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THCTPYRIIA 3 BE3IIERHU AJIA YUYHIB III YAC
INPOBEJEHHA SAHATDH ¥ KRABIHETI ®ISURKHU
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1.1. V kabineri (pisuKu yuHi IOBUHHI CyBOPO JOTPUMYBATUCS MIPABUJ O€3MEeKN
Ta MPaBUJ BHYTPIIIIHBOTO POSIOPSAAKY HaBUAJIBHOTO 3aKJaly, YCTaHOBJIE-
HHUX HOPM i peKMMiB IIparli Ta BiAIOYMHKY.

1.2. Yuni MmoxyTh mepebyBaTu B KabiHeTi (pisvKM TiJIBLKH Y IPUCYTHOCTI BUM-
TeJisg abo JiabopaHTa.

1.3. IIpo KoKHUIT HeIllaCHUN BUIIALOK, II[0 TPAIUBCS IIiJi Yac IPOBeJeHHs 3a-
HATH i3 PisuKuU, cjig HEerainHo MOBiTOMUTH BUUTEJIS.

1.4. IIpo Buxin i3 magy abo HecIipaBHICTH OOJIASHAHHSA CJIif HeraiHo IOBiJO-
MUTU BUUTEJIA.

4.7. Bes m03BOJYy BUUTEA He BMUKAITe eJIeKTpUUHe 00JaJHAHHA; CAMOCTiH-

HO He yCyBalTe HECIPABHOCTI €JEKTPOMEpeXKi # esleKTpoolJia HAHHS.

4.8. Cxkigagmaioum eJeKTPUYHE KOJIO, YHUKaNTe TepeTHUHY IIPOBiAHUKIB; 3a-

GOpPOHEHO KOPUCTYBATHCSA IIPOBiIAHMKAMM 3i CIPaIlbOBAHOIO i30JAIIi€I0
Ta BUMUKa4YaMU BiI[RpI/ITOI‘O TUILY.

4.9. [Ixepeiyio CTPyMy BMHUKANTE B €JIEKTPUUYHE KOJIO B OCTaHHIO uepry. CkJiia-

JleHe KOJI0O BMUKAKNTe TIJIbKM TicJaA IepeBipKM i 3 J03BOJIy BUMUTEJIA.
HagaBHicTs Hanmpyru B KOJII MOKHa INePeBipATH TiAbKU cCIeliaJbHUMU
mpuiazaMu abo iHgMKaTopaMu HAIPYTH.

4.10. He TopkaiiTech eJJleMeHTIB KoJia, ITI0 He MAIOTh i30JA11i1 1 mepebyBatOTh Mif

HaTnpyroio. He BUKOHYIiTe IOBTOPHO 3’€THAHHA B KOJIaX i He 3aMiHIONTe 3a-

= I?mmprvr 6?3HEKM B eKCTpeMalibHUX cvrryau,iﬂx

2.1. Y pasi TpaBMyBaHHS, He3qy:KaHHS TOIO HETAWHO MOBifoMTe PO Iie BUU-
TeJsd.

2.2.Y pasi BUHUKHEHHA 3arOpPAHHA, IIOXKEKi TOIO0 HerailHO IIOBiJlOMTe IIPO IIie
BUNUTEJIA.

2.3.Y BUMAAKy eBaKyallii YiTKO BUKOHYHTE PO3MOPAMKEHHA BUNTEI.

— Bumorn 6e‘3ne|m nepep novyatkom po6oTu

3.1. Yirko 3’sacyiiTe MOPAMOK i mpaBmja 0e3MeYHOro IPOBeAeHH JOCJIiay.

3.2. 3BinbHiTHL poboue Mmicie Bif ycix He mOTPiOHMX A5 POOOTH IIPEIMETiB
i marepiais.

3.3. IlepeBipTe HaABHiCTD i HaAifiHICTE 3’ AHYBAJBLHUX MPOBIAHUKIB, IPUIALiB
Ta iHIIUX IIPeaMeTiB, HeOOXiJHUX IJisT BUKOHAHHSA 3aBIAaHHSI.

3.4. ITounuaiiTe BUKOHYBATH POOOTY TiJIBKU 3 JO3BOJY BUNTEJI.

3.5. Bukonyiite TiJbKU Ti 3aBHaHHA, AKi mepembaueHi B pobori abo mopyueni
BUUTEJIEM.

e ﬁwnﬁorvr Gﬁsnexw nig yac po6otn

4.1. IlparroiiTe JuIre Ha CBOEMY POOOUYOMY MicIri.

4.2. BynbTe yBasKHi 11 IUCIIUILIiHOBaHi, TOUHO BUKOHYIITE€ BKa3iBKU BUMUTEJI.

4.3. PosmimyiiTe npuianu, Marepianu, o0lafHAHHS Ha CBOEMY pobouomMy Mic-
I[i Tak, 1106 3amob0irTy ixX magiHHIO a00 IMepeKUTAHHIO.

4.4.Ilix yac IpoBeleHHS JOCJTiAiB He AONyCKalTe PAaHUUYHUX HaBaHTaKeHb
BUMipIOBaJbHUX IIPUJIAIIB.

4.5. Cre:xkTe 3a CIIPaBHICTIO BCiX KpiIljieHb y mpujagax i mpuctposx. He Top-
KaliTech 00€pTOBUX YaCTWH MAIIIMH i He HaXUJIANTEeCA HAJ HUMMU.

4.6. Insa ckJjagaHHA €KCIEPUMEHTAJbHUX YCTAHOBOK KOPUCTYUTECSA ITPOBia-
HUKAMH 3 KJIeMaMU ¥ 3aI00isKHIME YoXJaMU 3 MiITHOIO i3oJisIrieio Ta 6e3
BUIUMUX IOIIKOIKEHb.

3’eTHAHHIMI.

TMOOLYKHUKY 0 BUMUKAHHA J)Kepesa eJeKTPOXKUBIEHHA.

4.11. KopwucryiiTech iHCTpyMeHTAMH i3 3ai30JIbOBAHUMU PYUKAMU.

4.12. He zanumaiiTe po6oue Miciie 6e3 T03BOJIy BUUTENA.

4.13. BuaBuBINHN HECIIPABHICTh B eJEeKTPUUYHOMY OOJamHaHHI, 10 mepeOyBae
OiJ Hapyroi, HeraiiHO MOBiOMTE IIPO ITe BUMTEJIA.

4.14. [Ina npreiHAHHA CIOXKUBAYIB IO MepPeKi KOPUCTYHUTECA INTENCeIbHUMU

5 —— Bumornm 6e3nekn nicnA sakiHYeHHA po6oTm

TPOKUBJIEHHA.

5.1. ITicoa 3akiHueHHA PO6OTH 000B’sI3KOBO MpubepiTh podoue micue. IIpudu-
PaHHA BUKOHYUTE TiJIbKU 3 TO3BOJIy BUUTEJIA.
5.2. EneKkTpuuHe KOJI0 po30upaiiTe TiJILKU IIic/id BUMKHEHHA [)Kepesa eJieK-

10 HEOBXIJTHO 3HATH

D— Mpo ¢isnyne asuwe

1) soBHiIIHI 0O3HAKY ABUIIA, YMOBH, 32 AKUX
BOHO Bifi0yBaeThCs;

2) 3B’A30K JAHOTO SIBUIMA 3 iHIITNMU;

3) (ismuHi BeIUUMHU, AKI XapaKTepU3yIOTh
SABUIIIE;

4) MOXKJIMBOCTI IPAKTUYHOTO BUKOPUCTAH-
Hs, CIIOCOOU 3aMOo0iraHHs MIKiAIuBUIM
HacJigKaM ABUIA

x
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1) npusHaueHHH;
2) b6ymoBa;

3) mpuHIHN Aii;
4) cepa 3acTocyBaHHA
i mpaBuIa KOPUCTYBAHHS;

5) mepeBaru i HeJIOJiKU

D_ Mpo ¢isnuHmMin 3aKoH

1) dopmynaroBaHHSA, 3B’ A30K MisK AKUMU
SIBUIIAMU BCTAHOBJIIOE TaHUM 3aKOH;

2) maTemaTHUUYHUI BUDPAas;

3) mocJurinu, 110 IPUBEJIN IO BCTAHOBJIEHHA
3aKOHY a00 miATBEPIKYIOTH OT0
CIIpaBeIJINBiCTh;

4) medxi 3acTocyBaHHHA

l —— Mpo ¢iznuny BeTWIH nHYy

|

1) cuMBOJI JJid TO3HAUEHH;

2) BJIACTUBiCTB, AKY XapaKTepu-
3ye naHa (pisvyHa BeJIUUUHA;

3) osHaueHHd (medinimia);

4) dopmysa, IOKJIageHa B OCHOBY
O3HAUYEHHS, 3B’ A30K 3 iIHIIIIMU
(isuuHMMY BeTMUMHAMY;

5) ommHMUILI;

6) cmocobu BUMipOBaHHA
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Hopozi dpyasi!

IIroro HABYAJIBHOTO POKY BHU IMIPOJOBIKUTE CBOIO IIOJOPOK CBiTOM
disuru. Ax i panimre, Bu Oymere crmocTepiratu sSBUINlA TPUPOJIU, ITPOBOILU-
TH CHPaB:KHI HAYKOBiI €eKCHEPUMEHTM W Ha KOMKHOMY YpOIli poOduTu BJacHi
MaJIleHbKi BiTKPUTTA.

sKomHa cnpaB:KHS IOZOPOK He OyBae JIETKOIO, ajieé 3K CKIiJIbKM HOBOTO
BU [i3HAETECs IPO CBIT HABKOJO! A MiAPYUYHUK, AKWH B TPUMAETE B PYKaX,
cTaHe JJIsI Bac HALIAHUM IIOMiUHUKOM.

Byabre yBasKHMUMEN ¥ HAOOJETJIMBUMI, BHUBYAIOUM 3MiCT KOMKHOTO
naparpada, i ToAi B 3MOXKeTe 3PO3YyMiTH CYyTh BUKJIAJEHOI'O Marepiajly Ta
3acTocyBaTH HaOyTi 3HAHHSA B MOBCAKICHHOMY JKUTTi.

3BepHiITH yBary Ha Te, II0 maparpadgu 3aBepIIyIOThHCA PYyOPHUKaAMIU:
«Ilidousaemo nidcymru», «Konmpoavni sanumanua», «Bnpaea». Qs doro
BOHU IOTPiOHI i AK i3 HMMU Kpallle IpaIjoBaTn?

Y pyopurni «ITid6usaemo nidcymrxu» MOZAHO BiOMOCTI PO OCHOBHI IO-
HATTA Ta ABUINA, 3 IKUMU BU O3HamoMuaucsa B maparpadi. Omke, Bu mMaeTe
MOJKJIMBICTSD iITlle pa3 3BEpHYTH yBary Ha I'OJIOBHE.

«Konmpoavni 3anumanHs» AOTOMOMKYTH 3’sICYyBaTH, YW 3PO3yMiJnu
BU BUBUEHUN MaTepiaj. IKITo0 B 3MOKeTe BiAIIOBiCTH Ha KOKHE 3alnTaHHJI,
TO BCe rapasj, IKIIO K Hi, 3HOBY 3BEpHIThCS J0 TEeKCTy maparpada.

Py6puka «Bnpasga» 3po0UTh BaIly IIOAOPOK Y AMBOBUIKHUM CBIT (hisuKu;
e IiKaBiIlmoro, aaske BM 3MOJKETEe 3aCTOCYBaTU HAOYTi 3HaAHHS HA IPAKTHUILIL.
3aBmaHHsa Iiel pyOpuKu audepeHIlifioBaHi 3a PiBHAMUN CKJAOHOCTI — Bin
JTOBOJI1 ITPOCTUX, ITI0 TOTPEOYIOTH JIMIITe YBAaYKHOCTI, O TBOPUNX, PO3B’IBYIOUN
AKi CJIi BUABUTU KMIiTJIMBICTh i HamoJsierimBicTsb. HoMep KOKHOro 3aBIAaHHSA
Mae€ CBi#l KoJrip (y mOpAAKY HiABUINEHHS CKJIAJHOCTi: CHMHIiN, 3eJIeHUi, OpaH-
JKeBUIi, UepBOHUM, (iosreToBMIA).

Cepen 3aBmaHb € Taki, I1I0 CAYTYIOTH IJIs IIOBTOPEHHS MaTepiany, SKuii
BU B)Ke BMBYAJIM B Kypcax IIPUPOAO3HABCTBA, MaTeMaTUKM abo HaA momepen-
HiX ypokax (isuku.

3BepHIiTH yBary Ha Te, II[0 B IMiAPYYHUKY € MaTepiaj, OOMeKeHUil Imo-
3HAUKaMU (i), — BiH mpuU3HAUEHUI AJA THUX, XTO IIParHe 3HATHU OijbIlle.



Bctyn

Yumaso mMiKkaBoro Ha Bac OUiKye Ha eJeKTPOHHOMY OCBITHBOMY pecypci
«luTepakTuBHe HaBUaHHA» (interactive.ranok.com.ua). Ile Bimeoposuku, 110
MOKa3yIoTh y Aiil To¥ um iHmuE (GiswuyHUN Aocjaim abo mporiec; iHdopmarris,
AKa [IOIOMOKe BaM y BMKOHAHHI 3aBIaHb; TPEHYBaJIbHI TEeCTOBiI 3aBHaHHSA
3 KOMII'IOTEPHOIO IIEPEBiPKOIO.

disuka — HayKa HacaMmmepel eKcIIepUMeHTaJbHa, TOMY B HiIPYyUYHUKY
HasABHI excnepumenmaJivti 3a80anHs Ta aabopamopti pooomu. OGOB’A3KOBO
BUKOHYIiTe ix — i Bu OymeTe Kparlie podyMmitu # jgobutu (Qisuxy. Pagu-
MO OIIPAIlbOBYBATU 3AB80AHHS «i3 3ip0uKOI0», BaBOAKU AKUM BU HABUHTECS
moJaBaTH Pe3yJIbTATU eKCIEPUMEHTIB TakK, AK Ile POOJATL CIpPaB:KHiI BUeH.

Marepianu, 3amIpoIOHOBAHI HAIIPUKIHIII KOKHOTO PO3IiJy B PyOpUKax
«Ilidousaemo nidcymru po3diny» i «3as0annsa 018 camonepesipKu», TOIOMO-
JKYTh CHCTEMAaTHU3yBaTU OTPUMAHI 3HaHHs, OyAyTb KOPUCHUMH MiJl Yac MO-
BTOPEHHS BMBYEHOT'O TA B XOMi IIiITOTOBKY [0 KOHTPOJBHUX POOIT.

A Tux, XTo Xoue Oijbllle Mi3HATHCA PO PO3BUTOK (PismuHOI HAYKU
U TexHikKuM B YKpaiHi Ta cBiTi, 3HaHJAEeTLCA YMMAJO I[iIKaBOIO i KOPHCHOT'O
B pyOpukax «@isurxa i mexHika 8 Ykpaini» ta « EHUUKJI0NEOULHA CMOPIHKA».

3BepHITHL yBary Ha Te, II[0 B IiAPYYHUKY BHUKOPHCTAHO IMO3HAYKM, AKi
JIOIIOMOXKYTH BaM OPi€HTYBaTHCS B MOJAHOMY MaTepiaJi:
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I]ixaeoi nodopoici ceimom Qisuru, Hexail eam wacmumsy!
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MATHITHE NOJIE

© Bu 3HaeTe, Wo He 3abnyKaeTe B Nici, AKLO MaETe KOMNac,
a Tenep Ji3HaETecs, YUm JOMOMOXKe KOMMacC 30PIiEHTYBATUCA
Ha NbOAOBUX NPOCTOpPax APKTUKN 1 AHTapKTUKN

© Bwcnoctepiranu, AK MarHitT NpuUTArye 3anisHi CKpinku,
a Tenep 3mMoXeTe MOACHNTU, YOMY BiH He MPUTAryE MifHI MOHETKM

© Bu BMmi€eTe BUMiptOBaTU CUNY CTPYMY,
a Tenep Ai3HaeTecb NPO NPUHUUN Ail amnepmeTpa

© Bw nocTiiHO KOpUCTYETECHh ENEKTPUKOLD,
a Tenep Ai3HaEeTeCh, AK NPALIE reHepaTop eneKkTpuYHOI eHepril




Po3zgin I. MATHITHE MOJE

§ 1. MATHITHI ABULWLA. gociia EPCTEAA.
MATHITHE NOJIE

LWe B rmMnboKy AaBHWHY Oyno MOMiUYEHO 3[aTHICTb AEAKUX 3ani3HMX pyn NpuUTArysaTu
o cebe 3ani3Hi Tina. [JaBHi rpekn HasMBanu WMATKU LUX PYA MArHiTHAMW KamMeHAMU,
MMOBIpHO, 3a Ha3Bo MicTa MarHecis, 3BigKyn NpUBO3UNK Taky pyay. 3apas iX Ha3nBaloTb
NpUpOOHUMU Mda2HIMamu. ICHYI0Tb TakoXX wmyyHi mazHimu. CbOrofHi BU o3HaliommTecs
3 feAKUMM BNAaCTUBOCTAMM MarHiTiB, i3HAaETECb NPO Te, WO MarHiTHa B3aEMopiA 34iNCHI0-
€TbCA Yepe3 MarHiTHe nose, a TakoX NMPO 3B'A30K MarHiTHUX Ta eNeKTPUYHUX ABULL.

n BuBYaeMo BNacTMBOCTI NOCTIMHMUX MarHiTiB

IIle B 5 KJaci, BuBuUaoun Kypc IPUPOAO3HABCTBA, BU Ai3HAJUCA IIPO MAar-
HITHI gBUIlA Ta BUSABUJM, IIO0 AeAKi Tijla MAalOTh BJACTUBICTH NPUTATYBATU IO
cebe 3aJIidHi mpeaMeTH i caMi IPUTATYIOTHCS OO HUX.

Tina, AKi TpMBanuiA yac 36epiraloTb MarHiTHI BaCTUBOCTI, HAa3MBaOTb NOCTINHUMUA
MarHitamm.

Ilepiry cnpoby HAyKOBOro MmiAXOAy OO BUBUEHHS MAarHeTHU3MYy 3AiMCHUB
y XIII cr. dparnyspruii Gisur I’'ep Ilenepen 0e Mapikyp (TOUHI matu KUTTA
HeBimomi) y cBoemy TpakTari «IlocaHusA mpo MarHiT». BijbIll cucTeMHO BJacTu-
BOCTi mocTifiHuX MarHitie gocaizus Binvam Iinv6epm (1544-1603) — amriiii-
cpKui (piswK i Jikap, OOUH i3 3aCHOBHUKIB HayKu IIPO eJIeKTpuKy. HaBememo
OCHOBHI 13 IIMX BJIACTHUBOCTEI.

OCHOBHIi BJIaCTUBOCTI IMOCTiMHNX MarHiTiB

1. MaruitHa nia mar- | 2. Maruit mae 3. OnmHotimeHnHi 4. Y pasi mHarpi-
HITY € pi3HOIO Ha pi3- | ABaA IIOJIIOCU — TIOJIIOCU Mar- BaHHA NOCTifiHOTO
HUX OIISHKaX HOro nignivHuil N HiTiB Bin- MAarHiTy A0 meBHOI
MOBEPXHi; MiJIAHKU, i niedennuir S*. IITOBXYIOThCH, TeMIIepaTypu, AKY
Ie MarHiTHa Oisd BU- Hewmo:xauso pisHOWIMeHHI — Ha3UBAIOTh MOY-
SABJISETHCS HAWCUJIb- | OfeP:KaTU MATHIT | IPUTATYIOTHCS. rxoro Krwpi, itoro
HiIlle, Ha3MBAIOThL TiJIBKU 3 OJHUM MAar"iTHi BjIacTu-
noancamu mMazHimy. | IOJIOCOM. BOCTi BHUKAIOTh.

3aJisHi omrypKu _

. . Tourka
IITraboBuit maruir

Kiopi, °C
3aJizo 770

Meran

KobGanesT 1127

Maruir ITigKoBomOAiOHMIA
MarHiT

Hixkeinnb 354

HiE
TI: +I: +I:

*  Big romun. noord — miBuiu; zuiden (aim. Siiden) — miBaeHb.
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§ 1. MarHiTHi asuwa. flocnig Epcrega. MarHiTHe none

E AisHaemoca npo pocnia Epcrena
i gocnign Amnepa

Ille Bueni HamBuboi I'permii BucJOBJIOBaJA IIPU-
OyIeHHsa, IO MAaTHITHI # eJeKTpUUYHi ABUIIIa
MOB’A3aHi, IPOTe BCTAHOBUTH Ieil 3B’A30K yUeHi
3MoruIu Jiuirne Ha modatky XIX cr.

15 miororo 1820 p. mamchKuit Gisur I'anc
Kpicmian Epcmed (1777-1851) memoHCTPYBaB CTY-
IeHTaM JOCJia i3 HarpiBaHHAM HPOBiTHUKA eJIeK-
TPUUYHUM CTPYMOM. ¥ XOZi JOCJily BUEHUH IOMi-
TUB, IO IIiJl YaC IIPOXOAKEHHS CTPYMY MarHiTHa
CTpiJiKa, po3TallroBaHa MOo0JM3y IPOBiTHUKA, Bif-
XUJSAETHCA BiJf HATPAMKY <«IIiBHIiU — TiBIEeHBb»
i BCTaHOBJIIOETHCA IMEPIEHAUKYJIAPHO IO IIPOBiA-
HuKa (puc. 1.1). K TigTBKMU CTPYyM IPUIMHABCH,
CTpiJIKa moBepTaJjacsA B IIOYAaTKOBE MOJIOYKEHHS.
Tak Oyno 3’ACOBaHO, IO eJLeKMPUUHULL cmpym
YUHUMb Ne6HY MazHimHy diio.

dpaniyspKuit MmareMaTuk i Gisuk AHope
Mapi Amnep (1775—-1836) ymepiiie Io4yB IIpo J0-
caigzu I Epcrema 4 Bepecua 1820 p. i Bie 3a
TUKJ€Hb IIPOJEMOHCTPYBAB B3a€EMOJIiI0 ABOX Ha-
pajieIbHO PO3TAIIOBAHUX MPOBITHUKIB 3i cTpy-
moM (puc. 1.2). AmIiep TakoK IIOKasaB, IO KO-
TYIIKY, B AKUX IPOXOIUTH €JEKTPUUHUUA CTPYM,
HOBOAATHCA AK IOCTiliHi maruitu (puc. 1.3). Ana-
Ji3youn pe3yJabTaTy OOCJAiAiB, YUeHUI miHAIITOB
BHUCHOBKY: OCKiJIbKW TPOBiTHUKU € €JeKTPUUHO
HeUTpadbHUMU (BOHU He3apAmI:KeHi), ixHe mpu-
TATaHHSA ab0 BiAINITOBXYBAaHHA HE MOJKE ITOSCHIO-
BaTHUCA JIi€I0 eJIEKTPUYHUX CUJI, — «IOBEIiHKa»
IPOBIAHUKIB € HacaigAKOM Ail MazHiMHUX CUJL.

B Jaemo o3HauyeHHA MarHiTHoro nons

Y xonl BUBUYEHHA EJIEKTPUYHUX SBUIIL
y 8 KJaci Bu gisHaJjmcs IpPO Te, IO B IPOCTOPi
HaBKOJIO 3apAIMKeHOro Tija icHye noJe, ke Ha-
3UBaMb eLeKMPUYHUM, | W0 came yepes ye noJie
30illCHI0EMbCA eNleKMPULHA 83A€EMO0isL Midc 3aps-
OxceHUMU miiamu ma 1acmuHKamu.

HaBroso mamarmiueHoro Ttisa # HaBKOJIO
TPOBiTHUKA 31 CTPYMOM TaKOK iCHYE 1oJie — #10T0
HA3WBAIOTh MazHimHum. MaznimHa 63aemodis
30illcCHI0EMbCA 3 NeBHOoWw WaeudKkicmo yepes mae-
HimHe noje (IepIINM TAaKOTO0 BHUCHOBKY TiHIIIOB
aurIificekuit pisux Maiika @apadeii (1791-1867)).

|
[flmmmmmmmummmmumulmlrm

Puic. 1.1. Cxema pocnigy Epctepa
(TyT i pani HaaBHiCcTb cumBona I
O3Hauag, WO B NPOBIAHNKY Teue
CTPYM; CTpifika Nopsag nokasye
HanpsAMOK CTpyMmy.)

Puc. 1.2. Cxema gocnipy

A. Amnepa. AKWo y ABOX napa-
NenbHUX NPOBIJHMKaX TeuyTb
CTPYMW OAHOTO HanpAMKY,
NPOBIAHVKN NPUTArYOTbCA (a);
AKLLO TeYyTb CTPYMU NpPOTU-
NEXHNX HanpAMKiB, NPOBIAHNKN
BiALWTOBXYIOTbCA (6)
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Posrianemo, HAaIpUKJak, B3Ba€MOIil0 IIOCTiAHOrO MAar-
“ “ HiTY ¥ KoTymKu 3i crpymoMm (puc. 1.3, 6). Koryika
> <« 3l CTpyMOM CTBOpPIO€ MarHiTHe moJie. MaruiTHe moJie
A\ T MOIITUPIOETHCA B HPOCTOPi Ta MOUYMHAE AisITH Ha IIO-
w w CTiiHMII MarHiT (HaMarHiueHe Tijgo), — MarHiT Bigxwu-
T adeTbesa. Margit Tex CTBOPIOE BJacHe MaTHITHeE moJie,
sdKe, Y CBOIO 4epry, i€ Ha KOTYIIKY 3i cTpymom, —
i KOTYIIIKA TeX BiAXUIAETHCA.
“ “ SasHauuMoO, II[0 MarHiTHe IIOjle TaKOXK icHye
- HaBKOJIO OYIb-AKOI pyxomoi 3apAmKeHOi UacTHUHKU
vr A AN Ta HABKOJIO OYyABL-AKOI'O PYX0MO20 3apAmKEHOr0 Tija
. i mie 3 IIEBHOIO CMJIOIO HAa 3apsAIsKeHi Tijia Ta YaCTUHKH,
= = AK1 pyxaromuvcsa B MATHITHOMY IIOJI.

36epHimb yéazy: MU He MOYKEMO MobauymTu mMar-
‘ ‘ Ao\ HiTHe T0JIe, IPOTEe BOHO (AK i eJeKTpUYHE 10Jie) € ab-

COJIIOTHO peaJibHUM — ITe popMa marepii.

6 -« >

MarHiTHe none — ue ¢popma MaTepii, AKa iCHYE Ha-
Puc. 1.3. Kotyuikn BKOJIO HaMarHiyeHux Tin, MPOBIAHUKIB 3i CTPyMOM,
3i CTPyMOM NOBOAATLCA PYXOMUX 3apALKEHUX Tifl | YaCTUHOK Ta i€ Ha iHwWi

AK MOCTINHI MarHIT HaMarHiuyeHi Tina, NPOBIAHNKM 3i CTPYMOM, PyXOMi 3a-

pALXKeHi Tina N YaCTMHKN, PO3TaLLOBaHi B LibOMy MNofi.

IToBepuiTbca mo mocainmy Epcrema (muB. pume. 1.1) i mocamizmy Ammepa (mus.
puc. 1.2) i moscHiITh, K 3iNCHIOETbCA MAaTHITHA B3aEMOMis MiK MaTHITHOIO
CTPLJIKOIO T TPOBIAHUKOM 31 CTPYMOM; Mi’K TBOMA TPOBIJHUKAMY 31 CTPYMOM.

-~

ﬁ_?u; MNigbuBaemo nigcymkm

%\/\i Tina, Aki TpuBaamMii yac 36epiraroTh CBOI MarHiTHI BJIaCTUBOCTi, HA3UBAIOTH
< TOCTiHHUMU MarHiTaMH.
OcCHOBHI BJIACTHBOCTiI TMOCTiHHMX MAaTHITiB:
e MATHITHA i MarHiTy HaCUJIbHiIIIe BUABJISIETHCSA 00Ny HOTO IIOJIIOCIB;
e OMHOMMEHHI IOJIIOCW MAarHiTiB BiAINITOBXYIOTHCHA, a PiBHOMMEHHI — IIpU-
TATYIOTHCSA; HEMOYKJIMBO OJepP:KaTy MarHIT TiJIbKY 3 OMHUM IIOJIOCOM;
e y pasi HarpiBaHHA IIOCTiHOrO MAaTrHITY A0 HMEeBHOI TeMmeparypu (Touka
Kiopi) fioro maruiTHi BJIaCTUBOCTI 3HUKAIOTh.
MaruiTHa B3aeMofia 34iMCHIOEThCA Yepe3 MarHiTHe mmoje. MaruiTae mojge —
e popma MaTepii, AKa iCHye HaBKOJIO HaMAarHidueHUX TiJI, IIPOBIAHUKIB 3i cTpy-
MOM, PYXOMUX 3apAMKEHUX TiJl i YaCTMHOK Ta i€ Ha PO3TaIlloBaHi B I[bOMY IIOJi
HaMaTrHideHi Tijia, TPOBIMHUKY 31 CTPYMOM, PYXOMi 3apaAsKeHi Tijla i YaCTUHKMU.

KoHTponbHi 3annuTaHHA

[ N a

@7;5') 1. HasBiTh OCHOBHi BJIacTHBOCTI mocTifiHuMX MaruitiB. 2. Onumiite mociaix I. Ep-

4% o crema. ¥ yoMy cyTh poro Bigkputrta? 3. Onuirits gocaigm A. Amnepa. Illo BoHUI
IoBOZATE? 4. Bina axux o0’exTiB icuye marHiTHe moJse? Ha aki 06’ekTu BoHO gie?
5. [laiiTe 03HAYEeHHS MArHiTHOTO IIOJIA.




§ 1. MarHiTHi asuwa. flocnig Epcrega. MarHiTHe none

Efgy;:; Bnpasa N2 1

S N
;>“/'L 1. Maruitay cTpisky posramryBaau 6ijd ImTa- | i

‘ 6oBoro marHiry (puc. 1). Axuit mosroc mar-
HITY € miBIeHHUM, a AKUN — IiBHiuHAM?

Puc. 1

2. CraJieBy CIHUIII0O HAMATHITHIN Ta PO3MiININ
KycauKaM#u CIIOUaTKy Ha JBi, a moTiMm Ha
yotupu dactTunu (puc. 2). Ky BiIacTuBicTh
MarHiTiB JeMOHCTpYE el mociin?

3. Yomy 3aJjisHi omIypKu, OPUTATHYBIINUCH A0
IOJIOCIiB MAarHiTy, cTupuarb y pPisHi 6Goku
(muB. pUCyHOK Ha c. 6)?

YoMy 3BYKYETHCA CTPYMiHb POBILIABJIEHOTO
MeTanay, KOJU UYepe3 HBOTO IIPOIYCKAIOTh
cTpym?

5. CKopHCTaBIINCh AOAATKOBUMU AKepesiaMu
imgopmarnii, misHaliTecs mpo icTopiro Bim-
kputrta I. Epcrema. ki mocaimsxkenHa BiH
IPOBiB, BUBYAIOUM MAaTrHITHE MOJIe TPOBiJ-
HuKa 3i crpymom? SKi pesyabraTu omepsran?

(;"“l EKcnepmmeHTaani 3aBAaHHA

M 1. CkopucTaBIINCh ABOMAa-TPbOMAa IIOCTIHHUMU
& MarHiTaMu, HaOpUKJaJ NajJudyKaMu Mar-
HIiTHOTO KOHCTPYKTOPA, €KCIePUMeHTaJIbLHO
mepeBipTe AeAKi BJIACTUBOCTI MArHiTiB.
2. BispMmiTh Kinbka roJsiok i3 HuTKamu. Cria-
IiTh HUTKY B OJVH IYYOK i ITOBiJIBHO IIigHE-
CiTh 3HM3Y IO TOJIOK IOoCTiiiHui Maruit. Ilo-
SACHITBH cmocTepeskyBaue apuire (puc. 3).

Qdisuka i TexHika B YKpaiHi

IHcTuTyT marHeTnamy HAH i MOH YkpaiHn (KviB) — npoBigHa HayKoBa YCTaHOBa, LU0
NPOBOANTb JOCHIAXKEHHA B rany3i MarHeTM3My i MarHiTHUX matepianis. IHCTUTYT € 6a30B1M
y MigroToBUi cTyAeHTiB ¢pisnko-matemaTnyHoro ¢akynbtrety HTY «KWiBCbKMIA NomiTEXHiu-
HUM HCTUTYT», di3uyHoro Ta pagiodizmuHoro dakynbretiB KHY im. Tapaca LleBueHKa.

OpraHi3aTopom i nepwnm AMPeKTOPOM IHCTUTYTY B 1995 p. cTaB BUAATHUM YKPAiHCbKUI
bi3nkK, akagemik, fepon YkpaiHu Bikmop [puzoposuy bap’sxmap, sigomnin cBoimn ¢yHAa-
MEHTaJIbHUMK PO6OTaMM B ranysi TeopeTnyHoi ¢i3nKu, Gi3UKU MarHiTHUX ABuUL, Gi3nKK
TBEPAOro TiNa, a TaKoX AOC/IAKEHHAMN EKONMOTiYHUX HacnigkiB YopHOOMNbCbKOI KaTa-
cTpodu. 13 2016 p. IHCTUTYT oyontoe uneH-kopecnoHaeHT HATMHY fOpiti IsaHosu4 [opobeyp.
B. I. Bap’axTap € NoYecHNUM AUPEKTOPOM IHCTUTYTY.

B iHCTUTYTi po3pobneHo maTepianu Ans MarHiTHUX CEHCOPIB i peecTpaTopis iHdopMaLlii,
BMPOLLEHO 1 CMHTE30BaHO MOHOKPUCTaNU, AKi LWMPOKO BUKOPUCTOBYIOTb B €NeKTPOHILi.
HaykoBa ycTaHOBa BOSIOfi€ YHiKaNIbHOI TEXHOMOTIED Ta 06NnafHaHHAM AN HaNUNEHHA TOH-
KX HaHOMJIIBOK.

HayKkoBO-AOCNIAHULIbKMIA KOMIMJIEKC CKaHYOYOI PacTpOBOI Ta eNIeKTPOHHOI MiKpocKonil
[ANA HAHOCTPYKTYPHUX AOCAIAXKEHDb IHCTUTYTY MarHeTn3my BifHECeHO A0 HayKOBMX OO'EKTIB,
SIKi CTAHOBNATb HaLlioHaNlbHe HaAbaHHS.



Po3zgin I. MATHITHE MOJE

§ 2. IHAYKUIA MATHITHOIro nonsd. JiiHIi MATHITHOI
IHAYKLUII. MATHITHE NOJIE 3EMJII

Mwu He MoxXemo No6aunTy MarHiTHe nosne, NPoTe AN KPaLoro po3yMiHHA MarHiTHUX ABULLY,
BaXK/IMBO HABYMTUCSA HAOUYHO MOro 306pakyBaTu. Y LIbOMY HaM AOMOMOXYTb MarHiTHi
CcTpinkn. KoxkHa Taka CTpifika — Le ManeHbKUN NOCTIMHUI MarHiT, AKMN nerko nosepra-
€TbCA B FOPU3OHTANbHIM NiowWwmHi (puc. 2.1). Mpo Te, Ak rpadiyHo 306paKytoTb MarHiTHe
none Ta Aka di3nYHa BeNUUMHA NOrO XapaKTepu3ye, BU Ai3HaETech i3 Lboro naparpada.

Puc. 2.1. MarHiTHa cTpinka —
Le nocTiHWMI MarHiT. MyHK-
TUPHOIO NiHIEI0 NOKa3aHo BiCb
MarHiTHOI CTPINKn

Puc. 2.2. Y marHiTHOMy noni
MarHiTHi CTPINKN OPIEHTYIOTb-
CA NEeBHMM UYMHOM: MiBHIYHWUI
MOMOC KOXHOI MarHiTHOI
CTPINKN BKa3lye HanpAMoK
BeKTOpa iHAYKLil MarHiTHoro
nonsa B AaHin Touui
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n BuBYaeMo cvmnoBy xapaKTepucTtuky
MarHiTHoro nons

SAKImIo sapsgikeHa YacTUHKA PYXae€ThbCs B MarHiT-
HOMY IIOJIi, TO TOJIe HisiTUMe Ha YaCTHUHKY 3 HeAKOI0
cujoo. 3HaUeHHd IIiel cuam 3aJIeKUTh Bil 3apAny
YaCTUHKU, HAOPAMKY Ta 3HAUEHHSA INBUIKOCTI II
PYXY, a TaKOK BiJ TOro, HACKIJIBKY CUJIBHUM € II0JIE.

Cu1JI0BOIO XapaKTEPUCTUKOI MATHITHOT'O IIOJISA
€ MazHimHua iHOYKYis.

MardiTHa iHAyKuia (iHAyKWia marHiTHoro
nons) — uUe BeKTOpHa i3nyHa BennuyMHa, sKa
XapaKTepusye CUOBY [il0 MarHiTHOro nons.

MarsuiTHy iHIYKIIil0 TO3HAYAIOTH CUMBOJIOM B.

Odunuys maznimuoi indyxuyii 6 CI — recma™;
Ha3BaHa Ha 4ecThb cepOchbKoro ¢isura Hikoau Tecau
(1856-1943):

[B]=1Tax.

3a HaANmpPSIMOK BEKTOpPa MATHITHOI iHIYKI(il
B [aHi TOYI[l MAarHiTHOTO IIOJS O0OPAHO HANPS-
MOK, Y AKOMY 6KA3YE NIBHIYHUIU NOANC MAZHIMHOL
cmpiaku, 6cmaHosieHol 8 daniii mouuyi (puc. 2.2).

3eeprnims ysazy! HanmpAaMoK cuaum, 3 sKOIO
MaTrHiTHe IIoJie i€ Ha PyXoMi 3apAmsKeHi YaCTUHKU
abo Ha TPOBIZHUK 3i cTpymMoM, ab0 Ha MAaTHITHY
CTPiNIKy, He 30iraeTbcAa 3 HAIPAMKOM BEKTOpa Mar-
HiTHOI iHAYKITii.

306paKyemo marHiTHe nosne

Ha puc. 2.2 6aunmo, 1110 Mar"iTHi cTpiJaKu opi-
€HTYIOTbCA B MAarHiTHOMY TOJIi He 6e3aaHo: ixHi oci

*  fx momatu 1 Ta uepes inmri oguuaui CI, 3a axkowo Gopmy-
JIOI0 MOKHA BU3HAUUTH MOAYJb MATHITHOI iHAYKIIiI, AK
HaIpsaMJeHa CUJa, 3 SKOI0 MarHiTHe mMoJe Jie Ha IPOoBi-
HUK 3i cTpyMOM, BU JisHaeTech i3 marepiany § 4.



§ 2. IHgyKuia marHiTHoro nonsa. JliHii marHiTHOT iHAYKUii. MarHiTHe none 3emni

Maznimni ninii:

e II03a MAarHiTOM BUXOAATHL i3 IiB-
HIYHOTO ITOJI0CA MATHITY i BXOAATH
y IIiBIEeHHUI;

+ 3aBXKAU 3aMKHEHi (MarHiTHe Iojie —
e BUXPOBE II0JIE);

+ HaWNIiJbHiIIEe po3TalnoBaHi 6ijd Io-
JIOCiB MarHiTy;

* HiKOJIU He IIepETUHAITHECA

Puc. 2.3. JliHii marHiTHOro nond wraboBoro marHity

HiOM yTBOPIOIOTH JIiHii, a BEKTOP MarHiTHOI iHAYKIIii B KOKHil TOUYIi HanmpamJe-
HUH y3J0BXK JOTUYHOL 0 JiHIiI, SKa IPOXOAUTH Uepe3 ITI0 TOUKY.

YMOBHI HanpAMeHi NiHii, OTUYHI 0O AKUX Y KOXHIil Touli 36iraloTbcs 3 NiHi€lo,
Y3[0BX AKOI HaNPAMAEHWI BEKTOP MarHiTHOI iHAYKLUii, Ha3MBaloTb AMiHiAMM mar-
HiTHOT iHAYKUii a60 MarHiTHUMN niHiAMK.

Came 3a JOIOMOT0I0 MAarHITHUX JIiHi# rpadiuHo 300pasKy0Th MardiTHI I0JI:

1) 3a nHanpamox ninHill mazHimHOl iHOYKUil 8 Oaniil mouyi domosuLuCs
opamu HANPAMOK 8eKmopa MazHimHol iHOYKUil;

2) niuii maraiTHOI iIHAYKITiI 300pakatoTh WilbHille 8 MUX 001ACMAX NOAL,
0e moldyav mazHimHuol iHOYKUil Oinvuie.

Posrasnysmiu rpadiume 300paskeHHS Mar-
HiTHOrOo moJia ImITaboBOTO MATHITY, MOXKeMO
3po0duTH meAKi BUCHOBKM (AuB. Ha puc. 2.3).
3as3HaumMO, IO IIi BUCHOBKM CHPaBIKYIOTHCS
I MarHITHUX JiHi# OyIb-AKOTO MarTHITY.

? SAxuit HanpAMOK MalOTh MarHiTHI JiiHii Bce-
penuHi 1MrTaboBOr0 MarHiTy?

Kapruny marmiTHux JiHi#i MOKHa BifTBO-
PUTH, CKOPUCTABIINCHL 3aJi3HUMHU OIIypPKaAMMU.
BispmMemo migKOBOMOAiOHMI MATHIT, IOKJIAIEMO
Ha HBOTO IIJIACTUHKY 3 OPrCKJIa i uepes CUTEUKO
HacUIaTUMeMO Ha TJACTHUHKY 3aJIi3Hi OIIypKU.
Y mMarmiTHOMy mOJII KOMKHUU IIIMaTOYOK 3aJjisa
HaAMaTHITUTbCA U HEePETBOPUTHCSA HA MAJIEHBKY
«MarHITHY CTpiaky». IMIIpoBi3oBaHi «CTpiIKmI»
30Pi€HTYIOTHCA B3[IOBXK MATHITHUX JiHIA Marxir-
HOTO IoJiA MarHity (puc. 2.4).

Puc. 2.4. PucyHoK, yTBOpeHui
2 300pasiTh y 30LIATI KAPTUHY MATHITHUX Ji-  pauLi0oXKaMU 3a7i3HUX OLLYPOK,

[
Hii Mar"HiTHOTO IIOJIA TiJKOBOIOAiIOHOTO BiITBOPIOE KapTUHY NiHiA mar-
maruity. Ilam’araiiTe mpo Te, 110 MarHiTHi HITHOI iHAYKLUii MarHiTHoro nons
JiHII 3aBMKAU 3aMKHEHI. nigKoBoMnodibHOro MarHity

11
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B
g
.4 B
B ¢+
-

Puc. 2.5. [linaHka, Ha AKin mar-
HiTHe none € ogHOPIAHM

N N%

Puc. 2.6. MarHitHe none
BCEPeAUHi WTaboBOro MarHi-
Ty (@) i Mk ABOMa MarHitTamu,
3BEPHEHVIMU OAUH A0 OAHOTO
pi3HOMMEeHHUMK nontocamu (6),
MOXKHa BBaXKaTu OAHOPIAHM

X X X
X X X
X X X
Puc. 2.7. 306paxkeHHA NiHiin
MarHiTHOI iHAYKLUiT ogHOpiAHOrO
MarHiTHOro nNons, AKi nepneHgun-
KYNAPHI 4O MIOWMHN PUCYHKa
Ta HanpaAmneHi Jo Hac (a);
HanpsAMeHi Big Hac (6)
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B Po3srnapgaemo opgHopigHe MarHiTHe none

MaruiTHe moJie B II€BHill YaCTHUHI IPOCTOPY
Ha3WBaIOTh OTHOPiTHUM, SKINO B KOMKHIN Iioro
TOUIll 8exmopu mazHimuol iH0YyKuii 00HaK08i sk
3a modynem, mak i 3a Hanpamkom (puc. 2.5).

Ha ginmankax, me MarHiTHe moJie € OJHOPiI-
HUM, JiHi1 MargiTHOI iHAYKIIiT mapaJienbHi Ta PO3-
TaIloBaHi Ha OJHAKOBiH BificTaHi omHa Bim omHOIL
(puc. 2.5, 2.6). ¥V ¢isumi npuitHaTO MarHiTHi JiHii
OHOPiZHOTO MATHITHOTO MHOJIS, AKi HampsaMJIEeHi
o Hac, 300paskatu Toukamu (puc. 2.7, a) — Mu
HiOm 6aumMoO «BiCcTpA CTPiji», II0 JETATH A0 HAaCc.
Axmro maruiTHI JgiHil HanpamieHi Big Hac, To ix
300pakalTh XpecTUKaMu — MM HiOum O6auymmo
«IIip’s cTpin», 110 JeTdaTs Bix Hac (puc. 2.7, 6).

B GinbimocTi BUODagKiB MU MaeMO CIIPaBy
3 HEOJHOPiAHMM MATHITHUM IIOJIeM, — IIOJIeM,
y PiSHHMX TOUKaX SAKOr0 BEKTOPM MAardHiTHOI iH-
OYKIIiI MaroTh pPisHI 3HaAUYeHHA Ta HANIPSAMKHN.
MaruiTHi gimil Takoro moJisa BUKPUBJEHI, a IXHA
MIiJBHICTE € PisHOIO.

n Posrnapgaemo marHiTHe none 3emni

Iz Meroio BUBUYEHHSA 3€MHOT'O MarHETU3MY
Bineam Iins6epT BHTrOTOBMB HOCTifiHWI Marsir
y BUrIAni Kymai (momens 3emui). PoaramryBasiiiu
Ha KyJi KOMIIac, BiH IOMITHB, IO CTPiJIKa KOM-
maca MOBOAUTHCA TaK CaMo, K Ha MOBepxXHi 3eMri.

EKcnepuMeHTH T03BOJIUJIN BYEHOMY ITPU-
OYCTUTH, IO 3eMas — Ue 8eJUYe3HUll MazHim,
a Ha NniéHOYL HAULOL nJaHemu po3maulo6anull ii
niedeHHuil maznimuuil nosoc. Iloganpimni gocria-
’KeHHA migTBepaman rimoresy B. I'insbepra.

Ha puc. 2.8 300paskeHo KapTUHY JiHii Mar-
HiTHOI iHAYKIIII MarxiTHOroO mojisa 3eM.Ii.

? VasBiTs, 1m0 Bu momoposkyere Ha IliBHiUHMHT
MOJIIOC, PYyXalouuWCch TOYHO B TOMY Ha-
OpAMKY, HA KU BKa3ye CTPiIKa KoMIIaca.
Yu gocArHeTe BU MiCIld HpU3HAYEHHA?

JIinii maznimmuoi inOyKuyii MazHimHo020 Nnoas
3emni He € napanervHuMu i nogepxhi. SIKIIO 3a-
KpIIUTH MArHITHY CTPiJIKY B KapZaHHOMY ITiaBici,
TOOTO TaK, I[00 BOHA MOIJIA BiJIbHO 00epTaTUCS AK
HaBKOJIO I'OPUBOHTAJIBHOI, TaK i HaBKOJIO BepTU-
KaJIbHOI Oceil, CTPijiKa BCTAHOBUTBLCS ITiJi ITIEBHUM
KyToM 10 moBepxHi 3emui (puc. 2.9).



§ 2. IHgyKuia marHiTHoro nonsa. JliHii marHiTHOT iHAYKUii. MarHiTHe none 3emni

/

Marwuitauit i reorpadgiuyami
OJIIOCY He 30irailoThCHd;

BificTaHB MiK HEMU \
HEBIIMHHO 3MiHIOETHCH \ /
S Ha niBHOuUi mianeTn

3eMJIsI po3TalIoOBaHUI
il miBgeHHMI MarHir-
HUM MOJIIOC, a Ha
miBAHI — miBHIUHMHA
MATHITHUI IIOJIFOC

~1¥,5°

IliBmeHHUI MaTHITHUH IIO-
JIIOC HEIOJaBHO «3aJIUIITUB»
TepuTopito Kanagm i «pyxa-

e€ThcsA» B HaNpAMKY Pocii

[ Bicw oGepranusa 3emi MaruiTHa Bich

Puc. 2.8. Cxema po3TallyBaHHA MarHiTHUX JliHiM MarHiTHOro nonA nnaHetTy 3emna

? fx, Ha Bamry 1yMKYy, Oyzae po3TalioBaHa MarHiTHA
CTpiJIKa B MPHUCTPOi, 300paskeHoMy Ha puc. 2.9,
0isig miBHIYHOTO MarHiTHOTO TOJfoca 3eMJi? Gis
MiBIEHHOTO MATHITHOTO TOJIfoca 3eMJIi?

MaruitHe mose 3emJIi 3maBHa AOoIOMAaraJjo OpieH-
TyBaTHCA MaHAPiBHUKaM, MOPSAKaM, BiICBLKOBUM i He
aurte im. [loBemeHo, 1o pubu, MOPCHKi ccaBIli i mTaxm
miJ yac CBOIX Mirpariiii OopieHTyIOThCA 3a MATrHITHUM
mosem 3emJi. Tak caMo OpPi€HTYIOThbCs, MIYKaIOUU Puc. 2.9. MarHitHa cTpin-
OIIAX JOOOMY, 1 IesKi TBapuHU, HAIIPUKJIAJL KOTH. Ka B KapAaaHHoOMy niaBici

HdisHaemocsa npo marHiTHi 6ypi

PerenbHi pocrimsxkeHHs IOKasaau, [0 B OyAb-AKill MicmeBocTi mar-
HiTHe moJie 3eMJri mepiogmumHo, IMOmOOM, 3MiHIOETHCA. Kpim Toro, cmocrepi-
raloThCs HEBeJUKiI HIopiuHi 3mMiHM MarHiTHOro moJss 3emJyi. TpanasoTbes,
OIHAK, i piski fioro smiHm. CuabHiIi 30ypeHHs MarHIiTHOTO moJA 3eMJi, AKi
OXOMJIOITH YyCIO IIJIAHETY 1 TpwBaIOTh Bi OJHOTO OO KiJBKOX JIHIB, Ha-
3UBAIOTb MAZHIMHUMU Oypamu. 3HOPOBi JroAM iX IPaKTHUYHO He Biguysa-
I0Th, @ OT Yy THUX, XTO MAa€ CEPIEeBO-CYAWHHIi 3aXBOPIOBAHHA Ta 3aXBOPIOBAHHSA
HEpPBOBOI CHCTeMM, MAar"iTHi Oypi BUKJINKAIOTH IIOTipIIIEHHS CaMOIIOUYTTS.

Maruitae mose 3eMi € CBOEPIIHUM <«II[UTOM», SKUH 3aXUIIA€ HAIIY IIJa-
HeTy BiJ 3apsamKeHuX YaCTHUHOK, IO JIETATH i3 KocMocy, mepeBakHO Bix CoHita
(«couaunuii BiTep»). I1061M3y MarHiTHUX MOJIOCIiB ITIOTOKMW YACTUHOK HiIiTalOTh
IocuTh 0M3bKO A0 arMocdepu 3emui. ITig yac 3pocTaHHS COHAYHOI aKTUBHOCTI
KOCMIiUHi YaCTMHKM HOTPAILJIAITh y BepPXHi Imtapu armocdepu Ta HOHiBYIOTH MO-
JIEKYJIU ra3y — ToAi Ha 3eMJIi crocTepiraroThed MOJapHi caiiBa (puc. 2.10).
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Po3zgin I. MATHITHE MOJE

Puc. 2.10. Mig vac
nigBULLIEHHA COHAYHOI
aKTVMBHOCTI 30inbluyeTbcA
naowa TeMHUX NaAm

Ha CoHui (a), a Ha 3emni
BiAOyBalOTbCA MarHiTHi
Oypi Ta nonsApHi canga (6)

4

14

KoHTponbHi 3annuTaHHA

NigbuBaemo nigcymkm

MarwuitHa iHgyKITisg B — e BEKTOpHAa (pismuHa
BeJIMUMHA, AKa XapaKTepu3ye CHUJIOBY Hil0 Mar-
HiTHOTO TIOJIss. HampaMoOK BeKTOpa MAr"HiTHOI iHAYKITiT
36iraeTbCcs 3 HAIPAMKOM, Yy AKOMY BKa3ye MiBHIUHUI
TOJIIOC MarHiTHOI cTpinku. OguHUIA MarHiTHOI iHIYK-
mii B8 CI — recna (Tx).

YMmoBHI HampaMJeHi JTiHiI, HOTHYHI @O AKUX
y KOKHIill Toulli 36iraroTbhcs 3 JIiHi€I0, Y3IOBXK SAKOIL
HaOpsAMJIEHUNA BEKTOP MAarHiTHOI iHAYKIIii, Ha3MBaOTh
JiHigMM Mar"iTHOI iHAYKIiI a60 MargiTHUMU JiHigMn.

JIimii maruiTHOl iHAYKIiI 3aBKAU 3aMKHEHi, I103a
Mar"iToM BOHU BUXOAATH i3 IIiBHIYHOIO ITOJIIOCa Mar-
HITY Ta BXOAATH Y IiBAEHHUMH, IMiJIbHIiIIIE PO3TAIIOBAHI
B TUX 00JIACTSAX MArHiTHOrO MOJIfA, A€ MOAYJb MarHiTHOL

iHgyKRIii GiabIie.

Ilnanera Semisa mae maruitae moJe. Ilo6ausy mis-
HiuHOTO reorpagdiuHoro moJoca 3eMJi po3ramioBaHmin ii
MiBAEHHUN MarHiTHUH II0JIIOC, IT00IU3Y IiBAEHHOI'O reo-
rpagivHOro moJsrroca — MiBHIYHWHA MArHITHUN IOJIIOC.

1. [laiiTe o3HaueHHA MarHiTHOI iHAYKMii. 2. Ik HaTpAMIeHUN BEKTOP MAarHiTHOI
igaykmii? 3. Axomo € ogmuuna margirmol impgywkmii B CI? Ha uecTh Koro ii ma-
3BaHo? 4. HaBeniTe o3HaueHHA JiHiN MardiTHol iHayKIrii. 5. AKuil HATPAMOK y3sTO
3a HANIPSAMOK MarHiTHuX JiHi#? 6. Big uoro s3ayseXuTh IiJIbHICTH PO3TAIIIyBaHHSA
MarHiTHUX JiHi#? 7. Ike MarHiTHe OJIe Ha3MBaOTh ogHOpPigHUM? 8. [loBEeAiTH, 1110
3emiag Mmae maruitae mose. 9. Ik posramroBani Mar"iTHi mosrocu 3eMJi BigHOCHO
reorpadiunux? 10. IIlo Take maruiTHi 6ypi? IK BOHM BIJIMBAIOTH HA JIIOAUHY?

BnpaBa N2 2

1.

Ha puc. 1 306paskeno Jginii maraiTHol
irgykiii Ha meBHIA AindgHII MarHiT-
HOTO 10JiA. J[JIsg KOMKHOT0 BUIIAAKY A—6
BU3HAUTeE:

1) AKe 1ie ToJie — OMHOPiJHE UM He-
OIHOpinHeE;

2) HaOpsAMOK BeKTOpa MAar"iTHoi iH-
IVKIii B Toukax A i B moss;

3) y aKiii Touni — A yu B — marsHiTHa
IHAYKIiA oA € GiIbIIoIO.

Yomy craseBi BiKOHHI I'paTu MOXKYTh
i3 wacom mamarmiTuTuca?

Ha puc. 2 3o06paskeHo JiHii maraiTHOrO
OJiA, CTBOPEHOI'0 ABOMAa OTHAKOBUMU
HOCTiHHUMU MarHiTaMu, AKi 3BepHeHi
OIUH IO OJHOT'O0 OJHOMMEHHUMU IIOJIIO-
camu.

tye

e 6 o o o
e 6 o o
o)

e 00 o0 o

Puc. 1

Puc. 2
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§ 3. MarHitHe none cTpymy. [paBuno ceepanvka

1) Yu icuye maruiTHe mmoje B Touri A?

2) Axuii HanpPsAMOK Mae BEKTOp MarHiTHOI iHAYKIii B Touni B? y Touri C?

3) ¥V sakiit Tourti — A, B uun C — Mar"iria iHAYKIis m0JA € HAWOiIbIno0?

4) fAxuii HaIPAMOK MalOTh BEKTOPW MarHiTHOI iHAYKIil BcepenmHi maruiTiB?

4. Pamimte mig yac excuepuiiit Ha [IiBHiUHUI HOJIOC BUHUKAJY TPYIHOIII IIOJ0
BUBHAUEHHA HANIPAMKY PYXY, aJKe Mo0JIn3y MIOJI0ca 3BUYaiHI KoMITacu Maixe
He mpampoBaau. IK B BBa)Kaere, 4omMy?

5. Ckopucraiitecsa IogaTKOBUMHU mxxepesamu indgopmallii Ta gisHaiiTecsh, AKe 3Ha-
YeHHsS Ma€ MarHiTHe IoJie JJid KUTTA Ha Hamriii naaseri. IIlo cramoca 6, ak6u
Mar"iTHe moje 3eMJIi pamnToM 3HUKJIO?

6. Ha semwuiit moBepxHi € 06J1acTi, Ae MarHiTHa iIHAYKIisT MarHITHOTO HOJA 3eMJIi
3HAUYHO OiJIbINa, HiK y cycimHix paitoHax. CKopucraiiTeca HOTATKOBUMU IKe-
penamu iHdopmartii Ta gisHaliTech Ipo MArHITHI aHomaJii merajbHiIIe.

ITosicuiTs, YoMy Oyab-AKe He3apAIKeHe TiJIo 3aBiKIN IMPUTATYETHCI OO TiJja,
AKe Mae€ eJIeKTPUYHUN 3apsa.

§ 3. MATHITHE NMOJIE CTPYMY. MPABUNIO CBEPAJINKA

Bu BXKe 3Ha€Te, WO HAaBKOJIO MPOBiIAHMKA 3i CTPY-
MOM iCHY€ MarHiTHe none. Jocnigumo ue none 3a
JOMOMOroto 3ani3Hux owypok. [Ana yboro npo-
BiIHUK NMPONYCTUMO Yepe3 apKyll KapToHy nep-
NeHAVKYNAPHO 4O MNOro NMoBepxHi, HACUNIEeMO Ha
KapTOH 3ani3Hi OWYpPKM Ta 3aMKHeMO Kono. Y mar-
HITHOMY MONi NPOBIAHWKA OWYPKN HaMarHiTATbLCA
N BiATBOPATb KAapTWHY NiHIN MarHiTHOI iHAYKUIT
MarHiTHOro nona MNpPAMOro MNpPoBiAHMKa 3i CTpy-
MOM — KOHLIEHTPUYHI KONa, WO OXOMJTb Npo-
BiAHUK (AuB. puc. 3.1). A AK BU3HAYMTX HANPAMOK
MarHiTHUX NinHin?

3HamoMmumocs 3 npaBwiom cBepainkKa

Posramyemo mopsax i3 mpoBigHWMKOM ne-
KiJIbKa MAr"HiTHUX CTPIJIOK 1 ITycTUMO B IIPOBiA-
HUKY CTPYM — CTPiJIKM 30Pi€HTYIOTHCSA B MarHiT-
HOMY moJii mpoBigHmMKa (puc. 3.1, a). IliBHiuHMHI
TIOJIIOC KOYKHOI CTPIJIKY BKa'Ke HAIIPSAMOK BEeKTOpa
iHAYKITii MargiTHOTrO IIOJIS B JaHill TOUIl, a OT:Ke,
i HAIPAMOK MAaTHITHUX JIiHIif IIHOTO TOJIA.

3i 3MiHOIO HANPAMKY CTPyMy B HOPOBiA-
HUKY 3MIiHUTBHCS I Opi€eHTaIlid MarHiTHUX CTpi-

Puc. 3.1. Bu3HaueHHA HanpAmMKy
NiHIA MarHiTHOI IHAYKLT MarHiT-
10K (puc. 3.1, 0). e osHauaE, M0 HANPAMOK MAZ-  oro nona NPOBIAHNKA 3i CTPY-
HiMHUx JNiHill 3anexcumsv 6i0 HANPAMKY CMPYmy MOM 3a JOMOMOTOK MarHiTHIX
6 NpoBiOHUKY. CTpinok
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Po3zgin I. MATHITHE MOJE

3po3yMiJo, 1110 BU3HAYATH HAIIPAMOK JIiHill MaruiTHol iHAyKIii 3a momomo-
TOI0 MarHiTHOI CTPiJIKU HEe3py4YHO, TOMY BUKOPUCTOBYIOTH MpaBU/IO CBepANMnKa:

AKLWO BKpy4YyBaTU CBEPAJIMK 33 HANPAMKOM CTPyMy B MPOBIAHMKY, TO Hanpsa-
MOK obOepTaHHA pyuKkn CBepAiMKa BKaXke HanpsAMOK JiHill MarHiTHoro nons

cTpymy (puc. 3.2, a);

abo inarxue:

AKWoO cnpamyBaTX BENVKWIM Nanelb MpaBoi PYKM 3a HaMmpPAMKOM CTPymy B Mpo-
BiHVKY, TO YOTUPW 3irHyTi Nanbli BKaXXyTb HaNpPAMOK NiHI MarHiTHoOro nons

cTpymy (puc. 3.2, 0).

' @
B
-
] (. >
Cib 54
a 6

Puc. 3.2. BusHaueHHA HanpAamMKy
NiHI MarHiTHOro NonA NpoB.ia-
HMKa 3i CTPyMOM 3a AOMOMOrOI0
npasuia ceepaamnKa

Puc. 3.3. JliHii marniTHOT iHAYKUiT
MarHiTHOro nosA NPsMoro npo-
BifHWKa 3i cTpymoMm. [MpoBigHnK
pO3TallOBaHWIN NepreHANKY-
NAPHO A0 MJIOWMHN PUCYHK];
XpecTuK (X) o3Havae, wo cuna
CTPyMy B MPOBIAHVKY Hanpam-
NeHa Big Hac

16

)

IlepexonaiiTecsa B cipaBeaJINBOCTI IIpaBUjIa
cBepIJMKa MJis BUIAAKIB, IMOJaHUX HAa
puc. 3.1.

E 3’AcoByemoO, Bif 4Oro 3anexutb Mogynb
iHAYKUiT MarHiTHoro nond nNpoBigHMKa
3i cTpymom

3rajaiiTe: MardiTHy [Iilo IPOBiAHMKA 3i cTpyMOM
nepmuM BuABuB I. Epcren v 1820 p. A ot yomy 11e
BiZKpUTTA He OyJsio 3pobseHo paHime? Piu y Tim,
1o 3i 30iavuleHHam 6idcmarni 6i0 nposidHUKaA
MazHimHa iHOYKUis CME0peH020 HUM MAZHIMHO020
noas 3HauHo 3meHwyemsvcs. OTiKe, AKIIO Mar-
HiTHa CTpiJiKa po3TaIllloBaHa He MOOJIM3Y IPOBiJ-
HUKa 31 CTpPyMOM, MaTHITHA i CTPYMY € MaiiiKe
HETIOMIiTHOIO.

? Posrnaubre puc. 3.3. Homy 3i 36iJbIIIeHHAM
BiZicTaHi Bif MpoOBimHWKA HIiIBHICTH JiHIi

MargitHol iHaAyKIii smeHinyerbea? Yu on-

HAKOBUMU € MOJYJi BEKTODiB f}l i Bz ?

MaruiTHa iHOYKIiA 3aJ€KUTHh TAKOMK Bif
CUJIU CTPYMY: 3i 30iAbULeHHAM CUJLU CMPYMY
8 nposiOHUKY MazHimHa IHOYKUiSL CMBOPEH020
HUM MAZHIMHO20 NOAs 30ibULYEMBCA.

B BuBYaEMO MarHiTHe none KOTYLIKU
3i cTpymom

3MOTaeMO i30JIbOBAaHUII APIT Yy KOTYIIKY ¥ myc-
TUMO B HBOMY CTPyM. SIKIIO Temep HaBKOJIO
KOTYIIKY PO3MIiCTUTM MATHITHiI CTPijiKM, TO OO
ONHOTO TOPIIA KOTYIIKN CTPiJIKM IOBEPHYTHCH
OiBHIYHUM IIOJIOCOM, a A0 APYTOro — MHiBIEeHHUM
(puc. 3.4). Or:xe, HABKOJIO KOTYIIIKU 3i CTPyMOM
icHye maruiTHe moJe.



§ 3. MarHiTHe none cTpymy. lMpaBuno ceepavka

SAx i mraboBuii MarHiT, KOTYIIKa 3i cTPy-
MOM MAa€ IBa IIOJIIOCU — IIiBAeHHUI i HiBHIUHMIA.
Ilontocu Komyuwlku posmaulo6aHi Ha il mopuax,
i ix neeko eu3naiumu 3a JONOMOroOI0 NPaBoi PYKM:

AKLWO YOoTMpKM 3irHYTIi NanbLi NpPaBoi PyKu Cripsa-
MyBaTK 33 HaNPAMKOM CTPyMy B KOTYLiLi, TO
BiflirHyTMI Ha 90°BeNVMKN Naneub yKaxe Ha-
NPAMOK Ha MiBHIYHMIA MOMIOC KOTYLKK, TOOTO
HaNpPAMOK BeKTOpa MarHiTHOI iHAYKUil Bcepe-
AVIHI KOoTywku (puc. 3.5).

3icraBuBHmIM MarHiTHi JiHiII mocTifiHOTO
mTaboBOro MArHiTy Ta MarHiTHi JiHil KOTyIIKU
3i cTpymoM, mobaummo iXHIO HaA3BUUYAHHY CXO-
sKicTh (puc. 3.6). 3aszHaumMo: MarHITHA CTPijIKa,
mifBinmeHa KOTYyIIKa 31 cTpyMOM i migBimmeHumit
mITaboBUil MArHIT OPIEHTYIOTHCA B MATHITHOMY
moJii 3eMJIi 0JHAKOBO.

@ MigbuBaemo nigcymkun

Hasxos0 mpoBigHMKA 31 CTPYyMOM icHY€E Mar-
HiTHe mose. MarHiTHa iHAYKIIiA DOJA, CTBO-
PEeHOro CTPYMOM, 3MEHIINYETbCS 3i 30iJbIIEeHHAM
BificTaHi Big mpoBigHMKA Ta 30iabITyeThCA 31 3011b-
MIeHHAM CHJIA CTPYMY B IIPOBiTHUKY.

Hanopamorx nimi#ni wmargiTHOI iHAYKIIiI
MAaTHITHOT'O II0JIA IIPOBIIHUKA 31 CTPYMOM MOKHA
BU3HAUYNTH 34 JOIOMOI'0I0 MATHITHUX CTPiJIOK a0o
3a JTOIIOMOT'OIO0 TIPaBUJa CBEPIJINKA.

Korymka 3i cTpymoM, SK i mocTiiHMIT Mar-
HIiT, Mae ABa IHOJIOCH. X MOKHA BUSHAUHUTH 34
JIOTIOMOT'OI0 TIPaBOi PYKM: AKIIO YOTUPHU BirHYTI
HaJbIli IPaBol PYKM CIPAMYBATH 3a HATPAMKOM
CTPYMYy B KOTYIIIIIi, TO Biziraytuit Ha 90° BeIuKuii
maJjenb yKaske HaIPsIMOK Ha Ii mMiBHIYHMUN moJioc.

g@ KoHTponbHi 3annuTaHHA
{ L‘v ¥

< / 1. Ik BuBHaUMTH HANPAMOK JiHI# Mar"iTHOL
4% o iEAyKil Mar”HiTHOrO MOJI IMPOBiHUKA 3i CTPY-
mom? 2. ChopmysioiiTe IPaBUJIO CBEPAJIHKA.
3. Ik marHiTHaA iHAYKIlig MardiTHOro MOJIA IPO-
BiIHUKA 31 CTPyMOM B3aJIeKUTh BiJ BimcTaHi 0
OpOBiAHUKA? Biff CUJIM CTPYMY B IIPOBiAHUKY?
4, fAxuit BUTJISAA MalOTh JiHiI MarmiTHoOl iHAYK-
il Mar"HiTHOTO IOJIA IIPAMOTO IPOBiAHMKA 3i
crpymoM? KOTyImiku 3i crpymom? 5. SIK Bu3Ha-
YWTH MATHITHI IIOJIOCH KOTYIIKHU 3i cTpymMom?

Puc. 3.4. Jocnig>keHHs MarHiTHo-
ro nonA KOTYLWKM 3i CTPYMOM 3a
JOMOMOrOK MarHiTHUX CTPINOK

Puc. 3.5. BusHaueHHA noniocis
KOTYLUKM 3i CTDYMOM 3a JOMOMO-
roto npasoi PyKkn

i

T

(

Puc. 3.6. JliHii marHiTHOI iHAYKLiT
MarHiTHOro noss wrtaboBoro
MarHiTy (a) i KoTywkn

3i cTpymom (6)
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Po3zgin I. MATHITHE MOJE

E@? BnpaBa N2 3
§ A

%1.

2.

Ha puc. 1 300paskeno JiHito MarHiTHOl iHgyKITil
MAaTHITHOT'O OJIA IPOBiAHMKA 31 cTpymMoM. SAKuM
€ HAIPAMOK CTPYMY B IIPOBIAHUKY?

Ha puc. 2 300paskeno JainHii Mar"giTHol iHmyKIrii
MaTHITHHUX IIOJIiB JJBOX IPOBiJHUKIB 31 cTpyMOM.
1) Ax HampsMJIeHe MarHiTHe MMoJe IPOBiAHUKA,
300pasxeHoro Ha puc. 2, a? 2) Akum € HaAIpHa-
MOK CTPYMYy B IIPOBiTHUKY, 300pasKeHOMY Ha
puc. 2, 6? 3) Busnaure, B aAKiii Touni — A uu
B — wmaruiTHe moJje € cuabHimuMm (puc. 2, a, 6).
fAxum mosfocoM Mae TMOBEPHYTHCSA OO0 HaC Mar-
HiTHA cTpijka (puc. 3)? Hu sMinuThHCS BiATOBiAB,
SAKIIO CTPLJIKY PO3TaIlyBaTH HAJ IIPOBiIHMKOM?
Hap xorymkoroo migBimeno marait (puc. 4). dAx
TOBOAUTHUMETHCA MATHIT, AKIIO 3aMKHYTH KOJIO0?
Busuaure mosiocu AsKepesia CTPyMy Ha puc. 5.
Y mearux mpuiazax HPOSBU MArHiITHOTO IIOJISA
CcTpyMy He € OaKaHuMU. ¥ TaKUX IpuUJIagax
BUKODPUCTOBYIOTH Oi(inApHY HAMOMKY: TIPOBiX
CKPYYYIOTH YABOE TaK, 1100 0o0MABaA ¥Ooro KiHIri
ONMHUJINCA HOPAA. Y YOMY CEHC TaKOl HaMOTKu?

EKcnepmmeHTaane 3aBAaHHA

«Enexmpomaenimnuii komnac». Crielite mame-
poBuii muiaiHap xiamerpom 7-10 MM i 3aBAOBKKUI
4-5 cm. HamoraiiTe Ha omgep:kanuii xapkac 20—
30 BUTKIB TOHKOI'O i30/IbOBAHOT'O APOTY. 3aKpi-

Puc. 1

I
—
N
T—z+
Puc. 3 Puc. 4
T
Puc. 5

OiTh OTPUMAaHY KOTYIIIKY FOPU30HTAJIbHO Ha HeBeJHUKiil morredurri (a6o KOPKY)
Ta 3’emHaliTe KiHIi mpoBomy 3 Oarapeeio raJibBaHiuHHX ejieMeHTiB. BusHauTe
TIOJIIOCH KOTYUIKY i mosHauTe iX. OmycTiTh AOIIEYKY B MIMPOKY IIOCYAUHY 3 BO-
noio. EnexTpomaruiTHuii Komnac rotouii. SIK BiH gisTume? BeTaBTe B KOTYIIIKY
sajisHuit nBax. Yu Oyae Temep Balll KOMIAC IPAIIOBATA IIPABUJIBHO?

®disuka i TexHika B YKpaiHi

KOPECMNOHAEHTIB i JOKTOPIB HaykK.

OnekcaHpp Inniu Axiesep (1911-2000) — BMAATHUI YKPATHCbKII
odisuk-TeopeTuk, akagemik HAHY, 3aCHOBHVK HayKOBOI LIKOMY 3 Te-
opeTtuyHoi ¢izmkun. Cepep noro yuHis — axkagemiku B. I. bap'axtap,
[. B. Bonkos, C. B. lMenetmiHcbkuim, O. . CuteHko i noHag 30 uneHis-

JocnigxKytoun B3aEmogito ynbTpasByKy 3 kpuctanamu, O. |. Axie-
3ep po3pobMB MeXaHi3M MOrIMHAHHA, 3yMOBJIEHUA MoAynALi€wo
eHeprii KBa3iyaCTMHKN 30BHILWIHIM MoOJieM, AKUNA OTPMMaB Ha3BYy

«MexaHiam Axiezepa». BueHUli € aBTOPOM TeOpil Pe30HaHCHUX AAEPHUX peaKLuiil, 3406yB
dyHAaMeHTanbHi pe3ynbraTy Nif Yac JOCNiAKeHHA Gi3nKKU Nnasmu, pasom 3 yuHaMmK chop-
MyJ/0BaB OCHOBM enleKTpoanHamiku nnasmu. CninbHo 3 B. I bap’axtapom i C. B. MNenetmiH-
CbKVM HayKoBelb BifKpUB HOBe ABULLE — MarHiToaKyCTUYHWIA pe3oHaHC.

ImeHem O. I. Axiesepa Ha3BaHO IHCTUTYT TeOPETUYHOT Bi3MKK, WO € CTPYKTYPHUM Nif-
po3ginom HauioHanbHOro HayKOBOrO LeHTPY «XapKiBCbKUIN Bi3NKO-TEXHIYHUIA IHCTUTYT».
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§ 4. CWJIA AMINEPA

I3 maTtepiany § 1 BM Ai3HanucA, WO MarHiTHe nose Ai€ Ha NPOBIAHUK 3i CTPYMOM i3 fAe-
AKoto cunoto. A 3 Kypcy ¢i3nkmn 8 Knacy nam'ATaeTe, Wo cuna — Le BeKTopHa $isnyHa
BEJINYMHA, TOMY, OO MOBHICTIO BU3HAUUTK CUAY, CAif YMITM pO3paxoByBaTh il 3HAUEHHS
Ta BM3HayaTW HanpAMOK. Big 4oro 3anexnTb 3HaYEHHA CUK, 3 AKOK MarHiTHe none fgie
Ha MNPOBIAHMK 3i CTPYMOM, AK HaNpAMIIEHa LUA cuna Ta YoMy 11 Ha3nBaloTb cunoto Amnepa,

BU fi3Ha€TeCh i3 uboro naparpada.

n XapakTtepusyemo cuny, fika gie
Ha NPoOBiAHUK 3i cTpyMoMm

Bispmemo mpAmMuii npoBifHUK, BUTOTOBJEHUMN
3 aJIIOMiHifo, i migBicuMO #Oro Ha TOHKUX 1 THYY-
KX IIPOBOJAX TAaKUM YMHOM, 100 BiH OyB pO3-
TaIllOBAHUI MisK MOJIOCAMM IIiJKOBOIIOLiOHOIO
mocriinmoro maruiry (puc. 4.1, a). kmio B mpo-
BiIHUKY IIPOIIYCTUTU CTPYM, IPOBiIHUK Bigxwu-
JUTHCA BiJ IMOJIOXKeHHs piBHOBaru (puc. 4.1, 0).
IIpuumHOIO TaKOTO BiAXWJEHHA € CHJa, IO i€
Ha IPOBiJHUK 31 cTpymMoM 3 OOKY MAaruiTHOro
moJsisi. JloBiB masBHicTh miei cuam i 3’sicyBas,
Big woro sajeskarThb ii 3HAUEHHA Ta HAIIPAMOK,
A. Amnep. Came TOMy I[}0 CHJIy HAa3WUBAIOTh CU-
2010 Amnepa.

Cuna AMnepa — ue C1Ia, 3 AKOK MarHiTHe
I nosne Ji€ Ha NPOBIQHUK 3i CTPYMOM.

Cuma Awmiepa mIpsaMO IIPOHOPIIifiHA CcuMJi
CTPYMY B IPOBiIHUKY Ta JOBKWHI aKTUBHOI Yac-
TUHU TPOBiAHMKA (TOOTO UaCTUHU, AKaA PO3TAIIIO-
BaHa B MarHiTHoMy moJi). Cusia Amiepa 30iJbIry-
€ThCsA 3i 30i/JbINEeHHAM iHAYKIII MargiTHOro moJjs
i 3aJjesKUTH Bifg TOrO, I AKUM KYTOM MO JIiHii
MaTHITHOI iHAYKI[iI po3TamroBaHUN NPOBiIHUK.

3Hauenns cuau Amnepa (Fp) oO0UMCITIOOTH
3a (popmyJI010:

F, = Blisina,

ne B — wmarmiTHa iHAYKIiA MAarHITHOTO MOJI;
I — cuja cTpymMy B NIPOBiIAHUKY; [ — IOBXKHUHA
AKTUBHOI YaCTUHU IPOBIAHUKA; 00 — KYT MiXK Ha-
OIPAMKOM BeKTopa MarHiTHOI iHAYKIil i Hanpsam-
KOM CTPYMYy B HpPOBigHUKY (puc. 4.2).

3eepuimb yeacy! MaruitHe moje He [i-
ATHUME Ha ONpPOBigHUK 3i crpymom (F,=0), aKIo

Puc. 4.1. Jocnia, akKnm gemon-
CTPYE Ail0 MarHiTHOro nons Ha
arnoOMIHIEBUI MPOBIAHUK: y pa3si
BiICYTHOCTi CTPyMy MarHiTHe
nosne Ha NPOBIAHUK He fi€ (a);
AKLO B MPOBIAHUKY Teue CTPyM,
Ha NPOBIAHVK i€ MarHiTHe none
i NPoBIAHVK Bigxunaetocs (6)
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Po3zgin I. MATHITHE MOJE

Puc. 4.2. Kyt o0 — ue KyT
Mi>K HarnpAMKOM BeKTopa
MarHiTHOT iHAYKLii i HanpAm-
KOM CTPyMy B MPOBIgHNKY

Puc. 4.3. BusHaueHHA
HanpAMKy cunu Amnepa
3a NPaBUIOM NiBOI PyKU

Puc. 4.4. [lo 3aBOaHHA B § 4

20

OPOBITHUK PO3TAIIOBAHUI HapaJieibHO MATrHITHUM
giiam mosda (sino=0).

IIlo6 su3nawumu HANPAMOK cuau Amnepa, u-
Kopucmosyoms NpaBuio NiBoi PyKU:

flKwo niBy pyky po3TallyBaTh Tak, Wo6 niHii mar-
HITHOI IHAYKUIT BXOAUAN B JOJSIOHIO, @ YOTUPWU BU-
TATHYTi nNanbui BKasyBanu HAMpPAMOK CTPyMy
B MPOBIAHWKY, TO BigdirHyTMn Ha 90° BenuMKnn na-
neub ykaxe Hanpamok cunm Amnepa (puc. 4.3).

? Ha pwuc. 4.4 nokasaHO BU3HAUEHHA HATIPAMKY
cunu Ammepa, AKa [i€ Ha IIPOBIAHUK, PO3Ta-
IIOBAHWIM B OJHOPiTHOMY MAarHITHOMY IIOJIi.
Busnaure HanpAMOK CTpyMy B IPOBiIHUKY,
HaIIPAMOK MAarHiTHOI iHAYKIIii Ta HaIIpsaMOK
cunu Amiepa.

E OTpumyemo popmyny Ansa BUSHaAUYEHHSA
MOAYNA MarHiTHOI iHAYKUil

SIKIO TIPOBIAHUK PO3TAMIOBAHUN IEPIIEHIUKYIAPHO

mo JaiHitt marHitHOl iHAYKIiI (00=90°, sino=1),

TO TOJIe Ji€ Ha NPOBiAHUK i3 MaKCHMAaJILHOIO CHUJIOIO:

Fy ax = BIl

3Bigcu orpumyemo ¢opmyny AnA BU3HAUYEHHA
MOAYNA MarHiTHOI iHAYKLT:
F
B= A max
1

3eeprims ysazy! 3HaueHHA MarHiTHOI iIHAYKILi1
He 3aJIe’KUTDh aHi BiJl cUju CTPyMy B IPOBiTHUKY, aHi
BiJ DOBKUWHU IIPOBiITHWKA, a 3aJE€KUTH TiJIBKU Bif
BJIACTMBOCTEHN MAaTHITHOTO IIOJIA.

Hampurnan, AKIO 3MEHIIUTU CUJIY CTPYMY
B IPOBiJHUKY, TO 3MiHUTHCA ¥ cujaa Amnepa, 3 AKOIO
MarHiTHe IoJie i€ Ha IPOBiJHUK, a OT 3HAUEeHHS Mar-
HiTHOI iHAYKIII] 3aIUIIIUTECA HE3MIiHHIIM.

¥V CI oguuuis maruiTrol ingykiii — recua (Ti),
onuHuIA cuaum — HBIOTOH (H), cuam crpymy —
ammnep (A), TOBXKUHU — MeTp (M), TOMY:

lTnzli.

A-m
1 Tn — uye iHOyKyia maxozo 00HOPiOH020 MAZHIMHO20
noas, axe die i3 maxcumanvrow cunoro 1 H na nposio-
Huk 3a80o08xku 1 ™M, y asxomy meuwe cmpym cunor 1 A.



§ 4. Cuna Amnepa

B Yuumocsa po3B’sAsyBatuv 3apadi
3apnaua 1. [ToBeniTs, 110 ABa IapaJiejbHi IPOBiAHUKY,
B AKWUX TEUYYThb CTPYMU OJHOTO HANPAMKY, IPUTATYIOTHCA.
Ananiz gisuynoi npoosemu. HaBkoso 0yab-AKOr0o MPOBi-
HHUKAa 31 CTPyMOM icHye MarHiTHe II0Je, OT:Ke, KOYKEeH i3 JBOX
MIPOBiTHUKIB TepeOyBae B MarHiTHOMY moJIi iHITOoro. Ha mep-
I OTPOBiAHUK i€ cuya Ammepa 3 00Ky MartiTHOr'O II0JId,
CTBOPEHOTO CTPYMOM Yy APYTOMY IPOBIHUWKY, i HaBOaKMH.
BusnaumBmmu 3a mpaBUJIOM JIiBOI PYKM HATIPAMKU IIUX CHUJI,
3’Cy€eEMO, K TOBOJUTUMYThCSA IPOBITHUKU.

Posg’sasanus

Y xoni posB’si3aHHsS BUKOHAEMO IIOSICHIOBAJIBHI pH-
CYHKM: 300pasuMo IpoBigHuUKU A i B, IMoKa)XeMo HaIIps-
MOK CTPyMy B HUX Ta iH.

Busunaunmo HanmpaMOK cuyiu Amiepa, AKa Ii€ Ha Ipo-
BiTHUK A, 110 ITepedyBae B MArHITHOMY ITOJIi ITPOBigHUKA B.

1) 3a momoMoromo MIpaBUJa CBEPAJHNKA BU3HAUNMO
HaAOPAMOK JIiHi#I MarHiTHOI iHAYKIii MarsiTHOro moJid,
CTBOPeHOro mpoBigumKoM B (puc. 1, a). 3’aCOByeThCH, III0
0isia mpoBimHUKAa A MarHiTHI JiHil HaTpAMJIEHi K0 Hac (To-
3HAYKA «*»).

2) CkopucTaBIINCh IPABUJIOM JiBOI PYKMU, BU3HA-
YUMO HAIIPAMOK cHJIM AMIlepa, sKa [Oie Ha IPOBITHUK A
3 0OKy MarHiTHOTO moJiA mpoBigHuKa B (puc. 1, 0).

3) loxoammMo BUCHOBKY: IIPOBIAHUK A IPUTATYETHCA
o mpoBigHUKa B.

Temep sHalifeM0O HAOPAMOK cUau AMIlepa, siKa i€
Ha IPOBigHUK B, 110 Iepe0yBae B MAarHiTHOMY IIOJIi IIPO-
Bimauka A.

1) BusHaunMo HAIpPsAMOK JiHilI MarHiTHOI iHIYKIii
MaTrHITHOT'O II0JIS, CTBOPEHOro HpoBigHUKOM A (puc. 2, a).
3’ACOBy€ETHCH, IO 0iA MpoBimHWMKa B MarmiTHi JiHil Ha-
IpAMJIeH] Big Hac (TIO3HAUKA «X»).

2) BusHaunMoO HaANpPSAMOK cujiau AMIepa, AKa Jie Ha
mpoBigHUK B (puc. 2, 6).

3) Hoxoagmmo BUCHOBKY: IPOBiTHUK B IPUTATYETHCA
o TIpoBigHUKA A.

Bionoegidv: nBa mapaJjiejibHi HPOBIZHMKM, B SKUX
TEeUyTh CTPYMU OJHOTO HATIPAMKY, MiMCHO MPUTATYIOTHCS.

3Bapaua 2. Ilpamuii OpoBiAHUK (CTPUIKEHD) 3a-
BooBkKu 0,1 M i macoro 40 r mepebyBae B TOPHU30H-
TAJbHOMY OJZHOPiTHOMY MATHITHOMY IIOJi iHJIYKITi€r0
0,5 Ta. CrpuikeHb pPO3TAIIOBAHUU NEPHEHIUKYJIAPHO
IO Mar"HiTHuUX JiHi# moasa (puc. 3). CTpyM AKOI cuam Ta
B AKOMY HANPAMKY CJiJi HPONYCTUTHU B CTPHUKHIi, IIOO
BiH He THCHYB Ha omopy (3aBUC y Mar"iTHOMY moJri)?

6
Puc. 1
A B
. X S X
L % £2[
. X
* X
; X
2\
|\ X
X X
a X

Puc. 3

X

X X X

X X X X X X X X
X

X X X X

X X X X X X X X
X
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Po3zgin I. MATHITHE MOJE

Anaanis gizuunoi npooremu. CTpuKkeHb He Oyie TUCHYTU Ha OIOPY, AKIIO CUJIa
Awmnepa spiBHOBaKUTH cuiy TaxKiHHA. Ile BimOymeTbcsa 3a Takux yMoB: 1) cuia
Awmmnepa Oyze HaITpsIMJIeHAa TPOTUJIEKHO CUJIL TAKiHHA (TOOTO BEPTUKAJIBHO Bropy);
2) sHaueHHsA cuau AMIlepa JOPiBHIOBATHME 3HAYEHHIO CUJIU TSKiHHA: Fy =F .

Hanpsamok cTpyMy BH3HAUMMO, CKOPUCTABIIHNCH IIPABUJIOM JIiBOI PYKH.

Ilano: Towyx mamemamuiHol modesi, pO36'a3aHHS

[=0,1 m 1. Busnaunmo HanmpAMok ctpymy. Hia 1mporo posra-

m=40r=0,04 xr IIyeEMO JIiBY PYKY TakK, IM00 JiHil MarHiTHOrO MOJIS BXO-

B=0,5 Tx I B JOJIOHIO, a BimirmyTumit Ha 90° BeqUKUI I1ajellb

0=90° OyB HAaIIPAMJEHUUA BEPTUKAJBHO Bropy. JOTHMPU BUTAT-
H HYTi HaJbIli BKaKyTh HAIPAMOK Bix Hac. OTiKe, CcTpyM

g= 10; y IPOBITHUKY CJi CIpAMYBaTH! Bia HAac.

2. BpaxoByemo, mo F, =F,

TS *

Snaumu: F, =Bllsina, ge sina=1; F, mg.

Tﬁm

—9
=" Omxe, BIl=mg.
o mg
I3 ocTaHHBOTO BUpPA3y 3HAWAEMO CUJIy cTpyMy: I :E.
IlepeBipuMO OomMHMITIO, 3HAWIEMO 3HAUYEHHS IITYKAHOI BEJIMUYNHI.
H ‘H-A. 0,04-10 40
Bragaemo: To=——; [[|="——F—A, [=2——=""-8 (A).
A-Mm kr-H-m 0,5-0,1 5

Bionosiov: 1=8 A; Big Hac.

fﬂ’\ j} MNigbuBaemo nigcymkn

lﬁ[\/\{ Cuny, 3 AKOI0O MarHiTHe IOJe i€ Ha MPOBIAHUK 3i CTPyMOM, HA3WMBAIOTh
cuyoo Ammepa. 3HaueHHsa cuam AMmoepa OOUYMCIIOIOTHL 3a (POopMYJIOo:
F, = Bllsino., ne B — iEAyKIia Mar"gitraoro nois; I — cuiaa CTpyMy B IPOBiA-
HUKY; | — JOBKWHA aKTUBHOI YaCTUHU MPOBIAHMKA; 00 — KYT MiK HAIIPAMKOM
BEKTOpa MarHiTHOI iHAYKIII i HAIIPAMKOM CTPYMY B IIPOBiTHUKY.
[Jisi BUBHAUEHHS HANPAMKY CUJIM AMIOepa BUKOPUCTOBYIOTH IIPaBUJIO
JiBOI PYKM: SKIIO JiBYy PYKY PoO3TaIllyBaTH TakK, IMo0 JiHiI MargiTHOro moJis
BXOAWJN B IOJIOHIO, & YOTHUPU BUTATHYTI MaJbIli BKa3dyBaaW HAIIPAMOK CTPYMY
B IPOBiAHUKY, TO BigirHyTui Ha 90° BelIuMKUH majelnb YKa)Ke HAIIPAMOK CHUJIN
Awmepa.

C@ Kourpoani 3annTaHHA
//

1. OnumriTe focaig Ha HigTBEpPI KEeHHS TOro, 10 B MATHITHOMY IIOJIi Ha IIPOBiAHUK
3i ctpymom nie cuia. 2. JlaliTe o3HaueHHA cuiau Ammnepa. 3. Big AKuX YMHHUKIB
3aJIe;KUTh 3HaUeHHA cuiu Amnepa? 3a ko opmyJiom il Busnauaiors? 4. fK ciif
posTallyBaTu IPOBiAHUK, 11100 cujaa AMnepa OyJia HaibiabIow? Y SKOMY BUIAAKY
MargitTHe moJse He Aie Ha npoBigHUK? 5. ChopMyoiTe MPaBUJIO A/ BUSHAUYEHHS
HanpAMKY cuau Amnepa. 6. HaBenite dhopMyny A BUSHAUYEHHS MOJYJISA MArHIT-
HOl iHgyKIii. 7. [laifiTe 03HAUEHHA OWHUIII MarHiTHOI iHAYKITii.
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§ 4. Cuna Amnepa

>

BnpaBa N2 4

1.

Ha puc. 1 306paskeHo Iyid KiJIPKOX BUIAJKIiB HAIPSAMOK CTPYMY B IIDOBiJHUKY
Ta HATIPAMOK JIiHi#l MargiTHOI iHAYKIil MarHiTHOrO moJisg. BusHauTe HAIIPAMOK
cuiu Amiepa A KOYKHOTO BUIIAAKY a—2.

_ ~ I
X X X opefle o B, =

X1 X X e ojle o 1

AR I X ——

X X X ° ° ° ° I L

a 6 8 2
Puc. 1
2. V npaMoJiHifiHOMy mpoOBigHUKY 3aBHoB:KKU 60 cm Teue cTtpym cuioo 1,2 A.

IIpoBigHUK po3TaIIOBAHUI B OZHOPiAHOMY MaruiTHoMmy moJi imgykiriero 1,5 Tu.
Busuaute HaitbisbIille Ta HalilMeHIIle 3HAYEHHA cuau AMmepa, siKa MOKe IifATu
Ha MIPOBiTHUK.

IIpoBigHUK 3i cTPpyMOM BiAXMISAETHCA B MATHITHOMY IIOJIi TIOCTiiHOTO MATHITY.
Busuaure: a) mosrocu maruity (puc. 2); 0) mosroocu mKepesa crpymy (puc. 3).
B oxmopiznomy marmiTHomy mouri imgyxitiero 40 mTa ma nmpamoainifinuii mpo-
BigHUK 3i cTpymom 2,5 A gmie cuna Amnepa 60 mH. Busuaure: a) Koo € 10B-
JKMHA MPOBiAHMKA, AKINO BiH posramoBanuii oig kyrom 30° mo ainiit maruiraol
iEAYyKIil; 0) Ky po0OTYy BMKOHAJIO MArHiTHe MoJe, SAKIIO IIig i€ cuau AM-
mepa mpoBigHUK mepemicTuBca Ha 0,5 M y HAIPAMKY Iiel cuan?

HoBeniTs, 110 ABa MIPOBIMHUKU, B AKUX iAYTHh CTPYMU IMPOTUJIECKHUX HAIPAM-
KiB, BiZIIIITOBXYIOTHCS.

TopusoHTAIbHUN MPOBIAHUK Macoio 5 T i 3aBmoB:kKu 10 cM JIeKUTH Ha peii-
KaX y BepTUKAJbHOMY MaruiTHoMmy moJi ingykiieto 25 mTa (puc. 4). Busnaure:
a) Yy AIKOMY HAIPAMKY PYXaTHUMEThCA IPOBIJHUK, AKIIO 3aMKHYTH €JIEKTPUUHE
Ko0J10; 6) Koe(diIieHT TepTs, AKIINO 3a CUJIU CTPYMY B IPOBiAHUKY 5 A TpPOBiTHUK
PYyXaeThbCcsa NIPAMOJIIHIHHO piBHOMIipHO.

Cruanite 3amauy, obepHeHy g0 3agadi 2, mojgamoi B myHKTi 3 § 4.

EkcnepuimeHTanbHe 3aBAaHHA

Puc. 2 Puc. 3 Puc. 4

«Conernuilt 0dsuzymn». IlinBicbTe KO0 M’AKOI MeTajsieBOi Ipy- j
JKUHM 3aJIi3HUHT IIBAX; BiCTPA IBAXA PO3MICTITH Yy PO3UMHIi

KYXOHHOI coJii Tak, 1100 BOHO JIMIIIE TOPKAaJOCA PiAWHUI

(muB. puc. 5). CKIamiTh eJeKTpUYHE KOJIO, AK IIOKa3aHO

Ha puc. 5. 3aMKHITh KOJIO — I[BAX HOYHE KOJUBATHUCH,

PO3iMKHITH KOJO — KOJMBAHHSA IIBUAKO MPUIUHSATHCH.

ITosicHITEL cmlocTepesKyBaHe SBUIIIE. Puc. 5
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Po3zgin I. MATHITHE MOJE

§ 5. MATHITHI BIACTUBOCTI PEHOBUH.
FNOTE3A AMIEPA

MabyTb, KOXeH i3 Bac 6auMB MarHiTM " HaBiTb AOCNIAXKYBaB IXHi BMacTUBOCTI. 3raganTe:
BM MigHOCUTE MArHiT 4O KYMKW gpiGHMX NpeameTis i 6aunTe, Wo aeaki npegmeTn (UBALKK,
KHOMKW, CKPIMKW) YinnanTbCA A0 MarHiTy, a gefki (LumMaToukun Kpengm, MifHi Ta antoMmiHieBi
MOHETKMU, FPYAOUKM 3eMJli) He pearyloTb Ha Hboro. Yomy Tak? Ym gilicHO marHiTHe none He
UYMHUTb XOAHOrO BNAMBY Ha Aeski peyoBmHN? Came Npo Le NTUMeTbca B naparpadi.

Puc. 5.1. YHacnigok gii enek-
TPUYHOrO MOAA HeraTMBHO
3apAAYKEHOI ManMuKn 6nmxya

[0 Hel YacTuHa nposigHoi chepn
HabyBa€ NMO3UTUBHOTO 3apAgy

Puc. 5.2. 3pa3ku 3 pgiamarHeTtu-
Ka (a) i napamarHeTuka (6) y 30B-
HILWHbOMY MarHiTHOMy Mofni: yep-
BOHI /TiHIT — NiHiT MarHiTHoro nons,
CTBOPEHOr0 3Ppa3KoM; CUHI JliHIT —
MarHiTHi NiHil 30BHILWHBbOrO Mar-
HITHOrO MONS; 3es1eHi NiHii — niHil
pe3ynbTyYoro MarHiTHoro nosnd

24

n MopiBHIOEMO Aii eneKTpuYHOro
i MarHiTHoro noniB Ha pe4oBUHY

Busuatroun y 8 xjaci emekTpuuHi gBuIa, BU Ii-
3HAJIUCHA, IO BHACJIJZOK BIJINBY 30BHIIITHHOTO
€JIEKTPUYHOTO TI0JIA BifOYBaEThCS TEPEPO3IIOMi
eJIEKTPUYHUX 3aPsALiB yCcepeIuHi He3apsamaKeHOTo
Tiza (puc. 5.1). ¥V pesyabraTi B TiJIi yTBOPIOETHCS
BJIACHE eJIEKTPUUHE TOoJie, HaIPAMJIEHe IIPOTU-
JeKHO 30BHimHBOMY. CamMe TOMY eJeKTpPUUYHE
moJie B PEYOBUHI 3aBiKIM TOCJIAOIIOETHCS.

PeuoBuna smiHioe i MargiTHe moJie. IcHYOTH
pPeYoBMHU, AKi (AK y BUIAJAKY 3 €JEKTPUUYHUM
moJjieM) IOocJIabJII0I0Th MarHiTHe II0Jie BCepemuHi
cebe. Taki peyoBMHH Ha3WBAKTL JdiamazHemu-
kKamu. Baratro pe4oBWH, HaBUAaKW, IIOCUJIIOIOTH
MarHIiTHe IIoJie — Iie napamazHemuKu Ta @epo-
MazHeMuUKuU.

Piu y Tiwm, 1110 0ydv-ska pevosuna, nomiuiena
8 MazHimHe noJjie, HaMazHiiyemuvcs, TOOTO CMeo-
Pp1o€ 81LacHe MazHimHe noJe, i MarHiTHaA IHAYKITiA
TaKOT'O TOJIA € Pi3HOIO AJIA PI3BHUX PEUOBUH.

E DisHaemocAa npo cnabomarHiTHi
pe4yoBUHMN

PeuvoBuH1, AKi HaMar"HiuyymoTbCs, CTBOPIOIOYU
cirabKe MarHiTHe II0oJie, MarHiTHa iHAYKIIisS SKOTO
HabaraTo MeHIIIa 3a MarHiTHY iHZYKIIir0 30BHiIII-
HBOI'O MATHITHOTrO IOJIA (TOGTO MO, SAKEe CIIPU-
YMHMUJIO0 HaMarHiuyBaHHs), Ha3WBaIOTh CJa00-
MazHimHUmMU pewosuHamu. I[o TaKUX DPEUYOBUH
HaJIe)KaTh AiaMarHeTUKHU Ta ITapaMarHeTHuKH.
Hiamarsmetuxku (Big rpemnbk. dia — po3-
0i’KHiCTh) HAMATHIUYIOTHCSA, CTBOPIOIOUU CAAOKE
MazHimHe noJe, sKe HANPAMJLeHe NPOMUJLeHCHO
0o 308HiwHbo20 (puc. 5.2, a). Came Tomy mia-
MarHETUKU HE3HAYHO NOCAa0LI0I0Mmb 306HIULHE
MazHimHe noJie: MarHiITHa iHAYKIIid MarHiTHOTO
IIoJIA BCepeAuHi fiaMarseTuka (B;) TPOXH MeHIIIa



§ 5. MarHiTHi BnactmsocTi peyoBuH. linotesa Amnepa

Bim MarHiTHOI iHAYKIIil 30BHIiIIITHHOTO MaTrHiTHOTO
noJsa (By):

B
A-~0,9998
B

0

Bn< 0 5

SKImIo miamMmarHeTUK IIOMICTUTH B MarHiTHe
mmoJie, BiH Oye BUIIITOBXYBaTUCSA 3 HbOTO (puc. 5.3).

‘.7 Posrnaupre puc. 5.2, a i mosacHiITHL, YoMy
JiaMartiTHa peYoBHWHA BUINTOBXYETHLCS
3 MarHiTHOI'O IIOJI.

o miamarHeTWKiB HaJe)XaTh iHepPTHi rasu
(restiii, HEOH TOIIO), 6araTo MeTaJiB (HaIpUKJIA,
30JI0TO, MiJlb, PTYTh, CPi0JIO), MOJIEKYIAPHUN a30T,
Boza Ta iH. Tiso JroguHM € giaMarHeTHKOM, alsKe
BOHO B CepefHbOMY Ha 78 % CKJIALAETHCA 3 BOLU.

ITapamarseTuku (Bix rpenbk. para — 1o-
pAn) HaMarHiuyTbCA, CTBOPIOIOUMN CalabKe maz-
HimHe noJe, HanpsamJeHe 6 OiKk 308HIULHbO20
MmazHimHozo noas (puc. 5.2, 6). IlapamarueTuxku
HEe3HAYHO ITOCUJIIOIOTH 30BHIITHE IIOJI€: MarHiTHa
iHOYKITig Mar"HiTHOrO II0JA BCEpeanHi mapamar-
HeTuKa (B,) Tpoxu 6iJbIlla 3a MATHITHY iHIYKIIiT0
30BHIIITHBOTO Mar"HiTHOTO T0JIA (Bg):

B
B, > By; —*=~1,001

0

Ilo mapaMarHeTuKiB HaJeKaTh KHUCEHb, ILJa-
TUHA, aJIOMIiHIiT, JY:KHI Ta JIY:KHO3EMeJbHI MeTa
ToIT[0. SIKINO IMapaMarHiTHy PeYoBUHY IIOMiCTUTU
B MarHiTHe I10Jie, TO BOHA Oy/ie BTATYBaTHUCA B HHOTO.

BuByaemo ¢pepomarHeTuku

SArmo caaboMarHiTHi pevyoBHMHN BUNHATH
3 MAr"iTHOIrO IOJs, TO IXHS HaMarHiueHicThb Bif-
pasy 3HUKHE, Ha BiIMiHY BiJ CUJbHOMAZHIMHUX
PpevosuH — (epomazHemuKis.

depomarmeruku (Big gatuH. ferrum —
3aJ1i30) — peuoBMHU abo0 MarTepiaau, AKi 3aJau-
MIal0ThCA HAMarHidveHMMHU ¥ y pasi BimcyTHOCTI
30BHIIITHHOTO MATHITHOTO IIOJIA.

depomarueTHKU HAMArHIYyIOTHCS, CTBOPIO-
I0YU CUJIbHe MAazHimHe noJe, HanpamaeHe 6 Oik
308HIWHBb020 MazHimHOoz0 noas (puc. 5.4, 5.5, a).
dAxmro BurorosseHe 3 pepoMarHeTHUKa TiJIO IIOMi-
CTUTU B MarHiTHe moJjie, TO BOHO OyJe BTATYyBa-
THCS B Ie 1oJie (puc. 5.5, 6).

Puc. 5.3. Monym’a cBiukm Bu-
LUTOBXY€ETbCA 3 MarHiTHOro nons,
OCKINTIbKN NPOAYKTW 3rOPAHHA
€ AiaMarHiTHAMM YacTUHKamMun

Pwuc. 5.4. 3ani3Hun uBax Ha-
MarHiyyeTbCcA B MarHiTHoOMy noni
TakMM YMHOM, WO KiHeLb LBAXa,
po3TalloBaHUin 6ins NiBHIYHOroO
nostoca MarHiTy, CTa€ NiBAEHHUM
NooCoM, TOMY LiBAX MPUTArY-
€TbCA A0 MarHiTy

6

Puc. 5.5. ®epomarHeTnku cTBO-
pIOOTb CUIbHE MarHiTHe none,
HanpsamneHe B 6ik 30BHILLHbOrO
MarHiTHoro nonsa (a); ninii mar-
HITHOT iHAYKUiT HiIbK BTArytoTbCA
y depomarHiTHUin 3pa3ok (6)
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Po3zgin I. MATHITHE MOJE

? ITosacHiTh, womMy Ha mnocriiiHOMYy MarHiTi
YTPUMYIOTHCA TiJIbKU IIPEIMETH, BUTOTOB-
JieHi 3 pepoMarHiTHUX MarepiaJiB (puc. 5.6)?

Ho depoMarHeTukiB HaJeKUTh HEBEJIUKa
rpylia peuoBUH: 3aJi30, HiKeJab, KOOAJBLT, pPigKic-
HO3eMeJbHI peUOBMHU Ta HU3Ka CILIaBiB. depo-
MarHeTHKM 3HAUHO MOCUJIIOIOTH 30BHIIIIHE Mar-
HiTHe moJie: MarHiTHA iHAYKIig MarHiTHOTO TOJIS
BcepennHi (hepoMarHeTukis (Bg) y COTHI i TuCcAYL
pasiB OiJbIlla 3a MATrHITHY iHAYKIIiI0 30BHIIIIHHOI'O
Puc. 5.6. [lo 3aBaaHHA B § 5 MaruiTHOro moys (By):

B, > B,
Temnepamypa Kropi

dna desrux Gepomaznemurie Tak, KobaasT mocuja0€e MargiTae mojae B 175 pa-

3iB, mikesmpr — y 1120 pasiB, a TpaHcopmaTopHa
Temme- o .
PeuoBuna craab (BoHa Ha 96-98 % ckiaamaerbea i3 3a-
. arypa . .
(abo maTepiau) P O}ép ’ aiza) — y 8000 pasis.

depomarHiTHi MaTepiaau yMOBHO IIOiIAIOTH
Tamominiii +19 Ha aBa Tunu. Marepianm, AKi micaa mpUTINHEHHA
3arizo +770 il 30BHINTHHOrO MATrHITHOTO IIOJA 3aJIUIIAIOTHCSA
HaMaTrHiYeHMMM AOBTHI UYac, HAa3WBAIOTL MAZHi-

Ko6ansT +1127 ’ -
moxcopcmrkumu @pepomazHemuramu. Ix 3acroco-
Heopnmosnii 4320 BYIOTH IJI BUTOTOBJIEHHS IIOCTIMHMX MAaTHITiB.
marait NdFeB ®epoMarHiTHi Marepianm, SKi Jlerko HaMarHiuy-
Hikenb +354 IOThCA i IMIBUAKO PO3MAarHiuymThCA, Ha3UBAIOTh

MAZHIMOMAKUMU (epomazHemuKamu. 1x sacToco-
BYIOTH JJI BUTOTOBJIEHHS OCEPJb €JeKTPOMAarHiTiB, IBUT'yHiB, TpaHCchOPMATOPiB,
TOOTO MPUCTPOIB, AKIi IIiJf yac POOOTH MOCTIHHO MepeMarHiuymThes (Ipo OyAoBYy
Ta OPUHIUN il TaKUX IIPUCTPOIB BU [i3HAETECA ITidHiIIe).

3eeprnimsb ysazy! Y pasi mocaruenHa memnepamypu Kropi (ZuB. TabInIIO)
¢depoMarHiTHi BJIACTUBOCTI MArHITOM SIKMX i MArHITOKOPCTKUX MaTepiaJjiB 3HU-
KaoTh — Mamepianu cmarnmy napamazHemuKami.

3Hamomumocs 3 rinoresol AmMmnepa

CrocTepirarouu Aito IPOBiAHMKA 3i CTPyMOM Ha MAaTHITHY CTPiJIKy (IuB.
puc. 1.1) i 3’scyBaBIiu, 1110 KOTYIIKHA 31 CTPYMOM HOBOAATHCA AK IOCTiMiHI Mar-
HiTh (guB. puc. 1.3), A. AMnep BUCYHYB TiloTe3y 0[O0 MOSCHEHHS MaTrHiITHUX
BJIACTUBOCTEN PEYOBUH.

AmMIiep IpUOYyCTUB, IO BCEPEANHI PEUOBMHU iCHYE Besinue3dHa KiJbKicTb
Hesracamounx MaJHuX KOJIOBUX CTPYMiB i I[0 KOKHUNA KOJIOBUHM CTPyM, HiOu
MaJIeHbKa KOTYIIKa, € MarHiTukom. IlocTifiHnuit MarHit ckJagaeTbcs 3 Gesiiui
TaKUX eJeMEeHTapHUX MarHITUKiB, OPIEHTOBAHUX Yy IIEBHOMY HAIPAMKY.

Mexanism HaMaruiuyBaHHsA peuoBMH AMIeEp MOACHIOBAB TaK. ¥ TiJji, AKe He
€ HaMarHiueHUM, KOJIOBi cTpymMu opieHTOBaHi Gesnamno (puc. 5.7, a). 3oBHilIHE
MaTrHiTHe II0oJie HaMaraeThCs 30Pi€EHTYBATHU IIi CTPYMHU TaK, IMOO HATIPSIMOK Mar-
HITHOTO TOJIA KOYKHOTO CTPyMYy 30iraBcsa 3 HATPAMKOM 30BHIiIITHHOI'O0 MarHiTHOTO
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§ 5. MarHiTHi BnactmsocTi peyoBuH. linotesa Amnepa

L LrX)

Puc. 5.7. MexaHi3m HamarHiyyBaHHA Tin BignoBigHO [0 rinoTe3n Amnepa: a — KOJIOBi CTPyMU
opieHTOBaHi 6e3naAHO, TiNO He € HaMarHiYeHUm; 6 — KOMOBI CTPYMU OPIEHTOBaHI B MeBHOMY
HanpAMKY, TiNO HamarHiyeHe

moas (puc. 5.7, 6). Y medKuX PeUOBMH TaKa Opi€HTAIliA CTPYyMiB (HaMarHiueHHsd)
3aJIUIIAETHCS U i YyCYHEeHHs 30BHIITHBOTO MarHiTHOro moJs. OTke, yci mar-
HiTHI aBumia AMIep IIOSCHIOBAB B3aE€MOII€I0 PYXOMHUX 3apAIKeHUX UYACTHUHOK.

T'imoresa Ammepa cTaJia IIOIIITOBXOM OO CTBOPEHHS TeOpil MarLeTmsmy.
Ha migcrasi miel rimoresu Oyiiu mosicHeHi Bimomi BiracTHBOCTI (pepoMarHEeTUKIB.
IIpore, cniupatourch Ha rimoTe3dy AmIiepa, HEMOKJIUBO OYJI0 IMTOSCHUTU IIPUPOLY
nIia- Ta MapaMarHeTU3My, a TAKOXK Te, YOMY TiJIbKM HEBeJUKa KiJbKiCTh PeUOBUH
mae ¢epomaruiTHi BiaactuBocTi. CyuacHa Teopid MarHeTusMy I'DYHTYETHCA Ha
3aKOHaxX KBAaHTOBOI MexaHiKu i Teopii BigHOocHOCTiI A. EifHIITeliHa.

NigbuBaemo nigcymkun

Bynp-ika peuoBmHa, IOMillleHA B MarHiTHe moJje, HaMarHiuyeTbCcs, TOOTO
CTBODIOE BJIACHE MarHiTHe IIoJie.

HiamarneTuku

ITapamarseTuxu

depoMarseTuKu

Hawmaruiuymorbcd,
CTBODPIOIOUM CJIabKe
MAar”iTHe IoJie, Ha-
nIpsaMJIeHe IPOTUJIEKHO
30BHIINTHBOMY MarHiT-
HOMY IIOJIIO

Hawmaruiuyrortbcd,
CTBODIOIOUM cJiabKe
MarHiTHe I0Je,
HampAMJIeHe B OiK
30BHIIITHHLOT'O MarHiT-
HOI'O MOJIS

HawmaruiuyroTbced, cTBOPIOIOUYN
cuJibHe MarHiTHe IoJje, Ha-
mpsaMJeHe B 6iK 30BHIIITHHOTO;
3aJIUIIAI0OTHCA HaMar"HiuveHuMu
B pasi 3BHUKHEHHA 30BHINITHHOTO
MAaTrHIiTHOTO ITOJIA

Hesuauno mociab-
JIIOIOTHL 30BHIIITHE
MarbiTHe I11oJie, BU-
IITOBXYIOTHCS 3 HHOT'O

Hesumauno mocuirio-
IOTh 30BHIIIIHE MAar-
HiTHe ToJe, BTATY-
IOTBCA B HLOT'O

ITocuniooTh 30BHiIIIHE MarHiTHe
1moJjie B COTHI ¥ TUcAYi pasis,
BTATYIOTHCS B HBOT'O

ITueprtHi rasu, 30s10TO,
Migb, pTyTh, CpibJIo,
asoT, Boga Ta iH.

Kucenn, niaaruna,

aJOMiHIN, JTYyoKHL

Ta JY:KHO3eMeJbHi
MeTaJI TOII0

3aJrizo, HikeJb, KOOAJIBT,
pPigKicHOBeMeJIbHI PeUOBUMHU
(HampuKJIag, HEOAUM), HU3KA
CIIJIaBiB

KoHTponbHi 3anuTaHHA

1. Yomy peuoBmHa 3MiHIO€ Maruirae moJe? 2. HaBegirts npukaagu griaMardieTuKis;
napaMarHeTuKiB; hepoMarueTukis. 3. Ik HanpaAMJeHe BIacHe MarHiTHe IoJie Jaia-
marHetuka? napamarietuka? @epomarsetura? 4. K y 30BHIIITHBOMY MarHiTHOMY
TIOJIi TOBOAMTHCA TiJIO, BUTOTOBJIEHE 3 AiaMarHeTuKa? mapaMmarseruka? gepomar-
Hetuka? 5. HYomy (epomMarsiTHi Marepianu BBasKaOTh cujJbHOMarHiTHUMU? 6. Il
3aCTOCOBYIOTH MarHiToM’ski marepianin? maruiTo:kopctki marepianu? 7. Ak A. Awm-
mep MOosACHIOBAB HaMarHiueHicTh (pepoMarHeTuxis?

) &
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Po3zgin I. MATHITHE MOJE

1.

EkcnepumeHTanbHe 3aBAaHHA

BnpaBa N2 5

€ nBa BUAM cTaJli — Mar"iToM’sAKa Ta MarHiTOXKOpPCTKA.
fka cranb € GiJbIN MIPUAATHOIO AJIA BUTOTOBJIEHHS IIO-
CTIMHMX MarHiTiB?

fAxi maruitHi BracTuBocTi MmaTuMme: a) 3aaizo 3a 900 °C?
6) kobasnT 3a 900 °C?

Migauit nmuaigap migBicuaM Ha MPYKUHI Ta TOMicTHINT
B cuJIbHEe MarHiTHe moJie (puc. 1). K npu 1boMy 3MiHU-
JIOCSA BUJOBYKEHHS MPYKUHU?

YoMy Ha HmOCTiHOMY MAarHiTi MOKHA TPUMATH JIAHI[IO-
JKOK 3aJIisHUX mpenmeTiB (puc. 2)?

¥ nocyauHi i BEIUKUM TUCKOM MiCTHUTBCSA CYMiIll rasiB
(asoTy i KMCHIO). 3alIPOIIOHY#TEe cIoci6 posmijeHHs ITiel
cyMminri HAa OKpeMi KOMIIOHEHTH.

CKOpHCTaBIINCh JOJATKOBUMH JKepeaaMu iHpopmarii,
nIisHaWTecA PO MATHITHY JeBiTamiio. IKuMu € mepcrex-
TUBU i1 3aCTOCYBaHH?

BukopucTaBIiu JOCUTh CUJIBHUI MATHIT, HOCHiAITEH HiOTO
B3aEMOJiI0 3 TiJlaMU, BUTOTOBJIEHUMHU 3 PiBHUX MaTepia-

JiB (HampuKJIam, 3 Mifi, amoMmiHiro, 3asisa).

§ 6. ENIEKTPOMATHITU TA IX 3ACTOCYBAHHA

EneKTpnYHMIM WKiNbHUA A3BOHMK, €NEeKTPOABUTYH, MiZINManbHUI KpaH Ha CKnagi meTano-
6pyxTy, 36arauyBay 3ani3Hoi pyau... K NoB'A3aHi Ui, Ha nepLwmnin Nornag 30BCiM Pi3Hi, Npu-
cTpoi? O6i3HaHa NOANHA BIANOBICTb, WO B KOXXHOMY BUKOPWCTOBYETbCA €NeKTPOMArHiT.
OTxe, 3'ACYEMO, IO TaKe efIeKTPOMArHiT, i fi3HaEMOCA NpPo Te, AK BiH MpaLoE.

3’AcoByemo, Bif 4Oro 3anexnTb MarHiTHa fjia KOTYLWKM 3i CTpyMmom

CrJazieMo eJIeKTPUYHE KOJIO 3 JKepesa CTPyMy, KOTYIIKI, peocTaTa i aM-
nepMmetpa. {14 OI[iHKKM MarxHiTHOI Mil KOTYIIIKY 31 CTPYyMOM CKOPUCTAEMOCS 3aJ1i3-
HUM IIUJIiHAPOM, SKUH ONiABicMMO Ha ZUHAMOMETP, PO3MIIIEHUI HaJ KOTYIITKOIO

Puc. 6.1. [locnig>keHHA MarHiTHOI Al KOTYLWKnN
3i cTpymoMm

28

(puc. 6.1). AKImo 3aMKHYTH KOJIO, IU-
JiHAP HAMATHITUTHCA B MArHITHOMY
TOJII KOTYIIKKW I NOPUTATHETHCA OO0
Hel, OOJATKOBO PO3TATHYBIIU MPYy-
JKUHY TUHaAMOMETpPA.

3po3yMijo, 0 MUJIIHAD IPUTA-
TYBaTUMETHCA O KOTYIIKU TUM CUJIb-
Hilme, ynM cuJbHinIa ii MargiTHa mid.

3MiHIOIOUM 3a JOIIOMOIOI0 Peo-
crara CUJy CTPyMy B KOTYIIIi, BU-
ABUMO, IIIO B pasi 30iJIbIIeHHA CUJIU
CTPYMy IHUJIIHADP HIPUTATYETHCA OO
KOTYHIKHU CUJIbHiIle, IIPO IO CBiAYNTH



§ 6. EnektpomarHiti Ta ix 3acToCcyBaHHA

0isbIle PO3TATHEHHA NIPYKUHU TUHAMOMeTpa. ¥ pasi 30ilbleHna CuLu cmpymy
6 Kxomywuyi i maznimua 0if NOCUNIOEMBCA.

3aMiHUBIIK KOTYIIKY Ha iHITY — 3 OiJBIIINM YKUCJIOM BUTKiB, TI00QUMMO, 1110
3a Tiel camol cuau CTPyMy BUIOBYKEHHS IPYKUHU AUHAMOMETpPA 30iJIbIINTHCA.
Y pasi 30invwenna wucna eumkie y komywiyi ii mazHimua 0is NOCULIOEMbCA.

VYBenmeMo BcepeanHY KOTYIIIKU OCEPAsi — TOBCTUM CTPUIKEHb, BUTOTOBJIEHUH
i3 (pepomaruiTHOrO Marepiasy. YBIMKHEMO CTPYM — HIUJIIHAP CIPAMYETLCS IO
KOTYIIIKU Ta <«IPUJIUIHE» O0 ocepad. Maznimua disa Komyw Ky 3HAYHO NOCULIO-
emuvcs 8 pasi 66e0enHs 8 Il cepeduny pepomazHimHuozo ocepos.

'.) 3ragaiiTe MardHiTHi BJaCTHMBOCTI PEUYOBUH i MOSICHITH, YOMY AJIsI BHUI'OTOB-
JIEHHSA OCepAsd BUKOPHUCTOBYIOTH (hepomaruiTHi marepianu. Yu 36iabIuThCA
MarHiTHA i KOTYIIIKH, SKIII0 OCepAs BUTOTOBUTH 3 Miai abo airominiio?

E HisHaemocAa npo 6yaoBy eneKTpomarHiTis
i cpepy ix 3acTocyBaHHsA 3

KoTywKky 3 yBefleHUM ycepeauHy OcCepaam
i3 depomarHiTHOro matepiany HasvBalTb enek-
TpomarHiTom.

Posraamemo OymoBy  eJieKTpomarutira
(puc. 6.2). Bynp-aKuil eJIeKTPOMATHIT Mae Kap-
kac (1), BuroroBjeHuil i3 miemexrpukra. Ha Kap-
Kac HOIiJIbHO HAMOTAHUWU i30JIbOBAHUN APIT — IIe
oomomra enexrpomaruita (2). Kinmi oOMmoTku
migBeneHi g0 kaem (3), 3a JOTTOMOIOI0 AKUX €JIeK-
TPOMATHIT NPUEAHYIOTH OO0 mI:Kepeja CTPyMy. Puc. 6.2. bygosa enexktpomar-
Ycepenuni kapkaca poamimiene ocepds (4), Buro-  Hita: 1 — Kapkac; 2 — 06MOTKa;
TOBJEHe 3 M’AKOMArHiTHOI crami. Ocepfio esek- 3 — Knemu; 4 — ocepas
TpoOMarHiTa dYacTo HaZalOTh IIiJTKOBOMOAiOHOL
¢dopMHU, OCKiJIBKM 3aBOAKM IIBOMY MAaTHIiTHA Oisd
eJIeKTpOMAarHiTa 3HaUHO MMOCUJIIOETHCH.

EneKkTpoMartiTi 1mmrpoKo 3aCTOCOBYIOTH B TeXHIiIll HacaMIiepes TOMY, IO
iXHIO MArHITHY IiI0 JIETKO PeryjJiBaTh — JOCTATHHO 3MiHUTH CUJY CTPYMY B 00-
moTii. KpiMm Toro, eseKTpoMarHiT MOKHA BUTOTOBUTHU OyAb-aKUX (OPM i pos-
MipiB. BaskKo 3HAWTHU rajaysb TeXHiKH, gAe 0 He 3aCTOCOBYBAJIM €JIeKTPOMATrHIiTH!:
BOHU MiCTAThCA B 0araThbox IIOOYTOBUX MIPUCTPOAX (puc. 6.3), BXOAATH A0 CKJIALY

Vi

Puc. 6.3. Y 6aratbox nobyToBUX Npunagax BUKOPUCTOBYIOTb efleKTpOMarHitu
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Po3zgin I. MATHITHE MOJE

Puc. 6.4. licna 3aMrKaHHA Kona
3ai3Hi OWYpPKN MPUTATYIOTbCA
o ocepas (a); nicna po3mMuKaH-
HS KOJla — BiAnagawTb

Bif Hboro (6)

Puc. 6.5. EnektpomarHitHmin
niginManbHUN KpaH

30

€JIEKTPOABUTYHIB Ta €JeKTPUUYHUX T'€HEepaTopiB,
€JIEKTPOBUMIipIOBAaJIbHUX IPUJALIB i MeIZUUYHOL
anapaTypu. I'iraHTChKi eJIeKTpOMAarHiT BUKOPUC-
TOBYIOTh Y IIPUCKOPIOBAUaX 3apPAIKEHNX YACTUHOK
(muB. «EHIIUKJIONEAUUYHY CTOPiHKY» Ha c. 52—53).

PosriismeMo 3acTocyBaHHS eJIEKTPOMATHITIB
B €JEeKTPOMATHITHMX HOigiiMaJbHHX KpaHaxX Ta
eJIeKTPOMAaTHITHOMY peJie.

B BuBuyaemo npuHunn gii
efleKTPOMarHiTHoro niginmanbHoro
KpaHa 1 efleKTPOMarHiTHoro pene

CrJyazieMo eJeKTPUYHE KOJIO 3 JPKepejia CTPyMY
1 eyleKTpoMarHira. 3aMKHYBIIN KOJO, I100a-
YUMO, IO 3aJi3Hi OMIYPKU IPUTATINUCA IO OCEPIA
eJeKTpoMarHiTa, OT/Ke, MOYKEMO IIepeHeCTH iX,
HANPUKJIAJL, Ha iHIMUHA Kimens croay (puc. 6.4).

Came 3a TakuM NOPUHIIMIOM NIPAIIOIOTH
eJIeKTPOMATHITHI migiiiManbHi KpaHu, AKi mepe-
HOCATHh BasKKi 3aJrisHi O0JBaHKH, METAJOOPYXT
To1rto (puc. 6.5). I me morpibHi HiAKi raku! YBim-
KHYJIU CTPYM — B3aJIi3Hi IpeaMeTyu IPUTATIIVCS
0 eJIeKTpOMAarHiTa i iX mepeHecJqii B TOTpPiOHE
Micile, BUMKHYJIM CTPYM — 3aJIidHi TpeaMeTu
MPUNUHUIN IPUTATYBATUCDH 1 3aJUINMUINCH TaM,
KyAu 1X IIepeHecJIn.

Ha mignpueMcTBax 4acTo 3aCTOCOBYIOTH CIIO-
JKUBaUYi eJIeKTPOeHeprii, cuja cTpymMy B AKUX CH-
rae COTeHb i THCAY aMIepiB. S3aMUKAJLHUI MIpU-
CTpiii i croskMBayY 3’€JHAHI IIOCTiOBHO, TOMY Yepes
3aMUKAJbHUN IIPUCTPIA Mae TPOXOAUTH CTPYM
BeJIUKOI cujau. A Ile CTAHOBUTH HeOe3meKy s
JI0flel, SIKi ImpaIioTh 3a IIyJbTOM KepyBaHHI.

Ha momomory mpuxomATh ejleKTpoMAarHiTHi
pesre — npucmpoi 015 KepyeaHHs eeKMPULHUM
Kosnom (puc. 6.6). 3gepHimb ysazy: 3aMUKAJIbHUN
npuctpiti (1), ycTaHOBJIEHWHN Ha WYyJIbTi Kepy-
BaHHSA, Ta eJeKTpoMarHir (2) mpuemgHaHi g0 m:Ke-
pesa cTpymMy A 3 MaJjiOl0 HANPYrol Ha BUXOMI,
a crmo:kuBau (Ha puc. 6.6 1me eJeKTPOABUTYH) KU-
BUTHCA BiJl IOTY:KHOTO AsKepesa B.

MNigbuBaemo nigcymkn

MaruiTHa nid KOTYIIKHY 31 CTPYMOM IIOCHJIIO-
€ThbCA, AKINO B Hill 30iJBINNTH YHCJIO BUT-
KiB; 301JIBIIINTH CUJIY CTPYMY; BHECTH BCEPEIUHY
KOTYIIIKM ocepAs 3 (hepoMarHiTHOro martepiaJry.



§ 6. EnektpomarHiti Ta ix 3acToCcyBaHHA

v

Puc. 6.6. NpuHuKWn fii enekTpomarHiTHoro pene. Konu 3amukatooTb ko4 (1) (HaTMCKaoTb
KHOTMKY), B 0bMomui enekmpomazHima (2) ipe cnabkuii 6e3neyHunin cTpym. YHacnigok Lboro
3ani3He ocepaA enekTpomarHita nputarye go cebe Axip (3). Konu Akip onyckaetbca i 3amnkae
KoHmMakmu (4), 3aMUKa€eTbCA KOMO ENeKTPOABUIYHa, AKUIN CNOXMBAE CTPYM 3HAUYHO GinbLuoi cunm

Korymky 3 yBemeHUM ycepeiuHy OCEpAsSM, BUTOTOBJIEHUM i3 MarHiTOM SKOI
cTaJti, Ha3WBAIOTh eJIeKTpoMarHiToM. EjleKTpoMartuiTu ImmpoKo 3aCTOCOBYIOTD Y TeX-
Himi, am:Ke IXHI0O MardiTHyY Oil0 JIETKO PeryJioBaTH, 3MiHIOIUU CHUJIY CTPYMY B 00-
MOTIIi; eJIEKTPOMATHITH MOKHA BUTOTOBUTHU OyAb-AKUX (PopM i poamipis.

g@ KoHTponbHi 3annTaHHA
{ L‘v ¥

/ 1. Big doro i K came 3aJie;KUTh MAr"HiTHa Oisg KOTYIIKH 3i crpymom? Omnuirits

4 o mociain Ha migTBepasKeHHsA Bamrol Bimmosizi. 2. Ifo Take emexkrpomaruit? Onu-
mIiTe iforo O6ymoBy. 3. HoMy ejeKTpoMAarHiTH HaOyJau ITMPOKOrO 3aCTOCYBaHHS

B TexHini? 4. [ToscHiTh mpuHIUI Aii eJleKTPOMATrHITHOrO migifiMaabHOTO KpaHa.

5. [na yoro mpmsHaAUYeHO eJieKTpoMAarHiTHe pese? ONUMIITL OPUHITUI Horo mii.

ﬁ@’;} BnpaBsa N2 6

“D /\ﬁ 1. BamicTh MargiTom’saKoi cTaJji 4JIs1 BUTOTOBJIEHHS OCEPs eJIeKTPOMAarHiTa BUKO-
pucTajam MarHiTOKOPCTKUHA MaTepiais. SIKi Hemonikm mMaTmMe TaKuWil €JIeKTPO-
margir?

2. HamoraBiiu Ha 3ajisHUI HBAX i30aboBaHWU ApiT i 3’egHaBInuM KiHII ApoTy
3 baTapee€io raJbBaHIUHUX €JEeMEeHTiB, Ofleps:Kau HAWIIPOCTIIINI eJIeKTPOMATrHIT
(puc. 1). BusnauTe moJifocu I[bOT'0 eJIEKTPOMATHITA.

o AKol mapu 3aTUCKAYiB eJIeKTpOMAarHiTHOro peJje (puc. 2) Caif IpuesHaTu giKe-
peJio caabkoro (KepyBaJbHOTO) CTPyMY?

fAx sminmTHCA mifiiManbHA cuJIa €JIEeKTPOMAarHiTa, AKINO IePeCyHYTU IOB3YHOK
peocrara npaBopy4 (puc. 3)? BignmoBigs obrpyHTyiiTE.

5. Ha pwuc. 4 mogamno cxemMy OyZOBU NPHCTPOIO, IKUHA aBTOMATHUUYHO CIIPAIlLOBYE 3a
meBHOI TeMIiepaTypu. HasBiTh 0OCHOBHI YaCTUHU I[OTO IPUCTPOIO, MOACHITH IPUH-
mum #oro aii. Ile AOIiJibHO BCTAHOBJIIOBATH TaKi aBTOMATUUYHI MPUCTPOI?

LT

— ABCD 4

Puc. 1 Puc. 2 Puc. 3
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Po3zgin I. MATHITHE MOJE

6.

CkopucTaBIINCh PHC. D, CIpPoOyiiTe posibparmcs,
AK IIPAIIoe eJeKTPUYHNH A3BiHOK. SIKIO He Buiize,
TO 3BEPHITHCA OO AOAATKOBUX AKepes imopMmarrii.
CropucraiiTecd HOJaTKOBUMHU IxKepesaMu indopma-
mii Ta misHalTecs MpPO TEXHOJOTiI0 MarHiTHOI cerma-
parii i mpo Te, B AKUX IIPUCTPOAX BUKOPUCTOBYIOTH
10 TexHoJorifo. IligTroTy¥iTe KOPOTKE MOBiIOMJIEHHA.
HaiiTe XapaKTepUCTUKY cuam AK (isuuHOi Beau-
YMHU: 1110 BOHA XapaKTepusye, AKUM CHUMBOJIOM ii
MO3HAYAIOTh, CKAJAPHA Ile BeJINUNHA Y1 BEeKTOPHA,
axumu € ii oguuuili B CI.

EkcnepuiMmeHTanbHe 3aBAaHHA

BurorosTe eseKTpomMarsit: HamoraiTe Ha 3aJis-
HUU [BAX 130J1bOBAaHUM APIT i 3’egHaiiTe fioro KiHiti
3 baTapeero raJbBaHiYHUX eleMeHTiB (auB. puc. 1).
PosiMKHYBIIIM KOJIO, BaKpimiTh eJieKTpOMarHiT
TOPU30HTAJBHO Ha OeAKil BimcTami Big moBepxHi
crony. 3MimaiTe ApiOHI MIMAaTOYKM Iamepy, 3epHa
pucy Ta npi0Hi 3anisHi npeameTu (Kpalle OIIypPKIM).
3aMKHITH K0J10. IT0BiJIbHO IPOCUIIAIOUN CYMIIIl TTOB3
TOJIiBKY IIBSXAa, BiIOKpeMTe 3aJIi3Hi mpeaMeTu.
ITogymaiiTe, AK yIOCKOHAJIUTHU el IPUCTPiH.

NABOPATOPHA POBOTA N 1
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Puc. 5. Cxema il enektpuy-
HOro A3BiHKa: 1 — morno-
TOYOK; 2 — valla A3BiHKa;
3 — pyronopibHun enek-
TPOMArHiT; 4 — KHOIKa;

5 — pxepeno cTpymy;

6 — KOHTaKTHa npyxmHa,
AKa TOPKAETbCA rBUHTa 7

Tema. CkfagaHHA Ta BUNPOOYBaHHA eflekTpomar-

HiTa.

MeTa: HaBUMTUCA BUFOTOBAATWM HaWMNPOCTIWMWN
efleKTPOMarHiT; 3'acyBaTu, Bifj YOro 3aneXuTb 1Moro

MarHiTHa Jais.

O6nagHaHHA: amnepmeTp, NPO6HKK abo AUHaMO-
MeTp, MarHiTHa CTpinka abo Komnac, i301boBaHUM
MIOHUIA OPiT, AXKepeno MocCTiMHOro CTpyMmy, AiBa 3a-
Ni3HI CTPUXKHI (@60 BenuKi UBAXY), 3ani3Hi owypKu,
peocTart, Kitu, 3'€AHyBasibHi nNpoBoAwW, LITaTUB
(AKWO BMKOPUCTOBYBATUMETbLCA AUHAMOMETD).

TeopeTuuHi BigomocTi

Ona ominkm MmarmiTHOI Aii esileKTpomarxiTa MOKHA CKOPUCTATUCA NPOOHUKOM
(puc. 1). Bin ckaagaerses 3i crajeBoi miactuaku (1), AKY 3aKpimeHo 3a AOMIOMO-
roo mpy:KuHU (2) ycepenmHi mimactukoBoro Kopmycy (3). Ha crajeBy mIacTUHKY
NpoOHUKA HaHeceHO IIKaay (4). AKIo mIacTUHKY IPOOHMKA IIiJHECTH 0 eJIeKTPO-
Martira, MarHiTHe IoJie eJeKTpoMarHira Oyae AiaTu Ha maIacTuHKY. [lnacTuHKa mpu-
TATYBATUMETBCA 0 eJIEKTpOMAaruiTa TuM OijIbIlle, YUM CUJIbHIIIA 0r0 MarHiTHa did.

CI/IJIy IpUTATaHHA OI[iHIOIOTH 3a IIKAJIOIO.

¥V pagi BigcyTHOCTI IpOOGHUKA CUJIY IPUTATAHHA €JeKTPOMAarHiTa MOKHA BUMIipATHA

3a gomnomororw Juramomempa (zuB. puc. 6.1).



JlabopaTopHa poboTta N2 1

BKA3IBKM O POBOTU

n MigroToBKa A0 eKCNepuMeHTy

1. Ilepen BUKOHaHHAM POOOTHU 3ragainTe: i
1) Bumoru GesneKku IijJ yac podOTH 3 eJIeKTPUUYHUMU KOJIaMU;
2) mpaBuyia, AKUX HEOOXiJHO MOTPUMYBATHUCA IIiJ Yac BU-
MipIOBaHHS CHJIM CTPYMY aMIIEPMETPOM;
3) AK 3aJIe)KUTh MarHiTHa [id eJeKTpoMarHira Big cuam
CTPYyMYy, KiJIbKOCTi BUTKIB i HadBHOCTiI 3aJIi3HOTO ocepjd.

2. BusHauTe IiHM MOAIJIKY IIIKAJ aMIIepMeTpa Ta JUHAMOMETpA. \_J

u EKcnepumeHT Puc. 1
Cysopo dompumyiimecv incmpykuyii 3 6esnexu (0ue. op3ay nidpyuHukra).
1. BuroroBTe aBa eJIEKTPOMATHITH 3 Pi3HOIO KiJb-
KicTio BUTKiB B obOmorii. [y 1bOro Bi3bMiTH
JIBa OJTHAKOBI 3aJIidHi CTPUIKHI ¥ HamMoTaiTe Ha
HUX PiBHY KiJbKicTh BUTKIB iB0JIOBAHOI'O Mif-
HOTO APOTY: Ha onuH cTpu:keHb — 20 BUTKIB,
Ha apyruit — 40.

2. V34BN eJeKTPOMATHIT i3 OiJIbIIMM UYHCJIOM
BUTKIB, CKJIAQJITh €JIEKTPUUYHE KOJIO 3a CXEMOIO Puc. 2
Ha puc. 2.

3. 3aMKHITHL KOJIO Ta IIepeKOoHalTecs, II[0 eJEeKTPOMATrHIT IPUTIArye 3a-
JIi3Hi OIIyPKU, TOOTO BUABJISIE MarHiTHI BJIACTHUBOCTI.

4. 3a momOMOro0 MarHITHOI CTPiJiKM ab0o KoMIlaca BU3HAUTE IIOJIIOCU OLep-
JKaHOTO ejJleKTpoMarHita. OnuiniTe, AK BU Iie 3POOUJIN.

5. 3’sacyiiTe, Big 4yoro s3ajie:KuUTh MarHiTHaA Oid eJeKTpoMarHira.
1) BukopucTaBIiiz peocTaT, B 0OMOTIIi eJIeKTpoMarHiTa 3 GiJIbIINM UHCJIOM
BUTKiB yCcTaHOBiTHL cuiay ctpymy cmouatky 0,5 A, a morim 1,5 A. Ilopis-
HANWTE MATrHITHY Ail0 eJeKTpOMarHiTa 3a pisHOI CUJIM CTPYMy B OOMOTIII.
2) BuiimiTh cTpuiKeHb 3 OOMOTKM Ta BCTAHOBITH B OOMOTIII CHJIY CTPY-
my 1,5 A. 3’sacyiiTe, AK BILINBA€ HAABHICTH OCepAsa HAa MATHITHY Iiio
eJIeKTpoMAarHira.
3) CrkiamiTs eqekTpuuHe KOJo (OUB. puc. 2) 3 eJeKTPOMATHITOM, SKUHA
Mae MeHIIle BUTKiB. 3a [OIOMOTOI0 PeocTaTa BCTAHOBITH y KOJi cTpyM
cunoro 1,5 A. Buszzaure, K 3MEHIIEHHS 4YHCJa BUTKIB BIIJIMBac Ha
MAar”iTHy Oif0 eJeKTpoMaruira.

AHani3s pesynbraTiB eKCnepumMmeHTy

IlpoanasigyiiTe ekcmepuMeHT i #Oro pesyabTatTu. 3po0iTh BUCHOBOK,
y AKOMY 3a3HAUTe, AK 3aJIeKUTh MarHiTHA [id eJeKTpPOMarHiTa Biff Cuau cTpymy,
KiJIBKOCTi BUTKiB B 0OMOTIIi, HAABHOCTI 3aJIi3HOr0 ocepns.

+ TBopqe 3aBAaHHA

SK MoKHaA HaMOTaTH OOMOTKY eJeKTPOoMAarHira TAKMM YMHOM, 1100 y pasi
HiJIKJIIOUEeHHS 10 HBOrO [I)Kepeja CTPYMY Ha 000X KiHIIAX eJeKTpoMartHira yTBO-
punuca miBaeHHiI mosfocu? IlepeBipTe cBoe MPUNYINEHHS €KCIePUMEHTaJbHO.
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§ 7. EJIEKTPOABUTYHWU. EJIEKTPOBUMIPIOBAJIbHI
nPUNAAN. TYYHHOMOBELD

Qi3nyHi foCnigXKeHHs, AKI YyacTo NPOBOAATb 3apajm «HayKOBOI LiiKaBOCTi», B pasi BAanoro
3aBeplUeHHA MOXYTb 3ano4yaTKyBaTu HOBUI eTan Yy po3BUTKY TexHikn. Came Tak cTanocsa
3 BYBYEHHAM e/IeKTPOMarHiTH1X ABUL. AKOCb, po3moBnsatoun 3 Maliknom Oapadeem, ofuH
JepXaBHUI [iAy 3anmTaB Y Hboro: «fK BU ragacTe, UM AacTb AKYCb KOPUCTb eneKkTprKa?»
Mapapgeit nocMixHyBcA: «Yepes Kiflbka poKiB BM obKnagatrMeTe efekTprKy nogatkom!l»
MuHyB yac, i 3apa3 Halle XXUTTA HEMOXIIMBO YAABUTW, HaNpuKnag, 6e3 enekTpuyHux OBury-
HiB — €KOJIONYHO YMCTUX, 3PYYHNX, KOMMAKTHUX NPUCTPOIB. [1po Te, AK nNpautooTb AedAki
eNneKTPUYHI NPUCTPOI, BU Ai3HaeTeca 3 Uboro naparpada.

BuBuaemo Ailo marHiTHOro nonsA Ha pamky 3i cTpymom

BisbmeMmo JieTKy IPAMOKYTHY PaMKYy, IO CKJIAJAETHCA 3 KiJbKOX BUTKIB
13071bOBAHOTO APOTY, i moMicTuMO 11 Misk mosrocaMu MarHiTy Tak, 1100 BOHAa MOTJIa
JIeTKO 00epTaTucsa HaBKOJIO TOPU3OHTAJIBHOI OCi.

IIponycTumMo B paMmIli eaeKTpuuyHME cTpyM (puc. 7.1, a). Pamka moBepHeTbCs
i, TORHYBIINCH KiJbKa pasiB, po3TamIyeThcd TaK, AK IMOKa3aHO HA puc. 7.1, 0.
Ile moJsio)KeHHS € TOJIOMKEeHHSAM PiBHOBAru paMKMH.

3’sicyeMo, uomy pamka nouuHac pyx. Jas 1boro, CKOpUCTABIIUCH IIPABU-
JIOM JIiBOI PYKHU, BUBHAUMMO HAMIPSIMOK CUJIu AMIepa, Io Ai€ Ha KOXKHY CTOPOHY
paMKM Ha IIOUATKy cmocTepexkenusa. Ha puc. 7.1, a 6aunmo, 1110 cujaa AmMiepa 17'1,
sAKa Jie Ha cTOpoHY A B, HampAMJIeHA Bropy, a cuja Amiepa F‘z, dKa Jie Ha CTO-
pony CD, manpamiaeHa BHu3. OT:Ke, O0OMIBI CHJIM TIOBEPTAIOTH PAMKY 3a XOIOM
TOAMHHUKOBOI CTPiIKU.

A Temnep 3’sicyemo, womy pamka npunuruna pyx. Piu y Tim, 1o micas mpo-
XOMKEeHHS PaMKOIO IMOJIOKEeHHS PiBHOBaru cuyu AmMiepa IOBEPTaTUMYTH i1 BiKe
OPOTH XO4Yy TOOUHHUKOBOI CTpijKu (puc. 7.1, 8). Y pesyabTaTi paMKa HIOYHE II0-
BEPTATHUCh Y 3BOPOTHOMY HAIIPAMKY, IIPOIiIe ITOJI0KEeHHS PiBHOBATH Ta 3HOBY 3Mi-
HUTh HAMPSAMOK PYXY. YPEIITi-periT yepes Oi0 CHUJ TePTS paMKa 3YIUHUTHCS.

Puc. 7.1. JocnigxeHHA Aii MarHiTHOro nona Ha pamKy 3i CTPYMOM (HanpAMOK CTPyMy Mo3Haye-
HO YepPBOHVMM CTPINKamu):

a — cunu Amnepa (1’7‘1 i 17'2) nosepTaloTb pamky ABCD 3a xofoM roanMHHUKOBOI CTPINKu;

6 — y NONOXeHHi piBHOBarn cuavm Amnepa He MOBEPTalOTb PaMKy, a PO3TATYIOTb;

8 — cunu Amnepa noBepTalTb PaMKy MPOTY XOAY FOAVNHHUKOBOI CTPINKM
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L)

CKOpHCTaBIINUCH, IPABUJIOM JIiBOI PYKHU, IepeKoHalTecsa B TOMY, IO IJIs
KOKHOI'O 3 IIOJIOXKeHb PaMKH, 300pakeHUX Ha puc. 7.1, cuma F), axa gie

Ha CTOpPOHY AB paMKU, HaIpsaMJeHa Bropy, a cuia F,, gKa Aie Ha cTo-
pory CD pamMKu, — BHUS.

E LdisHaeMocCb, AK NpaLlo€ ABUTYH MOCTINHOrO CTPyMy

OGepraHHsda paMKH 3i CTPyMOM y MAarHITHOMY IIOJi OyJI0O BHKOPHCTAHO
Y CTBOPEHHi eslekmpuiHux 08UzYHIE.

EnekTpuuHMiA ABUryH — Lie NPUCTPIi, y AKOMY efleKTpuUHa eHepris nepeTso-
PIOETBCA HAa MEXaHiuHY.

11106 3po3ymiTu, K IPaIjio€ eJIEKTPOABUTYH IIOCTiHHOTO CTPYMY, 3’sCYyEMO,
AK 3MYCUTU paMKy Oe3lepepBHO 00epTaTucA B OJHOMY HalpaMKy. HeBaskKo 310-
ragarucsa: Tpeba, 100 y momMenm npoxodiceHHs PAMKOI NOJLOHCEHHA PieHO8azU
HANPAMOK CMPYMY 68 paMyi 3MIHI08AECA HA NPOMULEHCHUIL.

MpucTpin, AKNA aBTOMAaTUYHO 3MIHIOE HaMPAMOK CTPyMy B paMLi, Ha3nBaloTb
KOJIEKTOPOM.

Ha puc. 7.2 300pasxeHo MOjejb, 32 JOIOMOI'0I0 IKOI MOKHA 03HANOMUTHCS
3 IPUHIUIOM il KoJeKTopa. BiiacHe KOJIeKTOp ABJsi€ co00i0 ABa mmiBKiabia (1),
IO KOMKHOTO 3 AKUX IPUTHUCHYTa MeTaJjeBa IiTKa (2). IliBKigbilg BUTOTOBJIEHI
3 mpoBigHUKA ¥ posmiseHi mpomiskkoM. IIiTKu cayrymoTs nasa migBeneHHA Ha-
npyru Binm mekepesia ctpymy (3) mo pamMiu (4), AKa Jerko 00epTaeThcAd HaBKOJIO
TOPMBOHTAJBHOI OCi ¥ po3TallloBaHa MijK MHOJIIOCAMM IIOTY:KHOTO MarHity (5).
OpHy UIiTKY 3’€¢IHYIOTH 3 MIOBUTUBHUM IIOJIIOCOM JPKepejia CTPyMy, IPyTy — 3 He-
TaTUBHUM.

ITicna samMuKaHHS Kojla paMKa BHACJIIMOK Aii cua AMIepa MounHAE IMOBEP-
TaTUCS 3a XONOM TOAMHHUKOBOI cTpisKku (puc. 7.2, a). IliBKiabIla KoJeKTopa II0-
BEPTAIOTHCA PAa30M i3 PaMKOIO, a IMiTKY 3aJUINAI0TLCA HEPYXOMUMM, TOMY IIiCJIs
MPOXOYKEeHHA TOJOMKEeHHA piBHOBaru (puc. 7.2, 6) 10 IiTOK OyAyTh MPUTUCHYTI
BoKe iHmIi miBkinbia (puc. 7.2, 8). HanpamMoK cTpyMy B paMili 3MiHUTBHCS Ha
NPOTUJIEIKHNI, a HAIIPAMOK ii o0epTaHHS He 3MiHUTHCA — paMKa IIPOJOBIKUTH
PYyX 3a XO[IOM TOOUHHWKOBOI CTPiJIKU.

W

Puc. 7.2. Mopenb, fika AEMOHCTPYE NpUHUMN Aii kKonekTopa (a). Micna NpoxoaKeHHA NMONOXKeH-
HA piBHOBaru (6) WiTKN KonekTtopa NPUTUCHYTI BXe A0 iHLnX FIIBKIﬂeLl,b (8), TOMy HanpAaMoK
CTPYMY B pamui 3MIHIOETbCA Ha MPOTUSIEXHNN
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1

A

s/ e

Puc. 7.3. PoTtop fgBuryHa,
AKNA MICTUTb OfHY
06MOTKYy: T — 0BMOTKa;

2 — ocepas; 3 — niBKinbuAa

1

N
e

Puc. 7.4. Potop gBuryHa,
AKUA MICTUTb ABaHAAUATb
06MOTOK: 1 — MnacTuHn
KONeKkTopa, 2 — ocepaA
3 06MOTKOI0

Pwuc. 7.5. Mogenb enek-
TPOABUIYHA NOCTINHOrO
CTpyMmy:

1 — potop; 2 — crartop;
3 — obmoTKa cTaTopa;
4 — Konekrtop
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Busmaure s mOJIOXKEHb a i 8 paMKum (IUB.
puc. 7.2) HanpAMKU cua Ammnepa, M0 TilOTh Ha
cTopoHu paMKu. [[oBeniTh, 110 B 000X BUIIaAKaX
cunu AMmnepa 00epTaTUMyTh PaMKy 3a XOIOM
TOAUHHUKOBOIL CTPiJIKM.

)

TakuM YUHOM, I1I06 BUTOTOBUTU €JIEKTPUU-
HUW JOBUTYH, TNOTPiOHO Marwm: 1) mMOCTiAHWI MarHiT
abo esleKTpoMarHiT; 2) OPOBiAHY paMKy; 3) IKepeJio

cTpyMy; 4) KOJeKTop.
B 36inblWyeMO NMOTYXHICTb eNeKTPUYHOro

ABUryHa
Cunu Awmimepa, AKi 3a0e3meuyoThL 00epTaHHA PaMKI,
OpAMO IIPONOPILifHI AOBKUHI IIpoBigHMKa. ToMy misa
30iJBIIIeHHSA IIOTYKHOCTi eJIeKTPOABUT'YHA Ioro 00-
MOTKY BUT'OTOBJISIOTH i3 BeJMKOI KiJIBKOCTi BUTKiB
IpoTy. BUTKHU BKJIaJAIOTh y CIeIiaJbHi a3y Ha OiuHiki
TIOBEPXHI ocepasa — MUJIiHAPA, BUTOTOBJIEHOTO 3 JIWC-
TiB MaruiToMm’saKoi ctai. Ocepasa 3 0OMOTKOIO pasoM
i3 MiBK1JIBIIAME KOJIEKTOpPA YTBOPIOIOTH poTop (Bifx Ja-
THUH. rotare — obeprarucs) gsuryHa (puc. 7.3).

s 3abesmeueHHA PiBHOMiIPHOTO 00epTaHHA PO-
TOpa BUKOPUCTOBYIOTH KiJIbKa 0OMOTOK, AKi HAMOTYIOTH
Ha onHe ocepasa. KoseKTop TaKoro ABUTYHA Ma€e He ABa
OiBKiJbBIA, a HUSKY MIJHUX OYTOIOMiOHMX IIJIACTUH,
3aKpiNJeHUX Ha isosboBaHOMYy Oapabani (puc. 7.4).

V¥ GisbIocTi cyyacHUX eJeKTPOABUTYHIB 3aMiCTh
MOCTiMHOTO MarHiTy BUKOPUCTOBYIOTH €JIEKTPOMAarHiT,
AKUN CTAaHOBUTH OJHE Ilijle 3 KOPIIYCOM eJIEKTPO/BU-
ryHa Ta CJAyr'ye cTaTopoM (HEPYXOMOIO YaCTUHOIO IPU-
CTPOIO; Bif jaTuH. stator — TOH, IIT0 CTOITH HEPYXOMO).
O6MOTKa cTaTopa IIiJKJIOUeHa OO TOr'0 CaMOro IiKe-
peJsia cTpymy, II10 i 00MOTKa poropa. Koiu B 0OMOTKax
poTopa it craTopa e cTpyM, POTOP 00epTaEThCcAa B Mar-
HiTHOMY ITIOJIi cTaTopa i ABUTYH Ipaiiioe (puc. 7.5).

EJleKTpogBUTyHU ITOCTiHTHOTO CTPYMY 3aCTOCOBY-
IOTh B €JIEKTPOTPAHCIIOPTI — TpaMBasX, TpoJeitdycax,
€JIEKTPOBO3aX, eJIeKTPOMOOiIAX, BUKOPUCTOBYIOTh AK
cTapTepu JIJs 3ayCKy ABUTYHIB BHYTPIITHBOTO 3T0-
pAHHA. Y ITPOMMUCJIOBOCTI Ta MOOYTi yacTiriie 3acToco-
BYIOTH €JIEKTPOJBUTYHU 3MiHHOT'O CTPYyMY.

EsnexTpuuHi ABUTYHM MaloTh iCTOTHI IepeBaru
nepeq TeroBuMu. EJeKTpoaBUTYHU OiJIbIII KOMIIAKTHI,
exonomiuni (ixuitt KK/ csarae 98 %), spyuHi B 3acTo-
cyBaHHi (IXHIO IIOTYKHICTh JIETKO PEryJiloBaTu), He 3a-
OpPYIHIOIOTh JOBKIiJLIA.



§ 7. EnektpoasuryHu. EnektposumiptoBanbHi npunagun. lyyHomoseLb

n 3HaoMnMocAa 3 NPUHLUNOM Aii
eNeKTpoBUMIipIOBaNIbHUX Npunagis

Ha mnoBepramui pamMKm 3i cTpymMom y Marsir-
HOMY IIOJIi TOCTiAHOrO MAarHITy I'PYHTYETBHCS
Iifd eJeKTPOBUMIpPIOBAJLHUX HPUJIAIIB MaAZHIimMoO-
eJleKmpuyHol cucmemu — TaJbBaHOMETDPiB, aM-
IepMeTpPiB i BOJIBTMETPIB MOCTIAHOTO CTPYMY.

BuwmiproBanbHUM MexaHi3M TaKUX IIPUJIATIB
300paskeHo Ha puc. 7.6.

Komu crpym y pamni (4) BiacyrtHii, cmi-
panbHi mpy:uHu (2) yrpuMyioTh mmiBoci (3),
a oTKe, I CTPiaKy (6) TAKMM YMHOM, IO KiHelb
CTPiJIKM BCTAHOBJIIOETHCS Ha HYJIBOBIN ITO3HAUIIL
mikaau npuiaany (7). Koau mpuiaang BMHKAOTH

Yy KOJO, B PaMIi IIOYMHAE HTH CTPyM i BHAaCIIi- Puc. 7.6. Cxema BAMIPIOBANbHO-

IOK mii cuyi AMmepa paMKa IOBEPTAETHCA B Mar- ro MexaHi3my Npunagis MarHiTo-

HiTHOMY moJii mocrittHoro maruity (1). Pasom i3 eneKTPUYHOI cncTemu:

PaMKOIO ITOBEPTAIOTHCA IIiBOCI, a OT:Ke, 1 cTpiiKa. 1 — NOCTINHWI HEPYXOMMIA
Ilix vac moBepTaHHA paMKU 3aKPYyUyIOTHCA MarHiT; 2 — CnipasnbHi NPYXnUHY;

IPY;KUHNA i BUHUKAIOTh JOJATKOBI CUJIM IIPYsK- 3 — niBoci; 4 — pamKa,

HocTi. Ko MOMEHT cuJI HpY:KHOCTi 3piBHOBA- PKOPCTKO 3aKpinnieHa Ha nisocax;

5 — Hepyxome ocepas;

JKy€ MOMEHT cuJ AMIiiepa, IIOBepTaHHS IPUINHS- g
6 — CTpinKka; 7 — wkKana

€ThCSA, a CTPiJIKA 3aJUMNIAETHCA BiaxmieHow. YuMm
OiypIlla cuJia CTPYMY B paMili, TUM Ha OiJbIINiA
KYT BiIXHUJINUTHCA CTPiJKa i TuM Oinbinumu Oy-
IyTh OKa3u MpUJIamy.

IIpuaagy MargiToeJIeKTPUYHOL CICTEeMHU Ma-
I0Th BEJIMKY TOYHICTb i BUCOKY UYTJIUBICTH.

3ictaBnaemo amnepmeTp i BonbTMeTp

3a BHYTPIIIHLOIO OYI0BOIO aMIEePMETP i BOJILTMETP € OOHAKOBMMM; Bigpis-
HAIOTHCA JIUINE IXHi KA ¥ eJIeKTPUYHI omopu. AMIIepMeTp BMUKAIOTh Y KOJIO
MOCJIiTOBHO, TOMY IOTO OIlip Mae OyTHM SKHAaWMEHIIINM, iHAKIIe CHUJIA CTPYMY
B KOJIi 3HAYHO 3MEHIIUTHCA. A OT BOJBTMETDP IMPUEAHYIOTH MO KOJIa MapajeJgbHO
3 MIPUCTPOEM, HA AKOMY BUMIPIOIOTH HANPYTY, OT:Ke, 00 CUJia CTPyMYy B KOJIi
Maii;ke He 3MiHIOBaJach, OMiP BOJBTMETpA Ma€ OyTH AKHANOIIBIITNM.

n 3HanomMMmocs 3 NPUHLMMNOM fAii eNeKTpoANHaMIYHOro ry4yHOMOBLA

EnekTtpogviHamiuHuUM ryyHomoBeLb (AUHaMiK) — Le NpUCTpPil, AKUIN NnepeTso-
PIOE eNeKTPUYHUIN CUTHaM Ha YYTHUI 3BYK.

3BYK BUIOPOMIiHIOIOTL TiJja, SKi KoJMBalOTLCA i3 wacTtoror Bim 20 mo
20 000 I'r; (To6To 3xiticHIoTE Bif 20 1o 20 000 KoMmBaHL 3a ceKyHAY) . KomusHe
Tizo B fmHAMIKRY — Juysop. 1106 3posymitu, Ak sMycuTu fudy30p KOJIUBATUCH
3a JIOIIOMOT'0I0 CTPYMY, PO3IJISHEMO OymOoBYy aAumHaMika (puc. 7.7).

* JleranbHiIe mpo 3BYK BU AisHaeTech i3 posxiny III mizpyunuka.
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Po3zgin I. MATHITHE MOJE

OcHoOBHi "yacTHHU AVHAMiKa — KOMYWKaA 3i cmpy-
mom (38ByKoBa KoTytika) (1), 1o AK0l TpUKpIIIeHn
nudysop (2), i masuimna cucmema, MO CKJIaga-
€ThbCA i3 MOCTiliHOTO KijblleBoro mardity (3), cra-
JeBoro nuiriHapa (KepHa) (4) i IBOX cTaIeBUX AUCKIB
(danutis) (5), AKi MIiJIBHO IPUIATAIOTH 1O MATHITY.
MarmiTHa cucTeMa CTBOPIOE MAarHiTHe moJie, Ha-
mpAMJeHe TEePIeHANKYJIAPHO O BUTKIiB KOTYIIKMU.

SIKIITO KOTYIIIKOIO Teue CTPYM, HAa BUTKU
KOTYIIIKY JiIOTh cuJm AMIiepa, M0 3MYIIYIOTH
KOTYIIIKY PyXaTucs B3JOBXK KepHA, — KOTYIIKA
BTATYETHCA B 3a30p KijableBoro marHity. Komm
cuja CTPyMy B KOTYIIILi 3MiHIOETHCA 3i 3BYKO-
BOIO YACTOTOIO, TAK CAMO 3MiHIOIOTHCA ¥ CUJIU
Awmmepa, ¥ KOTYIIKa TO CUJIbHiINIE, TO cJjabIie

Puc. 7.7. Bynosa enekTpopnHa- BTATYETHCA B 3a30pP (KOJMBAETHCA B TAKT 3MiHU
MIYHOrO ryYHOMOBLA: 1 — 3BY- cuau cTpymy). PaszoM i3 KOTYIIKOIO KOJUBAETLCA
KOBa KOTYWKa; 2 — andysop; i mpukpinaenuit go Hel AUPY30p, AKUHA «IIITOB-
3 — NOCTINHUI KinbLueBnin Xae» TOBITPA, CTBOPIOIOUM 3BYKOBY XBUJIIO, —
MarHiT; 4 — kepH; 5 — ¢nanui TYYHOMOBEIlb BUITPOMIiHIOE 3BYK.

Nig6buBaemo nigcymkum

VYHacaigok mii cua AMiepa paMKa 3i CTpyMOM MOXKe o0epTaTHCs B MarHiT-
"HOMYy mojii. Ile siBuIlle BUKOPHCTOBYIOTH ¥ poboTi emekrpoxsuryuis. I11o6
3a0e3meunT 00epTaHHA PAMKU B OHOMY HAIPAMKY, 3aCTOCOBYIOTH KOJIEKTOD —
OPUCTPiHA, AKUNA aBTOMATHUYHO 3MiHIOE HANIPAMOK CTPYMY B PaMIIi.

TambsBarnOMeTpH, aMIIepMETPHU i BOJIBTMETPU — IIe BUMIpPIOBAJbHI IpUaagm
MAaTrHITOeJIeKTPUYHOI CHCTEeMH. IXHS [ig I'PYHTYEThCS HA IIOBEPTAHHI paMKH 3i
CTPYMOM Yy MATHITHOMY IIOJIi HOCTiAHOTO MAaTHITY.

Ille ommmM TpUKJIAZOM 3aCTOCYBaHHA CUJ AmMmepa € eJeKTpogmHaMiu-
HUI I'YyYHOMOBEIIb, Jisl AKOr0 I'PYHTYETHCA HA BTATYBAHHI KOTYMIKHU 3i CTPyMOM
y Mar"iTHe moJjie KiJIbIIeBOr0 MAaTHITY.

/ 1. Yomy paMKa 3i CTPyMOM IIOBEPTAETHCA B MArHITHOMY I0JIi? YOMY 3yIUHAETHCA?
® 2. HasBirTb OCHOBHI uacTUHU ejleKkTpoaBuryHa. SIKka 3 HuX «BigmoBimae» 3a Gesire-
pepBHe obepTaHHsA poropa ejekTpoasuryHa? 3. Illo sBise cob00 CTATOD €JIeKTPO-
nBuryHa? 4. HasBiTh mepeBaru eJIeKTPUUYHUX JBUTYHIB IOPiBHAHO 3 TEIJIOBUMMU.
5. Onuurits OyAOBY Ta MPUHIIUI Ail BUMipIOBaJIbHUX IIPUJIALIB MarHiToeIeKTpuY-
HOI cucremu. 6. Yu BigpisusaoThca OymoBa Ta MPUHITUI Oil aMIepMeTpPiB i BOJIBT-

meTpiB? fAKimo Tak, To unm? 7. Ouuimrits O0yZOBY Ta OPUHIIUII Aii I'yYHOMOBIIA.

ﬁ@% BnpaBa N2 7 j—_r_'
% 1. Ha puc. 1 300paxeHo paMKy 3i cTpymMoM, sSKa IIO- - -

BEePTAETHCS B MAarHiTHOMY ITOJIi IIOCTiMHOTO MATHITY.
BusnauTe HanIpAMOK CTPyMYy B paMIii. Pnc. 1
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Yomy B pasi MOCJIiJOBHOTO IPUETHAHHSA BOJIBTMETPA
IO KOJia CHUJIA CTPYMY B KOJIi 3HAUHO 3MEHIIIYETHCA?

3. Ha saTuckavax BUMipIOBaJbHUX IIPUJANIB Mar"iTo-
€JIEKTPUYHOI CHUCTEMU 3a3HAUEHO HOJAPHICTH («+»
i «—»). IIlo 6yme, AKIIO, BMUKAIOUYM IPUJajL, HE HO-
TPUMATHUCS MOJAPHOCTI?

4. EneKTpuUYHi ABUTYHUW MalOTh HUBKY IIepeBar Iepen

TenJ0BUMU. oMY K JIIOJICTBO He BiIMOBJIAETHCA Bif
3aCTOCYBAaHHS TEIJIOBUX IBUT'YHiB?

5. OKpiM eJeKTPOBUMIipIOBAJbHUX HPHUJIALiB MarHiTO-
€JIEKTPUYHOI CHUCTEMU iCHYIOTh BUMipIOBaJIbHI IIpU-
Jagu eJIeKTPOAMHAMIUHOI Ta eJIeKTpoMarHiTHOL
cucteM. ¥ BUMIPIOBAJIbHUX IIPUIALAX eJeKMmMpo-
Junamiynol cucmemu (puc. 2) saMicTh IIOCTiHOrO
MarHiTy BUKOPUCTOBYIOTH eJjieKTpoMarsiT. [ia Bu-
MipioBaJbHUX TPUJIANIB eJNeKMpPOMAZHIMHOL CU-
cmemu (puc. 3) 6a3yeThbcsA Ha SABUIINI BTATYBaHHA
¢depoMarHiTHOro AUCKa B IPOMiKOK HEPYXOMOI KO-
Tymku 3i crpymom. Posrisaabre puc. 2 i 3 Ta cmpo-
OyiiTe MHOSCHUTH, SK MPAIOOTh IIOJAaHI IIPUJIALU.
SAximmo Tpeba, 3BEpPHITBCA 0 MOOAATKOBUX IKepest
irdopmarrii.

6. 3rapgaiiTe, IO TaKe eJEKTPUYHUU cTPyM. [laiiTe fioro
O3HAUEHHA. 3a SKUX YMOB BiH BUHMUKAaE?

EkcnepyiMmeHTanbHe 3aBAaHHA

«/lamaiicmep». PosrnsaubrTe OYHOBY €JEKTPUUYHOIO JBUTYHA, BUWHATOIO
3 irpamku. IIpuennaiiTe ABUTryH no Oarapei rajbBaHiUHUX €JIEMEHTIB i 3Bep-
HiTH yBary Ha HaIpsaMOK o0epTaHHSA poropa. SIKMM YMHOM MOKHA 3MiHUTHU
HAIPAMOK 00epTaHHsa poTopa Ha nmpotuiexkHuii? [lepeBipTe cBoe mpuUIyIeHHA.

§ 8. AoCcnian ®APALEA.
ABULLE ENEKTPOMAIHITHOI IHAYKLII.
IHAYKUINHUA ENEKTPUYHUN CTPYM

Hocnign T. Epctepa Ta A. AMnepa (auB. § 1) Nokasanu, Wo enekTPUYHUIA CTPYM CTBOPIOE
MarHiTHe none. A UM MOXHa 3pobuTN HaBnaku, TO6TO 3a JOMOMOrOK MarHiTHOro mnons
OTpUMaTUN enekTPUYHUN cTpym? 29 cepnHa 1831 p. nicna noHag 16 TucAY gocnifis aH-
rNinceknin ¢isunk i ximik Maikn Qapagen ofep)aB efleKTPUYHUIA CTPYM 33 JOMOMOrOto
MarHiTHOro nonsa NoCTiHOro MarHiTy. Y yomy nonaranu gocnign ®apagen Ta Ake 3Ha4yeHHA
Masno Moro BigKpuTTA?

MoBToploemo gocnign Papagen

BiszbMemo KOTYIIIKY, 3aMKHEeMO ii Ha raJbBaHOMETpP i 6yIeMOo BBOOUTU B KO-

TYIIKY nocTiitHu#l maruit. Ilix yac pyxy Marsity crtpijka rajbBaHOMeTpa Bin-
XUJUTHCSA — I CBilUMTh IIPO HAABHICTH ejieKTpuuyHOro crpymy (puc. 8.1, a).
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Po3zgin I. MATHITHE MOJE

Puc. 8.1. BUHUKHEHHA cTpymy B KOTYLWLi GiKCYETbCA rafibBaHOMETPOM: d — AIKLLO MarHiT yBo-
OUTW B KOTYLLKY, CTPiSIKa raibBaHOMeTPa BIAXMMAETbCA NPaBopyy; 6 — AKLO MarHiT Hepyxo-
MWW, CTPYM He BUHWKAE i CTPINKa He BiAXMNAETbCA; 8 — AKLLO BMBOAUTU MArHiT i3 KOTYLIKN,
CTpinKa ranbBaHOMeTpa BiAXWNAETbCA NTIBOPYY

YuM OIBUAINE PYyXaTH MATHIT, TUM CHUJBHIIIMM OyIe CTPyM; SKIIIO PyX Mar-
HITYy IPUOUHUTHU, OPUMNUHUTLCA H CTPYM — CTPiJIKa ITOBEPHETHCS HA HYJIHOBY
no3Hauky (puc. 8.1, 6). Bulimarounm marmir i3 KOTyIIKu, 6aumMo, IO CTPiJKa
raJbBaHOMETpA BiAXUJIAETHCA B iHmmmi 6ik (puc. 8.1, 8), a micasa nNpuNUHEHHA
PYXy MarHiTy 3HOBY IIOBEPTAETHCA HA HYJIHOBY IIO3HAUKY.

SAKIo 3aIUIMKUTH MArHIT HEPYXOMHM, a PyXaTH KOTYIIKY (abo HaOamM:Ka-
fouu ii 1o Maruity, abo Bigmassouu Big HbOT0, a00 ITOBEPTAIOYY MMOOJIU3Y TOJII0Ca
MAaTHITY), TO TAKOXK CIIOCTEpPiraTMMeMO BiIXWMJIEeHHSA CTPiJIKM raJibBaHOMETPA.

Temep BisbMeMo ABi KoTyIiku — A i B — i Hagimemo ixX Ha cHiJbHe ocepnas
(puc. 8.2). Koryimky B uepes peocTaT HPUETHAEMO 10 IKepejia CTPyMy, a KO-
TYmKy A 3aMKHEMO Ha TaJbBaHOMeTp. SIKIO TepecyBaTu MOB3YHOK peocTara,
TO B KOTYIIIi A Oyzae HTu egekTpuuyHuii ctpym. CTpyM BUHUKATUMe AK IIiJ dac
30iJIBIIeHHSA, TaK i g yac 3MeHINIEHHS CUJIM CTPYMY B KoTyIIli B. A oT Hamps-
MOK CTPyMYy Oyze pisHuM: y pasi 30ijb-
IMIeHHS CUJMW CTPYMY CTPiJIKa rajbBa-
HOMEeTpa BiAXUJISATUMEThCS B OIWH
0ix, a B pasi 3MeHIIeHHA — B iHIINUA.
CTpyM y KOTYIIIi A BUHUKATHUMeE Ta-
KOJX Y MOMEHT 3aMHKaHHA Ta B MO-

A MEHT PO3MUKAHHSA KoJia KOTYyIIKu B.
? Jx Bu BBaykaeTe, UM BUHUKA-
TUME CTPYM y Korymiii A (mus.
puc. 8.2), akimio ii pyxaru Bing-

HOCHO KOTyIIKu B?

B Vei posriamyTi mocrigu — me
Cy4YacHUU BapiaHT TUX, AKi mpoTATOM
Puc. 8.2. AKWO PO3IMKHYTM UM 3aMKHYTU 10 poxis saivicuroBas Maiika ®apazneit
KONO KOTYLIKM B a60 3MIHUTY B Hill cuny 1 3aBAAKYU AKUM BiH JIAIIIOB BUCHOBKY:
CTPYMy, B KOTyWLi A BUHVKHE CTPYM Y 3aMKHEHOMY NPOBiOHOMY KOHMYPI
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§ 8. Jocnign ®apages. ABuiye eneKTPOMarHiTHOT iHOYKLii...

BUHUKAE eJeKMPUYLHULL CMPYM, AKUWO0 KIJLbKIiCMb
NiRiL maeHimHuol iHOYKUIL, W0 NPOHU3YIOMb NO-
6ePXHI0, 00MeNceHY KOHMYPOM, 3MIHIOEMbCA.

Ile sBuie OyJsio Ha3BaHO eNiIeKTPOMarHiT- = ) liux
HOIO iHAYKL i€, a eJIEKTPUYHUN CTPYM, AKUI IpU %
IBOMY BUHUKAE, — iHAYKUWiINHUM (HaBeIeHUM)

cTtpymom (puc. 8.3).

‘.) Yu BUHMKHE B 3aMKHEHill IPoBigHINA pamIri
IHOYKIIAHUN CTPYyM, AKIIO PAMKY IIOCTY- B
naJbHO (He IMOBepTaloudu) ImepecyBaTy Misk a j \ &\
moJocaMu ejieKTpoMarHiTa (puc. 8.4)?

Puc. 8.3. BUHUKHEHHA iHaYyK-
LiHOrO CTPyMy BHaC/ifoK
3MiHW KiNbKOCTI NiHIN MarHiTHOT

, . iHAYKLIT, WO NPOHMU3YIOTb KOH-
Bu 3’acyBanm, Ko B 3aMKHEHOMY IIPOBiTHOMY Typ: @ — KOHTYp HabnmxatTb

KOHTYDI BUHWKA€ iHAYKI[IWHWIA CTPpyM. A IO 3  po MarHity; 6 — nocnabniototb
€ IPUYNHOIO loro BUHUKHEeHHA? PO3ITIAHEMO BA  marHiTHe nose, B AKOMY po3Ta-
BUOAOKU. LIOBAHWN KOHTYP

1. IIpogiOHuil KOHMYp pYxaemuvcs 6 Mmae-
HimHomy noai (puc. 8.3, a). SAKII0 TPOBITHUK
pyXaeTbcsA B MAarHiTHOMY TOJi, TO BiJbHI 3apsan-
JKeH1 YacTMHKU BCepequHi IIPOBiTHWKA pyXa-
IOTBCS pasoM i3 HUM y IIeBHOMY HAIPAMKY.
Ha pyxowmi 3apAmkeHi 4acTUHKM MarHiTHe moJe
nmie i3 meBHor0 cuioro. Came ming miero 1iel cuam
3apAKeHI YaCTUHKM IIOYMHAIOTH HAIPAMJIEHO
pyxaTucsi B3JOBK IPOBIAHWKA — B NPOBIJHUKY  Pyc, 8.4. [lo 3aBpaHHA B § 8
BUHUKAE iHAYKI[IMHUN eJIEKTPUUYHUN CTPYM.

2. Hepyxomuil nposiOHUll KOHMYDP PO3MAULOBAHULL Y 3MIHHOMY MAZHIMHOMY
noai (puc. 8.3, 6). Y 1[boMy BUNIAAKY CHUJIH, IO Ail0Th 3 OOKY MArHiTHOIO IIOJId, He
MOXKYTh 3POOUTU XAOTUUYHUIN PYyX 3apAMKeHUX YaCTHHOK BCEpPeINHI IMPOBimTHMKA
HampAMJIeHnM. YoMy K Yy KOHTYPi BUHUKAE iHAYKIifiHui crpym? Piu y Tim, 1o
3MiHHe MarHiTHe I0JIe 3aBSKIH CYIPOBOIKYETHCS MOSIBOI0 B HABKOJMITHHOMY IIPO-
CTOPi BUXPOBOTO €JIEKTPUYHOTO IOJIsI (CUJIOBL JIiHIl TaKOro MOJIA € 3aMKHEHUMN).

Came enexkmpuuHe noJe, a He mazHimHe, Ji€ Ha BiabHI 3apadxceHi dac-
MUHKU 6 npo8i0HUKY Ta Hajae IM HATIPSAMJIEHOTO PYXY, CTBOPIOIOYN TAKUM UNHOM
IHOYKIIAHUHA CTPYM.

E 3'AcoByEMO NPUYNHN BUHVNKHEHHA
iHAYKUilHOro cTpymy

B BusHayaemMo HanpPAMOK iHAYKLIHOro cTpymy

s BUBHaUEeHHA HATPAMKY iHAYKI[ITHOTO CTPYMY CKOPHCTAEMOCS 3aMKHe-
HOIO KOTYIIKOIO. SIKIIO 3MiHIOBATU MAarHiTHE II0JIe, II[0 IPOHU3YE KOTYIIKY (HA-
OpuKJgam, HaOMuKaTu abo BiggalaTy MarHiT), TO B KOTYIIII BUHUKAE iHIYKITili-
HUU CTPYM. YHACJIIZOK IIHOI'0 KOTYIIIKa caMa cTae Mar"iToMm. [locaigu cBiguarh:
1) aKI0 MarHiT HAOJAMKATU OO KOTYIIKM, TO KOTYIIIKA Oylae BiAIIITOBXYyBATHCS
Bify MarHiTy; 2) AKINO MarHiT BigmaJsaTH BiJf KOTYIIIKW, TO KOTYIIIKA IPUTATYyBa-
TUMETBhCS [0 MarHiTy.
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Po3zgin I. MATHITHE MOJE

Puc. 8.5. Hanpamok iHayKUiiHO-
ro CTPymy B 3aMKHEHI KOTyLL:
a — MarHiT HabnmXxalTb A0 KO-
TYWKKW; 6 — MarHiT BigAaanaoTb
Bifl KOTYLUKN

Puc. 8.6. Mig yac o6epTaHHA
paMKy B MarHiTHOMy noni B pam-
Ui BUHUKAE iHAYKUINHWI CTPYM
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ITe osuauae:

1) axwo Kiavkicme Ainil mazHimHOL iHOYK-
uii, wo nporu3yiomsv KOMYywkKy, 30ilbWUYEMbC
(maznimHe none 6cepedurHi KOMYWKU NOCULIO-
embvces), mo 6 Hill 6uHUKae iHOYKUIllHUL cmpym
makoz0 HANpPAMKY, Wo kKomywka 0yde obepHeHa
00 maznimy o0HOUMeHHUM noniocom (puc. 8.5, a).

2) aKwo Kiavkicms JiHil MazHimHOL iHOYK-
yii, Wo NPoOHU3YIOMb KOMYWKY, 3MEHULYEMbCS, MO
68 Komywiyi 6UHUKAE IHOYKUIUHUIL cmpym makozo
HaANpamKy, wo komywra 0yde obepHena 0o mae-
Himy pisHoUuMeHHUM noatocom (puc. 8.5, 6).

3HAUN IOJIOCH KOTYIIKM Ta CKOPHUCTAB-
IIUCh TPaBoOI0 PyKoio (AuB. § 3), MOKHA BU3HA-
YUTH HANPAMOK iHIYKIIIAHOTO CTPyMYy. AHaJo-
riYHO MOJKHA BUSHAUNTU HANIPAMOK iHIYKIIiNHOTO
CTPYMY IJIs BUNAJKY, KOJU JBi KOTYIIKY HAaIiTO
Ha CIijJbHe ocepAsa (AMB. OYHKT 5 «Yuummocs
posB’asyBatu 3amadi» § 8).

n 3HaNMOMMMOCA 3 NPOMMCIIOBMN
pKepenamn eneKTpUYHOI eHepril

SBuitie egeKTPOMArHiTHOI iHAYKIiI BUKOPUCTO-

BYIOTH B e€JEeKTPOMEXaHIUHMX TeHepaTopax, 0e3

AKUX HEMOJKJIMBO YSIBUTU CYyYacCHY eJIeKTPOeHep-

TeTUKY.

EnekTpomexaHiuHUI reHepaTop — NPUCTPIN,
B AKOMY MexaHiYHa eHeprif nepeTBOPIOETLCA
Ha eNleKTPUYHY.

1106 sposymitu mpumHIMUII il eJeKTpome-
XaHiYHOTO TreHepaTopa, 3BEPHEMOCS JO JIOCIifny.
BissmMemo paMKy, III0 CKJIaJAETHCA 3 KiJIbKOX BUT-
KiB mporty, i Oymemo obepraru ii B MarHiTHOMY
moJii moctiiHoro marwmity (puc. 8.6). Ilim uac
obepTaHHsA paMKHN KiJbKicTh MarwiTHuMX JiHiii,
1o ii IPOHU3YIOTh, TO 30iJBIIYETHCA, TO 3MEH-
mIyeTheA. ¥ paMIli BUHUKAE eJIEKTPUYHUN CTPYM,
HaABHICTH AKOIO JOBOJUTL CBiTiHHSA JIaMIIU.

ITpomucioBi reHepaTopu €JIEKTPUUHOTO
CTPYMY MaiOTh HPAaKTUYHO Ty camMy OyZOBY, ITIO
i enexktpoaBurynu. IIpore 3a mpuHITUIIOM fii re-
HepaTop — Ile eJeKTPUYHUU JBUTYH <«HABIAKU».
Tenepatop, AK i eJIeKTPOABUTYH, CKJIANAEThCA 31
craropa i poropa (puc. 8.7). MacuBHUI HepyXo-
muii cmamop (1) sBasie co00I0 TOPOIKHUCTUM ITU-
JiHJD, HA BHYTPIIIHi ITOBEPXHI AKOr0 PO3MiIIleHO



§ 8. llocnign Mapapen. fBviye eneKTPOMarHiTHOI iHAYKLii...

TOBCTUY MifgHUI 130IbOBAaHUH APIT — 006MOMKY
cmamopa (2). YcepenuHi craropa o6epTaeTbcs
pomop (3). BiH, aK i poTop ejeKTpoABUTYHA,
3a3BUUYall sBJIs€ CO00I0 BEJUKHUI NUIIHIDP,
y masu AKOro BKJAJEHO oOmomky pomopa (4).
o oOMOTKM poOTOpa IONAETHLCSA HAIpyra Bin
IKepeJsa MOCTiAHOTO CTPYMY.

CrpyM Teue o 0OMOTIIi pOTOpa, CTBOPIO-
I0YM HABKOJIO HbOTO MATHITHE moJje, AKe IIPo-
HU3ye OOMOTKY cTaTopa.

Ilig giero mapm (Ha TemyoBUX i aTom-
HUX eJIEKTPOCTAHIIiAX) abo BoAu, IO Hazae  Puc. 8.7. Cxema 6yaosy enektpome-
3 BUCOTHU (Ha TiAPOEJEKTPOCTAHI[IAX), POTOP  XaHiYHOro reHepartopa:
reHepaTopa IOUYMHAE IIBUAKO obeprartucs. 1 — CTaTtop; 2 — o6MOTKa CTaTopa;
VHACHiZOK IBOro KilbKicTh JiHIM MarmitHOI 3 — POTOP; 4 — 06MOTKa poTopa
iHAYKILii, 110 TPOHU3YITHh BUTKW OOMOTKU
craTopa, 3MiHIOETBCA i B 0OMOTIII cTaTopa
BUHUKAE IHAYKIINHUN eJeKTPUUYHUNA CTPYM.
Ilicna HUBKM IepeTBOpPeHb Iel CTpPyM IIoja-
IOTh JI0 CIIOXKMBaya eJIEKTPUUYHOI eHeprii.

Yuumocsa po3s’asyBaty 3apgadi

3apaua. Koryinka i amomMizieBe Kiabile
poaMmimieni Ha cmigbHOMY ocepxai (puc. 1).
Busnaute HanpaAMoK iHAYKIIAHOTO CTPYMY
B KiJbIli, AKINO KJIOY 3aMKHYTH. SIK Oyme

@
TOBOAUTHUCHA KiJIbIle B MOMEHT 3aMHKaHHA
KJoua? uepes AeAKHH Uac IIicjada 3aMUKaH-
HA KJoua? B MOMEHT PO3MHUKaHHSA KJoua?
Ananiz QisuuHol npobremu, po368'A3aHH A
4

1) CtpyM y KOTYIINi HAIPAMJICHUH 110 i1
mepenHiii cTiHmi Bropy (Bim «+» mo «—»). CKo-
PUCTaBIINCH TTPABOI0 PYKOI0, BUSHAUUMO IIO-
JIOCU KOTYMIKU (HAIIPAMOK MAaTrHITHUX JIiHi%
BCEPEMMHI KOTYIIKM): OJMKYUM A0 KiJablld
Oyze miBAEHHUI TOJIIOC KOTYIITKU (puc. 2).

2) ¥V MOMEHT 3aMHKaHHA KJIOUa CuJja
CTPYMY B KOTYIHIIi 30iJIbIIYETLCA, TOMY MAar-
HiTHe II0JIe BCEePEAVHI KiJIbIlA IOCUJIIOETHCA.

3) ¥V kinpmi BuHUKaE IHAYKIIAHUNI
CTPYM TAKOTO HAMNPSAMKY, IO KiJblle Oyme
o0epHeHe 0 KOTYIIKMW OJHONMEHHUM IIOJIIO-
coM (TiBIeHHUM) i BiAIITOBXHETHCA Bij Hei.

4) CkopucTaBIINCh IIPABOI0 PYKOIO, BU-
3HAYMMO HANPAMOK IHAYKIIIHHOTO CTPyMY
B KigbIli (BiH OyZe HPOTHUJIEKHUM HAIPAMKY
CTPYMY B KOTYIIIILi). Puc. 2

Puc. 1
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Po3zgin I. MATHITHE MOJE

Anroputm
BU3HAYEHHS HANIPAMKY
IHAYKIIITHOTO CTPyMY
1. BusHauaemo HaAIpPAMOK
Mar"iTHol iHAyKIii 30-
BHIIIHBOIO ~ MarHiTHOTO

nonsa (B).

2. 3’sCOBYEMO, IIOCHUJIIO-
€THCA YU II0CJIA0JIIOETHCS
30BHIIIIHE MarHiTHe IIoJe
(to6TO 36iJBINYETHCA YU
3MEHINYEThCA KiJIbKiCTH
JiHi# MarHiTHOI iIHAYKILiT,
110 TPOHUBYIOTH KOHTYP).

Maiizke Bimpasy miciisg 3aMUKaHHS KJIOYa
CTPYM B KOTYIIIIi Oy/le TOCTiHHUM, MarHiTHe 1oJe
BCepeIUHI KiJbIld He 3MiHIOBATUMETbCA U iH-
OYKIIHHOTO CTPYMYy B Kinbli He Oyze. OcKiabKu
KiJbIle BUT'OTOBJIEHE i3 Maruirocsiadoro marepi-
aJy, BOHO Maliyke He OyJe B3a€MOIIATH 3 KOTYIII-
KOIO.

Y MOMEHT pO3MUKAaHHSA KJII0YA CUJA CTPYMY
B KOTYIIIIi IITBUAKO 3MEHIIIYETHC, CTBOPEHE KO-
TYIIKOIO MAarHiTHE II0Jie IT0CJa0II0eThCA. ¥ KiabIli
BUHUKAE iHAYKIINHUNA CTPYM TAKOT'0 HANIPAMKY,
o0 Kinbiie Oyme oOepHeHe A0 KOTYIIKKM Pi8HO-
UMEeHHUMHU TOJIIOCOM 1 Ha KOPOTKUI Yac IIPUTAT-
HeTbcs O0 Hei (puc. 3).

3. BusHauaemo HampaAMOK

MarHiTHOI iHAyKIil MarHiT- B B’
HOT'O TI0JIsI, CTBOPEHOIO iH- N | S N S
nyKiifiEuM crpymoM (B). ( k k k
4. BruszHauaeMo HAIIPAMOK I \AVAY ’ Iy
iHAYKIIifTHOTO CTPyMYy.

Puc. 3

f&"u? Nig6buBaemo nigcymkum

_Mi Y 3aMKHEHOMY IIPOBiZHOMY KOHTYpi B pasi amiHu KijsbKocTi Jsini#i mar-

HiTHOI iHAYKIii, III0 TPOHU3YIOTH KOHTYDP, BUHUKAE €JIEKTPUYHUN CTPYM.
Takuii CTPyM HA3UBAIOTh IHAYKIIIHHUM, & ABUIIe BUHUKHEHHA CTPYMYy — €JIeK-
TPOMAaTHITHOIO iHAYKIIi€tO0.

OpHa 3 OPUYWH BUHUKHEHHS 1HAYKIIIHOIO CTPYMY IIOJIATa€ B TOMY, IIIO
3MiHHE MATHITHe ToJie 3aBiKIU CYIPOBOIKYETHCA BUHUKHEHHAM y HaBKOJIUII-
HBOMY ITPOCTOPi €JIeKTPUYHOTO I0JIs. EJeKTpuUHe II0Jie i€ Ha BiJabHI 3apamKeni
YACTUHKY B MPOBIJHUKY, 1 Ti MOYMHAIOTH PyXaTUCA HANPAMJIEHO — BUHUKAE
IHAYKIIAHUN CTPYM.

KoHTponbHi 3anuTaHHA

/1. Onmmite mocaigu M. @apages. 2. Y 4oMy MOJIATAE ABUINE eJIEKTPOMATHITHOL
irayrmii? 3. dxuit cTpyM HasuBaIOTh iHAYKIIHHUM? 4. IKUMU € IPUUYNHYA BUHUK-
HEeHHA 1HAYyKIifiHOTO cTpyMy? 5. PoGoTa AKMX HNPUCTPOIB I'PYHTYETHCA HA SABUIIL
ejqekTpomMarHiTHol iHgykIii? fIKi mepeTBopeHHsA eHeprii B HUX BigbyBaioTbca?
6. OnuIriTh 6yJ0By Ta IPUHIIUI il reHepaTopiB eJIeKTPUYHOTO CTPYMY.

b

9 ? BnpaBsa N2 8

IBi HepyxoMi KOTYIIIKH PO3TaIlIOBaHi TaK, AK mokasauo Ha puc. 1. Mimiammep-
MeTp, IMiAKJIIUYEeHUH 10 OnHiel 3 KOTYIIIOK, PEECTPYE HAABHICTL cTpyMy. 3a AKOI
YMOBH IIe MOXKJINBO?

Ha pumc. 2 3o06pakeHO TpucTpiii, AKUU HasWBalOTh «Kiabiia Jlerma». Ilpu-
CTpill cKJIamaeThcA 3 ABOX aJIOMiHieBUX Kijelndb (CyIiJbHOTO i pospisaHoro),
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JlabopaTopHa poboTta N2 2

3.

3aKpilieHnX HA aJIOMiHi€EBOMY KOPOMMCIIi, sIKe MA€ MOXKJIMBICTH JIeTKO 00ep-
TaTUCSA HABKOJIO BEPTUKAJIBHOI OCi.

1) Ak Oyme mMOBOAUTHCSA CYIiJibHE KiJIbIle IIPUCTPOIO, AKIIO:

a) migHOCHUTU OO0 HBOT'O MArHiT? 0) BizcyBaTu Big HbOro mMaruit? B) migmocuTu
IO HBOI'O MATHIT HiBAeHHUM IIOJI0COM?

2) ]I KOMKHOT'O BUHAJAKY B II. 1 BuU3HAUTE HAIPAMOK iHAYKIIIMHOTO CTPyMY
B CYIIiJIBHOMY K1JIBIIi Ta HAIIPAMOK iHAYKI[iI Mar€iTHOIO II0JId, CTBOPEHOI'O UM
CTPYMOM.

3) o BinmOyBaTmMMeThCA, AKIO MArHiT MiZHOCUTU IO PO3pPi3aHOro ayrroMiHie-
BOT'0 KiabIiisa?

IBi KOTYyImIKM HaxiTO Ha cuijbHe ocepas (puc. 3). BusHauTe HATPAMOK iHAYK-
IifHOTO CTPYMY B KOTyIIIi A, AKI0: 1) 3aMKHYTHU K0JI0; 2) PO3IMKHYTHU KOJIO;
3) mepecyHyTU IIOB3YHOK peocTara JIiBOpyY; 4) mepecyHyTH IIOB3YHOK peocTaTra

IpaBopyd.

B

(i
I =

Puc. 1 Puc. 2 Puc. 3

4. CikJianith samauy, o0epHeHy A0 pos3misaHyTol B nyHKTI 5 § 8. Poss’axkiTs oTpu-

MaHy 3ajauy.

NNABOPATOPHA POBOTA Ne¢ 2

Tema.

MerTa:

O6nagHaHHA: MiniamnepmeTp, ABa WTaboBi abo nia-

CnocTepeeHHs ABULLA eNIeKTPOMArHiTHOI iH-
OyKUii.

JOCNiANTN YMOBU BUHUKHEHHSA iHOYKUiNHOro
CTPYMY B 3aMKHEHIn KOTywLi; 3'ACyBaTN UNH-
HUKW, Bif AKNX 3anexaTb Cuna Ta HanpsaMoK ‘
iHOYKUIMHOro CTpyMmy.

KOBOMOAi6HI MarHiTy, APOTAHa KOTYLLIKA-MOTOK
Ha Kapkaci.

BKA3IBKM 0O POBOTU

n MigroToBKa A0 eKCNepuMeHTy

1

. Ilepen BukoHaHHAM pPOOOTH 3rajgaiire:

1) Bumoru 0e3meKwu ITiJ yac poOOTH 3 eJIEKTPUUYHUMU KOJIaMU;

2) npaBuJia, AKUX HEOOXiZHO AOTPUMYyBaTHCA IIiJ] Yyac BUMipIOBaHHSA
CHJIM CTPYMY aMIIEPMETPOM;

3) AK 3aJIe;KUTh CUJIa IHAYKI[IMHOTO CTPYyMY Bia IIBHUAKOCTI 3MiHM Mar-
HIiTHOTO IIOJIS;

4) Big Yyoro 3aJIeKUTh HAIPAMOK iHAYKIIIAHOTO CTPYMY.
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Po3zgin I. MATHITHE MOJE

2. Burkonaiire saBganusa. Ha puc. 1-4 300paskeHo mraboBuii MartiT, Ko-
TYIIKY-MOTOK (ZaJli — KOTYIIIKa), IpUeIHaHy A0 MijiaMmiepmerpa, Ta
3a3HaAUYeHO HAIIPAMOK HIBUAKOCTI pyxy MmarHity. IlepeneciTh pucyHKH
IO 30IIIUTA W IJIs KOMKHOT'O BUIIAAKY:

1) mo3HaUTe MATHITHI ITOJIIOCU KOTYIIKH;
2) BU3HAUTE Ta IMOKAXKITh HANPAMOK iHAYKIIIAHOTO CTPYMY B KOTYIIIIIi.

[y S = =T
(@) b@‘ () @)

Puc. 1 Puc. 2 Puc. 3 Puc. 4

3. CkyiamiTh eJIeKTPUYHE KOJIO, IPUETHABIIN TPOBOAU KOTYIIKHU A0 KJEM
MinziammepmeTpa.
4. Ha ogHOMY 3 TODI[iB KOTYIIIKU IOCTaBTE€ MapKepOM MiTKY.

Cysopo dompumyitmecs incmpykuyii 3 Oesnexu (0us. popsay niopyyHuka).
EkcnepumeHnrT 1

3’acy6aHna Ymoe BUHUKHEHHA IHOYKUILlH020 cmpymy 6 3aMKHEHOMY Npo-
8i0HUKY Mma YUHHUKIB, 6i0 AKUX 3aJelUmbsb HANPAMOK iHOYKUiilH020 cmpymy.

YTpumynoun KOTYIIKY Ta MarHiT y pyKax, IIOCJiJ0BHO BUKOHATEe NOCTian,
3a3HauveHi B Tabu. 1.

3eeprimb ysazy! MaruiT ciif BBOAWUTH B KOTYIIKY Ta BUBOAUTHU 3 Hel
TiTBKY 3 OOKY TOTO TOPIA KOTYIIKM, HA SKOMY IIOCTABJIEHO MITKY.

Tabnuuys 1
SK moBOoAUTHCS CTPijaKa
Howmep ... . . MijgiammepMmeTpa
. il 3 Mar"iToM i KOTYIIIKOIO . ;
Iocaimy (Bigxmigersca JiBOPYY,
IIPaBOPYY, HE BiAXUJIAETHCS)
1 VYBoAMMO MArHIT y KOTYIIKY IIiBHIYHUM
TIOJIFOCOM
2 3aunIaeMo MarHiT HEPYXOMUM
3 BuBogumo Marsir i3 KoTyIkm
4 VYBoAMMO MarHIT y KOTYIIIKY HiBAeHHUM
TIOJIIOCOM
5 3aunIiaeMo MarHiT HepyXOMUM
6 BuBogumo Margit i3 KOTYIIKHT
7 Habam:xaemMo KOTYHIIKY OO MiBAEHHOTO
moJjioca Mar”ity
8 Habau:xkaemMo KOTYIIKY OO IIiBHiYHOTO
moJjica MarHity
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JlabopaTopHa poboTta N2 2

AHanis pesynbraTiB eKcnepumeHTy 1

IIpoanauisyiitTe Tabua. 1 i chopmysIr0fiTe BUCHOBOK, V SIKOMY 3a3HAUTE:

1) 3a AKUX YMOB y 3aMKHEHill KOTYMIIi BUHUKAE iHAYKI[IHHUN CTPYM;

2) K 3MiHIOETHCA HAIPSAMOK iHAYKIIITHOTO CTPYMY B pasi 3MiHUM HAIIPAMKY
PYXy MaTrHITY;

3) AK 3MIHIOETHCS HAIPSIMOK IHAYKIIIMHOIO CTpyMy B pasi saMiHU IoJroca
Margity, AKui HabJMKa0Th ab0 BiAJaIsdi0Th BiJ KOTYIIKH.

u EkcnepnmeHT 2

3’'acyeanna YUHHUKIB, 6i0 AKUX 3a/eHUmb 3HaYeHRA iIROYKYillH020 cmpymy.

YTpumynoun KOTYHIKY Ta MarHiT y pyKax, IIOCJiJ0BHO BUKOHAITe NOCTian,
3asHaueHi B Tabsa. 2. [[lopasy sHimMaliTe mOKasu MijiaMiepMeTpa Ta 3aHOChTE X
1o Taba. 2.

Tabruuysa 2
Homep . . Cua cTrpymy
. Hii 3 Mar"iTOoM i KOTYIIIKOIO
JOCTimy I, MA
1 IIBuaAKO BBOAMMO MATHIT y KOTYIIKY
2 IToBiIbHO BBOAMMO MAaTrHIT y KOTYIIKY
3 IIBuaAKO BBOAMMO B KOTYIIKY JABa MArHiTH, CKJIaJaeHi
ONHOMMEHHUMH ITOJIIOCAMU
4 IToBiIbHO BBOAMMO B KOTYIIKY JABa MArHiTH, CKJIAJeHi
OMHOMMEHHUMU ITOJIIOCAMU

AHanis pesynbraTtiB eKCnepumMmeHTy 2

IIpoanamisyiiTe Tabua. 2 i chopMyII0liTE BUCHOBOK, V IKOMY 3a3HAUTE:

1) K 3aJIeKUTh CHUJAa iHAYKIIAHOTO CTPYMY BiJ MIBUAKOCTI BiHOCHOIO
PYXy MarHiTy Ta KOTYIIKHU;

2) AK 3aJIeKUTh CUJIa iHAYKI[INHOTO CTPYMYy BiJl 3HaueHHA iHAYKIIi 30-
BHIIITHBOT'O MAaTHITHOTO II0JIfA, 3MiHA AKOT0 CIIPUUYMNHSE IOABY CTPYMY B KOTYIIIIIi.

+ TBopue 3aBAaHHA

IIpoxymatiTe Ta 3amumIiTh IJIAH IIPOBEJEHHS €KCIEPUMEHTIB i3 mIocJri-
IJKEeHHA YMOB BUHMKHEHHS iHAYKIIIAHOTO CTPYMY B 3aMKHEHIiNW KOTYINIMi IJId
BUMNAIKiB, KOJM OBI KOTYIIKM HAIiTO Ha CIijJbHe ocepiasd (muB. puc. 5—7). 3a
MOXKJIMBOCTI ITpoBeiTh ekcriepuMmeHTr. Chopmynrotite BucHOBKU. (15 3a3Haue-
HUX BUIAJKIB YKaKiTh MOJIOCH KOMKHOI KOTYIIKK Ta HATIPSAMKU CTPYMY B HUX.

(C@ CH
@ +5j @ | @ |

Puc. 5 Puc. 6 Puc. 7

v
—>
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Po3zgin I. MATHITHE MOJE

MNIABMBAEMO NIACYMKWU PO3AINY I

«MarHiTHe none»

1. BuBuaroum poszgin I, Bu mosimanmcs, mio crmoyaTKy JOAWHA AidHajgacsa IIPO
nocmiilHi mazHimu Ta TodYaJia iX BMKOPHCTOBYBATHU; 3HAYHO IIis3Hiime OyJio
CTBOPEHO eJleKmpoMazHimu, AKi 3HAUIIN IIUPOKe 3aCTOCYBaHHS.

MATHITU
IlocriiiHi MmarHiTH EnxexTpomarsiTu
IIpupoxni Mryuni MaruiTHa gis
Benuuesnuii nmpupogHuii MarwuitTHa 3AJIEKUTh:
MAaTHIT — nJaaHema 3emas: cTpinka, Ira- ° Big cuam cTpymy
e nigdennuil mazhimuuil moJroc | | 00BUiL, miAKO- B 00MOTIIi;
SeMuli poaraioBaHuii 6iss il nie- | | BOIOAIOHWMIA, ° KiJIbKOCTi BUTKiB
HiYH020 2eozpaiiHo20 TIOJIOCA; KinbieBuii B OOMOTILi;

* NiIGHIYHUL MaAZHIMHUI IIOJIOC
3eMJi posraioBauuii 6ins il nis-
0ernHoz0 2eozpaivHoz0 OJIOCA

MAar”itu Ta iH.

* (popMmu ocepna
Ta Marepiajy, 3 SKOTO
BUTOTOBJIEHE OCepIs

2. Bu 3’acyBanu, [0 HABKO0JL0 HAMAZHILEH020 MiAad, PYXOMOL 3apAdHeHO0l YaCMUH-
KU ma nposidHuKa 3i CMpYyMom iCHYE MazHimHe noJe.

MATHITHE NOJIE

dopma marepii, AKa iCHYe HaBKOJIO HAMAaTHiUeHUX TiJ, IPOBiAHUKIB 31 cTpyMOM
Ta PYXOMUX 3apAAKEeHUX TiJ a00 YaCTUHOK
i aka Odie Ha iHIII HamMarHiueHi Tisa, TPOBigHWKI 3i cTpymMoOM Ta pyxomi
3apAMKeHi Tija abo YacTMHKM, PO3TAIIIOBAaHI B IILOMY MOJi

v

IHAYyKIisT MAarHiTHOrO IOJS

v

JIinii MarHiTHOT iHTYKIiT

BEeKTOpHA (pisvuHA BeJIUUYMHA,
AKa € CUJIOBOIO XapaKTePUCTUKOIO
MAarHiTHOro II0JId

YMOBHIi JIiHil, BBIOBMK JOTHYHUX
IO AKUX HANPSAMJIEHUN BEKTOP
MarHIiTHOI iHZYKITiT

L]

L]

Monayas MartitTHol iHgyKIii
_ FA max
Il

ae Fy .« Halbinpmra cuma Am-
mepa, I10 i€ Ha Po3TalllOBaHUN y Mar-
HITHOMY IIOJIi ITPOBIAHUK 3aBAOBIKKH [;

I — cuna cTpyMy B IDPOBiJHUKY.
H
[B]l=1Tn=1——-
A-m

° 3a6%0U 3aMKHeHi (mazHimHe
noje — 8uxpoge noJe);

* HAnpAMmoxK 36iraeTbcsa 3 HAIPAMKOM,
Ha AKUU YKaA3ye Ni6HiYHUl noJsioc
MAZHIMHOL CMPIAKU;

° HANPAMOK MOKHA BUSHAUUTH
3a npasunoMm ceepoiuKa
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MNipébueaemo nigcymkn po3sginy |

eseKmpomazHimHuol iHOYKyii.

3. Bu gisnanucsa, 1m0 6 MazZHIMHOMY NOJLL 6Ci PeHLOBUHU HAMAZHILYIOMbCA,
aJjie no-pi3Homy.
MATHITHI BIACTUBOCTI PEHOBUH
CrabomarHiTHI peuoBUHHI CuibpHOMATHITHI peuOBUHHI
HE3HAYHO 3MiHIOIOTH 30BHIIITHE TOCUJIOIOTH 30BHIIITHE MarHiTHE I10Je
MarHiTHe moJie B COTHi ¥ TucsAui pasis
JiamarHeTuku ITapamarseTuku depoMarseTUKu
HEe3HaYHO HEe3Ha4YHO . . s e .
MarHiTOKOPCTKi Mar"iToMm sKi
ocJIabJIIoI0Th TIOCHUJIIOIOTH . .
. . 306epiraroThs Ha- JIETKO HaMarHi-
30BHIIITHE 30BHIIITHE MAar- . . .
. . MarHiueHiCcTh YyIOThCS 1 pO3-
MarHiTHe 1moJie HiTHe moJie . .
JIOBTUH Yac MarHiYyIOTbCA
4. Buwu 3’sacyBainu, 1110 Ha OPOBIAHUK 3i cCTpyMOM, po3MillleHU# y MarHiTHOMY
moJjii, Aie meBHAa cwmia, — cuJaa Amnepa.
CUJIA AMMEPA
Hie 3HaueHHA Hanpamox
Ha IIpo- F, =Bllsinao BU3HaYa~
BifHUK 31 B — Mopynb iHAYKIIiI MarHiTHOrO II0JIS; eThbCcd 3a
CTPYMOM, I — cuna cTpymMy B IPOBiTHUKY; IIPaBUJIOM
posMimenni | — moB:KMHA aKTHBHOI YaCTHMHU IIPOBiJHUKA; JIiBOI pyKH
y Maruir- o — KYT MiK HaIpAMKOM iHAYKI[ii Mar#iTHOTO
HOMY TIOJIi moJIA 1 HAIPAMKOM CTPYMY B IPOBiTHUKY
IIpakTuuHe 3acTOCyBaHHS cuau Ammepa
EnexTpoBuMipoBaJ bHIL Enexrpoguramiunmii
EnexTpogBurysan
mpuaagu T'YYHOMOBEIIb
5. Bu mnoBropusu pocaizm M. Papamesa Ta O3HaANWOMHJINCA 3 SE8UULEM

ABULLE EJIEKTPOMATHITHOI IHAYKLII

\/
Hocaigu ®apanes

\/

IIpomucaoBe omep:kaHHA CTPYMY

Koau kinbKicTh JiHiN MaruiTHol iH-
OYKIIii, 1110 IPOHU3YIOTh 3aMKHEHY
KOTYIIIKY, 3MiHIOETBCHA, B KOTYIIIi
BUHUKAE IHAYKIiHHUH eJeKTpuY-
HUH CTPYM

EnxexTpomexaHiuHMil reHepaToOp — IIPU-
CcTpili, B AKOMY 3aBOAKU ABULIY eJIeK-
TpOMAarHiTHOI iHAYKIIiI MexaHiuHA eHep-
Tisl IePeTBOPIOETHCA HA €JIEKTPUUHY
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Po3zgin I. MATHITHE MOJE

3ABOAHHA ANnA CAMONEPEBIPKM OO po3ainy I
«MarHiTHe none»

3aedannsa 1, 2, 5—7 micmams minvku 00HY NPABULLHY 8i0Nn08idv.

(1 6an) IliBgenHU# MArHITHUI IIOJIOC CTPiJIKM KOMIAca 3a3BUUYal yKasye:
a) Ha miBHiYHWY reorpa@iuHMil TOJIOC 3eMJTi;

0) miBAeHHUIT MAardiTHUI IIOJIOC 3eMJIi;

B) IiBAeHHUI reorpaiuHUi moJroc 3eMJri;

T') eKBaTOp 3eMJIi.

(1 6axn) MaruiTHe 1oJie KOTYIIIKY 3i CTPyMOM cJiadIiae, AKIo:

a) y cepennHy KOTYIIKYW BBECTH 3aJIiBHE Ocepms;

0) 30iJBIIUTH YMCJIO BUTKIB B OOMOTIIi;

B) BMEHIIIUTU CUJY CTPYMY;

T) 30iJIBIIIUTH CUJY CTPYMY.

(2 6anu) YcTaHOBITH BiIIOBiAHiCTh MidK HayKoBUM (haKTOM i mocaizamwu, 3a
IOIIOMOI'OI0 SIKUX Il (paxkT OyJio 3’sICOBaHO.

1 HaBkoJuio mpoBigHUKa 31 cTpyMoM icHye A Jocmigu A. Ammepa
MarHiTHe 1oJie B ocxin B. T'ins6epra

2 HaBkoJio nnanetu 3emuia icHye maruitTHe mose B IMocaig I'. Epcrena

3 JlBa poBiAHUKY 3i CTPyMOM B3a€EMOIiIOTH I' Hocaixg III. Kynona

4 3minHe MmaruiTHe moJje cTBopioe enexkTpuuHe [ Hocaimu M. @apanes
moJje

(2 6aau) BubepiTh yci mpaBUJIbHI TBEPI KEHHA.

a) I[Tonroc marHiTy — Ile AiJiAHKa IIOBEepXHi MarHity, ge Mar"iTHa Oia
BUABJISIETHCSI HaWCUJIbHIIIE.

6) JIimii iHgyKIil oMHOPiAHOTO MAarHiTHOTO MOJIA MOYKYTH OYTH BUKPUBJIEHI.

B) Opunuiia marHitaoi imaykiii 8 CI — Tecia.

r) PoTop — Ie HepyxoMa YacTHUHA JBUTYHA.

(2 6anu) ¥V axomy Bunaaky (puc. 1) HAIpPAMOK JiHi# iHAYKIiI MarHiTHOTO

OJISA IIPSIMOrO HMPOBIAHMKA 3i CTPYMOM 3a3HAUEHO IIPABUILHO?

_—
—_
@) () (o)) —o=
_—
_—
6 8

Puc. 1
(2 6anu) e Ha puc. 2 HaIPAMOK CHJIMN AMIlepa 3a3Ha4YeHO ITPABUJIBHO?

[ s | -
p
---

Puc. 2

<« 1

[~
?F?
-
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3aBAaHHA gna camonepesipku go posginy |

7. (2 6anu) IlpamosiHiiauii mpoBigHUK 3aBAoBXKKU 0,6 M posTammoBaHUMA B Of-
HoOpizHOMY MaruiTHomy moJji imgykitiero 1,2 mTa mix xyrom 30° mo mimii
Mar”iTHOI iHAyKIii monsa. BusHaute cuay AMnepa, ska i€ Ha IPOBiIHUK,
AKIIO CUJIa CTPYMY B HbOMY 5 A.

a) 1,8 mH; 0) 2,5 mH; B) 3,6 mH; r) 10 mH.

8. (2 6aau) Ilepen TuM AK HOmaTHU 3ePHO HA JKOPHA MJIMHA, IIe 3€PHO IIPOITYyC-
KaloTh MijK IIOJIIOCAMU CHJIBHOTO ejJeKTpoMarHiTa. I[1sa uoro 1e po6aAaTh?
(3 6anu) Mar"iTHa cTpijiKka BCTAHOBUJIACSA B MATrHITHOMY IIOJIi KOTYIIIKHU 3i
CTPYMOM TakK, AK IIOKa3aHo Ha puc. 3. BusHauTe mojocu a:Kepeiia CTPyMy.
(3 6anu) Ha puc. 4 3060pakeHo PaMKY, II[0 IOBEPTAETHCA B MArHiTHOMY IIOJIi
MOCTiiHOTO MarHiTy. BusHauTe mMoJI0CH I:Kepesa CTPYMY, A0 SKOTO MiIKJIIo-
YEeHO pPaMKy.

(3 6anu) Ha puc. 5 300pakeH0o MPOBiAHUK 3i CTPyMOM, PO3TaIllOBaHUI
y MarHiTHOMY ToJIi migKoBomoxiOHOro MarHiTy. Busnaure moJrtocu MarHiTy.

="

Puc. 3 Puc. 4 Puc. 5

(3 6aau) Ym BigxuamThcA MarHiTHA CTPLJIKa BiJf HAIPAMKY «IIiBHIY — miB-
IeHb», SKII0 J0 Hel migmecTHu 3ajisHU Opycok? MimHMi Opycok?

13. (4 6anu) Busnaure mosrtocu esiekTpomarHita (puc. 6). Ik 3amianThCA mimii-
MaJbHa CHUJIa eJeKTPOMAarHiTa, AKIO MOB3YHOK peocTaTa MepecyHyTH JIiBO-
py4?

14. (4 6aau) BusHauTe HaIPAMOK iHAYKIITHOTO CTPYyMY B 3aMKHEHOMY IIPOBiJ-
HOMY KiJbI[i B MOMEHT 3aMUKaHHA KJioua (puc. 7).

15. (4 6aau) CraneBuii crpuskensb 3aBHoBKKHU 40 c¢M i macoro 50 r jeXuTH nep-
MeHINKYJISPHO [0 TOPU30HTAIBHUX PEHOK (puc. 8). Y3I0B:K pefioK HaAIpsaM-
JIeHe OJHOpigHe MaruiTHe moje ingykitiero 0,25 Ta. ¥V cTpuKHI IPOIIyCKaioTh
eJIEKTPUUHUI CTPYM cuJioio 2 A. 3 AKOI0 CHJIOI0 CTPUKEHb THCHE Ha perKu?

D
s ( o
D -
© 77 L
S/t —
&KL > B
Y

Puc. 6 Puc. 7 Puc. 8

3eipme sauwi 8i0nosidi 3 HagedeHumu 8 Kinyi niopyuHuka. I[losHaume 3a80aHHA,
AKI 68U BUKOHAJLU NPABUJIbHO, | 8usHaume cymy oanis. Ilomim uto cymy nodinimsv Ha
mpu. Odepicanuii pesyaromam idnosidamume pi6HI0 6AULUX HABUALbHUX 00CAZHEHb.

@9 @ TpenyBasnbHi TecTOBi 3aBIaHHA 3 KOMII'IOT€PHOIO IIePeBipKOI0 BU 3HAM-

JleTe Ha eJICKTPOHHOMY OCBITHBOMY pecypci «IHTepakTVBHE HaBUAHHS».
L
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Big 3ip go «ieToumnx» »xab,
a6o Hasiwo noTpi6bHi HAANOTYXHi MarHiTm

s e = o e —

Y OisbmrocTi Jrofeil MarHiTH acoIliloIOThCSA 3 KOMIAcoM. lH)KeHepu 3raja-
IOTh IIle TIPO iX 3aCTOCYBAHHA B €JIEKTPOABUTYHAX i reHepaTopax eJIeKTPUUHOTO
cTpymy. AJle BCi Ii KOHCTPYKILil BiKe maBHO Bimomi. OTiKe, momasibIille BUBUEHHS
MAaTHITHUX ABWIL € 3aiBUM?

He mocmimraiiTe 3 BigmosBiamio, sragaiiTe, HATPUKJIA, IIPO HOTATH «06e3 Tep-
Ts». PelikaMu )i TaKUX IOTATIB € MarHiTHe moJe. [[Ba Mar"iTé, oguH i3 AKUX
PO3MillleHn# B omlopax, a APyruii — y caMoOMYy IIOTsA3i, MOBEPHEHI OAUWH 10 OJTHOT'O
OMHOMMEHHUMU IIOJIIOCAMH, a OT)Ke, BIAIITOBXYIOThCA. SIK pes3yabTaT — IIOTAT
Hi0U «JIeTUTH» HaJ moporoio. IIpo mepeBaru Takoro TeXHIYHOTO PillleHHA JOKJAI-
HO 0yJ10 po3KasaHo Ha « EHIIUKJIONeAUYHIN CTOPIHII» B MiAPYYHUKY AJd 7 KJacy.

Posriigaremo 111e KijJbKa MPUKJIALiB 3aCTOCYBAHHA HAONOMYMCHUX MA2HIMIB.
Aute cmoyaTKy BMBHAUMMOCS, IO HA3WBAIOTh HAAIOTY;KHUMH MarHitamu. [lisa
I[BOTO IIOPiBHAEMO 1HAYKIIiI MarHiTHUX II0JIiB, CTBOPIOBAHUX Pi3HUMU 00’€KTaMMU,
3a TabJIUIeI0, B AKili HaBeNEHO, Y CKiJIBKM pasiB iHAYKIisg B Mar"HiTHOrO IIOJISA
IIeBHOTO 00’€KTa BiApisHAeThCA Bif iHAyKIii B; mMarHiTHOoro moasa Semuri. Mar-
HiTHe moJie 3eMJIi, IOPIBHAHO HEBeJINKe, iHOAI € MIKIAJINBUM, i BUeHI HABUMJINCS
eKpaHyBaTH MOro (3BHUIKYBaTH) B CHEIiaIbHO O0JaJHAHUX HNPUMINIEHHAX — Maz-
HimoexkpaHosaHux KimHamax. HalimeHIlle 3HAUeHHA MAarHiTHOTO IIOJIA B TaKii
kKimHaTti € y 10 MiyibiioHIB pasiB MeHIIUM, HiK MMoje 3eMJIi.

Sk 6aummo 3 TAabaUIli, CTBOPEHO MATHIT, iHAYKIliA MarHiTHOTO IIOJIS AKOTO
cuJbHiIIe 3a iHAyKIlito marHiTHoro moada 3emuti y 200000 pasis. [[1s1 goro mo-
TpiOHI TaKi moTysKHI MaruiTu?

Hacammnepen ¢isukam nmoTpiOHI mOTY)KHI Marsitu Ajsa yTpUMaHHS IYUYKiB
3apAIKEeHNX YaCTUHOK y mpucKoproBauax. Ha puc. 1 3o006paskeHO OAWH i3 HaW-
Oinpmux y cBiTi mpuckopioBauiB. Ilo riraHTCHKOMY KiJBIIO JiaMeTpoM KijgbKa

b -

Puc. 2. HagnoTy»Hi mMarHity, aki
Puc. 1. OauH i3 Hanbinbwmx y CBiTi . YTPUIMYIOTb 3apAfXKeHi YaCTUHKN
NPUCKOPIOBaYiB 3apAMKEHNX YaCTUHOK L BCepeaviHi npuckoploBava

—

Ty

"




EHUMKnonegunyHa cTopiHka

[>xepeno abo AinsHKa, Ae BUMIPIETbCA B
—= iHOYKUiA MarHiTHoro nons B,
— pna H
S iny MNoBepxHa 3emni 1
* | MarHiToekpaHoBaHa KiMHaTa 10-¢
_— LLUKinbHUI nabopaTopHUiA MarHiT 200
CepefnHa COHAYHOI NNAMK 3000
| Benukuii enekTpomarHit 30000 )
HagnoTyxHuit NabopaToOpHUI MarHiT 200000 Puc. 3. ObnaaHakHa
d = " - = ~ A JOCIIKEHHA BHYT-
[oBepxHA HENMTPOHHOI 30pi 10 ~ piluHiX OpraHiB NioAnHU
h.__H 3a [JOMOMOrol0 MarHiT-
ST "ﬁ‘:-gf-.'rf"' = . HOTO pe3oHaHcy

KiJloMeTpiB pyxaioThcsa 3apAmKeHi yactuaKu. 11106
BOHU «HE BUXJIIOIyBaJIUCSI» Ha CTiHKH, W HMOTPiOHI
HAAIOTY KHi MarHiTu (puc. 2).

IITupoko Bifome 3acTOCyBaHHA HAAIOTY KHUX
MarHIiTiB y MeIUIIWHi: 3a IXHBOIO JOIIOMOTOIO OZEepP-
JKYIOTHh 300paskeHHsS BHYTPIIIHIX OpPraHiB JIOAWHU
"+ (puc. 3, 4). Ha Bigminy Bij miarHOCTHMKHU 3a JOIIO-
MOTOI0 PEHTTeHiBChbKUX IPOMEHiB, memod mazHim-
H020 Pe30HAHCY € 3HAYHO 0e3IeuHimuM.

Hacamkizens HaBemeMmo Ille OAUH IPUKJIAJ 3a-
CTOCYBaHHS HAAIOTYKHUX MAarHiTiB. IHxKeHepu
BJKe HABUMJIU «JIITaTH» Ba’KKi IIOTATY, a YU MOYKHA
HABUUTHU JITATU JIOAUHY ab0 TBApPUHY?

BusaBnsieTbesa, BcA chmpaBa B MaTepiaJjax.
Y KOHCTPYKIIil moTAra AJIs IIiACUJIeHHSI MarHiTHOTO
moJIA MOYKHA BUKOPHMCTATH CIIeI[iaJbHI MaTepiaJnu,
a OT PEYOBUHU, 3 AKUX CKJIAJAE€ThCA OpPraHiaMm, Ta-
KHUX BJIACTUBOCTEIl He MaioTh. He BIKUBJIIOBATU K
3apajil CyYMHiBHOTO 3a/I0BOJIEHHS y TiJIO «3aJIi3sad-
Ku»! Ta Ha MIIAXYy OmaHyBaHHSA JieBiTaIlil JomoMor-
JU HAAIOTYKHI MaruHitTu. 3’sgcyBaJjocs, III0 B pasi
IysKe CHJIbHHUX MAaTrHITHHX II0JIiB HABITH CJIa0OKOTO
MarHeTHU3My OpPraHi3My AOCTATHBLO AJsA 3a0eseueH-
Hs TOTPiOHOI cMyIM BiAIITOBXYBaHHA. YUEHUM yAa-
JIOCA 3MYCHUTH «JiTaTu» Kaly, momicTtusIiu ii mifn
Yyac eKCIepUMEHTY HaJ HaAIOTYyKHUM MAarHiTOM
. (pumc. 5). 3a cioBaMu AOCTiJHUKIB, IiCJA IOJBOTY
- MaHIPiBHUILA IIOYyBaJlacAd HOPMaJIbHO. Jlmmmia-
! | .| ca «apibEMIA»: 30iMpIINTHA Mar"iTHe moje B 10— &
= 100 pasiB — i sroguHA mi3Hae I'SHKe BiguyTTa .
o= TIOJIBOTY. i s i —

Puc. 4. 3Himok cyrno-
6a, OTpYMaHWi i3 BU-
KOPUCTaHHAM MeToay
MarHiTHOro pe3oHaHcy




Po3zgin I. MATHITHE MOJE

B OpicHTOBHI TeMn NpoeKTiB

1.
2.
3.
4.
5.
6.
7

MaruiTHi Mmarepianu Ta iX BUKOPHUCTAHHS.

MaruiTHuit 3anuc indgopmaririi.

BusBu Ta 3acTocyBaHHA MarHITHUX B3a€EMOJiN y IPUPOAi M TeXHIIli.
T'eomaruiTae mose 3emui.

MaruiTHi Oypi Ta iXHil BIJIUB HA 340POB’A JIIOAUHMU.

PisnomaHiTHI eJeKTpoMaruiTHi mpucTpoi.

T'enepaTopu eJeKTPUYHOTO CTPYMY.

B Temu pedepartis i noBigoMmneHb

1.

w N

N v

®

10.
11.
12.
13.
14.

15.

Boawe wmarHiTHOrO mOJA Ha AKICTh 1 IIBUAKICTE IPOPOCTAHHS
HaciHHA.

BrinB MargiTHOro IoJis Ha JKUTTS Ta 340POB’A JIIOAUHMN.

Cuna Jlopeuna. Buasu cusnu Jlopenma B mpupoji, 3acToCcyBaHHSA

B TeXHiIri.

IcTopia BuBUEeHHS MarHeTHU3MY.

MaruiTHi MOMeHTH aToMa Ta MOro CKJIASHUKiB.

AHTUMATHITHI PeYOBUHHU Ta iX 3aCTOCYBaHHI.

BHecok yKpaiHCBKUX yUEeHUX Y BUBUEHHSA MarHeTHU3MY.

M. Papageii i [I:x. MakcBess1 — 3aCHOBHUKHU TeOpil eJIeKTpoOMarHir-
HOTO II0JIA.

Maruitai 6ypi B armocgepi mianer-riraatis CarypHa i Ypana.
Hikosna Tecna — JsroguHa, SKa BUIlEpeAnJa CBiil uac.

SIK mpaIoTh IIPUCKOPIOBAYI 3apAMKeHNX YaCTUHOK.

IITo Take Mar"HiTHUN cemapaTop i AJIA YOTO BiH MpU3HAUEHUMH.
MTI'II-renepaTop: IO BiH reHepye i K IIpaItioe.

1o Take meTJyia ricrepesucy i AK BoHA MOB’A3aHA 3 HAMAaTrHIYyBaHHAM
i mepemarHiuyBaHHAM.

MaruiTHa pigmHa: yHiKaJIbHI BJIACTUBOCTI, IPUKJIAAN 3aCTOCYBAHHSI.

B Temun eKcnepyMeHTaNbHUX BOCAIgKeHb

1.
2.
3.

4.
5.
6.

7.
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BuBueHHs BJIaCTHBOCTEH MOCTiMHMX MAarHiTiB.

HocaimKeHHs MarHiTHOTO MO 3eMJIi.

BumipoBaHHSa MarHITHOI iHAYKITil MArHiTHOTO MOJIST KOTYIITKI

31 cTpyMOM; MArdiTHOTO II0JIA HiJKOBOIOAIOHOI'O MAarHITY.
BuroroBienHa reHeparopa eJIeKTPUYHOTO CTPYMY.

HociigxenHd ABUINA eJIeKTPOMATrHITHOL iIHAYKITIi.
BuroroBieHHA MarHiTHOI pigmHM, TOCTiAMKEHHA il BJIaCTUBOCTEM.
BuroroBieHHA eIeKTPOABUTYHA.



po3ain i

CBIT/IOBI ABULLA

Bu HeogHOpa30BO BMMIplOBanu CBil 3picT,
a Tenep Ai3HaEeTech, AK, 3HaUUN BAAaCHUN 3picT,
BUMIPATU BUCOTY BENIMYE3HOIO AepeBa

Buv 6arato pasis 6aunnuv Becenky, a Tenep AisHa€eTeCh,
AK i1 3pobuTn B cebe BaOOMa

Bu pobpe 3HaeTe NpuKasKy «YHOUI BCi KOTU Cipi»,
a Tenep 3MoxeTe i NOACHUTM 3 TOUKM 30pYy di3nKK

Bu po3symieTe, Lo fexTo He MoXe 06iTnca 6e3 oKynApis,
a Tenep Ai3HaeTeca, YOMy OKynApuW fonomMaratotb 6aunTn Kpatle

Wréjm\\ '




Posgin Il. CBITNIOBI ABULLA

§ 9. CBITJIOBI ABULWA. OXEPEJIA TA NMPUAMAMI
CBITNA. WBUAKICTb NOWMPEHHA CBITJIA

I3 n'AaTK opraHiB uyTTA HalMbiNbWwe iHPopmauil Npo JOBKINNA Aae Ham 3ip. OgHak 6aunTm
HaBKOJIMLLHIA CBIiT MW MOXEMO TiflbK1 TOMY, O HaM B oui noTpannsae ceitno. OTxe, no-
UYMHAEMO BMBYEHHSA CBITNOBUX, a60 onmuyHux (Bif rpeubk. optikos — 30poBui), ABULY, —
TaKux, WO NOB'A3aHi 3i cBiTIOM.

Cnocrepiraemo cBiTNOBI ABULA

3i cBiTUIIOBUMU ABUIIIAMU BU 3yCTPivaeTecs IMOTHSA, aaKe BOHU € YACTUHOIO
OPUPOIHUX YMOB, Y IKUX MU iCHYEMO.

Heski 31 cBiTVIOBUX ABWUIIN 3JaI0THCS HAM CIIPABYKHIM IMBOM, HATIPUKJIAT
mipaski B mycresi, moasapHi cAiBa. I[Ipore morombrecsd, 1Mo I OGiJIBIIT «3BUYHI»
CBITJIOBi ABUINA: BUOJIMCK KPAIJIUHKNA POCH B COHAYHOMY IIPOMEHi, MicauHa I0-
pixka Ha 1mieci, ceMubapBHUII MiCT BeCeJKHU IIiCJIs JIITHHOrO JOIIY, OJMCKaBKa
B I'PO30BUX XMapax, MepexXTiHHA 3ip y HiuHOMYy Hebi — Tex € quBamMu, 60 BOHU
POOIATH CBIT HABKOJIO HAC UYAOBUM, CIIOBHEHUM UYapiBHOI Kpacu Ta rapMoHii.

E 3’AcoBYEMO, WO TaKe JKepena cBiTna

Dxepena cBitna — ue ¢i3nyHi Tina, YacTMHKN (@TOMKU, MONEKYNX, NOHMW) AKKX
BUMPOMIHIOIOTb CBIT/0.

ITornsaHbTEe HABKOJIO, 3BEPHITHCA 0 CBOT'O JOCBiAYy — i Bu, 6€3 CyMHIiBY, Ha-
3BeTe OaraTo JKepesI CBiTJia: 30ps, clajiax OJMCKaBKHU, MOJYM’sI CBiUKH, JaMIia,
MOHITOpP KoMII'foTepa ToIo (aAmB., HanpukJan, puc. 9.1). CBiTiio MOXKyTh BU-
OpOMiHIOBaTU ¥ MeAKi icToTu (CBITISUKM — sACKpaBi IATKHU CBiT/IA, AKi MOMKHA
mo0aumnTy TeImJIOl JIITHBOI HOUi B JricoBiii TpaBi, JedAKi MOpChKi TBapmHM, pamio-
aapii Ta iv.).

fcuoi MmicauHOI HOUI MU MOKEMO JOCUTH Ho00Ope 0aunTH IpeaMeTH, OCBiT/IeHi
micaunum caiiBoM. Onmax Micamb He MOKHA BBasKaTU I:KepesioM CBiTJa, amike
BiH He BUIIPOMIiHIOE, a TiJIbKU BimbmBae cBiTJIO, 110 ¥iae Bim CoHIIA.

? Yu mokHA Ha3BAaTH [KepeJOM CBITJIA J3ePKAaJo, 3a AOIOMOIOI0 SKOTO BH
TIOCUJIAETE «COHAYHOTO 3aiiumKa»? OOr'pyHTYHTe CBOIO BiANOBiAb.

Puc. 9.1. [leaki gxepena cBitna
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§ 9. CeiTnosi Aasnwa. Ixepena Ta npunmadi csitna. LUBngKicTb NnowmpeHHa ceitna

Po3pisHAemo pxepena cBitna

3anexrHo 8i0 noxo0HeHHS PO3PIBHAIOTH IMPH-
poaHi ¥ mTy4Hi (CTBOPEHi JIOAUHOIO) AKepeJia CBiTIa.

Ho npupodnux 0xcepen ceim.ia HaIEKaTh, HATIPUK-
nan, CoHIle i1 30pi, pos3eueHa jaBa Ta IOJAPHI csiiBa,
IesKi cBiTHI 00’€KTH 3-TIOMiK TBapuH i pocsuH (TIrb0KOo-
BOJHA KapaKaTUIlA, CBITHI OaKTepii, cBIT/IAUKM).

IIpuponni mxepena He MOKYTH 3aJOBOJLHUTHU
moTrpely JIOAUHN Y CBiTJIi, TOMY Ille B JaBHUHY IOYaJIA
CTBODIOBATU WmMyyHi Oxcepena cgimaa. CrouaTky e
OyJiu BOTHUIIE II KaraHellb, IIi3Hille — CBiUKMU, OJUBHI
Ta racobi Jammnu; HanpukiHii XIX cT. 0yJ10 BUHAKIEHO
eJIeKTPUYHY JIAMITy. 3apas3 pisHi BUAU eJeKTPUUHUX
JIaMII BUKOPUCTOBYIOTH yciogu (puc. 9.2, 9.3).

? AKi BUIM eJIeKTPUUYHUX JIaMII BUKOPHUCTOBYIOTH

y JKUTI0BUX OyamHKax? JIKi saMim 3acTocoBy-

OTh AJiA PidHOOAPBHOI isfoMiHAILii?

I;xepesia cBiT/Ia TOAIIAIOTH Ha TEIJIOBI Ta JIIO-
MiHECIIeHTHi.

Tennosi 0xcepesia BUTTPOMiHIOIOTH CBIiTJIO 3aBIAKU
TOMY, III0 MalOTh BUCOKY TeMIiepaTrypy (puc. 9.4).

s cBiTiHHA JAOMiHecyeHmHux 0xcepes cgimaa
He mOoTpibHA BUCOKa TeMIepaTypa: CBiTJIOBe BUIIPO-
MiHIOBaHHSA MOXKe OyTU JOBOJIi iHTEHCUBHUM, a IKe-
peJio Ipu IIbOMY 3aJUINAETHCI BiJHOCHO XOJIOJHUM.
Ilpukimagamuy JrOMiHECIIEHTHUX I)KepeJs CBiTja € IIo-
JApHE CANWBO Ta MOPCHKHI IIJIAHKTOH, €eKpaH TeJje-
¢ony i cBiTSIOBHIT iHAMKATOD, CBITJIOAiOAHA JaMIIa Ta
JaMIIa IeHHOT'O CBiTJia, IOPOKHIN 3HAK 1 TOpOToBKas,
BKPUTi JIOMiHeciieHTHOO (apb0io, TOIIO.

Temneparypa, °C

500 1000 2000 3000 4000

ITansEUK R
ra3oBol H(?HYM A
IJIUTH TTonym’sa masAbHOL CBHKHO
(750 °C)  smammm (1100 °c) (1650 °C)

Puc. 9.4. [leaki Tennosi gxepena cgitna

EJIeKTpI/I‘-IHa ayra
(4000-6000 °C)

Puc. 9.2. MMoTyXHMUN AKe-
penamu WTy4yHOro CBiTNa

€ ranoreHHi namnu y ¢apax
Cyy4acHoro aBTomobins

Puc. 9.3. CurHann cyyacHux
cgiTnodopis fobpe NOMITHI
HaBiTb TOAi, KON ACKPaBO
CBITUTb COHLE. Y TaKux CBIT-
nodopax namnu posxapeH-
HA 3aMiHEeHO Ha CBITNoAiIoAHiI

5000 6000

IToBepxua CoHia
(morax 6000 °C)
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Posgin Il. CBITNIOBI ABULLA

n BuBYaeMoO TOUKOBI Ta NPOTAXHi AKepena cBiTha

[>xepeno cBiTna, AKe BUMPOMIHIOE CBITSIO OAHAKOBO B YCiX HanpAMKax i po3mi-
pamMu AKOroO, 3BaKaloum Ha BiACTaHb 4O MiCLA CMOCTEPEXKEHHA, MOXKHa 3HEXTYBaTH,
Ha31BalOTb TOYKOBUM [)Kepenom cBiTna.

Hatikpamum nmpukaagoM TOUYKOBHUX IMKepes CBiTJIA € 30pi, aJsKe MU CIIO-
crepiraemo ix i3 3emJi, To0TO 3 BifcTaHi, 1110 B MiJIbIIOHU pPas3iB mepPEBUIIYE PO3-
Mipu camMux 3ip.

I:xepena cBiTiia, 1110 HE € TOYKOBUMU, HASUBAIOTH NPOMAMCHUMU Odxcepe-
Jaamu ceimaa.

V¥ 6inbIinocTi BUNDagKiB M MaeMoO CIIPaBy caMe 3 IPOTSKHUME IyKepeaMu
cBitna. Ile i mamma geHHOTrO cBiTyIa, i eKpaH MOGiabHOTO TeaedoHY, i mOIyM’s
cBiuku, i BOrous bararrs.

3aJie:KHO BiJl YMOB Te caMe IKepeJio CBiTJia MOKe BBasKATHUCS AK IPOTAK-
HHUM, TaK i TOUKOBUM.

? Ha puc. 9.5 300paskeHO CBITHJIBPHUK HIJA
JaHAIIa)THOTO OCBITIEHHS cany. ¥ SKOMY,
Ha BaIly OYMKY, BUIIQAKY Ilell CBITUIBLHUK
MOJKHA BBasKaTU TOUKOBUM [:KepeJsioM cBitTia?

B XapakTtepusyemo npunmaui citna

Mpunmadi cBiTna — uUe NpPUCTPOI, AKi 3Mi-
HIOIOTb CBOI BNAacTMBOCTI u4epe3 p[ilo CBiTna
Ta 33 AOMNOMOrOK AKUX MOXHA BUABUTU CBIiTNOBE
BUMPOMIHIOBaHHSA.

ITpuiimaui cBitTyia 6yBaOTh WMYyLHUMU 1 npu-
Puc. 9.5. [1o 3aBaaHHs B § 9 podnumu. Y 0ynb-aKoMy nIpuiimMadi cBiTiia eHeprisa
CBITJIOBOrO BUIIPOMiHIOBAHHSA II€PETBOPIOETHCA HA
iHIIi BUAM eHeprii — TemJioBy, KA BUABJIAETHCA
B HaArpiBaHHi TiJI, IIT0 MOTJIMHAIOTH CBITJIO, €JeK-
TPUYHY, XiMiUHy Ta HaBiTh MexXaHIiuUHy. YHACJIiIOK
TaKWX IIEPEeTBOPEHb IIPUMMaYi IeBHUM YMHOM pea-
T'YIOTh Ha CBiTJIO abo Ha Horo 3MiHy.

Hampuknan, neski cumcTeMu OXOPOHU IIPAITIO-
I0Th Ha (POMOeNLeKMPULHUX Npuilmaiax ceimaa —
¢poroemementax. Tomki wnmyukm cBiTia, 110
OyKBaJbHO ITPOHU3YIOTH IIPOCTIP HABKOJIO OXOPO-
HIOBAHOTO 00’€KTa, COPAMOBaHiI Ha (hpoToeIeMeHTU
(puc. 9.6). AKIo mepeKpuTHU OAUH i3 TAKUX IIpPOMe-
HiB, (poTOEJIeMEHT He OJEP:KUTHh CBIiTJIOBY €Hepriio
Ta HETalHO «IOBiJOMUTB» IIPO IE.

¥ corauHux Garapeax ()OTOEJEMEHTU IIepe-

Puc. 9.6. Y CcyyacHUX OXOpPOH- TBOPIOIOTEH €HEPrilo CBiT/Ia Ha eJIEKTPUUHY eHepriio.
HUX CUCTEMaxX BUKOPUCTOBY- CyuacHi COHAYHI eJIeKTpOCTaHIIiI — Iie BeJauki
10Tb UyTINBI pOTOENEMEHTH «eHEePreTUYHi MoJsa» i3 COHAYHMUX OaTapeil.
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§ 9. CeiTnosi Aasnwa. Ixepena Ta npunmadi csitna. LUBngKicTb NnowmpeHHa ceitna

TpuBanuit yac aada oTpuMaHHS (oTorpa-
(iti 3acTOCOBYBaJIM JIUIITE POMOXIMIUHI NPUIMAU]
ceéimaa (poronaiBka, goromaiip), B AKUX y pe-
syabTari mii cBiTiia BigmOyBaroThcsa HeBHI ximiuHi
peaxkirii (puc. 9.7).

Y cyuacHux nudpoBux (oToamaparax 3a-
MicTh (POTOMJIIBKM BUKOPHUCTOBYIOTH MATPHUILIO,
AKa CKJAJaeTbCA 3 BEJMKOI KiJbKocTi ¢oTo-
ememenTiB. KoikeH i3 IIUX eJileMeHTIiB mpuiiMae
«CBOIO» YaCTHHY CBiTJIOBOTO HOTOKY, IEPETBOPIOE
i1 Ha eJIEKTPUYHUU CUTHAJ i IIeperae Moro B IeBHE
Micrie eKpaHa.

IlpupodHumu npuiimavamu ceimaa € odUi
KuBux icror (pme. 9.8). Ilim miero cBiTiia B cit-
KiBIi oKa BimOyBarThCcA MEBHI XiMiuHi peakIrii,
BUHUKAIOTh HEPBOBi iMITyJibCH, BHACJIIJOK YOTO
MOB0K (DOPMY€E YSABJIEHHS IIPO AOBKIJIJIA.

n LlisHaemocA npo WBMAKICTb MOWNPEHHA
cBiTna

HuBnaunch Ha 30psHe He0O, BU HABPAL YU 370-
ragyerecs, IO AesaKi 3opi B:ke sracau. IloHan e,
IeKiJTbKa MOKOJIIHb HAIINX IIPEeIKiB MUJIYyBAJJIUCS
TUMU CAMUMHU 30PsIMU, a IIi 30pi He iCHyBaJu BiKe
 Toxmi! fIx me moske OyTwH, IO CBiTJIO Binm 30pi €,
a BJIaCHe 30pi BiKe HeMae?

Piu y Tim, 1110 CBiTJIO IOIIHPIOETHCA B IIPO-
cTropi 3i ckimuenHoro mBuAKicTio. IIIBUAKiCTE ¢
TOIIIUPEHHSA CBiTJIA € BeJUUYEe3HOI0, U y BaKyMi
BOHA CTAHOBUTH IIPUOJM3HO TPHCTA THUCAY KiJo-
MeTpiB 3a CEeKYHAY:

c=299792458 2L *

(]

CsitTyio mosiae GaraTokisiomMeTpoBi Bimcrami
3a THUCAYHI yacTKu cekyHau. Came ToMy B pasi,
KOJIM BiJicTaHb BiJ mpuiimMaua 1o IKepeJia cBiTJa
€ HeBeJINKOIO, 31a€THCHA, 110 CBITJIO MOIIUPIOETHCA
MHUTTEBO. A OT Bij majexkux 3ip cBiTjIo fige o0 HAC
THUCAYL ¥ MiJBHOHU POKIiB.

* TIlig yac posB’aA3yBaHHsS 3ajau OyJeMO BHUKOPHCTOBY-
BaTU NPUOAU3HE 3HAYEHHS WBUOKOCMI NOWUPEHHS

ceimaa y eaxyymi: ¢=300 000 M _3108 X,
c c

Puc. 9.7. ®oTonniska Ta ¢poTo-
nanip — ¢doToximiuHi npunmavi
cBiTNa

Puc. 9.8. Oui xuBux ictotr —
Le NpupoaHi NpuimMadi citna

Big maibamsxuoi mo Hac
3opi Auxasda IlenTaspa
cBiTIO Hizme mo SemJIi maiixke
4 poxku. Tomy, TUBIAUYNCH
Ha I[I0 30PI0, MU HACIIPaBIi
6aunmo, AKOI0 BOHA OyJa
4 poxKu TOMY.

Ane X icHyOTH Trajak-
TUKU, BiggajeHi Big Hac Ha
MiJIBHOHY CBiTJIOBUX POKiB
(to6TO cBiTJIO Iife MO HUX
MiJBIIOHM POKiB). YABiTH
cobi, 110 B Takiil ragak-
TUIIl iCHy€ BUCOKOTEXHO-
Joriuna muBiaisamia. Toxi
BUXOAUTH, IO BOHU «0a-
yaTh» HAIy MJAHETY IIe
3a yaciB quHO3aBpiB!
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Posgin Il. CBITNIOBI ABULLA

fgL Min6uBaemo nigcymkn

®isuuHi TijNa, aTOMU TA MOJIEKYJIU AKUX BUIIPOMiHIOIOTH CBITJIO, HA3UBAIOTh
IoKepenaMu cBityia. I[skepesia cBitsia GyBaroTh TEIJIOBI I JIFOMiHECIIEHTHI;
OPUPOAHI ¥ MITYyUYHi; TOUKOBi i1 mpoTAKHiI. Hanmpukiaan, moasapHe cABO — TpU-
pomHEe TMPOTAMKHE JIIOMiHECIIEHTHE I)KepeJso CBiTJia.

IIpucrpoi, AKi 3MiHIOIOTH CBOI mapameTpw B pesyJjbTaTi mii cBiTiia Ta 3a
JIOTIOMOT'0I0 IKMX MOXKHA BUSBUTHU CBIiTJIOBE BUIIPOMiHIOBaHHSA, HA3WBAIOTH ITPUA-
MayaMu cBiTyia. ¥ mpuiiMavax CBiT/ia eHeprid CBITIOBOrO BUIPOMiHIOBAHHS IIe-
peTBOPIOETHCA Ha iHIII Buam eHeprii. Opranu 30py KWBUX ICTOT — IIPUPOIHI
npuiiMaui ceitsa.

CBiTJI0 TIOMINPIOETHCA B IIPOCTOPi 31 CKiHueHHOIO mBHUAKicTio. IIIBUAKiCTH
MOUIUPEHHA CBiTyIa ¥ BAKyyMi IPUOJIN3HO CTAHOBUTH: C = 3-10% M /c.

g@ KoHTponbHi 3annuTaHHA
{ L‘v ¥

< / 1. fAxy poJab Bimirpae cBiTiio B :KuTTi Jgiogumuu? 2. JlaiiTe o3HaAueHHA AKepesa

4% ¢ cBitota. HaBenite mpukaanu. 3. Yu € Micamns mxepesiom cBitia? IlosAcHITH cBOIO
BigmoBinb. 4. HaBemiTh mpuKJagu NPUPOSHUX i IITYYHUX AKepesa cBitia. 5. IIo
CIIiJIFHOTO MAIOTh TEIIJIOBi I JIIOMiHeCIleHTHi J:kepesa cBiTia? YuMm BoHHU Bigpis-
HATHCA? 6. 3a IKUX YMOB AKEpejo CBiT/iia BBa)KaloTh TOUKOBUM? 7. fIki mpwu-
CTPOI Ha3MBaIOTh HpuiiMauamu cBitiaa? HaseniTe mpukaagy MIPpUPOSHUX i IITYUHUX
npuiiMadis cBiTia. 8. KO0 € MIBUAKICTH MOMIMPEHHA CBiT/Ia Y BAKyyMi?

ﬁfb’\’? BnpaBsa N2 9

“} { 1. YcraHOBiTH BigmoOBigHICTL MiK
/\ﬁ\' JPKepeJioM CBiTya (AWB. PUCYHOK)
i fioro BuAOM.
A mpupojgHe TeroBe
B miryune Termioe
b npuponne TroMiHEcIIEHTHE
I' miTyune sgrominecieHTHE

1 Tenedon 2 daken 3 Crimyiauor

2. ]l KOXKHOTO PSAAKA BU3HAUTE «3aliBe» CJIOBO ab0 CJIOBOCIOJIYYEHHS.
a) monym’si cBiuku, Couie, 3opsa, MicaAls, cBiT/iogiogHa Jamiia;
0) ekpaH YBiMKHEHOTO KOMIT'IOTepa, OJMCKaBKa, JlaMIla PO3:KapeHHs, (akeJr;
B) JlaMIIa JEHHOTO CBiTJIa, MOJYM’sl Ta30BOT0 MaJbHUKA, 0araTTd, pagioasapid.
3. 3a akuil IpuOJIU3HO Yac CBiTJIO mpoxonuTh Bifgcraums Bix CoHia mo Semui —
150 moH KM?
V axux iz sasHavenux Bunajkis CoHIle MOKHA BBasKaTU TOYKOBUM IKepesioM
cBiTia?
a) CIIOCTEPEerKeHHs COHAYHOIO 3aTeMHEHHT;
0) crioctepekenHa COHIIA 3 KOCMIUHOTO KopabJis, AKUHN JEeTUTh 3a MeKaMu
CoHsAYHOI cUCTEMU;
B) BUBHAUEHHA 4Yacy 3a JOIIOMOTOI0 COHAUYHOI'O MOAUHHUKA.
OpHieo 3 OAMHUIL JOBKUHU, SKY 3aCTOCOBYIOTH B aCTPOHOMIii, € cgim.iosuil
pix. CKiTbKM MeTpPiB CTAHOBUTH CBIiTJIOBUII PiK, AKIIO BiH MOPiBHIOE BiAcTaHi,
AKY JOJIAa€ 3a OOUH PiK CBIiT/IO Y Bakyymi?
6. CxopucraiiTecsa IOLAaTKOBUMHU IKepesiaMu iHdopMmailiii Ta gisuaiirecs, XTo mep-
UM BUMIpAB MBUAKICTE momupeHHsa cBitia. I1lo came cTaso momIToBxoM s
BUYEHOro?
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§ 10. CBITNIOBU MPOMIHb | CBITNIOBU NMYYOK.
3AKOH MPAMOJIIHINHOIO MOLNPEHHA
CBITJIA. COHAYHE TA MICAYHE 3ATEMHEHHA

Konu Bu rpaeTe B xoBaHKM abo 3anycKaeTe «COHAYHMX R
3alumKiB», TO, He NMigO3pIoUN TOTrO, KOPUCTYETECA 3a-
KOHOM NPAMOJTIHINHOrO NOWKVpPeHHA CBiTNa. 3'AcCyemo,
B YOMY MONAra€ el 3aKoH i AKi ABMLLA BiH NOACHIOE.

n Yunmocsa po3pisHATU NyYOK CBiTaa
i CBiTNOBUI NPOMiHb

st cmocTepeskeHHs CBITIOBUX TIYYKIB HaM
He TIIOTPiOHe :KOmHe cIeliaJibHe OOJagHaHHSA
(puc. 10.1). HocraTHbO, HaHpUKJIazL, abo Bia-
YUHUTU JBEepPi B TeMHUIN KOPUAOP i3 OCBiTJIeHOL
KiMHaTH, ab0 BBIMKHYTM B TeMpPSABi JiXTapuk,
ab0 SICHOTO COHSYHOTO IHS HEIiJIbHO 3CYHYTH
B kimHari mropu. Ilyuku ceim.a B IIepUIOMY
BUINIAJKY NafaloTh Ha HiAJory uepe3 mBepHmit  Puc. 10.1. llyykn coHauHoro
[IPOCBIT; y APYroMy BUIAAKY CBITJIO B IeBHOMy  CBIT/a, WO NPO6MBAIOTLCA Kpisb
HAIIPAMKY CIIPAMOBYETbCA pedeKTopoM jixra-  <Mapy
PUKAa; B OCTAHHBOMY BUIIQJAKY IIYYKM CBiTJIa TIPO-
XOOATH A0 KiMHATH KPidh IIIJMHY MisK IIITOPAMMU.

Y pearbHOMY KHUTTI MM MaeMO CIPaBY
TiTBKY 3 MyYKaMu cBiTyia. Xoua, OroabTecs, s
Hac € 3BUYHUM, KOJIU TOBOPSATH: MPOMiHb COHII,
OPOMiHBb IIPOKEKTOpPa, 3€JIEHUI ITPOMiHB TOIIO.
Hacmpaszi 3 morniany ceomempuunoi onmuxku, axKy a
MU BHUBYATHUMEMO IIHOTO POKY, IPABUJIBHO Oyj0 O
KasaTu: MYyYOK COHAYHUX ITPOMEHiB, MYUYOK 3e-
JIEHUX IIPOMEHiB TOI0. A OT JJi CXeMaTHUUYHOTO
300paskeHHs CBITJIOBUX MYUYKiB BUKOPHCTOBYIOTH
ceimaoagi npomeni (guB. puc. 10.2).

CBiTNOBUI NPOMiHb — Lie liHif, WO BKa3ye Ha- 6
NPAMOK NOLWNPEHHA eHepril cBiTna.

Omike, AKIO AaJi B TEKCTi 3ycTpivaru-
MYyTbCSA (ppasu, CJIOBOCHOJYUEHHS Ha 3Pa30K
«IIPOMiHB CBiTJIA TTaZA€», «3AJOMJIEHHSA IPOMEHS» s >
TOIIO, CJil MaTu Ha yBasi, 110 AAeTHCA IIPO IYUOK
CBiTJIa, HAIIPSIMOK SKOTO 3aJaHUIl IITUM IPOMEHEM.

? Posraaupre pume. 10.1, 10.2 i BusHaure, 10
SKOTO TUITY CBITJIOBUX MYYKiB HAJEKUTH ITy-

Puc. 10.2. CBiTnoBuin ny4yok —

YOK COHAYHUX IIPOMeHiB. [Ti0ka3ka: ysaBiTh, Lie CYKyMHICTb CBITNOBUX Mpo-
AK BUMIAJAIOTH 3aJI8HUYHI PEHKM NJIA CIO-  penip. CBITNOBI NyuKM:
cTepirada, KU CTOITh HA KOJII i AMBUTBCA g — 36iKHUIT; 6 — PO3BIKHMI;
Ha peliku BIAJIUHY. 8 — rnapanenbHui

61



Posgin Il. CBITNIOBI ABULLA

T Iyuox cBitia

Expan

NS, y

<

<=

Puc. 10.3. [Jocnig, AKWIA AEMOHCTPYE NPAMONiHiliHe NOWWPEHHA CBiTNa

1
" |

Puc. 10.4. YTBOpEHHS MOBHOI
TiHi O¢ Big npegmeta O, ocBiTNEHO-
ro TOYKOBUM [KepesioM CBitna S

Puc. 10.5. YTBOpEeHHA NoBHOI

TiHi Oy i niBTiHi Oy Bif Npegmeta O,
OCBITNIEHOTO MPOTAXKHUM [PKepenom
cBitna S
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E NMepekoHyeMOCsA B NPAMOJHINHOCTI
NOLIMPEHHA CBiTna

IIpoBememo mocain (zuB. puc. 10.3). Posrarry-
€MO IIOCJIiIOBHO )KEPeJio CBiTJIa, KiJbKa apKy-
IIiB KapTOHY 3 OTBOPAMHU JiaMeTpPOM IIPUOJII3HO
5 MM, eKkpaH. Po3aMicTHMO apKyIIIi TaKUM YUHOM,
106 Ha eKpaHi 3’ABuIacA CBiT/IoBa misaMa. KImo
Temep y3ATU, HAITPUKJAJ, CIUII0, BOHA JIETKO
mpoliie Kpidb yci oTBopu, TOOTO BUABUTHCSA, IO
OTBOPHU PO3TAINIOBAHI Ha OTHIN IPAMIiI.

ITeit mocain meMoHCTPYE 3aKOH MPAMONi-
HillHOro NMoLNpPEeHHA cBiTna:

Y npo3opomy oOfHOpigHOMY cepenoBuLi
CBIT/IO NOWMPIOETLCA NPAMONIHINHO.

IIpo meit sakoH me moHan 2500 pokis
TOMY IHCAB JaBHBOIPelbKUil yueHuin Eex.nio.
Y reomerpii MOHATTA IIPOMEHS Ta HPAMOI Ji-
Hil BUHUKJIW Ha OCHOBi yABJEHHSA IIPO CBITJIOBi
IPOMEHi.

B [lisHaeMmocA npo MoBHY TiHb i NIBTIHb

IlpamosinifinicTIoO WOIIMpPEeHHA CBiTIIA
MOJKHA TOSCHUTU Te, IO OyAb-siKe HeIpos3ope
TiJI0, OCBiTJIeHE [JKEepeJsioM CBiT/Ia, BITKUIAE TiHb.

SRI0 mKepeso CBiTJIAa € TOUKOBUM, TiHb
Bix mpeamera Oyze 4UiTKoOi0. Y IIbOMY BHUIIAAKY
YTBOPIOETHCA TiIbKU nogHa minv (puc. 10.4).

MoBHa TiHb — Ue obnacTb NpocTopy, B AKY
He noTpanffAe CBITNO Big Akepena.

SIKIMO TijI0 OCBiTIIeHE IPOTAKHUM IKepe-
JIOM CBiTJI&, TO YTBOPIOETHCS TiHb i3 HEUITKUMU
KOHTypaMu, TOOTO YTBOPIOETHCS HE TiJAbKU
MOBHA TiHb, a Iie U niémins (puc. 10.5).



§ 10. CBiTNOBUI NPOMIHb i CBITNOBMI MYYOK. 3aKOH NPAMOSIHIMHOIO NOLNPEHHA CBITNa...

MiBTiHb — Le 06nacTb NPOCTOPY, OCBITNEHA AeAKMMU
3 HafABHMX TOYKOBMX [xepen CBiTna abo 4aCcTUHO
NPOTAXKHOTO [Kepena.

)

Yu GaurMo MU CBITJIO Bin msxepesia, mepedyBaouu

B oOsacti moBHOI TiHi? miBriHi? AKMM, Ha Barry

IyMKY, OyZe KOHTYp IiBTiHi (YiTKMM UM po3Mu-

THUM), AKIIO IPEeIMET OCBITIIOBATH JBOMAa TOUYKO-

BUMHU IsKepenaamu cBitia (qus. puc. 10.6)?

Puc. 10.6. [1o 3aBOoaHHA

YrBOpeHHA TOBHOI TiHi ¥ HmiBTiHI B KOCMiuHHX 510
BS§1

MacmiTabax MH CIIOCTEepiraeMo IIiff 4ac COHAYHOTO Ta
MiCAYHOTO 3aTeMHeHb. YHACJHigoK obepraHHA Micama
HaBKOJIO 3eMJIi iHOi cTaeThea Tak, 1o Micanb, CoHIle
i 3eMJsa OMUHAIOTHCA HA OHIiN mpaAMii. AKmIo npu mbomy MicAas po3TalioBaHUi
mix ConrewMm i Semiero, To Tiub Big MicAmna magae Ha 3eMJio, — Ha 3eMJi cIocTe-
piraerbcsa consuHe 3aTreMHeHHA (puc. 10.7). ¥V tux micmax 3emJri, Ha AKi Bmaja
noBHa TiHb MicAIld, cIoCTepiraeThbCcsa no8He COHAUHE 3aMeMHEeHHs, a B MiCIIAX
OiBTiHI — uacmkose coHAYHe 3ameMHeHHs. 3a PiK Ha 3eMJi clocTepiraerbes
2—5 COHSYHUX 3aTeMHEHb.

Konu Micsans, obepTaiounch HABKOJIO 3eMJi, mOTpaIljise B 30HY TiHi, AKY
Bigkugae 3emiisda, HacTae micaune 3atemuenHd (puc. 10.8). 3a pik Ha 3emi cro-
cTepiraerbesa 2—4 MicAYHMX 3aTeMHEHHS.

Puc. 10.7. CoHsiluHe 3aTeMHeHHA: d — noBHe (B 06nacTi NOBHOT TiHi); 6 — YacTKoBe
(B obnacTi niBTiHI)

Puc. 10.8. MicAuHe 3aTeMHeHHA: d — noeHe (MicAub y NooXeHHi 1); 6 — yacTKoBe
(MicAaub y nonoxeHHi 2)
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Posgin Il. CBITNIOBI ABULLA

n Yuumocsa po3B’sAsyBatv 3agadi

3opgoua. Y COHSYHUN [eHb MJOBXKUHA .
TiHi BiJi BEPTHKAJBHO IIOCTABJIEHOI METPOBOI — A
JiHifiku mopiBHIOE 24 cM, a MOBXKMHA TiHi Bif
nepeBa — 3,6 M. BusHauTe BucoTy maepeBa. H A,

Ananisz @isuunoi npobaemu. uasa
pO3B’sI3aHHS 3aJadui CKOPHCTAEMOCS 3aKOHOM h
OpAMOJIiHIHOTO TOmUpeHHA cBiTia. Buko- C B Ci<—>B;
HAEMO IIOSCHIOBAJIbHUIN PHUCYHOK; 3a3HAUNMO, L l
III0 OYYOK cBiTyIa, AKuit ime Bim Commsa, € ma-

pajieTbHUM.
Ilano: Iowyx mamemamuuHol modesi, pO36'A3AHH S
h=1wm 3 pucyHka 6auumo, mo AACB®AAC B, .
l=24cm= 0,24 m . . . H L h-L
L =36 I3 momi6HOCTI TPUKYTHUKIB MaeMO: 7=—:>H =T.
Braiimu: IlepeBipuMO OmZMHUITIO, 3HAKWIEMO 3HAUEHHS IITyKAHOIL
H— 9 ’ BeJIMUMHU:
: . 1-3,6 360 30
[H]="F=wm; H= = 15 (m).
M 0,24 24 2

Bidnosgiov: H=15 w.

@ NigbuBaemo nigcymkun

Y mnposopoMy OOHOPITHOMY CEPEIOBHUIIL CBITJIO IOINHPIOETHCA MIPAMOJII-
HittHO. JliHil0, AKa BKasye HAOPAMOK IIOIIMPEHHA eHeprii cBiTsia, HasuBa-
I0Th CBIiTJIOBUM IIPOMEHEM.

Yepes Te MI0 CBITJIO MOITUPIOETHCA HTPAMOJIHINTHO, HEIPO30pi Tija BigKu-
IafoTh TiHb (TOBHY TiHb, HMiBTiHB).

IToBHa TiHB — 006JIaCTH TPOCTOPY, B AKY He MOTPATLISAE CBIiTJIO Bix m:Kepesa
(moxepea) cBitia. IIiBTiEs — 006J1aCTH IIPOCTOPY, OCBIT/IEHA NeAKMMHU 3 HAABHUX
TOUKOBUX [ KepeJs CBiTia abo YaCTUHOIO MPOTAIKHOTO IKepesia.

ITixg yac coHAUYHMX i MiCAYHMX 3aTEMHEHb CIIOCTEPiraeThCA YTBOPEHHSA TiHi
¥ miBTiHI B KocMiuHUX MacinTabax.

IlepmiuMy mpuaagaMu JIJis BUMiPIOBaAHHA dacy
Oynau coHAuHi 200uHHUKU. [[isT COHAYHOTO TOLUH-
HUKa 6a3yeThCA Ha TOMY, III0 JOBKHWHA Ta Po3Ta-
IIyBaHHSA TiHi BiJ OCBIT/IFOBAHOTO COHIIEM IIPEN-
MeTa 3MiHIOIOTHCS IIPOTATOM THA.

Bynp-aKuii COHAYHUI TOZUHHUK CKJIAZAETHCS
3 KadpaHa (IJIOCKA TTOBEPXHA 3 HAHECEHUM Ha Hil
mudepbgaToM) Ta 2HOMOHA (HEBEIUKUHN CTPUIKEHD
i3 meraJyy, mIacTuky abo AepeBa, 3aKpilJeHU Ha
Kamapasi).
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§ 10. CBiTNOBMI NPOMIiHb i CBITNOBUI MYYOK. 3aKOH NPAMOSIHIMHOMO NOLWMNPEHHA CBITNa...

KOHTpOsbHI 3anuTaHHA

1. JatiTe o3HAUEeHHs CBiT/IOBOTO ITpoMeHs. 2. ChopMyJrioiiTe 3aKOH MPAMOJIiHiTHOTO
nomupeHHa cBitia. 3. ki mocaizu Ta ABMINA MiATBEPKYIOTH IPAMOJiIHIAHICTD
TmoImupeHHsa cBiia? 4. 3a SKUX YMOB IIPeAMET yTBOPIOBATUME TiJIbKM IOBHY TiHb,
a 3a AKUX — MOBHY TiHb i miBTias? 5. Koau Ha 3eMJi crocrepiraerhes moBHE CO-
HsUYHe 3aTeMHeHHs? YacTKOBe COHAUYHe 3aTeMHeHHA? 6. Koo Ha 3emui cmocrepi-
raeThbcA IIOBHE MicsAuHe 3aTeMHEHHaA? UaCTKOBe MicAYHe 3aTeMHEHH:A?

BnpaBa N2 10

1. Oko cmocTepiraua posrairoBaHe mepef HIijuHO0 B Touli A (puc. 1). 3HaigiTh
mo0yI0BOI0, IKY YaCTHUHY JepeBa 0auuTh crocTepiradu. ¥ AKWHM TOUIli BiH 6aum-
TUME JePEeBO MOBHiCcTIO?

2. M’aY OCBITJIIOETHCS ABOMAa TOYKOBUMU JsKepesnamu cBitia S; i Sy (puc. 2) Buko-
HaliTe PUCYHOK Y 30IIUTi, 300pasiTh TiHb i miBTiHb, AKi BiAKUIae M’AY Ha €KPaH.

S
{?}r 1
RV
A
i
S
Puc. 1 Puc. 2

3. Ilig yac cCOHAYHOrO 3aTeMHEHHS HaA MOBEePXHi 3eMJIi yTBOPIOIOTHCA TiHb i miB-
Tinp Micana (puc. 3, a). Ha puc. 3, 6—2 HaBemeHo dororpadii mporo sarem-

HEeHHs, 3p00JeHi 3 pisHMX TouoK Semii. AKy dororpadiro 3pobseno B Touri 1?
y Tourti 2? y Tourti 3?

L O
L- 1L
O O

Puc. 3

4. EnexkrpuunHa Jjamia, 1o mae Gopmy KyJi miamerpom 6 cM, posTalroBaHa Ha
Bigcrami 1 m Big ekpaHa. BusnauTe, Ha AKili HaliMeHIIi# BigcTaHi Bix ekpaHa
cJi poaMicTuTU TeHicHY KyJabKy miamerpom 40 MM, 11006 BoHa He BigKuzasa
TiHb Ha eKpaH, a JaBaJjia TiJIbKU IiBTiHb.
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Posgin Il. CBITNIOBI ABULLA

66

EKcnepmmeHTaani 3aBAaHHA

1.

Yomy JgiTak, 1110 JIETUTH HA BEJUKill BUCOTi, He YTBOPIOE TiHi HABITH COHAYHOTO
nusa? IToscHITh CBOIO BiAMOBigb, BUKOHABIIHN BiAIOBiIHUI PUCYHOK.
KocmonagT, nepedyBatoun Ha Micsri, ciocrepirae 3emaro. IIlo mo6auuTs Kocmo-
HABT y TOM MOMEHT, KOJIu Ha 3eMJIi Oy/e II0BHEe MicAuHe 3aTeMHEeHHs? YacTKOBe
saTemueHHa Micsaisa?

ITomipkyiiTe, YoMy MicAUYHe 3aTeMHEHHS MU CIIOCTEPiraeMo dacTiIlle, HidK co-
HAYHE, aJKe 3a PiK IXHA KiJAbKicTh Mali’ke OJHaAKOBA.

IIpamy aJiero mapKy OCBITJIIOE €JIEKTPUUYHHUHA JIiXTap.

3amnpoIoHyHTe crmocid OmMiHuTH, Ha AKUHA BHUCOTi BUCUTH

Jixrap, 0e3 mHpuJIamiB AJd BUMIpIOBAHHA NOBKUHU. I11i0-

Ka3ka: BU caMi mepe0OyBaeTe Ha I[ill ajiei Ta 3HaeTe CBiil

3picT.

Ha puc. 4 300paskeH0 IPAMOKYTHUI TPUKYyTHUK. Ka-

TeT a nopiBHIOE 5 ¢M, KyT a0 — 30°. BusHaure IOBXKUHUI a
rimoTeHysu Ta Ipyroro Karera TPUKYTHUKA. Po3B’s1oKiTh

3a7,auy ABOMA CIIOCOO0AMMU. Puc. 4

Posramyiite cBiuky abo HacrinpHy Jgamiy Ha Bigcrani 30—40 cm Bif crinm.
Misx cTiHOIO Ta CBiUKOIO IIOMIiCTiThH HOJOHIO. SMIiHIOIOUM BifCTaHb BiJl CBIiUKH IO
IIOJIOHI, crocTepiraiiTe 3MiHu, 1o Big0yBaOThCA Ha cTiHi. OmuIiriTs i mosicHiTh
CBOI CIIOCTEpPEeIKEeHH.

3amnporonyiTe cocid, K, BUKOPUCTOBYIOUHU IMUJIBKY, MOKHA MepeBipuTu, uu
€ IIPAMOIO JIiHidA, IIpoBeZieHA HA KapTOHi.

Burorosre kamepy-o6ckypy (Bix maTuH. camera — KimMHara, obscura — TeMHa),
abo, AK ii Ile Ha3WMBAIOTh, HiHXOJ-KaMepy (Bix aHri. pinhole camera — Ka-
Mepa 3 orBopom). Cxemy nii mboro mpucTpoio 3Ha#eHO B poboTax Apicmomena
(IV cr. o H. e.) i kuTaticekoro ¢inocoda Mo Ti (V cT. 1o H. e.). Kamepy-o0cKypy
BBAsKAIOTh «IIOMEPEeIHUIeI0» CyUYacHoro (oToamapara.

15t BUTOTOBJIEHHST KaMepu:

1) Bi3bMiTH KapTOHHY KOPOOKY Ta 3pO0iTH eKpaH: BUPisKTe B OAHIiN i3 CTiHOK
KOpOOKU HeBesMKe BiKoHIIE (puc. 5, a) i 3akJjeliTe BiKOHIE KaJbKOIO (puc. 5, 0);
2) Ha IPOTUJIEKHOMY 00IIi KOPOOKHU 3p06iTh OTBip AiaMeTpom mpubiu3Ho 1 MM
(puc. 5, 8).

s

m
&

a 6 8

Puc. 5

YV BareMHeHOMY NIpPUMIIleHHI HaBe[iTh OTBiIp y KaMepi Ha 3amajieHy CBiUKY
1 oTpuMaiiTe 300pasKeHHA IMOJyM’s Ha eKpaHi. AKuM € me 300parkeHHs: mps-
MUM UM IIE€PEeBEPHYTUM, 30iJbIIIEHUM YN 3MEHIIEHUM, YiTKUM YU PO3MUTUM?
3ragaiTe 3aKOH NPAMOJIIHIAHOTO IIOMINPEHHA CBiTJIa Ta MOACHITH, AK YTBOPIO-
€ThCA IIe 300parKeHHsd.



§ 11. BIABUBAHHA CBITJIA. 3AKOHU BIABUBAHHA
CBITJIA. MNOCKE A3EPKAJNO

BinbLwicTb 06'eKTIB, O BAC OTOUYIOTb: OBYAUHKN, fepeBa, Balli O4HOKMACHMKM TOLWO, — He
€ pxepenamu cgitna. Mpote BM ix 6auuTe. Bignosiab Ha 3anuTaHHA «Homy Tak?» BY 3Hal-

JeTe B Ubomy naparpadi.

n 3’acoByemo, yomy Mmu 6aummo Tina,
AKi He € MKepenamn cBiTna

Bu B)ke 3HaeTe, 1[0 B OAHOPiAHOMY IIPO30POMY
CEepPeIOBUIIi CBITJIO HMOIMPIOETHCS ITPAMOJIiHiTHO.
A 1110 BinOyBaeThCA, AKIIO HA MIJIAXY IYYKa CBiTIA
€ akechb Tijo? YacTwHa CBiT/Ia MOXKE TPOUTHU
Kpi3b TijO, AKIIO IIe TiJI0O IIPO30pe, YacTUHA NO-
2JluUHembCca, a 4acTuHa O0OB’SIZBKOBO 8i0i0’cmbcs
Bim Tima. Heaxi BimOmTi mpomeHi moTpamiaATh
y Harmri oui, i Mmu mobauumo 1e Tijgo (pume. 11.1).

YcTaHOBMIOEMO 3aKOHU Bif6MBaHHA CBiTna

I BCTAaHOBJIEHHS 3aKOHIB BimOuBaHHA
CBiTJIa CKOPHCTAEMOCS CHEeIliaJbHUM IIPUJIAIOM —
onmuunow wailbon®. Y merTpi maiion sakpinmmo
I3epPKaJIo i CIpAMYy€eMO Ha HbOTO BY3bKUU IIYUOK
cBiTyIa TaK, 11100 BiH maBaB HaA IIOBEPXHI Iaiou
CBiTIIY cMysKKy. Baummo, 110 my4ok cBitiia, Bif-
OuTUH Bin A3epKaJia, TAKOMK JA€ CBITIIY CMYMKKY
Ha TOBepxHi mainbu (qus. puc. 11.2).

Hampamok nyuka cBityia, AKuil majgae,
dagamo npomenem CO (puc. 11.2). Ileit mpomiHb
HasWBaOTL nadawuum npomeHem. Hanmpamor
BimbuToro myuka csiTiia 3amamo npomeneMm OK.
Ileit mpominb Has3uUBaIOTH Gi0OUMUM NPOMEHEM.

Iz Toukn O mamiHHA IPOMEHs IPOBEIEMO
nepueaguKyasap OB 1o moBepxHi A3epKaJia. 3Bep-
HEMO yBary Ha Te, ITI0 nadaryiuil npominv, 8i00u-
muil npomins i nepneHOUKYLAD Jexamb 6 00Hill
nJAoOWUHI, — B ILJIOIIUHI ITOBEPXHIi ITaiiou.

Kym o mix nadawvwum npomenem i nepnen-
OuKYAApPOM, npogedeHuM i3 MOoYKU nadiHHsi, HA-
3ueaomsv KyTOM MagiHHA; Kym [ misxc idbumum
npomernem i OAHUM NePReHOUKYAIPOM HA3UBAIOMb
KYTOM BigOMBaHHA.

Buwmipasmu kytu o i 3, MokHA mepeKoHa-
TUCS, 1[0 BOHU € PiBHUMUA.

*  OnmuuHa wailba — 1e O6iIUNA TUCK, HA AKOMY HaHece-
HO TOAIJMKK; Ha Kpalo AMCKA BCTAHOBJIEHO OCBIT/IIOBAY.

Puc. 11.1. Y pasi BigcyTHOCTI
Jxepena CBiTNa HEMOXNBO
Hivyoro no6aunTun. AKLO X
I)Kepesno CBitna €, Mu 6aymmo
He TiNbKN came Jkepeno,

a 1 npeametu, siKi BigbmBaoTb
CBITNIO, WO Aae Big Axepena

SN

Puc. 11.2. YcTaHOBNEHHA
3aKOHIB BiiOVBaHHA CBiTNa

33 JOMOMOrol OMTUYHOI Wanbu:
o — KYT NagiHHA; f — KyT
BifOMBaHHA
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Posgin Il. CBITNIOBI ABULLA

Puc. 11.3. 3i 3miHoI0 KyTa nagiH-
HA CBiT/Ia 3MIHIOETbCA N Ky T
Bin6vBaHHA. KyT BifgbriBaHHA
Lopasy JOPIBHIOE KYTy NafiHHA

Puc. 11.5. [lemoHcTpauis obo-
POTHOCTI CBITNOBMX MPOMEHIB:
BiAOVTNIA NPOMIHb ife WnaXom
nafalyoro NpomeHs

Puc. 11.6. KoxxHoro pas3y, nigxo-
AAYM 0o A3epKana, M1 6aunmMo
B HbOMY CBOTO «BillHUKa».
3BiCHO, HIIKOTrO «[BIMIHMKa» TaM
HemMaE, — MU 6aummo B f3epKa-
Ni CBOE BiOOpaKeHHs

68

Puc. 11.4. o 3aBaaHHs B § 11

S0 mepecyBaTu IiKepeJio CBiTIIa KPAEM AUCKA,
KYT MafiHHA CBITJIOBOTO TYyYKA 3MiHIOBATUMETHCS
i BigmoBigHO 3MiHIOBATHMETHCA KYT BigOMBaHHA,
IPUYOMY IOpasdy Kym nadinHs i Kym 6i00UBAHHS
ceimaa o0ydyms pisHumu (puc. 11.3). OT:xe, Mu
BCTAHOBMJIX 3aKOHU Big6MBaHHA CBiTna:

1. MpoMmiHb nagatoumnin, NPOMiHb BiZOUTWI i nep-
neHAUKYNAp A0 NMoBepxHi BiabvBaHHSA, NpoBe-
OeHNN i3 TOUKM NafiHHA NPOMEHA, NeXkaTb B 0f4-
Hi NNOLWWHI.

2. KyT BipOGUBaHHA [OPIBHIOE KYTY MNagiHHA:

B=o.

3aKOoHH! BiOMBAaHHA CBiT/Ia YCTAHOBUB JaB-
HbOT'pPelbKuil Buenuii Egkaio e B III cT. mo H. e.

? Y axoMy HaIpPAMKY CJiJ IOBEPHYTU O3ep-
KaJo mmpodecopy, 100 «COHAUHUN 3alUnK»
moTpanuB Ha xJomuyuika (puc. 11.4)?

3a [I0IIoMOro0 A3epKaJjia Ha OITUYHIH 11aioi
MOXKHA TPOJAEMOHCTPYBATH TaKOYK OOOPOTHICTH
CBITIOBUX TMPOMEHIB: SKW,0 nadaryuil npomiHb
CRpAMYEAMU WAAXOM 6i00Uumozo, mo 6i0oumuil
npomins nide wasxom nadawuozo (puc. 11.5).

B BuBuyaemo 306paKeHHsI B MJIOCKOMY
A3epkKani

Posrisanemo, siK yTBOPIOETHCA 300PAKEHHS B I1JIOC-
Komy nsepkaJti (puc. 11.6). Hexaii i3 TOUKOBOTO



§ 11. BigbueaHHA cBiTna. 3aKoHu BinbuBaHHA cBiTna. MNnocke A3epkano

IKepeJia CBiT/ia S Ha MOBEPXHIO IIJIOCKOTO J3epKaJja
najgae po30iKHUI MydYoK cBiTsa. I3 mporo myuka
Buminumo npomeni SA, SB i SC. Kopucryounuch
3aKOHAMH BiZmOMBaHHA CBiT/Ia, MOOyZyeMo BimOmTi
mpomeHi AA;, BB, i CC; (puc. 11.7, a). 11i npomeni
TigyTh PO30iHCHUM TTYIKOM. SIKITO TPOJOBIKUTH IX
YV IPOTHUJIE;KHOMY HAIIPSAMKY (32 I3epKaJio), yci BoHI
MepeTHYThCA B OAHIN Touli — S;, AKa po3Taro-
BaHa 3a JI3€PKaJIOM.

Armio uvacTmHa BigOUTHX Big a3epKaJa
MIPOMEHiB MOTPalUTh y Ballle OKO, BaM 3TaBaTU-
MeThbCS, IO BigOMUTI MpoMeHi BUXOAATH i3 TOUKU
S;, Xoua B AIiWCHOCTI HifAKOTO MA’KepeJia CBiTIa
B Tourii S; He icHye. Tomy TOuKy S; Ha3WBaIOTH
YABHUM 300paskeHHIM Touku S. Ilnocke 03ep-
Kano 3a6x0u dac yseHe 300pANCCHHA.

3’sacyemMo, K PO3TAIllOBaHiI mIpeaMeT i ioro
300pasKkeHHs BiIfHOCHO AsepkaJia. [[J1s 1mboro 3Bep-
HeMocs no reomeTpii. PosrissHemMo, HampukJam,
npomins SC, AKUH majae Ha A3epKaJjo Ta Bimbu-
BaeTbcs Bix HBoro (puc. 11.7, 0).

I3 pucyrka 6aunmo, mo ASOC=AS,0C —
e IPAMOKYTHI TPUKYTHUKH, AKi MailOTh CIILJILHY
cropony CO i piBHi roctpi Kytu (OCKiIbKU 3a
3aKOHOM BimbuBamHsA cBiTia o=f). 3 piBHO-
cTi TpUKYyTHUKIB Maemo, mo SO=S,0, ToOTO
Touka S i il 300paskeHHA S; € CUMETPUUYHUMU
BiTHOCHO TOBEPXHi IJIOCKOTO J3epKaJa.

Te came MOKHa cKasaTu i IIPO 300paKeHHA
OPOTAMKHOTO TIpenMera: npedmem i 1020 300pa-
HCEHHS CUMempPUuiHi 8i0HOCHO NOBEPXHI NJOCKO0Z0
0sepkrana.

OTsKe, M BCTAHOBUJIU TaKi 3arajpHi xa-
PaKTepUCTHKM 300paskeHb y IJIOCKUX N3epKajax.

1. IT1ocke a3epKaJjio Jae ysaBHE 300pakKeHHs
mpeaMerTa.

2. 300paxkeHHs IpeaMeTa B IIJIOCKOMY A3ep-
KaJi Ta BJIaCHE IpeIMeT € CHUMeTPUUYHUMU Bin-
HOCHO IIOBEPXHi A3epKaJia, i I11e o3Hauae:

1) 300pakeHHs IIpeaMeTa JOPiBHIOE 3a PO3-
MipoM caMoOMy TIpeaMeTy;

2) 3o0paskeHHs TpeaMeTa Po3TallloBaHe Ha
Ti#i camiii BimcTaHi Bim moBepxHi m3epkaja, IO
1 mpemMer;

3) BiIpisoK, AKUI CHOJIyUYaE TOUKY Ha IIPe-
MeTi 3 BifmOBigHOIO iif TOUKOIO Ha 300pa’KeHHi,
€ IePIeHANKYJIAPHUM 0 MOBEPXHi A3epKaJa.

-

¢\ B\ 4, S
A
o7
AV
VAW
A\
A\
\\
A\
a {}Sl

Puc. 11.7. OTpumaHHsa
300paXkeHHs TOYKOBOTO
Jxepena CBiTNa B NIOCKOMY
A3zepkani: S — fxepeno cBitna;
S — yABHe 300paxeHHA
o)epena cBitna
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Po3pisHAemo A3epKanbHe i po3cifaHe Big6mBaHHA CBiTha

VBeuepi, Ko B KiMHATI ropuTh CBIiT/IO, M MOXKeMO 0AUMTU CBOE 300pa-
JKeHHSA Yy BIKOHHOMY CKJIi. AJute 300pasKeHHsA 3HUKAE, SKIIO0 3CYHYTH IITOPHU: AUB-
JISTYNCh HA TKAHUHY, MU CBOTO 300paskKeHHs He IT00aumMo.

A yomy B TKaHWHI He MOKHA MO0AaUMTU CBOE 300paskeHHs? Bigmosinb Ha
Ile 3aIUTAHHA [IOB’s3aHA IOHaIMeHIne 3 fBoMa (hiSUUHUMU SBUIIAMH.

ITepmie Take ¢isuune ABuine — BimouBaHHA cBiTiaa. 106 3’ABUIIOCA
300paskeHHsA, CBITJIO Mae BigOMTUCS Bil MOBEPXHi 03epKabHO: TiCaA N3epKaib-
HOT'O BigOUTTA CBiTJIa, IO HALXOAUTH BiJf TOUKOBOrO AsKepesa S, IPOJOBIKEHHS
BiIOMTUX TPOMEHIB MEPETHYThCSA B OMHIiM Tourli S;, aKa ii Oyae 300pasKeHHAM
Toukmu S (puc. 11.8, a). Taxke BinOMBaHHS MOKJINBE TiJIbKU BiJl Ay:Ke INIaJeHbKUX
IIOBEPXOHb. 1X Tak i HasMBaIOTH — 03epraavhi nosepxni. Kpim 3Bumuaiinoro nsep-
KaJjla IpUKJIaJaMu J3epPKaJIbHUX ITOBEPXOHDb € CKJIO, TToJIipoBaHi Me6Jri, crokifina
moBepxHA Boxu ToIro (puc. 11.8, 6, 8).

SKmro cBiTyio BigOMBaeThCs BiJ IIOPCTKOI IIOBEpPXHi, TO TaKe BimOmBaHHS
Ha3UBaOTh poscigHum (Qugysnum) (puc. 11.9). ¥V npomy BuUmagKy BinbuTi mpo-
MeHi IIOIUPIOIOTHCA B Pi3HMX HANpPsAMKax (caMe TOMYy MU 6auMMO OCBiT/IeHMIT
npeaMeT i3 Oyab-aAKoro 60Ky). 3po3yMiJio, 110 ITIOBEPXOHD, IKi PO3CiIOI0TH CBITIO,
Habararo Oijblie, HiXK I3epKaIbHUX.

? IlornaubTe HABKOJIO TAa HA3BIiTH IMOHAWMEHIIIE NEeCATh IIOBEPXOHb, AKi Bij-
OMBAIOTh CBiTJ/IO PO3CisIHO.

L%

Puc. 11.9. Po3ciaHe (andy3He) BinbuBaHHA CBiTNa — LUe BiA6UBaHHA CBiTNa Bif LWOPCTKOT
NOBEPXHi
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Hpyre Qisuune sBUINE, SAKe BIJWBAE€ Ha MOKJIMUBICTH OaumTu 300pa-
JKeHHs, — Ile NMOIIMHAHHA CBiTja. A)Ke CBIT/IO He TiJIbKM BigOMBAaeThCS Bif
dismuHMX TiJ, aje i mornHaeThca HumMu. Halikpamii Bizousaui cBiTiia — nsep-
KaJjla: BOHM MOXKYTb BimbuBatu mo 95 % mnagatodoro csitia. [lo6pumu Bin6usa-
yaMHu CBiTJIa € Tijla 6iJIoro KOJbhOPY, a OT YOpPHA IIOBEPXHs MOTJIMHAE IMPAKTUYHO
BCe CBiTJIO, IO Iaja€ Ha Hei.

? Koisn Bocenu Bumazmae cHir, Houi craioTh Habararo ceiTiaimumu. Yomy? ¢

Yuumocsa po3B’asyBatv 3apadi

3apaua. Ha puc. 1 cxemaruuuo 300paskeHO IIpen-
met BC i gzepraso NM. 3Haigite rpa@iubHo miIAHKY, ,,C
3 AKol 300pakeHHs npeamera BC BUIHO IIOBHICTIO. B

Ananis @isuunoi npoonremu. 11106 6aunTu 300pa-
JKeHHs TeBHOI TOUKU IIpeaMeTa B A3epKaJi, HeoOXigHo, M
1100 B OKO cIlocTepiraua Bigouiacsa xoua 6 yacTHHA IIPO-
MeHiB, AKi mamaoTh i3 i€l Touku Ha A3epKaJjo. 3po3y-
MiJIO: AKIIO0 B OKO Bif[i6’I0ThCA MPOMEHi, AKi BUXOIATH i3 Punc. 1
KpaiiHiX TOYOK mpeaMeTa, TO B OKO Bifi6’t0OThCA i TIPO-
MeHi, AKi BUXOAATH 3 YCiX TOUOK ITpeaMeTa.

Po36’sa3aHHA, aHANLI3 pe3yabmamis

1. Tlo6ynyemo ToukKy Bj, AKa € 300paskeHHAM TOUKU B y miaockomy
msepkai (puc. 2, a). O6aacTh, oOMerKeHa MOBEPXHEIO A3epKaJia Ta IpoMe-
HAMU, BigOMTUMHU BiJ KpalHiX TOUOK A3epKasia, i OyJe Ti€o miJIAHKOIO,
3 AKOI BUAHO 300paskeHHs B; Touku B y nsepkadri.

2. Amajoriuno moOynyBaBmiu 300paskeHHA C; Toukm C, BUBHAYUMO 00-
JacTh ii OauenHaA y asepkaJi (puc. 2, 6).

3. BauuTu 300pa’KeHHs BCHOTO IIPEAMETA CIIOCTepirauy MOJKe TiJIbKU
B TOMY BUIIQJKY, AKIIO B MOT'0 OKO IIOTPAILJIAIOTH IPOMEHi, AKi ZaloTh oO0uaBa
300paskenHa — B i C; (puc. 2, g). OtKe, opaHIKeBa HiJAHKA — IIe JiJIAHKA,
i3 AKOI 300pasKeHHA MpeaMeTa BUIHO IIOBHICTIO.

? IIpoananisyiiTe oTpuMaHmMil pe3yJbTar, Ille Pa3 PO3IVIAHbTE puc. 2 A0 3ajadi
Ta 3aIlIPONOHYITE MPOCTIMINI cHocid 3HaliTH 00JacTh OaueHHS IIpeaMeTa
B ILIOCKOMY a3epkaJi. IlepeBipTe cBol npumnyIiiesnus, modoyayBaBIin 00J1acTb
OaueHHA KiJIBKOX IpeaMeTiB y ABa CIIOCOOHU.

\ C c \ C
B _— - B_—
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B ) B; T~
a 6 C, 8 C
Puc. 2
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g

3 MigbuBaemo nigcymkun

VYei Bugumi Tina BigdomBaioTh cBiTiro. Iix uac BigOuBaHHS CBiT/IA BUKOHY-
IOThCS IBa 3aKOHU BiJOMBaHHA cBiT/ia: 1) mpoMiHb mmajaounii, IPOMiHb Bij-
OUTH i IepIeHAUKYIapP J0 MOBEePXHi BifOMBaHHA, IIPOBEeAeHU i3 TOUKY HaJiHHA
MPOMeHs, JIeJKaTh B OMHIN MJIOMIUHI; 2) KyT BiAOMBaHHA JOPiBHIOE KYTY IIa iHHA.
300pasKeHHA IpeAMeTa B IIJIOCKOMY ABEPKaJi € YABHUM, JOPiBHIOE 3a PO3-
MipoM caMoMy ITpeIMeTy Ta PO3TallloBaHe HA TaKiil camiit BimcraHi Bix a3eprasa,
1o i ImIpemMer.

% PospisuAioTh A3epKajibHe I po3cisfgHe BiJOMBaHHA CBiTyIa. ¥ BUIIAIKY J3€p-
KaJIbHOTO BiOMBAHHA MU MOKeMO 0auuTH ysiBHE 300pa’KeHHdA mpeameTa y Bii-
OuBalouili MOBEPXHi; Y BUIAJAKY PO3CiAHOrO BimOMBaHHS 300pasKeHHs He iCHYE.

KoHTponbHi 3annTaHHA

1. Yomy mu 6GaumMo Tijsia HaBKoJO Hac? 2. AKuil KyT Ha3MBAIOTH KYTOM IaTiHHSA?

o
5 © gyrom Bigoupauua? 3. ChopMyioiiTe 3aKOHN Bif6uBaHHA cBitia. 4. 3a ZOIOMOIOI0

SKOr0 IPUJIAAy MOMKHA IePEeKOHATHCEH Y CIIPABAKEHH] 3aKOHIB Bi0uBaHHs cBiTIa?
5. ¥ yomy moJjisirae BJIACTUBICTH 00OPOTHOCTI CBiT/IOBUX mTpoMeHiB? 6. Y AKOMY BU-
nagKy 300pasKeHHs HasuBaroTh yaBHum? 7. CxapaxkTepusyiiTe 300paskKeHHs IPe-

MeTa B ILJIOCKOMY A3epkKaii. ¥ 8. UuMm poscigHe Big0uBaHHA CBiTyIa BiApisHIETHCA
BiJ A3epKaJIbHOr0?

BnpaBa N2 11

1.

2.

HiBumHKa cToiTh Ha Bixcraui 1,5 M Bijg mimockoro azepkaJsia. Ha akiit Bigcrami
Bif miBumMHKM poaTraIioBaHe ii BimoOpaskenusa? CxapakTepusyiTe Horo.

Bogiit aBTOMO0i/I5, TNIAHYBINKN B A3€PKAJIO 3aJHBOI'O OIVIALY, HO0OAUUB Y HHOMY
macakupa, SKUU CUAUTH Ha 3aJHbOMY CUAiHHiI. Y1 MoKe IMacaskup y e Mo-
MEHT, JUBJIAYNCH V T€ caMe I3ePKaJjio, I00aunuTh BOIiA?

ITepenecits puc. 1 mo 3omIuTa, I KOMKHOTO BUMAAKY IOOYyAyiiTe mIamaioumii
(abo BimbuTuit) mpominbk. Ilo3HauTe KyTy mamiHHA i BigOuBaHHS.

Kyt misk magaroumm i Bigbutum mpomeHamMu craHoBuTh 80°. Homy mopiBHIOE
KYT MagiHHA ITPOMeHA?

IIpegmer 6yB posTamoBaHuU# Ha BifcTaui 30 cM Big miockoro asepkaJsia. ITorim
mpenMer nepecyHyau Ha 10 cM Bij q3epKajia B HAIPAMKY, IePIEHAUKYIAPHOMY
o TIOBEPXHi A3epKaJia, i Ha 15 cm — mapaJsiesnbHo iii. koo Oysa BigcTaHb MiK
IpeaMeTOM i Horo BigoOpaskeHHAM? sSKOI0 BOHA cTaJa?

Bu npamyere 1o n3epkasbHOl BiTpuHU 3i mBuAKicTIO 4 KM/Toj. I3 sKOI0 MIBUA-
KicTio HabaMKaeTheA OO Bac Baie BimoOpaskeHHA? Ha CKiIbKM CKOPOTUTBLCS
BicTaHb MijK BaMu 1 BammuM BigoOpasKeHHSM, KOJU BU mpoigere 2 m?

<

\
> N \
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JlabopaTopHa poboTta N2 3

7. CoHsauyHMI HIPOMiHBL BimOuMBaeThCs Big moBepxHi odepa. Ky

MiK maJalouyuM IIPOMEHEM i TOPUBOHTOM yABiUi GinbInuii, 0
HIK KyT MiK magarouum i Bigbutum npomeHsamu. YoMy mo-
pPiBHIOE KyT IMagiHHA IPOMEHs?
8. JliBUMHKA QUBUTBLCA y A3EPKAJIO, II[0 BUCUTH HA CTiHi ITif
HEBeJIUKUM KyToM (puc. 2).
1) IToGynyiiTe 300paKeHHA NiBUMHKU y A3epKaJi. =
2) 3uaigiTe rpadiuHo, AKY YACTUHY CBOTO Tijla 0auUTh
IiBuUMHKA; 00JIaCTh, i3 AKOI JiBUMHKY BMHO IIOBHICTIO.
3) fKi cmocrepiraTuMyThCA 3MiHU, AKIO A3€PKAJIO IIOCTY-
TIOBO 3aTYJATH HEIPO30PUM eKpaHoM?

9. Vmoui y cBiTiIi pap aBTOMOGIIA Kaaroska Ha acdasbTi 3ma- k

Puc. 2

€TBhCS BOJIi€BI TEMHOIO IIJIAMOIO Ha CBITJIiIIIOMY TJIi JOpOTH.
Yomy?

10. Ha puc. 3 306pakeHO XiJ IPOMEHIB y nepuckoni — mpu-
CTpPOi, MiA AKOTO I'PYHTYETHCA HA NPAMOJIIHITHOMY IIO- |
mupeHHi cBitia. IloscHiTh, SK mparioe Ieil TPUCTPiii. >_
CropucraiiTecss JOJaTKOBUMHU [A:KepeaaMu iHdopwmailii Ta
misHaWTeCcs, e MOro 3aCTOCOBYIOThH. PuC. 3

NABOPATOPHA POBOTA Ne¢ 3

Tema. [ocnigkeHHa BinbuBaHHA CBiTNA 3a AOMOMOrO
NJoCKoro asepkana.

MeTa: eKcrnepuMeHTanbHO MepeBipuTM 3aKOHWU Big6U-
BaHHA CBiTNa.

O6nagHaHHA: [XKepeno cBiTna (cBiuka abo enekTpuyHa
Nlamna Ha nigcTaBui), NIOCKe A3epKasno, ekpaH 3i winu-
HOHO, KiflbKa uMcTux 6inmx apkyLwwuis, niHilika, TpaHCNnopTup,
oniseupb.

BKA3IBKU 4O POBOTU

“ MiarotoBKa A0 eKcnepuMeHTy

1. Ilepm Hi’X BUKOHYBaTH poOOTYy, 3rajmaiiTe: 1) Bumorm Oes3meKu mijJ yac

poboTu 3i CKIAAHMMMU IpeaMeTaMu; 2) 3aKOHU BimOMBaHHA CBiTJIA.
2. 30epiTh eKcHepuMeHTaJbHY ycTaHOBKY (puc. 1). A mboro:

1) ycraHOBITH eKpaH 3i HIiIJIMHOIO Ha
6ijloMy apKyIIi;
2) mepemimiyiouu OsKepeso CBiTia,
oTpuUMaiTe Ha mamepi CMYKKY CBiTJIa;
3) mig meAKMM KyTOM OO CMYJKKHU Ta
NEPNEeHAUKYAAPHO A0 apKylla ycTa-
HOBITH TIJIOCKE J3€pKaJio, IepPeKOHaB-
MINCh, IO BiAOMTUH NIYyYOK CBiT/Ia 2
TaKOXK Ja€ Ha apKyIli qo0pe IIOMITHY
CMYIKKY. Pnc. 1
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u EkcnepumeHT
Cysopo dompumyitmecs incmpykuyii 3 6eanexu (0ue. popsay niopyyHukKa).

1. JloOpe 3aTOUeHUM OJIiBIIEM HAKPECIiTh

Ha mamnepi JiHiIIO B3IOBXK [3epKaJa.

2. TloctaBTe HA apKyIIi TPW TOUKU: IIEeP-

Iy — IOCEepeAVHi Magardyoro ImydyKa . 0
cBiTJIAa, APYTYy — TmocepeauHi BimbuTo- A Ass
ro mydYKa CBiTJIa, TPETI0O — B MicIi ma- Puc. 2
IiHHA CBITVIOBOTrO IIyYKa Ha A3€PKaJo

(puc. 2).

3. IloBToOpiTh omumcani mii mie Kigbka pasiB (Ha piBHMX apKyIllax), ycra-
HOBJIIOIOUH J3€PKAaJIO IIiJl PiSHUMU KyTaMU IO IIaJalouoro Iydka cBiTia.

4. 3MiHUBIIIK KyT MiK A3epKaJioM i apKyIlleM, IepeKoHalTech y TOMY,
10 B IIbOMY BUIAJKy BU He mmobauyuTe BifOMTOTO mydKa CBiTJIa.

u OnpaI.IIOBaHHﬂ pe3yanaTiB eKcnepnmeHTy

J1a KOKHOTO AOCIimy:

1) moOyxayliTe IPOMiHb, IO ITaJla€ Ha N3€PKaJIO, Ta BiAOMTUNA ITPOMiHb;

2) i3 TOYKM MaJiHHA TPOMEHS BCTAHOBITH NMEPHEHIMKYJIADP OO HMOBEPXHi
J3epKaJia;

3) mosHauTe Ta BUMipAliTe KyT mamiHaa (o) i KyT Big6uBanHA (B) cBitia.
PesynbraTu BuMiproBaHb 3aHECITh 40 TaOJIMILI.

Homep mocaimy Kyt nmagiaua o, rpagycu Kyt BinouBauu4 3, rpagycu

1

oo

n AHanis eKcnepumMeHTy Ta NOro pesynbraTiB

IIpoaHanisyiiTe eKcCIlepuMeHT Ta IOoro pesyabTaTu. 3pobiTh BUCHOBOK,
y AKOMYy 3a3HauTe: 1) AKe CITiBBiHOIIIEHHA Mi’K KYTOM IaJiHHSA CBITJIOBOTO IIPO-
MeHsA Ta KyTOM HOro BiZOMBaHHA BU BCTAHOBUJIN; 2) UM BUABUJINCSA Pe3yJIbTaTHU
IOCJIiAiB a0COIIOTHO TOUHUMU, a SKIIO Hi, TO B YOMY IPUUYNHU IIOXUOKIU.

+ TBopue3aBAaHHA

CKopucTaBIINCh PUCYHKOM, IPOAYyMAaliTe Ta
B3aIUIIITE IIJIAH MPOBEJEHHSA eKCIIePUIMEHTY 3 BU-
3HAUEHHS BHCOTH KiMHATH 3a JOIOMOIOIO IIJIOC-
KOTo [3epKaJjia; 3a3HauTe HeoOXimHe o0IaTHaHHSA.
3a MOKJIMBOCTI IIPOBEIITh €KCIIEPUMEHT.

* 3aBAaHHA «i3 3ipouKolo»
JJia KOYKHOTO MOCJIiAY OIiHITH BiJHOCHY B h
MOXUOKY eKCIIepUMEeHTY 3a (DOPMYJIOIO:

1B

o

€=

-100 % L l

A
Y
A
A

e o0 — KYT magiHHA; B — KyT BigOmBaHHA.

74



§ 12. 3AJIOMJIEHHA CBITJIA HA MEXI noauy ABOX
CEPEAOBULU. 3AKOHU 3ANIOMJIEHHA CBITJIA

B ogHOMy 3 JaBHbOrpeLbKUX TpaKTaTiB onmcaHo pocnif: «MoTpibHo cTath Tak, Wob
naocke Kinbue, NoknageHe Ha AHO MOCYAVHMW, CXOBanoca 3a i1 Kpaem. MoTim, He 3MiHto-
10U MOJNIOXKEHHA Ouel, HaNUTU B NocyauHy Bogy. CBITNO 3aNOMUTLCA Ha NOBEPXHI BOAMU,
i KinbLe cTaHe BUAMMMMY». Takuin «pOKyC» BM MOXKeTe MoKasaTu CBOIM Apy3saM i 3apa3
(amB. puc. 12.1), a OT NOACHWUTU NOFO 3MOXeTe TiNIbKM NiCAs BUBYEHHA LbOro naparpada.

Puc. 12.1. «<QoKyc» i3 MOHeTO. fKLO B Yallli HEMA€E BOAU, MU He 6GaUuMMO MOHETY, L0 NEXUTb
Ha i gHi (a); AKWO > HanUTU BOAY, AHO YalKW HibW NigHIMeTbcA i MOHEeTa CcTaHe BUAVMOtO (6)

YcTaHOBAIOEMO 3aKOHU 3a/10MJIeHHA
cBiTna

ITpoBegemo mocainm (puc. 12.2). Ha miocky 1mo-
BEPXHIO IIPO30POr0o CKJIAHOTO ITiBIIUJIiHAPA, 3aKpi-
IJIEHOT'O Ha ONTUYHIH 11a#i6i, CIpAMYyeEMO BY3bKUIA
MYYOK CBiTJIa, — CBITJIO He TiJIbKU Bifi6’eThCs Bin
TOBEPXHIi IMMJIiHApPA, ajie 1 YaCTKOBO MpPOoiiie Kpishb
ckJio. OTiKe, miJ yac mepexony 3 MOBITPA B CKJIO
HAIIPAMOK TOIIMPEHHS CBiTJIa 3MiHIOETHCA.

3MiHy HanpAMKY MOLUIMPEHHA CBiTNa Ha MeXi No-
Ainy ABOX cepefoBULY Ha3nBalTb 3aOMJIeH-
HAM cBiTna.

Kyt vy (ramma), yTBOpeHUll 3aJIOMJIEHUM
IpoMeHeM i MepPIeHANKYJIAPOM MO0 Me:Ki momiay
IBOX CEPEeIOBUIIl, IIPOBEIEHUM i3 TOUKU MaTiHHsA
MIpOMeHs, Ha3WBAIOTh KYTOM 3aJIOMJICHHS.

IIpoBiBIlIM HUBKY [OOCIIiZiB 3 ONTUYHOIO
1a6op0, IMOMITHMO, IO 3i 30iJIBIIEHHAM KyTa
mamiHHA KyT 3aJIOMJIEHHS TeiX 301iJbIIyeThCsd,
a 3i 3BMEeHINeHHAM KyTa HaJiHHS KyT 3aJOMJICHHS
ameHmyerbed (puc. 12.3). SAKio Kk cBiTiio mamae
NepIeHAUKYJIAPHO OO0 Me)Ki momisy mBOX cepe-
moBuily (KyT magiaaa o=0), HATPAMOK IIOIIU-
PEHHs CBiTJIa He 3MiHIOETBHCH.

Puc. 12.2. CnoctepexeHHsA
3a/l0M/IEeHHA CBiTNa B pasi noro
nepexofy 3 MOBITPA B CK/O:
o — KYT nagiHHA; B — KyT Big-
6VBaHHA; Y — KyT 3a0M/eHHsA
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Posgin Il. CBITNIOBI ABULLA

Puc. 12.3. YcTtaHOBNEHHA 3aKOHIB 3a/lOMJIEHHA CBiTNa: B pasi 3MEHLIEHHA KyTa MafiH-

sino,  sina,
HA (oc2 <0c1) KYT 3a/IOM/IEHHA TeX 3MEHLLYETbCA (Yz <’Yl), npu Ubomy =—2=

siny, siny,

Ilepmy 3ragky mpo 3aJIOMJIEHHSA CBiT/Ia MOMKHA 3HAWTH B IIpaIlAX MTaBHBLO-
rpernbKoro (Qimgocoda Apicmomens (IV ct. 1o H. e.), AKUI 3aMucIOBaBca: «Homy
HaJuIld V BOII 3Ja€ThbCs mmepeaMaHo0?». A OT 3aKOH, AKMH KiJIbKiCHO oImcye
3aJI0MJIEHHS CBiT/Ia, OyB ycTaHOBJIeHMI jiuiie B 1621 p. ro/taHICEKUM IPUPOLO-
3HaBIEeM Bianebpopdom Cuenaiycom (1580-1626).

3aKOHM 3aJIOMJIeHHA cBiTna:

1. MpomiHb Nagawymi, NPOMiHb 3aNIOMAEHUN | MePReHANKYNAP O MeXi nodiny ABOX
cepefoBuLY, BCTAHOB/IEHWI i3 TOUKM MafiHHA NMPOMEHS, NeXaTb B OAHIN NMOLWMHI.
2. BigHOWeHHA cnHyca KyTa NafiHHA A0 CMHYCa KyTa 3al0M/IeHHA ANA ABOX AaHWX
cepenoBuLy, € BEIMYMHOK HE3MIHHOIO:

sin o

L)

siny
Ie ny; — (pisuuHa BeIUUYMHA, IKY HABUBAIOTL BiOHOCHUM NOKASHUKOM 3AJ0M-
JleHHA cepedosuuia 2 (CepemoBUIa, B IKOMY CBIiTJIO IOIIUPIOETHCS MiCISA 3aJI0M-
JIeHHs1) 8i0HOCHO cepedosuwia 1 (cepemoBuia, i3 SKOro CBIT/IO Imajae).

E [lisHaemocA Npo NpUYMHY 3aIOMJIEHHA CBiTNa

Yomy K CBiT/IO, IepexonsAdYn 3 OZHOTO CepeldoBUINA B iHIIe, 3MiHIOE CBil
HaIPAMOK?

Piu y Tim, 1110 B pidHUX cepemoBUINIaX CBITJIO MOIMUPIOETHCA 3 PiBHOO ITTBU-
KicTio, ajle 3aBXKM IMOBiJbHIINE, HisK Y BakyyMmi. Hampukiaz, y Boai MIBUAKICTD
momupeHHA cBiTaa B 1,33 pasy MeHIa, HisK y BAKyyMi; KOJIM CBITJIO TIEPEXOAUTH
i3 BOAU B CKJIO, IIBUAKICTD IOMIMPEHHS CBiT/Ia 3MEHIIIYEThC I1ie B 1,3 pasy; y IIo-
BiTpi mMIBMAKiCTH mommpeHHA cBitia B 1,7 pasy 6inbina, HidK y CKJi, i JauIe
Tpoxu meHa (mpubausuao B 1,0003 pasy), HixK v BaKyyMi.

Came 3mina weudrKocmi NOULUPeHH A c6imaa 6 pasi nepexody 3 00H020 npo-
30p020 cepedosuULA 6 iHULEe € NPULUHOI0 3AJOMACHHS CEImJa.

IIpuiiHsaTO TOBOPUTH MPO ONTUUYHY TYCTHUHY CepPeaoBHUINA: UMM MeEHIITa
IMBUIKICTHh IOIIUPEHHA CBiTJIa B cepemoBUIlNi (UMM OiJbININII MOKA3HUK 3aJI0M-
JIeHHS), TUM OiJIBIIIOI0 € ONTHUYHA I'yCTUHA CepelOBUIIA.
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§ 12. 3anoMneHHA CBiTNa Ha MeXi nodiny ABOX cepefoByLY. 3aKOHM 3aNOM/EHHA CBITNIa

‘.7 Sk Bu BBaiKkaeTe, ONITUYHA I'yCTUHA AKOTO CepedoBUIlNA OiJIbIlla — BOOU UU
CKJIa? ONTUYHA I'yCTHMHA SAKOTI'0 CEepeJOBUINla MEHINAa — CKJIa UM IOBiTPA?

B 3’acoByemo ¢i3MUHMI 3MiCT NOKa3sHMKa 3a/IOM/IEHHA

BiagHOCHMI NOKa3HMK 3aIOMJIEHHA (751) MOKA3YE, Y CKiNbKN pasiB WBUAKICTb NO-
LWUMPEHHS CBiTNA B cepepoBuLli 1 Ginblua (@bo MeHLLA), HiX LWBUAKICTb MNOWNPEHHSA
CBiTNna B cepefoBulLLi 2:

v
_ YU
nNgy=—
Uy
. . sino
SrafaBIy APYTruil 3aK0H 3aJIOMJIEHHA CBiTJIA: 7g; = ———, Ma€EMO:
siny
sino. v,
siny v,

IIpoanasizyBaBimu ocTanHio (GOPMYJTy, JOXOAMMO BUCHOBKIiB:

1) uum Giavwe Ha medxci nodiny 060x cepedosuuy 3MIHIOEMbCA ULBUOKICMb
nowluperHnsa ceimaa, mum Oiavuie c8imJo 3aJ0MAIEMBCL;

2) akwo npominb ceimaa nepexodums y cepedoguuie 3 0iLbULOI0 ONMULHOIO
2ycmunoio (ToOTO IBUIKICTE CBiT/Ia BMEHIIYETLCA: Uy <V ), MO KYM 3AL0MIEHHA
€ menwum 6i0 kyma nadinna: Y <0 (ZuB., HAIPUKJIaL, puc. 12.2, 12.3);

3) aKwo0 npominb ceimaa nepexodumsv y cepedosuuie 3 MeHULOIO ONMULHOIO
eycmunoio (TOOTO MIBUAKICTE CBiT/IA 301JIBIIYETHCA: Uy > Uy ), MO KYM 3AL0MILEHHA
€ Oinrvwum 3a kym nadinua: y>o. (puc. 12.4).

3a3BUuail IMBUIKICTH TOMIUPEHHSA CBiTJIa B CEPENOBUII MOPiBHIOIOTH 3i
MIBUAKICTIO fioro momupeHHa y Bakyymi. Kosu ¢cBiT/Io moTpamiise B cepefoBuUIIe
3 BaKyyMy, IIOKa3HUK 3aJOMJEHHS N HA3WBAIOTb AOCONIOMHUM NOKASHUKOM
3QL0MJLeHHA.

AGCONIOTHMIA MOKa3HNK 3aJIOMJIEHHA MOKa3yeE, y CKiNbKU pasiB LWBMAKICTb
NOLMPEHHA CBITNA B CepefoBULLi MEHLLA, HiX Y BaKyyMi:

n=—,
v

Ile ¢ — MIBUAKIiCTH MOIIMpEeHHSA CBiT/Ia y BakyyMi (c=3-108 m/c); v — mBUAKicTH
TOIUPEHHS CBIiTJIa B CEPEIOBUIITI.

Puc. 12.4. Y pasi nepexogy cBitna
i3 cepenoBuLlia 3 GiNbLIOK ONTWY-
HOIO TYCTVHOIO B CepefoBuLLe

3 MEHLUOI OMTUYHOIO FYCTUHOIO
KYT 3a/IOMNIEHHA € BiNblIMM 3a KyT
naginHa (y > o)
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Posgin Il. CBITNIOBI ABULLA

ABCOMIOTHESH IIBuaKicTh MOMIMPEHHA CBiT/Ia Y BaKyyMi OGijbIa,
b T HiK y OyIb-AKOMY CEpPeIOBUIIli, TOMY aOCOTIOTHUHA
€UOBHHA i & .
——— MOKABHUK 3aJIOMJIEHHS 3aBiKIU OLIBININUH 3a oqu
. HUIO (AUB. TAOJIUITIO).

: 36epHimb ysazy: Nyepirpa~1, TOMY, po3ens-

IToBiTpsa 1,0003 ) . . .
arouu nepexid ceimaa 3 nogimps 6 cepedoguuie,
Jlig 1,31 86aJCAONMb, W0 Bi0HOCHUIL NOKASHUK 3AJLOMICHH
Boga 1,33 cepedosuuya OOPiBHIOE AGCONIOMHOMY NOKAZHUKY.
SBuiie 3aJ0OMJIEeHHA CBiTJIa € OCHOBOIO PO-

Bensun 1 .. .
eH3 50 00THU YMCICHHUX OINTUYHUX IIPHUCTPOIB, IIPO AeAKi
Crio 1,43-2,17 3 AKUX BU [JisHAETeCs IIisHiIme.
Ksapir 1,54 3
% ACTOCOBYEMO fIBULLE NOBHOrO
Ammas 2,42 Hn BHYTpPIlWHbOro Big6MBaHHA cBiTna

PosrisaemMo BUIIAaZOK, KOJHM CBIiTJIO ITEPEXOIUTH
i3 cepemoBuina 3 GiJIBIITIOI0 OINTUYHOIO I'YCTUHOIO
B cepeagoBuIlle 3 MEHIIIOIO OIITHUYHOIO TIYyCTHU-
Hoto (puc. 12.5). Bauumo, 110 B pasi 30iibIlleHHSA
KyTa MmagiHHs (oc2 >oc1) KYT 3aJIOMJIEHHA Y HabIu-
sKaeTbea n0 90°, AcCKpaBicTh 3aJIOMJIEHOTO MYyYKa
3MEHIIIYEThCS, a ICKPaBiCTh BiAOMTOr0, HaBIAKH,
301JIBIIYETHCS. 3PO3YMiJI0, AKIIO i JaJIi 30iabIIry-
BaTU KYyT HaJiHHA, KYT 3ajioMJeHHA cArHe 90°,
3aJIOMJIEHUH TYYOK 3HUKHE, a MaJaloumnil MydJoK
miskom (6e3 BTpaT eHeprii) moBepHeThCS B IIepIie
cepeIoBHUIlle — CBIT/IO IIOBHICTIO Bifi6’eThCs.

fByLe, 3a AKOro 3anoOM/eHHA CBiTNa BiACYTHE
(cBiTNO NOBHICTIO BiAOUBAETLCS Bif cepeaoBuLLa
3 MEHLUOI0 OMTUYHOI TYCTUHOLD), Ha3UBaIOTb
NOBHUM BHYTPilWIHiM Big6MBaHHAM cBiTna.

SBuIle MOBHOTO BHYTPIIIIHLOTO BifOMBaHHSA
nobpe 3HalioMe TUM, XTO Xouya 0 pas IIJIaBaB IIijJ
BOJIOIO 3 POBILIIoIeHuMU ounma (puc. 12.6).

Puc. 12.5. Akwo cBiTno nagae
3i cKkna B NoBiTp#A, B pasi
36iMbWEHHA KyTa NafiHHA KyT
3a/IOMEHHA HAbNMKAETbCA
A0 90°, a ACKpaBiCTb 3anomne-
HOTO MyyYKa 3MeHLUYETbCA

Puc. 12.6. CnocTepirauesi, AKuin nepebyBae nig Bogoto, Yac-
THa NOBEPXHi BOAM 3[AETbCA BIMCKYUOI0, MOB A3e€pKasio
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§ 12. 3anoMneHHA CBiTNa Ha MeXi nodiny ABOX cepefoByLY. 3aKOHM 3aNOM/EHHA CBITNIa

IOBesipy mpoTAroM cTOpPiY BUKOPUCTOBYIOTH
SABUIIE TIOBHOTO BHYTPIIITHLOTO BimOMBaHHSA, 100
OiIBUIMUTA TPUBAOJIMBICTE KOIITOBHUX KaMe-
HiB. IIpuponHi KamMeHi OorpaHIOIOTh — HaIaIOTh
iMm ¢gopMu OaraTorpaHHHKIB: I'paHi KaMeHs BU-
KOHYIOTh POJIb «BHYTPIMIHIX A3epKaJj», i KaMiHb
«rpae» B MPOMEHSX CBiTJIa, IO Maja€e Ha HBOTO.
IToBHe BimOMBaHHSA CBiTJIa 3aCTOCOBYIOTH
B onTuuHil TexHini (puc. 12.7). IIpore rosgosue
3aCTOCYBaHHSA I[bOI'0 SBUINA IIOB’sI3aHE 3 BOJIO-
KOHHOI0 OIITHKOIO. SIKIMO B TOpelnb CyIiJIbHOI
«CKJITHOI HUTKW» CHPAMYBATHU IIYYOK CBiTJIA, TO
micsiga 60araTopasoBOTO BifOMBAHHSA CBITJIO BUE
Ha ii mpoTuIeKHOMY KiHIII Hel3aJIe;KHO BijJ TOTrO,
AKOI0 Oyae TpyOKa — BUTHYTOIO Ul IIpsIMoio. Taxky
«HUTKY» HasWBAIOThH cBiTI0BOAOM (puc. 12.8).
CBiT/IOBOIM 3aCTOCOBYIOTH YV MEIUIIUHI IJIs
IOCHiPKeHHA BHYTPIITHIX opraHiB (eHIOCKOIIiA);
y TexHiIi, 30KpeMa JIJisd BUABJIEHHSA HeCIIPaBHOCTEM
ycepenuHi IBUTYHiB 0e3 iX po30upaHHs; JJIs OCBiT-
JIEHHA COHSYHUM CBITJIOM 3aKPUTHX IPUMIIIEHb;
Yy IeKOpaTHUBHUX CBiTHMJIBHUKAaX ToIo (puc. 12.9).
Oguax HaluyacTilme CBITJIOBOLM BUKOPH-
CTOBYIOTh AK Kabesi ansa mepenadi indopmarrii
(puc. 12.10). «Cxaauuii kabeab» € HabaraTo me-
IIEeBIIIUM, BiH JIErmIui 3a MiZHUH, TPAKTUUIHO
He 3MiHIOE CBOIX BJIACTHBOCTEW IIiJ BILJIMBOM Ha-
BKOJIMIITHBOTO CEPEIOBUIIA, O3BOJIAE IepefaBaTu
CUTHAJIV Ha BeJuKi Bifmcrani 6e3 migcumenusa. Cbo-
FOAHI BOJIOKOHHO-OITHUYHI JiHiI 3B’A3KY CTPIMKO
BUTiCHAIOTh Tpamuiiiiai. Komu Bu Oymere muBwu-
THUCS TeJeBi3op abo KopucTyBaTucA [HTepHETOM,
grajaiTe, 10 OiJIBIIY YACTUHY CBOTO <«IILJIAXY»

CHUT'HaJI JoJia€ «CKJIAHOIO JOPOI'0I0». H

>
YY

Y

—
A A

6

Puc. 12.7. Y 6aratbox onTUYHUX
npunagax HanpsAMoK MoLnpeH-
HA CBiTNa 3MiHIOIOTb 3a AOMOMO-
rolo Npu3mM NOBHO20 8iO6UBAHHS:
a — npu3ma noeepTae 306pa-
XKEHHS; 6 — npur3ma nepeBepTae
306parkeHHsA

Puc. 12.8. lNowmnpeHHA cBiTno-
BOrO My4Ka CBiT/I0BOAOM

Puc. 12.9. [lekopaTnBHui Puc. 12.10. ONTOBONOKOHHWIA
CBITUNbHUK 3i CBITIOBOAAMM Kabenb
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E Yuumocsa posB’asyBatu 3agaui

3apava. CBiT/IOBUII NPOMiHL NIEpPEeXOSUTH

1 2 i3 cepemoBuinia 1 y cepemosuiie 2 (puc. 12.11, a).
IIBuakicTs mommpeHHA cBiTiia B cepemoBuii 1
craHOBUTH 2,4 108 M/c. BusHauTe abCOMIOTHUIA 110~
/ Kas3HUK 3aJIOMJEHHS cepemoBuina 2 i IMIBUIKICTH
TIOIITUPEHHS CBiTJIa B IIbOMY CEPEIOBUIIIi.

Ananiz @isuunoi npobaemu. 13 pume. 12.11,
/ a 6aumMo, IIT0 Ha MeXKi Iojisy ABOX cepefoBHII
CBITJIO 3aJIOMJIIOETHCSA, OT:Ke, IIBUAKICTH WOTO IIO-
IMIUPEHHA 3MiHIOETHCS.
a / BukoHaeMo TOSCHIOBAJIbHUIN  PUCYHOK
(puc. 12.11, 6), Ha AKOMY:

N

! 2 1) 3o06pasumo mpomeHi, HaBeleHi B yMOBi
3ajmaui;
A 2) mpoBeneMoO uepes3 TOUKY HaJiHHS IPOMeHs
@ b MIEePIEeHUKYJIAD 0 MeXKi HmoAisy OBOX CepelOBUIIL;
o 3) mosHAYMMO O KyT HagiHHA 1 Yy — KyT
a 3aJIOMJIEHHS.
\ b / AGconroTHNH MOKA3HUK 3aJI0MJIEHHA — IIe II0-
Ka3HUK 3aJIOMJIEHHA BiZHOCHO Bakyywmy. Tomy mjia
/ pO3B’sI3aHHA 3aJavi CJIi 3ragaTu 3HAYeHHs IIIBAIKO-
6 / CTi IIOIIMPEHHA CBiTJIa ¥ BAaKYYMi Ta 3HAWTHU IITBU-
Puc. 12.11. [lo 3apaui B § 12 KiCTh IIOIIMPEHHSA CBiTJIa B C€PENOBUIIL 2 (vz).
Ja 3HaAXOM'KEeHHSA U, BU3HAYUMO CHUHYCH
KyTa MafiHHA Ta KyTa 3aJIOMJIEHH.
Hano: Iowyx mamemamuirol modeni, po36'a3aHH
—94.108 ™ 3a o3HaueHHAM a0COJIIOTHOTO IIOKAa3HWKA 3aJIOMJIEHHA:
Ul — &yE” ? o i
c=3108 2 2w,
¢ . v, sina v, siny
Buaiimu: OCKiTBKM —=——, TO Vg=———.
1)2 sy sin o
ny=? . a . b
vy —? I3 puc. 12.11, 6 Gauumo, IO s1n0c=7, a s1ny=7, ner —

paziyc xoJa.
BHaﬁHEMO 3HAYEHHA IIIYKaHUX BEJINYNH:

4 b 3
sinocziz—:O,S, siny=—=—=0,6;
r b5 r 5

2,4-10%.0,6 3.10° 30 5
vy=m 2 218108 [ 2 | ny=——— = =221,
0,8 c 1,8-10® 18 3

AHani3 po36’a3aHHs. 3a YMOBOIO 3aadi KyT HaTiHHSA OiIbIINI, HiXK KYT 3aJIOM-
JIeHH, i Ile 0O3Hauae, 10 MIBUAKICTL CBITJIa B cepeIoBUIIi 2 MEHIIA BiJl IITBUIKO-
cTi cBiTia B cepemoBuii 1. OT:Ke, oTpuMaHi pe3ysibTaTu € PeabHUMMU.

Bionosidv: ny, =1,7; v2=1,8-108 M/c.
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3 Nig6buBaemo nigcymkun

CaiT/ioBHUIi IYYOK, IIAaSA0UN Ha MEKY JABOX CEPENOBUII, IIOJiIAETHCA HA 1Ba
nyuku. OaquH i3 HUX — BigbuTuii — BigOMBaeTLCS BiJ IIOBEPXHi, Higmopsan-
KOBYIOUKCH 3aKOHAM Bif0uBaHHA cBiT/ia. [pyruii — 3aJI0MJIEHUN — IIPOXOAUTH
y OpyTre cepemoBUIlle, 3MiHIOIOUM CBifl HAIPSIMOK.

3aKOHM 3aJIOMJIEHHSA CBiTJia:

1. IIpominb mamarouuii, TPOMiHb 3aJIOMJIEHUN i TMEPHEHAUKYIADP O MeEKi
TOA1JIy TBOX CEPeIOBUII, IIPOBEAEHUNA i3 TOUKM HaAiHHA IPOMEHS, JeKaTh B OJ-
Hill TLIOIUHI.

2. [lna nBOX JaHUX CEPEeNOBUII BiTHOIIEHHA CUHYCa KyTa MaJiHHA O 10

sin o

CHHYyCa KyTa 3aJIOMJIEHHA Y € HEe3MiHHOIO BEJIMUYNHOIO: =nNyq.

siny
IIpuunHa 3ajioMJIeHHA CBiTJIa — 3MiHA IMIBUIKOCTI MOTO IOMIMPEHHA B pasi
epexoy 3 OJHOTO cepeoBUINA B iHINe. BifHOCHUI NMOKAa3HWK 3aJOMJEHHS Mg

MIOKa3ye, yV CKiJIbKU pasiB IBUAKICTh IIOIIMPEHHA CBiTJIa B cepemoBuilli 1 GiibIa
sinot v,

(abo meHINa), HixK MIBUAKICTH MOIINPEHHS CBIiTJIA B CEPENOBUIIi 2: Ny = ——=—.
siny v,

VY BUMNaAKy KOJIU CBITJIO HOTpAIJIsSE B CEPEIOBUIINE i3 BAKYYMY, MOKA3ZHUK
3aJIOMJIEHHS 7 Ha3WBAIOTH a0COJTIOTHUM IMOKA3HUKOM 3aJIOMJIEHHS: n=cC/V.

Ax1mo mig yac mepexony cBiTia i3 cepemosuina 1 y cepegosuiiie 2 IMIBUAKICTD
MOIMIUPEHHS CBiT/Ia 3MeHIIUJIach (TOOTO MOKASHUK 3aJIOMJIEHHS CEepeJIoBUINA 2
OispIIMIT 3a MOKA3HUK 3aJIOMJIEHHSA cepefoBuIlia 1: ny>nq), TO TOBOPATH, IO
CBITJIO mepeHIo i3 cepeoBUIa 3 MEHIIIOIO OITUYHOI I'YCTUHOIO B CEPEJIOBUIIE
3 OiJIBIIIOI0 ONITHMYHOIO I'yCTHUHOIO (1 HaBIaKM).

KoHTponbHi 3annuTaHHA

[ N a

Q@WL SAKi gocaimgu miATBEPAKYIOTH SBUINE 3aJIOMJEHHSA CBiT/IA HA MEXKi MOMiJIy JTBOX

4% o cepenoBuii? 2. ChopmynoiiTe 3aKOHU 3aJIOMJIEHHA cBiTyia. 3. ¥ YoMy IpUYHHA
3ajgomiaeHHs cBitia? 4. Illo mokasye MOKasHUK 3aJoMJeHHs cBitia? 5. Ak mBug-
KiCThb IIOIIMPEeHHs CBiT/Ia IOB’s3aHa 3 ONITUYHOIO I'yCTHUHOIO cepenoBuiia? 6. Jlaiite
O3HAUeHHA abCOJIIOTHOTO ITOKAa3HUKA 3aJIOMJIEHHS.

ﬁfa,\j; Bnpasa N2 12
/

VM 1. Ilepenecits puc. 1 mo somuTa. BBaskarouw, 110 cepemoBuine 1 Mae GiabIiry

< ONITUYHY I'yCTUHY, Hi’K cepefioBuille 2, AJA KOKHOT'O BUIIAJKy CXEMAaTHUUHO I10-

oynyiiTe nmagarouuii (6o 3aJIOMJIeHNIT) IPOMiHb, IMO3HAUTE KYT HAJiHHA Ta KYT
3aJIOMJIEHHA.
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Puc. 1
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Posgin Il. CBITNIOBI ABULLA

2. O6ywmCIIiTh MIBUAKICTH IMOIMUPEHHSA CBiT/IA
B aJmMasi; Boji; moBiTpi.

3. Ilpominb cBiTyIa TTazae 3 MOBITPA y BOAY IIif
Kytom 60°. KyT mixk BimbuTum i 3asiomiieHuM
npomeHAMHu cTaHOBUTH 80°. OOUMUCIITH KYT
3aJIOMJIEHHSA IIPOMEHH.

4. Koum mu, crosuyu Ha Oepesi BomoiiMu, HaMa-
raeMocsd Ha OKO BU3HAUUTHU Ii rmuOuHY, BOHA
3aBIK/U 3AETHCA MEHIIOI0, Hi’K € HacIpas/i.
CropucTaBIINCh PUC. 2, TOSACHITH, YOMY TaK
BimOyBaeThCA.

5. 3a SKHU# Jac CBiTJIO JOXOAUTH Bij AHA o3epa
rnbunoo 900 M g0 moBepxHiI Bomm?

6. ITosicuiTh «(poKyc» i3 KinbieM (MOHETOMO),
sragaHuii Ha nouatky § 12 (zuB. puc. 12.1).

7. CaiTsoBU# IIpOMiHBb IEpexomuTh i3 cepe- Puc. 2
noBuina 1 y cepemosuitie 2 (puc. 3). IllBun-
KicTh mommupeHHsA cBiTiia B cepemoBuImi 1
craHOBUTH 2,5-108 M/c. Busnaure:

1) onTryHa TyCTWHA SKOTO CEePeJOBUIA €
01JIBIITIOIO;

2) MOKa3HUK 3aJIOMJIEHHA cepeoBuIla 2 Bij- /

HOCHO cepemoBuina 1; \/ \
3) MIBUAKICTH TOIHMPEHHS CBiTJIa B cepe- <
moBHUII 2;
4) aGCOMIOTHUH MOKAa3HUK 3aJIOMJIEHHA KOXK- \
HOTO CEpPEeIOBUIIA. \

8. Hacminxom 3asiomyieHHA cBiTia B aTMmocdepi
3eMJIi € BUHUKHEHHS MipasKiB, a TaKOK TOI 9
daxTt, o mu 6aunmo CoHIe if 30pi Tpoxu \
BUIIE Bii IXHBOI'O PEAJBHOTI'O IIOJIOMKEHHH.
CropucraiiTecsa IOJATKOBUMU [KepejlaMu
indopmarii Ta misHailiTecs mpo Iii IPUPOIHI
SABUINA JOKJATHIIIE.

\

Puc. 3

EKcnepumeHTanbHi 3aBAaHHA

1. «@oxyc i3 monemoio». IlpogeMoHCTPyiiTe KOMY-HEOYAD 31 CBOIX APY3iB UM 6JIUBL-
KUX gociain i3 moumeroro (zuB. puc. 12.1). IToscHiTh iioro.

2. «Bodsne d3epxano». IloctioctepiraiiTe noBHe BinbuBaHHA cBiTsa. [[ad 1poro 3a-
IOBHITH CKJAHKY IPUOJIN3HO HAIIOJOBUHY BOAOI. OIYCTITh y CKJIAHKY AKUICH
mpenMeT, HaIPUKJIAL KOPIYC ILJIaCTMACOBOI PYYKM, 0a’KaHO 3 HAIIKCOM.
Tpumarouyu CKJIAHKY B PyIli, podTamiyiiTe ii mpuOJIM3HO Ha
Bigcraui 25—30 cMm Bin oueit (DuB. pUCYHOK). ¥ Xoxi mocaimy
BU MAa€Te CTEXKUTU 382 KOPIIYCOM PYYKH.

Cmouatky, migBiBIIM Oui, B OyAeTe GAUUTH BeCh KOPIIYC
pPyuYKu (4K migBOmHY, TaK i HaABOAHY dyacTuHU). IloBiabHO
mepecyBaiiTe Bin cebe CKISAHKY, He 3MiHIOIOUM BUCOTH ii po3-
TamyBaHHA. Kosu ckiagHKa Oyge ZOCTaTHLO BipmasieHa Bix
BAIlIMX OUYeli, MOBEPXHA BOJAU CTaHE [JIf BaC N3€PKAJIBHOI —
BU mo6auyuTe N3epKaJibHE BifoOpasKeHHs MiZBOJHOI YACTUHU
Kopnycy pyuku. IToAcHITH criocTepeskyBaHe sIBUIIIE.
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JIABOPATOPHA POBOTA Ne¢ 4

Tema. [locnig’keHHA 3anOMEHHA CBiTNa.

MeTa: BW3HAYNTM NOKA3HWK 3aNIOMJIEHHA CKNa Big-
HOCHO MOBITpPA.

O6napgHaHHA: CKAHa NacTMHKa 3 NapaneibHUMM
rpaHAMun, oniBelb, KOCMHeLb i3 MiNiMeTpoBOIO
LKoo, LMpKyb.

BKA3IBK 4O POBOTU

n MiprotoBKa A0 eKCnepumeHTy
1. Ilepen TumM AK BUKOHYBATH PoOOTY, 3rajaire:
1) Bumoru 0e3meKu ITiJ yac pobOTH 3i CKIAHUMU IpPeIMeTaMU;
2) 3aKOHU 3aJIOMJIEHHS CBiTJIa;
3) popmyay AaA BUSHAUEHHS MOKA3HUKAa 3aJOMJEHHSI.
2. Iligroryi#iTe PUCYHKU OJisi BUKOHAHHS POOOTU
(onuB. puc. 1). s 1mboro:
1) mokJamiTh CKJASHY NJACTHHKY Ha CTOPiHKY k
30IIIUTa i TOCTPO 3aTOYEHUM OJIiBIIEM OKPECJIiTh
KOHTYD ILJIaCTUHKU; 0
2) Ha BiApi3KYy, IO BiANOBiZa€ ITOJOKEHHIO
BEPXHBOI 3aJIOMHOI I'paHi MJIaCTUHKN:
e To3HauTe TOUKy O; \_/
e IPOBeiTH uepesd TouKy O mpamy k, mepreHu-
KYJAPHY OO TaHOTO BiApisKa; Puc. 1
e 3a JTOIIOMOT'OIO ITUPKYJSA MOOYyAyHTe KOJIO pasi-
ycoMm 2,5 cm i3 merTpoMm y Touri O;
3) mig KyToM mpubOaM3HO 45° HaKpecJiTh MPOMiHb, AKUUA 3aJaBaTUMe
HANPAMOK ITyYKa CBiTJIa, IO Imazae B TOUKY O; mo3HAUTe TOUKY Iiepe-
TUHY IIPOMEHA i KoJia JiTepoio A;
4) oBTOpPiTH Aii, omucani B myukTax 1-3, e aBiui (BuKoHaiTe IIfe aBa
PUCYHKH), CIIOYATKY 30iJBIITUBINM, a MOTiM 3MEHIIUBINYN 3aJaHUN KYT
najgiHHA OPOMEeHs CBiTJia.

u EkcnepnmeHT

Cysopo dompumyitmecs incmpykuyii 3 6esnexu (0us. popsay niopyyHukKa).

1. HakmnanmiTe CKRJIAHY ILJIACTUHKY HAa
IepIIuii KOHTYP.

2. [TuBnauuchk Ha npoMiab AO Kpisb
CKJIO, IIOCTaBTe IOPAJ i3 HUIKHBOIO ¢
TPAHHIO TJACTUHKU TOYKYy M Tak, \é‘
100 BOHA 3JaBaJiacsad pO3TallloBa- - \/
HOI0 Ha IIPOJOB:KeHHi mpomeHs AO
(puc. 2).

3. IloBTOpiTh Aii, ommcaHi B IIyHKTax
11i 2, mie g1 OBOX KOHTYPIB.

Puc. 2
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Posgin Il. CBITNIOBI ABULLA

u OnpautoBaHHA pe3ysbTaTiB eKCNepuMeHTy
Pesyavmamu eumiprogarns i oouucienb 8idpasy
3anocbme 0o mabauui.
g KoxHOTO mocainy (guB. puc. 3):
1) mpoBeniTh 3ajoMaeHUH mpoMmins OM;
2) sHalOiThL TOUKY TepeTuHy mpomena OM i3
KoJiom (Toukry B);
3) i3 TouoK A i B omyCTiTh NEPUIEHAUKYJIAPU HA
npAMy k, BUMipAiTe NOBXKWUHY a i b oTpuma-
HUX BimpiskiB i pamiyc koJa r;
4) BU3HAUTE MOKA3HUK 3aJOMJIEHHA CKJa Bif-
HOCHO IIOBiTpS:

sino . a . b
n=——, fe sino.=—, a siny=—, Tomy
sin3 r r Puc. 3
a
n=—.
b
Howmep HoBsxkrHa Bifpiska HoBsxkuHa Bifpiska | BigzHocHUI moKa3HUK
IOCIIiay a, MM b, MM 3aJIOMJICHHS 71

1

n AHani3 eKcnepumeHTy Ta MOro pesynbraTiB

IIpoanasisyiiTe ekciepuMenT i foro peayabratu. ChopmMyaioiiTe BUCHOBOK,
y KoMy 3asHauTe: 1) aKy GisuuHy BeJUUYNHY BU BU3HAYAJIN; 2) IKUN Pe3yabTar
oTpuMaJy; 3) UM 3aJI€KUTh 3HAUEHHSA OTPUMAHOI BeJIWUYMHU Biff KyTa HNamgiHHA
cBiTyIa; 4) y YOMY MPUYMHU MOKJINBOI MOXUOKM €KCIEPUMEHTY.

Hosi
+ TBopue3aBAaHHA oBiTpa e
CrkopucraBmuck puc. 4, mpoxymaiite ta Kpyr P

i3 xapTony oL~

3aIUIIITh MJIAH TPOBEAEHHS EKCIEePUMEHTY
3 BUBHAUEHHA MOKA3HWKA 3aJIOMJIEHHA BOAY BiJ-
HOCHO MOBiTps. 3a MOKJIMBOCTI IPOBEHITH €Kc-
TIEPUMEHT.

% 3aBAaHHA «i3 3ipouKoio»

HJa omHOTO 3 JOCJiZiB OI[iHITH BiTHOCHY IOXMOKY €KCIIEpUMEHTY, CKOPHU-
cTaBIINCh (DOPMYJIOIO:

e=|1- "o 1.100% ,

n

e n,,, — OTPHMAaHe IiJ Yac eKCIIepUMeHTY 3HAUeHHA IOKa3HUKA 3aJI0M-
JIeHHS CKJIa BiJHOCHO IOBiTp#A; n — TabJIudyHe 3HaUeHHA abCOTIOTHOIO IOKa3HUKA
3aJIOMJIEHHSA CKJla, 3 AKOI'0 BUT'OTOBJIEHA IJIACTHHKA (3’ACyiiTe y BUMTeJIs).
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§ 13. ANCNEPCIA CBITJIA. CNIEKTPAJIbHUN CKNAJ
NMPUPOAHOIO CBITJIA. KOJIbOPU

3rapaniTe: COHAYHWUN NITHIN feHb — | panToM Ha E
Hebi 3'ABMIacA XMapPWUHKA, NiLOB AOLWMK, AKUNA
HauyebTo «He MOMIYaEy, WO COHLE MPOLOBXKYE
CBiTUTU. Taku JoLY Yy Hapodi Ha3MBaloTb CAIMKWM.
JowuiK ile He BCTUT 3aKiHUUTKCb, @ Ha Hebi BXxe
3acAsana pisHOKoNbopoBa Becenka (puc. 13.1).
Yomy BoHa 3'aBunaca?

n Po3knapgaemo coHAYHe CBiTNO
y cnekTp

IIle B maBHMHY OyJi0 OOMiueHO, IO My-
YOK COHAYHOI'O CBiTJIa, MPOMIIOBINMN KpPi3b
CKJIAHY TPU3MY, CTa€ Pi3HOKOJIHLOPOBUM.
BBakajiocst, 110 OpuUUYMHA IIHOTO SIBUIIA
KPHUETHCSA Y BJIACTUBOCTI MpU3Mu 3abapBJIIO-
Batu cBiTio. Yum Tak Ie HacmpaBai, 3’sicyBaB
y 1665 p. BumaTHuUiI aHIVIINCBKUUN yUYeHUN
Icaarx Hviomon (1643—1727), mpoBiBmiu cepito
IMiKaBUX JOCJimiB.

Hna oTpuMaHHA BY3bKOTI'O IIyuKa COHAYHOrO cBiTiia HbioTOH 3poOuUB y Bi-
KOHHUIII HeBeJMKUH Kpyriauii oreip. Koau mepen oTBOpPOM BiH yCTaHOBJIIOBAB
CKJIAHY IPU3MY, Ha IPOTHUJEKHIN CTiHiI 3’saBisdIacsa PisHOKOJLOPOBa CMYKKa,
AKY BUEHHMU Has3BaB cmeKTpoM. Ha cmy:xkiii (A i y Becesiri) HeiloToH Buaiaus
CciM KOJIbODiB: “epBOHUIL, OPAHHCEBUIL, HOBMUIl, 3eJeHUll, ONAKUMHULL, CUHIIL,
gionemosuil (puc. 13.2, a).

IloTiM yuyeHmUii 3a TOIOMOIrO0 eKpaHa 3 OTBOPOM BUIIJISAB i3 IIIHMPOKOroO Pis-
HOKOJILOPOBOT'O ITyYKAa CBiTJIa BY3bKi OMHOKOJIpHI (MOHOXPOMATHYHI) IyYKH Ta
3HOBY CIIPAMOBYBAaB iX Ha ImpusMy. TaKi IyYKy BiAXuaAIUCA IIPU3MOIO, aJjie BiKe
He po3KJagajuch y ciexktp (puc. 13.2, 6). Ilpu mpomy Haiibiablle BigxXuisaBcs
(dioseToBUI IIYUYOK CBiTJIa, a HAWIMEHIIIE — YEPBOHMUIA.

Pesyabratu mocaigi mosBosuau HbI0OTOHY miATH TaKUX BUCHOBKIB:

1) nyuoK 6isioro (COHSYHOIO) CBiT/Ia CKJIaJZAEThC 31 CBiT/Ia PIBHUX KOJLOPIiB;

2) mpusma He «(papOye» Oije cBiTIIO, a po3Aiisae Horo (PO3KJIALAE B CIEKTP)
yepes pisHe 3aJIOMJIeHHS CBiTJIa Pi3HOTO KOJIBOPY.

Puc. 13.1. Becenky moxHa cnocre-
pirati, 30kpema, B 6pr3kax GpoHTaHa
abo Bogocnapy

B
I,Q COIY
Ug

Puc. 13.2. Cxema gocnigis |. HbloToHa i3 3'ACyBaHHA cneKTpanbHOro cknagy cBitna
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Posgin Il. CBITNIOBI ABULLA

dicraBre pumc. 13.1 i 13.2:
KOJIBOPU BECEJIKU TO i
€ KoJbopu ciekrpa. 1 1me
He € TUBHUM, 00 Hacmpasmi
BeceJIKa — Ile BeJUUYe3HUN
CIIEKTD COHSAYHOTO CBiTJIa.
OpgHa i3 OPUYUH BUHUK-
HEHHS BECEJKH IIOJIATAaE
B TOMY, 10 0e3Jiu MaJieHb-
KUX KPAIJIMHOK BOAW 3a-
JIOMJIOIOTH 0iJie COHSYHE
cBiTIIO.

Puc. 13.3. [leski noaaTKoBI
KOnbopu

Puc. 13.4. flkwo nogmsButnca yepes
nyny Ha eKpaH Kommn'ioTepa, nobauu-
MO 6e3niu ApibHKX KpyriB YepBOHO-
ro, 3eJIEHOro Ta CMHbOIO KONbOPIB

86

*
-

[isHaemocb npo gucnepcito ceiTna

Hocaigm HproToHA IIPOAEMOHCTPYBAJIH,
30KpemMa, II10, 3aJIOMJIIUYNCh V CKJIAHIN
npusMi, TyuKu (DioJIeTOBOTO CBiTJIa 3aBXKIU Bif-
XUJIAOTHCS OijIbIlle, HisK IyYKu yepBoHOoro. Ile
o3HaAUae, 110 0L C8iMmJaa Pi3H020 KOJbOPY NOo-
KA3HUK 3aJ0MJIeHHA CKAa € pisHum. Came TOMY
IYYOK 0iJI0ro cBiTJ/IA i PO3KJIALAETHCA Y CIIEKTP.

fBMiLLe po3KnagaHHA CBITNA Y CNeKTp, 3yMOB-
NeHe 3anexHiCTIoO MOoKa3HUKa 3alloMIEeHHsA
cepefoByLa Bif KOMbOPy CBIT/Ma, HA3UBAOTb
Aucnepcieto cBitna.

H st 6ibIIIOCTi TPO30PUX CePeNOBUII HAM-
OiTBIUIT TIOKA3HUK 3aJIOMJIEHHS Ma€ CBiTJIO (i-
0JIETOBOT'O KOJILOPY, HANMEHIITNiI — YePBOHOTO.

? CBiTJIO AKOT0 KOJIBOPY — (piosieToBOro um

YePBOHOT'O OOMIUPIOETHECA B CKJIL
mBupte? ITiokaska: 3ramaiiTe, SK IIO-
Ka3HUK 3aJIOMJIEHHS CepemoBHUINA 3aJe-
KUTh BiJl MIBUAKOCTI IMOIMUPEHHA CBiT/IA

B IIbOMY CePeIOBUIIIi. -

B XapaKrepusyemo Konbopwu

Y cmexkTpi coHAYHOTO CBiTIIA Tpajau-
IifiHO BUOINIAIOTH CiM KOJBOPiB, MOXKHAa BU-
miauTy W Oispmie. AJie BM HIKOJIM He 3MO-
JKeTe BUIIJINTH, HAOPUKJIAL, KOPUUYHEBUN
abo OyskoBuii Koiip. Ili xoawbopu € ck.zao-
HUMU — BOHHM YTBOPIOIOTHCS BHACIIIOK Ha-
KAAGOAHHSA  (3MIWYBAHHA) CNREKMPAAbHUX
(vucmux) KOJIBOPIB y PIiBHUX IIPOTOPIiAX.
Hesari cmeKTpaabHI KOJIBOPWM B pasdi HaKJAa-
ITaHHS OOWH HA OJHOT'O YTBOPIOIOTH OiJIUH KO-
aip. Taki mapu cneKTpaJbHUX KOJLOPiB Ha3u-
BaroTh dodamrxosumu (puc. 13.3).

s sopy JitofuHU OCOOJIMBE 3HAUEHHS
MalOTh TPH OCHOBHI CHIEKTpaJibHi KOJBOPH.
YepBOHUllL, 3eJeHUll i CuRill: HaKJIalalounch, IIi
KOJIBOPH JAIOTh BiJUyTTsa HaWPisHOMAHITHIIIIIX
KOJBOPiB i BiATiHKIB.

Ha makaagaHHI TPhOX OCHOBHHX CIEK-
TPaJbHUX KOJBOPIiB y PiBHUX NOPOHOPITigx
I'PYHTYETHCA KOJIbOPOBE 300paKeHHsA HA eKpaHi
KoMII’foTepa, TeJjieBizopa, Tenedony (puc. 13.4).



§ 13. dncnepcia csitna. CnekTpanbHUA CKNag NPUPOAHOro ceitna. Konbopu

Puc. 13.5. 3aBaaKku ToMy WO Pi3Hi Tina no-pisHomy Bif6MBaloTb, 3aNIOMIOIOTL | MOFANHAITDL
COHAYHEe CBIiTNO, M1 6aUNMMO HABKOMMLLHIN CBIT Pi3HOKONbOPOBUM

3’acoBy€emMO, YOMY CBIiT € Pi3HOKONbOPOBUM

3Haouu, 10 0ijle CBITJIO € CKJAaJeHUM, MOYKHA IIOACHUTH, YOMY HaBKO-
JIUIIHINA CBIT, OCBITJIEHUH JIMIlIe ONHUM [AsKepesoM 6ijioro cBitiia — CoHIleM, MU
6aunMo pisHOKOJIbOPOBUM (puc. 13.5).

Tak, moBepxHA apKyIia odicHOro mamnepy oJHaKOBO Ao0Ope BigOuBae mpomeHi
BCiX KOJIbOPiB, TOMY apKyIIl, OCBiT/IeHMH OiJIMM CBiTJIOM, 3ZA€ThCSI HAM OiJIMM.
CuHill HaIiYHUK, OCBiTJIEHUI TUM caMuUM OiJIMM CBIiTJIOM, Ie€peBa’KHO BimOuBae
IPOMEHi CMHBOT'O KOJIBODY, a PEelITy IIOTJIMHAE.

? Sk Bu BBaKkaeTe, AKUII KOJIIp IIepeBa’KHO BiAOMBAaIOTh IMEJIIOCTKU COHSII-
HUKIiB? JIMCTS POCIUH?

CuHe cBiTJIO, CIPAMOBaHe HA YEPBOHI MEJIOCTKU TPOSHAMN, MaiiiKe IIiJIKOM
TMIOTJINHEThCA HUMHU, 00 MEJIOCTKM BiJIOMBAIOTH IMEpPeBa’kKHO UYEPBOHI IPOMeEHi,
a peITy — IOrINHAI0Th. TOMY TPOSHIA, OCBIT/IEHA CHHIM CBIiTJIOM, 3IaBaTUMETHCS
HaM IPaKTUYHO YOPHOM0. SIKIO K CUHIM CBiTJIOM OocBiTuTU 6inuii cHIT, TO BiH 371a-
BaTMMEThCSI HAM CUHIM, ajKe O0iyuii cHir Big6nBae mpoMeHi BCiX KOIbOpiB (Y TOMY
YKCJIi ¥ cuHi). A OT UOpHA IIIePCTh KOTa Ao0pe MOIVIMHAE BCi IPOMEHi, TOMy, X0U
SAKUM CBIiTJIOM MU MOT'O OCBiTMMO, KiT OZHAKOBO 31aBaTUMeThCs YopHUM (puc. 13.6).

3eeprimsb ysazy! OCKiMbKM KOJIP Tija 3aJIeKUTH Bil XapaKTEePUCTUKH IIa-
Ialouoro CBiTJIa, 8 MeMPAGL NOHAMMS KOJAbOPY no3basneHe 0Y0b-1K020 CEHCY.

Puc. 13.6. Konip

Tina 3anexuTb fK Bif
ONTUYHUX BNACTUBOCTEN
Noro NoBepxHi, Tak i Big
XapaKTepuCTmK
nafawoyoro caitna
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R

™

- B

MigbuBaemo nigcymkun

ITyuor 6Gisoro cBiTyia cKJIamaeThcsA 3i cBiTJIa Pi3HUX KOJBOPiB. BuminsaoTs
CiM OCHOBHUX CIIEKTPaJIbHUX KOJIbOPiB: YePBOHUH, OPAHIKEBUM, JKOBTUH, 3€-

JIeHUM, OJIaKUTHUI, CUHIiH, (ioseToBuii. [loKasHUK 3aJIOMJIEHHS CBiTJIa, a OTIKe,
MIBUAKICTH IOITMPEHHA CBiTJIa B CEPENOBUIIL 3aJIe}KaTh BiJl KOJIBOPY CBiTIIA.

% 3asleKHIiCTh TTOKA3HUKA 3aJIOMJIEHHS CepeloBUINA BiJl KOJIHLOPY CBiT/Ia Ha-

3UBaIOTh JUCIEPCi€l0 CBiTA. « Mu 6aunMO HABKOJMUINHIN CBIT Pi3HOKOJIHOPOBUM
3aBIAKN TOMY, IO Pi3HI Tija mo-pisHOMY BimOMBaIOTh, 3aJOMJIIOIOTE i IIOTJIMHAIOTD
CBiTJIO.

KoHTponbHi 3annuTaHHA

( _é El_ﬁ ~ ] )

: '&Q//’L Onunites mocaizu I. HploTOHA IIMO0 BCTAHOBJIEHHS CIEKTPAJJBHOI'O CKJIA,
I

=]

L e

cBitiia. 2. HasBiTh ciM cmekTpaabHUX KOJLOPiB. 3. CBiT/IO AKOro KOJIBLOPY HaM-
GiJIbIlle 3aJIOMJIIOETHLCA B PEUYOBMHI? HaliMeHIle 3ajJoMI0eThbeA? ¥ 4. [laliTe o3Ha-
YyeHHA AucIepcii cBitia. Ike mpupoaHe aBUIIle TIOB’sI3aHe 3 Auciepcio? 5. ki Ko-
JIbOPY HA3MBAIOTH JoxaTkoBuMu? 6. HassiTe Tpu ocHOBHI Koabopu cuekTpa. Homy
ix Tak HasmBaiOThH? 7. YoMy HaABKOJUINHIN CBIT Mu 6auMMO PiBHOKOJHLOPOBUM?

BnpaBsa N2 13

1. AxuMu 3maBaTUMYTHCS YOPHIi JiiTepu Ha OijoMy Iamepi, SIKIO AUBUTHCS Ha
HUX KPish 3ejeHe cKJIO? KUM Ipu [bOMY 3JaBATHMEThCSA KOJIIp mamepy?

2. CBiTyIO AKMX KOJBOPIiB IPOXOAUTH KPi3h CHHE CKJIO? IOIIMHAETHCA HUM?
Yepes CKJIO IKOT0 KOJIBLOPY HE MOXKHA ITO0AUYUTH TEKCT, HallMCaHUH (piosieToBUM
YOPHUJIOM Ha 6isiomMy marepi?

V¥V BoAi MOMIMPIOIOTHCA IMYYKHU CBiTJIa YEPBOHOT'O, OPAH}KEBOI'0 Ta OJIAKUTHOTO
KosbopiB. [IIBUAKICTh MOIMIUPEHHA AKOTO 3 MYyYKiB € HaWOiIbIIoH0?

5. CkopucraiiTecsa DoAaTKOBUMHU IKepesaMu iHdopmallii Ta misHaiiTecda, 4oMy

Hebo 6sakuTHe; yoMy CoHIle Ha 3aX0fi YacTo OyBae UepPBOHIM.

EKcnepmmeHTaane 3aBAaHHA

«Teopuyi paildyzu». HamoBHITH, HETVIMOOKY MOCYAUHY
BOZOIO Ta mocrtaBTe Ii Oias ceiTyrol crimu. Ha gHO 1mo-
CYIWHU MOMICTiTh IIJIOCKe a3epKaJio (IUB. PUCYHOK).
Copamy#iTe Ha [O3epKajo IIyYOK CBiTIa — Ha CTiHI
3’ABUTHCA «COHAUHUN 3aliunK». PO3TiIAHBTE ITOoro Ta
MOSICHITH CIIOCTEPEIKYBaHE ABUIIE.

®disuka i TexHika B YKpaiHi

KuiBcbknii HauwioHanbHui yHiBepcuteT iMm. Tapaca LWeBueHka (KHY) 3acHoBaHuin

8 nuctonaga 1833 p. Ak ImnepatopcbKuin yHiBepcuteT CBATOro Bonogumupa. Mepwnii pektop
YHiBepcUTeTy — BUAATHWUI YuyeHUii-eHuuknoneanct Muxadiio OnekcaHoposuy Makcumosud.

I3 KHY noB'A3aHi iMeHa BijoMUX yueHNx — mMaTeMaTuKiB, Gi3uKiB, KibepHeTUKiB, acTpo-
HomiB: []. O. paBe, M. M. KpaBuyka, I. B. MNoennddepa, M. M. boroniobosa, B. M. Myw-
KoBa, A. B. Ckopoxoga, 1. I. TixmaHa, b. B. THeaeHka, B. C. Muxanesunua, M. T1. ABeHapiyca,
M. M. Winnepa, M. . KocoHoroga, O. I. CutekKa, B. €. Nlawkapbosa, P. M. ®orens, M. ®. XaH-
apukoBa, C. K. BcexcBATCbKOrO.

Y cBiTi BifoMmi HayKoBi WwKonu KniBcbKoro yHiBepcuteTy — anrebpaiuHa, Teopii NMoBip-
HOCTEl Ta MaTEMATUYHOI CTaTUCTUKK, MexaHiku, Gi3vKn HaniBNpoBigHUKIB, Gi3MYHOI enek-
TPOHiKM Ta }i3nKM MOBEPXHi, MeTaNIOreHiuYHa, ONTUKN HOBMX MaTepianis Ta iH. I3 2008 p.
pekTop KHY — akagemik HAHY i HATHY, lepoii Ykpaitu JleoHio Bacuneosuy [y6epcokudi.
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§ 14. IIH3U. ONTUYHA CUJIA JIIH3U

Ha ypokax 6ionorii B, HaneBHO, NpaLtoBanu 3 Mikpockonom. CKopill 3a Bce, BM 3HANOMi
3 6iHOKNeM, nig3opHoto Tpy6olo, Teneckonom, Kopuctysanucs ¢otoanapaTom. [JexTo
3 BaC HOCUTb OKYnApW. ¥YCi Ui NpUCTPOI MaloTb CnifilbHe — IXHbOK OCHOBHOIO YaCTUHOLO
€ niH3a. [1po Te, AKe 3HAYEeHHA MaloTb Ui NPUCTPOI B XUTTi NOAUHN, BU MOXeTe po3no-
BiCTM 1 caMi, @ OT NpO Te, WO TaKe NiH3a, AKi iCHyI0Tb BUAM NiH3 Ta AKi iXHi BNaCTUBOCTI,

Jli3Ha€eTech i3 uboro naparpada.

n Po3pi3sHAemMO niH3n

I Jlinza — npo3ope Tino, obmexeHe 3 fBOX OOKIB
cheprUHNMM NOBEPXHAMU™,

3a ¢GopMoI0 JIiH3M MOAIJIAIOTE HAa ONYKJi
(puc. 14.1) 1 ygienymi (puc. 14.2).

dArmio ToBmimHAa d JIiH3M B Oarato pasiB
MeHIIIa Bij paniyciB c)epuYHUX ITOBEPXOHB, IO
00MEesKYIOTh JIiH3Y, TaKy JiH3y Ha3WBaIOThb MOH-
Kow. Jlaii posraagaTuMeMo TiJIBKU TOHKI JIiH3U.

IIpamy, axa mpoxoauTts 4yepe3 LeHTPHU che-
PUYHUX IIOBEPXOHB, III0 OOMEKYIOTh JiH3y, Ha3UBa-
IOTh T'OJIOBHOIO OIITUYHOIO Biccro sin3u (puc. 14.3).

SK1m10 Ha JiH3Y CIPAMYBATU ITYYOK CBiTJIO-
BUX IIPOMEHiB, BOHHM 3aJIOMJIATHCA B Hiif, TOOTO
3MiHATH CBi#l HATpAMOK. Pasom i3 TuM Ha roJoB-
Hifl onTWYHIN oci JiH3M € TOYKA, AKY IIPOMiHb
CBiTJIa TPOXOAUTH HE 3aJIOMJIIOI0UNCH. {10 TOUKY
HA3WBAOTh ONTUYHUM I[€HTPOM JIiH3U (JUB.
puc. 14.3).

CopsaMyeMo Ha JIiH3y IIyYOK ITPOMEHiB,
napaneavHux il 20a08Hill onmuuHill oci. SIKIIO
i IIpoMeHi, NPOUIMOBIIM Kpishb JIiHBY, HAYTH
30i’KHUM IYYKOM, TO TaKa JIiH3a € 30MpPaJbHOIO.
Toury F, y AKifi mpu IIbOMY II€PEeTHUHAIOTHCS

d‘

.

Rl R2

e

a 6

Puc. 14.1. Onykna niH3a —
NiH3a, TOBLYWHA AKOI nocepeauHi
6inbLa, HiX 6inA Kpais:

a — Burnag; 6 — pisHi onykni
NiH3M B po3pi3i

I

a 6

Puc. 14.2. ¥YBirHyTa niHsa —
NiH3a, TOBLYWHA AKOI nocepeauHi
MEHLLa, HiX 6ina KpaiB: a — BU-
rnAp; 6 — pPi3Hi yBirHyTi NiH3M

B po3pisi

Puc. 14.3. ToHKa cdepuyHa niH-
3a: 005 — ronoBHa oNTMYHa
BiCb NiH3W; d — TOBLYMHA NiH3K;
R, Ry — papiycn chepmnuHnx
NOBepPXOHb, AKI 0OMeXyYITb JiH-
3y; O — ONTUYHUIA LEHTP NiH3K;

* OpHa 3 IOBEPXOHB JIIH3U MOKe OyTHU NJOWUHOI0, 00 IIJIOIINHY MOYKHA PO3TJIAAATUA AK che-
py HeckiHuemHOro paxiyca. JIiH3u TaKOX OyBalOTh YUJIHOPUYHUMU, ajle 3yCTPIUaioThCS

Taki JiH3U pigKo.
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Posgin Il. CBITNIOBI ABULLA

Puc. 14.4. Xig npomeHiB NicnA 3anomyeHHsA Puc. 14.5. Xig npomeHiB nicna 3anomnex-
B 36mpanbHin niHsi. Touka F — pincHuia HA B PO3CiloBanbHin niH3i. Touka F — ynas.-
ronoBHUN GOKyC NiH3N HWUIA TONOBHUIA GOKYC NiH3N

3aJIOMJIeHI IIpOMeHi, Ha3MBaIOTh HIMCHHUM rOJIOB-

- F HUM (pokycom JiH3u (puc. 14.4).
—— JIinsa € po3ciloBajJbHOIO, AKIIO IIPOMEHi,
// mapaJiesibHi i1 TOJIOBHiII omTMuYHii oci, mpoii-
IIOBINIX KPisdb JIiH3Y, HAYTH PO30OIsKHUM HIYUYKOM.
Toury F, y AKill mepeTUHAIOTHCA IIPOJOBIKEHHA

v

Puc. 14.6. Xig napanenbHux 3aJIOMJIEHUX IIPOMEHiB, Ha3WBAIOTh YABHUM
MPOMEHIB NICNA 3aN0MIEHHSA roJoBHUM (poxycom Jiusu (puc. 14.5).
y 36MpanbHii NiH3i 3eeprimb yeazy: OyOb-AKUU TYYOK napa-

JLeJIbHUX NPOMEHi8, HaBiTh SKINO Ii ITPOMEHi He
€ TmapaJjeJIbHUMU TOJIOBHIM ONTUYHINA oci, micjasa
3aJIOMJIeHHA y 30upaIbHiN JiH31 3aB:K AU IepeTu-

a IToBiTpst HAIOTHbCA B OfHiN Touri (puc. 14.6) (axmo Jinza
_ \k poscioBasibHA, B ONHIM TOUYIII IIepPEeTHHAIOTHCS
> \/ TIPOJOBYKEHHS 3aJIOMJIEHUX ITPOMEHIB).
> Sximo onTuuyHaA TycTHHA MaTepiaay, 3 SKOro
i > BUT'OTOBJIEHA JIiH3a, GiJbIlIa 3a ONTUYHY I'YCTUHY
> cepeposuina (n,>n,), To OIIyKJa JiH3a 30upaTume

12l /\ npomeHi (To6To Oyme 30mMpaJsbHOIO), a BBIrHyTa

JiH3a poaciroBaTmMe mpomeHi (ToOTo Oyme posci-
6 Hositps I0BAJIBLHOIO).
—> SIKIMo onTMYHA I'yCTUHA MaTepiajy, 3 AKOro
— > BUTOTOBJIEHA JIiH3a, MEHIITa 3a ONTUYHY TI'yCTHUHY
2= cepenoBuina (n,<n,), To OMyKJia JiH3a O0yme pos-
> ciroBasnbHOIO (puc. 14.7, a), a BBirmyTa nTiH3a —
] s36upaabHoO (puc. 14.7, 0).
Bona
? Ax Bu BBaikaeTe, 30MpaJILHOIO UM PO3Ci-
Puc. 14.7. Onykna (a) n YBirHy- I0OBaJILHOIO 6y,ae OIIYKJIa CKJISAHA JIiH3a B IIO-
Ta (6) NOBITPAHI NiH3K Y BOAI BiTpi? omyKJia mOBiTpsAHA JiH3a Y CKJIi?
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§ 14. JliH3n. OnTnyHa cuna niH3n

JlaeMmo Oo3HauYeHHA ONTUYHOI CUN NiH3N

Hezane:xxuo Bixg opmm Ko:xkHa JiH3a Mae nBa
roJIOBHI (pokycu”, posTamoBaHi Ha OJHAKOBiil Bif-
cTaHi BiJ OIITHMYHOrO IleHTpa JiHsu (auB. puc. 14.8).

BigcTaHb Big ONTMYHOrO LieHTpa NiH3K A0 rONIOBHOIO
doKyca Ha3uBaloTb POKYCHOIO BifiCTaHHIO NiH3N.

A
Y

dokycHy BifcTaHb (AK i OKyC) MO3HAUAIOTH
cumBosioMm F. Odunuuysa ¢okycuoi eidcmani 6 CI —
MeTp:

[F]=1m.

doKycHy BiacTamb 30MpasbHOI JiH3W JOMO-
BUJIMCA BBa’KaTU AONATHOIO, a PO3CiIOBAJBHOI —
Bim’emuorp. OueBHAHO, IO UMM CHJILHIIIL 3aJi0M-
JIIOBAJIbHI BJIACTUBOCTI Mae€ JIiH3a, TUM MEHIIOIO 32  Ppc. 14.8. Y/M MEHLIMM
MOonoyJieM € 11 (QoKycHa BificTaHBb (pI/IC 14.8). € papiycn R chepunyHmx
MOBEPXOHb, WO 0BMEXYIOTb
Di3nyHy BeNMUMHY, AKa XapaKTepU3y€e MNiH3Y Ta  fiH3y, TUM CUnbHille LA NiH3a
€ obepHeHo 00 GOKYCHOI BiACTaHi NiH3W, Ha3W-  3aNOMJIIOE CBITNO, OTXKE, TUM
BalOTb ONTUYHOIO CUJIOIO JIiIH3N. MeHLwa il poKycHa BiacTaHb F

b

F

/< >
< >

OnTuyHy CcuJy JIIH3Y ITO3HAUYAIOTh CUMBOJIOM D i 060YmMCII0I0TEH 3a (hOPMYJIOO:

ne F — (orycHa BifcTaHb.
1 _
O0unuYys ONMUYHOL CUIU — TiOMTPis: [D] =lantp=—=1m",
M

1 mionTpis — ye onmuuna cuna Ain3u, PoKycHa sidcmans akoi dopieHioe 1 M.
OnruuHa cuja 30MpajbHOI JIIH3U € JOJAaTHOI, a PO3CioBAJILHOL JiH3M —
Bim’emHoOIO.

f?u; Nig6buBaemo nigcymkn

< _Mi IIposope Tiso, oOMe)keHe 3 [BOX OOKiB chepUUHUMY MOBEPXHAMU, Ha3UBa-

IOTH JIiH30I0.

JIinza € 30MpabHOIO, AKINO IIYYOK MIapajieIbHUX ITPOMEHiB, II[0 majgae Ha
Hel, micaa 3aJIOMJIEHHS B JIiH31 mepeTMHaeThcAa B OAHIA TouIri. Ifo TouKy Ha-
3UBAIOTh OiCHUM (poKycom Jrinau. JIiH3a € posciioBaIbHOIO, AKINO HapajeibHi
IpOMeHi, IM0 mamalTh Ha Hel, micasa 3aJoOMJeHHS HAYTh PO30iKHUM ITYUYKOM,
a IPOJOBYKEHHA 3aJIOMJIEHUX ITPOMEHIB IEePeTNHAIOTHCA B YABHOMY (DOKYCi JiH3MU.

DizuuHy BeJIMUUHY, TKa XapaKTepUa3ye 3aJIOMJIIOBAJIbHI BJIACTUBOCTI JIiH3U
Ta € o6epHeHOIo Io ii ¢oKycHOI BimcTaHi, HA3MBAIOTh OITHUYHOIO CHUJIOIO JIiH3MU:

D— . OnTuuHa cuia JiH3K BUMipioeThes B giomrpiax: 1 amrp = 1 M1
F

* Hapauni romoBaul poryc JiH3U 3a3BUUYANl HABUBATUMEMO POKYCOM JiH3U.
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Posgin Il. CBITNIOBI ABULLA

¥
)//’1. HatiTe osHaueHHsa JiH3u. 2. fIKi Buam ain3 Bam Bigomi? 3. HuMm posciroBaybHa

© JiHsa BigpisHaeThbcA Bifg 36upanbHoi? 4. [Ilo HasuBaioTh AificHUM (hOoKycoM JiH3U?
5. Yomy ¢oryc posciroBasibHOI JiH3M HasuBawTh yauum? 6. [1lo HasuBawTh (o-
KycHOWO Bimcraumuio ainsu? 7. JlaiiTe o3HAUeHHS ONTUYHOI CUJIM JiH3U. Y AKUX
oAMHUIAX 11 BUMipiooTh? 8. ONTUYHY CUIY AKOI JIiH3U B3ATO 3a OAUHUIO?

@ KoHTponbHi 3anuTaHHA
ey
L

@fg ‘;;; Bnpasa N2 14

“’}ML 1. OnTuunHa cuya ofgHiel JiH3U HOpiBHIOE —2 ANOTD,
« a apyroi +2 gotp. Yum BigpisHAOTHCA 111 JiH3U? > —
2. ®orycHa Bigcraub oxgHiel mimsu +0,5 M, a gpyroi _ - -
+1 M. fxa aiHsa mMae OLJIBINY ONTUYHY CHIY? S
3. OnTuuHa cuJja Jiusu gopiBuioe —1,6 nuTp. AKoio T~ -
€ pokycHa Bimcraus miel minsu? Axa me ginsza — =

30upajbHa YU poaciroBajbHA?

4. IIBi s6bupasibHi JiH3M BUTOTOBJIEHiI 3 OIHOTO Puc. 1
COPTY CKJa. SIK Ha JOTUK BU3HAUUTH, KA JIiH3a
Mae OiJIbIIy ONTUYHY CUIY? S K

Ha nimsy cmpamyBajiu IapajejIbHUN TYUYOK
cBitia (puc. 1). Busuaure, aka 1e Jinsa. [lepe-
HeciTh PUCYHOK fo 3omura. [losHauTe onTuuyHnii 4 [9)
meHTp i poryc sminsu. BumipsaiiTe porycHy Bin- :
CTaHb Ta BU3HAUTE ONTUUYHY CUJY JIiH3U. Sy
Y nbomy € TMOPOMKHWHA y BUMVIALL yBirHyTOi
giusu. I{a jginsa sbupaTume Um poaciroBaTHMe
" cBiTio? OGI'PyHTY#TE CBOIO BiATIOBib.
@i:i& 7. $Iki i3 so0paskeHux Ha puc. 2 TPUKYTHUKIB € moxiouumu? BusHauTe TOBKUHY

4/
s

Puc. 2

BigpiskiB S;A; i OF, akmo AO=10 cm, SA=2 cm, OA;=6 cwm.

EKcnepmmeHTaane 3aBaHHA

3amnpononyiiTe MeTo/; BUMipioBaHHA (DOKYCHOI BifcTaHi Ta ONTHUYHOI cuau 36u-
paJsibHOI JIiH3u 3a goromoroio JiHiKu. [IpoBemiTh BUMiprOBaHHS.
ITiokaska: ipomeHi, AKi #AyTh Big BigmaseHoro mpeamera, € mapajeJbHUMU.

®disuka i TexHika B YKpaiHi

IHcTuTyT ¢dismkm HAHY (KniB) — npoBigHa HaykoBa yCcTaHOBa 3 BUpilWeHHA yHAaMeH-
TaNbHUX NPo6eM eKcneprMeHTaIbHOT Ta TEOPETUUHOT Gi3UKN.

LnpoKo BifoMi BOCATHEHHA BYEHUX IHCTUTYTY B ranysi Gi3vku TBepAOro Tina 1 pigkmx Kpu-
CTaniB, onTuKY, Gi3NYHOI Ta KBAHTOBOI €NEKTPOHIKWN, ALEPHOI eHepreTuKM, HaHOOI3NKIM TOLLO.
CniBpObITHUKM IHCTUTYTY CTany aBTOPaMM LLECTH 3aPEECTPOBAHNX HAaYKOBYX BiAKPUTTIB.

3 iHCTUTYTOM MoB'A3aHI iIMeHa Takux BUAATHMX HayKoBLUiB, AK B. M. JInHHMK, I. B. Ndend-
dep, B. €. Nlawkapbos, C. I. Mekap, M. B. NaciyHuk, O. |. lennyHcokmi, H. . Moprynic, I. . Jla-
Tuwes, O. C. JaBmpos, A. O. Mpuxotbko, M. T. lnak Ta iH.

Ha 6a3i cTpykTypHUx nigpo3ginis IHCTUTYTY $isukn B cknapi Akagemii Hayk Oyno cTso-
peHo [HcTUTYT MeTanodi3nky, IHCTUTYT HaniBNPOBIAHWKIB, IHCTUTYT TeopeTnyHOI di3nKy,
IHCTUTYT AagepHUX pocnigXeHb, IHcTuTyT npuknagHoi ontukn HAHY. CborogHi B IHCTUTYTI
di3uKKM npaylooTb BUAATHI BYeHi, akagemikn HAHY: A. . Haymoseuyp (isnyHa enekTpoHika) —
Bile-npe3maeHT HAHY, M. C. bpoouH (HeniHiliHa ONTVKA) — MOYECHUN AUPEKTOP IHCTUTYTY,
J1. 1. lyeHko (KOrepeHTHa i KBAaHTOBA OMNTMKA) — AMPEKTOp iHCTUTYTY 3 2008 p.
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§ 15. NOBYAOBA 30B5PAXEHb Y NIH3AX. AEAKI
ONTUYHI NPUCTPOI. ®OPMYJIA TOHKOI NIH3U

[onoBHa BNaCTUBICTb JliH3 NONATa€ B TOMY,
LU0 NiH3W JAl0Tb 300paXKeHHS TOYKN, a Bif-
NnoBiAHO, 1 NpeaMeTa AK CYKYMHOCTi TOYOK
(pnc. 15.1).

3anexHo Big BigCTaHi MiX npegmeToMm
i niH3ol0 306pakeHHA npeAMeTa MOXe
6yTn 6GinbwWMM abo MeHWWM, HiXK cam
npeameT, YABHVM Y OiICHUM.

3'acyemo, 3a AKMX YMOB 3a [OMOMOroOl0
NiH3X YTBOPIOKTbCA Ti 4M iHWI 306pa-
MeHHA, Ta Po3rnAHeMOo Npuiiomm ix noby-
[OBMU.

Lykaemo «3py4Hi npomeHi»

Puc. 15.1. OTpriMaHHA 306paxKeHHA nonym's
CBiUKW 33 JOMOMOrot 36MpasibHOI NiH3K

Bynn-axuit mpeagMer Mo:KHA MOZATU AK CYKYIHICTH TouokK. KoskHa TouKa
npeaMeTa BUITycKae (abo BimOmBae) IpoMeHi B yciX HanpAMKaxX. ¥ CTBOPEHHi 30-
OpaskeHHsA B JIiH31 Oepe yuacThb 0e3Jiiu IIPOMEHiB, OgHAK MOJIs IIOOYymoBU 300pa-
JKEeHHS NesdKol TOUKMU S MOCUTh 3HAUTU TOUKY NHEPETUHY OyAb-aKUX IBOX IIPO-
MEHiB, III0 BUXOIATH i3 TOUKM S i MPOXOAATh KPish JiH3y. 3asBuuail s I[bOr0O
00MpPAaIOTh IBa 3 TPHOX «3PYUHUX MPOMEHiB» (puc. 15.2).

Touka S; Oyzme milicHUM 300paskeHHAM TOUKHU S, AKIIO B TOUIli S; mepeTu-
HAIOTbCA cami 3ayioMyeHi npomeHi (puc. 15.2, a). Touka S; Oyne yaBHHM 300pa-
SKeHHAM TOUKU S, AKIIO B TOUIli S; IepeTUHAIOTHCA NPo006lHeHH A 3aTIOMIEHUX
npomeHis (puc. 15.2, 6).

I
/

Puc. 15.2. Tpu HannpocTiwi

/)

B NO6YAOBi NPOMEHi

(«3pyuHi NpomeHi»):

1 — NPOMiHb, AKN NPOXOAUTb

v/

yepes onTUYHUI LeHTp O

NiH3K, — He 3aNIOMIIDETbCA

/ les

1 Ta He 3MiHIOE CBOro HaMpAMKY;

< 2 — MpPOMiHb, NapanenbHUN

rONIOBHI ONTUYHIN oci [

NiH3K1, — Nicns 3aNOMJIEHHA

/

B NiH3i nae vepe3 dokyc F (a)
abo uepes ¢okyc F inge mnoro

nponoBxeHHA (6);

3 — NpPOMiHb, AKMUA NPOXOAUTb

0\
|
o

yepes pokyc F, — nicna
3a/IOM/IEHHA B NiH3i nge

napanenbHO rofIOBHIN ONTUYHIN

oci I niH3n (a, 6)
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Posgin Il. CBITNIOBI ABULLA

Jlinsa

IlniBka

a

Puc. 15.3. a — nobypoBa 306paxeHHs A;B; npegmeTa AB y 36upanbHiii niHsi: npegmet AB
pOo3TalwoBaHWI 3a NOABINHUM GOKYCOM JiH3U; 6 — Xif NPOMeHiB y ¢poToanapari

Byayemo 306pakeHHA npeaMeTa, AKe Aa€ NiH3a

Posrisimemo yci MokJIUBI BUIaAKU pol3TalryBaHHA npeavmera AB BiHOCHO
30upaJIbHOI JIIH3W W MOBemeMo, IO PO3Mipu Ta BUJ 300pasKeHHSA 3aJeKaTh Bif
BificTaHi MiK IIpeAMeTOM 1 JIiH30IO.

1. IIpedmem poamauio8aruil 3a nodsillHum @Goxycom 30upaivbHOl JAiH3U
(puc. 15.3, a). Cmouarky modyayemo 300paskeHHA TouKu B. [[Jia 11b0ro ckopucra-
eMocs gBoma npomenamu — 1 i 2. ITicisa sajgoMJleHHS B JIiH31 BOHU II€PETHYThCS
B Touri B;. OT:ke, Touka By € milicHum 300paskeHHAM TouKu B. [lya mobynoBu
300pasKeHHsa TOUKU A OIyCTUMO 3 TOUKU B; IepueHIuKYyJIap Ha TOJIOBHY OITUYHY
Bich [. Touka A; mepeTuHY IepPIeHINKYJIApPa Ta oci [ i € 300parkeHHAM TOUKH A.

Omxe, A{B; — 3o0pakeHHa npenmera AB. Bauumo, 1110 116 300paicenHHs
€ OilicHum, 3meHueHum, obeprnerum. Take 300pasKeHHS BUXOIUTDH, HATIPUKJIA],
Ha ciTkiBii oka ab6o miriBmi ¢oroamapara (puc. 15.3, 6).

2. IIpeOmem poamauio6aruii misxe Goxkycom i nodeiitHum orxycom 30upav-
Hol ain3u (puc. 15.4, a). 3o0pakenHsa mpeamerta € 0illcHUM, 30iavuWeHuM, o0epHe-
Hum. Take 300paskeHHsS MO3BOJISIE Ofiep:KaTH IPOeKI[ifiHa amaparypa Ha eKpaHi
(puc. 15.4, 0).

3. IIpedmem posmawosanuil mix Goxycom i 36UPANIbHOI0 JAIH30H0
(puc. 15.5, a). Ilicna 3anomJieHHA B JIiH3iI IMpoMeHi, AKi BuUHIIIM 3 TOYKU B,
UayTh posbiskHuM nyukoM. OnHAK IXHI IPOAOB/KEHHSA MepeTUHAIOThCS B TouIli B.

Y naHOMYy BUHOAIKy 300pajieHHsA npedmema € Ys6HUM, 30iAbULeHUM, NPS-
mum. e so0pakeHHs po3TallloBaHe IO TOI camMuil OiK Bif JiH3M, 110 ¥ mpeaMerT,

Y

B

a NN

N

Puc. 15.4. a — nobypoBa 306paxeHHs A;B; npeameTa AB y 36upanbHii niHsi: npegmet AB
PO3TaLloBaHMI MiX POKYCOM i NoaBiNHMM GOKYCOM NiH3K; 6 — Xif NPOMEHIB Y NpoeKLUitHoOMYy
anapari
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§ 15. MNobynosa 306paxeHb y niH3ax. [eaki onTnyHi npuctpoi. Popmyna TOHKOI NiH3K

Y

a 6

Puc. 15.5. a — nobypoBa 306paxeHHA A;B; npegmeTa y 36mpanbHin niHsi: npegmetr AB
po3TaloBaHWI MiX NiH30t0 Ta il POKycom; 6 — 3a JOMOMOro NyMny MOXHa OTprMaTh
36inblueHe 306paXXeHHA NpegmeTa N PO3MAHYTM NOro AeTasbHille

TOMY MW HEe MOMKEeMO II00auMTu HOTOo Ha
expaHi, aje 0aummo, AUBJIAYNCH HA IIpe-
MeT Kpish Jsim3y. Came Take 300parkeHHsa Hae
KOPOTKO(OKyCHA 30upaibHa JiH3a — Jyma
(puc. 15.5, 0).

4. IIpedmem po3mauro8aHuil Ha Poxyc-
Hill 8idcmaHni 8i0 30upanvHol ainsu. Ilicas sa-
JIOMJIEHHS yCi IpoMeHi HIyTh HmapajieIbHUM
ny4uxkoM (puc. 15.6), oTike, B IIbOMY BUIAAKY  Puc. 15.6. AKWo NpeaMeT posTaliosa-
ani 0iilcH020, aHi YABHO20 300PANCEHHA MU He  Huit y GOKyCi 36MpanbHOi NiH3u,
Ompu]VlaeMO. MM HE OTPMUMaAEMO noro 306pa)KEHHF|

? fAxum Oynme 300pasKeHHS, AKINO IPeIMeT PO3TalllyBaTu B HmoABifimoMy ¢o-
Kyci sginsu? IloOymyiiTe 1ie 300pasKeHHsS Ta HiATBepAbTe abo CIPOCTYHTe
CBO€E IIPUIYIIEHHS.

YBaskHO posTiIAHBTE puc. 15.7, Ha AKOMY IOKa3aHO MOOYAOBY 300pasKeHb
mpenMeTa, OJepyKaHMX 3a JOIOMOTOI0 PO3citoBaJibHOL JiH3M. Baummo, 1110 posciro-
8a/bHA JNIH3a 3a6x4#0uU 0ae yseHe, 3MEHULEHe, npame 300paAXceHH s, PO3TAITOBaHe
3 TOro caMoro OOKy Bij JIimswu, IO I caM IpeaMer.

? 3’sacyiiTe, UM OTPUMAEMO MU 300pa’KeHHSA, SAKIIO POBTAIIYEMO IIPEAMET
(]
y (oKyci posciroBaJIbHOI JIIH3M.

Y, /

B B > Br—>

h i’ b B .l B]_ ’

Bl,’ \(/ .

A 2 () F o A (0] Foq 4 0] I

2 F }11 A )2 141 A T A

~ N
N /

Puc. 15.7. Po3ciloBanbHa niH3a 3aBXAu Ja€ yABHe, 3MEHLLEHe, NpAMe 300paxKeHHsA
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Posgin Il. CBITNIOBI ABULLA

Haitiuacrime 60yBae Tak, 1110 mpeaMeT € OiJIbIIINM 3a JIiH3y abo uacTuHA JIiH3U
3aKpuTa HEIIPO30PUM eKpaHOM (HalpuKJam, JiHsa ob’eKTuBa ¢oroamnapara). Yu
3MiHIOETHCSA IPU [[BOMY BUIJISA 300paskeHHA? 3BUYANHO K Hi. AIKe Big KOoKHOI
TOUKM IpeaMeTa Ha JiH3y majae 0esJriu IpoMeHiB, i Bci BOHU 30MpaiOThCs Yy Bia-
HOBiAHIN ToUIli 300parkeHHs. 3aKPUBAHHA YaCTUHU JIIH3YM CIPUUYNHUTE JIKIIIE Te,
1[0 eHepris, sKa IMOTPAIJIsE B KOXKHY TOUKY 300pasKeHHs, 3MEeHIINThCI. 300pa-
JKeHHsA OyJe MeHIII sICKpaBUM, IIPOTe aHi Moro BUIVIAL, aHI Miclle posTalllyBaHHs
He 3MinAThesa. Came TomMy, OyAy0oun 300paKeHHsI, MU MOXK€MO BUKOPHCTOBYBAaTHU
Bci 3pyuHi mpoMeHi, HABiTh Ti, AKi He MPOXOAATH Kpishb JiH3y (puc. 15.8).

B OTpumyemo ¢popmMyny TOHKOI NliH3U
IToGynyemo 300paskeHHs mpeaMeTa y 30upabHii ainsi (puc. 15.9).
Posrnanemo npamoxyTHi TpukyTHUKN FOC i FAB,;. Ili TPUKYTHUKU II0-

i ocC FO h F
nioHi, Tomy =——,ab0 —=———- (1).
AB, FA, H f[-F

. . AB AO h d
Tpurkyrauku BAO i B;A;O Tex noxi6Hi, Tomy = , a00 —=— (2).

AB, A0 H f

. . . . . d

ITpupiBaasmiu npasi vacTuru piBuocreit (1) i (2), maemo - =7 , TOOTO

Ff=df—-dF, abo df =Ff+dF. IloginuBiin o0uABI YaCTUHN OCTAHHLOI PiBHOCTI
Ha fdF, orpuMaeMo pOpMyny TOHKOI NiH3M:

1 1 1 1 1
—=—+—, a0 D=—+—,
F d f d f

1 .
ne D= F — OIITMYHA CHUJa JiH3U.

ITix yac posB’sA3yBaHHS 3aJay CJIiJ] MAaTH Ha yBasi:

e BimcTaub f (Big JmiH3M m0 300paskeHHs) HEOOXigHO OpaTy 3i 3BHAKOM « — »,
AKIIO 300paskeHHsI € YABHUM, 1 31 3HAKOM « + », AKIIO 300pasKeHHs € TiCHUM;

e (pokycHa BigcTann F 30upasibHOIL JIIH3M € JOJATHOIO, a PO3CiloBaJIBHOI —

Bim’emuoOIO; Je | f|
e 30isbIrienHA ' JTiH3M 00UMCIIIOIOTEL 3a (hopmyJoio: | = 7= M
B ﬁ\\\\ - . B > C ) ‘: [ >
—
) A A
. h . \\
! \ 0 \ ¥ A, . N0 \F A
A " N A F NN
SR\4 NPEERN \ 2l
[ X d F N\
\\§ .51 \ Bl

Puc. 15.8. Mobynosa 306pakeHHA npeameTa Puc. 15.9. [lo oTpmaHHA dopmynm TOHKOT
y BUMAAKyY, KONu npeamMeT € 3Ha4HO Oinblunm niH3n: h — Bucota npeameTa; H — BncoTa
3a NiH3y 300paxeHHs; d — BiACTaHb Big nNpeameta

[0 niH3wy; f — BiACTaHb Bif NiH3K Jo 306pa-
XeHHs; F — ¢oKycHa BiacTaHb
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§ 15. MNobynosa 306paxeHb y niH3ax. [eaki onTnyHi npuctpoi. Popmyna TOHKOI NiH3K

Yuumocsa po3B’sAsyBatuv 3apadi

3apaua 1. Posriagaouyr MOHETY 3a JOIIOMOTOIO JYIM, ONTUYHA CUJa AKOI
+10 guTp, XJOMUYMK PO3TAIllyBaB MOHETY Ha Bigcraui 6 cm Binx aymnu. Busmaure:
1) dporkycHy BifcraHb JiH3u; 2) HA AKil BigcTaHi Big Jymu XJIOONUYUK CIOCTEpiras
300pasKeHHsa MOHETH; 3) AKUM € Iie 300pasKeHHs — OiliCHUM Y’ yaABHUM; 4) AKe
301JIBIIIeHHA Ja€ JyIia.

Ananiz @isuynoi npodaemu. JIlymy MoKHa BBaKaTU TOHKOIO JiH30I0, TOMY
CKOpPHCTaeEMOCSA (POPMYJIOI0 TOHKOI JiH3m. POKYyCHY BiAcTaHb 3HAWIAEMO, CKOPU-
CTABIIIMCHh O3HAYEHHAM OIITUYHOI CUJIU JIiH3U.

Hano: Iowyx mamemamuirnoi modeni, PO36'A3AHHA
d=6 ¢cm=0,06 m 1 1
=1 g 3a osHauenHAM D = - = F= o
. 1 1 1 1 1 1
3naimu: 3a (QopMyJs00 TOHKOI JiH3W: —=—+——=———,
f—2 a6o —=——.0mxe, f=——.
y f Fd d-F
r—2?
. . o |
3HapuMn BifcTaHb f, BUSHAUMMO 301JIbIIIEHHS: FZTZM'
IlepeBipuMmo ommHMITI, 3HAWAEMO 3HAUCHHA MIYKAHWUX BEJIMUYNH:
1 1 1
AOTp M 10
2
. 0,1-0,06 0,15 15 5
[f]: M- M :M—: 5 :—:—0,15(]\/[); F: :—:—:2,5.
M-M M 0,06-0,1 0,06 6 2

3HaK «—» mepen 3HAYEHHSM [ IOBOPUTH IIPO Te, IO 300pasKeHHsI € YABHUIM.
Bionosiov: F=10 cm; f=-15 cwm; 300paskeHHa ysaBHe; [ =2,5.

@ y Ninbnsaemo nipcymku

%Mi 3aJierKHO Big Tumy JiH3uW (30mpaJsibHA UM PO3CifoBasbHA) 1 MicIia poararry-
< BaHHS IIpeaMeTa BiJHOCHO ITiel JIiH3M OJep:KyIOTh PisHi 300pakeHHs IpeaMeTa:

Micie posTalryBaHHS XapaKTepucTuKa 300paskeHHA B JIiH31
nmpeaMeTa 30MpaJIbHii po3cioBaJIbHI it
3a moaBitiHuM (OKyCcOM JiH3U milicHe, 3MeHIIIEHE,
(d >2F ) obepHeHe

¥ noxgitinomy ¢oxryci (d = 2F) IificHe, piBHe, oOepHEHe

Mixx dorycoM i mogBifiHIM niticue, 36inbInene, Y#ABHE, SMEHIICHE,
dorycom ninsu (F<d<2F) oGepHeHe psame
Y doxryci miusu (d = F) 300pasKeHHA He icHye

Mi:x sinsoro i horycom (d < F) ysABHe, 30iJIbIIIeHe, TIPsIMe

Bixgcramp d Big mpemmera mo JiHsu, BigcTraub f Bing JiiH3uM mo 300paskKeHHS
; ’ . .. 1 1 1
Ta poxkycHa Bimcraub F mos’sa3aHi (hopMysI00 TOHKOI JiH3M: ;z E+7 .
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Posgin Il. CBITNIOBI ABULLA

KoHTponbHi 3anuTaHHA

| J 7 5

g@WL Axi mpomeHi 3pyYHO BUKOPUCTOBYBATH MAJis MOOYIOBU 300pakeHHs, OfepP:KyBa-
4 o HOTO 3a JomomMororo Jiusu? 2. Yu MoskHa ofeps;KaTy AilicHe 300paskeHHs 3a JOIOMO-
rOI0 PO3CioBaJILHOI JIiH3KU? ysABHE 300paKeHH — 34 JOIIOMOIOI0 30MpaabHOIL JiH3u?
3. V¥V axoMy BUIaAKy 300pasKeHHS IIpeaMeTa MOKHA IMOOAUNTU HA eKpaHi — KoJu
e 300pa’keHHs € MiMCHUM YM KOJIX BOHO € yaBHuM? 4. fIK 3a BugoM 300pasKeHHS
BUBHAUYUTH, 30MPAIbHOIO UM PO3CiloBaIbHOIO € Jinsa? 5. HasBiTe onTuuHi npuctpoi,
B AKUX € JiHau. 6. AKi ¢isuuni BesnunHu mos’ssye opmysia TOHKOL ginsu? dxux
MpaBUJI CJIiJ JOTPUMYBATUCA, 3aCTOCOBYIOUH 1110 (hOPMYJIy?

BT

P, |

98

paBa N2 15

IlepeneciTs puc. 1, a, 6 go 3omuTa i I KOYKHOTO BUIIaAKY IOOyAyiiTe 300pa-
JKeHHA mpeamera AB y 36upainbHili ginsi. CxapaxkTepusyiiTe 300pakeHHs.

a ) 6 fB
A

/

/
E B F F u‘/
A

Puc. 1

OnruunHa cuiaa jgimsu +5 murp. Ha akiit Bigcrami Big simsm morTpiOHO posTa-
IIyBaTH 3allajieHy CBiuKy, 100 omepskaTy 300pa’KeHHs IIOJyM’s CBiUKM B Ha-
TypaJbHY BEJIUUYUHY?

IIpenmer posTamioBaHuil Ha BifgcTaHi 1 M Big JiH3U. YsABHe 300pakeHHs IpPe.-
MeTa PO3TaIlloBaHO Ha Bigcraui 25 cm Bifg Jsinsu. Busmaure onTmurHy cuiy
ginsu. fAka e sgimsa — 30upasbHA YM PO3ciroBaIbHA?

Ha apkym i3 JpyKOBaHUM TE€KCTOM IIOTPAMUIa KPAIlJIs IPo30poro Kieio. Yomy
JIiTepu, IO OMMHUJNCA IIiJ KpaIljielo, 34al0ThCA OLIBIINMY, HiXK CcycigHi?

3a [OIIOMOroM0 JiH3W OTPUMAJU UYiTKe 300pa’sKeHHs IIpeaMeTa Ha eKpaHi.
Busnaure: 1) onTuuHy cuiy JiH3U, AKIITO IPeJMeT PO3TAIllOBaHUI Ha Bifcrami
60 cm Bix iHBM, a BiAcTaHb MijK IIpeaMeToM i ekpaHoM mopiBHIOE 90 cMm; 2) Bu-
COTy IIpeAMeTa, SIKIIO0 BICOTa HOro 300pasKeHHSa 5 cM.

ITepenecite puc. 2, a—6 10 3omIUTA i AJIA KOKHOTO BUIAJKY BU3HAUTE POITAIIIY-
BaHHS ONTUYHOIO IIeHTpa Ta (DOKYCiB JIiH3M, THUII JiH3U, BUL 300pakeHua. (KN —

OnTHYHA Bich JiH3uM; S — cBiTHaA TOuYKa; S; — 300paKeHHs CBiTHOI Touku S).
S, . Sie <
K N K ° N K N
a Se 6 e Ste Se
Puc. 2

BuszauTe onTuuHy cuJay JyIu, sKa gae 30iabiiere B 6 pasiB 300pakeHHsI, Po3-
rTairoBane Ha Bigcrami 20 cm Big aymu.

Sk 3MiHIOETBCA Ta B AKOMY HANIPAMKY PYXa€ThCA 300parKeHHs MpeMeTa, SKIIOo
IpeaMeT PYXaeThedA Bij HecKiHueHHOCTI g0 Jimsu?

CropucraiiTeca OOOATKOBUMH mKepesaMu iH(opMmarlii Ta pmismaiiTeca IIpo
icropiro poroamapara. 3pobiTh KOMIT'IOTEPHY IIpPe3eHTaIlito.



NNIABOPATOPHA POBOTA Ne 5

Tema. Bu3HaueHHA POKYCHOI BifiCTaHi Ta ONTUYHOI CUIK
TOHKOT JliH3W.

Meta: BusHaumTy GOKYCHY BifACTaHb Ta OMTUYHY CUY
TOHKOI 36MpanbHOI NiH3N.

O6napHaHHA: 30vpanbHa niH3a Ha NigcTaBLi, eKpaH, axe-
peno cBiTna (cBiuka abo enekTprUHa namna), MipHa cTpiuka.

BKA3IBKU 4O POBOTU

“ MiarotoBKa A0 eKcnepuMeHTy
1. Ilepex TuM AK BUKOHYBaTu POOOTY 3ramaiiTe: 1) BumMorum OesmeKH Mif
yac po0OTHU 3i CKJISHUMH Ta BOTHeHeOe3leuHuMu npeaMmetramu; 2) Gop-
MYyJIy TOHKOI JIiH31; 3) O3HaUeHHS ONTWYHOI CHUJIU JIiH3U.
2. IIpoanaJisyiiTe (popMyay TOHKOI JIiH3U, MOAyMaiiTe, AKi BUMipOBaHHSA
BaM cCJIif 3po0uTu, 1100 BU3HAUUTH (POKYCHY BifcTaHb JIiH3H.

u EkcnepnmeHT

Cysopo dompumyitmecs incmpykuyii 3 6esnexu (0us. popsay niopyynuka).

PesyabpraTu BuMipioBaHb Bigpasy 3aHOCHTE O TaOJIMILI.

1. PosrammyBaBIinu JiH3y MiXK JKepejioM CBiTJia Ta eKpaHOM, JiCTaHbTe
Ha eKpaHi 4iTKe 3MeHIIIeHe 300pasKeHHs I:KepeJia cBiTia.

2. BuwmipsiiTe BimcTanb d Bif mokepesia cBiTsia 10 JIiH3U Ta BimcTaHb f Bif
JIH3W O eKpaHa.

3. IlepecyBarounu JiH3y, AicTaHbTe Ha eKpaHi uiTKe 30ijbIlleHe 300pa’KeH-
HA IKepeJsa cBiTia.

4. 3H0oBy BuUMipsaiiTe BifcTaHb d Bim AsKepesa cBiTaia OO0 JIiH3M Ta Bin-
craub [ Bif JiH3W J0 eKpaHa.

u OnpauioBaHHA pe3ynbraTiB eKCnepruMeHTy
1. 14 KOXKHOTO OOCJily BU3HAUTE:
1) oxycHy BigcTaHb JiH3M (CKOPUCTABIINCH (DOPMYJIOI0 TOHKOI JIiH3M);
2) ONTUYHY CUJY JIiH3UW (CKOPUCTABININCH O3HAUYEHHAM OINTUYHOI CUJIN).
2. 3aKiHUiThL 3all0OBHEHHSA TAaOJIMI.

Howmep Bincraup Bincrasb dorycHa OnTuuHa cujia
JOCIIimy Bi mpemmeTa Bipg JiH3M BigcTaHb JdiH3U JiH31
o JdiHsu d, m o eKpaHa f, M F, m D, nuTp
1
2

n AHani3 eKcnepumeHTy Ta MOro pesynbraTtiB

IIpoanasnisyiiTe ekciiepuMeHT i fioro pesyabraTu. ChopmyroiiTe BUICHOBOK,
y axkomy: 1) mopiBHsA#iTe 3HaueHHs (OKYCHOI BificTaHi, ofep:KaHi BaMu B Pi3HUX
mocaimax; 2) misHaliTech y BUMTEs 3HAUEHHS OIITHMYHOI CUJIM JiH3U, HaBeIeHe
B TIACHOPTi, Ta MOPiBHANTe HOro 31 3HAUEHHAMH OITHUYHOI CUJIUW, OTPUMAaHUMU
B XO/Ii eKCIIepuMeHTY; 3) 3a3HauTe IPUUNHN MOXKJINBOI PO36isKHOCTI pe3yabTaTiB.
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Posgin Il. CBITNIOBI ABULLA

TBopqe 3aBAaHHA

Busnaure (oxycHy BificTaHb JIiH3U Ile ABOMa MeTomaMu: 1) oTpuUMaBIIN
Ha eKpaHi 300paKkeHHs BigmajieHoro mpeamerta (HAIIpUKJIaZd, AepeBa 3a BiKHOM);
2) oTpuMaBIIIM Ha eKpaHi 300pasKeHHs I:Kepesa CBiTjia, AKe 3a PO3MipoM IOpiB-
HIOE po3MipaM camoro xepesia. IKi BUMipioBaHHA Ta PO3PAaXyHKU BU BUKOHY-
BaJId B KOYKHOMY BUHAIKY?

+

% 3aBAaHHA «i3 3ipoyKoto»
OmiHiTe BiZHOCHY IIOXMOKY OJHOIO 3 EKCIEepPHMMEHTiB, CKOPHCTaBIINCD
DBHM

dopmyior: €=|1— -100% , me D,,, — oTpuMaHe Iif 4ac eKCIePUMEHTY

nacI

3HAUEHHsA ONTHUYHOI CHUJIU JIiH3H’; Dnacn — 3HAUEeHHS ONTHUYHOI CHUJIU JIiH3U
3a IacIOPTOM IIPHCTPOIO.

§ 16. OKO AIK ONMTUYHA CUCTEMA. 3IP | BAYEHHA.
OKYNAPU. BAOU 30PY TA iX KOPEKL|IA

OpraHoMm 30py MIOAVHN € OKO — OfAVH i3 HaNAOCKOHaNIWmMX i BOGHOYaC HannpoCTiWmx
ONTUYHMX NPUCTPOIB. AK BnalwToBaHe oko? Yomy feski noan noraHo 6ayatb i AK CKOpK-
ryBaTu iXHin 3ip? AK 3 0cO6MMBOCTAMM NIOACBKOrO 30py MOB'A3aHE BUPOOHMLTBO MYNbTU-
nnikauinHux ¢inbmis? Mpo Bce Ue BM Ai3HAETeCh i3 Lboro naparpada.

n 3ragyemo 6yfnoBy oKa

OKo JIIoQUHY — Iie IPUPOSHA onmuiHa cucmema. OKO CKJIafaeThCA 3 Kiab-
KOX ONTUYHHUX eJIEMEHTiB, Ki pa3oM IpuUa3HaUeHi AJIA CTBOPEHHS 300parKeHHs.

Oxo (muB. puc. 16.1) mae popmy KyJai giamerpom mmpubausHo 2,5 ¢M i 330BHI
BKPUTE IIiJHHOIO HEITPO30POIO0 000JOHKOI0 — CKJeporo. [lepenHsa yacTuHA CKJIEpU
TIePeXOIUTh y IPO30PY p0zo8Yy 000JI0HKY — POTIBRY, IO Ji€ AK 30upabHa JIiH3a
11 3abesmeuye 75 % 3mATHOCTI OKa 3aJIOMJIIOBATH CBiTJIO

Iscepenunu ckiepa BKpuTa cYOuHHOW0 000JI0HKON, KA B TepemHiil uac-
THUHI OKa MEePexXOAUTh ¥ pail0yxHy 000J0HKY — PANAYKKy. ¥ IeHTPI paliiy:KKu
€ Kpyriuii oTBip — 3iHMIA. 3iHUIA 3BYKYETHCA B pasi 301/IbIIIEHHS OCBITJIEHOCTI
M pOSIMIMPIOETHCA B pasi i1 ocaabieHHA.

CrJuepa 304aTHICTb OKa NPUCTOCOBYBATUCA A0 Pi3-
HOI OCBITNEHOCTI Ha3nBalOTb aganTaui€lo.

Paiigy:xka

3a 3iHuIle0 PO3TAIIOBAHUN KPHUIITA-
auKk — 30upasbHa JIiHBa, AKa 3aBIAKU
CKPIIlJIEHUM i3 Heo M’s3aM MOJYKe 3MiHIO-
Kpumrrammx BaTU CBOI0O KPUBU3HY, a OTKe, OUTUUYHY

[ : CHITY.
\JPoriska .
B yTBOpeHHi 300paskeHHA Gepe yuacTb

i cKaMeTe TiJIo — IIpo3opa AparJmcTa Maca,
III0 3aMOBHIOE ITPOCTIpP MiK KPUIITAJINKOM

Puc. 16.1. byanosa oka i ciTKiBKO¥O.

CxJjicre TiJo
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§ 16. Oko AK onTMyHa cucTema. 3ip i 6aueHHA. Okynapu. Bagn 3opy Ta ix Kopekuia

CgiTJi0, IKe TOTpAILJIAE B OKO, 3aJIOMJIIOETHCA B POTIBIi, KPUIITAJIUKY Ta
CKJIMCTOMY TiJi. ¥ pesyabTaTi Ha CiTKiBI[I — CBITJIOUYTJIMBi#l IIOBEPXHi OYHOIO
THA — YTBOPIOETHC OilicHe, 3MeHUleHe, 00epHeHe 300paxcernns ipeamera (puc. 16.2).

E 3’AcoByemo, yomy noanHa 6aunTb AK BigganeHi npeamern,

TaK i Ti, Wo nopAa
SAxio gognHA Mae rapHUR 3ip, BOHA 0AUUTh YiTKUMU AK AJIEKO, TaK i OJIM3BKO
posramoBani npeameru. Ile Bim6yBaeThca TOMYy, 1110 B pasi 3MiHu Bifmcrami mo
mpeaMeTra KPUINTAJUK 3MiHIO€ KPUBU3HY, TOOTO 3MiHIOE CBOIO OITUYHY CHUJY.

30aTHICTb KpuMWTanvka 3miHIoBaTX CBOK KPUBU3HY B pasi 3MiHW BiACTaHi 4o po3-
rnAagyBaHOro NpegmMeTa Ha3nBaloTb aKoOMoZaLi€lo.

SIKI0 JroAWMHA TUBUTHCS Ha BiAmajieHi mpeaMeTHu, B 11 OKO HMOTPANISAIOTH
MaliyKe IapaJjiejibHiI mpoMeHi. ¥ IIbOMY BHHOAAKY OKO HaiOiiabIl posciaablieHe.
(3ragaiiTe: 3aMUCJIUBIINCE, JIIOANHA TUBUTHCA HiOU Braauuy!) Hum Oimikde pos-
TAIllOBAHUU MIPEeAMET, TUM CHUJIbHiIIIe HAIIPYIKYETHCA OKO (M’s3U OKa 301JIBITYIOTH
KPUBU3HY KPUIITAJINKA).

HalmeHwy BigcTaHb, Ha AKill OKO 6aunTb NpegMeT NPaKTUYHO He BTOMJTHOIOUUCH,
Ha3MBalTb BiACTaHHIO HalKpaLLoro 3opy.

Il TIOAMHY 3 HOPMAaJBbHUM 30POM BijficTaHb HAWKPAIIIOT0 30pY AOPiBHIOE IPU-
o6susHOo 25 cm. Came Ha ITiff BificTaHI TaKa JIIOAWHA TPUMAE KHUKKY.

B 3HanloMmunmocsa 3 iHepui€ 30py

AKI0 MIBUAKO HepeMillyBaTh B TeMPABL OeHTraJlbChbKU BOTOHB, TO CIIOCTEPi-
rau 1mobauyuTh CBiTHI (Girypu, yTBOPEHi «BOTHAHUM KOHTYpoM». Ilif yac mIBuaKoro
obepTaHHA KapyceJi i1 pisHOKOJIBOPOBi JaMIIn, 3JINBAIOUYNCh, BUIVISAAIOTE IJIs CIIO-
crepiraua gk Kiabigg. Odi JI0QMHY BeCh Yac KJIiNaoThb, IPU IIbOMY MU He IIOMiYaEMoO,
110 B IIEBHUH iHTEpBAJ Uacy IpeaMeT, Ha AKWUH MU IUBUMOCS, CTA€ HEBUIUMUM.

¥Yci onucaHi ABUINA TOACHIOIOTHCA iHepicro 30py. Piu y Tim, 1110 micasa Toro
AK 300pasKeHHdA IpeaMeTa 3HMKAE i3 CiTKiBKU oka (IpeameT HpuOUpaioTh, IIPH-
NUHAOTH OCBITIIOBATH, 3aTY/IAIOTH HEIIPO30PHUM €KPaHoOM TOII0), 30pOBHUil oOpas,
BUKJUKAHUN UM IpeaMeToM, 30epiraerbea mporarom 0,1 c.

Izepirito 30py BUKOPHCTOBYIOTh B aHiMaIiimoMy Kimo. KapTuHKMN Ha ekpaHi
oy:ke mMBUAKO (24 pasu Ha CeKYHOY) 3MiHIOIOTHL ONHA ONHY; IiJ dYac ix 3MiHHI

Puc. 16.2. 306paxkeHHs, sike YTBOPIOETbCA Ha CiTKIBLi OKa, — AiNCHe, 3MeHLIeHe, obepHeHe
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Posgin Il. CBITNIOBI ABULLA

Puc. 16.3. Crpo6ockoniyHa
doTorpadisa rimHacTa

eKpaH He OCBITJIIOETHCA, ajie IVIAad IIHOTO He II0-
Miyae, a IpocTo 0auUTh HU3KY KAapTWHOK, IO Yep-
ryioTbea. Tak Ha eKpaHi CTBOPIOETHCA iJI03isd PyXYy.

? CKinbKU X KapTUHOK HOTPiIOHO HaMaJOBaTH
XYIO0KHUKY, IIT00 Oeps;KaTh MYJIbTUILIiKAIIil-
Huit GigbMm TpuBasictio jguire 10 xB?

Ha imepiii 30py Takok 06asyeTbcs 3acToCy-
BauHA cTpobockoma. (CTpobGOCKOI $BJIE CO00IO
IKepeJio CBiTJIa, IO BUIPOMIHIOE CBITJIOBL crajiaxu
yepe3 MaJii piBHiI iHTepBasu uacy.) Ilig wac doro-
rpadyBaHHA 00’€KTiB, IIT0 OCBiTJIEHi CTPOOOCKOIIOM,
OTPUMYIOTh CTPOOOCKOITiuHiI (poTorpadii (puc. 16.3).

n HdisHaemocA npo Bagm 30py Ta iX Kopekuiio

Hopmanbsuuii 3ip

Bangu 3opy

KOPOTKO30piCTh IaJIEK030PiCTh

doxryc F onTuuHOL
CHCTE€MHU OKa y CIIOKili-
HOMY CTaHi po3TaloBaHUi
Ha ciTKiBIIi.

F

Ha ciTkiBii yTBOpIOETHCA
yiTKe 300pasKeHHA Bimma-
JEHUX TIPEeMEeTiB.

dDokyc F onTmuHOI
CHCTEMU OKa y CIIOKiii-
HOMY CTaHi poa3TalioBa-
HUU Iepejl CiTKiBKOIO.

Pokyc F onTruHOI
CHCTEMU OKa y HeHAIIPy-
’KeHOMY CTaHi po3TaIio-
BaHUI 3a CiTKiBKOIO.

F

Ha ciTkiBIi yTBOpIOETHCA
posmMuTe 300paKeHHs Bif-
najJeHuX IIpPeaMeTiB.

Ha ciTkiBii yTBOpIOETHCA
posmMuTe 300parKeHHs
BigmajieHWX IIPEeIMeTiB.

Bigcramp  wmafKpalmgoro
30py — HpuOIU3HO 25 CM.
Came Ha 1i#l BifgcTaHi JrO-
IWHA 3 HOPMAJbHUM 30POM
TPUMAE KHIKKY.

Bigcramp  HaliKpalmoro
30py MeHIna Bim 25 cwm.
KopoTkosopa jognHa 4u-
Tae KHUKKY, HaOIMKY-
oun ii g0 ouei.

Bigcranps Halikparioro
30py Oinbimna 3a 25 cm.
Iamexo3opa JOgIUHA
yuTae KHUMKKY, Bigmaira-
roun ii Bifm oueii.

doKycHa BimcTaHb HOP-
MaJILHOT'O OKa CTAHOBUTH
npubausuo 1,71 cm.

'.) Busnaure ontuuny
CHJIY OIITHUYHOI
CUCTEMU «HOpPMAaJbHE
OKO».

KopoTkosopicTs Kopury-
€ThCS OKYJIApaMU i3 pos-
ciloBaJIbHUMU JIiH3AMU.

F

Hamero30picTh KOPHU-
T'YEeThCS OKYyJIApaMu 3i
30MpaJIbHUMU JIiH3aMU.

F

Y Nip6buBaemo nigcymkn

™

=

I3 Touku 30py isuMKM OKO ABJSAE COOOI0 ONTHUUYHY CUCTEMY, OCHOBHUMU eJie-
MEHTaMH SIKOI € POTiBKa, KPHUINTAJUK i CKJIMCTE Tijo. ¥ IMmi#l onTuuHiN cu-

cTeMi 3aJIOMJIIOETHCS CBITJIO, i B pe3ybTaTi Ha CiTKiBIII — CBITJIOUYT/IMBi# MOBEePXHi
OYHOT'0 JHA — YTBOPIOETHCS 3MEHINEHe, AilicHe, o6epHeHe 300pasKeHHsA IpeaMeTa.
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§ 16. Oko AK onTMyHa cucTema. 3ip i 6aueHHA. Okynapu. Bagn 3opy Ta ix Kopekuia

ITicma Toro Ak 300pakeHHA IpeaMeTa 3HUKAE i3 CiTKiBKU 0Ka, 30pOBUiL 00-

pas, BUKJIUKAHUUA UM IIPeIMeTOM, 30epiracTbCs y CBiJOMOCTI JIIOAUHY IPOTATOM
0,1 c. Ilfo BacTUBiCTh, HA3UBAIOTH iHEPI[IEIO 30DY.

KoHTponbHi 3annuTaHHA

[ _é ;BL_, S .
\N]S )//’1. Onuiites 6yJ0BY JIOACHKOIO OKa Ta IPU3HAYEHHA MOTO OKPEMUX OINTUYHUX
Vi

®

eleMeHTiB. 2. IK smiHIOeThCA AiameTp 3iHUII B pasi sMeHINIeHHA OCBiTJIeHOCTi?
3. Yomy JsrogvHAa 3 HOPMAJBHUM 30POM MOJKE OJJHAKOBO YiTKO 0aumMTH! SAK JAJIEKO,
Tak i 6JIM3bKO poaraloBaHi npeameru? 4. Axuit tepeKT 30py Ha3UBAIOTh KOPOTKO-
3opicTio? fK fioro moskHa cropuryBatu? 5. Axkuii gedexT 30py HasMBAIOTH gajie-
KosopicTio? Sk iioro mosxHa ckopuryBatu? 6. IKy BiacTUBiCTH 30py Ha3UBAIOTH
inepiiero 3opy? HaBezniTs mpuKJIagu 3aCTOCYBaHHS I1i€l BJIACTHUBOCTI.

BnpaBa N2 16

1. Onruuna cuja Jgius 6a0ycuuux oKyJaapis —2,5 aorp. Ko € poxycHa BigcTaub
mux gius3? Axuii nedekrt 3opy mae 6abyca?

2. Ha axkii minmimanbHi# BigcTaHi Big oka J0AMHA 3 HOPMAJIbHUM 30POM Ma€ pPo3Ta-
IIyBaTHU A3epKaJibile, 11100, He BTOMJIIOIOUNChH, ITI00aUNTH YiTKe 300parkeHHsA oKa?
Yomy, m106 xpaiie 6aunuTH, KOPOTKO30pa JIOANHA MPYIKUTh 0Ui?

Yomy HaBiTh y YMCTiii BoAi JifoguHa 6e3 MacKu IMOTaHO 6auyuTh?

5. XJomuuK uuTae KHMKKY, TpuMaiouu ii Ha Bifgcraui 20 cm Big oueit. Busnaure
OIITUYHY CUJIY JIiH3, IKi HeoOXimHi XJIOMYMKOBI, 11106 UYnTaTHM KHUIKKY Ha Bif-
cTaHi HaWKpaIIoro 30py AJid HOPMaJbHOTO OKA.

6. IIpoBexmiTs, amaJiorito Mixk ¢oToamaparoM i oxoM JoAWHHN. IKYy (QYHKIIiIO
OKa BUKOHYE Ta UM iHImIa yacTuHa (oroamapara? ¥ pasi moTpebu 3BepHITHCS
IO TOMATKOBUX JAsKepes imdopwmarii.

7. CkopucraiiTecs IOZATKOBUMM :KepesjamMu iH@opwmallii Ta misHaliTecsa IIPO
MeTOAU IIPOPiIaKTHKKN 3aXBOPIOBAHL 30py. IK MOKHA BUIIPABUTHU 3ip?

EkcnepuimeHTanbHe 3aBAaHHA
3aIporoHyiiTe mAeKijbKa crIocobiB, 3a JOIOMOIrOH0 AKUX MOYKHA BUSHAUUTU, AKUH
nedeKT 30py (KOPOTKO30picTh UM AaJIeK030PiCTh) KOPUTYIOTh Ti ab0 iHII OKyJIApH.
3HalAiTh KiJbKa PiBHUX OKYJIAPiB (ompociTh y pimHUX, cycigiB, apysiB) i mepe-
BipTe, UM «IIPAIIOIOTH» 3aIIPOIIOHOBAHiI BaMU CIIOCOOU.

®disuka i TexHika B YKpaiHi

= P Onekcanap TeopopoBuu Cmakyna (1900-1983) — BupgaTHuI
YKpaiHCbKMI Qi3nK i BUHaXifgHUK. BukopmncTaBLuy NOHATTA KBaHTOBMX
ocuunaTtopis, O. T. Cmakyna 3mir NOACHUTX pagiauiiiHe 3a6apBneHHs
KPUCTanis i BUBECTU KiNbKiCHe MaTeMaTnyHe CMiBBIAHOLWEHHS, Bifjome
B Hayui Ak «gopmyna Cmakynu». MNpali BYEHOro CTBOPUIM nepen-
YMOBW A1 CMHTe3y BiTamiHiB A, B2 Ta iH., a npouec TpaHcpopmaLii
KpUCTaniyHoro ByrfeLto Ha3uBaloTb Tenep «iHeepcieto CMakynu.

Y 1935 p. O. T. Cmakyna 3po6uB i 3anaTeHTyBaB BigKpUTTA, 3aBAAKM AKOMY MOro iM'A Ha3a-

BXXAW 3aNMLLNTLCA B iCTOPIT HayKW, — CMOCi6 noninweHHA ONTUYHKX Npunagis («<npocgimsieHHA
onmuku»). CyTb BIGKPUTTA B TOMY, O NMOBEPXHIO CKNAHOI NiH3M BKPMBaOTb CMeLiaibHUM LWwa-
pOM MAiBKM 3 MEBHOrO mMaTepiany 3aBTOBLKMN 1/4 [OBXWHW Nafaoyoi XBUAi, WO 3HAaYHO 3MEH-
Wye BigOUBaHHSA CBiTNA Bif MOBEPXHIi NiH3U 1 BOAHOYAC 36iNblUyE KOHTPACTHICTb 300paXkeHHS.
Lle BigKpUTTA CTano BenvMKUM 34006y TKOM, afXe ONMTUYHI JTIH3M € OCHOBHUM €IEMEHTOM Pi3HUX
npvnagis (boTtoanapartis, 6IHOKIB, ONTUYHMX NPUCTPOIB A0 36POI TOLLO).

2000 pik 6yB oronoweHuii FOHECKO pokom O. T. Cmakynu.
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Posgin Il. CBITNIOBI ABULLA

NIABUBAEMO NIACYMKU po3ainy li
«CBiTnoBi ABMwWa»

1. Busuwusimu posgia II, Bu mosimaaucs, 1m0 Mu 6auMMO HAaBKOJUIIHIN CcBiT 3aB-
IAKU TOMY, III0 Mija HAB8KO0J0 Hac 8idbusaoms ceimao abo cami € dxceperamu
cgimaa.

OXEPEJIA CBITJIA

¢isuuni Tina, YaCTUHKU (ATOMU, MOJIEKYJIU, HOHI)
SAKUX BUIIPOMiHIOIOTH CBITJIO

v v

IIpuponni MItyuni
v P G v
Tennosi JlromiHecIieHTHi
Toukosi IIporsa:xui

2. Bu pmisHauucsa PO 3aKOHU NOWUPEHHA C6iMAA — 3AKOHU 260MeMpPUYHOL ONMUKLU.

3AKOHU TEOMETPUYHOI ONTUKU
v v v

3aK0H NMPAMOJIIHIHHOTO 3axkoHHn 3aKoHU
IOIINPEHHSA CBiTIA BigOMBaHHA CBiTIA 3aJIOMJIEHHSA CBiTiIA
i v I v I
Y mposopomy omHOpPiA- 1. IIpomeni mapmaroumii, BigGUTUi, 3aJIOMJICHUH,
HOMY CepeIOBHUIIli CBIiTJIO a TAKOXK TEepPIeHAUKYJISIpD, MOCTaBJIEHUHN i3 TOUKU
TOMTUPIOETHCSI TPAMOJIi- magiHHAg IPOMEHsA A0 IOBEPXHi, Ha AKY BiH magae,
HilHO. JeXaThb B OHIN IIJIOIIMHI.
v v v
Hacumigox mpamouri- 2. Kyt BimbuBaHHSA 3. BimHomenHsa cuayca KyTa
HiAHOTO TOIITUPEHHS IOPiBHIOE KYTy IIa- MagiHHA 0 CUHYyca KyTa 3a-
CBiTJIa — yTBOpPEHHA IiHHA: JIOMJIEHHA [IJIA IBOX NAaHUX
TiHi. B=o CEePEeJIOBUII] € BeJIUUYNHOIO
HEe3MiHHOIO:
sina v,
. =n=_
a|B siny v,

\aﬂ
7 Bakyym

PeuoBuna
| o>y

YuM MeHIIa IMIBUIKICTH CBiTJIA Ilpuuuna 3anomaenHHs ceimJaa: 3MiHaA
B CEpPemOBUIIi, TUM OiJbIIOI0 € |« IIBUIKOCTI IIOIMIUPEHHA CBiTJIa B pasi mepe-
onmuuna zycmuna cepedosula. XOAYy 3 OJHOTO CepeIoBUIIa B iHIIIE.
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MNipbuBaemo nigcymku po3giny Il

3. Bu osmaitomuaucsa 3 gocaigamu I. Heiorona i BusBmIn, 1o 0ije cBiTJIO CKJIaza-
e€ThbcA 3i cBiT/Ia pisHUX KOJABOPiB. CBITJIO Pi3HMX KOJHOPIB Y BaKyyMi HOIIHPIO-

€ThCS 3 OJHAKOBOIO IIIBUAKICTIO (c=3~108 M/C), a B cepemoBUIINI — 3 pPisHOMO.

ANCNEPCIA CBITJIA

| 3aJIe’KHICTh TOKa3HWKA 3aJIOMJIEHHA cepegoBuiIiia Bif KOJIBODY cBiTsIA

v v
Hocaigu I. HeroToHa CnekTpaiibHi KOJIBOpHU
] |
Yepouuit OpaHKeBUH OBTUM
Bjx?o 3enmeunit baakuTHMi Cuniii ®ioseToBuit
OQQV? |
Haii6inpimuii mMOKa3HUK 3aJIOMJECHHS Mae
dioseToBe CBiTJIO, HANMEHIIINA — UYepPBOHE

4. Bu maBumauca 6ydysamu 300paiceHHs B IJIOCKOMY A3epPKaJi Ta JiH3aX.

NMOBbYAOBA 30BbPAKEHHA
\4 \/
IImocke m3epkaxo Jlinza

I Y Y

3 36I/IpaJILHa | | pOSCiIOBaJIBHa |
T T

-
- /

- . 2>\F h H| F

- F H V4 |
_ e 2F _F7T
d
3o0parkeHHs yABHE; ! < >
CUMEeTPUYHE IIPeIMeTy Bupg so0paskeHus 3aJe- d \
BiTHOCHO TOBEPXHi JKUTHh Bij Micia posrta- 3o00pakeHHsA  3aBKIU
I3epKaJia IIyBaHHA IIpeaMeTa ysBHE, 3MEHIIIeHEe, TIPIME
I I
. 1 .o . 1 1
OnTuuHa cuia JIiH3HU: D=F . dopmysaa TOHKOL JiH3U: D=E+_ .
: . H |
306inbpIIeHHA MpeaMeTa B JiH3i: '=—= m .

5. Bu osHamioMuucsa 3 onMmuyHUMU npucmpoamu, 8 AKUX 3acniocosyronitsv JiH3U.

ONMTUYHI MPUCTPOI
\/ \/

IIpucTpoi, AKi 030POIOIOTH OKO IIpuctpoi, AKi garoTh 300pakeHHA Ha eKpaHi
A v v v
| JIyna | | Oxrynspu | | doroanapar | | IIpoekmiiauii amapar
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Posgin Il. CBITNIOBI ABULLA

3ABOAHHA ANA CAMONEPEBIPKU 4O po3ainy i
«CBiTnoBi ABMwWa»

3asdanns 1-8 micmame minbku 00HY NPasuibHYy 6i0nosids.

1. (1 6an) Slxe onrmune sBUIe imoctpye do- [T ST
rorpadia (puc. 1)?
a) BinOuBaHHA CBiTJIA;
0) moryIMHAHHA CBiTJIA;
B) AUCIEPCii0 CBiTiA;
') 3aJIOMJIEHHS CBiTJIA.

Puc. 1

2. (1 6an) fIxuit 3aKOH MiATBEPIKYETHCA iCHY-
BAHHSAM COHAUYHMUX 1 MiCAYHMX 3aTeMHEHBL?
a) 3BaKOH BiOMBaHHA CBiTJIA;
0) 3aKOH IPAMOJIIHIHOTO IOITUPEHHS CBiTJIA;
B) 3aKOH 30eperKeHHs eHeprii;
I') 3aKOH 3aJIOMJIEHHA CBiTJAa.
3. (1 6an) fAxum € 300paskeHHs IIpeaMeTa Yy IJOCKOMY A3epKaJIi?
a) 30iJpIIeHUM IificHUM; B) 3MEHIIIEHUM YSIBHUM;
0) piBHUM mificCHUM; I') PiBHUM ySIBHUM.

4. (1 6an) Ilpominb cBiT/Ia Majae 3 MOBITPSA HA MOBEPXHIO CKJIAHOI IIJIACTUHU
(puc. 2). Ha axoMy 3 HaBeIeHNX PUCYHKIB IIPaBUJIBHO 3a3HAYEHO BCi Tpu
KyTH: KYT HaJiHHA O , KyT BigOusBauus B i KyT 3ajmomyieHHs 7y ?

a) 1; N
6) 2; aip pla
B) 3; AV
r) 4.

=
R

Puc. 2

5. (2 6anu) fAxa Touxa (puc. 3) € 300pasKeHHAM CBiT-
HOI TOUKM S y IJIOCKOMY J3epKaJi? o 1
a) 1; 0) 2; B) 3;
T') 300pasKeHHsA B [3epKaJji HeMae. ¢

6. (2 0anu) YoMy JOpiBHIOE ONTHYHA CHUJIA JIH3U, Xif
MIPOMEHiB y AKill mokasaHo Ha puc. 47
a) —0,04 noTp;  B) +25 mutp; Puc. 3
6) +4 moTp; r) +50 moTp.

7. (2 6axau) SIKy Bamy 30py Mae JIIOAUHA, SKIIO )
BOHA HOCUTH OKYJIAPU, HUKHS UYacTHUHA 1 xmiTuEKa —
AKUX — OIYKJi CTeKJia, a BepXHsS YacTu-
Ha — IJIOCKi?

a) IaJIeK030PiCTh;

0) KOPOTKO30PiCTh;

B) JIIOJUWHA HE Mae Baj 30DY;

I') BUSHAUUTH HEMOIKJIUBO. Puc. 4

w
\V}

A

/
-
=
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3aBAaHHA gna camonepesipku go posginy Il

10.

1.

12.

13.

14.

15.

16.

(2 6aau) Ilig gac dororpadyBanusa Ha o6’eKTuUB (oToamapara cijia myxa.
Yu BrInHE Ile Ha 3HIMOK, i AKIIO BILINHE, TO AK?

a) "KOSHUM YWHOM He BILJIMHE;

0) Ha 3HIMKY 3 ABUTBHCS 300parkKeHHA MYXU;

B) 3HIMOK Oy/e MeHIII SCKDPaBUM;

T) 3HiMOK Oyze GiJbIIl ACKPaBUM.

(3 6anu) Jlronmua HaOIMIKAETHCA IO A3epKaJia 31 mBUAKicTio 2 M/c. I3 AKoIO0
MIBUKICTIO [0 JIIOAWHY HAOJIMIKAETHCA 11 300pasKeHHA B A3epKaJi?

(3 6anu) Kyt nmaminHsa mpoMeHsa Ha A3epKaJbHY IIOBEpPXHIO mopiBHioe 70°.
Yomy MOPiBHIOE KYT MisK BiZIOMTUM IIpOMEHEM i A3€PKAJIbHOIO ITOBEPXHEI0?
(3 6anu) Csityio mamae 3 MOBITPA HA IMOBEPXHIO IIPO30POI PEUOBHHU ITiJ Ky-
ToM 45°. BusHauTe aOCOJIOTHUH IMOKA3HUK 3aJIOMJIEHHA Iliel peUYOBUHU, AKIIO
3aJI0MJIeHE CBITJIO HMOIIMPIOETHCA Hig KyToM 60° mo Merki momisy cepemoBHIIL.
(3 6anu) Ilpenmer poaTalioBaHWU Ha BimcraHi 1 M Bin 30upasbHOI JIiH3HU
3 (oxycHoro Bimcramuio 0,5 m. Ha akiit Bigcrani Bix JiH3u posTalroBaHe
300pasKeHHA mpeaMeTra?

(3 6anu) YcTaHOBITH BiATIOBIAHICTE MijK cepegoBHUINEM i MIBUAKICTIO IIOIIN-
PEHHSA CBiTJIa B I[bOMY CE€PEOBUIILI.

1 Anmas A 1,24 - 108 m/c
2 Bensun B 1,76 - 108 m/c ABy 1 xitamka — 25 cu
3 Jlin B 2,00 - 108 m/c

I 2,29 - 108 m/c e A M
(4 6anu) Ha puc. 5 momaHO TOJIOB- Ay
HY onTuuHy Bice KM jiHsu, mpej-
meT AB i fioro sobOpakeHHsa A;Bj. B

Busnaure Tumn sinsu, ii GorycHy Bia- Puc. 5
CTaHb i ONITUYHY CUJIIY.

(4 6anru) Yomy KpuBH3HA KPUIIITA-
JUKa oKa pubu (puc. 6) 6igbia, HiK
y JIOguHU?

(4 6anu) Posrisgaioun MapKy 3a I0-
IIOMOTOI0 JIYIIW, XJIOMYUK 0auuTh ii
Ha BificTaHi HaWKpAIOro 30py 30i/ab-
mrerHo0 B 4 pasu. Ha akiit Bimcrani
BiJl OKa XJIOMUWK TPUMAE JYIY, AKIO0
BiH Mae HOpPMAaJILHUI 3ip, a ONTHYHA
cuJia JIYyIIA CTAaHOBUTH +15 anTp? Puc. 6

3eipme eawi 6i0nogidi 3 nHagedenumu 6 KiHyi nidpyuHura. Ilosnaume

3a80aHHA, AKI 6U BUKOHAJU NPABUIbHO, i 8udHayme cymy oOanie. Ilomim uio
cymy nodinimsv nHa mpu. Odepicanuil pesyrvmam gionosidamume pPi6HI0 8AWUUX
Ha8uaLbHUX 00CAZHEeHb.

- ® TpenyBaJbHi TECTOBi 3aBIaHHA 3 KOMII IOT€PHOIO IIePEBipKOI0 BU 3HA-
%/ [IeTe Ha eJIEKTPOHHOMY OCBITHbOMY pecypci «IHTepakTVBHE HaBUAHHI».
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HoBi npuimaui Ta gkepena cBitTna

—

3a ocTaHHiI KiJIbKa POKiB 3aBAAKH IIPOTPECY B €JEKTPOHIIi yHiKaabHi
HAYKOBI BMHAXOOW CTAJU 3araJIbHOAOCTYITHUMHU. IIporpec B eJIEKTPOHIIIL m0-
KOPiHHO 3MiHUB AK JjKepesa, TaK i mpuiimaui cBiTia.

PosniuratiTe Bamux migyciB i 6a6ych Ipo Te, SK BUTOTOBJISAIU (DOTOKAPT-
KU OBAJIATE i Oijbllle POKiB Tomy. BusiBuThCS, 1110 Ie Oyjia JOCUTH CKJaIHa
mporeaypa. JlJid Bac ke cTajo 3BUYHUM, MOOAUMBIIHY I[IKAaBUH CIOMKET, HaBec-
TH Ha HHOTO KamMepy MoO6iJbHOTO TejaedoHY, HATUCHYTU BiAHOBIIHY KHOIKY
I MUTTEBO TEPECJaTH TOTOBE 300PaKeHHA APY3IM.

Hasenemo 1m1e oguH nmpukJjan. IIpo BysbKHuil cipAMOBaHUN ITYYOK CBiTJIA,
III0 Ma€ YHiKaJbHi BJIACTUBOCTi, paHillle HIIIJIOCA TiJIbKU y (PAHTACTUUHUX
TBOpax. ¥ HaIll Yac JIa3ePHUU ITPOMiHBb 3aCTOCOBYETHCA HACTIJIBKU IITUPOKO,
110 HABiTh HaMcMinauBimIi (paHTACTM MUHYJIOTO CTOJIITTS He MOru 6 cobi Ibo-
ro ysasutu. To 110 K, BUXOAUTh, PO3aia (isuky mig Hassoo «OnTukra» O0esHa-
nifiHO 3acTapiB i Bu MapHO BuBYaJju poanina Il miapyunuka?

IaBaiiTe He poOUTH BUCHOBKIiB IIOCIiXOM i pO3IiIsHEMO AesaKi i3 cyuacHuUX
OIITUYHUX IPUCTPOIB JOKJIATHIIIIE.

"

Jlasep

Vci Bu, 3BuyaiiHo, 6aumyu Jas3epHi M0y B IUPKY a00 Ha eCTpPagHUX KOH-
meprax. ToHKi cBiTJIOBI myYKM MPOHUIYIOTH IPOCTIp 3aJiy, IIBUAKO IIPOJiTa-
IOTHb HAJ TOJIOBAMU IJIsgauiB. 3aXOIINBe BUAOBUIIE!

Ha pucyHKy moKasaHO OAUWH i3 BUIIB JasepiB — rasoBuii. SIcKpaBuii
CBITHUHU «IITHYP» Y CKJIAHIN TPyOIli — Iie He Jla3epHUI ITPOMiHb, a eJIeKTPUY-
HUN PO3pAI, MOAIOHMI 10 PO3PALY B JaMIax AeHHOI'o CBiTja.

Pospsan cayrye nasa «<HakadyBaHHS» po0ouoro Tija (rasy BcepeanHi CKJIs-
Hol TpyOKwm). IIporiec «<HaKauyBaHHA» IMOJIATAE B TOMY, III0 aTOMU a3y IOCTY-
TIOBO HAOYBAIOTh HAJIUIIIKOBOI €HEPrii Biff eJIeKTPUUYHOTO PO3PANY, a HMOTiM
JIAaBUHOIIOAiI0HO BigmaroTh ii y Buraami iMmmysabscy (cmaJsaxy) cBitia.
3a Ha3BOI0 PEYOBMHU POOOUYOTO Tijsia ToUaam KJia-
cudikyBaTu U caMmi Jiazepu: rasoBi, piZuHHI Ta
HalspyuHinmi B mobyTi — TBepm:o-
TiJILHI Jasepu.

Ectpagui moy — ga-
JIEKO He e1He 3aCTOCYBaH-
Ha JasepiB. Ili mpwuctpoi
IINPOKO BUKOPUCTOBYIOTH ——
y MeIuIINHi, BiliCbKOBi
CIIpaBi ToOIIIO.

[a3oBunin nasep (LASER — nepuwui nitepu
aHrn. light amplification by stimulated
emission of radiation — nigcuneHHs
CBiT/Na 33 JOMOMOTO0 BUMYLLEHOTO

anpOMiHIOBaHHﬂ) -




EHUMKnonegunyHa cTopiHka

LUundposuin poroanapar

-’ IIpuctpoem, AKuii (ikcye 300paskeHHsa, y (oToarapari
cTapux KOHCTPYKIi#M Oysa ¢oTomiaiBka. A B Iu(POBUX
(doToamapaTax TaKUM IIPUCTPOEM € IIJIACTUHKA, BKPUTA
OysKe OPiOHMMM CBITJIOBUMH JaTuMKaMu (IIiKCesaMu).
Koxxuuii i3 mux maTumkiB QiKCye «IIIMaTOYOK» CBITIIOBO-
ro notoky. IIlo MeHIIUM € PoO3Mip miKcesas, TO AKicHiIIe
300pasKeHHsA MOKHa oTpuMaTtu. [lnacTurKa rapHoro oro-
amapara HapaxoBye 18—20 wminabiionis mikceniB. KinbKicTh mikcesriB y Mo0iabHO-
My TenedOHI MeHIIa, OCKiJIbKY 3IOMKa — He OCHOBHA (hyHKIIia Tenedony. Bia-
TOBiAHO i AKicTh 3HIMKIB ripimua.
Mikpomporecop ¢oroamapara 00pobJise iH(popmaIrizo
Bij cemcopiB i samam’sitoBye Ii y BUIIsALi oKpeMoro (aiiia.
IcTropia ¢ororpagii mamiuye momanm 180 poxis. Ae
¥ y crapomy (poToamapari, i B HalicyyacHIiIIIOMY OZHUM
i3 HaMlBaXKJIMBIIINX eJIEMEHTIB € OIITMYHA CUCTeMa, AKa
Mae 3abes3meunuTH piske 300paskKeHHA PiBHUX OO’€KTiB
3MOMKM: 1 BaIIOro IpPUATEJIA, IO CTOITh IIOPYydY, i mIa-
JeKUX Tip, HI0 BUAHiIOTH Ha oOpii. Cxoike, 3apamHo
CIIMCYBaT! ONTUKY B apXiB, KOHCTPYKTOpPAM CYYacCHUX
doroamaparTiB i BijeokamMep BOHA IIe CTaHe B MPUTOLI!

N

I Lle uixaBo

[ ] Jy»e yacTo TBOpLi cyyacHux ¢inbmiB cBifoMo (@60 Yepes 6pak 3HaHb) NepeKpyuy-
0Tb iHGOpPMaLilo NPO MOXKIMBOCTI Na3epiB. HaBegemo nuiue Kinbka Npuknagis.

Xoy ckinbku oumumumew, 8ce 00HO He nobaquw. Y 6araTbox ¢inbmax, Wob BUABUTY
OXOPOHHY CMrHani3aLito, repoi NyckaTb KNyou AnMy — i MpOMeHi nasepa CTaloTb BU-
Avmumn. Hacnpasgi BUroToBUTY nasepu, AKi NpaLtoloTb B iHppauepBOHOMY (HEBUANMO-
My A OKa) Aiana3oHi, HabaraTto MpoCTilWe, HiX Ti, WO NpaLllTb Yy BUAUMOMY Aiana-
30Hi. Came iX i BUKOPUCTOBYIOTb Yy CTaHAAPTHUX OXOPOHHUX cucTeMax. IHGpauepBOHUN
NPOMiHb, CKifIbKM MOro He 3aAUMIIION, YCe OAHO 3a/INWAETbCA HEMNOMITHUM ANA OKa.

bepeximo oui. Jlazepu y ¢inbmax 3aCcTOCOBYIOTb ANA PO3pPi3aHHA MeTaneBux ne-
pewkog (rpaT, aBepen cenda Towo) — i Ue Bignosigae AincHocTi. Ocb TiNbKM aBTOPU
dinbMiB YacTo 3abyBatoTb MPO 3aXUCT repoiB Bifg BiaOUTUX NpomeHiB. BinbuTTa Hagmno-
TY>KHOIO MPOMeHA Bif PO3pi3yBaHOro metany Oyae TakoX OOCUTb MOTYXHUM. ToX, K
MiHiMyM, 6epexiTb oui!

Cnpobyl HazdoxeHu. IHopi TBOpUi iNbMIB OEMOHCTPYIOTb, WO MpoLec
MOLWNPEHHA MPOMeHA MOoAIbHMIA Ao nonboTy Kyni. Lle, 6e3ymoBHO,
He TaK. LBMAKicTb pyxy Kyni CTaHOBUTb KiIbKacoT MeTpiB 3a ce-
KyHZy. Tomy i nonit moxe 6yTn cnpaBfii 3apeecTpo-
BaHU 3a [OMOMOrOl0 LWBUAKICHOI KiHO3MOMKMW.
A OCb aHanoriyYHMM YMHOM NMPOCTEXUTM 3a MpoLie-
COM MOLUMPEHHA CBIT/IOBOrO NPOMeHsA (Harafaemo,
WO WBMAKICTb CBiTNa BennyedHa — 300000 Km/c)
HEeMOXBO.

\




Posgin Il. CBITNIOBI ABULLA

B OpicHTOBHI TeMn NpoeKTiB

1.
2.
3.

4.
5.
6.

CriamaHHA HAWIPOCTIIIIOrN0 ONITUYHOTO IIPUJIALY.

OnrtuuHi imr03ii.

Hocaimxenns moryskuocTi Ta KK mTyurux m:xepes cBitia
pi3HUX THUHIB.

VBIirHyTi A3epKaJja: BJIACTUBOCTI Ta IPUKJIAAU 3aCTOCYBaHHS.
OnTuuHi SBUIA B IIPUPOMI.

Oxo i 3ip.

B Temu pedepartis i noBigomneHb

PWN=

Now

®

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

MaiitbyTHe — 3a cBiTJIOZiOmaMI.

HuBo doToCcuHTEBY.

Mipaki: s BOHM yTBOPIOIOTHCA i Je iX MOKHAa CIIOCTepiraTu.
Hasgimo mimmoxony Ha oasasi cBiTIoBigOnBaioui moBepxHi.

SK Taki moBepxHi BUKOPHUCTOBYIOTH aBTOMOOiIicTH].

Kouip i cBitio.

YoMy BHOUI MU MaiKe He PO3PiIBHAEMO KOJHOPU.

Onruune muctenTBo «Om-apT» IK CUHTe3 HAYKU 1 MUCTeI[TBA.
HedeKTu 30py Ta METOAM IX KOPUTYyBAHHSA 3a JOIIOMOI'OI0 OIITHUYHIX
TIPUCTPOIB.

30poBi Tpenaskepu. YoMy i K MOYKHa BiTHOBUTH 3ip.
OnuTuuHi TpuJaagu B MEeIUITUHI.

IcTopia gororpadii.

VYabpTpadiosreToBe OUUIIIEHHS BOJU.

Yomy MuabHI OyJIbOAIIKY € PiSHOKOJIBOPOBUMMU.

Ilpunanm wHivHOrO GaUYEeHHS.

ITigsopua Tpyba: icTopisg cTBOpeHHs, OymoBa, IPUHIIUAI Oii.

B Temu eKcriepuMeHTanbHNX AOCAiAXKeHb

110

1.
2.

3.

4.

5.

BuBuenHa 3aKOHiB HOIITMPEHHSA CBiTJIa 32 JOIIOMOTI'OIO JIa3ePHOI YKa3KU.
BuBueHHs 3aKOHIB 3aJIOMJIEHHS CBiT/IA Ta MOB’A3aHUX 13 HUMU OIITHY-
HuX eekTriB. OnTuuHi (poKycu.

HocaimkeHHs CIIeKTPaJbHOTO CKJIAAY CBiTJIa 3a JOIIOMOTOIO0 IIPU3MU
(BigrBopenHa mocaifiB I. HeroToHa).

HociigyKeHHs 3aJIOMJIIOIOUMX BJIACTHUBOCTEI 30MpaJIbHOI Ta PO3Cifo-
BaJILHOI JIiH3.

BuroroBsieHHSA ONITUYHUX ITPUCTPOIB (KamMepa-o0CcKypa, KaJeiI0CKOII).



po3amn 1l

MEXAHIYHI TA ENIEKTPOMATIHITHI
XBUi

o

Buv 3Ha€eTe, Wo 6inbly yacTrHy iHGOpPMaLii NPO HABKONMLLHIN CBIT
nognHa OTPUMYE Yepes 3ip i Cryx, a Tenep fisHaeTecs,
Lo cninbHoro B nepegavi iHbopmaLii 3a Jonomoroto cBiTna i 3ByKy

KoxeH i3 Bac ymie kopucTyBaTnca MobinbHUM TeniepoHoM,
a Tenep BM Ai3Ha€eTecsA, AK NPaLioe CTiINTbHUKOBUN 3B'A30K

Buv uynu npo 3arn6enb «TuTaHika», a Tenep AisHaeTecs,
UOMY CYYaCHi OKEaHCbKi NaiHepn HaBPSAA UM CMiTKaE Moro gons

Bu HEO4HOPA30BO Yynn Bi,EU'IyHHFI, aTenep Ji3HaeTecH,
AK BOHO Aonomarae BVIMipﬂTI/I FHVI6I/IHy OKeaHy

Bun po6pe 3Ha€ETe, WO Take PEHTreH, a Tenep Ai3HaeTecs,
LLO CMifIbHOrO MiX PEHTIeHIBCbKMMMU i CBITIOBUMN MPOMEHAMMU




Poszgin Ill. MEXAHIYHI TA EJIEKTPOMATHITHI XBWJI

§ 17. BUHUKHEHHA TA NMOLWWUWPEHHA
MEXAHIYHUX XBWJ1b. ®I3UYHI BEJINYNHN,
AKI XAPAKTEPU3YIOTb XBUJI

Puc. 17.1. Big kamiHuA, K1HY-
TOro y BofZly, MOBEPXHE BOAU
NOLUNPIOTLCA XBUT

Puc. 17.2. MNowmrpeHHA xBuUni
MOTYy3Kow. CTpinkow nokasaHo
HanpPAMOK MOLMPEHHA XBUNi

Puc. 17.3. MNowmrpeHHA xBuni
npyxuHoto. CTpinkoi nokasaHo
HanpPAMOK MOLWMPEHHA XBUNi

Y Kypci ¢i3ukm 7 Knacy B/ BMBYANM MeXaHiUHi KONMBaHHSA.
Yacto OyBa€ TaK, WO, BUHUKHYBLUW B OLHOMY MicCLli, KOnu-
BaHHA NOLIMPIOIOTLCA B CYCiAHI AiNAHKN NpocTopy. 3rajainTe,
Hanpuknag, NoWVPeHHA KONMBaHb Bif, KNHYTOro y BOAy Ka-
MiHLA ab0 KONMMBAHHA 3eMHOT KOpW, AKi MOLMPIOTLCA Bif
eniueHTpy 3emneTpycy. Y Takmx BUMNagKax roBopATb Npo
XBUNbOBUIA pyx — xBuAi (puc. 17.1). I3 uboro naparpada Bu
[i3HaeTecb NPO 0COBNNBOCTI XBUIbOBOIO PYXY.

CTBOPIOEMO MeXaHi4YHi xBuJi

Bispmemo mocuTh JOBry MOTY3KY, OOUH Ki-
HeIlb AKOl IIPUKPIITTMO 10 BEPTUKAJIbHOI IOBEPXHi,
a iHmu# OymeMo pyxaTu BHHU3-Bropy (KOJHBaTIH).
KosnuBauHA Big pyKu OyIyTh MOMIUPIOBATUCSI MO-
TY3KO0I0, TOCTYIOBO 3aJIyYaI0UM 10 KOJIUBAJIHLHOTO
PYXy Bce OiJBINI BigmaseHi TOYKU, — MOTY3KOIO
MOOLKUTE Mexaniyna xeuns (puc. 17.2).

MexaHiuHOl0 XBUNEI Ha3MBalOTb MOLUINPEHHSA
KONMBaHb Y MPY>KHOMY CepefoBuLLi™,

Posrisimemo 11e oguH npuKJIaL. 3aKpinuMo
TOPU30HTAJBHO HOBr'Y M’SIKY IPYKUHY Ta 3mii-
CHUMO 1O ii BiIbHOMY KiHIIIO Cepiio IIOCJIiTOBHUX
yaapiB — IPYKUHOIO IMO0iKUTH XBUJIA, AKA CKJIa-
IaTUMeThCA 31 3TYINeHD i PO3PiAKeHb BUTKIB IpPY-
sKuHu (puc. 17.3).

Onucani BuIle XBUJII MOMKHA II00AYUTH,
mpoTe OiJbIIiCTh MEeXaHIYHMX XBUJIb € HEBUIU-
MUMHU, HAIPUKJIAL 3BYKOBi xBuii (puc. 17.4).

Ha mepmuit morman, yci mexaHiuHi XBuJi
€ 30BCiM piBsHUMU, ajie TPUUYNHU IX BUHUKHEHHA Ta
moIMpeHHsa — oxHaKoBi. [laBaliTe posdbuparucs.

E 3’acoByemo, AK i YoMy B cepepoBuLLi
NOLWNPIOETbCA MeXaHiYHa XBUnA

Bynp-aka mexaHiuHA XBUJIA CTBOPIOETHCA TiJIOM,
sKe KOJIMBAETbCA, — OxHcepesom Xeusi. 3aificHIO-
I0YM KOJUBAJBHUH PYX, IKEPesIo XBUJIi depopmye
IIPUJIeTJIi 1o HHOT'O IIapu cepefoBUINA (CTUCKAE Ta

* (CepenoBullle HA3WBAIOTH NPYICHUM, AKIO IIix dYac
ioro meopmallii BUHUKAIOTL CUJIU, AKi IIPOTUIIIOTH
it gedopmanii, — cuau npyxrcHocmi.



§ 17. BUHMKHEHHA Ta MOWMPEHHA MeXaHiuHNX XBrb. Di3NYHi BENNYMHMN...

po3Trarye ix abo 3coBye). ¥ pe3yJbTaTi BUHUKAIOTH
CUJLLU NPYHCHOCMI, IK1 OiIOTH HA CYCiHI I1apu cepe-
JIOBUIIIA Ta CIIOHYKAIOTh 1X 31MICHIOBATU 6UMYULEH]
roauseanHs. 111 mapu, y cBoio uepry, aeopMyioTh
HACTYIIHI IITapyW Ta 3MYIIYIOTH ix KoauBaTtucs. Ilo-
CTYIIOBO, OJWH 3a OSHUM, yCi IIapu CepeIOBUIIA
IOJTYYAIOThCA O KOJUBAJIHLHOTO PYXY — CEPEIOBU-
IIIeM IIOIIUPIOETHCA MeXaHIUHA XBUJIA.

B Po3pisHAEMO nonepeyHi Ta NO3[0BXHi

MeXaHiuHi xBuJi
SAKII0 TOPiBHATH MOIMUPEHHS XBUJI MOTY3KOIO
(muB. puc. 17.2) i npykunowo (mzuB. puc. 17.3),
MOKHA MO0AUYUTH MIEeBHY PiSHUITIO.

OxpeMi yacTMHU MOTY3KU pyxaiomuvcs (Ko-
AUBAIOMbCA) NepneHOuKYyLipHo 00 HANPAMKY
nowupenuns xeusi (Ha puc. 17.2 XBUJIA TOIIHU-
PIOETBCA cOpaBa HAJNiIBO, a YaCTUHU MOTY3KU
pyxaioTbcsa BHU3-Bropy). Taki xBuji HasuBamOTh
nomnepeunumu (puc. 17.5). ¥ xoni momupeHHsA mMo-
TepeuHNX XBUJIb BiI0OyBa€eThCs 3CY8 OOHUX IIapiB
cepenoBuIlia BigHocHO inmux. [edopmariia scyBy
CYIIPOBOIKYETHCA BUHUKHEHHAM CUJI IIPYYKHOCTI
JINIIIe B TBEPAUX TijaX, TOMY IOTEPEYHi XBUJIL
He MOXKYTh TOIITMPIOBATHCS B piAmHax i rasax.
Omixe, nonepeurni xuJi nNOWUPIOIOMbCS MIJAbKU
8 maepdux miaax.

Ilig uyac momIMpeHHA XBUJL IPYKUHOIO
OKpeMi BUTKU NOPYXKUHU pyxarwomsvcsa (Koaiuea-
omucs) 63008k HANPAMKY nowupenns xeudi. Taxi
XBUJII HA3WBAIOTh MO3A0B:KHIMU (puc. 17.6). ¥V xoxi
TOMIMPEHHA MO3J0BYKHIX XBUJIb Y CEPeIOBUIITL
BimOyBaioTbcsi medopmariii CTUCHEHHS Ta PO3TAT-
HeHHA (B3JOBXK HANPAMKY IOIIUPEHHA XBUJI I'yC-
THHA CEPENOBUIIA ITOUEPTOBO TO 301JBINTYETbCA, TO
ameHmyerbea). Taxi medopwmariii B Oyab-sikOMY
CepesoBUIIli CyITPOBOAKYIOTHCA BUHUKHEHHAM CHJI
mpy:KHOCTi. ToMY 1n03008X4CHI X8UNL NOWLUPIOIOMbCS
i 8 meepdux miaax, i 8 pidunax, i 8 zasax.

XBuJIi Ha TIOBEPXHi PiAWHM He € aHi IMO3MOBXKHIMU,
aHi nmonmepeuHnMu. BoHM MaroTh CKIAOHULL 1n03006-
JHCHbO-NONEepeuHull xapaxmep, IpU HOMY YaCTUHKU
PiOIMHYN PyXalOThCs MO eJiicax. ¥ IbOMY JIETrKO Ie-
PeKoHaTHCsA, AKIINO0 KMHYTH B MOpe JIETKY TPiCKYy Ta
mocrocTepiratu ii pyx Ha IIOBEpXHi BOAU.

V

\

Puc. 17.4. KonvBaHHA Tina, ake
3BYUYUTb, € NPUUYNHOIO MOYep-
roBuMX 3rylleHb Ta PO3pigKeHb
cepefoBuLa, — cepedoBuLLEM
NOLUVPIOETbCA 3BYKOBa XBUJIA

iy ‘
W H”\Hunnull”'

Puc. 17.5. Y nonepeuHin xsuni
Lwapun cepefoBuLLa KONMBaKOTbCA
nepneHAnKYIAPHO [0 HanpAMKY
NoLWVPEeHHA XBUni

7]

—>

-

-

Puc. 17.6. Y no300BXHin XBUi
lwapu cepefoByLLa KONNBAKTLCA
B3[0BX HanpAMKY MOLWMPEHHA
XBUAi

113
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Puc. 17.7. lo 3anuTaHHA B § 17

BuaBnaemo ocCHOBHi BNacTUBOCTI
XBWb

1. KonmuBanbuuii pyx Big omHiel Touku
cepemoBUINa IO iHINOI IepemaeThbCcsad HE MUT-
TEBO, a 3 IEBHUM B3alliBHEHHAM, TOMY X6UJi
nowupoiomuscs 8 cepedos8ullli 3i CKiHYEHHOI
weudkicmio.

2. [:xeperoM MexXaHIUHMX XBUJIb 3a-
BIKIU € TiJIO, IO KOJMBAETHCHA; OCKIJIBKH KO-
JUBAaHHSA YaCTUH CEePemoOBUINA B XOIi MOIIHU-
PEeHHs XBUJIi € BUMYIIEHUMW, TO Zacmoma
KOAUBAHb KOMCHOL YacmuHu cepedosuuia 00-
pisHI00€ yacmomi KOAUBAHL Oxcepesa XBUJi.

3. Mexaniuni x6uJsi He MOHYMb NOULU-
prosamuce Yy 6aKyyMmi.

4. Xeunvosuil pyx He cynposodIYemvcs NepeHeceHHaM Pe4o8UHU — dac-
TUHU CEPEeJOBUIIA JINIE KOJUBAIOTHLCA OiJIf JesIKUX II0J0XKEeHb PiBHOBATH.

5. I3 mpuxomoM XBUJII YaCTUHU CEPeNOBUINA MOYMHAIOTH pyXaTucs (Hady-
BaioTh KiHeTmuHol eHeprii). Ile o3Hauae, 110 nid wac nowupenns xeuai 6idoysa-
€MbCS NepeHecents enepeii.

Ilepenecennsa eHeprii 0e3 IepeHEeCEeHHS PEYOBMHHM € HaWBaKJIMBiIIOIO

BJIACTUBICTIO OYIb-IKOI XBUJIi.

? 3rajaiiTe NOITMPEHHS XBUJb Ha MOBepxHi Boxu (puc. 17.7). fAKi crocrepe-

JKeHHS MiJTBEepI KYIOTh OCHOBHI BJIACTHMBOCTiI XBUJIBOBOT'O PYyXy?

B 3ragyemo $isnyHi BennumHM, AKi xapaktepusyoTb KONMBaHHA

XBujisa — Ie IOMIUPEeHHA Koausanv. Tomy GismuHi BeInmumHU, IKi Xapak-
Tepu3yTh KOJUBaHHA (vacmoma, nepiod, amnaimyoda), TaKOXK XapaKTePU3YIOTH

i xBumro. Omixe, 3rajgaemMo 7 KJjac:

dDisnuHi BeINUYNHN, AKI XapaKTepus3yioTh KOJIUBAHHI

Yacrora
KOJUBaHb V

AwmruriTynma
KOoJIuBaHb A

Ilepion
KoJIuBaHL T

OsHaueHHA KiJbKicTb Yyac OJHOI'0 MaKCHUMAaJIbHa BiJcTaHb,
KOJINBaHb 3a KOJIMBAHHS Ha AKY BiIXUJIAETHCA TOUKA
OJIMHUITIO Yacy BiJ mOJIOXKeHHS piBHOBAru
Dopmyiia N t
v=—o T=—

I t N _
BU3HAYCHHA N — KiJpKicThb KOJIMBaHL

3a ygac t
OpuHNIA repIs

_ cekyHza (c metp (M
B CI (1T =1c?) yana () P ()
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3eepnimbe ysazy! Ilix yac momupeHHA MexXaHIYHOI XBUJII BCi acTUHU cepe-
IOBUIIA, B AKOMY IIOIITUPIOETHCA XBUJIS, KOJIUBAIOTHCA 3 OMTHAKOBOIO YaCTOTOMO (V),
110 JAOPiBHIOE YaCTOTi KOJIMBAHBb M:Kepejia XBuUJi, Tomy mnepion xkoauBaHb (T')

. 1 .
IJIS BCIX TOUOK CepemoBHUINlA Te)X € OOHAKOBUM, amke T =—. A or ammiairyza
v

KOJIMBAHb IIOCTYIIOBO 3MEHINYETHCSA 3 BigmaeHHAM BiJ m:Kepesia XBUJI.

BusHayaeMo [OBXUHY Ta WBUAKICTb MOLWMNPEHHA XBUIi

3rajgaiiTe HMOIMMPEHHS XBUJL MOTy3Koio. Hexall KiHenb MOTY3KU 3Iii-
CHUB OJHE IIOBHE KOJIMBAaHHA, TOOTO UYaC IOIIMPEHHA XBUJi JOPiBHIOE Of-
HOMY Tepiomy (tzT). 3a 1eil yac XBUWJIA IOIIMPUTHCS HA IIEBHY BimcTadb A
(puc. 17.8, a). Ilfo BimcTanb Ha3WUBAIOTH 008HCUHOK XBUJI.

[oBXunHa xBWAi . — BifCTaHb, Ha AKYy MoO-
LIMPIOETbCA XBMNA 3@ Yac, WO AOPIBHIOE ne-

piogy T:
A=vT,

e U — IIBUAKICTH MOITMPEHHS XBUJIi.

Odunuys dosxcunu xeuni 6 CI — merp:

[A]=1m. A B
HeBaxxo mmomituTu, 1110 TOUKY MOTY3KH, 6
AKi poaraIroBaHi omHa BiJ ogHOI Ha BimcraHi
ONHiel MOBKHWHM XBUJIi, KOJUBAIOTHLCS CUH-

A
XPOHHO — MalOTh OZHAKOBY ()a3y KOJLUBAHb
(puc. 17.8, 0, 6). Hanpuxian, Touknu A i B mo- @
TY3KH OJHOYACHO PYyXaIOThCS Bropy, OJHOYACHO
IOoCAraTh I'pebeHs XBUJi, IIOTIM OJHOYACHO 8 N

TMOYMHAIOTh PyXaTucA BHU3 i T. 1.
Cxopucrasmuces @Qopmysnow A=vT,

- Puc. 17.8. [lJoBXnHa XBUNi [OPIBHIOE
MOYKHA BU3HAUUTHU INBUIAKICTH IIOIIUPEHHSA

BifiICTaHi, Ha AKY MOLUNPIETbCA
XBUJIA 33 YaC OHOTO KOJIMBaHHS
(e TakoX BigCTaHb Mi>XK ABOMaA
MaeMO POPMYNY 63AEMO3E A3KY 008HCUHU, HAC- HanGAVKUMMKN rpebeHsaMU abo Mix
momu ma weudKocmi NOWUpenHs Xeuai — [ABOMa HaNbAMXKYMMK 3anagHamm)
dbopmyny xBuni:

. A 1
XBUJIi: U= T VYpaxoByrouwn, 1110 T =V, oTpH-

v=2Av
®dopmysa XBuUIi
Ao xeuns nepexodumsv 3 00H020 ce- D= \V

pedosuwia 6 iHuwe, W8UOKicmb il NOWUPEeHH
3MIHIOEMbCA; Hacmoma X6uJi BU3HAYAETHCA U — IIBHZAKICTH IIOIIH-
IKepeioM XBUJIi, TOMY 3aJUINAETHCSI HE3MiH- PeHHsI XBUJIi;
Hnow. TakuM YMHOM, BiAMIOBiZHO M0 hopMYyJIH A — HOBXKWHA XBUJIi;
V=AV y pasi mepexoay XBUJIi 3 OZHOTO Cepeo- V — 4YacToTa XBUJIi

BUIIIA B iHIIIEe 008M#UHA X8UJi 3MIHIOEMbCA.
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n Yunmoca po3B’AsyBaTn 3apadi

3apaua. [ITHypoM MOIMIUPIOETHCA MOIIePeYHa XBUJISA 31
mBuAKicTio 3 m/c. Ha puc. 1 moxasaHo HOJOMKEeHHS

. IIHypa B HNeBHUII MOMEHT Yacy Ta HAIPAMOK IIOIIH-
/ penudA xBui. CKOPUCTABIINCH PUCYHKOM i BBAYKalOuu,

. . .
B "/ 1[0 CTOPOHA KJITHHKHK JOpiBHIOE 15 cM, Bu3HAUTE:
1) ammaitTyny, mepiof, 4acTOTy i MOBXKUHY XBUJIi;
2) HAIpPAMOK, V SKOMY B JaHUII MOMEHT 4acy pyxa-
Puc. 1 orbesa Touku K, B i C mnypa.
Poszs’szanns

XBUJIA € IMOIEePEeYHOI0, TOMY TOUKH IMHYypa 3AiMCHIOIOTH KOJWBAHHA Iep-
HNeHINKYJIAPHO [0 HANPAMKY IIOIIMPEHHsS XBUJIL (PyXalmoTbCs BHU3-Bropy Oijd
MeBHUX TOJIOMKEeHb PiBHOBarm).

1) I3 puc. 1 6aunmo, 110 MaKCUMaJbHe BiIXUJIEHHS BiJ IIOJIOKE€HHS PiBHO-
Baru (amiaityma A xBuii) mopiBHioe 2 riaitmuakam. Otike, A=2-15cm=30cmMm.

Bigcraup mik rpebemem i sanmagmuoio — 60 cM (4 KIiTHMHKHI), BiamoBimHo
BificTaHb MiK ABOMA HaHOMMKUNMU IpedeHaAMU (IOBXKMHA XBHUJIi) BaABiui OiibIma.
Orxe, A=2-60cm=120cm=1,2 M.

YHacrory v i mepiox T xBuJi 3HAWIEeMO, CKOPUCTABIINUCH (POPMYJIOI0 XBUJIi:

v=7uv:>v=3=M=2,5 l=2,5 T
C

1,2Mm

1 1
T=—=—=0,4 (c).
v 2,5 ©

’

2) na BUBHAUEHHA HANPAMKY PYXy TOUYOK IITHYypa

W = . BUKOHAEMO J0IaTKOBY moOymoBy. Hexaii 3a HeBesu-

K/ ‘ A KHU# iHTepBaJ yacy At XBWJIA 3MiCTHJIACA Ha MEeAKY
! N 7 HeBeJUKYy BifgcTaub. OCKiJBKM XBUJIS 3MIiIyeThCs
B ‘/«i ~ BOpaBo, a il (popma 3 yacoM He 3MiHIOETHCH, TOUKU

IIHypa 3aliMyTh IIOJIOJKEHHA, AKi ITIOKas3aHo Ha puc. 2

TYHKTHUPOM.

XBUJIA € IONEPeYHOI0, TOOTO TOUKU IIIHypa pY-
XaIThCA NEPIEHANKYJIAPHO J0 HAIPAMKY IOIIUPEHHSA
xBui. I3 puc. 2 6aunmo, 110 Touka K uepes imTepBas uacy Af OMUHUTHLCA HUKUE
BiJl CBOTO MOYATKOBOTO TOJIOXKEHHS, OT:Ke, IIBUAKICTD ii pyXy HampAMJeHA BHUS;
TOuKa B mepeMicTuUThCA BUINE, OT:Ke, MIBUAKICTL I pyxXy HaIIpAMJEHa Bropy;
Touka C mepeMicTUThCS HUKUYE, OTKe, IMIBUAKICTD 11 pyxy HampsaMJeHa BHUS.

Bionosgiov: A=30cm; T=0,4c¢; v=2,5Tm; A=1,2 m; Touxu K i C pyxa-
I0ThCA BHU3, TOUKa B — Bropy.

Puc. 2

ﬁ_?u; Nip6uBaemo nigcymkm

Ilomupenua KoauBaHb y MPYKHOMY CEPENOBUINI HA3MBAIOTh MEXaHIUHOIO
xBuJe0. MexaHiuHY XBUJIIO, B AKifl YaCTUHM CEPEIOBUINA KOJMBAIOTHCA
NePUeHANKYJIAPHO OO0 HANIPAMKY MOIWPEHHA XBUJi, HA3UBAIOTH IIONIEPEYHOIO;
XBUJIO, B AKiN YaCTHUHU CepelOBHUINla KOJIUBAIOTHCA B3JOBXK HANIPAMKY IIOIIH-
PEHHA XBUJi, HA3WBAIOTh ITO3/I0BYKHBOIO.
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§ 17. BUHMKHEHHA Ta MOWMPEHHA MeXaHiuHNX XBrb. Di3NYHi BENNYMHMN...

XBUJIsS MOIMIUPIOETHCA B IPOCTOPI HE MUTTEBO, a 3 IeBHOIO IBuUAKicTiO. ITifx

yac MOINMPEHHS XBUJI BiIOyBaeThCA MepeHeCeHHs eHeprii 0e3 IepeHecen s pevo-
BUHU. BifcTaHb, HA AKY HOIIMPIOETHCSA XBUJA 3a Yac, 1110 JOPiBHIOE Mepiony, Ha-
3UBAIOTH JOBXKHUHOIO XBUJIL — IIe BilcTaHBb MiK JBOMAa HAHOJIMKUYMMU TOUKAMI,
AKi KOJIMBAIOTHCA CUHXPOHHO (MalOTh OOJHAKOBY (hasy KOJMBaHb). [loB:KMHA A,
YacToTa Vv i MBUAKICTL U NOIIMPEHHS XBUJII IOB’A3aHi (POPMYJIOI0 XBUJIL: U=AV.

) o

>, {

KoHTponbHi 3annuTaHHA

Bnpasa N2 17

1. Ha puc. 1 mokasaHo IOIMUPEHHA XBUJIi MOTY3KO0I0 (a) i mpykuuoio (6). Busnaure

1. JlajiTe o3HaueHHA MexXaHiuHOl xBuai. 2. OnuiIiTh MexaHi3M yTBOPEHHS Ta II0-
mIUpeHHA MexaHiuHoi xBuJji. 3. Ha3BiTh OCHOBHI BJIACTMBOCTI XBUJIBOBOTO PYXY.
4, fIxi xBuJIi Ha3WMBAIOTh MO3M0BKHIMHU? morrepeyHuMu? ¥ SKUX CEPEIOBUIIIaX BOHU
nomupoooTbea? 5. Ilo Take moskmHa xBuii? Bix doro Bona same:xkuts? 6. Ak
moB’sA3aHi JOBKMHA, YacTOTa i IMIBUAKICTh MOIMTUPEHHA XBUJIi?

MOBIKUHY KOMKHOI XBUJIi.

2. B okeani moB:kunua xBuJji carae 270 m, a ii mepiox mopiBuioe 13,5 c¢. Busnaure

HIBUAKICTD MOMIMPEHHA TaKOl XBUJIi.

3. Yu 36iraroThcdA IIBUAKICTD HMOIIMPEHHA XBUJI Ta MIBUIKICTHL PYXY TOUOK cepe-

IOBUINA, AKUM IOIIUPIOETHCA XBUIA?

Yomy MexaHiuHA XBUJIA He MOMIUPIOETHCS ¥ BaKyyMmi?

V pesyabrari BHOyXy, 3p00JIEHOr0 I'e0JIOraMy, B 3eMHIN KOPi MOMINPUIACST XBUJIS
3i mBuaKicTio 4,5 KM/c. Bigbura Bix rauboxkmx miapiB Semuti, 1A XBUJIA OyJia
sadikcoBana Ha nmoBepxHi 3emui uepes 20 c¢ micasa BuOyxy. Ha akiit raoubumi
3aJIdrae Iopoja, ryCTUHA AKOI PidKO BiapisHseTbCs Big rycTuHM 3eMHOI Kopu?
Ha puc. 2 3o0pakeno aABi MOTY3KM, IKMMU IIOIINPIOETHCS MOIEPEYHA XBUJIA.
Ha xo:xuifi MoTy3Ii mOKasaHO HAIIPAMOK KOJWBaHb OomHiel i3 il Touok. Ilasa
KOJKHOT'O BUIAIKY a i 6 BU3HAUTE HAIIPAMOK IIOIITMPEHHS XBUJIi.

Ha puc. 3 300paskeHo mMOJIOKEeHHA ABOX ITHYPiB, SKUMHU IIOIIUPIOETHCSI XBUJA,
IOKa3aHO HANPAMOK IOIIMPEHHA KOXHOI XxBuji. CTOpoHA KJIITMHKU JOPiB-
"HIo€ 20 cM. [{yd KOKHOTO BUNAJAKY a i 0 BU3HAUTE:

1) ammniTyny, mepion, MOBMKUHY XBUJI;

2) HanpPAMOK, Y AKOMY B TaHUU MOMEHT Jacy pyxamThcd Touku A, B i C muypa;
3) KiJmbKicTh KOJIMBaHb, 110 POOUTH OyAL-AKa TOUKa ITHypa 3a 30 c.

8. Jlioguua, cTosun Ha Oepesi Mopsi, BUBHAYMJIA, III0 BiJCTaHb MiK cycimHiMu rpe-

OeHSIMU XBUJIb, IKi HAYTH OGHA 3a OOHOIO, HopiBHIOE 15 M. Kpim Toro, Boua miz-
paxyBaia, 1110 3a 75 ¢ ;o OGepera moxXoauTh 16 XBuIbOBUX rpebeHiB. Busnaure
IIBUAKICTH IIOIINPEHHS XBUJIb.

6 a/ \_/ g S 4 k \
MR~~~
~e.
1 gaitTuaka — 1 em 6 \/ \ 6 £ B =20 T'nx

Puc. 1 Puc. 2 Puc. 3
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Poszgin Ill. MEXAHIYHI TA EJIEKTPOMATHITHI XBWJI

§ 18. 3BYKOBI XBWJ1l. IHOPA3BYK | VJIbTPA3BYK

Mwu xuBemo B okeaHi 3ByKiB. LLlo ABnAoTb coboto 3BYKM? AK BOHU yTBOPIOIOTLCA? YoMy
HEMOKNNBO MOYYTWN FYPKIT PaKeTHUX ABUTYHIB y KOCMOCI? Yomy rpim uyTu ni3Hiwe 3a
cnanax 6nmckaBku? [nA 4oro B CTYAisX 3ByKO3amnucy CTiHWM BKPUBAIOTb LIAPOM 3BYKOMO-
rMYHaNbHUX MaTepianie? AK y NOBHI TemMpsBi KaxaHu Ta AenbdiHN 3HaxoAAaTb 3406M4?
Cnpobyemo 3HalTK BIgNOBIAi Ha L 3anuTaHHA.

Puc. 18.1. licna Toro

AK KiHeUb NiHilKn 6yge
BiANyLUEHO, NiHiNKa NoyHe
KONMMBATWCA Ta BUMPO-
MiHIOBaTM 3BYK

Puc. 18.2. Hixkn kamep-
TOHa KONMUBAIOTbCA 1 TOMY
BUMPOMIHIOIOTb 3BYK
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n 3HalloMnMocCh i3 gKepenamm
Ta npumaydyamm 3BYKY

IlpuTucHiTh M0 Kpalo cToJia OOWH KiHenb JiHiAKU
i cMukHITS i1 3a BiIbHUN KiHellhb — BiH IIOYHE KOJIMBa-
THUCH, a BU IouyeTe 3BYK (puc. 18.1). Piu y Tim, 110 Ko-
JUBAHHSA JiHIAKY BUKJINKAE 3TYIIEHHA i PO3piIKeHHs
TOBITPSA 1 AK HACHiZOK — mepioguuHi 30iJbIIEeHHS Ta
3MEHIIEHHs THCKY B 30HI KoauBaub. CTUCHYTE IOBiTPA,
HaMaramouuch PO3IIMPUTUCS, THCHE Ha CYCimHi 1mapm,
Texx cTuckyoum ix. Tax Bim mimifiku B yci 60Ku mo-
YMHAE IIOIIMPIOBATUCS MO3M0BXKHSI MexXaHiuHa XBUJIA,
AKa BPEIITi-peIrIT JoCATae BAIoro Byxa. THUCK IIOBiTpaA
0isisgs ByIIHOI MeMOpaHM IMIepPioOAMYHO B3MiHIOETHCH,
i mem0OpaHa mouMHAE KoJuBaTucd. Kimemns JiHilKH
KosimBaeThbea 3 yacrororo moHan 20 I't;, came 3 Taxoro
YacTOTOI0 MOYMHAE KOJMBaTHCA W BYIIHA MeMOpaHa,
a KosnuBaHHA 3 yacToroo Bix 20 mo 20 000 It srropuua
CpUUMAaE AK 3BYK.

3BYK — Ue ¢i3nyHe aABuLLe, WO ABNAE CO60I0 Mexa-
HiuHy xButo yactoTolo Big 20 go 20 000 Iu.

Hsxkepesia 3ByKy — Ie pidHOMaHIiTHI Tija, IO
KoamBaioThbed i3 uactororo 20—20 000 I'n. Tak, mxepe-
JIaM¥ 3BYKY € MeMOpaH! HaBYITHUKIB i CTPyHU My3UU-
HUX iHCTPYMEHTiB, AM@MYy30pU T'yUHOMOBIIB i Kpujia
KOoMax, YaCTUHU MaIlluH ToIro. ¥ Tpyb6i, duieirTi,
CBUCTKY B3BYK YTBOPIOETHCA KOJMBAHHSAM CTOBIIA
noBiTpA BcepenauHi imcTtpymeHTiB. I'ostocoBi amapartu
JIIOAVHY ¥ TBapUH TAaKOX € JJKepeslaMUu 3BYKY.

? Hasenirs 1mie Kinbka OpUKJIALiB O:Kepesa 3BYKY.

A BUBUEHHA 3BYKY 3PYyYHO BUKOPUCTOBY-
Batu kKamepmon (puc. 18.2). Ileit mpuctpiit aBasiE co-
0010 MeTaJieBy «pPOTaTKy», 3aKpPilJieHy Ha CKPUHBIII,
B AKi# BiACYTHA OogHA CcTiHKA. SIKIIIO I'YMOBUM MOJIO-
TOYKOM yAAapPUTH IO HiKKaX KaMepPTOHa, TO KAMEPTOH
BUITPOMiHIOBAaTUME SICHUU JOBTUH 3BYK, AKUH IIOCTY-
IOBO cJjalIae, ajie He 3MiHIOE CBO€EI 4acTOTH.



§ 18. 3BykoBi xBuWJIi. IHPpPa3ByK i ynbTpasByK

Y mpuiimauax 3BYKY Bin0OyBaeThca Iepe-
TBOPEHHA 3BYKOBUX CUTHAJIIB HA iHIII cUrHAJU,
3aBIAKY YOMY 3BYK MOKHA CIPHUIIMaTH Ta aHaJi-
syBatu. [lo mpuiimauiB 3ByKYy, 30KpeMa, HaJie;KaTh
OpraHu CIyXy JIOAVWHU Ta TBApUH, — B IIUX Op-
raHax 3BYKOBi (MexaHiuHi) KOJIMBaHHS IE€PETBO-
PIOIOTHCS HA HEPBOBI iMmyabcu. ¥ TexHIimi mas
NpUAMaHHS 3BYKY 371€6iJIbIIIOr0 3aCTOCOBYIOTH IIe-
peTBOpIOBaUi, B AKMX 3BYKOBI KOJIMBAHHA 3a3BU-
yaii 1IepeTBOPIOIOThCA Ha ejeKTpuuHi (puc. 18.3).

E Bumiploemo WIBMAKICTb NOWMPEHHSA 3BYKY

Aximo Mum 3majJeka 0auyMMO MOMEHT 3a-
po:KeHHA 3BYKY (yAap [A3BOHA, CILJIECK IOJIOHBb
TOII[0), TO IIOMiYaeMO, IO BJIACHE 3BYK MU UYEMO
yepes MeBHUII iHTepBaJ dacy. 3HAIOUHM BiACTaHb
IO I:KepeJia 3BYKY Ta Yac 3allisHeHHsI, MOYKHAa BU-
MipATU MIBUAKICTH MONIMPEHHA 3BYKY B IIOBiTPi.

Yueprie weudkicmsv NOWUPEHHA 38YKY
8 nosimpi BUMipaB (ppaHIy3bKuil yuenuit Mapin
Mepcenn (1588-1648) y 1636 p.

3a remneparypu 20° C mIBUAKICTH 3BYKY
B MoBiTpi craHoBuTh mpubamsuo 340 m/c. Ile
MaliyKe B MiJIBMOH pas3iB MeHIIe BiJ IITBUIKOCTI
morupeHHsa ceitiaa. Came ToMy I'piM YyTHO IIis-
Hillle, HiK BuUAHO cHaJiax OiauckaBKu (puc. 18.4).

Illsudkicmb nOWUPEeHHS 38YKY 3AJEH UMb
8i0 memnepamypu, 2ycmuHu, ckaady ma iHWUxX
xapaxmepucmukx cepedosuwa. Tak, y pigumHax
3BYK IIOIIMPIOETHCS ITBUIIE, HijK Y rasax, i mo-
BiybHIiIIE, HixK y TBepaux Tinax. [IIBuakicTs mo-
IIUPEHHA 3BYKY 3a3BUYall 301JIbITYeThCA 31 30iJ1b-
IIeHHAM TeMIlepaTypu cepenoBuirna. o Toro x
YUM MeHIIIa Maca MOJIEKYJI CepemoBHIla, TUM
MIBUAIIE MOMINPIOETHCA 3BYK. Po3B’A3yroum 3a-
Iadi, BUKOPHUCTOBYBAaTUMEMO ITPUOJIM3HI 3HAUEHH S
MIBUAKOCTI IIONMIMPEHHA 3BYKY (AMB. TAOJUITIO
Ha c. 120).

Puc. 18.3. Y MikpodOHi 3BYKOBI
KOJIMBAHHA NepPeTBOPIOITLCA
Ha eneKTPUYHi

Puc. 18.4. AKwo rpo3sa Big Hac
Janeko, TO FrypKiT rpoOMy MOXHa
noyyTn HaBiTb yepe3 10-20 ¢
nicna cnanaxy 6aMcKaBKm

Ilepri TouHi BuMiploBaHHA wWeuUdKocmi NOULUPEeHHA 38YKY Y 600i 3MINCHUIN BUEHI
3i lIsetintapii /KHan Koanaadon i Hlapav Imypm y 1826 p.

OpnuH i3 gocaigHUKIB cuaiB y yoBHI Ha JKeHeBCchbKOMY 03epi Ta BAApsaB IO 3aHype-
HOMY y Boay n3BoHY. OmHOUYACHO 3 yIapoM Bifi0yBaBcs criajax mopoxy. I[pyruii mo-
CIiTHUK, TTepe0dyBaioun Ha BigcTaHi 16 KM, BUMIpIOBaB yac MisK CIIaJIaXOM IIOPOXY
Ta 3BYKOM BiJ ymapy A3BOHA, AKWU BiH UyB uepe3 3aHYPEHY y BOAY o3epa Tpyoy.
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Ilpubnusni 3HaveHHA
weudKocmi nowupeHHs

38YKY 8 deaxux cepedosuuiax

Cepemosuirie v, M/C
Bona 1500
Bopensn 1250
3aJiso, crauab, uaByH | 5000
IToBiTpsa 340
CkJro 4500

Puc. 18.5. AKuo noknactn
MOGinbHMI TenepoH nig Kyrnon
NOBITPAHOrO Hacoca i BigKayatu
NoBITPA, TO CUrHaNy BUKINKY
MW He MOYYEMO

Kpim ryusnocTi Ta BuU-
COTH TOHY MU pO3pPi3HA-
€MO 3BYKHU 3a TEMOPOM: Ty
caMy HOTY, B3ATY Ha POsJIi,
cakcodoHi abo pisHEMU
JIOABMU, MU CIIPUAMaAEMO
no-pisHomy. Taki pisHoma-
HiTHI <«BiATiHKH» B3BYKiB
i HasWBaIOTH TEeMOpPaMM.
Piu y Tim, mo 3ByKHu €
CKJIAMHUMMU: KPiM OCHOB-
HOI yacToTH (3a AKOI0 MU
7 OITiHIOEMO BUCOTY 3BYKY)
OyIob-AKWI 3BYK MiCTUTH
Kimbka Oigbmr ciabKuUX
i OGiJIBIII BUCOKUX IOLATKO-
BUX YaCTOT — 00epMOHiE.
Yum 6inbire o00epTOHIB
MiCTHUTHL OCHOBHUM B3BYK,
TUM BiH OaraTimuii.

120

? IlpoananisyiiTe Tabsuiro. Yomy, Ha Balry
OIYMKY, IIBUAKICTh IIOIMIUPEHHA B3BYKY
y BOmHi OinbIia, Hisk y mosiTpi, a B cTaJi
GiybIria, HidK y BOmi?

3seprims ysazy! OcKinbKM 3BYK — Iie Me-
xXaHiuHa XBUJIA, a OJId IIOIIINPEHHdA MeXaHiuHOI
XBUJIL HEOOXimHe cepenoBUIIlE, 36YK06A XEULA He
nowupwemuvea y eaxyymi (puc. 18.5).

BuBYaeMo xapaKTepucTUKN 3BYKY

3BYKH pPi3HOI UYacTOTH MU CIPUAMAEMO
AK B3BYKHW PIBHOTO TOHY: YuM OilbULOI € YAC-
moma 38yKyYy, mum 6uliuil TOH 3BYKY, i HABIaKU.
Mu serxko BiapisHAEMO BUCOKHII TOH M3MMKYAHHA
KoMapa BiJ HM3BKOTO TOHY TYAiHHA IXKMeJd,
3ByUYaHHSA CKPUIIKM — BiJ 3ByYaHHA KOHTpabaca.

T'yunicts 3BYKYy BH3HaUYaeThCs HacaMIie-
pen amnaimydoin 3BYKOBOI XBUJIi (HaiGiJIBIIIOO
3MiHOIO THMCKY B 00JIACTi CIIOCTEPEKEHHS): UUM
OispIlIa aMILTiTyZa, TUM TYUYHIIIUHA 3BYK. IIpoTe
TYUYHICTh 3BYKY TAKOJK 3aJIeKiTh BijJf IOTO TOHY
(uacToTu 3BYKOBOi xBuJi). JIIoAChKe BYyXO [0-
CHUTB IIOTAHO CIPUIMaE 3BYKU HUSBKUX (0JIU3BKO
20 I'm) i Bucokux (6amspko 20 000 I'm) uacror,
HalKkpatmie — cepegHix yactor (1000—-3000 I'm).

Y xopai mommpeHHs 3BYKY BiZOyBaeThCs II0-
CTYIIOBE PO3Cil0BAHHS MA 32ACAHHA 38YKY, TOOTO
3MEHIIIeHHA HOro I'yYHOCTi. SHaHHA 3aKOHOMipHO-
CTell pO3CilOBaHHA 3BYKY € BaXKJIUBUM [JIA BU3HA-
YeHHA JAJTBHOCTI TIOIUPEHHS 3BYKOBOTO CUTHAJY.
Tak, Ha maJabHICTL MOINMPEHHSA 3BYKY B IOBITpPi
BILIMBAIOTH TeMIleparypa ¥ arMoc()epHUil TUCK,
cmyia ¥ MIBUAKIiCTH BiTpYy ToImmo. IHKoMM B rornbu-
HaX OKeaHy YTBOPIOIOTHCS YMOBHU JJIA HAIIAJIEKOTO
(momax 5000 KM) mOIIMpPEHHSA 3BYKY — B TaKOMY
BUTIAJKY KaXKyTh ITPO ITiJBOMHUI 3BYKOBUI KaHAJ.

n Cnocrepiraemo Bif6MBaHHA 3BYKY

SKII0 HOPiBHATH IOMIMPEHHS 3BYKY 3 IIO-
IIMPEHHAM CBiTJIa, TO MOXKHA IIOMITUTH IeAKi
ciiyibHiI pucu. I 1e He € BUIAaAKOBUM: CBIiTJIO Ta-
KOJK € XBUJIeIO, ajie He MexXaHiuHoio (Ipo Iie BU
nisHaerech misHimie). Ha merxi mominy pisHmx
cepeoBUIl 3BYKOBA XBUJIA, AK 1 CBiT/IO, 3a3Hae
3aJI0MJIEHHS, IOTVIMHAHHSA Ta BigOuBaHHA. 3yHu-
HUMOCSA JeTaJIbHillle Ha BiAOWBaHHI 3BYKY.



§ 18. 3BykoBi xBuWJIi. IHPpPa3ByK i ynbTpasByK

SKI110 cTaTy HemaJieKo Big ckeJii a00 IIOOJMHOKOTO
XMapo4oca Ta MJIECHYTU B JOJIOHI UM I'YUYHO KPUK-
HYTH, 4epe3 HeBeJMKHUI iHTepBaJl dyacy IIOUYyeEMO
noBTOpeHHsA 3BYKY. lle — sidaynua (puc. 18.6).

BignyHHa — ue 3ByK, BinbuTuiA Big BigaaneHoi
nepeLuKoau.

SIKIT0 BiACTaHb M0 IMEPEITKOAU € JOCUTH Be-
JWKOIO, & 3BYK KOPOTKUM (yIap, OIlJIeCK, CKPHUK),
MU UYEMO UiTKe IMTOBTOPEHHSA 3BYKY. SIKIIO 3BYK €
IOBTUM, TO BiIJIYyHHA 3MIiITyeThCA 3 MePBUHHUM
3BYKOM i Binbutuii 3ByK Oyze Hepo30ipJamBuUM.

Puc. 18.6. BinnyHHA yTBOPIOETDL-
? Yomy, Ha BaITy IYMKY, i 4ac I'po3u, micad  CA BHACNIAOK BIAGUBAaHHA 3ByKY
TOrO AK IIPOJIYHAE MEPIINI yxap IpoMy, MU
e JeAKUi Yac 4yemMo HOoro ryprir?

Ha sasuii BigbuBauHSA 3BYKY I'PYHTYETBHCS Oisl IIYMO3aXMCHUX €KpaHiB,
SAKi BCTAHOBJIIOIOTH Y3I0BXK aBTOMOOiLJILHUX Tpac i 6iasa aepomopris. [ocuimgkennsa
BiOMBaHHsA, PO3CiIOBAHHS Ta 3racaHHS 3BYKY B rasax, pifuHax i TBepamx Timax
I03BOJIAE OTPUMATH iH(pOPMAIifo IIPO BHYTPIIIHIO OYIOBY CEepemOBUIA, AKUM II0-
IMIUPIOETHCA 3BYK.

H Po3pisHAemo iHppas3ByK i ynbTpasByK

3BYKOBi XBMWAi, YyacToTa AKMX MeHwa 3a 20 [y, Ha3mBaTb iHPpasByKOBMMM
(Bim naTuH. infra — HUXKYe, IIinx).

IrdpasByKoBi XBUJIi BUHUKAIOTH ITIil Yac POOOTH JeAKUX MexaHidMiB, y pasi
BuOYXiB, 00BaJIiB, IOTYKHUX IIOPUBiB BiTPY, IIiJ Yac IITOPMY, 3€eMJIETPYCY TOILO.

IndpasByk € ny:ke HeOe3meUHUM JJs TBAPUH i JIOAWHN: BiH MOXKe BUKJIU-
KaTu CUMIITOMY MOPCBHKOI XBOpOOU, 3aIlaMOPOUYEHHS, 3aCilJIeHHA, CIPUUYNHUTHU
OiIBUINIEHY arpecuBHICTb. ¥ pasi TpuBaJjol ail iHTeHCHUBHE iH()pPa3BYKOBE BUIIPO-
MiHIOBaHHA MOJKE IIPU3BECTU M0 3yIUHKU cepliA. IIpu 1iboMy JIIOAWMHA HABITH He
posyMie, 1110 BiZOyBa€eThCs, agke BOHA He Uye iH(ppPa3ByK.

3BYKOBI xBUi, YacToTa AKMX nepesuLye 20 K,
Ha3MBalOTb yNbTpasBYKOBUMM (Bif JaTuH.
ultra — moHaz, 3a MexxKaMmn).

YabTpasByK HaIBHUU Y IITYMi BiTpy Ta BOJO-
crany, V 3ByKax, AKi BUJAIOTh JedAKi KUBi icToTH.
3’sacoBaHo, 110 yabTpasByk A0 100 xI'i cupuiima-
IOTh OaraTo Komax i rpusyHiB (puc. 18.7); yios-
JIOI0OTH TaKi KoamBaHHA # cobaku. IlikaBo, 110
IiTw, Ha BiAMiHY BiJ ZOpPOCIMX, TaKOXK YYIOTh
yABTPasByKoBi curaauu (zo 24 000 I'm). Puc. 18.7. YnbTpa3ByKoBui Bu-

Heski icToTm 3aCTOCOBYIOTH YJIBTPa3BYK NPOMiHIoBay AN1A BiANAKyBaHHA
nasa opieHrariii abo mosoBamHA. Tak, Ka)anu KoMmax
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Poszgin Ill. MEXAHIYHI TA EJIEKTPOMATHITHI XBWJI

Byxa rakana
CIPUUMAIOTh
BiITyHHS

Kaxkan
BUIIPOMiHIOE
VJIBTPa3BYK

3BYK
BimOuBaeThCA
BiT KOMaxu

Puc. 18.8. lig yac nonoBaHHA
KaXaHW «3aCTOCOBYIOTb»
exosfioKaLito

Puc. 18.9. BumipioBaHHsA
rMMOMHY BOAOMM 3a [OMOMOroio
exonokKauii
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Ta neab(hiHM BUIPOMiHIOIOTH YJIBTPA3BYK 1 CIpUA-
MaioTh HOro BiAJYHHS, 3aBISKM YOMY BOHU Ha-
BiTBH y IOBHi# TeMPSABi MOKYTH 3HAWTHU AOPOTY ado
crmifimaru 3q06my. KasyTh, 110 B TAKUX BUMAAKAX
TBAapPUHU KOPUCTYIOTHCA exosokauicio (puc. 18.8).

Exonokauisa — cnoci6 BUABNEHHA 1 OTPYMaHHSA
iHbopmauii Npo 06'eKT 3a 4OMOMOTOI0 BifIyHHS.

Jlronu HaBUMIIMICA 3aCTOCOBYBATU €XOJIOKA-
IIiI0 B PiBHUX rajy3ax, IPUUOMY HaluacTiIne s
€X0JIOKAIlil BUKOPUCTOBYIOTH caMe YJIbTPa3BYK.

Hanpuknan, y meaguiiuHi exoJiokallid mo-
3BOJIAE «IIO0AUUTH» II[e He HAapOA KeHe HeMOBJIA,
JOCJIIANTU CTaH BHYTPIMIHIX OpraHiB, BUABUTU
CTOPOHHI Tijla B TKaHWHAX. ¥y TEXHIMi exoJo-
KaIlifo 3aCTOCOBYIOTH IJisI BUABJIEHHA Ae(EKTiB
y BUpobax, BUMipIOBaHHSA TJIMOMH MODiB i OKeaHiB
(puc. 18.9) Ta iH.

Kpim Toro, yapTpasByKOM 3HE3apaKyIOTh
Xipypriu"i iHcTpymMeHTH, JiKHW, PYKH Xipypris
TOIO. JIiKyBaHHA 3a JOIOMOTOI0 YJIBTPasBYKY
iHOJi TO3BOJIAE YHUKHYTU XipyPriuvHUX OIepalrii.

VYabTpasByK 3aCTOCOBYIOTH TAKOMK IJA 00-
PoOKM MIiITHMX MaTepiajiB, OUMIIEHHS IIOBEPXOHb
Bizg 3a0pyaHEHB TOIIO.

KoHTponbHi 3annuTaHHA

(B ¢
WL IITo Take 3ByK? 2. HaBemiTs npukjganm mxe-
@

pen i mpuiimauiB 3BYyKy. 3. Homy moKepeJsio
3BYKY BUIIpoMiHioe 3ByK? 4. Bim uoro 3aiexuth
MIBUAKICTD TOIMUPEeHHA 3BYKy? 5. Koo dismy-
HOIO BEJMUYMHOI0 BU3HAYAETHCS BUCOTA TOHY?
6. Yum Bu3HauaeThCA ryuHicTs 3ByKy? 7. Ha-
caigkom skoro sBuiia € Bignyuua? 8. Illo rake
indpassyk? fK BiH BuauBae Ha Jgoauny? 9. Illo
Take yJabTpasByk? HasemiTh mpuragm 3acTo-
CYBaHHA YJbTPa3BYKy B NPUPOMi, MeIUIIUHI,
rexuimi. 10. IIlo Take exosokaIisa?

Bnpasa N2 18

1. HixkKu KaMepTOHa KOJMBAIOTHCA i3 UACTO-
1010 440 I't. Yu cipuiiMaeMo MU XBUJIIO, IO
TOIITUPIOETHCA Bifl Hi’KOK, AK 3BYK?

2. Yomy MeTenuKa, SAKUH JETHUTh, HEe UYTH,
a KOJIM JIETUTh KOMAp, MU UYEMO A3MKUYAHHI?

3. BusmauTe mOBXKUHY 3BYKOBOI XBUJII UaCTO-
Tor0 4 kI'm y moBiTpi; Boxi; craui.



§ 18. 3BykoBi xBuWJIi. IHPpPa3ByK i ynbTpasByK

Yomy MysuKa i rosiocu cuiBakiB mo-pisHOMy 3ByUaTh y IIOPOsKHIiN 3aJi ¢ y 3auti,
3aMOBHEHil my0aiK0o0?

3a I0IIOMOr0I0 YJIbTPasByKy BUMipoBaJu riubuny mopsa (aus. puc. 18.9). Cur-
HaJI, BigbuTuii Big MopchbKOro mHAa, OyJo 3adgikcoBaHo ueped 4 ¢ micas ioro
BignmpaBieHHA. Koo € TinOuHA MOpA B Micii BumipioBaHHA?

6. CKinbKU KOJIMBaHb 3OiHCHIOE IKEpeJio 3BYKY 3a D ¢, AKINO AOBKHHA XBUJIL
B MOBiTpi mopiBHIOE 1 M?

7. Illsudrxicmb nowlupeHHnsa 36YyKy 6 memaJii IePIINM BUSHAYUB (DpaHITy3bKUH (i~
suk MHtan-Bamucm Bio (1774-1862). Bin BuKopucraB 4aByHHY TPyOy IIapu3b-
Koro BozoroHy (3aBmoB:kKKu 951 m). Kosu mo omHOMY KiHIlI0O TpyOuM Bapsaau
MOJIOTKOM, TO 3 APYTOoro KiHIlA uyawm moaBitiHuii ymap. Ha ckinbku cekymH
3BYK, AKHUH iIII0B 4YaBYHOM, OOTaHAB 3BYK, II[0 HIITOB MOBITPSAM?

8. CkopucraiiTech HOJaTKOBUMMU OKepeaamMu indopmariii Ta mismaiiTech, Ie BU-
KOPUCTOBYIOTh YJIBTPas3BYK.

9. CkopucraiiTech JOAATKOBUMU I:KepeaaMu imgopmairii Ta gisHaiiTech Ipo BILINB

HIyMy Ha 3I0POB’s JIOAWHU. K MaKCUMaJbHO 3MEHIITUTHY MIKiIJIUBY Iif0 1I1ymy?

I»xepeJio cBiT/Ia i A3epKaJio poaTalroBaHi Ha ogHiM mpamiit Ha Bigcraui 10,8 Km

oxHe Bij ommoro. Uepes AKUII yac craJiaX CBiTJia JOCATHE I3epKaJia Ta MOBEP-

HeTbCA Hasanm?

W ExcnepumeHTanbHi 3aBgaHHA

M' 1. «Maiixuce Ilipazop». ocaigykeHHA 3BYKiB, AKi, KOIMBAIOYNUCh, BUJAE CTPYHA,
3nificHioBaB I1e gaBHbOrpelnbKuii yuenuii Iligpazop (VI ct. no H. €). Bin BuBuaB
3aJIeKHICTh BUCOTH TOHY 3BYKY BiJl MOB:KUHU CTPYHU. CKOPUCTABIINCH HATAT-
HYTOI0 HUTKOIO, 3’CyiiTe, IK BHCOTA TOHY 3aJIE}KUTh BiJ HOBKUHU HUTKH.
2. «Mysuuna ainiitka». IloBTOpiTh HOCHiz, 300paskenmii Ha puc. 18.1. 3MeHUTyIOUN
JMOBXKUHY YaCTUHU JIHINKHU, 110 KOJIUBAETHCS, JOBEAITh, 1110, YUM IIA JOBXKUHA
MEHIIIa, TUM OiJIBIIIOI0 € YacTOTa BUIIPOMiHIOBAHOTO 3BYKY.
3. «Yymausea kynvka». BukopmcraBmiu mifBimmeHy Ha HUTIL JeTrKy KYJIbKY, J0-
BeiTh, IO HiJ Yac BUIPOMiHIOBAHHS 3BYKY HiKKM KaMepTOHA KOJHUBAIOTHCS,
a I'YYHICTH 3BYKY 3aJI€KUTH BiJ] aMILIITyAV KOJVUBAaHb.

®disuka i TexHika B YKpaiHi

Bopuc MaBnoBuu Npa6oBcbkuin (1901-1966) — yKkpaiHCbKMin i3k
i BMHaxXigHUK, TBOpeLb eIeKTPOHHOI CUCTEMW NepefaBaHHA PyXOMOro
306pakeHHA Ha BigcTaHi (Ha i NpUHUMNax Npauoe cyyacHe Teneba-
YEHHSA); CMH BMAATHOrO yKpaiHcbKoro noeta lNaena paboscbKoro.

Mepwwin BuHaxig b. M. MpaboBCcbKOro — KaTogHWUA KOMyTaTop, AKMiA
CTaB OCHOBO ANA NOOYAOBY MepenaBasbHOl TeNeBisiiHOT TPYOKY, a Ha-
CTYMHWUI — MPOEKT TeneyCcTaHOBKM, AKY aBTOP Ha3BaB «pagioTenedor.

26 nunHa 1928 p. y TawKeHTi BigbYBCA eKCrNepUMEHT, Nif Yac AKOro
BnepLue y CBiTi 3a JOMNOMOrO e/IeKTPOHHOIO MeTOAY TPaHC/oBanoca
pyxome 306pakeHHs (06n11Myua nabopaHTa).

Cepep BuHaxofiB bopuca [paboBCbKOro — ManoniTpakHUI refikonTep, TPUKPUIKIA nia-
Hep, Npuiag Ana opieHTaLii cninux i anapat AAA MyXOHIMUX. 3aMaTeHTOBaHy BYEHVM ifeto
OTPVMAHHA KaTOOHOrO MPOMEHA 6yNo YCMiHO BMKOPUCTAHO B IHCTUTYTI enekTpo3Bapto-
BaHHA, MPO WO BUHAXiZHUKOBI MMCaB 0COBUCTO ANPEKTOP IHCTUTYTY akagemik b. €. MaToH.

Y 1977 p. B TalwkKeHTi 3acHoBaHO My3eli eneKTpoHHoro TenebayeHHs imeHi b. lpabos-
cbKoro. € my3en bopuca lpaboBcbkoro B TiomeHi, a Takox y ceni MNywkapHomy (tenep pa-
60BCbKOMY), WO Ha CyMLLMHI.
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Poszgin Ill. MEXAHIYHI TA EJIEKTPOMATHITHI XBWJI

JIABOPATOPHA POBOTA N° 6

Tema. [docnigXeHHA 3BYKOBMX KOJMBaHb Pi3HO-
MaHITHUX [)Kepen 3BYKY 3a AOMOMOrOK CyyacCHMX
UMbpoBUX 3acobiB.

MeTa: 3'AcyBaTy 3B'A30K MiXK XapaKTepucTnkamm
3BYKOBOI XBWIi (@mMnniTyfa, YyacToTa) Ta ryyHicTio 1
BMCOTOIO TOHY 3BYKY.

O6nagHaHHA: Komn'loTep (@60 MobBinbHWI TenedoH)
i3 NporpamH1m 3abe3neyeHHsM A5 3anncy 3BYKY Ta
06po6KMN oTpumaHoro ¢danna (Hanpviknag, aygiope-
pnaktop WavePad), MikpodoH, KaMepToH, reHepaTtop
3BYKOBMX YacTOT (abo nporpama «KamepToH»).

TeopeTnuHi BigomocTi

dopma zanmmcy 3BYKY MOKe OyTuU PisHOIO: MarziTHa,

ONITUYHA, ITu(ppPoBa TOIO. 3aliC 3BYKY B KOMII'IOTepax —

BUKJIIOUHO Iu(poBUii. 3anucaHuii 3BYyK 30epiraerbcs

B ayzmiogaiiai Ta micaa o6poOKu MoKe OyTH IOJaHUIT Ha

MOHITOP KOMII'IOTEpa y BHUIVIAAL HyJbCyOuoro rpadika,

AKUH BigOuBae 3MiHY THCKY B 30HI IPOCIyXyBaHHS uepes

piBHIi HeBesuKi iHTepBasuM yacy (JUB. PUCYHOK). T 10 mc

3a rpadikomM MOKHA OIiHUTH:

1) zyunicmb 36yKy — BU3HAUAETHCA aMILIITYHOI0 A 3BYKOBOI XBUJIi;

2) moH 38YyKYy — BU3HAYAETHCA YACTOTOIO V (mepiogom 7T') 3BYKOBOI XBUJII.

Hanpukinan, 3a rpad@ikom Ha pPUCYHKY Bu3HauaeMmo, 1o 3a 10 mc Bimbysoca

maiiyke 9 KoamuBaHb (TouHinme — 8,8), oTikKe, HacTOTa 3BYKOBOI XBUJIi CTAHOBUTB:

V= Os(f =880 I'm;. Takum umHOM, Ha rpadiky HaBeaeHO HUMPOBUI 3aIINC 3BY-
y C

YaHHSA HOTU «JIf» APYTroil OKTaBu (OIUB. TAOJIUIIO).

Yactora v, I'ig Yactora v, I'ix
Horu Horu
mepimna oKTaBa Ipyra oKTaBa mepimna oKTaBa Ipyra oKTaBa
o 261,63 523,26 Coin 392,00 784,00
Pe 293,66 587,32 JIsa 440,00 880,00
Mi 329,63 659,26 Ci 493,88 987,76
dDa 349,23 698,46

BKA3IBKU 0O POBOTU
MigroToBKa A0 eKCNepuMeHTy

1. Ilepeg TuM AK BUKOHYBaTu poOoOTy, 3razaiite: 1) BuMoru OGesmeKH IIif
Yyac BUKOHAHHSA JIaODOpaTOPHUX POOIT; 2) OCHOBHI XapaKTEPUCTUKU 3BYKY.

2. YBiMKHITE KOMII'TOTEp, IIPUESHANTE OO HHBOTO MiKpOQOH.

3. SamycTiTh Ha BUKOHAHHS Iporpamy «3ByKosamuc» (i3 HaOopy crammapT-
Hux nporpam OC Windows), aia 4oro KJamHiTh KHOOKY «Ilyck» i Bu-
6epite komauau: IIporpamu — Crangaptai — PosBaru — 3ByKosamuc.
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JlabopaTopHa poboTta N2 6

EkcnepnimeHT

Cysopo dompumyitmecs incmpykuyii 3 Oesnexu (0us. popsay niopyyHuka).

Orpumani aymiodaiiau 36epeskiTh i BiAIOBiAHMMY iMeHaMIH.

1. YBiMKHITH reHepaTop 3BYKOBOI UacTOTU, HAJAIITYHATEe BUXiTHUN CUTHAJ
Ha yacrory 440 I'm.

2. YBiMKHITH 3amuc curHay. BuMKHITE 3amnuc uepe3 4—6 c.

3. 36iabpIliTe TYUYHICTHL CUTHAJY TeHepaTopa, He 3MiHIOYU YacTOTH, i IO-
BTOPiTH mii, ommcami B m. 2.

4, HanamryiiTe Buxigauii curHaa Ha dactory 880 I'm i moBTOpiTh mii,
omucaHi B m. 2.

5. IlocraBTe KamepTOH. BraprTe 1Mo HbOMY I'yMOBUM MOJIOTOYKOM i IIOBTO-
pite nmii, onmcani B m. 2.

6. IlpocmiBaiiTe B MiKpO(OH [eKijJibKa HOT, AJA KOYKHOI HOTH IIOBTOPIO-
foun nmii, ommcani B m. 2.

u OnpauloBaHHA pesynbTaTiB eKCnepuMeHTy

Pesynvmamu eumipiosarns i 064ucieHd 6i0pa3y 3anocvbme 00 MabAUYi.

1. I KOMKHOTO AOCJIiy BU3HAUTE YACTOTY 3BYKOBOI XBwuri. I[1s 1mporo:
1) BigkpuiiTe ayxmiodaitn (Ha ekpaHi Bu mobauuTe rpadik, mogioHMI 10
HaBEJIEHOT0 Ha PUCYHKY);

2) 00YMCIIiTh KiJIbKiCTh KOJUBaHBb, HAOpuKJIad, 3a 10 mc;
3) s3a dopmysoio v=N/t 0OUUCIIITh YAaCTOTY 3BYKOBOI XBWJIi.

Yac KinpKicTh YacToTa
Howmep Hasga .
e e KOJINBAHb KOJINBAaHb XBUJI1
A t, MC N v, I'ig
1

2. 3po6iTh CKPIiHIIOTH AJA OyAb-AKUX TPHOX HOCHiZiB, POBAPYKyIiTe iX Ta
BKJIeliTe B 30muT (200 BuKOHaiiTe pucyHKmM). IligmuImiTes 1mi mocsrimu.

AHanis pesynbraTtiB eKCnepumMmeHTy

IIpoanasisyiiTe ekciiepuMeHT i fioro pesyabraTu. ChopmyroiiTe BUICHOBOK,
y axoMmy: 1) oTpuMaHi pe3yjbTaTH HMOPiBHANTE i3 3aJaHUMU YaCTOTAMU T'eHepa-
TOpa, YacTOTOI0 KaMepTOHa, TAOJIMUYHMMU 3HAYEHHSIMHU YacTOT, IO BiAmoBima-
IOTh IIEBHUM HOTaM; 2) 3a3HauTe NPUUYMHU MOKJIUBOI PO30i’KHOCTI pe3yJsbTarisb.

% 3aBAaHHA «i3 3ipouKoo»

VBHMipHHa

3a dopmyso: €=|1- -100% o1iHiTH BiZHOCHY TMOXUOKY OIZHOTO

3 €KCIePUMEeHTIB. Vsanana

+ TBopue 3aBAaHHA

ITomipkyiiTe, AKUI DOCJiA CJIig mpoBecTH, MO0 BUABUTHU, IKi MaTepianu
Kpallle IIOTVINHAIOTh 3BYK; AKMMM MaTepiajlaMU 3BYK MIOIIMPIOEThCA Kpalre. 3a-
OUIIITE IIJIaH eKcuepuMeHTy. IIpoBeiTh eKCIepuMeHT, 3allUIIThL OTr0 Pe3yIbTaTH.
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Poszgin Ill. MEXAHIYHI TA EJIEKTPOMATHITHI XBWJI

§ 19. EIEKTPOMATHITHE NOJIE N EJIEKTPOMATHITHI
XBUJI

Yn ymtanm Bam y AUTUHCTBI Ka3kun? HaneBHO X Tak. 3rapanTe: <KOTUTbCA 30510Te AGYUKO
CpiBbHUM 67t0AeUKOMY, | TepOot Ka3Ku 6aunTb «ropu BUCOKI, MOpPA rrOOKi» Ta 6araTo 4oro
iHWoro, Wo BifbyBa€eTbCA 3a «CIMOMa MOpPAMM Ta CiMOMma ropamuy». LLlo Bam Haragye uen
Ka3koBui npuctpii? MabyTb, y TOMy unchi 1 MmobinbHUi IHTepHeT. Mpo Te, AKi BIOKpUTTA
y ¢i3nui 4o3BONMAN BUHANTK TaKy «Ka3KOBY» piy, NaeTbca B Lbomy naparpadi.

LlisHaemoca Npo enekTpomarHiTHe none

Ilepmr 3a Bce 3ramaemo: iCHYIOTH ABa BUAU
marepii — peuosuna i nose. O6uaBa icHYyOMb
peanvHO, a He ABIAIOTH COOOI0 IEBHY «MOIEb»,
IpU3HAYEHY JJIs TOTO, 100 MOSACHUTH Ti UM iHIIi
(disuuni ABuIIA.

Munysioro HaBYaJIbHOTO POKY BM [di3HAa-
JINCA IIPO eJleKmpuyHe noJjie, boro POKYy — IIPO
MmaeHimne none. Bu Tarkoxk s’sacyBasiu, IO Mae-
HimHe noJge, AKe 3MIHIOEMbCA, He TiIbKU Ji€ Ha
pyxoMi 3apsaaKeHi YaCTUHKM I HaMarHiueHi Tija,
a i cmeopioe enekmpuyre nose. Takoro BUCHOBKY
ninmoB coro uacy M. @apadeil.
aHriNCbKNn Gi3nK i MaTeMaTuk, . Repy.I?qHCL Unp H_HHHHOM CI/VIMeTpﬂ’ BHAAT-
TBOpELIb KNAaCUHOT eNeKTpo- HUN aHMIihcbKkuil Gisur [Juceitmc Makxceean
[VIHaMIKV, OZIH i3 3aCHOBHUIKIB (puc. 19.1) BucyHYB miATBepa KeHy 3rOJOM Ti-
CTAaTUCTYHOT Bi3NKI moTe3y IPO Te, IO HEe TiTbKW 3MiHHEe MarHiTHe

TIoJIe CTBOPIOE eJIEKTPUYHE TI0JIe, a i 3MiHHE eJIeK-

TPUYHE II0JIe CTBOPIOE MarHiTHe IoJe. BigmoBigao
IIo Iiel rimoTesu eslekmpuyHi ma MazHimHi noas 3a8x4#0uU iCHYIOMb pa3om i Hemae
CeHCY pOo3rIAgaTH IX AK oxkpeMi o6’ckru. ToOTO icHye enmHe ejleKTpOMAarHiTHe
moJie, a eJeKTpPUYHE Ta MarHiTHe IOJis — Iie OBl cKkJamoBi (ABi (popMu mposaBy)
eNeKmpoMazZHiMHO20 NOLA.

Puc. 19.1. Ixxenmc Knepk
Makcsenn (1831-1879) —

EnekTpomarHiTHe none — By MaTepil, 32 4OMNOMOrol0 SKOro 3AiMCHIOETbCA B3a-
EMOJiA MiX 3apAAKEHUMM TinaMy i YaCTUHKaMM Ta HaMarHiYeHMn Tinamu.

HexTo 3 Bac MOKe He TOTOAWTUCA 3 BUCHOBKOM MakcseJia, amgike goope
3Hae€, 110, HAIPUKJIAL, 01/ HePyXOMOro 3apsAsKeHOro Tija icHye TiJIbKU eJieK-
TpUYHE ToJe, a 0ijiA HepyXOMOTo HMOCTiHHOrO MarHiTy — TiJILKM MarHiTHe II0Jie.
IIpore sragaiiTe: pyx i cIokiii 3ajekaTh BiJ BUOOPY cuCTeMHU BiIJIiKYy.

VaBiTh, 110 BU, TPUMAIOUM B PyKaXx 3apAlKeHy KYJbKY, HIeTe IO CBOTO
ToBapuIia. SIKOu JiloqmHA MaJja 3JAaTHICTH 3aB/KIU BUABJIATU eJIEKTPOMATHITHE
moJjie, TO B IIbOMY BUHNAJKY BU «0aumjan» O TiJIbKKM OOHY HOT0 CKJIAJOBY — eJIeK-
TPUUYHE II0JIe, OCKiJIbKM BiJHOCHO Bac 3apsl € HepyxoMuM. BomgHouac BaIll ToBa-
puin «6auuB» 0U AK eJeKTPUUHE II0Jie, TaK i MarHiTHe, TOMY IO BiTHOCHO HBOTO
3apAJ PYyXaeThbCsA i eJIeKTPUYHE II0Jie 3MiHIoeThCcs (auB. puc. 19.2).
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§ 19. EnektpomarHiTHe nosne n enekTpoMarHiTHi xsui

L)

SKImMo BaII ToBapuIl BidbMe MATHIT i mo-
Hece Poro Bijg Bac (guB. puc. 19.3), xTO
3 BaC «BUABUTH» TiJIbKU MarHiTHe moJe,
a XTo — i maruiTHe, i ejqeKTpuyHe?

Taxum unHOM, TBEPAKEHHS, II[0 B JaHil
TOUYIli iCHye TiJIbKU eJIeKTpUYHe (YU TiJbKUu
MarHiTHe) 1IoJjie, He Ma€ CeHCy, alKe He BKa-
3aHO cucTeMy Bimairy. Pasom i3 Tum mMu Hi-
KOJIM He 3HAWJeMO CUCTEeMY BilJIiKy, BiTHOCHO
AKOI «3HUKJIM» 0 OOMABI CKJIAMOBiI eJIeKTpPO-
MAaTHITHOTO IIOJIf, a/i’Ke eJleKmpomazHimmue
noJe € mamepiaivHuM.

CTBOPIOEMO eNleKTPOMarHiTHi xBuni

IIpoananisyBaBmiu Bci Bimomi Tomi 3a-
KOHU eJeKTponmHamikm, I[:x. MakKcBeaa cyTo
MaTeMaTUYHO OTPUMAB (DAHTACTUUHUNI Ha TOH
Yac BHUCHOBOK: y IIPUPOJAi MAalOTh iCHyBaTu
CILEKMPOMAZHIMHL X6UJLL.

EneKkTpomarHitTHa XBuUAA — Le Mowu-
PEHHA B MpPOCTOpi 3MIHHOrO eneKkTpomar-
HiTHOro nons.

CrpobyeMo yABUTH, AK YTBOPIOETHCA
Ta IOMIMPIOETHCA €JeKTPOMarHiTHA XBUJIA.
BisbmemMo mpoOBigHUK, B AKOMY Teue 3MiHHUI
ctpy™m (puc. 19.4). Sk Bigomo, 6ijsa OyaAb-AKOTO
IPOBiAHUKA 3i CTPYMOM iCHy€e MarHiTHe moJie.
MaruiTHe 1oJje, cCTBOpeHe 3MiHHUM CTPYMOM,
TeXx € 3MiHHuM. 3rigHo 3 Teopicro MaKcBeaa
3MiHHE MAaTrHiTHe II0Jie Ma€ CTBOPUTHU eJeK-
TPUUHE I10JIe, sIKe TeXXK Oyae sMiHHMM. 3MiHHe
eJIEKTPUYHE II0JIe CTBOPUTH 3MiHHE MarHiTHe
i T nm. Omike, ONEPIKUMO NOWLUPEHHS KOJLU-
B8GHb eJIeKMPOMAZHIMHO20 NOASL — eJeKmpo-
Mmaenimuy xeuaio (puc. 19.5). Hacrora v miei
XBUJIi IOPiBHIOE YACTOTi, 3 AKOI0 3MiHIOETHCA
cuJjia CTPyMy B TIPOBIAHUKY, a nposidHuK 3i
3MIHHUM CMPYMOM € TKEPeJIOM eJIEKTPOMAar-
HITHOI XBWJIi.

Amnajoriuao ToMmy K MeXaHiuHa XBUJA
MOJKe BimipBaTucsa Bijf cBoro m:xepeia (3ra-
maiTe MOIMMPEHHS XBUJI Bil KMHYTOTO y BOLY
KaMiHIIA), eJJeKTPOMarHiTHa XBUJIA TEXK MOXKe
BimipBaTmcs BiJi cBOro mjkepesia i mouaTu ca-
MOCTifHO TOIIUPIOBATUCH Y IIPOCTOPI.

Puc. 19.2. Y cuctemi Bigniky,
MoB’A3aHil i3 XJIONUYNKOM, BUABNA-
€TbCA NMLLIE eNeKTPUYHa CKNajoBa
efleKTpPOMarHiTHoro nona. Y cuctemi
BiANiKy, NOB'A3aHiIl i3 iBUMHKOLO,
BUSIBNAIOTLCSA 0O6UABI CKNaaoBi —

N eneKkTpuYyHa, N MarHiTHa

Puc. 19.3. [lo 3anuTaHHA B § 19

-1,

max T

Puc. 19.4. 3miHHUI CTpym —

Le CTPyM, Cufia AKOro nepiognyHo
3MIHIOETbCA: 3 YaCOM 3HAYEHHA CUn
CTPYMy TO 36iNbLUY€ETHCA, TO 3MEH-
LUIYETbCA; 3MIHIOETbCA 1 HANPAMOK

CcTpymy

127



Poszgin Ill. MEXAHIYHI TA EJIEKTPOMATHITHI XBWJI

3MiHHe eJeKTPUYHEe II0Jie

SMiHHMHI
€JIeKTPUIHUH |- ~
CTpyM

3MiHHe MartHiTHe moJie

Puc. 19.5. CxemaTyHe 300paxkeHHA MexaHi3My MOLNPEHHA eneKTPOMarHiTHOT XBui

IlikaBo, 110 AeAKi eJIeKTpPOMATHITHI XBUJi «IIOJOPOKYIOTH» y BcecBiTi
Mali)ke 3 IIOYATKy HOro icHyBaHHsA!

3a Teopiero MakcBeia, 0xcepenom eieKmpomazHimHuol Xe8uni moxce oymu
0yOv-sKa 3apadxcena YacmuHKa, Wo pyxaemvces 3 npuckopenuam (Trobro yac-
TUHKA, AKA BECh Yac 3MiHIOE HMIBUAKICTH CBOrO pyxXy abo 3a 3HaueHHAM, a0o 3a
HaOpAMKOM, ab0 OZHOUYACHO i 3a 3HAUEHHAM, i 3a HaOPAMKOM). SIKIIO »K Uac-
THHKa HepyxoMa ab0o PyXaeThCA 3 He3MiHHOIO IIIBUAKICTIO, 0i/ia Hel icHye eJiek-
TPOMAaTHITHE T0Je, ajie eJIEKTPOMATrHITHY XBUJII0O YACTUHKA HE BUIIPOMiHIOE.

BunpomiznioBaHHAM €JeKTPOMATHITHUX XBUJb CYIIPOBOMKYIOTHCA U MedKi
mpoliecH, IO BimOyBalOTLCA BCEPEIMHI MOJIEKYJI, aTOMiB, Alep aToMiB (Teopisa
TaKUX TPOIECiB — KB8aHmosa meopis — Oyna crBopeHa B XX cT.).

XapakTepusyemo enekTpomarHiTHy XBusio
EnexkrpomarmiTHa XBuJIs, SK 1 MexXaHiuHa, XapaKTepPU3YETLCS UaACMO-

momw (v), 008XHCUHOIO (k) i weudkicmio nowupeHns (v) Tax camo, K y BU-
MagKy 3 MeXaHIUYHMMM XBUJISIMU, AaHi BeJUUYNHU TOB’A3aHI (opMy/on Xeudi:

V=AV

Age, Ha BigMiHy Big MexaHiUHUX XBUJIb, OJId IOMINPEHHSA €JIeKTPOMAarHiT-
HUX XBUJb He MOTpiOHe cepemoBuiie. HaBmaku, HaliKkpalle i HaWIIIBUIIIE eJIeK-
TPOMATHITHI XBUJIi MOIMTUPIOIOTHCA ¥ BaKyyMmi. [[:k. MaKcBessI TeopeTUyHO 06UmC-
JIUB WEUJKICMb NOWUPEHHA eLeKMPOMAZHIMHOL X8UNl Y 6aKyymi H 3 TIOTUBOM
BUABUB, IO OTPUMAaHe 3HAUEHHs 30iraeTbcs 31 3HAUEHHAM IIIBUAKOCTI CBiTJIa
y BakyyMmi (Ha TOW yac BOHO B)Ke OyJI0 BUMipsHE eKCIePUMEeHTAJNbHO):

v=c=3.10" =
(¢
H:x. MakcBens BHUCYHYB CJIYIITHE i CMiJluBe Ha TOW UYac IMPUIYIIEHHS:
c8imJo € pizHogudom ejrekmpomazHimHux xeunv (puc. 19.6). Yuenuii He jiuiie
BUSABUB IPUPOAY CBiTJIa, a i1 IependaunB iCHyBaHHS Ta BJIACTHUBOCTI PisHUX BUIIB
€JIeKTPOMATHITHUX XBUJIb.
Y earxyymi — i miavku 6 HbOMY — 6Ci eLeKMPOMAZHIMHI XEULL NOULUDIOIOMbC
3 00Hakxo8010 weudrkicmio (c), TOMy IJid BaAaKyyMy IOB)KMHA i yacTOTa eJIeKTpoMar-
HiTHOI XBMJIi ITOB’sA3aHI ()OPMYJIOHO:

c=A\v
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§ 19. EnektpomarHiTHe nosne n eneKTpoMarHiTHi XxBui

Puc. 19.6. CBiTno — efleKTpoMarHiTHi xsuni. Yactota Lux XBuib 3MiHIOETbCA NPUBAN3HO
Big 4-10" Iy (YepBoHMI Konip) Ao 7,5- 10" Ty (dionetosuin Konip)

IIim gyac mepexony 3 OZHOI'O CepemOBHIIA B iHIIE
MIBUAKICTh TOIIMPEHHSA eJIeKTPOMATHITHOI XBUWJII 3Mi-
HIOETHCA, 3MIHIOETHCA 1 JOBMKMHA XBUJIi, @ OT YacTOTa
3aJINIIAETHCA He3MiHHOW. ¥V nogimpi weudxicms nowu-
PEeHHSA eLeKMPOMACHIMHUX XE8ULbL MAlL)He ma cama, U0
iy earkyymi.

Yepes 15 pokiB micsa cTBOpeHHSA TEOpisd eJIeKTpo-
MarHiTHoro moJya MakcBessia Oysa HiATBepsKeHa eKc-
nepuMeHTaJNbHO: ['enpix I'epy (puc. 19.7) mpogemoHCTPY-
BaB BUIIPOMIiHIOBAHHA 1 MPpUAMaHHS €JIEKTPOMAarHiTHUX
xBUJIb. I'ep1y He JuIle ofep:KaB eJeKTPOMaruiTHi XBuJIi,
a ¥ BuBUMB ixHi BractuBocri. Bin ycranoBus, 110 efek-
mpomazHimui x6uJi:

Puc. 19.7. Tenpix Pygonbd

e gidousaromuvca 8i0 npogioHux npedmemis Fepu (1857-1894) —
(KyT BimOWMBaHHSA MOPiBHIOE KYTYy MaiHHA); HiMeLbKNI Gi3VK, OanH
© 3AJIOMNIOIOMbCS HA Mexci 3 OiesleKMmpPUKom; i3 3aCHOBHIIKIB €NeKTpo-

© YACTKOBO NOZJAUHAIOMbCSA PEUOBUHOIO 1 YACTKOBO  guHamiku

po3cilonmbscs Hew Ta iH.

Yei mi aBuma 3yMOBJIEHI Mi€f0 e€JIEKTPOMATHITHOTO TOJA Ha 3apsamaKeHi
YacTUHKU B peuoBuHi. Tak, AKIINO eJIleKTpOMAarHiTHa XBUJA IMIaJa€ HA ITOBEPXHIO
MeTaJly, TO Ha BiJIbHI eJIeKTPOHU [ie 3MiHHe eJIeKTpUUHe IoJie (eJIeKTPUYHA CKJIa-
IOBa eJIeKTPOMAarHiTHOI XBuUJi). YHACHiIOK Iiel Aii B moBepxHEBOMY IIapi MeTaay
BUHUKAIOTHh 3MiHHI €JIeKTPUYHI CTPyMHU, AKi II BUIIPOMiHIOIOTH BiIOUTY €JIeKTPO-
MAaTHITHY XBUJIIO.

MNigbuBaemo nigcymkm

Baaemopis 3apamkeHX YaCTUHOK BifIOYBaETHCS 3a IOMIOMOTOI0 eJIEKTPOMATr-
HiTHOrO mojssa. EjexkTpomartuiTaHe moJie Mae OBi cKJamoBi (aBi hopMu 1mpo-
ABY) — €JIEKTPUUHY CKJIAJOBY (eJIEKTPUYHE TI0JIe) i MarHiTHY CKJIaZoBy (MarHiTHe
moJjie): MarHiTHe 1oJIe, 110 3MiHIOETHCS, CTBOPIOE €JIEKTPUYHE T10JIe, a eJIeKTPUYHE
moJie, 10 3MiHIOETHCHA, CTBOPIOE MarHiTHE IIOJIe.

ITomupeHHsT B IPOCTOPi 3MiHHOIO €JIEKTPOMATHITHOTO IIOJSA Ha3WBAIOTh
eJIeKTpoMarHiTHoo xBuJeio. IIIBUAKICTL IIOMIMPEeHHa XBUJIi, i1 TOBMKIMHA Ta dyac-
ToTa IOB’sI3aHi (popmysoro xBuiai: v=Av. Halikpaiie I HalIIBUAIIE eJIeKTPO-
MAaTHITHI XBHUJIiI mOIMuUPIO0THCA ¥ BakyyMi. IIIBUAKiICTh mOIIUPEHHS eJIeKTpoMar-
HITHUX XBUJIb ¥ BAKYYMi € OTZHAKOBOIO IJId OyIb-AKNX €JeKTPOMArHiTHUX XBUJIb
i mopiBHIOe mBuAKOCTi cBiTia: ¢=3-10% m/c. CBiTyIO TeX € esleKTPOMATrHITHOIO
xBusew. s BakyyMy (OpMyJa XBUJII Mae€ BUTIAL: €= AV.
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Poszgin Ill. MEXAHIYHI TA EJIEKTPOMATHITHI XBWJI

KoHTponbHi 3anuTaHHA

[ N a

®@1 VY yomy monsarae rimoresa k. MakcsBensa? 2. [laliTe 03HaUeHHS eJIEKTpPOMAr-

4% o HiTHOTO II0JIsI, HAa3BiTh Oro cKJIamoBi. 3. HaBexiTs mpukaagu, 1o migTBEPAKYIOTh
BiIHOCHICTH €JIeKTPUUYHOTO Ta MAarHITHOTO IOJiB. 4. IK yTBOPIOEThCA eJeKTpoMar-
HitTHa xBuasa? Axki 06’ekTy MOKYTh 11 BunmpominoBaru? 5. ki ¢isuuni Beruunnm
XapaKTepus3yIOTh eJIeKTPOMATrHITHY xBuia? Ik Bomm mos’ssami? 6. ki Biacrtu-
BOCTi eJIeKTPOMATHITHMX XBUJIb 0yJI0 BCTAHOBJIEHO B xoxi mocuinis I'. Tepia?

ﬁ@f Bnpasa N2 19
M 1. Exextpomarir mififiMajabHOTO KpaHa JKUBUTBHCA IMOCTiHHUM cTpyMoM. BusHauTe:
J 4 1) B AKOMY BUIIaIKy €JEKTPOMATHIT CTBOPIOE [IJs ollepaTopa KpaHa I eJeK-
TpUYHEe, I MarHiTHEe IOJIA: a) eJJeKTPOMAaTrHIT He PYyXaeTbCs; 0) eJeKTPOMAarHiT
IEePEeHOCUTDH BAHTAMNK;
2) B AKUX BUIAJKAX €JIEKTPOMATHIT BUIIPOMiHIOE €JIEKTPOMAarHiTHI XBUMJIi:
a) B MOMEHT 3aMUKaHHSA KoJia; 0) B MOMEHT PO3SMUKAHHSA KOJIa; B) KOJIU eJIeK-
TPOMATHIT, PyXalUYnUCh PiBHOMipPHO, MEPEHOCUTH BAHTAJK; I') KOJIU HEPYXOMUU
€JIEKTPOMATHIT TpUMae BaHTAXK.

IommoBHITH TabJUII0, BBAIKAIOUH, 10 XBUJIi MOITUPIOIOTHCS B IMOBITPi.

Ixepeno xBuJIi HoB:xuHa Yacrora IIBugKicTh
IIpoBig niHii esexTponepenaui 50 T'rg
PanionepenaBau 10 c™
IudpauepBoHUll BUIPpOMiHIOBAY 1,5 MKM

3. 3a ganumu puc. 19.6 Bu3HAUTEe HOBKUHU €JIeKTPOMATrHITHUX XBUJb IJIA CBiT/IA
(dioseToBOrO TA YEPBOHOTO KOJIHOPiB. Po3ryiisgubTe nBa BUIALKU: CBITJIO IIOIIH-
pIOEThCA a) Y BaKyyMi; 0) v cKJIi (IOKa3HUK 3aJIOMJIEHHS CKJIA [IJIs CBiTJIa uep-
BOHOT'O KOJIBOPY mopiBHioe 1,64, nis csitia dioseroBoro Koasopy — 1,67).

4., CKopuCTaBIINCH HOJAaTKOBUMHU IKepenaamu indopmarrii, gisuaiiTecsa npo BUHAN-
IeHHs panio. 3pobiTh KOPOTKEe MOBiIOMIIEHH.

@V 5. YoBeH roimaerbcA y BiIKpUTOMY MOpi. XBUJi MOIIUPIOIOTHCA 3i IIBUJIKICTIO
5;@% 12 m/c; moB:xkuHa xBuJi 24 M. fIka yacToTa yJapiB XBHJIb IO KOPIIyCy YoBHA?
fAxum € yac mixk ymapamu?

§ 20. WKAJIA EIEKTPOMATHITHUX XBUJb

3pyyYHnii MobiNbHMI 3B'A30K, ACKPaBe COHAYHE CBITIO, XKax/IMBe paflioakTVBHE BUMPOMIHI0-
BaHHA, KOPUCHUI y HEBENMKMX f03ax YNbTpadioneT, nackaBe Temnno niyku, PpeHTreHiBCbKi
NpomeHi, Wo «bayaTb HaCcKpi3b»... Yce ue — eneKTPOMarHiTHi XBUsli, BOHU MatoTb CMiNbHY
npupoay Ta NOWMPIOIOTLCA Yy BaKyyMi 3 OQHAKOBOIO LBMAKICTIO. YoMy X iXHi BAacTUBOCTI
Taki pi3Hi? Yu € MiXK HAMK AKaCb NPUHLMNOBA Pi3HNLA? K yTBOPIOIOTLCA Pi3Hi BUAN enek-
TPOMArHITHMX XBWb i fe iX 3acTocoByioTb? CNpobyeMo posibpatucs.

Posrnagaemo wKany enekTpoMarHiTHUX XBUjib

PisHi Buau eseKTpoMarHiTHUX XBUJb II€peNyciM BiApi3HAIOTHCA YaCTO-
TOI0, a OTJKe, U MOBXKMHOIO XBuJIi. CaMe pPi3HUIECI0 UACTOT IIOSCHIOETHCS TOM
dakT, 110 AeAKi BJaCTHUBOCTI eJJeKTPOMTIHITHUX XBUJIb CYTTEBO PiBHATHCA. SIKIITO
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§ 20. Wkana enekTpoMarHiTH1UX XBuib

posTalnIyBaTH BCi BiIOMi eJJeKTPOMAarHiTHI XBUJII B MOPAAKY 30iJIBIITEHHS 1XHBOI
yactotu (puc. 20.1), mob6auymMo, IO YACTOTU MOKYTH PiBHUTHUCS OiJBII HixK
y 1016 pagis. ITorogsrecs, Ime BeandesHa pisHunA! I ToMy HeBa:KKO yABUTH, Ha-
CKiJIbKM PiBHMMMU MOKYTh OYTH 1 BJIACTHUBOCTI €JIEKTPOMATHITHUX XBUJb.

ITomana Ha puc. 20.1 mkaja eJIeKTPOMATHITHHX XBWUJIb IIOAiJIeHA Ha mi-
JAHKU, AKi BiAIIOBiZAaOTh PidHUM AialradoHaM JOBXKHWH i 4acTOT eJeKTPOMAaTrHiT-
HUX XBUJIb (Pi3HUM BHUAAM €JIEKTPOMATHITHUX XBUJIb). XBUJIi OJHOTO Aialla30HY
MalOTh OJHAKOBHUI CIIOCi0 BUIPOMiHIOBAaHHS Ta CXOYKi BJIaCTUBOCTI.

PagioxBuai — Big HagmoBrux i3 moB:KuHOIO moHaA 10 KM [0 yIBTPAKOPOT-
KUX i MiKpOXBUJb i3 mOB:KHHOIO MeHINo0 0,1 MM — HOPOMKYIOTHCS 3MiHHUM
€JIeKTPUYHUM CTPYMOM.

EnxekTpoMarHiTHI XBUJIi OITHYHOTO iama30Hy BUIIPOMiHIOIOTHCSA 30yAsKe-
HUMHI aToMaMu. ¥ IIbOMY Oialla30Hi PO3Pi3HAIOTH:

e iHgpauepsorne (menJnose) UNPOMIHIO6AHHA (TOBKMHA XBUJII CTAHOBUTH

Bim 780 HM mo 1-2 Mm);

o gudume ceimao (moB:kuHa xBuiai — 400—-780 um);

o yavmpagionremose eunpominioéanna (qos:xuHa xBuai — 10—400 mMm).

PentreniBcbke BunpomiHioBaHHA (HoB:KuHA XBuJi — 0,01-10 HM) BUHUKAE
BHACJIOK IMIBUIKOTO (YIapHOI'0) raJibMyBaHHs €JIEKTPOHIB, a TAKOK Y Pe3yJbTarTi
TPOIeCiB ycepeanHi eJIeKTPOHHUX O0OJIOHOK aTOMiB.

Y-BunpoMmiHoBaHHA (moBxkmHA xBuji MeHma 0,05 HM) Bunyckaerbcsa 30y-
IKeHUMU aTOMHUMM AApaMU IIiJ yac AAepPHUX peakKIliil, paJioaKTUBHUX IHepe-
TBOPEHb aTOMHUX SJep i1 IIepeTBOPeHb eJeMeHTapHUX YaCTUHOK.

? Posrnsgubre mkanay egekTpoMarHiTHux xBuJb (guB. puc. 20.1). Homy, Ha
Ballly NYMKY, AedKi 11 JiIAHKY BiTHECeHO OJHOYACHO JI0 IBOX Pi3HUX BUIB
eJIeKTPOMATrHITHUX XBUJIb?

N Boiapmenns nosacmn xsuai (1)

10 1 101 102 10® 10* 10 10% 107 10°® 100 10710 10711 10712
Lo || ! || || [ — ! [
[ [ [ [ [ [ [ [ [ [ [ [ [ [
v, ' 3-108 3-1010 31012 3.10'* 3.10%° 3.107 3-101° 3.102%0
30inpmenHs yacroTu XBuiIi (V) —
Pagioxsuni «—————» «———» PeHTreHiBcbke
» Indpauepsone;  Ynerpadio- ! gunpominioBaHHA

i (U, A

A

Y
o
.

BUIIPOMIiHIO- | TeTOBe
BaHHA i BUIIPOMiHIO-
. BaHHA

- ~
- ~

- ~

- ~

'q 0K 3B C D!
1 1
Bugume cpiTio

OnTnyHMA gianasoH

Puc. 20.1. LLkana (cnekTp) enekTpoMarHiTHUX XBUnb — 6Ge3nepepBHa NOCIAOBHICTb YacToT
i QOBXWUH iCHYIOUMX Y NPUPOLI eNeKTPOMAarHiTHUX XBUSb
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Poszgin Ill. MEXAHIYHI TA EJIEKTPOMATHITHI XBWJI

Puc. 20.2. MikpoxBunboBa

niy — NPUCTpPIN, Y AKOMY BUKO-
PVCTOBYIOTb PafioxXBuAi BUCOKOT
yactotu (3a3Bmyuan 2,45-10° My)

Is ycworo cmexTpa HaU-
OiJIBIIT CIIOPigHEHUM i3 op-
TaHi3MOM JIIONUHY € iH(pa-
yepeorHe UNPOMIHIOBAHHSL.
XBujai [OoBKUHAMU IIPU-
oamusHO Bixg 7 mo 14 MKM
BiAmOBimaOTh BUIIPOMI-
HIOBAHHIO JIIOJACBKOTO Tija
U UYMHATHP Ha OpTraHisMm
JIOAUHHT HaA3BUUYANHO
KopucHy niro. HaiiBigo-
Millle IpPUPOAHE IIKepeJio
TaKUX XBUJb HA 3eMJi —
e Conie, a HanBimomimre
mMITy4YHe — iy, i KOXKHa
JIOAuHa 000B’I3KOBO Bij-
yyBaJjia Ha c00i ixHi# 1mo-
3UTUBHUM BIIJIUB.

132

3acTocoByeMo pagioxBuni

Enexrpomaruitui xBuai padiodianasony
3a4CTOCOBYIOTh HAMINIMPIIE: CydYacHUH MOOiJb-
HUU 3B’A30K, PaJioOMOBJIEHHSA, Tejie0aueHHs, BU-
ABJEHHSA, PO3Mi3ZHAHHA Ta MOCJiAMKEeHHA PisHO-
MaHITHHX 00’€¢KTiB (pasaiosiokarlis), BU3HAYEHHS
posTalryBaHHS TPAHCIOPTHUX 3acobiB i Jromeit
(GPS-uasiraiis, GPS-mouiTopuur Ta im.), 3B’I30K
i3 KocmiunmMu amaparamu ToIro (puc. 20.2).

PagioxBuai 3pobuam KUTTA JIOSUHUA
"Habarato kom@oprHimuMm. Mu He BiguyBaemo
iX, XOua BOHUW U BILJIMBAIOTH Ha 3araJbHUIN CTaH
JoAed i TBApWH, IPUUYOMY YMM KOPOTIIi XBUJI,
TUM BUPA3HiIlle pearyioTh Ha HUX OpPTaHi3Mu.

IloTysxHi esleKTpOMAaTrHiTHI XBUJII HETaTUBHO
BILIMBAIOTh HA JIOAUHY. MeIWKU CTBEPIKYIOTH,
110 CTiILHUKOBUI TenedoH — HebesleuHe IiKe-
peJjio eJIeKTPOMATHITHOTO BUIIPOMiHIOBAHHS, THUM
Oisipllle 110 BiH yacTo mepeOyBae OJM3BKO Bif
MO3KYy Ta ouedl soamHu. llorimnmHaOUYUCh TKAHU-
HaMU I'OJIOBHOT'O MO3KY, 30POBUMHU Ta CJIYXOBUMU
aHaJrizaTopaMu, XBHJI IIepemaloTh iM eHepriio.
I3 wacom 1e MOJKe HmPU3BECTH 0 IIOPYIIEeHb Hep-
BOBOI, €HJIOKPUHHOI Ta CEPIeBO-CYAUHHOI CUCTEM.

B BuBuyaemo iHppauepBOHe

BUNPOMiHIOBaHHA
Mix pamgioxBumaAMU i BUAMMUM CBITJIOM pO3Ta-
IIOBaHA [OiJIAHKA iHQPaiep8oH020 (Mmenso6ozo)
8UNPOMIHIOBAHHA, Ke B IIPOMUCJOBOCTI BUKO-
PUCTOBYIOTh OJA CYIIiHHS Jako(apOoBUX IIO-
BEPXOHb, JepeBUHU, 3epHa Ta iH. [HPpauepBoHi
MPOMEHi 3aCTOCOBYIOTH Yy IIyJbTaX AUCTAHIIINHOTO
KepyBaHH#A, CUCTEMaX aBTOMATUKMU, OXOPOHHUX
cucteMax Tomto. Ili mpomeHi He BiZBOJIIKAIOTH
yBary JOAuHU, 00 € HeBUAUMUMU. AJie iCHYIOTH
nmpuianv, AKi MOMKYTH BiuyBaTH Ta IEPETBOPIO-
BaTU HeBUJUMe iH(pauepBoHEe 300parkeHHA Ha
BuaumMe. Tax mIpamoiOTL TEIJOBi3opum — IIpU-
Jaau HivHOTO OaveHHdA, AKi «BiguyBamTh» iHdpa-
YepBOHI XBMJIi JOBKUHOIO 3—15 MmxMm. Taki xBuri
BUIIPOMIHIOIOThECSA TijlaMM, IO MAiOTh TeMIepa-
Typy Big —50 mo 500 °C.

ITikaBo, 110 6araTo mpeACTaBHUKIB GayHU
MalOTh CBOEDiHI KWUBi «Ipuiaagm HivHOTO 0Oa-
YeHHsA», AKi 3maTHi cupuiiMaty iH(padepBOHI
npowmeHi (puc. 20.3, 20.4).




§ 20. Wkana enekTpoMarHiTH1UX XBuib

n [isHaemoca npo ynbrpadionetroBe
BUNPOMiHIOBaHHA

Yavmpagionemoge sunpominio6aHHs, Ha BIIMiHY
BiJg BHAMMOTrO CBiTJIa Ta iH(pPauepPBOHOTO BUIIPO-
MiHIOBaHHSA, MA€ BUCOKY XiMIYHY aKmuérnicmo,
TOMY HMOT'0 3aCTOCOBYIOTH IJIsS Ae3iH(peKIlil moBiTpa
B JIIKapHAX 1 MICI[X BEJINKOrO CKYITUYEHHS JIFOe.

OcHOBHE [ KepeJsio IIPUPOIHOTO YJIbTpA-
(dioseroBoro BunpominoBanusa — Conime. ATmo-
chepa 3emJyi YaCTKOBO 3arpumye yiabTpadio-
aeToBi xBmii: Kopormri Bixm 290 HM (PKopcTKuUii
yabTpadiosieT) 3aTPUMYIOTLCA V BEPXHIX ITapax
arMoc(epu 030HOM, a 3aBHoB:KKU 290-400 mM
(M’aKuit yabTpadioseT) MOTINHAIOTHCA BYTJIEKH-
CJIUM ra30M, BOJSHOIO ITapOi0 i 030HOM.

Y Benumkux mosax yJabTpadiosieToBe BUIIPO-
MiHIOBaHHSA € IIKiIJIUBUM AJIS 3M0POB’S JIIOAUHU
(puc. 20.5). 1106 3HU3UTY TMOBIpHICTH COHAYHOTO
ONIiKy Ta 3aXBOPIOBaHb IIKipu, JIiKapi peKoMeH-
OVIOTHL He Ilepe0OyBaTu BJIITKY Ha coHili mimx 10
i 13 roguHaMu, KOJIU COHAYHE BUIIPOMiHIOBAHHS
€ HaWiHTeHcuBHimmuM. Pasom i3 Tum y HeBeJu-
KHUX KiJIBKOCTAX yabTpadioser mo0pe BIJIMBAE Ha
JIOAUHY, aJ:Ke CIIpUse BUPOOJIeHHIO Biraminy D,
3MiITHIOE IMYHHY CUCTEMY, CTUMYJIIOE HUBKY BaK-
JUBUX KUTTEBUX (PYHKIIA B opraHismi.

PeHTreHiBcbKe i Y-BMNPOMiHIOBaHHA

Hawimupine penmeenigécvke 6unpominio-
6aHHsA 3aCTOCOBYIOTH y MEIWIIMHi, aJXe BOHO
Mae saacmugicmv npoxodumu Kpidb Henpo3opi
npedmemu (HampukJgazg, Tijgo Jioogmam). Kicrt-
KOBi TKAHWHU MEHII IIPO30Pi A PEeHTIreHiB-
CBKOT'0 BUIIPOMIiHIOBAaHHS, HilK IHINI TKaHWHU
OpraHi3aMy JIOAWHHW, TOMY KICTKH YiTKO BUIHO
Ha peHTreHorpami. PeHTreHiBCBKY 3WOMKY BU-
KOPUCTOBYIOTH TAKOYK Yy IIPOMMCJIOBOCTI (A BU-
ABJIEHHS He(eKTiB), ximii (maa aHaJi3y CHOJYK),
(isuri (A7sa qociriAKeHHS CTPYKTYPU KPUCTAJIIB).

PenrreniBchbke BUOPOMiHIOBAHHSA UYUHUTH
PYHHIBHY Iil0 Ha KJIITUHU OpraHidMy, TOMY 3aCTO-
COBYBaTH HOT0 MOTPiOHO HAA3BUYANHO 00EpPErKHO.

Y-BUNPOMIHIOBAHHA, AKe Ma€e uwe Oinblly
NpoHUKHY 30amHicmb, BUKOPUCTOBYIOTH y Je-
dexTockomii (mas BuaABJIeHHA ngedeKTiB yce-
penuHi peraJseii); CiJIbCBKOMY TI'OCIOZapcTBi

Puc. 20.3. [MnbokoBoaHi Kanb-
Mapu Kpim 3BMYaNHNX o4en
MaloTh e TEPMOCKOMIYHI —
BOHW PO3TaLLOBaHi Ha XBOCTI
Ta BJIOBNOIOTb iHpPAUYepPBOHiI
npomeHi

Puc. 20.4. AmepurKaHCbKa
rpvmMyya 3mia Ma€ HaguyTIMBUA
TEPMOJIOKATOP, PO3TaLlOBaHUI
y NUEBin AMUi MK ounma

Puc. 20.5. Ynetpadionetose
BUMPOMIHIOBaHHA € 0CO6MNBO
Hebe3neyHM ANA CiTKIBKN OKa,
TOMY BMCOKO B ropax, e ynbrpa-
dioneToBi NpomeHi HaliMeHLe
NornvHaTbcAa atmocdepoto,
cnif 060B'A3KOBO 3aXMLLATA OYi
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Poszgin Ill. MEXAHIYHI TA EJIEKTPOMATHITHI XBWJI

Ta XapyoBill mpoMMCJIOBOCTI (AJsa crepuiisarii xapuiB). Ha opramism groguHM
Y-BUIIPOMiHIOBaHHA YMHUTH AY’Ke IMKiIJIMBUN BILJINB, Pa30M i3 THM YiTKO CIIpA-
MOBaHe Ta J030BaHe Y-BUIIPOMIiHIOBAaHHS 3aCTOCOBYIOTH y JIiIKYBaHHI OHKOJOTIU-
HUX 3aXBOPIOBAHb — [JIsI 3HUINEHHSA PAKOBUX KJIITUH (ITpOMEHeBa Tepairisd).

f?u; MNigbuBaemo nigcymkm

¢ _Mi CrexTp (IIIKaJja) eJeKTPOMArHiTHUX XBUJIb — Oe3IlepepBHA IIOCJiJOBHICTH

YaCTOT i JOBYKWH €JIEKTPOMATHITHUX XBUJb, I1I0 iCHYIOTH y IIPUPOi.

3a cmocoO0OM BUIIPOMIHIOBAHHSA PO3PiISHAIOTH: PamioxXBuji (CTBOPIO-
IOThCA 3MIHHUM €JIEKTPUUYHUM CTPYMOM); €JIEKTPOMATHITHI XBMJII ONTUYHOTO
niamasony (iH()pauepBOHE BUITPOMiHIOBaHHSA, BUAUME CBiTJIO, yiabTpadioseToBe
BUNPOMiHIOBAHHSA; BUITYCKAIOThCA 30yAKEHUMU aToOMaMW); PEHTTeHiBChbKe BU-
npoMiHIOBaHHA (CTBOPIOETHCA IIiJ] YacC IIBUAKOTO TAJbMyBaHHSA €JIEKTPOHiB);
Y-BUIIPOMiHIOBaHHA (BUIIYCKAaEThCA 30y[sKeHUMU aToMHUMU dnpamu). EjaekTpo-
MAar”iTHI XBUJi PisHUX Aiala3oHiB MalOTh Pi3HiI BJAaCTHUBOCTi, TOMY IIO-PiBHOMY
BIIJIMBAIOTH HA JIIOAWHY i MAalOTh PisHi raaysi sacTocyBaHHM.

Yei Buam eeKTPOMArHITHUX XBUJIb IIOIIHPIOIOTHCSA V BaAaKYyMi 3 OZHAKO-
BOIO IIBUAKiCcTIO. 3i 30i/IbIIIEHHAM YacTOTU XBUJI (31 3MeHIIIeHHAM ii JOBMKUHM)
301JIBITYIOTHCSA IMPOHUKHA 3MaTHICTh i XiMiuHA aKTHUBHICTL €JIeKTPOMATHITHOTO
BUIIPOMiHIOBaHHA.

KoHTponbHi 3anuTaHHA

73
@£ /1. Hassirs BijoMi BaM BUAM eJieKTpOMar"HiTHuX xBuib. 2. IIlo cmisbHOrO MiK
J /](5 © ycima BUJAMU €JIeKTPOMATHITHUX XBUJAB? ¥ YoMy ix BiamiumuicTs? 3. K smiHro-
IOTBCSA BJIACTHUBOCTI €IeKTPOMATHITHNX XBUJb 31 30iiblneHHAM IXHBOI yacToTm?
4. HaBenmiTh IpHUKJIAAM 3aCTOCYBAaHHS PI3HUX BUIIB €JeKTPOMATHITHUX XBUJIb.
5. K YHUKHYTH HeraTUBHOI'O BILJIUBY MeAKUX BUIIB €JIeKTPOMATHITHOTO BUIIPO-
MiHIOBaHHS Ha 3[J0POB’S JIIOAUHUI?

Bnpasa N2 20

">Ni 1. PosramryiiTe eJleKTPOMArHiTHI XBUJIi B HOPAAKY 301JbIITeHHS IXHBOI JOBXKUHU:
“ 1) Bugume cBiTi0; 2) yabTpadioseToBe BUIIPOMiHIOBAHHA; 3) pPamiOXBMJIi;
4) peHTreHiBChbKe BUIIPOMiHIOBAHHA.
2. YcTaHOBITH BiIHOBiAHICTH Mi)K BUIIPOMiHIOBaueM Ta €JIEKTPOMATHITHUMU XBU-
JSIMU, Ki BiH 37e0iJbIIIOT0 BUIIPOMiHIOE.

1 Mob6inbuuit Tenedoun A y-BUnIpOMiHIOBaHHSA

2 Barapes omajieHHS b PeHTreniBcbke BUIIPOMiHIOBAHHA
3 CaiTyissuok B IadpauepBore BUIPOMiHIOBaHHS
4 PagioakTuUBHUII Iperapar I' Bugume cBiTiio

I, Panioxsuiri
3. JloB:KMHAa XBUJIi CBiTJIa »KOBTOT'0 KOJILOPY y BaKyyMmi — 570 um. Busuaure yac-
TOTY ITi€el XBUJIi.
SKoro0 € moB)KMHA eJeKTPOMAarHiTHOI XBUJIi y BakyyMi, AKIo ii wacrtora mopis-
HIoe 3-10!2 I'm? o AKOro AiamasoHy HAJNEKUTH A XBUIA?
5. CkopucraiiTecsi JOZATKOBHUMM AiKepejaMu iHdopmarlil ta misHaiiTecsa icTopiro
BUHANIEHHA OyIb-sIKOr0 IMPUCTPOIO, Mif IKOr0 I'PYHTYETHCA Ha eJIeKTPOMAartir-
Y HOMY BUIIPOMiHIOBaHHI.
= 6. Bimcranb 1o mepelikonu, sika BimOuBae 3BYK, mopiBHIoe 68 M. Uepes AKMi yac
"C% JIOAVHA TOYYE BiIJIYHHS, SIKIIO 3BYKOBA XBUJIA IOIIUPIOETHCSA B MOBiTPi?
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§ 21. ®I3UYHI OCHOBU CYHYACHUX BE3APOTOBUX
3ACObIB 3B'A3KY. PAAIOJIOKALIA

3BepHYBWNWCb A0 LWKaNW eNeKTPOMarHiTHMX XBunb (aue. puc. 20.1), no6aunmo, Wo Hamn-
Ginblwa i ginAHKa Hanexutb pagioxeunam. OCKINbKM YaCcTOTK LMX XBWSIb 3HAYHO Bigpi3-
HAITbCA, TO PI3HATbCA | IXHI BnacTMBOCTI. [JoknagHiwe npo pi3Hi Buan pagioxsunb BU
Ai3HaeTech y CTapLlin WKOMi, a 3apa3 3yNUHUMOCA NMLLE Ha 3aCTOCYBaHHI ysibmpaxkopom-
Kux padioxsusib (3aBAOBXKM Bif, KiflbKOX CAaHTUMETPIB 4O KiflbKOX MeTpiB).

n 3’cOBYEMO OCOGNMBOCTI MOWMPEHHA YNbTPAaKOPOTKUX pagioxBuib

3a CcBOIMM BJACTHUBOCTSIMU YJIBTPAKOPOTKi pamioXBuji my:xe OJMU3BbKi 10
CBITJIOBUX IIPOMEHIB: BOHU MOINUPIOIOTHCA B MeXKaX MPSIMOI BUAMMOCTI, 1X MOMKHA
mocuJiaTh BY3bKHUMH ITyukaMu. Came IIi BJIaCTHMBOCTI 3a0e3meuyuiyd IITUPOKE 3a-
CTOCYBaHHS VJIBTPAKOPOTKUX PaLioOXBUJIb yV pagiosokallii, 6e3apoToBoMy 3B’ A3KY,
CYIIyTHUKOBOMY TeJjiebaueHHi. By3bKuii IpOMiHb MeHIIEe PO3CifoeThbes (1110 H03BO-
JIsie 3aCTOCOBYBATU MEHII ITOTYsKHi mepefaBadi), oro mpocTiiie npuiiMaTu.

E HisHaemocA, yomy mMOGiINbHMIN pafio3B’A30K Ha3nMBaloTb CTIIbHUKOBMM

CTinbHMKOBUIN 3B'AI30K — OAWH i3 BUAIB MOOINbHOro pagio3s’s3Ky, B OCHOBI
AKOrO NEXUTb CTiIbHMKOBA Mepexa.

Ons cTiTbHUKOBOTO B3B’$I3KY BUKOPUCTOBYIOTH €JEKTPOMAaTHITHI XBMJIi
yactoToio Bim 450 mo 3000 MI'ti. 'osoBHA 0COOJIMBICTH TAKOTO 3B’A3KY IIOJIATAE
B TOMY, IO 3araJibHA 30HA HMOKPUTTA NiJUTLCSI HA HEBEJNUKI TiIAHKU — CMiJb-
Huku (iX TaK Ha3WBAIOTh, OCKIJIBKY BOHU MAIOTh (DOPMY IIeCTUKYTHUKA). KoxeHn
CTIIPHUK Ma€ ILIONTY 6JM3bKO0 25 KM2 i 06CIyrOByEThCA OKPEMOIO 0a30BOIO CTaH-
miero. CTiIBHUKY, YaCTKOBO IIEPEKPUBAIOUNChH, YTBOPIOIOTH Mepe:Ky (puc. 21.1).

AOoHeHT
3i cramio-
HapHUM
TeaeOHOM

IenTp
KoMyTaIii )
MOOiJIBHOIO } ............
3B’A3KY -

[T
[T
o
L

AOoHEeHT ................... |_T_|
3 MOOiIbHUM = Y =< U ?

Tese(POHOM \ / ] IlpoTosumit ITeunTp
KaHaT KoMyTamnii
Bazosa 3B’AKY M061’JII:HOI‘O

CTaHIlig 3B’ABKY

Puc. 21.1. OCHOBHIi CKNafoBi CTiINbHUKOBOI MepeXxi: CTiNbHUKOBI TenedoHK, 6a3oBi cTaHLil,
LleHTpY KoMyTauii
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Poszgin Ill. MEXAHIYHI TA EJIEKTPOMATHITHI XBWJI

Kosxen i3 Bac ymie KopuctyBaTucs MOOiIbHUM TejiehoHOM. 3’SICyEMO, K
BiH 3pmilicHIO€ 3B’s30K. Kosu Bu BMUKaeTe TesedOH, BiH MOUMHAE «IIPOCTYXOBY-
BaTu» edip i BJIOBJIIOE CUTHAJ 0A3080L CMAHUIL TOTO CTiAbHUKA, Je BU Ha HaHUN
MoMeHT nepebyBaete. Ilicasa mporo Tese)oH BUIIPOMIiHIOE pagiocUTHAJ — IIOCU-
Jae cTaHIii cBilt igzerTud@ikaniinuit Kox. Bigroni Tenedon i cranmia migTpumy-
BaTUMYTh PAJiOKOHTAKT, IEePiOANYHO OOMiHIOIOUNCH CUTHAJJIAMMU.

AJle X BuU He 3aB)KIu IepeOyBaeTe B OJHOMY Micili, i AKIIIO 3 yacoM BU
OIMHUTECS B iHIIIOMY CTiJIbHUKY, Balll Teae()OH HAJIATOAUTDL 3B’SI30K i3 6a30BOIO
CTAHIli€I0 I[bOr0 iHIMOro crimbHuKa. CTIMBHHKK YacTKOBO MIEePeKPUBAIOTHCH,
TOMY BM HaBiTh He MOMiTHTe, I1I0 Bac IoyaJja o0CJIyroByBaTH iHINA cTaHIiA. A oT
AKINO Teaed)OH He 3MOJKe «3HAWTU» HalOAMIKUy CTaHIliio i mepenaTu i cBiil Ko,
3B’sI30K 00ipBeThCs i Ha auciei BUCBITUTHCS, IO Mepeka BimcyTHA.

OnucaHUMHU TIpoIlecaM’ <«KEpYIOTb» UeHmpu Komymauii, AKi moB’ssami
3 0a30BUMM CTAHI[IIMU IPOTOBUMHU KaHajJaMu 3B’A3KYy. BilacHe IeHTDP KoMyTa-
il Oe3mepepBHO «BiACTEKYe» Miclle mepedyBaHHsA BAIIOT0 MOOiJIBLHOrO TeedoHy.
Bin «mepenmae» Bac, sk ecTad)eTHY IMaJIUUKYy, Bim ogHiel 6a30Boi cTaHIliil g0 iHIIOI,
KOJIY BU «IIOJOPOIKYETE» 3i CTiIbHUKA B CcTiIbHUK. CaMe uepes MEeHTPU KOMYyTaIlii
3IiMICHIOEThCA BUXIiM Ha iHII MepesKki: BU MoKeTe 3aTesie(pOHYBaTH TOBAapUIIIEBI,
Tesie)OH SKOro 00CTYTOBYETHCA 1HIIIUM OIIePaTOpPOM, 3POOUTH J3BiHOK HA CTAILio-
HapHU# TeaedOH, CKOPUCTATUCH IHTEPHETOM TOIIIO.

B BuBuyaemo papgionokauito

BiacrusicTs pamioxBuib BigbuBaTucs Bin metasiB ycraHoBuB I I'epir. 3ro-
moM OyJio 3’SiCOBaHO, IO eJeKTPOMATHITHI XBUJIi BiOMBAIOTHCA Biff Oy Ab-IKUX TiJI,
OpU IBOMY UMM KpAallle TiJIo IIPOBOAUTEL €JIEKTPUUYHUNA CTPYM, TUM OiJIBIIIOI0 Oyme
eHepria Bigouroi xBuai. Ha 6id6usarnti padioxeuns rpynmyemscsa padionokayis.

Pagionokauis — cnoci6 BUABNEHHSs, pPO3-
Ni3HaHHA Ta BU3HAUYeHHA MiCLA po3TallyBaHHA
006’eKTiB 3a JOMOMOrOK pagioxBusb.

A\
ry

- Papmionokarifina ycTaHOBKa — pajaioioKka-

-/

:// Top (pamap) — 3abesneuyye BUIIPOMiHIOBAHHSA pa-
—- ITiOXBUJIb, & TAKOMK IIPUUMaHHA PaTiOXBUJIb, AKi

\\// BiOuBatoThCca Big o6’ekTa (puc. 21.2).
\\_// Sxi1o pamioxBuIi BUIIPOMiHIOBATU B yCiX Ha-
\/ IPSAMKax a0o IMHPOKUM IIYYKOM, TO BOHU BimbuBa-
\\_// TUMYTBLCS OZHOYACHO BiJ 6araTboxX 00’€KTiB i pos-
\_/ mi3HATH, Je PO3TAIIIOBAHUN JOCIIIKyBaHUMA 00 €KT,
J HAIIpUKJAL JiTak, Oyme HeMo:KJauBo. Tomy pamio-
JIOKQTOP IIOCUJIAE XBUJi HANPAMIEHO MaA 8Y3bKUM
nyykom, a BUABJIEHHA Bin0dmTOoro curHajy cBin-
YUTh, IO AOCTIAMKYBaHUU 00’€KT PO3TAIIIOBAHUI
Y HaAIpPAMKY TOIIUPEHHA PafioxBWib (puc. 21.3).
Po3spisHAIOTL ABA OCHOBHI pesKuMU pobOTH
papniosakaropa. ¥ pedxcumi nowyky (cCKanyeanHs)
Puc. 21.2. MpuHumn poboTn aHTeHa pajJioJaKaTopa Bech YaCc CKaHye€ IIPO-
pagionokaTtopa cTip (HampuKJaj, IMOBEPTAETHCS MO T'OPU30HTAJII
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§ 21. Di3nyHi OCHOBM CyyacHUX 6e3npoToBUX 3acobiB 3B'A3KyY. Pagionokauia

M OZHOYACHO PYXa€ThCA BHU3-YTOpY). ¥ pexcumi
cnocmepexceHHs aHTeHa Bech 4ac HaIpsAMJIeHa Ha
oOpaHUil 00’€KT.

[isHaemocsA, AK npaule pagionokaTop

Pagiocurnas, axuii mocuaae pamiosoKaTop,
ABJsE€ cO00I0 KOPOTKOUACHUH (TPUBAJICTIO MiJb-
WOHHI YacTKM CEeKYyHIM), ajie NysKe IOTYKHUHN
imoynbe. IofiHO iMmynbc mociaaHO, aHTEHaA pa-
IioJoKaTopa aBTOMATUUYHO NEePEeMUKAETHCA Ha
OPUHOM: PamioJIOKaATOp «cayxXae» edip — uUeKae
Ha BigOouTuii curunaj. [IpuitmMau Mae BUCOKY UyT-
JUBiCTh (BiAOMTHUH pagioCUTHAJ JOCUTH CIA0KMIA),
TOMY Ha Yac BUIPOMIiHIOBAaHHA iMIOyJbCcy HOro
BigKJIIOUAIOTH, iHAKINE amapaTypa 3imcyeTbes.

Yepes neBHU iHTEpBaJ uacy (3HA4UHO 0iJb-
U 3a TPUBAJIICTHh iMIOYJIbCy) aHTEeHa 3HOBY IIe-
peMuKaeThCcsa Ha pajionepenaBad i paaiosioKkaTop
OoCUJIa€ HACTYIHUM iMOyjabC.

Bigcraus s mo o6’ekra susnavalomov 3a ua-
com t npoxodxcenns padioimnynavcy 00 uini it Ha-
3a0. IlIBUAKICTh TOIMUPEHHA eJeKTPOMAaTHITHUX
XBWJIb Y MOBITPi MPAaKTUYHO MOPiBHIOE ITBUAKOCTI
HOIIMpeHHA cBiTaa y BakyyMmi (c=3- 108 m/c), Tomy:

c-t
2

S=

IuTepBan uacy t € gy:ke maaum. Tak, AKINO Bim-
cTaHb A0 o0’ckra mopiBuioe 120 KM, TO BimOuTmii

. 2
panmiocursaJj moBepHeTbesa uepes 0,8 mc (tz—).

3acToCOBYEMO pagionokauito

Papiosokaropu 6yJsi0 CTBOPEHO BUKJIIOYHO
IJ1 030POEHHSA apMiii — [AJIA BUABJIEHHS JIiTaKiB
cynporuBHHuKAa (puc. 21.4).

Iz wacom pagiosokariis HabyJsa IIHPOKOTrO
3aCTOCYBaHHA B iHIMUX ranysax. CyuacHi nosim-
pAHi, MoOpcvKi Ui OKeaHCvKi cy0Ha OOOB’SI3KOBO
ocHallleHi pajgiosoxaropamMu. 3a OTOIOMOIOIO
panmiosiokaTopa IIITypMaH CyJHA MOKe 3HAWTH
BiZbHI mpoxomm Mixk xMapamu abo aiicbepramu,
YHUKHYTHU 3iTKHEHHA 3 iHIIUMUW CygHAMU B He-
TOQy, YTOUHUTU KYypPC, BUSHAUUTHU MiCI[e¢ CBOTO
posramryBauua (puc. 21.5).

Pagionokarifini craumii B aepomopTax 10-
moMaralmTh 3AiNCHUTU IOCAAKY IOBITPAHUX

Puc. 21.3. BunpomiHioBaHHsA
BY3bKOrO HanpAMNEeHOro nyuka
YNbTPaKOPOTKMX PaAiOXBUIb

i NpuiiMaHHA BipbuTOro curHany
3abe3neuye napaboniuHa aHTeHa
pagionokartopa

Puc. 21.4. CyyacHui «iitalouni
pagap» MoXe BUABWTU NiTaK Cy-
NPOTMBHMKA Ha BiAcTaHi 540 Km

Puc. 21.5. Papgap cyyacHoro
MOPCbKOTO CyfjHa
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CyIeH, a CTaHIIii, BCTAHOBJIEHI B3IOBK y30epe:K:Ks, 3a0e3meuyoTh Oe3ImeuHui
BXig KopabJIiB y IOPT.

Panionokariro 3acTOCOBYIOTE Y HAYKO0BUX QOCAIOHCEHHAX, MeMPOLO2ZiL, Cillb-
cvkomy ma aicogomy zocnodapcmeax. BoHa romomMarae CKJIAcTU KapTU Peabedy
3eMHOI TTOBEPXHi, MOCJIAUTH MIiJIBHICTH, POCIMHHOIO IIOKPUBY, BUABUTHU JIICOBY
TMOXKeIKy, BUBHAUUTH CKJIAJ I'PYHTY TOIIIO.

BasxiuBe sHaueHHS Mae pagiosoKallia 8 KOCMIUHUX 00CAiOHeHHAX. SalyCKI
Ta MOCAaAKN KOCMIUHUX alapaTiB HEMOKJIUBiI 6e3 BUKOPHUCTAHHS PaaioJ0KaTOPiB.
3a J0IroMoror pamgiosokailii 6yso yrouneHo Bigcrami o Micams, Benepu, Mapca.
Pagionmoxkaropu, BCTaHOBJIEH]I HA IITYYHUX CYIIYTHUKAX BeHepu, DJOIIOMOTIJIN IIPO-
HUKHYTHU KPi3b TOBIY XMap Iliel mJaHeTW Ta BUSHAUYUTH ii peaned.

fng? Min6nBaemo nigcymkm

¢ _Mi OcTauHiM YacoM 0COOJIMBO IITMPOKOrO 3aCTOCYBaHHA HAOYIM XBUJIL YIBTPa-

KOPOTKOI'O [ialladoHy: 3a AOIIOMOIOI0 CIIeIliaJIbHUX aHTEeH IX MOKHAa CIIps-
MyBaTH BY3bKHM HYYKOM, AKHII MEHIIIe PO3CiIOETHCS, a Ie JO3BOJISIE BUKOPU-
CTOBYBATU MEHIII IIOTYKHI IIepemaBadi. YIbTPaAaKOPOTKI pasioxXxBUJIi 3aCTOCOBYIOTH
Yy CTLJIBHMKOBOMY 3B’A3KY, CYIIYTHUKOBOMY TejebaueHHi, paaiosokairii.

CTiIbHUKOBU 3B’30K — OIUH i3 BUJiB MOOiJIbHOrO Pagios3B’a3Ky, B OCHOBI
SAKOTO JIEXKUTDH CTIILHUKOBA Mepeska.

Pangionokaria — BuaABJIeHHA, PO3IIiBHAHHA Ta BU3HAUYEHHA MicCIld poaTa-
mIyBaHHA O0’€KTiB 3a IOIIOMOIrOI0 PaaioXBuJb. PamiosloKaTop CTBOPIOE BY3bKUIL
HaAIpPAMJIEHHUI IIYYOK PamioXBHUJIb i ImpuiiMae pagioxBuiii, Bimouti Bim 00’ekTiB.
Bigcranp mo o6G’cKTa BH3HAUAIOTH 34 YACOM IIPOXOMKEHHS PamioiMOyJbCy IO

. ct
ob’eKTa I Haszam;: S= ? .

KoHTponbHi 3annTaHHA

®£ 1. ¥V yomy moJiirae OCHOBHA IlepeBara yJabTPAaKOPOTKuUX paxioxsuiab? 2. IIlo Take

J J]: crinpHUKOBUI 3B’130K? fIK BiH opranisoBanuii? 3. Illo Take pazgionoraria? Ha gomy
BOHA I'PYHTYeThbCA? 4. OUUIIIT, ITPUHIIUII POOOTH pamiosiokaTopa. 5. K 3a momomo-
ro0 paziosioKallii BU3HauaioTh Miclle po3TalllyBaHHs 00’eKTa (BigcTaHb mo 06’e¢KTa,
HAIIPSIMOK, B AKOMY BiH poaramroBaHuii)? 6. [le 3aCTOCOBYIOTH paaiosioKaIlio?

ﬂfb’\’? Bnpasa N2 21

">NL 1. Ha axkiit BigcraHi BusiBJI€HO 00’€KT, SKIIO BiAOUTHUII CUTrHAJ IIOBEPHYBCA Uepes

20 mMKc micsas mocuaHHa?

2. Pagionaxarop mpamioe Ha gactori 6-108 T'm. PamioxBumiio AKoI ZOBKHHHU BiH
BUIIPOMiHIOE?

3. Ocob6amuBOCTi yIBTPAKOPOTKUX PaJiOXBUJIb (IPAKTUYHO He BiOMBAIOTHCA Bis
ioHOC(epu, iXHSA eHeprid HMOMITHO BTPAYAETHCA TiJbKM MMOOJM3Yy ITOBEPXHi
3emiti, iX MOKHa CIPAMYBATU BY3bKUM ITYUYKOM) 3a0e3leunsiv iX ITUPoOKe 3a-
crocyBauHsA. CKopucTaiiTecs HOJaTKOBUMH AsKepesaMu inopmallii ta gismaii-
Tech, IK OpraHisoBaHi CYmyTHUKOBe TejebaueHHs Ta CYyIIyTHUKOBUI 3B’SI30K.

4., 3acToCcyBaHHA PamiOJMOKAIliMHUX CTAHIIIN AJIS BUABJIEHHS BOECHHUX MAITUH
(miTakiB, KopaOJiB) COPUUYMHUJIO aKTUBHUN IOIIYK CIOCOGIB 3HUIKEHHS II0-
miTHOCTI BoeuHOI TexHiku. Tak 3’aBuiaca cmesc-mexnonozisi. CKopucranrech
IONATKOBUMU mxkepesaMu imdopmailii Ta gismaiiTecs, uu Baajoca xoua 6 yacr-
KOBO «CXOBATHW» BOECHHI MaIImHU. JIKIIO BAajocs, TO AK?
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EHUMKnonegunyHa cTopiHka

1

OucraHuiiiHe 30HAYBaHHA 3emni

Hucmanyiiitne 3o0ndysanns Semai
([133) — 11e criocTepeKeHHa i BUBUEHHS
ToBepxHi 3eMJIi 3a TOITOMOT0I0 IPUJIAaIiB,
posMmimreHuX BiJ Hel Ha fJaJieKiit BigcTraHi
(HampukJajL, Ha CymyTHHUKaxXx abo Jita-
Kax). Jle BuKopuctoByoTh 1337

I3 TexHiUHOI TOYKM B30py, HAWIIPO-
crimmra rajysh B3acTocyBaHHA 33 —
nporuo3 moroxzu. Ha mpomMy npukriani
1 pOBIIOBIMO, SIK ITPAIIOE€ CHCTEMA.

3asBuuaii TeJseBiBifiHI TpOrHO3U
TIIOTOAM CYHPOBOAKYIOTHCA 3HIMKaMM
3 xKocmocy (puc. 1). IIpore AcKkpaBi Kap-
TUHKW Ha TeJleeKpaHi — Iie, 3BiCHO, He
BCe, I110 MOTPiOHO AJIs TPOTHO3Y ITOTOA!

CynyTHUK He MoxKe cdoTorpady-
BaTH BCIO TIOBEPXHIO 3eMJi Bimpasy. Sk
dapu aBTOMOOGINA OCBITIIOIOTH TiJIbKU
IOpOTy, 3ajauIlaloum y30iuusa B TeMpsd-
Bi, TaK i CynyTHUK, 00JIiTatoum HaBKOJIO
3emii, «6auUTH» TiABKU IEBHY CMYTY.
IIMupuna 1miei cMyru MoKe KOJUBATU-
ca Bim 7 mo 1500 KM 1 3aeXuUTh Bif
HEeOOXigHOI TOYHOCTI OOCTEXKEHHS: UMM
OinbIll meTasbHa iH(GOPMAIid OAEPIKY-
€ThCs, TUM By’K4Ya cMyTa.

ITlig wac HacTymHOTO 00EPTY CYIIyT-
HUK <«OIVIANA€» CYMiKHY CMyry i Tak
mami. dAximo ob’emHaTy oTpMMAaHi JaHi
Bil KiJIBKOX TaKMUX CMYT, MOXKHa OJEpP-
JKaT! «KapTUHKY» AJIA BEJIUKOI TEPUTO-
pii, HampukJanm AJjid Bciel Hamiol Kpai-
HU (puc. 2).

wc.2. Kapta YkpaiHu

i3 cynyTHUKa

Puc. 1. TenesizilnHni NporHo3 norogu
3 BUKOPUCTAHHAM CYyMyTHUKOBUX 3HIMKIB

CynyTHUK Tiepefa€e OTPUMaHy iH-
dopmaliizo Ha TpUNMAaJbHI aHTEHU;
ingopmalrizo o6poOOJIAIOTL i II€peTBOPIO-
I0Th Ha 3BUYHi oTorpadii. Ilorim iHDop-
Mallig IepefaeThcsa MeTeopoJioraM, fAKi
00’eIHYIOTH JaHi 3 KOCMOCY 3 pPesyJibTara-
MU Ha3eMHUX CIIOCTEePe:KeHb i Ha OCHOBi
CKJIAQAHUX MaTeMaTUUYHUX MOIEeJIeH IIPO-
THO3YIOTH TEMIIEPATypPy Ta CTaH aTMocde-
P¥ Ha IeHb, THKIEHb, MiCAIIb...

s aHanmisy cTaHy MOBEpPXHI 3eMJi
BUKOPUCTOBYIOTH I[IJIy «apMil0» CYIIyTHU-
KiB. BijplmicTs i3 HUX OHEp:KyIOTh JaHi
B [JialasoHi BUAWMHUX OKOM eJIEKTpOMAr-
HITHUX XBUJIb, ajie € I TaKi, AKi 30HIYIOTH
TIOBEPXHIO €JIeKTPOMATHITHUMU ITyUYKaMU
B [JiamasoHi XBWJIb CAHTUMETPOBUX [IOB-
ke (HBY-BumpomiHIOBaHHS), a TaKOMK
XBIJIb i3 O1JIBIIIOI0 JOBKUHOIO (ToHaL 1 M).

Opmep:KaHHAM i 00POOKOI0 JaHMUX Bis
CYOYyTHUKIB 3aiiMaloThCcs pis3Hi opraHi-
sarii; B Hamri#i Kpaimi poboTy TaKux
opraHisaniit koopaunye lepicasne rxoc-
MiuHe azeHmcmeo Ykpainu.

OKpiM @IPOrHO3y IIOroAM HaHi
3 KOCMOCY BUKOPHCTOBYIOTH IJIS
aHaJi3y CcTaHy CHIroBOro IIOKpH-
BY, IIPOTHO3Y IIaBOJKiB, IIOKEXK,
IOCYyXH1, B3eMJIETPYCiB, OIliHKH’
MaMOyTHIX yposKaiB i mjaa 6arato
yoro immoro. Hampukmaazn, 1106
3amobirTy aBapii uepes 3iTKHEHHS
3 JIbOJaMM, KaIiTaHaM KopabJriB
Ba’KJINBO 3HATU JIBOZOBY obcTa-
HOBKY. TaKi maHi TeX Oep:KyITh
i3 KocMmocy.




Poszgin Ill. MEXAHIYHI TA EJIEKTPOMATHITHI XBWJI

NIABMBAEMO NIACYMKWU PO34iIny I
«MexaHi4Hi Ta eneKTpoMarHiTHi XBui»

1. Bu posimanucsa mpo iCHyBaHHSA MeXAHIYHUX X8UJAb Ta iX udu.

MEXAHIYHI XBUJI

MexaHiuHa XBHJISA — MOIINPEHHA KOJWBAHb Y IIPY/KHOMY CEpPeIOBUIIIi.

Ilepenecenns eHeprii 6e3 mepene-
CeHHs PEUYOBUHU

Hxepeno xBuJi —

i m
Tij0, AKe KOJUBAETHCA ////// }W}I}w

v v
Ilo3moB:kHi ITomepeuni
YacTUHKU KOJUBAIOTHCA B3IOBIK YacTUHKU KOJIMBAIOTHCSA TEPIEHIUKY-
HAIPAMKY HOIIMPEHHS XBUJII JIAPHO 0 HAIPSAMKY MOIIWPEHHS XBUJIL
= < Y
T TP L EFCIL ! |||||||||||||||||| f
CTucHEeHHA Ta PO3TATHEHHS BignocHuMit 3cyB I1apiB cepegoBUIlia
cepenoBUINa

2. Bu pgisHanuca Opo Qi3uuri 6eAUUUHU, AKI XApaKmepu3yiomsb MexXaHiuHi
Xx68uJjii, Ta BCTAHOBUJIU CITiBBiTHOMIEHHA Mi’K HUMU.

®I3NYHI BEJIUMNHU

Yacrora XBUIi IIBuaKicTh, MOMIMPEHHST XBUJIi JloB:KMHA XBUJIi
[v]=1Tm [v]=1m/c [A]=
JlopiBHIOE YacToOTi KO- 3MiHIOETBCA IIiJ Yac mepexony
JUBaHD IKepesa XBUJIL 3 OJHOT'O CepemoBUIIA B iHIIE

®@opmyaa XBHIi: U= AV

3. Bu osmafiommauca 3i 3BYKOBUMU XBUJIAMU Ta 3’ ACyBaJd, II0 38YKO06I
xX8uJsi — ue no3008xcHi MexXaHiuHi X8UJll Ne6HOL yacmomu.

3BYKOBI XBUIJII

\/ \/ \/
Indpassyk YyTHuUil 3BYyK YabTpasByK
(1 mI'm, — 20 T'm) (20 T'm — 20 xI'm) (monan 20 xI'm)
YuHUTH HETaTUBHUH Bucora 3ByKy BusHauaeTbCsa| | BUKOPpUCTOBYIOTh ¥ Me-
BILJIUB HA 3I0POB’s YaCcTOTOI0 3BYKOBOI XBIJIi; OUIWHI, TeeKTOCKOITii,
JIOOUHA TY4HiCTh — aMILIITyZOIO exoJIoKaIii
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MNipéueaemo nigcymkn po3giny i

4. Buwu pmosimanucs, 110 TeopeTudHi focaimkenad [Juc. Makceéesia Ta YUCIEHH] eKC-

TIEPUMEHTH JOBEJI HePO3PUBHUU 38’ A30K MidC eNeKMPULHUMU | MAZHIMHUMU
noasamu. Ili osmss yTBOPIOIOTH €0UHe eJleKkmpomazHimHue noJie.

EJIEKTPOMATHITHE MOJIE

BUJ MaTepii, 3a JOIIOMOIrOI0 SAKOI'0 3AiMCHIOETHCS B3a€EMOMis
MiK 3apAIKeHNMH TijlaMH’ i YaCTMHKAMM Ta HaMarHiuveHUMH TijJlaMu

I

|
(I)OpMPI BUABJEHHSA eJIeRTpOMaI‘HiTHOI‘O II0JIS

\/ \/
EnexTpuune moJse

MarniTae moJae
1

1
EnekTpuune moJe, 1110 3MiHIOETHCS, CTBOPIOE MATHITHE IIOJIE;
MarHiTHe TI0oJie, 110 3MiHIOETHCS, CTBOPIOE €JIEKTPUUHE II0JIe

5. Bu gisnanucs, 1110 B IPUPOJL iCHYIOTH eleKmpoMazHimui x6uJai, o3Haiio-

MUJINCH i3 BJACTHUBOCTSAMU €JIEKTPOMArHiTHUX XBUJIb PisHUX 0iana3ornis
i mJeAKUMU TPUKJIAAAMU 1XHBOTO 3aCTOCYBaHHI.

EJIEKTPOMATHITHI XBUJI
IPOoIieC IOMINPEHHSA Y IPOCTOPi 3MiHHOIO €JIEKTPOMATHITHOTO IIOJIS
I I I I
JesiKi 3araJbpHi BJIIACTHBOCTI €JIEKTPOMATHITHUX XBUJIb
ITomuprooThes BigbuBarorbea Bif
y BaKyymi OPOBiIHUX IIOBEP-
3 OHAKOBOIO XOHb, IPU IIBOMY KYT
IIBUIKICTIO: BimOuMBaHHSA TOPiBHIOE
c=3-10% m/c KyTy HamiHHA

3aJiomJIio- HoBKkuHAa Ta dac-

I0ThCA HA TOTa XBUJi y Ba-

MeXXi 1BOX KyyMmi moB’asani
IieJeKTPUKiB Gopmynoio xeui:
c=Av
30iabUyeMbCa Lacmoma, 3MEeHULYEMbCS 008HCUHA eNeKMPOMAZHIMHOL X8ULL .

Paio- OnTtuunuii fAianasox
XBIJIL

Penrre-

HiBCBbKe Y-BUIIPOM1-
BHHpOMi' HIOBaHHA
HIOBAHHSA

iH(pauepBOHE BUAuUME | yjabTpadioseToBe
BUITPOMIiHIOBAHHSA | CBiTJIO

BUIIPOMiHIOBaHHA

>
>

30inviyemovcs NPOHUKHA 30aMHICMb, NOCUNIOIOMbCA XiMIYHA AKMUBHICMb

Bu 3’sacyBajiu, I1I0 HA BJACTUBOCTAX YJAbMPAKOPOMKUX PAdioX8UJb TIO-
IMIUPIOBATUCA BY3bKUM IIYUYKOM i BimOmBaTHCs Bif mepemikoa I'PyHTYETHCS
pagiosiokania — 6usA8JeHHA, PO3NI3ZHAHHA MA 6USHAYEHHSA Micus pos3-
mawysants 06’ekmis 3a donomozow padioxeusas. Bincraub s mo 06’exra
BM3HAYAIOTH 34 YAaCOM ¢ MPOXOAKEeHHA PaAioiMIyabCcy M0 00’€KTa Ta Has3an:

s=—
2
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Poszgin Ill. MEXAHIYHI TA EJIEKTPOMATHITHI XBWJI

3ABOAHHA ANnA CAMONEPEBIPKM A0 PO34iny I
«MexaHi4Hi Ta eneKTpomarHiTHi XBui»

3as0anns 1-8 micmamb minbku 00HY NpasuibHY 6i0n08iods.

1. (1 6an) Ha akiit BmacTuBOCTI MexXaHIYHUX XBUJb I'DYHTYETHCA €X0JOKaIida?
a) mepeHeCceHHs eHeprii 0e3 ImepeHeceHHs PeUOBUHU;
0) BimOMBaHHA XBUJIi;
B) BaJIE}KHICTh JOBYKWHU XBUJIL Bijl cCEpeIOBUIIA, B AKOMY MOINPIOETHCA XBUJIA;
r) 3MiHa aMILIiTyau XBUJIi 31 30ibIIeHHAM BiAcTaHi 40 IAsKepeJia XBIJII.

2. (1 6an) ¥ AxomMy cepedoOBUIIli HMOITUPIOIOTHCA IOMEPEeYHi MexXaHiuHi XBUJIi?
a) y piguni; B) V OYyZb-IKOMY CEpPEeIOBUIITi;
0) y BakyyMi; T) y TBEPAOMY TiJi.

3. (1 6an) SIke TBepA:KeHHA € XUOHUM?
a) ITosmoB:xkHI MexaHiuHi XBUJIi He MONMIUPIOIOTHCSA y TBEPAUX TiJIax.
0) MexaniuHi XBUJIi He TOIIUPIOIOTHCSI Yy BaKyyMi.
B) CBiTJIO — IIe ejleKTpOMAarHiTHA XBUJIA.
r) 3ByK — Ile MeXaHiuHa XBUJI.

4. (1 6an) fAxwuii 06’eKT MOKe OyTU M)KepesioM MeXaHiuHOI XBMJIi?
a) 3apAmKeHa YaCTHMHKA, IO PYXa€ThCSA IPUCKOPEHO;
0) Tijlo, IKe KOJIMBAETHCA;
B) TijJlO, 110 PYyXa€ThCA PiBHOMipHO;
r') HepyXoMe HaMarHiueHe TiJo.

5. (1 6an) IocritiHmMiT MATHIT JEKUTHh HA CUAIHHI TpaMBasd, AKUU PyXa€ThCA
piBHOMipHO. BiZHOCHO SKOT0 i3 3a3HAUEHUX CIOCTEpirauiB icHye JuIlle Mar-
HiTHA CKJIaJl0Ba €JIEKTPOMATHITHOTO IIOJI?

a) KOHAYKTOD, AKUI i/ie ITPOX0mI0M;

0) macasKup 3yCTPiYHOTO aBTOMOOiIs;

B) miImoxizx, 1o cToiTk 0ijA moporu;

T') BOZill aBTOOyCA, IIT0 PyXa€ThCA 3a TPAMBAEM i3 TaKOIO CaMOIO
IMBUAKICTIO.

6. (2 6aau) Konmu XBUJISA IepPexXoquTh B iHIE CEPEIOBUIIE, TO He 3SMiHIOEThCA:
a) aMILTiTya XBUJI; B) 4acTOTa XBWJI;
0) MOB)KMHA XBUJIi; T') MBUIKICTHh MOMINPEHHS XBUJIi.

7. (2 6anu) SIxke mpupomHEe ABUINE HE CYIPOBOKYETHCA MOABOI0 MEXaHIUHUX
XBUJIb?
a) BeceJsIKa; 0) OsIMCKaBKa; B) 3eMJIETPYC; r) BiTep.

8. (2 6anu) Ha Bigcrami 170 m Bixg xmapoduoca cTOiTh JongmHa. I3 il pyk Ha
TPOTyap majae MeTajieBUU mpeaMer. Uepes AKMHA Yac IIicad ymaapy JIOAMHA
MOJKe TIOUYTH BigayHHA?

a) 0,5 c; 6)1c; B) 2 c; r)4c.

9. (2 6anu) Ha akiii BigcraHi posramroBauuii 00’€KT, AKINO BiAOUTHII Big HHOTO
pazmiocurHaJj IOBEPHYBCA Uepe3 2 MKC ITicJiA BUIIPOMiHIOBAHHA?
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3aBAaHHA gna camonepesipku go posginy Il

(3 6asu) YcTaHOBITH BimIOBiAHICTE MidK mpuiiMaueM i BUAOM eJIEKTpoOMAar-
HITHUX XBUJb, SKi BiH IIepeBasKHO IPUIMAaE.

1 ITpusnan miumoro GaueHHA A v -mpomeni
2 CynyTHUKOBa aHTeHHA b Pagioxsuii
3 OKo JronuHU B IadpauepBoHE BUITPOMiHIOBAHHS

I Bugume cBiTiio

(3 6anu) HaTATHYTUM HIHYPOM MOINMUPIOETHCA XBuadA (puc. 1). ¥V axomy
HaIPAMKY PYXaeTbCcs TOUKa A B 3adiKcoBaHUIT Ha PUCYHKY MOMEHT 4dacy?

(3 6anu) HIBunkicte pyxy Kyii mopiBuioe 680 m/c. Ha ckinbku panimre
KyJd BJIYYUTDH Y MillleHb, po3TalIoBany Ha Bifgcrami 1360 M, HixK 10 MmimreHi
IOJINHE 3BYK IIOCTPiay?

(3 6anu) PoGoua OmsKxojia, IO JIETUTH 3a B3SATKOM, POOUTH y CepemHbO-
my 180 momaxiB kpuimamu 3a ceKyHay. Koam K 1A O4K0JIa IIOBEPTAETHCS
IO BYJIMKA, KiJbKicTh ITOMaXiB KpujaMu 3a ceKyHay 3pocrtae mo 280. Ak e
BimOMBaeThCA HA 3BYIli, AKUHA MU UYEMO?

14. (4 6aau) fAxoro € MOBKMHA 3BYKOBOI XBUJIi B MOBITPi, AKIIIO AMKEPEJIO 3BYKY
sniticaioe 5100 xosmBaHb 3a XBUANHY? fIKOI0 € JOBXKMHA ITiel XBUJIi y Bogi?

15. (4 6asu) 3a rpadikoM KoamBaHb AKepelia MexaHiuHol XBuJIi (puc. 2) BusHau-
Te Tepiof KOJMBaHb 1 YaCTOTy XBUJIi. SIKOI0 € JOBXKWHA XBUJIi, AKIIO XBUJIA
momupioeThed 3i mBuaKicTio 20 M/c?

16. (4 6anu) PagioxBuii, moB:KuUHA AKUX 6 M, IIepexonATh i3 BaKyyMy B cepe-
IOBUINE, NIe IMIBUAKICTh IXHHOTO HMOINUPEHHS B 1,5 pasy MeHIa, HiXK y Ba-
KyyMmi. BusHauTe wacToTy i JOBKUHY PagiOXBUJIi.

>
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Puc. 1 Puc. 2

3eipme sawi 8i0nosgidi 3 Hasedenumu 6 kinui nidpyunurxa. Ilosna-
ume 3a60aHHA, AKi 86U BUKOHAJAU NPABUJbHO, i 6u3Hayme cymy 6anie. Ilomim
yio cymy nodiaimev na mpu. Odepicaruil pesysrbvmam gidnogidamume pi6HI0 6aUUX
HAB4aNbHUX 00CAZHEHb.

3 e TpenyBaJbHi TECTOBi 3aBIaHHA 3 KOMII IOTEDHOIO II€PEBipKOI0 BU 3HA-
JeTe Ha eJIEKTPOHHOMY OCBITHBOMY pecypci «IHTepaKTuBHE HaBUAHHSI».

.
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Poszgin Ill. MEXAHIYHI TA EJIEKTPOMATHITHI XBWJI

B OpicHTOBHI TeMn NpoeKTiB

ounnhbhwbN=

7.

3BYKU B JKUTTIi JIOOUHU.

3acTtocyBaHHA iH(}pPaA- i yIBTPa3BYKiB y TeXHiIri.

Bi6parii # mrymu Ta iXHi#i BIJIUB Ha OPraHi3MuU.

EnexTpoMarsiTHi XBuUJIi B IPUPOAi ¥ TeXHIIIi.

BrinB esleKTpoMarHiTHOTO BUNPOMiHIOBAaHHSA Ha OPraHi3M JIIOJUHMU.
Bunwm mrymoBoro 3abpynHeHHsA. BuMmipioBaHHA pPiBHS IITyMOBOI'O 3a-
OpynHeHHA. BUBUEHHSA BIJIMBY IITyMOBOI'0O 3a0pyAHEHHS Ha OpraHiaMu.
Mysuuni iHCTPpYyMEeHTH AK AKepelia PiSHUX 3BYKOBUX XBUJIb.

B Temu pedepariB i noBigomneHb

PWN=

Now

(o]

9.
10.
11.
12.
13.
14.
15.

16.
17.
18.

Mexanism yTBOpeHHSA XBUJIb Ha MOBEPXHi BOAU.

JBOBUIKHE BiAJIyHHS.

IITo Take aKyCcTHUHi pe30HATOPU Ta Je iX 3aCTOCOBYIOTh.

Edext Hommiepa Ta #10ro BUKOPUCTAHHA OJIsd KOHTPOJIO IITBUIKOCTI
PYXy TPaHCIIOPTHUX 3aco0iB.

YHoJioBiui, KiHOUYi, AUTAYLI roJocu: AK 1 YOMY BOHU BiApi3HAIOTHCA.
3acobu 3aXuCTy BiJ HIyMiB y MeraroJricax.

VabTpasByKoBa KaBiTarisd.

3acTocyBaHHS YJIbTPa3BYKy B TeXHIIIi.

YrBOpeHHA iH(pPaA3BYyKYy B OKeaHi.

Bigyaurizariis 3ByKOBUX KOJIMBaHb.

PagioxBuii B mamomy KHUTTi.

IcTopia BumalimeHHA pamio.

EnexkTpoMarsiTHu# cMoOr.

BukopucrarmHa pagiosiokarii B acTpoHOMii.

Edexr Monnsepa B acTpoHOMii, abo 1K moBemeHO, 110 TaJIaKTUKUA PO3-
JiTarThCs.

Hia yaprpadiosieToBOro BUNIPOMiHIOBaHHA Ha OpPraHisM JIIOAWHU.

B. Peurren uu I. Ilymrofi: XTo mepminM BigKpuB X-IIpoMeHi?

IcTopia BUBUEHHS CBITJIOBUX SBUIIIL.

I Temu eKcnepyuMeHTaNnbHUX AOCAIAMKEHD

1.

2.

3.
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BuroroBsenHa pi3sHOMaHITHUX [I:KepesJ 3BYKY Ta BUBUEHHA IXHIX
AKYCTUYHUX XapaKTepPUCTUK.

3’sicyBaHHA 3aJIXKHOCTiI BUCOTHM 3BYKY BiJl UacTOTH KOJIMBaHb JKe-
peJia 3ByKOBUX XBUJIb.

BuBueHHs mporeciB Big0UTTA, 3a/IOMJIEHHA Ta HaKJaJaHHSI MeXaHiu-
HUX XBUJIb Ha ITIOBEPXHi BOAU.



po3ain IV

®I3KA ATOMA
TA ATOMHOTIO A4PA.
®I131YHI OCHOBMU
ATOMHOI EHEPTETUKU

Buv 3Ha€Te, siK MpaLioe TENIOBMIA ABUTYH,
a Tenep Ai3HaETeCh, AK NPaLIoE AfePHNA peakTop

Bu uynu, Wwo pagiauia 3aBgae wkogu,
a Tenep Ai3Ha€eTecb, AK BOHA NiKye

Bu 3Ha€Te, WO XKUTTA Ha 3eMli HEMOXKNNBe 6e3 COHAYHOI eHeprii,
a Tenep pisHaeTecs, 3Bigkn CoHue i «bepe»

Bv 3Ha€Te, WO OAHONMEHHI 3apsAAN BiAWTOBXYOTbCS,
a Tenep Ai3HaETECA, KON BOHU NPUTATYIOTbCA

Bun moxeTe po3paxyBaTy, CKiNbKM TENNOTW BUAINUTBLCA Nif vac
3ropAHHSA 1 Kr 4pOB, a Tenep 3MoXKeTe 06UNCINTY KiNbKICTb
TENaoTY, WO BUZINUTBLCA Mif Yac «3ropAHHA» 1 Kr ypaHy




Pozgin IV. ®I3VIKA ATOMA TA ATOMHOTO AAPA. ®I3UYHI OCHOBW ATOMHOI EHEPTETVKN

§ 22. CYYACHA MOJEJIb ATOMA. MPOTOHHO-
HEATPOHHA MOAENb AAPA ATOMA.
AQEPHI CUJIN. 130TOMU

IcTopia ¢i3nuyHoOi Haykmn Haniuye maiixe 2500 poOKiB, afne TiflbKW MUHynoro ctonitta oi-
3UKM MepeTBOPUANCA 3 MOBAXHMX BUKNAAaYiB i KaBiIHETHUX YUYEHMX Ha KOHCYNbTaHTIB
ypAagis. Kinbkictb daxiBuis-¢di3mkis 36inbwmnaca B coTHi pasis, 6yno cTBOpeHO BenuyesHi
nignpruemMcTea gnsa BUpoOHMLTBA ¢i3nyHKX npunagis i obnagHaHHa (puc. 22.1). | ctanoca
Le nepepycim 3aBAAKMU ycnixam A0epHOI (i3uKu, AKA 8UBHAE CMPYKMYypy ma eiacmugocmi
amomHux A0ep, npoyecu, Wo 8 HUX 8i06y8aOMbCA, MA MexaHi3Mu hepemeopeHHs amoMHUX
A0ep. Y ubomy naparpadi B/ feTanbHille Ai3HAETeCb NPO aToM i aTOMHe AApo.

AisHaemoca npo kKnacnuHuii gocnig Pesepdoppa

ExcnepumenTu, spiticHeHi BueHUMHU mpoTarom XIX cT., moBeJu, IIIO0 aTOM
Mae CKJAIHY CTPYKTYypy. Pisukam craJio Biomo, 1110 M0 CKJIAAy aToMa BXOAATH
€JIeKTPOHM, SIKi MalOTh HEraTUBHUI 3apsl, a BJlacHEe aTOM € HeHTpaJIbHUM.

Y 1908-1911 pp. mixg xkepiBHUINTBOM EpHecma Pesepgopda (puc. 22.2) mo-
cBimuennit mocrimuur awnc Ieiirep (1882-1945) i monoxuit acmipant Epnecm
Mapcoen (1889-1970) mpoBoauau cepiro AOCTiLiB IIOAO0 3’ACYyBaHHS CTPYKTYDPHU
atoma. [Jig mocirifiB yueHI BUKOPHCTAJIW PEUYOBUHY, i3 AKOI 3 BEJIMKOI IITBUI-
KiCcTI0O BUJIiTAIM TO3UTUBHO 3apAMKeHi YaCTMHKU — TaK 3BaHI O-uQCMUHKU
(anvpa-wacmunku).

BysbKuit myyoK o-YacTHMHOK 3i CBUHIIEBOT'O KOHTEHHEepa CIPSIMOBYBaBCA Ha
TOHKY 30JI0TY (POJBTY, a AaJji MOTPamJAB B €eKpaH, MOKPUTHUI IIIapoM KPUCTAJiB
mUHK cyabdiny (puc. 22.3). Ko B TaKW eKpaH yJIydyaJa o-4aCTUHKA, TO B MicIli
ii BayuamHs BigOyBaBcs cJaabKuUil cmajax cBiTyia. YueHi cocTepiraau crajgaxu 3a
JIOITOMOT'0I0 MiKPOCKOITa Ta PEECTPYBAJM BIAYUYAaHHSA O-YACTUHOK B €KpPaH.

VY pesysbTati gocaigis 0ys10 3’sicOBaHO, IO epeBakHa O1JIBIITICTh O-YaCTUHOK
MIPOXOIUTD KPidhb 30JI0TY (POJBI'Y, HE 3MiHIOIOUN HANIPAMKY PYXY, AedKi Bigxuisa-
IOThCA BiJ] TIOUAaTKOBOI TpaeKkTopii. A oT mpubausao ogua 3 20 000 yacTUHOK Bin-
CKaKyBaJa BiJ (poabru, HaUe0TO HATUKAIOUYNCH Ha IKYCh Iepemkony (puc. 22.4).

Puc. 22.1. Haiibinblua Ha CborofHi AoCnigHMLbKa YCTaHOBKa — MPUCKOPIOBAY 3apamKeHuX
YaCTUHOK, MepLunii 3anyck sikoro Bifoyeca B 2008 p.: a — BUMNAR i3cepenHn; 6 — CxemaTuyHe
306paxeHHs. BpaxkaloTb po3mipy LibOro NpucKopioBaya: efemMeHTapHi YacTVHKN PO3raHATbCA
y BENNYE3HOMY KiflbLii 3aBAOBXKMN 26 KM. KpaiHn €EBponu mycunu ob’egHat CBOI 3ycunns, Wwob
nobyaysaTti Lie AVBO TEXHIKM
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§ 22. CyyacHa mogenb atoma... AgepHi cunn. 13otonu

3posymiio, 1o E. Pesepdopa me mir 6a-
YUTU BHYTPIIIHIO CTPYKTYPY aTomMa, TOMY BiH 3a-
JYUYUB JIOTiKy. SIKIIO MOBUTUBHUM 3apajn i maca
PiBHOMipHO pO3IIOfiJieHi Mo BChbOMY 00’eMy aToma
(a caMe TaKke yABJIEHHA PO aTOM iCHYBaJIO Ha TOM
Yac), TO BCi o-YaCTUHKY MOBUHHI OyJIM IIPOJIETiTH
Kpisb (POaBTYy IIPAKTUUYHO HE BiIXUJIAIOUNCH,
amKe IXHA eHeprid BeaunyesHa (e TpubJIM3HO IK
OuTH M’aUYeM KPishb HaBYTUHHSI).

SIKIIO K mO3MTHMBHUM 3apAd i maca 3oce-
pem:keHi B HeBeJIMKOMY 00’eMi BcepeamHi aToma,
a HABKOJIO — <«IIOPOJKHeua», TO OoMOapayBaHHS
O-YaCTUHKAMU HaraJyBaTUMe KUAKU TeHICHUMU
M’AYMKaMHU 4Yepes Iojie, Ha AKOMY pO3TallloBaHa
3aKpillyieHa Ha KepAuHi MeTajeBa 6auka. TiJTbKu
B MiBepHill KiTbKOCTi BUIIaAKiB M’SUNKU BJIyUYaTh
y 0aHKY Ta BifjcKouaThb Big Hel, peliTa K IIpoJie-
TUTH IIOB3.

OueBUIHO, IO APYre HPUIYINEHHS 3HAYHO
OiJIbIlle MiAXOAUTDL OJIsI MOSCHEHHS Pe3yJIbTaTiB
eKcuepuMeHTy. TaKuM YMHOM, IicJisd 3a3HAUEHUX
mocaigiB Pesepdopn yv 1911 p. sampomoHyBas
s0epHy modeav 6ydosu amoma: aToM CKJIATAETHC
3 MO3UTUBHO 3apPSAKEHOT0 AApa, OTOUEHOro He-
TaTUBHO 3apsaIKeHUMHU YaCTHHKAMU — eJIEKTPO-
HaM#; caMe B SAApi 3ocepemkeHa MaJjio He BCS
Maca aToMma.

? Ha Bamy agymKy, uwm Bigckoumga 6
o-uyacTUHKAa B gociini Pesepdopna, sxbum
AIPO MaJI0O HETaTUBHUU 3apsan? axkbu maca
Anpa Oyyaa HabaraTo MEHIIIOD Big Macu
O-UACTUHKU?

Xoua B sApi 30cepesKkeHa Maiike BCs Maca
aToma, po3Mip AApa TOPiBHAHO 3 aTOMOM HaJ-
3BUYANHO MaJui (giamMeTp aToMa CTaHOBUTD IIPU-
6ausHo 10710 M, a ssrpa — 10715 m). Tsst maouHOCTI

Puc. 22.2. EpHect Pe3sepdopa
(1871-1937) — BUAATHWUI aH-
rMiNncbKni Gisuk. 3aknaB OCHOBM
BUEHHA MPO PagioakTUBHICTb

i 6ynoBy aToMma, 34iCHMB NepLly
AQepHY peakuito. Jlaypeat
Hob6eniscbKoi npemii (1908 p.),
UfieH ycix akagemin Hayk CBITY

Mikpockon
\ * ;i;
R

Y,

3oJ0Ta

i
> |

Jsxepesio o-4acTHHOK

CBUHIIEBUH KOHTEHHED

Puc. 22.3. Cxema gocnigy
3 PO3CiAHHA O-4aCTMHOK
(mocnin Pesepdoppna)

S S -
E +
’/,) Puc. 22.4. TpaekTopii a-4aCcTMHOK, WO NponiTalTb
- nopag i3 agpom Aypymy. Ynum 6nvxde fo sapa nponitae
- S 0-4acTUHKA, TM Ginblua cuna BigLUTOBXYBAHHS, AKa Ai€
T Ha Hel, | TMM Ginblue YacTUHKA BiAXUNAETLCA Bi NoyaTKo-
== jemmessssssesssosses - BOI TpaeKTopii
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Pozgin IV. ®I3VIKA ATOMA TA ATOMHOTO AAPA. ®I3UYHI OCHOBW ATOMHOI EHEPTETVKN

VABITH, III0 ATOM BAAJIOCA 301JIBIIUTU M0 PO3Mipy BeJIMKOro cragiony. Ilpu mpomy
posmip siapa Takoro aroma Te:k Mae 3poctu. Ha ckinmbku? OOumc/IeHHS IIOKa-
3YI0Th, IIIO AiaMeTp sdApa aToMa JOpiBHIOBAB OM PO3Mipy Mypaxu, IO IIOB3€ IIO
Tpasi cTagioHy.

fAnepHa mozmesb aTroMa, sanponoHoBaHa Pesepdopmom, OyJia po3sBUHEHA B PO-
6oTax BuaaTHOro mAaHchbKoro ¢isuka Hinwvca Bopa (1885-1962). Came Ha sAmepHiit
MOJieJIi TPYHTYEThCA CydacHe yaABJEHHSA HNpo OymoBy atoma (puc. 22.5).

3rapyemo 6ynoBy aTomMHOro sgpa

Iz xypciB ¢isurm; i ximii Bu 1oOpe 3HAETe, IO ATOMHE AAPO CKJIAJZAETHCA i3
YACTUHOK MBOX BUIiB: MPOTOHIB, IKi MalOTh MOSUTUBHUUA eJeKTPUUYHUN 3apsm,
i HeMTPOHiB, AKi He MaTh 3apaxy. Maca mpoToHa IIPUOJM3HO AOPiBHIOE Maci
He#TpoHa Ta Maike y 2000 pasiB Oisnbiiia 3a macy ejeKTpoHa. IIpoToHu i Heli-
TPOHHU, II0 BXOAATH JO CKJAAY fAJpa aToMa, HasuBaOTh HyKJoHamMu. CymMapHY
KiJIbKiCTh TPOTOHIB i HEUTPOHIB B aTOMi Ha3MBAIOTh HYKJIOHHUM (MacOBHM) YHC-
JIOM i ITI03HAYAIOTh CUMBOJIOM A.

ATOM € eJIeKTPUYHO HEHTPAJbHIM: CYMapHUH 3apsAL IIPOTOHIB y AApi JOpiB-
HIOE CYMAapHOMY 3apsAny eJIeKTPOHiB, II[0 PO3TaIlloBaHi HaBKOJO saapa. OCcKiabKu
3apdAJ] IIPOTOHA 3a MOZYJIEM IOPiBHIOE 3apAny €JIEKTPOHA, TO 3PO3yMiJo, IO
68 amomi KiJlbKicmb npomonié 00pi6HI0E KiabKOoCMi eseKmpOoHis.

KinbkicTs mpoToHIB y AApi HA3MBAIOTHL 3aPAMOBUM (IIPOTOHHUM) YHCJIOM
i mosHauarTh cuMmBoJIOM Z. IlopsaakoBuii HoMep esieMeHTa B IlepioguuHiii cucremi
ximiunux emementiB . I. MengeseeBa BifmoBifnae kiavkocmi npomorie y aopi
(3apsAI0BOMY UHCJIY).

1803 1904 1911 1913 1926
9 )
@ )
=)
-]
o
Ilacon Iocosed Epnecm Hinve Cyuacna
Hanvmon Tomcon Pesepghopd Bop Mmodenb amoma
Atom — 11e  ATOM ABISAE VY cepemuHi aToma EnexTponu Kosxunii enex-
HeNoJiJibHa  Cc000I0 posTaIloBaHe II0- 00epTaTh- TPOH yCepenmHi
CKJIaJ[oBa TO3UTHUBHO BUTUBHO 3aps:KeHe CsS HaBKOJIO aToMa HakiMo-
XimMiuHOTO 3apAmKeHy AIpPO, AKe MiCTUTH Aopa 1o meB- BipHIiIIe MOKHA
eJeMeHTa KYJI0, B AKY MaiiKe BCIO Macy HUX CTAaIlio- BUABUTHU B II€B-
BKpaILIeHi aToMa; AIpPO OTO- HapHUX Hill o6JacTi
€JIEKTPOHU YeHO eJeKTPOHaMu, opbirax HaBKOJIO AAPA;
(Mmomesb AKi obepTaThCs dopma Takoi
«IIYOUHTY HaBKOJIO Anpa, AK obsacTi Bu3HA-
3 POA3UH- IJIaHEeTH HaBKOJO YaeThCsA eHep-
KaMm») CoH1a (mIaHeTapHa ri€fo eJeKTpoHAa

MOJIeJIb aToMa)

Puc. 22.5. «EBontouia» mogeni atoma
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§ 22. CyyacHa mogenb atoma... AgepHi cunn. 13otonu

3Harouu 3apsagoBe (Z) i macose (A) uncsia
sAgpa atoMa, MOKHA BUBHAUUTHU KiJAbKiCcMb
Hetimponie (N) y nubomy anpi: N=A-7.

Bupg atomiB, AKMIN xapakTepu3yeTbCA MNeB-
HMM 3HayeHHAM 3apAAOBOro YMcia Ta MeB.-
HVM 3HAYEHHAM MaCOBOTO YMCNa, HAa3NBaOTb
HyKnigom (puc. 22.6)

-~

CKiJnbKY NPOTOHIB i HeHATPOHIB MicTUTH
AIPO HyKJIiga ATOMiHiIO (%;Al) ?

SKmIo pisHi HyKJIigAW MaioTh OTJHAKOBE
3apsaoBe YMCJIO, TO IXHi XimMiuHi BacTMBOCTL
€ OMHAKOBUMHU — HYKJIAUW HAJEXKATh OTJHOMY
XiMiUHOMY €JIeMeHTY.

PisHoBMan atomiB TOro camoro XimiyHoro
enemMeHTa, fapa AKUX MICTATb OfHaKoBe
UMCIO MPOTOHIB, ane pPi3Hy KiNbKiCTb Hen-
TPOHIB, Ha3MBalOTb i3oTOoNamMmm («04HaKOBI
3a MicLuem).

Kosxunii XiMiuHUH eJleMeHT Mae JeKiJabKa
isoromiB (puc. 22.7).

[lisHaemoca nNpo cunbHy B3aEMOAil0

Bu BKe 3HaeTe, III0 €JIEKTPOHI, MAaIOUU
HeraTUBHUU 3apsl, YTPUMYIOTHCSI HABKOJO IIO-
BUTUBHOIO fAJpa 3aBAAKMN eJIeKTPOMAaTHITHIiN
B3aemofii. Aje AKMM UMHOM y CKJAaJi OJHOI'O
Anpa i Ha nysxe 01u3bKil BifgcTadi ogquH Big oa-
HOT'0 YTPUMYIOTHCS IIPOTOHHU, aJ3Ke OSHONMEHHO
3apsAIKeH] YaCTUHKU BiAINITOBXYIOTHCA?

3’s1coBaHoO, IO BCi YaCTUHKYU B SAAPI IIpU-
TATYIOTHCS OTHA OO OTHOI 3aBIAKM B3aEMOMII,
sAKa B COTHI pa3iB cuJibHiMIA, HidK eJeKTpoMar-
HiTHe BiZINMTOBXYBaHHS IPOTOHIB (puc. 22.8).
Came TOMy B3a€EMOiI0 HYKJIOHIB Ha3MBaIOTh
CUJIBHOIO B3a€MOJII€T0.

Cunn, AKi JitoTb MiXK NPOTOHAMK 1 HENTPOHaMM
B AAPi Ta 3a6e3neyytoTb iCHyBaHHA aTOMHUX
Afep, Ha3MBaloTb AAEPHUMI cuiamu.

OcHOBHi BJIACTUBOCTI S/I€PHUX CHJIL:

1) € miavku cunramu npumszaHHs;

2) € Oau3vkoldilouumu: BUMIpIOBaHHSA
IOKasajiv, I0 ANEPHi CUJIM MiK HYKJIOHAMU

Hyxnonrse umciao

A

Z

L CuMBOJI

d ximiuHOTO
eJIeMeHTa

— 3apsamoBe

(upoToHHE)
YHCIIO0

KinbkicTs meiiTpoHiB: N=A-Z

Puc. 22.6.

XiMiyHOrO

1
1H
-

IIporiiz

Puc. 22.7.

Mo3HaueHHA HyKniga
enemeHTa

2 3
lH lH

&

Hetnirepitnt  Tpuriit

I3oTonu TigporeHy,

AKi ICHYIOTb Y MPUpPOA.
C/IMBOIOM e~ MO3HAYeHO ENEKTPOHH,
pt — NpoTOHW, n — HEWTPOHU

Ryaoniecvki (erexmpocmamuini)
cunu 6i0WUMOBXY6AHHA HaMaTa-
IOTBCA «3PYHHYBATU» AAPO

AdepHi cunru yTPUMYIOTH
HYKJIOHU BCEpPeIuHi aapa

Puc. 22.8. Cunn B3aemogpii
Mi>K HYKTOHaMK agpa
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Pozgin IV. ®I3VIKA ATOMA TA ATOMHOTO AAPA. ®I3UYHI OCHOBW ATOMHOI EHEPTETVKN

BigkpurTa 6GynoBu aTOMHOTO
AOpa CMiJIMBO MOKHA Ha3BaTU
«MiKHapOIHUM>».

IIpoToH BigKpUB aHTIiliCEKUI
disuk, ypomxkenens HoBoi
3enangnii Eprnecm Pesepgopd
(1911 p.), HeHUTPOH — aHIJIii-
cbKuil Gisur Joceiimc Hedsikx
(1932 p.). T'imoTesy mpo mpo-
TOHHO-HEHTPOHHY OYIOBY AApa
aToMa BIEpINle He3aJeXKHO
OOVH BiJi OZHOTO BUCJIOBUJIU
pamaHCBKUMN yueHUU, ypomsxe-
"Hens IlonraBmuun Jmumpo
mumposuy Ieanenrxo i Hi-
MenbKUN yueHUl BepHep
Teiizenobepr (1932 p.). Bigroni
yABJIEHHA Ipo OymOBY dAnpa

BUABJIAIOTLCA JIHWIIe Ha BigcraHax, akKi
npuOJU3HO [JOPiBHIOIOTH po3MipamM HY-
kJoHa (1071% Mm);

3) He 3anexcamv 6i0 3apady: HaA OFHA-
KOBi#f BifcTaHi cuiu, IO AilOTH MiK ABOMA
IPOTOHAMU, MiyK ABOMA HEeHNTpoOHAMU ab0 MixK
IIPOTOHOM i HEHTPOHOM, € OSJHAKOBUMU;

4) MaTh 8aaACMUBICMb HACUYEHHS: HY-
KJIOH BUSBJIAETHCS 3TaTHUM IO sSIepPHOI B3ae-
MOJil OZHOUYACHO JIMIIE 3 HEBEJIMKOIO KiJIbKiCcTIO
HYKJIOHiB-«CyCimiB».

ﬁ_gu; MNigbuBaemo nigcymkm

Y pesyabraTti mocaimiB mimg KepiBHUII-
TBom E. Pesepdopma 0yao cTBOpeHO
AEepPHY MOjeJib OyIOBU aToMa, 3TiJgHO 3 SIKOIO
BeCh IO3UTHUBHUII 3apsAh aToMa 30Cepeirke-
HUHW y HOro AApi — 4YacTUHi, po3Mipu sSKOI

HPAKTUHEHO HE SMIHIIHCAH. He3HaYHi ITOPiBHAHO 3 pPO3MipaMu aToMa.

Snpa aromiB cKJamalThCA 3 HYKJO-
HiB — mpoToHiB i HeTpoHiB. KinbKicTs mpo-
TOHIB (Z) y AIpi aToMa IaHOrO eJeMeHTa IOPiBHIOE IMOPAIKOBOMY HOMEDY IIHOT'O
enemeHnTa B Ilepiommnuniit cucremi ximiunux enementiB II. I. MenngeneeBa, Kijib-
KicTb HYKJOHIB (A) — MacoBOMY YHCJY.
Bun aromis, AaKuil xapaKTepusyeThCA IIEBHOIO KiJIBKICTIO IPOTOHIB i 1eB-
HOIO 3araJIbHOI0 KiJIbKiCTIO HYKJIOHIB, HA3MBAIOTh HYKJiIOM.
PiszroBuam xiMmiuHOTO ejleMeHTa, aTOMU AKWX MIiCTATH y CBOIX AApax OdHA-
KOBY KiJIBKiCTBH IIPOTOHIB, ajie Pi3HY KiJIbKiCTh HEUTPOHIB, HA3WBAIOTH i30TOIAMM
IaHOro XiMiuHOTO ejieMeHTa.
Y Aanpi HYKJIOHU yTPUMYIOTHCS Pa3oM 3aBAAKU Aii amepumx cui. Smepni
cuiy € OJUSHLKOMIIOUMMY — Ha BifcTamax, OiJIbINTHX 3a PO3Mip HYKJOHA, BOHU
HEe BUABJISAIOTHCA.

@&
M

KoHTponbHi 3anuTaHHA
¥

£)

/1. Omnuiite mocain E. Pesepdopma i3 po3cisiHHA o-4aCcTHHOK Ta HOro pesyJbTaTu.
© 2. I3 AKMX 4YACTUHOK CKJazaeTbcsa arom? aromue sapo? 3. Illo Taxe sapsigoBe
yucio? macose uucyao? 4. SIK BUBHAUNTU KiJIbKiCTh IIPOTOHIB i HEMTPOHIB v AmApi?
Hagezgite npukaazg. 5. o Take nykain? 6. ki HykJIiAm Ha3uBawOTh isoTomamu?
Hasgits isoTonu 'igporeny. 7. Axkuit Tum B3aemoxii 3abesmeuye yTpUMaHHA HYKJIO-
HiB y axapi atroma? 8. [laiiTe o3HaUeHHS SAJePHUX CUJI, HA3BiTh IXHi BJIacTUBOCTI.

? Bnpasa N2 22

o B

e

w 1. CkiJBbKY IPOTOHIB i CKiNIBKYM HEHUTPOHIB MicTUTHCA B AApi aToMa Aprony %g Ar?
ol 4

2. YuwMm BiApisHAIOTHCA Anpa i30TomiB YpaHy: ZSSU i 232U ?

3. ¥ anpi aroma Bopy micTurhesa 5 mporoHiB i 6 HeliTpoHiB. CKiJIBKU €JIEKTPOHIB

y I[bOMY aToMi? CKiJIbKM HYKJIOHIB y siAPi mboro aroma?
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§ 23. PapioakTuBHICTb. PaflioakTVBHI BUMPOMIHIOBaHHA

Cepen momaHUX CHMMBOJIIB XiMiuHMX ejJleMeHTIiB BM3HAuTe TOI, IO BiAgmoBimae
aToMy 3 HaOiIbIION KigbKicTio enexkTpouiB: Ca, Cu, Ge, Sb, P. Ckopucratitecs
Ilepioguunoro cucremoro ximiunux ememeHnTiB [l. I. Meunngeneena.
5. OminiTh cuiy sAmepHOI B3aeMoil Misk mpoToHaMmu Azxpa Ha Bimerani 10715 .
6. CkopucraiiTecss MOZaTKOBUMH :KepejamMu iHdopmarii Ta misHaiiTecs mpo
JKUTTA ¥ HAYKOBY JiAJBHICTD HaIOTO cIiBBiTumdHMKAa IMurpa IMurpoBmua

IBanenka.

§ 23. PAAIOAKTUBHICTb. PAAIOAKTUBHI

BUNPOMIHIOBAHHA

Y XXI cT. HaBpAL uM 3HaMAEeTbCA Jopocna NANHA, AKa
X0o4a 6 pas y KUTTi He 3pobuna PEHTreHIBCbKMIA 3HIMOK.
A oT HanpukiHLi XIX cT. 306paxeHHA pyKy NognHW 3 BUAK-
MO0 CTPYKTYPOIO KiCTOK (puc. 23.1) 06iiLno Wwnansty raset
ycboro cBiTy, a ana $i3nKiB cTano cnpaBXHbOK CEeHCaLi€l.
YyeHi po3noyanu JOCHiAKEHHA PEHTIEHIBCbKMX NMPOMEHIB
i nowyk ixHix gxepen. OgHMM i3 Takux yyeHux 6yB dpaH-
Ly3bkuin ¢isuk A. bekkepesno (puc. 23.2). AKMMK Hecnogi-
BAaHVMM BUCHOBKAMU 3aKiHYMNOCA MOro AOCigXKeHHs, BU
Hi3HaeTech i3 uboro naparpada.

n HdisHaemocsa npo icTopilo BigkpuTTa
papioaKTUBHOCTI

I3 BiZikpuTTA peHTreHiBCLKUX IIPOMEHiB mmouaJjiacsd ic-

TOpPiA BiAKPUTTA PagioaKTUBHOCTI, ¥ JOMOMITl y IILOMY

BUIIAJOK.

ITomroBxoM 10 HOCHiJKEeHB CTAJIO IIPUIYIIIEHHSA
BUEHMUX, IO PEHTreHiBCbKi IIPOMEHi MOKYTb BUHU-
KaTu IIiJl 4Yac KOPOTKOTPHUBAJIOTO CBITIiHHS JeAKUX pe-
YOBHH, OINPOMiHEHHUX Iepej TUM COHAYHMUM CBiTIOM".
Ilo TakMX PEeUOBUH HaJIeXKaTh, HATPUKJIAMA, AeAKi coi
Vpany. Taxoio cimao i ckopucrascss A. Bekkepeib,
1100 TIepeBipuTH 3a3HAUeHe MPUIYIIEeHHS.

3Hauu, 10 PeHTTreHiBChbKi MpoMeHi, Ha BimMiHy
Bif CBITJIOBUX, IPOXOAATH KPi3bh YOPHUN HaMip, YUeHUN
y34AB 3aTOPHYTY B YOPHMI Hamip (OTOILIACTUHKY * ", IIO-
KJIaB Ha Hel KPpYyIMHKU yPaHOBOI COJIi i Ha KiJbKa ro-
IVH BUHIC (DOTOIJIACTUHKY Ha ICKPaBe COHAYHE CBiTJIO.
ITicma mposaBieHHsA Ha (QOTONJIACTUHIII BUSABUJIUCSH

* Take cBiTIHHA Ha3UBAIOTH PLIOOPECUCHYIEI.
*% PomoniacmuHKka — CKJISHA IIJIaCTUHKA, BKPUTA UYTJIUBOIO
0 BUTIPOMiHIOBAaHHSA PEUYOBUHOIO.

Puc. 23.1. MNepwun peHT-
reHiBCbKMM 3HIMOK pyKu
NOANHN

Puc. 23.2. AHpi AHTyaH
Bekkepenb (1852-1908) —
dpaHuUy3bKuin ¢isuK,

y 1896 p. BioKpuB pagio-
aKTMBHE BUMNPOMIHIOBAHHA
conewn YpaHy
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Anvbepm EiliHumeiln TI0-
PiBHIOBaB BiIKPUTTA pazio-
AKTUBHOCTI 3 BiAKPUTTAM
BOTHIO, OCKiJIbKU BBa’kasB,
0 BOTOHB i pagioaKTUB-
HiCTh — OZHAKOBO 3HAUYIITL
Bixm B icTopii sromcTBA.

Puc. 23.3. Mapia CknogoBcbKa-
Kiopi (1867-1934) — dpaHuy-
3bKu ¢i3uK i ximik (noxogmna
3 MonbLyi), naypeat ABOX
HobeniscbKkux npemin. Takoi
yecTi 3a BClo icTopito 6ynu ygo-
CTOEHI TiNbKW TPOE AOCNIAHUKIB

Puc. 23.4. M'ep Kiopi (1859-
1906) — dpaHuUy3bKuin ¢isuK,
naypeat HobeniscbKoi npemii
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TeMHiI NJIAMHN caMe B THX MicCIAX, Oe JerkaJa
ypasoBa ciib. Takum umHOM OyJI0 3’sCOBAHO, IO
ypaHoBa CijJib AifiCHO BUNYCKAE BUIIPOMiHIOBaHHI,
AKe Ma€ BeJUKY IIPOHUKHY 3JaTHICTh i mie Ha ¢o-
TOIJIACTUHKY.

Bekkepesb BUPIIIUB IIPOSOBMKUTU HOCJIIiI-
JKeHHsS ¥ OiAroryBaB OOCIIiN, AKUHN Jemio Bin-
pisHaBca Big momepenHboro. IIpore BueHOMy 3a-
BaaMJIa IMOXMYypa IIOrofa, i BiH i3 jKaJjieM IIOKJIaB
TOTOBY [0 MOCJIiAy (POTOIIJIACTUHKY 3 yPaHOBOIO
ClJLII0 Ta MiTHUM XPECTOM MilK HUMU B MIYXJIALY
croJsia. Uepes KisbKa MHIB, TaK i He JOUEKaBIIIUCH
TOSIBU COHIISI, YUEHUUM BUPIINIUB IIPO BCAK BUIIA-
IOK TPOSBUTU (POTOILJIACTUHKY. Pesyabrar OyB
HEeCIIOLiBaHMM: HA ILJIACTHHIL 3’ABUBCS KOHTYP
xpecrta. Toxx cCOHAUHE CBIiTJIO TYT Hi 4O YOrO, i ciflb
Ypany cama, Oe3 enauey 306HiULHIX axmopis,
sunyckae Hegudume 6UNPOMIHIOBAHHA, AKOMY He
€ IIePelIKOoL00 HaBiTh 1ap Mimil

Ilismimie Take BUOpOMiHIOBAHHA HAa3BYTb
pagioaKTMBHUM BUIPOMiHIOBAaHHAM (BifJ JaTHH.
radio — BUIIPOMiHIOWO, activus — nieBuii); 3maT-
HIiCTHh PEYOBMH [0 PagioaKTHBHOI'O BUIIPOMIiHIO-
BaHHSA — PaJTiOAKTUBHICTIO; HYKJIIAU, AApa AKUX
MaloTh TaKy 3JaTHICTh, — pagiOHyKJigaMu.

HdisHaemoca npo pagioHyknigun

«Yu rineKku YpaH Bumyckae “mpomeHi Bek-
Kepeasa”?» — came 3 IOMIIYKY BiAmoBini Ha Ie
3alIMTaHHA I0YaJia CBOI0 POOOTY 3 BUBYAHHS pa-
nioakTuBHOCTI M. Craodoscvra-Kiopi (puc. 23.3).
PerenbHo mepeBipuBININ Ha paaioaKTUBHICTH
OpaKTUYHO BCi BigoMi Ha TOIf yac eJleMeHTH,
BOHA BUABUJIA, IO PaJiOaKTHUBHI BJIACTHUBOCTI
mae takoxx Topiii. Kpim Toro, M. CkJjomoBCchKa-
Kropi Ta ii yososik I1. Kropi (puc. 23.4) Bigkpuin
1 HOBiI pamioaKTuBHi ejiemMeHTHU, 30Kpema Iloso-
Hi# 1 Pangiii.

? ITomipkyiiTe, 1110 MiAIITOBXHYJIO MOAPYKIKA
Kiopi HasBaTu eqemeHTU came Takx.

3romoM BHABUJMU, IO pPagioaKTUBHICTH
€ BJIaCTHUBOIO BCiM 0€3 BUHATKY HYKJigaM Ximiu-
HUX eJIeMEHTiB, IMOPAIKOBUI HOMEP AKHX OiJb-
muit 3a 82 (Z>82). IIpore i Bci iHIi egemeHTH
MaloTh paJioaKTHUBHI HYKJigu (mpupomHi abo
oflep:KaHi IIITYyYHO).



§ 23. PapioakTuBHICTb. PaflioakTVBHI BUMPOMIHIOBaHHA

BuByaemo cknapg papioakTMBHOro BUNMPOMiHIOBaHHA

Hocainy 3 BUBUEHHA IPUPOAN PALiOAKTHUBHOIO BUIPOMIHIOBAHHSA ITOKAa-
3aJId, II10 PajfioaKTHUBHI PEUYOBMHU MOKYTh BUIPOMiHIOBATH MPOMEHI TPHOX BUIiB:
TIOBUTHUBHO 3apAKeH] YacTUHKY (0 (a1ba)-6unpominio6aHH 1), HETATUBHO 3aps-
IoKeHi yacTuHKHU (B (Oema)-eunpominiosanns) i HelTpaJbHI IpoMeHi (v (zamma)-
sunpominiosarnns). Ha puc. 23.5 306paskeHo cxeMy OJHOTO 3 TAKUX AOCTiZiB: my-
YOK PafioaKTHUBHOT'O BUIIPOMiHIOBAHHSA MOTPAIJISAE CIOYATKY B CUJIbHE MarHiTHe
oJie MOCTiMHOr0 MarHiTy, a motiM Ha (oronaacTuHKy. Ilicisa mpoaBaeHHA GOTO-
MJIACTUHKY Ha Hi#fl YiTKO BUHO TPU TEMHI ILJIAMUA.

? SBragafiTe, HANIPAMOK PyXy SKMX YaCTHHOK IPUHHATO 32 HAIPSIMOK €JIeK-
TPUUYHOI'O CTPYMY, Ta, CKOPUCTABIINCHL puc. 23.5 i IpaBuUJIOM JiBOI pyKwH,
mepeKoHaiTecsd, 110 O-YaCTUHKY MAIOTh MMO3UTUBHUN 3apsf.

Haii6inbiuit BHeCOK y BUBUEHHS O-BUIIPOMiHIOBaHHS 3pob6uB E. Pesepdop.
YueHU# OJHUM i3 mepIux 3’sCyBaB, IO O-BHIIPOMIHIOBAHHA — ue nomik soep
amomis I'enito (‘éHe), AKi pyxamoTbcd 3i mBuakicTio mopaaxky 107 m/c. Bapsan
O-9aCTHHKH JOPiBHIOE JBOM eJIeMeHTAapPHUM 3apagaM: ¢, = +2| e | = +3,2~1O_19 K.

B-BumpoMiHIOBaHHSA, AK 1 o-BUOpPOMi-

HIOBAHHS, BigXMJIAE€ThCA MATrHITHUM  IIO- DoTonnacTUHKA
JeM, ajie B TMPOTHUJeKHUil 6iK. Busapiewno, 1110
B-BULIpOMiHIOBAHHS — Ue nNOMiK eaeKxmpo-

HiB8 (_(l)e), AKL lemamo i3 8eauve3Ho0 WweulKicmio
(HaOIMIKEHOIO 0 IIBUAKOCTI IIOIIUPEHHA CBiTJIa).

'.) CroogiBaemocs, 1110 BaM He CKJIaJgHO Oy/e 3a-
nucaTu 3apdaf i Macy B-uacTUHKU.

BuBueHHS y-BUIIPOMiHIOBAHHS TTOKA3aJI0, 110

ye eleKmpomazHimui x6uni Had36u4aiiHo 8UCOKOL CBUHIEBUIH

yacmomu (mouaz 108 T'm). IIIBuaKicTh moImupeHHA KOHTeilHep
IUX XBUJb YV BAKYYMi CTaHOBUTH 3-108 M/c. PanioaxtuBHa
pedyoBUHA
3axuvwaemocs Bif pagioakTUBHOro Puc. 23.5. Cxema nocniny'
3 BMBYEHHA NpUpoan pagio-

BI/I"pOMiHIOBaHHﬂ .
AKTMBHOIoO BUMNPOMIHIOBAaHHA

Y OGinmmiocTi Jgromeil ciI0OBO «pajgiallisg» acoiriro-
€ThCsA 3 HeOesmeKkoro. I e, 6e3yMOBHO, IIPABUJIbHO.

PasioakTuBHe BUIPOMiHIOBAaHHA He (hiKCyeThCs Buau pagioakTueHOrO
opraHaM®W UYyTTd JIOIWHU, IIPOTE BigOMO, IO BUIIPOMiHIOBAHHSA
BOHO MOJKe IIPU3BECTH [0 3ryOHUX Hacaigkis. Bix o-YacmuHKu — anpa
BILIMBY pajiaiii MosKHa 3aXUCTUTHUCS, IIOOYIY- aromiB lesito

BaBIIW HA NMIJIAXY BUNPOMiIHIOBAHHS IEPEIIKOLY. B-wacmunkxu — mBUAKL

IIpocrimie 3a Bce 3axucTuTHCSI Bin o €JIeKTPOHU
i p-sunpominioBanb. Xoua o- i B-yacTUHKHU Je- Y-Mpomeni — BUCOKOYA-
TATh i3 BEJIMYE3HOIO IMBUIKICTIO, IX IIOTiK JIETKO CTOTHE (KOPOTKOXBHj
3yNMHAE HABITHL TOHKA IepelmKona. K moxa- T50BE) €JIEKTPOMATHITHE
BUNIPOMiHIOBAHHS

3aJi1 €KCIIEPUMEHTH, OOCTaTHBO TOHKOI'O apKyIIla

153
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nanepy (0,1 Mm), 11100 3yIMHUTH O-4aCTUHKY; [-BUIPOMiHIOBAHHSA IIOBHICTIO IIO-
TJINHAETHCS, HATTPUKJIAM, aJIOMiHi€BOIO IIJIACTUHKOI 3aBTOBIIKU 1 MM (puc. 23.6).
HatiBarkue saxucTtutuca BifJ Y-BUIIPOMiHIOBAHHS — BOHO IIPOHUKAE
Kpidhb MOBOJII TOBCTi Imapu MarepiasiB. B okpeMux BHUmagkax OJd 3aXUCTy Bif
Y-BUIIPOMiHIOBaHHA HeoOXinHi 6eTOHHI CTiHM 3aBTOBIIKM KiJIbKa MeTpiB.

B HJaemo o3HauyeHHA pafioaKTUBHOCTI

BuBueHHA pamioaKTMBHOCTI mOKasaJjio, IO PamioaKTHBHE BHUIIPOMiHIO-
BaHHSA € HACJiZKOM IIepeTBOpPeHb samep aroMiB. IIpmuomy IIi mepeTBOpPeHHS
BimOyBaioTbcs OOBiJBHO (0€3 KOODHUX IPUUYUH), iX HEe MOKHA IPUCKOPUTH
a00 CIOBiJIBHUTH, BOHU He 3aJieKaTh BiJl 30BHINIHLOT'O BILJIMBY, TOOTO Ha HUX
He BILIMBAIOTH 3MiHM THCKY M TeMIOepaTypu, Oisd MATrHITHOTO Ta eJeKTPUUHOTO
moJIiB, XimMiuHi peakiIrii, 3MiHa ocBiTJIeHOCTi ToOIIIO.

I PagioakTuBHicTb — 37aTHICTb Afep pagioHYKNigiB AOBINbHO NepeTBOPIOBATHCA
Ha AAPa iHWKWX eneMeHTIB i3 BUMPOMIHIOBAaHHAM MiKPOYaCTMHOK.

Bunpowminiooun o- un f-yacTUHKY, BUXiTHE (MamepuHcvke) Sapo IepeTBo-
PIOETHCA Ha AAPO aToMa iHIoro eaemenTa (Q0¥ipHe AAPO); o- i B-po3maay MOXKYTh
CYIIPOBOMKYBATUCS Y-BUIIPOMiHIOBAHHAM. 3’ACOBaHO, IO Pai0OaKTUBHI ITepeTBo-
PEeHHS TiATOPAAKOBYIOTHCSA TaK 3BAHUM NPABULAM 3MIULEHHSL.

1. I1i0 uac o-po3nady KinbKiCTh HYKJOHIB y AApi 3MeHIIYeThbCA Ha 4, IIPo-
TOHIB — Ha 2, TOMY YME0PHEMbCS A0PO ejleMeHma, nopsadKosuil Homep AK020 HA
2 odunuuyi meHwuil 8i0 nopsadrxosozo Homepa 8uxionozo enemenma (puc. 23.7):

A 4 A-4
7 X = Het+, 5Y.
2. I1i0 uac B-posnady KiJTbKicTb HYKJIOHIB B AApi He 3MiHIOETHCHA, IIPU
IIbOMY KiJIBKiCTh MPOTOHIB 30iJbINIyeThCA HA 1, TOMY ymeopremuvcs 10po eJie-

MeHma, nopadKo8uUll Homep K020 Ha 00UHUUW Oiavliuil 3a nopadKo8uil Homep
suxionozo enemenma (puc. 23.8):

A 0 A
X = _jety,; ;Y.

? Bigomo, 1o Pagon (Z%Rn) € o-pamioaKTUBHUM. SIApo sSKOro ejieMeHTa
YTBOPUTBLCS B pe3yJjbTaTi o-posnany Pamomy?

ITanmip Aufominizi  Beton

Marepuncbke o-4acTUHKA

234
90T h

IouipHe AapPO

Puc. 23.7. Iig yac o-po3nagy MaTepuHCbKe
Puc. 23.6. 3axucT Big papioakTMBHOMO AQPO CMOHTAHHO PO3MaJa€eTbCA Ha ABI YaCTUHM:
BUMNPOMIHIOBaHHA 0-HaCTUHKY | BOYipHE (HOBe) AAPO
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§ 23. PapioakTuBHICTb. PaflioakTVBHI BUMPOMIHIOBaHHA

[isHaemoca npo pagioakTuBHI paan

BuxoauTh, 1110 Iicad mOsSCHEHHS pamioak-
TUBHOCTI Mpia anximikis CepegHboBiuus mpo
IePeTBOPEHHA PEUYOBHH Ha 30JI0TO 3AiicHUJIacA?
Hacnopasai — wui. Yueni 3’sacyBajiu, 110 BuXigme
(MaTepuHCBHKE) AAPO aToMa PamioaKTHMBHOIO eJje-
MeHTa X MO’Ke 3a3HaBaTH I[iJIOI HU3KU IIePETBO-
PEHBb: ANPO aToMa eJieMeHTa X IIePEeTBOPIOETHCH
Ha AP0 aToMa eJieMeHTa Y, IIOTiM Ha AApO aToMa
elemMeHTa Z i T. 1., OTHAK y IIbOMY JIAHITIOKKY He
MOsKe OyTH BUIIAJKOBUX <«TOCTEM».

CyKymHicTh ycix i30TOIIiB, AKi BUHUKAIOTH
Yy pes3yJbTari IOCJiOBHUX PaJiOaKTUBHUX IIepe-
TBOPEHb JAHOT'0 MAaTEPUHCHKOrO SAApa, Ha3UBAIOTh
pagioakTuBHUM pamom. OnuH i3 JIAHITIOKKIB Ta-
KUX IIepeTBOPEeHb mozaHo Ha puc. 23.9. Busasieno,
mo icHyTHL yomupu padioakmuéHni padu, AKi
00’eqHYIOTE yci Bimomi B mpupozi pamioakTuBHI
enemenTu: paxg Topito (mouumHaeTbes 3 Topiro-232),
pan Ypauy-Pagito (mounHaeThesa 3 Ypauy-238); pan
VYpauy-AKTuHiO (IoYnHAETHCA 3 YpaHy-235); psan
Henrynito (mounnaersbea 3 Henrywio-237). -

ﬁ_?u; MNigbuBaemo nigcymkm

PanioakTuBHe BUNPOMiHIOBAaHHA BiAKPUB
dpannyscbkuil ¢isux A. Bexkepesb.
BinpnricTs icHyOUNX y OPUPOAL Ta INTYYHO
OTPUMAaHMX HYKJIZiB € pagioaKTUBHUMM: IXHi
Anpa IOBiJILHO PO3NANA0ThCA, BUIIPOMiHIOIOUN Mi-
KPOUaCTHHKY Ta MEePETBOPIOIOUNCH HA iHIIM daxpa.

Bunu pagioakTHBHOrO BUIPOMiHIOBAHHSA

O-JaCTUHKU | [-4aCTUHKU Y-TIpOMeHi
TOTiK sAmep IOTIiK eJIeKTPOMAarHiTHi
Temiro €JeKTPOHIB | XBUJIi

U, TOPAIKY

vg GJIN3BKO

v, =¢=3-10% M/cC

3aBTOBIIIKH
0,1 MM

HiIO 3aBTOB-
mKu 1 MM

107 m/c 3-10% m/c

g, =+2e qp=—e He 3apAIKeHi

3aTpumMy- 3aTpuMy- 3aTPUMYIOTHCA
IOTBCA apKy- | IOTBCA JIMC- | IITapoM GeTOHY
IIieM Iiaiiepy | TOM aJIoMi- 3aBTOBIIIKU

IeKiJibKa MeTpiB

Houipne
AIPO 2‘3‘% Pa

Marepuncbke
angpo 30Th

o
ﬁ'qaCTI/IHRa\\o < 9\ o
(e1eKTPOH) e

234 B. o , 234
goTh = _je+ g Pa

Puc. 23.8. MMig yac B-po3nagy
OfVH i3 HENTPOHIB MaTepuH-
CbKOTroO fiApa NepeTBOPIOETHCA
Ha NPOTOH i eNeKTPOH;
€NeKTPOH BUMPOMIHIOETbCS,

a MPOTOH 3aNMLIAETbCA B AAPI
(yTBOpPIOETbCA HOBE AAPO)

Puc. 23.9. PagioaktmBHUM

pAag Topito. PAag nounHaeTbea

3 Topito-232, AKnN 3ycTpivyaeTbca
B Npupodi, i 3aKkiHuyeTbca lNnom-
6ymMmoM-208, iK1 € CTabinbHUM
(He papioakTMBHUM)
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KoHTponbHi 3anuTaHHA

% “](5 4 1. HK 0yJI0 BIZIKPUTO ﬂBI/I.me paﬂloaK.’I‘I/IBHOCT'l. 2 Hagenits mpukiagu I'IpI'/IpOJZ[HI/IX
© pagioaKTHUBHUX ejeMeHTiB. 3. OMUIIiTh HOCTif i3 BUBUEHHS IPUPOAU PaTiOaKTHUB-
HOT'O BUIIPOMiHIOBaHHA. 4. SIKi Buau pasioaKTUBHOIO BUIIPOMiHIOBAHHS BU 3HAeTe?

5. fIkoro € pisuuna mpupoga o-; f3-; y-BunpoMiHioBaHHA? 6. 1K 3axmcTUTICA Bif pa-
nioakTuBHOrO BunpoMminioBauuA? 7. HaBenits o3Hauennsa pagioakTuBHocTi. 8. o
BiZOyBaeThHCA 3 AAPOM aToMa IIiJ] Yac BUIIPOMiHIOBAHHS O-UaCTUHKU? [3-4aCTUHKU?

1.

(-

ﬁfg ‘;;; Bnpasa N2 23
L

SAKi BuaM pagioaKTHBHOTO BUNPOMIHIOBAHHS OifJaM HA (POTOIJIACTUHKY B JI0O-
crigax A. Bexkkepensa? PosrisHbTe ABa BUIMAAKU: a) KPYIHUHKU COJi YpaHY
HOKJIaJeHO 0e3locepeHbO Ha YOPHUU IIaIlip, y AKHI 3aropHyTa IIJIACTHUHKA;
0) cisib YpaHy IOKJIaZeHO Ha MiZHUI XPecT, AKWH, Y CBOIO 4epry, IMOKJIALEHO
Ha 3aTOPHYTY B YOPHUH mamip (hOTOIMIACTUHKY.

Hos:xkuHa XBUJIi y-BUIpOMiHIOBaHHA y BakyyMi 0,025 um. Busnaure ii uactory.
Cxopucrasiiuch puc. 23.9, sanuiriTe KiabKa piBHAHL peakIliil posmamy, Xa-
paxTepHUX AJA pamioakTuBHOro pAxy Topiro-232.

ITlig wac mpupoaHOro pasioaKTUBHOTO PO3Nany paairo (252 Ra) i3 #ioro Anpa BU-
myckaeTbcd f-uacTuHKa. Ha aA1po AKOTo eleMeHTa ePeTBOPIOETHCA IIPU I[BOMY
Anpo aroma Pazxiro? 3anuiriTh piBHAHHA peakirii.

BusuauTe Macy o-4yacTUHKH, 3HAIOUM, III0 Maca IPOTOHA i Maca HefiTpoHA mpuU-
6smsHO mopiBHIOOTH 1,7:10727 kr. SIKOI € KiHeTHYHA eHeprid o-4acTUHKH,
AKIO BOHA pyxaeThed 3i mBuakicTio 1,5-107 m/c?

«Bce € orpyTa, i Bce € Jiku, — Iie 3aJI€KUTH Bif mo3u». 1a dpasa HaIeKUTH
Bizomomy Jsikapio emoxu Binpomxenua Ilapayenvcy (cupaB:kHe iMm’a — Pimgin
Agpeos Teoppact Bombact dou Torenraiim (1493-1541)). Cropucraiirecsa go-
ITaTKOBUMU JI:KepejaMu iH(popMmallii Ta gisHaniTecd, AK IIKiAJIUBe pagioaKTUBHE
BUIIPOMiHIOBaHHA BUKOPUCTOBYIOTH AJIS JIIKYBAaHHA XBOPUX.

Maewmo 2 moab ypauy i 2 mousb resiro. CKiIbKM aTOMiB y KOMKHiN peyoBUHI?

Qdisuka i TexHika B YKpaiHi

IBaH MaBnoBuy Myniwon (1845-1918) — yKpaiHCbKui i3nK, enek-
TPOTeXHIK, BMHaxiagHuK. LLe 3a 14 pokiB o Binbrenbma PeHTreHa BiH
CKOHCTPYIOBaB TPYOKY, AKa 3rofom cTasia Npoobpasom CyYacHUX PeHT-
reHiBcbKkux anapartis. |. . Mynton Habarato ravbwe 3a PeHTreHa npo-
aHanisyBaB NPUPOAY Ta MEXaHi3MN BUHNKHEHHA X-MPOMeHiB (ni3Hiwe
X 6yNn0 Ha3BaHO PEHTreHIBCbKMMM), @ TAKOX Ha MpWKNagax npoaeMoH-
CTPYyBaB ix CyTb.

. M. Mynton ogHMM i3 NepLMX NoYaB KOHCTPYIOBATU 11 BUTOTOBAATA BaKyyMHi NPUCTPOI.
Lnpoko Bigomolo cTana BUHalAeHa BYEHMM JIIOMIHECLEHTHA ra3opo3padHa namna, Aka
yBilllna B icTopilo TexHikM AK «namna Myniosa» (Pulujlampe). 3HIMKM B X-MpomeHsaX, BU-
KoHaHi [lynioem 3a JOMOMOrolo Ui€i namnu, HanyacTile BiATBOPIOBANMCL Y EBPOMENCbKUX
HayKOBO-NONYNAPHUX BUAAHHAX AK HenepeBepLUeHi 3a AKICTIO ANnA intocTpalii 3acTocyBaHHA
LMX NPOMEHIB Yy MeaNLNHI.

OpHa i3 po3po6oK yyeHOro — 3anaTeHToBaHWI BUHaXiA, AKA faB 3MOry BUKOPUCTOBY-
BaTV NiHil0 NepepAayi 3MiHHOrO CTPyMy ANA OBHOYACHOrO TefleGOHHOrOo 3B'A3KY.

Im'a 1. T. Myntoa HocuTb TepHONINbCbKNI HaLiOHANbHUI TEXHIYHUIA YHiBepcuTeT. HAHY
3acHyBana npemito imeHi IBaHa lNyntoa — 3a BugaTHi poboTK B ranysi NpuKnagHoi Gi3nku.
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§ 24. AKTUBHICTb PAJIOAKTUBHOI PEYOBUHM.
3ACTOCYBAHHA PALJIOAKTUBHUX 130TONIB

Yn morKHa Ai3HaTHCA, AKe came AAPO B MEBHIN pafioakTUBHIN peYyoBMHI po3nageTbCca nep-
wrm? Ake 6yae HacTynHuUMm? flke po3nageTbca ocTaHHIM? Di3nKn CTBEPAXKYIOTb, WO Ai3Ha-
TUCA NPO Lie HEMOXINBO: PO3Maf TOro UM iHWOro AApa pafioHykniga — nodia BMNagKkosa.
Pasom i3 Tm nosefiHKa pafioakTUBHOI PEYOBUHM B LiNOMY MiANAra€ Yitko BU3HAUYEHUM
3aKOHOMIPHOCTAM.

n HdisHaemocsa npo nepiop niBposnagy

SKIIO B3ATH 3aKPUTY CKJIAHY KOJIOY, III0 MICTHUTh IIeBHY KiJbKicTh Pa-
nouy-220, To BUSABUTLCSA, III0 NPUOJIN3HO Uepesd H6 ¢ KiJbKicTh pamgoHy B KOJIOi
ameHIMUTHCA BABiui. IIle uepes 56 ¢ i3 peliTu aToMiB 3HOBY 3aJIUIIUTHCS IT0JIO-
BuHA i T. 1. OTiKe, 3po3yMiJio, YoMy iHTepBaJ yacy 56 ¢ OyB HasBaHUU nepiodom
nisposnady Panony-220.

Mepiop nisposnaay T, — ue di3nyHa BENNYMHA, O XapaKTepU3ye papioHy-
Knif i AOPIBHIOE Yacy, NPOTAroM AKOro Po3najaEeTbCA NOMOBMHA HAABHOI KiNIbKOCTI
Aafgep AaHoro pagioHykniga.

Odunuuys nepiody nieposnady 6 CI —
Ilepiod nieposnady

CeKyHga:
Odearxux padionyknidie
[Tl/z] =lc. ) ) ITepiox
V KOKHOTO pafioHyKJIiza — cBiil me- PAmIORYRIIA | pigposmay Ti/2
piox miBposmany (muB. TAGJIUITIO). HMon-131 8 n1i6
? 3pasok wmictuts 6,4-10%° aromis | KapGom-14 5700 poxis

Womy-131. Crinern aromis Moxy-131 |5 6410760

5,3 poKy
Oyzme B 3pasky uepesd 32 mobu?

IInyTowniii-239 24 tuc. pokis

E [daeMo o3HaYeHHA aKTUBHOCTI Papiii-226 1600 poxis
paAioaKkTMBHOro gxepena

Panmou-220 56 ¢
? I Ypan-238, i Paniii-226 € o-panio- Paion-222 3,8 1061
akTuBHUMH (IXHIi AIpa MOKYTDH CIIOH- :
TAHHO PO3HAJATUCH HA O-YaCTHUHKY Ypan-235 0,7 mapz poxis
i BigmoBimme mouipHe aAzpo). Axmo | Ypam-238 4,5 MIpA POKiB
KimbKicTs aTomiB Ypamy-238 i Pa- esiit-137 30 poxis

nIiro-226 € omHaKOBOIO, 3 SKOr'0 3pasKa
3a 1 ¢ BUJIeTUTH OiJIbIIIe O-UaCTUHOK?

CrooxiBaemocsi, 110 BU HPaBUJILHO BiAIIOBiJiM Ha IIOJaHe 3alUTAaHHSA i,
ypaxyBaBIIN, IO TepioauW IIiBPO3MIany AaHWUX PaTiOHYKJIiAiB BigpisHAMOTHCS
MalyKe y 3 MJIH pasiB, BUSHAUWJIU, IO 3a TOW caMUU Yac y 3pasKy pajiro Bia-
OymeTbcs HabaraTo OisbIlle 0-pO3MAaiB, HidK y 3pasKy ypamy.

Di3nyHy BENNUMHY, AKa YMCeNIbHO AOPIBHIOE KiNIbKOCTi po3nagis, Wo BigbyBatoTbcA
B MEeBHOMY PafioakTUBHOMY AXKepeni 3a OAMHULI0 Yacy, Ha3uBaloTb aKTUBHICTIO
paAioakTBHOro p)xepena.
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A, Bk
800

dbocpe

[y
S
S

0 1600 4800 ¢, poxu

Puc. 24.1. padik 3anexHOCTi akTuB-
HocTi Pagito-226 Big yacy. lNepiog
nispo3snagy Pagito-226 — 1600 pokis

IcTopia BigKpuTTA MITYyYHUX
pagioaKTUBHUX i30TOIiB
Ilepmuii mTyYHUN pagioakTHUB-
HUH i30TOm (?gP) O0yB oTpuma-
HUii Ha mouaTkKy 1934 p. mo-
IpysKoKaAM DPpedepikom i Ipen
onio-Kwopi. OnpomiHOIOUN
O-4aCTUHKAMU aJIOMiHiN, BOHUI
CIoCcTepirajay BUIPOMiHIOBAHHS
HEeUTPOHiB, TOOTO BimOyBaJjacs

TaKa fAjepHa peakIid:
2TAL+3He — 32P + n.
Iraniticekuit  @Qisur Ewupiko
Depmi yCcaaBUB CBOE iM’S KiJb-
KOMa BUIATHUMH [JOCATHEH-
Havu. OgHAK CBOIO HAWBUIIY
"aropoxy — HobGemiBebKy mpe-
Mil0 — YyUYeHHH OJep:KaB 3a
BIIKPUTTA IITYyYHOI pamioak-
TUBHOCTi, CHPUYMHEHOI OIIPO-
MiHIOBAaHHAM PEUYOBUHU ITOBiJIb-
HUMM HEATPOHAMU. 3apas MeTo/]
OIIPOMiHIOBAaHHA HENUTPOHaAMU
IIUPOKO 3aCTOCOBYIOTH Y IIPO-
MUCJIOBOCTI JAJIA OTPUMAaHHSA

pazioaKTUBHUX i30TOIIiB.
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AKTUBHICTH, pagioaKTHUBHOIO OKepeja IIOo-
3HauamTh cuMBoJioM A. OJuHuus axmus-
Hocmi 6 CI — 0GekepeJs.

1 Bk — ye akmuenicms makozo padio-
aKmueHnozo dxcepeaa, 8 axomy 3a 1 ¢ 6i06y-
saemuvca 1 akT posnady:

[A]=1Br=1220_1¢1.

1 Bk — 1me gy:xe MaJjia aKTHUBHICTb,
TOMY BUKOPUCTOBYIOTH NO3ACUCMEMHY 00U-
Huuto akmusHocmi — Kwopi (Ki):

1 Ki = 3,7-101° Bk.

'.) Ha uecTh AKMX HayKOBIIiB Ha3BaHO 3a-
s3HaueHi oguHUIi? AKi BIAKpUTTS BOHUI
3pobuin?

SAKIO0 3pasoK MiCTUTHL aTOMHU JIHIIIE
OJTHOTO PaIiOHYKJila, TO aKTUBHICTH I[HOTO
3paska MOKHA BU3HAUUTU 3a (POPMYJIOO:

A=)N,

ne N — KiJgbpKicTh aToOMiB pamioHyKJiza
B 3pasKy Ha maHWil 4yac; A — cTaJja pamio-
AKTHUBHOTO PO3IaAy pamioHyKJiga (pismuma
BeJINUMHA, KA € XapaKTEePUCTUKOIO PagioHy-
KJiza Ta moB’s3aHa 3 IIepiogoM IIiBposmany

0,69 ; [k]:lc_l).

CIiBBiJHOIIIEHHAM: A =
1/2

OcCKinbKM 3 HJIMHOM Yacy B pajio-

AKTUBHOMY 3pPas3Ky KiJIbKicTh dxep pamio-

HYKJiZiB, I1I0 He PO3IaJnucd, 3MEHITYEThC,

TO 3MEHINYyeThbCA I AaKTUBHICTH B3pasKa
(puc. 24.1).

B [disHaemocsa Npo 3acTOCyBaHHA
pagioakTUBHUMX i3oTOMNiIB

HasasuicTs y meBHOMY 00’€KTi pagioHyKJIiIiB
MO’KHA BUSBUTHU 3a BUIPOMiHIOBAaHHAM. Bu
BJKe 3’sICyBaJIid, 1[0 aKTUBHICTHL BUIIPOMiHIO-
BaHHS 3aJIE’KUTDH BiJ BUAY pagioHYKJIiga Ta
Moro KiJmbKOCTi, AKa 3 YacOM 3MEHIIYEThCA.
Bce 116 mOKJIaZieHO B OCHOBY BUKOPHCTAHHS
pamioaKTUBHUX i30TOMiB, AKi (GisuKu HaBUU-
JIUCSI OTPUMYBATHU IIITYYHO. 3apas I KOXK-
HOT'0 XiMiUHOTO ejIeMeHTa, IO 3yCTPiYaeThCA
B IPUPOJi, OTPUMAHO IIITYYHI pagioaKTUBHI
isoTormu.
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MosxkHa BU3HAUUTH ABa HAIPAMU BUKOPHC-
TaHHA PAJiOAKTUBHUX i30TOIiB.

1. Bukopucmanns padioakmueHux izomo-
nise ak indurxamopis. PagioakTUBHICTE € CBOEPia-
HOIO MiTKOI0, 32 JOIIOMOTOI0 KOl MOKHA BUSABUTHU
HaABHICTDH eJIeMeHTa, IPOCTEKUTH 3a IIOBEIiHKOIO
ejeMeHTa IIif 4dac (ismuyHHX i GiosoriuHmMxX mpo-
meciB ToOITO (AWB., HAIPUKJIAL, puc. 24.2).

2. Bukopucmanhs padioaKmu8HUX i30mo-
nie sk 0xcepes y-6UnPOMiHi08aHHSA (IUB., HATIPU-
KJyan, puc. 24.3).

Posrnsmemo KinmbKa mpuKJamiB.

3acTOCOBYEMO pagioaKTUBHI isoTonm
ANA AiarHOCTMKN 3axBOploBaHb

Opranism JIOIUHN MAa€ BJIACTUBICTH HAKOIIMUY-
BaTM y CBOIX TKAHWHAX IIeBHI XiMiuHi peduoBUHU.
Bigomo, mHampukJjaz, IO IIHTOHOLIOHA 3aJI03a
HaKOINUye HMOoM, KicTKoBa TKaHMHaA — Qocdop,
KaJbIlill 1 CTPOHIIiH, TeuinKka — medAKi OapBHUKU
To1ro. IIIBUAKICTE HAKONUUYBAHHS PEUOBUH 3aJie-
JKiTh Binm craHy 3mopoB’a oprana. HampukJan, Bi-
IIOMO, IIT0 aKTUBHICTE IIIUTOIIOAIOHOI 3aJI031 Pi3KO
3pocTae y BUIaaKy 6a3emoBoi XBOpPOOU.

3a KigbkicTio Iogy B IIHUTOHOLIOHiN 3a-
JIO31 3pYYHO CTEXKUTU 3a JOIIOMOI'0I0 ioro y-pafio-
aKTHUBHOIO izoTorry. XiMiuHi BJIaCTHBOCTI pamioak-
THUBHOTO i cTabiIbHOTO 0Ny He BiAPisHAIOTHCSA, TOMY
panioaxTuBHUit Mon-131 6yne HAKOIHUYBATHCA TaK
caMo, AK i fioro crabiJIbHUI i30TOM.

dAxmo muromoxiOHa 3ajs03a B HOPMi, TO
yepe3 MEeBHUU Yac ITiCJIA BBEJEHHA B OpPraHisM
Mony-131 y-BUIpOMiHIOBAaHHA BiJ HHOIO MaTHMe
MeBHY OINTHMMAaJbHY iHTEHCUBHICTh. A OT SAKIIO
IIUTOIIONI0OHA 3a103a (PYHKIIIOHYE 3 BiIXUJICHHIM
BiJ HOpMU, TO IHTEHCHBHICTBH Y-BUIIPOMiHIOBaHHHA
Oyzile aHOMAaJILHO BUCOKOIO a00, HaBIIaKM, HUBHKOIO.

Amnajoriuanii MeToJ 3aCTOCOBYIOTh IJIS JIO-
caimkyBaHHA OOMiHY pPEeYOBMH B OpraHismi, Bu-
ABJIEHHSA NYyXJIUH Ta iH.

3posyMijo, 1110, BUKOPHUCTOBYIOUU 3a3Ha-
YyeHi MeToau AiarHOCTHMKM, HEOOXiJHO peTeabHO
IO3yBaTH KiJbKiCTh pasioaKTHBHOIO IIpemapary,
100 BHYTPIIIHE OHNPOMiHIOBAHHSA CIPUUYUHUJIO
MiHiMaJIBbHUI HEraTUBHUI BIIJIMB Ha OpPraHisM
JIIOAUHN.

Puc. 24.2. LLlo6 3'acyBaty,

AK POC/IMHU 3aCBOIOTL PoC-
¢dopHi jobpurBa, Ao UMX fJobpKB
JOfaloTb pafioakTUBHUI i30TON
Mocdopy, a NoTiM JoCNiAKyOTb
POCANHM Ha PafioaKTUBHICTb

i BUABNAIOTb KifIbKiCTb 3aCBOEHO-

ro ¢ocoopy

PagmioakTuBHUMI idoTon
Kob6anbTy

y-IpoMeHi

Puc. 24.3. BukopuctaHHsa
Y-BUMNPOMIHIOBaHHA AnA
NiKyBaHHA OHKO3aXBOPIOBaHb.
LLlo6 y-npomeHi He 3HMLLYyBanu
3[0pPOBI KNITUHW, BUKOPUCTOBY-
I0Tb AeKiNbKa cabKux nyukis
Y-NPOMeHiIB, siKi GOKyCytoTbCA
Ha MyXJIMHI
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Puc. 24.4. OtpymaHun

3 monoporo fepesa 1 r Byrne-
LU0 Ma€ aKTMBHICTb 14-15 BK
(BnpomiHioe 14-15 B-yacTMHOK
3a cekyHpay). Yepes 5700 pokis
nicns 3arnbeni gepesa KifbKicTb
B-po3napis 3a cekyHAy 3MeHLUy-
€TbCA yABIvi

Y-BUIIPOMiHIOBaHHSA

Puc. 24.5. Hanbinblw nowmpeHy
MeZMYHY NPOoAYyKLilo: WNpuuu,
CMCTEMW NepeNBaHHA KPOBI
TOLWO — nepes BianpasneHHAM
CrOXMBAYeEBI peTeNibHO CTe-
pYNi3yoTh i3 BUKOPUCTAaHHAM
Y-BUMPOMIiHIOBaHHA
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BusHauyaemo BiK cTapopaBHiX npeameTis
B armocoepi Semii 3aBxKAM € ImeBHA KiJb-

KicTs B-pamioaxkTuBHOr0 Kapbony l‘éC , AKUH yTBO-
pioeTbea 3 HiTporeny BHaAcCIiZOK saepHOi peakirii
3 HeriTpoHamu. [leil i3oTom y CKIami BYTJIEKMCIIOTO
ragdy (CO,) mornmHaeThCA POCIMHAMU, a UYepes
HUX — TBapuHamu. IIoku TBapmHa ab0 pocamHA
JKuBi, BmicT pagioakTuBHOro KapboHy B HuUX 3a-
auniaeTbeAa HeaMiHHUM. Iliciia mpunuHEHHS KUT-
TEMIAJTBHOCTI OPraHiaMy KiJbKIiCTh palioaKTUBHOI'O
Kap6ony moumHae 3MEHIITyBATUCS, 3MEHIIYEThCS
¥ aKTUBHICTh 3-BUIIPOMiHIOBaHHA. 3HAIOUU, IO IIe-
pion miBposmany Kap6omy léc cranoBuTh 5700 po-
KiB, MOKHA BM3HAUUTHU BiK apXeoJOTiYHMX 3HAXi-
IoK (puc. 24.4).

n 3acTOCOBYEMO y-BUNPOMiHIOBaHHSA
B TeXHili

Oco06simBe 3HAUEHHA B TEXHIIll MAOTh 2amma-0ederx-
mocKonu, 3a IOIIOMOTOI0 KX IIePeBipA0Th, HAIIPU-
KJaJ, AKiCcTh 3BapeHuX 3’eAHaHb. JIKIO MaiicTep,
MIPUBAPIOIOYUN II€TJI [0 BOPIT, IPUIIYCTUBCA OpaKy,
uepeld MeAKUHA uac metti BigBasmarecs. 1le, sBicHO,
HEIIPUEMHO, aJie CUTYaI[il0 MOXKHA BUIIPABUTHA. A OT
AKINO OpaK cTaBcsA y 3BApPIOBaHHI eJIeMEHTiB KOH-
CTPYKIIii MocTa abo SAAEPHOr0 peaxkTopa, Tparemis
HeMUHYYa. 3aBIAKU TOMY IO y-IIPOMEHi I0-pisHOMY
MOTVIMHAIOTHCS MACHUBHOIO CTAJIJIIO i CTAJLIIO0 3 II0-
POKHUHAMM, raMMa-Te(@eKTOCKOI «0auuTh» Tpi-
IUHY BCepeNuHi MeTajy, a OTKe, BUABJAE Opak
e Ha cTajii BUTOTOBJIEHHS KOHCTPYKILii.

n 3Huwyemo Mikpo6iB 3a gonomoroto

pagiauii
Bimomo, 1110 mmeBHA m03a OIpOMiHeHHS BOMBaE opra-
HizMu. AJje X He BCi BOHU KOPHUCHI IJIA JIOTUHIU.
Tak, MeIUKNM HEBINHHO IIPAITIOIOTH HAI TUM, II00
mo30yTHucAa XBOPOOOTBOPHMX MiKpOOiB. 3ranmaiire:
B JIKApHAX MUIOTH HiJIOTy CHeIiaJJbHUMHU PO3-
YHMHAMU, OIMPOMiHIOIOTH HPUMIIIEHHA YJIbTpagio-
JIeTOM, OOpPOOJIAIOTh MeIUUYHUIN iHCTPYMEHT i T. 1.
Taki mporenypu HasMBAIOTH Je3iH(peKIlielo Ta cre-
puiisarriero.

IlocTaBuTH mpomec crepmaisaiii Ha Impo-
MUCJIOBY OCHOBY JO3BOJIMJIN OCOOJUBOCTI y-BUIIPO-
minioBanHa (puc. 24.5). Taxka crepuaisaiis
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3IIMCHIOETHCS Y CHeliaJbHO CTBOPEHUX YCTAHOBKAX i3 HANIMHUM 3aXHCTOM Bif
nmpoHMKaoJol pagiamii. Ik gixepesio y-IpoMeHiB BUKOPUCTOBYIOTH HITYYHO CTBO-

peni isoronu KobaabTy (g‘;co) i Iesito (137 Cs)

Yunmocsa po3B’AsyBaTn 3apadi

3apaua. Busaaure macy Paziro-226, akImo iioro akTuBHicTh cTaHOBUTE 5 Ki.
Crana pagioaxkTuBHOro posnany Paniro-226 mopismioe 1,37-10711 ¢1,

Ananiz Qisuunol npobremu, NOUWLYK MAMeMAMULHOL MoOeai

I po3B’sA3aHHA 3aJadvi CKOpHUCTaeMocs (POPMYJIOI AJi BU3HAUEHHS aK-
TUBHOCTI: A =AN. 3HarOuUu aKTUBHICTH, BU3HAYUMO KijbkicTs N aTromis Pagiro.
Macy peuoBmHM MOKHA BUBHAUUTHU, AKIIO KiJIbKICTh aTOMiB IIOMHOXKUTH HA Macy
ogHOro aroma: m=N-m,.

I3 xkypcy ximii Bu 3HaeTe:

* 1 Mosb peyoBUHU MicTuUTh N, =6,02-1023 aToOMiB;

M
° Maca aToMa m =N— , e M — moisapHa Maca peuoBuHU (Maca 1 MoJb).

A
Hano: Pose’asanna
A=5 Ki=5-3,7-10!° Bx M M
11 m=N-mg, te my=——, OTsKe, m=N-—.
A=1,37-10""¢ N, N,
_ 23
N, =6,02.10" 1/M0M>  Qecximpks A=AN, ro N=>,
M =226 r/monb= A
=226-10"3 xr/moub ITinrcraBumo Bupas ajia N y Bupas OJisd Macu:
. A M _AM
3Haiimu: m= .
m— 9 N N AN A

IlepeBiprMO OAMHMUITIO, BUBHAUNMO 3HAUEHHSA IMTYKAHOI BEJIUUYUHU:
— 1 —
Bk Kr/Mmonp ¢ 1 kr-moms 5-3,7-10 0.226.107%

[m]z = =KI; m=

= T 5
.1/mo1p ¢! moxnp 1,37-10 ' .6,02-10%

Bionosiov: m=>5,1 r.

=5,1-10"% ().

Y Min6buBaemo nigcymkn

{ Yac, IpoTAroM AKOIr'0 PO3IafaceThCsA IIOJOBUHA HAABHOI KiJbKOCTI Amep aa-
HOTO PafiOHYKJIi/ja, HASUBAIOTH NepiogoM miBposmany T, . Ilepiox miBpos-
najgy € XapaKTePUCTUKOI PALioOHYKJIima.

DisnuHy BeJIMUNHY, IKA YMCEJbHO JOPiBHIOE KiJIBKOCTI posmaniB, IO Bin-
OyBalOTLCS B IIEBHOMY PaJdiOaKTUBHOMY MI:Kepesli 3a OSMHUII0 Yacy, Ha3UBaIOTh
aKTUBHICTIO pagioaKTMBHOTO IKepesa. SIKIMO I:Kepejio MiCTHUTh aTOMHU TiJIbKH
OIHOT'O PAJiOHYKJia, aKTUBHICTE A AKepesia MOKHA BUSHAUUTH 34 (POPMYJIOO:
A=AN, ne N — KinpKicTb aToMiB pagioHyKJiZa B 3pasKy; A — cTaja pajgio-
aKTUBHOTO po3nany paxionykJaiga. Ogunuiia aktuBHocTi B CI — Gekepensb (BK).

I3 wacom aKTHBHICTHL PANiOHYKJiIIB 3MEHIIYETHCA, 1 I[I0 BJIACTUBICTH 3a-
CTOCOBYIOTh JIJIs BUBHAUEHHS BiKy apxeoJioriunux 3Haxifgok. IIITyuHO cTBOpeHi
i30TOIIM BUKOPHCTOBYIOTH JJIsI CTEPHUIi3allil 0HOPa30BUX MEINUYHUX BUPOOiB, mia-
THOCTUKHU Ta JIIKyBaHHA 3aXBOPIOBaHb, BUABJEHHA Ne(eKTiB y Merajiax Ta iH.
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@ \KOHTpoani3anI/ITaHHF|
(&7 @

/]: “//”1. HaiiTe osHauenHa mepiony miBposmaxay. Illo xapakrepusye 1a (isuuna Begu-
> © ypga? 2. II[o Take aKTHUBHICTH pafioakTUBHOTO MKepena? 3. IKa ONMHUILA aKTHUB-
gocti B CI? 4. fIK akTuUBHICTH PafioOHYKJiZa IMOB’A3aHA 31 CTAJIOI HOro posmany?
5. Yu 3MiHIOETHCA 3 YaCOM aKTHBHICTH pagionykaiga? SIKImNo 3MiHIOETHCS, TO YOMY

i ak? 6. HaBeniTh IpuKJIagy BUKOPUCTAHHSA PALiOAKTUBHUX 130TOIIB.

\
N
<l

P ..
- "1 1. € omHakoBa Kigbkicts amep Momy-131, Pamony-220 i Ypany-235. Axuit pamio-

- HYKJIi Mae HaiOinbmInii mepioq miBposnaay? AKTUBHICTE SKOTO PaAiOHYKJIiLa
Ha JAaHUN MOMEHT Jacy € Haibiabiron? OOrpyHTy#iTe CBOIO BiamoBiab.

ﬁf} °y Bnpasa N2 24

2. V spasky micturscsa 2-1020 aromis Moxny-131. Busnaute, ckinbku sagep Moxy
pO3HafieThCA B 3pasKy IPOTATOM roguen. AKTHBHicTs Moxy-31 mpoTaroM mporo
yacy BBaskaiiTe HesMinHOM. Crasa pamioaxkTuBHOTO posmazny Moxy-131 mopis-
Hioe 9,98-1077 ¢ 1.

Ilepiox miBposmany papgioakTuBHoro Kap6omy-14 cramosBiTh 5700 poxis.
VY ckinbku pasiB 3amMeHmmuiaacsa KiabkicTs aromiB Kapbomry-14 y cocHi, Ky 3py-
6anu 17 100 pokiB Tomy?

Busuaure mepion miBposnany pamioHykJima, skimo 3a inrepsaJ uacy 1,2 ¢ Kijib-
KicTb sAmep, 1Mo posmaaucs, ckaagae 75 % iXHBOI MOYaTKOBOI KiJIbKOCTi.

5. Ha maHuii MOMeHT uacy B paaioaKTuBHOMY 3paskKy micturbcsa 0,05 moan Pa-
nouy-220. Busnaute akTtuBHicTh Pamony-220 y mboMy 3pasKy.

6. Ha cphoromui omHUMU 3 HANOGiJBII 3HAUYIIIUX € JOCHIIKEHHA OOMiHY PEUOBUH
B OPraHi3Mi JIOAWHHN 3a JOIIOMOTOI0 PaAiOaKTUBHUX i30TOIIiB. 30KpeMa, BUAB-
JIEHO, III0 3a MOPiBHAHO HEBEJUWKWI Yac OpraHi3M MaiyKe IIOBHICTIO BiJHOBJIIO-
erbca. CKopucraiiTecss OOLATKOBUMMU :KepesaMu imdopmariii Ta gismaiTecs
PO Ii JoCJIimKeHHsa Oijbiire.

Qdisuka i TexHika B YKpaiHi

HauioHanbHuii HayKoBUI LeHTP «XapKiBCbKUN (pi3NKO-TEXHIYHUIA IHCTUTYT»
(HHL| X®TI) — BCecBiTHbO BifOMUI HayKOBWI LIEHTP Y rany3i ¢GisnyHux HayK. YcTaHOBY
cTBOpeHo B 1928 p. 3a iHiLiaTnBolo akagemika A. O. Modde Ak YKpaiHCbKuMii Gi3NKo-TeXHiu-
HUW IHCTUTYT i3 MeTOl AOoCNigXeHb Y rany3i agepHoi ¢i3vkn Ta ¢i3mKkm TBEpLOoro Tina.

Yxe B 1932 p. B iHCTUTYTi 6yno oTpUMaHO BUAATHUIA pe3ynbTaT — 34iCHEHO po3Luen-
neHHA Aappa atoma JliTito. Mi3Hiwe B N1abopaTopHUX yMOBaX OTPUMAHO PifKi BOAEHb i renii,
36yAoBaHO NepLUnii TPUKOOPANHATHUI pagdionoKaTop, NpoBeAeHO NepLli AOCAIAXKEHHSA BU-
COKOBaKYYMHOI TeXHiKu, WO [ano MOLWTOBX PO3BUTKOBI HOBOro ¢i3NKO-TEXHOMOTIYHOIO
HanpAMy — BaKyyMHOI MeTanyprii. Y MOBOEHHI Yacy BYEHi iHCTUTYTY Bifirpasanu Baromy
pPOsb Y BUPILLEHHI NPO6ieM BUKOPUCTAHHA aTOMHOI eHepril.

Y pi3Hi pokn B HHL XOTI npavtoBanu suaatHi disvku: I. B. O6peimos, J1. [I. JlaHzay, |. B. Kyp-
yatos, K. [. CuHenbHuKoB, J1. B. LLy6HMKoB, O. I. NleinyHcbkun, €. M. Nidwnupb, 1. M. Nid-
wuub, A. K. Banbtep, b. I. Jlazapes, [. . IBaHeHKo, A. |. Axie3ep, B. €. IeaHoB, fl. b. ®ainH6epr,
[. B. BonkoB Ta iH. HayKoBi KoK, CTBOPEHi B iHCTUTYTI, BifOMi B YCbOMY CBITi.

Y HHL, X®TI po3TawoBaHnii HannoTykHiwwni y CHI niHinHWIA npruckopioBay eNneKkTpo-
HiB, @ TAKOX CYKYMHICTb TePMOALEPHNX KOMMNEKCIB «YparaH».

[eHepanbHUIA QUPEKTOP LEHTPY — BiAoOMUA YKpaiHCbkun ¢i3nk, akapemik HAHY
Mukona ®edoposuy LLyneea.
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§ 25. NOHI3ALIVNHA Al PAOIOAKTUBHOIO
BUMPOMIHIOBAHHA. NPUPOAHUN
PALIOAKTUBHUA ®OH. OSUMETPU

PagioakTrBHe BUNPOMIHIOBAHHA MOXe ByTn Hebe3neuHnm Ana opraHiamis. I3 Lboro napa-
rpada BM JoBifaeTecsa, YoMy Lie TaK, 3a LOMOMOIO AKUX NPUIAAiB MOXHa BUMIpATU pi-
BeHb pafiaLii, AK1i piBeHb pagiauii € Hebe3neuHnM, a 3a AKOro MoXKHa By T CroKiHUMMN.

n HdisHaemoca nNpo BMMB MOHI3yHO4YOro
BUNPOMiHIOBaHHA Ha OpraHiam

PagioaxkTuBHi a-, -, y-BUIpOMiHIOBAaHHA YUHATH
3HaUHU BUJAWB Ha opraHismu. Ilorpaniaroun
B PEUYOBUHY, Pa/lioAKTUBHE BUIPOMiHIOBAaHHSA IIe-
penae it eHeprifo. Yepes morauHaHHA 1Tiel eHeprii
IesdAKi aToMu ¥ MOJIEKYJIM PEUOBUHU HOHIBYIOTHCA
(puc. 25.1), yHaCJiOK YOro 3MiHIOETHCS IXHSA
XiMiuHa aKTUBHICTDH, YTBOPIOIOTHLCA HOBi, HAI3BU-
YyaifHO aKTUBHI XiMiuHi cIONIyKH.
JHurrenianpHicTh OyAb-AKOr0 OpraHiamMy
3a0e3meuyeThcA XiMiUHMMU peakIiiiaMu, IO Bi-
OyBalOThCs B MOro KJITHHAX, TOMY IIOTY KHE
pazioaKTWBHE OIPOMiHEHHA TPU3BOAUTD 0 IOPY-
meHb (DYHKIIi Mali’Ke BCiX OopraHiB: 3pOCTalOTh
KPUXKICTh i TPOHUKHICTH CYAWH, 3HUIKYETHCS
OIlipHiCTL Opramisamy, BimOyBaeTbcA po3janm [Ii-
SAJIBHOCTI IMIJIYHKOBO-KUIITKOBOTO TPAKTy, TOPY-
MIyIOThCcs (PYHKIIIiT KPOBOTBOPHUX OpraHiB, HOP-
MaJIbHi KJIITHHU IIepepoIKyIOThCSI Ha 3JIOAKiCHI.

E XapakTepusyemo NoHisyloue
BUNPOMiHIOBaHHA

3po3yMijo, 1110 YuM GiJIBIIIOI0 € IOTJIMHYTa Pedo-

BUHOIO €Heprisg BUIPOMiHIOBAHHSA, TUM OiJIbITNii

BIIJIUB I[HOTO BUIIPOMiHIOBAHHA Ha PEUYOBUHY.

BigHoweHHA eHeprii W 1noHi3ytouoro snnpomi-
HIOBaHHA, MOMNHYTOI PEYOBUHOIO, IO Macu m
L€l peyoBMHN Ha3nBaloOTb NOrAIMHYTOIO 103010
MOHi3yl1040ro BUNPoOMiHIOBaHHA (D):

Odunuyasa nozaunymoi dosu 6 CI — rpeit (Ha
JecTh aHrIiiicbkoro disuka JI. Ipea (puc. 25.2)):

[D]=1rp=12%

KT

Honisyioue
BUITPOMiHIOBAHHSA

Puc. 25.1. YHacnigok nornnHaH-
HA eHeprii NOHi3yl4oro BUNpo-

MiHIOBaHHSA eNEeKTPOH BUJTITaE

3 aTOMa 11 aTOM NEePETBOPIOETLCA
Ha NO3UTUBHUIN NOH

Puc. 25.2. Jbioic Taponba lpei
(1905-1965) — aHmiNCcbKNin di-
31K, MpaLioBaB Hag npobnemamu,
NoB’A3aHNMK i3 BMJIVIBOM ONpPOMi-
HIOBAHHA Ha 6ionoriyHi cuctemu;
3aCHOBHUK pagiobionorii
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Pozgin IV. ®I3VIKA ATOMA TA ATOMHOTO AAPA. ®I3UYHI OCHOBW ATOMHOI EHEPTETVKN

Koegiuienmu axocmi
OJearxux 6udig loHi3Y0L020

BUNPOMIHIOBAHH A
Koedi-
Bun mieHT
BUIIPOMiHIOBAaHHS |AKOCTL
(X)
o-BunpoMiHioBanHa | 20
B-BunpomiHOBaHHA 1
Y-BUIIPOMiHIOBaHHA 1
HetiTporu 5-10
IIpoTtonnu 5

"

Puc. 25.3. Ponbdp-MakcuminiaH
3iBepT (1896-1966) — LBeA-
CbKuni yyeHun. MpautoBas

y ranysi megunuHoi ¢isuku,
BMBYaB BMNANB pagialii Ha 6io-

NOTiYHi cuctemn

Puc. 25.4. 3mii gyxe cTinki

[0 pagiadii. JeAki 3 HUX MOXyTb
BUTPMMATK pafioakTMBHe
BUNpOMiHioBaHHA go 150 p
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Biosoriuruii BOIWB pPisHMX BUAIB BUIPOMiHIO-
BaHHA HaA OPTaHi3MU € HEeOJHAKOBUM 3a OLHAKO-
BOI MOIVIMHYTOI mo3u. HampukJjanm, 3a OqHaKOBOIL
eHeprii o-BUIIPOMiHIOBaHHA 3HaUYHO HebOeameu-
Hime, Hi’K - a00 y-BUIIPDOMiHIOBaHHA.

Qi3nyHy BennMuuHY, fIKa XapakTepusye 6iono-
rYHWA BNAMB MOMMHYTOI AO3U WMOHI3Yy0UOro
BMMPOMIHIOBaHHSA, Ha31BalOTb eKBiBaJIEeHTHOK
A03010 NIOHi3yI0UOro BUNPoMiHIOBaHHA (H):

H=K-D,

ne D — moriuuyTa nosa; K — KoedimieHT ssxocTi,
AKUHN XapaKkTepusye HeOe3IIeuHiCTh JaHOI'0 BUIY
BUOPOMIiHIOBAHHA: YMM Oijbmiuii KoedillieHT
AKOCTi, TUM HeO6e3IeUHIIINM € BUIIPOMiHIOBaHHS
(auB. TabIUIlIO).

Odunuysa exesisanrenmunoi 0osu 6 CI —
3uBePT (Ha YecTh ITBeChKOro BueHoro P. 3igepma
(puc. 25.3)):

[H]=13s.

BuaBnaemo ocob6nuBocTi BAnBY pagiauii

VmKomKeHHA OpraHisamMiB, 3yMOBJIEHI BILIT-
BOM pafiarii, MaroTh HU3KY OCOOJMBOCTEI.

ITo-mepitte, HAMOiABII YYTAUBUMU OO Paji-
arfii € Ti KJIiTwWHM, [0 IMIBUAKO AiddThbed. Tak,
IEePIINM BiuyBae Aif0 pafioaKTUBHOTO BUIPOMi-
HIOBAHHA KiCTKOBUII MO30K, YHACJIiJJOK YOO IIO-
PYIIIYETHCA MTPOIEC KPOBOTBOPEHHA.

Ilo-gpyre, pisHi Tunm opraHisMiB MaiOTh
pPi3HY UYTJIMBICTH IO paJi0aKTUBHOT'O BUIIPOMiHIO-
BaHHA (puc. 25.4). Haiicrifikimumu go pazgiaiii e
OJHOKJIITUHHI.

Ilo-TpeTre, HACHAIAKM BILIUBY OJHAKOBOIL IIO-
TJIMHYTOI 03W BUIIPOMiHIOBAHHS 3aJjielKaTh Bin
BiKy opraHismy.

3a3HaunMoO, II[0 OKPIM 30BHIIIIHBOTO OIIPO-
MiHeHHs icHye HeOesmeKa i BHYTPIIIIHLOTO OIIPO-
MiHEHHd, aJi’Ke PAJiOHYKJIIAN MOMKYTDb IIOTPATIUTU
B OpraHiaM, HaIIpUKJamI, i3 i2Keto abo Bomoro. Ilif-
BUIlleHa HebeslleKa BHYTPIIIHHBOTO OIIPOMiHEHHS
3yMOBJIEHa KiJIbKOMa IPUYMNHAMU.

Ilo-ttepmre, meski pamgioHyKJIinm 3maTHiI BU-
0ipKOBO HAKONMMUYYBATHCA B OKPEMUX OpraHax.
Hanpukiaazn, 30 % iogy HaKOMUUYYETHCA B IIU-
TomomiOHil 3ayi03i, Maca AKOI CTAHOBUTL JIHIIIE



§ 25. MoHizauiliHa aia pagioakTMBHOrO BUNPOMiHIOBaHHSA... [lo3umeTpu

0,03 % wmacu Tijga groguEu. PagioakKTuBHUN o, TAKMM YMHOM, YCIO CBOIO €HEep-
riro Bigmae HeBeIMKOMY 00’eMy TKaHWHMU.

Ilo-npyre, BHyTpiIlIHE ONIPOMiHEHHA € TPUBAJUM: PANiOHYKJIIN, AKUU IIO0-
TpanuB B OpPraHiaM, He BiApasy BUBOAUTHCA 3 HHOT'O, a 3a3HA€ HU3KM pajioakx-
TUBHUX II€PETBOPEHDb ycepenuHi opraHiamy. Ilpu 1iboMy BUHUKAE paaioaKTHUBHE
BUIPOMIiHIOBAHHS, SIKE MOHIi3ye MOJIEKYJIM H IIUM 3MiHIOE iXHIO OioxiMiuHy ak-
TUBHICTbD.

LisHaemocsa npo pagiayiiHun ¢oH

Vi mrogu Ha 3emJi 3a3HAIOTH BIJIMBY pajiariii, amke B OyIb-aKiil Miciie-
BOCTi 3aBIKAU € MeBHUM padiauyiitnuil ¢ou (puc. 25.5).

Pagiamitinuii pon SeMuri cKIagaeThbcsa 3 KiJIbKOX KOMIIOHEHTiB: KOCMiuHe
BUIIPOMiHIOBaHHS; BUIIPOMiHIOBAHHS NPUPOSHUX PAFIOHYKJIIIAIB, AKi MicTAThHCSA
B 3eMHIil Kopi, IOBITPi Ta iHININX 00’€KTaX 30BHIIIIHLOT'O CEPEeNOBUINA; BUIIPOMIi-
HIOBAHHA MITYYHUX PASiOaAKTUBHUX 130TOIIiB.

BunpomiHoBaHHA NpUpOoAHUX pafioHYKNifdiB i KOCMiYHe BUMPOMIHIOBAHHA CTBO-
ploloTb NpupoAHuI pagiauiinHnin ¢poH.

Y pesyinbTaTri giAabHOCTI JogMHU pamiamiiiauii ¢GoH 3eMJi 3HAYHO 3Mi-
HUBCA — Bigbysoca mexHozeHHe nidsuuieHHa padiauiiinozo (ony. Ilpukaan Taxoi
IisIIBHOCTI JIIOAMHYW — BUAOOYBaHHS KOPHUCHUX KOIIAJUH, SKi MiCTATH miaBu-
e’y KiJbKicTh pagiomykJigiB. Tak, migBuIieHmii yMmicT NpUPOJHUX pagioak-
TUBHUX i30TONiB € B rpaHiti. A maji OyayeMo JIaHI[IO}KOK. I'paHiTHUN I111e0iHb

Ixepena papgiauiiiHoro ¢poHy

: Pagiamiiitauii poH — ioHi3yI0Uue BUIIPOMiHIOBAHHS

** * 3€MHOI0 Ta KOCMIiYHOIO IOXOMKEeHHS
0,35 m38B
Kocmiune BumpomiHio-
BaHHA (3HAUHY Kijab-
KiCTh KOCMIUHHUX IIpOME-
HiB mornmHae aTMocdepa

03s5m3s 4 Y
30BHIIIIHE TPUPOTHE
OITPOMiHEeHHS

3emyi, TOMy BHCOKO B 1,4 m38B
ropax pamiamiiHU#N (oH Mepuuni
TMOPiBHAHO BUCOKUIA) IOCTiKeHHA
(peurrex,
1,4 m38 (urooporpadis,
Bynisenbni MPT ra in.)
Marepiaan 0,002 m38 S o
¥ m3B

AromHa = . 4
ved TeneBizopu Ta MOHiTOPH

eHepreTuKa
1,35 m3B
0,025 m38 BryTpimrae nmpupogHe onmpoMiHeHHA (paxio-
Anepni HYKJIiAW € B TiJi JIIOZWHU, a TAKOXK IIOTPa-
BUIIPOOYBaHHSA IJIAIOTH ¥ HHOTO 3 BOJAM, MOBITPs, 12Ki)

Puc. 25.5. CepefHi eKBiBaneHTHi 4O31 MOHI3yl04YOro BUNPOMIHIOBaHHSA, AKi OTPUMYE NognHa
NPOTArOM POKY Bif AeAKuX OxKepen pagiauii
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Pozgin IV. ®I3VIKA ATOMA TA ATOMHOTO AAPA. ®I3UYHI OCHOBW ATOMHOI EHEPTETVKN

€ CKJIAJHUKOM OETOHY, 3 AKOI'0 CIOPYI:KYIOTh OyauHKN. OTiKe, IiABUINIEHUN pami-

amifiamii (poH cJain IyKaTu HacaMIilepes ycepenuHi OyaAnHKiB i3 0eToOHY, 0CO0JIMBO

B BaKPUTUX NPUMIINIEHHAX, AKi He IPOBITPIOIOTHCSA (KOHIIEHTPAIlid PaJoHy B 3a-

KPUTUX NPUMIIEHHAX Y CepeaHbOMY y BiciM pasiB BuINa, Hi’K 1330BHi).

? IIpoanasnisyiire puc. 25.5. Big aKux mKepeJi JII0AMHA OTPUMYE HANOIIBIITY
mo3y pagianii? Yum sHAuHMM € BIIJIMB pajgiairii, mos’si3aHOl 3 PO3BUTKOM
aTOMHOI €eHepreTUuKu?

B 3HanloMnMoca 3 AO03MMeTPOM

Jurrsa Ha 3eMJii BUHHKJIO Ta PO3BUBAETHCS B yMOBax 0Oes3mnmepepBHOI il
panmiamii. Tomy mpupogHuUi#l pamiamiiiHuii (OH CYyTTEBO He BIIJIMBAE HA JKUTTA Ta
3mopoB’s Jqrogeii. CyduacHi pamioGiosioriuai mocaifKeHHs IIOKA3yIOTh, IO 3a TUX
03, AKi BigmoBimaroTh pagiamiinomy ¢gouy 1-2 m3B Ha pik, Aig papgiaiii € 6es-
TEeYHOIO IJIA JIIOMUHA.

AJle HaBiTH HeBeJIMKe IMEPEBUINEHHSA MOIMYCTHUMOIO PiBHA pamiaiii mo:xe
CIPUUYUHUTY T€HEeTUUHI medeKTHu, AKi, MOKJINBO, BUABJIATLCSI B AiTelr ad0 OHY-
KiB JromguHU, 10 OyJia ompoMmimeHa. Beamki mosu papmiaiiii cnpuumHSIOTH cep-
M03Hi ypaskeHHs TKaHWH. Hampukiaa, oTpuMaHa IIPOTATOM KiJIBKOX TOAWH eK-
BiBaJIeHTHA [03a HOHi3youoro ompoMmiHeHHA 1 3B BUKJMKae HebOe3leuyHi 3MiHUT
B KpoBi, a y 50 % sBumangkiB mosa 3—5 3B cupuuuHse sarudesb. Tomy mpairis-
HUKU, IKi MaloTh CIIpaBy 3 pajiailieio abo IMeBHUM uyac mepeOyBarOTh Ha pajmia-
IilfiHO 3a0pyaHEHil TepuTopii, 060B’IBKOBO KOPUCTYIOTHCA 003UMempamu.

HosumeTrp — mnpuiaj AJA BUMIpIOBaAaHHA 03U HOHI3YIOUOTo BUIIPOMIiHIO-
BaHHS, OTPUMAaHOTO NpuaagoM (i THM, XTO HUM KOPHUCTYETHCS) 3a AeAKUU iHTEp-
BaJI yacy, HaIpUKJaJ 3a mepio] nepedyBaHHA Ha MeAKil TepuTopii abo mpoTarom
po6ouoi aminm.

Ilpunagu niaa BuMipioBaHHA 1HTEHCHMBHOCTI pPagioaKTUBHOT'O BUITPOMIiHIO-
BaHHS BiJ meBHOro msxepesa (pigmHu, rasy, 3a0pyaHEHOI IMOBEPXHi) HA3MBAIOTH
pagiomerpamu (a6o dosumempamu Opyzozo muny) (puc. 25.6, a).

OCHOBHOIO CKJIQJJOBOI0 OyABb-IKOTO OJO3UMeETpa

Y  mogcbkomy  opra- e Jemexmop — TPUCTPiH, IO CIYTYye OJIA pe-
et TiEGTTTen GirEsTE ecTpanii i0Hi3yIOUOro BHIPOMiHIOBaHHA (ZUB.
3-103 r pazicaKTHBHOrO puc. 25.6, 6). ¥ pasi moTpanJasgHHA HOHi3yIOYOTO
Kauito Ta 6-107° r pagiro. BUIIPOMIiHIOBAHHS HA JAETEKTOP BUHUKAIOTH €JeK-
Vraciaizok mboro B Tiji TpUYHI curHau (iMoyabcu cTpyMy abo HanmpyTru),
JIIONVHY IOCEKYHIU Bin0y- AK1 3UUTye suMmiprosanvHuil npucmpiii. Jlaui npo
BaeTbca 6000 P-posmanis 103y MOHiI3yIOYOro BUMIPOMiHIOBAHHSA IOMAIOTHCS
i 220 o-posmanis. Ha 8uxiOHull npucmpiil (BUBOAATHCSI HA AUCILIENH
Ille 2500 PB-posmaznis 3a nos3mMeTpa); iHpopMallida IMpo ITiABUINEHHA paji-
CeKyHZY BimbyBaeThca arii MoJxe MOAaBaTUCS CBITIHHAM, 3BYKOBUM CUT-
3aBASKU PaSi0OaKTUBHOMY HaJIOM TOIIIO.

BYTJIEITfO.

SarajoM y Tijgi JgroguHU ﬁ%} Nip6uBaemo nigcymkm

[IOCEKYHIH BifGyBaeTHCH %M{ IloTpaniAroun B PedOBUHY, PalioOaKTHUBHE
10 000 axris posnazy. < ® BuIpoMiHIOBaHHA Ilepefae il eHepriio.
Y pesynbraTi meAKi aToMm Ta MOJEKYJIU
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§ 25. MoHizauiliHa aia pagioakTMBHOrO BUNPOMiHIOBaHHSA... [lo3umeTpu

\"\_\BnnpOMiHmBaHHﬂ

BuwmiproBansauit Buxiguuit
IpUCTPitt OpUCTPilt

IleTexkTOop

JKuBnenna gosumerpa

Puc. 25.6. [Mo6yToBi fo3nmeTpu (pagiometpun): a — Burnag; 6 — Tunosa 6/10K-cxema

PEeUYOBUHU HOHIBYIOTHCSA, 3MIiHIOETHCSA IXHA XiMiuHA aKTUBHICTH. OCKiJIBKU KUT-
TeNiAIbHICTE OPrati3MiB 0a3yeThcsa Ha XiMIUHMX peaKIifgX, TO pamioaKTUBHE BU-
IPOMiHIOBaHHA YMHUTH 0i0JIOTiUHY [Mifo.

Bignomenns eneprii W ioHi3y04oro BUIIPOMiHIOBaHHS, IIOTJIMHYTOI PeUYO-
BUHOIO, O Macu m Iiel peYOBMHU HA3WBAIOTHh MOTJIMHYTOIO J030I0 MOHi3YyIOUOTO
BunpominoBaHHA D: D=W/m.

Bionoriuauii BjnB HOHI3YIOUOr0 BUIIPOMIiHIOBAHHA 3aJIeKUTh AK Bif IIO-
TJIMHYTOI 403U, TaK i BiJ 0COBJMBOCTEI caMOro BUIIPOMiHIOBAHHS; XapaKTePUCTH-
KO0 0i0JIOTiuHOI0 BILJIMBY € €KBiBaJIeHTHA J03a HMOHi3yHOUOro BUIIPOMiHIOBAHHS:
H=KD, ne K — Koe(imieHT sIKOCTi.

OguHuIlA IOMJIMHYTOI [O03UM HOHidyouoro BumpoMmiHioBaHHa B CI —
rpeit (I'p), oguHUILA eKBiBasieHTHOI H03u — 3uBepT (3B). 1 BuMipoBaHHS 103
MOHiBYI0UOT0 BUIPOMiHIOBAHHA BUKOPUCTOBYIOTH HO3WUMETPU.

Ha moBepxui 3emiri peecTpyeThes IeBHUI piBeHb pafgiaiiii — pagiamifiamic
(oH, AKUH CKJIATAETHCA 3 KOCMIUHOTO BUITPOMiHIOBAHHS, BUTPOMiHIOBAHHS IIPU-
POSHUX PANIOHYKJIIZIB i MITYYHUX PamiOaKTUBHUX i30TOIIiB.

B - KoHTponbHi 3annTaHHA

@ﬂt YV uomy BusaBJAEThCA OiosioriuHa Ais papgianii Ha opramismu? 2. IlaiiTe o3Ha-

4% o YeHHSA MOTVIMHYTOI T03U MOHi3y0uoro BuIpoMinooBaHHsd. Koo € il omuanmsa B CI?
3. K 00UMCIIIOITH eKBiBaJIEHTHY 03y MOHi3youoro BunpominoBanua? koo € il
onunuita B CI? 4. fIkumu € ocobauBocTi BIIuBy pagiamnii? Yum 3ymoBJeHa IIiaBu-
meHa Hebe3meKa pagioHyKJIixiB, 1o morpanuau B opranism? 5. HasBiTe nmpuuunnm,
yepes3 AKi BU 3aBK/AU 1 He3aJeKHO BiJ] TOrO, Je *KUBETe, 3a3HAETEe BIJIMBY pajialii.
6. IlTo Take pagmiamifinuii GoH? I3 AKMX KOMIIOHEHTIiB BiH cKJagaeTbea? 7. HasBiTh
m:xepesia pagianiiinoro gony 3emuri. 8. [l yoro mpusHaueHi mosumerpu? Axum
€ IPUHINI IXHBOI Hii?

&gg °y Bnpasa N2 25
"M 1. Bu mepebGyBaeTe mo6umsy m:kepesia o-BUIIPOMiHIOBaHHA. SIK B MoOKeTe 3aXu-
« cTuTu cebe Bij IIKiZJIMBOro BILIMBY pamiairii?
2. YV pesyabraTi 30BHIIIHLOTO OIPOMIiHEHHS CIIIBpPOOITHMK Jaboparopii Iimoce-
KYHIV OTPUMYE HIOTJINHYTY 03y HOHIZyI0UOT0 BUIIPOMiHIOBAHHS, 1[0 JOPiBHIOE
2-.107° I'p. SIKy NOTIMHYTY A03Y OTPUMAE CIIiBPOGITHUK IPOTATOM I'OZUHN?
Y pesyabpraTi BHYTPIITHBOTO OIPOMiHEHHS KOMKEH I'paM KMBOI TKAHUHU IO-
ruHyB 10® o-uacTuHOK. Bu3HAuUTe eKBiBaJIEHTHY HO3y HOHI3yIOUOrO BUIIPOMI-
HIOBaHHA, AKIIO eHeprid KOKHOI o-4acTHMHKHU gopiBHIOE 8,3 10713 ITx.
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4. fIky ekBiBaJIeHTHY [g03y HOHiI3yOUOro BUIPOMiHIOBAaHHS OTpUMae ocoba,
o nepebyBae mo6JaU3y AsKepesia Y-BUIIPOMiHIOBAHHA HMPOTATOM 1 Tof, AKIIO
IOCEeKYHIM BOHA OTPUMYE HOTIMHYTY 103y 25-1079 I'p?

5. Icuye rimoresa, IO JIOACTBO BMHUKJIO 3aBAAKU MYTAIlisiM, AKi BigOymawmcs
B MaBI YyHaCJHiZoK Aii pamioakTuBHOTO BUIIPpOMiHIOBaHHA. CKOpPHCTaBIINCH
IONATKOBUMU I KepesamMu iHdopwmallii, nisHaiiTecda mpo 1o rimoresdy OijbIire.
Yu Mo:kHa 3 Helo nmorogutucsa? OOIpyHTYHTE CBOIO IYMKY.

EkcnepyiMmeHTanbHe 3aBAaHHA

SIKIT0 v Bac € MOMKJIMBICTh CKOPUCTATHUCSH
IO3UMETPOM, BUMipAlTe pagianiinuil o
Yy PiBHMX TOYKaX CBOEI KBaApTUPHU, ITOOJIU3Y
rpaHiTHOI OpyKiBKM, B OETOHHOMY, IIeIJIdA-
HOMY Ta JepeB’sTHOMY OyAWHKAaX, y HigBaJri
OyAWHKY, Ha BepxHboMY moBepci. [loscHiTs
pesyabTaTu CBOiX JOCJiIKeHb.

§ 26. JIAHUIONOBA AAEPHA PEAKLIA.
ALEPHUIA PEAKTOP

«...lNonepeaHi enoxn oTpumany Ha3By Bif NeBHWX MaTepianis: 6yna foba Kam'aHa, 6poH-
30Ba, 3aNi3Ha. Ae XXOAHOI 3 HMX He 6yno 6, AK6M noanHa He 3Hana BorHw. CnpaBXHE
6araTCTBO CBITY — Oro eHeprif», — NucaB aHrNiNCbKNUIA pagioximik, naypeat HobenicbKoi
npemii @pedepik Coooi (1877-1956) y cBoin KHU3i «<MaTepis Ta eHeprif». XX CT. MOXHa cMi-
NIMBO HAa3BaTu aTOMHUM, agXe came B LUbOMy CTOMITTi Ni0AMHa BiAKpWia n novana npwu-
60pKyBaTV eHeprilo aToMHoro agpa. Mpo Te, AK JonomaralTb JOCNIAXKEHHA 3 AfepHOT
di3nKKM 3ab6e3nevyBaTi NIOACTBO EHEPri€lo, BU Ai3HAETECH i3 Lboro naparpada.

[disHaeMmocsa Npo nogin BaXKKMX sigep i NaHUOroBy sfAepHy peakLilo

Hanpuxkinmi 1938 p. mimenski pagioximiku Ommo I'an (1879-1968) i @piy
IHImpacman (1902-1980) npoBoaMIM MOCHinAM 3 ONPOMiHEHHAM ypaHY HEHTpO-
"Hamu. Ha mpeBesuKuii moguB yUeHUX, V XO4i JOCJaimiB Oysa0o BUABJIEHO Oapiii Ta
nedaki iHImi ememenTu cepenHbol uactuHu Ilepiogmunoi cucremMu xiMiuHuUX ese-
menTiB . I. Mennesneena.

IlosicHIOIOUM HeCIIOAiBaHiI AJA BUEHHMX TOTO Yacy pes3yJabTaTH OCJIiIiB,
aBcTpaJtiicbkuil pagioximik Jlisa Meiimuep (1878-1968) i anrmiticbruii Gisuk
Ommo @piw (1904-1979) mifinmau BUCHOBKY, IO AAPO YpaHY (BasKKe AIpO), IO-
TJINHAIOUN HEeNTPOH, «JycKae» — pO3IaJacThCsA Ha OiJIBII JIETKI aapa.

Tak 0ysi0 BiIKpUTO pO3MIEeNJIEHHA AAPa — nodij 8axi K020 ANMOMHOZ0 10pa
Ha 0ea (pidwe mpu) adpa, ki Ha3usawmMv ockoakamu nodiry™ (puc. 26.1).

* Y 1945 p. 3a BiAKpUTTS posMielieHHA BaKKuX aroMHux auaep O. 'an orpumas HobGeris-
CbKY IIpeMmiio 3 ximii.
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§ 26. JlaHuloroBa afepHa peakuia. AaepHuin peaktop
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Puc. 26.1. Cxema noginy agpa YpaHy. Puc. 26.2. CxemaTyHe 300pakeHHs NaHLoro-
MornvHatoun HenTpoH (a), Agpo YpaHy 36y- BOI AAEPHOI peaKLii: Nig yac ogHOro akTy noginy

IPKYETbCA 1 HabyBa€ BUAOBXKeHOT dopmm (6);  agpa YpaHy BUBINbHAETbCA 2 abo 3 HENTPOHU,
NOCTYMOBO PO3TAryOUNCH (8), HOBE HecTiike  3aBAAKM AKUM i PO3BMBAETHCA NaHLIOroBa Agep-
AAPO PO3MaAaETbCA Ha ABa OCKONKM (2) Ha peakuis

‘.7 Posrimaabre puc. 26.1 i mosCHITH, YOMY OCKOJIKM PO3JIITAIOTHCA 3 BEJINYE3-
HoIO MmBUAKicTIO. [li0ka3ka: sanepHi cuan (CUIU IPUTATAHHA, AKi yTpUMY-
IOTh HYKJIOHU BCEPEIUHi AMpa) € KOPOTKOAIIOUMMU, a OT eJIeKTPOCTaTUUHI
(KyJIOHIBCBKi) cuyim — TaJIeKOmilOUMMU.

SAKII0 BU yBasKHO POBTVIAHYJAMW cxeMy Ha puc. 26.1, To, MaOyTh, 3BepHYIU
yBary Ha Te, IIIO IIiJ] Yac POSINENJeHHA Aapa YpaHy KpiM OCKOJIKiB HmOAiJy BU-
BiTbHAIOTHCA HeHTpoHU. I1i HEHTPOHU MOKYTH CIPUUUHUTH MOAIJ IHIHUX saep
VYpaHy, AKi B CBOIO Uepry TaKO K BUIIYCTATL HEHTPOHH, 1[0 34ATHI BUKJIMKATH I10-
Ii HACTYOHUX Anep, i T. 1. KinbkicTs sep, 110 posInenaoTbCs, Oyae IIIBUIKO
3pocTaTy — B YPAHOBOMY 3Pa3Ky BiZOyBaTUMeThCs JIAHIIOTOBA AAepPHA pPeakiisd
mominy (puc. 26.2).

Hy:xe BaKJIMBUM € TOH (DaKT, ITI0 JAHIIOTOBA AepHA PeaKIlid CyIIPOBOIKY-
eTbCca BUOiNeHHAM Besuie3nol Kiavikocmi enepeii. Ilix vac mominy omHOTO sAapa

YpaHny BUAIISETLCA JIMIIIE 3,2.1071 I:x eHeprii, mpoTe SKIIIO PO3MAaAyTHCS BCi
Anpa, 10 MiCcTAThCA, HAIIPUKJIAL, B OTHOMY MOJIi ypaHy (235 T YpaHy; 6,02-10%

Anmep), eHeprid, SKa BUIIJUTLCA, JOPiBHIOBATHME NPUOJIM3HO 19,2~1012 JIE:
CrinbKM K eHeprii BUAIINUTBHCS, AKIIO CIaJNUTH, Hanpukaan, 450 T HadpTu.

3Haiomumoca 3 6ya0BOI0 AfEPHOro peakTropa

Jlanmorosa peakiiisa mominy, ssika BigOyBaeThCsd B ypaHi Ta JesdKUX iHIITIX
peuoBHHAX, € OCHOBOIO [JIs IMEePEeTBOPEHHS AMepHOI eHeprii Ha TeIJIOBY ¥ eJeK-
TpuuHy. 3rajaiTe: IIiJ Jac JIAHIIOTOBOI peakilii 0e3ynuMHHO 3’SBJIAIOTHCSI HOBI
1 HOBi OCKOJIKM MOAiNy, sKi pyXarThCsa 3 BEJIMKOIO IIBUAKicTIO. SIKIIMO ypaHO-
BUUM CTPUKEHb 3aHYPUTHU B XOJOAHY BOXAY, TO OCKOJIKM 3iIlITOBXYBAaTUMYThCH
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3 MOJIEKyJIaMU BOJU I BiJaBaTUMYTh iM CBOIO €Hepriro. ¥ pesyabTaTi XoJomgHa
BOJIa HArpieThcsA a00 HABITH mepeTBOPUTHCA Ha mapy. CaMe Tak mpaifioe s0epruil
peaxkmop, y SKOMY fAJepHa eHeprid IepeTBOPIOETHCS Ha TEILJIOBY.

flapepHuin peakTop — NPUCTPIN, NPU3HAYEHNA ANA 3QINCHEHHA KepPOBaHOI laH-
LIoroBol peakuil NoAiny, AKa 3aBAn CynpOBOAXKYETbCA BUAINEHHAM eHepril.

VYV apepuux peaxTopax (puc. 26.3) agepHe maauBo (ypaH abo ILJIyTOHil) pos-
MIIIyIOTh ycepeanHi Tak 3BaHUX menaosuldinvHux enemenmis (TBEJIiB). IIpo-
OYKTH mogiay HarpiBaroTh obosouku TBEJIiB, i Ti mepemaioTs eHepriio Bogi, AKa
B JAaHOMY BUIIQJKY € TeljioHociemM. OTpmMaHa eHepris mepeTBOPIOETHCI AaJji Ha
enekTpuunHy (puc. 26.4) momiGHO 10 TOro, AK Ie BifOyBaeThCA HA 3BUYAMHUX Te-
IJIOBUX €JIEKTPOCTAHITiAX.

11106 KepyBaT! JAHIIOTOBOIO AMEPHOIO PEAKITIEI0 Ta YHEMOKJIUBUTU TMOBip-
HicTb BUOYXY, BUKOPUCTOBYIOTE pezy.liol04i cmpuicHi, BUTOTOBJEHI 3 MaTepiaiy,
o go6pe moramHae HeWTpoHu. Tak, AKIINO TeMIlepaTypa B peaKkTopi 30iJbIIy-
€ThCHA, CTPUIKHI aBTOMATHYHO 3aryIMOJIIOIThCA B npomimkku Mixk TBEJlamu,
B pe3yJabTaTi KiJIbKiCTh HEUTPOHIB, II0 BCTYIAIOTh Y PeakKIifo, 3MEHIIYETbCA
i JaHIIOroBa peakIlis CIOBiJIbLHIOETHCH.

B HdisHaemoca nNpo TepmosgepHy peakuito

Mu 3’sicyBaJiu, 1110 BHACJIiTOK MOy BasKKUX ANEeP YTBOPIOIOTHCS eJIeMeHTH
cepenunoi yacturu [lepioguunoi cucremu ximiunux esmementis [. I. MergeneeBa
i Bupminaerocsa enepria (puc. 26.5, a). {10 eHeprito Ha3MBAIOTH AJEPHOIO, AKe
BOHA «CXOBaHa» B AApi aroma. 3po3yMijio, AKOM HaM CHaJi0 Ha OYMKY 3HOBY
3’¢THATU OCKOJIKU IOAiJIy, TO HeoOXimHOo Oys0 6 BUTpPATHUTH TaKy caMy eHepriio.

Peryumioroui crprmxui

(peryusroroTh mepebir  Kopmye Iaposa ypoina

smepHOl peakirii) peaxropa Esexrpo-
) reHepaTop
Konpgencarop
napu
Tapaua
BOJA
« #250-300 °C
[S] —_—
5
=
) TBEJIu
:§ e
o
2
g | Bopa
= -~ (1110
S
4a)
Puc. 26.3. Cxema 6ynoBu sigepHoro Puc. 26.4. [MpuHUMN poboTN aTOMHOT
peakTopa eneKTpoCTaHLii
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§ 26. JlaHutorosa AgepHa peakuia. AgepHuin peakTop

? 3rajmaiiTe, Ha AKOMY (PyHIaMEHTaJIbHOMY
3aKOHI (piBMKU I'PYHTYETHCA OCTAaHHE TBEP-
TKEeHHS.

A oT AKINO B3ATH AOpPa i30TOIIB JIETKUX
eJIeMeHTiB, HanpukJazn anpo lleriTepio i sampo
Tpurito, To BHACHIiAOK iX 3’€¢JHaAHHA eHeprisa Oyme
pupinaruca® (puc. 26.5, 0).

Peakuito 3nuTTA nerkmx agep y Ginbw BaxKi,
AKa BigOyBa€eTbCA 3a JyXe BMCOKUX Temmnepa-
Typ (noHag 107 °C) i cynpoBOmXKYy€eTbCA BuUfi-
NIeHHAM eHeprii, Ha3NBaloTb TepMOoAAEePHUM
CUHTE30M.

Bucoki Temmeparypu, TOOTO BeIUKi Ki-
HeTHUYHi eHeprii amep, mMoTpiOHi ajgs Toro, Imod
MOAO0JaTH CUJIM €JIEKTPUYHOT'O BiAIIITOBXYBaHHS
anep (OMHONMEHHO 3apANKEeHUX YaCTUHOK). bes
ILOTO0 HEMOJKJIMBO 30JIM3UTH JIETKi siApa Ha Taki
BiAcTaHi, Ha AKUX MOUMHAIOTH OiATH AAEPHI CUIN
OPpUTATaHHA.

Y mpuponi TepmosmepHi peakiii BimOyBa-
I0ThCA B Hamapax 3ip, me isoromu I'imporeny mepe-
TBOpPIOIOThCA Ha [emiii (muB. puc. 26.5, 6). Taxk,
3a paxyHOK TepMOSJePHUX peakKIliii, 1o BigoyBa-
10Tbcsa B Hagpax CoHIlA, BOHO IIOCEKYHIV BUIIPO-
MiHIOe B KocMiunMit nmpoctip 3,8+ 1025 II:x emeprii.
ITle xKosocasbHa eHepria — 106 cTiibKu i1 oTpU-
MaTHu, MOTPiIOHO CIAJUTH B THCAUY pasiB OijbIie
BYTiJLJIs, Hi’K MalOTh yci Bigomi 3amacu Ha 3eMmuri.

Tepmosamepui peakirii — e Mmaiiyke HeBU-
yepmHe AKepetio eHepril. PisuKMU BiKe HABUUJIUCA
CTBOPIOBATH YMOBHU [Jisi BUHUKHEHHS TaKUX pe-
aKIliii, a OT iX BUKOPHCTAHHS B IPOMUCIOBOMY
MaciuTabl MOKM IO 3aJMINAEThCA Ha PiBHI ekc-
IepUMEHTiB.

Yuumoca poss’asyBaTu 3agadi

HetiTpor
1

Temniit

P :H pHe

}Q> Enepria
% CuHTes

Tpuriit HeﬁTIPOH
H o”
6

HetiTepiit

Puc. 26.5. | po3nag BaKuMx
apep (a), i cMHTE3 nerkux
anep (6) CynpoBOAXKYHOTHCA
BUAINEHHAM eHeprii

3apaua. Busnaure macy Ypany-235, AKy BUTpauae 3a 100y peaxTop aToM-
HOI eJIeKTPOCTAHIIiI, AKIII0 BUXiJHA eJIeKTPUUYHA HOTYKHICTD BiIOBigHOr0 610K
enexTpocraniii cramosuth 1000 MBT, a itoro KK — 30 %. Maca ogHoro sizpa
Vpany-235 nopisuioe 3,9-1072° kr, a mig wac KOMKHOTO IOiTy BHUAIIAETHCA

3,2-1071! Ik emeprii.

* Ilsg BIAcTUBICTH MOSICHIOETHCS Pi3HOIO MUTOMOIO €HEePTri€lo 3B’sI3KY aTOMHUX sS/iepP, PO AKY

BU JIi3Ha€TeCch, BUBUYAIOUM (Di3UKY B CTApPIIiii IITKOJI.
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Pozgin IV. ®I3VIKA ATOMA TA ATOMHOTO AAPA. ®I3UYHI OCHOBW ATOMHOI EHEPTETVKN

Ananiz Qisuunol npobremu, NOWYK MAMeMAMULHOL MoOeai

E
st po3B’sA3aHHA 3a4a4i CKOpUCTAEMOCh o3HaueHHAM KKI: n=—=

IIOBHA
Tyt EIcop — eJIeKTPUYHA EeHepris, AKy BUPOOJiAe OJIOK aTOMHOI eJeKTPOo-
craHuii 8a no0y: E,,, =P, -t (4ac t mopaHo B cekyHzaax); E ... — [OBHA eHep-
rig, o BUALIAETHCA B peakrtopi: E . =E,-N, ne E, — eHepria, axa Bupi-
JAEThCA Tif yac po3maay OZHOro Anpa, N — KiJgbKicTh Axep, AKi posmajmcs.

KinpkicTh simep B ypaHOBOMY HaJIMBi momaMo uepes Macy majuBa (m) i macy

OHOT'O Anpa (mo): Nzi.

my

Hano: Pose’asanna
t—lnoﬁa—l 24-3600c E

Kop -1000 MBT = 3a osnauennam KKI[: n= , Ie

=1-10° Br E -m
T]=30%=0,3 E Plcop t; EHOBHa:EO'N: 2 0
m
my=3,9-10"" xr : 0 .
o ITincraBumo Bupasu Ajs BusHadeHHs E 1 E, ...
E;=3,2-10"" I y popmyny KKII[. Maewmo:
SHatimu: Pt m,
‘r'l =

m—? E,-m

P -t-m
© o 0
I3 ocTaHHBOI (POPMYIN 3HAWAEMO Macy AJEPHOTO HaaWBa: m=——r———

E;n
IlepeBiprMO OmMHMITIO, BUBHAYNMO 3HAUECHHSA ITIYKAHOI BEJIUUNHU:
[m]— Br-c-xkr Jhx/c-c-kr  JDx-Kr

=KI>
oz Tox Tlox
1-10° 24-3600-3,9-10° 10°-24-36-10%-39-107%°
= — = - =3,5 (Kr).
3,2.101.0,3 32.107'2.3

Bionosiov: m=3,5 Kr.

BuxonuTs, 1110 HaBiTh OAMH 0JIOK aTOMHOI €JIEKTPOCTAHIIII BUPOOJIAE eHepril
Oinblme, HijK COKUBAE BesuKe Micto. [lificHo, 3a 700y oguH OJIOK aTOMHOI eJieK-
TpocTaHIlii BUpPOOJIsie: ER PKop t=1000 MBT-24 rog=24 000 MBT-rox euep-
rii, a, HanpukJaan, Kuis y jgiTtHi micamni cmosxusae 3a mody suine 300 MBT-roxz.

fﬁ" ¥ Nip6buBaemo nigcymkn

L%M{ ITornuHeHHA HEHTPOHA AAPOM YPaHY MOKe CIPUUYMHUTH posmnal Anpa. Ila

peakilisg cyIpoBOAKYEThCS 3BIIbHEHHAM HEMTPOHIB, AK1 MicTaAThCA B AIpi,
a Ti, y CBOIO Uepry, MOKYTh COPUUYMHUTH MOAIJ iHIIUX Axep YpaHy — BimOyBa-
TUMeThCA JIAHITIOTOBA SIepHA peakKIlis, AKa CYIPOBOAKYETHCA BUAIJIEHHAM BeJIN-
yes3HOi eHeprii. IIpormec nmepeTBopeHHs AAEPHOI eHeprii Ha TeHJ0BY 3iNCHIOETHCS

B AJEPHUX peaKTopaxX — MPUCTPOAX, IPUSHAUEHUX IJIA 3MiJiCHEHHS KepoBaHOI
JIAHITIOTOBOI peakIlii momisy.
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§ 26. JlaHutorosa AgepHa peakuia. AgepHuin peakTop

Bupginenuam eHeprii cynmpoBOMKYEThHCA i IIPOIEC CUHTE3Y AEAKUX JIETKUX
anep. Taka peakIilisi oTpuMaJia Ha3By TEPMOSAEPHOI, OCKiJIbKU AJIA ii mOYaTKy
HeoOXimHa mysKe BHCOKa TeMIileparypa. TepMosmepHi peakiiii cuHTe3y BimOyBa-
IOTbCA B HaApax 3ip. 3apas BUeHi MpaIlloioTh HAJ CTBOPEHHAM TEPMOSIEPHUX
PeaKToOpiB — MPUCTPOIB, IPU3HAUEHUX [JIsI OTPUMAaHHA €Heprii 3a paxXyHOK pe-
aKIlil TepMOSIePHOr0 CUHTE3Y JeTKUX s1ep, SKa BiJ0yBaeThCs B IJIa3Mi 3a qysKe
BHCOKUX TeMIeparyp (morazx 107 °C).

@ \KOHTpoani 3anuTaHHA
| /

//1 fAxi mporecu BimOyBaroThCA BHACIINOK TMOTIMHAHHS HEWTPOHA AApPOM YpaHy?

M: © 2. OnuIrnits MexaHi3M JIAHIIOroBol AAepHOI peakiii. 3. Aki mepeTBopeHHs eHeprii Bij-

OyBaroThCA B AfAepHUX peakropax? 4. K mpaiftoe aromua ejexTpocrannia? 5. Axuit
IpoIlec HA3UBAIOTh TepMosaaepHUM cuHTe3oM? 6. 3BigKu «0epyTh» eHepriio 30pi?

ﬁgg °y BnpaBa N2 26
1. ¥V AcHuil coHAuHN AeHb HA KOKHNHE 1 M2 BiZKpUTOI rOpU30HTaILHOI HOBEPXHL
LB mocekyHau morpamisge 650 Ik corsumoi eHeprii. CKinTbKU COHSAYHOI eHeprii
3a TOAMHY IOTpAIlIfe Ha gax OyaiBii, AKIo mioma gaxy mopisaioe 100 m2?
Ckinpku (B Kijorpamax) CyXux OPOB HEOOXiIHO CIIaJuTH, II[00 OTPUMATU TY
caMy KiJbKicTh emeprii, 1o morpamnise Ha gax Oyxisiai Big Conmg (mutoma Te-
mJIoTa 3ropAHHA cyxuX apoB — 10 M]I:x/kr)? IlomipkyiiTe, Je BaM MOXKYTb
3HAMO0UTHCA TMOAI0HI PO3PaXYHKHU.
Sxry kinbkicTb eHeprii mosxHa orpuMaru Bix nminenHa 1 r Ypany-235, aKIo
B XOJIi IOJ1Iy KOKHOTO Apa BUALIAETLCA eHepris, mo gopisHioe 3,2 10711 Tmx?
3. Ilory:xHuicTh peaxTopa aromuoro kpurojama — 80 000 kBr. CnoxxuBaHHA pe-
akTopoMm ¥Ypauny-235 cranoBuTh 500 r Ha no0y. Busnaure KK/l peaxTopa.
4. CkopucraiiTecsa DOTATKOBUMHU AKepejaMu iHgopMarlii Ta misHaliTecs, KOJU
Oyia 3mailicHeHa IepIlla KepoBaHA JIAHIIOOBA ANepPHA peakxilis; KoJuu i me 0yJio
CTBOPEHO IePIINY TPOMUCIOBUN ANePHUI PEaKTOP; UM iCHYIOTH HA HAIIN Ija-
HeTi micis, me BimOyBaJsiacs OIpupoLHA JIAHIIONOBA SAepHA Pearilid.

®disuka i TexHika B YKpaiHi

IHcTuTyT AapepHnx gocnigxeHb HAHY (KniB) — nposigHa HaykoBa ycTaHOBa B rasysi
AnepHoi i3nKM Ta aTOMHOI eHepreTUKK. IHCTUTYT ByB cTBOpeHnin y 1970 p. Ha 6a3i AgepHKX
Bigginis IHcTuTyTy Oisvkn AH YPCP.

3aCHOBHUKOM i NEPLUUM ANPEKTOPOM iHCTUTYTY ByB akagemik HAHY M. B. [TaciyHuk. 3ro-
oM ycTaHoBY oyvosntoBanv akagemik HAHY O. @. Himeys, akagemik HAHY I. M. BuwHescbkud,
i3 2015 p. ANPEKTOPOM IHCTUTYTY € uneH-kopecnoHaeHT HAHY Bacune lsaHosuy CriceHKo.

OCHOBHI HampAMY Po6oTW IHCTUTYTY — yHAAMeHTasnbHi Ta NPUKAAAHI [OCiLMXeHHA
3 AfepHoi Gi3VKN HU3bKNUX | cepefHix eHeprin, i3uKn peakTopiB, Teopii agpa, saepHol
CNeKTPOCKoNii, ARePHOT eNeKTPOHIKM, pagiauiiHol ¢i3nKn, TepMoAAepPHOro cCUHTe3y, GisnKu
naasmy, a TakKoX B3a€EMOAIT HENTPOHIB, MPOTOHIB, AENTPOHIB, anbda-YaCTVHOK Ta BaXKKUX
Anep i3 Agpamu marxe BCix enemeHTiB [epiognyHoi cnctemm XimiyHux enemeHTiB . I. MeH-
Jeneesa.

Mig KepiBHULTBOM MPOBIAHMX YUYEHNX B iIHCTUTYTI CKNANUCA BiAOMi HAyKOBI LWKONN: 3 HeN-
TPOHHOI ©i3nKKM, Gi3UKM AQEPHUX peakLuin i3 3apAdKEHMMY YacTMHKaMK, MIKPOCKOMiIYHOI
Teopii Aapa, AREpPHOI CNEKTPOCKONii, HEMPUCKOPIOBabHOI Bi3NKN eleMEeHTAapHUX YaCTUHOK.

HaykoBUi IHCTUTYTY Bifirpanu BU3HauYHy poOfb B YCYHeHHi HacnigkiB aBapii Ha YopHo-
6unbcbkin AEC.
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Pozgin IV. ®I3VIKA ATOMA TA ATOMHOTO AAPA. ®I3UYHI OCHOBW ATOMHOI EHEPTETVKN

§ 27. ATOMHA EHEPTETUKA YKPAIHW. EKOJIOTIYHI
NPOBJIEMA ATOMHOI EHEPTETUKMU

Benuka nepesara agepHoro nanuea nepep TpaguuinHum (ras, HadTa, Byrinna) nonAarae
B TOMY, L0 eHepreTnuyHa eGeKTUBHICTb AfEepHOro NanavBa BULLA B MiNbAOHK pasiB (y 2 MNH
pasiB BuLa 3a HaTy, ¥ 3 MNH pasiB — 3a ByrinnA). [lo Toro X 3anacu agepHoro nanvea
B A€CATKM pasiB Ginblui, HX ByrneBoLHEBUX BUAIB NanvBa, a MOro cnanoBaHHA He noTpe-
6ye KucHo. OfHaK BUKOPUCTAHHA SAEPHOro Manmnea MoB'A3aHe 3 NEBHVMMU TPYLHOLAMU.

Puc. 27.1. TBEJ1 (tTennosu-
NiNbHUI eleMeHT) — YacTuHa
peakTopa, NpUCTpin, y AKOMy
MiCTUTbCA AfJepHe NannuBo
(tabneTku piokcngy YpaHy)

BupobyBanusa
ypany

v

Buroronenns
TBEJIis

v

Bukopucranua
TBEJIiB na AEC

'

Yrumisamia Bignpa-
nwrosaHux TBEJIis

Puc. 27.2. Cxema agepHoro
umnkny

174

n LdisHaemocsa Npo AAepHUA LUK

1106 orpumaTu Kijorpam maJjinBa 3 HU3b-
KOI0 eHEepreTUYHOI e(EeKTUBHICTIO, HAIIPUKJIA
KijorpaM IpoB, JOCUTL CXOAUTH OO Jicy. A ot
100 oTpUMaTH KijlorpaM AIepHOr0 HaJinuBa, CJIij
CTBOPUTH I[iJTy IpOMHUCJIOBicTh. KpiMm Toro, micas
3ropAHHSA KijorpaMa JpOB IIOIiJI MOKHa IIPOCTO
poskuzaru. A 1o pooutu 3 TBEJIamu (puc. 27.1),
AKi BimmpaifoBasiu cBiii pecypc? Amike came
y TBEJIax BimOyBaeThcsA JIaHITIOTOBA sAaepHa pe-
aKIlid 1 TOMYy BOHU MiCTATH BEJIUUYE3HY KiJbKiCTh
PamioaKTUBHUX OCKOJIKiB i3 JOBIUM II€PiOIOM MiB-
posmamy.

MocnigoBHicTb onepaui 3 BURobyBaHHA agep-
HOro nanvea 3 pyau, BurotosneHHa TBEJlis,
BUKopuctaHHa TBEJliB Ha aTOMHUX eneKkTpo-
CTaHUiAX i noganblioro nepepobneHHs pa-
Di0AaKTMBHMX BigxofdiB Ha3vBalOTb AAEPHUM
uuknom (puc. 27.2).

3a 3amacaMu ypaHOBOI pyau YKpaiHa 1mo-
cimae 11 micme y cBiti. Ilux 3amaciB BUCTauuUTh
Ha KiJbKa cToJiTh. AJe 1100 IIepepoduTu pyay
Ha sAgepHe majaubo, surorosutu TBEJIu, HeoO6-
XigHa crmeriajisoBaHa IIPOMUCJIOBICTH (JIaHITIO-
JKOK B3a€EMOIIOB’SI3aHNX BUPOOHUIITB), K0l YKpa-
iHa B moBHOMY 00csa3i He mae. [[1a yKpaiHCHBKUX
aromMHUX ejekTpocraHiiii TBEJIu BuroroBidaoTs
3a KOPZOHOM.

ITicnia toro ax y TBEJIi posmanmaerbca
meBHA 4YacTHUHa sAaepHoro majguBa (pisukm Ka-
KyTh: «TBEJI BuropiB»), #ioro 3aMiHIOIOTH HO-
BuM. TBEJIu, aki BigmpamioBaau cBiii pecypc,
OysKe palioaKTHBHi, TOMYy IiX y cCIeIliaJbHUX
KOHTelHepax PO3TaIlllOBYIOTH IVIMOOKO IIig 3eM-
Jel0, TaM BOHU MalOTh 30epiraTucs IPOTATOM
COTEeHb POKiB.
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Ha crorogui B Ykpaimi Tinmbku 3amopisbKa
aToMHa eJeKTpocTraHIia (puc. 27.3) Mae BjacHe
cxoBuine misa BigmpanboBanux TBEJIis. TBEJIu
3 iHNIUX aTOMHUX eJEeKTPOCTAHIIiA BUBO3ATH 10
Pocii, 3a 110 Hamia kpaiHa cijaauye BeJIMKi KOIIITH.
IcuyroTs Hamipu mobOymyBaTu CXOBHILE AJISI Bif-
npanposanux TBEJIiB y YopHoOuabcebKif 30-ki-
JIOMETPOBil 30Hi, ajKe I TePUTOPiA IIle JOBTO HE
Oyme MPUIATHOIO MJA KUTTA Jiofeii. Kpim Toro,
MicIis AJid CcXOBHIIAa MOXKHA Oyae HagaBaTwu i iH-
oM KpalHaM.

? ITomipkyiiTe Hag aprymMeHTaMu «3a» OyaiB-
HUIITBO TAKOTO CXOBUIIA 1 «IIPOTH».

E [isHaeMmoca Npo aTOMHY eHepreTuky

YKpaiHum
VKpaina HaJeXUTh 10 TUX KpaiH CBiTy, B AKUX
3aBISKHN HAsABHOCTL BUCOKHX TEXHOJIOTil, BHCO-
KOKBaJi(hiKoBaHUMX iH)KEHEepiB i BUEHUX CTBO-
peHa ¥ yCHiIlTHO PO3BUBAETHLCSA aTOMHAa eHepre-
Tuka. Ha cboromHi B KpaiHi mpaIjooTh YOTHPU
aTOMHI eJleKTpocTaHIlii: 3amopisbka, PiBHeHCHKA,
IO:xHO-YKpaiucbka, XMmenabHUIbKa (puc. 27.3—
27.6). Ha nux AEC pgirors 15 aToMHUX eHepro-
0JIOKiB, 3arajbHa MOTYKHICTh IKUX CTAHOBUTH
13 580 MBT. Ha artomHi ejexkTpocTaHIlil mpu-
nagae OJM3bKO IIOJIOBUHM eJIeKTPOoeHeprii, Imo
BUPOOJISIETHCS B KpaiHi.

AEC o06cayroBymoTbca 0araTOTUCAYHUMU
KOJIEKTUBaAMU BHCOKOKBaJi(hiKoBaHUX (paxiBIIiB.
DaKTUYHO HABKOJIO KOXKHOI 3 yKpaiucbkux AEC
BUPOCJIO HEBEJIMKE MiCTO.

Haapricts B VYKpaiHi mIiKepes eeKTPoO-
eHeprii, AKi mpaIiOTh Ha SIepPHOMY IIaJIUBIi,
0e3mepevHo MOM SAKIIYE AegaJii Oiabmuit gedimur
«3BUYHUX» eHeproHociis: rasy, Hadgtu, KaM’sSHOTO
BYTiJLIA.

Kouu #imerbeca npo AEC, moboroBaHHSA IIe-
peciuHOrO rpomMajgdHNHA 3a3BUYail moOB’A3aHi 3i
CJIOBOM «pafiaiisg». AJie, AK IMOKa3yIOTh HOCJi-
IJKeHHs, HaWOiJbINuii BOJAWB pajgiallii Ha Jio-
IUHY BinOyBaeThCA 3a PaAXyHOK NMPUPOIHUX JIKe-
pen pagiaiii, mig yac MeZUUYHUX OCJiIMKeHb
i mikyBanua. Pagiamia, mos’sizaHa 3 «HOPMAaJib-
HUM» PO3BUTKOM aTOMHOI eHepreTUuKu, CTAHOBUTD
JUIlle MaJIy YacTHUHY pamgiarii, Imo cupuuyuHeHa

Puc. 27.3. 3anopisbka AEC —
Hanbinblia aTOMHa eNeKTpo-
CTaHUia €BpoNK, Ha Hi nNpautoe
6 aTOMHVX eHeprobokKis

Puc. 27.4. PiBHeHcbka AEC
Ma€ 4 aTOMHi eHepro6yoKm

Puc. 27.5. IOXHO-YKpaiHCbKa
AEC ma€ 3 aToMHi eHepro6s1oKku

Puc. 27.6. XmenbHuubka AEC
Ma€ 2 aTOMHi eHepro6sioKm
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mignbHicTIO Jroguuu. IIpore, Ha KaJjb, icTopid JIoAcTBa HaJiuye AeKiIbKa
BUIIQJKiB aHOMAJIbHOT'O PO3BUTKY MOJili Ha SAAepHUX peakTopax. Hacaigxm
UX BUMAAKIB Oysaum KaTacTpodiuammu.

B 3ragyemo icTtopilo YopHo6UnbcbKoOiI Tparegii

26 kBiTHA 1986 p. mosHaueHe wopHUMHU OapBaMu B icTopii Ykpainu. Came
TOTO OHA CTaBCA BUOYX Ha 4-mMy eHeproO.oii YopHOOUIBCHKOI aTOMHOI eJIeKTPO-
cranuiii (puc. 27.7). KepiBHUIITBO cTaHIii gajio 3rogy Ha BUOPOOYBaHHS PoOOTH
AIEePHOrO peakTopa B PEeKUMi 3MiHHOI IOTYKHOCTi, 110 He OyJIO IrepemdadveHo
KOHCTPYKIIi€I0 peaKkTopa. ¥ pe3yJbTaTi Bif0ya0csa HEKOHTPOJLOBAHE BUIiJIEeHHS
sAnepHOi eHeprii BcepenuHi peakTopa i cTraBcsa BUOYX.

Bubyx mpusBiB 10 moikesKi Ha 4-My eHeproOJoIi # mo KaracTpo@iuuoro
BUKHUAY PamgioaKTUBHUX peuoBHH. Kopmyc peakTopa IIouaB IpamioBaTH SK BeJIU-
ye3Ha Mid4, BUHOCAYU PAMioaKTUBHUI AuM B aTtmocdepy. BiTep posHic 1ei num
Ha 0araTto COTeHb i THcCAY KijslomeTpiB (TigBUIlleHHA piBHA pasmiarii Oyso 3adik-
coBaHo HaBiTh y IlIBerii). ¥V sikBigamii aBapii ma HAEC 6pasu yuacTs (haxiBiri
Bcix pecny0Ouik Pagsucexkoro Corosy.

Oco0auBY poJib y 3MEHIIIEHHI MacIinTabiB Tparemil Bigirpaau moKeXHUKIU.
ITiHoI0 CBOro *KMTTA BOHUM 3aIlO0IiTJIM IIOIIMPEHHIO ITOXKe:Ki Ha iHII peakTopu
Yopuobuabscbkoi AEC.

Iz xaTracTpodoi0 TaKuX MaciiTabiB JIOACTBO paHillle He CTUKAJIOCSI, TOMY
TOKEeXKY He BAAJIOCA 3YIUHUTH IIIBUAKO. ¥ pe3yabTari mijii perionu Pocii, Ykpa-
inu, Bisopyci BusaBuaInucs pafgiaiiiino 3adpygneHuMu, a 3 30-KistomeTpoBoi 30HU
HaBKOJIO CTaHIIil OyJI0O eBaKyliOBaHe BCe HACEJEHHH.

ITisuimnme Hajx 3pyiiHOBaHUM peaKTOpoM OyB IMOOYAOBAaHUI TaK 3BaHUI cap-
Kogaz — OGeTOHHA KOHCTPYKIIisd, SKa 3aXUINA€E BiJl MOMAIBIIIOTO HOIIMUPEHHS pa-
nmiamifimoro 3abpyamenns (puc. 27.8).

Crorogui Bci eneprodsoku Yopuoouabcbkoi AEC BuBemeHo 3 eKCILIyaTairii;
pasom i3 MiKHapoOOHMMM OopraHisamisgmu YKpaina moOyayBaJjia Iiie OOQUH CApPKO-
dar, nockonasimuii. Ilicas Tparexmii mumysno mouan 30 pokis, mpoTe HACTITKMT
pazmiamifimoro 3abpyaHeHHs, ocobauBo B 30HI HopHOoOMAbCchKOI AEC, BiguyTHI
¥ moci.

r‘é Puc. 27.7. YeTBepTuin eHepro6sok YopHobmnbCbKoi
ATOMHOI eneKTpocTaHUii 4o B1bYyxy (a) i nicna Bu-
Oyxy (6)
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Puc. 27.8.
Capkodar Hag

4-m eHepro6sokom
YopHobunbcbKoi
AEC

ITomibna 3a macimrabamu Katactpoda Bigoyaaca B fmownii y 2011 p. — ma
aTOMHIN esieKTpocTaHIlil «PyKycima-1». YHaACTIIOK 3eMJeTpyCcy Ta IIyHaMi IIpu-
OUHUJIA OiI0 HacoCH, IO IepeKauyioTh TeIJIoHOociii. Bixbynaucsa meperpis i mo-
IIKOIKEeHHs aTOMHOTI'O PeaKkTopa, i pagialiiina peuoBrHA 3a0pyAHUJIA TOBKiJJIA.

Tosx 3apas JIOACTBO ONMMHUJOCA IIepe]] AUJIEMOIO: IIOCTYIOBE BUUYEPHAHHSA
TPamUIifHNX eHepProHOoCiiB HiOMTO HMiAIIITOBXYE 1O PO3BBUTKY aTOMHOI €HEPreTUKH,
pasoM i3 THUM BiJ JKaxJIMBUX aBapiii He 3acTpaxoBaHi HaBITh TaKi TeXHOJIOTIUHO
posBuHeHi kpainu, Ak Amonis. Ypag Himeuunnu 3po6uB cBiii Bubip i 3a00poHUB
PO3BUTOK aTOMHOI €HEPTeTUKMU.

? A gaxa Baimma gyMiKa I1mozao nnoro nutauua? IlomipkyiiTe Hag apryMeHTaMu
«3a» 1 «IIpoTu».

Nip6nBaemo nigcymkm

ITocaigoBHicTS omepariii BumoOyBaHHA AAepPHOrO MajuBa 3 PYAH, BUTOTOB-
nenusa TBEJIiB, Bukopucranasa TBEJIiB Ha aTOMHUX eJIEKTPOCTAHIIAX 1 IO~
IaJbIIOTO IIepepodIeHHA PaJiOaKTUBHUX BiXOIiB HA3UMBAIOTh AJEPHUM IIUKJIOM.

3apas B YKpaiHi mpaiooTh YOTUPY ATOMHI eJIeKTPOCTAHIIi] 3araJbHOIO II0-
ryskHicTIO 13 580 MBT. Ha AEC npunazae maiiske MoJ0BUHA €JIEKTPOEHEPTii, 1110
BUpPOOJIsieThCA B Kpaimi. SIKIO aTOMHA eJIeKTPOCTAHIIiA IIPAIIOE «HOPMAJIbLHO»
(BignpanwvoBaui TBEJIu mazxifino 30epiraioTbcsa y CXOBHUINAX, He BigOyBaeThbCcsA
300iB y pobOoTi peakTopa, BUKOHAHO BCi 3axomu, ImepeabaueHi HOPMATUBHUMU
IOKYMEHTaMM), TO BOHA Maii»Ke He UMHUTH PAMial[iifHOTO BIIJIMBY Ha JOBKIJLJIA.

26 xkBiTHa 1986 p. cranacsa YopHoOubchbKa KatacTpo)a — BuOyX Ha 4-My
enepro6Jorni Yoproouabcbkoi AEC. Bubyx cupruunHUB HaWOiabIlle y CBiTiI pagia-
IifiHe 3apa’kKeHHSA MiCIeBOCTi, 30KpeMa BeJIMKuUX Tepurtopiii y Pocii, Ykpaini
ta Binmopyci. Hacmigku mboro 3apaskeHHs BiguyTHi gotenep. IlomibHa 3a macira-
6amu karacTpoda BigOyIacs Ha aTOMHiN eneKTpocTaHil «Pykycima-1» B Amonii
y 2011 p.

KoHTponbHi 3annTaHHA

@ﬂt ITepeniuiTey mepeBarm ¥ HemOJIiKWM BUKOPHCTAHHA ANePHOrO maJjuBa. 2. 1Kol

© ¢ IOCJIiIOBHICTSL omeparliit sgepHoro nukay? 3. HaspiTe aToMui egeKTpocTaHIrii
VYrpainu. fIKoio € ixHa 3araabHa noTyskHicTs? 4. IIlo Bu 3HaeTe mpo YopHOOUIIB-
CbKYy Tparemiio?
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BnpaBa N2 27
1.

Ha Xwmenbrunskii AEC BcranoBieHo peakropu Tuiry BBEP-440 (enexTpuuyna
noty:kHicTs — 440 MBrT), TenoBa moTyKHicTh akux gopiuioe 1375 MBT. Bu-
sHaute KKl peakTopiB 1iporo tuimy.

Ha gBox 6soxax PiBmencbkoi AEC BcramoBieHo peaktopu tunmy BBEP-440
(eexkTpruHa notyxkHicTh — 440 MBT), a me Ha ABOX 6JI0OKaX — peakToOpuU
tunny BBEP-1000 (enexktpuuna morys:kuicTh — 1000 MBT). Crinbku emeprii
(v xBr rox) mo:xe Bupobutu PiBHenchka AEC 3a mo0y, mpaljoioun Ha IMOBHY
HOTYKHIiCTB?

Ckinpku eneprii 3a o0y BupoOise 3amopisbka AEC, aximo oxuH i3 1i 6;10KiB mepe-
OyBae Ha IJIAHOBOMY PEMOHTI, a PeIrTa IpaloTh Ha IOBHY MOTYKHicTh? TerioBa
MOTY»KHicTh KoskHOTO peakrTopa Ha AEC nopisaioe 3000 MBt, KK — 33,3 %.

4. Ckinpku KijmorpamiB Ypany-235 1miomob6u coajmlOThL peakTopu IliBmeHHO-

Vrpainceroi AEC, aKmio TemnsoBa MOTYKHICTH KOXKHOTI'O PeaKTOpa JOPiBHIOE
3000 MBr? ITiz uac moziny ogHoro Anpa Ypany-235 sumingersca 3,2 1071 Ix
eHeprii, sKa MOBHICTIO ITepeIaeThCA TEIJIOHOCi0 (Boxi).

CxopucraiiTecs JOOaTKOBUMH M:kepesaMu imgopMarliii Ta gisHaiTecsa mpo mep-
CHEeKTUBU PO3BUTKY aTOMHOI eHEePreTUKY YKpaiHu.

NIABUBAEMO NIACYMKWU PO3AINY IV
«Disnka atoma Ta atomHoro agpa. Qisn4Hi 0OCHOBU aTOMHOI
eHepreTukun»

1. Busuatouu poszin IV, Bu sraganu 6ydosy amoma it amomHozo 10pa, KOBixa-
JIUCSI TIPO S0epHi CUU.

ATOM
\/ \

Anpo EaxexTponn
1 1 1

EjleKTpoHU yTPUMYIOTHCA 0ijid Aapa 3aBOAKY eJIeKTPOMATHITHiN B3aeMomii

Y ] ¥
IIpoToun HeiiTporu . q, =-e,
1 1
VTpUMYIOTbCS BCepeAUHI AApa 3aBAAKA q, = -1,6-107" Kun
CUuNbHill 83aem00ii (mil sHepHUX CUJI) ° y HeHlTpaJbHOMY aromi
v v KIJTBKICTD eJeKTPOHIB
iBH impKOCTL
“4qp =+|e| =+1,6-107"° Ku ’ q,}=0 . i(;lc))'ron}?;}}fc;m}:ioc
* K1JIBKiCTh IPOTOHIB y sapi — * K1IBRICTD
npomorHe (3apsdose) HeﬁTPf)HlB
yucao Z — HOpiBHIOE nopsdko- Yy APl MOXKHA
somy Homepy enemenTa B Ile- 0GYHCIHTH AToMH, AApa AKUX
piognuHii cucremi XimMiuHUX 3a (opmy.oo: MiCTATH OZHAKOBY
exementis [. I. MenngemeeBa N=A-Z KinbKicTb mpOTOHIE,
v Y aJjie pidHY KiJIbKicTh
3arajbpHa KiJIBKiCTh HYKJIOHIB (IPOTOHIB i HEHUTpPO- HYKJIOHIB, Ha3UBAIOTH
HiB) Yy AOpi — HYKJAOHHe (Macose) uucao A | isomonamu
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MNipbueaemo nigcymkn po3sginy IV

2. Bwu gisnanuch, Ak 0yJio BiAKPUTO s8uwe padioakmueHrocmi, 3’ ACyBaau npu-
pody padioakmueH0z0 GUNPOMIHIOBAHHS.

PAOIOAKTUBHICTb

3IATHICTh Alep PamioOHYKJIIAiB JOBiJIBHO IIepPeTBOPIOBATUCS
Ha dA1pa iHIUX eJIEMEHTIiB i3 BUIPOMiHIOBAHHAM MiKPOYaCTHUHOK

v v
O-BUIIPOMiHIOBaAHHS -BUIIpOMiHIOBAHH S
moTik axep aromis Ieiro MOTiK MIBUAKUX €JIEKTPOHIB

° q,=+2le|=+3,2-101° Kn * qB=—|e|=—1,6-10’19 Kn

* v, Bix 10 000 mo 20 000 xM™m/c * vg 6mspro 300 000 KMm/c

® 3aTPUMYETHCA apKYIIEM Hamnepy ° 3aTPUMYETHCA JIMCTOM aJIOMiHii0
saBToBIIKK 0,1 MM 3aBTOBIIKK 1 MM

° mig yac o-posmany KiJbKicTb ° mig yac B-posmany KinbKicTb HY-
HYKJIOHIB Y MaTepUHCbKOMY AIPi KJIOHIiB y MaTEPUHCHBKOMY AAPi He
3MEeHIIYeThCA Ha 4, a KiJIbKicThb 3MiHIOETHCS, & KiJbKiCTh ITPOTOHIB
mpoToHiB — Ha 2: 4 X — ‘;He+ AZ__42Y 36imbmyersea Ha 1: 53X — Je+ Y

\

Y-BUIIPOMiHIOBaHHSI

€JIEKTPOMATHITHI XBMJIi
* 3aBIOBIKKM MeHIi Bix 0,2 HM (v>1,5-1018 FH) * v,=300 000 km/c
° 3aTPUMYIOThCA IIapoM 0eTOHY 3aBTOBIIKU HeKiJbKa MeTpiB

3. Bu osHaiomunauca 3 @QIi3UYHUMU BeJAUYUHAMU, SIKi XapaKTepusyiTh
pPamioaKTWBHE BUIPOMIHIOBAHHSA, PANIOHYKJIAM Ta pamioaKTHWBHI 3pasKu.

(0}
diznuHa R g CuiBBigHOIIIeHHS
IJIsE 00um- mosa- .
BeJIMUYMHA y CI MiXX OZUHUIIAMMA
CJIEHHSA CHCTEMHA

AKTHUBHICTD 3paska | A = )\N 6exepens (Bk) |xiopi (Ki) |1 Ki = 3,7:101° Bk
ITorsimayTa H03a D=W/m rpeit (I'p) paz (pax) |1 pax = 0,01 I'p
ExBiBaseHTHa 032 H=KD suBeprt (3B) |06ep (6ep) |1 6ep = 0,01 3B

4, Bu 3’AcyBasiu, 10 BHACJIIJOK NO2AUHAHHS HeUMPOHA 6AXNKUM SOPOM
MOJKe BimOyTuca camosiavHuil nodin a0pa, AKUA CYHIPOBOMMKYETHCA
sudineHHAM eHepeil, Ta Ni3HAMWUCA, L0 PEeaKIid cCuHme3y JezKux sdep Tex
CYIIPOBOIKYETHCA BUOIIEHHAM eHep2il.

JIAHUIOTOBA AAEPHA PEAKLIA TEPMOAOEPHA PEAKLIA
peaxkIlia nodiay eaxckux sdep, y XOni AKOi peakIia arumma aezkux soep,
0esIepepBHO BUAIIAIOTHCA HEUTPOHH, IO sAKa BigOyBaeThCs 3a AyiKe
CIIOHYKAIOTh 10 AiJIeHHS HOBi BasKKi Ajpa BUCOKUX TeMIIepaTyp

Y Y
AnpepHuii peakTop Enepria Conmg i sip
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3ABJAHHA ANA CAMOMEPEBIPKU A0 PO34INY IV
«QDi3nka atoma Ta atomHoro aapa. QisnyHi ocHoBM
aTOMHOI eHepreTukmu»

3as0anns 1-8, 10 micmsameb miavku 00HY NPABUIbHY 8i0n06idb.

1. (I 6an) ¥ anpi aroma Bepuiito 4 nporonu i 5 HelTpoHiB. CKiJIBKU €JIeKTPOo-
HiB B aTomi Bepuairo?
a) 1 enexTpoH; B) 5 eJIeKTPOHiB;
0) 4 eleKTpPOHU; r) 9 eJIeKTPOHIB.

2. (I 6an) ¥V anpi ximiuHoro esemenTa 33 mpoToHU Ta 43 HeliTpouu. SAKuii e
€JIeMeHT?
a) Texwueriii; 6) Apcesn; B) Ypan; r) AypyM.

3. (I 6ax) Ha migcraBi mocainiB i3 a-uactuukamu E. Pesepdopma:
a) 3aIIPOIIOHYBaB HENTPOHHO-IIPOTOHHY MOJeJbh aTOMHOIO SApa;
0) IIOACHUB SIBUIIE PATiOaKTHUBHOCTI;
B) IOACHUB MeXaHi3M JIAHI[IOTOBOI AMepHOl peakiIrii;
I') 3aIpPOIOHYBAB AAepPHY MOjeb OyJ0BU aToMa.

4. (I 6axn) Ilpu a-posnazi ssapa aToMa JeAKOTo eJIeMeHTa YTBOPIOETHCS AP0 aTo-
Ma ejeMeHnTa, askuii y IlepiogmnuHiii cucremi ximiunux emementis [. I. Men-
JIeJeeBa Po3TaIllOBaHUU BiJ BUXiJZHOTO eJeMeHTAa:

a) Ha [IBi KJITUHKU JiBOPYY; B) Ha OJHY KJITMHKY IpaBOpPYY;
0) Ha IBi KJIITUHKU IIPaBOPYY; T') Ha OAHY KJITUHKY JiBOpYyY.

5. (2 oaau) 3apam axpa aroMa OeAKOTO XiMIUYHOTO eJleMeHTa CTaHO-
BuTh 3,2-10719 Ki. dxuii ne erement?
a) Kaurii; 0) Temiii; B) JIiTiii; r) l'epmamniii.

6. (2 6aau) Ilyyok pagioaKTHBHOIO BUIIPOMiHIOBAHHS

PO3IiAeThCA, TPOXOAAUN MisK 3apAMKEHUMH IIjac- 1 Y
TUHAMU (IUB. PUCYHOK). SIKMM € 3HaK 3apsaay KOMKHOI 8
maacTuHu? o

a) maactTuHa 1 «+», maactuHa 2 «—»;
0) miactuHa 1 «—», maacTuHa 2 «+»;
B) maactuHa 1 «+», maactuua 2 «+»;
T) miaactuHa 1 «—», maacTuHa 2 «—».

7. (2 6anu) BusHauTe aKTUBHICTb paAioaKTUBHOTO 3pas-
Ka, AKIIO IOTOAMHYU B HHOMY posnagaersca 7,2 1010
anep. AKTHUBHICTH 3pasKa BBasKaiiTe He3MiHHOIO.

a) 7,2-101° Bk; 6) 1,2-10° Bxk; B) 3,6-108 Bxk; r) 2:107 Bxk.
8. (2 6aau) TepmosAgepHa peaKilid CUHTEe3y BifOyBaeThCcA 3a YMOBU:

a) TOTJIMHAHHS AAPOM HeHTpOHA; B) HU3BKOTO THUCKY;

0) BHCOKOI TeMIepaTypu; T') HasSIBHOCTi BasKKHUX sep.
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3aBAaHHA gnAa camonepesipku go posginy IV

14.

15.

16.

(3 6anu) YcTaHOBITH BiAOBiMHICTD MisK KiJIBKICTIO CKJIAMHUKIB HYKJiZa Ta
BJIACHE HYKJIiJIOM.

1 70 enexTpoHiB A Heon 2)Ne
2 57 npoToHis B Taniit [JGa
3 57 HelTpOHIB o1
4 70 HyKJIOHIB B Pyreniii ";4Ru

I' JlanTan lggLa

co 173
I Irepbiit ~;4Yb

(3 6asu) SIka 3 HaBeIeHMX HUKUE ANEPHUX PeaKIiil € peakiiero B-posmany?
a) 22U+ ,n—X; ) 230Th — X+ %1 Pa;
6) 220Th — X + %28 Ra; r) 3T+2D— X+ 3He.

(3 6anu) Pamon zgé Rn mocaizoBHO 3a3HaB nBOX o- i nBOX B-posmazis. fIxpo
SAKOr0 eJIeMeHTa € IPOAYKTOM IIMX po3mamiB?

(8 6anu) ¥ spasky micturscs 1,610 axep isoromy Bicmyry 2g3Bi, mepion
niBposmnany akoro 20 xB. Ckinbku agep BicMyTy 3aauiuTbesa y 3pasky ue-
pes rogumuy?

(3 6anu) Ha maHuii MOMEHT 4Yacy B PaAioaKTHUBHOMY 3pasKy MiCTUTBCS
2-10710 moup pagiro. Ckinpku anep Pajito posnaseTbesa HACTYIIHOI CeKYHIU?
Crana pamioakTuBHOTO posmany Pamiro A=1,37-10711 ¢,

(4 6anu) Cepenusa no3a BUIPOMiHIOBaHHS, MOTVIMHYTA ITPAI[iBHUKOM, III0 00-
CJIIYTOBYE PEHTTeHiBChbKY YCTAHOBKY, mopiBHoe 7 MKI'p 3a 1 rox. Yu Ges-
TIeYHO IIPAIIoOBATU 3 Ili€l0 ycTaHOBKOMO mpoTarom 200 nuis Ha pik mo 6 rox
ITOIEHHO, AKIIO I'PAHUYHO JOIIyCTUMA J03a onpoMiHeHHA AopiBHIoe 50 MI'p
Ha pix? Bimomo, 1o npuposHuii pagiamiinuii pou craHoBUTEL 2 MI'p Ha pikK.

(4 6anu) YHACHiIOK TPHOX O- i ABOX [-posmaliB JeAKOTO0 MaTePHUHCHKOTO

anpa yrBopuiioca aapo Ilosoniro Zéi’ Po. Busnaure maTepuHCbKE SAAPO.

(4 6anu) Busmaure, Ky mMacy YpaHy-235 BuUTpauae 3a Jo0y aTOMHA eJieK-
TpocTtanilia moryskuictio 2 I'Bt, axmo i1 KK cramosuts 25 %, a mig gac

KOJKHOT'O IOy agpa ZSZU Bupingersca 3,2-10711 IIsx eneprii.

3eipme eawi 6i0nogidi 3 nHagedenumu 6 Kinyi nidpyunura. Ilosnaume

3a80aHHSA, AKI 6U BUKOHAJLU NPABULbHO, i 8udHayme cymy oOanis. Ilomim uio
cymy nodinims nHa mpu. Odepicanuil pesyromam gionosidamume pi6HI0 6ALUUX
HABYaIbHUX 00CAZHEHD.

3 @ TpenyBaybHi TECTOBI 3aBAAHHA 3 KOMII'IOT€PHOIO IIePeBipKOI0 BU 3HA-
\/L JleTe Ha eJIEKTPOHHOMY OCBITHBOMY pecypci «lHTepaKTuBHe HaBUAHHSI».
A4S

181



Puc. 1. O6bnagHaHHA ana pagiayinHor
Tepanii

Puc. 2. lNig yac npouenyp meanyHui
nepcoHan po3MilllyeTbCcA B MPUMI-
LLEeHHAX, 3aXULLleHnX Big pagiauil

\ 'V

XA

!

Puc. 3. CxemaTtnyHe 306pakeHHA 3anex-
HOCTi CTYMNeHs YLIKOKEHHS TKaHVH ()
Bif runbuHn npobiry (1) NpoToHiB

Bip ekcnepumeHTiB
Pesepdopaa po nikyBaHHA
XBOpo6

Binpmiicts KkuTesiB  Hamoi KpaiHwy,
maM’sAATalouu MOpo aBapilo Ha YopHO-
ounbehKit AEC, i3 BeInKOO migo3poro
CTABJIATHCS MO0 CJIOBA «pajgiaimis». 3a-
BEPIIMBINYU BUBYEeHHA posxiny IV, Bu
IOBimajsmcs, IO pajgialmiiiHe BUIIPOMi-
HIOBAaHHS — IIe, 3BUYAlHO, Hebeameu-
HO. AJle AKIII0 ZOTPUMYBATHUCS ITPABUJI
0esIleKy, KOHTPOJIIOBATH PiBeHbL pamia-
mifiHOro (oHy, BUACHO B)KHBATU HEOO0-
XiTHUX B3aXO[iB, TO HeOEe3meKy MO KHa
3MEHIITUTH.

A um Moke OyTu pajiaiiisg Kopuc-
HOIO [Js oprauisamy? Busasiserscs,
Y BUIAAKY AEAKUX 3aXBOPIOBAHb MIJIA
30€perKeHHs JKUTTS Iali€eHTa MeIUKHN
BMYyIlleHi (aKTUUYHO 3aBHaBaTH HOMY
mironu. Tak, HaWUOOIIMPEHiIIomw dop-
MOIO pajiariitHoi Tepanii € ompomiHeH-
HA I[aljieHTa Y-IPOMEHAMM, IIPOHUK-
Ha 3JAaTHICTb AKUX € JOCUTHh BEJUKOIO
(puc. 1, 2). OgHak mig yac onpoMiHEHHS
XBOPOI'0 BHYTPIiIITHHOTO OpraHa OIIPOMi-
HIOIOTHCA ¥ 3J0POBi WaCTHMHU TiJa.

IIpupomaum Oyso nparHeHHA Ghi-
3UKiB BupimmTu 10 mpobaemy. Ilep-
e pillleHHA — 3aCTOCYBAaHHS 1HIIIOTO
TUIy BUIPOMiHIOBaHHA. Busasuiocs,
10 IIPUCKOPEHi 0 BEJUKHX IIBUIKO-
cTell NIPOTOHW MAaIOTh II€BHI mepeBaru
Iepej; y-BUIpOMiHIOBaHHAM. Bimowmo,
1[0 IIPOTOHU MaKCHUMAaJbHO YIIKOIKY-
IOTh MiCIld m00JIM3Y CBO€i BYNUHKW,
a Ha IHMIUX [OiTAHKaAX TpaeKTopii pi-
BE€Hb YINKOMKE€Hb € B3HAYHO HUKUYUM
(puc. 3). 3miHIOIOUM e€HEepriro mIpoTo-
HiB, MOKHa 3MiHIOBATH Micld IXHBOL
3YIWHKU TaK, IMo0 I1i Miciig mpumaza-
au Ha xBopi KiitTuHu. Toxmi, AK BUIHO
3 puc. 3, piBeHb YIIKOMKEHHS B3/0-
POBUX TKAHUH Oy[e iCTOTHO HUKUUM,




Puc. 4. Cxema AafgepHWX peakuin y pasi Puc. 5. Cxema npoBegeHHs BH3T
B/lyYEHHA HeNTPOHa B AApo bopy y BMNajKax OHKO3aXBOPIOBaHHA MO3KY

Hi’K XBopux. [IpuuomMy m03a ONPOMiHEHHSA OiJISHKHU «I0 ropba» y HECATKU
pasiB Hm)KYa, a «Imicjsg ropba» Ba3araJi qopiBHioe Hyao. Ha »KaJjib, BUCOKa
BapTiCTh BUKOPUCTAHHS IPUCKOPIOBaYa IIPOTOHIB HE JO3BOJISIE 3POOUTH Iieit
METOJ] MACOBUM.

IITe onuH cnoci® onmpoMiHEHHSA XBOPUX TKAHUH — 00p-HelMmpOH-3aX0n-
aeanvha mepanis (BH3T) — OyB 3aIpOIIOHOBAHWI NHOPiBHAHO HEJAaBHO.
Benuka nepeBara BH3T — B ii TouHocTi. I{f0 Tepamito MOKHa HOPiBHATU
3 «areaToM 007», 110 6€3TOMUJIKOBO i TOUHO BUKOHYE CBOE 3aBIaHHSI.

Inea BH3T mossarae ock y yomy. KirouoBum y Tepamnii € s0po amoma
Bopy. Came BOHO, IK T€HiaJbHUI BOPOTApP, YMi€ «JIOBUTH» HEHUTPOHU Haba-
rato Kpaiie, HidK Oyab-aki inmri aapa. Tomy mig yac ompoMiHeHHS TKaAHUH
HelTpoHaMu AApPO Bopy 3ywmie «BmifiMaTw» HEUTPOH, HABITH AKIIO iX Oyz;e
OpoJiTatTu aysKe MaJo. Slapa K iHITUX eJIeMeHTiB IPaKTUUYHO He HMOMITATH
I[OI'0 OIIPOMiHEHHS, TOOTO IIKiAJUBY 403y OIPOMiHEHHsS HeHTpoHAMU Oyae
3BeJIEHO 10 MiHiMyMYy.

ITicta Toro sk sanpo Bopy «BmiliMmae» HEUTPOH, BOHO 3a3HAa€E pamio-
aKTUBHOT'O IIEPETBOPEHHS W PO3maZaeTbcA Ha aapo JIiTiio Ta o-4acTUHKY
(puc. 4), AKi MalOTh KiHETUUHY €Hepriio, 110 MOXKe 3PYHHYBaTHU JIUIIE OLHY
kiaitury. OT:Ke, AKIIIO JONMPAaBUTH AAPO Bopy 6es3mocepesHBO Y XBOPY KJIi-
TUHY, TO TiJIbKU ii i Oyzme 3pyiiHOBaHO (puc. 5). locraBKy sAnep Bopy 3miii-
CHIOIOTH CIIEI[iaJIbHI TUIH JIIKapChbKUX IIpernaparis.




Pozgin IV. ®I3VIKA ATOMA TA ATOMHOTO AAPA. ®I3UYHI OCHOBW ATOMHOI EHEPTETVKN

B OpicHTOBHI TeMn NpoeKTiB

A 1 A W N =

OsHalioMJeHHs 3 POOOTOI0 ITOOYTOBOrO JO3MMeETpAa.

CryagaHHA pagialiiiiHol KapTu perioHy.

Pagionoriunmii aHa i3 MiclieBUX XapuoBUX IIPOAYKTiB.
Exosoriuni npobseMyu aTOMHOI eHepreTuKu.

Posmiennenns aroma: ckpuHbKka [largopu um Borons IIpomeresa?

MaiioyTae CoHIlg Ta iHIIUX 3ip.

I Temun pedeparis i noBigomneHb
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NowawN
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

Benukuii agpoHHUi Kojaigep — IJIAX 0 BUBYEHHS OyI0BU
Bcecsiry.

IcTropia atroma: Big emoxpita mo Pesepdopaa.

Hernunku marepii, abo Illo Take KBapKu.

Hayxkosuit mogsur IT’epa i Mapii Kropi (icTopia BigxpuTTsa pamiro).
Sk Pesepdops ycTaHOBUB HPUPOAY O-YACTUHOK.

IcTopisas cTBOPEeHHSA SAMEPHOr0 peaxkTopa.

Ilepini aTomMui esleKTpocTaHITiI.

Oprawnisaiia 6e3nmeKn aTOMHUX PEaKTOPiB.

Yopuobusb i Pykycima — ABi BesmuesHi anepHi KaTacTpodu:
110 B HUX CIIiJILHOT'O, B YOMY Pi3HUIIA.

TepMmosigepuuii peakTop — peakTop MaiibyTHHOTO.

Hpawma imeii: icTopia aromHOI GoMOM.

IcTopia oTpuMaHHA IMITYYHUX PaTiOaKTHUBHUX i30TOIIiB.

He i AK 3aCTOCOBYIOTH IITYYHI pagioaKTHUBHI i3oTomu.
SAnepHo-(isuuHi MeToAU BUBUEHHA BiKYy apxXeoJIOTiUHUX 3HAXiJOK.
IITo Take pagoHOBI BaHHMU.

ITpuponua pamioakTuBHiICTL — Oe3meuHa um HeOelleyHa.
XpoHoJoTiss aTOMHOI epu.

AToMHI eneKTpocTaHIii YKpainm.

ATromMHa eHepreTuKa CBiTy.



po3an V

PYX | B3AEMOZAIA.
3AKOHU 36EPEXXEHHS

Bu morkeTe BU3HauUUTV WAX Y pasi pyxy 3 HE3MiHHOIO WBUAKICTIO,
a Tenep Ai3HaeTecb, AK 3HANTN NOAONAHNN TiSIOM LUAAX,
KOJIM BOHO CrMOBIiNbHIOE 260, HaBNakKm, MPYCKOPIOE CBill pyx

Bu neBHO uynu npucnis’'a «AK rykHeTbcA, Tak i BigryKHeTbCA»,
a Tenep Ai3Ha€eTeCb, AKNI 3aKOH HbloTOHa MoXHa cdopmynioBaTtn
came TaK

Bwv 3HaeTe, Wo nig yac xoabbu BY BigLLITOBXYy€ETECA
Bifj MOBEpXHi fOPOrK, a Tenep Ai3HaETeCs, Bif, YOro BiLUTOBXYETbCA
pakeTa, pyxaluncb y KOCMiYHOMY NPOCTOPI

B 3HaeTe, WO WBKAKICTb pyXy aBTOMOOGINA BUMIpIOOTb CMiJOMETPOM,
a Tenep Ai3HaeTeCb, AK BUTOTOBUTU NPUCTPIN ANA BUMIPIOBaHHA
WBUAKOCTI pyXxy Kyni

Bu 3Ha€eTe Npo 3aKoH 36epeXkeHHA eHepril,
a Ternep fi3HaEeTecA NPo 3aKOH 36epeXKeHHs iMnynbcy




Poszgin V. PYX | B3AEMOJIA. 3AKOHW 3BEPEXXEHHA

§ 28. PIBHOMPUCKOPEHU NMPAMOJNIIHINHUIA PYX.
NMPUCKOPEHHA. WWBUAKICTb
PIBHOMPUCKOPEHOIO NMPAMOJIIHINHOIO PYXY

BuBuatoun ¢isviKy B 7 Knaci, BU Ai3HaNMCA NPO MEXaHiYHWUI pyX i AOKNAZHO O3Halomu-
NNCA 3 HAUMPOCTILUMM AOro Pi3HOBUAOM — PIBHOMIPHUM MPAMOAIHIAHUM pyxoMm. Po3din
MeXAHIKU, Wo 8UBYAE pyxX Misl i nNpu YboMy He po32aA0aE NPUYUH, AKUMU yel pyx 8UKAUKAHUU,
Ha3usaemocA KiHemMaTUKoIo (Bifl. rpeLbK. «kiHemamoc» — pyx). My NpofoBXMMO BMBYATU
KiHEMaTWKY, i CbOrofHi B/ fi3HaETECh NPO PIBHOMPUCKOPEHWI NPAMONIHINHNIA PyX i i3nYHI
BEJIMYMHY, L0 NOro XapakTepusyloTb. Anie CnoyaTKy 3ralaEMO OCHOBHI MOHATTA KiHEMATKKMW.

MexaHiyHU pyx — Ue 3MiHa 3 YaCcOM MOJIOXEHHA TiNna B MPOCTOpi BIAHOCHO

n MoBTOpIOEMO KiHEMaTUKy
I iHLWIKWX Tin.

?

°

Posriiaabre puc. 28.1. BimHocHO AKHMX TiJ pyXamThcA 300pakeHi Ha pu-
cyHKY Tina? BigmocHO aKuX Tijg BOHH mepebyBaioTh y cTaHi criokoio? YoMy
MeXaHIUHUHN PyX HasWBaAIOTh BiJHOCHUM?

Onucynoun MexXaHiuYHMHA pyX Tijla, MU 3a3BUUYAl He POIIVIAJATIU PYyX OKpe-
MHUX HOr0 TOYOK, a 3BepTajucA [0 MeXaHiuHOl Mozesi Tima — mamepianbHOL
moukxu. Hamai, poss’sa3youn 3azaui Ha MeXaHIiUYHUII PyX Tijga, MU TaKoK BBaKa-
TUMEMO TiJI0O MaTepiaJbHOI0 TOUKOIO.

MarepianbHa Touka — Le ¢i3nyHa MoAgenb Tina, po3mMipamm AKOro B ymoBax
3ajlaui MOXHa 3HexXTyBaTu.

? Y axkomy BUIAAKy Tija, 300pakeHi Ha puc. 28.1, MoKHa BBasKaTu Mare-
piaJIbHUMM TOUYKaMU?
3aeXHO Bif hopMU TPAEKTOPil PO3PIBHAIOTH KPUBOJIHIAHUN i mpsaMO-
JiHitiHUN pyxu. [oBKKUHA TPAEKTOpPil JOPiBHIOE MIIAXY, AKWHN II0O0JIAJO TiJo.
Ilnax [ — 1e ckaaspHa QisvyHA BeIUUYNHA. A OT MepeMillleHHA S — HampsaMmJe-
HUH BiApPi3OK IpsaAMOi, AKUI 3’€JHY€E ITOUATKOBE i KiHIleBe IIOJ0MKeHH Tijla, — Iie
BeKTopHa (hisuuHa BesuumHa (puc. 28.2).
dAxmro Tino 3a Oynb-aKi piBHI iHTepBasuM yacy 3HiliCHIOE OZHAKOBi IepeMmi-
IeHHsd, TO TaKWil MeXaHIYHWI PyX HA3WBAIOTh PiBHOMIPHUM HIPAMOJiHiMHUM.
IIBuakicTs U TAKOro PyXy He 3MIiHIOETLCS aHi 3a 3HAUEHHSM, aHi 32 HAIIPAMKOM;

HAIpPSAIMOK BEKTOpa IIBUIKOCTI 30iraeTbCcs 3 HAIPAMKOM II€PEeMiIlleHHS (5 ™ §);

Puc. 28.1. [leaki nprknagn mMexaHiyHOro pyxy Tin
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§ 28. PiBHONPUCKOPEHN NPAMONIHIMHUIA PYX. [IPUCKOPEHHS...

MOJYJIb IITBUKOCTi PiBHOMipHOTO TIPAMO-
JiHiIAHOTO PyXy OOYMCJIIOITH 3a GopMy-

S
JIOFO V=—.
t

OT:xke, 030pOiBIIMCHL BHAHHAMU
3 IIOMEePesHLOro Kypcy (hismKwM, IIPOLOB-
JKIMO BUBUYEHHS KiHEeMaTHUKU.

E [aemo o3HaueHHA NPUCKOPEHHA

IIpoBegemo mpocTuit  mocuin,
OJs SKOro BidbMeMO MmOBTUII K0J00
i kyapKRy. IlimTHABIIN OAWH Kpau KO-
a00a, MOKJIaJAeMO Ha HBOTO KYJbKY U
Bigmyctumo. Kysbka moune ckouyBaTucs
(puc. 28.3, a). Bauumo: uum majai Oyzne
KyJIbKa BiJT BEPXHBOT'O Kpamw »Ko0Jioba,
TUM OiJIBIITY BificTAHL BOHA JOJIaTHMe 3a
1 c. Ile osHauae, 110 HMIBUAKICTH PYyXY
KYJIbKU 3 YacoM 30iJIbIIyeTHCA.

IToBTOPUMO mOCJiz, 30iJIBIIUBIIN
KyT Haxuay »kojsoba (puc. 28.3, 6), —
y IIbOMY BUIIQAKY IIBUJAKICTH DPYXY
KYJIBKU 30iMBIITyBATUMETHCA e
mBuaine. KamyTb, IO KyJabKa pyxa-
€ThCA 3 OLIBIIUM NPUCKOPEHHAM.

MpuckopeHHA — Le BeKTopHa oi-

3MYHa BENMYMHA, AKa XapakKTepusye

WBUAKICTb 3MiHU LWBUAKOCTI PyXy

Tina " [OPIBHIOE BifHOLWEHHIO 3MiHU

WBUAKOCTI pyxy Tina Ao iHTepBany

yacy, 3a AKMA uA 3MiHa Bigbynaca:

5=7"% ,
t
Zie & — TIPUCKOPEHHHA PyXy Tina; Uy, —
MOYaTKOBa IMIBUJKICTDL (IIIBUAKICTH PYXY
Tijla B MOMEHT IIOUaTKy BiJIiKy uacy);
U — IIBUAKICTEL PyXy Tija yepes imTep-
BaJI yacy t.

106 YHHUKHYTU CKJIAJHUX MaTe-
MaTUYHUX [Oifi i3 BeKTopamu, Oymemo
BUKOPHCTOBYBaTH JAaHy (opMmyJay, 3a-
OMCcaHy B IIPOEKI[iAX Ha BiCh KOOpPAMHAT
(manpuraan, Ha Bice OX):

Ux _UOx

t

a, =

Puc. 28.2. MepemilleHHA nokasye, B AKOMY
HanpAMKY Ta Ha AKY BiACTaHb nepemicTunio-
CA TiNO 3a NeBHWI iHTepBan Yacy

6 X

Puc. 28.3. NonoxeHHA KyMnbKyY, WO CKOYY-
€TbCA onobom, uepes 1 ¢, 2 ci 3 ¢ nicna
noyatky pyxy

HOBTOpPIMO MaTeMaTUuRy

—
i R

o SIKkmIo HampsaMOK BeKTopa 36ira-
€ThCs 3 HATIPAMKOM OCi KOOpIWHAT,
TO IIPOEKIliA BEeKTOpa Ha ITI0 Bich J0-
PiBHIOE MOZYJIIO BEKTOpA.

o SIKIII0 HATIPAMOK BEKTOpA IIPOTHU-
JIXKHUI HAIPAMKY OCi KOOpAMHAT,
TO IIPOEKIIiA BEKTOpa Ha ITI0 Bich I0-
PiBHIOE MOAYJIIO BEKTOpPa, Y3ATOMY
31 BHAKOM «—».

Iia BumajgkKy, MOZAHOTO HA pU-
CYHKY: @, =—Q; U, =D.
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1 4 2 a
% 5 &
— e
— = LI 75
X X

2 4 G-=0
U2<: Uy -

— == . - 1 5

X X

Pwuc. 28.4. [lo 3aBoaHHA B § 28

Puc. 28.5. NpAmyioun o wKonu,
BV TO LWIBKALIE, TO NOBiNbHilWe
36iNbLUyETE WBUAKICTD CBOrO
PyXy, iHOZi CMOBINbHIOETE CBIl
pyX, a AKicb iHTepBann vacy py-
XaeTeca 3 He3MIHHOI WBUAKICTIO

ay .
a,>0 aEﬁ
—
i X
a,=0 |
o) ti
a,<0 -Eﬁt
_—
X

Puc. 28.6. lpadik 3anexHoCTi
a,(t) pna pisHonpuckopeHoro
NPAMONIHINHOIO pyxy

188

Odunuys npuckopernus 6 CI — MeTp Ha CEKYHIY
B KBAJpari:

[a]= 2 =1 %
c ¢
HanpsmMox mpuckopenHss 30iraerbcs 3 Ha-

OPAMKOM PiBHOAIHHOI cuJj, AKi AifoTh Ha TiJjo.

e SKu10 IPUCKOPEeHHS HampsaMJeHe B OiK pyxy
Tijga (d ™ 5) , TO MIBUAKICTH PyXy Tija 36iab-
myeTbesa (PiBHOAIMHA «ITiAIITOBXYyE» i poara-
HsAE TiJ0).

e SIKIO IPUCKOPEHHSA HANPAMJIEHE IPOTUJIEKHO
IO PyXy Tija (d T 6) , TO IMIBUAKICTh PyXy Tija
3MeHITyeThcA (piBHOAIIHA «3aBaskae» PyxXOBi
¥ CIIOBLJIBHIOE IIOTO).

e dxmo a=0, To cunm, AKi AitOTH HA TiJO, CKOM-
TeHCOBaHi W TiJI0 PyXaeTbcsA PiBHOMipHO IIps-
MOJIiHiTTHO abo mmepeOyBae y CTaHi CIOKOIO.

? s xoxxkuoro sunaaky (puc. 28.4) 3’sacyiire,

30iJIBITYETHCA YM 3MEHIITYETHCA ITBUIKICTD
pyxy Tija B maHmii MOMeHT uacy. HaBemiTs
OPUKJIAON TAKUX PYyXiB.

B [lisHaemocA, AKMIA pyX HasuUBalOTb
pPiBHONPUCKOPEHNUM NPAMOJIHITHAM

SAxnio Tigo pyxaeTbca HepPiBHOMipHO, IOro
HIBUAKIiCTL Oe3IlepepBHO 3MiHIOETHLCS, IIPUUOMY
3a3BUUall 3a PiBHiI iHTepBaJm Yacy MIIBUAKiICTH
pyxy Tija 3MiHIOETHCA HeomHaKoBO (puc. 28.5).
Y npomMy HaBUYAJBHOMY POIIl BU PO3IJIAIATHIMETE
HAWIPOCTIIINH BUJ IPUCKOPEHOTO PYXY — Pi6HO-
NPUCKOPEHUll NpAMOLIHIIHUIL pyx 1 KOBiaeTecs,
10 TaKUH pyx OyBae, IKII[O PiBHOAiIMHA CUJI, IpU-
KJAJeHUX JI0 Tijla, € He3MiHHOIO.

PiBHONpUCKOpPEeHVI NPAMONIHIMHUA pyXx —
ue pyx, nig yac AKoro WBWUAKICTb pyxy Tina
3a Oyab-siKi piBHI iHTEPBaNM 4Yacy 3MiHIOETbCSA
OfiHaKOBO.

Inakmie Kamyudu, pi6HONPUCKOPEHUll nps-
MONIHIUHUL pyx — ue pyx, nid vac K020 miJo
PYXaemuves npAMOLIHIILHOI MPAEKMOPIE 3 He-
3MminHUuMm npuckopenuam. 1lig wac Takoro pyxy
TIPUCKOPEHHA Tijla He 3MiHIOETHCA 3 YACOM, TOMY
rpadik 3ajexHOCTL a, (t) ABJIAE cOO0I0 BimPiBoK
npsMoi, mapaJjeabHol oci uacy (puc. 28.6).



§ 28. PiBHONPUCKOPEHN NPAMOAIHIMHUI PyX. [IPUCKOPEHHS...

n Bu3sHayaeMo WIBMAKICTbL PiBHOMPUCKOPEHOrO NPAMOJIHINHOIO pyxy
SKIO Tiz0 pyXaeThcsa PiBHOIPUCKOPEHO, TO IIBUIAKICTL HOT0 PyXy BeCh
yac 3MiHIOEThCA. TomMy maJjri, ToBOpAYM IIPO MIBUAKICTD PyXy Tijla, MATUMEMO Ha

yBasi fioro mummesy uL6udKicmo.

MuTTeBa WBMAKICTb — Lie WBMAKICTb PyXy Tifla B JaHWUI MOMEHT Yacy, WBUAKICTb

pyxy B AaHin Touli TpaeKTOPIl.

s obunciieHHs IIBUAKOCTI PiBHOIIPMCKOPEHOTO MPAMOJIIHIHOTO PyXy

TiJla CKOPHCTAEMOCH O3HAUEHHAM IpUCKOpPeHHs. OCKiIbKY d =

U =0, +at

V-0,
t

, TO

Bynemo BukopucToByBaTH 1110 (OPMYIY, 3alIMCAHy B MPOEKI[isgX Ha Bick OX,

AKY CIPAMYEMO B3JIOBXK TPAEKTOPii pyxy Tija:
U, =Vg, ta,t

SKI110 3aaHO PiBHAHHA IPOEKILil IIIBUIKO-
CTi pyxy Tija, TO 3aJaHO ¥ IIOYATKOBY IIIBUJ-
kictb (0, ), i mpuckopenns (@) pyxy mporo Tina.

Hanpurnan, piBHAHHA TPOEKI[ii miBup-
KocTi mae Buraang: v, =20-3t. Ile ozHauae, 1m0
Uy, =20 M/c (mouaTKoBa IMIBUAKICTH JOPiBHIOE
20 m/c, a il HATPAMOK 30iraeThcsa 3 HATPAMKOM
oci OX); a,=-3 M/c? (UPUCKOPEHHS JOPiBHIOE
3 M/c?, a 3HAK «— » IOKAa3ye, IO HAIPIMOK
MPUCKOPEHH IPOTUIEKHUN HAaIPAMKY oci OX).

? BuszauTe 1moyaTKoBY IIBUIKICTDH i TPUCKO-
PeHHA pYyXy Tija, AKIIO PiBHAHHA ITPOEK-
nii mBuakocTi Mae Buraax: v, =—-10+2¢.

SaJjle:KHICTE U, =V, +a,t € JiHiiiHOIO,
TOMY rpadik mpoekKIrii mBugKoCcTi — rpadik 3a-
JIEXKHOCTL U, (t) — IIe Bigpi3oKk mpaAMOi, HaxumJje-
HOI g meBHUM KyTOM 10 oci uacy (puc. 28.7).

Y momeHT t=0 MmMBUAKICTL PyXy Tija mo-
PiBHIOE IIOT0 IOYATKOBIH IIBUJKOCTL (vx = va),
To6TO rpadik v, (t) TOYMHAETHCA HA OCi OpamHAT
Yy TOUYIli 3 KOOpAWHATAMU (0; on) .

SIKIIT0 IPOEKITisA IPUCKOPEHHS € JOLATHOIO
(ax >O), TO rpadik MIBUIKOCTI IIimiiMaeTbCA
(rpadik 1 ma puc. 28.7). Ko mpoekIia npu-
CKOPEHHSA € BiJl’€MHOIO (ax < O), TO rpadik mBUI-
KocTi omyckaeTbes (rpadgik 2 Ha puc. 28.7).

3eeprimb yeazy: Touka B rpadika 2 Ha
puc. 28.7 — 1ie TOYKa PO3BOPOTY.

[ 1/
a
— Oy
E—
_— >
X
s,
Voy A <: =
-
R ——
X
B
(0 \ ;
a
5, & 2
<2
_— >
X C

Puc. 28.7. padikn 3anexHocTi
v,(t) ana piBHoNprcKopeHoro
NPAMONIHINHOIO PyXy.

Tino 1 Becb vac 36inbluye WBMA-
kicTb csoro pyxy: @, TTo;.
Tino 2 cnouaTKy CMOBISIbHIOE CBil
pyx: @, T4 0, (ninaHka AB),
NoTiM 3YNMUHAETbCA (TOUKa B),
nicns yoro Habupae WBMAKICTD,
pyXalouncb y NPOTUNEXHOMY
HaNpPAMKY, OCKINbKN dy 171 Uy
(minaHka BC)
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B Yunmoca po3B’AsyBaTn 3apadi

3apauya 1. ABTOMO0inb, 10 pyxaerbeda 3i mBuakictio 90 Km/roa, 3ymu-
HAETbCA mepen caiTaodopoM. BusHaure yac raJbMyBaHHS aBTOMOOiJIsS, BBa)Ka-
J0Yl HOTO0 PyX PiBHOIPHCKOPEHUM NPAMOJIHIHMM i3 mpuckopeHHaM 5 M/c2.

Ananiz @isuunoi npobaemu. ABToMOOIIb 3yIUHAETHCA, TOXK HOro KiHIleBa
MIBUAKICTE AOPiBHIOE HYJIIO (v=0), a HaIIPpAMOK BeKTOpa IPUCKOPEHHS IPOTU-
JIeKHUN HAIIPAMKY IIIBUIKOCTI.

Bukonaemo MMOACHIOBAJLHUII PHUCYHOK, HA AKOMY 3a3Ha- é
YUMO Bichk KoopAauHAT (i1 HaIpaAMOK Hexali 30ira€TbCcsa 3 HAIIPSIM- [ U,
KOM PYXYy), HAIIPSAMOK IIOYaTKOBOI IIIBUAKOCTI Ta HATIPSIMOK IIPU- éX
CKOPEHHs PyXy aBTOMOOLJIs.

Jlano: Iowyx mamemamuiHol modesi, pO36’a3aHHS
vy =90 KM/rox = Pyx € PiBHOIPHUCKOPEHUM, TOMY U, =Uy, +a,t.
=25 m/c CKOpPHCTaBIINCh PUCYHKOM, KOHKPETU3YEMO IIe PiBHIHHSI:
a=5 m/c? Vox=Vg» @,=—a, v, =0, or:xe:
v=0 v,
O=vy—at = vyg=at = t=—.
Buaiimu: . A ..
;9 ITepeBipuMO OAMHMINIO, 3HAKMAEMO 3HAUEHHS IIIYKAaHOI
: BeJINUNHU:

2
[t]= MCCM =c; t=?=5(c).

Bionosiov: t=5 c.

3apaua 2. Tino pyxajoca npAMOJiHiHO B3oB:K oci OX. 3a momaHuUM Ha
puc. 28.8 rpadikoM 3aJIeKHOCTL U, (t): 1) onmriTe XapaxkTep pyxy Tina; 2) 3a-
MUTITITh PIBHAHHSA TPOEKI[ii IMBUAKOCTI pyxXy; 3) mobyayiiTe rpadik 3asiesKHOCTL
IPOEKIlil TPUCKOPEeHHS PyXy Bijg dacy.
Ananis QisuuHol npobremu, po36A3aHHA
1. I'padik v, (t) — TpsAMa JiHiA, TOXK PyX Tija PiBHOIIPUCKOPEHUI.
Ilepmri 4 ¢ Tizmo pyxajiock y HAIPAMKY, IPOTUJIEKHOMY HanpaMKy oci OX
(TpoeKIlia MIBUIKOCTI € BiJi’€MHOI0), a IITBUAKICTh PYXy Tijla 3MEHIITyBaJach.
Y MomeHT ¢t =4 ¢ TiJIO 3yIUHUJIOCS, IIiCJIA YOT0 II0YAJIO PYXaTUCh ¥ 3BOPOT-
HOMY HaIPAMKY (3HaK IPOEKILii IMBUAKOCTI 3MiHUBCS Ha IIPOTUJIEKHUN).
IIpoTsarom HacTynHuX 3 ¢ Tij0 pyxXajioch y HanIpAMKY oci OX, a MIBUAKICTD
ioro pyxy 306iJbITyBaJjiach.
2. 3amnuiemMo pPiBHAHHSA IPOEKI[il MIBUAKOCTI pyXy B 3araJibHOMY BUTJIAIi:
UV, =Vg, +a,t.
Koukperusyemo 1ie piBHAHHS:
a) 3a rpadikoM 3HaJeMO IPOEKIIilo OUYAaTKOBOI MIBUAKOCTI: vy, =—-8 M/c.
0) obepemo Ha rpadiky ZOBLIbHY TOUKY, HAIIPUKJIAL TOUKY, AKil BigmoBiga-
T t=4ci v,=0, i 3HaiifeM0 NPOEKIIil0 IPUCKOPEHH:
U, — Vg, 0—(—8 M/c)

a,= = =2 m/c?;
* t 4c /
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§ 28. PiBHONPUCKOPEHN NPAMONIHIMHUIA PYX. [IPUCKOPEHHS...

B) HificTaBIMO OfepsKaHi 3HaUeHHS B PiBHSAHHSA IIPOEKIIil IIIBUIKOCTI PyXy:
v, =-8+2t.

3. IlpuckopeHHa Tina € He3MiHHUM (a, =2 M/c?), Tomy rpadir a, (t) —
npaMa, ImapaJjejbHa Oci yacy I poaraliioBaHa BuIlle Bin 1iei oci (puc. 28.9).

M
U ——
X ( VI
Wy 2
0
Z t, ¢ 2
4 1
0 =
8 t, C
Puc. 28.8. [1o 3agaui 2y § 28 Puc. 28.9. [lo 3apaui 2y § 28

MNigbuBaemo nigcymkm

PiBHonpuckopenuit npaMoJiHiiHUN pyx — Ie TaKUU pyX, Iif yac sSKOro
MIBUAKICTh PyXYy Tija 3a Oyob-AKi piBHI iHTepBaau yacy 3MiHIOETHCS OLHAKOBO.
TIpuckopeHHsI @ — Iie BeKTOpPHA (DisMuUHA BeJIMYUHA, KA XapaKTepU3ye
MIBUAKICTh 3MiHM IMIBUAKOCTI PyXYy TiJia ¥ JOPiBHIOE BiTHOIIIEHHIO 3MiHM IITBUIKO-
V-0,

cTi pyxy mo iHTepBasy 4acy, 3a IKWU I 3MiHA BimOyiaachk: d =
Opununsa npuckoperHa B CI — MeTp Ha ceKyHAY B KBajgparTi (M/c2).
1 piBHOIPHUCKOPEHOTO PyXY:
e rpadik IPoeKIlii MPHUCKOpeHHs ax(t) — IIpAMa, mapaJjejbHa oci yacy;
° MBUJKICTE PyXy 3MiHIOETBCA JiHINHO: U, =Vy, +a,t;
* rpadgik IPoeKIii IMBUIKOCTI PyXy U, (t) — BiApiBOK IPAMOI, HaXMJIEHOL
miJ MeBHUM KYTOM IO OCi dacy.

KoHTponbHi 3annuTaHHA

[ N a

gﬁﬂ 1. AAxuit pyx Ha3WBAIOTh PiBHOIIPUCKOPEHUM IpaMoIiHitHUM? 2. [laliTe 03HaUueHHA

<47k o mpuckopenna. 3. Ikomo € onuHUIA npucKkopeHHa B CI? 4. Ikuil Buraazs Mae rpadik
3aJIeKHOCTL a, (t) IS PiBHOIPUCKOPEHOTr'o IpPAMOJIiHilitHOTO pyxy? 5. SanmumriTs
PiBHAHHA 3aJIEXKHOCTI U, (t) IIJIs PiBHOIIPUCKOPEHOro IPSAMOJIiHIHOTO PyXy. KMt
Buriaan Mmae rpadik miel sanesxmocti? 6. K pyxaeTbes Tino, AKINO HAIPAMOK HOro
MIPUCKOPEHHA: a) 30iraeThcsa 3 HATPAMKOM IIBUAKOCTI pyxy? 0) IpOTUIEKHUIT Ha-
MPAMKY IIBUAKOCTI pyxy? K pyXaeThes Tijo, AKIO HOr0 IPUCKOPEHHSA JOPiBHIOE
HYyJ110?

ﬁgﬂf‘;} BnpaBa N2 28
% 1. Yum mMoKe TijI0 pyxaTucs 3 BeJIUKOIO IIBUAKICTIO, ajie 3 MaJ UM IPUCKOPEHHAM?
“ 2. I3 AKMM IPUCKOPEHHAM PYyXAa€eThCSA aBTOMOOLNb, 1110 PYIIA€E 3 MiCIlfA, AKIIO Yepes
10 ¢ micsia mouaTKy pPyxy BiH HaOyBae mrBugkocti 15 m/c?
3. KyabKy IITOBXHYJIN BrOpY ITOXUJIOI ILJIONIWHOIO, HAJaBIIN IIBUIKOCTI 2 M/C.
Busnaute mBuaKicTs pyxy KyJabku uyepes 0,5 c; uepes 1 c; uepes 1,5 ¢ micasa

OYATKY PYXY, AKIIO IPUCKOPEHHA PyXy Kyabku 2 M/c2. IlosacHITH pesysbraTu.
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Ilixg vac mpsamostiHifiHOTO PYyXy 3 HE3MiH-

HUM mpuckopenHaM 0,2 m/c? Belocume- a ,—M2—

IUCT cArae MIBUIKOCTL 5 M/c 3a 25 c. c 1

fxoro Oyna moyaTKoBa MIBUAKICTH PyXy 1

BeJsiocunenmucra? -

Ckinbku uwacy moTpi6HO aBTOOyCY mJIA :’ e
-1

3MiHM IIBUIKOCTI Pyxy Bim 54 KMm/Tox
mo 5 m/c? Ilpuckopenusa aBTobyca € He-
sMiEHEUM i fmopisHIOE 0,5 M/c2. 2
JdaHo pPIBHAHHA TPOEKI[il IIBUIKO-
cTi pPyxXy mas TphOX Tijg, AKi pyxa-
I0TbcA B3JOBK oci OX: a) v,=2+t;
6) v,=-20+5t; B) v,=10-3¢. Yci me- Puc. 1
auuyuHu noxaHo B omuHuiax Cl. Huasa
KOXKHOro Tijna 3’acyiite: 1) axk pyxaJocs M
Tijo; 2) AKUMHU € IOYaTKOBA IIBUIKICTH
i mpucKopeHHsd PyXy Tija; 3) AKIIO TiJo
3YIUHUTHCHA, TO Yepe3 AKUU Jac.

Ha pwuc. 1 momano rpagiku 3aiex-

~

o

>

[\

[\
[S4)

HOCTi a, (t) IasA gBoX Tij. g KOMKHOTO
TijJla BaIHUINITh PIBHAHHSA 3aJIEKHOCTI
v, (t) i moGyayiire rpadix miei samex- 1.2 3. .4
HOCT], AKINO vOlch_4 M/C, vO2x=8M/C' -2
8. Ha puc. 2 momano rpadiku 3ajeXHOCTL 4

(=)

v, (t) JJIA YOTUPBOX Tija. JIyA KosKHOrO
Tisla 3aIMUNIiITh PIBHAHHSA NPOEKIii mBua- Puc. 2
KocTi pyxy, mobyayiitTe rpadik sajex-
HOCTi a, (t)

9. Timo pyxajyocs pPiBHOIIPHUCKOPEHO TPUBA- O
auit yac. Ha puc. 3 momamo rpagik sa-

uig

(o]

nexxHoCTi U, (¢) ANA mBOrO TiNa mOUMHA-
I0UY” 3 IIeBHOTO MOMEHTY uacy. BuszauTe
yac, KOJU TiJI0O 3MiHMJIO HATIPAMOK IITBU/I-
KOCTi CBOTO PyXY.

10.CropucraBIINCh PUC. 3, BU3HAUTE IILIAX, 9 4 6 t,
AKUH IIOI0JIAJIO TijIo 3a mepimi 4 ¢ cmo-
CTepesKeHHd. Puc. 3

[

(=)

§ 29. NEPEMIWEHHA NiA YAC PIBHOMPUCKOPEHOIO
NPAMOJIIHIAHOIO PYXY. PIBHAHHA KOOPAUHATU

Bun, mabyTb, 6aunnu no Tenesi3opy: Ha AOPO3i cTanacA aBapis, i GaxiBLi BUMIPIOIOTb rasb-
MiBHUI wnax. Hagiwo? o6 BU3HaunTK WBMAKICTb pyXy aBTOMOOGINA Ha MOYaTKy raibmy-
BaHHA, a TaKOX MPUCKOPEHHA B XOAi ranbmMyBaHHA. Lli gaHi noTim BMKOpMUCTOBYIOTL AnA
3'ACYBaHHA NPUYMHK aBapii: Y TO BOAIN NepeBULLMB [O3BONEHY WBUAKICTb, Y/ TO HECMpaB-
HUMK OGynu ranbma, uu, MOXe, 3 aBToOMobinemM yce rapasf i BMHEH, Hanpuknag, niwoxig,

AKWIA MOPYLWMB NPaBuia AOPOXKHbOro pyxy. K, 3HaKUM Yac rasibMyBaHHA i rasibMiBHUN
LWAX, BU3HAUMTL WBUAKICTb | NPUCKOPEHHSA PYXY Tina, Bi [OBIiAaETeCh i3 Lboro naparpada.



§ 29. MepeMmilleHHA Nif Yac pPiBHOMPUCKOPEHOrO MPAMONIHINHOIO PyXYy...

n [i3Haemocsa Npo reoMmeTpUYHUA 3MiCT
npoekuii nepemilieHHA
¥ 7 xnaci Bu gisHamucs, 110 A9 OyAb-AIKOT0 PYyXy
MJIAX YMCEJIbHO NOPiBHIOE mJoIIi (irypu g rpa-
GikoM 3aJIeKHOCTI MOAYJSA IMIBUIKOCTI PYyXy Bif
yacy CIoCTeperkeHHsa. AHaJloriuHa cuTyaiid i 3 Bu-
3HAUEHHAM IIPOeKIlii mepemimenns (puc. 29.1).
Orpumaemo (popMyny Ijisd OOUMCIEHHS IIPO-
eKIii mepemimieHHs Tijia 3a iHTEpBaJl Yacy Bin
t;=0 mo t,=t. PosriaHeMO DiBHOIPUCKOPEHUM
pPyX, 3a AKOTO IIOYATKOBa IBUAKICTH i IPUCKO-
PeHHSA MalOTh OJHAKOBUI HaIpsAMOK i3 Biccio OX.
¥ npoMmy BUmaaKy rpad)ik mpoekKItil mBUIKOCTI Ma€e
BUIIAM, IOAAHUN Ha puc. 29.2, a IpoeKI[is mepemi-
IeHHs YMCeJILHO HopiBHIoe 1ol Tpamenii OABC:

OA + BC

2

Ha rpagiky Bigpisox OA BigmoBimae mpoeririi
IOYaTKOBOI IIBUAKOCTI Uy, , BiApisok BC — mpo-
eKIil KiHIeBoI MIBUAKOCTL v, , a Bigpizok OC —
iHTepBaJy vacy t. 3aMiHUBINM 3a3HAYEHi Bipi3Ku
BigmoBigHUMU (hisMUYHUMU BeJIUUYNHAMU TA B3SIBIIN
70 yBary, Imo s, =Sy pc, OTPUMAEMO POPMYLY O
6U3HAYCHHA NPOeKyil nepemiujeHHA:

Vor TU,
s, =—-t 1
= M
3asHaumumo, 110 (opmyaa (1) Oyme copas-
IoKyBaTuCAa 0 0Y0b-2K020 DiEHONPUCKOPEHO020
NPAMONIHITUHO020 pYyxy.

? Cropucrasimucsk ¢gopmysoio (1), BusHauTe
mepeMiIieHHs Tijia, rpadgik pyxy sSKOTro II0-
mamo Ha puc. 29.1, 6, 3a 2 ¢ i 3a 4 ¢ micaa
mouaTkKy Bimmiky udacy. IToscHITE BiAmoBias.

E 3anncyemo piBHAHHA NpoeKuii
nepemilleHHsA

Bukawounmo sminny v, i3 dopmynam (1). Huasa

IIbOTO 3TaJla€MO, II[0 3a PiBHONPUCKOPEHOT'O IPs-

MOJIiHiliHOTO pyXy U, =U,, +a,t. IlizcraBusmn

BUpPAa3 AJdA U, y Gopmyay (1), orpuMmaemo:

2

vy, +0V,.+a.t 2v,. +a.t a
0x 0x x = 0x x 'tZUOxt+—xt .
2

S. =
x 2 2

~

Q

0
v

5
J

ty 6 c ty

a 0 G ~
4 4 6 t, c

IIpamoryTHa Tpamenis
s, = W 6c=45m

M
v =

~

0
v

5
J

6 —10

IIpAMOKYTHUI TPUKYTHUK
10m/c-4c
= —/T =20 m

x

Puc. 29.1. feomempuyHuti 3micm
nepemiwjeHHA: NPoeKLUia nepe-
MiLLIEHHA YNCeNIbHO AOPIBHIOE
nnowi ¢irypu, obmexxkeHot
rpadikom v, (t), Biccio vacy

Ta NpAMUMU t=1q i t=1,.

8,>0, AKwo oTpmmaHa dirypa
po3TalloBaHa Hag Bicclo yacy (a);
$,<0, AKWo oTpmmaHa ¢irypa
po3TaloBaHa nig Biccio yacy (6)

vy ﬂ
Ux
4 S=s,
Vox
o ¢ Cc t

Puc. 29.2. [lo BuBeaeHHA ¢pop-
Myn1 Npoekuil nepemileHHA

193



Poszgin V. PYX | B3AEMOJIA. 3AKOHW 3BEPEXXEHHA

Sy 0
1 a1x>
Uo1x>0
.
\ 2
\
\
\ a2x>0
\
\ _ Yoz Ug2:<0
\ a’x
0/ t
/7 '
s |
a
sx
3 a4x<0
SN Vo4x >0
\ |
07 t
) _Yox
/I %x
! 4
a3x<0
Vo3, <0
6 03x

Puc. 29.3. Ipadik npoekKuii nepe-
MillleHHA B pa3i pPiBHOMPUCKOPEHOro
npAMONiHiNHOro pyxy — napabona,
fIKa MPOXOAMWTb Yyepes NovyaTok Koop-
AVIHAT: AKWo a, >0, BiTKM napabonu
HanpsAmneHi Bropy (a);

AKwWwo a, <0, BiTkn napabonu
HanpamneHi BHU3 (6)

-
1
1
1
a
@)

@ & s,=—s %o x

Puc. 29.4. Bubip oci koopanHat
y BMMaAKy NPAMOSIHINHOIO pyxy

194

OT:ke, OaA PIBHOIIPUCKOPEHOTO IIPAMOJIi-
HiHOTO pPyXy OAep:KaHO PIBHAHHA NpPOeKUil
nepemilleHHs:

s, =v0xt+a?xt2 @)

OckinbKU BeIWYHHU Uy, 1 a, He 3aie-
JKaTh BiJl Yacy CIIOCTepeKeHH:A, 3aJIe:KHICTH
s.(t) € weadpamuunow. Hampukiazn, AKIo
Vo =2 M/c, a a, =—1 m/c?, To piBHAHHA S, (¢)
MaTtuMme Buraan: s, =2t—0,5 £2.

Omixe, epagik npoexuii nepemiujeHHs
B pasi pPiBHOOPUCKOPEHOrO IIPAMOJIiHiAHOIrO
pyxy — mapa6oiaa (puc. 29.3), BepimHa SKOI
BiIIOBiZTa€ TOUIILI PO3BOPOTY:

v
0x
v,=0 = vy, ta,t=0= t=—a—,
. X
e t — yac pyxy Tija JO MOMEHTY PO3BODOTY.

CKOpHCTaBIIUCH O3HAUEHHSIM IIPUCKOPEH-
Uy 7 Uox . _ Upy T,
HA @, =— 1 (opmynoOI0 S, =—"—-1,
t 2
MOKHa OJepiKaTu Ie ONHY QopMysay I
o0UMCJIeHHA TIPOEKIil mepeMmillieHHs B pasi
PiBHOIIPHCKOPEHOT'0 IPAMOJIiHIHOTO PyXYy:

02—02
P x 0x (3)

X
2a,

dopmysaoo (3) 3pyUYHO KOPUCTYBaATHUCH,
AKIIIO B YMOBI 3a/1aui He HAETHCS PO Yac Pyxy
Tijla Ta He MOTPiOHO Or0 BU3HAUATH.

? CoozxiBaemocs, 10 BaM HeCKJIagHO Oyze
BuBecTH (hopmyay (3) camocTiiiHO.

36epHimb yeazy: B KOMKHINA 3 OTPUMAHUX
(dopmyn (1-3) mpoekmnii v, , vy, 1 a, MOXYTb
OyTu AK JOJAaTHUMU, TAK 1 Big'eMHUMH — 3a-
JIEXKHO BiJl TOTO, AK HAIIPAMJIEHI BeKTOPH U, U,
i a BimHOCHO oci OX.

B 3anncyemo piBHAHHA KOOpAWHATU

OxzHe 3 OCHOBHUX B3aBJaHb MeXaHIKU
MOJIATa€ y BHU3HAUEHHI IIOJIOKEHHA Tija
(koopauHAT Tijla) B OyAb-AKUIA MOMEHT dYacy.
Mu posrinamaemMo IpPAMONIHIRHUNA PyX, TOMY



§ 29. MepemilleHHA Nif Yac pPiBHOMPUCKOPEHOrO MPAMONIHINHOIO PyXYy...

IocuUTh oOpaTu JuIlle OJHY Bich KOOpAWHAT
(manmpukJsaajn, Bice OX), AKy CJijJi cIpAMYyBaTH
B3IOB)K pPyxy Tinma (puc. 29.4). I3 puc. 29.4 6Ga-
YMMO, II[0 He3aJIe’KHO BiJ HANPAMKY PYXy KOOD-
OUHATY X Tija MOYKHA BUSHAYUTHU 3a (HOPMYJIOIO:

X=%y+8,,

Ie x, moyaTKOBa KoopAumHaTa (KoopAwHATa
Tijla B MOMEHT IIOYaTKy CIOCTEPe)KeHHHA); S, —
IPOEKIlid mepeMilleHHs.

i piBHOIIPMCKOPEHOTO IPAMOJIiHiNHOrO

a
PYXY S, =10y xt+?xt2 , TOMY IJA TaKOr'o pPyXxy

PiBHAHHA KOOPAVHATU Mae€ BUTJIAL:

Ay 42
x=x0+v0xt+?’ct

a,>0

7
’ O\/ ax<0\ t

Puc. 29.5. Y pasi piBHONpucko-
PEeHOro NPAMONIHINHOIO pyxy
rpadik 3aneXXHoCTi KoopANHATU
Bifl yacy — napabona, AKa nepe-
TUHAE BiCb X Yy TouLi X

IIpoamaJrizyBaBIiu ocTaHHE PiBHAHHSA, TOXOANMO BUCHOBKY, IIT0 3aJI€KHICTh x(t)
€ KBaJpaTUYHOIO, TOMY 2pa@ik koopdunamu — napaboaa (puc. 29.5).

Yunmoca poss’asyBaTu 3agadi

OcHOBHI eTanu po3B’sI3yBaHHA 3aJay Ha PiBHOIPUCKOPEHUI MPAMOJIiHiHHMI

PYX POBIVIAHEMO Ha IPUKJIaIaX.

IlocaimoBHicTh miii

IIpuknan po3p’sisyBaHHA 3aadi

e —

1. YBaXXHO npouuTante yMOBY
3ajavi. 3'acynTe, ski Tina 6Ge-

3apaua 1.

paKkTep pyxy Tif, AKi napameTpu
pyxy BifoMmi.

.
2. 3anuwiTb KOPOTKY YMOBY
3ajavi. Y pasi HeobxigHocTi ne-
peBeaiTb 3HaYeHHs ¢i3NYHKX

BennuuH B oauHuui Cl.
v

Hano:s=225 m

v=0

3. BuKoHalnTe nosiCHIOBaNbHUI
PVICYHOK, Ha AKOMY MO3HauTe
BiCb KoOpAMHaT, HanpsaMKu
WBUAKOCTI  pyxy, nepemi-
LeHHA, NOYaTKOBOI LUIBUAKOCTI
PYXY, NPUCKOPEHHS.

e

a=0,5 m/c?

Snaumu: v, — ?

Ilicnsas mouaTKy raJabMyBaHHS
HOTAT IIPOUNIOB A0 3ymuHKU 225 M. §IKoio
PYTb yyacTb y pYyci, AKMM € Xa- p Oyjia MIBUAKICTH PyXy MOTATA IIepe] II0YaTKOM
raibMyBaHHA? BBaskaiiTe, III0 IPUCKOPEHHS
IoTATa € He3MiHHUM i gopiBHIOE 0,5 M/c2.

Ha nosicHI0OBaJIbHOMY PHUCYHKY CIPSAMYEMO
Bicb OX y HampaMRy pyxy norara. OCKiJIbKu
HOTAT 3MEHIIye CBOIO IBUAKICTE, To @ T! Ug -

Uy 3
Wi X
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4. 13 dopmyn, wo onucyroTb
NPAMONIHINHNIA  piBHOMPU-
CKOPEHUIn pyx, BUOEpiTb Ti,
AKI Hanbinbwe BignoBigalTb
YMOBI 3afaui.

_ Ux_UOx .

a, = . 3 Uy =0g, T @t

2
— axt .
8 = Vout + =53

v -}
x — “0x .
Y sx=

2a 2

X
Ob6paHi dopmynn KOHKpeTu-
3ynTe AnA 3agaui.

V,. +0U
— 0x x
8y = x _x g

v

5. Po3B'aXiTb 3afauy B 3arasb-
HOMY BUFNALI.

v

6. MNepeBipTe oguHMLIo,
3HAWAITb 3HAUYEHHA LWYKaHOI
BEINYMHMN.

>

v

7. 3anuwitb i NpoaHanisynTte .

pe3ynbTar.

v

8. 3anuwWiTb BiANOBIAb.

>

1. YBakKHO npounTanTte ymoBy
3afavi. 3'acynTe, AKNM € Xapak-
Tep pyxy Tin, AKi napameTpu
pyxy BifoMmi.

v

2. 3anuuWwitb KOPOTKY YMOBY
3afaui. Y pasi HeobxiaHOCTI
nepeBefiTb 3HaUeHHs Gi3NUYHUX
BenuuuH B oauHuui Cl.

v
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I3 ymoBu s3amaui Bimomi a, v i s, moTpPiOHO
BHAWTHU V. ¥Yci i GisuyHi BeTUYMHU BXOOATH
2 2
Ux _UOx

o gopmynu s, = 2— 5
a

X

Hampamok mepeminieHHa Ta HATPAMOK
IIOYATKOBOI IMIBUAKOCTI 30iraroThCsa
3 HanpAMKOM oci OX, Tomy S, =S, Uy, =U-
Hanpamok mpucKOpeHHS IIPOTUIeKHNI
HanpAMKy oci OX, Ttomy a, =-a.
3a yMOBOIO KiHIleBa IMBUIKICTE v=0.
ITigcTaBuMO ofep:kaHi maHi y hopMyJIy

2 2
0-v _ %

IepeMiIleHHA: §=
—2a

2a

1 o
3 hopmyan s—a BHAUIEMO U, —

MOYaTKOBY IIIBUAKICTH PYyXY: vg =2as,

3BifiKM v, =+/2as.

v=4/2-225-0,5 =~/225 =15 (u/c).

Vo =15M/c=54 KM/rog — LiJIKOM peajibHa
MBUIKICTD PYyXy AJIA HOTATA.

Bidnosidv: vy=54 KM/TOA.

3apaua 2. IIpamMoaiHiliHOIO MiJTAHKOIO TOPOTH
Hge mimroxinm i3 He3MiHHOIO IIBHAKICTIO 2 M/c.
Moro Hasmoranse MOTOIMKJ, AKUH 36iIbIIye
MBUAKICTH, PYyXawUYUCh 13 NTPUCKOPEHHIM

> 2 m/c2. Uepes AKHiH uac MOTOIHUKJ O6KeHe

miroxoma, SKI0 Ha MOMEHT IIOYaTKY BiAJiKy
yacy BimcraHb MiK HuMu craHoBuaa 300 w,
a MOTOIMKJ pyxaBcs 3i mBuakicrio 22 m/c?
Sy BifmcTaHb mOMOTIAE MOTOIMKJI 3a Iei uac?

Hawno: vy;=2 m/c
a,=2 m/c?
(=300 M
Vou=22 M/C

Snaiimu: t — ? sy, — ?



§ 29. MepemilweH

HA Nif Yac pPiBHOMPUCKOPEHOro MPAMONIHINHOIO PyXYy...

3. BuKkoHamTe puWCYHOK, Ha

a;=0 (pyx piBHOMipHMI)

ay =
AKOMY 3a3HauTe BiCb Koopawu- Vom U,
HaT, NMOJIOXKEHHSA Tif, HANPAMKA | : | | : |
NPUCKOPEeHb i WBUAKOCTE. 0 300 m X
ax 2
4. 3anuwitTb pPiBHAHHA KOOp- e Miwoxid
AVHaTL B 3araJibHOMy BUMMSAj;
CKOPUCTABWNCb  PUCYHKOM, (> xy=0, %9 =300 M,
KOHKpeTun3ynTe Le PiBHAHHA Vo, =22 M/c; v, =2 M/c;
ONA KOXHOro Tina. a,=2 m/c?; a=0;
T xM:22t+t2' xn=300+2t.
5. YpaxyBaBLK, O B MOMEHT X —x
3ycTpivi (06roHy) koopauHatht | y
Tin OAHaKOBI, OTPMMaiiTe KBaa- 22t +1" =300+2¢;
paTHe PiBHAHHS. 22t +12-2t-300=0 = t2+20t-300=0.
20+40

P — _920+
6. PO3B$|)KITL: oTpuMaHe pis- D=20 +4-300=1600; #;, = ~10 (c);
HAHHA Ta 3HANAITb Yac 3ycTpivi B

Tin.

-20-40

~——

ty = =-30 (c) — CTOpPOHHIi¥ KOpiHBb

7. O6umncnite KoopauHaTy Tin
Y MOMEHT 3yCTpiui.

(BUXOmAYM 3 YMOBU 3ajadyi).

> x,=x,=300+2¢t=300+2-10=320 (m).

—~————

Mortoruky 6yB y TouIli 3 KOOPAUHATOIO X, =0,

8. 3HanAiTb WyKaHy BeNYnHY
Ta npoaHanisynTe pesynbrart.

a o0irHaB IIiIIIOXOJa B TOYI[I 3 KOOPAUHATOIO
> .
x, =320 M, OT/Ke, MOTOIIMKJ IIOJOJaB Bin-

—~—————

craab 320 m. Ilimroxim 3a Ieit uac IogoJiaB
auitie 20 M. Ile peanbHUIT pesyabTart.

9. 3anuuwiTb BiANOBIAb.

> Bidnogidvs: t=10c; s, =320 M.

ﬁ.ng} Nig6buBaemo nigcymkm

Jna piBHOIPUCKOPEHOTO

eKI[il mBUIKOCTI Pyxy, —

TPAMOJiHITHOTO PyXy TiJja:

IPOEKITisI IIePeMiIleHHs YNCceJIbHO TOPiBHIOE IronIi irypu mig rpadikom mpo-

Vg, TV, o

rpadikoM 3aJesXHOCTL v, (t): S, = 5 ,

y IIBOMY IIOJISITAE TEOMETPUUYHUN 3MiCT HmepeMilleHHsd;

. . a
PIBHAHHS OPOEKI[1] IePeMIIeHHsI Ma€ BUIVIAL: S, =V, xt+7xt2 — IIe KBazapa-

THYHA QYHKIidg, TOMY Irpadik 3a/esXHOCTL S, (t) — mapaboJia, BepIInHA AKO1
BiiOBiTae TOYIi PO3BOPOTY;

ouHaTH — IapaboJia.

. . . a .
KOOpPAMHATY T1Jla BUSHAYAIOTH 13 PIBHAHHA X = X + Vg, [ Jr?’ct2 ; Tpa(iK Koop-
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g@x KoHTponbHi 3anuTaHHA
{ L.,/“

J

&ég;; Bnpasa N2 29

«f

/ 1. 3a Z0mIOMOTroI0 AKX (DOPMYJI MOYKHA OOUMCIUTH MIPOEKIif0 IepeMileH s S, IJId

®

piBHOIIPHUCKOpPEHOTo MpAMOoJIiHifiHOro pyxy? BuBenits 11i popmyau. 2. [loBeaiTs, 110

rpadikoM 3aJIesKHOCTI ImepeMillfeHHs Tijia Bif Yacy crocTepeskeHHs € mapaboJa.
fAx manpsamieni BiTku mniei mapa6osnu? SIKoMy MOMEHTY PyXy Bi[IIOBifae BepIimHa
napabosn? 3. 3anuIiTh PiBHAHHSI KOOPAUHATHU IJIS PiBHOIIPUCKOPEHOr'o IIPSIMOJIi-
HiftHoro pyxy. HasBiTh (pisuuni BenrmuuHuU, sIKi MOB’A3ye Ile PiBHAHHA.

4
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JIM)KHUK, 1[0 PyXaeTbeA 3i mBuakicTio 1 M/c, MOUYMHAE CIIyCKATUCS 3 T'OPU.
BuszauTe mOBKUHY CIYCKY, AKIIO JUKHUK IpoixaB #oro 3a 10 c. Braskaiire,
[0 TPUCKOPEeHHA JIMKHIKA 6y/I0 He3MiHHUM i mopisHIoBaso 0,5 M/c2.

ITacaskupchKuUil HOTAT 3araJibMyBaB, 3MiHUBIIIY CBOIO IIBUAKICTD Bix 54 KM/TO[
o 5 m/c. Busznaure BificTaHb, IKY IIPOMIIIOB IOTAT Mif] Yac raJIbMyBaHHSA, AKIIO
IIPHUCKOPeHHS II0TATa 0yJI0 He3MiHHMM i mopiBHIOBaso 1 m/c2.

T'aspMo JlerKoBOro aBTOMOOiJIA € CIIPAaBHUM, SKIINO 34 MIBUAKOCTL 8 M/c raJb-
MiBHUH IIJIAX aBTOMOOisiA nopiBHIOE 7,2 M. BusHauTe yac raabMyBaHHSA Ta IpU-
CKOPEHHS PyXy aBTOMOOiJA.

PiBHAHHA KOOpAMHAT IBOX TiJI, AKi pyXaioTbcs B3moBK oci OX, MalOTh BUTJISAMI:
X, =8-2t+1%; xy=-2-5t+2t%.

1) [l KOJKHOTO Tijla BU3HAUTe: a) AKUM € Horo pyX; 6) IIOYaTKOBY KOOPAU-
HaATY; B) MOAYJb i HATPSAMOK IIOYATKOBOI IIBUAKOCTi; T') IPUCKOPEHHA PYXY.

2) 3uaigite yac i KoopamHaTy 3ycTpiui TiJ.

3) s KOMKHOTO Tija 3aNMIIITh PIBHAHHA U,(f) 1 5,(t), modynyiiTe rpadikm npo-
eKI[ifi IMBUAKOCTI Ta mepeMiIlleHHH.

Ha pucynrky momamo rpadik mpoekrrii

IIBUAKOCTL PyXy AJIA AeAKOro rima. Bu- M
. . . U,

3HAUTe NIJIAX i mepeMileHHA Tija Ipo- x?

TaroM 4 ¢ Big mouaTKy BimJiKy dYacy. on

3anuiIiTh piBHAHHSA KOOPAWHATH, SKIIO
B MoMeHT yacy t=0 Tiso Oyso B TOUIli
3 xKoopauHaToo —20 M.

(=)

IOBa aBTOMOOiNi moOUasM PyX 3 OJHOTO
OYHKTY B OQHOMY HANPAMKY, IIPUYOMY
aIpyruii aBromob6inp Buixas Ha 20 c¢ mis-
Himre. O6uaBa aBTOMOOiJIi PyXaoThCcsa PiB-
HOIIPUCKOPEeHO 3 mpuckoperHam 0,4 m/c2. =20
Yepes AKM iHTEpBaAJ Yacy IicJid IOYATKY
PYXy HepIIoTo aBTOMOOiJIA BiJcTaHb MiK
aumu o0ymge 240 m?

Eckanarop y merpo migmimaerbesa 3i mBuakictio 2,5 m/c. Uu MolKe JoguHa
Ha ecKaJiaTopi mepe0yBaTH B CTaHi CIIOKOIO B CHCTeMi Bimuiky, moB’ssaHii i3
3emiero? AKIo moike, TO 3a AKX yMoB? UM MOKHA 3a IIUX YMOB PyX JIOAUHU
BBasKaTu PyxoMm 3a imepiriero? OOr'pyHTy#Te CBOIO BiAmOBiab.



§ 30. IHEPUIAJIbHI CUCTEMW BIANIKY.

NMEPLWUNIA 3AKOH HbIOTOHA

Mwu BXe roBopuan Npo reHianbHOro aHriCbKOro BYEHOro
Icaaka HetomoHa (1642-1727). 3a cBOi HayKoOBi 3acnyru BiH
HaBiTb ofepaB NuuUapcbke 3BaHHA N TUTYN nopaa. «Mpu-
pofna ana Hboro 6yna BiAKPUTOK KHUFOM, AKY BiH yMTaB 6e3
3yCUIb», — MNCaB MPO Lboro BYeHoro A. EtiHwmedH (1879-
1955). ¥ po6oTi «MaTemaTnyuHi Hayana HaTypasnbHoi dinoco-
oii» (1687 p.) HoloToH chopmynioBaB «akciomu pyxy» — ix
Ternep Ha3uBalTb 3aKkoHAamu HeromoHa. Mpo nepLluni 3aKoH
HbloToHa NTMMeTbCA B LbOoMy naparpadi.

3ragyemo 3aKoH iHepuii

3ragaemo 3 Kypcy Qisuxu 7 Kiacy, 3a AKUX
YMOB Tijio IlepeOyBae B cTaHi cmokoi abo pyxa-
€ThCA pPiBHOMIpHO mIpAMoOJaiHiliHO. Bu HameBHO
maMm’sATaeTe 3aKOH iHepuii, AKuil HampuKiHii
XVI cT. excnepuMeHTaJbHO BCTAHOBUB iTaJIiii-
cokuit yuenuii Ianineo Ianineii (1564-1642):

Tino pyxa€tbcA PiBHOMIPHO NPAMOiHINHO abo
nepebyBa€ y CTaHi CMOKOW nuwe Tomi, Konu
Ha HbOrO He AiloTb iHWI Tina abo Ail iHWKX Tin
ckomneHcoBaHi (puc. 30.1, 30.2).

)

Sk Bu BBasKaere, uu Oyme pyxaTucs KOcMiu-
HUU KopabeJjb, 1110 mepebyBae BHAJWHI Bifg
3ip, AKIIO BUMKHYTH ¥oro ABuryau? SIKIio
Oyzme pyxarucs, TO AK?

E BuBuaemo iHepuianbHi cuctemm Bipniky

flBrlye 30epeXkeHHsA TiIOM CTaHy CMOKOoK abo
PIBHOMIPHOIO MPAMONIHIMHOIO PyXy 3a YMOBU,
1|0 HA HbOTO He AiloTb iHLWI Tina Ta nons abo ixHi
Ail ckomneHcoBaHi, Ha3MBaloTb ABULLEM iHepUil.

AJte craHU pyXy i CIIOKOIO 3ajiekaTh Bij BU-
6opy cuctemu Biamiky (CB). A um B KoxkHilT CB
cIocTepiraeTbes ABUINE iHepIii?

VaBiTs, 1110 BU CUAUTE B KyIIe IIOTATA, AKUH
cToiTh Ha mepoHi. Ha cTommky B Kyme JIEKUTH
M’sasunk. Ha M’aumk giroTs gBa Tijna: 3emuiss Ta
crosuk. I[il Semusi Ta cToMIMKa CKOMIIEHCOBAHIi,
i M’aunK mepedyBae B criokoi. OgHAK I[OMHO IIOTAT
MOYMHAE HAOUpATH IMBUIKICTH, M'AUYUK IIOUMHAE

Puc. 30.1. Tina nepebysatotb

y CTaHi CrOKOI0 BiAHOCHO 3emni,
OCKINIbKWN NpuUTAraHHA 3emni
CKOMMEHCOBaHO fieto ctony (a);
Dieto niggicy (6)

Puc. 30.2. MNapawytncT geakni
yac MoXe pyxaTuca PiBHOMIpPHO
NPAMONiHINHO, Konu fia 3emni
Oyne 3piBHOBaXKeHa Aji€to
MoBiTpA Ta CTPON MapatuyTa
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(0] ©

Puc. 30.3. [lii Ha M'AY cTonmKa
Ta 3emni ckomneHcoBaHi. OHak:
y cuctemi Bigniky XOY,
NnoB’A3aHin i3 nepoHoMm, M'Ay
3a/IMIAETLCA 8 CNOKOI, TOMY

ua CB — iHepuiansHa;

y cnctemi Bigniky X'0'Y",
NnoB’si3aHil i3 NoTArom, Wo
NMOYMHAE PYX, M'AY pyXxaemeobcs

3 npuckopeHHAM, Tomy ua CB —
HeiHepyianeHa

Puc. 30.4. lenioueHTpuyHa cu-
cTemMa Bifiky: NoYaToK Koopau-
HaT i€l cMcTemMn po3TalloBaHUN
y ueHTpi CoHuA, a oci HanpAm-
NeHi Ha Janeki 30pi

200

KOTHUTHUCSA II0 CTOJY B HANIPAMKY, IPOTHUJIEIKHOMY
HaAMpPAMKY Pyxy morara. To6To, 3aJuIaioudnch
HEPYXOMMUM BiJHOCHO NIEPOHY, M’SUHK BiJHOCHO
moTATra IIOYMHAE pPyXaTucd 3 IMIPUCKOPEHHAM
(puc. 30.3). Ot:xe, BimzHocHo CB, moB’s3am0i 3 1mo-
TSArOM, KWl Habupae INBUAKICTb, SIBUIIE iHep-
il He cmocTepiraerbea (il 3emJui Ta cToJMKa Ha
M’AYMK CKOMIIEHCOBAHi, ajie BiH He 36epirae cBoo
MIBUIKICTB).

CucreMy BimJiKy, BiZHOCHO SKOI ss8uuie
inepyii He cnocmepizaemuvcs, Ha3UBAIOTH HeiHep-
yiaNbHOIO CUCTEMOIO BifsliKy.

Cucremy BifJIiKy, BiHOCHO AKOI cnocmepi-
2aemuvcsa A6ule iHepyil, Ha3UBaIOThH IHepLiaNibHOI
CUCTEMOIO BifniKy.

HaJji, AKIO cherniajJbHO HE 3acTepPesKeHo,
oydemo Kopucmysamucs miJlbKU iHepuiab-
numu CB.

3asBuuail AK iHepIiaJbHY BUKOPUCTOBY-
oTs CB, KOpPCTKO MOB’A3aHY 3 TOUKOIO Ha IIO-
BepxHi 3emui. AJle 1[0 CCTEMY MOXKHA BBaXKaTU
iHepIiaJbHOI TiJIBKM YMOBHO, OCKiJIbKU 3eMJIsd
obepraeThbcAa HABKOJIO cBO€l oci. Ias Ginbin Tou-
HUX BUMipIOBAHb BUKOPUCTOBYIOTH, HAIIPUKJIA,
imepmiansuy CB, mos’ssany iz Couiem, — zegio-
yenmpuyny cucmemy 6idnixy (puc. 30.4).

3po3yMijo, AKIIO MU 3HAEMO X0oua 0 OmHY
imeprianeay CB, TO MOMKemMo 3HaliTu 06ararto
immux. Amxe 0ydv-axa CB, wo pyxaemovcs 6i0-
HOCHO iHepuianvnol CB pi6HOMIPHO NpAMOJLi-
HIULHO, medc € IHepyiaabHrOoI0.

Hanpukaan, akmo Bu 30epiraere cra CIo-
KO0 a00 piBHOMIpHOTIO MPAMOJIiHIHOTO PyXy Bifa-
HOCHO 3eMJIi, TO I BiTHOCHO MOTAra, AKUI pyxa-
€ThCA BIMHOCHO 3eMJIi 3 He3MiHHOIO IIBHIKICTIO,
BU Tex OyleTe pyXaTHCsS PiBHOMIpPHO IIPAMOJII-
HilfHO (X04a I 3 iHINIOI0 ITBUAKiCTIO).

3a3HAUMMO, IO B KAACUYHIL MexXaHiyi®
BHACJIIOK Iepexony Bim oxmiel imepmiansuoi CB
IO iHIIOl MIBUAKICTE PyXY, IIEPEeMiIlleHHs Ta KOOp-
AVHAaTa Tijla 3MiHIOIOTBCH, a OT CUJA, Maca, nNpu-
CKOpeHH A, 4ac pyxy ma 6i0cmansv mix minamu
3aaUWamMsvcs He3MIiHHUMU.

*  KiaacuuyHa MexaHiKa pPO3IVIAJAE PyX TiJ, IIBUIKICTH
PyXy SAKMX HabaraTo MeHIIa Bif ITBUAKOCTI IIOIIIH-
PeHHs cBiTia.



§ 30. IHepuianbHi cuctemn Bianiky. MNepwmnin 3akoH HbioToHa

Oopmynioemo nepwnii 3akoH HbloToHa

BaxoH imepuii I. Tasises cTaB meprumM KPOKOM y BCTAHOBJIEHHI OCHOBHHX
3aKOHIB KJAaCUUYHOI MexXaHiKu. PopMyJIIOI0UYN OCHOBHI 3aKoHHU pyxy Tija, I. Heio-
TOH HA3BaB Ilell 3aKOH NEPIINM 3aKOHOM PyXy Ta IOJaB HOro Tak: O0ydv-ske i30-
Jbosarne mino 30epizae cman cnokoio abo Pi6HOMIPHO20 NPAMOJNIHIIHO0Z0 PYXY,
00KU Tl OCKiNbKU B0HO He 8UMYULEHEe NPUKAAOCHUMU CULAMU 3MIHUMU Ueil cCmaH.

3BepHEeMO yBary ochb Ha IIIo.

1. PyxaeTbcs Tijio piBHOMipHO, TPUCKOPEHO UM IIepedyBae B CTaHi CIIOKOIO,
3aJIe;KUTh Big Bubopy CB.

2. B inmepmiaasuiit CB Tifo pyxaerbca piBHOMipHO mpsMoaiHiiiHo abo me-
pebyBae B cTaHi CIOKOIO He JIMIIEe Y BHUOAAKY, KOJU BOHO i30./1b08aHe (TOOTO Ha
HBOTO He AiIOTh iHII TijNa), a I Y BUNIAAKY, KOJU CUJIU, IO AiIOTh HA TiJO, CKOM-
nencoeani.

3 orAny Ha 3a3HaveHe B cydacHil (isuili nepwuni 3akoH HbrotoHa dop-
MYJIIOIOTH TaK:

IcHytOTb TaKi cucTemu Bianiky, BifHOCHO AKMX Tino 36epirae ctaH crnokoto abo pis-
HOMIPHOIO NPAMONIHINHOrO PyXy, AKLWO Ha TiNO He AiloTb XOAHI cunu abo ui cunu
CKOMIMEHCOBaHI.

Otxke, nepwuil 3axkon Hviomona nocmynioe iCHY8AHHA IHEPUIALbHUX CU-
cmem 6i0NIKY.

* n DizHaemoca npo npuHuun BigHocHocTi Maninea
-

Cnocrepiraoun pyx Tin y pisHux imepmiansaux CB, I. Tauineit gifimros
BHUCHOBKY, IKMiI OTpEMaB Ha3By NPUHLMN BigHocHOCTi Fanines:

B ycix iHepuianbHUX cucTteMax Bigniky nepebir
MeXaHiUYHMX ABMLY i NpoueciB BiAOYBaeTbCA Of-
HakoBO 3a OJHAKOBMX MOYATKOBUX YMOB.

Tamimeii mucas tak: «SIKIo mMu, mepeGyBa-
I0YM B KalOTi BITPUJIBHUKA, OyZeMO BUKOHYBaTHU
OyIb-AKi eKcImepuMeHTH, TO aHi cami excmepu-
MEeHTH, aHi iXHi pesyiabraTm He OyAyTH Bimpis-
HATHUCA Bif TMX, 10 HpoBoauauca 0 Ha OEpesi.
I TinpKu migHABIINCE Ha many0y, MU IO0AUMMO:
BUABJISETHCA, HAIl KOopabesb PyXaeThbCsd PiBHO-
MipHO IPAMOJiHIHAHO...».

Bu Te:x mMoikeTe yCTAaHOBUTHU IIPUHITUITI Bifl-
HOCHOCTI, SIKII0, HAIPUKJIAJ, IIPOBeleTe HUIKY
IOCJimiB y BaroHi mordAra, SKUM PyXaeTbCA PiB-
HOMipHO mpamoJsinifino. Tak, gamka, 110 CTOITh BaroH PIBHOMIPHO MPAMOMIHIIAHO
Ha CTOJIi, mepefyBaTUMe y CTaHi CIIOKOI0, a AKINO nepebyBac B CTaHi CIOKOH.
BIIyCTUTH JIOKKY, TO BOHA BiZIHOCHO BaroHa maja-  acaxup Moxe Le 3'scyBati
TMe BepTukajabHo BHU3 (puc. 30.5). &  TiNbKU NOAMBUBLINCH Y BIKHO

Puc. 30.5. XXogHmn mexaHiuyHu-

M eKCneprmeHTamum
HE MOXHa BUABUTU, PYXa€TbCA
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MNig6buBaemo nigcymkKm
Tino pyxaerbcs piBHOMipHO IpsaMOJIiHifiHO abo mepedyBae B CTaHi CIOKOIO
JINIIIe TOMi, KOJIX Ha HBOI'O He AiloTh iHImi Tija Ta moJsa abo ixHi mii ckom-
IeHCOBaHi, — IIe cydJacHe (hopMyJIIOBaHHS 3aKOHY iHepIlii, AKUN eKcIlepuMeH-
rasnbHO BeraHoBuB I. Tauimeit. V cyuacHuiil (isumi meil 3aKOH HABUBAIOTH MEPIIAM
3axoHoM HpI0TOHA Ta (DOPMYJIIOITH TaK: iCHYIOTh TaKi ccTeMH BiIJIiKy, BiTHOCHO
AKUX TiJIo 30epirae cTaH CIIOKOI0 ab0 PiBHOMipHOIO MPAMOJIIHIAHOr0 PyxXy, SAKIIIO
HAa TiJIo He AilOTh »KOAHI cuau abo Ii cuiu cKkommoeHcoBaHi. Taki cucremu BimIiKy
Ha3WBAIOTH 1HEPI[iAJTbHUMMA.

3asBuuail K iHepiiaabHi BuUKopucToByioTh CB, mos’a3ani i3 3emie. Byab-
aka CB, mo pyxaeTbcs BigHOcHO iHepiianbHOoi CB piBHOMipHO mpAMOJiHiTTHO,
TeX € iHepIiaJbHOIO.

g@ KoHTponbHi 3annuTaHHA
{ L‘v ¥

S /1. 3a akuxX yMOB Tijio 30epirae mBuAKicTh cBoro pyxy? HasezmiTh nmpurianu.
5 © 2, CopmyroiiTe 3akoH imepmii. 3. SIki CB HasuBaloTh iHepmianbEEMH? HeiHep-
nianpaumu? HaBeniTs nmpukganu Takux cucreM. 4. ChopmystoiiTe MepIIni 3aK0H
HeroroHra. IIlo Bin mocTymoe? %5. Chopmymoiite mpuHnnn BigrocHocti Tamines.

ﬁf)’\’? Bnpasa N2 30

% 1. Bu cugure Ha CTiibIli — BH, dK i cTijens, mepedyBaeTe B CTaHI CIIOKOIO BiZJHOCHO
Bemai. fki Tina giroTh Ha crinens? Ha Bac? IIlo MmokHa ckasaTu 1po Ii Aii?

2. Becuapi HamaramoThCA 3MYCUTU YOBEH PyXaTHUCA IIPOTHU Tedii, ajie YOBEH Iiepe-
OyBae B cmokoi BimmocHO Gepera. [[il sKuX TiJ IIpH IIbOMY KOMIIEHCYIOTHCA?
Kir mexuts Ha croui (guB. puc. 30.1). Hu 6yne CB, mop’sizaHa 3 KoToM, iHep-
niaabuo0? Yu Oyme inepiiianbaoio CB, moB’sa3aHa 3 MaBydYKOM, III0 PiBHOMipHO
ONyCKaeThCcs Ha mMaByTHHII 3i creni? Um Oyme imepiiaaraoio CB, mop’asana
3 MUIIEHSM, sIKe II00aumIo KoTa I rajapMye cBiil pyx? Bimmosizi moscHiTs.

4. Ha puc. 1 3o6paskeno kingpka Tia. 1) 3 akum Tijsom Bu mos’s3anu 6 CB, 1106
BOHA Oyia imeprianabpHOI0? HeimepiiaabHOI? Bigmosigs obrpyuTyiiTe. 2) AKoro
B JaHUII MOMEHT yacy Oyne IIBUAKiCTh pyxy cobaku B CB, moB’as3aniit i3 mimro-
xonom; y CB, moB’a3aniit i3 BanTaskiBKow0? 3) AKuUM Oyge IPUCKOPEHHS PYXY
aBTomo0ins y CB, mos’asaniii i3 mepeBom; y CB, mop’sizauiit i3 mirmmoxomgom?

v1=20m/c vy=2M/C v3=0m/c vg=2Mm/c vs=10Mm/c

> — B
;=05 m/c2 —> : A az=2 m/c?
___[hy N A

©

Ceo

Puc. 1

5. CkopucraiiTecsa mOTaTKOBUMHU [I:KepejaMu iHdopmariii i aisHaliTecda, domMy
I. Tasisess BBAIKAIOTH 3aCHOBHIKOM eKCIIepUMeHTaJIbHO-MaTeMaTUYHOTO METOLY.

('%s’ 6. Ha puc. 2 306paskeHo ABa Tijia Ta CUJu, 110 Aif0oTh Ha HuX (1 Kaituaka — 1 H).
;@\‘ 3HaAWAITh HATIPAMOK i MOAYJIb PiBHOAIHHOI CcHJI, IO AilOTH Ha KOKHE TiJo.
— — ]
n o A y
a 6 Y Fs
Puc. 2
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§ 31. APYIMA 3AKOH HbIOTOHA

Y § 30 BM 3raganu yMOBW, 3a AKUX TiNO PyXa€TbCA
PIBHOMIPHO MNpPAMONiHINHO. A 3a AKUX YMOB TiNo
pyXa€eTbcA piBHOMpPUCKOopeHo? Big yoro 3anexutb
NPUCKOPeHHA pyxy Tina? Bignosiai Ha ui 3anutaHHA
cBoro yacy fas . HetoToH, cbopmynioBaBLuun Opyey ak-
ciomy pyxy. [po gpyrun 3akoH HbloTOHa — 0CHOBHUL
30KOH OUHAMIKU — WTUMETbCA B LiboMy naparpadi.

n Q®opmynioemo ppyruii 3akoH HbroToHa

I3 moBCAKEHHOTO KUTTS BU NOOpe 3HAETE:
TiJIO MIBUAINIE 3MiHUTH MHIBUJAKICTH CBOTO PYXY
(Habyme OiJIBIITOr0 MPUCKOPEHHS), AKII0 Ha HHOTO
momisaTu 3 OijbIroro cuioio. Jocaimm cBiguaTsh:
Y CKiIbKU pa3ié 30iAbULYEMbC CULA, Y CMIALKU HC
pasis 36iabuyemovcs NPUCKOPeHH s, AKoro HabyBae
Tiio B pesyubTari mii 1miei cuam. TobTo mpurcKo-
PEeHHA PyXy Tijla MPAMO IPOIOPIliiHe CUJIi, ITPU-
KJageHiil Jo 1boro Tijga:

a~F.

AKIimo od0Haxos00 cusiol TMONisATH Ha Tijga
pisHOi Macm, TO TPUCKOPEHHA Tia OyaAyTh pis-
HUMU: YUuM OiAbULOI0 € MACA MIAA, MUM MEeHULUM
0yoe 11020 npuckopenHs. Hampukiaanm, SKIIO 10
TEHICHOTO M’AYa Ta M0 KYJi s OOyJiHTy mpu-
KJIACTU OJHAKOBY CHUJIY, TO IIBUAKICTH PYXY KYJIi
3MiHuTBECA MeHIle (b0 3HaZ00UThCA OiJIbIlle Uacy,
100 IIBUAKICTH PyXy KyJi 3MiHUTU TaK camo,
AK i m’ssua). ToOTO mpucKopeHHs, HAOyTe TijgoM
VHaCJiOK Aii cuam, o0epHEHO IIPOIOopIlifiHe mMaci
IILOr'O TiJja:

1
a~—.
m

3B’A30K MiK CHJIOIO, II0 Ji€ Ha Tijgo, Macoro
Tijla Ta TPUCKOPEHHSM, STKOTO HaOyBa€ Tijo BHA-
caimor nii miel cuim, BCTAaHOBJIIOE APYrvil 3aKOH
HbloToHa:

MpuckopeHHA, AKOro HabyBae Tifo BHaCNigoOK

Ail cunm, npAMo nponopuiiHe Ui cuni Ta 0bep-
HEeHO nponopuinHe maci Tina:

a=

3|"11

Cuia
Cuna F — BekropHa Oi-
3UYHa BeJWYNHA, AKa €
miporo mii omHOro Tijla Ha
immre (Miporo B3aeMopmii).
Opunnng cuau B CI —
HbIOMOH:

[F]=1H.

Cua Bu3HaUeHa, AKIIO Bi-
HaIpAMOK 1 3a3Ha4YeHo
TOUKY IPUKJIaJeHHA CUJIU.

— 3HaQUeHHdA

F HaIPAMOK

TOUKAa IIPUKJIAAEHHSI

SKImo Ha TiJNo mie geKigbka
CHUJI, TO IXHIO CIiJIbHY HIiIO
MOJKHA 3aMiHUTHU Jiero
omHiel cuiau — piBHOmINM-
goi F. PiHomilina IOpiB-
HIOE BEKTOPHIiN cyMmi cu,
OPUKJIAJEHUX [0 TiJja:

~

Maca

Maca m — ¢isuuHa Begu-
YynHa, AKa € Mipo iHepT-
HOCTi TiJja.

Opunnng macu B CI —
Kiz0Zpam:

[m] =1xr.
InepTHicT, — BIIACTUBICTH
Tijla, AKA TOJATAE B TOMY,
10 AJIA 3MiHU HIBUIKOCTI
pyXy Tijia BHACJiIOK B3a-
emonii nompiben uac.
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Puc. 31.1. Cnna Fﬂ — piBHOZIN-
Ha cunm TKiHHA Fre

CUNM HOPMasbHOI peakuil
ornopu N i cunn TepTA KOB3aH-
HA FTepT”OBs. Cvna F — npu-
UvHa NPUCKOPEHHA @ AiBUVHKA

Puc. 31.2. Akwo piBHOAiNHa
cun, NPUKNageHnx Jo Tina, go-
PiBHIOE HYSIO, TO Tiflo NepebyBae
B CTaHi Crokoto (a) abo pyxa€eTb-
CA 3 He3MiHHOI WBKMAKIcTIo (6)
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3agBuuaii Ha TiJIO OJAHOYACHO MOiIOTHL KiJIbKa
cujg. Y TaKOoMy BUMNAAKY CUJIY F PO3YyMilOTh
AK PiBHOAIMHY BCiX CcuJj, MPpUKJAAEHUX OO TiJja:
F=F +F,+...+F, (puc. 31.1), a apyruit 3axon
HyioToHa 3amucyioTh Tak:

|

Lt Byt + F,

m
3asHauumo, 1110 Apyruii 3akod HeioToHa, 3a-

. . . _F .
IIMCaHuM y BUIVIAOlL d = — , BUKOHYETBCA MIJIbKU
m

8 iHepyianvHuXx cucmemax 8i0NiKy.

E [lisHaemoca npo Hacnigkn 3 gpyroro
3aKkoHy HbloToHa

1. Came Ha ocHOBiI apyroro sakony Hpbio-
TOHA BCTAaHOBJIOIOTH ofuHuUIl0 cuiau B CI — Huio-
mon: 1 H — 1e cuia, axa, Airouw Ha TiJIO Macoro
m=1 kr, Hazae HoMy IpUCKOpeHHA a=1 m/c%:

1H=1RI‘-12
(6]

2. 3Hauu MOAYJb i HAIPAMOK PiBHOJiM-
Hoi F cui, aKi miloTh Ha Tijgo, 3aBiKIAM MOYKHA
BU3HAUUTHU MOAYIb i HAIPAMOK IPUCKOPEHHS d ,

AKOro HaOyBae Tijlo BHACJIIZOK Iriei mii:

azi; aTTF
m

? CkopucraBmnch SBHaHHAMUI 3 MaTeMaTHKH,
OOT'pYHTYIiITe OCTAHHE TBEPIKEHHS.

3. Opyruii 3akon HpioTOHA M03BOJSAE BU-
3HAUUTY YMOBY PiBHOIIPHMCKOPEHOro PyXy Tija:
miJjo pyxaemuvca pi6HONPUCKOPEHO NPAMOLIHIIUHO
MmiabKU 8 MoMYy 8UNadKy, AKU,0 Pi6HOJIllHaA CUJL,
npuxkaadenux 0o miaa, He 3MIHIEMbCA 3 LACOM.

4. Skmuro piBHOAiYiHA MOPiIBHIOE HYJIIO
(FzO) , Tijlo He OyIe 3MiHIOBATH IIBUIKICTh
CBOI'0 PYXYy (ci:O) (puc. 31.2). Otke, 3aKOH iHep-
il mosxHaA cOpMYJIIOBATU TaK: MiJjo nepedysae
Y cCmaHi cnokoio abo pyxaemuvcs Pi6HOMIPHO Nps-

MOJIHITUHO, AKUL0 CUAU, UL0 JiloMmb HA Miao, CKOM-
NneHCcoB8aHi.



§ 31. dpyrui 3akoH HbloToHa

! MNig6buBaemo nigcymkKm

Hpyruii 3akoH HpoTOHA — OCHOBHWH 3aKOH JWHAMIKN: IPUCKOPEHHS 4,
AKOro HaOyBa€ TiJIo BHACHIAOK mii cuam F, mpsMo Ipomopiiifine i cmi

.o . . . F
Ta 00epHeHO MPOIopIlifine Maci m Tima: a=—.
m - = —
SARIO Ha TiJI0 OAHOYACHO AiIOTHh KiJbKa CIHJI (Fl, E, ..., Fn), IPYTU#A 3aKOH
F+F,+...+F,

m
Tino pyxaeTbca piBHOOIPUCKOPEHO MPAMOJIIHINHO TiIBKM B TOMY BUNAJKY,

AKITO PiBHOAiMHA CUJI, IPUKJIALEHUX IO Tijia, HE 3MiHIOETHCA 3 YACOM.

HploToHa 3aIKCYIOTh TaK: d = ,a60 F; +Fy+...+F, =ma.

KoHTponbHi 3anuTaHHA

{ / N
@_3@@1. Big AKMX YMHHUKIB 3aJIe’KUTHL HNPUCKOPeHHs pyxy Tima? 2. Chopmyaroiire
© npyruii 3akoH HpioToHa, 3amuIIliThL HOTO MaTeMaTHUYHHi Bupas. 3. SIK 3ammca-
TH Apyruil 3akoH HpioTOHA, SKINO HA TiJo AifoTh Kinbka cui? 4. 1o MoKkHa cKa-
3aTH PO HANPSAMKHU PiBHOAIMHOI Ta IPUCKOPEHHSA, SKOTO PiBHOAilHA Hanae Tiay?
5. fIko0 € yMOBa PiBHOIPUCKOPEHOTO Pyxy Tina?

f:@"” BnpaBa N2 31

“}\A 1. IToTar macoio 5 T pyxaerhcsa 3 npuckopenaam 0,5 m/c2. Buznaure MOAYIhL piB-
HOMIMHOI cUJI, AKi Mif0OTh HA IOTAT.

2. ABTOMOGiJIb PYXaeThCA NPAMOJIHINHOIO AiJAHKOI AOpPOru. SIK HampsaMJeHa
piBHOmiliHA cuJI, MPUKJIAAEHUX 0 aBTOMOOLIA, SIKIO BiH HaOupae MIBUAKICTH?
CIIOBiIbHIOE CBill pyx?

Tino macor 2 Kr, ssKe pyXa€eTbCs HA MiBIeHb, 3MiHIOE ITBUI-
KicTb cBoro pyxy BHacaigok mii cuaum 10 H, mHanpamieHnoi ma
cxin. BusHauTe MoAyJIb i HATPAMOK IIPUCKOPEHHA PyXy TiJja.
Vuacaimzok xii cuam 15 kH Tino pyxaeTbca IpPAMOJIi-
HiflHO TaK, IO HOro KOoopAmHAaTa 3MiHIOETHCA 3a 3aKOHOM:
x=-200+9¢—3¢%. Busnaure Macy Tija. Puc. 1

5. Ha Tismo mMacor 5 Kr OifoTh ABi B3a€MHO IIePIEHIUKY-
asapHi cunu: 12 1 9 H (puc. 1). Busnaure npuckopeHHs
pyxy Tija.

6. CropucTaBIINCh JOJATKOBUMU IKepeaaMu imdopmarrii,
CKJIAJITh i PO3B’AKITH 3a/jauy Ha 3aCTOCYBaHHSA APYTOro
3akoHy HBIOTOHA 0 PyXy SKOTOCh PeaIbHOTrO TiJja.

@S‘C‘& 7. XjpomuWK i JOiBYMHKA TATHYTH 3a KiHII MOTY3KH
(

(puc. 2). XT0o 3 HUX IIOUHe pyxarucA? XTo, Ha BaIlly
IYMKY, HaOyme 6iybImol mBuaKocTi pyxy? O6rpyHTyiiTe
CBOIO BiATIOBifb. Puc. 2

EKcnepmmeHTaane 3aBaHHA

CropucTaBIINCh JiHIMKOIO Ta 1BOMa OpycKaMu pidHOI Macu, JOBEIiTh:

1) 110 3i 36iabIIIEHHAM CHJIN 30iJIBINYETHCS I MPUCKOPEHHA, AKOro Ha0yBae Oymb-
AKU GPYCOK mmix vac mii cumawm;

2) AKIINO Ha pisHi OpycKu miATuMe Ta caMa cuJja, To Opycok OisibIiiol macu HabymIe
MEHIIIOT'0 TPUCKOPEHHS;

3) HaIPAMOK MPUCKOPEHHS 3aByKAMU 36iracThcs 3 HANPAMKOM il cuuu.

Onuirits cBoi Aii. K Bu oIiHIOBaJIM IPUCKOPEHHS TiJa?
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§ 32. TPETIN 3AKOH HbIOTOHA

Ypapte ponoHeto o6 napty. bonaue? Ane uomy? Apxe ue BU 6unu napTy, a He mapTa
Bac. [oTArHiTL cBOro ToBapMLla 3a PyKy, CTOAYN Ha rnafeHbKoMy Jibogy. XTO 3pylnTb i3
Micusa? O6uasa? A yomy? AfpKe Lie BU TATHYNU TOBapuLLa, @ He ToBapuL Bac. Yn 3moxeTe
BU, BXOMUBLUNCH 3@ BONOCCA, BUTATTU cebe 3 Boau? Hi? Ane yomy? Bu >k 3mMoXeTe BUTATTU
B TaKWUiA Cnoci6 i3 Boau NoanHy, sika HaBiTb Ba)kya 3a Bac. Ha ui Ta iHWi 3anuTaHHs Bam
JOMOMOXe BiAMOBICTW TPeTin 3aKoH HbloToHa.

Puc. 32.1. [lia 3aBXAn € B3aEMO-
gieto. [patoun 3 m'auem,

BW [iiETe Ha HbOrO, Hanpuknag,
Horot. M'ay Tex fie Ha Hory

(us pia ocobnmBo BigUYTHa,
AKLLO BU rpaEeTe 6OCOHIXK)

Puc. 32.2. [lia 3aBXOnN € B3aEMO-
Aieto. 3emna nputarye go cebe
Micaup (i Micaub He «BigniTae»

B KOCMIiYHUI NpOCTip).

Micaupb Texx nputarye 3emnio

(i Ha 3emni cnocTepiratoTbca
nNPUNANBK Ta BigNIMBY)
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YcTaHOBIOEMO TpeTiin 3akoH HbloTOHa

Bu BiKe 3HaeTe, 110 Tija 3aBMKIAM B3a€EMHO
niloTh OgHEe Ha ogHe — 83aemodiioms (puc. 32.1,
32.2). 3BepHeMoOCA [0 HOCIiLy Ta 3’ACYyEMO, AK
MOB’sI3aHi cMJaM, 3 AKMMMU Tijla OiIOTH OJHE Ha
onHE.

ITocTaBuUMO Ha TOPMBOHTAJBHY ITOBEPXHIO
IOBa OOHAKOBI JIETKOPYXOMi Bi3KH Ta 3a JI0OMO-
MOT'0I0 IMHAMOMETPiB MPUKPIIUMO iX 0 BEpPTHU-
KaJbHUX cTitiok. Ha KosXKHOMY Bi3Ky 3aKpimumo
MAarHiT, po3TalIyBaBIIN iX OOWH J0 OJHOT'O Pi3HO-
HMeHHUMU mnoJsrocamMu. Maruitu npuTarsHyThed,
3CYHYTh Bi3KU Ta PO3TATHYTH IPYKUHU AUHAMO-
meTpiB. Jlociig mpoaeMoHCTPYE, 0 ITOKa3u 000X
JUHaMOMeTpiB OyAyTh omHakoBuUMH (puc. 32.3).

MosxHa mpoBecTHu 0esJiu mocaimiB is Bumi-
pIOBaHHA TAKUX CUJ, i pPe3yJsbTaT 3aBXKAu Oyle
OOHAKOBUM: CUJU, 3 AKUMU 63aemodiloms 08a
mina, 6y0ymov pieHUMU 3a MOOYJeM i nPOMULeH-
Humu 3a Hanpamkom (puc. 32.4, 32.5).

Bsaemopgiro Tin ommeye 3axon 83aemodii —
TpeTin 3akoH HbloToHa:

Tina B3aemopfitoTb oAHe 3 OOHUM i3 cunamu,
AKi HanpsAMMeHi B3[4OBX OAHIEl NPAMOI, PiBHI
3a MoAyneMm i NPOTUNEXHI 3a HaNPAMKOM:

N

Puc. 32.3. I3 AKOKO CUO0 MarHiT 2 NpuTArye marHit 1,
i3 TAKOIO X CMJIOI0 MArHiT 1 npuTArye marHit 2: K, =F,.

Cunu Npu LbOMY MaloTb MPOTWUNEXHI HaNpPAMKK: F} ™ F,



§ 32. TpeTin 3aKoH HbloToHa

LisHaemoca npo pesAki 0co6nMBoOCTI
B3aemogii Tin

3BepHYBIINCH [0 IPUKJIALIB, HaBeZeHUX Ha
puc. 32.1-32.5, momiTMO HH3KY 0OCOOJIHBOCTEIA.
1. Tperiii 3akoH HbioToHa BUKOHYETBHCS
AK y BUIaAKax 0e3rocepeHbOT0 KOHTAKTY TiJ
(auB. puc. 32.1, 32.5), Tak i y BumagxKax B3a€Mo-
nii Tin mHa Bigcrami (quB. puc. 32.2—-32.4).
2. Cuau 3a62%0u 6UHUKAIOMb NAPAMU: TKIIIO

e cuna F,, axa gie Ha Timo 1 3 Goky Tina 2, TO
000B’sIBKOBO € piBHA iif 3a MOIYyJIEeM i IIPOTUIEKHO
HanpsMJIeHa CHJja Fz , AKa mgie Ha Tigo 2 3 OOKy
Tizta 1. A or mposBu mux cuJ (abo oxHiel 3 HUX)
He 3aB:xAu mmoMmiTHi. Hanpukaan, mig dac xoapou
BU BiAIIITOBXY€ETeCs BiJ moBepxHi 3eMJii, oToKe, Ha
Bac jmie cuia 3 Ooxky 3emuri. Bigmosimzo g0 Tpe-
THOr0 3aK0HY HbIOTOHA, 3 TAKOIO CAMOIO CHJIOIO BU
mToBxaeTe 3eMuo Hasan. OmHak uepes BeJIUKY
Macy 3eMJIi pesyabTatT Oii 1miel cuam HemoOMiTHUIA.
Sxio K Bu iTUMeTe WO JEeTKOMY YOBHY Ha BOJi,
TO Ballla OifA Ha HHOI'O 3MYCHUTH YOBEH PYXaTHCh
Y HAIPAMKY, IPOTUJIEKHOMY BAIIIOMY PYXY.

3. Ilapu cui, 110 BUHMKAIOTH IIiJ 4ac B3a-
emonil ABOX Tij, 3aBKAU Marmb 00HY npupody.

? Posriassre puc. 32.1-32.5 i mepekonatriTech
V CJIYIITHOCTi OCTAHHLOT'O TBEPAYKEHHS.

3naBaJiocs 0, AKINO 3a OyAb-AKOI B3aeMOmil
BUHUKAE Mapa PiBHUX 3a MOAYJEM i TPOTUJIEIK-
HUX 3a HAIPAMKOM CHJ, TO TaKi CMJIM MAaOTh
3PiBHOBaKUTHU OAHA OLHY. A Ile 03HAUAE Te caMme,
mo nii memae. BuxoauTb, Mu ImpupedeHi abo Ha
HepyxoMmicTb, abo Ha Oe3dynuHHHNI pyx? 3po3y-
mimo, 1mo Hi! 3piBHOBAKYIOTBCA TiJBKM CHJIH,
OpuKJJameHi no oxgmoro tijma. Cujam K, 1110 BUHU-
KaloTh HiJ yac B3aeMOAil, IpUKJIAIeHi 0 PisHUX
TiJ, TOMY BOHU He MO}YMb 3pieHosadcumu (Kom-
nencyeamu) o0na 00HY.

B Yunmoca po3B’A3yBaTth 3apaui

3apaua. Ilocynuua 3 Bomoio 3piBHOBaKeHa
Ha Tepesax (puc. 32.6). Uu mopymurbca pPiBHO-
Bara TepesiB, AKIIO ONMYCTUTU Yy BOAY IaJelb,
He TOPKAIOUNCh IPU I[HOMY JHA W CTiHOK HOCY-
nuHu?

Puc. 32.4. Ha KOXHY 3 BOX Of-
HOVIMEHHO 3apAAMKEHNX KyJIbOK
nie cuna KynoHa 3 60Ky iHWoi
Kynbku. Ui cunun € piBHUMN

3a MoAyneMm i NPOTUNEXHMUN
3a Hanpsamkom: F, ,=—F.

en2

e

Puc. 32.5. Akwo guHamomeTtpu
3YennTn raykamu n noTaArTx

B pi3Hi 60KK, TO TXHi NOKa3u
6yayTb OfHaKOBi:

F F

mpyxl = ~Lopyx 2

Puc. 32.6. [lo 3agauvi B § 32
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Pwuc. 32.7. [lo 3agaui

&

Poss’ssannsa. Ilicna saHypeHHA y BOAYy Ha IIa-
Jlerb TIOYHE MifATH apxiMenoBa cuja, HaIpAMJEHA
BEPTUKAJBHO Bropy. BimmoBiTHO 10 TPETHOTO 3aKOHY
HrioToHa 3 GOKY TaJblld Ha BOAY TeK IIOYHE AiATH
cuja — piBHA 3a MOAYJIEM apxXiMenoBili cuii ¥ Ha-
IpsaMJIeHa BHUS! chxy =—Fapx (puc. 32.7). Takum un-
HOM, HaJiellb, HaBiTh He TOPKAIOYMCH JHA Ta CTiHOK
8§32 IIOCYIWHU, IIITOBXHE BOJY, 4 Pa30M 3 HEI0 i MOCYAUHY
BHU3 — pPiBHOBara TepesiB MOPYIIUTHCA.

Bionogidv: piBHOBara mOpPyIIUTHCA.

MigbuBaemo nigcymkm

Tina 3aBXIu B3a€MHO MiIOTh OJHE HA OAHE — B3aE€MOiIOTh. B3aemomiro
Tis onmcye Tpetiti 3akoH HbioToHa (3aKOH B3aeMofii): cuin, 3 AKUMU Tija
IifoTh OfHe Ha OgHe, HAaIpAMJEHI B3OOBK OnHiel mpamMoi, piBHI 3a MoxyJieM i mpo-

THJIeKH] 3a HannpaMkoM: F, =—F, . Ilapu cui, 1110 BUHUKAIOTH IIiJl 94ac B3a€EMOJII,
3aBXKAU MAaIOTh ONHY IIPUPOAY; IIi CHJIN He 3PiBHOBAKYIOTh OJHA OAHY, TOMY IIIO
OpUKJaLeHi 10 PiBHUX TiJ.

KoHTponbHi 3anuTaHHA
~

1.

CoopmyroliTe Tperiii 3akoH Hbiorona. Yomy Iieil 3aKOH Ha3MBAIOTHL 3aKO-

2.5
4% . HOM B3aemoznii? 2. HaseniTh mpuKjIagm MOPOSBY TPeThOro 3aKoHy HbIOTOHA.
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3.

IITo MoKHa cKasaTH PO MPUPOAY CHUJI, IKi BUHUKAIOTH IIiJl Yac B3aeMoAii Tin?

Hagexites npukaanu. 4. Yomy cunam, Ki BUHMKAIOTH Oix yac B3aemopii Tij, He
3PiBHOBaKYIOTH OJHA OMHY?

BnpaBa N2 32

1.

2.

HisunHKa Brapuia mo m’suay i3 cusoo 10 H (puc. 1). Is sK00 C1I0I0 M’sTU «yJapuB»
IiBUMHKY? Y SKOMY HAIIPAMKY i€ I craa?

Posrinsabre rpaBiTamiiiny BsaeMomiio A0JyKa, IO BUCUTHL Ha riami, i Semuri
(puc. 1). Ilo cuapHiIIE TPUTATYETHCA: AOIYKO 10 3eMJi uu 3eMJisa 10 a0ayKa?
XonunkK Macom 48 Kr, cToaYM Ha IVIAJeHbKOMY JILOAY, BiAIIITOBXHYB Bij cebe
KYJII0 Macowo 3 KI, HAJaBIIHU il Yy TOPU3OHTAJIHHOMY HAIPAMKY IPUCKOPEHHS
8 m/c2. SIKoro mpuCKOpeHHA HAGYB XJIOMUYUK?

Moryska Burpumye HaTar He 6iabin Hidk 300 H. Yu mopBeThcsA MOTY3Ka, AKIIO
YeTBEPO TATHYTH i B mpoTuIeKHi 60OKU TakK, AK IIOKAa3aHO HA PUC. 2, CUIAMU
mo 100 H koxen? Yu mopBeThCA MOTY3Ka, AKINO OAWH ii KiHelnb 3akpimuTu,
a BCi yeTBepo TATTUMYTH ii 3a APyruil KiHenb B OZHOMY HAIIPAMKY?
ITogymatiTe Ta sanuirite 5—10 mpukaaniB Blaemoxii Tis. Bukonaiite cxema-
TUYHI PUCYHKU. YKaKITh mapu cuji (AK «IPUXOBAHUX», TaK i ABHUX).

Puc. 2



§ 33. 3AKOH BCECBITHbOIO TAMIHHA. CUJIA

TAXKIHHA. NPUCKOPEHHA

KaxyTb, wo |. HploToH cam po3noBigas, AK BiH 3po-
OUB BiAKPUTTA 3aKOHY BCECBITHbOrO TAXiHHA. AKOCb
HayKoBelb rynaB AGNYHEBUM CapgoMm i mobauve y
LeHHOMy Hebi Micsiupb. Y uelt MOMEHT Ha 0ro ovax
3 Tinkn Bnano A6nyko. Came Tofi BYEHWUIN Moay-
MaB Npo Te, WO, MOXK/NBO, Lie OfHa Cuia 3MyLIyE
A6nyKo napatv Ha 3emno, a MicAub 3anuwartmca
Ha HaBKOMO3eMHil opbiTi.

n 3ragyemo rpasiTtauiiiHy B3aeMofiio

Vci 6e3 BuHATKY (Qisuuni Tima y Bceeciti
OPUTATYIOTHCA ONHE IO OJHOTO — Ile ABUIIE Ha-
3UBAIOTh BCECBITHIM TaKiHHAM abo rpapitairiero
(Bim smatuH. gravitas — Bara).

FpaBiTauwinHa B3aemopgia — B3aemopia, ska
€ BNacTUBOIO BCiM Tinam y Bcecsiti 1 BuABns-
€TbCA B IXHbOMY B3aEMHOMY MPUTAraHHI ofiHe
[0 OfiHOrO.

Hanpurnan, sapas Bu i mell mMigpyyHUK B3a€MO/Ii-
€Te cujaMu TrpaBitaiifinoro nputaraudda. OgHAK y
IbOMY BUIIQAKY CHUJIM HACTIJIBKU MaJi, IO iX He
3a(iKCyOTh HaBiTh HAWTOUHIIII cydyacHi Ipuanu.
Cuz rpaBiTaiiiiHOro MPUTATAHHSA CATAIOTh IIOMIT-
HOTO 3HAUEeHHS TiJIBbKY TOAI, KOJIU X0ua O OfHe 3 TiJ
Ma€ Macy, MOPiBHAHHY 3 Macoi HeOeCHUX TiJ (Yop-
HUX [Iip, 3ip, IJIaHeT i iIXHiX CYOyTHUKIB TOIIO).

I'paBitamifima B3aeMomis 3MiMCHIOETHCS 3a-
BIAKU OCOOJIMBOMY BUAY Marepii — rpasirairii-
HOMY IIOJII0, AKe iCHye HaBKOJIO OyAb-sIKOI'0 TiJa:
30pi, mJaHeTH, JIIOAWHU, KHUKKU, MOJIEKYJIU,
aToMa TOIIIO.

E BiapkpuBaemo 3aKOH BCECBITHbOIO TAXiHHA

Ilepmri BucaOBM TIPO TAMKIHHA 3ycTpiva-
I0ThCS B aHTUYHUX aBTOpiB. Tak, mJaBHLOTDEIb-
Kuit mucaurtenb [laymapx (6a. 46 — 6a. 127 pp.)
nucaB: «Micamnp ynas Ou Ha 3eMJ0 IK KaMiHb,
MIOMHO 3HUKJIA 0 cuJja MOoTo HMOJBOTY».

¥V XVI-XVII cr. yueHi €Bponu moBepHYJIHCA
o Teopii icHyBaHHA B3a€MHOTO IIPUTATAHHA TiJ.
ITomToBxomM mo ii BiZpoOmKeHHS CcTaJM HacaMmIle-
pen BigKpuTTsa B actpoHoMii: Mukosaaii Konepruk
(puc. 33.1) noBiB, 110 B meHTpi COHAYHOI cucTeMu

BIJIbHOIo NAAIHHA

11 mrororo 2016 p. Oyno
OT'OJIOIIIEHO IIPO EKCIIepu-
MeHTaJIbHe BiIKPUTTA r'pa-
BiTaIiflHUX XBUJb, iCHY-
BaHHA AKUX mependaumB
e Aavbepm EiliHwmeiH.
I'pasimayiiina xeuna —
Ie IOMIMPEeHHSA 3MiHHOTO
rpasitanifaoro noad
B mpoctopi. Ila xBuasa Bu-
NPOMIiHIOETHCS PYXOMOIO
Macol i MoKe Bimipsa-
THUCA BiJ CBOTO [IiKepeJia
(AKX BigpUBAETHCA eJIeK-
TpOMAarHiTHa XBUJA Bif
3apAgKeHOl 4YaCTUHKWU,
II0 PYXAETHCA 3 IIPUCKO-
peHHAM). BBakaioTh, 1o
BUBYEHHA IpaBiTamiiinnx
XBUJIb TOIIOMOXKE TIPOJIUTHU
cBiToio Ha icropiro Bce-
CBiTy i He TiJNBKH...

Puc. 33.1. Mukonan KonepHuk

(1473-1543) — nonbcbKui
aCTPOHOM, TBOpeLb renioLeH-
TPUYHOI CUCTEMU CBITY
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posramoBane CoHIle, a BCi IIaHeTH 06GepTAIOTHCA HABKOJIO HBOro; Hozanh
Kennep (1571-1630) BizkpuB 3akoH: pyxy maHerT HaBkoso Couig; Iaineo
Tanineil CTBOPUB TeJECKOI i 3a HOro NOIOMOrom mobaums cynyTHuku IOmirepa.

Ane yomy niameTu obepraioThcsa HaBKOJ0 CoOHIIA, YOMY CYIyTHUKU obepTa-
IOTBhCS HABKOJIO ILJIAHET, AKa CuJja BTPUMY€E KOCMiuHi Tija Ha opbitax? OgHuM i3
IepIINX, XTO Ile 3po3yMiB, OyB aurmiticekuit yuenuit Pooepm I'yx (1635-1703). Bin
nucas: «Yci HebecHi Tijia MalOTh IPUTATAHHS OO0 CBOr'O IIEHTPA, YHACIiJZOK UYOro
BOHU HE TiJIbKM YTPUMYIOTh BJIACHI YaCTUHU I IEePENIKOIKAI0Th IM po3JjiTaTucs,
aJjie ¥ mMpUTAramTh yci iHimi HebecHi Tijna, 110 mepedyBaioTh y cdepi iXHBOI mii».

Puc. 33.2. BignosigHo go Tpe-
TbOro 3aKOHYy HbloTOHa

CUNW rpaBiTalinHOro NpUTArax-
HA Tin piBHI 3a mogynem

i NpoOTUNEXHi 3a HaNPAMKOM

Puc. 33.3. leHpi KaBeHaiw
(1731-1810) — aHrnincbkumn
di3nK i ximik. BusHaumB rpasita-
LiHY cTany, Macy Ta cepefHto
ryCTUHY 3emi; 3a Kiflbka pOoKiB
fo L. KynoHa BCTaHOBUB 3aKOH
B3aEMOJIl eNeKTPUUYHUX 3apAgais
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Came P. I'yk BuCJI0BUB IPUIIYINEHHS IIPO TeE, IO
cuja IPUTATAHHA ABOX TiJI IPAMO IIPOIOPIIiiHA
MacaMm X TiJ i 06epHEeHO MPOIOPITiiiHa KBagpaTy
Bimcrami Mixk HmMu. OgZHAK DOBECTH Iie MOMY He
Brasocsa. Ile 3po6us I. HviomoH, axkuii i chopmy-
JIIOBAB 3aKOH BCECBITHbOIO TAXKiHHA:

Mix 6yab-akmmmn gBOMa Tinamu AitoTb CUN rpa-

BiTauiHoro nputaraHHa (puc. 33.2), ski npamo

nponopuiiHi Jo6YyTKY Mac uux Tin i obepHeHo

NPONOpPUiMHi KBagpaTy BigCTaHi MiX HUMMN:
F=g™2

2 b
r

ne G — rpasiramiiima craia.

? Marematuunuii 3anmuc AKOrO0 3aKOHY BaM
HarajJye 3aKOH BCECBiTHBOTO Ts:KimHa? 3a-
OUIITE BiAIOBiOZHY (POpMY.Ty.

I'paBiTaniiiny crasy BIepllle BUMIpAB aH-
riiticbkuii yuenuiut I'enpi Kasendiw (puc. 33.3)
y 1798 p. 3a J0OIIOMOro0 KPYTUJIBHUX TEpesiB:

011 H M’

2
KT

G=6,67-1 .

I'paBiTaniiina cramxa yucenvbHo 0Opi8HIOE
cuni, 3 Axkow 08I mamepiaivbHi MOYKU MACON
1 Kr KoxcHa 63aemoditomb Ha gidcmarni 1 M 00Ha
6i0 00HOI (aKwo m;=my=1xr, a r=1m, TO
F=6,67-10"1 H).

3aKOH BCECBITHBOI'O TS)KiHHSA [JO3BOJSIE
OIMCATU BeJINKEe KOJIO ABUII, ¥ TOMY YHUCJi pyX
npupogHux i mryunux tia y CoHauHin cucremi,
PyX TOABIMHUMX 3ip, B30pAHUX CKYOUEHBb TOIIO.
B acTponowmii, 6a3ymunch Ha IIbOMY 3aKOHi, 00-
YUCJIIOITh Macu HeOGeCHUX TiJ, BUBHAUAIOTDH Xa-
PaKTep iXHLBOTO PYyXy, OYIOBY, €BOJIIOIiIO.



§ 33. 3aKOH BCeCBIiTHbOrO TAXIHHA. Cuna TAXKIHHA. [IPUCKOPEHHA BINbHOrO NagiHHA

B 3’AcoByemMO MeXi 3aCTOCyBaHHA 3aKOHY
BCECBITHbOro TAXIHHA

dopmyna F =Gml—’2n2 Iae TOUHUI Pes3yiib-
TaT y TaKUX Bnnaa}cax:r

1) AKIO po3MipHu TiJT HEXTOBHO MaJIi IIOPiB-
HSHO 3 BifICTAaHHIO MiK HMMU (Tija MOKHA BBa-
JKaTW MaTepiaJbHUMU TOUYKAMMN);

2) AKIII0 00MABaA Tijia MAIOTh KYJIACTY (hopMy
Ta cEPUUHUI POBIOJiJ PEUOBUHU;

3) AKINO OAHEe 3 TiJI — KyJsd, Po3Mipu Ta
Maca AKOl 3HauHO OijbImi, HixK posMipu Ta Mmaca
OpyToro Tijia, sike IepeOyBae Ha IIOBEePXHi Iriel
KyJi abo Ha BiAcTaHi Big Hei.

36eprimb ysazy! 3aKOH BCECBITHBHOTO TdA-
KiHHA, AK i OlAbIIiCTh 3aKOHIB KJacHMYHOI Me-
XaHiKM, 3aCTOCOBYIOTH TiJIbKU y BUIIAJKaX, KOJIU
BifHOCHA HMIBHUAKICTH PyXy TijJ HabaraTo MeHIIIA
BiJ MIBUAKOCTI IOIIUPEHHSA CBiTIa. ¥ 3araJbHOMY
BUIMAAKY TAMKIHHSA ONUCYETHCA 3A2AJbHOK MEOo-
pieto 8i0HocHOcmi, cTBOPeHOIO A. EillHwmeilnoMm.

? UYomy MOMKHA CKOPHCTATHCSA 3aKOHOM BCe-
CBITHBOI'O TSKiHHS, 00UMCIIIOIUN CUJIY IIPH-
raranug 3emai 1o Coumna? Micamsa go Semuri?
aognHu 10 3emui (qus. puc. 33.4)?7

n BunsHavyaemo caany TAXKIHHA

Cuna taxiHHa F . — cina, 3 Akow 3emna
(abo iHWe acTpOHOMiUHe Tino) NpuUTArye Ao
cebe Tina, wo nepebysatoTb Ha ii NoBepxHi abo

no6nmsy Hei (puc. 33.5)%

3rifHo i3 3aKOHOM BCECBITHBOTO TSAMKIHHA
MOAYJb CUIU TakiHHA F_  , AKa #ie Ha Tijmo 1mo-
63y 3emJi, MOKHA OOUMCIAUTH 3a (POPMYJIOIO:

mM. mM
_ 3 _ 3
F. .=G T abo F,_. —G—2 ,
r (Rs + h)
ne G — rpasiraliifina craja; m — Maca TiJja;
Mgz — wmaca 3emuni; r=R;+h — BiAcraub Bif

meHTpa 3emJui g0 tina (puc. 33.6).

* Cuja TAXKIHHS 3yMOBJI€HA He TiJIbKU TpaBiTaliiiHuM
OPUTATAHHAM 3eMJi, a # ii 7o60oBUM oOepTaHHAM.
IIpore 1e € cyTTeBUM JHUINE IJS HAATOUHUX PO3-
pPaxyHKiB.

Puc. 33.4. [lo 3aBaaHHA B § 33

a g
F’I‘XJ{C

° FTS{JK
FT}DK

KA,

6
2

~ -

FTHJK

FTS{JK *

Puc. 33.5. Cnna TaxiHHA
HanpAMIeHa BEPTUKaNbHO BHU3
i NpYKnageHa fo TOYUKM, AKY
Ha31BalTb UEHMPOM MAXKIHHA
mina. LeHTp TAXIHHA ogHopia-
HOr0 CMMETPUYHOrO Tifa pos-
TaWoBaHW Y LEeHTPi CMMeTpil;
MOXe OyTun 11 no3a Tifiom (8)

Puc. 33.6. BigctaHb r Big ueHTpa
3emni fo Tina AOPIBHIOE Cymi
paaiyca 3emni Rz i Bucotm h,

Ha AKin nepebysae Tino
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ITaginua Tin ynepie mo-
craigus Ianineo Tanineil,
AKHI BUCYHYB, a 3T0JIOM
eKCIepuMeHTAJbHO ITiJI-
TBEPAUB TimoTesdy: IIpU-
YUHOIO TOro, IO JerKi
Tijla mamaoTh i3 MEHIIINM
TIIPUCKOPEHHSAM, € OIIip II0-
BiTpdA; B pasi BifgcyTHOCTI
mOBiTpA Bci Tima — Hesa-
JIeXKHO Bim ixHBOI Macwu,
ob’emy, (popmu — majma-
IOTh Ha 3eMJII0 3 OTHAKO-
BUM IIPUCKOPEHHAM.

Binpmr TouHi ekcmepu-
MeHTHu 3AailicauB Icaak
Hpviomon, AKuil BUrOTOBUB
IJsS IIBOTO CcHeliaJbHUA
npuctpiit — mpyorky Huro-
moHa. ExcriepuMeHTU II0-
KasaJju: y BaKyyMi CBUH-
ImeBa APOOMHKA, KOPOK Ta
nTaliuiHe Oepo Magajaun
ogHouacHo (a), y ToBiTpi
nepo Oe3HamiliHO Biacra-
BaJo (0).

AYEEG

}
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B Lo Take NpuCKOPeHHA BilbHOro nagiHHsA

Pyx Tina nuwe nig gi€io cunm TAXKiHHA Ha3uBa-
I0Tb BiIbHMM NagiHHAM.

Ilig uac BiJBbHOrO HmAmiHHSA CHJIA TSIMKIHHA,

IO Jie Ha TiJo, JKOJHOIO CHJIOIO HEe CKOMIIEHCO-

BaHa, TOMY BiZmoOBigHO 10 Apyroro 3akoHy Hbro-

TOHA TiJI0 PyXaeTbCcs 3 mpucKopeHHAM. lle mpu-

CKOPEHHsI HAa3WBAIOThb NPUCKOPEHHAM 6iJlbH020
nadinns i Mo3HAYAIOTH CIMBOJIOM g :

F

TAXK

g =

m
Ax i cuia TAKIHHA, TPUCKOPEHHSA BiJIBHOTO
MagiuHsa 3aBKIU HAIPAMJIeHe BEPTUKAJIbHO BHU3

(gr T F,,) mesamesxmo Bim Toro, B aAKoMy Ha-
OPAMKY pyxaerbcsa Tino. I3 hopmynu g=F,,,./m:
FTH)K = mg

OTsxe, MaemMo ABi hOpMyJIU AJIsT BUSHAUEHHS

MOAYJISA CUJIU TAXKIHHA:
m-Myg
— -
(Ry +h)
3piBHABIIKU MpaBi YacTUHU ITUX (POPMYJI,
orpuMaeMo (GopMyny A OOUUCIIEHHS NPUCKO-
PpeHHs 8ilbH020 NAJIHHA:

F,.=mg; F G

T TR

g=G—M3 -
(Rg+h)

IITo mokasye anajis ocTaHHBOI opmyau?

1. IIpuckopenns 8invH020 nadiHHA He 3aJe-
scumo 6i0 macu miaa (zosis I. Tamineir).

2. Ilpuckopenns 6inbH020 NAOiHHA 3MeH-
wyemuvcs 6 pasi 30iavuleHHs gucomu h miaa Had
nosepxnern 3emji, TPUUOMY IIOMiTHA 3MiHA Bim-
OyBaeThCA, SAKIIO /i CTAHOBUTDL NECATKHU I COTHI
KisomeTrpiB (ma Bucoti =100 KM mpucKoOpeHHS
BiiBHOTO maiHHA 3MeHIIUTHCA Jaumte HA 0,3 M/c2).

3. fxrmro Tino mepedyBae Ha mOBepXHi 3eMJi

(h =0) abo Ha BUCOTi KiNbKOX KilOMeTpiB (h <R 3) :

M
g=G—2-98"
Ry c



§ 33. 3aKOH BCeCBITHbOrO TAXKIHHA. Cna TAXKIHHA. [TPUCKOPEHHA BiIbHOro NagiHHA

36eprimb yeaezy: po3B’A3y0UYM 3amadi, Oy-
neMo BBasKaTu, mo g=10 m/c2.

3asHaumMo, IO uepe3 oOepTaHHA 3eMJIi,
a TaKOXK uepes Te, 110 (opma 3emyi — reoin (ex-
BaTopiaJdbHUN pamiyc 3emJi OiabIINEA 3a MOJAP-
HUN Ha 21 KM), NPUCKOPEHHS B8iJlbH020 NAJIHHA
3anexcums 6i0 zeozpaivHol wupomu micyesocmi
(puc. 33.7).

? Is xypcy disukm 7 Kjacy BU 3HA€Te, INO  pyc, 33.7. Mogynb NPUCKOPEH-

g=10 H/xr. Tosenirs, mo 1 H/kr=1 M/c . HA BiNbHOrO NafiHHA Ha eKBaTo-
pi € TPOXN MEHLUMM, HiX
f?}_ Mig6buBaemo nigcymkm Ha nonioci (g3<g1)

Bsaemogiio, Aka € BJIacTUBOIO BCiM Tijgam
y BcecsiTti 1 BusiBisfeThCA B iXHBOMY B3a-
€MHOMY HPUTATAHHI OHE M0 OJHOT0, Ha3WBAIOTH
rpasirtamifinor. I'paBiraliifina B3aemojmia 3mii-
CHIOETHCSA 3a IOIIOMOTOI0 OCOOJIMBOTO BHUAY MaTe-
pii — rpasiraiiiiHOTO TOJIA.
3aKOH BCECBITHBOTO TAKIHHA: MK OyAb-AKUMU ABOMA TiJlaMU i€ cuJa
rpaBiTamiiiHoro HpUTATAHHSA, dKa IPSIMO IIPOIOPIIiiiHa HOOYTKY Mac IIUX TiJ

. .o . . . ml m2
i obepHeHO mpomopIiliHa KBajpaTy BimcraHi mixk HumMuM: F=G———=, 1e
H. M rt
_ M . .o
G=6,67-10"11 ——,— — rpasiTtauiiina craia.
KT

Cuiny, 3 AK00 3eMJis IPUTATrye Ao cebe Tija, 1o mmepedyBaroTh Ha ii 10-
BepxHi ab0 mobsau3y Hei, HA3WMBAIOTH CUJIOIO TKiHHA. Cujaa TAKIHHA HAIIPIM-
JIeHa BepTUKAaJbHO BHU3, IPUKJIAJEeHA J0 IIeHTpa TSXKiHHA Tijaa, a il Momyab 00-

m-M,
(R+1)*

Pyx Tin Tinpku min gieo cuiu TAMKIHHA HA3WBAIOTh BiIBHUM IaXiHHAM,

a MPUCKOPEHHHA, 3 AKUM IIPU IIbOMY PYyXalOThCA Tijla, — IPUCKOPEHHAM BiJIBHOTO

naginaa g . Ile IpHUCKOpPeHHA 3aBAU HaIpsaM/IeHe BePTUKAJIbLHO BHU3 1 He 3a-
JIeXuUTh Bif Macu Tina. Ha nosepxui Bemni g=9,8 m/c2.

4HCIIOTE 38 popmynamu: F, . =mg; F,_. =G

B - KoHTponbHi 3annuTaHHA

@WL fAxry Bzaemopniro HasmBawThH rpasitaniiinoio? Hasexites npurkiaagu. 2. Chopmy-

d JIIOMTE Ta 3alUNIiTh 3aKOH BCECBITHLOTO TAKIHHA. 3. IKUM € GismuHUHA 3MmicT rpa-
BiTamiitHoi cramoi? Yomy BoHa mopiBHIOE? 4. SIKMMU € MeXKi 3aCTOCyBaHHA 3aKOHY
BcecBiTHbOTO TsokiHHA? 5. JlaiiTe o3HaUeHHS CUJIM TAKIHHA. 3a AKUMHU (QopMy-
JaMu ii 00YMCIIIOITL 1 AK BoHA HampamJeHa? 6. Big AKMX YMHHUKIB 3aJI€)KUTH
TPUCKOPEHHSA BIJILHOTO MaAiHHA?

ﬁ@% BnpaBa N2 33

M 1. Busmaure Mmacy Tija, SKII0 Ha moBepxHi MicAllgd Ha HBOTO [i€ cuJia TAKIHHA
7,52 H. fIxa cuna TaKiHHA gigTuMe Ha Iie Tijo Ha moBepxHi 3emai? Ilpucko-
peHHA BigbHOro maziEua Ha Micani — 1,6 m/c2.
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2. Yu moiKHAa, CKOPUCTABIINCH 3aKOHOM BCECBiT-
HBOT'O TAKIHHS, PO3PaXyBaTU CUNY MPUTATAHHS -
IBOX OKeaHCHKHUX JaiiHepiB (ZUB. PHCYHOK)? —ae :ffﬁ%

e =

3. fx swmiHmMTBCA cmsa rpaBiTaniiiHOro IpPUTA- =

FaHHA MiXK ZBOMa KYJBbKAMHU, AKIIO OJHY 3 HUX ﬁ
3aMiHUTHU iHIIIOIO, BABiui OinbIIol macu?
Buwmipsasmu rpasiraniiiny crany, I. KaBeugim smir Busnauutm macy 3emuri,
micsia 4oro 3 ropAicTio ckasaB: «S1 3BarkuB 3eMirto». Busnaute macy 3emii, 3HaA-
rouu ii paxiyc (Rz = 6400 kM), IpUCKOPeHHA BiJIbHOTO IMagiHHA Ha Ii MOBepXHI
Ta rpaBiTaniiiay craiy.

5. BusHauTe TPUCKOPEHHS BiJILHOrO MamiHHS HA BUCOTI, SKa JOPiBHIOE TPHOM
paxiycam 3emi.

6. Busnaure rpaBiTaiiiine IpPUCKOPEHHsS HA IIOBEPXHIi IJIaHETH, Maca SKOi BABiui
Oinpina Bix macu 3emuri, a pagiyc BaBiui Ginmpinmii 3a pagiyc Semuri.

7. CkopucraiiTtecb HOAAaTKOBUMHU [mKepeiaamu indopmariii i mismaiiTech mpo mpu-

CKOpeHHd BiJibHOro majinHsg Ha moBepxHi miraxer Comsunoi cucrtemu. Ha arwuii

miaHeTi Bu OymerTe MeHIre BakuTu? HYu Oyme mpu I1boMy OiJbIlIO0 Balra maca?

PiBuanua pyxy Tina: x =-5t+ 5t2. SIKUMU € I09aTKOBA MIBUAKICTS i TPUCKOPEHHA

pyxy Tina? Yepes AKuii iHTEpBaJ Yacy TiJ0 3MiHUTH HAIPAMOK CBOI'O PYXy?

(;"“i EKcnepmmeHTaane 3aBAaHHA

M' SKmIo Tijo He Mae MPaBUJIBHOI TeOMETPUYHOI anym
¢dopMU, TO IIEHTP HOr0 TAXKIHHA MOYKHA BU3HA-
YUTH, TigBimIyouwn Tijgo mo uepsi 3a Oyab-AKi
IBi KpaiiHi TouKu (ZUB. puUCYHOK). BupiskTe
i3 mynkoro mamepy abo KapToHy Girypry mo-
BinbHOI (hOpMU Ta BU3HAUTE PO3TAITyBAaHHSA Ii
meuTpa TaxKiHHA. [loMmicTiTs Qirypry meHTpOM
TAKIHHA Ha BiCTPsA TOJIKU a00 CTPUIKHS aBTO-
pyuku. Ilepekonaiitecs, 1o ¢irypka mepeoy-
Ba€ B piBHOBA3i. 3amUIIiTh IIJIaH IPOBEIEHHS
EKCIIEPUMEHTY. 0

.

TAXK

Qdisuka i TexHika B YKpaiHi

OpecbKuUii HauioHanbHUI NOMNITEXHIYHWIA YHiBepcuTeT, 3acHoBaHwWi y 1918 p.,
CbOTrOfHi € OQHVM i3 NPOBIAHNX TEXHIYHUX HaBYaNIbHUX 3aKnagiB YKpaiHu.

MNpecTk yHiBEpCcUTETY BM3HAYAETbCA ABTOPUTETOM BUAATHUX YUYEHUX, XKUTTA AKX
nos’azaHe 3 OfecbKo MOMITEXHIKOW i cepel AKMX 6araTo HayKoBUIB 3i CBITOBUM iM'AM.

MNepion ctaHoBneHHA OgecbKol MONITEXHIKM BiAOMUN iIMEHaMM TaKMX YYEHUX, AK naypeat
Ho6eniBcbKoi npemii . €. Tamm, akagemiku J1. I. MangenbwTam, M. [. MNMananekci, A. . AmeniH,
M. A. AraHiH, npodecopu M. A. KysHeuos, K. C. 3aBpies, Y. 1. Knapk, I. 0. TumyeHko Ta iH.

B Opecbkomy MOniTEXHIYHOMY YHIBEPCUTETI HaBYaNUCh i MpaLioBany BUAATHI iHXeHepwy,
KOHCTPYKTOpWU, BUeHi, BUHaxigHuKK: B. |. AtpouieHko, I K. bopeckos, A. A. EHHaH, O. E. Hy-
genbmaH, O. ®. JaweHko, J1. . TyteHmaxep, I. K. Cycnos, B. B. AxoriH, J1. I. MaHos, b. C. MpicTep,
A. B. Ycos, O. B. lknmoB Ta iH.

OCHOBHI HampAMN HayKOBMX AOCNIAKeHb | MiAroToBKkN KagpiB OpecbKoi NoiTexHikn —
MaLuMHOBYAYBaHHSA, EHEPreTrKa, XiMiYHi TEXHOMOTiT, KOMM'IOTEPHO-IHTErpPOBaHi CCTeMU yrnpaBs-
NiHHA, pagioeneKTPOoHiKa, enekTpomMexaHika, iHGopMaLiiHi TEXHONOTIT, TeneKoMyHiKaLil.

I3 2010 p. pekTop YHiBepcuTeTy — [eHHaditi OnekcaHoposud O60pcbKuUl, BOKTOP TEXHIUHMX
HayK, npodecop, BigoMuin dpaxiseLb y ranysi AMHAMIKM 1 HABINHOCTI TEXHONOFIYHNX CUCTEM.
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§ 34. PYX TUIA NIA AI€E0 CUIN TAXKIHHA

TpaeKkTopia pyxy m'Ava, KUHYTOro BepTMKanbHO Bropy abo BHU3, — npama. Po3birwmce,
noaviHa cTpubae y Boay — TPAEKTOpPIED pyxy NoanHN 6yae BiTKa napabonu. Agpo, Bu-
nyLweHe nig KyTOM JO FOPU3OHTY, TeX Onulie YacTUHy napabonu. Pyxmu BCix uux Tin Big-
OyBalOTbCA MibKU Nif AIE CUW TAXKIHHA, TOOTO MAaEMO CrpaBy 3 BiIbHUM MafiHHAM.
Yomy X Ui pyxu Tak BiapisHATbCA? MprumHa — B Pi3HMX NOYaTKOBMX YMOBax (puc. 34.1).

34icHI0EMO pAf cnpoLyeHb

XapaKTep peaJbHOTO PYyXy Tija B IOJIi TdA-
JKiHHA 3eMJIi € DJOCUTh CKJIAaTHUM, i Ior0 OIuCy-
BaHHA BUXOIUTH 3a MeXKi IMIKiJIBHOI IporpaMu.
Tomy mpuiiMmeMo HUBKY CIIPOIIEHb:

1) cucremy BifTiKy, MOB’A3aHY 3 TOYKOIO HaA
moBepxXHi 3eMJi, BBaKaTHMEMO 1HepIlialbHOIO;

2) posriaAmaTUMeMO MEepPEeMillleHHS TiJ Io-
0sim3y moBepxHi 3emJi, TOOTO HA HeBeJUKiii (mo-
piBHsAHO 3 ii paxgiycom) Bigcraui. Toxi KpuBM3HOIO
TOBepXHi 3eMJIi Ta 3MiHOI0 MPUCKOPEHHS BiJILHOTO
mamgiHHA MOKHA 3HEXTYBaTHU; iHAKIIEe KaxKydW,
3eMyi0 OyZeMO BBaKaTHU «IIJIACKOI0», a IIPUCKO-
PEHHA BiJIBHOTO MaJiHHA — HE3MiHHUM:

£=98"~10";
C C

3) omopoM TIOBIiTpA OyAeMO HEXTyBaTHU.
36epHimb ysazy: AKI0 NPUAHATU TiJIbKU
TepIlli JaBa CIPOIIeHHSA, OTPUMAaHUIN pPe3yJbTaT
Oyzme myske OJIMSBKUM [I0 PEaIbHOI'O; OCTAHHE XK
CIIPOIIIEHHSA He A€ CePHO3HOI IMOXMOKM TiJIbKU
y BHUIIaJKaX, KOJIW miJla 8aixiKi, HeBelUKi 3a
posmipamu, a weudxkicmov ixXHb020 pyxy documus
mana. Came Taki Tijla MU PO3TVIAAATIMEMO IaJi.

CrocTepiramoun 3a pyxoM HEBEJUKUX BAXKKUX TiJI,
AKi KUHYTI BEepTUKAJbLHO BHI3, BEPTUKAJIBHO BrOpy
a00 majgarTh 0e3 IIOYaTKOBOI IIIBUIAKOCTi, 0a4nMo,
110 TPAEKTOPiA PyXy TAaKMUX TiJ — Bigpis3Km mps-
moi (auB. puc. 34.1, a). [Io Toro X Mu 3HAEMO, IO
Ii Tijla pyXaloThCs 3 HE3MiHHUM IIPUCKOPEHHIM.

BuBYyaemo pyx Tina, KMHYTOro
BepTuUKanbHO

Pyx Tina, KMHYTOro BepTMKa/ibHO Bropy abo
BHW3, — L& PIiBHOMPUCKOPEHU MPAMONIiHIN-
HUN PyX i3 NPUCKOPEHHAM, WO [OPIBHIOE NpU-
CKOPEHHIO BifIbHOTO MafiHHA: a=g .

6 —
Vo
A
l/Lé
h
\
N <
8
/, _
/) l/Lg
)

A

Puc. 34.1. Tpaektopia pyxy Tina
nig A€o cunum TAXKIHHA 3anNeXunTb
Bifl HANPAMKY LWBUAKOCTI PyXy
Tina: Tino, KMHyTe BepTuKab-
HO, PYXa€TbCA MPAMOJIHINHOI0
TpaeKTopi€lo (a); TpaekTopin
PyXy Tina, KNHYTOro ropu3oH-
TanbHO (6) abo nig KyTom o
ropu3soHTy (8), — napabona
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Poszgin V. PYX | B3AEMOJIA. 3AKOHW 3BEPEXXEHHA

106 maTemaTuUHO ommMcaTH PYyX Tijia, KHHYTOT'O BePTUKAJHLHO Bropy abo
BHU3 (BibHe mMamiHHA Tijna), cKopucTaeMocsa GopMyJaMU 3aJIeKHOCTI IIBUIKO-
CTi, mepeMillleHHA Ta KOOPAWHATHU BiJ yacy IJd PiBHOIPUCKOPEHOI'O IPSAMOJIi-
HillHOTO PYXY.

Iligitimemo mo 3amucy (opMyJa, AKi OMUCYIOTH BijibHE MagiHHA, «TEXHIUHO».

1. Onucyroun pyx Tija IO BePTHUKAJi, BEKTOPU IIBUIKOCTi, IIPUCKOPEHHS
Ta MePeMill[eHHsA TPAAUIIAHO IIPOEKTYIOTh Ha Bick OY, TOMY B PiBHSAHHAX PYXY
3aMIHUMO X HA Y.

2. Ilepemitienusa Tija Mo BepTHUKAaJi 3a3BHYAl MMO3HAUAIOTH CHMBOJIOM A
(Bucora), TOMy 3aMmiHuMO S Ha h.

3. Haa Beix Tij, AKi pyxaroTbhesd TiMBKU Hig mi€l0 cuaIM TAMKIHHSA, IpU-
CKOPEHHSA IOPiBHIOE IMPUCKOPEHHIO BiJILHOIO MaAiHHSA, TOMY 3AMIHUMO G HA S.

3 ornsAny Ha 3a3HAUEHI 3aMiHU OTPUMAEMO PiBHAHHSA, AKNMU ONUCYIOTH
pyX Tijia, 10 BiJIBHO TIazae€:

Binpue maminaa
y3moB:k oci OY

PiBHOonprickopeHM

Hassa opmynn pPyX y3moB:k oci OX

PiBHAHHA 3aJIe}KHOCTI IIPOEKITil
U, =V, ta,t

MIBUAKOCTI Big uacy

v, =Dy, +gyt

2

2

HeBifjoMU#l yac pyxy Tija

. . .ee a t g t
PiBusHHSA 3aJI€KHOCTI MPOEKIil s —pv. t4 s =h —v. f+2¥
. . X 0x 17 y Oy
mepeMileHHs Big yacy
v+ v +v

dopmyna, AKa BUPaXKae reoMe- g =% 0% s =h =¥ 0 4

o . . x Yy Yy 2
TPUYHUYN 3MICT mepeMileHHst 2
dopmyia 4a8 PO3PAXYHKY 2 —vg v? —vg

. — x_ 70x —_p —_y Oy
MIPOEKILil repeMileHHs, TKII0 S = % s,=h,= 9

. g,

PiBHAHHA KOOpAMHATH

2

2

— @y gy
x—x0+voxt+?t y=y0+voyt+?t

3apaua 1. IloBiTpaHa Kynda piBHOMiIpHO mimHiMaeTbcsa 3i
mBuakictio 2 m/c. Ha Bucoti 7 M Bijg moBepxHi 3emui 3 Hel 0} T*
BIAJIO HeBeJMKe BaskKe Timo. Uepesd AKuil iHTepBaJ yacy Iie
Tijo Brazge Ha 3eMuio? SIKoio Gyae MIBUAKICTL PyxXy Tijsia B MO-
meHT naninaa? Ilaginmsa Tina BBaskaliTe BiJIbHIIM.

Ananis @isuunol npobaemu. BukoHaeMO IOSCHIOBAJIbHUY
pucyHokK. Cripsamyemo Bick OY BepTuKabHO BHU3. IloUaToK KO-
OpAUHAT Hexal 30iraeThCs 3 MOJIOMKEHHSM Tijia B MOMEHT IIO-
YaTKy NaJiHHAI. Y

Timo Bmajyio 3 Kyji, 10 piBHOMipHO HmigHiMasacsa, ToMy
B MOMEHT IIOYaTKy HaAiHHA IMBUAKICTh PYXy Tija HOpiBHIO-

BaJia IIBUAKOCTI PyXy KyJi i OyJia HanpAMJeHa BEPTUKAJIbHO

BTODY.
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§ 34. Pyx Tina nig gi€to cnnm TAXKIHHA

Hano: Iowyx mamemamuynoi modeni, pO36'a3aHHA

vy =2 M/c s o0unMcaeHHA Yacy MaAiHHA CKOPUCTAEMOCH PiBHAHHAM IIe-
h = 7 M g t2

g=10 m/c? pemimenus: h, =vg,t+—=

Eril Koukperusyemo piBHAHHA (IlepelifieMO BiJi MPOEKIIill 1O MO-
t— 2 nynaiB). I3 pucyHka 6aumMmo: hy =h=T7 m; Voy =—Up = -2 mM/c;
v— 2 g,=8= 10 m/c2. IlizcraBuMo i faHi B piBHAHHA IepeMilleHHA:

T=-2t+5t2=5t2-2t-7=0.
Posp’s13aBIIn omep:kane PiBHAHHSA, BUSHAUNMO f:

D=4+4-5-T=144; t, = Chials =14 (c); t2=2;—;2=—1 (c) — CTOpPOHHIiM KOPiHb.

IIIBuAKicTh PyXy B MOMEHT MaJiHHA BU3HAYMMO 3a (DOPMYJIOIO U, =Vo, +&,t.
VYpaxoByrouwn, 10 Voy ="Vp = -2 M/c; g,=8= 10 m/c2, maemo: v, = —2+10¢.
Ockinpkmy yac maginag t=1,4 c, To v, = -2+10:-1,4=12 (m/c).

Bionosgidv: t=1,4 ¢; v=12 m/c.

3apaua 2. I3 Touox A i B, po3TaiioBaHUX HA OJHINl BepTUKAJIL

Ha Bigcraui 105 M omgHa Bim omHOI (AMB. PUCYHOK), KHJAIOTh IBa Y

Tijia 3 ogHaKoBow mBuAKicT0 10 M/c. Timo 1 KuparoTh i3 Touku A A-s
BEPTUKAJBHO BHU3, a uepe3 1 ¢ i3 Touku B KUAAIOTh BEPTUKAJIBHO %7
Bropy Tinmo 2. Ha saKiii Bigcrani Big Touku A Tina 3ycTpimyThCsa? l,Lé o1

Anaaniz @isuunoi npooremu. O6uaBa Tija PyXarThCA IP-

MOJIiHIHHO 3 IPUCKOPEHHAM d=g. Y MOMEHT 3ycTpiui Koopau- B Tﬁoz
HaTu Tin OyAyTh OTHAKOBi: y; =y,. OTiKe, N pO3B’ABaHHA 3a- 0-%
madvi cjif samucaTyu PiBHAHHS KOOPAWHATHU AJIS KOMKHOIO Tija. 0

IMoMoBUMOCSH, IO IIOYATOK KOOPAMHAT 30ira€ThbCcsi 3 MOJIO-
JKeHHAM Tijga 2 (yo 9= O) , TOA1 IIOUaTKOBAa KoopAuHaTa Tima 1 —

105 M (yy; =105 ). Hac pyxy Tina 2 Ha 1 ceKyHAY MeHIINH Bix
Jacy pyxy Tina 1, tobro t,=t%; -1 c.

Iowyxk mamemamuiroi modei, pPO36'a3aHH . 3aTUIIEeMO PiBHAHHSA KOOPAMHATHI
B 3araJIbHOMY BUIVISOl Ta KOHKPETHU3YEMO MO0 IJd KOMKHOTO Tija:

g
y=y0+voyt+?yt2.

Timo 1 Timo 2
g,=-g=-10 m/c? (mouaTkoBa mBUA- =-10 M/c? (WIBUAKiCTh HAIpAMJIEHA

KiCTB i MPUCKOPEeHHA HAIIPAMJIEHI IIPo- B HampaMKy oci OY, OpHUCKOpPeHHa —
THJIEXKHO HANPAMKY oci OY). Omxe:  mpormiesxkHOo HanpaMmKy oci OY). Orxe:
y, =105-10¢, - 5¢2. Y, =0+10t, —5¢2.
SBaYKaAIOUM Ha Te W0 Y; =Yy, a ty=1t; —1, Maemo:
105-10¢, —5¢2 =10(t, —1)—5(t, —1)°.
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Poszgin V. PYX | B3AEMOJIA. 3AKOHW 3BEPEXXEHHA

? HoBenits, 110 mTicaA POSKPUTTA [TYIKOK Y
i 3BeleHH MOAIOHNX NOAAHKIB OTPHMAEMO 105 m ".

piBEarHA 30¢; =120.

Omxe, t; =4 ¢ — 4ac 3ycrpiui. Yepes 4 ¢

Tijto 1 ONMHUTHCS B TOUIIL 3 KOOPAMHATOIO h
y;=105-10-4-5-4*=-15 (m). 0 4----
Takum ymHOM, Tijla 3YCTPiHYThCA HA BiacTaHi

h=105+15=120 (m) Bixg TOuKM A (ZUB. PHCYHOK). ~15 m ¢----Y |

Bionosgiov: h=120 M.

Puc. 34.2. lopun3oHTanbHO cnps-
MOBaHU CTPYMiHb BOAM Ma€
dopmy napabonu, Burnag Axkoi
3aNeXNTb Bifl MOYATKOBOI WBUA-
KOCTi pyxy 4aCTUHOK BOAM

Puc. 34.3. Pyx Tina, KnHyTOro ro-
PU30HTaNbHO, CKNAAAETbCA 3 ABOX
pyXiB: PIBHOMIPHOrO — Y3[0BX
oci OX 3i WBMAKICTIO Uy; PiBHO-
npuckopeHoro — y3gosx oci OY
6e3 MnouyaTKoBOI LWBWAKOCTI Ta
3 NPUCKOPEHHAM g
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B Posrnapaemo pyx Tina, KUHyTOro
ropu3oHTanbHO

SIKI10 3a TOTTIOMOT0I0 TYMOBOI TPYOKHY 3 HaKOHEU-
HUKOM CTBOPUTH CTPYMiHb BOAMW i cIIpAMYyBaTHU
1Or0 TOpM30HTAJBHO, MO0AYMMO, IO TPAEKTOPiA
PYXy UYacTHHOK Boau — mapaboia (puc. 34.2). Ila-
pabosoro Oyme ii TpaeKTOpia Pyxy M’sumKa OJsa
MiHT-TIOHT'Y, AKIIO HOMY HAZATU TOPU30HTAJIbLHOI
IIBUAKOCTI, M TpaeKTOpid KUHYTOr0 T'OPU30H-
TaJbHO KaMiHIIS TOIIO.

Posrasuemo pyx Tija, KHUHYTOrO TOPU30H-
TaJbHO, AK pPe3yJbTaT AONaBaHHA 080X pYXis
(puc. 34.3):

1) pienomiprozo — y3dosxc oci OX, OCKiTbKU
Ha TiJIo B3IOBXK ITi€i oci He mie sKomma cuia (mpo-
eKI[id cuju TSKiHHA Ha Bick OX HOpPiBHIOE HYJIIO);

2) pisHonpuckopenozo (3 TIPUCKOPEH-
HAM g) — y3008x oci OY, OCKIIBKK y3I0BK
oci OY ma Tijo mie cuia TAXKIHHA.

VzmoB:k oci OX Tijo pyxaeTsca piBHOMipHO,
TOMY IIIBUAKICTH U, PYXYy Tijia € HE3MiHHOIO i J0-
PiBHIOE TTOYATKOBi# IMIBUAKOCTI Vg, a JaJbHICTH [
MOJILOTY Tijia 3a 4yac ¢ JOPiBHIOE JOOYTKY IOYaT-
KOBOI IBUAKOCTI V(i wacy t pyxy Tizna:

v, =V ;5 l=vgt

VamoBxx oci OY Tinmo BinbHO majmae, TOMYy
IMBUIKICTH OT0 PyXy Ta BUCOTY HaTiHHS BU3HA-

yuMoO 3a (popmyJiamMu:

2

g,t

v, =Vg, +8,t;5 h,=vg,t+

I3 puc. 34.3 6aummo: Voy =0; g,=8; h,=h, Tomy

v,=8t ; h=—-——
Y 2



Mopgyss mBuAKOCTI pyxy Tijla B AOBiJIbHIiN
TOUI[l TPAEKTOPil O0O0UYMCIMMO, CKOPHCTABIINCH

Teopemoro Iliparopa: v= vi+v§ (puc. 34.4).

Ockinbru v, =v,, a v, =gt, MaeMo:
Puc. 34.4. [1o BU3HaYeHHA Moayns
v=\/v§+g2t2 .ﬂ . Ay
LWBUAKOCTI PyxXy Tina
3apaua 3. I3 mpamoBucHOI ckeii 3aBBuIinkm 20 M y MOpe TOPU30HTAJBHO
KUHYJIW KaMiHb. [3 AKOIO MIBUAKICTIO KMHYJW KaMiHb, AKIIO BiH yIaB y BOAY
Ha Bigcraui 16 M Bim ckeni? fka MIBUAKICTHL pyXy KaMeHs B MOMEHT MaiHHS
B Mope? OmopoMm TOBiTPsS 3HEXTYHTe.
Anaanisz @isuynoi npobaemu. IlouarkoBa IMIBUAKICTh PYyXy KaMeHs HAIPAM-
JeHa ropui3oHTaJibHO. KaMiub BisbHO magae. OToke, pyx Tija B3moBK oci OX —

piBHOMipHUIi, a B30B:K oci OY — piBHOIPUCKOpPeHUi, 6e3 IMOYaTKOBOI IITBUIKO-
CTi, 3 IPUCKOPEHHAM g.

Hano: Iowyx mamemamuunol moodei, po36'a3aHH
h=20 m gt? _ 5 2h 2h
1=16 M I3 popmynmu h=—— BUBHAUMMO Yac HafiHHA: " =—=1= |—.
g=10 wm/c? . 2 . . -

3HaYu yac i JaJbHICTh HOJIBOTY KaAMeHs, 00UUCINMO IOUYATKOBY
Buaimu: IIBUAKICTh MOTr0 PyXy Ta IMBUAKICTh Y MOMEHT ITaJiHHI:
vo— ? = L. 2 2.2

=0l =>UVy=—3; D=4V, +&t" .

v— ? 0 07y 0

IlepeBipuMo opmHUI, 3HAWAEeMO 3HAUEHHA NIYKAHWUX BEJWUNH:

2-20 16
[t]= e \/ 0 =2 (c); v ——M =8m/c;

=82+10%.22 =/64+400 ~22 (m/c).

Bionosidv: vO=8 M/c; v=22 M/c.

C@ KOHTpoani 3anunTaHHA
//

1. fki cupolnenHEs MU IPUMaeMo0, PO3B’A3YIOUN 3akavui HA pyX TiJa mifm giero cuiau
o TaKiHEA? 2. 3aOUmIiTh PIBHAHHS PyXy Tijga i Ai€lo cuiam TSKIHHA B 3arajb-
HOMY BUIIALL. 3. IKOIO € TpaeKTOpisA pyXy Tijia, KHHYTOI0 BEPTUKAJIBLHO? TOPU30H-
Taabuo? 4. K M5 Tijla, KHUHYTOrO rOPU30HTAIBHO, BUSHAUYNTHU AAJbHICTH HOJIBOTY?
BUCOTY MAAiHHA? MOAYJb IIBUAKOCTI PyXy Tijsa B OyAb-AKill ToUIi TpaeKTOpii?

~ Bnpasa N2 34

Buxonyiouu 3asdanus, esaxcaiime, u,0 onip nogimps 8idcymuiil.

L 1. OpHe TiJIO KUHYJIN BePTUKAJIBHO BrOPY, IPyre — BEPTUKAJBLHO BHU3, TPETE Bil-
nyctunu. SIKe TiJio pyxaeTbcd 3 HANOIIBIIUM MPUCKOPEHHAM?

2. Tinmo pyxaerbeca TinbKM Imifg gicio cuuam Taxkimasa. Cucremy KoopauHaT oO6paHO
Tak, 110 Bick OX HampsaMJIeHa MOPU30HTAJILHO, Bich OY — BepTHUKAJbLHO Bropy.
Onuiritsb, BUKOHABIIM BiANOBiAHUII PHUCYHOK, XapaKTep PyXy Tijia, AKIIO:
a) Vg, >0, vy, =0;06) vy, =0, vy, >0;B) vy, =0, vy, <0.

Y
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M’ssu KMHYJIN 3 TOBEPXHi 3eMJIi BePTHUKAJIbHO Bropy 3 IIOYATKO-
Boto mBuAKicTI0O 20 M/c. Busnaure: a) MIBUAKICTh PyXy Ta Iepe-
MillleHHA M’siya uepes 3 ¢ Iicjs mouaTky pyxy; 0) uac migitomy
Ta MaKCUMAaJbHY BHUCOTY IIiAiioMy m’dua.
Iz gaxy OyaAmHKY Ha BUCOTi 45 M BUIOYIIEHO T'OPU30HTAJILHO
cTpiny 3 mouarkoBoio mBuAKicTI0O 20 M/c. Uepes AKUil inTepBaa
yacy cTpija Buaje Ha 3eMua0? SIKumMu OynyTh HAaJbHICTH MOJIBOTY
Ta mepeMileHHa crpiau?
IBi KyJbKU po3MilieHo Ha ONHiN BepTuKaJi Ha Biacrami 10 m
omua Bim oxmoi. OmHOUYACHO BEPXHIO KYJIbKY KHUIAIOTH BEPTU-
KaJIbHO BHU3 i3 MOYATKOBOIO IIBUAKICTIO 25 M/C, a HUIKHIO IIPO-
CTO BifgmyckKamoTh. Yepes AKUI UYac KYJIbKHU 3iTKHYTHCA? O
6. Ha pucyHKy 3a3HaueHO TOJIOJKEHHS KYJbKu uyepes KoxkHy 0,1 c
pyxy. BusHauTe npucKOpeHHsA BiJILHOTO IMAAiHHA KYJIbKU, SKIIO
CTOPOHA KOYKHOT'O KBaapaTa CiTKu — 5 cM.
7. Big OypyabKu Ha maxy BigipBajsaca KpamanHa. KW ILIAX I10-
[0JIa€ KPaIJIMHA 38 YETBEPTY CEKYH]Y IIicJs MOMEHTY BiapuBy?
8. CkopucraBIINCh JaHUMU 3a7a4i 2, posrisguyToi B myHKTi 2 § 34,

O

" BU3HAUTE IJIAX, AKUUA [IOJ0JaJ0 KOXKHE TiJIo 0 3yCTpidi. O
\>’ i 9. ¥YcraHOBITH BiIOBiAHICTE MisK cuJ0IO i (popMyJiOIO A4 11 BU3HA-

& YeHHs.

A\

1 Cuna Taxinaa 2 Cuna Apximena 3 Cuzna Tepra 4 Cuya npyXHOCTL
A F=mg B F=kx B F=u~N r F=pS o F=pgV

({“‘i EKcnepmmeHTaane 3aBAaHHA

" TlokaagiTh Ha Kpail CTONY HeBeJHKe BajXKKe TiJI0 Ta MITOBXHITEH ioro. CrapobyiiTe
BUBHAYUTH MIBUAKICTH, HAJAHY TiJy, CKOPHUCTABIINCE JUIIIE JiHiK0I0. 3alUIIiTh,
SAK BU Ie 3pO0uIn.

®disuka i TexHika B YKpaiHi

A6pam Depoposuu Modde (1880-1960) — BUAATHUI YKPATHCHKMIA
pagAHCbKNIA $i3nK, akadeMmiK, HayKOBMIA OpraHi3aTop, LWo YBilLOB
B iCTOPIO AK «6aTbKO PafgAHCbKOI Bi3nKuy, «tato Modde».

OcHOBHI HayKkoBi gocarHeHHs A. . Modde nos'azaHi 3 BUBUEHHAM
eNeKTPUYHMX, GOTOENEKTPUYHUX | MEXaHIYHUX BNAaCTUBOCTEN KPUC-
Tanie. BiH meplmm BUCYHYB rimoTe3y npo Te, WO HaniBMPOBiAHVKN
MOXYTb 3abe3neuntn edekTVBHE MEepPeTBOPEHHA eHeprii BUMpo-
MiHIOBaHHA Ha €IeKTPUYHY eHeprilo (3a UMM MPUHLMNOM CbOrOAHI
PO3BUBAETbCA COHAYHA eHepreTuka). MNapanenbHo 3 P. MinnikeHom
YyUYeHU Brieplue BU3HAYMB 3apAf eneKkTpoHa. IHililoBaB CTBOPEHHA
dIi3NKO-TEXHIYHMX IHCTUTYTIB, 30Kpema B XapKoBi Ta [JHiNpi, CTBOPUB BCECBITHbO BigOMy
HayKOBY LUKONY.

MNig kepieHuuTeom A. O. Modde npautosany mainbyTHi Hobeniscbki naypeatu M. J1. Ka-
nuya, M. M. CemeHos, J1. [I. JlaHgay, . €. Tamm, a TakoX BMAATHI BYUEHI, AKI 3p06UIN 3HAYHNIA
BHECOK Yy CBIiTOBY HayKy: A. |. AnixaHos, J1. A. ApunmoBuy, M. . bpoHwTenH, A. b. 3enb-
posuy, |. K. KikoiH, b. IN. KoHcTaHTMHOB, |. B. KypuaTtos, l0. b. XaputoH i 6arato iHWwux.

Y 1960 p. im'a A. O. Modde npucsoeHo DiznKo-TexHiYHOMY iHCTUTYTY B JleHiHrpagi (3a-
pa3 CaHkT-leTepbypr), Ha YeCTb YYEHOrO TaKOXK Ha3BaHO KpaTep Ha MicAui, many nnaHeTy
CoHAYHOI cuctemun 5222, Bynuuto B bepnini (HimeuumHa).
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§ 35. PYX TUIA NiA Al€E0 KUIbKOX CUN

BuByatoun ueli naparpad, BM 03HaoMmMTeCA 3 OCHOBHUMU eTanamuy po3B'A3aHHA 3afaud i3
OVHaMIKW, po3rnaHeTe NPUKNaaM Po3B'A3aHHA AeAKuX KNo4voBKX 3afad. Matepian napa-
rpada cnig petenbHO onpaLioBaTH, agxe 3 NoAiGHMMN 3afadamy BU byaeTte 3ycTpiyaTnca
B XOAi BMBYEHHA BCbOro MOAasbLIOro Kypcy ¢isnku.

3ragyemo cunu

3 ornany Ha TeMy Iaparpada mepIr 3a Bce CJIiJ 3rafaTi O3HAUEHHS AeAKUX
cuy, 3 AKUMU BU O3HAMOMMUJIMCA B Kypci MexaHikm 7 KJjacy, Gopmynu and ix

BU3HAUEHHS, a TAKOMK HAIIPAMOK IXHBOI ii.

Cuiaa TaRiHHI

Cuna reprsa

Cuna mpyskHOCTI

Cuna Apximema

Ha ii moBepxHi
abo mobau3y mel

TijIa TI0 TTOBEePXHi
iHIIIOTO

F, . KoB3aHud F . Fopys Fopx
cuja, 3 AKOI0 cuia, AKa cuia, AKa BUIIITOBXYBaJbHA
3eMJIid IPUTATYE | BUHUKAE BUHUKAE HOif yac |cuia, AKa Jie
o cebe Tija, BHACJiTOK medopmaiiii Tija | Ha Tijo,

110 1mepebyBaioTh | KOB3aHHS OJHOTO 3aHypeHe

B piguHy abo ras

TUKAJbHO BHU3
i mpuKJIageHa
IO IEeHTpa
TAKIHHA Tina

OpOTHU PyXy Tija
i mie B3IOBIK
TOBEPXHI JOTUKY
TiJI

OPOTUJIEIKHO BU-
IOBJKEHHIO 1 Tie
B3IOBK IITHYypa
a00 TmpyKUHUA

F'mm =mg FTepTﬂ = “‘N anym =kx Fapx = ppi,u; (raay)gvsan
HaIpAMJIEHA Bep- | HaIIpAMJIeHa HaInpAMJIeHa HaIpAMJIeHa Bep-

THUKAaJbHO Bropy

i mpuKJIageHa mo
IeHTpa 3aHypeHol
YaCTUHU Tija

S T]

TepTa

apx

E Yunmoca po3B’A3yBaTh 3apaui

Anaroput™M po3B’A3yBaHHSA 3aMa4 i3 MTUHAMIKHU

1. VYBaskHO mpoumnTaiiTe yMOBY 3ajaui. 3’acyiiTe, AKi CuIMU Ail0OTh HA TiJI0, AKUM
€ XapakTep Horo pyxy (PyXaeThbcs Iie TiJIO 3 IPUCKOPEHHAM UM PiBHOMipHO
IPAMOJIIHIAHO).

2. 3amnuiiriTe KOPOTKY YMOBY 3afaui. ¥ pasi HeoOXimHOCTI mepeBemiTh 3HAUEHHA
disuunux BeaumuuH B oguuHUIli CI.

3. BukonatiTe mosACHIOBAJbLHUN PUCYHOK, Ha AKOMY 3a3HAuTe CUJIU, IO AiIOTh
Ha Tijo, 1 HATPAMOK NMPUCKOPEHHS PYyXy TiJja.
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4. BubepiTs imepiiaabHy cuctemy Bimaiky. Oci xoopaumHaT 6akaHO CIIPAMY-
BaTHU TakK, IM00 AKHAMWOiIbIIe cua OyJI0 HANIPAMJIEHO B3JOBMK IIUX ocell (e
He 3MiHUTH Pe3yJIbTaTy PO3B’A3aHHs, ajie 3HAUHO HOTO CIIPOCTHUTH).

5. 3anumrits piBHAHHA APYyroro 3akoHy HbIOTOHA y BEKTOPHOMY BUIJISAAL Ta
B IPOEKIiAX Ha Oci KoopamHAT. 3aIUMIITE (POPMYJIN AJIA OOUNCIEHHS CHUJI.
Opep:kaBIIu CUCTEMY PiBHAHD, PO3B’AKiTh il BiTHOCHO HEBiZOMOI BeJIUUYNHUA.
SKmI0 B 3a7aui € JOAaTKOBI YMOBUM, BUKOPHUCTANTE 1X.

6. IlepeBipTe OAMHUINIO Ta 3HAWIITH UMCJIOBE 3HAUEHHS IIYKAHOI BEeJIMYUHMU.
IIpoanasidyiiTe pe3yabTar, 3allUIIITh BiIIIOBiIb.

ITi0 yac pose’sn3ysanusa 3adau cucmemy 8i0niky 6ydemo nog'sa3ysamu 3 mou-
KO0, HePYXoMOH 8i0HOCHO NO8epxXHi Semai (mobmo mino pyxaemscs, a oci Koopou-
Ham 3aAUULAI0OMbCA HEPYXOMUMU); MIL0 86AHAMUMEMO MAMEPLATLHOI0 MOYKOI0,
momy éci cuau 6ydemo 300paxcamu npuxkaadenumu 0o o0Hiel MoUKU.

3apaua 1. leper’suuii 6pycox macoro 200 r piBHOMipHO TATHYTH TOPU30H-
TAJBbHOIO IIOBEPXHEIO 3a JOIIOMOTOI0 IPYKMHU KopcTKicTio 40 H/Mm. Busmaure
BUIOB:KEHHSA NPY:KUHU, IKINO KoedimieHT Tepra kop3auusa 0,25.

Amnaniz ¢isuunoi npobaemu. I1lo6 BU3HA-

Y4 A

YUTU BUAOBMKEHHA IIPYHKUHU, CJIiI[ 3HaTu CHUJIy N

TIPYsKHOCTi, AKY 3HANIeMO, CKOPHUCTABIINCH APY-
ruMm 3akonoM Hproroma. Ciing ypaxyBaTu, IO
OPYCOK TATHYTH PiBHOMIPHO, TOMY IPUCKOPEHHS
oro pyxy IOPiBHIOE HYJIIO. f

|

Py

A

Ha AKOMY 300pasuMO CUJIH, IO MiIOTH HA TiJo, 10) -

)
BukoHnaemo mnosicHIOBAIBHUA PHUCYHOK, 7
X

i HAOPAMKHU Ocell KOOpAMHAT.

mg

Hano: Iowyx mamemamuunoi moodeli, po36'a3aHHS
m=200 r = 0,2 kr Sanumnemo APYTruii 3aKoH HbOTOHA y BEKTOPHOMY BIU-
k=40 H/m rnani: mg+ Fpopp +N+F, . =0.
u=0,25 3HaiigeMo mpoekiii cui Ha 6ci OX i OY, samumiemo ¢op-
g=10 m/c? MYyJIU I OOUYMCJIEHHS CHUJIN IPYYKHOCTI Ta CHUJIM TEPTS
Bnaiimu: KOB3aHHA:
x— 9 OX: —F oy + Frpyw =0 (ockinern mg, =0, N, =0),
OY: N-mg=0 (ockineku F...., =0, F ... =0),
FTepTﬂ = MN’
Fopym =kx.
Posp’sizaBIiu cuctemMy piBHSAHB, 3HAWIEMO X:
. umg
N=mg = F ., =umg; F . =F ., > kx=umg = x= et
IlepeBipuMo ommHMITIO, 3HAWIEMO 3HAYEHHS IMTYKAHOI BEJIMUYNHI:
2
. H H- 0,25-0,2-10
A S M x=—222040 0,0125 ).
H/m H/mM H 40

Bidnosidv: x=12,5 mm.
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§ 35. Pyx Tina nig Ai€to Kinbkox cun

Sapaua 2. OOUMCIITh, TAJIBMIBHAN MIJIAX 1 Yac raJbMyBaHHSA aBTOMOOiJs,
AKIIO BiH pyXaBCs IPSAMOIO TOPU30HTAJBHOIO NiJISTHKOIO JOPOTH I Iepej IIouatT-
KOM raJibMyBaHHA MaB IMBUAKICTE 54 KM/Tox. KoedillieHT TepTs KOB3aHHSA I'yMU
mo 6erony — 0,75.

Ananis @isuynoi npoobaemu. 11106 BusHAUUTHU

. o . . Y A -
raJbMiBHUH NIJIAX 1 Yac raJbMyBaHHS aBTOMOOLJIA, He- - s
00XiZHO 3HATU NIPUCKOpPEHHA Horo pyxy. IIpucKopeHHA :a AN
3HAWIeMO0, CKOPUCTABIIINCH IPYTUM 3aKOHOM HbioTOHA. 7 Vo

o TepTA >

Bukonaemo mosicHIOBaJbHUII PUCYHOK, HA SKOMY “To )?
3a3HAYMMO CIJIH, IO JiIOTh Ha aBTOMOOLJIb, HAIPAMKII 7
oceli KOOPAWHAT, IIOYAaTKOBOI MIBUIKOCTi, IEPEMIIeHH A \ mg
Ta IPUCKOPEHHA (ABTOMOOiIb 3yIUHSIETHCA, TOMY KiH-

ImeBa IIBUIKICTh MOTO PYXY DOPiBHIOE HYJIIO, a HAIIPA-
MOK NPUCKOPEHHSA IIPOTUJIECKHUU HANPAMKY PYXY).
Ilano: Towyx mamemamuinoi moodesi, po36'a3aHHS
Uy =54 KM/Tof = 3rifiHO 3 ApPyruM 3akoHOM HbloTOHA:
=15 m/c mg+F,..+tN=ma.
u=0,75 3HageMo IPoeKIlii cua i mpruckopeHHs Ha oci OX i OY, 3a-
v=0 nuieMo (GopMysry st OOUMCIIEHHA CUJINU TEPTS KOB3aHHS:
_ 2 3 _ . _ _
g=10 m/c OX: —F, = —ma (ockimexu mg, =0, N, =0),
B OY: N-mg=0 (ockinbku FTepTﬁy =0, a,= 0),
s— ? FTepTH:MN'
t— ? Posp’sizaBIiu cuctemy piBHAHDB, 3HAWIEMO a:
N=mg = FTepTﬂ =umg = umg=ma = a=Ug.
TanmbMiBHUN MIIAX i yac pyXy BUSHAUMMO, CKOPUCTABIINUCH (hOPMYyTaMU:
2 2
U.—D
x Ox
S, = U, =Vg, Ta,t.
a 2

X

Yo
Ypaxysasmu, mo v, =0; vy, =vy; a,=—a; s, =S, MaEMO: SZZ; 0=yv,—at.

v
Omxe,vy=at =t =—L. 3 oAy Ha Te M0 @ =g, OCTATOYHO OTPUMYEMO:
a

2
v v
s=—0: t=—"0,
2ug ug
IlepeBipumo ommHMITi, 3HAWAEMO 3HAUEHHA MIYKAHUX BEJIUUYNH:
2 2 2 2 2 2
M- /c M~ -C 15 M/c M-C 15
[s]l=——=——=m, s=—=15 (m); [t]=——= =c, t=——=2 ().
M/c c“-m 15 M/c M-C ,5

AHanis pesyrvmamis. OTpuMaHO peabHUN PE3YIbTAT, aIKe 2aANbMIG6HUIL WX
asmomobins diiicho documbo geaukuil. Ilaw’'asmaiime npo ue i HiKOLU He NoOpy-
wyiime npasua 00POHCHL020 pyxy!

Bionosidv: s=15 m; t=2 c.

3apaua 3. JIroguaa macoro 70 kr 3aiimia B aidT. JIipt mounHae pyx i3 mpu-
crkoperHAM 0,2 M/c2, HAIPAMJIEHHM YyTOpy, a IOTiM ImigHiMaeThCA 3 HE3MiHHOIO
mBuaKicTi0. Ha CKiMbKM 3MiHIOETHCS Bara JIIOAUHH IIiJ 4ac IILOro Pyxy?
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Ananiz @isuunoi npobaemu

. . Y Y
Bara tina — me cuia, gkxa gie Ha
omopy — Ji(pr. BuaButu Bci cuam, AKi ﬂdl
IifoTh Ha Ji(pT, JoCcuUTh cKJIamgHO. AJe 3a
TpetiMm 3akoHOM HbioToHa P=N (3 AKOIO
CHUJIOIO TiJIO i€ Ha OTOpPY, 3 TAKOI0 CAMOIO CHU- 0 Vmé 0

JIOI0 OTIopa Ji€ Ha TiJo). ) ]

Orike, HaM CJif BUBHAUUTU CHJIY Pyx nigra pis-

. . HOIIPUCKOPEHU
HOpPMAaJIBHOI peakIii ormopu, AKa gie Ha JIIO-
OVHY i yac KOMKHOTO BUAY PyXy Jidra.

yms

Pyx nigra
piBHOMipHUMI

Bukonaemo moscHOBaJbHI PUCYHKM, Ha AKUX 3a3HAUMMO CUJIU, IO TilOTH

Ha JIIOAUHY, HAIPAMOK IIPHMCKOPEHHS i HanpaMmok oci OY.

Hano: Iowyx mamemamuynoi modeni, p036'a3aHH

m=T0Kr 3anuiieMo APYruii 3akoH HbOTOHA s KOXKHOT'O BUIIALKY
a,=0,2 M/c?2 Ta 3HaiizeMo Ipoekuii cui i mpuckopeHHs Ha Bick OY.

a,=0 1. Pyx piBHompuckoperuit: N, +mg =md, ;

g=10 m/c? OY: N;-mg=ma; = N1=ma1+mg=m(a1+g).

3naiimu: Orxe, P =m(a;+g).

P-P, —? 2. Pyx pisromMipHuii: Ny+mg=0;
3HalizieMO 3HAUEHHA MIYKAHUX BEJUYMH:

P, =170(0,2+10)=714 (H); P,=70-10=700 (H); P,-P,=14 H.

Bionosidv: P, —P, =14 H.

3apaua 4. ABTOoMOGiTE Macoio 4 T pyXaeThCsa HA TOPY, CIIOBiJIbHIOIOUM CBit
pyx. BusHauTe cuiy TATHM aBTOMOOiIsA, AKINO yxua ropu craHosuth 0,02, a Koe-
dinienT omopy pyxosi gopisaioe 0,04. IIpuckoperns aBromobias 0,15 m/c2.

3eeprimsb yeazy! Yxua — cuHyC KyTa o HAXUJIY MOJOTHA AOPOTH IO TOPU-
30HTY. SIxmio yxun € manum (menmuM Bin 0,1), To cosa=1. Koegiuienm onopy
Pyxo6i L BpaxoBy€e BCi BUAU TepTs: TePTs KOUEHHsS, KOB3aHHA B OCAX TOIIO.
Cuna onopy HanpaMJIeHA IPOTUJIEIKHO PYXY Tijla #1 00YUCIIIOETBCA 3a (POPMYJIIO0

F.,=uN, ne N — cujyia HOpMaJIbHOI peakKIiil OIopH.

Anaanisz gisuunoi npoosemu. Ha Tiso girors
YOTHPH CHJIN: CHJA TEXKIHHA mg, cuna N HOp-
MaJIbHOI peakIlii ormopu, cuja TATH FT e TA CHIIA
OIIopy 1*7‘0II .

Tiso 3MeHIITye CBOIO IIIBUAKICTh, TOMY IIPU-
CKOpPEeHHs PYXYy Tijla HaAmpsAMJeHe IIPOTUJIEIKHO
HaAIPAMKY HOTr0o pyXy.

BukonaemMo mosicCHIOBaJIBHUI PHUCYHOK, 3a-

3HAUUBIITNM HA HHBOMY CUJIU, IIO AiIOTH Ha TiJo,
HAIIPAMOK IIPUCKOPEHHS PYyXy Tijia Ta HAIIPAMKHI
ocell KOOPAWHAT.
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§ 35. Pyx Tina nig Ai€to Kinbkox cun

Hano: Iowyx mamemamuynoi modeni, p036'a3aHH A
m=4-10° kr 3amnuiemo Apyruii 3aKkoH HpIOTOHA Y BEKTOPHOMY BUTVIAII:
sina=0,02 F .tN+mg+F _=ma.

. I . —
u=0,04 CHopoeKTyeMo piBHAHHS Ha oci koopguHar (cumiaa mg
a=0,15 m/c? He JIEXKUTH Ha OCi KOOPAMHAT, TOMY AJS 3HAXOMKEeHHS il

2 . . ‘
g=10 m/c IPOeKIIiii OIyCTHMO 3 KiHI|g BeKTOpa mg NepleHANKYIAPH Ha
Braiimu: oci OX i OY: mg, =—-mgsina; mg,=-mgcoso) i sanumemo
F —29 Bupas qiaa F :
TATH *
OX: F,_.,.—F_ —-mgsino=-ma, F ..=F, +mgsino—ma,
OY: N-mgcoso=0, = <N =mgcosa,
F, =uN; F, =umgcosa.

ITixcraBuBIiu Bupas mJys F,, B mepine piBHAHHSA CUCTEMMU, 3HAWIEMO :

Taru *
F,.. =Umgcosa+mgsina—ma=m(ugcoso+gsino—a).

IlepeBipuMO OAMHUITIO, 3HAWAEMO 3HAUEHHSA MIYKAHOI BeJIUUYMHU:
[Fpey |=¥r-M/c*=H; F,,, =4-10-(0,04-10+10-0,02-0,15)=1,8-10% (H);

TATNA

Bionogidv: F,_=1,8 kH.

TATI'A

[“ R 3amicTb nigcymkis

%Mi Bu osmafiomuinchk i3 posp’sisyBaHHAM JesSKUX 3aJad Ha PyX Tiad mig giero

KIJBKOX cuJj. 3BUYAHO, POSIVIAHYTH B MEXKaX IIiAPYUYHUKA BCi TUIHU TaKUX

3aau HeMOKJINBO, Ta i He MoTPioHo. ['oJIOBHE — y Bac € aJropuTM PO3B’A3aHHSA
¥ mpuKJagu pobOTU 3 IIUM aJropuTMoM. Peliita — 3a BaMMU.

Omike, po3B’A3yI0OUN OyAb-IKY 3aJauy 3 AWHAMiKHN, CIOYATKYy BUKOHANTe
TOSICHIOBAJILHUY PHCYHOK, 3a3HAUTe CUJIU, 3ANUIIITh PiBHAHHS APYTOro 3aKOHY
Hrrorona, BubepiTh cucTeMy BiAniKy, 3HANIITH IpoeKIii. 3BuuaiiHo, caig sHaTu,
AK HaUPAMJEHI CUJIM, KOJIM BOHM BUHUWKAIOTH i 3a AKMMU (DOPMYyJIaMU BU3HA-
yaThCA. A maji, HaBiTH AKIIO BU Bifgpasy He 0aunTe BCHLOTO XOAY PO3B’A3aHHS
3asaui, — Hivoro crparrsoro. Bu 060B’A3K0BO 3HaAliIeTe TKYCh BeJIMUNHY, SHAHHA
SAKOI IOTIOMOJKE BaM IT00AUUTH IMOMAJIBINNET Xix po3B’a3aHHs. MoyKHa HaBiTh CKa-
3aTu TaK: «fKIIO He 3HAEI, IK PO3B’AI3YBaTHU 3a7ady, TO IIOYHU i1 PO3B’sI3yBaTU».
He moTpiouo 6oATucA 3pobuTu XMOHUM Kpok. Toli He IlepemMarae, XTO He BMie
nporpaBatu. HaBuntucs po3B’sa3yBaTy 3ajadi 3 (Di3UKM MOKe KOXKeH, IOTPiOHO
TiJIBKY iX po3B’sa3yBaTu!

-
v
’\ML 1. Ilixg wac crapTy KocMiuHUII KOpabeab PyXaeTbCsA BEPTUKAJIBHO BrOpy 3 IPU-

‘ cxoperHaM 40 m/c2. I3 KO0 CHIOI0 KOCMOHABT Macoio 70 KI' THCHe Ha Kpicio?

f)jﬂf’} BnpaBsa N2 35

2. IlepeB’ssHUi1 OPYCOK PiBHOMipHO TATHYTH FOPU30HTAJIBHOIO IIOBEPXHEIO, TPUKJIA-
matoun cuay 1 H. Busnaure KoegimieHT TepTss KOB3aHH:A, SIKIIO Maca Opycka
nopiBuioe 200 r.

Tino macoro 300 r, migBireHe HA IPYYKUHI, OMMYCKAIOTh YHU3 13 IPUCKOPEHHAM
2 m/c?. BusHauTe *KOPCTKICTh NIPY’KUHM, AKIIO i1 BUJOBMXKEHHS CTAHOBIJIO 5 CM.
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BanTasx macooo 10 Kr i o6’emom 1 aM3 BHTATAIOTH i3 BOAM 3a JOIIOMOTOIO MO-
Ty3Ku. BusHauTe CUJYy HATATY MOTY3KHU, AKIIO BAHTAXK PYXAETHCA 3 IPUCKO-
perHAM 2 M/c2. OmOPOM BOLU BHEXTYITe.

JImkauK macor 60 Kr synuHuBca ueped 40 c¢ micasa 3aKiHUEHHS CIIYCKY.
Busnaure cusy TepTd, Mo Aidaa Ha JUMKHUKA, i Koe(iIlieHT TepTda KOB3aHHI,
AKINO MBUAKICTh PYXY JMMKHUKA HAIPUKIiHII cycKy craHoBmJja 10 m/c.

6. ABTOMOOiNE Macoio 3 T pyxaeThcA 3 ropu, posBuBatouu cuay Taru 3000 H.
Busnaure, 3 AKUM IPUCKOPEHHAM PYXAETHCSI aBTOMOOIJNb, SKIIO KoedillieHT
omopy pyxoBi mopisuioe 0,04, a yxua cramosuts 0,03.

7. Tino macoio m; =1 KI KOB3a€ T'OPHU30HTAILHOIO ITOBEPX-

HeIO IiJ| [i€fo TATapa Macomo my =250 r (ZuB. PHCYHOK). my
Iaza crucTeMa TiJ pyXaeTbcd 3 IPUCKOpPeHHAM 1,5 m/c2. W

. . . . . e
Busuaure KoedilieHT TepTs MiK TiJioM i mOBEepXHE!O.

§ 36. B3AeMoAia TU1. IMNYJbC.

3AKOH 3BbEPEXEHHA IMNVYJIbCY

IcTopia moHATTA iMImyabcy

Y XIV ct. dppaHIyssKuii gigo-
cod i mexaHik Man Bypudan
(1300-1358) posmupuB Bimzome
y (inocodii nouaTTa «impetus»
(TTIOIIITOBX IO YOT0-HEOYAH, CIIO-
HYKaHHSA) IJIA [IOSCHeHHS IIPU-
ypHU pyxXy Tija. Bin nucas:
«JIronuHa, AKa Kugae KaMiHb,
pyXae cBOIO PYKY pPasoM i3 HUM,
a mig yac cTpisndu 3 JyKa Td-
THBA OEeAKUIl Yac pPyXaeTbCs
pasoM 3i CTpiJioo, IMITOBXAIUMN
crpinay... [Toku Te, 110 mIToBxae,
KOHTAKTYy€ 3 TiJioM, Tijo Gesrre-
pepBHO HabyBae impetus, ToMy
HOro pyx cTa€e Bce IIBUAIIE...
Ilicna BiZpWBY TiJI0 pyXaeThCsA
TiIBKY 3aBOAKU impetus, AKUi
yepes OIIip CepeIoBUIIA ITOCTIA0-
JI0EThCA, i MIBUAKICTH PYXY
Tijla 3MEHIITYETHC».
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I3 Kypcy ¢i3vkmn 7 Knacy Bu Ai3HanuUcAa Npo 3akoH 36epe-
MeHHA MexaHiuHoi eHeprii, i3 Kypcy ¢i3vkn 8 knacy —
NPO 3aKOH 36epexXeHHs eNnekTPUUYHOro 3apaay. Y Lubomy
naparpadi B o3Haommuteca 3 LWe oAaHieto PisnyHo
BEJIMUMHOIO, fIKa Ma€ BNacTMBICTb 36epiratnca (TobTo
He 3MiHIOBaTUCA Nif Yac B3aeMoaii Tin).

n Ji3sHaemocs, 3a AKMX YMOB cucTemy
MO>XHa BBaXaTu 3aMKHEHOI0

JlekisbKa Tij, 1110 B3AEMOAIIOTH OAHE 3 OTHUM,
YTBOPIOIOTH cucmemy mina. Cunm, gKi xapakre-
PHUBYIOTh B3aEMOiI0 TiJl CHCTEMHU MiK c000I0,
Ha3WBAIOTh BHYMPIWHIMU CULAMU CUCMEMU.

CucreMy TiJi Ha3WBalOTh 3aMKHEHOIO
(iso1bOBaHOIO), AKIIO HA Tijla He MilOTH 30-
BHiIlIHI cuju, a Oyab-aKi 3MiHU cTaHy CHUCTEMH
€ pes3yJabpTaTOM Aii BHYTPIITHIX CHJI.

TouHO Ka'Kyuu, Ha 3eMJi HEeMOKJIUBO
3HAUTH 3aMKHEHY CHUCTEMY TiJ: Ha OyIb-siKe
TiJIO mie cuiya TAKIHHS, OyOb-IKUU PYyX Tij
CYIIPOBOIKYETLCA TEPTAM. TOMY Ha IIPaKTHUIT1
CUCTEMY TiJl BBA’KAIOTh 3aMKHEHOI0, AKIIO 30-
B8HIWHI cunu, axi 0ilomb HA cucmeMmy, 3Pi6HO-
sadiceHi a60 Habazamo MeHuli 6i0 6HYMPIWIHIX
Cus cucmemu.

Hanpurkaan, mim uvac Bubyxy deep-
Bepka (puc. 36.1, a) 3oBHimHI cuam, 110 mi-
IOTh Ha MOT0 «OCKOJIKM» (CHJa TSXKiHHA Ta
cuja omopy), y 6arato pasiB MeHIIi Bif cuii,



§ 36. Bsaemogia Tin. IMnynbc. 3aKoH 36epexeHHs iMnynbcy I

3 SAKUMU <«OCKOJIKU» BiAIIITOBXYIOTHCA, TOMY
mify yac BUOYXY CHUCTEMY TiJl «OCKOJKW» MOKHA
BBa)KaTW 3aMKHEHOM0. A OT micasa BuOyXy mpu-
TATaHHAM 3eMJi I OImoOpoOM IIOBITpA HEXTyBaTHU
He MOYKHA i cucTeMa TiJl «OCKOJIKU» Oyne HezaM-
KHEHOIO.

SAkio sgronmuHa IITOBXae AAPO, CTOAYM Ha
JerKkopyxomomy BisKy (puc. 36.1, 6), To cuctemy
TiJI «JIOAMHA Ha Bi3Ky — AIpPO» MOKHA BBaKaTHU
3aMKHEHOIO, aJl)Ke CHJYy TAKIHHA 3PiBHOBAXKYE
cuja HOPMAaJIbHOI peakIlii omopu, a cujia TepTsa
KOUeHHs € He3HauyHOoIo. SIKINo K JIIofuHA IITOB-
Xae AApo, CTOAYU Ha 3eMJi, TO cucTeMa TiJl «JIo-
IUHa — SAAPO» € He3aMKHEHO0, 00 CHUJIa TepTdA €
TOPiBHAHHOIO i3 CHJIOI0 B3a€MOIil JIOAWHY i Aapa.

BusHayaemo imnynbc Tina

3ragaeMo (OopMyJy AJsA BUBHAUEHHS IIPU-

_ V-,
CKODEHHSA: 4=—r
t

KoH Hviomona B iHIIIOMY BUTJIAII:

— i sammmewmo Opyzuil 3a-

B = m(0-0,)
F=ma » F=——*, ab6o:
t
Ft=mv-my,
Y mpasBiii yacTuHiI ocTaHHBLOI piBHOCTI — 3MiHAa

IeAKol BEeKTOPHOI BesmuuHU mv. {10 BeqrmuunHy
Ha3WBAIOTh IMNYJLbCOM Mina abo KilvKicmio pyxy.

Imnynbc Tina — uUe BeKkTopHa ¢i3nyHa
BENUYMHA, AKa [OPIBHIOE JOOYTKY Macu Tina
Ha WBMAKICTb NOro pyxy:

p=mv

Puc. 36.1. AKW0 30BHilLHI

cunn, WO JiloTb Ha cucTemy,
3piBHOBaXeHi ab0 3HAUYHO MeHLUi
Bifl BHYTPILLHIX Cun cucteMu,

L0 CUCTEMY MOXHa BBaXkaTu
3aMKHEHO

ImMmnyasc Tinma

p=mvuv
p — immysbe Tiga
m — Maca Tijia
U — IIBUIKICTH PyXy
Tinma

Odunuys imnyavcy mina 6 CI — kKimorpam-meTp 3a CEeKyHIY:

M
[p]—l KI‘~?.

Cropucraemocs 3akoHaMu HbioToHaA Ta I0oBemeMO: AKINO Tijsia yTBOPIOIOTH
3aMKHEHY CUCTEMY, iXHIf cyMapHUU iMIIyJIbC IIiJ 4ac B3aeMOZii He 3MiHIOETHCH.

HdoBoAnMO 3aKOH 36epeKeHHs iMnynbcy

Posrnanemo B3aeMoziro ABOX Tin MacaMu mq 1 m 4 (puc. 36.2). Tina yTBo-
PIOIOTH 3aMKHEHY CHCTEeMY § PyXaroThCdA 3i MIBUAKOCTAMU Uy; i Uy, Bimmosimzo.
Y pesyabrari B3aemopii, ska TpuBa€ IIeBHUII iHTepBaJs udacy f, o0uaBa
Tiza 3MiHIOIOTH MIBHAKICTH CBOTO PyXy M0 U; i Uy. Cucrema 3aMKHeHa, TOMY
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my

a
my = =
£ Vo1 )]
-

o Bzaemopmii

6 my\ \\ [/, m2
Y momeHT 7
B3a€eMOzil TIVN
m
= mq 2 ~
Uy - Uy
D — —_—

ITicia Bzaemomil

Puc. 36.2. [1o BuBeaeHHA
3aKOHY 30epexeHHs iMnynbcy

Puc. 36.3. Pyx 6inbApaHMX Kynb mic-
nA ypapy ogHa ob oaHy (a); Binpava
BigbiiHOro MonoTka (6) — nosiea
BCIX LMX PYXiB € HAC/iAKOM 3aKOHY
36epexeHHs imMynbcy
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OPUUYMHOIO 3MiHU HIBUAKOCTI PYyXy KOMKHOTO
Tijla € TiIBKH CHJIN Fl i 17'2 — BHYTpimHi
CUJIU cUCTeMHU. BigmoBimHO OO TpeThOTo 3a-
kKoHy HpioToHa mi cuam piBHI 3a Momyaem
1 mpoTuie:KHi 3a HAIIPAMKOM: 17‘1 = —17‘2.

3anumnieMo 1A KOMKHOTO Tijla APyTrui
3axoH HbroToHa:

Fit=m,0, —m 0y;; Fyt=my0y—myby,.
OcKijgbKu F‘lt=—I7'2t , MaeMo:
M0y —mUgy = —(m 405 —MyUgy).
ITicnsa mepeTBOpeHb OTPUMAEMO:

m]_UOl +m2v02 =m1v1 +m202 9 a60

Po1 + Poz = P1+ Py

BauuMmo: HesBaskaoum Ha Te IO MiCJIA
B3aeMO[il iMITysIbC KOYKHOTO Tijla 3MiHUBCA,
CYMAPHULL iMNYabC cucmemu 3aJUULUBCA He-
3MIHHUM — 8iH 30epiecs.

OT:Ke, 3aKOH 36epe)KeHHA iMmnynbcy:

Y 3aMKHeHIn cucTemi Tin BEKTOpHa Cyma iMm-
nynbciB TiN O B3aeEMofii JOPIBHIOE BEKTOP-
HI CyMmi iMnynbciB Tin NicnA B3aemogil.

3aKoH 30eperKeHHs iMIYJIbCY CIPAaBIKY-
€ThbCs OJsd 3aMKHEHOI cHUCTeMM, AKa MiCTUTh
OyIb-AKY KiJIbKiCTh TiJI, — Ie (pyHIaMeHTaJb-
HUU 3aKOH (PisuKu. ¥ 3araJibHOMY BUTJIAJL 3a-
KOH 30epesKeHHsI IMIIyJIbCy 3alUCYETHCA TaK:

m1001 A m2002 AFooodr mnvon =

=m1U1+m2U2 +.--+mnvn Py

e n — KiJbKiCcTb TiJl cucTeMu.

Iz BusiBaMm 3aKoHYy 30epeKeHHA iM-
OyJIbCY MU MOCTiAHO MAQEMO CIIPaBy B IIPUPO/II,
TexHimi, mobyTi Tomo (puc. 36.3).

3eeprimsb ysazy: 3aKOH 30eperKeHHA iM-
IyJIBCY BUKOHYETBCA MIiJbKU 018 3AMKHEHOL
cucmemu mij, TOMy IIEPII HiXK 3acTOCyBaTu
Woro mJisi po3B’sI3aHHS 3a/adi, MOTPiOHO BU-
3HAYUTHU, UM € 3aMKHEHOI0 JaHa CHUCTeMa.



§ 36. Bzaemogia Tin. IMnynbc. 3akoH 36epexkeHHA iMnynbCy

n Yunmocsa po3B’AsyBaTn 3apadi

3apaua. I3 rapmaTu, BCTAHOBJEHOI Ha TIJIaJeHbKIiN NOPU3OHTAJBHIN I10-
BepPXHi, FTOPU30OHTAJIBbHO BUNYINEHO cHapAx 3i mBuakictio 100 m/c. Axoi mBumg-
KOCTi pyxy HaOyze rapMmara IIicJjis IIOCTPily, AKIIO Maca cHapAja aopiBHoe 20 Kr,
a maca rapmatu — 2 T?

Ananiz gisuunoi npooaemu. CucremMy TiJ «CHapAj — rapMaras MOYKHA BBa-
JKaTU 3aMKHEHOIO, ajl’Ke CUJIM TepTA B 0araTo pasiB MeHIIIi Bix cuJi, 1[0 BUHUKA-
IOTH IIiJ Yac mocTpisy. O6epeMo cucTeMy BiJJIiKy, ITOB’A3aHY 3 IIOBEPXHEI0 3eMJIi.

BukomnaeMo moOsSICHIOBAJbHUI PHUCYHOK, Ha AKOMY MO3HAUMMO HAMPAMKU
MIBUAKOCTEH PyXy Tia mo i micasa Bsaemonii Ta Hampamok oci OX:

o mocTpiny ITicoma mocTpiny

Ul
Qo—
X X
Hano: Iowyx mamemamuynoi modeni, pO36'a3aHH A
v; =100 m/c 3amnuIemMo 3aK0H 30epesKeHHs iMIyIbCy ¥ BEeKTOPHOMY BUTJISIi:
my= 2:10% kr CKOPHCTABIINCH PUCYHKOM, CIIPOEKTYEMO OfEPIKaHe PiBHAHHS
Vg1 =Vp =0 Ha Bick OX: 0=m,v; —myV, . 3Bificu 3HAIEMO Uy :
Bnaiimus: @y
Hallmu.: MyUy =MV = Vg =
U2 - ? m2
IlepeBipuMO OAMHUITIO, 3HAWAEMO 3HAUEHHSA IIYKaHOI BeJIU-
YUHU:
Kr-M/C 20-100
[v2]=—/= M/c; Vyg=—"72=1 (m/c).
KT 2-10

Bionosidv: vy=1 Mm/c.

ff?uj Nip6uBaemo nigcymkm

i Imoynbe Tisia p — Iie BeKTopHA (pisvuHA BeJMUYMHA, AKA JOPiBHIOE TOOYTKY
Macu m Tijla Ha IMBUAKICTH U HOro pyxy: p=muv.
CucremMy Tijl MOKHA BBasKaTu 3aMKHEHOIO, AKIIO 30BHIIIHI cuIM, aKi mi-
IOTh Ha CUCTEMY, 3piBHOBasKeHi ab0o HabaraTo MeHIIIi 3a BHYTPIIlTHI CUINU CUCTEMMU.
Y saMKHeEHi# cucTeMi TiJ BUKOHYETHCS 3aKOH 30eperkKeHHS iMIOyJbCcy: TeoMe-
TPUYHA CyMa iMITYJILCIB TiJl 1O B3aeMOXii JOPiBHIOE T€OMETPUUHIN CyMi iMITyJIb-
ciB Tinm micaa Bsaemomii: m Uy +MyVyg +...+m Uy, =M 0 +MyUg+...+m U, ,
e n — KiJgbKicTb TiJa cucreMu.

@ KoHTponbHi 3annTaHHA
//

1. Ky cucremy MoskHaA BBasKaTu 3aMKHeHO0? HaBenits npukaanu. 2. [laiiTe o3Ha-

° YyeHHsA iMmyabcy Tina. fAkoio € ogunuia imoyabcy tiza B CI? 3. ChopmyaioiiTe
3aKOH 30epekeHHA immynbcy. 4. [loBeniTh 3aKOH 30epesKeHHA iMIYJIbCY AJA CH-
cTeMU OBOX TiJ.
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4‘:@? BnpaBa N2 36

"M 1. Dyr6oxicT Beme M’aAu macor 4,5 Kr, pyxamouuch 3i mrBujkicTio 4 M/c BigHOCHO
“ noBepxHi 3emai. Busnaure imoynbsec M’siua BiTHOCHO: a) moBepxHi 3emuti; 6) pyT-
OousricTa, AKUWi Befe M’siu; B) iHIIOrO0 hyTOOIiCTA, AKUIT GIsKUTH HA3yCTPiu M’ AUy
3i mBuAKicTIO 5 M/C.
2. Kyna macoo 100 r, sxa pyxaeTbCcs

3 eSKOI0 IIBUAKICTIO, BJIydYae B He- m1 Uo1 my+m;

pyxomy Kyiaio macoio 150 r i sacrps- ( o @ —>

rae B Hili (puc. 1). Busumaure mBum-

KicTh PyXy KyJi A0 3iTKHEHHA, AKIITO Puc. 1

mic/d 3iTKHEHHSA cuUcTeMa pyxaJjacs

3i mBugkictio 10 m/c.

CrkyaamiTe i po3B’siKiTh 3amavuy 3a JaHUMU puc. 2.

Ho 3iTKHEeHHA ITicnsa siTkHeHHSA
m;=10 Kr my=8 Kr m;=10 xr my=8 Kr
__ro_, O __:o_> O

N v1=20 M/c vy=5 Mm/c N v1=10 m/c vyg—?

Puc. 2

Iz yoBHa macoio 200 Kr, AKuii pyXaeThcsa 31 mBUAKicTIO 2 M/c, cTpubae XJom-
yuk macoro 50 Kr 3i mBuzakicTio 6 M/c. BusHaute mMIBUAKICTHL PyXy YOBHA MicCJs
cTpubKa, AKIINO XJOMYUK CTPubae: a) 3 KOpMY YOBHA TOPU30HTAJIBHO, B 6iK, IPOTH-
JIEJKHUH PyXOBi WoBHA; 0) 3 HOCa YOBHA TOPU3OHTAJILHO, B HATPAMKY PYyXYy UYOBHA;
B) 3 HOCA YOBHA Hig KyToMm 60° 10 TOpMBOHTY, B HAIPAMKY PYXy UYOBHA.

5. Bararo xTo 3sHaioMui i3 CHUTyalli€i0: YOBEH Ha-
O0smsuBCs 10 Oepera, a JIOAWHA B YOBHi, He moue-
KaBIIINCh, KOJIX YOBEH IPUIIBAPTYIOTh, BCTAJA Ta
mimia BOepes — Y pe3yJbTaTi YOBEH BiAIIMBaE
Big Gepera Hazapn (puc. 3). IloAcHiTh 110 cuTya-
Iifo 3 MOIJIAAY 3aKOHY 30eperKeHHA iMITyJbCy.
Busnaure BifcTaHb S, Ha SKY BiIJINBe YOBEH Bif
Oepera, AKIIo mMaca Jioguuau (0 Kr, Maca 4oBHAa
130 kr, noB:xkuHa [=4 M. OmopoM BOAU 3HEXTYITE.

6. IlopiBusiiTe Bam iMmmysbe mig uac 6iry Ha 100 m
3 imnynbcom Kyxai. dani 3amaiiTe camocTiiiHO.

®disuka i TexHika B YKpaiHi
Kupuno AmutpoBuy CuHenbHuKoB (1901-1966) — BuAaTHUI YKpa-
THCbKMI di3nK-ekcnepumeHTaTop, akagemik HAHY.

K. [I. CHenbHMKOB YBIMLLIOB B iCTOPil0 HayKn AK COpaTHUK [. B. Kyp-
yamoed, € BiIOMVM yuyeHVM Y rany3i ¢isuku gienekTpukis i Hanis-
NpoBiaHWKIB, Gi3nKn aToMHOro Agpa, ¢i3nYHOro maTepiaso3HaBCTBa,
bi3vKM nMnasmm 1 KepoBaHOro TEPMOAAEPHOro CUHTe3y, Gi3nyHOI Ta
eneKTpoHHoI onTukun. Y 1928-1930 pp. K. [I. CHeNbHNKOB CTaxyBaBCA
B KeM6pm,q>K| B NlabopaTtopii E. Pezepgpopoa. Mpotarom 1944-1965 pp. yuyeHui 04oNtoBaB
XapKiBCbKUI Gi3NKO-TEXHIYHMI IHCTUTYT. Y XapkoBi nifg kepiBHULTBOM K. 1. CHEeNbHMKOBA
BriepLie 6yno 34iNcHeHo po3LuensieHHa agpa Jlitio npoToHamu.

Mpe3ngia AH YPCP 3anouaTkyBana npemito im. K. [l. CHenbHMKOBa 3a BUAATHI po6oTu
B rany3i spepHoi ¢isnku.
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§ 37. PEAKTUBHUI PYX. ®I3U4HI OCHOBU
PAKETHOI TEXHIKU. BOCATHEHHA

KOCMOHABTUKH

3aBAsAKM YOMY MOXYTb pyXaTuCA Nitogau, aBToMobini,
TBapuHU? YoMy niTaloTb nnaHepwu, NTaxu, MeTennkmn?
Yomy nnaBatoTb punbu, Katepu, NigBoAHI YoBHW? Big-
NoBiAb € NPOCTOID: BCi NepenivyeHi Tina Big 4orocb
BiILUTOBXYIOTbCA: NIIOAMHA, TBApWHa, aBTOMObiNb —
Bif, MOBepxHi 3emni; NnaHepw, NTaxu, METENNKN —
Bifl NOBITPA; pMbu Ta KaTepyn — BiA BoAU. A AK no-
ACHUTW PYyX KOCMIYHOrO JIiTa/IbHOrO anapara, ajxe
BiH HE MAa€ MOXJIMBOCTI Bif YOrocCb BifLLUTOBXHYTUCA?
MpoTe KocMiuHi Kopabni NiTalTb y BiAKPUTOMY KOC-
MOCi, BUKOHYIOTb MaHeBpU, MOBEPTalOTbCA Ha 3eMto.
Big voro » BOHW BigWTOBXYIOTbCA? 3'ACyEMO.

[i3HaemocA Npo peakTBHUI pyXx

IIpoBememo meBenmukwuii mocaix. Hamyemo
TOBITPAHY KYJBKY 1, He cTAramouu i1 OTBIp HUT-
Kolo, Bigmyctumo. KynbKa mouHe pyxaTuch, i py-
XaTUMEThCS JOTU, MOKU 3 OTBOPY BUPUBAETHCSH
noBiTpA. ¥ IIbOMY BHHOAJKy MU MaeMO CIPaBY
3 peakxmugnum pyxom (puc. 37.1).

PeakTmBHMI pyxXx — Ue pyX, WO BUHUKAE
BHACNIOOK BigdineHHA 3 AeAKO WBUAKICTIO Bif
Tifa AKOICb NOro YaCTUHW.

OCHOBOIO PEaKTUBHOTO PYXY € 3aKOH 30e-
pe:xeHHA immryabcy. IloBepHemocs oo mociimy
3 KYJbKOIO. SIKIMO OTBip KYyJABKW BaKpPUTHUN,
BOHa mepeOyBae B CIOKOI ¥ iMIyJILC CHCTEMHU
«KyJIbKa — IIOBITPA» NOPiBHIOE HYIJIIO.

SIKIITO OTBip BiAKPUTHU, TO IOBITPS MOYHE BU-
puBaTuCA HA30BHi 3 JOCUTH BEJUKOIO IIBUAKICTIO,
TOO0TO Habyze IeBHOro iMnynscy: p.=m_U_ . Cama
KyJbKa TeXx Habyze iMmynscy: p, =m, U, , HAIPAM-
JIeHOrO B 0iK, IMPOTHJIEKHHUHN iMIOyJabCy MHOBiTpA.

VaBimo, 10 cucreMa «KyJibKa — MOBiTPSA»
e samKHeHoo. Tomi BiAmoBiAHO M0 3aKOHY 30epe-
JKeHHS iMOyJbCy 3arajJbHHN iMOyJIbC CHUCTEMU
«KyJbKa — IIOBITpA» B3aJUINAETHCSI HE3MiHHUM
i mopiBHioe mymo: m v, +m,U, =0.

Omxe, IMIBUAKICTh PyXy KYJBKU CTAHOBUTh:

Puc. 37.1. Pyx Kynbkn nig gieto
NoBITPA, WO BUPUBAETLCA
3 OTBOpPY, — Lie peakTUBHUI PyX

IIpoo6bpasom cyyacHUX
PEaKTMBHUX  JOBUTYHIB
MOKHA BBaXKaTU <«KYJIH0
T'epona», abo «eoninig».
Ileit mpucTpiii 6yB cTBO-
peauii y I ctr. BugarHuUM
IaBHBOTPEIIBKUM MaTreMa-
TUKOM 1 MexaHikoMm I'epo-
nom 3 Anexkcauapii. ITapa,
10 BUXOAUTH i3 B3aKpil-
JEeHUX Ha KyJai 3irayTmx
TPy6OUOK (COITest), 3MYIITYe
KyJi0 obepraTucs.
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Puc. 37.2. CrapT paketu «3eHiT»
(BMpobneHa B YKpaiHi)

>

III crymius

<

II crymias

I crynias

TonoBuuit
00TiUHUK

Kocmiunuii
Kopabesb
«BocTok»

|

I cryniab

Puc. 37.3. TpuctyneHesa
pakeTa-Hocin «BocTok»
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3HaK «—» CBiIUUTH IIPO Te, II0 KYJIbKA PYXaEThCH
B HANIPAMKY, IIPOTUJICKHOMY HAIIPAMKY PyXy IO-
BiTp4.

Posrnsimemo 111e oguH OpuKJIAaL — Bigmauy
aBTOMAaTa, AKMI POOUTEL 71 IIOCTPLIiB 3a CEKYHIY.
IlosmaunmMmo macy opHiel Kyai m, , a Ii MBUAKICTD
Yy MOMEHT BHJILOTY 3 AyJa — U. 3arajJbHUH iM-
MyJbC, AKOTO HAOYBaIOTh KYyJi 3a CeKyHAY (IIIBUA-
KicTh 8MiHM iMmyisbcy), cTaHOBUTHME N1-m, U .
Cuia f‘, dAKa Oie Ha KyJi, OJOpiBHIOE MIBUAKOCTL
3MiHU iIMITYJIBCY KYJb:

F=n-m.

3rigHo 3 Tperim 3akoHoM HpbioToHa Taka
caMa 3a MOJyJIeM cuJja, ajle HallpsaMJeHa IPOTU-
JIeXKHO, Ai€ 1 Ha aBToMAaT. AHAJIOTIYHO BUHUKAE
pylIifiHa peakmuéHa cuJia B PakKeTi, Kogum 3 ii
coIlIa BUKUJJAETHCA Tas.

BuBYaEMO peaKTUBHMI pyX pakeTu

Pakera — JjitanbHuii amapar, SKUU Iepe-
MiII[yeThCs B IIPOCTOPIi 3aBASKY PeaKTUBHilN Tsa3i,
10 BUHWKA€E BHACJHIOK BiIKUIAHHSA PaKeTOIO
YaCTHUHU BJIACHOI Macwu.

BinokpemirroBaHOIO YaCTUHOIO PAKETH € CTPY-
MiHb rapAvoro ra3y, KU yTBOPIOETHCA B XO[Ii 3T0-
pAHHA maguBa. Kosu rasoBuii cTpyMiHb i3 Besu-
YEe3HOI0 MIBUAKICTIO BUKUAAETHCA 13 COIJIa PaKeTH,
TO 00OJIOHKA PAKEeTH OJeP:KYy€ HMOTYKHUI iMIIyJIbC,
HAIPAMJIEHNN y OiK, MPOTHUJIEKHHUHN IIBUIKOCTI
pyxy crpymens (puc. 37.2).

? JIBUTYH paKeTm — Ile TEILJIOBUHN ABUTYH.
o B mbOMY ABUTYHI cIyTrye HarpiBHUKOM?
poboumm TitoM? XOJOAUIBHUKOM?

VaBimo HeWMOBipHUII BapiaHT: y MoO-
MEeHT CTapTy BcCe IaJMBO paKeTu 3TOpPs€ Bia-
pasy. OckigbKM OO cTapTy pakera mepeoy-
Ba€ y CIIOKOi, TO 3aKOH 30epeKeHHA iMIOyIbCy
micis BropsAHHS IaJuWBa BUIJVISAAB 0OM Tak:
0=",5005 + MpgzyUragy » A€ MysUos — IMIYJIBC 060-
JIOHKY PAKETH; MyasyUrasy — iMIysbe ragy. Crps-
myemo Bick OY B 6iK pyxy pakeTu (quB. puc. 37.2);
CIIPOEKTYBAaBIIN BEKTOPHE PiBHAHHSA Ha ITI0 BiCh,

MaeMo: 0=mysU5 — M50 Ups » SBIAKM:

m
Vo =

rasy

vraay *

06



§ 37. PeakTmBHU pyx. OisnyHi OCHOBM PaKeTHOI TeXHIKN. [JoCATHEHHA KOCMOHAaBTUKM

Sxiro mpunyctuTu, 110 Maca majauBa B 4 pasu
GispmIa 3a mMacy OOOJIOHKU (mra3y =4m ),
a IMBUIKICTH CTPyMEHSA Trasy Urasy = 2 KM/cC
(mpubJIM3HO 3 TaKOI MIBUAKICTIO i3 corma
PaKeTu BUPUBAETHCSA POIMEUEHUN ras), omep-
JKUMO IMIBUIKICTL PyXy OOOJIOHKKM paKeTu:
Vog =4V, =8 EKM/C™

Omke, AKOM IIAJIMBO PAKeTH 3TOPSIo
MHUTTEBO, a PYXy paKeTu Hiuoro He 3aBa-
JKaJjo 0, TO IIBUAKiCTh, HaOpaHa paKeTolo,
Oysa 0 QOCTATHBOIO AJISA TOrO, 1100 BUBECTU
pakery Ha op0Oiry 3emui. OfHAK y PeAJbHOCTL  puc. 37.4. IOpiit Onekciiogny
IIaJIMBO 3ropdAe€ IIOCTYIIOBO, a Ha PyX ParKeTu larapiH (1934-1968) — pagaHCbKuWi
MIOMITHO BILJIMBAE OIIp MOBITPs. POSPaXyHKM  jpoTunk-KOCMOHABT, Meplua SIloavHa
MOKAa3yIoTh, IO AJA JOCATHEHHS HeoO0XimHoi y CBITi, AKa 3aiNcHMNa Nonit
mMBUAKOCTI Maca nasuBa mae y 200 pasiB me-  y kocmoc (12 KBiTHA 1961 p.)
peBUIIyBaTH Macy O0OJIOHKH, a Ile HepeabHO
peaJjridyBaTu TeXHiUuHO.

IIle rHa mouaTky XX cT. 0yJIO TOBEJEHO, 1110 OJHOCTYIIEHEBA PaKeTa He 3MOKe
HmOKUHYTH 3eMJio. [[e MOKJIMBO TiJIbKY 3a JOIIOMOT'0I0 0araToCcTyIIeHeBUX PaKeT:
y TaKMX pakKeTax CTYIIEHi 31 CIIOPOKHIIMMM HNaJUBHUMU pPe3epByapaMM BiIKu-
IaloThCA B IOJBOTI (IOTIiM BOHU 3TOPAIOTH B aTMoc@epi uepes TepTa 06 IOBiTPA).
IIpu npomy Maca pakeTu 3MEHINYEThCA, BiAIOBiAHO 30iJbIIyETHCA IIBUAKICTD ii
pyxy. 3a3HauMMoO, 1110 BCi pakeTH-HOCiI KoCMiuHUX amapariB, K HaHIepIii, Tak
i Ti, 110 BUKOPHUCTOBYIOThCA 3apa3, € 6araToCTyIlIeHeBUMMU.

Ha puc. 37.3 momamo TpucTymneHeBy pakeTy-Hociii «BocTok». Boma ckiana-
€TbCA 18 YoTuphoX O6iuHmX 0610KiB (I cTYmiHbB), PO3TAIIIOBAHUX HABKOJIO IIEHTPAJIb-
Horo 6ioka (II cryminb). Kocmiunuii amapat ycranoBaoerbea Ha 111 crymeni, min
TOJIOBHUM OOTIiUHMKOM, AKHI 3aXUIlae MO0 Hil Yac MOJILOTY B HIiIIBHUX ITapax
armoc(epu. Ko:xkHuil OJIOK OCHAIEeHUN BJIACHUMUN PEAKTHUBHUMU IBUTYHAMIU.

12 kBiTHA 1961 p. pakera-HOCii «BoCcTOK» BuBesa Ha OopOITY KOCMIUHUH KO-
pabenb «BocTok», Ha 60opTy AKoro OyB mepIuii y cBiTi kocmouaBT FO. O. I'azapin
(puc. 37.4). Ilei#t mosiT OyB 3ailicHeHMI 3a iHiIliaTMBOIO Ta MiJ] KEPiBHUIITBOM BU-
natHoro KoHcTpyKTopa C. I1. Kopoavosga (1907-1966), ypomskeniia M. sKuTomupa.

KoHT Hi 3anNnUTaHHA
@L@,@\ OHTPOJIbHI 3a a

J\/]L 0/1. HatiTe 03HAUEHHS PEaKTUBHOTO pyxy. 2. Onuniits mociigu 3i cmocTepekeHHSA
PEaKTUBHOrO PyXxy. 3. 3anuIIiTh 3aKOH 30epeKeHHA iMIIyabCcy AJIA PYXy PaKeTu,
OPUIIYCTUBINYU, IO Bce ii masamBO 3ropAe MUTTEBO B MOMEHT cTapry. 4. Homy
IJIs 3allyCKAaHHS KOCMIYHMX KOpalOJiB 3 moBepxHi 3eMJi BUKOPHUCTOBYIOTH 0Oa-
raroctyenesi pakeru? 5. Hassirs iMm’sa mepirroro B icTopii JrofcTBa KOCMOHABTA
Ta iM’A KOHCTPYKTOpPA, HiJ KEePiBHUITBOM SKOro Oyj0 3AiJiCHEHO IEepPINUM MOJIiT
Yy KOCMOC.

*  3asHaunMo: 8 KM/C — Ie nepuia KocmivHa weudxicmev. Taky MIBUAKICTH TOBUHHO MaTHU
TiJIO B MOMEHT 3aIlyCKy 3 IMOBepxHi 3eMJi, 11100 craTu ii MITYyYHUM CYIIyTHUKOM.
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4‘:@? BnpaBa N2 37

% 1. «Cerrmepose Kojeco» (puc. 1) — mnpucrpiii, BUHAalime-
Huil MexaHiKoM Anowem Andpawem Cernepom (1704—
1777), — 3apas 3aCTOCOBYIOTH AJIA IIOJUBAHHS I'a30HIB.
PosrisabTre puc. 1 i moACHITH, SK OpaIIOe el MPUCTPI.
Yu MOKHa «CerHepOBe KOJeCO» BBasKaTU PEAKTUBHUM
nBurynom? OOr'pyHTY#Te CBOIO BilmoOBiab.
IIBuaKicTh CTPiIEOM CKOPOCTPiJIBHOIO KyjaeMeTa, SKUi
BU, MOXKJINBO, bauniau y pinbmi «Marpuris», carae 10 000
TOCTPiJIiB 3a XBUJIMHY; BiH BUIIycKae KyJai macoio 10 r
3i mBuakicTio 600 m/c. Kot € cusia Bigmaui Takoi 36poi?
Yu pificHO MOKHA CTPijATH, TpUMar4u ii B pykax? Pnc. 1

3. Big pakertu, mio pyxaJsaca 3i mBuakictio 2,4 KM/c, Bif-
OKpEeMUBCA IEePIINil CTYIiHb, Maca SKOTO0 CTaHOBUJIA
YBEPTh Macu PaKeTHu. 3 AKOI0 IIIBUAKICTIO Iouajia pyxa-
THUCS pakKera, AKIO IIBUAKICTH PYyXy HEPINOr0 CTYIEeHS
micasa Bigminenusa mopiBaHioe 900 M/c BimHOCHO pakerwu.

4. Cropucraiitecsa IOJaTKOBUMH OKepeiaamMu imdopmaririi
Ta AidHAWTECA PO YKPATHCHKUX KOCMOHABTIB.

5. CkopucraliTecs HOJaTKOBUMHU [:KepesaMu iHdopmaIllii Ta
IisHalTecd, AK pPyXaeTbCcA KaJibMap; fAKi IMe icToTu BU-
KOPHUCTOBYIOTHh PEAKTUBHUH PYX; i€ Ije MOKHAa CIIOCTepi-
raTu peaKTUBHUU PYX y IIPUPOAi.

EkcnepuiMmeHTanbHe 3aBAaHHA

I3 mnacTuKOBOI MIAIIKY Ta TPYOOUOK AJIA KOKTEHJIIO BUTO-
TOBTe «cerHepoee KoJjeco» (puc. 2) i mepeBipTe, AK IPAIIOE
el mpUCTPiii. Puc. 2

®disuka i TexHika B YKpaiHi

Ceprin NMaBnoBny KoponboB (1906-1966) — akafaemik, BCECBITHbO
BiAOMUI YKPAIHCbKWIA PafAHCbKWIA BYEHWIA Y Fanys3i pakeTobyay-
BaHHA Ta KOCMOHABTVKNM, KOHCTPYKTOP MePLUNX WTYUYHUX CYNyTHUKIB
3emMni Ta KOCMIYHUX KOpabiB.

Mig kepisHyTBOM C. 1. KOponboBa 6yno po3pobneHo 1 CTBOpeHO
Cepito YHIKanbHUX PAKET-HOCITB, AIKi 3a6e3neunny CrpaBXHil NpopuB y
JOCHigXEHHI KOCMOCY: 3aMyCK NepLIOro B iCTOPIT LUITYYHOro CynyTHMKa
3emni (4 )0BTHA 1957 p.); nepLumii B icTOPii KOCMIYHUI NONIT KOCMOHaBTa
IOpia Onekcitiosuya [azapiHa Ha Kopabni «BocTok» (12 KBiTHA 1961 p.);
BMBEAEHHA Ha Op6iTy meplioro 6aratomicHoro Kopabns cepii «Bocxog» 3 ekinaxem Ha
60pTy (12 OBTHA 1964 p.); NepLnii BUXIiF Y BigKpUTUIA KocMoc KocmoHaBTa O. A. JleoHosa
(18 6epesHa 1965 p.). C. . KoponboB BMXxOBaB naesay YNCIEHHUX NOCNIAOBHUKIB — yUeHMX,
KOHCTPYKTOPIB, iHXXeHepiB.

LlikaBo, Wwo neplmnn KOCMOHaBT i3 YkpaiHu [1. P. [lonosuy, pakeTy 3 akumMm y 1962 p. Bu-
BiB Ha op6ity C. IN. KoponboB, 3acniBaB i3 KOCMOCY A/sl FOSIOBHOIO KOHCTPYKTOpPa 1Oro
ynio6nieHy nicHio «ueniocb A Ha Hebo...».

Y XKutomupi, Ha 6aTbKiBLMHI KOHCTPYKTOPA, BigKprTo My3eil kocMoHaBTUKM im. C. 1. Ko-
PONbOBA, Ha LIEHTPasIbHIl MAOLi MiCTa NOMY BCTaHOBJIEHO MaM'ATHMK.
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§ 38. 3BACTOCYBAHHA 3AKOHIB 3bEPEXXEHHA
EHEPTII TA IMMNYJIbCY B MEXAHIYHUX ABULLAX

Po3B'A3aHHA 6araTbOX MNPaKTUYHUX 3afay 3HAYHO MPOCTIWAE, AKWO CKOpUCTaTUCA
3aKOHaMU 30epeXeHHA — 3aKOHOM 30epeXeHHs iMMNyNibCy Ta 3aKOHOM 36epeXeHHs
i NnepeTBOpPeHHA eHepril, agXe Ui 3aKOHM MOXHa BMKOPWCTOBYBATW N TOAi, KON CUNK,
AKi gitloTb y cnctemi, € Hesigomumn. OTxKe, 3ralaeMo, AKi iICHYIOTb BUAN MeXaHiYHOI eHepri,
Ta PO3B'AKEMO [eKifbKa 3aflay Ha 3aCTOCYBaHHA 3aKOHIB 36epeXKeHHs.

3ragyemMo npo mexaHiuHy eHepriio

EHeprisl (Biz. rpemnbK. «IiAabHICTH») — Le pi3nyHa BeNINUMHA, AKa € 3arafbHOM0

MipOt0 pyXy Ta B3aEMOAIT BCiX BUAIB maTepii.

Eneprito nosnauaiors cumMmBoJioM E (a6o W). Odunuuys enepeii 6 CI — mxoyis:
[E]=10x=1H M.

Y mMmexaHIiNl MM MaeMO CIpaBy 3 MEXAHIYHOW eHepezi€lo.

MexaHiuHa eHepria — e di3MyHa BeNMUYNHA, fIKa € MipPOIO PyXy Ta B3aeMOSi Tin
i XapaKTepu3ye 30aTHICTb TiNl BUKOHYBaTW MEXaHiuHy poboTy.

Bunu mexaHiuHOI eHeprii

Rinernuna enepria E,—

ITorenniansHa eHeprisa Ep =
eHeprid, 3yMOBJIE€HA B3a€EMOIEI0 TiJ
a00 yacTuH Tija

eHeprid, 3yMoBJIeHA
pyxom Tija

mo? Ep nigEAaTOro Tijma: Ep OpPYysKHO medopMoBa-
E, = 9 E,= mgh HOI Ipy:KuHU (LIHYpAa):
. _ : kx®
m — Maca Tiia m Maca Tlia Ep =
U — MOAYJb IIBAAKOCTI h — BucoOTa BiIHOCHO 2
pyxy Tina HYJILOBOT'O kE — XOpPCTKiTH mpy-
piBHS KUHU (ITHYPA)
X — BUIOBXKEHHS

piBeHB

Cyma kiHeTmuHOI i moTeHIianbHOL eHepriit Tisa (cucreMu Tia) —
Ile TIOBHA MeXaHiYHa eHeprid Tinxa (cucremu tim): E=E, +E,
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BuBuaroun mexaHiuHY eHeprito B Kypci GisuKu 7 KJacy, BU [i3HAJJIUCSA IIPO
Te, III0 Y 6UnAdKy, KOLU cucmema mij € 3aMKHEeHO0W, a4 Mila cucmemu 83a€EmMO-
ditomb 00He 3 00HUM MIALKU CULAMU NPYICHOCMI MaA CULAMU MANCIHHSA, NOBHA
MEXAHIYHA eHepzis cucmemu He 3MIHIOEMbCA.

V mpomy moJsisirae 3aKOH 36epeKeHHs i nepeTBOpeHHA MeXaHiuHOoT eHepriT,
AKUN MaTeMaTUYHO MOYKHA 3aIlMCATH TaK:

Ek0+Ep0=Ek+Ep,

me E,,+E,, — moBHa MexaHIYHA €HEPrisf CHCTEMH TLJI Ha IIOYATKY CIIOCTepe-
sKeHHA; E, +Ep — IIOBHA MeXaHiuHa eHepris cucTeMU TiJ HaIpPUKIiHIIL crocTe-
pe'KeHHs.

E 3ragyemo anroputm po3B’si3yBaHHA 3ajay Ha 3akOH 36epekeHHA
MeXaHi4YHOI eHepril
Anaroput™M po3B’s3yBaHHA 3a7a4 i3 3aCTOCYBAaHHAM
3aKOHY 30epeskeHHsd MeXaHiuHOol eHeprii

1. YBasKkHO mpoumTaiTe yMOBY 3amadi. 3’sAcyiiTe, UM € cucTeMa 3aMKHEHOIO,
Yy MOKHA 3HEXTYBATU JIi€I0 CUJ OIOPY. SaIIUIIIiTh KOPOTKY YMOBY 3ajadi.

2. BukonaliTe MOsICHIOBAJbHUI PHCYHOK, Ha SKOMY 3a3HauTe HYJIbOBUII
piBeHb, ITOYATKOBUU Ta KiHIIeBUI cTaH Tija (cucTeMu TiJ).

3. 3anumnriTh 3aK0OH 30eperkeHHs i mepeTBOPeHHA MexaHiunoi eHeprii. Koukpe-
TU3YUTE 1IN 3aIInC, CKOPUCTABIINCH TaHUMU, HABeIeHNMH B YMOBIi 3axaui,
Ta BigmoBigHUMU (hopMyJIaMU 1A BU3HAUEHHSA eHeprii.

4. Po3B’sa:KiTh OTpuMaHe PiBHAHHA BiJHOCHO HeBimomoi Benmuunu. Ilepesipre
1l OMIMHUINIO TAa BU3HAUTE UMCJIOBEe 3HAUEHH.

5. IIpoanaiisyiiTe pesyabTaT, 3alHUIIiTh BiAIOBiAb.

OcCKiJbKM 3aKOH 30eperkeHHs MexXaHiuHOi eHepril 3HAUHO CIIPOIIYE PO3-
B’AA3aHHA 0araThboxX IPAKTUYHHUX 3a/a4, PO3TJISHEMO aJTrOPUTM PO3B’A3yBaHHA
momi0HMX 3aJau Ha KOHKPETHOMY HPUKJAMII.

3apaua 1. YuacHUK aTpaxilioHy 3 OaHIKi-
JKAMIIIHTY 3AificHIoe cTpubOK 3 MocTa (AMB. pU-
CYHOK). fIKOI0 € JKOPCTKiCTh I'YMOBOTO KaHATY, IO
SAKOT'0 IPUB’SI3aHUI CIIOPTCMEH, AKIIO IIiJ Jac ma-
miHHg mHyp posTaruyscs Big 40 mo 100 m? Maca
CIOpTCMeHa 72 KrI, IIoYaTKOBa MIBUIKICTH HOTO
pPyXy mopiBHIoe HyJI0. OIIOPOM MOBITPS 3HEXTYHTE.

AHanis gisuuHoi npobremu. OOpoOM MOBITPA
HEeXTYEMO, TOMY MOJKHA BBasKaTH CHUCTEMY TiJ
«3eMyIs — JIIOAWHA — IMHYP» 3aMKHEHOIO i s
PO3B’sA3aHHA 3aJaUi CKOPUCTATHCSA 3aKOHOM 30epe-
JKeHHSA MeXaHiuHOolI eHeprii: Ha mouaTKy cTpubOKa
CIIOPTCMEH Ma€ IOTEeHIliaJIbHY eHepriio IIiJHATOTo
Tijla, B HARHUKYIN TOUIIi I eHepris IIepeTBopio-
€ThCsS Ha IIOTEHIiaJIbHY eHepriio aedopMOBAHOTO
IIHypA.
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§ 38. 3acTocyBaHHA 3aKOHIB 36epeXkeHHA eHeprii Ta IMMNY/bCy B MeXaHiYHNX ABMLLAX

Ilano: Towyx mamemamuirol modesi, pO36’a3aHHS
ly=40 M BukoHaeMo pHCYHOK, HAa AKOMY 3a3HAUMMO IIOUATKOBE Ta KiH-
[=100m™ IeBe TOJIO’KEHHS CIIOPTCMeHa. 3a HYyJIbOBHU DiBeHL 00epeMo
m="T2xKr HaWHMKYE TIOJIOKEeHHA CIIOPTCMeHa (IIIHYD PO3TATHEHUI MaKCH-
0o=0 MaJIbHO, IIIBUAKICTH PyXy cmopTcMeHa mopiBHioe 0). 3anuimemo
g=10m/c? 3aKOH 30epesKeHHsA MeXaHiuHol eHeprii.
3naiimu: Mo ITicas
E— ? —3 —
A 0y,=0 o
h - l
h' 0_00_ v=0

Ek0+Ep0=Ek+Ep.

E,,=0 (ockinmpku vy=0); E, =0 (ockinexu v=0);
= =] — B’
Ep0 mgh, ne h=1 JOBJXKMHA Ep= x , me x=I—1, — suos-
PO3TATHYTOIO IIHypa 2
KeHHA IIHypa
k(1-1,)" 2mal

. OcTaToyHO OTPUMYy€EMO: B=—T7—.

Omxe, maemo: 0+mgl=0+ 5
. ) ) (1-2)
ITepeBipuMO OZMHMINIO, 3HAKMAEMO 3HAUYEHHS IIIYKAHOI BeJINYMHNI:

2
[ploxme/etor H o 27210100 2721000 0

m®  m  (100-40)> 8600
Bionosiov: k=40 H/m.

B Po3B'si3yeMo 3apayvy, O4HOYACHO 3aCTOCOBYIOUM 3aKOH 36epe)KeHHsA
MexaHIYHOI eHeprii Ta 3aKOH 36epeKeHHs imnynbcy

Yu rpanu Bu B Oinbsapzn? CmpobyemMo omumcatu OAWH i3 BUOAAKIB 3iT-
KHeHHA OLIbAPIHUX KYJb, a caMe NPY:KHUH IEeHTPaJbHUH yaap — 3iTKHeHHA,
mix yac AKOro BTpPaTH MexXaHIiuHOI eHepril BiACyTHi, a IMBUAKOCTI PyXy KYyJb MO
i micas ymapy HampaMJEHi B3OBXK MPAMOI, IO MPOXOAUTH Uepe3 IMEeHTPU KYJIb.

3apaua 2. Kynsa, aka pyxangacs OiabapIHUM CTOJIOM 3i mMIBHUAKicTIO 5 M/c,
3iIITOBXYETHCA 3 HEPYXOMOIO KYJIeI0 TaKol caMol Macu (ZuB. pUCYHOK). Busnaure
MIBUAKOCTI PYyXY KyJb HiCJId 3iTKHeHHA. Yaap BBaKalTe IPYKHUM IIeHTPAJTbHIM.

Ananis @izuunoi npobaemu. CucremMy ABOX
KyJIb MOJKHA BBasKaTu 3aMKHEHOIO, yap € IPYKHUM,
TOMY BTpaTH MeXaHiuHOi eHeprii BigcyTHi. OTike, nis
pO3B’sA3aHHA 3a/iaui MOKHAa BUKOPUCTATHU i 3aKOH 30e-
pexeHHs MexaHiuHOI eHeprii, i 3aKoH 30epe’KeHHs
iMmoyascy. ObepemMo 3a HYJIBOBUII PiBeHBL IIOBEPXHIO
cToJry. ¥ JaHOMY BUIIAAKY IIOTEHI[iaIbHI eHeprii KyJb
o i micaa ymapy IOpPiBHIOIOTH HYJIIO, TOMY IIOBHA Me-
XaHiuHA eHeprid cucTeMu i mo, i micad ymapy ckaazna-
€ThCS TiJbKU 3 KiHETUUYHUX €HEPrill KyJb.
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Ilano: Iowyx mamemamuyrnoi modesi, po3g'sa3aHHs. BUKOHaeEMO pucy-
Vo1 =5 M/C HOK, Ha AKOMY 3a3HAYMMO IIOJIOKEHHSA KYJIb 10 1 micasa ymapy.
Vo2 =0 Ho ITicna

Dol Vo2=0 U1 Uy
Snaiumu: e = =

Ul_? vz_?

3amnuIiineMo A8 CUCTEMU ABOX KYJIb 3aKOH 30eperkeHHs iMIIyJbCcy i 3aKoH 36e-
pexkeHHs MexaHiuHOI eHeprii, BpaxyBaBIy, IO Uy =0:

MmUvy, =mv; + mvy|:m, Boy =0y + B
2 2 2 3HaigeMo MPOeKIii IIIBUIKO-
mv 2 _ 2 2
01 muv muv —
=—L+—2|x2:m, Vg1 =01 tU;.-
2 2
. . Vo1 =~V + Vs, . 5=—v; + vy,
creii Ha Bick OX: | 4 9 o9 Ockingpku vy; =5 M/c, MaeMo: 5 9
Vg1 = U7 +05. 25=v; +v;.

Posp’asaBiim ocTaHHIO CHCTeMY, OTpuMaeMo: v; =0; v, =5 M/c.
? Po3p’EXKiTh OCTAHHIO CHCTEMY PiBHAHB CaMOCTIiHHO.

Ananiz pesyavmamis. Bauumo, 1o KysIi «0OMiHAJMCA» MIBUAKOCTAMMU: Kyasa 1
3YIUHUJIACH, & KyJIA 2 HaOysa MBUAKOCTI KyJai 1 m0 3iTKHEHHA.

3a3HAUUMO: 6 Pa3i NPYHHO20 UEHMPALbHO20 yoapy 060X mia 00HAK060L macu
yi mina «06MiHIOIMbCA» WEUOKOCMAMU He3aJIeXKHO Bil TOTO, AKUMHU OYJIU IO~
YATKOBI MIBUAKOCTI PyXy TiJ.

Bidnosiov: v; =0; vy =5 Mm/c.

n Po3B’A3yemo 3apjavy, B AKill 3aKOH 36epe)KeHHA MeXaHiYHOi eHeprii
i 3aKOH 36epexeHHA iMnNynbcy cnip 3acTocyBaTth Mo uepsi

Axio BaM miKaBo, 3 KO0 IIBUAKICTIO BUJIITAE CTpijia 3 BAIIOro JIyKa ado
AKOIO € IIBUAKICTH PyXy KyJi IIHEBMATHYHOI 'BUHTIBKH, JOIIOMOJKE IIPOCTHI IpU-
CTpifi — OanicmuuHiil MasmHUK — TiIBillleHe HAa MeTaJeBUX CTPUIKHAX BaKKe
TiJIo. 3’ICyEMO, SIK BUSHAUMUTH IIBUIKICTL PYXY KYJIi 3a JOIIOMOI'OO I[bOI'0 IIPUCTPOIO.

3apaua 3. Kyna macoro 0,5 r Biaydyae B HiABiIIeHMIT Ha CTPUIKHAX
nepes’auuii 6pycok macoro 300 r i sacTpsarae B Hbomy. BusHaure, 3 KOO IIIBH-

KicTio pyxajiacs KyJs, SKIIO ITiCJIg BIYUYeHHs KYJi OPYCOK IiZHSBCA HA BUCOTY
1,25 cm (ZUB. PUCYHOK).

1 — mepen 2 — y MOMEHT 3 — Haibinbire
3iTKHEeHHAM 3iTKHEeHHS BigXujaeHHS

o —
- -
m




§ 38. 3acTocyBaHHA 3aKOHIB 36epeXkeHHA eHeprii Ta IMMNY/bCy B MeXaHiYHNX ABMLLAX

Amnaniz gisuynoi npoosemu. Ilin yac BiIydYeHHs KyJai B OPYCOK OCTaHHil
HabyBae mBuaAKocTi. Yac BsaeMogii gysKe KOPOTKUIl, TOMY IIPOTATOM I[HOTO Yacy
MOKHA BBa’sKaTU CUCTEMY «KyJs — OpPYCOK» 3aMKHEHOIO Ta CKOPUCTATUCS 3a-
KOHOM 30epeKeHHs iMIIyJIbcy. A OT 3aKOHOM 30epesKeHHs MexXaHiuHOl eHepril
CKOpHMCTATHCA He MOXKHA, OCKiJIbKY IMPUCYTHA CUJA TEPTH.

Koau xyas B:Ke synuHMIIA PYX ycepeaunHi Opycka i Bin mouas BigxXuaATHCH,
TO MOKHA 3HEXTYBATH Ji€I0 CUJIM OIIOPY IIOBiTPA Ta CKOpUCTATHUCA 3aKOHOM 30epe-
JKeHHS MexaHiuHoI eHeprii gy cucreMu «3eMJid — OPYycok». A oT iMmysabe Opycka
Oyme 3MEHIIYBaTUChb, OCKIJIbBKHU [Iif CTPMIKHIB ysKe He KOMIIEHCY€ MIifo 3eM.JIi.

Iano: Towyx mamemamuinoi moodei, po36'a3aHHs
m=0,5r= 0,5-10° gr SalUIIeMO 3aKOH 30epeKeHHs IMIyJIbCy JJIsA I0-
M=300r = 0,3 Kr JoxeHb 1 i 2 (IUB. PHCYHOK), B3ABIIN IO yBaru,

h=1,25cm = 0,0125 m 1[0 B IOJIOKeHHI 1 Opycok mepebyBae B CIIOKOI,
a B IOJOKEHHI 2 OPYCOK i KyJid pyXarmThCA Pa3oM:

Sratimi: mby+M-0=(m+M)-5.
Vo™ ¢ CrpoekTyeMo ofep:kaHe pPiBHAHHS Ha Bick OX:
m+M)-v
mu, =(m+M)~v = v, =¥ D).
m

3anuIeMo 3aK0H 30eperKeHHs MeXaHiuHOol eHeprii AJisg mojo:KeHb 2 i 3 Ta KOH-
KpPeTUs3yeMo Horo:

E,, +Ep2 =E,; +E
+M)-v?
E,, = w ; E,; =0 (OpycOK 3yIMHUBCH);
E,,=0 (Opycox Ha HY/Ib0BOMY DiBHi). E,3=(M+m)gh.
M)-v?
Omoxe: M = (M+ m)gh.

2
ITicna ckopoueHHS HaA (M +m) OTPUMAEMO: v?= gh, abo v=+/2gh (2).

IligcraBuBiu Bupas AJsa mBUAKOCTI (2) v dopmyny (1), oTpumaemMo gopmyry
0118 8U3HAYEHH S WeudKocmi pyxy mina 3a 00nomozon 6aiicmuyHoz0 MASMHUKA:

(med)- o

vo—
m

IlepeBipuMO OmMHUITIO, BHAWIEMO 3HAUYEHHS IMTYKAHOI BEJIMUNHIU:

N 300,5-107°4/2-10-0,0125
[UOJ_M—/CZE; v = = ~300 (/c).
c 0,5-10

Bidnosiov: v, =300 m/c.

[ 37 3amicTb nigcymkis

(%Mi Mu posriaHyau Julle IeKijJbKa IpUKJIaJiB po3B’sai3anusa 3anad. Ha nepinit
MOTJIsA[ 3a€ThC, 110 I iMImysIbe, 1 MexaHiuHa eHeprisa 30epiraroTbes He 3a-

Bk au. IIo cTocyerhes iMIysibcy — Ie He TaK. SaAKOH 30eperceHH s IMNYabCy — uye

3azanvbHUll 3aKoH Bececgimy. A HiOu «moaBa» iMmynbey (auB. 3amauy 1y § 38) um

oro «3HUKHEeHHA» (OuB. 3agauy 3 y § 38, mososkeHHA Tia 2 i 3) MOSCHIOIOTHCA
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TUM, 10 3eMJIA TeXK oTpuMye immyabc. CaMe TOMy, PO3B’SIBYIOUU 3a/1adi, MU «IITy-
KaeMo» 3aMKHEHY CHUCTeMY.

A ot mexaniuna enepeis OdilicHo 30epizaembubces He 3a8x0u. Cucrema MoKe
OTPUMATH AOJATKOBY MeXaHIuHYy eHeprito, SKIMO 30BHIIIHI CHJIM BUKOHAIOTH I0-
IaTHy poOoTy (HampukJjan, BU KUHyJau M’A4). CucTeMa MoOKe BTPATUTU YACTUHY
MeXaHiuHOl eHeprii, SKII0 30BHIIIIHI CUJIM BUKOHAIOTH BiJ'€MHY POOOTY (HAIIPUK-
Jaj, BeJIOCUIe]] 3yIIMHUBCA Uepeld Ail0 CUJIU TepTda). A OT nosHa enepezia (cyma
eHepriii, AKy MaloTh Tijla CUCTEeMHU Ta YACTHUHKH, 3 AKHUX I[i Tijla CKJaZaloThCsd)
3a620U 3ANUULAEMbCS HE3MIHHOW. 3aKOH 30epexceHHs eHepzii — ue 3az2albHuil
3axoH Bcecsimy.
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Bnpasa N2 38

Bukonytouu 3aedanns 2—4, onopom nosimps 3nexmyiime.

1.

EKcnepmmeHTaane 3aBAaHHA

«Banicmuunuit masmuukxy. Burorosre 6ajicTuuHMi Ma-
ATHUK (puc. 2). [lyg 1150r0 BUPisKTE 3 MamepoBoi KOPOOKU
IepeIHI0 CTiHKY, BUJINITH i3 IJIACTUIIIHY IITe OAHY KO-
poOKy, AKa TPOXM MEHIIIa 3a PO3MipoM BiJ mamepoBoi,
BCTaBTe IJIACTUJIIHOBY KOPOOKY B IIallepOBY Ta IIiABicbTe
IPUCTPili HA HUTKAX TakK, AK IIOKa3aHO Ha puc. 2.

BumnpobyiiTe mpuctpiii, BUMipaBIIN, HATTPUKJIA, IIIBUI-
KiCcTh pyXy KYJBKH AUTAYOTO MPYKUHHOTO ITicTOJeTa.

BanTamx macoro 40 xr ckunyau 3 jgitaka. Ilicaa Toro Ak Ha Bucoti 400 M mBug-
KicTh pyxy BaHTaxXy jgocdaria 20 m/c, BiH mouaB pyxarucd piBHOMipHO. BusHaure:
1) noBHYy MexaHiuHY eHeprito BaHTasKy Ha BucoTi 400 M; 2) moBHY MexaHIiuHY
€Heprilo BaHTaKy B MOMEHT IIPU3eMJIEHH:; 3) eHepriio, Ha AKY IIepeTBOPUJIACS
YyacTUHA MeXaHiuHOi eHepril BaHTaXKYy.

Kynbry xuuynu ropu3oHTaJ bHO 3 BUcOTU 4 M 3i mBuaKicTi0 8 M/c. BusHauTe
MIBUAKICTh PyXy KYJBKU B MOMEHT IAJiHHA.

Posp’sikiTs 3amauy aBoma crocobamu: 1) POSINIAHYBINIU PYyX KYJIbKU AK PYX
Tijla, KUHYTOr'0 TOPU30HTAJIbHO; 2) CKOPUCTABIINCH 3AKOHOM 30€pesKeHHsA Me-
xaHiuHol eHeprii. Axkuit cooci6 y JaHOMYy BUOAIKY 3PyUHIiIImi?
IInacruninoBa Kyabpka 1 macoro 20 r i BTpuui
OispIlIa 3a Macoio KyJbKa 2 IiABiIeHi Ha HUT-
kax. Kymbpry 1 Bigxuiamam Bif MOJOKEeHHA
piBHoBaru Ha Bucory 20 cMm i Bigmycrtuiu.
Kynbka 1 simrroBxHysacsa 3 KyJbKoio 2 i mpu-
gunia o zei (puc. 1). Busnaure:

1) mBuUAKicT, PyXy KyJAbKu 1 10 3iTKHEHHS;
2) MBUAKICTL PYXy KYJBOK HicJiA 3iTKHEHHS; Puc. 1

3) MaKcUMAaJbHY BUCOTY, HA AKY MiAHIMYThCSA

KYJIBbKH ITiCJIS 3iTKHEHHS.

Kynpka macoro 10 r BuiitTae 3 NPYKUHHOIO IiCcTOJIeTa, BJIYYa€Ee B IEHTP
migBimeHoro Ha HUTKaX IJIACTUJIiHOBOro Opycka macor 30 r i mpuau-
mae gm0 Hboro. Ha AKy BucCOTYy mimHimMeThcsa OPYCOK, SIKIIO IIepen IOCTpijgom
npyskuHa Oyna cTucHyTa Ha 4 cM, a JKOPCTKicTh mpy:KuHH — 256 H/M?

A

Ilis po3paxyHKiB cKkopucraiiTeca (GopmMyJsoi0, OTpuMa-
HOIO IijJ yac posB’sa3anHs 3agaui 3 y § 38. Puc. 2



NNABOPATOPHA POBOTA Ne 7

Tema. BuBYeHHA 3aKOHY 36epexeHHsA MeXaHiuyHoi
eHepril.

MeTta: nepekoHaTUCA Ha JOCAIAI, WO NOBHA Mexa-
HiYHa eHepria 3aMKHEHOI CMCTeMU TiN 3anMILIAETbCA
HEe3MIHHOIO, AKLWO B CUCTeMi AiloTb TiNbKU CWIn
TAXKIHHA Ta CUAU MPY>KHOCTI.

O6napgHaHHA: WTATUB i3 MydTOIO Ta NlAMKoI, Au-
HaMOMeTp, Habip TArapuis, NiHiika 3aBAOBXKN 40—
50 cM, T'yMOBMI WHYP 3aBAOBXKM 15 CM i3 NOKaxkum-
KOM i neTeNbKammn Ha KiHUSAX, oniBelb, MiLjHa HUTKa.

TeopeTunuHi BigomocTi

J1s1 BUKOHaHHA POOOTH MOKHA BUKOPUCTATHU €KC-
epuMEeHTaJIbHY YCTaHOBKY, 300paskeHy Ha puc. 1.
ITonepenHb0 MO3HAYUBINY Ha JiHINI TOJOKEHHSA
TMOKaKUMKa y BUMAJKy HeHaBaHTAKEeHOTO IITHypa
(mosuauka 0), g0 meTyIi MIHYypa OiABIIIYIOTH TATA-
pellb, AKUII TOTiM BigTATyIOTH YHU3 (cTaH 1), Ha-
Iaouy NIHYPY OeAKOTO BUIOBIKEHHS X (puc. 2).

Y craumi 1 moBHa MexaHiuHa eHepris cucreMu

«(IIHYp — TArapenb — 3eMJd» NOPiBHIOE IIOTEH-
niagbHiN eHeprii po3TATHEHOrO IITHYypAa: S —
hxf _ Fx i:i
By=—l="t2, M
2 2

ge F; = kx; — MOAyJb CHJIM IPYKHOCTL IIHYpa 3a
HoT0 PO3TATHEHHA HA Xi.

Haxni Tarapens BiqmycKaioTh i Bif3HAYAIOTH IOJIO-
JKeHHS ITOKAKUNKA B TOM MOMEHT, KOJIM TATapellhb J10-
CATHe MaKCUMAaJIbHOI BUCOTH (CTaH 2). ¥ oMY CTaHi
TIOBHA MeXaHiuHa eHeprisf CUCTeMU JOPiBHIOE CYMi I10-
TeHI[iaJIbHOI eHeprii miHATOro Ha BUCOTY A TATapIld

1 TIoTeHIIiaJIbHOI eHeprii po3TATHYTOro IITHypa:
2

!

T'ymoBuii

IIHY D
rITokakumk

/IIII

rJlimifika

Puc. 1

kx F,x
E,=—2 +mgh=%+P-h, 2)
ge F,=kx, — MOLynb CUIU IPYXXHOCTi IIHYpa 3a
YMOBU HOTO PO3TATHEHHS Ha X9; P=mg — Bara
TATAPILA. Puc. 2

BKA3IBKM O POBOTHU

MigroToBKa A0 eKCNepuMeHTy

1. Ilepen TuM SAK posmouaTy BUMIipIOBaHHSA, 3rajgaiire:
1) Bumoru OesmeKwu ITiji yac BUKOHAHHA JIaOOPATOPHUX POOIT;
2) 3axk0oH 30epesKeHHs IIOBHOI MexXaHiuHOI eHeprii.

2. IIpoanaJsisyute dopmynau (1) i (2) Ta momipryiiTe, AKi BUMiprOBaHHA
caig 3pobuTH, 1100 BUBHAUNTH IMOBHY MeXaHIUHY eHepriio cucreMu
y crami 1 i crami 2. CKIafiTe IJIaH IPOBEIEHHS EKCIIEPHMEHTY.

241



Poszgin V. PYX | B3AEMOJIA. 3AKOHW 3BEPEXXEHHA

3. 306epiTh yCTAaHOBKY, AK IIOKasaHO Ha puc. 1.

4, TToTArHYBIIN 328 HUMKHIO IETEJbKY BEPTUKAJHHO BHU3, BUIPAMITE IIHYD,
He HaTAryouu ioro. ITosHauTe Ha JiHIAII OJiBIIEM HOJOKEHHS IIOKAMK-
YMKa y BUIAAKY HeHaBaHTaKeHOro IMHypa I mocraBTe mosHauky O.

EkcnepuimeHT

Cysopo dompumyitmecsv incmpykuyii 3 Oeanexu (0ue. popsay niopyyHuka).

PesysnbraTu BuMipoBaHb Bifipasdy 3aHOCHTE A0 TAOJIUII.

1. BusHauTe 3a JOIOMOTOI0 JUHAMOMeTpa Bary P rarapis.

2. IlimBickTe TATapenhb A0 MMEeTeJbKU. BiATATHYBINN TATApeIlh VHU3, IIO3HAUTE
Ha JIHIAII HOJIOMKeHHA MOKaKYMKa, Ol IO3HAUYKM IocTaBTe mudpy 1.

3. BigmycriTh Tarapens. IloMiTUBIIN ITOJIOMKEHHS IIOKAKUYMKA B MOMEHT,
KOJIX TArapellb CATHYB HaOiJIbIIOI BHCOTH, IMOCTABTE Yy BiAMOBigZHOMY
MicIli mo3HAUKy 2. 38epHimb ysazy: SAKINO ITO3HAYKA 2 PO3TAIIYETHCS
BuIlie, Hik mosHauka 0, mociaing HeoOXiZHO HOBTOPUTH, 3MEHIITHBIIN
POBTATHEHHSA IITHYypPa Ta BiAIOBiAHO 3MiHMBIIU IIOJOMKEHHS ITO3HAUKH 1.

4. Buwmipaiite cuau upyskHocti F; i Fy, AKi BUHHKAIOTh y TI'yMOBOMY
IIHYPi B pasi HOro po3TATHEHHA Ha X; 1 X, BigmosigHo. 14 mboro
3HIMITh TATapeIlhb i, 3aUENUBIIN IETJI0 IITHypa rauykoM AWHAMOMETpA,
POSTATHITH MIHYP CHOYATKY A0 IO3HAUKMW 1, a MOTiM M0 mo3HAuKu 2.

6. BuwmipaBmiu BigcTami MisK BiAmoOBifHMMU MO3HAUKAMM, BU3HAUTE BUIOB-
JKeHHA X; 1 X, T'yMOBOIO IIHYpa, & TaKOXX MaKCHMAJbHY BHCOTY h
migitomy Tarapis (gumB. puc. 2).

7. IloBropits mii, ommcami B myHkTax 1—6, migBicuBmim mo HmIHypa ABa
TATAPIi Pa3oM.

Bar . . . .
Howmep ara IIHypa HOCTi mig- HiuHA eHepria
IOCIIimy THArApIA oMy

PH |x,m|x,m| F,H| F,,H h,w | Euo Box| By, x

Bupos:xenns Cuna mpysx- | Bucora IToBHa mexa-

OnpauioBaHHA pe3ynbTaTiB eKCNepuMeHTy

1. 114 KOXKHOTO OOCJiny BU3HAUTE:
1) moBHY MexaHiuHY eHepriro cucremMu y craHi 1;
2) IIOBHY MeXaHiuHy eHepriio cucreMu y cTaHi 2.
2. 3aKiHUiTh 3aII0OBHEHHSA TAaOJIMII.

AHanis pesynbTaTiB eKCnepumMmeHTy
IIpoananisyiiTe excrepuMeHT Ta ioro pesyJuabratu. ChopmysioiiTe BUCHO-

BOK, y AKOMY: 1) mopiBHANTE Oflep:KaHi BaMU 3HAUEHHS ITIOBHOI MeXaHIUHOI eHep-
rii cucremu y craui 1; y crani 2; 2) 3a3HauTe IPUUYUHU MOKJIUBOI PO30iKHOCTI
pe3yJsbTaTiB; 3) YKaKiTh (PisMUHI BeJIMUYMHU, BUMIDIOBAaHHA SKWX, Ha Balll II0-
VIS, JaJI0 HAWOiIBIITy TOXUOKY.

242



§ 39. OyHpameHTanbHi B3aeMogii B Npupogi...

% 3aBpaHHA «i3 3ipouKolo»

E
3a dpopmyioo €=|1——=X{-100% ouiHiTL BifHOCHY MOXUOKY €KCIEPUMEHTY.
2

+ TBopue3aBAaHHA

BisbmiTh HeBeTUKY KyJAbKY Ha HOBTiil MimnHi# HuUTII. [[0 HUTKY TPUB SKITH
T'YMOBUH IIHYP i, TPUMAIOUNCh 3a KYJIbKY, i3 CUJIOI0 IOTATHITH ITHYP yHU3. Bu-
MipAiTe BUAOBMKEHHS INMHypa. BiamycTiTeh KyabKy. BumipsaiiTe BUCOTY, Ha SAKY
HigHagack KyJabKa. BusHauTe JKOPCTKICTh HMIHYpa Ta OOUYMCJIITH I[}0 BUCOTY TEO-
petuuHo. IlopiBHAliTe pesyabTaT OOUNCICHHS 3 PE3yJIbTaTOM €KCIEePUMEHTY.

§ 39. OYHOAMEHTAJIbHI B3AEMOJAII B MPUPOA].
MEXI 3ACTOCYBAHHA ®I3UYHUX 3AKOHIB
| TEOPIA. ®YHOAMEHTANIbHUN XAPAKTEP
3AKOHIB 3BEPEXKEHHS

HocnigxeHHa BcecBiTy 3aBXAun CTaBMNoO nepef AOCNIAHNKAMWN HU3KY NMUTaHb, cepen AKNX
nepepycim «flk nobyaoBaHuin BcecBiT, TOGTO AKOW € Oro CTPyKTypa?», «AK i3 HeBenu-
KX LerNMHOK MaTepii yTBOPKETbCA BCE PI3HOMAHITTA MPUPOJHUX ABULY | MPUPOJHNX
006'ekTiB?», «Y1 OLHAKOBUM 3aKOHaM MigKOPIOIOTbCA Pi3HI NPUPOAHI ABMLWa?». Busya-
toun i3nKy, BM Hamaranuca 3HaiTu BignoBifi Ha ui nuTaHHA. CNPobyeEMO y3arafbHUT.

n BignoBigaemo Ha 3anuTaHHA: «flKolo € cTpyKTypa BcecBiTy?»
I Ycio BOCTYNHY AnA crnoctepeXeHHA YacTUHY MaTepiaJibHOro CBIiTY HasvBaloTb
BcecBiTom.

Vci 06’exkTu BeecBiTy Ta BiracTuBi iM ABUINA HayKa MOAIJAE HA TPU AKICHO
pisHi piBHI: miKpocsim, maxpocsim, mezacgim. O6’eKTU KOKHOr0 PiBHA BeecBiTy
mepenycimM BipiBHAIOTHCA MAacoOl0 Ta po3Mipamu:

CtpykTypHi piBHi BcecsitTy
MixkpocsiT MagxpocsiT MeracsiT
CBiT MoJeKy, aToMiB Csir peuoBuH, xuBux | CBiT miaaHeT, 3ip, 30paAHUX
Ta iIXHiX CKJIaJTHUKIB icToT, MakpoTiJa CKYIIUeHb — TaJIAKTUK
Poszmip 1071810710 Posmip 10719107 m Posmip morag 10”7 m
Maca me 6inbme 10710 xr Maca 10710-1020 kr Maca momax 1029 xr

? Hasegith mexinbKa 00’eKTiB MiKpOCBiTY; MakpoCBiTy; Meracsiry.

Kosxkunuii cTpykTypHUI piBeHb BeecBiTy onmcyeThes BIacHO0 (PhisrUHOIO Te-
opiero. Tak, pyx i B3aemMoxio 06’eKTiB MiKpOCBiTY HacaMmIiepes OIMCY€E K8AHM 084
MexaHiKa. Y MaKpPOCBiTI maHye KIACUYHA MEeXAHIKA, B OCHOBY SKOI IOKJIAJEHO
3akoHu MexaHiku HpioToHa. MeracsiT — 11e mepeayciMm 00’eKT pensmusicmcvkol
MexaHiKu, sika 0asyeTbcsa Ha Teopil BigHocuocTi A. EifHinTeiina.
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Puc. 39.1. KnacuyHa mexaHika
HbloToHa cnpaBaXKyeTbCA TiNbKK
A1 ONMCaHHA PyXy Tin 3i Weng-
KiCTI0, AKa Habarato MeHlua Bif
LWBUAKOCTI MOLWNPEHHA CBIiTNa.
Pyx Tin, WBMAKICTb AKNX € No-
PIBHAHHOIO 3i WBMAKICTIO CBITNa
(Hanpuknag, pyx BigAaneHnx
ranakTuk), onucye cneyiaabHa
meopis 8i0HOCHOCMI

Puc. 39.2. BunpomiHioBaH-

HA eNleKTPOMarHiTHUX XBU/b
3MIHHMM eNeKTPUYHUM CTPYMOM
MOXHa MOACHUTU 3a JOMOMOroto
KIAcu4Hol ennekmpoouHamiku
MakcBenna, a oT 4na NoACHeH-
HA BMMNPOMiHIOBaHHA aTOMOM
CBiT/1a (eN1eKTPOMarHiTHMX
XBUJIb ONTUYHOTO Aiana3oHy)
cnif, 3aCTOCOBYBaTW KBAHMOBY
e/1eKmpOOUHAMIKY, WO MICTUTb
KNacuYHy AK CKNafoBy

244

E LisHaemoca, YoMy }i3nNUHi 3aKOHMN
N Teopii MalTb MeXi 3acToCyBaHHA

OsnaioMmuBIINCH i3 I. 1 1IbOro maparpadga, IexTo
3 Bac 3auBoBaHUi. YoMy, HAIIPUKJIAL, 3aKOHU Me-
xaHiku HploTOHA He MOKHAa 3aCTOCOBYBATH IJIS
OIMCAaHHA PyXy MikpouactuHoK? lle »k 3akonu!
Age sragmaemo, aK OyAyeTbcsa (ismuHa Teopid.

SKIMO MU BUBYAEMO IIeBHUY (pisumuHMI IIPO-
mec (cImocTepiraemMo 3a HUM, 3OiACHIOEMO eKCIIepu-
MEHTH, BUKOHYEMO PO3PaXyHKM), TO HE Hamara-
€MOCh OXONUTHU BCi ABUINA, IO CIIOCTEPirarThCs
B XOJIi I[OTO IIPOIIECY, HE BPAXOBYEMO BILJIIMB YCiX
YyuHHUKiB. Mu obupaemMo Juille UMHHUKU, AKi,
Ha HAIly TYMKY, CYTTEBO BILJIMBAIOTH Ha IIPOIIEC,
TO0TO Oyznyemo @isuyny modeav nporecy. Bukopu-
CTaHHA MOJeJIi Tae HaM 3MOTY IOSCHUTU TPUPOLY
misoi HU3KU (PismuHUX ABUII, c(hOPMYJIIOBATU 3a-
KOHU, IKMM BOHHU IIigKopsioThca. CyKynHicTh (i-
3UYHUX 3aKOHIB yTBOPIOE Qi3uUuHYy meopiio.

OcCKinbKHY OJIs CTBOPEHHS Teopii Mu BHKO-
puctoByeMo (hisMUHY MOAeJb IIPOIeCcy, a HaIri
3HAHHA PO el IpoIliec 00MeKeHi ITeBHOI KiJjb-
KicTio BimomMux Ha maHuili 4dac (PakKTiB, TO He
OUBHO, IO 3TrOJOM HAKOMMYaATHCSA HOBi (harTu,
AKi BiKe He OyAyTh YKJIAZATHCA B MeXKi CTBOpeHOl
"Hamu Teopii. ToOTO BUABUTHCS, IIIO HAIIA TEOPid
mae medxci 3acmocyearnus. Hosi hakTy BegyTh 10
CTBOPEHHs HOBOI Teopii, AsKa 3a3BuUail MiCTUTBh
TOTIEPEHIO TEOPif0 K CKJIAIOBY, a He CYyIEePeYnTh
it (puc. 39.1, 39.2).

B (dyHpameHTanbHi B3aemogii y BcecsiTi

? 3ragaiite Kypcu Gisuru i ximii. 3aBmgaru
AKiN B3aeMoOAil yTPUMYIOTHCSA HYKJIOHU
B AIpi? eeKTPOHU B aTOMi? aToMu B MoJe-
KyJIi? MOJIeKyJH B PEUYOBHHi? jrommHa Oijisd
naaderu? miaHera 0ixsa Cormna?

CropiBaemMocs, IO BU 3MOIVIM BifgmosicTu
Ha 3aIIMTaHHsA, HA3BaBIIM TPU BiJOMi BaM BHUAU
B3aeMOJii: cusbHa, elekmpomazhimua, 2pasima-
uitina. CamMe B3aeMOIisg 3yMOBJIIOE O0’€IHAHHSI
«IETJIMHOK» MaTepil B aToMu, aTOMiB — y MoJIe-
KyJau, MOJIEKYJ — y PeYOBMHY i T. A. Byab-aki
BJIACTHUBOCTi Tij, OyIb-IKi ABUIIA IOB’sI3aHi i3
B3a€EMOI€I0.



§ 39. OyHpameHTanbHi B3aeMogii B Npupogi...

Ha crorogui B HayIi pospisHAIOTH yomupu QyHOAMeHMANbHI 63A€MO0iL:
rpasiTaIiiiny, eJleKTPOMArHITHY, CUJIbHY, CJa0Ky (AuB. TAOJIUILIO).

IIporarom KiJbKOX AeCcATHIITH yUeHiI HamMarailoTbCA CTBOPUTU TeOpilo
enuHOl yHiBepcasbHOI B3aemomii. Ieaki Kpoku Bike 3polOsieHo. Hampurinii
60-X pp. MUHYJIOTO CTOJIITTA BIAJOCSA CTBOPUTH TEOPii0 TaK 3BAHOI eslekmpocaao-
Koi 83ae€m00ii, B MeKaxX AKOI 00’€JHAHO eJIEKTPOMATHITHY Ta CJIabKy B3aeMOIii.
AJte 1o moBHOTO («BEJIMKOTO») O0’€THAHHSA BCiX BUIiB B3a€MOJill Ie gaJjeKo.

dyugaMeHTaTbHI B3aEMOMAIlT B IPUPOIi

rpasitamiiina

eJIeKTPOMAarHiTHa

CHUJIbHaA

cirabKa

Bynb-axi marepi-
aJbHi 00’eKTU

y BcecsiTi npu-
TATYIOTHCSI OOUH

EnekTpuuna B3aemo-
Iidg 3apAIKeHUuX Tija
i yacTuHOK; MarHiTue
MPUTATAHHS Ta Bim-

Bsaemue npursa-
TaHHA HYKJOHIB
ycepenuHi aapa
He3aJIesKHO Bif

«Bigmosizae»
3a -posmaf
ATOMHUX SLEP

IO OJHOTO IITOBXYBAHHS PYXOMUX | IXHBOTO 3apAny

3apAIKEeHNX YaCTUHOK

i HamMarHiveHUX TiJja
Busasnsersca Busasasierbea Ha Oyab- | BusBaserbes Busasnsaerbes
Ha OyIb-AKUX AKUX BifcTaHAX Ha BimcTaHaxX Ha BifcTaHaX
Bimcramax mopanky 1071° M HOPAIKY

(posmip HyKkoHa) |10718 M

YTBOpPEeHHA Ta VYTBOpPEeHHA Ta icHY- IcuyBanusa IToBinbHi
icHyBaHHSA 1LJ1a- BaHHS aTOMiB, MoJIe- Ta CTiHKicTh posmnanu
HET, 3ipKOBUX KyJ, (iBUYHUX TiJ; aTOMHUX Anep YaCTUHOK

IIJIaHETHUX
cucrem, rajlak-

YTBOPEHHSA paJiocurua-
JIiB, HEPBOBUX iMIIyJIb-
ciB TOIIO

Cairinnsa 3ip

TUK TOII0
n HisHaemocsa npo ¢yHAaMeHTaNbHUI XapaKTep 3aKOHiB 36epeXeHHA

B npupogai
IIpocrtip i uac € cBOEpimHOIO apeHOI0, Ha AKiNl «PO3irpylOThCA» BCi ABUIIA Ta IIPO-
mecu y BececBiti. Tomy He nuBHO, 110 came 3 PyHIAMEHTAJIbHUMU BJIACTUBOCTAMU
mpocTOpy i uacy moB’s3aHi HaliBasKJauBinIi 3akoHu BcecBiTy — s3axkoHu 36epe-
sxkeHHdA. i 3aKOHN HABUBAIOTH PYHOAMEHMANLHUMUY, a3Ke 1M HiTKOPAIOTHCA AK
00’eKTH MaKpOCBITY, TaK i 00’€KTH MiKpO- Ta MeracBiTy, — ui 3aKoHU cnpagdicy-
tomuvces nid wac 6ydv-akoi 83aemodil.

TpuBanuit uac yueHi iHTYiTUBHO 370TagyBaJnCsd, IO KOXKEH 3aKOH 30epe-
JKeHHsA TOB’A3aHUN 13 meBHOIO cuMeTpielo y Beecsiti (puc. 39.3).

Y 1918 p. BugaTtHUil HiMenbkuit marematuk Emmi Amani Hemep (1882—
1935) moBesia TeopeMy, BTiTHO 3 AKOIO KOMCHIillL Henepepariil cumempil QisuuHol
cucmemu sionosidae neHuil 3axKoH 36epexcenns. Taxk, 3aK0H 30epeKeHHA eHep-
rii € HacIaiZKOM oZHOpigHOCTI wacy” — cuMeTpii BifHOCHO 3CyBy B uaci; 3aKOH

* O0HnopidHicmb npocmopy i yacy o3Hauae, mo GisudyHi BIACTUBOCTI Ta ABUIA € OJHAKOBU-
MU B OyIAb-AKiil TOUYIli MPOCTOPY, B OYAb-IKUI MOMEHT Uacy.
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Puc. 39.3. HannpocTiwi Tunu cumeTpin y npupoai

30epeKeHHs iMITyJIbCy € HACIAiAKOM OMHOPiZHOCTI mpocTopy — cuMeTpii BimHOCHO
epeHeceHHsa B IPOCTOPi.

OpHuM i3 HacuaigKiB 3aKOHIB 30eperKeHHs € mepembaueHHs HeMOKJIMBOCTI
IesIKUX IIPOIECiB, ajsKe Ili 3aKOHU JO3BOJAIOTH 3pOOUTH y3araJibHeHi BUCHOBKU
HaBiTL 6e3 gerasbHOI imdopmallii. Hanpukian, Mu 3HaeMO HIPO HEMOKJIUBICTH
CTBOPEHHsA BiUYHOTI'O ABUTYHA: BJIaCHE ifless MOro iCHyBaHHSA CYIIEPEUYUTH 3aKOHY
30epesKeHHs i ImepeTBOpPeHH s eHeprii.

Bu 3HaeTe po Tpu QyHIaMeHTAIbHI 3aKOHY 30€PEIKEHHA: 3AKOH 30ePeHceHH
i nepemeopeHn s enepeii, 3aKOH 30ePerceHH s iIMNYLbCY, 3aKOH 30epenceHHs eeKmpPul-
H020 3apsdy. PoariasHeMo NMPOSABU 3aKOHY 30eperKeHHS i IepeTBOPEHHA eHeprii.

Po3rnagaemo nposABu 3aKoHy 36epeXkeHHs i NepeTBOPEeHHsA eHeprii

3aKoH 30eperKeHHA i mepeTBOPEHHA €Heprii CBiAYuTh, M0 eHepeis HiKyou
He 3HUKaE, Hi3Bi0KU He BUHUKAE, 60HA Jauule nepedacmbubces 6i0 00Hozo mina 00
iHW 020, nepemeopoemuvca 3 00H020 6udy Ha iHwuil. 3ragaeMo BUAM eHeprii:

Bupu eneprii 8 mpuponi
Mexa- BryTpinHsa EnexkTpomaruiTHa
HiuHa BUIIPO-
. eJeK- . .
TEII0Ba ximiuna AxepHa MarHiTHa MiHIO-
TPpUYHA
BaHHA
Enepria Enepria Enepria Enepria, | Emepria Enepria | Enmepria
PYyXy Ta | XaOTUYHOTO | XiMiYHUX | «CXO- eJeK- mocTiit- eJIEKTPO-
B3aeMoOAil | pyxy Ta 3B’A3KiB BaHa» TPUYHOTI'O | HUX Mar- | Mar-
Tin abo B3aeMOZil B AApax | CTPyMy HITiB i HITHUX
YacTUH YaCTUHOK aToMiB €JIeKTPO- | XBUJb
Tina PEYOBUHU MarHiTiB

Posrnsaremo npomecu nepeTBOpeHHA e€Heprili Ha IpUKJaLax.

Ilpuxkaad 1. Ha puc. 39.4 nomaHo JBa JIAHIIOMKKU NePemeE0PeHH s COHALHOL
enepeii. IlpocrigkyeMo 3a «IPUPOSHUM» JIAHIIOKKOM (puc. 39.4, a).

Adepna enepzis, axa BuBinbHAETHCA Ha COHIII B XOAi TepMOAJEPHOI peak-
11ii, IepeTBOPIETLCA HA eHep2ilo BUNPOMIHIOBAHHA.

ITorpansarwouu Ha 3eJ€HE JIUCTA POCJIUH, I €HEPrisd IMOTJIMHAETHCI XJI0PO-
(izoM 1 IepeTBOPIOETHCA HA XiMIiLHY eHepeilo NOHUBHUX PEeLOBUH.
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§ 39. OyHpameHTanbHi B3aeMogii B Npupogi...

CrooskuBarOuUM XiMiuHY eHepriio, 30epeskeHy pocamHamu (i3Ky), opraHism
JIIOAWHY IIepeTBOPIoE 11 Ha XiMiuHY eHepzilo KJImuH.

XimiuHa eHepris, 3amaceHa, HaIPUKJIAL, Y M’A3aX JIOAUHU, IIEPETBOPIO-
€TbCA HA MeXaHiuHY eHepzilo (KIHeTUUHY eHepriio pyxy).

? Cupo0OyiiTe onucaTy IepeTBOPEeHHA COHAYHOI eHeprii B TexHini (puc. 39.4, 6).

Puc. 39.4. [epeTBOpPEHHA COHAYHOI eHeprii y npupogi (a); TexHiui (6)

Ilpuknad 2. PosrimsaHeMo «pyx» eHepeii nid uac pobomu zidpoesekmpocmat-
uii (puc. 39.5). I'pebias meperopofuia piuky — yTBOPHJIOCS BOZOCXOBUIIE, PiBeHb
BOAMY B IKOMY BUIIMI 3a PiBeHb y piumiii 3a rpedjie0, TOMY BOAA Y BOJZOCXOBHIITL
Ma€ MOTeHIliaJbHy eHeprieio.

ITagaroum 3 BucoTH, BOJA BTpavyae MOTEHIIiaJbHY €Hepriio, ajie HaOyBae Ki-
HEeTUYHOI.

ITorpannsaioun Ha Jjomnari TypOiHM, Boma Bimgae ifi cBOIO KiHEeTHUYHY eHepriio,
i TypOiHa OTpUMYy€E KiHETUUYHY eHepriio o0epTaHHAd.

Typ6ina o6epTae PoTOp €JIEKTPUUYHOI'O TeHePaTopa, B AKOMY MeXaHiuHa eHep-
risg obepTaHHS II€PETBOPIOETHCA HA €JIeKTPUUYHY €HepTiio.

IIpoBomaMm eneKTpUUYHA €HEPTisd JOXOAUTH 0 eJeKTPOoJaMIIN Y Ballliil oceJi
i B Hill mepeTBOPIOETHCA HA CBITJIOBY M TEMJIOBY.

Puc. 39.5. TigpoeneKkTpocTaHuia: a — cxema pobotn; 6 — Burnag (OHinpolEC)
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¥ Xofi KOKHOTO0 i3 IIPOIIeciB UacTMHA eHeprii IepeTBOPIOETHCS HA BHYTPIIITHIO
(HarpiBaHHS BOAU, MiAINMUIHUKIB TypOiHM Ta TeHepaTopa, IIPOBOAIB TOIIO).

Y KOoKXHOMY 3 HaBeJeHUX JIAHI[IO)KKIB eHepris IIepeTBOPIETHCS 3 OJHOIO
BUAY Ha iHIIUH, IPOTE 3a2a/bHA KiJAbKICMb eHepzii 3aJUUAEMbCA He3MIHHOI0
(emepria 30epiraerbcs). SIKITO Mu JomaMo BCi 3HAUeHHs, AKi BigmoBimaioTh pis-
HUM BHJAM eHeprii, To cyMa 3aB:KAu Oyne OJHAaKOBOIO.

ﬁ_?u; MNigbuBaemo nigcymkm

VYcio mocTymHy AJIA CIIOCTEPerKeHHS YaCTUHY MaTepiaJibHOTO CBiTY HaswBa-
10oTb BececiToMm. Yei 06’exkTu BeecsiTy Ta BaacTuBi IM ABUINA HAYKA MOT1iJIA€
Ha TPU AKICHO pi3Hi piBHi: MiKpOCBiT, MAaKpOCBIT i Meracsir.

Vci ¢isnuHi aBuiia Ta icHyBaHHS 00’¢KTiB BcecBiTy MOKHa IIOACHUTH Ha
OCHOBIi (pyHIZAMeHTAJbHUX BUIIiB B3a€MOMiii: rpasiTaiiiinoi, eJeKTpoMarHiTHOI,
CHJIbHOI, CJIa0KOi.

BcecBiT icHye B mpocTopi Ta uaci, BIaCTUBOCTAMU AKUX IOSCHIOETHCS iCHY-
BaHHA QyHIAaMEHTAJbHUX 3aKOHIB 30epesKeHHA — 3aKOHiB, AKUM ITIi IKOPAIOTHCA
Bci mporecu Oyab-AKOTr0 CTPYKTYpHOro piBHA BcecBiry. lo TaKux 3aKOHIB Ha-
JIeKaTh, HAIPUKJIAL, 3aKOH 30epesKeHHs i IepeTBOPeHHS eHepril Ta 3akoH 30e-
PeKeHHA IMOyJIbCY.

Ko:xuna disuuna Teopisa Mae mMerKi sacTocyBaHHSA. 3 IIOSIBOI0 HOBUX 3HAHD
CTBOPIOETHCS HOBA TEOPid, AKa 3a3BUUYAN MIiCTUTH IIONEPEIHIO TEOPilo AK CKJIAIOBY.

KoHTponbHi 3anuTaHHA

[ N a
@Wzﬁ%\q HagezniTs npukaaay o6’€KTiB KOKHOTO 3i CTPYKTypHUX piBHiB Beecsity. 2. fIka
> © Teopis IepeBaKHO ommcye MikpocBiT? maxpocsit? meracsir? 3. Uomy kKo:xHA (i-
3MYHA Teopia mMae Mexki sacrocyBamua? 4. AKi ¢pyumameHTanbHi B3aemonmii Bu
sunaete? HaseniTs mpukgamu ix mposasiB. 5. 3 AKOIO BJIACTUBICTIO IpPoCTOPYy abo
yacy IOB’sI3aHUI 3aKOH 30epeKeHHs i ImepeTBOpPeHHA eHeprii? 3aKoH 30epeKeHHd
iMmoyabey? 6. AKi icHytoTs Buau eneprii? 7. HaBeniTs mpukIagu mIposBiB 3aKOHY
30epe)KeHHsA Ta MePeTBOPEeHHs eHeprii.

ﬁ@j; Bnpasa N2 39
y
o

"} | 1. Cepel KOPUCHUX T'OCIOAAPCHKUX IIOpAj] € TaKa: AKIINO BA B3UMKY 30epiraere
’ KapTOILII0 Ha JIOAKii, To, 11100 KapToIJisa He 3aMepsJja, B AIIUKY, Je BoHA 36e-
piraerncs, CJim IPUIIAIIITYBATH €JIEKTPUUYHY JaMIy PO3:KapeHHA Ta IIEPIOAUIHO
ii BMmukatu. Hagimo? Xi6a B TeMpaABi xoJofHiIe, HisK Ha cBIiT/Ii?

2. Ha puc. 1 momauo mekijsibKa IPUKJIALIB IepeTBOPeHHs eHeprii. AKuil Bujg exep-
rii HA AKUU IIePeTBOPIOETHCA B KOKHOMY BUNAAKY?

Sxi meperBopeHHs eHeprii BimOyBaloThcA TiJ Yac 3amycKy Ha opbiTy Kocmiu-
HOTO Kopabaa? mimiiomy jgidpra? 3a0uBaHHSA IIBAXA B JOIIKY?
CrkopucraBmuchk ganumMu puc. 2, Busdnaute KK aBTomo6imnsa.

=5  — 2 B—é@ @Y=

I)xa mae emepriio CoHlle 1ae eHepriio IlanuBo mae eHep- VYBiMKHeEHa eJIEKTPO-
IJIA PyXy JIOAUHU  POCJIUHI rito aBTOMOOiTIO IJINTa HarpiBaeThCcA
Pnc. 1
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§ 39. OyHpameHTanbHi B3aeMogii B Npupogi...

V xoxi o6’eqHAHHSA ABOX YACTHUHOK BUHMKJIA CKJIAMHIIIA YACTUHKA, IPU ILOMY
BuAisuaacs meBHa eHepria E (puc. 3, a). CkiaagHy YacTUHKY 3DPyHHYBAJIH,
TOOTO BiIHOBUJIM IIOYATKOBUH cTaH (puc. 3, 6). BuBinbHMIACA YU MOTVIMHYIACS
upu mpomy eHeprisi? CKinbKu eHeprii BuBinbHUIOCS ab0 MOTVIMHYJIOCA?

6. CropucraBiiuch pagioakTuBHuUM pagoM Topiro (qus. puc. 23.9), 3anunIiTe ogHy
peakiio f-posmajny Ta OAHY peakIliio o-posnany. JoBeniTh, 1o Imig dac mux
peakIlili BUKOHYETHCA 3aKOH 30€pe’KeHHsA eJeKTPUYHOTO 3apALy.

Enepris maausa 100 % Cgitiio dap 6 %

A O
TenioBi . 8 8'
M . BTpATH
exaHiuHi ] . o

y OBUTYHI
BTpatu 5 % 74 %

Puc. 2 Puc. 3

EkcnepyiMmeHTanbHe 3aBAaHHA

CKOpHCTaBIINCh TIMHACTUYHUM OOpydYeM, MOTY3KOK, BUMipIOBaJbHOI CTPIUKOIO
Ta CeKYHIOMipoOM, AOBeIiTh MPaBAUBICTh 3aKOHY 30€perKeHHsa MeXaHiuHol eHeprii.
1. BumipaiiTe noB:xxuHy o6pyua i migBicbTe HOro Tak, 1100 TOYKU
migBicy Oysiu y BepIIMHAX HPaBUJLHOTO TPUKYTHUKA (puc. 4).
2. 3aKpyTiTh 00pPyY TaK, 1106 MOTY3Ka y BEPXHill YyacTWHi MaJja
KPYTY CKDPYTKY.

3. BuwmipsatiTe Bucoty h, Ha AKY IPU IILOMY HiTHABCA 00pPYU.

4. BignycritTh 06pyY — BiH mouHe obepratucsa. Kosou mBUIKiCTH
obepTauHs 00pyuYa HAGJIMKATIMETHCA 10 MAaKCUMAaJIbHOI (MOTY3Ka
Maii:Ke MOBHICTIO PO3KPYTUTHLCS), BUBHAUTE IIIBUAKICTh PYyXy TO-
YoK 00pyua. [IJid [{bOro BUMipsiiTe Uac II’aTH IIOBHUX 00epTiB, 00-
yucJIiTh nepion obepranua T i ckopucraiitecsa opmymaoio v=1/T,
ne | — moBKuHa oOpyda.

5. 3HAUAITh BiIHOIIIEHHA KiHEeTUYHOI eHepril pyXy TOYOK ob6pyua Puc. 4
IO TIOTeHIIiaJIbHOI eHeprii migHaToro oopyda. 3po6iTh BUCHOBOK.

Ll lL

®disuka i TexHika B YKpaiHi

Biktop MuxannoBuu IywkoB (1923-1982) — BcecBiTHbO BigoMUNA
YKPalHCbKMI YUYeHWin, akageMik, aBTop ¢yHAAMeHTabHUX NpaLb Yy ra-
ny3i KibepHETMKM, MaTeEMaTUKIN Ta 06UMCIIIOBaIbHOT TEXHIKN, 3aCHOBHUK
i nepwwuin gupekTop IHCTUTYTY KibepHeTnkn HAHY, AKknin cborofHi Ho-
CUTb NOro IM'A.

Mepuwi po3pobku IHCTUTYTY KibepHeTMkn — EOM «Kui» i yHiBep-
casibHa Kepytoya MallnHa «[JHinpo», sika byna rigHUM KOHKYpPeHTOM Hali-
Kpalum aMeprKaHCbKM aHasioram. lepluoio MalmnHOW ANA iHXKEHEPHUX PO3paxyHKIiB cTana
EOM «[pomiHb» 3i CTyneHeBMM MiKPONPOrpaMHUM KepyBaHHAM, HAaCTYMHUMW — YHiKasbHi
obuncoBanbHi cuctemn «MUP-1», «<MUP-2», «<MUP-3». 3rogom igei MmywkoBa 6ynu peanizo-
BaHi 10ro yYHAMY B XOAi CTBOPEHHA Haibinbll WBUAKOLiOUMX Ha ToN Yac cuctem EC-2701
i EC-1766 3 HOMiHanbHOIO NPOAYKTUBHICTIO MoHaA 1 mapa onepauin 3a CeKyHay.

3a iHiuiaTBotO B. M. nywkoBa B 1969 p. Ha 6a3i KniBcbkoro yHiBepcuteTy im. Tapaca
LlleBueHKa 6yno BigKpuTO GaKynbTeT KibepHETUKN.

Y 1982 p. HAHY 3anouatkyBano npemito im. B. M. MnywKoBa 3a BUAaTHI HayKoBi po6oTu
B rany3i KibepHeTunKK, 3aranbHoi Teopii 06uncnioBasbHUX MaLWVH i CUCTEM.
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§ 40. EBOJIIOLIA ®I3BUYHOI KAPTUHU CBITY.
®I3UKA | HAYKOBO-TEXHIMHUIN NPOrPEC

Bv BrBUaeTe ¢i3nKy TpU PoKM i BXXe 03HAaNOMUIUCD i3 OCHOBHMM pO3inamu Li€i HayKn —
MEXaHiKOl0, ONTUKO, eNEeKTPUKOI Ta iH.; JOBigannca npo Te, wo y ¢i3nui Has3mBawoTb
3aKOHaMW; fi3Hanucs, sK BiabyBaeTbca pocnigkeHHsA i3nyHmx ABUW. MU NOCTIHO Ha-
ragyBanu BaM, AKMM YMHOM JOCATHEHHA BUeHMX-Di3nKiB BTiNOBaNNCA B npunagax, Maliu-
Hax, 06naiHaHHi, 3HaYHO NigBULLYIOUM AKICTb XUTTA NoAnHN. MpoTe BypXNnBUIA PO3BUTOK
TeXHIKM Ma€ M HeraTuBHi Hacnigku. HactaB yac o6roBoput nuTaHHA eBontouii ¢i3nyHoT
KapTUHW CBITY Ta B3aEMO3B'A3KY Qi3nKM 1 CYCMiNIbHOrO PO3BUTKY.

n LisHaemocsa npo eBonwouito ¢isnyHOI
KapTuUHU CBiTYy

IIporarom THCAYOJIITE JIOAMHY iKaBUJIN TIHU-
TAHHS: 10 SBJIAE CO00I0 HaBKOJUIIHiIT Bcecsir?
AK BiH «II0OymoBaHUII»? 3a AIKMMU 3aKOHAMU PO3-
BUBA€ETHCA?

CrapomaBHi (ijocodm BuU3HABAIU 3EMJIIO
meHTpoM ychoro BeecBiTy. Born BBaskaJu, 1110 BoHA
IJIacKa ¥ OTOUYeHa TiraHTChKOI0 KPUIIITAJIEBOIO c(e-
poio (puc. 40.1).

Y CepenHi Biku 3aBOAKNM BUCHHSIM Tauineo
Tanines i Mukonas Komepruka Gymia copmoBaHa
2eslioyenmpuyHa KapmuHa céimy — BUeHHH, Bif-
noBimHO 1m0 Axoro CoHIle po3TalmoBaHe B IEHTPI
Bceecsiry, a Bci Tisna, B Tomy uwnciri nianeru (i 30-
KpeMma 3eMJis), 00epTaloThcsa HaBKOJIO COHIIA.

3a ocrauHi 100 poKiB 3HAHHS JIOACTBA IIPO
BceecBiT 3HauHO mornmbusiuca. 3azanbHa meopis
g8i0HocHocmi Annbepra EiiHinTelina moscuuIa ic-
HYBaHHS 0araTbox 3araJKoBux o0’eKTiB Bcecsiry,
HaIIpUKJIAL YOPHUX MOip. 3aBOAKU pamioTee-
CKoIlaM, AKi HpaIloioTh B 0araThbox AiamasoHax
€JIEKTPOMAaTHITHUX XBUJb, PO3IIUPUIUCA MOXK-
JINBOCTi oTpuMaHHA iH(popMAaIlii mpo KoCcMiuHMMA
TIPOCTip.

Kocwmiuni amaparm mnposerisizu 1moB3 yci
miaanetu CouauHOI cucreMu, cdoTorpadysanu
ixHi moBepxHi «30aM3bKa», moOyBasu Ha Mapci,
Benepi, Micami, ma iHmwux HebeCcHHX Tijax.
Is 1990 p. Ha opb6iTi 3emui mparoe TeJIecKOI
«I'ab0s1», BaBOAKM AKOMY BIAJIOCA «IIO0AUUTH»

Puc. 40.1. [laBHi yABneHHA Npo
6ynoBy CBiTy (rpaBtopa)

Puc. 40.2. 3a nonomoroto
KOCMIYHOTO Teneckorna BAanocs

choTorpadysatin TyMaHHICTb 00’eKTH B JajleKux rajakTukax (puc. 40.2).
Opna — CKynueHHs 3ip, siKe ITapanmenbHo 3 BUBUEHHAM OO’€KTiB Mera-
pO3TalloBaHe Ha BiACTaHi i MaxKpoOCBiTYy BUEHi JOCJiIKyBaJauM CBIT MOJIEKYJ,
7000 cBiTnoBuMx pokis Big 3emni aToOMiB Ta IXHiX CKJAIHUKIiB — MiKpOCBiT.
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§ 40. EBontouia $isnyHOi KapTUHK cBiTy. Di3nKa i HayKOBO-TEXHIUHMIA Nporpec

IlepBicHi ysaBiIeHHS PO OYAOBY aTOMiB BUHUKJIU
npubausHo 2,5 TucAYi pokis Tomy. Boru 6ysiu ymoriasa-
HUMHU Ta I'PYHTYBaJUCA TiJILKYU Ha JOTIUYHUX MipKyBaH-
Hax (imocodiB daBuboi I'perii. ¥ XIX ct. 3’aBuaucs
HempsMi Joxkasu aToMapHOi OymoBu marepii, AKi 0asy-
BaJINCs, 30KpPeMa, Ha YHiKaJbHUX (aJie HeIPAMUX) eKC-
nepumenTax (puc. 40.3).

Tinbxku manmpukinii XIX — ma mouyatky XX cCT.
3’ABMJINICA HEe3aIlePeuHi OKa3Uu amoMHO-10epHOl CmpPyK-
mypu mamepii (puc. 40.4). 3a 7OIOMOT0I0 HOBITHIX HaJ-
YYTINBUX MiKPOCKOIIiB, AKi 6yJI0 CTBOPEHO HATIPUKIHITL
MUHYJOTO CTOJIITTA (TOHEJIBbHUU, aBTOEJIEKTPOHHUM,
aBTOMOHHU, €JeKTPOHHUM), yaasoca chororpadyBaru
okpemi aromu (puc. 40.5).

E 3HallOMMMOCA 3 PO3BUTKOM YABJIEHb
npo npupopy cBitTna

Bing uaciB maBubOrpernbKoro (isocoda Apicrorenas mo Ha-
muXx MHiB iswuHa HayKa HaMaraeTbCA CTBOPUTH ILJIiCHY
KapTuHy cBiTy. I3 camMoro mouaTKy BUBUEHHSA IIPUPOAU 10~
CJITHUKY TparHyJIu 3HAUTU €UHY TEeOopilo, AKa 0 omnucy-
BaJjia i mera-, i MaKpo-, i MiKpOCBIT.

Ilepiia egquanbua Janka 3’apuiiacsa Ha mesxi XVII-
XVIII cr. y xoxi BUBUeHHSA IIpupoau ceiTia. Maiike of-
HOYACHO [JBa BUAATHI (Pi3MKM CTBOPUJIM OBi abCOIIOTHO
pisHi Teopii cBiTiia. ImeThCcA IPO KOPIIYCKYJIAPHY TEOPitO
1. Hviomona i xBuaboBy Teopito K. I'oiireuca.

3rigHo 3 Kopnyckynapnor meopiecio Hoiomona
c8iMJ0 — Ue Nomik 1acmuHoK (KOpnyckya), u,o eunyc-
KAombvca c6iMHUMU MilAMU, TIPUIOMY PYX CBITIIOBUX
KOPIIYCKYJI HiAMOPAZKOBYETHCA 3aKOHAM MeXaHiKH.
Tax, BinouTTa cBiTiia HEI0TOH IOACHIOBAB BinOMBAHHAM
KOPIIYCKYJ Bim IOBepxXxHi, Ha AKY IIajla€ CBiT/IO, a 3a-
JIOMJIEHHSI CBiTJIa — 3MiHOIO IIBUIKOCTI PyXy KOPIIyC-
KYJI YHACJIIIOK IX B3aeMO/il 3 YaCTUHKaMU CepelOBUIIA.

«Tpakrar npo csitio» I'toiirenca, omy6JikoBaHU
y 1690 p., yBIiHAIIIOB B iCTOPif0 HAYKY AK TepIa HayKOoBa
mpaisd 3 X8UJb080I ONMUKU.

XBUJBLOBY TEOPilo CBiTJIa MiATpPUMYyBaJu TaKi BU-
matui BueHi, ak M. B. JlomonocoB i JI. Eiinep, mpore
no kimmga XVIII ct. 3araabHOBUSHAHOIO JIUIAJACA KOP-
nyckyaapHa Teopis Hrioroma. Tak Oysao o moyaTKy
XIX cT., DOKM He 3’ABUJKUCA POOOTH AaHIJIiHCBKOTO
disura Tomaca FOnea (1773-1829) i ¢ppaniyspKoro ¢i-
suka Orwcmena /Hana Ppenens (1788-1827). Hocuri-
IKYIOUM CBITJIO, BUEHi cIloCTepirajm ABUINA, BJIACTUBI

/
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Puc. 40.3. Konia manioH-
Ka ¢paHuy3bKoro ¢isvka
XKaHna bamucma lNeppeHa
(1870-1942), Ha Akomy
BiATBOPEHO pe3ynbratu
CnocTepexXeHHsA

B MiKpOCKON 6pOyHi8CbKOI
4acmuHKU — ppibHoT
YaCTUHKN PEeYOBUHH,
3aBUCNOI B piguHi. bpoy-
HIBCbKUM PYyX YaCTUHOK,
BUKINKAHUA XaOTUYHUMM
yAapamm no HMX Mosekys,
niaTBEpAXKY€E aToOMapHy
6ynoBy MaTepii

Puc. 40.4. Cnign
0-4aCTMHOK Y NpUCTPOI
ONA peecTpauii 3apagxe-
HUX YaCTMHOK (Kamepi
BinbcoHa)
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JIUIIIEe XBUJSAM: OTMHAHHSA CBITJIOM mepernkon (audpakriria)
Ta IIOCUJIEHHS I mocjalJieHHs CBiT/ia B pasi HaKJaJaHHS
cBiTyIOBUX TIyuKiB (iHTepdepeHIlia). 3 Toro uacy B HayIli
cTaja IepeBakKaTu xeéunboeéa meopia I'toiirenca.

Y 60-x porax XIX cr. [Joc. Makxkceens CTBOPUB Te-
Opif0 eJeKTPOMATHITHOTO II0JISI, OMHUM i3 HaCHigKiB SKOI
OyJIO BCTAHOBJIEHHS MOXKJMBOCTI iCHYBaHHS eJIeKTpoMAar-
HITHUX XBHUJb. 3a PO3PaxXyHKaMH, IIIBUAKICTD MOMINPEHHS
eJIEKTPOMAaTHITHUX XBUJIb JOPiBHIOBAJIA IIIBUJKOCTI CBiTJIA.
Ha ocHoBi TeopeTnuHuUx mocaig:xerb MaKcBeJLT JiHAIIIOB BU-
CHOBKY, III0 c8imJao — ye esexmpomaziimui xeusi. Ilicaa
nmocuinis I. I'epya "KOTHUX CYMHIBIB ITIOZ0 e/leKmMpomazHim-
HOI npupodu ceim.jia He 3aJIUIIUIIOCH.

EnekrpomarniTHa Teopiss cBiTsia mosBoJsimJia 1IO-
ACHUTH 0araTo OINTUYHUX SBUIN, ONHAK ysKe Ha KiHelb
XIX cr. 3’acyBaJiocs, 10 Ifiei Teopil HEJOCTATHLO AJISA II0-
SCHEHHSA ABUII, AKi BUHMKAIOTH IiJ yac B3aeMoii cBiTiia
3 peuoBuHOI0. TakK, IPOIleCH BUIIPOMiHIOBAHHS Ta IIOTJIH-
HaHHS CBiT/Ia, ABUIle (poToedeKTy Ta iH. 3MOIVIN TOACHUTHI
TiILKY B nepiriit mosioBuHi XX C¢T. — 3 MO3UII¥ K6AHM 0601
meopii céimaa, 3TiAHO 3 AKOIO CBITJIO BUIIPOMiHIOETHCH,
MOIITUPIOETHCS Ta IIOTJIMHAETHCA PEYOBUHOIO He Oesire-
PEPBHO, a CKiHUeHHHMHU HOpILisaMu — ksanmamu. Koxen
OKpeMHI KBAaHT CBiT/Ia Ma€ BJIACTHUBOCTI YaCTUHKHU, a CY-
KYMOHICTh KBAHTIiB IIOBOAUTHCA MOAi0HO A0 xBuJIi. Taka aBO-
icta mpupoza cBitia (Ta i OyIb-AKOI YaCTHHKM) OTpUMAaJIa
Ha3BY KOPNYCKYAAPHO-X6UNLbOGUL 0Yani3m.

Takum YmHOM, uUepe3 KiJibKa COTeHb POKiB nBi
abcosroTHO pisHi Teopii «ob’egmainucsa». IlapaieabHO
3’aBiaannca 1 1" egquaabpHi Janku. Koau BueHi mouaan
BUBUYATU (PidWUHI IIpoIiecu, 110 BiIOYBaIOTHCA B 30PAX, TO
BUSABUJIOCS, IO «CBITIHHSA» IIMX INiraHTCBKUX CKYIIUEHb IIOB’A3aHE 3i CTPYKTY-
PoIo i1 BJIACTHUBOCTIMU HAWMEHINNX i3 BiJoMMUX Ha TOH yac 00’€KTiB — aTOMHHX
anmep. Tox riraHTchbKi IPHCKOPIOBAYi, CTBOPEHI A1 BUBUEHHS MiKPOCTPYKTYPU
Marepii, gaJau BiATIOBiAb He TiJIBKM Ha 3aNUTaHHA «SIKOI0 € CTPYKTYpa aTOMHOIO
Aanpa?», ane i Ha iHmre: «Yomy cBituth CoHie?».

YueHi BueBHeHi: Ife Oiybille 3aragok BeecsiTy Oyae posramaHo Iicias oxep-
KaHHA BiOMOCTe# IIPO BJIACTHUBOCTI eJeMeHTapHUX YaCTUHOK. I3 ITiefo MeToio
OyB CTBOPEHMH HAWNOTY)KHIINMHI i3 IPUCKOPIOBAYiB — GeauKuUil a0poHHUIL KO-
naiidep (quB. puc. 22.1). Horo 6ymo samymeso B 2008 p. 3yCHIIAMU BUEHHX
baraThbox KpaiH.

Puc. 40.5. EnekTpoh-
HUI MiKpOcKon

NiacymoByemo ponb ¢i3Ku B HayKOBO-TEXHIYHOMY nporpeci

Haykxoeo-mexHiynuil npozpec — 1ie €IVHUN, B3AEMO3YMOBJIEHUH, IOCTYIIO-
BUII PO3BUTOK HAYKHU Ta TEXHIKU.

Y rypci ¢isukm 9 kiaacy, AK i paHimre, MU HeOZHOPA30BO 3BEPTAJIM BAIILY
yBary Ha TicHUH 3B’sI30K Mixk (isukoio i TexHirkoro. IIporarom maiixke 25 cTOJITH
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§ 40. EBontouia $isnyHOi KapTUHK cBiTy. Di3nKa i HayKOBO-TEXHIUHMIA Nporpec

icHyBaHHA (iswUyHOI HAyKUW pesyabTatu ii gocaimkeHb OyJsiu COpAMOBaHI He
TiJIBKY Ha MOACHEHHS IIPUPOAM CBITOOYZOBU. ¥ CBOIX mpamnAx ydeHi-Qisukm (Ha-
OpuKJal, TaBHI rpeku, Hacamnepen Apximed) MOCTiHO HaMaraJucs HAYKOBO
OOI'PYHTYBaTH 3aCTOCYBAaHHA TUX YU iHIIUX TEeXHIUHUX IIPUCTPOIB i mpuitomis.

Y XIX ct. 3’aBujacs HOBa TeHIEHIiA: (PisnMUHi 3aKOHU IIOYAJIU HE TiIbKU
3aCTOCOBYBATHUCS AJIA MOsiCHeHHA (1 moJininmeHHs) BiKe BUHANIeHUX iH)KeHepaMu
KOHCTPYKIIil, aje I OYTH «IIOKMBOIO JIJIS PO3YMY» B IIPOIIECi CTBOPEHHS HOBUX
HaOpAMKiB pPO3BUTKY TexHiku. HaBemeMo KijsbKa mIpuKJIaIiB.

Ho XIX cT. elleKTpuKa cayryBaja 37e0iJbIIoro AJsd CAJOHHUX PO3Bar
(puc. 40.6). ITpubausuo B cepennui XIX cT., mic/isg BCTAHOBJIEHHS (PisUYHUX 3a-
KOHIiB, TOB’A3aHUX i3 MOIMUPEHHAM i Ai€l0 eJeKTPUYHOTO CTPyMY (3akoHy Oma,
3aKOHY eJIEKTPOMAarHiTHOI iHAYKIIii Ta iH.), MOYMHAE PO3BUBATHUCS TejerpaHMI
3B’S30K, a TOTiM i Tesedounuii. BunalieHna i Mrpoke POSIOBCIOMKEHHSA pajio
CTaJIM MOJYKJIMBUMMU ITiCJIA CTBOPEHHSA Meopil elexmpomazHimnuozo noas Maxc-
genaa.

Y XIX cT. BCTaHOBJIeHHSA HOBUX (hi3sMUHUX 3aKOHIB BimOyBaJsocs, AK IIpa-
BUJIO, BUIIaIKOBO. BifimoBiAHO mTOABA OB’ A3aHUX i3 UMM 3aKOHAMU HOBUX TeX-
HIiYHMX BUHAXOJIB iIllJIa caMOILJINBOM, i juine y XX cT. el mpoiiec 0yJIo IIeB-
HUM YMHOM yIHopsakoBaHo. I{ia Hu3Ka npoeKTiB (HalBigoMilmii i3 HUX — Tak
3BaHUUN «YpaHosuil npoekm» — mporpama poOiT 3i cTBOpeHHA aTOMHOI 30poi)
3ailicHIOBAJIacsA Ha IPAME 3aMOBJIEHHS YPAMiB KpaiH. ¥ paMKax KOKHOTO IIPO-
eKTy BeJIM HAayKOBi MOCTiI)KeHHs, 3a pe3yJbTaTaMMt SKNX BUKOHYBAJIM iHIKe-
HepHi po3pobKu (PO3paxyHKU, BUTOTOBJIEHHS KOHCTPYKILiii).

CyuacHuii eram po3BUTKY (PisMKU XapaKTepusyeTbedA ii TicHUM 3B A3KOM
i3 BupobOHUITBOM i GidHecoMm. [IJjisg BUPiIlleHHA KOYKHOT'O HOBOTO T€XHIUHOIO 3a-
BIAHHA 3aJIyYalOTh He TiJILKU iH)KeHepiB, TeXHOJIOTiB, a i HayKoBIIiB. IIpukaasn
TaKoro CIIiBpOOITHUIITBA — MiHiaTOpu3allia MoOGiIFHUX TesieOHiB.

dizmka BILUIMHYJIa TaKOX HA PO3BUTOK iHMMUX Hayk. Hacammepepn 1ie
TOB’sA3aHe i3 TIMOOKUM PO3YMiHHAM CTPYKTYPHU Marepii, sKe I'PYHTYEThCS Ha TeOo-
PETUYHOMY OIMCI MiKpPOCBITY 3a TOIIOMOT'0I0 KBAaHTOBOI MeXaHiKu. 3aCTOCyBaHHA
miel Teopii mJya BupillleHHA 3aBAaHb XiMmii Ta OioJsiorii mO3BOJIMJIO 3a KOPOTKUM
TEPMiH JOCATTU CYTTEBOTO IPOTPECY B PO3BUTKY IIUX Tajly3eidl 3HAHb.

IIpakTruHO BCi cyyacHi BuMiproBaJIbHI MpWJIagu ¥ MeTOAU BUMipIOBaHHSI,
3aCTOCOBYBaHiI B acTpoHOMii, MemuInHi, apxeoJiorii i T. A., «BUPOCJIU» 3 BiAIIO-
BiIHMX 3aKOHIB (pisuKuU.

Puc. 40.6. [locnig, wo gemoH-
CTPYE iCHYBaHHA MPOBIJHUKIB

i nienekTpukKiB (rpaslopa cepe-
anHm XVII cT.). XKiHka cnauTb Ha
ronganui, NigBileHin Ha WOBKO-
BUX HUTKaxX. YONoBIK, AKUIN CTOITb
npaBopyy, HabNVXKa€e HaeneKkTpu-
30BaHy CKAAHY Nanuyky A0 PyKu
XKIHKM, @ TOW, WO CTOITb NiBOPYY,
TOPKAETbCA A0 1T Apyroi pykn —
3'ABNAETbCA iCKpa

253



Poszgin V. PYX | B3AEMOJIA. 3AKOHW 3BEPEXXEHHA

fﬁ’v R Nip6buBaemo niacymkn

0‘%\{ 3a maiixke 2500 pokiB cBoro icHyBaHHA (hisuHA HayKa 3MOIVIa PO3BUHYTU

3araJibHe YABJIEHHS IIPO IIPUPONY, sAKe 00’eTHYe B8HAHHA JIIOAEN IIPO Mera-,

MaKpo- i MiKkpocsiT. 3HaUHi 3ycuJna BueHUX-(PisuKiB Oyau cupAMoOBaHi Ha Ipak-
TUYHE BTiJIEHHA Pe3yJbTaTiB CBOIX JOCJiIKEHb.

ITounuaroun 3 XIX cT. hisuKM; cTaam He TiIBKU MOSCHIOBATHU BimoMmi (hakTu,
aJjie 71 yCTAHOBJIIOBATH HOBi 3aKOHU i, CITMPAaIOUYNCh HA HUX, POSBUBATHU HOBi raJrysi
TEeXHIKU.

OcCo0JMBICTIO CHOTOJIEHHSA € «3aMOBJIEHHS Ha PO3POOKY»: HAYKOBi mocJi-
IKeHHs 3Me0iJbIIoro 34iiCHIOI0THCS CIIeIliaJ bHO AJIs PO3B’SI3aHHA KOHKPETHOTO
OPaKTUYHOTO 3aBHAHHA.

PesynbraTtu, orpumani BueHMMU-(i3uKaMu, 3aCTOCOBYIOTh B iHINIMX HAY-
KaXx, 30KpeMa B Oiosorii Ta ximii. @isuuni npuiragu i MeTOOU AOCIiIKeHb IITH-
POKO BUKODPUCTOBYIOTH Y HAyIli, IPOMMUCJIOBOCTi, CiJIbCBKOMY T'OCIIOAAPCTBi.

KoHTponbHi 3annTaHHA
@L&;//

1. 3a IOIIOMOro0 AKMX IPHUIaLiB BUBUAIOTH Meracsit? 2. ki meroau i1 mpuaagu

4% o BUKOPUCTOBYIOTh (Di3UKU /i BUBUEHHS BJacTuBocTed aromiB? 3. Axumu € cy-
YACHi YABJIEHHS PO IPUPOAY cBiTIa? 4. Y 4OMYy CYTHICTH KOPIYCKYIAPHO-XBUJILO-
Boro ayaJuaismy? 5. HaBemiTs moxasu Toro, 1o 3sHaHHA 3aKoHy OMa € HeoOXigHuM
I iHXKeHepiB.

®disuka i TexHika B YKpaiHi

Bopuc lepemiioBny BepkiH (1919-1990) — BUAaTHWIA YKPaiHCbKUIA
yyeHui y ranysi QisvKmn HU3bKMX TemnepaTyp, 3aCHOBHUK i nepLuni
anpektTop Di3uKko-mexHiYHo20 HCMumMymy HU3bKUX memnepamyp
AH YPCP (m. XapkiB) (OTIHT).

Haykosi npaui b. |. BepkiHa npucsayeHi Jocnif»eHHo Npupoan
MarHiTHUX BNacTMBOCTEN MeTaniB, yHAAMEHTaNbHOI Ta NPUKNagHoT
HaAnpPOBIAHOCTI, CTPYKTYpPU MaTepianiB 3a HU3bKNX TemnepaTyp, Bnac-
TUBOCTEN KPIOrEHHNX KPUCTaNIB i pifnH, MoneKkynapHoi 6iodisnku, no-
BefiHKMN PiANHM B YMOBaX HeBaroMocCTi. 3HaYHUM € BHECOK y4YeHOro
B JOCJIifPKEHHA KOCMOCY: 3a Oro yyacTi 6yn10 CTBOPEHO KOMMEKC NPUagiB, yCTaHOBNEHNX
Ha KOCMiYHMX amapaTtax «BeHepa-9», «BeHepa-10», «CantoT-4» And imitauii GpisanuHnx ymos
Micaua, Mapca Ta iHWKX nnaHeT.

Y uapuviHi KpioreHHOT MeanumHu b. |. BEpKiH po3pobrB MeToan AOBrOTPUBANOI HU3bKO-
TeMnepaTypHOI KOHCepBaLii KNiTUH KPOBI, TKAHNH i KICTKOBOrO MO3Ky, @ TakoX Kpioxipyp-
riYHi IHCTPYMEHTU 11 anapaTy ANA 3aCTOCYBaHHA B AEPMATOJIOrii, FIHEKONOrii, CTOMATONOri,
HepOXipyprii Ta iHWWX rany3ax MeguuuHu.

3a BuAaTHi HaykoBi focArHeHHA Di3MKO-TeXHIYHOMY IHCTUTYTY HU3bKMX Temnepatyp
npucBoeHo im'a b. |. BepkiHa. HAHY 3acHoBaHo npemito im. b. |. BepkiHa 3a BMAaTHi HayKoBi
po6oTu B ranysi Gi3uKM N TEXHIKM HU3bKKX TemnepaTyp.
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Mepwi KpoKM B KOCMOC

4 yxoBTHA 1957 p. pagAHCHKi BUeHi BuUBeJIM Ha HABKO-
JI03eMHY OpOITy NepIIuil INTYYHUN CYNyTHUK 3eMJIi,
AKUN BiIKPUB KOCMiuHY epy B icTopii grogcTBa (puc. 1).
Ilicna BigmisieHHA Bif paKkeTH-HOCis Ioro papiomepena-
BaY I[I0YAB IEepPeJaBaTU MEPIINH IITYYHUN CUTHAJ i3 KOoc-
MOCy — i Ile#l curHaJI IIOYyB yBeCh CBIT. e i

12 kBiTHa 1961 p. JdoagmMHA BIepIie AP,
nosetrisna B kKocmoc. Ileit mouriT 37ii-
CHMB Ha KocMiuHOMy Kopabji «Boc-
TOK» PaAAHCHKUU KOCMOHABT FOpiil
Ounexciiiosuy Tazapin (1934-1968)
(Ha pmc. 2 miBopyu). «BocTok» OyB
pO3pO0IeHNIT BUIATHUM KOHCTPYK-
Topom Cepziem Ilasnosuuem Kopo-
avogum (1907-1966) (sa puc. 2 mpa-
BOPYY), ypomkeHiiem M. sKuTomupa,
BUIIYCKHUKOM KHiBChKOro IoJriTex-
HIYHOT'O iHCTUTYTY.

21 gunasa 1969 p. amepuran-
cbki actponaBTu Hin Apmcmpone
(1930-2012) i Bass (Edsin) Oadpin
(Hapox. 1930) Bucammaucsa Ha Micsa-
i (puc. 3). 3poOUBIIIY IIEPIITNUiT KPOK
MicsTUHOIO moBepxHero, H. ApMcTpOHT
crkazaB: «lle MajeHbKUI KDPOK [
ONHi€l JIIOOMHM, aJje BeJNUYe3HUN
CTPUOOK AJIsI BCHOTO JITOJICTBA».

MpoekT «PoserTa»

Ineda npoekTy mojasraJjia B TOMy, III00 IOcCaau-
T KOCMIiUHMI amapar Ha KoMmeTy. KocMiuHMit 30H
«PoseTTa», cTBOpeHuil haxiBiAMu €BPOIEHCHKOTO
KOCMIiUHOTO areHTcTBa, OyB 3amyieruit y 2004 p.
i 3a mecATH POKiB IIOAOJIAB COTHI MiJIbHOHIB KiJjo-
MeTpiB, 100 BUHATH Ha OpOITYy KOMETH pPO3MipoM
menm Hisk 10 M (!). Is «PoserTtu» 6yso cmyie-
HO amapar «®@imgnm», axuit 12 jgucromama 2014 p.
VCILIIHO 3AifiCHMB M’AKY IIOCAZKy Ha IIOBEPXHIO
Kometu (puc. 4). 3anuimiaerbea momatu, 1o «Po-
3eTTa» JocaimxyBasia KomeTy UypiomoBa — I'epa-
CUMEHKO, BigkpuTy B 1969 p. yuenum i3 YKpainu
Kaumom Ieanosuwem Yypromosum (1937-2016).




Poszgin V. PYX | B3AEMOJIA. 3AKOHW 3BEPEXXEHHA

niaABUBAEMO NMIACYMKU PO3AINY V
«Pyx i B3aemopifn. 3akoHn 36epexeHHA»

1. BuBuarouwm posnin V, Bu 3rajaju 0CHO8HI NOHAMMS MexaHiku (MexXaHiuHuni
PYX, TPAEKTOPis, MIIAX, HepeMillleHHsd, CUCTeMa BiIIiKy), AisHaaucsa mpo
PIBHONPUCKOPEHUL NPAMOLIHIUKHUL pYyXx, HAaBUWJINUCS BU3HAYATU PISUUHI
6eJUYUHU, ITT0 KOTO XapaKTepusyIoTh.

PIBHOMPUCKOPEHUW NPAMOJIIHINHUIA PYX

PYX, IIiJ 4ac SKOTO TiJI0 PyXaeThCs IIPAMOJIiHITHOIO TPAaEKTOPieio
3 He3MiHHUM 3a MOJYJIeM i HaIPAMKOM IIPUCKOPEHHAM

diznuHi BeanuynHu

|

IIpuckopenHs IIBugkicTs pyxy Ilepemimenns Koopgunara
[a]=1m/c? [v]=1m/c [s]=1m [x]=1m
G="""% v="0,+at ~ ath axtz

¢ U, =Vy,ta,t Sy = Vgl t X=Xy +Vg,t+

a vx UOx
¥ t Uy 70 1 Sx Q 1 x 1

A x
\ 7 Q
a, a, > 0 1 Vox \ o 7
X0 01&*
0 Q%v <0 2! O a,, < Ot
1 2\42
O a,<0 2 ¢ * ol g <0t
. . Uy B
TeomeTpuunuii 3mict
nepeMimnieHHs:
v_+v 4 S=sy .
s, = xTOx ; vox {
(0] C t
2. Bu BuUBUMIM HaWBaKJIWBINIL 3aKOoHU AUHaAMiKu — 3axonu Hwviomona,

HABUUJINICA PO3PIBHATU iHepyiaabHi Ui HeiHepyiaabHi cucmemu 8i0aiKYy.

PIBHOMPUCKOPEHUI NPAMONIHIAHUIA PYX

Ilepiuii 3aK0H JApyruii 3aKoH TpeTiii 3aK0H
HsroTona HsroTrona Hrrorona

IcHytoTs Taki cucremu Bin-
JiKy, 110 HAa3WBAIOTHCT
inepuyiasibHUMU, BiIZHOCHO
AKUX Tijgo 306epirae craH
CIIOKOI0 a00 piBHOMipHOIO
OpPAMOJiHIHHOTO  PYXY,
AKIO Ha TiJ0 He Oil0Th
JKOOHI cuam abo AKImOo Il
CHUJIN CKOMIIEHCOBAaHI

IIpuckopeHHsA, AKOTO HAa-
OyBae Tijio BHACHimOK mii
CHUJIN, IIPAMO IIPOIOP-
mitige it cuii Ta o6ep-
HEHO IIPOIOopIliiiHe Maci
Tija:

[T
Il
3 |’11¢

Tina B3aemMomiroTh ofgHe
3 ONHUM i3 cujaaMu, SIKi
HaOpsSMJIeHI B3JOBK
onHiel mpaMol, piBHI 3a
MOZYJeM i IPOTUJIeKHI
3a HATIPAMKOM:

F--F,
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MNip6buaemo nigcymkn po3sginy V

3.

Bu morambuau cBoi 3HAHHA TPO 2pasimayiilHy 83a€modild, BUBUUIU 3a-

KOH 8CeCc8imHb020 MANCIHHA T oTpuMaJIn qbop.myﬂy ONsL BUBHAYEHHS CUJLU

MANCIHHA.

FPABITALIVHI CUNA

v

Cuiia BCECBITHBOIO TAKIHHA

v

Cuia TsSKiHHA

_ mym, = =
F=G 2 <m1; Fl FZ
1 I‘I'M2

G=6,6710" — r

<
<

KT

30

Bu 3’sacysaam, 110 pyxX Tijia TiJIbKK IIif Oi€l0 CHUJIM TSKiHHS HA3UBAIOTh

4,
BilbHUM NadiHHAM, a TMPUCKOPEHHS, 3 AKKM PYyXaloThCA Tija mmig miero
CUJIN TSKIHHA, — NPUCKOPEHHAM BiJbH020 NAOiHHA.
NMPUCKOPEHHA BIJIbHOIO NAAIHHA
dDopmyaa Hanpsamvoxr 3aJesKuTh He 3amesxkutsn
¢=G M, BepTHU- Y e BiJ BcoTH Tija Hax | | Big macu Tija;
(R, + h)2 KaJIbHO noBepxHelo 3eMJIi; | |.pin smauemns Ta
BHUS Yol 1. Bif reorpadiunoi HaIpAMKY IIBUJ-

g=9,8 m/c?2 — 6ina
noBepxHi 3em.ri

éiLO

MIXPOTU MiCI[eBOCTi

KOCTi pyxy Tima

5.
30epedceHna imnynocy.

3AKOHW 3BEPEXXEHHA B MEXAHILLI

\/

3aKoH 30epeskeHHI MeXaHiYHOl eHepril

Bu sraganu 3akoH 36epeiennsa MexaHivHol enepeii, JoBiaauca Ipo 3aKOH

\/

3aKoH 30epe:KeHHsI iMIyabCy

ria sbepiraerncs:

EkO+EpO =Ek+Ep

Y saMKHeHill cucTemi Tij, AKi B3aeMo-
IifOTH TiJIBKY CHUJIAMU IIPYKHOCTI Ta cu-
JaMu TSXKiHHS, TOBHA MexXaHiuHa eHep-

Y BamKHeHill cucTeMi Tis BeKTOpHa
cyMa iMIyJbCiB TiJl 3a/IMINAEThCA He-
3MiHHOIO Ticasa OyAb-AKUX B3a€MOIiit
Tija miel cucremu Mixk coboro:

My Vg1 +MyVgg =My Uy + 1MoLy

6.

Bu ysaranpHUIU CBOI 3HAHHA NP0 PYHOAMeHMAaAbHI 63aem00il 6 npupodi,

IiBHaAMMCA TPO PYHOAMEHMALLHUL XapaKmep 3aKO0Hi8 30epenceHHs.

OYHAAMEHTAJIbHI B3AEMOAII

\J \J

T'paBiTamiiina

EnexkTpomaruiTHa

\/

CuabpHa

\/

Craabka
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3ABAAHHA ANA CAMOMEPEBIPKW 4O PO3AlNY V
«Pyx i B3aemopifn. 3akoHn 36epexeHHA»

3ae0anna 1-7 micmamsv miavku 00HY NPABUIbHY 6i0Nn06idb.

(1 6an) Tino pyxaernbca B3moBx oci OX.

Ha puc. 1 maBegeno rpadik 3ajeXHOCTI Ux,_M_

MPOeKIil MIBUAKOCTI PyXy IBOTO Tija

Bil yacy crocrepe:keHHs. SIKa DiJIgHKa 6 B ¢
rpadika BimoBilae piBHOMiIpHOMY PyXy 4

Tina? 2714 D
a) minauxka AB; 0] 1 2 5 7 t, ¢
0) minmauaka BC;

B) minsauka CD;

r) ginsaxku AB i CD. Puc. 1

(1 6an) flka 3 nomaHUX (HiSMYHUX BEJIUUUH € CKAJIAPHOIO?

a) IPUCKOpPeHHA; 0) MIBUAKICTH PyXy; B) iMOyJabC; T) eHeprid.

(1 6an) 3 AKUM TiJIOM CJIiJ TOB’A3aTH CUCTEMY BifJTiKy, 11100 BoHA OyJia iHep-
iaJabHOI0?

a) moTAr Habupae IIBUAKICTD;

0) miBUMHKA T'OUJAETHCSI Ha TOMIAJIIL;

B) XJIOITYUK PYXa€THCA AOPOTOI0 MPAMOJIiHINHO 3 HE3MiHHOIO MIBUIKiCTIO;
r) cobaKa CIIOBiJIbHIOE CBill PyX.

(1 6ax) Tino, KMHYTEe BEPTUKAJIBHO BrOpYy, PYXa€ThCA JIUIIE I Ai€l0 CUJIN
TsokinaA. [IpuckopeHHs pyxy Tija:

a) HabiJbIlle B MOMEHT HOYaTKy PYXY;

0) omgHaKOBe B OyIb-AKUI MOMEHT PYXYV;

B) HaliMeHIIIe B HAWBUIIIiN TOYI[i TPAaeKTOPii;

r) 30iJIBITyETHCS i Uac mamiHHA.

(2 6anu) 3 AKUM TPUCKOPEHHAM PYXAETHCSA TiJIO, SKIIO MPOTATOM 2 C IIBUL-
KicThb #oro pyxy 36isbIiyerbed Big 3 mo 6 m/c?

a) 1,5 m/c?; 6) 3 m/c?; B) 4,5 m/c?; r) 6 m/c2.

(2 6anu) ABTOMOOIIb TOYMHAE PYX i IPOTATOM 5 C PyXaeThCcAd 3 HE3MiHHUM

IpUCKOPeHHAM 4 M/c2. BusHauTe nepeMileHHsA aBTOMOOLIA 3a Ieii yac.
a) 10 m; 6) 20 m; B) 50 m; r) 100 M.

(2 6aau) Ha puc. 2 300pakeH0 YOTHUPU CUTyaIlil BBaEMOAil ABOX Tij. ¥ AKO-
MY BUNAJKY CUCTEMY TiJI He MOXCHA BBaKaTU 3aMKHEHOIO?

g/é ~ ~
Z\ o % o < m -> ’s\’
i [@_@J l@_@J %
7 7 7
a 6 8 2

Puc. 2
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13.

14.

15.

(3 6axnu) Timo macoro 100 r pyxaerbes Imif Ai€l0 BOX B3BAEMHO IEPIIEHAUKY-
JApHUX cuJj 3HaueHHAMU 6 i 8 H. I3 aKuM IpuCKOPEeHHSIM PyXaeThCs Tijio?

(3 6anu) 3a rpadikom, HaBeeHNM Ha puc. 1, BU3HAUTE IePEMillleHHs Tijia
3a Bech Uac CIocTepe:KeHHs. BBarkaiiTe, 1110 B 0OpaHiil cucTeMi BimIiky Tijo
pyxaJjocs B3HoB:K oci OX.

(3 6aau) Tino KMHYIM BepTUKAJBbHO Bropy 3i mBuarictio 30 m/c. Uepes
AKUI iHTepBaJ yacy TiJIO ONMHUTHCS HA Bifcrami 25 M BiJ TOUKM KuUIAHHA?
Skoio Oyme MIBUAKICTE PyXy Tijia uepes Ieil imTepBas yacy?

(3 6anu) Ha migmosi midra cToith Bamiza macoro 20 kr. JlipT moumnae py-
xarucsa 3 mpuckopeHHaM 2 m/c2. Yomy nopiBHIOE Bara Bamisu? Posrismbre
JIBa BapiaHTH.

(4 6anu) Timo macoro 2,5 Kr pyxaeTbeda B3moBK oci OX. PiBHAHHA pyxy Tijna

Ma€ BUTJISAL: x=15+3t—t2. YcraHOBiTH IJIs IIbOTO BUIIAAKY BiAIIOBimHiCTH
MiK ()i3MUHOIO BeJUUYMHOIO Ta ii sHaueHHAM B CI.

1 Cuna, axa mie Ha Tijgo AO

2 IMmmyJsibc Tijla Ha IIOYATOK CIOCTEPEsKeHHS b 1,5

3 KinmeTtuuna enepria tima uepes 1,5 ¢ micasa B 4,5
IOYaTKYy CIOCTEpEe:KeHHA rs

4 Yac pyxy Tija g0 3yIUHKU 7,5

(4 6anu) Bpycor macoro 500 r mig miero minsi-
IIIEHOr0 [0 HBOro TArapA macoio 150 r mozoaas
Big mouaTky pyxy nuiax 80 cm 3a 2 ¢ (puc. 3). my ©
3HaNAiTh Koe(illieHT TepTs KOB3aHHJI.

(4 6anru) I3 TOUKHU, PO3TAIOBAHOI HA BUCO-
Ti 2,8 M HajJ MOBEPXHEIO 3eMJIi, BePTUKAJILHO
Bropy KuHyJau Tijo 1 3i mBuakictio 12 m/c. Pnc. 3

Y MoMeHT, KoJIu Tijio 1 JocArio HalBHUINOI TOY-
KU IMigJHATTS, 3 TOBEPXHIi 3eMJIi 3i IMBUIAKiCTIO
10 M/c KuHyJIU Bropy Tijo 2. BusHaute uac
i BucoTy 3ycTpiui TiJ.

(4 6anu) CropucraBuinch JaHumMu puc. 4, Bu-
3HAUTe BUCOTY h, Ha AKY HiAHiMyTbCca ABa Tina
OMHAKOBOI Macu micjsa 3iTKHeHHA. BHyTpimnIHio
HOBEePXHIO MUJIHApPa BBakamnTe imealbHO
TJIaJ€HBKOIO. Puc. 4

3eipme sawi 6i0nogidi 3 Hagedenumu 6 KiHyi nidpyuHuka. Ilosznaume

3a80aHHSA, AKI 68U BUKOHAJAU NPABUJLbHO, i 8udHayme cymy oOanis. Ilomim uiwo
cymy nodinimv Ha mpu. Odepicanuil pesyrvmam gionosidamume piBHI0O 6AUUUX
HABYANIbHUX 00CAZHEHD.

9 @ TpeHyBaJbHi TECTOBI 3aBAaHHS 3 KOMII'IOTEPHOIO IEPEBiPKOI0 BU 3HAN-
4‘ JleTe Ha eJIeKTPOHHOMY OCBITHBOMY pecypci «IHTepaKTUBHE HaBUAHHI».
.
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B OpicHTOBHI TeMn NpoeKTiB

1.
2.
3.
4.
5.

3aKoH! 30eperKeHHs y IPUPOLi, TeXHUIi, T00yTi.

dizuKa B JKUTTi CydJacHOI JIIOAWHMU.

CyuacHui# ctan (pisMUYHUX OOCHIiI:KeHb B YKpaiHi Ta cBiri.
VYkpaina — KocMiuHa mep:kaBa.

3acTocyBaHHSA 3aKOHY 30eperKeHHs iMIIyJIbCy B TeXHiIi.

I Temun pedepartis i noBigomneHb

Now puwns

[+2]

9.
10.
11.
12.

Ponb 3akouiB HeoTOHA B PO3BUTKY (i3UKH.

Cuia tsoxinaa Ha muiaHetax COHSUYHOIL crCTEMU Ta IXHIiX CYNyTHUKAX.
Yu icHye BiAIleHTpOBA cuJja.

SK pyxaeTbcs Tijio, KMHYTE IIiJi KYTOM IO TOPU30HTY, SKIIIO OIIOPOM
MOBIiTPA 3HEXTYBaTU He MOXKHA.

PeaxkTuBHU# pyx y mpupoi.

IcTopiss KOcCMOHaBTUKU.

Ilepmnii yKpaiHCbKUM KOCMOHABT.

JKurreBuii maax i maykora pianapricTs C. II. Koposbosa.
Miskrapoguuil KocMiunmit mpoext «[asizeo».

3akoHu 36epekeHHs y BcecBiTi.

Enepria ¢gisuumoro Baxyymy.

Yomy Macy HasMBalOTh MipOiO eHeprii.

B Temun ekKcnepyuMeHTaNIbHUX BOCAIAXKEHDb
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ExcnepumeHTaibHa nepeBipKa Apyroro 3akony HbioToHa.
ExkcniepuMeHTa/IbHA HEepeBipKa TpeThoro 3akoHy HbioToHA.
BuBueHnHs yMOBU PiBHOMIpPHOTO IIPAMOJIIHIHHOTO pPyXy Tija mifm miero
IEeKiJIbKOX CHJI.

HocuimxenHd qogqaBaHHA CHJI.

BuBuenHsa gaJbHOCTI MOJILOTY Tija.

CTBOpEeHHS i cocTeperkeHHs PeaKTUBHOIO PYXY.

HocimxkenHA TPYKHOTO Ta HEIIPYKHOTO yaapis.

BuroroBienHa npujaniB, Oid AKUX I'PYHTYEThCA Ha 3aKOHI
30epesKeHHA eHeprii.



®I3UKA TA EKONOTrIA.

AJIbTEPHATUBHI OXKEPEJIA EHEPTII

YABiTb, WO BU Ha TUXKAEHb ONUHWUANCA 6e3 ycix cyyacHux 3006yTKiB uMBinizauii. Bu He
MOXeTe CMiNKyBaTUCA 3i CBOIMU APY3AMU MO MOOGiNbHOMY TenedpoHy i B IHTepHeTi, Bawwa
KBapTuUpa He OMNaNETbCA, HE NOJAETbCA eNeKTPUKA, BU HE MOXeTe CKOPUCTAaTUCA TPaHC-

NMOPTOM...

MOoXnmMBICTb KOPUCTYBATUCA 3000yTKamu, WO Aanu Ham i3nKa I TexHika, — ue 6esne-
peuHuii nnoc. Ane, Ha Xanb, € N MiHYC. LUBMAKNIA pO3BUTOK TEXHIKK, AKa NOTpebye BCe
6inblue 11 Ginblue eHeprii, BUCHa)KeHHA 3anaciB KOPUCHMX KOMNasvH, NOBCOAHE BUKOPU-
CTaHHA CUHTETMYHUX MaTepianis, OyAiBHUUTBO cnopypn i marictpanen i3 3anisobeToHy
Ta iH. — yce e Np13BOAWTb [0 3HAYHOrO MOripLIEeHHA ekonoriyHoi cuTyauii. Qisnka i npo-
6nemy ekonorii — Tema Haloro OCTaHHbOrO B LibOMY HaBYaslbHOMY POLli YPOKY.

n [isHaemocsa npo pisHi Tunu i BUAN
3a6pyAHeHHA AoBKinnA

IcayioThs ABa TUNM 3a0pPYAHEHDb: NPUPOOHi i AH-
mponozeHHi.

? CupoOyiiTe HaBecTu 2—3 IPUKJIAAU KOXK-
HOTO TUNY 3a0pyIHEHb.

Y KosxkHOMY i3 3a3HaUEeHWX TUIIB MOKHA
BUIIINTU Taki Buau 3a0pynHEHb: XimiuHe, 6io-
Ja0ziune, mexarniune (puc. 1, 2), ¢isuune 3abpyo-
HeHHs. 3PO3YyMiJjo, 10 HeraTUBHUIN BIJIUB Pedo-
BUH-3a0pyAHIOBAUiB, a TaKOK BUIPOMiHIOBAaHbDb
3aJIe:KUTh Bil IXHBOI KOHIIEHTpAaIii, CTiliKOCTi
(uacy iXHBOTO iCHyBaHHA), XiMiuHOI Ta pajgiaiii-
HOI aKTMBHOCTI.

Mwu synuammMoca Ha awmponozenHHoOMY Qi-
3uuHoMYy 3a0pyOHeHHi 006KiALA, a caMe Ha me-
nao8oMY, WYmMoeomy, padioaKmueHomy ma ejek-
mpomazHimHomy 3a0pyOHeHHAX. 3a3HAUNMO, II[0
Ha KOYKHY 3 nux (opMm 3a0pyJHEHb MU BiKe 3BEp-
TaJIM yBary IIiJ 4ac BUBUEHHA BiAMIOBiAHUX TeM.

3ragyemo npo TensioBe 3abpyAHeHHA

TemoBe 3a0pyAHEHHA IIepeayciM MoB’A3aHe
3 napHukogum epexmom. I[nsa podboTu TpOMUCITIO-
BOCTi, TPAHCIOPTY, OTPUMAaHHS €JeKTPUYHOI eHep-
rii, omaJyioBaHHA MPUMIIIEHb JIIOJCTBO CIIaJII0E Be-
JNYe3Hy KiJIbKicTh ByTrisid, HadTu Ta rasy. Ilpu
IIbOMY B aTMoc(epy BUKHIAETHCA BYTJIEKUCIUN
ras (COy), KUl cTa€ CBOEPITHUM A3€PKAaJIOM, IO
BimOuBae TelioBe BUIPOMIiHIOBAHHS, sIKe He Bif
3emuti. ¥ pesyabTaTi yacTuHa eHeprii saTpumy-
eTbcsA B aTmoc(epi Ta 306iabinye i1 Temmeparypy.
Yepes mapHUKOBUI e(DEKT cepeaHA TeMIlepaTypa

Puc. 1. CmitTAa, WwWo notpannae
B OKeaH, NPU3BOAUTb O 3HU-
LLEHHA NPUPOLHOIO MAHKTOHY,
AKNN BMpobnae po 50 % KucHio,
Wwo € B atMmocdepi 3emni

Puc. 2. Cmor (gum, nun, TymaH),
AKNIN YTBOPIOETbCA Y BENINKUX
MicTax, NPU3BOAUTb [0 OTPYEHHA
NIOANHY 3CepenmnHu, 36inbluye
KiNbKiCTb OMapiB, 3aBaka€ Npo-
HUKHEHHIO COHAYHUX NMPOMEHIB

261



O®I3NKA TA EKOJOTIA. ANbTEPHATVBHI IXKEPENA EHEPTII

Puc. 3. 3a faHMK CynyTHUKO-
BUX pafapis, KOXHi 10 pokis
BMCOTa LWenbGoBMX JIbOAOBM-
KiB y mopsaAx benniHcrayseHa
Ta AMyHAaceHa (AHTapKTmaa)
3MeHLUYETbCA B CepefHbOMY
Ha 740-1920 cm

Puc. 4. CuHbo-3eneHi BOJOpoOCTi,
O PO3pPOCTaloTbCA B TENNin
BOZAi, aKTUBHO MOMNHATb
KNCeHb

Puc. 5. BumiptoBaHHA piBHA
LWyMy Bif FyLWHMKa aBTOMObINA
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noBepxHi 3emai mizsumiuiaaca zHa 0,7 °C. Take
HarpiBaHHS B)Ke CIPHUUYMHUNJIO IVIOOAJIbHI 3MiHU
KJIiMary, AKi CyIpPOBOMKYIOTHCS BEJIUKUMU 3JIU-
BaMHU Ta Iocyxamu. I3 rio0aJbHUM IIOTENJIiH-
HSAM IIOB’s3aHe TaHEeHHS JIbOJOBUKIB B ApPKTHITI
¥ Arrapkrui (puc. 3), migBuiiernsa piBasa CiTo-
BOT'O OKeaHy TOIIIO.

I:xepelaMu TEIJIOBOrO 3a0pyAHEHHS € Ta-
KOJK TeIlJIoTpacu, Mil3eMHi ra3onpoBOAM, TEILJIO-
eJIEKTPOCTAaHIlil, AKi OJd 3JMBY rapAdol BOAU
BHUKOPUCTOBYIOTH BomoliMu. HarpiBanuA BOIONM,
Yy CBOIO Uepry, IIPU3BOJIUTH A0 3MEHIIIEHHS B HUX
pO3UMHEHOr0 KHCHIO (amke 31 30iabIIeHHAM
TeMIepaTypu PO3UYMHHICTL TadiB 3MEHITYETHCS),
III0 COPUYUHSE PICT CHHBLO-3€JIEHUX BOJIOPOCTEH
(puc. 4), aKi, 70 peudi, TAaKOK IIOTVIMHAIOTH KNCEHb.

? A or Ha sammraHHA «I[0 YOrO MPUBOAUTH
HEIOCTAaTHICTh KMCHIO Yy BOZOIMi?» cmpo-
OyiiTe BiAmOBiCTH caMOCTiiiHO.

B Bopemoch i3 WwymoBuM 3a6pyAHEHHAM

Ilym y 20-30 pmemubesiB (nB) € maiixke
HEMIKiJIUBUM IJId JIOAUHU. A OT HIyM OijbIroi
TMOTYKHOCTI HIPU3BOAUTH 0 IOTIPIIIEHHA CIYXY,
301JIbIIIye KPOB’AHUU THUCK, HEraTMBHO BIIJINBAaE
Ha CepIeBO-CYINHHY CHUCTEeMY, MOKe BUKJINKATU
HEPBOBIi Ta IcuxiuyHi posjagn.

Haii6inpin moTy:XKHUM 1 IOMIMPEHUM IKe-
peJioM IIyMy € TPAHCIIOPT, Ha SKUU IIPUIIAaE
60—-80 % ycix mymiB y Micisax mepedbyBaHHS JIIO-
nmeii. PiBeHB IIyMy, CTBOPIOBaHUH aBTOMOOITbHUM
TPAHCIOPTOM, MOsKe cTaHOBUTU 75—85 nbB, 3aiis-
HUYHUM Ta aBiamiiiaum — noHang 100 gb.

YpaxoByiouu, 10 [IJs JIOZUHU He € IIKi-
auuM mym jguire 20—-30 1B, MmoKkHa ycBigoMuTH,
SIKOTO HETaTUBHOTO BILINBY 3a3HAIOTD JIIOIU, KOTPi
MeIITKAal0Th, HAIPUKJIakd, 0iJid BeJIUKUX MaricTpa-
Je#, 3aJIiBHUIb, aePOIIOPTiB.

Taxkum umHOM, 60POTHOA 3 TPAHCIOPTHUM
mymoM (DuB. puc. 5, 6) Mae cyTTeBe 3HAUYEHHS
i gmificHIOEThCA B KiJBKOX HaNpPsAMKAaX: CTBO-
PEeHHA MaJIONIyMHUX TPAHCIOPTHUX B3acobiB,
MOKpAIeHHA MOKPUTTSA OOPir, mpoayMaHe pPO3-
TalllyBaHHA Ta oOJamHaHHA Maricrpajei (Kijib-
meBi moporu, 00’i3mu, 3eseHI HacaAKeHHS, IITy-
MO3aXWCHi eKpaHu), TTeBHi opraHisailiiini sacobm
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(3abopoHa IOJILOTIB JIiTaKiB HAJ BEJIUKUMU Mic-
TaMu, O0OB’A3KOBa HASABHICTH INIYHIHUKIB, 3a00-

pOHAa 3BYKOBUX CHUT'HAJIiB TOIIIO).

? ki me mKepesa mymy, KpiM TPaHCIIOPTY,
Bu 3HaeTe? K Big bOro Irymy MosKHa cede

3aXUCTUTU?

I3 poaginy III Bu fisHanucs mpo eseKkmpomazHimue
3a0pyoHenns, i3 posginy IV — mpo padiauyiiine.

3ragyemMo npo papgiauiiiHe
I eneKTpoMarHiTHe 3a6pyaHeHHsA

Puc. 6. LLlymo3axucHi ekpaHu,
BCTaHOBeHi 6inA Tpac, 3meH-
LWyoTb piBeHb LWYMY B [eKifbKa
pasis

3raJja€Mo OCHOBHi m:xepesia Iux 3abpyaHEHb, Ha-
CIiIKM HETaTUBHOTO BIJINBY PaJioOaKTHUBHOI'O Ta
€JIEKTPOMATHITHOTO BUIIPOMiHIOBaHb HA JIIOAWHY,
BU3HAUNMO, K 3aII00irTy UM HACJIIIKAM.

Papiaritine 3a0pyaHeHHS EnexTpomaraiTHe 3a0pyqHEeHHSA

I:xepena | ABapii Ha aTOMHUX eJIEKTPO- BucokoBosibTHI JiHil eleKTpo-

3a0pyA- | cTaHIIiAX. nepegayi.

HEeHHSA PentreniBcbki Ta y-mocaimkenHda. | Tene- 1 pagiocraHii.
JlikyBaHHA y-BunpoMiHioBaHHAM | Mo6inbHI TenedoHn.
(ximioreparis). HBY-nieui.

Tepurenne (3emue) Bunpominio- | Exexkrpocraniiii.

BaHHA (111e0iHb, KepaM3uT, rpa- TpanchopmaTopHi cTanIii.
HIiT; pagoH, AKUN BUXOOUTH i3 Kowmm’rorepu

Haap 3eMJIi Ta HAKOIUUYETHCS

B IIifjBaJIax)

Hera- Pyiinye KiaiTuHM opramismy. 30iJIBIITYE CTOMJIIOBAHICTS.

TUBHUN BrinBae Ha cagKoBiCTB. CropuunHsie HEPBOBi mopy-

BILJIVIB Ymikomxye monexyau [THE, IIeHHS.

110 IPUBBOAUTH A0 3J0AKICHUX 30iabIlIye HMOBipHiCTD
OyXJWH. Gesmaimgas.
CopuunHsae npoMeHeBYy XxBOpoOy | Moske mpusBecTy [0 MyXJIUHU
MOBKY.
SHMKYE iMmyHiTeT

Sacobu IIpoxonuTu peHTTeHiBChKe AOCTi- | SMEHIIIYyBaTH Uac BUKOPU-

00pOTHOM | JYKEeHHs He vacTillle HijK omgumH cTaHHA 0E3TPOBITHUX MepeK.
pas Ha pikK. BuropucroByBaTu nepeBaskHO
He mepeGyBaTu B 30HI pasmiatiii- | mpoBomoBuii 3B’A30K.

HOTO 3a0pyIHEHHS. He tpumaTu MoGinbHUMN Tese-
Perynapuo mposiTproBatu mpu- (oH O6SIM3Y TOJIOBU (BUKOPU-
MiIlleHHs. CTOBYBATHU HaBYIITHUKMN).
Memnmre uacy nepebyBaru He mocuty MobinpHUM TesedoH
B 3aKPUTUX TPUMIIIEHHAX, y KuiieHi

mo6JIn3y TPaHITHUX MOPIT
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Puc. 7. CBiTOBe CNOXMBaHHA eHepril

Puc. 8. AEC «[lanenb» — Hanbinbwa
aToMHa eneKkTpocTaHuia OpaHuii

Puc. 9. HaniBnpoBigHMKOBI COHAYHI Na-
Heni, BCTAaHOB/EHI Ha NPWBAaTHIN JinAHUi
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H LlisHaemoca npo anbTepHaTUBHI
B)Kepena eHeprii

IIporarom G6araTboxX CTOJITH BYTJIEBOIHEBE
naJjauBo (IpoBa, Byrijid, Topd, ras, HadTa)
OyJio Mali’ke €IUHUM [2KepejioM eHep-
rii gnad JroacTBa, IPUUYOMY BOHO MaiixKe
He 3aBJaBaJjio IIMKOAMW TOBKiJjaio. AJe 3a
OCTAHHE CTOPiUYA Pi3KO 30iJBIITHIOCS BU-
KOPUCTAHHA TENJIOBUX MAIWH, AKi mepe-
TBOPIOIOTh €HEPriio majmBa Ha MeXaHIiuHy
1 emexTpuunHy eHeprii. Ile mpusBeso, 1o-
mepIe, [0 BUCHAKEHHSA IPUPOTHUX BU-
KOITHUX PecypciB, mo-apyre, A0 II00aJbHOT
sminm KJuaimary 3emui. Ha HuHIITHBOMY
eTami CBOTO PO3BUTKY JIIOACTBO HE MOKe
BHUSUTHU KiJIBKIiCTh eHeprii, IO CIIOXKU-
Ba€, — HaBMOaKU, I KiJIbKICTh HEYXUJIBHO
3pocrae, i, 9K i pamimie, 6iapIIa yacTuHA
eHeprii BUPOOJAETHCSA 3a PAXYHOK CIIAJIIO-
BaHHSA MIBUAKO BUUEPITYBAHUX BYIJIEBOIHE-
BUX BUIAiB maJyuBa (puc. 7).

CyuacHUI PO3BUTOK TEXHIKU TO3BO-
Jsi€ BUKOPUCTOBYBATH ¥ aJibTePHATUBHI
IsKepesia eHeprii, a came sA0epHy eHepeiio,
enepeii eimpy it Conysa, enepeio npuniusis
i sidnausis, zeomepmaibHy eHepzilo 3emi.
HaBengemo gekisbKa IpUKJIaIiB.

Amomna eHepeemurxa PpaHiii mae
HaWOiIbIIIUN piBeHb BUKOPUCTAHHS aTOM-
HOI eHeprii B €Bpori: 78 % enexkTpoeneprii,
110 BUPOOJIAETHCSA B KpaiHi, MOXOUTH caMe
3 aTOMHUX eJIEKTPOCTaHIIi# (puc. 8).

Y OGaraThox KpaiHax CBIiTy moumHae
pO3BUBATHUCS COHAYHA eHepzemuka. Ha
eneprii CoHIlS MPAIIOIOTh i BeJIMUE3H] eJIeK-
TPOCTaHIIi1, i HeBeJIMKi COHAYHI ITaHeJi, 1110
00CJIyrOBYIOTH IIPUBATHI OyAWMHKU. Y TeX-
Hilll BUKOPUCTOBYIOTH IBa CIOCOOU Iepe-
TBOPEHHS COHAYHOI eHeprii Ha eJIeKTPUYHY:
IpsAMe IIePeTBOPEHHS 3a JOIIOMOI'OI0 HAIIiB-
MIPOBiIAHMKOBUX HPUCTPOIB (puc. 9) i mepe-
TBOPEHHS COHAYHOI eHeprii cmouaTky Ha
TEILJIOBY, a IMOTiM Ha ejieKTpuuHy (puc. 10).

IIle omHuMM BiZHOBJIIOBAHUM [IKe-
pesiom eHeprii € Bitep. BimpoeHnepzemuka
POBBUBAETHCA AysKe IIBUAKO: XOU 3apas
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BiTporemepaTopu BUPOOAAIOTEL Jjuiiie 1 % esex-
TpoeHeprii y cBiTi, € KpaiHu, B SKUX YacTKa Bi-
TPOEHEePTreTUKM AOCUTH Bucoka. Tak, 42 % ejex-
TpoeHeprii JlaHil BUPOOIAETHCA 3 BUKOPUCTAHHAM
enepeii eimpy (puc. 11).

IloTy:XHUM 1 TPAKTUYHO HEBUUYEPIIHUM
IPKepeJioM eHeprii € enepeia npunausis i eidnau-
gig. Ilepily OPUILIUBHY €JIEKTPOCTAHIIII0 OyJIO
mobymoBano y ®@paniiii me B 1966 p., BoHa MaJja
nory:xHicTs 240 MBT. I1a eneKTpocTaHIlia Impa-
e i HuHi. ChOTOAHI MPUIINBHI €JIeKTPOCTAHILiT
€ MaM/Ke B yCiX KyTOUKaxX HAIIOl IIJaHeTH.

Kpainwm, posramoBani B paiioHax ByJIKaHid-
HOI aKTWBHOCTi, MOYKYTb BUKOPHCTOBYBATH 2€0-
mepmanvHy enepeilo (€Heprito rapsa4oi Boau, Cyxoi
Ta BOJIOTOI IIapH, IO IMiHIMAaThLCA 3 HaAp 3eMJIi
0sim3bKO 10 ToBepxHi). 'eoTepmanbHy eHepTiio
AKTMBHO BUKOPHCTOBYIOTH, HAIPUKJIAJ, B lciaaH-
noii (puc. 12), na Piminoinax (27 % BUpOOHUIITBA
eJIeKTpPUYHOI eHeprii kpaium), y Mekcuiri, CIITA.

@ Nig6buBaemo nigcymkm

IIIBuagKUY PO3BUTOK TEXHIKU, IIOBCIOIHE
BUKOPHUCTAHHS CUHTETHYHUX MaTepiaJis,
CIIaJIIOBAHHA BEJMYE3HOI KiJIbKOCTI BYIJIEBOIHE-
BOT'0 MaJIMBa IIPU3BOAATDH 0 TOTO, IO €KOJIOTriuHa
cuUTyaIllis Ha HAIIi} myaHeTi moriprryerbesa. Hai-
OinbIte 3a0pyAHEHHS NOBKijIA BimOyBaeThcs 3a-
BOAKHK JIOAUHI (aHTpOIOreHHe 3a0pyAHEHH).
HigapHICTD JIIOAWHU TPU3BOAUTH IO YTBOPEHHS
OCTPOBiB CMITTA B OKeaHi (MexaHiuHe 3abpyn-
HEeHHs), TONATKOBOT'O BUKUIAHHS TelJa B aTMO-
cepy # BomoiiMu (TeIlsioBe 3a0pyAHEHHSA), CYyTTE-
BOTO ITiABUIIIEHHA pajiaiiinoro Gouy (pagiaiiiize
3abpynHenHs1). Ha 3m0poB’s JIIOAVHY BIJIMBAE Ta-
KOJK 30iJIbIlIeHHsA piBHA mIymy (IIrymMoBe 3a0pyn-
HEHHs) i KOHIeHTpaIllii eJleKTPOMarHiTHOrO BU-
IpoMiHIOBaHHSA (eJIeKTPOMATHITHE 3a0pyIHEHHS).

30iJbIIIeHHsa KOHIIEHTpPAIlil BYIJIEKHCJIOTO
rasy B armocdepi 3eMJi Bixke IPU3BEJO OO TOTO,
110 CepenHsA TeMIepaTypa IIJIaHeTH IiJBUINJIACS
Ha 0,7 °C. IIlo0 3MeHMINTH KiJbKiCTh BUKHUIIB
i xoua 0 YACTKOBO 30eperTu 3alacu KOPUCHUX
KOTaJIuH, ypAAW KpaiH TiATPUMYIOTH BUKOPHU-
CTaHHS aJIbTEPHATUBHUX JKepeJ eHeprii, a came
eneprii CoHma # BiTpy, mpuniuBiB i BignInBiB,
AIEePHO] Ta TeoTepMaJIbHOI eHeprii.

Puc. 10. OgHa 3 Hanbinblnx
COHAYHUX eNeKTPOCTaHLiin

y cBiTi — «AirBaHna» (CLUA,
KanidopHia). 173 Tuc. g3epkan
BiAOMBalOTb COHAYHE CBITNO Ta
CNPAMOBYIOTb IOr0 Ha BepLuu-
HW TPbOX BEX, e BCTaHOBNEHO
KOTNK 3 Bogoto. lapaya napa
HaAXoAuTb Ha nonati TypbiH,
YCTaHOBMNEHMX yCePeanHi BeX

Puc. 11. BitporeHepatopw,
BCTAHOBJIEHI B3[OBX Y36epexxa
[aHii, NOBHICTIO 3a10BONbHAIOTb
notpebu niBHOYI KpaiHN B eHep-
rii Ta JO3BONAIOTL NPOAaBaTn
eNeKTPOeHeprilo iHWKM KpaiHam

Puc. 12. TennonocrayaHHA
ctonuui lcnanpii Penk’'agika nos-
HICTIO 3[iNCHIOETbCA Bif reoTep-
MaJibHOI CTaHLi, po3TalloBaHOI
B 7 KM Bif MicTa
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NPE®IKCU ANA YTBOPEHHA HA3B KPATHUX
| YACTUHHUX OANHULb

IIpedikc CumBoOI MuoxxHUK IIpedikc CumBoI MuoxxHUK
Tepa- T 1012 CaHTH- c 1072
rira- r 109 MiJTi- M 1073
Mera- M 106 Mikpo- MK 1076
KiJso- K 108 HaHO- H 1079
TeKTOo- r 102 miKo- i} 10712
ernu- I 1071 dbemTo- d 10715

BiAnoBiAl 4O BMPAB | 3ABAAHDb
Ana CAMOMNEPEBIPKU

Po3pin | <kMarHiTHe none»

Ne 1. 1. 3niBa — miBmenHU, cupaBa — miBHiuHWH. 2. [IBa nostocu. 4. IIidka3ka: TpoBigHMKY,
B AKUX TEUYTh CTPYMU OJHOTO HATIPAMKY, IPUTATYIOTHC.

Ne 2. 1. Ina puc. a: 1) ogHopinue, 2) A i B — Bropy, 3) oqHaKoBa B TouKax A i B; mjasa puc. 0:
1) opgmopinue, 2) A i B — mo Hac, 3) ogHaxkoBa B Toukax A i B; pua puc. 8: 1) HeomHOpigHe,
2) A — maxiso Bropy, B — 3xiBa mampaso. 3. 1) Tak; 2) B — yuiBo Bropy, C — yiiBO BHUS;
3) y Tounti C; 4) Bin S mo N.

Ne 3. 1. Bixg B no A. 2. 1) mpoTu XoAy TOOIMHUKOBOI CTPinKu; 2) Bix Hac; 3) @ — ogHAKOBE, 6 —
y Tounii A. 3. IliBgenrum; tak. 4. Onycrurbes. 5. 3iiBa «+», cupaBa «—».

Ne 4.1. a) yropy; 6) siiBa HanpaBo; B) 3;1iBa Hanpaso; r) F, =0.2.1,08 H; 0. 3. a) yuusy — mis-
HiuHWi; 6) 1iBopyu — nosutuBHU. 4. a) 1,2 m; 6) 30 mH. 6. a) 31iBa Hanpaso, 6) 0,25.

Ne 5. 1. Mar"iToskopcTKa. 2. a) BJIaCTUBOCTI TapaMarHeTUKiB; 0) BJIaCTUBOCTi (hepoMarueTukKis.
3. Hesnauno 3MeHIIUJIOCH. 5. [ToMicTUTH B MOTYKHEe MarHiTHe moJe.

Ne 6. 1. Bin saIuImuThCs HAMarHiYeHUM ITicJIsi BUMKHEHHA CTPyMy; OyZe BUTpAYaTUCA JOJAT-
KOBa eHepria Ha nepemarHiuenHd. 2. 3;ixiBa — miBHiueWMHI nosroc. 3. o B i C. 4. 36insmuTsed.
Ne 7. 1. 3a XxomoM roguHUKOBOI cTpiiku. 2. Omip BoJbTMeTpa € Beandyesuum. 3. Ilpuia suiige
3 Janay.

Ne 8. 1. SIKmto cTpyM y 30BHIIIHI#N KOTyIIIi 3MiHI0ETHCA. 2. 1) a) BilliTOBXHETHCA Bif Marxiry;
0) IpPUTATHETHCA; B) BixmToBxHeTheA; 2) CTpyM HampsaMJIEHUI IO IepeqHill CTiHIi: a) yHu3;
6) yropy; B) yropy. Hampsamok iHayKIiiil margiTHOTO MoJisA: a) 3JiBa HampaBo; 6) cupaBa HaJi-
BO; B) cupaBa HasiBo; 3) Kinbiie sanumursesa Hepyxomum. 3. IIo mepeaHii cTiHII KOTYIIIKM:
1) yuus, 2) yropy, 3) yHus, 4) yropy.

3aBAaHHA Ana camonepeBipKy o po3ainy |

l.a.2.8.3.1—B,2—B,3—A,4—].4.a, B. 5.B.6.6. 7. a. 8. [I106 BusyunTu MeTaaeBi mpeagme-
tu. 9. Cripasa «+». 10. CupaBa «+». 11. ¥YBepxy — miBHiunMit. 12. 3agxisuumit — Taxk; MigHUH —
Hi. 13. Yuusy — niBHiunwuii; mocmadbursces. 14. ITo mepenwiit crinmi korymku saus. 15. 0,7 H.
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Bignosigi oo Bnpas i 3aBAaHb 4NA camonepesipKy

Po3pgin Il «CBiTnosi aBnwa»
Ne 9. 1. 1—T, 2—B, 3—B. 2. a) Micanp; 6) ekpan KoM’ 1orepa; B) pagionsapia. 3. 8 xs 20 c.
4.6,B8.5.9,46 - 1012 kM.
Ne10.3.1—T,2—B,3—bB.4.67cm. 9. ¢=10c™m, b=8,7 cMm.
Ne11.1. 3 m. 4.40°. 5. 60 cm; 80 cm. 6. 8 Kkm/Tom; Ha 4 m. 7. 18°.
Ne12.2.1,24 - 108 m/c; 2,26-108 m/c; 3-108 m/c. 3. 40°. 5. 4 mxkc. 7. 1) Cepenosuma 2; 2) 1,5;
3)1,7-10%m/c; 4)1,2; 2.
N2 13. 1. Yopaumu; 3eseHuM. 2. CuHbOrO; yci, okpim curboro. 3. @ioserosoro. 4. HepBoHoro.
Ne 14, 1. Ilepira JiHsa posciroBanbHAa, Apyra — 30upaabHa. 2. [Iepmra. 3. 62,5 cm, poscioBaib-
Ha. 6. 3oupatume. 7. S;A; =1,2 cm; OF =3,75 cMm.
Ne 15. 2. 40 cm. 3. —3 guTp, poscitoBanbHa. 5. 1) 5 gurTp; 2) 10 cm. 7. 25 guTp.
Ne 16. 1. 40 cm, KopoTKo30picTk. 2. 12,5 cm. 5. —1 aoTp.

3aBaaHHA ona camonepesipky o po3giny i

1.a.2.6.3.1.4.6.5.8.6.8.7.2.8.8.9.4m/c. 10. 20°. 11. 1,4. 12. 1 m. 13. 1—A, 2—B, 3—T.
14. 3oupanabua, 50 cm, +2 aorp. 15. AGCOMIOTHI TOKA3HUKY CKJIEPH JIIOAUHU Ta PUOU MaiiKe
OHAKOBI, ajie B OKO PuOU CBiTJIO ITOTPAILJISE 3 BOAU, TOMY 3aJIOMJIIOEThCS MeHIe. 16. 5 cM.

Po3gin lll. «<MexaHiuHi Ta eneKTpomarHiTHi xBuni»

Ne 17. 1. a) 2,5 cm; 6) 4 cm. 2. 20 m/c. 3. Hi. 4. He BUHUKAIOTH CUJIM TPYKHOCTI. 5. 45 KM.
6. a) yuiBo; 6) ynpago. 7. [lna puc. a: 1) 40 cm, 0,067 ¢, 1,6 m; 2) Ai C — yropy, B — He pyxa-
erbed; 3) 450. na puc. 6: 1) 20 cm, 0,05 ¢, 2 m; 2) A — yropy, B — yuus, C — He pyxaeThed;
3) 600. 8.3,2m/c.

Ne 18. 1. Tak. 2. YacToTa momaxiB Kpms Merenuka menmia Big 20 c7!. 3. 8,5 cm; 37,5 cm;
1,25 m. 5. 3 kM. 6.1700. 7. Ha 2,6 c. 10. 72 mKc.

Ne 19. 1. 1) 6; 2) a, 6. 2. IIposig: A=6000 &M, v=3-10% m/c; pagionepenasau: v=3-10° I';
v=3-108 m/c; BumpomintoBau: v=2-10"T'm; v=3-10% m/c. 3. a) 750 um, 400 um; 6) 457 =M,
240 M. 5.0,5¢71, 2 c.

Ne 20.1. 4, 2,1, 3.2.1—1, 2—B, 3—T', 4—A. 3. 5,3-10' T'm. 4. 100 MKM™; iEdpauepBoHe.
6.0,4c.

Ne21.1. 3 kM. 2. 0,5 M.

3aBfaHHA gnAa camonepesipku go po3giny Il
1.6.2.r.3.a.4.6.5.1.6.8.7.a.8.6.9.300 m. 10. 1—B, 2—B, 3—T'. 11. Yropy. 12. Ha 2 c.
13. Tou 3ByKy cTae 6iabmr Bucokum. 14. 4 m; 17,6 m. 15. 2,4 ¢; 0,42 I'i; 48 m. 16. 4 m; 50 MTI'x.

Po3gin IV «®ismka atoma Ta aTomHoro sgpa. QisnuyHi o0CHOBM aTOMHOT eHepreTnKnu»
Ne22.1.Z=18, N=22. 2. Kinbkicrio HefiTponis. 3. 5; 11. 4. Sb. 5. 2-10* H.
Ne 23. 1. a) B- i y-BunpominoBanHs; 6) y-BunpoMinoBanHa. 2. 12108 I'n. 4. Ha agpo %25 Ac.
5.6,8-10727kr; 7,7-10718 k. 7. 12,04 - 1023,
Ne 24. 1. Ypar-235; Pagon-220. 2.~ 7,2-1017. 3. V 8 pasis. 4. 0,6 c. 5. 3,7-1020 Bxk.
Ne25.2.7,2-10 mxI'p. 3. 16,6 3B. 4. 90 Mmx3B.
Ne 26.1.234 MIxx; 2,34 kr. 2. 82Tx. 3. =17 %.
N2 27.1.32 %. 2.69-10% kBr-rox. 3. 432 TIx. 4. ~16 kr.

3aBfaHHA fnA camonepesipku go po3giny IV
1.6.2.6.3.1.4.a.5.6. 6.6.7.7.8.6.9.1—], 2—T, 3—B, 4—B. 10. 8. 11. %}jPo . 12. 2-10°.
13.1644. 14. 10,4 MI'p (6esneuno). 15. 22 Ra . 16. 8,4 kr.
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Bignosigi oo BnpaB i 3aBgaHb AnAa camonepesipky

Po3pin V «Pyx i B3aemopgina. 3akoHUN 36epe)XeHHA»

Ne 28. 1. Tax. 2. 1,5 m/c2. 3.1 m/c; 0; —1 m/c. 4. 0. 5. 20 c. 6. a) 2 m/c, 1 m/c2, ui; 6) —20 M/c,
5 m/c?, 4 ¢; B) 10 m/c, -3 m/c?, 3,3 ¢. 7. 1) v, =-4+2t; 2) v, =8-4¢. 8. 1)v, =2+1,5¢;
2) v,=-3+t;3)v,=1; v,=5-2t.9.3a4 c nonouarky cnocrepe:xxenssa. 10. 30 m.

Ne 29. 1. 85 m. 2. 100 m. 3. 1,8 c; ~ 4,4 m/c2. 4. 1) 6) x9;=8 M, Xg3=—2 M; B) Vo1, =—2 M/C,
Voo =5 M/c; 2) a;, =2 m/c?, a,,=4 m/c? 2) 5 ¢, 23 m; 3) v, =—-2+2¢, vy, =-5+4t;
$1.=—2t+12, 59,=—5t+2t2. 5. =40 v, s=0; x=-20+20¢—5¢2. 6. 40 c. 7. Tak, AKIO PyXaTu-
MeThCs eCKaJaToOPOM YHUS 31 mBUAKicTIO 2,5 M/C; TaK.

Ne 30. 1. Ha crinens — F. P , ]\7; Ha goguny — F

. e ? N; il ckommencosadi. 2. Bogu, Be-
cein, Bemri. 3. Tak; Tak; Hi. 4. 2) 0; 18 M/c; 8) 2 m/c?, 2 m/c2. 6. a) 2 H; 6) 0.

Ne 31. 1. 2,5 kH. 2. 3a HaIPAMKOM PyXy; IPOTH HAIPAMKY PyXy. 3. 5 M/c2, Ha cxix. 4. 2,5 T.
5.3 m/c2. 7. 06uzBa; qiBUMHKA.

Ne32.1.10 H. 2. Ograxoeo. 3. 0,5 m/c?. 4. Hi, F,, =200 H; rax, F,, =400 H.
Ne33.1.4,7xr; 47 H. 2. Hi. 3. 36insmuTses B 2 pasu. 4. 6-1024 kr. 5. 0,625 m/c2. 6. 4,9 m/c2.
7.5m/c, 10 m/c2; 0,5 c.

Ne 34, 1. IIpuckopeHHsa omHakKoBi. 2. Vci Tima pyxamoTbed 3 OJHAKOBUM IPUCKOPEHHSIM g;
a) TPaeKTOpisa pyxy — BiTka mapaboJiu; 6) TiJo pyXaeTbcAd BEPTUKAJIBHO BrOpYy, IOTiM 3MiHIOE
HANPSIMOK PYXy Ha MPOTUJIEKHUI; B) TiJIO PyXaeThCs BePTUKAJbHO BHUS. 3. a) 10 Mm/c, 15 m;
6)2c,20 M. 4.3¢c,60mM, 75M. 5.0,4c. 6.10 m/c?; 7. 35 m. 8. Timo 1 — 120 m; Tizo 2 —25 M.
9.1—A,2—11,3—B,4—B.

Ne 35.1. 3,5 kH. 2. 0,5. 3. 48 H/m. 4. 110 H, skmio npucKopeHHs HanpsaMieHe Bropy, 70 H —
axmo BEK3. 5. 15 H; 0,025. 6. 0,9 m/c2. 7. ~0,06.

N236.1.a) 18 kr-m/c; 6) 0; B) 40,5 kr-™m/c. 2. 25 m/c. 4.a)4 m/c;6) 1 m/c; B) 1,75 m/c. 5. 1,4 M.
Ne37.1.Tak. 2.1 kH. 3. 2,7 km/c.

Ne 38. 1. 1) 168 x[x; 2) 8 xlox; 3) 160 xllx. 2. 12 m/c. 3. 1) 2 m/c; 2) 0,5 m/c; 3) 1,25 cm.
4.12,8 cm.

Ne 39, 1. V nammi posskapeHHsa auire 5 % eJleKTPUUHOI eHeprii mepeTBOPIETHCA Ha eHepriio
cBiTJIa, perrTa — Ha BHYTPIIIHIO eHeprio. 4. 15 % . 5. IToraunynaca Ta cama KiJbKicTs eHeprii.

3aBpaHHA ona camonepesipky go po3giny V
1.6.2.7.3.8.4.6.5.a.6.8.7.2a.8.100 m/c2. 9. 30 m. 10. t;=2c, ty=1c¢; 20 m/c. 11. 240 H,
160H.12.1—T,2—1,3—A,4—5.13.~0,25.14.1¢c; 5m. 15. h=R /4.

AJIOABITHUA NOKAXUYNK

A Apanramiaoxka 100 — penTrediscbke 133
Axomogarrig 101 — yabrpadionerose 133
AxTuBHicTS pagionykaiga 158 Bignynua 121

Binbue naginua 212

b DBexepenb 158 Bcecsit 243

B Bszaemonis I Timoresa Ammepa 26
— rpasiramiina 209, 245 T'peit 163
— eJleKTpoMarHiTHa 245 T'yunicts 3ByKy 120
— cunabHa 149, 245 I'yunomoBelb eseKTpoguHamiunmit 37
— caabka 245
BunpowminoBaHHSA I :xepeso cBitia 56
— anbda (o) 153 — TOUYKOBe 58
— Geta (B) 153 Hucnepcia 86
— rammMma (y) 133, 153 HiamarmetTuxku 24
— indpauepBone 132 HopsxkwmHa xBuai 115
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AndaBiTHUN NOKaXXUMK

Ho3sa 11oHi3y04Y0ro BUIIPOMiHIOBaHHSA
— ekBiBasienTHa 164

— norsimHyTa 163

Hosumerp 166

Hocain(u)

— Awmmepa 7

— Epcrena 7

— Pesepdopna 146

— ®Papajges 39

Enexkrpuunuii 1BUrys 35
Enexrpomaruir 29
EnexrpomaruiTHa ingykiia 41
EnexTpomexaniunuii reaeparop 42
Enepria 235

— mexaHiuna 235

Exomnokanis 122

3akxoH

— BigmOuBaHH4A cBiT/Ia 68

— BcecBiTHBOTO TsaxKiHHA 210
— 3aJIOMJIEHH cBiTiia 76

— 30epeskeHHs eHeprii 247
— gbeperkeHH iMOyabcy 228

— 30eperxeHHA MexaHiuHOI eHeprii 236

— imepmii 199

— HproToHa

— — npyruii 203

— — nepmuit 201

— — rperizi 206

— OPAMOJIIHITHOTO TOIITUPEeHH A
cBiTia 62

3B’A30K cTinbHUKOBUI 135

3usepr 164

300parkeHHA

— Biusi 94, 95

— B IJIOCKOMY a3epkaJji 69

Isoronu 149

Imnynsc Tima 227

Iapgykuitiamit crpym 41
IneprianpHa cucreMma Bigmiky 200
Indppaseyrk 121

Konekrop 35
Kropi 158

Jlinza 89

— goupanasua 90, 94

— poascioBaabaa 90, 95
JIinii maruitaol iHgyKIii 11

Marsuir nocriinuii 6
Maruitua ingykmia 10, 20
Maruiruuii mosoc 6

Hyxnig 149

Oxo 100
OnruyHa rycTuHa cepegoBuina 76
Onruuna cuja giasu 91

ITapamarmetTuxku 25
Ilepemimtenns 187, 192
ITepiox miBposmagy 157
IlokasHUK 3ayloMJIeHHA 77
TTone

— rpasiraniiine 209

— eJleKTpoMarHiTue 126
— 3emui 12

— MarHiTHe 8

— oxHopigue 12
IIpaBuio

— JsiBoi pyxu 20

— cBepaiauka 16
IIpuckopenns 187

— BijpHOrO maxinaa 213

PagioaxTusuicte 152, 154

Papgionoranisa 136

PagioxBuai 132

Pyx

— mexaHiuauin 186

— peaxkTuBHun 231

— PiBHOIIPUCKOPEHUI MPAMOJIiHIT-
Huii 188

Cuna
— Awmmepa 19
— rsoxinEa 211

Temneparypa Kiopi 6, 26
Tepmosimepuuii cuares 171
Tecna 10, 20

Tiap 62

VYabpTpassyk 121

depomarueTuku 25
dokycHa Bigcrans 91
dDopmysia TOHKOI i3 96
Dopmyaa xBuai 115

XBuia

— esqiekTpomarsiTaa 127
— 3ByKoBa 118

— MmexaHiuna 112

— no3xoBxkHa 113

— nomnepeuna 113

Yucso
— HyKJIOHHE (MacoBe) 148
— mpoToHHe (3apAagoBe) 148

IIBugkicTs MmurTeBa 189
IIIxana erekTpoMaruiTHUX XBuab 131

SABwuie ineprii 199

SnepHa peakitia mauiorosa 169
Anepuwnii peaxkrop 170

SAnepuuii muka 174

AnepHi cunu 149
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PO IMOBA. « v v vttt ettt et e ettt et e e e e 3

Po3gin I. MarHiTHe none

§ 1. Maruirui aBuma. Jocaig Epcrena. MarHIiTHE TTOJE. « o v v v v v v v et i it e eeeeeee e 6
§ 2. IHpykmia marmiTHOro mosd. JIinii marmiTHol ingykiii. MaraitTae mose Semui .... 10
§ 3. MaruiTHe mojie cTPyMY. IIPABUIIO CBEPIIIKA « « « v v v v v v v e e ve e e nnnnennnnss 15
§ 4. CHITA AMIIEDA « ¢ v v vt vttt et et e te e tne e eneeoneeeeeeeeeeneeeneeeneennens 19
§ 5. MaruiTHi BIacTUBOCTi PeUOBUH. ['iITOTE38 AMIIEPA « « v v ¢ v v vt v e et e eae e 24
§ 6. EJeKTPOMATHITH Ta 1X BACTOCYBAHHM. « « « « v o o v v o e e v e nennennonennnnenennas 28

JL1a6opamopHa poooma Ne 1. .. ...ttt tte e tneetneenneeneaaneeenas 32
§ 7. Enexrponsurynu. EjekTpoBuMipoBanbHi npuaagu. ['YIHOMOBEID « « o v v o v v v et 34
§ 8. Hocuigu Papazes. SBuile eJeKTpoMarHiTHOI iHAYKIIT.

THAYKRIIAHNAT €TEKTPUYHUI CTDYM « o ¢ v v v v e v e e e e o e e enoenneneneanenennsns 39

JLa6opamopHa poooma NC 2. . . ...ttt e e e 45
ITigGuBaeMo HMiACYMKM POBIIIIY I ..o vttt ittt it it ittt it e it 48
3aBIaHHA OJIS CAMOMIEPEBIPKU D0 POBIITAY I . . vttt ittt i i e it e eieennn 50
EHIIMKIOTEAUHA CTOPIHKA. « v ¢ v v v ettt et oo neneneeeneneseeeseeeseeneeens 52
OpienroBui Temu npoekTiB. Temu pedepartis i moBigoMIeHbD.
TeMu eKCIIePUMEHTATBHUX TOCTIIIKEHD « o ¢ v v v v v e e e e e ne e eneeneeneeneennas 54

Pozgin ll. CBiTnoBi ABnwa
§ 9. Csitsosi asuia. [lxepesa Ta mpuitMadi cBiTia.
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