanyeckne Moaenm

J110601 (hr3nYeCcKMii MPoLLEecc AOCTATOYHO C/IOXKEH U COMPOBOXKAAETCA MHO-
rOYNC/IEHHbIMMN ABMEHUSAMN. MMOHATHO, YTO O4HOBPEMEHHO Wcc/efoBaTb BCe SAB-
NneHnsA, npoucxoasaume B XoAe AAaHHOro npouecca, U y4ecTb BAUAHME abCOMIOTHO
BCeX (DaKTOPOB HEBO3MOXXHO. [M03ToMy B Haudasie (hM3MYECKOro uccnefoBaHus
onpenensaoT (akTopbl, CyLW,eCTBEHHO BAUAKLWME Ha npouecc. [anee yyeHble
co3gatT U3MUecKyl MOAesib mpouecca — ero Boobparkaemblii aHaslor, B KO-
TOPOM «OENCTBYHOT» TONbKO 3TU (pakTopbl. Kakue MMeHHO (hakTopbl cregyert
y4yecTb, a KakKMMm MOXHO MpeHebpeub, Onpeaensietca Lesiblo UCCeA0BaHUS.

Te n3 Bac, KTO urpasa B KOMNbIOTEPHYO uUrpy «Angry Birds», y)xe nmenmn
Leno ¢ npocTenen PU3NYecKoin MOLENbI ABMKEHUA Tena, 6poLeHHOro nojg
YI/I0M K TOPU30HTY (puc. 3.7). Obire 3aKOHOMEPHOCTK, «paboTatowme» B 3TON
MoZesnn, 6yayT BbIMOMHATLCA U B C/Ayyae, Hanpumep, NyLWeyHOro BbICTpena,
HO C HEKOTOPbIMM MOMpPaBKamMy — Ha CKOPOCTb BeTPa, KayecTBO 3apsja, U3HOC
Ayna nywku n T. n.

A BOT ecnm HeobxogMmo paccuymTaTb ABUMXKEHME KOCMUWYECKOW paKeThl,
TO MOMNpaBOK [O/DKHO ObIThb ewe 6onblle, Bedb Cneayetr yyecTb YMEHbLUEHUE
Maccbl pakeTbl M3-3a CropaHus TOM/IMBa, W3MEHEHWe TemnepaTypbl BHELUHEN
cpefbl, MOCTEMEHHOE pa3peXkeHwe Bo3dyxa WM MHoroe gpyroe. VIMEHHO MoaTo-
My OABWIKEHME paKeT MOLENUPYHT 60NblUME KOMTEKTUBbLI YYEHbIX, UCMNOMAb3YS
MOLLLHEWVLLME KOMMNbIOTEPHDI.
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Puc. 3.7. B KOMMbIOTEPHOIA urpe «Angry Birds» ncnonb3oBaHa npocTelilasn husmnyeckas Moaenb
[BWXEHWS Tena, 6POLIEHHOT0 MoJA YI/I0M K TOPU30HTY

U] YsHaem 06 yKpamHCKUX pusnkax

B «coopy)xeHue 34aHuUsA» COBPeMEHHOW (U3NKWM BHECNUM CBOM BKIaf
N Yy4YyeHble, CBA3aHHble C YKpauHoli. Cpean camblX SAPKUX MMeH — WBaH
Maenoeny Myntwon (puc. 3.8), NOAYyYUBWNIKA MUPOBOE MpuU3HaHWE 3a Uccaemo-
BaHMA B pas3HbIX 061acTAX 3KCNEPUMEHTANbHON (DU3UKN W 3NEKTPOTEXHUKMN;
Bnagnmunp MeaHoBnu BepHaackuii (1863-1945), nepsblii npe3ngeHT AKageMumn
HayK YKpauHbl (cM. c. 24); AnekcaHgp TeogopoBuy Cmakyna (1900-1983),
y4YeHbIli-n3obpetaTenb, N3BECTHLIM MpeXae BCero cBoMmu pabotamu B 06s1actu
ONTUKU U PU3NKKU Kpuctannos; Jles Bacunbesuy LLIy6HUKOB (puc. 3.9), yue-
Hbli, BHECLUWI 3HAYUTENbHbIV BKIa4 B (OU3NKY M TEXHUKY HU3KUX Temmnepa-
Typ; JleB AaBngosmy JlaHgay (1908-1968) (cm. ¢. 219); Hukonaii Hukonaesmnu
Borontw6os (1909-1992) (cm. ¢. 104). B YKpauHe pogusca mn pabotan wmuccne-
foBaTtenb pagnoakTUBHOCTM WM 3eMHOro marHetusma Hwukonan AMuTpuesmy
Munbumkos (puc. 3.10), KOTOPOro MOXHO OTHECTU K 4YMCNy MNepBbiX paguvo-
TEXHUKOB U ALEPLLNKOB-IKCMEPNMEHTATOPOB.

O HeKOTOpbIX HAaLIUX COOTeYeCTBEHHMKAX-YUYeHbIX, a TakXXe 06 M3BeCTHbIX
YHUBEPCUTETaX U UCCNef0BaTe/IbCKUX MHCTUTYTax Hallel cTpaHbl Bbl y3HaeTe
13 pyopukun «dPusmka n TexHnkKa B YKpauHe» B yyebHUKax Ana 7-9 Kaccos.

JOCTVMXKEHNA YKPAMHCKMX Y4YeHbIX XOPOLWO W3BECTHbI 3a rpegesiamm Ha-
wen cTpaHbl. MaTepuanbl U TeXHO/I0TUW, CO3[aBaemMble B KMEBCKOM WHCTM-
TyTe 3nekTpocBapku mm. E. O. laTtoHa, NPUMEHAIOT Ha BCeX KOHTUHEHTax.

Puc. 3.8. . . Nyntoi Puc. 3.9. /1. B. LLy6HW1KOB Puc. 3.10. H. A, Munbumn-
(1845-1918) (1901-1945) KoB (1857-1908)



§ 3. HayuHble MeTofbl M3y4YeHWs MPYPOAbI. BKNAA YKPaMHCKMX YUEHbIX B pasBuUTHe (3NKN

CUHTeTMYeCKME KpUCTasnsbl, KOTOpble NpPou3BoAAT B HCTUTYTe MOHOKpUCTan-
noB (XapbKoB) U Ha HAay4YHO-NPON3BOACTBEHHOM NpeAnpuAaTnn «Kapat» (J1BOB),
He ycTynawT Ayylwnum MUpoBbiM obpasuam. B obnactu BbIUMCANTENBHON Tex-
HUKN N NMHDOPMALMOHHbIX TEXHO/I0TUI MONb3YITCA aBTOPUTETOM pas3paboTKu
NHcTuTyTa KnbepHetuku um. B. . MywkoBa (Kues). OgHMM 13 MUPOBbIX LLEH-
TPOB SAEPHON PM3NKKN ocTaeTcsl XapbKOBCKUI PU3NKO-TEXHUYECKNIA UHCTUTYT
HauunoHanbHOM akagemmm HayK YKpauHbl. Ha FocygapcTBeHHOM NpegnpusaTumn
«AHTOHOB» (KuneB) paspabotaHo 6osiee 100 TMnoB n mogmdmnkaynin camosieTos
pasHbIX KnaaccoB, a B [JJHernporneTpoBCcKe, B KOHCTPYKTOPCKOM 610p0 «HO>KHOe»
M Ha 3aBoge «HO>kmalu», co3gaH OAWH U3 MOLHENLLNX paKeTHbIX KOMMJEKCOB.

b ~logBoaum wuTOrn

/ OCHOBHble MeToAbl MOJIYYEHUS HOBbIX 3HAHWUI — 3KcMepumMeHTasbHbIN
M TeopeTu4eckunii. Ha onpegeneHHOM 3aTane yyeHble MMEKT HEKUE 3HAHUS;
B pe3ysibTate HabAAEeHWI N pa3MbILLIEHNIA OHN ybeXkaalTcs B HE06X0ANMOCTU
YCOBEPLUEHCTBOBAHUSA 3TUX 3HAHWIA; 3aTeM y4yeHble MPOBOAAT TEOPETMYECKME
nccnefoBaHns, BblABUTAOT TUMOTe3y W MoAaTBepPXKAalT (MM ONMpPOBEPrawT) ee
MyTEM 3KCMNEPUMEHTa/IbHOM MPOBEePKU. Pe3ynbTaToM CTaAHOBUTCS HOBOE 3HaHMeE.
Mepen NpoBefeHMEM TEOPETUYUYECKUX UCCNEAOBAHUI (hM3MYUYECKOro npouecca
yUeHble C034alT ero naeann3npoBaHHbIA aHanor — (U3NYecky MoAenb.

KOHTpPONbHLIE BONPOCHl - eveeeeeeeeennn. : —-

1. Yto Takoe HabnogeHune? 2 [MpuBegute NpuMepbl MU3NYECKUX SIBMIEHWNNA,
3HaHVe 0 KOTOPbIX Bbl MOAYYUIN B pe3ysibTare COOCTBEHHbIX HabNHOAEHUIA.
B. Uem sknepMMeHT oT/nM4yaeTca OT HabnwgeHus? 4. KTo U Kak akcnepu-
MeHTasIbHO noaTeepaun runotesy I Fanunesa o Tom, 4yTo 6oslee nerkoe Tesio
najaeTt MefsieHHee 13-3a CONMpPoTMB/IeHNA Bo3ayxa? 5. KaKoBbl OCHOBHbIE Me-
TOAbl MOAYYEHUST HOBbIX 3HaHW? [MpuBegmTe npumepsl, 6. PacckakmuTe 06
aTanax nosyyYeHUsi HOBbIX 3HaHMWI B Xo4e (PU3NYECKNX UCCNeL0BaHUIA.

YnpaxxHeHune Ne3 —_—

Yy 1. Ha JlyHe, rge oTcyTCcTBYET BO34yX, acTpoHaBT [assug CKOTT B3A/1 B PYKMU,
a rnoToM OAHOBPEMEHHO OTMYCTUJ/T MOJIOTOK M NTUYbe Nepo. OnbIT Kakoro
YYEHOro noBTOpu/ acTpoHaBT? Kak Bbl AymaeTe, KaKoi pe3ysibTaTt OH Mo-
nyuunn?

2. Kakoii Kpyr Ha pucyHKe 60siblie — OKPY>XEHHbI Ma-
NIEHBbKVMUW KpyraMu UM OKPY>KEHHbIW 601bWINMUN KpY-
rammn? Kakvum MeTooM (PU3NYeCcKOoro No3HaHMs MOXXHO E
BOCMOJ/Ib30BaTbCA, YTOOblI OTBETUTL Ha BOMPOC?

B Hayke pa3nuyaloT Takue noHATUA: 1) ABseHne, HabntogaemMoe NocToAH-
HO; 2) aKcnepuMeHTa/lbHbIN akT; 3) runotesa. OnpegennTte, K Kakomy
M3 MOHATUN OTHOCATCHA NPUBEAEHHbIE YTBEPXKAEHUS:

a) nNpu OTCYTCTBUM COMNPOTMBMIEHMNA BO34yXa BCe Tesla najalwT C 0gvHa-
KOBOW BbICOTbI 3@ O4HO U TO' XKe Bpemsi; 6) BEpPOSATHO, pasfimuve B CKOPO-
CTV NafeHus Ten pasHoM Maccbl 06bACHAETCHA COMPOTUB/IEHUEM BO34YXa;
B) Tes10, BbIMYyLLEHHOE U3 PYK, NajaerT.

X a
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4. YT06bl YMeHbLINTb BpefHOEe B/IMSIHME BbIXJIOMHbIX FAa30B Ha OKpYy>Xa-
IOLLLYIO Cpeay, YYeHble MPOBE/IN HEKOTOPbIe pacyeTbl U NPeaoXKnnun co-
cTaB HOBOro TOM/MBA A4/19 ABUratens aBTomobunsa. Ytobbl y3HaTb, Kakoii
npwu aTom 6yAeT TAra Asurartens, ero UCMbITasin Ha CreLnanbHOM CTEHE.
B KaKoM criydae yueHble BbIMOHUAN 3KCNepUMeHTaIbHOE 1cciefoBaHme,
a B KaKOM — TeopeTmnyeckoe? OTBeT 060CHYIiTE.

5. HasoBMTe MUHUMYM LUECTb U3MEPUTESIbHLIX MPUGOPOB, KOTOPLIMU Bbl
nosb30Ba/IMCb Ha ypoKax mMareMaTuku, NpupoLoBeaeHNs N B MNOBCEAHEB-
HOW XXN3HU. YTO0 Bbl N3MEPANM C MOMOLLLbI0 KaXKA0ro U3 sTux npmbopos?
B Kakux egmMHuuax nonyvanu pesynbTtaTbl?

dKcnepuMeHTaNbHble 3a4aHNs

1. MoHabnogaiiTe Kakoe-HUbyAb (PU3NYECKOe SIB/IEHME W OMULLINTE ero Mo
naaHy Ha gop3aue yyebHuKa (MCNoNb3yiTe TONbKO NYHKThI 1,2, 4).

2, Bo3bMnTE HECKO/1IbKO 0AVHAKOBbLIX IMCTOB BymMaru n npugalite um, Kpome
04HOro, pasHyto opmy (CNoXuTe, COMHUTE U T. N.). MNMpegnoxnTe rnnotesy
0 CKOpPOCTW MNafeHusa AaHHbIX Ten. [poBepbTe CBOK FMMOTE3Y 3KCNEPUMEH-
TaslbHO. O6bACHUTE pe3ybTaTbl IKCMePUMeHTA.

BugeoonbiT. nOCMOTpVITe BNAEOPOJINK, 06bACHUTE Ha6mo,qaeM0e ABJIEHUE.

dun3nkKa nTexHuKa B YKpanHe

MepBblii Npe3VAeHT AKagemun HayK YKpauHbl Bnagmmup ViBaHoBMM
BepHagackuin (1863-1945) 6bl1 BENMYANLLKMM €CTECTBOMCTIbITATENEM, YYe-
HbIM, KOTOPbI He TONbKO Pa3BMBa/ M3BECTHblE HA TO BPEMS HayuHble
HanpasneHus, HO N CTasl OCHOBOMOJIOXHUKOM HECKO/IbKMX HOBbIX HayK.

CerogHs MHOrMe MexzyHapoAHble opraHu3auuy B CBOWX NpoOr-
HO3ax pas3BMTUA YesoBEYECTBA OMUPAIOTCA Ha KOHLEMUMIO YCTOiuu-
BOr0 pPa3ByTMA OOLLECTBA, KOTOpas SABNSETCH NPOAO/MKEHNEM YYeHUs
B. . BepHaackoro o Hoocthepe (cthepe B3aumopeiicTBust o6LiecTBa

1 NpuUpoAbl). CyTb 9TOW KOHLENUMU 3aK/04aeTcs B TOM, UTO6bl OT MOKOMEHUs K MOKOMEHUHO
He CHVKa/IMCb KayeCTBO M 6e30MacHOCTb XKM3HW JIOAEN, He yXyAlanoch COCTOSHUE OKpY-
atoLei cpefbl, MPOVCXOAWN CoLMalbHbIA Nporpecc.
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8 4. PUSNYECKWNE BENTNYNHBI.
N3MEPEHVE ®N3NYECKWNX BETMYNH

Kak Bbl lymaeTe, HAacKO/bKO YacTo /04N BbIMOMHSIOT U3MEPEHNN? HACKObKO BaKHO YMETb
[lenatb 3T0 NPaBWILHO? Kakux MOCneAcTBUiA CneayeT.oxuaaTh, eciu pesyrbTaTbl U3MepeHuii
6yayT OLMGOYHBIMI? UTOGLI MOMOYL BaM OTBETUTbL Ha 3TV BOMPOCHI, HAMOMHWM HECKOJIbKO
npuGopoB, KOTOPLIMK Bbl M Balla CEMbSi MOJSb3YETECH MPAKTUUYECKN €XeAHEBHO: Yachl,
BECbIl, TEPMOMETP, CNUAOMETP, MAHOMETP... Hadeemcs, Bbl y6eaunuch B He0GXOAVMMOCTY
BHMMATeNIbHO M3yunTb 3TOT naparpad!
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U OnpepgenseM NOHATUE «PU3MYECKas BeMUYNMHA»

Ana onucaHnst KaKnxX-nmbo SABAEHUIA WX CBOWCTB TeNn filogn u3gaBHa uUc-
Nonb3yHT NX XapaKTepucTukn. Hanpumep, Korga mMbl roBOPUM, YTO TEHHMUCHBIN
LWapMK MeHblLUe BO3A4YLIHOrO wwapa, TO MMeeM B BUAY, YTO 06bEM TEHHUCHOrO
wapuka MeHblle obbema BO3AYyLIHOro wapa. O6bem — npumep (M3NYECKOI
Be/IMUMHBL. JTa BeNMUYMHA XapaKTepu3yeT o6Liee CBOMCTBO Tesl 3aHMMaTb He-
KOTOPYI YacTb npocTpaHcTBa (puc. 4.1, a). Ewe ogHUM NpUMepoM (hU3nNYecKori
BE/IMUNHBI MOXKET CAY>XUTb YXKe M3BECTHOE BaM MOHATUE CKOPOCTb JBUIKEHUS,
KOTOpPOe ABNSETCA xapaKTepPUCTUKONM ABMXKeHus Ten (puc. 4.1, 6).

®du3myeckas BeMUYMHA — 3TO KOJIMYECTBEHHO BbIpaXEHHas XxapakTepucTnka
Tena v (*)VISI/I‘—IGCKOFO ABNEeHNA.

PasymeeTcsi, 06bEM U CKOPOCTb ABUXEHUS — 3TO JasieKo He Bce (hmn3nye-
CKME BEJIMUYMHbBI, KOTOPLIMU OMepupyeT pursnka. [laxke B NOBCELHEBHOW >XU3HM
Mbl UMeeM fef10 ¢ 60NbLINM KOJTMHECTBOM (PU3NYECKUX BESIMUYUH: ANUHA, NO0-
waab, 06beM, Macca, Bpems, NyTb, TemnepaTypa.

7 Kakyto h13nyeckyo BENNMUYMHY U3MepseT YenoBeK Npu npoctyae?

Ana ypo6ctBa Kaxayrw (U3MYecKyl BefIMUYMHY 0003HavalT onpeaesieH-
HbIM CMMBOJSIOM (6YKBOI NaTUHCKOrO WM rpeyeckoro andgaenTa). Hanpumep,
06bem 0603HavaT CMMBOIOM V, BPEMSA — CUMBOJIOM £ CKOPOCTb ABUXXEHUA —
CUMBOJIOM V.

Al YsHaem o MexayHapoAHOW cucteme eguHuUL,

B pomaHe >Kiona BepHa «[MATHaguaTuNeTHWA KanuTaH» eCcTb TaKoi
anu3og: «lMpoga waroB Tpucta nNo 6epery pekn, MasieHbKU OTPSAS BCTYMWJI
rnoj, MokKpoB [eBCTBEHHOro seca, Mo M3BUNNCTbLIM TPOMMHKaM KOTOPOro emy
npeacToasno CTPaHCTBOBATh...»

MpoaHanu3svpyem 3TOT OTPbIBOK W BbIACHUM, KaKyl (U3NYecKylo
Be/INYNHY NMesT B BUAY aBTOpP, YEMY PaBHO €e YMC/I0BOE 3HAYEHME U B KaKUX
eanHuuax 6blna uU3MepeHa 3Ta BeNMYMHa. HeTpyaHO YCTaHOBUTb, YTO peyb
MaeT 0 hU3NYECKON BeNMYMHE MNYTb; YMCNOBOE 3HAYEHUE 3TOW (U3nyeckomn
BE/INYMHbI — TPUCTA; efVHULER Ny TW CAY>XNT OAUH Luar.

Puc. 4.1. 4na xapakTepucTMKK CBOIACTBA TEN 3aHMMATb TY WM MHYIO YacTb NPOCTPAHCTBA WCMOMb3Y-
10T (PM3MYECKyI0 BENMYNHY 06BEeM (0); 415 XapaKTEPUCTUKUN ABVMKEHWUA TeNT — CKOPOCTb ABVKEHMS (6)
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OueBMAHO, 4TO B BOMBLUMHCTBE CAy4vaeB BblI6Op Llara Kak eanHuubl NyTu
He MOXeT ObITb yAayHbIM, BeAb ANMHA Wara y Bcex pasHaa (puc. 4.2). Takum
o6pa3om, CTAHOBUTCA MOHATHbLIM, MOYEMY JIIOAN C APEBHUX BPEMEH Hayanu [o-
ropapmpaTbCA 0 TOM, 4YTOObl M3MEPATb OAHY W Ty >Xe (DU3NYECKYH BENUNUUHY
OAVWHAaKOBbIMWN eANHULAMMU.

Celivyac B 60NbLUINHCTBE CTPaH Mupa AericteyeT BBedeHHas B 1960 r. Mexx-
AyHapogHas cucTeMa efuHuUL, KOTOpyk HasbiBalwT CucTema WHTepHauywmo-
HanbHas (CW) (puc. 4.3).

B CU egnHunueii gnvHbl aensietca metp (M), eAUHUNLEN BPEMEHU — CEKYH-
fa (c), obbem n3MepsdAeTca B MeTpax Kybuuyeckux (M3), CKOPOCTb ABUXKEHUA —
B MeTpax B cekKyHAy (m/c). O apyrux eanHuuax CU Bbl y3HaeTe Mo3xe.

Mpu 3anncy 3HayYeHUs U3NYECKO BENIMUYNHBI YKa3blBalT CUMBOJ, KOTO-
pbIM OHa 0603Ha4YaeTCs, YMCNOBOE 3HAYeHMe (DU3NYECKON BeNUYUHbI U ee ean-
Huuy. Hanpumep, 3anmncb n=>5 M/C 03HaYaeT, YTO CKOPOCTb ABUXKEHUA HEKOEro
Tesa coctaBssieT 5 MeTPOB B CEKYHAY.

O | BblsAiCHseM, YeM KpaTHble eAMHULbl OT/INYATCA OT A0JIbHbIX

Ana yaobeTBa 3anncn 60NbWINX U MasbiX 3HAYEHUIA PU3NUYECKUX BENU-
UMH WCNOMb3YIT KpaTHble U A0/bHble €AVHULbI.

KpaTHble egUHULbI — 3TO e4UHNLbI, KOTOPble 60/1blUe OCHOBHbIX €AVNHUL]
B 10, 100, 1000 wn 6onee pas.
JonbHble eAUHNLbI — 3TO €AUHULbI, KOTOPble MeHbLUE OCHOBHbIX eANHULL

B 10, 100, 1000 n 6onee pas.

Ha3BaHns KpaTHbIX U AO0/IbHbIX €AUHWL, BK/KOYAT B cebs cneuunasbHble
npegukcol. Hanpumep, kunometp (1000 M) — KpaTHas eguHMLA ANNHBI; CaH-
TumeTp (0,01 M) — ponbHas eguHULA ONNHBI.

B Tabnuue Ha c. 27 npuBegeHbl Hanbosiee 4acTo ynoTpebsigembie npeurKebl.

meTp KWUnorpamm

cekyHaa amnep

KeNbBUH KaHaena
MO/b

Puc. 4.2. Ecnn 6abyLuka 1 BHyK 6yayT
M3MepATb PacCTOsIHME B LUarax, To MOHATHO, Puc. 4.3. OcHOBHbIe eanHULBI MexayHa-
4TO OHM MOMYyYaT pasHble pesysnbrarbl pOAHOIA cucTemMbl eguHmL, (CU)
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Mpecurkebl, AN 06pa3oBaHUA Ha3BaHU KpaTHbLIX U AOJIbHbIX eAVHUL,

3HauyeHve B repesoje

q)l;llii;l C rpeyeckoro Cumson MHoOXXuTenNb
WX TaTUHCKOIO si3blKa

Tepa- yy0BULLLE T 1 000 000 00O CCO 1w 12
rura- TMraHTCKnii r 1000000000 w9
Mera- 6onbLION " 1000000 106
Kwuno- ThicAYa K 1000 103
reKTo- CTO r 100 0 2
neun- becaTb A onqa w1
CaHTu- CTO c 0,01 10%2
MWNN- TbicsAYya M 0,001 10“3
MUWKpO- MasieHbKWNi MK 0,000 001 Io™®
HaHo- Kap/nmkK H 0,000 000 001 10"9

L BblCHAeM, yemM OT/inyaroTCcs npsAMbleé N KOCBEHHbIE U3MEpPEHUA

3HayeHNs1 PU3NYECKUX BE/IMYUH MOMydalT NyTeM WU3MEPEHWUIA.
BcnoMHMUTE NpuMep W3MepPeHUsl, NPMBEAEHHbIA B M. 2 3TOoro naparpada.
ABTOp, OnucbiBas MyTellecTBME OTPsAa Mo 6epery peku, B KavecTBe efUHMULbI
nyTn Bbi6pan war. YTobbl Bblpa3nuTb YNCN0BOE 3HadeHMe (Tpucta) NyTW B LIa-
rax, emy Heob6xoAMMo 6b1/10 CPaBHUTL NPOMAEHHOE paccTOSAHME C ASIMHON Lwara.

N3mepnTb hU3NYECKYH BEIMYNHY 03HAYaET CPaBHUTL €e C O4HOPOAHON Benu-
UMHOIW, B3ATON 3a eAuHWULY.

CyuiecTByeT Aga BMaa U3MEPEHUIA: NPsSIMble N KOCBEHHbIE M3MEPEHUSI.
Mpy NpsiIMOM M3MEPEHUN UCKOMOEe 3HaueHue (PU3NUYEeCcKo Be/IMYUHBLI MOoNy-
yalT cpa3y — Mo NoKalaHUAM M3MepuTenibHOro npuoopa (puc. 4.4, 4.5).

Puc. 4.4. <Y MeHs1 CHOBa MOBLICU/IOCH AaBre- Puc. 4.5. lo oTnpaBneHna noesaa ocTasiochb
HVIE», — >KaJTyeTCH YKEHLLMHA Noc/e n3MepeHns 2 MWHYTbI — 3TOT MHTEPB&/1 BPEMEHM Bbl
KPOBSAIHOTO AaB/IEHNA C BOJIHEHVEM OMnpejenseTe ¢ NOMOLLbIO YacoB
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Mpy KOCBEHHOM W3MEPEHMN MCKOMOE 3HAaYeHue (PUINYECKON BENUNYMHBI
onpefensanT ¢ MomMowbio OopMynbl, MOACTABUB B Hee 3HAUYEHUA APYrux gu-
3MYECKUX BEJINYMH, MOJTYYEHHbLIX B X04e MNPSMbIX M3MepeHW. Tak, 4To6bl
onpeAennTb Njouiaib 8 NPSAMOYrosibHMUKa, CHayasla ¢ NOMOLLbH /IMHEHKN n3-
MEPAT ANIUHY | N WNPUHY @ NPAMOYroJsibHUKa (NMpsiMble U3MepeHUs), a NOTOM
BbIUUCAAIT ero naowanb no gopmyne b=1cl.

7 KOCBEHHble N3MeEPEHNA KaKWMX BESINYMH Bbl BLIMOJSIHAMM Ha ypokKax mare-

MaTuKmn?

NO 3HaKOMUMCA C M3MEPUTENbHBLIMKU Npubopamu

Ans ycTaHoBNeHUA 3HAYeHUA (PU3NYECKUX BESIMYMH B X0A4e MPSMbIX
M3MEPEHN T NCNOMb3YIT N3MePUTEeNbHbIE NMpubopsl (puc. 4.6).

Ceiiuac B Hayke, TeXHUKe, 6bITY MPUMEHSIOT KaK 3/1eKTPOHHbIE LIN(POBLIE
N3MepUTesibHble NMPUBOPbI, Y KOTOPbIX 3HA4YeHWEe NU3MepseMol BefIMUUHbI Bbl-
CBeYMBaeTCs Ha 3KpaHe, TaK U U3MepuTesibHble NPUGOPbLI, NPU MOL30BAHUN
KOTOPbIMUW 3Ha4YeHNEe N3MEPHAEMO BeNMUMHbI ONpeaensalnT no wkane. M3mepu-
TeNbHbI/i NPN60pP 06bIYHO COAEPXKUT MHDOPMALNIO 0 egMHULAX, B KOTOPbIX MO-
JaHbl 3HA4YeHUS U3MEePSIEMOM 3TUM MPUGOPOM BE/INYUHBI.

Mo WKane MOXHO YCTaHOBUTH [IBe CaMble BaKHble XapaKTepUCTUKN U3Me-
puUTenbHOro nNpubopa: ueHy AeneHUs LWKabl npubopa v npegensl U3MepeHUs™ .

I LleHa geneHuns wkanbl N3MepuTeNbLHOro npuéopa — 370 3HAYEHWE HAVMEHb-
LWEro AeneHus WKaabl AaHHOro npuéopa.

UTo06bl onpefennThb LieHY [efleHUs WKaibl U3MepuTesibHOro npubopa, He-
06X0AMMO pa3HOCTb ABYX /IIO6LIX 6AM>KANLLINX 3HAYEHWI Be/IMYUNHBI, NPUBEAEH-
HbIX Ha LWKaJse, pa3fje/InThb Ha KOMNYECTBO [e/IEHUIA MedXKAY HUMMN.

a 6

Puc. 4.6. amepuTenbHble NPUMBOPbI: @ — CO LUKaOo; 6 — 31eKTPOHHbIE LUPOBbLIE

*

Mpeaensl U3MepPeHUs 3MNeKTPOHHbIX LMMPOBLIX MPMGOPOB ONpeesiAioT Mo ero nacropry.

CyLiecTBYOT Npubopsbl, Npeaenbl N3MEPeHNss KOTOPbIX yCTaHaBNAMBAIOT CreunanbHbIM nepe-
K/louyaTesiem.
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Pvic. 4.7. MeanuMHCKIiA TEPMOMETP

Onpegennm UeHY defleHnsa WKanbl MeguuMHCKOro tepmomeTtpa (puc. 4.7):

1) BbibepeM pfgBa NOObLIX 3HA4YEHUS TemmepaTypbl, KOTOpble 0603HA4YeHbI
Ha WKasie u CToAT psagom, Hanpumep 40 °C n 39 °C, n Halgem MxX pasHOCTb:
40 °C-39 °C=1°C;

2) onpefenM KONWYecTBO Ae/leHUA MeXAy MeTKamMu, psfoM C KOTOPbIMWU
yKasaHbl faHHble 3HadeHusd, — 10 geneHuii; N

3) MOYyYEHHYHO pasHOCTb pas3fenMM Ha Konm4yecTBo geneHun: ~ =0,1°C.

NTak, ueHa feneHuA wkanbl AaHHOro tepmometpa coctasnsaet 0,1 °C:
40°C-39°C 1°C _nior,

Tepm 10 10

Mpeaenbl M3MepeHns npubopa — 3T0 HanbOsblUee M HaMMeHbllee 3HayeHus
I (hM3MYECKOI BENMYMHBI, KOTOPbIE MOXHO M3MEPUTb 3TUM NPUGOPOM.

Tak, BEpXHUI Npegesi U3MEPEHNA MeQULLIMHCKOI0 TepMomMeTpa Ha puc. 4.7
paBeH 42 °C, HWXXHWUI Npegen coctaBnsaeT 34,1 °C.

NogsoAuM MTOM

dunsnyeckan BesIMUMHA — 3TO KOMIMYECTBEHHO Bblpa)KeHHas XapaKTepu-

CTUKa Tesla UM (U3nYecKoro siBrieHUs. MamepuTb PU3NYECKYIO BEMNYN-
HYy — 3HauuT CPaBHWUTb ee C OAHOPOLHOM BE/INYMHOW, B3ATOW 3a eguHULYy.

3anucbiBast 3HauYeHNe (PU3NYECKON Be/IMUUHBI, cnefyeT NMPUBECTU CUMBOII,
KOTOpPbIM OHa 0603Ha4YaeTCsl, YNC/I0BOE 3HAYEHME (PU3NYECKOW BENNUYUHBI U ee
eanHULy. Ona yao6ctBa 3anucu 60NbWNX N MasbliX 3HAYEHUIn PU3nNveckKnx Be-

JINYNH MUCMOMBb3YIOT KpaTHble U A0/IbHbIe eAUHULBI — WX Ha3BaHUs cofep>kaT
cneyyanbHble NpPeguKesl.
LleHa feneHus LWKanbl U3MEPUTENIbHOIO Mnpubopa — 3TO 3HAYeHWe Hau-

MEHbLLEro AesfleHUs WKanbl 3Toro npubopa. Mpegensl n3mepeHus npuéopa —
3T0 HaunboMblUuee M HAUMEHbLUEE 3HAYEHUS (hU3MYECKOW BENMYUHBLI, KOTOpbIe
MOXXHO M3MEPUTbL AaHHbLIM MPUGOPOM.

KOHTpONbHLIE BONpPOCBI  =memmememeeee -

1. [aiite onpepeneHne U3NYECKON BeMYMHbLI. 2. MpuBegnte npvmepbl gu-
314ecKnX BeniMuMH. Kakume CBOWMCTBA TeNl UM KaKue MpU3HaKu U3nYecknx
SABMIEHWIA OHW XapaKTepusyT? 3, Kaknmu cnmBosiaMm 0603HaYaoT 06beM;
CKOPOCTb ABWXEHUSA; BPeMs ABMXKeHUS Tena? 4 YTo 3HAYUT U3MepuUTb m-
3NYECKYHD BennuuHy? 5. MpuBeanTe npumepbl NMPerKcoB, UCMOMb3YEMbIX
B Ha3BaHUAX [0JIbHbIX eAUHWL,; KpaTHbIX eauHuy. 6. MNMpueeanTte npumepsbl
N3MepPUTESIbHBIX MPMO0POB. 7« Kakune xapaKTepucTUKM nprubopa MOXKHO BbisiC-
HUTb C NOMOLLbLIO ero LwKasnbl? 8, UTo Takoe LegHa AeneHnsa wkanbsl npuéopa?
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YnpaxHeHune Ne4d —r = — —!

1. MNpeacTaBbTe B MeTpax 3HaYeHNS PU3NUYECKNX BENMMUNH: 145 mM; 1,5 KMm;
2 KM 32 M.

2. HasoBuTe (hm3nyeckue BE/INYUHbBI, NPUGOPbI 418 U3MEPEHUS KOTOPbIX

n306paxkeHbl Ha puc. 1-3. YKaXute CMMBO/bI /19 0603Ha4YeHUS 3TUX Be-
NINYNH; nx eanHnubl B CU.

Puc. 1 Puc. 2 Puc. 3

3. Onpepenunte Npegesnbl U3MePEHUS Npubopa N LieHy AeeHUs ero LKabl
(puc. 4).

Puc. 4

4 3anunwuTte, UCMOSb3yHd KpaTHble N Ao/bHble eagnHMLUbL: 0,000007 5 M —
AnameTp KpacHbIX KpoBAHbLIX Teney,; 5900 000000 000 m — paanyc opbu-
Tbl Kap/IMKOBOW nnaHeTbl MnyToHa; 6400000 m — paanyc 3eMnu.

5. backeTbosnbHasa nsjoulagka, Ha KOTopoi npoxogsaT oduumanibHble COpeB-
HOBaHWA, A0/HKHA UMeTb A/IMHY 28 M 1 WwnpuHy 15 m. Onpegenurte nno-
waab 6ackeTb0n1bHON Naowaaku. OTBET 3aNULLMNTE TaKXKe B AM2 N CM2,

6. BcnomHuUTe onpegesieHne (PU3NYecKoinl Be/IMUMHBI U OKaXKUTE, 4YTO A/1u-
Ha — 3T0 (hM3nYecKasa BeNMUNHa.

7. Bocnosib3yinTecb AOMNO/IHUTETIbHBIMU UCTOYHMKAMU MHpopMaumm 1 noa-
roTOBbTE COO6LLLEHMNE 06 U3MEPUTE/IbHBIX MPUB0pPax, ¢ KOTOPbIMU Bbl NMe-
eTe [es10 B NOBCeAHEBHOM YXU3HN.

3KCI'IepI/IMeHTaI'IbeIe 3afjaHna =====— - —

1. Haignte y ceba goma 2-3 M3MEPUTEsIbHbLIX NpMbopa, MMELWKUX LLKasy.
OnpepgenuTe Npeaesbl N3MEPEHNS U LIeHY [Ae/leHUs] WKasbl KaXkAoro npuoopa.



§ 4. dy3NYecKMe BEIMUUHDI. Vi3MepeHre (M3NUECKUX BENUMH

2. Bocrnonb3oBaBLIWCL MPUBEAEHHOM HVKE WH-
thopmaumein, BbISSICHUTE MOLWAAb Baller lagoHn.
Mnowagb Urypbl, VMEKLWEN HEMPaBUIbHYH
reoMeTpMYecKkyo (opMy, MOXXHO OMpeaennTb
Mo KOHTYpy 3TOW (ourypbi, HapucoBaHHOMY Ha
bymare B K/ME€TKY, WM C MOMOLLbIO NMasieTKn —
Mpo3pavyHor MNJacTUHKM C HAHECEHHOW Ha Hel
CEeTKOM KBafpaToB OMnpedesieHHON naowagu.
B Takux cnyyasx nsowagb 5 gurypbl Bbl4ncAs-
10T Mo hopmyne:

5= nn—1 K 2o
2
rge N — KOJIMYECTBO LenbiX KBaapartos; NM— Ko-
JINYeCTBO HeuesbiX KBagpartos; 50 — nnowanb
ofHOro kBagpara. Taknum obpasom, naowagb gu-
rypbl Ha pUCYHKe paBHa:

ZOH“;-ZZ mE25MM2=775 MM2

3. B cBoe Bpems ApeBHerpevecknii matemaTtuk, U3NK U MexaHuK ApxmmMef,
npeanoXxnn crnocob mMamepeHus nnowagm uUrypbl, MMelLWen Hernpasusb-
HYH0 FeoMeTpUYEecKyo hopMy, C MOMOLLbI TOYHbIX BecoB. MonpobyiiTe BOC-
MPOU3BECTU 3TOT Crocob 1 06BACHUTB ero.

®dun3nkKa nTexHuka B YKpanHe

HaunmoHanbHaa akafemMua HayK YKpauHbl
(HAHY) — Bbicwas rocyfapCTBeHHas HayyHas
opraHusaumsa YkpavHol. OcHoBaHa B 1918 T.
npasuTenibCTBOM retmana 1. . Ckoponafcko-
ro. MepBbIM NpPe3VAEHTOM YKpauHCKON akage-
MWUM HayK (Takoe HasBaHme Hocuna HAHY B TO
Bpems) Obl/ BbIAAIOWMIACA YKPAUHCKNIA YUYEHBI
Bnagumup ViBaHoBWY BepHaacKuii.

HAHY 3aHmMMaeTcsi mccnefoBaHUAMU B 06-
NacTn ecTeCTBEHHbIX, TYMaHUTapHbIX, 06LLe-
CTBEHHbIX N TEXHUYECKNX HayK.

KpynHeiilme foCTdKeHUS AkafeMWUMW: OCYLLECTB/IEHWE WCKYCCTBEHHON SAEpHOW peak-
vy npespatlieHns agep fliutma B agpa lenvs; co3gaHve YCKOPUTENS 3apshKeHHbIX YacTul,
pagvonokatopa HOBOTO TWUMa; BHeAPEHUe TEXHOMOrMU aBTOMATUYECKON CBapKu; co3jaHue
HOBbIX JIEKAPCTBEHHbLIX NPEnapaTtoB U MeTOAO0B NeveHns; pas3paboTka NepBoil B KOHTUHEH-
TanbHOV EBpOME 3MEKTPOHHON BblYUCAMTENBHOM MawuHbl (3BM). B pasHoe Bpems B HAHY
paboTanu MHOrve BblAatoLmecs yyeHble, ChOPMUPOBAZIOCh MHOXECTBO HayUHbIX LUKO/. Tak,
BO BCEM MUpE M3BECTHbI YKpauHCKMe LWKosbl 3nekTpocBapku £ O. MaToHa n b £ MaToHa,
knoepHeTnkn C. A Jlebepesa 1 B. M nyLLKoBa, TeopeTuyeckoit dusukm J1. [, NlaHgay, Henw-
HENHOWM MexaHWKM 1 cTaTucTnyeckoi dmsukn H. H. Boronto6osa v gp.
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JTABOPATOPHAA PABOTA Ne 1

Tema. OnpeseneHmne LeHbl AeNeHNs WKa/bl U3SMepUTENLHOMO Npréopa.

Llenb: onpefenvTb Npeaenbl U3MEPEHNS U LEHY AeNeHUs LWKabl KaXA0ro U3 npegsio-
YKEHHbIX N3MepUTE/bHbIX NPUGOPOB.

O60opya0BaHWE: NMHElKA; TEPMOMETP; APYTMe U3MEPUTESbHbIE NPUGOPBI.

YKA3AHNA K PABOTE
O MoAroToBKa K 3KCMEPUMEHTY
Y6egutecb, UTO Bbl 3HaeTe OTBETbl Ha Crefyloline BOMNPOCHI.
1) YUTo HasbIBakT N3MEPUTENIbHbIM Npubopom?
2) Kak onpefenutb npegensl n3amepeHus npubopa?
3) Kak onpefenntb UeHY AeneHnUs WKanbl npunbopa?
4) Kakue npaBuna 6esonacHocTn cnefyet cobnwgatb, padoras ¢ Tepmo-
MeTpom?

a IKCNepnumMeHT

CTporo npuaep>kmnBamTecb MHCT PYKUMK no 6e3onacHocT U (cM. dhop3all).
1. PaccMoTpuTe WKasabl UMEKLWNXCA Y Bac U3MepPUTESIbHbIX MPUO0POB.
2. 3anosiHNTe NepBble NATb CTOM6L0B Tabnuubl.

L kana npubopa

dunsn- Uncna KonnyectBo Mpepens!
Ha- yeckasd EovHnua KOTO ' AeneHni M3Me%eHMH
3BaHMe Be/INYMHA, U3Meps- MU Mexay Liena npuoopa
npu- n3mepsi- emMoin Be- o%osHa cocegHUMN ene
6opa emas JINYNHBI JEHbI aBe MeTKamu, 'D'HMH
npubopom 0603HaYeH-
pubop cocefHue HX- BEpX-
METKM HbIMW HUIA  HWiA
ymcnamm

O O6paboTKka pe3ynbTaToB 3KCcnepumMeHTa

Onpegennte UeHY [eNeHusi WKaabl 1 npegenbl U3MEPEHUs KaXKaoro us
nccnegyembiX NMpPUGOPOB U 3aKOHUYMTE 3anosiHeHWe Tabnuubl.

.ﬂl AHanu3 sKcnepumeHTa M ero pesynbTaTos

CchopmynupyiiTe BbiBOA, B KOTOPOM YKaXkKuTe: 1) UTO MMEHHO Bbl Onpe-
fensinu; 2) Kakue pesynbTaTbl NOAYYUNW; 3) A/ 4ero MoryT MoHagobuTbes
YMeHUs, NpuobpeTeHHble B XOA4E BbINOJIHEHUS PaboThl.

+ TBopueckoe 3ajaHue ..
MN3rotoBbTe MEPHYIO JIEHTY C LIeHOW feneHns WKaabl 5 MMm.
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§ 5. MOTPEWHOCTN N OLEHKA TOYHOCTN
N3MEPEHWN

Onpegenute nnow@aab MNOBEPXHOCTV TETPAAHOTO /ACTa C MOMOLLIO JIMHelKU. 3atem
npegsioxuTe BalleMy COCeay WM COCefIKe CAENaTh TO Xe CaMoe C NMOMOLLBHO TOI e NMHEVKM.
CpaBHWTe MOJyYeHHbIE pe3ynbTaTbl. ECM pe3ynbTaTbl OKaXKyTCs pasHbIMU, TO Yell pesy/btat
cnepyet cuntath 60/1ee TOUYHbIM? MOXKHO /M cunTaTh pes3ynibTaTbl M3MEPEHUn abContoTHO
TOUHbIMK? [onpo6yemM OTBETUTL Ha 3TW BOMPOCI.

M MpoBOAMM M3MeEpPEHUS

Bbl MHOro pas npoBognnn wn3mepeHwe ANuHbI. [1poBepuM, MpaBusibHO

N Bbl 3TO fdenann. N3mepum, HanpuMmep, ANINHY KapaHgzawa ¢ MoMoLbio Nn-
Helikn. Ons atoro:

— NPUADKUM NINHENKY K KapaHjawy Tak, 4Tobbl HOMb Ha LWKane NNHEeN-
K1 coBnajan ¢ oqHUM KOHLOM KapaHpawa (puc. 5.1);

— onpegenum, HanpoTUB KakKOW OTMETKMW LWKaabl SIMHEAKN PacrosioxkeH
BTOPOM KOHEL, KapaHgalla.

Buaum, 4uTo BTOPO KOHeL, KapaHfalla pacrosloXeH B03sie 0OTMeTKu 12 cm,
TO eCTb MOXXHO CKasaTb, YTO [/IMHA& KapaHpjawa coctaBnsaetr npubamsutesnb-
HO 12 cm. HOo KoHeu, kKapaHpgalla BbIiCTynaeT 3a OTMETKY 12 cM MPUMEepHO Ha
2 MnnnumeTpa, cneposaTesibHO, 60siee ToOUHaA ANMHA KapaHfawa — 12,2 cwm,
v 122 mm.

C™M

Puc. 5.1. MamepeHne gavHbl KapaHaala TMHERKON

L Paccy)kgaem 0 TOYHOCTU M3MepeHuit

MN3mepsas gnvHy KapaHpalwla, Mbl noay4ywunv gsa pesynbTtata: 12 cm
n 12,2 cm. Kakoi >ke u3 HUX npaBu/bHbIi? Booblie NnpaBuAbHbIMN ABASAKTCA
oba pesynbTaTta, a BOT TOYHOCTb M3MEPEHUIN Oblsla pas3HOW: B MEepPBOM criyyae
n3MepeHne 6bI/I0 BbIMOSTHEHO C TOYHOCTbIO A0 1 cM, a BO BTOPOM — C TOYHO-
cTbto 4o 1 mm (0,1 cm). ONA AAHHOr0 3KCrepMMeHTa U3MeEpPeHME C TOUHOCTbIO
0O 1 MM — BIOJIHE AOCTaTO4YHO.

A BOT ec/in Hy>XeH 60siee TOUHbIN pe3ynbTaT, cfieqyeT UCNoab30BaTb M3Me-
puTesibHble MPUOOPLI, NMEKL e MEHbLUYK LEeHY AeneHna wkanbl — 0,5 Mm
wim gaxke 0,1 mm. Ho n Torga Mbl He U3MepUM ANNHY KapaHjalwla abcosiioTHO
TOYHO. [PUYUMH A1 3TOr0 MHOFO: 3TO M HECOBEPLUEHCTBO KOHCTPYKLUWN Mpu-
60opa, U HecoBepLUEHCTBO MeToda WU3MEPEHUs (Hanpumep, Havyano KapaHgaiua
HEBO3MOXXHO a6CO/II0THO TOYHO COBMECTUTb C HYJ/IEBbIM AE€/IeHWEM LIKasbl Nun-
HelKKW), N BAUSAHNE BHELWIHUX (DaKTOpPOB.
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NTakK, wn3MepeHUs Bcerga OCYLLEeCTBASAKTCA C MNOrPewHocTbio. YTo6bl
YMEHbLWNTb MOrPELHOCTb, O4HU U Te XXe WU3MEePEeHUsI BbIMO/IHAKT HECKO/IbKO
pas3, a MOTOM BbIYUCASAIT cpefHee 3HaYeHWe pelynibTaTOB M3MepeHWit (onpege-
NAT UX cpegHee apuMeTMUecKoe).

OnpeaensieMm abCoOMIOTHYIO M OTHOCUTE/NbHYIO MOTPELIHOCTM pe3ynbTaTta
n3mepeHus

PasznuualoT abCoNMOTHY U 0THOCUTE/IbHYH MOrPeLLIHOCTMH.

AGCONtOTHAs MOrPeLHOCTb pesynbTaTta M3MEPEHUS — 3To OTKIOHEHWe pe-
3ynbTata namMmepeHna ot UCTUHHOTO 3HayYeHuns (*)I/ISVI‘-IGCKOVI BENNYUNHbI.

Ab6conTHaA MOrpeLwHoCcTb pesysnbTaTta M3MepeHUsa nokasbiBaeT, Ha CKOJb-
KO MakKCMManbHO MOXeT oWmnbuTbca uccnefoBatesib, NpPaBusbHO U3Mepsasa du-
3UNYECKYI0 BE/INYUHY.

Onpefenntb abCcoNOTHYIO MOrPeWHOCTb pesysbTaTta U3MepeHUsa HEeMnpocTo.
Heobxoaum aHanni meTtoga M3MepeHus, KadecTBa WU3MEPUTENIbHOro npmubopa,
yC/0BUIA onbiTa, TpebyeTca 3HaHMe Bbiclleli maTeMaTuku 1 1. 4. MoaTomy noka
npUMeM criegytollee: nNpu O4HOM MNPAMOM M3MepeHUU abconoTHas norpeLl-
HOCTb OyfleT paBHa UeHe [esleHUs LWKaabl N3MepuTensHoro npubopa.

Ana 3anucn 3HavyeHUss abcoNOTHOM MOrPeLHOCTU UCAONb3YIT CUMBOM A
(oenbTa), pAAOM C KOTOPbIM 3aluCbiBAOT CUMBOJT N3MEPSAEMON (hU3NYECKO Be-
nnyunHel. Hanpumep, 3anucb OF =2 cM3 o3HayaeT, 4To abcosiloTHas norpewl-
HOCTb pe3y/ibTaTa M3MepeHUs obbema coctaBngdetr 2 cm3.

BepHemcs K namepeHuto anuvHbl | kapaHgawa (cm. puc. 5.1).

1. LleHa geneHns wkanbl AMHENKU — 1 MM. 3Ha4uT, 6ygem cumTaTb, 4TO ab-
COJIIOTHAA MOrpeLwHoCcTb pesynbTarta usMepeHnsa coctaensget 1 mm (Al=1 mm).

2. AnnHa DkapaHjawa, namepeHHas AMHenkon, pasHa 122 mm (D =122 mm).

3. PesynibTar u3MepeHMs B [aHHOM c/ydae cnefyeT 3anucartb Tak:
[=(122+£1) Mm. 3Ta 3anucb 03Ha4aeT, YTO UCTUHHOE 3HaydyeHWe ANNHbI KapaH-
Jalia HaxoauTcs B MHTepsBasie oT 121 mm (122 mm - 1 mMm) o 123 mm (122 mm +
+ 1 mm) (puc. 5.2).

MN3mepum Tenepb TonwmHy <l kapaHgawa (puc. 5.3): (D=7 Mm. 3T0 NoyTn
B 18 pa3 MeHblle A/IMHbI KapaHgawa. MNpu 3ToMm abconTHaa MOrpewHoCcTb Ta
e — 1 MM (Acl=1 Mmm). Ho 3TO He 3HAUUT, UTO AJ/IMHY U TO/ILLMNHY KapaHjalla
Mbl M3MEPUNN C OANHAKOBON TOUYHOCTbIO.

HackonbKo TOYHO NpoOBeAEeHO W3MepeHue, 6Gonee Harfs4HO MoKasblBaeT
OTHOCUTEe/IbHAA MOrpPeLHoCTb.

POOOXLU LI LW Ly

i 11
121 123 I, Mm I i Mn i iw
0 1 2 13
Puc. 5.2. AGContoTHas NOrpeLLHOCTb 3MepeHns CcM
onpeaenseT NHTepBasl, B KOTOPOM Haxo4uTCA
UCTUHHOE 3HAY€HNE N3MEPSEMON BENNUMHI Puc. 5.3. 13mepeHwve ToNWWHbI KapaHjalla
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§ 5. TorpeLlHocT! 1 OLeHKA TOYHOCTU M3MEPEHNIA

OTHOCUTENbHAA MOTPEWHOCTb pe3ynbTaTa M3MepeHUs paBHa  >THOLIEHMIO
.SCOI'HOTHOI‘/'I MOrPeLHOCT K M3MEPEHHOMY 3HAYEHNIO (DU3NYECKOV BENYMHBI.

OTHOCUTENbBbHYIO MOrpPeLHOCTb 0603Ha4valT CUMBOSIOM € (3|'ICI/II'|0H) n 4yakwulie
BCEro BblpakakT B npoueHTax.
Ha|7|,qu OTHOCUTENIbHbIE MOTrPELLHOCTU pPe3y/ibTaTtoB USMEPEHNA!

ONMHbI KapaHpalwla: e, = 100%= 1MM <100 % «0,8 % ;

D 122 Mm

TONWMHbI KapaHgawa: e .:EO -100%= *m=100%«14,3% =

7 MM

OTHOCUTENbHAA MOrpPeLHOCTb N3MEPEHNSA A/IMHbI MEHbLUE OTHOCUTESIbHOMN
MorpeLHoOCT N3MEPEHUA TOSIWMHBI NoYTK B 18 pa3. DT0 03HA4YaeT, YTo AJ/IMHa
KapaHfalwa 6bls1a U3MepeHa ToOYHee, YeM ero To/iLWMHa, noytu B 18 pas.

f£mf Paccyxgaem 0 He06Xo4MMOI TOYHOCTU M3MepeHus

MpeanonoXXmMm, YTo HaM HY>XXHO U3MEPUTb
ONVIHY He KapaHpalla, a KOMHaTbl. [MOHATHO,
4YTO B TaKOM c/llyyae HeT Heo6XO0AMMOCTU Yuu-
TbiBaTb MUNAnmeTpbl (puc. 5.4).

ToyHO TaK >e, ecnuM MOpPTHOWM, pacKpouB
numkak, owmnbeTcsas Ha 1 MM, Mbl 3TOro Aaxe
He 3aMeTMM. A BOT €C/1W, BAeBasi HUTKY B YLIKO
WUrbl, OH KaXAabiii pa3 bygeT owwmbaTbCcA Ha
1 MM, TO BpA4 U NnAyKak Boobuie 6yaeT CLUWT.

Taknm 06pa3oM, MOXXHO cAenatb BbIBOA: He-
06X04MMast TOYHOCTb M3MEPEHWI BO BpeMsi aKc-  VC O.4. V3MepeHne Aol

KOMHATbI C TOYHOCTBIO 10 1 MM -
nepvMeHTa ONpefensieTCs LeAbl0 3TOro 3Kcre- TR0 A,

npuMep U3NMLLHEN TOYHOCTH
pyuMeHTA.

MogBognm ntoru

MN3mMepeHe HEBO3MOXXHO MpPOBECTM C abCOMTHOM TOYHOCTbI. lMorpewHo-
CTU B XO0A€ WU3MepeHUss (PU3NYECKMX Be/IMYUH CBSA3aHbl KaK C MPOLeccoM
M3MepeHNs, Tak U ¢ BblbopoMm npubopa And mamepeHus. Utobbl yMeHb-
WNTb MOrPelHOoCTb, O4HU W Te >XXe U3MepeHUSA BbINOAHSAKT HECKO/bKO
pas, a NOTOM BbIYUCAAT cpegHee 3Ha4YeHWe pe3yNbTaToB U3MepeHUS.

KOHTpO/ibHbIE BOMpPOCLI A = = = A A A A A = = = = = B =
1. MoyeMy HEBO3MOXXHO MOAYYUTb abCOMOTHO TOYHOE 3HA4YeHWe U3Meps-
eMoi BeNMUMHBLI? 2, Kak MoBbICUTbL TOYHOCTb M3MepeHnsa? K 3. Kakune Bugpl
MOrpeLUHOCTel pe3ynbTata M3MepeHns Bbl 3HaeTe? # 4. Kak onpegenuTb
OTHOCUTE/IbHYI0 MOrpPeLIHOCTb NpU NMPAMbIX U3MepeHnax? N 5. Kakaa no-
rpelwHocTb — abcoNoTHasaA NN 0THOCUTENIbHAA — HarnsgHee rnokasblBaerT,
HaCKO/IbKO TOYHO MNPOBeAeHO m3amMepeHme? O6OCHyMTe cBOM oTBeT. 6 [lpu-
BeAUTE NPUMEPbl HEO6X0AMMOW U U3NNLWIHER TOYHOCTU U3MEPEHUIA.
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Pasgen 1L ®U3NKA — HAYKA O NPUPOAE. MO3HAHUE MPUPObI

YnpaxHeHne NeS ... e

1. AnameTp OKPY>XHOCTU W3MEPWUIN JIMHEMKOM C UEHOW JeneHnsa LUKa-
nbl 0,1 ¢cM 1 pyNeTKon ¢ UeHoW geneHus wkasbl 0,5 cMm. B kakowm cnydae
rnoslyyeH 6osiee TOYHbIN pe3ynbTaT?

2. C NOMOLLbIO NINHENKN (CM. PUCYHOK) U3MEPWU/IN B CaH-
TUMeTpax annny |, WwnpuHy @ un BbicoTy J16pyckKa.
1) 3anuwnTe pesynbTaTbl USMEPEHUIA.
2) OnpenenuTe OTHOCUTE/IbLHYHO MOrPELLHOCTb KaXKio-
ro UsMepeHus.
3) Pe3ynbTaT KaKoro n3MepeHmst Hambosnee TOYHbINA?

3. Bo BpemMA CMOKOMHbIX BAOXa W Bblgoxa 4epes ser- ]
Kue B3POC/0Oro 4YesioBeka NMpoxXoauT npnbnusntesb-
Ho 0,5 gm3 Bo3ayxa. CKO/IbKO pas yesioBeKY HY>XHO BAOXHYTb W BblAo0-
XHYTb, 4TOObI Yepe3 ero sierkue npoLuest Bo3Ayx, 06beM KOTOPOro paseH
5500 cm3? (MpumMepHO CTONLKO cocTaBnseT ob6beM (hyTOH0/ILHOrO MsaYa.)

«JTio6Moe» 4McIo MaTeMaTuKoB — YMC0 «MnU». HanomMHUM, 4TO 3TO
YMC/0 PaBHO OTHOLUEHUIO OJ/IMHbI OKPY>XXHOCTU K ee AnameTpy U Bbipa-
KaeTcss 6EeCKOHEUHOMN fgecATUYHOW [pobbi. lMpuBedeM 3HaAYeHWe yucna
«MN» C TOYHOCTbIO A0 AEeBATOro 3HaKa nocne 3anatoi: K= 3,141 592653.
OKpyrnmTe 3HavyeHMe yucna «nu»: a) 4o uenbix; 6) fecATbiX; B) COTbIX;
r) TbICAYHbIX; O) AECATUTBICAYHbIX.

JKCNepuMeHTaNnbHOE 3alaHNe  ...ceeeerinees N

Bo3bMuTe TeTpagb B JIMHUIO N OMpefesinTe paccTossiHUE MeXAy cocefHUMU'
NVMHUAMN OBYMSA cnocobamu.

Cnocob6 1. MIamepbTe paccTosHUe MeXAy COCEAHUMU JINHUSMMN.

Cnocob 2. N3amepbTe paccToOssHME MEXXAY CaMO BEPXHEN M camMoi HWXKHEN
NHMAMK. MNonyYeHHbIA pe3ynbTat pasge/inTe Ha KOIMYeCTBO NPOMEXKYTKOB
MeXXay AaHHbIMU NIMHUAMN.

Kakoii pe3ynbtat U3MepeHMs, Ha Ball B3rnsag, TouHee?

dn3nKa N TexHMKa B YKpauHe

HaunoHanbHbIA Hay4YHblli LEeHTP
«MHCTUTYT MeTponornm» (XapbKoB)
MeTponorus — 370 Hayka 06 W3MEpPeHUsX: Kak
M C NMOMOLUBIO Kakvx NpuBOpPOB WX NPOBOAWTh, KaK [0-
CTUYb HEOOXOAMMON TOYHOCTW. Be3 mMeTponorum cerogHs
HEBO3MOXHbI Hay4Hble MUCCMeA0BaHMA 1 BOOOLLE HayuHbINA
nporpecc. MatepmanbHoli 6230/ Bcex COBPEMEHHbIX 13Me-
PEHWA ABNSIOTCA COOTBETCTBYHOLLME 3Ta/IOHbl — OHU €CTh
B K&XAOM pPa3BUTOM rocyfapcree. BoMbLIMHCTBO YKpauH-
CKMX rOCyAapCTBEHHbIX 3Ta/IOHOB (0Kono 50 eauHML) co3-
[aHbl 1 XpaHaTcA B HauMOHanbHOM HayyHOM LeHTpe «W/HCTUTYT MeTposnorum» B XapbKOBe.
B yacTHOCTU, 3TO 3TaNOHbI A/IMHbI, MacChl, TEMNepPaTypbl, BPEMEHW, YPOBHA paauauun v ap.
Tak, NpaBW/bHOCTL CUFHA/IOB TOYHOTO BPEMEHU, KOTOPbIE TPAHCMPYOT PagMoCTaHLMK, Npo-
BEPSAKOT UMEHHO B VIHCTUTYTE METPONOrnu.



| JJABOPATOPHAA PABOTA Ne 2

Tema. V3mepeHvie 06beMOB TBEpPbIX TEN, XUAKOCTER U CbiNyynx MaTeprasos.
Llenb: n3meputs 06beMbl TBEPABIX TEN (MPaBULHON 1 HEMPABU/IbHOW TeOMETPUYECKOIA
(hopMbl), XXMAKOCTEN U CbINy4ynx MaTepranos.
O6opyAoBaHNe: MEPHLIA COCYA,; MHERKa; TP NNACTUKOBLIX CTaKaHUYMKa: ¢ BOAON, nile-
HOM, MEecKOM; TBepfoe Teflo HenpaBWIbHON reomMeTpuyeckoi (opMmbl; TBepLoe
Teno, umetoLLee HopmMy NPAMOYroLHOIO napannenenunesna; HATKU.
TeopeTUYECKNE CBEACHUA  .....er cevveeees v o —_ -

1. O6bem — 3T0 (hm3myeckass BeMUMHA, XapaKTepuaylow,asi CBOACTBO Tes
3aHMMaTb OMpefesieHHYH 4YacTb MpocTpaHcTBa. EgmHuuya obvema B Mexpy-
HapogHon cucteme eamHuy, (CN) — kybuueckmnin metp (M3). CyulecTByloT
KpaTHble U [O0MibHble eauMHUUbl obbema: 1amM3=0,1mm0,1m 0,21 m=0,001 m3;
1cm” =0,001 ,c|,|v|o =0,000 001M "~ . BHECUCTEMHO eguHNLEN o06beMa sBMsSeTCS
antp (n): 1n=1am3.

2. O6bembl TBEpPAbIX Ten, >XWUAKOCTEM W CbINy4YnXx
MaTepuasioB MOXXHO ONpeaennTb NyTeM NPAMbIX n3Mepe-

HWIA C NOMOLLLbIO MEPHOro cocyaa (cM., Hanpumep, puc. 1).

Ansa namepeHusa obbemMa >KUAKOCTU WA CbINY4Yero
MaTepuana ¢ NOMOLLbI0 MEPHOro cocyfa HeobxoaMmo:

a) MepennTb XXWUAKOCTb WAM BbiCbiNaTb CbINy4unin
MaTepuan B MEpPHbIA COCyA: OHW NpuobpeTyT hopmMy co-
cyha, a ux csobogHas MOBEPXHOCTb PacrnosioXXMUTCA Ha
ornpefeneHHon BbicoTe (HE06XoAMMO [0OUTbCS, 4UTOGLI
cB0604HAS MOBEPXHOCTb XXWUAKOCTU WAWN CbIMy4yero ma-

Tepuasia 6bis1la rOpN3oHTasIbHON);

6) onpenennTb, HaNMpoTMB KaKOW OTMETKWU WKasbl
MEPHOro cocyfa pacnofiokeHa cBo60AHasA MOBEPXHOCTb
XUgkKoctu (puc. 2) Uanm cbinyyero matepuana;

B) 3Hasl LieHy AesleHuns WKasibl MepPHOro cocyga, onpe-

LeNnnTb 06BbEM XXULKOCTU UM CbiMyYero marepuasna.

[Ana namepeHmsa o6bema TBEPLOro Tesia C MOMOLLLH
MepHOro cocysa Heo6xoAnMo:

a) HaNMTb B MEpPHbIN cocys Bogy obbemom Y1, npu-
yeM BOAbI CliegyeT HaMMTb CTOJIbKO, YTOBbl MOXXHO 6b1/10
rMorpy3nTb B Hee nccriegyemMoe Tesio U BoAa He Mnepenu-
nacb Obl Yepe3 Kpai cocyaa;

6) norpy3mTb Tef0 B MEPHbIA cocyd C BOAOW U M3-

MepuTb 06NN 06BbeEM Y2 BOAbl BMECTE C TE/IOM;

B) BbIYNC/INTbL 06bEM V BbLITECHEHHOW TENIOM BOZbI

KaK pa3HOCTb pe3y/ibTaToB U3MEPEHMNI 0b6bema BOAbl NO-
C/ne N 00 norpy>keHusa tena: V =Y2- Yr.
O6beM V BbITECHEHHOW TENIOM BOAbl PaBeH 06beMy Tena*.

*  [aHHbI MeToA n3mMepeHusi o6bema TBepabix Ten npegnoxunn Apxumeg s Il B. 4o H. 3.
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3. Ecnn T1eno mmeetr npaBU/IbHYH TEOMETPUYECKYHO
dopmy, ero 06bLeM MOXHO onpeaennTb TaKXXe MyTeM
KOCBEHHbIX VU3MEPEHWUN: N3MEPUTb JINHEHbIE pa3me-
pbl Tena C NOMOLLbIO JIMHENKN N BbIYUCANTb 06BEM
Tena rno COOTBETCTBYHOLEN MaTeMaTn4eckon opmyne.
Hanpumep, o6bem V Tena, umerowiero gopmy npsimo-
YrosibHOro napasnnenenunega (pvc. 3), BbIYNCASAIOT MO
thopmyne: V - WK, rage | — gavHa; d — WUpUHa; K —

Puc. 3
BblCcOTa Tesna.

YKASAHUA K PABOTE

MoAroToBKa K 3KCMEPUMEHTY

1. Mpexae yem HadaTb WU3MeEPEHUN:

a) BHMUMAaTes/IbHO npouynTaliTe TeopeTU4veckue CBefeHUS, MNpUBEAEHHbIe
BblLLE;

6) BCMOMHUTE, KaK onpeaennTb LEHY AeNeHns WwKanbl npunbopa.

2. Onpegennte 1 3anuLUNTE:
a) UeHy aeneHuns WKasnbl TNHENKN;
6) UeHy AeneHus WKasabl MEPHOro cocya.

3. Ha kaxgom TBEPAOM TeJie 3aKpenuTte HUTKY.

JKCnepumeHT

CTporo Nnpuaep>kmnBamTecb MHCT PyKUUM No 6ezonacHocT U (cMm. chop3al).
PesynbTaTbl n3mepeHmnii cpady 3aHocuTe B Tabnvybl 1 n 2.

Ta6bnmua 1
Homep Marepuar O6bem XXUAKOCTU UMK CbiNy4ero matepuana
onbITa v ev3
1 Mecok
2 MuweHo
3 Boga
Tabnuua 2
Mpambie namepeHunsa KocBeHHblIe n3MepeHus
Teno HauansHeii - Obbem O6bem Tena AnuHa LupunHa BbicoTa Obrem
06BbEM BOAbI Tena
Y=¥2-¥Yr, Tena Tena Tena .
BOAbl n Tena M3 1 oM G cM I cem V~ld.1i,
cm3 Y2, cm3 ' ' cm3
Teno 1 — — — —

Teno 2



NabopatopHas pabota Ne 2

1. N13amepbTe 06bEMbI CbIMYy4YUX MaTepuasioB C MOMOLLbID MEPHOro co-
cypa.

2. N3amepbTe 06beEM XXUAKOCTU C MOMOLLbI MEPHOro cocyaa.
MN3mepbTe 06beEM TBEPAOro Tesla HENpaBWU/IbHOW TFeoMeTpUYecKom
thopmbl (Teno 1) nyTemM NPAMbIX M3MEPEHWUWR (C MOMOLLBLID MEPHOro
cocypna).

4. NamepbTe 06beM TBEPAOro Tena NMpPaBU/IbHOM FeoMeTPUYECKOW JopMbl
(Teno 2) nytem NpsMbIX U3MEPEHWIA.

5. Onpeaennte 06beM TBepAOro Tesa NpaBU/IbHOM reoMeTpuyeckoin dop-
Mbl (T€N0 2) NyTEM KOCBEHHbIX WU3MEPEHMWIA.

AHasi3 3KCrepuMeHTa M ero pesysibTaToB

1. MpoaHanuanpyiTe pasHble CNocobbl KM3MepeHUsA o6bema TBEPAOro
Tena, yKaxwuTe:

a) cny4yam, Korga uesiecoobpasHo MCMosib30BaTb TOT UM UHOW BUA M3Me-
peHns obbema TBEpPLOro Tena;

6) haKTOpbl, KOTOPbIe MOBAUSANN HA TOYHOCTb MOJSTYYEHHbIX BaMW pPe3y/ib-
TaToB.

2. CopmynupyliTe BbiBOA, B KOTOPOM YKaXKuUTe: 1) UTO MMEHHO Bbl Ha-
YUUINCb N3MEPATL; 2) ANA 4Yero MOryT 6biTb HYXXHbl YMEHUS, MNpU-
06peTeHHble BO BPEMS BbIMOSHEHUSA paboThl.

TBOpUeCcKoe 3afaHue - n === Ny -

Mpepnoxnte cnocobd M3mepeHUs obbema Tena HenpaBWIbHOW (OPMbI
B C/lyyae, ec/u:

1) Teno0 He NoOMeLLaeTcs B UMEKLWMNINCA MEPHbIA COCYyn;

2) y Bac HECKO/IbKO OIVHAKOBbLIX TeN N 06beM KaXXAoro Tesna MeHblie
LEHbl AeNeHns WKanbl MMELLLErocsi MEPHOTO cocyaa.

3agaHne «co 3Be3404KON» - ,
OueHnTe abCOMIOTHY M OTHOCUTEs/IbHYK MOrPeLHOCTU pe3yibTaToB

M3MepeHnin 06bEMOB BOAbI U CbiNyuynx MaTepuasnoB. [MpeactaBbTe pesynbraT
KaXkaoro namepeHusa B suge. V = Ymwmzt J1Ye

NABOPATOPHAA PABOTA Ne 3

Tema. V3mepeHue pasMepoB MasibiX Tes.
Lenb: onpegennts MeTo4oM psALOB AMaMeTp ropoLUNHBI, AUaMeTP MILEHHOTO 3EPHBbILLKA,

TOMLLWMHY HUATW.

O6opyaoBaHue: NNHelKa; He6oblMe EMKOCTM C MWEHOM W FTOPOXOM; [BE 3y60UMCTKY;

CTepXXeHb A5 pyykm; HUTb (Ne 10) annHoii okono 50 cm.
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LT Pasgen 1. ®N3NKA — HAYKA O MPUPOAE. MO3HAHWE MPUPOAbI

OnucaHue meTofa U3MeEpPeHUs ...

MeTog psAoB A/19 U3MEPEHUS pas3MepoB Te/n MPUMMEHSIT B c/iydasX, Korga
LeHa geneHus wkasabl npumbopa He Mo3BosiSeT MNPOBECTU U3MeEpeHue ¢ JocTta-
TOYHOWM TOUYHOCTbI. Hanpumep, Korga LeHa AeneHus LwWKanbl npmoéopa 6onblue
pasmepa U3MepsaemMoro Tesia Win cpaBHMMa ¢ HAM. 3aMeTUM, 4TO MeToq PsAoB
No3BoJISieT ONpPefennTb TOIbKO CpefHee 3HaveHMe pasmepa Tena.

Ona onpegeneHns pasmepa ¢l masioro Tesla MeTO4OM PsSA0B HEO6X04MMO:

— co3patb psAh, — Hanpumep, BbIJIOXKUTb 3€PHbIWKW BMJIOTHYO Apyr
K APYry WAW HamoTaTb HUTb MHOrO pas Ha CTeP)XXeHb AN1IA PYYKM TaK, 4YTo6bl
BUTKM Obl/IM pacnosioXKeHbl B O4MH psAg W BAJIOTHY APYr K Apyry (cMm. pucy-
HOK);

— n3mepuTb gnuHy | paga;

— onpegesiTb KOSIMYECTBO M Ten WA BUTKOB B PAAE;

I

— HauUTn OTHOLWIEHNE: a' = —.
n

YKA3AHWUA K PABOTE

MoAarotoBka K aKCMepuMeHTy

1. BHumaTenbHO npouymTaiite onmcaHme meToga mamepeHus. Bcecnowm-
HUTE:
a) KakK onpeaennTb LeHY Ae/leHNA WKanbl U3MepuTesibHOro npmnbopa;
6) Kak NpaBun/IbHO M01b30BATLCA JIMHENKON N CHUMATb ee NoKasaHus.

2. OnpegenuTte W 3anulInTe UEHY AefleHUs LWKanbl NIMHERKN.

a OKCNepuMeHT
CTporo npugep>kmnBamTecb MHCT PYKLMK Mo 6e3onacHocT U (cM. chop3ay,).

Pe3ynbTaTbl U3MEPEHWUI cpa3y 3aHocuTe B Tabnuuy. PesynbTaTbl nsmepe-

HUIA ANaMeTpoB M TONWMUHBLI OKPYF/nUTe A0 AecATbIX. [Na BblpaBHMBaHWUS

PSA0B BOCNO/b3YNTECh 3y60UYNCTKOIA.

1. Onpepgennute MeTOAOM PSAAOB cpefHee 3HAYeHMe: AnameTpa ropoLlnHbI;
AvnameTpa MNWeHHOro 3epHbIWKa.

2. Onpegenvte MeTOAOM PSA0B CPEAHION TONWMUHY HUTWU.



NaboparopHasa pabota Ne3

KonnyecTtso n nameTt
Howmep AnvHa 1 A P
Teno Ten (BUTKOB) (TonwmHa)
onbITa psga, Mm
B page 0,.,- MM

1 MopowmnHa
2 lMuweHHoe 3epHbILLKO

3 Hwutb

4 AHanu3 3KcnepuMeHTa U ero pesynbTaToB

MpoaHannaupylite 3KCNEPUMEHT M ero pesynbTaTbl. ChopmynupyiiTte
BbIBOJ, B KOTOPOM YyKaXkuTe: 1) yeMy Bbl Hayuu/IUCb B XOAe BbIMO/IHEHUSA pa-
60Tbl; 2) Kakue pesynbTaTbl NOAYYUN; 3) KaK MOXHO MOBbICUTb TOYHOCTb
3KCrepuMeHTa; 4) rge BamMm MOTyT MPUTOAUTLCA YMEHMWS, MOSyYEHHbIe B XOAe
BbIMO/IHEHWST Pa6OThI.

TBopueckoe 3agaHvue

MpeanoXxunTe CBO MeTod M3MEPEHUs AnaMeTpa ropoLlnHbI. BbinonHUTE co-
OTBETCTBYIOLLMIA pUCYHOK. MNMpoBeanTe n3mepeHune. MNMpoaHanmanpyinTe npe-
MUMyLLecTBa M HeAocTaTKM MeToAa, MCMosb30BaHHOro B pabote, M MeToaa,
npeasIoXKeHHOro BaMn. B Kaknx ciiyyasix, no BalwleMy MHEHWU0, yA06HO npu-
MEHSTb TOT WU UHOW MeTOA.

dun3mMKa nTexHmka B YKpauHe

HaunoHanbHbIn yHUBepcuteT «Kue-
BO-MorunsiHckaa akageMmua» — u3-
BECTHbI/i COBPEMEHHbIN YHMBEPCUTET
YKpauHbl. 310 Yy4yebHOe 3aBefeHue
CUNTAETCS OfHUM M3 cTapeiwmx B Es-
pone (B 2015 r. KmneBo-MorunsHckas
akagemus otmetuna ceoii 400-neTHUiA
tobunei).
Ha npoTsbkeHWn cBoei umctopum
KneBo-MorvnngHckas akagemua fasns-
nacb KpynHbIM HayyHbIM W MPOCBETU-
Te/IbCKMM LIeHTPOM, Bblna cpefoToun-
eM AYXOBHON W KYNbTYPHOMN >XU3HW.
Heckonbko nokoneHwii 06LEeCTBEHHbIX AeaTeneld, AesTeneil Hayku, KynbTypbl ¥ Npocse-
LeHns 6biM ee BOCMUTAHHUKaMKU. Cpefn HUX — MbICUTENb, POLOHAYaNbHUK YKPaUH-
CKOW Knaccuueckoli qunocogun puropwii Caeeny CkoBopoga (1722-1794), apxuTekTop
VBaH puropbeBny Ipurop6suy-bapckuin (1713-1791), komno3ntop ApTemuil JlyKbSHOBMY
Bemenb (1767-1808), noat MeTp MeTpoBuy ynak-ApTem6Bckuii (1790-1865). Cpean ret-
MaHOB YKpauHbl 6bin0 14 BOCMUTAHHWKOB aKkageMuu.
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3.

Pasgen 1 ®U3NKA — HAYKA O MPUPOAE. NMO3HAHWE MNPUPObI

noasoauM NTOrA PASOENA 1
«®U3MKa — Hayka 0 npupoge. Mo3HaHve Mpupoab»

B pasgenie 1 Bbl y3Ha/IM, 4YTO (PU3MKA SIBJISIETCA OCHOBHOW M3 eCTECTBEHHbIX
HayK, U MONy4YUsIn OTBET Ha BOMpoc «YTo ulyyaeT hrsnka?».

Bbl BbIACHMIN OCHOBHbIE MOMO>KEHUA MOJ'IGKy.FIﬂpHO-KI/IHGTI/I‘-IGCKOVI Teopun
n y3Haaun, n3 4ero cocTomnT BELLECTBO.

Bbl npocieamnun nocsenoBaTeNbHOCTb 3TanoB (PU3NUYECKUX UCCNef0BaHNIA:



MNMoasoamm utorn pasgena 1

4, Bbl 03HaKOMW/INCb C OCHOBHbIMW MeTOojamMu (*)I/I3VI‘-IBCKI/IX I/ICC}'Ie,EI'OBaHVIVI.

5.  Bbl pacumpunu cBou 3HaHUS 0 PU3NYECKUX BESTMYUMHAX.

6. Bbl y3Hanun o6 mnamepeHUAX PU3INYECKUX BEIUYHUH.



Pasgen 1. ®3NKA — HAYKA O MPUPOJE. MO3HAHWE MPUPObI

3aflaHns 18 caMONpPOBEPKM K pasgeny 1
«®u3rKa — Hayka o npupoge. Mo3HaHWe npupoabI»

B 3agaHusax 1-6, 8, 9 BbibepnTe 0AUH MPaBU/IbHbIA OTBET.

. (1 6ann) KTo n3 nepeymcrieHHbIX uccnegosaTenen caenan 60nbLON BKAag
B pa3sutue pmnsnkm?
a) Vcaak HbloToH; 6) depHaH MarennaH; B) Oykeimc Kyk; r) >Kak-MB Kycto.

. (1 6ann) MpumepoM (PU3MUYECKOrO Tena MOXET CAY>XXUThb:
a) meab; 6) macca; B) METEOPUT; ) MUHYTA.

. (1 6ann) Kakoii npedmKc cneayet A06aBUTb K OCHOBHOW eAMHMLE (PU3NYECKON
BE/INUMHBbI, YTOObI MOMYYNTb €AMHMLY, KOTOpas MeHbLUe OCHOBHOM B 1000 pas?
a) caHTU- (C); 6) Knno- (K); B) MUNAU- (M); T) MNUKPO- (MK).

. (1 6ann) Kakoe 13 NpuBEAEHHbIX MOHATUA MOXXHO CYMTaTb (IU3MYECKMM SIB-
neHnem?
a) CKOpPOCTb ABWXKEHUSA; 6) HArpeBaHuve; B) BPEMS; ) paccy>kaeHue.

. (2 6anna) Kakoe yTBep>XaeHMe UCTUHHO?

a) Bo Bpems HabnwgeHuin Bcerga BbINOHAKT N3MEPEHUS.

6) DKCNepPUMEeHTbI MPOBOAAT B YC/I0BUAX, HAXOAALWMXCA MOL KOHTPOMEM YHEHOTO.
B) BO Bpems 3KCNEPUMEHTOB HMKOrAa He BbIMOSTHAT U3MEPEHUIA.

r) Pesynbtatbl HabN0AEHUI ABASAIOTCA KPUTEPUEM UCTUHHOCTU FUMNOTE3bI.

. (2 6anna) BcneactBmne gmnddysnu:

a) Kucnopog 13 Bo3gyxa nonagaeT AaXKe Ha AHO r1y60Koro Bofoema,;
6) ymMeHbLUaeTCAa AANHA pesibca NPU ero OX/1aXKaeHnu;

B) TaeT nep,

N >XUAKOCTb cobupaeTca B Kaniu.

(2 6anna) BbibepnTe Bce NMpaBusibHble OTBETbI. MOIEKy bl BELLECTBA:
a) BCerga HaxogATcsa B COCTOAHUW MOKOS;
6) HernpepbIBHO N Xa0TUYECKN ABUXKYTCH,;

B) TO/IbKO MPUTATUBAKOTCA APYT K APYrY; °

r) TOIbKO OTTa/IKMBaOTCA APYr OT ApYra; c

0) oTTaskmMBaloTCs ApPYyr OT gpyra v nputaruea- 50— -50
l0TCA ApYr K Apyry; 40 [-40

€) pacnonioXKeHbl TaK, YTO MeXAy HUMK HeT 304 -0
MPOMEXKYTKOB. 0] 20- |-20

. (3 6anna) Kakoe HepaBeHCTBO WUCTUHHO? A 10- -10
a) 520 cM > 52 am; B)3300 r < 33 Kr; 60- o
6) 2000 MkM >20 MM; )3 ¢ < 300 MC. 05 06l
-1 10

. (3 banna) AkBapuym umeeT opmy npsAMo- 301 20- |20
YrosibHOro napasnnenenunega, AnvHa KoToporo D5 304 1-30
pasHa 0,5 m, wupmHa — 300 MM, BbicoTa — =1

42 cm. OnpegenuTte eMKOCTb aKBapuyma. 05 |3

a) 0,063 m3, B) 6300 cm3,

6) 630 cm3, r 6300 mm3. P 1



3afaHus 4ns camonpoBepky K pasgeny 1

10. (3 6anina) PaccmoTpuTe puc. 1 n 3anonHuTe Tabnuuy.
dunsmnyeckas eHa Mpepensl
Hasearme BEIMUNHA EAnHmLa eﬁeva Mokasa- msl\?le'quMﬂ
npmnoopa ' (hm3nyeckoii A Hue P
nsmepsemas oo WKanbl npu6opa . .
NpMGOpPOM npu6opa BEPXHWN HUXKHWIA

11 (3 6anna) YcraHoBUTE COOTBETCTBME MEXXAY KaxKAablM cnosom (1-6) npegsio-

12,
13.

XKEHUA N Pusnvecknm noHATMeM (A-XK).

AnmomunHuesyio (1) A EanHuuya dumsnyeckon ABBT gEe

MpPoBOJIOKY (2) BE/INYUNHbI

Maccoii (3) b BeuliecTBo 1

ABapuatb (4) B ®u3mueckas BenvumHa 2

rpammos (5) [ ®dusmyeckoe Ten0 3

corHynu (6). [, ®dnsnyeckoe ABNeHUe 4
E dunsunyeckunii 3aKoH 5
K Ywncnosoe 3HayeHue 6

hM3nYecKon BeINUNHBI

(4 6anna) Onpegenute AnamMmeTp LUHYpa, WU300paXKeHHOro Ha puc. 2.

(4 6anna) bpycku, oguH M3 KOTOPbIX N300padkKeH Ha puc. 3, HY>KHO ynako-
BaTb B KOpPOOKY BbICOTOW 2,5 cM, gnvHoM 14 cm v wmpuHoii 6 cM. Kakoe
MaKCMMasibHOe KOSIMYECTBO 6PYCKOB MOXKHO MOJSIOXKUTb B KOPO6KY, 4TO6bI ee
MOXXHO ObI/I0 MN/IOTHO 3aKpbITb? BbicoTa 6pycka — 0,8 cM, wWmpmnHa — 1,2 cm.

Puc. 2
CeepbTe BallM O0TBEThI C NPUBEAEHHbIMU B KOHLEe y4yebHUKa. OTMeTbTe 3a-

JaHusl, KOTOopble Bbl BbIMO/HWAN MPaBW/bHO, MOACUMTanTe cymmy 6annoB. 3Ty
CyMMy pasfennTe Ha Tpu. Hageemcs, 4To Bbl nony4ynnm o1 7 go 10 6annoB. 310
Xopowmin pe3ynbTaT. A 4TO06bl NOAYYNTb elle 60/ee BbICOKMIA 6asil, HY>KHO Bbl-
NoNHUTL 3ajaHuve 14,

14,

MoaTBepaMTe MM oNpoBeprHUTe yTBepXaeHue. O60CHylTe CBOV OTBET.

=du3MKa He 3aKaHYMBAETCA 3a [BePblo LWKOMbHOIo KabuHeTta.

=/13BecTHO, 4UTo 1 AM3= 1 1. Ecnn 6bl WiKasibl 6eH30K0/I0HOK Ha aBTo3anpaBKax
6b1NY NporpagymnpoBaHbl B KyOMUYECKMX MeTpax, TO NOrpewHocTb U3MepeHns
o6bema roproyero 6bis1a 6bl MeHbLLE.

<Anbpes Hobenb fo/mKeH 6bi1 He pacckasbiBaTb MUPY 0 CBOEM N306peTEHUN —
AnHamuTe.

e TpeHMpOBOYHbIE TeCcTOBble 3aAaHWMA C KOMMbITEPHOW MNPOBEPKON Bbl
HaligeTe Ha 3N1eKTPOHHOM obpa3oBaTesibHOM pecypce «MHTepakTUBHOE
o0byuyeHue».



MoueMy B COBPEMEHHOM MUPE TPYAHO MOTEPSThCS

Bcero HeckonbKO AecATUNETUI Hasag Cc/noBa «pafunosiokaTop», «pagap»
accounmpoBasiuCb C BOBHHOM TEXHUKOWM, CNOBO «FMApPOSIoKaTOP», «COHap» —
C ceMiHepamMu 1 NMoABOAHLIMU NogKamun. A BOT abbpeBnatypbl GPS BoobLle He
cyulecTBoBasio. B Halle BpeMs npocTeiine Moaesii cCOHapoB MOXeT npuob-
pecTn KaxkAblii pblbak, pajapamu ocHal,atT He TOSIbKO CaMoseTbl, HO U He-
6onbliMe KaTepa, a cmctema GPS No3nuUMOHUPYEeTCS Kak fiydllee NpoTUBO-

YFOHHOE CpeACcTBO A/151 aBToOMobu e,

PaguonokaTop I pagap

B Hauvane X X B. 6b1710 06HAPY>KEHO, YTO paguno-
BO/IHbl OTpPaXalwTCcA OT MeTa//IMYecKux npes-
METOB. 3TO OTKPbITME [Jasi0 BO3MOXKHOCTb Mpega-
NOXNTb NPUHUUN paguonokaumm — obHapyxe-
HWUA, pacno3HaBaHUs W ONpefeneHus KoopauHat
pasNN4YHbIX MpegMeToB C MOMOLLbIO PagVoBOSIH.
Ecnu npnbop hmnkcnpyeT pakT oTpadkeHUs paguo-
BOJIHbI, 3TO 03HAYaeT, YTO OH 06HApPY>XUN 00bEKT
(Hanpumep, camoneT). o cKopocTu pacnpocTpa-
HeHUsa paamoBosiHbl (300 OO0 km/c), nUHTepsany
BPEMEHWN MEXJY MOMEHTOM W3/IyYEHUA N MOMEH-
TOM MNpuema OTPaXKEHHOro0 CMrHasia MOXXHO onpe-
OenunTb paccTossHUe [0 06beKkTa (ero KoopAnHaThl).
HakoHel, no xapakTepy OTPaXXeHHOro curHana
MOX>XHO pacno3HaTb, 0T Kakoro obbekrta (camosie-
Ta, ancbepra, cKasibl) OTpasuaacb pagnuoBosiHa.

MprHUMN OelicTBMA padapa:
1 — nepeparuvk;

Mp — NpUEMHVK;

0 — 06bekT (camorne);

1 — u3nyyaemas BOSHa;

2 — OTpaXKeHHas BOSHa.

B coBpemeHHbIX pagapax
nepesaryvK 1 NPUEMHMK
006bI4HO 06beAVHEHI

CrieupanbHble MOKPLITUA Ha NOBEPXHOCTU
COBPEMEHHbIX BOEHHbIX CAMOJIETOB CHIDKAKOT
YPOBEHb OTPaKEHHOrO CUrHana, U Takue
camosieTbl He MOryT GbiTb OBGHaPY>KEHbI
06bI4HBIMX pafapamut

3TO NHTEpPEeCHO

PAOAP — OT aHIMIACKOro CroBa
radar, COKpalleHve oT radio detecting
and ranging — paavoobHapyxeHvie
W onpefeneHve AasbHOCTH.

COHAP — 0T aHrmiickoro cnosa
sonar, CokpallleHre o1 sound navigation
and ranging — 3ByKOBasi HaBuraums
1 onpegeneHne AaibHOCTM.

GPS — abb6pesuarypa aHrn. global
position system — BcemupHas cucTema
onpeaeneHnsi MECTOHaXOXAEHUSI.



JHUMKNONeANYecKas cTpaHnLa

3TO MHTEPECHO

Cuctema GPS cHavana 6bina cosgaHa no 3akasy
amMepuKaHCKoro npaeuTenbcTBa. CerogHs ata Cu-
cTeMa MpUMEHSeTCs BO MHOIUX cepax: ropoackoe
U CcenbCcKoe XO034iCTBO, pas3BedKa NPUPOAHbIX pe-
CypCOB, apxeonorus, HaBurauusa, cnopT, MOHUTOPUHT
ABVXKYLLUXCA OBBHEKTOB.

EBponeiickuii Coto3 3aBepluaeT co3jaHue cob-
CTBEHHOW cucTeMbl HaBuraumm — Galileo, koTopas
ABnsetTca aHanorom GPS.

rmaponokartop/coHap

MpuHUMn paboTbl rMaposiokaTopa MOX0X Ha
npuvHUMN paboTbl pagapa, TOJIbKO OH W3JlyyaeTr
1 PUKCUpyeT He paamo-, a 3BYKOBble BOJHbI. Kak
1 B CNlyvae ¢ pagnoBosiHaMu, no CKOPoCTWU pacrnpo-
CcTpaHeHUs 3ByKa B Bofe (1500 m/c) v BpemMeHU
npmxofa OTPaXkeHHOM BOSIHbl MOXXHO ONpefenunTb
paccTosHMe A0 06beKTa, a Mo Hanpas/eHW OT-
Pa>XeHHOro CUrHasia — Harnpas/ieHue, B KOTOPOM
pacnonoXkeH 06beKT. Bnepsble rugposokaTop 6bin
npuMeHeH ANs 06Hapy>XeHUSA MNoABOAHbLIX J1I040K
B0 BpeMs [MepBoii MMUpPOBOW BOVHbLI (1914-1918),
CO BpPeMeHeM ero CTasin NMPUMEeHATb ONA UCCefo-
BaHWA penbeda AHa Mopeli N oKeaHoB, 06Hapye-
HUA KOCAKOB Pblibbl N T. 4.

GPS
GPS co3ganu gnsa Toro, 4tobbl N060M Nosb30BaTe/Ib MOF ONPEAEesINTb CBOM KO-
OpAVHAaThLI Ha 3eMHOW MOBEPXHOCTU C TOUHOCTBIO A0 HECKOJIbKUX LECATKOB METPOB.
Celiuac aTa cucteMa He TOMbKO C/eAMT 3a NPaBU/IbHbIM KYPCOM CyZ0B, HO U MOMO-
raet 06bIYHbLIM TypucTaM He 3ab61ygnTbCsA B HE3HAKOMOM ropoje.
Cuctema GPS cocTOMUT U3 MHO>XKecTBa CNYyTHUKOB,
netawwunx Ha BbicoTe npumepHo 20000 KM Hag,
3emnieil, N Ha3eMHbIX cucteM. CNyTHUKKM Mo-
CTOAHHO NOAAEPXKMBAKT CBA3b C HA3EMHbI-
MU cucTemMamu 1 6narogaps 3ToMy TOYHO
231 «3HaKT» CBOE MOSIOXKEHNE OTHOCUTE/1b-
Ho 3emnn. KaxkAablii Mnosib3oBaTesNb
GPS-HaBuratopa B 11060/ MOMEHT
MOXXeT onpefesinTb CBOE MecTOHa-
XOXKAEHMeE: YCTPOCTBO nonyyvaeT
CUTHabl OT TPeX-4eTblipex
pasHbiX CMYyTHUKOB OOHO-

CxeMa pa6oThl crcTeMbl GPS: C — cnyTHUK; BpeMeHHo ¥ obpabatbiBaeT
H— HazemHble cuctembl; IM— nonb3osatens npubopa GPS; Mnony4YeHHble AaHHble C Mo-
1— pagvocurHan K nonb3oBatento; 2 — paamoobmeH MOLLLbIO BCTPOEHHOro KOM-

C Ha3eMHbIMK CncTtemammn nbloTeEpa.
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TemMbl peepaTtoB 1 coobLLEHNI

NP

©®NO O AW

10.
11.
12.
13.
14.
15.
16.

17.
18.

19.
20.
21.

TexHn4YecKme n30bpeTeHns, NAMEHUBLLVE XXU3Hb Yel0BeYecTBa.
CoBpeMeHHasa ¢dusMkKa Kak [JoKas3aTesibCTBO MYAPOCTU Halunx
npenKos.

McTopusa co3pgaHns nepBbiX 3Ta/IOHOB.

Kakune sTtasioHbl UMeeT YKpanHa v rge oHM XpaHAaTCA.

JBONOLUA U3MEPUTESbHBLIX NPUBOPOB.

Kakune oHN — Mesfbyaiiline 06beKTbl MPUPOAbI.

[ApeBHMe eAUHULbI O/IMHBI U BPEMEHN.

. Kak 3apoxpgasnocb yuyeHue 06 aToMax.

MepBble MOMbITKN N COBPEMEHHbIE METOAbl U3MEPEHUSI Pa3MepoB
MoOJsIeKy/l.

UTo MOryT HAHOTEXHONOTUN.

Anddy3na BoKpyr Hac.

MeTeopuThbl, yrpoXkawuime cyL,ecTBOBaHMIO Yesi0BeYecTBa.
Munkpo-, Mmakpo- u Mmeramupsbl.

10 nHTepecHbIX (PAKTOB M3 XXU3HU BbIJAKLLNXCA YUYEHbIX.
McTopunsa ogHOro OTKpPbITUA.

Apxumes — BENUKUIA fpPEBHETPEYECKUIA MaTEMATUK, (PU3NK U UH-
XKeHep.

ApuUcTtoTesib — BbIAAKLWMNIACA YUYEHbIA OPEBHOCTN.

JocTuXKeHNA N Tparefun BefIMKOro mtanbsHCKoro gusunka Manu-
neo Nanwunes.

MeHnn pusunyeckoii Haykum XX Beka.
Bknag YKpPanHCKMUX yYeHbIX B pasBUTNE COBPEMEHHOW TEXHUKMN.

Camasi npecTuxHas MexxayHapogHas npemusi no pu3nKe n ee nay-
peartbl.

TeMbl 3KCNepUMeHTa/IbHbIX I/ICCJ'IG,EI,OB&HI/IVI

Hab6nogeHne v nccnegosaHue npouecca andysnn.

M3mepeHne NMHENHbIX pa3sMepoB Tesl ¢ MOMOLWbI pasHbIX MPM6o-
poB. OueHKa NOrpeLHOCTN U3MEPEHUS.

I/IsmepeHme naowanm NOBepPxXHOCTU Tes1 pasHbIMU MeTOo4aMWU.



MEXAHWYECKOE ABVXXEHWNE

@)

Bbl 3HaeTe, Kak HalTK NyTb, MPOMAEHHbIA TENOM,
ay3HaeTe, KaK BblYUCIUTb NepPeMELLEHNE Tena

Bbl NpeacTaBnseTe, Y4To Takoe TOUKa, a y3HaeTe 0 MaTepuanbHO Touke

Bbl MOXeETe onucatb ABVMXXEHMWE Tena, Habhas 3a HAM, a CMOXeTe
pacckasatb, Kak ABUranoch Tefo, M3y4ymB rpaiuk ero ABMKeHus

Bbl 3HaeTe, UTO CaMONET 3anpaB/stOT BO BPEMS CTOSHKMU,
ay3HaeTe, Kak 3T0 MOXHO CAienaTb B BO3Ayxe, BO Bpems noneta

Bbl 3HaeTe, YTO BO MHOTMX Yacax UCMOMb3YHT MasTHUK,
ay3HaeTe 0 CBOICTBax MasTHMKa, 6narogaps KOTopbIM
TaKoe MCMob30BaHME CTa0 BO3MOXHBIM



Pasgen 2. MEXAHWYECKOE ABVXEHVE

8§ 6. MEXAHWYECKOE ABWXEHWE.
OTHOCUTENBHOCTb ABWXEHUNA.
CNCTEMA OTCYETA. MATEPUAJIBHAA TOYKA

BcrnoMHWTE: Bbl CUAWTE B BaroHe Moesfa W CMOTPWTE Ha Noesq, CTOsWwiA psaoM. Bapyr Bam
MoKa3asioch, YTO Ball MOE3[ TPOHY/NCSA C MECTa, Befb 3a OKHOM Hayasu MpOmn/ibiBaTb BaroHb
cocefiHero noesga. M Tyt Bbl CMOTPUTE B OKHO HANPOTKB W... MOHUMAeTe, YTO Ball Moess, no-
MPeXHeMy CTOUT Ha NEPPOHE, a ABWKETCS MOe3f, KOTopbIli CTOsN psgom. A ecim Gbl OKHA Ha-
MPOTUB He 6bI10, CMOK Bbl Bbl ONPeSeNnTb, Kakoli Noesd TPOHYNCS — Balll WK COCeaHMIA?

® Puc. 6.1. Bce B Mupe ABMKETCS:
M OTPOMHbIE raNakTUKK, U OKpy-
Xarowime Hac Tena, 1 MUKpPOCKomnu-
YecKme OpraHm3mbl
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L, 3HaKOMMUMCA C MexaHN4YeCcKUm ABVXKEHNEM

Bce B Mupe HaxoguTca B [ABUXKEHUU
(puc. 6.1): munnuapabl NeT, KOTopble CYLW,ecTBY-
eT BceneHHan, pasnertalwTca B pasHble CTOPOHbI
ranaktukmn; 3emnsa Bpawaetca Bokpyr ConHua,
Jenasa oguvH 060poT 3a roj; 3a HeCKOJ/IbKO 4acoB
camosieT nepenetaet n3 Knesa B Magpua; B Kari-
Nne BOAbl MHOXeCTBO MMWKPOOOB eXXeCceKyHIHO
rnepeasuralwTca C MecTa Ha MeCcTO; BCe Bpems
OBUXKYTCA MOJIEKYbI.

HecmoTpsa Ha pasHoobpasve NpuMepoB OBU-
XXEHUA, Y HUX ecTb obLlliee: BO-MepBbIX, BCe OBWU-
>Kylimecsa Tena W3MEHAT CBOe [O0JI0XKeHue
B MNPOCTPAHCTBE OTHOCUTE/IbHO APYrux Tes,;
BO-BTOPbIX, M3MEHEHWE MOSIOXKEHNA Tes MNpouc-
XOAUT C TEeYEHUEM BPEMEHMN.

MpocTeiwen pPasHOBUAHOCTbID  ABUXXEHUSA
ABNAETCH MexaHUYecKoe [ABUXKEHNe.

MexaHn4yeckoe ABUXEHWEe — 3T0 W3MEHEHWe
CO BPEMEHEM MOMIOXKEHUSA Tena UM vacteid Tena
| B NPOCTPaHCTBE OTHOCUTENIbHO APYrMX Ten.

B [Jaem onpefeneHue cucteMbl otcueTa

Korga Teno ABWXKETCS, €ero MosioXkKeHue

B MPOCTPAHCTBe M3MeHseTcs. [Ans onpedeneHus

MoMOXKEHUS Tesla B MPOCTPAHCTBE WCMO/b3Y-

CMCTEMY KOOpPAMHAT, KOTOPYH CBA3bIBAKOT
cliresiom oTcueTa.

Teno otcyeTa — 3TO TeNO, OTHOCUTENBHO KOTO-
pOro paccMaTpuBalOT MOMIOXKEHNE [BUXKYLLErocs
Tena.

Bbibop Tena oTcyeTa SIBASIETCS MPOU3BOJIb-
HbIM. 3a Teslo oTcYeTa MOXKHO B3ATb /11060e Tesno
nucxofsi M3 coobpadkeHuli ypo6ctea. IT0 MOXKET



8 6. MexaHu4eckoe [BvbkeHvie. OTHOCUTESBHOCTb ABVdKeHUA. CrcTeMa otcyeTa. MatepuaribHas Touka

ObITb KaK BaroH noesga, Tak M nnatgopma BoK3ana, Kak AepeBo Ha 0604nHe [o-
poru, Tak 1 Muyalmiica aBTomobunb. Tenom otcyeTa MoryT 6bITh U nMaaHeTa 3em-
na, u ConHue, 1 janekasa ranakTuka.

7 Kakoe Teno, no Bawemy MHEHMUIO, Lien1ecoobpasHo NPUHATL 3a Teslo oTcye-
Ta, nccnefys Balle ABWXXKEHME Ha NepemMeHe; Ha Ypoke (U3Ky/bTypbl; BO
BpemMs nyTtewiectsua?

Mocne Toro Kak Tesio oTcyeTa BbIGpaHO, C HUM CBA3bIBAKOT CUCTEMY KOOp-
OVNHaT, KOTOPYH 3a4alT C MOMOLbI OA4HOW, ABYX WUAU Tpex KOOPAUHAT HbIX
ocel. Boosnb ocei oTKMagbiBalT paccTosHUA B BbibpaHHOM macwitabe, Hanpu-
Mep B KuU/omeTpax uam metpax (puc. 6.2, 6.3).

M3meHeHne NON0XKeHUA Tena NMPoOMCXoAMT He MFHOBEHHO, a B TeYeHue He-
KOTOPOro BpeMEHU, MO3TOMY ANA UCCNEf0BAHUA MeXaHNUYeCKoro ABMXXEHNNA He-
o0bxoaum npubop 4S9 0TcyeTa BPeMEHU — 4yachl.

I Teno otcueta, cBA3aHHasA C HUMM CMCTEMa KOOPAWMHAT M yachl 06pa3y+0T cuctemy
oTcyerTa.

BbiicHaeM, Korga Tefio MOXHO cyYuUTaTh MaTepmaanoﬁ TOYKOI

O6blUHO BO BpeMs ABWMXKEHWS Tesla KaXkjasi ero Toyka ABUXKETCs Mo-
pasHoMy. Ha npakTuKe uccriefoBaTb ABUXKEHME BCEX TOYEK Tefia A0BOJIbHO
CMOXXHO W, KakK npaBuso, HeT HeobxogmmocTu. OnucbiBas ABWXXeHWe Tena,
pasmepbl KOTOPOro HaMHOro MeHblle, YeM paccTossHUSA, KOTOpble OHO Mpeofo-
NieBaeT, Tesio 3aMeHsIloT PU3NYECKO Moaenblo — MaTepuasibHOWM TOo4Koi. Ma-
TepnasibHasa ToYKa He MMeeT pasMepoB, a ee Macca paBHa Macce AaHHOro Tena.

MaTepuanbHas Touyka — 3T0 (pM3nyeckas MOAenb Tena, pasmepamiyt KOTOPOro
I B YC/IOBMSIX AA@HHOM 3a[aun MOXHO NpeHeGpeub.

OfHO 1 TO >Ke Tefo B YC/NIOBUSX OOHOWM 3afjayM MOXHO cYMTaTb Matepualb-
HOM TOYKOMN, a B YC/IOBUAX APYFOA — HEesb3S.

MpeactaBbTe aBTOMOOUAb, KOTOPbIA ABUXKeTcA No Tpacce n3 Ogeccol B Knes,
N 3TOT >Ke aBTOMO06Mb, KOrfja OH MapKyeTcs Ha aBTOCTOsiHKe. B mepsom cny-
Yae, uccnegya [ABMKEHMe aBTOMO6GWASA, ero pasMepamMym MOXHO MpeHebpeysb.

Puc. 6.2. UtoObl BbISCHUTbL MOIOXEHWE

newexoda 1 aBTOMOGWNS Ha MPSAMONHEAHOM Puc. 6.3. UT0Obl BbISICHWUTL MOMOXEHVE
y4yacTke [40poru B AaHHbIA MOMEHT BPEMEHM, thyT60NMCTA Ha NONE B AaHHbIA MOMEHT
[l0CTaTO4YHO OZHON KOOPAMHATBI: XN= -2 KM; BPEMEHU, HY>XXHO 3HaTb [1Be KOOPAWHATI:
Xa=8 KM x =300 mM; y= 100 m
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To ecTb MOXHO HE YUMTbIBaTb, YTO MPU ABUXKEHUU aBTOMOGUNS ero oTAesb-
Hble TOYKW ABUrasncb No-pasHOMY, Beflb pacCToOsHME, KOTOpOe mpoexas aBTo-
MO6U/Ib, 6bIJI0O HAMHOIO 60J/ibLUE, YEeM, CKaXkeMm, ero gsimHa. A BOT BO BTOPOM
cnyyae npeHebpeyb pasmMepamMu aBTOMOOWMAS Hesb3A.

? TMonpobyiiTe NPUBECTM aHasIorMyHbIe NMPUMEpPBI, B3sIB B KayecTBe uccreay-
eMbIX TeJ1 YenoBeka, 3emM/t0, KapaHjall, AepeBo.

O6paTunTe BHMMaHue! Korga mbl onpegenigem KoopguMHaThbl Tena, TO CHU-
Taem 3TO Tesi0 MaTepuasibHOM Toukoiw. [Janee, Korga 6yaem roBopuTb 0 ABUXKe-
HUW Tena, 6yaem cuMTaTb, YTO peyvb UAET 0 ABMXKEHUU MaTePUasbHON TOUKMW.

Y3HaemM 06 OTHOCUTENbHOCTHU ABUMXXEHNA U NOKoA

To, uTO Tesl0 oTcyeTa Bbi6MpaeTcsa MPOU3BOJILHO, O3HAyaeT, YTO COCTO-
AHNE [OBUXKEHUA U COCTOAHME MOKOA OTHOCUTE/bHbI.

MpeacTaBbTe MmaccaXkmpa, KOTOPbIA CMAUT B BaroHe ABMXKYLLErocsA noesga
(puc. 6.4). OTHOCUTENBHO CUAEHbS U BaroHa Nnaccakup He U3MeHsIeT CBOero no-
JIOXKEHNA CO BpeMeHeM, TO eCTb Haxo4UTCA B COCTOSAHUW MOKOS, a OTHOCUTESb-
HO [lepeBbeB 3a OKHOM — [OBUXKETCH.

? YuTas 3TOT TEKCT, Bbl, CKOpEe BCEr0, CUAUTE B K/acce 3a napToi uam goma
3a cTo/ioM. Has3oBMTe Tena, 0THOCUTENbHO KOTOPbIX Bbl ABUXETECH, U TENa,
OTHOCUTENIbHO KOTOPbIX Bbl Npe6biBaeTe B COCTOSIHMUW MOKOS.

OTHOCUTENIbHOCTL [ABVMXKEHUSA [aeT BO3MOXXHOCTb «OCTAHOBUTbY» [BUXY-
wninca aBTomMobunb. [ 3TOr0 HY>XeH elle O4MH aBTOMOOW/b, KOTOPbIi Oy-
[eT exaTb pA4OM C MepBbiM, He oTcTaBasd M He 06roHAs ero. B Takom cnyuvae
aBTOMOGUAN OTHOCUTENbHO APYTr Apyra 6yayT npebbiBaTb B COCTOSAHUM MOKOS.
BcnoMHUTE, Kak Kackagepbl nepecaxXuBalTCA C 04HOrMo0 mMyallieroca asTOMO-
6una Ha Apyrow, KoTopblA aBwmxeTcsa pAgom! ToT >Ke MPUHUMMA WUCMAO0Ab3YHT
MU ANA 3anpaskKu camoneTta TOMNJIMBOM BO BpeMs nosieta (puc. 6.5).

Puc. 6.4. MNaccaxvp ABMXKXETCH OTHO- Puc. 6.5. 3anpaBka camosneTta B BO3ZyXe: Camo/IeTbl
CUTE/NbHO JepeBbeB 33 OKHOM Moe3aa -Haxo4ATCs B COCTOSAHWMM NMOKOA OTHOCUTENBbHO ApYr
1 0CTaeTca HemoABWXKHbIM OTHOCUTENBHO apyra

BaroHa

52
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® aflogBognmM utoru

%/ MeXaHWU4YecKoe [BUXXEHUe — W3MEHeHWe cO BPEMEHEM MOJIOXKeHUsi Tena

WA YacTeil Tesla B MPOCTPAHCTBE OTHOCUTESIbBHO APYrux Ten. Teno, OT-
HOCUTENIBLHO KOTOPOro paccMaTpuBaloT MOJSIOKEHME ABMXKYLLErocs Tena, Ha-
3bIBAeTCS TE/IOM OTcYeTa.

Teno oTcyeTa, CBSAI3aHHAs C HAM CMCTEMA KOOPAWMHAT U yacbl 06pasyoT cu-
ctemy oTcyeta. COCTOSAHUS ABUXKEHMS M MOKOS 3aBUCAT 0T Bbl6opa CMUCTEMbI
0TcyeTa, TO eCTb SABMSTCA OTHOCUTE/IbHbIMM.

B hmsnke ans ynpouieHMs onumcaHus ABUMXKEHUS Tena UCMOob3ylT (usn-
yeckyl Mofesib — MaTepuasnibHyl TouKy. MaTepuasibHas Touka — 3T0 Teno,
pasMepamMn KOTOPOro B YC/IOBMAX AAaHHOW 3aAa4yn MOXKHO npeHe6peusb.

KOHTpONbHbLIE BONPOChI T TT TP n I

1. JaiiTe onpefeneHne MexXaHW4YecKoro ABvdKeHus. [puBeamnTe npumepsl.
2. Uto Takoe Teno otcyeta? 3. Kak 3agaloT cuctemy KoopauHat? 4. Kakme
06BbeKTbl 06pas3yloT cmcTemy oTcdeTa? 5. B Kakux caydasx gBudKyleecs
TEesI0 MOXKHO paccMaTtpuBarTb KakK MaTepuasibHyl ToukKy? 6. Kak Bbl MOHU-
MaeTe BblpaKeHue «MexaHW4ecKoe ABUXKEHUE OTHOCUTESIbHO»?

YnpaxHeHne Ne6 SR

1. Onpegennte, OTHOCUTENIBHO KaKMX Tesl paccMaTpuBaeTcs ABVKEHUE B Crie-
Aywnx npymepax: a) KycoK neHonnacta HenoABUXKHO NEXUT Ha NoBepX-
HOCTM BOAbl B peke; 6) MMMO aBTOMOOMAA «MpPosieTaloT» MPUAOPOXKHbIE
cToN6bI; B) ConHLe yTPOM BCTaeT Ha BOCTOKE, a BEY4EPOM CaauTcs Ha 3anage.

2. AkoB VcupaopoBud MNepenibMaH (1882-1942) B CBOEN KHUTe «3aHMMaTESb-
Hasa m3MKa» ONMCbIBAET calyyaii, KOTOPbIA NpPon3oLwen ¢ NM0ToOM camo-
neta B Hayasle XX B. (camofieTbl Torga fietasim CpaBHUTE/IbHO MeJ/IEHHO,
a KabunHa nunoTta b6blna OTKPbITOM). MOoAHABLUNCE Ha BbICOTY 2 KM, MWAOT
3aMeTW/1 Yy CBOEro Nuvua Kakoi-1o npegmet. Mogymas, UTO 3TO HACEKOMOE,
nWNoT noMasn npeamMeT pPyKoi. Ho «HaceKomoe» oKaslasiacb PY>KeliHOoiA
nysnen. Moyemy NWUAOT CMOT NOAMaTh NyJsi0?

3. MOXXHO N cunTaTb KOCMMUYECKU Kopabab MaTepmasibHOM TOYKON, Korga
OH: a) ocyLiecTBNseT nepesnet 3emad — Mapc? 6) coBepLuaeT nocagKy Ha
rnoesepxHocTb Mapca?

4. KoopauHaTbl gepeBa, KaMHA U cBeTodopa, pacrnosioXKeHHbIX Ha 0604nHe
NPSAMOSINHENHOr0 yyacTKa A0pOorv, COOTBETCTBEHHO TaKOBbl: XA=-1 KM;
XK= 2 KM; Xc= 3,5 KM. HauepTuTe ocb KoopaguHaTt, 0603Ha4YbTe Ha Heil Ha-
yasio KoopauHaT M NOMIOXKEHUA YKa3aHHbIX Ten. Onpegennte paccToAHNSA
MeXAay Tenamu.

JKCNnepuMeHTanbHOE 3afaHNe v, S e
CBSH>KMUTE C BalLUMM CTO/IOM ABYXMEPHYI CUCTEMY KOOpPAMHAT, MPUHSB 3a
Hayas10 KoopAuHaT oboi yros crosa, a B Ka4yecTBe OCell KoopamHat —
Kpas cTtona, nmpuerawwue K sTomy yrny. Onpegenute KoopAuMHaTbl Nna-
CTMKa, HaCTO/IbHOM Namnbl U ApYrux npeameToB Ha cTosne. MpeacrtaBbTe
oT4eT B BMAE PUCYHKa B onpeeneHHoOM MacwTabe. Ha pucyHke ykaxuTe
MacLiTab, ocu KoopAMHAT, pacrnosioKeHue MpegMeToB U UX KOOpPAMHAThI.



Pasgen 2. MEXAHYECKOE JBVXKEHWE

§ 7. TPAEKTOPUA ABWXEHWA. NYTb. NEPEMELLEHWNE

BosbmuTe nuct 6ymary m kapaHgall. MoctaBbTe Ha NCTE TOUKM A 1 B 1 coegnHnTe MX Kpu-
BOW MHMeN (puc. 7.1). 3Ta IMHUA COBNAAAET C TPAEKTOPMEN ABMKEHUA KOHYMKA KapaHZalia,
TO eCTb IMHUEN, B KaKO0N TOUKe KOTOpOI nocnefoBaTesibHO NO6bIBaN KOHUYMK KapaHdalla
BO BPeMS CBOEro ABMXeHMWA. MNogpobHee 0 TPAEKTOPUM ABWDKEHMA, & TakKe O MHOTOM Apy-
rOM Bbl y3HaeTe 13 3T0ro naparpada.

W, Y3HaeM O TPaeKToOpuu OBUXKEHUS

TpaekTopusi ABWKEHUS — 3TO BOOGpaKaemMas
NVHKSA, KOTOPYH OMUCLIBAET B MNPOCTPaHCTBE
LBVXKYLLAACA TOYKA.

Puc. 7.1. Ha Gymare KOHUMK O6bIYHO Mbl HE BUAVUM TPAEKTOPUU LBMKEHUS
KapaHgalla ocTasifeT IMHUIO, Mo Ten, HO MHorga 6bIBalT UCKYeHUs. Tak, B 6e3-
KOTOpoI4 ABurancs 06/1a4HYI0 NMOrofy BbICOKO B Hebe MOXHO YBUAETb

6enblii cnep, KOTOpPbIA BO BPEMSA CBOEro ABUXKe-
HNA ocTaBndeT camosieT*. o 3ToMy crieqy MOXKHO
onpefeninTb TPAeKTOPUIO ABUXKEHUSA camosieTa.
? TpaeKTopuu [OBMXKEHUA KaKUX Ten MOXHO
BOCCTAHOBUTbL MO cfiegaM, M306parkeHHbIM
Ha puc. 7.2? B KakmMx cnydasix TpaeKToputo
OBVDKEHUSA «3arotaBnmBalT» 3apaHee?
dopma TpaekToOpuUM MOXET ObiTb pPasHoN:
npamas, OKPY>HOCTb, Ayra, JiomMaHaa v T. Q.
Puc. 7.2. MHorpa no cnegam nerko & 3aBUCUMMOCT M OT (POpPMbl TpaekToOpun pasnu-
BOCCTaHOBUTb TPAEKTOPUIO 4yarnoT I'IpFIMOI'IVIHEI7IH06 n Kpl/lBOJ'II/IHEVIHOG ABUXe-
[BMKeHVATENA Hua Ten (puc. 7.3).

Puc. 7.3. [lBXeHune noesga Ha CTaHUMU MeTpo () — npuMep NPSAMOMHEAHOrO ABMKEHNS;
[BWKeHne KabrHKM Koneca 0603peHus (6) 1 ABuKeHue Kadenei (B) — npumepbl KPUBOANHERHOTO
[ABWxeHns. CTpenkamm nokasaHo HamnpaBfeHne ABVKEHNS

* T[loyeMy BO3HMKAET TaKOW Cfief M 4TO OH COO0V MpeacTaB/isieT, Bbl y3HaeTe U3 Kypca Pm3nKun
8 Kfacca.
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8§ 7. TpaekTopus apwkeHus. MyTb. MNepemeLLeHne

dopma TpaekTopun [BUXKEHUS Tena 3aBu-
CUT 0T TOro, 0OTHOCUTENbHO KaKOW CUCTEMbI,
0TCYeTa paccMaTpuUBalDT [LBUXKEHMUE.

MpuBegem npumep. Y Masbyuka, efyuiero
B aBTO6YyCe, ynaso n3 pyk s16s10ko (puc. 7.4). Ans
[EBOYKMW, cmasuleli HanpoTuB, TPaeKToOpuUSA ABU-
XKeHUs A6/0Ka — KOPOTKUI 0TpPe3oK MNPSAMOiA.
B aTtom cnydae cuctema oTcyeTa, OTHOCUTE/IbHO
KOTOpOW paccmatpmBaeTcs LBUXKeHMe A6/0Ka,
cBA3aHa C casioHoM aBTobyca. Ho Bce Bpewms,
rnoka s16/710K0 najgasio, OHO «exasio» BMECTe C aB-
TobycoM, MO3ITOMY 475 4YesioBeKa, CTOALWEero Ha
060uUnHe foporv, TpaekTopusa ABMXKeHUA Abnoka
abconoTHo gpyras. Cuctema oTcyeTa B TakKoMm
cnyyae cBsi3aHa C [0pOron.
I/I BbiACHAEeM, YeM NyTb OT/INYAETCA OT nepe-

MelLleHns

BepHemca k Hauvany naparpaga (cm. puc. 7.1).
UT06bl HaliTu nyTb, KOTOPbIA MNpoOLIen KoHel,
KapaHzalla, pucys KpuUBYI JIMHUIO, HE06X0AUMO
U3MepPUTb AJIMHY 3TOW NWHUK, TO eCTb HamTu
ONnHY TpaekTopun (puc. 7.5).

MyTb — 370 hM3MYecKas BeNMYMHA, paBHast -
He TpaekTopuu.

MyTb 0603HayawT cMmBOIOM .
EanHnuya nyTtn 8 CU — meTp:

M=wm-
Mcronb3ylT TakXe [ofibHble W KpaTHble
eAVUHNUbI MYTWU, Harnpumep MunanMeTp (MMm),
caHTUMeTp (CM), KUIOMeTp (Km):

1mMm=0,001 M 1cm=0,01 ™
1 km = 1000 m

MyTb, NpoligeHHbIA Tenom, 6yaeT pasHbiM 0T -
HOCMTeNbHOPAa3HbIX CUCTEM oTcyeTa. BcnoMHUM
s6/10K0 B aBTO6yCe (cM. puc. 7.4): 4S9 naccakupos
AA6/10KO MPOLL/IO NYThb OKOJI0 MOYMETPa, a A/ ye-
noseka Ha 0604MHe [0POrv — HECKOSIbKO METPOB.

BepHemcsa K puc. 7.1. CoegnHmne Toukn A n b
O0TPe3KOM MpPSAMOMA CO CTPesIKOW, MNosy4yum Ha-
MpaB/ieHHbIV 0TPE30K, KOTOPbIA MOKaXkeT, B Ka-
KOM HamnpaBs/ieHUN N Ha KaKoe paccTosiHWe nepe-
MeCcTU/ICA KOHel, KapaHpalia (puc. 7.6).

Puc. 7.4. TpaekTopusa ABUXeHUA
A610Ka 4nd naccaxnpos aBToby-
ca — KOPOTKMWI OTPe30K NpsiMoi
(Ha cxeme — nuHKuA 7), 4Ns veno-
Beka Ha 0604MHe [oporn — Kpu-
Bas /IMHUA (Ha CXxeme — fMHUA 2)

" . ar°
0fZn

Puc. 7.5. N3mepeHre onnHbl
TpaekTopun

eweHne
MepeM’

Puc. 7.6. lMNepemelleHne nokasbl-
BaET, B KAKOM Hanpas/ieHnn 1 Ha
Kakoe paccTosaHne nepemectu-
NOCb TENO 32 HEKOTOPLIA NHTEp-
Ba/1 BDEMEHM
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Paspen 2. MEXAHWYECKOE ABVXEHME

TpaeKTOpPUSA ABUXKEHUA ~~
npamas nuHua (1 =8)

Puc. 7.7. CpaBHeHue nytu | n Moayns nepemelleHns BTena

HanpaBneHHbI# 0TPe30K NPSAMOIA, COeANHAIOWNIA HaYa/lbHOE N KOHEYHOE MOMoXe-
I HUA Tena, Ha3blBAKT NepeMeLLeHNEM.

MepemeleHMe 0603HAYalOT CUMBO/IOM B.

CTpenka Hajg CMMBOJIOM MOKa3blBaeT, UTO MepeMelleHNe — 3TO0 BEKTOp-
Has dm3ndeckasi BefinumHa*. UTo6bl MpaBU/IbHO 3adaTb MepeMelleHne, Heoob-
X0AMMO yKa3aTb He TO/IbKO ero 3HadeHue (MoAysib), HO U Harnpas/ieHUe.

Mogynb nepemMelleHns, TO eCTb paccTosHMe, Ha KOTOpOoe MepemMecTu/ioch
Tesio B onpeAesieHHOM HanpaB/ieHUM, TakXe 0603HayalT CUMMBOJIOM §, HO 6e3
CTPEesiKL.

EanHnya nepemelwleHns B CU Takas e, Kak U eguHuua nytu, — MeTp:

M= M.

B obwem cnyyae nepemelleHMe He coBNajaeT C TpaeKTopuen ABVMXeHUS
Tena (pwuc. 7.7, a, 6), No3TOMy NyTb, MPOWAEHHbIA TeslOM, 06bIYHO 60sibLUe
mMoaynsa nepemewieHnsa. MyTb M mMoAy b MepeMeLlieHUs paBHbl TO/IbKO B TOM
c/ydae, Korja Teno ABUXKETCA BAOMb MPsAMO B HEeM3MEHHOM HanpasieHuu
(puc. 7.7, B).

Mogsogum mtorm

BoobpakaeMasi IMHUS, KOTOPYH OMUCbIBAET B MPOCTPAHCTBE ABUXYLLAsCS
TOYKa, HasblBaeTCs TpaekTopueil. B 3aBMcMMOCTU OT (DOPMbl TPAEKTOPUU
pasnuyalT NPsiIMOSIMHEHOE N KPUBOJIMHEHOE ABVKEHUS Tesl.

dusnyeckne BeNNUYUHBI, NMeEOLLME 3HAYeHVe U Harpas/ieHWe, Ha3blBaeTCA BEKTOPHbLIMMU,
annmMerume To/1IbKo 3Ha4YeHNe — CKanAaApHbIMA.
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8§ 7. TpaekTopusa aswxeHus. MyTb. MepemelleHue

MyTb | — 3TO pn3nYeckasa BenMumMHa, pasHas aAnnHe TpaekTopuu. Mepeme-
LWEHME B — 3TO HaMpaB/IEHHbI O0TPE30K MPSMON, COEAUHSIOWLNK HavasibHoe
M KOHEeYHoe NnosioXxeHus Tena. EguHnuya nytmn v nepemewieHmnst B CU — metp (m).

KOHTpoO/ibHblE BONPOCHI = S ——

1. [JaiiTe onpegeneHvie TpaekTopuu ABWXKeHUA. 2. [OaiiTe onpegeneHue
nyTtn. 3. Hasosute eguHuyy nytm B CU. 4. INodvemy, 3HaA TOMILKO NMyTb U Ha-
YasibHOe MOJIOXKEeHWE Tena, Hesb3s onpefennUTb KOHeyHoe nosioXkeHwe tena?
5, [aiiTe onpeaeneHme nepemelleHns. 6. Kak nepemellgHmne 0603Havar0T Ha
pucyHKax? 7. B Kakom criydae MoAay/b MepeMeLLeHUsi paBeH NPOMAEHHOMY
nytn? 8. 3aBUCAT NI TPAEKTOPUA ABUMXKEHUA Tena, NyTb U rnepemMeLleHve oT
Bblbopa cuctembl oTcueTa? MNMpuBegute nNpumepsl.

YnpaxHeHue Ne7 ...............

1. dyT60NUCT npoberaet 3a Mary okoso 10 Kwm.
10 KM — 3TO0 NyTb WX MOAY/1b MNepemMel,eHnsA
gyt60nucTa? Kakum MOXKeT oKasaTbCd MUHU-
Ma/ibHbIi MOAY/ b MepemelleHnsa dyTbonucrta 3a
mary?

2. BepTonieT nogHUMaeTCca BepTUKas/IbHO BBepX (CM.
pucyHoK). W306pa3nTe TpaekTopuio ABMKEHUSA
ToueK A 1 B, pacnosio>keHHbIX Ha JlonacTax BUHTa
BepTo/ieTa: a) OTHOCUTEsIbHO NwuoTa; 6) oTHoCU-
Te/IbHO 3eMJIN.

3. Maccaxkup noesga npoLuesn no BaroHy OT MepBOro A0 YeTBEPTOro Kyne,
paccTtosaHne MexXXay KOTOpbIMU paBHO 7,5 M. 3a 3T0 Bpems BaroH npoexasl
400 m. OnpegennTe, KakKoi NyTb NPeoAosiesNl naccaXXnp 0OTHOCUTENIbHO NO-
e3[a; OTHOCUTENbHO 3eMJ/1U, €C/IM MaccaXkmup ABUTasicda: a) B HanpasieHUn
OBWXeHUA noe3aa; 6) B Hanpas/ieHUW, NMPOTUBOMOIOXKHOM Hanpas/ieHUIo
OBW>KeHUA noesja.

4. B Ha4dasibHbIi MOMEHT BPEMEHM TEN0 HaxoAu0Cb B TOUKE A ¢ KOOpAMHa-
Tamun x0=4 m, y0=~3 M. YUepe3 HEKOTOPbI MHTEPBaS BPEMEHM Tes10 nepe-
MecTU/I0Ck B TOUKY B ¢ KoopauHaTtamm x=-4m,y=3 M. [NocTpoiiTe cucrte-
MYy KOOpAWHAT, 0TMeTbTe TOUKM A 1 B, n3obpasnte BeKTOp nepemeLLeHns
Tena, onpegennTe Mogysb nepemMelteHna. MoXHO /1, NCMOoJb3ys AaHHble
3aga4un, onpesennTb NyThb, NPONLEHHbIA Te0M?

5. MOTOUMKITNCT, ABUrasAch Mo apeHe LuMpkKa, npoes3xaeT OKPY>XKHOCTb pajiu-

ycom 13 m 3a 8 ¢c. OnpegenunTe nyTb U MOAY/1b MepeMeLLeHNa MOTOLUKIIN-
CTa: a) 3a 4 ¢ ABM>KeHMs; 6) 3a 8 ¢ ABMIKEHUS.

6. Bocnonb3oBaBWMCL KapToii ropoga (cena), B KOTOPOM Bbl XKWBeTe, MoO-
CTPOMTE TPAEKTOPMIO BALLEro ABMXEHUS 0T AoMa [0 WKosbl. Onpegenure
NyTb, KOTOPbIV Bbl NpeogonieBaeTe, U MOAY/1b NepeMeLLeHUS.

PewnTe ypaBHeHus1: a) 5=2£; 6) 4+ g=2x; B) 1,8 :37 )

Yy
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Pasgen 2. MEXAH/YECKOE ABVXEHVE

OKCcrnepumMmeHTasibHOe 3aaHune —

«Lmknonpa». MMocTpoiiTe umknongy — Tpa-

eKTOpUIO ABVMXKEHUA TOUKM Ha 0604e Koseca

BO BpPeMS MPSIMOJIMHEHOIO ABUXKEHUS TpaHC-

nopTHOro cpeactaea. s aToro:

1) cpenaiTe OYyMaKHbIi KPyr AuameTpoMm

2-3 cM — «KONneco», Ha «0bofge» KOTOPOro

NnocTaBbTe TOUKY;

2) NoNOXKNTE NNHENKY Ha NNCT Bymaru, «Kosieco» pasmecTUTe Hap SINHei-
KOW TaK, 4To6bl OHO ee Kacasiochb;

3) nepeKaTbiBasg «KO/ECO» BAO/b JIMHENKW, KaK MOXXHO Yallle oTMe4arTe Ha
bymare nosioXkeHne ykazaHHOM TOYKK (CM. PUCYHOK);

4) coegHUTE NOIyYeHHble OTMETKN NIaBHOA NHWEN.

BbibepuTe gpyrve TOUKKU, MPOKOJIOB B «Kosiece» 2-3 0TBEPCTUS, OAHO U3 KO-
TOpbIX caenalite B LeHTpe Koneca. MocTporiTe TPAEKTOPUIO ABUXKEHMSA KaxK-
OO TOUKMU.

B penopTaxax ¢ aBTOMOGW/bHLIX FOHOK, COOBLLEHUSAX O NOroAe MOXHO, Hanpumep, Ycibl-
watb: «CKOPOCTb ABMXKEHWS aBTOMOGWUNSA-NO6eanTens neped uHuwem gocturna 250 Kuno-
METPOB B Yac»; «CKOpPOCTb BETpa AocTurana 25 MeTpoB B CEKYHAY» U T. M. YTO 310 3HaUMNT? Kak
CPaBHUTb 3TV CKOPOCTK?

4 3HaKOMUMCS C paBHOMEPHbIM ABUXEHUEM

CnoBo «CKOPOCTb» Bbl 3HaeTe gaBHo. 103TOMy, Korga c/ibllLUnUTe, 4YTO CKO-
poCTb ABMXXEHUA aBToOMOobOMNA cocTaBnseT 20 MeTpPoB B CeKyHAy, TO MOHMMa-
eTe: aBTOMO6Wb, ABUrasiCb C TaKOW CKOPOCTbI, KaXKAYK CEKYHAY MpOXoauT
pacctossHne 20 M.
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§ 8. PaBHOMEpHOE [JBWKEHME. CKOPOCTb [BUKEHNS

7 TMopgymaiiTe, Kakoe paccTosiHMe npoefeT 3TOT aBToMo6MIb 3a 10 ceKyHpA; 3a
nosicekyHabl; 3a 0,1 cekyHAbl.

Ckopee Bcero, 60/bLWMHCTBO N3 Bac 0TBETUU TaK: 3a 10 ¢ aBTOMOOW/Ib NPO-
efet 200 m, 3a noncekyHabl — 10 m, 32 0,1 ¢ — 2 M. V1 3T oTBETLI NpaBusib-
Hbl, €CNU cYUTaTb, YTO 3a Nbble (Manbie UK 60NbLUVE) PaBHble UHTepBasbl
BPEMEHV aBTOMOOW/Ib NMpoe3XKaeT O4UHAKOBbLIN Ny Tb. TO eCTb /1M aBTOMO6U/Ib
OBUXKETCA paBHOMEPHO.

PaBHOMEpHOE ABMXXEHME — 3TO MEXaHMYecKoe ABWXKEHME, Npu KOTOPOM Teno
I 3a Nto6ble paBHble MHTEPBa/Ibl BPEMEHW MPOXOAWT O4UHAKOBBIV NyThb.

O6paTnTe BHMMaHWe Ha cfloBa «I106ble pPaBHble WHTepBasibl BPeMeHU.
MHorpa, paccmaTpuBasl fake HepaBHOMEPHOe ABMXKEHMWe Tesla, MOXXHO Bblfe-
NNTb TaKue paBHble MHTEpPBasibl BPEMEHU, 3a KOTopble Tesi0 MPoOXoauT oAuHa-
KOBble paccTosiHMA. Hanpumep, Kaxkable 30 ¢ MjoBeL, MPOnbiBaeT AOPOXKKY
B 6acceliHe (25 M), HO Hesfb3s YTBEPXK/AaTb, UTO OH ABUXKETCS paBHOMEPHO, Beflb
npuv pasBopoTe OH 3aMeANsieT ABVKEHME.

pil I/I3yL|aeM paBHOMEpPHOE I'IpFIMOI'IVIHGVIHOG ABVXeHne

Ecnn aBTOM0O6MIb paBHOMEPHO ABMXKETCSA MO NPSMO/IMHEAHOMY y4acTKy
[oporv, To 3a paBHble WHTepBasibl BPEMEHN OH cCOBeplUaeT 0AMHaKOBble Nnepe-
MeweHUs (pue™ 8.1), To ecTb MPOXOAUT OAMHAKOBbLIM MYyTb N He M3MEHSIET Ha-
NgRBIEHNA CBOEro ABWXXeHMUS. TaKoe fABWMXXeHWEe Ha3biBaldT PaBHOMEPHbLIM
NEAMOTNHENHbBIM.

PaBHOMEpHOE MPAMONIMHEHOE ABUXXEHNE — 3TO MeXaHWYeCKoe ABWKEHWE,
Mpu KOTOPOM 3a /ito6ble paBHble MHTEPBa/IbI BPEMEHU TENO COBEPLIAET OAMHAKO-
Bble NepemeLLeHNs.

PaBHOMepHOE MpPsIMOMIMHEHOE ABUMXKEHWE — MNpPOCTeALWNiA BUA OBUXKEHUS,
KOTOPbIA B XU3HW BCTpeyaeTcss peaKo. MNpumepamn Takoro ABUXKEHUST MOTYT
ObITb OBMXKEHWE aBTOMOOMAS Ha NPAMOSIMHENHOM y4yacTKe goporu (6e3 pasro-
Ha 1 TOPMOXXEHUS), NafeHne MeTa/lJInYecKoro wapuka B pacTUTesIbHOM Mache,
noseT napawoTucTa 4Yepe3 HEKOTOPOE BPEMSI MOC/Ee PackpbiTUSA MNapalltoTa.

M| [aem onpegersieHne CKOpPOCTU pPaBHOMEPHOIo ABWXEHUSA

Monaraem, BaM HEC/IOXXHO onpefesinTb CKOPOCTb PaBHOMEPHOro ABWU-
YXEHUS, Hanpumep, newexoga, KoTopbii npowesnn 30 m 3a 20 c. N3 Kypca

Puc. 8.1. ABTOMOGW/Ib, ABUXKYLLMIACS paBHOMEPHO NPSAMONIMHENHO, 3a Nto6ble PaBHbLIE MHTEPBA/IbI
BPEMEHM COBepLUaeT ONHAKOBbIE NepemeLLeHNs.
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Paspen 2. MEXAHWYECKOE ABVXEHWE

MggreMaTUKN Bbl XOPOLLUO 3HaeTe, YTO AJ18 3TOr0 HY>XXHO NyTb, KOTOPbIA MNpo-
newexos (£=30Mm), pa3fennTb Ha BpeMs ero ABwXKeHusa (£=20c).

CKOpOCTb PaBHOMEPHOTO ABWXEHMUSA (V) — 3TO (DU3MNYECcKas BEIMYMHA, paBHas
OTHOLLEHWIO NyTW |, NPOAEHHOTO TENIOM, K UHTEPBATy BPEMEHH t, B TEUEHME KO-
TOPOTO 3TOT MyTb 6bl1 NPOAEH:

I
V——
r
O6bpaTunTe BHMMaHMe! B xoae paBHOMEPHOro NMPSAMOSIMHENHOrO ABUXXEHUS
MOAY/ b NepeMeLLeHUsa paBeH NyTu (B = 1), N03TOMY 3HauYeHVe CKOPOCTU ABUXKe-
HUS MOXXHO onpegennTb No fboi n3 gopmy:

B |
- UNN V= -.
r t
B MexagyHapoAHOW cCUCTeMe eAUHUL, MYyTb U3MEPSAT B MeTpax, BpemMsa —

B CEKyHAaX, Mo3ToMy eanHuMya CKOpoCcTwU ABUXKEHUA B cn — MEeTp B CEKYHAY:

n =

M
M=

M
1— paBeH CKOPOCTM TaKOro PaBHOMEPHOr0 [BUXKEHWUS, MPU KOTOPOM
c

Teno 3a 1c npoxoauT™ nyThb 1 Mm.
Mpubopom AN NPAMOro N3MEPEHNA CKOPOCTU ABUXKEHUSA CYXUT CNNGOMeTP.

XapaKtepusyem CKOpPOCTb [ABUXEHUS

CKOpOCTb [BMXKEHUS — BEKTOPHAasa BeNIMUYMHA: OHa MMEET He TOJ1bKO
3HayeHVe, HO W HanpasfieHMe. Ha pucyHKax Harnpas/ieHNe CKOpPOCTWU ABUXKe-
HUA Tena nokasbiBalT cTpesnkoi (cm. puc. 8.1, 8.2). Ecnm Teno ABuketcs
paBHOMEPHO MPSAMOSIMHENHO, TO 3HAYEHWE N HAnpaB/lIeHMe CKOPOCTU ABUXKEHUSA
ocTalTCca HemsaMeHHbIMM (cM. puc. 8.1). Ecnn Teno gBu>KeTca paBHOMEPHO MO
KPVBOJIMHEMHOM TpaeKTopuuK, 3Ha4YeHWe CKOPOCTU ABUXKEHWUS OCTaeTCs Heus-
MEHHbIM, a Hanpas/ieHWe Bce BpeMsA u3MeHsieTca (puc. 8.2).

? HanpaBneHue 1 3HavyeHVe CKOPOCTU ABUXKEHUA 3aBUCAT OT TOro, 0THOCU-

I* TenbHO KaKoro Tesia paccMaTpuBalT ABU>KeHUe. [peacraBbTe, UTO Bbl CTOUTE
B BaroHe rnoesja, ABuXKyuieroca Ha BocToK (puc. 8.3). INoe3g npoe3xkaeT MMUMO

cTaHumMm co ckopocThio vn=¥M B 310 Bpems gpyroii naccaxup vaeTt no Ba-
c

roHy co ckopocTblo orec=B8M neurasce B HanpasneHnu, npoTMBONONOKHOM
c

ABVXKEHUIO noe3ja.

Kak Bbl cuuTaeTe, 04MHAKOBOW fin 6yAeT CKOPOCTb ABVMDKEHUS Mmaccaxkmpa
ANA Bac M gnsa nwpein, ctoAawmnx Ha neppoHe? KoHe4wHo, HeT! Ons Bac nacca-

XUP fABVXKeTcs Ha 3anag co ckopocTbio 0,8M a ana niogeii Ha neppoHe oH

BMECTEe C Moe3goM ABMXKETCs Ha BOCTOK CO CKdpocTbio 4,81
c
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§ 8. PaBHOMepHOE [BKeHUe. CKOpPOCTb ABMKEHUS

Puc. 8.2. Mpy KPUBONMHERHOM [ABUXKEHUN Puc. 8.3. HanpasneHue 1 3Ha4eHne CKopocTu
HanpasneHWe CKOPOCTU ABWKEHUSA BCe Bpe- ABVDKEHNA 3aBUCAT OTTOrO, A€ HaXo4mMTCA
Ml UI3MEHSIETCH Hab6ntoaarenb

3HaueHVe CKOPOCT U ABUXKEHUSA MOXKET OblTb BbIPa>KeHO He TO/IbKO B MeT -
pax B CeKyHAy, HO ¥ B ApYyrux eguMHuuax. Hanpumep, aBToMo6ub ABUXKETCH

CO CKOPOCTbIO 36 KWMOMETPOB B Yac  pggr= SBKM I pakeTa MYMTCS CO CKO-
\% Cl

r n KM
POCTbl0 8 KW/IOMETPOB B CEKYHAy )ﬂ :8'[ YNNTKa MOM3eT CO CKOPOCThbIO
Y

CcM
18 caHTUMeETpPOB B MUHYTY V =18--—--- I n T 4
\Y%

Ana peweHns 3agad HY>XKHO HayuuUTbCA MNpPefcTaB/iATb CKOPOCTb [BUXKe-
HUA, OaHHYK B OQHUX efMHULAX, B APYTrUX egnHunuax. Hanpumep, cKopocTb
OBVKEHNSA aBTOMO6UIA — 36 Km/4. UT0o6bl NpefctaBuTb 3Ty CKOPOCTb B MeT-
pax B CeKyHAy, BCMNOMHWMM, 4To 14 = 3600 ¢, a 1 km = 1000 m. Torpa:

KM _ 36km _ 36 1000m _ féqm

y 1y 3600 ¢c C

? TMonpobyiiTe NpeacTaBUTb B MeTpax B CEKYHAY CKOPOCTU ABUXKEHUS paKe-
Tbl U YIUTKN (NpUBEAEHbBI BbILLE).

CnoxkHee MepeBoaMTb B Apyrve eAuMHULbI CKOPOCTb ABVMXXKEHUS, AaHHYI0
B MeTpax B CeKyHAy, HO Moc/iefoBaTe/IbHOCTb AEMCTBUIA OCcTaeTcsl TOWM XKe.

Hanpumep, cKopocTb [ABMXKeHUA camosnieta — 250 m/c. TMpepcraBum ee

B KWjiomMeTpax B yac, BCMOMHUB, 4to 1 M = 0,001 km; 1 ¢c = —— 4y
3600

M 250m 250-0,001 kKm KM 0 "KM nnn vim



Pasgen 2. MEXAHWYECKOE ABVXXEHVE

«3,6
102 36—
C
:36mY"

Puc. 8.4. Cxema nepesefe-
HUs1 CKOPOCTY ABMKEHMS,
BbIP)XXEHHOI B MeTpax

B CEKYHJY, B CKOPOCTb,
BbIPKEHHYIO B KMNOMETpax
B Yac, 1 HaobopoT

MoagsoAum uTOTN

UT06bl CKOPOCTb ABWXXEHUS, NPeACTaBNEHHYHO B MeT-
pax B CeEKyHZAY, Bblpa3nTb B KM/IOMeTpax B yac (U Ha-
060pOT), MOXKHO BOCMO/1Ib30BATbCHA CXEMOW, NPUBEAEH-
HOW Ha puc. 8.4.

N ( Onpegensiem nNyTb U BpeMA ABVXEHUA Tena
N3 Kypca maTeMaTuUKW Bbl 3HaeTe: ecnv n3-
BECTHbI CKOPOCTb U BpeMs ABWXKEHUS Tena, TO MOX-
HO HaWTW NyTb, KOTOPbLIA Mpowo Teso. AOna 3Toro
HY>XHO CKOPOCTb ABWMXXEHUSA YMHOXWUTb Ha BPeEMS:
£=
roae | — nyTb; V — CKOpPOCTb ABWXEHUS; t — Bpems
OBVOKEHUA C faHHOW CKOPOCTbIO.
Ecnun n3BecTHbI NyTb N CKOPOCTb ABUXXEHUSA TENa,
MOXHO HaTW Bpems ABWXKeHUSA Tena. [ns 3Toro He-
06X0AUMO MyTb pa3fesinTb Ha CKOPOCTb [BVDKEHUS:

MHorpga gna onpegeneHns nyTu, CKOPOCTU WU
BPEMEHWN [ABWXXeHUA Tena ynobHO r0/1b30BaTbCA
«BOMWEeOHbIM TPeyrosibHNMKoM» (puc. 8.5).

PaBHOMepHOe [BMXXeHWE — 3TO MeXaHM4Yeckoe ABUMXKEHWE, MPU KOTOPOM
3a nobble paBHble MHTEPBaAJIbl BPEMEHMW Tes10 NMPOXOAMUT O4MHAKOBLIN MyTh.
PaBHOMepHOe NPAMOSIMHEHOE ABUXKEHME — 3TO MEXaHWYECKOE ABUXKEHUE,
npu KOTOPOM 3a /t06ble paBHble MHTepPBasibl BPEMEHMW Tesi0 COBepLUAET OAuHa-

KOBbl€ MnepemMelleHns.

CKOpOCTb PABHOMEPHOI0 ABMXXEHUS — 3T0 (PU3MYecKas Be/lMUYMHa, paBHasi
OTHOLLUEHUWIO MYTU, KOTOPbIV MPOLIIO TENMO, K MHTEPBANy BPEMEHU, B TEUYEHUE

KOTOPOro 3TOT NyTb 6bl/1 MPOAgeH: y=-.

r

EonHnua ckopoctn asmxkeHma B CUM — meTp B cekyHay (m/c). Cnunpo-
MeTp — npubop ANd NPAMOro M3MepeHuUs CKOPOCTU ABWXKEHUA Tena.

Kpome 3HaueHUs CKOpPOCTb ABMXXEHUA MMeeT HarnpasfieHue. HanpasneHue
1N 3HaYeHWe CKOPOCTWU ABMXKEHMSA Tena 3aBUCAT OT Bbl6opa CMCTEMbl OTCYETA.

Puc. 8.5. 3aKpblB NasibLIEM CUMBO/T UICKOMOWA BENMYMHBI (0603HAYEHME MyTW, BPEMEHW W CKOPOCTH
[ABWKeHUs), nonyvaem hopmyny A5 ee BblYUCNEHNS
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§ 8. PaBHOMEpHOE [BWKEHE. CKOPOCTb [BWKEHNS

KOHTpO/bLHLIE BOMPOChI

1 Kakoe ABWM>XeHMe Ha3sblBalT paBHOMeEPHbLIM? 2 KaKoe ABUMXKeHWe Has3bl-
BalOT paBHOMEPHbLIM NPSAMONMHENHbIM? [NMpuBeanTe npumMepsbl. 3. Kak Halitn
CKOPOCTb PaBHOMEPHOro ABWMXKeHUsA Tena? 4. Has3oBuTe eAUHULILI CKOPOCTU
ABWKeHMsA. 5. CnngomeTpbl aBToMobMNein NporpagynpoBaHbl B KUIOMETPax
B yac. Kak CKopoCTb, U3MEPEHHYIO CMUAOMETPOM, BbipasnTb B MeTpax B ce-
KyHAy? 6 Kak BblYUCINTb NyTb, NMPOMAEHHbI TE/IOM, €C/IN N3BECTHbI CKO-
poCTb N BpeMs ero ABmXKeHUA? 7. KakK BblYUC/IUTb BPeEMSA OBUXKEHUA Tena,
€C/IN U3BECTHbI NYTb N CKOPOCTb ero ABUXKeHUA?

ynpaxHeHue Ne8 e

1. Crago aHTWUMI0M MOXET ANINTENbHOE BPEMS
COXPaHsATb CKOPOCTb ABMXXeHUSA 80 Km/u. 180c¢ ~
Kakoi nyTb npeogosieeT ctafo 3a nosya-
ca, ABUrascb ¢ TaKol CKOpPOCTbIO?
2. Cuntasa [ABWXKEHVEe TMJ0BLUOB paBHOMep-  *---- >
HbiM (CM. PUCYHOK), onpeaeninTe CKOpPoCTb 220 C
OBVDKEHUA KaXKA0ro 13 HUX.
3. Onpegennte, Kakad CKOPOCTb [ABUXXEHUA
6onbLue: 16 m/c nnn 54 Km/u.
4. lMpepacTaBbTe B MeTpax B ceKyHAy: 18 Km/4; 108 KM/MWUH; 72 CM/MNH.
MpeactaBbTe B KMomeTpax B yac: 2 m/c; 30 km/MnH; 20 cm/c.

6. B acTpoHOMUWM cyuiecTBYeT eAuHMLA ANIMHbI CBETOBOW rof, KOTOPYH
MPUMEHSIOT O/1 ONpefenieHns MeXX3Be34HbIX paccTosaHuii. OguH CBeTO-
BOW roj, paBeH pacCTOSAHUIO, KOTOPOe MPOXoAMT CBeT B Bakyyme 3a 1 rog.
MpeacTtaBbTe 3TO paccTOSAHUE B KUJIOMETpax, cymMTasi, 4To CKOpOCTb pac-
rnpocTpaHeHUsA cBeTa B BaKyyme pasHa 300000 km/c.

7. Bocnosib3yinTecb AOMOSTHUTENTbHBIMU UCTOYHUKaMN MHPOPMaLU 1 No4-
roToBbTE MpPEe3eHTaLul0 0 CKOPOCTU ABMXKEHUA B XXMBOU npupoge wau
0 CKOpPOCTU [ABWXXEHWUA COBPEMEHHbLIX TPaHCMOPTHbLIX cpeacTs. lMogro-
TOBbTE KpaTKoe coobLLeHMe.

o

JKcnepuMeHTasbHOe 3ajaHne = = = = =

«ABTOMOOWU/bHbBIE TOHKWY». YCTPOTE C ApYy-
3bSAMU TOHKW WTPYLUEYHbIX aBTOMOOWNEN.
[Nnsa aToro K KaXkaoMmy MrpyLevyHomy asTo-
MOBMAI0 NPUBSXKUTE HUTKY. [pyro KoHew,
HUTKM 3aKpenuTe Ha KapaHgawe. [surai-
Te aBTOMO6GMAW, Bpawas KapaHgaw (Cm.
pucyHoK). KTo 6bicTpee npongeT Tpaccy?
KakoBa CKOpPOCTb [BMXKEHUSA KadKA0oro as-
TOMO6UNA? Kakme npubopbl BaM HYXXHbl,
yTo6bLlI 3TO onpegenntb? [lMpepcTaBbTe pe-
3ynbTarbl FOHOK B BUAe Tabnuubl COPEBHO-
BaHW.
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Pasgen 2. MEXAHWYECKOE ABWV>XEHWE

T §9 YYMMCA PEWIATL 3A4AUN

MoeT, Bbl GyaeTe yauMBEHbl, HO B NMOBCEAHEBHOM XXM3HW Bbl YXKe BCTPeYasmch ¢ hiuanye-
CKVMM 33fia4amMm 1 fake pelany ux. MpuBeseM HEcKobKo MPYMEepOoB (r3NUecknx 3amad,
MPOKOMMEHTMPYEM OCHOBHbIE 3Tarnbl UX PelleHus, 1 B AasbHeillleM Bbl 6yfeTe NoaxoauTh

K PELEHNI0 TaKnX 3a4a4 KakK Hactoslme d)VISI/IKVI.

3agaya 1. MNpegnonoXkum, 4TOo A0 Hava-
Nna ypokoB octaetca 15 MWHYT, a Bbl 3HaeTe,
4YTO paccTosHWe OT Ballero goMa A0 LWKO/bI
paBHo 1800 m. MNMpupaeTte /M Bbl BOBPEMSA, E€C/IU

byneTe natu co ckopocteko 3,6 — ? C Kakoii
Yy
HamMeHblUeli CKOPOCTbIO Bbl AO/DKHbI UATW,

yToObl He oMno3aaTh?

AHanns gmsmndeckoi npobnemobl. B 3agave
HY>XHO HaNTu:

1) Bpema t1 ABUXKEHUA [0 LWKOJbI C YKa-
3aHHOW CKOPOCTbH ul;

2) HaMMEHbLWYK CKOPOCTb y2, C KOTOPOW
cneayet MATU, 4Tobbl 3aTpaTUTb Ha NyTb He
6onee 15 muH (£,=15MuH).

ABmKeHue 6ygeM cumMtaTth paBHOMEPHLIM.
5 KM

EKOpOCTb ABVKEHUS faHa B — , anyTb —
y

B eamHuuax CW. lNMpeacrtaBnm BpeMsa U 3Hade-
HVe CKOpOoCTU ABWMXKeHudA B eanHuuax CU:
15 mnH = 15 «60 ¢ = 900 c;

O,OiM _ 3,6 1000 m _ 1_|\£|_
y 3600 c c
3akoHUMB aHanus, 3anuiiem KpaTkoe yc-

NoBUE 3agauun.

OdaHo: Mouck maTemaTun-
1=1800 ™ yecKow mogenu.
-3¢6M-1M [OdsmxeHue pasHo-
y c

MepHoe, Mo3ToMy
BOCMosib3yemcsi dop-
MYy/0A gnsa pacyeta
CKOpOCTU paBHOMep-
HOr0 ABWXEHUS:

i2=15MMH=900¢c

V=-
]
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AHanus pur3nyeckomn
npobnemsl

1. BHMMmaTeNbHO uMTaem ycro-
BME 3afauun, onpefensem, Kakas
(hmsnyeckas cuTyauus paccmar-
puBaeTcs, O Kakux (rU3nNYecKmx
BE/IMUYMHAX WAET peuyb.

2. Onpegensem, B Kakux egu-
Huuax O6yageM pelsatb 3agady.
O6bIYHO 3afayn pellarT B eau-
Huyax CU.

3. Mpy HeobxoAMMOCTW BbINON-
HSeM MOSICHUTE/bHBINA  PUCYHOK.
Yacto MMEeHHO PUCYHOK rnomora-
eT flyulle pa3obpatbcs B 3adaqe.

4 3anucbiBaeM  KpaTkoe ycno-
Bue 3afaun. Hwke cnosa «[aHo»
3anucbiBaéM  CUMBOJIbl  AaHHbIX
B YC/OBUM (DU3UYECKUX BEMMUMH
W VX 3HAYEHUS! B BblBPaHHbIX €au-
HULax. Hwke cnosa «Halitu» 3a-
MACLIBAEM CUMBOJTbI  (IN3UYECKNX
BE/IMYMH, KOTOPbIE CMeayeT Haittu.

2- Mounck matemMaTuyeckoi
atan  mopenu

1. B ¢wm3nke nobomy pacyety
npeaLecTsyeT 3anucb (HopMysbl,
Mo3ToOMy CripaBa OT c/ioBa «/aHo»
3anucbiBaeM YpaBHEHWS, KOTOpble
CBA3bIBAIOT (PU3NYECKME BENUM-
Hbl, XapaKTepu3ytoLiMe OMKChIBa-
emoe B 3afjaue (m3nyeckoe fBne-
HUe WM rsnyeckKoe Teno.

2. YunTbIBaEM KOHKPETHbIE YC/I0-
BUS (DU3MYECKOI CUTyaLum, onu-
CaHHOI B 337a4e, ULLIEM [OMNOMHU-
Te/bHbIE MapaMeTpbl.



PeweHne. Haiigem BbipaXkeHUss Aans
pacyeta UCKOMbIX BEIUYUH N U K2:
I I I
nl=—, noatomy =— ; n2
Y vi
MpoBepuM efnHULLI UCKOMbIX Besi-
UWH:

r- -l M M C r -1 M
Ww=M:—==—-=c¢c; bl =~-

HaVIAeM ymncnosble 3Ha4YeHNA UCKOMbIX
BEJTNHNH!

1800
x=_r " =1800 (c); ~=30MuH;

1800 ,I'm ] KM
900 Vc) 4

O6paTwuTe BHUMaHMe! [na nonyde-
HUA 0TBeTa B BblpaXkKeHWe A/ WUCKOMOWA
BE/INYNHBLI MOXHO Ccpasy MnoACTaB/IATb
M 4YUC/OBbIe 3HAYeHUs, N eAVHUUbl W3-
BECTHbIX Be/IN4YMH. B 3aTom cnyyae 3anucb
byneT Takoi:

y :_1800M 1800 m-c = 1800 ¢ =30 MUH:

M 1wm
1800
=M e 27 o
900 c c Y
AHanus pe3ynbTaToB. Mockosib-

Ky ix>i2, TO, ABUrasicb CO CKOPOCTbIO
=3 6XM_  Bbl He ycneete K Havany
YpPOoKoB. UT06bl He ono3gaTb, HY>XHO ABU-

ratbC4A CO CKOPOCTbH, 3Ha4deHue KOTOpOI7I

6onbLle 3,6 . IMeHHO Takoe 3Ha4yeHue

y
nosiyyeHo B xofe pelleHus. CnepoBaTeslb-

HO, MOJlyYeHHble 3HA4YeHUs] UCKOMbIX Be-
NIVYMH BrOJIHE NPaBAonofo6HblI.

OTBeT: *"=30 MWH, N2=7,2-"-.

§ 9. Yunmcs peluatb 3agaum

3-i1  PeweHne. AHanu3
3Tan  MOYYEHHbIX Pe3ynbTaToB

1. Pewaem ypaBHeHWe OTHOCU-
TeNbHO HEW3BECTHON BENUYMHBI.

2. lpoBepsieM eauHULBI WCKO-
MOI BeMNYMHbI. [ns 3TOro B no-
Ny4eHHyo hopMysy NOACTaBNSEM
TONMbKO eAVHMLbI, 6e3 YMCNoBbIX
3HayeHuii. EcnM  nonyyeHa co-
BCEM JApyras eauHuua (Hampu-
Mep, MOJ/yYMIOCh, YTO BPEMS U3-
MepsieTcs B KMOrpamMmax), ULLeM
OLLNGKY.

3. BbinosnHgem HeobxoaVMble
BbIYMC/IEHMS U aHaM3MpyemM
pesynbTar, npexae BCero — Ha
YPOBHE 34paBoro cMmbicna (K npu-
Mepy, MyTb OT LUKOMbI [OMOM
BPsA4, s OyfeT 3aHuMMarb CYTKU
nwm 1c).

3anucb oTBeTa

aTar
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Paspen 2. MEXAH/YECKOE ABVXXEHVE

3agauva 2. Mo o3epy HaBCTpe4y APYr APYry PaBHOMEPHO MPSAMOSIMHENHO
ABUXXYTCA ABa KaTepa. Ha Hauyano HabnwfeHUs pacCTosiHUe MeXAay KaTepa-

Mun coctaBnsasio 1500 m. CkopocTb ABUMXKEHUSA MepBOro Karepa pasHa 36
BTOpOro 54 Uepe3 kKakoe BpemMsa KaTepa BcTpeTaTcA? Kakoe paccTo-
AHWe npoligeT A0 BCTpeuwn nepBblii Katep?

AHanns dusnyeckon npobnembl. KaTepa ABUMXKYTCSA HaBCTpeyy Apyr
ApYyry. OTO 3HAUMT, 4TO OHWU MPUBAMKAKTCA APYr K APYry CO CKOPOCTbH
v=vl+Vv2 1 C 3TOW >XKe CKOpPOCTb NpoxoadaT pacctodHme |1=1500 wm.

3apayy bygem pewatb B egnHuyax CU.

JaHo: Monck maTemMaTU4YeCKON MOfesnN, peLleHue.
nl=3% KM = 10 M Mo onpegeneHno CKOPOCTU ABUXKEHUS:

Y C | (¥

n=t o =10,
, KM M £ v

m2=54---—-- =15—

y c . |

Tak KaK V=wunl+v2>T0 |-

r=1500 m
HaiTu: 3Hana BpemMA £ U1 CKOPOCTb ABMXKEHUA Ul onpegennm
i " ' nyTb 1™ KOTOpbIA NpoiigeT nepsbli KaTep A0 BCTpeyun:

npOBepI/IM eanHunUbl NCKOMbIX BE/TNMYUH!

M M C
M= - MRS "= M.

Oﬂpe,ﬂ,eﬂl/lM YnC/10Bbleé 3HAYEHUNA UCKOMBbIX BEJTMYUNH!

i= - 1500 1500 =60 (c); ~=10-60=600 (m).
10+15 25
AHann3 pe3ynbTaToOB. Tak KaK MNepBblii KaTep [ABWXXEeTCA MeAsieHHee
BTOPOro, T0 A0 MOMeHTa BCTpPe4u OH npoiigeT MeHbLWWA nyTb. Takoi pe-
3ynbtaTr U nosydveH: ix=600 M, a 12 cootBeTcTBEHHO 1500M-600M =900Mm.
MoaTomy pesynbTarbl BMOSIHE PeasibHbl.

OTBeT: i=60 c; =600 wm.

YnpaxHeHue Ne9 o T = - o [P -

1. Kpeiicepckasa CKOpPOCTb ABMKEHUSA** camoneta AH-158 pasHa 820 KM/u.
3a Kakoe BpeMs 3TOT camoneT nposietnt 410 km?
* CuMBOJT => UCMONb3YIOT A1 YNPOLLEHUA U COKpalleHWs 3annucym TekcTa. 34ecb OH 03HaYaeT:

MNOCKOJIbKY v =- ,T0 4=—.
t \%

w* Kpeicepckasi CKOpPocTb [BMXKEHUA — CKOPOCTb ABVMKEHUST camosieTa Uau cyaHa npu Hau-
MEHbLLMX 3aTpaTax TonAnBea.
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8§ 10. Mpadikv paBHOMEPHOIO ABVKEHWUS

CyaHO OBMXXETCH paBHOMEPHO €O CKopocTbk 7,5 m/c. Kakoil nyTb OHO
npongeT 3a 2 yaca?

Masibunk, ABUrascb ¢ HEM3MEHHOW CKOPOCTbI, MPEeofosiesn1 pacctosHue
0T CBOEro AomMa A0 LKO/IbHOro ctaguoHa 3a 1,5 muH. Ha o6patHblii nyTb
OH 3aTtpaTtun 70 c. Kyga manbuuk gsurancs 6bicTpee — 40 CTaguoHa Uin
A0MOIA? Bo CKONMbKO pa3s 6bicTpee?

ABTOMOrpy3ymK ABUXKETCA PaBHOMEPHO BAO/b psAfa KoHTeliHepoB. KoH-
TelHepbl, A/IMHON 12 M KaXKAbl, CTOAT BNIOTHYIO APYT K apyry. C Kakoi
CKOPOCTbH0 ABWXETCS aBTOMOrpy3ymnK, ecsii MMMo 5 KOHTeliHepoB OH Mpo-
e3xkaeT 3a 1 MUH?

Bo Bpems copeBHOBaHWIN Mo 6ery nNepBblil LWKOMbHMK npobexkan 10 MuH
CO CKOpOCTbi 12 Km/4, BTOpPO — 5 KM 3a nosvaca, Tpetuii — 4 Km o
cKopocTbto 12,5 Km/4. KT0 13 WWKOMBHNKOB ABuUrancsa boictpee Bcex? KTo
npeogosen Hanbonbluee paccToAHne? KTo 6exxan fonblue Bcex?

Moe3n enet co ckopocTbio 20 M/c, a HaBCTpeyy eMy MO COCeAHeMY MyTwU
OBVKETCH ApYyron noesn co CKOpocTbio 36 KM/4. CKOMIbKO BPEMEHW MOe3-
Ja 6yayT npoe3)kaTb MMUMO APYr Apyra, ecAv AsinHa rnepsoro noesga pas-
Ha 900 m, a BTOporo — 600 m?

MpeacTtaBbTe, UTO BO BPEMS NMyTeLIECTBMSA Bbl YBUAEN BCMbILIKA MOTHUK
M ycnbllwann Baaneke packatbl rpoma. Bbl XxoTuTe y3HaTh: npubnmkaerca
nu rpo3a? Kakve namepeHns 1 pacyeTbl BaM c/egyeT Npon3BecTu, YTobbl
0TBETUTb Ha 3TOT Bonpoc? lNMojckaska: cunTaniTe, YTO CBET OT BCMbILLKMU
MOJIHUW [OCTUraeT BalUMX rnas MrHOBEHHO, a CKOPOCTb pacrnpocTpaHe-
HMA 3ByKa B BO34yxe NpubsmnanTtenbHo paBHa 340 m/c.

§ 10. TPA®UKIN PABHOMEPHOIO ABVXEHNA

Benocuneauct eget no Tpacce (puc. 10.1). CKOpPOCTb ABMXKEHNS, KOTOPYH NOKa3sbiBaeT cnui-
[IOMeTp Befiocunesa B /il060 MOMEHT BpeMeHM, paBHa 5 m/c. Kak onvcaTb ABidKeHWE BeJo-
cvnegucta u Boobuue 11oboro Tena ¢ NoOMOLLbI0 rpagkoB? BCnoMHUM, Beab rpagivkn ABvKe-
HUS TEN Bbl M3yYasin B Kypce MaTeMaTuku 6 knacca.

Bpems 0

0

Puc.

2¢c 4c 6¢c 8¢c 10 ¢

10 m 20 M - 30 m 40 ™ 50 m

10.1. BenocvneaucT ABVKETC paBHOMEPHO NPSMOJIMHENHO: 3a Nt06ble PaBHbIE

NHTEPBa/Ibl BPDEMEHW OH MPOE3XKaeT O,Cl,VIHaKOBbIVI nyTb



N N Pasgen 2 MEXAHUYECKOE ABVXEHWE

pouMM rpacuK 3aBUCUMOCTM MyTW OT BPEMEHMW A1 PABHOMEPHOTO
XKeHUst Tena

MoalTponm rpaduk 3aBUCUMOCTMWU MyTW, KOTOPbIA MNpoesxaeT Besiocune-
anct (cm. puc. 10.1), oT BpeMeHN HabNwieHNA — rpaduk nyTw.

[Ansa noctpoeHusa rpaduka BbINOMHUM criefylouime AeicTBUS.

1 3anonHumMm Tabnuuy CoOTBETCTBYHOLWMX 3HAYeHU i BpeMEHU t ABUXKEHUSA
cropTcmMeHa v NyTu |, KOTOpPbIA OH NpeojosieBaeT 3a 3TO BPeMs.

MoOHATHO, UTO B MOMEHT Haudana HabnwgeHua (E=0) nyTb paBeH HYJO
(/=0). 3a Bpemsa t=2 c Benocmnegunct npeogosneetr paccroaHuve 10 m: I=vt=

M
=5— 2c =10m. Paccyxgad aHa/lorM4yHO, MONYyYNM:
c

£c 0 2 4 6 8 10
Im 0 10 20 30 40 50

2. lNpoBegem aBe B3aMMHO MNepreHANKYIAPHbIX OCU.

Ha ropn3oHTanbHOM ocM — ocu abcumecc — OT/IOKMM BPEMS ABUXKEHUSA Be-
nocunegucta B cekyHAax (£ €) Tak, 4TO 04HOIM KneTKe OyAeT COOTBETCTBOBATb
MHTepBaJsl BpemMeHuU 2 c.

Ha BepTuKanbHOM 0CM — OCU OpAMHAT — 0TN0XUM NyTb B MeTpax (I, M) Tak,
4YTO OA4HOM KneTke OyAeT COOTBETCTBOBaTb MyTb, pasBHbii 10 m (puc. 10.2, a).

3. Moctponm TOUKKU ¢ KoopauHaTtamu: (0; 0), (2; 10), (4; 20), (6; 30), (8; 40),
(10; 50).

Abcumccbl faHHbIX TOYEK COOTBETCTBYIOT BPEMEHMU ABUMXEHUSA CMOPTCMEHA,
OpAVHaTbI COOTBETCTBYIOT NMYTU, KOTOPbIA OH Npoexasn 3a 31o BpemMs (puc. 10.2, 6).

4. CoeAVIHUM MOCTPOEHHbIe TOUKWU NuHUen (puc. 10.2, B). MonyyeHHbIH OT-
pesok npsamor — rpadmk nyTwW BesocMnegucra.

O6bpaTunTe BHUMaHue! BenocmneaucTt ABUXKETCSA PaBHOMEPHO, M03TOMY
NyTb, KOTOPbIA OH Mpoe3XaeT, MOXXHO onpeaennTb no gopmyne I=vt, B f0-
601 MOMeEHT BpeMeHU V=5mM/c; noaTomy MOXHO 3anucatb: |=5£(m), rge spe-
MA £ faHO B cekyHAaax. PaBeHcTBO |=5£ — ypaBHEHWe 3aBUCUMOCTMU MyTMH,
KOTOpPbIA nNpoe3)kaeT BenocunegncT, 0T BpeMeHU Hab/ogeHns.

Puc. 10.2. MocTpoeHune rpadmka Nyt BenocunegmncTa, PaBHOMEPHO ABUKYLLErocs
CO CKOpOCTbI0 Yy =5 Mm/c
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§ 10. Mpadvkv paBHOMEPHOrO ABUXEHMS

Mpv paBHOMEPHOM [BU>KEHUW TpadumK Ny TN —
3TO BCerga OTPe3oK MPSAMON, HaKOHEHHOW Moj
orpegesnieHHbIM YI/I0M K 0CY BpeMeHW. oaTomy ans
MocTpoeHUsa rpaduka MNyTW [JOCTATOYHO onpege-
nvTb NyTh | ANs 4BYX 3HAYEHWI BPeMeHU £1 vepes
NoslyyYeHHble ABe TOYKN NPOBECTU OTPEe30K NPSAMOIA.
Hanpumep, 4To6bl NOCTPOUTL rpaduK NyTn Beslo-
cunegucTa, MOXHO B3STb BpeMs Hadasna Habso-
feHvs (E=0) n BpemMs OKOHYaHUA HabNwaeHusA
(E=10c) (puc. 10.3).

BbISICHSIEM, YTO MOXHO Yy3HaTb Puc. 10.3. Tpaduk nyTi1 1 Tena,

no rpaduky nytm ABVKYLLErocs ¢ NOCTOSHHON

o cKopocTbio 5 m/c
Mpadyk NyTM paeT MHOrO rMnone3Hom MHgopma-

umn. Mo rpadmky ANyTM MOXHO:

1) BIACHUTb XapaKTep ABUWXEHUA Tena,;

2) onpegennte NyTb, KOTOPbIA MpPOXoauT
Tesno 3a onpegesieHHbI NHTepBasl BPEMEHU;

3) onpefennTb CKOPOCTb ABVXKEHUS Tena;

4) cpaBHUTb CKOPOCTU ABMXKEHUSA Tes: 4eMm
60/blUe CKOPOCTb ABUXKEHMA Tena, Tem 00/iblie
yron me>kgy rpamkomM nyTU M OCbl0 BPEMEHMU
(punc. 10.4).

PaccmoTpum npumep.

3apadva. Mo rpaguky nyTu, NpeacTaB/IEHHO-
My Ha puc. 10.5, y3HaiTe: 1) KaK gBUranocb Teno;
2) Kakoli NyTb MNpoLW/I0 Tesi0 3a MepBbld 4ac; 3a
crnegywuwive gsa 4aca; 3) Kakoii 6blsia CKOpOCTb
OBWOKEHUA Tesa Ha KaXk[oM y4yacTKe.

Puc. 10.4. 3a ogHO MU TO Xe
BpeMs Teno, umetoLLee 60/bLLyt0
CKOPOCTb ABMXXEHUS, NPOXOAUT
PeweHwne 6ONbLNA NYTb (¢, > 1 2)

Mo rpaduky BUAMM, 4TO BeCb MYyTb COCTOUT

M3 Tpex y4yacTKOB, Ha KaXkA0M U3 KOTOPbIX Teso
ABUranocb paBHOMepHO (rpamk nyTn Tena —
0TPE3KU MPAMBbIX).

YyacToK |. o rpaguky BUAUM, 4TO MyTb,
NpolAeHHbI TeNoM 3a nepsblii vac, paBeH 20 KM,
NO3TOMY CKOpPOCTb ABM>XXEHWSA Tefla cocTaBisAna:

1, 20 Km KM
w- — = =20 .
1 1y y
YyacTok Il. 3a cnepywoume gBa yaca Teso

npowsio Nyt M =30 KM-20 kKm =10 km. CooTBeT-
CTBEHHO CKOPOCTb ABWXXeHUA Tena Oblsia paBHa:

Puc. 10.5. K3agaue B § 10
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Pasgen 2. MEXAHWYECKOE ABWV>XEHVE

YyacTokK Ill. MocnegHuii yac NyTb He U3MEHSCS, 3HAUMNT, Te/l0 OCTAHOBU-
nock: Ir =30km- 30 km =0; n=0.

AHanus pesynbTaToB. Mo rpaguky Buagmm, 4to ydyactok | rpadumka o6-
pasyeT C OCbl BpPeMeHW 60nbwunii yros, yem ydactok Il. IMoatomy yyactok |
COOTBETCTBYET 6GO/IbLUEN CKOPOCTU ABWXKEHUS Tena.

CTpoum rpajmk CKOpoCTM PaBHOMEPHOrO ABUXXEHUA Tena
BepHeMca K Benocunegucty, ABVKYLWEMYCA PaBHOMEPHO CO CKOPOCTLIO
v=5 m/c (cm. puc. 10.1). MNMocTpoum rpamk 3aBUCUMOCTU CKOPOCTU €ro ABuU-
XKEeHUA 0T BPeMeHU HabnwaeHns — rpaduK CKOPOCTU ABUKEHUS.
[Ana noctpoeHnsa rpadmka BbINO/THUM creayouimne aeicTBuUS.
1. 3anonHuM Tabnuuy COOTBETCTBYHOLWMX MOMEHTOB BPEMEHU t ABMXKEHUSA
BesiocMnegmncTa M CKOpPOCTU ABUMIKEHWUS V, KOTOPYK OH MMeN B 3TV MOMEHTHI
BPEMEHMU:

c 0 2 4 6 8 10

V, m/c 5 5 5 5 5 5
BenocuneaucT gBurascs paBHOMepHO, Mo3ToMy
CKOPOCTb €ro [ABVXXEHMWS ocTaBasiaCb HEW3MEH-

HOM B TeueHWe BCEro BpPeMeHW HabnwaeHUs.
2. [poBepgem pfBe B3aMMHO MNepneHAUKY-

Mpathuk ckopocTu NApHbIX ocn. Ha ocm abecymce 0TN0XKMM BpeMs
AV e o [ABVXXEHUs BenocuneancTa B cekyHgax (£ c),

Ha oCU opagunHaT — CKOPOCTb ABUXXEHWA B MeET-

+
2 46 810 C  paxgcekyHay V.o (puc. 10.6).

Puc. 10.6. MpaduK ckopocTM 3. MocTpoum TOUKK € KoopanmHaTamu (O; 5),
[BVKEHUS BENOCUNeamcTa, (2; 5), (4, 5), (6; 5), (8 5), (10; 5). Abcyucchl
ABMXYLLErocs pasHOMEPHO yKa3zaHHbIX TOYEeK COOTBETCTBYIOT BPEMEHMU
CO CKOpPOCTbI v = 5 m/c.
BVXXEHWUSA CropTcMeHa, OopAMHaTbl — CKOpO-
Bpems HabnogeHna t= 10 ¢ A P PA P
CTU ero ABWKeHMUSA.
4. CoeAVMHUM TOYKM NMHUen. MoNy4YeHHbI O0TPEe30K NpAMOM — rpadvk
CKOPOCTMW [ABMXKEHUA BesiocunegmcTa.
Mpy paBHOMEPHOM [ABUXKEHUU TpaduK CKOPOCTMU ABMIKEHUA Tefa — OT-

pe3oK MpsIMoiA, NapasifiesibHoli 0CK BPeMeHMU.

BblicHAEM, YTO MOXHO y3HaTb MO rpauKy CKOPOCTU ABUXEHMUA Tena
PaccmoTpum rpad@mk CKOpPOCTU ABUXEHUA HeKkoToporo Tena (puc. 10.7, a)
N y3HaeM 0 ABWXKEHWW JaHHOro Tesla KaK MOXHO 60sbLue.

1. B TeyeHue nHTepsasioB BpemeHn o1 0 o 5c¢c n ot 5 go 15 ¢ Teno agsura-
J10Cb paBHOMEPHO, MOCKOJ/IbKY COOTBETCTBYHOLULME YyUYaCTKU rpaguka CKoOpocTu
ero OBMXKEHUA — O0Tpe3KU MpsAMbIX, NapassiefibHbIX 0CU BPEMEHN.

2. CKOpoOCTb ABWXEHUSA Tena B TeveHue nocnegHmx 10 ¢ HabnwgeHmnsa 60nb-
e, YeM B TeueHVe NepBbixX 5 ¢, NOCKO/bKY BTOPOI y4yacToK rpactuka pacnono-
>KEH Janblle 0T OCUM BpPEMEHU, YeM MepBbI yyacTok (puc. 10.7, 6).
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§ 10. Mpadikv paBHOMEPHOIO ABVKEHUS

V, m/c A v, m/c
9 BbicTpee
,,,,,,,,,,, 9
6 - : ! 6 4
MepnneHHee
3 - )
o— =+ » 0 -4
a 5 10 15uc 5 10 15 * ¢

Puc. 10.7. UccnenoBaHue rpadimka CKOpOCTU ABUXEHUS Tena

M
B paHHOM criyyae: =3— — Ha wuvHTepBasie BpemeHn ot 0 go 5 c;
C

W2 =9— — Ha uHTepBasie BpemeHn oT 5 go 15 c.
C
3. MoxHO onpegenuTb NyTb |, KOTOPbLIA NpoLWwo Teno (BcnoMmHuTe: 1=wn".
Tak, 3a uHTepBas BpeMeHn oT 5 Ao 15 ¢ Teso npowno nyte 90 m:

P—r2 =9—-(15¢c-5 ¢) =90 m.
C

OTOT NYyTb YNC/IEHHO paBeH Maowann 3alTPMXOBAHHOIO NMPAMOYro/ibHUKA
(puc. 10.7, B):
B=a b=10-9=90; 2=90 m.

O6paTwuTe BHUMaHue! 1A n60ro ABU>KEHUSA YUCMIO0BOE 3HAYEHUE MYTH,
KOTOPbIA NPOLUAO0 Tesio, paBHO YMC/IOBOMY 3HAYEHMI0 nowagn urypbl Mnog
rpakoM CKOPOCTU ABUXXEHUSA 3TOro Tesa.

Nopsogum utoru

Mpy paBHOMepHOM [ABVMXKeHUW Tena rpaduk NyTm — 370 Bcerjga oTpesok

nNpsiMoii, HaKNOHEHHOW Mof onpefeneHHbIM Yri0M K 0CM BPeMeHU, a rpadumk

CKOPOCTU OBUXXEHUSA — 3TO OTPe30K NpsAMOIA, napaniefNibHOM 0CK BPEMEHMU.

Mo rpahmky Nyt MOXKHO: 1) y3HaTb, KaK ABUranocb Teso; 2) BblUUCINUTb
NyTb, KOTOPbI/ MPOLU/IO Tes0 3a onpefenieHHbI MHTepBasl BPeMeHU; 3) BblUUC-
NIUTb W CPaBHUTb CKOPOCTU ABWXKEHWUSA Tes: Yem 60/ibllie CKOPOCTb ABUXKEHUSA
Tena, Tem 60/blUe Yros Mexay rpaurkomMm nyTv N 0Cb BPEMEHMU.

Mo rpadmky CKOPOCTU ABMXKEHUA MOXHO: 1) y3HaTb, KaK ABUrasaocb Teno;
2) BbIUUC/INTB MYTb, KOTOPbI/ NPOLLIO Tesno 3a onpefeneHHbIA NHTepBan Bpe-
MeHU; 3) BbIYUC/INTb U CPABHUTb CKOPOCTU ABUMXKEHUA Tesn: yem 6onblue CKO-
pocTb ABMXKEHUSA Teslia, TeM fasblie 0T 0CM BPEMeHU pacrnofioXkeH rpaduk
CKOPOCTWU €ero ABUXKeHUSA.

KOHTpO/IbHbIE BONPOCHLI  -............ - e

1. Kakoii Bug vmeeT rpadk Myt Mpu PaBHOMEPHOM [OBVDKEHUU Tena?
2. Kak no rpacmkam nyTei AByX Te/l CPaBHUTb CKOPOCTU ABUXKEHUS 3TUX
Ten? 3. Kakoi BuA MMeeT rpaMkK CKOpOCTU MpWU paBHOMEPHOM [ABVKEHWUU
Tena? 4, Kak no rpagukam cKopocTeli ABUXKEHUSA ABYX Te/a CPaBHUTb CKO-
pocTn ABWMXKEHUA 3aTuxX Ten? 5. Kak no rpadmky CKOpocTU ABUMXKEHUA Tena
onpefenuTb NyTb, MPONAEHHbIA Tenom?
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Pasgen 2. MEXAHWYECKOE JBVXXEHWE

YnpaxkHeHue Ne 10 ------------ e e

TR

O *4»

0

Mo rpadmkam ckopocTel gBuKeHUs Tpex Ten (puc. 1) onpegenuvTe, Kak
[ABUTa/INCb 3TV Tefla; Kakoe Tesio ABUrasiocb bbICTpee 0CTasIbHbIX.

. flryap MOXeT HeKOTopoe BpeMsA ABUraTtbCA €O CKopocTbi 25 m/c. lMo-

CTpOMTe rpadMk CKOpPOCTU [ABMKEHUA sfAryapa 3a 5 ¢ HabnwogeHus.
MokaXkuTe Ha rpauke NyTb, KOTOPbIV NpeogonieBaeT Aryap 3a 3aTo Bpe-
MS, U BblYUCAUTE 3TOT NYThb.

Ha puc. 2 npeactaBneHbl rpaduky nyTeld newexoga, Benocunegucta
M TpaKTopa, ABMXKYLLNXCHA CO CKOPOCTAMMN 4, 12 1 24 KM/4Y COOTBETCTBEH-
HOo. Kakoil 13 1306pakeHHbIX FpaMKoB KaKoMy Tesly COOTBETCTBYeT?
MocTpoiiTe rpamkK CKOPOCTM ABMXKEHUS ANSA KayKAoro Tena.
PaccmoTpuTe rpacdmk noneta opsia (puc. 3) v onpegennTe: a) Kakom nyTb
npeofonien opesn 3a BpeMsa HabnogeHus; 6) CKOSIbKO BPEMEHU 0pes1 0TAbl-
Xan; B) Kakoe pacCTossHUe Npeoosies: opes 3a nepsble 25 ¢ HabMwaeHUS.
MocTpoiiTe rpamk CKOPOCTU ABVMXKEHUA opna.

. PaccmoTpuTe rpamk ckopocTm aBudkeHuUst Tena (puc. 4) N BbIACHUTE:

a) Kak gBurasiocb Tesio; 6) Kakown 6bls1a CKOPOCTb ABMXKEHUSA Tesla Ha Kaxk-
[OM yyacTKe NMyTu; B) Kakol NyTb npeogosneno Tesno. MocTpoiiTe rpadmk
nyTW faHHOro Tena.

. Mpugymalite rpadmyeckyio 3agady Ha ABUXKEHME U3 XKU3HU BaLUNX St06U-

MbIX FepoeB My/bT(OU/IbLMOB, pPeLlnTe ee 1 0hopMUTe Ha O0TAEIbHOM JIACTE.

M3 ypaBHEHUA W=—— —HanguTe:
£

a)v, ecnu /|- 15 m, /2=20 m, £=10 c;
6) £ ecnn /a=1 KM, 2=9 KM, y=4 KM/u;
B) Ir, ecnu 72=100 ™M, £=5 MuH, 0=25 M/MUH.

Puc. 1 Puc. 2

v, m/c "

] - o
.
T 5a

50 iAo 10 WnN* 0 8 12 mc
Puc. 3 Puc. 4



§ 11. HEPABHOMEPHOE ABWXXEHWE. CPEAHAA
CKOPOCTb HEPABHOMEPHOTIO ABWXXEHWNA

HaBepHsika BaM CNyyanoch exaTb Ha aBTobyce Ui aBTOMOGMIE U3 OAHOMO Fopoga B APYroii.
BcrnoMHKTE: TPaHCMOPTHOE CPEeACTBO BpeMs OT BPEMEHU TOPMO3UT, OCTaHAB/IMBAETCS, NOTOM
CHOBa HabupaeT CKOpPOCTb... CTPeNika CnMgomeTpa Bce BpeMsi Konie6eTcs U TofbKO WMHOT-
[ 3aMUpaeT Ha MecTe. MOXHO N1 Ha3BaTb TaKOE ABWXEHUE PAaBHOMEPHLIM? KOHEUHO, HeT.
A KaK Ha3blBalOT TaKOe [BMXeHMe? Kak ero oncbisatoT?

mBA Habnwgaem HepaBHOMEPHOE ABMXKEHMWe

B noBcegHEBHOW >XW3HU Mbl 06bIYHO MMEEM [eflo C HepaBHOMEPHbLIM
ABU>KeHVeM. Tak, HEpaBHOMEPHbIM ABSETCA ABUXKeHWe aBTobyca (puc. 11.1)
N APYTUX TPaHCMOPTHLIX CPeACTB, ABMXKEHWE MajallWmnx Tesn, OABVXKEHMWe
CNOPTCMEHOB Ha GeroBoli JOpPOXKKe. A elle BCMOMHWUTE, HANpuUMep, Kak KaTuTcs
M54, KaK Bbl ABUXXETECH BO BPEMS MPOrysikM, Ha ypoKax U3KYMbTypbl U T. 4.

HepaBHOMepHOEe ABMXEHWe — 3TO [ABWXKEHMe,
NPy KOTOPOM TeNI0 3a paBHble MHTEPBa/IbI BPEME-
HV MPOXOAMT PasHblii MyTb.

O6paTwnTe BHMMaHwue! Mpn HepaBHOMEPHOM
OBVXKEHUN 3HAYeHMe CKOPOCTU ABUXKEHUSA Tena co
BPeMEHEM N3MeHSeTCS.

? TMonpobyiTe NpuMBecTn NpMMepbl HepaBHOMep-

HOro ABUXEHUS.

Tenepb Mbl MOXXeM KriacCU@ULMpoBaTb BUAbI
MEXaHNYeCKOoro ABu>KeHus (cm. Tabnuuy):

e no hopme TPaeKToOpuUnm — MPAMOJSINHERHOe, KPK-

Puc. 11.1. ABTObYyC ABVXeTCA
HepaBHOMEpHO,BpeMs

BOJ/IMHENMHOE: OT BPEMEHU 3aMe//ISsCh,
<110 xapaKTepy ABUXEHUs Tena — paBHOMEpPHOe, OCTaHas/MBaACk 1 CHOBa
Pa3roHsACh
HepaBHOMEpHOe.

Bugbl mexaHMN4ecKoro ABU>KeHUS

no hopme TpaeKTopumn Mo XapakTepy [ABUXKeHUS Tena

NPSAMOSINHEHOe

TpaekTopusa
OBVKEHUA —
npsamas nMHuUs

KPVBOJIMHENHOE

TpaekTopusa
OBVXEHNA —
KpuBas NHUSA

paBHOMepHoe

3HaueHue
cKopocTU
OBWXEHUA Tena
He N3MeHseTcs
CO BpeMeHeMm

HepaBHOMEpPHOe

3HaueHue
CKOpoCTHU
OBVKEHUA Tena
N3MeHsieTcs
CO BpPeEMEHEM
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Paspen 2. MEXAHWYECKOE ABVIXEHWE

Puc. 11.2. CpefHas cKOpOCTb
[BWKEHWA noe3fa — OTHOLLIEHWE
paccTosHUA MeXAay HavaibHOM

1 KOHEYHOW CTaHLMSMU KO BCEMY
BPEMEHW ABMXEHNSA

Puc. 11.3. T'pagmk ckopocTtn
HEKOTOPOro Tena, ABMXKYLLEerocs
HepaBHOMEPHO

Puc. 11.4. TyTb, NPOAAEHHbIN
TesioM 3a nepsble 15 ¢ Habnoae-
HWSI, YACNIEHHO PaBEH NoLaam
3alUTPUXOBAHHOIO TPEYro/IbHUKA

bIUNCNIIEM CPEAHIO CKOPOCTb ABWXEHUA

ena

noXXnm, 4to noesq npowen 150 km (pac-
CTOAHME MeXAy [AByMA cTaHumamm) 3a 2,5 u.
Ecnn pasgennte 150 KM Ha 2,5 4, nonyymm cKo-
pocTb ABWMXXeHUA noe3ga — 60 km/4. Ho Bedb
rnoesg Asuranca HepasHoMepHo! B Takom cnydvae
rOBOPAT, UTO MOJSlydeHa CpefHAA CKOPOCTb [ABU-
>KeHua noesga (puc. 11.2).

CpefHsas CKOPOCTb ABUXEHUS Tena ucp — 3To
(m3nyeckas BENMUMHA, paBHas OTHOLLEHWIO BCe-
ro nyTu |, KOTOpbI/i NPOLWNO TENO, K UHTepBany
BPEMEHW £, 33 KOTOPbI/ 3TOT MyTb NPONAEH:

O6bpaTwnTe BHMMaHue! B gaHHOM cnyyae t —
3TO0 CymMMa BpeMeHU [BUXKEHUA Tesa U BpeMeHN,
MoTPayYeHHOro Ha BO3MOXXHble OCTAHOBKMW.

AHanusnpyem rpapuk ckopoctu
11 HepaBHOMEpPHOTo ABWXXeHUA Tena
PaccmoTpumM rpadmK CKOPOCTU HEpPaBHOMEPHOrO
ABM>XXEHUA HeKoToporo Tena (puc. 11.3) n onpege-
NM: KakK ABWUTrasocb Tesl0; Kakoi nyTb MpPOLUSIOo
Teno 3a 25 ¢ HabnwaeHns; Kakon 6blia cpegHAas
CKOPOCTb ABWXXEHUSA Tesla Ha JaHHOM NyTu.

Mo rpacuky BMAWM, 4YTO CKOPOCTb ABUXKe-
HUA Tena B TeyeHuWe nepsBbiX 15 ¢ paBHOMepHO
yBenuumeanacb ot 0 go 20 m/c.

UT06bl BbIYUCIUTL MYTh, NPOVAEHHbIA TENOM
3a 3T0 BpemsA, BCMNOMHUM: YUCNOBOE 3Ha4eHue
nyTW, KOTOPbIF MNPOLIO0 TEeso, paBHO YMCN0BO-
MYy 3HaueHuo naowann qurypsl nog rpaukom
CKOpPOCTMU [ABUXKeHUA 3Toro Tena. UNtak, onpe-
AenvMm nsowiaib 3alTPUXOBAHHOIO TPEYTro/IbHU-
Ka (puc. 11.4).

M3 pucyHKa BUAMM, YTO MJowagb 3alTpuxo-
BAHHOro TPeyrosibHMKa paBHa MoJ/I0BMHE nJiowa-
AN NPSIMOYTo/fibHUKa € «A/IMHOM» 20 M/c 1 «LWKn-
puHo» 15 c¢. Mnaowaab NPAMOYrosibHMKa, B CBOK
oyepefb, paBHa MNPOU3BEAEHUIO €ro AJ/INHbI U LWK-
puHbl. Taknm o6pa3omM, NyTb 1X NPOMAEHHbIA Te-
siom 3a 15 ¢, paBeH:

(=~ 20— 15c %M -150m.
3



§ 11. HepaBHOMEpHOe [BWKeHVe. CpefHss CKOPOCTb HEPABHOMEPHOTO [BKEHNS

Cnepywouinin nHtepsan BpemeHn £2=10c I, m
TeNo [BWUrasnocb PaBHOMEPHO CO CKOPOCTbIO 300
52=20 m/c, MO3TOMY NyTb 12, NpoffeHHbIN Te-

NIOM 3a 3TO BPEMS, PaBeH:

P= =20— 10c=200M.
C
Becb nyTb |, npoiigeHHbIA Tenom 3a 25 ¢
HabnwogeHus, coctaBua 350 M:
= =+ =
=150 M+ 200 m =350 m. Puc. 11.5. Mpadmk NyT HEKOTOPOTO
3Has Becb NyThb | 1 Bce Bpems t ABv>KeHusa  T€/13 ABWKYLLETOCA HEPABHOMEPHO

o (cooTBeTcTBYET rpamKy CKOpoCTU
Tena, Hangem cpefHIO CKOPOCTb ero ABuxke-
s [BWXEHWS, MPeLCcTaBNEHHOMY

Ha puc. 11.3)

| 350 ™ M
R =14
t 25¢c c

ucp =

Mpatmk nyTu Ana gaHHOro ABUMXXKeHUA npuseneH Ha puc. 11.5.

O6paTunTe BHMMaHMe! TyTb He MOXXeT YMeHbluaTbCA, MO3TOMY rpafuk
nytTm nubo nogHumaeTcd, /AM60 OCTaeTCA rOPU3OHTasIbHbIM, HO HUKOrga He
onycKaeTcs.

Yunmca pewatb 3agayu
3agaya. [lonTopa 4yaca MafibMMK exan Ha Bejsiocmnene CO CKOPO-

cToto 20 kM/u. lMoTom BesiocMnef crOMasicsi, WU Moc/fegHUA KUIoOMeTp NyTu
MasIbUMK LUEeT MelKoM. Kakoi 6blsia CpefHss CKOpPOCTb ABUXKEHUS MasibuymKa
Ha BCEM MyTW, €c/M MELIKOM OH LWen nosiyaca?

AHanus uanyeckoli Npo6aemMbl. BbINO/THUM NOACHUTENbHbIA PUCYHOK. ONs
onpegeneHns cpefHeli CKOPOCTY ABMXKEHUSA HYXKHO HalTU NMyTb, KOTOPbIV npe-
040MeN MasibuuK, U BPEMS €ro ABUXKEHUS. Bpems ABUKEHUS BbIPaXXEHO B Ya-
cax, NyTb — B KW/IOMETpax, Mo3ToMy CPEHIOI CKOPOCTb ABUMXXEHUS Halifgem
B KMJIOMeTpax B vac.

Crapt Monomka PUHULW
i5=20 KM/u —?
» »
T
£f[=15u; i—? i2=30 MUH; 2=1 KM

Mouck MaTemMaTUNYecKo Moaenn, peweHne.

I
o onpepenenunio: vgp= .

MyTb I, KOTOpbIN Npeofonen mMasab4yuk, paBeH: 1= ITr+12,
roe I =oxEl — nyTb, KOTOPbIA OH MNpoexasi Ha Benocuneae;
P — nyTb, NPOMAEHHbIN MELIKOM.

Bce Bpems, 3aTpavyeHHoe Ha nyTtewectsme: t-t1+1t2.
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Pasgen 2. MEXAHYECKOE ABWV>XEHWE

MoacTaBmB BbipaXkeHUs a5 | 1 t B hopMyny cpefHeil CKOpocTU ABUXKe-
HUSA, NOSTYUYNM:

y — A M+ ALALE R

® t t1+12 N+ 12

MpoBepM eANHMLY, HaAEM 3HAYeHWEe MCKOMOW BeSIMUMHBI:

r 1 4 Y+KM KM 1,5-20+1 31 ( Km
UCO = — —mmmmmmmmmmee= ceeeee ) Y, = --—-—-———-—-=— =155
0T TN 4 15+05 2 \

AHanns pesynbTaToB. Manbuuk exan Ha Besiocmnene co CKOPOCTbIO

/ KM o

20 KM/4, Wwen newkoMm CO CKOPOCTb W2 =— =2 -——- ; HangeHHasa cpefHAd
Y 4

CKOPOCTb €ro ABWXeHUs MeHble 20 KM/4 n 6onblie 2 Km/4. PesynbTart

npasgononobeH.

OTBeT: N =155

Yy
Moasoaum mntoru

HepaBHOMepHOe ABWXXeHWe — 3TO ABWXKEHWe, NMpu KOTOPOM Teno 3a pas-
Hble MHTepBasibl BPEMEHM MPOXOAUT PasHbii NyThb.

Bunabl MexaHUYecKoro ABMXKeHUA: No popme TPaeKTopum — NPAMONUNHeNd-

HOE M KPWBOJIMHENHOE; MO 3aBUCMMOCTM CKOPOCTU ABWIXKEHUS OT BPEeMeHU —
paBHOMepHOe N HepaBHOMEPHOE.
CpefHsisi CKOPOCTb ABMXXEHWsSI Tesla paBHa OTHOLUEHWIO BCEro MyTu, Mpoii-
JEHHOro TesfioM, K WHTepBasly BPEMeHMW, 3a KOTOpbIii 3TOT MNyTb MPOAAEH:
|

KOHTpONbHbIE BONpPOCHI .

1. Kakoe pgBwkeHune HasbiBalOT HepaBHOMepHbIM? [lpmBeauTe MpPUMeEpbI.
2 HasoBuTe BUAbI MeXaHUYeCKOro ABWKeHUSA. MpuBegute npumepsl. 3, Oaii-
Te onpegesieHNe cpefHell CKOpoeTu [ABMKeHUA Tena. Kak ee BblUUCAUTBL?
4, Kak no rpauky CKOpoCTU ABWXKEHUS Tena BblYMCNUTb NyTb, NPOAAEH-
HbI TeSIOM 3a OnpefesieHHbIA UHTEPBaUT BPEMEHN?

YnpaxHeHue Nell -

1. MNpuBeauTe Npumepbl: @) NPSAMOJINHENHOr0O PaBHOMEPHOIO [ABVKEHUS;
6) NPAMOSINHEIHOro HEPABHOMEPHOT0 ABMXKEHWS; B) KPUBOJSIMHERHOIO paB-
HOMEPHOI0 ABUXKEHUS; ) KPUBOSIMHENHOI0 HEPABHOMEPHOI 0 ABV>KEHUS.

2. ManbuuK BblleN U3 LWKOAbI 1 Aowen AomMoi. MNepBblii KUAOMeTp NyTH
OH npowen 3a 0,2 4, aocTaBLIMecd 2 KM ero rnoABse3 Ha Besiocunege apyr,
3aTpatmB Ha 3710 0,1 4. C KaKoi CpefHEeN CKOPOCTbIO ABUTAsICS MaslbUnK?

3. MNoe3g 3a 1 4 npowen 60 kKm. 3atem oH exan ewe 30 MUH CO CKOpO-
cTbto 90 Kkm/4u. Onpegenute CpefHIO CKOPOCTb ABWXKEHWUSA MNoe3fa.
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8§ 11. HepaBHOMepHoe aBwbkeHue. CpefiHAs CKOPOCTb HEPaBHOMEPHOIO [ABVKEHUS

Mo rpacmnky nytn Tena (cm. puc. 11.5) onpefenuvte cpefHIOK CKOPOCTb
OBVOKEHUSA Tena: a) 3a nepsble 15 ¢ HabnwogeHus; 6) 3a nepsble 20 ¢ Ha-
6noaeHVs; B) 3a nocnegHune 10 ¢ HabnaeHUA.

MepByl0 MOMIOBUHY BPEMEHW MosieTa camMosieT ABUTrasicsd CO CKOPOCTbHO
600 KM/u, a ocTasibHOe BpeMsi — €O CKOpocTbio 800 kKm/u. Hangnte cpeq-
HIOK0 CKOPOCTb ABUXKEHUA caMosieTa.

MepByl0 MOMOBUHY NYTU aBTOMOOW/Ib ABUrascs €O CKOPOCTbo 60 KM/u,
a BTOpPYK MOJSTIOBUHY — CO CKOpocTbio 100 Km/4. HalignTte cpefHow CKo-

pOCTb ABUXKEHWSI aBTOMOGWISA.

7. Ha puc. 1 npeactaBneH rpaukK cKOpPOCTU ABUXKEHWSI aBTOMOGUSA.

a) onuwInTe, KakK ABurasnca aBTomMobusib;
6) onpegenuTe nNyTb, KOTOPbIA Mpoexas
aBTOMOOWU/Ib;

B) Y3HaliTe, CKO/IbKO BpPEMEHM aBTOMO-
6vnb ABUrasca ¢ NOCTOAHHOW CKOPOCTbIO;
r) onpeaennTe CPefHIO CKOPOCTb ABUXKe-
HUSA aBTOMOOWAA 3a MEPBYID MUHYTY Ha-
6nogeHns; 3a Bce BpemMs HabMaeHWS;

) NnpvBeanTe NpUMepbl TAKOT0 ABVMKEHUSA
aBTomMo6unA.

8. Hangute KapTy »>KenesHbiXx [opor Ba-
wein obnactu m pacnucaHue ABUXKEHUS
N060A MpUropogHoin anekTpuyku. Boc-
Noab30BaBLUMNCbL 3STUMU AAHHbLIMW, OMpes-
ennTe cpegHMe  CKOPOCTWM  ABUMXKEHUSA
3M1eKTPUYKM B 060MX HanpaBieHUsX;
MEeXAY HEeCKObKUMW MPOMEXYTOUHbIMU
cTaHUnsaMu.

9. Onpegenute ANMHY KPYroBoi opbuTbl Uc-
KYCCTBEHHOI0 CNyTHMKA 3eM/11, BOCMNO/1b-
30BaBLUNCL AAaHHbIMU pUC."2.

JKCnepuMeHTanbHble 3afaHunsa

1. «<Moe pgBu>KeHue». OnpepennTe cpenHiown
CKOPOCTb, C KOTOPOW Bbl 06bIYHO ABMXKETECH
13 JoMa B LUKOIY.

2. «Pe3nHOBLIN gBuraTenb». Caenanrte «pe-
3MHOBbI gBuratenb» (CM. pUCyHOK). C no-
MOLLBbIO KapaHjawa 3akpyTuTe pe3nHKY
M MOJIOKNTE KaTyLIKY Ha FopU30HTasIbHYH0
MoBepxHoOCTb. OnuwmnTe Habawgaemoe ABU-
XKeHMe. UTo MOXKHO «MpoYecTb» MO c/efy Ka-
paHgawa? Onpegennute CpPefHIO CKOPOCTb
OBWKEHNA KaTyLlKU BO Bpemsi paboTbl «pe-
3UHOBOIO ABUraTens».

v, M/c

Puc. 1

1 6400 km

Puc. 2

[JepeBaHHas
Wn NacTMKoBast
KaTyLKa

77



Pasgen 2. MEXAHYECKOE JBVXKEHWE

dn3nkKa N TexHnKa B YKpanHe

bopuc EBreHbesuny lMaToH pogunca B 1918 . B KueBe. Muposyto
CnaBy emy MpWHECAU uccnefoBaHWsi B 06/1acTy 3M1EKTPOAYrOBOiA
CBapKu ¥ co3gaHne CBapOYHbIX aBTOMATOB, UCMO/b3YeMbIX B pas-
JINYHBIX OTpacnax NPOMbILLIEHHOCTU U CTPOUTENLCTBA.

B 1953 roay b. E. MaToH cTan gUpekTopom MHCTUTYyTa 3nekTpo-
cBapkn umenun E. O. MatoHa (KveB). YueHblii BO3rnaBm UccneaoBa-
HWA, B pe3ynbTare KOTOPbIX CHOPMMUPOBANOCh COBEPLUEHHO HOBOE
HanpaeneHne B COBPEMEHHOIN MeTalyprm, nosyyusllee NpusHa-
HVie BO BCEM MUpe.

Mop, pykoBoacTBoM b. E. MaToHa cO3AaH 3MEKTPOLLNAKOBbLIA MPOLECC 4151 MOBbILEHUS Ka-
uecTBa HepXaBeloLX CTafeid, Hauata cBapka B KOCMOCE. YUEHbI MPeAsIoKUa 1 peanvu3oBa
Ha NpakTuKe cnocob coeanHEHNs (CBAPKM) XIMBbLIX TKAHEN BO BPEMS XMPYPrUYECKMX onepawuii.
JTa MeTOAMKa COXpaHWMa >XM3Hb ThiCiaM GOJbHBIX M Ceiiyac MCMoMb3yeTcs BO BCEM MWpe.

B 1958 r. yyeHblli 6bin M3bpaH AEWCTBUTENIbHLIM YNEHOM AKagemMun HayK YKpauHbl,
a c 1962 r. aBngeTCcA ee HeU3MEHHbIM MPe3nLEeHTOM.

§ 12. PABHOMEPHOE [ABVXEHWE MATEPUATbHOW
TOYKW MO OKPYXHOCTW. NMEPNOL, BPALLEHWNA

Bonee 5000 neT Hasag, XpeLbl ApeBHero BasunoHa, Habngdas 3a JlyHoii, onpefenunu Ta-
KOl XOPOLUO M3BECTHbI/ HaM MHTepBaN BpeMeHU, Kak Hefens. Kak oHu 3To caenanm? B uem
0COBEeHHOCTb ABmKeHmns JTyHbl? BeTpevaeTcsa v Ha 3emne nogobHoe ABwkeHve? B gaHHOM
naparpade Bbl HaligeTe OTBETbI Ha 3TW U MHOTVe Apyrue BONpoCh.

3HAKOMUMCS C ABVKEHWEM MO OKPYXXHOCTU

MonpobyiTe npeacTaBuUTb JIMHWIO, BAOMIb KOTOPOI OBVMIKYTCHA pebeHoK,
Kpy>alninca Ha Kapycenm, HOCOK B 6apabaHe CTUpasibHON MallMHbl BO BPeMS
OTXXMMa, KOHUYMK HoXa 6neHjepa Npuv U3rOTOBMIEHUWN KOKTENNA WU CMY3W.
YBepeHbl, YTO Bbl JIErKO Onpeaesiniun: 3TOM NIMHWEN SABNAETCA OKPYXHOCTb.
NTak, B NnepeuyncneHHbIX cnydyasax umeem Aesio ¢ ABMDKEHMEM MO OKPY>KHOCTU;
npocTerwnmMm sBASeTCA paBHOMEPHOe ABMXKEHME MO OKPY>XXHocTwu. [anee, ro-
BOPSA O PaBHOMEPHOM [ABUMXXEHUU MO OKPY>XHOCTU /11060ro (hnU3nYecKoro Tesna,
byfem cumtaTb 3TO Tenl0 MaTtepuasibHOM TOUKOMN.

PaBHOMEPHO MO OKPY>XHOCTU ABMXKYTCH, Hanpumep, KabuHKM Koseca 060-
3peHns. BAN3KNUM K paBHOMEPHOMY ABUXXEHWIO M0 OKPY>XHOCTWN ABSETCA OBU-
»XeHue nnaHeT Bokpyr ConHua (puc. 12.1, a), ecTeCTBEHHOro cnytTHUKa (J1yHbl)
UM UCKYCCTBEHHbBIX CNYTHUKOB BOKPYr 3emnn* (puc. 12.1, 6).

? TMpuBegnTe nNpumepbl OBMXKEHUSA MO OKPYXHOCTU. B Kakux caydasx 3To
OBVKEHME MOXHO CUMTaTb paBHOMepPHbIM? MOXXHO N1 cUnTaTb ABUXKEHUE
Toyek oboga Kosieca Benocurnega OTHOCMTENbBHO e€ro pambl PaBHOMEpPHbIM
OBVDKEHMEM MO OKPY>XXHOCTN? OBOCHYTe CBOW OTBET.

ToyHee — nnaHeTbl U CNYTHUKU ABUXKYTCA N0 3NNNNTUYECKUM Op6I/ITaM.
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§ 12. PaBHOMEpHOe [BUKEHNEe MaTepuasibHO TOUKW Mo OKPY)XHOCTW. Meprog, BpalleHus

Puc. 12.1. MpUMepbl ABUXKEHUS MO OKPYXXHOCTW: 0 — ABUXEHMEe NAaHeT BOKpYr ConHua; 6 — apu-
& >KEHVE UCKYCCTBEHHbIX CMYTHUKOB BOKPYT 3eM/M; B — [BWXEHWE HOCKa B 6apabaHe CTUpasibHO
MalLVHbI BO BPEMS OTXKMMa

PaBHOMEPHOE ABVKEHUE MATepMasibHOW TOYKM MO OKPY>XXHOCTU — 3TO TaKoe
VBO/NVHeiHOE ABVKEHMWE, MPU KOTOPOM TOYKA, ABUrasick Mo KpPyroBoW TpaeKTo-
1, 3a Nto6ble paBHble MHTEPBasibl BPEMEHW NPOXOAUT OAMHAKOBbLIA NyTb.

ww OnpegensieM nepuog BpalieHUs

PaBHOMepHOe ABUMXKEHME MO OKPYXXHOCTU — 3TO MepuojnNYecKoe LBU>Ke-
HUVe, TO eCTb ABMXKeHUe, NOBTOPSAOLLEecsa yYepe3 onpefesieHHble paBHble UHTEp-
BaUlbl BpeMeHU. Hanpumep, KOHUMK CEKYHAHOW CTPeNKU 4acos, ABUrascb pas-
HOMEpPHO BAONb uudepbnarta, NOBTOPAET CBOe [ABMXKEHMe 4yepe3 Kaxpable 60 ¢
(puc. 12.2).
JTio6oe nepmognyeckoe ABUXKEHUE XapaKTepusyeTca TakKUMU (PU3NYECKN-
MU BeNIMYMHaMU, KakK nepuof v vacTtoTa. lNpn paBHOMEPHOM ABWXKEHUU MO
OKPY>XHOCTW TOBOPAT 0 MNepuoje BpalleHUS U 4acToTe BpalLeHus.

Mepuopn BpaweHUss — 310 (U3NYecKas BENMYMHA, PaBHasi BPEMEHW, 3a KOTO-
poe MaTepmasibHast TOUKa, PaBHOMEPHO ABMXYLLAACA MO OKPYXXHOCTM, COBEpPLUAET
OZIMH 060pOT.

Mepuopa BpalweHUs o6o3HavalT cumBosiom T.
EgnHnuya nepuoga BpaweHua B8 CU1 — cekyHpa:
[T]=c.

Mepuvog BpaLleHWSA paBeH O4HOW CeKyHAe, ec/n
3a OfHY CeKyHAy coBepLlaeTCA OLUH 060pOT.

KOHUYMK CeKyHAHOW CTpesiIku 4acoB COBep-
WwaeT oAnMH 060opoT 3a 60 ¢, N03TOMY Mepuoa ero
BpalleHNs, KaK W KaX[oih TOYKM CEKYHAHOW
cTpenku, paseH 60 ¢ (F"60c).

MoaymaiiTe, KaKoBbl Mepuoabl BpalleHUs To-
YeK MWHYTHO M 4acoBOW CTPENOK 4acos.
Korga B36MBaKT  MOJIOYHbIA  KOKTEW/b

6reHaepoM, Kaxkgaa Touka ero Hoxka 3a 30 ¢ Puc. 12.2. iBmxeHMe TOUEK Ha
penaetr 6000 o6opoTtoB (puc. 12.3). UT06bI  CTpesnkax 4acoB — nepuoauye-
onpefennTb BpPeMs O4HOro 060p0oTa, HYXHO CKOe ABMKEHWE
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Pasgen 2. MEXAHWYECKOE ABWV>XEHVE

Bpemsa BpauwieHusa (N=30c) pa3gennTb Ha KOAMYecTBO 060pOoTOB 3a 3TO Bpe-
30c
Ma (AF=6000): T = 5000 =0,005c=5mc. To ecTb nepuog BpaiieHuna T Touek
HOoXXa 6neHgepa paBeH 5 mc.
Takum o6pa3om, YTO0Obl ONpefenyTb Nepuog BpaweHna T, cregyeT nNojcuu-
TaTb KONMYeCTBO 060p0TOB N. COBEPLUEHHbIX 3a WHTEpBasl BPEMEHU i, U BOC-
NoNb30BaThcA DOPMYSION:

PY Onpepensem 4actoTy BpalleHUs

YKasblBasa TeXHUYecKne XapaKTepUcTUKWU YCTPOWCTB, WUCMNO/Mb3YHOT He
rnepuvoj BpalleHWd, a 4yacToTy BpaleHus (puc. 12.4).

YacToTa BpaleHnss — 370 (hM3nyecKkas BenMuMHa, KOTopas paBHa KOMYecTBy
I 060pPOTOB 3a eANHULYY BPEMEHW.

YacToTy BpalieHMs 0603HAYa0T CMMBOJIOM M W ONpPeAesisiioT no opMye:

N
n=—,
*
roe t — Bpemsa BpaweHus; N — KoNM4ecTBO 060pOTOB 3a faHHOe BPeMS.
EgnHuuya yacTOoThl BpaweHusa B C1 — 060p0oT B CEKYHAY:
ri o6 1
c ¢

t N
YuutbiBas, uto T - N a n=— , MPUXoAMM K BbiBOAY, YTO MEPUOS BpaLLie-
r

HNA N 4YacToTa BpaweHna ABndAKTCA B3aMMHO 06paTHbIMI/I BETMYHNHAMMWU:
" :_1: T:i
T n

Uem 60sblle Mepuoj BpalleHMs Tena, Tem MeHblle ero yacrToTa Bpalle-
HUSA, N HaobopoT.

MonpobyiTe paccumTaTb 4acToTy, C KOTOPOM BpawarwTcsa TOYKU HOXKa
6neHgepa (cm. puc. 12.3).

Puc. 12.3. Toukn HoXxa 6neHgepa Puc. 12.4. YactoTa BpaLleHns Kynepos
3a MUHYTY OCYLLEeCTBASAOT COBpPeMEHHbIX NPOLLECCOPOB COCTaB/If-
12 Tbicsay 060p0OTOB eT 50-60 060p0OTOB B CEKYHAY
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§ 12. PaBHOMEPHOE [BUXEHME MaTepuasibHOl TOUYKM MO OKPYXKHOCTU. [Meprog, BpaLleHus

Y3HaeM, KaK BO3HUKNN eAUHWNLbI BPEeMEHW: CYTKU U Hepaens

Kak un3meputb Bpema? OTBeT Ha 3TOT BOMPOC MNoAckasasna Jilngam cama
npuvpoga. Jerno B TOM, UTO MHOrMe ABUXKEHUSA, Mpoucxoisiine B npupoge, siBns-
I0TCA NepuoanyecKNMN, a Nepmog Takoro ABMXKEHUSA MOXET CAYXUTb eANHULEN
BpeMeHW. Hanpumep, BpalleHue 3emsnm BOKPYr CBOeii ocM — Mepuogmnyeckoe
ABwkeHve. ExkegHeBHbI Bocxoq (3akart) ConHua, 06yC/I0B/IEHHbIA 3TUM ABUXKE-
HVeMm, MNoAcKasan Hawum npefkam efUHULY BPEMEHUN CYTKWU, KOTOPble paBHbI
nepvody BpaweHus 3eMninm BOKPYTr CBOEW OCU.

HeckonbKo eguHUL, BpeMeHU OblIM MoslyyeHbl B ApeBHem BasunoHe. Ha-
6nogas 3a HOYHbIM HEeBOM, >XXpeLbl 3aMeTUNN, 4To «monogas» JlyHa nossnseT-
€Sl Ha HeBOCK/IOHE NPUBIN3NTENBHO KaXkable 28 cyToK. NMepnognyeckoe poxage-
HMe IYHHOr0 AuCKa C/NY>XXWJ/0 CBOero poja BeYHbIMUN «4acaMmu». TakK BO3HUKNA
eqnHULA BpeMeHU MecAl*. 3a aTo Bpemd JlyHa, Bpaliascb BOKpyr 3emau, npo-
XOAUT MOJIHbIA LMK N3MEHEHUS (ha3: HOBOJSIYHWE, MepBas YeTBepTb, MOJSIHO-
NyHue, nocnegHAs 4vetsepTb (puc. 12.5). IMEHHO NO3TOMY >XXpeLbl pasgenniuv
NYHHbIA Mecsil, Ha YeTblpe 4YacTu (M0 KOJIMYECTBY JIYHHbIX (das) U nosayvunm
CeMb JHEN — eAVHULY BPEMEHU, KoTopas Ha3biBaeTcs Hefens.

% 14 OnpepfenseMm CKOpPOCTb PAaBHOMEPHOTrO ABMXKEHUSA MO OKPYXHOCTU

k! Kpome nepuoga BpaweHUst U ero 4acToTbl BaXKHOW XapaKTEPUCTUKOWA
OBVDKEHNSA MO OKPYXXHOCTU ABNAETCA CKOPOCTb ABWMXXeHUA. Ecnu Teno pasHo-
MEPHO ABWXXETCA MO OKPY>XHOCTU, TO 3a BPeMsl, paBHOEe Mepuofy BpalleHus
(#=T), Teno coBepwaeT OAUH 060POT, TO eCTb MPOXOAUT NYyTb, PABHbIN
OJIVHEe OKPY>KHOCTW. [/IMHY OKPYXXHOCTU | MOXXHO BbIYMCNNTbL MO WU3BECTHOMN
BaM M3 matemMaTuku qopmyne: I=2nA, rge n=3,14 — maTtemaTnyeckKkas KOH-
CTaHTa;, M1 — pagnyc oKpy>XHOCTW.

3Has nyTb U Bpems, 3a KOTOpoe 3TOT NyTb MNpoifeH, noaydyaem gopmyny

ONA pacyeTa CKOPOCTW PaBHOMEPHOI0 ABU>KEHUA MO OKPY>KHOCT U:

I _ 2n4A

i T

[MepBas
L. yeTBepTHL

MonHonyHue (3' o Ne 4 ¢ HosonyHue Coaﬁiequle

3emns

c?
~  TlocnepHas
yeTBEPTH

1 Puc. 12.5. BApeBHOCTM Hayano 1 KOHeL, Mecsaua onpegensnm no dasam JyHsl.
(MN306pakeHue JlyHbl Ha BHELLHEN OKPY>XHOCTW — 3TO TO, KaKoii Mbl BUAMM JTyHy ¢ 3eM/n.)

* Cellyac, KaK NpaBwusio, NCMO/b3YIOT MOHATUE KafleHAapHOro Mecsila, KOTopblii He 3aBUCUT OT
a3 JlyHbl 1 gnntcs oT 28 o 31 cyToK.
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Pasgen 2. MEXAHWYECKOE ABVXEHVE

VIMEHHO 06 3TOW CKOpPOCTU MAET peyb, Korga, Hanpumep, onpeaensiioT CKO-
pOCTb ABUXXEHUS YelOBeKa, KPY>Kallerocs Ha Kapycenu, roBopsiT 0 CKOPOCTU
nosieTa UCKYCCTBEHHbIX CMYTHUKOB 3eMAN U T. 4. quil

MogsoAum umTOTN

PaBHOMEpHOE OBM)KEHWE MaTepuasibHOW TOUYKM MO OKPYXXHOCTU — 3TO Ta-

KOe KPUBOJIMHEHOE ABWMXEHWEe, Mpu KOTOPOM To4dKa, ABUrasdcb Mo KPyro-
BOW TpaeKTopuwu, 3a Nobble paBHble MHTEPBasIbl BPEMEHWN MPOXOAUT OAMHAKO-
Bbli NyTb. PaBHOMEpPHOE ABMXKEHMWE MO0 OKPYXXHOCTU — 3TO MEepMoanYeckoe
OBVDKEHME, TO eCcTb ABMKEHMWE, MOBTOPSOLLEECS Yepe3 onpefdesieHHble oguHa-
KOBble MHTepBasibl BPEMEHMN.

Mepuog BpaweHns T — dur3nyeckas Be/IMHYUHA, paBHas BPeMeHU, B Tede-
HWEe KOTOpPOro MaTepuasibHas To4Ka, PaBHOMEPHO ABVKYLAACHA M0 OKPY>XKHOCTN,
coBepLlaet oAuH ob6opoT. EamHuua nepuoga BpaweHus B CU1 — cekyHpa (c).

YacToTa BpaweHusa N — 370 u3ndeckas BesiMdMHa, KoTopas paBHa Kosu-
yecTBy 060pOTOB 3a eAMHULY BpeMeHU. EgnHumua yacToThl BpaweHns B CU —
o6opoT B cekyHAy (06/c, nnn 1/c).

Mepuog BpaweHMa T U 4acToTy BpaLeHUs N ONpegensawnT no gopmynam:

t N
T:W ;n T roe t — Bpems HabnwgeHuns; N — Konm4yecTBO 060pOTOB 3a

3T0 Bpemsi. HacToTa BpallleHUsl U nepuos BpalleHUss — B3aMMHO 06paTHble Be-

1
NNYUHBI: M- —.
T

KOHTpPO/IbHbIE BONPOCHI —1  eeeezEEEs o L- :

1. Kakoe agBW>XeHue Ha3biBalOT PaBHOMEPHbLIM ABVXXEHWEM MO OKPY>XHOCTU?
2, Kakoe ABMXeHMe Ha3sbIiBalT repuogmyeckmum? Noyemy paBHOMeEpPHOe ABU-
YXEHME N0 OKPYXKHOCTU ABNSAETCA nepuogmvecknm? 3. Kakne dgmsnyeckme se-
JINUMHbBI XapaKTepusylT Mepuogmnyeckoe asvkeHne? 4. [aite onpepeneHve
nepvofa BpalleHms. 5. Kak BbluMCInTbL Nepuog BpalleHma? 6. [aiTe onpege-
JNleHne JacToTbl BpawleHns. 7. Kak BblYMCAINUTL 4acToTy BpallleHUs, ecrim ns-
BECTEH nepuog BpaweHnsa? 8 HabnwgeHre 3a KaKUM NMpoLeccoM Moc/y>Knsao
NPUYNHON NOABMEHUNA TaKUX egUHUL, BPEMEHU, KaK MecsL, 1 Heaens?

YnpaxHeHune Nel12 ... e —————

1. 3a 18 cekyHp Koneco aBToMobuna caenano 24 obopota. OnpegenuvTe re-
puog, BpallleHUsa TOYKK Ha oboge Koseca.

2. KakoBa 4acToTa BpalleHMsA ToOHeK naTpoHa 3/1eKTPoApenu, ecav 3a MUHY-
Ty naTtpoH coepwaeT 900 060poTOB?

3. Ha nonacTb OTK/IDYEHHOr0 BEHTUAATOPA MPUKPENUIN MasIEHbKYI Ha-
K/enkKy co cMmamnmkom. C Kakow 4acToToli OyaeT BpawaTbCd CManink,
€Cc/In nonacTn BeHTUNSATOpa 6yayT coBepliaTb oguH 06opoT 3a 0,2 ¢?

4. 3BeCTHO, YTO BEHTU/IATOP MWUKpPOMpoLeccopa NePCOHasIbHOro KOMIbHO-
Tepa Bpaw,aeTca ¢ yactoTon 3600 o6/MuH. OnpegenuTte nepuog Bpalle-
HUSA TOYEK JionacTeii BeHTUSATOpA.
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§ 12. PaBHOMEpHOE ABVKEHME MaTepUasibHO TOUYKM MO OKPYXXHOCTW. TMepuoA BpalleHus

5 ManbumK Kpy>Xuacd Ha Kapycenm 5 MUH. 3a 3T0 BPemMs OH COBepLunn
100 o6opoToB. B KakoMm criyyae MOXXHO yTBep>XKAaTb, YTO Mepuos Bpatle-
HMA MasibunKa 6bi1 paBeH 3 ¢? OTBET 060CHYTE.

6. UeTbipe LWECTEpPHU CKperJsieHbl 3ybuamMn TakK, KakK MokasaHo Ha puc. 1.
LectepHs 1 vmeeT 9 3ybuo0B, wecTepHa 2 — 15 3y6uL0B, wecTepHa 3 —
8 3ybu0B, wecTtepHsa 4 — 16 3y6uoB. LLectepHn 2 n 3 3akpeneHbl Ha 06-
wem Basty. OnpefennTe Nepuog BpalleHus WecTepHU 4, ecnv yacToTa Bpa-
weHus wecTtepHn 1 paBHa 5 06/c.

#7 . CKOpOCTb ABMXXEHUA gucka «6onrapku» (puc. 2) B TOUKe COMPUKOCHOBeE-
HMA ¢ obpabaTbiBaeMolr MOBEPXHOCTbIO AO/HKHA ObITb He mMeHee 80 m/c.
Kaknmu npu Takoii cKkopocTn 6yayT yacToTa BpalleHUs 1 rnepuog spate-
HWA gUCKa, ecnun ero gnameTp paseH 160 Mm?

* 8 . Bocnonb30BaBLUNCE AOMO/THUTE/TbHBIMU UCTOYHUKaMU NHGopMaLLMK, cpaBs-
HUTe cpefHne paanycel opounT nnaHeT — BeHepsbl, 3emnun, Mapca, a Takxe
nepunoabl Nx BpateHns Bokpyr CosHua. OnpegennTte CKOPOCTU ABUMKEHUSA
3TUX NNaHeT oTHOCUTENbHO ConHua. MoAroToBbTE NPe3eHTaLuIo.

Puc. 1 Puc. 2

JKCcnepuMeHTanbHOoe 3ajaHune

«BpalleHne B 6bITYy». BmecTe co B3pOC/bIMWU OMNpefennTe nepuos BpalleHus
M 4YaCcTOTy BpaLLeHVs cTakaHa ¢ XXMAKOCTbIo, nogorpesaemoin B CBY-neun. Ka-
K1e N3MepeHns Bbl OCYLLLECTBUSIN, YTO6bI BbIMOAHUTL 3a4aHne? ~ Onpefenvre
CKOPOCTb, C KOTOPOIi BpalaeTcs CTakaH, CTOSALWMIA Ha Kpak NOBOPOTHOrO CTO-
nvka CBY-neun.

JTABOPATOPHAA PABOTA Ne4

Tema. W3mepeHue nepuvoga 1 4actoThbl BpaLleHus.

Llenb: n3Meputb Neprog 1 4acToTy BpalleHuWs Tenia Npu ero paBHOMEPHOM ABVXEHUM M0
OKPY>XHOCTW.

O6opyaoBaHMe: NNACTUKOBLIA LLIAPWK WM Apyroe He6osblioe Teno (Myrosuua, Ko
NT. N.), KOTOPOE MOXHO NIErKO 3aKPEenMTb Ha HUTK; NCT ByMarn ¢ N306pakeHnem
OKPY>XHOCTM paguycom 15 cM; Kpenkas HepacTsxumas HWUTb AnvHoi 50-60 cwm;
CEKyHOOMEP; IMHENKA.

83



Paspen 2. MEXAHWYECKOE ABVXEHWE

YKA3AHNA K PABOTE

MoAroToBKa K 3KCMEpPUMEHTY

-y YbeanTecb, UYTO Bbl 3HaeTe OTBETbl Ha CAeAyioLine BOMPOCHI.

1) Kakoe aBuKeHWe HasblBalOT PaBHOMEPHbLIM ABUXKEHVEM MO OKPYX-
HoCcTWn?
2) Mo kakoi thopmysie BbIYNCAAIOT MEPUOL PABHOMEPHOIO ABVKEHUS Tena
Mo OKPY>XHOCTU? [0 KaKoi (hopmysie BbIYUCAAIOT YacToTy BpaleHns?

2. Mpukpennte wapuk (MNn gpyroe HebonblUuoe Teso) K HUTKU. Ha ceBoboa-
HOM KOHLie HUTU caenarite nNeT/io, 3a KOTOPY Bbl bydeTe AepXkaTb HUTD,
Bpalwas Teso B FOPU30HTAIbHOM MI0CKOCTN.

JKCnepumMeHT
CTporo npugep>kmeaiTecb MHCTPYKLUKM Mo 6e3onacHoOCT M (CcM. dhop3aL).

Pe3ynbTaTbl n3amepeHnii cpasy 3aHocuTe B Tabnuvyy.

1. Bo3bMuTe 3a MeT/I0 HUTb C TennoM. Pacrnonoxkurte
PYKY Haj LEHTPOM M300pa>KeHHOW OKPY>XHOCTW.
He MeHSA NONOXeHUA pyKW, 3acTaBbTe Teso
ABUraTbcsa TaK, 4ToObl TpaeKTopus ero ABuke-
HUA coBrajasia ¢ OKPY>XHOCTbIO.

2. V3mepbTe Bpems t, 3a KOTOPOE Tesi0 BbIMOSHSAET
10 o6opoToB; 15 060pOTOB.

No Bpemsa KonunuyecTtso Mepuopg, YacToTa
onbiTa ABMXEHUA t, ¢ o6opoTos N BpaweHuna T, ¢ BpalieHus n, o6/c

O6paboTka pe3ynbTatoB 3KCMNEPUMEHTA

OnpefenuTe Mepuos M 4acToTy BpalleHWUs Tena Mpu ero paBHOMEpPHOM
ABVDKEHMU MO OKPY>XHOCTU. Pe3ynbTaTbl 3aHecMTe B Tabnuuy.

PY AHanus skcnepmmMeHTa M ero pesynbLTaTos
oT«. [lpoaHanu3npoBaB 3KCNEPUMEHT, cAefiaiTe BbiBOA, B KOTOPOM YKaXKuUTe:
1) kakoe ABVXKeHME Bbl M3ydasnu; 2) 3Ha4YyeHue KakKuxX BeNVUYUH Onpefensnu;

3) Kakue pesynbTaTbl NOAyYUnun; 4) Kakme akTopbl BAUANN Ha TOUYHOCTb pe-
3y/IbTaTOB.

TBopyeckoe 3agaHue

B nnoxo ocselleHHOM nomelleHnn 6narofaps 0CO6eHHOCTAM 3peHUs 4eno-
BEK MOXET pas/ninyaTb cobbITUA KaK OTAEeNbHbIE, EC/TIN MHTEPBa/T BPEMEHU MEX-
Ay HUMU cocTasniseT 6onee 0,2-0,3 c¢. C KaKoi 4acTOTOM HY>XHO ABUraTb Mo
OKPY>XHOCTU «BeHrasibCKUi 0roHb», YT06bl YBUAETH CBETALLEECA KO/bLL0?

N 3ajaHue «Co 3Be3404YKON»

3anuwmnTte pe3ynbTaTbl W3MEPEHUS Mepuoja BpalleHWs Tena B BUJE:
T=Tx>atAT. Cuntainte, uto J1£=0,2 ¢, a AT<JI£ BO CTO/NILKO pas, CKOIbKO 060-
POTOB BbINO/HWIO TENO.
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§ 13. KOJIEBATEJ/IbHOE ABWXXEHWE. 5
AMNNNTYAA, NMEPNOA N YACTOTA KONTEBAHNN

Ewle B ApeBHOCTW oAy, Habnoaas 3a ConHueM U JIyHOI, onpeaenvnn eaMHNLbl BPEMEHM:
rog, Mecsi, CyTKu U Ap. Bbinv co3aaHbl CONMHEYHbIE Yackl, 3aTeM BOASHbIE, OTHEBble, Mecou-
Hble. OfIHAKO HAaCTOSLAs PEBO/OLMS B KOHCTPYKLMM YAcOB MPOM3OLL/IA MOC/E BbISCHEHUS
CBOIACTB KonieGatelbHOro ABVKEHMS. Kaknx MMEHHO — y3HaeTe U3 faHHOro naparpaga.

4 3HaKoMuMCA ¢ KosiebGaTeslbHbIM ABUXEHNEM

MoaBecMm rpy3 Ha HWUTb, OTK/IOHUM €ro OT MOJI0>KEHUsI paBHOBeCUS
M oTAYCcTUM. py3 HauyHeT Kosie6aThbCsA, TO eCTb ABMraTbCA OT OAHOM0 Kpaii-
HEro MosIoXKEeHUST K APYyromy, MOBTOPSSl 3TO ABMXKEHUE 4yepe3 HEKOTOPbIA UH-
TepBasl BpeMeHU. Takum o6pas3om, KosebaTesibHOe [ABUXKeHVEe MMeeT BaXKHYI0
06LLY0 YepPTYy C PaBHOMEPHbLIM ABVMXXEHMEM MO OKPYXHOCTU: 06a ABUXKEHUS

ABMATCA Nepuognyecknmm (puc. 13.1).

B N3yyaem MaATHUKU

Mpy3, KoNeo6Awuwuniicsas Ha HUTU WUAMN Ha
N/ >KUHE, — MpUMep NPOCTeiero MmasTHUKA.

MasiTHUK — 3TO TBEpAoe Teno, KoTopoe Co-
BeplaeT KonebaHUs BCNEACTBME MNPUTSXKEHMUS
K 3emfie UM B pesynbTarte AeRcTBUsS MPYXKUHBI.

MasATHUKN MCMOMAb3YT BO MHOrMX (usnde-
CKux npubopax. OC06EHHO BaXKHbIM SB/SETCHA
ncrnonb3oBaHWe MasATHUKOB B yacax: nepuoauny-
HOCTb Kone6aHuii faeT BO3MOXHOCTb OCYLLECT-
B/1ATb OTCYET BPEMEHW.

MaaTHUKU, Konebnwuwmeca 6narogapsa Aew-
CTBMIO MPYXXWHbI, Ha3blBalOT MPY>XUHHbIMU Ma-
ASTHuUKamu (puc. 13.2). KonebaHnsa Npy>KHHOIO
MasTHMKA 3aBUCAT OT CBOWCTB MPY>XWHbI U Mac-
Cbl Tena.

MaaTHUKU, Konebnwowmeca 6rarogaps npu-
TSXKEHUIO K 3em/ie, Ha3blBalT (U3NYECKMMU Ma-
aTHuMKamMmu (puc. 13.3). Ix konebaHmsa goctaTouHo
CMOXXHbI, MOCKO/IbKY 3aBUCAT OT MaccCbl, reome-
TPUYECKMX pa3mepoB, (PopMbl MadATHUKA U T. A.

MonoxxeHne
paBHOBeECUA

Puc. 13.1. Kone6arensHoe [iBu-
YKEHWE — 3TO NepUOANYECcKoe
LBWKEHVe

/44444y4yyyyyyyyy:’

Puc. 13.2. Mpumep npocTeliwero
MPYXXUHHOTO MasiTHUKa

UTo6bl pa3mepbl U hopMa Tesia He B/INASIN Ha ero Kosie6aHus, HY>KHO B3STb
HUTb, ANVHA KOTOPOW A0CTATOUYHO BENMKa M0 CPaBHEHUIO C pa3mepaMu Tena, —
B TAKOM C/ly4yae Tesi0 MOXKHO cuUuTaTb MaTepuasibHOM TOUKOW. Mpu 3TOM HUTH
[O/mKHA 6bITb /IErKOM 1 A0BOSIbHO TOHKOM, @ YTo6bl BO BpeMA KosiebaHWiA Teso
6b1/10 HA HEM3MEHHOM paccTOAHMUU OT TOYKMW MoABeca, — HepacTAXKMUMOA.

Hebonbwon meTanIMyecKun LWapuk gunameTpom 1-2 cm, MNOABELUEHHbI
Ha TOHKOW HepacTsHXKMMOW HUTU ANUHOA 1-2 M, BMOJIHE MOXET CNYXUTb
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Pasgen 2. MEXAHWYECKOE ABVXXEHVE

Puc. 13.3. Mpumepbl pr3NYECKNX MasTHUKOB

///////*/>//////

Puc. 13.4. MeTannMuyeckuii Lwapmk
Ha A/IMHHON HEPACTSHKUMOI HUTK
[LOCTaTOYHO YA06EH NS N3yyeHus
OCHOBHbIX CBOMCTB KOnebaHuii

Puc. 13.5. [IBmxeHune wapuka
OT MONOXEHUA 7 K NOIOXKEHNIO 3
(4epe3 nonoxeHue 2), a NOToOM
CHOBA K NOMOXEHU0 7— 3T0
OZHO KonebaHue;

A — amnanTyga KonebaHuii

MasTHMKOM, Ha KosiebaHMs KOTOPOro He OyayT
B/IMATbL pasmepbl, Macca Tesla U CBOWCTBA HUTU
(puc. 13.4)* Takoii MaATHUK HasblBaT HUTS-
HbIM.

Y3Haem 06 amnnutyae KonebaHwii

Habnwopgasa 3a KonebaHUsSMM MasiTHUKA,
HEeTPYAHO 3aMeTUTb, 4YTO eCTb OrnpefesieHHOoe
MaKcuManbHOe paccTosHue, Ha KOTopoe Kosieb-
nouLeecsa Teno yaansetca oT MosioXKeHUsl paBHO-
Becusl. OTO pacCcTosiHWME HasblBalOT aMnINTYAol
KegiebaHuii (puc. 13.5).

MnanMTyaa KonebaHuin — 3To0 usnyeckas Be-
WYMHa, paBHas MaKCMMasbHOMY PaccTOsSHUIO, Ha
KOTOpOEe OTK/IOHSAETCS TeNo OT NOJIOXKEHNA paBHO-
BECWS BO Bpemsi KonebaHwii.

AMNANTYRy KosebaHmii 0603Ha4valT CUMBO-
nom A. EgnHnua amnanTygbl konebaHuin B8 CU —
meTp: [A]=wm.

3a ofHO KonebaHme Teno NpoxoauT nNyTb 10,
KOTOPbIA MPMMEPHO paBeH 4YeThbipeM amMnanTy-
gam: /0= 4A**,

OnpegenseM nepuoj v 4yactoTy KonebaHwii

KonebaTtenbHoe ABMXXeHWe sIBNsieTCS Mepu-
OAVNYECKMM [ABUXKEHMEM, MO3TOMY OHO XapakTe-
pusyeTca TakKMMuU (PU3NYECKUMU BeNUUYMHAMMU,
KaK nepuog KonebaHuii n yacToTa KosiebaHuii.

B faHHOM criyyae A/IMHA HUTK CHMTAETCA TaKyxKe A/IMHOM MassTHUKa.

B cnyyae ¢ HATSAHbIM MasiTHUKOM JaHHOe PaBeHCTBO SABASETCA NMPUOAN3NTENbHBIM, TaK Kak
Teno ABMXKETCH MO Ayre OKPY>XXHOCTU, A/IMHA KOTOPOW 60/blle pacCTOSIHMSA, Ha3bIBaeMOro am-
nAnTypon KonebaHnin. Ho ecnn amnnutyaa KonebaHuin mana (HAMHOr0 MeHbLUE A/IMHbI MasT-
HUKaA), 3TUM pas3inymem 06bI4YHO NpeHebperatT.
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§ 13. KonebatenbHOe ABWXeHVe. AMNUTYAa, Neproj 1 yactota KonebaHui

Mepuog konebaHuii — 370 Gu3MYecKas BeIMYMHA, PaBHas BPEMEHMU, 3a KOTOPOe
NPOUCXOAUT OAHO KonebaHwue.

Meprog Kone6aHuii, Kak 1M Nepuos PaBHOMEPHOIO ABUXKEHUS MO OKPYXHO-
cTh, 0603HAYaT CMMBOJIOM T U BbIYUCASAOT MO hopMmye:

roe t — Bpemsa HabnwgeHnsa; N — KoNmM4yecTBO KosiebaHWi 3a 3T0 BpeMms.
EavHuua nepuoga konebaHuii B8 C1 — cekyHga: [T] =c.

YacTtoTa Kone6aHUin — 310 (m3nyeckas BeNMUMHA, KOTOpasi paBHa KONMMYECTBY
Kone6aHuii 3a eAUHNLY BPEMEHM.

YactoTy KonebaHwi o6o3Ha4valdT cMMBOAOM V («HIO») U BbIYUCAAKT MO
thopmyre:

EgvHuua yacToTbl KonebaHuin B CU — repuy (Mu);
HasBaHa Tak B 4ecTb [eHpuxa [epua (puc. 13.6).

Ecnn Teno 3a 0fHY CeKyHAy OCyLecTB/AET
0f4HO KonebaHue, TO YacToTa ero KosebaHwuii pas-

Ha ogHoMmy repuy: 1Ty =—.
c

YacTtota V un nepuog T kKoneGaHuii B3AUMHO  pyc. 13.6. TeHpuX Pygomb

obpaTHble BETNYUHDI: epy (1857-1894) —
1 HEMELKWIA (3K, OANH
V~ — 13 OCHOBaTenel Teopun
T 3NEKTPUYECKMX KonebaHwii

Y MasiTHMKOB eCTb OYEHb BaXKHOe CBOMCTBO: ecnM amMnauTyga KonebaHwui
MasTHMKa HaMHOI0 MeHbLUe ero A/IMHbI, TO YyacToTa WM nepuoj KonebaHun ma-
ATHMKA He 3aBUCAT 0T aMNANTYAbl KonebaHuiA.

3TO CBOMCTBO Masibix KonebaHwui oTKpbln [anuneo Manunen®, m MMeHHO
OHO /1eXXUT B OCHOBE pPaboTbl MeXaHW4YeCKMX 4YacoB.

il Pasnnyaem 3atyxawuime n Hesatyxawume KonebaHus

BbiBeleM Kauyesin M3 COCTOSIHUS paBHOBECUS U OTNYCTUM. Kauyenu Hau-

HYT KosniebaTbcsl. Takme KonebaHUs HasbiBalT CBOGOAHLIMU.
Ecnu Ha Kayenn He BMUSATb, TO Yepe3 HeKOTOpoe BpeMsi aMnanuTyaa Ux Ko-
ne6aHunii 3aMeTHO YMEHbLUUTCS, a CO BPeMEHeM Kosie6aHUsA NMpPeKpaTATcsl BOBCE.

KonebaHus, amnanTya KOTOPLIX CO BPEMEHEM YMEHbLUAeTCs, Ha3biBaKT 3aTyXxa-
I OLWUMKN KONebaHNAaAMN.

* [anuneo Fanuneli caenan aTo OTKPbITUE, Habnogas B Xpame KosiebaHusi NocTpbl, MoABe-
LLIEHHOM Ha Lenu, 1 cpaBHMBas 4acToTy 3TUX KonebaHuii ¢ 4acToTol CO6CTBEHHOrO Mysbca.
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Paspen 2. MEXAHWYECKOE ABVDXEHWE

CBob60oAHblE KOoNnebaHWA Bcerga ABMAKTCA 3aTy-
Xawnlwnmmn,. 3aTtyxalT ¢ TeYeHMEeM BPEMEHU CBO-
604Hble KosebaHUs, SA3blKa KOJI0K0Ma, CTPYHbI
rmTapbl, BETKM AepeBa...

? Yto cnepyeT cgenatb, 4T06bI amnnTyga Ko-
nebaHunii Kadesield co BpEMEHEM HE yMeHbLUa-
flacb, TO eCTb UYTO6bl UX KosiebaHUA ObINN He-

3atyxarowmmmn?
Puc. 13.7. KoneGanwa urm! HesaTyxatoline KoneGaHus — 3710 Koneba-
WBEMHOM MALIMHb! — NPUMEp na, amnauTyfa KOTOPbIX He W3MEHSeTcs Co
HesaTyxaloLyx konebaHui ’ YA P

pemMeHeM.

Hesatyxawuwue KosiebaHUs OCYLLECTBASIET,
Hanpumep, Mrna WBeMHOW MallWHbI, NokKa pa6o-
TaeT ee mexaHmam (puc. 13/7).

W, Yummcs pewatb 3agaum

3apavya. Hebonbwoh TsHKeNbld WapuK, MNOABELUEHHbI Ha HepacTsXu-
MO/ HUTW OAUHOW 1 M, OTK/IOHWAX OT MOJIOKEHWSA paBHOBECUSA U OTAYCTUNN.
3a 30 ¢ wapwuk coepwmnn 15 konebaHuii. Kakoe paccTossHWe NpoigeT Wwapuk
3a 36 ¢, ecnu amnanuTyga ero kosnebaHun — 5 cm? KonebaHua cumtaiTte He-
3aTyxanwmnmn.

AHanun3 cunanyeckon npobnembl. AMNAUTYAA KonebaHNi i HAMHOIO MeHbLLE
ONMNHBI HATW, MO3TOMY MOXXHO CYMUTaTb, YTO 3@ OAHO KonebaHwe WapuK npo-
XO4WUT NyTb, PaBHbI YyeTbipeM amnanTygam (4A).

Ecnu onpegennTb Konun4vecTBO KonebaHwui 3a 36 ¢, TO MOXHO HanTu pac-
CTOsAHMe, KOoTopoe npowen wapuk. KonuuvectBo KonebaHnin Halgewm, onpege-
JINB BpeMS O4HOro KonebaHudA, To eCTb Nepunos KosiebaHwia.

daHo: Monck MaTeMaTUYeCKOA MOAe/N, PeLLIEHME.
N =

30¢ Harigem nepuvog konebaHuin: T = c=2c.
A =15 w15
£2=36

c Halgem Konn4yecTBo KonebaHuii 3a 36 ¢: JT,,=— ="~ C=18.

A=5cm T 2c

. _ OnpegennmMm pacctosiHMe, KOTOpoe MPOXoAUT LWapuK 3a 04HO KO-
HanTu:  je6anne: D- 4A =45cm =20 cowm.

I— 7 . .
Onpegennm NyTb, KOTOPbLIM npongeT wapuk 3a 36 c:

1=M2 10=18-20cm =360cm =3,6 M.

AHanus pe3ynbTaToB. 3a 04HO KosiebaHMe Wapuk npoxognt 20 cm; Bpe-
Msi KosiebaHuii 6osiblie nepuofa KonebaHwuii, No3TOMYy MPORAEHHOE LWAPUKOM
paccTosiHue 6yaeTt 6onblie 20 cm. CrnefoBaTesibHO, pe3ysibTaT NpaBAonofo6eH.

OTBeT: | -3,6 M.

88



§ 13. Kone6atenbHoe [BWKEHME. AMNIUTYAA, Nepuog U yactoTa KonebaHuii

,loasoanm mntorm

Koneb6aTtenbHoe fABUXKeHMe (KonebaHMsl) — nepuognyveckoe ABUMXKeHUe. Pas-

NnyalT 3aTyxawlive U HesaTyxawlwune KosebaHuUs.

Amnnutyga A KonebaHuin — 3To U3nyeckas BesiMuMHa, paBHasi MaKCu-
Ma/IbHOMY PacCTOSTHUI0, Ha KOTOPOE TESI0 OTKJIOHSIETCS OT MOJIOXKEHWS] PaBHOBe-
cvst BO Bpemsi KosieGaHWiA.

Mepvog T kone6aHuii — 3T0 (prM3nyeckas BeNMNYMHA, paBHasl BPEMEHM, 3a

KOTOpPOe MpPOUCXOAUT 04HO KonebaHue: Tzﬁ . EavHnua nepmnoga konebaHwii

B CU — cekyHpga (c). Yactota V KonebaHMini — 3T0 (hm3nyeckasd BeNNUMHA,
paBHas KO/MYeCcTBY KosiebaHuii 3a eguHuLy BpemMeHu: V=— . EgUHMUA YacTo-

Tbl KonebaHnii 8 C1 — repy (Iu).

YacTtoTa n nepmof KosebaHnii — B3auMHO obpaTHble BE/INUMHbL: V= — .

KOHTpO/NbHLIE BOMPOCHl  ......... mT=

1, Mouemy KonebaTtenbHOe ABWXEHWe ABNAETCA nepuognyeckum? 2 lpuse-
anTe npumepbl KonebaHwuii. 3. MNMpuBeanTe NpUMepbl MasiTHUKOB. 4. [aiite
onpefeneHns amnanTygbl, nepuoga, 4actoTbl KosebaHwii. B kakmx egnHum-
uax M3MepsaT 3TN uU3nYveckme BennuunHbl? 5, Kakasa 3aBUCMMOCTb CBSA3bI-
BaeT 4yacToTy M nepuof konebaHuin? 6. Kakue konebaHus HasbiBaKOT 3aTy-
Xanwnmmn? HesaTtyxanwnmmn?

YnpaxHeHune Ne 13 — T e —

1. Bo Bpemsa KosebaHwuii Tesio ABMXKETCA OT KpalHero s1eBoro MosioXKeHus
[0 KpariHero npasoro. PaccTtosiHue mexkay 3TUMK ABYMSI MOJSIOXKEHUAMMN
paBHO 4 cm. OnpegennTte amnanuTyay KonebaHui Tena.

2. 3a MUHYTY MasaATHUK coBepliaeT 30 konebaHuii. OnpegennTe Nepmog Ko-

nebaHnin MadATHUKa.

Mepuvoa konebaHwnii paseH 0,5 ¢. OnpegennTe 4acToTy KosiebaHWiA.

4. CKonbKo KonebaHwuii coBepLUIUT Tesio 3a 2 MWH, ec/in YyacToTa ero Koneba-
HWi paBHa 4 'y?

5. MpuBeauTe He yNOMAHYTbIE B Naparpade rnpumepbl KonebaTesibHbIX ABMXKe-
HUIA. OnpegennTte, Kakue 3To KonebaHWsA: 3aTyxaloLme nnu HesaTyxatoLime.

6. MonnaBoK, KOMe6MOWMICA Ha Bogde, 3a 3 CEKYHAbl NMOAHUMAETCS U Hbl-
pseT 6 pa3. Kakoii nyTb NpoigeT nonnasokK 3a MUHYTY, ecnu paccToAHmne
MEXAY ero KpamHMMm NoA0KeHUsIMU paBHo 5 cm?

7. UT0o6bl 0TBETUTL Ha BOMpoOC «KOTOpblii 4ac?», M0AM M3gaBHa MNosib30Ba-
NNCb caMbIMU pa3Hoo6pasHbIMK ycTpoicTBaMu. OAHO U3 HUX — MasATHU-
KOBble Yacbl. Y3HalTe 06 NCTOPUM UX CO34aHUA U MOLFOTOBbTE COO6LLLEHME.

w

JKcnepuMeHTanbHOe 3afaHne  ===== ... ...
«Pe3oHaHc». K HebonbloMy TsXKenomy Teny MNpuBs-
XXUTE HUTb p/iMHon 45-50 cm. OAHOM pyKOW BO3bMUTE
HUTb 3a CBOOOAHBIN KOHEL,, a ApYron 0TK/J0HUTe Teno oT
NoAoKeHNSA paBHoBecUs. MasaTHUK HauyHeT KonebaTbes.
OnpegennTte 4acToTy ero cBo60AHbIX KosiebaHUiA.



Pasgen 2. MEXAHYECKOE JIBVXKEHUE

OcTaHOBUTE MAATHUK. 3areM HauyHUTE OYeHb MeJ/IeHHO ABUraTb PYKOW
C MasATHUKOM W3 OAHOW CTOPOHbI B APYryk (CM. pUCYHOK). Cneaute, 4To6bl
amnanTyga KonebaHuii pyku He M3MeHSANach; pyKy AOCTATOYHO MepemMeLlartb
Ha 1-2 cm. MNocTeneHHO yBenMUmMBanTe YacToTy KonebaHuii pyku n Habnwogan-
Te 3a MasATHMKOM. «[lolimaliTe» MOMEHT, KOrga MasTHUK packavaeTcsl OYeHb
CW/bHO, TO eCTb BO3HUKHET pe30HaHC — AB/IEHWE PEe3KOro Bo3pactaHns amniv-
TyAbl KonebaHwuii. OnpegennTe 4acToTy KonebaHWn pyku, Korga amnavTyga
KonebaHWin MasTHUKa Hambosblias. Y3HaliTe, NpyM KakoMm YC/i0BUU HacTynaeT
pe3oHaHc, CpaBHUB HaleHHble 3HAUYEHWs1 YacTOTbl CBOGOAHbLIX Ko/lebaHuin Ma-
ATHMKA U 4acToTbl KOSiebaHuii pyKu.

JTABOPATOPHAA PABOTA Ne5

Tema. VccnegoBaHue KonebaHWini HUTSHOTO MasTHMKA.
Lenb: yb6eamtbes Ha onbiTe, YTO NEpuog KonebaHuini HUTAHOTO MasiTHUKA He 3aBUCUT OT

amnanTyfbl ero koneGaHuidi 1 Macchl rpysa, HO 3aBUCUT OT [/IMHbI HUTW.

O6opyaoBaHue: [Ba HeBOMbLUMX TSKENbIX LAapMKa W3BECTHbLIX Macc; ABE NPOYHble He-
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pacTskMMble HUTWM anvHoli 1,05-1,1 m; NnHelika (MepHast NeHTa); WTaTMB ¢ MydToi
1 KO/bLLOM; CEKYHAOMEP.

YKASAHWA K PABOTE
MoAroToBka K aKCMEPUMEHTY

1. Y6eauTtecb, YTO Bbl 3HaeTe OTBeTbl Ha cnegylolne BOMNPOCHI:
1) YUTto HasbiBaT amnanTyAon KosebaHnin?
2) Mo kakoii hopmysie MOXXHO BbIYMCAUTbL MEPUOS KonebaHnin?
2. OnpepenvTe LEeHY AeNeHuns LWKanbl JUHENKN.
3. 3anunwuTe 3HayeHUA Macc Wapukos B Tabn. 2.
4. 3akpenuTe LWapUKN Ha HUTAX.

JkcnepnmeHT. O6paboTKa pe3ynbTatoB 3KCNepuMeHTa
CTporo npugep>kmnBamTecb MHCT PYKLUMK Mo 6e3onacHocT M (CcM. hop3ay).
1. YcTtaHOBUTE Ha Kpalw cTona wrtatme. Bosnie ero
BEepPXHero KoHLa 3akKpenute ¢ MOMOLWbI MY(ThbI
KOMbLUO U MoABeECbTe K HEMY OAVH U3 LLUApUKOB Ha
HUTW TaK, 4Tobbl ANIMHA MONYYEHHOro MaaTHUKA
6bina 1 m. [lMepegBuras mMygTy BAOMAb LUTATMBA,
yCTaHOBUTE €e Ha TakoW BbicOTe, UTOObI WAPUK Ha-
X0AWCA Ha paccTogAHUKM 3-5 CM 0T pacrnosioXKeHHOMN
Ha nony AnHeinkn (CM. PUCYHOK).
2. VccnepyiiTe 3aBUCUMMOCTb nepuoga KosiebaHuii ma-
ATHUKA OT ero amnauTygbl. Ona aToro:
1) OTK/IOHUB MaATHUK Ha paccTossHWe 2-3 cM OT MOJI0XKEHUSA paBHOBe-
CUA N OTNYCTUB, U3MEPbTE BpPeMs, 3a KOTOpOe MasTHUK COBEPLUUT
20 KonebaHWii; onpeaennTe nepwuop KonebaHWA;
2) noBTOpUTE ONbIT, YBE/IMYMUB aMnInuTyay KonebaHui go 5-6 cm;



Na6oparopHas paboTa Ne5

3) pes3ynbTaTbl U3MEPEHUI U BblUMCMEHWUIA 3aHecuTe B Tabn. 1.
Tabnnua 1

Howmep AnvHa Amnnuntyga Ywucno Bpemsa kone-  [Nepuog Ko-
onbita HUTM 1 M KonebaHwii A, m KonebaHuii N 6aHuMiA 1, ¢ nebanHwii T, ¢

1 1
2 1

3. WNccneayiiTe 3aBUCMMOCTb Nepuoga KonebaHUii MasiTHUKa OT ero mac-
cbl. Ana aToro:

1) nepeHecnTe M3 Tabn. 1 B Tabn. 2 pesynbTtartbl onbiTa Ne 1;

2) nNoBTOpPMTE ONbIT A1 BTOPOro MasTHMUKa (APYron maccel); aMmnanTy-
Ja konebaHwii fo/mKHa coctaBnAaTb 2-3 cM. ObpaTuTe BHUMAHMUE:
ONVIHBI MepBOro U BTOPOro MasiTHUKOB A0/1KHbI 6bITb 04MHAKOBbIMU.

3) pesynbTaTbl M3MEPEHWUI U BbIYUCNEHWI 3aHecuTe B Tabn. 2.

Ta6nnua 2

Howmep AnnHa Macca Uwcno Bpema kone- [Mepuog Ko-
onbiTa HUTM 1, M Wapuka T, KI  KonebaHwuii N 6aHuiA t, ¢ nebaHwuii T, ¢

1 1
3 1

4. WccnepyiiTe 3aBMCUMOCTb Nepmoja KonebaHuin MasaTHUKA OT ero Asiu-
Hbl. Ona 3Toro:
1) nepeHecnTe M3 Tabn. 1 B Tabn. 3 pesynbTarbl onbiTa Ne 1;
2) NMoBTOPUTE ONbIT, YMEHbLUNB ANWUHY MNEPBOro MasTHUKa Ao 25 cwm;
amMnanTtyga KonebaHun [o/HDKHA CoCcTaBATb 2-3 CM;
3) pe3ynbTaTbl N3MEPEHUW W BbIYUCMIEHWIT 3aHecuTe B Tabs. 3.

Tabnuua 3
Homep AnnHa Yucno Bpewmsi Mepwviog
onbITa HUTKU 1, ™ KonebaHuin N KonebaHmn t, ¢ konebaHuii T, C
1 1
4 0,25

0] AHanM3 3KcnepMMeHTa W ero pesynbTaToB
MpoaHann3npoBaB pe3y/sbTaThbl, CAefaiiTe BbIBOA, B KOTOPOM YKaXuTe:
1) Kakne BeSIMUMHbI Bbl HAyuYU/IUCb U3MEPATb; 2) Kakue (haKTopbl MOBAUSNU
Ha TOYHOCTb MOJIYUYEHHbIX Pe3ysibTaToB; 3) 3aBUCUT /1 Nepuog KosebaHuii ma-
ATHUKA OT amMnauTyAbl KosiebaHWii, Maccbl rpysa, ASIMHbI MasiTHMKA.

+  TBOPUYECKOE 3808HUEC  .oeiiiiiiiiiiiiiiiiie e eeee i e e
He BbiMoONHAS wn3MepeHWiA, onpegennte nepuog KonebaHwii MasTHUKa
ONVHOM 4 M, amnnnTyda kKonebaHuii Kotoporo paBHa 10 cm, a macca — 300 T.
CunTaiite, 4YTO MasTHUK PacnosioXkeH B TOM >Ke KabuHeTe, rae Bbl BbIMNOSHAMN

nabopatopHyto paboty. CBoli 0TBET 060CHY/iTeE.
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Paspen 2. MEXAHWYECKOE ABVXEHWE

noasoanM UTOT PASAENA 2
«MexaHnyeckoe [OBVXKEHME

B paszene 2 Bbl M3yyasin MeXaHUYECKOe ABUXKEHMWE W ero XxapakTepucTu-
KW, y3Ha/IM 0 BUAAX MEXAHWYECKOTr0o [BUXKEHUA: MPAMOSIMHEHOE [ABUXKEHME,
LBUKEHME M0 OKPYXXHOCTU, KonebaTeslbHOe ABUXXEHMUE.

1. Bbl 03HaKoOMU/INCL C HEKOTOPbIMW OCHOBHbLIMW MNOHATUAMUN MeEXaHUKWN.

2. Bbl Hay4dYnnuncb pasnnyatb BMAbl MeXaHUYECKOro ABUXKEHUA.
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Moasoaum utory pasgena 2

Bbl Hay4dYns/incb nccsiegoBatb paBHOMEPHOE ABU>XKEHUNE C MOMOLW b rpaopm-

KOB MyTKW U rpadMKoB CKOPOCTMU [BUXKEHUSI.

3.

Mpadmk ckopocTr
OBVKEeHUA
BbicTpee
Mep/ieHHee

4.

dopma
TpaekTopun

JTobasi nnHuA

Mpavas nnMHnA

JTobast nnHUA

®dopma
TpaekTopumn

OKpY>KHOCTb

OTpe3oK NpsiMoiA,
[yra OKpY>HOCTHU

CBA3b Mexxay rpadmkom

Mpadmk nyTtn
pacp yr CKOPOCTU ABVDKEHUA U MYyTEM

]

MyTb YnCNeHHo paseH nJio-
waan urypbl nof rpaurkom
CKOPOCTU [ABUXKEHUS

Bbl nccreposasivi HEKOTOPble MeXaHUYeCcKue ABUXKEHUSA.

dusnyeckme BeSINYNHDI, XapakKrtepunsywLimne
MeXaHN4YeCKoe ABUXKEHNE

nyThb 1 Bpems ABMKEHUA ¢  CKOPOCTb ABMXKEHUA v
W=m W =c [i>]=m/c
PaBHOMepHoe ABW>XeHue
1 1
l1=wni £= — n=—
\Y i

PaBHOMEpPHOE MPSIMOSIMHEIHOE ABV>KEHWE

| 1 B 1 B
l1=B=bi
\Y \Y i i
HepaBHoMepHOe ABU>KeHME

i n o+ + .+
1=11+12+.. . +1n wo= = n
cp i it+i2+... % in

dur3nYECKMEe BEIMYUMHDI, XapaKTePU3yoLLMe
NepuoAMYecKoe MeXaHNYeCKoe ABUYKeHNE

nepviog T yactota n mam V nyTb 3a nepuvog 1
[T]=c [n]=06/c; [y]l=Ty LW =m
PaBHOMepHOe ABMXXEHVE MO OKPY>XHOCTU
1=2nW,
“i*:;,‘n":i n:—N, n:i roe 1 — pagunyc
N n ' T okpyHocTH

KonebaTesibHoe ABMXXEHWE
N 1 D=4A,

= >Yy= roe A — amnanTyga
: T KonebaHuii

T=—, T=—
N n



Paspen 2. MEXAHWYECKOE ABVDXEHWE

3afaHna 419 caMOMnpOoBEPKN K pasgeny 2
«MexaHnyeckoe ABMKEHNE»

B 3agaHusax 1-9 BblbepuTe OAUH MpaBusbHbIA 0OTBET.

(1 6ann) Moesa, ABWKYLLUMIACA OT OAHOM CTaHUMW K OPYroi, HaxoguTcs B CO-
CTOSIHUM MOKOSI OTHOCUTE/IbHO:

a) ueHTpa 3emnu;

6) naccakmpa, CUASALLEro B Kpecsie BaroHa;

B) TOYeK Ha 060fe Kosieca BaroHa;

) pefnbcoB, N0 KOTOPbIM OH ABUXKETCS.

(1 6ans) CKOpOCTb pPaBHOMEPHOIO ABWIKEHUSA — 3TO (hm3nyveckas BeNUUHA,
KoTOopas paBHa:

a) NPoM3BEeAEHMIO NYTU, MPORAEHHOr0 Te/IOM, N BPEMEHWN ABVDKEHUS;

6) OTHOLUEHMIO BPEMEHMU ABVDKEHUSA K MYyTWU, NPOAAEHHOMY TesoM;

B) MONIOBUHE CYMMbl Ha4yaslbHOM M KOHEYHOW CKOPOCTEN ABUXKEHUS;

r) OTHOLUEHMWIO NYTU, MPOMAEHHOr0 TE/IOM, KO BPEMEHU [ABWKEHUS.

(1 6ann) Yactota BpaweHUs — 3T0 (pu3MYveckasd BesiMUMHA, KOTOpasd 4uc-
JNIeHHO paBHa:

a) BpeMeHn ofHOoro o6opoTa;

6) Ko/iM4yecTBY 060POTOB 3a efUHULLY BPEMEHMU;

B) KOJIMYecTBY 060pOTOB 3a BCE BPEMS [ABVKEHUS;

r) BPEMEHU, 3a KOTOpPoe Teso ocyuiecTenidgeT 10 060poTOB.

(1 6ann) Mepuog ManbiX KonebaHU HUTAHONO MasdATHUKA:
a) 3aBUCUT OT A/INHbI HUTWY;

6) 3aBUCUT OT Macchbl rpysa,

B) 3aBMCUT OT aMM/INTyAbl KonebaHuii,

) He 3aBUCUT OT 3EMHOM0 MPUTSXKEHMNA.

(2 6anna) Kocmumueckuii kopabnb B TeyeHme 20 ¢ gBurascs co CKOpO-
cTbto 10 OO0 m/c. Kakoe paccTosiHMe npeodosnesn Kopabsib 3a 3T0 Bpems?
a) 5 Kwm; 6) 20 Kwm; B) 200 Kwm; r) 500 km.

(2 6anna)loe3n ABMXKeTCHA co cpegHer ckopocTbio 40 m/c. CKO/IbKOBPEMEHMN
3aliMeT NyTb MeXAy ABYMS ropofamu, ecnv pacCcTossHuUe MexXay HUMn 624 kv?
a) 14 34 MuUH; 6) 4,2 u; B) 4 U 20 MUH,; r) 15,6 u.

(2 6anna)BuHT BepTonieTa 3a 0,5 MnHYThI ocywecTenseT 600060poToB. YHemy
paBeH rMepwvog BpaweHUs BUHTA?
a) 0,8 mc; 6) 50 wmc; B) 5¢; rN 2 MUH.

(2 6anna) Yactota KosnebaHUM HUTAHOINO MasiTHUKa paBHa 2 Iy, CKoONbKo
KosiebaHui COBEPLUUNT 3TOT MasATHUK 3a 1 MUH?
a) 0,5; 6) 2; B) 30; r) 120.

(2 6anna) MNMonyaca Masb4YMK exan Ha Beslocunene Co CKOpPOCTbl 24 Km/u,
a NoToM Lesl 6 KM CO CKOpPOCTbio 4 Km/4. Onpefennte CpefHIO CKOPOCTb
OBVKEHMA MasbyMkKa Ha BCeM MNyTW.

a) 9 KM/u; 6) 14 KMm/y; B) 20 KM/u; r 28 kKm/u.
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3aiaHus A4S caMonpoBePKU K pasgeny 2

10. (3 6anna) Mo rpaduky 3aBUCMMOCTM MyTWU OT
BpPeMEHU A8 paBHOMEpPHOro ABwXeHus (puc. 1)
onpegennte CKOpocTb [ABWMXKeHUs Tena. OTBeT
npeacrasbTe B M/C U KM/\Y.

11. (3 6anna) B kalT-KOMMaHUW cyfHa, coBepLua-
loLero Mmopckoe nyrewiectsue B 250 KM, pacno-
NOXXeHbI Yacbl. CKOMbKO KosiebaHWin coBepunT
MasATHUK 4acoB 3a BPEMSA MyTeLIecTBUSA, eCc/n
nepuog ero kKonebaHwmii paseH 0,5 ¢, a cpegHsAs Puc. 1
CKOpPOCTb ABMXKEHUA cyaHa — 10 m/c?

12. (3 6anna) TypwucT wWen no ropHo Tpone, ABUrasiCb CO CKOPOCTbH 2 KM/,
a NnoToM BepHYJICS Ha MECTO CBOEro cTtapTa, ABUrasicb CO CKOPOCTb 6 KMm/U.
Kakoii 6blsia cpefHsaa CKOpocTb ABMDKEHUS TypucTa Ha BceM MNyTu?

13. (4 6anna) Vcnonb3ysi gaHHbIe puUc. 2, onNpeaennTe, Yepes Kakoe BPeEMSI BCTpe-
TATCA aBTOMOGUIN.

o®ob
—e—1 1 111 +=HY-+¢(

-100 -50 50
mn=20 m/c nT=54 KM/u

Puc. 2

14. (4 6anna) Ha puc. 3 npuBedeH rpagmk CKOpo-
CTV ABWMXKEHMA aBToM06MNA. Onpegenvte Mak-
CMMabHYI0 CKOPOCTb ABWMXXEHUSA aBTOMOOUNA
M Becb NMyTb, KOTOPbI/i OH npeogosien.

15. (5 6annos) ABToMobunb npoexan 400 kKm. W3-
BECTHO, YTO MepBYK MOMOBUHY BCEr0 BpPeMeHWU
OBVDKEHWNST OH ABUrasica co CKOpPOCTbio 90 KM/u,
a 3a BTOPYK [OJIOBUHY BPEMEHU [BUXKEHUSA
npoexan 175 kM. Kakoii 6blna CKOpocTb ABU-
XKEHMSA aBTOMOOGMIA Ha BTOPOM y4yacTke nyTu?
Onpenenute cpefHIO CKOPOCTb [ABUXXEHUSA
aBTOMOOUNA Ha BceM nyTwu. [BM>KeHne aBTo-
M06MAsA Ha 060MX y4dacTKax cuuTanTe paBHO-
MepHbIM.

Puc. 3

CeepbTe BallM 0TBeTbl C NPUBEAEHHLIMU B KOHLE y4yebHnKa. OTMeTbTe 3aja-
HWSI, KOTOPbIe Bbl BbIMOIHUAW MPaBU/bHO, U MoagcuMTaiTe cymmy 6annos. MoTom
3Ty CYMMy pa3fenimTe Ha Tpu. MNMonydyeHHoe uucno 6ydeT COOTBETCTBOBATH
YPOBHIO BaLLUNX YYEOHbIX LOCTVI>KEHWA.

© TpeHMPOBOYHbIE TECTOBbIE 3aJayn C KOMMbIOTEPHOIM MPOBEPKON Bbl
HalijeTe Ha 3/1EKTPOHHOM 06pas3oBaTenlbHOM pecypce «/HTepaKTUBHOE
00yyeHMme».
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KocMoApoOM Ha 3KBaTope

MpaKTU4YecKn Bce TEXHUYECKME HOBWHKMW, MOSIBUBLUMECS 3a MocrefHue
CTO f1eT, co3faHbl Mo criefytoleii cxeme: aTan 1 — y4yeHble OTKpPbIBAKT
HOBbIV 3pheKT (SIBNEHUE); 3Tan 2 — MH>KEHepPbI-CNeUnasincTbl co3ganT
ycTpoiicTBO (Npubop), AeicTBME KOTOPOro OCHOBAHO Ha WCMO/Ib30BAHUM
OTKPbITOro achdpekTa (ABneHNA).

Taknm 06pa3om, MH)XKeHepbl-MeXaHWKW paboTalwT Hag co3jaHWeM HO-
BbIX, YCOBEPLLUEHCTBOBAHHbLIX aBTOMOOWAE W CTAHKOB, WHXXEHEPbI-ONTU-
KN — hoToannapaToB N Te/1eCKOMOB, NHXXEHEPbI-3NEKTPUKN — aKKyMysi-
TOPOB U 3/1EKTPOMOTOPOB U T. 4.

O3HaKOMMBLUUCH C 3HUMKI/IOMEANYECKMMM CTPAHULAMN B YH4EOHUKE, Bbl
y6eanTeCchb, UTO XOPOLLUEMY MHXXEHEPY HY>XHbl 3HAHMWSI He TO/IbKO MO CBOEW
cneumanbHOCTU, — OH AO0/DKEH 3HATb U YMETb WCMO/b30BaTh CBEAEHMUS U3
ApYrux obnacrtein HayKu.

Kak ganblie BCero 6pocuTb KaMeHb,
nnun NMoyemy KOCMOApPOMbI CTPOSIT B6M3N 3KBATOpa

BoNbLWINHCTBO XXUTenel 3eMnn MOHATUA HE UMEKT, KaK YCTPOeHbl pa-
KeTbl U KOCMWYECKUe CTaHLUWUW, HO MOYTU BCEM U3BECTHO, YTO KOCMOC —
3TO OrPOMHbIE pacxogbl. 3HaKT 006 3TOM U MHXXeHepbl — KOHCTPYKTOPHbI
pakeT. N 4To6bl YMEHbLUNTb, Hanpumep,
3aTpaTbl Ha 4OCTaBKY rpy30B Ha opbuTy,
OHM MCNOMb3YKT B TOM 4ucre pasHble
HeTpaguuMOoHHbIe peweHUd. [Mpueegem
npumep.

BcnomHuTe Bawm Wrpbl Ha [AeTCKOM
Kapycesnn: Bbl pasroHseTe Kapycenb 1 3a-
npbirneaete Ha Hee. [lpyn 3ToM camoe
TPyAHOE — yAep>KaTbCA Ha Kpat ObICTpo
BpawjaloLLenca Kapycenu, Tak KaK «He-
Mn3BecTHasd cuaa» nbiTaeTca Bac copo-
cUTb. VIMEHHO 3TOT (hmanudecknii adhdekT
MNCMOMb3YIT CAOPTCMEHbI — MeTartesm
MONI0Ta, packpyuumBas MeTalsINnyecKoe
A4P0 Ha Tpoce (MHTepPecHo, 4YT0 MMUPO-
BOW peKops B METAHUM MOS1I0Ta NPUMEPHO
B yeTblpe pa3a 6osblue, Yem B TOSIKAHUU
Anpa, — 0K0J10 86 M 1 22 M COOTBETCTBEH-
HO, MpW 3TOM Maccbl 060Mx
KaKOBbl); Ha TOM >e adekTe
JericTBue npawm JpeBHero
HOT0 OPYXUS.

Kocmuueckne kopabnu 6yfeT BbIBOAUTH
Ha op6uTy pakeTa-HocuTeNb «LIMKNOH-4»



JHUMKNoNeAMYecKas cTpaHuLa

KOHCTPYKTOpPbl pakeT XOpOLUO 3HAKT (U3UKY, MNO3TOMY pewnin «ob-

NerunTb» CTapT KOCMUYECKOro Kopabns, Ncnonb3oBaB B KayecTBe «Kapyce-
nvy» 3emno. M3BecTHO, 4To 3emnis BpawaeTcs BOKPYr CBOei ocu, Mpu 3TOM
04YeBUAHO, YTO 6bICTpee BCero BpallatloTca TeppuTopum BO6/IM3U 3KBaTopa.
3anycTmB pakeTy C 3KBaTopa, MpW MNPoUYMX pPaBHbLIX YC/0BUAX Ha OpouUTy
MOXHO «3ab6pocnTb» NPUMEPHO Ha 20 % 6osbLie NosIe3HOro rpysa. Moato-
My, Hanpumep, KoCMoApomM EBpPONerickoro KOCMMYeckKoro areHTcTea — Koc-
Mogpom Kypy — pacnonoxxeH BO
dpaHuy3ckoil [BuaHe, Hemnocpea-
CTBEHHO B6/IM3M 3KBaTopa. A 4To
>Xe fenatb cTpaHam, pacrosioXKeH-
HbIM B CpPeAHUX LWMpOTax, Hanpwu-
Mep YKpaunHe?

Moutn 20 net Hasag HadasicA
rpPaHAMOo3HbIN MeXAYyHapOo4HbI
MPOEKT Mpu y4yacTum YKpauHbl, Mo-
nyumBwuniAi HasBaHue «Cun JIOHY»

(aHrn. Sea Launch — Mopckon

ctapT). WHxXeHepbl pewwmnun: ecnu

CTpaHbl He MMEKT TeppuTopmu Ha

cyLle B6/M3KM 3KBaTOpPa, HY>XXHO 0CYy-

LLECTBNATL 3amnyCcKM pakeT ¢ Mop-  PacronoxeHue 6pasvibCKOro KocMogpoma
CKOli noBepxHocTM. Kak >ke aTa A/kKaHTapa

naes 6blna peanmsosaHa?

MOHATHO, 4YTO ANA pasmeLleHns
KOCMOAPOMA HY>XHa 3HauuTeNlbHas TepPUTOPUSA, MPaKTUYECKU Lesblii uc-
KyCCTBEHHbI ocTpoB. K cyacTbio, MofobHble «OCTpPoOBa» yXke 6binu co3ga-
Hbl, NpaBja, ¢ ApYroii uesbio, — pedb MaeT 0 NjaByyMx nnaatgopmax aas
[06bluM HedhTn co AHa Mopeil. B kadecTBe paKeTbl-HOCUTENA B MPOEKTe
«Cu J1oH4Y» 6bla Mcnonb3oBaHa yKpauvHcKkas paketa «3eHUT» — ofHa U3
Nnyywmnx B mmpe. B pamkax npoekTa 6b1/10 0CYLLLECTB/IEHO 36 MYCKOB.

OfHOBpeMEHHO C Yyuya-

cTMem B «MoOpCKOM cTapTe»
YKpanHcKue creumnasncTsl
paboTasin B yKpanHcko-6pa-
3U/IbCKOM MPOeKTe Mo Co3-
JaHnio MNyCKOBOW NaowagKu
Ha Kocmogpome AnKaHTapa
(tor Bpasunnu, 300 KM oT
akBaTopa). M BHOBb «un3i0-
MWHKOW» MpOeKTa C yKpa-
VHCKOW CTOPOHbI 6blna pa-
KeTa-HocuTenb. Ha  aTtoT
pa3s — «LIMKNOH-4».

PaKeTbl-HOCUTENN YKPAUHCKOTO MPOM3BOACTBA
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Paspen 2. MEXAHVUYECKOE ABVXEHVE

TeMbl peepatoB 1 cOOOLLEHNI

PN

© 0N’

10.
11.
12.

JBOMOLUMA NPUGOPOB A/1S N3MEPEHNSA BPEMEHMU.
Cnoco6bl oTcueTa BpeMeHU. KaneHgapu.
CBEPXCKOPOCTHbIE Moe3aa.

Pekopabl CKOPOCTY CPean XXUBbIX CYLLECTB M CPeAN TEXHMUUECKUX
ycTpoiicTB. CpaBHeHue.

McTopma peKopaoB CKOPOCTU Ha cygax.

McTopusa peKopoB CKOPOCTU Ha aBTOMOGUNAX.

Kaknm 6ygeTt TpaHcnopT éyayuero.

YKpanHa — KOCMMUYecKoe rocysapcrso.

MapcmnaHckasa HaydHasa nabopatopua: mapcoxos «KblopuocuTm».
KomeTa UypomoBa — [epacMeHKO.

BpawiaTtenbHoe ABUXKEHWE B NpUPoLe N TeEXHUKE.

Ponb MafaTHMKaA B n3yyeHUN prU3nveckmnx cBoiicTs 3emnu.

TeMbl 3KCNEepPUMEHTaNbHbIX
nccnenoBaHuin

MN3mepeHne BpeMeHN peaKLUn YesioBeKa Ha BU3yasibHbI cUrHasl.
OnpepgenieHne cpefHen CKOPOCTU OBUXKEHWA 4YesloBEKa BO BPEMS
NPOrynKu.

OnpegeneHne cpefHell CKOPOCTU NoneTa MAva.

MocTpoeHne rpaMkKoB MexXaHWUYecKOro ABMXKEHUS ByMarKHOro
camonieTUKa n onpejeneHne cpegHeil CKOPOCTU ero ABUXKEHUS.
KonebaTesibHble NPOLLECCHI B XXVUBOW NPUPOAE.

Koneb6aTesibHble NpoLecchbl B TEXHUKE.

KonebaTenbHblie MPOLECCHl B HEXXUBOW Npupose.



B3AVIMOAENCTBWE TE/. CUMA

O  Bbl ymeeTe U3MepsTL Maccy Tena, a HayunTeCh M3MepSITb BEC

O  Bbl NOHMMaeTe, YTO ABUXKEHMIO TeNa NPENsSTCTBYET Cuna TPEHNS,
a 6y/eTe 3HaTb, NOYEMy CUNa TPEHNUS — NPUYMHA ABUKEHUS

O Bbl 3HaeTe: 4TO6bI CTaTb HEBECOMbIM, HY>XHO OKa3aTbCA
B KOCMWYEeCKOM Kopa6ne, a y3HaeTe, KakK ctatb HEBECOMbIM
He BbIX0AA N3 KOMHaTbI

O  Bbl 3HaeTe, YTO Ye/IOBEK MOXET MOAHATLCS B HEGO Ha BO3AYLLIHOM
Lape, a CMOXETE paccuymTaTb pasmepbl Wapa, KOTopbIiA NogHUMET
B BO3/lyX MIMEHHO Bac

O  Bbl 3HaeTe, 4TO pblbbl NNABAKOT, & y3HAETE, NOYEMY 1 Kak MiaBaeTt
Mo/IBO/IHAas NofKa
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YACTb I. CUNA. BAAObI CAT

§ 14. ABNEHWNE NHEPL NI

ABTOMOGMW/Ib MUATCA MO LLOCCE, B He6Ge NeTUT NTMUa, Wwap 419 GOyNUHra KaTuTcs Mo JOPOXKKe.
Bnarogaps uemy NpOVCXOANT KaXX0e M3 3TUX ABWXKEHUIA? CylLecTByeT M NPUYMHA UX BO3HUK-
HOBEHUA? Hy)XHO /1 BOOGLLE UTO-TO, YTOBLI NOAAEPKMBaTbL ABVXKEHME? oYeMy CKOPOCTb ABU-
YKEHVS! OHUX TEN M3MEHSIETCS, a iPYrMX — OCTaeTcs Hem3MeHHon? Monpobyem pazo6parbes.

Y6expaaemcsi B TOM, 4TO Tena B3auMOLencTBytoT

B noBcegHEBHOM >XWU3HWU Mbl MOCTOSSHHO MMEEM fAefI0 C pa3/INYHbIMK BU-
famMn gencTBus ogHMX Ten Ha gpyrue. YTobbl OTKPbITh ABEPb, Mbl AENCTBYEM
Ha Hee PyKoOW; MAY NeTUT B BopoTa 6narogaps AeWCTBUIO HOrW; cagsicb Ha
CTYN, Mbl AelicTByeM Ha HEro CBOUM TEJIOM.

B To >ke Bpems, OTKpbiBas ABEPb, Mbl YYBCTBYEM U ee OENCTBUE Ha PYKY;
AelicTBMe MsiYa Ha HOry 0CO6eHHO OWYTMMO, ec/iM urpatb B hyT60/1 60CUKOM;
felicTBMe cTyna He gaeT Ham ynacTb Ha nos. To ecTb fecTBMe Bcerga ABMS-
eTCcA B3aMMHbIM: eC/IM 0AHO Tesio AelicTBYeT Ha [pyroe, TO MU ApPyroe Teno
[JeicTBYeT Ha nepBoe — Tena BlammogencTeyT (puc. 14.1).

Puc. 14.1. MNMpumepbl B3aumogenicTaus Ten

Puc. 14.2. leiicTBue Bcerga sBns-
€TCs1 B3aIMOAEACTBMEM: KTO Obl HUA
TAHYN 3a LWHYpP, ABUraTbes GyayT
06a — 1 MasbuuK, 1 AeBouKa
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7 TlposeanTe onblT. CTOA C TOBapMULIEM Ha
CKeliTax, MOTSAHMUTe 3a LWHYP, KOTOPbIA OH
OepXUT B pykax. KTo u3 Bac HayHeT ABu-
ratecs? [poKOMMEHTUpYyiTe pesynbTar
onbiTa, onupasicb Ha puc. 14.2.

3aeM, Npu Kakux ycrnoBuUSIX Teno

X04MTCA B COCTOSHMM MOKOS

eXkalmnii Ha nosy, HaxoaMTCsA B COCTOSA-
HUW NMOKosi. HO CTOUT TONIKHYTb MSY PYKON —
N COCTOSIHME MOKOS HapylwuTCa: B pe3ysibTaTe
B3aMMOAENCTBUSA C PYKOW MSAY HaYyHET [ABUXKe-
Hve. A B3amMmopelicTBOBasl /1M MsiY4 C YEM-TO



§ 14. fiBneHve vHepUmKn

Puc. 14.3. May HaxoauTcs B Puc. 14.4. NiocTpa HaxoguTcs Puc. 14.5. Haw onbIT noAcka-
COCTOSIHUW MOKOS, MOCKOJIbKY B COCTOSIHUW MOKOS, MOCKO/1b- 3bIBAET: YTOObI TENEXKKA ABUra-
[JeicTBme 3eMny CKOMMNEHCK- Ky fielicTBue 3emn CKOMMeH- Nnacb € NOCTOSAHHOW CKOPOCTbIO,
poBaHo AelicTBUEM nona CUPOBaHO AeNcTBMeM NodBeca  KTO-TO AO/MKEH ee TONKaTb

fo atoro? KoHe4yHO, pga. Bbl xopowo 3HaeTe, 4TO BCe Tesla, Haxogsduwimecsa
B6NM3N 3eMnun, B3auUMOLENCTBYIOT ¢ Hell. U ecnn «ybpaTb» non, 10 nog Aen-
CTBUEM MPUTAXKEHNA 3eMNM MAY cpas3y NpuaeT B ABUMXKeHMe. A Haxo4UTCA OH
B COCTOSHMM MOKOSA MOTOMY, UYTO AelicTBMe 3eM/IM Ha MAY CKOMMEHCUPOBAHO
(ypaBHOBELLEHO) AeicTBMEM Mona.

Teno HaxoAM T CA B COCTOAHUM MOKOSA, eCNv AeNCT BUA HA HEro Apyrux Ten
CKOMIeHcnpoBaHbl (puc. 14.3, 14.4).

Y3HaeM, Npu Kakux YCNOBUSIX TENO ABUXKETCA PaBHOMEPHO MPSMOJSIMHENHO

Bonee 2500 net Hasag ApUCTOTE/b, pasMbiLNAA 0 MPUYMHAX ABUXKe-
HUA Ten, npuwen Bpoge 6bl K MPaBU/IbHOMY C TOYKU 3PEHUA >KU3HEHHOIO
onbiTa, HO OWWMBOYHOMY C TOUYKU 3peHUs (HU3NKU BbIBOAY: ANA nognepXa-
HUSA OBWXKEHWUA Tena TpebyeTcAa MOCTOAHHOE OENCTBME Ha Hero Apyrux Tes
(puc. 14.5). N Tonbko B KoHue XVI B. MNanuneo Manwunein, npoBegsa onbiThbl €O
CKaTblBAHWEM LIAPUKOB MO HAK/IOHHOMY >Xesi06y M 0CYLLeCTBUB MbICNIEHHbIN
aKcnepumeHT* (puc. 14.6), BbIACHWUA, 4YTO Maen ApPUCTOTENSA He MOryT rpa-
BU/IbHO OOBACHUTL MPUYUHbBI OBUXXEHUA Tesl.

v = const vV = const

Puc. 14.6. MbicneHHbIA akcnepumMeHT Fanvnesn. Korga wapuk ckatbiBaeTcs no »enoby BHU3, OH Ha-
GupaeT CKOPOCTh; KOrja LUapyK ABWKETCS BBEPX, €ro [BVDKEHME 3ameaniseTcs. fanuneli 3aganca Bo-
npocoM: «Kak 6yaeT ABUraTbCa LWapuK No ropusoHTaslbHOMY 1aKOMY XKenoby, ecin ero ABVXEHUIO
HU4ero He 6yzet Mewarb?» OTBET BblT HEOXKWAAHHBIM: LWAPUK ByaeT ABUraTbCa C HEM3MEHHOMN CKO-
POCTbIO Kak YrofHO A0Aro (Ha puc.: M0— HayasibHas CKOPOCTb ABVXEHUS; UK — KOHEYHas CKOPOCTb)

* DKCMEepUMEHT B BUAe Pa3Mbll/IEHUA B (PU3NKE HA3bIBAT MbIC/IEHHbIM 3KCMNEPUMEHT OM.
MbICNeHHble 9KCMepVMEHTbI MO3BO/ISAOT 060CHOBaTL MPEANOIOXKEHUS, KOTOpble 3aTeM Moj-
TBEPXXAAKTCS U/ ONMPOBepPraTcs peasibHbIMU 3KCMEPUMEHTAMMU.
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MpoBeaem MbICNEHHbIN 3KCMNEPUMEHT M Mbl. NpeacTaBbTe: Maslb4MK MUYMTCA
Mo O4YeHb A/IMHHOW TOPM3OHTAs/IbLHOW 1efoBoi fopoxkke (puc. 14.7). Ecnn ero
HWKTO He TOJIKAeT U He TAHeT, TO, KaK MnofckKa3blBaeT Hall OMbIT, B KOHLE KOH-
LLOB Masibu4MK OCTaHOBUTCA. py 3TOM BpeMSA ero ABMXXeHNA 6yaeT 3aBUCETb OT
BHELWHNX ycnosuin. Ecnn, Hanpumep, Ha /b4y ecTb Hamep3LWnii cHer, TO MaJslb-
UMK MpoepeT TONbKO 2-3 M; ecnu nep rnagkuii, He 6yayT npegesiom n 20 m;
a ecnim ManbymK HafeHeT KOHbKW, OH MOXET «MpoJsieTeTb» U COTHI METPOB.

Paccy>xgaem panbuwe. [lpeactaBbTe, UYTO «TOPMOXEHUA» HET COBCEM,
a MasibuMK He UCMbITbIBAET HUKAKOro AencTBMA M3BHe. B aTom cnydae B006-
pakaemblii ManbuYnK OyAeT CKOMb3UTb C MOCTOSAHHOMA CKOPOCTHIO MO Boobpa-
>KaeMoW feloBOiA A0POXKKe CKOJSIb YrogHo aonro. IMpu 3Tom gectBme AO0POXKKMU,
KOTOPOe He faeT MasibUMKy «MNpoBannTbCA», N geilicTeue 3eMnum 6yayT ypasHoO-
BelnBaTb (KOMMeHCMPOBAThL) ApPYr Apyra.

YcnoBme ABUXKEHUA Tena ¢ MOCTOSAHHOM CKOPOCTbIO WM3BECTHO B MeXaHUKe
KaK 3aKOH MHepuunn:

Teno ABMXETCS PaBHOMEPHO NPSIMOJIMHEAHO WM HAXOAWTCA B COCTOSIHUM MOKOS
NWLWb TOTAQ, KOrAa Ha HEro He AelCTBYIOT Apyrue Tena wam AeicTBUS Apyrux Ten
CKOMMEHCUPOBAHbI.

3HaKOMUMCS C MHepLMeit

1
dKn3nyecKoe sIB/IEHME COXPaAHEHMUS TesIoM COCTOSAHUS MOKOSA WU paB-
HOMEPHOr0 MNPSAMONMHEAHOro ABWXXEHWUsI HasbiBalT WHepuueid (0T NaTUH.
inertia — HenoABWXXHOCTb, 6e34esATeNIbHOCTbL).

Hepumns — 370 AIBNEHME COXPAHEHMS CKOPOCTU ABWXKEHMWA Tena npu oTCyTCTBUM
WU CKOMMEHCUPOBAHHOCTU AEWCTBUIA Ha HETO ApYrux Ten.

B hm3nke gBm>KeHne Tena B UAeasibHbIX YC10BUAX (Korga Ha Tesfo He Aeit-
CTBYKT Jpyrve Tesa) HasbiBawT ABUKEHMEM MO MHEPLUN.

*B peanbHOCTU HEBO3MOXXHO C034aTb YCNO0BUA, KOrga fercTBue Apyrux Ten
oTcyTcTBYeT. M03TOMY B MOBCEAHEBHOM XXU3HWN ABMXKEHMEM MO UHEPLUMN cUMTa-
I0T c/lyyam, Korga geiicTBme Ha Teno APYyrux Ten foctatodHo c/1abo n go 3ameT-
HOF0 M3MEHEHUS CKOPOCTU CBOEr0 ABVXKEHUS Tes10 MPOXOAUT 3HAUYMTENbHbIN
nyTo (puc. 14.8).

Puc. 14.7. OcTaHOBUTCA NN Ma/IbUMK, ECIN HU- Puc. 14.8. CKOMbXXeHWe Laiibbl No Nbay nocne
uero He GyfeT NPensATCTBOBATL €ro ABMKEHNIO? yfiapa KoLKOM MOXHO CUMTaTh ABMKEHUEM
Mno MHepLun
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§ 14. fiBneHune MHepLUmK

abniogaem pesynbTaT AencTBus
[HOTO Tena Ha gpyroe

6yneT ABuraTbca Tesio, Ha KOoTopoe
OEeNCTBYIOT gpyrve tena v AencTBua 3Tmx
Ten He 6yayT CKOMMNeHcMpoBaHbl? Hanpu-
Mep, KakK 6ygeT gBuratbcs OMNbApAHbIN
wap, Ha KOTOpbl HasieTaeT Apyron wap
M ero ygap HW4YeM He CKOMMEHCUpOoBaH?
Kak 6yaeT aBuratbCs rpys, BUCALWMA Ha
HUTWN, ec/IM HUTb MnepepesaTb U AeNCTBUE
3eman He 6yaeT ypaBHOBELUEHO AeCTBU-
eM HUTM? YTo 6yaeT, ecnu, ABUrasicb Ha
Beslocunege, Bbl MNpekpaTuTe BpawaTtb
negann v Balle f[ercTBMe He byaeT KOM-
neHCMpoBaTb COMPOTUBNIEHNE [OBUXXEHULO
Besnocunena?

B 3TUX M MHOIMX APYrux caydasx Tesia U3MeHSAIT CKOPOCTb CBOEro 4Bu-
>KEHUA: 6UNbApAHbIE Wapbl MONETAT B pasHble CTOPOHbI C pa3HbIMM CKOPOCTS-
Mu (puc. 14.9); rpy3 HayHeT nagaTb C YBE/IMUMBAKLWENCA CKOPOCTbIO; BEIOCU-
neg cTaHeT ABUraTbCA MefsleHHee U HaKOHeL, 0CTaHOBUTCA.

NTak, MOXXHO caenaTb cneaylouwmnii BbIBOA.

Ecnn pelicTBuA Ha Teno gpyrux Ten He CKOMMEHCMPOBaHbl, TO Teno ns-
MEHSET CKOPOCTb CBOEr0 ABVMIKEHUSA MO 3HAYEHMIO WM Hanpas/ieHMI Nmbo
OLHOBPEMEHHO MO 3HAYEHUIO U HaMNPaBIEHUO*,

Nopsogum umtoru

Teno fBUMXKETCS PaBHOMEPHO MPSIMOSIMHEHO UM HAXo4UTCA B COCTOSHUM

MOKOSl TOJSIbKO TOrAa, Korfa Ha Hero He AelicTBYHOT apyruve Tena win pei-

CTBUS APYTUX TesT CKOMMEHCUPOBAHBI.

MHepumss — 370 SIB/IEHUE COXPAHEHUS CKOPOCTU [ABMXKEHUS Tena npu
OTCYTCTBMUW UMM CKOMMEHCUPOBAHHOCTU AEACTBMI Ha Hero Apyrux Ten.

Ecnu pelcTBMS Ha Teno ApYyrux Ten He CKOMMEHCUPOBAaHbI, TO TeN0 U3Me-
HSAeT CKOpPOCTb CBOEro ABVMXKEHMWS MO 3HAUEHUI0 UMM Hamnpas/eHuw N16o no
3HAYEHNIO N HaMNpaB/IEHMIO OfHOBPEMEHHO.

KOHTpO/bHbIE BONPOCHI e - —

1. MpwuBegnTe NpUMepbI B3anMogencTeus Ten. 2. MNMpn Kaknx ycroBrUAX Teso
HaxoAUTCS B COCTOSIHUM MOKOA? OBVIKETCA PaBHOMEPHO MPSAMOSIMHENHO?
3, Kak gBwmkeTcs Teno, ec/in Ha Hero He OeMCTBYHOT gpyruve tena? 4, Oaii-
Te onpegesieHMe MHepumn. 5. UTo NponcxoanT ¢ TesloM, Korga AercTBmsa Ha
Hero Apyrux Tesa He CKOMIMeHCUPOBaHbI?

*  3aMeTuM, YTO NpY B3aMMOAEACTBUN Tenla MOTYT He TO/IbKO M3MEHUTb CKOPOCTb CBOEr0 ABMXKe-
HUSI, HO U AehOpPMUPOBATLCS, TO eCTb M3MEHUTL CBOM pa3mepbl 1 dopmy. MoapobHee o aedop-
MaLumm Ten Bbl y3HaeTe U3 MaTepuana § 19.
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Pasgen 3. B3AUMO/EVCTBUE TEN. CUMA. Yacts

YnpaxxHeHue Ne 14 [ |

1. Bbl cnante Ha ctynie. KakK v CTy/l, Bbl HaxoguUTeCcb B COCTOSAHUWN MOKOSA
oTHocuTenbHO 3eMnun. Kakue Tena gencTByroT Ha cTyn? Kakuve Tena gen-
CTBYIOT Ha Bac? UTo Bbl MOXeTe ckasaTb 06 3TUX AeACTBUAX?

2. Tly3bipek Bo3ayxa BCMJ/bIBAET B 03epe C MOCTOSAHHOM CKOpPOCTbio. YTo aeli-
CTBYET Ha ny3blpeK? ABMAITCA NN 3TU AENCTBUSI CKOMMEHCUPOBAHHbIMI?

B. Mpu Kaknx ycnoBusix tenexkka (cMm. puc. 14.5) aBMXKETCHA paBHOMEPHO
MPAMO/IHENHO? YyBENMUMBAET CKOPOCTb ABWIXKEHUA? YMEHbLUAeT CKO-
pOCTb ABUXXEHUA?

MO>XHO N1 aBMKeHMe BUAbAPLAHOro Lwapa fnocse ygapa cumtartb ABUKe-
HMEM MO UHepuunn? MosiCHNTe CBOM OTBET.

5. B KOCMMYeCKOM MPOCTPaHCTBE HE OT Yero OTTO/IKHYTbCSA, HO KOCMWUYe-
CKVe paKeTbl YCMewWwHOo TaM JieTalT, U3MEHSASA CKOPOCTb CBOEro ABMKe-
HUA. OT Yero «0TTaNKMBAaKTCA» paKeTbl?

6. HanuwwuTte HebosbLIOE COUMHEHME Ha Temy «MoW onbIT, NOATBEPXKAA-
IOWWA B3aMMOLENCTBME Tes» (3TO MOXKET 6bITb Aadke CTUXOTBOpPeHwMe!).
OdhopMnUTeE COUMHEHME HA OTAE/IbBHOM NnCTe, f06aBmB (HOTO NN PUCYHKMN.

7. Bblpa3nTe B Kmnorpammax u sanmiinte B CTaHAAPTHOM BuUe Macchl Test:
a) 5,3 T1;6) 0,25 T; B) 4700 r; 1) 150 U,

8. lMocmoTpuTe BUAEOPONNK. B KaKmMx clodkKetax ABVKEHUe MY/bTUMAnkKa-
LWOHHbIX repoeB MOXHO cYUTaTb ABUXKEHWEM MO UHepummn? FoAcHUTe
CBOW OTBeT.

JKcnepuMeHTanbHoe 3ajaHne - L

«PeaKTUBHOE [IBM>KeHMe». [poBeanTe MbICNEHHbIN aKcnepumeHT. MpeacTaBb-
Te, YTO Bbl, ABUrasicb Ha CKeTe, 6POCU/IN B HANpaB/eHUW, NMPOTUBOMO/IOXHOM
HanpaB/IEHNIO Ballero ABWXXEHUsI, TshKesoe Tesio. Kak U3MEHUTCS CKOPOCTb
BaLLIEro ABVMKEHMA? YTO Mpom30iigeT, ecsiv Bbl 6pocUTe Te10 B Harpas/ieHUn
BaLLIEro ABVKEHWA? MeprneHAMKY/ISIPHO HanpaB/ieHUO ABVXKEHUS? Ecnn ecTb
BO3MOXXHOCTb, MPOBEPbLTE BalUX OTBETbI, MPOBEAsS pPeasibHbli 3KCMEPUMEHT.
e MOXXHO NMPUMEHUTb (U YXKe NPUMEHSIOT) Hab/TloaaemMble SIBIeHNS?

dun3nKa nTeXHUKa B YKpanHe

Hukonali HukonaeBmy boronto6os (1909-1992) — Bbiga-

owmiica GusmK 1 matematmk XX B., akagemuk, OCHOBaTesb Ha-

YUHBIX LUKON HENMHEHOW MEeXaHWKV 1 TEOPETUYECKOl (n3nKK;

pa3paboTan Teoputo CBEPXTEKYYECTU U CBEPXMPOBOAMMOCTH.

Ye B 13 feT ero 3HaHus N0 MateMatvike U (U3NKe MOXHO

6b1/10 CPaBHUTbL C MOMHLIM YHUBEPCUTETCKMM KypcoM. B 19 nieT oH

3alUTAN KaHAMAATCKYI0 Auccepraumio, a B 21 rog nonyyuun Ha-

YYHYIO CTeneHb [OKTOpa MareMaTvkv 6e3 3almTbl aucceprauyn.

B 1913-1950 rr. Hukonait Hukonaeewy >xwun n pabotan B Ku-

eBe. H. H. borono6oB 6bin OCHOBaTENEM U AUPEKTOPOM MHCTUTYTa TEOPETUYECKON (IN3MKM
AH YkpaunHbl (KveB), KOTOpbI W ceiiyac HOCUT ero MM

HauuoHanbHOW akagemumein Hayk YKpanHbl yupexxaeHa npemus nMexn H. H. boronto6osa.



§ 15. NHEPTHOCTb TEJTA. MACCA

BcrnomMHuTE: Bbl 3aX0fUTe B aBTOGYC, BCE MeCTa 3aHsTbl. [JBEPU 3aKpPbIBAOTCS, aBTOGYC PE3KO
HaYMHAET ABWKEHVE, W Bbl AO/MKHBI MPUIOXKNTL YCUKUS, uToObl He ynacTb. CreaytoLias ocTa-
HOBKA — U Bbl CHOBA BbIHYXXEHbI LeNsTbCs 3a NOPyYHU, Beflb aBTOGYC OCTAHOBMCSA A0CTa-
TOYHO pe3Ko. MoueMy YTO-TO «TOJIKAeT» Bac Brepes WM Ha3ag? V13 aToro naparpaga Bbl y3Ha-
€Te, 13-3a KaKoro CBOMCTBA (PM3NYECKMX TeN Bbl OTK/IOHSIETECh HAa3af, Korga TPaHCMopTHOe
CPeAcTBO HaGMPAET CKOPOCTb, W Brepes, — B MOMEHT ero pe3koit 0cTaHOBKM (cM. puc. 15.1).

W, Y3HaeM, YTO Takoe MHEePTHOCTb

HaBepHAKa Bbl BCce uUrpaan B «kBadar». BCNOMHWUTE MOMEHT, Korja Bam
HY>XHO 0Obl/10 Pe3KO U3MEHUTb Harpas/lieHWE UM CKOPOCTb CBOEr0 ABWXKEHUSA:
OCTaHOBMUTbLCS, pa3orHaTbCd, CBepPHYTb. YAaBasiocb /I Bam cAefiaTb 3T0 MIHO-
BeHH0? KoHe4yHO HeT! BamM npuxoaunocb 3a KOro-to LennadaTbCd, genatb [0
OCTAHOBKW HECKOJ/IbKO /IMWIHUX Waros, TpaTuTb Bpems Ha pasber v T. 4.

PaccmoTpum ewe npumep. Korga Bbl urpaete B criopT3ajie ¢ MAYOM, Bawm,
KaXkeTcs, 4TOo MAY, yAapuBLUNCL O MO/, B TOT XX€ MOMEHT OTCKaKuBaeT OT Hero.
Ho aTo He Tak! Ecnu coTorpaupoBaTbh ABUXKEHUNE MSAYA B pPeXMMe CKOPOCT-
HOM (POTOCBHEMKMK, TO YBUAUM, 4YTO COBCTBEH-

HO yAap MsA4Ya 0 Mon A/INTCA HEeKOTopoe BpeMmA
(puc. 15.2).
Boobuwe HM O4HO TeNno He MOXXeT U3MEHUTLb
CKOPOCTb CBOEro [ABWXKEHWSA MIHOBEHHO. [0Bo-
PAT, UTO BCe Tesla «0Ka3blBAKT COMPOTUBIIEHUEY
MonbITKE W3MEHEHUTb CKOPOCTb WX ABUXEHUA.
B thn3mke Takoe CBOMCTBO TeN Ha3blBAKT MHEPT -

HOCTbI0.
iHepTHOCTb — CBOICTBO Tena, KOTOpOe 3a-
KMOYaeTcs B TOM, YTO [/ M3MEHEeHUs CKOpOCTM

[OBWXeHns Tena B pesynbTaTe B3aumogeictema  Puc. 15.1. Mocne Toro kak
Tpe6yeTc;| Bpemsi. TeneXxka 0CTaHOBMAaCh, Ky6uKu
HEKOTOPOE BPEMs NPOOKAIOT
MHepTHOCTb Tena npodasnsdAeTcAa Torga, Kor- [ABVXeHWe. He HanoMm1HaeT nin
Oa Mbl MblTaeMCA N3MEHUTb CKOPOCTb ABUXXEHUA BaM 3TOT ONbIT Pe3Kyt0 OCTaHOBKY

aToro tena (cm. puc. 15.1-15.3). aBTobyca?

Puc. 15.2. Cxematnyeckoe N306paXKeHMe yaapa Msava o riafkuid non: nocne Toro Kak Msy, ABUrasich
C HEKOTOPOW CKOPOCTbLHO (@), KocHyncs nona (6), OH CNAKoLWKMBaETCs, OCTaHaBMBasACh (B), 3aTeM Npu-
o6peTaeT 06bI4HYI0 JOpMy, NOCTENEHHO Habupas CKOPOCTb (f), a y>Ke MOTOM OTCKakuBaeT oT nona (1)
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Pasgen 3. BSAUMOJEVICTBVE TE/I. CUNA. YacTb |

Puc. 15.3. MNpoBeauTe OMbIT M0 0Mnu-
CaHWI0 PUCYHKA.

Teno NoABELLIEHO Ha TOHKOW HUTU, CHU-
3y KTeny npuBsizaHa Takas e HUTb (a).
Ecnu 3a HUTb, NPUBA3AHHYIO KTeny
CHU3Y, TAHYTb MEAJIEHHO, TO B KOHLE
KOHLLOB MOPBETCA BEPXHAS HUTbL ().
Ecnu HWUTb, NpMBA3aHHYIO K Teny
CHU3Y, Pe3Ko AepHYTb, TO NOPBETCH
TOJIbKO OHa — W3-3a MHEPTHOCTY Teno
He ycreeT 3a Bpems pbiBka Habparb
3aMeTHY0 CKOPOCTb U pa3opBsaThb
HWTb, NPVBA3aHHY0 CBEPXY (B)

Al [Hdaem onpeaeneHve macchl Tena

B pe3ynbTtarte 04MHaKOBOro BO34eMCTBUS O4HW Tesla N3MEHSAT CKOPOCTb
CBOEro ABMXXEHUS [0CTaTO4YHO ObICTPO, APYrue — HaMHOro MefsieHHee. Ha-
npumep, 4To6bl C MOMOLLLID Becen npuaatb OnpeAesieHHYH CKOPOCTb JIEFKOW
baifapke, HY>XHO HaMHOr0 MEHbLUE BPEMEHU, YEM L8 NPUAAHUA TaKoW >Ke
CKOPOCTW Ts>Xenow nogke. B Takom cnyyae roBopsiT, YTO slogKa 6osiee MHepT -
Ha, 4yem banpgapka.

MHepTHOCTb Tesl XapaKTepudyetcss (U3NYECKON BEMMYMHOM — MacCCo.
Uem 6onblle Macca Tena, Tem 60/iblle BPEMEHU HYXXHO A1 U3MEHEHUSI CKOPO-
CTW ero ABV>XEHUSA B pe3ysibTaTe 04HOr0 M TOro >Ke BO34eACTBUSA.

I Macca Tena — 37O (pu3nyeckas BeMUYMHA, KOTopas SIBNSETCS Mepoli MHepTHO-
CTW Tena.

Maccy Tena o603HayatT cumBoaoM T. EgnHuuya maccel B CU1 — Kuorpamm:
[fTN]=kr. m

Kpome kunorpamma Mcnosib3ywT TakxKe gpyrve eAuMHMLbl Maccbl, Harnpwu-
Mep TOHHa (T), rpamm (r), MuaaurpamMmm (Mmr):

11 =1000 Kkr
1r =0,001 kr
1mr=0,000 001 Kr

Macca — 3TO0 ogHa 13 0CHOBHbIX eanHuy CW, noatomy ANd Hee CYL,ECTBY-
eT 3TasIoH.

Me>XXayHapoaHbIi 3TafioH Kuaorpamma 6bin co3gaH B 1880 r.*; ero mcnosb-
3yl0T U ceiiyac. ITasnioH KuorpamMma — 370 LWAWHAP, N3F0TOBMEHHbIW 13 cnfa-
Ba niatuHbl 1 npugmsa (puc. 15.4). Macca unnmHgpa — poBHO 1 Kuaorpamm.

x CHavana B KayecTBe 3TasioHa Kunorpamma 6bi1 NPUHAT 1 1 YMCTOM BOAbI NPV TemnepaTtype
0K0/10 +4 °C. OHaK0 TaKol 3TanoH 6bi/1 04eHb HeyA06HbIM.
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§ 15. MHepTHOCTL Tena. Macca

0 39 Mm

Puc. 15.4. MexayHapoHblIli 3Ta/IOH K1unorpaMma: a — pasmepbl; 6 —eycnoBuns XxpaHeHus

MeXXayHapoaHbli 3TasloH Kuaorpamma XpaHmutesa Bo dpaHuuu, B Mexay-
HapogHOM 60p0 Mep M BECOB, pacnosiokeHHoM B I. CeBp (MpegmecTtbe Mapuxa).
OTasiIoH foCcTalT U3 XpaHunuu,a He 4yaule ogHoro pasa B 15 net. B YKpauHe,
B HauuoHanbHOM Hay4yHOM UeHTpe «/HCTUTYT MeTposiornm» (r. XapbKoB),
XPaHUTCSA rocyfapCTBEHHbIN 3Tas/lOH eAVHULbI Maccbl 1 Kr.

0] MW3mepsiem maccy Tena B3BELWMBAHUEM

Kpome wHepTHOCTM nwboe dum3nyeckoe
TeNI0 MUMeeT TakXXe CBOWCTBO MPUTATMBATbCA
K Apyrmm Teniam 6narogaps rpasnT auuMoHHOMY
B3anmogencTBmio *. KakK Bbl Yy>Xe, BO3MOXHO,
poragannce, Mepoii rpaBMTaLMOHHOIO CBOMCTBa
Tena Takxke siBNseTcA macca.

MMeHHO Ha rpaBMTaLMOHHOM CBOMCTBE Ten
OCHOBAH CaMblii pacnpocTpaHeHHbIW cnocob us-
MepeHus maccbl — B3BewmMBaHuMe (puc. 15.5):
Yem 60s1bLLIE Macca Tena, Tem CUJIbHee OHO MNpwu-
TArMBaeTCcA K 3eMsie U NO3TOMY CU/IbHEE OaBUT
Ha BeChl.

MoppobHee 06 M3MepPEHUM Macc Tesl B3BELUU-
BaHMeM Bbl y3HaeTe MNpW BbINOSHEHMU nabopa-
TOpHOW pa6oTbl Ne 6.

3HaeMm elle 06 ogHOM crocobe

MepeHusa mMacchbl
Puc. 15.5. B3BelumBaHue —
Tesla MOXXHO TaKXXe WU3MepUTb, OCHOBbI- [APEBHENLNI 1 cambili pacnpo-

BasACb Ha WMHEPTHOCTU Tes. MocTtaBum e Te- CTpaHeHHbIVI cnocob N3MEepPEHNS
JIEXKKN CO CXKaTbIMU MNpy>XMHaMWU Ha r1agkKyro MaccChbl Ten

Moapo6Hee 0 rpaBUTALMOHHOM B3aMMOAENCTBUN Bbl y3HaeTe U3 matepuana § 20.
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