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AOPOTI APY3I!

IIporo HaBUAIBHOrO POKY MOYMHAETLCA Ballla IOZOPOXK CBITOM HOBOI AJIf BAC
HayKu — isuku. Ii HasBa moxoxuTs Bin rpenbkoro cjoBa physis, mo osHauae
«IIPUPOAA».

Ha Bac yekae 6araro mikasoro, Bu GyaeTe yBarxHO crocTepiraTv ABUINA MPU-
POIM, MPOBOAMTH CIPABXKHI HAYKOBI €KCIEPHMEHTH i Ha KOXKHOMY ypoIi pobu-
TH BJIACHI MaJIeHbKi BigKpuTTA.

Ha nupomy munsaxy sycTpiHyThes He TibKHM nobpe Bigomi 3 KypCy OPUPOAO3-
HABCTBA MOHATTA: «(Di3UYHE TijIO» i «PEUOBHHA», «ATOMH» Ta «MOJEKYIH», «IH-
(ysisa» i «arperaTHUil craH»,— a i 6araTo HOBUX, IIe He BiIOMHX BaM.

JKonua cnpaBxHs m0IOPOsK He OyBae JErKo, ale CKiJTbKY HOBOTO BU Ai3HAE-
Tecd IPO CBIT HABKOJIO Hac! I roIOBHMM MOMIYHMKOM y IbOMY CTaHe NiAPYYHUK,
AKUA BU TPUMAETE B PyKax.

Byabre yBaskHMUMH i HaNOJErSTMBUMM, BHBYAIOYM 3MIiCT KOMKHOTO naparpa-
(a. I Toxi BaM BRacTbCs 3pO3YyMITH CYyTh BHUKJIAAEHOTO Marepiajuy i 3acTocyBaTu
3100yTi 3BHAHHA B NOBCAKAEHHOMY >XHTTI.

3BEpHITH yBary, Imo Ko)keH maparpad 3aBepiiyeTbcsa pyopukamu: «IIig6u-
BaeMoO miAcyMku», «KorTponbri sanuramus», «Bmpasu», «ExcniepumenTanbpHi
3aBAaHH». Jlns 4oro BoHM MOTPi6HI i AK HUMHU KopucTyBaTHCH?

Y pybpuni «IlizbuBaemo miacyMKm» HagaHo BimoMocTi IIPO OCHOBHI MOHATTSA
Ta ABUINA, 3 AKMMHU BH NO3HAWOMUJIHMCA. 3aBAAKM il BM IIe pa3 MacTe MOXK-
JIMBICTh 3BEPHYTH YBary Ha I'OJIOBHE Y BUBYEHOMY marepiaJri.

«KonTposnbHi 3amuraHHA» KOmOMOMKYTH 3’HCyBaTH, UM 3pO3yMisiM BU Ma-
TepiaJi, Yu mOCh BUNYCTHJIM. SIKIIO y Bac BHiife BiAmOBiCTH Ha Bei 3alUTaHHA,
TO BCce rapaszn. Komm X Ha feAKi MUTAaHHA BM He 3HAETE BiAmOBiAi, MOBemeTwhCA
SHOBY IOBEPHYTHCHA A0 TEKCTy maparpada, i BigmoBigb 3HaiizeTbcs.

Py6puka «BupaBu» 3po6uTh Bamry mogoposk YV AUBOBMIXXHHMM CBIT (isuKu e
IIKaBilIOK ¥ MONOBHHUTH Balli 3HAHHA. 3aBIaHHA mici PYyOPUKM WiJ CUIIy KOK-
HOMY, OAHAK Tpeba MOMi3KyBaTH ¥ BHSABUTHU KMIiTIIMBICTE.

3aBnanHs i maparpadu, nosHaueHi 3ipouko (*), mpu3HAUYEHO AJIA THUX, XTO
He 3BUK 3YNUHATUCA HA JOCATHYTOMY H XOue JoBigaTucs 6ijblie.

®isnka — HayKa eKCHEPUMEHTAIbHA, TOMY i Yy HallloMy OiAPYYHUKY Ha Bac
o4iKkyIoTh «EKCIIepMMeHTaIbHI 3aBIaHHI» Ta snaboparopHi poboru. OG0B’ sI3K0BO
BHKOHAiiTe iX — i BM moYHeTe Kpamie po3ymiTu i J06UTH Ghisuky.

Marepianu, mo sanponoHoBaHi HANPHKIHII KOMHOIrO posainy min py6pu-
kamu «IlixbuBaemo mincymku posmimy» i «Tect mus camMonepeBipkmn», OyayTh
KOPMCHMMH BaM IiJ| YaC MOBTOPEHHS BUBYEHOTO Ta MiArOTOBKH A0 KOHTPOJbHOIL
poboTH.

Hns Tux, XTO X04e Ginbiie nOBigaTHCH mpPO PO3BUTOK (Pi3WMYHOI HAYKHU H Tex-
HiKM B YkpaiHi Ta cBiTi, mpo BuzaTHuUX yueHuX-(hisuKiB, 3HAWAETECA YUMAJIO
IikaBoro i KopucHoro B py6pukax «EHmukIomeamuna cropiEka» Tta «®ismka
i TexHiKa B YKpaiHi».

[lacnuBoi moxoposxi, i Hexait Bam y BCbOMY IIACTHUTH!
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§1.

m [Ile 6 danexy daeruny n0du nowaru 36upamu iHGHOpMAyio npo Ha6-
koauwrii ceim. Kpim 38uvaiinoil yikasocmi, ye 0Yr0 6UKIUKAHE NPAK-
muunumu nompeGamu. Adxce, HanpuKaad, AKULO0 FHAECW, AK NiOHAMU
ii nepemicmumu 6aXKi Kamewri, mo 3Moxcew cnopydumu MiyHi cmiHu
ma nobydysamu dim, Humu 8 AKOMY 3pyuHiue, Hix y neiepi abo sem
NAHUYI. A AKWO HABYUWCA BUNLABLAMU Memaau 3 pyd i 6uzomoers:
mu nayzu, Kocu, COKupu, 36pow mow,o — 3MOXMceuL kpawe sopamu noie
i 3i6pamu Oiavwuil ypoxcail, a 6 pasi Hebe3nexu 3ymiew 3axucmumu
C8010 3eMILIO.

YV emapodasni wacu icnysana minvku 00Ha HAYKa — 60HA noednyea-
na 6ci 3HanHs npo npupody, aki 3i6paso Ha moii wac awdcmeo. Y Hawi
OHi YA HAYKA HA3UBAEMbCA NPUPOIOIHABCTEOM.

0 AizHaemoca npo PiznyHy HayKy

I3 yacoM 0OCAT HAYKOBUX 3HAHb PO HABKOJIMIIHIH CBiT HeabuAK 301,1B-
MUBCs, i IPUPOJO3HABCTBO PO3ALIMIOCA HA OKPEMi HayKH: 6iosorito, ximilo,
actpoHomito, reorpadito i immi (puc. 1.1). Oxniero 3 4aCTUH MPUPOAO3HABC:
TBa € (ismka. 3aBAAKH JOCATHEHHAM (i3MYHOI HAYKH JIOACTBO Mae VHiKaJb-
Hi 3HAHHA npo cmpyKkmypy i no6edinKy HAUPIZHOMAHIMHIWUX 00’cxmie — Bif
riraHTCHKMUX 3ip A0 HAWAPIOHIIIMX YaCTUHOK PEYOBHHU — aTOMiB i MOJIEKYJI.

Di3uka

Bionoria

AcTpoHOMiIA

Puc. 1.1. Oi3unka, ximis, reorpadis, 6ionoris, actpoHomia 6epyTb CBill NOYATOK i3 NPUPOAO3HABCTBA
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§ 1. ®isuka — Hayka npo npupogy. Qizuuni tina it dpisnuni asmua. .

IIi sHaHHSA CTAJH OCHOBOIO AJSI CMBOPEeHHS HO-
sux mexHonozill i npunadie, K1 AoroMararmThb
y pobori nikapsaM i GyniBelbHUKAM, MaHADPiBHU-
KaM i xaibopobam, IoJermyroTh Halle ITOBCSK-
IeHHe KUTTS, BiAKPUBAIOTh IIBUAKUN AOCTYI O
samaciB iHgopmalii, HaKONWYEHUX JIIOJACTBOM,
TOIIO.

IITo6 3posymiTu, K AajleKO CTYIIMJIO BIEpPex
JIFO[ICTBO, JOCUTh IIOPiBHATH YMOBH MOPCHKHUX IIO-
nopoxkell y najieKy AaBHUHY i HuHI (puc. 1.2).

Ha BizMiHy Bif JaBHBOTDEIBKHUX BiTPUJILHU-
KiB, kopabenr XXI croniTTd Mae ABUIYH i He 3a-
JeXHUTh BiJl IpUMX BiTpy. ¥ cyd4acHOro KalliTaHa
€ IOKJafHA KapTa paifoHy IaBauus. Moro cyxHo
obnagHane cynymuukosow cucmemorw GPS, 3a-
BAAKHM SIKiM BiH 3aBXKAM 3Ha€ Micie mnepebyBaH-
HA i Kypc. CoHap — TpPHUCTPii AJA 30HIYBAHHS
MOPCBKOTO [Ha — IIONEepefUuTh KaliTaHa IIpo IIid-
BOZHI cKesi Ta pudu, a padap — NTpPO HaABOAHL
Hebesneku (aiicbepru, iHIIi cyaHa) B yMoBax IIO-
raHol BUAMMOCTI. ¥ pasi aBapil KamiTaH 3aBXIU
MOKe BUKJIMKATHU JOIOMOI'Y 1o padio.

OueBH/IHO, IO i3 cydacHHM oOJaJHAHHAM
(puc. 1.3) MopchbKi MaHApiBKHM cTaau HabaraTo
fesmeuHimuMu. Ase X yei yi npuaadu it Mexanis-
MU cmeopeHi 3a804AKU 3HAHHIO 3AKOHI8 (Qi3uru,
BUBYATH AKY BU 3apas IIOYMHAETE.

3'RCOBYEMO, i3 YOro CKNafAETLCA
HaBKONMWILHINA cBiT

Vce, mo Hac 0TOUYyE, YUEHI HA3UMBAIOTh Ma-
Tepiero. IlouyBmu ciI0BO «MaTepidg», 6arato XTo
3 Bac yABJAE€ SKYCh TKAHWHY — HaIpUKJIa,
mKuHCOBY. AJsie ansi (isMKiB Ile MOHATTA Haba-
rato mupme. Ty Marepiio, SIKy MOXKHa CIIPHii-
HATH 3a JOIOMOrOI0 HAIIMX OpraHiB 4yTTs (Ha-
NpUKJIaj, IIoMAallaTH), HA3UBAIOTh PEeYOBHHOIO.
PeuoBuna — Iie i Meranm, i IJIACTUKH, i AepeBo,
i noBitpsi. IIpo cTPyKTypy Ta BJIACTHBOCTL pedo-
BHHH BU J[OBijla€Tecsi, BUBYMUBIIHN PO3JLT 2 IIHOTO
MiJpy4YHUKA.

[MeBHa yYacTMHa NPOCTOPY, 3alHATa PEYOBUHOIO,
Ha3nBaETbCA Gi3NYHUM Tinom.

Tak, (isuyHEMHE TiTaMHM € Oyob-Ki npeame-
TH HAaBKOJIO HAC: Py4Ka, 30IIUT, CTLi1, ABEPi TOIIO.

Puc. 1.2. laBHbOrpeLbknii repon
Opicceil BOBFi POKU He Mir noeep-
HyTUCA Ha 6aTbKiBLMHY. [pn KOX-
Hi HoBI cnpobi byps 3akngana
noro Kopabenb y HeBigome Micuie.
KanitaH cyyacHol AXTu AgonpaBue
61 aHTMYHOrO repoA AoAOMY BCbO-
ro 3a KinbKa AHiB

Puc. 1.3. 3a gonomoroio cydacHux
TeXHiYHUX 3acobiB NogNHa Mae
3MOry 38'A3aTNCA 3 Byib-AKOI0 TOY-
KOIO CBITY 3a NiYeHi cekyHau
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. lP°3Ai" 1. NTOYUHAEMO BUBYATU DISUKY

4

Puc. 1.4.Npuknagn $isnyHnX Tin

Jlronuna, nepeBo, xmapa, CoHie, 3eMiss — Ie TeX MPHUKJIAAA disuyHUX TiX
(puc. 1.4).

V¥V XIX cropiuui BYeHi BCTAHOBHJIM, IO, KPiM PEYOBHMHH, iCHYE e ONMH BUJI
MaTepii, AKHMt HEMOKJIMBO «oManaT». Llei ocobmuBHil BUA MaTepil HABUBAETE"
cs moJieM. 3a JOIIOMOIO0 MOJIS — HeBUOUMUX eNeKMPOMAZHIMHUX X6ULb — MU
MAEMO MOJKJIMBICTH 3B’A3YBATHCH 31 CBOIMM CIiBPO3MOBHMKAMM 110 MOGLIBHOMY
TesedoHy, KalliTaH Kopabiaa — 3'ACOBYBATH Yepe3 CYNyTHUK KOOPAWHATH CBOTO
cyaHa. Ha mogi6HuUX XBHJISIX IPAIIOIOTH pafiio i TenebadeHus. [lle ogHuM mpu-
KJIalOM eJeKTPOMATHITHOTO MO € c8im/o. 3 AeSKMMU BIACTHBOCTSMHU CBiTJA
BH IIO3HAHOMHTeCh V XOJ1 BUBUEHHS PO3IALIY 3.

9 3ragyemo npo gisnuni asnia

Mamepia Haexono Hac nocmiilino 3aminoemoca. Jlesaki Tina nepeMimyoTb
¢S OfHe BiJHOCHO OJHOTO, YACTHHA 3 HUX 3IMTOBXYIOThCS i, MOXKJIMBO, PYyHHY-
JOThCSI, 3 OMHUX TiJl YTBOPIOKWTHCS iHMIi... [lepesik TAKMX 3MiH MOYKHA IIPOJIOB-
’KYBATH # IPONOBXKYBATH — HeJapMa Ie B JaJeKy AaBHUHY dinocod I'epakiir
3ayBa)KMB: «Yce Teue, yce 3MiHIOETbCA». 3MIiHM B HABKOJMIIHBOMY CBITi, TOOTO
B IIPUPOJi, YUeHi HA3UBAIOTH CIENiaTbHUM TepMiHOM — SABHINA.

Puc. 1.5. NpuKknaaun NpUpPOAHNX ABNLY



§ 1. ®isuka — Hayka npo npupogy. Qisuuni Tina i Gpisnuni aBMwa . .

Bnauckaska —
ENeKTPOMArHiTHe ABMLYe.
Cnanax 6nuckaski — caitnose

Ta NagiHHA Kpanenb —
MexaHiuni ABunLWa

[epeso ropurb —
Tennose ABMLLe

Puc. 1.6. CknagHe npupogHe ABNLLE — rpo3a — ABAAE COB60I0 NOEAHAHHA LiNOro pagy $isnuHnx asnuy

Cxin i saxim coHIs, CXOmKeHHs CHIroBoi JaBHHH, BHBEeP)XEeHHA BYJIKaHAa,
Oir KoHs, cTpUGOK IAHTEPH — yce Lle NMPUKJIALN PiSHOMAHITHHUX NPHPOTHUX
asum (puc. 1.5).

[ITo6 xpame 3posyMiT ckJIaAHi MpUpoAHi SBUmA, Y4YeHi po3mIsgaaTh iX AK
CYKYIHICTH Qi3HYHHX ABMIN — SA6Ul, AKI MONCHA onucamu 3d donomozown @i
BUYHUX 3AKOHIB.

Ha puc. 1.6 mokasaHo cyKynHicTh (pisMUHMX ABUII, SKi YTBOPIOIOTH CKJIA-
He mpupoiHe siBUme — rposy. Tak, GiauckaBka — BeIMYe3HUN eNeKTPHYHHI
PO3pAAL — L esexmpomaziimie ssuuje. SIKmMo GIUCKABKA BIYYUTh Y AepeBo,
TO BOHO CHAJIAXHE i [I0YHe BUILIATH TeII0O — (ISHKH B I[bOMY BHIIALKY I'OBO-
PATE NIPO menaoee seuuie. I'ypKirt rpoMy Ta MOTpPiCKYBaHHS OXOILJIEHOT'O BOIHEM
JepeBa — 36YK08i s6ullld.

Ilpuknazan feakux QisMYHUX SBUI HaBeleHO B Tabuuii. IlormsHbTe, Ha-
IpuKJIaz, Ha nepmwui ii pagok. Illo Moxke 6yTH CIIJIBHOTO MiX MOTHOTOM pa-
KeTH, NaJiHHAM KaMeHs i obepraHHaM uinoi nnametn? Biamosias mpocTra. ¥Yci
HaBe/leHi B IbOMY PAAKY IPHUKJIAAK SBUI OIMUCYIOTHCH OTHUMH i THMM CAMHMH
3aKOHAMH — 3AKOHAMU MeXAHiiH020 pYyxy. 3a IOIOMOrOI0 IIMX 3aKOHIB MOYKHA
064NCIUTH KOODAMHATH GYIb-IKOTO Tijla, IO PYyXaeThes (YU TO KAMiHb, UM pa-
KeTa, 4N IIaHeTa), y OyAb-IKUH MOMEHT, KOTPUH I[iKaBUTH HAac.

Di3nuHi apnLla Mpuknagu
i [Tosit pakern, magiHHsa KaMeHs, o6epTaHHS
Mexaniuyni .
3emu1i HaBKosI0 CoHILA
e — Cnanax 61MCKaBKH, CBITIiHHS €JeKTPUYHOL
JIAMIIOYKH, CBITJIO Bifi ITOTyM’ss GaraTtsa
Terrosi TanenHs cHiry, HarpiBaHHS DXKi, 3ropaHHS
NaJuBa B IHUJIIHADI ABUTYHA
3BYKOBi H3BiH, nTamuHEUE cmiB, Iypkir rpomy
;. Pospsan 6iuckaBKy, eJleKTpU3allis BoJoces,
Enexrpomaruirai
eJleKTpUYHAa Jyra

W W



. .joaAin 1. NTOYUHAEMO BUBYATU DIBUKY

Puc. 1.7.NprKnagn enekTpomarHiTH1X ABnLL

KoxxHuit i3 Bac, 3HiMarouu cBeTp ab0 pO3UiCyIOUM BOJOCCHA IJIACTMaCOBHM
rpeGiHieM, MabyThb, 3BepTaB yBary, 10 IPU IIbOMY 3'ABJIAITHCA KPUXITHI iCKPH.
I ui ickpwm, i moTy»XHUIT po3psa] OJIUCKaBKU OAHAKOBO HAJIEXKATh [0 e/leKmpomaz-
HimHux aeuw, i, oTKe, MiJKOPAITHCA OAHAKOBUM 3aKOHAM.

Tomy AJ1s JOCTiKeHHS eeKTPOMATHITHUX ABHIN He 000B’A3KOBO YEKATH Ha
rpoay. JIocuTh BUBUUTH, AK HOBOAATHCA OesnedHi iCKOPKH, 100 3po3yMiTH, HOro
YeKaTH Bijl GJMCKABKH i AK YHHUKHYTH MOXJMBOI HeOesleKH. ymepiie Taki J0-
CJIiPKeHHA TPOBiB aMepukaHchKuil yuenuit B. Ppankain (1706—1790), axuit Bu-
HaimoB epeKTUBHUM 3acid 3aXUCTy BiJ I'PO30BOr0 PO3PAAY — bucKaskosiosio.

BupuuBmu (isuuHi ABUIIA OKpPEMO, y4eHi BCTAHOBJIIOKThL iXHiil 63aEMO-
36'A30K.

Tak, po3psAjk OJMCKABKH (eJeKTPOMAarHiTHe sABHUINE) 00OB’AZKOBO CYIPOBO-
IKYEThCA 3HAYHUM IIiBUINEHHSM TeMIepaTypy B KaHasi OiucKaBKU (Termso-
Be siBumie). JlOCTiMKyBaHHA LUX SABUIL Y IXHBOMY B3AEMO3B'A3KY /A03BOJIHJIO
He TiIBKM Kpalle 3pOo3yMiTH NpUPOAHE fABHINEe — Ipo3y, aje i 3HAWTH LIIAX
NPaAKmMu4Hoz0 3ACMOCY6AHHA €JEKTPOMAarHiTHUX i remoux sBuil. HamesHo,
KOJKHUI i3 Bac, IPOXOAAYM MoB3 OyAiBeibHHUI MaiJaHYMK, 0auuB POOITHHKIB
y 3aXMCHMX MAacKax i cJIimydi cnajaxu eJeKTpo3BapioBaHHA. EleKkmpo36apiosan:-
HAa (cmoci6 3’eqHAHHA MeTaJeBUX JeTajiedl 3a JOIOMOrol0 eJEeKTPHYHOr0 pO3ps-
Ay) — 1e i € mpuKJaJ OIPaKTMYHOI0 BUKOPHUCTAHHA HAYKOBUX IIOCTiIKEHb.

0 BusHauaemo, W0 X BuB4ac pisnxa

Temep, KOJM BHU AOBigasiucs, o cob60i0 ABIAKTh Marepis i ¢isuy-
Hi SBHMINA, HACTAB 4Yac BU3HAYMUTH, L0 X € IPEIMETOM BHUBUYEHHS (i3MKH. I
HAayKa BUBYAE: CTPYKTYPYy Ta BjacTHBOCTI Marepii; ¢isuumi sBumma i iXHiN
B3a€MO3B’A30K.

@ niasuBaemo niaCYMKM

CBiT HABKOJIO HAC CKJIaZaeThea 3 MaTepii. ICHYIOTH ABa BUAM Marepii: pe-
YOBUHA, 3 AKOI CKJIajaTheA Bei diswyni Tina, i moe.

V ceiti, mo Hac orouye, mocriiiHo BigOyBaloThca 3MiHu. Ili 3MiHM HasuBa-
J0ThCA ABUIAMHU. TeIIoBi, CBiT/IOBi, MexaHiuHi, 3ByKOBi, eleKTPOMArHiTHI ABH-
ma — yce 1e npuKkaaau disuunux ssuml. IIpexgver BuBUeHHA (Pi3UKH — CTPYK-
Typa Ta BIacTHBOCTI marepii, (isuuni asuma i IXHIA B3a€MO3B’I30K.
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Na6opatopHa po6ota N2 1 . .

Q KonTponbHi sanuTaHia =——— —=

1. IITo BuBuae disuxa? 2. Haexirs npukaagu ¢pisuyaux asumy. 3. Yu
MOJKHA BBa’XKaTu (QisMUHUMH ABUIIAMH IOAil, AKi BigOyBaroThCa yBi CHI
abo B yaABi? 4. 3 AKUX DEYOBHH CKJIAJAIOTHCA TaKi Tija: miApy4YHUK,
oxriBenb, GyTOOJBHUIN M’AY, CKISHKA, aBTOMOOLIB? 5. AKi disuuni Tina
MOXXYThb CKJIAZAaTHCA 31 CKJIa, MeTaJly, AepeBa, IMIacTMacu?

Tema. KabGiner ¢isuku rta itoro obmaguanua. IlpaBuia G6esmnexku mig yac poboru
B KabiHeri ¢Gisuku.

Mera: osHalioMuTucs 3 obsafHAHHAM KabiHeTy i BUBUMTH mpaBuja Oe3mexu
mig yac npoBeJeHHSA J1abopaTOpHUX POOIT.

O6napHaHHA: TIPUJIAAU Ta MPUCTPOI, HASIBHI B KabiHeTi; iHCTPYKIia 3 Oe3neku
1A kabigery (disuku.

BKA3IBKW 10 POBOTH

1. ¥YBasKHO mpouuTaiTe iHCTPYKIIilo 3 Oe3neku nyis Kabinery (isuxm.

2. JlaiiTe BigmoBiai Ha Taki sanmuTaHHS.

a) Uu moyHeTe BU JOCTiJ, AKIIO HE 3HAETE MOPAAKY MOro MPOBEAEHHS i BUMOT
Gesmexu?

0) Y Mo)KHA AOTOpPKATHUCHA OO NMPHUJIALiB, AKi CTOATH HA BAIIOMYy pPOOOUYOMY
cToJii, 6e3 K03BOJIY BUUTEJIA?

B) Un MorKkHA, IOYYBIIX A3BiHOK 3 YPOKY, 3ajumiaTi podoye micue 6e3 103BO-
1y BUMATENA?

r) Kk HeoOXiHO NiATH, AKIINO Balll OJHOKJIACHUK TPaBMyBaBCs IIiJI 4aC BUKO-
HaHHA O0CTiay?

3. Ilix KepiBHUIITBOM yuyHTeJa O3HatoMTecs 3 obsiafHAHHAM KabiHeTy (hisukm.
4. ChopmysioiiTe IpaBuJa MOBEeJiHKY Y4YHIB y Kabineri disuku.

®ismka i Texwika B Ykpaini

Mepwwit npesupeHT Akapemii Hayk Ykpaiiv Bonogumup IBaHoBuY
Bepnagcbkuii (1863—1945) 6y ogHUM i3 OCTaHHIX NPUPORO3HABLIB —
yUYeHUM, AKUA 3pobuB BaroMuil BHECOK OApa3sy B AeKinbKa HayKOBUX
Hanpamie. binbwe Toro, akagemik B. |. BepHagcbkuin He nuwe po3ssuBas
BiJOMi HayKOBi HanpAMW, ane i CTaB POAOHAYaNbHUKOM KiIbKOX HOBUX
Hayk, Hanpuknag bioreoximii. CoborofjHi 6arato BigoMux MiXkKHapOAHMUX Op-
radisauiil y cBoix MporHo3ax po3BuUTKY NtofAcTBa 6asyloTbCsa Ha KOHUenwil
CTanoro po3BUTKY, AKa € NpoAoBXeHHAM igen B. |. BepHaacbkoro. Cytb
, KOHUenuii CTanoro posBUTKY MOMAraEe B TaKOMy PO3BWUTKY CycCMinbCTBa,

wo6 Big NOKONIHHA A0 NOKONIHHA He 3MEHLYBaNUCA AKICTb i 6e3neka XUTTA Nogen, He norip-
LWYBaBCA CTaH HAaBKONWLIHBLOrO cepeaoBuiya Ta BiAbyBaBCA couianbHWiA nporpec. :
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. - Posgin 1. TOYUHAEMO BUBYATU DI3UKY

§2. HAYKOBI METO

m Bu aci we dyxce monodi, 00nax y éac € neénuii o6caz snany. Hanpuraad,
8u camocmiiino it yme documv 0ABHO 6CMAHOBUNU, WO LOHCKA, AKULO TT
sunadrkoso enycmumu, 0608'13K060 6nade 6HU3, @ He 3aemumy yzopy. Ane
wu 8neeHeHi 8u, Wo 6ce 3 M020, W0 U 3HAEMe, € NPasuLbHum? Y ybomy
napazpadi éu snaiideme 8idnosids HaA NUMAHHA, AKUM YUHOM YHeHi odep-
Hyroms HOBL 3HAHHA.

Bcranosnioemo sigminnocti mix cno-
CTep@XeHHAMM I eKCnepMMeNTamMmn

OCHOBHHMM 3aBJJaHHAM YUeHUX-(Di3UKIB € IIpo-
BeJleHHA (DiBMUHUX JOCIIi/IMKeHb.

Di3nyHe gocnigKeHHa — Le LinecnpamoBaHe Bu-
BUEHHA TOrO Yy IHWOro ABMLA 3acobammn GiznKu.

IlepmuMm eramoM (i3UYHOTO JOCTIJPKEHHS
€ CIIOCTEepeXeHHd.

CnocTepexeHHA — Ue CNpUAMaHHA Npupoau
3 MeTOl OfepXaHHA NEepBUHHWUX AAHUX ANA No-
[anblioro aHanisy.

Puc. 1.8. [loBxnHa 060X BiApi3KiB SIKIO pesysibraTé CHOCTEPeXKeHb INOBTOPIOIOTH
opaHakoBa. B ubomy nerko nepe- ¢, TO JOCTHiZHUK pobuth sucHosrxu. Hasenemo
CBIfYMTMCA 32 AOMOMOrOI0 NIHINKN NpUKJAJl TAKO'O BHCHOBKY: Boja (piauHa), mo-
MilleHa B MOPOSWJIBHY KaMepy, depe3 AKHUICH uac
000B’I3KOBO NIEPETBOPUTHLCSA HA JIiJ (CTaHe TBEpP/IOID).

OnHak [ajeKo He 3aBXKAW BHCHOBKH, OJEp-
JKaHI 3a [OIIOMOI'OI0 CIIOCTEpPEeXXeHb, € MPaBUJIb-
HuMu. IlornsHbTE, HANPUKJAJL, HA BiADI3KH Ha
puc. 1.8, UepBoHU# BiApPi30K 31a€THCS MEHIIHUM,
Hi)K cuHiil. Bu MokeTe MOAUBUTHUCA HA MAJIIOHOK
KijpKa pasiB, B3aIpPOMOHYBATH JAPY3AM 3POOHTH
Te caMeé — 1 BHCHOBOK 3aJIMIIATHCA HE3MiHHHM.
SKmo oK MmicaA IBOro BU BUMIpAETE [HOBKUHY
Bifpi3KiB siHi#KOI0, TO IepeKoHAETeCH, M0 IXHA
JIOBXXHMHA € a0COJIOTHO OAHAKOBOIO.

IITo6 me pobutu mOAIOHMX XMOHUX BHUCHOB-
KiB, yueHi KOPHCTYIOThCH CKJIANHIIIMMM BUJAMU
MOCJIiPKeHb, AKiI HA3WBAKWOTHCA Hociaifamu, abo

excnepumenmamul.
EkcnepMMeHT — Ue AocnigKeHHs ¢i3nyHoro
Puc. 1.9. Byab-AKe nepeabaueHHs ABMWA B yMOBax, Wo nepebyBaloTb Nig KOHTPO-
Teopii Mae byTv nigTBepaxeHe NemMm y4eHoro, 3 MeTor rnubLOoro BUBYEHHA UbOro
pocnigom asuwa (puc. 1.9).
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§ 2. HaykoBi MeToan BUBYEHHA npupomj .

Iocaigu (excriepuMeHTH) 3a3BUUYail CyIpOBO-
IPKYIOThCA PISHUMU BUMipDIOBAHHAMY. YUEHI BIKH-
BAIOTh BUPA3 «CKCNEePUMEHMALbHI 00CAIONCEHHAY,
KOJIM T'OBOPATH PO cepil J0CaifiB, CIPAMOBAHUX
Ha BUBYEHHS IeBHOro (hismuHoro asuina. Hainpo-
cTimi BHAM eKCHepUMEHTAJbHUX JOCJIiYKeHb —
JaabopamopHi po6omu — BU BHKOHyBaTUMeTe ca-
MOCTifHO, BUBYAOUYH (hi3UKY.

0 Buznayaemo ocHOBHI etanm pisnunmnx
nRocnigxeHb

It Toro mo6 IepedTH O eKCIepUMeH-
TaJbHUX JOCHiPKeHb — CKJIAAHIIINX, HiX IpocTi
CIIOCTEPEIKEeHHA,— y MOCTiAHUKA Ma€ BUHUKHYTH
CYMHIB 8 iCMUHHOCMI pe3yabmamié 00CaiOHeHHA
(«He Bipio cBOIM ouam!»).

V¥V Bunajaky 3 Bigpiskamu (gus. puc. 1.8) mu
mifiKkasajau BaM roTOBY BigmoBigb. Asne akbu BH
[I0Ka3a/y 1eif MaJIOHOK GaThbKaM, XTOCh i3 Hux  Pwc. 1.10.Ak6u He Gyno onopy
0GOB’SI3KOBO TOCTABMB O¥M Wi CyMHiB mpaBmp- OBITPA TO AenbOiHiMAY pocara-
HICTh IEpIIOTO Bpa’KeHHA: «A 4Yu Ile He 30pOBa il i e
omaHa? AJKe BiZ[pi3KH MOXYTh OyTH ¥ OJHAKO-
pumul» [HaKIIIEe Ka)Xy4u, Balll CIIiBDOSMOBHUK BU-
ciaoBuB Ou rimoredy (npunywenHns) nIpo XUOHICTH
MIPOCTHX cHocTepekeHb. | TiNBKH micas Bamoro
€KCIIePUMEHTAJIbHOTO0 [JOCHif»KeHHsA (BHMiplOBaH-
HA Bifipi3kiB 3a momoMoroio JiHi#Ku), ToOTO mIic-
1 eKcnepumeHmaJllbHol nepesipKu 2inomes3u, BU
BCTAHOBUWJIM iCTHUHY: 00MABa BipisKM MaloTh OZ-
HaKOBY HOBXKHHY.

Bunaok i3 BipiskamMu He moTpedy€e TpUBATIUX
JOCJTi’KeHb, ajie iHKOJM IOIIYKH ICTUHU TpU-
BaOTh croiirtamu. Tak, cmocrepiraroyu najiH-
HA pisHux Tig, yueHi [laBHpoi I'pemii 3pobuiau
BUCHOBOK IIPO Te, IO Ba)X4i mpejMeTH NajaioTh
HA 3eMJII0 mIBuAIIe, Hixk Jerki. Tinbku uepes ABi
TucAdi pokis, y XVI cropiuui, BumaTHU# iramii-
cokuit yuennit Ianineo Ianineii (1564—1642) za-
CyMHiBaBCA B IIPAaBUJIBHOCTI BHCHOBKIB JaBHiX
rpekiB i BUCYHYB rimoresy Ipo Te, I[0 IOBiJIbHi-
Ie mafiHHA JIETKOrO Tijia IMOACHIOETHCA OIOPOM
moBiTpa (puc. 1.10). ImmmMu caoBaMH, HAKIIO
TiJla DajalTh i3 OZHAKOBOI BHCOTH, He 3yCTpi-
YalOuu ONOpY IIOBiTPs, TO NOBEPXHi 3eMJii BOHH
JOCATHYTH OJHOYACHO HE3aJIeKHO BiJy MacHu ILUX
min. Jlns migreepakeHHs cBoei sgoraaku Iamineir

Puc. 1.11. MNi3aHcbKa Bexa, Ha AKIN
laninex NpoBOAMB CBOI eKcnepu-
MEeHTH

By



l . Pozgin 1. TOYUHAEMO BUBYATU DI3UKY

Puc. 1.12. HbloTOH nomicTue
30N10Ty MOHETY i MTallnHe rnepo

y CKnaHy Tpy6Ky Ta po3TaluyBas

Il BEpTUKanNbHO, Aalouu Tinam
MOXJMBICTb NoYyaTty NagiHHA O4HO-
YacHo. Yepes onip nNosiTpAa nepo
«6e3HaginHo Bigctano» (a). Motim
YUeHWi BUKayaB NoBiTpA 3 Tpy6Kku
3a JONOMOro BUHanieHnX Ha
TOW yac Hacocig (6). B octaHHbOMy
eKcnepuMeHTi ABa Tina AoCArn
AHa Tpy6Ku ogHoYacHo

Puc. 1.13. liraHTCbKi NnpuckopioBa-
i 3apAAKEeHUX YaCTUHOK 3aCTOCO-
BYIOTbCA AN1A BUBYEHHA CTPYKTYPU
marepil

" HoBe 3HaHHg

\?}, P
a) W
HHs ., cnocrepe*e

Puc. 1.14. ETanu nisHaHHA y ¢izny-
HUX JOCNIAMKEHHAX

I W

|

Ay

«
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IIPOBIB JOCJHiMKeHHSI, BUKOPUCTABIIN MIJs I[bOTO
caaBHO3BicHy IlisaHchKy BeXXy (nuB. pume. 1.11).
3 BepIIMHHU Ili€el CIIOPYAM BiH KUAAB IIpeIMeTH
(MyIIKeTHY KYJIIO i rapMaTHe siipo), HA PYX AKUX,
SIK MU CHOTOIHi 3HA€MO, OIIip TIOBITpS BILIMBAE He-
SHaYHO. Pe3ynbTaTH e€KCIIEPUMEHTIB MiATBEepANIN
rimore3y BuYeHOro — oOHMABa IIpeIMETH AOCATAJIH
3eMJI1 IIPAKTUYHO OJZHOYACHO.

Binsm TouHi excnepumeHTH (puc. 1.12) mpo-
BiB cJIaBeTHUH aHTIificbkuil yueHu# Icaax Hbio-
mon (1643—1727). Ane HpIOTOH He OOMEXUBCS
HiATBepIKeHHAM BUCHOBKIB lamines. ITpoamaui-
3yBaBIIM OfepKaHi maHi ¥ 3poObuBmMM HeobXimHI
obuncieHHs (3apas Taky poboTy MU Ha3UBaEMO Te-
OPEeTHYHHMM XOCHiIKeHHAMH), YUEHUHN IIPHUITyC-
THUB, IO HaAiHHS IIPEeIMETIiB Ha IMOBEPXHIO 3eMJIi
i obepranHa niaHer COHSIYHOI CHCTEMH HAaBKOJO
CoHIlA MiAKOPSIOTHCSH €AWHOMY 3akKoHoBi. Ilo6
OOI'pYHTYBaTH Iie TBepHKeHHs, HBIOTOH 3HOBY
3BEpHYBCS [0 MATEMATHKH. ¥ Pe3yJabTaTi BUeHUH
BiJKPUB 3aKOH BCECBITHHOTO TSKiIHHA — CTBOPHB
HOBe 3HAHHI.

ITicna Tanimea Tta HploToHA oCHOBHUMU
cnocobamu 3000Yys8anns HOBUX 3HAHL CcMAlU
meopemuyni I eKcnepumMenmaJbii Memoou.
CyyacHi eKcIlepuMeHTAJbHI AOCHifKeHHS He-
MOKJIMBO YSIBUTH 0€3 CIIeIliaJbHO CKOHCTPYHO-
BAaHHUX CKJIAJZHUX npuiagiB. [leski 3 HUX MaloTh
Macy B J€CSTKHU TUCAY TOHH 1 po3MipH B AeKiJb-
Ka KimomerpiB (puc. 1.13). ¥ po3pobissHHI Ho-
BUX Teopiii 0epyTh ydYaCTh COTHI BYEHHMX, AJISI



§ 2. HaykoBi meToaN BMBYEHHS Npnpoan . .

TEOPeTHYHMUX PO3PAXYHKIB 3aCTOCOBYIOTH HAANOTY:KHI Komm’ioTepu. OmHAK
HaBiTh y Hami JHI OCHOBHI eranu 3m00yBaHHS HOBMX 3HAHD 3aJHINAIOTHCS
HEe3MiHHUMH.

@ nmasusaemo macymku

OcHoBHMMM MeTOZaMM (DiSUYHMX AOCTIKEHb € TEOPETHYHMH Ta eKcIe-
pumenTaabHUA. IlocaifoBHiCTL eTamiB (iBMUHMX JOCHIMKEeHb MOMKHA YABUTHU
V BHIVIAAL cmipasi, IO CKJIaJaeThCs 3 IMOBTOPIOBAHUX eseMeHTiB (pue. 1.14).
CrnpobyiiMo 3po6uTH CXOMPKEeHHs mico cmipaymo. HuxHIN exeMeHT IOKAaasye,
10 HA IeBHOMY eTalli BUeHi B)Ke MalOTh IeBHUMN DiBeHb 3HAHL (3HaHHS). 3a 10-
IIOMOT'0I0 CIIOCTEPEKEHDb 1 PO3AYMIB JOCHIAHUKY EPEKOHYIOTHCA B HEO6XiMHOCTI
0ro BAOCKOHAJIEHHSA, IPOBOJATE TEOPETUYHI JOCIi[)KEHHSA, BUCYBAIOTH IiloTe3y
i miATBepIKYIOTH (a60 CIIPOCTOBYIOTH) il MIIAXOM eKCIepHMEeHTAaIbHOL nepesip-
ku. Pegysprarom crae HOBe 3HAHHS.

e KouTponbHi 3anutaHuna

1. Illo rake cnocrepesxenHsa? 2. Hasexpith mpukiaaau dismysmx sBumi,
3HAHHA [IPO SIKi BU 3/100y/IN B Pe3yJIbTaTi BJIACHUX CIIOCTEpeKeHb. 3. Yum
Jocaim BinmpisHsAeTncs Bim cmocrepesxenHsa? 4. XTo i 8K OiATBEpPAUB
rinoresy Tanines Opo Te, IO MOBiNBHIiINE IMaAiHHA JIETKOrO Tija Io-
ACHIOEThCA oOmopoM moBiTpa? 5. HaspiTe ocHOBHI Meromu GisuuHHX
mocaijpxenb. 6. fki eranu npoxopaTs yueni, saificHioroun dismuni x0-
caimxenHsa?

‘ Bnpaen — = ——

1. SIky ponb BiZirpaioTs eKcnepuMeHTaNbHI #l TEOPETHYHI AOCIiAKeHHS
JJIs BCTAHOBJIEHHSA (hi3MUYHUX 3aKOHIB?

2.V Hayni Ba)KJIMBO PO3Pi3HATH TaKi MOHATTA:
a) ABUIIE, AKE CIIOCTEPIracThCHA MOBCAKIEHHO;
0) exciepUMEeHTAJILHUN (DaKT;

B) rimoresy;
I') 3aKOH IIPUPO/H.

YKaxiTh, 10 AKOro 3 BULEHA3BAHUX TOHATH HAJIEXKATh [OAAHI HU-
YK4e TBEPHKEeHHS:
a) yci Tijsia mazamoTh Ha 3eMJIIO;
0) iMOBipHO, Pi3HMIA y IIBUAKOCTI NaAiHHEA Tij Pi3HOI MACH OACHIOETH-
Cs OIIOPOM MOBITPS;
B) y BaKyyMi Bci Tijsla mazaoTs 3 O4HAKOBOI BHCOTH 3a TOM caMwuii gac.

‘ EKC"GPHMGHT&HI’HQ 3aBAAHHA —— — —

ITocnocrepiraiiTe sxe-He6yan hisuuHe ABUINE, ONUIIITEL HOTO i npoaHaJIi-
3yurTe.

— 1°m =



l . Posgin 1. TOYUHAEMO BUBYATU DI3UKY

Qisuka i rexnika B Yxpaini

Yuenuw 3i ceitoBum im'am — Bopuc Esrenosuy MaToH — Ha-
poausca 1918 poky B Kuesi. CnaBy nomy npuHecnu QocnifxeH-
HA B ranysi enekTpoAyroBoro 3BaploBaHHA Ta CTBOPEHHA 3Ba-
ploBanbHUX aBTOMaTIB, AKi BUKOPUCTOBYIOTbCA B Pi3HUX rany3nx
NPOMUCNOBOCTI 11 6yAiBHULYTBA. TanaHT HayKoBLA CArHYB PO3KBITY
B nepiog po6otn B IHCTUTYTI enekTpo3BaploBaHHA, AUPEKTOPOM
AKoro BiH ctaB y 1953 poui. I3 yboro yacy B. €. lMatoH ovyonus
[OCNIQXKeHHA, y pe3ynbTaTi AKUX cGOpMyBaBCH 30BCIM HOBUI Ha-
NpAM y cyyacHin metanyprii, wo 3a06yB BU3HaHHA B yCbOMY CBITi.
EnekTpownakoBuit npouec, CTBOPEHWUIA NiJ KepiBHULTBOM yYeHO-
ro, 3aCTOCOBYETHCA ANA NIABULIEHHA AKOCTI iPXKOCTINKMX Ta iHWNX
cneyianbHUX cTanemn.

1958 poky Buenui 6ys obpaHuin AincHUM yneHom Akapemii Hayk YkpaiHu, a 3 1962 poky
€ Tl HE3MIHHUM Npe3ngeHToM.

§3. OI3UYHI BENMYUHUN.
BUMIPIOBAHHA ®I3UYHUX BEAUYMH

® o make @hizuuna eeauxuna? Ilfo o3nawae sumipamu Qi3uuny eeau-
yuny? IJo nasusaombs oduruyero Gizuunol eesudunu? Tym eu 3naiideme
8i0no0si0i Ha yi Oyxce 8aNAUBL NUMAHHA.

o DisHaeMOCA, WO HASUBAETLCA QIZNUNOI0 BENNUNHO

31aBHA JIOAU IJIA TOYHINIONO ONUCY AKUX-HeOyAb MHOAiN, ABUII, BJac-
TUBOCTEH TiJl i peUYOBMH BMKOPHCTOBYIOThH IXHi xapakrepuctuku. Hanpuxiaan,
IOPiBHIOIOUHX Tijla, fIKi HaC OTOYYIOTh, MM TI'OBOPMMO, II0 KHMXKKA € MEHIIOI,
Hi» kHM¥KoBa mada, a Kigp Ginbpmuit Bix kora. Ille osHauae, 1m0 06’€eM KOHA
OinpImuii Bif 00’eMy KoTa, a 00’'€M KHH)KKM MEHIINM, HixK 00’em madu.
O06’em — npuraaj (pisMUHOI BEJHYMHH, IO XapaKTepU3ye 3arajibHy BJlac-
THUBICTh TiJl 3aiiMaTH Ty YW iHINY YacTUHY mpoctopy (puc. 1.15, a). Ilpu usomy
YUCJIOBE 3HAUEHHA 00’€EMY KOYKHOTIO 3 TiJl € iIHAUBiAyaJIbHUM.

Puc. 1.15. 1na xapakTepncTnKn BNaCTUBOCTI TiN 3aMMaTh Ty UM iHLY YaCTUHY NPOCTOPY MU BUKOPUCTO-
BYEMO }i3nuHy BenimumnHy o6’em (a), Ans xapakTepUCTUKK pyxy — LBUAKICTD (6, 8)
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§ 3. ®i3nyHi BenuymHU. BumipoBaHHA isnuHMX BenuunH . .

3aranbHa xapakTepucTuka 6aratbox marepianbHux o6'ekTiB abo ABULY, AKa MOXe
HabyBaTn iHAMBIAYaNbHOIO 3HAUEHHA ANA KOXHOMO 3 HUX, HAa3WBAETLCA Bi3nUyHOIO
BENIMYNHOIO.

IIle ogauM npukJIagoM (isMYHOI BEJIMYMHH MOXKE CJHYryBaTH BifjoMe BaM
MOHATTA «WeudKicmy». ¥Yci Tina, 1o pyXxaloThCs, 3MiHIOIOTH CBOE PO3TAaIlyBaH-
HA B IIPOCTOPi 3 4acoM, OJHAK INBHAKICTH IIi€l 3MiHM IJid Pi3HUX TiJ € pi3HOIO
(puc. 1.15, 6, 8). Tak, mitak 3a 1 ¢ pyXy BCTUra€e 3MiHUTH CBOE PO3TAIlyBaHHA
B npocropi Ha 250 M, aBTOMOGiL — Ha 25 M, JIOAMHA — Ha 1 M, a yepemaxa —
yChOro Ha KijJbka caHTuMeTpiB. Tomy GismMKM i KaXKyTh, II0 MIBUAKICTE — II€
(hisnuyHa BeJIMUMHA, AKaA XapakKTepusye nepebir pyxy. HeBaskko 3goragarucs, 1o
00’eM i IMIBUAKICTE — IIe JajJeKO He BCi ()i3sMUHi BeJIMUYMHM, AKUMU omepye ¢i-
suka. Maca, rycTuHa, CUJa, TeMIepaTypa, TUCK, HaIpyra, OCBIiTJIeHiCTH — Iie
JIMIIe MaJia yacTUHa TUX (isMYHMX BEJIMYUH, i3 AKMMU BH IIO3HAHOMUTECH, BU-
BYAOUH (hi3UKY.

a 3'ACOBYEMO, WO OZNAYAE BUMIPATH Pisnuny Benuunny

Ins Toro mo6 KiJbKiCHO ommcaTH BJIACTUBOCTI AKOro-HeOyAb MaTepiajb-
HOro o6’ekra abo (pisMuHOrO ABUINA, HEOOXiJHO BCTAHOBUTH 3HAYEHHA (pismuHOI
BeJIMYMHM, 1[0 XapaKTepuaye 1ei 06’eKT abo ABUIIE.
3HaveHHA Pi3uLHUX 8eAUUUH 00epHYIomb WAAX0M eumiposansb (puc. 1.16—
1.19) uu o6uucnems.

Puc. 1.16. «[lo BignpaBneHHa NoTara 3anmwmnocs Puc. 1.17.«fl Kynuna kinorpam abnyk», — pos-
5 XBUIUH», — i3 XBUNIOBaHHAM BUMIPIOETE BN Yac NnoBifae Mama Npo CBOi BUMiIPIOBaHHA Macun

Puc. 1.18, «Basaranca tenniwe, CborogHi Ha Puc. 1.19.«Y MeHe 3HOBY NiABNWMNBCA

ByNUUi NpoxonogHiwe», — aba€ npo Bac 6abyca TUCK», — CKAPXKUTBCA XKiHKa NICNA BUMIPIOBAHHA
nicna BUMiploBaHHA TemnepaTtypu Ha Bynuui KPOB'AHOIO TUCKY

—Vm ==



Po3zgin 1. TOYUHAEMO BUBYATU DIZUKY

Puc. 1.20. Konn 6abycs i oHyk
BUMIPIOBAaTUMYTb BifACTaHb Yy KPO-
Kax, TO BOHM 3aBX/1 OTPVUMYBaTH-
MYyTb pi3Hi pe3ynbraTtu

meTp

ceKyHAa

Kinorpam

amnep

MONb

[

L
e
[

KenbBiH

Puc. 1.21. OcHoBHi oguHuui Mix-
HapopHoi cuctemu Cl

N W8

BumipaTtn $isnuHy BenuumHy — o3Hauae nopis-
HATW 11 3 OAHOPIAHOIO BENIMUYUHOI, NPUNHATOIO 3a
OANHMNLIO.

Hasenemo npuknaz i3 Xxyf0:Huboi JiTeparypu:
«IIpoiimoBmy KpokiB Tpucra Geperom piukm, ma-
JIEHbKUM 3ariH CTYNMB IiJ| CKJEMiHHA APiMydoro
Jlicy, 3BUBHCTHMH CTEKKaMU SKOro iM Tpeba 6yio
MaH/JpyBaTH HPOTATOM AecATH AHiB» (K. Beps.
«JP’aTHAgUATUDIYHUE KamiTaH»).

lepoi pomany . BeprHa BumipioBamu mpoii-
JeHUH MIAX, MOPiBHIOIYH WOT0 3 KPOKOM, TOGTO
OAMHUILIEI0 BUMIpY OyB KpokK. Takux KpOKiB BUs-
BHJIOCSI TPHUCTA. ¥ Pe3ysbTaTi BUMIpPIOBaHHSA Ofiep-
JKaHO YHCJIOBe 3Ha4YeHHsA (Tpucra) (ismuHOl Beau-
YUHHU (LIAXY) B OOPaHUX OJUHHUIAX (KPOKaX).

OueBnzHO, mo Bubip Takoi ogMHUIL He 703-
BOJIsIE TOPIBHIOBATH pe3yJbTATH BHUMIipIOBaHB,
ofiep;KaHi PiBHUMU JIOABMH, OCKiJIBKHU JOBYKUHA
KPOKY B ycix € pisHoio (puc. 1.20). Tomy 3apa-
AU 3PYYHOCTI ¥ TOYHOCTI JIIOAU OAaBHO MOYAJIHU
AOMOBJIATHCSA IIPO Te, 100 BUMipIOBAaTH Ty camy
(bi3MYHyY BEJIMYMHY OJHAKOBUMM OLUHUIAMU.
Huni B O6inpmiocti kKpaid cBiry aie mpuitHATa
1960 poxy Mixnapodrna cucmema 00UHUYD,
o 3Berbca «Cucrema IuTepranmionansaa» (CI)
(puc. 1.21).

¥ uiii cucTeMi OAMHUIIEIO JOBXKUHM € MeTp (M),
4acy — cexkyHza (c); 06’eM BUMIpIOETLCA B MeTpax
Kybiunux (M%), a mBuAKicTL — y MeTpax 3a ce-
KyHAy (m/c). IIpo inmi oguauni CI Bu gisHaerecs
migHimre.

9 3rapyemo KpaTtHi it yacTuHHI oguHuLi

3 Kypcy MaTeMaTHWKH BH 3HAETe, IO AJIA
CKOPOYEHHS 3aIHCy BEJMKHUX 1 MaJuX 3HAYEeHb
PiBHMX BeJIUYHMH KOPUCTYIOTHCSA KPATHUMU i dac-
TAHHUMH OTUHUIAMH.

Kparni oquauni — ye odunuuyi, 6invui 6id oc-
HosHux odunuye y 10, 100, 1000 i Giavwe pasis.

YacrueHi oguaMUi — ye 0dunuyi, meHwi 8id
ocrnosrux y 10, 100, 1000 i Ginvwe pasie.

s 3anuCyBaHHSA KPAaTHUX i YACTUHHUX OLU-
HUIb BUKOPHUCTOBYIOTH npegikcu. Hampuxian,
ONUMHMUIIL JOBXWHU, KDPaTHi OJHOMY MeTpy,— Iie
kizomerp (1000 m), dexamerp (10 m). OmgmuULI



§ 3. ®iznuHi BennunHn. BumipioBaHHa Qi3anuHNX BeNUYMH . .

IOBXXWHY, YJACTUHHI ogHOMY MeTpy,— ue deyumetp (0,1 m), canmumerp (0,01 m),
mikpomerp (0,000001 M) i Tak maii.
V¥ rabnuii HaBeAeHO HaiuacTimie B)KUBaHi npedikcu.

IIpedikcu, mo CAYryoOTh A8 yTBOPIOBAHHS KPATHHX i YaCTHHHHUX OAMHHUIIH

3HaueHHn B nepeknagi
Mpedikc 3 rpeuch.).'l' abo Cumeon MHOXHUK
NaTUHCbKOI MOBU
Tepa YyIOBUCHKO T 1 000 000 000 000 102
rira riraHTChbKUA r 1000 000 000 10°
Mera BEJIMKUI M 1 000 000 108
Kiso THCAYA K 1000 10°
reKTO cTO r 100 102
JIeKa IecATh na 10 10!
CaHTH cTO c 0,01 102
misri THCAYA M 0,001 1073
MiKpoO MaJIni MK 0,000001 1076
HaHO KapJIHuK H 0,000000001 10°

0 3HaNOMMMOCA 3 BUMIPIOBANbHUMN NpUAAZaMN

Yueni sumipiorome Qisuyni 6esuduHu 3a 00ONOMO2010 6UMIDIOBANLHUX NPU-
nadis. HavnpocTinmi 3 lmx — JniHiliKa, pyJeTKa, MipHa CTpiuyKka — CJIYIyIOTb IJIisd
BUMIpIOBaHHSA BiJcTaHi ¥ JiHiHUX poaMipiB Tisa. Bam Tako:k mobpe Bizomi Taki
BUMIDIOBAaJIbHI IPUJIAAM, AK FOAUHHUK — MPUJIAJ IJIS BUMiDIOBaHHSA Yacy, TPaHC-
[IOPTUP — IpPUWJIAJ JJIA BUMIPDIOBAHHS KYTiB Ha IUIOIIMHI, TEDMOMETD — IIpUJIAa]
[ BUMIpDIOBAHHSA TeMIepaTypu — Ta Aeski iHmi (ams. puc. 1.22). 3HaitoMmcTBO
3 DararbMa BHUMipIOBAJILHUMU IIPUJIAJaMU y Bac e momepeny.

Binpma yacTMHA BUMIPDIOBAJBPHUX IPUJIAAIB Mae IMKaJgy, 0 3abe3meuye
MOXKJIMBiCTh BuUMipioBaHHA. Takok Ha Impuiaaji 3a3HAYalOTh op;nnnm, y AKHUX
BUPAXKAETHCA BUMIPIOBAHA MM IIPUJIAZOM BEJINUYMHA".

3a IIKaJIo0 MOXKHA BCTAHOBUTH JBi HalBa KJIMBilli XapaKTEPUCTUKH IIpHJIA-
IY: MexHci 8UMIPIOBAHHA W YiHY NOJiNKU.

Mexi BUMiploBaHHA — Le Hainbinblue i HaliMeHLwwe 3HayeHHA Qi3UYHOI BENNYNHWY,
AKI MOXKHa BUMIPATU NEBHUM MPUNagom.

¥ Hami AHI MIHPOKO BUKOPHUCTOBYIOTHCS €JIEKTPOHHI BUMipIOBaJIbHI IpUIagy, y AKUX 3HA-
YeHHS BUMipIOBAaHMUX BEJIMYMH BUCBITIIOETHCSA HA eKpaHi y Burasaai nudp. Mesxi BumipioBan-
Hs Ta OAUHUIII BU3HAYAIOTHCA 3a MMACIOPTOM HpuUjIany abo BCTAHOBJIIOIOTHCHA CIEIiaJbHUM
rnepeMyUKa4YeM Ha I1aHeJi npuiamy.

— Y. =



Posgin 1. NTOYUHAEMO BUBYATU DISUKY

Puc. 1.22. BumiptoBanbHi npunagu

Pwnc. 1.23. Megnunnin
TepmomeTp

N W20

LiHa noginknm — e 3HaueHHA HalMeHLwoi noain-
KW WKann BUMIploBanbHOro npunaay.

Hanpukiazn, BepxHs Me)ka BHUMIpIOBaHbL Me-
auyHoro repmomeTtpa (puc. 1.23) nopisaioe 42 °C,
HIOKHA 34 °C, a LiHa MOAIJKY MIKAJIU IBOI'O Tep-
MoMeTpa ctaHOBUTH 0,1 °C.

Hazadyemo: mo6 BUBHAYKUTH IiHY IOALIKHU
MKaJN 6yab-IKOro NpuiIany, HeobXiHO pisHUIO
ABOX Oyab-IKMX B3HAUYeHb BeJWYNH, HaBeJeHUX
Ha IIKaJi, IOZUINTH Ha KUIBKICTH IOALIOK Mix
HUMH.

@ niasusaemo macymkm

3arajbHa XapaKTepUCTHKA MaTepiaJbHUX
06’exTiB abo sBUII, siKa Mo)Ke HabyBaTH iHAMBI-
AyaJIbHOIO 3HAYEeHHS /ISl KOJXKHOTO 3 HUX, HA3U-
BaeTbCs (Pi3MYHOIO BEJIUYNHOIO.

Bumipsatu ©GismuHy BeIWUYMHY — 3HAUUTH
MOpPiBHATH ii 3 OXHOPiNHOIO BENIMUYNHOIO, IPUAHS-
TOIO 38 OAUHMIIIO.

Y pesyabTaTi BUMIpIOBaHb MM OJEPIKYEMO 3HA-
YyeHHS (QisMYHUX BeJIUUYMH.

l'oBopsiun mpo 3HaueHHA (PisMYHOI BeJUUU-
HH, cJia HasBaTu ii 4Ymc/IOBe 3HAUeHHA W OAHU-
HUILO.

A BuUMiproBaHHSA (DisSMYHUX BeJIMUYUH KOPHC-
TYIOThCSI BUMipIOBAJBHUMHY IIPUJIAJAMHU.



§ 3. QisnyHi BennumHW. BumiploBanua ¢pisnuHux sennumH . .

s CKOPOUEHHSA 3alKCy YMCJIOBUX 3HAYEHb PIBHUX BEJIMKHX 1 Manux ¢ismu-
HHUX BEJUYMH BUKODHUCTOBYIOTh KPaTHi ¥ YacTHHHI oguHHUIi. BOHN yTBOPIOIOTHCA
3a JI0OIoOMOromw npegikcis.

e KonTponbhi sanuransn

1. JlaiiTe Bu3HaueHHsa (pisuuHOol BesmuuHKu. 2. Illo o3Hauae BumipaTu ¢i-
suuHy BesuunHy? 3. Illo Take 3HaueHHs (isuuHoi BenuumHu? 4, Ha-
3BiThH yci (pisuuHi BeIMYMHU, 3rajaHi B ypuBKy 3 pomany K. BepHa, Ha-
BeJIeHOMY B TeKcTi maparpada. IKum € IXHe uncJ/ioBe 3HAYEHHA? ONUHUILI
sumipy? 5. Aki npedikcu HamexaTh A0 YaCTHHHUX? KpaTHuX? 6. Aki
XapaKTePUCTUKHN MpUJIAAy MOYKHA BHU3HAYMUTH 3a [AOIOMOIOI0 INKAJIN?
7. Illo Ha3UBaKOTh I[IHOK MOAIIKU?

. Bnpagn —mm———-------—-----——reer————r——

1. HassiTe Bigomi BaM (hisuuHi BeIMUMHU. 3a3HAUTE OJUHUIL IUX BEJIU-
uynH. AKUMU IpUIagaMu iX BUMipHOOTH?

2. Ha puc. 1.22 3o00pakeHo JesKi BuMiproBasbHiI nmpunagu. Yu MolkHa,
BUKOPHMCTOBYIOUM TiJIbLKM DPHCYHOK, BU3HAYUTH ILiHY IOAIJKK IIIKAJI
nux npunaaiB. OGrpyHTy#Te CBOIO BiATIOBigh.

3. IlogaiiTe B MeTpax Taki sHaueHHs (pisuuHOi BenumuuHu: 145 mm; 1,5 KMm;
2 kM 32 M.

4. 3auIIIiTh 3a TOIOMOT0I0 KpaTHUX a00 YaCTUHHUX ONWHUIL TaKi 3HAUEH-
HA Qisuunux Beauudud: 0,0000075 m — giameTp YEPBOHUX KPOB’AHUX
rizeub; 5900000000000 m — paziyc opbitm mnaaneru Ilayron;
6 400 000 m — pagiyc nyanetu 3emJid.

5. BusHaute Me)Xi BUMIpIOBaHHsS W IiHY IOAiJIKM IIKaJI IPUJIAAiB, AKi
€ y Bac yaoMma.

6. 3rajaiiTe BUSHAUYEHHs (pi3MYHOI BEJIMYUHHU ¥ JOBEAITh, IO HOBXKHHA —
1e (pisuuyHa BeIUMUYUHA.

Disnka i rexnixa B Yxpaini S|

OpvH i3 BupaTHUX ¢isukiB cyyacHocti — Jles flaBuposuy JlaHpay
(1908—1968) — npofeMoHCTPyBaB CBOI Heabuaki 3ai6HOCTI, We HaBvalo-
4Yncb y cepeaHin wkoni. MNicna 3akiHYeHHA yHiBepcuTeTy BiH CTaXyBaBca
B OfiHOro 3 TBOpUiB KBaHTOBOI ¢i3nkn Hinbca bopa. Yxe y 25-piuHomy
BiLji BiH O4ONMB TEOPETUYHUN BiAAIN YKPaiHCbKOrO $i3NKO-TeXHIYHOTO iH-
CTUTYTY Ta Kadeapy TeopeTuyHoi ¢iankn XapKiBcbkoro yHisepcutery.

Ak i 6inbwicte BugaTHUX oisukis-TeopeTukis, JlaHaay BupizHABCA
Hafi3BMYaNHOI LUMPOTOID HAyKoBUX iHTepecis. finepHa ¢isvka, disu-
Ka nnas3mu, Teopia HagnNNMHHOCTI PigKoro renio, Teopia Haanposia-
HOCTI — [0 BCix UMx po3ginis ¢isuku SlaHgay 3pobus 3Ha4YHUIA BHECOK.
3a poboti 3 Pi3nKM HU3bKUX TemnepaTyp BiH oTpumae HobeniscbKy
npemiio.

—2m m=



. - Pozpin 1. MOYUHAEMO BUBYATU DI3UKY

Tema. BusHaueHHs I[iHM NOAIIKHM  IIKaJH
BUMipIOBAJILHOTO TIPUJIALY.

Mera: BusHauMTH Meki BuUMipIOBaHHA # IiHY
OOAINKM IIKaJ PI3HUX BUMIipIOBaJIbHUX npu-
JamiB.

O6nagnauua: JiHifiKa, TepMoMeTp Ta iHmIi BU-
MipIOBaJIbHI IpHUJIaau.

BKA3IBKM O POBOTHU

1. IlepekonaiiTecs, 10 BU 3HAETe BiANOBiAi Ha TaKi 3aITMTAHHS:
a) [llo Ha3MBAIOTH BUMIPIOBAJBLHUM IIPUIAAOM?
0) fAx Bu3HAUMTH Me’Ki BUMIDIOBAaHHA MIKAIN HpUIagy?
B) IIlo Take mina moainku mkaan?
r) Ak BUBHAYUTH LiHY MOAINKK mIKaau?
n) SIkoro mpaBuia TexHikM Gesmexku ciif AOTPUMYBATUCH, IIPAIIOIOYU 3 Tep-
MoMeTpoM?

2. PosriisiHbTe IIKAJTM HAABHUX y BAC BUMIDIOBAJBHUX IPHJIA/IB.

3. 3anoBHiTE TabIUITIO.

bnok nosHayok wkanu

®i3nyHa

BeNMUYNHA Ompuntin 3 Kinbki i
Ha3sa npunaay ! ' | sumipiosaroi [-IaquHﬂ ‘IﬂbKlCuTb noainok LiHa
BUMIpIOBaHa HanbnMXUnx MiXK HanbAXKYNMN .
BEMNYUNHN noginku
npunagom oundpoBaHmx oyndpoBaHnmMmn GikaT
NO3HAuYoK no3HauyKamu

Aunanis pesynbraris po6ormn

3po0biTh BUCHOBOK, ¥ IKOMY BKa’KiTh, IIJ0 caMe BM BH3HAYAJM i JAJIA 40T0
MOXKYTH 3HAJOOMTHUCA HABUYKHU, HAOYTi BAMH B XO[i BUKOHAHHS poboru.

HAoparkose 3aBfaHHA

BuroroBre mMipHy cTpiuKy 3 MiHOW TOmIAKH 5 MM.

N W22



§ 4*, KinbKa cniB npo TOYHICTb BUMipIOBaHb ! .

b BUMIPIOBAHb

B Tenep eu 3naeme, w0 o3Havae sumipamu @izuuny eeauxuny. I 8 noscsakden-
HOMY Jcummi 6u 6xce 8uKoHysaau 6azamo Halnpocmiwux umipioeans. Ane Ha-
cKinbKu movHumu 6yau eawi eumiprosanna? u moxra odepicamu abcoLOMHO
mo4He 3HA4eHHA Pi3uiHOol 6elUuLUHU?

Cnpobyemo 3'scysamu yi Henpocmi numMaHHs.

o Ouinoemo posmipu Ta nepesipaemo pesynbrar

ITounemo 3 mepeBipK#M BaIIOro OKOMipy.

OuiniTh Ha OKO MOBXHHY T'OJKH, 300pakeHol Ha puc. 1.24. A Temep mepeBipumo,
HACKiJIbKY Ballla OIiHKAa BiAnoBigae aificHOCTi, TOGTO BUMiIpAEMO JOBXKUHY Ti€l ronKu 3a
JIOIOMOToI0 JiHilKu. [Ina mporo:

— NPUKJIAZEMO JiHIfKy 10 roJKH Tak, mob HyJb Ha ii mKaJji 36ircs 3 ogHUM KiH-
uem ronku (puc. 1.25);

— BM3HAUYMMO 3HAYEHHS IOJIJIKM IIKAJY, HABIPOTH AKOI PO3TAIIOBAHUM i1 APYyTruAi
KiHenb.

Mu 6aumumo, 1110 BiH po3TamoBaHUM 0iJifg mMo3HAYKHU 5 cM. 3Bijgcu poOUMO BUCHOBOK,
IO JOBXKMHA TOJIKK Gau3bKO O cM. SIKIO Bama momepegHs OLiHKA 36iraeThbcs 3 UM
3HAYEHHAM, TO BU MaerTe JoOpuil okomip. BusHauuTu Ha OKO pPO3Mip OiJbII TOYHO HAM
He BAACTBCH.

e YTOUHIOEMO pesynbrar BUMipIOBaHb

Axmo Ham noTpiber moyHiwuil peadynbrar, Tpeba 3BePHYTH yBary Ha Te, 1[0 KiH-
YUK TOJIKM TPoXu OijbII Hi’K Ha JBa MijiMeTpu BuUcCTyIlae 3a mo3dHauky 5 cm. Orixe,
TOYHiIlla AOBXKUHA IOJKH — 5,2 cM, abo 52 MM.
Bu mosxere 3amepedymuTH, IO Ie 3HAYEHHS TEK HE € TOUHUM.
Tak, ve e! Came ToMy npuithamo 3aeéx0u 3a3Haiamu MOYHICMb, i3 AKOW BUKOHAHO
BUMIDIOBAHHA.

Puc. 1.24, Qotorpadis ronku B HaTypanbHy Puc. 1.25.BuMiptoBaHHA NOBXUHN rONKN
BENTUUUHY

29



. . Posgin 1. TOYUHAEMO BUBYATU DI3UKY
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Puc. 1.26. BUMipioBaHHA fOBXUHN
CTiHW 3 TOYHICTIO 40 1 MM —
npukKnag HagIMLWKOBOI TOYHOCTI

Pwc. 1.27. HamaraHHa BTArHyTH
HUTKY Y BYLUKO FOJIKW 3 TOYHICTIO 10
1 MM — npuKnag HenpunycTUMoi
noxwéku

N W2

VY mepiiomMy BUNajKy Hallle BUMipIOBaHHS BHKOHA-
He 3 TOYHicTIO 10 1 cM, a B JpyroMmy — 3 TOYHICTIO 10
0,1 cm.

IITo6 3po6uTu e TouHimle BUMipiOBaHHS, HEOO-
XiJJHO BpaxyBaTH HOBXKHUHY Tiel YACTHHU TOJIKH, AKa
BHCTYIIA€ 3a IO3HAYKy 52 MM, i TOjAi TOYHiCTH migBH-
murbesa g0 0,01 cm. [Iys 1bOro MycuMO BHKOpHCTA-
TH BHUMIDIOBaJIbHUIM Npuiaj 3i Ie MeHIIOK I[iHOI
noAiAKH, TO6TO Ginbll TOYHUIH, ale HABITH TOAI MU He
MOXKEMO CTBEp/)KyBATH, IO BUMIDAJIN T'OJKY 30BCIM
TOYHO.

IIpuuun 1A HBOro yMMaso: Ie i HeJOCKOHAJICTH
KOHCTPYKIil mnpuiaxy, i nmoxubku, sAKi BUHUKAOTH
Y XOJi IPOBeNeHHA AOCHiAy (HAapUKJIaZ, ITOYaToOK IoJ-
KU HEMOXKJIMBO abCOJIIOTHO TOYHO CYMICTUTH 3 HYJIEeM
JiHIAKH).

TakuM YMHOM, HABiTh AKIO BUMiDIOBAHHS NPOBO-
AUTHCA peTeJIbHiIIE i 3a JOMOMOrow OiJbII ZOCKOHA-
JIOr0 mpUiaay, TOYHICTH 3pocTae, ajie MoXubOK ofHa-
KOBO He YVHUKHYTH.

IJo6 3menwumu noxulbky, 6UMIPIOEAHHA MONHA
6UKOHAMU KIiLbKA pas3is, a nomim obvucaiumu cepedme
3HAYeHHA 6CiX 00epiHcaHux pezyibmamié (3naiimu ix
cepedHe apugpmemuyme).

9 Mipxyemo npo TounicTs Bumiposann

Omsak He ciij gyMard, IO YMM TOYHIIIIM
€ BUMIpIOBaHHA, THM Kpalle: 3aiiBa TOYHICTH He 3aBiK-
OH IOIliJIbHA.

IIpunycrimMo, mo 3amicTh DOBMKHUHM TOJKH BaMm
HeOOXi/IHO BUMIPATH JOBXKUHY KPUIIKH CTOJY. Y IbO-
My BHIIAJIKy HemMae HeoOXiHOCTI BpaxoBYBaTH AecATi
# coTi yacTKM MiniMerpa, OCKiIbKM, BUMIPIOIOYM JOB-
JKMHY CTOJIy B PI3HUX MiCHAX, MM OJePKHUMO BeJIUYH-
HH, L0 BiJpi3HAIOTBCA Ha KijgbKa mimzimerpis. Tomy
YAaCTKU MijJiMeTpa B IbOMY BHIIAJKY MOXKHA 3HEXTY-
BaTH.

Takoxx HemMa CeHCYy BUMIDIOBATH /JOBKUHY CTiHU
3 TOYHICTIO 0 OfHOrO Mijimerpa (puc. 1.26).

I3 mporo mMosxHa 3pOGUTH BUCHOBOK, IO He00Xi0-
HY MOYHicmb UMIPIOBAHHA 6U3HAYAE MeMA eKcnepu-
Menmy.

Haiiuacrime Baj)XJIMBUM € He 3HAYeHHA MOXUOKH,
a Te, Ky YaCTUHY Bij yciel BUMipOBaHOI BeJIWYUHU
CTaHOBUTH MOXKJIMBA IOXUOKA.

fAkmo KpaBenb, BUKPOIOIOYY IITAHH, TOMUAJIUTHCH
Ha 1 MM, BM IBOro HaBiTH He moMmiTuTe. A OoT AKMIO,
MPOCHUJIAIOYM HUTKY Yy BYUIKO T'OJIKH, BiH IIopasy Io-
muaaTuMerscss Ha 1 MM (puc. 1.27), To HaBpaAjg um
IITaHKU B3araJi Koau-HeOyab Gyzae mommuTo.



§ 5. CBIT, Y AKOMY MU XXWUBEMO.

B Busuawouu npupody, docaidnuku nodiau-
au 6ci 06’exmu QizuiHozo c8imy Ha MiKpo-,
Mmaxpo- i mezaceim. Bam yxe 3naiiomi yi
npe@ikcu, i 86U moxceme nNPUNYCmMuUmu, Lum
giopisnsawombca yi mpu nouammasa. OOHak
He sapmo nocniwamu 3 8idnosidd! Bona
He maka npocma, AK MoOxyce 30amucs Ha
nepuwiuir nozaso.

o Xapakrepuayemo CTPYKTYpHi piBHi
diznunoro csiry

VYes focTynHa IS CIIOCTEPEIKEHHSA YaCTUHA
MaTepiaJbHOrO CBiTY, IO HAC OTOYYE, HASUBAETH-
ca Beecsitom.

HOpiorumu ob’ekramm Bceecsity € mikpouac-
THHKH — MOJIEKYJIM, aTOMH Ta IXHi CKJaJoBi.
Ceim moaerxys, amomieé ma ixHix ckaadosux Ha-
3ueaiomb Mikpocsitom (puc. 1.29).

¥ MikpocBiTi AiIOTH BaKOHH, IO IIOMITHO
BiDiBHAIOTHCA BiJ THUX, i3 AKUMH Mae€ cmpa-
By JIOJMHA B NOBCAKJEHHOMY »KUTTi. Tak, ogHa
31 CKJIaZOBUX aToMa, MiKpPOYaCTUHKA HEWTPOH,
MOJKe BIJIBHO IIPOXOJUTH KPi3b TOBCTi cTiHH. 3a-
KOHHM, 38 AKUMU «KUBYTh» MiKPOYaCTUHKHU, BUB-
yae K6anmosa hizuka. 3aBAAKU 11 JOCATHEHHAM
3’ABUJIMCA CYdYacHi KOMI'IoTepu, MOOiJBHI Tese-
(oru, nudposa Bimeo- i1 ayaioamaparypa Ta iHIia
«po3yMHa» 1mobyToBa TeXHiKa.

AtoMu ab0 MOJIEKYJIM MOKYThH IOEJHYBATHUCH
y BeJUKI CKYNYeHHA — MAaKpPOCKOIIiYHi Tija.
IlpukiagaMu MaKPOCKOIIYHHUX TiJI € HacaMmepesn
caMa JIIOJUHA, a TaKOoXK yci (isuuHi Tisia HABKO-
J0o Hel (mepeBo, OyauHOK, mada, CTiJI, KHHXKKAa
TOIIIO).

SeMyid ¥ iHmII NIJIaHETH € MAaKPOCKOIIUHU-
MU TiJlaMH acTpoHoMiyHOro wmacmraby. Caim
naanem i QiudHux min, aAKi omowyms a00U-
HY, @ makox cama aduHa CmaHo8limb Mak-
pocBit (puc. 1.30). ¥V makpocsBiTi manye k.aa-
cuyHa @isuxka. Ha OCHOBI 3aKOHIB KJIaCHYHOI
(isMKM JIIOACTBO CTBOPWJIO TiraHTChKI cropynau,

Mexi

Bcecsity
Hanbnmxua
ranaxktuka
Papiyc Hawoi
[anakTmkm
Hanbnwxua 30ps
Papiyc op6itn
MnytoHa

Meracsirt

Biacranb
3emna—CoHue

Pagiyc 3emni ]

Makpocsit

Bucorar.losepna |

3picT NioAnHM |
|10As zg::aip KPYNUHKN
fo* |

|10“2 I

Papiyc atomHoro
10 anpa

Po3mip Bipycy |
| Pagiyc atoma ligporeny|

Mikpocsit

Puc. 1.28. liana3oH po3mipis
y Bcecsiri

Puc. 1.29.06'ekTn MikpoCBiTy
BMBYAIOTb 3a JONOMOrOI0 Cneuianb-
HUX NPUNAfIB — eNeKTPOHHUX
MiKpockonis
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l l Pozgin 1. NTOYUNHAEMO BUBYATU DIBUKY

Puc. 1.30. O6'ekT MaKpOCBITY

rigpo- i TemJoBi eJleKTpOCTaHIlil, BepcTaTu H TexHiuHi mpucrpoi, cyuyacHi 3a-
cobu mepecyBaHH#: IIOTATH, aBTOMOOIII, JiTAKH, paKeTH.

Onsak MakKpocBiT — ycworo Jjmine «mimuaka» y Beecpiti. Kpuxitai «cBiT-
JsYKH» 3ip Ha HivHOMY He6i HacmpaB/i ABJIAIOTH COOOI0 IiraHTChKI Kysi posme-
YEHOI'0 rasy, po3mipu sSKuX 374e0iJbIIoro Habarato mepeBUINYIOTh PO3MipHM Ha-
moro Connga. Bigcraui misk poskupanumu y Beecsiti 3opaMuM BemyesHi: 106
aicraTuca HaibGausxgoi 7o COHLA 30pi, PyXarOUuKCh 3i IIBUAKICTIO MAcaKUPCHKO-
ro morsAra, noTpi6bHO 61u3pK0 30 MJIH POKiB. 3MiHU B 1[bOMY CBiTi BifOyBaloTh-
Cs HACTiJIbKM IOBiJIBHO, IO Yac JIOACBKOTO JKUTTA 3MAETHCA KOPOTKOK MUTTIO.
Tak, name Conne BuHKKJIO 613bk0 5000 MJIH POKiB TOMY i CBiTUTHME IIle TIpU-
6sim3ro 8000 murH poKiB.

Bigcrani TyT BUMipIOIOTBCA B MiJBHOHAX KijoMeTpiB, yac — y MigbifoHax
pokis... Ilam’aTaere, Axkuii i3 KpaTHUX npedikciB o3Hauae «Minbiton»? ITpaBuias-
HO — «mera». Tomy BueHi II Ha3UBAIOTHL C8iM 3ip, 30PAHUX CKYNUEHb — 2AJAK-
MUK — ma [HWuUX 2i2aHmcbKux KocMiyHux o0’ckmie meracmitom (puc. 1.31).
BynoBy it eBOMIIOIiI0 MeracBiTy BUBUAE ClieljiajibHA HAYKa — KOCMOJLOZiA.

@ Pospisnaemo nocnigosricrs nogin i rpwsanicre nogii

IIpocmip i wac € CBOEPiTHOIO apeHOI0, HA AKil «po3irpyoTsca» Bci ABUIIA
Ta IIPoIecH, 0 BigdyBaroThea v cBiTi. I1[06 naTu moBHMUHA onuc AKOiCh MOAil, MU
000B’A3K0BO ITOBUHHI BKas3aTHU He TiIbKU de, aje il Koau I TOIis BizmOyacs.
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§ 5. CgiT, y akomy mun xxusemo. MpocTip i uac. .

Hanpuknazn, cmocrepiraioun 3MaraHHs Jier-
koatyeriB (puc. 1.32), mu 3aBxau pikcyeMo (xou
4acTo ¥ He 3aMUCJIOEMOCS IIPO 1[e) MOMEHT 4acy
i nmepebyBaHHSA CIIOPTCMeHAa B mpoctopi. B ixmmo-
My pasi BU3HAUUTH IIEPEeMOXKIA OyJio 6 HEMOMK-
JIABO.

IIpu upomy mMu mobGpe po3ymieMo, IO CHOPT-
CMeH, AKMH NepImuM IepeTHYB (iHImHY JiHiio,
3pobuB IIe A0 TOro, AK (hiHimryBasau perra yudac-
HUKIB 3abiry. To6To #aeTbcss PO IMOCJIiAOBHICTH
mofaii, KOMM OJHA 3 HUX BigOyBaeThcsA paHilie,
Hi iHImi.

OxHak HaBiTH 3’sACyBaBIIH, XTO CTaB Iiepe-
MOJKIIEM B OKpeMoMYy 3abiry, Mmu He OyaeMo 3HATHU
IIepeMOJKIA B 3MaraHHAX, AKIIO He BUMIipaeMO
BiZIpi3OK Yacy 3 MOMEHTY CTapTy CIOPTCMEHAa [0
yoro (inimy, 11100 MOPiBHATH 3 pe3yJabTaTaMU iH-
mux yyacHukiB. To6To0, AK KaKyTh (pisuKu, HEOO-
XiJTHO BCTAHOBUTU TPHUBAJIICTH IMOIl.

TpuBanicTb nogii — Ue NPOMIXKOK Yacy, NPOTArom
AKOro uA nogis BigbyBaeTbCA.

Taxum 4MHOM, JJ1d TOrO 11100 BUSHAYUTH i TpHU-
BaJicTh oxHiel moxii, i mocaimoBHICTE ycixX momii,
MU BUMIpIOEMO IPOMiXKOK yacy. PosbirkHicTE 10-
Jsarae y BUOOpPI MOYATKOBUX MOMEHTIB, BiJl AKHX
BefleThCA BiAIiK uyacy. BusHauamuum TpHBAJIICTHL
MeBHOI MOAii, 3a MMOYAaTKOBUN MOMEHT MU OepeMo
MOMeHT mnoyaTkKy camol mnogxii. Koam BuszHauae-
MO TOCJiOBHICTH IMOAiN, MNOYATKOBUIA MOMEHT
MIOB’A3YEMO 3 IIOYATKOM OJHi€l CIIiJIbHOI I8 BCiX
momii.

Hanpuknan, ociaHi kaHiKyam (monis) moua-
JUCh 25 JKOBTHA 1 TpuBaiu 8 AHiB. Y IIbOMY BU-
naJKy IPOMi’KOK Jacy 8 JHiB 03Haua€ TPUBAJICTh
nozii. 3a moyaToK BiAJIiKYy yacy GepemMo ImOYaToK
caMUX KaHIKYJI.

Hara 25 »XOBTHA BKasye Ha IIOCJiJOBHICTH
MoAi#, a 3a IMOYATOK BiAJIIKY yacy OepeMo IIo4aToK
KaJIeHTapHOTO POKY.

@ 3HanoOMMMOCHA 3 OAUHULAMM Yacy

Ax BumipsaTu vac? Bigmosige Ha IIe mUTaH-
HA IigkasaJa JogaM cama npupozga. Piu y Tim,
mo OaraTo mpoueciB, AKi BiAOyBalOTHCA B IIPH-
poxi, € NepioguYHUMMU.

Puc. 1.31.Hawa ranaktmka —
Monouxunii, abo Yymaubkuin
Lnax — oaHa 3 minbApAis ranak-

TMK y BcecaiTi

Puc. 1.32.CrypeHTCbKi 3MaraHHa

3 Nerkoi atneTukun
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. lPosAin 1. NTOYUHAEMO BUBYATU DI3UKY

Puc. 1.33. Nepwnit atomHnit
FOAVHHUK — €TanoH yacy

Puc. 1.34. Pisni Buan npunagis ana
BUMIpPIOBaHHA Yacy

e w2

MepiognyHUM Ha3MBalOTb TakWil NpoLEC, AKUIN
NOCNIAOBHO NOBTOPIOETLCA Yepe3 PiBHi MPOMIXKKM
yacy.

TpuBaJicTh OZHOrO TAKOI'O IPOLIECY MOXKE CIIY-
ryBaTH ofuHMIEI0 yacy. Hampukianm, obepranas
3eMJIi HABKOJIO CBOEI OCi — mepioguyuHuUil mporec.
Tomy mie 3 HaWAaBHIIIMX 4YaciB OQWHUIIECIO Yacy
€ goba — TPUBAJICTH OJHOTO IOBHOTO 00epTy
3emusi HaBKOJIO cBoei oci. ITorim goby mominum-
JIA Ha PiBHI YaCTUHHU, OJEpP KABILIU TaKi OZUHHILL
yacy, AK roguHa (rox), XBUIMHA (XB), ceKyHa (c).
logura — me 1/24 yacruna n00M, XBUJIMHA —
1/60 yacTuHa rogunu, a cekysga — 1/60 uactuna
XBUJHUHU.

BceraHOBAIOHOUM Il OQUHUILL, JIOAU BBAXKAJIH,
110 TPUBAJICTH MOBHOTO 06epTy 3eMJii HaBKOJIO
iI oci € saBxaAu oxHaxkoBow. OmgHAK BUMIipIO-
BaHHA, IPOBeJieHI BUEHMMHU 3a JOIOMOTOK Cy-
YaCHUX NOPUJIAJiB, IIOKAa3aJu, IO Ile He 30BCiM
Tak. 3are ImepioguuHi mpomecu B MiKpocsiri
BUsABUIMNCA crabinpHimumu. Tomy ans 6iabiiol
TOYHOCTi BMMIipIOBAHHA 4Yacy CTBOPEHO eTaJIOH,
mo 0a3yeThbCcs HA MEPiOAMYHUX IpoIecax ycepe-
nuHi aroma (puc. 1.33). 3a 7oIOMOT0I0 ATOMHOTO
eTaJIoOHa BiATBOPIOIOTH 00unuyio yvacy 8 CI — ce-
KYHIY.

Hajitnmomuperimum npuaagom Ajs BUMipiOBaH-
HA 4acy € 200urHuk. TOMUHHUKN MOXKYTh Biipis-
HATHUCH 1 KOHCTPYKILi€l0, i TOYHICTIO BUMIipIOBAHb
(puc. 1.34), ogHaK IXHA AiA 3aBK/AU I'DYHTYETHCSA
Ha OJHOMY 3 NEepPiOJUYHUX ITPOIIECiB.

0 NIABUBAEMO NIACYMKMN

Yesa mocTynmHA AJIST CIOCTEPEKEHHS 4YacTH-
Ha MarepiajbHOIO CBiTY HasmBaeThcsa BcecsiTom.
¥Yei o6’ekTr v BeecBiti mofinsoThCA Ha MiK-
po-, MaKpo- i Meracsir:
— MIKpOCBITOM HA3WBaIOThH CBIT aTOMiB i Api6-
HUX YACTHHOK, i3 SIKUX BOHU CKJIAJAIOTHCH;
— [0 MaKpOCBITY HaJIeXKUTh CBIT mraHer i ¢i-
3UYHHUX TiJI, Ki OTOUYIOTH JIIOAUHY, a Ta-
KOXK caMa JIIOJWHA;

Eranor — ne Tino abo npuctpiit aas 36epiranHsa it Bijg-
TBOPEHHA OJMHUII (hiBUYHOI BETUUNHU.



§ 5. Ceiv, y Akomy mu xuBemo. Mpocrip i vac . .

— MeracBiTOM Has3WBAIOTh CBIiT 3ip, 30PAHUX CKyIYeHb — TrajlaKTHK, a Ta-
KO iHImIMX momiOHUX 00’€KTiB.

CgiT, AKUII HAC OTOUYE, iCHYE B IMpocTopi i y yaci.

BumipioBaHHA yacy BUKJHKaHe HEOOXiAHICTIO omepikaTH BiAmoBiAb Ha ABA
nutaHHA: «fK moBro meBHa moxis BimbGyBasachk?» i «Komm msa moxis Binbysa-
Jacek?». BinoBiip Ha Ii DUTAHHSA AO3BOJIAE BU3HAYUTH TPUBAJICTHL i MOCTiZOB-
HICTh MOiil.

3a oguHMIIO Yacy 6epyTh TPHBAJIICTH TOrO YU iHIIOrO MEPiOAMYHOrO IpoIe-
cy. ¥ Cl oguHHIIEIO Yacy € CeKyH/A.

Q KoHTponbHi 3anuTanua — —

1. ki o6’extu y BcecBiri HasexaTh O MeracsiTy, MaKpOCBiTy Ta
MikpocBiTy? 2. UuM BiApPiBHAOTHCA MOHATTS «TPUBAJICTE HMOLiM» i «ImO-
cIifoBHICTh moAii»? 3. fIKuit nponec HasuBalOThL nepioguuanum? . 4. Ha-
BeJiTh IPUKJAAM IPOIECiB, TPUBAJICTh AKUX Moria 6 OYyTH OZUHHUIIEIO
yacy. 5. fAki oguHuIii yacy su sgaere?

‘ Bnpasn

1. Ilpomiskok yacy MidK JBOMA HMOBHAMH CTaHOBUTHL 29,5 nobu. ITomaiite
AOro 3HaYeHHS B IHINMUX OAUHUNAX (TOAMHAX, XBHJIMUHAX, CEKYHAAX).

2. Ha posp’azaHHsa 3aBmaHHA 3 (isuxkwu [Imurpuxr Burparus 0,15 rogunm,
a oro apyr Hernuc — 540 cexyHza. XTO 3 XJIONIiB IIBHU/AILIE BIIOPABCA
i3 3aBHaHHAM?

3.V pesynbraTi CHCTEMATUYHUX CIOCTEPEXEHb YYeHi BCTAHOBUJIU, IO,
ponatoun IliBaiune Ta CepenseMHe MOpA, OTAXU MOXKYTh JeTiTH 6e3
synuakn 660 xB 10800 c. CkinbKu roguH TpuBaTuMe 0e3I0CATKOBHM
nepeJtitT nraxis?

Qisnka i Texnika B YkpaiHi

HauioHanbHuii HaykoBuid LeHTP «IHCTUTYT meTpono-
rii» (Xapkis)

MeTtponoria — ue Hayka Mpo Pi3HOMaHITHI BUMIpIO-
BaHHA: AK X pobuTW, 3a AOMNOMOroI0 AKWX MpUnagis, AK
[OCArTM BIANOBIAHOI TOYHOCTI. be3 meTponorii cborogHi
HEMOX/IMBE NPOBE[EeHHA HayKOBWX AOCNIgKeHb, y3arani
HayKoOBWIA nporpec.

MarepianbHolo 6a30i0 BCiX Cy4acHWX BUMIpPIOBaHb
€ BiANOBIAHI €TanoHW, AKIi MaE KOXXHa PO3BMHEHA AepXKaBa.
binblwa YacTuHa ykpaiHCbKux fepxaBHUX eTanoHie (6n13bko 40 oguHuULp) CTBOpeHa i 36epiraeTb-
ca B HauioHanbHOMy HaykoBOMY UEHTPi «IHCTUTYT meTponorii» B Xapkosi. 30Kpema, e eTano-
HU JOBXWHW, Macy, TemnepaTypy, 4acy (ave. pucyHok), piBHa papiadii Ta iHwi. MpuraganTe, wo
pagiocTaHuii TpaHcioloTb curHan «fepesipTe Balli rogMHHUKWY. TOYHICTb UbOTO CUrHany nepesi-
pAOTb came B IHCTUTYTI meTponorii.
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. . Pospgin 1. NTOYUHAEMO BUBHATU DIZUKY

Tema. BuwmiproBanHs 4acy.

Mera: ogsHalfoMuTHCh i3 DpuUHOUIIOM poboTH
MeTPOHOMA, CEeKYHIOMipa; HaBUUTHCS BUMIipIOBa-
TH IPOMiXKKH Uacy 3a JOIIOMOTO0 pisHuX (ismu-
HUX IIpUJIAIiB.

O6napHaHHA: MeTPOHOM, CeKYHIOMip, TIOAMH-
HHUK i3 CEKYHIHOIO CTPiJIKOI0, CKJISHA TPyOKa 3aB-
goBKKM 25—30 cm i miamerpom 7—8 MM, miac-
THJIiH.

TeopeTwuni Bigomocri

Merporom (pumc. 1) (Bim TrpeupKHX cJIiB
metron — wmipa i nomos — 3aKOH) — IIpHJA
IJIsl BifuliuyBaHHS BIApPISKiB dYacy Ha cayx. 3a-
CTOCOBYETBCH AJISI JOTPUMYBAHHS TOYHOT'O TEMILY
mif yac BUKOHYBAHHS MY3WYHMX TBOpPiB, a Ta-
KOX Yy JlabopaTopHUX Aociaigax. MeTpoHoM cKJia-
JaETbeA 3 KOPIyCY IlipaMifaabHOI (hopMu 3i mIKa-
Jo1o (1), TPy XUHHOTO TOAUHHUKOBOIO MeXaHi3My
1 MasiTHUKA (2) 3 pyXJIUBUM TArapem (3).

KonuBaHHS MasiTHUKa METPOHOMA CYIIPOBO-
[YKYIOThCSI PIBHOMIPHHMM IIOCTYKYBaHHAM. Kiab-
KicTh KOMUBAHL MasTHUKA 38 OQUHHUIIO 4YACy 3a-
JIOKUTh BiA Miciig postamyBaHHS Tarapsa. 1[o6
JIOMOI'THCS HeoOXimHOI KIJIBKOCTL yAapiB 3a XBH-
JUHY, TArap QIKCyIOTh HABIPOTH BiAMOBigHOL
nudpy Ha OIKaJIi.

Mexaniuauii cekyagomip (puc. 2) — mpuian
I BUMIDIOBAHHSI IIPOMIYKKIB dYacy TpHBAJiCTIO
BiJl 4ACTOK CEKYHAM OO0 YacTok rogmum. CeKyH-
IoMip CKJIAZAEThCS 3 NOAMHHUKOBOIO MEXaHi3My
M MexaHI3My KepyBaHHSI CTPiIKAMU — CeKYHI-
Hoo (1) Ta XBUIMHHOIO (2), 3a JOIIOMOTOI SKOT'O
3IIMCHIOIOThCS ITYCK, SYIIUHKA IIPUJAAy # IoBep-
HEHHS CTPLiJIOK Y HYJIbOBE MOJIOKEHHS.

Puc. 1

BKA3IBKM 10 POBOTH
loTyBansa fo excnepumeHTy

1. HanamryiiTe MmeTpoHoMm Ha 120 yzpapiB sa XBu-
Puc. 2 JNHY.



Na6opatopHa po6ora N2 3. .

2. BusHauTte LiHy NOALIKKA IOAUHHHUKA I cCeKyHAOMipa. PesysbraTu BUMipIOBaHb
3daHeciTb no Tabauii. (Ilima mominkum MeTpoHOMa, HaJaimToBaHoro Ha 120
yaapiB 3a XBUJIHHY, cTaHOBUTE 60 ¢ : 120 = 0,5 c.)

3. 3akpuiiTe OMH KiHenb CKJIAHOI TpyOKM miactTuiainom. HamoBHiTh i Bomoxo
Tak, mo0 y TpyOIli 3aJUIINIOCA TPOXHU MOBITPA. 3aKPUHATE IJIACTUIIHOM APY-
rui KiHenpb TPyOKM ¥ MOKJIaZAiTh il Ha cTij. JlereHBKO ITOCTYKaBIIM MO TPYO6-
i, 3pobiTh Tak, 1m0 MoBiTpAHA Oysib0amika BiOKpeMHJIAcs Biff MJIACTHUJIIHY.
ITorim migHiMiTH OAMH KiHelb TPYOKM I MOKJIAAITH MOro Ha TOHKUM 3OIIUT.
Bysnpbamika moyHe MOBiJIBHO IT€PEMiIyBaTUCSA Bropy AOTH, AOKH CATHE IIPOTH-
aexxHoro Kinusa tpyoxku. [llo6 moBepHyTH Oynb0OaIliKy y BUXiJHE MMOJOMKEHHH,

OigHIMITE KiHeup TPpyOKH, IO JIEJKUTH HA CTOJI.

Excnepumenr

1. IlepeBipTe cBo€e «BiguyTTs yacy». s bOro, He KOPUCTYIOUNCH BUMIipIOBAJIb-
HUMU IPUIaJaMU, OLiHITH yac, IPOTATOM SKOr0O HOBiTpAHAa Oyibbalika mepe-
MimyeTbcA Bif KiHIA TPYOKH, IO JIEXKUTHh HA CTOJI, A0 KiHIA TPyOKH, AKUM
JIEKUTH HA 30ILIUTI.

2. BumipsaiiTe yac pyxy Oyap0AaIlIKu 3a JOIOMOIOIO:

a) roqguHEHUKAa; 0) MEeTPOHOMA; B) CEKYHIOMipa.
KosxHuit gocaix moBropits Tpuui. Pesysibrarn Bcix BUMIpIOBaHb Bipasy
3aHeCiTh A0 TabJyuIi. /

3. 3aBepIIIiTs 3aMOBHEHHA TAOJIMILI.

Yact, ¢

3aci6 BuMiploBaHHA Llina noginkn

T'oguHHEUK

MeTrpoHOM

CekyHzIoMip

AHani3s pe3ynbraTiB eKCnepMMeHTy

1. IlpoananisyBaBIIN yMOBHM eKCIIEDUMEHTY, IOPiBHSAITE Ofep)KaHi pe3yabTaTu
i 3’acyiire:
a) AKUM i3 3aIPOIIOHOBAHUX NPHUJIALIB [OILiIbHIIIIE KOPUCTYBATHUCH;
0) 3 AKOI0 METOX0 KOYKHUM JOCJiJ HOBTOPEHO TPHUYi;
B) AKi YMOBHU IIPOBEJIEHHS €KCIIEPHMMEHTY IIPU3BOAWIN IO IMOXUOOK;
I) K MOYKHA BJIOCKOHAJIUTH TE€XHIKY MPOBEIEHHSA eKCIIePUMEHTY.

2.3po6iTh BHCHOBOK, y IKOMY 3a3HAuTe, 10 B BUMIPIOBAJIM, AKHH PE3yJabTaT
oJlepIKaJIH.

HAoparkoBe 3aBgaHHA

BussauTe osuH i3 NMOKA3HUKIB [iAJMBHOCTI BAImIoro cepud — KiJbKicTb
yAapiB mynbcy 3a xBuuuHy. (HoBizka: mas giteit 11—15 pokis y cnoxiiHOMY
CTaHi HOPMOIO BBaXKaeThcA yacrora nyiabcy 70—80 yaapis 3a XBUJIHHY.)

3 I



. - Pozgin 1. NTOYUHAEMO BUBYATU DISUKY

Tema. BumiproBaHHA JiHIHHUX PO3MIpiB TiJI i 1m0~
m1i iIXHBOI ITOBEPXHi.

Mera: BumipsaTu JiHilHI po3dmipu 6pycka 3a Jo0-
IIOMOrol0 pPi3HMX 3aco0iB, HABUMUTHUCSA BU3HAYATU
IJIOINY IJIOCKHUX (Diryp mpaBUIBHOI 11 HENPaBUJIb-
HO1 (hopMHU.

O6napgHaHHA: MipHa cTpiyKa, yYHiBCbKA JIiHIH-
Ka, JepeB’sHui OpPycoK, apKyIl y KJIITHHKY.

Teopernuni sBigomocri

1. KoxHe (ismune Tijio Ma€e BJIACTMBICTH 3aifiMaTy MEBHY YaCTUHY IPOCTOPY, TOO-
TO B HBOT'O € JAesiKa MPOTAMKHICTD.

o GisuYHMX BeJMYUH, AKi € Mipoo Ii€l BIacTHMBOCTI Tijia, BiAHOCATH

Hacammepes JiHilHI posmipm Tina: posxkuny (/), Bucory (h) i mmpuny (d).

OCKiNBbKM HOBXXWHA, BUCOTA, IIMpUHA — Ie (DisWYHI BEJIMUYMHU, 1X MOMKHA
BUMipIOBaTH, TOOTO IOPiBHIOBATH 3 OGHOPiJHOIO BEJIMYMHOIO, B3ATOIO 3a OJU-
HUILIO.

Odunuuyero dosxcunu (sucomu abo wupunu) y MixcHapoOriil cucmemi 0du-
Huudb (CI) € metp (M).

Ilnoma moBepxHi Tijsa TakoXK € (GisuuHOIO BeIUUMHOI. O0uHUUA NOUL
6 CI — kBagpaTauil metp (M?).

Hazadyemo: KBaApaTHUI MeTp AOPIiBHIOE ILIONII KBajpara 3i CTOPOHOIO
1 merp.

o

IInomi mockux iryp mpaBUJIbHOI reOMeTPUYHOL (DOPMHU, HAIIPUKJIAL IPAMO-
KYTHHUKiB, TDUKYTHUKiB, KPyTiB, 3a3BUYail BUSHAUAIOTH 3a JOIOMOTOI0 Henps-
Mmux eéumipiosans. CioyaTky BUMIPIOIOTH JiHilHI po3mipu ¢irypu (Z0BXKUHY,
BHUCOTY, IIMPHUHY, PajAiyc), a mOTIiM OGYMCIIOITH ILJIONLY, KOPUCTYIOUHCH Bij-
noBifHUMHM MaTeMaTudyHUMH (opmynamu. Tak, mo0 BU3HAYUTH ILJIOMIY IMPS-
MOKYTHHKA, Tpeb6a MOMHOMKUTH JOBKUHY IPAMOKYTHHKA [ Ha #oro mupuny d
(puc. 1): S=1"-d.

/( ML 1 M2 = 100 a2 =
=10 000 cm? =
=1 000 000 mMm? =
REA X
- ' — 0,000001 xM?.
EEE \\ﬁ\% .[f‘ B

Puc. 1 Puc. 2

. W2



Na6opatopHa po6ora N2 4 . .

3. flxmo ¢irypa Mae HeImpaBHJIbHY F€OMETPHYHY thopMmy, TO iI miomy MoKHA
BU3HAYUTH 32 KOHTYDPOM Iiel Girypu Ha mamepi B KJITHHKY a0 3 JOIIOMOI0O0
najeTku’. Y 1boMy pasi miaomy ¢irypu o64HCIIO0Th 3a ¢dopmyIior0:

2

Ae n — KLJIbKICTh HiNMX KBaJApaTHKiB, K — KiJbKicTh Hemisux KBaJpaTHKiB,
C — nyoma oxHoro kBaapatuka. Hanpukian, mnoma ¢irypm Ha puc. 2 mopis-
HIOE 1

S:(17+522)-25 MM’ =700 Mmm°

BKA3IBKW 10 POBOTH
loTyBanna fo excnepumenTy

1. Ilepm Hi’x posmouyaTH BUMipIOBAHHS, IIpUrajaiire:
a) AK BU3HAYUTH LiHY MOLiTKU IIKAJIH;
0) AK NpaBUJIBLHO 3HIMATH MOKA3aHHSA npuiany.

2. BusHauTe i 3anuuIiTh HiHY HOAIKYM MIKAaJ MipHOI CTPiYKH Ta JiHIiKKH.

3. O6uncrits miomy, AKy 3aiiMae OfHA KJIITHHKA Ha CTOpiHIIi BamIOro 3omura.

Excnepument

1. 3a nomomMorow MipHOi CTPiuKM Bu3HAUTE noBKUHY [, mupuny d i BUCOTY h
Opycka.

2. IToBTODiTH YCi BUMipIOBaHHS, BHKOPHCTOBYIOUH JIiHIHKY.

3. Kopucryiouncs ogep:kaHMMU AaHUMH, OGYHCIITH IJIOIY HOBEpXHi Oijbimol
rpaHi 6pycka.

4. PeaynpraTi BCciX BUMIipIOBaHb 3aHeciTh mo Tabi. 1.

Tabauusa 1
3aci6 n;ﬂ;am NoBxuHa mpuHa | Bucora 6pycka Mnowa rpaki S
BUMIPIOBAHHA Gicanm 6pycka /, cm | 6pycka d, cm h, cm M2 MM2
Mipua
CTpiuKa
Jinilika

5. [loknaxite Gpycok 6inbmIO I'paHHIO Ha CTOPiHKY 30omuTa W aKyparTHo 06-
BeJITh HMOro OJIiBIeM.

6. [loniviTe KinbKicTs minux n i Hewinux k KBaJIPaTUKiB yCcepeanHI KOHTYpY.

[Tanetka (Bix dp. palette — nnacruaka) — IIpo3opa MJacTUHKA 3 HaHEeCeHOK Ha Hel CITKOI0
KBa/JpaTiB NeBHOI IJIOMII.

2 ®isuxa, 7 k. _.m—ss_. -
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7. O6uucaiTe miomy rpafgi Opycka.

8. PesynpraTy o0unciieHL 3aHeciTh A0 Taba. 2.

Taoauna 2
Mnowa oaHoro KinbKicTb KBagpaTukis Mnowa rpaHi S
O6'eKT BUMIpIOBaHHA )
KBagpatuka, ctm uinux (n) | neuinux (k) MM? om?

Bineia rpasb
Opycka

AHanis pesynbTaTiB eKCNepuMeHTy

1. IlopiBHANTEe pe3ynabTaT BUMIipIOBaHb JIiHIHHUX po3MipiB Opycka (tabm. 1)
i g’acyiite, AKMM i3 HafABHHUX y BaC MPUJIALIB JOIiJBHIiIIE IIPOBOAUTH TaKi
BUMIpIOBAaHHA I UOMY.

2. IIpoanasizyBaBmu pisHi croco6u Bu3HA4YeHHA ILIOMmi (birypu, mopiBHANTE pe-
gysbTaTi BUMipioBaHb (Tabsa. 1 i 2) i 3asHaurTe:
a) y AKMX BUOAJKaX BApPTO 3aCTOCOBYBATH TOH UM iHIIMII cIioci6;
6) sikMit 3i cmoco6iB Bu3HAYEHHS miomli Girypu € HadTOYHIIINM;
B) fIK MMiJABUINUTH TOYHICTH BUMipIOBaHBb, III0 BUKOHYIOTHCA 3a JOIIOMOrOI0 Ia-
JIETKH.

3. 3poliTh BUCHOBOK, y IKOMY BKaXiTh, III0 caMe BM BUMipioBaJiH, AJIA YOrOo BaM
MOKYTh OPHUAATHCSI HABUYKHU, HAOYTiI B X041 BUKOHAHHA Iiei poboTu.
DopaTkoBe 3aBaHHA

BusuauTe momy Bammoi A0JIOHI i mopiBHANTE i1 3 IJIONIEI0 NOJIOHI OJHOrO
3 YJIeHiB BamIoli pOAWHMU.

Tema. BuwmipoBanusa o0’emiB TBepaux TiJj, pi-
OuH i rasis.

MeTta: HaBUYMTHCS BHU3HauaTh o00’€eMH DpifuH,
TBEpAUX TiJ (IpaBMJILHOI Ta HEIPaBUJIbHOL (op-
Mu) i rasis.

O6nagHauua: MipHUH IWIiHApP abo MeH3ypKa,
JiHifiKa, MOCyauHA 3 BOAOIO, TiJIO HENPaBHJIbHOL
dopmu, Tijso, mo Mae GOpMYy IPAMOKYTHOrO Iia-
paJesieninesia, HeBeJIMKa K0J0a, CKIAHKA.




Na6opartopHa po6ora Ne 5 . .

N

Teopernuni Bigomocri

O6’em — ne ¢isnyna BesmumMHA, IO Xapakre-
pU3y€ BJIACTUBICTH TiJM 3a¥iMaTu Ty 4m iHmYy
dacTuHy npocropy. Oduruyeio o6’emy 6 Mixnc-
HapoOHil cucmemi odunuyv (CI) € wkyGiummii
metp (M%),

Hazadyemo: xyGiuumit merTp popiBHIOE
00’emy kyba 3 pebpom 1 m.

O6’em pigney it rasy BUMIipIOIOTE 3a ZOOMOroI0
MipHOro nuiaiazapa (puc. 1, a), a6o MEeH3YPKH.
s eumiposannsa 06’emy pidunu 3a momo-

MOTOI0 MipHOTO IuMJIiHApa (MeH3ypKHU) Heob-

XigHO:

a) IepeIUTH DPiAWHY B MipHY nocyauHy (BoHa
Habepe (hopmu mocyamuwm, a ii BEpXHA MeXxa
PO3TalmyeThCA Ha NEBHIW BHCOTI 3aJIe)KHO
Biz 06’emy);

0) 3ayBa’KMTH, HABIPOTH SAKOI MO3HAYKU IIKA-
JIA PO3TAIIOBAHA BEPXHA MeXKa CTOBMA pPigu-
HHu (puc. 1, 06);

B) BHAIOYM I[iHY NOAIMKY IIKAIH, OGYMCIHTH
06’eM piguHU.

Bunmipoeanna o0'emy 2a3y 3a KOMOMOro0
MipHOro nuIiHApPa (MEH3ypKu) I'DYHTYETHCA Ha
BJIACTHBOCTI ragdy 3aiMaTy BeCh HASBHUI 00°€M.
Tomy, w06 BusHAUMTH 06’cM MOBITPA, sIKe Mic-
TUTBCA B MOCYAHMHi, HeOOXinHO 3’scyBaru, YoMy
AOpiBHIOE 06’eM ii BHYTPiMIHBOI YacTHHH, TOGTO
MicmKicmb TOCYAUHUA.

Hnsa eumiposanna micmicocmi nocyouru
Heo0XigHo:

a) 3aIOBHUTH IIOCYAUHY BOAOIO it IepenTu
BOAY y MipHUH IMIiHAD (MeH3ypKY);
6) BusHAunMTH 06’€M mEpesMTOl BOAM.

3HaueHHA 00’€My BOAM JOpiBHIOBATHME

06’eMy NOBITps, iIKe MICTUTHCH B OOCYAUHI.

nsa susnavenns 00’emy meepdozo miaa 3a xo-

IIOMOTr'0¥0 MipHOI mMocyAuHM HeoOXimHO:

2‘

a) HAJIUTH B MipHUH nuIiEAD (MeH3YDKY) BOOY
o06’emom V, Tak, mo6 y Hei moxkHa Oyi0 3a-
HYDHUTH TLJIO i BOAa He IepejuBasiacs depes
Kpai;

0) saHypUTH y BOmy TiJNIO i BUMIDATH 3arajb-
HUI 06’€M BOAM pasoM i3 Tijiom Vi

Pwc. 1

1 m*=1000 gm® =
= 1000 000 cm?® =
= 1000 000 000 Mm® =
= 0,000000001 xm®.

35 o



. - Pozpin 1. NTOYUHAEMO BUBYATU DIZUKY

d

B) 00umcauTH O0'€EM BHUTICHEHOI TiJIOM BOAM HK
pisHMII0 BUMipIOBaHb [0 i Iicaa 3aHypeHHS:
V=V,-V.

Opep:xaHe 3HAUEHHs [JOPiBHIOBaTHMe 00’eMy
TBEpPAOro Tijia, TOMY IO TiJio BHUTICHAE pPiBHO
CTiIBKM pifiMHM, CKiJBKM BOHO 3aiiMae Micnsa
B IIPOCTOPi.

3. fAxmo TiJio Mae mpaBUJIBbHY TeOMEeTPUYHY (op-
My, TO, BUMipABINY JIiHifHI po3Mipu, MOXHa BU-
3HAYUTHU MOro o6’eM 3a AOIOMOroOI0 BiJNOBiAHMX

Puc. 2 MaTemaTuuHux Gopmys. Hanpukiaza, o6’em Tina,
mo Mae (opMy NOPAMOKYTHOro IapaJejemninezna
(puc. 2), o6unca0eThCA 3a (HOPMYJIOLO:
V = ldh,
nme | — poBkuHA Tijga; d — mupuHa Tina; b — BU-
cora Tina.
BKA3IBKW JO POBOTU

lfoTyBaHHA A0 eKCNEPUMEHTY

1. ITepm mHi»x posmouaTw BUMipIOBaHHSA, IpUTafauTe:
a) AK BUBHAYMUTHU I[iHY MOALJIKH IIKaJIU 3aco0y BHMipIOBaHHHA;

6) AKX MpaBUJILHO 3HiMaTH MOKAa3aHHA MipHOTO HMJIiHADA;

B) AKMX 3ax0AiB 0Oesmeku NOTPi6HO MOTPUMYBATHCSH, IPAIIOI0YM 3 MEH3YDP-

KOIO.

2. Busnaurte i 3anumiiTe miHy MOALIKH JiHIAKH Ta MipHOro muJiHApA.

ExcnepumenT

Pezyavmamu écix sumipiosans 6idpasy i 3anocime 00 mabauyi.

1. BumipsaiiTe 06’eM Tijla HempaBUJIBHOI TeOMETPUYHOL (POPMU 3a JOIIOMOTOI0 Mip-

HOro IUJIiHApA.

2. BusrauTe 06’eM Tijia MpaBUJIBHOI reOMETPUYHOL (HOPMH.

Bupg Tina

Boan V,, cm’

\ ., |
MoyaTkoBuin 06'em

O6'em BOAN

O6'em Tina V

n Tina V,, cm?

cmi

M3

l Tino npam«msnm
reoMeTpPUYHOL d)opMK

Tino HempaBUJIBHOL
reome'rpnqnm ¢dopmu

| e
l
|

3. Busnaure 06’€M Tijla IpaBUJIBHOI reOMeTPUYHOI (JOPMU 3a JOMOMOrO0 JiHIHKH.

S — |
Posxuua Tina I ™ UJMpMHa Tina d, cm

Bucora Tina h, cm

|

O6'em Tina V, cm?

||




§ 6. Bsaemogin ﬂn. .

4. Bumipsiiite 06’eM mOBiTpA, fAKe MiCTHTBCA B Kosbi # iHMMX mOCyAMHAX, 110
CTOATH HA BAIIOMY CTOJIi.

Homep gocnigy Ha3sea nocygunum O6'em piguHu, cm? O6'em nositps, cm?
1
2
3

Ananis pesynbraris excnepumenTy

1. IIpoananisyBaBmu pisHi croco6u BuMipioBaHHS 00’€My, 3a3HauTe:
a) AKui 3i cmocoGiB BusHAUeHHA 06’€eMy TBEpAOro Tija € YHiBepcaJbHUM
i yomy;
0) AKi YMHHUKY BIUIMHYJIN HA TOYHICTH OJEPIKAHUX BAMM PEe3yJIBTATIB.
2. 3pobiTh BHCHOBOK, y SIKOMY BKaiTh, III0 caMe BH HABYMJIMCSH BHUMipIoBaTu
i I 9Oro MOXKYTh NPUAATUCHA HABHYKH, HaGyTi B XOAi BUKOHAHHS POGOTH.

HAopaTkoBe 3aBganHA

3anpononyiite coco6u BUMipIOBaHHA 06’€My Tijla HelpaBHJIBHOL dopmu,
AKIIO:
a) fioro 006’eM € MeHIIMM, HiX LiHAa NOAINKM MipHOI NOCYAUHU, HAABHOI
y Bac;
0) Tizo He BMimyeThcA B MOCYAMHY, HAABHY y BaC.

B Yomy Micayp pyxaemovca HA6KONO 3emi, a He lemumb Yy KOCMIYHUIL
npocmip? fAxe mino Hasueaemvca 3apadncenum? Ak 83aemodilomsv o0dne
3 00num 3apsadxceni mina? Yu wacmo mu maemo cnpasy 3 eaexkmpomaz-
HiMHOW0 83aemodicto?

Lle miaviku wacmuna numamy, i3 AKUMU HAM HAJLEH UMD poszibpamucy
Yy yvomy napazpagi. Ilowunaiimo!

0 Mepexonyemocs, wjo rina BsaemogioTn

Y moBCAKAEHHOMY KHTTI MU TOCTi#HO 3ycTpidaeMocs 3 pPiBHUMH BHUAAMU
BILIMBY OAHMX Tin Ha inmi. II[o6 BiguuHMTH ABepi, MOTPi6HO «mOAiATH» HA HHUX
PYKOIO; Bif Aii HOrM M’AY JIETHTH y BOPOTA; HABITH CiflaloyM Ha CTijenb, BU YU-
HUTE BILIMB Ha Hboro (puc. 1.35).

Boarouac, BifuuHsAOYM ABepi, MM BiguyBaeMo iXHiil BIIUB Ha HAIIy PYKY;
Ais M’A4a HA HOTY OCOGJIMBO BiZYyTHA, AKIIO B TPAETe y dyT6on 6oconixk; mis
CTiNbIA He N03BOJAE HAM ynactu Ha miagory. Tobto dia 3aencdu € ezaemodicio:

— N
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Puc, 1.35. Npuknagu B3aemopii Tin

Puc. 1.36. Kpanni gowy napatotb
YHU3 Nig Ji€0 NPUTAraHHA
3emni

N EL NS

AKW,0 00ne mino die na Opyze, mo i Opyze mino
die Ha nepue.

MoskHa HAOYHO IEPEKOHATUCS B TOMY, IO Aid
He OyBae ogHOOiuHO0. IIpoBeaiTH HeCKIaZHUM eKC-
IIePUMEHT: CTOAYN Ha KOB3aHAX, JIETeHbKO IITOBX-
HiTh CBOrO TOBapuina. ¥ pea3yJjbTaTi IIOYHE pyXa-
THCA He TiJIbKY Balll TOBAPHUIII, aJie ¥ BM caMi.

11i opukIaagy ODigTBEepAXKYIOTH BUCHOBOK yue-
HUX IIPO Te, II0 B IPHUPOJALI MH 3aBXKJIU MAaEMO
cIpaBy i3 B3aeMOZi€l0, a He 3 OJHOGIYHOIO Ai€l0.

PosriisEpMO JOKJIANHIINIE JOedAKi BHUAM B3ae-
MOgil.

9 3rapyemo npo rpasitayiiny
B3aemogiio

Yomy OyAb-AKMA LIpeaMeT, BUIYIIeHU
i3 pyku: oJsiBenb, JepeB’siHA JOIIEYKa, KpaIlJu-
Ha JOINy Ta iH. — IajJae, pyXaeThcA BHU3 (puc.
1.36)? Yomy cTpina, nyineHa 3 JiyKa, He JIETUTh
IpsAMO, a BPEINTi-peiuT mazae Ha 3emua? Yomy
Micans pyxaeTbcsa HABKOJO 3eMJi, a IIJaHETHU
Consaunol cucremun — HaBkKogo Counsa? Ilpuuwu-
HaA BCiX IUX SABUIL IIOJATAE B TOMY, IO 3eMJIsS
npurarye no cebe iHmmi Tina, a ni Tisma Taxkox
NpUTATYIOTE 00 cebe 3emuio. Hanpukian, npu-
Taragad Micslsa BUKJIMKAE HA 3eMJIi NPUIJIUBHA
(puc. 1.37). Hama nnasera # yci ivmi miane-
i CoHAuYHOI cucTemMu nputsaraiTbesa o CoHIA
¥ ogHA 0 OJHOI.

1687 poky BUAATHUN aHINIIWCBKUU (DHi3UK
Icaax Hrwroron (puc. 1.38) chopmyiioBaB 3aKOH,
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Puc. 1.37. MNpunnuen € Hacnigkom nputaradHa Micaus

BITIOBiHO MO AKOro Mid ycima Tinamm y Bee-
CBITi icHye B3a€MHe NpUTATaHHA. Take 63acMHe
npumMsAzanina mamepiaiviux o6’ckmie Ha3usaroms
rpasiraniiinoro B3aemopiero. Crimparouncy Ha Jo-
crmigm # MaTeMaTHuHiI pospaxyHku, HbIOTOH BH3-
HaYWB, IO IHMeHCUBHIiCMb 2paAsimauillHoi 83ac-
M0dii 36iabyembes 3i 36IAbWEHHAM MAC MI, AKi
B3aeMoziloTh. CaMe TOMY JIETKO IIEpeKOHATHUCS, IO
Hac i3 BaMU NIpPHTATYe 3eMJid, ajle MU 30BCIM He

BiIYyBAEMO NPUTATAHHA HAIIOTO Cycifa 1Mo mapTi.

9 3HalOMMMOCA 3 eNeKTPOMArHiTHOI0
B3aemopicio

Icayrors immi Bugm B3aemozii. Hampu-
KJIaZ, AKIO II0OTePTH IOBITPAHY KYJIbKY IIMa-
TOYKOM IIOBKY, BOHA IIOYHE MHPUTATATH 1O cebe
Pi3Hi JIerKi mpeZMeTH: BOPDCUHKHY, 3epHSTKA DHCY,
KJanTUKu mnamnepy (auB. pue. 1.89). Ilpo Taky
KYJIbKY KaKyTh, IO BOHA HAeAeKMPU308AHd, abo
3apadxcena.

3apadiceni mina 63aemodiome mixe co6oio, aje
XapakTep iXHbOI B3aeMoAii Moxke OyTH pisHUM:
BOHH abo npumdszarwomucs, abo 8i0UIMosxyomscs
oziHe Bix oxHoro (muB. puc. 1.40). Ynepme cepiios-
HO JOCJiIUB Ile ABHINEe AHIMNIIACHKHUA HayKOBeIlb

Puc. 1.28. BupaTHUA aHrNiNCbKniA
yueHui lcaak HbloToH
(1643—1727)

390



Puc. 1.39. HaenekTpu3soBaHa Ky/b-
Ka NnpuTArye o cebe apkyu

0. [1Bi 3apAgXeHi KynbKn
B3aEMOAIIOTb MiX cobolo:
a — BIALUTOBXYIOTbCA;
6 — NpUTAryioTbCA

B 40

Pozgin 1. NTOYNHAEMO BUBYATU DISUKY

Bineam Iinsbepr (1544—1603) manpukinmi
XVI1 cromirra. Baaemodiio Mmixn 3apadiceHumu
minamu TinnbeprT Has3BaB eJEKTPHYHONI (Bix
rpenpkoro ciosa elektron — GypmrTuH, 60 Ime
JaBHI I'DEKH MOMITHJH, IO GYpPIITHH YHACIiZOK
HATUPAHHSA IIOYMHAE NPUTATYBATH 10 cebe Api6Hi
IIpeMeTH).

Bu nobpe 3HaeTe, 110 CTPiJIKa KoMIIaca, AKINO
JaTé i MOMKJIMBICTH BiJILHO 0o0epraTHUCs, 3aBXKAU
3YNUHAETHCA TaK, II0 OAMH 1i KiHenb ykKasye Ha
miBHiY, a Apyruit — Ha miBaeHs (puc. 1.41). Ile
nos’A3aHe 3 THUM, IO CTPiJIKa KOMIaca — MAarHiT,
Hallla IJIaHeTa 3eMJIs — TeXX Marir, IpuJomMy Be-
JN4Ye3Hui, a dea maznimu 3aeéx0u 63aemodilomo
00uH 3 o0Hum. BisemiTe aBa 6GyAb-AKi Marsiru,
i, TiIBKM-HO BHM cmpoOyeTe HaOIU3UTU IX OAUH
O OZHOrO, BiZipasy X BiguyeTe mpuUTATaHHA abo
BigmrToBxyBaHHA. Taka B3aeMOAisd Ha3UBAETHCH
MAarHiTHOIO.

@izuKM BCTAHOBMJIM, III0 3aKOHHU, AKi omucy-
IOTh €JIEKTPUYHY i MATHITHY B3a€MOJil0, €IUHI.
ToMy B Hayui NpUAHATO I'OBOPUTH IIPO EJUHY
eJIeKTPOMATrHITHY B3a€EMOJIiI0.

3 eJIeKTPOMATHITHOIO B3aEMOJI€I0 MM 3yCTPi-
yaemMocsa OyKBaJIbHO Ha KOXKHOMY KpOIi: imyuw,
MM B3aEMOJIEMO 3 MOKPHUTTAM JOPOrH (BiAmMITOB-
Xy€EMOCh), i mpupoga Iiel B3aeMoOAil € eJsleKTpo-
MarsiTHO0. 3aBASKH eJIeKTPOMArHITHIA B3ae-
MOZil MM PyXa€eMOCs, CUAUMO, nuIIemMo. bauumo,
YyEMO, COPHIMAEMO HIOXOM i JOTHKOM MM Ta-
KO 3a JIOIIOMOI'0X0 €JIEKTPOMAarHiTHOI B3a€MOAil
(puc. 1.42). Iis Ginbimocti cy4acHUX HpHUJIajiB
i moOyToBOl TEeXHIKM I'DYHTYETHCA HA EJIEKTPO-
Mar"iTHiit B3aeMozii.

CxaxxeMo Oiybime: icHyBaHHS (i3MYHUX TiJj,
y TOMY uucJi i Hac i3 BaMu, 6ys0 6 HEMOXKJIUBUM
0e3 eJeKTPOMArHiTHOI B3aeMofil. Ane AK 3 ycim
MM IIOB’A3aHA B3AEMOJifA 3apAMKeHHUX KYJIBbOK
i marmitiB? — 3amnmracre Bu. He mocmimaiire:
BUBUYaiOuM (isuKy, BU 0OOB’A3KOBO IE€PEKOHAETe-
cd, 10 Ieil 3B’A30K iCHYE.

3ycTpiuaemocn 3 Hepo3B'A3aHNMN
npoGnemammn

Ham omnwuc OGyae HEMOBHUM, AKINO MU He
3rajlaeMo IIe ABa BUAH B3aEMOJil, BIAKPHUTI TiIBKU
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Puc. 1.41. Crpinka komnaca 3aBx- Puc. 1.42. Baunmo, uyemo, po3ymieMo 3aBLAKM eneKTpo-
AV 30pIEHTOBAHA Ha NiBHIY MarHiTHi B3aemopii

B CEPeAMHI MUHYJIOrO CTOMITTA. BOHN Ha3MBAIOTHCA CHJBHA i crabka B3aeMogii
i [1I0TH TiNBKH B MeKaX MiKpocBiTy. TakuM YnHOM, icHYIOMb YOMuUpU pisHi 6udu
83aemodii. UYn He 3abaraTo? 3BMuaiiHo, 6yJs0 6 3pyuHille MaTH CIpaBy 3 €AMHAM
VHiBepcaJbHUM BUAOM B3aeMozii. Tum Gisbire, mo npukaan o6’cfHAHHSA Pi3HUX
B3a€EMO/i#l — €JIeKTPUYHOI Ta MATHITHOI — Yy €JUHY eJIeKTPOMATHITHY BXKe €.

IIporArom KinbKOX AECATHIIITH yYeHI HAMATAIOTHCA CTBOPUTH TEOPil0 TAKO-
ro o6’exnanHs. Jleaki kpoku Bixke 3pobsero. Y 60-x poxax XX cTomiTTs BAaso-
CA CTBOPHTH TEOPil0 TaK 3BAHOI esleKTpPocaabKol B3aeMozii, y Mexax Kol 6yso
00’elHAHO eJIEKTPOMATHITHY Ta ci1abKy B3aeMozii. AJjie K0 IOBHOTO («BeIUKOTr0»)
ob’enmaHHA BCiX BHAIB B3aeMozili me gasexko. ToMy KOKeH i3 BaC Mae IIAHC
3pO0OMTH HAYKOBE BiIKPUTTS CBiTOBOrO 3HAYEHHA!

@ miasuBaemo macymku

Bzaemoziero y ¢isuni HasuBaeThesa AiA Gyab-AKUX Tia a60 YACTHHOK OAHE
Ha OJHe.

Mu KOpOTKO cxapaKTepM3yBajH ABa BUAU B3AEMOAil 3 YOTHPBOX, BiZOMHUX
Haymi: rpaBitaniiiHy i eJeKTpoMarsiTHy.

Ilpursiranas Tin go 3emui, maader o CoHUA # HABNAKM — Il NPUKJIAH
rpaBitaniiitHoi B3aemonii.

Ilpukiasom eseKTpUYHOI B3a€MOZil € B3AaEMOAisA HaeJeKTPH30BAHOI MOBITpPA-
HOI KYJbKHM 3 ApiOHMMH mIMaTOYKaMmu mnanepy. IIpmkiagoM MarmHiTHOI B3aemMomii
CJIyrye B3a€MOAis CTPIIKM KoMIaca i3 3emireo, AKA TEX € Mar"iToM, y peay IbTaTi
9Oro OAWH KiHeUb CTPLJIKM 3aBXKJU BKa3ye HA IiBHIY, a APyruit — Ha MiBAEHb.

Enexrpuuna i marmirHa B3aeMoii — Ije BHABM €IWHOI eJeKTPOMATHITHOL
B3aeMoii.
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Q KoHTponbHi 3anutanna

1. HasezniTe mpuxjazm B3aemopii Tin. 2. ki Buam B3aemopii icHyI0TH
y npupoai? 3. HasexiTs mpurJazu rpasitaniiinol Bzaemozii. 4. XTo Bif-
KPUB 3aKOH, BiIOBiJHO 0 AKOro Mi ycima tinamm y Beecsiti icHye B3aeM-
He npuTArauasa? 5. HaBeaiTs OpHUKJIaayM eJeKTPOMATHITHOI B3a€MOZil.

‘ Bnpasa

Hanwuimites KopoTkuii TBip Ha Temy «Mi#t mocuiz, mo migTBepAXKYy€E B3ae-
MOZAio Tii» (me MOoXKyTh OyTH HaBiTh Bipmril).

Diszunka it rexnika B Ykpaini

3HayHy 4acTUHY CBOro KopoTkoro Xutta Jles Bacunbosuy
Wy6unkoB (1901—1945) npoxue y Xapkosi, Ae ouonioBas nabo-
patopito HU3bKMX Temnepartyp. PiBeHb ToUHOCTI 6araTbox BUMIpIO-
BaHb y nabopatopii He noctynasca cyvacHomy. Y naboparopii
B 30-x pokax 6yno ofepXaHoO KUCeHb, a30T Ta iHWi rasu B pigkomy
cTaHi. Wy6HnkoB 3anoyaTkyBaB AOCNIAXKEHHA MeTaniB y Tak 3Ba-
HOMY HaANpPOBIAHOMY CTaHi, KONW enekTpUYHWUA onip marepiany
DOPIBHIOE HYNIO.

HaiBuuia Haropofa ANA BYEHOro — Lie BUKOPWUCTaHHA ANA Ha-
3BM BigKPUTOro HUM ABMLLA Oro Npi3BULLa 3aMiCTb TEXHIYHOTO Tep-
miHa. «EdekT LybHukoBa—pe laasa»; «pasa LybHukosa»; «metoq
O6peimoBa—ILLly6HUKOBa» — L nuwe Aekinbka NpuKknagis BHeCKy
BMAATHOrO YKPaiHCbKOrO BYEHOTO B CyyacHy Qi3uky.

§ 7. CUNIA — MIPA B3AEMOJII. EHEPTIA

m [Touamkosuil 3micm ca08a «CuLa» U YymeopeHux 6i0 Hb020 «CULAYY,
«CUNbHUILY NOB'A3AHULL I3 MOHCAUBOCMAMU JIOOUHW, 3 1T M'A308UMU 3YCUIL-
aamu. 3a dasnvozpeuvkum migom, zepoii Teceil Onn 0o8edeHHA CBOEL cunu
MYycue 3pyuumu eauye3ny Kam'any 6pury it dicmamu 3-nid Hei 6ambvkie
Mmeu. A axuil smicm 8xadaoms Qi3uKu 8 NOHAMMI «CULA»?

o 3rapy€mo NOHATTA «cuna»

IloHATTA «CHJIa» HEPO3PUBHO IIOB’A3aHE i3 B3aeMOAi€0 (DiBMUHMX TiJ.
Illo6 3pymuTu Kam’aHy Opuiay, TeceeBi moBesiocsa B3aemozaiaTu 3 Hero. Hanii
PYKH B3aEMOJIIOTH 3i CTiJbIeM, AKUU HeoOXiJHO mepecyHyTH. Y MOMEHT CTpUO-
Ka Hallli HOTM B3a€MOJIIOThH i3 3eMJIelo.
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§ 7. Cuna — mipa B3aemogi. Eneprinj .

Puc. 1.43. Tecein HamaraBcsa AicTaTi Mey CBOro 6atbka 3-nig 6punu pisHUMK cnocobamu. [N KOXHOro
3 HVX 3a3HaY€HO HaNPAMOK i TOUKY NPUKNAAEHHA CUNK

3BEpHITH yBary Ha Te, IO B KOXKHOMY 3 HAaBeJeHMX IIPHUKJIAJIB pesyJIbTaT
Oyze pisHUM 3aJIeXKHO BiJl TOro, HACKiJIBKY CHJIbHOWO 6yJa Ta 9 iHIIA B3aEMOZis.
Tak, ceMMKJIACHUKOBI HEBa’KKO IEPECYHYTH CTiJellb, & JJIf MAaJIATH-IOIIKiTh-
HUKAa IIe 3aBJaHHA MOYKe BUABUTUCA HemiAcuabHUM. [lifiliManbHuil KpaH Jerko
nigaaB 6u Opuny, Ay Teceit seas 3pymus i3 micuga. UYuM BuIe B HaMaracrecs
CTPUGHYTH, TUM CUJIbHiIIe Tpe6a BiAIITOBXHYTUCH. I3 IUX NPUKJIALIB CTAE Oue-
BHJHHAM, IO B3aEMOJIIO TiJI CJil BU3HAUATU KiJIbKiCHO.

QDi3nyHa BENMYMHa, 338 AOMOMOTOI0 AKOI KifbKICHO BW3HAYaloTb B3AEMORIlO TiN, Ha-
3MBAETbCA CUNOIO.

Iamumu cnoBamu, cua — me KinbkicHa mipa B3aemopii Tin. Cuny mosuaua-
0Tb cuMBosioM F. Odunuyero cuau 6 CI € aproron (1 H).

IJo6 cxapaxmepusysamu cuny, HeoOXigHO BKA3aTH He TiJBKH ii uucnose
3HA4eHHA, ajle i HANPAMOK CHUIU Ta mouky ii npuxkaadenns. OxHa # Ta cama
3a 3HAUEHHAM CHJIA MOKe IIPUBECTH /0 30BCiM Pi3HMX PesyJbTaTiB 3aJIeXKHO Bif
HanmpAMKY ii gii (puc. 1.43). Xou sakum cunavem GyB serennapeuii Teceit, Bin
He 3Mir 6u 3pymmTH Gpuay 3 Micius, ikGu THCHYB Ha Hei 3ropM BHH3. ImoBipHO,
#iomy He BUCTa4MJI0 6 CMJI i Ass TOro, mo6 MiAHATH KaMiHb (HAIPAMOK CHJIK
BHUBY Bropy). Ajie Tiei K CHJIHM, NPUKJIALEHOI B NOPU3OHTAIHLHOMY HaIpPAMKY,
BUSBHUJIOCA JOCUTH, II0O BUTAITH 3i CXOBAaHKHU OATHKIB Med.

3’ACOBYEMO, WO 03HAYAIOTb NOHATTA «poboTar i «eHepria»
Ana ¢isunkis

Ticro nop’a3ana i3 cuio me oxHa (pisMyHA BeIUYMHA, AKA HA3UBAECTD-
¢ po6oTo0. ¥V IMMPOKOMY 3HAUeHHI MOHATTS «pPo6OTa» OXOIIIoE 6araTo BUAIB
JIOACBKOI AifANBHOCTI — HampHKJaA, oGYMCIeHHS Ha KOMI’'ioTepi, AKi mpax-
THUYHO He BUMAraioTh M’A30BUX 3YCHJb. Y npupodo3Hasécmei i nonammsa «po-
Ooma» excuseaiomev y momy pasi, Koau 6id6yeaecmvca nepemiujenns minia niod
dieto cunu. Kpan Ha GyaiBHMUTBI BUKOHye po6oTy, migHimMawouu Heray, Ipu-
4oMy 4uM Ginbmuii BaHTa)X NOTPi6HO migHATH, TUM 6iiBITy POGOTY BUKOHYE

— 43H s



. lPosnin 1. NTOYUHAEMO BUBYATU DIZUKY

Puc. 1. 44.KynbKa, ynasww y Boay,
po36pw3kana ii. Y Takmx Bunagkax
KaXkyTb, WO KyNbKa BUKOHana

poboty

Pwmc. 1. 45. Ha rigpoenekTpocTan-
uifax BoAa, nagauu (MexaHiyHa
eHeprin), obepTae TypbiHu, aki
BUPOGNAIOTb ENEKTPUYHY
eHeprilo

N s

KpaH. Po6Gora Takoxx 3pocrae 3i 306iJbIIEHHAM
BizcTaHi, HA AKY nepeMiniyioTs Tijso. CopobyiiTe
MIepeMiCTUTH CTiJielb II0 KiMHATI CIIOYaTKy OAUH
pas, moTiM JecAaTh, a MOTIM pasiB m’aTaecaT abo
CTO, i B IIEPEKOHAETECh Yy IPABUJIBHOCTI IIHOTO
BHUCHOBKY.

Tyr B MaeTe MO3HAMOMUTHCHA 3i IIe OAHIEIO
Oy’Ke Ba'KJIUBOK (DiBUYHOI0 BEJUYUHOI0, IO
3BeThCs eHepri€lo. 3arajibHe BUBHAYEHHA Ifiel ¢i-
3UYHOI BeJIMUYMHU 3BYYUTH TaK: €eHepria — uye 3a-
2a1bHa KiAbKicHA Mipa pyxy ma 63aemodii pizHux
sudie mamepii.

CrocoBHO (hismuHUX TiJT MU 3 BaMu OyemMo Ko-
PHUCTYBaTUCA TAKUM (DOPMYJIIOBAHHAM:

Di3nyHa BenMuMHA, WO XapakTepusye 3AaTHICTb
Tina BUKOHYBaTW pob6OTYy, Ha3MBAETLCA EHeprie
Tina.

3a3BUuail eHeprio mo3HayalTh CUMBOJIOM W
i sumipwwoms it 6 gioynax (1 Ix).

3aaTHiCTE TiJI BHKOHYBATH poO0OTY MOXKHa
MIPOAEMOHCTPYBATH HAa TakoMy npukjgazgi. Ilo-
MiCTHMO MaJIeHBKY KYJBKY Ha Kpa# CToJy, a Ha
MiZJI031 MOCTABUMO HEBEJIMKY MHOCYAUHY 3 BOJOIO
(puc. 1.44). Km0 3iIMITOBXHYTU KYJIBKY 3 Kparo
CTOJIy, TO BOHA IIOJIETUTH YHU3, yIaje y BOAY
i posxJjionae yacTuHy pigusu. IlosBa Opusok
0O3HAYa€, M0 KyJbKa BUKOHAJIa IIEBHY pOOOTY.
SKIIo X KyJIbKU HEe TOPKATHCH, BOHA 3aJIUIIUTH-
CcA HEPYyXOMO Jie)KaTd Ha cToji. TaKuM YuHOM,
eHeprig KyJbKH MOXKe OyTH peasidoBaHa BUKO-
HaHHAM pobOTH mij yac magiHHa abo 30eperkers-
CA «J0 JIMIIUX YaciB».

9 AizHaemocn Npo nepersopeHHn OfHNX
Bugis exweprii na inwi

Bu, 6esmepeuHo, B3HAWOMiI 3 NOHATTAM
«TeIJIOBA EHeprisg»” # «eJIeKTpUYHA EHepris».
Ane, BUABISAETHCA, ICHYIOTH Ie ¥ «MexXaHiuHa
eHeprif», «xiMiuHa eHeprid», «eHepria cBiTia»

Ta igmi ¢opmu eneprii. Pisni ¢dopmu eneprii mo-

Y usoMy po3Aisii MU BXKHBAEMO IIOHATTS «TeIJIOBA €Hep-
ris» 3amicTh 3a3BHYail BUKOPUCTOBYBaHOro (ismkamu
«BHYTpimIHA eHepris». Ile 3po6ieHo cBimomo, miob mig-
KPEeCJIUTH 3B’I30K BHYTPIiIIHBOI eHeprii 3 TeMmIiepaTypoio.



§ 7. Cuna — mipa B3aemogii. EHeprin . .

EnekTpuuHa exepria
NepeTBOPIOETLCA
Ha CBiTNOBY

Tennosa eHeprin
nepeTBOPIETLCA
Ha eNneKTPUYHy

EnekTpuuHa eHepria
NepeTBOPIETLCA
Ha TEeNNOBY Ta MexaHiuHy

EnektpuuHa eHepris

NepeTBOPIOETLCA
Ha 3ByKOBY

Puc. 1.46. [leaki npuknagun nepeTBOPeHHA eHeprii B NPOMMUCIOBOCTI Ta NO6yTOBNX NPUCTPOAX

JKYTh IEPeTBOPIOBATHUCHL OJJHA B OJHY. Tak, MexaHi4yHa eHeprid magamnyoi Kyab-
k¥ (puc. 1.44) nepeTBopuJIach Ha MeXaHiuHy eHepriio 6pu3ox Boau. OgHAK TOY-
Hi BUMipIOBaHHA TeMIEPaTypPH IOKAaXXyTh, 10 BOJAA B IOCYAMHI micyasa namgiHeA
B Hel KyJbKM TPOXHM Harpimacek. OTixe, MexaHiuHa €Hepris KyJIbKH 4aCTKOBO
[epeTBOPUIACE HA MeXaHiuUHy eHeprilo 6PM30K, & YACTKOBO — HAa TEIJIOBY eHep-
riro BoAH.

Ilepemeopenns enepzii 6u 3diilicHioeme Wo0HA, YacmMo HABIMb He nido3pYU
npo ye (puc. 1.46). Tax, KoM MM BMUKAaEMO MarHirodoH, YaCTUHA €JeKTPUYHOL
€Heprii IepeTBOPIOETHCA Ha 3BYKOBY €HEPriio. 3acBiUyIOUM JIAMIIOUKY, MU JAEMO
MOJKJIMBICTD eJIeKTPUYHIN eHeprii nepeTBOPUTHCE HA CBITJIOBY # TEIJIOBY. ¥ IIHO-
My pasi mepeTBOPeHHs Ha CBITJIOBY €HEprilo € OYeBHAHUM, a JJIs IIepeBipKH TOTO,
L0 eJIeKTPUYHA eHeprifd mepeTBOpPMJIach Ha TEIJIOBY, AOCUTH HAGIHM3UTH NOJIOHIO
JI0 JIaMIIOYKX — i BY BiZpasy K BifUyeTe TemJo.

IlepeTBOpeHHA eJeKTPUYHOI eHeprii Ha TeIJIOBY B JIAMIOYII — «IOGiuHMI»
i HaBiTh MKigMMBUI edexT. OfHAK ITOYACTH €JIEKTPUYHY €HEpPriio MepeTBOPIIOTH
Ha TeIJIOBY IiJleCHpAMOBaHO, CTBOPIOIOYM AJIA LBOrO cheriajabHi nmpucrpoi. Ile
BCiM BiZioMi eneKTpUUHMIT YalHUK, MpacKa, eJeKTPOKaMiH, HarpiBaJbHUH eJe-
MEHT aBTOMATHUYHOI NpaJibHOl MaIIuHeM ¥ irmi no6yTosi npuctpoi. IlepeTBopen-
HfA eJIEKTPUYHOl eHeprii Ha TemoBy BUKODPUCTOBYIOTH i B IPOMMCJIOBOCTI — Ha-
NPUKJIAJ, JJIA BUIIABJISAHHA METaJiB.

IIlo6 y Bac He BMHMKJIO NOMHUJIKOBE BDAa’KEHHs, HIOM TiIBKM eJeKTpHUYHA
eHeprifg Mo)ke ImepeTBOPIOBATHCS HA iHmII ¢opMu eHeprii, BigzHauMMo i mpoTH-
JnexHi nponecu. Hanpukiazn, Ha rifpoeseKTpocTaHLiAX MexaHiuHA eHepria ma-
[lalouoi BOAY NEPETBOPIOETHCA Ha €JeKTPUu4Hy (puc. 1.45).

_ASE



Posgin 1. NOYUHAEMO BUBYATU DIBUKY

@) masuBaemo nigcymKm

Cuna — me KigpkicHa mipa B3aemogii Tis. Cujia XapaKTepUsyeThCA UMC-
JIOBUM 3HAYEHHAM, HAIPAMKOM, TOYKOIO IpuKJageHHA. CumBoa cuim — F.
@dizuyHa BeIMYMWHA, IO XapaKTepHU3Y€E 3JATHICTH Tijla BUKOHYBaTH pPo6OTY,
Has3uBaEThCA eHepriero Ttiga (W).
Icrye Gararo ¢opMm eHeprii — mMexaHiYHa, TEIJIOBa, XiMiuHA, 3BYKOBA, €JIEKT-
puuHa Ta iH. ¥ xozi pisHuX (isMUYHUX HPOLECiB i B3aeMOAiil eHepria MoxKe 3 of-
Hiel hopMu mepeTBOpPIOBATHCA Ha iHIII.

e KoHuTponbHi 3anuTanua

1. IIlo HasuBaioTh cuiaow? 2. Illo Mu MOBHMHHI 3HATHM PO CUIY, Kpim ii
YuCJIOBOro 3HaueHHA? 3. KoJim MM BUKOPUCTOBYEMO CJIOBO «po6OTa» B IO-
6yTi? A y disuni? 4. Ilo Take enepris? 5. HaBexiTs npukgagu pisHUX
¢dopMm eHeprii.

. Bnpasun

1. Mu 4acTO BUKOPHCTOBYEMO CJIOBOCIIOJIYUEHHA «HA TiJIO [i€ CUJIa TAMXKiH-
Ha» ab0 «pyxy aBTOMOOiJIA 3aBakae CuJia OIOPY IOBiTPsA», Xoua, 3 IO-
rany ¢isuku, TouHime Oyso 6 ckasaTu: «Ha Tijgo aie 3emus, i1 gis
XapaKTepu3yeETbCA CHJIOI TAMXIHHA» H «pyXy aBTOMOOijs 3aBarkae
NOBITPA, AifA AKOr0 XapaKTepU3YETLCS CHJIOK OMOpy moBiTps». Cmpo-
OyiiTe HABECTHU AHAJIOTIUHI MPUKJIALN.

2. HobepiTh HpPHUCIiB’S Ta NPUKA3KH, Yy SKUX 3yCTPiYalOTHCA CJIOBA
«cuJjia», «eHeprisg», «podora». IloOyroBuit uu GisuuHMil 3mMicT 3aKaage-
HO B HUX?

w

. fIxi meperBOopeHHA eHepril BiaGyBarThCA IiJ yac poOOTH MOOYTOBOTO
BeHTUJIATOpa?

Disuka il TexHika B Ykpaini

Bupo6uuue 06'egHanHs «TliBaeHMaL» | KOHCTPYKTOPCbKe
6iopo «MiBpgexne»

Ha nouatky 50-x pokiB MWHYNOro CTONITTA BeNVKUW aBToO-
mobinbHUIA 3aBop y [lHinponeTpoBcbky Byno nepeobnagHa-
HO Ha 3aBop i3 BUPOOGHULTBA KOCMIYHUX PaKeT Ta CTBOPEHO
KOHCTpyKTOpCbKe 6iopo (KB) ans ix pospobku. 3 Toro vacy
Kb «lMiBgeHHe» Ta 3aBog «[liBgeHMall» BM3HaAYaloTh CBITOBUIA
piBeHb 6araTbox HaNPAMIB i JOCATHEHb Y PaKeTHO-KOCMIYHii
HayLi ¥ TexHiui.

KoHctpyktopu Kb «lliBgerHe» pospobunu 67 tunis Koc-
MiyHMX anapartiB i 12 KocMiyHMX KomnnekciB. OcTaHHiM Yacom
Kb «[MiBgeHHe» Ta «[liBaeHMalL» CTBOPUAM HANAOCKOHANILWWM Y CBITOBI PaKeTHO-KOCMIYHIN Tex-
HiLli 32 KOHCTPYKTUBHUM BMKOHAHHAM Ta aBTOMaTM3aLi€lo roTyBaHHA [0 NYCKY KOMMIEKC «3eHiT».
A BCboro B cniBapy»HocTi 3 «liBaeHmaliem» 6yno BUroToBNeHo Ta BUBegeHO Ha opbiTy noHag
400 KocmiyHUX anaparis.

mas



§8. TBOPL|l ®I3UYHOI HAYKU. BHECOK
- YKPATHCBKUX YYEHUX Y PO3BUTOK ®I3UKU

W [cmopia @isuxku — ue icmopis 8idxkpummis, KoiCHe 3 AKUX NOZAUCLIOE
Haule po3yminis npupodu. Ane 3a 6Yov-aKum 8i0Kpumman cmoime iHued
noduna, a wacmiuwe zpyna nodeil, wui 3ycurls npobusaome cminy Heei-
domocmi it He3HAHHA, Nidilimaiome HAYKY HA HOBUIL Wabelb PO3GUMKY.
Xmo e yi n0du, wui imena Hepo3pUBHO NO6'A3aHi 3 npozpecom GisuuHoi
nayxu? Tym mu naseemo nuwe dexozo, ane, npodoBuCYIO4U BUELEHHI KYD-
cy @Qisuru, 6u nosnailomumecs 3 Qecamramu YcaasreHux 00cnidHUKI8

npupodu il nepuwlosioKpuUBayie HesidomMozo.

o AisHaemoca npo TBoOpUiB KnacMuHoil Gisnkn

IM’s1 BeTMKOTO 1aBHBOTPEIILKOrO BUEHOTo i dinocoda Apicmomens Bigome
9H He KO)KHOMY (puc. 1.47). B onniit 3i cBOIX ro/IoBHUMX mpanb, IO TaK i Ha3U-
Banacs «Pisuka», ApicTorenb cucmemamusyeas npupodnuyi 3HAHHA CBOTO YACY
i y Takuil croci6 samovaTKyBaB IIEpIIMil €Tall PO3BATKY (BisHMuHOI HAYKH. Ieit
eTarl TpuBaB o KiHusa XVI cropivus.

He mMoxHa He HasBaTH IMe OJHOTO TPEIBKOrO MUCIHTEeNs # iH)KeHepa —
Apximeda (puc. 1.48). Bin ypiifmos B icTopito Haykmu gk aBTOp 3aKOHY, Ha3Ba-
Horo ioro imM’am. IIpo mporo BueHOro 36Gepersiocsi YUMaJo JereHa. BigmosigHo
Bo ofHi€l 3 HUX, MOMITOBXOM O BiIKPHUTTH 3aKoHY Apximema cTajna Heo6Xin-
HiCTh pO3B’si3aTH 3afady, AKY IOCTABHB Iepel ApximezoM map micta Cupakysu

Puc. 1.47. Apicrotens Puc. 1.48. Apxiven
(384—322 pp.go H. e.) (6n.287—212 pp. go H. e.)

—A7H



. . Pozgin 1. NTOYUHAEMO BUBYATU DI3NKY

T'iepon. Imuoca npo Te, mo6 3’scyBaTru BMicT 30-
Jora # cpibsa B cniaBi, 3 AKoro Oyja BHUTOTOB-
JeHa KopoHa unaps. Ille ogHa JereHza IIPUINCYE
JaBHBOTDEIIBKOMY BYE€HOMY I TBOpPILEBi CKJaj-
HUX MeXaHi3MiB BuciaiB: «JlaiiTe MeHi TOUKY omo-
pu, i A mepeBepHy cBiT». Bigkpurrta Apximena
€ OCHOBOIO 151 6araTbOX Cy4YaCHMX MeXaHi3MiB.
(puc. 1.49).

Jpyruit eran po3BUTKY (DiSMKU BiKPHBAIOTH
npani Iaxineo ITanines (puc. 1.50) — Beamkoro
iTamiiicbkoro (isuka i acTpoHOMAa, AKUHA ymepie
Puc. 1.49. Baxeni 1a 6nokn WMpo-  3aCTOCYBAB €KCNePUMEHMALbHUL memod y HayIi.
KO 3aCTOCOBYIOTbCA B NIAIAMANLHUX  Cpoe mepime BUAATHE BiAKPUTTS BYEHHHA 3pPOOHB
Kpaax y 19 pokiB. Cnocrepiratouun B Xpami KOJUBaHHSA
mijBimeHol Ha JAHIIO31 JaMnaau ¥ NOPiBHIOIYU
ix i3 yacToTOI0 OUTTA BJIACHOTO IYJbCY, BiH ycTa-
HOBUB, IO Nepiof KOJMBAHbL JlaMIagu He 3aJie-
KHUTh Bix 1xHBOI ammiuityau. Ile BigkpuTTa mis-
Hillle JATJI0O B OCHOBY KOHCTPYKIIiI MeXaHiuHOIo
FOAWHHUKA.

IcHye mymka, 110 BeJHKi BiAKpuTTA, dopmy-
JIIOBAHHS HOBHX 3aKOHIB — IIe pe3yJsbTaT poboTu
MACTHUTUX YYEeHUX, JIIoJel ImoBaxKHOro Biky. Ha-
cnpaBAi, AK CBiAYMTH icTOpiaA HAyKH, BCe iHAKIIe:
BiIKPUTTA YacTo poOJATH 30BCIM MOJIOAI JIXOAH.
Tak, yxe y 25 pokis Tamineit craB mpodecopom
ITizaHCBHKOrO yHiBEpCHTETY, a Yepe3 KOPOTKHUH Jac
BUBiB 3aKOHHM BijbHOro maginua Tija. Ille ogruM
migTBepIKeHHAM Moxce OyTm sxkurTa IamineeBo-
ro nociaimoBHuka Icaaxa Hviomona — TeHialb-
HOTO aHIIichKoro ¢ismka i MareMaTukra, AKHM
chopMyJIIOBAB TPH OCHOBHiI 3aKoHH pyxy. Onme
3 HaMOLIBPImIMX BiAKPHUTTIB 3a BCIO icTopiio (isu-
KU — 3aKOH 8Cec8imHnb0z0 msaxciHHa — HbIOTOH
3pobuB y 24 poKwu.

Hemox1uBO yAABUTH CydacHe KHUTTA 0e3 eJiek-
TpUKHU. AJle YU 3HAETE BU, I[0 TEOPETHUYHOI OC-
HOBOIO BCi€l €JIEKTPOTEXHIKM i pajio3B’A3KYy € 4o-
TAPH 3HAMEHUTHX piBHaAHHA [xeiimca Kiepka
Maxkcsesnia? Csoi mepimi ZocigyKeHHA IOHUM i-
3UK onyO0JIiKyBaB, KOJU MOMY JieAb BUIIOBHUJIOCS
15 pokiB. A B 33 poku MakcBeJls1 3aBepPIINB OJHY
3 HaWBaKJIMBIIIUX Npalb, V AKiil BUKJIAB OCHOB-
enexTpOTEHiMITIDHCIDOT Hi IIOHATTA Teopii enewrpomarne'rl'mmy. . .

i NPUNAAIB FPYHTYETBCA Ha PIBHAH- Ax po mouarrky XIX cromitrs Bigmosiae
Hax k. Makcsenna (1831—1879) odiniitHOl HAYKM Ha MUTAHHSA, YUM BiJpiBHAETHCA

Puc. 1.50. Tanineo laninen
(1564—1642)

Puc. 1.51. PoboTa BCix CyyacHux

I m4s



§ 8. Teopui dpisnuHoi Hayku. BHecoK yKpaiHCbKHMX YUeHNX Y POSBUTOK PisnKn . .

Pwc. 1.52.]1. bonbymaH Puc. 1.53. Po6oTa ABUIYHIB BHYTPILUHBOrO 3ropAHHA, TYp6iH niTakis
(1844—1906) 6asyeTbcA Ha 3aKoHaX TEPMOAVNHAMIKY, y BIAKPUTTI AKUX BennyesHa

ponb Hanexuts J1. bonbymaHy

XOJIONHMH CyII Bif rapsiyoro, Oysa mpubJIM3HO Ta-
KOI: rapsiuMili cyn MicTuTth GisbIie Teriopoxy,
HDXX XOoJIOmHMH. 3BYYHTHL 3araZIkoBo # Hidoro He
MOSICHIOE. AJle 3aBASIKY 3YCHUJLISIM I'PYIH BYEHHX
TOIO Yacy BJAJIOCS IIPOJUTH CBITJIO HA IIPUPOAY
TEIJIOBUX SBHII i IOSCHUTH IIPOLIECH II€PETBO-
PeHHA TeIlja. ¥ TaKUi cIocid 6yi1o cTBOpeHO Teo-
peTHYHy 6a3y AJIs Cy4YACHUX TEIIJIOBUX ABUTYHIB.
3aBepIIeHOCTI IIUM TEOPeTHUYHHMM HOCIimKeH-
HAM HaJaB y cBoix mpausax Jlwdsir Boawyman
(puc. 1.52) — BHAATHUN AaBCTPiHCBKUH GisUK-
rTeopeTuk. Ilepma 3 HuX mobauymia cBiT, Koam
JI. BonpuiMaHy BUIIOBHMJIOCS 22 POKH, & OCTaH-
HA — dYepes IIiCTh POKiB.

Mo kinng XIX croairrs 6ysno BiAKpUTO 3aKo-
HY MeXaHIKM ¥ eJeKTPOMArHeTH3My, 3aKJaJeHo
dyHmameHT Teopii TemsoBux sBum. Came Toxi
B OaraThOoX YYeHHMX BHHHKJIO IEepEeKOHAHHS, IO
PO3BUTOK (hi3MKU 3aBEPIIUBCSH.

e Aisnaemoca npo TBopLYiB cyuacHol
Pisnkm

Omnax 1905 poky B Himempkomy ismy-
HOMY JKypHaJi 3’ABHJIacs CTaTTS HeBizomoro
aBTopa, MHpalliBHMKAa IaTeHTHoro Oopo B Bepwi
(IlBeitnapist). 3Banu Toro Axavbepm Eiunwmeiin
(1879—1955), i micaa miei my6mikamii BiH cTaB
Hai6inpm ycnaBieHMM (isMKOM Ha Hami# nia-
HeTi (puc. 1.54). V¥ iioro poGoti 6yno BuKIaze-
HO OCHOBH crneyianviol meopii 6i0HocHocmi, 10

Puc. 1. 54, A EfiHwWwTenH

(1879—1955)
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Pozain 1. NOYUHAEMO BUBYATU DIZUKY

Pue. 1.55. E. Pesepdopa Puc. 1.56. H. bop Puc. 1.57. Haykogi npaui Pesepdopga
(1871—1937) (1885—1962) 1 bopa 3aknanu oCHOBU aTOMHOI eHepre-
TMKN

3MYyCHJIA BYEHHX y BCbOMY CBITi IeperyISHYyTH 3acTapisi Hmorisaum Ha IpOCTip
i gac, Macy # eHeprizo.

Tax mouaBcsi HOBMH eTam y pPOSBUTKY (isuuHoi Hayku. IIpoTsiroM Iboro
eTany IOBHICTIO 3MiHMBCA XapakTep (MiSMUYHHX AociaimkeHb. Biaxpurrs pamio-
AKTUBHOCTL ¥ IIparHeHHA OCATHYTH TAEMHUI OYZOBM PEYOBHHH CIPHUYMHHUIN
CTBOPEHHS KBAHTOBOI Teopii. Bing BUTOKIB IIbOro HANIPSIMY CTOSIN TaKi BUAATHI
BueHi, Ak Epnecm Pesepgopd (puc. 1.55) — gaificHuil 4ieH ycix akagemiit Hayk
cBiry (i muM yce ckasaHol) — 1a Hiave Bop (puc. 1.56) — nascbkumit pisuk, SKuit
y 28 pokiB 3po6uB peBoIONii0 Y (isHIli, cTBOPUBIU meopilo 6ydosu amoma —
OCHOBHOI «IIeIVIMHKH» cBiTOOyzoBH (puc. 1.57).

o AisHaemoca Npo yKpaiHCbKMX yUeHMX

VYueHi, Yua TBOPYiCTh pO3BUBAJACS B YKpAaiHi, TaAK0X 3poOUIM CBiff BHECOK
y «crnopya)KeHHs OyaiBii» cyuacHol dismku. Cepex Hux — naypear HobemiBes-
Kol npemii ¢isuk-Teopetuk Jles [Jasudosuu Jlanday (1908—1968), disuk-excre-
pumenTartop Jles Bacuavosuy Illy6rnukxos (1901—1945), enextpoTexHik i mocuia-
HUK PEeHTreHiBChbKUX npoMmeHiB Iean Ilasnosuw ITynwii (1845—1918). B Vkpaini
HapoauBCs ¥ IIpaIloBaB JOCTiNHUK PafiOaKTHBHOCTL Ta 3€MHOTO MATHETH3MY
Muxkona [Jmumposuy ITunvuurkos (1857—1908), sskoro cMiTuBo MOXKHa BimHecTH
[0 YHcja IIepIIUuX SJePHUKiB-eKCIIepIMEHTATOPIB.

Ha aminy omumHakam, sfiki posBuBasM ¢isuky mo modatky XX CTOMITTH, IIpH-
WY TPYIIM, & 3TOJOM i BeJIMUe3Hi KOJIEKTUBH HayKoBLiB. Tak, HAIpUKIAZ, y Mix-
HAPOJHOMY IIDOEKTi 31 CTBOPEHHSI OCHOBH €HEPreTHKH MANOYTHHOIO — TepMOsifiep-
HOro peakTopa — OepyTb y4acTh AeCATKH THCHY AOCTiJHMKIB i3 KLIBKOX KpaiH.

HocsarseHHs yKpaiHCBKHUX y4YeHUX IIMPOKO BifIOMi He TiIbKY B HamIil Kpaii,
ane i nanexo 3a ii Mexxamu. MaTepianu Ta TeXHOJIOril, CTBOPeHi B KHiBCHKOMY
IscruTyTi enekTposBapioBanHs iM. €. O. IlaToHa, 3aCTOCOBYIOTH HA BCiX KOHTHU-
HeHTaX. HanmiBnpoBiTHNKOBI KpucTaay, sKi podasaTs B IHCTUTYTi MOHOKpHCTAIIB
(XapkiB) i HaykoBo-BHpOoGHUUYOMY o6’eHanH] «KapaT» (JIbBiB), He mocTymamTh-
cs Ha¥KpaIly¥M CBiTOBHM 3paskaM. MaloTh ABTOPUTET Y HAYKOBOMY CBiTi po3po6-
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§ 8. Teopui ¢pisnuHoi Hayku. BHeCOK yKpaiHCbKUX YUeHUX Yy po3BUTOK (isukn . .

Ku IHcTHTyTYy KibepHeTukm im. B. M. I'mymkosa
(KuiB) y ranysi obuuciioBaJbHOI TexHiKM # iH-
(opmaniitEux TexHosori. OpmHMM i3 meHTpiB
sanepHoi (Gisukm € XapkiBchbkuit (iszuKo-TexHiU-
vu# iHcTuTyT HAH VKpainu. ¥ [[ainponeTposcs-
Ky CTBOPEHO YHIKaJbHUN paAKETHHUH KOMILIEKC
«3eniT». HaznifiHicTh 1 €KOJIOriYHO YmMCTE MaJIMBO
Jaji 3MOI'y BUKODHCTATH HOro B MiMKHAPOZHOMY
KOCMiuHOMY 1poekTi (puc. 1.58).

0 NIABUBAEMO NIACYMKHU Puc. 1.58.CrapT pakeTu, cTBOpe-

«Cnopyny cy4acHoi disuku» 6yayBaju mpo- HOTYKPAIHCLKUMA BUeHUMM

TAroM OaraTbox cToJiTh. HeMOMXJIMBO Ha KiJIBKOX
CTOPIHKAaX PO3IOBiCTH IPO BCiX TBOPIiB GizuuHOL
HayKH ¥ IpO Te, AK y4eHi NN A0 CBOIX BiAKpUT-
TiB, AK 00MpaJu MeTy AOCHiIKEeHHA, AKUX 3YCUIb
1 XepTB KOIITYBaJIO IM HOBe 3HaHHSA. AJe HaBiTh
KOPOTKHUM eKCKypcC B icTopiio (isuKu sfCHO MoKa-
3ye, IO YCIiX y Hayui — Ie IUIij[ Hampy»KeHol
nparni, AKa MOYMHAETHCA IIe B PAHHIA MOJIOLOCTI.

@ KouTponbHi sanutanus

1. Hassite imena BimomMux BaM y4yeHuX-(pisukis. ¥ AKX ranyssax diswmu-
HOI HayKM BOHM mpamnmoBanu? 2. Yomy GisMKa € OCHOBOIO TeXHiKu?

Dizunka i Texnixa B Yxpaiui

—— . e ©  IHCTUTYT Nnpo6nem maTemMaTMUYHMX MaLUWH Ta CUCTEM
- 2 . HauionanbHoi akapemii Hayk Ykpainu (Kuis)

bes3 kibepHeTuK — Hayku Npo 3aranbHi 3aKoHu oaep-
XaHHA, 36epiraHHA, nepegayi Ta 06pobku iHGopmauii —
CbOroHi He MOXe NpaLoBaTU XOAHUIA BEMKUW 3aBop,
6aHK, TpaHCNOpPTHa KOMMaHiA. ABTOMaTWU30BaHi cuctemu
ynpaenidHa (ACY) He Tinbku KepyioTb BUpO6GHWUMMY Npo-
Lecamu, NonboTamy B KOCMOC, ane i Jonomaraiote npu-
AMaTh pilleHHA Ha piBHi aepxaBu. Came po3spobkamu
cknagHux ACY 3anmatotbca daxisui IHCTUTYTY npobnem
MaTeMaTUyHUX MalinH Ta CUCTEM.

IcTopin iHCTUTYTY nouanack y cepeAvHi MUHYSIOTO CTORITTA, KONK 3a iHiLiaTUBOI0 akagemi-
Ka Biktopa Muxainosuya Mywkosa (1923—1982) 6ys 3acHoBaHUii OBUMCNIOBANbHUIA LiEHTP
Akapemii Hayk Ykpainu. Y 1992 poui oguH i3 ioro nigposginis 6yno nepeteopeHo B IHCTUTYT
npobnem maTeMaTUYHIUX MawWwWH Ta cuctem. CboroaHi IHCTUTYT nocipae nposigHe micue cepep
HayKOBUX OpraHisauiil KpaiHu. Tak, cMCTeMa ronocyBaHHA HapogHUX AenyTatis y BepxoBHiii
Papi Ykpaitn (aue. pucyHok) 6yna pospobneHa dpaxiBusmMu came LbOro iHCTUTYTY.

ST .



1 ¥ posnini 1 BM ofieprkajin BiANOBiAL HA NUTAHHA: 10 BUBYaE (pisuka?

2 Bu nosHaiioMuirica 3 OCHOBHUMHU MeTOAaMu (hi3sMUHUX JOCJimKeHb.

OcxoBHi meTou pisuunux gocnigpxenn

- 1=

a TAaKO0X IPOCTEXUJIM eTanu MidHaBaJbHOI AisfabHOCTI (hisuKiB:

%

3 Bu posmupunu cBol 3HaHHA NP0 (PiBUUYHI BEJTUUUHH.
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4 Bu pmoBimanmmca mpo icHyBaHHS TPBOX CTPYKTYPHMX piBHIB ¢hismunOoro
CBiTY.

Crpyxrypui pisui gizwunoro caivy

5 Bu nepexomanucsa B Tomy, mo Beecsit icHye B npocropi i y uaci.

JIOBXKUHA METp, M JiHiiKa
ILIoma MeTp KBaJpaTHHUM, M? najgeTka
ob’em MeTp Kybiunumii, m® MeH3ypKa

yac CeKyHJa, C TOAUHHUK

6 Bu mosualioMmunucs 3 pisHMMM BUAAMU B3aEMOAii, a Takox i3 (dismunM-
MU BeJIMYMHAMM, K1 XapaKTepU3YIOTh B3aEMOZIIO.
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TECT AANA CAMONEPEBIPKU 10 PO3ALY 1
«NOYUHAEMO BUBYATH DIZUKY»

V s3aedannax 1—11 eubepimos npasuiviy 6i0nosids.

1 (I 6an) Xto 3 mepesiYeHUX AOCIiAHUKIB 3pOOHMB BeJIMKUN BHECOK y pO3-
BHUTOK (isuKm?
a) Epuect Pesepdopx; 6) ®epHaH Maresias;
B) I>xeiimec Kyxk; r) WKax-Is Kycro.

2 (I 6an) O6’eKTOM SIKOTO CTPYKTYPHOrO PiBHA (isMUYHOrO CBITY € JIro-

ouHa?
a) Meracsiry; 6) MaKpoCBiTy;
B) MiKpPOCBiTY; T') BUSHAYUTH HEMOXKJIHBO.

3 (2 6anu) Slke 3 IOKAHUX TBEPAKEHDb € NPABUILHUM?
a) Pyx — ue ¢isuyHa BeauuynHa;
6) mratTuHa — 1e (isuuHe TiIOo;
B) JIiHi¥iKa — e QisMYHUN IIpUIam;
T) TOOIUHHUK — Ie (QisuuHe gBUIIE.

1 (2 6anu) fxe 3 HaBeJEeHUX TOHATH HAJIEKUTDH A0 MISUUYHUX SBUIL?
a) [llBuakicTs; 0) HArpiBaHHS;
B) uac; r) BiTep.

5 (2 6aau) UuM eKCIepUMEHTH Bipi3HAIOTHCS Bif crocrepeskeHb?
a) Ilixg uac cmocTepe)keHb IPOBOASITHCS BHMIipIOBAHHS;
6) eKCIIepUMEHTH IIPOBOASTHCS 3 IIEBHOI0 METOH, 3a ILJIAHOM, IIPHU I[LOMY
BUKOHYIOTbCS HEOOXilHi BUMiprOBaHHS;
B) il Yac eKCIIEpUMEHTIB He BUKOHYIOTh BUMIpIOBAHB;
T') CIIOCTEPeKeHHS € KPUTEPIEM iCTUHHOCTI rimoTesu.

6 (2 6anu) $Ixki meperBOpeHHs eHeprii BimOyBaroThCSH
B TOH 4ac, KOJIM BH KOB3AETe IO JHOAY?
a) MexaHiuHa eHepris MepeTBOPIOEThCA HA XiMiuHY;
6) TeIlIOBa €HEPrisi IIEPEeTBOPIOETLCS HA MEXaHIUHY;
B) MeXaHiuHa eHeprisi IIepeTBOPIOETLCS HA €JIEKTPO-
MarHiTHY;
I) MeXaHiYHa €Hepris IepeTBOPIOETHLCS HA TEILJIOBY.

7 (2 6anu) BusHauTe IL[iHY NOALJIKM IDKAJH MipHOrO
HMUIiHApPa, 300pakKeHOro Ha MAJIIOHKY.
a) 1 em®; 6) 50 mu;
B) 5 mu; r) 1 m.
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8 (3 6anu) OniHiTh HOBXKUHY OGpycKa, 30-
Opa’keHOro Ha MAJIIOHKY.
a) Biuspko 8,3 cm;
6) 6mspko 830 Mg
B) 6uiu3bpKo 3,3 cM;
r) 61usbKo 330 MM.

9 (4 6anu) SIxa 3 HepiBHOCTEH € IpaBUILHOIO?
a) 520 cm > 52 am; 6) 2000 MxM > 20 Mm;
B) 3300 r < 38 kr} r) 3 ¢ < 300 mc.

10 (4 6anu) Slxoro € MicTKicTh aKBapiymy, mo Mae GopMy IIPSIMOKYTHOTO IIa-
paneneninesa, SKmo #oro nopxuHa craHOBUTH 0,5 M, mupuHa 300 MM,
a Bucora 42 cm?
a) 0,063 n?; 6) 630 000 cn?;
B) 6300 cv?; r) 6300 mm®.

1 1 (5 6anie) YV wmipHH¥ LUIiHAP HAIUIN
BOAy (PHCYHOK @), IOTIM TYAH K OITyCTH-
au 50 ckpinok (pucyHok.6). O6umcIiTh
OpuOIUSHUN 00’eM ofHiel cKpimKu.
a) 0,5 cm?;
6) 50 Mm%
B) 25 cm®;
r) 0,2 cM?.

1 2 (8 6anie) CkuamiTe IUTAHHA [0 3aIOBHE- o | 5 51
HOT'O KPOCBOpZA. ol a 5
Lla |‘M|lu
m|i|i|rT
e |H|x |k |a|mM|%
eirle|plir|ila]
K|mi#f|ola|p |x
3eipme eawii 6i0nosidi Ha 3anumanns 1—11 y | K clulali
i3 HasedeHumu Hanpurinyi nidpyunura. IIJo6 3 s 1% o
nepesipumu ocmanne 3a60aHHA mecmy, 3eep- .
Himbea do eidnosidnux napazpagis. Ilosnau- 8 W =
me numanns, Ha AKi eu eidnosiiu npasuivio, L& L3 L

i nonivime cymy 6anie. [fomim yio cymy nodirime
#a mpu. Odepicane wucno eidnosidamume pismio
sauiux 3HAaHb.
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mfs“mm BE3MEKY M1010POXEN

Jlume KinpKa AecATHIIITE TOMY CJIOBO «pajiojiokaTop», abo «pa-
Jap», acolliloBajocs 3 MPOTHIOBITPAHOK 0GOPOHOI0, CJIOBO «Tij-
poJsiokaTop», abo «coHap», — i3 celiHepaMM Ta MiABOAHHMH YOB-
Hamu. A abpesiarypu GPS i Bzarasi me icuysamo. Huni cucrema
GPS pexknamyeTbcsd AK Kpallluif TPOTHYTiHHU#E 3aci6 s aBTO-
MOGiMiB, Ha#mpocTinl Mozeni coHapiB MoKe NMPHAGATH KOXMKHHI
pubanka, a pajjapaMy OCHAIYIOThCS He JIKILe JIITaKU, ajle il He-

BeJIMKi KaTepH.

Papionokarvop / papap

Ha nmouarxky 20 cromitrsi 6ys0 BHSIBIIEHO,
10 pagioxXBMIi BiAOMBAIOTHCS Bifi MeTaleBUX
npeametiB. Ile BiAKpUTTA Zano sMory sampo-
NMOHYBATH NPUHIMI pagionoKamii — BUSBIeH-

, POSIi3HABAHHSA Ta BU3HAYEHHA KOODAWHAT
pisnomani'fnnk IpPEeaMeTiB 3 AOIIOMOIOI0 pamio-
xBunas (puc. 1). amp npuiaan 3adikcye daxT
ymﬁm"m, 3HAUNUTH, BiH BUABUTH 06’eKT (Imi-
Tak). 38 IMBUAKICTIO MOMIMPeHHs pajioXBHIi
(300 000 xM/c) i mpoMikKOM yacy MiXXK MOMeH-
TaMU BUIIPDOMiHIOBAHHS Ta IPUMOMY CUTHATY
.;MOXCE# BU3HAYMTH BiACTaHL A0 00’c¢kTa (iioro
Koopzuaaru). Hapemri, 3a xapaxkTepoM Bia6u-
TOrO CHUTHATy MOXKHA PO3IisHATH, BiX SAKOro

1 oG’erc'ra (miraxka, aiicbepra, CKei) mnﬁnnacsr
: ‘; paauoxnwm.

P

-1 — Mpunyun i padapa.
A - nepebaeau, b — nputimay;
B — o6’ekm (nimak); (1) —
eunpomixloeaHa xeuns; (2) —
8idbuma xeuns. ¥ cyyacHux padapax
nepedasay i nputimay 3azsuyall
NOEOHYIOMbBCH

XONJKeHHA

PAJTAP —
Ba radar,
‘ d(etecting) a(nd) r(anging) — pajioBu-
fAIBJICHHS Ta BUSHAYEHHA AaJIbLHOCTI.
; COHAP — Bij anriiiicbkoro cio-
4 Ba sonar,
' na(vigation) and r(anging) — 3BYKOBa
HaBiramis Ta BUBHAYEHHA JaJIbHOCTI.

GPS — alpesiarypa Bij aHrmiiich-
Kux cais global position system — 3a-
rajbHa CHCTeMa BU3HAUEHHS Miclie3Ha-

Biji aHaidicbKoOro cio-
CKOpoueHHA Bia (ra(dio)

CKOpoueHHA Big so(und)

38UdadRUMY padapamu



Cucremy GPS, tak camo sax Iu-
r'repner, crnoyaTky 6yJio CcTBOpeHO Ha
3aMOBJICHHSI aMepMKAHCBLKOTO YpANY.
CporofiHi OTpUMaHHA TOCAYr Bij miel
cHCTeMH — Ge3KOIITOBHE.

Haii6nwxuumu pokamu E€sponeiich-
kuii Colo3 NIaHye BANYCTHTH AHAJOTIUHY CHC-
TeMy Ha 6asi BiracHMX cynyrHukis. Hoa cucrema
mae HasBy Galileo.

Fipponokarop / conap

IMpranun poboru rigposmoxaropa moxibEMit mo OpUHOUNY poboru pamapa (mus.
puc. 1), Tinbkn BiE Bunmpomimioe (i, Bizmoigmo, dixcye) He paxio-, a 3ByKOBi
xBuri. Ak i y Bunagxy pagioxsmib, 3a mBHAKicTIO MOITUPEHHA 3BY-
Ky y Bogi (1500 m/c) Ta yacom saTpuMKHU pUXOAY Bix6UTOI
XBIJIi MOXKHA BUSHAUUTH BiACTaHBL N0 06’cKTa, a 3a
HaNpAMKOM IOPUXOAY BiIOWTOro CUrHaly — Hamps-
MOK Ha 06’¢kT. Ymepmre rizposokarop 6yB sacToco-
BaHUI JJIA BUSBJIEHHs IIiJBOJHUX YOBHIB mim uac
mepmoi cBiToBoi BiftHu (1914—1918), srogzom itoro
IOYaNM 3aCTOCOBYBATH [AJIA JOCTiKeHHS perbedy
MOPCBKOTI'0 Ta OKeaHChKOI'O AHA, NS BUSABICHHS KO-
CAKIB puOM TOIIO.

GPS
GPS crBopeno 17151 TOro0, mO6 GyAL-AKMI KOPUCTYBAYU 3MIiTr BUSHAYUTH CBOI KOoop-
AVHATHA HA 3eMHIi}A NOBEPXHI 3 TOUHICTIO [0 KiJTBKOX AeCATKIB meTpiB. Huni nsa cuc-
TeMa He JIMIIe CTeXUThH 3a IPAaBUIBHUM KYyPCOM CyAHA, aje I JomoMarae 3BHYaiiEmM
TYPHCTaM He 3abJyKaTH y He3HAWOMOMY MicTi.
Hns 3abesneuenss po6oru GPS ma opbiry sa-
IOYIIeHO Cepilo coeniadbHUX CYNYTHUKIB (puc. 4).
3p’sAsylounce 3a gomoMmoroio pamioxBmmi (1)

Cc

3l cHmemialpHNMH pemepaMH — TOYKaMHU,
y KOOpPAWHATH SAKUX Ha MicoeBocTi Bimomi
S 3 BEJIMKOIO TOYHICTIO, — CYIyTHHK

/) Mae MOXXJIUBICTHL BU3HA-
" YATH Il CBOE MicmesHa-
XOMKeHHsI Haj 3eMIelo.
ITicia mworo 6ymp-axwuit
KOpHCTYBau i3 JomoMo-
roio pagioxsmii (2) orpu-

Puc. 4 — Cxema pobomu cucmemu GPS. C — cynymHuk; P — penep; .
K — kopucmyeay npunady GPS. (1) — padiocuenan dn5 38's3ky 3 penepom; Mye [aHl 1Opo BJacHe
(2) — padioobmiH i3 kopucmysayem MICHEe3HaxXomIXeHHd.
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§9. OisnyHeTino i peyosnHa. Maca.
OanHuLi macu

JNabopatopHa pobota N2 6

§ 10. lyctuHa. OauHULI rycTUHK
NaboparopHa pobota N2 7

§ 11. Buumoca po3s’azyBatu 3agaui

§ 12. Byjosa peyoBMHN. ATOMW | MOneKynu

§ 13. Pyx monekyn. Angysis
NaboparopHa pobora N2 8
§ 14. B3aemopis monekyn
§ 15. ArperaTHuii CTaH peyoBNHM
§ 16. 3anexHicTb po3Mipis Tin Big TeMnepatypu
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~ §9. OI3UYHE TIO | PEYOBMHA.
~ MACA. OAMHULII MACH

B Haexono Hac ichye Ge3niy iuunux min — i 6ci 60HU 6i0PiZHAIOMb-
ca o0ne 8i0 00H020, 30Kpema, Pe4OBUHONW, 3 AKOL CKAAO0AIOMbCA, Ma Ma-
cow. IIJlo maxe pevosuna? IlJo makxe maca mina? Io 6ona xapaxmepusye
i 8 AaKux 00uHUYAX BuMiplOEMbCA?

o Pozpisuaemo Ppianune Tino i peuosnny

Y posagini 1 mu B)Ke 3ycrpivanucsa 3 TaKUMHU (DIBUYHMMU NOHATTAMM,
AK «(pisuuHe TigO» i «peuoBmHa». IIpuragaitmo, mo Oyab-fKi mpeAMeTH Has-
KOJIO HAC HA3WBAIOTh (Pi3BMYHMMHM TijJilaMH, a MaTepiaJ, i3 AKOro BOHU CKJaja-
IOThCA,— pedyoBHHOI0. PizmuHe TiJNIO MOKe CKJAaJZaTuUCA 3 OAHi€l 4M KiJIbKOX
peuoBuH (puc. 2.1). Hanpukiaz, J0oKKH, BUAeNKH — (isuuni Tina, BUTOTOB-
JgeHi 3pe6inpmoro 3i crani. CrosioBi mpubopu MOXKYyTH OyTH Takoxk 3pobJeHi
3 nopueasasu abo cpibna. Hixk, Ak nmpaBuso, pobiasATh He 3 OAHIEI peYOBUHH,
a 3 JBOX: Je30 — 3i craji, pyKis’a — 3 mepeBa. A OT AJii BUDOOHUIITBA TAKO-
ro ¢isuunoro Tijsa, sk Mo6inbHMIA Tene(dOH, BUKOPUCTOBYIOTh JAECATKH Pi3ZHUX
PEe4YOBMH.

9 3HalNoMMMOCA 3i WITYYHO CTBOPEHNMMN peyoBNHamMn

Y naBHUMHY JIIOAMHA AJIA BUTOTOBJIEHHS HEOOXiHWX IpeaMeTiB IIyKaJa
NPUIATHI PEYOBHUHH B mpUpoAi (puc. 2.2): AJA HaKOHEUYHUKA CTPLIM — TBepAuil
KaMiHelb, AJIA TEIJIOr0 OAArY — eJIACTUYHI IIKYpHU 3 XyTPOM TOIIO.

IImyuno cmeopeni pevosunu 3'aBunuca misHime. CpOrofHi nepeBakHa
OiJBIIiCTE PEYOBMH, i3 AKMMU MU MA€EMO CIIPABY INOJHSA, IITYYHOTO IOXOJKEeH-
HA. Yci BOHU cmeopeHi N100UHO0I0 3 KOHKPEeMmHOI0 Memol0 — 0AA 8U20MOBLEHHA
@i3uuHUX Min Moz0 YU IHW.020 npusHaieHHa. SIK IpUKJIa[ MTYYHO CTBOPEHUX

Puc. 2.1. Qi3nyHi Tina, BUrOTOBNEHI 3 OAHIEI PEHOBUHM (NOXKKA, BUAENKA) Ta 3 Pi3HUX (HiX, MOBINbHUIA
TenedoH)
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§ 9. DisnyHe Tino i peyoBuHa. Maca. Ogununui MacL. .

Pwuc. 2.2.ﬂaBHﬂ NioANHA BUroTOBAANAG 3HApAAanA npaui Ta NONOBAHHA 3 PEYOBUH, KOTpi BOHa 3Haxoau-

na B HaBKONMLLHIN npupogai

PEYOBHMH HacaMIepesa CJiJi Ha3BaTH IJIACTUKU.
KoxHMi BHA IIaCTMKY CTBOpeHO aja 3abeare-
YeHHS AKHAWKpaUIUX BJIACTUBOCTEH TOTO UM iH-
moro ¢isuyHOro tina. Tak, MIACTUK JJIA TAKOTO
(isuunoro Tina, sk Gammep aBToMobins, Hacam-
nepen Mae Oytu minanM. IlnacTuk, npu3HAYEHUH
IJIA CYAKiB, y AKUX 36epiraroTs NPOAYKTH B XO-
JIONMIBHUKY, IOBHHEH HEe BHUAIJIATH OTPYHHUX
pedoBuH. IlmacTuk, mo #oro 3acTocoByIOTH AN
BUTOTOBJIEHHA OKYJADiB i JiH3, mMae 6yru mpo-
sopuMm (puc. 2.3). Besniu immwux npuknangis Bu,
[IEBHO, MOKeTe Ha3BaTH i cami.

9 3HaioMMMOCHA 3 Macolo Tina

Yci ¢isuuHi TiNa K0BKOJA Hac, X04 KaM’sTHA
COKHpa, XO4Y MPUCTPii, AJA BUTOTOBJIECHHS SKOTO
0y710 BUKOPHCTAHO BHMCOKI TeXHOJOTrii, MalOTh ze-
AKi cmineHi BaacTuBocri. OnHiel0 3 TaKUX Bjac-
THBOCTEH € 3JaTHICTh TiJI MPUTATATUCS 0 iHIIUX
TiN 3aBAAKHM zpasimayiuniii e63aemodii. Mipoo
i€l BAACTMBOCTL TiJ ciayrye ¢disuuna BelwumHa,
0 HA3WBAETHCA Macow min. PisUKH KaKyTs,
[0 Maca Tix — ye mipa zpasimauyii. Maca mosua-
4aeTHCA CUMBOJIOM M.

IMonaTTAs Macu — oxHe 3 HaHCKIAAHIIIAX
Vv disuni. ¥V mipy BuBueHHs uiei Hayku Bu Gynere

Puc. 2.3.inA BUroTOBNEHHSA OKY-
NAPIB NIOANHA BUKOPUCTOBYE Pi3Hi
BUAM NNACTUKIB (LUTyYHO CTBOpe-
HUX PEYOBWH)

61. ez



Pozgin 2. BYAOBA PEYOBUHU

& 39 Mm

39 Mm

Puc. 2.4, BUMipn MiXkHapogHOro eTanoHa Puc, 2.5, MiXXHapofHWIA eTanoH Kinorpama

Kinorpama

Puc. 2.6. OguH 3i cnocobis BU3Ha-
YEeHHA Macy Tin — 3BaXKyBaHHA

w62

gemani OiibIn OOKJIAOHO 3HAMOMUTUCA 3 IE€I0
(isuuHOIO BemumHO0. IIOKM 1110 3K MM IIOBMHHI
3amaM’sAAiTaTu, IO0 KoxcHe (pizuune mino: Conie,
JIOAMHA, KpallJIMHa POCH, MiKpodYacTUHKAa OyIb-
KOl PEYOBMHHU — MAa€ Macy.

o Npuragyemo ognuHNL{I0 Macn Ta oanH
3l cnocobis i BumiploBannn

Ockinbkm Maca — (QisuuHa BeJaWYMHA, i1
moxxHa BuMiproBatu. 106 BumipsaTH Macy sKoO-
rocs Tina, #oro noTpidHO MOPiBHATH 3 TiJIOM, Macy
SAKOI'0 B3ATO 3a OJUHHITIO.

3a odunuyto macu 8 Minnapodniii cucmemi
odunuydb (CI) ysamo xinorpam (1 kr). Ile odna
3 ocHosrHux o0unuyb CI, TOMy IJIi HBOTO iCHyeE
eraqoH. Cy4yacHUWl eTaJIOHHUU KiJorpam SBJIfAE
co00I0 IUIiHAD, BUTOTOBJEHUM i3 cmjaBy Iuia-
TUHU # ipugioo (puc. 2.4). MixkHApOAHUI eTaJIOH
Kimorpama (puc. 2.5) s6epiraerbcs y Ppanimii,
Henogadik Bix Ilapumoka. I3 mporo erasioHa 3HATO
TO4YHI Komii, mo € B faraTboxX KpaiHax, 30KpemMa
B YKpaiHi.

Kpim kimorpama, AOnyCKaeThCs BHKOPHCTAH-
Hs, AKOI0 Ile HeoOXinHOo, iHMmHX OAWHUIL MAaCH,
HaIpHKJaA TOHHU (T), rpama (r), migirpama (mr).

OpsuM 3i cmoco6GiB BUMIpIOBAHHSA MAacu Tija
€ 3eaxcysannsa (puc. 2.6), came HUM i KOPHCTY-
I0OThCSA B IOBCAKJAEHHOMY KUTTi. I3 ium cmoco6om



§ 9. Misnune Tino i peyosnna. Maca. OguHnLi Macu . .

a :
10% Bcecsit l 6 06'ekT Maca, kr
107 a
Hawa FanakTvka I { i CoHue 1,991 . 10%
107 N
— CoHue
-l 027 3emnsa
Micaub . 3emnA 5,977 « 10%
» L
s 017
H 1
5} m
£ 107 OkeaHCbKMi Kopabenb I ‘ Micaue 7,350+ 10%
| fos I |
Kpanenska onif MpotoH | 1,672.107
10"
ATom YpaHy _]
‘I 0—25
MpoTtoH | Q EnekTpoH | 9,108.10
1031 EnekTpoH j

Puc. 2.7, Wkana po3nogineHHa mac y BcecgiTi (a); macu geakux o6’ekTis diznyHoro caity (6)

BUSHAYEHHS MacH BU JOKJAJHO O3HANOMHUTECh YV XOJAl BUKOHAHHS J1abopaTopHOL
poboTm.

Ozmnak cyuacHa ¢isuka Takox Mae HaficydacHImi crocobu BUMipIOBaHb, AKi
[O3BOJIAIOTH 13 BEJIMKOIO TOYHICTIO BUBHAYATH i MacH MiKPOYACTHHOK PEeYOBUHU,
1 Macu riraHTChKHX 06’€KTiB (pme. 2.7).

@ masuBaemo miacymku

Bynp-aiki mpeagMeTH HaBKOJIO Hac HA3MBAIOTH GisuuyHNMH Tinamu, a Ma-
Tepias, i3 IKOro BOHM CKJAJAIOTHCSH,— PEYOBHHOW0. DizmuHe TiTo MOKe CKJIaza-
THCS 3 OfIHi€l UM KiJIBKOX pedoBHH.

Yei mMTYYHO CTBOpPEHI PEYOBMHM pO3POGIEHI JIOAMHOI 3 KOHKDETHOIO Me-
TOI0 — JUJIS1 BUTOTOBJICHHS (MiSMYHHX TiJl TOro 4M iHMIOro NMpM3HAYEHHS.

Maca rina (m) — me ¢ismynHa BeqMuMHA, KA XapaKTepusye 3HATHICTH Tia
OPUTATATHCS [0 IHITMX TiJI 3aBASIKM I'paBitamiiiHiil Baaemoii.

Onununero BuMipy macu B CI € ximorpam (1 Kr).

Macy Tisa MOKHA BUBHAYMTH 3a JONIOMOTOIO 3BAYKYBAHHS.

Q KouTponbHi sanutanus

1. HaBezite npuxnaau pisHnX GisuuHEX Tin I3 SKUX PEYOBMH BOHHU BH-
roroBieHi? 2. HaBeiTh NpUKJIALY MITYYHO CTBOPEHHUX PeUoBHH. I3 AKOI0
MEeTOI0 CTBOPEHO IIi pedyoBHMHH? 3. SIKy BJIACTHBICTH TiJ XapaKTepuaye
Maca Tina? 4. YV SKMX OAMHHWLAX BUMIDIOETBbCS Maca Tima? 5. ITo B3s-
TO 3a eranoH Macu B CI? 6. Sk MoxxHa BUMipsiTu Macy Tina?

3l N



Pospin 2. BYAOBA PEYOBUHU

‘ Bnpasn

1. Ilopaiite B Kinorpamax raki macu tinx: 5,3 ; 0,25 T; 4700 1; 150 1.

2. TlopaiiTe B rpamax i Kijnorpamax taki macu Tim:
5 kr 230 r; 270 r 840 mr; 56 r 910 mr; 764 r 20 Mr.

3. Ha niBiit maseni 3piBHOBa)KeHUX TepesiB JIKUTH TiJIO, Macy AKOro He-
o0xifHO BUMipsATH, a Ha mpaBiit — Taki rupi: ogra 100 r, aBi mo 20 r,
oxHa 5 r i no oxsmiit 200, 20 i 10 mMr. Busnaure macy 3BaXKyBaHOI'O Tija
i mopaiiTe ii B rpamax i Kinorpamax.

4. Maca CKJIAHKH 3 COKOM ckJuazae 340 r 270 mr. O6umciits Macy Ha-

JIUTOrO B CKJIAHKY COKY, SIKIO BiJlOMO, IO MAaca CKJISHKH JODiBHIOE
150 r 530 mr.

— e

. ExcnepumenTtannHi 3asgannn —

1. CkoHCTDYIOiiTE Tepe3u, BUKOPHUCTOBYIOUN VYHIBCBKY JIiHINKY, ABi miac-
THKOBi CKJISHKH, HUTKH. fIK Ba)KKu BisbMiTh mamip y KJITHHKY Ta pis-
Hi MoHeTH (iXxHA Maca € B Tabauii). 3a JONOMOroK BUTOTOBJIEHUX BAMMU
Tepe3iB BU3HAUTE MACY JEKiJbKOX HEBEJMKHUX TiJ.

Bapricrs 1k — et 5k 10k | 25k | S50k
MOHeTH (aniom.) | (Heipx.)
Maca 1,5 | 064 | 1,8 | 4,3 L7 | 29 | 4.2
MOHEeTH, T

2. Marouu Tepesu, Habip BaKKiB, IimeTKy, CKJISHKY 3 BOZAOIO M IOPOXKHIO
CKJIAHKY, BUBHAUTe CepeHIO Macy OAHiel Kpamii Boxu.

IHcTUTYT HagTBepaux matepianis im. B. M. Bakyns Hauio-
HanbHOI akaAeMmii Hayk YkpaiHu — ofjH i3 BIAOMUX HayKOBUX LeHTpiB
CBITY, AIANBHICTL AKOrO CNPAMOBAHA Ha CTBOPEHHA HOBMX MaTepianis
B YMOBaX fijii eKCTpemasnbHO BUCOKWX TEXHOMOFUHNX NapameTpis —
HafIBUCOKUX TUCKIB i Temnepatyp. TyT AocnigkyioTe (i3nKo-XimiuHi
npouecu cuHTesy kKap6oHOBMX MaTepianis, HaATBEPAVX HITPUAIB Ta
60op oKcuaiB, iHWMX CNoNyK 6araTOKOMNOHEHTHIMX cUcTeM. HayKoBo- !
NPUKNaaHi poboTu iHCTUTYTy 3aCTOCOBYIOTBCA B PI3HUX rany3ax eKo- [,
HOMIKM YKpaiHu, Takux AK MalumHobyayBaHHs, GyaisenbHa iHaycTpin, ';

tH

B1A0GYTOK | 06po6ka NPMPOAHOTO KameHIo, reonoro-po3sifyBansHe
6ypiHHA, enekTpoHiKa, ONTUKa, MeAULIUHA TOLLO.

3 1995 p. iHCTUTYT € NpoBiAHOIO OpraHisauielo HaykoBo-TexHo- |
noriyHoro anmasHoro KoHuepHy AJIKOH, npoaykuis skoro ekcnop- |
TYETbCA B Pi3Hi KpaiHK CBITY.
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Tema. BuwmipoBaHHsa mMacu Tij.

Mera: HaBUMTHCA MNpPALIOBATH 3 BaXKiJLHHMH
Tepe3aMHU Ta 3a IXHBOIO [JOIIOMOIOI0 BH3HAYATH
Macy TiJ.

O6nagnanna: BaxinbHi Tepesam, Habip Ba)KKiB,
ABa Tina [AJiA 3Ba’KyBaHHA, XiMiuHa CKJIAHKA,
KoJiba 3 BOJOIO.

BKA3IBKU O POBOTHU
lfoTyBaHHA [0 eKCNepUMEeNTy
YBajKHO MPOYUTANTE IPABUJIA 3BAKYBAHHS.

IIpaBuia 3BaskyBaHHSA

Tepesu craBnATh nepex cobo¥0, MPaBOPydY BiJ HUX PO3TAIIOBYIOTH (DyTIAp i3
Ba)XKKaMu. (YuHi, y AKHX IOPOBiZiHA pyKa JiBa, QyTIAp PO3TAIIOBYIOTH HaBIIa-
KH, JiBopyu. BigmoBizHo coaix umHATH @1 masi.)

Jlo mouarky 3Ba)KyBaHHA HEOOXiJHO MMEpPEBiPUTH, UM 3PiBHOBAYKEHO Tepes3w.
Hazadyemo! [Insa 3piBHOBa)XkyBaHHS Tepe3iB Ha JIermly IaJbKy HOTPiOHO
IIOKJIACTH CMY’KKU Itanepy abo KapToHy.

3BajKyBaHe TiJI0o aKypPaTHO KJIAAyTh HA JIIBY IAJIbKy TepesiB.

4. Baxxku BuiiMaioTh i3 yTisApa crmeniasbHUM IIHLETOM i KIaAyTh HA NPaBY

majabKy TepesiB.

ITounHalTh 3BaXKyBaHHA 3 Ba’KKa, Maca sIKOro OJM3bKa O Macu 3BaKyBa-
HOTO Tija. SIKmO0 BUMABAAETHCA, [0 Maca IbOr0 Baj)<Ka € OiJbIIo0, HiX Maca
Tina, #Oro CTaBJIATH Hasax y QyTasap, a Ha HOro Micle KJIaAyTh BaXKOK MeH-
moi Macu. SIKImo mMaca BasKKa HeJOCTaTHA JIJIA 3PiBHOBAKYBAHHA TepesiB, 10-
Jal0Th Ba)XKM MEHINOI Macu JOTH, HOKHU Oyae AOCATHYTO piBHOBaru.

SpiBHOBa’KUBIIIM TEPE3H, MiJPAaXOBYIOTh 3arajibHY Macy BajKKiB, IO JIeXKAaTb
Ha IaJblli, i 3a ZOMOMOro0 MiHIeTa MepPeHOCATH iX Hasax y QyTiap.

3aKiHYMBIIN 3BayKyBaHHSA, IEPEBiPAIOTH, YU BCi BasKKHU MOKJIALEHO Y QYTIAD
i UM KOKHMH i3 HUX € HA NPUBHAYEHOMY JJId HHOTO MicCIi.

Hazadyemo! Ha manbKku TepesiB He MOMKHA KJIACTU MOKDi, OpyaHi, rapaui
Tijla, HAJIUBATH PiAMHU i 63 BUKODHCTAHHS MiAKJAaAKKU HACUIATH MOPOIIKH.

Excnepumenr

YiTKO AOTPUMYIOUYNCH NIPABUJI 3BAXKYBAHHS, BU3HAUTE MaCY:
a) 3aIPOIIOHOBAHUX BaM TiJI;

6) IOPOXHBOI CKISAHKY;

B) CKJISHKHM 3 IIEBHOIO KiJIBKICTIO BOOU.

3 ®isuka, 7 k. ,—9_5_.




. lPosAin 2. BYAOBA PEHOBUHU

2. PeaynpraTi BCiX 3BasKyBaHBL 3aHECITH 10 TabIuILi.

3BaxKyBaHe Tino

Habip Baxkis Ha wanbui

Maca Ttina, m

Kr

3. O0uuciiTh Macy BOAM B CKJAHII K Pi3HHUII0 MAC CKJIAHKA 3 BOJZIOIO i TIOPO-

HBOI CKJISHKH.

Ananis pesynbraris excnepumenry

3po06iTh BUCHOBOK, Y AKOMY He 3a0y/bTe 3a3HAYUTH, AKY (isuyHy BeUUUHY

i 3a OIOMOTOI0 AKOro MPUJIALy BU BUMIipIOBAJIH.

fAoparkoBe 3aBpaHHA

Busnaure mMacy ckpinku ass cremrepa.

B Mu wacmo 6xusaemo supasu «iezKuil, Mo8 nosimpsa» abo «8aMKuil,
AK c8UHeYb». AJe YU 3HAEme 6U, W0 NOBiMps 8cepeduni, cKaxcimo, cynep-
Mmapremy eaxcume Oinvw Hixe 400 ke, A nidnamu maxy macy He nody-
scae U cunaw. Ceuryese i zpy3uno 0ra 8ydxu seziko nidwime Hasimo ma-
nok. Omoice, Hasedeni éuwe eupasu — Henpasuvhi? 3'acyiimo, y yomy

mym piy.

o MNposoaumo penki BUmMipoBaHHA it po6uMo pospaxyHKn

Ha puc. 2.8 Bu Gaunre aBa GpycKu, oO6ugBa BUrOTOBJIEHI 3 Tiei camoi pe-
YOBHHM — CBHHIIIO, ajJieé MalTh PidHi poamipu. Hawe 3a80auns — 3naiimu 6id-

HOUWLeHHA MaAcCU KOXHO020 Opycka 00 iLoz20 00’emy.

Puc. 2.8. [1Ba cBUHUEBI 6pyCKY, WO MatoTb Pi3HUIT 06'em

Bl WSS




§ 10. Nyctuna. OauHMLI rycTUHM . .

Puc. 2.9. BumipioBaHHA Mac cBUHLEBUX BPYCKiB, AKi MalOTb Pi3HNIA 06'em

s mouaTky BuUMipAdTe NOBMKWHY, IIMPUHY U BUCOTY OPYCKiB i 064uMCIiTH
ixHi 00’emu. (SIKIO BM NpaBMJIBHO BUKOHAETE BUMIDIOBAHHA M He IMOMUJIUTECH
B PO3paxyHKax, TO AicTaHeTe TaKi pe3yiabTaTH: 06’€M MEHIIOro 6PyCcKa JAOPiBHIOE
4 cM?, Ginbmroro 6pycka — 10 cm®.)

BusraunBmm o6’emu OpyckiB, 3Bakumo ix. Ha JiBy ImmajbKy TepesiB mo-
MicTMMO OfiMH i3 OpyckiB, Ha mpaBy — BaskkKu (puc. 2.9). Tepesu mepebyBaroTb
y piBHOBa3i, Balle 3aBHAaHHA — MOPAXyBaTH MAacy BajsKKiB.

Hawm sanummuiocs 3HaAUTH BiZHOIIEHHS MacH KOXHOro 6pycKa Jo ioro o6’emy,
TOOTO BHpaxyBaTH, YOMY AOPiBHIOE Maca CBUHIO 06’eMoM 1 cM® Asd MeHIIOro
i gna 6inpmoro 6pyckiB. O4eBHUIHO, IO KOJIM Maca MeHIoro opycka 45,2 r i Bin
3aiimae 06’em 4 cm®, To Maca cBUHIIO 06’emom 1 cM® aa nBOro 6GpycKa JOPiBHIOE
45,2 :4=11,3 (r). BukosaBm#u aHaJOriYHi PO3pPaxyHKHU Aus Giabmoro Gpycka,
omepxkumo 113 : 10 = 11,3 (r). TakuM YMHOM, 8iOHOWEHHA MACU CEUHYEB020 OpYC-
Ka 00 1020 00°emy (maca c6UHYI0 0OUHUYLHO20 00'eMYy) 00HAKO08e AK 01 0iabuL0Z0,
max i 0na meHuLo0zo Opycka.

Axmo Temep ysaTH GpPycKM, BUTOTOBJIEHI 3 iHINOI peyoBHMHM (HAIpHKJIAL
aJIOMiHi10), i MOBTOPUTH Ti MK Ail, TO BiOHOWEHHA Macu anloMiHie8020 Opycka 0o
1020 00’emy makoxc ne Oyde 3anexamu 6i0 po3mipie 6pycka. Mu 3HOBY ofepKu-
MO IOCTiliHE YHCJIO, aJie BXKe iHule, HiXK y JOCJii 31 CBHHIIEM.

e faemo o3HaueHHA rYycTUHWN pevyoBUHW

®iznyHa BennUMHa, WO XapakTepu3ye NEBHY PEUHOBUHY 1 YMCENbHO AOPIBHIOE Maci
PeyYoBUHN OANHNYHOrO 06'EMY, Ha3MBAETLCA FYCTUHOIO PEYOBUHMN.

I'yernHa mo3HaUyaeThHCA CHMBOJIOM p i 00UHCIIOETHECA 3a (OPMYJIO0

ne V — o6’eM, 3afHATHI PEYOBUHOK MAaCOI0 M.

3* — '8
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L
BopeHb, - Bopa, ;
0,00009 r il 11 S L
PevyoBuHa
3onoro, HEeUTPOHHOI
193r 30pi,
TmnpaTr

Puc. 2.10.TycTUHa uncenbHO AOPIBHIOE Maci oauHWLI 06'emy. Ha pucyHKy 3a3HaueHo macy 1 cm® peyoBuHN

I'ycmuha — ye xapaxmepucmuka peio6UuHU, 110 He 3aJIeXKUTh Bii Macu pe-
4oBMHU Ta ii 00’emy. Ko 36ibIINTH Macy PeYOBUHU, HAIPUKJIAZ, V ABa pasu,
TO 06’eM, AKUII BOHA 3aiiMe, TAKOXK 3POCTe y JBa Pas3u .

I3 BU3HAYEHHA I'yCTUHM PEYOBUHU AiCTAHEMO OAMHHIIO I'ycTUHU. OCKiNbKU
B Cl ofuMHMIICI0O MacHu € Kijorpam, a OAUHHIEID 00’eMy — MeTp KyOiuHMM, TO
odunuyero zycmunu B CI Gyze kinorpam Ha merp KyGiunmii (kr/m?%).

1 kr/m® — ye 2ycmuna maroi 0OHOPIOHOL pewos8UHU, Maca AKOL 6 00°'emi 00UH
KYOiuHuiL memp OOpi6HIOE OOHOMY Kiaozpamy.

Ha mpakTuii Tako Ay»Ke 4acTO 3aCTOCOBYIOTH OJUHMILIO I'YCTUHU I'DaM Ha
caHTUMeTp KyOiuHuii (r/cm?®).

OnuHKUIi I'yCTHHU Kijorpam Ha meTp KyOiunuil (kr/m°) Ta rpaM Ha CaHTH-
MeTp KyOiunui (r/cm®) mos’s3aHi Misk o000 CIIiBBiJHOIIEHHAM:

L 0,001 xr
em® 0,01 M-0,01 m-0,01 ™

=1000—
M

9 MopiBHIOEMO rycCTUHM PiSHUX PEeYOBUH

I'yeruHM pPiBHUX pEYOBMH 1 MaTepiasiB MOXKYTh CYTTEBO BiAPi3HATHUCH
oxgHa Bix ommoi (puc. 2.10). Po3rnauabMo KijJbKa nmpukiaagiB. ['ycTuHa BOZHIO 3a
remneparypu 0 °C ta Tucky 760 mm pr. cr. cragoButs 0,090 kr/m® — ne osHauae,
mo Maca BogHI0 06’emom 1 m? mopisaioe 0,090 kr, a6o 90 r. 'yeTuHa CBUHITIO CTa-
soBUTH 11 300 Kr/M°. Ile o3uauae, mo cBuHens o6’emom 1 m® mae macy 11 300 kr,
ab6o 11,3 1. 'ycTuHa pedyoBUHM HeHWTpPOHHOI 30pi carae 10 kr/m®. Maca Takoi
peuoBuHU 06’emom 1 cm® mopiBHioe 1 mupa ToHH. [lani B TaGauisax HaBeIeHO
TYCTUHU JeAKUX PEYOBHH.

I'yveruna, ofHAK, CYTTEBO 3MiHIOETHCA B pasi 3MiHM TeMIepaTypH i arperaTHOro CTaHy pevo-
BUHH. [3 IpUYMHAMY 3MiHU I'YCTHHU DEYOBHUHU BH [T03HAHlOMHUTECHA AaJi.

B mes



§ 10. lN'ycruna. OguHMLI rycTUHN . .

Tabauusa rycTuH JeAKMX PEYOBMH y TBEPAOMY CTaHi

PeyoBunHa p, Kr/m? p, r/cm? PeuosuHa p, Kr/m? p, r/cm?
Ocmiit 22 500 22,5 Mapwmyp 2700 2,7
Ipupiit 22 400 22,4 I'panir 2600 2,6
IInarunaa 21 500 21,5 CxkJo 2500 2,5
30710TO 19 300 19,3 ITopuensana 2300 2,3
CBuHelb 11 300 11,3 Beron 2200 2,2
Cpib6uo 10 500 10,5 OprckJio 1200 1,2
Mins 8900 9,9 Kamnpon 1140 1,1
Jlaryusn 8500 8,5 TTosmieTunen 940 0,9
Cransb, 3a7i30 7800 7,8 ITapadin 900 0,9
OnoBo 7300 7,3 Jlig 900 0,9
HusK 7100 7,1 Hy6 cyxuit 800 0,8
YaByH 7000 7,0 CocHa cyxa 440 0.4
Anominii 2700 2,7 IIpo6ka 240 0,2

Tabauusa rycTHH AesIKUX PEYOBHH y piAKOMY cTaHi

PeyoBuHa p, Kr/m? p, r/cm? PevyoeuHa p, Kr/m? p, r/cm?
PryTs 13600 13,60 |/ Bensox 880 0,88
Pinke osioBO Pinxe nositps
(ea t=409°C) | 0830 | 683 - _194°c)| 860 0.56
Cynedaraa 1800 1,80 [ Hadra 800 0,80
KHUCJIOTa
Men 1420 1,42 Tac 800 0,80
Bozxa mopceka 1030 1,03 Coupr 800 0,80
Boga uucra 1000 1,00 AneroH 790 0,79
Onisa 900 0,90 Edip 710 0,71
Mammsse 900 0,90 | Bensun 710 0,71
MAaCTHUJIO




. . Po3pin 2. BYAOBA PEHOBUHU

Tabnuusa rycTuH JesiKMX PEYOBHH y ra3omoxiéuomy crami
(3a Temneparypu 0 °C ta Tucky 760 MM pr. cT.)

PeyoBuHa p, Kr/m? p, r/cm? PevosuHa p, Kr/m? p, r/em?
Xnop 3,210 | 0,00321 || Asor 1,250 | 0,00125
Byrnexwucauit ras | 1,980 | 0,00198 || Yaguwuii ras 1,250 | 0,00125
Kucens 1,430 | 0,00143 | Tesiit 0,180 | 0,00018
IToBiTps 1,290 | 0,00129 || Bogessn 0,090 | 0,00009

° Bummoca obuncnosaTi ryctuny, macy va o6’em piswunoro rina

Onaum 3i cnoco6ir BUBHAUEHHS DEYOBHMHM, 3 AKOI CKJAajacThes (isumune
TiJI0, € 06YKCIeHHsA HOro I'yCTHHHM, & HOTIM MOPiBHAHHSA OfePKAHOI0 3HAUYEHHS
i3 mauumu 3 tabauni rycrus. 11106 BUSHAYMTH I'yCTHHY Tija, HOCHTH BUMIps-
TH Macy Ta 00’eM IIbOrO Tija, a MOTiM 3HAWTH BiJHOIIEHHS MacH Tijia 4O HOro
o0’emy.

Hanpuknan, axkmo 6puna o6’emom 3 m* mae macy 2700 Kr, To OY4eBHIHO, IO
TYCTUHA DPEYOBMHM, 3 SAKOI BOHA CKJIAJAETHCA (TOOTO Maca PeYOBMHH 00’eMOM
1 v3), gopiBHIOE:

2700 xkr _
3 m?

3a Tabauiero BHABIAEMO, 10 OPHUJIA CKJIAJAETHCA 3 JHOLY.

VY HaBeneHMX BMINE INPUKJAZAX MY DO3IUsifajy TaK 3BaHI oxHOpPiAHI Tinxa,
TOOTO mina, Wo He MAOMb NOPOHHUH i CKAAOAIOMbCA 3 0OHIEL pevwosuHu (JIb0-
AsHa Opusia, CBUHIEBHIl Ta ayMiOMiHieBUil 6pycku). Y TaKMX BHIAAKaX I'yCTHHA
Tijla JOPiBHIOE T'YyCTHHI PEYOBHHM, 3 SKOI BOHO CKJIAJAE€ThCA (IYCTHHA JIbOISHOI
OpuIu NOPiBHIOE I'yCTUHI JILOAY).

SIK1I0 B Tizi € MOPOKHUHU ab0 BOHO CKJIANAETHCA 3 PIBHUX PEYOBMH (HATIPU-
KJaJ, Kopabeib, QyTOOIbHUN M’AY, JTIOAUHA), TO TOBOPATH LPO CEPeOHI0 zycmu-
HY mina, 0 TaK0X OOYUCIIOETHCS 3a (hopMYI00

900
M

ne V — o6’em, 3aifHATHI PEYOBUHOI MACOIO M.

CepefHA rycTHHA Tija JIOAWHHM, HAIPHUKJIAL,
craHoBUTH 1036 Kr/m?.
3HAIOYM I'YCTUHY PEUYOBMHM, 3 AKOI CKJIAAETh-
V= 2y ca Tiso (abo cepegHIO rycTUHY Tija), i 06’eM Tina,
p MOYXHa BU3HAYUTH Macy AAHOro Tija 06e3 3BaKy-

. m
BaHHA. CnpaBai, axkmo p=

—, 0 m=pV . Big-
v m=p
i

MOBiIHO, 3HAIOYM TYCTUHY Macy Tijna, MOKHA

- @ 7 m
3HaAuTH Moro ob’em: V=—.
1%
| L '



§ 10. N'yctuHa. OguHULI rycTUHN . .
@ rmiasuBaemo niacymkm

®dizuuHa BeJIUUNHA, 10 XapaKTepU3ye NeBHY PEUYOBUHY H UMCEJIBbHO HOPiB-
HIOE Maci PeYOBUHH OJUHUYHOTO 06’€MYy, HA3WBAETHCS I'YCTUHOKI PEUOBHHU.
I'ycTuHy pedyoBHMHU Ta I'YyCTHHY Tijla MOYKHA pO3paxyBaTH 3a (OPMYJIOK

s
P—V-

¥ CI rycTuHa BUMIipIOETHCA B KijorpamMax Ha mMeTp KyOiunuit (kr/m®). Yacro
TaKOX BUKOPHUCTOBYIOTH OAUHUILIO TYCTUHY I'DAM HA CAHTUMETP KyOiunuii (r/cm?).
i oguHMII MOB’A3aHi Mixk 0000 CIiBBiAHOIMIEHHAM:

r KT
1—=1000—;.
cM M
. o 5 ’ . m .
3HaUM Macy Tija Ta ¥oro rycTUHY, MOXKHA 3HaWTH 00’eM Tina: V =—. Big-
P

TIOBiZHO, 3a BijloMuMu 06’€MOM Tijia Ta Oro ryCTUHOK MOYKHA 3HAWTH Macy TiJja:
m=pV .

e KouTponbHi sanutaHuna e

1. Ym 3a7e’KUTh BiIHOIEHHSA Macu PEUOBMHU A0 00’eMy, AKUUA 3aiiMae Isa
peuoBHHA, Bij ii macu? Bix 06’emy? Bix poxy peuosunu? 2. Illo zHasusa-
I0Th I'ycTHHOW peyoBnHU? 3. I'yetmrHa nnaruam gopisaioe 21 500 xr/me.
Ilo me osmauae? 4, Illo nmoTpi6bHO 3po6HUTH, MO0 BUSHAUUTH TI'YCTUHY
peuoBuHu? 5. fki oguHMni ryctuHu Bu 3Haecre? 6. AK momatu rycru-
HY B rpaMax Ha CaHTHMeTD KyOiunuit (r/cm?®), Akmio Ii 7aHO B Kijorpamax
Ha MeTp KyOiumwmii (kr/m®)? 7. A obumciauTh Macy Tija 3a MOro rycru-
HOW Ta o6’emom? 8. fIK Bu3HAUUTH 06’€M TijNa, 3HAIOUM MOr0 T'YCTHHY
Ta macy?

Qisuka ra TexHika B Ykpaini

AoHeubkunit dpisnko-rexHiunmi inctutyr HAH
Yxpaiumn
4 Y 60-1i pokun MuHynoro ctonitta y [loHb6aci —
. ;, g!‘!’ FPILL- BaXX/IMBOMY NPOMUCNOBOMY perioHi YKpaiHu — Bu-
' . g ,.l PILL: By e HWKNa HaranbHa rnotpeba B opraHisauii HayKoBuX
ey ,"",,, o ST PE G [OCNIOXEeHb, MaKCUManbHO 30PIEHTOBAHMX Ha 3a-
B : poBoneHHA notpeb perioHy. [ina uboro B 1965 poui
1 6yno cTBopeHo [JoHeUbKUIn HayKOBMIA LEHTP AKa-
nemii Hayk YPCP, ofiHUM i3 KNIOYOBUX iHCTUTYTIB
AKoro cras [loHeubKUin Gi3NKO-TEXHIYHMIA IHCTUTYT
(OoHDTI).

Pesynbratn gocnigXeHb npauyiBHUKIB iHCTUTYTY
3006ynu BU3HaHHA HayKOBOI rPOMaACbKOCTI YKpaiHu Ta iHwnx gepxas. JoHOTI nigrpumye wu-
POKi HayKOBO-BUPOOHWYI 3B'A3KM 3 AeCATKaMU 3apybiKHWX IHCTUTYTIB | NPOMUCNOBUX MigNpu-
emcrs LLsenyapii, CLUA, Himeyunnw, IcnaHif.

—7'm =



. . Posgin 2. BYAOBA PEYOBUHMU
‘ Bnpasu

1. 3HaiiAiTh y TabnuIi 3HAYEHHS T'YCTHHM IOBITPS Ta I'YCTHUHU CBHHILIO.
IITo BoHM o3HayaroTh? FAKi BeIMYMHY MM HACIIPaB/i IOPIBHIOEMO, KON
TOBOPHMO: «JIETKHH, MOB IIOBiTpSI», «Ba’KKWM, K CBUHEI[b»?

2.Y AKOMY BHIIQIKy MACH TiJI OZHAKOBOro o6’eMy
OyAyTh piBHUMU?

3.0pHa 3 IBOX OQHAKOBUX IIOCYANMH HAIIOBHEHA Me-
oM, Apyra — oJgiero. Maca skol piguHu 6iabmma
i B ckinbKkHu pasiB?

4.]1Ba KyOMKHM — 3 OprcKJa Ta Ayda — MarmThb Of- { s
HakoBy Macy. OG’eM sIKOro KyOWKa € MeHIIUM (39
1 B cKinbKHU pasiB? b

5.¥Y nmiaiHapi mig mopimmHEM MICTHTbCA KHCEHb =
(pucyHox a). IlopmeHb MOYMHAIOTH IIPOCYBATH s
B HUIIHAD (PHCYHOK 0). SIK IIpH [bOMY 3MiHIOIOTH
cs: a) Maca raay; 0) o6’em rasy; B) rycTuHa rasy? =

JIABOPATOPHA POBOTA Ne¢ 7

Tema. BusHaueHHS I'yCTUHM TBEPAOrO Tijla # pi-
JHHH.

Mera: BHSHAYNTH I'yCTHHY TBepAMX Tiln i pigu-
HH.

O6napnanuna: Tepes 3 BaKKaMM; MipHUH
UUIiHAp; JiHifka; ODocaifyKyBaHI TBepai Tiga
(mepeB’sstHUIT OpyCOK i MeTa/neBU IUIIHAD 13 HAT-
KOI0); CKJISHKA 3 JOCJILIKYBAHOI PiAUHOIO.

BKA3IBKW 1O POBOTH

FoTyBaHHA A0 eKCNePUMEHNTY

1. Ilepm Hi>X pOSIOYMHATH BUMIipIOBaHHS, 3rajaiiTe:
a) popMyJIy, 3a AKOK OOYMCIOITL I'YyCTUHY;
6) 3a OIOMOror0 SKUX IIPUJIAJIB MOXKHA BU3HAUYUTH 00’€M TBEPAOTO Tija;
B) SIK BUBHAYAIOThH I[IHY IIOALTKY IIKAJIM BUMIipIOBAJILHOIO IPUJIALY;
) K IPaBUJIBHO 3HIMATH MOKAa3aHHS MIpPHOrO IUJIiHApA;
II) IpaBUJa poOOTH 3 BAXKIIbHUMU Tepe3aMu;
€) SIKUX 3aII0BI’KHUX 3aX0[iB Heo6XiJHO JOTPUMYBATHCS TIijJ Yac poboTH 3 Mip-
HUM IMJIiHAPOM.

2. BusHauTe I 3alUNOIITH I[IHY IIOALIKY IKAJIM JiHIAKA Ta IIHY IOALIKA IIKaIK
MipHOTO IMJIIHADA.

. w2



Na6oparopHa pobora Ne 7 . .

Pesynemamu eumiprosans i o64ucrens caid odpasy sanocumu 0o mabaruyi!

Excnepumenr

1. BusHauTe 06’eM GpycKa 3a JOIIOMOTrOI0 JiHIHKH.

2. BumipsaiiTe Macy 6pycka 3a JOIIOMOI'OIO TepesiB.

3. OGYHCIIITE TYCTUHY PEYOBHHH, 3 IKOI BUI'OTOBJIEHO OPYCOK.

4. BusHauTe 06’€M MeTasIeBOro Tija 3a JOIOMOroX MipHOr'O IUJIIHApA.

5. BumipsiiiTe Macy MeTaseBoro Tija 3a JOIIOMOIOIO TepesiB.

6. O6YHUCIIITh TYCTHHY METaly, 3 SKOI'0O BUTOTOBJIEHO TiJIO.

7. BumipsiiiTe Macy CKIASHKH 3 IOCJIiIKYBAHOIO PiAMHOIO.

8. IlepenuiiTe pinuHy B MipHUIH LMUIIHAD i BU3HauYTe ii 06’eM.

9. 3Ba)KTe MOPOKHIO CKJISHKY Ta OOYUCIITh Macy AOCILIKyBaHOI piIUHH.
10. O6UMCIiTE TYCTUHY HOCTiAKYBaHOI PiAMHI.

[HocnigxyeaHe Tino I'ycrvma P

abo pignHa

]

Maca m, r | O6'em V, cmw® |——— PeyoBuHa

r/em? Kr/m?

Ananis pesynbraris excnepumenry

1. Kopucryounch TabIUISMHE I'YyCTHH, BU3HAUTE HA3BY IOCIiPKyBaHOI piAwHH,
a TAKOYK PEeYOBMHM, 3 AKHMX BUTOTOBJIEHL AOCIiZKyBaHi Tija.

2. 3pobiTe BHCHOBOK, Yy SIKOMY He 3a0y/AbTe 3a3HAYMTH UYMHHHMKH, IO MOIVIH
BIUIMHYTH Ha TOYHICTh pe3yJbTaTiB.

foparkose sasfaNNA

1. Busnaute 06’€M BiIacHOro Tija, 3HAIOYM HOrO cepe-
OHIO TyCTUHY, 3asHaueHy B § 10.

2. 3ampoIIOHYMTe CIIOCOOM —— TEOPEeTHYHHUH Ta eK-
CIIepUMEHTAJIbHUHM, — CKOPHUCTABIINCHL SKHUMH,
MOKHa 3HAWTH Macy BOIM, IO BUJJIEThCH 3 Bif-
JIMBHOI IIOCYAMHH (AMB. PUCYHOK), AKI[O B Hel
MOBiIbHO 3aHYPUTH ILIACTHJIIHOBUHA KyOMK 3i
CTOPOHOIO 3 CM.

—l



. . Pozpin 2. BYAOBA PEHOBUHU

§ 11. BYUMOCH PO3B

W J[na w020 nompibno emimu pose’asyeamu 3adaui 3 ¢pizuxu? IIfo mpeba 3po-
Oumu Ons mozo, w06 nHaewumuca ix pose'asyeamu? gk came posenzyeamu
3a0aui? Cv0200Hi Mu minbKu novuHaemo 8idnosidamu Ha Ui numaHHs,
6uuUMOCa po3s'asyeamu nainpocmiwi 3adai, are MuHe yac...

o Nepexonyemocn B Heobxignocri poss’asysarn sagaui s pisukm

Hist woro noTpi6HO po3B’A3yBaTH 3aAadi 3 hisuku? CrpobyitmMo BiamosicTH
Ha [le MUTAaHHA pasoM. I3 mielo MeTo0 3BepHiMOCH 40 HAWNIPOCTIMIOI KOHKPETHOL
3ajiavi, 3 SIKOI0 BU MOXKeTe 3YCTPITHChH ¥ PeaJbHOMY MKHTTI.

[Tpumycrimo, 110 BaM moTpi6HO KymuTH 3 Kr oii. Bu Maere TiIbKH IIACTHKO-
BUii 6aJI0H MiCTKicTIO 3 JTiTpH. UM MOMICTUTBECA B HBOTO MOTPIGHA KiMBKICTE OJii?

IToroasrecs, 6araTo XTo 3 HAC CTUKAETHCA 3 NOAIGHUMU 3aaYaMU B HKUT-
ti. Tomy Ham norpi6Ho BmMiTu poss’asysatu ¢diswuri 3agaui HacaMIepen AJsd
TOro, mo0, BUKOPUCTOBYIOUM 3HAaHHA 3 (isMKH, Bigmosigatu Ha NpPaKTUYHI
OUTaHHA.

OueBunnO, MmO, He 3HAIOYM HEOOXiAHUX (i3WUHUX BEIUYMH, dopmya, disuu-
HUX BaKOHiB, BU He 3MOKeTe BiANOBICTH Ha 3aMMTaHHA, ITOCTABJIEHI B 3a7adi.
Taxum yuHOM, TiNbKY J00pe 3HAHHA (Di3UYHUX 3aKOHIB, ¢dopmys, yMOB 1iepebiry
(bisMYHMX TPOIECiB, ONMMCAHUX y 3a7a4Yax, JA€ 3MOTY YCIiIIHO pO3B’A3yBaTH 3a-
Aadi 3 disuku. I HaBmaku: HaM HeoOXiHO PO3B’A3yBaTH 3a4aui 3 isuku TaKOMK
AJs TOro, mob Kpaimie 3HATH i po3yMiTH (pisuMKy 3arayom.

e 3HaOMMMOCA 3 OCHOBHUMM eTanaMK Posn’AsyBanHA Glsnunnx sagay

¥ xoxi posp’asyBaHHA GiibIOl YacTHMHH (Di3UYHUX 3a7a4 MOKHA BUI1JIH-
TH KiJIbKa eTaris.

1-ii eman. Anani3 ¢isuunoi nmpo6aemMu

Ha npomy erami Bam HeoOxinHO:

a) yBaXKHO IPOYMTATHA YMOBY 3a/adi;

6) BUABUTH, AKi BEeJWYUHM BXKe Bifomi, sKi NOoTpibHO 3HAWTH, 3HAUEHHA
AKMX BEJUYUH MOXKHA BiJIIYKaTH B JOBIAKOBii JiTepaTypi;

B) BUKOHATH MOACHIOBAJBHUI PUCYHOK (cXeMy, rpadik), SKIIO B BOMY € He-
00xXigHiCTB;

T) KOPOTKO 3allMCATH YMOBY 3ajadi;

1) BUSHAYMTH, Y AKUX OAUHHUIAX BOHA Oyjae PO3B’A3YBATHCA (SKIO BEJIHUHU-
HU, BUKOPUCTaHi B 3ajadi, nogano He B oguuaunsax CI a6o 3 mpedikcamu,
TaKi BeJIMUMHU TIepeBa’kHO IepeBoAATh B oguuuIi CI 6e3 mpedikcis).

2-it eman. Ilomyx MaTeMaTHYHOI MogeJri

Ha nromy erami Heo6xigHO:

a) sanmcaTH 3araJbHi PiBHSAHHS, 10 NOB’A3YIOTH (Di3MYHI BeIMUMHY, AKi Xa-
PaxKTepu3yIOTh PO3IVIAHYTE B 3ahaui (isuune sBuine;

0) KOHKpeTH3yBaTH Li PiBHAHHA IJd KaHO! 3aaaui.

N W7



§ 11. Buumocsa po3s’asysaTu 3agavi . .

3-. eman. Po3B’si3aHHA # aHAJI3 pe3yJabTaTiB

Ha uwsomy erami cain:

a) po3B’A3aTH PiBHAHHSA BIAHOCHO NIyKAaHOI BeJIUYMHU;
0) nepeBipUTH OAMHUIIO IIYKAHOI BeJIUYUHU,

B) BUKOHATH HeOOXiJHI 00unCIeHH;

I) IpoaHaJi3yBaTH pPe3yJIbTATH.

e Mpocrexyemo ocNOBHI eTann po3B’'A3aNNA

Posp’sxemo 3anauy, 3aIpONIOHOBaHY HA MOYATKY maparpada, IpOCTesKUB-
IIX OCHOBHi eTanm ii po3B’sa3aHHA.

Ananiz @izuunoi npobremu. 3’sicyBaTH, 4u MOMICTATHCA 3 Kr 0OJii B IjiacTu-
KOBMH 0aJIOH MICTKiCTIO 3 JI, MH MOXKEeMO JBOMAa Crocobamu:

1) BUBHAUMTH, CKiNBbKM KisorpamiB ouii Bmimiyerscsa B 6as0H, i mopiBHATH

pe3yabTaT 13 Macow HeoOXiaHol HaM ouil;

2) BU3HAUUTH, AKUH 00’€M 3aiiMae oy1ifg Macow 3 Kr, i HOPiBHATU pe3yIbTar

i3 micTKicTO 6asoHa.

[Ipu nbomy B Oyab-AKOMY pasi HaM HEOOXiJHO 3HATH TyCTHHY oaii — me
SBHAUEHHA MOYKHA 3HaiTH B Tabuuni. Ilepexy mum ciis BU3HAYUTHUCH, V AKUX
OAVHULAX Kpallle po3B’a3yBaTu 3ajaauy. L[ 3agauy Kpare po3p’sa3yBaTH B OIU-
aunax CI.

3aBepUIMBIIM aHAJI3, MH MOYKEMO 3aIlUCATH KOPOTKY YMOBY 3ajadi.

(3posymisio, mo Hagami, 3anKUCy0un PO3B’A3aHHA 3a/4a4i, YACTHHY PO3MIPKO-
BYBaHb BU IPOBOJAUTHMETE YCHO.)

Kopomrka ymosa 3adaui | ITowyx mamemamuunoi modeni

IaHo: CxopHucTaeMocs BUBHAUEHHAM I'yCTUHU:
p=900 kr/m* -m
m=3 Kr P=7 -
V,=3 1=0,003 v’ Posé’azanna it ananis pesysiomamie
Posp’sayxemMo oznep:xane piBHAHHS BiJJHOCHO HeBimomoil
BEJINUUHU:
v==,
V—2 P

IlepeBipuMO OZMHUIIO MYKAHOI BEIUYUHMI:

3
[V]=xr: Rr KM

m? KT
BusHaunMo 4uC/I0Be 3HAYEHHSA IIYKAHOI BEJIUIHHU:

3
{vi= W:o, 0033 .
V =0,0033 m*.
IIpoanaJsisyemo pesysibrar:
MicTkicTs 6asoHa (V6 =0,003 M3) € MEHIIOK, Hi 06’eM

( V=0,0033 MS), AKUHN 3aiMae 0Jiiss Macow 3 Kr.

Bidnogiov: onisa B 6aJI0H He TOMICTHUTHCS.

— 7510



. lPosAin 2. BYAOBA PEHOBUHU

0 Poss’'asyemo sagaui

3apava N° 1. Kybuk i3 pe6pom, mo gopisaioe 2 cm, mae macy 20 r. I3 sixoro ma-

Tepiaay BUTOTOBJIEHUU KyOuK?

Awnanis @izuunoi npobaremu. 1106 BigmoBicTM Ha moOcTaBJeHe 3aMUTAH-
H#A, HeOOXiZHO BMUBHAYUTHU T'YCTHHY PEUYOBHMHU, 3 KOl BHUTOTOBJIEHUI KyOuk,
a MOTiM, CKOPUCTABIINCH TAOINIEI0 I'YCTHH, BUABUTHU, AKiil peYOBHHI BiAmoBi-
Aae 3HaW/leHe 3HAYeHHA IycTUHHU. 110 3ajauy MOKHA PO3B’A3yBATH B MOAAHUX

OOVHUIAX.
HaHo: Iowyrx mamemamuyunoi modeni
a=2 cm 3a BUBHAUEHHAM I'YCTHHU:
m=20 r p= L.y 1)
v
p —? I3 maremaruku Bigomo, 1m0 06’eM Kyba MOKHA 0OUMCIUTH
3a opmymoo V =a®. 2)

Posé’sszanna it ananis pesyavmamie
[MigcraBuBmu Bupas (2) y supas (1), omep:KuMo bopmyny mns
PO3pPaxyHKy I'yCTUHU Marepiajy, 3 AKOro BUTOTOBJIEHHH KyOHK:

m
P P
IlepeBiprMO OQUHUIIO IIYKAHOI BeJIMYNHU,
r r
[p]= =3 °
CM:CM:CM CM
BusnauMMo 4uciI0Be 3HAUEHHS ITYKAHOI BEJIMUNHU:
2

0
:—:2, 5
{py=%=25

p=2,5 r/cm’ =2500 =
M

IIpoananisyemo pesysbTar: CKOPHCTABIIUCH TAGIMIEI0 T'YCTHH,
BUABHMMO, SKiil DEUOBMHI Bi/NOBiJlac onep)kaHe 3HAUEHHS T'yCTHU-
HHU; ryctrury 2500 kr/m® mae ckJo.

Bidnosidv: ky6uk mMoske GyTH BUTOTOBJIEHHH 31 CKJa.

Janaua N° 2. CBuHuEeBa Kyasa o0’emom 60 cm?

Ananis @isuyrol npo6aemu. Bukonyemo no-
fSICHIOBAJIbHUM PUCYHOK.

Axmo V, <V, _, To Kyns noposkaucra. 3po-
3yMiJjIo, 1110 006’€M MOPOKHUHU V.

[ITo6 3HaiiTH 00’€M MOPOXKHUHHU, 3’ACYEMO,

mae Mmacy 0,565 kr. BushHaure,
CyLiJIbHA I KYJISA YU HOPOMKHUC-
Ta. SIKIIO KyJis MOPOKHHCTA, TO
BU3HAUTe 00’€M MOPOKHUHU.

K

= vl _"25'

nop

KM 00’eM 3aiiMae B KyJi cBUHeNb. I'ycTHHY
CBHHIIO 3Haiiiemo B Tabauni. Y uiii sagaui

N W76
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§ 11. Buumoca po3B’asysatu 3agavi . .

cJIi Macy mogaTru B rpamax, o6’eMm — y caHTUMeTpax KyOiuHUX, I'yCTHUHY, Bif-
ITOBilHO,— y I'paMax Ha CAHTUMETP KyOiuHUH.

HaHo:

V. =60 cm’
m_=0,565kr=565r
p, =113 r/cm’®

v. —?

nop

IMowyx mamemamuyurnoi modeni

- — mCB
3a BUBHAYEHHAM TYCTHHH: P = v

CB

Posé’azannsa it ananis pe3yivmamis
I3 hopmynu nnsi BUBHAUYEHHA I'YCTUHU 3HAUAEMO (hopMy-

m
Jy IJIA BU3HAUeHHA ob6’emy: V =—%,

. g CB
HepeBlpHMO OAUHUII IMIYKaHOl BeJIUYNHU!
3
T I'"CM
[V,]|=r:—F5=——=cn®.
CcM r
Busnaunmo 4yucjIoBe 3HAUEHHSA IJ.IyKaHO'i BEJIMUUHNU:
570 ;
{V.}==——=50, V, =50 cm®.

11,4
[IpoananidyeMo pe3yJabTaT: OCKiJIBKH 00’€M CBUHILIO

€ MEHIINM, HiK 06’eM KyJii, TO KyJid OPOKHUCTA.
V. =60 cm®-50 cm® =10 cm®.

nop

Bionosiodv: Ky Mae nopokHUHY 06’emom 10 cm?®.

3apaua N° 3. Kanicrpy, sika Bmimiye 20 Kr Boau, HAIOBHUJIHN OeH3WHOM. Bu-
3HauTe Macy DEH3MHY B KaHicTpi.

Ananis gizuunoi npobremu. [1nsi BUHaUEHHA Macu O€H3MHY B KaHICTPL HaM
HeoOXiJHO 3HAUTU I'YCTHUHY OEH3UHY M MiCTKiCTh KaHicTpH, 110 AOPiBHIOE 06’eMy
Bogu. O6’eM BOAM BHU3HAUMMO 3a 11 Macoi0 Ta I'yCTHHOW. ['YCTUHY BOAU Ta T'yCTHU-
Hy OeH3MHY 3HalzemMo B Tabiuii. 3amauy Kpaije pods’sayBatu B oguHuNax CIL.

Hauo: IHowyk mamemamuyunol modeni
m, =20 Kr 3a BU3HAUYCHHAM I'yCTUHU:
V, =V m y m
B ,=—%,3Bigkun V, =—=, 1
p.=1000 kr/n’* | P~ V. i @
= 8 m
P =T10 B/ | Ps ==, 3BIAKE m,=p,-V;. 2
6
mg — 7 Pose’szanna it ananis pesyrvmamis
Ockinpku V, =V, , nigcraBuBmu popmyay (1) y dopmyny (2),
AicTaHeMo: m, p,-m
Mg =ps —>= s iladues - 1
Pa Ps

ITepeBipyMO OAMHUIIO MIYKAHOI BEJIUUUHU:

3 3

KT Kr ) Kr Kr-m°
[ms]=—| kr: = |=—-———=kr.
M M M KT

BusnauuMo 4ucjI0Be 3HAYEHHSA IIIYICaHOi BeJIMUYNHU!

Im}="1920 145, m=14,2 xr
1000

[Ipoananisdyemo pesyjbTaT: OTPUMAaHEe 3HAYEHHA Macu OeH3u-
HY B KQHICTPi € I[iJIKOM peaJbHUM.
Bidnosidv: kanicrTpa micTuTh 6eH3uH Macow 14,2 Kr.

—7Tm .



. . Posain 2. BYJOBA PEYOBUHU

3apaua N° 4. CKinbpKU 3aJiSHUYHUX IIUCTEPH MOTPiOHO Ays mepeBeseHHs 1080 T
HadTH, AKINO 00’€M KOXKHOI IMCTepHU 25 M*?

Ananiz @isuunoi npooremu. I1o6 sHAWTU KiAbKIiCTH LMCTEpPH, HEOOXiZHO
O0YMCIUTH 3aTaJbHUR 00’eM HadTH, SAKY MOTPiOHO IepeBe3TH. 3arajlbHUMN
o6’eM HadTH BH3HAYMMO 3a iI Macoo Ta rycTuHomo. IIomilMBIIM 3arajbHUMR
o6’eM HadTH Ha MiCTKiCTh KOXKHOI I[UCTEPHH, MU JIETKO 3HAWAEMO KiJbKicThb
nuctepH. I'yctury HadTH 3Hadgemo B Tabmuni. 3amady Kpale po3B’s3yBaTH

B oguHHNIax CI.

Hano:

m=1080 T=1 080 000 xr
p =800 xr/m’

V,=25 m*

N—2?

3apawa N°5.Y wMeH3ypky 3 Bojowo (pucy-
HOK «) B3aHYPUJIU MeTaJeBHUH

nuiaisap Mmacoroo 675 r (pucy-

HOK (). BusHaure ryctuny pe-

YOBHHH, 3 $SKOI BHUIOTOBJIEHO

nuaiaap. Ilo e 3a peyoBuHAa?

Ananiz @isudnoi npobiemu. Ins BU-
3HAYEeHHS I'YCTUHU PEYOBHUHMU, 3 IKOI BUTOTOB-
JIEHO LMJIIHApP, HAM HeOOXiZHO 3HAWTH ioro
ob’eM (Maca mMIiHApa BigoMa 3 yMOBH 3ama-

Howyrx mamemamuinoi modeni
KinpkicTte nmuctepH N pospaxyemo 3a GOPMYJIO0
vV
N=—, (1)
VO
ne V — saranbHuil o6’em HadTH, V, — MicTKicTb
m
IUCTEPHH. 3a BU3HAUEHHAM T'YCTHUHU: D= v
. m
3Bigen V=—. 2)
p

Posze'szanns i ananis pesyaromamis
ITincrasuBmu dopmyny (2) y popmyay (1), sHaiige-
MO 3arajbHy KiJIbKiCTh IIUCTEpPH:

NV, =—,
P p'Vo
IlepeBipuMO OQUHUIIC IMIYKAHOI BEIHMUNHN:
3
[N]= KI _KI M3 -1,
KI' 3 KI''M
M
SHaM[eMo YHCJIOBe 3HAUYEeHHS:
080000
{N}=1—8——=54 , N=54.
800-25

TIpoaHaisyeMoO pesyJabTaT: KiJbKiCTh IIUCTEpH,
ofeprKaHa HAMU B pe3yJbTaTi pO3paxyHKiB, € IIii-
KOM peaJIbHOIO.

Bionoside: noTpibHi 54 nucrepHU.

4i). O6’eM obOumCINMO SIK PISHUILIO ITOKAa3aHb a 6

| ms_



§ 11. Bunmocs po3s’asyBatu 3apaui . .

MEH3YPKH JI0 i micjid 3aHYpeHHs HUJIiHApa. 3ajady Kpalle Po3B’si3yBaTH B IIO-
ITaHUX OSUHUIIAX.

IaHo: Howyx mamemamuuroi modeni

V, =200 cm’ 3 m

V. =450 cn® a BUBHAYEHHAM I'yCTUHU p—v ‘ (1)
2

m=675r O6’em numiagpa obuucaumo 3a popmymnoro: V=V,-V,, (2)

ae V, iV, — nmoxkasaHHA MEH3YDKH JI0 i micia 3aHypeHHSA
IUJIiHApa BiAmoBigHO.

Posg’'azanna it ananis peyaibmamie
IligcraBuBmu Bupas (2) y Bupas (1), micramemo dopmyay
p—1? IS OOYMCJIEHHS TYCTUHU PEYOBHHU:
p= = .
v,-V,
IlepeBipMO OZMHUILIO IIIYKAHOI BEJIMUUHU:
r r

lel= o —o® o

3HalIeMO YHCJIOBE 3HAYEHHA:
p}=215 97, p=2,7-", 2700 5L .

250 cM M
IIpoananidyemMo pe3yabTaT: CKOPUCTABIINCH TAOJIUIEIO TyC-
THUH, BUABUMO, AKill PEYOBHMHI BiJIOBijjae ojieprKaHe 3HAUEH-
HA rycTurn; ryctuny 2700 xkr/m® mae aaoMiHii.

Bidnogiov: rycruna pedoBuau 2700 kr/m?, ne agaominiii.

' Bnpasw ——

1. 3 sKOoro marepiajy BUTOTOBJEHHN AUTAYNN KYOUK, 06’€M AKOro JOpis-
e 250 cm®, a maca — 110 r?

2. B aBTOMOOiNBHUM OaK QA maJabHOrO BMimiyerhess 71 Kr Gensuny. Bu-
3HauTe MicTkicTh Gaky. IlomaiiTe oTpuMaHy BigmoBiAb y JriTpax.

3. [IIo6 BUBHAYUMTH MICTKiCTh HOCYAMHH, 11 3BaXKWJIM, IOTIM IIOBHICTIO
3alIOBHUJIM BOJOI0 Ta 3HOBY 3BaXKMJIX. BHU3HAUTE MiCTKiCTh MOCYAWHU,
AKII0 Maca MOPOXXHBOI MOCYAUHU AOpPiBHIOE 1,2 Kr, a Maca MOCYIUHU
3 Bomo — 11,2 Kr.

4. Maca cpi6uoi ¢dirypku cranosuts 707 1, a ii o6’em 0,7 am®. BusHaure,
cynisnpHa ne (irypka 4u moposkHucra. BiamoBigb ob6rpyHTyiiTe.

5. IITo 6inbire — maca Tijia BYUTENs Di3KyIbTYPHU UM Maca MOBITPS B CIIOPT-
3aJii, AKIO Maca Tijga BuuTeaa craHoBuTh 80 Kr, a po3Mipu croprsany
20x10x5 m? O6’emoM, AKUN 3aiiMae B CIOPT3aJii CIIOPTUBHUI iHBEH-
Tap, 3HEXTYBaTH.

6. AnmominieBu#t nwIiHApP Macow 1,35 Kr MOBHICTIO 3aHYPUJIM B HOCYLH-
HY, /10 KpaiB HAIIOBHEHY COUPTOM. SIKOI0 € Maca CIHUPTY, 10 BUIUBCA?

7. O6’em zanizauuHOi nucrepu popiBHioe 30 m?. CKijabKu TOHH HaTH
nmpusesde oTAr i3 50 mucrepu?

7



Po3zpgin 2. BYJOBA PEYHOBUHU

Q ExcnepmmenTanbHi sasgannn

1. Bugnaure rycruny cupoi KapTomii. Ckopuc-
TaiTech OOJaJHAHHAM, IO 300pajkeHe Ha
puCyHKY. Mo)keTe BHSHAYMTH TaKOX TIyc-
THHY iHINIMX OBOYiB, fKi € Ha BamIiil KyXHi.
ITam’aTaiiTe: 11106 IPaBUIIBHO BUBHAYUTH 06’€M
Tija, WOro CiIij 3aHYPUTH y BOAY IOBHICTIO.

2".Maiouun nocyauHy, 10 KpaiB HAIOBHEHY BO-
A010, Tepe3n Ta BaKKHM, BU3HAYTE I'YyCTUHY
HEBEJIMKOI'0 MeTaJIeBOro Tija. 3 SKOro Me-
Tajly BUTOTOBJIEHE Iie Tiso?

3. 3a JereH/I010, JABHBOIDEIbKUH YUCHMIA Ap-
XiMen I0MOMIr BUKPUTH MIaxpaiicTBO I0BeJIi-
pa. Ha samoBiennsa uaps Cupakys Tiepona
I0BeJIiD BUTOTOBUB 30JIOTY KOPOHY, NIpU3HAYEHY CTaTU AAapyHKOM 0Oe3-
cMepTHUM Goram. ApxiMez y3siB 3JTMBOK 30JI0Ta, AKUH 338 MACOIO JIOpiB-
HIOBaB KOPOHi, HAIOBHUB BOJOIO 10 KpaiB nocyauny i... Ik Bu ragaere,
1m0 3poduB Apximen? 3mopesioiTe s3agauy Apximesna Ha mociimi.

§ 12. BYAOBA PEHOBUHWU. ATOMMU | MOJIEKYNU

B [3 w020 ckaadawmocs pevosunu? Hackinvku marumu € naiimenwi vac-
munKu pevosunu? Yu ichye 6iOmiHHicMb Midc Monexyramu miel camor
pewosuru? Hu MOXCHG NOpaxyéamu MONEKYLU 8 20/08Ui WNULbKUZ LJi
ma iHwi numanHsa mu 062080pumo demanvriute i pasom 3naildemo 8io-
nosiai.

0 Pospisnaemo arom i monexyny

3 momepenHBOro Kypey «[IpHpofO3HABCTBO» BU Bike 3HaeETe, 10 BCi pevo-
BUHH CKJIAAIOTBCA 3 APIOHUX YACTUHOK — MOJIEKYJ Ta aTomiB. Bu Takoxk 3Hae-
Te, IO MEePBUHHI CKJIAJOBI PEUOBMHU — aTOMHM — MAalOTh cneniajabHI Ha3BM Ta
CHUMBOJIM JJIs1 IOBHAYEHHA KOXHOro 3 BUAiB aromiB. Hanpuknan: Tigporen (H),
Mepxypiit (Hg), Okcuren (0), Kap6on (C). Aromu pisHMX BUAIB BifpisHSOTHCH
OJMH BiJi OHOIO CBOIMHU XiMiYHUMU 6]1ACMUBOCMAMU Ta MAco. B (isuuHOW0 Be-
JIMYMHOIO 1iJ] HA3BOIO «Maca» BU BXKe MTO3HANOMUIUCA B Hammomy Kypci. Illo Take
«XimiuHi BiIacTuBOCTI», BU gisHaeTecsa 3 Kypcy ximii.

Cranmom ma 2005 pik Hayui Bigomi Tiapkm 116 pisHuxX BUAiIB aTromiB. «He
Moske OyTu,— sanepeunmre Bu.— Sk ne, Timpku 116? Koxkmumit i3 Hac i3 jer-
KicTio nmeperiunts 200—300, a moxke, i 6isbie pisHuX peuoBuH». Tak, giiicHo,
V CBITi iCHYIOTH MiNBitOHM pisHHX peuoBwH. fK ke moexHATH icHYBaHHA TiJb-
KU 116 Buznip aromiB 3 mijnbitonaMu pisHUX peuoBuH? Piu y Tim, 1m0 peyoBunwm
37e01IBIIOT0 CKJIAJAIOTHCA 3 MOJIEKYI.

B W80



§ 12. Byposa peyoBuHW. ATOMM i MOneKynu . .

Puc. 2.11. Mogeni monekyn aesknx pedosuH: a — metaHy (CH,); 6 — cipuaHoi kucnotv (H,50,); 8 — soaun
(H,0). (CuHi kynbku — atomm Nigporeny, yepBoHi — Okcureny, 3enexi — Cynboypy, %o8Ti — Kap6oHy.)

l MoneKynot Ha3nBaETbCA HaVMEHLIA YaCTUHKA PEYOBUHU, WO MAE 11 OCHOBHI Ximiu-
Hi BNacTUBOCTI Ta CKNAafAETbCA 3 aTOMIB.

Curyanisa 3 pisHUMH PeYOBMHAMH AY2Ke MOAIOHA 0 CKJIAJaHHA THCAY PiBHUX
cJiB i3 «Tinbku» 33-X JiTep abeTKu. ¥ IbOMY IOPiBHAHHI KOXXHa JiTrepa — Iie,
Tak OM MOBHTH, OKDEeMHII aToM, a KOXKHe CJIOBO BiJIOBiJja€ NeBHiM MOJIEKyi,
TO06TO MEBHiM pedyoBHHI.

Ha puc. 2.11, a Bu Gauure cxemaTudHe 300pa’KeHHA MOJIEKYJIM METaHY,
AKa CKJIAJAETHCA 3 II'SATU aTOMiB: 4YOTUPHOX aromiB I'izporeHy Ta ogHOro aro-
ma Kap6ony. Kopucryrounch Hamoo aHAJIOri€0 — Ie CJ0BO 3 m’situ Jitep. Ha
puc. 2.11, 6 HaBeeHO cXeMy OiJIBII CKJIAJAHOI MOJIEKYJIM CipuaHOl KMCJIOTH, AKa
CKJIAZIa€ThCA 3 CeMU aToMiB. AHaJIOT Iiiei MOJIEKYJM — CJIOBO 3 CEMH JIiTep.
3 HaBeJIeHUX IPHUKJIAAIB 3pO3yMiJIo, [0 KOXKHA HOBa MOJIeKyJa (HoBa KombOiHa-
Iifg aToOMiB) BiANIOBiZla€ HOBi# pedYOBUHI.

a 3nanomMmmMmocsn 3 NPOCTUMA Ta CKNagHMMM peyoBMHaAMMN

IIpomoB:XMMO HaIly aHAJIOriI0 PeYOBHUH 3i cjoBamMu. Bu 3HaE€Te, 1m0 mo-
pAA 31 cJOBaMHU, AKi CKJIafalOThCsa 3 JEeKiJIbKOX pPi3HUX Jitrep, MM iHOAI BU-
MOBJISEMO i CJIOBa 3 BUKODHUCTAHHAM TiJIbKHM OLHIEl JiTepu (HampuKJIam, «s»,
«@d...», «yyy..»). Tak camo i 3 peyoBumHamu. [[eKinbKa 3 HUX CKJAJAIOTHCA
TiJIBKM 3 OZHOIO BUAY aTOMiB (0JHOTO XimMiuHOro ejxemeHTa) i TOMY HAa3uBa-
0Tbed npocmumu (quB. puc. 2.12). IIpukiazaMu TaKUX PEYOBUH € BYTIJIEIlb,
3aJ1i30 Ta iH.

ITinkoM odeBHIHO, IO CJIiB, AKi CKJIAZAIOTHCA 3 NEKiJbKOX JiTep, Habara-
TO Oinbine, Hi ciaiB 3 oxHiel sitepu. Tak camo i 3 peuoBuHamu. Hailtuacrtinie



Po3zgin 2. BYAOBA PE4OBUHU

2 0

Puc. 2.12. Mopeni MoneKkyn npocTux peyoBuH: a — BOAHIO (H,); 6 — kncHio (0,); 8 — 030HY O,)
2—asory (N,); 0 — 3ani3a (Fe)

B IIOBCAKJEHHOMY JKHUTTI MM MAaeMO CIpaBy 3 PEYOBMHAMH, AKi CKJIAZAIOTHCH
3 aTOMiB JeKiNbKOX pisHUX copriB. L[i peyoBMHU TaK i HABMBAIOTHCH — CKAAOHI
(zuB. puc. 2.11).

Haragaemo, mo B HaykoBiil siteparypi, 06 YHUKHYTH IJIyTAHWHY, 3aCTO-
COBYIOTH Di3Hi Ha3BM JJIA MPOCTUX PEUYOBHUH i AJA XiMIUHUX €JIeMEHTIB, i3 AKUX
Ii PEYOBHMHHM CKJIaAaloThcA. IIpUKJIaJM HA3B MPOCTMX PEUYOBHH Ta BiJIOBiIHHX
XiMIiYHHX eJIeMEeHTiB HaBeJEeHO B TaOIHUILi.

Ha3sga ximiuHoro enementa | CuMBON XimMiuHOro enemeHTa Hassa sianosiarof npoctoi
peyosunHmn a

Aypym Au 30J10TO

Tigporen H Bopens

Kapbon C Byruens

Kynpym Cu Mizas

Hirporen N Aszor

Okcuren 0 Kucenp

Curinii Si Kpemniit
Depym Fe 3amiso

e NMepexonyemocn B HaABHOCTI NPOMIKKIB MiX monexynamm

ITicia Toro AK MM NO3HANOMMJIMCH 3 HAWMEHIIMMH YaCTUHKAMH peuo-
BUHH, pUrajaiMo aeski BijoMocTi npo 6ya0By peyoBUHH. Y pe3yJabTaTi ZocJTi-
AXKEHb yUeHi 3’CYBaJIH, 0 MiH MOLCKYLAMU (AMOMAMU) iCHYIOMb NPOMINCKU.
ITeit BUCHOBOK yueHUX MOXKHA JIETKO IiATBEPAUTH JOCUTH IPOCTHM HOCJIiLOM.
Sflkmo amimari 100 ma Bogu i 100 mu cnupry, To 06’eM cywmimi Gyze MeH-
wuM, Hix 200 mu. Ilicaa smimyBaHHS ABOX DIAMH MOJIEKYJM BOIM IOTpAI-
JIAIOTh y MPOMiKKM MidX MoJieKysnamu cnupry. HaBemeruit mociin MoxHA 3MO-
AEJII0OBaTH, HANPUKJIAZ, 3a AOIOMOroi0 ImimoHa i ropoxy (puc. 2.13). HamosHiTh
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§ 12. BypoBa peuoBuHu. ATomMK | MoneKkynmn . .

CKJISIHKY O TOJIOBUHY IIIIOHOM, a IIOTIM Jozmaii-
Te CTLMBKH X ropoxy. Bu ojxep)xuTe gBOIIapoBY
KOMIIOBHI[i}I0 Ta A0 Kpal 3aloBHEHY CKJISHKY.
AxypaTHo mepeMimaiTe I}0 KOMIIO3WILif0, i BH
mobaunTe, Imo 06’eM cymimi Oyme MeHmMHM, HIX
BUXIAHUN,— YacTHHAa MIIOHA PO3MiCTHJIACh y IIO-
POXHHHAX MiK I'OPOXOM.

o Hamaraemoch yasuth cobi posmipm
aTomis

AtoMu € ay)Ke MaJIMMH. 3’SICOBAHO, IO
posmipu amomie npubausto dopisuiolomes 107° m  Pwc. 2.13.MogenioBaHhs ABuLa
(0,0000000001 m). 1106 ysSBUTU, HACKIJIBKH Ma-  3MEHWeHHA 06'emy B pesynbraTi
JIUM € Ile 3HauyeHHs, HaBeJeMO TaKe IOpPiBHAHHS: 3MilyBaHHA _Pi3“""‘ pm“f* Akwo
JiaMeTp MONEKYJIH B CTLIBKY K pasiB MeHIIm# sa D371V FOPOXiNWOHO (a) i petent-
niameTp s161yKa, y CKiJIBKH pasiB giamerp sbiy- R ORCA TP DY "°.6aq"M°' e
i ) - 06'eM CyMmilLi MeHLLWIA 3a Cymy

ka MEHIINM, HIX N1aMETp Semui. 06'emiB i KomnoHeHTiB (6). Lie Mox-

Hpo PO3MIpM aTOMIB TaKOX MOXHa CYJUTH Ha NMOACHNTN TUM, LLO KPYNUHKN
3 mpukJIany. SIkOu Bci JIronu Hamol IJIAHETH IIPO-  MoHa NoTPanuay B NPOMIKKNA Mix
BOAWJIM BCe KUTTH, 3afMAalOUNCh TiABKH JIiuboOl0, ropowuHamu
yci pasoM My 3MOIIM 6 IMOJIYMTH aTOMU TiIBKH
B I'OJIOBII1 OfHIE] MaJj0ol MINIHUJIbKH.

e Npuragyemo 6yaosy atoma

Hociigu mokasanau, O[O aTOM MAa€ CKAA0-
ny cmpykmypy. BiH aBiasie cobo0 nosumusHo
3apsdiicene a0po, OMoOveHe Xmapor AezKux 4dc-
MUHOK — eNeKmpOoHiB, AKI Mawmv Hezamus-
nuit 3apad (puc. 2.14). Maca sazapa He3Ha4HO

Anpo (+) EnekTpoHu (=) EnekTpoHu (-)

fapo (+)

Puc. 2.14. Mogeni aToma: @ — nnaHeTapHa Mogersb: y LeHTpi aToMa — AAPO, HaBKONO Afpa obepTa-
0TbCA eNeKTPOHU; 6 — CyyacHa: eNneKTPoHN HIBUTO «po3masaHi» No opbiTanax — YacTUHax NPOCTopy,
10 OTOuUYIOTb AAPO. [/1A HAOYHOCTI Ha PUCYHKY BifICTaHb Bifl AApa A0 eNeKTPOHIB NokasaHo y 2—3 pasu
3inblwoto, HiX giameTp agpa. Hacnpaegi ua BigcTtaHb nepesuiyye posmip agpa 8 100 000 pasis
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. . Posgin 2. BYAJOBA PEYHOBUHU

BipisHAETHCA Bijg Macu aroma. Maca X e€JIeKTPOHIB IIOPIBHAHO 3 AAPOM [yiKe
maJja.

3BHYaifHO, HaBeJeHi B boMy maparpadi gaHi — Ie TiJIbKH He3HAUYHa YacTH-
Ha Cy4aCHHX BiZJoMOCTE IIPO aTOMH ¥ MOJEKYJIU. 3 JeAKUMU IHIIMMHU IXHIMHU
BJIACTUBOCTAMHM BH IIO3HAHOMHUTECh y HACTYIHHX Iaparpadax, Inpo Iemio AoBi-
JaeTech y CTapIINX KJacax.

@ masuBaemo nigcymkm

¥Yci peyoBHMHH CKJIAJAIOTHCA 3 JPIOHUX YACTHHOK — MOJIEKYJ abo aToMmis.
Mix MosekysamMu (aToMaMy) iCHYIOTH IIPOMIMKKHU.

MoJieKyioi0 Ha3UBAETHCA HAWMEHIIA YACTUHKA PEUYOBUHHU, 1[0 Ma€ il OCHOBHI
XimMiuHI BJIACTHMBOCTI Ta CKJIAJAETHCA 3 aTOMiB. ATOM Ma€ CKJIAAHY CTPYKTYDPY
i ABase co00I0 MO3UTHUBHO 3apsAAKeHe sApPO, OTOUEHe XMAapOK JIETKUX YaCTH-
HOK — eJIEKTPOHiB, AKi MalOTh HEraTUBHUI 3aps.

a Kourponbhi 3anutanus

1. Ckinbku pisHMX BHUZIB aToMmiB Bigomi Hayui? UYum BOHM BiJpi3HAIOTH-
cA opguH Bifg ogHoro? 2. fKi peuoBuHuM HasuBaoTh npocrumu? Hasenits
npukaazu. 3. HaBexgitTe npukmagu JesKuX CKJIAZHUX PEUOBHUH. I3 AKUX
aTOMiB BOHU cKJagaioTbesa? 4. SIK MoKHa AOBeCTH, 1[0 MiX YaCTHHKA-
MU PEYOBMHU iCHYIOTH NpOMiKKH? 5. fK moBecTH, 1110 ATOMHU i MOJIEKY-
Ju € py'ke Majumu? 6. Y mepekJsaji 3 I'DEIbKOI «aTOM» O3HAUYae «He-
noAiJbHuM». Un Tak ne?

. Bnpasn — =

1. Un MoXkeMO MM CTBEpPAKYBaTH, 110 00’€M PEUYOBMHM B MOCYAMHI JOpiB-
HIOE CyMi 00’eMiB MOJIEKYJI, i3 AKMUX I PEYOBUHA CKJIAJAEThCA?

2. Yu M0KeMo MH 3MiHUTH 00’€M Tijia, He 3MiHIOIOUM KiJIBKOCTI MOJIEKY
y HboMY? fK 1me 3poburu?

3. Bizmomo, 110 3a OAHAKOBUX YMOB Pi3Hi rasu B OAHAKOBOMY 00’emi mic-
TATH Ty CaMy KiJIBKiCTh MOJIEKYJI, & TYCTHHU rasiB € pisaumu. Yum
MOXKHAa TOSCHUTHU PO3XOAKEHHS B I'YCTHHI rasis?

4. O64yuCIiTh, CKiJIBKM OPHUOJMBHO MOJIEKYJ MOXXHA PO3MICTUTH B3IOBMK
Bigpiska 3aBmoBxkku 0,5 MMm. [liamMeTp MOJIEKYJIM BBasKaTU TAKUM, II[0
zopiaioe 0,0000000001 m.

5°.Bigmomo, mo Hama l'anaxTuka Mosounuii (a6o Yymanekuit) Hlnax zHaui-
yye 61u3bK0o 9 Mupa 3ip. ¥ CcKijJbKM pasiB KigbkicTe Mosiekya B 1 cm?®
NOBiTPA, siKAa JOPiBHIOE (3a HOpMaJbHUX yMoOB) 3-10, € Ginbmion Big
3a3Ha4YeHol KinbKocTi 3ip?

6'.Ilnoma miuiBKM, AKY YTBOPIE HA MOBEPXHI BOAM Kpamjad 0jii o6’emom
0,005 mm?, He moxxe nepesurnyBatu 50 cm?. KUl BUCHOBOK II[OZ0 PO3-
Mipy MOJIEKYJI 0JIil BUILIMBAE 3 1[BOTO (haKTy?

N M4



§ 13. Pyx monekyn. fludysin

Q ExcnepumenTanvHi saBganHn

1. Posunnirs apibry dapbu y Boxi, HamuTii Yy Ipo30opy nocyauny. Bij-
JauiiTe TPoXM 3abapBJIeHOI BOAU B iHIIY HOCYAHMHY Ta NOJUMATE YHUCTOL
Bozu. IlopiBHsiiTe 3a6apBiIeHHsA PO3UMHY B mepuIii i ApPyriit mocyau-
HaX. AHaJoriuHO pos3bGaBTe PO3YMH ime Kiabka pasiB. IlopiBuaiiTe
3a0apB/IeHHA OCTAHHBOTO PO3UYMHY 3 UMCTOK BOAOK. IIOSCHITH pe-
3yJIbTAT.

N

. 3pobiTh i3 KOJBOPOBOrO NJIACTUJIIHY Mozeni ABOX MOJIEKYJI BOIH.
Cxnazite i3 nux mogeneit Mmozemri MOJIEKYJI BOAHIO Ta KHCHIO.

Disunka Ta rexnika B Ykpaiwni

leopriit B'ayecnasosuy Kypaiomos (1902—1996) — BUAATHUIA Me-
Tanodisuk, npodecop, akafemik yKpaiHcbKoi Ta pocificbKoi akapemiin HayK.
Mpotarom gosroro uacy BiH npauioBas y [OxinponeTtposceky Ta Kuesi,
A€ CTBOPWB Cy4yacHi HayKoBi WKONMW 3 JOCHIMKEHHA i3uKu MeTanis Ta
cnnasis. I

Hainbinbw Baxnueumu pesynstatamu  Moro HayKOBOI AiANbHOCTI
3 NPaKTUYHOI TOYKMU 30pYy € CTBOPEHHA HayKOBWX 3acaj TepMiyHoi 06-
pobKu MeTanie — 3acobiB CyTTEBOro 3MiLlHEHHA CTanei — Ta CTBOPEHHA
HOBUX MaTepianis 3 YHIKanbHUMM BAACTUBOCTAMM.

Akagemik KypatoMoB Takox BiloMuit CBOIMM dyHAaMEHTaNbHUMIA no-
CNIAXKEHHAMMN KPUCTaNiYHOI CTPYKTYpW CTane i BiAKPUTTAM Tak 3BaHOro «edekTy Kypamiomosa.

Mpesugia HAH Ykpaiku 3anposaguna npewmito im. I, B. Kypatomosa.

§ 13. PYX MOJIEKYI. AUO®Y3IA

W Yomy sanax nappymie nowuproemvcs no aciii kimnami? Yu MOHCYmb
«3pocmuca» dea wmamouku memany? Bid wozo zarexmcumv weudxicms
pyxy amomie i morexkynr? Ha yi ma inwi numarns 8u 3moxceme eidnosic-
mu, npoyumaswiu yeii napazpadg.

Q 3HanOMNMOCH 3 TENIOBUM PyXOM

BianosigHo 10 cyuacHux ysaBIeHB, amomu ma MONLEKYNU, 3 AKUX CKIQA-
daemvca pevwosuna, nepebysaoms y Hes8nunHoMYy xaomuunomy pyci. Taxkuit pyx
Ha3WBAETHCS TENJIOBHM.

TenoBuii pyx HEMOMKJIUBO MOOGAUUTH HE030POEHUM OKOM, aj’ke po3Mipu Mo-
JTEeKyJI fyxe maJi.

Onnak icHye 6araTto (isMUHMX ABUI, MOACHUTH AKi MOIKHA TiTBKHY 3 OIIOPOIO
Ha TOW (aKT, 110 MOJIEKYJIM HOCTIHHO PyXalOThCA.
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Pospin 2. BYAOBA PEYOBUHU

Puc. 2.15. CkopucraBiumncs Puc. 2.16. CnoctepexeHHs ssuwa audysii B piguHax: y pesynb-
NiNKOIO 3 OBIM HOCUKOM, MOXHa Tati Andysii pizka mexa Mix PO3UMHOM MIgHOTO Kynopocy Ta
aKypaTHO HanuTn PO3YrH MigHOro BO/010 3 YaCOM 3HMKAE

Kynopocy Ha AAHO CKTAHKKU 3 BOAOKO

@ Npuragyemo oznavennn gadysii

Besnepeunum doxaszom pyxy monexyn cnyrye disuune sBuime, nobpe Bi-
AoMe BaM i3 Kypcy IPHpPOJO3HABCTBA,— Oduysia (Bix narun. diffusio — nomu-
PEeHHdA, PO3TiKaHH#A).
Haragaemo, mo audysiero HasuBaOTL 63aeMHe NPOHUKHEHHS JOMUYHUX
pewosun o0Ha 6 00HY, Wo 6i06y6acmMbCA 8 pe3yibmami menioéozo pyxy MmoJe-
KYJL.

@ Cnocrepirasmo gudysin s rasax i piagunax

drajaiite, mo BigOyBaeThbCH, KOAU AeCh y KimMHATI PO3NUTU HaAXYUy
P€4YOBUHY, HampHKJaJ nappymu,— ii 3amax He3abapoM BiguyBaTUMeTHCSH
CKDi3b y KimHari. Ile o3Hauae, U0 MOJIEKYJIM MaxXydoi peYOBHHH, PyXai4ucs,
NOTPAINIAIOTE YV IPOMIMKKM MiXX MOJEKyJaMH MOBiTpA, AKUM 3alI0BHEHA KiM-
HaTa, To6TO CHOCTGplPaGTLCH nudysia. Came B peaysbrari audysii B razax mu
BiuyBaeMo samax cBixkocmeuenoro x.ji6a 3 Gynounoi a6o nporpitoi coHmem
TpaBH.

HAudysiio moxxna cnocrepiraTu i y piaunaax. ITposegemo Takuii gocaia. y Ipo-
80Py HOCYAMHY 3 YHCTOI0 BOJOIO 3a JOIIOMOIOI0 JIIMKHU HAJIJIEMO PO3YMH MiJHOTO
KyImopocy Tak, mob piauau He 3mimanucs (puc. 2.15). CroyaTky mu crocrepi-
raeMo Pi3Ky MeKy MiK BOJOIO i POSYMHOM MigHOTO KyIIopocy. 3aJUINUBIIA T10CY-
AMHY B CIIOKOI Ha KiNbKa NHIB, MU Mo6a4mMo, 110 BCA PiAWHA B nocysuHi Habyna
GiprosoBoro Kosbopy (puc. 2.16). [Ipuuomy mepemimyBanHS piguH Bigbynocs O6es
BTPy4YaHHs 330BHi. CxemMaTu4HO mpouec audysii B pigunax 300pa’KeHo Ha puc.
2.17. YuenenHi nocaigm ceiguars, mo audysis B pigmHAX BigOyBaeThCA 3HAYHO
noBisbHime, Hix y ragax. Ille 6igbmr noBissHO BinbyBaeThes augysia y TBepaux
rinax. Yomy? Biamosink Ha e 3anMTaHHSA CHiJ MIYKATH B 0COOIUBOCTAX PO3Ta-
ITYBaAHHA MOJIEKYJ rasiB, pigud i TBepaux Tii.
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§ 13. Pyx monekyn. fudysia . -

3’acoByemo, AK nos’asani wsuaxicre
pPyXy monexyn i emneparypa

IIpuroryemo ABiI HOCYAMHM, AK IOKA3aHO
Ha puc. 2.15. OgHy 3 IIOCYAWH IIOCTABUMO B TeIlle
Micile, Apyry — y xosofgHe. IToqMBHBIINCH Yepes
AKUIMCH Yac Ha IOCYAMHU, MU II€peKOHAEMOCH, IO
B TeIIOMy pos3umHi audysis Bindynacs HabaraTo
I BHU/IIE.

VY pasi migBuIeHHS TeMIepaTypH IIBUAKICTH
nudysii B rasax Tako)X 36LIbIIYETHCS.

BanexHicTs MBUAKOCTL Audysil Bix TeMmepa-
Typu ocobauBo momiTHa Aas TBepaux Tin. Tak,
aHrTificbkuii Meranypr Binbsam Pobepr Ocrtin
npoBiB mocaif. BiH HamnIaBUB TOHKMM OUCK 30-
J0Ta Ha CBUHIEeBMH nmiainap (puc. 2.18, a) i Ha
KiJbKka MHIB MOMICTMB IeW IWJIIHAP y Ii4, ae
migTpumyBasiacs Temmeparypa ommuspko 400 °C.
BusBunocs, Mo 30J0TO NIPOAUMYHAYBAJIO dYe-
pes yBech umiaiap (puc. 2.18, 6); THM UYacoMm
3a KIMHATHOI TeMIlepaTypH AHQy3id IPaKTHUHO
He crocTepirajacs.

TaxuM YMHOM, MH BUSBUJIH, IO YUM BUIOKO
€ TeMIlepaTypa Pe4YOBHHU, THUM IIBUAIIe Biaby-
BaeTheA AUPY3isg, TOOTO MOJIEKyJM HIBUAIIE DPy-
XaIThCS.

IoBoJi CcKJIAAHI €eKCIepMMEeHTH II0Ka3yloTh,
mo 3a OYAb-KOI TeMIIepATYypH B PEYOBHHI € Mo-
JeKYJIU, AKi pyXarThcs JOCUTH IOBLIBHO, 1 MoJle-
KyJIM, IIBAAKICTS SKUX BHCOKa. AKUW0 Kilbiicmb
MOLeKYL pevosUHU, WO MAlMb 6UCOKY ULBUD-
Kicms, 36iabllYembces, mobmo 30i1bULYEMbCS ce-
pedusa weudkicmb MOLEKYL, MO Uye 03Haidae, wo
memnepamypa peiosuHU MaKoi: 30611bULYEMbCa.

e Aosigyemocn npo gudysin s npupopl
7a i sacrocysaunn s vexuiyl

fABume mudysil ayxe IoMIHUpeHe B IIPU-
poxi. 3aBaaxu audysil ByriaeKucaIui ras moTpam-
JISIE B JIUCTS POCJINH; KUCEHb i3 MOBITpA — HAa JHO
BOJOMMMIII; MOKUBHI PEUOBUHY BCOTYIOTHCS B KHU-
MIeYHNK, KHCEeHb i3 JIereHb IIOTpAIlIf€ B KPOB,
a 3 KpoBi — y TKaHWHU # T. A.

Iudysio MUPOKO 3aCTOCOBYIOTH y TeXHIiIi.
OguuM i3 mpukJIafiB € audysiliHe 3BaprOBaH-
Ha MertasuiB. I[IImMaTkm MeraniB MiITHO TIpPHUTHC-
KaloTh OQUH IO OAHOrO, HATPiBalOTh A0 BHCOKOL

§ Qooocooo.ooouooot.o.-.c-E
L e R LY L)
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S€ 0F 0F 0F 0F 08 08 0f oF oF 40 o8
Set et st ot st el ot et e 0P 0b o
0 o® 0% 00 20 08 20 o8 o0 00 o8 a0
et etot ot ol ol et at ottt et e
00 9% oF of 90 oF oF oF oF oF o o0
et et ot ot ot st st et et ob et 0
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Puc. 2.17.CxemaTnuHe 306pa-
KeHHA npouecy andysii: Monekyun
OJIHIEl PIANHN NPOHUKAaKOTbL Y NPO-
MiPKKM MK MONeKylamMu iHLWOI,

i B pesynbrarti 3 4aCoM PiauHn
NOBHICTIO NepeMillyoTbCa

3onoto
: '

CeuHeub
a 6

Puec. 2.18. locnig 3i cnoctepe-
XKeHHA andysil y TBepaux Tinax:

a — CBUHLEBUIA UMNiHAP i3
HanasHoIO 30/10TOI0 MNNACTUHKOIO;
6 — TOW CamMmnii UMNIHAP HanpUKiH-
ui gocniay

— 878 N



. . Pospin 2. BYAOBA PEYOBUHU

TeMIlepaTypH, ajle HM)KYol BiJl TeMIepaTypH ILIaBJIeHHsS. ¥ Micli 3’eTHAHHSA BiJ-
O6yBaeTbest qudysis, i MIMATKH MeTaliB HIOM 3pOCTAIOTHCS.

@ masusaemo niacymku

AToMH Ta MOJIEKYNIH, 3 SKHX CKJAJAEThCA PpEYOBHHA, IepebyBaioTh
Y HEBIUHHOMY XaoTHUHOMY pyci. Takmuil pyX HasHMBAETHCA TEILJIOBUM, OCKiJIbKH
30inbIIeHHA TeMIIepaTypPH DEYOBHHHM BiAIOBifae 30iMbIIEHHIO CepeAHBOI IIBUI-
KOCTi pyxy ii MoJIeKy.JI.
OpHuM i3 HoKasiB pyxXy MoOJIEKYyJa € (disuyHe SIBUIIE, IO HASUBAETHCS M-
dysiero. udysia — BsaeMHe MPOHUKHEHHS JOTUYHUX PEYOBHUH OJHA B OAHY, IO
BiZIOyBA€TbCS B PE3YJIbTATL TEILJIOBOTO PYXY MOJIEKYJI.

ﬁ Kontponbhi sanuranns

1. IIlo Ha3MBAIOTH TEIJIOBUM pyXoM MoJeKyn? 2. JlaliTe BU3HAUEHHS
mudysii. 3. Hapegmite nmpukinazum audysii B rasax, piaumHax i TBepaux
Tinax. 4. Bix doro sasexuTh mBHUAKicTE qudysii? IloscHiTE mpuumHN
niei sanmexxkHocti. 5. HaBexites npuknaam audysii B npuponi.

‘.llplll

1. ¥V yomy BigMiHHICTE XOMOAHOI BOAM BiJ rapsiyoi 3 «MOJIEKYJISIPHOTO I10-
rIsagy»?

2. Y skoMy cTaHi pedyoBHHM (Ta30IIOAiOHOMY, TBEpPAOMY YU PiAKOMY) HAU-
dysisa BigbyBaeTbess meuame? Yomy?

3. ByryleKHc/Inil ra3 Ba)Kuuil 3a iHIII rasu, OgHAK BiH NPUCYTHINA y Bepx-
HiX mapax atrMmocdepu. ITosicHITH 11e sBHIIE.

4. 3a60pOHEHO IIEPEBO3UTH PA30M 3 1)Kel0 TaKi PeYOBUHH, SIK rac, OEH3UH,
dapbu. Yomy?

5. IIBUAKICTD PyXy MOJIEKYJ I'a3y CTAHOBUTH KiJIBKACOT METPIB 34 CEKYH-
oy. YoMy X MH BiJ4yBaEMO 3allax PO3JIUTOL PiAWHM HEe MHUTTEBO, a Ue-
pes meskuil dac?

6. YoMy uail 3aBaprOOTh OKPOIIOM,
a He XOJIOZHOIO BOLOI0?

7. Yomy cymeHa cjauBa posbyxae
y Bogi?

8.V gOBI CKJISHKU 3 BOJOK OJHO-
YACHO OIYCTHJIM II0 OZHAKOBOMY
MMATOYKY LYyKpy (AuB. pHCy-
HOK). ¥ AKi#l CKJIAHII IMOYATKOBA
TeMIepaTrypa Boau Oyja BHUIO0?

9. BiguyBmu HebGesIleKy, KaJbMap
BHKHJA€ TEMHO-CHHIO B3aXHUCHY
pizuny. YoMy depes sAKHiich yac a 6

. g,



§ 13. Pyx monekyn. ludysin . .

BOJIa, 3a0apBJIeHA II€I0 PiANHOI, HABITH V CIIOKiAHOMY CTaHi 3HOBY CcTae
Ipo30poi0?

10. Yu npaBUJIBHUM, Ha Bally AYMKY, € TBepPAKE€HHS, IO 3allax CBijKOro
xJ1iba 3 meKapHi MOMUPIOETHCA JIUIE B TOMY HAIPAMKY, KyAU AMe BiTep?
O6rpyHTyiiTe CBOIO BiJgIOBiJb.

Q ExcnepmmeHTanbHi 3aBganna

1. Hapgy#ire nBi moBiTpsii kynbku. Oy
KYJABKY MOMICTITH y Temje Micue, ApYy-
ry — y xonojaHe. Yepes noby mopiBusiiTe,
KA KYJIbKA BUSABUJIACA MEHIIE 3AyTOIO.
Yomy?

2. IIpuroryiiTe MiHUN PO3YUH KYXOHHOIL
coni. HanuiiTe B CKIAHKY YHMCTY BOAY,
moTiM 3a JOTIOMOro JidKH 00eperxkHOo
HAJUWTEe DPO3YMH COJIi HA [OHO CKJISH-
Ku (zuB. pucyHok). CupobyiiTe BEpXHIO
piiMHYy Ha cMakx, IepeKoHaiTecs, IO
BOHA HecoJIoHA. BincTaBTe CKIAHKY Ha
noby, a moriMm B3HOBY crnpolOyiiTe BOAY.
Axuit pesynwrar Bu oxepxxanu? Ilosc-
HIiTH #HOro.

3.BiseMmiTh ABI TOHKOCTiHHI CKIAHKH. B OAHY 3 HMX HaJuiiTe XO0JIOA-

HOI BOAM, y JAPYry — rapsdoi. 3a JOMOMOTIOI0 IIiDETKM ONYCTiTh HA
JTHO KOXKHOI CKJIAHKHU KiJIbKa Kpaneab MingHOro yaw. IloAacHITH pe3yiib-
TaTH.

Qizuxa i rexnixa 8 Yxpaini : |

Isan Masnoswuu Mymon (1845—1918) Hapopusca Ha Tep- ‘[
HONINbLWMWHI.

YyeHi ocobnueo Big3HauatoTb npaui IBana lMynios B ranysi mo- if
nekynapHoi Qianku — faHi Npo KoeQilieHTU BHYTPIWHbOrO TepTa |
Ta audysito rasis i napw. Li gaui € Buxighumn, Konu obumncniooTs
Taki MiKpOCKONIYHI BENMYMHY, AK CepeaHA AOBXUHA BiNbHOro Npo-
6iry monekyn, ix KinbkicTb B OAHIV rpam-monekyni Towo. ¥ ranysi |
eneKkTpoTexHikv IBaH lynion yaoCKOHanMB TEXHONOri0 BUrOTOB- |
NEHHA OCBITNIOBANbHUX Namn, NEpPWUM JOCNIANB HEOHOBE CBITNO.
3a yuacri Mynios 3anyweHo pAfd eneKkTPOCTaHUii Ha MOCTINHOMY |
CTpyMi B ABCTPO-YropluywHi, a Takox nepiuy B €8poni Ha 3MiHHOMY |
CTPyMi. 3HayHMM € BHecoK [lynios B AOCNIMKEHHA PEeHTreHIBCbKUX
NPOMEHiB.

8.




Tema. J[ochimxenna sasuma audysii B pigmaax
i rasax.

Mera: cCIOCTepeXeHHA fABUINa Audysil, mopis-
HAHHA IIBUAKOCTI Audysil B piguHax i rasax.
O6nagwawnna: 1npobipka 3 wmanesbkum (0,5—
1 MM) mMaTOYKOM akKBapesibHOI (hapbu; 3aKOPKO-
BaHA NpoOipka 3 BaTO0, 3MOYEHOI0 HAIIATHPHUM
couproM; Ipobipka 3 BOAOIO; apKyll KapTOHY;
CKJISHKA.

BKA3IBKU O POBOTHU
Bocnigxenna andysii B rasax

PosramyiiTe nmpobipky 3 BaTOI0, 3MOYEHOIO CIHp-

TOM, Ha Bigcrani npubinusso 20 cm Bixg obnuyusa
(6mmoxue migHOCMTH TpPOOipKYy He cain). Binkpuiite
npobipky. BumipsiiTe yac, mio mpoije Bifi MOMEHTY
BiIKpMBaHHSA NPOOGIPKU 0 MOMEHTY BUABJIEHHS BaMHU
damaxy crnupry. Ilicas BUABJIEHHA 3amaxy IIBHAKO
3aKpuiiTe MpoOipKY KOPKOM.

Rocnigxennn audysii B pigunax

Ha rinsEneBuii 6iK KapTOHHOIO apKylla KalHITH BOAY 1 B cepeluHY Kpall-
JIi MOMICTiTH IIMATOYOK aKBapesbHOI (hapbu. BumipsaiiTe uac, mpoTAroM SKOTO

Kpamnjisi Boou 3aﬁapBHTLC${.

Awnanis pesynbraris gocnigmennn

IToscHiTe ABUIIA, AKI BM cmocTepiraau, i 3pob6iTh BUCHOBOK, e 3a3HAuTe:
a) sIKe ABUIIE BU JOCJiIKYBaJIu;
0) nme mBUAKiCTH Audysil € BUINOI — y piAuHI YU B rasi.

B Ozasanbmecy Ha8KOMO0, i 8u nobavume 6e3niv @isurnux min. Le i saw
cycid, i3 axum eu cudume 3a napmoio, i cama napma. Ile it cmineypb, Ha
akomy cudume, i pyuka, K00 nuuieme, mowo. Yci yi mina, K 6u 8ice
3Haeme, cK1a0aOMbCA 3 pO30iLEeHUX NPOMIHKAMU YACMUHOK, W0 NOCMIiil-

HO pyxaiomucs.
To0di womy wacmuHKu, 3 AKUX cKaadaombscs Qisuini miia, He posii-

matomuvcsa Haecibiv? Binvur mozo, miaa He miibKu He PO3CUNAMbCL HA
OKpeMi MOJeKYysu — HABNAKU, W,00 ix posmsazmu, 3iamamu, posipsamu,
nompibro dokaacmu 3ycusb. Cnpobyiimo posibpamucs, 4omy ye mak.

. W



§ 14. Bzaemopin Monexyn. I
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Puc. 2,19, MNoeucny kpannio BOAW BTPUMYIOTb Bil NafiiHHA CUMN NPUTATAHHA MiXK Monekynamu. Hagro

BaXKKa Kpanna najae

@ Migrseppxyemo B3acmogitc monexyn

[Ipyuusa TOroO, IMO BCi TijNla HOBKOJA HAac
He po3najalThcsd Ha OKpeMi MOJIeKYJH, € oue-
BUIOHOI: MOJACKYIU npumszaiomues odna 0o od
noi. KoskHa MOJIeKyJIa IPUTATAETHCA OO CYCIAHIX
MOJIEKYJI, a Ti, ¥ cBoIO uepry,— no Hei. Came 3aB-
OSKA  MIXMOJIEKYISIDHOMY IIDUTSATAHHIO TBEpAi
TljIa 30epiraroTh CBOIO (POPMY, PiAUHA 30HpPAETHCS
B KpaniuHU (puc. 2.19), cKOTY OpHJINIAE OO IIa-
Iepy, YOpHUJIO 3a/IUIIAE CJiJ HA ApKYIIi, IPUTHC-
HYTi OOWH A0 ONHOIO 3pisaMM CBHHIEBI LIUIiHAPU
MiInHO cxomnmawioThes (puc. 2.20).

Y Hayli BCTAHOBJIEHO, IO NPUMSZAHHSA MINHC
mMonexyiamu die 3aedxncou. Homy K Tomi, AKIIO
JalllKy po30uTO, BOHA He CTaHe IIiJIoI0 Bif Toro,
mo I yJIaMK¥ DPUTHUCHYTH OAUH A0 omHoro? Xou
i3 AKOI CHJIOI0 MU IIPUTHCKATHIMEMO YACTHUHU
3JIaMaHOr'o OJIiBIISA, BOHM TaKOX He 3’€IHAIOTHCS
B I1IHUH OJiBellb.

Piu y tim, mo npumaszanus mizx MOreKYIAMU
cmae noMimHuM miavku Ha 0ysice Marux eidcma-
HAX (marux, AKi MONMHA nOPiBHAMU 3 PO3MIpA-
MU camux wacmunor). SIKIMo MU IPUTHCKAEMO
yIaMKM YallKyd abo YacTHUHU 3J1aMaHOr'o OJiBIIA,
TO Ha TaKi BifcTaHI 30MMIKYeTbCS TiIBKU OyiKe
Maja KiJbKicThb MoJsiexkyJs. A BifcTaHb MiK OLIB-
III0}0 YaCTHUHOIO IX JINIMAETHCA TAKO, IO MOJIEKY-
JU Mal)ke He B3aeMojiloTh. Telep crae 3posymi-
JIUM, 4YOMY IJd TOTO, I00 CBUHIEBI IWJIiIHIPH

Puic. 2.20. [TpuTUCHYTI oguH Ao
OZHOTO CBIKUMW 3pi3amMn CBUHLIEBI
6pPYCKM 3NMNaloTbCcA Tak MILIHO, WO
BUTPVMYIOTb Bary BeIMKol rupi

__%m
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é‘% Po3gin 2. BYAOBA PEHOBUHU

[Locnig i3 BUABNEHHA YMOB MIXKMOJIEKYNTAPHOIO NPUTAraHHA

aminuaucs, HeoOXigHO cnepmy BiamLTiQyBaTH 3pisu, a MIMATOYKH M’AKOI0 BOCKY
ab0 MIACTHJIIHY JIETKO 3JIMIHYTHCA ¥ 6e3 momepeaHbOro MuIiyBaHHA.

IIBa cyxi apkymii HeMOJIMBO 36JIM3UTH HACTLNBKH, 00 BOHU 3’€[HAJMCH.
OnHAK AKINO 3MOYMTH ApKYIIi BOJOI, TO BOHU 3JIUIHYTHCH, 60 MOJEKYJIU BOAH
Ha6IU3ATHCA 0 MOJEKYJ Ianepy HACTiJIbKH, 10 MiXMOJIEKYyIspHE IPUTATaAHHA
B)Ke BTPHUMyBaTHMe apKyuii oguH 6ina oxsoro (puc. 2.21).

MiKMOJIeKyAApHe NPUTATAHHA TAKOXK € IPUYMHOIO 3MOYYBAHHSA 800 He3MO-
YyeaHHs Tija MeBHUMHU pigmHamu (puc. 2.22).

e MigreepaXyemo mixxmonexynapHe BifluTOBXyBaHHA

Bume MM JOBeJH, IO MiX MOJIEKYJAMU iCHYe MPUTATaHHA. 3 OMIAAY Ha
e BUHHMKAE IiJla HU3KA 3anuTaHb. JOMY X MOJIEKyJH rasis, Ge3najHO pyxa-
JOYUCH i MOCTIHHO 3iMITOBXYIOUMCH MiK 00010, He 3JIUIIAIOTHCSA B OJHY BEJIIUKY

Kpanenbka BoaW pO3TiKaETbCA MO NOBEPXHI YUNCTOro CKNa (3MOUYE i), OCKINbKM NPUTATaHHA
MiXK MONEKynaMu PiaNHA MEHLUE, HiXK MiXK MONeKynamMu pianHN Ta ckna (a). MpuTaraHHa Mix monekynamm
B0AM Ginblue, HiX MiX MONeKynamm Boau Ta Xupy, AKUM BKpUTe Nip'a BOAONNaBHWX NTaxie, TOMy BOAA He
3MouYe ix (3ragaiiTe BUpas «AK i3 rycku sopab) (6)

e



§ 14. Bsaemopin monexkyn . .

rpyaky? Homy, KOJIU CTHUCHYTH, HATIDUKJIAM, I'yOKy, BOHA yepe3 IKMICH 4ac Bif-
HOBUTH CBOIO (hopmy?

Piu y TiMm, 110 MONeKYU He MiNbKU npumszanmsca 00Ha 0o 00HOL, aae il 8i0-
wmosxyiombsea. SIKIO BifcTaHb MiXK HUMHU € Oy)Ke MaJiol (TPOXH MEHIIIOK 3a
PO3Mip MOJIEKYJIN), TO MiKMOJIEKYJIsIPHE BiJIITOBXYBAHHSA CTAEC CUJBHIIINM, HIMXK
IPUTATaAHHA.

CrnpobyiiTe CTUCHYTH, HAIIDUKJAL, MOHETKY. B He 3MoskeTe MOMITHO 3MeH-
WUTH 11 po3Mipu, 60 MOJIEKYJIX MOHETKH BiJINITOBXYBATHMYTBHCSA OAHA Bijl OQHOI.
Tax camo y Bac He BUiie IOMITHO 3MEHIITUTH 00’€M PiIMHM HABITHL 3a JOIIOMOIOIO
TIOTY’KHOTO IIpeca.

Came MiXXMOJIEKYJISIDHE NPUTATaHHA W BiAIITOBXYBAHHSA BTPUMYE MOJIEKY-
JIY PiAMH 1 TBEpAUX PEUYOBMH HA NEBHHUX, OiJBIN-MEHIN BU3HAYEHUX BiACTAHAX,
AK1 mpubJN3HO JOPiBHIOIOTH podmipaM camMux Mojeky/a. Toxx y pasi sMeHIIeHHS
BiACTaHi1 MOJIEKYJIM MOYMHAIOTH Bi/JIITOBXYBATUCH OAHA Bij OHOI, a B pasi 36ijab-
LIeHHA — IIPUTAraTUCHA, TOMY i AJA 30JMKeHHs, i JJIA BiggaleHHs: MOJIEKYJI He-
00XiZTHO JOKJIACTH 3YCHJIb.

0 MABUBAEMO NIACYMKHU

Mosekyan B3a€MOAiIOTHh MiK c0GOI0: BOHH BOJHOYAC IPUTATAIOTHCH
H BiZIITOBXYyIOTHCA. MiXKMOJIEKy/IipDHA B3aEMOJis BUABISAETHLCA HA BiJCTaHAX,
AK1 MOXKHA NMOPIBHATH 3 PO3MipaMU cCaMUX MOJIEKYJI.

e KoHTponbHi 3anuTanus —

1. Yomy TBepxi Tisia i pifuHM He PO3IIaIal0THCA HA OKpeMi moslekyn? 2. 3a
AKUX YMOB IIDUTATAHHA Mi’X MoOJIeKyJamMu crae momirHuM? 3. 3a sKOl
YMOBHU CIIOCTEDPIira€ThbCA BiAIITOBXYBAaHHA MOJIeKYa? 4. YoMy HeMOKJIH-
BO 3’€IHATH J[Ba YJIAMKH YaIlIKH, HABITH CUJILHO IPUTHUCKAIOUM iX OAUH A0
OJHOro, a ABa IIMATKYU IJIACTHJIIHY JIETKO 3iaumamThesa? 5. Bigomo, mio
MiXK MOJIEKYJIAMH iCHY€ IpUTATaHHA. YOMY 3K TOAI MOJIEKYJIM, HAIPUKJIAJ,
IIOBIiTPsI He 30MpPAaIOTHCA B OJHOMY MicIli?

' Bnpasu —— ——

1. Xou AK cTapaHHO BU 3’¢IHYBATHMeTe ABa YJIaMKHU JiHifKM, BOHH He
3’egHalOThCA. YoMy B IbOMY BHUNAAKY HE BUABJISETHCA NPUTATAHHA
MOJIEKYJI?

2. Yomy paa Toro, mob posipBaTH LIHYD, HOTPIOGHO JOKJIACTH 3yCHJIb?

3.3 AKOI0 METOI0, KOJIU CKJIAZAIOTH CKJIO, HOro IPOKJANAIOTh IMATIEPOBH-
MH CTpiuKamu?

4. Pigkuii ket 3abesneuye minHe 3’egHaHHA ABOX Tij. IloscHiTs, yHACTI-
JIOK YOro Ie Big0yBaeTbCH.

5.ITo MarTh CHiNBHOIO i YUM BiJPiBHAIOTHCA IPOIECH 3BAPIOBAHHA 1 Ia-
AHHA MeTaniB?

6.I1ip’s BomON/NIABHMX NTaxXiB BKPUTE AY)Ke TOHKHUM IIApoM Kupy. Ky
KOPHCTB Ja€ Ie nraxam?
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. l Pospin 2. BYAOBA PEHOBUHU

‘ ExcnepuMmeHTanbHi 3aBfaHHa

1. BUKOpPHUCTOBYIOUU M’AKY HPYKUHKY (200 TOHKY I'YMKY), YUCTY MeTaJie-
BY (UM CKJIAHY) IJIACTHHKY Ta OJII0AIE 3 BOZOIO, IIPOJEMOHCTPYITE, 110
MiX MOJIEKYyJIaMH BOAM i MeTany (CKJia) iCHYIOTH CHJIM IIPUTATAHHS.

2. BUKOpPHUCTOBYIOYM apKyIIli, IOCYAUHHU 3 OJIi€I0 Ta BOJOIO, AaiiTe BiAmIOBiAl
Ha Taki sanutaHHA. YW 3IUOHYTHCA ABa apKyIIi, SKIO0 IX 3MOYUTHU
BOZOI0? OJIi€i0? AKINO OAWH 3MOUYUTU BOMOIO, a Apyruit osiew? O6GrpyH-
TyHTe pe3yJIbTaTu eKCIIEPUMEHTY.

SR
-

'§15. ATPEFATH

® Yu Oysaau 6u Kon0 weudroi zipcokoi piuku? Ilodusimvca HA PpUCYHOK
Huxcwe (puc. 2.23). Hasxono nexcumsv cHiz, 3a8mepau Ha 6épesi depeaa,
éKpumi iHeeM, W0 CAE 8 COHAYHUX NPOMEHAX, A& CMPYMOK He 3aMep3ac.
Hadssuuaiino wucma, nposopa 600a po3busaemucs 06 obmep3ne KAMiHHA.
Yomy 3'asueca initu? Y womy 6idminnicms 600u i av0dy? Hu € mix Humu
nodibuicmv? YV yvomy napazpagi 6u 0608'13k060 3Haildeme 6i0nosidi Ha
Yl NUMAHHA.

o Cnocrepiraemo pisni arperatHi cranum
pe4oBuHM

Bu B)Ke 3Haere, mo Boma i Jix (cHir,
iHiff) — wme aBa pisHi azpezammui cmanu 600u:
pidkuir i meepouil. Ilosia iHe0 Ha JepeBax MOAC-
HIOETHCS IPOCTO: BOZAA 3 MOBEPXHI piUKM BUIApO-
BYETHCH, IEPETBOPIOIOYNCH HA BOAAHY napy. Boxsa-
Ha Iapa, y CBOIO uepry, KOHJEHCYETBhCA i ocimae
y Burisazni iser. BoagsaHa mapa — Ie Tperiil craH
BOAY — 2a30N00i0HUIL.

Hasenemo mie oqus npukiazn. Bu, 6esmnepeuso,
3HAETe PO HeOe3neKy po30UTH MeIUYHUIN TepMo-
MeTp: Y HbOMY MiCTHUTBCA PTYTh — TIycTa pigu-
Ha CpibyACTOro KOJILOPY, sKA, BUIIADOBYIOUUCH,
YTBODPIOE AyKe OTPYyHHY mapy. A oT 3a TeMmiepa-
Typu, HUKYOI Bixg —39 °C, pTyTh IEpeTBOPIOETH-
cA Ha TBepauil MeraJs. TakuM 4YWHOM, PTYTh, AK
i Boma, mMo’ke mnepebyBaTH y TBepAOMY, PiAKOMY
i rasonogibHOMY CTaHaX.

IlIpakmuyuno 6ydv-aka pevoBUHA 3AJeHCHO 8i0
@isunnux ymos moxce nepebysamu 8 mpbox azpe-
Puc. 2.23. Pi3ni arperatHi ctanu 2aMHUX CMAaHAX: TBEPAOMY, PiAkomMy i rasomo-
BOAM xiGHOMY.
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§ 15. ArperaTHuil CTaH pe4YOBUHM . l

V Hamomy IpHKJIaji 3 ripchkoio piukoro (pmc. 2.23) NpUCYTHI Ii Tpu arpe-
raTHi cTaHU BOAU.

IcHyE e OAWH arperaTHuil cTaH — naa3ma. Hanpukiaaza, pTyTh y MIa3MOBO-
My CTaHi MicTUTbCS B YBIMKHEHHUX PTYTHHX JaMiax (Tak 3BaHIL JaMIIH A€HHOI'O
cBiTiIa). Y Meracsiri miasMa € MOIIMPEHUM CTAHOM pPe4YOBHHHU, 60 came B LIbOMY
craHi nepebGyBae pedoBHHa B HaJpax 3ip.

Bongaua mapa, Boia, JIii — Iie TPH arperaTtHi craHm Tiel camMol pedYOBHHHU,
VTBOpEHOI 00HaKoBUMU MOJEKYJIAMH — MOJeKyJlaMu BoAd. HJoMmy X disuuHi
BJIACTUBOCTi pEUOBHH, fIKi yTBOpeHi OHAKOBUMM MOJIEKyJaMH, ajle nepebysa-
J0Th V PisHMX arperaTHHX CTaHaX, BiApisHAIOTBCS ogHa Bin oxHoi? IMoBipHO,
IpUYMHA TAKOI BiAMIHHOCTI MoJsrae B TOMY, IO MOJEKYJH IIO-PiSHOMY pyXa-
JIOThCS Ta B3AEMOJIIOTH?

SIki K BJIACTHBOCTI MalOTh PeYOBHMHHU B PI3HHUX arperaTHux craHax? SIk mpu
IBOMY PYXalThCs Ta B3AEMOJIIOTH MOJIEKYIH?

dn

@ Cnocrepiraemo i NoAcHIVEMO GisNUHI BAACTUBOCTI TBEPAUX TiN

IMommBiThca yBaXkHO Ha puc. 2.24. Vei 306pakeHi Ha HbOMY TBepAl Tila
BiApPiSHAIOTBCA OJHEe Bil OJHOrO: KOJBOPOM; BHUIVISAOM TOIIO, BOHM BUT'OTOBJIEHI
3 pisHUX pedyoBHH. Pa3oM i3 THM BOHM MAIOTh i CITLTBHI BJACTHBOCTI, IIPUTAMAH-
Hi BCciM TBepAUM TijaM.

Teepdi minra 36epizatomsv 06’em ma gopmy. lle NOACHIOETHCA THM, IO MOJe-
KyJau (aTOMM) TBepAMX TiJ PO3TAIIOBaHi B mosumiax pisHoBaru. Cmiau mpuTs-
TaHHS i BiAMITOBXYBAHHS MIi MOJEKYJAMU B IIUX IO3HUIIiSIX JOPiBHIOIOTH OLHA
onHiii. ¥ pasi crnpobu 36LIbmHUTH ab0 3MEHIIUTH BiCTaHb MK MOJIEKYJIaMH
(TobT0O 36iMBPMUTH 460 3SMEHIIUTH PO3Mip) BUHUKAE BiAIIOBiAHE MiKMOIeKyIsipHE
IpUTATAHHS 4¥ BimITOBXyBaHHA (nuB. § 14).

Bu sHaeTe, o, BiANOBiAHO IO aTOMHO-MOJIEKYJISIDHOI Teopii, aToMu (MOJIeKy-
JI1) 3aBXKAU IepebyBaTh y pyci. ATOMH TBEPAUX TiJ IPaKTUYHO He IIepecyBa-
JOTHCS 3 MiCIlf Ha Miclle — BOHH IIOCTifiHO pyXaroThcs 6issi IIEBHOI TOUKM, TOOTO
KoauBatoThesA. ToMy meepdi mina 30epizaioms He TiNbKHU 00’eM, ane i gopmy.

Puc. 2.24. HespaXkaloun Ha 30BHiLIHI BigMIHHOCTI, Byab-aKi TBepai Tina 36epiratotb opmy Ta 06'em
p
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Pozpin 2. BYAJOBA PEHOBUHU

Puc. 2.25. Mogeni KpUCTaniyHmx rpatok: a — anmasy, 6 — rpadiry. Kynbkamm 306paxeHo LeHTpu
aTOMIB; NiHiiA, WO 3'€JHYIOTb aTOMK, HAaCNPaBAi He ICHYE, BOHM NPOBeAeHi nnLe AnA Toro, wo6 noAcHUTH
XapakTep NpoCTOPOBOro po3TallyBaHHA aTOMIB

e Pospisuaemo kpucraniuni # amoppni peuosuHn

V xoni BUBYUEHHsA GYHOBM TBEpAMX TiJI 3a JOIOMOIOI0 Cy4aCHMX METOAIB
BAJIOCA 3’ACYBATH, IO MOJIEKYJIU W aTOMH OiJbIIOI YaCTMHU PEYOBHUH y TBEP-
JIOMy CTaHi PO3TAIIIOBAHI B YiMKO BU3HAYEHOMY nopadky, GisUKNU KaxXyTb: yT-
BODIOIOTh KpHcTadiuni rpaTtkn. Taki pedyoBUHM HA3MBAIOTHCA KPHCTAJiYHHMMH.
IIpuKJIafaMy KPUCTAJNIYHUX PEYOBHMH MOXKYTh OyTH ajamas, rpadir (puc. 2.25),
aip, ciae (puc. 2.26), meraau TOIIO.

ITopAgOK pO3TallyBaHHSA aTOMiB (MOJIEKYJ) y KPHUCTaJiYHUX I'DATKaX pedyo-
BUHHU BU3HA4ae ii ¢ismuni Bractusocti. Tak, HAIpUKIaZ, aiaMas i rpadir ckia-
NalThCa 3 TUX caMux atromis — aromiB Kapbony, oaHak IIi PEYOBUHU BeJb-
MU BifIpi3HAITHECA OAHA Bix ofHOI, 60 B HUX MO-Pi3HOMY pO3TallloBaHi aToMHu
(nuB. puc. 2.25).

26. Mopeni KpUCTaniuHnx rpaTok: a — Nbogy; 6 — KyXOHHOI COi (ManeHbKi Kynbkn — atomu
Harpilo, Benuki — atomu Xnopy)
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§ 15. ArperaTHui CTaH peyoBUHM '

7. Y piakomy cTaHi peyoBuHa 36epirae Monekynu pignHu posratio-
06'em, ane HabyBae popMU NOCYAUHU, y AKiN BaHi Maixe BNpUTYN ofjHa [0 OAHOT. Y He-
MiCTUTbCA BenKomy o6'emi pianHn cnocrepiraetbea

B3a€EMHa Opi€HTaLifA CyCifHix Monekyn
(icHye 6nvxHin nopagok). Y uinomy x
MONEeKynu piagnHN po3TalloBaHi XaoTUYHO

Icuye rpyna TBepAuX pedyoBMH (CKJIO, BiCcK, CMOJIa, OYPIITUH TOIIO), MOLEKY-
AU (@momu) AKuUX He ymeopwms KpUCmarivhux rpamok i B IiJloMy pO3TAIIIO-
BaHi 6e3nagHo. Taki peyoBUHM HA3UBAIOTH amMmophHUMH.

3a MeBHUX yMOB TBepi Tija IIABIATHCSA, TOOTO MEPEXOAATh y PiAKUIA cTaH.
Kpuemaniuni pevosunu naasnramees 3a nesmnoi memnepamypu. Hanpuknan, aig
3a3BHYAil NEPeXOAUTh y PiAKH CTaH, SAKIO Temnepatrypa aopisaioe 0 °C, Ha-
Gbrania — akmo carae 80 °C, pryTh — AKLO magac no =39 °C. Ha Bigminy Big
KPUCTAIYHUX, AMOPPHI PELOBUHU He Mamb NeeHoi memnepamypu niaeeH-
HA. Y pasi 36i7bIIeHHsA TeMIepaTypu BOHU TIepeXoAATh y PiAKHUII cTaH mocTy-
HOBO (TaHEeHHsA BOCKOBOI CBiYKH).

@ Cnocrepiraemo i noscHioemo pisnuni Bnacrusocri pigvn

Pidunu nezko 3minwiome ceow popmy u nabysawomv popmu miei nocy-
OJuHu, y axiii 6onu micmamocs, npome 00°e€m piOUHU Npu YbOMY € He3MiHHUM
(puc. 2.27). lonaz Te, AKIO MU Cpo0yeMO CTUCHYTH PiJUHY, HAM IIe He BAACTb-
ca. 1I1o6 noBecTn HecTHC/IUBICTD PiAWH, HAYKOBLI IIPOBEIN JOCTi/: BOJAY HAJUJIHA
Y CBUHLEBY KYJIIO, IKY 3aNasiy, a NOTIM CTHCHYJH IOTYKHUM TpecoM. Boaa me
CTHCJIAaCh, & MPOCOYMNJIACA KPi3b CTIHKM Ky.Ii.

3narHicTh piauH 36epiratu cBiil 06’eM MoOACHIOETHCS THM, 10, 9K 1 ¥ TBepaux
TijaX, MOJEKYJN B PiAUHAX PO3TALIOBAHI BJIM3BKO ofHa 1o oxHoi (puc. 2.28).

Mounekynu piauau noBoui missHO BIIAKOBAaHi, OAHAK BOHM He TiJIbKU KOJIHU-
BAIOTBCA HA TOMY CaMOMY MiCI[i B OTOYEHHI HANOGIMIKUMX «CyCifiB», ame i zo-
CHTBb JIETKO MOKYTb IepeMilyBaTHCA 06’€MOM, 3aHHATUM PigUHOW. Tomy pinu-
HU 30epiraroTe 06’eM, ane He 36epiraioTs (hopMu — BOHU € nAUHHUMU.

4 ®inka, 7 k. 97 ® m
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Puc. 2.29. Pyx i po3TallyBaHHA MONEKYN y rasax: a — HanpAMOK pyXy MONEKYN 3MiHIOETbCA B pe3ynbTaTi
X 3ITKHEHHA 3 iHWWMN Monekynamu; 6 — npubnu3sHa TPAEKTOPIA PyXy MONeKynu NoBiTPA 3a HopManb-
HOrO TUCKY (36inblUEHHA B MiNbAOH pasiB)

e NoacHwoemo ¢pisnyuni BnacTuBocri rasis

CoBo «ras» MOXOAUTH BiJ rpenbKoro chaos («xaoc», «6esnan»). I cupasni,
IJIA ra3onoAifHOro CTaHYy PEYOBMHU XapaKTEepPHUII MOBHUIT 0e3jal y B3AEMHOMY
posTalryBaHHI Ta pPyci MOJIEKYJI.

Moanerxyau za3y posmawogari Ha gidcmanax, AKi 6 decamku ma comHui pa3sie
nepesuw,yiome po3mipu mosexys. Ha Takmux BicTAaHAX MOJEKYJIN MPAKTUUYHO HE
B3aEMOAIIOTH OJHA 3 OMHOI0, TOMY MOJIEKYJIM T'ady PO3JITAIThCA U 2a3 3aumac
8ecb Hadanuil 06’em. BelUKMMHU BiJCTAHAMH MiX MOJEKYJIAMH IOSCHIOETHCHA
1 To# hakKT, 110 2a3u JeZKOo CMUCHYmMu.

IITo6 3po3ymiTH, AK PyXalThCs MOJIEKYJH rady, YABIMO pyX OJHI€l MOJIEKY-
nu. Ochk BOHA PYXA€ETHCSA B AKOMYCh HAIIPAMKY, Ha CBOEMY IIJIAXY 3iIITOBXYETHCSA
3 IHIII0I0 MOJIEKYJIOI0, 3MiHIOE HATPAMOK 1 IIBUAKICTH CBOr'O PyXy ! JIETHTH AaJi,
no HactymHOro yaapy (puc. 2.29). Yum 06iJbINO0 € KiJbKiCTh MOJIEKYJ Yy TOCY-
OWHI, TUM 4YacTimle BOHM 3iIITOBXYyIOThCA. Hampukiana, KOKHa MOJIEKyJa, IO
BXOAUTH IO CKJAAY MOBITPA B KJIACHIN KiMHATI, 31MITOBXYETHCA 3 iHIIMMHU MO-

JIEKYJIAMH Ta 3MiHIOE€ IIBUAKICTH CBOrO PyXy IPHUOJIU3HO II'ATH MiJIbAPAIB pa3iB
3a CEKyHAIY.

o NiABUBAEMO NMIACYMKHA

IIpakTuuHO Oyab-iKa PEUOBMHA 3aJI€KHO BiJ (Mi3sMUYHUX YMOB MOXKe iCHY-
BaTU B TPHOX arperaTHUX CTaHAaX: TBEPAOMY, PiAKOMY i rasomnozibHOMY.
Kosn peuoBmHA mepexoauTh 3 OJHOTO CTaHy B iHINWUI, 3MiHIOETHCA B3aEMHE
po3TalryBaHHA MOJIEKYJ i XapaKTep 1XHbBOIO PYXY, OJHAK CKJIaJ MOJIEKYJI 3aJIU-
MaeThCsA HE3MIHHUM.
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§ 15. ArperaTHuin CTaH pe4OBUHMN . .

@ KouTponbHi 3anuTaHua

1. HasBiTh peuoBHHY, AKY 4aCTO MOKHA CIIOCTEPIraT¥ B TPhOX Pi3HUX ar-
peraTHUX CTaHax. 2. UM MOXKHa& CTBEDIKYBaTH, IO PTYTh — 3aBMAU
pizuHa, a moBiTpA — 3aBXKaAu ra3d? 3. Yu BiapisHAOTHCS OfHA Bij ogHOI
MOJIEKYJIU BOAAHOL napu i nmeony? 4. Yomy TBepzi Tina 36epiraroTs 00’em
i popmy? 5. ¥V yomy monibHicTe i B WoMy BiAMiHHICTH KpHMCTaTIYHHX
iamopdHUX peuyoBuH? 6. fK pyxaiooThcsa MOJIEKyJH B piguaax? 7. Yomy
rasy 3aiMaiTh BeCh HaJaHUM 06’em?

@ Bnpasmn

1. BubGepiTh npaBuIbHY BiAIOBigb.
Konu mepenuTu piguHy 3 OHIEl MOCYAUHM B APYTry, BOHA:
a) 3miHIOE i hopmy, i 06’em;
0) 3b6epirae i opmy, i 00’em;
B) 30epirae o6’em, aje amiHIOE (Hopmy;
r) 30epirae opmy, ase 3amiHIOE 06’°€M.

2. Boja BunmapyBaJiach i IepeTBOpPMJIACh HA mapy. YU 3MiHUIUCA MIPHU I[HO-
My MoOJeKyau Bogu? Sk 3MiHMJIMCS pPO3TAIIyBAHHS MOJIEKYJ 1 Xapak-
Tep IXHBOTrO PyxXy?

3. Y morke ayroMiHi# 6yTu B rasomonioHOMYy cTaHi?
4. Yu MorKe ra3 3alOBHUTH 0AHKY HATOJOBUHY?
5. Um jerxko crtucHyTH Boay? Biamosigs ob6rpyHTyiiTe.

6. U1 MOKHA CTBEPAKYBATH, IO B 3aKPUTiil MOCYAWHI, AKAa YACTKOBO 3a-
IIOBHEHA BOJOI0, HAJl MOBEPXHEI0 BOAU HeMae?

7. ¥V yallHUKY KMIUTH Boja. UYu cupaBii Mu 6auuMo BOASHY mapy, IO BU-
XOIUTH i3 HOocuKa?

Dizvka Ta rexnika B Yxpaini

BaTtbko BuaaTHOro ByeHoro Mukonu Mukonanosmuya
Boronw6osa (1909—1992) BBaxaB, WO AUTUHA LWBUALIE
HabyBa€ 3HaHb, Hi’Xk AOPOCNA NIOAMHA, TOMY NMOYaB HaBya-
T CBOIX CMHIB YMTaTM W NUcaTth 3 4-x pokis, a Hezabapom
no3Hanomms ix i 3 ocHoBaMu iHO3eMHMX MOB. Mukona
3 AWTUHCTBA MaB Haf3BWYaNHy Npaue3faTHICTb. 3HaHHA
TanaHoBWUTOro 13-piyHoOro xnonymka 3 matematTuku Ta ¢i-
3UKN MalXxe JOPIBHIOBaNM YHIBEPCUTETCbKOMY Kypcy. ToX
y 1925 poui MNpe3ungia YkpronoBHayku NpuiHANa pilieH-
HA: «BpaxoBytoun peHomeHanbHi 34i6HOCTI 3 MaTemaTuku,
BBaxatu M. M. boronio6osa (y 16 pokis!!!) Ha NonoXxeHHi
acnipaHTta Haykoso-focnifHoi kapeapw B Kuesi». M. M. Boronio6os (Ha $oTo B LieHTpi) NpoTa-
FOM ycboro XuTTa 6yB TiCHO NOB'A3aHMUIA 3 YKpaTHCbKOW HayKoto. MoHag 45 pokiB BiH Npauosas
B Akapemii Hayk YkpaiHu, 6y npodecopom KuiscbKoro yHisepcutery.
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Q EK(HQPHMQHTaani 3aBlaHHA

LS

1

BUKOPUCTOBYIOUM CKJSHKY 3 BOJOIO, JOBEAiTh, IO B I'yMOBi{ rpymi
€ TOBiTpA.

2. AMop(Hi TiJia HA3UBAIOTH AYKE B’A3KUMU piguHaMu. BUKOPHUCTOBYIOUN
CBiUKy i, HAIIPUKJAJ, MapKep, AOBEAiTh, III0 BiCK, Xail Jy»Ke MOBiJIBHO,
aJsie Teye. [[J1A 1BOro MOKJIAAITH MapKep Ha MiJIBIKOHHA, 3BepXy — Iep-
MeHJUKYJIAPHO OO0 MapKepa — IMOKJAJiTh CBiUKYy # 3aJIMIITe TaK Ha
Kinbka aHiB. ITosicHITH pe3ysibTaTé CBOrO €KCIIEPUMEHTY.

§ 16. 3AJIEXXHICTb PO3MIPIB TiN1 BI4 TEMMNEPATYPU

B AKxwo eu cnocmepedxiugi, mo, Haneéne, 36EPHYIU Yéazy HA MAaKi Qakx-
mu. Enexmpuuni npogodu énimky nposucaioms Habazamo CuJibHiule, Hid
y3umry, mobmo 8iimky 80HU € doswumu. AKuy0 Habpamu nO6HY NAAUKY
X000HOI 800U I nocmasumu 6 menJe micue, mo 32000M 4acmuHa 800u
3 NAAWKU BULLEMBC, MOMY W0 Ni0 ¥ac HAzpiBaHHA 600a POUUDIOEMb-

ca. Ilosimpana Kyavka, 8uHecenHa 3 KiMHamu HAQ MOpPO3, 3MEHULYEMbCA

8 00°eMi.

‘we. 2.30.MNig vac HarpiBaHHA
noBiTPA B KON6i PO3WKMPIOETL-
CA W YaCTUHa NOro BUXOAUTD i3
Konbwu — ue BuaHo 3 Gynbbawox
NOBITPA, WO BUXOAATH i3 TPyOKM

5100

@ Mepexonyemocs B Tennosomy
po3IWpeHHi TBepaKNX TiN, piguH i rasis

o

Hecknanui mocnigm # 4yMciieHHi crocrTepe-
JKeHHS MEPEeKOHYIOTHh HAC Y TOMY, 110, 4K Npasu.io,
meepdi miaa, pidunu it 2a3u nid wac HAZpiBaAHHA
PO3WLUPIOIOMbBCA, @ N0 4AC 0XON00HWEHHA CMUCKY-
omuvcs.

TemyoBe po3mupeHHsS PpiguH 1 rasiB Jer-
KO cmocTrepiraTé 3a OOIOMOTOK KOJ0M, IIHHKY
KOl IMiJIbHO 3aKOPKOBAHO, & B KOPOK YCTaBJIEHO
CKJIAHY TPyOKy. IlepekuHeMo Kko0Ji0y, 3allOBHEHY
MOBiTPAM, y TOCYAWHY 3 BOjoi0. Temep I0CUTH
y3ATHCA 3a KoJi0y pyKow, i Hesabapom moBiTp,
POSIINPIOIOYHUCH ¥ KOJIOi, BUXOAUTUME Y BUIVIAAL
Oysnnbainok i3 Tpyokwu mig Bogoio (puc. 2.30).

Tenep HAIOBHUMO K0JI0y AKOI0O-HEOYAb miadap-
60BaHOIO PiAWHOIO Ta 3aKOPKYEMO TaK, 1100 dyacTu-
Ha piguHYU BBiilmIa B TpyoKy (puc. 2.31, a). [Tosua-
YUMO piBe€Hb PiIMHHU B TPYOIi Ta OmycTUMO KOJIOY
B MOCY/IUHY 3 rapAvy00 BOAOK. ¥ TEpPIIUA MOMEHT
piBeHb PIAMHU TPOXU 3HU3UTHCA (puc. 2.31, 06),



§ 16. 3anexHicTe posmipis Tin Big TeMneparypu Wﬁ; .
o

8

Hlocnia, AKMA AeMOHCTPYE, WO Nia Yac HarpiBaHHA piAviHa (AK TBepai Tina Ta rasu) poswm-
PIOETBCA: @ — 3aKopKoBaHa konba 3 pignHoto B TPY6Ui; 6 — y nepinii MomeHT HarpiBaHHA piBeHb
PIAVHN TPOXW 3HN3NTBLCA; 8 — Y XOZi NOAANBLIOTO HarpiBaHHA PiBeHb PIAVHNA 3HAYHO NiABALLYETHCA

i e MOXKHA IOSICHUTH THM, IO CIIoYaTKy Harpi-
BA€ThCA M POSIIMPIOEThCA KOJIOA, a BiKe IoTiM,
HArpiBAIOYACH, POSMIMPIOEThCS Boja. Hesabapom
MU [EPEKOHAEMOCS, IO B Mipy HarpiBaHHS KOJ-
Ou # Boaw B Hiil piBeHb pigMHM B TPy6Li ImoMiTHO
nizBumuthes (puc. 2.31, 8). OTixe, TBEPAi Tina Ta
piauHH, fAK i rasu, mig yac HarpiBaHHS PO3MIUPIO-
0Thes. JlocHiHIM MIIAXOM 3’COBAHO, IO TBepi
Tija Ta piIWHM mif yac HarpiBaHHS PO3MINPIOIOTh-
cqg HabaraTo MeHIle, Hi’K rasu.

TernoBe posmupeHHs TBepAUX TLT MOXKHA IIpoO-
AEMOHCTPYBATH TAKOXK Ha TaKOMy Aociimi. Bisbme-
MO MiJHY KYJIbKY, KA B HEHATDITOMY CTaHi JIETKO
IIPOXOMUTH KPisb IpUTHaHe [0 Hei Kinblie. Harpisae-
MO KYJIBKY B TOJYM'I CIHUPTIBKH # IepeKoHyeMoch
y TOMy, IO KYJbKa Kpisb KijJblle Telep He ITPOXO-
mutume (puc. 2.32, a). Ilicas oxomomkeHHs KYJIbKAa
SHOBY JIETKO IMPOXOAUTH Kpisb Kimblle (puc. 2.32, 6).

3’AcoByeMO NpUUYMHY TeNnNoBoro
@ pPo3WIMpeHHA

Y YoMy x npuuMHa 361/IbIIeHHS 06’€MY Tia

i yac HATpiBaHHA, amkKe KilTbKiCTh MOJIEKYJT 31
361IBIIEHHAM TeMIlepaTypH He 3MiHIOEThCS?

ATOMHO-MOJIEKY/ISIDHA Teopis ITOSICHIOE TerLIoBe

POSIIMPEHHSI TLT THUM, INO 31 36LIBIIEHHAM TeMIle-

PaTypu 30LIBIIYETHCS MIBUAKICTL PyXY aToMiB i Mo-

a
6 %

Hocnig, akni inoctpye
Tenose po3LWmnpeHHa TBepaux Tin.
a— y Harpitomy CraHi Kynbka He
NPOXOANTb KPi3b Kinbue; 6 — nicna

OXOJIOAKEHHA KyNbKa Kpi3b KinbLe
nponge

2101
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l . Pozgin 2. BYAOBA PEYOBUHU

JIeKyJI. ¥ pe3ysabrari 30LIBIIYEThCA CEepeqHs BifICTaHb MiK aToMaMu (MOJIEKYJIaMH).
Bingmosizfzo, 36imbnryeTsesa 00’eM Tisa. I HaBmaku, YMM HUIKUYOIO € TEMIEpaTypa pe-
YOBUHU, TUM MEHII MIXXMOJIEKYJISPHI IPOMIXKKU. BUHATKOM € BOa, YaBYH i meski
inmr pedyoBuHUM. Boza, Hampukiaa, pOSIIMPIOETHCA TLIBKHM 34 TeMIepaTypu IIOHA[
4 °C; 3a Temnepartypu Bix 0 °C mo 4 °C 06’eM Boau ITiji 4aCc HArPiBAHHSA 3MEHIITYEThCH.

9 XapakTepusyemo Tennose po3wWMpPeHHA TBePANX Tin

3’Acy#MO, AK 3MiHIOIOTHCA JiHINHI pO3Mipyu TBepAOro Tija BHACIILOK 3Mi-
HU TeMmIepaTypu. [ IbOro BUMIPAEMO JOBXKHHY AJIOMiHI€EBOI TPYOKM, IOTIM
Harpiemo TpyOKy, IPOIyCKa4YM Kpidh Hel rapsady Boay. Uepes NessKHM 4ac MOMK-
HA IOMITUTH, IO AOBXKHWHA TPYOKM HE3HAUHO 30i/IbIIMIIACE.
3aMiHUBIIN aJIOMiHiEBY TPYOKY CKJIAHOIO TAKOI CaMol JOBXWHU, MU IIepe-
KOHAEMOCH, 110 B pasi OJHAKOBOro 30i/IbIIIEHHA TeMIIEPATyPH NOBMKHHA CKJISHOL
TPyOKU 30i/bIIyeThCS HAOAraTo MEHINe, Hid JOBXKUHA ajoMiHieBol. Takum yu-
HOM, POOMMO BWICHOBOK: MenJi08e PO3WLUPEeHHS mila 3ajexcums 8i0 pevosuru,
3 AKOI B0HO 8UZ0MOBJLeHe.

Di3nyHa BeNMYMHA, WO XapaKTePU3y€E TENNOBE PO3LWNPEHHS MaTepiany i YACenbHO
[OPIBHIOE BIAHOWEHHIO 3MiHN JOBXWHW Tina BHACNiAOK MOro HarpiBaHHA Ha 1 °C
i NOro MoyYaTKoBOI AOBXKWHW, HAa3UBAETbCA TEMMNEPaTyPHUM KoediliEHTOM RiHii-
HOrO PO3LNPEHHSA.

TemneparypHuil KoedilieHT JiHIAHOrO PO3MIMPEHHS [MO3HAYAETHCH CHUMBO-
JIOM 0. Ta O0YUCIIOETHCA 3a (DOPMYJIOIO:

Al
o=,
l,- At
ae Al=1-1l, — amina jgoBxuHM Tina; At=t-t, — 3MiHa TeMmeparypu Tija;

l, — mouaTkoBa JOBXKHMHA TiJa 3a TeMIepaTypu t,; | — NOBXKHHA Tija 3a TeM-
neparypu t.

3 BHU3HAUEHHA TEMIIEPATYPHOro KoedimieHTa JiHIAHOrO PO3IIUPEHHS MOMKHA
JicratTy OgMHUIIO Iiel (hisnyHOI BeJIUUYUHU:

M 1
[o)- =G
M-°C  °C .

Huxue y Tabiuni HaBeneHo TeMmiepaTypHi KoedimieHTn JsiHiHOrO posmu-

PEeHHA eAKHUX PEYOBUH.

TemnepaTypm Koe(l)llllCHTH JiHiHHOTO POSLIHPEHHA NeAKHX PeYOBHH

| Pevosnma avc [ pewoswa | wwc

| Amomigiit 1 0, 000024 Q; {IfaTnHa 7 : 0 000009 -
3amizo T O 000012 ;; Cp16no z 9000019

~ Bororo | 0,000014 | Cram | 0000012

‘ Jlatyus ’ 0, 000()19 | Ckuo | O 000009

;‘,,ﬁ. - Migp | 0,000017 | LlemenT } 0 000014____' -

| Omso | 0000027 |  Themx | 0000029



§ 16. 3anexHicTe posmipis Tin Big Temneparypm . .

3HANOMMMOCA 3 TeNNOBMM
PO3IMPeHHAM y npupoai il TexHiyi

3aTHICTH TLJI pO3IMIMpPIOBATHCSA I Yac Ha-
IPiBAHHA i CTHCKYBATHUCH MiJl YAC OXOJOMKEHHS
Bifirpae Ayske BajsKIMBY poab y npupodi. Ilo-
BepXHfA 3eMJIi IporpiBaeTbcsi HepiBHOMipHO.
Y peaynbTaTi moBiTps mobmmsy Bemui Takoxk
POSIIMPIOETHCS HEPIBHOMIPHO, # YTBOPIOETBHCS
BiTep, IO 3yMOBIIOE 3MiHy moroau. HepiHo-
MipHe TpOTrpiBaHHS BOAM B MOPSAX i OKeaHax
OPUBOAMTE N0 BUHUKHEHHS Teuiif, sKi cyTTeBO
BILIMBAIOTh Ha KJIiMaT. Piske KoluBaHHS TeMIte-
PaTypu B ripchbKUX pailoHAX BUKJIHMKAE PO3IIH-
PEeHHA 1 CTUCKAHHSA I'ipChKUX MOpPif. A OCKiTBKH
CTYIIiHb POSMMPEHHS 3aJe’KUTh BiJl BUAY IIOPO-
¥, TO PO3MIMPEHHA i CTHCKAaHHSA BiAOYBAIOTH-
¢ HepiBHOMIpHO, i B pesyJbTaTi yTBODIOIOTHCSH
TPIIUHY, MO CHPHYUHIOIOTh PYHHYBAHHA THX
nopin.

TemnioBe posmupeHHs HOBOAMTBCH GpaTH o
yBaru miji 4ac OyAiBHUIITBA MOCTIB i MiHIH eex-
Tpolepenady, IpoKJaZaHHA TPyO onaleHHs, YKIa-
HaHHS 3aJIi3HMYHUX PeHOK, BUIOTOBJIEHHS 3aJIi-
300€ TOHHMX KOHCTPYKII# i B Garatbox iHmmx
BUIIAJKAX.

flBumie TemnOBOro pOIMHMpPEHHS IIHPOKO
BUKOPHCTOBYETbCA B mexuiyi it nobymi. Tak,
AJIsT aBTOMATUYHOTO 3aMHUKAHHS ¥ POSMHUKAHHS
€JIEKTPUYHUX KiJT BUKOPHCTOBYIOTH GiMeTamiumi
[JIACTUHKN — BOHH CKJIAJalOThCA 3 JBOX CMYT
i3 pisHEM KoedimieHTOM IiHiifiHOTO POS3IIUpPEeH-
Ha (puc. 2.33). TennoBe pOSMIUpeHHS MOBITPS
AOTIOMATA€ PIBHOMiPHO NTPOTrPiTH KBAPTUDY, OCTY-
OUTH TPOAYKTU B XOJOAMJIBHUKY, IPOBITPHUTH
KiMHaTY.

@ Bunmocn poss’'asysaTm sagavi

3apava. [JoB)XuHA cTaJIeBOI 3aJTi3HUYHOI pelKku 3a

remuepatypu 0 °C nopisaroe 8 M. Ha ckinb-

KK 30LIBIINTBCA 11 JOBXKHHA CIIEKOTHOT'O
JIITHBOTO IHSA 3a Temiepatypu 40 °C?

AHaniz ymosu 3adawi. BHAIOUM, SK 3Mi-

HIOETBCA [JOBXKHUHA CTajJeBOl [eTaJli BHAaCJiOK

HarpiBaHsa Ha 1°C, T06TO 3HAIOUM TeMIlepaTyp-

HUI Koe(illieHT MiHIAHOTO pOSIIMpeHHS cTaJi,

Puwe. 2.33. [Ina BUrotoBneHHs
ABTOMaTUYHUX 3anobiKHUKIB (),
ANA aBTOMaTUYHOIO BBIMKHEHHA

| BUMKHEHHA HarpiBanbHUX Npu-
nagie (6) WNMpPoKo 3acTocoByOTbCA
6imeTtaniuHi nnactuHkm (8). OguH

i3 MeTaniB y pasi 36inblieHHA Tem-
nepatypu po3WnploeTbca Habarato
6inblwe 3a gpyrui. Y pesynsrati ua
N1aCTUHKA BUrMHAETLCA (2), N enek-
TPUYHE Kono po3MuKaeTbea (abo
3aMUKaeTbCA)

— o3y



. Pospin 2. BYAOBA PEYHOBUHU

MU 3HaiZIeMO, HAa CKiJIBKM 3MiHMTBCA JOBXKHUHA PEMKM BHACJI/IOK HArpiBaHHS
Ha 40 °C. TemnepaTypHuii KoedimieHT JTiHIHHOrO PO3IMIMpEHHS CTaJi Bi3bMEMO
3 Tabuuii, HaBeAeHol BUIle.

Hano: IHowyk mamemamuunoi modenri

,=8 ™ 3a BHU3HAUEHHSM TEMIIEPATypPHOro KoedilieHTa JiHiHOrO
t,=0°C PO3IIUpeHHA:

t=40°C Al

o= 0,000012 1/°C LAL

Posg’asanna ma ananis peyivmamie

3 (opmysnn Ay BUBHAYEHHS TeMIIEPATYPHOro KoedimieHTa
JIiHIHOrO POBIIMPEHHS 3HANAEMO TOJOBMXKEHHA PeHKHU:

-1, — 7

Al=al At .

Ockinbku At =t — t, orpumyemo Al = ol (t — ¢ ).
IlepeBipumo oguHUIIO BUMIpY:

1

[l—lo]=?C—-M-°C=M.

3HaAeMo YUCJIOBe 3HAYCHHA:
{t-1,}=0,000012-8-(40-0)=0,00393, raxum ungOM,
1-1,=0,00392 m=3,92 mm.
IIpoananidyemo pesysbrar: 30iJbII€HHS [JOBKUHHU PEHKH €
IIIJIKOM peaJIbHUM.
Bionosidv: nos:xkuHa peiikn 36iabmunaca Ha 3,92 MM.

@ masusaemo macymxu

o

Tsepai rina, pigueM # rasu mix yac HarpiBaHHA, AK NPaBUJO, PO3-
muprTheda. [IpyynHa TEemyI0BOro pO3MIMPEHHSA B TOMY, IO 3i 36idbIIeHHAM
TeMIeparypu 30inbIIyeThCA IIBUAKICTH PYXy aToMiB i MojeKkya. ¥ pesyabrari
30iIbIIyETLCA cepeaHA BifcTaHb Mixk aromamu (Mosiekynamu). TensoBe posmu-
PeHHs TBEPAUX DPEYOBHH XapaKTepU3YyeThbCA KoedillieHTOM JiHIHOrO pO3IIin-
pennda. KoedinienT niHiHOrO pO3MIMpPEHHA YUCENBHO NOPiBHIOE BiIHOIIEHHIO
3MiHM JOBXMHHU TiJla BHACJHiZIOK HarpiBauus ioro Ha 1°C i iioro mouaTKoBOI

Al
JOBXHWHHU 0O = .
I, - At

@ Kourponbui sanuwrauusn

I. HaBeniTe NpUKJaAM, AKi OiATBEPIXKYIOTH, IO TBepAi Tina, pigum-
HM W rasud pPO3UIUDPIOIOTHCA IiJ yac HarpiBaHHA. 2. OnumirTs mociin,
SAKUA JEeMOHCTDYe TeIJIOBe PO3IIUPEHHs piauH. 3. Y uYoMy upuuu-
Ha 30inbmenHa o6’emy Tinm mig uyac HarpiBamua? 4. Bix uoro, kpim
TeMIepaTypH, 3aJieXKUTh 3MiHa po3MipiB Tinm mig uwac ix HarpiBa"Hs
(oxonomxenHa)? 5. YV AKUX OAUHUIAX BUMIDIOETBCA KoedillieHT miHiii-
HOT'O PO3IIUPEHHA?

I W04



§ 16. 3anexHicTb posmipie Tin Big emneparypul .
@ Bnpasmn

! Bubepirs yci npaBunpHi Bignosigi. Konu Tiso oxomomskyerses, To:
a) WBUAKICTL PyXy HOr0 MOJIEKYJI 3MEHIIYEThCS;
0) WBHAKICTE PYyXy HOro MOJIEKYJI 36i/JbIIyETHCS;
B) Bi/IcTaHb MiK HOr0 MOJIEKYJIaMU 3MEHIITYETHCH;
r) BiICTaHb MiK HOro MoJsieKyjaaMu 30i/IbIIyETHCA.

]

- Sk amiENMTBCA 06’€M HOBITPAHOI KYJBKHM, AKIO MU nepeHecemo ii 3 xo-
JIOAHOTO npuMimieHHA B Temie? Yomy?

w

IIlo BinbyBaeThCA 3 BiACTAHHIO MiXK YACTMHKAMM PifUHU B TepMOMeTpi
B pasi nmoxosomaHHa?

4. Yn mpaBUJIBHUM € TBEPIXKEeHHs, IO IIif uac HarpiBaHHA Tin0 36iabIIyE
CBOI pO3MipH, TOMY 1[0 PO3MipH HOr0 MOJEKY] 36iIbIIyioThCsH? Axmo
Hi, 3aNIPOMIOHYiTe CBiif, BUIIpABIeHNUIi, BapiaHT.

W

. HaBiHIO HAa TOYHUX BPIMipIOBaJIbHPIX opujazax 3a3HadyarwThb TeMIepa-
TYypYy?

6. 3ragaiite moCTiA i3 MiZHOI KyJIBKOI, KA BHACIIZOK HarpiBaHHSA 3a-
cTpArana B Kinbni (aus. puc. 2.32). fIk sMiHMJIMCA BHACHiZOK Harpi-
BaHHs: 00’eM Kyii; ii Maca; rycTuHa; cepejHs MIBUAKICTH PyXy aro-
MiB?

7. Ilicnst TOro AK mapy KHMILISAYOI BOAW MPOMYCTHJIM Yepes JIaTYHHY TpyO-
Ky, NOBXXHHA TPyOku 36inmbmmiaca Ha 1,62 mm. Yomy nopiBHIOE KO-
ediniedT niHifHOrO po3IMIMpPEHHs JaTyHi, AKINO 3a Temneparypu 15 °C
nopxxuHA TPyOKM AopiBHIOE 1 M? Haragyemo, mo Temneparypa KHILIs-
4yoi Bogu gopiBaHioe 100 °C.

8. IInarunoBuit npir s3aBaoBkku 1,5 M MaB Temneparypy 0 °C. YHacaigox
IPONYCKAHHSA EJIEKTPUYHOTO CTPYMY BiH DPO3KapUBCA i IONOBIKUBCS
Ha 15 mm. [lo sikoi Temneparypu GyB Harpituit apit?

9. Migauit sMcT HDPAMOKYTHOI (hOpMH, pPO3MipM SAKOro 3a TeMIlepary-
pu 20 °C cranoBnaTe 60 cm x 50 c¢m, marpiau xo 600 °C. Sk amiEnIacs
njonia Jjucra?

Q Excnepumentanbhi 3agganmn

1. §Ik, mMaioum [OINEYKY, MOJIOTOK, NBA IBAIIKH, COUPTIBKY ¥ miHIeT,
NOKasaTH, II0 PO3Mip MOHETH B 5 KOMIMOK mia yac HarpiBaHHA 36iab-
myerbca? Bukonaiire BigmoBigamit qocmain. IMosicHiTh ABUIIE, SIKEe CIOo-
cTepiraernes.

2. HanoBHITE NJIAILIKY BOJOIO TaK, 00 yCepeaAuHi 3aIUMIAIACH Oynpbarm-
ka mosirpsa. Harpiiite naamky B rapsuiit Boxi. Ilpocresxkre, siK 3mi-
HATHCA poaMmipu Oynsbamku. IloscHiTs peayabrar.

1050 N



MIABUBAEMO NIACYMKMN PO3AINY 2
«BY[IOBA PEYOBUHU»

1

Busuarouu neit posain, BU Iie pas mpurajgaJiu, mo Bei (pisuuHi Tina ckia-
JaloThCA 3 PEYOBUH, nosﬁaﬁomnnnca 3 JeAKUMH (DiSMUHUMHU BEJIHUYUHA-

MU, K1 XapaKTepu3yIOTh TiJIO i PEUOBUHY.
Di3nyHa BeNUUMNHA, WO XapakTepusye disndHe Tino
Mpuknagn
i i Cnocobu .
diznunnx Tin Ha3sa Cumon OpnHuyA . OcobnuBocTi
BUMIPIOBAHHA
Jloxxkka Tina, 1mo
3omut MaloTh piBHI
Crin Maca m KD 3Ba)KyBaHHA | MAacH, OJHAKOBO
Jlronuaa IPUTATAIOTHCS 0
3emus Semuri
— 7 - ,
Di3nyHa BENMYMHA, WO XapaKTepulye peyoBuHy l
Mpuknagn — T
®opmyna ans ) ’
peHoBUH Hassa Cumeon | OpguHuus pmyna 4 OcobnusocTi
obuncneHHn
i 3aJIeKUTh Bij
TeMnepaTypu
Cipauts, I'ycTuna p Kr/m? p= m it arperaTHOro
Ilemono3a 4 cTany
Bona PeYoBUHU
gncem: ) TemneparypHUit
PEMHIK KoedimienT
edin o 1/°C Al
JIIHIMHOTO o= L AL
POBIUINPEHHA 0

2

Bu nmpurazasu OCHOBHI ITOJIO)KEHHA aTOMHO-MOJIEKYJISAPHOI Teopii OyaoBu
PEYOBUHHU.

aromHo-MoneKynapHoi reopii Gygoen pevyosmun

OcHoBHi NnonoXeHHa

Yci peyoBUHU CKNagaoTbea
3 HaNAPIOHIWWX yacTu-
HOK — aToMiB | MOneKyn

BN W06
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3 Bu 3’scyBanu, uum i yomy BigpisHaioThbca (disuuni BIacTMBOCTI pPeYOBUH
V Pi3HUX arperaTHux cTaHax.

| ArperatHuii |
\

Teepgun

|
|

CTaH | |‘~ I o s
' - | |
peyo- | 1 | l
. BUHK laszonopi6Hui Pigkui |
\ | amopdHuin KpUCTaniyHun I
| Xapakre- \ '
| puUcTuKa l ‘ | !
o [ i T - . i
: ' | 36epiratoTs 06’eM, IPAKTHYHO |
! _ He CTHCKAIThCA l
‘ E Ho s6onina: | 36epirarory p—-----F—— —
; 2 B | 06%em. Haby- | [looi gosro | 36eDi I
< 10Th (hopmu. . . €P1rarTb
= | BaOTh Q)opMu | 36eplr‘af0'rb | 5 ‘
] i Ilicasa
® ' BaitmMaioTh ‘ V paai | POPMY-
, 5 . | IOCYAMHH thopmy. ¥ pasi -
‘ 'z BECh HAZAHAH (nnmHHI). l 30iIbIIeHHA 5
T 00’em. Jlerko ‘ IIeBHOl TeM-
a 1 - IIpakTuyno He | TEMIEPATypH neparypu
. e | CTHCKAIOTBCA | o yekatoTBCS TIOCTYIIOBO
‘ | IepexXoiATh
' [(€PEXONATE y pigxwuit cran
| |vpimuiicman |
: I Monexyin
% | Monexymnn _ )
I | " -
5 | posramosami | LLJIOMY MOJIEKYJIM PO3TAILIO po3TaIoBaHi |
= - | GeaaTHo, | BaHi O6e3aagHO B [IEBHOMY
[~ BN .
k§ | HasBigcramsx, | FJODEARY
3 a § SKi B gecaTku
| ! Y
% PagslB NEPEBN" | BjncraHb Misk MOJEKYJIAMH MOPSALKY poamipis
a | IAYIOTE POSMI™ | caMux MOJIEKy.T
c PH MOJIEKYJ |
I A ..
, VY pasi He3HAYHOIrO 3MeHIIeHHs BigcTaHEeH Mix
= JlaMM BOHM MOYHMHAIOTh BiJIITOBXYBATHU-
g8 Moutekyiu MOIERya ORI HouHHA f y
£S5 |, A | cA OfHA Bij OAHOI.
1] . . . o .
} Qa® s P . |V pasi HesHauHOro 36iJbIIEHHS BigcTaHeH Mix
S s B3aEMOIIOTH
I MOJIEKYJIAMHU BOHU IOYUHAIOTH IPUTATYBATHCH
| .
1 e | OABAAQORHOL = .
\ )
f S | Tpaexropis Bineiny yacTuHY 4acy MOJIEKYIH KOJMBAIOTHCA
| | 3
% pyxy — Ja- HaBKOJIO CTaHY PiBHOBaru
,' s MaHa JIiHidA. s ]
: g Hanpsmox ;
| o pyxy moneky- | dac Bix uacy . .
E JI¥ 3MIiHIOIOTH | Te€pecTpuidy- Iyxe pigko mepemMimyoTbes
‘ = y MOMEHTHU IOTh Ha BiJbHE | Ha BiJbHE Micie
| 0 . 3
I x 31IITOBXYBaHp | MICIE L
————————————————————————————————— __JL e ———————————————— e —————————
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TECT ANnA CAMOIMEPEBIPKU 3A PO3AIJIOM 2
«bYAOBA PEHOBUHU»

V 3aedannax 1—14 subepimeb npaguivhy 8i0nosiov.

1 (I 6a.x) Ilpukaagom hisMUHOrO Tija MOXKe OyTH:
a) cpibiio; 6) rycTUHA; B) METEOPHUT; I') acasibT.

2 (I 6an) 'ad 1€rKo0 CTUCHYTH, TOMY IO MOJIEKYJIH rasy:
a) JIerKO 3MiHIOIOTH CBOI pPO3MipH;
0) IPUTATYIOTHCA OAHA A0 OMHOIL;
B) PO3TalllOBaHi JOBOJII JaJIeKO O4HA BiJ OHOI;
r) nepe0yBaOTh y O€3yIIMHHOMY XaO0THUYHOMY pyCi.

3 (I 6anr) Migsa neranb YHACJIJOK HATPiBAHHS PO3IINPIOETHCHA, IPUA I[HOMY

301JIBIITYETHCS:
a) Biacranb Misk aromamu Kynpymy; 6) posmip aromis Kynpymy;
B) KIJIBbKiCTh aTOMiB y meraJi; r) r'ycTHUHa Mizi.

4 (I 6an) ITix yac OXONMOMXKYBAHHSA TijJia 3MEHIIIYETHCS:
a) maca Horo MOJIeKY.JI; 6) po3mip HOro MOJIEKYJI;
B) IBUAKICTH PYXY MOro MOJIEKYJI; I) KiJIBKiCTh HOTO MOJIEKYJI.

(I 6an) Konmn pedoBuHA IMEPEXOAUTH i3 OLHOrO arperaTHoOro CTaHy B iH-
MU, 3MIHIOETHCA:

a) Maca MOJIeKY.JI;

6) ckJiaJ MOJIEKYJI PEUYOBUHU;

B) XapakKTep PyXy Ta B3aeMOJil MOJIEKY.JI;

I) PO3Mip MOJEKY.I.

6 (I 6an) Yuacnigok siBuima audyasii:
a) KUCEeHb 13 IOBITPA MOTpAIJIAE€ HABITh HA JHO I'NIMOOKOI BOJOIMH;
0) 3BMEHILIYETHCA AOBXKHMHA PEMKHU ITiJ Yac il OXOJIONKeHH;
B) TaHe JIif;
r) piguHa 30upaeTbCcA B KparLii.

(I 6an) $ki i3 3a3HaYeHUX HU)KYE DEUYOBUH 3a KiMHATHOI TemIepaTrypu
30epiraroTh 06’em, aJie He 30epirarTs Gopmu?
a) 3azizo; 0) KHUCeHb; B) reJIiif; ) pTyTh.

8 (2 6anu) Maca aroma T'igporeny:
a) OinbIIa, HiXK Maca MOJIEKYJIA BOIHIO;
0) MOpiBHIOE Maci MOJIEKYJIH BOJHIO;
B) MEHIIIa BijJi Macu MOJIEKYJIM BOJH;
r) 6inbmia Bif Macu MOJIEKYJIH BOIH.

9 (2 6aau) Maca 3os0ra 06’emom 1 M? € GiTbIO0, HizK Maca CBUHIIIO TAKOTO
camoro ob’emy, Ha:
a) 8000 r; 6) 11 300 kr; B) 8,0 r; 1) 19,3 1.
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10 (2 Oaau) Ha manpKax 3piBHOBaXkeHUX

TepesiB JeKaTh ABa KYyOUKH (AUB. pucy-

HOK). UM OJHAKOBHMH € I'yCTUHH pedo-

BUH, 13 SIKUX 3p0o0JeH] KyOuKu?

a) Tak, omTHAKOBUMU;

6) Hi, IrycTHHA CHHBOrO KyOMKa MeHIIa,
HI’K TYCTHHA YePBOHOI'O KyOUKa;

B) Hi, I'yCTHHA CHHBOTO KyOuMKa GisibIIa,
HI’K I'yCTHHA Y€PBOHOI'O KyOWKA;

I') BUSHAYUTHU HEMOYKJIHUBO.

1 1 (2 6anu) Tas y 3aKpuTiit MOCYAUHI CTHUCHYJIM, 3MEHIIMBIIU HOro 00°€M

1 2 (4 6aau) Y 1IOpoXKHIO MEH3YPKY Macoio 240 r Haiu-

1 3 (5 6anie) 106 onep>kaTé JaTyHb, CILIABHIM MiZb

yaBiyi. Y pesyabTari 1poro:

a) KLIBKICTh MOJIEKYJ ¥ NMOCYANHI 3MeHIIUIACH VABiUi;
6) ryctuHa rasy 36iabmuaach yaBiui;

B) Maca rasy 3MeHIInJach yABiui;

I) BiicTaHL MiXK MosleKyjIaMu 36iTbmuIaChE YABIUi.

JU piguHy (AMB. pucyHoK). Maca MeH3ypKH 3 piam-
HOIO fopiBHIOE 375 r. BusHauTe, AKY PLAWHY HATHUIN
B MEH3YpKY.

a) Boay; 6) oniro; B) rac; r) crupr.

o6’emom 0,2 M* i nuuK 06’emom 0,05 m°. SIkoro € ryc-

THHA ojep)kaHol naTyHi? (O6’eM cmutaBy nopiBHIOE

cyMi 06’e€MiB #Oro CKJiaJoBUX.)

a) 8900 xr/m’; 6) 8540 kr/m’; B) 7100 kr/m% 1) 1000 Kr/M™M°.

1 4 (4 6aau) Ha ckinpky 36LmbmInIacs DOBKUHA MiTHOTO APOTY BHACJIZOK HAa-

rpiBanHs #oro Ha 14 °C, AKijo HOro MoYaTKoBa JOBXKHHA CTAHOBHIA 50 M?
a) Ha 9,8 mkxm; 6) va 11,9 Mm; B) Ha 11,9 M; 1) cnupr.

(8 6anie) CKnamiTe NUTaHHSA

1

1 [10 3aIIOBHEHOT'O KPOCBOpZA. KlljxTjoprip|a M]
|2M o|ln|e|k|y|a|la

3eipme saiui 6i0nosidi Ha 3anuman- 3
; L oO/lK|€ u|r|e H

na 1—I14 iz nasedenumu nanpurinyi ;

nidpyunura. II[o6 nepesipumu ocmanme ’ e] Aje[KPEIDpP|o

3a80anna mecmy, 36epHimbes Jo 6i0- nlm p|ly | 3|i l g]

nosioHux nagazpa(.[)m. I?o;mattme nu- [Gp i nlrela

MAants, Ha AKi 6U 8I0N0BIAU NPABUILHO, >

i nonivime cymy 6anrie. [Tomim yio cymy Mialc

nodinime na mpu. Odeprcane wucio 6io-
nosidamume pi6Hio 8alUX 3HAHY,
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EHUMKNONEAUYHA CTOPIHKA

B

JAVHI PEYOBUHMW TA 1X 3ACTOCYBAHHHA

AmopdHi peyoBHHH, 3 SKMMHU BHM MO3HaWOMMJIMCH B Liff rviasi,
Xoua i ABIAOTH c00O0I0 TBepAi Tina, 3 TOUKH 30py MiKpPOCTPYKTY-
pu HaraAyioTh piimau. ToMmy ix imfe Mo)KHa HasBaTH «TBepANMH
pinuEaMu». Ta AKIIO € TBepAl piAiuHHM, To MaloTh O6yTH it «pigki
kpucranu»? Icnpasni, Taki cnonyku 6ynu BUSBIeHI. A chorogui
IPAKTHYHO KOXXEH 3 HAC CTHKAETLCS i3 MUMH peYOBMHAMU IIOLHS.
ITpo pizki kpucTasu Ta iHIII AUBOBMXKHI PeYOBMHM il mife MoBa
B IILOMY PO3MiJIi.

Pipki kpucranu

Oxpim 36epesxeHHsT GOpPMHM —  BIACTHBOCTI,
Ipo AKY BHU [Ji3HaJIHCA IPH BUBYEHHI APYyroi ria-
BH, — <«HODMAJBbHi» KPHCTAIH MAalOTh TaK 3BaHY

BJIACTHBICTh aHisoTpomii. AHisorpomisi osHauae, mpo
BJIACTHBOCTI KPUCTAJNy pPidHI B pI3HUX HAOpAMKAax.
IIpo amizoTpomiio BracTUBOCTEil MOXXHA OTPUMATH VSIB-
JIeEHsI, HaIPUKJIal, OiJ yac pybaHHS APOB: Ie Habararo
Jlermie poOUTY B3IOBXK CTOBOypa, HIXK yIOIepekK.

Bussumocs, mo aesaki piAMHEM TaKOK IOBOASATE-
Cs aHI30TPONHO, — IXHI BJIACTHBOCTI 3aleXarb BiA
HAIPAMKY. 3BHYaiHO, He MoOvce OyTH il MOBU IIpO
MiIOHICTP — piAVHA 3aBXIU TeKTUMe II HabyBarTu-
Me QopMm DOCYAMHU. A 0T, HAOPHUKJIAA, ONTUYHI
SAKOCTI (IPO30pPicTh, KOJip) TAKUX pPedyoBMH OYAYTH
pisEMMM 3a pisHUMU HampsaMxamu. Taki ampizorpomsi
piAuEN oTpHMaIu HasBy pizkux kpucraiis (PK).

Pigxi xpucranu HabGyIKM B OCTAHHI POKH AyXe BeIMKOTO ITOMIMPEHHS:
iEAWKaTODPH MOAMHHEUKIB, TablI0 KATbKYIATOPA, eKpaH MOHITOpA — OCH JIMIIe
KOPOTKHUM meperik sacrocyBaHb PK.

3azBuuail Hora JIIOAMHM Mae o
250000 noToBHX 3a103 1 Moske BUIINATH
\| 10 0,5 siTpa noTy Ha AeHb. ITpuposHo,
y 1110 TaKe BOJIOTe cepeloBHIlle — ijlealb-
He Micle /i po3TOBCIO/KeHHA I'pubKa,
KOTPUY JKHBe i POZMHOMYEThCSA Mik
najabUAMHU Hir i B cKkaajkax mkipn. Hosi
MaTtepianiu JJs MIKaprneToK MiCTAThL cpib-
Hi HAHOYACTHHKH. 3 JIONIOMOIrolo IHX Ha-
HOUACTHHOK BJIA€THCA MaliKe IOBHiCTIO
NPHUIIMHATH PO3MHOMKeHHA rpubkis. Big-
TaK 3aBAAKU HAHOTEXHOJIOTIAM JIIOAH He
CTPaXKJIATUMYTh Bij| rpubKa.




HanoTtexHonorii

IIpaxTHyEO B KOXXHiM TemeBisiiiHiH mepemaui abo raser-
HIiNl CTaTTi, IPUCBSAYeHIN Haymi, BU 3MOXKeTe MOYYTH 3a-
3aJIKOBi CIOBA — «HAHOTEeXHOJOTifl», «HAHOUACTUHKI».
1o »x BoHM 03HaUaIOTH?

Bu Bixe sHaere, mo npedikc «HaHO» O3HaUae OfHA
MilTbApAHA YacTHHA. ToOTO HAHOUACTMHKH — I INOCh
oy>ke mManenbke. [liiicHO, 3BMUHI /18 Hac Tila ckKiIaza-
I0ThCA 13 MITBbAPAIB 1 MiTbAPAIB aToMIB. A 0T HAHOUACTUH-
KU — Ie JIWIIe JeCATOK abo COTHSI aTOMIB pa3oM. BuaBmiocs,
mo ¢isuyHI Ta XiMiuHi BIacTHMBOCTI TaKMX MaleHBKHX YACTUHOK
Ay>e BiAPI3HAIOTHCA BiJl BeIMKHUX «IIMATKiB» DeUOBMHM, HABITh AKINO ¥ Ti, # immi
CKJIAJal0ThCsI 3 aTOMIB OJHAKOBOTO BUAY. SKINO >k Temep 3ibpatu («cKieiTu») Gara-
TO HAHOYACTHMHOK Pa3oM, TO BMIiifle «HOpPMaJbHe» 3a poaMmipamMu ¢isuyre Timo. Or
TiIBKM BJIACTHBOCTI Horo 6yayTh yHiKaIBEMMU (THMMM, AKi IpUTaMaHHI HaHOYAacC-
ruHEKaM). Ha >xane, BUTOTOBUTH HAHOYACTHHKH i 3i6paTu iX HOKYIM Hy»e HeIerko.
Came TomMy nust miei ckiIagHOl poGOTH 3aIIPOBaLUIN HABITEH CIeIiaabHUH TepMiE —
HaHOTEeXHOJIOTiA.

Hauowancynu — ye wmyyHo cmeoperi MikpokoHmeliHepu dns nikie. Po3smip HaHokancyn moxe
3MiHoBamucs 8id 100 0o 600 HaHomMempig (cnpobyiime supazumu Yo 8e/1UYUHY 8 MEMPAX).
MikpokoHmeliHepu 3axuwjalome Niku 8id ix pyUHY8aHHS Ha WAAXy Do MeMU — X80pPUX YacmuH
opeaHizmy. [pupodHo, wo egpekmuaHicme dii HOBUX AliKie 3HAYHO BULLA 80 38UYALIHOT. Okpim
UinecnpamoeaHoi 00CMasKu Nikie, HAHOKANCYNU HUHI YCNIWHO 3aCMOCOBYIOMLCA 8 KOCMemuyHill
npomucnosocmi.

:

Imre ogEMM DpuKIazOM 3acToCyBaHHS HAHO- 111

TeXHOJOTIH MOXXYTh CIYXXHUTH AWCIIel Ha oc- » w\ -\."‘\ \ \‘ ' 5”
HOBI HaHOMOKPUTTIB. Ha BizMiEY Big momioHMX ' ,gg

AUCILIeiB Ha PiIKUX KpUCTalax, 306parkeHHSA

Ha yJIbTPATOHKUX JUCIIEAX H00pe BUIHO IIifI

PI3HIMU KyTaMu 30py.

Y 6inswocmi eunadkie Monekynu piokux
Kpucmarie 2871910mMb c06010 BUMA2HY M
NIGHUI0OXKU GMOMI8 — CBOEPIOHI «NATUYKU».
lpuyomy 6ineuwsa yacmuHa Yyux «naauy4oK»
8UWUKOBYEMBLCA 8 00HOMY HANPAMKY.

PK-moHimop izcepeduru

Hanokaranisatopwn ana asToTpaHcnopry

PismomamiTHI HaHOKaTanisaTopu B)e 3aCTOCOBY-
I0ThCsA Ipu 06pobni cupoi Hadru. HaroKkaTanizaTopu
MoxyTh migBumurun KK][ aBuryHis BHYTpPimIEBOrO
3TOPSAHHSA 1 IPU MBOMY 3MEHIIUTH BUKMJ IIKIJINBUX
peuoBmMH. [lyxe momwupeni HaHOGIILTPH OIS OUM-
IMeHHA AK OOBITPA Vv caJjioHI, Tak 1 majimBa.
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§ 17. ONTUYHI ABULLA B NPUPOAI.
AMXEPEJIA CBIT/IA

B I3 n'amu opzanie wymmasa nailGinvwe ingopmayii npo doexiing dae Ham
3ip. O0nax Gavumu HABKOAUWHIL CEIM MU MONEMO MilbKu momy, uw,o
ichye csimao. I3 yb020 napazpaga Mu NOYUHAEMO BUBYEHHA CEIMIOBUX,
abo onmuunux (zpey. optikos — 3oposuil), a6uw, — makux, w0 noe's3ami
3L ceimaom.

@ Cnocrepiraemo csiTnosi asnuwa

3i ceimaosumu s6uwamMU MU 3YyCTPIYAEMOCH IOAHS MPOTATOM yCBOTO
JKUTTA, aJj)Ke BOHU € YACTHUHOIO MPUPOAHUX YMOB, Y AKHUX MU JKHUBEMO.

Hesaxi 81 cBIT/IOBUX ABUIN 3ZAIOTHCS HAM CIIPABXXHIM JUBOM, HAIPUKJIAJ
Mipaski B mycresi, monspHi caiiBa. Ilpore moroabTecs, mo i GilbII 3BUYHI s
HaC CBIiTJIOBi ABMINA: BUGIUCK KPAILIUHKKA POCH B COHSAYHOMY IIPDOMiHHIi, MicAuHa
JIOpiXKKa Ha Ijeci, ceMubapBHUI MiCT BECEJKH MiC/As JiTHBOTO Joiry, OJIMCKaBKa
Yy TPO30BUX XMapax, MEPeXTiHHsA 3ip y HiYHOMY HeGi — Texx € AMBOM, GO BOHHU
POGJIATH CBIT HABKOJIO HAC YyJOBUM, CIIOBHEHHM YapiBHOI Kpacu Ta rapMoHii.

e 3’AcoByemo, W0 TaKe grKepena ceitna

B Qi3nyHi Tina, aToMK Ta Monekynu AKKx BUMPOMIHIOIOTb CBITNO, Ha3MBalOTb AXKepe-
% namnu cBiTna.

[TornsinbTe HABKOJIO, 3BEPHITHCA A0 CBOTO AOCBiZYy — i BH, 03 CYMHIiBY,
HasBeTe GaraTo Oxcepen ceéimaa: CoHue, cnajax 6IMCKaBKH, BOTOHbL 0GararTTs,
IIOJIYyM’sl CBIYKH, JIaMIIa PO3KapIOBaAHHs, eKPaH TeJeBisopa, MOHITOD KOMII'10T€epa
TOLIO (AWB., HAPUKJIaK, puc. 3.1). CBIT/IO MOKYTH BHIPOMIHIOBATH TAKOMK op-
ra"ismu (neAaKi MOPCBKi TBapWHM, CBITIAYKHM Ta iH.).

Fuc. 2.0 Nleaki pkepena ceitna



§ 17. OnTnyHi aBnya B npupogai. xxepena ceitna . I

¥ AcHy MicAYHY HiY MM MOXKEMO IOCHUTH H00Ope
0auuTU TpeaMeTH, OCBITJIEHI MICAYHHUM CANBOM.
Onnak MicAls He MOMKHA BBaXKaTH IKepesoM
cBiia: MicAnk cBiT/ia HE BUIPOMIHIOE, a TiJIbKH
BigbuBae cBiTio, mio uae Big Connd. Tak camo He
MOKHA Ha3BaTH [JKepejoM CBiT/ia A3epkKaJio, 3a
JOIIOMOI'0I0 IKOTO BU IIOCHUJIAETE «COHAYHOI'O 3aii-
4YuKa» y BIKHO BAILIOTO Jpyra.

é? Po3spiznaemo npupoaui va wryysi
=/ pxepena csitna

3anenno 6i0 nox00NeHHS pPO3PI3HANOMb
NPHPOJHI Ta IITYYHi (CTBOPEHi JIFOAMHOI) dxcepe-
za ceimaa.

o npupodnux [Kepes cBiT/Ia HaJIeXKAaThb,
Hanpukiaan, CoHule # 30pi, posmedeHa JiaBa Ta
NONAPHI cAWBa, AesAKi CBITHI 06’exTH 3-TIOMiXK
TBapUH 1 pociauMH: IIMOOKOBOAHA KapaKaTHILA,
pagionapia, ceBiTHi 6axTepii Tompo. Tak, Tersol
JiTHBOI HOUi B JricoBi#l TpaBi MOMKHA OGAYUTH
SACKpaBi IIATKH CBiTJIA — CBITIAYKIB.

[IpuponHi mxepena He MOKYTh IIOBHICTIO 380~
BOJIBHUTH Jiefaul 6inbiny norpedy JIIOAWHA Y CBiT-
ai. I Tomy mie B JaBHUHY JIIOAM HOUYAJHU CTBOPIO-
BaTU wmyuHi axepena ceimia. Cnouarky 1e Oyiu
BOTHUIIE ¥ KaraHellb, Hi3HiIlIe 3’IBUJINCA CBIUKH,
onuBHI Ta racoBi tamnu. Hanpukiani XIX crouir-
TS BUHAHEHO eleKTpUUYHy jJamny. CroroaHi pisui
BU/Y €JICKTPUYHUX JaMII BUKOPUCTOBYIOTH YCIOAU
(puc. 3.2—3.4).

Y nomemxaHHAX MU 3a3BUYail BUKOPHCTO-
BYEMO JIaMIH PO3XKaprBaHHA. Ha »Kajib, BOHU He
€ JOCUTh EKOHOMHUMM: ¥ TAKMUX JaMIiax OijbIna
YaCcTHHA eJIEKTPUYHOI eHeprii e Ha HarpiBaH-
HJ caMoOl JJaMIIM Ta IIOBITPA HABKOJIO i TiJIBKU
3—4 % eHeprili IepeTBOPIOETHCS HA CBITJIOBY.
B ocramHi poku, ogHak, 3’ABUIMCH HOBi, y ze-
KiJbKa pas3iB E€KOHOMHINII KOHCTPYKIIil eJeKT-
PUYHUX JIAMII.

Benuki npumimenHs (cynmepMapKeTH, IexXu
IiAIPUEMCTB TOIO) OCBITVIIOIOTHCA [ KepeaaMu
CBiTVIa y BUIVIALI HOBrUX TPYOOK — JIaMIaMH
JeHHOro cBimia. I{ns pismobapBHOI igromiHamii,
SAKOI0 BHOYI miJcBiYeHO aesaki OYOWHKH, TOPro-
BeJbHI IEHTPU TOIO, BUKOPUCTOBYIOTH HEOHOBI,
KPUIITOHOBI Ta iHIIL JITAMITH.

Pwc. 2.2.1n5 oCBiTNIOBaHHA
CTafjioHiB 3aCTOCOBYIOTb AyroBi
namnm

Puc. 3.3.MoTyXHUMK [kepenamu
WITYYHOrO CBIiTNa € raNoreHHi nam-
nu y ¢papax cyuacHoro aBTomobins

Puc. 3.4.CurHanu cyyacHux
csiTnodopie fobpe BUAHO HaBiTb
TOAi, KONW COHLE CBITUTb ACKPABO.
Y Takux cgitnopopax namnm poszxa-
PIOBaHHA 3aMiHeHO CBiTnoaioaamm

15N .



Pozgin 3. CBITNOBI ABULLA

@ 3HaMOMINMOCR 3 TENMOBNMM Il MIOMIHECULHTHIMMN Awepenamm cBiTna

3anexcno 6i0 memnepamypu Oncepes ceimaa ix nodiasoms HA TEIIOBI
Ta JIOMiHEeCIeHTHi.

Conue it 30pi, posneuena jaBa Ta JaMIIOUKA pPO3aplOBaHHsA, IIOJIyM’ss BOT-
HUINA, CBIYKH, ra3oBi IMaJbHUKH TOIIO — yce Ie MPHKJIALU MEeni06Ux JPKepeJt
CBiTJIA: BOHM BHMIIDOMIHIOIOTH CBITJIO 3aBAAKH TOMY, II[0 MAIOTh BHUCOKY BJIACHY
TemMueparypy (puc. 3.5).

Jlominecyenmui JPKepeJia CBIiT/Ia BiJIPiBHAIOTHCS Biji TEIJIOBUX THM, 10 JJIs
IXHBOrO CBiTiHHA He MOTPiGHA BMCOKA TeMIepaTypa: CBIiTJIOBe BUIIPOMiHIOBAHHSA
Moske OyTH JOBOJI iHTEHCHBHMM, a [»KepeJsio NPH IbOMY 3aJIMIIAEThCS BiTHOCHO
XOJIOZHUM.

[lpuknasaMu JTIOMiHECHEHTHHX JKepesa € eKpaH TeJieBizopa, MOHITOpP
KOMII'IOTepa, JIaMIM AeHHOTO CBiT/Ia, JOPOrOBKAa3u Ta JOPOXKHI 3HAKM, BKPUTI
JIIOMiHEeCHEeHTHOI0 (hap6oio, CBIT/IOBI iHAMKATODH, JeAKi OpraHisMu, a TaKoX mMo-
JISIpHi cAiBa.

@} Aiznacmocn Npo TOYKOBi Ta NPOTAXHI Amepena cBiTna

3anexcno 6i0 cniesiOnowenns posmipy Oxcepera ceimaa i eidemani 6id
Hb020 00 npuilmava céimaa po3pi3HANOMb TOYKOBI Ta MPOTAKHI Oixcepesa ceimaa.

ManbHWK razosoi
nautkm (750 °C)

1000

Monym'a naanbHoi
namnu (1100 °C)

2000

Monym's cBiuku
|| (1650°C)

EEEE

3000

4000

Temneparypa, °C

L

5000

6000 ?

uc. 3.5. TemnepaTypa AEAKNX TENNOBUX [XKepen CBiTna

| RN SUEE. GEDA ENER BN

Enextpuuna pyra
(4000—6000 °C)

MosepxHa CoHua
(noHag 6000 °C)
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§ 17. OnTnyni asna B npupogi. hxepena ceitna

——— N —. e

Jcepeno ceimaa 86axdcacemves TOYKOBMM,
AKULO 1020 POIMIP € BIOHOCHO HeBeIUKUM NOPIEHI-
HO 3 8idcmaniiio 6i0 Hb0zo 00 npuilmaid ceéimad.

Y npomunexcnomy pasi IKepeao BBaXKAEThCH
NPOTSAKHUM.

TakuM YUHOM, me came Oxcepeso cBiTIa 3a-
JIe’KHO BiJl YMOB MOYKe BBaXKATUCS SK NPOMSNHC-
HUM, TaK 1 mo4rkosum.

Tak, xonu MU mepebyBaEMo B KyXHi, TO JlaM-
Ila AeHHoro cBiTia (Tpybka saBroB:kku 0,5—1 m),
1o ii OCBIT/IIOE, € NJIST HAC IPOTSIKHUM IKEPeioM
cBiTaIa. KO K MH crIpobyeMO MOAMUBUTHCS HA TY
caMy JaMIly 3HaZBOPY (HAIIpUKJal, 31 CKBEpHKAa
HaBOpoOTH OyauHKY, 3 Bigcrami 100—150 M xmo
IpKepeJa CBiTIIA), TO JaMIa SBISATHME CODOI TOU-
KOBe PKepeJIo.

TakuM 4YMHOM, IO TOYKOBHUX JKepeJ CBiTIa
MOXXHa BIIHECTH HAaBITh BeJIMYe3Hi 30pi, gKi 3a
posMipom Habararo 6inbmi, Hixk CoHIle,— y ToMy
BUNAJKY, AKIIO crocTepiratu ix iz 3emJi, 3 Bia-
cTaHi, Mo B MiTbHOHM pasiB HepeBUINYE pPO3Mipu
IIUX 3ip.

@ XapakTepuayemo npuiimaui ceitna

Bu, mameBHe, B)Ke smorajanaucs, IO npu-
cmpoi, 3a JONOMOz010 AKUX MONCHA BULBUMU C8IM
J08€ BUNPOMIHIOBAHHSA, HASABAIOTH NPHMUMAadaMH
cBitaa (puc. 3.6).

IIpupodnumu npuiiMadaMu CBiTJIA € oYl XKU-
BUX ICTOT.

Omeprxyroun 3a HOIOMOIOI LUX IpUAMAYIB
iH(opMaIlio, OpraHisMu IMEBHUM YHHOM pearyioTh
Ha 3MiHM B goBKiMIi. Tak, salimoBmu 3 TeMpsaABH
0 SICKpaBO OCBITVIEHOI KiMHATH, MM, 3BHYaiHO,
3aMpY’XMMO OYi, a IMobauyMBIIN BHOYI CBiTVIO dap
aBTOMODLIA NOOMM3y, OOOB’A3KOBO 3YIIMHUMOCSH
Kpail IOpoTrH.

AHaJIoriyHy ouaM (PYHKIIiFO BUKOHYIOTH Wmyi
ni mpuiiMadi cBiTia. Tak, OTOETEKTPUYHUMY TIPHU-
iMadaMu cBiT/Ia — (oTomiogaMu — obnagHaHo, Ha-
NIPUKJIaJ, TYPHIKeTH [IJIS1 IPOXOA KeHHs ITacaKupiB
Yy MeTpo, Ha Bok3anax tomo. llITyuri doTtoximiuni
npuiimadi — 1e ¢oro- i KiHommiBKa, (oTomarrip.

IIponnoHyeMo BaM caMuM BiAmnoBicTH Ha 3a-
NUTAHHA [IPO KOPUCTh TAKHUX (POTOXIMIYHHX IIpH-
BMadiB.

Mpuimaui ceitna
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W Po3zpin 3. CBIT/IOBI ABULUA

)

NIABUBAEMO NIACYMKU

®@izuyHi TiNa, ATOMM Ta MOJEKYIH AKUX BUIIPOMiHIOIOTH CBITJIO, HA3UBAa-

I0Th J)KepejJaMu CBiTJIA.

Ilxepena cBityia GyBaroTh: TemJOBi if JTIOMiHeCIeHTHI; IPUPOAHI ¥ WITy4YHi;
TOYKOBI i mporsizxHi. Hanmpukiaz, monsipee csaitBo — mpupoxse, IIPOTAMXKHE IJIs
criocrepiraua Ha 3eMJIi, JIOMiHECIEHTHe J»KepeJio CBiTia.

ITpucrpoi, 3a ZOMOMOro0 AKMX MOKHA BHABUTH CBITIIOBE BUIIPOMiHIOBaHHS,
Ha3WBalOTh NpuMadyaMu cBiia. OpraHu 30py >KUBHX iCTOT — IIPUPOMAHI ITpuU-
imMaui cBiTia.

@
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KonTponbHi sanutanns

Ky poub Bizirpae cBiTio B sKUTTI TroguHu? IITo mHasuBarmThL mKe-
penamu cBitna? Hasenmite mpuxiaam mxepesn csitia. Yu € Micsaus
moxepesioMm ceitna? 4. Ha pucynky 306pakeHo pisHi Jyxepena cBitna. Aki
3 HUX BM BifHecau 6 10 JMoMiHeCHeHTHUX? TeroBux? & Hagezirs npu-
KJaay OPUPOAHUX i MITYYHUX AxKepeJs cBiTia. ki mryuni gxepena
CBiT/Ia 3ycrpivaioThea Haivacrime? Haegits mpuxiaagu BUKODPUCTaHHA
OUX JPKepeJs y MOBCAKNEHHOMY JKUTTI, y TexHini. 7. 3a AKX YMOB JKe-
peJsio CBiTJIa BBasKalOTh TOYKOBUM? mporskHuM? ¢ ki IIPUCTPOI HA3U-
BalOTh NpuilMadamMu cBiTia?

Bnpasn

VY AKux i3 3asHaueHuX BunNaAkiB COHIIE MOJKHA BBAXKATH TOUKOBUM

JKepesioM cBiTia?

a) CocrepiraHHsI COHAYHOrO 3aTEeMHEHHS:

6) BumiproBaHHA Bucotu COHISE Hajx 3eMJeio;

B) ciocrepiranHa COHIA 3 KOCMIYHOrO KOpa6uIsi, 110 JTeTUTH 32 MeKaMu
CoHsAuHOI cucremu;

) BU3HAYEHHA 4Yacy 3a JOIOMOrOI0 COHAYHOIO TOAMHHUKA.

Y KOKHOMY 3 HaBeJeHHUX IlepeJiKiB BH3HAUTe 3aiiBe CJ0BO ab0 CJIOBO-

cronyuyenHsA. ITodcHiTs cBiit BUGip.

a) llonym’s cBiukwm, CoHue, 30pi, 3eMJIs, MOaYM’s BOPHUINA;

0) ekpaH YBIMKHEHOro KOMI’'IOTepa, GJIUCKaBKa, JaMIa PO3KaproBaH-
Hf, TIOJYM’SI CBiUKH;

B) JlaMIla JIeHHOTO CBiTJIa, IOJYM’sl Ia30BOTO MAJbHUKA, LOPOXKHI 3HA-
KU, CBITVISYKH.



§ 18. ®oTtomerpin. CeiTnoBuii notik. Cuna csitna . .

3.OpnHieo 3 OIMHUI JOBXKWHM, AKY 3aCTOCOBYIOTH B ACTPOHOMIi, € CBiT/IO-
Buii pik. OquH CBiT/IOBHMI PiK JOPiBHIOE BifcTaHi, mo ii MPOXOAUTH CBITIIO
y BakyyMi 3a oniuH pik. CKiTbKY MeTpPiB CTAHOBUTH CBITJIOBUM piK, AKIIO
IIBUJAKICTH CBiTyIa y BakyyMi npubsusso popisaioe 300 000 xm/c?

4.3a axui nprbJIN3HO Yac CBITJIO IPOXOANTH Bimcraus Bix CoHus 10 eM-
a1, mo aopisaioe 150 000 000 km? (IIBuakicTs cBiTIA Yy BaKyyMi mpu-
61ussO nopiBaIOE 300 000 KM/C.)

Qizmka ra rexnika 8 Yxpaiui

BugatHui ¢isuk lrop €sreHoBuy Tamm (1895—1971) nounHas
CBOIO HayKOBY AisNbHICTb y KpumcbkoMy yHiBepcuTeTi Ta B Ogecbkomy
MONITEXHIYHOMY IHCTUTYTI.

Hainbinbw Bigome gocarHeHHA akagemika |. €. Tamma — TeopeTtuyHe
PO3'ACHEHHA Tak 3BaHOro edekTy YepeHkosa.

EpekT YepeHkoBa — Le cnabke 6nakuTHe CBIiTiHHS, WO 10r0 BUAAE
HaniBnpo3ope cepefoBuLLe, KON Kpi3b HbOTO MPOXOAUTL paaiauiiiHe
BUMPOMiHIOBaHHSA. Teopia Tamma nexuTb B ocHOBI poboTn demekmopis
WBUOKUX 3apAOXKeHUX YaCMUHOK (4epeHKOBCbKMX NiYMNbHUKIB). 3a Ui
AocnipxkerHa | €. Tamm otpumas y 1958 poui Hobeniscbky npemiio
3 ¢iznkn (cninbHo 3 I. M. ®patkom i M. O. YepeHkosum).

,§:JSQ,MTQME[TPIH. CBIT/IOBUIA NOTIK. CUNA CBITNA
® Bu 6ci 3naeme, wo 6e3 memHUX OKYLAPIB HEMONCIUBO OUSUMUCA HA NO-
ydenne conye. Boonowac mu moxemo 00820 Muryéamuca 30paHum HeGoM,
I ye He BuKIUKAE HOOHUX HenpuemHux ei0wymmis. Yomy ye mak? Bio-
nosicmu Ha Yi numanHs Ham donomodxce pomomempis (8i0d zpey. fotos —
c8im.Jo).

Domomempia — po3din onmuku, y AKOMY pO321A0AIMbCA eHepze-
MUYHi Xapakmepucmuku céimaa 6 npoyecax il0z0 6UNPOMIHIOBAHHSA, NO-
wupenna ma 83aemodii i3 cepedosuuyem.

@ MNepexonyemocn B HeobXigHOCTi BNBYSHNA eNepreTHYHMNX
XapaxTepucrunk ceitna

Hia ceiTia moxke 6yTH Pi3HOW: Bifi men.no6oi, AKa BUABJIAETLCA B Harpi-
BaHHI TiJI, 0 NONIMHAIOTH CBITIO, [0 €NeKMPUYHOL, XiMiYHOI Ta MEXAHILHOL.
Taky gio cBitTIa yMOM/IMBIIIOE HAA6HICMb Y céim.a eHeprii, TOMY mpo eHepre-
THYHI XapaKTEePUCTUKH CBIT/IA 3HATH AY>Ke BaXKJIMBO.

PisHi xii cBitsa esxars B 0CHOBI po6oTyu TexHiUHUX mpucTpoiB. Hanpukiaz,
CHCTEMM OXOPOHM Pi3BHOMAaHITHMX 06’€KTiB NpaLIOITh HA YYTJMBHUX HpHiiMa-
4ax cBiTia — doroenemenrax. ToHK]I myuku cBiTia, mo 6GyKBaJbHO MIPOHU3Y-
I0Th IPOCTIP HABKOJIO OXOPOHIOBAHOrO 06’€KTa, CIpAMOBaHi Ha (hoTOEIeMEeHTH

N9



Po3zgin 3. CBIT/IOBI ABULLA

Jue 370 Y cyvacHUX OXOPOHHUX
CMCTEMax BUKOPUCTOBYIOTbCA
4yyTAuBi poToenemeHTu

30BHILLHE OCBITNEHHA
y BEAIKWX MiCTax YMUKAETHCA aBTO-
MaTUYHO TiNbKK B TEMHY Nopy ao6u
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(puc. 3.7), i AKINO MEPEKPUTHU OAMH i3 TAKHX
NPOMEHiB, TO (POTOEJIEMEHT I[epPecTaHe OJepKy-
BaTH CBITJIOBY €HEpriioo i HeraHoO «IIOBiJOMUTH»
PO Ile — IMPOJIYHAE CUTHAJ TPUBOTH.

Inmi rexHivuHi mpucTpol sparTHi pearyBaTu He
TiIBKM Ha (haKT HaA6HOCMI CBITJIOBOI eHeprii, ae
i Ha 11 kinbricme. Tak, OCBiT/IIEHHS ByJIHUIlL Be-
JUKHUX MicT (puc. 3.8) BMUKAEThCA aBTOMATHUYHO
B MOMEHT, KOJIY KiJIbKIiCTh 0ZIep3KyBaHOI CBITJIOBOI
eHeprii CoHIA 3MEHINYETHCA [0 MEeBHOTO 3HAYEH-
HA. Pob6oTa moxi6HUX mpUCTPOIB 30pi€eHTOBaHA HAa
CIpUIMaHHsA CBiTyIa JIOACBKUM OKOoM. Tomy oue-
BHIHOIO € BaXXJIMBICTH PO3IVIALY €HEepPreTMYHUX
XapaKTepUCTUK CBiTJIa, IO I'PYHTYIOTHCA Ha 06ea-
IocepeIHbBOMY CIPUMMAHHI CBiTJIA OKOM — HAa 30-
posomy giduymmi.

Bummocs pospisusrm ceivhoswit noTix
7 i ey cBiTRa

3oposi giduymmas € nysxe cyd’ ekTuBEUMHA. K
ix omimuTn? Bama mama xauue Bac yBeuepi: «Inu
N0JI0MY, y2Ke TeMHO!» A BaM 3a€ThCs, 1110 JJIs irop
me AocuTh cBimia. Kpim Toro, uyriamsicTe OKa 10
CBiTJIa Pi3HO020 KOMLOPY AysKe pisHa. Tak, 30poBi Bij-
YyTTs BiJl 3€JIEHOrO KOJIOPY B OKA MPUOJMU3HO B CTO
pasiB cuuIbHIIIG, HiXK Bij 4yepBOHOro (HAIpHUKJIA,
3€JIEHy JIaMIIy OKO CIIpuMiMae AK OLJbII MOTYXKHY,
Hi’ 4epBOHY, 3a OJHAKOBOI IIOTYKHOCTI 000X JIamII).
IITo6 yce me 3’sicyBaTu, yYeHi NpOBeIM COTHi
JOCJIiIiB i BCTAHOBUIIU CepedHi Xapakmepucmuku
3oposux eiduymmie noduru. Ha uiit 6asi creopeno
npuJaau, 3JaTHi BUMipooBaTu (hisuuHi BeJIUYUHH,
AKi XxapaKTepusyioThb 30poBi Bimuyrra. Onny 3 Ta-
KUX BEeJIWYUH HA3UBAIOTH C8IMI0BUM NOMOKOM.

& CsitnoBui notik — ue ¢iznyHa BenuuMHa, AKa
@ UNCeSbHO [OPIBHIOE KiNbKOCTi OLiHIOBAHOI 3a 30-
pPOBUM BiAYYTTAM CBITNOBOI €Hepril, Wo naaae Ha
NOBEPXHIO 3a OAUHULIIO Yacy.

CBiTJIOBM# IOTiK IO3HAYAETHCA CUMBOJIOM @
Ta 0OUUCITIOETHCA 3a (HOPMYJIOIO:

w
b=—),
t
ne W — ouiHoBaHa 3a 30pOBUM BiJ[lUyTTAM CBiT-
JIOBa €Heprid, 10 Iajae Ha NeBHY MMOBEPXHIO; ¢ —

yac najiHHA CBITJIOBOI eHeprii Ha TY MOBEPXHIO.



§ 18. ®oromerpin. CBiTnoBui notik. Cuna csi‘m;. .

3a 00uruy c6imr060z0 nomoky B3ATO JiomeH (1M) (Bixm narmu. lumen —
CBiTyI0). BuaBuIOCH, HAIpUKIa/, IO CBITJIOBHMI MOTIK Bij 30pAHOro Heba, sKuit
najae Ha CiTKiBKy oka,— 6ausbko 0,000000001 M, cBiTsioBHit moTik Bix moury-
AEHHOro coHusa — 8 aM. CaMe TOMY MU He MOYKEMO AMBUTHUCA Ha SCKpPaBe COHIE
HEe030pPOEHUM OKOM.

Y NOBCAKAEHHOMY JKMTTi AK JPKepeJia CBiTJIa Ay’Ke YACTO 3aCTOCOBYIOTH €JIeK-
TPUYHI JIAMIN PO3’KapIOBAHHA, IO BiAPIBHAIOTHCA OAHA Bijf OAHOI nomyxcHicmio
(mosnauaerbca P i BumiproeTses y Barax, Br). [[18 XapaKTepHCTHKY TIOBHOT'O CBiT-
JIOBOTO TIOTOKY JAeSAKHUX JIaMII poamapmnam{x HaBOAMMO BiJIIOBiHY TaGIUIlIO:

MotyxHicTb namnu | I'loava cBiTnOBUIA ‘ MoTyxHicTb namnn | [MoBHWiA CBITNOBMIA
| PB | roik®om )| RBr | norik O nm
| 15 | 127 39 100 | 1275
40 3T | 500 | 8725
60 | 645 | 1000 19000

CeiT/I0BU TIOTIK CTBODIOETHCA AKEpesoM cBitaa. DizuuHa 6eIUYUHA, WO
Xaparkmepusye c8iminHHA OXcepena C8iMAA 6 NE6HOMY HANPAMKY, HA3UBAETHCA
CHJIOKO CBiTJIA.

SIKu1o Askepesio BUIIPOMiHIOE BUAMME CBIiT/JIO piBHOMIpHO B yci 60Ku, TO cuia
CBiTJIa OOYUCITIOETHCH 3a (DOPMYJIOIO:

.
4n
ne ® — TOBHMIA CBITJIOBMIT IOTIK, IO HOro BUOYCKAE [ Kepesio; T — CTaja Be-
JUYKHA, AKa nIpubin3so aopisHIOE 3,14.
3a odunuyio curu ceimaa 8 Mixcnapodnii cucmemi odunuysb (CI) B3aTo Kanae-
ay (kn) (Big natus. candela — cBiuka). Kandena — odna 3 ocnoenux odunuys CI.

@ Bummocs po3s’asysaru zagavi

Japava. O6uncaiTh NOBHUH CBITJIOBMIT NOTIK, IO HOro BUIPOMiHIOE JIaMIIa PO3-
JKapIOBaHHS, cuja cBiTia akoi nopiBHioe 30 KA. Busnaure moTyxHicTb
JIaMIIH,

Hano: Ananiz Qizuunol npobremu

I'=30 xn | Beakaemo, mo JaMIa BUIIPOMIHIOE CBITJIO piBHOMIpHO B yci GOKH,
a/i)Ke MOBHUU CBITJIOBUI ITOTiK MU MaeMO 3HAWTH 3 (DOPMYJIH JJIS CHIIN
® — 2 ceitna. IloTy»xHicTh, AKY CHOXKUBAE JaMIa, BUSHAYMMO 3a TAOIUIEO.
P—2? ITowyr mamemamuuroi modeni, po36'a3aHHA Ma AHANI3 pe3yibmamie

Ckopucraemocs dopmyoro [ =43 , 3Bigkm ®=4nl.
n
Busnaunmo snavenHa nrykasoi Beuunau: ®=4-3,14-30=376,8 (;1m).

IIpoananiayeMo pesysibpTaT: CKOPHUCTABIIHMCH TAOJIMIEI0, BHUABHMO,
o cBiTyIoBUi NOTiK 376,8 1M ~ 377 ;1M BUNPOMiHIOE JTaMIIa TOTY K-
HicTi0O 40 Br.

Bionosidv: ®=376,8 v, P=40 Br.

1218



Pozpin 3. CBITNOBI ABULLA

@ masusaemo macymrnm

Poaain onTukM, y SKOMY POSIIIANAIOTHCSA €HEPreTUYHi XapaKTepPUCTHKH
CBiTJIa B Ipomeci HOro BUIyCKaHH#A, NOIIMPEHHS Ta B3a€MOJii i3 cepemoBuimeMm,
Ha3uBaETHCA (DOTOMETPIEI0.

CaiT/IOBe BUNIPOMiHIOBAHHA JKepesa XapaKTepu3yeThCS CBITIOBUM IIOTOKOM
1 cuJom0 cBiTIIa.

DizuyHA BeJIMUMHA, 10 YUCEIHHO AOPiBHIOE KiJBKOCTI OIiHIOBaHOI 3a 30pO-
BHUM BifluyTTAM CBiT/IOBOi eHeprii W, Aka majae Ha MOBEPXHIO 3a OAMHUIIO Yacy
t, Ha3UBAETHCA CBITIOBUM IIOTOKOM (CI)) . CBiT/IOBUMIT MOTIK BUMIPIOETHCA B JIIO-
MeHax (1M).

@izuyHa BeJUUYUHA, IO XapaKTepu3ye CBITIHHA [JrKepesa CBiT/Ia B IeBHOMY
HAIpPAMKY, HAa3UBAETHCA CHUJIOIO CBiT/IA (I ) . OpuHUIA cuiamM cBiTIA — KaHZe-
aa (kx), ogHa i3 cemu ocHOBHuUX Benuuus CI.

e KouTponabsi 3anutanss

1. HaBeziTh NpHKJaZ¥ TEXHIYHUX HPUCTPOIB, IO pearyioTh HA HAIXO-
JoKeHHA cBiTiIoBOI eHeprii. 2. Illo Ha3uBaMOTH CBITJIOBUM MOTOKOM?
VY AKUX OAMHUIIAX BiH BuMipoersesa? 3. I[o cBiT/Ia AKOTrO KOJIHOPY — 3e-
JIEHOI'O YM YePBOHOTO — YYTJIMBICTH OKa € BUImO0? 4. 3a AKow popmy-
JIOI0 BU3HAYAIOTh CUJYy cBiTna? ¥V AKUX ONWMHHUILAX BOHA BUMIpHOETHCA?

‘Bnpa-

1. Cuna cBiTyia ToukoBOro mxxepena cranosuth 100 k. BusHauTe moBHMI
CBITJIOBMH MHOTiK, IO Or0 BUIIYCKAE Iie JXKepeJo.

2. TloBHMI CBITVIOBHH HOTiK €JIEKTPUYHOI JlaMmu AopiBHIOE 1884 nm. Bu-
3Ha4YTe CHJIy CBiTJIa IILOTO JJKepeJa.

3. Yomy BlleHb BaXKKO PO3TUBUTUCS 3HAJBOPY BHYTPIIIIHI# IPOCTip HEOCBITIE-
HOI KiMHATH Kpi3h BiKHO, He HaOMMIKaouu OOIMYYS BIOPUTYI A0 cKja?

4. ITpunycrimo, 10 Bifi YepPBOHOrO ¥ 3€JIEHOTO CUTHAJIB cBiTIIO(Opa Ha
CiTKiBKY OKa Ilajae mpuOJIU3HO OJAHAKOBMM CBiT/IIOBHMITI moTik. Um ogHa-
KOBOI ITOTY»XHOCTi JIaMIIM BCTAaHOBJIeHI y cBiTiodopi? Axmio Hi, TOo mo-
TYXHICTBh AKOL amMnu Oisiblra — 3€JIeHOI YU 4epBOHOI?

§19.OCBITNEHICTD

® [Ipuzadaiime ceoi 6iduymmsa, KOLU 6U 3AX00ULU 8 MEMHE NPUMIULEH-
na. Cmae dewyo He no cobi, adxe HiL020 He BUOHO HABKOLO... Ale 8apmo
YBimKHYymMu aixmapurx — i OAU3bKO PO3MAUL0BAHI npedmemu cmanms
dobpe nomimuumu. Ti x, wo € decv dani, MoxHa nedée po3piznumu 3a
Konmypamu. ¥ maxkux eunadkax Kajxiymbv, w0 npedmemu no-pizHomy
oceimaeni. 3’acyumo, w0 marxe ocgimaericme i 8i0 4020 B0HA 3ajle-
Hums.
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§ 19. OcBiTneHicTb @
= = RS

BusHavyaemo ocBiTneHiCTL

Bing Oyap-AKoro mxepesa CBiTJa NMOIIMPIOETHCS CBITJIOBHII MOTIK. UYuM
OilIBIIMI CBITVIOBMI HOTIK ymaze Ha MOBEPXHIO TOTO YW iHIIIOTO Tija, TUM Kpa-
e ¥oro BHIHO.

W DisnyHa BeNnUMHA, AKa YMCENbHO [OPIBHIOE CBITNIOBOMY MOTOKY, WO NaAaE Ha Oau-
. HWULIO OCBITNEHOT NOBEPXHi, HA3MBAETLCA OCBITNEHICTIO.

OcsiTienicTs nosHavaeTbcsa cCUMBOIOM E Ta BUBHAYAETHCA 3a (OPMYIIO0:

E=—,
S

ne ® — cBiTioBuil moTik; S — IUIOLIA MOBEpXHi, HA AKY maja€e CBITIOBUI IOTIK.
YV CI 3a odunuyrwo oceimaenocmi B3saTO moKe (1K) (Bix marwn. lux —
CBITJIO).
OnuH I0Ke — 1e ocgimJeHicmv marxor noeepxui, Ha 00uH KeadpamHuil
memp aKoi nadae c6imnosuil nomirx, w0 AopieHIe 0dHOMY JLIOMEHY:

lmc:—ln—h.d.
1

MZ

HaBogumo nesaxi sHayenHs ocBiTiieHOCT] MoBepxHi (Mo6IH3Y 3eMuri).
Ocsitnenicrs E:

* COHAYHUM IIPOMiHHAM OHiBAHI (HA cepeaHix muporax) — 100 000 ak;

* COHAYHUM NPOMIHHAM Ha BiIKPUTOMY Micui B moxmypuii geab — 1000 ixk;

* COHAYHUM NPOMIHHAM y cBiTuIi#l KiMHAaTi (M06u3y BikHa) — 100 JIK;

+ Ha BYJUIIi IPU IMITYYHOMY OCBITJIEHHI — 110 4 JIK;

+ Big moBHoOro micaus — 0,2 jk;

+ Bij 3opsHOro Heba B Geamicsauny Hiu — 0,0003 nk.

@ 3'AcoByemo, Bifj HOro 3anexuTb
ocBiTneHicTb

MabyTb, yci Bu 6Gauyuaum MINIUTYHCHKI
binpmu. YaBiTh: AKMi-HeOyAbL repoil mpu CBiT-
Ji cJabKoro KHIIeHLKOBOTO JIiXTaApHKAa YBajKHO
neperaAjgae NOKYMEHTH B IIOIIYyKax Heobxif-
HUX «CEeKPeTHUX JaHUX». ysaraJji, mod uuraru,
He HaIIPyKyIo4u oueil, noTpiOHA OCBiT/IeHICTH, He
merma Big 30 nk (guB. Hanmpukiang, puc. 3.9),
a ne yumaJsio. I Ak Ham repoil gomaraeTnca Ta-
Kol ocBiTsieHocTi?

ITo-mepmie, BiH migHOCUTH JIXTApUK AKHAH-

bmurkye 70 nOKyMeHTa, AKuil meperasagae. Omxke, o, 5 LLlo6 npounTaTh AOCUTH
océimaenicme sanexcums 6id eidcmani 6i0 Oxcepe-  ppi6HMA WPNGT, cria 36INbLIATA
aa cgimaa 0o 0c6ima6anozo npedmema. OCBITNIEHICTb CTOPIHKM
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Pospin 3. CBITNIOBI ABULA

Puec. 3.10.Y pasi 36inbleHHA BigcTani go Axepena CBITNa Nolla oCBiTNeHol NoBepxHi 36iNbLyeTbcA

Ilo-npyre, BiH PO3TAIIOBYE JIXTAPUK IEpPIEHAUKYISPHO 10 TOBEPXHI HOKY-
MEHTa, a Ie O3Ha4ae, IIOo Ocsimieiicms 3dlexiums 6i0 Kymd, nid axum c6imao
nadae Ha nosepxuio.

I HapemTi, 119 KpaIioro ocBiTJeHHS BiH IIPOCTO MOKe B3ATH NOTYXKHIT Ui
TiXTapuK, 60 OYeBUIHO, IO 3i 36iALUWECHHAM CULU C6IMIA Aceperd 36iabyeme
ca oceimaenicms.

3’sicyfiMo, AK 3MiHIOETBCS OCBiT/IeHiCTb y pasi 36i1bImmeHHs BigcTaHi Bimx Tou-
KOBOT'o JDKepeJia CBiTVIa [0 ocBiTnroBaHOI moBepxHi. Hexail, Hanmpukmazn, cBitio-
BHIf [IOTIiK BiJi TOYKOBOTO MKepesa majae Ha KBAJPATHUI eKpaH, PO3TANIOBAHUI
Ha IeBHil BifcTaHi Bix mxepena. SIKmo 36iMbmMuTH BifcTaHb YABIYi, MOKHA TO-
MITHTH, O TOH caMuil CBITVIOBHil MOTiK ocBiTimoBaTMMe B 4 pasu 6inpmy Ito-

: () . .
my. Ockinbku E=—, TO OCBITJ€HICTh y I[bOMY BUIIAJKY 3MEHIIUTHCS B 4 pasu.

fxkmo 36iMpmuTH BincTaHb Y 3 pasH, OCBITJIEHICTH 3MEHIIUTHCH B 9= 32 pasis.
TobTo ocsimnenicmo € obeprerno nponopuyiiinon Keadpamy sidcmaii 8i0 moyxo
6020 ducepena ceimaa do nosepxii (puc. 3.10).

Skmo mny4ox cBiTNa Naae NEpPIEHAMKYJISAPHO [0 MOBEpXHi, TO CBiT/IO-
BUil NOTIK POSNOALIAETbCA HA MiHIMaNbHINA miomi. V pasi s6irviuenns rcyma
nadinna ceimaa 36GiABIIyETHCS IUIOMA, HA AKY IaJa€ CBITIOBHH MOTIK, TOMY
oceimnenicmy 3mernuiyemucs (puc. 3.11). Mu Bixke roBOpHJIHM, IO B pasi 3611b-
IIeHHA CHJIM CBIiT/a [pkepesa ocBiTeHicTh 36iabmyeThes. EKcreprMeHTaIbHO
BCTAHOBJIEHO, II[O OCBIMAEHICMb € NPAMO NPONOPYILHON CULL c8imaa dxceperd.

(OcBitneHicTh 3MeHINYeThCS, SKIIO B IOBITPI € 4YACTOYKH Uy, TyMauy,
UMy, 60 BOHM BilGMBAIOTH i PO3CiIOIOTH MEBHY YaCTHMHY CBIiT/IOBOI eHeprii.)

Hkmo moBepxHA po3TAaNIOBAHA NEPHEHAMKYJISPHO A0 HANPAMKY IOMIMDPEH-
Hf CBiTJIa BiJI TOYKOBOTO [KepeJia i CBiT/IO MOMIMPIOETHCS B YHUCTOMY ITOBiTpi, TO
OCBIT/IEHICTh MOKHA BUBHAYUTHU 3a (POPMYJIOO:

I
E=? ]
me I — cmia cBitna mxepena, R — BiAcTaHb Bif mkepesa CBiTaIa IO IIOBEPXHI.



§ 19. Ocsimeuim. .

e

Puc.3.11.Y pasi 36inbweHHA KyTa NagiHHA o NapanenbHUX MPOMEHIB Ha NOBEPXHIO 3MEHLLYETLCA
OCBIT/IEHICTb Lii€i NOBEPXHI, OCKINbKM Naaalounii CBITNIOBUI NOTIK PO3MOAINAETLCA NO BCe 6inbLuii nnowyi
NOBepXHi

Bummoca po3s’asyBaru 3agaui

Crin ocBiTyIeHuil JJaMIIOI0, PO3TAIIOBAHOK HA BHUCOTI 1,2 M mpaAMO Haj CTO-
oM. Busraure ocBiTieHicTs cTONYy Ge3mocepenHbO IIiJ| JaMIIOK, AKIO IOBHUM
CBITJIOBMH MOTIK JlaMI¥ cTaHOBUTH 750 sM. Jlamny BBaskaiiTe TOUKOBUM JKepe-
JIOM CBiTJIA.

Hano: Anani3 @isuunol npobremu, nOWYK mamemamuirHoi mooe.i
O =750 1m OckinpkM JyKepesio CBiTVIa BBa’Ka€MO TOYKOBHMM i cTis poara-
R=1,2m IIOBAHMUH NePHeHAUKYJIAPHO O HANPAMKY IOIIMPEHHA CBiTIa,

I
TO MOXX€eMO CKOpUCTATUCA (OPMYJIOI0 E=F (1). Jlamma momru-

pIo€ CBiTJIO B yci 60KM piBHOMipHO, TOMY [ =f)— (2).
n

E—7?

Posé’aszanna ma anani3 peysomamie
IlincraBusmiu dhopmyny (2) y dopmyay (1), 3HalAeMO:

E= E:RZ = @ 5 - BUBHAYMMO 3HAYEHHA IIYKAHOI BEJUYMHU:
4n 4nR

E=—7—§0—=41,5 (1K).
4.-3,14-1,44

AmHania pesysbTariB: OTpUMaHe 3HAYEHHS OCBITJIEHOCTI
E = 41,5 5K € miJIKOM peaJibHUM.
Bionosiov: E=41,5 axK.

@ NIABUBAEMO NIACYMKHU

PizuuHa BeJIMYMHA, AKA YUCEJbHO JOPiBHIOE CBITIOBOMY HOTOKY ®, II0
najiae Ha OJMHMINIO OCBiTIIOBaHOI MOBepxHi S, HasuBaeThca ociTienicrio (E):

) ’ . ;
E= rh ¥ CI 3a OZMHHUILIO OCBITJIEHOCTi B3ATO JIIOKC (JIK).
OcsiTnenicTe noBepxHi E 3ajexnuTh: a) Bix BifcraHi R 0 ocBiT/IroBaHOI MO-

. 1 . . "
BepxHi (E~? ; 0) KyTa, miJg AKUM CBITJIO /A€ HA IOBEPXHIO (UMM MeHIIHH
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I lPomin 3. CBITNOBI ABULLA

KYyT IaJiHHA, TUM BHUIIOK € OCBiTJIEHICTB); B) cuau cBitia I Jxepena (E' ~1 );
T') IPO30POCTi cepefoBHUINA, Y AKOMY MOIINPIOETHCH CBITJIO, IPOXOAAYH Bif mMKe-
peJsia IO IOBEpPXHi.

e KowuTponssi 3anuraumns ————

1. IITo HasuBalOThH OCBiTJIEHiCTIO? ¥V SAKUX OJUHHUIAX BOHA BUMIPIOETHCA?
2. Yu MOKHa YMTATU, He HAIPYXKYIOUU OuYel, y CBiTIiil KiMHari? Ha ByaH-
IIi IpU IITYYHOMY OCBiT/IeHHI? mpu nmoBHOoMy Micani? 3. A MoxxHa 36ib-
IINTH OCBiTJIeHiCTH meBHOI moBepxHi? 4. Bigcrass Bim ToYKOBOro mxepe-
Jla cBiTyia A0 moBepxHi 30inpmuiu y 2 pasu. fAK mpu 1npoMy 3MiHHUJIACH
ocBiTyieHicTh moBepxHi? 5. Yu 3a/IeKUTH OCBITJIEHICTH MOBEPXHi Bif cuim
CBiTJIa JpKepesia, 1[0 OCBITJIIOE If0 MOBEPXHIO? SIKIO 3a/eXUTh, TO AK?

em — ———

1. YoMy OCBITJIEHICTH TOPU30HTAJBHUX IIOBEPXOHb OMiBAHI € O6iJbIIOIO,
Hi’X ypaHIIi Ta BBeuepi?

2. Bigomo, 110 ocCBiTyIeHiCTH BiA [EKIiNBKOX [J)Kepes JOpiBHIOE CyMi
OCBITJIEHOCTE BiJj KOXKHOIO0 3 IIUX JKepes okpemo. HasemiTs mpukiagmn
3aCTOCYBaHHSA IIHOI'0 ITPaBUJIA HA MPAKTHILI.

3. Ilicna BuBueHHA TeMU «OCBIT/IEHICTE» CEMUKJIACHUKY BUPIIIUIN 30617b-
IIUTH OCBITJIEHICTH CBOTO POOOUYOro MicIis:

—IleTpuk 3aMiHWMB JIAMIIOUKY Yy CBOI#l HACTiJIbHI#N JaMIi HA JaMIOUYKY
0iJIBII0] TOTYHOCTI;

— Harasnka nmocraBuja mie OJHY HACTiJIbHY JIAMILY;

— AHTOH MiHAB JIOCTPY, W0 BUCLIA HAJ HOr0 CTOJIOM, BUIIE;

— IOpko poaramiyBaB HACTIJNbHY JIAMITy TAKUM YMHOM, 1[0 CBIiTJIO mOoYa-
JIO MaZlaTy IPAKTUYHO HNEPIEHAUKYISAPHO 0 CTOJY.

ki 3 yuniB 3pobusin npaBuabHo? OOrpyHTYHTE BiANOBiAb.

4. Y AcHUN NONYAEeHb OCBITJIEHICTh MOBEPXHi 3eMJIi Iij NIPAMMMH COHAY-
HuMu npomesHamu ctaHoBuTb 100 000 k. Busmaure cBiT/IOBUI MOTIK,
10 najae Ha AiaaHkKy miomeo 100 cm?.

5. BusHauTe OCBiT/IEHICTB BiJ eJIEKTPUYHOI JIaMIIOUKH mOTYyXHicTio 60 B,
poaramoBaHol Ha BigcraHi 2 M. Yu mocuTs 11ie€l ocBiTaeHOCTI AJIA UM-
TaHHA KHUKKHA?

6. IBi JIaMIIOYKH, TIOCTABJIEHI IOPSAM, OCBITJIIOIOTH eKpaH. Bigcrasb Bifg
JaMIOYOK A0 ekpaHa 1 M. OgHY JaMnIoOYKy BUMKHYIH. Ha CKinbKu 110-
TPibHO HAOJIU3UTH eKpaH, 11100 HOoro ocBiT/IeHiCTH He 3MiHUIacH?

Q ExcnepumenTtanbue 3aB8Ha0HA

Ina BUMIpIOBaHHS CHJIM CBiTJIa BUKODHUCTOBYIOTH IIPUJIAJM, 10 HA3WBAa-
I0TbCA pomomempamu. Buroropre Halnpocrinuii anasor goromerpa. Il mporo
BizpMiTh Oinuit apkym (eKpaH) i mocTaBTe Ha HHOMY MACHY ILIAMY (HANIPUKJIAL,
osi€r0). 3aKkpimiTh apKyml BEPTHKAJIbHO i OCBITITH #Oro 3 ABOX OOKIiB pi3HMMHU
I)KepejlaMu CBiTJIa (Sl , Sz) (nuB. pucysok). (Ceitio Bix mxepen mae magaTu
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R, Ry

NepueHAUKYJIAPHO A0 MOBepxHi apkyma.) IloBisbHO mepecyBaroum oxHe 3 IiKe-
peJ, 3pobiTh Tak, mob maAMa cTaja IPaKTUIHO HeBUAUMOW. Ile craHeThCs, KOIu
OCBITJIEHICTH IJIAMMU 3 OZHOrO i Apyroro 60Ky Oyae oxHaKOBOKO. ToOTO E =E,.

! /4 gt 2 X
Ockinpku E = ? , T0—=—2 | BumipsaiiTe BifcTaus Bix MepIIoro AKepea

2 2
i
2
no exkpana (R,) i Biacrams Bix Apyroro mkepesa Ko ekpaHa (R,). Hopisusiire,
V CKiNbKM pasiB cHJja CBiT/JIa IEpIIOro J)kepesa BifpisHAETbCA Bij cuam cBiTIA

I, _R
APYyTOro Jxepesa: —-=-—2,

& B

Diznka Ta Texwika B Ykpaini

HayxoBo-Bupo6Huunii komnnekc «®@otonpunag» (M. Yepkacy)

Coepa pianbHOCTI MigNPUEMCTBA — PO3POBNAHHA i1 BUPOGHULTBO
npunagis MoYHoOI' MexaHiku, onmoeneKmMpoHiKU Ta ONMOMEXAHIKU Pi3HO-
MaHITHOrO NpPU3HAYeHHA, MeOUYHOI Ta KPUMIHANICMUYHOI TeXHiKu, noby-
mosux ToBapiB, 0piCHNX 200UHHUKI8 NPEACTaBHULBKOrO Knacy.

HBK «®otonpunag» po3pobnse Ta Bunyckae nepuckoniuxi npuuinu
ANA Pi3HOMAHITHUX apTUNEPINCbKUX YCTaHOBOK, FipoKoMnacy, ripockony,
ONTUKO-eNeKTPOHHY anapartypy AnA BePTONbOTIB, BPOHETEXHIKK, a TaKoXK
LINPOKMNIA CNEKTP ONTUYHOrO O6MafHaHHA Ta NPUNAAIB PI3HOTO NPU3HAYEHHS.

§ 20. 3AKOH NMPAMOJIHIMHOIO NOLUPEHHA CBITNA

® Konu eu zpaeme 6 xo6anku a6o nyckaeme «COHAYHUX 3AUYUKIBY, MO, He
nido3prwouu mozo, KOpUCmMyemecs 3aKOHOM NPAMONIHIHO20 nowuperHns
ceimaa. 3'acyiimo, y womy noaszae yeil 3aKoH i AKi A6UULA BiH NOACHIOE.

0 Bummocs pospisHaTK nyuok csitna i ceiTnosuii npominb

Jlst cnocrepirauua c6im.aosux nyvkie HaMm He TIOTPiGHE KOLHE CIIELiab-

He obnaxHaHHA (puc. 3.12).
HocraTHbo, HaNpPUKJIAZ, HEIIiJIBHO 3CYHYTH B KiMHATI IITOPU SACHOTO CO-
HAYHOTO JHA, ab0 BiYMHUTH ABepi 3 OCBiTIEHOI KiMHATH B TeMHUi KOpHIOp,
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. . Pospin 3. CBIT/IOBI ABULLA

Pwue

- 2,120 Y noxmypi fiHi Kpi3b po3puB xMap NpobuBaoTbCA NyUYKU COHAYHOTO CBITNA

abo yBIiMKHYTH B TeMpsaBi Jdixrapuk. IIly4ku cBiT/IIa B IeplioMy BUNAAKy IIPO-
XOAATh A0 KiMHATU Kpish WHIIJIMHY MiXK IITOpaMH, y APYroMy — IaJalTh Ha
migjory 4yepes ABEPHUI IPOCBIT; B OCTAHHBOMY BUITAJKY CBIT/IO BiJ JIaMIIOYKHU
B [IEBHOMY HAIIPAMKY CIIPAMOBYE peduieKTop JixTapuka. ITyuku cBiT/ia B KOXKHO-
MY 3 IIUX BUNAAKiB yTBOPIOIOTH ACKPAaBi CBITJIOBI IIAMM HA OCBITJIIOBAHUX HUMU
npeaMeTax.

Y peaJIbHOMY KUTTi MH Ma€eMoO CIpaBy TiJIbKM 3 NyYKaMM CBiTyia, X04a, IO-
rogbTecd, HaM 3BUYHO Ka3aTH: IIPOMiHb COHI, IPOMiHb IIPOKEKTOpA, 3€JeHUl
OPOMiHBb TOIIO.

Hacnopaspai, 3 mormsaay (isuku, npaBuiabHO Oya0 6 rOBOPUTH: NMYUYOK COHAY-
HHUX IIPOMEHiB, IIy4YOK 3eJIeHUX IPOMEHIiB i T. 1. A OT Ui cXxeMaTHYHOro 300pa-
JKeHHSA CBITVIOBUX NYYKiB BUKOPHUCTOBYIOTH €8im.Jo8i npomeHni (puc. 3.13).

CBiTnoBUIA NPOMiHb — Le NiHif, WO BKa3ye HaMpPsAMOK MOLWMPEHHA CBITNIOBOro
nyyka.

Puec. 2,73, CxemaTnyHe 306paxkeHHs CBITNOBKX NYUKIB 3a LOMOMOrOK CBITIOBUX NPOMEHIB:
a — napanenbHWii CBITNOBUW NYYOK; 6 — po36i>KHWIA CBITNOBUI NYYOK; 8 — 36KHWIA CBITNOBUIA NYyYOK
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§ 20. 3akoH NPAMONIHINHOro NOWMPEHHA CBiTNA . .

APpKyLi KapTOHY 3 OTBOPaMH

[xepeno
cgitha

MNyuyok ceitna

Puc. 3.14. [locnig, AKNIA AeMOHCTPYE NPAMONIHIHE NOWNPEHHA CBiTNa

OTtxe, BU Tellep 3Ha€Te, IO, KOJH JAJi B TEKCTi 3yCTpidaTUMyThcs Gpasu
Ha 3pas3oK «IIPOMiHb CBiTJIa Iafac», «3aJIOMJIEHHS IIPOMEHSI» TOINO, CJiJ MATH HA
yBasi, Mo HAeTbCA PO NYYOK C8iMAA, HANPAMOK AKOZ0 3A0AHULL YUM NPOMEHEM.

e MepekoHyemocn B NpAMONIHIAHOCTI
NowMpeHHA cBiTha

IIpoBememo pocain. Posramyemo mocti-
JIOBHO )KepeJio CBiTia, KilbKa apKyIIiB KapTo-
HY 3 KPyINIIMH OTBOpaMM (ZiameTpoM IpubImns-
HO 5 MM) # expaH. PoamicTHMO apKymmi KapToHy
B TaKu# cmocib, mob Ha exkpaHi 3’sBHJIacsa CBiT-
JoBa miama (puc. 3.14). fkmo Temep yssaTH, Ha-
MPUKJIAJ, CIIUIIO Ta IIPOTAITH ii Kpish OTBOPH, TO
CIUIA JIETKO IIpoiJie Kpish HMUX, TOOTO BUSABUTH-
cs, IO OTBOPY PO3TAIIOBAHI HA ONHIN IpsAMiii.

Ie#t mocnin neMOHCTpPYE cO0OI0 3AKOH nps-
MORIHITHO20 NOWUPEHHSA €8imJd, BCTAHOBJIEHUMN
y nanexy naBHUHY. IIpo Hboro moHanx 2500 pokis
TOMY NHcCaB JaBHboOrpenbkuil yueHu# EBkiain. o
pedi, y reomMeTpii NMOHATTA IPOMEHsSI Ta IIPAMOL
JIiHil BUHUKJIY Ha OCHOBL YSIBJEHHS IIPO CBIiTJIOBI
HPOMOIH. o . WO TiHb Bif BEPTUKasIbHO PO3Ta-

3akoH NPAMOJiIHIHHOIO MOMMpeHHS CBiTIA: WwoBaHoro 06'eKTa, OCBIMIOBAHONO

Y nposopomy 0dHopidHOMY cepedosuuii c8IMNO NO-  conyem, 3MIHIOE CBOIO [OBXMHY Ta
WuUpremses NPAMONIHIUHO. PO3MiLLEHHA NPOTATOM JHA

5 ®isuka, 7 k. =0 __ll’_- -

Puc. 3.15. MNpyHywnn gii coHauHoro
roAvHHUKa 6a3yeTbca Ha Tomy,



. . Pozpain 3. CBITIOBI ABULLA

Puc. 3.16. YTBOpeHHA NoeHoi TiHi O, Big npegmeTa O, OCBIT/IEHOrO TOUKOBUM AXKepenom cBitna S

9 3'scoBY€MO, LU0 TAKe NOBHA TiHb i NIBTIHL

IIpssMoUTiHITHICTIO IO PEHHS CBIiTIA MOXKHA IIOSCHUTHA TOX (aKT, Imo 6yab-

sIKe HEeIpo30pe TiJIo, OCBIT/IEHE KepesioM CBiTya, Biakuaae mins (auB. puc. 3.15).

SAxoro mxepeso cBiTIIa BIIHOCHO IIpeaMeTa € TOYKOBUM, TO TiHb BiJ IIpeaMeTa
Oygme 4iTKo0. Y IbOMY BHIIAJKY I'OBOPATH IIPo nosHy mins (puc. 3.16).

MNoBHa TiHb — Ue Ta obnacTb NpocTopy, B AKY He NoTpannsae CBITNO Bif Axepena
cBiTna.

HAxmo Timo ocBiTIEeHe KiJIbKOMA TOYKOBHMM I KepeaaMu cBiTia abo mporsix-
HHUM J’KEepeJIoM, TO Ha eKPaHi YTBOPIOETHCS TiHb 13 HEUITKUMH KOHTYypaMu. ¥ Ta-
KOMY BHIIAAKY CTBOPIOETHCS He TLIbKHU IIOBHA TiHb, a Imje ¥ niemins (puc. 3.17).

i MiBTiHb — Ue 06nacTb NPOCTOpPY, OCBITNIEHa AEAKNMM 3 KiIbKOX HAaABHWX TOYKOBMX
JKepen cBiTNna abo YaCcTUHOI MPOTAXKHOTO [XKepena.

YTBOpeHHS IMOBHOI TiHi ¥ MiBTiHI B KOCMIYHUX MacHmITabaX MH CIOCTepiraeMo
nin dac micawnozo (puc. 3.18) ta consunozo (puc. 3.19) s3amemuens. Y THX Mic-
axX 3eMJi, Ha gKi Brajga moBHa TiHb MicsIisg, CIOCTepiraeTbes noeéHe conAdne
3ameMHeHHs, V MICUAX IiBTiHI — wacmkxose 3amemuenns CoHys.

Puc. 3.17. YTBOpeHHA NoBHOI TiHi O, i miBTiHi O, Big npegmeTa O, OCBITNEHOTO NPOTAXKHNUM AXKepesiom
ceitna S
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§ 20. 3aKoH NPAMONIHINHOro NOWMNPEHHA csi‘mj .

Puc. 3.19. Akwo Micaub onnHaeTbea mixk CoHLeM i 3emnelo, To NoBHa TiHb | MIBTIHb Big Micaua nagaotb
Ha 3emnio. HacTae coHAUYHe 3aTeMHeHHA

@ masusaemo niacymku

¥ 1po30poMy OTHOPiTHOMY CEePefOBHIIi CBITIO IO MPIOETHCS O pPAMOJIIHIN-
Ho. JIiHis, IO BKa3ye HANPSMOK IOMIKPEHHS CBIiTJIOBOTO IIyYKa, HA3UBAETHCS
CBITVIOBUM ITPOMEHEM.

Y pesyJbTari TOro Imjo CBITJIO NOMMPIOETHCH IPSIMOJIHIAHO, HEpo3opi Tiza
BIIKMAIOTh TiHb (IIOBHY TiHb i IiBTiHB).

IToBHa TiHB — 06JACTH IIPOCTOPY, B AKY He NOTPAILISE CBITIO Bix IoKepesa
(z>xepesn) cBitna. ITiBTiHE — IIe 0BIACTBL NMPOCTOPY, OCBIT/ICHA AEAKUMHE 3 Kijlh-
KOX HasiIBHMX TOYKOBHUX J’KepeJl CBiT/Ia abo YACTHHOIO IPOTSIKHOTO [KepeJa.

ITix yac cOHAYHMX i MiCAYHUX 3aTEMHEHb MU CIIOCTEPiraeMo YTBOpPEHHS TiHI
i miBTiHI B KOCMIUHMX MacmTabax.

e

e KonTtponbHi 3anuranua = —

1. IITo HasuBaOTh CBiTIOBUM IIpoMeHeM? 2. Y 4OMY NOJATAE 3aKOH psi-
MOJIiHI#HOTO NOmMUpeHHA cBitIa? 3. SIKMMM JOCTiZaMU MOKHA AOBECTH
OpAMOJiHiiHIcT MomwupeHHs cBiTna? 4. SIki ABUmA HiATBEPIKYIOTH
IpAMOJIiHIAHiCT, NomupeHHs cBiTna? 5. Ba AKUX YMOB IIpeAMET YTBO-
pioBATHME TiLJIBKU MOBHY TiHb, & 3a IKMX — IIOBHY TiHb i miBTiHB? 6. 3a
AKHAX YMOB BUHHKAIOTh COHAYHI Ta MicAYHI 3aTeMHeHHS?

5¢ B .



. Posgin 3. CBIT/IOBI ABULUA
. Bnpasm ———

1. ITixg yac COHAYHOrO 3aTeMHEHHS Ha MOBEPXHi 3eMJIi yTBOPIOITHCA TiHb
i miBriap Micausa (pucyHokK a). Pucyskm 6, 8, 2 — (otorpadii 1mporo
COHAYHOI'0 3aTeMHeHH#, 3pobJieHi 3 pisHUX TouoK 3emuti. SIKy cdoTorpa-
(ito 3pobsieno B Touni 1 pucynka a? y Touni 2? y Toumi 3?

2. Kocmorasrt, nepebyBaroun Ha Micsani, crnocrepirae 3emsio. Ilo moba-
YUTh KOCMOHABT Y TOM MOMEHT, KOJIM Ha 3eMJii Oy/e moBHe MicsiuHe 3a-
TeMHEeHH#A? JacTKoBe 3areMHeHHsa Micana?

W

. Ik HeoOxigHO OcBiTUIIOBaTH omepauiiiHy, mo6 TiHbL BiJ PYK Xipypra He
3acTyBaJjia omepaliifHoro moyus?

Yomy JiTak, IO JIETUTHh HA BEJUKiA BUCOTI, He YTBOPIOE TiHI HaABITH
COHAYHOrO AHA?

. ExcnepumenTanbHi 3aBflaHHA

1. Ha Biacrani 30—40 cm Big samajsieHol cBiuku abo HACTiJIbHOI JlaMIu
po3ramyiTe ekpaH. Mi’X eKpaHOM i CBIYKOI0 rOPM30HTAJILHO IOMICTIThH
oJliBelnb. 3MiHIOIOUM BiJCTaHBL Mi’X OJIiBIleM 1 CBiYKOIO, cmocTepiraiire
3MiHHM, O BigOyBamwThCA Ha expaHi. OnumriTe i MOACHITH CBOI crmocTe-
PEeXKeHHd.

2. 3ampornoHyiiTe crnocid, SK, BUKOPHUCTOBYIOUHM IINUJIbKH, MOMHA IEPEeBi-
puTH, YU € JIiHifA, MpOBeJeHa Ha KapTOHi, IIPAMOIO.

3. CranpTe yBeuepi HemojasjiK BiJl BYJMYHOIO JiXTaps. YBajXKHO pO3-
OUBITBCA CBOIO TiHB. IIOSACHITE pPe3ynbTaATH CIIOCTEPEIKEHHS.
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Na6opatopHa po6ota N2 9. .

XapkiBcbknid HauioHanbHuit yHiBepcuter papio-
enexkTpoHikm (XHYPE), 3acHoeaHuin y 1930 poui, 3a KOH-
LEHTPaLi€l0 HayKOBO-TEXHIYHOrO Ta HayKOBO-MeAaroriyHoro
noteHuiany B ranysi papioenekTpoHiKW, TenekomyHikauin,
iHpopMaLiiHMX TeXHONOTIN Ta 0BYMCNIOBANBHOI TEXHIKN He
Mae cobi piBHUX B YKpaiHi Ta KpaiHax CH/.

YHiKkanbHi HaykoBi pesynbtati po6oTi BUEHUX yHiBEpCU-
TETy CNPVANW PO3BUTKY AECATKIB HOBUX HAyKOBMX HaNpsAMIB,
3aKpIiNVBLIN NPIOPUTET BITYM3HAHOI HAayKn B PAAI HaWBax-
NUBIWMX rany3en HapoAHOro rocrnogapcTea ta 060pPOHHOI
chepu. Mepw 3a Bce Ue CTOCYETLCA AOCNIAXKEHb HABKONO-
3eMHOro NPOCTOpY. 3aBAAKN CTBOPEHUM YYEHVUMW YHIBEPCUTETY BUMIPIOBaNbHUM KOMMNNEKCaMm,
Wo He MaloTb aHanoris y kpaiHax CHJ, yknageHo HaWnoBHIlWWiA y CBITi KaTanor MeTeopuTHMX
4aCTMHOK y HaBKONIO3EMHOMY NPOCTOPI, 3AiNCHEHO BMCOKOTOYHY NPUB'A3KY MiA Yac 3anycky nep-
Wworo ykpaiHcbkoro cynytHuka «Ciy-1», nobyaoBaHo rnobanbHy Mofenb TEXHOTEHHUX [OMILLIOK
y cTpatocdepi Ta mesocdepi 3emni.

Dismka i TexHixa B Ykpaini

JIABOPATOPHA POBOTA Ne 9

Tema. BuroToBJeHHA HAHIIPOCTIIIONO0 ONTHYHO-
ro IIPUCTPOIO.

Mera pobGorm: posibpatuce y npuHDHm aii
KaMepu-00OCKypH, BHTOTOBUTH KaMepy-0O0CKypy
i ozepkaTH 3a 1i JOMOMOrow 300pakeHHA CBiTHO-
ro o6’exra.

O6Gnapgnanna: kapromHa kopoOka, HaIiBIPO30-
puii mamip (mepraMeHT, KaJbKa), KaHIEeJApCHKa
KHOMKa, KJIeH, HOXHIIi, cBiua (ogHA Ha KJjac).

Teoperwnuni Bigomocri

Kamepa-o6ckypa (abo, Ak ii iHKOJM HABMBAIOTH, MiHXOJ-KamMepa) — ONMH i3
HAWIIPOCTIMINX ONTUYHUX IPUCTPOIB .

Cxemy nii mporo mpHucTpolo 3HaZEHO B pofOTAax JaBHBOrPELLKOTo (isocoda
Apicrorens (IV cr. no H. e.), a Takok KuTalicbkoro digocodha Mo Ti (V cr. 1o H. e.).
Kawmepy-o6ckypy BBa)kaloTh IONEPEAHUIIEIO CydacHOro oToamapara.

Kawmepa-o6ckypa aBisie cO6010 CKPUHBKY, B OfHI 31 CTIHOK AKOI € HeBe UKW
OTBip, a HAa INPOTUJIeXKHiH cTiHIi — HamiBuposopuii ekpan. CTiHKY 3 0TBOpPOM

Kawmepa-o6ckypa — Bif nat. camera — xiMuara, obscura — TemHa. Y cyuacHUX My3esx Ha-
VKM Kamepa-o6cKypa ABJIs€ cOH0I0 KIMHATY, KYH MOMKYTh 3aX0QUTH rianadi. [TiHxom-kaMe-
pa — Big aHT. pinhole camera — Kamepa 3 OTBOPOM.
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Pospgin 3. CBITNIOBI ABULLA

Puc. 1. Pwc. 2.

Puc. 3. Puc. 4.

HA3UBAIOTH nepedrbolo, 60 caMe ii 3BePTAIOTH [0 POSISAAyBaHoro oo’ekra. CTiHka
3 €KpaHoM, Ha SKOMY BUXOIHUTH 300pakeHHsI 00’€KTa, HABUBAETHLCH 3A0HbOIO.

His kKamepu-oGCKYpM I'DYHTYETBCS HA 3dKOHI NPAMONIHIIHO020 NOULUDEHHS
ceimada.

Ha puc. 1 Bu Gauute o6’exT AB i itoro sobpaykeHHst A B, ogepkaHe Ha
expaHi kaMmepu-ob6ckypu K. Bin xoxxHol Touku o6’e¢kTa AB uyepes oTBip O mpo-
XOAUTH BY3BKHH Ny4YoK CBiTJa (m[o6 He IepeBAHTAXKYBATH PHCYHOK, IIOKA3aHO
CBITJIOBI IYYKH, AK1 HAYTH TIIBKY BiJ KpalHIX Touok o6’ekta — A i B). Koxern
i3 NUX ITyYKiB CTBOPIOE Ha eKpaHi CBITIy IATKY, GopMa sikoi 36iraeTnhes 3 ¢op-
Moo oTBopy. Taki HMATKH, HaKJIAZAIOUUCh OTHA HA OXHY, YTBOPIOIOTH Ha eKpaHi
KapTHHY, [0 Bi/ITBOPIOE KOHTYPH H meTati o6’ekra. 110 KApTUHY HABUBAIOTE ON-
MUYLHUM 306paXNceiHaAM o6’ cxma.

HeobxinHo 3a3HAUMTH, IO Ha wimkicmb 00epicanozo 300panNceHns 6NIUBAE
po3mip omeopy B TiepeAHii cTiHmi kamepu. MakcuMaJbHOI YiTKOCTI 300pajkeH-
HSI BOAETHCS NOCATTH, KOJHM KOXXHA Kpallka 300parkyeThCsl 3HOB-TAKM Y BHIVISAIL
kpanku. To6To mo MeHIIOro po3Mipy LSATKH BUXOASATH Ha €KpaHi, TO pisKimmum
€ 300parkeHHsT 00’€KTA.

___ N LE. B



Na6oparopHa po6ora N¢ j .

BKA3IBKWX O POBOTHU
FfoTyBaHHA [0 eKCNepUMeNTy

ITepm HiX pO3mOYaTH BHIOTOBJIEHHS KaMepU-OOGCKYpH, MPHUTrOTyiiTe Heo6-
XigHi mMaTepiajsu: KapTOHHY KOPOOKy, HaIpHMKJaj i3-mij uaio abo Coky, Ha-
niBIpo3opuit mamip (kanabKy abo mepraMeHT), KJel, HOMKHUI, KaHIEIAPCHKY
KHOIIKY.

ExcnepumenT

1. BisbMiTh KapTOHHY KOPOGKY il BUpisKTe B OAHIii i3 ii cTiHOK HeBeaMKe BiKOHIE
A1a ekpaHa (puc. 2).

2. 3aBepmIiTh BUTOTOBJEHHA 3a/JHbOI CTIHKM KaMepu-oOCKYpH, 3aKJeiBIIM Bi-
KOHIe KaJbKoI0 (puc. 3).

3. Ha mporumexniil criHmi KOpoOKHM 3a MONOMOrol KaHIEIAPCHKOI KHOIIKHI
3pobire oTBip aiamerpom mpubiusHO 1 MM (puc. 4). Haiinpocrima kamepa-
obcKypa rorosal

4.V 3aTeMHeHOMY IDUMIINeHHI HaBeiTh KaMepy Ha 3amajieHy CBiuy it oTpuMaii-
Te 300pa’keHHA MOJIyM’s HA eKpaHi.

5. PospuBiTbca 300paskeHHA. 3BepHITH yBary Ha Te, IKMM € Il 300pajsKeHHs:
OPAMUM YU [EPEBEPHYTUM, 30iJbIIEHUM UM 3MEHIIEHUM, YiTKMM YU DPO3MHU-
TUM.

6. OnuIuiTe ofepxkaHe 300pakeHHsd.

Awanis pesynbrartis eKcnepuMenHTy

3pob6iTs BHCHOBOK, y SIKOMY 3a3HAYTE HA3BY BUI'OTOBJIEHOTO BAMH OIITHUYHOTO
TIPUCTPOIO, & TAKOXK T€, Y YOMY IOJIATAE MPHHIMI Ail [[Or0 IMIPUCTPOIO, HA AKO-
My 3aKOHI ONTHKH Leil IPUHUKI Ail I'PYHTYETHCA.

HoparkoBe 3aBaNHA

1. Tocnizite, AK BILIMBAE PO3Mip OTBOPY B IEPeAHi cTiHmi Kamepu-o6CKypH HA
AKICTH 300paKeHHs.
Hnsa usoro:
a) po3mIUpTe BXiZHUI OTBip Kamepu g0 15 Mm;
6) mifgroryiiTe OKpeMi apKymii KapToHy 3 OTBOpaMHu 3 MM, 5 MM i 10 Mm;
B) 10 4ep3i NPHUCTABIAIYM 0 IEePeAHBOI CTIHKM KaMepH apKyIIli KapTOHY
3 OTBOpaMu DPi3HOTO JiaMeTpa, cHocTepiraiiTe 3a UiTKicTIO 300pa’keHHS.
3po6iTh BUCHOBOK, IPOiIOCTPYBABIIM HOr0 MOSACHIOBAJTLHUM PHUCYHKOM.

2. YaockoHalbTe CBifl mpuiaj Tak, o0 eKpaH Mo:KHA 6yJ0 mepecysaTy, HabIH-
)Kaoum abo Bigmandioum iHoro Bix oTBOpy. /A IOrO CKOpPHCTAMTECA TAKOIO
camolo abo 6iJIBIIOI0 38 PO3MIPOM KOPOOKOIO.
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" Pospin 3. CBITNIOBI ABULLA

§ 21. BIABUBAHHA CBITNA.
3AKOHU BIABUBAHHA CBITJIA

® Biavwicmo 06’ekmis, w0 Hac omouyomb,— O6yoduHKu, depesa, Hauli 00HO-
KAACHUKU mow,0 — He € Oxcepenamu cgimaa. IIpome mu ix 6awumo. Bio-
nogiov Ha 3anumannsa «9omy mar?» 6u 3naildeme 6 ybomy napazpapi.

Punc. 3.20. 3a BipcyTHOCTI [kepena
CBITNIa HEMOXX/IMBO HiYOro nobauwn-
T!. AIKLLO X 3'ABNAETLCA [Kepeno
CBiTNa, TO MK 6AYUMO He TiNbKKu came
[PKepeno, a i NpeameTy, AKi Binbu-
BalOTb CBITNO, WO e Bif pkepena

YCTaHOBNEHHA 3aKOHIB
BinbMBaHHA CBITNA 3a JONOMOroI0
ONTUYHOI Wanbu

_ B AEL

3’acoByemo, yomy mu 6aummo Tina,
WO He € J)Kepenamm cBiTna

Bu B)Xe 3HaeTe, 10 CBITJIO B OZHOPiAHO-
My IIPO30POMY CEpeIOBHIIi IOMIMPIOETHCA IIPHA-
MOJIiHiHHO. AKI0 X Ha MIIAXY NOIIMPEHHA IIy4-
Ka cBiTia poaramioBaHe OyAb-AiKe TijO, TO CBITJIO
YaCTKOBO BiJOMBAETHCA BiJi HBOTO 3a IEBHUMU
3akoHaMu. [leaki BigOuTi mpoMeHi MOTPaNJATH
y Hamri oui, i Mmu 6aunmo e Tino (puc. 3.20).

YcTaHOBNIOEMO 3aKOHM Big6MBaHHA
cBiTna

Jnss BCTAHOBJIEHHS 3aKOHIB BigOuBaH-
HS CBITJIAa CKOpPHMCTAEMOCS CHeIiaJbHUM IIpHJIa-
IOM — onmuuHow waiiborn’. CoouyaTky 3akpinmu-
MO J3epKaJio B UeHTpi onTuuHOol maiibu. Ilorim
COPAMYEMO HA A3€PKAJI0O BY3bKUH IYYOK CBITJIA
Bi/I ocBiT/IIOBaua Tak, 100 BiH JjaBaB Ha IIOBEPXHI
maibm cBiTaIy cMy»XKy. Mu mob6auumo, 1110 Bigbu-
THM OYYOK TAKOXX JACTh Ha MOBEPXHI 11aiidu cBiT-
1y cMy»KKy (puc. 3.21).

3azaMo HANIPSAMOK ITy4Ka CBiT/Ia, AKUI najae,
npomedeM CO. Ileit npoMiHb Ha3uBAKWTL nadai-
yum npomenem. Ilpomiae OK, ssixuit 3aziae Hanps-
MOK IyYKa CBiTJyia, II0 BifOMBAETHCS, HA3UBAIOTh
gi0bumum npomeHem.

I3 Touku O magiHHS TPOMEHA IIOCTAaBHMO IIep-
neHguKynap OB 1o moBepxHi JAs3epkaJia, Ha AKY
majga€ CBiT/I0. 3BEpHITH yBary Ha Te, 1[0 IepHeH-
mukyasap OB, nagawounii npomias CO Ta BinduTuii
npomiab OK Jie)kaTh y IJIOMMHI IIOBEpXHi maibu.

Kym o, ymeopenuil nadaioium npomeHem
CO i nepnendukxyarspom OB, HasuUBaIOTbh KYTOM
naxiHHA.

OnTruHa maiba — ne 6inui AUCK, 10 KOJIY AKOI'O HaHe-
CeHO IMOAIJNIKH, a Ha Kpal BCTAHOBJIEHO OCBITIIOBAY.



§ 21. Bin6bmBaHHA cBiTna. 3akoHn BigbuBaHHA cBiTna

Puc. 3.22. flKwo 3mMiHI0BaTV KyT NafliHHA CBITNIOBOrO NyYKa, BiAMOBIAHO 3MiHIOBATUMETbCA KYT 1Or0

BibuBaHHA. KyT naainHa i KyT BigbusaHHA wopasy 6yayTb pisBHUMK

Kym B, ymeopenuii 8id6umum npomenem OK
i nepnendurynrapom OB, Ha3UBAIOTH KYTOM BinOH-
BaHHSA.

Axmo BumipaTH KyT o i KyT B, TO MOXHA
NepeKoHATUCsA, MO i KyTu € piBEuMu. Ilepecy-
HYBIIHM /PKepeJio CBiTVIa KPaEM IOHUCKa, 3MIHHMO
KyT HajfiHHA CBiTJIOBOro nmyuka. BigmoBigHo 3mi-
HUTBhCA ¥ KyT BinbuBaHHA (puc. 3.22). Ilepecy-
BaIOYM JPKepeJsio CBiTJIa AaJji i BUMipIouM yac Bij
yacy KyTHU NaAiHHA i BigO6uBaHHA CBiT/IA, IIEpPeKO-
HYEMOCS: BOHHU III0PA3y € PiBHUMH.

Orixe, MU BCTAHOBHJIM 3aKOHM BiIOMBAHHSA
cBiTIIA:

ITepmnii 3aK0H: npominb nadawvuil, nPOMiHb
sidbumuii i nepneHOukyaap 00 noeepxHi 6id06u-
6AHHA, NOCMABICHUL 3 MOYKU NAOIHHA NPOMEHA,
Jexcamyv 8 00Hill NAOWUHI.

Jpyruii 3akoH: kym nadinns ceimaa Oopies-
HIOE KYymy 6i00UuBaHHA.

3axoHM BigdusaHHs cBiTia me B III cr. mo Ha-
10l epu BCTaHOBUB E8K.i0.

o Aemoncrpyemo obopoTHicTb caiTnoBMX
npomenis

3a OIOMOTOI0 3epKaJjia Ha ONTUYHIN maii6i
MOJ<HA IIPOJEMOHCTPYBATH TAKOXK 000POTHICTH CBiT-
JIOBUX TIPOMeHiB. SIKIo majaroouuii IpOMiHb CIpS-
MyBaTH LOLJIAXOM BiIGUTOro MpPOMEHs, TO BigOuTHii
NIPOMiHb mijle MIIAXOM mazgaiodoro (puc. 3.23).

Pue. 3.22. leMoHcTpauis 060-
POTHOCTI CBITNOBUX NPOMEHIB

3a gonomoroio A3epkana. baunmo,
O BiAOGUTUI NPOMIHD ife WNAXOM
napaayoro NPoOMeHsA
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. lPozAin 3. CBITNOBI ABULLA

1)

NIABUBAEMO NMNIACYMKHU

VYei Bupumi rina Bigb6mBaioTh cBitiio. Ilixg wac BigOMBaHHA BUKOHYIOTBCS

JIBa 3aKOHM BiIOMBaHHA CBiTJIA.

Ilepwuii 3ax0oH: IPOMiHB Najal0uunil, IPOMiHb BiIOMTHUN i TEPIEHAUKYJIAD A0
MOBEPXHi BiAOUBAHHSA, MOCTABJIEHUN 3 TOUKHU NaAiHHA IIPOMEHs, JIEKATh B OOHIN
IIJIOII M Hi.

Jlpyzuit 3aKoH: KyT BifOMBaHHSA JOPiBHIOE KyTYy HaJiHHSA.

KoxTponbHi 3anutanua

1. Yomy mu 6auuMo Tijna, ki € HaBKOJIO Hac? 2. FAKWil KyT Ha3UBAKOTH
KyTOM mafiHHa? KyToMm BinOuBaHHaA? 3. YoMy AOPiBHIOE KyT HaIiHHSA
MIPOMEHs, AKINO NPOMiHE IIaJae Ha JA3epPKaJIo NepIeHAUKYJIAPHO N0 Horo
noBepxHi? 4. ChopmysioiiTe 3aKOHU BifOuBaHHA cBiTia. 5. 3a J0rmomMo-
o0 SKOr0o IPUJIaAy MOXHA MEePEeKOHATUCH y CIpPaBIKeHHI 3aKOHiB Binbu-
BaHHA cBiT/ia? 6. Y YoMy IIOJIATa€ BJIACTUBICTH 0OOPOTHOCTI CBITJIOBUX
IIpOMeHiB?

Bnpasn

- e e
—

1. ITepeneciTh pHUCYHOK 1O 30WIMTa, MOOyAyiTEe NI KOXKHOTO BHIAJKY
namgaouuil abo BigbuTuii npomiub. ITo3dHauTe KyTu magiHHA i Bigdu-

.
~ L
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§ 21. Bin6mBaHHA cBiTna. 3aKoHu Big6MBaHHA cBiTNa . .

2. Ha nsepkaJjio majae myd4oK CBiT/ia BiJ Jla3epHOi YKas3KH, pO3TAIIOBaHOL
NEepHOeHAUKYJIAPHO 10 IIOBEPXHi A3epkaJsia. YoMy HOPiBHIOE KyT BifOu-
BaHHA I[BOT0 My4Ka?

3. Busraure KyT BifOMBaHHSA, SIKIIO KyT HajgiHHA JopiBHIOE 30° .

4. Kyr mix majgao4uMm i BiaOuTuM npomenamu craHoBUTH 80°. Yomy
JIOPiBHIOE KYT NaJiHHA IPOMEHA?

5. ConsiuHMi MPOMiHB BigOMBaeThCA Bin moBepxHi ozepa. Kyr mixk maga-
IOUMM IIPOMEHEeM i TOPU30HTOM yABiYi GiNbIIHA, HIX KyT MiX Iagal0duM
i BigObuTuM npoMenamu. YoMy JOpIiBHIOE KYT HaJiHHA TPOMeHA?

6.3aBOAKM UOMY MOKHA MOGAYMTH KOHTYDHM IIy4YyKa CBiT/IA, IO IOIIH-
pIOEThCA Kpi3b xMapu (auB. puc. 3.12)?

‘ ExcnepumeNnTanbHe 2aBjaHHA — ——

IIe saBnaHHA Kpalle BUKOHYBATH BBeuepi, IicCJiA 3aX04y COHIA. Bammum

«IIOMIYHHUKOM» IPU IbOMY OyZe «CBITJIOBHI 3aHUMK».

3asuInTe B HANIBTeMHil KiMHATI TiIBKM OfHE AXKepeJo CBiT/Ia — HaCTiIbHY
aamny. BisemiTe MasneHbKe n3epkajio, mifHeCiTH #Oro xo Jamnu i poaramyiiTe
Tak, mo0 Ha OAHIN 31 cTiH KiMHaATH 3’ABUBCA «CBITNOBUH 3aiiuMK». SMiHIOOUYU
HaXWJ Ta PO3TAlllyBaHHS [A3epKaja, 3po0iTh Tak, o0 «3aiiuuK» «mepecTpusd-
HyB» Ha iHIII CTiHU, Ha cTeilo, 3a mady; «3ajid» ycepeauHy IIMOOKOI Basu Ta
JOTOMIT BaM moOauyuTH ii JHO.

ITosicHiTE pesysbTaTH CBOIX [OCJiAiB, BUKOHABIIM BiANOBiAHI cxemaTrwuHi
PUCYHKH.

Qiszuka i rexHixa B Ykpaini

HaykoBo-Bnpo6uuue nignpuemcrao «Kapar» (/lbsis)

€ NpoBigHWUM B YKpaiHi cnewjianizoBaHWM MigNpUEMCTBOM y ranysi
martepianie AnA eneKkTpoHiku. KOOpAWHYE OCHOBHI HanNPAMKM po3-
BUTKY ranysi i Befile paa BaXKNUBUX AepKaBHUX HAYKOBO-TEXHIYHUX
nporpam.

HBIM «Kapat» — nMigNnpUEMCTBO 3 NOBHICTIO 3aKiHYEHUM LUKIOM
«NOWYK — AOCNIAXEHHA — PO3POBNeHHA — cepiitHe BUPOGHUL-
TBO», WO BONOAIE TexHonoriaAMn BUpOOGHULUTBA maTepianis i npu-
CTPOIB ANA ONTOENeKTPOHIKW, KBAHTOBOI €NeKTPOHIKW Ta ONTUKW,
aKyCTO-, MarHiTo- Ta KpiOoeneKTPOHiKW, KepamiyHux Martepianis
€/IeKTPOHHOI TeXHiKW, Pi3HOMaHITHMX TEXHONOTIYHUX marepianis;
byHaameHTanbHNX  GI3UKO-XIMIYHUX AOCHigXeHb; BUNPOOYBaHHSA,
TeCTyBaHHA W cepTudikauii matepianis B akpeauToBaHin [epxcraH-
napTtom Ykpainu naboparopii.
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Tema. DBuBueHHs 3aKOHY BigOMBaHHA CBiT/IIa 3a

GWWQ e

A Oy

JAOIIOMOT'OK0 IIJIOCKOTI'O J3epKaJia.

Mera pob6orTu:

€KCIIEPUMEHTAJIbHO IIepeBipuTU

3aKOH BinOWBaHHA CBiTJIA.

O6napHanna:

JiHifiKa, TPaHCIOPTHUD, OJIiBeIb,
JUKepeJsIo CBiTJIa, IJIOCKE A3epKaJio, eKpaH 3i mri-

JIMHOK0, YUCTHUH Oijiuil apKyIiI.

BKA3IBKW O POBOTH

lfoTyBaHHA f0 eKCnepumMenTy

YcraHOBITE eKpaH 31 IIiyuHOI Ha Oinumit apkym. JloCHiiHUM HIIAXOM BH-
3HAYTE TAKe PO3TalllyBaHHA JyKepeJa CBiTJIa BiITHOCHO eKpaHa, 3a IKOT0 CMYXKKa
cBiTyia Ha manepi 6yje HaiOiTBIT TOHKOIO, BUPA3HOIO i fickpaBow. IloTiM monepex
i€l CMy»KKU IocTaBTe Ha pe6po IIOCKe A3epKasio. ¥ pasi mpaBUJIBHOTO PO3Ta-
LIyBaHHA IPUIaAiB BinOUTHIl BiJ A3epkaJia MydoK CBiT/Ia AACTh Ha Tamepi CJif

Y BUIVIAAI CBiTJIOL CMyTH.

Excnepument

1. Tobpe 3aToueHHMM OJIiBIEM HaKPECJiTh Ha mamepi JIiHiI0 B3JOBHK A3ep-
kajya. Ilo3dHauTe mpoMiHb, IO Majae Ha A3€pPKajo, Ta BiaGUTHI mpo-

MiHB.

2. I3 ToukM nafiHHA IPOMEHiB IPOBEAITH NEPIEHAUKYJIAD A0 JiHil B3OBMK

A3epkana. BumipsiiTe KyT nagiHeas ¥ KyT BiOUBaHHS.

3. IloBTOpiTh MOCHiA KiNbKAa pasiB, YCTAHOBIIIOIOUM J3ePKAaJIO MiJ PisHUMU

KyTaMH 10 I1agar4doro nmpomMeHsHd.

O6pobnennn pesynbraTiB eKCNepPUMEHTY

PesysipraT BUMipOBaHb 3aHECITH A0 TAabGJIHIL.

Homep pocnigy

KyT nagiHns, rpag

KyT BinbuBaHHs, rpag

Ananis pesynbraris eKcnepumenTy

1. IlopiBHAMTe Ofep KaHi 3HAUCHHA KYTiB NaAiHHA i BifOUBaHHA.

2. 3pobiTh BHCHOBOK.
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§ 22. lNnocke pa3epkano. Azepxanbue i posciaHe ainﬁuaauml cBl

§ 22. NNOCKE A3EPKAJO.

A3EPKAJIbHE | PO3CIAHE BIABUBAHHA CBIT/IA

W [Tam’amaeme myaompinvm (kasxy) npo Kpuximky €noma, axuii xomie
dicmamuca na Opyzuil 6epez cmaska, anre cmpauerho 6oasca Tozo, Xmo
Cudumv y Cmaerxy? €nom poOUE NO-6CAKOMY: | NOZPOHYBA8 UOMY KY-
aaKom, i 3amaxyeasca opoukom — yce mapro. Iopasy Toi, Xmo Cu-
dumbv y Cmasery, eidnosidaé Kpuximuyi mum camum. I minrvku ycmiwra
poseé'asana eci npobaemu. Y 8ionosidv Ha ycemiwky Kpuximxu €Enoma Toil,
Xmo Cudumbv y Cmasexy, medx ycmixnyecsa. Bu, 3euuaiino, 3dozadanucs,
wo 6 cmasxy €nom 6avus ceoe 8i000OPANCEHHA.

o Byayemo 306paxeHHn B nnockomy
Asepkani

KoxxHoro pasy, migxomAadu g0 J3epkaJia,
mu, Ak i Kpuxirka €Hot, 6a4uuM0 B HHOMY CBOI'O
«ABiiHMKAa». 3BiCHO, HIAKOrO «ABIHHUKA» TaM He-
Ma€ — MM I'OBOPMMO, III0 0aUuuMMO y A3epKaJii CBOE
300paxcenHs.

Po3rnssHbMO, SK YTBOPIOETHCA 300paKeHHsa
B IJIOCKOMY J3epKaJi.

Hexait i3 ToukoBOro joxepesa cBitia S Ha Io-
BEPXHIO IJIOCKOTO [i3epKaJjia naaae po3oixkHui my-
YOK CcBiTa. I3 MHOXKMHM NIPOMEHiB, IO MAaJZaioTh,
Buainmumo npomeni SO, SA, SB (puc. 3.24).

Kopucryouncs 3akoHaMu BigOuBaHHA CBiTIIA,
nobyznyemo Binburti nmpomerni OO,, AA,, BB, . IIi
IIPOMEH1 HigyTh po3biKHUM IydYKOoM. HAKINO mpo-
JIOBXKUTH 1X Y IPOTUJIEXKHOMY HAIIPAMKY, 3a A3ep-
KaJio, yci BOHM IepeTHYThCA B OAHiM Touni — S,
III0 PO3TAILIOBAHA 3a A3€PKAaJIOM.

Hawm 6yne sgaBaTucs, 1o i IpoMeHi BUXOAATH
i3 Touku S, xoua B JAlfiCHOCTI HifKOro mxepesa
ceitia B Touni S, He icuye. Tomy Touky S, Ha-
3UBAIOTh YABHUM 300paxcennam moyuku S. Ilnocke
JA3epKaJio 3aBXK/u Jae yaBHe 300pasxkeHHsA. ([liii-
CHe 300pa’keHHsA MOJKHA OJEepP’KaTh, HAIPUKJIAT,
3a OMOMOTOI0 30MpasIbHOL JIiH3M, 3 AKQIO0 BH IIO-
3HalloMHUTECA TPOXM 3rofioM, ab0 MaJIoTO OTBOPY.)

e BuBuaemo 306paxeHHA B NAOCKOMY
Asepxani

IIpoBenemo pociij, 3a AOIOMOIOI0 SAKO-
ro 3’siCyeMo, AK pO3TalllOBaHi mpeameT i MoOro
300pakeHHs BiHOCHO A3epkaJsa. Hexail y poui

A\
A\

Puc. 3.24. OpepXaHHA 306paxeH-
HA TOYKOBOrO [Kepena cgitna S
y NNOCKOMy A3epKani
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Po3pain 3. CBIT/IOBI ABULLA

Puc. 3.25. [locnip, wo noscHioe 0cobnmBoCTi 306paxeHHA NpeameTa y niockomy A3epKani

A3epkaja OyJe IJIOCKe CKJIO, 3aKpillieHe BepTHKATbHO. 3 O4HOIO 00Ky cKia
BCTAHOBMMO NaJjalovy CBIYKYy (y CKJIi 3’ABUTbCs i1 306paskeHHs), a 3 Apyro-
I'0 — TOYHO TaKy camy, aJe He 3anaJeny (puc. 3.25, a). IlepecyBaloun Hezana-
JIeHYy CBiYKY, 3HaleMo0 Take il pO3TallyBaHH#A, 10 A CBIUKA, AKIIO AUBUTHCA
Ha Hel Kpi3b CKJIO, 3[aBATUMETHCA MAJAIOYOIO (puc. 3.25, 6). YV npomy Bunmas-
Ky He3amajeHa CBiYKa BHABHUTHCA B MicCli, me cmocrepiraeTscs 300pakeHHs
B CKJIL 3amaJieHol CBiuKH.
CxemarnuHo 306pasumo Ha mamepi micue posramyBaHHA ckJja (mpama MN),
3amajieHOl Ta HesamaseHOI CBiYoK: S — 3amajeHa CBiuKa, S, — HeszamaJjiena
cBiuka (Touka S, y HaIIOMy BHOAAKY MOKA3ye TAKOK MicIe po3TalIyBaHHA 300-
PaXeHHs 3anaJieHol cBiuku) (puc. 3.25, 6). Akumio Tenep croayuutu Touku S i S,
Ta POBeCTH HeOOXiAHI BUMIpIOBaHHA, TO mepeKoHaeMocs, 1m0 npsama MN e mep-
NeHAUKYJIAPHOIO 10 Biapiska SS,, a moBkuHa Biapiska SO IOPIBHIOE JIOBXKUHI
Bigpiska S,0.
3aBAAKM ONMCAHOMY NOCTIZY (a TaKoXx Oeasriui IHIIUX, COPAMOBAHUX HA
BUBYEHHS IPOLECY BiJOMBAaHHA CBIiT/Ia) MOYKHA BCTAHOBUTU 3arajbHi Xapakre-
PHCTHKH 300paskeHb y IMJIOCKMX N3epKajiax:
1) naocke 0seprano dae ysene so6pancenns npedmemas
2) 300paxcennsa npedmema 6 niockomy d3epkani JOpiHIOE 3a PO3MIpOM ca-
MOMY npedmemy i posmawosane na miii camiii 8idcmani 6id dsepraana,
u,0 i npedmem;

3) npama, aka cnoiywae mouxy Ha npedmemi 3 8i0noeidnHoI0 il MouKow
Ha 300paxcenni npedmema 6 dsepkani, € nepneHAUKYLAPHOIO DO noeepx-
Hi 03epkaaa.
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§ 22. Nnocke pg3epkano. [isepkanbHe i po3ciaHe Big6uBaHHA csima. .

e *PospisHaemo g3epKanbHe i poscinne BigbnBannn cBiTna

¥YBeuepi, KoM B KiMHATi rOPUTH CBITVIO, MH MOKeMO 6AaYMUTH CBOE 300pasKeHHA
y BIKOHHOMY CKJi. AJjie 300parkeHHs 3HUKAE, AKINO 3CYHYTH IITOPHU: AUBJIAYKUCH HA TKa-
HUHY, MU CBOro 3o0pakeHHsa He mobauummo. To 4uUM y IbOMY BHOAAKY BiApi3HAETHCSA
IITOpAa BiJ CKJIa i YoMy B Hill He MOKHA 06GAYMUTH CBOTrO 300parkeHHA?

BixnmoBine Ha 1i 3anUTaHHA MOB’A3aHA IIOHAWMEHIIE 3 BOMA (Di3UYHUMH SABUIAMHU.
ITepime 3 Hux — BigOuBamHa cBitaa. IIo6 3’aBu0Cs 300paskeHHs, CBITIO Mae BigduTHCA
Bix moBepxHi d3epraavro. Ilicns n3epkajabHOro Bi6MBaHHA CBiTJIA, IO HAAXOIUTH Bij
TOYKOBOTO JKepesa S, IPOJOBKEHHA BiIOUTUX NMpoMeHiB 36epyThca B ofHi# Toumi S,
sAKa i Oyne 3o6parkeHHAM TouKHU S (puc. 3.26, a). Takuii Buj BigOGUBAHHA MOMKJIMBHUH He
BiZ yciX moBepXxoHb, & TiJIbKM BiJ Ay»Ke riajeHbKUX. Taka moBepxHsA BiOMBaHHA Ha3H-
BaeThCA A3epKasbHOIO (puc. 3.26, 6, 6). Kpim 3BuuaiiHOro As3epkaJia, IpUKJIAZaMHU 3ep-
KaJbHUX MOBEPXOHBb € CKJO aBTOMOOiJIiB, BiTpUH MarasuHiB, noaiposaHi Mebii, JIOMKKHU
Ta Jieda HOXKIB 3 ipykecTiiikol craJi, CHOKiiiHa MOBepXHA BOAM (AK y BUmajakKy 3 Kpuxir-
K010 €HOTOM) TOILIO.

Axmo cBiio Biz6uBaeThcA BiJ HEPIBHOI, IIOPCTKOI MOBEpXHi, TO Take BigOMBaHHA
Ha3WBaIOTh PO3CIAHUM. ¥ IbOMY BUIAJKY BiIOMTI NPOMEHi HiKOMM He 3iUAYTHCA B OAHIN
TOUIli i HIKOJIM He 3iMyThecA B OAHIN TOUIi iX mpogoBkeHHs (puc. 3.27, a). Takum yuHOM,
y Takiil noBepxHi He MO:KHa oTpumMaTH 300pakeHHs. I[IpUKIaAiB NOBEPXOHB, IO PO3CiIO-
IOTh CBiTJIO, 3p03yMiJo, RabaraTo Gisbine, Hix A3epkanbHuX. Ile i 6eToHHa crida, i cToBOYp

Puc. 3.27. PosciaHe Bin6uBaHHs CBiTNa — Bia6buBaHHA CBiTNA Bifj HEPIBHOI, LOPCTKOT NOBEPXHi
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. . Pospin 3. CBITNIOBI ABULUA

Puc. 3.28. BUKOpUCTaHHA NNOCKUX A3epKan: a — 3acTOCyBaHHA A3epKanbHOI CMYr B TOYHUX eNeKTpo-
BUMIiptoBanbHUX Npunagax (y pasi npasunbHOro Bigniky cTpinka i ii A3epkanbHe 306pa)xeHHA 3N1BaioTb-
cA); 6 — kanengockon (6aratopa3sose BigbvBaHHA B A3epkanax ApibHUx pizHobapBHMX cKeneub Bege Ao
TBOPEHHA Ha3BUYaNHO KPaCcMBUX Bi3ePYyHKIB, WO 3MIHIOIOTbCA BHACNIAOK NOBEPTAaHHA Kanengockona);
8 — A3epKano (30poBo pO3LWMPIOE NPOCTIP)

nepeBa, i achasprosane moce. HaBiTh Aesaki riafeHbKi Ha JOTHK MOBEPXHi, HATIPUKJIIAJ
MIMATOK ILIACTUKY abo obkinaguuka KHurm (puc. 3.27, 6, 8), AJA CBiT/Ia € HEJOCTATHLO
rIaJeHbKUMY, [MOPCTKUMHU — CBITJIO BiAOMBAETHCA BiJl TAKUX MMOBEPXOHb PO3CisAHO.

Ipyre ¢disunuHe ABUINE, 1110 BIJINBAE HA MOXKJMUBICTL 6aUNTH 300parkeHHsA NMpeAMeTiB
3a J0IIOMOTr010 6yAb-AKUX (DIBUYHUX Tij,— Ile MOTJIMHAHHA CBiTia. BusBiaserses, CBITIO
MOJKe He TiJIbKM BigbuBaTucsa Bijg (iswuyHUX Tij, ajie ¥ normmHaTica HuMHU. Halkpa-
mui Big6uBau cBiTiia — aA3epkaJio: BoHO Bigbusae Ginbin HidK 90 % ceitna, mo nazgae
Ha HbOro. Jlo6pumu BigbmBauamMu € TakoK Tijga 6isoro konbopy. Came TOMY COHAYHOIO
3MMOBOr'0O JH#A, KOJW Bce HABKOJO Oijie Bifi CHiry, Mu Mpy:KUMOCS, 3aXUINAKOYHA 04i Bij
SICKPaBOTO CBiTJIa. A OT YOpHA MOBEPXHA MOIIMHAE NPAKTUYHO BCe CBiTJIO, 1, HATIPUKJIAM,
Ha YOPHUHA OKCAMHUT MOXKHA AUBUTHUCA He MpPyKa4WChb HAaBITHb TOMAi, KOJHW OCBITJIEHHSA
€ Ay’Ke ACKpPaBUM.

Binuii apkym nobpe BigbuBae cBityio, aje Mu He 6a4MMO B HbOMY CBOr'o 300pa’KeHHs,
TOMY IO MOBEPXHsA Manepy MIOPCTKa, OTKe, B IIbOMY padi MaeMoO CIpaBy 3 PO3CiAHUM
BiiOMBaHHAM CBiTJIa. A OT MOBEPXHA YOPHOrO aBTOMOOIJIA B OCHOBHOMY IOTVIMHAE CBIiT-
JI0, ajie esiky WOro 4acTuHy BigGuBae, MpUYOMY J3epKajbHO, 60 mMOBEpXHs aBTOMODINA
noJiipoBaHa, To0TO JOCUTH rnafeHbKa. Came ToMy MU MOXKeMO 6a4UTH CBOE 300parkeHHd,
mionpaszia, He Qy’Ke ACKpaBe, y IIOBEPXHI YOPHOro aBTOMOOiA.

JzepkabHI MOBEPXHi IIHPOKO BUKOPHUCTOBYIOThCA Iiie 3 riubokoi naBHMHH. [leski
3 MPUKJIAJAIB 3aCTOCYBAHHA JA3epPKaJl ChOr'0/HI IOKa3aHO Ha puc. 3.28.

o Buumocs po3s’asyBarn 3afavi

3apaua 1. IIpeamer OyB poarainoBaHuii Ha BigctaHi 30 ¢M Bij myIoCcKOro Asepkaja
(moauitis 1). ITorim npeamer nmepecyHyau Bix n3epkasa Ha 10 cm y Ha-
NPAMKY, IIepPIeHIUKYJIAPHOMY OO IIOBEpXHi AsepkaJa, i Ha 15 cm —
napaJiesbHO i (mosuiia 2). fIka Oysa BiAcTaHBR MiXK IpeaMeToM Ta
oro 3o0pakeHHsAM y mo3unil npeamera 1 i AKO BOHA cTajla B IO-
3uuii 27
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§ 22. Nnocke g3epkano. [lsepkanbHe i po3ciaHe Big6uBaHHA cBiTha . .

3
| Ad,
Puc. 3.29 Puc. 3.30
Hano: Ananiz @izuuHoi npobremu
d, =30 cm 3pobuMO NOsACHIOBaJbHE KPeCJeHHsd, Jle TO3HAUMMO BiJoMi HaMm

Ad, =10 cm Bigcrani (puc. 3.29). 3HaizeMo Miciie poarainyBaHHA 300pa-
Ad, =15 cm JKeHHs IpeaMeTa IJIA KOXKHOI i3 3a3HAUeHUX ITO3UILIH IIpeamera,
—— | I'PYHTYIOYHUCH Ha TOMY, IO 300pa’keHHSA IpeaMeTa B IJIOCKOMY

;‘ o ?? I3epKaJii po3TalioBaHe Ha Ti# caMiit BijcraHi Bix Azepkasa, 110
2 i cam npexgmer (puc. 3.30).

Pozg’ssizanusa

Busrauumo BigcTaHp [, — Mix mpeameroMm Ta iforo 3o0pakeH-

HAM y mepuiomMy BuUmaaky (mosuiis npeamera 1):
[,=2d,; [,=2-30 cm=60cm .
Bussauumo Bincrasp [, — Mix mpeamerom Ta iforo 3o0paskeH-
HAM y APYyroMy BUNAAKY (IO3UIiA mpeamera 2), BPaXOBYIOUH,
0 IIepecyBaHHA IIpeAMeTa IlapaJieJIbHO IIOBEPXHi [A3epKaJa
He 3MiHIOE BificTaHI MiX mpeamMeTroM Ta ¥HOro 300pa’XKeHHAM:
l,=2(d, +Ad,); 1,=2(30 cm+10 cM)=80 cm.

Bionosidv: BincTaHb Bif mpeaMera A0 WOro 300pakeHHA B IIO3U-
mii 1 gopiBH0OE 60 cM, y mosumnii 2 — 80 cwm.

3apava 2. Ha puc. 3.31 cxemaruuHO 300pa’keHO

npeamer BC i pzepkasio NM. 3vaiaites rpadiugo €
obnacTe, i3 AKOI 300pa’keHHs IpegMeTa BUIHO /
TIOBHICTIO. B
AHani3 pizuuHol npobaemu
1106 6aunTy 300parkeHHA NEeBHOI TOYKU IIpes- N M
TITTTTITI

MeTa B Ji3epkaJii, Heo0xifHO, m00 B OKO criocTepi-
raua Bigbuiack xoua O yaCcTHMHA 3 THX IIPDOMEHIB,
AK1 mazaioTh i3 I[i€i TOYKU Ha A3epKaJio.

Y HamoMmy BHOAJAKY B OKO MAalOTh BiaOuTuHCHA
TIPOMEHI, 1[0 BUXOAATH i3 KPAWMHIX TOYOK OPEIMe-  pPuc. 3.31
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Pospin 3. CBIT/IOBI ABULLA

Puc. 3.32

ra BC (3po3ymiJio, 110 3a i€l yMOBH B OKO Big6MBaoOTLCA i IIPOMEHi, 10 BUXO-
JASATH i3 yCiX TOYOK mpeamerTa).

Pose'azanna ma ananis pesyavmamie

1. Ilo6ynyemo npomerni BM i BN, ski magaoTs Ha KpaiHi TOYKU A3epkaJjia
MN i3 Trouku B (puc. 3.32, a). 1li mpomeni o6MexyIOTEH IIyYOK yCiX HpOMeEHiB,
IO mic/is BiAOMBAHHSA B J3epKaJi MifyTh PO36GIXMHUM my4YKOM i JanyTh Ha CBOE-
My IPOJIOBXEHHI TOUKY B, AKa € 300pakeHHAM TOuKu B y miockomy J3epKaJIi.
O6usacte, oGMexeHa IIOBEPXHEIO A3epKaJja Ta MPOMEHAMH, BiAGHUTHMU Bi Kpaii-
HiX TOYOK n3epkana (upomeHi MA i NF), i 6yxe obuactio, 3 sKoi BUAHO 306pa-
KeHHs B, Touku By n3epkaJi.

2. AnasoriuHo noGyayBaBIIN 306parkeHHA C, rouku C y nsepkadi, 3Haiimemo
obzacts, i3 axoi BUAHO me 306paskenHs (puc. 3.32, 0).

3. Bauntn 306pajkeHHs BCHOIO IpeAMeTa CIIOCTEpPirad MoKe TilbKU B TOMY
BUNAJKY, AKINO B I0r0 OKO NOTPAaIIAITH IPOMEHi, 10 Jal0Th 06MABA 300paJkeH-
HA — B, i C, (puc. 3.32, 6). Omxe, opaHkeBa 061acTh — Ie 06JaCTh, i3 AKOI
300pakeHHA IpeaMeTa BUIHO IIOBHICTIO.

@ mniasuBAemo macymku

300paskeHHs IpeaMeTa B IJIOCKOMY JA3epKaJi € yABHUM, JIIOPiBHIOE 3a pO3-
MipoM mpeamera, po3ralloBaHe Ha TaKiil »ke Biscrami Bif Jl3epkaJja, 1o ¥ cam
IIpeaMer.
PospisaaoTe asepkasnbHe i poscisme Biz6uBauHs cBitia. ¥V BUIIAAKY A3ep-
KaJIbHOTO Bi/IONBAHHA MM MOXKeMO GauuTu 300pa’keHHS NpeaMeTa B JA3epKaJi,
y BUIAJIKY PO3CisIHOTO BiIOMBAHHA 300pa’KeHHSA He CIIOCTEPiracThCs.

Q KonrponbHi 3anutannna

1. SIke BiOMBaHHA CBiT/Ia HA3UBAETHCSH A3epkanbHuUM? 2. Y AKOMY BU-
nagKy 3o0paskeHHs HasuBalOTL yaBHUM? 3. Aki XapaKTepUCTUKU Mae
300pa)keHHA IpeJMeTa B IJIOCKOMY asepkani? 4. Yum poacisiHe Bin6u-
BaHHS CBiTJIa BiJpiSHAETHCA Bij A3€pKaJbHOIO?
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§ 22. Mnocke p3epkano. [i3epkanbHe i po3sciaHe Bia6busBaHHA cBiTNa . .

’ Bnpasn

1. Jlroguua croithk Ha BiAcTaHi 1,5 M Bif miockoro asepkaJja. Ha akii Bing-
cTaHi Bij JIOAWHU po3TaloBaHe 11 300pakenHsa? CxapakTepusyire Ie
300pasKeHHA.

2, Boxit aBTOMOOiNsA, MMIAHYBIIM B [A3€pPKaJi0 3aJHBOIO OIVIAAY, MOODAYUB
y HBOMY Maca)kmpa, AKUNA CHUAUTH Ha 3aJHbOMY cupgiaHi. Ym morxe
maca)Kup y Leid MOMEHT, OJUBJSAYUCHL Yy Te caMe [A3epKajio, mobauuTu
BOZia?

3, Bu npamyeTe 0 f3epKaNbHOL BITPUHM 31 MIBUAKICTIO 4 KM/rof. 3 AKOIO
IMIBUAKICTIO 0 Bac HAOIMIKAEThCA Bame 300pakenHsa? Ha cKiJbKu CKo-
POTUTHCA BiJICTAHb Mi)X BaMHU i BAamIMM 300pakKeHHAM, KOJU BU IIPOM-
gere 2 m?

4.Y meHATH, [0 CHUAUTH IIepel A3EPKaJioM,
nigHATEe TpaBe ByXo. fKe ByXo migHATE
y 300pa'keHHA IMIEHATH B A3epKai?

5.Ha pucyHKy 300pa)XeHO CBITHY TOYKy S
i nsepraso MN. IlobyapyiiTe 300pakeHHSA
TOYKH B JI3€pKaJIi, YKaxiTh o6sacTh, i3 AKO1
BUZHO Iie 300pakenHs. fki sminm cmocrepi-
raTUMyThCs, SAKII0 J3€PKAJI0 IOCTYIIOBO 3a-
TYJATH HEIPO30PUM €KpaHOM?

/ ’
6. [lobynyiite 300pakeHHss Binpiska AB A
y miaocKkomy asepkajii MN (AuB. PHUCYHOK). M N

3HaixiTe rpadiyao obmacth, i3 AKOI Bigpi- TTTTT7 777777777,

30K BHJHO TIOBHICTIO.

7°.Y3UMKYy, KOJIX 3eMJI BKPUTa CHIrom, MicA4yHi HOui HabaraTo cBiTmimmi.
Yomy?

8".Yomy BHOUYi y cBiTiii (pap aBTOMOOiNA Kajroyka Ha achanbTi 3maeThCs
BOJIi€BI TEMHOIO MJIAMOIO HA CBIiT/IiIIOMY TJi?

9", VaBiTh, 10 MOBEPXHIi BCiX TiJ BigOMBaOTH cBiT/IO A3epKaabHO. 11lo 6 Mu
mo6auynuaIu HaBKOJIO?

' EKCI’IQPHMQHTaﬂbHO 3aBaHHA

BispmiTh Oyab-AKHIA npeaMeT (HAIPUKJAML OJIiBeIb) i ABa IJIOCKUX A3ep-
kaja. PosramryiiTe AsepkaJia miJy IpAMUM KyTOM Big0MBAIOUMMM HOBEPXHAMU
OJHE JI0 OJHOTO i IMOKJAMIThL Mi)K HUMHU mpeamer. 3’sicyiiTe, CKiJIbKHM 300pakeHb
mpexMeTa MOXKHA JicTaTH 3a JOIOMOIOI0 TAaKOl CHCTeMH A3epkaJj. Pesyabrar
JOCJIIIYy MOACHITH 3a JOIOMOIOI0 CXEeMATUYHOI'O PUCYHKa. SIK 3MiHIOBAaTHUMETH-
cd KijbKicTh 300pajkeHb IpeaMeTa B pasi 30ibIIeHHA (3MEHIIEHHA) KyTa MiXx
n3epraramu?
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Pozain 3. CBITNIOBI ABULLA

Qismka i rexnika B Yxkpaini

Kpumcbka (Cumeizbka) obcepsaropin

Ha nouatky XX cTonitta actpoHomia Bnputyn nigiiiwna
RO BUBYEHHA ¢i3nyHOI Npupoan 3ip. Buknkna Hoea ranysb
Hayku — acTpodisuka. Mpote 3'AcysBanocs, wWo ana acrpodi-
3UYHUX JoCnigkeHb ronoBHa obcepBatopia Pociicbkol imne-
pii (MynkosceKa B MeTepbypsi) € HenpuaaTHO Yepes norog-
Hi YMOBU: TEMHUMM 3MMOBUMYW HOYaMK HebO Maike 3aBxan
3aKpuTe XmMapamu, a BNiTKy, B nepiog «6innx Houeit», BOHO Ha-
CTiNIbKM CBITNE, L0 HEMOX/INBO 3aCTOCYBaTI OCHOBHMUIA METOf
acTpodi3nKku — cnekTpockonito 3ip.

Tomy 6yno crsopeHo obcepBatopiio Ha niBaAHI — Kpum-
cbKy (Cumeisbky). Cnoyatky OCHOBHUM Hanpamom ii po6otu
6yno cnoctepexeHHA Manux nnaxer. Xou obcepsatopia 8 Cu-
Mei3i Mana ayxe ManeHbkuin actporpad, 3a YUMCNoM cnocre-
pPeXeHb Manux nnaHeT i BIAKpUTUX acTepoiis BOHa nocigana
Apyre micue y CBiTi, nocTynalounch nuwe leiigenc6epsbkiin obcepsartopii (HimeyunHa).

Micns [pyroi ceiToBOI BiliHN ronoBHUM Teneckornom obcepsatopii cTas pednekTop i3 a3ep-
Kanom fgiametpom 2,5 m. BiH nouyas npauyioBatv B 1961 poui i 3roaoM oTpuMas iM'a CBOro
po3pobHuka — akagemika I. A. LaitHa, YcniwHa po6oTa aBTOMaTUYHUX CUCTEM Ha Teneckoni
LWaitHa Ta iHwmx Teneckonax Kpumcbkoi obcepeatopii npusena Ao ifei CTBOPEHHs NOBHICTIO
aBTOMaTM30BAHOrO Tefleckona i3 g3epkanom giametpom 1,25 M, Wo cras Ao napy B 1980 poui.

HwHi o6cepsatopin 6epe yyacTb y MixHapogHiit nporpami «CnekTp», A0CHIIKEHHS SKOI oxon-
NIOI0TL AyXKe WMPOKWIA Aiana3oH XBU/b — Bifl PEHTIEHIBCLKUX A0 panioxBunb.

§ 23. 3AJIOMJIEHHA CBITNA

B Yomy noxcka, onywena 8 CKAAHKY 3 800010, 30AEMbCA HAM 31AMAHON
Ha mexci nosimpsa i 6odu? IJo mare onmuuna eycmuna cepedosuuya? gk
nosodumascsa c6in.no, nepexodsaiu 3 00H0zo cepedosuwa 6 inwe? Ilpo éce ye
6u disHaemecs 3 yb020 napazpaga.

@ Nposogumo gocnigwn iz 3anomnenHn ceiTtna

ITpoBesemo Takmii excrmepumeHnT. CIpAMyeMO Ha NOBEPXHIO BOXH B IIH-
POKiil MOCYAMHI By3bKUI Iy4YOK CBiTJIA Mijf AESAKMM KYTOM 10 moBepxHi. Mu mo-
MITHMO, IO B TOYKAX MaAiHHSA MPOMEHi He TiJIbKU BigOMBAIOTHCS Bif [MOBEPXHI
BOAM, & M YaCTKOBO NPOXOJATH y BOAY, 3MIiHIOIOUM NPH IILOMY CBifl HANIPAMOK
(puc. 3.33).

3MiHy HaNPAMKY NOWWPEHHA CBITNa B pPasi ioro NPOXOAXEHHA uepe3 Mexy noginy
ABOX CEpefoBuLL Ha3nBalOTb 3aNOMNIEHHAM CBiTNa.

Ilepmry srasky nmpo 3aJIOMJIEHHSI CBiTJIa MOKHA 3HAWTH B MpalfAX AaBHBO-
rpeubKoro gisocoba Apicmomens, AKUN cTaBUB cOOI NUTAHHA: YOMY IIaJIH-
Us y BOAIL 3laeThCA IleperaMaHo0? A B OJHOMY 3 JaBHBOIPEUBKHX TPAKTATIB
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§ 23. 3anomneHHA cBiTha . .

Puc. 3.33. Cxema pocnily 3 AeMOHCTPaLlii 3anoMneHHA ceitna. MNepexogaun 3 nosiTpa y BoAy, NPOMiHb
CBiT/a 3MIHIOE CBIV HaNPAMOK, 3MILLlYI0YUCH 10 NepreHAUKyNApa, MOCTaBNeHOro B TOYLi NagiHHA NPOMeHA

omucaHo Takuil gocain: «IloTpibHO cTraTH Tak, o6 IIacKe Kijdblle, MOKJIaJeHe
Ha JHO IIOCYAMHH, cXoBaJjiocsl 3a ii kpaem. IloTiMm, He 3MiHIOIOUM ITOJOXKEHHS
ouyeil, HAJIUTH B IIOCYAUHY Boxy. IIpoMiHb cBiTyIa 3a/I0MUTHCS Ha IOBEPXHI BoAW,
1 KiybIe cTaHe BUAHUM». AHAJIOTIYHUHA AOCIiJ IIPOiJIOCTPOBaHO Ha puc. 3.34.

e 3’ACOBYEMO NPUYMNHY 3aNOoMNeHHA cBiTna

To womy » ¢BiTJIO, IEPEXOASYN 3 OLHOIO CEPENOBUINA B iHINIE, 3MiHIOE CBil
HaIIPSIMOK?

Mu BiKe 3HAEMO, IO CBITVIO Y BAKYYMi IIOIIMPIETHCA X04Y i 3 BeJIMUYE3HOIO,

IIPOTe CKiHUEeHHO0 MBHUAKicTI0O — 6ausbko 300 000 kMm/c. ¥V 6yab-aKOMY iHITOMY

Puc. 3.34. Ha pucyHKy Ta cxemi niBopyY Yy YallLi Hemae BOAW; NMy4OK CBiTNa, BiABUTUI MOHETOI0, He
NOTPaniA€ B OKO CrocTepirayesi, TOMy ToW MOHeTn He 6aunTb. Ha pucyHKy Ta cxemi NpaBopyy y Yaliky
HanuTo Bogy; BiAbUTE MOHETOIO CBITNO, 3aNIOMITIOIOUNC Ha MeXi «BOfa — NOBITPAY, CATa€ OKa CnocTepi-
raya — MOro oKo po3TalloBaHe TaK camo, AK i JOTH, NPOTe MOHeTa CTa€ ANA cnocTepiraya BUAUMOIO
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. l Pozpin 3. CBITNOBI ABULLA

CepelIoBUINI IIBUAKICTH CBiT/IA € MEHINO0, Hik y Bakyymi. Hanpukmian, y Boxi
WBHAKICTE cBiTia B 1,33 pasdy MeHmIa, Hi’ y BaKVyMi; KOJH CBITJIO nepexo-
AMTE i3 BOAM B aiMas, HOro IBHAKICTH 3MeHIIyeTheA wmie B 1,8 pasy; y TOBITPi
LWIBHU/KICThL MOIMPEeHHA CBiTIa y 2,4 pasy 6Gijibmna, Hix B anamasi, i jume TPOXU
(=1,0003 pasy) meHmIa 3a mBUAKiCTE cBiTIa v BakyyMmi. Came amina weudkocmi
ceéimaa 6 pasi nepexody 3 00H020 NPO30P020 cepedoBUWA 6 iHULe € NPULUHOI 3a-
JIOMJIEeHHA c8im.aa.

ITpuitHATO rOBOPUTHU PO ONTHYHY I'YCTHHY CePeXOBHMINA: YUM MEHULA ULBUOD-
Kicmb nowupenus céimaa 6 cepedosuwyi, mum GiLbUlol0 € ONMUYHA 2ycmuna ce-
pedosuuia.

Tak, nosiTpa Mae GibIny ONTUYHY TYCTHHY, HiXK BAKYYM, OCKIJIBKHA B MOBiTPi
IIBUAKICTH CBiT/Ia €m0 MeHIIa, Hik y BakyyMmi. OnNTHYHA I'yCTHHA BOAM MEHINA,
Hi’K ONTHYHA I'yCTHHA aJIMasy, OCKiJIbKM IIBUAKICTH CBiT/Ia Vv Boai Gijblna, Hi
B ayjMaasi.

Yum Ginble Bipi3HAIOTHCA ONTHYHI TYCTHHU JBOX CepeJloBUILl, TUM OiJIbIlIe
3aJIOMJIIOETBCA CBITIO Ha Mexki ix mominy. IHImIMMuU cioBamu, wum Giabuie 3mi-
HIOEMbCA WeudKicms ceimaa Ha mexci nodisy d60x cepedosuwy, mum CuibHiuLe
B0HO 3AJLOMIIOEMbCA.

@ YcranoBnioemo, wo BigbyBaeTbca nig uac 3anomneHka ceitha

PosrnsiHeMO ABUINE 3aJOMJIEHHA CBiTIa AokaafgHime. [[aa mporo 3HOBY
CKOPUCTAEMOCS ONTUYHOIO INaiibor0. YCTAHOBUBIIM B IEHTPI AUCKA CKJISHUN
HiBOWJIIHAD, COPAMYEMO Ha HBOIO BY3bKHUIl Mydok cBitia (puc. 3.35). Yactuna
ny4ka Bifi6’eThes Bif moBepxHi miBuuWiIiHApa, a yacTMHA Ipoiiae Kpisb Hel, 3Mi-
HUBIIIY CBili HAIPAMOK (3aJIOMUTHCH).

Ha cxemi npaBopyu npomins SO 3ajae HaNIPAMOK I1a4a0U0r0 ImyJykKa cBiTia,
npomiab OK — HanpsAMoOK BinGuToro myuka, npomias OB — HAIPAMOK 3aJ10M-

Puc. 3.35. CnoctepexeHHs 3anoM/eHHA CBITNa 3a AONOMOroK ONTUYHOI Waibu. Of — KYT NagiHHA,
B — KyT BiA6MBaHHA, Y —- KyT 3a1OMNEHHA CBITNOBOrO NyyKa

Wi
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@, 21,

a2>y2 a2<72

Puc. 3.36. YCTaHOBNEHHA 3aKOHOMIPHOCTEN 3aNI0MIEHHA CBITna (o, o, — KYTU NagiHHg, v, Y, — KyTu
3anomneHHs). Y pasi 36inblieHHs KyTa NafjiHHA CBITNA 36inblUyeTbCA 1 KYT NOro 3an0MIeHHA. AKLo
CBITNO Nafac i3 cepefoBuLLa 3 MEHLLOK ONTUYHO NYCTUHOIO B cepeaoBuLLe 3 BinbLio ONTUYHOK
rycTUHOI (3 NOBITPA B CKNO) (), TO KYT NaaiHHA 6inblunii 3a KyT 3anomneHHs. AKLIO HaBnaky (3i ckna
B NOBITPA) (6), TO KyT 3anomneHHs Ginbluni 3a KyT NagiHHA

JeHoro nyuka; MN — mnepneHIUKYJIAD, IOCTABJIEHUN y TOUI[l MaAiHHA mpoMe-
Ha SO. Yci 3a3HaYeH] MPOMeEHi Jie;KaTh B OJHIN MJIOIMUHI — Y IJION[UHI HOBepXHi
IUCKA.

Kym, ymeopenuil 3a10mieHuUM npomeHem i nepneHourKyiapom 0o mexci nodi-
2y 080x cepedosuly, NOCMABIEHUM Y MOYYi NAdiHHA NPOMEHs, HA3UBAETHCA KY-
TOM 3aJIOMJICHHSA.

Arkimo Temep 36GiABMINTH KYT MaAiHHSA, TO MH D00AYMMO, IO 36iABIIUTHCS
# KyT 3aJIOMJIEHHA. 3MEHIIYIOYU KYT MaJiHHS, MU IOMITHUMO 3MEHIIEHHS KyTa
3ayiomyeHHA (puc. 3.36).

CroiBBigHOIIEHHS 3HAYEHb KyTa NaJiHHA i KyTa 3aJIOMJIEHHS Y BUIIAAKY Iepe-
X0y IIyYKa CBIiTJIAa 3 OAHOTO CepeJOBUIIA B Jpyre 3aJIe)KUTh BiJ OINTHYHOL I'yCTH-
HHM KOYXHOTO i3 cepenoBuI. SIKIO, HAIIPUKJAJ, CBIT/JIO maga€ 3 IMOBITPS HA CKJIO
(puc. 3.36, a), To KyT 3aJOMJIEHHs 3aBXAW OyAe MeHIIUM, HiK KyT majiH-
HA (Y, <0, Y,<0,). KMo ) NpoMiHE CBiTJIa CIpAMYBaTH 3i CKJIa B NOBITps
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(puc. 3.36, 0), TO KyT 3aJIOMJICHH# 3aBXAu Oyne
GispmuM, Hi%K KyT nagigeda (y, >o,, ¥,>0,).
Harazaemo, 10 OIITHYHA I'YCTHHA CKJIA € 01/1b-
MO0 BiJi ONTHUYHOI I'yCTHHM IOBiTpA, i cdop-
MYJIIOEMO 3aKOHOMIPHOCTI 3aJIOMJIEHHA CBiTIA.

1. Ilpominy nadaiwoyuil, npomine 3AJN0MJIEHULL
i nepnendukyasap 0o mexci nodiny 0eox cepedo-
8uw, nocmasaeHuil y mouyi nadiHHs npomens,
aexcamov 8 00HIU NAOULUHI.

2. Icnytomv maki cni6GiOHOULEHHA MINC KYMOM
nadiHHsa i KYymom 3aN0MIEeHHA:

a)y pasi 30iavwenns kyma nadinus 30i1b-
wyemvcs i Kym 3aN0MILeHHA;

6) AKwo npominb ceimaa nepexodums i3 cepedo-
8uW,a 3 MEHWO0 ONMUYHOI0 2YCMUHOK 8 ce-
pedosuue 3 0GibULOI0 ONMUYHOK 2YCMUHOI),
mo Kym 3aJOMJEHHA € MEHULUM, HiNC Kym

Puc. 3.37. MNpomeHi cBiTna, wo
NaOyTb, HAaNpUKNag, Bifg KamiHuA K,
AKUIN NEXNTb Ha AHI BOAOVIMM,

3aN0MTIOIOTBCA Ha MeXi «BOAa — nadinni;

nosiTpsa». Y pesynbrati Mv 6a4numo B) AKW,0 NPOMiHb c8imaa nepexodums i3 cepedo-
yABHe 306paxeHHs KamiHua — K| suwia 3 6inbULOI0 ONMUYHOIO 2YCMUHOI0 8 ce-
i, BIANOBIAHO, yABHE 306paXeHHs pedosuwie 3 MEHULO ONMUYHOI 2YCTMUHOIO,
AHa. TakMM YNHOM, BU3HAYAIOUM mo Kym 3aJ0MAeHHA € Oinbulum, Hid Kym

Ha OKO rMMbnHY BOAOMU, MK

NOMWNAEMOCA: HaM 3[A€TbCH, WO . :
. A et (Ciig sasHauuMTH, 10 B CTAPIIMX KJjacax, Iic-
rnmbuHa Bogomn — h, 3amicTb

peanbHoi rubuHm h. (Yum menwum 17 BHBUEHHS KypCy TPUroHOMeTpii, BW riubiue
€ KyT, N} AKUM MIA PO3AVIBNAEMOCH IIO3HAMOMUTECH i3 3aJIOMJIEHHAM CBiTyIa 1 Ai3Hae-
AHO, TUM Ginblua noxnbka.) Tecs PO HBOI'O HA PiBHI 3aKOHIB.)

nadinHnA.

MNoAcHIOEMO 3anNOMNEHHAM cBitha genxi
onTHYNI ABMWLLA

Kosu mu, crosum Ha Gepesi BogouimMu, Ha-
MaraeMocs Ha OKO BU3HAUMUTH 11 IMIMOUHY, BOHA
3aBXKAM 3JAEThCA MEHIOI0, HiXK € HacIpasAii.
Ile #ABHUINE TOSCHIOETHCA 3aJIOMJIEHHAM CBITJIa
(puc. 3.37).

Hacmigkom 3ajiomJyieHHs cBiTiia B aTrmocdepi
3emui € Toi ¢akr, mo mu 6auumo CoHue i 30pi
TPOXHU BHIIE BiJl IXHBOI'O PEAJIbHOTO IOJIOXKEHHSA
(puc. 3.38). 3ajlOMJIEHHAM CBiTJIa MOYKHA IIOsC-
HUTH IIe 0araTo IPUPOJHUX ABUIL: BUHUKHEHHS
MipaJkiB i BeceJIKu Ta iH.

fIBuine 3a/OMJIeHHA CBiTJIa € OCHOBOIO POOOTH
YHCJEHHUX ONTUYHUX HpucTpoiB (puc. 3.39). I3
JIeAKMMH 3 HUX MU IIO3HAHOMHMOCH Y HACTYIIHUX
naparpadax, i3 JeAKMMH — B XOZl IOJAJILIIOIo
BHUBYEHHS (Di3UKH.

B mi52



§ 23. 3anomneHHA csi-rnJ .

Puwc. 3.38.Tlyyok ceitnoBux npomeHie, akun ige Big CoHua (nonoxeHHa CoHUA — S), 3aNOMNIOETCA
(kpuea a) B atmocdepi 3emni. CnocTepirayesi 3Aa€THCA, WO CBITNO NOWMNPIOETHCA NO npamin b i, wo
CoHLje € po3TallloBaHWUM BULLE, HiXK HacnpaeAi (NoNnoxeHHs S )

@ masusaemo nigcymkm

CaiT/IOBMH ITy4YOK, MAZAIOYN HA MKy IOALTY ABOX CEepeNOBHIN, SAKi Ma-

I0Th Pi3HY ONTHYHY T'YCTUHY, NOAINAETHCA Ha ABa mydku. OauH i3 HUX — BiA-
6uTHil — BinOGMBacTHCA Bil MOBEPXHI, MiANOPAAKOBYIOUNCH 3aKOHAM BiIOMBaHHS
cBitna. Jlpyruit — 3aJoMJIeHME — IIPOXOAUTH Yepes MeXY IOALNY B Apyre cepe-
NOBUINEe, 3MIHIOIOUM CBifl HAIIPSIMOK.

[lpnunHa 3a10MIeHHA CBiTIa — 3MiHa IIBHAKOCTI CBiT/Ia B pasi mepexomy
3 OAHOTO cepeloBUINA B iHme. $Ikmio mix uac mepexoAy cBiT/iia 3 OZHOrO cepeno-
BUINe B iHIIe MBUJIKICTh CBiT/Ia 3MEHIIMJIACS, TO I'OBOPATH, IO CBIiTJIO MepelIio
13 cepeZOBUIA 3 MEHIIIOI OITUYHOI I'YCTUHOIO B CEpeIOBUIIe 3 OLIBIIOK OITHY-
HOIO I'YCTHHOK, 1 HABIAKH.

3aJIOMJIEHHS CBiT/Ia BiZIOYBAETHCS 3a MEBHUMHU 3aKOHAMU.

&

Puec. 3.39.0nmyHi npuctpol, poboTta Aknx 6a3yeTbca Ha ABULL 3aN0OMeHHSA CBiTna
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Po3gin 3. CBITNIOBI ABULLA

e KowTponowi sanuramun

1. fike ABMImEe MU cIOCTEpira€Mo, KOJHM CBIiTJIO MPOXOAUTH Uepe3 MesKy
noainy ABox cepemoBumi? 2. fKi gociaiu MiATBEPIIKYIOTH SABHINE 3a-
JIOMJIEHHS CBiTJIa Ha MesXi mogmisy nBox cepeoBumi? 3. YV domy npuun-
Ha 3ayioMyIeHHA cBiTa? 4. IlIBuakicTs cBitia y Boai B 1,3 pasy menma,
HDXK MBUAKICTH cBiT/Ia B moBiTpi. fIKe cepexoBumie mMae 6iibIry ONTHUYHY
ryctury? 5. Slkmii KyT HasmBaeThCA KyToM 3asnomienHa? 6. Cdop-
MYJII0HTe 3aKOHOMIPHOCTI 3aJIOMJIEHHS CBiTJIA.

1. BusHauTe KyT majgiHHA IPOMEHs, AKIIO 3aJIOMJEHHWIl MPOMiHb € Iep-
NeHJAUKYJIAPHUM [0 MeXXi moAisy ABOX cepemoBMIII.

2. [TepeneciTh PUCYHOK [0 3ominTa. BBa)karoum, o cepenoBuine 1 mae
0inpIIy ONTUYHY I'yCTHHY, Hi’K cepefoBuUIIe 2, AJf KOMXKHOTO BUIALKY
CXeMaTU4YHO NobyayiiTe magarounii abo 3aJI0MJIEHUH IPOMiHb, TO3HAUTE
KYT DaAiHHA i KyT 3aJIOMJIEHHS.

3. [Tyuox cBiTyia majae 3 MOBITPA HA MOBEPXHIO CKJAa (AMB. PUCYHOK). Ile-
PEeHEeCITh PUCYHOK [0 30IIXTA TA CXEMATUYHO MOKAXKiTh NOZaJIbIINH Xif
IIy4YKa CBiTJIa B CKJi Ta mOBiTpi.
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§ 23. 3anomnexHsA cBiTha . .

4. IIpomins cBiT/ia magae 3 moBiTpA y BoAy mim xyroM 60°. Kyt mix Big-
OUTUM 1 3aJIOMJIEHUM IPOMEHAMH cTaHoBUTH 80°. O6uMcCIiTh KyT 3a-
JIOMJIEHHS ITPOMEHHA.

5. 004uciiTh MIBUAKICTH CBiTJIA B ajMa3si.

6. fKImo fuBUTHCA Ha IIpeIMeTH Kpi3b TeIlie MOBITPsA, AKe HNiJHIMAaeThCA
Bizx GararTs, TO 34aBATUMETHLCS, IO IPEeAMeTH KOJIUBAIOThCA. Homy?

7. Y uucToMy CTaBKy MOXHa Oaumtm pud. ['mubunHa, Ha AKiNH HaaBae
puba, € MEHIIIOI0, OIJIBIIOK UM JOPiBHIOE Til ryiinbuHI, Ha AKINA BU 11
oaunre? OOrpyHTYATE CBOIO BiANOBiAbL 3a JOTIOMOIOI0 CXeMaTHYHOIO
pHUCYHKA.

Q ExcnepumMeHTanbHi 3aBfaHHA

1. [Mokaskite i mosicHiTh, KOMy-HEOYABL 31 CBOIX APY3iB UM OJU3BKHUX 3ra-
naHuil y maparpadi gocuinx i3 Kisgbiem, 1o OyB onucaHUIl B OLHOMY
3 JaBHBOIPEILbKUX TPaKTaTiB (3po3yMiJio, IO 3aMiCTh KLJIBIA MOXHA
CKOPHUCTATUCS W IHIIUM TIPEJMEeTOM).

2. Ilpuroryiite HacuueHHII PO3YHH KYXOHHOIL COJi, AOJAIOUH Cilb y TEILIy
BOJY JOTH, IOKH CiNb mepecTtaHe po3uuHATHCA. JlaliTe po3uuHy BiACTO-
ATHCA IPOTATOM KiJIbKOX IOAUH i 00epe)xHO mnepesniiTe MOro B YHUCTY
6anky. OnycriTh y pO34YMH CKJIAHY nmanudky (Kyabky). [losdcHiTs, yomy
3aHYPEHHUIl mpeaMeT NPaKTHYHO He BUJIHO.

Qizuka i Texuika B Ypaini

BupatHuin ¢isuk JleoHin IcaakoBuy Manpgenbwtam (1879—1944)
Hapoawnsca B Morunbogi. Hesabapom cim'a nepeixana go Opecn, fe Man-
[lenbluTam HaB4yaBCA B riMHasil. 3rolom BiH 3aKiHUMB di3nKo-maTemaTny-
HUA pakynbTeT HOBOPOCINCLKOro yHiBEpCUTETY.

JI. I. MaHgenblwTaMm BMBYAB MOLWMPEHHA eNeKTPOMArHiTHUX XBUNb,
nepL 3a Bce — BMAUMOrO cBiTna. BiH BuABMB Linuin paj edekTis, aenAki
HUHI HOCATb MOro iM'A (KombiHauiiHe po3ciloBaHHA CBiTNa, epekT MaH-
fAenblutama—bpunnioeHa Touo).

BenuuesHolo € ponb Jl. |. Manpenbluitama B NiAroTyBaHHi HOBUX NO-
KoniHb ¢i3ukis. BiH ByB opHUM i3 opraHizaTopis MoniTexHiYHOro iHCTUTY-
Ty B Opeci. Cepep 1oro yyHiB — BupatHi ¢isuku |. €. Tamm, M. [1. Mana-
nekci, M. O. NNeontosuy, I. C. Nlanac6epr Ta iHLwi.
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Posgin 3. CBIT/IOBI ABULLA

§ 24*.MOBHE BIABMBAHHA

B Haesedemo dexinvia (paxmie, Ha nepuiuit nozas0, 306cim He no6'ssanux 00uH 3 00-
HUM: KOJLU NO meJnesiiopy nokasyroms nid600Hi 3UOMKU, NOBEPXHA 800U HAO nio-
800HUKAMU NIABAHKA 6 MUXY N0200Yy 30aembes 03epkanvholo (puc. 3.40); weenripu
02PAHIOIOMb KOWMOBHIL KameHi, W00 36iibuiumu IXH0 npusabiusicme, HUHI dedani
OiabUle nOWupombca MaK 36ani ONMUYHI NIHIT 38'A3KY.

Buseasemecs, min yumu paKmamu 6ce-maxu € cniabHe: yci 60HU N06'A3aHI
3 00HUM PI3UMHUM A6ULEM — NOBHUM BHYMPIUHIM 6i00UBAHHAM C8iMAA.

@ Qopmynioemo rinoresy nosHoro
Big6buBannn

IITo6 posibpatucsa B NpUYUHAX [LOTO (HPIZHUHOIO
ABUIIA i 3pO3YMITH OCHOBH HOTO [PAKTHUYHOIO 3aCTOCY-
BaHH#A, HEOOX1HO MOBEPHYTUCA O MaTepiaJy Imonepes-
HBOTO naparpacda, e MU eKCIIepUMEHTYBAaJH 13 3aJ0M-
JIECHHAM CBITJIOBOro npomeHs. [IpiragaiimMo: K10 Ny4oK
CBiT/IA IEPEeXOUTh 13 cepeoBU1IA 3 BiIBIIOI ONTHYHOIO
I'YCTUHOIO B Te, OIITHUHA I'YCTHHA SIKOI'0 MEHIa, KyT 3a-
JIOMJTEHHA € 3aBKAH OlIbUINM, HIXK KYT HaJiHHA.

VaBiMo Terep, SK 3MIiHIOBATMMETLCH KyT 3a-
JIOMJIEHHSA CBITJIOBOTO NMydYKa B pa3i 30iJbIIeHHA KyTa
Woro namiHHA. 1A 1mboro cxemMaTHYHO 306pasUMo
najiHHA MydYKa CBIT/Ia HA TMOBEPXHIO IMOAIJNY cepeio-
BUII 111 PI3HUMHU KyTaMH, IPUYOMY KyT NaJiHHA Myy-

Puwc. 3.40. Cnocrepirauesi, akni Ka cBiT/1a 6yemo nocJiijoBHo 36iabmyBaTu (puc. 3.41).
nepebyBae nig Bogoto, NOBEPXHA IlopiBHiotOuM puc. 3.41, a i puc. 3.41, 6, mu H6auumo,
BOAW 3Aa€TbCA 6HNMCKYUYO0I0, MOB AK 3aJIOMJIEHUH IYYOK HaAOJIUIMKAcCThCA 0O MeXXi momi-
A3epkano ay ABox cepepoBuil. JloriyHo, mo B pasi momasbIioro

361JIbIIeHHA Ky Ta NagiHHA KYT 3aJJOMJIeHHA BPeuITi mne-
peBuuTh 90° (puc. 3.41, 8). OgHak KyT, 6in1bIIKH 3a
90°— e BxKe He 3aJOMJEHHA MyyYKa CBiT/Ia, a Horo 1o-
BepHEHHA B nepile cepenoBuie! «[loBepHenHs B nepmre
cepeJlOBUIIe» O3HAYa€ HacHpaBli BiAOWBaHHS, IPUUO-
My BiAOUBAHHSA N06He, TOMY IO 86Cb NAAYUL NYUOK
ceimJia mae noeepHymucs 6 nepute cepedosuuye.

TakuM 4YMHOM, Ha NiACTaBl TiJIbKM 3HAHb 3aJI0M-
JIEHHA CBiTJIa # PO3MipKOBYBaHb MM 3pPOOMJIM TIPUMY-
LIIeHHA PO iCHYBaHHA HOBOTO JJIA Bac ABUIIA.

Ternep chopmysfoiiMo Halle NpUNyLieHHA y BH-
MIAAl zinomesu.

Arxwo cnpamyeamu nid eesuxum kymom nadiHua
nyuok ceimaa i3 cepedoguuia 3 OilbULOK ONMUYHOIO
2YCMUHOI0 8 me, ONMUYHA 2YCMUHA AK020 MEHULA, MO
nadawvuit ny4ox He npoxodumume 8 dpyze cepedosu
uje, a MoBHicTIO Bixi6'eTves Big mesxi momiay.

[TepeBiprMo Haury rimoresy 3a J0IIOMOIOI0 eKCIle-
PUMEHTY.
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§ 24*, MNosHe Big6nBaHHA . .

Puc. 3.41.CxemaTnyHe 306paXeHHA NPOMEHIB, L0 NaAaloTb Ha NOBEPXHIO NOAINY ABOX CEpefoBuLY i3
cepegoBuLya 1 3 6iNbLUOKD ONTUYHOIO TYCTUHOI B CEPEAOBULLE 2 3 MEHLIOK ONTUYHOIK IYCTUHO. KyT
nagiHHA NPOMEHA 36iNbLUYETLCS Bif CXEMU 10 CXeMU (Bil CXEMU d 1O CXeMMU 8)

9 ExcnepumeHTanbHO nepeBipAEMO rinotesy noBHOro Big6usanHsa

1A excnepuMeHTy BaM IOTPiOHA TOHKOCTiHHA CKJISHA IMOCYAWHA, HATIPUKJIAT

CKJIAHKA, NpUOJIM3HO HAIOJOBUHY 3alOBHEHA XOJIOJHOK BOJONPOBiAHOIO Bomow. s
3PYYHOCTI NpOBeJeHHsA Aocaiay obpaHa mocyanHa mae 6yTu 0e3 MaJIlOHKa Ha CTiHKax.
O6’eKTOM cfrioCTepe)XeHHA MosKe 6yTH, HAIPUKJIAJ, KOPIYC IJACTMACcOBOI PyUKHU sCKpa-
BOT'O KOJILOPY, 6a’KaHo 3 HAITMCOM.

IIporonoBaHui nocuif HeobxigHO npoBoguTH B H0Ope OCBiTNIeHiINH KimHaTi (mpu co-
HAYHOMY UM HITYYHOMY OCBITJIEHHI).

3aHypTe KOpPIYC PYYKHU B CKJSAHKY i3 BOZOIO i, TPUMAIOYM CKJAHKY B pyIii, po3ra-
myiTe #oro Haj rojoBor — npubausHo Ha Bigcrani 25—30 cm (puc. 3.42). V xoai jgo-
CJIIly BN MAa€Te CTEKUTH 3a 00’€KTOM.

Cnouarky, nigBiBUIK TOJIOBY, BH OyzeTe 6aYUTH BeChb KOPIYC PYUYKH (AK Ty YACTUHY,
o € y BoJAi, Tak i HaJgBOAHY 4acTuHy). Temnep NOBiJbLHO IepecyBaliTe BiJ cebe CKJIAH-
Ka, He 3MiHIOIOYM BUCOTU. TaKUH pyX CKJISHKM CIIiBBIAHOCHUTBLCA 31 301JbIIEHHAM KyTa

Puc. 3.42.CnocTepexxeHHA NOBHOro BiabuTTa



Pospin 3. CBIT/IOBI ABULLA

NajiHHA IIyyKa CBiTJa, [1po 110 MW TOBOPUJIN B Hamiii rinoresi. Crnpobyiite camocriiiiio
HaMaJIIoBaTW CXeMy TOIIMpeHHs CBiT/a (aHajor — JAuWB. puc. 3.41).

Konm cknanka 6yme gocraribo BijjaJsieHa Bij clocrepiraya, To6To Bij BAIIMX odYeil
(BiANIOBIIHO, KYT NaAiHHA Iy4YKa cBiTJ]a Oyje A0CTATHLO BeJIMKWAM), IIOBEpXHS BOAW CTa-
He JIIl Bac J3epPKaJIbHOI0 I BH IepecTaHeTe GAUMTH YACTHHY PYUKH, IO € Hajl BOJLOI0.
3aMicTh 1[bOI'0 B MM06auHTe A3epKabHe BiToOpaskeHHA YaCTHHM KOPITYCY, po3TAllloBaHO!
1mij Bojoto. IlepekoHarmcs B ToMy, IO 1ie CIpaBii «IIifBOJHa» YAaCTHHA, BAM JONOMONKE
HAIIAC HAa Koprnyci pyuykm.

OTyke, B pesysbTaTi eKCIIepEMEHTY MHW YCIIIIHO MiATBepANJA cHOpMYILOBAHY Ha
ImoyaTKy mnaparpada rinotesdy W 3ycTpiJmes 3 HOBUM (Di3HUHHAM ABHILNEM, sIKe HasH-
BalOTh NoBHe Biax6uBaHHA. «[loBHe» — 6o B 1bOMY fIBHIIi Bech CBITJOBHIl NyYOK Bif-
6mBacTheA Bifl Mexki Mofiny ABox cepefpoBui. Haiimmpocrimme crnocrepirarn lie siBuie,
IepebyBaloun B MeXKaX cepejlloBHINa 3 6iJbLIIOI0 ONTHYHOIO TycTHHo. Jlobnreni mig-
BOJIHOT'O IIJIaBaHHS 3MOXKYThb IIATBEPANTH Bce Ile BJIACHHMH CIOCTepesKeHHAMHA, yciM
IHIIAM pajMO YBajXKHO CTEIKMTH 3a eKpaHOM TeseBizopa, KOJHW MOKA3yIOTh I1i1BOJH
3WOMKH (auB. puc. 3.40).

3BepHITE yBary, Io onucysane a8ullle MOJNCIUSe Mivku modi, KLU Ny4oK ceim.ja ne-
pexodume i3 cepedosuiya 3 GiNblULOI0 ONMUYHOK ZYCIMUHOIO 8 Me, ONMUYHA 2YCMUHA SK020
Menwa. [ NPOTAJIEIKHOTO BANMAAKY (MepeXif i3 cepeloBHINA 3 MEHIOK OITHYHOI Tyc-
THHOIO B Te, OIITHUHA I'yCTAHA AKOTO € 61ILII0n) KYT 3aJoMJIeHHA 6yle MeHIINAM, HidX KyT
napinHdA. OT>ke, ABAMIE IOBHOTO BHYTPINIHLOIO BiIOGMBAaHHsI cllocTepiratnes He Gyje.

IOBesipn npoTAroM cTopiu BAKOPHCTOBYIOTH ABHIIE MOBHOTO BHYTPiIIHLOTO Bijfbu-
BaHHA CBiTJa, 06 NiABHIMATA NpUBabAMBiCTL i HiHHiCTHL KolITOBHUX KameHiB. [lpu-
POJHI KaMeHi 06po6JIAlOTE — OrpaHIOlOTh, IHIINMH CJIOBAMH, CTBOPIOIOTHL Ha TTOBepXHi
KaMeHs 6arato nJomuH (rpaHei). Jlioanm sasBnuail po3guBIAIOTLCA KOIITOBHI KaMeHi
npu sickpaBoMy cBiTJi. HesasnexkHo Bij Micus posrtainyBalus jsKepelia cBiTIa JesKi
IpaHi KaMeHs BHKOHYBaTMMYTh POJb «BHYTPINIHIX A3epKali», i KaMiHb «3arpae» B 11po-
MeHAX. SIKIO KaMiHb MOBEPHYTH, TO BHYTPIMIHIMU A3epKaJaM¥W cTaHyTh iHII TpaHi
(puc. 3.43).

Puc. 3.43. Cxema Big6vBaHHA NPOMEHIB CBITNa Bif BHY TPILLHIX NOBEPXOHb KOLITOBHWUX KaMeHiB. AKLO
NPOMIHb CBiTNa Nafla€ Ha KOLITOBHWUIA KaMiHb, HanpuKknag, i3 Axkepena 1, To BiH BinbrBaeTbca Bia oAHIEl
rpaHi N NoTpannAe B oKo crnocTepiraya. AKWo NPoMiHb CBiTNa Nagae 3 gxxepena 2, 7o CBITNO BiAbUBaEThb-
CA BXe BiA ABOX rpaHei — | 3HOBY NOTpanA€ B OKo cnoctepiraya. OTxe, AnA cnocTepiraya KoWTOBHUNA
KaMiHb BUBNINCKY€E He3anexHo Bif TOro, Ae po3TalloBaHe JKeperio CBitna
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§ 24*%, MNoBHe Big6MBaHHA . .

Puc. 3.44, MNownpeHHA CBITNOBOroO rnyyka CBiTI0BOAOM

9 3HaMOMMMOCR 3 BOJIOKOHHOINO ONTUKOI

IHTeHCHBHE IpaKTHUUYHE 3aCTOCYBAHHS SBUINA [IOBHOTO BifI0MBAHHSA PO3IOYAJIOCH
Tisbku B ocraHHI 20—30 pokis. IToB’a3aHe BOHO 31 CTBOPEHHAM BOJOKOHHUX ONTHUYHUX
CHCTEM.

AxImo B Topenb CKJIAAHOI IJIACTUHKH COPAMYBATH IIYUYOK CBiTyIa, TO micasa Gararo-
pas3oBOro BiOMBaHHA CBITVIO BUile HA IPOTUJIEIKHOMY Oolli muiactuHku (puc. 3.44). Ilo
TOT'O K, Ie Bifi0yJeThbCsa He3aJeHO BiJ TOro, AKOI0 Oyje IJIACTHHKA: BUHYTOI UM MPS-
moro. Tomy mepmri eBiToBoau (rHYYKi HUTKH, IO MPOBOAATHL CBITJIO HA OCHOBI sABHMINA
IIOBHOT'O BHYTPIIIHBOIO Bif0MBaHHSA) JIOAW CTAJIH BUKOPUCTOBYBATHU IJIsA MiJCBiuyBaHHSA
BaXXKOZOCTYNHUX Micib. [l»kepeso cBiTyia (HampuKJIag JiXTapuK) COIPAMOBYE CBITJIO Ha
OJMH KiHeIb 'HYYKOI'0 CBITJIOBOZA, & APYIrHi KiHeIb I[bOr0 CBITJIOBOLA OCBIT/IIOE MOTPi6-
He BajKKoJoCTyHe Micue. [0 TeXHOOri’0 BUKOPUCTOBYIOTh Y MeIUIIAHI JJIA JOCTiAKY-
BaHHA BHYTPIIIHIX opraHiB (endockonis). 3acTOCOBYIOTH il ¥ y TexHini, cka)imo, auis
BU3HauUeHHA Je(eKTiB ycepeguHi MOTOpiB 6e3 ixX po3bupaHHs.

ITisHime mKryTH CBIiTVIOBOAIB cTaJM BHUKOPHCTOBYBATH fAK JyKepesia COHSYHOTO
OCBITJIEHHA 3aKPUTHUX NpuMimens. Hanmpukiaaj, oguH KiHelpb CBITIOBOJA PO3MIIIYIOTH

Ha Jaxy, a ApPyrud — y KimHari 6e3 BiKOH; y pesyJsibTaTi B COHAYHUMN AeHb MPUPOJIHE
CBITJIO 3aJIMBaE II0 KiMHATY.
CBiTJIOBOAM IIMPOKO BHKOPUCTOBYIOTH B iHAYCTpil posBar — s MiAcBiYyBaHHSA

CIleH PiBHUX IOy, IPUKPAIIaHHA BITPUH, Y AUTAYMUX irpamrkax.

Onnax Haibineme cBiTooBogu mnommpeHi sk Kabeni aas mepegadi imdopmamii.
Sflkmio mepeTBOpUTH NMEeBHY iHGOpPMAIil0 HA MaKeT CBITJIOBUX CUIHAJIB, TO 3a JOIOMO-
roi CBITVIOBOZIB il MOKHa mepeiaTy Ha BEJUKY BiJICTaHb MPAKTUYHO 0e3 BUKPUBJICHb.
ITocraBuBmIKM Ha APYyromMy KiHIi cHCTeMH 3BOPDOTHHUI IepeTBOpPIOBaY (CBITJIOBHUX CHT-
HaJiB — Ha HeBHY iH(opMaIlio), y pes3yibraTi ofepKyloTh BUCOKOe(DEKTUBHUN Kabelb,
AKUH € HabaraTo JEeIeBIINM i JermuM 3a CTaHJaPTHUN MiZHWNA, OPAKTUYHO He 3MiHIOE
CBOIX BJIACTHMBOCTEH IIiJi BIVIMBOM HaBKOJMUIIHLOI'O CEPEJOBHUINA, A03BOJIAE IepeiaBaTu
6inbmre iHdopmanii Tormro.

3aBJAKH CBOIM IepeBaraM Taki Kabeii CTPIMKO BUTICHAIOTH TpaAuIifiHI IPOBOLH.
fAxmo me B cepexuHi 70-X POKiB MHHYJIOrO CTONITTS Ii cucTeMHu OyJu AOBOJI eK30THY-
HUMHU, TO Bxke B 1988 pori fHOM ATIIAHTHYHOrO OKeaHy MPOKJAJEHO MepIIuil BOJOKOH-
Ho-onTuuHu# Kabenb. Choroguri BOJI3 (BosIOKOHHO-ONTHYHI JiHII 3B’A3Ky) — e Tele-
(orHMI 3B’A30K MiXk HaWbinbmMMu mMicramu YKpainu, [arepHer i 6araro iHmoro.
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Posain 3. CBIT/IOBI ABULLA

W Consunull aimuitt denv. I panmom na nebi 3'a6unacs xMapunka, niulos
douwjur, axuil Hawebmo «He nomivae», wo conye npodoexcye ceimumu. Ta-
Kuillt dowy y napodi nasusaiomv ciainum. Jlowur iwe He 6cmuz 3aKindu-
muce, a Ha Heobi édace 3acaana pisnobapena eecenxa (puc. 3.45). Yomy eona
3aeunaca? Bidnosidv eu disnacmecs i3 nacmynnozo napazpaga.

o Busuaemo posknapanuna Ginoro ceitna
B CNeKTp

Buapnsernes, mo i y 1abopaTopHUX yMOBaxX
MO’KHAa CIIOCTepiraTH AMBOBMIKHE SIBHIIE, Ioxi6He
7o Beceakd. J[1s 1bOro CIPSAMYEMO BY3bKHUI IIy-
4oK Oijoro cBiTia Ha CKJIsAHY mpusmy (puc. 3.46).
ITpoxomsiun Kpish IpuaMy, IIy4YOK OLiJOro cBiTIa
3aJIOMJIIOETBCS, 1 Ha €KpaHi yTBOPIEThCA Becel-
KOBa CMYy)XKa — cnexmp.

IlosiBa crieKTpa MOSICHIOETHCS TUM, IO ITYYOK
6istoro cBiTiIa siBIsIE cOGOK CYKYIHICTH CBITIOBHX
IYYKiB pi3sHMX KOJBOPIB, a CBITVIOBI Myuykwu pis-
Puc. 3.45. Aenwe, nogibre HHUX KOJIbOPiB IIOIMIMPIOIOTHCSA B OAHOMY CepeOBH-

[10 BECenKN, MoXHa crocTepiraTit mi 3 pisHOI MBHAKICTO.
B 6puskax poHTaHa abo Bogocnagy

3anexHicTb WBMAKOCTI NOWMPEHHA NyuKa cBiTna
B NeBHOMY Cepe[loBULLi Bil KONbopy NyyKa Ha3u-
BalOTb Ancnepcielo cBiTna.

3asBHYaif MYyYKH CBiTIa, IO MAKOTH MEHIIY
MIBU/KICTh IOMIMPEHHS, 3aJOMJIIOIOTLCH OlbIIe.

Puc. 3.46. PosknasiaHHA 6inoro cBiTna B cneKTp nif Yac NPOXoAXeHHA Kpi3b cKnaHy npusmy. Hanbinb-
e 3anomnioloTbeA GioneToBi NPOMEHI, HalMeHLe — YepBOHI
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§ 25. flucnepcin cBiTna. CneKTpanbHUn cknap cnh'na. -

"uc. 3.47. [leaki LONOBHANbHI KONbOPU

Hanpuknan, y cepefoBuIax, 3 AKUMHU BU 3HAMOMUTECA B IIKOJI, (hioseToBi myy-
KM MamTh MEHINY IBUAKICTh, HI’K YepBOHi, i, 0T)Ke, 3aJIOMIIOI0TECA Oiabie. [lo
peui, camMe TOMYy CMy’KKa (hioJIeTOBOrO KOJIBOPY B CIEKTDPi po3TalloBaHa HUMKUE
Bif uyepBOHOI (HuB. puc. 3.46).

ITopiBuaiiMo puc. 3.45 i 3.46: KOJBOPH BECEJIKM — TO i € KOJBOPU CIEKT-
pa, 10 He AMBHO, 60 HacIpaBJi BeceJKa — I BeJWYE3HUH CIIEKTDP COHSYHOTO
:BiTa. Mipiagu MaJIeHBKMX KPAIJIMHOK BOAM (IaM’ATacTe, IO BECEJIKa 3aBiK-
14 YTBOPIOEThCA mijx uvac abo micaa gomy?), airoum pasom mofibHO m0 Gessriui
«IIPU3M», 3aJIOMJIIOIOTH Gijle COHSAUHE CBITJIO i CTBODPIOIOTH PiBHOKOJIIPHY AYTY.

e Xapaxkrepusyemo Konbopm

VY cmexTpi 3asBuuail BUAINAIOTH CiM KOJBODIB: uepeoHuil, opanicesuil,
Hoemuil, 3esenuil, braKumnuil, culiil, giosremosuil.

CeiTioBI MyuYKHM ABOX Pi3HMX CIEKTPAJBLHUX KOJBOPIB y pasi HakjIagaHHA
YAWH Ha OQHOI'0 yTBOPIOIOTH iHIIi KosbopHu. lle aBUIlle HA3UBAIOTH HAKLAOAHHAM
‘neKmpanvHux Koavopie. Tak, CIpAMYBaBINN HA €KPAH IyYKHU OPAHXKEBOTO if 3e-
TEHOI'0 KOJIbOPiB TAKMM YMHOM, 1106 BOHM II€PEKPUBAJIU OAUH OFHOTO0, AiCTAHEMO
ia eKpaHi KOBTUM KOJIip.

Jlesiki cneKTpanbHi KOJBOPH y pasi HaKJIaJaHHS OAUH HA OJHOTO YTBOPIO-
oTb Giyuit Koxip. Taki nmapu ceKTpajabHUX KOJBOPIB HAa3MBAIOTh JON0BHAJLLHU-
wu (puc. 3.47). Ha pucyHKy Kosbopu AinsaHOK A i B € jonoBHAIHUMY, 6O BOHU
IOIOBHIOIOTE OJHWH OAHOTO A0 0iJI0T0 KOJBODY.

OcobnuBe »x 3HAUEHHSA JJIA HAIIOTO 30Py MAIOTh MPU OCHOBHI CeKMpPaJibHi Ko-
1b0pU: 4epeoHUil, 3esenull i cuniii. Haknanaoun i Tpu KOJILOPU OAMH HA OJHUIL
/ PIBHMX IPONOPIiAX, MOKHA AicTaBaTH Pi3Hi KONBLOpH Ta BiATiHKM (puc. 3.48).
Ipu npomy 3senenuii, YepBOHMIA i CHHI KOJBOPH He MOXKHA OfepIKaTH KOMGiHA-
1i€I0 iHIIMX KOJILOPIiB CIEKTpa.

Ha naksianasHi TPOX OCHOBHUX CIIEKTPAJIbHUX KOJBOPIB Y Pi3HMX IpOIOp-
1ifX I'PDYHTY€EThCA, HANIPUKJIAJ, KOLbOPO8e menebayerHHs. SIKIO BU IOAUBUTECSH
ia eKpaH KOJIbODOBOI'O TeJieBi3opa dYepe3 JIymy, TO mofauuTe, 10 300paskeHHSA
’KJIaJa€ThCs 3 APiOHUX 00’€KTiB UepPBOHOTO, 3€JIEHOI'0 il CUHBOI'O KOJILOPIB.

5 Gionc, 71 O —



. . Pospin 3. CBIT/IOBI ABULLA

Pwc. 3.48. OcHOBHI KONbOpK CnekTpa — Puc. 3.49.Jlncta pocnnHu, OCBITNEHOI CUHIM
3eN1eHNIA, YePBOHWIA, CUHI KONbOPOM, 3AAETHCA HAM NPaKTUYHO HOPHUM

e 3'AcoBy€MO, YOMY CBIT € pisHokonipHum

3Hawuu, 110 Oine c8imao € CKAAOHUM, MOMCHA NOACHUMU, YOMY HABKO-
JUWHIT c8im, oc8imaeHull iuute 00Hum Oxcepesom 6inozo ceimaa — CoHyem, mu
0a1iumo pi3HOKONLIDHUM.

fIx BU BiKe 3HAETe, CBITJIO YAaCTKOBO BigOMBaeThCA Bif (PisMUHUX TLI, YacT-
KOBO 3aJIOMJIIOETHCS 1 YACTKOBO MOTJIMHAETHCSA HUMHU, IPUUOMY IIi IPOLECH 3ale-
JKaTh BiJ ONTUYHUX BJIACTHUBOCTEH MaTepiaJy, 3 SKOTO CKJIaJalOThCA Tija, 1 Big
KOJILOPY CBITJIOBOTO ITyYKa.

Bina mosepxHs Bif6uBae OAHAKOBO IIPOMeHi Bcix KoybopiB. Tomy anpbomMHMIMA
apKyIl, OCBITJIEHUI J)KepesioM 0ijioro cBiT/ia, 3gaeTbcAd HaMm Oinum. 3eseHa Tpa-
Ba, OCBiTJIeHA TMM CAMUM [ KepeJsioM, BiI0MBa€ mepeBakHO IPOMEH] 3eJIeHOT'0 KO-
JILOPY, 4 PelITy HOorjauHAae. YepBOHI MEJIOCTKM TIONbIAHIB BiOMBAIOTH B OCHOB-
HOMY IIPOMEHI 4epBOHOr'0 KOJIbOPY, *KOBTi MEJIIOCTKYU COHAIIHUKIB — KOBTOIO.

- Cune cBiTNIO, cIpAMOBaHe Ha 3eJleHe JINCTA POCJAMH, ManKe IIJIKOM I[IOTJIH-
HeThCA JINCTAM, 00 TaKe JIMCTA BiJiOMBA€E IepeBa’kHO 3€eJIeHi ITpoMeHi, a iHmi —
noriuHae. OTKe, JIUCTSA, sIKe OCBITJIEHE CHHIM KOJIBOPDOM, 3JaBaTHUMETLCA HaM
OPaKTHYHO YopHUM (puc. 3.49). FKio 'K, HAIPUKJIAJ, OCBITUTH CHHIM CBiTJIOM
6inmii mamip, TO BiH 37aCThCS HAM CHHIM, TOMY Io Oinuit mamip BigOuBae mpo-
MeHi BCiX KOJIbOpiB, y TOMy uucji ¥ cuHi. A OT YOpHA IIEepPCTh KOTA MOIVIMHAE
IPOMEHi BCiX KOJIbOpiB, TOMY, XOU SKHM CBITJIOM MU HOr0o OCBITMMO, KiT OJHa-
KOBO 3/1aBaTHUMETHCS YOPHUM.

@) masuBaemo macymku

3anexHiCTh MIBUAKOCTI MOIMIMPEHHSA Iy4YKa CBiTJIa B IEBHOMY CepeJOBHUIII
BiJl KOJIBOPY IyuKa HAa3WBaIOThH AUCIEpciero cBitia. Y pesynbrari aucnepcii 6ime
CBITJIO, IO MPOMIILIO, HAIIPUKJIAJ, KPidh IPU3MY, YTBOPIOE CIEKTP, TOOTO BUSB-
JIIETBCA PO3KJAJEHUM Ha CiM CIEKTpaJbHUX KOJIBOPIiB (4€pBOHMIA, OpaHKeBUI,
JKOBTUM, 3eJIeHuil, OJIJaKUTHUN, CUHIN, (hiosmeToBUI).
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§ 25. Qucnepcia cBitna. CneKTpanbHUM cKnap, cnifil .

Y pasi HakJaZaHHA [BOX PI3HUX CIIEKTPAaJbHUX KOJbOPiB YTBOPIOIOTHLCA
1HHIi- KOJIBOPH.

3aBAAKHM TOMY IO Pi3Hi Tija MO-pi3HOMY BiAGHBAIOTH, 3aTOMJIIOIOTE i MOTIH-
HaITh CBITJIO, MU DAYMMO HABKOJUIIHIN CBIT P13HOKOJIipHUM.

a Kourponbui sanurannn

!!

1. Illo HasuBaloTh aucnepciero csitia? 2. Y YOMYy NpPUYMHA AUCIepcii
ceitia? 3. SIki npupogHi ABUIA MOKHA MOACHUTH aucnepcier csitia?
4. TlosacHiTs, mo 03Hauae BUpPa3 «bise cBiTIO — cKiIagHe cBitio»? 5. ki
KOJIbOpM Ha3WBAKOThL JAONOBHAJNbHUMH? 6. Ha3BiTh BIACTHBOCTI OCHOB-
HUX KOJIbODiB crmekTpa. 7. CBiTyIO IKOrO KOTLOPY BizbuBae 3eseHuil BU-
HOorpan?

1. CBiT/IO AKOrO0 KOJBOPY MPOXOAMTH KPi3hb CHHE CKJIO? MOrIMHAETHCA
HUM?

2. IKUMU 31aBaTUMYThCA UYEPBOHI Jitepu Ha Oiomy mamepi, AKIIO0 AU-
BUTHCA HA HUX Kpi3b 3ejleHe CKJI0? AKUM IpU I[bOMY 34aBATHUMETLCSH
KoJIip nanepy?

3. Yepes CKJIO AKOT0O KOJIBOPY HEe MOYKHA IIOBAYUTH TEKCT, HallUCaHU# (io-
JIETOBUM YOPHHUJIOM Ha Oiiomy mamepi?

4.V BOZi MOMIMPIOIOTHCA MYyYKHU CBIT/IA YepPBOHOTO, OpaH»KeBoro Ta 6.a-
KUTHOTO KOJBbOpPiB. IIIBUAKICTE MOMMpEHHA AKOro 3 MyukKiB 6yae 6ijb-
L1050 ?

. Excncpumounnbul LU L L —————

1. HanoBHiTh HermmuGoOKy MOCYAMHY BOXOIO # mocraBTe ii 6ims crinu. Ha
AHO MOCYJMHM MOMICTiTh NJIOCKe A3epKaJI0 MiJ TYmUM KYTOM AO AHA.
H3epkano mae GyTu IiJKOM 3aHypeHe y BOZY. CrnpamyiiTe Ha HBOrO
IYYOK CBiTJIa — Ha CTiHi 3’ABUTHCA «COHAYHUM 3afiUMK». YBasKHO po3-
OUBITBCA HOTrO Ta MOACHITH ABUINE, AKE CIOCTepiraeTsCA.

—

IIpoBexiTes mocaix i3 HakJamaHHS Pi3HUX KOJbOPiB. II/iA mBOro ciix
BHPpi3aTH i3 HyNKOro mamepy Kijgbka KpyriB giamerpom 15 cm. OpuH i3
KpyTiB HOALIITE HA TPU OAHAKOBI cexropu. Ileprmmii CeKTop 3ahap0Oyii-
T€ YePBOHUM KOJBOPOM, APYI'Mi — CHHIM, TpeTiit — seneHum. Pemry
KPYTiB PO3AiJiTh HA CEKTOPH Pi3HOro posmipy Ta 3adapbyiire OyAb-AKU-
MU pI3HUMH KoJubopaMu. Ilo yeps3i HacamiTe KoKHMII KpyT Ha BicTpsa
KYJIbKOBOI DYYKHU H PO3KPYTiITH Horo. OmummiTh Ta HOSACHITH CBOI CIIO-
CTepesKeHHs.
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. . Pospin 3. CBITNOBI ABULLA

®isuxa it Texnika B Yxpaini

Bigkpute akuioHepHe ToBapucteo «CEJIMI»
(Cymcoki  Enextponni  Mikpockonu) novano
ceolo BUpobGHUYY gianbHicTs y 1959 poui. Lie
nignpuemcteo € 6esriepedHum nigepoM Ha
TepeHax CHJl 3 BupobHnuTBa npunagie A
BUMIpIOBaHb.

OpHum i3 3paskiB npogykuii o6eaHanHa «CEJIMI» € cnekTpodotomeTp (AnB. pucyHoK). Llei
npunag NpUsHaYeHnii ANa aHanizy BMICTY BaKKUX MeTanis, WKIANMBUX PEYOBUH (LNHK, CBUHELb,
Miflb, KaMiiA, PTyTb) Y NPOAYKTaX XapuyBaHHA Ta Xap4oBili CUPOBWHI, a TaKOX y NPUPOAHIA BoAi,
3paskax rpyHTy Toujo. Yy mBicTb cnekTpodoToMeTpa € Ayxe BUcokolo. CKaximo, npunag smoxe
BU3HaunTU HaasHicTb 0,005 Mr pTyTi B NiTPi BOAW.

Tema. YTBOpeHHSI KOJbOPOBOI 'aMH CBiTJa IIJISA-
XOM HAKJAJAHHS IIYYKiB CBiTJIa Pi3ZHOTO KOJIBODPY.
Mera po6orn: omep)kaTH pisHi KOJIbOpH Ta BiA-
TiHKM KOJIbOpDIiB INIJSIXOM HaKJaJaHHA IIy4YKiB
CBiTJIa Pi3HOT'O KOJIBODY.

O6napgHaHHA: 4YHNCTHH OLIWI apKym; mDXepeJo
cBiTia (2 mT.); ekpaH 3i minuHOIO (2 mT.); pisHi
cBiTIo®ineTpu (MiHiMyM 1Ba).

BKA3IBKMW O POBOTH
Forysanuna no po6otm

TToknamite Ha cTin Oinui apkym. Bins npoTunexHHX KpalB apKylla BCTa-
HOBITh eKpaHH. 3a eKpaHAMU PO3TAIIYHTe MKepesa cBitia. [loCHIiTHIM MIIX0M
3HAWJITL TaKe PO3TAIIYBAHHS JKepes BiTHOCHO eKpaHiB, 3a SAKOIO CMYXKH
CBiTJVIa Ha Ialnepi HAKJIAZAIOTHCS OFHA Ha ONHY.

BuxoHaHHa po6oTn

1. 3aTyas104M I[iJINHU €KpaHiB pisHUMU CBiTIOMIIBTPAMH, CIIOCTepiraire
3MiHY KOJBbOPY CMY>KKH CBiTJIa Ha mamnepi.

2. 3a pe3yJbTATAMHU CIIOCTEPEXEHb 3aIlOBHITH TabIHITIO.

Konip ceitnoginstpa Konip cMy»Ku cBiTna Ha

Homep gocnigy | Konip ceitnodinbrpa (1) ) nanepi MbK eKpaHamn

Ananis pesynbraris poGorw

3pob6iTh BUCHOBOK, Y IKOMY OIMIIITH i IIOSICHITH SIBUINA, SIKi BU CIIOCTepiraju.
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® Ha ypoxax npupodosnaeécmea 6u, HaneeéHo, KOPUCMYEANUCA MIKPOCKO-
nom. Jlexmo 3 eawux Opysie (a moxce, i eu cami) mae oxyrapu. Haii-
imosipHiwse, Oinvwicmy i3 6ac 3nailomi 3 GiHoKaem, 30p060I0 mpy6olo, me-
Jaeckonom. Yei yi npunadu maromoe cninvHe: iXHbOI0 OCHOBHOW YACMUHONI
€ Jin3a.

o 3HaioMMMOCH 3 PisHUMMN BUZaMK NiK3

Jlinzor (chepuuno0’) Hazusarwms nposope mino, obmexcene 3 d8ox Gokie
cpepuinumu nosepxramu (30KpeMa, OfHA 3 IIOBEPXOHb MOXe 6YyTH ILJIOMIMHOI).
3a ¢opmoIo TiH3M MOAiNATHECA HA onyk.ai (puc. 3.50) Ta ysiznymi (puc. 3.51).

Axuwo moswuna ainsu d y 6azamo pasie menwa 6id padiycie R, i R, cope-
PUHHUX NOBEPXOHb, W0 YMEOpIms JiH3Y, MO MakKy JiH3Yy HA3U6AIMb TOHKOIO
ainzoro (puc. 3.52). ani, roBopAun mpo JiH3y, MU 3aBKAU MATUMEMO Ha yBaai
TaKy JIiH3Y.

3asBuyail onyKJi JiH3U € 36MpPaJBLHUMU: napanenvHi npomeri, uw,0 nadawoms
Ha 30UpanbHy NiH3Y, NPOUWLO6WU KDi3b Hel, nepemunHalomvcs 6 00Hil mowyi
(puc. 3.53).

VYBirHyTi JiH3u HaltuacTime GyBaloTh PO3CiIOBANBHHMM: napaenvHi npo-
MeHi nicia npoxodieHHs Kpi3b pO3Cilo6aNbHY NiH3Y 6UX00amb POICIHHUM nyu-
Kom (puc. 3.54).

-

Jlinau Takox GyBaloTh MUIiHAPUYHUMH, aJie 3yCTPIYAIOTHCA TAK] JTiH3H piako.

a 6 8 a 6 8
Puc. 3.50. Pi3ni BAW onyknux nin3 y po3pisi: Puc. 3.51. Pi3Hi BAW yBirHyTUX niH3 y po3pisi:
a— ABOOMYyKNa NiH3a, 6 — nnocko-onykna a — ABOYBIrHyTa NiH3a, 6 — NNOCKO-yBirHyTa niH3a,
niH3a, 8 — yBirHyTO-ONyKna niH3a 8 — OMNyKS0-YBirHyTa NniH3a
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Puc. 3.52. ToHka cpepnuHa ninza:d << R, d <<R,

v

AN
Puc. 3.53. NapanenbHi NnpomMeHi, 3anoMniymnchb Puc. 3.54. MNapanenbHi NpoMeHi, 3anomnioiyYnch
y 36MpanbHin NiH3i, NnepeTnHaloTbCA B OAHIN TouLi y pO3CiloBanbHin Nin3i, po3xoaatbca (npago-
(npaBopyy — ymoBHe 306paxeHHs 36upanbHoi py4 — yMOBHe 306paxkeHHA po3CiloBanbHOT
niH3w) NiH3K)

e BuBYaEMO XapaKTepUCTUKM NiH3W

IIpoBememMo npAMYy, siKa IPOXOAUTH Yepe3 IEHTPU c(hepuyHUX NOBEPXOHb,
10 0OMEXXYIOTh JiH3y. 1[I0 MpAMy Ha3UBAIOTHh I'OJOBHOI0 ONTHYHOIO BicCIO JIiH-
3u. Touky JIiH3M, AKa PO3TAIlIOBAHA HA I'OJIOBHil ONTHYHIiHM OCi i yepe3 AKy mpo-
MiHBb CBiT/Ia IPOXOAWTH, HE 3MIiHIOIOYM CBOIO HAIPAMKY, Ha3UBAIOTh ONTHYHUM
ueaTpom Jgin3u (puc. 3.55). Ha pucyHKax ONTUYHMII LEHTP JIIH3M 3a3BUYaAM IO-
3HA4YaITh JiTepoio O.

Touky, y sAKiil 36MpalOTHCA IMicas 3aJIOMJIEHHS IIPOMEHi, napaJiejbHi IroJioB-
Hill onTHUHi#i oci 30MpaJibHOI JIIH3U, HABUBAIOTH AIMCHUM (hoKycomM 30MpaabHOL
aiasu (puc. 3.56).

SKI10 My4oK MPOMEHiB, mapaJjieJIbHUX I'OJIOBHIN ONTUYHIN OCl, CIIPAMYBaTH Ha
PpO3CiloBajIbHY JIIH3Y, TO MiCJs 3aJIOMJIEHHS BOHU BUHAYTH PO3OLKHUM IIyYKOM.
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§ 26. Nlinzn . .

Puc. 3.55. [pama AB, ika NpoXoauTb Yepes LeHTpu 0, i 0, chpepnuHnX NOBEPXOHD, L0 O6MEXYIOTb
NiH3Y, HAa3UBAETLCA FONIOBHOKD ONTUYHOIO BIiCCIO NiH3W. Touka O — ONTUYHWIA LEHTP NiH3N

YYYYYYY

Puc. 3.56. [lincHuin $okyc 36MpanbHoi NiH3n — Puc. 3.57. YasHuii pokyc po3citoBanbHOi
TouKa F NiH3U — TouYKa F

OnHak IXHi IpoAOBKeHHs 36epyThcA B OAHIi TOYIII HA TOJIOBHIM OnTHYHIH oci JTiH-
3u (puc. 3.57). II10 TouKy Ha3UBAIOTH YABHUM (hOKYCOM PO3CiIOBAJILHOI JiH3H.

Ha pucynkax ¢oxyc niH3U 03HAUYaIOTh JiTepoio F.

Bincrans BiJ onTHYHOrO mEHTpa JiH3U 10 GOKyca HA3MBaOTh (POKYCHOIO Bif-
CTaHHIO JIiH3H.

@oKyCHa BiJCTaHbL IO3HAYAETHCA CUMBOJOM F i sumipwoembca B MeTpax.
DoxycHy BiAcTaHb 36MPaNBLHOI JiH3H IOMOBHMJIMCH BBaskaTu fojarHow (F>0),
a poacioBansHoi — Bix'emmuor0 (F<0).

OueBUJHO, IO YMM CHJIBHINII 3aJIOMJIIOBAJIBHI BJIACTUBOCTI Mae€ JiH3a, TUM
MeHIIOoM0 € Ii dhokycHa BiacraHs (puc. 3.58).

@izpuHa BeIUUYMHA, 110 XaPAKTepU3ye 3aJJOMJIIOBATbLHI BJIACTHBOCTI JIIH3U Ta
obepHeHa 10 (hOKYCHOI BifCTaHi, HA3MBAETHCA ONTHUYHOIO CHUJIOKO JIIH3H.

OnTuura cuia JiH3M NMO3HAYAETHCA CUMBOJIOM D Ta oGuHMCIIOETHCA 3a (op-
MYJIOIO

ne F — doxkycHa BigcTasb JIIH3U.
Oduruyero onmuyrol cusu € XionTpid.
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Puc. 3.58. Yum MeHWNMM € pagiycn chepryHmX NOBEPXOHbD, WO 0BMeXYI0Tb NiH3Y, TUM CUNbHiILe uA
NiH3a 3aN0MNIOE CBITNO, OTXKe, TUM MeHLwa il $OoKyCHa BiacTaHb F

1 gionrpis (uTP) — Ye onmuuHa cuaa maxoi JiH3u, QoxycHa eidcmarnb AKOL
dopieHioe 1 m.

Axio niH3a 36upaabHa, TO i1 ONTUYHA CHJIa € fogaTHo. ONTUYHA cUJia PO3-
ciroBaJbHOI JiH3U € Bix’emuoro. Hampukiaja, onThuyHa cuja JiH3 y 6abycuHUX
OKyJiApax +3 anTp, a B MaMUHUX —3 AnTp. lle o3Hauae, mo B 6aOyCMHUX OKyJIsd-
pax CTOATH 30MpaJIbHi JIiH3W, a B MAMHUHUX — PO3CiIOBaJIbHI.

e Bummocs poss’asysarTu sapavi

OnTuuna cuia JiH3u gaopiBHioE —1,6 anTp. Ko € hoKycHa BifcTaHb IIi€l
ginau? s niesa 3bupasbHa 4u po3ciroBasibHA?

Iano: AHnani3 ¢iduunoi npobremu

D=-1,6 gurp Ina Bu3HaueHHs (DOKYCHOI BiACTaHi Iii€l JiH3M
cKopuctaemMocs (GopMyJIO A1 OOYKCIEHHA ONTHUYHOL CHJIU

F—7? minau. Ockineku D <0, To JiH3a po3ciloBaibHA.

Iowykx mamemamuuroi modeni, po36'aA3AHHA:
1

D=—, orxe, F=—.
F D

Busnauumo uucJioOBe 3HAYEHHSA my}cano'i BEeJIMYUHHU:

{F}=L:—O,625.
1,6

k]

F=-0,625mM=-62,5cm™m.

Bionosiov: F=-62,5 cm, JIiH3a po3cioBajibHA.

@ niasuBaemo niacymkm

IIposope Tinmo, ob6merkeHe 3 ABOX OOKiB chepUUYHMMM MOBEPXHAMMU, HA3U-
BalOTh JIiH3010. JIiH3u OyBawTh 30MpaJbHUMU Ta PO3CiIOBAJILHUMHU, a 3a (op-
MO0 — OITYKJIi Ta yBirHyTi.

JIiH3a Ha3uUBaeThCA 30MPAJILHONIO, AKINO MYYOK IapajeJIbHUX IPOMEHiB, 110
rmajae Ha Hel, IicJs 3aJIOMJIEHHA B JIiH31 ImepeTuHaeTbCcs B OAHIN Touni. I{1o Tou-
Ky Ha3UBAKTh AiNCHUM (DOKYCOM JIiH3U.

JliHza Ha3UBAETHCA PO3CiIOBAJBHOIO, AKINO IapaJjiesJibHi IPOMEHi, IO Ia-
IAOTh Ha Hel, IIicJs 3aJIOMJIEHHA B JIiH31 HAYTh pO30iKHUM INYYKOM, OJHAK
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§ 26. NliH3n . .

NPOMOBXKEHHA LUX 3aJIOMJIEHUX IIPOMEHIB IepeTHMHAIOThCA B OAHIN Toumi. Ila
TOYKa HA3UBAETHCA YABHUM (POKYCOM JIiH3U.

diznyHa BeJIMYWHA, III0 XapaKTepPU3ye 3aJI0MJIIOBAJIbLHI BJACTHBOCTI JIiH3U Ta
€ obepHEHOI0 10 (DOKYCHOI BiAcTaHi JIiH3M, HA3UBAETHCA ONTUUYHOIO CUJIOKI JIIH3U

(D :F) . OnTuuHa cuia JiH3M BUMIDIOETHCS B AioNTpiAx (AITP).

Q KouTponbHi sanutanuun

1. Illo masuBarTh JiH3010? 2. fAki Buau nin3 Bam Bimomi? 3. Yum pos-
ciroBasibHA JIiH3a BiJpidHAETHCA Big 36upanbHoi? 4. I1lo Ha3UMBaIOThH Aili-
cHUM (okycom siH3u? 5. Homy poryc poscioBanibHOI JiH3M HA3UBAIOTH
yvasaum? 6. IIlo HasuBaiTh (HOKYCHOIO BipcrauHwo jainsu? 7. Aky ¢i-
BUYHY BEJMUYHUHY HA3UBAIOTh ONTHUYHOIO cuioio JiHau? 8. Hassire oxu-
HUIIO ONTUYHOI cuiu JiH3u. 9. ONTUYHY CUJIY SKOI JIIH3U B3ATO 3a OAU-
HUI0?

1. Ha 1iH3y cnpsmyBajau mnapaJiefib-
HUN TYy4YOK CBiTJIa (AUB. PUCYHOK).
Busnaure, sika me JiiH3a — 30u-
pasbHa uYu poaciroBajbHa. Ilepe-
HEeCITh PUCYHOK IO 3omruTa. IlosHa-
YyTe ONTUYHUM IEeHTDP i (hOKycC JTiH3H.
Buwmipsaiite okycHy BiAcTaHb JIiH3U
Ta BU3HAUTE 11 ONTUYHY CHUIY.

2. OnTuyHa cuJya OAHi€l JiH3U AOpPiBHIOE —2 ANTP, a Apyroi — +2 AmTp.
Yum BiApi3HATHLCA 111 JIIH3U OAHA Bij OmHOI?

3. dokycHa BiacraHb ofHiel miH3u gopiBHoe +0,5 M, a apyroi — +1 M.
fAxa nin3a mMae 6inbIIy ONTUYHY CHIIY?

4. Yomy He MOXKHAa MOJIMBATH POCJIIMHU HA KJIyMOi COHAYHOrO AHA?

5. Y ckJii € MOPOKHUHA Y BUTJIAAL ABOOMYKJIOL JiH3u. I[a ninsa s6buparu-
Me YU po3cioBaTuMe npomeHi? OOrpyHTy#Te BigmOBiAL.

6. laHo nBi ABOOMYKJIi JIIH3W, BUTOTOBJIEHI 3 OJHOrO COPTY CKJa. Ik Ha
JOTUK BU3HAUYUTH, AKA JIIH3a Ma€ OiJIbITY ONTHYHY CHUJIY?

. ExcnepumenTanbHi saBgannn

1. S3anpononyiiTe MeTo/ BU3HAUEHHA (POKYCHOI BiAcTaHi 36MpaibHOI JiH3U
3a JOTIIOMOrOI0 JIIHIKH.

2. CnpobyiiTe B AOMAIHiX yMOBax BUTOTOBUTH JiH3y. SIKuii Marepian
3pyuHime B3aTu? BusHaure (POKYCHY BiZICTAHL i ONTUYHY CHJIYy TaKOl
JiH3H.
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OIsnn # Texnika B pra‘i’ul

I3loMmcbKMi KaseHHMIA npunagobyaiBHuii 3aBop —
nposigHe NiANPUEMCTBO YKpaiHWU 3 BUTOTOBNEHHA ONTUYHOTO
ckna. 3aBop BMNYycKae noHazg 200 Mapok KonbopoBoro Ta 6e3-
6apBHOro CKna, y TOMy Y1CNi BONOKOHHE, Na3epHe, MONOYHE,
$OTOXPOMHE, 3 BUCOKMM KOEDILlIEHTOM 3aNOMIIEHHSA. \

3aBog € po3pobHUKOM i eavHUM Ha TepuTopii CHA Bu-
POBGHMKOM MOPCBKMX CTaLiOHAPHUX MAAKIB, WO MNpPaLioTh
y TenekepoBaHOMY pexumi.

3aBofy — €[jMHe B HaLiil KpaiHi NigNPUEMCTBO 3 BUPO6-
HULITBA CEHCUTOMETPUYHUX NPUNaAiB, HEOOXiAHWX ANA KOH-
TPONIO AKOCTI KiHO- Ta poTomatepianis. Ha 3aBofi po3pobnaloTbCA 1 BUMYCKAOTLCA HAATOYHI
na3epHi flanekomipu, a TakoX cepifi BACOKOTOYHMX ONTUKO-MEXaHIYHUX Ta ONTUKO-€NEeKTPOHHUX
npuvnagais.

Puc. 3.59. OTpyMaHHsA 306paxeH-
HA NONYM’'A CBIYKM 33 JONOMOTOI0

B 3apas HiK020 He duBye, W0 MoxHa nobavumu 6axkmepii ma iHwi MiKpo-
opeauizmu, po3dusumucs HeeuOumi 01 He030POEH020 oka OemadJi pesve-
¢y nosepxni Micaysa abo nomurysamucs nopmpemom, Hamaib08aAHUM HA
MAKOBOMY 3ePHAMKY. Yce ye € MONIUBUM MOMY, U,0 3a JONOMO2010 LiH3U
00epicyomsb pisHi 3a po3mipom 300paxcerHHs npedmemis.

0 Cnocrepiraemo so6paxeHnn npegmera,
ofep)aHe 3a ,ONOMOroI0 NiHamM

PosramyBaBiy mocJjiIoBHO 3alajieHy CBiu-
Ky, 30upabHy JIIH3Y i1 eKpaH, OIep>KMUMO Ha eKpaHi
yiTKe 300pa’KeHHsa ImoayM’'st cBiuku (puc. 3.59).
3o06pakeHHA MOXKe OyTHU AK OiMbIIMM, TaKk 1 MeH-
mIUM 3a came IoJiym’s abo piBHUM oMy — 3a-
JIeXKHO Bin BimcTaHi MisK cBiukoio i ekpanom. 11106
3’AcyBaTH, 3a SKUX YMOB 3a JOIOMOI'OI JIiH3U
YTBOPIOETHCA T€ UM iHIIIEe 300pa’rkeHHsA IIpeaMera,
PO3IJITHEMO MPUUOMHU HOro moOyI0BH.

Bummoca 6ygysaTn 3o6panennn
npeamMeTa, WO AaE TONKa ninza

Bynp-AKWI TpeaMeT MOYKHA YABIATH HAK
cyKynHicTe Touok. KoixHa Touka mpeamera, IO
CBITUTBCA BJIACHUM ab0 BiOMTHUM CBiTJIOM, BU-

361MpanbHOi NiH3N IIycKae NpoMeHl y Bcix Hampamikax. [nsa moby-

- w70



§ 27. Nobynosa 306paxeHb, WO AaE TOHKA NiH3a. DopMyna TOHKOI NiH3N . .

1 — NPOMiHb, WO NpoXoauTb Yepes
onTUYHWUI LeHTp O niH3m (He 3a-
5 2 4 NOMNIOETHCA 1 HE 3MIHIOE CBOTO
Hanpamky);
2 — MpOMiHb, MapanenbHuin ronoe-
Hill ONTUYHIN oOci I niH3wn (nicna
F 3a/10OM/TEHHA B NiH3i ae yepes
3 dokych; v
S¥ 3 — NPOMiHb, WO NPOXOANTb Yepe3
A T ¢okyc F (nicna 3anomneHHs B niH3i
Ae napanenbHo roNoBHiN ONTUY-
Hinl oci [ niHan)

A 4

Y

Puc. 3.60. Tpu HannpocTiwi B NobyAo0Bi NPOMEHI («3pyUHi MpoMeHi»)

JOBU 300paKeHHA TOYKHU S, Ke OTPUMYETHCS 3a JOIIOMOI'OI0 JIIH3M, HOCTATHBO
BHAWTHU TOUKY NepeTUHy S, OyAb-AKHX ABOX IIPOMEHIB, IO BUXOAATHL 13 TOUKH
S Ta mMpoXOAATH Kpi3b JiH3y (Touka S, i Gyae AificHMM 300pa’keHHAM TOYKH S).
Ilo peui, y Touni S, mepeTMHAIOTHCA BCi MPOMEHI, [0 BUXOAATH 13 TOYKH S, 0f-
HakK AJs mo0yfoBU 300parkeHHs JOCTATHBO ABOX HPOMEHIB (OyAb-AKHUX i3 TPBOX
IoKa3aHuX Ha puc. 3.60).

300pa3uMo cxeMaTUUYHO NpeaMeT CTPijikow AB i Bigmasmmo Horo Bifx iH3M
Ha BiJCTaHb, AiKa Oinbma, Hixk 2F (3a moaBitHuM doxrycom) (puc. 3.61, a). Cmo-
4aTKy nobyayemo 3obpakeHHa B, Touku B. {1 UbOr0 CKOPUCTAEMOCH ABOMA
«3PyYHHMU» NpPoMeHAMH (npoMminb 1 Ta mpomins 2). IIi npomeni micad samom-
JIEHHA B JIiH3i mepeTHyThCA B Touli B,. OTke, Touka B, € 306pa’keHHAM TOY-
ku B. IIna nobynoBu 300pakeHHSA A, Toukn A i3 Touku B, mpoBenemMo nepneH-
OUKYJIAD Ha TOJIOBHY onTHUYHY Bichk [. Touka meperuHy mepneHgukysspa i oci [
i e Toukow A .

Orxe, A B, i€ 300pakenHsam npeamera AB, sike 0fepKyeMO 3a JOIOMOTOI0
JiH3u. Mu 6auumo: aAKw,0 npedmem posmaulo8aHuil 3a no0BillHuUM GorKycom 36u-
PANbHOL LiH3U, MO 1020 300pAMCeHHA, 00epHcaHe 3a O0NOMO20K JLiH3U, € 3MEH-
uteHum, nepesepnymum, oitichum. Taxe 306parkeHHs BUXOAUTh, HAIPUKJIAMA, HA
naiBni doroanapara (puc. 3.61, 6) abo ciTkiBii oka.

Ha puc. 3.62, a nokasano nmobyzxoBy 306paskeHHs npeamera AB, ozep:KaHO-
ro 3a JOIOMOrorw 30MpasnbHOL JiH3U, y BUNALKY, KOJLU Npedmem po3maulo8aHuil

Y

Puc. 3.61. a — nobynosa 306paxeHHa A B npeameTa y 36MpanbHiit NiH3i: npeamet AB po3TalwoBaHuii
3a NoABINHUM GOKYCOM NiH3K; 6 — Xifl NPOMeHIB y dpoToanapari
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Puc. 3.62. a — nobygnosa 306paxeHHs A B, npegmeTa y 36upanbHiit ni3i: npegmet AB po3TaiuoBaHwii
MiX GOKYCHOIO | NOABINHOK GOKYCHOIO BiiCTaHAMK; 6 — Xifi NPOMEHIB Y NPOEKUitHOMY anapari

MixHc poxycom i nodsitinum gorxycom. 3o06paxeHHs IpeaMeTa B I[bOMY BUIAAKY
€ 30invwernum, nepesepuymum, Oitichum. Taxe 300pakKeHHs JO3BOJIAE OAEPIKATH
IIpOeKIlifiHa amapaTypa Ha ekpaHi (puc. 3.62, 0).

Axmo momicTuTy peameT MixK GoKycoMm i JIiH3010, TO 306parKeHHA HA eKpaHi
MU He nmobauumo. Ase, MOAMBUBIINCH HA IIPeAMeT KPidb JiH3y, mobaunmMo 306pa-
JKeHHdA IpeJaMeTa — BOHO Oyne npsame, 30iybineHe.

BukopucroByoun «3py4Hi nmpomesi» (puc. 3.63, a), mobauumo, 110 micjasa 3a-
JIOMJIEHHA B JIIH31 peaJibHi IpOMeHi, AKi BUNOIIMN 3 TOYKU B, nigyTs po3biskHIM
nyukom. OgHak iXHi NpONOB:KeHHA mepeTHYThcA B Touli B, . Haraagyemo, mo
B IbOMY BHUIAJKy MM Ma€EMO CIpaBy 3 YABHUM 300paskeHHAM mpeamera. To6To
AKWO npedmem PpO3MAULOBAHUIL MiXe (POKYCOM i NiH3010, MO 1020 300PAHCCHHA
Oyde 30inbWeHUM, NPAMUM, YSL6HUM, PO3TAILIIOBAHUM 3 TOTO caMoro 60Ky Bij JiH-

N\
Y
>
NS
NS
\\
N \\/\
B
/ _ A 0 F
A, F
a
\

Puc. 3.63.a — nobyposa 306paxeHHs A B, npeimeTa y 361upanbHii NiH3i: npegmeT AB po3TaluosaHuii
MiX NiH3010 Ta il pOKycom; 6 — 3a JOMOMOTOI0 NYNK MOXKHA OTPUMATK 36inblueHe 306paxeHHA Nnpeame-
Ta ¥ pO3rNAHyTW NOro AeTanbHille
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Puc. 3.64. MNobyaosa 306paxeHb A B, npemeTa, CTBOPIOBaHUX PO3Cil0BaNbHOIO NiH3010, Y pasi pi3Horo
po3TalwyBaHHA npeameTa AB BiJHOCHO NiH3M

3u, o ¥ cam npeamet. Take 300pakeHHST MOYKHA OTPUMATH 3a JOIOMOTIOI0 JIYIIH
(puc. 3.63, 6) abo mikpockoma.

OTrxe, posmipu ma 6ud 300paxeHHs, 00epianozo 3a Aonomozow 36upanbHoL
JiH3U, 3anexcamb 6i0 gidcmani mixe npedmemom i yi€w NLiH3010.

¥YBa)kHO po3riisiHbTE puc. 3.64, HA AKOMY IIOKas3aHO MOOYAOBY 300pa’keHHSA
IpeAMeTa, OfepPXKaHoro 3a JOMOMOrol0 po3dcitoBaibHOIL JiH3u. IToGynoBa mokasye,
IO PO3Cil06AIbHA NiH3A 3a8%0U 0a€ yseHe, 3IMEeHULeHe, npaAMe 300paXceHHs nped-
mema, po3TamioBaHe 3 TOro caMoro 60Ky Bij JIiH3H, INO i caM IIpeaMeT.

Mpu yacTto 3ycTpiyaeMoch i3 cuTyaIli€io, KoJau mpeaMeT 3HAYHO OiIbInuii, Hix
ainsa (puc. 3.65), yu KOJIM 4YacTHMHA JIIH3M 3aKPUTa HEIPO30PUM eKpaHOM (Ha-
NPUKJIAJ, JiH3a 00’ekTuUBa (hoToamapara). SIK CTBOPIOETHCS 300pa’Ke€HHS B IIMX
Bunajgkax? Ha puCyHKY BuAHO, 0 mpoMeHi 2 i 3 mpuM IbOMY He IPOXOAATH
Kpise JgiH3y. OgHAaK MU, AK i paHiiie, MO}XeMO BUKOPUCTOBYBATH IIi IPOMEHi AJas
noOyznoBu 306paskeHHdA, OfEPXKYBAHOIO 3a AONOMOro JiHsdu. OCKiIbKU peasibHi
IPOMeHi, I0 BUHUIILIN 3 TOYKU B, IIicJsA 3aJIOMJIEHHS B JIiH3i IEPEeTUHAIOTHCHA
B OJHiH Tounmi — B,, TO «3py4Hi IpOMeHi», 3a JOIOMOroI0 AKUX OyayeMo 306pa-
JKeHH#A, TeXX nepeTHyaucsa 6 y Touui B, .

o 3nanomnmoca 3 Gopmynolo TOHKOI NliH3K

Icrye maTemaTuuHa 3aJIeXKHICTH MiXK BigcTaHHIO d Bij mpeameTa 10 JIiH3H,
BicTaHHIO [ Bix 300pajkeHHs mpeaMeTa [0 JIiH3U i GOKycHOIO BigcranHio F iin-
3u. Ila sanerxHicTh HasWBA€ETHCA (GOPMYJIOI0 TOHKOIL JIIH3M i 3aIUCYETHCH TaK:

N |

F d f
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Pwuc. 3.65. MNobynosa 306paxkeHHnA A B, npepgmeTay Bunagky, Konu npegmeT AB € 3HauHO 6inbluvm 3a
NiH3y

Kopucryiouunck GOpMYyJI0I0 TOHKOI JIIH3M [AJs PO3B’sA3yBaHHA 3aja4, CJif
MaTH Ha yBasi: gidcmanb f (Bix 300pakeHHs mpeaMmeTa 0 JiH3M) caix Gpatu 3i
3HAKOM MIiHYC, AKIIO0 300pa’KeHHs € YA6HUM, 1 31 3HAKOM nJic, AKIno 3o06pa-
JKeHHA € OdillcHum; GorycHa Biactanb F 30MpasbHOL JIIH3U € HOJATHOI, a PO3-
ciroBaJibHOI — BiJ’€MHOIO.

e Buumocn poss’nsysarv sapavi

3apava. Po3guBnsiounck MOHETY 3a [AOMNOMOrOI0 JIYIH, ONTHYHA CHJIA SKOL
+5 anTp, XJIOMYMK pPO3TAIIyBaB MOHETY Ha BijcraHi 2 cMm Bijg aymnum.
BuszauTe, Ha AKi# BifCTaHi Bif Tynu XJIONUYHMK CIOCTEpiras 300pa’keH-
Hs MOHETH. AKuM € 1e 300pakeHHs — OiINCHUM YU YABHUM?

Hano: AHani3 @i3uunol npobaemu, nowWyK mamemamuinol modeni
d=2 cm=0,02 M | JIlyny MoKHaA BBaj)KaTH TOHKOIO JIIH3010, TOMY, 100 3HAWTH
D=+5 purp BifiIcCTaHb BijJ JIynmu N0 300pa’KeHHA, CKOPUCTAEMOCS (hopMy-
.. 1 1 1
JIOI0 TOHKOI JiH3u: —=—+— (1).
f—2? F d f

. . 1
doxkycHa BigcTaHs F HEBioMa, ajie Mu 3HAEMO, 1[0 — = D (2),

ne D — onTuyHA cuJa JIiH3U, IKY JAHO B YMOBIi 3amadi.
Pose’asannsa ma anani3 pesyrbmamis

IligcraBuBmu dopmyny (2) y dopmyay (1), orpumyemo

1 1 1 1 Dd-1
D=—+—. 3Bigcm gicramemo: —=D—-—=——— TOOTO

§lg n SPHCH ACTAmeNor d d

d
T=pa-1
IlepeBipumMO OgUHUIIIO: [f]= L e =M.

porp-m 1
3HaiIeMO YUCJIOBE 3HAUYEHHS: M
0,002
{f}: =-0,21; f=-0,21Mm=-21cm.

5-0,002-1
IIpoanasizyemMo pe3ysbTar: 3HAK «—» TOBOPHUTH PO Te, IO
300pa’KeHHA € YABHUM.

Bionogidv: f=-21 cm, 300pakeHHsA ysiBHE.
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§ 27. Nobynosa 306paxeHb, WO Aa€ TOHKa niH3a. DopmMyna TOHKOI fiH3U . .

o NIABUBAEMO NIACYMKU

3aJie’KHO Bij BUAY JiH3U (306MpasibHA YU PO3CioBaJIbHA) i MicIa posTalry-

BaHHA IIpeAMeTa BiTHOCHO IIi€l JIIH3U OJep)KYIOTh Pi3Hi 300parkeHHsS mpeaMeTa
3a JOMOMOTOI0 JIiH3U (AUB. TabJIUILIO):

Micue po3tawyBaHHsA

XapakTepucTuka 306pakeHHs

npeamera o e . T
y 36MpanbHin nin3i y PO3CiloBanbHin NiH3i

3a moABIMHUM
GdoxycoMm JTiH3U

nilficHe, 3MeHIIIEHe,

IepeBepHyTe
d > 2F) peBepHy
Mix doxycom
i mogBitHUM nivicue, 30isbIneHe,
. ysiBHe, 3MEHIIIeHe, TIPsIMe
toxycom JriH3N epeBepHyTe
(F <d < 2F)
Mioxk sniH3010
i orycom ysiBHe, 30ijbIlIeHe, IpAMe
(d <F)

TakuM YMHOM, 32 THIIOM 300pa’KeHHA MOKHA CYJAUTH AK IIPO BUJ JiH3H, TAK
1 mpo micue pos3TamyBaHHS ITPeJIMETa BiJHOCHO Hel.
Bincrasp d Bix mpeamera mo JiH3W, BifctaHb [ Bij 300paskeHHA 10 JIiH3U

1 1

. . . i s 1
i hoxycHa Bincrans F moB’sizaHi (OPMYJIOI0 TOHKOIL JiH3M: —=—+—

@

d [

Kourponbui sanutaunn

1. Big dyoro 3anexaTh XapaKTEPHUCTUKH 300pa’keHb, OIEP’KYyBaHUX
3a gomoMororo 30upasbHOI JiH3u? 2. fAKi mpoMeHi 3py4HO BUKOpHC-
TOBYBaTH MAJA N0OOymOBH 300pa’XeHH#A, OHAEPKYBAHOI'O 3a MIOMOMOTOI0
adigsu? 3. Uu MOKHa oJeprKaTu [ilicHe 300pa’KeHHs 3a JOIIOMOTOIO
30upaJsibHOl JIiH3M? po3ciroBasbHOI JiH3u? 4. YUu MOXHA OJepKaTu
yaABHe 300pajKeHHA 3a AOMOMOrolo 30upasbHOI JiH3U? pO3CilOBAJIBHOL
aiEau? 5. 3a JOIOMOroI0 JIiH3W OTPUMAHO 300pa’KeHHSA SAKOTOCh IIpeJ-
MeTa. ¥ SKOMY BHUIAAKY MOro MOYKHA MOOAUNTU HA €KPaHi — KOJM Iie
300pakeHHsA € JifiCHUM 4M KOoJu BOHO yaBHe? 6. Ha akiit Bigcrani Bif
JiH3u Mae OyTu mpegmert, 1100 po3Mipu camMoro mpeameTa i Horo 3006-
pakeHHsA Oysnu omHakoBuMu? 7. UM MOXKHA 3a XapaKTEPUCTHUKAMHU
300parkeHHs, OJep’KAaHOT0 3a JOIOMOTOI0 JIiH3U, BUSHAUUTH, KO0 € IA
JiHza — 30upasbHOIO uu poaciroBasbHO0? 8. HassiTe Bigomi Bam om-
TUYHI nmpuaagu, y akux € jginsu. 9. fAki ¢pisuuni Bea1uuymHU MOB’A3YE
dbopmyna rorkoi minsu? 10. dKoro mpasuja CJif JOTPUMYBATUCS, 3a-
cToCcOByOUU (HOPMYJIy TOHKOIL JiH3U?
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. . Posgin 3. CBIT/IOBI ABULIA
‘ Bnpasu

1. IlepeHeciTs pUCYHOK [0 30IIMTA i AJIA KOYKHOTO BUNAAKY IOOyayii-
Te 300paxeHHss mpeamera AB y 30upanbHi# sgiH3i. CxapaxkTepusyiire
onep:KaHi 300parkeHHs.

2. Ha pucyHKy moxasaHO I'OJIOBHY ONTHUYHY Bick JiH3u KN, CBITHY TOYKY
S ra ii so6paxkenns S,. IlepeHeciTb pUCYHOK 10 30mmTa i 3a JOMOMO-
roio BigmoBigHUX moOyJOB BU3HAUTE PO3TAIIYBAHHA ONTHYHOTO LEHTPA
Ta (pokyciB JiH3u. BusHauTe THI JiH3M ¥ THO 306parKeHHA.

os‘

3. IIpeagmer poaramoBaHuit y ¢Gokyci 36upanbroi Jyin3u. IlokakiTes rpa-
¢hiuHO, IO 300pa’keHHA B IIbOMY BHUIIQJAKY HE YTBOPIOETHCH.

4. Ha apkym i3 APDYKOBaHMM TEKCTOM IOTpPalMja KpaIjd IIPO30pOro
KJyewo. YoMy JriTepu, 10 OMMHUJIUCA i KpaIljeio, 34alThbesA OGiabmin-
MH, HiXK cycigHi?

5.OntuuHa cuia JjgiEsu 5 antp. Ha akii Bigcrami Bix siHsu moTpibHO
po3TallyBaTH 3alajieHy CBiUKy, mo6 ozepikaTw 300parkeHHs IOJIyM’s
CBiuKM HaTypajbHOI BeJuuyuHH? 3pobiTh CXxeMaTU4He KpPECJIeHHS, II0
MIOSICHIOE BAllle PO3B’A3aHHS.

6. Buxkonyroun jJabopaTopHy po60oTy, YyUeHb 3a JOIIOMOIOIO JIIH3H JicTaB Ha
eKpaHi uyiTKe 300pa’keHHS BOJIOCKA PO3’KapPEeHHA eJIEKTPUYHOI JIaMIIo4-
Ku. dxumMu € GOKyCcHaA BiicTaHb i ONTUYHA CUJIA JIiH3U, AKIIO BiICTaHb
Bix emekTpuuHOl Jammouku mo JiH3u 30 cM, a BiacTaHb Bifg JiH3M 10
ekpaHa 15 cm?
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Na6opatopHa po6ota N2 12 . .

7. IIpeamer posramoBanuii Ha BigcraHi 1 M Bix miH3U. YABHE 300pakeHHA
IpefMeTa po3TamioBaHe Ha BigcraHi 25 cm Bij giHsu. BusHaure omruy-
Hy cuay JiHsu. 1Kol € 14 JiH3a — 30HMpaJIbHOIO YU po3cioBaIbHOI?

8. Jlammouka posTamoBaHa Ha Bigcrari 12,5 cM Bix 30upaJIbHOI JIIH3H,
ontuuna cuia sakoi 10 anrp. Ha akiit Bigcrani Bij niH3m Buiige 300pa-
JKEeHHS JIAMIIOUKH?

9. 3a OMOMOrOI0 JIiH3M Ha eKpaHi OTpUMAaJIU YiTKe 300pakeHHs MpeaMeTa.
BusHauTe ONTHYHY CHJIY JIH3H, AKILIO IPEAMET PO3TAIIOBAHO HA BiACTaHi
60 cM Bix sinsu. Bigcrass Misk npegmeTom Ta eKpaHoM aopiBHIOE 90 cM.

‘ " EkcnepumenTanbHe 3aBAaHHA

BHKOPHCTOBYIOUH CBiUKY, 30MpaJbHy JiH3Y i €KpaH, OTpUMaiiTe Ha eKpaHi
36isbIIeHe 300paskeHHsA MOJyM’si CBIUKHU. 3aTyJIiTh MOJOBUHY JIIH3U HEIIPO30OPUM
expaHoM. ONUIIITH i MOACHITH ABUINE, AKE CIIOCTEPIra€ThCs.

[

E OIsun I nxulu B Vm‘l’ui

DepxaBHe nignpnemcTso 3aBop «ApceHan» (M. Kuig) 6yno 3acHosaHe 8 1764 poui Ak «apce-
HanbHi MaCTepHi» ANA PEMOHTY i1 BUTOTOBNIEHHA PI3HWX BUAIB 036POEHD, Y TOMY YnCi apTunepin-
CbKMX. 3 1946 POKy NiANPUEMCTBO NepenpodiioBanoca Ha BUMYCK ONTUYHIX, ONTUKO-MEXaHIUHINX
i ONTUKO-eNeKTPOHHNX Npunagis. Yci KocmiuHi cTapTn KonuwHboro CPCP i Pocii 3a6esneuysanuch

" ONTUKO-ENEKTPOHHUMM CUCTEMAMMN OPIEHTYBAHHA, BUNYLLEHVM Ha 3aBOAI «ApceHany.

OpHUM i3 HaiBigomiwwx BUAiB Npoaykuii 3aBogy € goomomexHika, icTopis AKOI novanacs
3 nepuoi MacoBoi poTokamepm «KuiB-2» (1949 p.). DoToanapaty, CTBOPEHi apceHanbUAMK, BUKO-
pucToByBanucs AnA GpOTO3NOMKM 3 6OPTY KOCMIUHNX Kopabnis cepii «BocTok», «CoK03», MICAYHNX
Kopabnis cepiit «Hyna» i «3oug» op6|Taan0| craHuii «Caniot», a Taxox( Yy BiKPUTOMY KOCMOCi.

Il_“‘“‘,‘f”‘"‘ e e ———

Tema. BusnaueHHs (POKyCHOI BifcTaHi Ta ONTHY-
HOI CHJIA TOHKOI 30MpaJIbHOI JIIH3U.

Merta po6oru: OOYHCITUTH ONTHYHY CUJIY i BU-
3HAYUTH (POKYCHY BiZicCTaHb TOHKOI 30MpAabHOL
JIIH3YM 3a JOIOMOrox ()OpMYJIM TOHKOI JiH3M.
O6napnankn: 30MpajnpHa JiH3a Ha miAcrasui,
eKpaH, JKepeJsio CBiTyIa, MipHa CTpiukKa.

BKA3IBKM 1O POBOTU

lFoTyBanHa A0 eKCNepuMeHTy
Ilepm Hix 6parucs 10 po6oru, srajgaiite GopMyay TOHKOL JiH3H Ta GopMyTTy
3B’A3KY ONTHUYHOI CUJIM JIiH3H i i1 doKycHOI BigcTaHi.
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I . Po3pin 3. CBIT/IOBI ABULLA

Excnepument

1. PogramyBaBIny JIiH3y MiX JKepesoM CBiTya i ekpaHOM, JAicTaHbTe Ha
eKpaHi piske 3MeHIIleHe 300paKeHHA JsKepesa CBiTJa.

2. Buwmipaiite Bincrass d Bij AsKepesa cBiTiia o JiH3M Ta BifcraHb [ Bin
JIIH3U 10 eKpaHa.

3. IlepecyBaiouu JiH3y, AiCTaHbTE Ha e€KpaHi uiTke 30isblIeHe 300paskeH-
HSA JoKepeJia CBiTA.

4. 3H0BYy BUMipaiTe BigcTaHb d Bif A)Kepesa CBiTJIa O JiH3M Ta BiJCTaHb
f Bix niH3M #O eKpaHa.

O6pobnennn pesynvraris cuanpunnu'ry

BukopucToByouM BiAmoBiaHI GopMysH, 06YHCIITE ONTUYHY cUIy JiH3U D
i ¢okycny Bigcrausb F. PesyiabraTé BHUMipIOBaHb i o0uuClIeHb 3aHECiTH 10 Tab-

JIAIL.
Homep pocnigy fim d,m F,m D, antp
1
2

Ananis pesynsraris excnepnmenTy

1. IlopiBHsA#TE OfepKaHe BAMU 3HAYEHHS ONTUYHOI CMJIM JIH3M 3 ii 3HA-
YeHHSM, HaBeJeHUM y nacmopri. HassiTh IPUYUHY MOXKJIUBOI pO30ixK-
HOCTI.

2. 3pobiTh BUCHOBOK.

® Bu exce 3naeme, wo Oiiblly 4ACMUHY iH@OpMAYii Npo HABKOLUUWLHIL
ceim mu odepicyemo 3a80axu 3o0py. Opzarom 30py nOOUHU € OKO — 00UH
i3 Haildockonaniwux i 600HOLAC HAUNpOCcMiWUXx onmuiHux npunradie. Ak
ace arawmosare oko? omy Oesaki nwodu nozano 6avame i AK CcKopuzyea-
mu ixuiit 3ip? Ax 3 0cobau80CMAMU N100COK020 0KQ NOE'A3AHE BUPOOHUY-
meo MYysbMmuniiKayiithux Qiromie?

3naiomnmocn 3 6ygosoi0 oxa

OKo JIOOUHU Mae Kyasacty ¢opmy (puc. 3.66). Iliamerp ouyHoro sabiayka

6s113bK0 2,5 ¢M. I330BHI OKO BKpPHUTE IIiJIbHOI HEIIPO30pPOI0 0OOJOHKOI — CK.Je-
poio. Tlepeass yacTUHA CKJIEPU NEPEXOAUTH Y IIPO30PY POroBy OGOJOHKY — poO-
riBky, 1o Jie Ak 30upasbHa JiH3a i 3abe3neuye 75 % 3MATHOCTI OKa 3aJIOMJIO-
BaTH CBiTJIO.
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§ 28. OKo AK ONTUYHA CUCTeMa . .

cknepa (3agHin Bigain 6in-
KOBOI 060NOHKN)
cyAvHHa obonoHka

paiigyxKa | ciTKiBKa
\ »KOBTa NnAMa

3iHMUA 4 30POBUI HEPB

KpULITaNnnMK POBOHOCHI CyAVHIX
poriBka
BIKOBUIA M'A3

cKnucTe Tino cnina nnsma

Puc. 3.66,byaosa oka

I3 BHYTPiIIHBOrO GOKY CKJIepa BKPHTa cYyduiHoio 060J0HIK0I0, IO CKIANAETH"
cAd 3 KPOBOHOCHUX CY[AHH, AKi KHUBJISATH OKO. Y IepelHi#l YacTUHiI OKa CyAuH-
Ha 0BOJIOHKA TEepPeXOAuTh y paildyrichy 060N0HKY, KA HEOTHAKOBO 3abapBiieHa
B pisHUX Jrofeit. ¥ paiay»KHill 06oJOHLI € KPyIVIuil oTBip — siHuys. 3iHnOA
3BYJKYETBCS B Pasdi MOCHJIEHHS IHTeHCHBHOCTI CBiTJa il POSIIMPIOETHCA B pasi
ocnabyieHHS.

Bdamnicme oxka npucmocosysamucs 00 Pi3HOL Ackpasocmi npedmemis, wo
cnocmepizaiomucs, Ha3UBalOTh aJaNnTamicko.

3a 3iHUIEI0 PO3TAIIOBAHUI KPHIITAIMK, SIKHI ABJIsSE OO0 ABOOIYKJIY JIiH-
3y. KpumTanuk, 3aBOfAKH CKPIIUIEHUM i3 HUM M’I3aM, MOYKe 3MiHIOBATH CBOIO
KPUBH3HY, & OT)Ke, 1 OIITUYHY CHUJIY.

CyausaHa 000JOHKA 3 BHYTPIIIHBOIO OOKY OKa BKPHUTA CimKi6KOl — posra-
JYKeHHSIMH CBITJIOUyTJIMBOro HepBa. HalluyTiMBima yacTHHa CITKIBKH poaTa-
IIoBaHA NPSAMO HABIPOTH 3iHMII i HasMBa€ThCHA »KOBTOI ILIAMOIo. Micie, xe
30pOBUY HEPB BXOAMWTH B OKO, HECIIDUWHSATIMBe [0 CBiTJIa, TOMY AiCTAaO HA3BY
ciina IisMma.

B yTBOpeHHI 300paskeHHSI TAKOXK Oepe y4acTh CKJIAMCTe Tijlo — IMpo3opa Apa-
IVIMCTA Maca, IO 3alIOBHIOE IIPOCTIp Mi KPHIITAJIMKOM i ciTkiBKoro. CBiTiIO, iKe
HOTpAaILIsie Ha IOBEPXHIO OKa, 3aJIOMJIIOETHCS B POTiBIli, KPUIITAIUKY Ta CKJIHUC-
ToMy Tini. ¥ peaynbTaTi Ha CiTKiBIi BUXOAWTH AilCHe, NepeBepHyTe, 3MEHIICeHe
300pakenHsa npeamera (puc. 3.67).

Puc. 3.67.306paxeHHs, Lo BUXOAUTb Ha CITKiBLI OKa,— AiINCHe, NepeBepHyTe, 3MeHLweHe
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l lPoaAin 3. CBITNOBI ABULLA

Puc. 3.68. Y cnokinHomy craHi ¢po-
KyC F ONTUYHOI CMCTEMU 340pOBOro
OKa po3TalloBaHUI Ha CiTKiBU.

Y uboMy BUMNAAKY Ha CiTKiBLi
YTBOPHOETHCA YiTKe 306paXKeHHA
BiffaneHux npeamerTis

Punc. 3.69. Y pa3si kopoTko3opocTi
B CMOKIHOMY CTaHi oka pokyc F
ONTUYHOI CUCTEMWN OKa PO3TalloBa-
HWI nepeq ciTkiskoto (a). 306pa-
XKEHHA BigaaneHnx npegmeTis Ha
CITKIBUi BUXOAUTb HEYiTKUM. AnA
KOPEeKLIiT KOPOTKO30pOCTi BUKOPUC-
TOBYIOTb OKYNAPUW 3 PO3CiloBanbHM-
MU niH3amu (6)

B W80

e Aisnaemoca, yomy nioguna 6aunTn AK
Bignaneni npegmern,
TaK i Ti, wo posrawosani nopyy

flkmo nroamHa Mae rapHuit 3ip, BoHa 6a-
UUTh YiITKUMH SK JajJeK0, TaK i OJU3bKO poaTa-
moBaHi npeameru. Ile BigGysaeTbca ToMy, mio
B pasi 3MiHM BiJCTaHi [0 mpegMeTa KpHIITAIHK
OKa 3MIHIOE CBOIO KPHBU3HY.

3DaTHICTb KPULITANMKa 3MiHIOBATU CBOK KPUBU3HY
B pasi 3MiHW BiACTaHi A0 NpeameTa, SKUN Po3rna-
AAEMO, Ha31BalOTb aKOMoAaUi€lo.

Slkmo nroAMHA AMBUTBCA HA JOCHTH Bigaa-
JIeH1 mpeiAMeTH, B OKO HOTPAILIAKTh HapaJeib-
Hi IIPOMEHI — y IbOMY BHIIAaJKy OKO HaifKparie
posciabyiene. (3ayBaskTe, 1110, 3aMHCJIHBIINUCE,
JIOAUHA AUBUTHCA HiOKM Bpanuny!) Yum 6imsxue
PO3TAlIOBAHUI IpeAMeT, THUM CHJIbHiIe Hampy-
JKyeTbCs OKO. HaliMeHiy BizcTaHb, HA SKiH OKO
faunTh mpeaMeT, NPAKTHYHO He HANPYXKYIOUUCH,
Ha3WBaIOTh BIJCTAHHIO HaWKpamoro sopy. Has
JIIozieil 13 HOpMaJbHUM 30POM LIS BiACTAHb JODiB-
Hioe npubansno 25 cm. Came Ha Takiil Bigcrani
JIIOANHA 3 100pUM 30POM UMTAE KHUMXKKY.

e 3’AcoByEMO, WO TaKe KOPOTKO3OPICTD
i Aanexo3opicTb i AKMMM € cnocobm
X xopexuii

[ITo6 kpame posibparucs, mo BigOyBaeThb-
CA B ONTUYHII CUCTEMI OKa B pasi kKopomrosopoc-
mi i danexo3opocmi i K KOPHUI'YIOTHCS i Bagu
30py, yABIMO Taky curyaiiro. Tpoe miomeii, ogun
i3 AKMX Mae HOPMAaJbHUN 3ip, APYTrUii — KOpPOT-
KO30piCTh, a TPeTilt — AaJIeKO30piCTh, AUBIATHCA
Ha Ti caMi IIpeIMeTH, PO3TaIlOBaHi JOCUTH Haje-
KO, HampuKJajg Ha 30pi. (Y umbomy BUOAAKY MU
MOXKeMO He OpaTH 10 yBaru akoMmogallii, aaxe oui
B yCiX TPBLOX poacsiabiieHi.)

Y JI0AMHHM 3 HOPMaJIbHUM 30pOM (DOKYC OI-
THYHOI CHCTEMHU OKa B CIOKIHHOMY (HeHampyxe-
HOMY) CTaHi po3TaloBaHWii Ha CiTKiBIi, TO6TO ma-
paJieibHi1 IPOMEHi, 1110 MOTPANIAIOTh B OKO, MiCJIS
3aJIOMJIEHHA B ONITUYHIN cUCTeMi OKa 30MpaoThCA
Ha citkiBui (puc. 3.68), i 3006pakeHHA mpegMeTis
Ha Hil € YiTKHuM.



§ 28. OKO AK ONTUYHA cUCTema - .

Imakma cuTyanis B J0eid, KOTPi MawTb
KOpOTKO30picTb 4m jasexosopicte. Koporko-
3opicte — ue 6ada 30py, Yy pasi AKOL OKyc on-
MUYHOL cucmemu oKka 6 CNOKillHoMY (HeHanpyxce-
HOMY) CMaHi po3Maulo6aHuil neped CimKi6Kow
(puc. 3.69, a). lle BigbyBaeThCcs TOMY, 11O B pasi
KOPOTKO030POCTi KyT 3aJIOMJIEHHA CBITJIOBOTO IyY-
Ka B ONTUYHIA cHCTeMi OKa BUABJIAETbCA O01Jb-
[IAM, HiXK y JIOAWHYU 3 HOpMaJbHUM 30poM. Tomy
300paskeHHs NpeaMeTiB Ha CiTKiBIl € HEUiTKHM,
PO3MHUTHM.

BigcraHp HaMKpamoro 3opy B pasi KOpPOTKO-
3opocti menmma Bijg 25 cm. CamMe TOMYy KOPOTKO30-
pa JoAuHa, 100 PO3JUBUTUCA NPEIAMET y PYKax,
OiIHOCHUTH foro 61u3bK0 10 oueil. KopoTKkosopicTh
KOPUTYETHCS HOCIHHAM OKYJAPIB 13 poscilosaJb-
Humu ninzamu (puc. 3.69, 0).

Jlanekosopicte — ue 6ada 3opy, Yy pasi AKOI
(okyc onmuuHOl cucmemu 0Ka 6 cnoxiinHomy (He-
HANPYHCeHOMY) CMAHI PO3MAULOBAHUL 3a CIMKI6-
rkow (puc. 3.70, a). Lle BigbyBaeTbcsa TOMY, IIO
B pasi AaJeKo30pocTi KyT 3aJIOMJIEHHA CBITJIIOBO-
ro mydka B ONTHYHIH cHCTeMi OKa BUSABJIAETHCA
MEHIINM, HiK y JIIOAMHU 3 HOPMAaJbHUM 30DPOM.
3o00pakeHHsA mpeaMeTiB Ha ciTKiBIi Tako)k Oyae  Puc.3.70.Y pasinaneko3opocTi
HEYiTKUM, PO3MHUTHUM. B CNOKilTHOMY CTaHi oKa pokyc F

Bigcranp HalKpalioro 30py B pasi Aasexko30- ONTWYHOT CUCTEMM OKa PO3TaLIOBa-
pocri Giabma, Hixk 25 cM, TOMY, PO3AMBIAIOUNCH HIAl 33 CITKIBKOIO (a). 306paxeHHA
nmpeaMeT y pyKax, JIIOAUHA BincyBae HOro Bix BIARANEHUX PEAMETIE N CITIIBL

" K X BUXOAUTb HEYITKUM. [inA Kopekuii
oueil. Jla/leK030picTh KOPUTYETHCA HOCIHHAM OKY-

e i [1aneKo30pOoCTi BUKOPUCTOBYIOTb
nApiB 3i 36upasvHumu ainzamu (puc. 3.70, 6). 36mpanbHi nikzv (6)

o 3nainomumocs 3 inepuieo sopy

AKI0 MBUAKO HepeMinlyBaTi B TeMpABI «OeHraJbCbKHU BOIOHB», TO CIIO-
cTepirau mo6ayuTh CBiTHI (irypu, yTBOpeHi «BOIHAHUM KOHTYDPOM». PizuobapBHi
JIAMIIOYKM KapyceJi MiJ dyac MIBUAKOro obepTaHH:A, 3JIMBAIOYHCh, YTBOPIOKIOTH
Kispua. Hamri oui Bech yac KJimawTh, a OCKIIBKYU I[i PyXH € ZOBOJI IIBUIKUMH,
MU He IOMi4aeMo, IO V MeBHUI NPOMIXKOK Jyacy IIpeaMeT, Ha AKUH MU AMBAMOCH,
CTa€ HEBUJUMUM.

Vei mi sABUIIA MOXKHA MOACHUTH TaK 3BAHOW iHepuiew sopy. Piu y Tomy,
1m0 micJas TOro, AK 300pa’keHHs NpeaMeTa 3HMKaE i3 CITKiBKM OKa (mpeaMmer
npubuparTh, MepecTaloTh HOro OCBITIIOBATH, 3aTYJISAIOTh HEIPO30OPUM €Kpa-
HOM TOIIO0), 30poBUil 06pa3, BUKJIMKAHUII IIUM IIpeaMeToM, 30epiraerbesa mpo-
Tarom 0,1 c.

30poBy iHEpIil0 MIMPOKO BUKOPUCTOBYIOTh B aHIMalIHHOMY kino. Kaprusn-
KJ Ha eKpaHi ayske mBUAKO (24 pasu 3a CEKyH/y) 3MIiHIOITbH OJHA OXHY, i
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. .:osnin 3. CBITNIOBI ABULLA

4ac 1X 3MiHU eKpaH He OCBITIIOEThCS, ajie Iid-
a4 IbOr0o He IOMiYae — BiH MpPoCTO 6aYUTH HU3-
Ky KapTUHOK, III0 YeprylTbcA. ¥ TaKHUU crocib
Ha eKpaHi CTBOPIOETHCH 1103ia pyxy. (A Temnep
VABITh, CKIJIBKM KaPTHUHOK NOTPiOHO HaMaJioBa-
TH XYAO0XXHUKaAM, 1100 oJepKaTh MOBHOMETpa-
HUU MYJbTUILIIKALiHHUNE (inbm!)

Ha imepuii sopy Takosk 6asyerncs sacrocy-
BaHHA cmpobockona. (Ctpobockon ABaAE €060
JOKepeJso CBiTJIa, IO BUNIPOMIHIOE CBIiTJIOBI cma-
JlaxXy Yepe3 IeBHi, AyrKe MaJli IPOMIKKH yacy.)
[Tix vac gororpadysanus 06’€KTiB, 1110 OCBiTIeH]
Puc. 3.71. Crpo6ockoniuHa do- CTPOOOCKONOM, MM OTPHMYEMO CTPOBOCKOMIUHi

Torpadis rimHacTa, IKUil BUKOHYy€ dororpadii (puc. 3.71)
BNpaBu Ha nonepeuyli ’

@ niasuBaemo niacymkm

3 moruAxy GisMKH, OKO ABJIAE COBOI ONTHYHY CHCTEMY, OCHOBHHUMHU eJie-
MEHTaMH SIKOl € POTiBKa, KPUINTAJIUK Ta CKJIUCTe TiJo.

Y pesysbTari 3aJI0MJIEHHA CBiT/Ia B I{ifi ONTHYHIH cucTeMi Ha CBITJIOUY TIIUBIN
IOBEPXHi OYHOTO JHA — CiTKiBIi — yTBOPIOETHCA 3MEeHIIIeHe, [11iCHe, [TepeBepHY-
Te 300pa’keHHs mpeaMeTa.

Slxkmo onTHuHa cucrema oka 36upae IIPOMEeHI Iepesi CiTKiBKO, TO 306pareH-
Hs NIpeiMeTa Ha CiTKiBui Oymze pO3MHUTHM — Takuii gedexT 30py Ha3MBAETHCS
KOpoTKO30picTio. KopoTko30picTe KOPHUIYIOTH HOCIHHAM OKYyJIApIB 13 poaciro-
BaJIbHUMM JIiH3aMH.

SIkmo onTHuHA cucTeMa OKa CJIA0KO 3aJIOMITIOE IIPOMEHi, TO MPOJOB}KeHHHA
MPOMEHIB NIePEeTHHAIOTLCA 3a CITKiBKOI — Takuil Je(EeKT 30py Ha3UBAETHCS a-
JieKo3opicTio. J[a1eKo30picTh KOPUIYIOTH HOCIHHAM OKYJIADIB 3i 30MpaJIbHUMH
JIiH3aMH.

[Ticna Toro sk 306paskeHHs NMpeaMeTa 3HUKAE i3 CITKIBKH OKa, 30pOBHH 00-
pa3, BUK/IMKaHUN UMM MpeAMeTOM, 30epiraeTbcs y CBiZOMOCTI JIOAMHM IpoTA-
rom 0,1 c. Ilro BIacTUBICTH HABUBAIOTH 1HepIi€elo 30py.

a KouTponbui 3anutanuna

1. Onumite OGymOBY JIIOACBKOrO OKa Ta NpU3HAYEHHA OKPEMHX HOro
eseMeHTiB. 2. fIki xapakTepuCTHKHU Mae 300pa’keHHsd, [0 BUHUKAE HA
cirkiBui oka? 3. Sk 3miHOeThCA giamMerp 3iHMI B pas3i 3MeHIIeHHS
ocBiTyienocti? 4. Yomy JsoauHA 3 HOPMAJbHUM 30pOM MOXKe OJHaKOBO
4iTKO OaUYUTHU AK JaJIeKO, TaK i 6JIMU3BKO po3ramoBaHi npeametrun? 5. Yomy
AOPiBHIOE BiZCTaHb HAWKPAIIOrO 30pYy AJS JIOAUHU 3 HOPMAaJIbLHUM
sopom? 6. fAxkuil gedexT 30py Ha3UBAETHLCA KOpoTKo3o0picTio? fK itoro
MOXXHa Bigkopurysatu? 7. Sxuii JedeKT 30py Ha3MBAEThCA HaJIeKo-
sopicrio? Sk itoro mokHa Bigkopurysaru? 8. fky BiacrusicTs 30py Ha-
3UBAaIOTh iHepIiew 30py?
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§ 28. OKO AK ONTUYHA cucTema . .

—
—

‘ Bnpasn

1. YoMy KpHMBU3HA KPHUIITAJIUKA OKa pubu Gisbina, HiK y JOAUHNA?

2. OnTuyHA cUJIa HOPMAJILHOIO OKa 3MiHIoeThCA Bijg 58,6 mo 70,6 nnrp. Bu-
3HAuTe, Y CKIJIbKHU pas3iB 3MiHIOETHCA MpPU IIbOMY (HOKYCHa BificCTaHbL OKa.

3. Ha axiil minmiMaabpHi# BifcTaHi Bi oKa cJjig po3TaliyBaTH JA3epKaJjblie,
106 mofauuTH YiTKe 300parKeHHsS OKa?

4.OnrtuuHa cuia JiH3 6abycuHuX OKyJIApiB —2,5 anrTp. koo € GokycHa
Bigcranp nux jgina? Axuil gedext sopy mae 6adbyca?

5. Yomy, 1m06 kpamje 6a4uT, KOPOTKO30pa JIIOAMHA MPYKUTh 04i?
6. YoMy HaBiTH y 4MCTill BoAi JoguHa 6€3 MAaCKU IMOraHO 6auuTh?

7°.XJIOMUMK 4YMTAaE KHUMKKY, TpuMarwuu i1 Ha Bigcrani 20 cM Bix oueil.
BusHauTe onTMUYHY CHJIY JIiH3, iKi HEOOXiHI XJIOMYHKY AJIs YUTAHHA
Ha BijcTaHi HaWKpaIlmoro 30py (3a yMOB HOPMAaJbHOTO 30pPY).

‘ ExcnepnmenTanbHi 3aBgaMnn —

1. 3ampomnoHyiite cmocib, 3a JOIOMOIOI0 SKOr0 MOYKHA BU3HAYUTH, AKUN
nedexT 30py (KOPOTKO30piCTh YU AaJIEKO30piCTh) KOPUTYIOTh Ti abo iHImi
okynapu. IlocrapaiiTeca 3HAWTU KiJIbKa PI3HUX OKYJAPIB (IOMPOCITE y 10-
MalIHiX, CyCiZiB 1 T. [1.) i mepeKoHaiTech y IPABUIJIBHOCTI CBOTO CIIOCODY.

2. IlepeBipTe Ha mocaiai BjaacTHBiCTH OKa 3MiHIOBATH AiaMeTp 3iHHUILL 3a-
JIeXKHO Bif ocBiTyieHOCTI 00’eKTa posriasgaHHA. [[1a cnocTtepiraHHA 3MiH
Jiamerpa 3iHUIII CKOpUCTAWTECHA A3EePKaJIOM.

Disnxa i rexnixa B Yxpaini

HanpwkKiHui MUHYNOro CTONITTA BYEHUM BAANOCA BCTa-
HOBWTW, WO 3a/IOM/IEHHA CBITIOBOTO MPOMEHA, AKWIA Mo-
TPannA€e B OKO, Pi3He Yy Pi3HWX TOYKax OKa yepe3 Te, WO
NOBEpPXHA POFiBKWN He € ijeanbHO rMaieHbKow, a KpuiwiTa-
JINK HE € OQHOPIAHMM (AUB. PUCYHOK).

[lna BunpaeneHHs 3opy 6yno 3anponoHoBaHO mMeToau-
Ky 3r1afKyBaHHA NoBepxHi Porisku 3a ONOMOrolo fiasep-
HOro BUMNPOMIHIOBaHHA. OaHak wob ua TexHonoria AincHo
3anpautoBana, Tpeba 6yno 3HaTu, AKy came KinbKicTb pe-
YOBUHM KpULLTaNMKa Cnif BUAANUTU B KOHKPETHOMY MicLi.
To6To 6yno Heo6xiaHO BUMIPATY peanbHuil Npodinb KpUTanuka. MpoTe o0Ko He CTOITb CNOKIiNHO,
omke, Tpeba 6yno 3pobuTK Lie BUMIPIOBAHHA Ayxe LWBUAKO (3a HaCTKW cekyHau).

Y Himeyuuni, fAinoHii, lcnanii Ta CLUA po3nouyanocs WwaneHe 3maraHHA BYEHWX Ta iHXeHepis
3a CTBOPEHHA TaKoro BUMIploBanbHOro npunagy. OfHak nepLnia y caiti peTpeincuHrosuii abe-
pomeTp 6yB CTBOPEHUM KONMEKTUBOM YKPAiHCbKUX yyeHUX nif KepiBHMUTBOM npodecopa Bacuna
Mone6Horo.
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BV yvomy po3dini 6u 03HAUOMUNUCA 3 OCAKUMU ONMULHUMU Aeuujamu,
IXHIMU 3AKOHAMU, & MAKON DISULHUMU GeLULUHAMU, WO xaparxmepusy-
omb o6’ckmu, AKI 8UNPOMIHIOIOMb 8IM IO,

1 Ceitnosi asmma

-

CBiT/IO BUIIPDOMIHIOETBCS AKepesaMH CBiTia. Bu osHafoMuIHCS 3 pisHUMH
BUAMH [Kepesl CBIT/Ia Ta AeIKMMHU QisHUYHIMHN BeJUYNHAMH, IO iX Xapak-
TEePU3YIOTh.

Qisnuni sennunnmn

Bu nepexonamucs, mo B mposopomy
ONHOPiTHOMY CcepemoBHINi CBiTIO ImO-
MU PIOETHCA IIPAMOTiHIHO.

Hacnigox nmpsmoninifiHoro momu-
PEHHS CBITIa — YTBOpPEHHS IIOBHOI
TiHi ¥ MiBTiHi.

N W84



4 Bu 3’sicyBasiu, 1m0 Ha MeXi NOAiTy ABOX CepeloBHILI...

csitno

IIpominp magarouuii, BigoOu- — Ta

T, 3aJIOMJEHUH, a TAKOXK

neponennmcynﬂp, nocrase- o lp o

HUH 3 TOYKM MaJiHHS IPO-

MeHs JIeXKaTh B OAHIN IIJIO- BaKyym

IIUHI.

a=f

Bu HaBumamnca OyayBaTH 300pasKeHHsS B ILJIOCKOMY J3epKaji, 30upaibHii

i poacioBasIbHIN JiH3aX.
Mo6ynosa s3o6pamenns i
S F

r 4
- 2F El

Mpegmer i noro 306paxeH-
HA B A3epKani € CUMeTpuy-
HWMW BiAHOCHO NOBEpPXHi

Asepkana

A

Dopmyna TOHKOI NiH3n D = ;— + 17; D = — — onThyHa cuna niH3u

%
F

6 Bu mo3HafoOMUIINCS 3 ONTUYHUMM NPUIAJaMU, ¥ AKUX 3aCTOCOBYIOTHCSA JIIH3H.

OnTuuHi npunagn
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(1 6axr) ke onTuyHe ABHINE iTIOCTPYE
dororpadia?

a) Bin6bueanusa csitna;

0) moriMHAHHSA CBiTJIA;

B) AUCIIepPCiio cBiTJIA;

T) 3aJIOMJIEHHS CBiTJIA.

(1 6an) Slkwit 3aKOH MiATBEPXKYETHCA ICHYBAHHAM COHAYHUX 1 Micsu-
HUX 3aT€MHEHb?

a) 3aKOH BiOMBaHHA CBiTJIA;

0) 3aKOH IPAMOIIHIHHOIO MOMMPEHHS CBiT/IA;

B) 3aKOH 3aJIOMJICHHS CBiTJIa;

) 3aKOH 30epe)KeHHs eHeprii.

(1 6an) Axum € 300paskeHHs TpeaMeTa y IJIOCKOMY J3epKaJi?
a) 30iybIesnm; B) milficHuM;
0) 3MeHIIeHUM; I') YIBHUM.

(2 6anu) Ilpomins cBiTina magae 3 moBiTps Ha IUIACTUHKY 3i ckiaa. Ha
AKOMY 3 HaBe[IeHUX PUCYHKIB IPABUJIbHO 3a3HAYEHO BCi TPH KYyTH — KyT
naJiHHA, BiNOMBaHHA Ta 3aJJOMJIEHHS cBiT/Ia?

a) 1;

A
" STV \AJ\M\

(2 6anu) Y sakii Touni posramoBaHe 300pa- T \
YKEHHSA JPKepeJa CBiTia S y miockomy asepkami | &8 1
(nuB. pucyHOK)? ' ' T T
a) 1; 6) 2; B) 3; |
) 3a TAKOTO PO3MillleHHA [yKepesia cBiTia S #oro P | lol
300pakeHHA B [3epKaJii HeMae. I

(2 6aau) Yomy NOPiBHIOE ONTHYHA CHJIA JIIH3H, IO 300parkeHa Ha PUCYH-
Ky (macmitab 1 : 1)?
a) 1 gotp; 6) 100 aurp; B) 100 anrp; r) 0,01 guTp.




7 (2 6anru) SIky Bagy 30py Mae JIIOAWHA, IO HOCUTH OKYJADH, HUXKHA 4ac-
THHA AKUX — OIYKJI CTeKJa, a BePXHsd 4aCTHHA — ILJIOCKi?

a) Jlanexo3opicTsb; B) JIIOAMHA He Ma€ BaJH 30DY;
0) KOPOTKO30pPiCTh; r) 3a yMOBaMH 3a/ia4i BUBHAUYUTU HEMOXKJIUBO.

8 (2 6aau) Tlig uac pororpadysanHa Ha 06’ekTUB oTOamapara cina Mmyxa.
K 1e BOavHe HA 3HIMOK?

a) Hisk He BIIUHE; B) GoTO3HIMOK Oyze MeHII SCKPaBHUM;

6) 3’aBUTHCA 300paskeHHs Myxu;  T) (HoTo3HIMOK Oyae OiabIn sCKpaBUM.

9 (3 6aau) Kyt namines mpoMeHsi Ha [3epKajbHY NOBEPXHIO JopiBHIOE 70°
YoMy HOPIiBHIOE KYT Mi BiIGUTUM IIPOMEHEM i A3ePKaJIbHOIO NOBEPXHe0?
a) 20°% 6) 70° B) 40° r) 140°.

1 O (4 6anu) Tpegmer posramoBaHU Ha BigcTaHi 1 M Bif 30MpasbHOL JiH3M
3 (poxycuoro Bigcranuio 0,5 m. Ha akiit Bifcrani Bif JiH3M po3TalmoBaHe
300pa)keHHs mpeamMeTa?
a) 1,5 m; 6) 0,6 m; B) 1 m; 1) 2 M.

1 1 (5 6anie) Ha puCyHKY NOKasaHO + l
rOJIOBHY ONTHYHY Bick KM niH- |
3u, mpeaver AB i iioro 3o0pa- K :
sxeHHA A, B,. Busnaure rpadiuno > A
posTamyBaHHA OAHOTO 3 (POKYyCiB '
JIIH3U.
a) L; 6) D; B) C; 1) P.

~

Ne

O
= e b

1 2 (5 6anie) §SIk 3MiHUTHCA OCBiTJIEHICTH HpexMeTa, AKIO BifCTAHb BiA
mpeaMeTa 0 [yKepesa CBiTyia 36ispmuTH y 2 pasy, a CHIIy CBiTJIa IbOTO
mxepesa 36iapuuTH B 4 pasu?
a) OcsiTyeHicTs 36imbpIINTECA ¥ 8 pasis;
0) 3MEHIIIUTLCA ¥ 2 pasu;
B) 3BMEHIINTHLCA y 4 pasu;
I) He 3MiHUTHCS.

lela

1 (6 6anie) CkiamiTs TUTAHHSA
10 3aTIOBHEHOTO KPOCBOPZA.

-
o
-y

3gipme eawi 6i0nogidi Ha 3anu- ‘n
mannsa 1—12 i3 HagedeHumu Hanpu- 4
KiHyi nidpyuHuka. IIJo6 nepesipumu |5o c|B
ocmaHHE 3a80aHHA mecmy, 36epPHiMb- 6
ca 0o eidnosionux napazpadis. I1o3-
Hayme NuUMAaHHs, HA AKi 6U 6i0nosi-
AU NPABUJIbHO, i nosivime cymy banis.
ITomim ylo cymy nodirime Ha mpu.
Odepicarne wucao gidnogidamume pis-
HI0O 8AUUX 3HAHD.

Wl e |o|o
O | |R W
o
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PUAMAYI TA OKEPEJIA CBIT/TA

181

3a ocraHHI KilbKa POKiB 3aBISIKM IIporpecy B eJIeKTpOHIiNi yHi-
KaJbHI HAyKOBI BMHAXONM CTaJH 3arajbHojocTynHEMH. IIporpec
B €JIeKTPOHIIIi JOKOPiHHO 3MiHUB fAK JKepeJia, Tak i npuiimMayi cBiTia.
Posnuraiite Bamux 6aThKiB PO Te, IK BUTOTOBIATACH GOTOKAPTKA
AecATh i Ginbile pokiB ToMy. Bussnserses, me 6yna JOCHTH CKIaj-

Ha mnpoueaypa. lasa Bac ke cTano 3BUYHHUM, NMOGAYMBIIHN I[iKaBHH

CIOYKeT, HaBeCTH Ha HBOI'O KaMepy MOOGLIBHOrO TesedoHy, HATUCHY-
TH BIANOBIAHY KHOIIKY # MHTTEBO IlepecjiaTH I'OTOBe 300pa’KeHHS
LPY3sIM.

Hasenemo mie ogun mpukiazx. Bami 6abyci Ta migyci umrann IIpo
BY3bKNH CIPAMOBAHUI IYYOK CBiTVIa, 1[0 Mae YHiKaJbHI BiIacTu-
BOCTi, TIIBKY B HayKoBiif paHTacTuni. ¥ Ham uac jasepHuit mpo-
MiHBb BACTOCOBYETHCS HACTIIBLKY IIMPOKO, IO HaBiTH HaiflcMimuBimti
(aHTACTH CepelMHM MUHYJIOIO CTOJITTS He MOIIH 6 cobi Iboro
yaButu. To mo », BUXOAUTH, B MapHO BHBYAIHM OCTAHHIO IVIABY
IBOro MiAPYYHWKA i posmin disuku mijg Haspoio «OnTukas Gesua-
JiiitHO 3acTapis?

HapaiiTe-Ho 30may He POGHTH BHCHOBKIB i PO3IVIAHEMO JefKi 3 cy-
YaCHHUX ONTUYHUX IIPUCTPOIB JOKJaJHIIIIe.

Nazep

VYei Bu, 3BUYaiiHO, GaumMiIu Ja3epHi MmOy B OHUPKY abo Ha ecTpagHNX
koHIepTax. ToHKI CBIT/IOB] IONIKHM IPOHUBYIOTH MPOCTIp 38y, IIBUAKO IPO-
JTiTaloTh HaJ HAIIUMU IOJIOBAMM. 3aXOILIIoKUe BUIOBUIIeE!

Ha pucysKy nokasaHo OfWH i3 BUZIB 1a3epiB — raszopmit. SIckpaswuii cBiT-
HUW «ITHYP» Y CKAAHIN Tpy6mi — He He JasepHUIl MIPOMiHb, 8 eJTeKTPAYHII
PO3psz, ToAibHUII 10 po3pAAy B JaMmax AeHHOro cBiTaa. CaM 'kKe IpOMiHB
IPOEKTYETHCS HA €KPaH IPaBOpyd y BUIIAAI MaJeHbKOI YepBOHOI TOUKH.

Pospsan cayxurh ans «HakauyBaHHsI» pobouoro Tina (rasy Bcepeguui

ckiIsHOI Tpy6KM). IIpomec HakaYyBaHHS MOJNATAE B TOMY, II[0 AaTOMHK rasy
IIOCTYTIOBO HAOYBaIOTh HAAIUIIKOBOI eHeprii Bif eTeKTpuuHO-
IO pPo3psAAy, a HOTIM JaBUHONOAIOHO BigmaioTh ii
Yy BHEINIAAL iMmynscy (cmanaxy) cBimvia.

3a HA3BOI0 DPEUOBUHM pO-
bouoro Tisa mouanu Kiaacudi-
KyBaTH i caMi Jasepu: rasosi,
piguEHI Ta Hau6iaBIN 3pyuHi
JJIs1 MOOYTOBUX Listeil — TBep-
JOTiNBHI Ja3epu.

Ecrpaguai moy — paneko
Heé €JIUHe 3aCTOCYBaHHS Jia-

ASER) — nepwinimepu = 8epiB. Ili mpuerpoi mupoxo
eBKUX cie Light Amplification by Stimu- 3aCTOCOBYIOTHCA B MeJHWIIUHI,

fated Emission of Radiation — nIaCL.U!eHHﬁ ceimna BilicBKOBi it cnpaBi TOIIO.
3 00NOMO2010 BUMYUIEHO20 BUNPOMIHIOBAHHS) /



KOHCTPYKIii 6yxa dorons
ToamapaTax TaKWM IpUNME
CIY>XUTh IJIACTHHKA, BCUIAHA HAW,
cBiTIOBUMHU gaTuymKaMu (mikcensmu). KoKHMN
i3 mux ZaTUYWKiB (iKCye «IIMATOUOK» CBITIIO=
Boro moToky, Illo MeHIIMiI po3Mip miKcexsi, TO
sAIKicHiIIe 300pa’keHHA MOXXKHa orpumaru. lIpu-
MMaJIbHa HIACTUHKA CTAaHZAPTHOrO (QoToamapara
HapaxoBye 3—b5 wMinpiioHiIB mikceniB. KinbkicTs
mikcenis y MobitpHOMY TenedoHI 3HAUHO MEHINA, OCKiJIBKY 3lIOMKa — He OCHOBHA
dyEKIia Teredony. BigmosigHo i AkicTh 3HIMKIB ripma.
Mikponpomnecop doroamapara o6pobiasie iHpopMamio Bij
ceHCOPiB i 3amaM’ATOBye ii y BUIIAAi okpemoro daiiia.
Icropia ¢ororpadii HapaxoBye 6Gimpme 150 pokis. Aue
¥y crapomy doToamnapari, i B Halicy4acHimoMy, BOyaoBaHOMY
B MOGiTbHNII TeledOH, OAHUM i3 HAUBAKIUBIIIUX eIeMeHTiB
€ OIITHUHA CHCTeMa, KOTpa Mac 3abe3IeUnTH piske 300pakeHHA
pisHUX 00’€KTiB 3IOMKU: i BANIOro MpusTess, II0 CTOITh HOpy Y,
i mamekux rip, mo BUAHIIOTE Ha obpii. Cxoike, 3apaHO COMCYBATH ONTHUKY B apXiB,
KOHCTPYKTOPY Cy4YacHUX doToamaparis i BiZeokamep BOHA Ife CTAHEe B IPHUIOMI.

I

A Jlyske yacTo cTBOpIOBadYi cyuacHHX (iAbMiB cBiffoMo (abo Uepes HecTauy 3HaHb)
MepeKpyuyoTh iHGopMallilo Npo MoKJAUBoCTI nasepis. Hasenemo juiie Kijabka Npu-
KJaiB. o
Crinvku He dumu, 8ce 00HO He nobayuul. Y 6ararbox ¢ijabmax, 06 BUABUTH OXO-
POHHY CHrHaJizalilo, repoi BUNYCKalTh KJAYOH AUMY — i IpoMeHi Jasepa cTaloTh :
punumMumn. Hacnpaszi indpauepBoni (HeBHAMMI AJA OKa) Jasepu 3pobutu Habarato
npocrime. CaMe iX i BUKOPHCTOBYIOTH Yy CTAHJAPTHHUX OXOPOHHHUX cucTemax. IHdpa-
YepBOHMIT POMiHb, CKiTBKH #OT0 He 3a/INMJIIOH, BCe O/IHO 3aMIIAeTHCA HETOMITHUM
A OKA. ¢ TR
Bepesxcime oui. Jlazepu y ¢inbmax (i me Bijnosiziae AificHOCTI) 3aCTOCOBYIOTH AJNA
pospisaHHA MeTaJleBUX Nepellkoj (ABepi ceiida, rparu). Och TiIbKH repol piabmy gyac-
To 3a6yBaloTh PO 3aXucT cebe Bij BiAGUTUX NpoMeHiB. BiIGUTOK HaANOTYKHOTO PO~
MeHd Biji po3pizyBaHoro Metany Gyje TaAKOXK AOCUTH HOTyJ;cHi(M. Biarak, Ak MiHiMyM,
Gepekirs-0ui! ;
Cnpo6yi nazdoxceru. THopi TBopii (LIBMIB AeMOHCTPYIOTH, L0 Hpollec
NOLIMpeHHA NpoMeHsa NMoAiOHMI 0 moabory Kyii. Lle, 6esymoBHO,
He tTak. [IBujKicTh KyJi ckiajae KiIbKacoT METPIB 3a ce-
kyHay. Tomy 1i mosit moske G6yTH cnpaBii 8apeec-
TPOBAHMH i3 IOMOMOro0 MBUAKICHOI KiHOBHOMKH.
A och aHAJIOTIYHUM YHMHOM IPOCTEKHUTH 3a Hpolle-
COM IOIIMPEeHHS CBITJIOBOro NpoMeHsA (Harajaemo,
1[0 HIBHKiCTH cBiTvia Bennuesna — 300000 km/c)
cydacHi MexaHiuHI MpUJIaju He 3MOKYThb.




§3
§5

Mu nasodumo 6idnosidi minvku Ha Kiavkichi 3adaui. Bionosidi na akicui 3adaui
MU nponoxHyemMo eam 3Haumu camunm. IIJo6 noutyx eidnosidi 3asepuiuécs eda.no,
3a6xcdu yeaxcno wumaiime merxcm napazpaga ma 0606'13k080 3eepmaiimecs 9o
€6020 Heummesozo doceidy. Ilam’'amaiume, wo pisuxa — ye nayka npo npupody.
Onanysamu @isuxy moxce KoOMHUIL, AKW0 DoKIAde 3YCUND.

Poagin 1

3) 0,145 m; 1500 m; 2032 m; 4) 7,5 mxMm; 5,9 Tm; 6,4 Mm.
1) 2548 800 c; 42 480 xB; 708 rox; 2) ommouacHo; 3) 14 rox.

Tect gnn camonepesipxn go posginy 1

Homep 3aBpaHHs 1 2 3 4 5 6 7 8 9 10 | 11

MpaBunbHU
BapiaHT Bignosiai

a 0 B 0 0 r B B B a r

§9
§10
§1

§12
§16

Pospin 2

1) 5300 kr; 250 kr; 4,7 kr; 0,15 kr;  2) 5230, 5,23 kr; 270,84 1, 0,27084 K1; 56,91 I,
0,05691 kr; 764,02 r, 0,76402 kr; 3) 145,23 r, 0,14523 kr; 4) 189 r 740 wmr.

3) Maca meny 6inbmra, mixk maca ouaii B 1,58 pasy; 4) o6’em kybuka 3 oprek.a
MeHImHH, Hixk 06’eM kybmka 3 xyba B 1,5 paasy.

1) I3 cocun (p:0,44 r/em’); 2)100m; 3)10; 4) nopomﬂnc’ra(p“p =1,01 r/cma);
5) maca nosiTpa 6inbma (m, =1290 KP); 6) 0,4 xr; 7) 1200 T.

4) 5-10°; 5) npuéausHO y 3 pasu; 6) JiaMeTp MOJIEKYJ1 mpubausHo 1 HM.

7) 0,000019 1/°C; 8)1111°C; 9) 59 cmZ.

Tecr pgna camonepesipxn 3a posginom 2

Homepsagawwa | 1 | 2 | 3 |4 | 5 | 6 | 7|89 |10|11]12|13| 14

MpaBunbHun
BapiaHT Bignosigi

B|B|a|B|B|a|r|s|a|6|6|al|6]|®6

§17
§18
§19
§21
§22
§23
§26
§27
§28

Posgin 3

3) 94,6-10" m; 4) 500 c.

1) 1256 am;  2) 150 ka.

4) 1000 n1M; 5) 12,84 nk; HenocraTHLO; 6) Ha 0,29 M.

2) 0% 3) 30°; 4)40° 5) 18°.

1) 3 m; 3) 8 km/rox; 4 M.

1) 0°; 4) 40°; 5) npubausuo 125 000 xm/rox.

1) —50 gurp; poacioBaibHA.

5) 0,4 m; 6) 0,1 m; 10 gnTp; 7) —3 anTp; poaciroBanbua; 8) 0,5 M; 9) 5 amTp.
2) 3menmyersca B 1,2 pasy; 3) 12,5 cm;  4) 0,4 m; manexosopicts; 7) —1 xmTp.

Tecr gnn camonepesipxn 3a posginom 3

Homep 3aBgaHHa | 1 2 3 4 5 6 7 8 9 |10 | 11 | 12

MpaBunbHun
BapiaHT Bignosiai

a 0 r 6 B 0 a B a B 0 r
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L

ArperarHuii cTaH pedoBuHN 94
aganrania 179

akomozanis 180

arom 80

BigouBaunas ceitia 143

— noBHe 158

B3aeMoJisa rpaBitaniiitna 39
— esekTpomartiTHa 40

T'imoresa 13
roJIOBHA ONITHYHA Bich JiH3u 166
rycTuHA pe4oBuHU 67

Hionrtpia 167, 168
nasiekosopicts 181
JoKepesto ceitia 114

— nwoMminecuenTHe 116
— npupoguae 115

— nporsykHe 116, 117
— rerioBe 116

— Toukose 116, 117

— mryyHe 115
IoKOyIb 44

nsepkaJio rocke 140, 141
nucnepcis ceitia 160
nudysia 86
Excnepument 12
eHeprisa 44, 119
etasoH 62

3iauna 179
3aKOHM BijouBanHa 137

3aKOH NPAMOJIIHITHOrO OIIUPEeHHA

cBitia 129
3aJIOMJIeHHA cBiTyia 148

sobpaskenns 134, 142, 171, 172, 173

Kinorpam 62

— Ha MeTp KybOiuauit 68
Kamepa-obckypa 133
Kaujgesa 121
KOpoTKo30picTh 181
KpHucraiiyHa rpatka 96
KyT BigbuBanusa 137

— 3ajomJieHHsa 151

— najgiaaa 136
JliniitHi posmipu Tina 32
gisa 165

— gbupansHa 165

— posciroBanbHa 165
— ToHKa 165

JoKe 123

giomer 121

MixxunaponHa cucrema oguauis (CI) 18,
32, 35, 62, 121

Mikpocsit 25

MakpocBiT 25

maca tiza 61

marepisa 7

meracsit 26

Me)ka BUMipoBaHHA 19

metp 32

— KBajgpaTHU 32

— Kybiurnit 35

merpoHom 30

mosekyna 80, 81

HrioTon 43

OpuaMnA KpaTHa 18

ONWHUIA YacTUHHaA 18

oko 178, 179

ONTHUYHA I'yCTHHA cepenoBuina 150
— cuJja jgiasu 167, 168, 169, 177
ONTUYHUMA HeHTp JiH3u 166
ocBiTyeHicTh 123

ITisTiae 130
nepioguuHU mpomec 28
noBHa TiHe 130

moje 8

mocaifoBHicTs moain 27
npuimau ceitima 117

Peuosuna 7, 60

— amopdua 97

— xpucragiyaa 96
poGora 43

CeimToBuii motik 120
cBiT/IOBU# npomine 128
cekyHaa 28
cekyHzaomip 30

cusia 43

— cBiTna 121
criocTepe)xkeHHsa 12

Tino ¢pisuune 7, 60

TeMIlepaTypHUHA KoedilieHT JiHIAHOrO
posmupesaa 102

TpuBaJicTs nmogii 27

®dignuna BenuuynHa 16, 17, 18

¢oxyc ainsm 166, 167

dokycHa BifcTaHb JiH3u 167

¢opmyia ToKol TiH3n 173

Iina mopinku 20

Asume 8

— npupoxue 9

— (isuune 9
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