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LNIOPOTUE [iPY3bA!

B sToM y4uebHOM rosy HauWHAETCSH Ballle NyTeIecTBHe IO MHUPY HOBOM AJis
Bac Hayku — (usuku. Ee HasBaHuWe NpPOUCXOAMT OT rpedeckoro cjiosa physis,
UTO BHAUUT «IIPUPOJA».

Bac o)XupaeT MHOIO MHTepeCHOro, Bbl OyaeTe BHHMaTelbHO HabmoaaTe fB-
JleHusi TpUpOAbI, ITPOBOANTE HACTOSAIIHE HAYYHbIe 3KCNEPHMEHTHI H HA KayKJIOM
VPOKe zesaTh coDCTBeHHBLIE MaJleHbKUe OTKpPBITHSA.

Ha 3ToM nyTH BCTPeTATCH He TOJBKO XOpPOIIO H3BeCTHBIEe H3 KypCa Npupoao-
BegeHHHA NOHATHA dtQ)HSH‘IECROE TeJiIO» U «BellleCTBO», «aTOMBI» H «MOJIEKYJIBI»,
«audysusi» U «arperaTHOe COCTOAHHE»,— HO W MHOI'O HOBBIX, ellle He H3BeCT-
HBIX BaM.

Hu onHO HacToslllee nyTerecTere He OblBaeT JlerKHM, HO CKOJIBKO HOBOI'O BBI
y3HaeTe 00 okpy»kamilleM Hac Mupel U riaBHBIM NOMOIMHMKOM B 9TOM CTaHeT
yueOHMK, KOTOPBIH BEI JIepKUTe B pyKax.

ByjabpTe BHHMATENBHBIMH U HACTOMYHBLIMMH, H3y4Yas cojeprKaHWe KaXXJoro
naparpadga. M1 Torga BaM yiacTes NOHATH CYTh H3JIOMEHHOI'O MaTepHAJIa U MpH-
MEeHHTHL NoJIyueHHbIe 3HAHUSA B HOBCE}.IHEBHOﬁ JHHU3HH.

ObpaTiTe BHUMaHUE Ha TO, YTO KaXXAblil naparpad saxkanuupaeTcH pybpura-
vu: «ITopBoguM mTOorn», «KOHTPOJLHBIE BONPOCKH», «YHparHeHUsA», «IKCNePHU-
MeHTalbHbBIe 3aJaHUAY. HJ’IH yero OHM HYXHbBI H KAK HMH HOHWDBBTBCH?

B pybpuke «[logeopuM uTOru» JaHbl cBeleHNH 00 OCHOBHBIX NMOHATHAX U AB-
JIEHUAX, ¢ KOTOPBIMH BBl HO3BHAKOMHJINCHL. Diaropaps el BBl MMeeTe BO3MOMK-
HOCTE ellle pa3 oOpaTHThL BHMUMaHUe HA IVIABHOe B M3y4YeHHOM MaTepualie.

«KouTposbHbBIe BONPOCHI» NOMOTYT BBISCHHUTB, MOHAJHN JIH Bbl MaTepHall WJIK
yTo-T0 ynycTuau. Eciim BBl cMOMeTe OTBETHTH Ha BCe BOMNPOCEL, TO BCe B [0~
panke. Eciu jXKe Ha HeKOTOpBIE BOIIPOCHI BBl HE 3HaeTe OTBeTa, NPHUAETCS CHOBA
BEPHYTLCH K TeKCTy Naparpada, u oTBeT HaljeTcs.

PyOpuxa «YnpaXHeHns» cejlaeT Ballle IyTelnecTBHe B yAHBHTEJIbHBIH MHD
GOUBMKH ellle MHTepeCcHee M NOTIOJHHT BaIIK 3HAHHUSA. 3a/laHudA 3Toi pybpuku mox
CHIY KaXXJOMY, OJIHAKO HYIKHO NOMOSI'OBATE U TIPOABHTH COOOPa3uTebHOCTE.

3apasusi u naparpadnl, ofo3HaYeHHEBle 3Be3A04KOH (¥), NpeagHa3HAYEHEI
NJIA TeX, KTO HEe INpPHBLIK OCTAHABJIMBATHCH Ha JOCTHIHYTOM H Xo4eT y3HaThb
Honbrne.

" (usnKka — HayKa 9KCOEPHMEHTaJlbHAS, NMOTOMY M B HallleM yuyeOHmMKe Bac
HAYT «IKCnepuMeHTalIbHEIe 3ajnauusi» U JabopaTopHble paborbl. Ob6szaTesbHO
BLINIOJIHATE WX — W BBl HAYHETe JIy4Ille NOHNMATH U JIOOUTE (PH3UKY.

MarepraJibl, [peAJiOKeHHBIe B KOHIE KAMAOI0O pasjella noj pybpukaMu
«IlogeoguM uTorm paspena» u «TecT jnsA camMonpopepKu», OyayT NOJIe3HBEl BaAM
IIpH NOBTOpPEHHH BBIYYEHHOTO UM MOATOTOBKE K KOHTPOJILHOH paboTe.

Jlnsa Tex, KTO XodeT GoJbIne y3HATH O PAa3BUTHH (PU3HUYECKOH HayKH H Tex-
HUKH B VKpaWHe W MMpe, O BBIAAIOIIUXCH ydYeHBIX-(huU3NKax, HalijeTcs HeMaJio
HHTEepPecHOI'0 W II0JIe3HOr0 B pyOpUKax «JHIMKJIIONeAnyecKasd cTpaHuna» u «Pu-
3MKA U TeXHHKA B YKpawHe».

CuacTiimBoro NyTH, H NYCTh BaM BO BCEM CONYTCTBYeT yzaual
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§1. OU3UKA — HAYKA O NPUPOJE.
OU3SNYHECKUE TEJIA U ©U3UYECKUE ABJIEHUA

m Ewe 6 znyboxoii dpesnocmu nwodu navairu cobupame ux@opmayuro o6
okpycalouwem mupe. Kpome obviunozo nwbonvimemea, anmo Obllo 6bl36aHO
npaKmuyeckumu nyxcdamu. Bedv, nanpumep, ecau snaews, Kax noduame
u nepemecmumo MarHeible KAMHU, MO CMONCEULL B036ECMU NPOYHBLE CMe-
HblL U nocmpoums oM, JHume 6 Komopom yoobree, wem 6 neuLepe uiu 3em-
AAHKEe. A eClu HAYYUULLCS 6bINJIABAAME MEMANAL U3 PYO U U320Ma6u-
8amb NJiyzu, Kocol, MONopwvl, opyHcue u m. n., CMOMeWb AYyuLe 8Cnaxams
none u noaywume Oonee 6bLCOKUL Ypoxcail, a 6 cayiae onacHocmu cyme-
Wb 3aULUMUNb CE010 3EMII0.

B dpeenocmu cyujecmeoeana moavko o0na nHayrka — oHa o0wedunsi-
Jla 6ce 3Hanus 0 npupode, KOMOPLLE HAKONUAO K MOMY 6PeMEHU Yesoseye-
cmeo. B nawu 0nu ama Hayka HA3bLEACMCA eCMecme03HaHueM.

Yanaém o pusuyeckoi Hayke

C TeuenueM BpeMenu 06BE€M HayuHBIX 3HAHMIT 06 OKpPYIKAIOIeM MHpe HeH3-

MepHMO YBeJIHYHJICH, M eCTeCTBO3HaAHHe pasfesInJyiocs HA OTlleJIbHELe HAYKH — 6]‘10‘
JIOTHIO, XUMHIO, ACTPOHOMHIO, Meorpadmiio n psaa apyrux (puc. 1.1). OgnHoit U3 yacTei
eCTeCTBO3HAHUSA siBJIfieTcs (usuka. Bnarogapst nocTHReHUAM (PH3UYECKOIT HAYKH
YeJIOBEYECTBO ODNafaeT YHUKANBHBIMM 3SHAHUSAMU O CMpyKkmype u noeederuu
camulx pa;mooﬁpu;mm.r o0eeKmoe — oOT I'MraHTCKMX 3Be3a 0o MeJbuaImmux qac-

»
AcTpoHoMUS

Ouznka, xumus, reorpadus, Guonorns GepyT CBoe HaYano oT eCcTeCTBO3HaHNSA



§ 1. ®u3anka — Hayka o npupoge. Ouznyeckue Tena n Gpusnyeckue ABNEHUA

THI| BEI]eCTBA — ATOMOB W MOJIEKYJ. OTH 3HAHHS
CTaJIN OCHOBOH IJIf CO30QHUS HOBbLX MEeXHON02Ull
u npubopoe, KOTOPble IOMOralOT B paboTe BpauaM U
CTPOUTEJIAM, Ny TellleCTBeHHHKAM H 3eMJIeIebIlaM,
obJIeryaioT Hally MOBCEMHEBHYIO JKH3Hb, OTKpPBIBA-
10T OBICTPBIA AOCTYII K BanacaM uH(popManumu, Ha-
KOIIeHHBEIM 4YeJlIOBeueCTBOM H T. II.

Yrobbl NMOHATH, KAK AAJeKO IIarHyJo BOepes
yeji0BeYecTBO, JOCTATOYHO CPABHHTH YCJOBHA MOP-
CKMX Iy TernreCTBUIT B 1TyGOKOil [PeBHOCTH U B HAIIIH
man (puc. 1.2).

B omimume OT JpeBHerpedYeCKUX IapyCHUKOB,
kopabss XXI Beka uMeeT deéuzamenv W He 3aBUCHT
or npuxotTeil BeTpa. CoBpeMeHHBIII KanuTaH UMeeT
noppobHyI0 KapTy paiiona mnasaaus. Ero cypsO
ocHAILeHO cnymuukosoi cucmemoie GPS, bnaronaps
KOTOpOii eMy BcerZla M3BeCTHBEI MeCTOHAXOMIeHHe
u Kypc. Conap — yCTPOUCTBO ANA 30HAHPOBaHUA
MOpPCKOIO JHA — UIpeaynopejuT KaMuTaHa O NOJ-
BOAHBIX cKaJiaX u pudax, a padap — 0 HAJBOJHBIX
onacHoCTAX (alicheprax m Apyrux cynax) B yCJIOBH-
AX MIOX0N BuaAMMOCTH. B cnyyae aBapumn KanuTaH
BCerzia MOYKeT BBI3BATH ITOMOLLL IO paduo.

O‘IEBH,I[HO, 4YTO € COBpeMeHHbLIM OCHAILEHM-
eM OCYIIeCTBJATH MOPCKHe NyTelecTBHA CTaJo
pamHOro Oesonacuee. A Beab 6ce amu npubopet,
Mexanusmul u yempoiemea cozdamnvi Grazodaps
ananuto zakonoe usuru (puc. 1.3), K H3yYeHHIO
KOTOPOIl BBI celivuac NpHCTyHaeTe.

BbifAcHAEM, U3 Yero cocTromT
OKpyXawowmn mup

Bce, uT0O HAC OKpyaeT, yieHble HA3BIBAIOT
MaTepHei. YCIBIIaB CJIOBO «MaTepHi», MHOTHEe U3
BAC NIPeACTABIAIOT cebe KaKkylo-TO TKaHb — Ha-
npumep axxuHCOBYI0. HO Asa QU3HKOB 9TO NOHS-
THe HAMHOI'O rmupe. Ty MaTepuio, KOTOPYIO MOXKHO
BOCHPUHATE C NOMOLILI0 HAIlINX OPraHOB YYBCTB
(Eanpumep, NoIlynaTh), HA3ZBIBAIOT BelleCTBOM.
BelljeCTBO — 3TO U MeTAJLJIEL, B ILJIACTHKY, H Jepe-
BO, ¥ BO32yX. O CTPYKType u CBOMCTBAX BelleCTBa
BLI y3HAeTe, M3y4MB paslien 2 sToro ydeOHHKA.

OnpegeneHHas YyacTb NPOCTPaHCTBa, 3aHATasA Be-
WeCTBOM, Ha3biBaeTcs GU3NYECKUM TeNOM.

Tax, pusHUIeCKHMH TeJIAMH SBJIAIOTCH JI00BE
OKpyKamolllue HAC NpeAMeTH: DPYYKa, TeTpajb,

JpeBHerpeyeckuin repoi
Opuccen gonrve rogbl He Mor
BEPHYTLCA Ha poaunHy. MNpu Kaxaon
HOBo# nonuiTke 6ypn 3abpacuiBana
ero kopabnv B HEU3BECTHOE MECTO.
Kanutax coBpemeHHoN AXTH A0~
craeun 6l aHTUYHOTO repos AoMON
BCEro 3@ HECKONbKO gHen

Bnarogaps 3HaHuIO
32KOHOB OU3NKK CO3[aHbl TEXHW-
Yyeckue CpefacTea, No3eonsume
33 CYMTAHHBIE CEKYHbl CBA3aTLCA
¢ moboi Toukon mupa




Pasgen 1. HAYMMHAEM U3YYATb OU3UKY

Puc. 1.4, Tpumepsl pr3nueckmx Ten

cTon, ABepb ¥ T. . Yesnosex, nepeBo, obnako, ConHue, 3eMiisi — 3TO TOXe NPH-
Mepsl (pusuueckux Ten (puc. 1.4).

B XIX croneTny yueHble YCTAHOBHIIH, UTO KpOMe BelleCTBa CYILLEeCTBYeT elle
OIMH BUJi MATEePUH, KOTOPLIA HEBO3MOYKHO «MNOIIYNaTH». JTOT 0COObIT BUJ mMaTe-
pun HasbiBaeTcsa nojem. C noMoIbio noisi — HesUOUMbLX JNeKMPOMAZHUMHbLX
60JIH — MBI MMEeM BO3MOYXHOCTEH CBSSBIBATBCH CO CBOUMH COODECeNHMKAMHU IO
MOOMIBHOMY TeJiehOHY, KAIMTAH KOpablf — 3aIpocuTh CNYTHHK O KOOPAMHA-
Tax cpoero cyfiHa. C nomMoisio nojoGHLIX BOJH paboTaioT pajuo U TelleBHAEHKe.
Eiie OfIHMM NPUMEPOM 3JIEKTPOMATHUTHOTO NoJjs siBjasercs ceem. C HEKOTOPHI-
MM CBOIHCTBAMM CBeTa BBl MO3HAKOMUTECH NPY M3Yyu€HUU paszaena 3.

@ BcnomuHaem 0 PManuecKknx ABJIGHMAX

Mamepus 60Kpyz Hac NOCMOSHHO usmensemesn. HeKoTopele TeJia nepeMeria-
IOTCH OTHOCHTEJILHO APYT APYyra, Y4acTh U3 HUX CTAJKMBAIOTCA M, BOBMOXHO, paspy-
INAIOTCH, U3 OHUX TeJl 00pasyiores jpyrue... [lepedens TAKUX U3MEHEHUH MOMKHO
NPOJOJIKATE M NPOAOJIPKATEL — HelapoM elle B riybokoii ipessocTi (uiiocod I'epak-
st 3aMeTII: «Bee Teuet, Bce MenseTcA». VaMeneHUs! B OKPY>KalollieM HAC MEpE, TO
€CTH B NIPUPOJIE, YUEHBIE HA3bIBAIOT CIIEIUMAJIEHBIM TEPMUHOM — SABJICHUA.

MpyMepbl NPUPOAHBIX ABNEHWIA



§ 1. ®usuka — HayKa o npupoge. Onsnueckne Tena n prUsnueckne ABNEHUA . -

¥ NageHne Kanens —
MEXaHUUECKWE ABNEHUA

Puc. 1.6. CnoxHOE NPUpOoAHOe RBREHNE — FPO3Y MOXHO NPEACTaBUTb KaK COBOKYNHOCTL LENOro paaa
GUBUUECKNX ABNEHNIA

Bocxon u sakar CosHpa, CXolf CHEXXHOU JABHMHBI, U3BepXKeHHe BylKaHa, Oer
JIOLIAMM, NPBIKOK NAHTEepHl — BCe 3TO NpPUMephbl IPHPOAHSLIX sBJenwii (puc. 1.5).

Yrobel JIyyine MOHATH CJOMKHBIE NPUPOAHBIE SABJIEHHUA, YUeHblIe pasAesisiorT
X HA COBOKYMHOCTH (DM3MYECKMX SABJICHWUH — SA6JCHULL, KOMOPblLe MONCHO Onu-
camb ¢ NOMOWbIO (PUIULECKUX 3AKOHOE.

Ha puc. 1.6 noxasasa cOBOKYNHOCTH (MM3WYECKHX SIBJIEHMI, 00pasyommx
CIIOMHOE TIPUPOAHOE siBJleHne — rpody. Tak, MONHMA — OrPOMHBIH 3JIeKTpUYec-
Kuii paspsjl — npeacTasiisieT coboii anexmpomazrnummuoe aénenue. Ecim moi-
HUA MONazeT B AEpPeBo, TO OHO BCOBIXHET U HAYHET BBLIAEJIATH TEMJO — (PU3HKH
B TAKOM CJIy4dae roBopHaT O mennosom sejeruu. I'poxoT rpoMa U noTpecKkuBaHue
IBIIAIOLIEr0 JepeBa — 36YKO06bie AGNEHUSA.

ITpuMeps!l HEKOTOPHIX (U3NUYECKHUX ABJEHMII npuBejeHbl B Tabmuue. Barns-
HUTe, HANPUMED, HA NEPBYIO0 CTPOKY Tabnuibl. YTo MokeT ObITH 00IIEr0 MeXXAY
HOJIETOM pPaKeThl, NaJleHHeM KAMHA U BpalleHueM Lenoil nnaHeTel? OTBeT nNpocT.
Bce mpuBeeHHBIE B 9TOI CTPOKE IPUMEPBl ABJEHHUI ONUCBIBAIOTCS OJAHMMM
¥ TeMHM JKe BaKOHAMU — 3aKOHaMUu Mexanuyeckozo dsuxcerus. C NOMOIIBIO 9THX
38KOHOB MOYKHO BBIYMCJHTE KOOPAMHATEHL JII0Ooro ABMkyllerocs Tena (6yae To
KaMeHb, PAKeTa UJM NJaHeTa) B 000l nHTepecyUi HaC MOMEeHT BPEMeHU.

Duanueckne SBNeHnA ' npumepu
Hone'r KeThl, NajleHHe KaMHHA Bpame:me Bem-
MexanuyecKue pa i ’
| JTH BOKpYT Connua
| Benbimxa MOJIHHY, CBeYeHHEe 3ne1{'rpmecr.on
OnTHueckue ;
| JaMIIouKH, CBeT OT IJIAMEHH KoCTpa
I' Taauue crera Harpmje MTALLHA cmpamde TOm-
Tennossle 1 T,
5 JUBA B IUIMEADE JABUTaTeNs
SByRonme | 3BYR KOJIOKOJIA, NTHIbE nenme, rpoxo’r rpoma
Paspsa MOJIHUH, 3JIeKTPH3AIHA BOJIOC, SJIEKTPH-
OeKTpOMArHUTHbBIE | DA ’ RRRE ? KTP

; i yecKas ayra



EJ | Paznen 1. HAYUMHAEM U3YHATb OU3UKY

- MpyMEepbI INEKTPOMArHUTHBIX SB/IEHUIA

Kaxaprit U3 Bac, CHMMas CBUTep WJIM pacuecbiBas BOJIOCHI ILJIACTMACCOBBIM
rpebHeM, HapepHaKa oOpalilan BHHMaHHe Ha MOABJIAIIHECH [IPH 9TOM KpPOXOT-
HBIe HCKPBL. W 9TH MCKPBL, M MOIYyUHii paspsiji MOJIHHH OTHOCATCH K OAHHM H TeM
e INCKMPOMAZHUMHBLM AGNEHUAM W, COOTBETCTBEHHO, MNMOJYMHAIOTCH OXHMM
U TeM dke 3akoHaM. IT09TOMY aJisi M3yUYeHHS] BJIEKTPOMATHMTHBIX SIBJIEHMIT He
CTOMT JIOMKHJIATHCSH I'PO3bL. JIOCTATOYHO M3YUHTH, Kak BeayT cebsa GesonacHble uc-
KOPKM, YTODBI NOHATE, Yero cjelyeT MKAaTh OT MOJHHHM M KaK n30eXKaTh BO3BMO-
HOiI onacHocTH. Briepsble TaKue HCCJIeAOBAHMS NPOBeJ] aMEPHKAHCKME yueHBIH
B. ®pankaun (1706—1790), koropeni nzobpen sddexTHBHOE CPEUACTBO 3AIHTHI
OT I'PO30BOIO paspsia — MOJHUEOME00.

Wsyune (usuuecKue SBJIEHWH N0 OTHEJBLHOCTH, Y4eHble yCTAHABIMBAKIOT HX
szaumocensy. Tak, paspsan MOMHUM (3JIeKTPOMATHHTHOe fABJIeHNHE) 00A3aTENIHHO CO-
IPOBOMKIAETCH 3HAUNTe ILHBIM TOBBIIIIEHHeM TeMIlepaTypbl B KaHaJie MOJIHMK (Ter-
noeoe siBneHne). McenenosaHue 9THX SABJIEHUII B MX B3aHMOCBS3H TO3BOJIMIIO HE
TOJILKO JIydife TOHATH MPHPOJIHOe ABJIEHHe — TPO3Yy, HO M HAWTH IYTh npaxmuie-
CK020 NPpUMEHEeHUS BJIeKTPOMATHHTHBIX M TelJIOBBIX sBJeHwil. HaBepHAKA KaiK-
[BIE 13 BaC, MPOXOAs MHMO CTPOMTENILHOM IUIONIANKHY, BHEJ pabouux B 3all{UT-
HBIX MACKAX ¥ OCJIeNHTeNbHbIe BCIOBILIKK 3JIeKTPOCBAPKHN. dnekmpocéapka (cnocob
Coe{MHEHNS MeTaJLUIHYeCKHX JleTasleli ¢ IOMOIIBIO DIeKTPHYeCKOro paspsina) — 9T0
¥ eCTh NpUMep NMPAKTHYECKOI'0 MCTOJIB30BAHKS HAYYHBIX MCCJIeI0BAHMIL.

@ Onpepgennem, 4TO e usyvaer pusnka

Ternieps, KOrma Bbl Y3HAJM, 9TO cODOM NPeACTABIAIOT MaTepus u (u3uyec-
KHue ABJIeHMHA, NPUILJA Nopa onpefelIuTh, YTO JKe ABJISAETCH NpejMeToM H3yde-
HUA PU3HKK. DTa HAyKa MBY4aeT: CTPYKTYPY M cBOMCTBa MaTepuy; (puanyeckue
ABACHUA M MX B3aHMOCBA3b.

@ nopeopvmuToru

OxpysKaoIiit Hac MUP cocTonT 3 MaTepuu. CylllecTByeT JIBA BHlla MaTe-
puu: BellleCTBO, U3 KOTOPOI'O COCTOAT Bce (PU3MYECKHe TeJia, U TOJE.

B Mupe, KOTOpBIi HAC OKPYKaeT, NOCTOAHHO MPOMCXOAAT N3MEHEHHSH. It
H3MEeHeHUS HASBIBAIOTCHA ABJICHUAMH. TellJIoBEIe, CBeTOBble, MeXaHHYeCKHe, 3BY-
KOBBle, 3JIeKTPOMAIHHTHBIE SBJIEHHS — BCe 3TO NPUMepPhl (DH3WYECKHX SIBJICHUIA.
ITpenmeT usydenus (PUBHKH — CTPYKTypa U CBOHCTBa MaTepHH, (DH3HYECKHe SB-
JIeHUSA ¥ UX B3aUMOCBA3E.
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Na6oparopxana pa6ora N2 1

@ KonrTponpxbie BONpochbl

Yro msyuaer usnka? ITpuBeguTe mpumepsl (PHU3MYECKHX SHABJE-
HHIA. MosxkHO M CUMTATE (DHU3HUYECKMMH ABJEHHAMH COOBITHSA, KOTO-
phi€ IPOMCXOAAT BO CHE MJIM B BOOOpaskeHnu? M3 KaKHMX BelIeCcTB CO-
CTOSAT Clenyolue Tea: yyebHUK, Kapaupaal, GpyrbosaeHbIi MA4, CTaKaH,
aBTOMOGHIIB? Kakue ¢usuyeckue Tena MOryT COCTOATH M3 CTEKJIA,
MeTaJL1a, AepeBa, IJIAcTMacChi?

JIABOPATOPHAA PABOTA N2 1

Kabuser pusnku n ero obopyaosanue. IlpaBuiia Ge3onacHocTH 1Mpu pa-
fore B KabuHeTe (PUIUKU.
03HAKOMHUTHECH ¢ obopynoBanueM KabuHeTa ¥ M3Y4YUTH tpaBuya Gesonac-
HOCTH IIPH ITPOBeeHNH NabopaTopHbIX paboT.
npubopsl M YCTPOMCTBA, MMEIIHecs B KabMHeTe; MHCTPYK-
M 110 6e30IacHOCTH JIA Kabuuera YU3HKH.

YKA3AHUA K PABOTE
[IpounTaiiTe HHCTPYKLHIO 110 6e30macHOCTH /i KabuHeTa (PH3NKH.

JlaiiTe OoTBeTHI HA CJEAYIOLHE BOIPOCHL.

a) HauneTte Jin BBl IPOBECHUE OMbITA, €CJIM He 3HAETE MNMOPHAKA €ro IpoBee-
HUA 1 TpeboBauunit 6ezonacHocTu?

6) Morxno s npukacatecs K npubopam, KOTOpbIE CTOAT Ha Bamem pabouem
crose, 6e3 paspeleHus yynuTenn?

B) Mo¢Ho Jiy, ycJbllIaB 3BOHOK € YPOKa, nokuaars pabouee mecto 6e3 paspe-
HIEHUS YUnTeNns?

r) Kak meobxoaumo ieficTBOBATE, €CJIM BAII OJJHOKJIACCHHK NOJYYHJI TPABMY
BO BPEMs BBIIIOJHEHNS ONbITA?

Ilop pyKOBOACTBOM VUMTENH 03HAKOMBTECH C 0DOpyZOBaHHEM KabuHeTa (PM3HKH.
ChopmynupyiiTe IIpaBuia MOBEEHNs YUYEHUKOB B KabuHere PU3NKH.

Du3nka n TexHmKa B Yxpanse

MNepewiit Nnpe3vaeHT Akagemuy Hayk YkpauHol Bnagumup UBaHoBud
BepHagckmin (1863—1945) 6bin ofHMM U3 NOCNEAHUX NPUPOAOBEOB —
YUYEHbIM, KOTOPbIl Clenan BECOMbIA BKNAJl CPa3y B HECKONbKO HayuHbIX
HanpaeneHwin. Bonee Toro, akagemvik B. . BepHaackvii He Tonbko pas-
BMBan M3BECTHbie HayyHble HANpPaBNeHWA, HO U CTan POAOHaYanbHUKOM
HECKONbKMX HOBbIX HayK, HanpumMep 6uoreoxmmun. CerogHa mHoOrue us-
BECTHHIE MeXayHapoaHble OpraHu3aluu B CBOMX NPOrHO3ax paseuTus
YesIOBeYEeCTBa ONUPAKNTCA Ha KOHLUENUVI0 NMOCTOAHHOIO Pa3BUTWA, KOTO-
pan asnaeTcA npopomkenvem unen B. U. Bepraackoro. CyTe KoHuenuywu
MOCTOAHHOIO Pa3sBUTKA 3aKJIHNYAETCA B TAKOM Pa3sBUTUM O6LECTBa, YTO6 OT NOKONEHUA K NOKO-
NEHMII0 HE YMEHbLIANWCE KauecTBo U 6e30NacHOCTb XKU3HU NIOZEN, He YXYAWanoce COCToAHKe
OKpY»aloLien cpeabl 1 NPONCXOAUN COUManbHbIA Nporpecc.
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- . Pazpen 1. HAMUHAEM M3YYATb OU3NKY

§ 2. HAYYHbIE METOAbI U3YYHEHUA NPUPOADI

B Bu 6ce ewe ouverv mono0dvl, 00HAKO Y 8acC umeemcs onpedeneHHblil obeem
3unanuil. Hanpumep, 6b. camocmoamenvho u yxie 00801bHO a6HO YCMAaHo-
BUNU, YIMO NOHCKQA, €CNU ee CAYHAlHO YpoHUMb, 06s3amenvHo ynadem 6HU3,
a ne yempemumcsa éeéepx. Ho yeepenvL au 6bt, WMo 6ce U3 Mo20, YIMo 6bl 3HA-
eme, ssaaemcs npasunvhuim? B dannom napazpage ev Hailideme omeem
Ha 80Npoc: KaKum o0pasom yieHvle NOAYLalom HOBble SHAHUA.

Puc. 1.8. lnvHa 060UX OTPE3KoB
opvHakoea. B atom nerko ybeauib-
CA C MOMOLLBIO NINHENKIW

Pue. 1.9. NMinboe npenckaszanve
Teopuu JOMmKHO BT NoATEEPXKAE-
HO ONbITOM

M W2

o YcranaBnvuBaem oTAMYMA Mexay
HabnwgeHNAMMN 1 SKCNEePVIMEHTaMM

OcHoBHOI# 3aj1aueil yUeHBIX-(OU3UKOB ABJISA-
ercs IpoBefieHre (PU3MYECKUX MCCIIeIOBAHMIL.

Ouanyeckoe wWccnegoBaHue — 3TO LUeneHa-
!‘IpaBIIEHHOE u3yuenme TOTrO N MHOTO ABNEHWA
cpeacTBamun GU3NKN.

ITepeeiM aTamoM (U3HYECKOr0 HMCCIIEIOBAHUA
ABJgeTcsa Habiwoaenue,

Habnogenune — 310 BoCcnpuaTMe npupogbl C ue-
Nbl0 NONYYEHWA NEPBUYHBLIX AAHHLIX ANA Aanb-
Helwero aHanu3a.

Ecym pesynbTarsl HaOMIOIEENIT IOBTOPHIOTCS,
TO MCCJIEJIOBATENBb JiesaeT 8bigodul. IlpuBenem mpu-
Mep TAKOr'O BBIBOZIA: BOJIA (3KM/IKOCTB), [IOMEIIEHHASN
B MOPO3WIBHYIO KaMepy, depe3 HEKOTOPOoe BpeMs
06s3aTEeNIBHO NMPEBPATUTCH B Jief (CTaHeT TBepaoit).

OpHaKo 1aJIeKo He Beerja BhIBOJbl, IOJIVUEHHbIe
IIpH TIOMOILM HAONIOfEHUH, ABIAIOTCH HCTUHHBIMH.
INocmoTrpuTe, HAanpuMep, Ha puc. 1.8. Cunmii oTpe-
30K KaXXeTCH JJIMHHee, yeM KpacHbIi. Byl Moxkere
B3IVIAHYTh HA PHCYHOK HECKOJBKO pas, IpPeJio-
JKHUTB 3TO C/EJIATH APY3bAM — U T€M HE MEHE€ BEI-
BOJ[ OCTAHETCH MPEXXHUM. ECIIH 3Ke TocJie 3TOr0 BEI
H3MEPUTE JJINHY OTPE3KOB JIMHEHKOIt, TO ybeauTecs
B TOM, YTO MX JIJIMHA COBEPIIEHHO OJHHAKOBA.

YT06BI HEe Aenarhk NOJOOHBIX OMTHOOYHBIX BEI-
BOJIOB, VY€HBIE MOJIB3YVIOTCH GoJiee CIOMHBIMU BH-
AaMH HCCHEAOBAHUN, KOTOPHIE HA3BLIBAIOTCH OIlbl-
mamu, WU IKCnepumeHmamii.

IKCNEePUMEHT — 3To uccnegoBaHue Gusnuyeckoro
ABNEHUA B YCJIOBWAX, HAaXOOALMXCA NOJA KOHTPO-
nem yuyeHoro, ¢ uenbto bonee rnybokoro usyueHus
3toro ABnenus (puc. 1.9).



§ 2. HayuHbie MeToAbl U3y4YeHUuA npaponu. .

OneiTel (BKCIIEPHMEHTEI) OOBIYHO COIIPOBOXK-
JIAFOTCH PA3JIMYHBIMM H3MEPEHUSAMH. YYeHBIe
yHoTpebJIAIOT BEIPAMKEHHE «IKCnepuMeHmanibHble
uccnedosaHus», KOrLa TOBOPAT O CEPUH IOCIIENO-
BATEJIBHEBIX ONBITOB, HAIIPABJIEHHBIX HA H3Y4YEHHE
paHHOrO (uanueckoro sApjaenud. IIpocreiimme
BHABI SKCIEPUMEHTAJIBHBIX HCCJIEOBAHUNH — J1a-
GopamopHbie pabomst — BBl OyJileTe BBIINOJHATH
CaMOCTOATEJIBHO 1IPU U3yUeHUH (PU3NKH.

9 Oﬂpﬂﬂeﬂﬂﬂlﬂ OCHOBHbDBI® 3TaAnbl
PnanuecKNX nccnejoBannin

Jast Toro 4TOOH! MEPEHTH K IKCHePUMEeH-
TAJIBHBIM HCCJIEIOBAHUAM — GoJiee CIOMHBIM, YE€M
IPOCTHIE HAGNIOACHUHA, Y HCCIIEIOBATENA JOJHHO
603HUKHYMb COMHEHLe 6 UCTMUHHOCMU pe3yabma-
moeé uccaeaoBanus («He BEpI CBOMM Iviazamls).

B cnyuae c orpeskamu (cMm. puc. 1.8) mMb1 noa-
cKasanu Bam rotoeslit orser. Ho ecyn 661 BBI nOKa-
3aJI1 3TOT PUCYHOK POAUTENAM, KTO-JIMBO M3 HUX
06A3aTeNIBHO 3anofo3pusl OBl IIOABOX M CKAa3a:
«A He o6mMaH ym 370 3pennn? Besp OTPEe3KH MOryT
6pITh U offHAKOBLIMMUI» HHaue rosops, Bamr cobe-
CelHUK BbICKaszas 6bl rumoresy (npednosoicenue)
06 omubouroCcTH 1pocTLIX HabnwaeHnit., Y ToIBEKO
1ocJjie IMPOBEIEHHOI'0 BAMM JKCIEPHUMEHTAJIbHOI'O
ucenefoBaHusa (M3MEepPeHH OTPE3KOB € MOMOIIBIO
JMHEHKH), TO €CTh [OCJ€ SKCIEePUMEHTAJIBHONK
NPOBEPKH I'MIIOTE3k], BBl YCTAHOBUIIU UCTHUHY: oba
OTPE3KAa MMEKT OMHAKOBYI) JAJINHY.

Cioryuail ¢ orpeskaMu He TpebyeT AJIMTEeNbHBIX
pCCJIEIOBAHUI, HO MHOTAA MOMCKHW MCTHHBI JJIAT-
ca cronerusamu. Tak, HabmoAas 3a afieHHEM
pasJMuHLIX TeJ, yuensle J[pesneit I'penun cpena-
JIM BBIBOJA O TOM, 4TO GOJiee THIKENbIe MpeaMeThl
najaroT Ha 3eMI0 ObicTpee, YeMm Jierkue. Coycrtsa
aBe TeICAYH JieT, B X VI cToJsieTuH, BbIZIAKOIIUHCS
wranbaHCKUH yuensi lanuneo Ianuneir (1564—
1642) ycoMHMJICHE B CHPaBEAJIMBOCTH BBIBOJIOB
OPEBHUX I'PDEKOB U BBIIBUHYJI TUIIOTE3Y O TOM, YTO
Gosee MeAJIEHHOE [1a/IEHHE JIETKOro TeJa 00bACHSA-
eTcsa compoTuBjenuem Bosgyxa (puc. 1.10). Uuer-
MH CJIOBAMM, €CJIM TeJIa HAJArT C ONUHAKOBOH
BHICOTHI, HE BCTDEYAH COMPOTHBJIEHUHA BO3/AYyXa,
TO, HE3ABHUCHMO OT MACCHI 3THX T€JI, OHM Of{HOBpe-
MEHHO JOCTHUI'HYT IOBEPXHOCTH 3€MJIH.

Puc. 1.10. Ecnm 66l He 6bino co-
NPOTVUBNEHWA BO3ayXa, TO nenbduH
1 MAY foCcTUrNK 6bl NOBEPXHOCTH
BO[ibl OJHOBPEMEHHO

Puc. 1.11. Nusarckan bawks, Ha
koTopow lanunei nposoaw CBOK
3KCNEepPUMEHTLI
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Pazpgen 1. HAMMHAEM U3YYATbL OU3UKY

HetotoH nomecTun
30/10TYI0 MOHETY U NTUYLE Nepo
B CTEKNAHHYIO TPYOKY 1 pazmectun
ee BepTuKanLHo, NpeaocTaBnas
TesiaM BO3MOXHOCTb HauyaTb
naseHne ojHoepemeHHo. M3-3a
CONPOTWUBNEHUA BO3/yXa Nepo
«besHapexHo otctano» (a). Notom
yueHblil BblKayan BO3ayx us Tpybku
€ NOMOLLbIO N306PETEHHBIX K TOMY
BpemeHun Hacocos (6). B nocnegHem
IKCNepPUMEHTE f[iBa Tena AoCTurnmv
[iHa Tpy6KM OAHOBPEMEHHO

luraHrckue yckopurenu
3apAKEHHbIX HacTWL, MCNONBL3YIOTCA
[NA N3yyeHun CTPYKTYPbl Matepin

s —

By = _,q

——
e .

JT1ans NO3HaAHWA B Gu-
3UHECKUX MCCNIEoBaHNAX
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B

Iins mopTBep:xieHuA cBoel porazku lammeit
IIPOBEJI MCCIEAOBAHNA, UCIIOJIB30BAB [JIA HUX 3Ha-
menuTyio IMusanckyro GawHo (pue. 1.11, c. 13).
C BepHIMHBI 3TOI'0 COOPYKeHHMA OH Opocas Mym-
KETHYK NYJIK M IYIIEYHOe AAPO, HA JIBUIKEHHEe
KOTOPBIX, KAK MBI CENOJIHA 3HAEM, COIIPOTHBIIEHHE
BO3AIyXa BJIMAECT HE3HAYMTEJIBHO. PesyJIbTaThl 9K-
CIIEPMMEHTOB MMOJATBEPAMJIM I'MIIOTE3Y YYE€HOro —
oba npeamMeTa AOCTHIAIH 3€MJIM NPAKTUYECKH Ofi-
HOBPEMEHHO.

Bonee Tounkle skcnepuMenTs! (puc. 1.12) 6bumm
NPOBEAECHBI 3HAMEHUTBHIM AHIVIMHCKUM YUYE€HBIM
Heaarom Heiomonom (1643—1727). Ho HeroToH He
OrpaHMYMJICH TOATBEPHIEHNEM BEIBOZOB [ajmes.
ITpoaHAJIM3UPOBAB MOJYYEHHBIC JIAHHBIC U CHEJaB
HeoOXoAMMEBIe BEIYMC/IEHHS (ceifuac Tarkyro pabory
MBI HA3LIBAEM TEOPEeTHYECKMMM MHCCJIeNOBAHHA-
MHM), VUEHBIH IIPEAIOJIOMHIII, YTO IaJIeHHe Ipej-
METOB HA IMOBEPXHOCTH S€MJIM ¥ BPAIEHHE ILJIaHeT
Coymeunoi cuctemsl BOKpyr ColHIA NOAYMHSIOT-
CA OTHOMY 3aKOHY. YT006B OGOCHOBATH 3TO YTBEPMK-
neane, HeroToH cHOBa OOpaTHJICH K MAaTEeMATHKE.
B pesynbrare yueHBlit OTKPBLII 38KOH BCEMHPHOIO
TATOTEHUS — CO3/aJI HOBOE 3HAHHE.

ITocne Taymmes u HeroToHa OCHOSHLLMU Me-
modamu NOAYYEeHUS HOBbLX 3HAHUL cmanu meo-
pemuyeckue U IKCNEPUMEHMANbHbLIE Memoobl.
CoBpeMeHHbIE 3KCIEPUMEHTAJIBHBIE MCCIIEIOBA-
HUS HEBO3MOMKHO TPENCTABHTH (€3 CIenMalibHO
CKOHCTPYMPOBAHHBIX CJIOKHBIX npubopos. He-
KOTOpPBIE M3 HUX MMEKT Maccy B JAECHATKH THICHY



§ 2. HayuHble MeToabl U3yYeHUA NPUPOALI ‘ i
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TOHH M pPasMepbl B HECKOJNbKO Kmiomerpos (pumc. 1.13). B paspaforke HOBBIX
TEOPHIl MPHHUMAIOT YYACTHE COTHH VUEHBIX, JJIS TEOPETHYECKHX PACYETOB HPH-
MEHAIOTCH CBEPXMON[HEIE KoMIbioTepsl. OfHAKO fae B HAIIM JIHM OCHOBHEIE
aTaIkl OJIYYEHNUA HOBBIX 3HAHMHN OCTAIOTCH HEM3MEHHBIMH.

@ nopsopumuToru

OcHoBHBIME MeTOAaMH (PU3WYECKUX MCCIEIOBAHUE ABNAIOTCH TEOpeTHYeC-
KHil ¥ 9KCHEPUMEHTANBHEIN. [locmenoBaTe/IbHOCTE 3TAINOB (PM3WYECKHX HCCJIeNo-
BAHMM MOX(HO IIPEACTABUTL B BHUAE CIIMPAJIM, COCTOAIEIl M3 MOBTOPAIOIIUXCH
anemeHTOB (puc. 1.14). ITonpobyem COBEpUIMTL BOCXOMACHUE 10 BTOM CIUpain.

Huoxauii s/eMeHT I[IOKa3blBaeT, 4YTO Ha OIpeAesIeHHOM IJTale yuYeHble
yIKe HMEIOT ONpefiesIeHHbIi ypoBeHb 3HaHuUI (3Hanue). [Ipu momoru Habirone-
HHIf M PACCYMACHUI MCceioBaTe/in yOer1aroTca B HeoOX0AMMOCTH €r0 yCOBEp-
IIEHCTBOBAHUSA, IPOBOAAT TEOPETHYECKHE HMCCJIEAOBAHNSA, BBIJIBUTAIOT THIIOTE3Y
U NOATBEPMAAOT (MJIM ONPOBEPraiT) ee IIyTeM 3KCIEPUMEHTAJBHON IMPOBEPKH.
PeaysibTaTOM CTAHOBUTCH HOBOE 3HAHUE.

@ KoxTponebsbie BOnpocbi

1. Yro takoe vabmwoaenune? 2. IlpuBeaure npumeps! GU3MYECKUX SABJIE-
HUIf, CBEACHUS O KOTOPBIX Bbl TOJYYHJIM U3 cobCTBEHHBIX HabiroeHwuii.
1. Yem onplT omimuaercsa or Habmopenus? 4. Kem u kak Ovuia mop-
TBEP(IeHA TUIoTe3a ['anuies o ToM, uTo fosiee MeiIeHHOe TaJIeHUe JIErKO-
ro Tesa o0’bACHAETCH COnpoTHBJIeHHEM Bosayxa? 5. HaszoBHTe OCHOBHBIE
MeTobl Pusuueckux uccnenopanuil. ©. Kakue aTarkl OpOXOAAT yUYEHBIE,
OCYNIECTBIAA PU3NUECKHUE HCCIIeIOBAHNAT

O VYnpaxnennn

1. Kakyo poJib HIPAIOT 9KCIIEPHMEHTAIBHEIE M TEOPETHYECKHe UCCIIefoBa-
HUHA [PH YCTAHOBJICHHH (PH3MYECKUX 3AKOHOB?

2. B HayKe Ba)KHO PasJIMuaTh CHEAVIOIHE IMOHATHH:
a) NoBCe/HEBHO HabIrofaeMoe ABIICHHE;
6) SKCIIEPUMEHTANBHEBINH (HaKT;
B) I'HIIOTE3Y;
I) 3aKOH IPHPOJAEL.
VrkamuTe, K KAKOMY M3 BBHIIIEYKA3aHHBIX MOHATHH OTHOCATCH JaH-
HBIE HUMKE VTBEPIMKEHUA:
a) BCe TeJia NajialoT Ha 3€MJII0;
6) BO3MOHO, pasHUIIA B CKOPOCTH HNAACHUA TeJI PA3HONW Macchl o0bsc-
HAETCH COITPOTHUBJIEHHMEM BO3AYXAa;
B) B BAKYYME BCe TeJIa MAJAKOT C BBICOTHI 33 OJIHO U TO e BpeMd.

Q IKcnepuMeNTanbHoe 3afjaHne

IIponabiropaiiTe Kaxkoe-INb0 SBIEHWE, ONMIIUTE €ro M DPOaHAJH3H-
pyiire.
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- lsﬂm 1. HRHUHAEM U3YYATb OU3BUKY
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Ousmnka m Texnnka B Ykpavise

YueHbiit ¢ MmupoBbiM nmesem — Bopuc EBrenbeBuy MNMaron —
popunca B 1918 roay B Kuese. Cnasy emy npuHecnu uccnefjosasns
8 06nacTu 3NeKTPoAYroBoi CBaPKU U CO3AaHNe CBAPOYHBIX aBTOMA-
TOB, KOTOPbIE UCTIONB3YIOTCA B Pa3fiMyHbiX OTPACHAX NPOMbILLIEH-
HOCTU U CTPOUTENLCTBA. TanaHT yuyeHoro AoCTUr pacleeta B nepu-
op paboTbl B IHCTUTYTE 3NEeKTPOCBAPKK, AMPEKTOPOM KOTOPOro OH
cran B 1953 roay. HaunHan ¢ atoro epemenu b. E. MNaron sosrmasun
WCCNEAOBaHUA, B PesynbTate KOTopbiX 6biN0 CO3AaHO COBEPLIEHHO
HOBOE HanpaefneHuwe B COBPEMEHHOW MeTannypruuv, nonyuvsliee
NpU3HaHWe BO BCEM MUPe. JNEKTPOLLTAKOBbI NPOUECC, CO3[aHHbIA
Nojl PYKOBOACTBOM YYEHOTO, NOBCEMECTHO NPUMEHAETCA ANA ynyy-
WEHWA KAYyecTBa HepPXaBelowux cTanei,

B 1958 roay yueHbiih 6bin n3bpaH peicTBUTENbHBIM 4neHom Akagemuu Hayk YKpauHbl,
a ¢ 1962 ropa senRercs ee GeccmeHHBIM NPEe3NgEHTOM.

§3. OU3INYECKUE BEJINYUHDI.
U3MEPEHUE OU3NYHECKUX BENTUYUH

B Ymo maroe pusuneckas eéeaununa? Ymo oznavaem usmepume pusuve-
creyro genununy? Ymo Hasvieaom edunuyeil usauieckoit seaunurvt? 3decw

6bL Hailideme omeemuL HA IMU O4€Hb BAHCHbLE B0Npocoyl.

@ Yanaem, uro HasbiBaeTcA PuanuecKon BeNUYNHON

Uspasra Jrogu AJig GoJsiee TOYHOrO OIMMCAHUMA KaKHMX-HUOyAb coObITHIA,
SIBJIEHU I, CBOMCTB T€JI ¥ BEIECTB MCIOJIL3YIOT UX XapakTepuctuku. Hanmpumep,
CPABHUBAA TEJIA, KOTOPhIE HAC OKPYAIOT, MBI TOBOPHM, YTO KHUI'a MEHBIIIE, YeM
KHIDKHBIA IKa(, a8 KoHb GoJbIe KOUKK. JTO 03Ha4YaeT, 4To 06beM KOHs 60Jib-

me 06’beMa KOIIKH, 8 00beM KHUT'H MeHbIle obnema mkada.

O6sem — npumep (pHM3HYECKOH BeJHYHHBI, KOTOPas Xapakrepusyer obiiee
CBOMCTBO T€J 3aHUMATHL TY MJIM MHYI0 4acTh npocrpaHcTsa (puc. 1.15, a). Ilpu

9TOM YMCJIOBOE 3HAYEHWE o0bheMa Kasaoro ua Tel HMHIAMBUYAJNBHO.

5 [INA XapakTepyCTUKIX CBOMCTEA TEN 3aHUMATL Ty WK UHYIO 4aCTb NPOCTPAHCTBA Mbl UCNONb-
3yeM ¢m3mecn<y|o genuuuHy obbem (g, 6), AN XapakTepuCTUKKU NBUKEHUA — CKOPOCTS (6, 8)
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§ 3. Dusuueckne BennunHbl. Mameperne pusnyecknx sennunH - .

O61an XapaKTepUCTVKa MHOMVIX MatepuianbHbix OGbeKTOB Unv ABNEHU, KOTOpas
MOXeT npuobperarb VHAVBUAYaNbHOE 3HaUeHWe ANA KaXOO0ro U3 HYX, Ha3biBaeTCA
du3anueckon BeNMUNHON.

Eme ogauM npuMepoM (PMSHYECKoi BeJIMYMHBI MOMKET CIYXHUThH M3BECTHOE BaM
NOHATHE «CHOpPOCMb». Bece NBIDKYINHECH Teja M3MEHSIOT CBOE IIOJIOXKEHHEe B IPO-
CTPAHCTBE C TEUEHWEM BPEMEHH, ONHAKO ObICTPOTa STOr0 M3MEHEHM#A AJIA KaXJoro
mena pasymuna (puc. 1.15, 6, 6). Tak, camoner 3a 1 ¢ nosiera ycreBaeT M3MEHHTD CBOE
[OJIOKEHHe B IpocTpaHeTse Ha 250 M, aBToMOGHIL — Ha 25 M, uesioBek — Ha 1 M,
avepenaxa — BCEro Ha HECKOJIbKO CAHTHMETpoB. [1oaToMy MBHKH 1 MOBOPHAT, UTO CKO-
POCTB — 3TO (PUBHYECKAS BEJVNYHMHA, KOTOPad XapaKTepusyeT GhICTPOTY JBMIKEHMS.

HeTpyaHO JOrafaTsCs, YTo 06HEM U CKOPOCTh,— 3TO JIAJIEKO He Bce (usmyec-
KHe BEJIMUMHBI, KOTOPBIMU onepupyer (puauka. Macca, IJIOTHOCTh, CHJIA, TEMIIE-
parypa, AaBJieHHe, HANPSOKEHHe, OCBEIEeHHOCTh — 3TO JIMIIL MAJAs YacTb TeX
(M3HMYECKUX BEJIMYUH, C KOTOPHIMHM BBl MO3HAKOMMTECH, M3yYasd (PHIHKY.

e BoifcHAeM, YTO O3HAYAET U3MepUTb GUINYECKYIO BeNTUUNHY

Jlisi TOro uToBhl KOJMYECTBEHHO OMMCATH CBOWCTBA KAKOro-NMO60 Marepu-
ANBHOTO 00'BEKTA MJIM (PU3NUECKOr0 ABJIEHNHA, HEOOXOAMMO YyCTAHOBUTE 3HAYEHHE
(pMaHYecKol BeJIMUMHBI, KOTOPAs XapaKTepUayeT JaHHbIN OOBEKT UM ABJIEHHE.

BHavenue PuauvecKux 6eiudun noiyyalm nymem usmeperuir (puc. 1.16—
1.19) unu evtiucaenuil.

Puc. 1.16. «Jlo oTnpasneHun Noesja ocranock Puc. 1.17. «f kynuna kunorpamm Abnok»,— pac-
5 MUHYT»,— C BONHEHUEM U3MEPAETE Bbl BPEMA CKa3biBaeT MaMa O CBOWUX U3MEPEeHUAX MacCbi

Puc. 1.18 . «Opesaiica Tensniee, CEroHA Ha ynuue Puc. 1.19. ¥ MeHA CHOBA NOAHANOCHL AABNe-
npoxnaaHee»,— 3aboTutca o Bac 6abywka nocne HUER,— MKaNyeTCA XeHLuHa Nnocne U3MepeHus
V3MepeHun TeMNePaTypbl BO3/lyXa Ha ynuue KPOBAHOTO iaBNeHuns

— Vm ==



ﬁ L Pazpgen 1. HAHMHAEM U3YYATb OU3UNKY

Ecnu 6abywka u BHyK

6yAyT MImepsTL PacCTORHUE B Wwa-
rax, 7o oHw Bcerpja GyayT nonysarb
pa3sHbie pe3yneratsl

merp

ceKyHpa

KUnorpamm

amnep

Monp

KaHgena

ne. .27, OCHOBHBIE eiUHILbI
MexpyHapogHou cuctembl (CH)

s ————— = e s

Mameputh ¢uanmueckyo BenuuuHy — 3HauuT
. CpaBHWTb €e C OAHOPOAHOI BEIMYMHON, NPWHS-
TOW 33 enHuLY.

ITpuBenem npumMep M3 XYA0XKECTBEHHOI JIATe-
parypsel: «Ilpoiias maroe Tpucra o Gepery pekwu,
MaJIEHBKHH OTPHAJ BCTYIIMJI IO/ CBOJILI APEMYyY€ero
Jieca, HM3BIIMCTHIMHM TPONaMM KOTOPOIO MM HAaJo
OBLJIO CTPAHCTBOBATE HA MPOTHAMKEHNY IECATH JIHEIH».
(K. Bepu «IIaTHallaTUIETHUIT KATTHTAHY)

I'epou pomana H. BepHa uamepsuim mpoiijieH-
HBII yTh, CPABHUBAA €I'0 C IIATOM, TO €CTh eiH-
HULEH HM3MepeHHus ciuyxun mar. Takmx maros
orkaszaJioch TpucTta. B pesynerare uamepeEus OuL10
IOJIyYE€HO Yucnoe0e 3HavweHue (Tpucra) Gusude-
CKOM BenuuMHbl (nyTH) B M3bpaHHBIX eduHUyaX
(mrarax).

OueBuaHO, uTO BBIOOP TAKOM EAMHHUI(LI HE 103~
BOJISET CPABHHMBATEH PE3YJIBTATHl M3MEPEHHUil, MoJry-
YEeHHBIE PASHBIMH JIIOIbBMH, IIOCKOJBKY JIJIMHA IIATa
y Bcex pasHas (puc. 1.20). INoatromy paau yaobersa
M TOYHOCTH JIIOAN AABHBIM-IABHO HAYAJH [0IrOBapH-
BATBCH O TOM, 4YTOOBl M3MEPHATHL OfHY M TY e (u-
3UYECKYK) BEIMYHMHY OAWHAKOBBIMHM €IMHHUIIAMH.
Heise B GONBIIMHCTBE CTPAH MHUPA ACHCTBYET IPH-
uaTaa B 1960 rony Mexcdyrnapodnas cucmema edu-
HUL U3MepeHUus, KOTopas HocuT HasBaHue «Cucre-
ma Unrepnaumonansuan» (CH) (puc. 1.21).

B aToit cucreme efuHHIEH JJIMHBI ABJISETCH
meTp (M), BpeMeHM — cekyHja (c); oobeMm uame-
pAeTcs B MeTpax Kybuueckux (M%), a ckopocTh —
B MeTpax B cekyHAy (M/c). O6 ocTaNbHBIX €IUHU-
nax CH Bel y3HaeTe 1ose.

@ Bcnomunaem KpaTHbie U JONbHDI
equHnLbI

M3 kypca MaTeMaTHKHW Bbl 3HAETe, YTO JJIA
COKpAaNleHUus 3aMHCH BOJBINMX M MAaJiblX 3Haye-
HUI PA3HBIX BEJIMYHH MOJNB3YIOTCH KPATHBIMH
M JIOJIBHBIMHW €JIMHWILaMH,

KpaTHbie eIHHHIBI — 3M0 e0unuUlbl, KOMo-
pule Oonvuie ocHosHbix edunuy 6 10, 100, 1000
u donee pas.

Jlonpubie eqUHNHIIBI — MO0 eOUHULbL, KOMOopbLe
meHbve ocHosHuulx 6 10, 100, 1000 u 6onee pas.

Jlnsg 3amycy KPaATHBIX M AOJNBHBIX €HHHHI]
HCIONB3YIOT npucmaeku. Hampumep, eJUHHIILI



§ 3. Ousuyeckre BenwynHbl. Usmepenne pusnuecknx BennunH

JUIMHBI, KPaTHBEIE OfHOMY MeTpy,— aTo KuzoMetp (1000 m), dexamerp (10 m).
EpuHEUNE] JJTHHEI, JONBHBIE OGHOMY MeTpy,— aTo deyumetp (0,1 m), canmumerp
(0,01 ™), murpomerp (0,000001 M) u Tak nanee.

B Tabsiuie npuBeneHsl Hanbonee yacTo ynorpebaseMble NIPHCTABKH.

IIpucTaBKH, caysKalue A o0pa30oBaHUA KPATHBIX M JOJBHBIX eIHHHIL

3HaueHue B nepesope

MNpucraeka C rpeyeckoro unun Qooaa: MHoxuTens RpatHocrs
NATHOKOID AILIKA yeHue W AONBbHOCTL
Tepa YyIOBHILE T 1 000 000 000 000 10"
rura THTaHTCKHUH I 1 000 000 000 10°
Mera 6OJIBIION M 1 000 000 10¢
KIJIO THICHYA K 1000 102
T'eKTO cTO r 100 107
LEKAa JecATh na 10 10
CAHTH cTO c 0,01 102
MFLILITH THICHYA M 0,001 103
MUKPO MAaJIBIi MK 0,000001 10°¢
HAHO KAapPJIHK H 0,000000001 10

@ 3HaKOMMMCA C N3MepuTeNnbHbiMK npubopamn

Hamepenue usuveckux eenuyum yieHvle npoodam ¢ nOMOULbIO U3Mepu-
menvhbLx npubopos. Ilpocreiimme B3 HUX — JMHEKa, PyJeTKa — CIYXaT s
M3MEPeHNs PACCTOSHUA M JIMHEIHBIX pasMepoB Tesa. BaM Takike Xopoio H3BecT-
HBI TAKHE U3MEPUTEJIbHEBIE IPHGOPE], KaK 4ackl — NpUOop I U3MEPEHUs BpeMe-
HH, TPAHCIIOPTUP — HpHOOP AJIA U3MEepPeHHd YIVIOB Ha IJIOCKOCTH, TEDMOMETD —
npubop JJIS M3MEPEHUs TeMIepaTypsl M HekorTopsle apyrue (puc. 1.22, c. 20).
Co MHOrMMH U3MEpPHUTENBHBIMM ITPHOOPAME BAM eIle IPEACTOUT MO3HAKOMHUTBCH.

BoJIBIIMHCTBO M3MEPUTENBHLIX MPUOOPOB HMEKT KAy, KoTopas obecneun-
BaeT BO3MOXKHOCTE MaMepeHns. Kpome mkasiel, Ha mpubope yKasbIBAKOT €HHH-
Ibl, B KOTOPBIX BRIPAMKAETCH M3MEPEHHAH JAHHBIM MPHOOPOM BEJIMUYMHA .

Ilo mKajse MO¥HO YVCTAHOBUTH AiBe HauboJiee BaXKHbIe XapaAKTEPUCTHKH IPH-
Gopa: npedenvi U3MEPEHUA ¥ UYeHY OeneHUs.

Mpenenbl nsmepeHna — 310 Haubornbllee u HauMeHbllee 3HauyeHuA Gusnyeckon
BENMYMHbLI, KOTOPbIE MOXKHO U3MEpUTb AaHHbIM nNpubopom.

B Hamu fiHM MIHPOKO MCTIONB3YIOTCHA BJIEKTPOHHBIE H3MEPHTEJIbHBIE TPHOOPEI, B KOTOPBIX
3HAUEHMEe HBMEPEHHBIX BeIHUHH BHICBEUHBAETCH HA SKpaHe B BHjie udp. [Ipesene: nuamepe-
HUA N e/IMHHUIE] ONPeAeasAOTCA 110 HacopTy npubopa UiIH YCTAHABIHBAKTCSA CIIelHATBHBIM
LepeKJIUATeIeM Ha TTaHesan nNprdopa.

19



- . Pazgen 1. HAMMHAEM U3YYATb OU3UKY

Puc. 1.22. smepurenpHbie npubopol

Pue. 1.23. MeguuuHcKuia
TEPMOMETD

I W20

Lena penenma — 370 3HauyeHWE HaMMEHbLIEro
AeneHun wkanbl usmeputenbHoro npubopa.

Hanpumep, BepxHHMII mpenes H3MEPeHUH Me-
AMIUHCKOro repmomerpa (puc. 1.23) pasen 42 °C,
HN¥HUE — 34 °C, a neHa AeJIeHUd IIKAJIBl 3TOro
TepmomeTpa cocrtasiuser 0,1 °C.

Hanomunaem: 4uTobbl OHpeAeNUTH IIEHY He-
Jenusi mKaael Jixoboro npubopa, Heobxoaumo
pPasHoOCTh ABYX JIOOBIX 3HAYEHWI BEJIMUMH, YKa-
3aHHBIX HAa MmrgaJje, Pa3feJIMTh HA KOJIMYEeCTBO jae-
JIEHUHM MeX Ty HUMH.

@) nopsogumuroru

Ofmaa XapaKTEepHCTHKA MATEPHaJIBHBIX
00'BEeKTOB WJIM SABJIEHHH, KOTOPAH MOXeT mpuob-
peTaTh MHAUBHJYAJILHOEC 3HAYEHME IJISA KajrkJoro
M3 HUX, Ha3bIBaeTCH (PM3MYECKON BENMHYMHOM.

HWszmepuTh (PM3HYECKYIO BEJIMUYMHY — 3HAYHUT
CPaBHHUTH €€ C OJIHOPOAHOI BEeJIUYHHOM, MPUHATOMR
34 €OHHUILY.

B pesynerare M3MEPEHHH MBI MONYYAEM 3HA-
YeHne (pU3NYEeCKUX BEIMYNH.

T'oBops 0 3HauYeHUH (UIWYECKOW BEIWYMHEI,
crnefyeT yKasaTh €e YHCJIOBOEe 3HaUYeHHe H €[HHMUILY.

Ins uamepenus GUIWYECKUX BEJIHYHH I10Jb-
3YIOTCH U3MEPHUTENBHBIMH MPHOOPaMH.



§ 3. Ousvueckre BenuYMHbL. MisMmepenne Gpusnueckux BenvunH . .

Jasi coKpalleHus 3alicH YHUCIOBLIX 3HAYEHHM GOJBIIMX B MAaJbIX (puH3HYe-
CKUX BeJIUYMH HCIOJL3YIOT KpPaTHbIe W AoJbHbIe eguHunsl. OHU o0Opasyiorcs
¢ TIOMOIIBI0 IIPUCTABOK.

@ KoHTponbHbie BOnNpochl

1. Haiite onpenpenenue (pusuyeckoil BemuyuHbl. Kak Bl ero moHuMMaeTe?
2. Yo os3HavaeT M3MEPUTH (PUBMYECKYIO BeaudyuHy? 3. YTOo MOHMMAaOT
moy sHaveHHeM (uauveckoi Bemuuuubl? 4. HazoBute BCe (Qusmuyec-
KHe BeJIMYUHBI, YIIOMAHYThEIE B OTPLIBKe M3 pomMaHa Ji. BepHa, mpuse-
JeHHOM B TekcTe maparpada. KaxoBo ux umcioBoe sHaueHue? eIHMHHUI[LI
uameperusi? 5. C mOMOIIBIO KAKUX MIPHUCTABOK 00pasyioTCs JOJIBHEIE €U~
HULBI? KpaTHeie eguHULbI? 6. Kakue XapakTepHCTHKH npubopa MOMXHO
YCTAHOBUTH C MOMOIIBIO IIKaALI? 7. YTo HA3LIBAIOT LIEHOH JlejeHus?

. Ynpaxuenmn

1. HagoBuTe usBecTHBIe BaM (PU3HYECKHE BEJIMYMHBLI. YKAXKUTE €IUHUILL]
aTuX BenuuuH. Kakumu npubopaMu X U3MepsaioT?

2. Ha puc. 1.22 uzobpaxeHsl HeKOTOPLIe H3MepUTebHEe npubopsr. Moxk-
HO JIM, UCIOJIB3YSl TOJBKO PUCYHOK, ONPEAENUTH LEHY JeJeHus IIKal
aTux npubopos. OTeer obocHyiliTe.

3. Beipasure B MeTpax CHeAyIOIHe 3HAYEHHs (DU3NYECKOH BeJUYHHLI:
145 mm; 1,5 kMm; 2 kM 32 M.

4. 3anuumMTe ¢ NMOMONLIBI0 KPATHBIX HJIM JOJBHBIX eQUHHIL], CIeIYyIOLiue
sHavyenus puaudeckux penuunH: 0,0000075 m — mguamMeTp KpacHBIX
Kpossiibix Tenen; 5900 000000000 m — paguyc opOHTBI IJIAHETHI
Ilnyron; 6 400 000 m — paguyc niaHeTsl 3eMJs.

5. OnpepesnuTe NpeJiesibl USMEPEHUA U LIEHY JeJIeHUs MIKaJ NIpubopos, Ko-
TOPBIE €CTH Y BAC IOMA.

6. BciomuuTe onpefiesieHHe (PU3HUYECKON BeJIMYMHBI M JOKAMHUTe, YTO
AJHHA — 3T0 (PU3NYECKas BEJHYHHA.

Ousuka M TexHmka B Ykpause

OpwH 3 BoigaowmxcA ¢puankoB copemerHocTu — Jles JaBugo-
Buy Jlangay (1908—1968) — npogemoHCTpUpoBan cBou cnocobHocTw,
elle yuach B cpepHen wkone. lNocne OKoOHYaHUA YHUBEPCUTETA OH CTa-
KUPOBAnNcA y OfHOro U3 TBOPLOB KBaHTOROM $uavku Hunbca Bopa. Yixe
B 25-neTHem BO3pacTe OH BO3rNaBui TEOPETUYECKUIA OTOEN YKPaunHCKo-
ro GpUanKo-TEXHUYECKOro MHCTUTYTa U Kadeapy TEOPETUYECKON GU3MKK
XapbKoBcKoro yHusepcuteta. Kak um 60nblWMHCTBO BblAawmxcs ¢pusn-
KoB-TeopeTukos, flangay obnapan upe3BbiuaiHOM WWMPOTOM HAyYHBIX
vHTepecos. flgepHana ¢u3sunka, GpusmKa NNasmbl, TEOPUS CBEPXTEKYHECTH
MUKOro renuns, Teopua CBEPXNPOBOAUMOCTI — BO BCe 3TW pasgentl Gu-
3ukn JlaHgay BHeC 3HauuTenbHbli Bknag. 3a pabotol no $usmke HU3KMX
Temnepartyp oH 6bin ygoctoen HobeneBckoit npemun.

2@ .



Pazpen 1. HAMUHAEM U3YYATb OU3SUKY

NABOPATOPHAA PABOTA N¢ 2

Onpegenenye LEHB! JIeJIEHUS IIKAJIbl W3-
MepUuTeLHOro npubopa.

OIIpEeIUTE MPEeAesbl U3MEPeHUsA U 1eHY
JeNeHUsl IIIKaJl Pa3HBIX H3MepUTeJbHBIX IIpU-
6opos.

JMUHElKa, TepMOMeTp U ApyTHe
H3MepUTeJIbHbIE TPHOOPEI.

YKA3AHWUA K PABOTE

Yoenurech, UTO Bbl 3HAETE OTBETh! HA CJEAYIONIHe BOIPOCHI.

a) YTo HASLIBAIOT UBMEPUTENILHBIM IpUbopomM?

6) Kag onpesenuTs npejesibl u3MepeHus mKaisl npubopa?

B) UTo TaKoe 1eHa JeJIeHUs LIKAJLI?

r) Kak onpegesuTs LeHy JeJIeHUS MIKaIbI?

n) Kakue nmpasuiia TeXxHMKH GesomacHOCTH cJyefyeT cobiiofaTh npu pabore
¢ TepMomeTpom?

PaccmoTpuTe HIKAJILI UMEIOIUXCS Y BAC M3MEPUTEJILHBIX ITPUGOPOB.
BanonauTe TAbOIHILY.

Bnok NOMeToK LWKanbl

Ousnueckan
EavHuya =
HaspaHwe  BenuumHa, U3MEPAEMOIH 3HaueHue Konuuecteo geneHum
npubopa | namepseman P o Gnvxanmx mexay Gnuxanwumn - LleHa genenna
npu6opom ouMGPOBAHHBIX  OUUPPOBAHHHBIMK wKans
NOMETOK NOMeTKaMu

Awnanus pesynbraTroB paboTtsbi

Cpenaiite BBIBOJZ, B KOTOPOM YKaXUTe, YTO HMEHHO BbI ONPeNessaiid U JIJIs
yero MoryT IOHAZOOUTBCH HABLIKHM, NPUOOpeTeHHLIe BAMH BO BPeMs BBHINOJIHE-
HUA paboThI.

HAononuutensHoe sagaHne

HBroTossTe MEPHYIO JIGHTY C LEHOH JleeHusa 5 MM.



§ 4*. HECKONbKO CJ1I0B O TOYHOCTU U3MEPEHUN

B Tenepv 6vi 3Haeme, 4mo osHavaem uzmepums Qusuveckyro eenuuuny. H 6 noece-
OHEBHOIL HUSHU 6aM YHe NPUXOJULOCh BbITLONHAMbL MHOHCECME0 NPOCMelux us-
mepenuil. Ho nacrkonsko mounbimu Goiau eauu usmepenua? MoXcno nu nonyvumse
abCONOMHO MOYHOE 3HAEHUe (PUUMECKOTL BeIUuLUHbIE

Ilonpobyem pazobpambcs 6 3mMux HEnpocmulX 60Npocax.

@ OuennBaem pasmepbi M NpoBepAeM pe3ynbrar

HauneMm ¢ npoBepKH BaIero riiasomepa.

OuenuTe Ha A3 JUIMHY UIJIBI, n3o0paskenHol Ha puc 1.24. A Tenepk masaiiTe Ipo-
BepUM, HACKOJILKO PE3YJIETAT BALIEH OLEHKW COOTBETCTBYET JIeMCTBUTEJILHOCTH, TO €CTh
H3MEPUM JUIMHY TOI e MIJIBL ¢ IoMOoINbIo JimHeliku. Jlis sroro:

— HPUJIOIKUM JIMHEHKY K WIJie Tak, 4Tobbl ¢HOJb» HA €e LIKAaJie COBIAJ C OAHUM
KoHuom ursl (puc. 1.25);

— ollpenesiiM 3HAYEHWe JIeJIeHUs [IKAJILI, HATIPOTHE KOTOPOI'o PACIIOJIONKEH ee npy-
1ol KoHerl.

MBI BUAMM, YTO OH pAacroJiodeH Boase oTMeTku 5 cMm. Orcrona siejiaeM BbIBOA, 4YTO
JUIMHA ULl okosio B em. Eciiv pesyiwrar Bamieil npeaBapyuTelbHON OLEHKH COBIANAET
¢ 9TUM 3HAYEHWEM, TO V BAC Xopouinil riasomep. OnpenesuTh Ha a3 pasmep Golee Toy-
HO HAM HE YIACTCH.

@ YrouHAem pesynbTar MamepeHun

Ecim HaM nyceH 6ojiee moumblil pesyabmam, npujerca obparuTh BHUMAHWE HA
TO, 9TO KOHYWK WIVILI HeMHoro GoJiee YeM Ha JBA MMJUIMMETpPA BBICTYIAET 38 OTMETKY
5 em. Urak, Gosiee Tounas aimHA Wil — 5,2 cM, HIH 52 MM.
Ber MoKeTe BO3pASUTH, YTO 9TO TOHE HETOYHO.
Ila, merouno! UMeHHO TOSTOMY NPUHAMO 6C€z20a YKA3bI6AMb MOYHOCMY, ¢ KOMOPOU
BLINONNEHO U3MepeHue.

Puc. 1.24. Oororpadun Urnbl B HAaTy panbHYy0 Fuec. 1.25. U3mepenvie gnvHbl uiibi
BEMUUHY

230



- . Pazpgen 1. HAMUHAEM U3V4YATb OU3IUKY

B mepBoM ciyyae Halle M3MepeHHE BEINOJIHEHO
C TOYHOCTHIO 110 1 €M, a BO BTOpOM — ¢ TOYHOCTBIO JIO
0,1 cm.

YrobsI nnpousBecTH emle GoJjiee TOUHOE U3MepeHue,
HeoOXoAMMO yYecTh JJIMHY TOM YacTH WLJIbI, KOTOpas
BLICTYIIAET 38 OTMETKY 52 MM, M TOrga TOYHOCTE IIO-
seicuTes Jio 0,01 cm. Ho gns sToro Ham npupercsa ue-
IOJIL30BATE M3MEPUTEeNILHBIN npubop ¢ ernle MeHbIuei
LeHOH JeJieHus, TO ecTh Hoee ToUHBIN, HO Jla)ie Toraa
MBI He MOXEM yTBEpMJaTh, YTO H3MEPHJIM HIJY CO-
BEPLIEHHO TOYHO.

Ilpyuuns Ana aToro AOCTATOYHO: 3TO W HECOBEp-
IeHCTBO KOHCTPYKIMH npubopa, ¥ TOrpemrHocTH,
KOTOpbLle BOSHUKAIOT IIPU NPOBEIEHHUN ONbITa (HanpH-
Mep, Hadalio HMIVIbl HeBO3MoXHOo abcolIloTHO TO4YHO
Puc. 1.26. Vamepenne anvHbl cre-  COBMECTHTE ¢ <Hysem» Jnuneiiku). Takum obpasom,

Hbl C TOYHOCTBIO A0 1 MM — Npu- jaxe ecjqd HU3MepeHHe MNPOBOJAHTCH Gosee TiaTeJib-

Mep W3NUILHEN TOYHOCTH HO W C IIOMOII B Bosee COBepIlIeHHOro npnﬁopa. TO4-
HOCTHL BO3pacTaer, HO norpemﬂo(:'reﬁ BCE paBHO He
naberarhb.

Ymobbt ymenvwiumes nozpeurHocms, u3Mepenue
MOMCHO 6bINOJIHUME HECKONLKO pa3, a 3amem 6bliuc-
Aums cpedrnee 3HAYEHUE 6CEX NOAYYEHHBLX pe3yiibma-
moe (Haiimu ux cpednee apugpmemuieckoe).

o Pazmbilunfaem 0 TOUHOCTH U3M@PEHMiA

OpHaKO He clefyeT JYMaTh, YTO YeM TOUHEe MU3-
MepeHue, TeM JIydine: M3JHUIIHAA TOYHOCTh He Beerja
nesecoobpasHa.

Ilpeanono:xum, 4TO BMECTO AJIMHBI MIJIbI BAM Heo6-
XOJIMMO M3MEPUTH JUIMHY KPBIIKH cTojia. B aTtom ciy-
yae HeT HEOOXONMMOCTH YYHMTBIBATE JIECATHIE M COThIE
JIOJIM MHJLIMMETPA, NOCKOJNBKY, M3MepsAas JJWHY cToJia
B pA3SHBIX MeCTaX, Mbl NOJIYYHUM BEJIMYHHBI, OTJIHYATO-
HHecs HA HeCKOJbKO MuJiuMerpos. IloaTomy jponsamu
MUWJIIUMEeTpa B 3TOM CJIy4ae MoxHo npenebpeus. Tak-
JKe HeT CMbICJIa U3MepATh JJIMHY CTEHEI ¢ TOYHOCThIO
1o opHoro Muisumerpa (puc. 1.26).

Wz sToro MoKHO CaeNaTh BbIBOj, YTO Heobxodu-
MY MOYHOCMb U3IMEPEeHUs onpedensem yenb axcne-
pumenma.

Yanie Bcero BAXXHO HE 3HAYEHHME MOTPEIIHOCTH,
a To, KAKYI0 YacThk OT BCEii M3MepeHHOW BeJITMYWHEI CO-
CTABJIAET BOSMOMHAS IOrPEITHOCT.

HITKY B YLUKO MIibl C TOUHOCTBIO Ecnu moprHOoi#i, BhIKpauBas OGpioku, omubercs Ha

[0 1 MM — NpUMEp HEeAONYCTUMOR 1 MM, BBI 9TOrO JlaXe He 3aMeTHTe. A BOT ecJid, BTH-

norpewwHocT! rUBas HUTH B YIIKC WITIbl, OH BCAKWH pas Gymer omm-
f6arecs Ha 1 MM (puc. 1.27), To enBa nu Gproku Boobie
rorga-Tubo GyayT CHIUTHL.

Pue. 1.27. MNonbitka BgeTsb

I et



§ 5. MWUP, B KOTOPOM Mbl XKUBEM.

NPOCTPAHCTBO U BPEMA

B Hsyuas npupody, uccnedosamenu pas-
denunu 6ce o6zeKmMbl (PU3ULECKO20 Mupa
HAQ MUKPO-, MAKpo- u mezamup. Bam yxce
3HAKOMbL IMU NPUCMABKU, U 6bl Moleme
npednonoxcumo, uem OMAULAIOMCA IMuU
mpu nonamus. Odnaxo He cmoum cne-
wume ¢ omeemom! On He mak npocm, KAK
MOKHCEm NOKa3amucs HA Nepeéviil 63zaA0.

0 Xapakrepnsyem CTPYKTypPHbie YPOBHM
duanueckoro mupa

Besa pocrynHas ans HaOMoOpeHHs JacTb Ma-
TepUaJIbHOTO MHUPAa, KOTOPBIH HAC OKPYXKaeT, Ha3bl-
paercs BeesienHo.

Menpuaitmumu obbexktamMu BceesieHHON sABIS-
JOTCH MUKPOYACTULBI — MOJIEKYJIBI, aTOMBI M HX CO-
crapnsoniue. Mup MoneKyn, amomos u ux cocmae-
AAUUX Hasbléalom MHKpomupom (puc. 1.29).

B MukpoMupe IeHCTBYIOT 3aKOHDBI, 3aMETHO OT-
JIMYAIONITHECs OT TeX, ¢ KOTOPLIMK CTAJKUBAETCH Ye-
JIOBEK B ITOBCEAHEBHOM »usHu. Tak, ogHa U3 cocTas-
NSIOIMX ATOMA MHUKPOYACTHIE, HEeHTPOH MOMKeT
¢BOBOTHO TIPOHUKATH CKBOSB TOJICTHIE CTEHBI. 3aKO0-
HBI, TI0 KOTOPBIM «}KUBYT» MUKPOYACTHUIIbI, H3yUaeT
Keanmosas usuka. Brarogapsa ee JOCTHMIKEHUAM
TIOABUJIUCE COBPEMEHHBIE KOMITBIOTEPBI, MOOHJIbL-
Hble Tese()OHbI, IIU(POBLIE BHAEO- U AYAHOIIPOMUTI-
phIBATENIM W APYras «yMHAaf» OBITOBAA TEXHUKA.

ATOMBI MJIM MOJEKYJLl MOTYT OOBeIUHATH-
csi B GOJIBINIME CKOILJIEHUSI — MaKPOCKOIIUYeCKHe
rena. ITpuMepaMy MaKpPOCKOIIMYECKHX TeJ Ipe-
e BCETO SBJIAIOTCH CaM YeJIOBEK, a TaK»Ke BCe
(dusuyecKue Tesa, KOTOPBIE €ro OKpy»xaloT (Zepe-
BO, JIoM, ITKad, CTOJ, KHUra U T. IL.).

SeMada W Apyrve IUIAHETHl SBJIAIOTCH MaKpo-
CKOIMMYECKUMH TeJIaMH ACTPOHOMHYECKOT0 MAacIil-
Taba. Mup naanem u uauvecKux men, Komopbie
OKpYMHCAIOM 4enoeeKa, a MaKme cam Heroser Cco-
emaensiom Mmakpomup (cm. puc. 1.30). B maxkpomu-
pe TOCIIOACTRYET Kiaccuieckasn usukxa. Ha ocHoBe
38KOHOB KJIACCHYECKOH (PUSUKU YeJIOBEYeCTBO CO-
3712710 TUTAHTCKHE COOPY3KeHUS, TUPO- U TEeILIIOBBIE

IpaHuubl
BcenenHon

Brnvwanan
ranakimka

lho” |

10"

— ANaKTHEWN
% Bavxanwan 38e3sa
o [l Famore cpteess

INJ" ] PaccronHme
IIO’ |
(N

3emna—ConHuye

Puc. 1.28. lnana3oH pasmepos
eo BcenenHon

Puc. 1.29 O6bekTs MUKpoMupa
MU3YUAOTCA C NOMOLLbIO Cneynant-
HbiX NPMBOPOB — 3NEKTPOHHbIX
MWUKPOCKOMNOB

__2H =
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Pazgen 1. HAHUMHAEM U3YYATb OU3UKY

O6beKTel MaKpommpa

BNEKTPOCTAHLIAM, CTAHKHA M TeXHUYECKHe yCTPOMCTBa, COBpeMeHHbIe CPeIcTBA me-
peilBHIKEeHns — Ioesza, aBTOMOOHIIN, CaMOJIeThI, PAKETHI.

OnHAKO MAKPOMHMD — BCEro JIMIIb «NecuuHKas Bo Beenenmoit. KpoxorHrie
«CBETJIAYKM» 3BE3Ji HA HOYHOM Hebe Ha caMoM JeJie IPe/ICTaBIAInT coboi ruranT-
CKMe IIapbl PACKAJIEHHOTO Tasa, pasMeph! KOTOPHIX 3aYacTyl0 HAMHOTO NpPeBhbIla-
joT pasmeps! Hamero Conmuna. PaceTosiHus Mesxxay pasbpocanHbiMu BO BeeneHHOM
3BE3/IAMHU OTPOMHLL 4TOOKI no0paThes o Giuskaiiuein k¥ ColHILy 3Be3jIbl, JBHIA-
fICh CO CKOPOCTBHIO TTACCAMMPCKOro noesna, rnoxaaobunocs 661 okono 30 mMiH JeT.
HUsmMeHeHns B 9TOM MHPe IPOUCXOAAT HACTOJNBKO MEJJIEHHO, YTO BPeMs 4YeJloBeqec-
KOH JXMBHM KAMeTCs KOPOTKUM MrHoBeHueM. Tak, Hame CoJHIle BOSHUKJIO OKOJIO
5000 mua ner Hasaj 1 OyzpeT ceeTUTh eme npuvepHo 8000 muH net.

Paccrosinusa 3ziech M3MEPSIOTCH B MUJUIMOHAX KHWJIOMETPOB, BpeMsi — B MHJI-
JIMOHAX JeT... IloMHuTe, KaKas U3 KpaTHLIX MPHUCTABOK O3HAYaeT «MHJILIUOH»? Bep-
HO — «Meras. [109TOMy y4eHble ¥ HA3LIBAIOT MUP 36e30, 36630HbLX CKONJIEHUll —
zanaKmuk u dpyzux zuzaHMCKUX Kocmudeckux obsexmoe meramupom (puc. 1.31).
CTpoeHue U SBOJIIOLMI0 MEraMupa M3ydaeT ClleqUasibHag HayKa — KOCMONOZUA.

Paznuuaem nocnefoBarenbHOCTD cOOLITHA U NPOACIUKWTENBHOCTD
cobbiTMA

IIpocmpancmeo v 6pems SBASIOTCS CBOeoOPA3HOH apeHOM, Ha KOTOPOWH
«PAaseIrphIBAIOTCH» BCE ABJIEHHUS W IPOIECCHI, NTPOUCXONANIAE B OKPYIKAIOMEM
Hac ™upe. YtTo6bl AaTh IOJHOE OINKMCAHHE KAaKOTro-HHOyAb coObITHA, MBI
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§ 5. Mup, B KoTOpOoM Mbl XuBem. lNpocTpaHcTBO U BpemMA

ob6s3aTeIbHO IOMYKHLI YKAa3aTh He TONBKO 20e, HO
u Kozoa 9To coberTHe npousounyo. Hanmpumep, Ha-
Oro/ias 3a COPEBHOBAHUSMM JIETKOATJIETOB (pHC.
1.32), mpr Becerga uKcupyeMm (XOTs 4YACTO M He
sagyMeiBaeMcsi 06 3TOM) MOMEHT BpeMeHH M II0-
NO¥EeHUe CIOPTCMeHa B IpocTpaHcTBe. B mHOM
cnydae onpejeluTh Iobegutensi Ou110 61 HEBO3-
MOKHO.

IIpu aTOM MBI XOPOILO IMOHUMaeM, YTO CIOPT-
CMEH, KOTODBIH TIepBLIM IlepeceKk (HHHITHYIO
yepTy, CHesas 3TO A0 TOro, Kak (PUHHIIMPOBAJIHN
ocTajibHEIe yyacTHHEH 3a0era. To ecTs peus UIeT
0 NMOCTEA0BATENBHOCTH COOBITHH, KOTZIa OLHO U3
HUX IIPOMCXOAHUT paHbile, YeM gpyrue.

OpHako [ga’ke BBISICHUB, KTO cran mnobeau-
TejleM B OTmeJIbHOM sabere, Mbl He OyneM 3HATH Hawa lanaktunka —
nobegUTeNIfi B COPEBHOBAHMAX, €CIM He u3Mepum  Mneunbiit llyto — onxa v3 munnu-
OTPE30K BPEMEHH ¢ MOMEHTAa CTAPTA CIOPTCMeHa PACB MaKinKeo Boeneruion
Jio ero (puHua — YTOOBI CPABHUTHL C Pe3yabTa-

TAMH OCTAJBHBLIX YYaCTHHKOB. TO €CTh, K&K I'OBO-
paT GUBHKKM, HEOOXOUMO YCTAHOBUTH IPOJOJIKH-
TeJBHOCTH COOBITHA.

MpoACNKUTENBHOCTD COBLITUA — ITO NPOMEXY-
TOK BPEMEHU, B TEYEeHWe KOToporo 310 cobbitme
NPOVCXOAWNT.

Takum obpasom, AJifA TOro 4yTobbLl OonpenesiuTh
1 TPOJAOIMHUTENLHOCTL OZHOrO COOBITHA, U IOCTIe-
JIOBATEJIBHOCTE BCeX COOBITHI, MBI M3MEPAEM IIPO-
MEeXKYTOK BpeMeHH. Pasnuuyue 3aKII0YAETCH B BbI-
ﬁ()pe HAYAJNIBHBEIX MOMEHTOB, 0T KOTOPLIX BeNeTCH
oTcyeT BpeMeHH. OITDE,IIEJIHH HpU}IOJIJKHTEJILHOCTb
JIAHHOTO COOBITHS, 3a HAYAJNbHBI MOMEHT MBI
npuHHMaeM MOMEHT Ha4daja camoro cobOBITHSA.
[Ipu onpefesieHUN INOCIEOBATEBHOCTH COOBLITHI
HAUAJIBHBLII MOMEHT CBASBLIBAIOT ¢ HAYAJOM OJHO-
ro obIero AJs Bcex coObITHSA.

Hanpumep, OCeHHHE KAHUKYJIbl (cobrrTHE)
HAYANHUCE 2D OKTAOpSA W IpOmOJKanuch 8 mHe.
B pampHOM ciyyae IPOMEXYTOK BpeMeHH 8 nHeil
03HAYAET NPOJOJIKUTENBHOCTE cOOhITHA. 3a Ha-
4ajo OTCYEeTAa BPEMEHU MPUHUMAaeM Ha4daJio CaMHuX
KaHUKYJL.

Ilara 25 okTAOps yKAa3LIBAeT Ha IOCIENoBa-
TEeJILHOCTE COOBITHIL, a 332 HAYAJO OTCYEeTa BpeMe-
HM IPUHUMAEM Ha4yaJo KaJeHJapHOro rofa.

CryneHueckne COpeBHo-
BaHWA NO NErkow ateTuke
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PI '_:‘, , Pazpen 1. HAYUHAEM U3YYATb OU3UKY

!. MNepBuie atomHbie
4aCkl — 3TASIOH BPEMEHN

1c. 1.24. PasHbie Bugbl npubopos
LN V3MEPEHWA BPEMEHW

@ 3HaKoMMmMCA € eagnHiyamMmn BpemeHn

Kak usmepurs Bpemsi? OTBeT Ha 3TOT BOII-
poc moacKasaja JIogsM cama npupoza. [leio
B TOM, YTO MHOTHE IIPOLECChI, IIPOHCXOAAIIHE
B IPUPOJE, ABIAIOTCH MePUOSHYECKHUMH.

MNeprognyeckum Ha3biBaAKOT Tako NPOLeCE, KoTo-
pbiiA MOCNEAOoBaTeNbHO MOBTOPAETCA Yepe3 paB-
Hble NPOMEXYTKI BPEMEHW.

IIpoaoUTEeIFHOCTE OMHOTO TAKOTO Ipolecca
MOKeT CIYKHTh efuHULeill Bpemenu. Hampuwmep,
pparnieHue 3eMJIH BOKPYT CBOEH OCH — IepHOAu-
yeckuii mpornecc. IlosroMy emie ¢ APeBHEHIITHX
BpeMeH 3a eJHHHUILY BpeMeHH IIPpHHHMAaJHCh cyT-
KU — NPOJOJIKUTENLHOCTE OIHOTO TMOJHOro 060po-
Ta 3eMJIH BOKPYT CBoeil ocu. 3aTreM CYTKH pasje-
JIMJIE HA PABHBIE JIOJNH, MOJIYYUB TaKHe eJUuHUILbI
BpeMeHH, Kak yac (1), muHyTa (MUH), cekyHzaa (c).
Yac — aro 1/24 yacTs cyTOK, MUHYTa — 1/60 yacTs
yaca, a cekyuga — 1/60 yacTe MUHYTEL

VeraHapnmuBas 9TH eAWHMILI, JIOAH CYMUTAJIH,
YTO MPOJOJDKUTENBHOCTL 10NHOTO obopoTta 3emim
BOKDYT ee ocu Bcerfia ofumHakosa. OgHako Hame-
peHusi, IPOBEICHHEBIE YUEHBIMH C IIOMOIbIO COBpEe-
MeHHBIX IPUOOPOB, NOKAa3alik, YTO 3TO HEe COBCEM
Tak. 3aTO NEpUOAMYECKHe IPOLEeCChl B MHKPOMU-
pe okaszajuce Oonee ctabunbHbiMH. [loaTromy nis
GOJBIIEii TOYHOCTH HM3MEPEeHUsA BpeMeHHM ObLl co-
37laH 9TAJIOH , OCHOBAHHLIK Ha NEPHOJUYECKHUX ITPO-
Leccax, IMPOUCXOJANIMX BHYTPpH atoMa (puc. 1.33).
C IOMOIIBI0 ATOMHOT'O 3TAJIOHA BOCIIPOUSBOAAT e0u-
Huyy epemeriu 6 CH — cexynay (c).

CaMpIM pacnpocTpaHeHHLIM IPHOoPOM JJIs 13-
MepeHHsl BPEMEHH SABJIAIOTCH wdacei. Hacel MoryT
OTJIMYATHCA B KOHCTPYKI[HEe, ¥ TOYHOCTHIO U3Me-
peruii (puc. 1.34), ogHaKo UX JielCcTBHE BCET/IA OC-
HOBAaHO HA OJHOM M3 IEPHOAHYECKUX IIPOIECCOB.

@ nonsoaumutoru

Bces goctynHas s HaOMoOgeHUs 4acTh Ma-
TepHATBHOrO MUPa HaswiBaeTcsi Bcesennoil. Bee
obberTh! BO BeelleHHO# pasfensioTcs Ha MHKPO-,

SranoH — 3TO TEA0 WIHW YCTPOMCTBO JUis XpaHEHHs
1 BOCIIPOMSBENEHHS e[WHUIE] (PU3NYeCKOM BeTHYMNHEL



§ 5. Mup, B KOTOpOoM mbl uBem. lMpocrpancreo n BPEM] .

MAKpo- ¥ MeraMHp: MUKPOMMPOM HAa3BIBAIOT MUP aTOMOB H MeJIbYailIluX dac-
TUIl, U3 KOTOPBIX OHHM COCTOST; K MAKpPOMUDPY OTHOCHTCH MHD IJIaHeT U (QHU3u-
JeCKHUX Tel, KOTOPBIE OKPYIKAaloT YeJIOBEKA, 8 TAK¥Ke caM YeJIOBeK; MeraMupoM
HASBLIBAIOT MHD 3Be3J], 3Be3[HLIX CKOILIEHHH — TalaKTHK, a TaK¥e JPYTHX I0-
nobHBIX OO'EEKTOB.

Mup, KOTOPBIH HAC OKPY»KaeT, CymeCTByeT B IIPOCTPAHCTBE M BO BPEMEHH.

M3mMepeHnie BpeMEHH BBISBAHO HEOOXOAMMOCTHIO MOJYYUTh OTBET HA ABa BOI-
poca: «Kak gosro onpefiesienHoe cobbrTie mpoucxopuio?s u «Korma aro cobertue
npoucxoauso?». OTBeT HA 8TH BOIPOCHI IO3BOJISAET ONPEAETUTH II])O}IOJIJKHTBJIB‘
HOCTh U IOCJIEAOBATEILHOCTH COOBITHIL.

3a eIUHUIY BPEeMEHH IPUHUMAIOT IIPOAOIMKUTEIBHOCTD TOTO MJIM MHOrO 1e-
puopnueckoro npouecca. B CH B kavecTBe eqUHMILI BDEMEHH MCIOJbL3YeTCH ce-
KyHIA.

@ Kourponbubie Bonpocbl — —

1. Kakue o0bekTel Bo BeeleHHOH OTHOCATCH K MeraMupy, MaKpOMHMPY
u Mugpomupy? 2. YeM OTNIMYAIOTCH TNOHATHA «IIPOJOJDKUTEIBHOCTH
COOBLITHII» M «IOCHeoBaTeIbHOCTh cobrrTuiin? . Kako#t nponecc Hasbl-
paloT mepuopguueckum? 4. IlpuBesuTe NpUMEPH MPOLECCOB, MPOHOJIMKU-
TEeJILHOCTHh KOTOPLIX MOrja Obl CHy»KUTh eAuHuleil spemenu. 5. Kakue
eIMHUILLI BpeMeHH Bbl 3HaeTe?

@ Ynpamuennn

1. ITpoMeskyTOK BPEMEHH MEXAY MABYMS IOJHOJYHUAMM COCTABIAET
29,5 cytok. BrlpasuTe ero sHaueHue B APYTHX eauHMIax (dacax, Mu-
HYTaXx, CEKyHJax).

2. Ha pemesnue 3aiauu 1o ¢pusnke [{ume nonazobunocs 0,15 uaca, a ero apy-
ry Henucy — 540 c. K1o U3 Maasuukos GhicTpee CIpaBMjCH ¢ 3ajadeii?

OuanKa n TexHuka B YkpanHe

HaynoHanbHbIin HaY4YHbIN LeHTp «MHCTUTYT MeTpono-
rvu» (XapbkoB)

MeTponorus — 370 Hayka 0 pasHoobpasHbix uimepe-
HMAX: KaK MX NPOM3BOOMTL, C NOMOLIbIO Kakux npmbopos,
KaK JOCTWMb COOTBETCTRYIOLYel TouHocTw. bez merpono-
M CerofiHA HeBO3MOXHO NpoBefeHne HayuyHbIX NCCnego-
BaHWi, BOODLYE HayyHbIi Nporpecc.

MarepuanbHon 6a3oin Bcex COBpPEMEHHbIX W3Mepe-
HWIA SBNSIOTCA COOTBETCTBYIOWME 3TaN0oHbI, KOTOPbIE CTh
B Ka)K10M PasBUTOM rOCyAapcTse. BONbUMHCTBO YKPaUHCKMX FOCYAapCTBEHHBIX STAanoHOB (0Ko-
no 40 eguHKULY) CO3AaHO U XpaHUTCA B HaumoHanbHOM HayYHOM LeHTPe «MHCTUTYT MeTponorimy
B XapbkoBe. B UaCTHOCTW, 3TO 3TancHBl [NWHLI, MaCcChl, TEMNEPaTYpPLl, BPEMEHU (CM. PUCYHOK),
YPOBHA paguauuv v apyrvie. BcnomHuTe, YTo paguocTaHumu TpaHcnupyloT curHan «Ceepere
BaluK yacb». TOYHOCTL 3TOrO CUrHana NPoOBEPAETCA MMeHHO B VIHCTUTYTe MeTponoruu.




Pasgen 1. HAHUHAEM U3YYATb OU3IUKY

NABOPATOPHAA PABOTA N2 3

HsmepeHue BpeMeHH.

O3HAKOMHUTBLCH C IIPUHIMIIOM PaboThl MeT-
pOHOMA, CeKyHJIOMepa; Hay4YUThCs U3MEPATH IpPo-
MEeXXYTKH BPEeMeHH C IIOMOIMIbI0 Pa3jiuYHbBIX (DU3H-
YecCKUX NpPUbOPOE.

METPOHOM, CEeKYHAOMED, Yachl
C CEKYHIHOH CTPeJIKOH, CTeKJIAHHASA TPYOKa IJINHOM
25—30 cm 1 auamerpom 7T—8 MM, NIACTHIIMH.

TeopeTrnuyecKune ceegeHMn

Merporom (puc. 1) (oT rpedecKux CIOB
metron — «Mepa» U nNOMOS — «3aKOH») — IPH-
Oop ansa oTcyeTa OTPE3KOB BPEeMEHHM Ha CJIyX.
IIpumensiercss ansi coOMIOAEHHS TOYHOTO TeMIIa
IIPH UCIHOJNHEHUH MY3LIKAJbHBIX IPOU3BEJICHUI,
a Takme B JjabopaTopHeIX oneTax. MeTpoHOM
COCTOMUT M3 KopIyca NUpaMuzalbHON (POPMEI CO
mragoi (1), OPYHUHHOrO 4YaCOBONO MEXaHU3Ma
U MAaATHUKA (2) ¢ IOABMIMKHEIM rpy3om (3).

KonebaHusi MasiTHUKA METPOHOMA COIPOBOMK-
JalTCH PaABHOMEPHBIM IOCTYKMBaHueM. Yucio
rkonebaHuil MasiTHUKA B efUHUIY BPeMeHM 3aBH-
CHT OT MECTOIOJIOMEeHUs rpysa. Yrobel noburbes
HeoOXOIUMOro KoJIMYecTBa YIapoB B MUHYTY, IPYy3
(PUMKCUPYIOT HAIIPOTUB COOTBETCTBYIOMEH IH(PLI
Ha LIKaJje.

Mexanuveckuit cexynnomep (puc. 2) — npu-
0op anA M3MepeHHUS NMPOMEMKYTKOB BPEMEHH PO~
JOJKUTEJIBHOCTBIO OT JIONEH CEeKYHABLI N0 JoJeil
yaca. CeKyHJIOMeEp COCTOMT U3 YACOBOI0 MEXaHH3-
Ma M MeXaHW3Ma YIPaBJIeHUs CTPeJKaMH — ce-
KyHaHOH (1) m MuHYTHO# (2), ¢ IOMOLIBIO KOTO-
poro OCyHIecTBIAIOTCH IIYCK, OCTaHOBKa npubopa
M BO3BpAIllEeHHE CTPEJIOK B HYyJeBOe IOJIOMKEeHHe.

YKA3AHUA K PABOTE
MoaroroBKa K 3KCNEpMMENTY

HactpoiiTe meTporoM Ha 120 ynapos B MHUHYTY.

OmnpenenuTe HeHY OEeJeHUs IIKAJ YACOB B Ce-
KyHzOoMepa. PesynbTaThl H3MEpPEHHWI 3aHECHTE
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Na6oparopHan patora N2 Bj .

B Tabnuny. (Llena nenenusi merposoma, HacTpoenHoro Ha 120 ynapoB B MHHY-
Ty, cocrasiasier 60 c: 120 = 0,5 c).

BakpoiiTe oMH KOHEI] CTeKJISHHOM TPYOKH nyactunueoM. HanonrmuTte ee Bo-
JIoii Tak, 4T00bI B TPyOKEe 0CTAJIOCh HEMHOI'O BO3AYXa. 3aKPOHTe mMIacTHIHHOM
BTOPOIl KoHer TPpyOKH U I0JI0K¥Te ee HA croy. Cierka mocryuyas no TpybOke,
jobeiiTech, YTOOBI MY3bIPEK BO3AYXa OTAENIJICH OT IJIACTHJHMHA. 3aTeM IOj-
HUMHWTE OJIMH KOHEL TPYOKH ¥ IOJIOIKHTe ero Ha TOHKYIO Terpanb. Ilyseipex
HAYHET MeJIJIEHHO ITepeMeInaThCcs BBEPX [0 TeX 0P, IIOKa He JOCTUIHET Ipo-
THBOIOJIOYKHOIO KOHIA TPYOKH. YT0OBI BEpHYTH NY3bIPEK B MCXOHOE MOJIOMkKe-
HEle, NOJIHUMHTe KOHel TPYOKH, Jiexkalluil Ha cTore.

IKCNepMMenT

IIpoBepbTe CBOE «UYBCTBO BpeMeHH». [l 9TOro, He MOJBL3YsCh H3MEpPHTeNb-
HBIMH TpUOOPAMM, OLEHHWTE BPeMs IEepeMelleHHs NYy3bIPhbKA BO3AYXA OT KOH-
1a TpyOKH, KOTOPBIH JIEXKUT HA CTOJIe, JIO KOHIA TPYOKH, JIemalnero Ha TerT-
panm.
Hsmepsre BpeMs NBUIKEHUSsI NY3BIPHKA € MOMOIbIO:
a) uacos; 0) MeTpPoOHOMA; B) CEKyHIOMEPA.

Kaxapiii onpiT noBTOopuTe TPYIKABL. PesyybraThl BCeX HM3MepeHuii cpasy
JKe 3aHecuTe B TAbIHUIY.

3aBepmuTe 3arojHeHHe TabIauIbI.

Bpema t, ¢
Cpepcreo namepenns  Lleda genenns

Yackl

Merpornom

CexyHtoMep

AHanuns pesynbraToB 3KCNEPUMENHTA

IlpoaHaM3upoOBAB YCJIOBUS MNPOBEINEHHUS SKCIEPHMEHTa, CPaABHHUTE IOJY4YeH-
HbI€ Pe3yJILTaThl ¥ BBISICHUTE:

4) KAKHM W3 [PEeJIOMeHHBIX NpUbopoB nesecoobpasHee M0JIb30BaAThCH;

0) ¢ KAKOI 1eJIBI0 KA /bl OOBIT DOBTOPSJICH TPHMBI;

B) KAKHE YCJIOBHS IPOBENEHUS SKCIEePUMEHTa NPHBOAMIN K IO PEIITHOCTSM;
r) KAK MOKHO YCOBEPILEHCTBOBATE TEXHUKY NPOBENEHUS SKCIEPHMEHTA.

CpenaiiTe BBIBOJI, B KOTOPOM YKAa3KHUTE, UTO BBl MBMEDSAJIN, KAKOH pe3yJbTarT
MOJIYIUIIH.
HononHuTenbHoe 3afjaHne

OnpenennTe OAUH U3 NOKAas3aTeNleil NeATeILHOCTH BAITEro Cepana — KOJH-
YeCTBO YIAPOB Iyikea B MUHYTY. (Cnpaska: nis pereii 8 Bospacre 11—15 ner B crio-
KOITHOM COCTOSHHWH HOpPMO# cunTaeTcs yacrora nyiesca 70—80 yzapos B MUHYTY.)
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I- . Pazgen 1. HAMUHAEM U3YYATb OU3UKY

NABOPATOPHAA PABOTA Ne 4

Tema. HsmepeHMe IMHEHHBIX pPasMepoB Tel
¥ IJIOIIAAHA WX TOBEPXHOCTH.

Llens: wmamepuTh JHMHeliHBIe pasmepbl Opycka
C IOMOUILI0 PA3HBIX CPENCTE H3MEpeHHsd, Ha-
VUNTLCA ONpeJeNIATh IUIOMIAAEL IJIOCKHX (Hryp
IpaBUJIBHOI M HenpaBUIBLHOH GOpMBI.
O6opypnosanvue: MepHas JIEHTa, Y4YeHHUYECKas
nuHeliKa, Opycok HepeBsaHHbIH, Jmcr Oymaru
B KJIETKY.

TeopeTnyeckne cBegeHnA

1. Kasxgoe Quauveckoe Tejo o0nafaer CBOMCTBOM 3aHMMATH ONpENeIeHHYIO

YaCcTh NPOCTPAHCTBA, TO €CTh ¥MeTh HEKOTOPYIO IPOTANKEeHHOCTh.

K (pusnyecKkuM BeJWUYMHAM, KOTODPHIE SABIAKTCA MEpOif 3TOro CBOHCTBa
Tesa, OTHOCAT, MPEXKAe BCero, JUHeHHbIe pasmMeps! Teja — aiuHy ([), BeICO-
1y (h) u mupuny (d). ITocKONBKY AJIMHA, BBICOTA, HIMPUHA — 3TO (PU3HYECKHe
BEJIYUHBI, UX MOMKHO U3MEPATH, TO €CTh CPABHUBATE C OJJHOPOJHON BeJIMUH-
HOI, OPUHATON 38 eAUHUILY.

3a edunuyy dnumnst (BHICOTHI WJIN IUMPHEB]) 6 Mexdynapodnoit cucmeme
edunuy (CH) npunam metp (m).

ILnomaas MOBEPXHOCTH TeJa TAKIKEe ABIAeTCs (PHUINUYECKOoN BeJIMYMHOM.
Edunuyeit naowadu 6 CH aensemes KBaapaTHeii metp (m?).

Hanomunaem: KBaApaTHLIA MeTp paBeH IUIOIAAM KBAApATa CO CTOPOHOMH
1 merp.

2. Ilnomwaay mjiIocKuX (GUryp npasMILHON reomerpuyeckoil (hopMbl, HalPHMED

OPAMOYTOJLHUAKOB, TPEYTOJBEHHUKOB, KPYroB, OOLIUHO ONPEJeNsiioT ¢ [HOMO-
IIBI0 KOCBEHMbLX u3meperuil. CHauala U3MepAIOT JINHeMHbIe pasMepsl (PUTryphl
(nyvHY, BBICOTY, IIAPHUHY, PaANyc), 4 TOTOM BBIYHCIAIOT MJIOAAL, NOJL3YACH
COOTBETCTBYIOIUMH MaTemaTnueckumu opmynamu. Tak, uwTobel onpegennTb
IJIOLAAL NPAMOYTOJBLHIAKA, HALO YMHOMKHTE JJIUHY NPAMOYTONbLHUKA [ HA ero
mupuny d (puc. 1): S=1-d.

N 1 m? = 100 am? =
EEEEE N1 =10 000 cv* =
EEEINEEEGNE = L.OUG DO aane® ==
*---i——g\— e o = 0,000001 xM?.
= B = - v I

! =

Puc. 1 Puc. 2



Na6oparopHan pabora Ne 4 . .

1. Ecnu ¢urypa ¥MeeT HeOpaBHJIBHYIO TeOMeTPHYecKyIo (pOpMy, TO ee IJoInajib
MOYKHO OINpefieNIiTh, HAYePTHB KOHTYP 9T0oi (urypsl Ha Gymare B KIETOUKY
MM ¢ IOMOIIBIO najemikuy . B 3ToM ciiyuae miomans (GUrypel BEIYHCISIOT 110

popmye 3
S =(n+ Ek)‘c y

rme n — KOJWYeCTBO LEJbIX KBAJPATHKOB; B — KOJIWYECTBO HEIEJIBIX KBaJ-
paruroB, C — niomaas ogHOro KBaapatuka. Hanpumep, miomans (GUIrypbi
Ha puc. 2 paBHA

S=[17+-12—22)-25 Mm? =700 Mm° .

YKA3AHWUA K PABOTE
NoaroroBka K 3KCNEPUMEHTY

1. Tlpescie yeM NPHUCTYNUTHL K M3MEPeHHs M, BCIIOMHHUTE:
8) KAK OLPeNeSIUTh [eHY JeJeHUs IKAJIBI;
6) KaK npasWJILHO CHUMATEL NOKasaHusA npubopa.

2. OnpepenuTe ¥ 3aNUIITATE 1EHY JIeJIEHUs] [IKAJI MEPHON JIEHTHI W JIMHeNKH.

3. BeraucJmTe IJola s, KOTopyio 3aHNMAeT OlHA KJIETOUKa Ha CTPaHWIe Bamei
TeTPaIu.

IKCNepPMMEHT

1. C moMOIIBLIO MEpPHOI JIeHTHI onpexaeauTe jauHy [, mupuHy d #u BbicoTy h
Opycka.

2. Tlopropure BCce UBMEPEHMS, HCIIONL3YH JIMHEHKY.

3. Tlosb3yACkh NOJYUYeHHBIMH JAHHBIMY, BRIYHCIUTE [JIOIAAEL IOBEPXHOCTH GOMb-
el rpasy OpycKa.

4. Pegynerarsl BCeX MaMepeHW sanecuTe B TabJ. 1.

Tabmuua 1
_! . ; — e ———
Cpepcreo ;i,:?m Onvna ! UupuHa | Boicota 6pycka |- Nrowags P S |
V3MEpeHUn A  bpycka |, cm | 6pycka d, cm h, cm [ w2 MM

WiKanbl

| MepHasi nmeHTa

T
|
|
|

=

Jlreites |

5. lonomxure Opycok GoJbIIell TPAHBIO HA CTPAHUIYY TeTPaa# U aKKypaTHO obBe-
IUTe ero KapaHIaIioM.

6. [logcunTaiiTe KOJHUYECTBO LEJBIX 71 ¥ HeleJBiX kB KBaJIpaTHKOB BHYTPH KOH-
Typa.

&

IManerra (or ¢p. palette — «nnacTuHKa») — OpoO3pavHas MJIACTHHKA ¢ HaHECEHHOM Ha Hee
CEeTKOI KBAJIPATOR ONMpeAeIeHHOM [1J101a 1.

2 Bownnosa, Oususa, 7 sn 33



- . Pazgen 1. HAHWHAEM U3YYATb OUIUKY

7. Berumcnure njomanes rpaHu Gpycka.

8. Peay/npTaThl BHIYMC/IEHWIA 3aHecHTe B Tabm. 2.

Tabauua 2

ObbekT nsmepeHun

Mnowanb OAHOro KonuyecTBo KBafipaTUKOB Mnowage rpadm S

KBafpatvka, cM’ | yenpix (n) | Heyensix (k) mMm? om?

BoasIas rpaub
| bpycka

AHanus pe3ynoTaroB 3KCNEPUMEHTa

1. CpaBHWTe pesyJIbTaThi M3MePEeHNii IMHeHbIX pasmepos Opycka (tabi. 1) u BbI-
SCHUTE, KAKUM U3 MMEOIIMXCs Yy Bac NpubOpoR IeinecoofpasHee NPOBOAHTE
TAKWE M3MEPEHNs] ¥ 1oUeMy.

2. IpoaHanu3MpoOBAB pPa3jMYHbE CHOCOOBI ONpenesieHusl oAy (GUrypel,
CcpaBHUTE pPesyabTaThl usmMepenuii (tabn. 1 n 2) u yraykure:
8) B KAKMX CIYYafix cleayeT NPpUMEeHsTH TOT MJIHM MHO crocob;
6) Kakoii U3 cnocobOB onpejeseHus nuomaay Gurypsl siBisercs Haubosee

TOYHBIM;

B) KAK MOBBICUTH TOYHOCTH U3MEPEHMi, KOTOPHIe POBOAATCS € MNOMOMIBIO Ha-

JIETKH.

3. Cpenaiire BBIBOJI, B KOTOPOM YKaKHTe, YTO UMEHHO BBl USMEPAIIH, JIJIs Yero Bam
MOT'YT HPUTOJNTECS HABBIKH, OJYYEHHBIE IIPH BHITIOJHEHHH 3T0i paboThi.

AononHuTenbHoe 3apaHue

Onpenenure miollaab Balleil JAZOHW W CPABHHUTE ee C IJIOA/bIo JIaNOHU
O/IHOT'O M3 YJIEHOB Ballleil cemMbH.

NABOPATOPHAS PAGOTA Ne 5

L LN

Tema. Wsmepenne o6-€MOB TBEPABIX TeJ, MKHJI-
KOCTeid W Ta30B.

Llens: HAYYUTHCH ONPENENATE O0BEMBI HUIKOC-
Teil, TBEPALIX TeJ (IPaBWJILHOH M HenpaBHJILHON
¢dopMEI) ¥ 1as3os.

O6opyposanue: MepHBIH INUJIHHAD HJIH MEH-
3ypKa, JIMHeilKa, COCy/l C BOJOi, TEJO Henpa-
BUNBHOH (OpMBI, TeJo, uMeiolee (opmy nps-
MOYTOJILHOTO IapaJulelenvnena, HeboJbmas
Konba, cTakaH.



9%

TeopeTnueckne CBEfeHWA

06eM — 370 (QusUUeCKasl BeJIMUYMHA, KOTOpasd
XapaKTepusyeT CBOMCTBO TeJl 3aHUMATh Ty HJIH
WHYIO 4acThb npocrpaHcTsa. Edunuyeir o0sema
6 mencoynapoonou cucmeme edunuy (CH) ae-
asemes Kybuuyeckuit metp (m°).

Hanomunaem: KyOMUYeCKHid MeTp paBeH
obbemy Kyba ¢ pebpom 1 M.

O6beM KUAKOCTH M ra3a N3MEpsioT ¢ HOMO-
1BI0 MepHO20 yuaundpa (puc. 1, a), Aau MmeH-
3ypru.

Jlna uamepernusn o0zema HudKocmu € TOMO-
kIO MEPHOTO LFJIMHAPA (MeH3YPKH) HeoOXo#Mo:
a) IepeJIUTh JKMJKOCTE B MepHBIH cocyx (ona

npuobperer (GopMy cocyla, a ee BepxXHfH
rpaHuna Oy[erT HaXO[HUThCH HA ONpejeseH-
HOM BBICOTE B 3aBHCHMOCTH OT ofnema);

0) onpeieSINTh NOMETKY MIKAaJbl, HAIPOTHB KO-
TOPOI PACIIONIOKEeHA BEePXHAA I'PAHMIA CTOJI-
6a xuaxocty (puc. 1, 6);

B) BHAS LEHY JeJIEHHA [IKAJbI, BEIYTHCINTE 005
eM HUIKOCTH.

Hamepenue obsema 2a3a ¢ NOMOLIBIO Mep-
HOrO HMJIMHApPA (MEH3ypKM) OCHOBAHO HA CBOM-
CTBE rasa 3aHMMAThL Bech MMeomuiics obbeMm.
IloaTomy, uToOBI OnpeseauTh 00heM BO3AYXa,
KOTODBI COfIEpIKUTCA B cocyne, HeobXoaumo
BBISICHUTD, YeMy paBeH o6'beM ero BHYTPeHHeil
4ACTH, TO €CTh 8MeCmumMocme cocyoa.

Jlna uamepenus émecmumocmu cocyda He-
00x0IUMO:

a) 3aM0JHUTH COCY/JI BOJIOH ¥ epeJIuThL ee B Mep-
HBIH TUIMHAD (MEH3YDPKY);
6) onpenenuTh 00HEM NepeuToil BobI.

Usamepernoe 3nauenye obbeMa BoIbl OyAer
paBHO 00'bEMY BO3AYXA, KOTOPBIN COAEPIKUTCH
B cocyne.

Jlna onpedenenus obvema meepdozo mena

¢ IMOMOIIBI0 MEpPHOT0 cocyjia HeoDXonumo:
a) HAJIUTHL B MEPHBIN IHIHEAD (MEH3YDPKY) BOAY
obbemom V| Tak, yT06BE B Hee MOYKHO OBLIO
IOrpy3UTh TEJIO W BOja He INepesinBajiach ye-

pea Kpaii;
6) NOrpysUTh B BOAY TENO M M3MepUTh OOLmit
06eM BOJIBI BMecTe ¢ TesioM V5

Na6oparopuan pabora N° 5

1 m*=1000 nv® =
= 1000 000 cm® =
=1 000 000 000 mm* =
= 0,000000001 rm*.
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. . Paspen 1. HAHUHAEM U3YYATb OU3INKY

B) BBIYHMCJIHUTL 00BE€M BEITECHEHHOH TeJIOM BOIEI
KaK pasHOCTh HM3MEpPEeHWH A0 W mocle [Oorpyie-
aus: V=V,—- V.

TlonyuenHoe zHauenne Oymer paBHO 00BEMY
TBEPAOIO Tena, TAK KAaK TeJI0 BHEITECHSET POBHO
CTOJNBKO HUIKOCTH, CKOJILKO OHO 3aHHMAEeT MecTa
B IPOCTPAHCTBE.

7. Ecin Teso MmMeeT NpaBUNBHEYIO TeOMeTpUde-
ckyo ¢opMmy, TO, H3MEpPHB JHHEHHbIE pasMe-
PBl, MOYKHO OOpefesIdTh ero o6BeM ¢ MOMOIIBLIO
COOTBETCTBYIOIIMX MaTeMaTHYecKux (opmylL.
Hanpumep, o6bem Tena, xoropoe umeer (opmy
IPAMOYTOJNBHOIO napasneienvnena (puc. 2), Bbi-
yycaserca no gopmyle:
V = ldh,

rae | — pinwHa Tena; d — mmupuHA Tena; h — Bbi-
coTa Tena.

Pwc. 2

YKA3ZAHUA K PABOTE
MoproToBka K aKCNEPUMENHTY
1. Tlpesxie ueM HAYATH U3MEPEHWH, BCIIOMHHUTE:
a) KaK ONpefensieTcs eHa JeNeHUs MKAaJbl CPe/CTBa U3MepPeHMs;

0) KaK IPaBMIBHO CHUMATH HNOKA3AHNS MEPHOTO IIHUJINHPA;
B) KAKMe Mephbl OezonacHOCTH Hano cobmopars npu pabore ¢ MEH3YPKOi.

2. OHDE}IBJIHTG H 3a0MIINTe 1eHYy JeJlieHud NIKaJa JMHEeNKN U MEepPHOIo IHJIHHAPA.

xcnepumenT
Pesynvmamet 8cex usmepeHuil cpasy Je 3aHocume 6 mabauyy.

1. Usmepbre 00beM Tena HeNpaBUIILHOM reoMeTpHyecKoil (JOPMbI € MHOMOIBIO
MEepPHOIO LMJIMHAPA.

2. Onpenenvre o0'beM TeNa NPABHILHOH IreOMeTPHUYECKOoi (hOpPMEL.

Hauanbhbin o6bem O6bem Bopbl O6vem Tena V

HanmeHosaHwe Tena 2 2
Bofbl V|, cm’ ntena V, cm m? M

Teno npaBuIbLHOI

Teno menpaBuIBLHON
reoMeTpH4YecKoi (pOpMEI

3. Onpepenute obbeM Tena NPaBHANBHOM reoMeTpHyYeckoii ()OpPMBI ¢ NOMOIILIO
JIMHENKH.

Onuna Tena [, cm Wnpuxa Tena d, cm Bbicota Tena h, cm Obvem Tena V, cw’
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§ 6. BsammopgencTene Ten . .

4. NamepesTe 00b€M BO3AYXa, KOTOPBIH COLEPIKHUTCH B KOJIOE ¥ JIPYTUX COCY/aX,
HAXOOANUXCS HA BAIIEM CTOJIE.

Homep oneita Hazeanune cocypa Obbem xugkocTn, cv® | OBbem Bo3pyxa, cm’

1
2
3

AHanwms pesynuraroB 3KCNepuMenTa

1. TIpoaHaMM3UPOBAB PA3JIMYHBIE CIIOCOOB! M3MepeHHs o0beMa, YKaKuTe:
a) KaKoil W3 CIoCcOoGOB ompe/ieNieH sl ofbeMa TBEPAOro Tejla sBiseTcs Gojee
YHUBEPCANILHBIM ¥ I10YEMY;
0) kakue (aKTOPHI MOBJIHAIHN HA TOYHOCTE NOJMYYEHHBIX BaMH Pe3yJIbTaToB.

2. CnenaiimTe BBIBOJ, B KOTOPOM YKAKWUTEe, YTO MMEHHO Bbl HAyYHJINCh U3MEPATH
¥ [J§ 4ero MoryT HPUIOJUTLCS HABBIKH, TOJyUYEHHBIE MPH BBHINOJHEHHWH pa-
60ThI.

JAononHurencHoe 3aganne

IpesnoxcuTe criocobbl M3MepeHusi oObeMa Tesla HenpaBHJIbHON (POpMbI, eciu:

a) ero o0'beM MEHBIE, YeM LeHa JIeJIeHHs MEPHOro cocyja, KOTOPbiH y Bac
uMeeTcs;

0) T€JIO He NOMEIIAeTCs B COCYJ], KOTOPBIN y BAC MMEeTCsl.

m ITouemy Jlyna dsuscemcs 60kpy2 Semau, a He yaemaem 6 KOCMULecKoe
npocmpancmeo? Karxoe meno nasvieaemcs sapaxcennoim? Kar esaumo-
deiicmeylom dpye ¢ dpyzom 3apsdcernvle mena? dacmo nu mbi CMAIKUEA-
eMCA € INEKMPOMAZHUMHBLM B3aumodeicmeuem?

Mo monbKO wacmb 60NPOCOS, € KOMOpLLMU HAM npedcmoum paso-
opamwcs 8 amom napazpagpe. Ipucmynum!

o Y6empaemca, 4TO Tena B3aMMO[enCTBYIOT

B noBCeiHEBHON MXHM3HH MBI HNOCTOSHHO BCTpeUAEMCSs C pasjIuYHbIMWA BH-

JaM¥ BO3#eiicTBHH OfHUX Tesl HA Apyrue. UToOBI OTKEPBITH JIBEPH, HYIKHO «I10-

JelicTBOBATL» HA Hee PYKOH, OT BO3AENCTBMA HOTM MY JIETUT B BOPOTa, Jaye
IpUCAYKUBASICHL HA CTYJ, BBI JieiicTByeTe Ha Hero (puc. 1.35, c. 38).

B T0 e Bpems, OTKDBIBAS JIBE€Ph, MBI OIIYINaeM €e BO3JeiicTBHe Ha Hamy

DYKY, IeiicTBre Msida Ha HOrY 0COOEHHO OMIyTHMO, €ClIH BBl UTrpaere B (pyT6OI

focuKoM, a fieficTBHe CTYJa He MO3BOoJIsIeT HaM yrnacThk Ha noJ. To ecmb delicmeéue
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| Pazgen 1. HAMUHAEM U3YYATb OU3UKY

Mpyvmepbl B3aUMogencTena Ten

Kannu goxxga nagaior
BHI3 NOA [ENCTBUEM MNPUTIXKEHUA
3emnn

138

6cez0a A6NAeMCS B3AWNMOCHCTBHEM: eclu 00HO
meano Oelicmeyem Ha Opyzoe, mo u Opyzoe meno
delicmeyem Ha nepéoe.

MokHo HamsamHO yOemuTHCH B TOM, UTO Jeiic-
TBHe He OBIBa&eT OFHOCTOPOHHMM. I[Iposepure He-
CJIOMKHBIN SKCIIEPHMEHT: CTOS HA KOHBKAX, CJErKa
TOJIKHUTE CBOEro Topapuuia. B peayisrare HauHeT
JIBUTATHCS HE TOJBKO BAIl TOBAPMLI, HO ¥ Bbl CAMH.

ITH TNPUMEPBl HOATBEPHNAIOT BBIBOJI YUEHBIX
0 TOM, YTO B IPUPOJIE MBI BCET/IAa MMEeM JIeJIO C B3a-
uMozpeiicTBIEM, & HEe ¢ OJJHOCTOPOHHMM felicTBHeM.

Paccmorpum Gonee noppobHO HEKOTOPEIE BUJILI
B3aHMOJIeHCTBHIA.

e Becnomunaem O rpasMTayMoNHOM
B3aUMOALRCTBMM

Iouemy mroboii npenmer, Oyae TO KAPAHJAT,
BBINYIIEHHBIH M3 PYKH, JIHCT JepeBa WJHM KAaris
JOXK A, nanaeT, asuraercs Baus (puc. 1.36)? Iloue-
MY CTpeJia, BRINYINEeHHAS U3 JIVKa, He JIETHT [PSAMO,
a B KOHIle KOHIIOB naziaer Ha semunio? Ilouemy Jlyna
aBikercs BOKpYT 3emumn? Ilpuumua Bcex sTHX AB-
JIEHWi 3aKJTFOYAETCA B TOM, 9TO 3eMJIfl IIPHTATHBAET
K cebe gpyrue Tena, a STH TeJA TAKIKE NPUTATABA-
T K cebe 3emunio. Hanpumep, nputsoxernue JIyHb!
BEIZBIBAaeT Ha 3emue npunmesl (pue. 1.37). Hama
ILIaHeTa U Bee JIpyrye miaHers CoMHEYHOoW cucre-
™Mbl npurTarueaioTes K CotHny ¥ ApyT K Apyry.

B 1687 roay Beipamomuiics aHIMHUHCKHRA (u-
suk Mcaax Hrewron (pume. 1.38) chopmynmpo-
BAJI 3aKOH, COINIACHO KOTOPOMY MKy EBCEeMH
TeJlaM# BO BceneHHOH CYIIEeCTBYeT B3aWMHOE



FRe T2 TprnviBbl ABNAKOTCA CNEACTBUEM NPUTSIXeHUs JTyHbl

npurskenve. Takoe 63aumHoe npumsaiceHue ma-
MEPUANbHbIX 00BCKIMO0E8 HA3bLBAIOM TPaBUTALM-
OHHBIM B3auMopeicTeueM. ONUpasch HA ONBITHI
¥ MaTemMaTuyecKue pacuersi, HbIOTOH yCTaAHOBWII,
UTO UHMEHCUBHOCMb ZPABUMAYUOHHO20 63AUMO-
delicmeus YeeiuLUBAeMes ¢ YeeaudeHuem mace
e3aumodeiicmeyowux men. HWmenno mnoaromy
JEerKo yOejuThCs B TOM, YTO HAC ¢ BAMH NPUTSH-
ruBaeT 3emMJisl, HO Mbl COBEPILIEHHO He 4YYBCTBYEM
NPUTSIKEHWS] HALIIEI'O COCe/a 10 napre.

9 JHAKOMMMER € BNEKTPOMBIHUTHDIM
esanmopmeiicTeMam

CyniecTByoT M Jpyrue BHJBI B3auMOnei-
creuii. Hanpumep, eciy norepers BO3AYIIHBIA
LIAPHE KYCOYKOM IIeJIKa, OH HAYHET NPHTATHBATH
K ce0e pasjyyHBIE JIeTKHe NpeJMeThl: BOPCHHKH,
3epHBIIIKU puca, Jucrouku Oymaru (puc. 1.39).
IIpo Takoii mapWK IOBOPSAT, YTO OH HA3NEKMPUI0-
6QH, W 3APANCEH.

SapanceHHble mena 63auUMOOeilcmeyiom Medxc-
dy coboil, HO XapaKkTep WX B3AUMOJAEHCTBUS MO-
wer OBITh pasHbIM: OHU JU00 NpumMsazZUBdImcs,
b0 ommankusaiomes apyr or apyra (puc. 1.40).
Breperie cepnesHBIe VCC/IEIOBAHMS 3TOMO SIBJICHWS
0T TPOBEEHB! AHITIMUCKAM YUYEHBIM YUJIBSI-

. M3BeCTHBIN aHIMWACKUIA

yuenbin Micaak HbiotoH
(1643—1727)

39
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Pazpen 1. HAHMHAEM U3Y4YATb OU3IUKY

HasnexkTpusoBaHHbI
WAPpWK NpUTArMBaeT K cebe nuct
Bymarn

[Ba 3apAxeHHbIX LLapn-

Ka B3aUMOOENCTBYIOT Mexay cobou:

a — NPUTATMBAINTCS;
6 — OTTANIKMBAIOTCA

40

mom I'miaebeprom (1544—1603) B xonue XVI Bexa.
Baaumodeiicmeue mendy 3apAMeHHbIMU menamu
T'unsbepr HA3BAJ 3JEKTPHYECKHM (0T rped. cjioBa
elektron — siHTaph), TAK KaK €Ile JAPEBHUE I'DEeKH
3aMeTHJIH, YTO SHTapb, €CJH €ero OoTepeTh, Ha-
YWHAET INPUTATHBATL K cebe HeNnKde IpeMeThl.

Bei xopomo 3HaeTe, YTO CTpeJIKA KOMOAaca,
ecnu JaTh e BO3MOKHOCTE CBODOMHO BpAIIATE-
CcH, BCerjga oOCTaHaBJIHBaeTCH TaK, YTO OOHH €e

KOHEI YKa3kIBaeT Ha CeBep, a Apyroi HA Or
(puc. 1.41). 910 cBA3AHO C T€M, YTO CTPEJIKa KOM-
maca — MArHWT, HAIlla IUJIaHeTa 3eMJs — TOKe

MATHWT, IpHYeM OI'POMHBIN, a d8a mazHuma ecez
da esaumodeiicmeyiom opyz ¢ dpyzom. Bozpmute
JBa JIIOOBIX MATHHTA, U KaK TOJLKO BEI NOnpody-
ere NpUbJIU3UTE UX APYVI K APYIY, Cpasy Ke mo-
YYBCTBYETE NPUTSIKEeHUe UM oTTaJkuBanue. Ta-
KO€ B3auMOelCTENe HASHIBAETCS MAarHHTHBIM.

(MDU3NKHN YCTAHOBWJIM, UTO 3aKOHBI, OMHCHIBA-
0L0HE SJeKTPUYeCKHe W MAarHUTHBIE B3auMOjleiic-
TBHH, e/jHHb]l. [l0aTOMY B HayKe OPUHATO TOBOPUTH
O €JIHHOM 3JIeKTPOMATHHTHOM B3aHMMOIEHCTBHH.

C 8/1eKTPOMATHUTHBIMH B3aUMO/IEMCTBHAMM MBI
BeTpedaeMcsi OYKBAJBHO HA KaXK/IOM IIATY — BeOb
npy xoabpbe MBI B3aMMOAeHCTBYEM € MHOKPBITHEM
Jiopory (oTTaNKMBaeMcs), U NPHPOJA 9TOrN0 B3au-
MOpeHCTBHA BJleKTpoMarsEuTHas. Bnaropapsi aimek-
TPOMATHUTHBIM B3aMMOAeHCTBUAM MBI JIBUTAEMCS,
cuuM, numeMm. Buaum, ciaeimmM, oboHsAEM M ocs-
38€M MBI TAKKE C IOMOIILI0 3JIEKTPOMATHUTHOIO
B3anmopeiicreus (puc. 1.42). Ileitcreue DonbIIMHC-
TBA COBPEMEHHBLIX HpuOOpPoB M OBITOBOI TEXHMKH
OCHOBAHO Ha BJIEKTPOMAIHHTHOM B3aHMOJEHCTBUH,

Crasxem DoJibIIIe: CYIecTBOBAHHE (DU3HUECKHUX
TeJ, B TOM YHCJIe ¥ HAC ¢ BaMH, OO OB1 HEBO3-
MOKHO 0e3 sJIeKTpOMarHuTHOTO B3auMOjeiiCTBUA.
Ho kax co Bcem 3THM CBSI3AHO B3aUMOJIEHCTBHE
3apSMEHHBIX [APHKOB M MArHUTOB? — COPOCHTE
Bbl. He cnemmre: usyuas (JM3HKY, Bbl 00a3aTeNkL-
HO ybenuTech, 9YTO 3TA CBA3H CYIIECTBYET.

@ CTankusaemcs C HepeleHHbIMK
¥  npobnemamn

Hame onucaHHe OKaXeTcs HENOJIHBIM,
€CJIF Mbl He VIIOMSTHEM eIIle JIBA BHJla B3aNMOJIEeHC-
TBWI, KOTOpPbIe OBLJIM OTKPBITH TOJBKO B Cepend-



§ 6. Bzanmopgeicrene Ten

—l
1

Crpenka Komnaca Bcer- Buigwm, crvilmm, noHnmaem bnarofiaps anexkTpo-
[la COpMEHTMPOBaHa Ha ceBep MarHUTHOMY B3aUMOLENCTBUIO

He mpouLnoro sexa. OHM HABLIBAIOTCH CHIIBHOE U ciaaboe B3auMOmeHCTBUA U JIeii-
CTBYIOT TOJIBKO B Ipezesax Mmukpomvupa. Takum obpasom, cyuwecmeyom wemobipe
pasauyhbix euda esaumodeiicmeuii. He muoro mu? Koneuno, 6b110 661 ropasuo
yobHee MMeTh JIENI0 ¢ eMHbIM YHMBEPCAJBHBIM BHAOM B3aumozeiicTeus. Tem
fonee, uTo npuMep obbeAMHEHMS PA3JHYHBIX B3AHMMOJEHCTBUIT — SJIeKTpHUeC-
KOr0 ¥ MATHHTHOI'O — B €/IMHOE SJIEKTPOMATHUTHOE YXKe UMEeeTCs.

Ha nporTsizKeHUM MHOMMX JeCHATHIIeTHIH ydeHbIe NBITAIOTCH CO3/AaTh TEOPHIO
Takoro obbeguHeHusA. Hexoropeie maru yixe caenadbl. B 60-x ropax XX meka
VAAJIOCH CO3AATH TEOPUI0 TAK HAZHIBAEMOTO BJeKTPOoCjaboro B3aMMOIEHCTBUA,
B pAMKAX KOTOPOii 6b1M O0beIHeHBI BIEKTPOMATHUTHOE U ciaboe B3aumoeiic-
meuAa. Ho o nmonHoro («Benukoro») o0beMHEHMs] BCEX BHAOB B3aHMOJEHCTBUS
ere najnexo. HDQTOMY YV Kaxjgoro M3 BacC eCTh LIIAHC COBEPIIHNTL HAYYHOE OTKPLI-
THE MHUPOBOTO 3HAYEHUs!

@) nopeopum urorm

BzaumopeiicTeiem B (DU3HKEe HA3BIBAETCH JleHCTBHE TeJl WJIH YacTHIL JpyT
Ha Apyra. Mb! KOPOTKO OXapaKTepH30BAJIM JIBA BHJIA B3aUMOAEHCTBHS M3 4YeThI-
pex, M3BEeCTHBIX HAYKE: TPABUTAIIMOHHOE M 3JIEKTPOMarHuTHOE.

IMpurssxenue ren k¥ Semne, mnaseT Kk ConHily ¥ HaobopoT — 3TO NpUMEph
HPOSIBJIEHHSI TPABHTAIIMOHHOTO B3aMMO/IECTBH .

IlpynMepoM SJIEKTPUYECKOr0 B3aMMOJAEHCTBUS HARBJISETCH B3aUMOeHCTEHe Ha-
BIEKTPH30BAHHOTO BO3/IYIIHOTO MIAPUKA ¢ JucToukamu bymaru. Ilprmmvepom mar-
HUTHOTO B3AWUMOJIEIICTEHS CIIVIKHUT B3AUMONEICTBHE CTPEIIKH KoMIIaca ¢ 3emJei,
KOTOpas TAKIKE HBJSIETCH MATHHTOM, B PE3yJIbTaTe Yero OAWH KOHEL, CTPeJIKH
BCETZA YKA3bIBAET HA CeBep, & BTOPoil — Ha Iom.

DNeKTPHYECKOe M MATHHTHOE B3AaMMOJECHCTBHSA — 3TO INPOSABJIEeHHUS €IHHOr0
3JIEKTPOMATHUTHOTO B3aUMOJIeiCTBUSA.

am .
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Pazgen 1. HAMUHAEM U3YYATE OUIUKY

KOHTPOHBHHE BONpoOChi =

Ilpueegure npumeps! B3aumopeiicTBusa Tes. +. Kaxkue BHMJABI B3aHMO-
OENCTBUH cylilecTByOT B npupoae? 7. IlpueeauTe npumepb! rpaBHTAIIHOH-
HOro B3aumozieiictBusi. <. KTO OTKpBUI 3aKOH, COTJIACHO KOTOPOMY MEIY
BCEMH TesaM¥ BO BeesleHHOI cyInecTByeT B3auMHOe puTsiienne? 5. [lpwm-
BeJINTE IIPUMEDPb] SJIEKTPOMATHUTHOIO B3AUMOEHCTRBHSA.

Vnpamuenne

Hanmuumre Koporkoe counHeHue Ha Temy «Moil onblT, MOATBEPHKIAFOIITHI

B3aumMozeiicTBUE TeJI» (9T0 MOryT OBITH JlaXKe CTUXH!).

Ownsuxa n Texnuka B Yxpanne

(1)

42

3HauuTeNbHYIO YaCTb CBOEI KOPOTKON »wu3Hu Jlee Bacunbeswu
Wy6unkos (1901—1945) npoxuin B Xapbkose, e Bo3rmaenan nabo-
PaToOpVIo HN3KWX TeMnepaTyp. YpoBeHb TOYHOCT MHOMVX M3MEPEHWIA
B nabopatopui He ycTynan coBpemeHHomy. B naboparopum B 30-x ro-
Aax 66inv nonydeHbl KNCNOPOf, a30T U IPYIUe rasbi B XWAKOM COCTOR-
HW. Ly6HIKOB Gbin pOAOHAYANBHUKOM MCCNEA0BaHNA METANNOoB B Tak
Ha3biBAEMOM CBEPXNPOBOANMOM COCTOAHWM, KOIT1a NEKTPUHECKoe Co-
NPOCTVBNEHKE MaTEpVany PaBHO Hymo. HamebiCluan Harpana ans yue-
HOFO — 3TO KOIMIa [INIA HA3BaHNA OTKPHITOro UM ABNEHUA NCNONb3YIoT
BMECTO TEXHWYECKOTO TEpMMHA GamUnnio Camoro yueHoro. «IpGexT
LWy6Hukoea—pe laasaw; «pasza LybHwkosay; «wveton ObpeumoBa—
LLy6HWKOBa» — 3TO NV HECKONbKO NPUMEPOB BKafla U3BECTHOTO
YKPAUHCKOTO YYEHOTO B CTPOMTENBCTBO COBPEMEHHON Gr3nki.

§7. CWIA — MEPA B3AMMOLENCTBUA. SHEPTUA

W [TepsorauanbHolil CMbICA CA08A «CUNA» U 00PA306AHHLLX OM HE20 NOHA-
muil «cunau», «CUNbHbLILY Oblll €6A3AH € B03MONHOCMAMU YeN06€KA, € €20
myckynvroimu yeuauamu. Coznacro dpeenezpevecrkomy mugy, zepoit Teceil
dnsn orazamenbemea ceoeil cunvl GoaxceH Oblll CO8UHYMb 2PDOMACHYI0 Ka-
MenHY0 envlby U docmams U3-n00 Hee OMYOBCKULL mey. A Kaxoe codepia-
Hue sxaadviearom (PUIUKU 6 NOHAMUE «CUNa»?

BenomMiaem NOHATHE ccAnay

IToHsiTHE «CHNIA» HEPA3PBIBHO CBA3AHO CO B3AMMOMEICTBHEM (DUIWUYECKHUX

Tes. YUro0BI CABHHYTHL KAMEHHYIO b0y, Tecero IpUNLIOCE B3aMMOAEHCTBOBATEH
¢ Heil. Hammmm pyks B3aMMOZEHCTEYIOT CO CTYJIOM, KOTOpPBII HeoOxoauMo Iiepe-
JBHHYTH. B MOMEHT TIPBIZKKa HAIIIHA HOTH B3aHMMOIEHCTBYIOT C 3eMJIEH.



§ 7. Cvna — mepa B3anMOfencTBIA. Suepru:. .

Pre. 1,43, Tecei NbiTancsa AoCTaTb MeY CBOEro OTLa M3-nojf ckansi pasHbiMi cnocobami. [1ns Kaxaoro
13 HUX Ha cxeme 0003HaYeHbl HaNPaBNEeHe 1 TONKa NPUNOKEHNA CUbl

ObpaTiTe BHUMAHWE HA TO, UT0 B KAMKIOM M3 IPUBEAEHHBIX IIPHUMEPOB pe-
ayabTaT Oy/IeT PA3IMYHBIM B 32aBHCHMOCTH OT TOTO, HACKOJIBKO CHJILHBIM OBLIIO TO
WM uHoe B3aumozeiicTeme. Tak, CEeMHKIACCHUKY HMYEro HE CTOMT NEpPeABHHYTH
CTYJ1, & JIJIA MaJbIIa-noUIKOJLHHKA 9Ta 3a/la4a MOMKeT OKA3aThCH HEIIOCHJILHOIM.
[logpeMupBl KpaH urpaun noausya Obr rabily, kotopyio Teceit enpa caBuHYJI
¢ mecTa. Yem BBIle BB CTPEMHUTECH IIPBIFHYThH, T€M CHJIbHEE HAJI0 OTTOJKHYTH-
cd. VI3 9THX IPUMEPOB CTAHOBUTCSI OYEBUIHLIM, YTO B3aUMO/ICHICTBIE TEJ CJe/Iy-
eT OIpPeAeHTE KOJIHYECTBEHHO.

Duznueckan BENMUMHA, C MOMOLLbI KOTOPOW KOAIMYECTBEHHO ONpeaensioT B3anmo-
JeNcTBre Tesl, Ha3blBAeTCA CUNOA.

VHBpIMM CJIOBAMM, CHJIA — 9TO KOJMYECTBEHHAS Mepa B3aWMOJECTBUS Tell.
Cuny obosuauaror cumsosom F. Edurnuyeii cunvt 6 CH asnsemes usoton (1 H).

YmoOvl oxapakmepuioéams cuny, HeoOOX0MMO YKA3aTh He TOJIBKO YUCIEHHOe
3HQYeHUe 3TON CHJIIbI, HO TAKIKe HANPABIeHUEe CHIIbI U MOYKY €€ NPULONEHUR.
OnHa M Ta e [0 3HAYEHMIO CHJIA MOXKeT IPHBECTH K COBEPIIEHHO PasHbIM pe-
3YJILTATAM B 3aBHCHMMOCTH OT HanpasjeHus ee aeiicreus (puc. 1.43). Kaxum 651
Hu ObLT cuJiauom JiereHapueni Teceii, oH He cmor OBl CABUHYTHL MJIBIDYy ¢ MecTa,
ecam Obl IABMJI HA Hee CBePXy BHH3. BeposATHO, eMy He XBATHJIO Obl CHJI M JIJIs
TOro, 4robbl MOAHATL KaMeHbL (HATIpABJIEHHWe CUJIbI CHU3y BBepx). Ho Toil ke
CHJIB], TIPUJIOKEHHOM B FOPU3OHTAJLHOM HAIIPABJEHWH, OKA3aJI0Ch JOCTATOYHO,
4yT00LI U3BJEUYL U3 TAHHWUKA OTHOBCKMII M.

BoisicHAeMm, YTO O3HAYAIOT NOHATUA «paboTa» U «3Heprua» anna
duznxoe

Tecuo cesizgaHA ¢ CHJ0H elle ojHa (M3NYeCKas BeJMYHMHA, KOTOPas Ha-
seiBaeTcs pabortoii. B mupokom 3HaueHUM HOHsATHE «paboTa» BKIIOYaET MHOTHE
BBl YEJIOBEUYECKON AeATEeNIHHOCTH, HATIPMMED PacdeThl HA KOMIBLIOTEpE, KOTO-
phle PAKTHYECKH He TPeGyIOT MBILIeYHBIX YCUIUiL. B ecmecmeo3Hanul e no-
Hamue «paboma» ynompebasnom 6 mom cayiae, Kozda npoucxodum nepemeuye-
Hue meaa nod deiicmsuem cunvl. Kpan Ha cTpoiike coBepliaet paborty, NOJAHUMAH
KHPITMYM, NpUyeM YeM GObIINET rpy3 TpefyeTcs MOAHATL, TeM 60nbmIyio pabory

sy mw



. . Pazpen 1. HAMMHAEM U3YYATb OUIUKY

cosepiuaeT kpad. Pabora takike Bospacraer ¢ yge-
JMYeHUEeM PACCTOSHUS, HA KOTOPOE MepPeMeraroT
Tesio. [TonpobyiiTe nepeMecTUTL CTYJI II0 KONHATE
CHayaja OfWH pas, IOTOM JIeCHTh, a 3aTeM pas
OATHAECAT MJIW CTO, U Bbl HeMeJJIeHHO ybeauTech
B NMMPaBUJILHOCTH 9TOr0 BBIBOLA.

3hech BAM TPEACTOMT [O3HAKOMHTHCH C eIre
OHOH O4YeHL BaKHOH (PU3HYECKOIl BEeJMYHHOI,
KOTOpasi HOCUT HaspaHue «dHeprusi». Obiiee ompe-
AeeHue 9Toi (PHU3HYECKOI BEJIMYMHBI 3BYYHT CJIe-
AYIOIHEM 00pasoM: 3HePrus — 3mo obuwan Koau-
YeCMBEHHAA Mepa Q8UNEHUA U 83aumodeilcmeus
pasnuiHbLx 6ud08 mamepuu.

B orHOIIeHMH (PU3MUECKUX TeJ MBI ¢ BaMu Gy-
lieM M0JIb30BATLECH TAKO0M (POPMYJIHMPOBKOIL:

Puic. 1. 44 Wapwk, ynas 8 Bonay,

pa3bpbisran ee. B takmx cnyyanx Ou3nyeckan BennuMHa, XapakTepusyiouwas cno-
FOBOPAT, YTO LIAPUK COBEPLINA cobHoCTb Tena cosepwatb paboTy, HasbiBaeTcs
paboty aHepruen Tena.

O6bryHO 9HEpPru 0603HAYAIOT CUMBOJOM W
U uamepsioT B auKoyaax (1 Iux).

CrnocobuocTh Tenm cosepuiath paboTy MOMKHO
IIPOIEMOHCTPHPOBATE HA CJIEAVIOMEeM IIpHMepe.
Ilomectum maneHbKHII MmIAPMK HA Kpail croxa,
a Ha IIOJY II0JI HMM IIOCTABUM HeOOJIbLIVIO eM-
Kocthk ¢ Bopoi (puc. 1.44). Ecium cronkHyTh ma-
PHK C Kpas CTOJA, TO OH NOJETHT BHM3, yIajieT
B BOAY M paszbpesraer gacts uakoctH. Iloseie-
HHe OpBISr 03HAYaeT, YTO MIAPHK COBEPIIMJI OIpe-
AeneHHyio pabory. Ecim ke mapux He Tporars,
OH OCTaHeTCs HEeNO[BMIKHO JIexxaTh Ha croJje. Ta-
KHM 00pasoM, sHeprus IapuKa MOMKeT ObITh pe-
AJIM30BAHA IIyTeM COBepHIeHHsi paboTel IIpH ero
HaJIcHUH UJIH COXPAHUTCH <«JI0 JIVUIINX BPEeMEeH».

9 Y3naem o npespaujeHuin OagHNX BUAOB
PHEPruw B Apyrve

Bei, 6e3ycIOBHO, 3HAKOMBI € TIOHATHSMH
«TEIJIOBAS BHEPTHS» H «BJIEKTPUUECKAN SHePrusis.
Ho, oxasbiraercs, CyIIECTBYIOT ellle B «MexaHHue-
CKasi SHePTrusi», «XWMHYeCKas SHEPIHs», «3HEPTHs

we. 145, Ha rmpposneKkTpocTan-
LuAX NagaioLyan Bofa (Mexaxnde- " B3TOM pasfiesie MBI yTIOTPEOWIIH IOHSTHE «TeILIOBAs SHEp-
CKaA 3Heprua) Bpawiaet TypbuHsbl, I'Hf» BMECTO ODBIYHO WCIIONB3YEMOrO (DMBMKAME «BHYT-
KOTOpbi€e BbipabaTeiBaloT anekTpn- PEeHHs 3HePI'UA». 3T ¢/IeIAHO OCOBHAHHO, YTODL! IOTYep-
YECKYI0 3HEPIniD KHYTE CBSi3b BHYTPEHHEH SHEePI'MH ¢ TeMIIepaTypoiL.

|
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§ 7. Cvna — mepa BzanmogeincTBuA. IHeprua ,E

SneKTpuyecKan IHeprus
npeepawaeTca
B CBETOBYIO

Tennoean IHeprua

npegpawjaeTca
B INEKTPUNECKYIO

SneKTpuYecKan IHepPrusa
NpeBpAaLAeTca B TENNOBYO
N MEXAHUYECKYIO

IneKTpuyecKan IHeprua
NpeBpalaeTca
B 3BYKOBYIO

HekoTopuie Npumeptl Npeobpa3oBaHns IHEPTN B NPOMBILINEHHOCTU 1 BbITOBBIX Npubopax

ceeTa» M Apyrue (opmel sHepruu. Pasimuudbie (OPMBI SHEPrUM MOTYT IIpeBpa-
marecs ogHAa B Apyryio (puc. 1.44). Tak, mMexaHuuecKas 9HEPrus IaAIOLIEro
MapUKa MPEeBPATHIIACE B MEXAHUUYECKYIO SHEPIUI0 PA3JIeTaioIuxcs OpbI3r BOJIbI.
OpHaxo TOYHbIE U3MEPEHHMS TeMIeparypb! yCTAHOBAT, YTO BOJAA B €MKOCTH IIPH
najieHuy B Hee MIAPUKA HEMHOrO HArpeJsjach. SHAUYMT, MEXaHUYECKas SHePrus ma-
pUKa YACTHYHO IPEBPATHJIACE B MEXAHUUYECKYIO 9HEPruio OpbIsr, a 4acTuyHo —
B TEIJIOBYIO 9HEPIrHiO BOMABI.

Ipespawenus axepzuu vt ocyujecmenseme exeIHe6Ho, vacmo daxce He no-
dospesas 06 smonm (puc. 1.46). Tax, Ipu BRIIOYEHHH MATHUTO(OHA YACTH SJIEK-
TPHUECKOM SHepPruM mpeoOpasyercsi B 3BYKOBYIO sHepruio. Brimouas jamiouxy,
MBI IA€M BO3MOHCHOCTD SJIEKTPHYECKON SHEPruM MPEBPATUTHCH B CBETOBYIO M TEIl-
JoBy10. B srom ciyuae npeofpasoBaHHe B CBETOBYIO SHEPrHI0 OYEBMJHO, a i
NPOBEPKH TOrO, UTO SJIEKTPHYECKAS SHEPIUsi NPeBPaTHJIACh B TETUIOBYIO, JOCTa-
TOUHO TPUOIU3UTE JIAJIOHE K JIAMIIOYKE — M Bbl CPasy ke [OYYyBCTBYeTe TeILo.

[IpeBparienue SJIeKTPUYECKOI BHEPTHH B TEILJIOBYIO B JIAMIO4YKe — «10004-
HBI» M paske BpenHbrif sdpdert. OgHAKO HePeJKO SJIeKTPHYECKYIO SHEePTIHIO I1pe-
o6pasyroT B TEILIOBYIO IEJeHAIIPABIeHHO, CO3/laBas s 9TOr0 CllenUAJbHBIE YC-
TpolicTBa, JTO BCeM U3BECTHBIH SNeKTPHUYECKHI YallHUK, YTIOT, 3JIeKTPOKaMUH,
HATPEBATEJILHBIH 5JIEMEHT ABTOMATUYECKOH CTHPAILHOI MAIIMHbLI U Apyrue Obi-
ToBBle yerpoiicTea. [lpeBpalnenne sineKTpUYECKOll SHEPIUH B TEILIOBYIO HCIIONL-
3yeTcs M B [IPOMBIILIEHHOCTH — HalpUMep, AJs TUIABKH METAJLIOB.

Yr0o6BI vy BAC He BO3HHKJO OIIHOOYHOE BIIEYATIEHWE, YTO TOJIBKO SIEeKTPH-
YeCKasd SHEPryusl MOMKET IIPeBpallaThCs B Apyrue Jopmbl SHEPIrHH, YEaXKeM U Ha
IIPOTHURBOIIOJNIOIKHEIE Tpolecchl. Hanpumep, Ha IHAPOSIEKTPOCTAHIIUAX MeXaHU-
yeckas PHEPTUs Tajarolieil BOJbI IPEBPAIAeTCsi B SJIeKTPHYeCKy o (puc. 1.45).

45W




. Pazgen 1. HAMUHAEM U3YYATb OUSUKY

@) noasopumutorun

Cuna — 5T0 KOJMUeCTBeHHAS Mepa BzaumojeiicTeusa Ten. Cuna xapaxre-
pUsyeTCsi YMCJeHHBIM 3HAYEHHeM, HalpaBlIeHHEeM, TOYKOH npuioxenus.. Cum-
BOJI cuaibl — F.

duznuecKas BeJUYHHA, XAPAKTEPU3YIOIIA# CHOCOOHOCTL Teld COBeplIaTh
pabory, HaseiBaeTcst sHeprueit rena (W).

CymecrsyeT MHOro (bopM 9HEPrUM — MeXaHHYecKas, TeIioBaf, XMMHUYeCKasd,
3BYKOBasi, BIIEKTPUYECKAS U PAJ ApyruX. B xone pasiMyHbX QU3MIeCKuX IIPOIec-
COB M B3AMMOIEHCTBUIT PHEPrusi MOKeT U3 OfHOMH (hOpMBbI IIPEBPAILIATHECH B APYTHE.

0 KonTponbhHbie BORPOChi

Yro HaseiBaor cuioi? . Yto MBI JOJIKHBI 3HATH O CHJIE, KpoMme
ee umcienHoro sHauenusn? 7. Korpa mbl ucnonbsyem CJOBO «paboras
B 6eITy? A B Qpuzuxe? 4. Yro raxoe sHeprus? - Ilpusenure mpHmeps

pasauuHbIX (popm SHEPrHH.

. YnpaxKeHnn

Mpbl 4ACTO MCIOJIB3YeM CJIOBOCOUETAHHS «HA TEJIO JeHcTByeT cuia Ti-
HeCTH» WIH «IBMIKEHHUI0O ABTOMOOMIIH MelaeT CHJIA CONPOTHBJIEHUS
BOBAYyXa», XOTH, C TOUKH 3peHusi PUSHMKH, mpasuibHee O6b10 Ob1 cKa-
3aTh: «HA TeJO JeHcTByeT Semilsi, ee AeiCTBHe XapaKTepPH3yeTCH CHIIOH
THIKECTH» M «IBHIKEHUIO aBTOMOOMIISI MelllaeT BO3AYX, JAeHCTEUE KOTO-
poro xXapakTepuayerTcsi CHJION conpoTHBIeHHst Bosayxa». Ilompobyiite
IPUBECTH AHAJIOTMYHBLIE TTPUMEPHI.

IlopGepuTe TDOCHOBHIIEI M IOMOBOPKH, B KOTOPBIX BCTPEYAKTCH CJIOBA
«CHIIA», «DHEeprusi», «paboras. BeiToBoit uian GuanyecKuii CMbICI 3aJ0-
JKeH B STUX NOHATHAX?

Kakue npespaleHusi SHEPrUH IPOMCXOANAT BO BpeMA paboThl BEHTHJIS-
Topa?

OunznKa N TexHnKa B Ykpanne

NMpowussopcTeennoe obbegunHenne «l0mmallu» 1 KOHC-
TpyKTOpcKoe Giopo «lOxHoe»

B Hauane 50-x rofloB NpoLNoro CTONETWUA KPYNHbIA aBTO-
MoBUNbHLI 3aB0f B JlHenponeTposcke Obun nepeobopyaosaH
B 3aBOf] N0 NPOV3BOACTBY KOCMNYECKMX PAKET 1 CO3aHO KOHC
TpyKTOopckoe Giopo (KB) anA ux paspabotku. C 3100 BpEMEHN
KB «OxHoe» v 3aeof «lOxmai» ONpegensioT MWpoBon ypo-
BeHb MHOMVIX HANPABNEHWUIA 1 [IOCTVIKEHUIA B PAKETHO-KOCMU-
yeckol Hayke 1 TexHuke. Konctpyktopamu Kb «lOxHoe» paspa-
6oTaHo 67 TUNOB KOCMMYECKUX annapatos W 12 KOCMUYECKX
Komnnekcos. B nocneaHee spema Kb «lOxuoer v «Ommaum
CO3lan Cambiid COBEPLUIEHHBI B MUPOBOI PAKETHO-KOCMWYECKON TEXHUKE NO KOHCTPYKTWBHOMY
WCMONHEHVIIO 11 aBTOMAT3aLVen NOAroTORKN K MYCKY KOMIMTIEKC «3eHWUT». A BCEro B cOTPYAHVYECTEE
¢ dOxmatiem» Guino BroToBNEHO U BHIBEAEHO Ha opbuTy Gonee 400 KOCMUYECKIX annapaToe.




§ 8. TBOPLIbl ®U3UYECKOM HAYKU. BKNAL,
YKPAUHCKUX YYEHBIX B PA3BUTUE OU3UKU

B Hemopus Qusuku — 3mo ucmopus OmKpbLmuil, Kaxcdoe u3 Komopulx
yzaybasem Hawe noHumanue npupodsi. Ho 3a nobbim omipsimuem cmoum
HCUBOIL HenoseK, a waue zpynna awdeil, wolu ycuausa npobusarom Gpeuls 8 cme-
He Heu36ecmHOCINU U He3HAHUA, NOOHUMAIOM HAYKY HAQ HOBYI0 CmYyneHb pas-
sumusa. Kmo ace amu nodu, bl umena HepaspuléHO C6A3AHbL € NPOZPEcCOM
* (pusuneckoil nayxu? 30ece Mbl HA306eM UL HEMHOZUX, HO, NPOOONNAA
usyuerue Kypea (u3UKL, 6ol NOHAKOMUMECH ¢ 0eCAMKAMU NPOCAAENCHHbLX
uccnedosamenetl npupodel U nepeoomrpsleamelieil. Heedomozo.

o Yanaem o TeopLlax Knaccnyeckoit pusukm

Wwmst ppesHerpeueckoro yuetoro u ¢unocodpa Apucmomeas (puc. 1.47) us-
BECTHO €J1Ba JIM HE KaXKJoMy. B 0/IHOM M3 CBOMX TVIABHBIX TPYJAOB, KOTOPBIH Tak
1 HagbIBAJICH — «Puzukar, APHCTOTENb CUCMEMAMUIUPOSal 3HAHUS O npupode,
Komopste Obliu HA MO 6peMs, 1 TAKHM 00pa30M IMOJIOHKHIT HAYAJIO IIEPBOMY 9TaIy
pasBuTHs (pusHuecKoil HayKH. IToT aTan mpogosnKancs a0 xoana XVI cronerus.

Henbssi He HA3BATL €111 OHOINO I'PEYEeCKOr0 MBICJIMTEJIH M MHiKeHepa — Ap-
xumeda (puc. 1.48). Ou BolIes B HCTOPHIO HAYKM KAK ABTOP 3aKOHA, HASBAHHOTO
ero uverem. OO0 9T70M yueHOM COXpaHMUJIOCH Hemaso JereHn. CornacHo OfHOIM M3
HUX, TOJYKOM K OTKPBITHIO «3aKOHA ApXumea» CTajia HeoOXOIMMOCTh PeITuTh
saziauy, MOCTABIEHHYIO nepen Apxumenom napem ropoja Cuparysel I'mepoHom.
Peyp mia o oM, uroObl BBISCHHUTE CO/EPIKAHNE 30J10Ta M cepebpa B ciase, ua
KoTOporo ObLia M3roToBJeHa KOpoHA napsi. Emje olHa JnereHja IpPHIMCHIBAET

Puc. 1.47. Apnctorens P, 1.48. Apxumen
-:384—322 I AOH.3.) (oK. 287—212 . O H. 3.)
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W Tanmal
Yoaa RN

OTKpbITVA ApXUmeaa
ABNAKOTCH OCHOBOW A1 MHOMMX
COBPEMEHHBIX MEXaHM3MOB. Hanpu-
mep, pbiuary 1 6NOKK LIMPOKO Npu-
MEHFIOTCA B NOJBLEMHbIX KpaHax

lanuneo lManunen
(1564—1642)

. Pabora Bcex cospemen-
HbIX INEKTPOTEXHVYECKIX YCTPOMCTB
11 NprGOPOB OCHOBAHa Ha YPaBHEHW-
Ax [bk. Makceenna (1831—1879)
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APEBHETPeYEeCKOMY YYE€HOMY M CO3OATeJ0 CJIO0MK-
HBIX MEXaHH3MOB H3peuenue: «llaiiTe MHe TOUKy
OIIOPBI, U f MepeBepHy mup» (puc. 1.49).

Bropoit aran pasBuTHs (QH3MKH OTKPBIBAIOT
rpyael Tanuneo lanunes (puc. 1.50) — Bemmko-
ro HTANbAHCKOro (PM3MKa M acTpoOHOMA, BIEPBHIE
OIPHMEHUBLIEr0  JIKCNEPUMEHMANbHbIIL — memod
B Hayke. CBoe nepBoe KPyIHOE OTKPBLITHE YUeHBII
copepliuy B Bospacte 19 ner. Habmopas B xpame
3a KoJieDaHUAMHU [IOABEIIeHHONM Ha 1MenH JaMITabl
U CpaBHHBAS HMX € 4acToTOH OHMeHHA coOCTBEHHO-
ro nyjibca, OH YCTAHOBHJI, YTO IEPHOJ Koaebauumii
JaMIiiaZibl He 3aBHCHT OT HX aMILJITHTY/bI. 3‘1‘0 oT-
KPBITHE IIO3HEE JErjo B OCHOBY KOHCTPYKIIMH
MEXAHHYEeCKHX YacoB.

Cymecreyer MHeHUE, 4TO GOJIbIIME OTKPbITHUS,
(hopMyTMPOBKH HOBBIX 3AKOHOB — 5TO0 Pe3yJibLTar
paboTsl MACTHUTBIX YUYeHBIX, JOflell MOYTeHHOro
Bo3gpacTa. B JeiCTBUTENBHOCTH, KAK CBHJIETEJb-
CTBYeT MCTOPHH HAYKH, JieJo 00CTOMT HHAYEe: OT-
KPBLITUS YaCTO COBEPHIAIOTCS COBCEM MOJIOABIMH
moaemMu. Tak, yxke B 25 ser lanuieit crasn mpo-
¢deccopom IllusaHCcKOro vHMBEpCHTETa, a4 COVCTH
KOpPOTKOEe BpeMs BbiBeJ 3aKOHbI ceBobogHoro ma-
Jeraus Ten. Eule olHUM HOATBEPIKACHHEM MOXKET
CJYIKUTH MU3HL nocnenosarens lanunen Heaara
Houiomona — reHUaJbHOro AHMIHICKOro Qpusuka
M MareMaTHka, copmMysIMpoBaBHIero TPHU OCHOB-
HBIX 3axoHa ABMkeHMsA., OgHO M3 BeJMYaHIIMX
OTKPBITHII 38 BCIO HCTOPUIO (DMBMKHM — 3aKOH 8Ce-
muprozo msazomerus — HbBIOTOH cpenan B BO3-
pacte 24 net.

HerosmosxHO IpeacTaBUTh COBPEeMEHHYIO
JKU3HL Ge3 snekTpuuectsa. Ho 3HaeTe nu BBI, 4TO
TeOpeTHYeCKOil OCHOBOH BCeill SJeKTPOTEeXHHKH
U pajIHOCBHA3H CJIYIKAT YeThbIpeé 3HAMEHUTHIX ypas-
venus Jweiumca Knepra Marxceenna (puc. 1.51)?
Cpou nepBEle HMCCIENOBAHHSA IOHBN (QH3MK ony6-
JIMKOBAaJl, KOrjga emy eIBa HCIOJHHUIOCH 15 JeT.
A B 33 roga Makceeiun 3aBeplivy OJUH W3 Bajk-
HeHIIMX TPYZAOB, B KOTOPOM H3JIQXKHJI OCHOBHBIE
TIOHATHS TEOPHH 8JIeKTPOMArHEeTH3MA.

Bonote po Hauana XIX eeka orseT oQHIMalL-
HOI HAayKW HA BOIIPOC, YeM OTJIHYAETCH XOJOAHBIN
CyII OT ropsiuero, 3By4aJtl IPpUMepHO TaK: FopsSYmii
CYII CO/IeP3KUT DoJIbllle TeIIopo/1a, YeM XOJIOHBIH.



§ 8. Teopubl ysNuecKoi Hayku. Bknag yKpanHCKVX yueHbiX 8 passutue dnsnkmn . -

Puc, 1.52. 1. bBonblman Pue. 1.53. Pabota aBvrateneit BHyTpeHHero cropamsia, Typbux camo-
(1844—1906) NEeTOB OCHOBAHA Ha 3aKOHaX TEPMOAVHAMIWKY, B OTKPBITUI KOTOPbLIX
OrpOMHas pPosb NpuHaanexut Jl. bonbumaHy

8ByunT 3araZiouHo ¥ Hudero He obbacuser. Ho
fnarofapsi YCHUJIHSM I'PyIIbl YYeHBIX TOrO BpeMe-
HH yAAJIOCH [IPOJHTH CBET HA IPUPOAY TEILIOBBIX
ABJNEHUH M O00BICHUTEL IPOLECCHl IIPeBpalleHHsd
reria. Taxum obpasom ObLia co3gaHa TEOPETH-
yeckast 6aza VIS COBPEMEHHBIX TEIJIOBBIX JIBUT&-
Teseil. SAKOHUYEHHBIH BHJ 9THM TeOpeTHUIeCKHM
HCCIIEZIOBAHUAM NPHAAT B CBOMX Tpyaax Jlodeuz
Boavyman (puc. 1.52) — Beiaaromuiics apcrpuic-
kuil pusuk-reoperuk. [lepras ero pabora ysujena
ceer, korja JI. Boabsumany ucnonuuiiocs 22 roja,
& MOCJeHAA — cIyeTd mects jer (puc. 1.53).

K rouny XIX Beka ObLIM OTKPBITHI 3aKOHBI
MEXAHUKU M DSIEKTPOMATHeTH3MAa, 3aJI03KeH (QyH-
JaMeHT TeCpPHUM TeIUJIOBbIX sipneHuil. UmenHo Tor-
Ja Yy MHOTMX VYeHBIX BO3HMKJO ybOerjenue, uTo
pageuTHe (PUSMKH 3a3BEPLIHJIOCE.

Yanaem o CO3aTeNnRX COBPE@M@HHON
duamkm

Opnaxo B 1905 rogy B Hemenkom (H3Huec-
KOM KypHAJie IMOSBHUJACH CTATbS HEM3BECTHOIO
aBToOpa, COTpPyAHUKa mareHTHoro Gropo B Bepme
(IllBeitnapus). SBAJIM STOr0 MOJOJOTO YEJOBEKa
Anvbepm Siunwmeiin (puc. 1.54), u nocne aTon
nyOiuKanuy OH CTall CaMbIM 3HaMEHMThIM (-
auKoM Ha Halmeill mirametre. B ero pabore Obuim
H3J0HEHBI OCHO8bL CNeYUAIbHOIL meopul OmHOCU-
menbHOCmU, KOTOpPas 3aCTABUJIA YYEHBIX BO BCEM
MHpe [epecMOTPeTh yCTapeBIIne B3rJIsi/Ibl HA IPO- ¢ A. dIHWTEH
CTPAHCTBO H BpéMs, MacCy U 3HepPIrHio. (1879—1955)
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Pasgen 1. HAHUHAEM U3YYATb OU3IUKY

- 1.55. E. Pesepdopn Puc. 1.56. H. bop
(1871—1937) (1885—1962)

Pue. 1.69. Hayusble Tpyabl Pesepdop-
Aa v bopa 3anounn OCHOBbI aTOMHOMN
IHEpreTrku

Tax Hauaacs HOBBIM BTA B passuTHM (QU3NUECKOil Hayku. Ha nporsKeHun a1o-
ro sramna MoJHOCTLIO U3MEHMJICH xapakTep (GuauuecKux uccnaeposauit. OTKkpbITHe
PAIUOaAKTHBHOCTH M CTPEMJICHHe IIPOHUKHYTH B TANHBI CTPOEHHMS BellleCcTBa IpHBe-
JH K COZJaHMIO KBAHTOBOM TeopuM. ¥ MCTOKOB 9TOr0 HAIPABJIEHHSA CTOHJIM TaAKHe
BBIJIAOLIMECS YUYeHble, Kak dpnecm Pesepghopd (puc. 1.55) — peilcTBUTEILHBIN YJIeH
BCEX akazeMuii HayK mupa (1 oM Bee ckasanol) m Huabve Bop (puc. 1.56) — nar-
CKHMIT QuBMK, KOTOPBII B BO3pacTe 28 jieT COBEPIINJ PEBOJIOLMIO B (hU3MKe, CO3/aB
Meopurn CmpoeHus amoma — OCHOBHOrO «KupIiuukKas muposganaus (puc. 1.57).

9 Yanaem 06 yKpanHCKMX yU@HbIX

YueHble, Ube TBOPYECTBO PA3BHUBAJIOCH B YKpaWHe, TAKIKE€ BHECJH CBOH
BKJIaJ] B «BO3BeJieHHe 3/laHusi» cospeMeHHOi (usuku. Cpean Hux naypeatr Ho-
GeseBcKoil ipemun Qusuk-reoperux Jles asudosuy Jlanday (1908—1968), dpu-
suk-prcnepumenrarop Jlee Bacunveauw Hlyonurxoe (1901—1945), a51eKTPOTEXHUK
M HCCHesoBaTeNb peHTreHoBcKkux nyueit Hean IMaenosuyw IMynwi (1845—1918).
B Vkpaubne popguicsi u paboTas HcCleIOBATENb PAZHOAKTUBHOCTH M 3€MHOI0
margerusma Huwonait JImumpuesuy IMunvuuroe (1857—1908), xoroporo cmeso
MOKHO OTHECTH K YHCJY MEPBBIX SJIePUIHKOB-9KCIIePHMEHTATOPOR.

Ha cveny ofuHOYKAaM, KOTOpPbIe PAasBHBAIH (DM3UKY JI0 HAuajna XX BeKa, [pu-
IILJIH TPYIIEL, & IOTOM W OTPOMHBIE KOJLIEKTHBBI yYeHbIX. Tak, HAIpPHMED, B ME-
JYHAPOJHOM IPOEKTE 10 CO3ZAHUIO OCHOBBI SHEPreTHKM DyAyIero — repMosiiepHo-
T0 peaxkTopa — YYacTBYIOT JAECHTKH TBICSY HCCJIE/IOBATENIEH M3 HECKOJIBKHX CTPaH.

JocTikeHusi YKPaWHCKUX YUY€HBIX IUHPOKO HM3BECTHLI HE TOJEKO B HAIEH
cTpaHe, HO M JiaJeKo 3a ee IpezaenamMu. MarTepuasbl M TEXHOJOTHH, CO3ZaH-
HBle B KHeBcKOoM MHcTHTyTe anextpocBapku um. E. O. IlaTtoHa, mpuMeHsOTCs
Ha BCceX KOHTHMHeHTax. [losyIpoBOIHMKOBEIE KPHCTAJLIBI, KOTOPbE ITPOM3BOAAT
B VHCTHTYTE MOHOKPHCTAJIOB (XapbKOB) H HAYYHO-IPOM3BOACTEBEHHOM 00henu-
neauu «Kapar» (JIbBoB), He ycTynaioT JydiiuM MHPOBHIM obpasnam. B obnactu
BLIMHACJIUTEIBHON TEXHUKY ¥ HHGQOPMANHOHHBIX TEXHOJIOTHIH IIMPOKO M3BECTHEI
paspaborku Wecrutytra kubepHeruxku um. B. M. I'mymkosa (Kuer). Ogaum us
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§ 8. Teopubl $pu3NUECKON HayKu. BKNaf yKpauHCKMX yueHbiX B passutue Gusnkn

KPYIHEHIUX HEeHTPOR fAAepHOH (DU3NUKH SABIIAET-
csi XapbKOBCKHMIT (PUBHKO-TEXHUYECKHHA WHCTH-
tyr HAH Vkpaunsl. B JlzenponerpoBcke cosjiad
VHUKAJBHBIN PAKETHBII KOMILIEKC «3eHuT». Ha-
JIe3KHOCTh H SKOJIOTUYECKH UYHCTOEe TOIJIMBO T03-
BOJTMJIE MICIIOJIB30BATE €0 B MEXKAYHAPOAHOM KOC-
MuyecKom npoexre «Mopckoi crapT» (puc. 1.58).

@) nopsoaumuroru

«3/1aHMEe COBPEMEHHOIN (H3MKH» CO3/aBa- CrapT paKeThi, co3fiat-

JOCH HA MPOTSYKEHMH MHOTUX BeKOB. HEBOBMOMHO  HoW yKpamHCKUMU yueHbIMU

HA HECKOJBKHMX CTPAHHI@AX pacckasarTe 000 Bcex

TBOPLAX (PUBUYCCKOI HAYKM U O TOM, KAK YUeHbIC

NI K CBOMM OTKPBLITHSAM, KaK BbIOMpanm 1elb

HCCNIENOBAHUSA, KAKHUX YCIIMI U JKepTB CTOKUJIO UM

HOBOE 3HaHue. Ho sjaske KpaTKuii sKCKypC B HCTO-

pui0 (pMBMKK FACHO IOK&3LIBAET, UTO yCIexX B Ha-

yKe — 5TO IJIOJ HANPAMKEHHOTO TPYAa, KOTOPBI

HAYMHACTCH €I1le B paHHel MOJIOJIOCTH.

Q KOHTPOIII:HNE BOnNpotH ——m———m—m———m—mmm-—r ————————— —— ————————

HazoBuTe MMEHA M3BECTHBIX BAM YUeHBIX-(pU3UKOB. B rakux obnactsax
(pusnueckoii Hayku ou paboranu? 2. Ilouemy (u3uKa sABISETCH OCHO-
BOIl TeXHUKUT

Ouswxa n TeXxNnKa 8 Yxpanne

UHcTUTYT npobnem maremaTUHecKux MailuvH
u cucrtem HauvoHanbHoON akagemum Hayk YKpavHbl
(Kwes)

bes kubepHetuku — Hayku 06 obLjux 3akoHax no-
NyueHWsi, xpaHeHusn, nepepgaun u obpabotkn uHPopma-
MU — CerofHA He MoxeT pabotate HU OAUH KPYMNHBIA
3aBofl, 6aHK, TpaHCNoOpTHanA KOMNAHWA. ABTOMaTU3NPO-
BaHHble cncTembl ynpasnenns (ACY) He TonbKko pyKOBOAAT
NPOU3BOACTBEHHBIMIA NPOLECcami, NoneTamm B KOCMOC,
HO 1 NOMOFAKT NPUHUMaTh PEeleHWA Ha YPOBHE rocy-
papcrea. MmenHo paspabotkamu cnoxkbix ACY 3aHuma-
I0TCA CNELUanucTbl UHCTUTYT2 Npobnem maremMaTnyecknx MalinH 1 CUCTeM.

McTopuA MHCTUTYTa Hauanach B CEPEAVHE NPOLWIONo BeKa, Korga no MHULWaTHUBE akaaemmn-
ka Buktopa Muxaunoeuua Myuikosa (1923—1982) 6bin ocHoBan BoiumcnutenbHbiin LEHTP Aka-
faemun Hayk Ykpaunbl. B 1992 rogy oavH u3 ero otgenos 6oin npeobpa3zosad B UHCTUTYT npo-
6nem MaremMaTMueckx MalliH 1 cuctem, CerofHA MHCTUTYT 3aHUMaeT BeAyL|Ee MECTO Cpean
HayuHbIX OpraHu3aLui cTpaHbl. Tak, cucTema roflocoBaHus HapofHbIX genyTaTos B BepxoeHoi
Page Ykpaunsl (cm. pcyHoK) 6bina paspaborada cneynanicrami MMeHHO 3TOTO UHCTUTYTa.
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4 BuI y3HAJIM O CYIIECTBOBAHWYN TPEX CTPYKTYPHBIX VPOBHEH (U3NYECKOTr0
Mupa.
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TECT ANnA CAMONPOBEPKU K PA3AENY 1
«HAYUHAEM U3YYATb OU3UKY»

B szadanusx 1—11 evibepume npasuibiblil OMeem.

W 54

(I 6aan) Kro us nepevyucJICHHBIX HIEDKE HccliefopaTesieil BHec OOJBIION
BKJIA/l B pasBuTHe (hU3MKU?

a) Ipuect Pezepdopm; 6) ®epuan Maresan;

B) Jlaxeiime Kyxk; r) Kax-Ue Kycro.

(I 6ann) O6BEKTOM KAKOTO CTPYKTYPHOTO YPOBHSA (PU3HUYECKOTO MUPa SAB-
JISICTCH UYeSIOBEK?

a) Meramupa; 6) makpomupa;

B) MUKPOMMPA; r) OnpeaesIuTh HeBO3MOMKHO.

(2 6aana) Kakoe U3 cJeAYIOUHX YTBEPIKACHNI SBJISCTCH BEPHBIM?
a) JIBMoxkenue — 370 (PUBUUECKAA BEJIIMYMHA;

6) nnaruHa — 3To (PU3HUECKOe TEJIO;

B) IHHEHKA — 3T0 (PU3MYeCKUil 11pubop;

I') yackl — 3TO (PU3UUYCCKOE ABJICHUE.

(2 banrna) Kakoe u3 NpUBEJCHHBIX NOHATHN NPUHAJJIEKHUT K (Pusuye-
CKMM SIBJICHHAM?

a) CKkopocTh; 6) HarpepaHue;

B) BpemH; r) BETep.

(2 6anna) Yem sKCHEPUMEHTHI OTJIMYAIOTCH OT HaOJIO/IeHuit?

a) Bo Bpemsa HaOGIIOAEHUI NTPOBOAATCS U3MEPEHUHA;

0) SKCIEePUMEHTHI IPOBOJAATCH € ONpPeJeJIeHHON IeJibio, N0 IJIAHY, TNpPH
9TOM BBINOJIHAIOTCH HeoOX0/lUMble H3MEPCHUS;

B) BO BpeM# SKCIEPHMEHTOB HE BhINOJIHAIT U3MEPEHUIl;

r) HaBJIOICHUS CIYIKAT KPUTEPUEM MCTUHHOCTH THIOTE3EL.

(2 Oanna) Kakue npeppaleHus SHEPrUM ITPOUCXO0-

AT B TO BPEM#, KOTJIA BBl CKOJB3UTE 10 JIBJAY?

a) MexaHuuecKkasi SHEPrUs IpeBpamaeTcd B XWUMH-

YECKYIO;

0) TenJoBag SHEPrus IpeBpanjaeTcss B MeXaHWue- W 50
CKYIO;

B) MEXAHHWUECKAs SHEPTrUf NpeBpalaeTcs B JJICKT- 200,
POMarHUTHYVIO;

T) MEXAHWYECKAS 3HEPrus IpeBpalfaeTcsi B TeIo- 150
BYIO.

(2 6anna) Onpenenute 1eHY JleJIEHUSA LITKaJBl MEPHO-
O LWIKHApPa, K300paskeHHOro Ha PHCYHKE.

a) 1 ev?; 6) 50 mu;

B) 5 M3 r) 1 mn.




8 (3 6anna) Ouenure mupury Opyc-
Ka, U300pasKeHHOT0 Ha PUCYHKE.
a) Oxono 8,3 cm;
6) okomno 830 nn;
B) OKoJIO 3,3 cM;
1) ogosio 330 mn.

9 (4 6anna) Kakoe n3 HepaBeHCTB SABJAETCH BEPHBIM?
a) 520 cm > 52 jim; 6) 2000 mxm > 20 mm;
B) 3300 r < 33 Kr; r) 3 ¢ < 300 mc.

1 O (4 6anna) Kakosa BMECTHMOCTH AKBAPHYMa, MMEKOINET0 (OPMY INpAMO-
YTOJILHOTO MapaJuiesienume/ia, ecjiu ero anuna cocrasyuser 0,5 m, mumpn-
Ha 300 mm, a BeicoTa 42 cm?
a) 0, 063 n?; 6) 630 000 cm?;
B) 6300 cm?; r) 6300 mm®.

1 1 (5 6annoe) B MepHBI MUIMHEAP HAJUIU
BOJlY (PMCYHOK @), 3aTeM TYy/a e Onyc-
T H0 ckpenok (pucyHor 6). Berumc-

auTe npubIuM3UTENLHBIE 00beM O/HOM

CKPEIKH.
a) 0,5 em?;
6) 50 mm*;
B) 25 cm®;
1) 0,2 em®.
1 (8 6aanoe) Cocrasbre BONPOCH! K 3aM0J- 2o | S =
HEHHOMY KPOCCBOPAY. }*e‘_{. - a
119 | x -‘ K 16 |™n
(ly| |p| |x|=
le | m | 3cJ o A 0 H
P A m L M B 4 e
Cseppme eawiu omeemst Ha eonpocbt 1—11, R e ——— 2
¢ npueedeHHbLMU 6 KOHue YyueOHuka. Tmolbbl %I SARL L ELE
npoeepums nocnednee sadawue mecma, obpa- P Hju|8
mumecs kK COOMEGEMCMEYULUM napazpapan. | n|e|
Ommemvme 60npocel, HA KOMOPbLE 6bl OMEemu- e |

AU npasunvHo, U nodcyumaiime cymmy 06a.n7108.
3amem amy cymmy pasdenume na mpu. Ilony-
YeHHOe YUCa0 Oydem coomeemcmeo6ane YposHo
6auIUX FHAHLIL
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. Bcero HeCKOJBKO [OECATHIETHH TOMY Hasajl CIOBO <«PaJlHOJIOKATODY,
HJIM «pajap», acCoIlMUpPOBAaJOCE C IPOTHBOBO3AYUIHOK 0G0OPOHOIL, CI0OBO
«THAPOJIOKATOP» MJIH «COHap»,— C CellHepaMH H IOJABOAHBIMH JIOJKAa-
Mi, a abopesuarypei GPS BoBce He cyinectsoBanio. Ceropusi cucrema
GPS pexnamupyeTcsi Kak Jiydillee NPOTUBOYTOHHOE YCTPOHCTBO aiis
aBTOMOOH I, IIpOCTeHIINe MOJENH COHAPOB MOYKET KYIHTHL KaKIblil
peibak, a pajlapaMH OCHaIaoTCA HE TOJBKO CAMOJIeThl, HO M HeOOJIb-

IIMe KaTepa.

Papgwonokarop / panap

B nauane 20 Bexa 6bLI0 OOHApYIKEHO, UTO
PajMOBOJIHEI  OTPAKAIOTCH OT METAILIHYECKHX
1peAMeTOR. ITO OTKPBLITHE MOZBOJMIO MPejo-
KHTH TPUHHIUIT PAaVOJOKAIMH — 00Hapyice-
HUSA, pacno3nasanus u onpedenenus Koopouram
| PA3IMYHBIX IIPEJIMETOR C NOMOIIBIO PaJ{HOBOJIH
(puc. 1). Ecom npubop sadurcupyet (axT oTpa-

m

@

[0

WHeHUH, SHAYMUT, OH oOHapyxcum oOBeKT (camo-

sier). TI0 CKOPOCTH pACTPOCTPAHEHHS pajHo- 57\) g, ®
BonHel (300000 KM/C) 1 NPOMERYTKY BpeMeHH

MeXly MOMEHTAMM M3JyJYeHusi ¥ OPHEMA CHT-  p.. 1 [lpusyun deicmeus

| HAJNA MOMKHO OIpe/IeNTUTh PAcCMOoAHUEe JIO O0BeK-  padapa. A — nepedamuur; b —
Ta (ezo Koopdunamet). HaxoHen, no xapaxkrepy  npuemtur: B — obexm (camonem);
OTPasKeHHOTO CHTHANA MOIKHO pacnosHamp, or | —us/ysaemaseonta;(2) —
ompaxenHan eonta. B cospemertbix
KaKoro obmekTa (camonera, aicGepra, CKaNbl)  popapaxnepedamyuk u npuemHux,
OTPasHIacsL pajioOBOJIHA. KOK Npasuno, COBMeLaromci

1 PAJIAP — oT aHmmiickoro ciosa
| radar, coxpamesnue ot ra(dio) d(etecting)
_a(nd) r{anging) — papmoobHapykeHWVe
W ONpPeJlesieHHe NAJIBHOCTH,

COHAP — oT aHmmicKoro clio-
! Ba «sonars, COKpAleHHE OT so(und)
na(vigation) and r(anging) — 3ByKOBas
HABUTAINSA W OMpEeeNieHNe JIaTBHOCTH.

GPS — aGbpesuarypa OT aHIJMii-
ckuX cnos global position system — Bee-
oflas cHCTeMa OnpejiefieHus MecTOoINo-
JIOFKEHU

ol, OBECTEYVBAIOLWNE BE3OMACHOCTD MYTELWECTBUK

O
o
o=
o
=

Cneyuanstsre-noupLimud Ha NOBEDXHOCITIU BOEHHbIX
| COMONEMoa CHUMARIM yPOBeHs OIMpPaMeHHO20
CUZHANG, U MAKUE CAMONeMmet He mozym Bbime

‘ OBHApyHeHE 06bIMHBIMU Padapamu

T E—



Cucrema GPS, ananoruuno Murep-
HeTy, TTePBOHAYAJIEHO ObIJIa cosjlaHa mo
3AKA3Y AMEPUKAHCKOI'O IPABHUTEILCTEA.
Cerofiis mMoJjyueHne yCayr oT aTOoi cuc-
TeMEl — DecriiaTHOe.

B 6Gumxaiiimmue roaer EBponeitckmii
Coros 1JIaAHUPYET 3aUYCTHTL AHAJIOMMYHYO CHC-
TeMmy Ha Dase cobcrTBeHHBIX cnyTHHMKOB. HoBasi cuc-
TeMa HocuT Haseauue Galileo.

fmaponoxavop / conap

IMpuunun paboTe THAPOJOKATOPA OA06eH NPUHIKAIY paboThl pajapa (cMm. puc. 1),
TonbKO OH HM3JyuaeT (M, COOTBETCTBEHHO, (PMKCHpyeT) He pajmo-, 4 3BYKOBEIE
ponubl. Kak # B cilydae pajiMOBOJIH, MO CKOPOCTH paclpOCTpPaHeHWUH
aByKa B Boge (1500 M/ceK) B BpeMeHHU 3aJlepIKKN NPUXOLa
0TPaX<eHHOIT BOJIHBI MOX(HO ONMpPe/IeNIHTh PACCTOSHHe
J0 00beKTa, & MO HAIPABJIEHHUIO NPUXO/AA OTPAaMeH-
HOro CMI'HAJIA — HAanpagpJieHHe Ha 00BeKT. Briepesie
THAPOJIOKATOP OBINT TpUMeHeH fAJifs O6HApyMeHUsA
HOJIBOJIHBEIX JIOZIOK BO BpeMsA IlepBoil MUPOBOIi BOii-
uel (1914—1918), nosgHee OH cTaj UCIOJIL3OBATHCH
JUIS UCCIIeIOBAHUS pellbe)a MOPCKOI0 ¥ OKeaHCKOI'o
IHA, I OOHADPYKeHHH KOCAKOB PBIO U T. JI.

GPS

GPS cospana pnsa Toro, yTodel 110601 110J1L30BaTENE CMOI OIPEeJeIUNTL CBOM KO-
OpPAMHATHE! HA 3¢MHOI INOBEPXHOCTH ¢ TOYHOCTBIO [0 HECKONBKHMX JeCATKOB MeTpOB.
CeronHa ATa CHCTeMa He TOJBKO CJe[AT 38 NPABUILHBIM KyPCOM CYAHa, HO H IOMO-

raeT OOBIYHBLIM TYPHCTAM He 3a0JIyAUTHCH B HESBHAKOMOM TOpOJe.
Jlns obecneyenus paborer GPS Ha opbury 3a-
IyITleHa CepHs CellHAIEHEIX CITYTHUKOB (puc. 4).
CBABRIBAACE C NOMOMIBI0 PagMOBONHE (1) co
CrenHaJIbHEIMH pellepaMB — TOYKaMH, KO-
OpOMHATE! KOTOPLIX HA MECTHOCTH H3BeC-
1 THEI ¢ 60JIB1110 TOYHOCTEIO,— CHOYT-
HHK HMeeT BO3MOXKHOCTH
onpeleliTh W CBOe TIO-
JMOoKeHHe Haj JSeMJeit.
IMocse 3Toro mr060it OTH-
30BaTelNb C MOMOIILIO pa-
IHOBOJHEL (2) nonydaer

A4— Cxema pabome! cucmemer GPS. C — cnymuuk; P — penep;
1 —nank3osamens npubapa GPS. (1) — paduocuzkan dns cessu cpenepor; ~ AAHHBIE O CBOEM MeCTO-
(2) — paduoobmeH ¢ noneb3oeamenem HOJIOeHHH.
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§9. OU3IUNYECKOE TEJIO U BELLECTBO.
MACCA. EAVUHULIBbI MACCHI

B Boxpyz nac cyujecmeyem MHOMECME0 (QUIUYECKUX mesl — U 6Ce OHU
omJaunarwmes dpyz om opyea, 6 YACMHOCMU, 6€ULECME0M, U3 KOMOPOZO CO-
cmoam, u maccoit. Ymo mawoe eewgecmeo? Ymo maroe macca mena? Ymo
OHQ XAapaKmepusyem u 6 KaKux eOUHUYax usmepsemcs?

@ Paznuyaem pM3nyeckoe Teno 1 BewecTso

B paspene 1 Mbl y2Ke BCTPEYANIMCH ¢ TAKMMH (DH3HYECKUMH ITOHATHAMHU,
KaK «(HU3UYECKOe TeJIO» M «BeIecTBO». BCIOMHHM, YTO JIIOOBIE MPEAMETHI BOK-
PpyT Hac HasLIBAKT (PUBHYECKMMM TeJIaMH, 4 MaTepuall, U3 KOTOPOr0 OHH COCTO-
AT,— BelecTBoM. PUBHYECKOe TeJIO MOIKeT COCTOATE U3 OJIHOr0 MJIN HeCKOJIBKHX
Benjects (puc. 2.1). Hanpumep, cTOJIOBEIE JIOKKH, BUIKK — (QU3HYECKHE Tesia,
H3TOTOBNEHHBIC B OOJILIIMHCTBE ciydaeB M3 craiu. CTojioBbie npubopel MOTryT
6BITH TAKIKE cuenansl ua (papdopa uiu cepebpa. Hox, Kaxk npaBHIO, H3rOTaAB-
JIMBAIOT HE U3 OJHOTO BEILECTBa, & U3 JIBYX: JIe3BUE — K3 CTAJIH, PYKOATKY — H3
aepeBa. A BOT AJ151 NPOMBBOACTBA TAKOTO (PHBMUECKOTO TeEJa, KAK MOOWIIBLHBIH
TeJed)OH, UCTIONB3YIOT ECATKHA Pas3HbIX BEILCCTB.

0 3HaKkoMMMCA ¢ WCKYCCTB@HHO CO3aHHbIMM BeLjecTsamm

B sipeBHOCTH YeNIOBEK /JIA UBTOTOBJICHHS HEOOXOAUMBIX MPEAMETOB UCKAJ
NPUTO/IHbIe BellleCcTBa B npupozae (puc. 2.2): s HAKOHEYHHUKA CTPEeJIEl — TBEp-
JIBI KaMEeLIeK, JJIsT TeILTION O/ies /bl — 3JIACTHYHBIC MEXOBBIE IIKYDHI U T. I

Heryeemeenno coz0antble 6eujecmea NosiBAnes nosaaee. CeroiHsa nojia BIISIonee
GONBIUMHCTBO BEIECTB, ¢ KOTOPHIMM MbI MMEEM JIeJIO KAaMK/blil JIeHb, HCKYCCTBEHHOTO
NpoucxoIeEnA. Bee oHu co3danbl wenosexom ¢ KOHKPeMHOiL yeblo — ONA U320mo6-
JeHUA (PUIUMEC020 mesld Mmoo WU UHO20 Ha3HaveHuA. B xavecTse npuMepa MCKyc-
CTBCHHO CO3HAHHBIX BCIICCTB IPEXK/I€ BCETO CJeAVET HazparTh IacTuxku. Karxxawrii

Puc. 2.1 Ou3nyeckne Tena, N3roToBNEeHHbIE 3 OAHONO BelyecTsa (NoXKa, BUNKa) v 13 pasHbix (HOX,
MoBUNbHLIN Tenedon)

Moo



§ 9. Ouznyeckoe Teno v Bewectso. Macca. Egusnybl maccoi u E

HpesHnin yenoBek N3roTagnnean opyaua TPYAa 1 OXOTbl U3 BELEeCTB, KOTOpbIe OH Haxoaun
B OKpyalollein npupoae

BIJL ILTACTHEA CO3AAaH JJIA oDecneueHns HANJIY Iix
cBOMCTB TOro WM MHOro (pusmueckoro tena. Tak,
IWIACTUE AJIA TAKoro (PM3MUecKoro Tesa, Kaxk damriep
aBTOMOOILISA, TIPeXie BCero 0JKeH ObITh TTPOYHBIM.
[InacTuk, npepHasHayeHHbIN V1A CYIKOB, B KOTOPBIX
COXPAHAIOT MIPOAYKTHI B XONOJMIbHUKE, HEe J0JIKEeH
BHIEIATE SAJIOBUTHIE BerlecTsBa. IlnacTuk, mnpume-
HAEMBIH AJIA USMOTOBJIEHUA OYKOB M JIMHS, JIOJMKEH
OeiTe tpospausbiM (puc. 2.3). MHOMeCTBO ApyTHX
NpUMEpPOB Bbl, BEPOSITHO, MOXETe Ha3BaTh M CAMH.

9 3HaKOMMMCA C MacCol Tena

Bcee okpy:xarmde Hac (pU3HUECKHe Tejla —
OyAib TO KaMEHHBIH TOIOP WM YCTPOMCTBO, AJIA
H3rOTOBJIEHUA KOTOPOro ObLIM MCIOJB30BAHBI BbI-
COKMEe TEeXHOJIOTHH, — HMEIOT HeKOoTopble obmjue
ceoiicTBa. OAHMM H3 TAKHUX CBOMCTB SABJSAETCS
crocoOHOCTE TeJ1 TPUTATHBATBCA K APYTUM TeJlaM
Gnarosapa 2pasumayUoOHHOMY 63aumo0eiLcmeuro.
Mepoii 3TOro CBOMCTBa TeJl CIYIKUT (PU3HUYECKas
BeJIMUMHA, KOTOpAas HA3bIBAETCA MACCOUL mell.
(PusuKH rOBOPAT, YTO Macca TeJd — 3IMo mepa
epasumayuu. Macca o0o3HaAYaeTCs CHMBOJIOM /7. Puic. 2.3. [11 MIrOTORNEHIA OYKOB
[lonsTHe Macchl — OJHO M3 CAMBIX CJOMXHBIX  yenogek MCMONB3YET pasNuuHbie
B pusuke. Ilo mepe usyuenuHsI 3TOH HAYKH Bbl  suabl NNacTUKOB (MCKYCCTBEHHO
Gynere Bece Oosee noapoOHO SHAKOMHTECSI € 3TOH  CO3AaHHbIX BELWECTB)
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Paszpen 2. CTPOEHME BELLECTBA

3 39 mm

Pazmepbl MexyHapOAHOro 3TanoHa Mo 2.5, MexayHapoaHblia 3TanoH KMno-

Kunorpamma

OpuH 13 cnocobos onpe-
JeNeHVIA Macchl TeN — B3BellnBaHne

62

rpamma

¢dusnueckoil BenmuuHoit. [loka ke Mbl JOJIHHEI
3AlIOMHMTE, u4TO Kaxdoe uauveckoe meao —
ConHile, 4eJoBeK, Kalljid pochkl, MHKpPOYACTHIA
J1060oro BelecTBa — HMEeT Maccy.

BcnommHaem eguHMLY Maccbl
M OAMH M3 CNOCOGOB ee RaImepeHns

[TockonbKy mMacca — (PHBUYECKAA BEJHYU-
HA, €e MOYKHO H3MepATh. YToObl U3MEPUTH Maccy
Kaxkoro-nmubo TeJ1a, ero Hy>HO CPaBHHTH C TeJIOM,
Macca KoOToporo IIPHHATA 3a eJJHHHILY.

Ba edunuyy maccot 6 Mewdynapodnoi cucme
me edunuy (CH) npuram wnaorpamm (1 kr). 3mo
o00Ha ui ocHoHbix eduruy CH, moaToMy JUJIA HEIo
cymectByer 3Tasion. COBpeMEeHHBIN STANOHHBII Ki-
JlorpaMM TIpeacTaBiser co0oi IWIMHAP, WU3rOTOB-
JIGHHBII M3 CILIABA IUIATHHLI U upuausa (puc. 2.4).
Mesxkyuapogsblii arajion Kuwiorpamma (puc. 2.5)
coxpausiercsi Bo Ppanumn, senopanexy ot [lapusxa.
C sTOro 3TajioHa CHATHI TOYHBIE KOIHH, KOTOPbE
ecTh BO MHOTHX CTpaHaX, B UACTHOCTH, B YKpaHHe.

Kpome kmnorpamMma, J0OYCKAeTCH HCIIOIb30BA-
HUEe, eCcJII 3TO0 HeoDXoauMo, APYTIUX €IHHHI] MACCHI,
Harnpumep ToHHa (T), rpamMm (T), ME/LIMrpaMm (Mr).

OmauM 13 crnocofOB U3MEPEeHHS MACCHI TeJl SIB-
nsieTcA papemuBanue (puc. 2.6), *MEHHO HM H TI0JIb-
3y1oTCH B noBceaneBHoi ykusan. C atuM crnocobom
onpenesieHHsa Macchbl Bl MOAPOOHO O3HAKOMHTECH
B XOJie BRITIONIHERUA JabopaTopHoii paboThl.



§ 9. Onsnyeckoe Teno n seljecTBo. Macca. EaviHMLbI Macchbi . -

a 10%0 I_BCEIIEHHBR | 6 et TR
1047 2 B
I Hawa lanakmka J Connye 1,991 -10"
10%
e ConHye )
10% 3emnn
NyHa . 3emna 5.977-10"
3
z 17
1 e
g 107 I_Oxeancmﬁ kopabnb | @ Nyra 7.350- 107
- 1 0—3 [_'I r |
1013 LKarmn PACTUTENBHOMO Macna] O Npotox | 1,672.107
[Amm YpaHa |
o2
1 [npomn l O nexkTpoH | 9,108-10"
103 r3ner.rpon J
Puc. 2.7 lWkana pacnpepenenus macc 8o BceneHHoi (a); Macchl HEKOTOPbIx 0BG BEKTOB OKpY»KAIOLWEro
mupa (6)

OpHako coBpeMeHHasi (PU3MKA BJAJleeT TAKIKE U CAMBIMH COBPEMEHHBIM I
cnocofaMu M3MEepeHMi, KOTopblie TIO3BOJIAIOT ¢ 0OJILIIOI TOYHOCTLIO ONpe/le/IATh
M MAcchl MUKPOUYACTHIL BEIecTBa, U MAcChl THPAHTCKHUX 00heKToB (puc. 2.7).

) nopsoaum utorn

JIiobble npeaMeTsl BOKPYT HAC HA3bIBAIOT (DU3MYECKHMM TeJIaMH, a MaTe-
puas, M3 KOTOPOro OHHM COCTOSAT,— BerecTBOM. (PH3MUECKOE TeJI0 MOMKEeT COCTO-
ATH M3 OJIHOT'O WY HEeCKOJIBKUX BeIrecTB.

Bce MCKYCCTBEHHO CO3ZIAHHBIE BernecTBa paspaboTaHbl HUeJIOBEKOM € KOHKDET-
HOM MeJIBI0 — JIJIA U3roTOBJIeHUS (PHU3HMUECKOro TeJia TOro WJIM MHOIO HASHAYEHHS.

Macca Tena (m) — aro (UsMUeCKas BeJHUYHHA, XapaKTepusylolnas cnocod-
HOCTh TeJl MIPUTATHBATLCA K APYruM Telam OJarogaps rpaBHTAIMOHHOMY B3au-
MOAEHCTBHIO.

Enununeit usmepenus maccel B CH siBisiercss kunorpamm (1 kr).

Maccy Tesna MOM¥HO OIPEAENIMTE ¢ IIOMOIBK) BECOB.

Q KourponbHbie BOnpocsl

[TpuBeauTe mpuMepbl pasHbIX (uaHuecKHX Tes. M3 KaKHX BeriecTs
onm wusrorosBieHbl? 2. IlpuBeauTe NpUMMEPH! HCKYCCTBEHHO COS/IaHHBIX

BerectB. C Kakoll Ieneio cosjianbl aTH BeinectBa? . Kakoe cBoiicTBo
Tes XxapakTepusyeT macca tesna? 4. B Kakux elHHHIOAX M3MepSeTCHA Mac-
ca Tena? 5. Yro mpHHATO 3a 3TajioH maccsl B CH? ¢ Kak moikuHO H3-

MepPUTH Maccy Teja?
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- . Paspen 2. CTPOEHME BELLUECTBA

YnpamHesnga ————m07—— — ————————————————————=

1. BeipasuTe B KIJIOrpamMMax Takue Maccsl test: 5,3 1; 0,25 1; 4700 r; 150 .
2. BelpazuTe B rpaMMaxX M KHJIOrpaMMaX TaKkHe Maccel Tell:

5 kr 230 r; 270 r 840 mr; 56 r 910 mr; 764 r 20 mr.

7. Ha neBoil uanie ypaBHOBEIIEHHBIX BECOB HAXOQUTCH TEJO, MACCY KOTO-

poro HeoOXOAMMO HM3MEPHUTh, 4 HAa NPABOH — TaKHe I'HpH: OAHA 100 r,
nee o 20 1, ogua 5 r n no oxuoit 200, 20 u 10 mr. Onpesenure maccy
B3BEIIMBAEMOr'0 TeJjia 1 BhIpa3HuTe ee B rpaMMax M KWJorpaMmmax.

4. Macca crakana ¢ cokom coctapiser 340 r 270 wmr. Beruucinte maccy

HAJNMTONO B CTAKAH COKA4, €C/lM M3BEeCTHO, YTO Macca CTaKaHa paBHa
150 r 530 mr.

IKCNepUMMENTANbHDbIE 2afJlaHNA —— o —————————

1. CKOHCTPYHMpYiiTe Bechl, HCHOJAL3YA YUEHUUYECKYIO JIHHEHKY, [Ba Iac-

THKOBLIX CTAKAHUMKA, HUTKH. B KauecTBe pPasHOBECOB BO3bMHTE Oy-
Mary B KJETKY M pasJIMuHble MOHeThl (MX Macca ykasaHa B Tabiure).
C mOMOIbIO M3rOTOBJEHHBIX BAMM BECOB ONpeJeJIMTe MacCy HeCKOJb
KHUX HeDOJBIIUX TeJl.

I | 5
| Hoctomcteo | | 2. o 0k | 25k | SO0k
MOHETbI ) | (aniom.) '} {Hepm.} | ) * _____ | B .
Macca ’ [

1,5 l0,64‘ 1,8 ‘ 4,3 ‘ 1.7 | 29 | 42

|

MOHETBI, T' |

. Uvest Beckl, HaGOp THPB, NUIETKY, CTAKAH ¢ BOJOH M MYCTOil CTaKas,

onpejesIuTe CPeAHIO MACCY OJIHOM KAaIlllM BOABL

Ousuxa u Texnuka B Yxpanne

WHCTUTYT cBepXTBepAbiX maTtepuanos vm. B. H. bakyna Hatwo-
HaNnbHOW akafiemuy Hayk YkpawHbi — OfiH U3 M3BECTHBIX HayuHbiX
LeHTPOB MUPa, AEATENBHOCTL KOTOPOTO HanpaeneHa Ha cospaHwne
HOBbLIX MATepuanos B YCIOBUAX AECTBUA EKCTPeManbHO BbICOKMX
TEXHONMOTUYECKUX NapaMeTpoB — CBEPXBLICOKVX faBneHuin u Temne-
patyp. 3aech uccneflylorca GUBNKo-XMMUYECKe NpoLeccbl CMHTesa
yrNepofHbIX MATePUANOB, CBEPXTBEPAbIX HUTPIAOB N oKaaoe 6opa,
APYIAX COEAUHEHWI MHOTOKOMIMOHEHTHBIX cucTem. HayuHo-npuknag-
Hbie paBOoThl UHCTUTYTA MOMYUAIT NMPUMEHEHNE B Pa3HbiX O6NacTAX
SKOHOMUKI YKpauHbl, TaKMx Kak MaLIHOCTPOEHWE, CTpOWTENbHas
uHaycTpus, fobbiua 1 06paboTka NPUPOAHOrO KaMHA, TeoNoro-pas-
BepbiBatenbHoe BypeHune, 3NeKTPOHWKa, OTTTUKA, MepuuHa U T. M.

C 1995 I. UHCTUTYT RBNRETCH Beaylwei opraHu3alinen HayuHo-
TEXHONOMMYECKoro anmasHoro koHuyepHa AJIKOH, npoaykuma KoTo-
pOro 3KCNOPTVPYETCA B pasHbie CTPaHbl Mupa.



NNABOPATOPHAA PABOTA N° 6

Tema. Hamepenme Macchl TeJl.

Llens: mayunThesa paboTaTh ¢ PBIYaXKHBIMH Beca-
MH M ¢ X IIOMOINBI0 ONPEeNeNaTh Maccy TeJl.
OGopynosaune: pelYa)kHble Becbl, Ha0oOp r'vpk,
[Ba Tena /A B3BeIIMBAHHMSA, XHMHYECKHH cTa-
KaH, Koula ¢ BojoOif.

YKA3AHWUA K PABOTE
NMoproroBKa K 3KCNEPUMENTY
BuumaresbHO npounTaiiTe IpaBUJia B3BEHTHBAHUA.

IIpaBuia B3REHIHBAHMS

1. Becnl craBaT tnepes coboil, Mo MpaBylo CTOPOHY OT HUX pacnoJaraiT Qyrt-
aap ¢ rupamu. (Yuammecs, y KOTOPbIX BeAyias pyka Jesas, (pyTisap pac-
nosiaraloT HaobopoT, 10 JeByio cTopoHy. CoOTBETCTBEHHO CJlelyeT NoCTynaTh
H JlaJbIre.)

2. Jlo Hauana B3BelIMBAHUA HEOOXOAMMO MPOBEPHUTH, YPABHOBEIIIEHB! JIH BeChl.
Hanomunaem! Jlns ypaBHOBELIMBAHUASA BecoB HA 6oJiee JIEIKYI0 Yanly HYy M-
HO TIOJIOXKHTE TIOJOCKKH OyMarm WM KapToHa.

3. BapenBaeMoe TeJI0 AKKYPATHO KJIAAYyT HA JIEBYK Yallly BeCOB.

4. T'upu BeIHUMAOT U3 (QYTIAPa CreMaJbHbIM IMHIETOM U KJIAaAyT Ha IpaBylo
YAy BECOB.

5. HaumualoT BaBeLIMBAHME ¢ TUPH, Macca KOTOpoil OJIM3Ka K Macce B3BelTHBae-
moro Tesa. Eciu oKasslBaeTcs, UTO Macca 3Toii rupu OoJiblle, YeM Macca TeJa,
ee cTaBAT HA3a/ B QYTIAD, 4 HA ee MeCTo KJIajyT rupio MenbIeil macesl. Ecau
Macca 'MpH HeJIOCTATOYHA /ISl YPABHOBEIIMBAHUS BeCOB, NPHOABJIAIOT THPH
MeHBIIIeill Macehl JI0 TeX 1op, NoKa OyaeT JOCTUTHYTO pPaBHOBECHE.

6. YVpaBHOBECHB BeChI, TIOJICYUTHIBAIOT OOIIYIO MACCY T'Mpb, JIe¥KANHX Ha Jalre,
U € TIOMOIBIO MTUHIETA TIePEeHOCAT X Hasaz B (PyTIAD.

7. BaKOHYMB B3BelIMBaHWE, NPOBEPAIOT, BCE JII THPH TOJOKeHbl B (QyTiadap
¥ Kajjas JId M3 HUX HAXOAHUTCHA HA NpefHA3HAUEHHOM [IJIfl Hee MecCTe.
Hanomunaem! Ha yanii BecOB HeNb3f KJAaCTh MOKpBIe, TDA3HbIE, TOp#-
yue TeJla, HAJIUBAThH JKHAKOCTH M 0e3 MCIOJIL30BaHMA MOAKJIAAKU HaChINATh
TIOPOIIKH.

JKCNePMMENHT

1. YeTKO cJeiysa MpaBUiaM B3BeITHBAHWUSA, OIPEJIeIUTEe MacCy:
a) IpeJIOAeHHBIX BaM TeJl;
6) mycToro craxaHa;
B) CTAKAHA C OIpeJleIeHHbIM KOJHYEeCTBOM BOJIBI.

3 Bosnosa. Ouama, T = j. -



. Paspen 2. CTPOEHME BELLECTBA

2. Pesy/nbTars! BCEX B3BEIIMBAHWI 3aHecHTe B TabJHILy.
: Macca tena, m
B3sewwvsaemoe Teno Habop rupb Ha uawke E———— )

- Beruuciaure Maccy BOObI B CTAKaHe KaK PasHOCThL Macc CTaKaHa ¢ BOJIOI M nyc-
TOro CTfaKaHa.

AWanm3 pes3ynbraroB 3HCNePMMeNTa
CnenaiiTe BHIBOI, B KOTOPOM He 3aby/bTe yKasaTh, KaKyi (PH3MUYECKyIO Be-
JMYMHY M C TIOMOIIBIO KaKoro npudopa BBl M3MEpPsLIH.

AononHnTenbHoOe 3afaHne

OnpepennTe Maccy CKpenkH JIJIsi CTEILiepa.

§ 10. NMIOTHOCTb. EAUHULbI MNTOTHOCTU

B Mot vacmo ynompebasem 6olpaMcenue «lezKkuil, KAk 6030yx» uiu «ms-
Hcenwtit, Karx ceumney». Ho anaeme au 6bt, wmo 6030yx 6nympu, CKameM,
cynepmapkema, éecum 6onvwe 400 ke, a 2pys maxoil maccot He nOGHAMDb
u cunawy. Ceunyoeoe e zpysuno 0na yoowku nezko nodnumem odaxce ma-
abiwt. Botxodum, npusedentivie 6viwie ebipaxenus — nenpasunvhsie? ITo-
doxcOume denamb 66160061 — Oaéalime pasbepemcs.

o MNpoBoaMM HEKOTOPbIe M3MEPEeHMA 1 fleNaem pacyeTbl

Ha puc. 2.8 Bbl Bugure nsa 6pycka, oba 6pycka M3roTOBJIEHBI M3 OJHOTO
M TOTO K€ BerecTBa — CBUHIA, HO MMeIOT pasHble pasMepbl. Hama sapgaua —
HAHTH OTHOLLUEHHE MACChl Kay<poro Opycka K ero o0bemy.

[lBa cBMHLOBLIX 6pyCKa, UMeloLLX pa3Hblit obbem



§ 10. MnoTHocTe. EguHnyel nno-mocm:- -

§ 20r

200 mr

Puc. 2.9. VamepeHiie Mace CBMHLOBbIX BPYCKOB, UMEIOL1X pa3Hbiin obbem

Jlna Hauana uaMepbTe AJIMHY, IMIMPHHY M BbICOTY OPYCKOB M BbIMHC/IHMTE MX
obbembl. (Ecim Bbl NpaBUJILHO BBITIOJHHTE USMEPEHHUA U HE ommberecs B pacue-
TAX, TO Bbl TIOJYYMTe TAKHe pesy/bTarsl: 06beM Menbilero Opycka paseH 4 cm?,
fonbmero Opycka — 10 em?®,)

Onpenenus obbeMbl OPyCKOB, B3BecuM uX. Ha snesy1o yaury BeCos NoMecTHM
omuH M3 GPYCKOB, HA NpaBylo — pasHoBech! (puc. 2.9). Beckl HAXOAATCA B paB-
HOBECHM, Ballla 3ajia4a — COCUMTATH MacCy pasHOBECOB.

Ham ocrajock HAWTH OTHOIIEHMe Macchl KaKaoro Opycka K ero obmemy,
7. €. BBIYMCJNTH, Y€MYy PaBHJETCs Macca cBUHIA oOBbemom 1 cM® 118 MeHBILero
u s Gonpimero 6pyckosB. OueBHHO, YTO €CJIH Macca MeHbIIero Opycka 45,2 r
u oH saHuMaer obbeM 4 cm®, To macca cBuHIA o0bemoM 1 cm? zuist aTOro GpycKa
paBHasercs 45,2 : 4 = 11,3 (r). BeinosmuB anaJlornyHble pacyeTs! A BOJIBLILIErO
6pycka, monyuum 113 : 10 = 11,3 (r). Takum obpasom, OmMHOWEHUE MACCHL CEUH-
Yo6020 Opycka K ezo obsemy (macca c6URYA eOUHULH020 00BeMa) 00uHaK060 KAaK
ons Goabuiezo, mak u Ona MeHbULez0 OPYCKOE.

Ecnu Tereps B3siTh OPYCKH, USIOTOBJIEHHBIE M3 JIPyroro BernecTsa (sanpumep
ANMOMEHISA), | TIOBTOPUTH Te e NeHCTBHSA, TO OMHOUEHUE MACCHL AJIIOMUHUEE020
Gpycra Kk ezo obsemy maxswe e 6ydem 3a6ucems om pasmepos 6pycra. Me1 cHOBa
TOJIyUHM TIOCTOSHHOE YHCJIO, HO yiKe APYToe, YeM B ONkbITe CO CBHHIOM.

o Jlaem onpefenernne NAOTHOCTH BellecTsa

DuU3NUeCcKan BENUUMHA, XapakTepusyiolwan AaHHOe BelecTBO U UMCNEHHO paBHaA
Macce BelecTBa efJMHMUHOro o6bema, Ha3biBaeTCA NAOTHOCTBLIO BelljecTsa.

ILinoTHOCTE 0603HAYAETCH CHMBOJIOM P M BBIUHC/I#ETCA HO (popmyie

m

p= »
Vv
rne V — o0bem, 3aHATHIL BEIeCTBOM Maccoil m.

3% 67
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Bonopon, Bopa,
0,00009 r ir
Bewecrso
Ceuney, | 3onoto, HEeTPOHHOIA
113r 193r 3Be3gnl,
Tmnpar

Puc. 2.10. TNNOTHOCTL YACNEHHO PaBHa Macce efuHLBI ofbema. Ha prucyHke ykasaHa macca 1 av’ selecTsa

IThomHocms — 3mo xapaxmepucmuKa 6eu,ecmea, He 3aBUCHAINAA OT MacChbl
perecTsa M ero obwema. Eciinm yBenIMuuTE Maccy BelllecTBa, HaAlpUMep, B Ba
pasa, 10 o0'beM, KOTOPBIIl OHO 3aiiMeT, TaKiKe BO3pacTeT B JBa paza’.

W3 onpefiesieHnst MJIOTHOCTH BEIECTBA TOJNYYMM eauHuIly ruorHocTH. Ioc-
koneKy B CH efmuuieil Macchl siBASieTCS KHJIOTpaMM, a eAMHHNeHl ob0bema —
MeTp KyOMueckmii, To edutuyei naomuocmu 6 CH GyneT KmjorpaMmm Ha MeTp
ryouueckuit (kr/m®).

1 kr/m* — smo naomuocme MaKozo 0GHOPOOHOZO 6EULELCMEQ, MACCA KOMOPO-
20 8 00seme 00uH KybudecKuii memp pasHAemcs 0OOHOMY KUuJozpammy.

Ha npakTHKe TAKIKe OueHb YaCTO NPUMEHSEeTCS eIWHHIA IIJIOTHOCTH I'paMm
Ha caHTHUMeTp KybOuueckwmit (r/cm®).

EAMEMIBI TJIOTHOCTH KMJIOMPAMM Ha MeTp KyOuueckuii (kr/M°) ¥ rpaMm Ha caH-
THMeTp KyOuueckuii (r/cm®) cessanbl Mexay coboil COOTHOLIeHHEeM:

1 I‘3= 0,001 xr :1000;{_2'_
cv® 0,01 -0,01 m-0,01 m ™M

9 CpaBHuBaem NIOTHOCTH Pa3HbiX Belyecrs

IInoTHOCTH pasHBIX BEINECTB M MATE€PHAJIOB MOTYT CYIIECTBEHHO OTIH-
yaTbest Apyr or apyra (puec. 2.10). Pacemorpum HeCKONBKO npHmepos. Ilinor-
HocTh Bojiopopa npu temmnepatype 0 'C u nasnennu 760 MM pr. cT. cocraBisieT
0,090 xr/m® — aro sHauuT, YyTO Macca sopopoaa oovemom 1 m® pasua 0,090 kr,
wiu 90 r. [noraoeTs cBuEma 11 300 kr/m®. DTo o3HAauaeT, YTO CBHHEI] 0OBHEMOM
1 v® umeer maccy 11 300 kr, wum 11,3 T. TLinoTHOCTH BemecTBa HeHTPOHHOM
sBeanbl nocturaer 10'® kr/m®. Macca Takoro BemecTsa oonemom 1 cv® paBHseTcA
1 mupp rors. Huske B Tabiuiie npuBeeHbl ILIOTHOCTH HEKOTOPEIX BEIeCTB.

IImoTHOCTE, OAHAKO, CYIECTBEHHO H3MEHACTCH B ClIy4Yae H3MEeHeHHs TeMIEePaTyphl U arpe-
TaTHOTO cocTosiHUA BemecTBa. C npuynHEaMu H3MeHeHus TIJIOTHOCTH BelleCTEa MBI IO3HAKO-
MHEMCH Jajiee.

BN mes



§ 10. NMnotHocre. EguHnybl nnoTHOCTK . .

Tabauiia NJOTHOCTEH HEKOTOPHIX BeIeCTB B TBEP/IOM COCTOSHHMH

! Bewecrso p, Kr/m? p, rlev? BewecTso P, Kr/m® p, rfow’

' Ocrautt 22500 | 22,5 | Mpawmop 2700 2,7
Vipuii 22400 | 22,4 | Tpasur 2600 2,6
Tlnaruna 21500 = 21,5 | Crexmo 2500 2,5

| Bosoto 19300 | 19,3 | ®apdop 2300 2,3
Jo— 11300 | 11,3 |Beron 2200 2,2
Cepefpo 10500 | 10,5 || Oprerexiuo 1200 1,2
Mezn 8900 9,9 | Kampon 1140 1,1

) P— 8500 | 8,5 | Monmormnen 940 0,9
Crann, _me.neaf; 7800 7,‘5* ITapa(us 900 0,9

| Onoso 7300 7,3 | Jlen 900 0,9
e 7100 | 7,1 || My6 cyxoii 800 0,8
';IyryH . _&7000——7,0 “ LC_OCHa cyxas - 440 0,4 i
Amowumuit | 2700 27 | TIpodka 240 02 |

Tabnauua NJIOTHOCTEH HEKOTOPBIX BEIIECTB B 3KHIKOM COCTOSAHHH

‘ Beujecrso p, krim’® p, rfem’ Bewecrso p, Ki/m? p, rlem’
PryTn 13600 13,60 | Benson 880 0,88
. It

i
Hupkoe osoBo | uprit BO3YX
|@pu =409 °C) 6830 6,83 Ti(ﬂpﬂ t=-194 °C) 860 0,86
i 1
| Cepaa 1800 1,80 | Hedrs 800 0,80
| KHCJIOTA
Mep, 1420 1,42 Kepocun 800 0,80
Bopa mopckas 1030 1,03 Cuauprt 800 0,80
Bopa uucras 1000 1,00 AueroH 790 0,79
Macno
pacTiTEIEEDe 900 0,90 3dup 710 0,71
e 900 0,90 | Bensun 710 0,71
| MAcJIo N :

N I
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Tabauia TJI0OTHOCTEH HEKOTOPBIX BELIeCTE B rasooﬁpasaom COCTOAHHMH

[ !

Bewecteo p, K/’ p. rlcv? Beuwecrso | pe KO/ p. rlow®
. N T — - —d
Ll — 3,210 | 0,00821 | Asor - L
Vivexuceidi ras | 1,980 | 0,00198 | OKUCE VIIEPORA | 4 o5 | g 00125

{Tmenopon. 1480

Bogayx

: 0,00143 | Teqmii

(yrapHblii ras)

| 0,180 | 0,00018

0,090

(mpu temmiepatype 0 °C u gaBienun 760 MM pT. cT.)

0,00009

o YUummca BHIYNCARTL NAOTHOCTD, Maccy M o6bem $uanueckoro Tena

Ha npaxTuke yacto ObiBaeT HE0OOX0AMMO ONpeIe/INTh, M3 KAKOTI0 BEIecT-
Ba COCTOMT TO MJIH HMHOE (PpusHuecKoe Teso. s 3TOro MOXKHO BOCHOJIB30BATH-
cAa TakuM criocobom. BHavasie BEMHCIUTEL NAOMHOCMb 3TOrO mend, T. €. HAWTH
OMHOWeHUE Maccbl mena k ezo0 obszemy. Jlamee, BOCIOJIL30BABIINCH NAHHBIMH
TabNHIbl TJOTHOCTEH, BBHIACHUTH, KAKOMY BerecTBY COOTBETCTBYET HaiifieHHOe
3HAYeHUe IJIOTHOCTU.

Hanpuwmep, ecan mwisiba obbemom 3 mM* umeer maccy 2700 Kr, To OYeBHIHO,
YTO ILIOTHOCTH IMbIObI paBHA:

2700 kr
3m

Ilo Tabnuue HAXOAMM, YTO IVibIDA COCTOMT M3 JIbJA.

B npuseseHHbIX BbIIE NIPpUMEPaX Mbl pacCMaTpPUBAJIM TAK HA3bIBA€MbIE Ofi-
HOpOJAHbIe TeJNa, T. €. Mena, He UMeIouUe NYCmom u cocmoawue ui 00Hozo e
wecmea (nepgsiHas rIbba, CBMHIOBEI M amoMHHEeBBI Opycku). B rakux ciy-
vasx IJIOTHOCTEH TeJla paBHA IUIOTHOCTHM BEI[eCTBa, M3 KOTOPOr0 OHO COCTOMT
(r1oTHOCTE JegsAHoN rBIOB! = IJIOTHOCTH JILAA).

Eciim B Tesne eCThb IyCTOTHI WM OHO HSNOTOBJIEHO M3 PA3JIMYHBIX BEIECTB
(Hanpumep, Kopabib, GyTOOILHEIN MAY, YeJIOBEK), TO MOBOPAT O cpedHeil niom-
HOCMU meJid, KOTOpas TAKMKe HCUYHCIAeTcH 1o (opmyse

m

P=7 »

=900
M

rne V — obbem Tesa maccoii m.

CpenHAA IUIOTHOCTH TeJa 4YeJsioBeKa, HAIIPH-
mep, cocrasiuser 1036 kr/me.

3Haf IJIOTHOCTH BEIeCTBA, M3 KOTOPOIo H3ro-
TOBJIEHO TeNO (HJIH CPeHIO0 ILIOTHOCTE TeJla), H 00b-
€M Tejla, MOYKHO ONPENeJUThL MACCY HAHHOTO TeJia

m
V= )
- £<
4 it/ Ges BapemBaHuA. B camom gene, ecim p=%, TO
; m=pV . CooTBeTCTBeHHO, 3HAA ILIOTHOCTL M MAaccy

. m
Tella, MOMKHO HaliTH ero obbeM: V=—.



§ 10. NnoTHOCTb. EAMHKMLbBI MNIOTHOCTH . g

@ noneoaumuTorn

dusuueckasd BeJIWUYMHA, XapaKTepHUs3yoolmas JaHHOe BEeneCTBO U YMCJIeH"
HO paBHAs MAacce BEIECTBA eIHHHYHOro obbeMa, HA3BIBAETCH ILJIOTHOCTBIO BE-
mecTBa.
ILJIOTHOCTE BEINeCTBA M ILNIOTHOCTH Tejia MOMKHO PacCuMTaTh 10 (popmyJie
- m
p= v
B CH 1jioTHOCTHL M3MepAeTes B KMJorpaMmMax Ha MeTp kybuueckuii (kr/m®).
YacTo TAKMe MUCIOJIbL3VIOT eAMHUILY ILJIOTHOCTH rpaMM Ha CAHTHMETD KybOuuec-
Kuit (r/cM®). DTH eMHUIIBI CBA3AHLI MEXKAY CODOH COOTHOMIEHHeM:
I

cm®

m
3Has Maccy Tejla M ero IJIOTHOCTH, MOYKHO HaiiTu obbeM Tena: V =—. Coot-

1

=1000"% .
M

BETCTBEHHO, TI0 M3BECTHBIM 00LeMy TeJla M ero IJIOTHOCTH MOYKHO HANTH Maccy
Tena: m=pV .

0 KonTponbHbie BONPOChl

1. BaBMCHT JIM OTHOIIEHUe MAacchl BemecTBa K o0beMy, 3aHUMAEMOMY
STHM BEIIEeCTBOM, OT ero Maccel? or obbema? OT posia pemectsa? 2. Hto
HAZBIBAIOT IUIOTHOCTHIO Bemectsa? 2. IlnoTHoCTs MDJIATHHBI paBHA
21 500 kr/m®. Yro ato osnavaer? 4. Kak onpezenuThb ILIOTHOCTH Bele-
crea? 5. Kakue eawHMnbl muioTHocTH BBl 3Haere? 6. Kax BeIpasuTh
NJIOTHOCTH B 'PAMMAX HA CAHTUMETDP KyOudecKui (r/cv?), ecniu oHA naHAa
B KMJIOFpAMMAX Ha MeTp Kybuueckwuit (kr/m*)? 7. Kak BEIMMCIUTE MAccy
TeJia 110 ero oTHoCTH U ookemy? 8. Kax onpepenuTs 00beM Tena, 3HasA
ero ILIOTHOCTE M Maccy?

OU3NKa M TEXHUKA B YKpanHe

Doveuxuia Pusmnko-rexHnyeckmnin ety HAH
Ykpansol

B 60-e ropel npownoro cronetus 8 [oH6ac-
ce — BaXHeileM NpOMbILNEHHOM perioHe Ykpa-
WHbi — BO3HMKNA HacylHaa HeobxopguMocTs B Op-
raHM3alUn Hay4YHbIX UCCNEAOoBaHWUIN, MAKCUMaNnbHO
OpPVEHTUPOBAHHBIX Ha YAOBNETBOPEHNE HYXA peru-
oHa. inA 3toro B 1965 ropy u 6uin cospaH [oHel-
KU HayuHbiil UeHTp Akagemumn Hayk YCCP, opgHum
W3 KNIO4YEBbIX MHCTUTYTOB KOTOPOro cTan [oHeukuia
U3UKO-TeXHUYECKMIA MHCTUTYT (JoHOTH).

Pe3synbTaTbl UCCNEAOBaHUIA COTPYAHUKOB UHCTW-
TyTa NoNYSUIM NPU3HAHUE HayuHOI OBLUECTBEHHOCTI YKpauHbl U MHOTNX 3apy6exHbix yUeHbIX.
[loH®TU nopaepMBaeT WMPOKME HayUHO-NPOU3BOAICTBEHHbIE CBA3M C AECATKaMM 3apy6exHbiX
WHCTUTYTOB U MPOMBILLIeHHbIX NpeaAnpuATWi Liseiiyapun, CLUA, Tepmatiam, Wecnanun,

n
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. Ynpaxnenums —— —

1. Haligure no TtabiMile 3HAYEHHUA IJIOTHOCTHU BO3AYXA M ILJIOTHOCTH CBHUH-
na. Yro onu oznavawr? Kakue BelMYMHBEl MBI HA CAMOM Jiejle CPABHHMBA-
€M, KOrjia TOBOPHM: <«JIETKHil, KAK BO3AYX», «TSXKENbIi, KAK CBUHEI»?

2. B KaxkoM ciiyuyae Macchl TeJl OAMHAKOBOTO o0hemMa
OyAyT paBHBIMUT

3. OpuH u3 ABYX OOMHAKOBBIX COCY/IOB HAIIOJIHEH .
MejioM, BTOpOH — pacTUTeJILHBIM MaciaoMm. Macca |
Kakoil KUAKOCTH GOJIBIEe ¥ BO CKOJILKO pas? -

i

4. Jlpa KyOuKa — M3 Oprerexaa u us ayba — umMeror N
onMHAKOBYIO Maccy. O0beM Kakoro KyoMka MeHb - » e

Iie ¥ BO CKOJILKO pas? s

5. B nunmuaApe 1107 NOpIIHEM COAEPKHUTCH KMCIOpPO/ 2N
(pucyHOK a). IlopieHs HAYMHAIOT ITPOABHIATH B LW~ 7 ,\“
muaap (pucynok 6). Kak npu sToM HM3MeHSIOTCH: S 7 ” \f,
a) Macca rasa; 6) oGbeM rasa; B) IJIOTHOCTH rasza? = =

a 6

NABOPATOPHAA PABOTA N2 7

Tema. OnpegeneHue MNJOTHOCTH TBEpAOro TeJa
M JKMJIKOCTH.

Llenw: onpeienuTh IUIOTHOCTH TBEPABIX Ten
H 3KUJKOCTH.

O6opypoBanve: BeChbl C Pa3HOBECAMM; MepHBLIN
LUIHMHAP; JTUHeKa; ucciejyembie TBep/ible Tesa
(nepeBAHHBIN OPYCOK M MeTAJLIIHYeCK Uil IIMITHHAD
C HUTBIO); CTAKAH C HCCIEAYeMOH KHUIKOCTBIO.

YKA3AHUA KPABOTE

MoaroToBKa K 3KCNepUMeHTY

1. ITpexcJie yeM HAYMHATHL U3MEpPEHHe, BCIIOMHUTe:
a) (popmyny, IO KOTOPOM BEIMHCIAIOT ILJIOTHOCTH;
0) ¢ HOMOIBI0 KAKUX IIPUOOPOB MOYKHO OINpe/IeNIUTh 00beM TBEPAOro Teja;
B) KaK ONpe/IeJIAIOT EeHY JeJIeHHs IIKAIB H3MepUTeJIbHOro IIpubopa;
r) KAK NPABUIIBHO CHUMATH II0KA3AHKWE MEPHOrO IUJIMH/IPA;
1) mpaBuia paboTel ¢ PEIYAXKHEIMHA BECAMMU;
€) Kakue Mepbl IIPeIOCTOPOIKHOCTH HeOOX0IMMO IPUHUMATE BO BpeMs paboTsl
€ MEPHBIM ITMJIMHAPOM.
2. OmpefenuTe ¥ 3alUILNTe LEHY [eJeHUs IUKAJLI JHHEeWKM U IIeHY [AeJeHUd
MIKAJIbI MEPHOTO IHJIHHIDA.

- M2



Na6opartopxan pabora N2 7 . .

Pesynvmamut uzmepenuil u evluucaeHuil credyem cpasy sarnocume 6 matnuyy!

IKCnepMMenT

1. Onpegenute 00beM GPyCKa C IOMOINBIO JTUHEHKH.

2. UsmepeTe Maccy Gpycka € IOMOIBIO BECOB.

3. Berumic/iuTe IJIOTHOCTH BEIecTBa, U3 KOTOPOro M3roToBlieH OGpyCcok.

4. OnpepienuTe 06bEM METAJLIMYECKOTO TeJla ¢ MOMOIIBI0 MePHOTO IIHJIMHAPA.
5. MamepbTe Maccy MeTaJLIMYecKOro Teja C IMOMOIbIO BECOB.

6. BeraucauTe MJIOTHOCTE METAJLIA, M3 KOTOPOro M3roTOBJIEHO TeJlo.

7. amepbTe Maccy cTakaHa ¢ McCaeayeMOol »KHUIKOCTBIO.

8. TlepeneitTe »KUIKOCTh B MEPHBIH [UJIHHAD U ONpeAe/lnTe ee obbem.

9. BapecwTe NycToii CTAKAH ¥ BBEIYMCIMUTE MACCY MCCJIeyeMOM JKUJIKOCTH.

10. BeraucauTe IJIOTHOCTh MCCIeyeMOi X UIKOCTH.

MnoTHocTb p
WUccnegyemoe Teno, Macca | e om VoW - - Bew
MKUAKOCTL m, r rem? K/ |

AHanus pesynbTaToB IKCNEPUMENTA

1. Tlonp3ysAck TAGIMIIAME ILUIOTHOCTEI!, ONpe/ieInTe HABBAHME MCCIIe/lyeMOM KU -
KOCTH, & TAKXe BeIecTBa, U3 KOTOPHIX U3rOTOBJIEHBI MCCIIe/lyeMble Tela.

2. CpenaiiTe BBIBOJ, B KOTOPOM He 3a0y/ibTe yKasaTh (PAKTOPBI, KOTOpPBIE MOMIA
HOBJIMATH HA TOYHOCTH PE3YJILTATOB.

JononxurenbHoe 3apanne

1. Onpepenurte 06beM COGCTBEHHOrO TeJjla, 3HAA €ro
CpesHIoIo TLIOTHOCTE (cM. § 10).

2. TIpepsoskuTte crioco0bl — TEOPETHYECKHUI U SKCre-
PUMEHTATBHBII,— BOCIIOJIB30BABIIUCH KOTOPBIMH,
MOYKHO HAWTH Maccy BOJAEL, KOTOpPas BBIILETCH U3
cocylia ¢ OTIIMBOM (CM. PHCYHOK), €CJIM B HEI'O MeJl-
JIEHHO HOrpY3UTH IIACTUIIMHOBBIN KyOMK CO CTO-
POHOIL 3 CM.

il
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§ 11. YYUMCA PELWIATb 3AA4MN

B /a5 wezo HYM#CHO ymemsb pewams 3adayu no pusuxe? Ymo nado coenamn
dns mozo, ymobvl Haywumvcsa ux pewwamsv? Kax umenno pewams 3adavu?
Cez00Hs Mbl MOALKO HAYUHAEM OMEeNamb HA 3MIUL 60NPOCHL, YHUMCS pe-
wamv npocmetiwue 3adaqu, HO npoiidem 6pems...

o Y6enpaemca B Heo6xogmmocTH peluartb 3afjaum no pMInKe

s yero Hy»KHO peluaThk 3azadu no ¢usuke? [lompobyem oTBETHTH HA
aToT Bonpoc Bmecte. C 910t nenbio ofpaTuMcs K HOpocTeiiueil KOHKpPETHOH 3a-
jaye, ¢ KOTOPO# Bbl MOYKETe BCTPETHUTHCH B PeajlbHOM JKHU3HH.

IIpeanonoyumM, YTO BAM HYXHO KYIHMTh 3 KI' PACTHTENIBHOIO Macia. ¥ Bac
€CTh TONBKO ILJIACTUKOBEIN 0AJIIOH BMeCTHMOCTBIO 3 nuTpa. [lomectures nu
B HEro HY?KHOE KOJIuYecTBO Macia?

Cormnacurech, MHOI'Me M3 HAC CTAJIKMBAIOTCH C MOJOOHBIMH 3a/la4aMM B M3~
oy, IToaToMy HaM HYKHO YMETH peluaTh (pM3uYecKkye 3aJiady npejie BCero Iis
TOro, 4TOOBI, UCHIONB3YA 3HAHME (PUBMKHU, OTBEYATH HA MPAKTHYECKHEe BOIPOCHL

OueBHIHO, YTO, He BHAS HEOOXOAUMBIX (DMBHYECKHX BEJIMYHH, (popmyJl, (huau-
YeCKHMX 3aKOHOB, Bbl HE CMOYKeTe OTBETHTH HA BOIIPOC, IOCTABJIEHHLIN B 3ajaue.
Taxum 06pasoM, TONBKO XOpolllee 3HAHME (DU3MUYECKUX 3aKOHOB, (pOpMyJI, yCio-
BMI1 X0oa (PMBMUYECKHUX IPOLECCOB, ONMUCAHHBIX B 3a/1a4aX, JaeT BO3MOMHOCTh yC-
[eIHO peruaTh 3axauu no Qpusnke. U HaobopoT: HaM HeoOXoAMMO peraTh 3a1a4u
1o (pUsHKe TAKKe 1A TOro, YrTolbl JyYine 3HATHL M NOHMMATEH (DU3MKY B LIEJIOM.

o 3HaAKOMMMCH C OCHOBHDIMMW 3Tanamu pellenns qﬂl!ll'l.(l(llx 3apavd

B xope pemenus Gonpllleil yacTy (PUBMYECKHX 3a4a4 MOXKHO BBIJIETIUTH
HECKOJIBKO STATIOB.

I1-it sman. AHanu3 pusuyecKo npobiemsl

Ha sTom sTame BamM HeOOXOaMMO:

a) BHUMATEJBEHO IPOYUTATH YCJIOBUe 3a/lauu;

6) BEIACHUTH, KAKME BeJIMUYMHBI YK€ M3BECTHBI, KAKHe HY)KHO HAWTH, 3HaJYe-
HUEe KAKUX BeJIMYMH MOMHO OTBHICKATH B CIIPABOYHONM JTHUTEpaType;

B) BBIIIOJIHUTH IOSCHUTEBHEIH PUCYHOK (cxemy, rpaduk), eciii B 3TOM eCThb
HeoDXOTUMOCTh;

r) KpaTKO 3AIMCATH YCJIOBME 3a/ia4uy;

J) onpefiesIuTh, B KAKUX eMHULIAX OHA OyzeT peluaThcd (eciM BeJIMYHHEIL, UC-
TIOJIL30BAHHLIE B 3a/ia4e, NaHbl He B equAUNax CHU mwmm ¢ nmpucraBkaMu, Takue
BeJIMYMHEI [IPEMMYITEeCTBeHHO nepeBonaT B enuaunsl CU u Ge3 npuctaBok).

2-ii saman. Tlouck MaTeMaTHYeCKOM MOIEITH

Ha sToM aTane HeoOXoAUMO:

a) 3ammcaTh OfInye ypaBHEHMSs, CBA3BIBAIOIIVE (DHU3WYeCKHe BeJIMYWHBI, KOTO-
pble XapaKTepuayIOT PACCMOTPEHHOE B AAHHOM 3ajade (DM3WYECKOe ABIICHUE;

0) KOHKpPEeTU3MpPOBATh 9TH YPABHEHUH JUIA HAHHOH 3ajadH.

G ha ST



§ 11. Yuumca pewiarb 3afiaum

3-it saman. PemeHue B aHAJIHU3 Pe3yJIbTATOB

Ha asToMm sTarne crenyer:

4) peIlMTh yPaBHEHHE OTHOCUTEIBHO MCKOMOU BEJIMYHMHEL
6) NpOBEPHUTH €JIMHHUILY MCKOMOH BeJIWYMHBI;

B) BBIIOIHUTH HEOOXOAMMBIE BEIYUCIEHU;

r) NpoaHAJIU3MPOBATE PE3YJbTATHI.

o Mpocnemnsaen OCHOBNDIC ITaNbI PeRIeHnA

Pewum 3ajiauy, OpeJiOdKeHHYI0O B HayaJje naparpada, mpociieiMB OCHOB-
HbIE ATAIIBI ee PellleHu .

Ananu3 guauneckoil npobaesvt. BISCHUTD, TIOMECTATCH I 3 KI' PACTUTEILHOrO
MACJIA B TUIACTHKOBBIN GAJIJIOH BMECTUMOCTBIO 3 JI, MBI MOYXeM JIBYMS CIioco0amu:

1) onpeieINTh, CKOIBKO KMIOIPAMMOB Macja BMeriaeTcs B 6ajljoH, U Cpas-

HUTH Pe3yJIbTaT ¢ MACCoil HeoOXOo/AMMOro HaM MACIa;

2) onpenennTb, Kaxkoii 00beM 3aHMMAeT MACJIO MACCOW 3 KI, M CPDABHMTL pe-

3yALTAT ¢ BMECTHMOCTBIO BaJiioHa.

IIpu srom B mobom ciydae HAM HeoOXOAMMO 3HATH IJIOTHOCTH PACTHTENb
HOrO MAcJa — HTO 3HAYEHHe MOMKHO HalTi 1o Tabnune. Ilepex stum cnexyer
OIpEe/IMTECH, B KAKMX eIMHUIIAX Jydllle pelIaTh 3ajady. 9Ty 3ajaqy Jjyuiie
pewaTs B exmuunax CH.

3aBeplIUB AHAJIMB, MBI MOJKEM 3AIMCATH KPATKOE yCJIOBHE 3a/auH.

(IToHsITHO, YTO B JAaNbHEIeM, 3alUCHIBAS peIleHNe 3a/[auM, YacTh PACCYIK-
Aenuit BBl GyneTe IPOBOAUTH YCTHO.)

Epamioe ycaosue IMouck mamemamuneckoit modeau
3adavu Bocnonk3dyeMcs ornpejieleHueM IJIOTHOCTH:
Hawo: m
_ 3 P=="
p=900 xr/m Vv
m=3 Kr Pewenue u anaaus pesynsmamos
V=8 n1=0,003 M’ Pemym nonyueHHOEe YPaBHEHHME OTHOCUTEIBHO
HEeM3BEeCTHOW BeJUYMHBI:
m
V=—.
V—2 A
IIpoBepuM eAMHHILY MCKOMOM BEJIMYMHEIL:
3
Kr KI'M
[V]=kr:—=—"=w".
M KI

OripeieTUM YUCIOBOE 3HAYEHHe:

3
Vi=——=0,0033.
{ } 900

VvV =0,0033 m°.
IIpoaEaIM3upyeM pe3yJbTaT:
eMKOCTE BasLIoHa (Vﬁ =0,003 Ma) MEHBILE, YeM 00beM
(V =0,0033 m* ), KOTOPBII 3aHMMAET MACJIO MACCOii 3 Kr.

Omaeem: Mmacno B DalJI0H He IOMECTHTCH.




- . Paspen 2. CTPOEHUE BELLECTBA

o Pewaem sagiaum

Fapaua N° 1. Kybuk c pebpom, paBHEIM 2 c¢M, umeer maccy 20 r. U3 xakoro ma-

Tepuaja U3rOTOBJIEH KyOUK?

Ananus usuveckoil npobaembt. 1To0BI OTBETHTH Ha MNOCTABIEHHBIN BOIIPOC,
HeOOXOIMMO OIpeJIeSIATh MIOTHOCTH BEIIeCTBa, M3 KOTOPOro M3rOTOBJIEeH KyOuK,
a MmoTOM, BOCIIOIB30BABIIUCH TAGIMIEH IJIOTHOCTEH, BHIACHUTH, KAKOMY BEIec-
TBY COOTBETCTBYET HaliZIeHHOe 3HAYeHUe IUIOTHOCTH. JTY 3a/ladyy MOKHO peruaTh
B 3aJIaHHBIX eIUHUIAX.

Jaxo:
a=2 cm
m=20r

p—?

ITouck mamemamuuecKoii modenu
Ilo onpejieIeHUIO TLIIOTHOCTH:

m
= oe— l
P=7 (1)
M3 mMaTeMATHKM M3BECTHO, 4TO 00bemM Ky0a MOYKHO BBIYMCIUTH
1o opmyne V =a*. 2

Pewenue u anaaus pesyaomamos
IMoacrasus Beipakenue (2) B Beipaykerue (1), monyuum (popmyny s
pacyeTa IJIOTHOCTH MATEPHUAJIA, U3 KOTOPOrO M3NOTOBJIeH KyOHK:

. m
="

IIpoBepuM eqMHUILY UCKOMOM BeJIMYMHBI:
_ r . .
[p]= 7

CM-CM-CM cM
OHpE,IIBJIHM YUCJI0BOE 3HAYEHHE:

20
'_'_“_:2'5 ]
{rk==

p=2,5 r/em® =2500— .
M

[Tpoaraiu3upyeM peayJibTaT: BOCIOJIbL30BABILIKCH TAGIMIIeH II10T-
HOCTei, BBIACHUM, KAKOMY BelleCTBY COOTBETCTBYeT [10JIyUeHHOe
3HAYEHME IIOTHOCTH; IIoTHOCTH 2500 Kr/mM* mMeeT cTeKJIo.
Omeem: xyOMK MOKeT OBITh U3rOTOBJIEH M3 CTEKJIA.

Japgaua N2 2. CBunpoBsii map odbemom 60 cm?®

uTo obsem nosoetu V,, =V, -V .
Jrobel HAWTH 00BLEM IIOJIOCTH, BBIACHHM,
Kakoi o0beM 3aHHMAaeT B Liape cBuHell. Ilnor-

JIUTe, CILIOIIHON STOT IIAD MU

penennTe 00'b€M IIOJOCTH.
Ananus guauveckoil npobremvt. BeImoiHuM
MOACHUTEJIFHBII PUCYHOK.
Ecin V<V,

umeer maccy 0,565 kr. Onpene-

noneni. Ecim map nomneri, To on-

, TO map noojaslil. IToHaTHO,

(11}

HOCTH CBUHIA Halgem 1o Tabnuue. B aToi

N W7



§ 11. Yyumca pewarts 3aga4uv . .

3ajlaue CIeAyeT MACCY BRIDABUTH B rpAMMAaX, 00beM — B CAHTHMETpax KyOuuec-
KUX, IJIOTHOCTh, COOTBETCTBEHHO,— B IPAMMAX HA CAHTHMeTD KyOHW4ecKuil.

Jano:
v, =60 cm®

m,, =0,565 xr="565 r
P, =11,3 r/cm®

ITouck mamemamuneckoil modeau

m
Ilo onpesienieHHIO TIOTHOCTH: P, = V—“ :

]

Pewenue u ananus pesyavmamos
W3 hopMyJisl U ONIpeieSIeHUd IIIOTHOCTH HaiineM ¢op-

— ?

non

m
MyJly JJisi onpeznenenus obbema: V, =—".

cB

ch
[IpoBepuM eAMHHUIlY MCKOMOM Bemm}mm:
r r-cm®
[V ] Pi—7m= =cMm’.
cM r
OnpejiesiiM YKUCIOBOE 3HAYEHHE MCKOMOM BelMYMHBI:

{v, }_%_50 V,, =50 cm®.
[TpoaHaIMBUpPYeM Pe3yJibTaT: NOCKONbKY 00beM CBHHIIA

MeHbIle, yeM 00’beM IIapa, TO IIap IOJIbLIH.
V.., =60 cm® —50 em® =10 em®.
Omeem: map umeeT mojiocTs oobemom 10 cm®.

Japaua Ne 3. Kanucrpy, BMemartonyio 20 Kr Bofibi, Hanonuuam Gensunom. Onpe-
jenuTe maccy OeH3MHA B KAHUCTDE.

Ananus Qusuveckoilt npobaemvl. Jlns onpenenenus Maccsl GeH3MHA B KAHUCTPE
HAM HeOoBXOAMMO HANTH IUIOTHOCTE OEH3MHA M eMKOCTh KAHMCTPBI, KOTOpasa paBHA
ofrbemMy Bozibl. OGbeM BOZBI ONpEJeNMM 110 ee Macce M MIIOTHOCTH. [1I0THOCTE BO/IBI
M MIIOTHOCTH OeH3MHA HaiizeM 1o Tabimne. 3ajauy Jydiue peruaTh B equannax CH.

Jano:

m, =20 kr
V,=V,

p, =1000 xr/m
ps =710 xr/m*

My~ 1

ITouck mamemamuveckoit modenu
ITo onpejieJIeHNIO MIIOTHOCTH:

m m
ey | . = B 3 1
pl! V n p ( )

B H

a‘)ﬁ:-m—,o-n{y,na m =ps Vs - (2)
Vs

Pewenue u anaaus pesyibmamoe

Iockoneky V, =V, , noacrasus dopmyny (1) B hopmyny (2),

[OJIYUHM:

pb B
=0, — .
o .
ITposepum enmmny MCKOMOI BelIWYUHBI:
3 Kr) Kr Kr-m°
el g g
OnpejieIMM 9UCIIOBOE 3HAYEHUE:
{m }_710 20 14,2, m=14,2 xr.

1000
IMpoaHaIH3UPyeM Ppe3yJbTaT: HOJIydYeHHOe 3HAa4YeHHe MACCEI

OeH3MHA B KAHHUCTPE AOCTATOYHO pealIbHO.
Omeem: xKaHuCTpa couepsuT OexsuH Maccoii 14,2 kr.

/i N



- . Pazpen 2. CTPOEHMWE BELLECTBA

Fapaua N° 4, CKONBKO 3KeJe3HONOPOYKHBIX IIUCTepH norpebyeTcs AJIf IEPEBO3KH
1080 T He(TH, eciiy 00BEM KAXKIOHM IUCTEPHEI 25 M°?

Ananus guauveckoii npobaemvi. YTOOBI HANTH KONHIECTBO LMCTEPH, HEO0-
XOIMMO BHEIYMCIIHNTE 00muit 06eM He()TH, KOTOPYIO HY»KHO nepese3Tu. OOuuii
o6beM He()TH OIIpefesiMM MO ee Macce W IUIOTHOCTH. Pasjenus obmuit o6beM
Hed)TM HA eMKOCTh KajK/JO# LMCTEpHBI, MBI JIETKO HAW/IeM KOJIHMYECTBO ILMC-
rTepH. IlmoTHOCTH HedTH HAlgeM no Tabnune. 3ajady Jy4lle peiiaTh B €Id-

uunax CHU.

Jlano:
m=1080 v=1080 000 xr

p =800 kr/m*
V,=25 »®

Fapaua N2 5. B mensypky c Bopoit (pucy-
HOK @) OIYCTWUIM CILIOLIHOMN
MeTaJLIIMYeCKHil [{HIUHAD MAac-
coit 675 r (pucysaok 6). Onpe-
JelUTe TUIOTHOCTH BEIecTBa,
M3 KOTOPOI'0 H3rOoTOBIEH IU-
nuHAp. YTO 3TO 3a BElecTBO?

W w78

IMouck mamemamuneckoit modenu
KonmgectBo nucreps N paccuuTtaeM o opmyJie
|4
N=—, (1)
VO
roe V. — obmmit oovem nedTH, V, — €MKOCTBb

m
nucTepHsi. [10 onpejeNeHUIo NIOTHOCTH: ps? .
m
Orciopa V=—. (2)
P
Pewenue u ananus pesyavmamoe

Ioncrasus dopmyay (2) B Gopmyny (1), mHaiigem
ofree KONUUYecTBO IUCTEPH:

N=2. Vo= .
p PV
IIpoBepuM eAMHKIYY MCKOMON BeJIUUHHBI:
4
[N}: KP _ Kr Ma 1.
KI' 3 KI'M
M3
Haiipem 4mucioBoe 3HAYEHUE:
800-25

IlpoaHaiuaupyeM pe3yiabTaT: KOJIHYeCcTBO IHC-
TepH, IONYYEeHHOe HAMM B pesyJibTaTe pPacueToB,
JIOCTATOYHO PeasibHO.

Omeem: norpedyercsa 54 IUCTEPHBI.




§ 11. Yuumca pewarn 3agaumn . .

Hdano: Ananus ¢usuneckoil npobaemvl; NOUCK mamemamuyec-
V, =200 cm® Koii modeau. I1NOTHOCTH BEIECTBA, U3 KOTOPOI'O M3TOTOBJIEH
V, =450 cm® [MIMHAD, PABHA IUIOTHOCTH IHIMHADA.
m=675r m

Ilo ompenesieHUIO MIOTHOCTH P = v (1)

Macca LMIMHAPA H3BECTHA M3 YCIOBMSA 3ajlauu.

O6beM mMIMHAPa BeMUcAUM 00 Gopmyne: V=V,-V,, (2)
rae V, u V, — o0beMsl BOABI B MEH3yPKe Z0 U IOCIe
IIOTPYIKEeHNS [MJIMHEAPA COOTBETCTBEeHHO.

3ajiauy Jiydiue pelIaTs B JAHHBIX eMHUIIAX.

Pewenue u ananus pe3yabmamose
IlogcraBus Bouipaxkenue (2) B Beipasxenue (1), momyuum
opMmysy AJ# BEIYMUCIEHUA ILIOTHOCTH IMJIMHPA:
m
VN
IlpoBepuM eAMHUILY MCKOMOMH BeJIMYMHBI:
T

T
[p= em® —em®  em®

Haiigem uMcioBoe 3HAYEHHE:
(p}=3D 27, p=2,7-1
250 cM
TTpoanaiusupyeM pesyibTaT: BOCHONIB30BABIIKCE TAOIHNLeH
ILJIOTHOCTEel, BBISICHMM, KAKOMY BelIeCTBY COOTBETCTBYeT
MOJYYeHHOE 3HAYEHHe ILIOTHOCTH; IUIoTHOCTH 2700 kr/m?
UMeeT aJIOMHHUI.

Omeem: nnotHocTh BemecTsa 2700 kr/m?, 310 anOMUHEMIA.

= 2700 .
M

. Ynpaxwenma

1. Mz xakxoro MarTepuasa uaroToBjeH JeTCKUl KyOuK, 06'beM KOTOpOoro pa-
Ben 250 cm®, a macca — 110 r?

2. B aBroMmobunbHELL Gak s ropiovero Bmernaercs 71 kr Gemsuna. On-
pejienuTe eMKOCTh Oaka. Beipazure Mony4deHHBIH OTBeT B JIMTPaX.

2. Yro0Bl ONpefiesuTh eMKOCTh COCYZA, €ro B3BeCHJIM, II0TOM IIOJIHOCTHIO
3aI0JIHUIIM BOJAOU M CHOBA B3BecH M. OmpeieliuTe eMKOCTh COCYAa, eciu
Macca IyeToro cocy/ia passa 1,2 kr, a macca cocyza c¢ Bopoit — 11,2 kr.

4. Macca cepebpsnoit @urypku 707 r, a ee oowem — 0,7 av®. Onpegenure,
ciiomHas 3To Gurypka wiu nonas. Orser obocHy#Te.

5. Yro Gonpllle — Macca TeNa yIuTeld (PU3KYJIBTYPBI MJHM Macca BO3-
IyXa B cropTsaje, ecnu macca yuurens 80 xr, a pasmepsl criopTaalia
20x10x5 m? O6beMoM, KOTOPBIH 3aHUMAET B CHIOPT3aJie CIIOPTUBHBII
MHBEHTapb, IIpeHeOpedb.

6. ANMIOMUHWeBBIH UIMHAP Maccoil 1,35 Kr MOJIHOCTEIO IOTPY3UJIN B COCY,
JIO KpaeB HAIIOJIHeHHEIN crMpToM. KakoBa Macca BBUIMBIIErOCs CIMpTa?

7. O6'beM IKeJIe3HOAOPOXKHOI mucTepHsl pased 30 M®. CKONBKO TOHH He-
¢TH npuBeseT coctaB U3 50 muctepH?

il O



. Paspen 2. CTPOEHUE BELLECTBA

. IKcnepUMeNTanbible 3aflaiMa

1. Onpegenure ILIOTHOCTE CBIPOTO KapTogers.
BocnoneayliTeck o0opynoBasWeM, us3obpa-
JKeHHBIM Ha pucyHEKe. MoKeTe HAMTH TaKKe
IUIOTHOCTE JAPYI'MX OBOILEH, KOTOpEIEe eCTh Ha
pamueit KyxHe. [TomHEMTe: 4yT00BI MPAaBHUIIBHO
onpeneanuTs 00bLeM Tesa, ero cieiayeT [orpy-
8UTH B BOJY TOJHOCTBIO.

2" . Hmes cocyh, 10 KpaeB HANOJIHEHHBIN BOAOM,
BEChkl ¥ PA3HOBECHI, ONPEAeNHUTe ILJIOTHOCTH
HeOONMBILIOTO MeTaJlmuYeckoro Tena. M3 xa-
KOro MeTaJljia M3roTOBJIEHO 3TO TeJo?

3. Ilo nerenje, ApeBHerpevyecKuii yueHslii Ap-
AMMen 1oMor pasobiauuTh MOILEHHHYEeCTBO
oBenupa. Ilo saxkasy naps Cupaxkys 'mepona moBenup M3rOTOBHMII 30-
JOTYI0O KOpPOHY, IpelHasHAYEHHYIO cTaThk Japom OeccmepTHBIM Goram.
Apxume]; B3I CIMTOK 30JI0TA, KOTOPBIK 110 Macce ObLI pABEH KOPOHE,
HATIOJIHUI BOJON A0 Kpaes cocyn H... Kak Bel gymaeTe, 4To caenas Ap-
xumen? CmopenupyiiTe sagauy Apxumena Ha OnbITe.

§ 12. CTPOEHME BELWWECTBA. ATOMbI U MOJIEKY/bl

W H3 vezo cocmoam éewecméa? Hackonbko MalblMU S6AS0MCE HAUMEHb:
utue wacmuuku eewecmea? Cywecmeyem au OMAUMUE MeHOY MONLEKY-
aamu 00nozo u mozo xHe ewecmea? Moxwno nu cocvumame MoNEKYabL
8 Oynaeounoil zono6ke? dmu u dpyzue eonpocvl mbl 06cydum nodpobree
u emecme Haildem omeemui.

o Pasnuyaem arom n monexkyny

W3 npeasipyuiero xypea <«llpuponosenerune» BEI yiKe 3HaeTe, YTO BCe Be-
IIECTBA COCTOAT U3 MEJIKUX YaCTHYeK — MOJEeKya U aToMoB. Brl Tak:ke 3HaeTe,
4TO IIEPBUYHBIE COCTABHEIE YACTHU BEI[ECTBA — ATOMLI — HMMEIOT CHeluaJibHble
HA3BAHMUA U CUMBOJIBI JIIA ODO3BHAUYEHMS KAYKJION0 M3 BHJOB aTOMOB. Hanmpumep:
sopopon (H), pryre (Hg), kxucnopoa (0), yrinepoa (C). ATombl pasHBEIX BHIAOB OT-
JIMYAXOTCH APYr OT APYra IO CBOMM Xumuueckum ceoiicmeam u macce. C Gpusn-
YecKoll BeJIMYMHON II0 HABBAHHEM «MAacca» BbI YyKe nosHaxomunuck B § 9. Hro
TAKOE «XMMHYECKHe CBOMCTBA», BBl Y3HAETE M3 KypCa XMMUU.

Io monoxxkenmio Ha 2005 rog HayKe M3BECTHEI TOJILKO 116 pasnuyHBIX BUJIOB aTO-
MoB. «He mMoxkeT GbITh,— BO3pasuTe BeL.— Kax 3710, Tonbxko 1167 Kascasni us Hac
¢ serkocTeio nepeurciuTt 200—300, a MmoxxkeT ObITh, B GONbIIE PA3JIMYHBIX BEIECTE».
Ja, IeHCTBUTeIIFHO, B MUDE CYIIECTBYIOT MUJLTHOHEI PA3HBIX BermecTB. Kak ke co-
€IUHUTE CYIIECTBOBAHIE TOMBKO 116 pasmuHEBIX BHAOB ATOMOB C MIJUJIMOHAMHU pas-
HBEIX BerjecTB? Jlesio B TOM, 49TO BerjecTBa Mo GoJbIIell 9ACTH COCTOAT U3 MOJIEKYJL.

mso



Puic. 2.11. Mopenu Monekyn HeKOTOpbIX BellecTs: a — metana (CH,); 6 — cepHoi kucnotst (H,SO,);
8 — soppl (H,0). (CuHWe WapHku — aToMbl BOLOPOAA, KPACHbIE — KUCIOPOa, 3eNeHble — Cepbl, Xen-
Thie — yrnepopa.)

MOI‘IGKYI‘IOI?I Ha3blBAaETCA HaMMEeHbllaA YacTuyka BellecTBa, nMmerlana ero OCHOB-
Hble XMUYECKre CBONCTBAa 1 COCTOALYan U3 aTOMOB.

Curyanms ¢ pasHLIMM BelEeCTBAMM OYeHb IIOXOXKA HA COCTABJIEHWE ThICHY
PasHBIX CJIOB M3 «TOJBKO» 32 pasimuubix Oyke andasura. B aToM cpaBHeHMM
KaKaast GyKBa — 97O, TAK CKABATH, OT/ICILHEII ATOM, 8 KaX/10e CJIOBO COOTBeTC-
TBYeT MOJIEKYJIE, T.e. OIPeJIeJIeHHOMY BellecTBY.

Ha puc. 2.11, a Bl BuauTe cxemMaTnieckoe naobpaxenme MOJEKyJIbl MeTaHa,
cocTosLIei M3 MATH ATOMOB: YeTEIPeX aTOMOB BOIOPOJA M OJHOIO aroMa yrijepo-
na. Tlonbaysce Hameil ananormeil,— 870 caoBo u3 nstn Gyks. Ha puc. 2.11, 6
npuBejeHa cxema 0GoJee CJIOMKHON MOJIEKYJIbl CePHOM KHMCIOTHI, COCTOsIei u3
CceMM aTOMOB. AHAJIOT 9TOM MOJEKYJbI — CJIOBO M3 cemu Oyke. VI3 npuBeieHHBIX
NPUMEPOB MOHSTHO, YTO KAMAAs HOBasg MOJEKysa (HoBasd KOMOMHAIMS ATOMOB)
COOTBETCTBYET HOBOMY BeIeCTBY.

9 IHakoMmnmcA ¢ npocrbimi N CNOXMHbIMMW BelllecTBamMmM

IIpomo/mxkuM HANIy AHAJIOTMIO CDABHEHWSA BelecTB cO ciaoBamu. Bel, Ha-
BEPHOe, 3HAeTe, YTO PAAOM ¢ OOBIYHBIMM CJIOBAMH, COCTOAINIHMH H3 HECKOJIBKHX
pasHbIX 6YKB, MBI MHOTAA IIPOM3HOCHM M CJIOBA C MCIOJIL30BAHMEM TOJLKO O HOH
OyKBBI (HATIDHIMED, «f», ¢8-8...», «y-y-Y...»)... Tar xe u ¢ Bemjecreamu. HexkoTopeie
H3 HUX COCTOHAT TOJNBKO M3 OJHOIC BHJA ATOMOB (OIHOTO XMMHUYECKOr0 3JIeMEHTA)
U IOTOMY HASBIBAKTCH npocmbimu (cm. puc. 2.12). IlpumepamMm TAKHX BeIecTB
ABNIAETCH yIJepoy, Hejeso u ap.

CosepllleHHO OYEBMAHO, YTO CJIOB, COCTOSILIIMX U3 HECKOJLKUX OYKB, HAMHO-
ro Gosbllle, yeM cIOB U3 OpHOH OykBbl. Tak ke m ¢ BemecTBamu. Yamge Bcero
B NIOBCe/THEBHOM MKM3HM MBI CTAJIKMBAEMCH C BEI[ECTBAMM, MOJEKYIbl KOTOPBIX
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- . Pazpen 2. CTPOEHWE BELLECTBA

a 6 8 2 0

Pire. 2,12, Mogenv Monekyn npocTbix Beuects: a — sogopoga (H,); 6 — kucnopogpa (0,); e — o30-
Ha (0,); 2 — a3ota (N,); 0 — xenesa (Fe)

COCTOSIT M8 ATOMOB HECKOJIBKMX PASJIMUHBIX BHAOB. OTH BEIECTBA TAK M HA3BI-
BAIOTCHA — CJ0MCHbLe (eM. puc. 2.11).

HanomuumMm, ur0o B HAYYHOIT JuTepaType BO uaberkanme NyTaHUIBI IIPUMEHS-
FOTCS PasHble HA3BAHWSA JUIS NPOCTHIX BELIECTB M JUIA XMMHYECKMX 3JeMEeHTOB,
U3 KOTOPLIX 3TH BelecTBa cocTodaT. IIpuMeps! HasBaHMil NNPOCTHIX BEIECTB M CO-
OTBETCTBYIOILIMX MM XMMHUYECKHMX BJIEMEHTOB NpHBeneHbl B Tabiule.

Haspanue xumuueckoro CUMBON XMMUWUYECKOIo HassaHue COOTBETCTBYHOLWEND
nemeHTa nemMeHTa npocroro Beljecrea
Aypym Au 3ono010
I'mpgporen H Bopnopon
Kapbou C Yrnepon
Kynpym Cu Meas
Hurporen N Asor
Oxcuren 0 Kucaopon
Cunumym Si Kpemunii
| Deppym Fe Hemeao

o Y6exaaeMcA B HANNYUN NPOMEXXYTKOB MeXXY MOeKynamm

Ilocne Toro Kak MBl IOZHAKOMMJIMCH ¢ HAMMEHBIIMMM YACTHYKAMH Be-
IecTBa, AaBaiiTe BCIIOMHUM HEKOTOPble CBeJIeHUS O CTPOEHMH BEIIeCTBAa.
B pesyibraTe IpOBelleHHBIX WCCJHENOBAHMI ydYeHBle BBISICHWJIM, YTO MEXH-
Oy mMonexkyaamu (amomamu) Cyui,ecmaylom npomMexcymKu. 3ToT BBIBOA YYEHBIX
MOKHO JIEI'KO INOATBEPAUTE AOBONBHO MPOCTHIM onblToM. Ecmm cmemars 100 mn
Bonbl ¥ 100 mu criupTa, TO 06beM cmecH Oyaer menbme, yem 200 mu. Jlemo B TOM,
YTO NPH CMENIUBAHUH ABYX KUIKOCTEH MOJIEKYJIBI BOJAKI NOMAAAKT B IPOMEKYT-
KM Mexny Monexkynamu cuupra. [IpuBeneHHBIH OOBIT MOMXHO CMOJEIHMPOBATH,
HAIIPMMEDP, C MOMOIbI0 IilleHa ¥ ropoxa (puc. 2.13). Hamommute ctakas 1o
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§ 12. CrpoeHue BewjecTBa. ATOMbI U MORNEKYNbI . -

[OJIOBMHB! OIITEHOM, & HmOTOM IpubaBbTe CTOJNBKO
ae ropoxa. Bel TMOJyYuTe ABYXCJIOHHYIO KOMIIO-
SUIMIO ¥ TOJHOCTBIO 3AIOJIHEHHBI cTakaH. AK-
KYPATHO TepemMerniaiiTe 3Ty KOMIIO3MI[MIO, M BBI
yBuaMTe, UTO 00BeM cMecu OyzeT MeHBIIMM, YeM
HCXOAHBIA — YaCTh MILIEHA PasMeCcTH/Iack B IIyC-
TOTAX MEMKAY MOPOIITHMHAMM.

AToMBI OYeHbL Majbl. BbIfiCHEHO, YTO pas3-
MepbL amomos8 npubauszumenvho paeuvt 10717 2
(0,0000000001 m). Yro0BI MpEACTABUTD, HACKOIb-
KO MaJIO 3HAYeHWe ATON BeJMYMHBI, IIPHBEJeM Ta-
KOe CpaBHEHUe: AMaMeTP MOJEKYJbl BO CTOIBKO
e pas Mewbine auamerpa sf6J0Ka, BO CKOJBKO
pas muamMerp fOJOKA MeHbille JuaMerpa 3emMJH.

O pasMepax aTOMOB TAKXKE MOMHO CYAMTH M3
rakoro npumepa. Ecom 6Bl Bce Jrozm HaIne#n ra-
HeTHI TPOBOMMJIM BCIO JKM3HbB, 3AHMMASCH TOJLKO
CYeTOM, TO BCe BMeCTe OHM cMoIvm OBl COCUMTATH
aTOMBI TOJMBKO B OfHOM OyJIaBOUHOMH I'OJIOBKE.

Muiraemcn npescrasuTb cebe pasmepbl
arTomoB

o Bcnommnaem crpoeHme aToma

OneITEl IOKABAJNH, YTO ATOM UMEEM CAOM-
nyto empyrkmypy. O npeacraBiser coboit nono-
HUMENbHO 3APANCCHHOE A0PO, OKPYNCEeHHOe 00aa
KOM AE2KUX YaCMUYEK — 3JEeKMPOHO8, UMeIOUUX
ompuyamenvhviii 3apsad (puc. 2.14). Macca sinpa

flnpo (+) InexTponbl ()

Puc. 2.13. MopenvpoBaHue
ABNEHWA yMeHbLIeHNA obbema

B pe3ynbrare CMEeLINBaHNA pas3nuy-
HbiX KUOKoCcTen. ECnn B3ATH ropox
¥ NweHo (a) ¥ TwaTenbHo nepe-
MewwaTb 1x, yBUAUM, uTo obbem
cMeck MeHLle Cymmbl obbemos

ee KOMNOHeHTOoB (6). 2T0 MOXHO
06BACHATL TEéM, YTO 3epHa MNiueHa
nonany B NPOMEXYTKU MEXAY
ropoLMHaMm1

3nekTporsl (-)

Agpo (+)

Puc. 2.14. Mopeny atoma: a — nnaHeTapHasa MOfesib: B LIeHTpe atoma — AAPO, BOKPYT AAPA BPALLAKOTCA
MEKTPOHBY; 6 — COBPEMEHHAR: JEKTPOHbI Kak Bbl «pasmasaHbi» 1o opbUTanAM — HEKOTOPBIM HACTAM Npo-
CTPaHCTBA, OKPYatoLLero ARpo. [inA HamARHOCTU PacCTOAHYE OT AApa A0 3MeKTPOHOB NOKa3aHo B 2—3
pasa 6onblue, uem AvameTp Aapa. Ha camom pene 310 pacCToRHWE NPEBbILLAET pasMepbl ANPa B 100000 pa3
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- . Pazpen 2. CTPOEHMWE BELWLECTBA

HEe3HAYUTEIbHO OTJHMYaeTCHA OT MacChkl aroma. Macca e dIIeKTPOHOB B CpaBHe-
HHMM C AJpPOM OYeHb MaJa.

Koneuno, npuBesensbie B 3ToM naparpade JasHEble — 3T0 TOJBKO HE3HAYH-
TeJbHAS YaCTh COBPEeMeHHBLIX CBejlenuit 06 aromax m monekysnax. C HeKOTOpBIMH
APYTMMM HX CBOHCTBAMM BBI MOZHAKOMMUTECH B CJeAYIOIMUX maparpadax, Koe
0 yeM y3HaeTe B CTAPUINX KJaccax.

@ nopsoaumuToru

Bee BelecTBa COCTOAT M3 MEIKMX YACTHYEK — MOJIEKYJ MJIM aATOMOB.
Mexay MomeKynamMm (AToOMaMu) CYILeCTBYIOT IPOMEXKYTKH.

Monekynoi HasblBaeTCS HAMMEHBIIAS YaCTHUYKA BellleCTBa, MMeIOIas ero oc-
HOBHBIE XMMMYECKHe CBOMCTBA M COCTOSIIAS M3 ATOMOB. ATOM MMeeT CIIOXKHYI
CTPYKTYPY M npeacTaBisieT coboil NoNOKUTENBHO 3apsHKeHHOe s/1PO, OKPYIKeHHoe
0BIAKOM JIETKMX YACTHUYEK — 3JEKTPOHOB, MMEIIIUX OTPHUIlaTeJ bHbINH 3apsai.

o KoHTponbhbie BONPOChl

1. CKOJIBKO pasHbIX BHAOB ATOMOB M3BeCTHO Hayke? Hem OHM OTIMYAOTCH
apyr ot apyra? 2. Kakme BemjecTBa HaseiBaioT npocreiMu? Ilpmseamre
npumepsl. 3. [IpuBeamTe HpMMephl HEKOTOPBIX CJIOMKHBIX BemecTs. U3
Kaknx aTomMoB oM coctrosit? 4. Kak M0o»xHO JOKasaTb, 4YTO MeXAy 4ac-
TUUKAMM BelLIecTBa cyllecTByiorT npomeskyTku? 5. Kaxk nmokasaTs, 4To
aTOMbl M MOJEKYJibl OueHb Manbi? 6. B mepeBose ¢ rpedeckoro ssbika
«aTOM» O3HAYAeT «HeAeNuMblil», Tak au a710?

. VYnpamuenns

1. MoxkeM i MBI YTBEpM#aaTh, 470 06cbeM BelecTBa B cOCyle paBHSAETCS
cymme 00'HeMOB MOJIEKYJI, U3 KOTOPBIX 970 BelleCTBO COCTOMT?

2. MoeM i1 MBI M3MeHUTL O0'beM Tesla, He M3MEeHSIA KOJHUYecTBa MOoJie-
kyn B Hem? Kaxk aro caenars?

3. VlzBecTHO, YTO NPYU OJMHAKOBBIX YCJIOBMSAX PasHble TA3hl B OJWHAKOBOM
ofbeMe CofiepsKaT OIHO M TO JKe KOJMYEeCTBO MOJIEKYJI, & ILJIOTHOCTH rasos
pasmuuHel. YeM MOXKHO OOBSACHUTH PACXOM/JEHME B IUIOTHOCTH TasoB?

4. BelupcsinTe, CKOJBKO NPUOAMSUTENHHO MOJEKYN MOMHO PasMeCTHTh
Bpoab orpeska pnuuoi 0,5 mMm. JimamMeTp MOJEKYNEI CYMTATH PABHLIM
0,0000000001 M.

5" .MapecrHo, uro Hama lanaktuka Mueunsii [lyTh macunreiBaeT OKOJO
9 mapy sBessi. Bo CKOJNBLKO pas KOMMYEeCTBO MOJeKys B 1 cM® Bo3pyxa,
paBHOe (IIp¥ HOPMAJNBHBIX ycaopufax) 3 - 10'%, Gosbille yKa3aHHOIO KO-
JTUYecTBa 3Be3n?

6. Ilnomane mnesxku, KOTOpym ofpasyeT HA IOBEPXHOCTH BOABLI Kard
Macaa obsemom 0,005 Mmm?, He Mosxker npeebinats 50 cv?, Kaxoit BEIBOI
OTHOCHTENIEHO pasMepa MOJIEKYJl MAacja cJeayeT u3 8Toro gaxra?

I mes



§ 13. [ileviKeHne monekyn. MMF“SL' -

Q IKcnepymeHTanbHbie 3afaHWA —

1. PacTBOpMTE KPYNMHKY KPacKH B BOJe, HAJTMTOH B IPO3Pa4HEIN COCYA.
O1neiiTe HEMHOT'O OKPAIIIEHHOM BOABI B APYTOil COCYA M A0JieiTe YNCTOM
poabl. CpaBHUTe OKPACKY pPacTBOpa B IEPBOM M BTOPOM cocyzaX. AHa-
JIOTUYHO pasbaBbTe PACTBOP elle HeCKONbKo pas. CpaBHMTE OKPaCKy
TOCJIeJHEro pacTBopa ¢ umcToil Boaoit. O0bsAcHuTE pesysbTar.

2. CnenaiiTe M3 IBETHOrO TLIACTHJIMHA MOAENH ABYX MOJEKYJ BOABI. Co-
CTABBTE M3 ITUX MOAeel MOjesiy MOJeKyJ BOAOPOAa M KHCJOpOoAa.

QOu3awKa 1 TeXHNKa B YKpanHe

Feopruii Bauecnasoeny Kypaiomos (1902-1996) — Bblgalowmuica
metannodusuk, npodeccop, akagemMmk POCCUICKON M YKDaUHCKON akape-
MWiA Hayk. Ha npoTaXkeHun pgnutenbHoro epemeHn ox paboran 8 [iven-
poneTpoBcke U Kuese, rae co3pan COBpEMEHHBIE HayuHble LWKONbl Mo
vccnefoBaHnio GU3NKW METANIOB 1 Cr/IaBos.

Hanbonee paHbIMWM pe3ynbTatamy ero HayyHon [EeATebHOCTH
C MpaKTMYecKoN TOUKW 3peHus BbiNo co3faHne HayuHbIX OCHOB TepMU-
yeckoi 06paboTk MeTanoB — CPECTB CYLIECTBEHHONO YNPOYHEHWUA
cTaneil — v Co3flaHne HOBbIX MAaTEPHanoB € YHUKaNbHbIMY CBOMCTBAMM.

Axapemuk KypaioMOB Takme M3BeCTeH CBOMMMW ¢yHAaameHTanbHbuIMU
UCCNEROBAHMAMI KPMCTANNMUYECKOi CTPYKTYPbI CTaneil 1 OTKpbITVeM Tak Ha3blBaemMoro «3dex-
Ta Kypgromoga».

Mpeavnauym HAH Ykpaurb ssen npemuio um. I B. Kyppiomosa.

§ 13. ABUXXEHUE MOJIEKYJ. ANOOY3UA

m Ilovemy s3anax dyxos pacnpocmpansiemcs no éceii komrwame? Mozym nu
«cpacmuce» dea kycouxa memanna? Om wezo 3asucum cKopocme 0sudice-
Hus amomos u monexyn? Ha amu u Opyzue 80npochbt 8bL cmoMeme omee-
mume, npowumas amom napazpadgp.

o JHAKOMMMCA C TENNOBLIM AABVMKEHWEM

B cooTBeTCTBHM ¢ COBPEMEHHBLIMH IIPECTABJICHUSIMU, QMOMbL U MOLEKY-
Abl, U3 KOMOPbLX COCTNOUM 6€u,ecmeo, Haxodamcs 6 0ecnpepbleHOM Xaomuiec:
KoM OBMIKeHHMH. TaKoe ABUNEHNE HASBIBAETCH TEILJIOBBIM.
TenjoBoe ABUKEHME HEBO3MOMKHO YBHJIETh HEBOODYYKEHHBIM IJIa30M, Belb
pasMepbl MOJIEKYJ OYeHb MAaJbL.
OpHakKo cyllecTByeT MHOTO (hu3nyecKux sSBIeHuil, O0bACHNTL KOTOPBIE MOXK-
HO TOJILKO OIMPASICh HA TOT (PAKT, YTO MOJEKYJIBI IIOCTOSHHO ABUTAOTCH.

858 N



- lPaa;mﬂ 2. CTPOEHMUE BELLECTBA

W

Pue. 2.15, Bocnonb3oBaswmcs Bo- Puc. 2.16. HabniopeHve senexns Angdy3nm 8 XUAKOCTAX:
POHKOM € A/IUHHBIM HOCUKOM, MOXHO B pesynbTate auddy3nn peskas rpaHiya Mexay pactBopom
AKKYpaTHO HaNUTb PACTBOP MEOHOTO  MEIHOIO Kynopoca ¥ BOAOW NOCTENEHHO UCue3aer
Kynopoca Ha AHO CTakaHa C oo

o Bcnommnaem onpegenenne andynnm

BeccrnopabiM doKa3amenbCmeom OBUNCHUR MONCKYA CIYXNT (pusnyec
KOe SIBJIEHWe, XOpPOIIO M3BECTHOE BAM M3 Kypca IpMpojoBeseHus,— Jup@ysus
(or nar. diffusio — pacnpocTpasenne, pacTeKaHue).
Hanomuum, u10 Aucdysueil HasbIBAIOT 63AUMHOE NPOHUKHOBEHUE CONPUKa-
caowuxca éewecme opyez 6 0pyza, nPOUCXodsuyee 6 pesyibmame mennoeozo (xa-
OMuUYecKo20) O8uUNEHUSL MONEKYN (AMOMO8).

o HaGmopaem gndy3mi0 B razax M MnaKoCTARX

BenoMuuTe, 4TO NPOMCXOAUT, €CJIM Ile-TO B KOMHaTe PasjuTh APOMATHOE
BelIIeCTBO, HATIPUMED AYXH,— €ro sanax B CKOPOM Bpemenm OyaeT ouiyiarbcs
MOBCIONY. D70 3HAUUT, YTO MOJEKYJBLI apOMATHOrO BEIecTBa, ABUIasfiCh, Ionana-
0T B IIPOMEIKYTKH MEeXKAY MOJeKyJlaMu BO3JlyXa, KOTOPBIM 3allOJIHeHa KOMHa-
Ta, 1. e. HabmonaeTca auddysusa. Umvenuo B peayneraTe nudysumn B razax Me
OlIlyIaeM 3alax CBe)KeucredeHHoro xJeba us OysiouHON MJM sanax IpOrpeToi
COJIHIIEM TPaBBHL.

TInddysuio moxxHo HaboAaTs M B 3uAKocTAX. IIpoBesiem TaKoii ONBIT. B opo-
3payHbIil COCYZl ¢ YMCTOM BOJOH € NOMOLIBI BOPDOHKM HAJILEM PACTBOP MEJHOro
KyTopoca Tak, YTo0Bl JKUAKOCTH He cMemaiuch (puc. 2.15). Cuavasna Mbl HaOIIO-
JaeM PesKyI0 I'DAHMIlY MeKJy BOAOH M PacTBOPOM MeaHoro kynopoca. OcraBus
cocyli B TIOKOe HA HeCKOJILKO JHEeH, Mbl YBAIMM, YTO BCS JKHUAKOCThH B COCYZie IpPH-
obpena GuprosoBblit BeT (puc. 2.16). [Ipuyem nepemMeImMBaHue KUAKOCTEH IPOUS0-
wio 6e3 BMerarenseTBa useHe. Cxemarnuecku npornece auddysum nzobparkes Ha
puc. 2.17. MEOroysciieHHbIe ONBITHI CBUAETENbCTBYIOT, YTO Aupysns B FHHIKOC-
THAX MPOTEKaeT SHAYMTENIHHO Me[JIeHHee, YeM B rasax. Eme mejiieHHee IIPOHCX0-
aut muddysust B BepAbix Tenax. Ilouemy? OTBeT Ha STOT BONPOC CleAyeT MCKaTh
B OCOOEHHOCTSX PACIIOIOIKEHNS MOJIEKYJl Fas0B, KUAKOCTeH ¥ TBEePABIX TeJl.
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§ 13. Asvuxenne monekyn. Auddysun

BbificHAeM, KaK CBA3aHbI CKOPOCTD
ABVKEHUA MONEKYN U TemnepaTypa

IIpnroroBuM aBa cocyna, KakK MOKa3aHO HA
puc. 2.15. Opua u3 COCyZOB HOCTABMM B TeILIOe
MecTO, BrOopoili — B xosopuoe. Ilocmorpes ugepes
HEKOTOpOe BpeMsi Ha cocynbl, Mbl ybeammcsi, 9T0
B TEIJIOM pacTBope andpysus TPONS0ILIa HAMHO-
ro GeicTpee.

B cnyuae moBbillleHUA TeMIepaTypbl CKOPOCTh
auddysun B rasax TakiKe yBeJUUNBaeTCH.

3aBUCHMOCTEL CKOpocTH auddysun or TeM-
neparypbl 0cODEHHO 3amMeTHa [AJs TBEPAbIX Tesl.
Tak, anrmuitcknit merasnypr Bansam Pobepr Oc-
THH IIpOBeJI cienyrommii onblT. OH HAILTABUIL TOH-
KMl OMCK 3071078 HA CBMHUOBBIA IMIMHEADP (pHC.
2.18, a) n Ha HECKONBLKO AHeil MOMeCTWJ 3TOT Iu-
JUHAP B IeYb, IIe NOAAepPKUBAJIach TeMIepaTypa
okoio 400 °C. Owxasamnock, uTo 307070 npoaud-
dyupupoBano yepes Bech uauuAp (puc. 2.18, 6);
TeM BpeMeHeM ITPH KOMHaTHOI TemmepaType Inud-
(dysma mpakTUdecKkn He HaOJIIOAAJIACh.

Taxum 06pasoM, Mbi BBISICHIJIN, YTO Y€M BLILIE
TeMIIEPATYPA BellecTBa, TeM ObicTpee IMpoMCcXoanT
mgysud, T. €. MOJeKy/Ibl ObiCTpee ABUTAKOTCH.

JIOBONIBHO CHOMKHBIE SKCIEPUMEHTHI MOKASLIBA-
107, 4TO npy Jobo¥ TemIlepaType B BelllecTBe eCTh
MOJIEKYJIbI, J[ABUTAIOLIMECH JAOBOJIBHO MEIJIEHHO,
H MOJICKYJIBI, CKOPOCTE KOTOPBLIX BEICOKAa. Ecau wo-
JUHECMB0 MONEKYN BELLECMEA, UMEOULUX BbICOKYIO
CKOPOCIb, YBENUYUBACMCS, M. €. YBEeNUIUBAEeMT
CPEOHAR CKOPOCMb MONCKYL, MO MO 3HAYUM, YMO
memMnepamypa 6eujecmen maKixe YGenuiueaencs.

SBnenve puddysun oUeHs PacIpocTPaHEHO
B npupope. Buaromapsi muddysum yriieKucHIblii
ra3 nomnazaeT B JIMCTBY PacTeHMI; KHMCIOPOA W3
BO3/IlyXa — HA AHO BOAOXPaHMJIIUIL; MUTATEJIbHLIE
BEIIeCTBA BIIMTBIBAIOTCSA B KHUINEYHNKE; KMCJIOPOK
H3 JETKUX NonajfaeT B KPOBb, & U3 KPOBM — B TKa-
HH M T. HO.

Huddysuo HMPOKO NPUMMEHAKT B TEXHHWKE.
OpsuM w3 mpuMepoB ABNseTes quddysHoe cBapu-
BaHHE MeTaJJIOB. KyCKM METAaJIOB Kpemxo IpH-
KUMaT APYr K APYry, HATPeBarT A0 BBICOKOMH

Yanaem o guddysnn 8 npupope n ee
NPUMeHeHNM B TeXHNKE

3
§

Pue, 2.17. Crematnueckoe
nzobpaxerne npoyecca auddy-
31K: MONEKYNBI OHOMN XUAKOCTU
NPOHUKAIOT B NPOMEXYTKN MEXAY
Monexkynamm Apyrov 1 e pesynsra-
T€ CO BpemMeHeM XUAKOCTU NONHO-
CTbi0 NEpemMeLInBaloTCA

Puc. 2,19, Onbir no Habnmogerwio
aunddy3um B TBEpAbIX TENaX:

a — CBMHLOBbIN LNUHAP C HanasH-
HOW 30/10TON MNACTUHKOM;

6 — TOT e UUNUHAP B KOHLE OnbiTa
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TeMIepaTyphl, HO HMKe TeMmIeparypsl raBnesus. B mecTe coejurenusi npouc-
xomuT audpysua, ¥ KyCKH MeTassioB Kak OyaTo cpacrarmTcs.

@ nopsopum utoru

ATOMBI M MONEKYJbl, 3 KOTOPBIX COCTOMT BeIeCTBO, HAXOAATCH B Oec
IIPepPbLIBHOM XA0THYECKOM ABMIKEHMH. TaKoe ABHIKEHHE HASHIBAETCH TEILIOBBIM,
NOCKOJIbKY YBeJHMUYeHMe TeMIlepaTypbl BelecTBa COOTBETCTBYET YBEIHUYEHUK
cpepHeill CKOPOCTH JBMIKEHUS €ro MOJIeKyJl (ATOMOB).

OneuM M3 JIOKA3aTeJabCTB JIBMIKEHNUS YacTHUI] BellecTBa ABJIAeTCH (Pu3nyecKoe
ABJIeHNe, KoTopoe HaseiBaetTcsa auddyaueii. [Iuddysus — BsanMHOE IPOHMKHO-
BeHME CONPUKACAIOIIMXCS BEIeCTB APYT B Apyra, NPOMCXOAfAIee B pesynbTare
TETJIOBOro Xa0TUUYECKOr0 JBMIKEHUS MOJEKyJ (ATOMOB).

e Kouvponbsbie BONpochbl

1. Yro HaswBaoT TemyoBbiM aBymkenmem? 2. JlaiiTe onpenenenme aud-
¢ysun. 3. Ipuseante npumepsl Auddysun B rasax, JKUAKOCTIX ¥ TBEpP-
abix Tenax. 4. Or vero saBmcemt ckopocth auddysun? O6bscauTe O
yuHbl 370 3aBucumocTr. 5. IlpuBeaure npumeps! audysun B npupoze.

. YnpamHeHun

1. B ueM o1muMe XOJOAHON BOAE]I OT ropsiyeil Ha «MOJIEKYJISPHBIN BIrJs»!

2. B KAKOM COCTOSIHUM BeljecTBa (rasoobpasdHoM, TBepAOM HIM KUIKOM)
muddysusa npoucxoaur ovicrpee? [Touemy?

3. Vrnekucanlit ras 6oiee TsKenblil, 4YeM Apyrue rasbl, OHAKO OH IIPH
CYTCTBYET B BepXHMX cJoax armochepbl. O6bacEuTe 9TO ABIEHNE.

4. 3anpeleHo NepeBO3UTH BMECTe C IUINeH TAKHMEe BellecTBa, KaK Kepo
cuH, Gensun, kpacku. [louemy?

5. CkopocTh JBHIKEHMSA MOJIEKYJl Iasa cOCTABJIAET HEeCKOJbKO COTEH MeT-
poB B ceryHay. [louemy ke MBI oLlyIjaeM 3anax pasjimTo YKHUIKOCTH
He MI'HOBEHHO, a CIYCTS HEKOTO-
poe Bpems?

6. [Touemy uyait 3aBapMBAIOT KUIIAT-

KOM, a4 He XOJIOXHOH Bopoit?

7. Ilouemy cymesnasi cimuBa pasby- : ]
xaeT B BOje? ’

8. B nBa crakaHa ¢ BOAOH OZHOBpe-
MEHHO OMYCTHUJITH TI0 OTMHAKOBOMY
KYCOUKy caxapa (cM. PHCYHOK).
B kakom crakaHe HadaJibHaA I- |
TeMieparypa BoOabl ObL1a BhIe?

9. OmyTHE ONACHOCTE, KaibMap
BLIOpACHIBAET TEMHO-CHHIOK 3a-

I mse



§ 13. Asvixerne monekyn. Auddysnn . -

MATHYIO KUAKOCTE. IloueMy ueped HEKOTOpOe BPeMsi BOMA, OKPAIIeH-
HadA 3TOH KUAKOCTHIO, NAYKE B CIIOKOWHOM COCTOSHMYM CHOBA CTAHOBUTCH
IpPO3pavYHOi?

10. [IpaBusbHBEIM Jin, [0 BalleMy MHEHWIO, SBISETCS yTBEDIKIeHHEe, YTO
samax cBeykero xJjeba M3 NeKapHM pacnpoCTpaHseTCs JMIIbL B TOM Ha-
npapyieEuy, Kyaa ayer Berep? OGocHyiiTe CBOM OTBeT.

. 3KCcnepuMenTanbHbie 3ajanna

1. Hapyiire nBa BogayuisabiX mapuka. Oogus
IIAPUK MOMECTHTe B TeIjioe MecTO, BTO-
poit — B xoJsionHoe. Yepea CyTKHM CpaB-
HUTE, KaKOH IMAPUK OKA3aJIC MeHbIIe
cayrbiM. ITouemy?

2. IIpuroroBere Kpenkuit pacTBOp KYyXOHHOI
comu. Haneiire B crakas 4McTyio BO#Y,'
IOTOM € IIOMOII{BE0 BOPOHKH OCTOPOXK-
HO HAJIeWTe PACTBOP COJIM HA JHO CTaKa-
Ha (cM. pucynok). Ilonpobyiire BepxHIOIO
JKUIOKOCTE HA BKyC, ybeaurTech, UTO OHA
neconenass. OrcraBbTe CTAKAH HA CYTKMH,
a moroMm cuopa nonpobyiire Boay. Kakoii
peaysibrar Bbl noayuynan? O6bsacEuTe ero.

3. BogbMHTE iBa TOHKOCTEHHBLIX CTAKAHA. B O/IMH M3 HUX HAJEHTe XOJOA-

HYIO BOAy, B Apyroil — ropsiuyo. C momMoupio IUIETKH ONYCTHTE HA
JHO KaMJJoro CTakaHa HECKOJLKO Kanenb Kpenkoro yasi. O0bsicEuTe
peaynbTaThl.

Ousnka v Texunka B Yxkpanne

Wean Naenoswu MNMymon (1845—1918) popuncs Ha TepHononb-
LMHe.

YueHbie ocoberHHo otmevator pabotel Meana Mynoa B obnactu
MONEKYNAPHON GUINKN — faHHble 0 KO3(GPUUMEHTaX BHYTPEHHErD
TpeHua 1 anddy3nn rasosB 1 napa. 3Ty gaHHbIe ABNATCA NCXOOHL-
MU MPY BbIYMCNIEHNMN TAaKMX MMKPOCKONUYECKUX BENWUMH, KaK Cpefi-
HAA anuHa ceobopHoro npobera monekyn, Ux KONWYECTBO B ofHON
rpamm-monexkyne v 1. n. B obnactu anextporexnviki Visan Mynion
YCOBEPLUEHCTBOBAN TEXHOMOTUMIO M3rOTOBNEHWA OCBETUTENbHBIX
namn, nepBbiM McCneoBan HeoHoBbi ceeT. [pu yuactum [Mynos
3anyLieH pAf 3NeKTPoCTaHuWi Ha NOCTOAHHOM Toke B ABCTpo-Benr-
puK, a TaKkxke nepean B EBpone Ha nepeMeHHOM ToKe. 3HauuTenbHbLIA
eknap 6bin BHeceH [Mynoem B UCCNENOBaHWE PEHTIEHOBCKUX NTyyei.
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- . Pasgen 2. CTPOEHVE BELUECTBA

NIABOPATOPHAA PABOTA Ne8 i

Tema. MWecnenopanue siBleHust auddysun B KA
KOCTAIX M rasax.

Uens: pabmopenmue ssinenns puddysun, cpasHe
HHE CKOpocTH AnM(()PY3uH B KHUAKOCTAX M rasax.
O6opynosanwe: npobupka ¢ masesskuM (0,5—
1 MM) KyCOYKOM aKBapeJbHONW KPaCcKH; 3aKyno-
pennasi npobupKa ¢ BaToi, CMOYEHHON HAIIATHIP-
HBIM CIIMPTOM; npobupKa ¢ BOAOH; JIMCT KAPTOHA;
CTaKaH.

YKA3AHMUA K PABOTE
Uccnegoeanne anddysnm B rasax

Pacnonokure NpobMpPKYy € Baroi, CMOYEHHOI
crmpTOM, Ha paccTosiHuM npubmusurensHo 20 cm or
muna (Giuke MOpHOCHTL NPOOMPKY He cieayert). Or-
Kpoiire npobupry. MamepbTe BpeMs, KOTOPOe IPoMaet
OT MOMEHTA OTKpBIBaHMSA NPOOMPKY 10 MOMeHTa 00Ha-
py:kenusi Bamm sanaxa crmpra. Ilocne obHapyskenus
sanaxa GbICTPO 3aKpoirre npOGMPKY NPOOKO¥.

Uccneposanne anddysnn B XNaKOCTAX

Ha rasiHieByo cTOPOHY KApTOHHOIO JIMCTA KATIHUTE BOAY M B CepellnHy Kai-
JIM MOMEeCTUTe KycoueK aKBapenbHOH Kpacku. MamepsTe BpeMsi, B T€HUeHHE KOTO-
poro Karmisi Bojbl OKPACUTCH.

Awanus pesynbrarToB nccnegoBanna

OO'BACHUTE ABJIEHWS, KOTOpLIe Bbl HAOIIOAANN, U caejaiTe BLIBOJ, IJie VKA
JKUTe: 4) KaKoe siBJieHue Bbl uccaenoBasm; 6) rae ckopocts audysnn Beile —
B KHUAKOCTH MJIA B rase.

§14. BBAUMOJENCTBUE MOJNEKYN

B Oznadumecy 60KpYz, U 6bL YEUOUME MHOHECME0 PUIULECKUX men. Imo
u éauL coced, ¢ KOMOpbLM 6blL cudume 3a napmou, u cama napma. Imo
U cmy.Ji, Ha KOMOPOM 6bL cudume, U py4Ka, KOmopoii 6v. nuwieme, u m. n. Bee
amu meana, Kax vl yice 3Haeme, COCmMoOAM U3 pa30eneHHbLX NPOMEHCYMKE
MU Yacmuyex, Komopoie nocmoaHno deuzaiomes. Toz0a novemy wacmudxy,
U3 KOMOpbIX COCMOoAM (u3uyecKue mena, He pasiemarmes 60 6ce Cmopo
Hot? Bonee mozo, mena He mMoOAbKO HE PACCHLNAIOMCA HA OMOeNbHbLE MOTE
KyAbL — Hao0opom, wmobbl UX PACMAHYMb, CAOMAMb, PA3OPEATMb, HYHCHO
npunoxcums ycunue. Ilonpobyem pasofpamecs, novemy max.

BN W0



§ 14. Bsaumogencrsue moneKyn

. Bucmu,aﬂ Kanna eobl yOepMUBAETCA OT NaAEHWA CUNaMn NPUTAKEHWA MEXOY MONeKynamu.

CnnWKOM TAXKENAA Kanns nagaer

NMoareepwpaem Bzanmogencremne
MonexKyn

[Ipyyuna Toro, uTo BCe Tena BOKPYr HAC
HE pacnajlaloTcA HA OTHENbHBIE MOJIEKYJIBI, O4e-
BUJIHA: MOJIEKYJIbl IPUTATHBAIOTCA APYT K APYyTY.
Kaxxpas Monekyna OPUTATMBAETCHA K COCEIHHM
MOJIEKYJIaM, & Te, B CBOIO Ouepeb,— K Hel. Umen-
HO fnarozapsi MeXXMOJNEKYJISAPHOMY HPHTHIKCHHIO
TBEPABIE TEJIA COXPAHAIOT CBOK (POPMY, JKHUIKOCTb
cobupaerca B kannu (puc. 2.19), ckory npuauna-
er ¥ Oymare, YepHHIA OCTABJIAIOT CJIeJl HA JIUCTE,
NPHXKATHIE APYD K APYTry Cpe3aMy CBHHLOBLIE I1H-
IMHAPBI Kpenko cxpareiBaiores (puc. 2.20).

B Hayke yCTAHOBJIEHO, YTO NPUMANECHUE MEMN( -
dy monexynramu deitcmeyem ecezda. Tlouemy xe
rorjia pasburas yalika He CTAHOBUTCSH [EJION moc-
Je Toro, Kak ee oGJIOMKM NPUIKMYT APYT K APY-
ry? C kakoii 661 CHJIO¥ MBIl HM NPUIXHMAIHN APYT
K IPYTY YacTH CJOMAHHOrO KApaHJallla, OHW TaK-
e He COBIMHATCH B IeNblii KapaHJAaIL.

Jleno B TOM, 49TO npumasdiceHue mexcdy mo-
JeKYnamu cmarHosumcs 3aMemHblM MOAbKO HA
O4eHb MANBLX PACCMOSAHUAX (MaxKux, KOmMopbie
MOMCHO cpasHumv ¢ pa3mepamu camux uacmu
ver). Tlpusxkumasi OONMOMKHM YAIIKW WM YacTH
CIOMAHHOTO KapaHJalia, Mbl OpUbInKaeM HA Ta-
KHe PACCTOSAHUSA TOJBLKO O4eHb MAaJjioe KOJIWYeCTBO
Monerya. Paccrosinue ke Mesxy GOJLIIMHCTBOM
H3 HHX OCTAaeTCH TAKHMM, YTO MOJIEKYJbl NPaKTH-
YeCKH HEe B3auMOAeHCTBYIOT. Teneph cTaHOBHTCH

). Npuxarsie gpyr K gpyry
CBEXUMU CPEe3aMi CBUHLOBbIE
6pycKu CNUNAIOTCA TaK KPENKOo, 4To
BbIAEPUBAIOT BeC Bonbluion rmpu
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Pazpnen 2. CTPOEHME BELLECTBA

ONBIT NO BLIACHEHMIO YCIIOBUA MEXMONEKYNAPHOrO NPUTAXKEHUA

INOHATHBIM, NOoYemy 1IJaHA TOro, '-ITOGbI CBHHIIOBLIE IIHJIHHIAPLI CIAHILIHWCD, HBOﬁ'
XOJAMMO IPEABAPUTENILHO OTHLIM(OBATE CPE3bl, & KYCOTKH MAIKOTO BOCKa HJIH
[JIACTHIAWNHA JIeI'KO CIHIHYTCHA U 683 BCHAEKOI'o ILIJIH(I)OB&HHH.

JlBa cyXHMX JIMCTA HEBO3MOYKHO COMM3UTL HACTOJBLKO, qrobBl OHM COeJMHH-
auck, OHAKO eclIM CMOYHTD JIMCTHL BOJOM, TO OHU CIMIHYTCH, TAK KaK MOJIEKY
Jibl BOAKI TpUOAU3ATCA K MOJeKyjiam 6yMaru HacTOIbKO, ITO MEXMOJIEKYJIAPHOE
npuTsIKeHne yixe Oyser yiepxuBaTh JMCThI APYT BO3Je Apyra (puc. 2.21).

MerKMONIEKYAAPHOe NPUTAMKEHNE TAKINKe SBJIACTCH NPUIMHON CMAYU6AHUA
WV HecMauueaHus Tela onpeleleHHBIMY KuaKocTaMy (puc. 2.22).

) Mopreepxpaem MeXMONeKynapHoe oTTankueaHne
Beilre MBI JOKA38JIHM, 9TO MEXKAY MOJIeKyJaMH CylLeCcTByeT IPUTAKEHHE.
VuuThiBas 9TO, BO3HUKAET IeJbli paj Bornpocos. Ilouemy e MOJIEKYJIBI Ta30B,

B fecnops/IKe JIBUTasiCh ¥ MOCTOAHHO CTAJKHBAACH MEXAY coboii, He CAMIAIOTCH

Kanenbka Bofibl pacTEKaeTCA Mo NOBEPXHOCTY YUCTOrO CTekna (CMauusaeT ee), NOCKONbKY NpUTA
FEHME MEX Y MOSIEKYIaMU XUAKOCTY Gonblie, 4em MeX/ly MOMeKynammn XUAKoCTU U cTekna (a). NpuTaxe-
He Mekay MOMeKyiami Bofibl GonblLe, yem Mexay MOneKynami BOZbl U K1Pa, KOTOPLIM NOKPbITH NepeA
BOAIONNABAIOLLUMX MTTWL}, NOSTOMY BOJIa HE CMauMBaeT UX (BCTIOMHUTE BbPaeHUE «Kak C NyCcA sopa») (6)
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§ 14. BsawmogencrBmne moneKyn . -

B 0guH Oonbnioit kom? Ilouemy, eciiu cikarh, HAIPUMED, T'yOKY, OHA Yepe3 HEKO-
TOpoEe BpeMsl BOCCTAHOBHUT CBOIO (hopMy?

Jleso B TOM, YTO MOJEKYNbL HE MOAbKO npumaszueéalomcs 0pyz k¥ dpyzy, HO
u ommaaxusaiomes. Eciyu paccrofHne MeXAYy HUMH CTAHET OYeHb MajbIM (He-
MHOTO MeHBIIIe pasMepa MOJIEKYJbI), TO MeKMOJeKYyJIAPHOEe OTTANKHBaHHE CTa-
ropuTcA GoJjiee CHIILHBIM, YyeM npursaxkeHue. [Tonpobyiite cxarb, HanpuMep, Mo-
BeTKy. BblI He cMoKeTe 3aMeTHO YMEHLIINTL €€ pasMePbl, TAK KaK MOJIEKYJIbI
MOHETKM Oy yT OTTaJIKMBATHCA JAPYTr OT apyra. Tak ke Bbl He CMOXKeTe 3aMEeTHO
YMEHBIIMTL 00beM JKHAKOCTH Jae ¢ MOMOIILI0O MOIIJHOIO pecca.

MMeHHO MelKMOJEKyIfApHOe NPUTAKEHHe W OTTAJIKMBAHHWE YJeDMHUBaeT MO-
NEKYJbl JKUJKOCTEel M TBepabIX BelllecTB Ha OoJjiee UM MeHee OIpeslesIeHHbIX
PACCTOAHHAX, KOTOpPble NPUOJM3UTEJILHO DABHBI pasMepaM CAMHX MOJIEKYII.
B cnyuae ymeHbIIEHHA PACCTOAHUA MOJIEKYJbl HAYMHAIOT OTTAJIKHBATLCH APYT
0T IPyTa, & B CIyUYae YBEJIWUEHUA — IMPUTATMBATLCA, MOITOMY Kak s cOmixe-
HUSA, TAK M JJIA OTHAJIEHHS MOJIEKYJ] HeOOXO/MMO NPUJIOMHUTL YCILIHE,

@) nopsopum urorm

MoJieKkysibl B3AMMONEHCTBYIOT Mekay co6oii: OHH OJIHOBPEMEHHO NPHTS-
IEBAKOTCH M OTTAIIKMBAKOTCA. MeXMOJICKYIAPHOE B3aMMOJEHCTBHE MPOABJIAET-
Sl HA PACCTOAHMAX, KOTOPBIE MOXKHO CPABHUTHL C pasMepaMy caMHX MOJIEKYIL.

o Kowrponbumu BonNpochbl

1. Tlouemy TBepabie Tena W KHIKOCTH HE PACHafgalOTCH HA OTAEe/IbHbIe
monerynbl? 2. TIpy KaKUX yCIOBUAX NPUTAMKEHWE MEXAY MOJIeKyJlaMH
cragouTca 3amerHbiM? 3. [lpu kakom ycnoBum Habmiogaercs OTTANIKH-
pauue moneryn? 4. IoyeMy HEBO3MOIKHO COCAMHUTL ABA 00JIO0MKA daii-
KU, JAa¥Ke CHJIbHO NPUIKMMAaA UX APYT K APYTY, 4 Ba KyCKa IJIaCTHJINHA
gerko caunawporca? 5. UssecTHo, uTO Mexay MOJNEKYJIaMH CYIIECTBYET
npursaxkenue. [louemy ke Torga MOJEKYJIbI, HAIPUMED, BO3yXa He cobu-
paioTcs B OHOM MecTe?

. Ynpamuennn

1. Kak 661 cTapaTejibHO BBl HU COEIMHANY IBa O0JOMKA JTHHEHKH, OHH HE
coenuuATcA. [loueMy B 3TOM CJlydae He CKa3bIBAETCH NPHUTHIKEHUE MO-
nexy?

2. Tlouyemy pist Toro uTob6bl PAa3OPBaTh IIHYP, HYMKHO NPUIIOIKHUTL yeHuiue?

3. C Kakoil 1enbo Npy CKJIaJWPOBAHUH JHCTOBOIO CTEKJIA €r0 NPOKJIa/bl-
BaOT OYMAIKHBIMY JIEHTAMMU?

4. 3upruit kneit obecneunBaeT NpodHoe coepruenye AByX rei. O6bacHH-
Te, BCIEACTBHE YET0 3TO OPOMCXOIHT.

5. Y7o 00111er0o ¥ B 4eM PA3HWIEA MEMKAY MpOIeccaMy CBADUBAHUA U MalKH
MeTajnoB?

6. Ilepbsa BOXOIJIABAIOIIMX IITHI] NOKDBITEI TOHKMM clioeM xupa. Karyio
MOJIL3Y 3TO DIPHHOCHT NTHIAM?

— %m



- . Pazpgen 2. CTPOEHWE BELJECTBA

. IUCNISPRMENTANLHDIC SANAHNA

1. Ucnonb3ysa MATKYH HOPYIXKHUHKY (MJIH TOHKYIO PE3WHKY), YHCTYIO Me-
TAJIMYEeCKY0 (MM CTEKIAHHYIO) MJIACTHHEKY # OJI0ALe ¢ BOAO#H, Hpo-
JAEeMOHCTPUPYHATE, 9TO MEXAY MOJEKYJIAMH BOALI H MeTajja (cTekJia)
CYLLIECTBYIOT CHJIBI IIPHTHMKEHHA.

2. Ucnonb3ysa aucTel OymMaru, cocyjibl ¢ PACTHTENBHBIM MACJIOM H BOJIOH,
NoJiyguTe OTBeTHl HAa Takue Bonpockl. CIMNHYTCA M JBA JIMCTA, €CIH
UX CMOYMTHL BOJOI? MacnoM? ecinu OJJMH CMOYMTHL BOJAOH, & BTOpPOM Mac-
nom? O6ocHyHTe pesynbTaThl SKCIEPUMEHTA.

§ 15. ATPETATHOE COCTOAHUE BELLECTBA

B Boieaau au 6vl 3umoit Ha Oepezy Gbiempoil zoproit peru? Ilocmompume
Ha pucyror Hudce (puc. 2.23). Bokpye nexwum cHez, 3amepau Ha OGepezy
Oepeebs, NOKPbLIMbLE UMEeM, KOMOPbLL CUACM 6 CONHEYHbIX IYYax, a pey
Ka ne 3amepsaem. Ypeseviuailno wucmas, npospaumas eoda pas3bueaem-
cst 00 oomepawue kamuu. Iovemy noseuncs uneu? B wem omauvue 60dvl
u avoa? Eemv au mewdy numu cxodemeo? B amom napazpagpe 6wt 00s3a-
meJbHo Haildene omeéemsl Ha MU 60NPOCHL.

‘. PaznuuHble arperatHolie
COCTOAHUA BOAbI

B W

o Ha6niogaem pasHbie arperarHbie
COCTORHWA BelecTsa

Ber y:xe smaere, uto Bojma W Jien (cHer,
WHel) — 970 ABA PASHBIX azpezammbiX COCMOAHUR
800bL: wudroe u meepdoe. TlosiBnenve NHes Ha e
peBbsx 00bsICHAETCA MPOCTO: BOJA C IOBEPXHOCTH
peKu ucnapsiercs, NpeBpamiaschb B BOASHOH map.
BopsiHoit map, B CBOX odYepejb, KOHAECHCHPYETCH
H ocejlaeT B BHJe MHes. BoasAHOI nap — aTo Tpe-
ThE COCTOSTHWE BOJIBI — 2a3000pasHoe.

[IpuBenem eme oxuH npumep. Bei, Gesycios-
HO, 3HaeTe 00 onacHocTH PasbuUTh MeMIIMHCKHIl
TEPMOMETP: B HEM COAEPIKMTCH PTYTh — TyCTas
HUAKOCTH cepebpucToro nBera, KoTopasi, HCIaps-
fAck, obpasyer OueHL SAOBHTHIH nap. A BOT LpH
Temuepatrype Himxe —39 C pryThs upespamaercs
B TBepAblii metamn. Takum obpasom, pTyTh, Kak
¥ BOAA, MOMKET HAXOAWTHCHA B TBEPAOM, KHIKOM
¥ razo00pasHOM COCTOAHHAX.

ITpaxmuuecku nwboe eewecmeo 6 3a6UCUMOC-
mu om puauneckux ycaosuii Moxcem HAxoGumsca
6 mpex azpezamHblX COCMOAHUAX: TBePAOM, FHHJT-
KOM M raszoofpasHoM.



§ 15. ArperatHoe COCTOAHME BELlecTsa . .

B pamem npuMepe ¢ ropHOil pexo# (puc. 2.23) mpHCyTCTBYIOT BCE TPH arpe-
TATHBIX COCTOAHHA BOABI.

Cy1ecTByeT emme OQHO arperaTHoe COCTOAHWE BellecTBa — nJaasma. Hanpu-
Mep, PTYThH B ILIA3MEHHOM COCTOAHHH COOEPIKHUTCA BO BEKIIOYEHHBIX DPTYTHBIX
aaMnax (Tax HA3bIBAEMBIE JIAMIIBI HJHEBHOI'O cBeTa). B MeramMupe niasma siBJif-
eTCA PacHpOCTPaHEHHBIM COCTOAHMEM BeIeCTBa, TAK KAK MMEHHO B 3TOM COCTO-
AHMHM HaXOOWTCHA BellecTBO B HeApPax 3Be3[.

Bogsinoit map, Boma, jem — 39TO TPW arperaTHbIX COCTOAHMSA OJHOIO M TOrO
e BelecTBa, o0pasoBaAHHOIO OGUHAKOE6bLMU MOJICKYJIAMH — MOJIEKYJIaMH BOMbI.
[Touemy ke (pMsHMYECKHE CBOMCTBA BEIIECTB, O0PA30BAHHBIX OAMWHAKOBBIMH MO-
JIEKyJIAMM, HO HAXOASAUIMXCA B Pa3HBIX ArperarHbIX COCTOAHMAX, OTAMYAIOTCH
gpyr ot apyra? BeposaTHO, NPUYMHA TAKOIO OTJIHYMA 3AKJIIOYAETCA B TOM, 4YTO
MOJIEKYJIbI TIO-PA3HOMY JABHUIAIOTCHA M B3aWMOJIEHICTBYIOT.

Kakne ke cBoiicTBA MMEIOT BEII[ECTBA B PA3HBIX AIPEraTHLIX COCTOAHMAX?
Kax npu 5TOM ABMTAIOTCH ¥ B3aWMOJIEHCTBYIOT MOJIEKYJIbI?

e Ha6mopgaem n o6bacHRem Puanyeckne CBONCTEA TBEPADIX Ten

ITocmorpuTe BHMMaTenbHO Ha puc. 2.24. Bee uzobpasxieHHble HA HEM TBep-
Able TeJA OTIMYAKTCH APYT OT Apyra: IBeTOM, BUAOM M T. Il., OHH M3TOTOBJIEHBI
U3 pasHeix BerjecTB, Bmecre ¢ TeM OHM HMMeioT M 00LMe CBOMCTBA, NPUCYIIHE
BCEM TBEPABLIM TEJIaM.

Teepdvie meaa coxpausiom o0sem u popmy. 310 06LACHAETCHA TEM, YTO ATO-
Mbl ¥ MOJIEKYJIbl TBEDPABIX TeJ PACIOJOMKEHbl B HNOSHMOHUAX paBHOBecwdA. CHIbI
NPUTHMKEHUA ¥ OTTAJIKMBAHHUA MEXAY MOJIeKyJamMu (aroMaMu) B 9THX MO3HIIMAX
paBHBI ApYT Apyry. B cnyuae nonbITEM yBEIWYUTH MW YMEHBLITHTL PACCTOSHUE
MeXAY YacTUUAMH (T. €. YBeJIHWYHTL WM YMEHBLIIHTH PasMep Tejla) BOZHUKAaeT
COOTBETCTBEHHO MEXXMOJIEKYJISPHOE NPUTAYKeHWe WK oTTankusauue (cm. § 14).

Boi 3uaeTe, UTO B COOTBETCTBMM C ATOMHO-MOJIEKYJISPHOH TeOpHell aToOMBbI
(MOJIEKYJIBI) BCerjia HAXOAATCH B ABHIKeHWH. HacTHIBI TBEPABIX TeJl NpaKTHdec-
K He INepeiBUTaloTCA ¢ MeCcTa HA MeCTO — OHHM NOCTOAHHO JBHTAIOTCHA BO3Je
onpexeeHHoi TOYKH, T. e. Konebmiorca. [losromy meepdvie mena coxparsiom
HEe TOJILKO 00BeM, HO B (hopmy.

95



ﬁ i Paspen 2. CTPOEHUE BEWECTBA

Puc. 2.25. Mofienu Kpuctanimueckux peLueTok: a — anmasa, 6 — rpadura. Lapukamu usobpaxensl
LEHTPbI AaTOMOB; JIMHWIA, COSAMHAIOLMX BTOMbI, Ha CAMOM fiefle HE CyWeCTBYET, OHU NPOBe/IeHbl TONLKO
[NA TOro, 4Tobbl NOACHUTL XapakTep NPOCTPAHCTBEHHONO PACNONOXEHUA aTOMOB

9 Paznuuaem kpucrannuyeckne w amopdHbie Bewjecrea

B xozme M3yyeHHA CTPOEHMS TBEPABIX TeJl C IOMOIbI0 COBPEMEHHBIX METO-
JIOB Y/IaJIOCh BBIACHUTD, YTO MOJIEKYJIbI M ATOMbI GOJBUIMHCTBA BEIECTB B TBEp-
JIOM COCTOSIHMM PACIOJIOIKEHBI B CMpP0o20 onpedeseHHoM nopsadike, QUIHKH T0-
BOPAT: 06pA3yI0T KPUCTAJIMYECKYI0 pemeTkKy. Takue BellecTBa HA3BIBAIOTCSH
KpucrammmdeckuMu. [IpuMepaMu KpHCTAJIMYECKMX BelleCcTB MOryT OBITE an
mag, rpadur (puc. 2.25), nen, consb (puc. 2.26), meTasuibl ¥ T. .

TlopAIOK PACTIONOMKEHNS ATOMOB B KPHCTAJLIMYECKOH PeLIeTKe BEelecTBa ol
penensier ero (husuyeckue cvoiicrea. Tak, Hanpumep, anmMas ¥ rpa@uT COCTOAT
U3 OJHUX ¥ TeX 3Ke ATOMOB — ATOMOB YIJIEPOJiA, OMHAKO 3TH BEIeCTBA BeChMA
OTNIHMYAIOTCH APYT OT APyra, TAK KAK ATOMbI B HMX DPAaCIOJIOKEHbI M0-Pa3HOMY
(cm. puc. 2.25).

Pue. 2.26. Mogenu KpucTaniimyecknx PeLieTok: d — nbjja; 6 — NoBapeHHoii conu (ManeHbkue Wwapu-
K — artombl Hatpus, 6onblune — atombl Xnopa)



Prc. 2.27. B MnaKom COCTOAHUM BELLECTBO Puc. 2.28. MoneKynbl }UAKOCTA pacnonoMXeHs!
coxpaHaeT obbem, Ho npuobperaer popmy NoYTU BANOTHYIO APYr K ApYyry. B Hebonbluom
cocyfia, B KOTOPOM HaXO[NTCA obbeme XuaKocTy HabnopaeTcs B3auMHan

OpUeHTaLUA COCefIHMX MoneKkyn (cyuecTsyer
6nvkHMIA NOPALOK). B uenom xe monekyns
MKUOKOCTU PACNONOXKEHB Xa0TUYECKH

CylnecTByeT Irpynmna TBepAbiX BellecTB (CTeKJo, BOCK, CMOJa, SSHTaph U T. IL.),
MoJeKy bl (Aamombl) KOMOpbLX He 00pas3yiom Kpucmaiiuieckoi peuwemsxu u B 1ne-
JIOM pAacIoioKeHHble 6ecnopanouHo. Takue BelecTBa HA3HIBAIOT AMOPQPHBIMH.

[Ipu onpejieieHHBIX YCIOBUAX TBEP/ble TeJa IUIABATCH, T. €. NePeXOAAT B KU1
Koe coctosuue. Kpucmanauueckue eeujecmea naasames npu onpedeseHnou mem-
nepamype. Hanpumep, ney 0OBIMHO NEPEXOAUT B JKHMAKOe COCTOSIHHE, €CiN TeM-
neparypa passa 0 °C, wadranue — ecan gocruraer 80 °C, pryTs — ecnu najgaer
Jo —39 °C. B ornmuue oT KPUCTAILINYECKUX, aMophHble 8eujecmea He UMemn on-
pedeneHHOil memnepamypsl naaénenus. B ciydae yBeJqudeHus TeMIepaTypbl OHI
NePeXOAAT B YKUJAKOE COCTOSIHME IOCTENeHHO (TagHue BOCKOBOM CBeYH).

G HaGmogaem n o6vachaemM pnsnyeckne CBONCTBA MMAKOCTEN

Hudrocmu JiezKo UIMEHAIOM C8010 (hopmy U npuodbpemarom (Hopmy mozo co-
cyda, 6 KOMOPOM OHU COPEPHCAMCS, mem He MeHee 00veM HUOKocmu npu 3mom
sengemes nHeuzmernoim (puc. 2.27). Bonee Toro, ecim Mel IONpobyeM CHHATb KM~
KOCTB, HAM 9TO He yaacresi. Yrobbl IOKa3aTh HECIKMMAEMOCTD JKHKOCTeH, yIeHble
NPOBEJIU OIBIT: BOAY HAJWJIIM B CBUHIIOBBIN I1ap, KOTOPBIH 3anafjiy, a 110TOM CKa-
JM MOIITHBIM mpeccoM. Boaa He cikasack, a NPOCOYMJIACH CKBO3b CTEHKH IIapa.

CrocoGHOCTD KUAKOCTEeH COXPAaHATL CBOM 00beM 00bACHAETCHA TeM, 9TO, KaK
H B TBEP/JBIX TEJIAX, MOJEKYJIbl B JKUAKOCTAX PAcNojoxeHbl 6JIM3KO APYyT OT Jpy-
ra (puc. 2.28). Monexkyibl 3UAKOCTH JIOBOJIBHO IIJIOTHO YIAKOBAHBI, OTHAKO OHH
He TOJNLKO KOJEOJIOTCA HA OJHOM M TOM K€ MeCT€ B OKDY:KeHHH OIMxaimmmx
«cocefieii», HO M JIOBOJBLHO JIEFKO MOTYT NEPEMEINaThCs IO 00BeMy, 3aHATOMY
KHAKOCTHIO. 11OATOMY KHAKOCTHM COXPAHSIOT 00beM, HO He cOXpaH#AT (op-
MBI — OHHM ABJAAIOTCS MEKYYUMU.

4 Bownnosa. @uamma, T e, 97
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.. 2.29. [lBuseHne 1 pacnonoxeHne MONeKyn 8 ra3ax: d — HanpagneHne ABUMEeHUA MONeKys n3-
MEHAETCA B pesynbTaTe ux CTONKHOBEHWUA C APYrMIA MONEKynamu; 6 — npubnusntensHasn TpaekTopus
JBUXEHUA MONEKYSIbl BO3AYXA NPU HOPMASIbHOM [ABeHWK (yBENnnyeHne B MUNJIMOH pas)

9 O6vacHnem pusnyeckne CBONCTBA rasos

CnoBO «ra3» MPOMCXOAMUT OT rpedeckoro chaos («xaoc», «becriopsiok»)
M B camoMm jieqie, s Ta3zo00pasHOroO COCTOSHMA BEIIECTBA XapaKTepeH IOJIHBIE
GecrnopfAiIok BO BBANMHOM PACIOJIOKEHUH M JBUIKEHHH MOJIeKy.Jl.

Mounekyabl 2a3a pacnoioOHeHbl Ha PACCMOAHUAX, KOMOpble 6 JecamKu u co-
muu pa3 npeséviuLarom pasmepbt monexys. Ha makux pacCTOSHMAX MOJEKYIb
NPaKTUYEeCKH He BBAMMOAEHCTBYIOT APYT ¢ JIPYIOM, II03TOMY MOJIEKYJIbI Irasa pas-
JIETAIOTCA M za3 3anumaem 6éecb npedocmaenennblii 00sem. Bonpmumu paccros-
HUAMH MEXKAY MOJEKYNaMHu O00BLACHACTCS U TOT (DaKT, YTO 2a3blL L€ZKO CHAMb,

Yro6e! NOHATH, KAK JIBUTAI0OTCHA MOJEKYJlbl Iasa, npejacrasuM cebe jpsuixenne
OfHON MOJNeKyJbl. BoT oHA aBHraeTcsas B KAKOM-TO HANPABJEHHWH, HA CBOEM IYTH
CTAJIKMBAETCH € JAPYroi MONEKyJIoOH, W3MEHfAeT HalpabjleHHe U CKOPOCTh CBOE
T0 ABWIKEHHSA W JeTHT Aajiblile, K caeayomemy yaapy (puc. 2.29). Yem Goneuie
KOJIMYeCTBO MOJIEKYJ B cOCyjle, Te€M 4ale OHM crankuBaiorcs. Hanpumep, ramx-
Jlasi MOJIEKYJla, BXOAANAA B COCTAB BO3/lyXa B KJACCHOI KOMHATE, CTAJIKHBAETCH
¢ IPYT¥MY MOJIEKYJIAMU ¥ U3MEHAET CKOPOCTh CBOETO ABMIKEHMA NPUOIU3UTEH
HO OATh MUJIJIMAPJAOB Pas B CEKYHAY.

€) nopsoaum utorm

ITpakTHUgeckH Jii0b0e BEIeCTBO B 3aBHCHMOCTH OT (hM3WYeCKUX YCIOBHil
MOKET CYIIeCTBOBATL B TPEX AIPEraTHBIX COCTOSAHUSAX: TBEPJAOM, XKHIAKOM W Ta-
3000pasHOM.

Korza BemecTBo nepexoayT U3 OJJHOI'O COCTOAHHSA B IPyIoe, H3MEHSAETC B3a-
WMHOE PAaCIIOJIOMKEHNEe MOJEKYJ ¥ XapaKTep WX JABIXKEHHHA, OJJHAKO COCTAB MOJe-
KYJI OCTAeTCSA HEH3MEHHBIM.
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§ 15. ArperaTHoe COCTOAHWE BeljecTsa : ‘ '

Q KouTponbiibie BOnpochH
1. HasoBuTe BellecTBO, KOTOPOE YACTO MOYKHO HaOMIONaTL B TPEX pPasHBIX
ArperaTHBIX COCTOAHMAX. <. MOKHO IH YyTBEPHJaTh, YTO PTYTh — BCer-

Jla JKHIKOCTb, a KMCJopos — Beerga rasz? . OmnwuaioTeda M ApyT OT
JPyra MOJIEKYJIbI BOmsfiHOro napa u abpa? /. IloueMy TBeppabie Tena cO-
xpassioT 00beM u popmy? 5. B ueM cX0/CTBO M B UeM OTJHUMEe KPHCTaN-

JVUecKux ¥ aMopdHbIX BemjecTB? ©. Kak ABUrarTCs MOJNEKYJIIBI B 3KHUIKO-
crax? 7. Tlouemy rasbl 3aHHMAIOT BECh MPEAOCTABICHHLIN 00'eM?

. Ynpaxnennn

1. BeibepurTe npaBuibHBIIR OTBET.
Ecnu nepenuTs KUAKOCTL U3 OAHOTO COCYAa B APYTOii, OHA:
a) usMeHAeT u (hopmy, ¥ 06BeMm;
0) coxpausier U Gopmy, u 06bLeM;
B) coxpausier o6beM, HO usmeHsieT Gopmy;
r) coxpausaeTr (GopMy, HO U3MeHseT 06beM.
2. Bopa ucnapuiack ¥ npeBpaTuiaach B nap. MaMenusiuce JH npy 3TOM MO-
nexynasl Boabl? Kak M3MEHMINCH PACHONOMKEHME MOJICKYJI H XapakTep
X JIBUIKEHUA?

kad

. Moer im anioMUHEWH HAXOAMTLCH B TrasoobpasHOM COCTOAHUM?
4. Mosker iy ras 3anoaHUTL OAHKY HANONOBHHY?
5. Jlerko nu caxatrs Bopy? OTBer obocHyiiTe.

6. MOMHO JIM yTBEPIKIATh, UTO B 3aKPBITOM COCY/ie, YACTUYHO 3AIIOJIHEH-
HOM BOJIOi, HAJ NOBEPXHOCTHIO BOJBI BOAbLI HET?

7. B vaitnuke runur poja. IleiicTBUTENILHO JIM MBI BHJMM BOAAHOH nap,
BBIXOAAIMI U3 HOCUKA?

Swamxa 8 TeXWHK2 B YKpanme

Orey soigaouieroca yyexoro Hukonaa Hwukonaeswua
Boromo6osa (1909—1992) cuuran, yro pebeHok BuicTpee
NPUOBPETAET 3HaHUA, YeM B3POC/IbIM YENOoBeK, NOITOMY Ha-
Yar YYUTb CBOMX ChIHOBE YTEHUIO M NUCHMY € 4-NETHErD BO3-
pacra, a B CKOPOM BPEMEHW MO3HAKOMWI UX U C OCHOBamMK1
MHOCTPaHHbIX A3bIKoB. Hukonail ¢ percrea Gbin HeobbiuaitHo
TPYAOCNOCOBHBIM. 3HaHWA TaNaHTIMBOro 13-neTHero Mansyu-
Ka No maremaTtike U GuUsMKe NoYTH pasHbl Buinn yHuBepcuTeT-
ckomy Kypcy. Mostomy 8 1925 ropy lNpesnauym YkproasHayku
NpuHAn pellexne: «YYUTHIBaA (peHoMeHanbHble cnocobHocT
no maremartuke, cuntats H. H. Boromo6oga (g 16 netfl) va no-
NOXEHUM acNUpaHTa HayuHO-UCCefoBaTenbckoit Kadenpsl 8 Kueser. H. H. Boron6oe (Ha ¢oro
B LEHTPE) Ha NPOTAXKEHUN BCEin Ku3HK BbiN TECHO CBA3AH C YKPaUHCKOIA Haykoi. Cabilue 45 net oH
pa6otan B Akagemun Hayk Yikpausbl, 6bin npogeccopom KMeBkoro yHusepoireTa.




- lPaaAen 2. CTPOEHMUE BEWECTBA

@ JKCNePMMEHTANDbHbIE 3a0aHNA —

1. Mcnonb3ysa cTakaH ¢ BOIOi, ZOKAYXWTe, YTO B PE3WHOBOH rpylle ecTh

BO3ZIYX.

2. AMop(HBIE Tesla HA3RIBAIOT 0YEHbL BASKMMH KUAKocTAMH. Mcnonbays
CBEUKY M, HAIIPHMED, MAPKEP, AOKAXKHUTEe, YTO BOCK, IIYCThL O4YEHL MeJ-
JIEHHO, HO TeueT. Jls 3TOro IoJIoKHUTEe MapKep Ha MNOAOKOHHHEK, CBEp-
Xy — OEPOHeHAHKYJISAPHO K MAPKEepy — IOJIOMKHUTE CBEYKY U OCTABLTE
TAK HA HECKONBLKO aHei. O0bsacHuTe pesyJibTaThl CBOEro SKCIIePHMEHTa.

§ 16. 3ABUCUMOCTb PASMEPOB TEN
¢ OT TEMNEPATYPbI

W Ecau evl Habnwdamenvtbl, mo, Hageproe, obpamujiu 6HUMAHUE HA ma-
Kue paxmol. Anexmpuueckue npoeoda JNemom npoeucalonm HaMHOz0 CUulb
Hee, wem 3umoir, m. e. nemom onu Oaunnee. Ecau nabpame noanyw Oy-
MbLAKY XOMOOHOU 600bL U nOcMasums 6 MenJioe Mecmo, mo co 6peMeHeM
vacme 6006t U3 OYMbLIKU BbLALEMCS, MAK KAK 60 6PeMA HAZPe6aHUA 6004
pacwupsemca. Boadyuwnbilt wapuk, 6bIHECeHNHbLI U3 KOMHAMbL HA MOPO3,
ymenbliaemesn 8 obseme.

Puc. 2.20. Mpu HarpeBaHun BoO3-
nyx B Konbe pacluMpseTcs 1 Yactb
€ro BLIXOAUT U3 KoNbbl — 310
BU[IHO NO Ny3bIPbKam B03AyXa,
BLIXOAALMM U3 TPYBKKM

A W

@ Y6empgaemca B TeNNOBOM paciivpeHnum
TEepAbIX Ten, MUAKOCTe! K razos

Hecnoxable ONBITEl H MHOIOYHCIEHHbBIE Ha-
omonerusn ybexxaaoT HAC B TOM, 9TO, KAK Npaeu-
20, meepovie meaa, wHudKoemu u 2a3vl 60 6peMA
Hazpesamus pacuupaiomes, @ 60 6pemMa 0XAaxoe-
HUA CHUMAKMCA.

Tennoeoe pacwiuperue KUAKOCTEH ¥ ra30B Jier-
KO HabJIIOAaTh ¢ MOMOIIbIO KOJIOEL, IIeiika KOTOpOi
IJIOTHO 3aKyIOpeHa, a B NpoOKy BCTABJIEHA CTEK-
nauHas Tpyoka. [lepesepHem Konby, 3anOIHEHHYO
BO3/IYXOM, B cocyn ¢ Bopoi. Teneps pocTaTodso
B3ATLCA 38 KOJIOY PYKOI, ¥ B CKOPOM BPpEMEHHU BO3-
VX, PacIIHPAsCHL B Konbe, OymeT BLIXOAUTHL B BHJIE
Ny3BIPLKOB M3 TPyOKH mof Boaoi (puc. 2.30).

Teneps HATIOMTHUM KOJI0Y KAKON-HUOYAL NOAKPa-
[IEHHOH KHU/IKOCTLIO ¥ 3aKYTIOPUM TaK, YTO0bI 4aCThb
IKUIAKOCTH Bonuia B TpyOKy (puc. 2.31, a). Obosua-
YUM YPOBEHB 3KHJIKOCTH B TDYOKE H OIyCTHM KOJIOY
B COCY/I C TOpsiYeii BOjioil. B mepBhIii MOMEHT YPOBEHb
JKMJIKOCTH HeMHOro cumsures (pme. 2.31, 6), u 310
MOXKHO OOBACHMTH TEM, UTO CHAYUAJNA HAIDEBaeTCH



§ 16. 3aBUCMMOCTbL pasmepoB Ten OT Temneparypbi - .

A A

Puc. 2.3 1. ONbiT, AEMOHCTPVPYIOWLWIA, UTO NPY HAarpeBaH M XUAKOCTL (Kak TBep/ible TeNna 1 rassi)
paclmpAeTca: a — 3aKpbitasn NPobKom Konba ¢ KNAKOCTLIO B TRYBKE; 6 — B NepBLIn MOMEHT Har peBa-
HWA YPOBEHb XMAKOCT HEMHOTO CHIPKAETCR; 8 — MNPW falbHeNLIeM Har PeBaHNN YPOBEHb XNAKOCTU
3HAUWTENBHO MNOBLILIAETCA

W paciupsieTcs konba, a ye IoToM, HArpeBasich,
pacumpsiercsi Bojia. B ckopoM BpeMeHH MBI yOeamm-
cfl, YTO N0 Mepe HarpeBaHusi KOJIOBI M BO/ILI B HEM
YPOBEHb KHAKOCTH B TPyOKe 3aMeTHO NOBBICUTCSH
(puc. 2.31, 6). Urak, TBEpAbIe TEna M KHIKOCTH,
KAK M rasbl, BO BPeMs HATDEeBaAHMSA DACIIMPHIOTCH.
HecnenoBaTe/ibCKUM NYTEM BBISCHEHO, YTO TBEpP/ible
TeIa M FKMIKOCTH BO BpeMS HAIDeBaHHSA PaCIIMPsi-
07CA HAMHOI'O MEHbI11Ie, YeM I'a3bl.

Tennosoe paciiMpeHHEe TBEPALIX TeJl MOMKHO
IPOAEMOHCTPHPOBAThL TaK¥Ke Ha CJIeJYIOIeM OIlbI-

a
re. BosbMeM MeAHEIN IIAPHK, KOTOPLIN B HEHarpe-
TOM COCTOSIHMM JIEFKO NPOXOAHT CKBO3b NPHIHAH-
HOoe K Hemy KoJsbilo. Harpeem mapuk B njamMeHH
CIMPTOBKH M yOeuMesi B TOM, UTO IIAPDHK Tenepb
He OyzieT mpoxXoauTh CKBO3b KOJbIO (puc. 2.32, a).

6

TTocne oxnaskaenusi LIAPMK CHOBA JIEI'KO NPOIAeT
CKBO3BL KoabLo (puc. 2.32, 6).

# BouiAcHAem npuunHy Tennosoro
@ pacluMpeHmnn

B uem ke mpuYMHa yBeJHYeHHA 00'beMa Telt
BO BpeMsi HATDEBAHUS, Be/lb KOMHMYECTBO MOJIEKYJI
¢ YBeJIMYEHMEeM TeMIepaTyphl He H3MeHsIeTCH? i
ATOMEO-MOJTEKYJIAPHAS TEOpHs OUBACHSET Tem- v 1or/10B0S PACLIPERNE TOEp-
AblX TeN: a — B Har PETOM COCTOR-
JIOBOE DPACLIMDEHHe TeN TeM, YTO C VBeIMYEHMEM  .1.a0K He NPOXOAVT CKBO3b
TeMIepaTyphl YBEIMYMBAETCH CKOPOCTE IBIDKEHHS  konblio; 6 — NOCHe OXNaxaeHns
aTOMOB ¥ MOJIeKyJ. B pesynbraTe YBeIHMUHBAETCH  LWapVK MPOXOANT CKBO3b KOMbLO

10y

OnbIT, LNNIOCTPUPYIO-



- lPasnen 2. CTPOEHUE BELUECTBA

cpeHEee paceTostHye Mesxay aromam (Monexynamu). CooTBeTCTBeHHO, YBeInYnBaeT-
ca obpem Tesia. Y Hao6opoT, UeM HMKe TEMIIEpaTypa BelllecTBa, TeM MeHbIlle MeyKMOo-
JeKyJIApHbIe TPOMEeKYTKH. VICKITroueHneM sBsiercsi BoAa, IyTYH M HeKOTOpbIe JIPy-
rue BemecTsa. Boia, HanpuMep, paciMpsieTcsi TOJBLKO IPH TeMmepartype Boitne 4 °C;
npu Temmeparype or 0 °C so 4 °C o6bem BoZibI BO BpeMsi Hal'DeBaAHHMA YMEeHbIIIaeTCs.

9 XapakrepMsyem Tennosoe paclinpeHne TBepabiX Ten

BelisicHUM, KaK N3MEHSIFOTCH JHHEIIHbIe pA3MepPBI TBePAOIo TeJjla BCJeCTEHE
U3MEeHeHUs TemrnepaTypel. st 5T0ro M3MepHM JUTHHY aIIOMHHIeBoi TpyOKH, 0o
TOM HarpeeM TpyOKY, IPONyCKasi CKBO3b Hee ropsuyio Boay. Coycrss HeKoTopoe
BpEeMS MOXKHO 3aMeTHTh, UTO AJMHA TPYOKH HE3HAYHTEJIBHO YBeJIHYMJIACH.

BaMeHHB AJIOMHHHNEBYIO TPYOKY CTeKJSHHON TAKOI Ke IAIuHBI, MBI yoenum-
Cf, 9TO B CIyUYAe OJMHAKOBOTO YBEIMUEHHUs] TeMIepaTypbl AJMHHA CTEKJISHHOI
TPYOKM yBeIMYMBAETCH HAMHOIO MEHbIIe, YeM JUIiHa anoMuaneBoi. Takum o0-
pasoM, AenaeM BBIBOJ: MENJ060¢ PACULUPEHUEe MeJa 3A46UCUIN OM 8eu,ecmea, us
KOMopozo OHO U320MOBJEHO.

Du3snueckas BenuuWHa, XapakTepusywwas Tennosoe pacwupeHue marepuana

M YNCIEHHO paBHas OTHOLWEHWIO U3MEHEHVA ANVHbI Tena BCNeacTsue ero Harpeesa-

HuA Ha 1°C 1 ero HayanbHON ANIVHBI, HA3bIBAETCA TEMNepaTypHbiM Ko3dduymen-
. TOM NVHENHOrOo paclumpeHuns.

TemnepaTypHbli KOa(h(IMIMEHT JHHEIHOro paciunpenns 0bo3HauaeTcs CuM-
BOJIOM O ¥ BBEIMHCJIAETCSH 110 (popMy.Ie:

Al

ot
rae Al=1—-1l, — n3meHenue AIHHBI Tena; At=t—1, — H3MEHEHHe TeMIepaTyphl
rena; l, — HAYANBHAS JUIMHA Tela OpU Temueparype f,; [ — JUmMHA Tesa npH
TemmoeparType t.
W3 onpejesieHusi TeMIepaTypHoro KoaguitnenTa JMHeIHOro pacimpeHns
MOKHO TOJYYUUTH eJMHUIYY 9T0H (PU3HYECKOll BEeTHYHHBI:

M 1
[a]: z — = -
mM-°C  °C
Huxe B 7abiuile INPUBEAEHBI TeMIEPATYPHBIE KO0a()(DHUIMEeHTh! JIMHEHON
pacimpeHusi HeKOTOPBIX BeleCTB.

Tenepatypusie KoahMUIHEHTH! JINHEITHOr0 PACIIHPEHAs HEKOTOPLIX BEMECTB

BewjecrtBo I o, 1) "C- m&cﬂé . a, 1/ °C
. Amomummmii | "6_,'666651—}%_ lnaruma | 0,000009
%eneso |  0,000012 |  Cepe6po | 0,000019
© Bomoto | 0,000014 . Crams | 0,000012
 Jlaryse | 0,000019 | Crexmo 0,000009
 Meme | 0000017 | Tewesr 0000014
~ Omso | 0000027 |  Tmmx 0000029



§ 16. 3aBUCUMOCTL pa3mMepoB Ten OT TeMnepartypbl

o 3HaKOMMMCA C TENNOBBIM paclunpeHnem
B NPMPOAE N TeXHMKe

CriocoGHOCTD TeNl PACHINPATBLCS BO BpeMsi
HArPEBAHMA M CIKHMMATBCS BO BpPeMs OXJaxze-
HHS UrpaeT O4eHb BAYKHYIO POk & npupode. Ilo-
BEDXHOCTH 3eMJIH OpPOrpeBaeTcs HepaBHOMEPHO.
B pesymnbrare Bosnyx BOIM3M 3eMIM TaKiKe pac-
IMpsieTca HePpaBHOMEpHO, U obpasyeTcs BeTep,
npegonpenensomuii namesenve moroasl. Hepas-
HOMEPHOE IIporpeBaHKe BOAbl B MOPAX M OKeaHax
NPUBOAMT K BOZHMKHOBEHUIO Te4eHHii, KOTopbie
CYIUEeCTBEHHO BJAHHAIOT Ha KJIMMAT. Peskue Koje-
faHusa TeMIepaTypel B NOpHBIX palloHax BBI3bIBa-
0T pACINMMpeHHe M CHKaTue ropHbIX mDopoia. A mo-
CHOJNIBKY CTEeleHb PACHIMDEeHMs 3aBHCHT OT BHJA
NOPOLI, TO PACIIMPEHMS W CHKATUS TPOHCXOAAT
HEpaBHOMEPHO, M B peayjbTaTe o0pasyioTcs Tpe-
IMHBI, KOTOpble OPHBOAAT K Pa3pyLUEHHIO 3THX
NOPOZL.

TensioBoe pacuIMpeHEne NPHXOANUTCHA HTPHHU-
MaTh BO BHUMAHWE NPU CMPOUMENbCMEE MOCTOB
u IMHUI pleKTporepesad, HPoKJIaJAbIBAHUE TPYD
OTOILNIEHM S, YKJIAAKe KeJe3HOJOPOMKHBIX pelib-
COB, M3IOTOBJEHHH Heae300eTOHHBIX KOHCTDPYK-
Ol ¥ BO MHOIMX APYI'HX CaydasiX.

SBnenne TeNSOBOro PACIIMPEHMS IIHPOKO HC~
nonbayercss 8 mexxuke u 6eemy. Tak, nna aBro-
MATHYECKOTO 3AMBIKAHHSA ¥ PA3MBIKAHHUSA DJIEKT-
pUUecKux Iereil UCHONB3YIOT OHMeTaNINdecKue
IJIACTHHKYN — OHH COCTOAT W3 JABYX HOJOC € Pas-
HBIM KO2(h(pHIIMEHTOM JIMHEHHOro paclivpeHmns
(puc. 2.33). TennoBoe pacmMpesRHe BO3AYXa MO-
MOraeT pPaBHOMEPHO HNPOrpeTb KBAPTHDPY, OXJia-
AUTE OPOAYVKTBEL B XOJOAHWJIBHMKE, OpoOBeTPHTL
KOMHAaTY.

9 Yummcna pewnath 3alaum

Zapava. JIHIHA — CTAJBHOIO  YKeJe3HOAOPOKHOIO
' pembca npu Temneparype 0°C passa 8 r.

Ha CKONBKO YBEJIMUMTCS €10 JAJIVHA B 3HOI-

HEI TeTHUi feHs npn Temneparype 40 °C?
Ananus ycnoéus zafavu. 3Haf#, KAK M3MEHS-
eTcs IJIMHA CTANBHOI AeTayy BCHIeJCTBHE Harpe-
pauus Ha 1°C, T. e. 3Has TeMOEpaTrypHBII KO-
ahGuIHeHT JIMHEHHOro pacliNpeHus CTaji¥, MbL

Ina waroroeneHna agro-
MaTMueckVx nNpefoxpanvTenei (a),
ANA aBTOMATUUECKOro BKNKYEHUA
1 BLIKIIOYEHWA HarpeBaTenbHbix
npvbopoe (6) WKMPOKo Ncnonb3yT-
ca BumeTannnyeckne NNacTmHKm (g).
OavH 13 MeTannos NPV yBenuueHnn
TemnepaTypbl paclMpPAETCA HAMHO-
ro 6onbLue, yem ipyron, B pesynera-
Te 3Toro NNAcTUHKa usrmbaetcs (r)
¥ NEKTPUYECKaA LieNb pa3mblkaeT-
ca (MK 3ambiKaeTcA)
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- . Pazpgen 2. CTPOEHME BELECTBA

HaiileM, Ha CKOJIBKO U3MEeHUTCH JJTHHA pelrbca BereAcTBHe Harpesanus Ha 40 °C.
TemneparypHblii KOs PHIIHEHT THHEHHOrO PacCIIMpPEeHus CTAJMHN HalijileM mo Tab-
JIHMIlEe, OPUBE/IEHHON BBIIIE.

Jaro: ITouck mamemamuyeckoil modenu

I,=8 m Ilo ompepesneHHUI0 TeMIEpPaTypPHOro Koa((pHIilMeHTa JTHHei-
t,=0°C HOT'O PacIIMpeHus:

t=40"°C Al

o= 0,000012 1/°C “T A

-, —? Pewenue u ananus pesyivmamos

W3 ¢popmynbl aiis onpefieIeHust TeMIepaTypHoro koadhuiu-
€HTa JHHEeITHOI0 PaCIIMpPeHus HaleM yIJIHHeHne peibea:

Al= ol At -
IMockoneky At = t — t, momyuaem Al = ol (t — t,).
ITpoBepuM eIMHUILY MCKOMOI1 BEJIMYMHBL:

L . oo
[1-1,] o M °C=m.

Haiiziem 4scioBoe 3HAYCHHE!
{1-1,}=0,000012-8-(40—0)=0,00393, Takum obpasom,
[-1,=0,00392 m=3,92 mm.
ITpoananuaupyem pesynbTaT: yBeJHMYEHHE JJIMHBI pesibca
BIIOJIHE PeaJibHO.
Omeem: pimHA penbca yBeaWUYniIace Ha 3,92 mm.

@) nopsopumutoru

Teeppble Tena, MHUAKOCTH M Tasel BO BPeMf HAIDEBAHHHA, KAK IIPABUJIO,
pacuupsores. IIpyuynHa TenynoBoro paciimpeHusi B TOM, YTO C YBeJIHYeHHEM
TeMOepaTyphbl YBeJIWUYMBAETCH CKOPOCTH ABHIKEHHS aTOMOB M Monekysl. B pe-
3YJIBTATE YBEJINUYMBAETCH CPe/lHEe PACCTOSHHE MEXJy aroMamMM (MoJeKyjiamu).
TernnmoBoe pacnmpenue TBePABIX BEIIECTB XapaKTepH3yeTcs: KO3(hOHUIHEeHTOM JIH-
HeiiHOro pacmmpenuns. KoshdunuenT MuEeHHOINO paciImpeHns YMCIeHHO paBeH
OTHOIIEHHIO U3MEHEHUA JJINHEI Tela BCIeACTBHEe HarpesaHus ero Ha 1 °C u ero

. Al
HavaJbHOW AJMHHBL ¢ =——

l,-At

@ KoHTponbHbie BONpochl

1. IpuBeguTe NpHMEpH!, MOATBEPIKAAIOIHE, YTO TBEPALIE TENa, HKHIKOC-
TH M rasbl paclIMpAIOTCA BO BpeMs Harpesaumusa. 2. OnuinwTe OOBIT, Zie-
MOHCTPHUDPYOIIUI TEMJIOBOEe PACIINPeHue JKUAKocTeil. 3. B uem mpuamra
yBemmdeHusi 06beMa Tell Bo Bpemsi HarpesaHus? 4. Ot dero, KpoMe TeM-
nepaTypbl, 38BHCHT H3MEHEHHe DasMepPOB TeJl BO BpeMd HX HarpeBaHUSA
(oxnammerun)? 5. B Kakux eguHWIAX u3Mepsiercsd Ko3()@UIMEHT Jm-
HEITHOro paciIupeHusa?

N Wt



§ 16. 3aBUCMMOCTL pa3MepoB Tefl oT Temneparypbi . .

. Ynpamnexnn

1. BeibepuTte BCe npaBUIBHEBIE OTBETH. Horma Teno oxnaxpaercs, TO:
a) CKOPOCTb JIBH2KEHHSA ero MOJEKYJ YMeHbIIaeTCH;
0) CKOpPOCTHL ABMIKEHMS €r0 MOJEKYJ YBeJIHYHBaeTC s,
B) PacCTOSTHME MEMAY ero MOJeKyjlaMH YMEeHbIIaeTcs;
r) paccrosinyie Me;KIy ero MOJEKYJIaMH yBeIMYHBaeTCH.

N

Kak usmeHnTcs 06beM BO3ZAYIIHOINO IIAPHKA, €CIIH MBI [IEPEHeCeM ero
M3 XOJOoIHOro momemiedus B rensoe? Iouemy?

3. Yo mIPOMCXOAHNT C PACCTOSTHUSMH MEMAY TaCTHIKAMM MKUJKOCTH B TEP-
MOMeTpe B ciyidae NOXOJOaHusda?

4. TIpaBUIBHBIM JIM SBJISIETCS YTBEPIKJeHHe, YTO BO BPeMsi HArpPeBaHHSA
TEJIO yBeJIMUMBAET CBOM Pa3Mepbl, TAK KaK pasMepbl ero MOJeKyJ yBe-
mumausaoores? Ecau Her, mpepsiodKuTe CBOM, MCIIPaBIeHHBIN, BADHAHT.

5.8ayeM Ha TOYHBIX H3MepUMTENbHBIX OpHbOpax YKasblBAIOT TeMmilepa-
TYpY?
6. BernoMHHUTE OOBIT ¢ MEAHBIM IIAPMKOM, KOTOPBII BCIECTBUE HArpeBa-

HHUS 3acTpeBas B Koabile (M. puc. 2.32). Kak M3MeHHIMCH BCJIEACTBHE
Harpesanusi: o0BeM IIapa; €ro Macca; IUIOTHOCTh; CPeIHssi CKOPOCTh
JBMMKEHUS aTOMOB?

7. TTocsie Toro Kak nap KHOSALEH BOAbl NPONYCTHJ/IM uYepe3 JATYHHYIO
TpyOKY, AymHA TPyOKM yBeanumnack Ha 1,62 mm. Yemy paseH Koapdu-
LMEeHT JIMHEeITHOro PaclIMpeHHs JAaTyHH, ecian npu Temneparype 15 °C
anuHAa TpyOKn paaa 1 M7 Hamommuaem, 4To TeMmepaTypa KHIOsSLei
Boabl pagua 100 °C.

IInaruroBEII npoBoa anuHOoi 1,5 M Haxoamncs npu Temneparype 0 °C.
BenecTeue TPONYCKAHUSA 3JEKTPHYECKOr0 TOKA MPOBOJ PaCKaJMiCcH
u yanuHWIcsa Ha 15 mm. Jlo Kakoil remnepaTypsl OH ObLI Harper?

»

MenHeIH JHCT TPAMOYTIoJBHO (QOpMEBI, pasMephbl KOTOPOro Ipu Temie-
paryps 20 °C cocrasusiror 60 cm x 50 cm, narpesm no 600 °C. Kak ns-
MEeHWJIACH IJIomab Jucta?

. DRCNePNMEHTANDHLI@ SAJAHNA ———=——————

1. Kak, uMess IOIEYKY, MOJOTOK, JIBA TBO3/MKA, COMDPTOBKY W NHWHIET,
OKAa3aTh, YTO pasMep MOHETHI B 5 KoOeeK BO BpeMs HATPEBAHMA yBe-
auausaerca? BeinonHUTE cooTBeTeTBYIOIM onblT. OO0bscEUTE HAOIIO-
JaeMoe sIBIeHue.

2. HanmomrawTe GYTHIIKY BOJIOH TakK, 4TOOBI BHYTPH OCTAJICH IMYy3BIPEK BO3-
nyxa. Harpeiite 6yTeuiky B ropsiueil Boge. Ilpocnenure, Kak M3MEHSIT-
cs1 pasMepsl nyseIppka. O6bsACHHTE Pe3yabTaT.

__lo5H N



noaBoavM UTOTU PA3SZIENA 2
«CTPOEHME BELWECTBA»

1 Wayuas aToT paszaes, BHI elje Pas BCTIOMHIIM, YTO BCE (DUIHYECKHE Tena
COCTOAT M3 BEIeCTB, MO3HAKOMILUINCE C HEKOTOPBIMM (PH3HYECKHMH Be-
JHYHMHAMH, XapaKTepU3YOIIUMI TEJ0 ¥ BemecTBO.

Mpvmepbi Qu3nueckan BenuunHa, Xxapakrepusyiowas ¢usnyeckoe Teno
duanyeckmnx C
n
Ten Hazeanne Cwmeon EavHnuya . OcobenHocn
niMmepeHua
Jloskka Tena, nmeronue
Terpagb PaABHBIE MAacCChI,
Cron Macca m KI Bapeummsanue OINHAKOBO
Yenosex OPUTATHBAKOTCA
3emst K 3emne
Du3nueckan BENMUNHA, XapakTepu3yijan BewecTso
Mpyvmepwl
myna ans
BeLiccT HassaHue Cumeon  EvHuua Dopmyna A OcobenHocTy
BbluncneHna
3aBucHuT or |
TeMIepaTypsl |
Crans ITnornocrs p Kr/m? p= m M arperaTHoro
esumonosa V COCTOSAHNSA
Boza BelllecTBa
Kucnopon | pemmeparypusrii
Kpemunii Koa(hPUIueHT o 1/°C Al
JIMHeHOro o= m
pacIippeRusi 0
2 Bbl BCHOMHWMIIM OCHOBHBEIE MOJIOKEHHS ATOMHO-MOJIEKYJISPHOI Teopuu
CTPOEHHS BEIeCTBA.
OcHOBHDBIS NONOXeHNA
ATOMHO-MONEKYNAPHON TEOPHM CTPOSHMA BELecTBa
Bce BEIECTEA C c¥ia I:mexynuﬂaxonmcnsue- Mo::exyl’lu(amm]saamo—
MEenbuanLMX YacTuL, — aTo- O N (W APYT C Rpyrom
e LBWKEHVI — TaKoe [IBVkKe- MPUTATVBAIOTCA U OTTaNKW-
HIWE Ha3bIBAeTCA TennoBbIM BaioTca)
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3

Bbl BBISICHHJIH, YeM M HOYEeMY OTIHYAITCSH Q)HSH'-IQCRHE cBOHCTBa Be-
11IeCTB B Pa3HBIX arperaTHblX COCTOAHHAX.

"« ArperatHoe

J

‘ ” Teeppoe

" cocroaHve [‘" l - ‘“"|
Beije- : : | |
cTBa lazoobpazHoe | Huproe
amopdHoe KpucTannuueckoe
Xapakrte-
t N\ |
jpuciae N B\ S OGS
Coxpansior 06beM, NpakTuiec- |
KM He CHKMMAIOTCH |
2 He coxpansor Coxpagnr = 1T m—
| 2 3 oorem. Ipu- | JloBONEHO ' CoxpamsoT |
5 Qopmzl, 8- obpeTaoT 0JIT0 coXpa- 3 '
8 HUMAIOT BECh ks - P dopmy. IHocne
L) -
P dopmy co- HAOT Pop- '
= OpeloCcTaBIeH- JOCTHIKEHN S
X = cyna (rexy- | My. B ciyuae | .
@ HBI 00'bEM. ). T1 | yBemruerus | onpeiesieHHOL
4 Jlerko coxuma- | oc)- "PAKT | TeMiepaTypbl
P ecKM He  TemIepaTypbl -
8 07CH o mepexomsAT
| CIKMMAKTCH OOCTEeneHHoO e~ | B HKHIKOE
XOIAT B KU~
PEXOA I cocTosmme
| KOe cocTosIHMNe
. — S : et ;
E MosneKyJibl | MoneKy.Jibl
e PACIIONOMKEHBI B 1ie10M MOJEKYJBI PACTOJIO-  PACHOJOMKEHBI |
59 B becriopsiike, | JKeHbl GecnopsAAOYHO B OIpeJiesieH-
s £ | Ba paccToRHu- ! | HOM mopsjiKe |
é = fIX, KOTOpBIE i |
X E B JIECATKH U COT-
s é HYU DA3 PEBBI- | Pacerosane Mexay MoJIeKyJIaMy DOPAAKA
g waor pasMepsl | PASMEPOB CAMMX MONEKYJI
=
MOJIEKYJ
= sl 2 ol — — M R = |
= | B ciiyuae He3HAYHTEILHOrO YMEHbUIeHHS Pac-
a E 5B MomneKynel ’ CTOAHHI MeKJly MOJIeKYJiaM¥ OHH HaYMHAaoT
g i £ 2 | mpaKTHYeCKH OTTAJIKUBATBCHA JAPYI OT NpPYra.
m
] § g He B3aMMO- B ciyuae He3HAUYMTENHLHOI'O YBEJIMUYEHUS pac-
> =7 | peiicTByIOT CTOSTHUI MeXIy MOJEKYJaMy OHM HAYHHAIOT
m
= | NPUTATMBATBCA JPYT K apyry |
B i
TpaexkTopus | BonpmIyio 4acTh BpEMEeHH MOJIEKYIIBI KoJieb-
g = OBHMIKEHHHA — JIIOTCH BOKPYI COCTOSAHMA pPaABHOBECHS -
g 2 JoMaHast - - d —
s E nusi. Hanpas- | Bpems ot : !
o K JIeHUe [IBHKe- | BpeMeHW
E x HIIS MOJIEKYJIBL | Iepernpbi- OueHb PEIKO EePeMelalnTCd Ha
§ g H3MEHAKOT IMBaIOT HA cBobomHOE MECTO |
b B MOMEHTHI cBODOTHOE :
CTONKHOBEHHUI '

MeCcTO




TECT ANA CAMOINPOBEPKU NO PA3AENY 2
«CTPOEHME BELLECTBA»

B sadauax 1—14 evibepume npasuivroe ymeeproenue.

1 (I 6ann) Hpumepom (PU3AYECKOro Teaa MOIKET OBITh:
a) cepebpo; 6) OIOTHOCTH; B) METEOPHT; T) achaibT.

2 (I 6ann) 'az merxko cxarh, Tak KAK MOJEKYIbl rasa:
a) JerKo M3MeHSIOT CBOM pa3Mepshl;
6) OpuUTArUBAKOTCA APYT K APYIY;
B) PACIONOMKEHb] JIOBOJIBHO AAJIEKO JAPYT OT Apyra;
r) HAXONATCH B HENPEPBIBHOM XAOTHYECKOM JIBMIKEHMH.

3 (I Gann) Mennas perane BCIENCTBHE HATPDEBAHUS pACIIMDSETCH, IIPH
91T0M YBeJIHYHBAETCH:
a) paccTosiHMe MexAy aroMaMu Menu; 6) pasmep aToMOB MeJH;
B) KOJIMYECTBO ATOMOB B AETAJIH; r) IJIOTHOCTE MEIH.

4 (I 6ann) Bo BpeMs OXnajKAeHUs TeJIA YMEHBIIAeTCS:
a) Macca ero MOJIeKYJI; 0) pasmep ero MoOneKyJ;
B) CKOPOCTH [IBHIKEHHS €ro MOJIEKYJ; I) KOJIHYeCTBO ero MOJeKyJl.

5 (I Gann) Korpa BemecTBO NEPEXOAMT M3 OJHOIO ArpPerarHoro COCTOSHUA
B APYroe, N3MEHAEeTCS:
a) Macca MOJIeKYJT;
0) cocTaB MOJIEKYJI BEIeCTBa;
B) XapaxTep JIBHIKEHUSA U B3aAUMOAEHCTBUS MOJCKYJ;
r) pasMep MOJEKYJI.

6 (! Gann) BenepcrBue siBnenus pud@ysun:
a) KHCIOPOJ M3 BO3AyXa NomajaeTr Ja)ke Ha JAHO riiyboKoro Bojoema;
6) yMeHbIIIAeTCH AJIMHA PEIbca BO BPEMs €€ OXJIAXKJIeHM
B) TaeT Jie;
r) MHJIKOCTH cOOHMPAETCA B KATUIIO,

(I 6ann) Kakue M3 yKABAHHBIX HUIKE BEIECTB NPHM KOMHATHOH TeMmmepa-
Type coOXpaHsanT 00beM, HO He coXpaHAwT (Gopmy?
a) Heneso; 6) Kucnopon; B) resmii; r) pryTh.

8 (2 6a.na) Macca aroMa BOZODPOAA:
a) Gosblie, YeM Macca MOJNEKYJIbI BOAOPOMA;
0) paBHA Macce MOJIEKYJIbl BOLOPO/A;
B) MEHBIIIE MACCHI MOJIEKYJIBI BOIBL;
r) GoNbIle MACChl MOJIEKYIIBI BOJEL.

9 (2 6anna) Macca sonota obsemom 1 v® Gonbnie, yeM Macca CBHHILA TAKOro
e ob'beMa, Ha:
a) 8000 xr; 6) 11 300 kr; 8) 8,0 r; r) 19,3 1.
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1 (2 fanna) Ha yamkax ypaBHOBEIIEHHBIX
BeCcOB JieskaT 7iBa KyOuka (CM. PHCYHOK).
OnMHAKOBEL JIM IJIOTHOCTH BeIecTB, H3
KOTOPBIX C/lelaHbl KyOuKu?
a) Jla, o1HAKOBEI;
6) HeT, IJIOTHOCTH CHHEro KyOHKa MeHb-
Ile, YeM ILIOTHOCTH KPacHOro Kyomka;
B) HET, ILIOTHOCTH CHHero Kybuka 60Jib-
111, YeM MJOTHOCTH KPacHOro KybOmkaj;
r) onpeaenuTb HEBO3MOMKHO.

1 1 (2 6anna) Taz B 3aKPHITOM COCY/le CIKANM, YMEHBIINE ero obbeM BABOE.
B pesysbTare 870ro: ’
a) KOIIMYECTBO MOJIEKYJI B COCY/le YMEHBIIHJIOCE B/BOE;
0) [JIOTHOCTE Ta3a yBeIHUYNJach BABOE;
B) MACCA raza YMEeHBIIMJIACH BIBOE;
r) PaccTOsSIHHE MeK/y MOJIEKYJIAMH YBeJHUMIIOCE B/IBOE.

1 2 (4 6anna) B nycryio meHgypkry maccoit 240 r Hamum
MUAKOCTE (cM. pucyHOK). Macca MeH3YPKH C KU
KocTpio pasHa 375 r. Onpenenure, KAKYIO }KUJKOCTh
HAJINJIM B MEH3YDKY.
a) Boay; 6) pacTHTeIBbHOE MACJO; B) KEPOCHH; I) COMPT.

1 3 (5 Gannoe) Jlns NONyYEHHs JATYHHM CILIABUJIM MeZb
oowemom 0,2 M® u umEK obbemom 0,05 m®. Kaxosa
ILJIOTHOCTH TonyuyeHHoM jaryan? (O6bem cruiasa pa-

BEH CyMMe 00/beMOB €ro COCTABHBIX YacTeil.)
a) 8900 kr/m?; 6) 8540 kr/m* B) T100 kr/m*; r) 1000 kr/m*.

1 4 (4 6anza) Ha cKONMBKO yBENIMYUJIACH JJIMHA MEJHOrO IIPOBOJIA BCJIEACTBHE
HarpeaHu# ero Ha 14 °C, ecsm ero HauaJIbHAS JJHMHA cocTaBisna 50 m?
a) Ha 9,8 mxwm; 6) sa 11,9 mm; B) Ha 11,9 M; r) qurHa DpoBojia He M3Me-

HHIJIACH.
(8 6a.nnoe) CocraBbTe BOIPOCH ] T
[‘u a | e | e} aJ
K 3amoJIHEHHOMY KPOCCBOD/Y. r
!aln|pfo
Ceepome caou omeemol ¢ npedcmae: Sals o ol o P ‘ o lx

JEHHBLMIL 8 KoHUe ywebnura. Imobbi 4 I‘= { |
npoeepums nocaednee 3adanue mecma, JES AARERAKARS
obpamumece K COOMBEMCMEYuemy Skim|nfgjolc|T|
napazpagy. OBosnaweme 6onpocvl, HA [aﬂ .y y—: 5 bwl u
KOMopble 6bl OMBEMUJLL NPABLLILbHO, - | .
u nodcuumaimme Gannvl, Ilonywennyio i ’TJI AR B AL [ = [ = ‘
cymmy paslenume HA 3 — pe3ysbmam fa Tlo|m

fydem coomeemcmaeosanty YpoSHIo Npu-
ofpemeHHbIX 6aMu 3HAHUIL no pasdeny.



" | SHUMKNONEAMYECKAS CTPAHULIA

AnmopduBle BemmecTsa, ¢ KOTOPBIMH BBl IO3HAKOMMJIMCH B 3TOH IJiase,
XOTsl ¥ OPeACTABIAIT cO00Il TBepible TeJa, ¢ TOUKH 3DeHHS MHKDO-
CTPYKTYDHl HAIIOMHHAIOT HUAKOCTH. [I08TOMY MX MOKHO €IIe Ha3BaTh
«TBepAbIMH xuAKocTAMu». Ho, eciu ecTs TBep/bie X KUAKOCTH, TO JOJMK-
HBI OBITh ¥ «KHJKHe KpHcTane»? A gelicTBUTEIBHO, TAKHE COEIMHE-
HHUS ObLIM 00HapysKeHbl. A ceroflHs MpaKTHYecKH Ka<(bIi U3 HAC CTalr-
KHUBaeTCAa ¢ 9THMH BelllecTBaMu exxegHeBHO. O KHIKMX KpHCTAJIax
U JPYyrux YAUBHUTEJbHBIX BEIeCTBAX M MONWAET pedb B 8TOM pasjierie.

Hupume xpucrannbl

Ilomumo coxpamenus ¢opMel — cBolcTBa,
0 KOTOPOM BBl Y3HANM [IPH HM3yYeHUM BTOpOIl ria-
Bbl, — «<«HOpMAJNBHBIE» KpHCTAJLILI 006JaganT Tak
HA3BIBAEMBIM CBOMCTBOM AHH30OTPOIMH. AHH30TPON I
03HAYAET, YTO CBOMCTBA KPHCTAJIA PASJIMYHBI II0 pas-
HBIM Hanpasiaeansam. O6 aHHM30TPOIHMM CBOMCTE MOXKHO
NOJYYUTH NPEACTABIIEHNe, HATIPUMED, pH pyOKe ApOEB:
KOJIOTH IPOBA BHOJB CTBOJIA M'OPAS3JIO JIErde, YeM TONepex.

OrasanioCb, 4TO HEKOTOPbLIE KHIKOCTH TOYKEe BeAyT
cebsl AHHMBOTPOIHO, — MX CBolicTBA B3ABUCAT OT HAa-
ppasnenus. KoHedHo, pedb He MOKeT HITH o IIPOYHOC-
TH — KHUAKOCTE BCeraa OyAeT Tedb M NPUHUMATE (hop-
My cocyia. A BoT, HAIPHMEP, oNTHYECKHEe CBOICTBA
(1pospayHOCTD, LBET) TAKMX BeInecTB GYAYT pasHbI-
MH TI0 PasHbIM HafnpaBieHUsiM. Takme aHM30TPONHEIE
KUIKOCTH TIONIYYMIJIM HASBaHMEe MUAKUX KpuctamwioB (HK).

Hupkye KpucTamibl OONYYHIN B IOCHEAHHEe IOflbl OY€HB LINPOKOe
pacnpocrpaHeHue: WHIHKATOPBL! YACOB, TAGJIO KAJNBKYIATOPA, 3KPAH MOHUTO-
pa — BOT TOJBKO KpaTKWil nmepededb npuMeneHnii ACK.

IYHbIE BELWLWECTBA U UX NPUMEHEHWE

OOBrYyHO HOra 4YeJNOBEKa HMeer
1o 250000 DoToBBIX ¥Kene3 ¥ MOYKeT Bbl-
pensithk po 0,5 nmurpa nota B geub. Ectec-
TBEHHO, 4YTO TaKas BiaajXHasl cpejga —
HealbHOE MeCTO JANA pPA3SMHOMMEHHS
rpubKa, KOTOPEIH XHBET ¥ PasMHOMKaeT-
cf MeXXJIy nanblaMe HOT B B CKJaJKax
KoxH. HoBble MaTepumanel JANs HOCKOB
cofep:xar cepebpsiHBIe HaHOYACTHILEL
C noMonip 3THX HAHOYACTHI, YVAAeTcs
MNpaKTHYeCcK! [OIHOCTLI MNOJAaBHTEL paz-
mMHOMeHHe rpubroB. Tax Grmaropapsi Ha-
HOTEXHOJOTUAM Noau He 6yaAyT cTpagats
ot rpubKa.




HanoTexmsonormm

IIpaxTHueckn B a060i TeJleBUBHOHHOM Nepefade WM ra-
3eTHOH cTaThe, NMOCBALIEHHON HayKe, BBl MOXeTe HAaHTH
sara/lOYHbIe CJI0BA — ¢HAHOTEXHOJOTHS», «HAHOYACTH-
nb». YT0 JKe OHH 03HAYAOT?

Bol y»Ke sHaeTe, YTO TNPHCTABKA «HAHO» O3HAYAET
ofHA MHJAJHApAHAS 4YacTk. TO ecTb HAHOYACTHLBLI —
9TO YTO-TO OYeHL MaJjieHbKoe. [lelicTBHTENbHO, NPUBBIY-
Hble Jisi Hac (PHUSHYECKHEe Teja COCTOST U3 MHJIJIHAPHOB
U MUIJTMAPAOB ATOMOB. A BOT HAHOYACTHIIBI — 9TO BCero Je-
CATOK MJAHM COTHS aTomoB BMecTe. Okrasajoch, 4TO (QH3HUYECKHE
¥ XHMHYECKHe CBOMCTBA TAKHMX MaJIeHBKMX YaCTHI[ OYeHb CHJIBHO OT/IHYalTCH OT
GONBINTMX «KYCKOB» BElECTBA, HAXKEe eCJIM M Te U JIDyIrHe COCTOST U3 ATOMOB O[HHAa-
koBoro Bupga. Ecau ke Teneps cobpaTk (¢«CKIeMTH») MHOI'O HAHOYACTHI] BMecCTe, TO
MONYYUTCH «HOPMajbHOe» 110 pasMepaM ¢usudeckoe Tesio. BoT To/NbKO ero cBoiicTBa
OyAyT YHUKANBHBIMK (TeMM, YTO NpUCyI(n HaHOYacTuiam). K coxalleHHo, U3roTo-
BUTH HAHOYACTHIILI M co0paTh MX BMecTe coBceM HenpoctTo. MMeHHO mostomy s
9TOM CNI0XKHOM paboThl BBENH Ja)Ke CrenMaJbHbIl TePMUH — HAHOTEXHOJIOI'MH.

HaroKancynel — 3mMo UCKYCCMEeHHo €030aHHBIE MUKPOKOHMeUHepbi ana nexapcme. Paamep
HAHOKANCY MOXem uimeHamecs om 100 do 600 Hanomempos (nonpobydime e6pasume amy
seuYUHy 8 Mempax). MukpokonmetHeps 30WuULarom Nekapcmea om ux paspywenus Ha nymu
deureHUs K Uenu — 3a6oneswium yacmam opeatuama. Ecrnecmeetito, wmo shghexmueHocms
Oelicmeus HOBBIX NEKAPCIME 3HAYUMENLHO euile 0bbivnbx. Kpome uenexanpaenertou
QoCmasKu Nexapeme, HaHOKANCYbi CE200HA YCNeWHO UCNObIYIOMCH & KOCMemuyeckou
NPOMBILLTEHHOCMU,

i
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Eie ogHMM DpHMEpoOM HPHMEHEeHUs HaHO-
TEXHOJOTHI MOTYT CIYKHTH OUCILJIEHM HAa OCHO-
Be HAHONOKPBEITHIL. B oTnuume orT nopo0HBbIX
IUCIITIeeB HA JKHIAKHMX KpuUcrannax, usobpa-
JKeHUe Ha YABTPATOHKHMX HMCIJIeHiX XOPOIlo
BHAHO IIOJi PABJHYHBIMH YIVIAMM 3PeHHs.

-

B 60nbUWILHCMEE CRYHOCE MOSEKYbI MUOKUX
Kpucmannos npedcmaensiom cobou
BLIMAHYMBIE UENOYKU AMOMOE —
ceoeo6pastbe snanoykuy. lpuqen Gonewian
HACMb U3 IMUX «NANoYeK» E6iICMpausaemcn
8 onpedeneHHoM HaNPageHuL.

XK-moHumop uzHympu

HaHoxaTanusaropbi 4NA aBTOTPAHCNOPTa

PasznuuHbie HAHOKATA H3AaTOPHI yKe TIPUMEHAT-
cs mpu o6paGoTke ceipoit Heprn. HarokaTanmsaTopbl
moryT noeeicuTs KITJ] gBMraTeneii BHYTPEeHHEIO Cro-
paHHs M IPH 3TOM YMEHBIOUTH BBHIOPOC BpegHBIX Be-
mecets. [1lupoko pacnpocTpaHeHb! HAHOMUIBTPHI AJ1H
OYHCTKH KaK BO3ZAyXa B CaJIOHe, TAK K TOILIHBA.
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§ 17. ONTUYECKUE ABJIEHUA B NPUPO/LE.
NCTOYHUKUN CBETA

B H3 namu opzanos uyecme 6oabuie 6C€20 UHPOpMALUL 00 OKPYHcaoulem
mupe daem nam 3perue. O0nako eudembv OKPYNCQIOULUIL MUP Mbl MONCEM
mosbko nomomy, wmo cyuwecmeyem ceem. C amozo napazpapa mvi HAYU-
HaeMm U3YHEHUe CBemo6blX, uiu onmuieckux (zpey. optikos — 3pumens
HbLil) si6JleHulL, M. €. ABJAEHUL, HEeNOCPEeICMBEHHO CEA3AHHbLY CO CEEMOM.

@ HaGniogiaem CBETOBbI@ ABNGHMA

Co cBeTOBBLIMH SBJEHHMAMH MBI BCTpeyaeMCs KaKAbIH JeHb HA IPOTHAMKE-
HHH BCeH JXM3HUW, Belb OHHM SABJIAITCH YacThIO eCTeCTBeHHBIX YCJIOBHI, B KOTO-
pPBIX MBI 3HuBeM. HekoTopbie M3 CcBeTOBBLIX SABJICHHH KaXXyTCH HaM HacTOAIHM
YyIOM — HANPHUMEpP, MHDa)¥ B NyCcTHIHe, NMOJADPHBIe cufgHHsA. TeM He MeHee,
comiacuTech, YTo ¥ OoJiee MpHBBIYHBLIE [AJIA HAC CBETOBBIEe ABJNEeHHA: OJIECK Ka-
NeJbKH POChl B CONHEUYHBIX JNyYyax, JyHHAS HOPOXKKA HA IJece, ceMHIBEeTHHI
MOCT paflyrd mocnie JeTHero J0JA, MOJHMA B IPO30BLIX Ty4Yax, MepilaHue 3Bes/l
B HOYHOM HebDe — TOKe ABNATCH YYIOM, TAK KaK OHHM HeJIal0T MUP BOKPYT HAC
3aMEUYATEbHBIM, [IOJHBIM BOJIIIeOHOI KPAcOThl M TAPMOHHH.

9 BbIHCHﬂEM, YTO TaKOe MCTOYHMKWN CBeTa

Dusnyeckme Tena, atoMbl M MOJIEKYNbl KOTOPDBIX U3NYy4akdT CBET, Ha3blBatOT UCTOY-
HUKaMW cBeTa.

OrnsEETecs BOKPYTr, o6paTHTeck K CBOeMY OMBITY — M BEI, 03 COMHeHHS,
Ha30BeTe MHOTO ucmournukoe ceema: CosiHlle, BCOBIIUIKA MOJIHUHM, OTOHB KOCTPA,
njaaMs CBeul, JIaMIa HAKAJWBAHHUS, SKPaH TEJE€BH30pPA, MOHHUTOD KOMIIBIOTEpa
u T. . (puc. 3.1). CBeT MOryT Many4yaTh TAKMKe OPraHN3Mbl (HEKOTOPBIE MOPCKHE
JKUBOTHBIE, CBeTIAYKHM W [p.).

HekoTopbie NCTOYHWKK CBeTa
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§ 17. OnTryeckme ABNeHVA B npupoge. MicrouHnkn ceeta . .

B sicHYI0 NYHHYIO HOYBL MBI MOYEM JOBOJBb-
HO XOPOILIO BHJETH NpEIMeThI, OCBellleHHBIe NYH-
ubiM cusHueM. Opsaxo JlyHy Henbszss cumTaTh
WCTOYHMKOM cBeTa: JIyHa cBeT He M3JIy4aeT, OHA
TOJILKO OTpa)aer ceet, unyuuii or Conaua. Tax
e HelIb3S Ha3BATh MCTOYHHMKOM CBeTa 3epKAalo,
€ MOMOII[LI0 KOTOPOTO BEI IIOCHLIAETE «COTHEYHBIH
3aliuyMK» B OKHO BaIllerO Apyra.

Pasnvyaem ecTeCcTBEHHDIQ

Pwc. 3.2.
W MCKYCCTB@HHDI@ MCTOYHWKK CBeTa ¢ Ilnsa oceeljeHns craguo-

HOB MCMONb3YIOT AyTOBbIE NamMnbi

B szasucumocmu om npoucxomdenus pas-

JAUYQIOM eCTeCTBeHHBIE M HMCKYCCTBeHHBIE (co-
s/laHHBIC YeJIOBEKOM) UCMOYHUKU c8emda.

K ecmecmeéeHHblM HCTOYHMKAM CBeTa OTHO-
caTesi, HanpuMep, ConHile um sBesAbl, packalieH-
Hafl JaBa M NOJApPHLIe CUAHMA, HEKOTOpPEIE CBe-
TALMecs 06beKThI CPENM dXUBOTHBIX H paAcTEeHM:
rnyOOKOBOJIHAS KapaKaTHIla, pALHOJIAPUS, CBeTH-
muecH baKkTepuy M T. 0. Tak, B TENNy0 JIETHIOK
HOYEL B JIECHOM TpaBe MOXKHO YBHAETH HPKHe NAT-
HBIIUKH CBETA — CBeTJISYKOB.

EcTecTBeHHBIC HCTOYHUKN He MOrYT NOJIHOCTHIO
VZOBJIETBOPUTE BCe BO3PACTAIOLIYIO NOTPebHOCTL ye-
noBexa B cBeTe. Ml noToMy e1le B APEBHOCTH JIOAM  Pyc. 3.3. MOLHBIMU UCTOSHUKAMM
HAYAJIM CO3JABATH UCKYCCMBEHHbIE NCTOYHHKH CBE-  UCKYCCTBEHHOTO CBETa ABNAITCH
Ta. CHAuANA 9TO OBLIM KOCTEp M JYyYMHA, [103JHEe  ranoreHHHe namnu 8 gapax coppe-
NMOSIBULJIUCH CBEYM, MACJIAHBEIE M KEPOCHMHOBLIE JlaM-  MEHHOro asTomobuna
mel. B kounne XIX Bexa Oblna mszoOpeTeHa sJleKTpH-
yeckas gaMna. Cerofusi pasiM4yHbBIe BUAB! BJIeKTPH-
YeCKHX JIAMI MCIONB3YIOT NMOBCIoRy (puc. 3.2—3.4).

B noMenieHuax Mbl OOBIYHO MCHOJbB3yeM
JaMnbl HaxkaguBanus. K coixanennio, oHH Heno-
CTaTOYHO 9KOHOMHBI: B TaKMX naMnax OoJblnas
YacTh OJIEKTPUYECKOH JHEPruM pacxojyeTcd Ha
HArpEBAHUE CAMOU JIAMITbI M OKPYIKAIoLIero Boa-
Lyxa 1 ToNBKO 3—4 % 9Heprum npespaijaeTcs
B cBeTOBYIO. B mocsellnue rofkl, ofHaAKO, NMOSABH-
JHCh HOBEIE, B HeCKOJIbKO pa3 GoJiee 9KOHOMHEIE
KOHCTPYKIIMH 2JIeKTPUYEeCKHUX JIaMIl.

Bonpmmue noMerneHns (cynepMapKeThl, lexa
NPeANPUATHH H T. 11.) OCBELal0TCH UCTOUHUKAMHA
cBeTa B BHJie AJIMHHBIX TpyDOoK = TAMOAMM JHEB™ oo 3 4 Cyrianss COBPEMEHHBIX
HOr'o cBeTa. Ins pasHOLBeTHOH MJANIOMHHAaIMMH, (BETOGOPOB XOPOLLO BUAHH AAXKE
KOTOPOH HOYBIO MOZCBeYeHEl HEKOTOPhIe JIOMA,  torpa, KORAa CONHLE CBETUT APKO.
TOProBble LEHTPEI M T. II., HCIIOJNB3YHOT HeOHOBRIE, B Takux cge‘rocbopax NamMnbl HAKa-
KPHIITOHOBbLIE M Jpyrue JiaMIibl. NMBaHWA 3aMeHeHbl CBETORNOAAMN
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Pasgen 3. CBETOBbIE ABJIEHUA

Y)  3HaAKOMMMCH € TENNOBBLIMM W NIOMUHECLEHTHBIMMW NCTOYHMKaMM CBeTa

B 3a8ucumocmu om memnepamypbi UCMOYHUKOE C6ema ux pasdensiom Ha
TeILIOBbIE ¥ JIIOMMHECHEHTHBIE.

CoJHIle ¥ 3Besfbl, pacKaJleHHaA JlaBa M JlaMIla HAKaJUBaHHUHA, NAaM#A KOCT-
pa, CBe4YH, ra3oBble TOPEJKH U T. I. — Bce 3T0 NPHMEePhl MENnJ06blX HCTOYHHKOB
cBeTa: OHM MBJIyUaloT cBeT OJlaroflapf TOMy, YTO MMeIOT BBICOKYIO COGCTBEHHYIO
remmnepatypy (puc. 3.5).

JlioMuHecyeHmHbie MCTOYHMKH CBeTA OTIMYAKTCH OT TEIJNOBBIX TeM, 4TO
IJIfl MX CBeYeHHS He HYXXHA BBICOKASA TEMNepaTypa: cBeTOBOE M3JIyUYeHHe MOXeT
6bITE LOBOJILHO MHTEHCHBHBIM, 8 HCTOYHHK IPU 3TOM OCTAETCH OTHOCHTEJLHO XO0-
JIOJHBIM.

IMpumepamMu JIIOMHHECHEHTHBIX HMCTOUHMKOB SBJAETCH 3KpaH TeseBH3opa,
MOHHUTOP KOMTBIOTEPA, JaMIlbl JHEBHOIO CBeTa, YKasaTely H NOPOKHbIE 3HAKH,
HOKPBITHIE JIIOMHUHeCIIEHTHOI KPAcKoli, cBeTOBble MHAMKATOPEI, HEKOTOpbIe Opra-
HU3MBI, 8 TAKMe ToJISpHble CHSHUSA.

@ Yanaem 0 TOYCUHBIX W NPOTAMEHHBIX NCTOYHNKAX cBera

B zasucumocmu 0m COOMHOWEHUR pazmepa UcCmovHuKa ceema u paccmo-
AHUS om Hezo 00 npuemMHuKa ceema pasiuyarom ToUYeHuHbIE 1 NPpOTAKEHHBIC UC
MOYHUKU ceemd.

Mnams razoeon
nauTsl (750 “C)

1000 |

e
Mnamsa naanbHOWM
namnbi (1100 °C)
20 L
>
-
b

Mnams ceeun
(1650 °C)

f] i

3000 |

Temnepatypa, °C

4000

[EE

5000

SneKTpuueckan gyra
(4000—6000 °C)

6000 s :
MNoeepxHocTs ConHua
(6onee 6000 °C)

TemnepaTypa HEKOTOPbIX TEMNOBbIX MCTOYHMKOB CBETA
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§ 17. OnTnyeckne ABNeHnA B npupoge. Microunnkn ceeta

HemouHuk ceema ciumaemcs TOYedHbIM, eciu
€20 paazmep OMHOCUMESbHO HeBeNUK N0 CPABHEHUID
¢ paccmosiHuem om nezo 00 npuemHuKa ceemd.

B npomueonosoxcHOM CayiGe NCTOYHHK CUH-
TaeTCH MPOTAKEHHBIM.

Taxum ob6paszom, 00uH U MOM He UCMOYHUK
CBeTa B 3aBUCHMMOCTH OT YCJIOBHU MONCEM CYu-
MmamuCs KaK npoms#eHHbLM, MaK U MOYeyHbLM.

Tak, Korga MBI HaXOHMMCH B KYXHe, TO JlaMTia
pHeBHOTO ceera (Tpybka pmmuoi 0,56—1 M), xKoTto-
pasi ee OCBEIaeT, SABJIAETCH OJIf HAC TIPOTHMKEH-
HBIM MCTOYHHUKOM cBeTa. Ecim 3Ke mMbl nonmpobyem
NOCMOTPETH HA& Ty e JIAMIy cHapyku (Hanpu-
Mep, U3 CKBEPHKA HATPOTHEB IOMA, ¢ PacCTOAHUSA
100—150 M ot mcTouHMKa cBeTa), TO Jamna Oyner
MpellcTaABIATE cO60I TOUEUHBLIM MCTOUHMK.

Takum 06pasoM, K TOUEYHLIM HCTOUHMKAM
CBETA MOYKHO OTHECTH A€ OrpoMHble 3Be3Ihl,
KOTOpHIe TI0 pasmepy HaMHOro Gossule, yem Coun-
e, — B TOM cJiyuae, ecjam HAGIIIaTL UX ¢ 3eM-
JIH, ¢ PACCTOAHNUSA, KOTOPOE B MUJLJIMOHBI PA3 Ipe-
BHEIIAET PABMeDBl dTUX 3Be3/l.

Xapaxvepwuayem npueMHMKW CBeTa

Be1, HaBepHOe, y)Ke HOTananmch, YTO ycm-
policmea, ¢ noMoublo KOmMopbLx MOMHO OOHapY-
HUMb CEeMOoB0e UINYYeHUe, HA3bealon npHuem-
HuUKamMu cseta (puc. 3.06).

EcmecmeenHbiLMu NTpHEMHHKAMHY CBETA SABJISA-
OTCH IVIas3a ¥ HUBLIX CYI1IecTB.

INonyuas ¢ MOMOLIBK 9THX MPUEMHHKOB WH-
thopMalmo, OpPraHMsM onpefefleHHBEIM 00pasoM
pearupyeT Ha M3MeHEHUS B OKPYIKaloiled cpeje.
Tak, Boliia U3 TEMHOTE]I B APKO OCBEIL[eHHYI KOM-
HaTy, Mbl, KOHCYHO, 3a)XMypHUM IJIasa, a yBHJEB
HOYBIO cBeT (pap aBTOMOOMNIA HobmuaocTH, o0A3a-
TeJIbHO OCTAHOBHMCH BO3JIe DOPOI'H.

Ananoruunyo miasaM (QyHKIHIO BLITIOJIHAKT
uCKyccmeeHHble TIpHeMHHMKH cBeta. Tak, ¢oTo-
ANEKTPHYECKHUMH TPHeMHHKAMU cBeTa — (POTOANO-
gamu — oGOpYIOBaHBI, HATIpUMED, TYPHUKeTHI JJIH
NPDOXOXKIEHHUA TACCAYXKHUPOB B METPO, HA BOK3aJax
u T. 1. UckyccTBeHHBIe (DOTOXUMHYECKHE TpHEM-
HUKH — 9T0 (OTO- ¥ KHHONNEeHKa, ¢porobymara.

Hpen.naraeM BaAM CcaMHM OTBETHTE H&a BOMpPOC
0 noJib3e TaKHuX QJOTOXHMH‘I&CKHX IIPHEMHHKOB.

MNpuemHukn ceeTa
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- . Pazpen 3. CBETOBBIE ABJIEHUA

@

noasogvM UTOrun

PusnyecKue Tella, ATOMBI H MOJIEKYJIBI KOTOPBIX M3JIY4YAKT CBeT, HasblBa-

10T HCTOYHHKAaMHE CBETA.

HcrounnKn ceera OBIBAIOT: TENJIOBBIE M JAIOMHHECIIEHTHLIE; eCTeCTBEHHbIE
1 HCKYCCTBEHHBIE; TOUEYHEBIe M npoTsxenHble. Hanpumep, nonsipHoe cusiane —
ecTecTBeHHBIH, MPOTHAMKEHHBbIN A HAbMwIaTens Ha 3eMie, JIIOMHHECIEHTHEIA
HCTOYHUK CBETA.

VerpoiieTBa, ¢ MOMOLIBIO KOTOPBIX MOKHO 0OHADYXXHUTEL CBETOBOE H3JIyUYEHME,
HABBIBAIOT MpHeMHUKaMu cBeta. Opransl 3peHUs XKHUBBIX CYLIECTB — €CTeCTBeH-
Hble TPHEMHHKHU CBETA.

@

I WS

KouTponbHbie BONPOCHbI

1. Kakyio posib urpaer ceer B »u3HH desopexa? 2. Yro HA3BIBAIOT MCTOY-
auxamMu cera? IlpuBeluTe npuMepbl MCTOYHHMKOB cBeta. . flBnsercs sm
Jlyna ucrounnxoM cBera? 4. Ha pucyHke uzoOpakeHbl pasnuyHble HCTOY"
HUKM cBeTa. KaKue us HuX BbI OTHECH Obl K JIFOMHHECHEHTHBIM? TeILIOBbIM?
5. Ilpupemyre MpUMEPH] €CTECTBEHHBIX M HCKYCCTBEHHBIX MCTOYHHKOB CBeTa,
6. Kakme MCKycCTBEHHBIe MCTOUHHMKH cBeTa BeTpeualoTest yailje Beero? Ipu-
BeIuTe NpHUMepbl MCITOJIE30BAHHNA 9THX MCTOYHHKOB B HOBCG‘RHEBHOI‘.‘I JKHU3HH,
B Texuuke, /- Ilpum KAKHX YCIOBHSX MCTOYHMK CBeTa CUMTAIOT TOUEYHbIM?
nporsixennbiM? 8. Kakue yeTpoHcTBa HABBLIBAIOT NPHEMHUKAMU cBeTa?

FEIC

Ynpaxnennn

1. B kaKux w3 yKasaHHEbIX cay4daeB COJHIle MOKHO CYUTATH TOYe4YHBIM
HMCTOYHHKOM cBeTa?
a) Habmronenre co/IHEUHOro 3aTMeHUS;
6) uamepeHue BBICOTHI COJIHIIA HAJ 3eMJIei;
B) nabmrogerne ColHna U3 KocMu4Yeckoro Kopabis, NeTsinero sa npeje:
sgavmu CONMHEYHOH CHCTeMEI;
I') onpefie/leHUEe BPDEMEHH ¢ MOMOLIbI0 COJTHEYHbBIX YACOB.

2. B Ka)X/I0M M3 NPHBeJAEHHLIX NEepeYHell omnpefleNlUTe JIMIUHEE CJIOBO MJM
crnosocoueranme. O6bscENTE cBOil BHIOOD.
a) Ilnamsa cBeun, Conuue, 3Be3nsl, 3eMid, [LIaMa KocTpa;
6) sKpaH BKJIOYEHHOr0 KOMIIbIOTEpa, MOJIHHMH, JIAMNA HaKaJHBAHUS,
nJamMsda cBe4yH;
B) JaMIIa JIHeBHOr'O CBeTa, [JIaMs ra3oBoM ropellKH, HODOYKHEIe 3HAKH,
CBETJIAYKH.



§ 18. @oTomeTpna. CBeToBo# NoTok. Cuna cBeta . -

3. Onnoit M3 epUHHKIL ANHHLI, TPUMeH#eMbIX B aCTDOHOMHH, ABJISAeTCH CBETO-
BO# rox. OfuH cBeTOBOH roj PABHAETCH PacCTOAHHIO, KOTOpPOe NMPOXOAUT
cBeT B BaKyyMe 3a ofuH ron. CKo/IBKO MeTpPOB cocTaBIAEeT CBeTOBOH rof,
eCJII CKOPOCTH CBETA B BaKyyMe mpubmuanrensno pasaa 300 000 xkm/c?

4. 3a kakoe npnbGIM3UTEILHO BPEMS CBET npoxoaut paccrosuue ot Cosn-
na no 3emnu, pasHoe 150 000000 km? (Ckopocts cBéTa B BaKyyMe
npubmusurensHo pagra 300 000 km/c.)

Pu3nKa n TeXHNKa B YKpanne

Buigaowumiica ¢usvk Uropn Esrenbesny Tamm (1895—1971) HaunHan
CBOIO HayuHylo peatentHocTs B Kpbimckom yHusepcutete u 8 Opecckom
nonuTexHuyeckom HCTUTyTe. Hanbonee nssectHoe AoCTuKeHue akagemu-
Ka W. E. Tamma — TeopeTuueckoe oBbACHEHNE Tak HasbiBaemoro adpdexTa
Yepetkosa. Ipdext YepeHkosa — 310 cnaboe ronyboe ceeueHne, U3fasa-
emMoe Monynpo3payHoi Cpefoi Npu NPOXOKAEHUW CKBO3b Hee paguoak-
TUBHOTO uanyueHun. Teopun Tamma nexuT B ocHose paboTbl demexmopos
GbICMpbIX 3APAXKEHHBIX YACMUY (HEPEHKOBCKNX CYETUMKOB). 3a 311 nccneao-
saHuA V. E. Tamm nonyuun & 1958 rogy Hobenesckylo npemuio no ¢usmke
(coemectHo ¢ W. M. @panko u M. O. HepeHKoBbim).

§ 18. ®OTOMETPUA. CBETOBOW NOTOK. CUJIA CBETA

® Bl 6éce 3naeme, wmo 06e3 memMHbLX O4K068 HE603MOHCHO CMOMPEMb HA NO-
Aydennoe coanye. Bmecme ¢ mem, mot moxcem 0020 n0006aMbCA 36€30-
HbLM HeBOM, U MO He 6bl3bléaem HUKAKUX Henpuamibix owyuienuil. Ilo-
wemy amo max? Omeemums Ha IMU 60NPOCHL HAM NOMONHCEM (POMOMempus
(om zpeu. fotos — ceem). Pomomempua — pasdes OnMukKu, 6 KOMOPOM
paccmampuaiomes IHepzemuiecKue XapaKmepucmuKku céema 6 npoyec-
cax €20 u3NYweHUs, PACNPOCMPAHeHus U 63aumodeiicmeusn co cpedoil.

o Y6emaaemcn B HeoGXOANMOCTH M3YYEHNR IHePreTHYeCKNX
XapaxTepMmcTHK CBeTa

JleitcTBue cBera MokeT OBITH PASHBIM: OT MENJO6020, KOTOpOe NPOABIA-
eTCA B HATPEBAHUHU TeJ, MOIMIOIIAOIINX CBET, 0 3J1eKmpuieckozo, XUMUYOCK020
U mexanuweckozo. Tarkoe AeiicTBHMe CBETA CTAHOBUTCH BO3MOMHBIM OGiarolaps
HAMUNUIO Y C6eMma IHEPruM, MOdTOMy OYeHb BAjKHO 3HATE 00 DHEPreTH4YecKuX
XapaKTEePUCTUKAX CBETa.

Paznmuusoe feiicTBHe CBETA JIEXKUT B OCHOBE PAbOThl TEXHUYECKHX YCTPOHCTB.
HanpuMep, cHCTEMBI OXPaHbl pasHooOpasHLIX 00LeKTOB paboTaioT Ha YyBCTBH-
TeNbHBIX NPHeMHHKAX CBeTa — (oroasneMenTax. ToHKwe INyYyKH CBeTa, KOTO-
pele OyKBaJIbHO TPOHHU3BIBAIOT TPOCTPAHCTBO BOKPYr OXpPaHAEMOro obnekTa,
Hampasyienbl Ha (oTodneMeHTH! (puc. 3.7), M ecjH NePeKphITh OAMH H3 TAKHX
nIydeit, TO GOTOINEMEHT IE€PecTaHeT MOJIyYaTh CBeTOBYIO 9HEPrHi0 M HeMe/JIeHHO
«coob1uT» 006 3TOM — MPO3BYYNT CHIHAJ TPEBOIH.
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Pasgen 3. CBETOBbIE ABJIEHUA

- B coBpemeHHbIX
OXPaHHBLIX CUCTEMAX MPUMEHAIOTCA
YYBCTBUTENbHbBIE (GOTOINEMEHTLI

BHewHee oceewerne
8 6oNbLWKNX ropofax BKNOYaeTCA
ABTOMATUYECKU TONLKO B TEMHOE

BPemA CyToK

120

- JIpyTme TexHUYecKue YCTPOHCTBA clOCOOHBI pe
arupoBaTe He TOJBbKO HA (haKT HaJUYUS CBETOBOMR
SHEPruH, HO M Ha ee KoJuuecmeo. Tak, ocBellleHHe
yiun 6onsuX roposos (puc. 3.8) BKAKOYaeTeH aBTo-
MaTH4eCKH B MOMEHT, KOTZIa KOJIMYeCTEO MOy 9aeMoil
ceeToBoM sHepruu CoOJMHIA yMeHblIaeTes JIO onpele-
nenHoro 3HaveEudA. Pabora nonobHBIX yeTpoiicTE co-
PHeHTHDOBaAHA HA BOCIPHATHE CBeTa 4YeJOBeUeCKHM
rnasoM. IlooromMy oueBHMIIHOI HABAfeTcHd BAaKHOCTDL
PaccMOTpeHHS  JHEPreTHUYECKHMX  XapaKTepHCTHK
cBeTa, OCHOBAHHBIX Ha HENOCPEeCTBEHHOM BOCITPH-
STUM CBETA IVIa30M — HA 3PUMENbHOM OUuLlUeHUL.

@ Yuumcs pasnmuarh CBeTOBON NOTOK
W cMAay cBeTa

Bpumenvrble owyuleHus ABIASIOTCH OYEHb
cybberktuBabiMu. Kak ux onmenmtn? Barma mama
aoBeT Bac BeuepoM: «Mpmu nomoil, yike teMHuol
A BaM KaskeTcs, 4TO JIJIH UI'D ellje JOCTATOYHO CBe-
Tta. KpoMe Toro, ayBcTBuTeILHOCTE MNIA3y K cBeTy
pasHoro 1Bera pasiuysa. Tak, spUTEJLHBIE OLIY-
[LeHHA OT 3eJIeHOro LiBeTa nNpuONIUSHTENILHO B CTO
pa3 Gonee cuibHBIE, YeM OT KpacHOIo (Hampumep,
geJIeHyI0 JlaMmny rias BOCTIpHHUMAaeT Kak Oonee
MOILHYIO, HelleJl]M KpacHYIO, TNpH OAMHAKOBOIl
MOLHOCTH 00enX JiaMr).

Yrobel BCe BTO BHIICHUTH, YYEHBLIE TPOBEIN
COTHHM OIBITOB ¥ YCTAHOBUNM CPEIHME Xapakre-
PMCTHKM 3PUTENBHBIX OLlYLIeHUH uyenoBexa. Ha
aroil Gasde cosflabl npubopEl, criocobHble M3Me-
pATH PuU3NYecKHe BEJIMYUHEI, XaPAKTEPUIYIOIHe
spuTensHble onlylierud. OgHY U3 TAKMX BeJIHUYMH
HABBIBAIOT CEEMOBbLM NOMOKOM.

[

CBeTOBOM NOTOK — 3TO $U3NYecKas BenuyuHa,
HYUCJIEHHO paBHasd KONUYEeCTBy OLEeHUBaeMOW no
3pUTENBHBLIM OLLYLLEHWAM CBETOBOW 3Heprum, na-
Jatollein Ha NOBEPXHOCTb 3a eAUHULY BPEMEHMW.

CseroBoii moToKk oGosmauyaeTcs cuMBOnoM @
M BBIYHMCHIAETCH 10 (hopMyJie:

o
t
rie W — olenmBaeMasi no 3puTEJSbHLIM OILyIIe-
HHSAM CBETOBafd 9HEPrus, MaJalollas HA onpeje-
JIeHHYIO NMTOBEePXHOCTh; | — BpeM# naJleHHs cBeTo
BOll 9HEePruHM HA 3Ty TOBEPXHOCTS.



§ 18. Qoromerpun. Ceeroeoi noToK. Cuna cBera

3a edunuyy ceemoeozo nomorxa npunsm nomen (im) (or naTud. lumen —
ceer). OKasanoch, HANPUMED, YTO CBETOBOI MOTOK OT 3BE3JIHOrO Heba, maparo-
muii Ba ceTyarky rmasa, — oxono 0,000000001 s, cBeTOBOIl MOTOK OT TIONY-
neHHoro consna — 8 jM. IMEeHHO 109TOMY MBI He MOJKEM CMOTPeTh Ha SAPKOe
COJIHIIE HEBOOPYIKEHHBIM IUIa30M.

B noBceHeBHOI KH3HHM B KAYECTBE MCTOUHHMKOB CBETA OY€HBb YacTo IpuMeHs-
10T DIIEKTPHUYECKHe JIAMITbl HAKAJHBAHMA, KOTOpble OTINYAIOTCH APYr OT Apyra
MOIHOCTEIO (0603nauaeTcs P w uaMepsiercss B 6ammax, Br). Jlna onpenenenns
HOJTHOI'O CBETOBOI'O [OTOKA HEKOTOPBIX JIAMIl HAKATHMBAHUA MPUBOAMM COOTBETC-
TBYIOLIYO TabJIUILy:

Mou.modi: namnbl " MNonmblir _csemsoﬁ Momnohb namnbl | Monmbiir ceeToBoOM
P, Br notok @, nm I P, BT notok @, nm
15 ' 127 I 100 | 1275
40 377 500 T 812
60 ' 645 | 1000 19 000

CBeTOBOI 1I0TOK CO3AAETCS MCTOUHMKOM cBeTa. Pusuveckas 6eauyuna, xa-
PaKMepuayouas C6e4eHUe UCMOYHUKA c6ema 6 onpedenleHHOM HANpPaéJjeHul,
HQ3bLBAEMCs CHII0N cBeTa.

Eciay MCTOYHMK W3JlydyaeT BUJMMEBIIl CBeT PABHOMEPHO BO BCe CTOPOHBI, TO
CIJIA CBeTA BBIYMCJHETCH 1o dopmye:

D
I=—
) 4n
me @ — nonHBI CBETOBOH MOTOK, MCIIYCKAEMBII MCTOYHHKOM; TT — MNOCTOSAH-

. Hasi BeJINUMHA, NpubIM3NTebLHO pasHas 3,14.

Ba edunuyy cunvt ceéema 6 Mewdynapodnoir cucmeme edurnuy (CH) npuns-
ma wanpena (kx) (or narun. candela — cseua). Kandena — 00na u3 OCHOGHbLX
edunuy CH.

9 Yunmca peuiats 3agaum

Japava. BelupcsuTe MoyHel CBETOBOH INOTOK, M3JTy4YaeMEBIi JIaMIIOI HaKaJIuBa-
Hus, cuya ceera Koropoil pasHa 30 kn. OnpezgesnmTe MOIHOCTE JIAMITbBL.

Hano: Ananus guauyeckoil npobaemvi

I1=30 x| Cunrraem, 94To JaMIIa UBJIy4IaeT CBET PABHOMEPHO BO BCe CTOPOHEI, IIO3TO~
MY MOJHBIH CBETOBOII IOTOK Mbl MOKeM HalTH U3 (POPMYJIbl UL CHIIbL
D=9 cBera. MoIIHOCT, 1OTPeOIAEMYIO JIaMIIoi, ONpeneiauM o Tabivue.
pP—79 IHouck mamemamuyeckoit modenu, peueHue U aHan U3 pe3yabmamos

D
Bocnonsayemes opmysion I = e orryna ®=4nl.
Onpepenym sHaYenye uekomoil Bermunab: ®=4-3,14-30=376,8 (m).

[IpoasamMaupyeM DpesyJbTaT: BOCIONB30BABLIMCE TAOIMIeH, onpe-
[eJIHM, YTO CBeTOBOH morox 376,8 mm = 377 ym Manydaer namna
morngHocTeio 40 BT,

Omeem: ®=376,8 mu, P=40 Br.
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- . Pazpen 3. CBETOBBIE ABJIEHWA

@ noasopum utorn

Paspen onTHKH, B KOTOPOM PACCMATPHUBAIOTCSH JHEPreTHYecKHe XapakTe-
PHCTHKHM CBETA B IPOIECCE €ro MCIYCKaHU#A, PACIIPOCTPAHEHHS W B3aHMOJEHCT-
BUSA CO cpenoii, HaseiBaeTcs QoTOMeTpHE .

CeeTOBOE HM3JIyUeHME MCTOYHHMKA XaPAKTePHU3YeTCs CBETOBBIM IIOTOKOM M CH-
JION CBeTA.

Puspueckasd BeNWYMHA, YHCIEHHO PABHAS KOJHYECTBY OIEHHBAEMOil o
3pUTENILHBIM OIIYIIEHUAM CBeTOBOH sHeprum W, najaromieii Ha NOBEPXHOCTH 3a
eIMHHIlYy BpeMeHH {, HABBIBAETCH CBETOBELIM ITOTOKOM (CD] . CBeTOBOI1 TIOTOK W3-
Mep#AeTcs B JIoMeHax (Jim).

PusnyecKas BeJIMUYNHA, XAPAKTEPU3YIOIas cBeYeHHe MCTOUHHMKA CBeTa B Ol
peneieHHOM HalpasleHuH, HA3BIBAETCH CWJIOI cBeta (I ) . Eppanna cuinel cee-
TAa — Kapyena (Ka), OAHA M3 CeMH OCHOBHBIX BeyimuyuH CH.

emm"————-_—.___.____————w

i. IlpuBenure npuMepbl TEXHUYECKHUX YCTPOMCTB, KOTOPBIE PEArHPYIOT HA
MOCTYIJICHHE CBETOBOI dHepruu. 2. YTO HA3BIBAKOT CBETOBBIM MOTOKOM?
B kaxkux eguHuuax od usmepsaerca? 3. K ceBery kakoro nsera — 3ele-
HOr0 MJIM KpacHOro — YyBCTBHTENBHOCTHL Tnasa Beie? 4. Ilo kawoii
opmyne onpenensaioT cury ceera? B KakuX equHHIAX OHA H3MepseTcH?

. Ynpamnenun

1. Cuna ceera ToveuHOro Mcrousmka cocrapnsier 100 xka. Onpenemnure
IOJIHBIY CBETOBOM TOTOK, MCIYCKAEMBIH 3THM MCTOYHMKOM.

2. IlomHeblit cBETOBOM TIOTOK DIEKTPHYECKOM JaMiibl pases 1884 ymm. Omnpe-
JieJINTe CUJIY CBeTa 9TOro MCTOYHHKA.

3. Tlouemy pHeM THIKEJIO PACCMOTPETH Yepes OKHO BHYTPEHHee MpOCTpaHe:
TBO HEOCBEII|eHHOI KOMHATEL, ecJi He NPHOJIMIKATH JIHIO BIJIOTHYIO
K CTeKJy?

4. IlpepnonokuM, YTO OT KPACHOTO M 3€JIEHOr0 CUIHAJIOB cBeTodOpa Ha
CeTUATKY IIa3a najgaeT npubiIus3uTebHO O MHAKOBEIH CBETOBOI TIOTOK.
OnMHAKOBOH JIM MOIHOCTH JIAMIIBEI YCTAHOBJIEHHBIE B cBeTOhope? Ecum
HeT, TO MOIIHOCTE KAKON JaMIibl GOJbIIe — 3eJIeHOH WM KPACHOMH?

§ 19. OCBELEHHOCTb :

W Bcnomnume ceéou owyuieHus, koz0a 6bl 6X00UNU 8 MEMHOE NOMeEULCHUE.
Cmanosumcs kak-mo He no cebe, 6e0v HUY€20 He BUOHO B0KpPYz... Ho emo-
um BKINYUMb (POHAPUK — U ONU3KO PACNONONEHHBbLEe npedmemvt Cmd-
Hogames xopowo 3amemubimu. Te e, yumo naxodsames z0e-mo danvuie,
MONHCHO ed6a pasaudume no koumypam. B maxux caywasax zoeéopam, wmo
npeomemut NO-PA3SHOMY OCBEULeHbl. BbLACHUM, Ymo makoe 0C6eu,eHHOCTb
U OMm 4ezo OHa 3asucum.
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§ 19. OceeLjeHHOCTD . -

Ot jaro060ro MCTOYHHMKA CBETA PACIpPOCTpPAHAETCH CBETOBOH MOTOK. Yem
GONLIIHIT CBETOBOH MOTOK VIIAZeT HA TOBEPXHOCTH TOIO WIH WHOIO Teja, TeM
JIydiiie ero BujaHO.

o Onpenennem OCBELEHHOCTD

m Quanueckan BENUYMHA, YNCNEHHO paBHaA CBETOBOMY NOTOKY, Nafakolemy Ha efn-
HULY OCBeHJEHHOI;I NOBEPXHOCTHU, Ha3blBaeTCA OCBELWEHHOCTbIO.

OcserlleHHOCTHL 0003HaUaeTcss cuMBosiom E M onpepesnsieTca mno gopmye:

1]
E=—,
S
roe  — CBeTOBOM IMOTOK; S — IJIONLA/b MOBEPXHOCTH, HA KOTOPYIO MajaeT cee-
TOBOI IIOTOK.
B CH 3a edunuyy oceeujenHocmu npunsm mokce (nk) (or narud. [lux —
CBeT).
OaMHE JIOKC — 3MO0 0C6CUEHHOCMb MAaKoil noéepxHocmu, Ha odun keadpam-
HBLIL Memp Komopoil nadaem ceemosoil ROMoiK, Pa6HbliL OOHOMY JIOMEHY:

1 v
Mz

1 k=

[IpuBOIMM HEKOTOpBIE 3HAYEHNUH OCBEILEHHOCTH MOBEePXHOCTH (BOJIM3H 3eMIiH).
OcgerneHHOCTE E:

- COJIHEYHBIMH JIVYAMH B NOJeHb (Ha cpepnux muporax) — 100 000 mx;

« COJHEUHBIMMY JIYYAMH HA OTKPBITOM MecTe B nacMypHslil geds — 1000 nk;

+ CONHEYHBIMM JIYyYAMH B CBeTJIOI KomHaTte (BOmwsn oxkna) — 100 nk;

+ HA YJIHIE [IPH HCKYCCTBEHHOM OCBEIeHWH no 4 nK;

« o1 nomuoi ayeael — 0,2 1K;

« OT 3Be3HOro Heba B GesnyHsyo Houb — 0,0003 nk.

e BoincHAEM, OT Yero 3aBucIT
OCBELeHHOCTD

Hasepsoe, Bce Bbl BHAENM IIIIMOHCKHE
¢uneMel. [IpepcTaBbTe: KAKOH-HUOYAL repoil npu
cseTe cnaboro KapMasHHoro (QOHAPUKA BHUMATE I b-
HO TTPOCMATPHBAET J[OKYMEHTHl B IOHCKaX Heob-
XOOMMBIX «CeKpPeTHBIX NAHHBIX». BoobIie, uTo0bI
YUTATH, HE HANPAras rjias, HyKHa OCBelleHHOCTh
ne menbire 30 nk (puc. 3.9), a aro Hemano. U rax
HAIIl Tepoil J0OMBAeTCH TAKOHW OCBEIEHHOCTH?

Bo-11epBBIX, OH MNOAHOCUT (POHAPHK KAK MOJK-
HO GIHKe K NOKYMEHTY, KOTOPBIl TpOCMATPHUBAaeT.
SHAYKNT, OCECULEHHOCIMb 3a6UCLLIM OM PACCMOAHUS
om uCmoYHUKA c6ema 00 0C6eUwaeM020 NPeOMEMA.  p.. 3 5. Yrobb NPOYNTATL AOCTA-
BO'BTOPI:IK, OH pacnojaraer (OHapuK 1ep- TOUHO MENKNIA WPKUGT, HYXKHO yBe-
NEeHIUKYJISAPHO K MOBEPXHOCTH JOKYMEHTa, 4 3TO  NNUYMTL OCBEIEHHOCTb CTPaHULIbI




Pazpen 3. CBETOBbBIE ABJIEHUA

B Cnyyae yBenmueHua pacctoaHna Ao NCTOYHWKA CBeTa M/ioLyaab OCBELYEHHOW NOBEPXHOCTH
yBENYUBaeTCA

BHAYNT, UTO OCBCULCHHOCMb 3a8uUCUmM Om yzaa, nod Komopsim céem nadaem Ha
nosepxHocmb.

M B KOHIIE KOHIIOB, JJIA JIYYINEro OCBEIEHUA OH IIPOCTO MOXKeT B3ATH bosee
MOIHBII (QOHAPHMK, TAK KAK OUEBHAHO, UTO C YBEJUYECHUEM CUJNbL C6ema UCmoy
HUKA YBCAULUBACICA OCECULCHHOCM b,

BrifcHUM, KaK H3MEHsIeTCs OCBEILEHHOCTH B CAyYAe YBeJIMUYeHUs PacCTOAHMdA
OT TOYEYHOr0 MCTOUHMKA CBEeTa A0 ocBelnaemoil nosepxHocTu. Ilyers, Hanpumep,
CBETOBOH MOTOK OT TOYEYHOr0 MCTOYHMKA NAAAET HA HKpaH, PACHOJIOMKeHHBIH Ha
OINMpe/IeJIeHHOM PACCTOSIHMM 0T MCTOYHMKA. Ecim yBeNMUHTL paccTosiHve BJBOE,
MOXKHO 3aMETHTH, YTO OAMH M TOT e CBEeTOBOII norok Oyjer oceelnats B 4 pasa

Oosbiyio mowans. Ilockoneky E = 5’ TO OCBEILEHHOCTEL B 2TOM CJIy4ae yMeHb

mmres B 4 pasa. Ecnm yBesMunThs paccTosHue B 3 pasa, OCBELIeHHOCTH YMeHb
mmrea 8 9=3% pas. T. e. oceewennocmy o6pamuo nponopyuoHanbha Keadpamy
PAccmosnus Om moveyHozo ucmoyHuka ceema 0o nosepxnocmu (puc. 3.10).
ey 1yuoK cBeTa 1najiaer nepreHnKyJIsipHO K NOBEPXHOCTH, TO CBeTOBOI NOTOK
pacnpenessercd HA MUHUMAJBLHON womanu. B cayvae yéenuveHusn yzna nadeHus
céema yBeJINIMBAeTCA TUIOINALE, HA KOTOPYIO MaJiaeT CBeTOBOI MOTOK, TI0ITOMY 0¢
sewernocmsy ymenouiaemes (puc. 3.11). Mb1 yxe roBopiiM, 4To B cllyyae yBeJjde-
HUA CHJIBI CBETA HCTOYHHKA OCBEIIEHHOCTD YBEJMYHUBALTCH. SKCIePHMeHTaIbHO Yo
TAHOBJIEHO, UTO OCGCULCHHOCb NPAMO NPONOPYUOHANLHA CUNE CBEMa UCMOYHUKA.

(OcBeneHHOCTh YMEHBIIAeTCs, eCJIM B BO3/IyXe eCTh YACTHYKH IbLIH, TyMa:
Ha, IHIMA, TAK KAK OHH OTPAYKAIOT ¥ PACCEMBAIOT ONpPENeIeHHYI0 YacTh CBeTOBOM
DHEpPIrHm.)

Ecsiv 0BEpX HOCTH PACIIONOKEHA TIEPIIEHANKYIAPHO K HAINPABJIEHUIO PACTIPO-
CTPAHEHHS CBeTAa 0T TOYeYHOro MCTOYHHMKA M CBEeT PacnpoCTPAHSAETCs B YHCTOM
BO3JIYXE, TO OCBEIeHHOCTh MOYKHO ONpefeNIuTs 110 (popmyne:

I
E= 7=
roe I — cuna ceeta HCTOYHHMKA, R — paccTossHHe OT HCTOUYHWKA CBeTa [0 MOBepxX-
HOCTH.
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§ 19. OcBeLjeHHOCTD

e

Puc. 3.11. B cnyyae yBenvuueHns yrna nafgeHina napanienbHbix NyYen Ha NoBepxHocTL (o, <a,<a)
OCBELEHHOCTb TOI NOBEPXHOCTI YMEHBLUAETCH, MOCKOSLKY Nafalolymii CBETOBOM NOTOK pacnpegens-
£TCA Mo Bce bonbLIel NNoWaan NoBEPXHOCTA

9 Yunmca pewiarh 3asaun

CTOJT OCBeIleH JIAMIION, PACIONOMeHHoil Ha BeicoTe 1,2 M mpAMO HajA CTO-
noM. OmpeziesinTe OCBeIEHHOCTE CTOJA HeMOCPEACTBeHHO MO JaMIION, eCJIH 1ol
HBIHl CBETOBOI MOTOK jammnel cocrasisier 750 sm. Jlamny cumrtaiiTe TOUYEUHBIM
HCTOUHMKOM CBETA.

Jarno: Ananu3 puauveckoil npobrembt, NOUCK MAMEMAMUYCCKOUL MOOCNU
O =750 v ITocKOMBKY MCTOYHMK CBETA CUMTAEM TOUYEYHBIM M CTOJI PACIOJIO-
R=1,2mMm JKeH MMepPHeHIMKYJIAPHO K HANnpaBJIeHHI0 PDACIIPOCTPAHEHHS CBeTa,

I
f— % TO MOMEM BOCIOJBL30BaTHCH (popMysoil E = T (1). Jlamua pacrpo-
CTpaHseT CBeT BO Bce CTOPOHBI PABHOMEPHO, 110aToMy I = ;)— (2).
T

Pewenue u ananus pesyiomamos

IMoncrasur dhopmyay (2) B dopmyay (1), momyunm:

E=£:R2 = = .
4n 4R

E= 4750—=41,5 (1K)
4-3,14-1,44
ABann3 pe3yJbTATOB: TIOJYYeHHOE 3HAYEHHEe OCBEIeHHOCTH
E = 41,5 nx siBnAeTcA BIOJHE PEaNnbHBIM.
Omeem: E=41,5 nk.

OnpepesuM 3HAYEHME MCKOMOIl BeJIMYHMHBI:

) nopsopumuTorm

duspyeckas BeJMYMHA, JHCJIEHHO PABHAS CBETOBOMY IOTOKY &, naja-
KIqEMY Ha eUHHUILY OCBEI[aeMOil NOBEPXHOCTH S, HA3bIBAETCH OCBEIEHHOCTHIO
(E): E=%. B CH 3a egMHEUIlY OCBENEHHOCTH IPHHAT JIOKC (JIK).
OcgeleHHOCTH ToBepxHOCTH E 3aBHCHT: 8) 0T paccTosiHus R /10 ocBemaeMoi
NOBEPX HOCTH {E ~-}-:;); 6) oT yrna, 1oj KOTOPHIM CBeT HajaeT Ha MOBEPXHOCTH
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- . Paspen 3. CBETOBbBIE ABJIEHWA

(4eM MeHbINE YIOJ MajieHusi, TeéM OOJIbIe OCBEeIeHHOCTE); B) OT CHJIBI cBeTa [
HCTOYHHKA (E ~I); r) Opo3payHOCTH CPebl, B KOTOPOil PACIPOCTPAHAETCS CBET,
TIPOXONA OT MCTOYHHMKA /IO TIOBEPXHOCTH.

e Konurponsibie Bonpocsl —————— - -

1. Y70 Ha3BIBAIOT OCBEIEeHHOCTEI0? B KAKUX eIMHHIAX OHA uU3MepsieTca?
2. MoKHO JIH YMTATh, HE HANPAras ryas, B CBeTJOi komHare? Ha ynuie
[IPH MCKYCCTBEHHOM OCBellleHMH? npu noaHoil myne? 3. Kak MokHO yBe-
JUYNTE OCBEILEHHOCTHL OlpeaesieHHoi moBepxHoctu? 4. PaccrosHue ot
TOUEUHOTO MCTOUHMKA CBETA JI0 TOBEPXHOCTH yBenuuyunu B 2 pasa. Kak
[IPH HTOM HMBMEHWJIACL OCBEILEHHOCTH MOBepxHocTH? 5. 3aBHCHUT JIH OC-
BEI[eHHOCTE MOBEPXHOCTH OT CHJIBI CBETA HCTOYHMKA, KOTOPBII OCBeIaeT
2Ty HnoBEpXHOCTH? Ecnu 3aBuCHT, TO Kak?

. Vnpawmnwenws
1. Tlouemy OCBEIEHHOCTL I'OPU3OHTANBHBIX I[IOBEPXHOCTEH B MOJ/IEHL
OOJIBINEe, YeM YTPOM U Beuepom?

. U3BecTHO, YTO OCBEIIEHHOCTH OT HECKOJBKHX MCTOYHMKOB PABHAETCH
CYMMe OCBEIIeHHOCTeHl OT Kajaoro M3 3THX MCTOUHMKOB OTHEJIBHO.
I[IpuBeauTe NMpUMepsl MPUMEHEHUA 2TOro MpaBuiia Ha MpaxkTHKe.

2. Tocne nayuenus TemMbl «OcBellIeHHOCTEY» CEMMKJIACCHHKH PEIli/IN yBe-

JIMUMTE OCBEI@HHOCTE CBOEro paboyero mecra:

—IleTsi 3aMEHNJI TAMIIOYKY B CBOEH HACTOJLHOH JIaMIle HA JIAMIIOYKY
OoJpIIIeii MOIITHOCTH;

— Haraima nmoctapuia ere oiHy HACTOJNLHYIO JIaMITY; .

~— AHTOH NOAHAJ JIIOCTPY, KOTOpas BHUCEJIA HAJ ero CTOJOM, BBIIIE;

—Opuii pacnoyo;KKI HACTOJLHYIO JIAMOY TakuMm o0pasoMm, 4TO CBeT
HAYAJ [MajiaTh MPAKTHYECKH TIePIeHAUKYIAPHO K CTOJY.

Kakue n3 yUYeHHKOB TIOCTYIIIM rnpasuisao? O0ocHyiiTe OTBeT.

4. B sicHBIM TOJIEHL OCBEIIEHHOCTH MOBEPXHOCTH 3eMJIM MPAMBIMM COJ
HeuneiMHu Jgiyuamu coctasisier 100 000 nx. Onpesenure CBETOBOIL Io-
TOK, NAAA0MNI HA yuacToK momansio 100 cv®.

5. Onpepesre OCBELIEHHOCTh OT JJEKTPUYECKOH JIAMIIOUKM MOIIHOCTEIO
60 Br, pacrniono:enHoii Ha paccrosanu 2 m. J[oBONBHO JiM 3TOH OCBe-
IEHHOCTH IS YTeHUA KHUru?

& JIBe MAMIIOYKH, MOCTABJEHHBIE PSIOM, OCBEHAIT dKpaH. Paccrosinme
oT JamMIouer o skpada 1 M. Opsy maMnoury BeIKJI0OYMIH. Ha cKOIEKo
HYIKHO TIpUOJIMBUTE 3KPAaH, YTOOB! €ro OCBEIleHHOCTH He M3MEeHILIACH?

. JucnepameNTanbroe 3afaNne

JUts m3MepeHHs CUJIBl CBETA MCIONIB3YIOT NPHOOPB], KOTOPBIE HASBIBAIOTCH
¢omomempamnu. YI3roroBsTe mpocTeiimmii anasor goromerpa. Jlns ororo BO3bMuTE
OeJIbIil JTHCT (9KPAaH) M 1I0CTABLTE HA HeM »KMPHOE MATHO (HApUMep, MacjioM). 3aKpe-
HTEe JTUCT BEPTHUKAILHO M OCBETHTE €r0 C JIBYX CTOPOH PasHbIMM MCTOYHHKAMH CBe-
Ta (Sl : Sz) (cv. pucyHOK). (CBeT 0T MCTOYHHKOB AOJIKEH MaJaTh NepIeH HKYIISPH)
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§ 20. 3aKOH NPAMONVHENHOTO PacnpoCcTpaHeHnn cBeTa . .

Ry R,

K nioBepxHocTH Jsiveta.) MennesHo nepeiBUras OfiMH H3 MCTOYHMKOB, cziesiaiiTe Tak,
Y706kl [STHO CTAJO MPAKTHYECKW HEBMAMMBIM. 9TO IPOM30IeT, KOIj|a OCBereH-
HOCTB TIATHA C OLHOM M Apyroit croporsl 6yaer opuaaxosoil. T. e. E, = E, .
I 1 2
Mockonery E=-—, 10 —>-=— . H3meppre paccTosiHHUe OT NepBOro Hc-
R? R’ R!
1 2
TOYHHKA JIO0 9KpaHa (Rl) 1 pacCTOsiHWE OT BTOPOIo MCTOYHUMKA A0 DKpaHa [Rz)
CpaBHUTE, BO CKOJIBLKO Pas CIJIa CBETA [EPBOr'0 MCTOYHMKA OTIHYAETCSH OT CHJIE]
2

L _B

cBeTa BTOPOro MCTOYHHKA:

OusnKa n TeXHMKa B YKpanne

HayuyHo-npoun3soacTBeHHbIN Komnnekc «Qoronpubopn (1. Yeprkaccbl)

Chepa peaTensHocTU NpeanpuaTuA — pas3paborka u NPOU3BOACTEO
NPMEOPOB MOYHOL MEXGHUKL, ONMO3/IeKMPOHUKU L ONMOMEXAHUKU PasHo-
06pasHOro Ha3HAUEeHUA, MEAULIMHCKOW U KPUMUHANWCTUYECKON TEXHUKN,
6HITOBLIX TOBAPOE, OPUCHBIX YaCcOB NpeAcTaBuTenbHoro knacca. HBK «@o-
Tonpubop» paspabarbiBaeT 1 BLINYCKAET NepucKonyecke npuuens ans
pasHoobpasHbIX apTUNNEPUNCKUX YCTAHOBOK, MTMPOKOMIACh], TMPOCKONY,
ONTUKO-3EKTPOHHYIO annapaTypy AfA BEPTONETOB, GPOHETEXHUKY, a TaK-
e LMPOKUIA CNeKTp onTuueckoro obopyfoeanie u NpUBOpPOB PasnuHOTO HA3HAYEHUS.

§ 20. 3AKOH MPAMOJNVHEVHOIO
PACMPOCTPAHEHUSA CBETA

m Kozda 6vl uzpaeme 6 npamku uau NYCKACMe «CONHEYHBLX 3QUYUKO06»,
mo, He nofospesasn Mozo, NONLIYEMeECh 3aKOHOM NPAMOJIUHENLHOZO pacnpo-
cmpanenus céema. BolicHuM, 8 ueM 3aKAI04Aemecs 3Mmom 3aK0H u kaxkue
ABNEHUSL OH 00BSCHAECM.

o Yuumcn pasnuuars NyYOK CBETA W CBETOBON NyY

Jlns sabnrofeHus c6€MoBblX NY4Kos8 HaM He HYIXHO HHUKAKOro cnenHalb:

HOrO ofopynosanmsa (puc. 3.12).
JlocTarouno, HANPUMep, HEIJIOTHO CABMHYTH B KOMHAaTe INTOPHL B SICHEIIT
CONTHEUHBI /leHb, OTKPBITE [iBepb M3 OCBELeHHOI KOMHATH B TEMHBIN KOPHIOD,
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Paspen 3. CBETOBBIE ABNEHVA

B nacmypHBIe [iHU CKBO3b PaspbiBbl Tyd NPOGUBAIOTCA NYUKKM CONHEUHOTO CBeTa

HJIM BKJOUUTE B TeMHoTe (poHapuik. IIyuku cBeTa B 1lepBOM ciy4dae MPOXOAAT
B KOMHATY CHBO3BL LEJbh MEKJAY IITOPAMH, BO BTOPOM — NANAIOT HA IOJ Ue-
pes aBepHOi poeM; B IOCHeAHEM CJydae CBeT OT JIAMIIOUKH B OIpenesyieHHOM
HAITpaBJeHNN HanpasaseTcsa pediexTopom ¢oHapuka. [Iyyku cBeta B KamkiaoMm
H3 OTHX CJIy4aeB O0pasOBBIBAIOT SIPKHE CBETOBBIE NATHA HA OCBEIAEMBIX HMMH
npeaMeTax.

B peannHOl KH3HH MBI MMEEM JIEJIO TOJIBKO C NYYKAMH CBeTa, XOTH, COra-
CHTECh, HAM [IPUBbLIYHEE NOBOPHUTE: JIYY COJIHIA, JIYY IMPOIKEKTOPA, 3eJIeHBI JIy4
H T. 1I.

Ha camom nienie, ¢ Touku 3peHus (PU3HUKH, DpaBUILHO ObLIO OBl TOBOPUTE: 11y-
YOK COJIHEYHBIX JIyUYel, IIYYOK 3eJIeHBIX JIyJueil ¥ T. A. A BOT JIISL CXeMaTHUEeCKOro
n300pa<eHus CBeTOBBIX IYYKOB MCIOJL3YIOT CBeTOBEIE JIyuH (pHc. 3.13).

CBeToBOW NYY — 3TO NVHUA, YKa3biBalOWan HanpasneHue pacrnpoCcTpaHeHus cee-
TOBOro ny4ka.

CxemaTnyeckoe n306paeHne CBETOBBIX MyUYKOB C MOMOLLbIO CBETOBbIX Nlyyel: a — napan-
NenbHbIA CBETOBOI NYYoK; 6 — pacxodsLyMitcA CBETOBON MyY0K; 8 — CXOAALMNCH CBETOBOW NYYOK
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§ 20. 3aKOH NPAMONMHENHOro pacnpocTpaHeHns cBeTa . .

JIMCTE: KApTOHa C OTBEPCTUAMM

Puc. 3.14. ONbiT, AEMOHCTPUPYIOLYWIA NPAMONIMHEMHOE PacNpoCTpaHeHne ceeTta

Hrak, BbI Tereps 3Haere, 4YTO, KOrga JAAJbIe B TEKCTe 6yp,y'r BCTpeYaThCHa

(ppasel Hanopobue

«JIVY CBETA magaer», «lnpejJoMJieHHe Jyya» U T. 1., CIenyer

UMeTh B BHIY, YTO pedyb HIeT O nyuyke ceema, Hanpasjenue kKomopozo 3a0aHo

amum AYLoM.

[Iposepem onerr. Pacrnionosxmm  nocnefosa-
TEJILHO UCTOUHMK CBETa, HECKOJBKO JIMCTOB KapTOHA
¢ KPYIIBLIMU OTBEPCTHAMU (AMaMeTpoM IIpubJIman-
TeEHO B MM) M BKpaH. PasmecTHM JIMCTBI KAPTOHA
TaguM 00paszoM, YTo0Bl HA DKpaHe NOABWJIOCH CBETO-
poe nATHO (puc. 3.14). Ecom Teneps B3sATH, HANpH-
Mep, COMIYY M IPOTAHYTH €€ CKBO3b OTBEPCTHH, TO
CITHUIA JIErKO MpOoiieT CKBO3b HUX, T. €. OKa)KeTcsH,
YTO OTBEPCTHS PACIIOJNIOMKEHBl Ha OHOH T1IPAMOIi.

BToT OnBIT KeMOHCTpUPYeT coboil 3akon nps-
MOJUHEUHOZ0 pacnpocmpaHeHus céema, YCTaAHOB-
neHHEBI B rybokoil papeeHocTH. O HeM CBEIINE
2500 meT ToMy mMCAN JApeBHErpeYecKHil yUueHbIil
9skmup. Keratm, B reoMeTpuM MHOOHATHA JIy4ya
U NpsiMOi INHWUYM BO3HUKJIIM HA OCHOBE IPEeJCTaB-
JeHUs O CBeTOBLIX JIYVYaX.

3aK0oH UPAMOIMHEHHOTO PacIpOCTPaHeHnsd
cBeTa: 8 NPO3pPayHol 00HOPOGHOIL cpede caem pac-
npocmpansemcsa npamoSURELHO.

Y6exaaemMca B NPAMONMHENHOCTY
PacnNpoCTpaHeHnn cBeTa

h Bosonosa, @ianka, 7 e,

Puc. 3.15. NpuHuyun gencreua con-
HEYHbBIX YacoB ba3upyeTcs Ha TOM,
YTO TEHb OT BEPTUKaNBHO pacno-
NOXeHHoro obbLEeKTa, OCBELEeHHOTo
COMHLIEM, U3MEHSET CBOI0 AANUHY

4] paCF'IOJ'IO>KEHIf|E B TEeuyeHue gHA
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,l- . Pazpen 3. CBETOBbIE ABNEHWA

Puc. 2.16. Obpa3zosanne nonHoi Tenn O, or npeameTa O, OCBELYEHHOTO TOYEUHBIM UCTOUHUKOM CBETa §

e BoiacHAEM, YTO TaKOe NONHAA TeHb N nonyreHb

IIpaMonupeiHOCTEI0 pPACIIPOCTPAHEHHS CBeTa MOMKHO OOBACHMTL TOT
darT, uTo JI0O0e HEenpO3pPauHOe TeJ0, OCBEIIEHHOe HCTOYHHKOM CBeTa, oTOpack!-
BaeT TeHb (puc. 3.15).

Ecnu ueTOUHHK CBETA OTHOCHTENILHO MIpeAMeTa SBJIAeTCH TOYeYHBIM, TO TeHb
or npeamera Oyzper uyerxoil. B sToM cayuae ropopsaT 0 nonHoir mexnu (puc. 3.16).

m MNonHana TeHb — 310 Ta ob6nacTb NPOCTPaHCTBa, B KOTOPYIO HE nonapgaert Cceert or
NCTOYHWKa CBeTa.

Ecnu TeJio OCBEeNeHO HECKOJBbKMMHM TOYEYHBIMH HMCTOUHMKAMM CBETA WM I1po-
THIKEHHBIM MCTOUHHKOM, TO HA DKpaHe o0pasyeTcs TeHb ¢ HEUETKHMH KOHTYPAMH.
B Taxom ciayuae co3paeTcsa He TONMLKO IONHAaA TeHb, a elje U noaymers (puc. 3.17).

ﬂ nOJ"IyTEHb — 3T0 obnacTb NPOCTPAHCTBA, OCBEL|EHHAA HEKOTOPbIMW U3 HECKONbKUX
. MMEKLLUMXCA TOYEYHDBIX NCTOYHWUKOB CBeTa WK HacTb NPOTAXKEHHOTO NCTOYHWKA.

OOpasoBaHue IOJHOI TEHH M MOJYTEHH B KOCMHYECKHX macmTabax Mbl Ha-
OiopaeM BO Bpems JYyHHO20 (puc. 3.18) u conneunozo (puc. 3.19) sammenuit. B Tex
MecTax 3eMJH, HA KOTOpble YIAJA NOJMHAA TeHb JIyHb], HAGIIOAaeTCA NOJHOE COl
HEYHOE 3aMMEHUe, B MECTAX NONYyTeHN — yacmuyroe 3ammerue Connya.

1€. 3.17. Obpasosanue nonHoit Tenu O, u nonytenn O, o npeameta O, OCBELEHHOO NPOTHMXEHHBIM
WNCTOYHUKOM CBETa S
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§ 20. 3aKoH NPAMONWHENHOrO PacnNpocTpaHeHus ceera . -

Puc. 3.19. Ecnu JyHa okasviBaetcs mexkay ConHuem v 3emnei, To NoiHas TeHb U NoAyTeHb Ot JlyHol
nagaiot Ha 3emnio. Hactynaer conHeuHoe 3atmeHne

@ nopsoaum utoru

B npospayHoil OHOPOAHOI cpejie CBeT PACIPOCTPAHAETCS IPAMOJIMHEIHO.
Jlupus, yKaselBaoOIasg HATPABJIEHNE PACITPOCTPAHEHHS CBETOBOIO NYyYKa, HASBI-
BAETCSH CBETOBBIM JIYHOM.

B pesysbTare TOro, 4T0 CBeT PACIPOCTPAHAETCH NPAMOJMHEIIHO, HeIpo3paiHbie
Tena 0TOpackIBAIOT TeHb (OJIHYIO TeHb U nosyTens). Ilomsas TeHs — obnacTs npo-
CTPAHCTBA, B KOTOPYIO He NONAAAET CBEeT OT MCTOYHMKA (MCTOYHMKOE) cBeta. Ilomy-
TeHL — 2T0 06JIACTE TPOCTPAHCTBA, OCBEILEHHAR HEeKOTOPLIMH H3 HECKOJIBKUX HMe-
JOIIMXCH TOYEUHBLIX UCTOYHMKOB CBETA UM HACTHIO ITPOTSIKEHHOI0 MCTOTHUKA.

Bo BpeMsi COJTHOYUHBIX M MECAYHBIX 3aTMEeHMii Mbl HabmozaeMm oOpasoBaHHe
TeHH ¥ MOJYTeHH B KOCMHYECKHX Macrurabax.

e Konrpontibie BONpOChbi
1. Yo HA3BEIBAIOT CBETOBBIM JjiydoM? 2. B uem 3aKJII0uaeTCs 3aKOH IpS-
MoJmHeltHoro pacnpocerpanenus csera? 2. KakuMmM onbITaM¥ MOMKHO J0-
KasaTh IPAMOJHHeliHoeTs pacnpocTpaHeHusi ceera? 4. Kakwe sBIeHHs
HOATBEP AT MTPAMOJIMHEITHOCTE pacnpocTpanenus ceera? - Ilpm kKa-
KUX YCJOBHUSX TpeaMeT O6yaeT o6pasoBBIBATH TOJIBKO TOJIHYIO TE€Hb, & IIPH
KaKNX — IIOJHYI0 TEeHb U NOJYTEHE? Ilpy KAKHX YCIOBHAX BO3SHHMKA-
IOT COJTHEUHBIE U JIYHHBIC 3aTMEHUA?
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- . Paspen 3. CBETOBbIE ABJIEHWUA

o YnpamHeHuA

1. Bo Bpemsi coJiHeYHOro saTMeHHs HA NOBEPXHOCTH SemJin obpasyiorcs
TeHbL W noayTeHs JlyHwl (pucyHOK a). Pucysku 6, 8, 2 — Qororpaduun
BTOTO COJIHEYHOr0 3aTMEHMHA, ClAeJaHHbIe ¢ pasHbiX Touek Semin. Kakas
dororpagus coenaHa B Touke 1 pucyHKa a? B Touke 27 B Touke 37

. Koemonasr, vHaxousice Ha JlyHe, Habmogaer 3emiio. YTo yBHIUT KOCMO-

HABT B TOT MOMEHT, KOrja Ha 3emse OyzeTr NOJHOe JYHHOE 3aTMeHue?
yacTuyHoe 3arvenue Jlyabi?

Kax Heo6XoAMMO 0CBeILAaTh ONePAIHOHHYI0, YTOOBl T€Hb OT PYK XHPYD-
ra He 3aCJIOHSJIA OIePALlMOHHOIO TOJISA?

IToyemy camoser, Jersnuii Ha OoJbBIIOH BbicOTEe, He 00pasyer TeHH
Jare B CONMHEYHBIN JeHB?

Q JKCNepMMEHTaNbHbIE 3afjaHnA —

132

1. Ha paccrosiaum 30—40 cm 0T 3a3KKEHHON CBEYM WJIH HACTOJBHOI JaM-

IIbl PACIIONIOKHTE dKpaH. Mex Iy sKpPaHOM M CBeYO# INOPHM30HTAJIBHO I0-
MecTHTe KapaHjaanl. V3sMeHss pPaccToAHHe MeXJy KapaHOalloM M CBe-
4yoil, HaOMWOAalTe HU3MEHEeHHSs, NpoHcXoasnme Ha skpaHe. Onumomre
1 00'bSICHUTE CBOM HAOIIOIeHM .

Ilpennoxure cnocob, Kak, MCHONB3YsA OyJIaBKH, MOMKHO IPOBEPHTH, fB-
JIfeTCs JiN JIMHNS, IPOBEeHHAS Ha KapToHe, IIPSMOIL.

Beranbre Beuepom Henojasieky oT yauuHOro ¢oHapda. BHuMAaTeNBHO
paccMoTpHTEe CBOK TeHb. O0bLsAcHUTE pesyiibraThl HabN/eHH .



Na6oparopHan pabora N° 9 . .
DusvKa U TeXHNKa B Ykpanne

XapbKOBCKMIA HaUMOHanbHbLIN YHUBEPCUTET pagwo-
anexkTpoHukm (XHYP3), ocHoeanHbii B 1930 roay, No KOHL{EH-
TPauun HayuHO-TEXHUYECKOTO UM HayyHO-NefarorMyeckoro
noteHywana 8 obnact Paguo3NeKTPOHWUKK, TENeKoMMyHU-
Kauuii, UHGOPMALMOHHBIX TEXHONOTWA W BHIMMCIUTENLHON
TeXHWKW He umeeT cebe pasHbix B YkpauHe u ctpanax CHL

YHUKanbHbIe HayuHbIe pe3ynbratbl paboTbl yueHbIX yHu-
BEPCVTETA OKa3blBaNW COAENCTBME P23BUTWIO [ECATKOB HO-
BbIX HayuHbIX HanpaBneHwii, 3akpenuve NpUOPUTET OTevec-
TBEHHOI Haykm B pafe Ba)kHelwux obnacreir HapogHoro
xo3Ancrea n oboporHon chepbl. lNpexae BCero 31o KacaeTcs
WCCNENOBaHMIA OKONO3EMHOrO NpocTpaHcTea. bnarofapsA co3faHHbIM yYeHbIMI yHUBEpPCUTETa
M3MEPUTENBHBIM KOMRNEKCaM, He UMEILMM aHarnoroB B CTpaHax CHI, cocrasneH camsiii non-
HBIA B MUPE KaTanor METEOPUTHLIX YacTUL B OKOMO3EMHOM NPOCTPAHCTBE, OCYLLECTBAEHa Bbl-
COKOTOUHAA NPUBA3KA BO BPEMA 3arycka NepBoro YKPauHCKoro cnytHuka «Ceub-1y, nocTpoeHa
rnobanbHan MoAenb TEXHOFEHHBIX NpuMecei B cTpatocdepe u Mesochepe emnu.

NABOPATOPHAA PABOTA N2 9

Tema. WarorosneHue IIpoCTeHIIEro ONTHYECKOIO
yeTpoicTBA.

Uenb paborw: pasobparscsi B IpHHIMIE Jeiic-
TBUS KaMepbl-0OCKYpEI, HM3roTOBUTH Kamepy-00-
CKypY M HOJIYYHMTEH C €€ MOMOIbI u3obpakeHue
cBeTsIuerocs o0’beKTAa.

O6opyposanve: KAPTOHHAS KOpOOKa, noJynpo-
gpayHas Oymara (IepramMeHT, KaJbKa), KaHIlensape:
Kaf KHOITKA, KJIell, HO¥HHIIE], cBeya (0/IHA HA KJIACC).

TeopernyecKkme CBefeHMA

Kamepa-o6ckypa (mim, KaKk ee MHOTAA HA3bIBAKOT, IMMHXOJ-KaMepa) — OJHO
U3 MPOCTEHIIINX ONTHYECKUX yCTPOICTE .

Cxema AelicTBHSA 2T0r0 yeTpoiicTBa HAMIeHa B poboTax NpeBHEerpedecKoro (uo-
coda Apucrorensi (IV B. io H. 3.), a TakKe KuTaiickoro ¢quocoda Mo Tu (V B. mo
H. 5.). Kamepy-06cKypy cHMTa0T Npe/iieCTBeHANTIeii COBpeMeHHOro (poToannapara.

Kamepa-o6cKypa npejacraBisger coboil CyHAYYOK, B OJIHOII M3 CTEHOK KO-
TOpOTO WMeeTcs HebOJbIIOe OTBEPCTHE, & HA [POTHBONOJNOMKHOH CTEeHKe —

Kamepa-o6crypa — OT JIaT. camera — KOMHAaT4, obscura — TemuAast. B COBpeMEeHHEIX My3efaX
HAYKHM KaMepa-cOCKypa npejicTaBiseT coboil KOMHATY, KyJa MOryT 3aX0AUTh 3PHTEH. Tluw-
XOJ-KaMepa — OT aHnI. pinhole camera — Kamepa ¢ OTBEPCTHEM.
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- l Pazpen 3. CBETOBbIE ABJIEHUA

Puc. 1 Pwc. 2

o

Pwc. 3 Puc. 4

MOJIYNIpo3padHblil skpaH. CTeHKY ¢ OTBepCTHeM HA3LIBAKT nepedueil, TAK Kak
MMEHHO €€ MOBOPavYHuBalT K paccmarpuBaeMomy o0bekTy. CTeHKaA ¢ SKpaHOM, Ha
KOTOPOM IoJlyuaeTcs usobparkenne o0'beKTa, HasbIBaeTCs 3adHell.

JleiicTBue KaMepBl-00CKYPbI OCHOBBIBACTCH HA 3AKOHE NPAMOJUHEIH020 pac
npocmpanenus céema.

Ha puc. 1 BBI BujMTe 00beKkT AB u ero usobpaxenue A B, nojy4eHHOe Ha
skpane kamepbl-o0ckypel K. Or Kaxaoi Touku obbexkTa AB uepes orBepeTue O
IPOXOOHT Y3KHI IIYUOK cBeTa (4Tobbl He neperpy:xaTh PUCYHOK, TIOKA3AHEI CBE-
TOBBIE ITyYKH, KOTOPBIE HWJAYT TOJBKO OT KpailHUX TodeK oObekTa, — A u B).
Kasxaplii M3 3THX NYYKOB CO3/aeT HAa DKPAHE CBETJIOf NMATHBIIIKO, (DOPMa KOTO-
poro cosBnajgaeT ¢ ¢opmoil oTBepeTHs. TaKue NATHBIIKH, HAKJIAABIBASCH OJHO
HA Apyroe, o0pasyioT Ha sKpaHe KapTHHY, BOCCO3JIAIOIIYI0 KOHTYPHL M JAETaJH
00beKTa. Ty KAPTUHY HASBLIBAIOT ONMUYECKUM U300paxceHuem obsexma.

Heobxonumo ykasaTh, YTO HA ¥eMKOCMb NOAYLeHH020 U300paXieHUus BIIUAET
pasmep OTBepCTUHA B IlepelHell cTeHKe Kamephl. MakcHMaNbHOU YeTKOCTH HM300-
Pa)keHusd yzaercs [OCTUYb, KOTA Kazad TouKa usobpamaercs ONAThH-TAKH
B Buzie To9kH. To ecTh 4eéM MEHBIEro pasMepa MSTHBIIKH NOJYyJaloTes Ha 3K-
pase, Tem GoJiee peskuM OymeT m300parxkeHne 00bEKTA.



Na6oparopHan pabora N2 9 . -

YKA3AHWA K PABOTE
MNoAroToBKa K BKCNEPUMENTY

IIpesxie yeM HAYATH WBIOTOBJEHWE KaMepbl-OOCKYpbl, INPHIOTOBETE HEO0O-
XOOMMbIE MATEPHAJEI: KAPTOHHYI0 KOpOOKY (Hampumep M3-1oji Yas WJIH COKa),
MOJIyIIPO3PpauHy 0 Oymary (KaJgbKy WIH DepramMenT), KJjei, HOMHHIbI, KaHIensap-
CKYI0 KHOTIKY.

IncnepumenT

1. BozbMHTE KAPTOHHYIO KOPOOKY M BBIPEKBTE B OJIHOI M3 ee CTeHOK HeboisIloe
OKOLIIKO A8 2KpaHa (puc. 2).

2. BaKoHUMTE M3TOTOBJCHHE 3aJ{HeH CTEeHKM KaMephl-0OCKYPBI, 3AKJIEHB OKOIIKO
KanbKoi (puc. 3).

3. Ha mpoTHBONONOMHON CTEHKe KOPOOKM ¢ MOMOIBI0 KAHIENAPCKOH KHOMKH
cuesiaiire oTBeperye auaMeTpoM npubiausuTensHo 1 mm (puc. 4). Ilpocreimasn
Kamepa-obcKypa rorosal

4. B zareMHEeHHOM NOMEILEHHH HABEIHTE KaMepy Ha 3aXXHeHHYIO cBeuy H NoJiy-
qure l{aoﬁpa}l{enﬂe InJjaMeHH Ha aKpaHe.

5. Pacemorpure nzobpaxenue. Obparure BHUMaAHME HA TO, KAKUM SABJIAETCH 3TO
u300parKeHne: MPAMbIM WM TePEeBEePHYTHIM, YBEJIWYEeHHbIM WM YMEeHbIIeH-
HBIM, T€TKUM WM PA3MBITHIM.

6. Onuiuure DoJiyveHHOe n30bpaskeHue,

AWanus pesynbTaToB DKCNEPMMENTA

CpenaiiTe BBIBOJI, B KOTOPOM YKa)HMTe HA3BAHHE M3rOTOBJIEHHOIO BAMM ONTH-
YECKOro YCTPOMCTBA, 4 TAKIKe T0, B YeM 3aKJII0YaeTCs NPHHIUI AeHCTBUS 3TOTO
YCTPOMCTBA, HA KAKOM 3aKOHe ONTHUKH JTOT NPUHIUI AeHCTBHS OCHOBBIBACTCSH.

JdononuutenbHoe sagaHve

1. UcenenyiiTe, KaKk BJIMSeT pasMep OTBEPCTHS B NepefHeil cTeHKe Kamepbl-00-
CKYPBI HA KauecTBO M300parkeHms.
Jlnst aToro:
a) paclIMpbTe BXOJHOE OTBEpCTHE Kamepsl 1o 15 mm;
0) OArOTOBETE OT/IENbHBIE JIMCTEI KaPTOHA ¢ OTBEPCTHAMHI 3 MM, b mm u1 10 Mmm;
B) NIOOYEPEIHO MPUCTABJIAA K Nepe/Heil CTeHKe KaMepbl JIMCThl KapTOHA € 0T~
BEPCTMAMHE PA3HOTO JuaMeTpa, HabuosaiiTe 3a YeTKOCTEIO H300pakeHusd.
CpenaiiTe BEIBOJ, TPOWJLIIOCTPHPOBAB €0 NOSCHUTENBEHBEIM PHCYHKOM.

2. VcoBeplIeHCTBYiiTe CBOii TpubOp TAK, YTOOBI 3KPaH MOMHO ObLIO TIepe/iBH-
raTh, TPHGIIIKAS MJH OTAAJAA ero 0T OTBepeTHsA. JIJIsS 9Toro BOCHONE3YHTeCh
TaKoil 3e WM GoJbIeil o pasmepy KopoOKoii.

__1¥5m ==



Pazpgen 3. CBETOBbBIE ABJIEHUA

§ 21. OTPAXEHUE CBETA.
3AKOHbI OTPAMXEHUA CBETA

m Bonbwunemeo 00sexmos, Komopble Hac oKpyxcaiom, — doma, depeevs,
HawU OOHOKAACCHUKW U M. N. — He ABAAIMCS ucmoynuxamnu céema. Tem
He menee mot ux eudum. Omeem na eonpoc «llovemy mar?» vt Haudeme
6 Imom napazpage.

MNpwn OTCYTCTBUM UCTOY-
HUKa CBETA HEBO3MOXKHO HUYEro
ysugetb. Ecnu xe noasnserca
WCTOMHWK CBETA, TO Mbl BUAUM He
TONbKO CaM UCTOUHUK, HO 1 Npeg-
METbI, OTPAXAKLNE CBET, KOTOPbIN
MAET OT UCTOYHMKA

ENarp /K

»
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YcTaHoBneHue 3aK0H0oB
OTpaXmeHWA CBeTa C HOMOmbPO
ONTUYECKON Wanbbl
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Buincunem, noYyemy mMmbl sBManm Tena, He
ABNANOLIMECA NCTOUNMKaAMMN CBETa

Be1 yaxe 3HaeTe, UTO CBET B IMPO3PauyHOM OI-
HOPOJIHON cpefie pacnpocTpaHAeTCs ITPAMOJIHHEH-
HO. Eciy e HA nyTH pacnpoCTPAHEHHS Y4YKa
CBeTa PacHoJIOMEeHO KaKoe-tubo Tesno, TO cBeT 4Yac-
THYHO OTpaKaeTcs OT Hero mo OnpeaeNeHHBIM 3a-
KoHaMm. Hexoropele oTpaskeHHBIE JyYH HONANAIOT
B HAIIM IVias3a, ¥ Mbl BUAUM 310 Teuo (puc. 3.20).

T YecranaBnnsaem 3aKONbl OTPpaMeNnA

“’ c¢pera

P
W

Jnst yeraHoBNeHMSI 3aKOHOB OTPayKeHus

CBeTA BOCIOJb3YEMCH CHEIHAJBHBIM  ITpHO0-
pom — onmuueckoii waitboi’. CHauana saxpe-
MM 3€PKAaJI0 B IeHTpe onTHYecKon 1maiitsbl. Ilo-
TOM HAIPABUM HA 3€PKAJI0 Y3KHI My4YOK CBeTa OT
OCBETHTEJIS Tak, 4To0bl OH AaBaJl HA NOBEPXHOC-
TH IMAaibel cBeWIYI0 NonocKy. MBI yBHAHM, 4YTO
OTPAXKeHHBIH ITYyYOK TAK¥Ke AacT HA MOBEPXHOCTH
maibel cBeTIyI0 noJocKy (puc. 3.21).

3aganum HANPABJIEHME NAJAOILEro ITyUYKa
ceera Jgiydom CO. 3ToT Jiyd HA3BIBAIOT nadamoujum
ayyom. Jlyu OK, wkoropelili 3apaeT HAIPABJICHUE
OTPAXKEHHOI'0 NYYKA CBEeTa, HASLIBAIOT OMpPAIeH
Hotm ayvom. VI3 Toukn O naieHus Jyda BOCCTAHO-
BUM neprnesUKyJap OB K NOBepPXHOCTH 3€pKaJia,
Ha KOTOpyIo nagaer ceeT. O6paTHre BHUMAaHNE HA
TO, uYTo nepnenduxynrap OB, nadawwuir ayyw CO
u ompaxcennorit ayw OR nexcam 6 naockocmu no-
&epxHoOCMuU waitbwl.

Yeon o., o6pasoeannbtic nadarowum aywom CO
u nepnendurkynapom OB, nazviearom yriom nane-
HUSA.

Orrrugeckasn maiba — o710 Henwlil gHCK, 10 KPyTry KOTOpPO-
0 HAHEeCeHH] [IeJIeH s, & Ha KPAal0 VCTAHOBJIEH OCBETHTENE.



Pue. 3.22. Ecnv nameHsTh yron nageHna CBETOBOTO MNyUKa, COOTBETCTBEHHO Byf1eT U3IMEHATLCA yrorn ero
OTPAKEHWA. Yron NafeHns 1 yron oTpaxeHus Bcerga byayT pasHbimu

Veon B, obpasosannsitic ompajcernvlm aY4om
OK u nepnendurynrspom OB, nasvieéarom yenom
OMPANCCHUSA.

Ecim uamepuTs yron O M yrox B, 1o mMoK-
HO yOemquThesi, YTO 9TH YIVIBI ABISKOTCH PABHBI-
mu. IlepelBUHYB UCTOYHHMK CBETA 10 KPAIo JUC-
KA, M3MEHMM yroJjl NAJAEHHS CBETOBOIO IyYKa.
CoOTBETCTBEHHO M3MEHHTCH U YIroJl OTParKeHHs
(puc. 3.22). Ilepepsuras HMCTOYHMK CBeTA JAJbL
e ¥ U3MepsAs Bpem# OT BPEMEHM YIUbl NaJIeHHs
W OTpayKeHHe CBeTa, yOexmaeMcsi: OHM KAy bIii
pas SABIAIOTCA PaBHBEIMM.

Wrak, MBI YCTAHOBHJIM B3aKOHBI OTPa’KEeHHH
cpeTa:

Ilepesiii s3akon: ayy nadaowui, nyw ompa-
HeeHHbLil U nepnenduKynap K noeepxHocmu ompa-
HEeHUA, BOCCMABNCHHbLIL U3 MOYKU nadeHus ayya,
Jexcam 8 00HOiL nAoCKocmu.,

Bropoii 3ak0H: yroil OTpaXeHHs CBeTa PaBeH
YLy NafeHns.

Bakonbl oTpaxenus csera eme B II1 B. 1o Ha-
mreil apbl YCTAHOBILI J6H.AUO.

o Aemoncrpupyem 06paTMMoCTDb CBETOBbIX
nyven

C moMoIIbIo 3epKasia Ha ONTHYecKoH maiibe
MOMHO TPOJIEMOHCTPHPOBATh TaKMe 06paTruMocTh
CBEeTOBBIX Jiyueil. Eciii nafaroniiil JJyd HATPasuTh
[0 IYTH OTPAMXKEHHOro JIy4ya, TO OTParKeHHbIH Jy4
noiizier mo nyTH najaromero (puc. 3.23).

Puc 3,275, NemoHcTpauus obpati-
MOCTW CBETOBbIX Ny4eil C NOMOL{bI0

3epkana. BuaHo, 4to oTpaxeHHbIn
nyd MAET Mo NYTY NAAAOLLETO nyua

1378 WN



- . Pazpen 3. CBETOBbBIE ABJIEHUA

@ nonsopumuroru

Bcee BUMMBbIe Tesia oTpaxkaioT cBeT. Bo Bpems oTpayKeHHs BBINOJIHAIOTCSA
JBAa 3aK0HA OTPAXKEHHS cBeTa.

Iepewvi: 3arxon: Ny4 Najaloyii, Jyd OTPAarKEeHHbI U NEPHeHAMKYISP K I0-
BEPXHOCTH OTPAMKEHNsA, BOCCTABJCHHLI U3 TOUYKH NAaJeHUs Jiy4ya, JeKar B OfHO!
MJIOCKOCTH.

Bmopoit 3arxon: yros oTpa)keHusi paBeH yIIy NaJieHus.

Q KouTponbhbie 8onNpochl

1. Moyemy MBI BHOAMM TeJA, HaxoasAmuecs BoKpyr Hac? 2. Kakoit yron
HASBIBAIOT YIVIOM nageHusa? yrioMm oTpaxkenmusi? 3. Uemy paseH yron
IMafeHuss Jyua, ecil Jyd [MafaeT Ha 3epPKaso NepHeHaHuKyISaspPHO K ero
nosepxaoctu? 4. ChopmynupyiiTe 3akoHbl oTpasesus ceera. -. C mo-
MOILIBI0O KAKOro npubopa MOMKHO yOeMTHCS B CIPABENJIMBOCTH 3aKOHOB
orpaxkenus csera? ©. B yem sakyouaercs CBOWCTBO 0BpaTHMOCTH CBe-
TOBBIX Jy4eii?

. yﬂpﬂ)ﬂl-lﬂllll!l

1. IlepeHecure pUMCYHOK B TeTpajlb, MOCTPOMHTE JJIA KaMJIOro cJiyuyas ra-
JIAIOILMH MM OTPaXKeHHbIH Jiyy. OfosHaubTe YIUibl HAJACHUA U OTPAKEe:

HINA.

N s



§ 21. Orpaxenue cBeTa. 3aKOHbI OTPaXeHNA cBeTa . .

2. Ha seprano mazaeT NyJYoK CBeTa OT JIA3€PHON YKa3KH, PacHoJIOXeHHOoH
MEePIeHANKYASAPHO K NOBEPXHOCTH 3€pKaJia. Yemy paBeH yroji oTpaxe-
HUST 3TOT0 IIydKa?

3. OnpesiesTe yroil OTPAYKEHUs, €CJIH yroa najzesus pased 30°.

4. Vrom mexJly NajaioliyM M OTPaXXeHHBLIM JiydamH cocrasiser 80°.
Yemy paBeH yroJi MafeHus Jjy4da?

5. ConpeuHBIN Jy4U OTpaskaercs 0T MOBEPXHOCTH O3epa. YTOJ Mexay Ta-
JAIOIIHM JIYYOM M FOPM30HTOM BABOe GoJblle, YyeM YroJ MeXxAy naja-
IONMM M OTPa’sKeHHbIM JyuyamMu. Yemy paBeH yroJ IafieHHus Jiyya?

6 .Bnarojapsi uemy MOY<HO YBHJIETH KOHTYDHI IIyYKa cBeTa, KOTOPBIH pac-
IpocTpaHseTcs CKBo3b TyuH (puc. 3.12)7

Q IKCcnepuMeHTanbHOR 3ajaHue

Dro 3ajaHue Jiyullle BBRINOJHATH BeYepom, Iocje 3akaTa coJiHia. Bammm
«ITOMOILHUKOM» TIPH 3TOM OYAEeT «CBEeTOBOM 3aiiumK».

OcraBpTe B NOJYTEMHON KOMHATE TONBKO OAWH MCTOYHUK CBETA — HACTOJIbL-
HyI0 jJaMmny. BoseMuTe MajeHbKoe 3epKaJio, NOAHeCHTe €ro K JiaMne M pacro-
JIOKUTE TaK, YTOGLI HA OFHON M3 CTeH KOMHATHI INOABUJICH «CBETOBOM 3aiTTHK».
M3mveHas HAKJOH M PACHOJIOMKEHWe 3epKasia, cAesaiTe Tak, 4ToObI «3ailyuMK»
«TIepenphirHyJ» HA ApPyrHe cTeHbl, Ha NOTONOK, 3a IIKad, «3ajes» BHYTPb IVIy-
Ookoil BA3LI M TIOMOI' BAM YVBHJIETL €e JHO.

O0'bsicHUTE PE3yJbTATHI CBOUX ONBITOB, BBRINOJHHEB COOTBETCTBYIOIME CXeMa-
TUYeCKHe PUCYHKH.

PusnKa 1 TexHuKa B Ykpavne

HayuHo-npomzsofcTeeHHoe npegnpusTue «Kapar» (/bsos)

flBnsercs Beaylwm B YKpauHe cneumuanvsvpoBaHHbIM Npeanpu-
Aatvem B 06nactu matepuanoB Ans 3nekTpoHuku. KoopavHupyer oc-
HOBHBIE HalNpPaBNeHUA PasBuTUA 06nacTk v BepeT pAf BaxHbiX rocy-
[APCTBEHHBIX HAYYHO-TEXHULMECKUX NPOrpamm.

HIM «Kapar» — npeanpuATAE C NOMHOCTBIO 3aKOHYEHHBIM LMKIOM
«NOUCK — UCCNefoBaHue — paspaboTka — cepuinHoe Npou3BOACTBOY,
KOTOPOE BN3feer TexHONOTMAMY NPOM3BOACTBa Marepuance v ycT-
POICTB ANA OMNTO3NEKTPOHWKY, KBAaHTOBOW 3NMEKTPOHUKM W OMNTUKMK,
AKyCTO-, MarHUTO- W KPWO3MNEKTPOHUKY, KEPaMUYECKUX MaTepuanos
3NEKTPOHHOI TEXHUKKM, Pa3HOOOPasHbIX TeXHONOTMHeCKUX Marepua-
noB; GyHaaMeHTaNbHbIX GU3NKO-XMMUHECKUX MCCNEA0BAHWMIA; UCNbITa-
HYIA, TECTUPOBaHNA 1 CepPTUGUKALIMIM MaTEPUAINOB B aKKpeauTOBaHHON
loccranaapTom YKpauwHbl naboparopui.
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- . Pazpen 3. CBETOBbIE ABJIEHWA

JIABOPATOPHAA PABOTA Ne 10

Tema. Hayuenme 3aKkoHa OTpa’KeHHs CBETAa C M0-
MOILBIO ILJIOCKOI'O 3epKaJa.

Uens paboTell skenepyMEHTANIBHO TPOBEPHTH
BaKOH OTPAaXKeHUs CBeTa.

ObBopyposanve: jupeiika, TpPAHCOOPTHP, Ka-
paHAAIll, UCTOYHUEK CBETa, MJIOCKOe 3€PKaJlo, 3K-
PaH co HIe/bI0, YHCTRIH OeJIbli JIHCT.

YKAIAHUA K PABOTE
NoproTosKa K PKCNEPUMEHTY

Yeranopure sKpaH co niesbo Ha 6esiblif axeT. ONBITHBIM OyTeM OIpenesn-
Te TAKOE PACHOJOMKEHHE MCTOYHHKA CBeTA OTHOCHTEJBHO 9KPAHA, IPHU KOTOPOM
MoJiocKa csera Ha Oymare Oyier HauboJee TOHKOIL, BBIPASHTEJIBLHON M SPKOIl.
IMoToM momepex 3TOI MOJOCKM MOCTABLTE Ha pebpo 1wockoe sepkano. B cayuae
IPABUJIBHOIO PACHOJIOMEHNS IPHOOPOB OTPaXKEHHBIII OT 3epKasa Ny4doK cBeTa
JacT Ha Oymare cjefi B BUJIE CBeTJION ITOJIOCHI.

IKcnepumenT

1. Xopo1110 3aroueHEHBIM KapaHIaioM HauepTuTe Ha Gymare JHHHUIO B/OJbL
szepkana. ObosHAuYLTe JyY, NAJNAIOIHII HA B3€PKAJIO, H OTPaXKeHHBIH
JIy.

2. V3 ToukM najeHus Jydeil MpoBeMTe NMEPHEeHJMKYJAD K JWHHU BIOJb
geprania. Msveprkre yron naieEus U yrojl OTparKeHus.

3. TloBTopuTE ONBIT HECKOJBKO PA3, YCTAHABJIMBAS 3€PKAJIO MO/ PA3HBIMU
VIVIAMH K TAAAI0IEeMy JIy4y.

O6paboTka pesynbTaToB PKCNePUMeNHTa

Pezynerarsl uamepenuii 3aHecuTe B TabauIly.

Homep onbita Yron napenus, rpag Yron orpaxenus, rpag

AHanvs pesynuTaroB dKCNepUMeEHTa

1. CpaBHHITE MOSTyYeHHEBIe 3HAYCHUS YIVIOB MANEHHUS H OTPAKEHUS.
2. CpenaiiTe BBIBO.

A mg0



§ 22. NNOCKOE 3EPKANO. 3EPKAJIbHOE
N PACCEAHHOE OTPAXEHUE CBETA

B [Tomrume myavmgunvm (crasry) o Kpowre Enome, komopbli xomea 0o0-
pamucs Ha Opyzoil Gepez npyda, Ho yxcacro 6oaaca Tozo, Kmo Cudum e Ilpy-
0y? Ymo monvko EHom Hu Oenan: u zposull eMy KYrakoM, U 3aMaXU6aNCA
naaxoii — ece Hanpacro. Kaxcoviit paz Tom, Kmo Cudum e Ilpydy, omeevan
Kpowre mem awe. H moavro yavibra pewuna eéce npobremol. B omeem na
yavtbry Kpowrcu Enoma Tom, Kmo Cudum e I1pydy, modce yavibryncs. Bot,
KOHeuHo, dozadanuce, wmo 6 npydy Exom euden céoe ompacerue.

o Crpoum naobpaenune B NNOCKOM
sepKane

FKasmpaelit pas, noaxons K 3epkaly, Mh,
kak u Kpouka Exnor, BUIM B HEM CBOEro «JiBoii-
Hukar, Kopeyno, HHUKAKOro «IBOMHMKA» Tam
HeT — Mbl TOBOPHMM, YTO BHAUM B 3epKAaJie CBOE
uzolpaxkenue.

Paccmorpum, kKak obpasyercs usobpajceHue
B ILIOCKOM 3epKaJie.

IIycTe u3 TOYEYHOrO MCTOYHHKA cBeTa S Ha
MOBEPXHOCTHL IJIOCKOTO 3epKajla najaeT pacxojis-
muiica nydyox csera. VI3 MHOMecTBa maJllaloiimx
nyueil spigienuM ayuu SA, SB, SC (puc. 3.24).

INonesyscek 3akoHaMM OTpayKeHUs cpBeTa, IO-
cTpouM oTpakenmsie ayuu AA,, BB, CC,. 9tu
Jyuu moiiayT pacxoasiumMesa nyuykom. Eciu mpo- i
JIOJDKUTL UX B IMTPOTHBOMOJIOMHOM HANPaBJIeHNH, .
33 BEPKAJIO, BCE OHM NepeceKyTcs B OAHONW TOY- Ls
Ke — S,, PacroJIOmeHHOM 3a 3epKaJoM. !

Hawm Oyzer Kasarbcsi, YTO 9TH JIYYU BBEIXOAAT
U3 TOUKHM S, XOTA B JeHCTBUTeNbHOCTH HUKAKOIO
HCTOMHMKA cBeTa B TO4YKe S, He cymecrsyer. Ilo-
BTOMY TOUKY S, HA3BIBAIOT MHUMbLM U300PAKCHLU-
em mouru S. Ilnockoe 3epkKajyio Beerja faeT MHH-
Moe uzobpaxenue. (leiicrsuTenpnoe usobpaxkenue
MOM(HO TOJIYYHTH, HATPUMED, ¢ NMOMOIIBLIO coGupa-
1omeit JIMH3BI, ¢ KOTOPOil BBl NMO3HAKOMUTECH HE-
MHOI'O I033e, HJIH MaJIeHbKOr0 OTBEPCTHA.)

A\
ARY

P 324, MNonyyenue nobpaxe-
HWA TOHEYHOTO UCTOMHUKA CBeTa S
B MNAOCKOM 3epKane

9 Wayuaem usobpameHne B NNOCKOM
3epKane

ITposestleM OOBIT, ¢ TOMONIBI) KOTOPOTO BBI-
SICHMM, KakK PpAaCroJIo¥eHBI NpeaMeT W ero usob-
parKeHHe OTHOCHTENbHO 3epKana. Ilyers B poam
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~ Paspen 3. CBETOBbBIE ABNEHNA
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5. OnbiIT, NOKa3biBalowmMin 0cobeHHOCTN n3obpaxeHns NpemeTa B NNOCKOM 3epKane

sepkasia Oyler MIOCKOe CTEeKJO, 3aKpennedHoe BeprukanbHo. C oaHOil cTOpoO-
HBEI CTEKJIA YCTAHOBUM TOPAILIYI) cBeuy (B CTeKJle MOABUTCHA ee H30Oparkenue),
a ¢ Apyroit — TOYHO TAKYIO e, HO He samskeHHyI0 (puc. 3.25, a). llepensu-
rafg He3aM<KeHHYIO cBevy, HallZleM TaKoe ee PAcnoJiodeHue, YTO aTa cBeva, ecln
CMOTPeTh Ha Hee CKBO3b CTEKJIO, OyiieT Kasarbes ropsimeii (puc. 3.25, 6). B arom
cIIyyae HesarIKeHHas cBeva OKajXkercsi B Mecre, rie Habiofaercs n3obpaxenue
B CTeKJle 3a¥HeHHOl cBeYn.
CxemaTuuno nzobpasum Ha Oymare mecTononoxenue crexkya (mpamas MN),
BAMNOKEHHON U HEe3aXKIKeHHON cBedeil: S — 3a)iKeHHas cseya, S, — Hesa
MIKeHHAs cpeya (TOUkKa S, B HallleM cJiy4yae MOKasblBaeT TAKIKEe MeCTONOoJoKe-
HUe n300paceHns 3adorkenHoi cseun) (puc. 3.25, 6). Ecnu Temeps coeiluHUTEL
rouky S M S, U mpoBecTn HeOOXOAMMEBIe U3MepeHHs, TO yOeauMcs, YTO Mps-
mas MN nepnesauKynsipEa orpesky SS,, a anusa orpeska SO pasHa AJINHE
orpeska S,0.
Biarosapsi onmucaHHOMY ONEBITY (2 TaKyKe MHOXECTBY APYTHUX, HapasJieH-
HBIX HA U3Yy4YeHMe IpPoIecca OTPa)KeHUH CBeTa) MOXKHO YCTAHOBUTH o0uime Xa-
pakTepHCTHRH H300paeHHN B NJOCKHX 3epKajiax:
1) naocroe seprkano Gaem MHUMOe u300paxcenue npedmemas
2) usobpaxcenue npedmema 6 NJOCKOM 3€pKalie pasHO NO pa3mepy camomy
npedmemy u pacnosOMeHO HA MOM J}e PacCmOsHUU Om 3epKand, 4mo
u npedmem;

3) npamas, xKomopas coemeujaen MoOYKYy HG npedmeme ¢ COOMEEMCIMBYI-
weil eil mowkoii Ha u3obpaceHuu npedmema 6 sepralie, nepneHouKyLap
HO NOBepXHOCHU 3epKaad.
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§ 22. Mnockoe 3epKano. 3epKanbHoe W paccenHHOe OTpaXeHue CBeTa - .

9 *Pasnvuaem 3epKanbHoe U PaccenaHHOe OTPpaXeHne cseTa

BeuepoMm, KOIia B KOMHATE IOPAT CBET, Mbl MOKeM BH/JeTh CBoe u3obpakeHue
B oxouHOM crerye. Ho uaobpasxeHnne ncue3aeT, €clM 3a/IePHYTH IITOPLI: IS/ HA TRAHb,
MEI cBoero naobpaxenus He yBuanm. Ho eM B HToM ciyvae OTIMYAeTCH ITOPA OT CTEK-
71a ¥ TIoyeMy Ha Hell Helb3si YBUZeTh cBoe usobpaskenvie?

OTBeT Ha PTH BOMPOCHl CBS34H TI0 MEHEIell Mepe ¢ AByMs (PU3HYeCKHMI ABJICHM -
mu. Ilepsoe 13 HUX — oTpamkenue cgeTra. UTobbl MosABHIIOCH n3obpaskeHne, cBeT JOJIMKEH
OTPASHTELCS OT IOBEPXHOCTU 3epKanivho. llocsie 3epKaJLHOrO OTpaykeHust cBeTd, MOCTy-
MAION(Ero OT TOUEYHOr'o WMCTOYHHKA S, MPOJMOJIKEHHS OTPAXKeHHbIX nyueit cobepyrest
B opoit Touke S, , Koropas u Oyzer n3o0paXkeHUeM TOUKH S (puc. 3.26, a). Taxoii B
OTPasKeHI A BO3MOMEH He OT BCeX MOBEePXHOCTeIl, & TOJMBKO OT OUeHb IIajKMIX. Takas tio-
BEPXHOCTL OTPAXKEHUS HAZLIBAETCH 3€PKaJbHOI (puc. 3.26, 6, 6). Kpome obbraHoro sep-
Kaja, NpHMEpaMH 3€PKAJIBHBIX MOBePXHOCTell ABISAIOTCH CTeKJa apromobuneil, BUTPITH
MATA3MHOB, TMOJMpoBaHHAH Mebenb, JIOMKKH U Jie3Bus HOMell B3 Hep:Kaseouell crajim,
CTIOKOITHAS TIOBEPXHOCTDH BoAkl (KaK B cayuae ¢ Kpomkoii EnoTom) 1 7. 1.

Eciu ¢BeT orpakaercsi OT HEPOBHOI, 1IepOXOBATON MOBEPXHOCTH, TO TAKOE OTpaiie-
Hue HA3LIBAIOT paccesnnsim. B oTom ciyuae oTpaxcenHble JIyuld HHUKOrjga He coiiyTes
B OJHOIT TOUKEe U HMKOrJa He COMJyTCs B OJHON TOUKE MX MPOUOJIHKeHUs (pue. 3.27, a).
Taxum obpasoM, Ha TAKON OBEPXHOCTH HeJb3sl MOJNYUHUTE M3obparenne. IIpumepos ro-
BEPXHOCTEIT, KOTOPbIe PACCENBAIOT CBET, Pa3yMeeTcs, HAMHOrO 60JIbLIe, YeM 3ePRAaJIbHbIX.
Oro 1 GeTonHAs CTeHa, M CTBOJ jepesa, u acdaibTipoBaHHoe Iocce. [laxe HexoTopble

Puc. 3.27 . PacceAHHOe OTPaXeHVe CEETa — OTPaXeHNe CBETa OT HEPOBHOW, LIepOXOBATOM NOBEPXHOCTH
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. Paznen 3. CBETOBbIE ABNEHUA

Puc. 3.28. Ucnonb3osaHie NNoCKUX 3epkan: d — NprUMeHeHne 3epKanbHoM NONochl B TOUHbIX M1eKT-
ponsmepuTenbHbix Npubopax (B cnyuae NPaBuNbHONO OTCHETa CTPEnKa 1 ee 3epkanbHoe nsobpaxeHne
cnuBalTcs); 6 — Kanenpockon (MHOropasoBoe OTpaxeHWe B 3epKanax MeNnkinx pasHoLBETHbIX CTEKIb-
WeK NPUBOANT K CO3AaHWID HeobbluanHo KpacueblX y30pOB, M3MEHAKLWXCA BCNeACTENE NOBOpaYnBa-
HWA Kanenockona); 8 — 3epKano (3puTentHo pacwpReT NPOCTPaHCTEO)

TIaJIKHe Ha OHIYIL TIOBePXHOCTH, HANPUMED KYCOK IJIACTHKA HIH ODJOMKA KHHIH
(puc. 3.27, 6, 6), s cBeTa ABJAIOTCH HEJOCTATOUHO IIAAKIMY, IIEPOXOBATHIMH — CBET
OTpamaeTcs oT TAKUX [OBEePXHOCTEeNl paccesHHo.

Jpyroe ¢usnveckoe sABneHKe, BINAIOLIEE HA BOSMOMHOCTH BHIETH N300pajkenue
LpeAMeTOB ¢ [OMOUILIO JIIOOLIX (U3HYeCKHX TeJ, — 0To mornomenne csera. Oxasbipa-
eTCH, CBeT MOMEeT He TOJLKO OTPaXKarThesH oT (111131-1‘19(‘]{“?{ TeJ, HO U HOoMOIAaTHLCH HMH.
Hannyumuii orpakareih cBeTa — 3epkano: oHo otpaxkaeT Gosnee 90 % csera, napaw-
IIero Ha Hero. XOpominMy OTPaMaTeJsSiMU ABJISIOTCH Takke Tesna Gesoro npera. UmMenso
II0TOMY B COJIHEWHBII 3UMHONIT leHb, KOT/JA Bee BOKpPYr 0elio oT cHera, Mbl 3KMYPHUMCS,
JAMHUIIAA TJIASA OT APKOTO CBEeTH. A Bor HepHas NoBepPXHOCTL NornomaeT NMpaKTHYeCKH
BeChL cBeT, W, Hanpumep, Ha ‘Iepl-l’blﬁ ﬁapxa'r MO HO CMOTPEeTL He XMYPHCH Jlaxe 1pu
OYUEeHEL SIPKOM oCBelljeHMH.

Besbrit e XOpoLio oTpamaer ceeT, HO Mbl HE BUJIINM B HEM CBOero I-1306pa}KEHI-Lﬂ,
TaK KaK [IOBePXHOCTL t')ymaru HiepoxoBaTas, 3HAYHUT, B 9TOM CJIy4dae Mbl HMeeM JieJio ¢ pac-
CesTHHbLIM OTpa)deHlieM CBeTa. A BOT NnoBepxHocThL YepHoroe ABTOMODIIISI B OCHOBHOM TIOTJIO-
njaeT cBeT, HO HeKOTOPYIO €ro HacTh OoTpaxiaeT, MpuYyeM 3epKaJibHOo, TAK KAK [IOBEPXHOCTh
aBToMobuIs [IOJIUPpOBAHHAS, T. €. JOBOJLHO [VIaaKasd. Hmenno nooTeOMY MBI MOXKeéM BHIAETH
cBoe HBOG[MH{GHHG, npas/ia, He o4UeHL fApKOoe, B NOBEPXHOCTH YepHoro aBroMobHIA.

3epKanbHble TOBEPXHOCTH MIUPOKO UCHONL3YIOTCs elne ¢ rybokoil apesHoctu. He-
KOTOPhIE U3 ITPUMEPOB ITPUMEHEHHS 3€pKaJll cero/iHs MoKasaHbl Ha puc. 3.28.

@ Yuumcna pewsars sagauv

1. Ilpegmer 6811 pacnionioxxked Ha pacctosHEul 30 ¢M OT MJIOCKOro 3epKana
(monoxenne 1). ITorom npeaMer nmepenBuHYNH oT 3epkana wa 10 cm
B HANOpapBJIeHUW, NEPHEHIAUKVYJISAPHOM IIOBEePXHOCTH 3epKaja, H Ha
15 cm — mapannensro el (monoxcenue 2). Kakum ObLI0 paccTosHue
Me/ly IpefMeTOM H ero mu3o0pakeHHeM B NOJOXKEHHH npeamMera 1
¥ KaKHUM OHO CTAJIO B MOJOMeHun 27
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§ 22, MNnockoe 3epKano. 3epKanbHoe W paccefiHHoOe OTpaXeHWe cBeTa . .

Puc. 3.29 Pwc. 3.30
Hano: Ananus guauieckoil npobnemot
d, =30 cm ChenaemM TOSCHUTENBHBIN YepTeix, rae o603HauuM U3BeCTHEIE

Ad, =10 cm pam paccrosuaua (puc. 3.29). Haiijlem mecTomosioxenue uso06-
Ad, =15 cm pa)keHusi MpeAMeTa AJIfA KaM(JIor0 M3 YKA3aHHBIX MOJIOMKeHUH
"-IT npeiMeTa, OCHOBBIBAACH HA TOM, 4YTO HMao0OpaskeHue mpeaMera

— 9 B IJIOCKOM 3€epKajie PACMOJIOKeHO Ha TOM e PACCTOAHHMH OT
by 3epkaJsa, 4yro U cam npeamer (puc. 3.30).
Peuwienue
Onpenenum paccrosame [, — Mexzy npeamerom u ero usobpa-
JEHHEeM B NepsoM ciaydae (nosoxenue npeamera 1):

l,=2d,; I,=2-30 cm=60 cm.
Onpegeaum paccrosiaue l, — Mexay NMpeJMeToM 1 ero usobpaxe-
HHEeM BO BTOPOM cJiy4yae (MoJIo3KeHUe npeamera 2), yIuTeIBas, 4YTo
nepeiBUMKeHNe IpeAMeTa napallelbHO MOBEePXHOCTH 3epKalia He
U3MEHAeT PACCTOAHUS MEeXAY NMpeiMeTOM U ero uaobpakenuem:
,=2(d,+Ad,); I,=2(30 cm+10 cm)=80 cm.

Omeem: paccTosinve OT MpeAMeTa 0 erc u3ofparkeHUs B MOJ0-
scenun 1 pasuo 60 cm, B nonoxennu 2 — 80 cm.

3apawua 2. Ha puc. 3.31 cxemarudyecKu u3obpanien

npeamer BC u seprxano NM. Haiigure i
rpadgudecku o6aacTk, U3 KOTOpOit H3006- /
pajeHue npeaMeTa BUAHO IMOJHOCTBIO. B
Ananus Quauieckoii npobaenmvt
Yro6e! BUETE N300paMeHue onpeeNe 0 T0Y- N ; - M
7777777777,

KM npeiiMeTra B 3epkajie, Heo0Xoaumo, YTo0b! B 11as
HAGMIONATE A OTPA3UyIack Xors Obl 4acTb U3 TeX JIy-
Yyell, KOTOPEIE MANAKOT U3 9TOI TOYKY Ha 3epKaso.
B mammem ciydae B 1Via3 OOJKHBI OTPasSUTHCHA
JIyYM, BEIXOAAIIVE U3 Kpaitunx Touex npenmera BC

145 §



m . Pazpnen 3. CBETOBBIE ABMIEHUA

(MOHATHO, YTO MPH 3TOM YCJIOBUU B 1UIa3 OTPAKAIOTCH U JIYUM, BRIXOAAIIHE U3 BCeX
OCTAJNIBHBLIX TOYEK IpenmMera).

Pewernue u ananus pesyivmamoe

1. Hocrpoum nyun BM u BN, KOTOpBIE NafaloT Ha KpallHue TOYKH 3epKa-
na MN u3a rouxku B (puc. 3.32, a@). 94 Jy4Hu OrpaHUYMBAIOT IIYYOK BCEX JIy4ei,
KOTOpEIE TIOCJIe OTPasKeHUs B 3epKajie MOHAYT PACXOAAIMMCH MyYKOM U JAafyT
HA CBOEM MPOJIOJDKEHMM TOYKY B,, KoTopas sisisercs usobpaskenueM TOYKH B
B TLIOCKOM 3epkane. O6JacTh, OrpaHMYeHHAS TOBEPXHOCTHIO 3ePKaja U Jiyuyamy,
OTPAXKEHHBIMM OT KpailHux ToYeK 3epkana (n1yye MA u NF), u Oyper obnacrsio,
U3 KOTOpoil BuaHO usobpaxenusa B, Touku B B 3epkaje.

2. Ananornyso nocrpouB msobpaxkenue C, rouxu C B 3epkaJjie, Haiizem 00-
JacTh, U3 KOTOPOH BUAHO 310 usobpaxenue (puc. 3.32, 6).

3. Bujiers nsobpaxenue Bcero npejaMera Habuofaresb MOMKET TOJNBKO B TOM
cllyyae, eclii B ero Ijas nonajaiT JydH, KOTopele jaiT 0ba usobpakeHns —
B, u C, (puc. 3.32, 6). Nrak, opamxesas obnacrs — 3710 006J1acTh, U3 KOTOPOH
u30bpaxkeHye npeaMeTa BUJHO NMOJHOCTBIO.

@) noapsopumutorun

H3z006paxkenue npejMeTa B IJOCKOM 3epKajie ABAfeTCsH MHHMBIM, DaBHEIM
10 pasMepaM npeaMeTy, PACHOJI0KEHHOMY Ha TAKOM e PacCTOSAHUM OT 3epPKana,
4T0 B CaM npejamer.
PasnuyaioT 3epKajbHOE U PacCeAHHOe OTPaXkeHHdA ceBeTa. B ciydae 3epKans-
HOTO OTPaXXEeHHs MBI MOXKeM BUJeTh uzobpaskeHUe MpeaMeTa E 3epKaje, B Cay-
yae paccesHHOrO OTpasceHus usobparkenie He HabIOTaeTCH.

e Kﬂlfl‘pﬁllbl'lbie BOMpOCHi

1. Kakoe oTpakenue cBeTa HasbiBaeTCH 3epKaNbHBIM? 2. B KakoMm ciy-
yae wusobpakeHHe Ha3bBalOT MHEMMBIM? 3. KakoBB XapaKTepUCTHKH
n306paskeHus NpeiMeTa B IIockoM 3epkasie? 4. Yem paccessHHOe OTpa-
JKeHHe CBeTa OTIIMYAeTCH OT 3ePKAJIbHOTrO0?
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§ 22. NnocKoe 3epKano. 3epKanbHoe W pacceAHHOE OTPaXeHne cBeTa . .

. YnpamxueHns

1. YesioBeK crouT Ha paccrosuuu 1,5 M or miockoro 3epkana. Ha xaxom
pPACCTOAHHN OT YeJIOBEKa PAacrojioieHo ero usobpaxenue? Oxapakre-
pusyiiTe 310 nsobpaxeHue.

2. Bogurens aBToMOOMJISA, B3MJIAHYB B 3epKajo 3ajgHero obsopa, ysHaen
B HeM MMACCaXKHpa, CUAALEr0 Ha 3aaHeM cuneHbe. MoxeT Jin naccaxup
B 9TOT MOMEHT, TSI B TO e 3€PKAJ0, YBUIETh BOAUTENA?

3. Bel ganpapigeTech K 3epPKaJlbHON BUTPHHEE cO cKOpocThio 4 kKM/4. C Ka-
KO# CKOPOCTBIO K BaM npubmmxaercs samue nzobpaxenue? Ha cKonpko
COKPATHUTCSH PACCTOSIHHE MeM Ay BaMH M BallluM U300paxkeHunem, KOrja
BHI npoiigere 2 m?

4.V meHka, KOTOPBIH CHAMT Mepei 3epKajioM,
OOAHATO mpaBoe yXo. Kaxoe VX0 NOAHATO
y usobparkeHus IeHKa B 3epkaiie?

5.Ha pucyuxe nsobpakena cBeTAIascs TOUY-
ka S u sepkano MN. IlocrpoiiTe nsobpase-
HUe TOYKH B 3epkaJe, ykaxure obnacrs, 3
KoTOpO# BUAHO 2710 us0Opaxkenue. Kakue
uaMeHenusi Oyayr mabiroparbes, eclu 3ep-
KaJIo MOCTeNneHHO 3acJOHATh HeNMPo3pauHbIM
aKpauom?

6. IocrpoiiTe nusobparxenue orpeska AB B noc-
KoM zepkane MN (cm. pucynox). Haiipure
rpapuuecku 06JiacTh, M3 KOTOPOH OTPe3oK
BHHO MOJHOCTHIO.

7 3uMoii, Korja 3emJis MOKPHITA CHEroM, JIYHHBIC HOYM HaMHOro cBerliee,
yem nerom. [louemy?

8" IToyemy HOYBIO B CBeTe (pap aBTOMOOMJIA JyXa HA acaibre KarKercs
BOAMTENIO TEMHBIM NATHOM Ha 6Gosee csetnioM Goue?

9 IlpencraBbre, YTO MOBEPXHOCTH BCEX TeJ OTPAMAKOT CBET 3€PKAaJIbHO.
Y7o OBl MBI YBHUIEIH BOKPYT?

. INCNEPMMENTANBNOS SARANME

Bozsmute n1000if mpeaMer (HanpuMep KapaeJall) M aBa MNJIOCKMX 3€pKa-
na. PacnonouTe s3epKajia MOA NMPAMBIM YIVIOM MPeJOMJISIONIUME NOBEPXHOC-
TAMH APYT K [APYTY H TOJIOKUTE MENAYy HHMH NpeiMeT. BBIACHUTE, CKOJIBKO
nsobpaeHnil NpeAMeTa MOKHO MOJYYUTh C IMOMOIIBIO TAKON CHCTEMEI 3epPKall.
Pesynprar oneiTa 00BACHUTE C IOMOITBI0 CXeMATHY€CKOrOo PHCYHKA. Kax Oyner
U3MEHATHCH KOJMYeCTBO U300paxeHNil NpeiMeTa B cliydae yBeJuyeHus (YMeHb-
IIeHHS) yIJla MexIy 3epKanaMu?
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. Paspen 3. CBETOBbIE ABNIEHUA

Duzuxka u TeXnuNa B Yxpaune

Kpbimckan (Cumenzckan) obcepBaTopun
B Havyane XX Bexka acTpOHOMMA BNAIOTHYIO NOAOWNE K WU3Y-
ueHuno $puanueckon Npmpoasl 3eesf. BosHukna Hosas obnacb
Haykn — acTpodusuka. Tem He meHee BBIACHWIOCH, YTO ANA ac-
TPOdUINUECKIX UCCefoBaHi MmasHan obcepearopuna Poccum-
ckon vmnepun (Mynkoeckan B MNetepbypre) ABnReTcA Henpw-
rofiHOM W3-3a NOTOAHBLIX YCNIOBWIA: TEMHBIMUI 3MMHMMKW HOYaMK
Hebo NoYTY BCeraja 3aKpLITO TydYamy, a NeTom, B Nepuof «benbix
HOUEM», OHO HACTONBKO CBETNOe, YTO HEBO3IMOMHO NPUMEHWTL
OCHOBHOWN METOJ, aCTPO(GU3IMKIN — CNEKTPOCKONWIO 38e3/1.
Mostomy 6mina cosaaHa obcepsatopun Ha lore — Kpbimc
Kan (Cumensckan). CHauana oCHOBHBIM HanpaeneHuem ee pa-
6Gotbt Guino HabnogeHre manbix Nnawer. Xors obcepearopun
8 Cumense Mvena oveHb ManeHbKui actporpad, no uwmaiy
HabnaeHnn Manbix NNaHeT U OTKPLITLIX aCTEPOUAIOE OHA 3a-
HUMana BTOpoe MecTo B Mupe, ycrynas nuws lenpenvbeprckoin obcepeatopun (fepmarns).
MNocne Bropoit MMpOBOM BOWMHBI MMaeHbimM Teneckonom obcepearopumn cran pednekTop ¢ 3ep-
Kanom fivametpom 2,5 m. OH Havan pabotate B 1961 rofly 1 co BpemeHemM Nonyuun MMA CBOEro
paspaboruvka — akagemuka I. A. LLaiHa. YenewHan pabota asTomatMyeckmx cucTem Ha Teneckone
LaitHa n apyryx Teneckonax Kpbimckoin obcepearopum Npreena K uee co3fiaHunsa NONMHOCTbIO aBTO-
MaTM3MPOBAHHOMO TENeckona ¢ 3epkanom aAvameTtpom 1,25 m, BBefieHHoro B fencreve 8 1980 ropy.
Hbite o6cepBatopra NPUHUMAET YHacTUe B MeXlyHapoAHON Nporpamme «CnekTpy, uccnefosa-
HVe KOTOPOWN OXBaTLIBAKOT OMEHb LUMPOKMIA iNanNa3oH BONH — OT PEHTTEHOBCKNX [0 PaANOBONH.

§ 23. NPENOMNEHUE CBETA

B [Tovemy noxcra, onyuieHHas 6 CMAKaH ¢ 6000U, KANEMCA HAM CLOMAH-
Hoil Ha zpanuye 6030yxa u 600uvt? Ymo makoe onmuyeckas NAOMHOCMb
cpedvi? Kax eedem cebs ceéem, nepexods us o00Hol cpedvt & dpyzyo? 060
8cem IMOM 6bl Y3Haeme U3 3mozo napazpaga.

L:‘ Mposogum oNkITH NO NPeNOMNENMI0 CBeTa

Ilposesem Taxoil sxcrmepuMenT. Hanpasum HA NOBEPXHOCTE BOJABI B IIIM-
POKOM CcOCyJie Y3KMIl NMy4YOK CBeTa MOJ HEKOTOPBIM YIJIOM K TOBepXHOCTH. MEI
3aMeTHM, YTO B TOYKAX MaJIeHUs JYYH He TOJBKO OTPaXKalTcH OT MOBEPXHOCTH
BOJIbI, HO ¥ YACTHYHO MPOXOAAT B BOAY, U3MEHASA IIPH 3TOM CBOe HanpagpJieHHe
(puc. 3.33).

M3meHeHne HanpasneHna pacnpocTpaHeHna CBETa B dly4ae ero rnpoxoxaeHuns ye-
pe3 rpaHnuy pasgena gByx Cpef Ha3blBaloT npenomneHnem ceeta.

Ilepsoe ynoMmunasve O NpeJOMJIECHUH CBeTa MOMKHO Halltu B paborax apes-
Herpeveckoro duiocoha Apucmomens, KOTOPBIH 3aIaBaNCA BOMPOCOM: IOYeMy
najiKka B BOJle KaxXeTcs CJIOMAHHOI? A B OJHOM W3 JApeBHETpedYeCKUX TPaKTATOB
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Puc. 3.33. Cxema onbiTa No AEMOHCTPALMKN Npenomnexnun ceeta. Nepexopn n3 Bo3fyxa B BOAY, NyY CBe-
T2 U3MEHSET CBOE HANPABNEHIE, CMELLAACh K NEPNeHANKYNAPY, BOCCTABNIEHHOMY B TOUKE NafieHna nyua

onucan Taxoi oneim: «HysHO BCTaTh TAK, YTOOBI IJIOCKOE KOJBIO, MOJOMKEHHOE
Ha JHO cocyna, CpATaoch 3a ero kpaem. Ilorom, He M3MeHsA MOJIOKEHHSA 1143,
HAJUTH B cocyn Boay. JIyu cBeTa IIPEJIOMHUTCH HA MOBEPXHOCTH BOALI, M KOJIBIO
cTaHeT BUAMMBIM»., AHAJOTMYHEIN ONBIT MPOMJUTIOCTPHPOBAH HA PHC. 3.34.

o BoiscHAeM NPMYMHY NPENOMNEHUA CBeTa

Tak mouemy e CBeT, NePeXOo/is U3 OJHOM CPeAbl B APYTYI0, H3MEHSAET CBO€
ganpasjeHue?

Mgl yaKe 3HaeM, YTO CBET B BAKyyMe PacnpoCTpaHAeTCHd XOTH U ¢ OrpoOMHOIA,

HO TEM He MeHee KOHeYHOI cKopocThio — okoJio 300 000 km/c. B so6oit apyroit

Puc. 3.34. Ha pucyHKe 1 Cxeme CeBa B ualliKe HET BOJbE: MyHOK CBETa, OTPaxeHHbIi MOHeTO, He nonaaa-
eT B ma3 HabrioAaTens, NO3ToMy OH HE BUAWUT MOHeTBl. Ha pucyHkKe 1 Cxeme Cnpasa B Halky Hanura Bofa:
OTpa)eHHbI MOHETOWN CBET, NPENOMIAACH Ha rPaHMLe «Bofla — BO3yX», AOCTUIAET mMa3a wabnwopare-

Ifl — €ro 1133 PACTONOXeH TaK Xe, KaK 1 NPEX/E, HO MOHETA CTAHOBUTCA ANA HabnoaaTens BUAVMON
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. Pazgen 3. CBETOBbIE ABNEHWA

cpefie CKOpPOCTE CBeTa MeHblile, YeM B Bakyyme. Hanpumep, B BOle CKOPOCTE CBe-
ta B 1,33 paza Menbliie, 4eM B BAKyyMe; KOTJIa CBET MepPeXOIuT U3 BOALI B AJIMA3,
€ro CKopocTh yMesbluaercs emre B 1,8 pasa; B BO3AyXe CKOPOCTEH pacnpocTpaHe-
HUA ceBeTa B 2,4 pasa Oosblie, yem B anmase, M Jaulrbk HemuOro (=1,0008 pasa)
MeHBIIIe CKOPOCTH cBeTa B BakyyMe. VIMeHHO usmernenue ckopocmu cgema 6 cay-
yge nepexoda u3 00HOI Npo3pauHOiL cpedvl 8 OpYzyio ABNAEMCs NPULUHOIL npe-
JIOMJAeHUSA ceemda.

IIpusATO rOBOPUTE 00 ONTHYECKOH ILIOTHOCTH CPEIBL: YeM MeHblie CKOPOCMmb
pacnpocmpaHerus céema 6 cpede, mem 6onblULell ABNACMCA ONMUYECKAS IO
Hocmob cpedvol.

Tak, Bozgyx umMeeT OGOJBLIVI) ONTHUYECKYIO MJIOTHOCThb, YeM BaKyyM, INO-
CKOJIBKY B BO3JlyXe CKOPOCTHL CBETA HECKOJIBKO MeHblue, yeM B Baxkyyme. Onre-
YyecKasl NMJOTHOCTb BOABI MeHbIIle, YeM ONTHYeCKAas IJIOTHOCTh a/IMasa, MOCKOJb-
Ky CKOPOCTH CBeTa B Bofie GoJiblire, yem B aJiMase.

Yem Gosblile OTINYAKTCH ONTHYECKHe IJOTHOCTH [ABYX cpell, Tem Oolee
NpejoMasieTcs CBeT Ha rpaHulle ux pasaena. Ilpyrumu cioBamu, yem 0onvlie
U3MEHACMCSA CKOpOCMb céema Ha 2paHule pasdena deyx cped, mem cubHee O
npesoMAAeMCs.

9 YcranaBnuBaem saKOHOMEPHOCTH NPenoMneHnn cBeTa

Paccmorpum sBJeHNe NpejoMieHuss cBera nojapobuee. s 2T0ro cHoba
BOCNOJIb3YEeMCH ONTHYeCKOH 1raifboii. YeTaHOBME B LIEHTPE AMCKa CTeKJSHHBII
NMONYUMINHAD, HATPABUM HA HEro ysKuil my4ok ceera (puc. 3.35). Yacth nyuka
OTPA3HUTCHA OT MOBEPXHOCTH MNOJNYIMIAMHAPA, & YACTH NPoiijleT CKBO3bL Hero, uame-
HUB CBOEe HampagpJieHue (MPejioMUTCH).

Ha cxeme no npasyio cropouy Jjyd SO 3ajiaer HANPaBJeHHe NMaIalolero myy
Ka cBeTta, 1y4 OK — HanpapJeHHe OTPa)KeHHOro ny4yka, ay4d OB — uanpaBnenue

Fve. 3.35. HabnogieHvie NpenoMneHna ceeTa C NoMOLLbIO ONTUHECKON Wanbsl. OL — yron nageHns,
B — yron otpaxeHus, Y — yron npenomnexnsa CBETOBOFO Nyuka
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§ 23. Npenomnexne cBeTa . .

at <‘Y'I

ot &<l

Puc. 3.36. YCTaHOBNEHNe 3aKOHOMEPHOCTI NpenomneHns ceeTa (o, o, — Yrmbl NageHns, y, ¥, — yrmsl
npenomnennn). B cnyuae ysenuuexuns yrna nafeHa CBeTa yBennunusaeTch U yron ero NpenomnexHins.
Ecnm cBeT Napaet U3 cpefibl C MeHbLUEI ONTUYECKOW NNOTHOCTBIO B Cpefly € bonbLuen oNTUYeCKon
NNOTHOCTBIO (M3 BO3AYXa B CTeKNOo) (a), To yron napenus 6onblue yrna npenomnexms. Ecnu naobopor
(u3 crekna B Bo3ayx) (6), To yron npenomnexun Gonsblie yrna nagesns

[peJIoMJIeHHOro nyuka; MN — nepneHJAMKyJIAp, BOCCTABIEHHLIH B TOYKe maje-
Husa gyga SO. Bee yka3anubie ayiu sexcam 6 00Hoil naocKkocmu — 6 nAocKkocmu
nosepxrocmu ducka.

Yzoa, 06pa306aHHbLIL NPESOMACHHBLM JYHOM U NEPReHOUKYLApOM K zpaHuye
denenus 06yx cped, 60ccMaB/eHHbLM 6 MOuKe NAdeHus ay4a, HA3bleaemcs yr-
JIOM TIPeJIOMJIEHHA,

Ecnu Teneph yBeNIWYUTH Yrojl NajfeHus, TO Mbl YBHIMM, 9TO yBEJIHIHTCH
M YroJl IpeJoMJIeHNs. YMeHbIIas yroJl NaleHusi, Mbl 3aMEeTUM yMeHbIIeHue yIiia
npenomyierus (puc. 3.36).

CooTHOmEHNe 3HAYEHWIl yryjia majieHus U yriia OpeJioMJieHusi B cliydae 1me-
pexojia IyYKa CBETA M3 OJHON CpeAbl B APYIYI0 3ABMCUT OT ONTHYECKOH ILIOT-
HOCTH Kajkmoil u3 cpen. Eciu, HampuMep, CBeT MajiaeT M3 BO3JyXa B CTEKJIO
(puc. 3.36, a), To yron npenomyeHus scerga OyeT MEHBIINM, 9eM YIOJI 1a/IeHus
(7, <04, Yy <0, ). Ecymm sice JTyd cBeTa HAIDABUTE M3 CTEKJIA B BO3AYX (puc. 3.36, 0),
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E . Pazpen 3. CBETOBbIE ABAIEHNA

Fnes 397 Nlyym ceeta, npywve,
Hanpumep, ot Kamellka K, nexaue-
ro Ha AHe BOACEeMa, NPENOMANAIOTCA
Ha rpaHunLie «Bofa — BO3fYX»,

B pesynbrare mMbl BUAMM MHUMOE
nsobpaxenne kamewka — K,

W, COOTBETCTBEHHO, MHUMOEe
niobpaxerne aHa. Takum obpa-
30M, ONpefiensn Ha rnas rnybuHy
BOAI0EMA, Mbl OLIMBAEMCA: HaM Ka-
*eten, uto rnybuHa sogoema — h,
BMECTO peanbHoi rmybutbl h. (Yem
MeHbLUe Yros, NOf KOTOPbIM Mbl
paccmaTpuBaem fiHo, Tem 6onblue
NorpeLHoCTL.)

N 152

TO yroJi NIpeJIOMJIeHKUsA Beerna GyaeT 6oabmnmM, yem
yroat nagesud (Y, >0,, Y, >0,).

HanoMEMM, 9TO ONTHYECKAS ILJIOTHOCTE CTEKJIA
OOJIBIIIe ONTUYECKOHN MJIOTHOCTY BO3/yXa, W cdop-
MyJVpyeM 3aKOHOMEDHOCTH MPeJIOMJIEHHA CBeTa.

1. Jlyy nadarowuii, ayw nperomiennsiii u nepnen-
Juxkyasap K zpanuye pasdena 0eyx cped, eoc-
cmasnennblit 6 mouke nadenus aywa, rexcam
8 00HOl naocKocmu.

2. Cywecmeyiom makue coomHoulenus mexcoy yz-

J0M NAOCHUS U Y2NOM NPEILOMACHUSA:

a) 8 cayuae yeeauvenusn yzna nadenus yeenu-
wueaemes U Yzon NperomMaeHus;

6) ecau ayy ceema nepexodum us epedvt ¢ Memb-
weit onmuueckoitL. naommnocmelo 6 cpedy
¢ Ooabiueii onmuyeckol NJAOMHOCMbIO, MO
Yyzon npenromaenus 6ydem meuvuie, wem yzol
nadenus;

B) ecau  ayw ceema nepexodum us cpedwl
¢ Ooabuieit onmuyueckoit nAOMHoOCmblo 6 cpe-
dy ¢ Mmeubweil onMu4ecKoil NAOMHOCMbI,
mo yzon npenomaenus 6ydem Gonrbluum, wem
yzon nadenus.

(CnepyeT oTMeTHTH, YTO B CTAPIIMX KJIACCAX,
rocJie M3yJYenus Kypca TPUIOHOMETPHH, BBI TIy0-
e NOZHAKOMUTECH C ITPeJIOMJICHHEM CBeTa M y3Ha-
eTe 0 HeM Ha ypPOBHE 3aKOHOB.)

@ OGvAcHReM NpenoMNeHnem CBeTa
HEKOTOPbI@ ONTUYECKHE ABNGHMA

Korpma ME1, cTosi Ha Gepery Bozoema, crapa
eMC# Ha IVIa3 ONpefesIiThL ero rinybuHy, OHA BCEr-
Jla KaXeTCs MeHbIIel, YeM ecTh Ha caMOM Jele,
9710 sBJeHHEe OOBACHAETCHA IpeJIOMJeHHeM CBETA
(puc. 3.37).

CrnecTBHEM TIPeJIOMJICHHS CBETA B aTmocdepe
Semu ABJsieTcs TOT (hAKT, yTO MBI BuauM Coin-
e U 3Be3fbl HEMHOI'O BHIMIE WX PEAJIHOrO TIOJo-
enns (puc. 3.38). llpenoMmiienveM CBeTa MOMKHO
00BACHUTE ellle MHOTO NPUPOJAHLIX SABJEHHHA: BO3-
HUKHOBEHHMEe MUpakeil, pajgyru 1 ap.

SBneHve pesIOMITEHMS CBETA ABJISCTCH OCHOBOI
paboThl MHOTOYHMCJIEHHBIX ONTHYECKHUX YCTPOWCTB
(puc. 3.39). C HEKOTOPLIMHM M3 HHMX MBI TIOSHAKO-
MUMCH B CHEOYIOIMUX naparpadax, ¢ HeKOTODH-
MH — B XO/ie JaJIbHeHIIero U3ydyeHus (PUSHKH.



§ 23. MNpenomneHne cBeTa l

e, 230 Nyyok ceetobix nyyen, nayumia or ConHua (nonoxenve ConHua — S), NpenomnaeTtcs (Kpu-
Ban a) B atmocdepe 3emnn. Habniopatenio KeTCA, 4To CBET PaCnpoCTPaHARTCA No Npsamon b u uto
ConHue pacnonoxeHo Buillie, YeM Ha Camom fiene (nonoxexue S,)

@) nonsopum utoru

CBeTOBOM HyUoK, majaasi HA TPAHUILY pasjesa JABYX cpell, UMEeKIIUX pas-
HYIO OIITHYCCKYIO TUIOTHOCTD, JEJIUTCH Ha Aea nyyka. OjMH U3 HUX — OTpakeH-
HBIII — OTpa’jKaeTcsi OT MOBEPXHOCTH, HNOJYMHAACHL 3aKOHAM OTPa)<eHHs CBeTa.
Bropoit — npejoMIeHHLIH — MPOXOAUT Yepes IpaHuIly pasaesa B APYTyio cpe-

Jly, UBMCHSIA CBOE HalpaBlieHUe.
[IpuyauHa npesoMJIEHNs CBETA — H3MEHEHHe CKOPOCTH CBeTa B cliydae Iie-
pexofa M3 oAHoN cpeasl B apyrylo. Ecim BO BpeMsi nepexopa cseta M3 OQHOM
cpefibl B IPYIyI0 CKOPOCTH CBETA YMEHBIIWIACH, TO MOBOPAT, YTO CBET Nepeies]
M3 CPe/bl ¢ MEHBIIEH ONTUYeCKOM ILIOTHOCTHLIO B cpely ¢ Gonbmieil onTHYecKoi
IJIOTHOCTBIO, ¥ HAOBOPOT.
Ilpenomnenue cBeTa NPOMCXOANT MO ONPENeJeHHBIM 3aKOHAM.

Puc 100 OnTuyeckue ycTponcTBa, pabota KoTopbix 6asnpyeTcs Ha ABNEHN NpenoMneHns CBeTa
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0 KOHTPONBHEI® BONPOCHl rommmr

1. Kakoe siBjeHWe MBI HAOJIIOHa€M, KOrfla CBET IPOXOAMT Yepe3 IpaHHILY
pasgena nByx cpea? 2. Kakue ONBITHI NOATBEPIKAAIOT SIBJIEHHE MPEJIOM-
JIEHUS CBeTa Ha I'paHUIle pasjenia AByX cpea? . B dem mpuumMHAa mpe-
nomnenus ceera? 4. CkopocTh ceera B Bozie B 1,3 pasa MeHbIle, 4eMm
CKOPOCTHL CBeTa B Boszayxe. Harkas cpena mmeeT OOJNBIIVIO ONTHYECKYIO
myorHocTs? 5. Kaxoi yros HageiBaeTcs yriiom npejomienusa? 6. Cdop-
MyJIUpyiiTe 3aKOHOMEpPHOCTH IMPEeJIOMJIEHHs CBeTa.

Yrpariin e e i i i e o e i, . —————

1. Oupepenure yroJj najeHus JIy4da, €cJIM IpesIOMJIeHHBIN Jiyd neprneHn-
KyJIfApeH K IpaHUIle pasaesia AByX cpep.

2. IlepeHecuTe pucyHOK B Terpaab. Cumrasi, 470 cpena 1 mmeeT GONBIIYIO
OIITHYEeCKYK IUIOTHOCTL, 4YeM cpena 2, JUIS KaKjoro cjiydasi cxema-
THYECKH ITOCTPOITE NAJAalIMil UK NpeJIOMJIeHHbI J1yd, 06o3HaYbTe
yIroJi MafeHnsa U yroJ npeJyioMJIeHus.

1. [lygyor cBeTa nmajaeT M3 BO3JIYXa Ha NOBEPXHOCTL CTEKJA (CM. PHCYHOK).
IlepenecuTe pUCYHOK B TeTpajb M CXeMaTUYeCKH TOKAaXKHTEe JalibHeli-
OIMi X0/l Ny4YKa cBeTa B CTEKJe U BO3JIyXe.

mi3s



§ 23. MNpenomnexue ceeTa . <t -

4, JIyu cBeTa majaeT u3 BO3JyXa B BOAy mnoja yriaom 60°. ¥Yrosn mexay
OTpaskeHHBIM M IPEeJIOMJIEHHBIM JiygaMu cocrasiser 80°. Berumcnure
YTOJI IpeJIOMJIeHHUH JIyda.

5. BoiumncsinTe CKOPOCTHL CBETA B aliMase.

6. Ecit cMoTpeTh Ha mpeaMeThl CKBO3b TEILIBI BO3/1yX, KOTOPLIA NOAHU-
MaeTcs OT KOCTpa, To OyZleT KasaThes, 4TO npeaMeTs! konebmiores. Ilo-
qemy?

7. B umcroM npyAy MOKHO BueThb pei0. [rybumHa, Ha KOTOpOil IiaBaer
puiba, MeHbIe, GoJbIIe WM PaBHa TOU IJyOHMHe, Ha KOTOPOil BLI €€ BH-
nute? ObocHyiiTe CBOM OTBET ¢ IOMOLIBI CXeMaTHYeCKOro pHUCyHKAa.

. IKCNepMMeHTaNDbHbIe 3afaHKA

1. Tlokarkure M OOBACHUTE KOMY-HMOy/Ib M3 CBOMX Jpy3ed MyM GIH3KHX
yHOMSHYTEI B naparpade OIBIT € KOJBIOM, KOTOPBIi ObLT omucaH
B OJIHOM M3 APEBHErpeYecKMX TPaKTaTOB (IIOHATHO, YTO BMECTO KOJbILA
MOKHO BOCHOJIL3OBATHCH M APYTHM IIPEIMETOM).

2. IIpuroToBkTe HACHIIIEHHBIN PACTBOP NOBaPEHHO conH, NpubaBasaa CoNb
B TEIJIYI0 BOAY JIO TeX 1op, IOKa COJb He IepecTaHeT PaCTBOPATHCH.
JTaitTe pacTBOpYy OTCTOATHCH B TeYeHME HECKOJNBKHX YACOB M OCTOPOIK-
HO TiepeJieiiTe ero B uMcTyio 6aHky. OnycTuTe B pacTBOp CTEKJSHHYIO
nanouky (mapux). OGbACHUTE, MOYEMYy MOrpyKeHHBI IpejMeT mpakx-
THYECKH He BHUJIEH.

Du3MKa M TeXHMKa B YKpauHe

Buipaowminca ¢puzvk fleonun Ucaakosuy Mangenbwram (1879—
1944) popunca B Morunese. B ckopom BpemeHn Cembs nepeexana
B Opeccy, rae Manpenbwitam yuunca 8 rumHasvn. Co spemMeHem OH 3a-
KOHUMN GU3NKO-MATEMATNHECKIUN BaKynbTeT HOBOPOCCMIACKOTO yHUBED-
cuTeTa.

N. U. MangensuitaMm vU3yyan pacnpocTpaHeHe 3MeKTPOMarHUTHBIX
BOMH, NPEX/ie BCero — BuaMMOro ceeta. OH O6Hapy»un uensiit paf 3¢-
(eKTOB, HEKOTOPbIE HBIHE HOCAT €F0 MMA (KOMBMHAUWOHHOE paccenHune
ceeta, a¢dexkt MaHpenbwTama—bpunnioeHa u T. N.).

OrpomHa pone J1. V. Manaenbiirama B NOAroToBKe HOBbIX MOKoNeHnn
¢durznkoe. OH 6bin OfiHUM U3 OpraHU3aTopoR [MONMTEXHUYECKOTO MHCTU-
TyTa 8 Opecce. Cpeu ero yueHuKos — eoifaiouyecs dusvku U. E. Tamm,
M. [I. Mananekcn, M. O. Neoxtosuy, I. C. Navpacbepr v apyrme.
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§ 24*, NOJIHOE OTPAXKEHUE

T

B ITpusedem HeckonvKO (axmos, Ha nepevtil 632410, COBCEM He CEAIAHNHLLX Opyz
¢ dpyzom: Kozda no menesusopy NOKA3LEAOM nod60OHbBIE CHEMKU, NOGEPXHOCTIL
8006t Had nodeodnurxamu 6 muxyio nozody kaxmemcsa zepranvhoi (puc. 3.40);
106€AUpLl 0ZPAnUBam OpazoyenHbie KAMHU, Ymobbl YEeIUdums ux npueiexa
MeNbHOCITL;, 6 HACMOAUee 8peMs 6cC DoAbULEE NPUMEHEHUE NOAYYaAlom MAaK Ha
ueaemule onmuieckue aunuu ceasu. Oxasvieaemesn, memdy smumu gaxmanmu
6éce-maxu ecmoy 00wWee: 6ce OHU CEA3aHbL ¢ OOHUM QUIUNECKUM REACHUEM — Nl
HbLM BHYMPEHHUM OMPAaHeHleM ceemd.

<. 2.40. Habnoparenio, Haxoan-
LWemMyca Noj BoAoIA, NOBEPXHOCTL
BOfbI KaXKeTCs BnecTawein, Kak
3epkano

w156

0 Dopmynnpyem runoresy nonHoro
OTPaMeHMA

Hrobbl pazobpaThcsi B NPHUYMHAX 3TOro (M3u-
YECKOro ABJEHHSA M IMOHATH OCHOBLI €ro MpPaKTHYeCKo-
ro MpUMeHeHus, HeoOXOANMO BEPHYTHECH K MarTepuany
npepsiaymero naparpada, rjie Mbl 9KClIepPHMeHTHPOBA-
JIK ¢ TIPeJIOMJIEHHeM CBEeTOBOro Jyda. BenomHnM: eciu
IIyYOK cBeTa IMepexoauT U3 cpeabl ¢ Gonbuieil onruyec
KOIl IJIOTHOCTRIO B TY, ONTHYECKas IJIOTHOCTE KOTOPOI
MeHble, yroJ npenommaenuns OGyaer Bcerja Gonbmimm,
YeM Yroa rajieHu .

IIpepcrasum Teneps, KaKk Gyier MaMeHATHLCA yrod
NIPeJIOMJICHHA CBETOBOIO IYYKa B CJy4Y&e YBeJIHYeHHs
yrua ero nafieEns. Jlons sToro cxemaruueckn naobpasmm
najieHne NMy4yKa CBeTa Ha NOBePXHOCTL pasjiesia cpej noj
PAa3HBIMH YIJIAMH, TIPHYEM YIoJl NajeHusi [IYUYKa cBeTta
Bysem nocseIoBaTENBEHO YBeIHUnBaTh (puc. 3.41). Cpae-
Hupas puc. 3.41, a n puc. 3.41, 0, MBI BHAMM, KaK Npe-
JIOMJIEHHBIH TIYYOK NpHOIHKaeTcs K IPaHMIle Pasjiena
AByx cpen. Jlormueckn paccyskiasi, B coyuyae JiajbHeil-
[Ierc YBeJWYeHHUHA YIia NaJieHNA VIoJ IPeoMJIeHHS
HaKroHer| 1peeesicuT 90° (puc. 3.41, 8). OpHako yron
Gosbme 90° — 31O yrKe He NpeJoMJieHHe MYYKa CBeTa,
a ero BOaBpallleHHMe B NepByio cpeny! «Boaspauerne
B NEPBYIO CPEJly» O3HAYAET HA CAMOM JleJie OTPajrKeHMe,
[pUYeM OTpa’keHHe IOJHOe, TAK KaK 6ech nadaroujuil
nyuox ceema 0oJxceH 6038pamumvcs 6 nepsylo cpedy.

Taxnm o6paszoM, Ha OCHOBAHUM TOJNBLKO 3HAHUSA TTpe-
JIOMJIEHUSA CBETA ¥ PASMBINLIEHWH MBI CIEJIaaM [1pefino-
JIO}KEeHMEe O CYIeCTBOBAHUM HOBOI'O /NIl BAC SBJIEHHS.

Teneps cdopmynmupyem Hamre IpeanoiorkeHne
B BUJIE I'MIIOTE3bI.

Ecau nanpasumse nod Gonvluum yznom nadenus nyv
KU ceéema u3 cpedv. ¢ OoavlLell ONMUYecKoil niomHoc
MoK 6 My, ONMUYECKAs NJAOMHOCMb KOMOPOil MeHbiue,
mo nadawwuil nywox ne 6ydem npoxodumv 60 6mMopyw
cpedy, a MOJIHOCTEI0 OTPA3uTesl OT IPAHMILI Pa3fena.

ITpoBepEM HAmMy THOOTE3y C TIOMON[BLID IKCIEpPH-
MeHTa.



§ 24*. NonHoe oTpaxeHne . .

a

Puc. 341, CxemaTnueckoe nsobpaxkeHune nyyer, NapaoLmx Ha NoBepXHOCTL pasfiena AByX cpef u3
cpenbl 1 ¢ 6onbLIei ONTUHECKOI NNOTHOCTLIO B Cpefly 2 C MeHbLIEN ONTUYECKOW NNOTHOCTLIO. Yron
NafieHnA Nyua yBeNUUUBAETCA OT CXeMbl K Cxeme (OT CxeMbl a K CxeMme 6)

e INCNEPUMENTANIBHO NPOBEPARGM NMNOTE3Y NONHOIO OTPANEHNA

Jlna sKCIepUMMEeHTa BAM HYJKEH TOHKOCTCHHBIM CTEKJSAHHLIA COCYA, Hanpumep
CrakaH, TPUMEPHO HATOJNOBHHY 3aTIOJHEHHBI XOJIOAHOH BOAOIPOBOAHON BOZIONH. Jlus
y/i06CTBA TPOBEICHUSA ONLITA BRIOPAHHLIN cocy/| A0J3eH OLITs Gea pUCYHKA HE CTEHKax.
OGbeKTOM HAONIONCHUS MOMKET BLITh, HAIPHMED, KOPITYC TJIACTMACCOBOH PYYKH SPKOIO
nBeTa, KeJIaTeJbHO ¢ HAATHCEIO.

TpejiaraeMblii ONMBIT HEOGXOANMO ITPOBOAMTH B XOPOLIO OCBEIEHHON KOMHATe (npu
COMTHEUHOM MJIM MCKYCCTBEHHOM OCBEIL|EHHH).

IlorpyauTe KOpIyc Py4YKM B CTAKAH € BOAOII M, /lepyKa CTAKAH B PYKe, PACTIONOMNKHATE
ero HaJL roJOBOI — MpubaManTeNBHO Ha paccrosinnu 25— 30 cm (puc. 3.42). B xoze onbi-
Ta BBl JIOJIKHLI CJeINTE 38 06HEKTOM.

Cuauasia, NOAHSEB I'OJIOBY, Bl 6yjieTe BHAETH BECh KOPIIYC PYUYKH (KaK Ty YaCTh, KOTO"
pasi B BOJie, TAK M HAJBOAHYIO YacTk). Ternepns MejsenHo nepeasuraiite or cebs Gokasu, He
uaMeHssl BoicoThi. Takoe perykerne GOKAJA COOTHOCHTCH € YBeJIMYEHHEM yIyia MajeHus

P 7 a2 HabnioneHvie NONHOTO OTPaXeHUA
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Iy4YKa CBeTa, 0 YeM MBI TOBODHJIH B Hamreli runoresze. IlonpobyiiTe caMoOCTOATENBHO Ha-
PHICOBATE CXEMY PACIPOCTPAHEHNS cBeTa (aHanor — cM. puc. 3.41).

Korpa 6oxan GyJeT 4ocTaTouHO OTialleH OT HabuaaTels, T. €. OT Bamux rias (coot-
BETCTBEHHO, YroJl NajleHud My4uKa cBeTa GYAeT A0CTaTouHO GOJIBIINM), TOBEPX HOCTE BOJIEL
CTaHeT JJIA BAC 3EPKAaJLHOI M BbI IIePECTAHETE BHAETE YaCTE PYUKH, KOTOD&HA Haj BOJOH.
BmecTo 3TOrC BRI YBHJINTE 3€pKajibHOe OTOGpAYKeHHe YacTH KOPIYCa, PACHOJIOyKeHHOR
no/i Bofiol. ¥YOeqUTECA B TOM, UTO 9TO B CAMOM jiejie «IOJiBOAHAMAY YACTH, BAM TIOMOXKE
HAJIITHCE Ha KOpPIlyce DYUKH.

HUtak, B pesyiabTaTe SKCIEPHMEHTA MBI YCIELIHO NOATBEpAHJIN C(HopMYyJINpPOBAHHYI
B HAvAJIe aparpaa ruloTesy 1 BCTPeTHIINCE C HOBLIM (DH3HYeCKHM siBJleHHeM, KOTopoe
HASBIBAIOT NMOJIHOE oTpaskenne. «[lonHoe» — TaKk Kak B 3TOM SABJIEHHH BECH CBETOBOH IIy-
YOK OTPaXaeTcH OT rPAHMLbI pasjena AByX cpel. [Iporye Becero HabmonaTs 9T0 siBIeHNe,
HAXOAACH B MpejiesiaX cpefibl ¢ BoJbIIeil ONTHYECKOH ILI0THOCTEIO. JIobuTenn nogBogHo-
ro IIaBAHNS CMOI'YT TIOJITBEDAUTE BCE 5TO COBCTBEHHBIMI HAGMIOEHMAMM, BCEM JIPYTHM
COBETYEM BHHMATEJHHO CIEHUTE 38 S9KPAHOM TEeJIEBH30PA, KOIA NOKa3blBAKT MOJIBOJHLIE
cpeMiru (eM. puc. 3.40).

O6paTuTe BHUMAHHUE, YTO ONUCAHHOP AGJCHUE B03MONCHO moavko mozda, kozda ny-
YoK ceéema nepexodum us cpedvl ¢ GoNblULEl ONMUYECKOU NAOMHOCMbIO 6 my, onmuyec
Kas NAOMHOCMb KOMOpoll MeHbule. JIna TTPOTHBOIIONOMKHOTO coryuas (1lepexoj U3 cpejibl
¢ MEeHBIICH ONTHYEeCKON IJIOTHOCTEIO B TY, ONITHYECKas ILIOTHOCTE KOTOPoi Bosbie) yrodi
npenoMmaenns OyseT MeHbINe, YeM yroJi [a/ieHnsA. S3HAYUAT, ABJIeHNEe MOJIHOI0 BHYTPeHHe-
ro oTpayeHns HabmonaTseH He Gyner.

IOBenupbl HA NPOTAMKEHHN BEKOB MCINONbL3YIOT sIBJIEHHe IOJIHOIO BHYTPEHHETO 0T-
payeHns CBeTd, YTOBLI NMOBLICHMTEH NPHBJIEKATENLHOCTL M LEHHOCTE JPATOLUEHHLIX KaM-
Heil. Ilpupopusie kamun obpabarbiBaOT — OrpaHMBaIOT, JPYTHMH CJIIOBAMH, CO3JAKOT HA
[MOBEPXHOCTH KAMHS MHOro nJjockocteil (rpaweii). Jloogm obnivHO paccMaTpHMBalOT Apa-
roleHHbIe KAMHU TIPH ApKoM ciBere. HezaBuCHMO OT MecTONONO)KeHHS HMCTOYHHKA CBe:
TE HEKOTOpbIE I'PAHM KaAMHA OYAYT BHINONHATE POJE <«BHYTPEHHUX 3€pKas», U KaMeHb
«aurpaers» B nyuax (puc. 3.43). Ecim KameHE NOBEPHYTE, TO BHYTPEHHUMM 3€pKaJaMi
CTAHYT JPyrHe rPasi.

10, 3.45. Cxema OTpayKeHNA Nyyeid CBETa OT BHYTPEHHUX NOBEPXHOCTEN AparoyeHHbIX KamHel. Ecnn
nyu cBeTa NaflaeT Ha fIParoUeHHbIN KameHb, Hanpumep, U3 UCTOUHKKA 1, TO OH OTPAXAETCA OT ONHON
rpaxun 1 nonapaet B rmas Habnioparens. Ecnu nyu ceeta NafaeT U3 KCTOUHKKE 2, TO CBET OTPaXAETCH YXe
OT [IBYX rpaHeli — 1 CHOBa nonapaeT e rna3 Habnioparensa. CnegosatenbHo, AnA Habnoparens aparo-
LieHHbI KaMeHb CBEPKaeT He3aBlUCMO OT TOTO, [Z1e PACTONOKeH NCTOUHVK CBETa

B W58



§ 24*. MNonHoe oTpaXeHne !

Pue. 3.44. PacnpocTpaHeHne CBETOBOro NyuUKa Nno ceetosofly

9 3HAKOMMMCA C BONOKOHHOW ONTMKOMN

Hurencupuoe NpaKTHyYecKoe IpHuMeHeHHe HABJIEHHA I[IOJIHOI'O OTpaMeHHHA Haua-
JIoch ToJbKO B nocnenune 20--30 ner. CBs3aH0o OHO € CO3JIaHMEM BOJIOKOHHBIX OIITHYEC-
KHX CHCTEM.

Ecnu B Toper, CTeKNIAHHON IIACTHHKH HANPABUTE MTYUYOK CBETA, TO TOCJe MHOropa-
#OBOT'O OTPAYKEHNA CBET BBIHJIET HA IIPOTHEOMOJOKHONU CTOPOHe IUIAacTHHKK (puc. 3.44).
K Tomy 2Ke, 9T0 COCTOMTCSH HE3aBUCHMO OT TOro, KaKoi 6yeT NIacTHHKA: M3OrHYTOMH I
npamoit. Iloaromy nepsbie ceeToBobl (rMb6KHe HUTH, KOTOPBIE NIPOBOAAT CBET HA OCHOBe
ABJEHUHA [OJHOTO BHYTPEHHEro OTPayKedns) JIOAN CTATH HCloNb3oBaTh JJIf NojCBeun-
BaHUHA TPyHOAOCTYNHBEIX MecT. Merounnk ceera (Hanpumep (pOHAPMK) HalPABJSET CBET
HA OAWH KOHel r'MBKOoro CBeTOBO/A, a BTOPOH KOHel, 3TOro CBeTOBO/la OCBeIlgeT HYyKHOe
TPYAHOLNOCTYIIHOE MECTO., JTY TEeXHOJOTHIO HCIOJNB3YIOT B MEJHIHHE /IS MCCJIe[oBAHNSA
BHYTPEHHUX OPraHoB (sHfockonus). lIpuMeHsioT ee 1 B TeXHHUKE, CKayKeM, JJH Oolpeie-
JeHus ae)eKToB BHYTPH MOTOPOB Gea ux pasbopkm.

I]{}-"’IJ[HE’E JKTYTHI CBETOBOJIOB CTANMH HCIICJIE3OBATE KAK HCTOYHHKH COJIHe4YHOTI'o oCBe-
IEeHnA 3aKPBITHIX NoMeruesnii. Hanpumep, oiMHE KOHel, CBETOBO/A PaaMelaiT Ha KPLI-
me, a BTOpoii — B KoMHaTe 6¢3 OKOH; B PE3YJILTATE B COJMHEYHBIN /IeHb eCTeCTBeHHbIH
CBeT 3aJHBpaeT 9Ty KOMHATY.

CBeTOBOAB! HIMPOKO HUCIOJL3YIOT B HHAYCTPHY Pa3piieyeHlil — JUJIA [O/ICBeYHBa HUSA
CleH pAas3JIMYHbBIX I0Y, YKpallleHHnHA BHTPHH, B JEeTCKHX UIDYINKaX.

OpHaro BoJbIle BCero CBETOBOMbLI NPHMEHATCA Kak Kabemu s nepegayun mHOOD-
mauun. Ecay npeepaTuTh olIpeieIeHHYI0 HH(OpMAal U0 B [IaKeT CBeTOBbIX CHIHAJIOB, TO
C IIOMOILBK) CBETOBOJIOB €€ MOYKHO IlepeiarTs Ha Dosklioe paccTosiHue NMPaKTHYEeCKH Bea
nexaxennit. IloeraBup Ha ApyroM KOHIE CHCTEMEI obparTHEI NpeobpasoBaTen: (CBETO-
BLIX CHTHAJIOB — B ONpefieSIeHHYI0 WH(QOPMAaLHIo), B peayjbTare MNOoJYyYaoT BRICOKOa(-
dexTrrHLII Kabenb, KOTOPLIH siBNAeTCH HAMHOrO Goslee fenteBbiM u Gonee JerkuM, 4eM
CTAHJAPTHLIA MeHBIH, TPAKTHYeCKH HEe M3MeHSeT CBOMX CBOMCTE IIO/| BJIMAHHEM OKPY-
JHAOIIel cpenbl, TIO3ROJIAET Nepenasats Gonbme MHGOPMALHA B T. II.

Baoarogapsa cBOMM IIPEMMYINECTBAM TaKkue kabesm cTPeMHTEeJEHO BLITECHAT TPajn-
HoHHBIE TIpoBoaa. Ecnm enje B cepemae 70-X roZioB NpoONOLIOre CTOJNETHS 3TH CHCTEMEI
6bUIHM IOBOJILHO SK30THYeCKMMH, TO yike B 1988 roxy mo nHy AT/aHTHYECKOrO OKeaHa
MpOJIOJKeH TEPBLIH BOJIOKOHHO-oITHYeCKHH Kabems. Cerogua BOJIC (BonoKOHHO-ONTH-
UecKHe MTHHHUH CBA3H) — 3TO Tese)OHHAS CBA3L MeyAy KPyNHEHIIHMH ropoiaMu YKpa-
HHHI, HHTODHET H MHCIroe Jipyroe.
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§ 25. AUCNEPCUA CBETA.
CNEKTPAJIbHbIN COCTAB CBETA

® Conneunsbiii nemnuii env. M 60pyz Ha Hebe noseundacy myuka, nousen
Ooaxncdur, Komopbiie Gydmo Gbi «He sameuaem», WMo cOiHYe nPoJoaxca-
em ceemums. Taxoi Oomdv 6 napode nazviearom caenvim. Jlomduk ewe
He ycnel 3aKOHYuUmbcs, a Ha Hebe yxce sacusana pasHoysemuas padyza
(puc. 3.45). Ilowemy ona noasunace? Omeem 6vl ysHaeme us caedymouiezo

napazpaga.

Puc. 3.45. fiBnenwne, nopobHoe pa-
nyre, MOXHO Habnopath B 6pbirax
dboHTaHa unn Boaonaaa

@ Wsyvaem paznoxenme 6enoro ceera
B CneKTp

OxaseiBaercs, 4T0 ¥ B J1aBOPaTOPHBIX yC-
JIOBMHX MOMHO HaAONMIOAATH yAHBHTEJLHOE SIBJie-
HMe, nojobHoe pazayre. s TOro HANpPABUM y3-
KHil IyJok Gesyioro cpeTa Ha CTEKJSHHYI TTPU3MY
(puc. 3.46). TIpoxoasi CKBO3L IPU3MY, Ny4OK Gello-
ro cBeTa MpejioMJIseTcs, U Ha sKpaHe obpasyercs
pajy:;Has moJiocKa — cnexkmp.

ITosiBnenue cnexkTpa OOBACHAEGTCH TEM, YTO
ny4ox 6esioro ceera npeacrasisierT coboil COBOKyM-
HOCTE CBETOBBIX IYUYKOB Pa3HBLIX [[BETOB, 4 CBETO-
Bble NYYKHU PA3HLIX [BETOB PACHPOCTPAHSIOTCH
B OJIHOIT M TOM JKe cpefie C PasHOil CKOPOCTHIO,

3aBUCYMOCTb CKOPOCTU PACTpOCTPAHEHUA MyyKa
CBETa B ONnpefeneHHon cpege oT LUBeTa Mnyyka Ha-
3bIBAlOT AUcnepcMen ceera.

O6BIYHO Ty9KHM CBeTa, MMEIOIHe MEeHBIIYIO
CKOpPOCTH PACIIPOCTPAHEHHUS, IPEJIOMIAITCH Do

Puc. 3.46. Paznoxexue 6enoro cserta B CrieKTp Npu MpoXoXAeHn CKBO3b CTeknAHHY0 Npusmy. Cune-
Hee BCero NpenoMnaloTcA pruoneTosbie Nyuw, chabee Bcero — KpacHoie
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§ 25. Aucnepcun ceeta. CnexkTpanbHbIN COCTaB CBeTa . .

Puc. 3.47. Hekotopbie ONONHUTENbHLIE UBETA

me. Hanpumep, B cpefax, ¢ KOTOPBIMU Bbl 3HAKOMMUTECH B IKOJE, (DUOJIETOBbIe
NyYKH UMEKT MEHBIIYI CKOPOCTh, YéM KpacHble, ¥, 3HA4YUT, NpPeJoMJIAI0TCSH
cunbHee. Keramn, MMEHHO MO3TOMY NOJIOCKA (hUOJIeTOBOrO IBeTa B CIEKTPe pac-
rnoJodkeHa Huke KpacHoi (puc. 3.46).

Cpasaum puc. 3.45 u 3.46: 1peTa pagyra — 9TO M €CTh I[BeTa CIeKTpa, YTo He
VIAVBHTENIHHO, TAK KAK HA CAMOM JieJie Pajiyra — 9TO OIPOMHBIII CIIEKTP COJTHEYHO-
1o ceeTa. MupHajbl MaJeHbKUX KaresieKk BoAb! (MIOMHUTE, YTO pajyra Beeraa obpa-
30BBIBAETCSI BO BPEMsI WM TI0CKIe J103AAT), eMCTBYsI BMecTe noio0HO MHOMKEeCTBY
«IIPU3M», TIPEJIOMJISIIOT GeJIblii COJHeYHbI CBeT U CO3[AaioT PasHOLBETHYIO AVTY.

@ XapakTtepuayem uysera

B cnekTpe 00BMMHO BBIZIEJSIOT CEMb I[BETOB: KPACHbLU, OPAHNCEBbLIL, Heen-
mutit, 3enenvtit, 2onyboil, cunuit, uonemosolii.

CBeTOBhLIe NMYUYKH JIBYX PAs3HBIX CIEKTPANBbHEIX IIBETOB B CJIyUae HAJOMEHU
APYr Ha apyra obpasyioT ApyrHe IBeTa. JTO SBJIEHWE Ha3bIBAIOT HAJIOMKEeHUeM
ClIeKTpaNbLHEIX BeToB. Tak, HanpaBUB HA 9KPaH NyYKH OPAHMKEBOro U 3eJIeHO-
ro 1BeTOB TAKUM 00pa3oM, yToOLI OHH IE€peKpLIBalA APYT Apyra, NoJIyuuM Ha
SKpaHe JKeJIThIHA IBeT.

HeKkoTopsle CIIeKTpabHbIE 1[BeTA B CIyYae HAJIOMKEHUs JpYyT Ha aApyra obpa-
3y1or Geswril nBeT. Takne napsl CNEKTPalbHBIX IIBETOB HASHIBAIOT JIOMOJIHUTENb
Beivu (puc. 3.47). Ha pucyHske npeta ydacTkoB A u B sIBIsIIOTCA JIONOTHUTEN b
HBEIMH, TAK KAK OHHU JOIOJHSAIOT ApYyr aApyra o 6enoro nsera.

Ocoboe e 3HaYeHNe JJIs HALIEro 3PEHUS UMEIOT MplU OCHOSHBLX CNEeKMpPaib-
HbLX yeema: KpacHulil, 3enenwiil u cunuil. HaxknaneiBasi 9Tu TpU 1iBeTa ApYT Ha
Ipyra B PasHbIX NPOMOPIHUSX, MOYKHO NONYyYaTh Pas/iMyHbIe IBeTA U OTTEHKHU
(puc. 3.48). IIpu 89TOM 3€JI€HEIN, KPACHBIH U CHHUI I[BeTa HEJIb3s NOJYYUTh KOM-
OuHanuel ApYyrux [BETOB CIEKTpAa.

Ha HaJIOEHUN TPEX OCHOBHEIX CIEKTPAJILHEIX IBETOB B PA3HBIX I1PONOPIH-
fiIX OCHOBLIBAETCSH, HANpUMep, ysemroe menesudenue. Ecnm Bel NOCMOTPUTE HA
SKpaH IBETHOTO TeJIeBU30pa 4Yepes JIyIy, TO YBUANUTE, YTO N300parkeHre COCTOUT
U3 MEJIKUX 00BEKTOB KPACHOTO, 3€JIEHOI0 M CMHETO IIBETOE.

6 Bowupors. Gmanea, 7w 1&! -
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8

Puc. 3.48. OcHoBHBIE YBETa crekTpa -- 3ene- Puc, 2.49. Nnctba pacTeHnsn, OCBELEHHOro
HBIl, KPACHBIW, CUHWIA CUHUM CBETOM, KaXyTCH HaM NPaKkTUYeckn
UepHLIMA

o Boiachaem, nouyemy Mmp pasHouBeT HBIR

3unasn, wmo Oenvlil céem AGNACMCA CAONCHBLM, MOHHO 00BACHUNMD, NOYEMY
OKPYHCAROULULL MUP, OCEEUWCHHBLIL UL OOHUM UCMOLHUKOM Oenozo ceema — Con-
Hyem,— Mbl 6UOUM PAZHOYGENHbLM.

Kax BBI yKe 3HaeTe, CBeT YACTHYHO OTPAMKAETCS OT (PU3MUYECKHX TeJI, 4Yac-
TUYHO TIPEJIOMJISIETCS W YaCTUYHO TONJIOIAeTCsS MMM, NPUYeM 3TH IPOIEeCcChl
3aBUCAT OT ONTHYECKUX CBOMCTB MaTepuaja, U3 KOTOPOro COCTOAT Teja, U OT
nBeTa najawIiero CBeToBoro InyJkKa.

Benasi noBepXxHOCTHL OTpaxkaeT OAMHAKOBO JIyul Beex 1seTos. [Toatomy amsbom-
HBIH JIUCT, OCBEIeHHBIN HCTOYHUKOM 6eJIoro cBeTa, KaskeTcsi Ham Gesbim. 3eseHan
Tpapa, OCBeIl|eHHAas TeM Y€ HCTOYHUKOM, OTpajXaeT NperuMyIlecTBeHHO JIyuH 3e-
JIEHOTO 11BeTa, 4 OCTAJLHEIe nororiaeT. KpacHsle JIenecTkn TIOJNbIAHOB OTPAMKAIOT
B OCHOBHOM JIy4Yl KpACHOTO IIBETa, JHEeJThIe JEeNeCTKN MOJICONIHYXa — eJITOro.

Cunmii cBeT, HaNpaBJIEHHEIN HA 3€JIEHYIO JINCTBY PACTEHMIi, IOYTH HEJIMKOM
NOMIOTUTCS JIUCTBOI, TAK KaK TaKas JIUCTBA OTPAXKaeT NPEeNMYIIEeCTBEHHO 3e-
JIeHble JIy4H, a8 Jpyrue — Toroiaer. 3HauuT, JUCTBa, OCBEII€HHASI CHHUM CBe-
TOM, OyZleT KazaThbCa HaM IpaKkTudecKky yepHoil (puc. 3.49). Eciu xe, manpumep,
OCBETHTL CHHUM cBeTOM Oelryro OyMary, TO OHA NOKayKeTcs HaM CHHEN, TaK Kak
Genas GyMara oTpajkaeT JIyY BCEX IIBETOB, B TOM YUCJie U CHHHUE. A BOT uepHas
HIepCTh KOTa IONOoIaeT Jydy BCeX IBETOB, N03TOMY, KAKUM Obl CBETOM MBI €ro
HH OCBeTHJIN, KOT Bce PABHO OyIeT KasaThCs YePHBIM.

€) nopsoaum urorm

3aBHCHMOCTH CKOPOCTH PACIPOCTPAHEHUsI TIYYKA CBETa B OMNPEeJIeJIeHHOIl
cpezie OT IiBeTa JY4YKa HA3LIBAIOT JUCHEpPCHeil cBeTa. B pesysbTaTe AHCIepCHH
GeqeIil cBeT, NpoNIeATINii, HANIPUMED, CKBO3b NIPUA3MY, 00pa3yeT CIEKTP, T.e. OKa-
3BIBAETCS Pas3JIOeHHBIM Ha CEMb CIEKTPAJIbHBIX IBeTOB (KpacHbBIH, OpaHIKeBkIi,
JKENTHIN, 3eJIeHbIH, roJy6ol, cuHuii, GUOJIETOBLIH).
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§ 25. Auicnepcun cBeTa. CneKkTpanbHbif COCTaB CBETa . .

B ciiyuae HaJOMKeHHA NBYX pasHBEIX CIEKTPAJILHBEIX IBETOB 00pasyoTces Apy-
e IBeTa.

Bunaropapss ToMy 4YTO pasHbBIE TeJa NO-PA3HOMY OTPamkaloT, NPeJOMJISIOT
¥ TOTJIONIAOT CBET, MBI BHAWM OKPYIKAIOIHA MHP Pa3HOLBETHBIM.

o KouTponbubie BONpochb!

1. Yro HaseBalOT JUCIEpCUeii ceera? 2. B uem NpuYMHA JUCHepcun
ceera? 2. Kakue npupojHbie sIBIEHHS MOXKHO OOBSCHUTEL Jucrepcueii
ceera? 4. OObACHUTE, UTO O3HAYAET BhIpaYkeHue «Gelblil cBeT — CJIOM-
Helii ceeT»? 5. Kakme npera HassBapT aononHuTenbHeiMu? 6. Haso-
BUTE CBOIICTBA OCHOBHBIX IBETOB crieKkTpa. /. CBeT KaKoro nsera orpa-
JKAET 3eJIEHLIT BUHOTPAa?

. YnpamxHeHun

1. CeT KaKoro 1BeTa NpoXOoAuT CKBO3b CUHEE CTEKJIO? momiomniaeTcss nm?

2. Kakumu OyAyT KasaThCsl KpacHble OyKBel Ha Genoil Oymare, ecjid cMOT-
PeTh Ha HHUX CKBO3b 3eJeHoe cTexyio? Kakum npu aTom OyzeT KasaTbes
user Oymarn?

3. Yepes CTEKJIO KAKOTO 1BETA HEJIb3sl YBUAETH TEKCT, HanucaHHbmi (puo-
JIETOBBIMM uepHUIamMu Ha Gesoii Gymare?

4. B Bose pacrpocTpaHSIOTCH IYUKH CBeTa KPACHOTO, OPaHKeBOro M ro-
ayboro nperoB. CKOpOCTh PACHpPOCTPAHEHHSI KAKOrO M3 NYYKOB Oyner
Gonbineit?

. 3I(I:I"IEPIIMEHTMI:HNE 3apaHmnA

1. Hanonaute HernmyGOKUii cocy/l BOAOI M NOCTaBLTE €ro BO3JE CTEHBI.
Ha mHO cocyza NoMecTHTe ILJIOCKOE 3epKAJIO IOJ TYNEIM YIJIOM KO
AHY. 3epKajo NoIHO ObIThH LEJUKOM INOrpyKeHo B Boay. Hanpasbre

HA HEro Iy4YOK CBETA — Ha CTEeHe INOSBUTCH «COJHEYHEINH 3ailduK».
BHEMATEJIBHO paccMOTpUTEe ero u ofbsicHUTE SIBJIeHWe, KOTOpoe Ha-
fmonaeTcs.

2. TIpoBepuTe ONBIT 10 HAJIOMKEHWIO PA3HELIX [BeTOB. Ilns aroro ciexyert
BRIPE3aTh M3 IJIOTHOM OyMAaru HECKOJNBKO KpPYroe aAuameTrpom 15 cm.
OnuH 13 KPYros pasfie)InTe HAa TPH OIMHAKOBBIX ceKkTopa. [lepBrIil cex-
TOP 3aKPACKLTE KPACHBIM IIBETOM, BTOPOI — CHHUM, TpPeTHII — 3eJIeHbIM.
OcranbHBIE KPYTH pasfieJIiTe Ha CeKTOpa PasHOTo pasMepa H 3aKpachbTe
JMIO6BEIMH pa3HBEIMU IBeTAMH. IloouepeiHO HacaguTe KajXXAbIl Kpyr Ha
OCTpHE IIAPHKOBOM PYYKHM MU packpyTuTe ero. Onminmte m ofbsacHUTE
CBOH HaOJIONeHuUs.
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Oun3nKa u TexHuKa B YKpanse

OrkpbiTOe akuuoHepHoe obuecTso
«CINIMU» (Cymckune SnexkTporHbie MuKpocko-
Nbl) HAYANO CBOIO NPOW3BOACTBEHHYIO [IEATENb-
HOCTb B 1959 rofy. 310 NpenpuATUE RBNAETCA
GeccnopHbiM nuaepom Ha Tepputopun CHI no

NpOU3BOACTBY NPUBOPOE ANA M3MEPeHiA.
OpHwm 13 obpazyoe npogykuwn obveauHennsa «C3NIMW» senReTcA cnekTpodoTomeTp (cm.
pucyHOoK). 310T Npubop NpefHasHaueH ANA aHaNU3a COACPMaHWA TAXKENbIX METANSIOE, BPEAHLIX
BeLecTs (UMHK, CBUHEeL, Meflb, KafiMUi, PTYTb) B NMPOJyKTax NATAHUA 1 NULLEEOM Cbipbe, a Takxxe
B NPUpOAHORA Bofe, obpasiax rpyHTa v T. N, YyBCTBUTENbHOCTL CNEKTPOGOTOMETPA OYEHDb BLICO-
ka. Ckaxkem, Npvbop cMmoxer onpegenuts Hanuyne 0,005 Mr pTyTM B NUTPe BOfbl.

NIABOPATOPHASA PABOTA N2 11

T& pasHoro npeTa.

YKA3AHWUA K PABOTE
NMopgroroexa Kk pabore

Tema. O6pasoBanue nBeTHOM raMMbl cBeTa I1y-
T€M HAJNOMEHUS NMYYKOB CBeTa pasHoro nserta.
Uene paborei: OonyudTh pas3jilydHble I(BeTa
U OTTEHKH IBETOB NYyTEeM HAJIOMKEHUs NMyYKOB cBe-

Ob6opypoBaune: YHCTHIA O€NbIiT JIMCT; MCTOUYHUK
cBeTa (2 1IT.); 9KpaH co wensio (2 wT.); pasmuy-
HbI€ CBETO(UILTPEI (MUHEMYM Z1Ba).

ITonoykure Ha cron Geinwrit jaucr. Boame NPOTHBOIIOJIOMHBIX KpaeB JHCTA
YCTaHOBHUTE 3SKpaHbI. 3a JKpaHaMHi pacnoJiodKuTe MCTOYHHKH CBeTa. OnerTHEIM
nyTeM HalJuTe Taxoe PacIionoxxeHe MCTOYHMKOB OTHOCHTENBHO S3KPaHOB, IPH
KOTOPOM NOJIOCKH CBeTa Ha 6}(1\1&1‘& HaKJiaAbIBAIOTCH APYI' Ha Apyra.

Boinonuenne paborol

1. BacoHsAs eI SKPAHOB pasiIMuHLIMM cBeTOGUILTpaMu, Habionaiite

HU3MEeHeHHe LBeTa IOJIOCKH CBeTa Ha GyMare.

2. ITo pesynpraTaM HaOGMIONEHWH 3aNOJHATE TabJIHILY.

Liger ceetodunsTpa

Homep onbita Liger ceetodunerpa (1) @

Lieer nonocku ceerta Ha
Gymare mexay 3KpaHamu

Ananwus pesynsraroB paborbi

CnenaiiTe BBIBOM, B KOTOPOM OIMAIINATE U O0BACHUTE SIBJIEHUSI, KOTOPHLIE BHI

HabJrroman.

BN 164




§ 26. JINH3bI

B Ha ypoxax npupodoeederus 6bl, HABEPHOE, NONbIOEANUCH MUKPOCKONOM.
Koe-kmo uz sawux dpy3seii (a moxcem, u 6bl camu) umeem ouxu. Beposm-
Hee 6cez0, DONBULLHCME0 U3 604C 3HAKOMbL ¢ OUHOKIEM, 3pUMENbHOL MpY-
ooil, meneckonom. ¥ ecex amux npubopos ecmbv obujee: ux OCHOBHOU “ac-
Mbl0 ABAACMCA JUH3A.

@ 3HaKOMMMCA € pasHbIMW BUOaAMW NAKH3

JIunzou (chepuueckoit’) Has3ui6aiom npo3painoe Mmeno, 0ZpaHuierHoe
¢ dsyx cmopon cepuieckumu nosepxrnocmsamu (B 4aCTHOCTH, OJlHA U3 TOBEpX-
HocTeli MoyeT ObITh IUocKocThi0). Ilo (hopme JMH3BL ACNATCS HA BblNYKJAbLE
(puc. 3.50) u sozrymuie (puc. 3.51).

Ecau monwuna aundut d 60 mHo2o pas menvuwe paduycoé R, u R, cepuyec-
KUX NOBEPXHOCMEN, KOmopbie 00pasyom AuH3Y, mo MaKy JAUH3Y HA3bLL6aKMm
ToHKO# JAuH30i (puc. 8.52). Jlanbiue, roBopsi O JUH3e, MBI Beersa Oyaem umeTh
B BUAY TAKYIO JIUH3Y.

O6BIYHO BBIMYKJIBIE JIMH3bI SBISIOTCA COOMPaIONMMuU: Napailenbible Iy,
Komopole nadawm na cobupaowylo NuH3Y, npoiuds cKeo3b Hee, NepeceKarmcs
6 odnoii moukxe (puc. 3.53).

BoruyTele JMH3BLI dYalie BCEro ObIBAIOT pacCcewBaOIMMH: NAPALAeNbHbLE
AYHU NOCAE NPOXONCICHUR CKBO3b PACCEUBAIOWYI0 NUH3Y EbLX00SM pacXodsuuMm-
cs nyukom (puc. 3.54).

JIunae!: Takke ObIBAIOT IHAMHAPHYSCKIMH, HO BCTPEYAIOTCH TAKHE JIHH3bI PEJIKO.

Puc. 2.50. PaznuuHble BUAbI BbIMYKNbIX INHI B Pa3- Puc. 3.57. PazanuuHbie BUabl BOTHYTHIX NIUH3 B pa3-
pese: a — ABOAKOBLINYKIaA NH3a; 6 — nnocko- pe3e: @ — IBOAKOBOIHYyTas NMH3a; 6 — Niocko-
BbIMYKNaA NMH33; 8 — BOrHYTO-BLIMYKNan /IMH3a BOFHYTas NIMH33a; 8 — BbINYKNO-BOTHYTaA NMUH3a

a8
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.. ToHkan chpepuueckas nunsa: d << R, d <<R,

- 3.53. NapannenbHuie nyyu, NPeNoMNAAchL J 1.54. NapannenbHbie Nyyn, NPENOMNAACH
B cobnpalouien NuH3e, NepecekalnTca B oHON B paccenealolien nuH3e, pacxogarcs (cnpa-
Touke (cnpasa — ycnoeHoe nsobpaxeHue cobn- Ba — YC/IORHOE n3obpaxkeHune paccensalolein
patoLleint NNH3bI) NUH3bI)

@ Wsyyaem xapakTepmMcTUKM NMH3DbI

TIpoBeieM NpAMYI0, KOTOPAS ITPOXOANT YEPE3 NEHTPH! C(DEPHUYECKUX TTOBEPX-
HOCTEeH, OrpaHUYHUBAIOIUX JUH3Y. 9Ty NPAMYI0 HasbIBAKT IIIABHOH ONTHYECKOI
OCBI0 JuH3LI, TOYKY JINH3BI, KOTOPas PAacHoJIoMKeHA Ha IVIABHOH ONTHYEeCKOoi ocH
H Yepe3 KOTOPYIO JIY4Y CBeTa IPOXOJNUT, HE M3MEHss CBOEro HanpabJieHWns, Hasbl-
BalOT ONTHYECKHM LeHTpoM JuH3kl (puc. 3.55). Ha pucyHkax onTuueckuii meHTp
nuH3s! 0061YHO 0603HauawT OykBoil O.

Touky, B KOTOpOil cobuparTcs Hocjie NPeJOMJIeHHs JIYy4YH, IapaJiieiibHbe
IVIABHOH ONTHYECKOHN ocH cobupaloreil JIMH3b!, HA3BIBAKT JIeHCTBHTEIbHBIM (ho-
KycoMm coOuparoinein auHasl (puc. 3.56).

Ecim nydok nydeil, napaJulefIbHBIX TVIABHOH ONTUYECKOH ocH, HanpaBHATH
HA paccerBAalOUIyI0 JIMH3Y, TO IOCJe NPEeJOMJIeHNs OHHM BBRIHAYT pPaCcXOAsIuMCH
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Puic. 3.55. MNpsaman AB, npoxopatian uepes yeHtpol O, u O, chepruecknx noBepxXHOCTE, OrPaHUuMBalo-
LLMX NIMH3Y, HA3bIBAETCA MMABHON ONTUYECKON OCbIO JINHIbL Touka O — ONTUYECKMIA LIeHTP NUH3bI
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Puc. 3.56. [leicreutenbHbin Gokyc cobupalowein Puc. 3.57. MHuMBbIA GOKYC paccenBalouiei
NUH3bE — TouKa F NUH3blI — Toyka F

nyurom. OgHAKO UX NpojoJkenus cobepyTcs B O/lHOM TOYKEe Ha IJ1aBHOM ONTH-
yecKoi ocu JuH3E! (puc. 3.57). 9Ty TOUKY HA3BIBAXOT MHHMLIM (POKYyCOM pacceH-
BaOIIe JIMH3LI.

Ha pucyskax (oxyc auazsl o6o3HauarT Oyksoii F.

Paccmosnue om onmuyeckozo yenmpa aunast 0o oxyca nasvieéaiom poryc-
HLIM PACCTOAHHEM JIMH3BI.

MoKycHOe paccTossHue 0603Ha4YaeTcsi cuMBOJIOM F U usmepsemcs B MeTpax.
MOKYCHOE paccTosHIEe cOOMpalolieil JIMH3b! J0NOBOPUJIMCE CHATATD IOJIOMKUTEN b
ueiM (F>0), a paccemsatomeii — orpunatensasm (F<0).

OuqeBHHO, YTO HYeM CHJIbHEE INPEeJOMJIAIoNHe CBOHCTBA JIMH3BI, TEM MEHbL
M Oyner ee ¢oxycHoe paccTosuue (puc. 3.58).

Dusuneckas 6equNUHA, XAPAKMePU3YIULai NPeroMARIOWuEe C60UCME6a UHSbL
u oOpamnas QOKYCHOMY PACCMOSHUI, HA3bLEAENLC ONITHYECKOH CHJIOH JIMH3BI.

OnTuueckasi ciJia JUH3EI 0603HaYaeTcd cuMBOJIOM D 1 BpraucyseTcs no ¢pop-
myJe 1

D ==
F
rie F — (orxycHoe paccTOsIHHe JIMHBEL.
Edunuyeir onmuyeckoil cunvl a61AeMcs THONTPuA.

167



- . Paspen 3. CBETOBBIE IBNEHUA

—f}NF/ #\\/ W

Puc. 3.58. Yem meHblue pagnycel chpepruecknx MOBEPXHOCTEN, OTPAHNUNBAIOLUX NIMH3Y, TEM CUNbHEe
3Ta NUH3a NpenoMnAeT CBET, CNefoBaTeNbHO, TEM MEHDLLUE ee ¢DOKYCHDE paccrosHue F

1 nuonTpus (ANTP) — Mo onMmuyeckan cuna Makoi AuH3bt, PoKycHoe pac-
cmosihue komopoir paeéusemces 1 m.

Ecym man3a cobuparolinasi, TO ee ONTHYecKas CIIa nosoxurenbHa. OnTuueckas
CIJIA paccenBalouiell JMH3b! oTpunaressrHa. Hanpumep, onrTudeckasi cuiia JIMH3
B 0abyIIKMHBIX OUKax +3 ANTp, & B MAMUHBIX -3 ANTP. 9TO O3Ha4yaeT, 4To B Ga-
OYIIKMHAIX OUKAX CTOST COOMpAIONHe JMH3BI, 4 B MAMHHBIX — pacceuBaioliye.

o Yuumcna pewarp 3agaun

OnTuyeckas: cuna muH3LI paBasercsa -1,6 anTp. KakoBo (okycHoe paccTo-
SHHE 9TOM JUH3BI? J9Ta JIMH3a co0Hpapilas Uil paccenBarian?

Hano: Ananus Quauneckoil npobaemut

D=-1,6 pnTp Jist onpenenesuns: GOKYCHOroO pacCTOSIHUS BTOMH JIMH3BI BOC
noJgbayemcst (popMyIoi AN BLEIMUCIEHUS] ONTUYECKOH CHJIbI

F—7? aunu3el. [Tockonsky D <0, To IMH3a paccenBalollas.

Iouck mamemamuveckolt modenu, peurenue:
1 1

D=—, gpaunt, F=—.
F D

Onpen.e.unm YNCJIOBOE 3HAYEHUE UCKOMOI BeJIMYUHEL:

1
Fy=——=-0,625.
{F} 16

F=-0,625m=-62,bcm.

Omeem: F=-62,5 cm, THH3a paccenBaIOIIas.
@ noasoaumuTorm

IIpospaunoe TeJyi0, OrpaHUYEHHOE C JABYX CTOPOH c(hepUYeCKUMH IOBEpX-
HOCTSIMM, HasblBaOT JUH30M. JInH3s! ObIBal0T cOOUpaIUMI U paccerBalou-
MU, a 110 (GopMe — BBINYKJIEIMA ¥ BOIHYTHIMM.

Jlusza HaswiBaeTcs cobHpalollei, eciay INyYoK lapaljlieIbHBIX JIyYel, najga-
OIHI HA Hee, TOCHe TMPEeJOMJIEHUS B JIMH3€ MepeceKaeTcs B O/IHOH TOodYKe. ITy
TOYKY HA3LIBAIOT AEMCTBUTEBHEIM (DOKYCOM JIMH3EL.

JIma3a HasepBaeTCs pacCerBAalOIeld, eclnu NapajuiesibHbIe JIVUHM, Iamaroiiue
HA Hee, [0ocJe TNpeJOMIeHHs B JIMH3€ HUAYT PACXOAAINMCH NYYKOM, OfHAKO
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§ 26. JIH3b . .

NPONOJIKEHNS 9THUX IPEeJIOMIIEHHBIX JIyueil nepeceKarTcs B ONHOI Touke. OTa
TOYKA HASLIBAETCH MHUMBIM (DOKYCOM JIMH3bL.

dusuuecKas BEINYHWHA, XapAKTEPH3YIOMAas MPeJIOMISIONNE CBOMCTBA JIITH-
3bl U ABJIAOMIASCS 00paTHOI (POKYCHOMY DPaACCTOSHHIO JIMH3bI, HA3bIBAETCS OI-

1
THYECKO CHUJIOH JIMH3BI [D=?]. OnTuueckas cuijia JUH3BI U3MEpSAETCs B AU-
onTpusx (amTp).

0 KonTponbHbie BONPoOCcH

1. Yro naseBaroT inH30i1? 2. Kakue BUJbI IMH3 Bam n3BecTHbi? 7. Yem
paccemBaloIlas JIMH3a oTMyaeTcss or cobuparomein? 4. YTo HaseiBaloOT
aeicTBaTeNbHBIM (hokycom JmeSEI? 5. Tlouemy ¢okrye pacceuBarorieit
JIMH3b] HABLIBAIOT MHUMBIM?  ©. YTO Ha3eBAIOT (DOKYCHBIM PACCTOSTHHEM
auasel? /. Kakyio (usnyecKyio BeIMYHHY HA3BIBAIOT ONTHYECKON CHJIION
nunse? 9. Hasosure eAMHUIYY ONTHUYECKOR cuibl JuH3sl °. Onruuec-
Kas Cujia Kako# JIMH3BI IPUHATA 38 euHuIly?

. Ynpamnenmna

. Ha nuu3y HANpaBmwin apajuieiib-
HBI IIyYOK CBeTa (CM. PHCYHOK).
Onpenenute, Kakasi 9T0 JAH3A —
cobupalomias MM paccenBalomas.
TlepenecnTe pUCYHOK B TeTpajib.
O60o3HAYBLTEe  ONTHYECKHI  IEHTP ‘
1 (porkyc nuH3sl. Hamepbre (oryce-

HOE pPACCTOSIHME JIMH3LI U Onpene-
JINTE €€ ONTUYECKYIO CUIy.

Z.0nTuyeckasi CUJiA ONHOM JIMH3BI paBHsSieTCH -2 JNTP, a Apyroi —
+2 mrrrp. Yem omnmuarTes 8TH JIMH3EL APYTr o1 aApyra?

3. MoKycHOE paccTosTHUe OJHOM JInH3b! paBHsierca +0,5 M, a apyroii —
+1 m. Kakas sinnza umeer GoOJbILYIO ONTHYECKYIO CUITY?

4. ITouemy HENb3s NOMUBATH PACTEHUs HAa KJIyMOaxX B COJNHEYHEIH JeHb?

5B crexJie UMeeTesl T0JIOCTL B BAIE IBOSIKOBERITIYKJION JIMH3BL DTa JIMH3a
oyzaeT cobupaTs MM paccenBaTs Jiyun? OBoCHYIITEe OTBeT.

6. laHo IBe NBOSIKOBBIIYKJIBIX JIMH3BI, U3TMOTOBJIEHHBIE U3 OJ[HOIO COPTa
crexna. Kak Ha oryns onpenenruTs, KaKkasi JINH38 umeeT GOJBIIYIO Ofl-
TUYECKYIO Cuy?

Q IKCNepUMEHTaNbHDbIE 3a4aHuA =

1. TlpennioskuTe MeTO/| onpeeyieHnsi (pOKYCHOIO paccTOsIHUS cobuparoren
JIMH3EI ¢ TMOMOI[bI0 JTUHENKH.

2. TTotipoOyiiTe B AOMAIIHUX YCJIOBUSAX U3TOTOBATE JIMH3Y. Kakoii MaTepu-
an ynoGuee B3siTh? Onpepenmte (hOKYCHOE PACCTOSHUE M OINTUYECKYI0
CILTY TAKOI JIUH3BI.

] N
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. Pasgen 3. CBETOBbIE ABNEHUA

DOunsMKa 1 TeXHNKa B YKpauHe

M310MCKniA  KaseHHbIn npubopocTpovTenbHbIA 3a-
BOfI — Begyliee npegnpuATMe YKpauHbi No W3roTOBNEHUIO
onTUYeCKoro crekna. 3aBof BuinyckaeT cebiwe 200 mapok
LeeTHoro U GecUBETHOro CTEKNa, B TOM YMC/E BONIOKOHHOE,
nasepHoe, MONoYHoe, GOTOXPOMHOE, C BHICOKUM KO3bduULm-
EHTOM MPENOMNEHNA.

3aBog ABAAETCA PaspaboTuvkom W EeAVHCTBEHHBIM Ha
Tepputopun CHI npou3soguTenem mMopCcKUX CTaLMOHAPHLIX
MaAKoB, paboTaloLMX B TENeynpaBiAeMoM PEeXnme.

3aB0 — EAVMHCTBEHHOE B HaLle CTpaHe npeanpusATue
Mo NPOV3BOACTBY CEHCUTOMETPHUUYECKUX NPMBOPOoB, HEOOXOAUMBIX [NIA KOHTPOMNA KayecTBa KUHO-
u ¢oromatepuanos. Ha 3aBofe pa3spabaTbiBaloTcA W BbiMyCKAIOTCA CBEPXTOYHLIE NasepHuie fanb-
HOMEPbI, @ TAKKE CEPUA BLICOKOTOUHBIX ONTUKO-MEXaHNYECKMX 1 ONMTUKO-3MEKTPOHHbLIX Npubopos.

§ 27. NOCTPOEHUE U30OBPAXKEHUI, KOTOPbBIE AIAET
TOHKAS JIUH3A. QOPMYJIA TOHKOW JIUH3bI

m Ceimac nuxozo He ydueasem, wmo MOMCHO yeudems Oarxmepuu u Opyzue
MUKPOOP2AHU3MbL, PACCMOMPEMb HEGUOUMBLE HEGOOPYNCCHHBLM 21A30M dema-
Au peavepa nosepxrocmu JIynvt unu noawbosamecs nopmpemom, Hapucoea-
HbLM HQ MAKOBOM 3eprbiuiice. Bce amo cmano 603MOXHCHBLM NOMOMY, Mo € No-
MOULBIO JIUILEbL NOAYLQION PA3HbLE NO pasmepy u3o0paxenus npedmemos.

o Hab6mogaem nsoGpaxenne npeamera,
NONYHEHHOE € NOMOWbIO NNHIbI

PacnonoxxuB noclieiloBaTe)IbHO 3aXKyKeH-
HYIO CBeuy, coOMpAaloIyio JUH3Y ¥ SKpaH, MOJy-
UMM HA SKpaHe 4YeTKoe H300pa’keHHe IJIaMeH!U
ceeun (puc. 3.59). Uzobparxernune moxer ObITh KaK
OOJBIINM, TAK M MEHBIITHM, YeM CaMO MJIaMs, UJIN
paBHBEIM €My — B 38BHCHMOCTH OT pacCTOAHUSA
MeH(1y CBe4Oil 1 sKkpaHoM. YToOE! BRISICHUTE, ITPH
KAKHX YCJOBHSX € MNOMOIIBK JHH3E! o0pasyercs
TO WM HUHOoe u3obparkeHmWe NpeaMeTa, pPaccMoT-
pUM IpHUEMEI ero NocTPOeHHus.

e Yuumcna crpouTte naoBpaxesne
npeamMeTa, KOTOPO® AaeT TOHKAA NNH3A

JIro6oifi mnpegMeT MOKHO TOPEACTABUTH

Monyuenwe nzobpaxe- Ka
HUA FU1aMeHI CBEUM € MOMOLLBIO KaK COBOKYITHOCTH TOYEK. Hpaas TO4YKa Lpen-
cnﬁmpak)u_leﬂ JIMH3bI meTa, ROTOpBIﬁ CBETHUTCH CDﬁCTBeI-[ELBIM HITH
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§ 27. MNocTpoenne n3obpaxeHuin, KOTOpble AaeT ToHKaA nuHsa. Popmyna TOHKON NMH3bI . .

1 — nyy, NPOXoAAWWA Yepes on-
TMyeckuit LeHTp O nuH3bl (He npe-
S .2 A NIOMIAETCA U HE U3MEHRAET CBOETD
HanpaeneHus);
2 — nyy, NapannenbHbii rasHou
- 3_ e 0 F onrnyeckon ocu I nuH3bl (nocne
F NpencMneHns B NIMH3e UAET yepes
%2 3 ¢okyc F);
S, 3 — nyy, npoxogAwwun yepes ¢o-
v 1 kyc F(nocne npenomneHus e nuHse
WAET napannenbHo rmasHon onru-
Yyeckon oy [ nuH3sb!)

Puc. 32.60. Tpy npocrefiunx B nocrpoeHnn nyya («ygobHole nyun»)

OTPAYKEHHBIM CBETOM, UCIIYCKAET JIYUM BO BCeX HanpasieEusax. Ilns noctpoeHusn
n300pasKeHus TOUYKM S, MOJYyYAEeMOro € NMOMOLULI0 JIMH3EI, AOCTATOYHO HANTH
TOYKY mepeceuerus S, JroObIX ABYX Jiyuei, BBIXOAALMX M3 TOYKM S M IPOXO-
AALMX CKBO3b JUHBY (TOuka S, u Oyser AeHCTBUTENLHBIM M300paKeHueM TOu-
ku S). Keratn, B Touke S, mepecekaloTcs Bce JyYM, BBIXOASIME M3 TOYKHM S,
OHAKO IJIsl TOCTPOEHUs N300paXeHus JOCTATOYHO ABYX syueit (Jrro6bix U3 Tpex
MoKasaHHbIX Ha puc. 3.60).

MN3zob6pasum cxeMaruyecKy mpeaMeT cTpenkoit AB u ynanamm ero ot JIMH3bl Ha
paccrositine, Ooswliee, yem 2F (3a gsoiiHbIM (porycom) (puc. 3.61, a). CHavana no-
cTpouM nsobparkenne B, Touxkm B. Jna 3T0Oro BOCNOJIB3YeMCH ABYMS «yA0OHBIMU»
ayuamu (y4 1 u ayu 2). 9TH Dyun 00cje NPeJIOMJIEHUA B JINH3e NepecerkyTes B TOU-
ke B,. 3uauur, T0uKa B, siBiserca nsobpaxkeruem Toukn B. s nocTpoenus: u300-
paykeHua A, TOYKM A M3 TOYKH B, ONycTUM NEPTEHAVKYJIAP HA IABHYIO ONTHYeC-
Ky10 ock [. Touxa nepeceueHns NepreEUKYAApa v ocu [ ¥ ABNAETCA TOUKO# A,

SHauut, A B wu saBnserca msobpaxeHueM npeaMera AB, 1oJiyueHHOE C 1O~
MOIIBIO JIMH3BL. MBI BUAMM: ecau npedmem pacnonoxmceH 3a O080UHLLM (OKYCoM
cobuparweil MUH3bL, Mo €20 U300paiceHue, NOAYLEeHHOe ¢ NOMOULbIO MUH3bL, Gydem
UMEHbULEHHBLM, nepeseprymouLM, delicmeumensvibimn, Taxkoe nzobpaseHne mojgy4a-
eTcs, HAanpumep, Ha 1eHKe (oroannaparta (puc. 3.61, 6) win ceTyaTKe ryasa.

Ha puc. 3.62, a nokazaHo noctpoeaue uszobpaskeHus npeameta AB, nonyqes-
HOT'O ¢ MOMOLBIO cobuparomeit JTWH3EL, B ciyyae, xozda npedmem pacnosOHCeH

Y

Puc. 3.61. a — nocrpoenvie usobpaxenuna A B, npegmera e cobupaiowei nuxse: npegmet AB pacriono-
KEH 3a ABONHLIM GoKyCcoM NuH3LI; 6 — xoa nyyein 8 ¢poToannapare

Al N |



. . Paspgen 3. CBETOBbIE ABNEHUA

5
e
e

Pre. 3.62. a — nocrpoenue usobpaxenna A B, npeamera s cobupatoweit nunse : npeamer AB pac-
NonoMxeH mexay GOKYcHbIM 1 ABONHBIM GOKYCHBIM paccToAHUAMK; 6 - XOA Nyuen B NPOeKLIMCHHOM
annapare

mendy orxycom u deounvim Qorycom. Haobparxcenue mpeamera B 3TOM cJaydae
6ydem yeeruueHHbLM, nepeeeprymolm, Oeiicmeumensvhvim. Tarkoe nsobpaxenue
TMO3BOJIAET TIOJIYUUTH MTPOEKIMOHHAS annaparypa Ha skpase (puc. 3.62, 6).

Eciun nomecTuTs npeamer mMexay (GpoxkycoMm M JIMH30H, To M306pa’keHUsA Ha
aKpade mbl He yBuaum. Ho, moecmoTpes Ha mpeaMeT CKBO3b JIUMH3Y, VBUIUM n3006-
paskenue npeaMeTa — OHO OyIeT npsMoe, yBeaudeHHOe.

HUcrnonesya «ynobusie nyuns (puc. 3.63, a), yBuaum, 4To mocje mnpesiome-
HUA B JINH3e peaJibHBIE JIVUM, BRILIEALIME M3 TOYKH B, moiayT pacxogamuMmcs
nyukoM. OfHAKO MX NMPOJOJIKEHUs nepecekyTest B Touke B, . Hanmommuaem, uto
B 3TOM CJIyyae Mbl MMeeM JeJI0 ¢ MEHMMBIM usobpaxeHmem npeamerta. To ecTs
ecnu npedmem pacnonoxcer Mexncoy (PoKycom u JuH3oil, mo ezo usobpacerue Oy-
dem YBENUNCHHBLM, NPAMbLM, MHUMbLM, PACIOJOMEHHEIM C TOH e CTOPOHBI OT
JIVHBEI, 4TO U caM npeaMeT. Takoe nzobpaskeHre MOMHO NOJYYUTE ¢ TTOMOIBIO
nynel (puc. 3.63, 6) niaum MUKpOCKONA.

\\\B|
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Pue. 3.6%. g — nocrpoenve uzobpaxenns A B, npegmeta 8 cobuparoweit nunse: npegmer AB pacno-
NOMeH MEX LY NMH30M U e (OKYCOM; 6 — C NOMOLLBIO NTyTibl MOXHO MOMYYUTL yBenuueHHoe usobpaxe-
Hle NpegMerTa u PpaccMoTpeTb ero nogpobHee
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§ 27. NocTtpoenne nzobpamennii, KOTOpbie faeT TOHKaA NuH3a. QopMyna TOHKOM NUH3bI . .

7 A s
4 B -
- A- J/ 0 ‘F ’ A - a i O -F ’
2F F A 2F F A
P
N
B B
s
B, ,
Aé L 9 :F ! © —j
2F F A 2F F
A

Pue. 3.64. NocrpoeHne uzobpaxenuin A B, npegmeta, co3gaBaemMblx PacCeMBaKOLen IMH30N, B Cnyuae
pasnnyHoOro pacnonomeHua npegmera AB oTHOCUTENbHO NUH3LI

HUrar, paszmepor u 6ud usobpanicenus, NOLYLEHHOZ0 ¢ NOMOWbI cobuparuell
JIWH3bL, 306UCAM OM PACCINOAHUSL MEXHOY Npeomemom u Imoi JUHI0W.

BaumatesnsHo paccmorpute puc. 3.64, HA KOTOPOM TMNOKA3AHO MOCTPOEHVE
n3obpaseHus npeaMeTa, MOJYUYEHHOIO ¢ MOMOLBI0 paccemsaloniei juuabl. Ilo-
CTpOEHUe TOKA3BLIBAET, YTO PACCeusawas nuH3a ecezda daem MHuMOe, YMEHb
wenHoe, npamoe uzobpaxenue npedmema, pacroyiO¥EHHOe ¢ TOH e CTOPOHEI OT
JIMHBBI, YTO ¥ CAM TIPEIMET.

Mgt 9acTO CTANTKUBAEMCS ¢ CUTYAIMeH, KOrga mIpeiMeT SHAYNTEJLHO Donbie,
yem JguH3a (puc. 3.65), mim Korja 4acTh JIMH3Bl 3aKPBITA HENPO3PAYHBIM 3Kpa-
HOM (HampuwMmep, JuH3a 06beKTHBa hoToanmapara). Kak cosnaercs nsobpasenue
B 91ux cayuasx? Ha pucyHke BuiHO, 9TO Jiyud 2 ¥ 3 [Py 3TOM He NPOXOAAT
yepes JuH3Y. OaHaKo MBI, KAK M PaHbIIE, MOMKEM WMCIOJIBL30BATE 3TH JIYYM JJIS
NOCTPOEHUSA U300paYeHNs, NOJYYAeMOro ¢ NOMON(bI0 JnH3kl. [ToCKoNLKY pean-
HBIE JIY4YW, BEIIIEAIINE U3 TOYKN B, mocjie mpesioMJIeEnsT B JIMH3e NepeceKaloTcs
B OOHOM TOuke — B, TO «ynob6HBIe JIy4u», ¢ TMOMOLILEIO KOTOPBIX MBI CTPOVM
nzobpakeHue, ToXe nepecexsvcek 661 B Touke B, .

@ 3Hakomumca ¢ GoOpMyno TOHKOMN NMH3bI

CyuiecTByeT MaTeMaTHUeCKasi 3aBUCUMOCTE MeJIy paccrosaweM d OT
OpeaMeTa 0 TUHSEI, paccTossHueM f 0T n3obpaskeHusa nmpeaMeTa 00 JJWH3EL U (o-
KYCHEBIM paccTtostiueM F JuH3BL JTa 3aBUCUMOCTE HA3BIBaeTCs (hopMysiol ToH-
KO JIMH3BI U 3aITUCHEIBAETCH TaK:

1 1
- = _+
F d

~ | -
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. . Paspen 3. CBETOBbBIE ABNEHUA

Pue. 3.65. Noctpoenue nzobpaxenun A B, npegmera B cnyuae, koraa npeamer AB 3HauvtensHo 6onb-
we NUH3ILI

Honesysick (opmynoit TOHKOH JUHSE! JUIs PELIEHUA 3a1ad, CACAYeT MMETh
B BUAY: paccmosnue [ (0T u3o0parkeHns npeamMeTa A0 JMH3LI) CIeAyeT 6pats co
SHAKOM MuHYC, ecnyu u300parkeHne MHUMOe, M cO 3HAKOM nJawc, ecau musobpa-
Kenue deiilcmeumenvroe; GorycHoe paccrosinve F cobupaiomeil JHH3b! MOJI0KU-
TeJIbHOE, A PACCEMBAIOLIEH — OTPUIIATENLHOE.

o Yuumcn pewars 3agaumn

Fapava. PaccmaTpmBasi MOHETY C TOMONIBIO JIVIIBI, ONITHYECKAS CUJIA KOTOpPOit
+5 AnTp, MaJBYNK PACTIONOMKNI MOHETY HA PACCTOSHUM 2 CM OT JIVIIbL.
OmnpepenmTe, Ha KAKOM PACCTOSHUN OT JIYIBI MAJBYNK HAGIIONA N300~
paxenue MoHeTel. Kakum 6yner 310 nzobpakenne — HeiiCTBUTENBHBIM
VI MHUMBIM?

Hano: Ananus Quauveckoil npobaemol, NOUCK MaAMeMAMULECKOIL

d=2 cm=0,02 m | modenu

D=+5 pgnrp Jlyny MOHO cunTaTh TOHKOM JMH30H, T03TOMY 4TOGE! HAll-
TH PaACCTOSIHWE OT JIYIEBI 10 M300paskeHusi, BOCTIONb3YEMCS

I==1 GopmMyn0ii TOHKOM JIMHSEI: %:%4»% (1). doxrycuoe pac-

crogEne F HensBeCcTHO, HO Mbl 3HAEM, YUTO ?:D (2), rue
D — onrtudeckas cwiia JWH3BI, JAHHAS B YCJIOBHMM 3aa4H.

Pewenue u ananus pesyavmamos
Iloncrasus  ¢opmyny (2) B dopmyny (1), noxyuaem

1 1 1 1 Dd-1 d
) B Dt i B P e

Fa T 3 a oD
[posepum epmunny: [f]= - M O

porp-m 1

Haiinem yncioBoe sHaueHUe: M

.. SNSRI U S

5-0,002-1

IIpoananusupyeM pesyabTaT: 3HAK «—» TOBOPHUT O TOM,
4TO n300parkeHue ABJIAETCS MEUMEIM.
Omeem: f=-21 cm, nzobpakeHne MEUMOE.
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§ 27. Mocrpoenne n3obpaxeHnil, KOTOpbie AaeT TOHKaA NWH3a. DopMyna TOHKOR NMMH3bI . .

@ nopsopumurorn

B zaBucumocT 0T Buzia TUHSEI (COGMPAarOmas Wiy paccenBaronian) ¥ Mec-
TONOJIOKEHNUSA TpeMeTa OTHOCUTEJILHO 3TOH JIWH3BI MOJYYAIOT pasHble muaobpa-
JHEeHHS npeaMeTa ¢ IMOMOIIBI0 JIMH3E! (CM. Tabamiy):

MecTonononeHue ' Xapakrepucruka nzobpamenuns
e e !
npeagmera - - ..
B cobupaioujen nuH3e : 8 paccensalowen nuH3e |
3a IBOITHBIM OeHCTBUTEILHOE,
doKyCcOM JIMH3EL yMeHBIIeHHOoe,
(d > 2F) nepeBepHyToe
Mesx OKYCOM
AY Goxy nelcTBUTEIBHOE,
¥ ABOMHEBEIM BT ROR | MHMMOe, YMeHbIlIeHHoe, |
(boxycoM JIMHBBI ’ npaMoe E
(F < d < 2F) 1epeBepHyTOe
Mexny auH30 -
S ety | MHUMOE, YBeJIMY4eHHOe,
@ < F) npamMoe

Taxmum obpasoM, Mo TUIY W300paXKeHUA MOMKHO CYAMTH KAK O BUAE JIMH3EI,
TAK W O MeCTONOJIO}EHUH MpeMeTa OTHOCHTENIEHO Hee.
Paccroaume d oT npeameTa j0 JNH3EI, PACCTOSIHAE [ OT M300pasKeHus A0 JINH-

1 1 1
361 1 (hOKyCHOe paccTosiEune F' cBasaHbl (GOPMYJION TOHKON JIMH3bL: F=-E + 7

@ KoHTponbHbie BONpoCH!

1. OT 4ero 3aBUCAT XapPAKTEPHUCTHKY HM300pasKeHMH, TONyYaeMbIX € T0-
MOLIEI0 cobuparomiest tuH3el? 2. Kakwe Jryum yZI06HO MCHONB30BATE JIJIs
MOCTPOeHUSA 300pareHns, MOJIyY4aeMoro ¢ noMon{eo0 JUHE3e? 1. MoxHo
JIY IOJIYYINTE JeficTBUTEeNIEHOE n30bpareHue ¢ MOMOIbI0 cobuparoniet JuH-
3bI? paccemBarone# auH3bI? 4. MOKHO JI¥ OJIYYNTL MEUMOE n3obparke-
HUe ¢ 1ToMOoIs cobuparomein munss? pacceusaroneit nuaae? 5. C no-
MOIIBI0 JIMH3E! TOJIyYeHo mi3obpakeHue KaKOoro-To npeamMeTa. B KakoMm
caydae ero MOXKHO YBUJIETE Ha SKpaHe — KOrja 3To u300paskeHue SBJIfAeT-
cA AeUCTBUTENEHREIM VIV KOrja oHo MmEuMoe? 6. Ha KaKoMm paccTosHUU
OT JIVH3BI IOJIKeH OBITh TpeMeT, YTOOBI pasMephl caMoro nmpejiMeTa U ero
nzobpascenne O6bLIM oAMHAKOBEIMU? 7. MOKHO JI¥ IO XapaKTepUCTUKAM
v300parKeHus, MOJYYEHHOro ¢ MOMOIEI0 JIMH3LI, ONPENe/iUuTh, KAKas 3TO
JuH3a — cobuparomasi wiu paccemBarorias? o. HasoBurte usBecTHbIE
BaM ONTHUYecKUe MpubOpEI, B KOTOPLIX ecTh JMuH3kl. 9. Kakwe dpusnuec-
KUe BeJIUYUHEBl CBA3BIBaeT opmMysa ToHKoM muasel? 10, Kakoro mpaswm-
Jia cleayeT NpyuIep:HUuBaTeCeH, TPUMeHas (QOpMYIY TOHKOM JIMHIBI?

g m



- . Paspgen 3. CBETOBbIE ABNEHWA

@ VYnpamuenun =

1. IlepeHecuTe pUCYHOK B TeTpPajb W JUIA KAXKIOOrO CAYYAS MHOCTPOHTE
naobpazkenue npeaMera AB B cobuparonoi auese. OxXapaxkTepusynTe
noJyueHHble n30bparkeHus.

—_— ——————
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2. Ha pucyHke mokasaHbl IriaBHasi onTudecKasi ock JwH3bl KN, cBets-
masica Touxka S u ee usobpaxenue S . I[lepesecute PUCYHOK B TeTpajib
¥ ¢ [IOMOIBI COOTBETCTBYIOINX MOCTPOCHUN ONpeAe/INTe PACIooMe-
HUE ONTUYECKOro HeHTpa u (GoKycoB auH3bl. OnpeneauTe TUI JWH3BI U
TUI U300pasKeHns.

i

3. Ilpepmer pacrionosxes B oryce cobuparomeit nunsel. [lokasxure rpa-
¢dugeckn, uTo usobparkeHue B 3TOM cliyyae He obpasyeTrcs.

4. Ha yveT ¢ meyaTHBIM TEKCTOM IOIaja Kaljs Mpo3pavHoro Kiaes. Iloge-
My OYKBEI, KOTOpPBIEe OKA3AJIUCH 0] KarJjel, Ka)yTcesa bonsnmmm, yem
cocenane?

5. 0nTudeckas cuiya JiMHE3bl 5 anTp. Ha kKakoMm paccTosEUM OT JIMHSIEL
HYMHO PACIOJIOKHUTE 3aXIKEHHYIO CBeuy, 4To6kl NMoJyuYuTs us3obparke-
HUe [JIaMeHY CBeYyr B HaTypaJibHYI0 BenuwuuHy? ChnenaiiTe cxematuyec-
KU YepTeK, [OSCHAIINUNA Ballle pellleHue.

©. BeironHas j1a60paTopHyI0 paboTy, VYEHUK ¢ MOMON{BI0 JIMHSEI TOJIY Y9I
Ha 2KpaHe 4eTKOoe M300parkeHve HUTH HAKANWBAHWUSA 3JIEKTPAYECKON
JaMnouku. Kakumu sBISOTCS (DOKYCHOE PACCTOSHWE U ONTHUYECKAs
CHIJIa JIMH3bI, eCJW PACCTOSHUE OT 3JIEKTPUYECKOH JAMIOYKH A0 JWHIEI
30 cMm, a paccTossiHME OT JIMH3EI 0 3KpaHa 15 cm?

R E'76



Na6opaTtopHan pabota N° 12 . .

7. IlpegMeT pacnofioskeH Ha paccTossHMM 1 M ot suH3BL. MEUMOe uzobpa-
JKEeHHMe Ipe/IMeTa PACIIOJIOMEeHO HAa paccTosHuu 25 ¢M oT JuH3bL Onpe-
OeNUTe ONTUYECKYIo cuny JmH3bel. Kaxkas ato jmH3a — cobuparoras
unu pacceuBaomas’?

8. JlaMrmoyKka pacmoJIosKeHa Ha pacctosuuu 12,5 cm ot cobuparonioi JivH-
3bl, onTuyecKasa cuia koropoii 10 antp. Ha xaxom paccTosHumM OT JIUH-
3bl MOJYUUTCS U300parkenye JaMmouKu?

9. C nomonipi0 JIMH3EL HA 3KpaHe MOJYYUJIN YeTKoe nsobparxenue npegme-
Ta. OnpejenTe ONTUYECKYIO CUNY JIMH3BI, €CJIU IIPeMeT PACIOJIOMEH
#a paccrositum 60 cm oT smH3EL. PaccTosiHMe Mexay npejiMeToM | 9K-
pasom 90 cm.

Q IKCcnepuMmeHTanbHoe 3aganne —

Wcnons3ya cseuy, cobuparoniyro JIMH3Y W SKpPaH, MOJIy4YUTe HA IKpaHe
yBeJInueHHOe u3o0parkeHue TJIAMEHM CcBe4H. 3aCJIOHUTE MOJIOBMHY JIMH3BI He-
Npo3payHbiM sKpaHoM. OmummTe U 00BACHUTE ABJIEHNe, KOTOpoe Habuonaercs.

Ousnka n TexHnkKa B YKkpanHe

locypapcreeHHoe npeanpuaTue 3ason «Apcenan» (r. Kues) 6uio ocHosano 8 1764 roy Kak
«apceHanbHble MacTepcKue» ONA PEMOHTa U W3rOTOBNEHUA PasfuyHbIX BULOE BOOPYMEHWH,
8 ToM uncne aprunnepuitickux. C 1946 roga npegnpuATie NepenpoduIMpPoBaNOCh Ha BbiMyCkK
ONTUYECKUX, ONTUKO-MEXAHUUECKUX U ONTUKO-3NeKTPOHHBIX Npubopos. Bce kocmuueckue crap-
ol 6iBwero CCCP n Poccun obecnednBanice ONTUKO-3NEKTPOHHBIMW CUCTEMaMW OPUEHTUPOBa-
HUS, BLINYLUEHHBIMU Ha 3aBofie «Apcenany. OgHUM 13 U3BECTHEMWMX BULOB NPOAYKLIMK 3aBoaa
ABNAETCA GOTOTEXHWUKA, UCTOPWA KOTOPOI Havanack ¢ nepsoi maccosoi dorokamepbl «Kues-2»
(1949 r)). Doroannaparsl, CO3EAHHLIE apceHanbLamMu, UCTIONb3oBaNUCL AnA Gorockemkn ¢ Gopra
KOCMUYEcKUX Kopabneit cepumn «Boctoky, «Coro3y, nyHHbIx Kopabnei cepuin «3xo» U «30HgY, Op-
6uranpbHoin cTaHuun «CanicTy, a TAKXe B OTKPHITOM KOCMOCE.

JNIABOPATOPHAA PABOTA Ne 12

Tema. Omnpepesnesne  (OKYCHOIO  pacCTOAHUS
U ONITHYECKOU CHJILI TOHKOY cobuparomeil JTUHSBL
Llens paborsl:  BLYMCIHTEL ONTHYECKYEO CHITY B O
penennTh (QOKYCHOE PacCTOSHWE TOHKOW cobuparo-
el IMHSBI ¢ MOMOMIBI0 (POPMYJIB! TOHKOI JIMHSEL.

O6opynoBanme: cobuparmomas JIMH3a HA TOA-
CTABKE, 9KPAH, UCTOYHNK CBeTa, MEpHAas JIeHTa.

YKA3AHUA K PABOTE
MoproroBKa K 3KCNEPUMEHTY

IIpe:xpe weM npuctynaTe K paboTe, BCcOMHHTE (DOPMYJIY TOHKOH JIMH3bI
u QopMysy CBA3Y ONTUYECKOH CUJBI JUH3EI U ee (DOKYCHOIO PACCTOSHUSA.

__177@m .



- . Paspen 3. CBETOBbIE ABJIEHWA

IKCNepUMeHT

1. Pacrnioyio)XuB JIMH3Y MEXKIY MCTOYHUKOM CBETA W 9KPAHOM, MOJYYHATE
Ha SKpaHe YEeTKOE YMEHBIIEHHOEe u300parkeHne UCTOYHUKA CBETA.

2. NamepsTe paccTosinue d OT MCTOYHUKA CBETa JI0 JIMH3BI U paccTosinue [
OT JIMH3BI 0 9KpaHa.

3. IlepepiBuras JuH3Y, NOAYYNTe HA SKpaHe YeTKOe yBelIMueHHoe us3obpa-
JKeHUe MCTOUYHWKA CBeTAa.

4. CHOoBa uaMepbTe paccTosiiue d 0T UCTOYHUKA CBETA 0 JIMH3BL U PACCTO-
siEme f OT JINHSBI 0 BKpPaHA.

O6paboTka pesynbraroB IKCNEpPUMEHTa

Hcenonsays cooTreTcTBYIOIME (GOPMYJIbI, BEIYUCANTE ONTUYECKYIO CHIIY JIMH-
bl D u ¢orxycHoe paccrosiuve F. Pesynbrarbl MsMepeHUil M BbIYMCJICHUN 3aHe-
cute B Tabauily.

-~
=

Homep onbita d, m F,m D, pntp
1

2

Ananus pe3ynbraros 3KCNepuMeHTa

CDB.BHHTE [noayueHHoe BaM¥ 3HadYeHue ONTUYECKOI CHUJIBI JIMH3BI C ee
dHaueHneM, IIpUBeIeHHBIM B IIACHIOPTE. Hazosute NPUYHUHY BO3MOMHO-
ro pacxoxjaeHus.

'. Cpenaiite BbIBOJ.

§ 28. MNA3 KAK ONTUYECKAA CUCTEMA

B Bot yuce 3naeme, wmo Gonvwwyr wacme UHQoOpmayuu o6 OKpyHcarouiem
Mupe mol nonywaem 6razodaps speruro. OpzaHoMm 3pEHUS LeN08eKA ABNACT-
A 2na3 — O0UH U3 CAMbLX COBEPUICHHBLX U BMECEe ¢ MeM NPOCMbLX ONMu-
yeckux nputopos. Kax we yempoen znas? Ilovemy nexomopsie 100w naoxo
sudam u kak ckoppexmuposame ux spenue? Kax ¢ ocobenHHocmsmu 4eno-
BCUECKO20 27130 CBAZUHO NPOUZEOOCME0 MYIbMUNIUKAUUOHHBLX (PUIbMOE?

0 3Hakomumcs co CTpoeHnem rnasa

I'nas wenoBerka wmeeT 1rapoobpasHyio Gopmy (puc. 3.66). Iluametp rnas-
HOro sibsoxa oxono 2,5 ecm. CHapy»Ku a3 MOKPHIT IJIOTHOH HerpospayHo# o6o-
JIOUKOH — craepoil. TlepeiHAA YacTh CKJIEPE] IEPEXOAUT B TIPO3PaYHYyI0 POTOBYIO
000JIOYKY — pOTOBHILY, KOTOpas JAeiicTByeT Kak cobuparornias JuH3a u obecne-
yuBaeT 75 % crnocoGHOCTHU 1V1asa MPeJOMIATE CBeT.
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§ 28. Ina3s KaK onTu4ecKan cumua. .

cknepa (3agHwii orgen 6en-
KOBOI 060ONoYKM)
cocyaucTan obonouka

papyxHas
obonouxa

CETYHaTKa

MENTOE NATHO

3pavok PUTENbHBLIN HEPB

XpyCTanuk POBEHOCHBIE COCYAb!

porosuLa

pecHUuHas MbilliLa * CTeKNOBUAHOE TENo

Puc. 3.66. Crpoenvie rmasa

C BHYTpPEHHeii CTOPOHEI CKJIEPa IIOKPLITA cOCydUcmoi 060104Kol, COCTOAIEN U3
KPOBEHOCHBIX COCYZIOB, IUTAIOMMX rias. B nepejiHeii 4acTy Iiasa cocyamcras 060-
JIOUKA TIEPEXOJIUT B padyicHyo 060N0YKY, KOTOPAas HEOAMHAKOBO OKPAIlIeHa Y PA3HbIX
Jioneit. B pagykHOi 060510UKe ecTh KPYIvioe OTBEPCTHe — 3paiok. 3pauok cyxaercsa
B CJIyuae yCHJIeHUs WHTeHCHBHOCTH CBETA M PACIIMPAETCA B CJIyqae ocJsiabnesns.

Cnoco6Hocmb 2aa3a npucnocabiuéamoves K pasiuiHol apkocmu nabnwdae-
MbLX NPeOMemoe HASbLEAIM ANANTALMEeH.

3a 3paYKOM PACIMOJIOIKEH XPYyCTANMK, KOTOPBI NpeAcTasisaer cob0i1 JIBOAKO-
BBINYKJIYIO JIMH3Y. XpycTaauk 6aarofapsi CKPEenJeHHBIM ¢ HIM MBILIIAM MOKeT
V3MEHSTH CBOI0 KPUBM3HY, 4 CJEI0BATEJIbHO, ¥ ONTUYECKYIO CHIIY.

Cocymucras 060J104Ka ¢ BHYTPEHHENH CTOPOHBI 1V1a3a OKpPRITa cemuamioit —
pasBETBIEHMAMY CBETOYYBCTBUTENbHOrO Hepsa. Camasi UyBCTBHTeNbHAA YACTh
CeTUYATKM PACIIOJIOMEHA MPAMO HATPDOTHB 3PA4YKd M HASBIBAETCH HCNMbLM NAM
Hom. MecTo, rjie 3pUTEJbLHBIH HepPB BXOAMT B IVia3, HEBOCIPUUMYHMBO K CBETY,
109TOMY TIOJIYYHJIO HASBAHWE C1€n0z0 namhda. B monyueHun n3obparxenns Tak-
Je MPUHMMAET Y4YacThe CTeKJIOBMHOe Teno — Npo3padnas CTyAeHHCTas Mac
ca, KOTOpas 3aMO0JHAET MPOCTPAHCTBO MEX Y XPYCTaJIUKOM M ceruarkoit. Cser,
nonajaionuii Ha MOBEPXHOCTH IVIasa, NPeJOMJIAETCA B POroBULE, XpPycTajuke
¥ CTEKJIOBUIHOM Tejie. B pesylibTaTe HA Ccemuamke nonyiaemcs deitcmeumens
Hoe, nepeeeprymoe, YMeHbULeHHOe u3olparcenue npedmema (puc. 3.67).

Puc. 1.67. M30BpaxeHiie, KOTOpOE MONYYAETCA Ha CeTUaTKe Masa, — AefCTBUTENbHOE, NEPEBEPHYTOE,
YMEHDbLIEHHOE
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- . Paspen 3. CBETOBbIE ABNEHWA

Pue. 3.68. B cnoKOWHOM COCTOR-
HUW GOKYC ONTUHECKON CUCTEMDI
3[10POBOrO FNa3a PacronoXeH Ha
ceryarke. B atom crnyvae Ha cetvar-
ke obpazyercs yetkoe nobpaxe-
HUe yaaneHHbix NpeamMeTos

|

%

Puc. 3.69.B cnyyae 6nv3opykocTti
8 CNOKOVHOM COCTOSIHWK rMa3a
dokyc F onrryeckon cncremsl
rnasa pacrnonoXeH nepep ceryar-
kou {a). N3obpamerne yganeHHbIX
NpegMeTos Ha CeTHaTKe nonyya-
eTcA HeyeTknM. [ins koppexkuun
6nM30PYKOCTU UCMIONL3YIOT OUKU

€ paccenBalowymu nuH3amn (6)

I mso

Yanaem, nouemy yenosexk sMpuT
KaK yaaneHHbie npeamerbl,
TaK M pacnonoMeHHble pagom

Ecin JenoBeK MMeeT Xopouiee 3peHme, OH
BUANT YETKWMH KakK Jajieko, Tak m OJmsKo pac-
TI0JI0YKEeHHbBIE TTPEeIMEeThl. 3TO TIPOMCXOIUAT MOTOMY,
YTO B CJydYae M3MEeHEHUs PAcCTOAHMA A0 IpefMe-
Ta XPyCTAJMK IJia3a U3MEeHseT CBOI KPHBHU3HY.

CnocobHOCTb XpyCTanuka U3MeHATL CBOKO KPUBU3-
HY B Cnyyae U3MeHeHWsi paccTofaHWA A0 paccmart-
pvBaemMoro npegmera, HasblBalT akKoMmoaaluen.

Ecnu yesnoBex CMOTPHUT Ha JOBOJILHO yaJieH-
Hble TTPEAMETHI, B IJIa3 MONAJAIOT NapajijelibHble
JIyYu — B 9TOM cJiyuae rias Haubonee paccnabmueH.
(3amersTe, YTO, 3aJYMABIINCH, YEJOBEK CMOTPHT
Kak 6yaro spass!) Hem Gamike pacrosioykeH rmpen-
MeT, TeM CUJIbHee HalpsaraetTcsa rias. Haumensbiiiee
paccTosHMe, HA KOTOPOM IVila3d BWJIWT TPeIMeT,
NPAKTHYECKN He HANpArasch, HA3bIBAIOT PaccTO-
AHMEeM Hawjiyuuiero spesusa. Ilns mozeir ¢ HOp-
MaJIbHBIM 3PEHUEM 3TO PACCTOsIHUE PaBHO mpubJm-
sutenbHo 25 c¢M. MMeHHO HA TAKOM PAacCTOAHUM
YeJIOBeK ¢ XOPOILNUM 3DEeHNEM UNUTAeT KHUTY.

BobisicHReMm, 4TO Takoe 6nu3opyKocTn
M JanbHO3OPKOCTD M KaKue ecTb
cnocobbi Mx Koppexkyun

Yrobel syumie pasobpaTscs, YTO IPOUCXO-
JUT B ONTUYECKOH CHCTEMe Iliasa B cjay4dae Oau3o-
pykocmu n 0anbHO30PKOCMU U KaK KOPPEKTHDPY-
IOTCHA 9TH HEJOCTATKY 3PEeHMs, NMPEeACTABUM TaKyI0
curyainuio. Tpyu denoBeKka, OIVH U3 KOTOPLIX UMeeT
HOpPMaJibHOE 3peHWe, ¥ BTOPOro — OJIMB0PYKOCTE,
ay TpeTeero — JAajJbHO30PKOCTh, CMOTPAT HA OOHH
U Te JKe IpeJIMeThl, PacIoJIOXKeHHble NOBOJIBHO Aa-
JIeK0,— HATpuMep, Ha 3sesasl (B aTom cayuae Mul
MOKEeM He NPUHHMATE BO BHHMAHME aKKOMOAa-
IIUI0, BEIb IVIA34 Y BCeX TPOUX pacciableHsbl)
¥V uenosexka ¢ HOpPMAJILHBIM 3peHHEM (QOKYC
ONTHYECKON CHCTEMEl IJIa3a B CIOKOHMHOM (HeHa-
OpPAKEHHOM) COCTOSHMM PACMOJIOXKEH Ha CeTdaT-
Ke, T.e. napajjejbHble JY4H, IIonanarlre B I1as,
mocje MPeJIOMJIEHUsA B ONTHYECKOU CHCTEME rjasa
cobuparoTes Ha cerdartke (puc. 3.68), u maobpa-
JKeHHe MpPeJMeTOBR Ha Hel OyZeT JeTKHM.



§ 28. Tna3 Kak onTu4eckKas cucrema | ‘
Huas curyamus y Jiogei, uMennmux 6,1us3opy- a
KOCTH MJTH JaJIBHO30pKOCTh. BIn3opykocTs — 3mo
Hedocmamokr 3peHusl, 6 cayiae Komopozo Qoxyc "
onmuYecKoll cucmembl e1a3q 6 COKouUHOM (HeHd- “
NPANCEHHOM) COCMOSAHUU PACNONONCEH neped cem-
yamwoir (puc. 3.69, a). 3T0 MPOMCXOAUT TOTOMY,
uTo B Cjydae OIM30PYKOCTH YTOJl HpejioMJIeHWs
CBETOBOTO TIyUKA B ONTHYECKOH CcHCTeMe IJasa
OKassiBaeTcs OONBIIKHM, YeM y dgejioBeKa ¢ HOp-
ManbHbIM spenueM. [ToaTomy mzobpazcenue npen-
MeTOB Ha ceTuaTKe OyheT HeYeTKUM, PasMbITBIM.
Paccroaane HaWIyuIlero 3peHUs B ciaydae
onuzopyroct Menbie 25 cm. Mmenno mostomy
O/IM30PYKHE uyesloBeK, 4TOObl paccMoTpeTh IIpej-
MeT B pPyKax, TMOAHOCUT €ro OJIM3KO K IJIasaM.
BiM30pyKOCTE KOPPEKTUPYETCH HOIEHHEeM OYKOB
¢ pacceusatrowumu aunzanu (puc. 3.69, 06).
JlaJIbHOB0PKOCTE — 3MO HedoCcmamoKx 3peHus,
8 cayuae Komopozo (POKYc ONMuHecKkoll Cucmembl
2/1a3a 6 CROKOUHOM (HeHANPANCCHHOM) COCMOsHUU
pacnonoxcen 3a cemuamoil (puc. 3.70, a). Iro npo-
HCXOZUT IIOTOMY, UTO B CIy4ae AaJIbHOZ0OPKOCTH yT0JI
NpEeJIOMJIEHHMS CBETOBOTO ITyYKaA B ONTHYECKOH CHC-
TeMe IIA38 OKA3LIBAETCS MEHBIITMM, YeM Y UesIOBeKa
¢ HOPMAJTBHBIM 3peHueM. Mzobpaenue npegMeToB — Fuc 3.70. B oryuae panbHo3opkoc
HA ceTuaTKe Takke OyZler HeUMeTKMM, PadMLITLIM. TV B CNOKOWHOM COCTOAHW MMa3a
PaccTosHMe HANJTYYIIero 3PeHNs B Cllyuae fajmp-  POKYCF OMTUNECKon cricTembi masa
HOBOPKOCTH GoJIbINe, uem 25 CM, [0ATOMy, pacemar- — PACTONOHEH 33 ceTarkon (a). Uao6-
pUBas rpeJiMeT B PYKaX, 4eJIOBEeK OTOJIBUTaeT ero oT RIS YRR DI Ieenes
Ha CETYATKE NONYYAETCA HEYETKNM,
mwias. JlanbHOZ0PKOCTE KOPPEKTUPYETCH HOIIeHHeM

[na Koppekunn ganbHO30pPKOCTH
OYKOB € cobuparwumu qunzamu (puc. 3.70, 6). nCnonb3yoT cobuparowme nuH3bi (6)

ut

@ 3HaKOMMMCH C UHepL el 3peHns

Ecsm 6BlcTpO TIepeMeraTh B TeMHOTe «OeHrallbCKuil oroub», T0 Haboga-
TeJb YBUAUT CBeTAIHMecs (PUrypbl, 00pasoBaHHBIE «OI'HEBLIM KOHTYpOM». Pas-
HOIIBETHBIE JIAMIIOYKM KapyceJii BO BpeMsi OBICTPOrO BPAIEHU#, CIMBAACH, 00-
pasyioT Konbna. Hammu riiasa Bce BpeMsA MHUTalOT, & TOCKOJBKY STH JABHIKEHUHA
JIOBOJIBHO OBICTDBIE, MBI HE 3aMeuaeM, 9TO Ha ONpe/ie/IeHHBIN NMPOMEeKYyTOK Bpe-
MEeHHU IpeAMEeT, HA KOTOPBI MBI CMOTPMM, CTAHOBHTCS HEBHUAMMBIM.

Bce BTH ABIEHUA MOMKHO OOBACHHTE TAK HASBIBAEMON uHepuuell 3peHus.
CyThk B TOM, 4TO IIOCJIEé TOTO KaK M300pakeHHe MpeiMeTa HCUe3aeT C CeTdyaTHu
rnasa (npeaMer yOHpaioT, TIEPECTAIOT ero OCBeniaTh, 3aC/IOHAKT HENPO3PaYHBIM
SKPAaHOM H T. IL), 3pPHTEIbHLIN 06pa3, BEI3BAHHELIN 3THM IIpeAMETOM, COXPaHAET-
cd Ha mporsxenuu 0,1 c.

3pUTeNBHYI0 WHEPIHIO IMUPOKO HMCIOJB3YIT B aHMManmuMoHHOM EuHO. Kap-
TUHKHM Ha SKpaHe OueHb OBICTPO (24 pasa B CeKyHAY) CMeHHAIT ADYT ApyTra, BO
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ﬂ . Pazpen 3. CBETOBLIE ABJIEHUA

BpeMs MX CMEHBI 3KPaH He OCBelaeTcs, HO 3PH-
TeJb 3TOTO HE 3aMeYaeT — OH HPOCTO BHAWUT P
yepeAyomrxcs KapTuaoK. Takum o6pazoM Ha 9K-
paHe co3jaeTcs HJUIIO3Ms OBMikeHHsA. (A Tenepsb
npejAcTaBbTe, CKOJBKO KAPTHHOK HYJKHO HapHCO-
BaThk XYOOXHHEAM, YTOOBL OOJIYYHTE OOJIHOMET-
PaMXHBIH MyJIBTHUILIMKAIITHOHHEIA (DHIbM!)

Ha unaepiium 3penus taxke 6asupyeTcs npu-
meneaue cmpobockona. (Crpobockon mpepcrasis-
eT coboif MCTOUYHHK CBETa, U3JIYUYAKOIHI CBeTOBLIE
BCIIBIIIKN 4epes oOmpe/eleHHbIe, OuY€Hb MaJlible
NpoMeKyTKH BpeMenH.) Bo Bpems dororpadupo-

Puc. 3.71. Crpobockonnueckan BaHUA OOBEKTOB, OCBEIEHHHBIX CTPOOOCKOIIOM,
doTorpadus rUMHacTa, BBINONHAIO- /. nosiyuaeMm crpobockonuyeckue doTorpahun
uJ,eroyI"lpa}KHEHHH Ha l'IepEKnapb‘!HE (pﬂc 3 71)

€) noasoaumutory

C ToukM speHus (QPUKMKH, IJ1a3 npeacTraBiasier coboil ONTHYECKYK) cHeTe-
MY, OCHOBHEIMH 3JieMeHTaM#M I'{OTCIDOI.:I ABJNAKTCH POIOBHIA, XPYCTAJIMK M CTeK-
JIOBHTHOE TEJIO.

B pesynbrare npejoMJeHUA CBETA B 3TOM ONTHYECKOH CHCTEMe Ha CBeTOYYBCT-
BUTEJILHOI NOBEPXHOCTH IVIABHOIO AHA — ceTuyaTKe — o0pasyercs yMeHbIIeH-
HOe, AeHCTBUTEJIbHOE, IepPeBepHyToe H300parkeHue rnpeamera.

Ecam ontuueckas cucremMa riasa cobHpaeT JyuM nepej ceTdaTrkoi, To u3006-
pajeHye npeamera Ha ceTdyaTKe OyAeT pasMBITEIM — TaKOi Je]eKT 3peHus
HAs3bIBAETCHA OJMH30PYKOCTBIO. BIIHM30PYKOCTE KOPPEKTHUDPYIOT HOIIEHHEM OYKOB
€ pacceMBaIOIUMH JIMH3aAMH.

Ecnu ontnueckasi cucremMa rasa cyiabo npesioMmiisier JIyuM, TO TPOAOJIKeHUs
Jydeil repeceKarTes 3a CeTYATKOM — TaKoM aed)eKT 3peHHs HASBLIBAETCH Jallb-
HOBOPKOCTEIO. J[albHOS0PKOCTE KOPPEKTUPYIOT HOUIEHHEM OUYKOB € COGHMpPAOIIH-
MH JIMH3aMH,

Ilocne Toro wak uzoOpaskeHHe TpeIMETA MCUEe3aeT ¢ CETUYATKM IJ1as3a, 3pU-
TeJIbHLIH 00pas, BEISBAHHLIN 3TUM IIPEAMETOM, COXPAHAETCA B COSHAHUM YeJIoBe-
Ka Ha npotamxenuu 0,1 ¢. 3To CBOMCTBO HA3LIBAIOT WHEPIHEH 3peHH.

@ KouTponbHbie BONPOCH!

1. OnummmTe CTpoeHHE YeJIOBeYeCKOTO IIa3a ¥ HasHAYeHHe OTAEBHBIX ero
aileMeHTOB. 2. Kakue XapakTepHCTHKH HMeeT HM300pajkeHHe, BOSHHKAK-
niee Ha ceruarke miaza? 3. Kak ugmensiercs auaMerp spayka B cJiydae
yMeHBITIeHHS OcBerienHocTn? 4. Ilouemy genoBeK ¢ HOPMAJIBHEIM 3PEHHEM
MOXET OJMHAKOBO YeTKO BHJIETh KaK JialleK0, TaK ¥ OJIM3KO0 pacroJioMKeHHEIe
npenversi? 5. Yemy paBHO pacCcTOsIHME HAWJIYYINErO 3PEHUSA IJf TJeJioBe-
Ka ¢ HOpMaJIbHBIM 3pesEuem? 6. Kakoi sedeKT speHns HaseBaeTca O1m30-
pykocteio? Kak ero MOKHO crOppekTHpoBath? 7. Kakoii gedekr spenus
HasbIBAETCH JATBHO30pKOCTEI0? Hak ero MosxHO cKoppekTuposats? 8. Ka-
KO€ CBOMCTBO 3peHHs HA3LIBAIOT MHepIHel 3perud?
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§ 28. Ina3 Kak onru4ecKas cucrema . -

@ YnpamHeHna ——

1. Ilouemy KpHMBH3HA XPYCTAJUKA IVla3a PeIOBl GOJNBIIAS, YEM Y uesioBeKa?

2. OrrrryecKas Cija HOpMAJIBHOTO Tyasa uamensiercs ot 58,6 mo 70,6 norp.
Onpeaesnute, BO CKOJIBKO Pa3 M3MEHAETCs TPH 3TOM (POKyCHOe paccTos-
HHe 17a3a.

3. Ha KaKOM MHHMMAJLHOM PACCTOSHMH OT TJIas3a CjeAyeT PacloJioMKHUTh
3epKAaJble, YT00b YBHAETH YeTKoe u3obpaskenue riasa?

4. OnTudecKas cuia JHH3 6abymKMHELIX 04KOB -2,5 antp. Kakoso ¢okyc-
Hoe paccrosinme atux auns? Kakoii pedext spenus umeer Gabymka?

5. ITouemy, uTOGB! JIyHiIe BUAETH, OIM30PYyKUil YeJIOBeK IIypHUT riiasa?
6. IToueMy nae B YMCTOM BOAE YeJIOBEK 6e3 MACKM ILJIOXO BHAMT?

7 .MaJjibuMK YMTaeT KHHTY, fepka ee na paccrosiauu 20 cm or rnas. Onpe-
[eJTHTe ONTHYECKYIO CHILY JIMHS, KOTOpbIe HEOOXOAMMElI MAJIBIUKY JJIs
UTEeHMA HA PACCTOAHMM HAWIYYIIEro 3peHus (IpH yCJIOBUM HOPMABHO-
r0 3peHus).

Q IKCNePHMENTANDHDIE BAJAHMA ——————

1. IlpeanoxuTe ¢nocod, ¢ NOMOMIBI0 KOTOPOTO MOMHO ONPeAeNTE, KAKOI
nedexT sperus (6IMB0PYKOCTh MM AAJIBHO30PKOCTE) KOPPEKTHPYIOT Te
Wi uHbe oukH. IlocrapaiiTech HAWTH HECKOJIBKO PASHBIX OYKOB (MO-
NpoCHTe y AOMAIIIHUX, cocejeit u T. J.) u ybegureck B NPaBUJIBHOCTH
cBoero crocoba.

2. IIpoBephTe HA ONbITE CBOMCTBO Iylada M3MEHATH JAUMaMeTp 3pauka B 3a-
BUCHMOCTH OT OCBENIEHHOCTH paccMaTpusaeMoro ovbexra. Jlna Habmo-
JIeHUSI MBMEeHeHUH AuaMeTpa 3paduka BOCHOJIb3yiTech 3epKajioM.

Ousnka M TexHnKa B YKpanHe

B KOHLe NPOLWNOro Beka yYeHbiM yaanocsk yCTaHOBUTD,
YTO NpeNomMNeHe CBETOBOrO fyua, Nonagalowero B rnas,
Pa3NMUHO B PasHbIX TOUKaX rNasa 13-3a TOro, H4TO Nnosepx-
HOCTb POrOBULbI HE ABMAETCA VQEanbHo Maakol, a Xpyc
Tanuk He ABNAETCA OAHOPOAHBIM (CM. PUCYHOK).

Ina vcnpaeneHna 3pedys Bbna NpeanoXeHa METOAVKa
aNaxyiBaHuA NOBEPXHOCTV POTOBLbE € MOMOLLBIO NAa3epHO-
ro vanyueHus. OfHaKo YTo6bl 3Ta TEXHOMNOTVA QECTBUTENb-
Ho 3apabotana, Hapo 6bino 3HaTh, KaKoe UMEHHO KONVHECTBO
BELLIECTBA XPYCTanvka CieayeT yaaniTs B KOHKPETHOM MECTE,
1. €. 6610 HEOBXOANMO M3MEPUTL Pearnbhblii NpogUNE XpycTanika. Tem He MeHee Mas He CToUT aio-
KOIHO, @ CIeOBATENbHO, HApE BHINO CAENaTs 31O MBMEpeHNe oueHb BHICTPO (32 AoK CexyHAb).

B lepmanuy, finoHny, Ucnadum v CLUA Hayanock HECTOBOE COPEBHOBAHME YUEHBIX U MHXE-
HEPOB 3a CO3AAHVE TAKOro M3MepuTensHoro nNprbopa. OaHake Nepesiii B MUPE PENTPERCVHIc-
Bbill aBeppOMETP BbiN CO3AaH KOMMEKTVIBOM YKPaVHCKIX Y4EHBIX NOJ] PYKOBOACTEOM NpOgecco-
pa Baaunus Mone6Horo. .
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NoOABOAUM UTOTU PA3AEJIA 3 «CBETOBbIE ABJIEHUA»

B B smom pasdene 6bl 03HAKOMUJNUCL € HEKOMOPLIMU ONMUYECKUMU A6-
JCHUAMU, UX 3AKOHAMU, G MAKHe PUULeCKUMU 6eNUYUHAMU, XAPaKme-
pusyrowumu 06seKmot, KOMOPovLe U3NYLAIOMm c6em.

1 : l CBeToBbIE ABNEHAR .
. 4 T ke = o
‘ Wanyuenve | i r Mornowexne
i
. — 1N PR — - I -
Pacnpoctpanenve [ Ofpame.:me | F Mpenomnexve :

Ceer uanydyaercs MCTOYHHMKaAMHM CcBeTa. Brl 03HAKOMMJIHCE C pPasHbBIMH BHA-

MM MCTOYHMKOB CBETA M HEKOTOPLIMM (DPU3HMUYECKUMH BEJIMUMHAMHM, XapakTe-
PUBYIOIIMMHU UX.

_» EcrectBennbie | %  Tennosvle

Ucrounmnm ceeTa < \-
Fes. WY 5 g -\a.- Tiomnnec-
s | ueimbe

' Dw3anyeckne BenuunHbl !

e—— . |
l CBeToBOW NOTOK Cuna ceeta
& e i | _ . i
N = S
OCBeLeHHOCTb '
R D e
Rl S

Brr yoenunuce, 4TO B Npo3padyHON of-
HOPOZHOI cpefie CBET pacrpocTpaHsAeT-
sl IPAMOJIMHEHHO.

Crencrere TOPAMOJIHHEHOTO pac-
IIpocTpaHeHusa cBeta — oOpasoBaHme
MOJIHOM TEHU U TOJYTEHH.
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4 B! BLISICHWIH, YTO HA TPAHHIE pas3jena ABYX Cpel...

Jlya maparornmii, oTpa-

JKEeHHBIN, IIPEeJIOMJIeHHbII,
a TaKkKe TepIeHAHKYJIAD,
BOCCTABJIEHHBIII M3 TOYKH
HajeHus JIy4a, JexaT B Of-
HOH ILIOCKOCTH.

BaKyym

Bhl HayuMJIHCh CTPOMTH M300paskeHHe B IJIOCKOM 3epKaJjie, cobuparorneit

M pacceMBarowieil JIMH3ax.

MocTpoenwe nsobpamennn

lMpenmeT 1 ero nsobpaxe- Y "3
HUE B 3epKane CUMETPUYHDI
OTHOCUTENBHO NOBEPXHOCTY .
sepiana i G)opwnaronmwmusuD:—;—+—; D:%—mmmﬂamuﬂu

Brl 103HAKOMHJINCE C ONITHYECKHMH J:rpnﬁopal\m, B KOTOPhIX NPUMEHSIOTCH

JIMH3EIL.
/ Onruveckme npubopui

| Tpu6opsl, nompue aoopyamm
8

| ﬂyna 1

1
| C pacmuaalonmw AVH3aMA ‘
' KOPPEKTVPYIOT 6/1130pyKOCTD




(1 6ann) Kakoe onTyecKoe ABJIeHHE
niutocTpupyer ¢gororpagua?

a) Orparkenue cBeTa;

0) TOTVIOIIeHNE CBeTa;

B) AMCTIEPCHIO CBETAa;

) npeJioMJIeHHe CBETA.

(1 6ann) Karoil 3aK0H TIOATBEPMKAAETCSH CYIECTBOBAHHEM COJHEUHBIX
¥ JIYHHBIX 3aTMeHuit?

a) 3aK0H OTpaKeHUs CBETAa;

6) 3aKOH NPAMOTUHEIHOTO PACHPOCTPAHEHUS CBETA;

B) BaKOH [PEJIOMJIEHUS CBETa;

I') 3aKOH COXPAHEHHS SHEPrHH,

(1 6ann) Kaxum 6yper nzobpasenue npeaMeTa B MJIOCKOM 3eprane?
a) YBenuueHHbIM; B) neiicTBUTeIbHBIM;
0) yMEeHBbIIEeHHbIM; I) MHUMBIM.

(2 6anna) Jlyu ceera najaer M3 BO3AYXa HA NJIACTHHKY M3 creksa. Ha
KaKOM M3 IPHUBEJEHHBLIX PHCYHKOB IPaBUJIBHO YKA3aHLL BCe TPH yIja —
YIOJ [MafieHnsi, OTPAKEHUA U IIpeJoMJIeHHs cBeTa?

a) 1;

N N a6 N
BIRLUAY WA VAN ¥

(2 6anna) B Kaxkoil ToYKe paclioJioKeHo usobpa-

JKEHHEe HMCTOYHHKA CBEeTa S B IUJIOCKOM 3epKalie ©S le
(cM. pucyHOK)?

a) 1; 6) 2; B) 3; 7777,

I) IpH TAKOM pasMeIeHHM HCTOYHHKAa cBera S .3 %

ero n3obpaKeHus B 3epKajle HeT.

(2 Oanna) Yemy paBHA ONTHYECKAs CHJIA JIMH3BI, U300parKeHHON HA puU-
cynke (Macmrab 1:1)?
a) 1 gorp; 6) 100 gorp; 8) =100 anrp; 1) 0,01 AuTp.




7 (2 6anna) Kaxoit HEAOCTATOK 3PEHUS HMEeT YeJlIOBEK, KOTOpHLIN HOCHT
OUYKH, HUIKHASA YaCTh KOTOPBIX — BBINYKJIbIe CTEKJIa, & BePXHAA YacTh —

ILIOCKue?
a) 1aJIbHOSOPKOCTh; B) YeJIOBEK HE MMeeT HeJOCTATKOB 3PeHHS;
0) GIM30PYKOCTE; T) 1O YCJOBHAM 33184l OIIpele/IUTh HeBO3MOIKHO.

8 (2 Ganna) Bo Bpemsa (otorpadupoBanusa Ha 00beKTHB (hoToanmapara
cena myxa. Kak sT0 moB/iMsAeT HA CHHMOK?
a) HuUKak He IOBIIUAET; B) hoTocHUMOK OyzeT MeHee APKHM;
6) nosBuTCH M3oOpaxkenue Myxu; 1) hoTrocHUMOK Oyzer GoJiee sIpDKHM.

9 (3 6anna) Yron najesus Jiyua Ha 3epKaJIbHYIO IOBEPXHOCTH pasen 70°. Yemy
paBeH yroJ MedAy OTPasKeHHBIM JIy9OM M 3€pPKaJIbHOH I0BePXHOCTHIO?
a) 20° 6) 70° B) 40° 1) 140°.

10 (4 6anna) Tlpepver pacrojiodeH Ha paccTosuMu 1 M or cofuparomei
NuH3EL ¢ (GoKycHBIM paccrosinuem 0,5 M. Ha kakoM paccTOAHWH OT JIMH-
3Bl HAXOAMTCH M300pakenue npexmera?
a) 1,b m; 6) 0,6 m; B) 1 ™m; 1) 2 M.

11 (5 6annos) Ha pucyHke nokasa- -B,

HA IVIaBHAS ONTHYECKy ock KM t
nuH3BL, npeaver AB u ero mzob- 1
paxxenue A B,. Onpepenure rpa- K ' M

L 1 . A
(ueCKH PpacIoJIoOdKeHHe OJHOI'o p Al E C D‘L
B

13 QOKYCOB JIMH3LIL.
a) L; 6) D; B) C; 1) P.

12 (5 OGaanoe) Kak M3MEHHTCSH OCBEIEHHOCTH IIpEAMeTa, eCJIM paccTosiHue
OT TpejAMeTa A0 UCTOTYHHMKA CBeTa YBEJMYUTH B 2 pasa, a CHJly CBeTa 9To-
ro MCTOYHHMKA yBeJIMYuTh B 4 pasa?
a) OcBellleHHOCTH YBEJIMUUTCA B 8 pas;
6) yMeHbLIMTCH B 2 pasa;

B) yMeHbIIUTCH B 4 pasa; MmN P
r) He UBMEHUTCH. — KlajHpaucinle \
njm|cinfe|p|c il 5
Bolc|Blelmle nlunlo c|r LB -
‘nlygmal
13 (6 6annos) CocraBbTe BOIPOCEH! B cl=ls

K 3aroJIHEHHOMY KPOCCBOPZAY. [GM[ =y o blelzloln ‘

fin!ala|

e [ falnnle]

Ceepvme sawiu omeemul Ha éonpoc 1—12 ¢ npueedernbimu 6 KOHYE Yy4eOHUKA.
Ymobuvr nposepums nocaedniow 3adavy mecma, oopamumecs K COOMEEmcmayio-
wum napazpagam. Ommemuvme 80npocsvl, HA KOMOPble 8bl OMEEMUAU NPABUIHO,
u nodcyumaiime cymmy bannos. Iomom amy cymmy paszdeaume wa mpu. Ilony-
yeHHoe yucno oydem coomeenmcmeoéams YposHo 8aULUX 3HAHULL
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PUEMHWKU U NCTOYHUKW CBETA

3a mocliefHHE HECKOJIBLKO JieT OjaromapA IIpOrpeccy B 3JIeKTPOHHEKE
VHUKAaNbHBIE HayudHble u3oOperenmsi cranm obmenoctymuabiMH. Ilpo-
rpecc B SJEKTPOHHKE KOpeHHBIM O0pasoM HM3MEHWJI KaK HCTOYHHKH,

TAK ¥ NPUEMHUKH cBeTa.

Paccopocute Bammx popuTeneil o ToOM, KaK HM3TOTABIHMBaiIHCh (PoTO-
rpadgun gecars u Oonee mer Haszan. OkaseiBaeTcsi — 3To ObliIa fgocTa-
TOYHO CJOKHasA nporenypa. Ilis Bac ke CTANO0 NPHUBBIYHBIM, YBHJIEB
MHTEPEeCHBIN CIOJKeT, HABECTH Ha Hero Kamepy MoOuibHOro tesiedoHa,
HaKaTh HA COOTBETCTBYIOIYIO KHOIKY ¥ MIHOBEHHO IepecjaTh roToBoe
nzobpaesnue Apy3bsaM.

IlpuBenem erge opue npumep. Baium 0abyliku uM JeAyIIKH YuTaJun 00
Y3KOM HATIPaBJIeHHOM Ny4YKe cBeTa, 00salaoneM YHUKAJIbHBIMH CBOM-
CcTBaAMM, TOJIBKO B Hay4YHOI (paHTacTHKe. B Hallle BpeMsi j1asepHbIil nyy
IPUMEHAETCS HACTOJNBKO LIMPOKO, YTO Ja)e camMble cMesnble (DAHTACTHL
cepearnbl MpPOIIJIOTO CTOJIeTHS He MOIJIH (2969 aTO npeacraBUTh.

Tar wro mosyuaercs, Bbl 3PA M3y4YaJH MOCHENHIOK IJIaBy 3TOro yued-
HUKA ¥ pasgen (pusuxu noja vHassaHueMm «Onrtuka» yske ycrapen?
JlaBaiire ve genarTh NOCHEIIHBIX BHIBOJIOB H PACCMOTPHM HEKOTOpbIE H3
COBPEMEHHBIX ONTHUYECKMX YCTpPOHCTB noapobOHee.

Nazep

Bee Bbl, KOHEYHO, BUJEIM JlasepHble IOy B IIHPKE HJIH HA 3CTPaaHBIX
rounneprax., ToHKHe cBeTOBBIE HIVIBI IIPOHMSEIBAIOT NPOCTPAHCTBO 3aJia,
OBICTPO IIPOHOCHATCH HAJ HAIMMHA ronoaMu. BoexururenbHoe spesmie!

Ha pucyHke 1oKasan o/ilMH M8 BHJIOB JIA3€POB — rasopbiil. Spkuii cee-
TAIMICSH «IITHYP» B CTEKJITHHON TPyOKe — 3TO He JasepHLIi Jyd, a ajek-
TpUUeCKHil paspaj nopaobHBIN paspaAy B JaMIIax jHEBHoro cseta. Cam e
Jy4 IpoenypyeTcsa Ha SKPAH CIpaBa B BHJIE MAJEHBKOH KpacHoi TOUKH.
Paspaj cIyuUT JUIA «HAKAYKH» pabouero Tena (rasa BHYTPH CTEKJISH-
HOI Tpybkm). Ilporece HAKAYKM BAKJIIOYAETCS B TOM, UTO ATOMEI rasa
IHOCTENEeHHO TOJYYAa0T HU30BITOYHYIO SHEPrui OT 3JJIEKTpU-
YeCKOro paspsiza, a sareM JaBHHOOOpasHO oTAaloT
ee B BHJIe UMITYJIbca (BCOLIIIKH) CBETA.
Ilo masBauuiO BemecTBa pabo-
bero Teljla cTanu Kaaccupumu-
POBaTh M CaMM Jiasephl: Iaso-
BBIE, JKHUAKOCTHEIE U, Haubosee
yao6HEBIe [Jisi OBITOBBIX I11€JIEH,
TBEPOTENbHEIE JIasephbl.

JcTpajgHble Moy — faje-
KO HE e[IMHCTBEHHOE I[MPHMEeHe-
sep — cokpauweriue om HHE JIa3epoB. 3TH YCTPOICTBa
aHznutickux cioe — Light Amplification by IMHMPOKO MCIOJB3YIOTCA B Me-

¥ Stimulated Emission of Radiation — ycunerue [MIMEE, BOGHHOM JeJie U py-
‘,I
CEEMAd C NOMOLLBID Bh!HWK’a’EHHOBO uInyydeHuUs
Y i) rux objacTax.




LUndposon porcannapar

TlpueMHLIM yeTpoiicTBOM B (hoToammnapare cTapbIX
KOHCTpYK11it sipJsigack gotoreHka. B mudpoBsix e
doToanapaTaX TaKHM I[IPUEMHBIM YCTpOicTBOM
CIYVMINUT IJIACTHHKA, YChilIaHHaA MeJabLYaHIITHAMA
cBeTOBBIMH JaTunkamy (mukcensivMum). Kampwrii
M3 9THX JaTYHKOB (HKCHPYET «KyCOYeK» CBETO-
BOro mnoroka. Yem wmeHbllle pasMep IHKCesd,
TeM OoJiee KaudecTBeHHoe H300pa<eHHe MOXKHO
NONYYUTH., LIpHeMHas IUJIaCTMHK&a CTAHAAPTHOTO
doToarmapaTa HaCUHNTHIBAET 3—5 MUJLJIMOHOB MHK-
ceneif. KosmvecTBo muKceneil B MobuiapHOM Tejied)oHe 3HAUMTENHbHO MeHbINe, I10c-
KOJIBKY C'heMKa — 270 He ocHoBHas (pyHkums Tenedona. Coor-
BeTCTBEHHO U KAUYEeCTBO CHMMKOB — XVIKe.

Mugkporporeccop ¢oroannapara obpabarsiBaer MH(poOpMa-

LMIO OT CEHCOPOB W 3allOMHHAET €€ B BUE OTAENBHOro (haiina.
Hcropus ororpadun HacuuteiBaeT bonee 150 ser. Ho 1 B cTa-
pom choroanmapare, ¥ B caMOM COBPEMEHHOM, BCTPOEHHOM B MO-
OMJIBHBII Tened)OH, OMHUM M3 BajKHEHIINX 3JIEMEHTOB ABJISETCS
OITHYECKAA CHCTEMA. OTO — CJIOM(HAA KOHCTPYKIMS, KOTOpas
AomKHA obecIieunTs pesKoe Msobparkerne pasHbIX OOBEKTOB CHEMKM: M BAIIEro HpH-
sITeJIs1, CTOSAILErO PAJIOM, 1 1op, BUAHEIOIMXesA Ha ropusonTe. Iloxosxe, paHo CriMCEIBATH
ONTUKY B APXWB, KOHCTPYKTOPY COBPEMEHHBIX (hOTOATINAPATOB M BUICOKAMED OHA €rlle
HPUTOIUTCS.

OueHb YACTO CO3ATENN COBPeMEHHEIX (PHIIEMOE COZHATENILHO (MJIH M3-3A HeIOCTAT-
KA 3HAHWI) MCKakaoT mH(OPMAIHIO O BO3MOMHOCTAX Nasepor. [IpuBejeM TONBKO He-
CHOJILKO TPUMEPOB.

Cronvko Hu Ovimu, éce paero e ysuduws. Bo mrorux ¢masmax, 4Tobnl obHapY-
KUTH OXPAHHYIO CHIHAJIMBAIINIO, TePON BBINYCKAOT KIyOEI ILIMAa, W TYYHU Jasepa CTAHO-
BaTeH BuinMeiMu. Ha camom pene nadpaxpacHbie (HeBHANMEE IVIA3Y) JAZePhl CAGNATE
ropasjo mpone. MMeHHO HX 1M NenoIb3YIOT B CTAHAAPTHLIX OXPAHHBLIX cucremax. Mu-
(hpaxpacHLIil YU, CKOJTLKO €ro HYU 8aJbIMIAl, Bee PABHO OCTAETCH HEBUINMBIM IIasy.

Bepezume znasa. Jlasepsl B GuabMax (M 570 COOTBETCTBYET PEANBHOCTH) HCHONL3Y-
0T JIH PA3PEe3aHns] MeTAJIMYECKUX IpenaTcTenil (aBepn ceiida, pemeTkn). Bor Toms-
KO repon UIbMa uacTo 3abBIBAOT O 3aluTe cebs OT OTpa)KeHHBIX myueil. Orpasxe-
HHe CBEPXMOIIHOTO YA OT PA3pesaeMoro MetTajna OyieT Toxe AOCTATOYHO MOUIHEIM.
A 3HAYHAT, KAK MUHUMYM, GeperuTe roasal

ITonpoGyii Gozornu. Wrorpa cospgatenn (UIABMOB JEMOHCTPHUPYIOT, YTO Nponecc
pacmpocTpaHeHust Jyua nogoben ToneTy nynauw. 910, 6e3ycioBHO, HE TaK.
CKOpOCTE IVJIM COCTABJISIET HECKOJBKO COT MeTpOB B cekyHzay. llo-
OTOMY ee ToeT MOeT OBITh AeHCTEHTEeNEHO 3aperucTpH-
POBaH ¢ MOMOI[bX CKOPOCTHOW KWHOCHEMKH., A BOT
AHATOIMYHEIM 06pasoM HpOCHe/UTE 38 NPOIEccOM
PACIIPOCTPAHEHUS JIy4a CBeTa (HAllOMHHMM, YTO
ckopocTE cBeta orpomuaa — 300 000 xm/c) coBpe-
MEHHEIE MeXaHnueckne mpubopsl He CMOryT.




Mpur npusodum omeemul MOALKO HA KOAUYecmeeHHbie 3adaiu. Omeemusl Ha Kaiecm-
eeHnble 3a0aqu Mbl npednazaenm eam Haimu camum. Ymobul nouck omeema 3asep-
wunes YoaiHo, 6cezda 6HUMAMeENLHO Yyumaiime meikcm napazpaga u 06a3amenvHo
obpawjaumecs K ceoemy rxusHeHHomy onvimy. ITomnume, wmo gusurxa — 3mo Ha-
yra o npupode. Océoumb pusurxy moxcem KAHCObLi, eCAl NPUIONUM YCUAUSA.

Pazpen 1

53 3) 0,145 m; 1500 m; 2032 m; 4) 7,5 mxm; 5,9 Twm; 6,4 Mm.
§5 1) 2548 800 c; 42 480 mur; 708 u;  2) opHopementio; 3) 14 wu.

Tecr pna camonposBepku K pazgeny 1

Homep 3apanns 1 2 3 4 5 6 7 8 9 10 | 11

MNpaennbubiin
BApVaHT OTBETA

a 3] B 6 6 r B B B a r

Pazpen 2

59 1)5300xkr; 250 Kr; 4,7 kr; 0,15 kr;  2) 52301, 5,23 xr; 270,84 r, 0,27084 xkr; 56,91 1,
0,05691 xr; 764,02 r, 0,76402 kr; 3) 145,23 r, 0,14523 kr; 4) 189 r 740 mr.

5 10 3) Macca mena Gonblie maccel pacTuTeNbioro macaa B 1,68 paza; 4) obbem KyOu-
Ka M8 opreTekna meHbie obbema kyOMka nua ny6a B 1,5 pasa.

§ 11 1) Uscocunl (p=0,44 r/cm?; 2)1001; 3) 10 4)n_vc1‘o'renaa(pw=l,01 r/cms):
5) macca sospyxa Gonsme (m, =1290 xr): 6) 0,4 xr; 7) 1200 T

512 4) 5-10%; 5) npubnusuTensHo B 3 pasa;  6) AEaMeTp MoJeKys NpAGINaUTeNbHO 1 BV,

516 7) 0,000019 1/°C; 8)1111°C; 9) 59 cm®.

Tect pnA camonpoBepku K pasgeny 2

Homepsapabwa | 1 | 2 | 8 |4 | 5|6 |7 [8]9 10|11 |12 13| 14

MpaBunbHbi
BAPWaHT OTBETA

B| B|la|B|B|la|]r|s|a|6|6|a|6|6

Pazpgen 3

517 3) 94,6-10" m; 4) 500 c.

518 1) 1256 am;  2) 150 kna.

519 4) 1000 nm; 5) 12,84 nk; HepocTarouno; 6) na 0,29 m.

521 2)0°% 3)30° 4)40° b) 18-

5§22 1)3mMm 3)8xkm/u; 4 m.

523 1) 0% 4)40°% 5) npubnusurensro 125 000 xm/u.

§ 26 1) —50 puTp; paccenBalOIaf.

5§27 5)0,4 wm; 6)0,1 m; 10 gurp; 7) —3 gnrp; paccemBaromasn; 8) 0,5 m; 9) 5 goTp.
§ 28 2) Ymenbmaerca B 1,2 paza; 3) 12,6 cm;  4) 0,4 M; ganbesHo30pkocTs; 1) —1 gmrp.

Tect pnn camonpoBepkn K pasgeny 3

Homep 3aganua s | 2 3 4 5 6 7 8 9 |10 | 11 | 12

MNpaBunbHbIn
BapuWaHT OTBEeTa

a 6 T 6 B 9] a B a B 9] r

R



ArperaTHoe cocTosiHMe BelecTBa 94
amanTagus 179

axkkomoganus 180

arom 80

Bnuzopykocts 181

Bermriectso 7, 60

— amoptuoe 97

— gpucTananueckoe 96
B3AWMOJelcTBHe MPpaBUTAIIHOHHOE 39
— anekTpoMarauTHoe 40

T'unoresa 13
rIaBHAS ONTHYECKasn och TuHsk! 166
rnas 178, 179

HaneHosopkocts 181
Jaxoynn 44
auonrtpus 167, 168
mucnepeus ceera 160
quddysun 86
Epuanua gonbHas 18
— KpaTtHas 18

Hzobpancenne 134, 142, 171, 172, 173
ueTouHUK cBeTa 114

— HeKyceTBeHHEBIA 115

— movuHecuenTHei 116

— npupojiaeiin 115

— nporsikenssii 116, 117

— reropoit 116

— toueunniii 116, 117

BakoHb! oTpakenus 137

BAKOH UPAMOJIMHEHHOTO PACTIPOCTPAHEHU S
cpeta 129

geprano miockoe 140, 141

gpauor 179

Kamepa-obexypa 133

xkanena 121

kunorpamm 62

— Ha MeTp Kybuuecknii 68
KpUMcTanIuueckas pemerka 96

JIuneitHpie pasmeprs Tena 32
nuu3a 165

— paccemBaomasi 165

— cobuparormas 165

— ToHkas 165

aoxc 123

momer 121

Magxpomup 25

macca Tena 61

mMaTepus 7

meramup 26

Mesxaynapojsas cucrema eguaul, (CH)
18, 32, 35, 62, 121

ATEJIb

MeTp 32

— KBajIpaTHBIT 32
— Kybuueckuit 35
meTporom 30
MUKpoMHD 25
monexyna 80, 81

Habmonenue 12
HEIOTOH 43

OnTuyeckas mIOTHOCTL cpensr 150
— cuna nuHsk 167, 168, 169, 177
OIrTUYeCcKHil LeHTp auH3e 166
oceenieHHOCTH 123

orpaxenue ceeta 143

— nonHoe 1568

ITepuosnueckuii nponece 28
NAI0THOCTL BerecTsa 67

nomne 8

nonuasi Teis 130

noayrens 130

MOCTeOBATEN BHOCTE CoObITHIT 27
npejiens usMmepenus: 19
npenomierye ceeta 148
npueMHMK ceeta 117
NPOACIKMTENLHOCTE cOOBITHA 27

Pabora 43

Cueroroit nyu 128
ceeToBRol noTok 120
cekyHjla 28
cexyngomep 30
cuna 43

— ceera 121

Teno pusuueckoe 7, 60
TeMIepaTypHBI Kos(D(OUITHEHT JINHEeH HO'o
pacmrupesus 102

Vron orpaxenus 137
— najeaus 136
— npenomienusn 151

Mdusuueckas sesnuusa 16, 17, 18
dorye muuse 166, 167

(orycHoe paccTosiHue TuHsel 167
(hopmyia TOHKO#H mTuH3bl 173

llena nenenns 20

SxcnepumeHT 12
sneprus 44, 119
aranon 62

fsnenne 8
— ppHpofHoe 9
— usuyeckoe 9

191
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