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FOHI TPY3I!

Bu 1m10iiHO pO3TOPHYJAM IiAPYYHUK, 3 SKUM IIpPAIIOBATHUMETE IIPOTATOM
HaBuaJbHOTO poky. CoomiBaemocs, 1110 BiH Oyze HOOPMM IMOMIYHMKOM B OHAHY-
BaHHI (QisMKM — HAyKHW IIPO Bce 6araTCTBO SABUII HABKOJUIITHBOTO CBITY.

BuBuenns ¢gisuku — e HeJleTKa mparis, aJpKe IIJIAX Y HayKy 3aByKAN BarKKUH.
PagicTh misHaHHA JaeThbCS TIJIBKU AK HATOPOJA 3a IepeMory Haj TPYIHOIaMM, il
MOJKHA MOPiBHATH 3 MOUYTTSAM aJbIIiHICTa, AKWH IiJKOPUB BEPIIUHY.

Byasre wHamonermuBuMm Ta yBaskHMMH. Hawmaraiitech AKoMOra Kpalie
3acBOITH HaBUaJBHMI MaTepiay. Yacrtiie oOMiHONATECh AYMKAMMU II[OAO IIPO-
yuTaHOTO 3i cBoiMm ToBapuiiiamMu. IlJid 3’scyBaHHS Ba)KKMUX i CIipHWX HTUTAHBb
3BEpTANTECh, Y IIEPIIy Yepry, A0 BUMUTEJSI, a TaKOK BUKOPUCTOBYHUTE JOAATKOBIi
mxepena indopmarii — ZOBiZHMKM, eHIUKJOIexRii, InTepHer Toro. Iiad mepe-
BipKHM IIPaBUJIBLHOCTI PO3YMiHHSA BMBYEHOI'O MaTepiaJly KOPMCHO OOrOBOPIOBATH
THOBiIOMJIEHHS, JOIOBiAi yUHiB Ta iH.

Y 9-my KJaci BM BHBUATHMMETE MATHIiTHiI i cBiTJIOBI gBuINa, MexaHiuHi
i emekTpoMarHiTHiI xBmJi, (Pi3BMKy aToMa ¥ aTOMHOTO fAapa, (ismuHi OCHOBU
aTOMHOI €HepreTUKM, B3aEMOMiI0 TiJ, 3aKOHU 30epe:KeHHdA, O3HalloMuTecs
3 OCHOBHMMMU 3aKOHAMM MeXaHiKM, ONTUKHU, aToMHOI (isuru. TeopeTuunuit
MarepiaJj IILOro HMiAPYUYHHKA AOIIOMOKEe BaM 3PO3YMIiTH I MOACHUTH BiAIOBigHI
mporecu Ta ABUINA, 3aKOHU i Teopii. 3BepraiiTe yBary Ha TEKCT, BUIIJICHUI
skupHuUM 1ipudrom. Ile disuuni TepmMinM, O3HAUEHHA, BaKJIMBI IIpaBuUJja i 3a-
KOHHU, sKi Tpeba samam’siTaTy i BMIiTH 3aCTOCOBYBATH.

Iligpyunux micTuThs Garato ijgrocTparlriii, y HbOMY HOZAHO AOCJigu, AKi Bu
MOXKEeTe BUKOHATH CAMOCTiIiHO ab0 3 JOIIOMOTO0I0 BUMTEJsA. BOHU MOIIOMOKYTH
InoIle 3po3yMiTh (PisMUHMI 3MicT SIBHII[, II[0 BHBYalOThCsA. Pybpuka «Icto-
pHUYHA OOBigKa» POSIIUPUTH BAIll KPYTro3ip.

Hanpurinmi xosxHOro maparpada e «3anuTaHHA 10 BUBYEHOIr0», BiJIIO-
Bimi Ha AKi HOTOMOXKYTh BaM HEPEBIpUTH, AK BU 3aCBOIJIM MAaTepiaJ, a TaKOMX
3akpinuTtu cBoi 3HaHHA. [lesdAKi 3anmmTaHHA MAaOTh TBOPUYUHA XapaKTep i AJd
BiAmoBimi moTpebyOTh YMiHb aHAJNi3yBaTH yMOBU 3aBIAaHHS, a TAKOMK IIPOCTeE-
JKYBaTH JIOTIUHY IIOCJiOBHICTh i 3B’s3KHU B mepeliry GisuvHuX sSIBUII.

Y pyopuii «Po3B’a3yeMo0 pa3zoM» HaBeIeHO 3Pa3KM PO3B’A3yBaHHA Hali-
BasKJIUBimmx BUAIB 3amad. IligpyyHMK MicTHUTL 3amaui, BOpaBuW i 3amuTaHHSA
pisHUX piBHIB CKJamHOCTi: A — Ha 3aKpimeHHs i b — TBopuoro xapakxrepy.

Cim maGoparopHUX poO0iT, AKi BM BUKOHAETE, COIPUATUMYTH HOTJINOJIEHOMY
PO3YMiHHIO 3aKOHOMipHOCTEeH (hisMUHMX SIBHUII Ta HABUATh BUKOHYBATHU HOCJi-
Iou ¥ 0e3IeYHO KOPUCTYBATHCS IpuaagzaMu. TuM, XTo Xoue 3HATU OijbIlle, cTa-
He B IIpuUroji ingopmailia 3 pyopuxu «Ile wikaBo 3HATH».

SAxmo BuHEMKHE TToTpeba AidHaTHCA TPO AKUNACH Qi3UYHUNA TepMiH abo mpaBu-
J0, ckopucraiiTeca «CiaoBHUKOM (Qi3MUHMX TepMiHIB» Ta npedmemuo-iMeHHUM
NOKAMCUUKOM, IO MiCTATbCA B KiHmi mizpyunmka. PyOpuxa «®ismuni sagagi
HABKOJIO HAC» MIiCTUTL 3aJaui 3 IMPOOJEMHUMHU CUTYalliaMH 3 IIOBCAKIECHHOI'O
skuttA. [Ilo6 BuKOHaTH TaKi 3aBJaHHA, MOTPiOHO 3acTocyBaTu (hiswuHi 3HaHHSA
B JKUTTEBUX CUTYyAI[idX.

Bukonyioun cmocrepeskeHHA i gocaimm 3 (Qisukwm, OyabTe YBasKHUMH,
IoAepKyHTecs IpaBUJ 0e3NeKN KUTTENiAIbHOCTI.

Iacausoi eam dopozu 0o 3HaHb!
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MATHITHI SIBHUIIA

o MarHiTHi siBULLa e MNocCTiHI MarHiTn ¢ Baaemopis marHiTis ¢ MarHiTHe none

o MarniTHe none 3emni ¢ [Jocnia EpcTena e IHAyKUist MarHiTHOro nons

e MarHiTHi BnacTnBoCTi peyoBuH e ['iNoTe3a AmMnepa « MarHiTHe none

NpoBigHUKa 3i CTPYMOM e EniekTpomarHiti e List MarHiTHOro nonisi Ha NPoBiAHMK
3i cTpymom e Cuna Amnepa ¢ EnekTpuyHi ABuryHu ¢ EnexkrpoBmmiptoBarnbHi
npunagu e SBuLle enekTpomMarHiTHOI iIHQYKUIT o [locnign ®apagesn
o IHOYKUINHWIA eneKkTpUYHMIA CTPYM o [TeHepaTopu iHOYKLUINHOMO CTPyMy
o [MpomucnoBi pxepena enekTpuYHOT eHeprii

§ 1. MATHITHI ABULLA. NOCTIAHI MATHITW.
MATHITHE MOJIE 3EMJII

y 8-My KJiaci BU BUBUAJM SBUINA, IIOB’SA3aHI i3 B3ae€MOAI€I0 €JIEKTPUUHUX
3apsAOiB 3 eIeKTPUYHUM IToJieM. EJleKTprUuHa B3aEMOIiA € CKJIaQ0BOIO IITHPIIIOTO
KJIaCy eJEeKTPOMATHITHHX B3a€MOTiil, IO AKOr0 HaJEKUTh TAaKOK MarHiTHA
B3a€EMoOisg. 3 MArHITHOIO Ii€i0 eJIeKTPUUYHOIO CTPYMY BU O3HAMOMUJIUCS, KOJIU
BuBuaJu Marepiaa § 25 (8-if Kiac).
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MATHITHI ABHIITA

Jlrogu 3maBHA 3HAJM, ITI0 AeSKi PyAu NPUTATYIOTH 40 cebe 3ajisHi mpeameTH.
Ile aBuIine Ha3BaJIWM MArHETU3MOM, a IIMATKMW MATHITHUX Py — IPUPOSHUMU
marHitamu. [IpupogHuM MarziTOM € 3ajisHa pyma (MarHiTHUU 3ajisHak). Came
3aBJAKY MOMY JIIOAU BIEPIIE 0O3HAMOMMJINCA 3 MArHITHUMY BJIACTUBOCTSMMU TiJI.
3HayHi MOKJIaM MarHiTHOTO 3aJidHAKY B YKpaiui € B [[HimpomeTpoBCBHKil Ta
3amnopisbKiil 00IacTax.

Marwir (3 rpem. gociaiBHO o3Hauae kamiHb 3 MaezHecii; 3a Ha3BOIO Micra,
mo06JIn3y SAKOTO BIIEpIle 0yJ0 3HAWAEHO IOKJIAAW MarHITHOTO 3aJlidHAKY) — Iie
Tijl0, AKe Ma€ MATrHIiTHI BJAacCTHMBOCTiI. 3rozoM HABUMJINCA BUI'OTOBJIIATH
MITYyYHi mMocTiliHi MaruiTu pisHomMaHiTHOI hopMHU Ta PO3MipiB 3aJIe’KHO Bim ix
npusHaueHHs. [locTifiHnuMu iX HasMBAOTH TOMY, II[0 BOHM HEOOMEXKeHO TOBTO
3b6epiratoTh CcBOi MarHiTHi BJacTMBOCTi, Ha BiAMiHY BijJ eJeKTpOMATrHIiTiB
(ix BuBuaTMMeMO ITi3HimIE), AKi MOYKHa BMU-
KaTy i BUMUKaTH.

YV rTexwHinmi Ta B Jsa00paTOpHIN DpPaKTHUILL
YacTO 3aCTOCOBYIOTH IITa0O0Bi (mpsami) i migko-
BomofioHi maruitu (maj. 1).

Hocaig 1. IToxkmamemo Ha CTiJ IIpeaMeTwH,
AKi BUTOTOBJIEHO 3 pisHmX pedoBuH. Habiusu-
MO mo HuX MarHiT. IlupKynb, IIBAXHU, TOJIKU,
cTajieBa MJACTHUHKA HNPUTATHYTHCA OO MATHITY
(maj. 2), a ryMKa, CipHUKHU, aJioOMiHieBa (POJIb-
ra, IJIACTUKOBI KOBHAUKM Bil PYyYOK 3aJiu-
IaThCA JIeKaTH Ha CTOJII.

\

Man. 2 Man. 3

ITpeagmeTH, mo micTaTh y cobi 3aii30, cTaab, Hikelb, YaBYH a00 iX CIIIaBH,
npurAaryrorhca marditom. Ili peyoBuHM Halle:xaTh M0 Kiaacy (pepoMarHeTu-
KiB (1aT. ferrum — «3amiszo»). [lamip, ckJo0, IIacTMaca, MiTh MATHITOM He
IPUTATYIOTHCS.

MaruiTit MOXKYTb HPUTATYBATH IPEIMETH Uepe3 apKyIIl KapToHy a00 CKJIO
(mai. 3).
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PO3O1JI 1

Man. 4

Hocaig 2. Ha croui sexkars 1BaAxu i ckpinku. ITignecemo mo Hux marxitu. Ak
0aunMo, HaMOiIbIe IIBAXIB i CKPIiNIOK MPUTATHYJIOCA MO KiHIiB MarHiTiB (MaJj. 4).

Micia MarHiTy, e MarHiTHa aif BUABISETHCSA HAWCHJIbHINIOK, HA3MBAIOTh
nonwcamu mazHimy.

IIlo mauii Bim moJrrociB posmillieHa OissHKa MArHiTy, TO ciaa0kKiiia B Hel mMar-
HiTHa aisfg, TO MeHIe IBAXiB i CKPIMOK A0 Hel NMPUTATHYJOCS, a B CepemHii
YyacTUHI iX 30BciM HeMae.

Jingauky MarHiTy, Je He BHABJISETHCA HOr0 MAarHiTHa [gid, Ha3WBAIOTh
cepedHbOI0 NiHi€EI0 MazHimYy.

Hocainx 3. IligBicumMo Ha HUTIII MarHIT Tak, 1106 BiH mepebyBaB y TOPMU30H-
TaJbLHOMY TIOJIOXKEHHI M Mir BijbHO moBepraTucd. SIKIO IIOpAa HeMae mpeaMe-
TiB, BUTOTOBJIEHUX i3 (pepoMarHeTukiB, IKi CMJIBHO B3a€MOZiIOTHL i3 Maruira-
MM, TO MArHIT 3aBKAMU 3afiMaTHMe ONHE I Te caMe IIOJIOKEeHHS B HANIPAMKY
miBHiu-TiBAeHDb (Mas. 5). Ille moB’a3aHO 3 THM, 0 3eMJsA Mae JBa MarHiTHUX
nosirocu. Ha 1nipomy 6asyeThbecs Aiss KoMIiaca.

ITontoc marmiTy, HanpsaMJIEHMH Ha OiBHiY, HasuBaoTh miBHiwHMM (N, Bin
auri. North), HanpaMJeHUN Ha HiBAeHb — miBIeHHHUM (S, Big aura. South).

Haiiuacrime memoHcTparifini Ta jiabopaTopHi MardiTv, a TakKoX MardiTHi
cTpinKu (hapbyioTh y ABa KOJBOPHU: CIIPIMOBAHUH Yy
0ix miBHiumoro moJstoca (N) — curiM, y 6iK miBIeHHO-
ro (S) — uepBoHuUM. Meika modapOyBaHHSA 30iraeThb-
cs i3 cepemHbOIO JiiHiero. A yu moxce mazHim mamu
00un noawc?

Hocaig 4. Poaspikemo marmitT Ha ABI uacTuHH,
HaMaramouuch BiJOKPEMUTH MTiBACHHUH IIOJIOC Bif
miBHiUHOr0. AJle IIePEeKOHYEMOCS, IIT0 OAEep:Kaii IBa
Mar"iTu, 3HOBY 3 o0oMa IoJcaMu KOKHUM (MaJj. 6).
Ile moscHIOETBCA TUM, IO KOMHUUA MAarHIT CKJaza-
€ThCA 3 BEJIMKOI KiJIbKOCTI MaJIeHbKMX MAarHiTiB, aKi
3aByKIM MalOTh ABa IOJOcu (MaJ. 7).

[MpaBo ans 6e3onnatHOro po3milleHHs NigpyYHMKa B Mepexi [HTepHeT mae
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MATHITHI ABHIITA

S
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Man. 6 Man. 7

Bynb-akuii MarsiT 000B’A3K0OBO MA€ IBa IOJIOCH: MiBHIYHUN i MiBIeHHUI.

Y TexHimi BUKOPHUCTOBYIOTH CKJAMAHI Mar”iTw, IM0 MAalOTh IIapHE YHMCJIO II0-
JamociB, ki uepryiorbesa (N—S—N-S). Hanpukaan, Martgit BeJoCuUIeIHOrO remHe-
paropa mae 8 mosociB (4 niBHiuHUX i 4 TmiBIeHHUX, MaJ. 8).

OpieHTYyBaHHS IIIMATOYKIB NPUPOAHNX MAaTHITIB i
HOCTiMHUX INITYYHUX MATHITIB y HampaAMi 3 ITiBHOUYL
Ha IIiBAEHb CBiIUUTH IIPO Te, IO 3eMJII Ma€ MaTrHIiTHi
Biaactusocti. IIpo 1e moBimanucs 3 mammx, 3i0paHmMx
IpPOTAroM OaraThbOX CTOJIITh, YIIPOMOBMK SKHX MOpe-
IJIABI[I Ta MaHIPIBHUKMN BUBYAJN MAaTHITHI BJacTu-
BocTi 3eMJi B pisHmMX reorpadiuHmx myHKTax. MaH-
OPYIOUN, JIIOAHM IOCTYIIOBO 3i0paJiu 6araro iHgopmarrii
IpO HAIPAMOK CTPLJIKM KoMOaca B PIBHMX MicIiAx
3eMHOT'0 CyXOJoJIy ¥ moBepxHi CBiTOBOrO OKeany.

Hocaig 5. IlizHecemMo m0 moJIIOCiB MarHiTy mar-
HiTHY cTpiaky. IliBHiuHMI DoOJMIOC CTPiIKM Bin-
IMITOBXYEThCA BiJi ITiBHiYHOTO IIOJIOCA MAaTHITY ¥
OPUTATYETHCSA A0 IriBgeHHoro. IliBmeHHMIT mOJIOC
CTPiLJIKM BiAIITOBXYETHLCA BiJl HMiBAEHHOTO IIOJIIOCA I
OPUTATYEThCA M0 HiBHiuHOrO (MaJ. 9).

Man. 9 Man. 10

Hocaig 6. ITinmecemo Marmit ogMH O OLHOrO HiBHIUHMMM, a IOTIM IIiB-
OeHHUMHU IoJiocaMu. MartgiTu B3aeMoAiioTh MiK co00i0, IPHU IILOMY iX Pi3HO-
NMEHHI IIOJIOCH IIPUTATYIOTHCS, 8 OJHOMMEHHI — BiJIIITOBXYIOTLCH.

ITokmanemo wa osiBmi marwit (Mas. 10). o maruiTy HaOIM3WUMO ITiBAEHHU!I
(niBHiuHMIT) mosroc iHIoro mar"ity. Mu 6aummo, [0 MarHiTM TaKOXK B3aEMO-
Iil0Th MiK cO0O0 MOMIOHMM YMHOM — INPUTATYIOTHCA a00 BiAINITOBXYIOTHCS.

[MpaBo anst 6e3onnaTHOro po3MilLeHHs NigpyyHmKa B mepexi I[HTepHeT mae
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PO3O1JI 1

Pi3HoliMeHHI MArHiTHi IMOJIOCH TBOX MATHITIiB MPUTATYIOTHCSI, & OTHOMMEH-
Hi — BimIITOBXYIOTHCS.

MaruiTu B3aeMoiroTh MizK cO00I0 TOMY, IO HABKOJIO OYIb-IKOT'O MAaTHITy
icuye marmirHe moJie. 3 omHOro OOKY, MArHiTHe II0JIe OZHOI'O MATUHITY mie Ha
iHmIME MAarHiT; 3 APYroro — MarHiTHe II0Jie iHIIIOro MAarHITy [ie Ha IepIiuii.

IcuyBamHA MaAr”HiTHOrO IOJSA HABKOJO MATHITY MOMKHA BUSBUTH PiSHUMU
cnocobamMu. OMH 3 HUX IIOJATAE Y BUKOPHUCTAHHI APIOHMX 3aJIiBHUX OIIYPOK
(MeTon ceKkTpiB).

R

Man. 11

Hocaix 7. Bisbmemo migxoBomomioHmii maruit. HaxpueMo #oro mmaTKOM CKJIa
abo xaprony. Ha cKJO HacuIljieMO TOHKWII ITIap 3aJisHUX OIIYPOK i JIereHbKO
mocTyKaemMo mo ckJry. Ilig miero MarHiTHOro moJis MAarHITy 3aJis3Hi OITypPKU Po3-
MIII[YIOTBCS HABKOJIO MAar”iTy He 0e3jagHO, a V BUIVIALL 3aMKHEHUX JiHiM, sSKi
HA3WBAIOTH JiHiAMM MarHiTHOTO MOJISA, a00 MarHiTHUMM JiHiavu (maj. 11, a).

JIiHii MarHiTHOTO MOJIA — Iie YSBHI 3aMKHEHi JiHil, AKi BUXOXATH 3 MiBHIU-
HOTO IIOJIIOCA MArHiTy ¥ BXOAATHh y HiBJAEHHHMH, 3aMHKAIOUYUCh ycepeguHi
maruity (maa. 11, 0).

Hanpamok, axuii moKasye IIiBHIYHMHA IIOJIOC MATHITHOI CTPiJIKM B KOMKHIiN
TOUIli MOJIsS, MPUNHATO 3a HAIPAMOK MAarHiTHOI JiHii B mifi Toumi. Toit ¢daxkr,
III0 B KOJKHI¥M TOUI[l Mar"HiTHOTrO moJA MarHiTHA CTpPiJiKa Mae €OUHUNA HeBHUMN
HaIPsIMOK, O3Hauae, [0 MardirHi JgiHii me meperuuaroTbesa. MasroHok 12 mae
YABJIEHHA IIPO KapPTUHY MarHITHOTO IoJid pidHMX MarHitiB. Ha manooHKy 12, a
300pasKeHo PO3IOAiJ 3a/Ji8HUX OIITYPOK Y MarHiTHOMY HOJIi JBOX MAarHiTiB, IO-
BEPHYTHUX OAWH IO OTHOTO OTJHONMEHHHMH IIOJIIOCAMU, a Ha MaJIOHKY 12, 6 —
IOBOX MATHITiB, MOBEePHYTUX OAMH IO OSHOTO Pi3HOMMEHHUMH IIOJIIOCAMMU.

Ile B 1269 p. ppanmys I’ep Ileperpin HanucaB KHMAKKY «JIlucTu mpo mar-
HiTu». ¥ Hill OyJ0 ommcaHo Maiiyke Bci Bimomi Ha To# uac BJIACTHMBOCTI Marti-
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MATHITHI ABHIITA

TiB. YUeHUH YCTAHOBUB, IO SKIIO CTAJEBY CIHIIO IIOTEPTU HPUPOSHUM Mar-
HiTOM, TO BOHA CTaHe MarHiTom, abo, SK KasKyTh, HamMarHiTuTbhcs. Taxi Tina
TaKOXX Ha3WBaIOTh MarHiTaMu.

Koxumit 3 Bac moske 3pobuTu MarHiT y cebe Bmoma. A 1bOro moTpib-
HO MAarHITOM IIPOBECTH KiJbKa pasiB y3m0B:K 3aJIi3HOrO cTep:kHA (MaJj. 13, a).
CrepikeHb BUABUTHLCA HaMarHiueHuM. TaK caMO MOKHA HaMaTrHITUTU BUKPYT-
Ky, HOKJIaBIu ii Ha 1mraboBuii marmit (maJja. 13, 6). Boma mamarmiTurbhcs
i Oyzme mpuTtarysaru 3aJisHi npeagmern (maja. 13, 8).

?§, e

©®

Man. 13

3aJrizui abo crajeBi Tijla TaKOMK CTAIOTh MArHiTaMu, SIKIIO 1X IIOMICTHUTHU B
KOTYIIKY 130JIbOBAHOT'O APOTY, MO AKOMY IIPOXOAUTH ejieKTpuuHuii crpym. Ilo
Ipu IbOMY BiZl0yBAETHCS, POSIVIAHEMO TPOXHU 3TOIOM.

Y 1595 p. auraitickkuii ¢pisuk Biasam I'ias6epT BUTOTOBUB i3 TPUPOIHOTO
Mar"ity (MarseTurty, MaJ. 14) Kyar @ IIOMITHB, IO B IIifl KYJIi ABa IIOJIIOCH, a
MAar"iTHa CTPiJKa BCTAHOBJIOETHCS 3 MiBHOUYL Ha miBAeHb. ToAi BUueHUN MPUIY-
CTUB, II0 3eMJA € BeaIuKuM Mmargirom (maJ. 15). Ilismimri mocmimxenusa min-
TBEPAUJN 1Ie TPUNYITIEHHA.

Man. 14

HaBrkono 3emii icHye marHiTHe moJge, SiKeé YMOBHO 300pasKylOTh MarHiT-
HUMH JiHigMH. ¥ KOKHIM TOUIli OJHOPIZHOr0O MarHiTHOroO IOJS MATHITHi
CTPiJIKH BCTaAHOBJIIOIOTHCA B3AOB:K MATHITHUX JiHiil, & B HEOTHOPiTHOMY —
II0 JOTUYHMX J0 HHUX.

Ha mpomy saBuilii rpyHTyeThCA 3aCTOCYBaHHA KOMIaca. DyIb-AKHA KOM-
Iac CKJAJAEThLCSI 3 MAarHiTHOI CTPiJIKM, sSKa MOKe BiJbHO obepraTucsd Ha oci
(maut. 16), i mkaJ u, Ha AKiN HaHECEeHO MOMiJKK Ta OCHOBHi cTOpoHM cBiTy. CTpi-
Ka KoMmImaca Moxke O0yTu mogapboBana B CMHLO-UEPBOHMI KOJIip a00 Ha Hill MOKe
OyTu HaHECEeHO MITKY (CMHi# KiHerb i MiTKa BKa3ylOTh Ha IIiBHIYHUI HAIPSIMOK).
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PO3O1JI 1

Man. 16 Man. 17 Man. 18

Kopucrysatucs xomMmacoM IepHINMHK IIOYaJN KHUTAUI moHanm 4 THC. POKiB
Tomy. Ha masrouky 17 Bu 6aunTe TaKUil OPUCTPiil, a HA MaJOHKY 18 — cyuyac-
HUH KOMIIac, KUl BUKOPUCTOBYIOTh MOPAKM HA CBOIX KOPabJIsIX.

Ha wmasionky 15 cxematmuyHOo 300paskeHO MarHiTHi JiHii moma Semuri. Ak
BUJIHO 3 MaJIlOHKA, mo0au3y IliBHiuHOrO reorpagiuynoro mosroca po3MimeHmnit
IliBmenHMit MarHiTHUH NMOJIIOC, Y AKUH JiHil BXOgATH, a moo6au3y IliBmennoro
reorpaciunoro noarwoca — IliBHiYHMI Mar"HiTHHI moJaIOC, 3 AKOTO JIiHil BUXO-
IATh. JlocmimKeHHA HaMarHiuyeHOCTi TipChbKHUX IIOpia IOKasaJju, M0 MarHiTHI
HOJIIOCH, a4 PasoM 3 HMMHK ¥ MarHiTHe IoJje 3eMJIi i3 yacoM mepeMmimyroTbesd,
IPUYOMY ITe IIepPeMillleHHs AY’Ke CKJaITHE.

MaruiTHi moarocu 3emiIi He 30iraoTsca 3 il reorpagiyHMMH IIOJIOCAMHU.

Y 3B’A3KY i3 MM HANPAMOK MAarHITHOI CTPiJKM He 30iraeThca 3 HAIPSIM-
KoM reorpadgiunoro mepupgiana. Ock YoMy MarHiTHa CTpiJKa KoMmIIaca JHIIe
OpubJIN3HO IOKAa3ye HAIPSAM Ha IIiBHIU.

Komu axTuBzicTs COHIIA MiABUIYETHCSI, TO 3 MOT'0 IIOBEPXHiI B KOCMOC BHU-
KHOAIOTHCA IIOTOKM 3apAlKeHNX YacTUHOK. MarHiTHe moJjie, III0 YTBOPIOETLCS
IUMA PYXOMUMM UYACTHHKAMM, 3MiHIOE MAarHiTHe mojie 3eMJi Ta CIPUUYMHSIE
MmaruiTHy Oypro. Ilig uac mei mopyiryerbca pajmiosB’sa30K, y JIIOeil MosKe IIo-
ripuryBatucsa camonouyTTs, Ha IIiBHOUI cmocTepiraeTbes mojsapHE CANBO TOIIIO.

3eMHUI MarHeTHs3M IIfe OCTATOYHO He MMOSCHEeHO, TOMY BHBUEHHIO MaTrHiTHO-
ro moJiAa 3eMJi IPUIiIATh BEJIMKY yBary IIiJf 4ac IOJBOTIiB INITYyYHUX CYITYT-
HUKIiB i KocMiuHMX KopabiiB. YcTaHOBJIEHO, IIT0 3eMHe MarHiTHe IIoJe HaIilHO
3aXUINAE IIOBEPXHI0 3eMJi BiJ KOCMiUuHOroO BUIIPOMiHIOBAHHSA, Hisd SIKOI'O Ha
JKMB1 oprauisMu B OiJIBIIIOCTI € PyHHiIBHOIO.

() 3ANMWUTAHHA 0O BUBYEHOIO

. Aki Tina Ha3MBalOTb NOCTIMHUMWU MarHiTammn?

. Wo Ha3uBaoTb MarHiTHAMK nontcaMmm MarHity?

. HasBiTb BigOMi BaMm peyoBUHMU, LLIO NPUTATYIOTLCA MarHiToMm.

Ak B3aeMOAitoTb MiXk coBO0 MOMCK MarHity?

LLlo icHye HaBkoNO MarHiTiB? Y YoMy Le NposiBNSETLCA?

. MosACHITb, WO Take MarHiTHI NiHil NOCTINHOrO MarHiTy.

. Po3kaxiTb, Ik MOXXHa BUrOTOBUTM MarHiT.

. Bi3bMiTb MarHiT, y sIKOro HeBigomMO, A€ NiBHIYHWIA i NiBAEHHWI noncu. FAk
BU3HAYUTK Li MOMOCK, AKLLO Y Bac € MarHiT 3 BigoM1MmMu nontocamm?

ONONRAWN=
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MATHITHI ABHIITA

9. Ha Bawy aymKy, 4y NpUTAryTbCA 3ani3Hi NpeaAMeTn 40 CepeanHn MarHity?

10. YMM NOSICHUTK, LLIO MarHiTHa CTpinka BCTAHOBMETLCH B AaHOMY MicLi 3emni B
NEeBHOMY HaNpPsAMKy?

11. [e po3milleHi marHiTHi nontocn 3emni?

12. Ak nepesipuTn, Wo lMNiBaeHHWMIA MarHiTHUA nontoc 3emni 3HaxoanTbes Ha MiBHO-
4i, a MiBHIYHUI MarHiTHUI nontoc — Ha liBaHI?

13. lMoscHiTb, YoMy Ha MicsiLi HEMOXNMBO OpIiEHTYBATUCA 3a AONOMOrOK KoMnaca.

14. Yum NosiCHUTK NOsIBY MarHiTHUX 6yp B atmocdepi 3emni?

15. [1nsa vyoro npuMsHavyeHo komnac?

§ 2. pocnig EPCTEQA.
IHAYKUIA MATHITHOIO norss

I[OBI‘I/IfI yac eJeKTPUYHI Ta MArHiTHI aBUIA
posrismaancsa AK He IIOB’sA3aHi MiK co6oro.
Vmepirie 3B’A30K MiK HUMH BCTAHOBHUB JaT-
cekuit hisuk I'ane Kpicrian Epcren. Bukonyio-
yu pocing y 1820 p., BiH momiTus, 1110 MargiTHa
CcTpijsiKa, poaMmilneHa Hana abo ITij MPOBiIAHUKOM
(maa. 19, a), mig yac 3aMUKaHHS K0Ja IOBEpTa-
€ThbCS I PO3MIIIyeThCS MalyKe IIepIeHINKY-
JISTPHO 0 mpoBigHMKA (MaJ. 19, 0).

AKITO eJeKTpuYHE KOJIO PO3IMKHYTH, TO
CTPiJIKA TOBEPHETHCSA B IOTEPENHE MMOJOMKEHHA.
Ileit mocainm cBimUUTH PO Te, IO €JEKTPUYHUN
CTPYM SKMMOCH UMHOM Jli€ Ha MArHiTHY CTpPiJ-
Ky. OTore, MidK eJIEKTPUUYHKMMHE Ta MarHiTHUMU
SABUINAMHU iCHY€E TeBHUI 3B’A30K.

Y nmocaixmi Epcrema Bmepiiie OyJio BHUABJIE-
HO MarHiTHe mojsie cTpymy. Hacmpaspgi, sSKIIo
MPOBiTHUK 3 eJIeKTPUYHUM CTPYMOM i€ Ha
MAarHITHY CTPiJIKYy, TO CJia BBasKaTH, IO HABKO-
JIO IIHOTO IIPOBiJHWKA icCHYye MarHiTHe moJe. Man. 19

HaBkoso O0yab-aK0Oro MpoBiTHUKA 3i CTPyMOM iCHy€e MarHiTHe IMoJie.

OCKiJBKY eJIEKTPUUYHUHN CTPYM — Ile HAIIPAMJCHHUIN PYyX eJeKTPUUYHO 3apH-
IKeHUX YaCTUHOK, TO JOXOAMMO BHCHOBKY, IO HABKOJO OyIb-IKOI PyXOMOi
3apAMKEeHOl YACTMHKH iCHYIOTh pPa30oM MAarHiTHe moJjie i eJeKTpUYHEe IToJIe.
HaBkoJio HepyXoMuX 3apsiiiB € TiJIbKU eJeKTPUYHE II0JIe.

I mocimKeHHsT MArHiTHOrO IIOJIS CTPYMY CKOPUCTAEMOCS METOIOM CIIEKTPiB,
AKWHA MU 3aCTOCOBYBAJIN IJIsI BUSIBJICHHS MATHITHOIO IIOJISI MOCTiAHNX MATHITIB.

Hocaing 1. Kpisb OTBip y TOpM3OHTAJIbHO PO3MIIIEHOMY apKyIlli KapTOHY
IPONYCTUMO BePTHUKAJbHUI MPOBiAHUK 3i cTtpymom (MaJj. 20). IlpuTpycmumo
KapTOH 3aJIiBHUMM OMIYPKaMM M 3aMKHEMO KOJIO. ¥ pe3yJabTaTi Aocaigy Mwu
mo6avumMo, IIT0 OITYPKYU PO3MIiCTHJINCA HAaBKOJIO MPOBiIHNKA KOHIIEHTPUUYHUMU
KoslaMu. SIKIIO OIMIypKYM 3aMiHUTM MarHiTHUMHU CTPiJKaMH, TO BOHH PO3MIiIIy-
IOThCA TaK, AK IIOKasaHO Ha MaJoHKY 20, a.
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PO3JILT 1

cmpym

MmazHimua

JiHIA

Tyt 300pa’keHO BuUJ 3BEPXYy Ha KapTOH 3 JIAHIIO}KKaMu omrypok. Kpyr y
IeHTPi — HomepevHui IIepepis mpoBigHMKA 3i cTpyMoM. ¥ HBOMY XPECTHKOM
MIO3HAUEHO CTPYM y HAIPAMKY 3a KapTOH (Haue XBOCTOBE OIIEPEHHS CTPijau Bif
JyKa, III0 JeTUTh Bix Hac). TOUKOo y Kpysi IIo3HAUEeHO CTPYyM Yy HAOPAMKY is3-
3a KapToHy (Haue HaKiHeUHUK CTPijH, IO JIETUTH Ha Hac).

3 peayabTariB mociaigy 0aumMMo, IO BJIACTHBOCTI MArHITHOTO HOJIA CTPYMY
Taki caMi, K y MarHiTHOT'O HOJIA MOCTiAHOTO MarHiTy. ToMy MOKHa IIOBTOPU-
TH BUCHOBKHM IIOAO rpadivHOro 300pasKeHHS MAarHiTHOTO IOJIA, IIaM ATalouwu,
10 MOT0 IKepejoM MOMKYTH OyTH i MMOCTiMHWI MarHIT, i €eJIEKTPUYHUU CTPYM.

YaBHI JiHil, y3D0BK AKHMX y MATHITHOMY IIOJi PO3MIIIyIOTHCS IO3TOBIK-
Hi O0Ci MaJIeHBKUX MATrHiTHUX CTPiJIOK, HAa3WBAIOTh JiHIAMU MAZHIMHOZ20
nona (MazHiMHUMU CUNLOBUMU TIHIAMU).

Hanpamok, axuii moKasye IiBHIYHMHA IIOJIOC MATHITHOI CTPiJIKM B KOMKHIiN
TOUI[i MOJA, MPUHHATO 3a HANPAMOK JiHiII MarmiTHoro moJisg. ¥ MartirHomy
moJii saJisHi abo crajieBi OMIYPKHU IIOKA3YIOTh (pOpMY MATHITHMUX JiHi# IILOTO
moJis.

JIiHii MarsHiTHOrO MOJIA CTPyMy — Iie 3aMKHEHi JiHii, AKi 0TOUyIOTH MPOBig-
HUK 31 cTpymMoMm.

Bukonaemo momepenHiit gocain, ajge 3sMiHMMO HAIIPAMOK CTPYMY B HIPOBiA-
HUKY Ha IpOTUJe:KHUI. BusaBUTHCS, IO BCi MArHiTHI CTPiJIKM IOBEPHYTLCA
Ha 180° (Mmax. 20, 6). HanpamoK JIiHi#T MarHiTHOTO HOJISA CTPYMY HOB’SA3aHUIT 3
HaAIIPAMKOM CTPYMY B HPOBiIHMKY, Ha HMPaKTHI[l HOr0 MOKHAa BCTAHOBUTH 3a
mpaBujoM cBepaiauka (maj. 20, 8).

SAKI0 HANIPAMOK IOCTYIIAJBHOTO PYXY CBEPAJIHKA 30iracThCsa 3 HAIPIMKOM
CTPyMy, TO HAIPSIMOK O0E€pPTaHHS PYYKH CBEPAJIHKA 30ira€TbCcs 3 HANIPAM-
KOM MAarHiTHHX CHUJIOBHMX JIiHIiM.

Hocaix 2. BisbMeMo IOBruil mpAMUM 130JIb0BaHUM MPOBiZl, HAMOTAEMO IIOTO
Ha JepeB’siHy abo IJaacTMacoBy KOTyIIKYy. Ilpueanaemo ii mo m:Kepesa cTpymy.
Y korymii mpoxoguTuMe eJeKTPUYHUHA cTpyM i mo ii KiHmiB mpurArysaru-
MyThCA 3aJIi3HI IIpeaMeTH, HAIIPpUKJIaL IBUHT (MaJj. 21).
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Man. 21 Man. 22

Hocaix 3. ITigBicumMo KOTYIIIKY 31 CTPyMOM Ha JOBI'MX TOHKHX TA THYUYKHUX IIPO-
BiiHUKAaX. K0 MOOIM3y HemMae MarHiTHUX MarepiajsiB abo iHIUX MarHITHUX
TOJIiB, TO KOTYIIIKA BCTAHOBUTHCA Yy IIPOCTOPi TaK, AK MarHITHA CTPiJIKa KOMIIaca:
onuH GiK KOTYIIKHK Oy/e ITIOBePHYTUII Ha IIiBHiY, APyruil — Ha miBmeHb (MaJi. 22).

Korymka 3i ctpymoM Mae mBa MarHiTHux moJsmocu: miBHivHuiA N i miBgennmit S.

Hocain 4. Ha nmacTuHKY 3 oprckJiaa (MaJ. 23, @) IOKJageMO 3aJi3Hi OIryp-
KM ¥ II0 KOTYIIIIi IIPOIIYCTUMO eJeKTPUUYHUMN cTpyM. OIIYypPKU 30Pi€HTYIOTHCSI B
HeBHOMY IOPAAKY. JIiHiI MarsiTHOro moJjsi KOTYIIIKY 3i CTPYMOM € TaKOMK 3aMK-
HEeHUMMY KPUBUMH. BBaKaioTb, II0 1M03a KOTYIIIKOIO BOHM HANpPAMJEHI Bim mis-
HIYHOT0 moJIioca KOTYIIIKY IO IiBAeHHOro (MaJj. 23, 6). MarxiTHe 1moJie KOTYIIIKHI
3i cTpyMoM mysKe momibHe GO MATHITHOIO I0JiA ITaboBOro Maruirty (maj. 23, 6).

Ha maniorky 22, 6 moxasaHo, AK BiJINTOBXYIOThCA IIOCTiHHMNA MAarHiT i
KOTYIIKA 31 CTPYMOM, OCKiJbKM BOHM PO3MiIlleHi OJHOMMEHHUMH IIOJIOCaMU
OIHE 0 OJHOTrO.

Man. 23

3’scyeMo Telep, BiJf UOro 3aJIe)KUTh CHJa, 3 AKOI MATHITHe IIoJe Oi€ Ha
OPOBiITHUK 3i cTpyMOM.

Hocaig 5. IIpukpinumo Korymky I (Maj. 24) 10 4yTaIWBOro AmHaMoMmeTpa 3,
posMicTuBIIM il BcepeanHi HEPYXOMOI KOTYINKY 2 i3 CHJIbHUM HOCTiHHM Mar-
HiTHUM moJieM. IIpomycTMo 1o 060X KOTYHIKAX CTPYMM OZHAKOBOT'O HAIIPSIMKY.
Korymika 1 6yne BraryBaTucsa BCepeAnHy KOTYIIKHK 2, IPYKUHA JUHAMOMETpa
PO3TATYBaTUMETLCS, BUMIPIOIOUM CUJIY B3aeEMOJil cTpyMiB.

Bynemo mpomyckaru uepe3 korymry I crpymu I, 21, 3I .. . Tomi cuua,
3 AKOI0 Ji€ Ha Hel MarHiTHe moJie KOTYIIKKM 2, HOpiBHIOE Bimmomimmo F, 2F,
3F ... . Omxe, cuia, 3 AKOIO MarHiTHe IIOJIe Ji€ HA IPOBIAHUMK 3i cTpymoM,
IPAMO IIPOIOPIifiHA CUJIi CTPYMY Yy HIpoBimHUKY: F ~ I.
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3MiHIOIOUM [OBXKHHY IIPOBiIHHKA,
HaMOTaHOT'O Ha KOTYIIKY I, aHaJOTiuHO
MOJKHA MIepeKoHaTtucs, 1o F ~ [, ne [ —
IOB:KWHA IIPOBiTHUMKA, AKWN poa3MiIre-
HUHA y MarHiTHOMY IOJIi.

Kpim Toro, cuma, 3 KO MarHiTHe
moJie nie Ha IPOBITHWK 3i cTpyMom, 3a-
JeXKUTHh BiJ BJAaCTHBOCTEIl caMOI'0 IIOJ.
Pismi marmitHi mossa Ha oguH i TOU ca-
MU IPOBIAHUK OilOTH HeOZHAKOBO. Ila
3aJIEXKHICTh XapPaKTEPU3YETHCA BeJINYU-

Man. 24 HOIO, AKa OTpuMaJja HasBy iHAYKIIil mar-

HiTHOrO mojdA (Io3HA4YaIOTh JiTepoio B).

IIlo Gisnbira iHAYKI[isS MarHiTHOro moJis, TO 3 OiJBIIIOI0 CHJIOIDO BOHO [i€ Ha

NEPHeHAUKYJIAPHUN TPOBiAHUK 3i ctpymom: F ~ B. O0’emHyooun pesyabTaTu
IOCJiiB, OTPUMYEMO:

F = BII.

I3 mporo cmiBBigHOINIEHHS BHM3HAYAEMO iHAYKIIiI0 MATHITHOTO HOJisd: B = 78

TaxuM YMHOM, iHAYKIIiA MarHiTHOTO HOJIA BM3HAUYAETHLCS CHJIOI0, 3 SKOI0 MAar-

HiTHe moJe Oie Ha MPOBIAHMK JOBXKHUHOI 1 M, II0 IKOMY IIPOXOAUTEL cTpyMm 1 A.
Tomi oguuuItero iHaykKiiii marairaoro moasa B CI e:

1H1A-1m=1H/A -m=1Txa

3a oguHuIio iHAyKIii maraiTHoro moxa 1 tecma (1 Ta) mpuitmaeThea iH-
OYKI[is TaKOTO MarHiTHOTO IOJIsS, AKe Ha KOKHHUI 1 M JOBKUHM IPOBigHU-
Ka 3i ctpymom 1 A gie cuioro 1 H.

OguHuig iHAYKIiI MargiTHOTO IIOJIA HasBaHA Ha YeCTh cepOChKOoro (ismka
1 emexTporexHika Hikoan Tecamn (1856-1943).

IagyKIlis MargiTHOrO IIOJIS € BeJIMUYMHOIO BEKTOPHOIO: BOHA MAa€ He TiJbKU
YKCJIOBE 3HAUEHHSA, ajie I HaupAMOK. BusHaueHHA HATPAMKY iHAYKIi1 MarHiT-
HOTO TIOJIA I'PYHTYETHCA HA TAKOMY AOCJHigHOMY (haKTi.

dAx Bimomo, mariTHa cTpijKa B MarLiTHomy moJi moBepraerbesa. OTike, 3
OOKY MAar=iTHOro 1moJjs Ha Hel AiloTh cuiau. ¥ CTaHi CIOKOIO IIi CHJIM HAIIPSIM-
JIeHi o OfHiN mpsMiii, ajie B IPOTUJIEKHI OOKH.

Tomy 3a HAOIPAMOK iHAYKIil MArHiTHOro moJid HPUMMAIOTh HANPAMOK
CHJIH, IO i€ 3 60Ky MarHiTHOTO IOJsI B HANIPSIMKY MiBHIiYHOTO IMOJIIOCAa MAar-
HITHOI CTPiIKH.

() 3ANUTAHHA 0O BUBYEHOI'O

. Aki siBMLLA cnocTepiralTbCsl B KoMnax nif Yac NPOXOMKEHHsT €NEKTPUYHOIo CTpyMy?

. Onuwitb, y Yomy nonsrae gocnig Epcrega.

. Ha Bawy aymky, Wo € eanHUM gXXepenom MarHitTHoro nonsa?

. YoMy Ansi BUBYEHHS MarHiTHOro nons MOXKHa BUKOPUCTATU 3ari3Hi OLypKn?

. 7K pO3MILLYIOTBCS OLUYPKM B MarHiTHOMY Mofi NpsiMOro cTpymy?

. Y 9KOMy HanpsIMKy BCTaHOBIHOETLCS KOTYLLKA 3i CTPYMOM, MiaBilleHa Ha AOBrmx
TOHKUX NPOBIAHMKAxX? Y YoMy BOHa nofibHa 40 MarHiTHOI CTpinkn?

. Big yoro 3anexuTb cuna, 3 KO Adie MarHiTHe nomne Ha NpPoBIAHMK 3i CTPYMOM?

. Lo Take iHAyKuist MarHiTHoro nonsa?

. Aka oguHMug iHayKUii marHiTHoro nonga B CI?

ONHAhWN-

© 00~
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§ 3. MATHITHI BNTACTUBOCTI PEYOBMH.
NMNOTE3A AMIEPA

HpanHy, VHacJigOK fAKOI Tija MaloTh MAarHiTHiI BJIACTUBOCTI, ymepiie
BCTAHOBUB (hpaHIy3bKuit yueHuit Auagpe Mapi Amnep. Ilig BpaskeHHAM BiA
CIIOCTEepesKeHb MaTHITHOI CTPiJIKM, IO IMOBEPTAETHCA ITOOJIM3Yy MPOBiAHMKA 3i
cTpyMoM y gociizax Epcrena, BiH mpumycTus, III0 MAardHeTU3sM 3eMJi CIIPUYH-
HeHUI cTpyMaMHu, AKi IpPOXoAsaTh ycepeamHi semuol Kymai. Orixe, margirmi
BJIACTUBOCTI Tijia MOKHa TMOACHUTH CTPyMaMU, IO IUPKYJIIOTH yCepenmHi
HBOro. [lani AMnep ysaraJJbHUB BUCHOBOK: MArHiTHi BJIaCTUBOCTI OyAb-AKOTO
Tijla BUBHAYAIOTHCA 3AMKHYTUMHU €JIEKTPUYHUMHU CTPyMaMHU BcepequHi HbOTO.
CBimueHHAM HAYKOBOI cMiJmBOCTi AMmepa BBaXKaeThCs HOT0 KPOK BiJl MOK-
JIMBOCTi MOSCHEHHSA MATHITHUX BJIACTMBOCTEH TiJl CTpyMaMH A0 KaTeropuYHOTO
CTBEPIKEeHHSA, II0 MarHiTHi B3aemMomii — e B3aeMmogii cTpymis.

3a rimoresor Awmmnepa, ycepeau-
Hi MOJIEKYJ Ta aTOMiB I[MPKYJIOIOTH
eJieMeHTapHi €JIEKTPUYHI CTPYMIH.
Ha cworogui mm moOpe 3Haemo, IO IIi
CTPYMU YTBOPIOIOTHCSA BHACIIJIOK PYXY
€JIeKTPOHIB B aToMax, TOOTO KOXKeH
aToM Ma€ MAarHiTHiI BjacTuBocTi. JIKIIo
aToMHM BcCepeIuWHiI Tijla oOpieHTOBaHi
XAaOTUYHO BHACJIJIOK TEIJIOBOTO PYXY,
TO Aii BHYTPiIITHBOATOMHUX CTPYMiB B3a€EMHO KOMIEHCYIOTHCA 1 MAarHiTHUX
BJIACTUBOCTEH TijI0o He BuABJAE (MaJ. 25, a). ¥ HaMargiueHoMy CTaHi ejieMeHTap-
Hi cTpyMu B TiJi opieHTOBaHi Tak, 1o ixHi mii momaiorbcsa (May. 25, 0).

T'imoresa Ammepa mosiCHIOE, YOMY MAarHiTHa CTpiJKa I paMKa 3i cTpyMOM y
Mar"iTHOMY II0JIi IIOBOAATHCA OAHaKOBO. CTPiJKYy (mOCTifiHMI MArHiT) MOMKHA
poOSIIALATH AK BEeJUKY CKJIAIHY CYKYIHICTL MaJIeHbKMX PaMOK 3i cTpyMoM,
30pPi€EHTOBAaHUX OMHAKOBO.

¥ srapgyBanux panime gpepomaznemurax (PE€UOBUHU, O CKIALY TKNX BXOIATH
Fe, Co, Ni ToI11i0) esteMeHTapHI MarHITUKH-aTOMHU YTBOPIOIOTH AiJSHKK CIOHTaH-
HOI (camMoumMHHOI) HaMarHiyeHocTi (3 siHittHMMEu poamipamu 0,001-0,01 mMm), aki
Ha3MBAIOTh JOMEHAMM. ¥ JOMEHAX MICTHUTBHCS BeJIHKA KiJIbKiCTh OZHAKOBO Opi€H-
TOBAHMUX aTOMiB, TOMY HaMarHideHIiCThL JOMeHa MaKCUMaJbHA. ¥ HeHaMarHiue-
HOMY (pepoMarHeTHKy CYCimHi moMeHU pO3MillieHi Tak, If0 ixXHi HaMarHiueHo-
CTi B3a€EMHO KOMIIEHCYIOThCA (MaJj. 26, a). SIKIo 3pa3ok Taxkoro (pepoMarLeTuxa
BMICTHUTH B MarHiTHe II0Jie IIOCTilfiHOr0 MArHiTy abo BcepeguHy KOTYIIKHI 31 CTPy-
MOM, TO TiJi BILINBOM 30BHIIITHHOI'O MATHITHOT'O IIOJISI aTOMHM B PiSHUX JOMEHaXx
TepeBasKHO HAOYBaAIOTh TaKOi Opi€eHTAIlii, 10 HATPAM iXHHLOTO MATHITHOTO TIOJIA
36iraeTbcsa 3 HAIIPAMKOM 30BHIIIHBOro (MaJj. 26, 6). IIpu mbomMy MartiTHe Ioje
BCepeAMHi 3pa3Ka MoOsKe 30iJbIuTHUCA B TUCAYI pasiB (mai. 26, 6). KaxKyTs, 1110
3pa30K HaMarHiTHBCA. 3a IIeBHUX YMOB Iieii CTaH HaMarHi4eHOCTi 3aJIMIIIaEThCs
i micss 3SHMKHEHHS 30BHIIIIHBOI'O II0JISI, TOOTO 3PA30K CTAE IOCTiMHMM MAarHiTOM.

SK1o mocrifiHMil Mar”HiT HarpiBaTu, TO 3a IEBHOI TeMuepaTypu (IJs 3ajisa
769 °C) nomeHU PYHHYIOThCA i 1i0Tr0 HaMarHiueHiCTh BTpayaeThCs.

Man. 25
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Temmeparypy, 3a Kol (pepoMarieTHK BTpadyae HaMarHiueHiCTb, Ha3WBAIOTh
memnepamypow, abo moukxoi, Kiopi, Ha JyecTb BuAaTHOTO ()PaHILy3bKOTO ()i3u-
kKa ®Ppenepika sKoaio-Kropi, axuit BigkpuB i gocaigus me aBuie.

MaruiTHi BJacTMBOCTI PEUOBMH SHAMIIIN IMTUPOKE 3acTocyBaHHA. OmHUM
i3 mikaBMX NPUKJALIB BUKOPUCTAHHA Ail Mar”HiTHOrO MOJII HA PEUYOBUHY €
«OMarHiuyBaHHs» Boau. TaKa BojJa He CTBOPIOE HAKWUIIY B HapOBUX KOTJIAX,
110 Ta€ 3MOT'y BHMKOPHCTOBYBaTH ii 6e3 momaTKoOBOI ximiumoi o0poOku. Berow,
3aMimaHnii Ha Takiil Bogi, MimHimmii 3a 3BUUYAHUINA.

SBumie miacmaeHHA MATrHITHOTO MOJIA MarHITHUMHU peuoBmHaMu ((epomar-
HETUKaMU) 3aCTOCOBYETHCA B PIBHUX €JEKTPOTEXHIUHUX IPUCTPOAX: €JIEKTPO-
MaTHITHUX KpaHaX, peJie, eJeKTPOABUTYHAX, TpaHchopmaropax. Iiad 1mboro
BUKOPHCTOBYIOTH CIeIliaJbHi COPTU eJIEKTPOTEeXHIiUHOI cTaJi.

Baxxko yaBuTu cobi cyuacHyY eJIeKTPOHiIKYy 0e3 ejleMeHTiB, BUTOTOBJIEHUX 3i
mTyYHnX (hepoMarHeTUKiB — (epuTiB. 3 HUX BUTOTOBJIAITHL aHTEHU, OCEPAA
KOJIMBAJbHUX KOHTYpPiB Ta TpaHchopmaropiB. Ilomupeni depurToBi mocriiiai
MarHiTH.

Bes marmiTHmx martepiaJjiB BasKKo OyJI0 YSBUTH MeTOAM 3amucy imdopMma-
mii. TumoBuM HpPUKJIALOM MIPHUCTPOIO AJs 3allCy Ha MAarHiTHiI# miaiBmi Oys
Mar"iTogoH. ¥ IIbOMY anmapaTi BUKOPUCTOBYBAJIM CHEIiaJbHY TLJIiBKY, IOKPUTY
TOHKUM ITapoM (pepoMarHiTHOro Marepiaay. SMiHHUN eJeKTPUYHUN CTPYM Bif
mifcmrroBava HAJAXOAUWB HA 3aIMCYIOUY TOJIBKY — KOTYIIKY 3 (DepoMarHiTHUM
ocepasaM, y AKOMY Oyjia BysbKa IMijimHa. [Ipu mIpoxomiKeHHi 3MiHHOTO CTPyMY
IO KOTYIIIIl B IMiJMHI TOJiBKM 3’SIBJISJIOCS 3MiHHe MAardiTHe moJie, MarHiTHa
IHOYKIiA AKOro Tako;K 3MiHioBaJsacs. Ha choromui 36epiramusa indopmaiiii B
KoMIT'foTepi BifOyBaeThcAa Ha JKOPCTKi MarHiTHi aucku. lle merasneBi muckwu,
Ha AK1 HaHECeHO Iap PEeYOBUHM, IO MAa€ MArHiTHI BJIaCTUBOCTI.

MarniTHi JiKapchKi mpemapaTty MicTATHL MarHiTHui HamoBHIOBau. CTBOpeH-
HA TaKUX IIpelapaTriB € HOBUM IIEPCIEKTUBHUM HAyKOBUM HAIIPAMOM PO3BUT-
Ky cyuacuHoi ¢apmaiiii. Cepens HMX MOMKHA BUIIJIHUTH PiANHN, MiKpOKAaICYJH,
nJyacTupi, masi.

Icuye Kinbka HANIPAMKIB BUKOPUCTAHHA MATHITHUX PiIWMH Yy MeIWUIIMHI Ta
(hapmarrii: marmiTokepoBaHi peHTT€HOKOHTPACTHI KOMIIO3UI[il; IIITydYHI TpoMOu
Ta MarHiTHI PifVHYM AJig 3aKPUTTSA 30BHIITHIX CBUINIB IOPOKHUCTUX OPraHiB;
MaTHITOKepOBaHe TPAHCIOPTYBAHHA JIKAPCBKUX PEUYOBMH; MATHITHI pigmHU
IJIs BUTOTOBJIEHHS IITYYHMX OPraHiB; BU3HAUEHHS IIBUAKOCTI KPOBOOOIry Ta
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MiKPOIUPKYJIAIii; MarmiTorimpoamHaMiuHa cemapalis (GopMeHUX eJIEMeHTiB
KpOBi, HOPMAaJBHUX Ta 3JOAKICHMX KJITHMH ToImo. MarmiTHi MiKpokamcyaim —
IIe MiKpOKOHTelHepH, B sKi OJHOYACHO 3 JIIKAapChKOIO PEUYOBHHOIO BBOASATHLCS
YaCTUHKM MaTHITHUX MarepiajiB. Mo:K/uBe BUKOPUCTAHHS MArHiTHUX MiKpo-
KOHTEeNHEePiB JJisl MOCTABKY JIIKAPCHKUX PEUYOBUH Y IIPUPOJHI KJIITMHU — epu-
TPOLIUTH, B AKi OZHOUACHO 3 JiKapChKUMU PEYOBUHAMU BBOAATHCA YACTUHKU
MarHeTuTy. Mar"iTHi naacTupi ogep:KyioTh IJISIX0OM YBeIeHHA MArHiTHOTO Ha-
MOBHIOBAYA B IIJIACTHUPHY MAacy, IO MiCTHUTH JOIMOMIiKHi Ta JiKapchbKi peuoBMHU
MpOTHU3aNaJbHOI Ta 3He00J I0BAJLHOI Mii. BUKOpHUCTaHHA MarHiTHUX MJIACTUPiB
€ e(eKTHUBHUM IIPH JiKyBaHHI pisHMX 3aXBOpiOBaHb. JIiKyBaJbHI MazHimHI
Ma3i 3aCTOCOBYIOTH y TaCTPOEHTEPOJIOTiI Ta oTaabMoxipyprii.

() 3ANMUTAHHA 0O BUBYEHOIO

E 1. MNowmipkynTe, WO fana Ans Hayku rinoTe3a Amnepa.
2. Aki BMacTMBOCTI MaloTb MarHiTHi pe4OBUHN?
3. HasBiTb OCHOBHI ranysi, e 3aCTOCOBYOTb MarHiTHi pe40BMHU.

— - 3ALIAYI TA BMPABU

Posp’sa3yemo paszom

1. Yu MosXHA BUTI'OTOBUTH MATHIT 3 OZHUM IIOJIOCOM?

Bionogiov: Hi, ToMy II[0 MarHIT MOKe MaTH TiJIbKHU IIapHE YKCJO IIOJIIOCIB
2,4,6iT. n.).

2. 3rajaiiTe, AK B3a€MOilOTh MATHITH, i IIOACHITH, e po3MiieHi marxirai
IliBuiunwmii i IliBgenHnii moarocu 3eMri.

Bionogiov: y IliBuiuniii niBkyiai Beci maruiTHi cumosi aimii Semii ecxogsarbes
B TOulli, 110 poamimiena Ha 70°50’ miBHiuHOI mmpoTru i 96° 3axigHOI JOBroTH.
IIa Touka i € IliBnennumM Mar"iTHUM moJsiocoM 3emJi. IliBHiuHMIT MarmiTHUI
mosioc posmimenuii y IliBgenniit miBkymni. Moro koopauuaru: 70°10" miBmeHHOI
mupotu i 150°45' cximHOi moBroTu.

3. Ak 3a mOIOMOror MArHIiTHOI CTPiIKM BU3HAUNTH, UM HaMarHiueHa craJe-
Ba COUIA?

Bionogidv: moTpibHO IMigHECTH KiHeIh CHUII A0 CepefuHHN CTPiaKu. AKIo
CTPiJIKA IPUTATHETHCS, TO CIIMILI HaMarHiueHa.

PiBens A

1. HasBiTh Ta mepeBipTe Ha mocaimax, AKi 3 mepejiueHMX PEUYOBUH YU
IpeaMeTiB IPUTATYIOTHCA MarHiToM: a) mepeBuHa (oJiBersb); 0) mamip; B) 3aJri-
30 (I[BSIX, CKPiIKa, 'BUHT); T') CKJIO; 1) aJIIOMiHi€eBUUM Ta MiZHUH APOTHU; €) CTa-
JIeBUU IUPKYJIb.

2. Do marwiTy, migBinienoro Ha HUTII (MaJj. 27), HAOAMKAIOTH iHIITKUIT MAar-
HiT. K BOHK B3aeMOAIiATUMYTH?

3. IToscHITh pe3yJbTaTH OOCJIiAiB, 300paskeHNX Ha MaJIOHKax 28—29.
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4. Posraaubre MaaioHOK 30. 3 IKOI0 METOI0 BUKOPHCTAJIN Maruit?

5. YoMy mo MArHITY OPUTATYIOThCA HeHaMarHiueHi 3aJisHi nBaxm?

6. Yu € mpaBUJILHUMHU ITOKa31 KOMIaca BcepeauHi aBTobyca?

7. Yomy 3aisHUYHI peiiKku, IKi JOBTO IIPOJIeKAIN Ha CKJIAIl, HAMArHIUyIOThCA?

Pisens b

8. Homy mig wac HarpiBaHHA MarHiT BTpayae MarHiTHi BJIAaCTUBOCTI?

9. JIBi ronku miaBicuam Ha HuTIi. Kosu mo HuX HAOJIM3UJIM MArHiT, BOHU
movaJid BimIToBxyBaTucsA ogHa Big ommol (mai. 31). Homy?

10. 3amgisHi OIMIypKM HPUTATHYJUCA OO HOJOca Mar"itry. Yomy 3 HMX Ha
MMOJIOCI YTBOPIOIOTBCS «KHUTUII», Y AKUX OKPEeMi OIIYpPKM BiAINITOBXYIOThCS
OnVH Bim oxHoro?

11. Hamamroiite, sk 30epiraroTs ABa MITabOBUX MAar"iTu B Kopobouii. ITpo-
CTaBTe TOJIIOCH.

12. Yomy ansa Kpaimoro 30epeKeHHs HiJKOBOIOAIOHMIT MarHiT 3aMHKAalOTh
3aJIi3HOI0 IJIACTUHKOIO (AKopem)?

13. Yomy Ha IoOBepxXHI HamMarHiueHoi meTaJii, VKPUTOI MHUJILHOIO BOJOIO i3
3aJIi3HUM IOPOIIIKOM, Yy THUX MicCIlsgX, e € 330BHI ab0 BcepenuwHi TpiiuHWU,
3aJIi3HUI IIOPOIIOK 3TYIYETHCA?

Man. 29 Man. 30 Man. 31

14. Yomy Kopmoyc KoMIlaca BUTOTOBJISAIOTE 3 Mifi, aJdoMiHil0, ImIacTMacu, a
He i3 zamiza?

15. Posriaabre Komnac. BuBuiTs #ioro 6ymoBy. IlokmaniTe KomMnoac Ha CTiJ
abo migcTaBKy Tak, 100 BiH Jie’KaB TOPM30HTAJBHO (CTPiJiKa IMOBUHHA BiJIBHO
pyxartucs). BiggamiTs Big HbOT0 MarHiTHI peuoBuHU (mpeamern). IToBepTatoun
KoMIIac (3ajuIaouy Moro ropu3oHTAJIbHUM), BudHauTe nmiBHiuny (N), miBmeH-
"y (S), saxigay (W) i cxigay (E) cropoHu cBiTry. Busnaure, y saKiii cToponi
CBiTYy II[OJ0 BAC PO3TaIlIOBAHMI BaIll OyAMHOK, I'OJIOBHA BYJIHILS cejna abo micra,
cycimme ceymo abo micro.
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) IIE OITKABO 3HATH

Y niBHIYHOAMEPUKAHCLKMX NPepisiXx pocTe HeBenMYKa pocnmHa — cunbdiym, sy
Ha3WBalTb KMBUM MarHiTom». Ii LIMPOKI MepeXaHi NUCTKM PO3MILLEHi B OAHii
NAOLLUMHI, HIOW iX LWOMNHO BUTAMNK 3-Mig npeca, i 3aBxXan opieHToBaHi pebpamu Ha
niBHiY—NiBOEHb, LUIMPOKMM BOKOM — Ha 3axig—cxig. [ns nogopoXHiX cunbdiym cnyrye
HagiiHum komnacomM. OniBgHI MMCTA pocnuHK 3BepHeHe pebpom ao coHus. Lia au-
BOBWXHA BNACTUBICTb 3axuULLi@e POCMMHY Bif CNEKOTHUX COHAYHUX NPOMEHIB i Haa-
MipHOro BUNapoBYyBaHHsI BOJOTU.

B YkpaiHi HannolwmpeHilla «koMnacHa» pocivHa — naTtyk AukuiA, abo naTyk
KOMMacHWIA.

MarHiTHe none 3emni € OpieHTVPOM AN CnMMakiB. AKWO Ha LWsXy Montocka
MOKNaCTX MarHiT, WO Ai€ TPOXU CUMbHiLLe, HiXX MarHiTHe none 3emni, To, NoBepTayn
MarHiT y TOW 4n iHWWiA BiK, MOXXHa 3MiHIOBaT! HaANpPsMOK pyxy cnumaka. BuasneHo,
LLIO HaBiTb MyXW B SIKMIACb cnocib BigvyBatoTb MarHiTHe none 3emni. Himeubknii yye-
Hun E. MoHTep nomitue, wo B 90 Bunagkax i3 100 BOHKM cigatoTb Ha ropnsoHTanbHy
MOBEPXHIO TOYHO B HaMpsIMKy MiBHiY—NiBAeHb abo cxig—3axig. Taky camy ocobnu-
BiCTb BiH BUSIBUB Y XPYLLUiB | TEPMITIB.

§ 4. MATHITHE NOJE MPOBIOHUKA 31 CTPYMOM.
ENNIEKTPOMAIHITUA. MATHITHA JIEBITALIA

BiILRpI/ITTH Epcrena o3HaMeHYyBaJO MOYATOK HU3KU JOCIiMIKEeHb 3 eJIeKTPO-

maraetusamy. ¥ 1820 p. Auape-Mapi Ammep i ®@pancya Aparo mocuaigmian

MarHiTHe moJie KOoTymiku. ¥ 1825 p. opurancekuil ¢isux Biasam Crepmiken

IOMITHB, IO MarHiTHe IoJe KOTYIIKM 3HAUHO

OigCUII0EThCA, AKINO B Ii cepeguHy BHECTH

crajieBe ocepAd. TaKkuM UMHOM BiH BUHAUIIIOB

Halnpocrimuil erekmpomaziim. =
Y 1828 p. [d:xko3ed I'enpi sactocyBaB 0a-

raToIapoBy OOMOTKY 3 i30JIbOBAHOTO OPOTY I

IIIM CaAMHM CTBOPHB HOTYKHIINIUIN eJeKTPOo-

MAarHir. a

Bynn-akuii  eJleKTpOMAarHiT CKJIAZa€ThbCI 3 ]
3

2

TakuxXx vacTuH (MaJ. 32): crajeBoro ocepiga I,

KoTymKu (06MoTKu) 2 i AKopa 3, AKUU IIpU- \

TATYETLCS IO ocephsi. 3’sICyeMo, Bim uoro saJie-
JKUTHh CHWJIa, 3 AKOI0 MATHITHe ToJie KOTYIIKHU
eJIGKTPOMATHITY Hie Ha HOro AKip. Man. 32

Hocaig 1. 3aMKHEeMO KOJIO, III0 MiCTHTHL €JeKTPOMATHIT i peocrar, 3a I0-
IIOMOT'0I0 AKOT'0 3MiHIOBATUMEMO CUJY CTPYMY B KOTyIKax. IIlpu meBHil cuiri
CTPYMY €JIEKTPOMATHIT yTPHUMYy€E IIeBHUI BaHTa)K (Maja. 33, a), a AKINO 30iJ1b-
IIATH CUJY CTPYMY BABiUi, TO eJJeKTPOMATHITOM MOKHA BTPUMATH IIPUOJIU3HO
BIBiui Ba)Kuuii BaHTaX (MaJ. 33, 0).
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Man. 33

Illo 6impmIMii CTPYM HNPOXOMUTH Yy KOTYIIIi €JIEKTPOMATHITY, TO 3 OiJIBIIOXO
CHJIOIO IIPUTATYETHCA 0 HHOT'O AKIp.

Hocaix 2. IToBropumo mociixg 1 mpW MOYaTKOBi#M cuJIi cTPpyMy, KOJU eJeK-
TPOMATHIT YTPUMYBaB MEHIIIUN BaHTAK. Terep MOMiHSAEMO KOTYIIIKY eJIeKTPO-
MarHiTy Ha Momi0HY 3a KOHCTPYKIIi€I0, aJjie 3 yABiUi OiJbIIUM YKMCJIOM BHUTKIiB.
IlepecBimunmocs, 1110 B IHOMY Pasi eJIEKTPOMAarHIT 3[aTeH YTPUMYBaTU TaKWil
caMUi OiJIBIINI BaHTaK, AK i B gocaini 1, xoau BABiUi 36iJIbIIYBAJJIN CTPYM.

Illo Oimpille BUTKIB Ma€ KOTYNIKA €JE€KTPOMATHITY, TO 3 OiJBIIOI0 CHUJIOI0
IPUTATYETHCA A0 HHOTO AKIp.

3 pesyabTaTiB IUX [OOCHiAiB BUILJIMBAE BUCHOBOK, IO <«BaHTAYKOIIIIOM-
HiCTBb» eJIeKTPOMATHITY 3aJIe;KUTh BiJl «aMIIePBUTKiB» Iioro 0OMOTKM, TOOGTO
Big mOOYTKY CHUJIM CTPYMY B KOTYIIIi Ha KiJbKiCTb BUTKIB y Hiil.

EjrexTpoMartitu mimpoko 3aCTOCOBYIOTH y TeXHili, mo0yTi, MeIUIIUHI TOIIO
3aBIAKU TOMY, II[0 BOHM MAaIOTL OCOOJIMBI BJIACTHUBOCTIi: €JIEKTPOMATHITY IIIBU/I-
KO PO3MAarHiuymTbhCsS, KOJM BUMKHYTH CTPYM; 3aJIe}KHO BijJf IpM3HAUEHHS iX
MOXKHA BUTOTOBJISTHU PiBHMUX PO3MipiB; miJ yac po0OTH eIeKTPOMATHITY MOMKHA
peryJooBaTy HOro MartiTHy mif0, 3MiHIOIOUM CHJIY CTPYMY B OOMOTIII.

EnexkTpomaruitTu € B Oyab-AKOoMYy Tejedo-
Hi, TeseBisopi, Komm’rorepi, Jgidri, aBTOMOOI-
JIi, MOPCHLKOMY YM IIOBITpAHOMY CYHAHi, KOC-
miumomy Kopabui Tomro. Ha mnimmpmemcrBax
3aCTOCOBYIOTH €JeKTPOMATHITHUI MTigiioMHUI
KpaH [IJIs HaBaHTAa)KeHHsS a00 po3BaHTaKeHHS
MeTayno0pyxTy (MaJj. 34). Ila mamwmua 3pydHa
TUM, II[0 He IOTpedye HiAKMX KpilljJeHbL BaH-
Taxky. MamuHicT KpaHa, PO3MICTHUBIIN eJIeK-
TPOMATHIT HaJA MeTaJo0pyXTOM, BMUKAE CTPYM
B OOMOTIIi — 1 Bech MeTaJIeBUI BAHTAK MIITHO
«mpuaumnae» a0 marairty. Ilicia BuMuKaHHA
CTPYMYy MeETAJIOOPYXT caM Biamajgae Binm ceppeu-
Man. 34 HUKa. 3a [OIOMOIOI0 eJIeKTPOMATHITY IimgHi-
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MAaIOTh i IepeMiIaTh MACHBHI O00’€KTHM, HAIIPHUKJAJ aBTOMOOLIL mepen yTu-
Jizarmiero. A eJeKTpPOMAarHiT 3aBOACHKOTO KpaHa, IO HOro BUKOPHCTOBYIOTH,
HAIpUKJIAM, OJs IIepeHeceHHsA 000iH jucToBOi craji, mae 4 oOMOTKU i MOXKe
migHATH 000iHy miameTpom 2 M i macoio 28 T (Man. 35, a).

Man. 35

Ha manmoouky 35, 6 y pospisi mokasaHo MargiTHu# cenapaTop, AKUI BUKOPHU-
CTOBYIOTH [IJIsl OUMINIEHHSA 3€pHa BiJ HaciHHA Oyp’aHiB. Y 3€epHO miAMIIIyOTH
npiObHEeHbKi 3aJi3Hi OIIypKU, SAKi He NPUIANNAITHL N0 TJIAJeHBKOTO 3€pHAa, a
IPUYEILTIOITLCSI OO0 BOPCUCTOTO Hacimua Oyp’suiB. IIim uac obGepramHsa Oapa-
0aHa, y AKOMY PO3MIiIlIEHO eJeKTPOMATHIT, Bif0OyBa€ThbCs POIIOIij 3epHa Ta
HaciHHA Oyp’AHIB i3 3aJi3HUMU OITypKaAMMU.

SIKII0 B OKO JIIOAWHM IIOTPAILJIAIOTH Tija, Ha AKi mgie marmir, y JikapHAX
IJsa iX BUOAJIEHHS 3aCTOCOBYIOTH IIOCTiHHI Ta eJIeKTpoMarHiTu. SMiHIOUN
CHJIy CTPYMY B OOMOTIIi, PeryJioi0Th iHTEHCUBHICTh MATHITHOTO TOJs I BUAA-
JAOTH TijIo 3 TINOMHU 10 2,5 MM.

MaruiTHa JeBiTaIliss — e TeXHOJIOriA mepeMiller s, v AKill Kamcy/ia abo Barou
migHIMalOThCA HaJl IMOBEPXHEI0 3a JOIIOMOIOI0 ABHUIIA BiAINITOBXYBAHHS OJHOMNMEH-
HUX IIOJIIOCIiB MATHITiB. 3aBAAKY IILOMY HOTAT JIETUTh HAJ MOBEPXHEI0, He TOPKAIo-
umcs ii (mas. 36, a). BigcyTHicTb Kostic mae 3Mory posBMBATH HAA3BUUYANHO BEJIUKI
IIBUIKOCTI JJIA HA3eMHOT'0 TPAHCIIOPTY, OCKiJIbKY iHKeHepaM He IOTPiOHO JojaTh
cynyTHi nepenonu. Hanmpukiaa, BUCOKI HAIPy)KEeHHS B Marepiaji KoJric IIpW BU-
COKilf MIBUAKOCTI 00epTaHHA Ta MOKJIMUBICTh IXHHOTO PYUHYBAHHS IIi[T Yac pyxy.

OnHOMMEHHI IIOJIOCH BiAINITOBXYIOTHCSA, a Pi3HOMMEHHI — NPUTATYIOTHCH.
e migitimae moTAr HajJ TOBEPXHEIO 3€MJIi.

TopusoHTaIbHE IIEPEMIIIIeHHSA IIOTATa MATHITHOIO JIEBITAI[I€I0 TAKOK BiI0OyBa€Th-
cd 3a PaxXyHOK eJIeKTPOMArHiTiB, Ki KepyoThcsa aBTOMaTHKOI0 (MaJ. 36, 6). Bona
3a 3aJJaHMM aJTrOPUTMOM BiJKJIIOUAE OHI Ta IigKJIouae iHI MarmiTu. Y pesyJib-
TaTi ToNepeny MOTATa CTBOPIOETHCA MarHiTHA cuia, Aka Tar"e voro. 1o mBumrme
MIePeKJIIOUAIOThLCS MAarHiTH, TO OiJIBINIOI ITBUAKOCTI MOMKHA AOCATTH. ¥ Pe3yJbTarTi
TaKWii TPAHCIOPT BUABAAEThCA Ha 30 % edeKTUBHINUM 3a KOJIiCHUI Ha peiKax.

MarsiTHa JieBiTallia gae 3MOry IOTATaM y»Ke ChOrOJHiI posraHATHch 10 600 KMm/Tof,.
A B mmaHax — mogosiatu 3ByKoBuit 6ap’ep (1000 km/roxn). Ile macTb smory 3’eaHaTH
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PO3O1JI 1

pisHi KouTwHeHTH €Bpasii Ta AMeprKu 3ajisHUIE0 — (axiBili BiKe O0OTOBOPIOIOTH
HomiOHMI mpoeKT mix HasBowo «Kopmmop posBUTKY THX00KEAHCHKOTO PETioHY».

He meHII mikaBuM IpPaKTUYHUM HANIPAMOM MOKHA BBaYKaTU IITUPOKE 3a-
CTOCYBAaHHA MATHITHHX NiANIMIHUKIB y KJOUOBMX By3Jax MexaHisMmiB. Ix
yCTaHOBKA PO3B’A3y€ CePHO3HY HMPOoOJIeMy 3HOCY BUXiJHOTO MaTepiaJy.

SK BimomoO, KJIACWUYHI HMiZIMWOHUKU CTHUPAIOTHCA TOCUTH IMTBUJAKO — BOHU
MOCTifiHO 3a3HAIOTh BUCOKHX MEXaHIYHMX HaBaHTaKeHb. ¥ MEeAKHX Tay3sax
HeoOXimmicTh 3aMiHM IUX geTaJsiedl COPUUYMNHSAE He TiIbKM HOJAaTKOBI BUTPATH,
a 1 pUBMK AJIsS JIofAel, sSKi o0cJayroByioTh IIi MexaHismu. Marmitai migmmi-
HUKK MalOTh y KijJbKa pasiB Oiabluil podounii pecypc, OTOM IX 3acCTOCYyBaHHS
IOIiJIbHiIIe I/ OyAb-AKMX eKCTPeMaJbHUX YMOB. 30KpeMa, B aTOMHili eHep-
TeTHuIli, BITpOBUX TexHOJIOTiaAX (MaJj. 36, 8) abo raaysax, IO CYIPOBOAKYIOTH-
cA HaJA3BUYAWHO HU3bKVUMUY i BUCOKUMU TeMIIePaTypaMu.

3aBAsgKM MArHiTHI# JeBiTarmii Oy BUPOINEHI MITYYHi TKAHMHU JIETeHi Jo-
ouau (majy. 36, 2). Hespaskaiouu Ha Te, IO Ile 3BYUYUTH (paHTACTUUHO, I'pyIla
BueHux 1mig KepiBHuiTBoMm I'myk Coysa y 2010 p. HaoUHO IIPOAEMOHCTPYBaJa,
10 IIe MOJKJIMBO. I[OCHiZHMKM ITOCTABMJIM 3a MeTy B JIaOOpaTOPHUX yMOBax
CTBOPUTH OpOHXiony. ¥ pe3yabTari O0y/au OTPUMMAaHi peaslicTUUYHI CUHTeTUYHO BU-
POIlleHI TKAHUHU JIET€Hb.

() 3ANUTAHHA 0O BUBYEHOIO

. Axnmun cnocobamm MOXHa NIJCUNUTY MArHiTHY Ait0 KOTYLLKWU 3i CTPYMOM?

. Wo Ha3uBaloTb enekTpoMarHiTom?

. PoskaxiTb, Ans 4oro BUKOPUCTOBYIOTb €MEKTPOMarHiTu.

. Ak npautoe 3epHOBUIA MarHiTHUIA cenapaTtop?

. Yn gigTume K MarHiT KoTyLlKa, BUrOTOBfIeHa 3 HEei30NbOBaHOro MiAHOro ApoTy
3i WiNnbHO NpMnacoBaHMMN BUTKaMK, SIKLLO MO Hi MponyckaTn CTpym?

. o Take marHiTHa neBiTauis i ge ii 3acTOCOBYOTL?

ABhWN-=-

o
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— NabopaTtopHa po6oTa Ne 1

CkiamaHHa Ta BUNPOOYBaHHS
e€JIEeKTPOMATHITY

Merta po6oTH: BUTOTOBUTH €JIEKTPOMATHIT i Ha JOcCIimax mepeBipuTu #oro mito.

IIpunagu i marepiaam: IKepesio CTPyMYy, KJOY, 3’€IHYyBaJbHI IIPOBOAH,
MarHiTHa cTpijka abo KoMmac, HeBeJUHKi IIpeaMeTH 3 pPisHMX Marepiais:
crajeBuii 60JT ab0 IBAX, MaJIeHbKi IIBAXY, CKPIMIKM JJs IIalepy, MOHETH,
I'yMKa, IIJJaCTMAaCOBUM rpebiHensb, apKyIl KapTOHY TOIIO.

Xig pobotTm

1. BuroroBTe HaWOpoCTimuili  eJIeKTPOMArHiT.
g mporo Ha crajieBuii 60JiT abo IIBAX HaMOTali-
Te KiJgbka IIapiB i3oaboBaHOro ApoTy. IIpmKpimiTs
OIVH KiHeIb IPOTY OO OZHOTO 3 MOJIIOCIiB Oartapei
rajJbBaHiUHNX eJIEeMeHTiB abo iHIIIOro AsKepesa CTPY-
MYy, a APYyTuii — OO0 iHIIOro, AK Ile IIOKa3aHo Ha Ma-
JI0HKY 37.

2. YBIMKHITh €JIEKTPOMATHIT 3a JOIIOMOTOI0 BIMU-
Kada ¥ IIigHeciTh HOro A0 MiATOTOBJIEHUX HEBEJINKUX
mpeaMeTiB 3 pidHMX MarepiaisiB. fKi 3 HUX TpPUTA-
I'yIOThCA ejJeKTpoMaruiTtomM? 3pobiTh BUCHOBOK.

3. Mixx egexTpoMartgiToMm i MaJIeHBKMMH I[BS-
XaMU PO3MICTiTh apKyIIl TOHKOTO KapToHy. UYu mpu-
TATYIOTHCA IIBAXUW eJjieKkTpomaruiTom? 3polbiTh BU- Man. 37
CHOBOK.

4. TToxkaamiTs emeKTpoMarHiT Ha ctij. IligHeciTh (He TOPKAIOYMCH) MO HHOTO
MarH”HiTHY CTpiJKy abo Kommac. SIKWi moJifoC MAarHiTHOI CTPiJIKM IIPUTATYBAa-
TUMETLCS [0 eJIeKTPOMATHITY?

5. IIpoBin, npuesHaHWI paHille J0 IMO3UTUBHOI'O MOJIIOCA AsKepesa CTPYyMY,
OpuegHaliTe OO HEraTWBHOIO, ¥ HaBIAKW. SIKWII IIOJIOC MAarHITHOI CTPiJIKM
NPUTATYBATUMEThCA [0 €JEeKTPOMAarHiTy B IIbOMY BHHOAAKy? YUm cBiguuTh Ie
Ipo Te, IO eJeKTPOMATrHIT Mae MarHiTHi mosrocu? Axi?

6. 3pobiThL BUCHOBOK.

Jdasa monmuTanBux

HanoBHiThs 3anisHauMu omrypkamu npoOipry i 3axkpuiitTe ii Tak, 1100
omrypku Oyam npo0Ope BIMiJibHeHi. YcTaBTe NOPOOIPKY 3 OIIypKaMu
B KOTYIIKY, II0 SAKif IPOXOAWTH IOCTIiHHUHN €JeKTPUUYHUHA CTPYM.
PosiMKkHITE K0JI0. 3a HOIIOMOroOi0 MAarHiTHOI CTPiJIKM BIEBHITHCHA, IO
mpoObipKa 3 OIIypKaMM MAa€ BJIACTHBOCTI IocTifiHOro MarHity. IloscHiTh
HaMarHiyeHHs 3aJIi3HUX OIIYPOK. BigkpuiiTe mpobipKy i modpe cTpyciTh
OIITypPKHU. 3a JOIIOMOTOI0 MAaTHITHOI CTPiIKM AOCHimiTh, UM 36epersu
OIIYPKM MATHITHI BiacTuBOCTi. IlosCHITE pesyIbTaTi SOCIiLy.
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PO3O1JI 1

§ 5. Al MATHITHOIO Nosise HA NMPOBIOHUK
31 CTPYMOM. CUJIA AMIEPA

@ Bn BJKe 3HAETe, IO [Ba MPOBIAHUKU, II0 SKUX IIPOXO-
~  IUTh eJeKTPUYHHUH CTPyM, B3aEMOMIIOTH MixK €060I0 3
neBHOIO cuioio. Ile TOsACHIOETHCA TUM, IO HA KOMKHUMI
TIPOBITHUK 3i CTPYMOM [lie MarHiTHe moJe CTPyMy iHIITOro
OPOBiTHUKA.

MarniTHe ToJe i€ 3 IIEBHOIO CHUJOI0 Ha OyIb-AKUii
OPOBITHUK 3i CTPyMOM, IO PO3MIIIeHUII Y IILOMY IIOJIi.
Taky cuiy Ha3MBalOTh CHJIOK AMIepa Ha 4ecThb (paH-
IIy3bKOT'0 BUYEHOTO, AKWN OOCHIiANB i BU3HAUUB 3aJeiK-
HICTh 3HAUEHHSA 1 HAOPAMKY ITi€l cuJM BiJ YMOB HOCJIiTy.

Hocaixg 1. IlixBicumo Ha mnpmemgHaHUX A0 [IKepeJsa
CTPYMYy THYYKHX MOPOBiIHMKAX Bipi30K TOBCTOrO Mi-
HOro apoty AB. PoamicTumMO #Oro ropmsoHTAJbHO MiXK
moJifocaMu  TigKoBomogi6Horo wMaruiTy (Maina. 38, a).
Y npomy pasi npoBigHUK AB po3MilllyBaTUMeTLCA B Mar-
HITHOMY IIOJIi, IO CTBOPIOE HABKOJIO cebe maruiT. fAKImo
3aMKHEMO eJIEKTPHUUYHE KO0JIO, IPOBiJHUK AB mouHe pyxa-
THUCHA, BTATYIOUNUCA OO cepeamHn MarHity (maj. 38, 6).

Konm 3miHMMO HaOpAMOK €JEeKTPUYHOTO CTPYMY,
TO NPOBiTHUK AB BHIITOBXYBaTHMEThCA 3 MAarHITY
(man. 38, 6). Taky camy 3MiHy HAIPAMKY PyXy IIpO-
BigauKa AB ciocTepiraruMeMo, SKIIO OyaeMO 3MiHIOBATH
TIOJIOYKEHHA IOJIOCIiB MarHiTy Ha IIPOTUJIEIKHE.

Hanpsamok pyxy mOpoBifHMKA B MAaArHiTHOMY IIOJi
BU3HAUAETHCA HANPAMKOM cHJIM AMiepa, Io [Ai€ Ha
HBOT'O, i BaJIEKUTH Bil HAIPSIMKY CTPYMY B IIPOBITHUKY
Ta PO3MIiIlleHHSA HOro BiTHOCHO IIOJIIOCiB MAarHITy.

Ha npakTumi 83py4YHO BHM3HAUYaTH HAMIPAMOK CHUJIA
Awmmnepa, 1o Jie Ha HPOBiZHMK 31 cTpymMoM, 3a [OIIO-
Man. 38 MOTr'OI0 IIpaBuUiia JiBol pyku (Mai. 38, 2).

SKIIo D0I0HIO JIiBOI PYKM PO3MICTHTH TAK, 100 YOTHPH BUIIPAMJIEHI IMAJb-
IIi BKasyBaJM HANPAMOK CTPyMy B IIPOBITHHMKY, a JiHii Mar#iTHoro moJig
BXOAMJU B JOJIOHIO, TO BiZirHYyTMH Iig NpAMMM KYTOM BeJIHMKHH IIAaJIellb
YKaske HAIPAMOK cHJIM AMmepa, 1o Ji€ Ha MPOBiTHHUK 3i cTpyMOM.

Ilig wac posB’sa3yBaHHA 3amad OJs BU3HAUEHHS CHUJIN AMIepa IIOTPiOHO
CcKopucTaTucsa (poOpMyJoio:

F, = Bllsina,
ge F, — cumna Amnepa, H; B — ingyknia maraitTaoro nonsa, Ta; I — cuna crpy-
My y IPOBiZHUKY, A; | — IOBKUWHA TPOBiTHUKA; OO — KYT, IIiJf AKUM IPOBiTHUK
IOBKMHOIO [, IO AKOMY IPOXOAUTDL CTPYM, PO3MIIlIeHNI y MarHiTHOMY IIOJIi 1O
BeKTopa Mar"iTHoi imgykiii B.
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Axmo o = 90° To dopmysna HaOY-
Ba€ BUTJIANLY:

F, = BIL.

IlpakTnume 3HaueHHA Mae o00ep-
TaJLHUA PyX MPOBiAHWKA 31 CTPpyMOM
Yy MarHITHOMY IIOJIi AK MexaHiuHa Iid
eJeKTpuuHOro crpymy. Ha mamroury 39
300pasKkeHo MpPUJIA]L, HA SKOMY MOK-
Ha 3IiMICHIOBATU TaKWUH PyX. ¥ IIbOMY
npujaji JerKky IpPSMOKYTHY paMKy
ABCD HacaIXeHO Ha BepPTHUKAJIBbHY
Bicb. Ha pamMKy HamMOTaHO KijJgbKa
IecATKiB BHUTKIiB [OPOTY, TNOKPUTOIO
isossiero. KiHIi KOTYyImIKY IpuegHAHO Man. 39
IO MeTaJIeBUX IIiBKiJelnb KojeKkTopa 2.

OguH KiHellpb APOTY IPHUETHAHO A0 OAHOTO MHiBKijJbIlA, a APYyruii — O iHIIIOTO.

Jlo KOXKHOTO IMiBKiJBIA IPUTUCKYETHCA MeTajeBa miaacTuaka-mritka 1. Ilitku
IPU3HAYEHO AJIS MiABeJeHHs CTPYMY BiJ msKepesa cTpymy Ao pamiku. OgHa IriT-
Ka 3aByKAM 3’€JHaHA 3 MIOSUTUBHUM IIOJIIOCOM [ KepeJia, a Ipyra — 3 HeraTUBHUM.

Bu B:ke 3Haere, 1110 CTPYyM y KOJIi HAIpPsSMJIEHHU BiJ ITO3UTUBHOTO IIOJIOCA
IJKepeJia IO HeraTUBHOrO, OoT'Ke, B uactTmHax pamiku AC i BD Bim mae 1mpo-
TUJICKHUI HATIPSIMOK, TOMY IIi YaCTHMHHU IPOBiJHWKA IIEPEeMill[yBaTUMYTLCA YV
OPOTUJIEKHI O0KM, i paMKa MOBEpPTAaTUMEThCs. 3 IIOBOPOTOM PaMKHU IIpUETHAHI
no 11 KiHIiB MiBKiJBI[I MOBEPHYTHhCSI Pa3oM 3 Hel0, i KOXHe NPUTUCHETHCS
o iHmIoi HIiTKM, TOMY CTPYM Yy paMIli 3MiHUTL HANPSAMOK Ha HPOTUJICKHWI.
Ockinpku micaa moBopoTy pamMiku Ha 180° ogHOYACHO IIOMIiHAJJKMCA HA IPOTH-
JIeXKHI BiTHOCHO Hel i HampPsAMOK MArHITHOTO MHOJIA, i HATPAMOK CTPYMY, TO
HanpaMKM cujg Ammepa, mo AiroTh Ha yacTuHu AC i BD paMKH, He 3MiHSATH-
cd, i paMKa IPOJOB)KyBaTuMe 00epTATHCA B TOMY CaMOMy HAIPAMKY. SIKOu
KOJIEKTOp 2 He IepeMMKAaB aBTOMATHMUYHO HANPAMOK CTPYMYy B paMIli Ha mpo-
TUJIeKHUM, TO BOHA 3yIUHsAJAcSI 0 micaa KOMKHOTO IIiBoOepTy.

() 3ANWTAHHA 0O BUBYEHOIO

1. 3 akoro gocnigHoro akTy BUNNMBAE, LLO MarHiTHe none Mae LiaTv NeBHO
CWIO0 Ha BMILLLEHWIA Y HbOrO NPOBIAHUK 3i CTPYMOM?

2. lNMepeniyiTb, Big YOro 3anexmnTb HANPAMOK CUMK, WO Ai€ Ha NPOBIGHWK 3i CTPYMOM.

3. 3a sakoto hopmyrnoto BU3HavaeTbCst cuna Amnepa?

4. AxniA NPUCTPIN aBTOMAaTUYHO 3MIHIOE HanNpPsiIMOK CTPyMy B OOMOTLi pamku, Lo
06epTaeTbCa MiX NOMcamMun MarHity?

§ 6. ENEKTPUYHI ABUT'YHWU. TYYHOMOBLII.
EJIEKTPOBUMIPIOBAJIbHI NMPUNAOU
OepTaHHS KOTYIIKM 31 CTPyMOM y MATHITHOMY IIOJIi BHKOPHCTOBYIOTH B
€JIEKTPUYHUX ABUTYHAX Ta €JEKTPOBUMIPIOBAJbHUX IPUJIATAX.

Bes emekTpuUHMX ABUTYHIB HEMOYKJIMBO YSIBUTH KUTTA CYYaCHOL JIIOAWHWU.
Ilepenik mpucTpoiB, MexaHi3MiB i MamIWH, ¥ AKX BUKOPUCTOBYIOTHCS €JIEK-
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PO3O1JI 1

TPUYHI IBUTI'YHHU, BeJINUYE3HUN: JiTaK, aBTOMOOLJIb, TPAKTOP, TPaMBali, TPOJIei-
oyc, Ji¢dT Toiro.

IcHye 6araTo KOHCTPYKILiil pisHUX eJeK-
TPOABUTYHIB, ajle MU BHUBUNMO OYIOBY Ta
OPUHITAI Oii JyKe IIOIIMPEHOTO KOJIEeKTOoP-
HOro exexkrpomsuryHa (mas. 40). Binm
CKJIAJIAETHCS 3 TAKMUX OCHOBHUX BY3JIiB:

1. Crarop 1 (aura. stator, jar. sto —
«CTOI0») € 200 MOCTIHUM MarHiTOM 3 HAKO-
meunukamu S i N, abo ereKTpoMartirom.
Bin cramoBUTHL €muHE I[ijie 3 KOPIIYCOM
enekrpoaBuryHa. (Cratrop KOJEKTOPHOTO
IBATYHA 4YACTO HA3WBAIOTH IHIYKTOPOM.
ITle Taka uwacTwHa ABUTYHA, SAKa CIYTye
nasi 30yAKeHHs MarHiTHOTO ITOJIA.

2. Potop 2 (;mar. roto — «obepraioch»), ab0 AKip ABUTYHA, — OCepAsA IIEeBHOL
dopmu, HaOUPAETLCA 3 JINCTIB CHeIiaJbHOI CTai, Ha AKI HAMOTYIOTH i30JIbO-
BaHUH ApPiT — OOMOTKY.

3. Kinmi o0OMOTKM HpHUIIasgHO OO MIiZHHX IIJJACTHH KOJEKTOpa, AKi 3axpiI-
JIeHO Ha J00pe isosboBamoMy OapabaHi, 1110 pO3MiIlIyeThCs Ha Oci poTopa.

4. IIBi ByrisbHI IIITKY cIeliaJbHUMU MPYKUHAMHU ITiJBHO TPUTUCKAIOTH-
cA OO0 KOJIEKTOPHUX mjacTuH. Ilo IMiTOK Bim mixepesia CTPyMy HOJAETHCA Ha-
mpyra, 110 KUBUTH €JIEKTPOABUTYH.

Man. 40

Man. 41

IIpuanun poboTM ABUTYHA PO3TJIAHEMO Ha IMIPUKJALiI IIPOCTOTO ABUTYHA
(maa. 41, a). Ho mritok 1 i 2 mogaeTbesi mOTPiOHA AJIA POOOTH eJeKTPOABUTYHA
Hamnpyra. 3aBIAKHN B3a€EMOIii CTPyMYy, IO IPOXOIUTH II0 OOMOTIIi, 3 MATHITHUM
moJjieM cTaTopa 6 PoTop 5 MOBEPTAETHCA TaK, IO PAMKA BUABJSETHCA Y BEPTHU-
KaJbHOMY MOJIOMKEHHI @ CTpyMy B Hili HeMae, TOMY IO HIITKU TOPKAIOTHCA
He IIJJacTHUH KoJeKTopa 3 i 4, a isomamii mimk mumMu. OgHax 3aBOAKHU iHep-
il poTop MPOMUHAE Iie MOJOMKEHHSA, i IITKM 3HOBY TOPKAIOTHCA KOJEKTOPHUX
miactuH. Yepes KOXKeH IiBOOEPT KOJIEKTOP aBTOMATHYHO IIEPEeMHUKAaE IIOJISAP-
HICTh HAIIPYTH J:Kepesa Ha KiHIAX OOMOTKM Ha IIPOTHUJEKHY, TOMY HAIIPAMOK
CTPYMYy B Hi#f Bech Uac BifmoBigae oO0epTaHHIO POTOpa B OAUH OiK.

EnmexTpuuHi ABUTYHU MalOTh HU3KY IlepeBar. 3a OJHAKOBOI IMMOTYKHOCTI iXHi
po3Mipm MeHIINi, HiK TeIJOBUX OBUI'YHiB. BOoHM He BUIIISAIOTL TasiB, AuUMY
¥ napu. EneKTpoaBUTYHU MOKHA BCTaHOBUTH B OyIb-sKOMY Miciii. MoskHa BU-
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TOTOBUTH €JIEKTPUUYHUI IBUI'YH OyAb-AKOl moTy:KHOCTi. Hanpuriazn, nBurys,
300paskeHuil Ha MaJaioHKY 41, 6, mae mory:xkHicTs 890 kBT, mpaiioe mpu Ha-
npysi 1400 B i B HbOMYy HIPOXOAUTH CTPyM 635 A.
OnuH 3 HepIInX y CBiTi eIeKTPUUYHUX ABUTYHIB, IPUAATHUX AJIS IPAKTUYHOTO
3aCcTOCYyBaHHSA, BUHANIIIOB 3HAMEHUTHH eJeKTpoTexHik Bopuc fIkooi.
I'yunomOBens — mpucTpiil Aasd e(eKTHBHOTO BHUIIPOMiHIOBAHHA 3BYKY B
HABKOJIMIIIHINA MPOCTiIp, [0 KOHCTPYKTUBHO MiCTHTHh OaHY a0o0 KiJgbKa BHU-
NIPOMIiHIOIOUHX TOJIBOK i, 3a moTpedu, aKkycTuuHe oopMJIeHHA i JOTATKOBIi
eJeKTpuuHi mpucTpoi (hixbTpH, TpaHCHOPMATOPH, PETYIAITOPH TOIUIO).
ToniBka rydHOMOBIIA — MACUBHUN €JIEKTPOAKYCTUYHUHA ITePEeTBOPIOBAY, IIPU-
3HAUEHUH AJIS IIePEeTBOPEHHS eJEeKTPUUYHUX CUTHAJIB B aKyCTUYHI.
Axycrtuune oQOpPMJIEHHSI — KOHCTPYKTHBHUM eJIeMeHT, IIfo 3abes3meuye
e(eKTMBHE BUMIPOMiHIOBAHHSA 3BYKY (AKYCTUUHUI €eKpaH, AWK, PYIIOP TOIIO).
I'yunomoBni OyBaroTh Takmx (YHKIIOHAJNBHUX BUAIB: AKYCMUUHA cucme-
M@ — TYYHOMOBeIlb, IIPU3HAYEHUI AJIA BUKOPHUCTAHHS (DYHKIIIOHAJBLHOIO JIaH-
Koio B TOOYyTOBi#fi pajioeleKTPOHHi#l amapaTypi, Mae BHCOKi XapaKTepUCTH-
KU B3BYKOBiATBODEHHHA; AOOHEHMCLKUI 2Yy4yHOMO6€eYb — TYyYHOMOBEIb, IIPU-
3HAUYEeHUM [JIs BiTBOPEHHS Iepefad HU3LKOYACTOTHOI'O KaHAJy MepeKi
IPOTOBOTO MOBJIEHHS (MaJ. 42, a); KOHUepMHUil 2yuHOMOBelb, I1T0 MA€E BEJIUKY
T'VYHICTh y MOEIHAHHI 3 BICOKOIO SKiCTIO 3BYKOIlepelaui; rydHOMOBIIL IOJIA CH-
CTeM CIOBiIlleHHA i cucTeM 03ByUyBaHHA IIPUMIINEHDb (TYYHOMOBIIi ITMX CHUCTEM
CXOJKi B3a IIpU3HAUEHHAM, [OEII0 BiAPiBHAITHCA T'YyYHICTIO i AKICTIO 3BYKO-
BiATBOpPEHHSA); YJULHUI 2Y1HOMOB€Ub, ITI0 Ma€E BeJIUKY IOTYKHIiCTh, 3a3BUUaii,
PYIOPHE BUKOHAHHA, y IIPOCTOPiudYi «I3BiH» (MaJs. 42, 0); cneuyiaavHi 2yuno-
MO8Ui IJis POOOTH B €KCTPEMAJbHUX YMOBaX — IIPOTHUYAAPHi, IPOTUBUOYXOBI,
OigBOAHI TOIIIO.

EnexrpomuHaMiuHuii TydHOMOBEIb — IYYHOMOBEIb, Y AKOMY II€PETBOPEHHA
€JIEKTPUYHOI0 CHUTHAJNY B 3BYK BiZOyBa€ThCA 3aBIAKH IE€PEMIil[eHHIO KO-
TYIIKH 3i CTPYyMOM y MArHiTHOMY IIOJIi NOCTiifHOro MarHity (pigmre — ejek-
TPOMATHITY) 3 HACTYIIHMM II€PETBOPEHHAM OTPMMAHUX MEXaHIUHMX KOJIM-
BaHb Y KOJIMBAHHA HABKOJIUIIHHOI'O IIOBITPA 3a JOIOMOrorw audysopa.

I'yuHOMOBIIi TepPeTBOPIOIOTH €JeKTPUUYHNI CUTIHAJ Ha 3BYKOBi XBIJIi, ITIO IIO-
MINPIOIOTHCA B IMOBITPAHOMY CE€PEIOBUIIi, 3a HOIIOMOI'OI0 MEXaHiuHOI PyXJImBOi
cucremu — audysopa 3 (may. 42, g). OCHOBHUM pPOOOUYMM BY3JIOM €JIEKTPOIU-
HaMIiYHOTO TYYHOMOBIA € AUMY30p, IO BUKOHYE IIePETBOPEHHS MeXaHiuHUX
KOJMBaHb Ha akycTu4Hi. [n@ys3op I'ydYHOMOBIISI MIPUBOSUTHLCA B PYX CHUJIOIO,
10 J1i€ Ha KOPCTKO CKPIIJIEHy 3 HUM KOTYIIKY 2, AKa PO3MillleHa B MarHiTHOMY
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moJi. Y KOTYIIIi NPOXOAUTHh 3MiHHUM CTPYM, AKHI BiAmoBizae aymiocuruaiy,
III0 Ma€ BiATBOPUTU I'yUHOMOBeIlb. MarHiTHe Iojie B I'YUHOMOBIII CTBOPIOETHCS
KimbreBum mocritinum marziTom I. Korymka mig giero cuim Ammepa BibHO
pyXaeThcsA B Me’yKaxX KiJIbIIEBOTO 3a30DYy, a ii KOJIMBaHHA NHepefamTbCesa AUDY-
30Dy, III0, ¥ CBOIO Uepry, CTBOPIOE aKYCTUYHI KOJUBAHHSA, AKi IOIMPIOIOTHCA
B IIOBITpAHOMY cepefoBuilli. 3i 30iJBIITEHHAM CHUJIN CTPYMY KOTYIIIKA CUJbHI-
II1e IPUTATHETHCA OO IIOCTiHOTO MATHITY, B pas3i 3MeHINEHHS CHJIN CTPYMY
MPUTATAHHS TOCJA0IIae i KOTYIIIKa 3MiCTUTHCSA B MPOTUJIEIKHOMY HATPAMKY.
AKII0 cuay cTpyMy B KOTYINII 3MiHIOBATH MEPiOgAWYHO, BOHA Oyae BiAXMJISATH-
ca (pyxarucs) TO B OJJHOMY, TO B iHIIIOMY HaOpPAMKY, TOOTO KOJMBATUMETHCS
B TaKT 3MiHi cuau ctpymy. IIlo yacTinie smMiHIOBaTHMETHCA CUJIa CTPYMY, TO
0inbiIoro Oyze vyacToTa KOJMBAHBL KOTYIIKU. Tijlo, AKe KOJUBAETHCA 3 YACTO-
toio Bixg 20 mo 20 000 I't, Bumpominioe 3ByKoBi xBuai. OTike, AKIIO YacTOTa
KOJUBaHb KOTYIIKY 3MiHIOBATUMETHCA B O3HAUEHUX MeEXKaXxX, TO KOTYIIIKa Oyne
I:KepesioM 3BYKyY. ['yuHiCTh Ta BMCOTa TOHY BUIPOMiHIOBAHOT'O 3BYKY BU3HAYa-
TUMYTHCA aMILIITYA0I0 i 4acTOTOI0 KOJIMBaHb BiamoBigHo. CamMe Ha KOJIMBaH-
HAX KOTYIIKM 3i 3MiHHMM CTPYMOM Yy MATHITHOMY HOJIi IIOCTiHHOTO MAarHITY
0asyeThbCcA i eJeKTPOAMHAMIUHOTO T'yUHOMOBIA (AMHAMiKa) — eJeKTpoaKyc-
TUYHOT'O IIPUCTPOIO AJIs BiTBOPEHHS 3BYKY.

Ilo cTBOpeHHA INIUMGPOBUX €JIEKTPOBUMIDIOBAJIbHUX MIPUJIALIB Yy TeXHIIl
KOPUCTYBaJUCA TEPEeBa’KHO CTPIIKOBUMM BUMipIOBaUaMMU eJEKTPUYHUX Be-
JUYUH, B OCHOBY OyZOBU AKUX 0YyJIO MOKJAZEHO Mii eJIeKTPUUYHOr0 CTPyMy, Ha-
IPUKJIaJ TelioBa abo MexaHiuHa, AKa Y CBOIO Uepry I'DYHTYEThCA HA MATrHITHiN
Iii crpymy. IcHYIOTH KiJIbKa cUCTEM eJeKTPOBUMIipIOBaUYiB MarHiTHOI fAii: y mpu-
Jajax eJeKTPOMAarHiTHOI CMCTEeMM CTpiJiKa-BKa3iBHUK 3B’sg3aHa 3 ()epoMAarHiT-
HUM OCEpPAsM, IO BTATYETHCA B KOTYIIKY, YV SAKifi TPOXOANUTL BUMipIOBaHUMN
CTPYM; yV MPUJIAJAaX MATHITOGJEeKTPUYHOI CUCTEMH BKA3iBHUK 3B’SI3aHUIl 3 Jer-
KOI0 PAMKOIO 3i CTPyMOM, ITIO IIOBEPTAETHCSA B MOJIi MArHITy Ha KYT, IPOIIOPITiii-
HUU BHAUEHHIO IIbOTO CTPyMy; Yy IpPHUJIafaxX eJEeKTPOJMHAMIUHOI CHCTeMH
AJIIOMiHi€eBU# MUCK 00epTaeThCsA B MAarHiTHOMY IIOJIi 3MiHHOTO CTPYyMY.

Posrnsmemo perasbHime OymoBy Ta [if0 IpPUIaAiB MarHiTOEJEKTPHUYHOL
CUCTEMU, KA € HANIIOIINPEHIIIOo0 y MPaKTHUILi.

; Ilpunragm MarHiTOEJTEeKTPHUYHOI CH-
cremu (MaJ. 43) CKJIamaloOThbCA 3 IIiIKO-
\\\\\\\ I/ Iy,
Q\ .

BomoAiOHOrOo MarHity 1, 6ijs IIOJIOCiB
AKOTO PO3MIIIyIOThCA HAaKOHEUHUKHU 6,
MiK AKMMH Ha JIBOX MHiBocsSX olOepra-
€ThCA JIeTKa aJoMiHieBa pamka 3. Ha
PaMKy HaMOTYIOTh TOHKUU i30JIbOBAHUI
npoBigHUK. 14 ImifgcuIeHHsa MarHiTHOTO
IOJIsI V IIPOCTOPi MiXK IIOJIOCAMM PO3Mi-
IIYIOTh HEPYXOMMI 3a/IisHui muiaingp 2.
Ho nepenaboi miBOCi paMKM IIPUKPITLIIO-
IOTh JIETKY aJtoMiHieBy cTpinky 4. Kin-
IIi MPOBiIHMKA, HAMOTAHOTO Ha paMKYy,
MIPUIIAIOIOTh M0 ABOX IPYKUH 5, IO SKUX
Man. 43 MOJAETHCA CTPYM IO OOMOTKH PAMKM.
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ITig wac mpPoOXom:KeHHA CTPYMY II0 OOMOTIII paMKM BOHa moBepTaeThesA. I1[o
OispIa cujia CTPYMY HPOXOAUTH KPish paMKY, TO Ha OLJIBIITNI KYT ITIOBEPTAETH-
ca crpinka. Koau ejeKTpuuyHe KOJIO POSMUKAIOTH, IPYKUHHU IIiJ i€ CHJI
OPYKHOCTi, AKi BUHUKJMN IIiJ Yac IIOBOPOTY PaMKHM, IIOBEPTAIOTH CTPIIKYy B
HYJIbOBE IIOJIOXKEHHA IIKAJIU 7.

3a [OIOMOrol IPUJIAJiB MarHiTOEJEKTPUUYHOI CHUCTEMU MOYKHA BUMIpATH
TaKi eJeKTPUYHI BeJIMUYNHU: CUJYy CTPYMYy, HAIIPYTYy.

() 3ANMUTAHHA 0O BUBYEHOIO

. Ake bisnyHe siBULLIE BUKOPUCTOBYIOTb Y KOHCTPYKLUiT €NeKTPUYHUX ABUTYHIB?

. Ha3BiTb OCHOBHI YacCTuHWK, 3 SKUX CKNaga€eTbCA eNeKkTPOaBUIyH.

. Aki nepeBarn malTb €NEKTPUYHI ABUTYHWN Nepeq TennoBMMy OBUTYHaAMW Takoi
CaMOi MOTY>XHOCTI?

. HasBitb Tpy nobyToBi MaLLNHK, ¥ SKUX BUKOPUCTOBYHOTb EMNEKTPUYHI ABUTYHU.

. o Take ryyHoMoBeLp i siki ByBatoTh Moro Buan?

. flka GygoBa i Ais enekTpogMHaMiYHOro rySHomoBUA?

. flka BygoBa enekTpoBUMIPIOBaribHOro Npunagy mMarHitoenekTpuyHoi cuctemm?
Aki Pi3nYHI BENMYMHU HUM MOXHA BUMIPSATN?

WN =

No b

3AOAUI TA BINPABU

Po3B’a3yemo pazom

1. ¥V TtBopi dpanyssKoro ¢isuka Ppancya Aparo «I'pim i 6amMcKaBKa» HaBO-
IUThCA 0araTo BUMNAJKIB IlepeMarHivyBaHHS KOMIIACHOI CTPiJIKM, HaMarHiuyBaH-
Hs CTaJIEBUX IIPEAMETiB Iif micro OircKaBKU. 1K MOXKHA IMOSICHUTH IIi ABUIA?

Bionosiov: 6irckaBka — icKkpoBuii pospsazn. HaBkoso Hel BUHUKAE CUJIbHE MAar-
HiTHe moJe, AKe i€ Ha CTaJieBi mMpeaMeTH, HaMarHiuylouu i mepeMartsiuyoun ix.

2. IMosacHiTh pedyabraTu Aocainy (Maj. 44).

Bionosiov: Koau eJeKTpUUYHEe KOJIO He 3aMKHYTe, yCi MarHiTHi cTpiiku pos-
MimyioTbcsad B HAOpAMi HiBHiu—miBAeHb. SIKIITO KOJIO 3aMKHYTH HaBKOJIO IIPO-
BiIHMKA 31 CTPyMOM, TO BUHMKAE MAarHiTHe II0Jie, KOTYIIIKAa CTae MaruiTom, i
TOMY Mar"iTHi CTPiJIKM B3a€EMOJiIOTH 3 HEIO.

“ < %

———-—-'—-_-.

—r
Man. 44

3. Pamka 3i crpymMoMm poamilieHa MixK IoJOcaMHM IIiJKOBOIIOAiOHOI'O Mar-
HITY Tak, mro ii mjaommHa IepHeHAUKYJIApPHA OO JiHiA Mar"iTHoro moJad. Ym
OBEPTATUMEThCS pamMKa?

Bionosiov: i, TOMYy 1110 B ITbOMY Pa3i B paMKH BiZIcyTHili 06epTaIbHUM MOMEHT.
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PiBens A

16. YoMy BiAIITOBXYIOTHCA MATHITH, 300paKeHi
Ha MaJoOHKY 457

17. dx wamnpocrtinre i HaWIMBUAINE PO3AiIUTH
YOpHi ¥ KOJIBbOPOBI MeTasu B MeTaJI00pyxTi?

18. Yu npuTsarge eJIeKTPOMATHITHUH KpPaH 3aKpu-
Ty UHKOBY KOPOOKY 3i CTaJIeBUMHU I[BAXAMH, IIITNIb-
Kamu abo mypymamu?

19. ITorik 3epHa, AKe HAAXOAUTL Ha KaMeHi MJH-

Man. 45 Ha, IIPOIYCKAIOTh CHOUATKY MisK IIOJIOCAMU CHUJIb-
HOro eJeKTpoMaruity. Hasimmo 1e pooaaTs?

20. A mpocTo i MIBUAKO PO3COPTYBATH I YKJACTH JATYHHI HBAXM, MimHi
IIyPYIH, CTAJEBl IIMNIBKA B 3aBOACHKUX YMOBax?

21. o BigOyBaTMMETbCS 3 PAMKOIO, AKIIO IO Hiii Gye MPOXOAUTU eJeK-
TpuuHUM cTpyM™m (Mas. 46)?

Man. 46 Man. 47

22. Ha mamoHKy 47 mogaHo cxeMy OyZoBU rajbBaHoMeTrpa. IKa OymoBa mpu-
gany i sk Bim gmie? Yomy HyJIbOBA IIOAiJIKA PO3MIiIlleHA IIOCEPEIMHI ITKam?
VY axuii 6iK BiAXUJINTHCA CTPiJKa HPU BKA3AHOMY HAIIPAMKY CTPyMy?

Man. 49
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23. Kinni gporsauoi pamKu (MaJj. 48), AKa posMilleHa MiK MoJilocaMH Mar-
HiTY, 3’egqHaHO 3 HamiBKijgbiaMEu A i B, 10 AKKUX IiABOAUTHCA CTPYM Bif IKe-
pena cTpymy uepes3 HiiTku k i m. Aruii Oyme HampAMOK CTPYMY V BUTKY B
MOMEHT 3aMUKAaHHA Kojia? ¥ SKOMY HAOPAMKY 00epTaTUMeThCsA paMKa?

24. Ha mamioHKy 49 300pasKkeHO PO3pi3 eJIeKTPOABUTYHA IIOCTilHOTO CTPyMY.
fxoro mudpoo mMo3HaUeHO KOJIEKTOP; eJeKTPOMArHiTH; IIiTKu?

25. Ha marouaky 50 300pa’keHO po3pi3 eIeKTPOABUTYHA, IO OOMOTIII SKOI'0
MPOXOAUTH CTPYM. ¥ AKOMY HAIIPAMKY 00epTaeThbCsA POTOP (AKip): 3a TOOUHHU-
KOBOIO CTPiJIKOIO UM HPOTHU HEi?

26. fIxka 6ymoBa esmexkTpoaBuryHa (maji. 51)? BusHauTe mojmocu eJeKTpoMar-
HiTY i HampAMOK obGepTaHHS poTopa (AKOp:).

Man. 51

Pisens b

27. YoMy [0 OAHi€l KOTYHIKHU IIPUTATCYEThCA OiJibllle I[BAXiB, HiMK A0 iHIIOI
(mama. 52)?

28. Yomy pouingbHilIe KOPHUCTYBATHUCHA IIiSKOBOIOLIOHMMM, HisK IPAMUMU
eJeKTpoMaruiramu?

29. Ha magoHKY 53 300pakeHo IEepIli eJeKTPOMAartHiTu, siKi BUTOTOBUB
auraificekuii mexamik Crepmxken. AKuili HAIPIMOK CTPYMYy B OOMOTKAX ITUX
ejqeKkTpoMartitTie? Yu MoKHA OTPUMATH Ha KiHIAX HiJKOBOIOAIOHOIO MArHiTy
onHakoBi mosrocu? Yomy?

Man. 52
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30. Ha maaoHKyY 54 300paskeHO CY4YaCHUH IOTYKHUM eJeKTPOMArHiTHUNA
KpaH. 3 SKUX OCHOBHUX eJieMeHTiB BiH mobOymoBaumii? fIke iioro mpusHa-
yeHHA?

31. ITix yac pobOTH eJEeKTPOMArHITHOIO HiZIOMHOI'0 KpaHAa YacTHHA BaH-
Ta)Ky He BiflipBajiacs BiJ IOJIOCIiB eJIeKTPOMAarHiTy, KOJM BUMKHYJHU CTPYM.
KpaHiBHUK OpOnycTUB KPidh 0OMOTKY CJIA0OKHUI CTPYM HPOTUJIEIKHOTO HAIIPAM-
Ky, i BauTa:k Bigmas. IlosicHiTHL yomy.

32. Yu morkHa 3a JOIOMOTOI0 eJIEKTPOMATHITHOrO KpaHa IigHiMaru i mepe-
HOCHUTHU PO3KapeHi IIMaTKu cTaJi?

33. Ha manroHKy 55 HaBeJeHO BUMipIOBaJbHUM IIPUCTPil aMmepMeTpa Mar-
HiToesekTpuuHOi cucTeMu. Ha3BiTh OCHOBHI YacTHMHHN aMIlepMeTpa i MOACHITH,
AK BiH nmie.

34. Ha masmonky 56 300paskeHO pospi3 poropa (AKOops) eJeKTPOABUTYHA,
AKUM poaMilieHo MixKk moarocamMu MaruiTy. Potop (AKip) obepraeThcss B Ha-
OPAMKY, IIOKa3aHOMY CTpiiKamMu. KMl HampaMOK Ma€ CTPYyM B OOMOTIII y
mpaBiii i JgiBift mosioBuHAX poropa (AKops)?

35. IMoscHiTh, OymOBY enexTpoaBuryHa (mas. 57). fAx 3’eguani mik coboio
obMoTKH cratopa (iHgyxTopa) i poropa (Axops)?

Man. 55 Man. 56 Man. 57

§ 7. ABULLE ENEKTPOMAIHITHOI IHOYKUII.
agocnian ®APALOEA.
IHOYKUIMHUIA ENEKTPUYHUNA CTPYM

BI/I B)Ke 3HAETe, M0 €JeKTPUUYHE II0JIe BUHUKAE HABKOJIO €JIEKTPUUYHUX
3apAniB, a MarHiTHe — HaBKOJIO IOCTiAHMX MATHITIB i HOCTiAHUX eJeKTpuU-
HUX CTPYyMiB, AKi mpoxomATh HepyxoMuMu nposBigamkamu. OgHak Iikasi-
UMY BUSBUJINCSA HOCHiIIKEHHA ABUII B €JeKTPUUYHUX i MATHITHUX HOJAX,
10 3MiHIOIOThCA i3 wacoM. Boumm posmouanaumca micas toro, ak y 1820 p.
Epcren BigKpuB ABUINA BUHUKHEHHA MAaTHITHOTO II0JA HABKOJIO IPOBifHMKA
3i cTpymom.

SIKIO eJIeKTPUYHUI CTPYM CTBOPIOE MarHiTHE TOJie, TO JIOTIYHO IIPUITYCTHU-
TH iCHYBaHHSI 00€PHEHOT'0 ABUINA: BUHUKHEHHS eJIEKTPUYHOTO CTPYMY B IIPO-
BIZHMKY IIiJ yac BMillleHHS Horo B MarHiTHe moJie. YucjaeHHi cipoOu BUSABHU-
TU TaKe ABUINE HE JaJIM OUiKYyBaHUX PE3YJbTaTiB. Y HEPYXOMUX 3aMKHYTUX

32

[paBo ans 6e3onnaTHOro po3MilLeHHs nigpyyHmKa B mepexi I[HTepHeT mae
MiHicTepcTBO ocBiTYM i Hayku YkpaiHu http://mon.gov.ua/ Ta [HCTUTYT MogepHi3aLii 3micTy ocBiTu https://imzo.gov.ua



MATHITHI ABHIITA

OPOBiJHUKAX, YMIIlIEHNX Yy HAWCUJBHIIII Ha TOW Yac MAarHiTHI mojd, eJiek-
TPUUYHUMN CTPYM He BUHUKAB.

Y 1831 p. BumarHuii aHrIifickkuil ¢isuxk Maiika dapanmeil eKcriepruMeH-
TAJbHO BiIKPUB ABUINE e€JeKTPOMAaTrHITHOI iHAYKIII, IO CcTajJ0 IiAI'PYHTIM
CTBOPEHHsA BCiel CydacHOI eJeKTpOTexHiku i pagiorexmikm. Moro He MoxxHa
Oysi0 mepen0aunTy Ha OCHOBiI BCiX TOro4acHWX BifjoMOCTell PO MAarHiTHi ImoJisa
1 emeKTpuuHi cTpyMu. 3’sacyBaJiocs, M0 eJeKTPUYHUH CTPYM yce-TaKu BUHU-
Kae B HEPYXOMOMY 3aMKHYTOMY IIPOBiIHWKY, BMiIlleHOMY B MAarHiTHe THOJe,
ONHAK JIMIIIE TOAi, KOJU IIe MarHiTHe II0Jie 3MiHIOEThCS.

Hocaimu Papanmes, sSKi IpuBeIM OO0 BiIKPUTTA ABUINA eJeKTPOMATHITHOI
iHOYKIIii, TOCUTH IIPOCTi, iX JIETKO BiITBOPUTH B YMOBAX IIKOJIU.

Hocaig 1. IlpuenmaeMo g0 rajbBaHOMETpPa OOBTUM THYYKUH HPOBiIAHUK i
moMicTuMO HOro MiK moJsrrocamMmu Maruity (maJ. 58). Ko mpoBigHMK i Mar-
HIT HepyxoMmi, TO CTPpyMy B IIPOBiIHUKY Hemae. TiJIbKH-HO IIOUYHEMO PyXaTHu
IPOBiJHUK, rajJbBaHOMETP oApasy @QiKkcyBaTuMe y IIPOBIIHUKY HASABHICTH
CTPYyMY.

SArmo mig yac pyxy IPOBiZHMKA B OJHOMY HAIIPAMKY CTpPiJiKa raJibBaHO-
MeTpa BiIXMJIAEThCA, HAIPUKJAL, IPABOPYY, TO Hi yac PyXy Yy 3BOPOTHOMY
HaAIIPAMKY CTPiJIKa BiAXMIATHMETHCS JIBOPyY, IO CBiAYUTH HPO 3MiHY Ha-
OPAMKY CTPYMY B IIPOBiAHUKY.

CTpyM y TIPOBIZHMKY BMHUKAE i TOAi, KOJU MU IIEPEMiIllyeMO MarHiT Bin-
HOCHO IIPOBiTHUKA.

Man. 58 Man. 59

Hocaig 2. IIpuegHaemMo g0 rajbBaHOMeTpa KOTYIIKY. Kosu Bcepenuuy iiel
KOTYIIKY OyZeMo BBOAUTH ab0 BUTATYyBaTu 3 Hel MarHir (MaJua. 59), To rajbBa-
HOMETD TaKo:K (hiKcyBaTMMe BUHUKHEHHS €JIEKTPUYHOT'O CTPYMYy B Koui. I 1eit
CTPYM BUHUKAE JIUIIE MiJ 4ac PyXy MarHITy BiTHOCHO KOTYIIIKH.

Hocaig 3. 3akpinumo ImTaboBuii Martit y mraTtubi i OygemMo HamiBaTu KO-
TYIIKY, IPUEIHAHY A0 TaJibBAHOMETpPa, Ha Margit (MaJj. 60). ¥ KoTyIii 3HOBY
BUHUKATUME €JIEKTPUUYHUU CTPyM. Lleil cTpyM IIPOXOAUTH TiJIBKHU I Yac pyxXy
KOTYIIKY BiTHOCHO MATHITY i 3MiHIO€ CBiifi HANIPAMOK IIiJl Yac 3MiHU HAIIPSIM-
Ky PYXY KOTYIIIKH.
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Man. 60 Man. 61

Hocaix 4. 3aMKHEeMO KOTYIIKY 2 uepes3 rajbBaHOMETP i BCTABMMO BCEpenu-
HY Hel KOTYyHmIKy I, SKy MOKHA IPUETHATH N0 M:Kepesa cTpymy (maia. 61).
Y MOMEHT 3aMMKAaHHS KOJa KOTYIIKK I CTpijlKa rajbBaHOMETpa BiAXUJINTHCSI,
TO6TO Wi yac 3MiHM (BUHUKHEHHS) MarHiTHOTO TOJS KOTYIIKKU I KOTYIIIKOI 2
OPOXOOUB eJEeKTpuUHuil cTpyM. OZHAK IIicJd BCTAHOBJEHHS B KOTYyIIIi I
CTPYMYy MAarHiTHe IIoJie IepecTae 3MiHIOBATHCS, CTPYM Y KOTYIIIi 2 3HUKAE —
CTpPiJiKa ra;ibBAHOMETPA BCTAHOBJIOETLCS HA HY.JII.

PozimKkHEMO KO0 KOTYIIKMW. 3i SHUKHEHHAM Yy Hifl CTpyMy, a pa3oM 3 HUM
i fioro MartfiTHOrO MOJIf, CTPLIKa TaJbBaHOMETPA BIAXUJINUTHCA B IIPOTUJICKHUIN
6ik. Ile ozHauae, 1110 B KOTYIIII 2 BUHUKAE €JEKTPUYHUN CTPYM, HATIPAMOK SKO-
IO IPOTUJIC:KHUI IO TOrO, IO IIPOXOAMB MiJ Uac 3aMUKaHHS KOTYIIKU 1. Y 1mux
JocJigax Iijf yac 3aMUKaHHS KoJia KOTYIIKKM | BUHMKAEe MarHiTHe IoJe, a I yac
POSMUKAHHSA — 3HUKAE. YHACILIOK TaAKNX 3MiH MATHITHOIO IIOJISI B KOTYIIIIi BIHI-
Kae 3MIHHUHA CTPYM, AKUHA HA3WBAIOTHh IHAYKIIMHUM. Y KO0JIO KOTYIIKKM I MOKHA
BBIMKHYTH PeoCTaT i HUM 3MiHIOBATH CHJY CTPYMY B Koii. JIerKo mepekoHaTucsd,
110 HifJ Jac 30iJIBIIEHHA CHUJIM CTPYMY B KOJi KOTYIIKK I y KOTYIII[i 2 BUHUKAE
IHOYKITIAHUHA CTPYM OJHOTO HAIIPAMKY, a IIiJ Yac 3MEHIIIeHHS — CTPYM IIPOTHJIEK-
HOTO HANPAMKY. YHACJIOK 3MiHM CHUJIM CTPYMY B KOTyHINi I 3MiHIOEThCA i Mar-
HiTHe IIoJIe CTPYMY, IIPXA IIBOMY B KOTYIHIIi 2 BUHNKAE IHAYKIINHANA CTPYM.

SIBuIle BUHNKHEHHS €JEKTPUYHOTO CTPyMy B 3aMKHYTOMY KOHTYpi, AKUil
a00 HepyXOMHII y 3MiHHOMY MAarHiTHOMY II0Ji, a00 mepeMilIyeThCcsa B IIO-
CTiMHOMY MATHITHOMY IOJIi TaK, IO KiJdbKicTh JIiHiM Mar"HiTHOI iHIYKIIii,
AKi mepeTHHAIOTH ILIOILY, OOMeE:KeHy KOHTYPOM, 3MiHIOEThCS, Ha3HMBAIOTh
eleKxmpomaziHimHuolo indyKyiero.

IHayKniiiHui CTPYyM — €JEeKTPUYHUI CTPYM, II0 BHHUKAE y HPOBiTHOMY
KOHTYPi Ipu 3MiHi iHAYKIil MarHiTHOTrO mMOJIA Yyepes el KOHTYP YHACIiTOK
ABUINA €JIEKTPOMATHITHOI iHOYKITii.

3 HaBeJeHUX NPUKJIALIB BUIIJINBAE, 10 iHAYKIIAHNN eJIEKTPUUHUNA CTPYM
BUHHMKAaE IIiJ yac 3MiH y IpocTtopi abo B uaci iHTeHCHBHOCTI MarHiTHOIO
moJisA, JIiHil SKOT0 OXOILIIOIOTH HPOBIAHUK 3aMKHYTOTO KOHTYDPY. BuBuawmoum

34

[MpaBo ans 6e3onnatHOro po3milleHHs NigpyYHMKa B Mepexi [HTepHeT mae
MiHicTepcTBO ocBiTYM i Hayku YkpaiHu http://mon.gov.ua/ Ta [HCTUTYT MogepHi3aLii 3micTy ocBiTu https://imzo.gov.ua



MATHITHI ABHIITA

BJIACTHUBOCTI €JIEKTPOMATHITiB, MU Ai3HAJMWCS, M0 iHTEeHCUBHICTHL MATHITHOTO
IOJIA KOTYIIKM 31 CTPYMOM MOJKHA 3MiHIOBATH, PETYJIIOI0UYM B Hill CHUJIY CTPY-
my. Baummo, 1o Taki smMinm MOMKHA 3ilicHUTH B pisHMi crocio.

Mwu smHaemo, 10 rpagivHo Mar"iTHe IoJie 300pa’kalTh 3a JOIIOMOIOIO
Mar"HiTHUX JiHi#l. BuaBaserbcsa, 110 B MicHAX TOJs, Je MOTro iHTeHCUBHICTD
MeHIIIa, JiHil IpoXogATh piAlle, a e iHTeHCHUBHIicThL OijbIa, TaM JiHiI pos-
mimytorsea rycrimre. [Tons 3i sSMiHHMMHM T'yCcTOTOIO i HATPAMKOM JiHiN Ha-
3WBAIOTh HEOTHOPiMHMMMU. SIKIMO rycTroTa i HAIPAMOK JIiHi# craJji, ToOTO
Mar"itHi Jigii mapasienabHi, a BiAcTaHb MiK CyciZHIMU JIiHiSMH OmZHaKOBA,
TO TaKe I0Jie HA3WBAIOTH OGHOPiAHUM. [0 omHOPiAHMX HAOIMIKAIOTHCA Mar-
HiTHi mosA BcepeAuWHi JOBTOi KOTYIIKH 31 cTpyMoM a6o y mpocTopi Mixk Imim-
POKMMM IIOJIFOCAMHU IIOCTiAHMX MAaTHITiB.

BusBuiocs, 1o B 3aMKHYTOMY IPOBiTHOMY KOHTYPi iHAYKIiMHUHA CTPyM
BMHHMKAE TiJIBKM Wi 4ac 3MiHM I'yCTOTM MATHITHHX JiHi#, II0 MPOHU3YIOTH
el KoHTyp. [Ipu nmpoMy 1o Gijplia MBUAKICTh 3MiHM Mar"HiTHOTO MOJsS, TO
O0inpmie 3HayeHHA iHAyKHiiiHOTO cTpymy. IIposin-
HUK, pPyXawuyuch, Mae OOOB’A3KOBO IIePeTUHATU
MarHiTHI gimii. AKITO OPOBIiZHUMK KOHTYPY pyxXa-
€ThCSA B3[0BXK MAarHITHUX JiHil a00 KOTYIIIKA pyXxa-
€ThCA TOCTYHAJBbHO B OMHOPiTHOMY MATHITHOMY
OoJIi, TO IHAYKIiAHUNA CTPYM He BUHUKAE.

Iagykiifiauit cTpyMm, IO BHUHUKAE y MOIPOBiA-
HUKY, MOXe wMaru pisHi Hampamigm. Hociaigm i
CIIOCTEPEIKEHHA MOKAa3yI0Th, M0 HAIPSAMOK iHIYK-
IMiffHOTO CTPYMy B IIPOBIAHUKY, IO PYXa€ThCSI B
MAar"giTHOMY IIOJIi, 3aJIeKUTh BiJi HAUPAMKY JiHik
MAaTrHITHOIO MOJA i HAUPAMKY PyXy IIPOBiIHUKA.

Ha mpakTumni HanmpaMok iHAYKIIHHOTO CTPyMYy
B PYXOMOMY IIPOBiIHMKY BM3HAUYAIOTh 32 MPABHJIOM
npagoi pykn (Maj. 62). Man. 62

SAKII0 7010HI0 MPAaBOI PYKU PO3MICTHTH TaK, 00 y Hei BXOMMJIU JiHil Mar-
HITHOTO MOJIsI, & BiABeIeHNH IIiJi MPAMHNM KyTOM BeJIMKMH IaJiellb yKa3yBaB
HANPAMOK PyXy IIPOBiTHMKA, TO BUIPIAMJIEHI YOTHMPH IAJbI[i BH3HAYATH
HaNPAMOK iHIYKIIHHOTO CTPYMY B IIPOBiTHUKY.

() 3ANMUTAHHA 0O BUBYEHOIO

1. HaBegiTb npuknagm, Konv B 3aMKHEHOMY MPOBIAHUKY, KWW MICTUTBCH B MarHiT-
HOMY MNOfi, BUHWKAE iHOYKUINHWIA CTPYM.

2. Ulo BigbyBaTUMETbLCS, SKLLO B KOTYLLKY, 3'€QHaHy 3 rarlbBaHOMETPOM, BHOCUTM
BCepeanHy MarHiT abo BMUMaTK MOro 3 KOTYLLKN?

3. Wo BigbyBaTMMeThCA 3i CTPINKO rarbBaHOMETpa, 3'€4HAHOro 3 NPOBIOHNKOM,
AKLO NPOBIOHWK HEPYXOMUIA ab0 pyxaeTbCs Tak, WO HE NEePETUHAE CUNOBUX
NiHiA MarHiTHOro nonsa?

. HasBitb ymM0oBM, 3a Skux cuna cTpymy B 3aMKHEHOMY MPOBIAHUKY 30iNbLUYyETHCS.

. Lo Take aBMLLE €neKTPOMarHiTHOI iHayKLii? XTo 1Aoro Bigkpme?

. Big yoro 3anexuTb HanpAMOK iHAYKUINHOro CTPyMy B MPOBIAHMKY, WO PyXa€Tb-
Cs1 B MarHiTHomMy noni?

[ S I
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0 Nab6opaTopHa po6oTa Ne 2

CoocrepeskeHHA ABUIIA
€JIEKTPOMATHITHOI iHIYKIIil

Meta po6OTH: HOCTiAUTH ABUIIE eJeKTPOMAarHiTHOI iHAYKITii.

IIpunamu i maTepiaau: 1Kepesio CTPyMY, KJIOU, 3’€THYBaJbHI ITPOBOAM, PEO-
CcTaT, raJbBaHOMETD, KOTYIIKA Bix Tpamcdopmaropa, IITaO00OBI MarHiTH, eJjieK-
TPOMAaTrHIiT.

Xig poborm

151 BUKOHAHHA POOOTH YBasKHO PO3MVISHbTE MaoHKU 59—61 (muB. c. 33—34).

Io rajpBaHOMeTpA Mif€qHANTE KOTYIIKY, V AKY MOK€ BiJILHO BXOAUTH MATHIT.

1. IlepeBipTe, Kogu B IIifi KOTYIIII BUHMKAE IHAYKIIHHUN eIeKTPUUYHUI
cTpyM. 3po0iTh BUCHOBKMU.

2. 3aMicTh OZHOI'0O MArHiTy CKOpHCTAMTECs JBOMA CKJIAJEHMMU Mar”HiTaMmu,
ajie MIBUAKICTH iX pyxy He 3MmiHIolTe. SIK Ile mMo3HAUMJIOCA Ha CUJi IHAYKILiii-
HOTO CTPyMYy?

3. CkopucraiiTech OTHUM MarHiTOM, aje pyXaiTe Horo 3 GibIIo0 ab0 MEHIIIO0
mBuaKicTio. Crocrepirafite 3a CHJIOI iHAYKI[IHHOrO cTpyMy. 3p0o0iTh BUCHOBKH.

4. Yz MoKHaA 3po0OMTH 3arajJbHUHII BHCHOBOK IIPO SKiCHe IiATBEpAKeHHS
3aKOHY eJeKTpoMartiruoi iHAYKIii? 3pobiTh 11eii BICHOBOK.

5. OnyckaiiTe a00 BUTATyHTe €JEKTPOMATrHIT 3 KOTYIIKH, SKa 3’€IHAHA 3
raJibBaHOMETPOM.

6. 3aaIUIIUBINKN €JeKTPOMATHIT y KOTYINIi, 30ijablnyliTe abo 3MEHIIyHTe
CHJIy CTPYMY B HbOMY 3a IOIOMOI'0OI0 PeocTara.

7. 3pobiTh BHCHOBKM, KOJIA B IIUX JOCJHiJaX BUHUKAE iIHAYKI[IMHUN CTPYM.

Jdasa monuTanBux

3’enmailiTe KJIEMH IBOX AEeMOHCTPAI[ifHMX TraJbBAHOMETPiB IPOBOIA-
MM, a IIOTiM, IMOXUTYIOUN OAWH 3 HHX, BU IIOMiTHTE, IO y APYyroMy

npujagi CTpiiKa KoamBaeThbeA. IosgcHITEL pesyabTaTi JOCTiay.

§ 8. TEHEPATOPU IHOYKUIMHOIO CTPYMY.
NMPOMMUCIOBI IXXEPEJIA ENIEKTPUYHOI EHEPTIT

FeHepaTopaMH eJIeKTPUYHOI eHeprii (Mayi. 63, a) HA3WBAIOTL €JIEKTPUUHI Ma-
IINHU, 110 IePEeTBOPIOIOTh MEeXaHIUHY €Hepriio B eJeKTpuuHy. Po3pisHAIOTH re-
HepaTopu IIoCTifiHOro i 3MiHHOTO cTpymy. lleprmrii mpusHaUeHO OJIA KUBJIECHHA
CTIOKMBAYiB €JEKTPUYHOI eHeprii MOCTiHHUM CTPyMOM, a APYTi — 3MiHHUM.

T'enepaTopu mOCTiHHOTO CTPYMY IIMPOKO 3aCTOCOBYIOTHCA B CyUacHill eJiek-
TporexHimi. Hampukiaanm, y TexHiNi BeJMKUX CTPYMiB reHepaToOpU IIOCTifiHOTO
CTPYMY BUKOPHCTOBYIOTHCS B TPaMBasaX, HA €JeKTPUUHUX 3AJIBHUIAX i B iH-
MINX CHEeIiaJIbHUX eJeKTPOTEXHIUYHMX YCTAHOBKAaX, A€ 3MiHHUI CTPYM BUKO-
PUCTOBYBATHU HE MOXKHA.
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Man. 63

T'enepaTop 3MiHHOTO CTPyMy — eJeKTpPUYHA MAaIlMHA, y SAKiA MexaHiuHaA
€HEepTia IEepeTBOPIOETHCA B €JEKTPUYHY 3a JOIOMOIOI0 SBUINA eJIeKTpoMar-
HiTHOI iHAYKIii. BingbimicTs reHepaTopiB 3MiHHOTO CTPYMY BUKOPUCTOBYIOTH
0o0epToBe MarHiTHe II0JIe.

Texmiunmii iHAYKIiliHUI reHepaTop Ma€ Taky OymoBYy.

SKm10 BUTOK pospiskemo i KiHIli fioro 3’egHaeMoO 3 KiHIAMN 30BHIITHBOTO
KOJIa 3a JOIIOMOI'0IO0 JIBOX i30/IbOBAHUX OLHE Bil OZHOIO Kijenb, AKMMU KOB3a-
IOTh MIITKYW 30BHINIHBOrO KoJja (Maji. 63, 0), TO OTPUMAEMO CXEMY HAUITPOCTi-
III0T'0 TeHeparopa.

Ha mamionky 64 300paskeHO HAMIIPOCTIIy
cXeMy TeHepaTopa 3MIiHHOTO CcTpyMy. $IKIIO
KOJI0O 3aMKHYTH, TO B HBOMY HPOXOIUTUME
3MiHHUN iHAYKIIWHUN cTpyMm. I3 30BHIMIHIM
KOJIOM paMKa 3’€MHYETbCA KiJbIAMM, 3aKpill-
JICHMMH Ha OJHill oci 3 paMKoo0. 3a oguH 00epT
PaMKM IIOJAPHICTh IIITOK 3MiHIOETHCA ABiUi.
IITo6 s6inmbpmiuTU HANPYTY, AKY 3HiMaiOTh 3
KJIEM TeHepaTopa, Ha paMK{ HaMOTYIOTh He Marn. 64
oouWH, a 6araTo BUTKiB. Y BCiX IPOMHCIOBUX
reHepaTopax 3MiHHOT'O CTPYMY BUTKH, V SAKHX iHIYKYETHCA 3MiHHUH CTPYM,
YCTaHOBJIIOIOTh HEPYXOMO, a MaTHiTHa cucreMa obepraerbecad. Hepyxomy yacTumy
reHepaTopa Ha3WBAIOTh CTATOPOM, a PyXoMy — poropom. SIKITo poTtop obGepraTu
3a JIOIIOMOI'0I0 30BHIIITHBOI CHJIM, TO Pa30M 3 POTOPOM O0epTaTuMeThCA i MarHiTHe
moJie, IKe BiH CTBOPIOE, IPU IILOMY B IIPOBIAHUKAX CTATOpPA iHAYKYETHCA CTPYM.
EmexkTporeneparopu, AKi mpalfiooTh 3 TiapoTypOiHaMI, Ha3WMBAIOTh I'ilporeHepa-
TOpaMH, a Ti, I1I0 MPAITIOIOTh 3 TIAPOBUMHU TypOiHaMu, — TypOoreHepaTopamu.

SIK eHeproHocii JIOACTBO BUKOPUCTOBYBAJIO CUJY M’s3iB, JepeBUHY, PYIIIiii-
HY cujJy Boau, eHeprito CoHIIA ToIro. ¥ HAII Yac OCHOBHMMM! €HEProHOCiaMU
cTayju ByIJieBoAu i crmoayku (Hadra, ras, BYTiJIA) Ta AmepHe HaauBo. Sk
aJbTEPHATUBHI eHeprojkepesa MaliOyTHHOI'O PO3MIAAAEThCA eHepria CoHIlsd,
reorepMmiuHa eHepria 3emJi, BoJgeHb, TepMOsAePHA eHeprisd.

IcTroTHMX B3MiH CTPYKTypa DaJUBHO-eHEPreTHYHOro OajlaHCy CBiTOBOTO
TOCIIOZapCTBA 3a3HAJIa BIPOJIOBYK OCTAHHIX CTa POKiB.

dAxmo B mepmriit mosoBuHi XX cT. B eHeprobajiaHCi cBiTOBOro rocmomap-
CTBa IIePeBa’KaJI0 BYTiJJA i MaJuW BaKJuBe 3HAUEHHS IPOBa, TO B OCTaHHi
IeCATUJIITTA IIPOBiIAHY POJb BimirpaioTs madra i ras. Kinzbka mecaruaits Ha
iX wacTKy mpuiazajgo 3/5 o0cAry eHeprocmosKMBaHHSA. 3a IIPpOrLosamu ¢a-
xiBmiB Ha mouaTKy XXI cT. iX yacTKa 3HHU3UTHCS, BOAHOUAC 30eperke 3HA-
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YeHHS CIIOKMBAHHSA BYTiJJjadA i merio 36iJbIIUTHCA POJIb AMEPHOI eHepPreTUKMU
i HeTpamumiiuux (aJIbTEePHATUBHUX) MKepes eHeprii.

PiBeHb PO3BUTKY €JIEKTPOEHEPTETUKN — OAWH 3 HANBAKJIWBIIINX ITOKA3HU-
KiB HayKOBO-TexHiuHOro mporpecy. O6caru BUPOOHUIITBA eJeKTpoeHeprii ta ii
BUPOOHUIITBO Ha AYIINY HaceJIeHHSA OIOCEPEeIKOBAaHO BU3HAYAIOTH €KOHOMIiUHMI
HOTeHIliaJ Ta eKOHOMIUHUM piBeHb POSBUTKY KpaiHU.

IToupu rimpoeneprermutie OyaiBHUIITBO (MaJj. 65), I1I0 TpUBaE B yCbOMY CBiTi,
poaib 'EC B eHepromocrayasHi mocTiizo aMeHIIyeTbeA. 1le MosiCHIOEThCA BUIMIUMU
remnamu crmopymkenHs TEC (mas. 66), 1110 mpaiffooTh Ha MiHepaJbHOMY TaJUBi.

3a BHPOOHHUIITBOM eJIEKTPOEHEPrii y cBiTi mepes Beme TelioeHepreTukra. Tem-
JIOEJIEKTPOCTAHIIIT, ITT0 ITPAIIOIOTh HA PiISHUX BUAAX HAJIMBA, PO3MIIITYIOThCS CIIEIIU-
¢iuno. ¥V KpaiHax, AKi MalOTh BEJUKi Po3pOOKMU BYTLJLIsA, IOTYKHI KOHIEHCAITiHHL
€JIEKTPOCTAHIIi1, 1110 I0T0 BUKOPUCTOBYIOTH, IIPUB’SI3aHO caMe JI0 IIUX PO3POOOK.

AToMHa eHepreTHKAa cTajla OKPeMOoI0 raJyy3s3io micuas Ipyroi cBiToBoi BiiiHU.
Ha crorogni BoHa Bimirpae BasKJIMBY POJIbL B €JIEKTPOEHEPreTUIll 0ararbox Kpa-
i csiry. Atromui esexTpocraniii (AEC) BUKOPUCTOBYIOTH TpaHCIOpPTAOeIbHE
MaJIMBO — yPaH, IX PO3MIIIyIOTh HE3aJEeKHO BiJi TaJMBHO-EHEPTEeTUYHOTO (haK-
TOPY Ta OPi€EHTYIOTH HA CIIOKMBAYiB y paliOHAX 3 HAIPYIKEHUM ITaJINBHO-EHED-
reTuyHuM OasaucoMm (MaJ. 67).

Birposi enxekrpocraniii (BEC) BUKOPUCTOBYIOTH €HEPTii0 BiTPY, AKOIO 3milic-
HIOETBCA 00epTaHHA POTOPiB reHepaTopiB (Maj. 68).

e "

Man. 67 Man. 68

Temioenexktpocraniiii (I'esioEC) marorh 3mory 6esmocepenHbO IIEPEeTBOPIOBA-
T eHeprio COHIISI B eJIeKTPUUYHY eHepriio (MaJj. 69).
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Teorepmanbui emekTpocrtaniiii (reoTEC) mepeTBOPOIOTH TEIJIOBY €HEpTiio
3emui B enekTpuuny (MaJj. 70).

Man. 69 Man. 70

3AOAYI TA BINPABU

Po3B’a3yemo pazom

SAKII0 posMicTUTH APOTAHNI NMPAMOKYTHUK y IJIOIMIMHI MarHiTHOTO MepHu-
miama i pyxaTu #oro B Iiii IJIOIMWHI, TO UM BUHUKATHME B HbOMY iHIAYKITili-
HUHA cTpym?

Bionosidv: Hi, TOMY II[0 CTOPOHM NPAMOKYTHHKA He IIEPeTHUHAITHL MarHiT-
HUX JiHi Mar"HiTHOTO I0JId 3eMJd.

PiBens A

36. 3aMKHYTe 3aJIi3He KiJblle PyXaeThbCAd B OTHOPIZHOMY MAarHITHOMY MIOJIi
nocTynagbHo. Uu BUHUKAE cTPyM y Kinbii? Yomy?

37. BusuHauTe HAIPAMOK iHAYKI[IMHOTO CTPyMY, SAKII[O BiZOMO po3MiIllieHHS
MOJIIOCIiB MAarHiTy i HaOpAMOK PyXy IpoBigHmKa (MaJj. 71).

38. Yu iHAYyKyBaTUMETHCA CTPYM, AKIIO IMPOBiJHUK PyXaTH, K IIOKAa3aHO
Ha MaJIOHKY 727

39. BusHauTre mosifocu MarHITYy Ha MAaJIOHKY 73, AKIIO BiJlOMO HAIPAMKU
PyXy OPOBiAHUKA ¥ iHAYKIIAHOTO CTPYMY B HBOMY.

i
-?ﬂ

Man. 71 Man. 72 Man. 73

Pisensr b

40. Pama aBTOMOOiJIA € 3aMKHYTHUM KOHTYypoM. Yu BUHMKATHUME B Hii iH-
IYKIiHHUN cTpyM mig uac pyxy Mmamuuau? MaruitTHe moJse 3emui mo6amsy il
TIOBEPXHI BBAXKATU OJHOPITHUM.
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41. ITposin, 3’egHaHuil i3 YyTINBAM raJIbBAHOMETPOM, PYXalOTh Y MArHiTHOMY
mouti 3emJti i3 daxomy Ha cxinx. SIK Tpeba po3aMicTUTU TPOBiJ — TOPUIOHTAIBLHO UM
BEPTUKAJBHO, 00 CTPiJiKa raJbBaHoOMeTpa Bimxwimiaacsa Ha Oimbmiuii KyT? Illo
3MIiHUTBCS B IIOKa3axX raJibBAHOMETPAa, SKIIO IIPOBij pyxarum 3i cxomy Ha saxin?
Yu iHAyKyBaTUMETbCSA CTPYM, AKIIO PyXaTH HPOBiJA 3 MiBHOUI Ha MiBAEHBH?

42. Hag KOTYIIIKOIO BUCUTh Ha MPYKUHI 3ajisuuii crepskens. [11o BigOyBaTu-
MeThCA 3 HUM, SIKIIO KOTYIIIKOIO IIPONYyCKATU MOCTiliHUM cTpyM? SMiHUTH Ha-
OIPAMOK CTPYMY B KOTYIIIi? 3SMiHIOBATH CHUJIY CTPYMY B KOTYIIIIIi?

ICTOPUYHA OOBIOKA

Mawkn ®apagen (1791-1867) — aHrnincbkMn Gisuk, YneH JIoHOoH-
CbKOro KOpOSiBCbKOro ToBapuctea. Hapoguecs B nepeamicti JloHOoHa
B CiM’i KoBansi. Yepes HecTaTku poAMHM HE MaB CUCTEMHOI ocBiTK. Cny-
xatoum nyb6niyHi  nekuii Femcppi [Oesi, nonpocuB y3ATM 1Oro
Ha poboTty B KoponiBcbkui iHCTUTYT. MMpautoBaB B iHCTUTYTI 3 1813 p.
Y 1825 p. ovonus nabopatopito B Koponiscbkomy iHCTUTYTI, 3 1827 p.
npautoBaB npocecopom kadeapu ximii.

BukoHaB dyHOaMeHTanbHi [OCMIMXKEHHS 3  eneKTpoMarHeTusmy.
MocTtaBuB cobi 3a METY «NEPETBOPUTU MAarHETN3M B €NEKTPUKY», TOBTO
OTpMMaTV enekTPUYHUI CTPyM 3 MarHiTHoro nong. Y 1831 p. Biakpus sBu-
Maiikn Gapageit L€ €NEKTPOMArHiTHOT iHAYKUi, 3A00YBLUM IHAYKLIAHWA CTPYM Y BTOPUHHIN

0BMOTLUI, 3aMMKao4uU i PO3MMKaKOYM CTPYM Y NEPBUHHIA OOMOTL.
dapagen getanbHO JOCNIAMB ABMLLA €NEKTPOMArHiTHOI iHAYKLUii i camoiHAayKLii, BUCHO-
BMB nepeabadeHHs, WO eneKkTpuYdHi 1 MarHiTHi il nepeaatoTbes Big Tina go Tina He 6e3no-
cepeaiHbo, a NePEHOCATLCA Yepes AieNneKTpudHe cepefoBuLLEe, PO3MILLIEHE MK HAMM.

Y 1833-1834 pp. ycTaHOBMB 3aKOHW eneKkTponidy 1 3anpoBagmB OCHOBHY TEPMiHOMNOTI0
LbOro fBuLLA. YBiB MOHATTA €NEeKTPUYHOTO i MarHiTHOro nons, copmyrnoBaB NOHATTSA NPO
eneKTPUYHI M MarHiTHI cnnosi niHii. MNicnga npaub ®apages martepito noyanu po3rnagaTn He
TiNbkn y dpopmi peyoBuHK, a 1 'y cdopmi nonda. Y 1843 p. ekcnepMMeHTanbHO OBIB 3aKOH
30epexeHHs enekTpuyHoro 3apsagy. 3pobus BigkputTs 3 gisukn marHetuamy (1845) i gii
MarHiTHOro nons Ha ceitno (1846).

? MEPEBIPTE CBOI 3HAHHSA
[— ]

- KonTpoasHi 3annTanaa

1. Yomy marHiTHi BMacTMBOCTI NOCTIMHMX MarHiTiB 3MEHLLYOTbCSl ab0 3HMKaloTb 30BCIM,
SIKLLIO BOHM 3a3HaKOTb MexaHi4yHux yaapis?

2. AK NOACHUTW, WO MArHiTHi NiHii NOCTINHOIO MarHiTy He NepeTUHaKTLCA?

3. Yomy marHiTHa cTpinka 6insa nposigHWKa 3i CTPyMOM NOBEPTAETLCS | 3MIHIOE CBil Ha-
NPsIMOK?

4. Ak AMnep NosicHIOBaB HamarHidyBaHHS 3anisa?

5. Yomy pocnig Epctega maB Take Benvke 3HaAYEHHSA AN NoganbLIoro po3BUTKY enek-
TpoaMHaMIKN?

6. Ak B3aeMogitoTb NapanenbHi NpoBigHWKK 3i CTPYMOM?

7. YoMy pe4yoBUHM, LLIO MICTATb 3ari30, CTanb, HiKemMb, YMILLEHi B MarHiTHe none, Hamar-
HiYyOTbCA?

8. £AK BUrOTOBUTM CUMBbHUIA ENEKTPOMArHIT, KO nepes KOHCTPYKTOPOM NOCTaBMneHo BU-
Mmory, Wwob cTpym B enekTpomMarHiti 6yB nopiBHAHO Manuin?
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MATHITHI ABHIITA

9. EnekTtpomarHitn, €Ki BMKOPUCTOBYIOTb Y MIANOMHOMY KpaHi, MalTb BennyesHy
NOTY>XHICTb. EnekTpomarHiti, 3a JONOMOrOK SiIKUX, Hanpuknag, BUAansoTb 3 o4en
3ani3Hi oWypKK, HaBnakn — ayxe cnabki. Akumn cnocobamu gocsraioTb Takoi Bif-
MiHHOCTI?

10. 3a gonomorolo sikoro NpUCTPOI MoXHa 6e3nepepBHO obepTaTh pamMKy 3i CTPYMOM Yy
MarHiTHoMy noni?

11. OnuwiTte 6ynoBy i poboTy enekTpoaBuryHa.

12. [loBrui i3onboBaHWiA OPIT CKNagalTb yABOE i HAMOTYOTb Ha KOTyLKy. KiHui gpoty
NPUELHYOTL A0 ranbBaHOMETpa. UM BMHUKHE CTPYM Y KOTYLUL MpW BBEOEHHI B HEi
wTaboBoro MarHiTy?

IITo s 3Har0 i BMit0 poOUTH
£ 3Halo, e BUKOPUCTOBYIOTb MarHiTHi matepianu.
1. Aki marHiTHi MaTepianyn BUKOPUCTOBYIOTb Yy NpeaMeTax, 300paKeHnX Ha MantoHKy 747

51 BMitO NOSICHIOBATU, SIK NPaLiolOTb €NeKTPUYHI npunaau i npucTpoi.
2. Ha mantoHKy 75 306parkeHo cxemy npunagy. Lo ue 3a npunag? MNosicHiTb, K BiH NpaLyoe.

Man. 74 Man. 75

3. HasBiTb, y SKMX NOOYTOBMUX NPUCTPOSIX BUKOPUCTOBYHOTLCS €NeKTpoaBuryHn. MosicHITb,
SIK BOHM NPaLoIoTh.

A 3Hato, K Npayloe BenocuneaHUn reHepaTop.
4. Ha3BiTb OCHOBHI YaCTUHM BENOCUNEOHOro reHepaTopa (QuHaMo-mMawmHu, abo anHa-
Mo) (Man. 76). MNosicHiTb, Sk BiH npautoe. [1ns 4oro BiH Npu3HayYeHnin?

Man. 76

5. Yowmy Big BenocunegHoro reHepaTtopa nae Tinbkyu O4MH NPOBIA A0 ENEKTPUYHUX namn
nepegHbOro Ta 3a4HbOro OCBITNEHHA?
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A1 Bmilo BUrotoBnATYM Npunagmn i BUKOHYBaTU €KCNepPUMEHT.

6. Aknin NpucTpii BUroTOBUB ydeHb (Man. 77)? 3a siKux ymoB
Len npucTpin giatume?

7. 0o ogHOro 3 MomnkCciB MarHiTy Hadinnsante ApiGHMX UBSAXIB Y
BUrMAAi ripnsHau. [NepesipTe, KM NOMCOM (OQHO- UM Pi3HONMEH-
HMM) Tpeba nepemiliaT 3Bepxy BHWU3 OPYrUA MarHiT, o0 uBsAxm
OOVH 3a O4HUM Bignaganu Big nepLioro MarHiTy. MNoscHiTL cnocTe-
pexxyBaHe siBuLLe.

8. Bunpobyite, Um NpuTArye 3anisHi oLypKK MarHiT yepes na-
nip, CKNo, Migb Ta iHLWi pe4OBUHM.

A 3Haw, AK BU3HaA4yalOTb MOJMOCU MarHiTiB Ta Nonocu
[Xepen XUBMEHHs, HaMarHiYeHiCTb pe4oBUH.

9. 3a gonomMoro komnaca BU3HaYTE MOMKOCU MarHiTy, 3arop-
HyTOro B nmanip.

10. Tpeba [o3apaanTN CBUHLEBI akyMynaTopu, ane He BUOHO

Man. 77 no3HayeHb MONtoCiB. AK BU3HAYUTU NOMSAPHICTb, SKLWO BU MaeTe

MarHiTHy cTpinky abo komnac, NpoBigHMKK | peocTaT?

11. Ak gisHaTUCH, 9KMA i3 OBOX CTaNEBUX CTEPXHIB HAMarHiuyeHnn?

A 3Halo, YoMy cneuianbHi HayKOBO-AOCHiIAHI CyAHa MaloThb crneundivyHy KOHCTPYKLtO.

12. YoMy HaykoBO-goOChigHI cygHa Ans BUBYEHHSA MarHiTHoro nonsa 3emni OyayoTe He
CcTaneBuMMW, a AepeB’SIHUMM i NS CKPINMEeHHs AeTanein BUKOPUCTOBYHOTb FBUHTU 3 BpOH3N,
naTtyHi Ta iHWKWX HemMarHiTHMX martepianis?

42

[MpaBo ans 6e3onnatHOro po3milleHHs NigpyYHMKa B Mepexi [HTepHeT mae
MiHicTepcTBO ocBiTYM i Hayku YkpaiHu http://mon.gov.ua/ Ta [HCTUTYT MogepHi3aLii 3micTy ocBiTu https://imzo.gov.ua



MATHITHI ABHIITA

S TECTOBI SABOJAHHA
I_$_I
- = BapianT 1

1. Y TexHiui BUKOPUCTOBYIOTb, 30KpPEMA, CTalb, YaBYH, Hikenb, kKobanksT. Aki 3 nepenivyeHnx
MeTaniB NpUTAryoTbLCA MarHitTamm?

A yaByH B koGanbt B Hikenb I ctanb I yci nepeniyeHi metanu
2. TligBiWleHnn Ha HUTLI MarHiT NOBEPTaETbCA B HAMPSAMKY NiBHiY—NiBAEHb. SKMM NonNocomM
MarHiT MOBEPHETBLCA A0 MIBHIYHOIO MarHiTHOro nontoca 3emni?

A NiBHIYHUM B niBOeHHMM B »oaHum

3. UWo Take marHiTHa aHoManisa?

A poamarHivyyBaHHs CTPIfikK1u KomMnaca BHaChIAOK CUNBbHOIO HarpiBaHHS

B nocrTinHe i 3HaYHe BiAXMNEHHS Big HOPMM HaNPSAMKY MarHiTHOro nons B AesiKMX MicLsix
4. HaBkono sikux 3apsifiB icHye MarHiTHe none?

A HaBKOMO HEPYXOMUX i PyXOMMUX ENEKTPUYHNX 3apsaaiB
B HaBKONO HepPyXOMMX eNEeKTPUYHUX 3apaais
B HaBKONO pyxomMux enekTpuyHuUX 3apsagis

5. bins nposigHuKa 3i CTPyMOM PO3MICTUNM MarHiTHy CTpinky. LLo 3 Heto cTaHeTbCs, SKLO
3MiHUTbCS HanNPsIMOK CTPYMY B NPOBIAHUKY?
A cTpinka nosepHeTbcs Ha 180° B crtpinka nosBepHeTbca Ha 90°
B cTtpinka noBepHeTbcs Ha 45° [ cTpinka 3anuwnTLECA HEPYXOMOLO
6. Ak 3MiHUTLCSA MarHiTHe norfe KOTYLUKM 3i CTPYMOM, SIKLIO B Hel, He 3MIHIOYN CTPYMY,
NOMICTUTK 3ani3He ocepan?
A nocunutbcs B nocnabutbces B He 3miHuTbCS
7. Bwu 3HaeTe, WO Ha NPOBIAHUK 3i CTPYMOM, PO3MILLEHUA MK NofntocamMu MarHiTy, gie cuna
i NPOBIAHWK pyXaeTbCs. Y SKUX MPUCTPOSX BUKOPUCTOBYIOTH Lie SBuLLe?
A B enekTpoaBuryHax
B B enekTpoHarpiBanbHUX npunagax
B B enekTpomMarHiTHMX KpaHax
8. LUo noTpibHO 3pobuTtK, W06 3MIHUTU MarHiTHI MOMKOCK KOTYLLKM 3i CTPYMOM Ha NPOTUNEXHI?
A 3MiHUTK HanNPAMOK CTpyMy B 3miHuTK cuny ctpymy
B yBecTn BcepeanHy KOTYLLUKW 3anisHe ocepad I BUIHATK 3ani3He ocepas
9. Aki NpMCTPOI 3aCTOCOBYIOTb AN PerynioBaHHA CTPYMY B KOTYLLL enekTpoMarHity?
A 3an006ikHUK B peoctat B kntoy

10. Lo € HaginHMM 3axucTomM niagvHu Ha 3emni Big, KOCMIYHOIO BUMPOMIHIOBAHHSA?

A 3emHa aTmocdepa B wmarHiTHe none 3emni
B 3emHa atmocdbepa i marHiTHe none 3emni

11. X710 nepwuii nobynyBaB enekTpoaBuryH?

A A. Amnep B [x. Dxoynb B K. T. Akob6i I E. X. NeHy,
12. Y aknx gxepenax enekTpoeHeprii BUKOPUCTOBYOTb eHeprito CoHua?
A akymynaTopax B Ttepmonapax B coHsauHunx Batapesix
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BapianT 2

1. [o KiHuA cTaneBoro CTEPXKHA MPUTATYIOTECA NIBOEHHWI i NiBHIYHWIA NOMIOCKM MarHiTHOI
CTPINKW. Y HamarHiyeHun ctepxeHb?

A TaK, TOMy LU0 B iHLIOMY BUMNAAKy CTpifika He npuTsaryeanacs 6

B octato4yHO He MOXHa ckasaTu

B Hi, O HaMarHi4eHoro CTePXXHSA NpUTAryBaBcs 6 Tinbkyu oauH Nomc
2. Y yomy nonsrae ronoBHa Npu4MHa NosiBU MarHiTHMX 6yp?

A cunbHi yparaHu Ha 3emni B 3emnetpycu

B coHsYHa aKkTMBHICTb I yneTpadionetose BUNPOMIHIOBaHHS
3. Ake disnyHe aABMLLE AEMOHCTPYETbCA B focnigi Epcrena?

A B3aemogisi NpoBigHUKIB 3i CTPYMOM B B3aemopfia HaenekTpM3oBaHUX Tin

B B3aemogis MarHiTHOI CTPIfKkKM i NPoBigHMKA 3i CTPYMOM
4. FK 3MiHUTBCS AiA MarHiTHOro Nomnst KOTYLUKU 3i CTPYMOM, SKLLO L0 KOTYLUKY 3aMiHWUTU iH-
WO — 3 BiNbLUOHD KiSTbKICTIO BUTKIB?

A 36inbumnTbCS B 3meHWwWnTLCA B He 3MmiHNTBECA

5. ToTik 3epHa Ha XOpHa MIMHa NPOMyCKakTb MiXK MOMOCaMy CUITbHOIO MarHiTy. Hasiwo?
A onsa nigcywyBaHHA 3epHa B anga Bigbopy kpalloro 3epHa
B ans ouunileHHs 3epHa Big HaciHHA Byp’siHiB | 3ani3HNX NpeamMeTiB

6. Lllo Take marHiTHa aHOMania?

A HamarHi4YeHHs1 CTpinkyM komnaca BHachnigoK CUNBbHOMO HarpiBaHHSA
B nocrTiviHe i 3Ha4He BiOXMeHHst Big HOPMU HaNPSAMKY MarHiTHOrO Nonsi B AesSK1X MICLIEBOCTSX
B 3miHa marHiTHoOro nons 3emni BHacnigok KOCMiYHOrO BUMPOMiHIOBaHHS

7. £k NOBOOMTUMETBLCA KOTYLLKA 3i CTPYMOM, SIKLLO 3aKpinuTu i Ha goLeyui 1 onycTuTun Ha
NMOBEPXHI0 BOAW B LUMPOKIiA NOCYOMNHI?
A noBepHeTbCs B HAaNPAMKY NiBAEHb—MIBHIY B 3anuwmntbca HepyXomor
B noeepHeTbCA NepneHAMKynsapHO A0 HAaNpsIMKy MiBgeHb—NiBHIY
8. Aka npuuymHa NOBOPOTY antoMIHIEBOI pamMKu B eNeKTpOBUMIpIOBanbHOMY npunagi MarHi-
TOENeKTPUYHOI cucTemm?
A [is marHiTHOro nonsi NOCTIMHOIO MarHiTy Ha arntoMiHIEBY pamKy
B Tennosa i eNeKTpMYHOro CTpymy B pamui
B gis marHiTHOro nons Ha NPoBigHWK 3i CTPYMOM
9. Aki B3aeMHi NepeTBOPEHHS eHeprii BiaOyBatOTbCHA B €MEKTPUYHOMY OBUIYHI?
A mexaHivyHa — B eneKkTpuyHy B mexaHiyHa — y mexaHiyHy
B enektpuyHa — y MexaHidyHy I enekTpuyHa — B eNeKTpU4Hy
10. X710 BnepLue NPoBiB 4OCHIA LOA0 B3aEMOAii NMPOBiAHWKA 3i CTPYMOM i MarHiTHOK CTPIMKo?
A A. Bonbta B J1. NanbBaHi B I". K. Epcteq I k. Oxoynb
11. Ak enekTpoBUMIptOBanbHUIA Npunag nNpu3HadeHo ANA BUMIpOBaHHA Hanpyrn? Ha
YOMY I'PYHTYETBLCS MOro aia?
A amnepmeTp; B3aeMogis enekTpudHnX nonis
B BOnbTMETP; B3aemogis eNeKTPUYHOro i MarHiTHOro nosnis
B amnepmeTp; B3aEMOAiA eNeKTPUYHOro i MarHiTHOro nonis
I BonbTMETP; B3aemMoais enekTpuyHMX nosis
12. Y akunx gxepenax enekTpoeHeprii BUKOPUCTOBYIOTb EHeprilo Tenna?
A B akymynsaTopax B y tepmonapax B y coHsAYHMX BaTapesx
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(/Dosgm %
CBITAOBI SIBUILIA

o CBiTNoBI siBMLLA o [Pxepena v npuimadi ceiTna e LUBMAKICTL NOLWMpPEHHS
cBiTNa e CBITNIOBUI NPOMIHb | CBITIIOBMWIA MYy4YOK ¢ 3aKOH NPSAMOIHIAHOIO
NoLLMpPEHHSI cBiTNa ¢ COHAYHE Ta MiCsiIUHE 3aTEMHEHHS o BinbueaHHs ceiTna
e 3aKoH BigOMBaHHS cBiTNa e [Nnocke g3epkano e 3arNOMNEHHS CBIiTNa Ha MeXi
noginy OBOX cepenoBULL e 3aKOH 3arIOMIIEHHS CBiTNa o [lucnepcisa ceitna
o CnekTpanbHuii ckrag NpupoaHoro ceitra e Konbopw e JTiH3K
e ONTMYHa cnna i oKycHa BiACTaHb NiH3M ¢ DOpMyNa TOHKOI NiH3N
o OTpuMaHHs1 300pakeHb 3a 4OMOMOro NiH3M ¢ HarknpocTilwi onTUYHI
npunagm e Okynsipn e OKO sik ONTUYHMIA Npunag e 3ip | 6a4eHHs
o Bagu 30py Ta ix Kopekuis

§ 9. CBITNOBI ABULLA. IXXEPEJIA N MPUAMAUYI
CBITNA. WBNAOKICTb NOWWPEHHA CBITNA

MH *KUBEMO y CBIiTi pisHOMaHITHUX CBIiTJIOBUX ABUIIN. Barato 3 HUX, HAIIPU-
KJaj, BuUA 3ipoK Ha BeuipHboMy HeOocxuiai (maJj. 78), Becenxa (Maja. 79),
mossapHi caiiBa (Man. 80) y TOJAPHUX IINPOTaX, a TaKOMK MOMiOHI csiiBa
y cepedHixX IMHPOTax, MaJbOBHHUYI I Kpacusi.
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Conile ociTiiroe 3eMJurro, eJeKTpPUUYHA Jamnoa — KimuHary., YaliHa J0MKKAa,
SIKIIO IIOMICTHUTHU il Y CKJIAHKY 3 BOJOIO, CIPUINMAECTHLCA 3JIaMAaHOI0, Ha IOBEPX-
Hi 0o3epa Mu 6auMMO XMapH, M0 IJIUBYTh y Hebi. Yomy?

Man. 78 Man. 79

Man. 80

IIpu ocBiTyienHi mpeaMeTiB COHAYHMM CBiTIOM ab0 CBiTIOM Bim jJamMnoum mMu
0aunMo iX PiBHOKOJHLOPOBUMMU, a 3 HACTAHHAM HOYI — TeMHUMU, cipumu. II]o
make KOJip, 4OMY 6 Pi3HUX YMOBAX CNOCMEPeHeHb KOLbopU npedmemis 3MiH0-
romobesa?

11106 BimmoBicTHM Ha I1i Ta iHINi 3amMTaHHSA, TOTPIOHO BUBUMTHU PisdHi m:Kepe-
Ja cBiTJyia i 3BaKOHM 10r0 IOIMIMPEeHHA, Aii0 cBiT/ia Ha (iswyHi Tija.

YuYeHHA PO CBITJIO i CBITJIOBI ABMIIA HA3WBAIOTH ONIMUKOIO.

3aBAsKY BUHAXOJY i BUKOPHUCTAHHIO JiH3 OYyJIO CTBOPEHO OITHYHI Impuiaamu,
0e3 AKUX Ha CbOTOJHI CKJIAAHO YABUTU COOi IOBCAKIEHHE JKUTTA: OKYJIAPHU,
JyIIN, MiKpOCKOIIM, OiHOKJII, poTOaImapaT, TeJIeCKOIIX TOIIO.
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CBITJIOBI ABHIIJA

TemHoi Houi abo B B3aTeMHeHil
KiMHaTi MM mpaKTUYHO Hiyoro He Oa-
YuMO. 3aNaJUBIIN CBiUKY, Bigpasy mo-
6aunmo ii mosym’si. OJHOYACHO MU IIO-
6aumMo camMy CBiuKy, iHIII mpemMeTwH,
10 BHAXOAATHCS B KimHari (MmaJj. 81).

IIlo nompibHo 0ns mozo, wob bavumu
npedmemu?

1. M:xepeno ceitaa. [Tonym’sa cBiuku
BUIIPOMIiHIOE CBiTJIO, fAKEe IIOIIHPIOETh-
ca B ycix mampamikax. CBiuka — mke- Marn. 81
peJio cBitia. IlpegmeTru, o MicTaATbCS
B KiMHAaTi, 3a BificyTHOCTIi cBiT/ia HeBuauMi. SIKINO 11i mpeaMeTH OCBITIIOIOTH
CcBiUKOI0, MU IX 6aUYMMO, TOMY II[O CBiTJIO BigOMBAE€THCS Big HHUX.

2. Oui. Oxo JOAWMHN, COPUMMAIOUM CBITJIO, IO IIOIIMPIOETHCS Big AKOro-
HeOynb miKepeJia cBiTia, mae 3Mory HaMm OaumTu e msxepesio. Tak mm 6aummo
MoJIyM’sI CBiUKM Ta iHIII ocBiT/ieHi mpemmeTH.

H:xepena cBiTia — 1e Tija, AKI BUIPOMIiHIOIOTH CBiTJIO.

3a xapaKTepoM BUIIPOMIiHIOBAHHSA PO3Pi3HAIOTHL TEMJOBi i JIOMiHecCIIeHT-
Hi (1aT. lumen — «CBiTJIO, XOJIOMHE CBiUEeHHs») AsKepesa cBiTiia. ¥ TeIJIOBUX
IsKepesiaX CBiTJIa CBiUeHHS JOCATAETHCSA 3a PaXYHOK HArpiBaHHA TijJ 10 BU-
cokux Temieparyp. Hampuxiaazn, tina sa temmneparypu 800 °C moumHAamOThH
BUIIPOMiHIOBATHU CBiTJIO.

TemmoBumu mxepenamMu cBiTia € Conile, 3ipKu, JaMON PO3XKAPIOBAHHS
(maa. 82, a), nyroBa jJamma (maJ. 82, 6), racoBa Jamna (MaJ. 82, 6), ByJKaHiu-
Ha JaBa i T. I.

Aje cBiTIIO MOMKYTh BUIIPOMiHIOBATHM 1 Tija, IO MAIOThL TeMIIEpPaTy-
Py HaBKOJUNIIHLOTO cepenoBuIlia. TaKi Tija Ha3MBaWOTh JIIOMiHECIIEHTHUMU
IoKepesaMu cBiTyia. JIloMiHecleHIis BUHMKAE B PEUYOBMHAX IIiJ Yac pPisHUX
ximiunmx peariiii. Tuxoi JgiTHBOI HOui HaA JricoBili moNAHI MOXKHA ITOOAUM-
T THUJUU TEeHbOK, M0 cBiTuTbeca. lle cBiTaThesa OGakrepii, AKi BUKJIMKA-
IOTh IIpoliec THUTTs. CBiTATHLCA TaKOXK rpubu, IO POCTYTh HABKOJO IEHHKA.

Man. 82
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Man. 83 Man. 84

ITikaBo cmocrepiraTtu cBiTIAYKiB (Majs. 83) — MaJeHbKUX KYUKiB, Y Bepx-
Hill 4YacTUHI YepeBIld AKUX € 0cOOJMBa PeUOBUHA, IO CBITUTHCA.

Y Mopsax i oKeaHax CBITUTBLCS BOJa, IPUUYMHA I[LOIO — YMCJEHHI APiOHI op-
raHiamu, 1o cBitaTbesa. CBiTaTheA Menysu (MaJi. 84), riuGOKOBOAHI pubdH.

) IE HIKABO 3HATH

YyeHi nobpe BMBUMMM CBITIHHS XYKIB-CBITAAYKIB. X OpraHu cBiveHHs cknaaa-
HOTbCA 3 KMITWH, WO MICTATb ABi OINKOBI pe4oBMHM — NOUMAEPUH | (HEPMEHT Nouu-
depasa (nar. lucifer — «Hocin ceiTnay). JlloundepnH 3a NpucyTHOCTI Noumdepasn
OKWUCIIOETHLCH, | NpU LbOMY BUAINAETLCA eHeprid, Benuka YactuHa skoi (8o 92 %)
nepeTBOPIOETLCH Ha CBITNO.

Cepep TBapuH, AKi XXMBYTb Ha CyX04o0JTi, CBITATLCS AyXXe Mario, a OCb cepef MeLu-
KaHLiB MOpIB 1 OKeaHiB CBiYeHHS OyXe nowvpeHe. baraTo TBapuH XnBe Ha BENUKIN
rMUOVHI, Kyan He OO0XOAWTb COHSIYHE CBITNO. ICHYOTb pubu, Y SIKMX opraHu, Lo
CBITATbCH, pO3TaLLOBaHi MO BCbOMY TiNy, SK riprnsaHAy enekTpuYHMUX namn.

Y Oesknx TBapwH CBITNOBI OpraHu CKragarTbes 3 KNiTWH, Wo BiabuealoTb i 3a-
NOMITIOIOTE CBITNO. |HLWi TBAPMHM MOXYTb CBITUTUCS 3@ paxyHOK MiKPOOPraHi3MiB, LLO
XMBYTb Y HUX.

IcuyroTs mpupogHi i mrTyuHi /Kepesia cBiwia. [lo mprpogHUX MFKEpes HaJIeKAaTh,
"HanpukrJaag, CoHrle, 3ipKu, OJHMCKaBKM, KOMaxu, IO CBITATHCS, POCINHI, PUOH,
OGakTepii. o HITYYHMX — IOJTyM’S CBIiUKH,
BOTHMIIA, eKpaH KOMII'IOTEPa, eJeKTPUYHi
JIAaMITM, Ta30CBiTHI ¥ JIIOMiHECIEHTHi JaM-
Y. HEOHOBi, JEHHOIrO CBiTJIa, PTYTHi, raJjo-
rexi (maj. 85).

A wo mu Ha3usaemo npuimaiamu
ceimana?

IIpuiimaui cBitia — me Tina, 9yTausi
IO CBiT.JIA.

Ile, mampukiaanm, mamri oui. Csitio,
0 TaJla€ Ha 30POBUM HEPB, MMOAPA3HIOE
tioro. Ile mompasHeHHA HEPENAETHCA B I'O-
JIOBHU# MOB0OK, (hopMyiouu 30poBe 300pa-
JKeHHS.
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Ao Ha KiHO-, GOTOMIiBKY (MMHI — IMe ¥ HaA CBITJIOUYTJIMBY MAaATPUILIO
mudpoBoro ¢goroamapara 41 Bigeoxamepr) ado (poToIaIlip MOTpaIIsE BimouTe
BiJi HABKOJMIIHIX IIPEIMETiB CBiTJIO, HA HHUX YTBOPIOIOTHCSA 300paKeHHS ITHUX
npenmeriB (Maj. 86, 87).

Koau ma comsuni Garapei, ycraHoBjeHi Ha Jitarky (MmaJu. 88), xocMmiuHOMY
KopabJi, cynyTHUKY abo Ha gaxy OyAUWHKY, IIaJa€ CBiT/IO, BOHK BUPOOIAIOTH
€JIEKTPUYHUMN CTPYM, AKUU BUKOPUCTOBYIOTH MIJIA KUBJIEHHSA Pi3HUX €JIEKTPO-
npunaniB. HeBenuki corAauHi GaTapei 3acTOCOBYIOTH [IJIs JKUBJIEHHSA KUIIEHbB-
KOBUX JIIXTapuKiB, MiKPOKAJLKYJIATOPIiB i MOOiIbHUX TeaedoHiB (MaJ. 89).

Man. 88 Man. 89

ITpaxkTuuno Bci KuBi icToTm Ha 3emJi moTpeOyIOTHL cBiTIIa i € ¥oro mpu-
nmauvamu. Tak, cBiTiio moTpiOHE AJIA HOPMAJBLHOI'O 3POCTAHHS i PO3BUTKY
pocauna. Ha manorKy 90 mokasaHo ABi KallyCTWHU, OAHY 3 AKUX BUPOIIEHO
3a HEIOCTATHHOTO OCBITJIEHHS, a APYTY — V 3BUYAWHHUX yMOBaX. ¥y IIEepIIOMY
BUIMIAAKY KaIyCTHMHA CBiTJIa, a y APYyroMy — sCKpaBo-3ejJieHa i Mae BeJHuKi
poamipm.

Ha pisaux eramax po3BUTKY (PiBMKU BUKOPUCTO-
ByBaJU Pi3Hi crmocobu BUMipOBaHHA IIBUIKOCTI IIO-
mupeHHa cBitaa. Ilepmum ii cnpoOyBaB pospaxy-
Batu I'amineii, aje oMy He BIAJIOCA IILOT'O 3POOUTHU.
Y XVII cr. ii BHepille BU3HAYMB JAaTChKUI aCTPOHOM
Oue Pemep, BuBuaouu pyxu cynyrtuuka IOmitepa — Io.
Peectpyroun iioro mosaBy i3-3a maHeTH, BiH OTpHUMaB
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npubsausHi mami mBuAKocTi momupeHHsA cBitia — 215 000 Km/c. AmMepukaH-
CbKU (pisux AanGeptT MaiKeabCOH PO3POOMB HOCKOHAJIUM METOJ BHMipIOBAH-
HS MIBUJKOCTI TOITMPEHHA CBiTJIa i3 3acTOCYyBaHHAM 00€pPTOBUX A3epKaJj. ByJo
BM3HAUEHO IIBUAKICTL V PisHUX IPO30pUX peuoBrHAX. ¥ 1862 p. ppaHIly3bKUHi
¢disux JHKanm Pyko 3acTocyBaB IJid BUMipIOBaHHS NIBUAKOCTI CBiT/Ia B MOBITpi
# Bomi MeTonm 00epTOBOTO A3epKajia, ifes AKoro Haxe:xuth ominiky Aparo.
Busnauarouu IMBUAKICTL HMOIMMPEHHS CBiTJIa Y BOAi, yueHHnii 3’acyBasB, III0 BOHA
MEHIIIa BiJ MIBUAKOCTI MOITUPEHHA cBiTJia B 1IOBiTpi. TouHe IMOPiBHAHHSA IIBU/I-
KOCTi cBiTsia y Bomi Ta B moOBiTpi, AKe 3miticHuB MalKeJIbCOH, IIOKa3aJo, IO
mBUAKicT v Bogi B 1,33 pasa meHIIa, HijK y HMOBiTpi. 3a cy4YacHUMU TaHUMU
IMIBUKICTh IMOIIMPEHHA CBiTJIa Yy BaKyyMi mopiBHIoe 299 792 458 + 1,2 m/c.

() 3ANWTAHHA 0O BUBYEHOIO

1. Lo Take gxepena ceitna? Akumn BoHu GyBatoTb?

2. HaBsepiTb Npuknagu NnpupoaHUX i WTYYHUX AXXepen cBiTna.

3. Aki npuimavi ceiTna Bu 3HaeTe?

4. l1lo B MOXeTe po3nOoBiCTM NPO LWBUAKICTb NOLMPEHHS CBITNa?

§ 10. CBITNOBMIA NMPOMIHb | CBITNOBWI MYYOK.
3AKOH NMPAMONIHIAHOIO NMOLWWUPEHHSA CBITNA.
COHAYHE TA MICAYHE 3ATEMHEHHSA

chmo MiK OKOM i AKMM-HeOyAb OKepesioM CBiTJIa PO3MICTHUTU HEIIPO30PUM
mpegMeT, MU He ITo0auuMo mixepesia cBitTia. Ile MosACHIOETHCS THUM, IO B OTHO-
piTHOMY CepeIoBHUINi CBITIIO MOMMNPIOETHCA NMPAMOJiHiiTHO. CepenoBulne Ha3U-
BaIOTh OMHOPiTHUM, AKIIO I'yCTHHA PEUOBUHU, 3 AKOI BOHO CKJIAJa€ThCA, B yCiX
TOYKaX OJHAKOBA.

IIpo npsmosimifine momupenusa csitiaa e 3a 300 pokiB 40 HOBOI epu mucas
3acHOBHUK reomerpii EBxiig. IlinkoM MOMKJIMBO, IO IOHATTA IPAMOI JiHil
BUHUKJIO 3 YABJEHb IIPO IPAMOJIiHiliHe IMOIMUPEeHHA CBiTJIa B OJHOPiZHOMY ce-
pemoBuIIi.

CsBiTiio Big Oyab-sIKOTO IsKepesa, HAIIPUKJIAML eJeKTPUYHOL JaMIM, MOIIIH-
pIOETHCA B yCix HampsaMKax. SIKIO Bif qiKepesia CcBiTJIa IPOBECTU MPAMY JIi-
Hil0, MM OTPUMAEMO HMPOMiHb CBiTJIA.

IIpomins cBiTIa — Ile yABHA JiHifA, Y3OBK KOl IMOIINPIOETHCA CBITJIO.

SKIo cBiTJIOBI TpoMeHi OOMEKMUTH HEeBHOIO MOBEPXHEIO Y HPOCTOPi, TO MU
OTPUMAEMO CBITJIOBUM MYYOK.

CBIiT/IOBI MyuKy MOXKHA CIIOCTEpPiraTH B MOBITPi, IIT0 MIiCTHTBL AOCTATHIO KiJb-
KicTh IIOPOIIMHOK, fAKi BimbmBaioTh cBiTiio. Bu, 3BuuaiiHo, O0aumim cCBiT/IOBi
OYYKM Bifl KUINEHBKOBOI'O JiXTapuKa, Impo:keKropa (MaJj. 91), KiHompoeKTopa.
Y mpuponi 4acTo MOKHA CIIOCTEPiraTw BeJWKi CBITJIOBI IIYyYKH, ITIO0 YTBOPIOIOTH-
cdA I yac IIPOXOMKEeHHs COHAYHUX IIPOMEHIB Uuepes PO3PUBU y XMapax, IIPOCBi-
T Y KpoHax gepeB (Maj. 92). ¥ unmcTomMy HOBITpi CBITJIOBUX IIyYKiB HE BHUIHO.
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Man. 91 Man. 92

YHacaiIoK TOro, Imo B OSJHOPiIZHOMY CE€PEIOBUIIL CBITJIO IOMIMPIOETHCS IPHA-
MOJIiHifiHO, MU MOKeMO cIocTepiratu TiHi i miBTiHi, (pasu Micausa, conauni i
MicAYHI 3aTeMHEeHHA.

Tine — yacTMHA HIpPOCTOPY 3a He-
IIPO30OPHUM IIpegMeToOM, Kyau He
IIPOHUKAE CRBITJIO.

Y coHauHU# JeHb YiTKO BHIHO TiHi
Jwmoneii, OymiBesb, OepeB Ta IiHIIHUX
npeametiB (MaJ. 93).

IlomicTiMO HeBeNIUKY HEIPO30py
KYJIO Yy CBITJIOBUII HYYOK, IO IIaJa€
Ha eKpaH Bij mskepesa cBiTiia HeBeJIH-
KHX pos3MipiB. 8a KyJjeo y IIpocTopi
YTBOPIOETHCSI KOHYCOMOAiOHA TiHB, a
Ha eKpaHi 3’ABJAETbCA TiHb, IIIO0 Mae€
dopmy xpyra (maua. 94).

Ocsimaene

Man. 94

dAximo posmipu mikepesia cBiTiia HabaraTo MeHIII 3a BifcTaHb Bif mKepeia
CBiTJIa IO €eKpaHa, TO TaKe JYKEePeJsio Ha3MBAIOTh TOYKOBUM J;Ke€PeJIOM CBiTJia.

Bisbmemo moxepesio cBiTisia, po3mipu sSIKOro OiJbIIi NMOPiBHSAHO 3 BiJCTaHHIO
Bil HBOTO IO eKpaHa, i moBTopuMO mocJizn. HaBkoso TiHi Ha eKpaHi yTBOpPIO-
€ThCS YaCTKOBO OCBIiTJIEHHMI IIPOCTip — HiBTiHB (MaJy. 95).

VYTBOpeHHA MiBTiHI TAKOMK IiATBEPAKYE 3aKOH IIPSIMOJIIHiITHOTO IIOIIMPEH-
H cBiTyia. Y maHOMY BHUIIaAKY AKEPeso CBiTJIa CKJIAHAEThCSI 3 0ararboxX TOY-
KOBUX [:KepeJl, KOKHe 3 AKX BUIIpoMiHIOE cBiTio. Ha expani € mimankwm,
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Iliemino

Ocsimaene Iliemino

Man. 95

y AKi CBITJIO BiJ OMHUX TOYKOBUX OXKEPEJ MOTPAILIAE, a Big iHmwmX — Hi, Tam
i yTBOpIOETHCA MiBTiHL. ¥ IEHTPAJbHY YACTHUHY €KpaHa He IMOTPAIJISE CBIiTJIO
BiJl JKOJHOI'O TOYKOBOTO J»KepeJia, TaM CIIOCTEPIiraeThCs MOBHA TiHb.

TiHBOBUMU IPOEKI[iIMU KOPHUCTYIOThCA B TeaTpi Timeit (maj. 96), mas me-
MOHCTpaIlil mocaifgiB, Hampukjaan OJA IIOKa3y AeMOHCTparii OpoyHiBCBKOTro
pyxy (maJj. 97) roimo.

Man. 96 Man. 97

Micanp — npupopuuii cynyTHuk 3emii. [IpoTarom Micsaiis MU MOKeMO CIIO-
crepiratu, AK 3MiHIO€THCS (Ppopma BuamMOl i3 Semui vactuamu Micsaiis.

Pi3nHi popmu Bugumoi i3 3emui yactuau Micaus HasuBawTb ¢gasamu Mi-
cays.

e y rimboKy maBHUHY JIIOAW MOTJIA HOACHUTU
SABUINE 3MiHN MicAuyHUX a3 (Maj. 98).
dazu Micsaisa moACHIOIOTHCSI B3aEMHUM PO3-
ramyBaHHAM Coumsa, Micamnsa i Semui, a Takox
T™UM, 10 MicAms BJIACHOTO CBiTJIAa HEe BUIPOMi-
HIOE, a BimOuBae cousuHe. COHIlE 3HAXOLUTBLCS
Ha BeJuKii BigcraHi Big Micams, ToMy IIy4oK co-
> HAYHUX IIPOMEHiB, 110 majgae Ha MicAmnb, MOXKHA
< BBa’KaTHu IIapajieIbHUM. YHACJIiJJOK IILOTO OCBiT-
L ./ JIIOETHCA TinbKM mosoBuHA Micsand, a gpyra itoro
I ¢ I MIOJIOBMHA 3aJIMIaeTheA B TiHi. Pyx 3emui i Mi-
. . ( CAIA IPUBOAUTH A0 TOTO, IO A0 3eMJi MOXKYTb
OyTu oJHOUYACHO O0epHEeHi cBiT/Ia i TeMHA YacTUHU
Marn. 98 Micang, i Toxi BiH 3faeTbesa HaM HelloBHUM. PisHi
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Man. 99 Man. 100

dasu Micama sobpaxkeno Ha MmaaoHKax 99 i 100. Koau Micamns mpoxoguThb
mixk CoHmem i 3emJero, 1o Hac o0epHeHO itoro Temuwuii 6ik. Toxi Micsamsa 30B-
cim He BuaHO. [0 (hasy HasuBaThL MoJdoguKkoM. Yepes 2 gui, koau Micamns
nepemicturhes Ha cxin Big CoHis, mo Hac Oyae oOepHeHA HeBeJIMKa YAaCTHHA
ocBiTsienoi miBKysi Micamsa — Oyme BumHO BysbKuil cepm. Ille uepes 5 nuiB
MU mo0auymMO IIpaBy HOJIOBUHY CBiTJIOl miBKysi MicAnsa — mepury uBepTh. 3a
2 TuKHI micaa HoBoro Micsls HacTae HacTylHa MicsiuHa (pasa — MOBHHIL Mi-
cansk. Ilicaa moBHoro MicArsa #oro ocBiTyieHa YacTHHA IIOYMHAE 3MEHIITYBaTH-
cAd — HACTAaE€ OCTAHHA UBEPTh, i Mu Oaummo JiBy moJsioBmHY miBKyJai Micsris.
Y macrynHi i Micans mabyBae (popmMu cepia, i, HapemiTi, Horo He BUIHO —
3HOBY HACTA€ MOJIOAUK.

Y rocmiunmx MaciiTabax TiHb i HiBTiHBR MOKHa CIOCTepiraTu mig dyac co-
HAYHUX i MicauHUX 3aTeMHeHb. [lmameTn Ta iX CymyTHUKH, I1I0 OCBITJIIOIOTHCSA
CoHIieM, yTBOPIOIOTE TiHi i HamiBTini. Ha mamtonky 101 3o6paskeno TiHi i Ha-
miBTiHi, AKi yTBOpeHi 3emuero i Micamem.

Man. 101

Axmo Micans y XoAi cBOro pyxy HaBKOJIO 3eMJi B AKMICh MOMEHT BUABJISA-
erbes Misk 3emurero i CoHIleM, BiH yTBOpPIOE Ha 3eMHIiN IIOBEpPXHi TiHb, i Toxi Ha
IIUX TePUTOPisIX CIIOCTEPIraeThbCcA COHAUYHE 3aT€eMHEHH.

CouauHi 3aTeMHeHHs OyBalOTh TiJIbKM Hig uac HoBoro Micsirs. Ix moxHa
cIocTepiratu Juille Ha TUX OiMAHKAX MoBepxHi 3emui, Ha AKi magae TiHb abo
niBrinb Micana (man. 102). dxmo minguxa smaxoguThesa B TiHI Micamsa, To
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3emas

Yacmkoge 3amemHeHHs

vVYVYY Y

IlosHe 3amemHeHHs

Man. 102

crocTepiraeTbesa moBHe 3areMHeHHA COHIA; A TiJISHOK, IO 3HAXOLATLCS B
MiBTiHi, COHAYHE 3aTeMHEeHHs 0yle 4aCTKOBHM.

Y 3B’asky 3 TuMm, 1o MicAmnps pyXaeTbcA i3 3axX0omy Ha CXiJ, 3aTeMHEH-
HS IIOYMHAETHCA Ha 3axigHoMmy (mpaBomy) Kpaito Conigsa. Ha mouarky saTem-
HeHHA Ha AucKy CoHIlA 3’aBJIAEThCA HEBeJUKa <«IepOomHa», SKa MOCTYIIOBO
30iapinyersesi, i Conie mabyBae (opmu By3bKoro cepma (maJua. 103). Koam
nuck Micana moBHicTio 3akpue CoHIle, MU IMO0AUMMO HaBKOJIO HbOTO THBO-
BUJKHE CANBO — KopoHY COHIIA — yacTHMHY PO3:KapeHoi COHAYHOI aTMochepu
(man. 104).

Man. 103 Man. 104

ITig yac MOBHOrO COHAYHOI'O 3aTeMHEHHs IMBUAKO TeMHie. Ha Hebi cTae Bua-
HO 3ipKu i miaHeTu. SHMKYEThCA TeMIlepaTypa IOBITPs, iHOAI BUIIamae poca.
YV Hebi BUAHO YOPHUII OHCK 3 IIaJal0Y0I0 HABKOJIO HBOTO COHSYHOIO KOPOHOIO.
Y maBHIi uacu BBaKaJu, IO Ile BeJUUE3HUI ApakoH mo:kupae Comile.

Ilomanpiie nepeminiennsa Micsalla IpUBOAUTE IO TOTO, IO Yepes3 AesIKUil yac
3HOBY CTa€ BUAHO BY3bKHUIl COHAYHUI CEpIl, a COHAYHY KOPOHY BiKe He BUIHO.
Huck Micamsa nepemimaeTbesa Bce gaji y cXigHOMY HaOpAMKY, i Hesabapom Ha
Hebi 3HOBY sickpaBo cBiTuTh CoHIle.

IToBHe 3aTeMHEeHHSA MOXKe TPHUBATH He Oinblne HiK 8 XBuIMH, 3a3BUYAl
2—3 xBUJIMHU. ¥ PiBHUX TOUYKAaX IIOBEPXHi 3eMJIi COHAYHE 3aTEMHEHHA HE TiJb-
KU CIOCTEpiraeThbcs IMO-pi3HOMY, aJjie ¥ HacTae B pisHuMH uvac. lle moscHIOIOTH
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TUM, 10 BHACHiAOK pyxy Micars HaBKoao 3eMi Tinb Micsasa (o6s1acTh MOBHO-
IO 3aTeMHEHHs) PyXaeThCs IO MOBepxHi 3eMJi i3 3axomy Ha cXin 3i MIBUAKICTIO
1 xMm/c. IToBHe 3aTeMHEHHS MOJKHA CIIOCTEPIiraTH B MeKaX CMYTHY 3aBIOBYKKHU B
Kinmbka THcaY KisomeTpiB i daBmupinku 270 kM. Ha peinti yacTuum moBepxHi
3eMJIi 1Ie 3aTEMHEHHS CIIOCTEPITAETHCA AK YaCcTKOBe ab0 He CIOCTEPIraeThCs.

IloBHe comsuHe 3aTeMHEHHA Ha 3eMJIi MOJKHA CIIOCTepiraTu OAWH pas Ha
TiBTOpa POKY, a OCh B OMHOMY i TOMY caMOMYy MicIii 3eMHOI mOBepXHi — pPigKo,
aunie oguH pas3 Ha 300 pokis.

Komun Micanp morpamiase B TiHb S3eMmJyi, HacTae MicsguHe 3aTeMHEHHS
(maa. 105).

3amemnenna Micaya

Man. 105

Micsauni 3aTremHeHHA BigOyBatoThcA TiabKu npu noBHOoMY Micsarii. OcKiib-
ku Micsaip pyxaeThbeca i3 3aX0y Ha CXiZl, TO KOJU BiH, IIepeMiIlaiouunch, IIOYN-
Ha€ 3aXOIUTHU B TiHb 3eMJi, Ha MICASUYHOMY AUCKY 3 SIBJIAETHCS «II[epOmHa», 110
IOCTYIIOBO 30iJBITYEeThLCS B podMipax. Micsipb HaOyBae (opmMu cepia, o Ha
BUTJIAM Pi3KO BifpisHAETHCA Bij 3BHMUaiHUX MicauyHux das (maua. 106).

Man. 106

3aremuenusa Micsarsg Oyme MOBHUM, SKIO BiH IIOBHICTIO yBifife B TiHb 3eM-
Jgi. AKIimo K BiH mepeMilnyeThbes JIKIE II0 YacTUHI obJiacTi 3emuol TiHi, 3aTeM-
HeHHsA OyZle YaCTKOBUM.

HiameTp 3eMHOI TiHi 3HauHO OiJBINUY Bix miaMeTpa MicAYHOrO AUCKA, TOMY
IIOBHE MicAYHe 3aTeMHEHHS TPHUBAE MOPiBHAHO IOBrO, OJM3BKO 2 T'OLUH.

Kapruna micauHoro 3aTeMHEHHS BUIVIALAE OTHAKOBO IIiJ] UaC CIOCTEpPEesKeH-
HA 3 OyAb-sIKOI TOUKHM MOBEPXHi 3eMJii, 3BepHeHOl B Ieil uac mo Micsans, i y
BCiX IIMX TOYKAX BOHO IMOYMHAETHLCS i 3aKiHUYETHCS OTHOYACHO.

IIpu moBHOMY 3aTeMHEHHI MICAYHUNA AWCK CTA€ TEMHO-UEPBOHOTO KOJbLOPY.
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KocmonaBr, axuii nepedbyBaB 0u B 1eil yac Ha Micami, mir 6m cmocrepirarm
YOPHUU MUCK 3eMJIi i3 YepBOHUM KiJbIleM HABKOJO HBLOTO.

Kosxui 18 pokis BimdOyBaeThcsa 29 MmicauyHHMX 3aTeMHEHb, ajie iHTepBaJIH
yacy Mik HuME pisHi. Tak, YIIPOIOBIK POKY MOKe He CIIOCTePiraTucs »KOIHOT'O
MiCAYHOTO 3aTeMHEHHs, a HaCTYIIHOTO POKY ix Oyme 2 a6o 3.

() 3ANMUTAHHA 4O BUBYEHOIO

. Ak noWwWmnpoETLCH CBITNO B OQHOPIAHOMY cepeaoBuLLi?

. Wo Take npomiHb cBiTna?

. fAke mxepeno cBiTNa M1 BBaXKaeMO TOYKOBUM?

. Aki aBuLa cBigYaTh NPO NPAMONiHINHE NOLWMPEHHS cBiTna?
. HasBiTb ocHOBHI pasn Micsaus.

. Konu BYHUKaIOTE COHAYHI | MICAYHI 3aTEMHEHHS?

ONHAWN-

3A0AMI TA BMNPABU

Po3B’a3yemo pazom

1. Yu ¢ Micsaub mgyxepeaom cBitia?

Bionogidv: Hi; TaKOK CJIiJT 3BEPHYTHU yBary — B JIiT€paTypi € omucH mpo Te, II0
MicsAIib € IOTYKHUM J3KepeJsioM CBiT/Ia, — Il € HeIPaBUJbHUM TBEPIKEHHIM.

2. Ha mamouky 88 (muB. c. 49) 306paskeno jgitak «[emioc», AKUil KUBUTHCSA
Big comsiunmx Oarapeii. ¥ 2001 pori BiH ycTaHOBUB PEKOPZ BUCOTHU, IiTHAB-
mucsa Ha 29 413 m. Consiuni Garapel € AyKepesaMy 4y IIpUiMadaMu cBiTiaa?

Bionosidv: consiuni O0aTrapei € mpuiimaua-
MU CBiTJIa, K1 € JsKepesaMu eJeKTPUIHOTO
CTPYyMY.
—m o 3. YoMy B mepIIioMy BUIOAAKY Ha CTOJi €
%ﬁ riap (Maa. 107), a y gpyromy — Hi?
Bionosidv: 1e 3aJIeKUTh BiJ pPO3MilreH-
HS HUTKU PO3KapPIOBAHHSA €JIEKTPOJIaMIIN.

Man. 107 Pigens A

43. Ha axkomy maiamoHKy (Majs. 108, 109) 300paskeHO IKepesio cBiT/ia, a Ha
AKOMY — mpuiimau cBitia?

Man. 108 Man. 109
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Man. 110 Man. 111

44. JIluMOHU OCBITIIOIOTH AxKepeaamu cBitia (Maj. 110). Uum BigpisHAOTH-
cd 1l myKepesa cBitia?

45. Ha mamonky 111 3o0paxeno coumauHi rogmHHuKu. [IosgcHiTh, AK BOHHI
mpaifoioTs. Ko Moske mMpaljoBaTy COHAYHUI TOMUHHUK?

46. Kopucryrouncsa maaioHKoM 112, BusHauTe, y AKkux (asax 3HAXOIUTLCS
Micans.

Man. 112

47. 3aremuenns Micamsa Mmoxxe OyTH IIOBHUM i yacTKoBuM. Ha sxomy 3 Ma-
aoHKiB (Maa. 113, a, 6) 3o0pakeHo moBHe 3aTeMHeHHs Micsasd, a Ha AKOMY —
yacTikoBe? IlosicHiTh, oMy BifmOyBaroThCs 3aTeMHeHHA Micsiis.

9 0

Man. 113 Man. 114

48. Xynosxuuk HamaaioBaB Micsans. CxapakTepusyiTe KapTUHY 3 TOYKU 30PY
disuru (ma. 114).

49. dororpad mig yac MOHTAKY IEPEILIYTAB €Taly COHSYHOIO 3aTeMHEHHS
(mas. 115). BigHOBiITH IPaBUIBLHUM IIOPAIO0K, IIPOHYMEPYBABINM KOXKEH eTall
3aTeMHEeHH.

Man. 115
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Pisens b

50. Yomy (oTomarmip abo KiHO-, (POTOILIIBKY AysKe peTeJbHO 00epirarmoTs Bif
TMOTPATLIAHHSA HAa HUX JAEHHOTO cBiTya?

51. Y yomMy moJisira€ NPUIILIIOBAHHSA IJS CTPiabOM 3 'BUHTIBKM B OJIiMIIiii-
CBbKHMX BUAAX CIOPTY?

52. Yu mosKe Tijio JaBaTH Ha eKpaHi TiapKM HiBTiHB? 3a SKMX YMOB Iie
MOJKJINBO?

53. Yomy B KimMHAaTi, OCBiTJIeHilI €IWHOIO JTAMIIOI0, YTBOPIOIOTHCA PisKi TiHi
Big mpeameriB, ToAi AK y KiMHaTi, Je AKepesoM CBiTJsa € JrrocTpa 3 KiJibKoMa
JaMIOYKaMU, TAaKUX PiBKUX TiHeil He cmocTepiramoTrs?

54. Yomy mig yac MOBHOT'O COHAYHOTO 3aT€MHEHHS BUIHO JIUIIE COHIUHY KO-
poHy, a camoro Coniga e Buauo (maja. 116, a), a mig yac MOBHOTO 3aTeMHEHHS
Mics1ia BUAHO TiIbKHY, AK BiH HaO0yBae TeMHO-YE€PBOHOTO KOJIbopy (Maj. 116, 6)?

Man. 116

55. ITig yac coHAYHOTrO 3aTeMHEHHA Ha 3eMJIIo aJaloTh TiHb i HAIiBTiHB Bif
Micansa. Yu 6aunts CoHIle JIoanHA, AKa 3HaxoauThbed B TiHi? Hanisrini? Big-
MMOBiAL OGI'PYHTYIiTE.

56. Ha masouky 117 300pakeHO COHAYHI 3aTeMHeHHA. UM BOHU Bigpisus-
IOThCA MiXK c06010?

Man. 117

§ 11. BIDBMBAHHSA CBITNA. 3AKOH BIOBUBAHHA
CBITIA. MNJNIOCKE O3EPKAJIO

Ronu CBiTUIO mazae Ha IIOBEPXHIO AKOro-HeOyAb Tijla, yacTHHA CBiTJIA BinOwu-
BAETHCS BiJf MOBEpxHi i mommproeTbess y mpoctopi. Take ABUINEe HA3UBAIOTH
BigOMBaHHAM cBiTiIa.

IToBepxHi Tim MOKYyTHL OyTH riIagkuMu abo mmopcTkumMu. Koiu, mepedy-
Baloud B KiMHATi, MM AMBHMOCS Ha IIIOPCTKY IIOBEPXHIO, HAIPUKJIAL Ha IIO-
BEPXHIO CTOJIAa, HiJIOTHU, CTiHM, MU 0aUyMMO ITI0 MOBEPXHIO. A OCh ITOBEPXHSA
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YHCTOTO [A3epKaJjia HEBUAMMA, 3aTe Yy [3epKaJi BUAHO 300parkeHHs IpPeIMeTiB
(mai. 118). K110 mMOBEePXHIO A3epKaJia IOCJiJOBHO IIOKPUBATH IIapaMIi PO3Be-
IeHol y BoJi Kpeligu, 300pasKeHHs BPEIITi-pelIT 3HMKHE, 1 MU CIOoCTepiraTu-
MeMO IIOPCTKY IOBEPXHIO — IIap Kpeligu. PeTenpHO BipmosipyBaBIiu OXHY 3
rpameil MigHOrO OpyCcKa, MU MOKEMO 3POOMTH HOTO IMOBEPXHIO M3€PKAaJIbHOIO.
IcHYIOTh TAaKOMK i IPUPOAHI N3epKaJbHI IIOBEepXHi, HAIIPUKJIAA CHOKiliHA BOgHA
moBepxHsA o3epa (mai. 119).

Man. 118 Man. 119

Posrisimemo, AK cBiT/Io Big6uBaeThCsA Bif J3epKaJbHOI IIOBEPXHI.

Hocaig. 3a momomororo crmeriagbHOro mpuaany (Masa. 120, a) HampaBuMO Ha
I3ePKaJbHY IOBEPXHIO B TOuKy O IYydYOK CBiT/Ia Tak, 100 mpomins cBitTia OA
(man. 120, 6) nexxkaB y myomiuHi npuaanxy. IifmoBnin 10 TOBepXHi, IyYOK CBiT-
Jla 3MiHIOE HAIPAMOK CBOT'O IIOIIWPEHHS — Big0yBaeThcA BiAOWMBAHHSA CBITJIA.

Q

O A
©)

@

Man. 120

Y peayabTaTri mocJiny mobaummo, 110 BimOuTuii nmpomiHb cBiTiia OB TaKoK
JIEKUTD V ILIOIMUHI Hpuaany. SMiHIOBATIMEMO HAIIPSIMOK I1aJal0uoro MPOMEeHsT
CBiTJIa, IepecyBalouM I:KepeJso CBiT/ia, Ipu 1mboMy Oyae saMiHOBaTHCA i HaMps-
MOK BiZOMTOro ImpoMeHs CBiTJyia 3i 30epekKeHHAM ycix Horo BjacTHUBOCTel. AJe
0o0uaBa IIPOMEHI CBiTJIa 3aBMKOAU JIEIKATUMYTh y IJIOMINHI mpuaany. Takum uu-
HOM, MM BCTAHOBWJIN IIEPINHKIl 3aKOH BigOMBaHHA CBIT/IA.

IIpominb cBiTIa mMagarouuii, MPOMiHb CBiTJIa BiZOMTHI i NMepHEeHTUKYJIAD,
IMPOBeAeHU Y TOUYKY NMATiHHS CBiTJa, JeKaTh B OJHIN IIOIIMHI.

ITeit mocaing mae mamM 3MOTy BCTAHOBUTH i APYTUM 3aKOH BimOMBaHHSA CBiTJIA.
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IIpsma MN — psepkaJjbHa moBepxHsa, AO — magaouuii HIpoMinb cBitia, OB —
BimOuTHuit mpoMiHb cBiTiia, OC — mepueHIUKYJIAP A0 MOBEPXHi B TOUIli magiHHA
ceitia. KyT, yTBOpeHHN magaouyuM IpoMeHeM cBiTia i nmepneuaauryaspom OC,
HABMBAIOTH KyTOM NaJiHHA cBirTaa. Moro mosuagaiors JiTepoio o (anxbda). Ky,
yTBOpeHuii BimbuTum mpomeneM cBiTia OB i mepnenaukyiaspom OC, HasuBa-
I0Th KyTOM Big6uBaHHs cBirTia. Moro mosmauaoTs jiTepoio B (6eTa).

BumipaBiiiz TpaHCIIOPTHPOM KYT MaAiHHA CBiTyIa i KyT BimOMBaHHSA cBiT/Ia, 6a-
YKUMO, III0 IIi KyTU PiBHI MisK co6oro. OT:Ke, MU BCTAHOBUJIN IPYTUH 3aKOH BimOum-
BaHHA CBiTJIA.

Kyt BinOMBaHHA MPOMEHA CBIiTJIa MOPIBHIOE KYyTy MaXiHHA MPOMEHA CBiTIIA.

SIKII0 moBepxHSA J3epKaJjia € ILIOI[MHOIO, TaKe A3€PKAJI0O HAa3MBAIOTH ILIO-
CKHM [I3ePKaJIOM.

Tpanaserbes, M0 JIOJUHA IIOMUJISIETHCS, IIOKJAJAIOUNCS TiJIbKH Ha CBOIL
30poBi BiguyTrTa. Hanpukian, Koaum MU JUBKUMOCS Yy I3epKajio, HaM 31a€ThCsd,
[0 IIpeaMeTH, AKi HacupaB/Ai PO3TAIOBAaHI Iepes A3ePKaJIOM, 3HAXOAATHCA 3a
HUM. AK ye noscHumu?

CupaBa B 0COOJIMBOCTSIX HAIIIOI'O 30PY i CIpUMHATTA. My MaeMo IIPUPOIKEHY
3aTHICTh 6aunTU OYAL-IKUI TpeaMeT abo HOro YaCTUHU TiJbKU Y IIPAMOJIiHil-
HOMY HAIIPAMEKY, IO SKOMY CBITJIO BiJ IsKepeJia CBiT/ia, HaIpUKJIaL CBiuKu, abo
OCBiTJIeHOTO IIpeaMeTa Oe3lmocepeIHbO MOTPAILISAE B HaImi oui (Maj. 121).

JuBIAUYNCA y TJIOCKE A3epPKajio, MU He TUBUMOCS Ha IIPEIMeT, IO 3HaXOo-
IUTBhCA IIepela HUM, IIPOTe CBIiTJIO BiJ mpeaMeTa Bce K TaKHU IOTPAILIAE B HAIIi
oui, BimouBIInca Bix msepkaJia. Tomy B Harriii ceimomocTi BUHHUKae obpas mpes-
meTa. OckinpKy Bif0uTe Bifm A3epkajia CBITJIO HOIIMPIOETHCA IIPAMOJIHIMHO,
HaM 3Ja€ThCs, III0 MU 0aUMMO IpeaMeT IIPSIMO Iepen HaMM, ajle He TaM, Je BiH
HaCIIpaBIi 3HAXOAUTHCHA, a 3a A3epKajoM. MaaioHOK 122 HAOUHO Iie TOsSCHIOE.

Bﬂ ) /d ﬁBl

Man. 121 Man. 122

ToMy KaKyTh, IO y A3epKaJi Mu 6aunMO ysABHE IIPAMe 300pasKeHHs Ipe-
mera.
HuBnauucsa y n3epkajo, Bu 6auuTe CBOE ysiBHe 300pasKeHHs.

3o00paxkeHHA MpeaMeTa y IJIOCKOMY A3€pPKaJi — ysaABHe, paMe.

PosmicTMO BepTUKAIBLHO IIIMATOK IJIOCKOTO CKJIa, iKe BUKOHYBaTHUMe POJIb
nsepkasa (Mana. 123, a). OckinbKM CKJIO IIpo30ope, MU 0auMMO HpPEAMETH, IO
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3HAXOOATHCA 3a HUM. BidbMeMO OBi CBiUKM, 3aIlaJUMMO OOHY 3 HUX i IIOCTaBU-
MO ITI0 CBiUKY mepen CKJIOM. fIK y A3epKaJtii, Mu 1mob6auuMo y CKJi 300pasKeHHSA
CBiUKH, IO TOPUTH. I pyry CBiUKy po3MicTuMO 3 Apyroro OOKY CKJa Tak, Io0
3IaBaJIOCsHd, III0 BOHA TaKOXK T'OPUTH, i, TAKUM YMHOM, CYMiCTHMO IPYTyY CBiUKY
i3 300paskeHHAM mepInoi. Bumipsaemo BiZcTaHb MilK CKJIOM i KOKHOIO 31 CBiUOK
(man. 123, 6). BusBasaerses, 110 IIi BigcTaHi ogHaKOBI.

T
0

4
1.

@ ©®

Man. 123

IIpeamer i #ioro 300paskeHHA y IJIOCKOMY 3€PKAJi 3aBKIM PO3MIIleHi HA
OMHAKOBIiW BimcTaHi Bim m3epkaJa.

Hocaminu mMOKas3yoTh, IO BHCOTA 300pa’KeHHs CBiUKHK JOPiBHIOE BHCOTI ca-
MOI CBiUKH.

Po3mipu 300paskeHHS mpeaMeTa y IJIOCKOMY O3€PKaJii TOPiBHIOIOTH PO3Mi-
paM camMoro mpeaMera.

300pasKeHHdA IIpeaMeTa y IMJIOCKOMY I3ep-
KaJji mae e ogHy ocobiuBicTs. ITogusiThesa
Ha 300pasKeHHs BaIlloi JiBoi pyKU Y HJIOCKO-
My gsepxaii. Ilaabsni Ha 300paskeHHI pos- |
TAlllOBaHI Tak, HiOM Ile € Ballla IIpaBa pPyKa
(man. 124). |

Vi posriaHyTi 0co0JIMBOCTI 300paskeHHA '
mpeaMeTa y ILJIOCKOMY O3€PKaJii JaloTh 3MO- I
Ty 3poOWTH BHUCHOBOK: 300paskeHHS Ipef-
MeTa y ILJIOCKOMY [A3epKalii cuMeTpuYHe
caMoOMy MpexMerTy.

Cuocrepe:xenna. ITigifinite 10 A3epkaJia i moguBITHCSA HA CBOE 300paKeHHS.
Bu GaumnTe, 1110 300pakeHHs BAIIIOTO TiJia Ma€ Ti caMmi poamipwu, mio i1 Bu cami.
Bigifigite Bim msepxasia abo mimifimiTe mo Hboro Oamixkue. Bailie 300pasKeHHS
mepeMicTuUTBCS Ha Ty caMy Bigcraub. IligmimMirTs giBy pyky. Baime 3o0paskenns
migHiMe mpaBy PYKY.

Y miockoMy AsepkKaJii Bu 6aumTe 300paskeHHs IpPeIMeTiB, II[0 MaJio Bigpis-
HSIOThCA Big camux mpeaMeriB. Ile MOACHIOETBCS THUM, IO A3€PKAJIO BinOuBae
Big 70 mo 90 % mamaroodoro Ha HLOTO CBIiT/IA, a Or0 MOBEpPXHSA IJIOCKA i Itagka.
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Binwnit mamip abo cHir Taxko)x BimOmMBaloOTL 3HAU-
HY 4JacTHHY cBiTia — gm0 85 %, aje, IUBJISUYNCS
Ha YMCTHUM apKyll Iamepy, B He IobaumTe 30-
OpakeHb AKUX-HeOyAb IIpesMeTiB, IO 3HAXO-
OAThCS TOPAM, a TiMbKU PiBHY 0iJly MOBEPXHIO.
OTr:xe, CBiTJIO BifmOMBAeThCA He TiJIBKHU Bifg A3ep-
KaJbHUX IOBepxoHbL. IIpomeHi cBitTiia BimOumBa-
IOThCA BiJ OyIb-IKOTO IpeaMeTa, SIKUM He IIPO-
myckae cBiTia. SIKIO moOBepxHA IIpeaMeTa
mropcTKa (HepiBHa abo MaToBa), OKpeMi CBiT/IOBi
ImpoMeHi Bij0nBarOThCA Big Hel He B OgHOMY, a B
pisHUx Hampamikax (maj. 125). Taxke cBiT;I0O HAa3WMBAIOTHL PO3CITHUM, a IIOBEPX-
HIO — PO3Cil0BaJbHOIO.

3aBIAKKM PO3CISHOMY CBiTIy MM 0auMMO IIpeIMETH i B THUX MiCIAX, KyIu
OpAMi COHSYHI IIPOMEHi He MPOHWKAIOThH, HAIIPUKJIAA y KiMHAaTi: clonu Haidac-
Tillle IIOTPAaILIse COHsIUHE CBiTJIO, po3cisiHe xMapaMu, OyANHKAMU, JePEeBaMMU.

Man. 125

() 3ANWUTAHHA 0O BUBYEHOIO

1. WWo Take BigbmBaHHs cBiTNa?
2. Aki 3akoHu BigbmBaHHs cBiTna Bu 3Haete? CcpopmynionTe ix.
3. Ake o3epkano Ha3nBalTb NIIOCKNUM?
4. Aki ocobnmBocTi Mae 306paxkeHHst NpegMeTa y NNoCcKoMy A3epkani?
5. YoMy WWIOpPCTKi NOBEPXHi PO3CilOITb CBITIIO, A Bif A3€pKarbHMX BOHO Malixke
NOBHICTIO BinOMBaeTbCA?
— 3AL0AYI TA BIMPABU
=]
[——]
=F=Q=]

Po3B’sa3yemo paszom

1. dxuii 3 TpoMeHiB BigOMBaeTLCA Iif OiJIb-
UM KyTOM, a AKUM — mig MeHIuM (Maj. 126)?

Bionosgidv: npomius I mip Oigsmmm, 2 —
Oil MEHIIINM.

2. 3a AKOI yMOBH PyX JIOJAWHMN BiJHOCHO
I3epKaJa He 3MIiHUTH Ii ITOJOKeHHSA BiZHOCHO

300pakeHHsa?
0 Bionosgidv: KoJIU JIOAUHA PYXAEThCA Iapa-
Man. 126 JIeJIbHO TIOBEePXHi I3epKaJa.

PiBens A

57. Ky naginua cBiTyia Ha A3epkaJjo gopiBHioe 60°. BuxkopucToByoun TpaH-
CIOPTHUP, HAaKPECJiTh XiJ BiAOMTOr0 IIpOMeHs.

58. Kopucryouncsa MaJaioHKOM 127, HaKpecJiTh AJS KOMKHOTO BUIAIKY Xif
BigOMTOTO TPOMEHH.

59. [l cocTepeskeHHs 3a IMIOBePXHEe MOPA 3 IIiJBOSHOrO YOBHA, II[0 3HA-
XOOUTHCA i BOAOIO HA HEBeJUKill MIMONHI, BUKOPHUCTOBYIOTh ONTUYHUN IPU-
Jaj, SKUH HA3WBAIOTL MEPHCKONMOM (rperl. periskopeo — «IUBIIOCS HABKOJIO,
ornagai»). Ha mamioHKy 128 306paskeHO cxeMy O3epPKaJIbHOTrO IepucKoima. Ilo-
SICHITBH 110TO0 Aifo.
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=

Man. 127 Man. 128

60. Ha mamioHKy 129 300paskeHo IIOKa3u I'OAUHHUKA Y IMJIOCKOMY I3ePKaJIi.
Korpy roguny moxkasye roguHHUK?

61. Ha aBTOMOOinsiX ycTaHOBJIIOIOTH Asepkasa (Maj. 130). Hagimio me po6-
JATB?

Man. 129

62. B arpakiioni «KimHara cmixy» BUKO-
PUCTOBYIOTHL [3€pKajia, fAKi BUKPUBJIAIOTD
300paskenHa mnpeamerie (Man. 131). Yomy
BOHU BUKPHUBJAIOTL 300parkeHHsd IIpeaMeTis?

63. Uu wmo:xkHA 1moGauMTH Yy A3epKaJi
cBoio motuauio? Ak 1e spobutu?

64. IIpuxkaamiTs OO [A3epKaJja KiHUMK
ormiBiA. Yomy BiH He 36iraerbcs 3 KiHIeM
300paskenHs oJisna? fka Bigcranp Mimx
KiHUMKOM OJIiBIIS i fioro 300paskeHHaM?

65. YoMy CHIKMHKM BHOJHUCKYIOTH Ha
coHIi? Man. 131

Pisens b

66. Y ogHaxoBO BimOMBAIOTH CBiTJIO ILIihoBama i HemurihoBaHA TMOBEPXHI
crajseBoi miactuuu? I1lo mocAraerbed nuridyBanaaM?

67. fIxe BimOuBaHHA cBiTJIa Bif cTim OyAuMHKIB a00 KiHOeKpaHa: A3epKajbHe
uyu poscisgue?

68. HYomy ochoBi i momepeyuHi pO3MITKHY Ha JOporax HaHOCATL 0iy1or0 dapboro?

69. IloscuiTh Tari aABuUIIa: a) 3a Oe3xMapHOTO Heba TeMHie Iicasa 3axomy
CoHIla IIBUAINE, HidK KOJK € XMapu; 0) 3a XMapHOro Heba B COHAUYHHUI IeHb
IHO TJINOOKOr0 KOJIOAA3S BUIHO Kpallle, HixK 3a ScHOro Heba.
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70. ITobOynmyiiTe Xif IIpoOMeHsi, IO IIaLAae
" Ha I3epKato, i Xim mpomeHs, BigOuUTOTO Bin
nsepkasia (mana. 132).

71. Ik moTpiOHO OCTABUTH JaMIy OiJis
I3epKaJia, Io0 Kpalre 0auuTu B HLBOMY
cBO€ o0uuusa?

72. fIk Bimi6’eThcsA MPOMiHb, SKUH Haga€
MEePUeHIUKYJIAPHO [0 MOBEpXHi A3epkrasia?
Man. 132 73. Bigbutuii i mnagamunii TpoMeHi

YTBOPIOIOTH NpAMUui KyT. CKiIbKOM rpagy-
caM JOPiBHIOE KYT HagiHHS?

. \ NabopaTopHa po6oTa Ne 3

HocaigsxkeHHa BimOMBaHHA CBiTJIa 3a JOIOMOTIOIO
ILJIOCKOTO JA3epKaJjia

Mera: niepeBipuTV BUKOHAHHSA 3aKOHIB BifOMBaHHSA CBiTJIA.
IIpunagu i Marepiaiu: MJIOCKe A3€PKAaJO HaA IIiJCTaBIli, TPAHCIOPTHUD, JIi-
HifiKa, apRyIII mamepy.

Xig poborm

2 3 1. IlocTtaBTe m3epKajio Tak, IOO HOT0 IJIOIIMHA
OyJa BepTHUKAJbHOIO (IEepIeHIUKYIAPHOI OO0 ILJIO-
muHEU apKymia nanepy). Ilosmaure ojiBmem moJio-
JKeHHSA I3epKajia Ta He 3PYILIyHTe Horo 3 MicIld mmifg
yac JOCJimy.

. 2. 3a [omoMorom OJiBIA ImosHauTe Touku I i 2
L Tak, AK MokasaHo Ha MaaoHKy 133. Temep y msep-
S KaJIi MOXKHaA mo6aunTy 300paskeHHsa TOuKu 2'.

3. ITosHaure TouKy 3 Tak, I[00 BOHA JekaJja Ha
MIPONOBIKEHHI MPSAMOi, IO IPOXOAUTH Uepe3 TOUKU
11i 2. Temep Mo:kHa 3a0paTu A3€PKAJO i CIIONYYHU-
T TouKu 2 i 1 mpamoo — Iie i Oyae mamaioumii mpomiub cBiTiaa. Toukm 1 i 3
JekaTh Ha BiiOMTOMY mpoMeHi cBiTiia. 3 TOUuKHM 1 MPOBEAITH MEPIEeHIUKYIAPD
o TLIOITMHU A3epKaJjia. [losHauTe Ha MAJIOHKY KyTH HaTiHHA Ta BigOWMBaHHS.
BumipsaiiTe ix 3a IOMOMOIol TPaHCIOPTHUPA. SAIUIIITh OTPUMAHI pe3yJabTaTu
B Ta0JIAITIO.

(RS SDEE |

Man. 133

Ne pnocnigy KyT nagiHHs KyT BigOvBaHHs
1
2
3

4. IloBTOpiTHL eKCIepHMEHT Ie IBiui, 3MiHIOIOUM KyT MamiHHA HTPOMEHS
cBiTsia Ha Agzepkajo. OTpuMaHi pe3ybTaT TAKOMK 3AIUIIITh y TaOJIUITIO.
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5. 3po0iTh BHCHOBOK 3a BUKOHAHOIO POOOTOI0, a TaKOXK HaiiTe BiAIIOBiAb Ha
Taki sanutanHa: 1) Homy 300pakeHHs OpeaMeTa Y IJIOCKOMY I3epKaJii Ha3u’-
BalOTh YABHUM?

2) ki ocobismBocTi 300pasKeHHs, OTPHUMAHOI'O 3a IJOIIOMOIOI0 ILIOCKOI'O
nsepkaJa?

Jdasa monuTanBux

Kopucryouncsa magioakoM 134, BUTOTOBTE HAWIIPOCTIIIMI TTEPUCKOT i
mepesipTe fioro B mii.

Man. 134

§ 12. 3ANNOMJIEHHA CBITNA HA MEXI noauty aBOX
CEPEOOBMULL. 3AKOH 3AJIOMJIEHHA CBITIA

]J_[e B JaBHI yacu JIIOQW CTBEPAKYBaJW, IO IMAJUIA, OIIyIleHa y BOAY, Ha
MeXKi ImoBiTpsS—Boma € HiOu 3J1amMaHoOi0. BuilHATa 3 BOAM, BOHA BUSBJIAECTHCS ITi-
goio. Tak JiroguHAa BIepIlie 3iTKHYyJIacd 3 ABUINEM 3aJIOMJEHHS CBiTJIa.

Ilepmium 1me saBuIlle IIOUYaB BUBYATU JAaBHBOTPEILKUHA IIPHUPOSOMOCIITHUK
Kaeomen (I ct. H. e.). Bin ycTaHOBUB, 1110 IIPOMiHb CBiTJIa, KUl IIOMINPIOETHCS
miJ KyTOM 3 MEHII I'yCTOI'0 OITUYHOI'0 CePeoBHUIla B OiJIBIII I'ycTe, HAIPUKJIAT
3 MOBiTPA y BOAY, 3MiHIOE CBili HAIIPAMOK, TOOTO 3aJIOMJIIOEThCs. IlosCHIOIOUM
CBOIO OYMKY, Kieomen roBopuB, IO Hif MeBHUM KYTOM MU He OyaeMoO OauuTH
mpeaMeT, I10 JIeXKUTh Ha OHi mocyauuu (Maj. 135), ajge AKIO HAJIUTHU B IIOCY-
IUHYy BOAM, IpeaMeT Oymae BUIHO.

Takum umHOM, Ha AYMKY Kieome-

a, BaBAAKM 3aJIOMJIEHHIO ITPDOMEHIiB
moskHa OGaumTu CoHIe, IO 3aMIIJIO 3a
TOPHU30HT.

Inmuii  gaBHBOTPENBKUNA  YUEHUN
Kaasnaiit IItomomein (II crt. H. e.) mo-
CIAIMHUM IIJISXOM BU3HAUUB BEJIUYN-

HY, III0 XapaKTepus3ye 3aJIOMJIEHHS
IIPOMEHIB CBiTJIa IIi yac mepexony ix S
3 MOBiTPA y BOAY, 3 MOBITPA y CKJIO i 3
BOAM Y CKJIO. Man. 135
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Man. 136

Hocaix 1. CupaMyeMo Ha TOHKOCTiHHY IIOCYAUHY 3 IIiadapOoBaHOIO BOIOIO,
o mMae (GopmMy IPAMOKYTHOI'O IlapaJejelinena, IPoMiHb cBitia. Mu 6aummo,
IIT0 Ha MeXKi IBOX CepPeIOBUII CBITJIOBMI HPOMiHL 3MiHIOE CBill HAIPSIMOK: Big-
O0uBaeThCA i 3asomMaeTbea (Mau. 136, a).

3MiHy HAIPAMKY IOIIMPEHHS CBITJIa IPH WOTO0 IMepexodi yepe3 MesKy IIOofi-
JIy ABOX ONTHYHO IIPO30PHX CE€PETOBUIL HASUBAIOTH 3ALOMAEHHAM CEIMLA.

Bukonaemo kpecsenHs (Mmaja. 136, 6). Hocuig mokasye, 1110 KyT BiOMBaHHSA
CBiTsIa B MOPiBHIOE KYTY HaJiHHA CBiTJIa O, a I Yac mepexoay IMIPOMEHs 3 II0-
BiTpA y BOAY KYT 3aJIOMJIEHHA CBiTJia y (raMMa) MEHIIIUU 3a KYT MaJiHHA CBiT-
jga o. Kpim Toro, 6aummo, 1110 magamounii i 3aJ0MJIeHUN IIPOMEHi CBiT/Ia JexKaThb
B ONHil IJIOIIWHI 3 IEePHeHINKYIAPOM, IIPOBEIeHNM 0 MOBEPXHi IOAiay IBOX
cepenoBuUIl] y TOUKRy naninasa ceitia. IIix uac mepexony nmpomeHns cityia 3 Bogu
B MOBIiTPA KyT 3aJIOMJIEHHS CBiTJIa Y, OinbmnIil 3a KyT MaJiHHA CBITJIA 0.

Ileit mocuig mokasye, IO IIiJ Uac mepexony CBITJIOBOTO IIPOMEHS 3 OJHOTO
CepeioBUINA B iHIIe MAJAIOUYMH i 3aJJ0MJEHUII MPOMEHi CBiT/Ia JIeKATh B OfI-
Hil IJIONMHI 3 NMEePNeHIUKYJISIPOM, IPOBEAEHUM 0 ILJIOU[MHM IOMiJy JTBOX
CepeoBUIIl Y TOYKY MATiHHA NMPOMEHA CBiTJIA; 3aJeKHO BiJ TOT0, 3 AKOrO
cepeoBHUIla B SKe IEPexXOAuTh MPOMiHb CBiTJia, KYT 3aJOMJIEHHS IPOMEHS
cBiTiIa MOke OyTH OinbmMM a00 MEHIIMM 3a KYT NaJiHHA CBiTJIa.

PisHi cepemoBuiiia mo-pisHOMY 3aJIOMJIIOIOTH CBIiTJIOBI mpoMmeHi. Hanpukiang,
aJMa3 3aJIOMJIIOE IIPOMEHi cBiTsia OiybIlle, HisK Boma abo CKJIO.

CepenoBuille, sike 3aJIOMJIOE CBiTJIO, MO:Ke OyTH TBEPAUM, PiIKUM i rasyna-
TUM, ajie BOHO Mae OyTHM IIPO30PUM, TOOTO TaKMM, uepes sSKe IIPOMEeHi cBiTJa
IPOXOAATHh HACKPi3h.

CBiT/I0Bi IIpOMEHi 3aJIOMJIIOIOTHCS, OCKIJIBKHI
BOHHM IIOIIIMPIOIOTHCA B PIBHMUX CepPemoBUIINAX
(Timax) 3 HEOTHAKOBOIO IBUAKiCTIO. ¥ MOBiTpi
MIBUAKICTh HOINMPEHHS cBiT/ia Oijblla, HixK y
BOJi, v Bomi Oijblmia, HisK y CKJIi.

Hocaixg 2. IlomicTuMo B TOCYyAMHY 3 BOMOIO
creriajbHe AMKEepeJio CBiTyia, Bif AKOro B pisHi
OOKHU IIOIIMPIOIOTHCA IIPOMeHi cBiTia (mai. 137).
IIpomins cBiTiIA, IO Hamae IEPIEHAUKYJISIPHO
Man. 137 IO0 MeKi BOIa—TIOBITPsA, He 3aJIOMJIIOETHCA.

66

[paBo ans 6e3onnatHOro po3milleHHs NigpyYHMKa B Mepexi [HTepHeT mae
MiHicTepcTBO ocBiTYM i Hayku YkpaiHu http://mon.gov.ua/ Ta [HCTUTYT MogepHi3aLii 3micTy ocBiTu https://imzo.gov.ua



CBITJIOBI ABHIIJA

Ilpomeni cBiTia, 1m0 mamalmTh A PidHUMHK KyTaMM IO IIOBEPXHi Bomu, 3a-
JIOMJIIOIOTLCSA IIO-pidHOMY. AJle € IPOMEHi CBiTJIa, AKi B3araJji He IepexogATh 3
BOJM B MOBITPs, a IOBHiCTIO BigOuBaioThCa Bif ii moBepxui. ABuine, Koau mpo-
MeHi CBiTJia He BUXOASTH i3 cepemoBHUIllA i MOBHICTIO BiIOMBAIOTHLCS BCEPENUHY,
Ha3WBaIOTh MOBHUM BHYTPIiIIHIM BinOMBaHHAM cBiTia.

SBuIle MOBHOTO BHYTPIiNIHBOTO BifOMBAHHSA CBiTJIa BUKOPUCTOBYIOTH Y CIIe-
miagpHUX mOpujaagax — cBiTaoBogax. CeiTsoBogm (Majyi. 138) IIIMPOKO BUKO-
PUCTOBYIOTH AJisA Iepemauvi 300pakeHb IpeaMeTiB 3 OyAb-AKOro Micild Ha Oyab-
AKi BigcrTaHi.

() 3ANMUTAHHA 0O BUBYEHOIO

1. e moxe BigbyBaTucs 3anoOMIeHHS CBIT-
na?
2. AKi 3aKOHW 3anOMIEHHS CBiTNa BW 3Hae-

Te?

3. HaBegitb npuknagn 3anomneHHs ceitna.
Man. 138

— NabopaTtopHa po6oTa Ne 4

HocaigxeHHa 3aJIOMJICHHS CBiTJIa

MeTa po6OTH: BUBUUTHU SBUIIE 3aJOMJEHHS CBiTJIa, YCTAHOBUTHU CITiBBigHO-
IIeHHA KYTiB mafiHHsg Ta 3aJOMJEHHS CBiTia.

Ilpunagu i maTrepiagu: CKJIAHA IIpU3Ma 3 IIJOCKOHApaJIeIbHUMU T'PAHIMU,
apKyIIl Iarnepy, TPAHCIOPTUP, OJiBellb.

Xig poborm

1. Ha apky1ri namepy po3MicTiTe mpusmy
3 IJIOCKomapajgeabHuMu rpanavu. OoBeniTs
osiBieM uu pyukoro ii Koutypu (maj. 139).

2. Ha aprymii momaJjroiiTe IpOMiHBL CBiT-
Ja Tig AOBIJIBHMM KYTOM, SAKHII IIajgae Ha
MeHINy rpaHb npusmu. IIoGyayiiTe mepreH-
OUKYJIAP 3 TOUKU IMAAiHHS IPOMEHs CBiTJIa
o rpani mpusmu (mas. 140). Man. 139
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3. ITokmamiTe mpusMy Ha 00BeleHe MicIle Ha mare-
pi. [uBigunchk dYepe3d rpaHb NPU3MU Ha HTPOMiHBb
cBiTyia, cupoOyiiTe MMOOAUYUTH HMOro 300paKeHHA Y
npusMi. SHAKLITH TaKe IIOJOMKEHHSA IOJIS 30Dy, KOJIU
300pa’KeHHs IPOMEHS CBiT/ia y IpU3Mi HaIpsaMJeHe
Ha Bac (maJj. 141).

4. He 3miHIOIOUM IIOJIO}KEHHS 30pPY, 34 JOIOMOTOI0

Man. 140 OJIIBIIA IO3HAUTe IIPOJOBKEHHA IIPOMEHS CBiTJIa TaK,

o6 I1e MaJio BUIVIAJ OZHOTO CYIIiJIBHOTO ITPOMEHS
(man. 142).

Man. 141 Man. 142 Man. 143

5. IlpomoB:kiTh mamarouuii MPOMiHbL CBiTJIA, IK MOKAa3aHO Ha MaJIOHKY 143,
a TAKOMK CIOJNy4iTh Touku A i B.

6. ITosuauTe i BuMipsiiTe TPAHCIOPTUPOM KYTHU MAMiHHA 1 3aJJOMJICHHS IJIA
mepexony MOBITPS—CKJO. SalIUMIiThL AaHI B TAOJIUITIO.

Ne gocnigy KyT nagiHHa KyT 3anomneHHs CniBBigHOLIEHHS KyTiB
1
2

7. IloBTOpiTh mOCJIiA Ha HOBOMY AapKyIi mamepy, 3MiHMBINK KyT NagiH-
HS IPOMEHA CBiTJIa Ha mpusaMy (3pobiTh MOro OiJBIIMM YW MEHIIUM 3a IIOoIe-
penHiii).

8. 3pobiTh BUCHOBKH.

Jdasa monuTanBux

IToguBiTHECS HaA OJiBEIb KPi3h MPO30PY JiHINWKY, 3MiHITH KyT i HaxmIy
0 HATIPAMKY 30py (Mas. 144). ITosacHiTh sBUIllle, AKe BU CIIOCTEpiraere.

Man. 144
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—— 3ALIAUI TA BMPABM

Posp’sa3yemo paszom

1. fxkwuii 3 KyTiB GiAbIIUil — KyT MaAiHHS YU KYT 3a-
JIOMJIEHHSI, SIKIIO CBIiTJIO IEPEXOJUTh: a) 3 BOAM B IOBITPHA;
0) 3 TIOBITPA Y CKJIO; B) 3 BOAU Y CKJIO?

Bionosiov: a) KyT mamiHHA; 0) KyT IagiHHA; B) KyT 3a-
JIOMJIEHHS.

2. VYV CKJIAHKY 3 BOAOIO BCTABUJIM TPYOKY HJsS COKY. K
MOSICHUTH SIBUIIE, 300paskeHe Ha MaJOHKY 1457

Bionogiov: AKIO IUBUTHUCS HAa MAaJIOHOK, TO 0a4yuMmo,
10 TPyOKa JJIA COKY 34a€ThcA 31aMaHo0. 1le IosSCHIOETE- Man. 145
cs 3aKOHAMU 3aJIOMJIEHHS CBiTJIa.

PiBens A

74. Cupsium 6isa 6ararTts, 6a4mMMo, IO MPEIMETH, AKi 3HAXOAATLCSA 34 HUM,
HeHaue KOJIuBaThCesa. Yomy?

75. Uu MoxKe CBITJIO IIePeXOAUTH 3 OJHOI'O CepeJOBHUILlA B iHINle He 3aJI0MJIIO-
IOUNCH?

76. YoMy HOAiJIKM IIMKAJW HPO30PHUX JIHIMOK i KOCHHIIIB HAHOCATH HA TOMY
0o1ri, AKMIT IPUKJIALAIOTh O BUMIPIOBAHUX IIPeIMeTiB?

77. Homy 3maeThCs, IO IPeIMEeTH Ha AHiI piukm abo o3epa 3HAXOAATHCS Ha
MeHIIIiH rInbuHi, HixK e € Hacupasmi?

78.Y CKIAHKY, HAIOJOBUHY 3aIOBHEHY BOJOIO, IIOMICTHJIM OJIiBellb
(man. 146). IloacHiTs siBUIIE, AKE BU CIOCTEPIraETe.

Man. 146 Man. 147 Man. 148

79. IlepemaioiiTe B 30mIUT MaJOHOK 147. [ KOKHOroO BHOAAKY HaKpec-
JITH 3aJIOMJIEHUY NPOMiHb, BBasKalouu, IO BCi Tijia Ha MAJIOHKY CKJISHI.

80. IITo 300paskeHo Ha MaJIOHKY 1487

81. ITosicHiTh ABUIA, 300pakeHi Ha MaaoHKY 149.

AN

Man. 149
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Pisens b

I 82. ITpomiub cBiTJIIA ITepexoauThb 3 moBiTps I
: y Bomy 2 (mai. 150). ITopiBusiiTe KyT magiHHA
[ i KyT 3aJIOMJIEHHSI IpPpOMeHsA. BuKopucToByioun
: BiATIOBimHI KpecasdApchbKi iHCcTpyMeHTH, HaMa-
il JIoNTe Xix BimOmMTOro mpoMeHs.
|
|
|
[
|

83. Byap-aka BomoiiMa, JHO SAKOI IIPU CIIOKifi-

Hili i mposopiii Boai modpe BUAHO 3 Oepera, 3aBiK-

¥ 3Ia€ThCA MiJKiIo, HiK y mificHocTi. Yomy?

84. Yum mosAcHUTH, II0 BCEepPeIUHI TPIlTuH

Man. 150 aBTOMOOIJILHOTO CKJIa MU CIIOCTEpiraeMo cpib-
JISICTY TIOBEPXHI0?

85. BukonaiiTe Takuii JOCTi[: MOKJAMITh HA CEPeIUHY MHA YAIIKU MOHETY
i crambTe Tak, 00 MOHeTy BaM He Oyso BumHo. IlompociTh, 1006 y YaImiky
XTO-HeOyab HaauB Bogu. Yu BumHO Temep MoHeTy? IloACHITH Ie 3a JOIIOMOTO0
MAaJIOHKA.

86. BukownatiTe Takuii JOCJHiM: KpPamHiITh HAa apKyIl 6ijoro mamepy Kpam-
auay oxii. Yomy yTBOpeHa masMa 3MAETHCA CBIiTJIIIIOI Bif pemiTu mamepy,
SAKIIO IMBUTHCA uepes Hei Ha cBiTio? YoMy y BigbuTOMYy CBiT/Ii masiMa 34a€Th-
cA TEeMHIIIo0?

§ 13. PO3KNAOAHHSA BINOro CBITNA HA KONbOPMW.
YTBOPEHHA KOJIbOPIB

BaM, 3BMUAHO, He Pas JOBOAUJIOCS 0AYNTH, AK IIicJIs AOINY B COHAUYHUN JeHb
Ha HeOi BUHMKAae Pi3HOKOJIipHA cMyra — BeceJKa. A SIKIIO BU CIIOCTEPEXKJMBi,
TO MOIVIK 0aUMTH TAKi BeCceJKOBi KoJbopu He TiabKu Ha Hebi. IloguBiThesa, Ha-
OpUKJIan, Ha BogAHUN (poHTaH, ocBiTienuii CoHIleM, i Bu mobaunuTte, IK BeceJ-
Ka, moxiOHa mo HebecHOI, rpa€ y Kpamasax BOLU.

Hocaix 1. Bisbmirs JiH3y i moguBiThecA Kpish Hel Ha moaym’s cBiuku. Bu
mobauuTe, IO IOJYM’S CBiUKHM OTOUEHE KOJbOPOBUMU KiJIbI[SIMU.

ITomepem:xaemo! ¥ KomHOMY pasi He MOKHA TUBHUTHUCA Kpi3hb JiH3Y Ha
Conme. Tax Bu Mo:keTe 3incyBaTu cobi 3ip.

36i0KuU Je 3'a6a810MbCA HA HeOi, Y Kpanasx 600U abo AiH3ax makxi pi3HOKO-
JAipHI cmyeu?

Te, 1110 COHSUYHE CBITJIO CKJIAIAETHCSI 3 KO-
JBOPOBUX IIPOMEHiB, ycraHoBUB Icaax HbioToH.
VYIoCKOHAIIOIUY TeJeCKOIY, BiH 3BepHYB yBary,
10 300pakeHHsa 00’€KTiB, sIKe Ia€ 00’€KTUB, IIO
Kpasx 3abapBJieHe.

Y 1754 p. HpioTOH BMKOHAB T'e€HiaJIbHO IIPO-
ctuit nocaia. Bin mporryctuB consiune (6isie) cBiT-
JIO yepes MaJIeHbKWI OTBIp Y BIKOHHUIII B 3aTEeM-
HEHy KiMHaTy, a Ha ILJIAXy TPOMEHS IIOMiCTHUB
CcKIAHy mpuamy (Mas. 151). IIpmsma sajmommia
COHAYHI IIPOMEHi 1 cupsAMyBaJia iX Ha CTiHKY, Ha
Man. 151 AKi# 3’aABuaca 6araToKoJIipHa cMyTa.
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ITro GaraToxojipHy cMyry poskJamgeHoro 6isoro csitia HpoToOH Ha3BaB
CIIEKTPOM (J1aT. spectrum — «BUIUMUMA»).

Binm gifinmos BuCHOBKY, ITIO:

1. Conaune (0ie) cBiTIO — 1Ee CBiTIO, AKe CKIATAEThCA i3 ceMHU KOJBOPIiB.

2. Po3KJagaHHA COHSYHOTO CBiTIIa TPUTIPAHHOK IPHU3MOKI0 IMOACHIOETHCHA
THM, [0 OKPEeMi KOJIbOPOBi MpPOMeHi 3aJIOMJIIOIOTHCA B Hili HeomHaKoBo. Haii-
MeEeHIIIe 3aJIOMJIOIOTHCA IIPOMEHi YepPBOHOT0 KOJbOPY, a Halibijasme — gioie-
TOBOTO.

3. IlopAIoK KOJBOPIB y CIEKTPi 3aBKIU € OMHAKOBUM (MaJj. 152).

Man. 162

HyioTon moBiB, 1o 6ijie CBiTJIO BUHHKAE B Pe3yJbTaTi CKJIAJAHHA 7 KOJIbO-
piB cuekTpa. IlepekoHaemMocss B IIbOMY.

Hocaig 2. Bissmemo auck HploToHa (Kpyr, Ha AKOMY HAHECEHO KOJLOPHU
crmexTpa, MaJj. 153) i obepraTuMeMo HOro 3 IEBHOIO IMIBUAKICTIO. ¥ pe3yabTaTi
OOCJHigy MU mob0aumMmo, IO AUCK Mae Oiamii KoJip. Ko Ha HIIAXY COHAU-
HUX IIPOMEHiB IIOCTABUTH [OBi MpHM3MM, TO Ha BUXOAi oTpuMaeMo Oijie cBiT/IO
(mau. 154).

Man. 153 Man. 154

YV 1807 p. amriificexkuit yuenuit Tomac FOHr 3po6uB Iie ofHe BasyKJIMBE Bij-
KpUTTA: Oijle CBITIO MOSKHA OTPMMATH HLJIAXOM 3MIilIyBaHHA TiJIBKU TPHOX
KOJBOPiB — YEepPBOHOT0, 3€JI€HOTO i CHHBOTO.

Busapnserscs, pemTy KOJbOPiB CIEKTPa, a TAaKOXK iX BiATIHKM MOYKHA OT-
puMaTHu, 3MIIIyIOUM YepPBOHUII, 3eJeHuil i cuHill KoJabopu. AJe >KOTHUM 3Mi-
IIYBAHHAM iHIIIMX KOJILOPiB HEe MOKHA OTPHMMATH UYEePBOHUI, 3€JIeHUH i CUHIiN
KOJILOPMU.

Hocaig 3. HanpaBuMo Bii TphOoX OMHAKOBUX IyKEpEJI CBiTJia HA eKpaH CBiT-
JIO YepBOHOI'0, CHHBOT'O i 3eJIeHOTO KOJILOPiB TaK, 1100 BOHU HAKJIAZAJUCSI OSUH
Ha ogHoro (MaJj. 155, a). Tam, me HaKJIaJAIOTHCA BCi TPU KOJIHOPU, MU MOGAYUM-
Mo Oinuit Kouip (MaJg. 155, 6).
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Man. 155

YepBoHMii, 3eJIeHUH i CHHil KOJHOPU — IIe OCHOBHIi, a00 MepBUHHI, KOJIbOPHU
CIIEKTpaA.

Yomy npedmemu marwmov pi3Hi KOAbOPU?

Komip 0ynb-sKoro HEIpO30poro Tijia 3ajIe’KUTh Bij CBiT/Ia, AKe BOHO BimgOu-
Bae (maJj. 156). IlpeagmeT mMae uepBOHUIT KOJIip, TOMY IO BiH Bij0MBae uepBOHE
CBiTJIO 1 TOoryIMHAE Bcei iHINi Koabopu. IHINIMIA mpeaMeT Mae CHUHINA KOJIip, TOMY
1o BiH BimOuwBae cuue cBiTJIO i momImHae Bei immmi Komwopu. Ilpemmer 6isioro
KOJILOPY Bifi0MBa€ CBITJIO BCiX KOJILOPiB, a IIpeAMET UYOPHOTO KOJIbOPY, HAaBIIa-
KU, B3araJii He BimOuBae cBiTJia, a IIOBHICTIO MOT0 IIOTJIMHAE.

Tismo MoXKe HmOIMIMHATH i BifOMBATH OJHOYACHO KiJbKa KOJBOPIiB.

BigbuTi KoabOpOBi mpoMeHi 3MIIIyIOTBCSA MiK c00010, i Kouip Tinma 3aJe-
JKUTh BiJ TOro, y AKOMY CIIiBBiZHOINIEHHi BOHM BiJ HHOTO BimOMBAIOTLCSA. 3aB-
IAKW IIBOMY i BMHUKAa€ DPidHOKOJIipHA rama (apb, AKy MU cIocTepiraemo y
IPUPOi.

Komip mposopux Tin 3ajgexuTh Big Toro, AKi mIpomeHi cBiTiia HPOXOLATH
Kpisdh HuUX. Hampukiaj, 4epBOHE CKJIO IIPOMYCKAE€ TiJILKW YEePBOHI ITPOMEHI,
a 3ejleHe — TiJIbKHM 3eJieHi, IIf0 i 3yMOBJIIOE iX KOJIip. 3a JOIOMOIOI0 TAKMUX
CKeJIeIlb MOJXKHA OTPHUMATH OZHOPIAHUNA 3a KOJIHOPOM HYUYOK mpomeHiB. IIposo-
pi miacTMHKM, SAKi 3aCTOCOBYIOTH AJIA OTPUMAHHS OMHOPiIZHOTO 3a KOJILOPOM
CBiTJIOBOTO IIyuKa, HA3MBAIOTH CBiTIO(dimpTpamMu. IX MEPOKO 3acTOCOBYIOTH B

OIITUYHUX IIpuJjaagax.

//
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IlpenmMeTnn MOXKYTHL 3MiHIOBATHM CBifl KOJip, AKINO Ha
HUX TaJa€ CBiTJI0 AKOro-HeOyIbL iHIIOTo Koabopy. Hampwu-
KJIaJ[, YepBOHE IIJIATTd MaTUMe BUTJIAJ YOPHOTO y IIpOMe-
HSX CHHBOT'O a00 3eJIeHOTO KOJILODY.

TpboMa OCHOBHMMHU KOJILOPaMH’, K1 BUKOPUCTOBYIOTH
IJIs "KUBOMNCY, € UePBOHUI, KOBTHUH i cuHili. Bouu me 30i-
raioTbCsA 3 OCHOBHMMM KOJbOpaMH CBiTyia. 3Milmyiouwm Iti
KOJIbOPY, MOKHA OTPUMATU MPAKTUYHO OyAL-IKUIl KOJIp, Man. 157
OoKpim Oisoro. SIKImo smimmaTy BCi TpW OCHOBHI KOJBOPH B
PiBHUX IIPOIOPIIisIX, TO OTPUMAEMO UOPHUI KoJaip (MaJj. 157).

ITikaBuM ODPUPOSHUM SIBUIIIEM € BeceJKa. Ak Je 80HA BUHUKAE?

Becenka BunuKae B pe3ysbTaTi 3aJIOMJIEHHS i BimOMBaHHA CBiT/Ia, HATIPUKJIAT
y Kpamiax gorny (Masi. 158). ¥V kpaliii Boau CBITIO PO3KJIaJaEThCS HA KOJILOPH.

Man. 158

Kpanasa Bogu moxibHa 0 MajeHbKOI NpuUsMM, a ii BHYTPIIIHS IIOBEPXHS
BUKOHYE DOJIb I3€PKajia, HANOPABJSIOYM HPOMEHi, ITI0 HPOHUKJIU y KPAaILIio,
y 3BOpOTHUIT 0iKk — g0 cmocTepiraua. Ilpu mpboMy HaOijbIna KiJbKicTh cBiTiia
BUXOJAUTH IIiJi KyToM 42° M0 IIOYaTKOBOI'O HAIIPAMKY COHAUYHMX IIPOMeHiB. fIK-
pas 1e cBiTiio Mu i 6aumMmo.

BapBu Becesku posTallioBaHi B TaKOMYy MOPSAAKY: dioseroBuii, cuHii, 6Ja-
KWTHUN, 3e€JIeHUH, KOBTUH, OpPaHIKeBUM, uepBoHmMii. Jlasi iime cmyra, y akii
OKO He PO3pisHsAE€ KOJbOPiB, iHOAI BOHa HaBITH 3MA€THCA TEMHIINIOO, HiXK perr-
Ta Bciel vacTuHu Heba, HA TJIi AKOTO BUAHO BeCEJKY. 3a I[i€0 CMYToI0 MOYMHA-
€ThCA BEPXHs BeceJIKa: Y Hill IOpAJOK KOJIbLOPiB 3BOPOTHUWII — BiJ UEePBOHOTO
o ¢ioseToBoro.

Ane womy eu iHo0i Oavume GecesKy ACKPABUX KOAbOPi8, a iH0di — HesAcKpa-
sux?

Busasiserbes, sSCKpaBicTh KOJILOPiB Yy BeceIli 3aJe:KUTh BiJl po3MipiB 1o-
I[OBUX Kpaleb. Ko BoHu Beauki (1-2 mm), (ioseToBa i 3e1eHa cMyru gyJKe
ACKpaBi, uepBOHA TaKOK AOOpe IOMiTHA, a OJAKUTHY BUIAHO cjaabo. 3i 3MeH-
IIEHHAM PO3MipiB Kpamejb BecelKa PO3IIMPIOETLCA i OJigHe, a Koau KparmJii
3oBciMm masenbKi (0,05 MM), BOoHA 3HUKAE.
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< IIE IIIKABO 3HATH

3 posnosigi nepworo kocmMoHasTa HOpist MarapiHa npo nepebyBaHHA B KOCMOCI:
«...Hebo mae yopHui konip. 3ipkn HabaraTo sickpasiLwi, i iX KpaLle BUAHO Ha Thi Lbo-
ro YopHoro Heba. 3emns Mmae gyxe Kpacvmsun 6nakuTHun opeorn. Lien opeon gobpe
BWUAHO, CMOCTEPIrarymn ropusoHT — NiaBHWUIA NEPEXi Bifg HiXXKHO-BNakNTHOro Konbopy
yepes GnaknTHUI, CUHIN, bioneToBMI i 30BCIM YopHMI Konip Heba. [lyxe kpacusuii
nepexig! Konu Bnxoguiu 3 TiHi, 6aunw, sik CoHue npoceivye 3emMHy atmocdepy. | TyT
Lilel opeon Tpoxu iHWoro BiaTiHKY. bina camoi 3eMHOI NoBepXxHi Konip sickpaBo-OpaH-
XXEBUN, fani BiH nepexoauTb y BCi 6apBu Becenku, 4o bnakuTHOro, cMHbLOro, dione-
TOBOrO i YHOPHOrO KONbOpPY Heba.

BxomkeHHs B TiHb 3emni BinOyBaeTbCcs oyxe LWBMAOKO, BiApa3y HacTae TeMpsiBa
i HiYOro He BMAHO...».

Mepwmin kocmoHaBT Ykpaiuu JleoHig KageHiok Tak onvcaB CBOE BpaXKEHHS Bif
BumsAay 3emni 3 KOCMOCY: «...Hema Takux cnis, 3a JONOMOrOI SKMX MOXHa onucaT
nobayeHe. HagssmyaiHO Benuvka KinbKiCTb HaMpi3HOMAaHITHILLMX KONbOPIB, ane oc-
HOBHMI BiTIHOK — ronyoumny.

CBOE Bpa’keHHs Bif KOCMOCY nereHaapHui ykpaiHeub onncas y kKHKLi «Micis —
Kocmocy.

() 3ANMWUTAHHA 0O BUBYEHOIO

1. flke BUNPOMIHIOBaHHA Ha3nBaTb BUOAUMUM?

2. XTO AOBIB, LLIO COHSAAYHE CBITIIO CKNaAaeTbCs i3 CEMMU KONbOpPiB?
3. Aki Konbopu Ha3nBarTb OCHOBHUMN?

4. Ak BUHUKaAE Becenka?

— 3AOAYI TA BINPABU

Po3B’a3yemo pazom

1. ITicyis1 moIly B COHAYHY IIOTOAY iHOAI MOMKHA ciocrepiraru Beceary. Yomy
came 1micuas porry? YoMy B COHAUYHY IIOTOAY?

Bionogidv: y moBiTpi MicTATbCA MOOIIOBI KpAIJIMHYU, SAKiI € CBOEPiIHUMMN
OIpU3MaMH i B AKUX 3aJIOMJIIOIOTHCS COHAYHI IIPOMEeHi.

2. Yomy nas 3a00pOHHHX CHUTHAJIIB Ha TpaHciopri (y cBiTiodopax, cema-
dopax, cTOI-CUTHaJaX TOI0) BUKOPKMCTOBYIOTh CaMe UePBOHUM, a He AKUii-He-
Oyap iHImuiA Koaip?

Bidnogidv: uepBOHi IIpoMeHi MeHIIle PO3CiloI0ThCA B MOBITPi ¥ H06pe BUAMMI
3a OyOb-AKOI IIOroau.

PiBens A

87. Bimomo: 1m1o BuIila TeMIilepaTypa HArpiTOro Tija, TO MIMPIIUN CHEKTP
(mai. 159). Busnaure, ake 3 Tix A, b, B mae temueparypy 800 °C, 1000 °C,
1400 °C.

88. Ha ekpani 300paskeHO [Ba BapiaHTM HaKJaJaHHS KOJbOpiB (Maj. 160).
Axuit xouip maroTe giaguaru 1, 2, 3, 4?

89. IMosacHiThs pesyabratu gocainy (mMaj. 161).

90. 3a mamoHkoM 162 BusHauTe 3abapBJIeHHA IYIIEHAT.
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o
-

Temnepamypa
30ibuLyemues

Man. 162

91. Ha mamrouky 163 Mmu 6aunmo nmpeamMeTy. Yu 3MiHHUTBCSA iX KOJIip, SKIIO
posmisgaTu ix yepes senenuii piaprp? AKmo Tak, To AK?
92. IlosicHiTh, PO IO HAEeTHCSI Ha MAJIOHKY 164.
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93. Yomy rpaHOBaHi CKJAHI ITiABiCKM JIOCTPH IIEPEIMBAIOTHCA PIBHUMU
Koabopamu?

Pisens b

94. ABTOMOGiJIi MOKYTh MaTH AOJATKOBi (hapu »KOBTOTO CBiTJIa, AKi BUKO-
PHUCTOBYIOTBCS IIiJ uac moisgxu B TymaHi. Yomy?

95. [loa cmocrepirava, AKkuii onuHUBCA 6 Ha Micari, He60 BusiBuaocA 0 He
0JIAaKUTHOT'O KOJIbOPY, a 30BciM uopHuM. Homy?

96. HafiTouHiImi ekcnepuMeHTH, AKi IPOBOIMIN BUEHi, IOKa3ajau, IO JIO-
IuHa He Oaiimyska OO TOro, AKi KOJLOPM ii OTOUYIOTH: UEPBOHUM KOJIp Mae
30YIKYIOUMI BILJINB, BUKJIMKAE BiJUyTTs TeILJIA; OPaHKeBUH — 3irpiBaroumii i
CTUMYJIIOIOUNI, COPUSIE PO3IBUTKY ITOBUTUBHUX €MOI[ill; KOBTUH — COHAUHUN
KOJIIp XOPOIIIOr0 HACTPOIO i BeceJsoIliB; 3eJeHUil — 3aCIIOKOI0E, CTBOPIOE Bif-
YyTTsI CBi¥KOCTi; OJIaKUTHUI — 3aCIIOKOIOE, pPo3caabiisie M’ A3u; (piosieToBUA —
IoOpe BIJIMBA€E Ha CEPIEBO-CYAUHHY CHCTEMY M OpraHu AWXaHHA; YOPHUNA —
IIPUrHiuye, IIpoTe AA€ IPUEMHUN epeKT IPU KOHTPACTHMUX CIOJyUYeHHAX. Bpa-
XOBYIOUM Ile, VKAXKiTh, AKMMHU KOJbOpaMu Kpaire ¢papOoyBaTu KJIacHI KiMmHaTH,
BiTasabHi, imaabHi, coaJabHI KiMHaATH.

97. ¥V npaBuiax 0e3leKU Pyxy 3a3HaueHO, 110 JOPOKHI 3HAKM CJIiJ HAHOCUTHU
6isoro (hapboro Ha cuHbOMY TJi. YoMy oOpaJiu caMe Ile IOETHAHHSA KOJLOPiB?

98. Yomy mpeaMeTy 3AAIOThCA CHUHIMM, AKINO iX PO3TJIAZATH Yepe3 CHHi
OKyJsapu?

99. ManoHOK BUKOHAJIN 3eJIeHoI0 (papboio Ha Oimomy mamepi. Koro xKoino-
py BiH Oyze 3gaBaTucs, SIKIO IIOAMBUTHCA Ha HHOT'O Uepes JKOBTE CKJIO?

100. fdxoro rosbopy Oynme 3maBaTHCA CUHA XYCTHHKA y dorTosaboparopii,
AKIIO i1 OCBiTUTH YepPBOHUM CBiTIOM?

101. Yum MOKHA HOSCHHUTH, IO TPaBa Ta JIUCTS JepPeB YV UYePBOHUX IIPOMeE-
HAX COHITA IiJ Yac #10ro 3axoJy MOCTYIIOBO BTPAYAlOTh CBOE SCKpaBO-3ejieHe
3abapBJIeHHA i HaOyBaOTL Oyporo BiATIiHKY?

102. IloscHiTh, yoMy B KimHAaTi, OCBiT/IeHiii 3ejleHMM CBiTJIOM, IpeaMeTH
YEepPBOHOTO KOJIBOPY 3HAI0THhCA YOPHMMM, a B KiMHATI, OCBiTJIeHilI YepBOHUM
CcBiTJIOM, yCi 3eJIeHi ITpeaMeTH 3Jal0ThCSI YOPHIIMU.

103. Yomy XyAOKHUKM MAJIOIOThL KapTUHHN (papdaMy mepeBasKHO HPU IEH-
HOMY CBiT/Ii?

104. Yomy mmpu BeUipHBOMY OCBiTJIEHHI He MOKHa TOUHO BUSHAUUTU 3a0apB-
JIeHHs, AKe MaTUMe TKaHWHAa BIEHb?

105. YuM mOSICHUTH, IO AesKi JI0AM HeIpPaBUJIbHO CHPUIMAaIOTh KOJLOPHU
mpeamMeTiB?

§ 14. NIH3WU. ONTUYHA CUINA TA ®OKYCHA BIACTAHb
NIH3WU. ®OPMYJIA TOHKOI JNIH3U. OTPUMAHHA
30BPAXEHb 3A OOMOMOIOKO JNIH3U

Meﬁca pO3AiJly ABOX, IPO30PUX AJA CBITJIA, TiJI MOXKe OyTH BUKPUBJEHOIO.
fAKIimo mposope Tijio 0OMEXKUTH BUKPUBJICHUME MOBEPXHAMM, OTPUMAEMO JiH3Y
(gim. linse — «COUEBUILA»).
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JliHza — 1e mposope Tijio, oOMeskeHe TBOMA OIMYKJINMH a00 BrHYTHUMHU IIPO-
30PUMU MOBEPXHIMHM, AKi 3aJIOMJIIOIOTH MIPOMEHi CBiTJIA.

OgHa 3 TOBEPXOHL JiH3 MOMKe OyTH IIJIOCKOIO. JIiH3M BUTIOTOBJISIOTH 3
AKOI-HeOyIb IMPO30POoi AJIsl CBiT/Ia PEUOBMHMU: CKJa, KBaplly, PisHMX IJacTMac,
KaM’aHOI coJIi, ajle HaliuacTimme — i3 coeriaJbHHUX COPTiB CKJIA.

Haii6inbmoro nomwupenHsa HaOyaum JiH3W, oOMe:KeHI cepuUHMMU IIO-
BepXHAMHN. 3ajJIe;KHO BiJ B3aeMHOro pO3MillleHHSA c(epuUYHUX II0BEPXOHb,
0 OoOME’KYIOTh JIiH3y, pPO3Pi3HAITL 6 THIIIB JiH3: ABOOMYKJA, ILJIOCKO-
ONyKJIa, YBiruyro-omykJja (maJu. 165, a, 6, 8); BOBBirHyTa, ImJIOCKO-BBirHyTa,
omyKJo-BBirayra (maiu. 165, 2, 9, e).

\ g N /- \ /

~
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/
/
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-

Man. 165

Bynb-ska JsgiH3a Mae xapakTepHi Toukm i Jimii.
3’sacyemo, AKi came.

1. Ilpamy, mo mpoxomuTh 4depes HeHTpu C; i C,
ceprUHUX IIOBEPXOHb, AKi 00OMEXXKYIOTH JiH3y, Ha3u-
BalOTh I'OJIOBHOIO ONITHYHOIO Biccio (Maj. 166).

0
\/
2. Touxy O, 110 JEeXUTH Ha T'OJOBHiNl ONTHUYHIiI oci
B IEHTPi JIiH3W, HA3WBAIOThL ONTHYHUM IEHTPOM JiH- Y
3u (maj. 166).
Hocaig 1. CupsaMyemMo Ha JiH3Yy IIYYOK IIPOMEHiB, A
mapaJjedbHUX ii roJioBHi#M omTmuuiii oci. IIpoxogaum
uepes JiH3y, CBITJIOBi IpoMeHi 3aJOMJIIOIOTHLCA i mepe- Man. 166
THUHAIOThCA B ONHINA TOUIll, SKa JIE)KUTL Ha T'OJOBHIN

ONTHYHII oci ginau (Maa. 167).
ITro TouKky Ha3WBaOTH roJIOBHUM (PpoKycom Jgin3m F.

Man. 167
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3. T'omoBumit dokyc ain3u F — Touka, y sKiii cxomsThcsA Bci, mapaJienbHi
TOJIOBHI# ONTUYHIN Oci, TpoMeHi micyia X 3aJIOMJIEeHHSA B JIiH3i.

4. ®doxycHa Bigcranb Jinsum F — BimcraHb Big onTmuyHOrOo IieHTpa JiHau O
o TOJIOBHOTO (horyca F.

KosxHa siH3a Mae aBa rOJIOBHUX (DOKYCH.

Bynb-Aka ToOHKa JIiH3a XapaKTepusyeThCs OBOMa OCHOBHMMM IIapaMeTpa-
MU — (DOKYCHOIO BifICTAHHIO Ta ONTHYHOI CHI0K. ONTUUYHY CUJY JIIH3U HO3HA-
Yal0Th BEJUKOIO JiTepoio D Ta BU3HAYAIOTH 3a (hOPMYJIOIO:

p-1
F

1
OpuHuUIlEI0 ONTUYHOI cuau € ogHa miontpida (1 gnTp), 1 aoTp = —.
M

AR BUAHO 3 AOCJIiny, JIiH3a IIE€PeTBOPIOE MYyUYOK IapajieIbHUX IIPOMEHIB Ha
TOI, IIT0 CXOAUTBLCS, TOOTO 30upae Moro B ogHy TOouKy. Taky JiH3y HasMBAIOTh
30MPAJIBHOIO JIiH30I0.

36upagpHa JiH3a — IIe JiiH3a, SIKAa CBIiTJIOBi MpoMeHi, 0 mMagalTh Ha Hel
mapaJjieJIbHO ii TOJIOBHIM ONTHUYHIH OCi, micjda 3aJOMJIeHHA 30Mpa€ Ha i
0Ci B OTHY TOUKY.

Hocaix 2. Bispmemo JiH3y iHIIOr0o THIY i cupsaMyeMo Ha Hel mapaJieJbHUi
TOJIOBHI# OONTWYHIA oci my4yok cBiTiIOBuxX mpomeHiB. IIpomerni, 3ajmoMuBIITITICH
Ha MeXKi HOBITPSA—CKJIO, BUXOAATH 3 JIIH3W ITyYKOM, IO PO3XOAUTHCS abo pPo3-
ciroerbeca (maJ. 168).

Man. 168 Man. 169
Taky JiH3y Ha3MBAIOTh PO3CiIOBAJIBLHOIO JIiH30I0.

PosciloBaapHa JiH3a — IIe JiH3a, AKAa CBITJIOBI IIpOMEHi, [0 MATalOTh Ha
Hel mapaJieJbHO il TOJIOBHIiM ONTHYHIN OCi, Micasa 3aIOMIIEHHS BiIXWJIA€ Bif
mwiei oci.

SIKIO ITYyYOK IIPOMEHIB, ITI0 BUXOAUTH 3 PO3CilIOBAJIBLHOI JiH3U, IIPOAOBKUTHI
y OPOTUJIEIKHOMY HAIIPSIMKY, TO IIPOAOBYKEHHS ITPOMEHIB IIepeTHYThCA B Toulli F,
dAKa JIeKUTh Ha OINTHUYHIN oci 3 Toro OOKy, 3 SKOro CBIiTJIO majgae Ha JiHAY.
o Tourky F HaswBarOTh YSIBHHM TOJOBHUM (DOKYCOM pO3CilOBaJIBHOI JIiH3U
(mai. 169). OT:xe, posciloBasbHa JIiH3a Ma€ YSIBHUU I'OJOBHUU (POKYC.

Hocaixg 3. IIpomycTmMo cBiT/IOBI mpoMeHi TiJIbKM Uepe3 ONTUYHI IEHTPU
JiHa. Y pesyabTaTi mocainy mepexonyemocs (masi. 170), 1o cBitioBi mpomewi,
AKi MPOXOOATHh Uepe3 ONTHYHUH IEHTP JiH3U, He 3aJOMJIIOIOTHCI, TOOTO He
3MiHIOIOTH CBOTO HAIPIMKY.
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3a momoMorom JiH3 MOXKHA He TiabKu 30upatu ado
poscitoBaTu CBIiTJIOBiI ITpoMeHi, aJie i OyayBaTu 300pasKeH-
HA upeaMmeriB. fIKpas 3aBOAKHK I[ill BJIACTHUBOCTi JiH3U
IIAPOKO BUKOPHUCTOBYIOTH V IMPAKTUYHUX IiJIAX.

Arxum xne yunom O6ydyomuvcs 300paxcerHs npedmemis
3a donomozoio Nin3?

3o00paskeHHA IpeaMeTa — Ile BiITBOPEeHHS BUAY, (pop-
MM i KOJIBOpPY ImpeaMeTa CBiTJIOBMMHU IIPOMEHSIMH, IO
NPOWIILIN Yepe3 ONTHYHY CHUCTEMYy JIiH3, SKi MaloTh
OJHY 3arajibHy ONTHYHY BiCh.

SAxnro 300paskeHHs IIpeaMeTa YTBOPEHO IIEPETUHOM ca-
MHUX IIPOMEHiB, TO HOr0o HA3UBAIOTh AIMCHUM, SKIIO IXHIM Man. 170
MPOJIOBXKEHHAM — YABHHM.

BusunauuTu xig nmpomMeHiB, Big0UTHX yciMa TOUKaMM IIOBEPXHI Tijia, HEMOMK-
auBo. Tomy aasa mobOymoBu 300paskeHHS BUKOPHCTOBYBAaTHMEMO TaKi IPOMEHi,
Xig AKMX BimoMwuii:

1. IIpoMmiHb, IITO IPOXOAUTH UEPE3 ONTUYHUU IEHTP JIiH3UM, He 3aJOMJIIOETh-
ca (maxa. 171, a).

2. Ilpominb, mapaJjieIbHUM T'OJIOBHiII ONTMUHil oci JiHsu, micasd 3aoMJIeH-
Hs B JIiH3I OpoxXoAuTh yepes rojoBHUHM Goryc giusu (maua. 171, 6).

3. IlpomiHb, 1110 IPOXOAUTEL Yepes T'OJIOBHUI (POKYC JiH3U, HicJIsa 3aJI0MJIEH-
HS B Hill, IPOXOAUTH MapaJieibHO T'OJIOBHIN onTuuHIi# oci (mana. 171, 6).

Man. 171

Posrnsmemo Bumamku, 3a AKMX BUXOAUTH Te abo iHIme 300paskeHHs, Ta
0CO0JIMBOCTI IIUX 300pasKeHb.

1. IIpedmem AB posmiwenuti misxe ninzor i ii ¢poxycom F.

IToGynyemo 300paskeHHsa TOUKK A, BUKOPHUCTABIIY IJId I[LOTO 3rafaHi BHUIIE
npomeHi. ITpomias AC (maj. 172), mapaJjeabHUIi TOJOBHil oci JiH3M, 3aI0MUB-
mucA B JIiHBi, Tpoiie uepes roJIoBHUI (oKyc, a mpoMmiab AO He 3MiHUTH CBO-
ro HAaIPAMKY. SIK BUAHO 3 MaJIOHKA, IIi A
npomeHi posxomsaTbed. 11106 mobyaysa- 1f§\\
T 300paKeHHA TOUKU A, mMOTPiOHO IIPO- |
IOBXKXUTHU IIPOMEH1 y IIPOTUJIEIKHOMY Ha- !
NIIPAMKY [0 IIEPeTHUHY, Ie Oyae Touka A;. :

B, F B T~
Ile 300pakeHHsT TOUKU € YABHUM. Taxy
caMy MOOYIOBY XOAy IIPOMEHIiB MOKHA
BUKOHATHU IJIA BCiX TOUOK IIpeaMeTa, AKi
3HAXOAATHCS Mixk Toukamu A i B. 306pa- Man. 172

~
S S~
SO~

A
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JKeHHA IUX IPOMIMKHHUX TOUOK JIEXKATHUMYTh Mis A, i B;. Takum unnom, A,B; —
300pakenHa mpeamera AB.

SAxmo mpeaMer po3MIIyIOTh MiK JIiH3010 Ta il ()OKyCcOM, TO OTPHUMYIOTH
30iplIIeHe, TIPSIMe, YABHE HOTro 300paskeHHdA, PO3MillleHe aJjii Bim JiH3M,
Hi}K caM IIpemgMer.

Take 300pasKeHHS OTPUMYIOTH, KOJIU KO-
A c PUCTYIOTHCA JYIIO — HPUJIAJOM AJA PO3IJIS-
MTaHHA »OPIOHMX TpeAMeTiB (HaOpUKJIAN, UU-
TaHHA IPiOHOTO TEKCTY).

F 0 ' 2. IIpedmem poamiweHull y 20106HOMY
B \ ¢oxryci ninsu F.

s mobymoBu 300paskenHsa mpenmera AB
3HOBY CcKopucraemocs npomeHsamu AC i AO
(mas. 173). Ilicasas OpoXOomKeHHSI HPOMEHiB
Kpish JiH3Yy MM mo0aumMo, II[0 BOHM IIapa-
JeabHi Mixk coboro. OTike, 300paskeHHs nmpeamMera AB MU He OTPUMAaEMO.

SAKIo0 B ToJOBHOMY (POKYCi pPO3MiCTUTH [OKepejio CBiTJIa, TO MM IIE€PETBO-
pUMO IYUYOK IIPOMEHIB, IO PO3XOAATHCHA, Ha IIYUYOK IapaJjebHUX IIPOMEHiB,
AKUHN Jo0pe OCBiT/IIOE BigmaJieHi IIpegMeTH.

Man. 173

Axmo npeamMer po3MimeHM y roJdoBHoMYy (okyci gdinzm F, 300pakeHHs
mpeaMeTa OTPMMATH He MOSKHA.

3. IIpedmem posmiwenuil mixe zonoénum gorycom nindu F i nodeiiinum
doxycom ninsu 2F.

ITig yac mo6ymoBu 300paskeHHsa (MaJj. 174) mu 6aummo, 1110 ipomeni AC i AO
Imicaa IpOXOm:KeHHA JIIH3U NepeTHHAIOThCA B Touli A,. ¥V miii Touni yTBOpIo-
eThCca AificHe 3o0paskeHHA Touku A. 3o6parkeHHA A,B; npeamera AB Takox
Oyme mificHWM.
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Man. 174

Axmo npeamer posmimenuii Misk dorkycom F i moasiitnum dorkycom 2F min-
31, TO YTBOPIOETHCA 30ijIbIIIeHE, IMePEeBEPHYTE i milicHe 300pakeHHA mpemn-
MeTa; BOHO PO3MillleHe 3 MPOTUJIEeKHOTO BiTHOCHO mMpeaMeTa OOKY JiH3U Ha
BigcTaHi, o O0iJbpmIa 3a MOABilHY (DOKYCHY BiICTaHb.

Taxe 300pa’keHHs BUKOPHCTOBYIOTHL Yy IIPOEKIiiHOMY amapari, KiHoamapa-
Ti. IIlo6 300paskeHHA Ha eKpaHi OyJ0 HPAMHUM, Iialo3UTHUBU ab00 KiHOCTPiUuKy
BCTAHOBJIIOIOTH B amapaT y IepeBepHyTOMY BUTJISAMI.
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CBITJIOBI ABHIIJA

4. IIpedmem posmiwenuti y nodeiinomy ¢goxyci nindu 2F.

Y npomy Bumanaky Jiusa gae (maJs. 175) mepeBepHyTe, miiicHe 300pasKeHHSA
ImpeaMeTa TaAKOT0 CaMoOro po3Mipy, mio i BiH cam. Ile 300pakeHHA po3MimieHe
B i1 moaBiitHOMY (hokyci 2F 3 MpPOTHIEKHOTO BiTHOCHO MpeaMeTa OOKY JIiH3M.

A c
oF F o) F oF
B 1B,
|
|
Ay
Man. 175

5. Axwo npedmem posmiwenuili 3a nodeitihum ¢gorycom nin3u 2F
(man. 176), jiH3a nae 3MeHIeHe, IepPeBepHyTe i AilicHe 300paskeHHA mpeaMe-
Ta, AKe po3MimeHo Mix ii romoBHuM (dorycom F i mogsiitnum ¢goxycom 2F 3
IPOTHJIEKHOTO BiTHOCHO IIpeaMeTa OOKY JIIH3M.

A C
0 F B, 2F
B 2F F |
Ay
Man. 176

Take 300pakeHHA BUKOPUCTOBYIOTH Y hoTOoamapari.
Omxe, posMipu 300paKeHHs IpeaMeTa i Miciie, e BOHO YTBOPIOETHCS, 3aJe-
JKaTh BiJ B3a€MHOT'O PO3MIiIlleHHA HpeaMeTa i JIiH3mu.

() 3ANNTAHHA 0O BUBYEHOI'O
1. Wo HasmBatoTb NiH30t0? Aki ByBatoTb NiH3N?
2. Aki ronoBHi ToYkwM i NiHii mae byab-aka niH3a?
3. Aki 306paxeHHs1 NpeaMeTiB MOXHa OTpuMaTK 3a A0NOMOrO NiH3N?
4. Big 4oro 3anexaTb po3Mipu 306paxeHHst npeameTa?

2 Nab6opaTtopHa po6ota Ne 5

Busnauenns ¢okycHoi Bimcrani
Ta OINTHYHOI CUJIM TOHKOI JIiH3U

Mera po06OTH: HABUMTHUCA OTPUMYBATH 3MEHIIIEHI Ta 30iJbIIIeHi 300pasKeH-
HA IpPeIMeTiB 3a JOIIOMOIoI0 30MpaJbHOIL JIIH3M, Yyepes reoMeTPUUYHI MOOyI0BU
BU3HAUUTH ii (DOKYCHY Bi/icTaHb, BUBHAUYUTHU ONTUYHY CUJIY JIiH3U, YMITH KO-
puctyBaTucsa (popMyJor0 TOHKOI JIiH3HU.
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IIpunagu i marepiaau: s0upaabHa JiH3a HA HigCTABI[i; JaMIla A KUIIEHb-
KOBOI'0O JIiXxTapumka Ha IIiJCTaBI[i i3 M:KepejioM KUBJEHHA abo cBiuka; Oinmit
eKpaH; BUMiproBaJbHAa JiHilKAa.

Xig poborm

1. Omep:kTe Ha expaHi uiTKe 3MeHIIIeHe 300pasKeHHA J)Kepesa csiTiaa. Bu-
MipsiiTe B MeTpax BiAcTraHb d Bim mskepesa cBiTyia o JiH3u Ta BigcraHb f Bin
JiH3U IO eKpaHa.

ITo6ynoBoio 3 fOTpPUMaHHAM MACIITa0y 3HAWIITH MOJIOMKEHHS I'OJOBHUX (o-
KyciB jgiHsu. BusHaure (oKycHy Biactanb JiH3u F Ta onTwuuHy cuay JiH3u D
3a )OpMYyJI0I0:

BusHnauaioum OnTUYHY CUJIY JiH3U, GorkycHY (i Bci ini) BigcTaHb cain Opa-
TH B METPax, JIUIIIE TOAi OIITUYHY CUJIY MOMKHA BU3HAUUTHU B JiOITPiAX.

2. Opep:xTe Ha eKpaHi 30iabIIeHe 300paKeHHA I)Kepesa CBiT/Ia i BUKoHaNTe
Bci mii, mo onmcano B myHKTI 1.

3. YcraHOBiTH, Oe HOTPiOHO PO3MicCTHUTH OXKEpPeJso CBiTia, IMO0 Ha eKpami
OyJio iioro 300paskeHHsa TAKOI'0 CaMOr'o po3Mipy, AK i mxepeso. IlepeBipTe cBiit
BICHOBOK Ha JOCJimi.

Jlia monuTIuBUX

BisbMiTh OKyJIApPH OIS KOPOTKO30PUX i majeko3opux Jiogeii. I1o0y-
IyiTe 300pasKeHHsA IPeIMeTiB, SKi JAlOTh IIi OKYJISpPH.

— = 3AAUI TA BMPABY

Posp’sa3yemo paszom

1. Yomy He PEeKOMEHIYETHCA IOJHUBATH POCJIMHHU BIE€Hb, KOJIU BOHU OCBITJIEHI
COHAYHUMM IIPOMEHAMHU, OCOOJUBO Ti, Ha JIUCTI AKUX 3aJIUIIAIOTHCA KpaleabKu
Bogu?

Biodnosidv: ToMy III0 KpalleJIbKK BiAirpaioTh POJb JiH3, AKi (POKYCYIOTH CO-
HAYHI IPOMeEHi, i POCIMHU OTPUMYIOTh OIIiKU.

2. Ha masrouky 177 mokasano Xig mpomeHiB y aimsax. Aki me aimsu?

Man. 177

Bionosiov: (31iBa-HAIIpaBO) I2KepeJio CBiTiIa, 30upajibHA JiH3a, PO3CilOBaJIb-
Ha JriHza.
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Pisens A

106. dAki 6ysaroTs Jginsu? HassiTe ix.

107. Ik, BUKOPUCTOBYIOUM COHSYHIi IIPOMEHi, BUBHAUUTH (POKYCHY BiJcTaHb
30upaJbHOl JiH3u?

108. HamoBHiTH TPO30py NJIANIKY BOAOIO, IIOCTaBTe ii Tak, 11100 BOHA OCBIT-
JIIOBaJIacs COHAUYHUMU IIPOMEHAMEU ab0 CBITJIOM BiJ eJIeKTPOJaMIId, i IIOMiCTiTh
3a Hel apKyIl namnepy. Ik BIImBae Boja y IJIAIIIL Ha IOMIMPEHHS cBiTiaa?

109. Yu mosxHa posMicTuTH IBi 30MpasbHi JiH3M Tak, 100 IapaJejbHi Ipo-
MeHi, Tajaloun Ha OAHY JiH3Y, 3 APYrol BUXOAUJIN TAKOMK IIapaJsiebHUMu?

110. ITobOynyiiTe 306paskeHHs npeamera AB y 36upajbHiii Jinsi (Mmaa. 178).

A L |

F 0 F
B {
i

Man. 178 Man. 179

111. Ary giH3y MOKJAJM Ha apKyII Hanepy B KJIITHHKY (MaJj. 179)?

112. fIx 36upaabHi JiH3M 3MiHIOIOTH XiJ CBiT/IOBUX IIpOMeHiB?

113. Ak ma moTuK BiApisHuTH 30MpaJBHY JiH3Y BiJ posciroBaybHOI?

114. € nBi niE3m — oxHAa 30MpasbHA, ApPyra poscitoBajbHA. SIK, TOAUBUB-
IIKCEH Yepes IIi JIiH3M Ha IIpeaMeT, BiApisHuTU ogHY Bix apyroi?

Pisens b

115. ITosicHiT, pesyabTaTH BipTYy-
aJbHOrO (KOMII'IOTEPHOTO) JOCJainmy,
3o00paskeHoro Ha maaoHKy 180.

116. [Te moTpi6HO pO3MicTUTH TIpe-
MeT Iiepel 30upaJIbHOIO JiH3010, 100 OT-
puMaTu #oro AificHe i 30inbleHe 300pa-
JKeHHA?

117. e moTpi6HO posmicTuTH Hpen-
MeT IIepej 30MpaJILHOIO JIiH30I0, II00

oTpuMaTH ioro [ificHe i 3MeHIIeHe F=@E )8ame x=E J8w | 1 LI
306parkeHHA? =0 Jamp x=(2 Jwx | 4 S F
118. Yu wmosxkzHa mobauuTu 300pa- dy=T0me  f,= 175mm ;IZ?:E 1‘3"32
JKeHHSA IIpeaMeTa, SKII0 MOoro MOMiCTH- dy=-B5mm  fy= 33um rirl.rzi.u.aé

™1 y doKyci sbupanbHoi ginsu? Yomy?
119. Ak smimuTbcsa  300paKeHHA Man. 180

mpegMera, SIKIO, He 3MIiHIOIOUM IIOJIO-
JKeHHSA JiH3Y, MOMiHATH MicIaAMY eKpaH i mpeamer?
120. Yz MoskHa 3a JOIOMOTOIO JILOAY 3aIlaJuTH CipHUK?
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§ 15. HAUNPOCTILWI ONTUYHI NPUNAOU

3HaHHH 3aKOHIB BifOMBaHHS i 3aJJ0MJIEHHSA CBiT/Ia V A3epKajiax i JiH3ax gaJju
3MOT'y CTBOPUTH PsSAM OINTHUUYHUX IPHJIAIIB, II[0 MAIOTh BaKJNUBE 3HAUEHHS IJI
cydacHOi HAyKM i TeXHIKM. IX BHKODHCTOBYIOTH (paxiBIi pisHmx ramyseii. Ile
MiKkpockon 6iosora i oroamapar JKypHaJicTa, KiHoKamepa olepaTropa i TeJe-
CKOII aCTPOHOMA, IIEPUCKOII IigBoAHIKA TOIo. OKPiM TOro, ONTUYHUM IIPUIATOM
€ OKYJIIPU MiJBHOHIB JIIOAEH Pi3HOTO BiKY i cIelliaJibHOCTE.

HatinpocTimmum onTUYHUM TPUJIALOM € JyIIa.

Jyna (bpani. loupe — «HapicT») — ONTHUYHUII NPUJIAJ, 0 € 30MPAJILHOIO
JIIH3010, 3aCTOCOBYETLCA IJIS POSTVIALAHHA APIOHUX AeTaJiell, IIoraHo MOMITHUX
He030pOEHUM OKOM.

3arajbHUII BUI JYII Pi3HOr0 BUIVIALY IIpPeACTaBJIeHO Ha MaJioHKY 181, a.

IITo6 moGauuTy 306paskeHHs IMpeaMeTa 30iJbIITIeHNM, JYIy HOTPiOHO po3Mmi-

IIpomeni, 1m0 magamTh Ha JYIY Bifl KpaliHiX TOYOK IIpeamMeTa, 3aJIOMJIIO-
IOThCA B JIiH3i 1 cXomsaAThCA.

as

@

Man. 181

Axum e yunom yce ye 6auumov Haule oKo?

Busasnserbcs, Hallle OKO He IOMiuae 3aJioMJeHHs mpoMeHiB. IIpomeni, 1mio
UoyTh Bif IpeaMeTa Kpisb JIIH3Y, CIPUUMAIOTHCA OKOM SK npAmosiHiiHi. Ham
3Ia€ThCA, IO IMPOMEeHi, AKi UAYTH Big JyIH 10 OKa, MPOJAOBMKYIOTHLCA IMicJsd
JYyIU, He 3aJIOMJIIOIUYNCh. 3aBOAKU IILOMY MM 0auuMMO IIpeaMeT 30iJIbIlIeHuM
HOPiBHSHO 3 MOTr0 MifiCHUMM pPO3MipaMu.

O6’ekmus

Doxryc 06’ekmusa Dokyc oxyrapa @

Man. 182
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JIyna mae 36iapmienns B 10—40 pasis.

3HauHe 30iJbIIeHHA 300pa’KeHHS IIPEeJMEeTiB MOKHA OTPMMATH 3a JOIOMO-
roio OBOX JIiH3, PO3MIIIeHMX y MeTaJjieBiii TpyOi Ha ImeBHil BiAcTaHi omHa Bif
oxuoi. Takuii mpuiag Ha3UBAIOTL MiKPOCKOIIOM.

Mikpockon (rpem. mikro — «Majguii», skopeo — «po3TIALAI0») — ONTUUHUN
OpuJjaj I Po3TAfaHHA APiOHMX mMpeaMeTiB Ta ix meraJsei (maJua. 182, a).

Xim mpomeHiB y MiKpockomi mokasamo Ha maJjooHKy 182, 6. Jlinsy, aka
posMmimierna 3 60Ky OKa, HasMBAIOTh OKYJIAPOM (JIaT. oculus — «OKO»), a JIiH3Y,
posMiIieny 3 60Ky JAHOTO HmpeaMeTa, Ha3WBAIOThL 00’ eKTHUBOM (J1aT. objectivus —
«IpegMeTHUM»).

Ilepirie 36iabimeHHs 300paskeHHs mpeameTa gae o0’exkTuB. IIpeamer y mi-
KPOCKOIIi POSMIII[YETBCA TPOXU JaJi Bim poKyca o0’ekTmBa. Y pe3yabTaTi Ibo-
ro BUXOOUTH 30iJbIlleHe i IepeBepHYTe 300pakeHHs mpeaMeTa. Lle 300paskeH-
HA 30iJbIIyETHCA IIle pas JIIH30I0-OKYJISIPOM: BOHO HiOW CIYyTye IJd OKYJIsIpa
npeameToM. OKyJIAp, TOAiOHO A0 JyIM, PO3MIITYIOTh HA BiAcTaHi (MeHIIi# Big
(doxycHoi) Big mpomiskHOro 300paskeHHs. Y pPe3yJbTaTi MU OTPUMYEMO HOBE,
3HaUHO 30iJbIIIeHe 300pasKeHH.

SAxito, Hanpukaag, 060’€KTUB MiKPOCKOIIa Aa€
300paskeHHs IpeaMmera, 36inbireme y 20 pasis,
a OKyJnAp 30imbIrye 1me 300paskeHHs B 15 pasis,
TO 3arajibHe 30iJbIIIeHHs, AKe Ja€ MiKPOCKOII,
ckaagarume Bake 20 - 15 = 300 pasis.

CyuacHi eJJeKTPOHHI MiKpPOCKOIH JaioTh 30iJb-
IIIeHHA B JecATKU TucAaY pasiB. Hampukian, Tak
BUIIAJAIOTH i Mikpockonom GakTepii, 36inbIe- Man. 183
Hi v 25 000 pasiB (mau. 183).

IToguBiThbCA Ie pa3 Ha MaJIOHOK, Ha SKOMY 300pa’keHO cXeMy MiKpOcCKoIia
(maa. 182, 6). O6’eKTuUB MiKpocKoIla — JiH3a — Ma€ MeHINy (pOKYCHY BiJCTaHb,
HiK OKYJIAD IIbOTO mpuaaga. A wo 8id6ydemuvces, AKUWO0 MU 8i3bMeMO 00’ €Kkmua,
AKUl mae Oinvly QOoKYcHY 8idcmarb, Hid OKYAAP?

Y npomMy BUIIAAKY MM OTPHMAEMO HOBUH IIPUJIAM, KU HA3WBAIOTHL TEJIECKO-
mom, abo pedpakrTopom (yat. refringo — «3ayoMI00»). TaKuil TeJIecKOoI CTBO-
pus me B 1611 p. Himembkmit actponom Morann Kemmep. A Bsarami mepmwmii
TeJIECKOII Ha OCHOBI 30poBoi Tpyou mobyaysas y 1609 p. Iamineo Iasiseri.

Teneckomn (rper. tele — «mgajieko», skopeo — «IUBJIIOCSA») — ONTUYHUU ITPU-
Jaj I8 aCTPOHOMIUHUX MOCJiMKeHb KOCMIUHUX 00’€KTiB (MaJ. 184).

IIpoxom:xeHHs y TeJIeCKOIIi MPOMEHIiB Bix HeGecHOro Tijia IIOKas3aHO Ha Ma-
JI0HKY 185.

O6’exmus

8 meJaeckoni

Kym 3sopy

Budume 3006pasxicenns
He030pPOEHUM OKOM

HebecHOz0 miaa

Man. 184 Man. 185
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Sk BumImMBae 3 MaJIIOHKA, 300paskeHHs HeOecHOro Tija B Tejieckoni mu 0a-
YUMO IIif OiJIBIINM KYTOM 30pY, HijK Heo30poeHUM OKOoM. OKYJSAp TesecKoIa,
AK 1 OKYyJIp MiKpockoIa, mie, AK 3BUUYaliHa Jyma.

Cuix s3asHaumTH, IO, POSIVIALAIOUM 34 [OIIOMOIOI0 TeJIeCKOoIla BifmajieHi
npeaMeTu Ha 3eMJi, MU 0auMMO iX IepeBepHYTHUMU. A crocTepesKeHHsA K
HebecHUX TiJ A oOcTaBMHA He MAa€ 3HAYEHHS.

Haii6inbmiuit Teseckomn-pedpakTop, yCTaHOBJIeHUHN v €pchbKiii obcepBaTopii
(CIITA), mae o6’exkTuB giamerpom 102 cwm.

Iamuit Tum — 1e Teseckomu-pediekTopu (yaT. reflecto — «BimoGpaskaro»).
¥V Takux TesecKolax, OKpPiM 3aJJ0MJIEHHS CBITJIOBUX IPOMEHIB, BUKOPUCTOBYIOTH
iHIy iX BJIaCTHUBiCTH — 3HATHICTH BigOMBaTHCA BiJ J3€PKaJbHUX IIOBEPXOHb.

3o0pakeHHsT HeOeCHOTO Tijla BiZOMBaeThCS 3a AOIOMOIOI0 MaJeHLKOTO

IJIOCKOTO JIIOCTEPKA i PO3TiIsgaeThcA 3a J0-
IOMOT0I0 OKyjaapa (Maj. 186), axuii 306ijb-

Okyansap _ miye BimOuTe 300paskeHHs.
Menict Ilepmnii pediexTop 3 JiaMeTPoOM I3ep-
. KaJua 2,5 cm i ¢porycHoro Bigzcranuoo 16,5 cm

nodbynyeaB y 1668 p. Icaak HrioTon. Ha
------- - cooromHi HaHNOiJBIIMM y CBiTi € A3epKaJb-
Huii teneckon HESS II y Hawmi6ii, mioma
- ggroro csrae 600 2. IIpucTpiit mpusHaueHo
Man. 186 IJIA BUBUEHHSA IOXOIKEHHA KOCMIUHUX IIPO-
MeHiB.

Man. 187

1. Cuctema niH3 (06’ektuB). 2. [i3epkano. 3. MaToBuii ekpaH. 4. MNMpuama. 5. Bigeowykau.
6. 3aTBopka. 7. CsiTnonpuimad (nniska)
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dorToamapar — Ie ONTHUYHUMN TPUJIaL, 3a MOIMOMOTOI0 SKOr0 Ha IH(PPOBO-
My mpuctpoi (auri. digital device — TexHiUHMEN nNpucTpiil abo MpUCTOCYBaHHSI,
nmpu3HaYeHe JJIsI OTPUMAaHHA Ta 00poOKu iHdopmarii B mudposiit ¢popmi, Bu-
KOopuCTOByIouu Iu@poBi TexwuoJorii), ¢oromnaiBii, oromnmactusi, doromamnepi
OTPUMYIOTH 300pasKeHHsA IpeaMeTa.

Ha croropni icuye 6araro pisaux TuniB ¢oroamapariB (maa. 187, a). Boun
BigpisHAIOTECA QopmMoIo i podmipamu, ajie ixX OymoBa i1 OCHOBHI YacTUHU OXHA-
KoBi. Xig npoMeHiB y (poToamapari so0parkeno Ha maaoHKY 187, 6.

() 3ANMUTAHHA OO BUBYEHOI'O

1. Ake npusHadeHHs nynu?

2. le noTpibHO po3millyBaTK npeameT, AKWO NOro pos3rnsgatu 3a SONOMOro
nynun?

. Ake 36inbLUEHHs1 306paxeHHa NpeameTa MoXe gasaTu nyna?

. [lns1 yoro npmnaHavyeHo Mikpockon?

. 3 SIKMX OCHOBHUX YaCTWH CKNagaeTbCcs Mikpockon?

. fke 36inbLieHHs 306paxxeHHa NpegMeTiB MOXe AaBaTti MiKpockon?

. Ynm BigpisHsaeTbCs Teneckon Big Mikpockona?

. [ins 4oro BUKOPWNCTOBYIOTL TeNeckonn?

. Aki TNW Teneckonie BU 3HaeTe?

. HasBiTb OCHOBHI TMNK dhoToanapari..

cCwoo~NOOOGbhW

-

§ 16. OKO AK ONTUYHUA NPUNAL.
3IP | BAYEHHSA. BAOU 30PY TA IX KOPEKLIA

Bap'ro TIJIBKM POSILIIOIUTYA Oui, i mepes HaMu 3 ABJISETHCA IUBOBUMKHUMA
cBiT. OKO JIOAMHN Ma€ CKJAAHY i TOHKY OyZOBY, HOro MOXKHA PO3IVIALATH K
disuunmMil mpuian, nmopiBHBOOUM 3 (GoroamaparoM. OKo Mae MaiiKe KYJIACTY
dopmy (mas. 188) i saxwuirene IiJIbHOIO 000JOHKOIO — CKJepor. Ilepenmio ua-
CTUHY CKJIeP! HAa3WBAIOTh POTOBOI0 000JIOHKOI0, a00 poriBKoro. PoriBka mposo-
pa i Mmae (popMy ONYKJIO-BBITHYTOI JIiH3M 3aBTOBIIKU OJM3bKO 1 MM. 3a poris-
KOIO0 po3MillleHa palaysKKa, 1[0 Ma€ B PisHuX Jiogeil pisue sabapsienuda. Mix
POTiBKOIO i paiy»KKOI0 3HaXOAUTHLCS BOAAHHCTA PiguHA.

Kpuwmanux

Cimkiska ——

Sinuus

3oposuil Heps
; — Paiidyxcra

w

Craosudne mino
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VY paiigysKiii € oTBip — 3iHMIA, JiaMeTp SAKOI 3aJIeKHO BiJ OCBITIIEHHSI MOXKe
smiHoBaTucs Bix 2 mo 8 mM. 3a 3iHHIEI0 3HAXOAUTHCS KPHINTAJIHMK, IO HATa-
nye popmMy ABOOMYKJIOL Jinsu. Kpuiitaank oroueHuii M’a3aMu, SKUMU BiH IpH-
KpilJIeHn# [0 CKJIepH. PelnTy yacTMHM OKa 3aI0BHIOE IIPO30PE CKJIOBUIHE TiJIo.

PoriBka, KpumTaJauk i CKJIOBUAHE TiJIO CHiJIBHO BUKOHYIOTH POJIb 30MpaJib-
HOI ABOOITYKJIOI JIiH3H.

3aHs YaCTHHA CKJIEPH IIOKPHTA CITKiIBKOIO, IO CKJIAJAETHCA 3 €JIEMEHTIB,
AKi cnpmiiMaTh CBITIIOBI mpomeHi. ¥ pesyabTari mMogpasHEeHHSA CiTKiBKW BUHU-
KalOTh eJIEKTPUYHI iMITyJIbCH, SIKi 3a JOIIOMOTOI0 30POBOTO HEPBA IIEPENAIOTHCA
B MO30K. ¥ CiTKiBIIi € 0cO0JMBi CBIT/IOUYTIWBI KJIITHMHU, AKi Ha3WBaIOTh, Bi-
moBigHO M0 IX hopMM, MAJUYKAMHU i KOJOOUKAMH. 3arajbHa KiJbKiCTh IIaJn-
YOK y CiTKiBIIi JiofickKoro oka gocsarae 130 minbiioHiB, a KOJIOOUOK — OGIM3BKO
7 minbionis. ITanmnuKy € opramamMu YOPHO-01JI0I0 30pYy, a KOJIOOUKHK — OpraHaMu
KOJILOPOBOTO 30DY.

Arx ymeopremuvcs i cCnpuilmMacemsbcs oKom 300paxeHHs npeomema?d

IIpomeni cBiTia, mommproumMcsa Bif IIpeaMeTa, HOTPAIJIAIOTH B OKO, 3a-
JIOMJIIOIOTBCS B POTiBIli, KPUINITAJIUKY i CKJIOBUIHOMY TiJi, YHACJIiZIOK YOro Ha
ciTriBii (popmyeThesA milicHe 3MeHIIIeHe 1 mepeBepHyTe 300pasKeHHs IIpeaMeTa
(mai. 189).

CBiTJIOUyT/IIMBI KJIITUHU CITKiBKM ITepPeTBOPIOIOTH 300pasKeHHsA Ha HEPBOBUM
iMIysibc, SKUH IO 30POBOMY HEPBY MEPENAEThCA B TOJIOBHUIT MO30K, Je (hopMy-
€ThbCs 300pasKeHHs V HellepeBepHYTOMY BUTJISII.

Man. 189

OKO BOJIOZi€ UYyAOBOIO BJIACTUBICTIO. 3aBAAKU 3MiHI KPUBU3HU KPUIIITA-
JUKa MH MOXKEeMO YiTKO 0auuTu IpegMeTH, 1[0 PO3MilleHi Ha pisHux Bigcra-
HAX Big oka.

3IaTHICTL OKa NIPHUCTOCOBYBATHCSA A0 OaueHHs MNPEIMETIiB SK Ha maJIeKii,
TakK i Ha OJM3bKill BiAcTaHi Ha3MBaIOThL aKOMOJAIi€I0 oKa (J1aT. accomodatio —
«IIPUCTOCYBaHHs»). [[JId HOpPMAaJBHOTO OKa BificTaHb HAWKPAIIOTO OaueHHS
crkaagmae 25 cm. Bam ciin 1mme BpaxoByBaTu, KOJIM BA YHTaeTe abo IuUIlIeTe.

) IIE IIIKABO 3HATH

Y punb oui BigpPI3HATLCA NMNOCKOK POriBKOK i KyNACTUM KpULITAnMKoM. AKOMO-
Aauist oka B pub gocsiraeTbCsi NnepeMillleHHAM Kpuwitanuka. Y 3agHin CTiHui cyanH-
HOT OBOMOHKM YacTO MICTUTLCS OCOBNMBUIA LIap KNiTUH, HANOBHEHWUI KpUcTanamm
CBITNOroO NirMeHTy, — Le Tak 3BaHa cpibnsacta obonoHka. IHogi TakoxX € Bnnckyyunn
Lwap — nocTepko, abo TaneTym, KniTMHM SIKOro MiCTSITb KpUcTaniyHui nirmeHT. Lien
Wwap BigbOMBae CBITNOBI NPOMEHI Ha CiTKiIBKY, LLIO 3yMOBITHOE CBIYEHHS1 O4YEen AesiKUX
pub y manmxe NOBHi TEMHOTI, HaNpPUKNaza B akyn. Y 3eMHOBOOHMX POriBKa oKa ayxXe
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onykna, a akomogauis oka 34iMCHI0ETLCS, K | B pub, NepeMilleHHsM KpuwTanuka.
Akomopgauis y nnasyHis BigbyBaeTbCs He TiNbKM 3a paxyHOK NepeMillleHHs KpuLTa-
nuka, ane i Wnsaxom 3miHu rMoro popmu. NTaxm BoNogiloTb AyKe rocTpUM 30POM.
OuyHe s6NyKO B HUX Oy>Xe BENMKMX PO3MipiB i CBOEPIAHOI OynoBM, 3aBOsSKM YOMY
36inbLyeTbCca none 3opy. Y nTaxie, WO MakwTb 0cobnmMBo roctpuii 3ip (rpudu,
opnu), ovHe A6ryko NOAOBXKEHOI «TENECKONIYHOI» HOpMU.

Y mporieci po3BUTKY JIOACHKOTO OPraHi3sMy MOMKYTh BUHHUKATU OKPEMi Bi-
XWJIEHHSA BiJ IPaBUIbHOI (POPMIU OYHOro sIOJYKA, YHACIIJOK UYOro IIOPYIILY-
€ThCsS yMOBaA SKHAWKPAIIOTro 30py: 300pasKeHHsa mMpeaMeTiB GOpMyeThCcAa He Ha
citkiBii oxa. HalnmomupeHimuMu € aBa gedeKTH 30py — KOPOTKO30pPicTh i
IaJIEKO30PiCTh.

KoporkosopicTs BUHMKAE, AKIO0 (POKYCHA BifCTaHb OKA IOPiBHSAHO 3 HOP-
MaJbHUM OKOM 30ijbInuiacs. JIKIO IpeaMeT PO3MillleHMi Ha BifcTaHi 25 cMm
BiJl KOPOTKO30POT0 OKa, 300pasKeHHA IIpeaMeTa Oyae He Ha CiTKiBIi, a OamKkue
0 KpUINTajlnKa, mepen citkisxormo (MaJu. 190, a). Tomy B KOPOTKO30pPOro OKa
BiZcTaHb HaMKpaIoro 3o0py MeHina Big 25 cm.

@

Man. 190

1106 BumpaBuTH 1€l HEOJiK 30py, HOTPiIOHO Iepe] POTiBKOI PO3MiCTHUTH
posciroBaabHy JgiH3y (MaJj. 190, 6). I3 1mieio MeTo0 Ha MPAKTUIII BUKOPUCTOBY-
I0Th OKYJISIPU 3 ONYKJIO-BBirHYTHUMH JIiH3aMMU.

Axnro poKycHa BifcTaHb OKa 3MEHIINJIACA IIOPiBHAHO 3 HOPMAaJbLHUM OKOM,
JIIOMVHA CTa€ NaJIEKO30DPOI0 — 300paskeHHsS IpeaMeTa YTBOPIOETHCA 3a CiTKiB-
koio (MaJu. 191, a). 3o6paskeHHa QPOPMYETHCA HA CITKiBI[i, SKIIO IpPeaMeT Bi-
IAJIUTH Bif oKa. 3Bifcu i BumImBae HasBa ITi€l Bagu 30py — IaJIEKO30PiCTh.

11106 BunpaBuUTH IaJIeKO30PiCTh, IIEepel] POriBKOIO CJIiJ PO3MICTUTU 30MPAJIb-
HY Jinsy (maja. 191, 6). I3 1miero MeTo0 J0AMHA BUKOPUCTOBYE OKYJISPU 3 ITBO-
ONMYKJIUMHU ab0 BrHYTO-OIMYKJIUMU JIiH3aMMU.

b Ob—x

Man. 191
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() 3ANMWUTAHHA 0O BUBYEHOIO

1. Aka 6ygoBa oka i ske Npn3HaYeHHs1 NOro OCHOBHUX YacCTUH?
2. flke 306pakeHHs yTBOPIOETLCS Ha CiTKiBLji OKa?

3. LLlo Take akomopgauis oka?

4. Fki oBi OCHOBHI Bagu 30py BW 3HaeTe?

5. Y Yyomy BiAMIHHICTb MK KOPOTKO30PICTIO | 4aneKo30picTio?
6. Sk MOXXHa cCKopuryBaTu KOPOTKO30PICTb | Janeko30picTb?

—— 3AIAYI TA BMPABM

Po3B’sa3yemo paszom

1. Yz moTpiOHO BUKOPWCTOBYBATH OKYJSADH,
AKIIO BU IIPAIIOETE 3 OYAL-AKUM ONTUYHUM IIPU-
JaaoM, HaOpuKJIaL MiKpockomom (maJ. 192)?

Bionosiov: KOKHUI ONTUYHUI IIPUJIa] Ma€ CBOIO
(OKyCHY BijicTaHb, i 3a JOIIOMOI'OI0 BiIIOBiAHUX pe-
TYJIOBAJIbHUX MPUCTPOIB HOr0 MOKHA HAaJAIITyBa-
TH Ha HOpPMAaJbHUI 3ip. AKII0 HOCTiZHUK He 3HAB
OKYJIAPDH, TO B IIbOMY BUIIAIKYy CTBOPIOETHCS CHUCTE-
Ma JiH3, AKa TaK0X He CIIOTBOPIOE CIIOCTEPe’KyBa-
HUX 00’€KTiB.

. X
2. IITo o3HauyarOTh HAIWCHU HA OIpasBi Jynu: 5 ,

Man. 192 7,20 i T 1.2
Bionosiodv: 36iabiiennsa B 5, 7, 20 pasis.

Pisens A

121. fIxe 36inbIlIeHHS MOKHA OTPUMATHU 3a JOIOMOTOI0 MiKPOCKOIIa, AKIIO
toro o6’exkTuB mae 36igbienHa B 40 pasiB, a oxyaap — vy 15 pasis?

122. Ha mauoaky 193 300paskeHo cxeMu 30poBoi Tpyou I'amises i Tenxecko-
na HeroToHa. YKaxiTh, AKa 3 HUX € cXeMoi0 TeJsiecKorna HrioToHa.

Man. 193

123. Ha mamioHKy 194 3o0paskeHo IiBUMHY 3 Bagoio 30py. SIKomo came?
124. dAxi onTruHi mpuaagu 300pakeHo Ha MaJOHKY 195?

PiBenr B

125. MiKpOoCKOII MOKHA PO3IIAJATH AK MOETHAHHS ABOX IPOCTUX OIITHY-
Hux npuiaagiB. Axux came? Yomy?
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Man. 194 Man. 195

126. Mo:xxHa mouyTu Takuil BucJiB: «Temeckomn Habam»xae 4o crocTepiraua
HebOecHi Tina — Micanp, CoHIle, mIaHeTH». Y YOMY IIOMUJIKOBICTh TaKOT'O TBEP-
mxeHHaA? YoMy 1i HebecHi Tija 3mal0ThCs HAM 30iJbIIIeHIMU ?

127. Yomy (poToamapar mae 3MeHIIIeHe 300pasKeHHs mpeamera?

128. Ha saxuii ONTUYHUHA IIPUJIAL HaOLIbIIEe CX0Ke 34 CBOEI OYI0BOIO OKO
aoguau (maa. 196)?

129. [Ina axux Jogeil — KOPOTKO30PUX UM JAJEKO30pUX — MPUBHAYUEHO OKY-
JISIpH, SAKINO JIH3Y iX 3a BCiX yYMOB He Jal0Th 300pasKeHHs JIaMIIM HA eKpamHi?

130. fxi oxkynsapu JekaTh Ha KHWKIN (Masa. 197)?

Paiidyxcra
(Oiagppazma)

(naisxa)

Kpuwmanux
(o6’ exmus)
Man. 196 Man. 197
— MEPEBIPTE CBOI 3HAHHHA
ﬁz

KoHTpoapHi 3anurtanHg

1. HasBiTb NpupoaHi mgxxepena ceiTna Ta BKaxiTb, A€ iX BAKOPUCTOBYHOTb.

2. Yomy BiabyBatoTbCsl COHSAYHI | MiCAYHI 3aTEMHEHHA?

3. YkaxiTb, e BUKOPUCTOBYIOTLCS 3aKOHW BiaOUBaHHSA CBiTNa.

4. OGrpyHTYMTE, BUXOOAYM i3 3aKOHIB 3aNIOMMEHHS CBiTNa, YoMy NPOMEHi, siki nagatoTb
nepnenaukynsipHo A0 MeXi NoAiny ABOX CepeaoBuLL, HE MOBMHHI 3anoMIItOBaTUCS.

5. AK NOACHUTN BUHUKHEHHSA NOABIHOT Becenku?
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6. KocmoHaBetn CoHue 6avatb 6invm, My — xoBTuM. Ane Yomy 6ins ropu3oHTy nig 4Yac
3axo4y BOHO Mae€ YepBOHUN KOrip | ANCK KOro 36inbLueHnin?
7. SAki TMNK NiH3 BM 3HA€ETe i e BOHW BUKOPUCTOBYHOTLCA?
8. fAke 306paxeHHs npegmeTa byae, SAKWO noegHath 36upaneHy i po3citoBanbHy fiH3N?
9. Aki onTUYHI Npunagwn By 3HaeTe i sIKe iX NPU3HAYeHHA?
10. Ake npuaHayeHHA Mikpockona i Teneckona?
11. [e yTBOpIOETHCS 306paXkeHHs NpegMeTiB B OUi MOANHN?
12. Aknm YnHOM BMNPABNSOTbL Bagn 30py?

IITo s 3Haro i BMit0 poOoUTH

A Bmilo 6yayBaTu 306paxkeHHA y NJIOCKOMY A3epKarii.

1. Nobyaynte 306paxeHHa NpegMeTa y nNrnockoMmy asepkani (man. 198, a).

2. Axnx HarmeHWnx po3mipie Mae Oytn asepkano (man. 198, 6), wWob nogmMHa morna
no6auntn cebe B HbOMY Ha NoOBHMI 3picT? Ha sikin BUCOTI cnig, horo npukpinutn? Yn 3ane-
XaTtumMyTb po3Mipu A3epkarna Ta BMCOTa, Ha SKil BOHO BCTaHOBMEHe, Bif BiACTaHi MiX A3ep-
Karnom i NoanHow?

Man. 198 Man. 199

3. Xnoneupb po3rnsgae cBOe 300paxeHHs y ABOX NMOCKUX A3epKanax, Po3MilleHnX nep-
NeHAnKynspHO ogHe Jo ogHoro (man. 199). Aki xapakTepHi 0cobrnmMBOCTI 300paXkeHHs, dke
6auntb xnoneup? MobyoynTe 306paxkeHHs1 NpegmMeTa B TakoMy A3epkani.

A Bmilo 6yayBaTu 306paxeHHs, sike Aae€ niH3a.
4. Ha mantoHky 200 nokasaHo po3MilLleHHsT CBITHOI ToYkM Ta i 306paxeHHs1. MNobygosoto
3HaNAITb NONOXEHHSA ONTUYHOTO LIEHTPA NiH3M Ta i ronoBHMX QOKYCIB. YKaxiTb, sika Lie NiH3a.

3o00paxcenns c8imHol MouKu

\‘(
>
}'\

S

Csimna mouka

TI'onosna onmuurna 8icev JiH3U
Man. 200

5. Mix cBiTHOK TO4YKOH i 1T 3006paxeHHaAM (Man. 201) po3milleHo ABi NiH3KN. YKaxiTb, SKi
Lie NiH3n. 3HanaiTb NOMNOXEHHSA UMX NiH3.
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CeimHna mouka 300paxcenns c8imHOL MOUKU

\> v
s o s
» a4

TI'onosna onmuuHa 8iceb JiH3U

Man. 201

5 3Halo, Wo Take Aucnepcia ceitna.

6. binui npomiHb CBITNa NnepexoauTb 3i CKISHOT NpM3Mu B NoBiTps. Lo npu usomy Big-
OyBaeTbca?

7. Wo 6auntb ntoguHa, sika po3rnsaaae kpisb CKNsSHYy NpyM3My fiHito Ha 6inomy nanepi?

8. Ha 4opHuii ekpaH Hakneinu ropmMsoHTanbHy By3bKy CMYXKy 6Ginoro nanepy. Axkumu
30aBaTUMYTbCS BEPXHIN i HUXKHIN Kpai LbOro nanepy, AKLWO Ha HbOro AMBUTUCS Kpidb MPU3my,
obepHeHyY 3anomnio4num pebpom yropy?

9. Y nocyauHy i3 3eMeHOro ckna HanuTo YepBOHEe YOPHMIO. FKOro Konbopy 34aeTbes
YopHUNo? Yomy?

51 BMilO KOHCTpYylOBaTH.

10. «OpieHTauis doTokamepu». ENekTpoHHi BapiaHTh 3HIMKIB, siki 3pobneHi cyyacHMMm
umdposumMm poToanapatamu, MiCTATb iHPOPMaLilo NPO Yac Ta pexumu doTorpadyBaHHS,
Kamepy, sIKoto 3pobrneHo 3HIMOK, ToLo. [NpoTe He 3arBummn Bynu 6 | AaHi CTOCOBHO opieHTauji
Kamepw (Mig SKMMK KyTamn BOHa HaxuineHa 0O BepTuKasi Ta nepneHauKynsapHoi 4o Hei ni-
Hil — ropmn3oHTY). Y pasi NoTpebu B ropM3oHTarbHiln OpieHTauil KagpoBOro BikHa, OOAHUM 3
po3B’si3aHb Uiei 3agadi byna nponosuuis nigsiwysaTn NO6NN3y NAOWMHN KagapoBOro BikHa
HEeBEMNWKWIA NpegMeT Y BUINAAi CTepXHA abo CTPinovku (CBOEPIQHMIA BUCOK), KM 3anuiias
©uv Ha nniBui (y Hawomy BUNagKy — MaTpuui) TiHb, 3a 3006pa)KeHHsIM AKOT | MoXHa Byno 6
pobuTu BignoBigHMI BUCHOBOK. MNpoTe 3ariBi geTani Ha 3HIMKY 3aBXaM 3HUXKYHOTb AOTO SIKICTb,
0cobnmBo B XyAOXHi doTorpadii. 3anponoHyiiTe po3B’a3aHHsA Liei npobnemn cyv4acHMMu
3acobamu.

£ 3Halo | BMil0 NOSACHUTU TEXHIYHE 3aCTOCYBaHHA ONTUYHUX SABULL,.

11. MNobynynte 306paxeHHs ABepen aBTobyca i moTouumknicta y asepkani (man. 202),
3aKpinneHoMy Ha aBTobyci 300Ky. AkMx po3MipiB Mae ByTu A3epkarno, Wob Bogin mir 6aunTn
B HbOMY 306paxeHHs 060X ABepew | MoToumknicTa?

pij 3eprcaﬂo\, Heepi I eepi 7
] [ Momouukxnicm

g U U

Bodiii

Man. 202
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12. Wo6 36inbwmnT TOYHICTL BUMIpIOBaHb AOBXWH, BUMIpPHOBanbHYy YacTUHY npunagis
KOHCTPYIOIOTb 32 BaXifnbHO-OMTUYHOK cxemoto (Man. 203). OyHKUilo CBOEPIgHOro Baxens
BMKOHY€E NPOMiHb CBiTNa. Po3rnsaHLTe cxemy npunagy i NOACHITb NPU3HAYeHHs A3epkana
B HbOMY i SIK AOCAraeTbCA 30inbLUEHHSA TOYHOCTI BUMIpIOBaHb.

BuwmiprosaavHuil cmepicenv

Ocsimaiosau

Man. 203
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— TECTOBI SABOJAHHA
I_$_I
- = BapianT 1

1. Ake BMNPOMIiHIOBaHHSA Ha3MBalTb CBITIIOM?
A Bngnme b Oynb-sike B HeBungume I Tennose

2. Yu e Micsaub pxepenom ceitna?
A Tak B Hi, TOMy L0 BiH TiNbKu BigOUBAE COHSYHE CBITNO
3. Yowmy B KkiMHaTi, CTiHM sikoi nodapboBaHo abo NOKNEEHO CBITNUMM LUNanepamu, 3aBxXamn
CBiTRiLWe, HX NPV TaKOMY CaMOMY OCBITII€HHI B KiMHaTi 3 TEMHUMMW CTiHAMU?
A 60 cBiTno 6araTopa3oBo BiAOUBAETLCS Bif CBITNNX CTiH B 60 cBiTNO 3anoMNETLCS
B 60 cBiTNO B KiMHaTi 3 TEMHUMM CTiHAMUW MOIMMHAETHLCA
4. JlioguHa cTOiTh Ha BiACTaHi 2 M Bif nnockoro A3epkana. Ha skin BigctaHi Big cebe BoHa
0aunTb cBOE 300paXeHHs y A3epkani?
A2wm B4wm B6m MM

5. Yn Mmoxe CBITNO NepexoanTh 3 OQHOro cepeaoBULLa B iHLIE He 3arOMITHHYNCH?

A Tak, SKLO CBITNO NOLIMPIETLCA NapanensHO A0 CepefoBuLL

B Tak, AKLWOo CBITNO NOWMPIOETLCA NePNeHANKYNAPHO A0 MeXi Nodiny cepenoBuLL

B Hi, cBiTNO 3aBXan 3anoMNIOETLCA
6. ke 300parkeHHs1 Aae 36MparbHa NiH3a, SAKLWO NpeaMeT 3HaxoaUTbC MK MiH30H0 | oKycom?

A 3meHLweHe, npsme, AincHe B 3b6inbweHe, ysBHe, npsve

B 36inblweHe, nepeBepHyTe, OicHe
7. Axke 306paxeHHs gae 30uvparnbHa NiH3a, SKWO NpeaMeT 3HAXOAMTBCA MK (DOKYCOM i
noaBiiHMM OOKycoM?

A 3meHLeHe, npsme, aincHe B 30inblweHe, ysBHe, NpsMe

B 36inblweHe, nepeBepHyTe, OilcHe
8. Mig vac dotorpadpyBaHHsa Ha 06’ekTUB hoToanapara cina myxa. Ak Le BnfnHe Ha 3HIMOK?

A Hisik He BnnuHe B 3'aBWTbCS 300paXeHHs Myxu

B ¢oTosHiMOKk Byae MeHLL sickpaBum I doTosHiMok Byge BinbLu AckpaBuM
9. [e yTBOpHOETHCA 3006paXkeHHs1 NnpegmMeTa B 4aneko3opoi NoguHn?

A nepep ciTKiBKOIO B He yTBOplOETLCA B3arani B 3a ciTkiBkOIO I Ha ciTkiBUI
10. Y peuenTi onsa npuabaHHa oKynspiB HanucaHo: okynapu +1,5 . Ykaxite, Ang sknx oven
BOHM NPU3HAYEHI?

A panekosopux B kopoTko3opux B HopmanbHux
11. Akum gocnigom MoXHa AoBecTu, Wwo Oine CBITNO 3BMYaAWHOI €NeKTPUYHOI namMnu €
CKINnagHuM CBITITOM, LLIO CKITAa€eTbCA 3 Pi3HUX KONTbOPOBUX NMPOMEHIB?

A [gocnigom 3 poskniagaHHs CBiTna 3a JONOMOIOH JTiH3M
B nocnigom 3 posknagaHHs CBiTNa TPUrPaHHO NPU3MOH
B gocnigom 3 po3knagaHHs CBiTNa CKNsIHOK NaCTUHKOK
I nocnigom 3 BiobuBaHHSA cBiTNa Big Oyab-AKOT MOBEPXHI

12. Ha 4yopHOMYy Tni 306pa)keHO CMEKTP COHAYHUX MPOMEHIB. Yn Nobaynmo My BECb CMEKTP,
SKLLO NOro OCBITUTK hioneToBMM CBITIIOM?

A 6yne BUOHO BeCb CNEKTP B 6yne BUMAOHO BECb CNEKTP, OKPiM (hioNeToBOI YacTnHM
B cnekTpa He Byge BugHo I 6yae BuaHO Tinbku ioneToBy YacTUHY CreKTpa
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PO3NIII 2

BapianT 2

1. Yn moxe TiHb 3a CBOIMM po3mipamu ByTu: a) BinbLuoto 3a NpegMeT; 6) MeHLUOoto 3a npea-
MeT; B) AOPIBHIOBATU po3Mipam npegmeta?

A moxe 6yTn BinbLuoto B moxe OyTn MeHwot

B moxe gopisHioBaTh I’ moxe ByTn BinbLUOK, MEHLLO i 4OPiBHIOBATH
2. TpueanicTb siKoro siBmwa bGinblua — NOBHOIO 3aTeMHeHHs1 Micsus YM NoBHOMO 3aTeMHEH-
Ha CoHua?

A nosHoro 3ateMHeHHs1 CoHus B noBHoro 3atemMHeHHs1 Micsuga B onHakoBa

3. KyT nagiHHs npoMeHst Ha A3epkano AopiBHIOE 45°. YkaxiTb, sikuii byae KyT BigOMBaHHSI.
A 45° B 90° B 0° I 180°

4. CnopTCMeH pyxaeTbCs 4O NIIOCKOro Asepkana 3i WBMAkKicTio 2 M/c. 3 sIKOK LUBUAKICTHO
BiH HABnNMXXaeTbCSA 40 CBOro 306paXKeHHs?

A 1wm/c b 2 m/c B 3 m/c M4 wv/c
5. Lo BiabyBaeTbCa 3i CBITNOM Nig Yac NPOXOMKEHHA MOro Yepes niH3y?
A Hivoro B cBiTno BiabuBaeTbCs
B cBiTno 4acTkoBo BiAOMBaA€ETLCS | 3aNOMIMOETHCSA I cBiTnoO 3anomnoeTbCs
6. Ake 306paxeHHs gae 30upanbHa NiH3a, AKWo npegMeT po3MileHnn y pokyci?
A 3meHLleHe, npave, gincHe
B 306paxeHHs He aae
B 36inbLieHe, nepeBepHyTe, OilicHe
7. ke 300paxkeHHs gae 3duparnbHa MiH3a, SKWO NPeaMeT PO3MiLLLEHUIA Y NoaBIMHOMY dhOKYCi?

A 3MmeHLLeHe, npsame, gincHe B 30inbleHe, ysiBHe, npsame
B ogHakoBe, nepeBepHyTe, AincHe

8. 3 AKMM onTUYHMM NpUNagoM NOPIBHIOETLCS OKO JNTOANHU?
A 3 Mikpockonom B 3 Teneckonom B 3 nynoto I 3 poToanaparom

©

. e yTBOpOETLCA 300paXkeHHs NpeamMeTa Y KOPOTKO30POI JIFOAUHN?
A nepep ciTkiBKO B He yTBOpIOETLCS B3arani B 3a citkiBkoto ' Ha ciTkiBUi

10. [ina nogev 3 BagamMmu 30py BUrOTOBSIOTL Tak 3BaHi BidhokanbHi OKynsipy, y SIKMX BEPXHS
YacTMHa KOXXHOrO CKrla npuaHayeHa AN 30py Ha Jarneki BiACTaHi, a HUXKHS — ANA YMTaHHS
abo posrnsiaaHHsa NnpegMeTiB Ha 6rM3bKkux BigcTaHsx. Aki GidhokanbHi okynspu 6ynu 6 3pyy-
HUMK 418 JaneKko3opoi NioanHn?

A y SKnX BEPXHA YacTMHA KOXHOIO CKra npu3HaveHa Ansa 30py Ha Aaneki BiacTaHi

B onsa yitaHHs abo po3rnagaHHs 6nu3bknx NpegMeTis

11. Yomy BMHUKaE Becernka?

A TOMYy LLO COHSAYHI MPOMEHI PO3CilOTLCA NOBITPSAM
B TOMY L0 COHSIYHI NPOMEHI 3aNOMNIOIOTLCS B AOLLOBUX KpaninHax
B TOMy WO COHAYHI NPOMEHi 3anOMOKTLCA B MOBITPI

12. Yomy 6ini npeameTi 30atoTbCsA CUHIMM, SIKLLIO iX PO3rnsaaTh Yepes CUHin dpinbtp (okynsipu)?

A TOMy WO CUHIN binbTp (OKYNspKU) He NPOMYCKae CUHIX NPOMEHIB
B TOMy L0 CKHI hinbTp (OKYyNspW) NPoNycKae TiNbKW CUHI MPOMEHI
B Tomy wWo cuHin cinbTp (OKynsipu) B3arani He nponyckae ceiTna

I ToMy WO cuHin cinkTp (OKynapwu) nponyckae 6yab-sike CBITNO
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(Poagm S
MEXAHiYHIi
TA EAEKTPOMATHITHI XBUAI

BUHUKHEHHS | NOLLIMPEHHST MEXaHIYHUX XBWSlb e 3BYKOBI XBUIi e LLBNAKICTL
NMOLUMPEHHS 3BYKY, AOBXMHA i YacToTa 3BYKOBOI XBWi e ['YYHICTb 3BYKY
Ta BUCOTA TOHY e IH(ppa- Ta ynbTpasByku e ENekTpomarHiTHe none
i enekTpomarHiTHi xBuni e LLUIBUAKICTb NOWIMPEHHS, AOBXWHA | YacToTa
€neKTpoMarHiTHOI XBusli e BriacTmBocCTi enekTpomMarHiTHMX XBunb e LLkana
€NeKTPOMarHiTHMX XBuib e Pi3nyHi OCHOBM Ccy4acHUX 6e30poTOBMX
3acobiB 3B’A3KYy Ta KOMYHiKaLil

§ 17. BAHUKHEHHSA | NOWMUPEHHA
MEXAHIYHUX XBWUIb

Cnoc'repemenna. Croauu Ha Gepesi o3epa abo cTaBKa, BU MOIJIM CIIOCTepira-
TH, K KOJIAMHU PO3XOAATHLCA XBUJII Bix Micis, Kyau OyJI0O KUHYTO KaMiHb, AK
POSXUTYIOTh XBUJII UOoBeH abo KarTep. BiTep mopyiilye piBHOBary MOpCbKOI IIO-
BepxHi, 3Ta€ThCs, II[0 MOPe HACyBaeThCs Ha Oeper, aje 1ie He Tak. He mepemi-
IYETHCS II0 IIOJIF0 KOJIOCCS, KOJM «XBUJIOETHCA HUBA», BOHO TiJIBKM HAXUJIS-
€ThCA i 3HOBY POBIPAMJIAETHCSA. 3a KopabseM ab0 YOBHOM 3aBKAU BUHUKAE
THUIIOBA KapTHHA XBWUJIb.
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PO3OIJT 3

XBuJIBLOBi mpoIlecy aysKe IMOMInpPeHi y mpupomi. PisuuHi 0CHOBU XBUJIBOBUX
pyxiB pisHi, aje BCi BOHU IOACHIOIOTHCA OJHAKOBUMHU 3aKOHAMMU.

IIJo x Has3usarwmbv xeunew? Axi NPuUYUHU BUHUKHEHHSA X6UJLb?

Bu 3maete, 1m0 TBepai, pigKi i rasyBari Tija CKJIamalOTHCA i3 YACTUHOK, ITO
B3a€EMOJIIOTh MiK c0000. SIKIITO YacTUHKA Tijla TOYMHAE KOJMBATHUCH, TO BHAC-
Ji0K B3aeMopAii il 3 iHIMMMU YaCTUHKAMMU Tijia Ileil PyX IIOIIUPIOETHCA 3 IIEeB-
HOIO MIBUIKICTIO B yCiX HAaIpAMKAX.

XBuag — mpollec MOIIMPEHHA KOJUBAHb Y OyAb-AKOMY cepegoBHINi. XBH-
A — 1e 3MiHA CTaHy cepeloBHUINA, KA IONIMPIOETHCS y MPOCTOPi i mepe-
HOCUTH €Heprilo.

- Crnocrepe:xennsa. Posrinaremo ocobimBocti
TMOIIMPEeHHS XBUJb. SIKIO PO3IIAAATA XBUJIi
Ha moBepxHi Bogm (Maj. 204), To BOHU 3ha-
IOThCS BaJlaMU, AKi pPyXalmThCA B IIEBHOMY Ha-
OPSAMKY, IIPUYOMY BigcTaHi Mix BaJsamm, ado
rpebHAMM, OTHAKOBI.

ARIO KMHYTH y BOAY IOIJAaBOK, HOTO He
BiHOCHUTHME XBUJIEIO, BiH 3JilicHIOBAaTHME KO-
JUBAHHSA BrOpy-BHUS3, 3aJUIIAIOUNCH IPUOJIMS-

Man. 204 HO Ha OJHOMY MicIri.
Ilix vac mnomUpeHHA XBUJIL 3MIiHIOETHCS
CTaH KOJUWBHOT'O CEPEJOBUINA, a PEUYOBMHA IIPU IIHOMY He IIePEeHOCUTBHCs. Bif
KUHYTOTO KaMeHs IIOYMHAE KOJIMBATUCS IIeBHA JiJIsTHKA BOAU, IIi KOJMBAHHSA
nepesarmThbesa CYCigHIM miMgHKaM i IIOCTYIOBO IIOMIMPIOIOTHLCA Ha BCi OOKH.
Bopa x He mepemiIaeTscs, 3MiHIOEThCS auiie ¢opma ii moBepxHi.

Hocaig 1. 3akpinumMo oguH KiHelb
IOBroro r'yMOBOTO IIIHYpa i JIereHbKO
HaATATHEMO WOr0 PYKOI 3a Jpyruit
KiHellb, IPUMYCHUMO IIHYP KOJHBATH-
cia. Ilo 1mHYypy MOOIKHUTH XBUJISA
(maza. 205). Illo cunbHillle HATATHYTO
IIHYpP, TO OiJbIlla IMIBUAKICTH ITOIIH-
Man. 205 peHHs XBUIi. XBUIA OOOLKHUTL [0
TOYKHM BaKpPillJIeHHA, Bigi6’eThes i 1mo-
0i’KMUTh Y 3BOPOTHOMY HAIPAMKY.

Hanpsamox
NOWLUPeHHA
X6ULb

/
Hanpamok kKoaueanv

Man. 206
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MEXAHIYHI TA EJJEEKTPOMATHITHI XBHJII

Ilig vac momMpeHHs XBHJL 3MiHIOETHLCS TiJIBKH (popMa ITHYpPa, a KOKHA
Woro misTHKa KOJUBAETHCA BiTHOCHO CBOT'O IIOJIOKEHHS PiBHOBArW, IPUUYOMY
KOJIMBaHHA BiI0YBAIOTHCA B HANPAMKY, MEPIEHIUKYIAPHOMY [0 HAIPIMKY ITO-
mupenHa xBuai (Maja. 206). Taki xBuji Ha3MBAIOTH MOMEPEYHUMH XBHIIAMH.

ITommepeuHi XBHJIiI — IIe XBWJIi, y AKUX YACTUHKH KOJUBAIOTHCSI B HANIPAMKY,
MEePIEeHAUKYIAPHOMY 10 HANIPAMKY iX IOIIMPEHHS.

Hocaig 2. BisbMeMo AOBry M’IKY IPYsKUHY BeJUKOTO mAiaMerpa. SIKIO BAaa-
puTH 10 OgHOMY 3 ii KiHIIIB, IO HPYMKMHI «IMO0IMHUTE» CTHUCHEHHs. IIoBTOpPIO-
YW yaapu, MOKHa 30yAuUTHU y TPYKUHI XBUJIIO, AKa Oyme ABIATH COOOIO
MOCJIIIOBHI CTUCKYBaHHS i po3TaATyBaHHA npy:KuHu (Maja. 207). Byab-axkwuit
BUTOK IIPYKMHHU 3OiHMCHIOE KOJHMBAHHSA B HANPAMKY IOIIMPEeHHA XBuJai. Taxky
XBUJII0O HAa3UBAIOTH MO30BKHHOIO XBHJIIEIO.

Hanpamok
> now.upernus
Hanpsamokx koauearnbs xeuni

Man. 207

ITo3moB:kHI XBHII — e XBUJI, Y AKMX YACTMHKHM KOJHMBAIOTCS B3TOBK Ha-
NPAMKY IMOIIAPEHHA XBUJIi.

¥ mporeci momupeHHA XBUJL PyX NepefaeThbcsAa Bix omHiel mimAHKU Tija o
immroi. 3 mepemaueio pyxy IoB’sa3aHa mepenaua exeprii. Ilepemaua emeprii 6es
IIepeHeceHHs PeYOBUHY — OCHOBHA BJIACTHUBICTH YCiX XBUJIb.

Bynb-sari xBuIi XapakTepuayThCA JOBKWHOIO i IMTBUAKICTIO X HOMMpPEHHS.

JoBkuHA XBUJII — IIe BigcTaHb MiK HaAHOJMKIMMM OTHA A0 OJHOI TOUKAMU
XBMJIi, IKi KOJIMBAIOTHCA B OMHAKOBIil (azi (man. 208).

A

<

Man. 208

ToB:KMHY XBHJIi MO3HAYAIOTH IPEILKOIO JIiTeporo A (1am0Oma). Ii ogmHuUIEIO €
omuu metp (1 m).

BakiuBoi0 XapaKTEePUCTUKOIO XBUJII € HIBUAKICTL Ii mommpeHHs. XBHJIL
O0yAb-sKOl IPUPOAU MOIIUPIOIOTHCA Y MPOCTOPi HE MUTTEBO, a 3 IMIEBHOIO IIBU/I-
kKicTio. Hampukiaazn, mo:kHa mobaumTH, AK UYaiiKa JETUTb HaJ MOpeM Hibu
yBech Uac HaJ ONHUM I'pebeHeM XBUJi. ¥ IbOMY BHUIAAKY HMIBUAKICTH IIOJBOTY
YaWK1 HOPiBHIOE IMIBUAKOCTI HMOIMMPEHHA XBUJIi.
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PO3OIJI 3

A AK MOXHA 8USHAYUMU WEUIKICMb NOULUDEHH S X6UNL?

Bu B:Ke 3HaeTe, 110 OyOb-siKe KOJMBAHHA XapaKTePU3YETHCS IIEPiogOM KO-
JUBaHbL, TOOTO YACOM, IIiCJA SKOr0 KOJMBAHHS IIOBTOPIOIOTHCA. Tomi MoixHa
CKasaTu, II10 34 OJWH IIepiof XBUJIA HOIINPIOETHCA HA BigcTraHp A. Tomy mBma-
KicTh i1 momupeHHs MOKHA BUSHAYUTU 3a (YOPMYJIOIO:

v=—,
T

e U — MBUIKICTh MOIIWMPEHHA XBWJIL (M/c); A — moB:KmHa xBuJai (m); T — me-
piox KosmBaub (c).

. . .. 1
Ockinpku mepiof i uacTora mos’sasaHi cuiBeigmommenuam I = —, To U = Av.
v

IITo6 Bu3HAYMTH NIBUIAKICTH IMONIMPEHHS XBWJI, TpeOa JOBKUHY XBWJI IIOiITH-
TH HA MePiox KOJMBAHb A00 MOBKMHY XBWJI TOMHOKUTH HA YACTOTY KOJIMUBAHb.

() 3ANMWUTAHHA 0O BUBYEHOIO

1. Wo HasnBatoTb xBunew?

2. lllo BigbyBaeTbCA Nig Yac NOLIMPEHHST XBUII?

3. Aki xBuni Has3MBaTb NoNepevyHUMmn?

4. Aki xBUNi Ha3nMBaTb NO340BXHIMU?

5. HasBiTb OCHOBHY BNacTUBICTb XBUSb.

6. LLlo Ha3nBaloTb JOBXUHOK XBUi?

7. K MOXXHa BM3HAYUTU LIBMAKICTb MNOLUMPEHHS XBUII?

— — 3AAYI TA BMPABY

T
Po3B’a3yemo pazom
1. BusHauTe IIBUAKICTh MOIIMPEHHS XBUJi Ha BOMi, AKIINO ii JOBXHWHA J0-

piBuioe 180 M, a mepiox xosmBaub — 15 c.

Hauo: PosB’saszanna

A =180 m .

T-15c 3a ¢dopmyJson U = T BU3HAYAEMO IMIBUAKICTH IIOIIN-
v— 9 PeHHs XBUJL Ha BOAi.

v=180m:15c =12 m/c.

Biodnosgidv: 12 m/c.
2. fIka ocHOBHA BJIACTUBIiCTH MeXaHIUHOI XBUJIi?
Bidnosiov: IepeHOCUTH eHepriro.

PiBens A

131. YraxiTh HazBu (PisMUYHUX BEJIWUYHNH, IO XapaKTepU3YIOTh XBUJII, AKi
3aKPUTO CBiTIMMU mpAMOKyTHUKamu (MaJj. 209).

132. TIo moBepxHi BOAM B 03€pi XBUJIA IOIIUPIOETHCA 31 IIBUAKICTIO 6 M/C.
Busuaure mepioz i yacToTy KoMBaHb 0aKeHa, SIKIO JOBXKHUHA XBHUJL 3 M.

133. BusHauTe ODOBMKUHY XBUJi, AKIIO ii uacTora 4 I'm, a mBuakicTs ii mo-
mupeHHa 2 M/cC.
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MEXAHIYHI TA EJJEEKTPOMATHITHI XBHJII

134. B okeaHaxX JOBMXHUHA XBUJIL Cs-
rae 270 M, a mepiog — 13,5 c. BusHaure
IIBUAKICTh MOIMIMPEHHS TaKOl XBUJIi.

135. YoBeH roiaeTbCcsa Ha XBUJIIX,
AKI MOOIMUPIOIOTLCA 3i IMBUIAKICTIO
1,5 m/c. Biacranp Mik mBomMa Haii-
onmxunMu rpebeHaMu XBuab 6 M. Bu-
3HaUTe IepioJ KOoJMBaHb YOBHA.

Man. 209
Pisens b

136. MopchKi xBuIi, HAOJIMMKAIOUNCH 00 Oepera, 30iJbIIYVIOTH CBOIO BUCOTY.
Axr 1me moscauTH?
137. Ha mamouky 210 300paskeHo, AK IIiJ yac 3eMJIETPyCY B OKeaHi yTBO-
pPoOIOTHCA riraHTchbKi xBuiai-nmyHami. IlosgcHiITh, AK BOHU BUHUKAIOTh.
138. ¥V piurky KuHyJIM KaMiHb. KUl BUTIAL MaTuMe yTBOpeHa XBUJIS:
KPYyrJoil uu BUIOBKeHOI dopmu?
10,6 KM
-

PR
s N\

—

je— 213 KM————>»<« 23 KM—>|
N\

Man. 210

139. 3a akux ymMoB maMba 3axwuIiiae KopaoJii, AsKi cTOATL y IIOPTY, Bif IIITOP-
My B MoOpi?

140. BukoHnaiiTe Taki Jociigu: KMHbTE AKOMOTa BePTHUKAJIbHiIIe KaMiHb y
cTosiyy Boay. Bu, oueBMIHO, cIlocTepiraTmMeTre YTBOPEHHSA XBUJIb, SKi ITOIIN-
PIOBAaTUMYTHCSI KOHIIEHTPUYHUMH KojJaMmu. A 1o Oyae, KOJM TaKuUil KaMiHb
KMHYTHU B PiuKy 3i MIBUAKOIO Teuiero?

141. TTo moBepxHi BoAM B 03ePi XBUJIS IOMINPIOETHCS 3i MBUAKICTIO 6 M/cC.
Buszaurte mepion i wacToTy KoamBaHb OaKeHa, SKIO JOBXKUHA XBUJL 3 M.

§ 18. 3BYKOBI XBUJII. LUBUOKICTb NMOLUMPEHHA
3BYKY, OOBXWHA | YACTOTA 3BYKOBOI XBUIII.
N'YYHICTb 3BYKY TA BUCOTA TOHY

MI/I JKMBEMO y CBiTi 3ByKiB. 3BYK — Ile IoJIoCH JIOJeH, CIIiB IITaxXxiB, 3BYKHU
MY3WYHUX iHCTPYMEHTIB, IITyM JIicy, TPiM IIifi Yac Ipo3u TOIIIO.

IIlo makxe 38yx? Ax 6in eunuxae? Qum 00Hi 38YKU Bi0pi3HAIOMbBCA 8i0
iHwux?
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PO3OIJT 3

3BYK — 1lle MeXaHiuHi KOJMBaHHA Oyab-sIKOI YAaCTOTH y IPYKHOMY cepemo-
BHMIIII.

Posnin dgisuky, y SKOMY BUBYAIOTHCS 3BYKOBi SIBUIIA, HA3MBAIOTH aKyCTHKOIO.

AxycTuka — Ile BUEHHS IIPO BUHUKHEHHS, NMOIIMPEHHA i CIPUHHATTI 3BY-
KOBHUX XBMIIb.

XBuji Ha moBepxHi Bogu ab0o B30OBXK TI'yMOBOI'O IITHYpa MOYKHA HOOAUUTH.
SIKII0 K XBMJII HOITUPIOIOTHCA Y IIPO30POMY CepeAoBUIINi (HaopuKJIam, MoBiTpi
abo piguui), BoHM HeBuAMMi. AJie 3a IIEBHUX YMOB iX MOJKHA UYTH.

Hocain 1. S3akpinmumo AOBry cTajieBy JIiHii-

Ky B Jemiarax a0o IMiJbHO HPUTHUCHEMO ii g0

| Kpaio cTony. BigxmauBmiu BinbHUY KiHeIb JIi-

HiliKW BiJ ITOJIO}KEHHS PiBHOBATY, IPUMYCUMO
ii konmBaTtuca (maJj. 211).

Armo JgiHifika JOCUTHL AOBra, MM HiUOro He
mouyemMo. BKoOpoTMMO BijnbHUI KiHelpb JIiHil-
KU, 71 BOHA IIOYHE «3ByYaTHh».

CraneBa  JiHiiika, AKa  KOJIMBAETBLCI,
CTHUCKY€E IIIap IOBIiTPA, IO IIPUJIATAE A0 ONHO-
ro ii OOKy, i OIHOUACHO CTBOPIOE PO3PiAKeHHS
3 apyroro 6oky. Ili cTuckauusa i pospig:KeHHSA
YepryoThcad B Yaci i momupooioThes B o6uaBa
0OKM y BUIVISAI MO3MOBXKHBOI XxBuJji. Boma no-
csArae HAIIOTO ByxXa i BUKJIMKAE KOJUBAHHA 0a-
pabannoi mepetuHKu (3), AKa 3HAXOAUTHCA B

Man. 211 cepegHbOMY Byci (Maj. 212).
Byxo monmuu — mpekpacHuii mpuiiMad 3BY-
KOBUX KOJMBaHb. BOHO CKJIafla€ThCcA 3 TPHOX UYACTUH: 30BHIIITHBOTO, CEPETHBO-
ro i BHYTPiITHBOTO ByXa.

EnemeHnTamMu 30BHIIITHBOTO Byxa € ByITHA pakoBuHa (I) i 30BHIIIHIN ciryxoBuit
mpoxin (2). BoHu ciayryoTh s TOro, 1100 HAIpPaBJIATH 3BYKOBI XBUJIL 0 Gapa-
Oammol meperuHKu (3). Bapabanua mepeTMHKA i MOEAHAHI 3 HEIO TPHU CIYXOBi Ki-

Man. 212
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MEXAHIYHI TA EJJEEKTPOMATHITHI XBHJII

CTOYKM — IIe CepefHe ByX0. BoHU IepeiatoTh 3BYKOBI KOJIWBAHHS [0 BHYTPIIITHBOTO
ByxXa — OBaJIbHOI TTOpOoKHMHU (4). TyT 3ByKOBi KOJTMBaHHA IIEPETBOPIOIOTHCS HA II0-
CJIiTOBHICTH HEPBOBUX iMIYJBLCIB, AKi IepenaloThCA B MO3OK CIIYXOBUM HEPBOM (5).

Byxo sionmaM cripuiiMae 3BYKOBiI KOJIMBAHHS, YaCTOTA AKUX JIEKUTH y Me-
skax Big 16—17 mo 20 000 I'm. Taki KommBaHHS Ha3WBAIOTL 3BYKOBUMM, a00
AKYCTUYHUMHU. ¥ IIOIEPEeIHbBOMY AOCTiJl MU CIIOCTepiraJiv: I0 KOPOTIIUN BU-
cTymaounii Kimemnb JiHiiKM, TO 6GijgbIlla yacToTa Horo KojamBaHb. ToMy Mu i
YyJIU 3BYK, JOCTATHLO BKOPOTHUBINU KiHeNb JiHINKH.

Byns-ike TBepae, pimke a0o rasyBaTe TijiOo, II0 KOJIUBAETHCA 3i 3BYKOBOIO
YaCTOTOI0, CTEOPIOE B OTOUYIOUOMY CEPENOBHIIi 3BYKOBY XBHJIIO.

Haituacriiie HaImmx ByX MOCATAIOTH XBUJIi, IO IIOMINPIOIOTECA B MOBITPi. KIMO
3BYKOBA XBUJIA IIOIINPIOETLCS B IIOBITPi, TO BOHA € IIO3/IOBXKHBOIO, OCKiJIbKH B Ta-
3aX MOJKJIMBE IIOIMUPEHHSA TiJTBKU TaKUX XBUJIb.

Y mo3m0BKHIX XBUJIAX KOJUBAHHS YaCTUHOK
OPUBOAATH OO TOTO, IO B rasi BUHUKAIOTH CTHUC-
KaHHA 1 po3pifskeHHS, IO IIEPiOJMUYHO IIOBTOPIO-
oTheda (Maa. 213).

Hocaix 2. PosmicTuMo [msxepesio 3ByKY IIiji KOBIa-
KOM IIOBiTpsiHOTO Hacoca (MaJj. 214, a) i mounemMo Bu-
KauyBaTH 3 HBLOIO IIOBITPA. ¥ Mipy TOro AK KiJb-
KicTh IOBITpA IIii KOBIIAKOM 3MEHIITYETHCS, 3BYK
cyabIiae, a moTiM y3araJji sHukae (Maj. 214, 6). Man. 213

-—

—

Man. 214

Takuit mocain ymepiiie BukoHaB y 1660 p. PoGept
Boiiap i TuM caMuUM JOBiB, IO 3BYK JOOpe IMOUIMUPIO-
€ThCA B IOBITPi i 30BCiM He MOMIMPIOETHCA B 0e3MOBi-
TPAHOMY NPOCTOPi, AKMI HASMBAIOTH BAKYYMOM.

3BYK TOMINPIOETHLCA TAKOMK V PIIKUX i TBEpOUX ce-
peloBHUINaXx. 3aHYPUBIIVCH IIOBHICTIO y BOAYy Iix dYac
KyHaHHs, BU MOKETe IIOUYTHU 3BYK BiJl yamapy IIig Bo-
oo KaMeHeM o0 KaMiHb HaBiTh Ha BeJUWKi# Bigcrani
(mag. 215). ITix Bomoro TaKoK A00pe UyTHu 3BYKU IPiOHUX
TBUHTIB TEILJIOXO/IiB TOIIIO. Man. 215
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Hocaix 3. IIpukaamiTe IMiJIbHO [0 ByxXa KiHeIb MOBroi AepeB’sHOl JiHiHKU
i JlereHBKO IOCTyKalTe mo Apyromy ii KiHIIo pyukKoro. Bu mobpe uyTumere
3BYK. BigBexmirTh JiHiMIKy Ha OesaAKy BifcTaHb Bifi Byxa i mocTykamTe IO Hil
3HOBY. Bu maii’ke He IIOUyeTe 3BYKY.

ITym moisga, AKWi JyHae 3 gajieKol BimcTaHi, He YyTHO, aJjie Moro MOKHA II0-
YyTH, SKIIO0 IPUKJIACTA BYXO A0 peiiku. [{odpe MPOBOAUTEL 3BYK TAKOMK 3€MJI.

3BYK n00pe MOIIMPIOETHCA B PiAWHAX 1 TBepAMX Tijax.

IcuyioTh marepianu, AKi IIOraHO IIPOBOSATH 3BYK, OCKIJIBKM HOTIMHAIOTH
toro. Hampuksam, mopucTi mamesi, mpecoBaHy IPOOKY, HiHOILIACT BUKOPUCTO-
BYIOTH IJIs 3BYKOi30JIAIii, TOOTO OJsA 3aXUCTy IPUMIIlleHb BiJ IPOHUKHEH-
HSA B HUX CTOPOHHiIX 3BYKiB. 3ByKOBi XBmii, mogiGbHO 10 BCiX iHINMNX XBUJb,
OOIMUPIOIOTECS 3 KiHIIEBOIO IMIBUAKicTio. Bu, HameBHO, IoMiuajiu, IO CIaJgax
OJIMCKaBKM Tepelye yaapoBi rpomy. SIKIMO rposa maJjieKo, TO 3BYyK I'POMY MU
IOUYyEMO uepes KiJbKa JecATKiB CeKYH]I.

fAr i 6ygb-AKa XBUJISA, 3BYKOBA XBUJIA XapaKTepPU3YETHCA MIBUAKICTIO IIO-
HINPEeHHA KOJUBaHb. 3 JOBKMHOIO XBHUJi A i YaCTOTOIO KOJWBAHL V IIIBUIAKICTh
HOINMPEHHSA XBUJIL U IOB’sI3aHAa B)Ke BiJOMOIO BaM (pOpMYJIO0:

V=MV,
e v — MIBUAKICTH MOITMPEHHSA 3BYKOBOI XBUJI (M/cC); A — MOBXKHHA 3BYKOBOI
xBuJi (M); v — uacrora KoauBaub (I'1).

IIIBuaKicTh HOIIMPEHHS 3BYKY B PI3HUX cepeno-
BUINIAX pisHA. 3a momoMorom gociaigie y 1822 p.
OyJsio BcTaHoBJeHO (MaJj. 216), 110 B IOBITpPi 3a TeM-
neparypu 10 °C mBHUAKICTDL IOIIMPEHHS 3BYKOBUX
XBUJb gopiBHIoe 337,2 M/c.

¥ BoAi MIBUAKICTS NOITUPEHHA 3BYKY OijIbIla, HijK
y moBiTpi. Yuepire ii Bumipsaau B 1827 p. na Kenes-
cekomy o3sepi y IIseiimapii. Ha ogmomy 4oBHi 3ama-
JIOBAJIX IIOPOX i CMHXPOHHO BIAPSAJU B IIiTBOTHUI

Man. 216 n3BiH (mas. 217). IIpyruii 4YoBeH 3HAXOAWBCS HA Bif-

cragi 14 KM Bij mepiioro. 3ByK VJIOBJIIOBAJU 34 JIO-

TIOMOT'OI0 OIIYIIIEHOT'0 y BOAY pyIiopa. 3a PisHUIIEI0 Yacy MisK cIIajlaxoM CBiTJIa
i oTpUMaHHAM 3BYKOBOI'O CUTHAJIy BM3HAUWJIN INBUAKICTL IIOIIMPEHHS 3BYKY.
3a remmneparypu 8 °C IMIBUAKICTL MOMINPEHHS 3BYKY V Boai mopiBHIOE 1435 Mm/c.
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Y TBepauXx Tijax IIBUAKICTH THOIUPEHHS 3BYKY OiJbIna, HisK y pigmHax.
YV rTabauri momaHO 3HAUEHHS IIBUAKOCTI IOIIMPEHHSA 3BYKOBUX XBWJIb Y Pi3-
HUX CepeloBUIIIAX.

IIBnakicTs MOMIMPEHHA 3BYKY B Pi3HHX cepeoBUIIAX Tabruus

Teeppae Tino v, M/c PiauHa v, Mlc las v, M/c

(20 °C) (0 °C)

AnOMiHIR 6260 AueToH 1192 Asot 334
3aniso 5850 BeH3uH 1170 BogeHb 1284
Nin 3980 Bopa 1460 MNosiTp4a 331
'yma 1040 Bopa mopcbka 1451 lenin 955
Ckno 5990 MiuepuH 1923 KnceHb 316
MopuensHa 5340 PTyTb 1451 MeTaH 429
EGoHiT 2405 Cnwnpt 1180 Byrnekucnwi ras 259

Y rabauni BKasaHO 3HAYEHHS IIBUIKOCTI
TIOIMUPEHHA 3BYKY B PI3HUX CEPEIOBUIIIAX 3a
IeBHOI TeMIepaTypu, aiKe MIBUAKICTH IIOIIHU-
PEeHHSA 3BYKY B CepeIoBUIIi 3aJIe;KUTh BifI
ioro TemIiepaTrypu.

Hanpukiazn, mMBUAKICTEL HMOIMUPEHHA 3BYKY
B pigmHax (3a BUHATKOM BOAU) 3MEHIITYETHCA 3
OigBUIIEHHAM TeMIlepaTypu, a B rasax IIIBUJ-
KiCcTh MOIIMPEHHS 3BYKY 3a HOCTiMHOIO THCKY
3 MiJBUIIIEHHAM TeMIIEpaTypH 30iJbIITYEThCS.

CyuacHa TexHiKa [gae 3MOTy BUMIpATH
IIBUAKICTh MOMINPEHHS 3BYKY 3 BUCOKOIO TOY- Man. 218
HicTiO (MaJj. 218).

IIIBuaKicTs MOIIMPEHHS 3BYKY B CEPEIOBUIII 3aJIeSKUTH Bil Or0 TeMIIepaTypH.

3BYKH, AKI MU KOKHUI JIeHb UYyEMO, Ny:Ke pisHOMaHiTHi. BoHM mominAOTh-
cAd Ha MY3WYHi 3BYKM i mymu. [o mepmimx HaJjie)KaTh CIIiB, 3ByUYaHHSA CTPYH
ckpunku (maj. 219), ritapu ab6o Biosomueti,
OYXOBUX YM IiHIINX MY3UYHHX iIHCTPYMEHTIiB,
csucT Tomro. IllymMu BUHMKAIOTH Hifg Yac rposu,
CTBOPIOIOTHCA ITPAIIIOYNMU ABUTYHAMM, JIVIC-
TAM, IO IITeJIECTUTH, TOIIO.

3a IOTIOMOroI0 OPTaHiB MOBU JIIOAW MOXKYTHb
BiTBOpPIOBAaTM MYy3WYHi 3BYKH i, 3BUYAIHO,
CTBOPIOBATHU IITYM.

Ane yum, 3 mouxku 30py Qisuxu, 6i0pi3nHs-
omvcs MY3uuHi 38yKu 6i0 wymy i womy ma-
KUMU HeCXOHCUMU Mid co0010 mMoxuymsv Oymu
MY3UYHI 38YyKU? Man. 219
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Hocain 4. Bissmemo KamepToH (HiM. kammerton — «rpebGiHb») i BHapumo
o OAHiN 3 WOro HilKOK KyJabKoio (MaJy. 220, a). Mu mouyemMo My3WUYHUIN 3BYK
«iass» yactororo 440 T'm. ITocTymoBo BHACIiZOK 3racamHsd KOJMBAaHBb HiXKOK
3ByK cjabme. OT:Ke, 3ByKOBa XBUJIS 30yIKYE€ThCA HidKKaMM KaMepTOHa, IO
3IiMICHIOIOTh KOJIMBaHHA. XapaKTep IMUX KOJWBAHb MOYKHA BU3HAYUTHU, SKIIO
IIPUKPIOUTH 0 HiKKKW KaMepPTOHA I'OJKY i, 30yAMBIIN KOJMBAHHA KaMepPTOHA,
PiBHOMIpHO IIPOBECTM HEIO MO ITIOBEPXHi 3aKOIMUYeHOl CKJIAHOI maacTuHKu. Ha
IJIaCTUHIIL 3’IBUTHCA JIiHidA, AK Ile 300paskeHo Ha mauaioHKy 220, 6. KaxyTs,
110 Hi’KKM KaMepPTOHa KOJMBAIOTLCA TapMOHiHO.

Man. 220

3BYK, CTBOPEHUI TiJIOM, III0 TAPMOHIWHO KOJNBAETHCA, HA3UBAIOTh MY3UU-
HUuM MOHOM, a60 MOHOM.

MysuuHi TOHM BiApPi3HAIOTHCS HA CAYX T'YUHICTIO i BUCOTOIO.

T'yunicTh 3BYKYy 3aJI€eKUTH BiJ Pi3HUILI THUCKiB, aMIJIiTyau i 4acToTH 3BYy-
KOBUX KoJyimBaHb. Hampukiaj, 1o CUJIBHIIMMNHE yxap KYJbKH IO KaMepTOHY,
TO I'y4HiIlle BiH 3ByYUTb, OCKIJIbKU CHUJIBHUHN yAap € IMPUUYUHOI BUHUKHEHHSA
KOJIMBaHb OiJbINOI aMILIITyaH.

T'yunicTh 3ByKY 3aJI€KUTH BiJ PisHMIIi THCKiB, aMILIITyIu i YacTOTH 3BYKO-
BHMX KOJHMBaHb.

IIpo 3ByKu pis3HOI I'ydHOCTi I'OBOPATH, IO OAWH T'YUHIINIWi Bim iHIIIOro He B
CTLILKHU-TO pasiB, a Ha CTLILKHU-TO OMHUIL. ONMHUIIEIO I'YUHOCTL 3BYKY € OXMH
nmeuu6ena (1 aB). Ii HasBaHO Ha YeCTh aMepUKAHCHKOTO BueHoro OiekcaHapa
I'peitama Besna — BuHaximHuKa TenedoHy i CIyXOBUX amapariB AJIA TIIYXUX.

T'yunicTe 3ByKy mrenecty jauctsa ckiaagae 10 B, menory — 20 1B, ByJIuuHO-
ro mrymy — 70 nB. Illym ryuwrictio 130 1B BimuyBaeThca MIKipoO i BUKJIMKAE
00sb0Bi BimuyTTa (Maj. 221).

) IE OIIKABO 3HATH

HanryyHiwmm y cBiTi TBapuH € 6rnakntHMi KUT. BiH MOXe BMaaBaTth 3BYKWU MyYHi-
cTio 188 b, dki yyTn Ha BiacTaHi 4o 850 Km.

UyTnmBiCTb Byxa 3anexuTb Big 4acTOTW 3BYKY. 3BYKOBI KONIMBAHHSA OLHAaKOBMWX
amMnniTya 34aTbCs HEOAHAKOBO NYYHUMU, AKLLO TX YacTOTK pidHi. Byxo noanHmn Han-
GinbL YyTNMBE A0 KONMBaHb YacToTol 6rm3bko 3500 M.
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T'yunmicTs 3BYKY BUMIPIOIOTH CIEIiaJbHUM
OpujaagoM — cOHOMeTpoM (MaJ. 222).

Hocaig 5. BisbmMeMo KinbKa KaMepTOHIiB
pisHHMX posmipiB. IloueproBo 3mycuMo iX 3BY-
YyaTHu i KOKHOTO pasy TOJIKOIO, IIPUKPiIJIeHO0
IO Hi’KKM KaMepTOHAa, IPOBOAUTUMEMO B3IOBIK
3aKOMYeHOol ILJIaCTUHKHU, SK Ile IIOKasaHo Ha
maaioHKy 220, 6. ITopiBHIOIOUM OTpMMaHi pe-
3yJbTATH, MHK IIOMiYaeMoO: II[0 BUIIHUI B3BYK

Man. 222 KaMepTOHa, TO MEHINWH Iiepiog KoJmBaHb i,
BigmoBimHO, OiJIbIIIa YacTOTa KOJHMBAHBL HIiyKOK
KaMepTOHaA.

Bucora 3ByKy 3aJie;KUTh BiJl YaCTOTH KOJMBAaHb.

Te came MoOKHAa crmocTepiraTu Ha HPUKJIALL CTPYHH, IO KoJuBaeThcA. Ha-
TATYIOUM CTPYHY TiTapw ab0 CKPUOKU, MU 301JBIITYEMO YaCTOTY KOJWBAaHb, BU-
coTa 3BYKY 30iJIBIITYETHCS.

TI'padikm 3ByKOBUX KOJIUBaHb, IO CTBOPIOIOTHCA 3BYYHUMU KaMePTOHAMU,
HAIIPUKJIAL KaMepTOHOM «Jis» (440 I'm), a00 MySHYHHMU iHCTPYMEHTaAMM, MOK-
Ha CIIOCTepiraTu 3a JO0IOMOI0I0 KOMII'foTepa abo ociimiorpada (maa. 223, 224).

Man. 223 Man. 224

A wo x marxe wym? Ilym BigpisHAETHCS Bif My3WYHOTO TOHY THUM, IO
oMy He BiAIOBifae AKach IIEBHA YACTOTa KOJMBAHb i, TAKMM YMHOM, IE€BHA
BHCOTA 3BYKY.

IIIym — ue CyKymHiCcTh KOJMBAHb Pi3HUX YACTOT.

SAKul BUIIIAA MaOTh Ii KOJWBAHHS, TaKOK MOKHA IMOOAUUTH, BUKOPUCTO-
ByIOUM MiKpodoH i Kommo’iorep abo ociiuiorpad.
() 3ANUTAHHA 0O BUBYEHOIO

1. LWLo BuBYae akycTtuka?
2. Aki KONMBaHHS Ha3MBaTb 3BYKOBUMMW, ab0 aKyCTUYHUMN?
3. Ak BUHMKaIOTb 3BYKOBI XBUIi?
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4. [le MOXyTb NOLUNPIOBATUCS 3BYKOBI XBUIi?

5. Ak MOXXHa BU3HAYMTY LUBMAKICTb NOLUMPEHHS 3BYKOBUX XBUIb?

6. Big yoro 3anexmTb WBNAKICTb MNOLUMPEHHSA 3BYKOBUX XBUIb?

7. Kopuctytounch Tabnuueto (gue. c. 105), Bu3HauTe, y AKil pe4OBUHI LUBUAKICTb
NOLUMPEHHS 3BYKY HalMeHLUa; HanbinbLua.

8. Aki OCHOBHI B1AW 3BYKiB BM 3HAETE?

9. Lo Take ToH? Lo Take wym?

10. Big 4oro 3anexuTb ryyHictb 3Byky? BucoTa 3Byky?

§ 19. IHOPA3BYKU TA YIIbTPA3BYKU

Bn BJ)Ke 3HAETe, IO MexXaHiuHi KoJamBaHHS yacTtoTol Bim 16 mo 20 000 T'ix
HaAJIeKaTh [0 3BYKOBUX, SKi uye JoamHa. AJie iCHYIOTH 3BYKOBi KOJIMBaHHSI,
SAKUX JIIOAWHA He UYe.

KonmvBaHHA 3 MeHIIMMM YacTOTaMM HAa3WBalOTh iH(pPasBykKoM (iart. infra —
CHUIKUE», «ITi»).

IndpasBykoBi kKoauBanHA (iHGpasByK) — Ile KOJMBAHHA, YAaCTOTA SKHUX
MeHIIIa 3a HaHUKUYY YACTOTy 3BYKOBHX KOJMBaHB, TOOTO 3a 16 I'm.

Byxo nogmeu indpasByk He cupuitmae. BiH BuHUMKae mig yac mropmis,
rpo3, 3eMJyeTpyciB. IHPpasByK MaJio MOTJIMHAETHCA CEPEJOBUINIEM i MOYKE IIOIIU-
pioBaTHucA Ha BeJukKi Bigcraui. /lis celicmorpada rpyHTyeThCcAa Ha iH(pasByIIi.
Takuit mpujajg OpusHAYEHUH s mepeadavYeHHs 3eMJIeTPYCiB, AJA BUBUEHHS
OymoBu 3eMJIi, PO3BiIKM KOPUCHUX KomaauH (Maj. 225).

W
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| h il

Man. 225

) IE HIKABO 3HATH

Ha ocTpoBi flBa pocTte KBiTKa — XunBUN cericmorpadd, siKky HasmBalTb KOPOsiB-
CbKOI Npumyrok. BoHa Bigpi3HAETbCA Bif YCiX iHLWIMX NPUMYN TUM, LLO LBITE nvle
nepepn BUBEPXXEHHSIM ByNKaHa, YiM i nonepegykae nogen npo Hebesneky.

3BYKOBi KOJIMBaHHSA, yacToTa AKkux Oisbina 3a 20 000 I'i, HasuBaOTh yabTpa-
3BYKOM (J1aT. ultra — «gami», «BijabIme», «HAI»).
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Y IpTPa3BYKOBi KOJIMBAaHHSA (YJIBTPa3BYK) — Iie KOJMBAHHSA, YACTOTA IKUX 0ijIb-
ma 3a HAMBUIILY YACTOTY 3BYKOBHX KOJHBaHb, TOOTO Oimbmra Bim 20 000 I'm.

VabpTpasByKOBi KOJMBAaHHA 3aCTOCOBYIOTH AJIA OOPOOKM TBEPAUX i HaATBEP-
Iux marepiajiB. [lo 00po0 IioBaHUX JeTaJsell MOJaeThCsA CYMilll BOAY 3 APiOHUM
THOPOIIKOM, SKa IiJ mi€l0 yJIbTPasBYKOBOIO BUIPOMiHIOBAUYA KOJUBAETLCS 3 Be-
JIMKOI0 YaCTOTOI0, JAalouy 3MOI'Y POOMTH OTBOPH CKJagHOI dopmu. Tar camo
OTPUMYIOTH 300pasKeHHA Ha KaMeHAX, MeTaJjax, ¢apgopi ToIro.

Tlomuprooounchk y OPyKHOMY CEPEeNOBUIIi, YJIBTPa3BYK BimOMBAETHCS Bif
pisHuX meperrko. 1li KommBaHHA MOKHA TPUAHATHA i 3adikcyBaru. 3HaOUU
yac i mBUAKICTh IX MOIMMPEHHs, MOXKHA BU3HAYUTH BiJcTaHb O0 mepenoHu. Ha
IbOMY IIPUHIIUIIL I'PYHTYETBCA Ois €X0JI0oTa — Mpujaaga OJs BUMipIOBAHHS TJIH-
OMHU 03ep, MOPiB, OKeaHiB ab0o IIMOMHU 3aHYPEHHS TiJl.

Ha cymHax ycTaHOBJIIOIOTH YJIbTPasBYy-
KOBi BUIIpOMiHIOBaYi, IO HePiOaAMUHO
OOCUJIAIOTh IMIIyJIbCH B HAIPSAMKY THaA
(man. 226). BigbuTi KoMuBaHHA IpUiiMa-

I
!,'"“ ook I I0ThCS, 1 Ha eKpaHi Komm’ioTepa 3’sB-
il\ Y JsgeTbcsa penabed nHA. Koom HA MMIIaxy
._;’;;-\‘ ~:‘£I VIBTPA3BYKY TPAIJIAETHCSI, HAIPUKJIAL,
it =) Kocak pub, BiH TakoK BimoOparKaeTbcsa

. . o cpni

Ina 6araTb0X TeXHIUHMX HOTPed BU-
Man. 226 KOPHUCTOBYIOThCA CyMimm pigum, Aki He
BMIITYIOTHCA Yy 3BUUYAMHUX yMOBaXxX (HAIpUKJIAMA, PTYTh i Boja). AJjie AKIIO KOJI-
0y 3 BOZOIO i PTYTTIO OIPOMiHIOBATY BIIPOAOBXK IIEBHOTO Yacy YJIbTPa3BYKOM,
TO YTBOPIOETHCS CTiliKa CyMilll, sTKa MOKe 30epirarucsa gocuTh moBro. Ha mpo-
MHUCJIOBUX IiIIPHEMCTBAX 34 JOIIOMOT'OI0 YJIBTPAa3BYKOBUX KOJMBAHb 3MillIyIOTh
BOZY i MacTmJIO.

VueHi BCTaHOBUJIM, IO IPOCTi JKUBi iCTOTH INBUAKO T'MHYTH IIiJ Hi€I0 YJIb-
Tpa3ByKy. 110 BiIacTUBiCTP BUKOPHUCTOBYIOTH IJI CTepMJi3aIil BOguW, MOJIOKA
Ta iHIINX XapyoBUX IPOAYKTIB. YILTPasBYKHU € MPUUMHOIO IIapaJjiuy i sarube-
JIi XOJIOZHOKPOBHUX TBApuWH — pubd, Kad, IyroJoBKiB.

Y MemumuHi yJabTPasBYK BUKOPUCTOBYIOTH 3 JiKyBaJbHOIO (Mas. 227, a)
i miarmocTuunoro (Maj. 227, 6) MeTOIO.

Man. 227
110
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IE IIIKABO 3HATH

3arnbenb «TutaHika» y 1912 p. ctana nowToBXoM A58 PpaHLy3bKOro BYEHOIO
Mona JlaHxeBeHa y BUHAWAEHHI yrbTPa3ByKOBOrO fiokatopa. Y NPUPOAi X KaXKkaHw,
AenbdiHn, KUTKU BUNPOMIHIOKOTb YNbTPa3BYKU B LUMPOKOMY AianasoHi. JenbdiH YiTko
BiOpi3Hsie ckento Big kocska pub. Y Hoein 3enaHgii, cepeq 4YncneHHUX OCTpOBIB,
e BaXKKO 3HaNTWN MOPCLKWI LUASIX, OAMH 3 AenbdiHiB BUKOHYBaB 000B’si3KM fioLMaHa
30 pokis.

() 3ANWTAHHA 0O BUBYEHOIO
1. Lo Take iHppa3syk? Ak BiH BNNMBaE Ha opraHiam noguH1? [le noro BUKOPUCTO-

BYIOTb?
2. llo Take ynbTpasByk? HaBeaiTb Npuknaan 3acTocyBaHHS yNbTPasByky.

3AOAUI TA BINPABU

=]
[ ]
- = Po3B’sa3yemMo pa3om

1. K mepeBipAOTH HAABHICTH TPIIIMH Y KoJiecax BAroOHiB, Y CKJISHOMY a0o
MOPIIEJIAHOBOMY HOCYIi?

Bionogidv: TOCTYKYIOTH (MOJIOTKOM, JIOK-
KO0 abo iHIIMM IIpegMeTOM) IO KOJIeCy, IIOCY-
ny. AKIimo uyTu TAyXuii 3BYyK, TO Ile O3HAYaE,
1[0 B HUX € TPill[MHU.

2. Yomy rakanu (maJ. 228) HaBiTHL y IOB-
Hilf TeMpaABi He HaNIITAIOTh HA MEPEITKOAU?

Bionosidv: Ka)XaH BUIIPOMIHIOE YJILTPa3BY-
KOBi XBMJIi, AKi BimOmMBaroThCA BiJ IIEepeIrKo-
ou, 1 BiH 3Hae, e BOHA 3HAXOAUTHCH. Man. 228

PiBens A

142. Yu Oyab-AKe TijTo MosKe OyTH AKepeJsioM 3BYKY?

143. 3amuilliTh HA3BU MY3UYHUX iHCTPYMEHTIB 3a 3POCTAHHAM BHCOTH TOHY
(urcyo B Ay:KKaX MOKAa3ye KiJIbKiCTh KOJMBAHDb 34 CEKYHAY — YaCTOTY KOJIMBAHB):
ckpunka (640 I'm), Biosoruens (216 I'), kouTpabac (196 I'r), anst (415 I'm).

144. JlronuHa MOXKe UyTHU 3BYKH Bin miKepeJ, IO PoOJIAThH He MeHIe AK 16
i He 6inbie mHixk 20 000 KomuBaub 3a 1 c. BusHauTe mepios mux KOJUBaHb.

145. 3a 1 ¢ myxa pobobuts 330 momMaxiB Kpujaamu, a MmetTeJurk — 2. Big xouau-
BaHHA YMiX KPUJ — MYXH UM MeTeJHKa — uyTH 3BYK? JIKuii mepios KoJuBaHb
KPUJI MyXH" i MeTesuKa?

146. BigcTaup MixK ABOMA 3aJiBHUYHMMU cTaHIigMu 16,6 KM. 3a aKuil uac
HOIMPIOETHCA 3BYK Big oxmiel craniiii mo apyroi mosiTpsam; perikamu? Temire-
parypa moBiTpsa 0 °C. IIIBuakicTs momupeHHA 3BYKY Y craji 5500 m/c.

147. Yu mosxe aroguHa yyTH iHGpasByku? Yomy?

148. fx mroguHA Ha MPAKTHIII BUKOPUCTOBYE iH(MPasByK?

149. o AKMX 3BYKiB HaJesKaThb KoJuBaHHS uyacTorToio 9 I'm? fAxwuit mepion
IIUX KOJHUBAHL?

111

MpaBo ona 6e3onnaTHOro po3milleHHs NigpyYyHUKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITM i Hayku YkpaiHu http://mon.gov.ua/ Ta [HCTUTYT MoaepHi3aLii 3micTy ocBiTu https://imzo.gov.ua



PO3OIJI 3

150. YasrpasByk yactoToo 1 MI't mpoHKMK y cTajIeBUil BUJIMBOK HA TVIMOUHY
6 m. AKwuit yac 6yB MOTPIOHMI AJIA I[HOr0?

151. Kopucryounuch eX0J0TOM — IIPUJIAJOM AJIs BUSHAYEHHSA TVIMOMHU MOPS
3a JOIIOMOI'OI0 BifOMBaHHS 3BYKY — BH3HAUYMJIM, II[0 BiJ II0gaui 3BYKOBOI'O CHUI-
HaJy [0 NPpUHHATTS BimbuToro mpoinio 3 c. dka raubuua MoOpsa, AKIIO IITBU/I-
KicTh momupeHHs 3BYyKy v Bomi 1450 m/c?

Pisens b

152. BukonaiiTe Takuil OOCJIiA: MOKJALITL MeTAJeBy MacIITa0Hy JIiHINKY
3aBroB:KKU 40—50 cM omHMM KiHIleM Ha Kpail CTOJNy i IPUTHUCHITH ii 3BEpxXy
IepeB’AHUM OpycKoM a00 KHMKKOIO. 3a BiIbHUH KiHenb BiATATHITE JiHIHKY
BHU3 a60 Bropy i Bigmycrits. IloBTOpPIOIiTE MOCIIi, SMEHIIIYIOUN JOBMKUHY Bijlb-
HOI YaCTMHU JiHIiAKM IO0TH, JOKKU mouyeTe ii ryminasa. Koau mBuamnie KoamBa-
Jachk JIiHiiKa — KoJiu BoHa OyJyia moBIoi0 um Koporirnoio? Koam Oyio uytnm
3BYK — IIPHM MEHMIi#l KiJbKOCTi KosuBaHBb uM Ipu Oiabimiii? K HasuBaioTh
BiZcTaub, Ha AKY HAMOiJbIIe 3MicTUBCA KiHelnb JiHINKK IpU KOJUBAHHAX?

153. ITosicHiTh, AK YTBOPIOIOTHCA 3BYKHU Y CKPUIIIi, posijii, Tpybi, 6Gapabami.
Sk Mo)kHA 3MiHMTH XapaKTep WX 3BYKiB?

154. Yomy a310pYaTh CTPYMKM?

155. Yu nmouyemo mu BUOyX, 1[0 craBcs Ha Micami?

156. ITosicHiTh, YoMy JIFOAM, AKi HigHAINCA BUCOKO B rOPHU, HOBMHHI I'yUHi-
IIIe TOBOPUTH, II[00 UYTHU OIHE OJHOIO.

157. JI;ia doro Jiioau, AKi moraHo 4yOTh, IPUKJIAAal0Th 10 Byxa pymop? Ilpo
IedeKTH sSIKOTro OpraHy uyTTs JIOJUHUN HaeThbea? 3rajgaite, sika ioro 0ymosa.

158. XT0 mBuAIlle Maxa€ KPUILIAMUA — IKMIiJIb Y KoMap?

159. Yomy rpim 3aBKIM YyTH IIicas TOTO, AK mobaummo OuamuckaBkKy? Ha
AKi#A BimcTaHi Bif cmocTepiraua BUHHKJA OJMCKaBKa, SIKINO 3BYK Bij Hel BiH
nouyB uepes 10 c?

160. CkinpKu yacy 3BYK IIOIIMPIOETHCS Biff CTOJIA BUMTEJISA OO OCTAHHBOI IapTu?

161. IlosicHiITH, YOMY IIOTAaHO UYTH, KOJU ByXa 3aKPUTO BaTOIO.

162. [Ins yoro CTiHM i cTes 0 HPUMIIlleHb pagio- i TejecTyaii MOKPUBAIOTH
MaTepiajiaMu, sIKi 4oOpe MOrJIMHAIOTH 3BYK?

163. YoMy B uMTaJIbHUX 3ajax 06i0JioTeK MWiAJOry 3aB:KAM 3aCTeNSIOTH
M’ AKUMUI OOpiKKamu?

164. T'pim — 1me 3BYK, II[0 BUHHKAE IIiJ 4ac OJMCKaBKH. YoMy MH UYyEMO
rpiM JOBIM# Yac HaBiTH TOMAi, KOJIH OJMCKABKA TPHBAE AyiKe KOPOTKui yac?

165. ITiBka Boau mijg yac HamoOBHEHHA IIAMKH (Maa. 229)
CHOPUYUHSE IITYM, Y IKOMY MOKHA BJIOBUTHU AETKUNA TOH. ¥ Mipy
3alOBHEHHS ILJIAIIKKA TOH 3MIiHIOETHCA. BUIIMM UM HIMKYUM
crae ToH? Yomy 11e BigOyBaeThCcsa?

166. Yomy 1rym, IO CYOPOBOIKYE PYX MOi3ma, CTa€ 0COOIM-
BO OTJIYIILJIMBUM, KOJIM II0i3[ BXOAUTDH Y TYHEJb?

167. IlocnyxafiTe, IK N3BOHUTH OyAMJIBbHUK y KiMHaTi i Ha
Bynuii. IloscHiTE BigMiHHICTE.

168. PubojioBernibKke MOPCLKE CYAHO, II[O IIJIMBEe BHOUYiI abo B
TyMaHHY TOTOAY I00Ju3y GeperiB 3 BUCOKMMU CKEJSIMHU, Yac
Man. 229 Bif uyacy mae KOpOTKi ryaku. s goro 1e pobadaTs?
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169. CoermiamicTu-64K0aapi 0 3BYKY
MOXKYTb BUSHAUUTHU, YU JIETATH OIKOJIU
mo Mex, yu 3 MegoM. SIK BOHUM IIpPO IIe
Ii3HAIOTHCA?

170. YacTo piBeHb 3aIIOBHEHHSA 3aKpPU-
TUX IUCTEPH, 0aKiB i 604YOK BU3HAYAIOTH
0 3BYKYy. YoMy IMO-pPiSHOMY IIPOCIYXOBY-
€ThCS 3BYK IIif Yac yAapiB y Miciax, He m
3alIOBHEHUX 1 3aII0BHEHUX PiAUHOI0?

171. Ak mosicHuTH, 110 KOTH a00 iHImi Man. 230
TBapUHU IIepe] 3eMJIEeTPYCOM MOKUIAI0Th
OymiBii, a KUTH Ta JeJb(iHM 3aIJINBAIOTh JaJieKO B Mope?

172. Yomy Ha KoOpabJ/sgX YCTAHOBJIOIOTL VJIBTPA3BYKOBiI TigposioKkaTopu
(mam. 230), a He 3BYKOBi?

§ 20. ENEKTPOMATIHITHE MNOJIE | ENEKTPOMATIHITHI
XBunl. WBUAKICTb NMOWWPEHHA, OOBXUHA
| YACTOTA EJIEKTPOMATIHITHOI XBUII

AHI‘J‘IiﬁCBRI/Iﬁ disuk xeiimc Kmapk MakcBean 3po6MB Baromuii BHECOK ¥
BUBYEHHSI OCHOBHUX BJIACTUBOCTEI eJeKTPOMAarHiTHOTO mojA. Bix mocraBuB 3a-
NUTAaHHA: AKIIO 3MiHHEe MArHiTHE IMoJie MOPOMKY€E eJeKTPUUHEe, TO YU iCHy€E Y
IPUPOi 3BOPOTHUII MPOIEC, KOJHM 3MiHHE €JIEKTPHUYHE I0Jie, y CBOIO UYepry,
nopoasKye maruirae?

MaxcBes1 IpUITyCTUB, 10 TAKUU IpoIlec y IPUPOAL peasbHUI: y BCiX BH-
nmagKax, KOJU eJeKTPUUYHEe MoJjie 3MiHIOEThCA, BOHO TMIOPOIKYE MATHITHE II0JIe.

3rigHo 3 rimorezoro MakcBeJssa Mar=iTHe
mmoJie, HAIIPUKJIAL IiJ 4ac PO3PANKU KOHIEHCA-
Topa (mpuwJjaj OJd HAKONMWYEHHS eJIeKTPOeHep-
rii, maua. 231), He JUIIIEe CTBOPIOETHCA CTPYMOM
Y OpOBiZHUKY, aje U 30YIKYeThCA eJEeKTPUU-
HUM MOJIEM, AKe 3MIiHIOETBCA Y IIPOCTOPiI MixK
oOkJagkaMu KoHpaeHcaropa. Ilpmuomy 3MmiH-
He eJIeKTpUYHEe TI0Jie CTBOPIOE TaKe MAarHiTHe
moje, Hi0M MiK OOKJaZKaMM iCHYE eJeKTpHUU-
HUHA CTPYM, SKUN [TOPiBHIOE 3HAYEHHIO CTPYMY
y IPOBiTHUKY.

IIpaBunbHicTh rimoresu MakcBesa OyJsa mI0- Man. 231
Be/leHa BiIKPUTTAM eJIEKTPOMATHITHUX XBWJIb. KJIeKTpOMAarxHiTHi XBuWJIi icHY-
IOTh TiJIBKU TOMY, IO 3MiHHE MAaTrHIiTHe II0Jie IIOPOAKYyE 3MiHHE eJIEKTPUUHE
moJie, Ke, Y CBOIO UepPIr'y, IIOPOAKY€E MAarHiTHE IIOJIe.

ITicasa BigAKPUTTA B3a€EMO3B’A3KY MiK €JeKTPUUYHUM i MATHITHUM IIOJIMU
CTaJI0O 3PO3yMiJIo, IO IIi IIOJIA He iCHYIOTH OKpeMO, He3aJeXKHO OJHe BiJl of-
HOrO: He MOJKHA CTBOPHUTHM 3MiHHe MarHiTHe mojse 0e3 TOro, mo6 OJZHOYACHO
Yy OPOCTOpPi He BUHUKJIO i 3MiHHe eJeKTpuuyHe moJje. | HaBIaKwW, 3SMiHHE eJeK-
TpUUYHE II0JIe He MOKe icHyBaTu 0e3 Mar"iTHOTO.
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EnexTpuuni #I MarsiTHi mojs — Ie OPOSABM €IMHOTO I[iJIOTO, AKEe MOXKHA
Ha3BaTU €JIEKTPOMATHiTHUM II0OJIEM.

EnexrpomarniTHe mosae — ocob6amBa dopma marepii. BoHo icHye peaabHO,
TOOTO He3aJIesKHO BiJg Hac, Bi HAIMIMX 3HAHb PO HHOro. Moro MokHaA
BUABHUTHU TiJIBKH 3a JOIIOMOTOI0 CIIEiaJIbHUX IIPHJIATIB.

YaBiTh, 10 eJeKTPUUYHUNA 3apAl 3MYCHUJIU [AysKe INBUAKO KOJUBATUCS
B3IOBIK OeAKOl mpsaMoi Tak, IMo0 BiH pyxaBcs IOAIOHO MO BaHTaXKy, HiABi-
IIIeHOT'0 Ha NPY:KHUHi, ajie 3HauHO ImBuAaie. Toal elexTpuuHe IoJje, AKe iCHYye
HaBKOJIO 3apAny, Hepiogunuuo Oyae 3MiHIOBATHCS.

3MiHHE eJIeKTpUUYHE II0JIe CTBOPIOE MAaTHITHE IIoJe, AKe TAKOMK IIePioguuHO
3MiHIOETHCSH, a Iie APyTre, Y CBOIO Uepry, 0yae MPUUYMUHOIO IIOSABU 3MiHHOTO eJIeK-
TPUYHOI'O MOJIS BiKe Ha OijbIriii BigcTaHi Big sapany i T. m.

Y mpocTopi HaBKOJO 3apAny, 3aXOILIIOIOUM Bif-
MOBiHI MiJISHKHM, CTBOPIOETHCS CHCTEMa IIepio-
OIUYHO 3MiHHUX €JIeKTPUUYHUX i Mar"HiTHUX IIOJIiB,
MEePIeHAUKYIAPHUX ONHE 0 OIHOTIO.

Ha wmagoonky 232 mpencTaBJeHO «MUTTEBUI
3HIMOK» Takoi cuctemMu I0JiB. CTBOPIOETLCS Te€,
II[0 MU HA3WBAEMO €JEKTPOMATHITHOI XBHJIEIO,
AKa TOIMHPIOETHCA B YCiX HAOpPAMKAX BiJ KOJIU-
BaJIBHOT'O 3apALY.

3apaau, sKi KOJIMBAIOTHCs, BUIIPOMIHIOIOTH eJIeKTpoMAarHiTHi xsumii. Ilpm
IIFOMY BaKJIMBE 3HAUYEHHS Ma€ 3MiHa HIBUIKOCTI PYXY TaKUX 3apsamiB i3 uacom.

MaxcgBesr 0yB INIMOOKO IMEPEKOHAHMH, M0 €JEKTPOMATrHITHI XBHJIi iCHYIOTH
peaabHo. Jlumie uepes 10 pokiB Immicis #oro cMepTi eJIeKTPOMArHIiTHI XBMJIL
BIEPINle eKCIepuMeHTaJbHO 3adikcyBaB Himenbkuii @isuk I'enpix I'epu. Bin
CKOPHCTABCS IPOCTUM IPHUCTPOEM, AKUI HasuBaioTh BiopaTopom I'epua. Ileit
OPHUCTPiH € BiZKPUTUM KOJUBAJLHIM KOHTYPOM.
|} CxeMaTUYHUH mepexia Bii 3aMKHYTOT'O KOJMBAaJBLHOTO KOHTY-

Py [0 BiAKpPHTOro mMoKasaHO Ha MAJIOHKY 233. ¥V 3aKpUTOMY KO-
JUBAJILHOMY KOHTYPIi IIOTPiOHO IMOCTYIIOBO PO3COBYBATH IIJIACTUHU
MM gorgeHcaTopa 0ZHOYACHO, 3MEHIIVIOUN iX IJIOIIY i KiJbKicTh BUT-

Man. 232

2\ /g KiB KoTymKu. PaKTUUHO, 3aKPUTUN KOJWBAJbHUINI KOHTYP Iepe-
TBOPIOETHCA Y IPAMUIN BiIPi3OK HTPOBiHUKA.
AN Ina 30ymKeHHs KOJUBAHbL y TaKOMY KOHTYypi 3a uaciB I'ep-

ma pobuau Tak. IIpoBigHUK pospisajm ImocepennHi, 3aJUIIAIOUN
HEBEJIUKUH MIPOMIiKOK, SKHII HA3MBAIOTh icKpoBuUM (MaJ. 234).
IToriMm 00MABI yacTMHN NPOBIAHMKA 3apAMMKAJIU OOTH, JOKM MiK HUMU He
OpocKakyBaJa ickpa (Majy. 235), KOJIO 3aMUKAJOCA i YV BiAIKPUTOMY KOHTYPi
BUHUKAJN KOJUBAHHA.

Man. 234 Man. 235

Man. 233
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KonuBanuAa B KOHTYpPi 3aryxaioui, OCKiIbKM KOHTYp Mae€ oOmip i, Kpim
TOr0, €HEepPrisi BUTPAYAEThCA HA BUIIPOMiHIOBAHHS €JEKTPOMATHITHUX XBUJIb.
ITiciss Toro AK KOJMMBAHHA IPUONHSIOTHCSA, I)KEPesio 3HOBY 3apsamKae obu-
IOBa MPOBIJHWUKU A0 HACTAHHSA IIPO00I0 iCKPOBOT0 IIPOMIMKKY i IIpoIlec mOBTO-
proeThCA.

IITo6 orTpumaTm HesaTyxaloui KOJWBAHHA Yy BiJKPUTOMY KOJUBAJILHOMY
KOHTYPi, HOTro 3’¢fHYIOTh 3 KOJMBAJBHUM KOHTYPOM CIIEIiaJbHOT'O IPUJIALY —
reHepaTopa, SKUi € IyKepejioM He3aTyXalounX KOJIMBaHb.

Tepi; He auIlle oTpUMAaB eJIEeKTPOMATHITHI XBUJIi, ajle I YCTaHOBUB, IIT0 BOHU
€ Tomi0HMMU OO iHIIMX BUIIB XBUJb. 30KpeMa, BiH cmocTepiraB BimOuBaHHSA
eJIeKTPOMATHITHUX XBUJIb BiJl METAJIeBOTO JIMCTa. 3a JOIIOMOTOI0 MOCJiAiB Bim
YCTAHOBUB, IO MIBUAKICTH HOIMWPEHHA €JIEKTPOMATHITHUX XBHJb IOPiBHIOE

300 000 xm/c.

EnxexTpoMarHiTHi XBHJII NOIIMPIOIOTHCA y MPOCTOPi 3i IMIBUAKICTIO C, AKa
mopisaIoe 300 000 KMm/c.

Bigcranns, Ha AKy mepeMillyeThcA €JIEKTPOMAarHiTHA XBUJSA 3a Yac, IO JI0-
PiBHIOE OZHOMY IIePioZy KOJMBaHb, HA3UBAIOTH JOBKUHOI XBUJII.

SAKIo v — MWBUAKICTH MOIMIUPEHHA €JeKTPOMATHITHOI XBUJII B OJHOPiTHOMY
cepenmoBuitli (m/c); T — ii mepiox (c); v — yacrora KoauBaHb (I'11); A — moBMKMHA

xBuii (m), To A = vT, abo A = B. Ons sakyymy A = cT, abo A = E.
\Y \Y

() 3ANMUTAHHA 0O BUBYEHOIO

1. Y yomy nongdrana rinote3sa Makcsenna?
2. XT0 BrepLue OTpMMaB enekTpoMarHiTHI XxBuni? 3a 4ONOMOrot 4oro?
3. 3 AKoo WBMAKICTIO NOLUMPHOKOTLCS eNeKTPOMarHiTHi XBuni y npocTopi?

§ 21. BNACTUBOCTI ENEKTPOMATHITHUX XBWUIJb.
LUKAJA ENEKTPOMATHITHUX XBWUIb

EJIeI-CTI)OMaI‘HiTHi XBUJi MOTIMHAIOTHCA, BiOMBAIOTHCS i 3aJIOMJIIOIOTHCA, AK
i Bci immmi Buam xBugak. e jerko crmocrepiraru.

PagiorexniuHi mpucTpol MaroTh 3MOTYy IIPOBECTH HAOYHI AOCIiAM 3 METOIO
BUABJIEHHSA BJIACTUBOCTEH eJIeKTpOMAarHiTHuxX xBujb. IIpm mpomMy HaKpaiie
BUKOPUCTOBYBATH XBUJII CAHTHMETPOBOT'O MiamasoHy, IO iX BUIIPOMIiHIOE CIIE-
miaapHUI reHepaTop HaaBucokoi uactoru (HBY).

EnexkTpomaruiTHI XBUJi BUOPOMiHIOE PYIIOpHA aHTeHA B HANPAMKY OCi py-
mopa-rydHomMoBIA. [IpuiiMaabHa aHTeHA, AKA MAae€ BUIVIS TAKOTO CaMOTO PY-
Topa, YJIOBJIIOE XBUJIi, I1T0 TMOIIUPIOIOTHCS B3OBXK MOTO oci. 3araJabHUNH BUTJISA
YCTAaHOBKU IIOKa3aHO Ha MaJIOHKY 236.

Pymopu posTaintoByoTh, OZWH IIPOTHU OTHOIO i, IiC/Is YBiMKHEHHSA 3BYKY, PO3-
MIIyIOTh MisK HUMU pisHi miesekTpuyuHi Tisa. IIpu nmbomy moMiuaroTh 3MeHIIIEH-
Hs ry4yHocTi. Ile cBiguuTh PO Te, II0 €JIEKTPOMATHITHI XBMJIi MOTJIMHAIOTHCA.
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Man. 236

SAKRIO0 [mieeKTpHMK 3aMiHUTH MeTaJIeBOI0 IIJIaCTUHKOI0, TO XBUJI He
IOCATAaTUMYTh IIpUiiMaua BHACHIOOK BimOmBaHHsA. 3BYKYy He Oyne uyrtu. Bimou-
BaHHSA BifOyBaeThCA IIiJ KYyTOM, IO AOPiBHIOE KYTy HaTiHHS, AK i Yy BUNAIKY
cBiTsIOBUX 1 MexaHiuHMX XBuJb. [1[00 mepekoHaTucsa B IIbOMY, PYIIOPU PO3Mi-
MIyIOTh IIil OJHAKOBUMHU KyTaMH OO0 MeTajieBoro Jjwucra (maja. 237, a). 3BYK
3HHUKAaE i Tomi, Koau 3abpaTu JucT abo MOBEPHYTHU HOro.

EnxexTpoMmarniTHi XBHMJIiI BiZOMBaloThCA.

EnexkTpomMaruiTHi XBuJIi 3MiHIOIOTHL CBiffi HaIpsaIMOK (3aJIOMJIIOIOTHLCS) Ha
mMexi miemexTpuka. Ile MOKHA BUABUTH 3a IJOIOMOIOI0 BEJMKOI TPHUKYTHOL
Ipu3MH, AKa 3amoBHeHa mapadiHom. Pymopu BCTAHOBJIIOIOTH il KYTOM OIWH
IO OOHOTO, AK i TOAi, KOJU AeMOHCTPYBaJu BimOuBaHHA. MeTajieBUil JUCT 3a-
MiHOIOTh mIpusMoo (Maj. 237, 6). 3abuparoun OpusMy ab0 IOBEPTAIOYHU ii, CIIO-
cTepiraioTh 3BHUKHEHHA 3BYKY.

EJxekTpoMAarHiTHI XBHIIi 3aJI0MIIIOIOTHC.

Man. 237

EnexkTpomaruiTHi XBuJi mOmiIAOTBCA Ha KiJbKa BUOIB: PamgioXBHJi, CBiT-
JIOBi XBUJIi, pEHTTeHiBChbKeE 1 y-BUNIPpOMiHIOBaHHA (AuB. Tabx.). Cuaix 3a3HaumTH,
10 MeXKi MidK pisHUMMU BUAAMU €JIEKTPOMATHITHUX XBUJIb JOCUTH YMOBHI.
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BUMNPOMIiHIOBaHHS

nasepu, CoHue

Buau ejieKTpOMATHITHUX XBHJIb Tabauus
BunpowmiHioBaHHA | [loBXuHa xBuni, YacToTa, Ny Dxepeno
M BUMPOMiHIOBaHHA

Papgioxsurni 103 -10"* 3-10°-3-10" KonusarnbHuit
KOHTYp, BibpaTop
lepuya, namnoswum
reHepartop

IHppauepBoHe 5-1074-8-10" | 6-10"=3,7-10" | Namnu, narpiTi Tina,

Bunaume citno

8-107"-4-107"

37-10"-75-10"

Jlamnu, HarpiTi Tina,
nasepu, CoHue

YneTpadionetose
BUMNPOMIiHIOBAHHS

4-107-107°

75-10"-3-10"

JTamnu, HarpiTi Tina,
nasepu, CoHue

PeHTreHiscbke

2-10°-6-107"

1,5-10"7-5-10"

PeHTreHiscbki

BUMNPOMIHIOBAHHS, Tpy6KHU.
papioakTuBHe <6-107"2 >5-10" KocmiuHe Bunpomi-
BUMNPOMIHIOBAHHS HIOBaHHS!

PagioxBuji momiAoTh 3a JOBXKMHOIO XBMJII Ha HOBTi (moman 10 xMm), cepen-
Hi (coTHI MeTpiB), KOPOTKi (mecsATKU MeTpiB). ¥Yci BOHU IIepeBa’KHO BUKOPHCTO-
BYIOTBCS B Pafios3B’sI3Ky. YJIBTPAKOPOTKi pPamgioXBUJIi IOJiIAOTL Ha METPOBI,
gentuMeTpoBi Ta Misimerposi. Ilepmri BUKOpHCTOBYIOTH y TejsiebaueHHi, ApyTi
i Tperi — y pagmiomorarmii. IliamasoH pagioxXBMJIb YaCTKOBO IIEPEKPUBAETHCA 3
iH()pauepBOHUMU IIPOMEHAMU, AKi IMUPOKO 3aCTOCOBYIOTH V TeXHiImi. ¥ 1mpoMy
Iiama3oHi TPaIOITh JIa3epu.

YabsrpadiosieToBi mpoMeHi BMKOPHCTOBYIOTH IJisi 3HE3apaKyBaHHS IIPUMi-
IIeHb V JiKapHAX, CTUMYJIAI] XiMiuHNX peakiliii, yTBOPeHHS MOTPiOHUX I'eH-
HuX MyTariii tomro. IloBepxusa Semii 3axwuinieHa Bif MIKiZJIWBUX CKJIAJOBUX
yabrpadioreToBux mpomeHiB COHIIS 030HOBUM HIapoM. JIoro 36epeskeHHS — Iie
OIHA 3 BAXKJMBUX €KOJOTIUHUX MIPOOJIEeM.

PeHTreniBchbke BUIIPOMiHIOBAHHSA OTPUMYIOTH HiJ Yac raJbMyBaHHS eJIEK-
TPOHiB, AKi IPHCKOPIOIOTHCA HAIPYIoI0 B OecATKH KimoBosbT. Ha Bigmimy
BiJ CBITJIOBOrOo IIPOMiHHSA BHAMMOTO CIEKTpa i yabTpadiosieToBOT0 BHIIPOMi-
HIOBaHHSA, BOHO Ma€ 3HAYHO MEHIY AOBKWHY XBUJIb. [Ipmuomy 1o Gisbina
€Heprisd eJIeKTPOHIB, sIKi OOMOApPAYIOTEH IIEPEIIKOAY, TO MEHIIA JOBXMHHA XBUJIL
PEHTTeHiBChbKOI0 BUIIPOMiHIOBAHHA.

() 3ANMUTAHHA 0O BUBYEHOIO

1. Aka WBMAKICTb NOLWNPEHHSI ENEKTPOMArHiTHUX XBUIb Y NOBITPI?
2. 3anuwitb hopmyny, WO BUpaKae 3B’A30K LUBUAKOCTI NOLUMPEHHS XBUNi 3 OB-

JKMHOM XBUITi | 4acTOTOHO.

3. HasBiTb BNacTnMBOCTi enekTpoMarHiTHUX XBWUSb, SKi BU 3HAETE.

4. o nae 3mory 06’egHaTK BCi BUAW €NeKTPOMarHiTHOro BUNPOMIHIOBaHHS B O4HY
LKAy enekTPOMarHiTHUX XBUIb?
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§ 22. ®I3U4YHI OCHOBU CYYACHUX BE3OPOTOBUX
3ACOBIB 3B’A3KY TA KOMYHIKALIA

»‘}RHTTH CydYacHOI JIIOAWHY CHOTONHI 3[a€ThCA HEMOKJUBUM 0e3 iCHyBaHHSA
MOOiTbHUX TesieOHiB, cTallioHApHUX pamioTene@oHiB, IHTepHeETy TOII0. Yce
me — 6e3ApPOTOBi 3aco0U IIEPCOHAJBLHOI'O 3B’A3KY.

Mo6inpHi TededoHH CTIIHBHHKOBOTO 3B’SI3KY (DAKTUUYHO € CKJIAJHOIO MiHia-
TIOPHOIO IPUIMaJIbHO-IIEPeIaBaJIbHOI0 PaliOCTAHIIi€I0, AKA BUIIPOMIiHIOE eJIeK-
TpoMarHiTHi xBmai. MakcuMaJbHa MOTYKHICTh BUIPOMiHIOETHCA CTiJIBHUKO-
BUM TeJie(pOHOM IIifi Yac YCTAHOBJIEHHS 3B’SI3KY.

Mob6inpHuil CTIILHUKOBUHI Tele(OH Ma€ BeJUKY, a iHOAL I HeoOMeyKeHy
IaabHicTh Aii, AKY 3a0esIeuye CTiILHNKOBA CTPYKTYpa 30H 3B’s13Ky. Kpim Toro,
A CTAHI[IA IMiZKJIIOUEeHA OO 3BMYANHOI APOTOBOI TeimedoHHOI Mepeki i ocHa-
I[eHa amapaTypoio IIePeTBOPEHHSA BHCOKOYACTOTHOI'O CHUTHAJY CTiJILHUKOBOTO
TeJae)OHY B HU3BKOUACTOTHUM CUTHAJ MPOBigHOro TejaedoHy i HaBOHaKH, IO 3a-
0e3meuyeThbCcs CIOIyueHHAM 000x cucteM. Ilepioguumo (3 imTepBasom 30—60 xB)
0a30Ba CTaHIIid BUIIPOMiHIOE cay:kOoBuii curmaj. IIpuiiHABIIN IiOT0, MOOiIL-
HUHA Tejed)OH aBTOMATHYHO HOJAE Ta IIepeJac OTPMMAaHY KOZOBY KOMOiHAIIiIO Ha
0a30BYy CTaHIIiI0. ¥ Pe3yJbTATi I[bOr0 3AiHiCHIOETLECA ieHTU(MiKaIligd KOHKPETHO-
ro CTiIBHUKOBOrO Tele()OHY, HOMEpPa PaxXyHKY HOro BJIACHMKA i MpuB’sa3Ka ama-
para oo meBHOI 30HU, V AKill BiH mepedyBae. Koinu KopuctysBau TesedoHye, Oa-
30Ba CTaHIIig BUAiJNSE HOMY OOHY 3 BiJILHUX 4YacTOT Tiel 30HM, y SAKili BiH
nepebyBae, BHOCUTDH BiJIIOBifHI 3MiHM Ha H0ro paxyHOK i mepegae iioro BUKJINK
3a MpusHaueHHAM. SIKII0 MOOiIBHMI KOPHUCTYBaU IIiJi Yac PO3MOBH IEpPEMiITy-
€ThCs 3 ONHi€l 30HUM 3B’SI3KY B iHIIY, 0a30Ba CTAHI[ifg IIOKMHYTOI 30HH aBTOMA-
TUYHO IIE€PEBOIUTH CUTHAJ HA BiJIbHY YaCTOTY HOBOI 30HU.

Cramionapuuii 6e3gporoBuii panioreinedon o00’c¢mHye B €00l 3BUUAlHUI
OpoBimHMIT TejedOoH — amapar, IMiIKJIUeHuil o Teje)OHHOI Mepe:xi, i mpu-
MMaJIbHO-TIepelaBaJIbHUN DPaJiONpPUCTPiA y BUMNIALL TeaedOHHOI TPYyOKU, IO
3abe3mneuye ABOCTOPOHHIN 0OOMiH curHajsamMu 3 0a30OBHUM allapaToM. SaJIeXKHO
Bim Tumy pagniorenedoHy, JaJbHICTh 3B’I3KY MisK TPyOKOIO i amapaToMm, 3 ypa-
XYBaHHAM HAaSBHOCTI IIEPEITKO/], CKJIagae B cepeqHboMy 1m0 50 M.

CynyTHukoBHMii 3B’A30K i pamapu. CucreMu CyImyTHUKOBOI'O 3B’SI3KY CKJIa-
IAOThCA 3 IPUIMAaJbHO-IIepemaBaJbHOI cTaHIlii Ha 3eMJi i CymyTHHKA, IO
nepebyBae Ha opbiti (maj. 238).

Pagmiosokamitiai cranmmii (man. 239) ocHameHi, AK IIpaBUJIO, aHTeHAMU
I3epPKaJbHOTO TUIY i MalOTh BY3bKOCIPSAMOBAaHY AiarpaMy BUIPOMiHIOBAHHS Y
BUTJIAII IPOMEHs, HATTPAMJIEHOTO B3J0BYK OITHUYHOI OCi.

—_——

Man. 238 Man. 239
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Pamiosokamiiiai cucremu mpaifooTk Ha yactorax Big 500 MI'm mo 15 I'T,
OMHAK OKPEMi cucTeMU MOXKYTh IpaioBaTu Ha yactorax Ao 100 I'Ti.

3poCcTaHHA TOTYXKHOCTiI PajiosIOKaToOpiB pPi3HOrO IpHUBHAUEHHA i BUKOPU-
CTAHHSA BY3bKOCIPAMOBAHUX AHTEH KPYTI'OBOTO OIJISAAY IIPUBOAUTHL M0 3HAUHO-
ro 30iJbIITeHHs iHTEHCHUBHOCTI €JeKTPOMATHITHMX XBUJb HAIA3BUUYANHO BHCO-
KOYacTOTHOI'O [Oiamas3oHy i Jae 3MOTy OTPHMMYBATH Ha MIiCIIEBOCTI BeJiMuesHi
«30HU TIOKPUTTSA» 3 BUCOKOIO T'YCTUHOIO TIOTOKY €Heprii.

ITounnatoum iz cepeguau 90-x pokiB XX cT. momupHJiacs TeXHOJOTisd
MOOIJIBHUX KOMIT'IOTEePHUX Mepe:xk. 3 1997 p. 3’ABuiacsa MOKJIMBICTH CTBOPIO-
BaTu MOOinbHI Mepe:xi IHTepHeT, 1110 3a0e3MEeUyIOTH B3aEMOMiI0 KOPUCTYBaUiB
He3aJIe’KHO Bi TOro, y AKiil KpaiHi BoHU nepe0yBaioTh.

PosBuTok TexHosorii MoGiIbHUX TeseOHHUX Mepesk IIPUBIB IO TOro, IO
Ii Mepe’ki cTaj M MIMPOKO BUKOPUCTOBYBATUCS IJiA AocTymny B IHTepHet. Tpete
TMOKOJIIHHA MOOiJIbHUX TesieOHHUX Meperk, Bimome sk mepexxki 3G, sabesmeuye
nepemavy gaHux 3i mBuakictio 1,5-2 M6it/c. HuHi #ize akTuBHE BIPOBaIKEH-
HA MOOiITbHUX Mepe:k derBepToro (4G, mampukiaan, LTE — Long Term Evolu-
tion — «IOBroTepMiHOBUU PO3BUTOK») i m’aAToro (5G) mokosinb. BoHu 006inmA0Th
MPOIIYCKHY 3IATHICTh y OECATKH pasiB OinbIily, HixK y Mepemxax. [asa Buco-
KOIIIBU/IKICHOI Tepefadi JaHWX IIPOMOHYETHCSA BUKOPMCTOBYBATH MiJIiMeTDPOBUiT
miamasoH pamioxBuib i3 uactotToro Big 30 mo 300 I'T'n. TeopeTuuno MoOiJIbHI Me-
pexxi m’aroro mokosinHa (5G) mamyTh 3MOry IepefdaBaTu iHGOPMAIiIO 3i IITBUA-
kicTio mo 10 I'Git/c Ta wacom BiamoBimi menIre Hixk 1 migicexkymma.

BesaporoBi Mepe:xi uacTo mOB’SI3yIOTH 3 pagiocUTHAJaMMt, IPOTe Iie He
3aBIKIM TIPaBUJIBHO. ¥ 0e3IpOTOBOTO 3B’SIBKY BUKOPHCTOBYETHCS HabaraTo
MIUPIINT Jialla3oH eJeKTPOMATHITHOTO CIIEKTpa, BiJ pamioxBUJIb HU3BKOIL
YacTOTH B KijJbKa Kijorepi g0 BHUAMMOI'O CBiTJIa, YacTOTa SKOTO CTAHOBUTD
npubausso 8 - 10™ I'm.

Hasgiramiiiny cucremy GPS (tounimme — NAVSTAR GPS, maxa. 240) pos-
pobuyu i BuBenm Ha opOiTy amepukaHChbKi Bueni B cepemuui 1990-x pokis.

Man. 240

Bowna ckaamaerbesa 3 24 KOCMiYHUX CYMyTHUKIB, AKi PyXaioThcAd BUSHAUEHUMU
opb6iTamu HaBkoso 3emuai. CynyTHuku 3 Bucotu 20 THC. KM OXOILIIOIOTh KOXK-
HY TOYKY HAIIOl IIJIaHeTH, MOCHJIAal0uM Ha 3eMJII0 BU3HAUeHi pagiocurHasiu.
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IIi curmaau i yaosaooTh HasemMHi GPS-masiratropu. HasiraTop, mampukaaz,
B aBTOMOOLIi imeHTH(}iKye IToTO0 MicIle3HAXOMKEeHHS Ta HAIPIMOK PYXY.

HagiraTrop B aBTO mpuiiMae CUTHAJ BiJl TPHOX PiBHUX CYIIYTHUKiB, KOOPAMHA-
TH IKUX Ai3HAETHCSA, i BU3HAYAE CBOI TOUHI KOOPAMHATH HA KOOPAMHATHIN ciTii,
SIKOI0 YMOBHO PO3ZiJIEHO BCIO IIJIaHETy. JacTo BiH BUKOPUCTOBYE TAaKOYK CHUTHAJ
YEeTBEPTOr'0 CYIIYTHUKA AJIA OCTATOYHOI'O KOPEeryBaHHA MiCIe3HAaXOMKeHHs.

Iarepuer. Ha cborogui y cBiti icHye monax 130 minbiioHiB KOMIT'IoTepiB i
oimbmre 80 % 3 HuX 00’¢mHAHO B pisHOMAaHITHI iHMoOpMAaIliiiHO-00YMCIIOBATBHL
MepeXKi Bix Masmx JOKaJbHUX Mepe:K B oicax m0 riod0aJbHUX Mepek TUITY IH-
TepHeT. BececBiTHA TeHAeHIiA A0 00’eIHaHHSI KOMII'IOTEPIB y MepesKi 3yMoBJIeHa
Ba)KJIVMBUMU IIPUYMHAMU, TAKUMU AK IIPUCKOPEHHSA Iepenadi indopmamiiHnx
HOBiOMJIEHBb, MOXKJIMBICTEL HMIBUAKOTO OOMiHY iH(popMalli€ro MisKk KopHucCTyBaua-
MU, OIEepP:KaHHA i mepemada mosimomieHns (e-mail aucTiB ToOIO), HE Bigxomsuwm
BiZ poOouYoro Mmicrisg, MOXKJIMBICTH MUTTEBOrO Ofep:KaHHs imdopmarii 3 Oyab-
AKOI TOUKHU 3eMHOI KyJIi, oOMiHy iH(popMallieo Mixk KOMI'IoTepaMM Pi3sHUX BU-
POOHUKIB, AKi IpaIlOIOTh 3 Pi3HUM IPOrpaMHUM 3a0e3IeUeHHIAM.

IaTepuer — riobaJibHAa KOMII'IOTEPHA MepeKa, IO OXOILIIOE BeCh CBiT
(mas. 241, a). Ha croromui BcecBiTHe maByTHHHA Mae€ OJM3BKO 3 MiJbAPHiB
aboHeHTiB y Oinbin mik 150 kpaimax cBity. Ilomicars poamip mepeski 36iab-
myerbesa Ha 7—10 %. IaTepHeT yTBOpIOE HiOU AMpO, AKe 3a0e3meuye 3B’sI30K pis-
HUX iHpopMAIliiHUX MepesK, IO HaJIeKaTh Pi3HUM YCTaHOBAM B YCHOMY CBITi.

Man. 241

Enxexrponna momra. EnexkTponHa morra (electronic mail) — HalimommpeHia
cayskba IHTepHeTy, Ipu3HaUeHa AJIA IIePecUJIaHHsS KOMII'IOTePHUMU MeperKaMu
TIOBiTOMJIEHb (€JIEKTPOHHUX JUCTiB, MaJ. 241, 6) 3a Kigbka cekyHa. ChoromHi y
cBiTi moHan 50 MiJBHAOHIB 0Ci6 KOPHUCTYIOTHCS €JIEKTPOHHOIO IIOIIITOIO.

3a ii momoMorom BM MOKeTe IIOCHJIATH IIOBiJOMJIEHHS, OJep:KyBaTH ix
Y CBOIO €JIeKTPOHHY IIOIITOBY CKPUHBKY, BiAIIOBiZaTwM HA JUCTU aBTOMATHU-
HO, PO3CHMJIATH KOMii BaItoro JmcTa Bimpasy Ha KiJbKa agpec, IepernpaBIATH
OTPMMAaHUI JIMCT 3a iHIIOIO0 aJpPecol0, BUKOPHCTOBYBATH 3aMiCTh aapec (Uuc-
JoBUX ab0 MNOMEHHMX iMeH) JIOTiuHi iMeHa, CTBOpIOBATH KijJbKa Hiapo3isiB
HOINTOBOI CKPUHBKM MOJIS PiBHOTO POAY KOPECIOHIEHIIii, BKJIIOUATH B JIUCTU
TEeKCTOBi (haiinu, mporpamMmu, 300pasKeHHs TOIIO.

Jlomku oroJgomenb. EJeKTPOHHL MOMIKY € IMU(GPOBUM aHAJIOTOM 3BUYAMHUX
IOIIIOK OTOJIOIIEHDb, AKi PO3MIIYIOThCA B 3arajbHOJOCTYIHUX, NYOJIIUHNX Mic-
max. Ile Tak sBaHi MepeskeBi HOBMHHM abo AMCKycCiiiHi Kiayou. JOIIKM oOroJio-
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IIIeHb BUKOPHCTOBYIOTHCS IJIs OpramHisairii mijioBoi misgJabHOCTI Ta HagaHHS Pis-
HOMAaHITHUX IOCJYT KOPHCTyBauyaM MepeKi: pe3sepByBaHHA MiCIb Y TOTENAX, HA
JitTakax i B moTsarax, pekJaMu i IpoJaKy TOBapiB, HPOMO3UIlil po6ounxX MicIib,
3NiICHEHHS eJIeKTPOHHUX IlJIaTe:KiB. BoHU ciayrymoTh OJs opradisaii mosin-
KOBUX CJIYKO, MOBiIOMJIEHHSA MiJIOBUX, Oip:KOBUX 1 MOJITHMUYHMX HOBUH, HOBUH
CIIOPTY, OTVISAAY KiHo- i BimeoginbmiB, mepemaui IpormosiB moroau, ydacTi B
KOJIEKTUBHUX ab0 OOAWHOUHUX Bifeoirpax i T. A. ¥ cBiTi icHye BesnuesHa KiJb-
KicTb KOoMepHiliHUX, a TakoX HenpuOyTkoBux BBS (Bulletin Board System —
«CHCTEMAa JOIIOK OTOJIOIIEeHb»). Bararo 3 eJeKTPOHHUX [OINOK ITOB’sI3aHi MiK
coboro. Haii6inpImoo, riao0ajbHOI0 MEPE’Kel0 eJIEKTPOHHUX MOOIIOK OTOJIOIIEeHb
€ BcecBiTHA Mepeska Usenet, moctym no akoi € i 3 IntepreTy (Man. 242).

InTepuer-tenedonia. IP-renedoHis — 1me TexHoJIOTiA, IO Ja€ 3MOT'Yy BHU-
KopucToByBaTu OyIb-AKy IP-Mepe:ky sAK 3aci6 opramisaiiii Ta BemeHHS TeJie-
¢OHHUX PO3MOB, Ilepemaui BimeoszoOpakeHb Ta (aKCiB y peXUMi peabHOTO
yacy. CTBOpeHHs «MaKeTiB» — MePEeTBOPEHHS aHAJIOTOBUX (30KpeMa, 3BYKOBHUX)
cur"HaJiB y mu@poBi, iX cTHUCKaHHs, IIepemada Mepe:kero IHTepHeT i 3BOpOTHEe
mepeTBOPeHHA (IeKOoayBaHHsA) B aHAJOTOBi Bif0OyBaeThcA 3aBASKU iCHYBAHHIO
IIPOTOKOJY Iepenaui mammux uepesd Iureprer (IP — Internet Protocol), sBimcu i
HasBa «IP-tesedoHisa».

Ilig inTepHeT-Tese(hOHIEID PO3YMiIOTH, y IIEpIIy Yepry, TaKy TEeXHOJIOTiio,
y AKifi rosocoBmii TpadiK YacTKOBO mIepemacTbcA uepe3 Tele(OHHY MEPEXY
3araJbHOT'0 KOPUCTYBaHHS, a YaCTKOBO — uepes IuTepuer (maJ. 243). Came Tak
3aificHIOIOThCA A3BiHKEK 3 TeaedoHA Ha TesgedoH, 3 KOMII'IoTepa Ha TeJiedoH,

TeJLed)OH omn romep

Man. 242 Man. 243

3 TenedoHa Ha KoMI’'oTep (TyT 3aMicTh HOMepa TesiedoHy BUKOPUCTOBYETHC
IP-agpeca), a Takosx mHaOyB momyiaapaocTi Surf’n’Call — n3BiHOK 3 Be6-Opay-
3epa Ha TeaedoH (IeperaAgaluu AKUN-HeOYIb KOPIIOPATUBHUMN BeO-caliT, KO-
puCTyBa4Y HATHCKAae MUIIKOIO Ha KHONMKY Call i orpumye TesnedoHHe 3’€qHAH-
HA 3 odicoMm Iriel xKomIamii).
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IP-tenedon (oxkpemuii amapar abo IIporpaMa Ha KOMII'IOTepi) IIepeTBOpPIOE
BaIII TOJIOC Y TIOTiK 3BYKOBUX (hailjiB, AKi mepegamTbecs uepes IHTepHeT. SIKITO
BU «I3BOHHTE» Ha KoMmm’ioTep abo amaparuuii IP-tenedoH, el IOTiK mepeTBo-
PIOETHCA Ha Balll I'oJIOC 0e3IIocepeHbo YV BUKJIMKAHOMY BaMU KOMII'IOTepi abo
anapataomy IP-remedoni. Ko Bu «I3BOHUTE» Ha 3BUYANHUNA APOTOBUIT abo
CTiJIBHUKOBUM TeJe(dOH, TO TOAi Ha CIeliaJbHOMY BY3Ji 3B’A3KYy IOTiK (pailIiB
3 [HTepHETY HEePEeTBOPIOETHCA B €JEKTPUUYHUIN CUTHAJ, AKHUN IIEPETAETHCI IO
Iporax abo uepes CTiIBHUKOBY MEPEXY OO0 BUKJIUKAHOTO BaMU abOHEHTa, i B
Horo TeseoHi el cuUrHaJ MEePeTBOPIOETHCA HA Balll T'OJIOC.

CrtBopeHo MOOiIbHUI HOoHAaTOK OO0 cMapT@OHIiB mim HasBoio Viber (BaiiGep).
3aBAAKU IIBOMY AOJATKY MOYKHA «I3BOHUTU», MMHUCATHA, OOMiHIOBATHCSA KapTUH-
Kamu, pororpadiamu 3 TeaedoHy, MIaHIIETa a00 KOMII'IOTEpPA 3i CIIiBPO3MOBHI-
KoM 3 Oyab-akoi Touku cBiTy. Ilepemaua rosiocoBoro Tpadiky BimGyBaeThcsa 3a
nonomororo GPRS-inTepHeTy Ha TenedoHi.

Wi-Fi (aursi. Wireless Fidelity — «0e3mpoBofoBa ToOuHiCTB»). SInpom Gesnpo-
ToBoi Mepeski Wi-Fi € Tak 3Bama Touka moctymy (Access Point), aka migk.oua-
€ThCA OO0 Ha3eMHOI MepekeBoi iHdppacTpyKTypu (KaHasiB IHTepHeT-mpoBaiigepa)
Ta 3abesreuye Iepemavy pagiocUrHAy. 3a3BUYAld TOUKA AOCTYIY CKJIAJAETHCS
i3 mpuiimaua, mmepemaBada, iHTepdency AJIsd HMiAKJIIOUEeHHS OO0 APOTOBOI Meperki
Ta IPOrpaMHOro 3abesleueHHA Js HaJallTyBaHHA. HaBKOJIO TOYKH JOCTYHY
dopmyeThbesa mpocTopoBa obJsacts pamiycom 50-100 m (il HasMBAIOTH XOT-CIIO-
ToM, abo 3omoro Wi-Fi), y mMexax AKOI MOKHA KOPHUCTYBATHUCS 0e3TPOTOBOIO
MeperKero.

JlanpHICTEL IepemaBaHHsS iH(GOpPMAIii 3aJIeKUTh BiJl IOTYKHOCTI IIepenaBa-
Ya, HasSBHOCTI Ta XapaKTePUCTUKU IIepemikol, Tuiy auTeHu. lle GesgpoToBuii
CTAHIAPT, KU BUKOpHUCTOBYE yactoTy 5 I'T1I.

Hns Toro o0 mig’emHATHCS MO0 TOYKM AOCTYIY, MOTPiOHO, 111060 HOYTOYK
abo MoOinpHUM TpuUcTPill 3 aganrtepom Wi-Fi mpocro morpanus y pagiyc ii mii.
Vci nii 3 BUBHAUEHHA IIPHUCTPOIO Ta HAJAIITYBaHHS Mepeski OijblIicTh omepa-
IiHHUX CHCTEM KOMII'IOTEPiB i MOOIIBHUX TPUCTPOIB BUKOHYIOTH aBTOMATHUY-
HO. SKII0 mpucTpiii OJHOYACHO IIOTPAMJISE B 30HY il KiabpkKox Mepe:xk Wi-Fi,
TO HiAKJIIOYEeHHS BinOymeTbcsa OO TOUKH HOCTYIIY, IO 3abe3meuye HaANIIOTYIK-
Himui curua.

() 3ANMUTAHHA 0O BUBYEHOIO

1. Aki 3acobu 3B’s13Ky BY 3HAETE?

2. Axuii 3acib 3B’A3KY, Ha Bally OYMKY, € HalbInbL 3py4HUM?
3. Aka ponb Hagiratopa?

4. lLlo Take IHTepHeT?

5. Lo BW 3HaeTe Npo eneKkTpoHHY nowTy?

6. LLlo Take goLuKKM oronoweHb?

7. Wo Take IP-tenedoHia?

<) IIE IIIKABO 3HATH

XBUns — Le ofHe i3 LikaBux NoHATb Y di3unui, ke TpannseTbCs B HANPi3HOMaHIT-
HiLUMX NposiBax NPaKTUYHO B YCiX ii rany3sax. Xsumi NOLWNPIOKTLCSA MO NOBEPXHi OKe-
aHiB i B X TOBLLi, Y MiDX30PSHIA NOPOXKHEYI i Y KpUCTaniyHMx rpatkax, «bixarb» no
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MEXAHIYHI TA EJJEEKTPOMATHITHI XBHJII

nNpoBoOAax MiHin enekTponepenay, AOHOCATb A0 HAC PiI3HOMAHITTS KOJTbOPIB | BENUKY
KINbKICTb 3BYKiB. [CHYIOTb XBWAI MilLaHi i XBUMi Ha CHiry. 3eMneTpycu n okeaHCbKi Ly-
HaMi — TaKOX XBUNbOBI PYXW, TifbKW FiraHTCbKMX MacwTabiB. € xBuni, ki We He cTa-
nn 3BUYHUMU | ANg caMmnx pi3nKiB, HaNpuknag, Xsuni y TpaHCNOPTHUX NOToKax, y
XiMIYHUX peakKLisix, y cepLi Ta HEPBOBI CUCTEMI, Y cniBTOBapMcTBax GionoriYHMx op-
raHiamiB, y 30psiHUX cuctemax — ranaktukax. 3a o6pasHMM BUCIOBOM YyYEHUX, XBUA
«p0o3birnuca» 3 cismkn i oxonunu marxe Bcto 6e3niv NpPoLeciB y XKMBIN | HEXMBIN
npupogi. | HaluikaBilwe — yci 1i XBuni matemMaTu4Ho nogidHi, To6To MoXyTb ByTh onu-
CaHi OgHUMM I TUMU CaMUMU PiBHAHHAMKU. OCb YOMY TaK BaXXINMBO «MOAPYXUTUCH»
i3 UMM NOHATTAM, agXXe i Bam, MabyTb, 4OBEOETLCS HE pa3 3iTKHYTUCA 3 HUM HalHe-
cnoaisaHiluMM YMHOM.

— NabopaTtopHa po6oTa Ne 6

HocaigxeHHA 3ByKOBUX KOJMBAHb
Pi3HOMAHITHHUX JKepeJs 3BYKY
3a MONMOMOTOI0 CyYacHHUX IM(PPOBUX 3aC00iB

Mera po0oTHU: HABUNTHUCS BU3HAYATH UYACTOTY 3BYUYAHHSA [:Kepesa 3BYKY,
BUMIipIOBaTH MIBUJKICTH MOMIMPEHHS 3BYKY, MOCHIAUTU 3aJEKHICTH I'YYHOCTI
3BYKY BiJl aMILIITyZ1 i BUCOTH TOHY BiJ YacTOTH KOJUWBaHb, 3aJIEKHICTL I'yU-
HOCTi 3BYKY i BUCOTU TOHY BiJi TOBKWHM TOBIiTPSHOTO CTOBIIA.

IIpunaau i marepiaau: cmapTdOH UM IIJIAHIIET i3 3aBAHTAYKEHOIO ITPOTI'PAMOI0
Spectrum Analyzer (keuwlsoft, Android, free), momreuxka ¢ TproMa BOUTHMU
IBAXaMU, TYMOBUH ITHYD (aBiamifiHa rymMKa), MeTaJieBa JiHifIKa 3 MiJgiMeTpo-
BUMU IIOJiIKaMM, HAMMIPOCTiIlIa KYJbKOBA PyUYKa 0e3 CTep:KHH.

Ximg pobGorm

3asmaHHa 1. BUrorosre «CTpyHHUI MY3WUYHHUUN iHCTPYMEHT».

1. 3B’1KiTH T'YMOBUH IIHYDP V IETJI0 Ta PO3TATHITH HIOoro Mixk TpboMa BOU-
TUMHU B JOIMIEUKY I[BIXaMMH.

2. BuwmipsiiTe yacTOTy 3By4aHHS «CTPYHM» 3a JOIOMOIOI0 mporpaMu Spectrum
Analyzer (mporpamy mMosxkHa saBanTakutu B Play Market a6o App Store). s
IILOT'0 IIPUKJIALITH JOIIEYKY OO0 Kopiyca cMapTdoHa 0ina mikpodona i 30ymiTh
KOJIMBAHHSA «CTPYHU». V = I'm.

3. BuwmipsaiiTe JOBKUHY «CTPyHU». [ = M.

4. BpaxyBaBIiu, 1[0 Ha JOBXKHUHI CTPYHU <«BMIIIIYETHCSI» IIOJIOBUHA TOBXKUHU
XBUJi, i Te, IO IMIBUAKICTH IIOIIMPEHHSs XBUJi BU3HA-

yaeTbcAa 3a (hOPMYJIOIO v :%v, o0uwmcItiTh i1 3HaueHHS.
V= ——7——— M/C.
5. 3po0iTh BUCHOBKH.

3aBnanHAa 2. BuBUiThH XapaKTEepPUCTUKU 3BYKY.

1. IloxkaamiTe MeTaJieBy JIIHIHKY Ha CTia Tak, Io0
BoHa BucTymaja Ha 10-12 cm, i MiITHO TPUTHUCHITH PYy-
KOIO 0 Kpaio CToJIA.
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PO3OIJT 3

2. Ipyroo pPyKow BiAXWJIiTH BUCTYyIIA-
YU KiHenpb JiHIAKM Ha HEBEJMKUN KYT
i BigmycrTiTh, 3MYyCHUBIIM JIiHINKY KOJHuBa-
Tucsa. Ha cayX Opi€eHTOBHO OIIiHITH BUCOTY
TOHY (YacTOTy KOJMBAHB) i I'YUHICTH 3BYKY.

3. IloBTOpiThk Aii, BiAXMJAMBIIN JTiHIAKY
Ha Oinmpmimii KyT. fIK sMiHmMINCA T'yYHICTB
3BYKY i BucoTa TOHY?

4. IloBTOpiTh, 1mii, 3MIHMBINIK TOBKHUHY
BUCTYIIAIOUOl YacTuHU JiHiliku. AK sminn-
Jacs I'y4HiCcTh 3BYKY i BucoTa TOHy?

5. Tpumaroun BigKpUTHI KiHeIh Koplyca pydYku Oijsg pora, s3arkpuiite
HIDKHIN KiHellb IajblleM i mogyiiTe Tak, I[00 YTBOPUBCA 3BYK. SIK 3a/I€/KUTH
TYYHICTHb 3BYKY Bijf CMJH, 3 AKOIO OVIOTH?

6. IIpoBeniTs amaoOriuHmMii JOCJIiZ, TpUMaiouYu O0iJd pPoTa KOBIAUOK Bix pyu-
Ku. K 3aJeKUTh BHCOTA TOHY OTPHMMAHOTO 3BYKY BiJl HJOBXKMHU IIOBiTPSHOTO
crosma?

7. 3po0biTh BHCHOBKI.

Jlia monmuTIUBUX

1. [IBa omHaKOBMX KaMepPTOHH, IO 3BYYaTh, IiJHECJIH OO MeTaJeBoi
KYJIbKH, IIiABiIIeHOI Ha HUTI.

ITosacHiTes BimminHOCTI y Bigxmienui Kyabku. IlopiBHsifiTe ryuyHOCTI
3BYKY KaMepToHiB. IIopiBHANTe YacTOTH 3BYKOBUX KOJHBaAHb KaMmep-
TOHIB.

2. YTpuMyooun TyMOBUH IIIHYP 3aBIOBKKHN IPUOJIM3HO 6 cM y OBOX
PYKax, PO3TATHITH HOT0 Tak, IMO0 AOBXKWHA CTAaHOBUJIA IPUOJIU3HO
10 cm. ITanbiem omHiel pyKM HamaiTe HMIHYPY KOJHUBAJILHOIO PYXYV i,
3MiHIOIYM HOT0 JOBMKUHY, MOCIiiTh 3MiHY I'yYHOCTI 3BYKY Ta BUCOTU
TOHY.
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— = 3AAUI TA BMPABY

Posp’sa3yemo paszom

1. ITTo 3MiHIOETHCA: MOBXMKMHA XBUJII UM YacCTOTA IMiJ 4ac IepexXoly eJIeKTPO-
MAaTHITHOI XBHUJIi 3 OAHOT'O cepedoBHUINa B iHIIe?

Bionosiov: 3MiHIOETHCA OOBXKHWHA XBUJIi 1 MIBUAKICTD, YacTOTA 3aJIUIINAETD-
cs CTaJIoo.

2. fIka moBKMHA eJeKTPOMATHITHOI XBMJIi, AKIIO KOJWBAHHSA B Hili BigOy-
BaOTHCA i3 uacToromo 3 - 10° T'?

HaHO: PosB’sa3aHHA
105
v=3"10" Ty 3a dopmymoo A = € Busmaunmo JIOBXKUHY €JIeK-
c=3"10%m/c v
TPOMATHITHOI XBWJIi:
A-? 3.108 m/c
=—— "7 =10% M.
3-10° I'g

Bionosiowv: A = 10° m.

PiBensr A

173. IIlo BUKOPUCTOBYIOTh SIK AKEPeso eJeKTPOMATrHiTHUX XBUJIbL?

174. fIke cepemoBuirle HOTPiOHE [JIs HMOIIMPEHHS €JeKTPOMAarHiTHOI XBUJIi?

175. fIx HasuWBaAIOTL BiACTaHb, IKY HPOXOAUTh €JIEKTPOMATHITHA XBUJIA 34
oauH mepion?

176. [Te BUKOPUCTOBYIOTH €JIEKTPOMATHITHI XBUJIi?

177. fIxa moB:KMHA eJeKTPOMArHIiTHOI XBUJIi, AKINO KOJNBAHHS B Hill BigOy-
BarloThesa i3 wacroroio 3,7 * 10 T'?

PiBens B

178. ki xapakTepuUCTHKN eJeKTPOMATHITHOTO TMOJISA MHepiogWYHO 3MiHIO-
IOTBCS B PYXOMill eJleKTpoMarHiTHiin xBuii?

179. Yu moKHa IPOBOAWUTH KOCMIiUHi CIIOCTEpEKEeHHSA B PEHTTeHiBCBKUX
MPOMEeHAX 3 MOBepXHi 3eMJri?

180. fAka BiacTHUBiCTh PEHTTE€HiIBCHKOT'O BUIIPOMIHIOBAHHS Ja€ 3MOTY OTPU-
MaTH Ha 3HIMKY UiTKe 300pasKeHHA MeTaJIeBUX IIpeaMeTiB?

181. 3 KocMocy Ha 3eMJII0 BeCch 4ac HaAXOAATh Pis3HiI BUAM BUIPOMiHIOBAH-
HsA, I)KepeaaMHu AKOT0 € oKpemi 30pi Ta immii xkocmiuni 06’exTu. AKi Kocmiuni
BUIIPOMIiHIOBAaHHSA 3a3HAIOTh 3aJIOMJIEHHS, BXOIAYN B 3eMHY aTMochepy?

— MEPEBIPTE CBOI 3HAHHSA

KoHTpoabHI 3anmuTaHHA

1. Habnwxatouncb o bepera, MOpCbKi XBUMi «pOCTYTb», LOCAralun iHOAI BUCOTK Ae-
caTKiB MeTpiB. HYomy e BigbyBaeTbca?

2. [ns 3axucTy NOpTOBUX CMOPYA Bid MOPCHKMX XBUIb akBaTOPilO MOPTY 3axuLLaloTb Cy-
LLiMbHOK KaM'sTHOKO CTiHOK-MOSIOM. YoMy He MOXXHa OBOMEXUTUCS BCTAHOBIEHHAM Tifb-
KM OKpEeMMX Narnb, PO3aiNeHnX NpoMiKKamu, ki nornuHany 6 eHeprito MOPCbKUX XBUIb?
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PO3NII 3

3. bysae, o 6insa nonororo 6epera HaNPSMOK NOLIMPEHHSA Habiratounx XBub 3MiHIOETb-
cs. Ak MOXHa MOSACHUTU Le ABuLLe?

4. Lo Take ryyHicTb 3BYKY i BUCOTa TOHY?

5. PoamoBa ntogen, ski CToATb 3a NPOYMHEHUMU OBEepUMa, MOXe ByTu YyTHOLO, ane mu
X He B6a4ymMmo. YoMy X 3BYKOBI XBWAi JOCAraTb HAC, a CBITNOBI — Hi?

6. YcTtaHoBITb, YoMy TenerpadHi 4poTU «ryAyTb» HaBITb 3a HE3HAYHOrOo BITPY. 3a sIKOro

HaNpPsAMKY BITPY «ry4iHHA» ApOTiB MakcumanbHe? Yomy? Yum cnoctepiratumeTbes Le

aBuLLe B 6e3BiTpsHy noroay?

Yomy 6acoBi CTPYHU My3UYHUX IHCTPYMEHTIB 0ONNiTaloTh Cnipansito 3 4pOTUHU?

LLlo came konNnBaeTbCA B €NEKTPOMArHiTHIA XBUnMi?

Ha3BiTb OCHOBHi BMacTUBOCTi €MeKTPOMarHiTH1UX XBUIb.

. Yomy meTanu BiabunBatoThb i NOrMMHaOTL €NEKTPOMArHiTHI XBUII?

11. Ak oOMEXnT BNAMB LLKIAMMBOrO €NeKTPOMAarHiTHOrO BUMPOMIHIOBAHHSA Ha NOANHY?

12. Wo BW 3HaeTe Npo LWKany enekTpomMarHiTHUX XBUib?

—
©©xN

IITo s 3Har0 i BMit0 poOoUTH

£ 3Halo, AK NoACHMUTU i3nYHI ABULLA.

1. Y kpyrny nocyaouHy 3 Bogoto (Bigpo, Ta3, Tapinka) KugalTb ManeHbKMn npegmeT, Ha-
Maratumnchb NOTpanuTU B LEHTP. AK NepeBipuTM TOYHICTb Knaka?

2. Y 9koMy BMNagKy KamepToH 3BY4YUTb AOBLUE: SKLO NOro TPUMAaTK B PyLi UM 3aKpinuTu
Ha AWKy pe3oHaTopa?

3. Konuv gncKkoBOO NUIKOI NOYNHAKTL NEPENUITIOBATU AOLUKY, YyTW BUCOKUI 3BYK. Y Mipy
TOro K NWIKa BXOOUTb Y AOLLKY, 3BYK 3HMXKYETbCHA. Homy?

4. PosnosigatoTb, Wo Konu beTxoBeH BTpaTuB CryX, BiH, NPOTe, «CryxaB» rpy Ha posni,
ane Ans Uboro NpUTUCKYBaB OAMH KiHelb TPOCTUHW A0 POoSns, a ApYruin — cTuckas 3ybamu.
YUu € nigctaBu BipuTM NogidbHMM po3noBigam?

5. Po3rnsHbTe antady irpallky «cnisatoda gauray. [NoscHiTe, sk nig 4ac obepTaHHs 43urv
BMHUKAE 3BYK. FAKi 3 BEMMYMH, LLIO XapaKTepUayoTb 3BYK (BUCOTA TOHY, IN'YYHICTb, TEMOp), 3a-
nexarb Big LWBMAKOCTI 06epTaHHA A3nrn?

51 BMit0o BUKOHYBaTH gocniau.

6. Konun kamepToH 3BYUYMTb ry4yHilLe: SKLLO MOro TpUMaTu B pyLi Y4 NPUTUCHYTU NOTO HixXK-
Ky 0O KpULLKK cTony?

7. MNocTykanTe oniBLEM MO MOPOXHIX MASLIKAX Pi3HOro po3mipy. Aki NAAWKM BUAaoTb
Buwmn 3BYK? LLlo ue o3Hayae? Bi3bMiTb Kinbka ogHAKOBUX MMSALWOK i HAMOBHITL iX Pi3HOM
KinbkicTio Boau. NMocTykanTe no KOXHin 3 HUX onisueM. Konu 3ByK BUWMN? AKMIA BUCHOBOK
MOXHa 3p0oOMTKN 3 NpoBeAeHUX gocniais?

8. Y pomaluHix ymMoBax BMBYITb, SK BISIMBAKOTb Ha NYYHICTb 3BYKY M’SKi Me6ni, HAsBHICTb
knnmmiB. Cnocib gocnigyxeHHs 3anponoHyinTe cami. 3pobiTb y3aranbHOBanbHUIN BUCHOBOK.

51 BMito po3B’AA3yBaTK 3aavi.

9. BusHauTe WBMAKICTb MNOWMPEHHS 3BYKY Y BOZi, SIKLLO KonmBaHHA 3 nepiogom 0,005 ¢
CTBOPIOKOTb XBUITKO 3aBOOBXKN 7,175 M.

10. Yomy Ka>kaHiB BignOBMOKOTL 3a 4ONOMOror 6inoi TkaHMH1? [N 4oro ix BignoBnioTs?

YoMy KaxkaHn MOXYTb 3annyTaTtucs B TeMHOMY BOMOCCI NMIOANHN?

KaxkaH cTBOpIOE yrnbTpasByK, a MoTiM YrOBMOE NyHy, BiabuTty Big nepelwkogun. Takum ym-
HOM, Ka>kaH 3a JOMOMOroH0 3BYKOBMX XBUIb HiOM 06MaLye npeameT, Wo 3HaxoasaTbCs nepeq,
HUM. HacToTa 3BYKIB, L0 CTBOPIOE KaxkaH, aocsarae 50 kI'l. fAka JoBXMHA 3BYKOBUX XBUSb, SKi
BiH BUNpPOMIiHO€e? LLIBMAKICTb MOLUMPEHHS 3BYKY B MOBITPi NPUNHATKM piBHOLO 340 m/c.

11. Yomy HepyxoMmi eneKkTpuyHi 3apsiamM He B3aEMOLIOTb 3 MarHiTHUMKM NonsMu, a pyxo-
Mi — B3aeMopitoTb?

12. TeHepaTop YBY (ynbTpaBMCOKUX 4acToT) npautoe Ha YacToTi 150 mIy. Aka goBxmHa
eNeKTpPoOMarHiTHoi XBuni?
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— TECTOBI SABOJAHHA
I_$_I
- = BapianT 1

1. Ha Benukin BigctaHi Big G6epera o3epa nnasae m'sd. Wo6 BiH pgocar 6epera, auTuHa
CTBOpPIOE Nanuueto xauni. Yv npunnmnee m’sd o 6epera?

A Hi b Tak B m’av Bignnuee we pani I npaBunbHOI BiANOBIAiI HEMae

2. 3 AKoHO LWIBMAKICTIO MOLLUMPIOETLCA XBUNA (AoBXMHA i csarae 270 M, a nepiog 13,5 ¢) B okeaHax?
A 200 m/c B 20 m/c B 2 m/c r 0,2 m/c

3. [lepeBrHa NpoBOAWTL 3BYK Kpallle, HixX MOBITps. YoMy  po3MoBa, sika BiabyBaeTbCs B

CYCifHI KiMHaTi, CTa€e TUXILLIOHD, SKLO ABEPi 3a4YMHEHO?

A TOMY L0 3BYKOBI XBWAi NOMMMHAOTLCA ABEPUMA

B TomMy W0 MK He 6aUnMO TKX, XTO PO3MOBHSE

B Tomy L0 BinOyBaeTbCA YacTKOBE BiAOUBaHHSA 3BYKY
I npaBuNbHOI BiANOBIAI HEMae

4. BusHauTe WBNAKICTb 3BYKY Y BOA, AKLO KonnBaHHs 3 nepiogom 0,005 ¢ cTBOPOKOTL XBU-
110 3aBOOBXKN 7,175 M.
A 2145 m/c B 1435 m/c B 1200 m/c I npaBunbHOI BigNOBIAi HEMae

5. Y akomMy cepenoBULL MOXITMBE NOLUMPEHHST ENEKTPOMArHiTHUX XBUNb?

Ay pignHax B y metanax B y Bakyymi Iy 6yob-akomy cepenoBuLLi
6. MNepLumit rypkiT rpomy AinNWoB Ao cnocTtepirada Yepes 8 ¢ nicnsa cnanaxy 6nuckasku. Ha
SIKiM BifCTaHi Big cnocTepiraya BMHUKNa brnmckaeka?

A 3000 m B 2700 m B 2500 m I npaBunbHOI BignoBigi Hemae
7. Axkni wnax nponge yneTpa3BykoBa xBuis 3aBaoBxkn 3 cm 3a 0,001 ¢, saKwo reHepaTop,
LLIO BUMNPOMIHIOE Taki XBWni, NpaLtoe Ha YactoTi 1 MIMu?

A25m B30m B28wm I npaBunbHOI BignoBigi Hemae
8. Lo Take iHpa3Byk?

A XBUni, LLIO KONMBAaIOTLCA i3 YacTOTO, Aka MeHLwa Big 16 Iy,

B xBuni, LLIO KONMBaKTLCS i3 YAaCTOTOLO, sika OinbLua 3a 16 'y,

B xBuni, Lo KonuBawTbes i3 YacTtoTor 9 My,

I npaBunbHOI BignoBigi Hemae
9. Llo € mxepenom enekTpomMarHiTHOI XBuni?

A 3apsagKeHuI KoHgeHcaTop B 3apsg, wo pyxaeTtbca

B konuBanbHUin KOHTYP I npaBunbHOI BigNoOBIAi Hemae
10. Bu3HauTe JOBXMHY enekTpOMarHiTHOI XBUIi, WO BUNPOMIHIOETBCS 3 MiHil enekTponepe-
nadi ctaHgapTHoi YactoTtu (50 Iy).

A125m 675 10%m B3,6-10°m I npaBunbHOI BiANOBIAI HeMae
11. Y akomy cepedoBuLLi HE MOXYTb MOLUMPIOBATUCS eNeKTPOMAarHiTHIi XBuni?

Ay pienektpuky B y Bakyymi B y metani I npaBunbHOI BiANOBIAiI HEMae

12. Aka xapakTepHa AN eneKTpoOMarHiTHUX XBUIlb BENUYMHA 3anuULLIaeTbCa HE3MIHHOW Nif
yac NPOXOMXKEHHS iX Yepes cepenoBunLLe?

A yactoTa xBuni B nosxunHa xBuni
B wBumAakKicTb NnowmpeHHs XBuni " yci BENMYUHM CYTTEBO 3MiHIOIOTLCA
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BapianT 2

1. Pubanka B 4YOBHi HapaxyBaB 15 konuBaHb 3a MiBXBWUMMHW i HA OKO BM3HAYMB OOBXWUHY
xBuni — 6 M. CkinbKkn Yacy pyxanucs Ui XBuni Big mxepena, BiactaHb Ao sikoro 840 m?

A 200c B 140c B 420 c F280c
2. foBxunHa xBWni, AKy CTBOPKOE kKamepToH, 40 cM. BuaHauTe 4acToTy KonvBaHb KamepToHa.
A 640 Ty B80Ty B 4251y I npaBunbHOI BigNoBigi Hemae

3. Yn npaBunbHO, WO ripcbki o6Bany Ha Micsui He CynpoBOAXYIOTLCS 3BYKOBUMU edoekTammn’?

A HenpaBurbHO, TOMY Lo Ha Micaui € aTmocdepa

B npaBunbHO, TOMY WO Ha Micsaui Hemae aTmocdepu
B Ha Micsiui BCi 3ByKW NpUrnyLLyOTLCA

I Ha MicAui BCi 3BYKM NigCcMOTLCA

4. CnocTepiratoum CBATKOBUI heepBepK, XMOMYMK NovyB 3BYK Yepes 3 C Micns novaTky ca-
NIOTyBaHHA. BusHauTe WBMAKICTb NOLMPEHHS 3BYKY B MOBITPI, SKWO Bi4OMO, LLO XIOMYUK
OyB Ha BigcTaHi 1 kM Big MicLa NpoBeAeHHs CBsATa.

A 3000 m/c B 0,003 m/c B 333 m/c " npaBunbHOI BigNoOBIAi HeMae
5. HacTtoTa KonuBaHb HXKOK KamepToHa «ns» cknagae 440 Ny, BusHauTe nepioa KonueaHb
H>KOK KamepToHa.

A0,02c B 0,005 ¢ B 0,002 c I npaBunbHOI BigNoBIAi HeMae
6. Konwu BiTep nonyTHMI, 3BYK NOLIMPIOETHCA 3i WwBmMAakicTio 380 M/c, a Konu CynpoTUBHUIA —
320 m/c. Aka WBNAKICTb NOLUMPEHHS 3BYKY B TUXY norogy?

A 30 m/c B 340 m/c B 350 m/c I 330 m/c
7. [Ans 38’s3Ky Mi>k coboto aenbdiHm BukopucToBytoTb Yactoty 10-400 Ny, a ansa 3Bykono-
kauii — 750-30 000 Ny. Yomy?

A Ginblia ToYHiCTb Nnokauii, 6inbLia eHepris

B Ginblua TOYHICTb NoKaulii, MOBINbHO 3aTyxato4i 3ByKM

B GinbLua eHepris, BiACYTHICTb BiabuBaHHA

I npaBunbHOI BignoBigi Hemae
8. Yomy kaxkaHu nig Yyac nonboTy HaBiTb Yy MOBHI TEMHOTI HE CTUKaKOTLCA 3 NepeLukogammn?

A y HUX gy>Ke rocTpun 3ip B BOHM MaloTb yNsTpa3ByKOBi SlokaTopu

B BoHW WBMAKoO niTatoTb "'y Hux gyxe pobpun cnyx

9. inst o6pobkn TBepAnx MaTepianis (repmMaHil, KpeMHiin, anmMas ToLo) 3aCTOCOBYHOTh Yib-
Tpa3BykoBWIA BepcTaTt. BusHayte yacToTy yaapiB ynbsTpasByKoBoi xBumi no abpaswmsy, LIO
pYiiHye MaTepian, SiKLLO nepiod Mix yaapamu 5 - 107° c.

A2-10%Ty 63-10°Ty  BO0,2°10°Ty I npaBMnbHOI BiANOBIAi HEMae
10. lMNMopiBHANTE eHeprito 3ByKOBOI Ta YrbTPasByKOBOI XBWIlb, AKLWO aMnniTyan KOnMBaHb y
HWX OOHAKOBI, @ YaCTOTM BiANOBIAHO OOPIBHIOTL 10° My ta 10° Iw.

Ay 10° pasiB By 10" pasis By 107 pasis Iy 107 pasie
11. Y AKoMy cepefoBULL MOXITMBE MOLUMPEHHS NEKTPOMArHiTHUX XBUINb?

Ay pienekTpuky B y Bakyymi B y metani Iy 6yab-skomMy cepefoBuLL
12. [Insa skoro 3 BMAIB eNeKTPOMarHiTHOro BUNPOMIHIOBaHHS MOXIMBE 3arOMIIEHHS HA MeXi
nopiny ABOX cepefoBuLL, Bakyymy—meTany?

A pagioxBuni B iHdpayepBoOHE

B ynetpadioneTtose I peHTreHiBCcbke
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®I3UKA ATOMA

TA ATOMHOTIO SIAPA.
®I3MYHI OCHOBHU
ATOMHOI EHEPTETUKH

CyyacHa mogenb atoma e [ocnign Pesepdopaa e [NpOTOHHO-HENTPOHHA
MoAernb sapa atoma e A4epHi cunu e 130ToNM « BUKopUCTaHHS i30TONIB
 PapjoaktusHicTb, ii npupoaa i BnactueocTi e MoHisauinHa ais
pafioakTMBHOIO BUNPOMIHIOBaHHS e [pupoaHUi pagioakTMBHUIA OOH
e [JosnmeTpu o bionoriyHa gis pagioakTMBHOro BUMNPOMIHIOBAHHSA
o [Mogin Baxkux siaep e JlaHutoroea sgepHa peakuis noginy
e AlaepHa peakList ¢ ATOMHI enekTpocTaHLii ¢ ATOMHa eHepreTuka YkpaiHu
o ExonoriyHi npobnemu aToMHOI EHEPreTUKUN o TepmosaepHi peakdii
o EHepris CoHugs i 3ip
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§ 23. CYYACHA MOOESIb ATOMA.
aocnian PE3SEP®OPOA

Mi eJIEKTPUYHI ABUIlA — eJIEKTPU3aIlid TiJ mix yac TepTda, BUHUKHEHHA eJIeK-
TPUYHOTO CTPYMY B MeTajlaX i HamiBOPOBiZHMKAX, rasax i ejgexkTpojiTax —
TIEPEKOHJIMBO CBiUaTh PO Te, M0 €JeKTPUYHO 3aPAKEHI YaCTUHKU BXOIATH
0 CKJIaJly aTOMiB, a OTKe, i 0 CKJaly BCiX pPEeUYOBUH.

BaxkauBy posib y po3dyMiHHI mpupoau aToMa BimirpaB IepiogwmuYHUHA 3aKOH,
akuy BigkpuB y 1868 p. Imurpo MeHmeseeB, IO CBiIUMTh IPO CKJIATHICTH
aToMiB eyieMeHTiB. ¥ Kypci ximii Bu BuBuaJiu Iiefi 3aKOH: BJACTUBOCTI Ximiu-
HUX eJIeMeHTiB Iepe0yBaloTh y IlepioguuHiil 3ajeKHOCTI Bif s3apany IixHix
ATOMHUX fANep — 1 IMHUPOKO KOPUCTYBAJUCS ITUM 3aKOHOM [IJIA IOACHEHHS
BJIACTHBOCTEH XiMiUHMX eJIeMeHTiB i XiMiuHMX SBUIII.

IHo3umuemno dxo3edp Tomcon Bigkpup enexkTpoH 1mie B 1897 p.
sapadicena Ky Buxomsum 3 BimomocTell mTpPO eJIEKTPOHEUTPAJBHICTH
aToMa, YYEeHUU CTBOPHUB MOJEeJIb: aTOM CKJIAJA€ThCS 3
TO3UTHUBHO 3apANMKEeHOl KyJii, 3apsan sSKol piBHOMIpHO
POS3IIOAiIeHO TI0 BChOMY O0’€MY, i HeraTHBHO 3apsiie-
HUX eJIEKTPOHIB, po3MileHux y oMy o0’emi. Moxesb
OyJia cxo:Ka Ha KeKc 3 poisuHKamu (MaJj. 244).

Buxogsauu 3 momesni atroma Tomcoma, MoKHaA OyJI0
HOSICHUTHU sABUINA HOHiZaIii aToMiB, eJIeKTpPoJIidy, Ie-
pionuuyHy cucTeMy eJIEMEHTiB, ajie BOHA He JaBaJjia
3MOTY IIOACHUTH €JIeKTPOMATHITHI Ta OITHUYHI sBU-
ma, pesyabratu gocaimy Pesepdopma i aBuiie pamio-
aKTUBHOCTI, AKi OyAyTh onuMcaHi HUKUE.

Himvensruit ¢isuxk @imin Jlemapmg y 1903 p.

Man. 244 3aIIPOIIOHYBAB MOJIEJIb <«IIOPOKHBOT'O» aTOMa, ycepe-

OVHI SAKOro JiTaloTh HIiKMM He BCTaHOBJIeHI (Hi pa-

Hillle, Hi Temep) HeWTpaJbHI YaCTMHKM, CKJIAJEHi i3 B3BA€EMHO 3PiBHOBAKEHUX

HO3WUTUBHUX i HETaTMBHUX 3apANiB. YUeHUH Has3BaB I[i HEiCHYIOUi YaCTUHKU
OUHaAMiTaMu.

Posp’sssyBaHHAM mpobieMu OyZOBM aToMa 3aiiMasicsd BUIATHI BUeHi CBIiTY
Epnect Pesepdopa, I'anc Ieiirep, Omxexcanap Jleoemes, Himbce Bop Ta im.
Oco6J1BO BasKJIWBY POJb AJA 3’siCyBaHHsS OyJOBM aToMa BifirpaJju mocaigu
Pezepdopna. Biu suas, 1o eaektpor y 2000 pasiB sermmii Big aroma Iizporeny.
Atom e enexTpoHeiTpasabHuM. OT:Ke, caMe Ha HO3UTHUBHUI 3apsl IpPHUIaLac
BcA Horo maca.

SAKIO mepeBipuTU, SK PO3MOIiJIEHO MO3UTUBHUII 3apsl, TO CTaHe 3PO3yMi-
JI0, K PO3IIOijieHa Maca aToMa. YUeHHUH HOXOAUTh IYMKHU IIPo 6oMOapayBaHHS
aToMa o-YacTUHKAaMHU, AKi MaioTh Macy npubausuo y 7300 pasis 6inbIiry 3a Mmacy
eJIeKTPOHA. IXHill HO3UTUBHWI 3apay yABiui GLIbININIT 3a MOZYJIEM, HiX 3apaf
eJeKTpoHa (1te ABiui omizoBaHi aromu I'esiio), IMIBUAKICTE iX PyXy OOpPiBHIOE
mpubausuo 15 000 xMm/c.

PosrismeMo ekcrepuMeHTaJbHY yCTaHOBKY Pesepdopza (maa. 245, a). Ha
IJIOIIIMHI 5, 110 MOrJIa o0epTaTucsa HaBKOJIO BEPTHUKAJBHOI OCi, ¥ BAKyyMi pos-
MinryBasucsAd CBUHIIEBUU KOHTeWHep I 3 MXKepesoM O-YacTUHOK; y IIEHTPi —
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Man. 245

3oJsiota GoJbra 2; 6ind Kpato — Hepyxomi eKkpaH 3 i3 muHK cyabhiny (ZnS) Ta
MiKkpockon 4.

0-4acTHUHKA — IIe CBOT'O POJY «CHApPsAA» aTOMHOTO CBiTy, SKWUI MOYKHa CIIPA-
MyBaTH Ha IIap PeYOBWHH, IMO0 AOCJIiAUTH, AK BOHA BILJIMBATUME HA TPAEKTO-
piro wactTurku. Cymigabuai aromu TomcoHa Maau 06 raJbMyBaTH YaCTUHKM i He
nponyckaru ix gaui. IIlo6 yacTuHKa 3ycTpijsa sKHaliMeHIle aTOMiB, Tpeba Ha
ii MIJISAXY TOCTABUTH SIKOMOT'A TOHIIIY ILIACTHUHKY. I[y:Ke TOHKY (POJbry MOYKHA
oJepsKaTu i3 3os0Ta. A Ti YaCTUHKM, AKi IPOMAYTH KPidhb (POJIBLIY, CHPUUYNHATH
cumHNUAAII] (CBiTJIOBI cmasiaxy) Ha eKpaHi, aki OyayTh 3ad)iKcoBaHi OKOM 3a
IOIIOMOT'0I0 MiKpOCKoIIAa.

SKI0 B yCTAHOBIII MOCATHYTO HOBHOT'O BaKyyMy i Hemae (oabru, To Ha
eKpaHi BUHUKAE CBiTJIa MJISMa, YTBOPEHA CBITIHHAMM, CHIPUUYMHEHNMU TOHKUM
OYYKOM O-4ACTHMHOK. SIKIIO HA MIJIAXY O-4YAaCTUHOK YCTAHOBUTH 30JIOTY (hOJIb-
Iy, TO BiOyBaTuMeThCA iX pO3CilOBaHHA i IJIAMa PO3MUBATHUMEThHCA Ha OiJIb-
mry 1rormy. MaiiyKke BCi YacTMHKU BiJIBHO HNPOXOAATH Kpishb (Goabry i maiixke
He BiIXMIsAOTBCA Bif momnepeaHboi TpaeKTopii, aurmre 2—3 % ix poaciooTbes i
BiIXMIAIOTHLCA Ha KiJIbKa I'PaJyCciB BiJl IOYATKOBOrO HANIPAMKY.

Ilix vac TpuBaJIMX CIOCTEpPEKEeHb yUeHb Pesepdopaa 3pigka nomivae cmaJia-
XM, III0 BiAIOBiZAIOTHL 3HAUHUM BiIXMJICHHSIM O-UACTHMHOK BiJ IMOUYATKOBOTO Ha-
OPAMKY PYXY IIiCJS IPOXOMKEHHS KPish (POIBTY.

Y momykax BiAmOBiAi Ha 3aIMTAHHSA, YOMY Pi3KO BiAXUJIAIOTHCA IMOOLMHOKIL
o-yacTuHKYU, Pesepdopsa mMpONOHYE AOCHiANTH, UM € YACTUHKU, AKi, BigOmBaio-
4KCh Bif (pOJIbI'H, PO3CiOIOTHCA HA KyTH, OijbmIi Big 90° a To it Ha Bei 180°7?
I Taki moogMHOKI YacCTMHKM — OOHA 3 THUCAYI — TpamiadioTbhea (MaJj. 245, 06).
Ileit paxT 3maBaBCA HE3POIYMIIUM.

3’AcyeMo, 3 AKUX HNPUYUH O-YaCTUHKA MOXKE 3MIiHUTHU HAIIPSIMOK IIOJILOTY:
Oo-4acTMHKAa Ma€ Macy i 3apdai, ToMy Ha Hel MOMKYTb OifiTM AK CUJia TAKiHHSI,
TaK i KyJoHiBCchKa cuJya. BimomMo, 1110 eJIeKTPUYHI CHUJIM B3aEMOIil 3apamKeHnX
YaCTHHOK 3HAYHO MepeBaKaloTh CUJIM TSXKiHHA MiK HuMu. Hampukiaan, egex-
TPUUYHA CHUJIA B3aEMOZil O-UACTHHKM 3 IIPOTOHOM YU €JEKTPOHOM Y 103 pasis
IEePEeBUIIIYE CUJIY TAMKIHHSA MidK O-YaCTHMHKOIO i MaCHMBHHM aTOMOM CBMHITIO.
Ile osHauae, M0 y B3aeMomii o-4acTMHOK 3 aroMaMu (hoJbru r'paBiTalliiHi
CUJIM BifirpaioTh MisepHY POJIb i HUMH MOXKHAa HexTyBatu. OTiKe, BiaxujaeHHS
O-4YaCTWHKM BiJ] MOYATKOBOTO HANPAMKY IIOJBOTY 3YMOBJIOETHCA Ii€I0 €JIEK-
TPUYHO 3aPAKEHNX YACTUHOK, AKi MIiCTATHCA BCEpeAUWHI aTOMiB.
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Axi e ye wacmuuku? Ak 60HU posmiuieHi 8 amomax? Biamosini ua i sanu-
TaHHS i Maau gatu gocaimu Pesepdopma. OueBumgHO, IO 3apsAmsKeHA YaCTHH-
Ka, dKa BiXWJIAE O-YaCTUHKY HA BEJUKUN KYT, HE MOKe OyTH eJIEKTPOHOM.
Apmxe maca emekTpoHa npudaunsHo B 7300 pasiB MeHIIa 3a Macy O-YaCTHUHKH.
OCKiZnbKY 3ITKHEHHS 3 eJeKTPOHAMU He 3MiHIOIOTHL HANPAMKY PYXY O-YaCTH-
HOK, TO iXHi BiIXUJeHHA HA BEJIUKi KyTU 3yMOBJI€HI B3a€MOIi€I0 He 3 €JIEKTPO-
HaMM, a 3 MO3UTUBHO 3aPAMKEHUMMN YaCTUHKaMU. AJie B «CYIiJILHOMY» aTo-
Mi 3a Momesa0 ToMcOHa eJEeKTPUYHE MOJie TMO3UTUBHOTO 3apANYy HEZOCTATHBO
CUJIbHE, 1100 BiAXUJINTU IBUAKY i MACUBHY O-YaCTUHKY HA BEJIMKUIN KYT.

Pesynwratu mociinis Pesepdopza cBiguarb, IO X04 aTOMU Y TBEPAOMY TiJi
OysKe IMiJIBHO MPUJIATaioTh OAWH OO OMHOI'O, OiJIBIIICTh O-YaCTHHOK IIPOHU3YE,
MaiiKe He BiIXWJIAIOUNCH, KiJbKa THCSY aTOMiB. 3Bifcu yueHUii 3pOOHMB BUCHO-
BOK, III0 aTOMHM MAaMKe TOPOXKHi i JuIme B IEHTPi iX € HO3BUTHUBHO 3apsadKeHe
AIPO PO3MIPOM IMOPAIKY 10% M. 3 JOCJiZiB TaKOK BUILINBAE, IO B SApPi 30ce-
pem:xeHa MaiKe Bcsa maca aroma. OTiKe, Maca TMO3UTUBHO 3apAAMKEHOTO Apa, 3
SAKUM Bif0yBa€eTbCcA SITKHEHHSA O-UaCTUHKU, IO BiAXWIAETHCA HA KYT, OJU3BKUI
mo 180°, 3HauHO IIePEeBHUIIIYE Macy caMoi o-4acTUHKHU (MaJ. 245, 0).

Hocainu Pezepdopma pasoM 31 BCTAHOBJEHHAM SIEePHOI CTPYKTYPH aTo-
Ma CBifuaTh I1le ¥ PO BUCOKY «MIiITHICTB» aTOMHUX sAep, SIKi He 3a3HaBaJIU
PYHHYBaHb HaBiTH ITiJf 4ac JOOOBOrO 3iTKHEHHSA 3 O-UaCTMHKAMM, ITI0 HAJITaau
Ha Aapa 3 BeJUKOIO IMIBUIKICTIO.

¥ Tpasui 1911 p. Pesepdopn apykye crartio y «PinocopecbKoMy KypHAITi»,
y AKifl posIOBiflae IIPO €eKCHepMMEHTH, IO HAIITOBXHYJIU HMOT0 Ha AYMKY IIPO
IJIaHeTapHy MOJeJb aToMa.

3rigHo i3 IIi€l0 MOIEJJII0 aTOM CKJIAZAETHLCS 3 IIO3UTUBHO 3apsAiKeHOro
MAacCHBHOTO fAJpa, PO3Mipu SIKOTO IIOPAIKY 107" M. Hasroumo Aapa pyXaroTbhCs
€JIeKTPOHM, YTBOPIOIYM TAaK 3BaHY €JEeKTPOHHY 000JOHKY aroma (MaJj. 246).
3apsan saapa 3a 3HAUEHHAM JJOPiBHIOE CyMapHOMY 3apAny BCiX eJeKTPOHiB.
Y anpi socepemxeHa maiixke Bca maca aroma (99,95 %).

Man. 246

Ilnamerapua mMomens aToMa JoOpe IMOsSICHIOBAJIA Pe3yJIbTATH JOCIiAiB 3 PO3-
ciloBaHHA 0-YACTHMHOK PEeUYOBMHOIO. Buxomsuwm i3 1iei momesi aHTIificbKui i-
suk I'empi Mo3Ji Ha OCHOBi pes3yJbTaTiB CBOIX AOCJiZIiB yCTaHOBUB, IO 3apsm
aTOMHOTO AApa ¢, JOPiBHIOE JOOYTKY IIOPAJKOBOIO HOMepa Z ejeMeHTa B Tal-
auni MeHgeseeBa Ha eJIeMEHTAPHUU €JIeKTPUYHUI 3apAml e:

q, = Ze,
me e=-1,602 10" K.

ITopsagkoBuii HoMep xXiMiuHOrO eleMenTa Z (3apAI0Be YKCJIO) BUBHAYAE KiJb-

KicThb IPOTOHIB y AApPi i TMM caMUM — KiJILKICTh €JIEKTPOHIB HaBKOJIO AJpa.
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) IIE IIIKABO 3HATH

laHc lenrep, konera Ta y4eHb 3HaMeHUTOro pisuka EpHecta Pesepdopaa, 3ra-
OYH4M AKOCb MPO BaXKNMBY Mogito B icTopii ¢oisnku, Wo Bigbynacs B nepLumx Yyncrax
1911 p., Hanucae y NMCTi O iHWOro y4YHs ceoro BumTend — hkenmca Yeggika: «Oga-
Horo pasy Pesepdopa yBilLWOB Yy MOK KiMHaTy B 4OCUTb rapHOMY HaCTpOI i CKa3as,
LLIO BiH Tenep 3Hae, KU BUNA4 Mae atoMm...». Pesepdopa yTBepamBcs y nnaHeTap-
Hil MoZdeni aToma Ha OCHOBI pe3ynbTaTiB CBOIX 4OCHiAiB, ane oMy 0yno BigomMo, LWo
cam EMHWTEeNH ABivi 4OX0AMB AyMKM NPO NnaHeTapHy OyqoBy aToma Ta He HacMisto-
BaBcs Lboro onybnikysaTu. e 3a 10 pokiB 40 TOro sNoHcbkuin goisnk XaHTapo Hara-
oka 6e3 gocnigis, a NogymMKy NponoHyBaB nofibHy mogens atoma.

() 3ANMUTAHHA OO BUBYEHOIO

1. PoskaxiTb, siKi BU 3HaeTe hisnyHi SBMLLA, LLIO CBigYaTh NPo cknagHy byaoBy atoma.

2. Onuwitb 3micT gocnigis Pe3sepdopaa 3 poscitoBaHHSA o-4aCTUHOK. AKWIA BUCHO-
BOK MOXHa 3pobuTn 3 HUX?

. Yomy came o-4aCTUHKM € IHCTPYMEHTOM Y OOCHIgKEHHI atoma?

. AkMMK aBULLLEAMU CYNPOBOAXYETHCSA 3ITKHEHHA 0-4ACTMHOK 3 €KPaHOM i3 LUHK
cynbdigy?

. Aki oGMexeHHsA mana mogenb atoMa TOMCOHa B NMOSICHEHHI ADi3UYHMX ABULL?

. Onnwite mogens 6yaosum atoma, Ky 3anpornoHysaB Pesepdopa.

. Aki HaykoBi hakT MOXxHa 4OOpe NOACHUTM Ha OCHOBI NNAHETAPHOI MoZerni atoma?

Hw

No o

§ 24. NPOTOHHO-HEUTPOHHA MOQMEIJb
AOPA ATOMA. AOEPHI CUNA

BaM yoKe BifjoMO, IO AAPO aToMa — Iie IleHTpaJibHA, HO3UTUBHO 3apssKeHa
YyacTUHA aToMa, y sSKili CKOHIIEHTpPOBaHA MaiKe BCs Horo maca. 3apsAn Iiel
CepIleBUHI aToMa JOPiBHIOE CYMAapHOMY 3apsAay eJeKTPOHHOI 000JOHKH, YHACTI-
JIOK YOT'0 aTOM Yy IIJIOMY € eJleKTpoHelTpasbHuM. JIiHiliHI po3mipu pisHUX Azep
HeomHaKoBi. BoHM 3HaxomaATbCcA B MeyKax Bimg 3 - 107 mo 10 - 10718 M, IIIO B
10%-10° pasiB MeHIIle 3a mOIlepeuHUIl Po3Mip caMoro aroma. SlgepHa pedyoBHHA
Ma€ HAA3BUUYANHO BEJIUKY T'YCTUHY — 10" I‘/CM3. Yaiima J0KKa, HAIlOBHEHA
TiIbKU SApaMu, Baskuja 0 COTHI MiJIbHOHIB TOHH.

YeBHUBIINCH, III0 aTOM HE € «HEIOMiJbHUM», (DiSMKKM HaMaraJucs BCTaHO-
BUTH <IETVIMHKW», 3 AKUX BiH CKJIAJAETHCA, TOOTO TaKi CTPYKTYPHi eleMeHTH
Marepii, BHyTpimiHa OymoBa AKMX Ha Ileli MOMEHT HeBijoma i sAKi HasBajau
eJIeMEeHTapHUMU YacTHHKaAMU. EJeKTpoH — IepIilia 3 BioMHX ejleMeHTapHUX
YaCTUHOK, CTPYKTypa aTOMHOTO sifpa OyJa Iiie He BCTaHOBJEHA.

Y 1913 p. Pesepdopa mpunycTus, o sapo aroma 'imporeny € ejgemMeHTap-
HOI0O YaCTHUHKOIO, AKY HA3BaJX IIPOTOHOM i AKAa BXOOUTL OO0 CKJIALY IiHIITHUX
aroMmHuUX aaep. Ifo rinoresy Oyso miaATBEpI:KEHO eKciepuMeHTaabHO B 1919 p.,
KOJIM B JTOCJiflaX BUSABUJIU OKPEMi ITPOTOHMU.

Maca mpotona B 1840 pasiB 6ijbllla 3a Macy eJeKTPOHAa, HOro eJeKTpul-
HUH 3apsaja 3a 3HAUEHHSAM TaKW caMWil, AK y eJIeKTPOHA, aJjie MO3WUTHUBHUIM.
Y mactynHOro ejeMeHTa — l'esifo — SApo B UOTHPU pasu BayKkue 3a aAxpo Iix-
poreHy, a B OCTAaHHBLOI'O IIPUPOIHOIO ejieMeHTa YpaHy — y 238 pasiB. Macoge
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4yuca0 A € HAMOMMMKYNM I[LJIMM YHCJIOM [0 3HAUYeHHSI BiJJTHOCHOI aTOMHOI MacH
ximMiuHOrO ejeMeHTa, AJaA Ypany A = 238. Aje 3apsmoBe UHCJIO IJA YpaHy
Z = 92, To6TO 10 MOro CKJaAy BXOAATHL 92 IPOTOHM i peliTa Macu Aapa Mae
IpunagaTy e Ha AKicCh YaCTUHKHU.

YV 1932 p. anrmiticekkuit ¢isuk [keiimc YeaBik Ha mociifgi BCTAHOBUB, IO
HeBijoMe Oy:Ke IIPOHMKHE BUIPOMiHIOBAHHS, fAKe CIOCTepirajau BiH Ta iHImi
BU€Hi, € IIOTOKOM HeNTpPaJbHUX YACTHUHOK, Maca AKMUX OJIM3bKa IO MAcH IIPOTO-
Ha. IcuyBanua Takoi uactuuku e y 1920 p. nepembauas Pesepdopn, ii maspaiu
HeliTpoHoM. Toro camoro pory Amurpo IBamenxko i Bepuep I'eiizenGepr sa-
IIPONOHYBAJK HMPOTOHHO-HEHTPOHHY MOJEJb fAApa aToMa, SKY B IIOHAJIBIIIOMY
TiATBEPPKYBAJIU BCi JOCJIiIKEHHS.

3rigHo i3 miero MoOAeJJII0 AAPO aToMa CKJAJAEThLCA 3 IIPOTOHIB i HEHTPOHIB,
AKUM IIPHCBOIJIN 3arajbHy Ha3By HYKJOHU. KingbKicTh HeliTpouiB N y aapi
XiMiUHOTO eJieMeHTa JOPiBHIOE Pi3HUIII MiK MacoBUM i 3apsgOBUM UYKCJIAMU,
TOOTO:

N=A—-17Z.

Slopa aTomiB y3arajbHEHO HasWBaIOTh HYKJIiTaMM.
Hyxiaigu mosHauaroTh CHMBOJIOM XiMIiYHOTO ejieMeHTa 3i 3HaUeHHAM MacoBO-
ro umcia A 3BepxXy i SHAUEHHAM 3apsAJOBOro umciaa Z BHu3Y JiBopyu (3X).

Hanpukaan, %H — anpo aroma ligporeny, ‘éHe — anpo aroma [enito (ajb-

da-gacTunkKa), 255U — saxpo aTroma Ypamy.

Ane ax ympumyromuvcs 8 sA0pi 00HOUMeHHO 3apadxieni uwacmunku? IIfo
Yympumye HYKAOHU 6 A0pi?

Amxe eleKTPUUYHI CHJM BiAINITOBXYBAHHA Mi’K ITO3UTHBHO 3apAIKeHUMU
IPOTOHAMM B SIAPiI ITIOBMHHI 3YMOBUTH iX polJiTaHHA B pisHi 60KM. AJje mpo-
TOHM He TiJIbKKM He PO3JiTal0ThCs, a Ie M NPOTHULIIOThH cIpobaM 3pyHHYBaTHU
AOpo. YueHi 3’sicyBaJin: 100 POBILENINTH AP0, IOTPiOHO HazaTu G0MOapAyIio-

YUM YaCTHHKAM 3HAUHOI eHeprii.
Cuam, gKi yTpUMYIOTh YACTUHKH B SIIPi, HA3UBAIOTh A0ePHUMU CULAMU.

SoepHi cuaIM € KOPOTKOTiIOUMMH, Ha BiAMiHY BiJ JaJeKOTiIOUMX eJIeK-
TPOMATHITHUX cuJ i cua Tskimaa. Pagiye il agepumx cua mpubInM3HO
IOpPiBHIOE 1071 M, ToOTO po3Mmipy HykJoHiIB. Ha mux Bigcransax smepHi cuiau
OPUTATYBAaHHSA B COTHI pasiB MepeBUMIYIOTh €JeKTPUYHI CHJIM BigIIITOBXYBaH-
HA Mixk nporomamu. IIpo samepHi cuam oOpasHO KayKyTb, IO Iie — «OoraTup
3 Iy:Ke KOPOTKUMU PYKaMI».

AmepHi cuiM € TAaKOXK 3apAIOBO He3aJeKHHUMM, IS BJIACTHUBICTL BUABJIA-
€ThCA B TOMY, IO IPOTOH 3 MPOTOHOM B3AaEMOAIIOTH TAK CaMO, K i IIPOTOH 3
HEeHUTPOHOM.

fAmepHi cuau € IPUKJIAIOM TAK 3BAHUX CHUJIBHHUX B3a€MOMOiil, caMe BOHU
3YMOBJIIOIOTh Te, IO [Js POSIIeIJeHHs sapa IIoTpi0HaA 3HauHA eHeprid,
TOOTO BOHU € AyKe «MiltHuMM». HalimeHIiie 3HaueHHs eHeprii, sixa s3abesme-
Yyye POIMIEIJeHHsS SApa Ha CKJIAJO0BI UacTMHKHU, MOKe OyTH Mipoio eHeprii
3B’A3KYy AApa, ToO0TO Horo «mimHOCTi». fIapa XiMiuHMX ejieMeHTiB MalOTh Pi3-
HY «MinmHicTh». HaliciaOiie 3B’sg3aHi YacTHHKM B AApaxX JErkKux eJeMeHTiB,
10 MiCTAThCA HA IMOYATKY MepioguyHoi cucteMu ejeMeHTiB. EHepria 3B’sas-
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Ky MIIBUAKO 3pOCTa€ 3i 30iJbIMeHHAM KiJIBKOCTI YacTHMHOK y dAApi, 3pocTae i
«MiIHiCTB» AOep, JocATrayu MaKcuMyMmy Ojasd Pepymy i OJU3BKUX OO HHOTO
enemeHTiB. IIpoTe OCKiJIBKM SEepHI CUJIM € KOPOTKOMIIOUMMM, TO, IIOYMHAIO-
Yy 3 AESIKOr0 eJIeMeHTa, 3B’A30K MiK HYKJOHaMHU He 30iJbIIyeThCs, X0U ixX
KinbKicTh y Ampi 3pocrae. Och YoMy «MiIlHiCTL» sAep eJIeMeHTIB cepeaHbol
YaCTUHM IIEPIOAUYHOI CHUCTEMHU eJIeMEeHTiB Maiike ofHaKoBa. B dAapax BaxK-
KHNX €JIEMEHTiB, ITI0 CTOATh yV KiHIII mepiogmuyHOl cUCTEeMHU €JIEMEHTIB, 3pOCTa€E
POJIb EJIEKTPUUYHUX CHUJI BigmrToBxyBaHHsA. Came IIi CMIM i «PO3IITOBXYIOTH»
yci, HaBiTh HaWBiggaseHimri, IpPOTOHM SApa, POOJATL iX MEHIN «MiITHIMIM».
Omxe, cTae 3po3yMiJjoi0 MOBeAiHKA OCTAHHBLOT'O cepejl IPUPOAHUX eJIeMeHTIB —
Ypany, sapa AKOro € pagioaKTUBHUMMU, HeCTIHKMMHU caMe uepes 3HAUHY POJIb
eJIeKTPUUYHUX cuJj. PeriTa ejleMeHTiB, 110 CTOATH 3a YPaHOM, y IIPUPOAL 30BCiM
He TPANJISIOThCA, a CTBOPIOIOTHCA IIITYYHO.

Y sanpi aroma 30cepeiKeHO BeJIMUEe3HY eHEepPrilo B3aeMOmili CKJIAJOBUX dYac-
TUHOK, BOHA B MIiJILOHU pas3iB IIEPEBUIIYE €Hepriio B3aeMOIil eJIeKTPOHIB 3
AIPOM B aToMax, TOOTO TaKy, IO MOXKe€ BUIIIATHUCA HiJ yac XiMiuHHMX peak-
mifi. Ilismimie BuM AisHaeTecsd, IO BHACJHIMOK ONMCAHUX BUIINE BJIACTHBOCTEH
Alep eJeMeHTIiB IIijJ uac AJepHUX IIEPETBOPEHL MOKHA JOMOITHCS BUIiJIeHHS
3HaYHOI eHeprii cuHTe3oM (BJIUTTAM) JIETKUX Afep abo mix uac momiay (pos-
IIeIJIEHHA) BaKKUX anep Ypany, Ilayroniio Tormro.

() 3ANMUTAHHA 0O BUBYEHOIO

1. Aka 6ygoBa sigpa atoma?
2. lllo Take HyKnoH?
3. Aki cnnn BU3HavaloTh MiLHICTb aTOMHUX agep? HasgiTb BNacTUBOCTI LMX CUI.

§ 25. 1I30TONN. BUKOPUCTAHHSA I130TONMIB

I30T01‘[H. Taky HasBy BUYeHi IIPUCBOIJIM aroMaM, IO 3aliMaioTh y TabJJIMIIi
MengeneeBa omme i Te camMe MicIe, ajie BiIpisHSAIOTHCA MiK CO00I0 aTOMHOIO
Macow. AmKe B mepeKJiafii 3 I'PEIlbKOoi iS0S 03HAUa€e «ONHAKOBU», a topos —
«MicIie».

I3oTonm — 1e pPi3SHOBHMAM ATOMIB XIiMIiUHMX €JIEMEHTIB, AIpa AKMX MIiCTATH
OMHAKOBY KiJIbKiCTHh IIPOTOHIB i HEOTHAKOBE UMCJI0 HEHTPOHIB.

Hanpuraang, enxement I'izporen mae Tpu isoronm: IIporiit — {H, Henrepiit —
2H i Tpuriit — $H (man. 247, a).

Anpo Ilporiro ckJyamaeThcsa 3 €IUHOTO IPOTOHA, lleliTepiii Mae ABa IIPOTO-
HU, a Tpuriii — gBa melitpouu. Ilpupoxunii easemedT OKCUTeH Ma€ TPHU i30TO-
ou: 130, 1;0, lgo (man. 247, 6). HalinomupeHimmM y TpUpPOAi € i30Ton KUCHIO
180, wacrka axoro cranoButsh 99,759 %.

dismKo-xiMiuHi BJIACTMBOCTI i30TOIIiB Mai:Ke TOTOMKHi, TOMY III0 BOHU BHU-
3HAUAIOTLCA OYIOBOIO EJIEKTPOHHOI OOOJOHKM aTOMiB, a B aroMaX i30TOIIiB
eJIEKTPOHHA 000JIOHKA ofHakKoBa. IIpoTe, BUKOPHUCTOBYIOUN AeAKi BigMiHHOCTI
y BJACTUBOCTSX i30TOIiB, YUeHI HABUMJINCS BiOKPEMJIIOBATH OLWH i30TOI Bif
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IIpomiii Heiimepiii Tpumiii Amom
16 0
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Man. 247

iHmoro, sbarauyBaTu XiMiuHHI ejeMeHT TMM abo iHmIuM isoromom. Yci eje-
MEHTHU MEePiogMYHOI CHCTEMH eJIeMEeHTiB MaloTh izoTomu — cTabijabHi UM pamio-
aKTUBHi, TPUPOAHI UM OfepPrKaHi MITYyYHO. YUEHUM BiJOMHI i30TOIMHUI CKJa]
yCiX IPUPOSHUX eJIeMEeHTiB.

PamioakTuBHI i30TONM IMMPOKO 3aCTOCOBYIOTHCS B Pi3HUX rajys3sax HayKH,
TeXHiKM i BUPOOHUIITBA. 3a CBOIMH XiMIiUHMMM BJIACTHBOCTAMU PagiOaKTHB-
HUI i30TOI HiUMM He BifIpi3HAETHCA BiJ OCHOBHOI'O i30TOHmAa XiMIiuHOrO ejJeMeH-
ta. Tomy, cmocTepiraroum 3a PyXOM i30TOIIiB, MOYKEMO TOYUHO AOCJiAUTH, AK
HOBOAUTL cebe XiMiuHMI eJleMeHT y PisHUX IIpoIlecax.

3a JIOIIOMOT0I0 i30TOIiB KOHTPOJIOITh METAaJYypPrifiHi mpoliecu, CTeXKaTh 3a
CTaHOM JOMEHHMX i MapTeHiBCcbKUX meueii. Tak, 3aCTOCOBYIOUM pPaliOaKTUB-
Huil (Pochop, MOKHA WIBUAKO Mi3HATHUCSA i Yac IJIaBJeHHS, UYMW IIOBHICTIO
OUMCTUBCSA MeTaJ Biz hochopy — omHiel 3 HaANMIKiAAUBiIIIX goMimiok. Pamime
ximiuauii amangis ma BmicT (¢ocdopy Tpusas 6amspko 30 XB i Bech uac meraJa
IOHAJ HOPMY BUTPHUMYBABCsS B MapTeHiBCbKill meui, SHMIKYIOUU ii IPOSYKTUB-
HicTb. 3a [OIIOMOrOI0 i30TONIB CTYMiHb OUMINEHHS METAJY BU3HAUAIOTH OYiKe
mBuUAKO. [jsa 1boro Tpeba JuIlle BUMIPATH pamiOaKTHUBHICTHL IIIJIAKy, ¥
axuii nepeiimnioB (ochop. OTiKe, yac maIaBIeHHA 3HAYHO cKopouyeTbedA. II1o6
OisHATHCS PO CTYIIiHL 3HOINEHHSA NOMHM, V il CTIHKY Ha IeBHY INIMOMHY BMi-
IIVIOTH HEBEJUKY KiJbKicTh pamioakTuBHOro izoromy. Ilicasa Toro ax momHa
mouaJja IpalfoBaTi, IPOOK MeTAJy 3 KOXKHOI IIJIaBKU IIePEeBipA0TL Ha pamio-
aKkTHUBHicTh. HagBHICTL pagioaKTUBHUX aTOMiB y YaBYHIi € ACKPaBOIO O3HAKOIO
suomrenuda nomuu. OToxe, He Tpeba IepepuBaTH POOOTY IIeUi 3 METOI0 IepeBip-
KM CTaHy CTiHOK JOMHH, JOCTATHBLO JIaOOPaTOPHOTO KOHTPOJIIO.

Iobpe Bimomo, AK 3MiHIOIOTHCSA BJIACTHMBOCTI 3aJji3a 3ajie’KHO Big BMicTy B
HBOMY ByIUIelfo. AmsKe 3aJi30, cTajJb i YaBYH BiIpisHAIOTHCA JIUIIE BMiCTOM
OCTaHHBOrO. XiMiuHWI MeTOHJ BUSHAUEHHS IIPOIEHTHOIO BMICTy BYIVIEIIIO B
3aJisi moBrui i xomiTkmii. 3aMicTh HLOTO IPOOY 3aJIida OIPOMIiHIOIOTH IIIBU/I-
KuMu mporoHamu. Ilpm 1bOoMYy BYyIVIeIlb HEePETBOPIOETHCSA Ha pPamgioaKTHUBHUMI
a30T. 3a pafioaKTHUBHICTIO a30TYy i BU3HAUAIOTh YMICT BYIVIEILIO.

MeTomoM pamioaKTHBHUX i30TOIIIB MOCHIMMKYIOTH TaKOMK IIBUIKICTH 3HO-
mieHHA nigmunHaukis. MigHi geTasi migmunHMKa OIPOMiHIOIOTh HEHTPOHAMMU,
npu npboMmy aroMu Kynopymy cTaioTh pagioaKTHUBHUMU.

ITig uyac poboTum HmiAMIMIHMKA BHACJIILOK S3HOINEHHS BKJAIKN YaCTHUHKU
pamioaKTHMBHICTL MAaCTHJA, IMIBUAKO i TOYHO BM3HAYAIOTL CTYIIiHb 3HOIIEHHS
nigmunauka. Pagioisoronu, yBeneHi B XiMiuHi colyKu, € MOTyTHIM 3aco00M
y pyKax XiMiKiB s BUBUEHHS i BIJOCKOHAJIEHHS TEeXHOJOTIUHMX ITPOIECIiB Ha
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xiMiuHKX 3aBOJax, a TAKOMK OJIA KOHTPO- *\\\
g0 XimMiuHMX TporeciB 0e3 BYyNWHKH, i
OUCTAHI[INHO, 0e3 BTPy4YaHHS B ilOUMWii
TexHoJoriuHMiI mporec. Taxuii Meron He
JIUIIe CIIPOINYE PO3B’SI3aHHA Pi3HUX
TeXHOJIOTIYHMX 3aBJaHb, CKOPOYYE IIO-
TPiOHMH AJIA IIBOro 4Yac i xomtu. [HKoIU
BiH € €OuHWUM, 3a [IONOMOIOI0 SKOTO
MOJKHA BCTAHOBHUTH ONTHMAJbHI IIapame-
TPU TEXHOJIOTIiYHOTO MTPOIIECY, a TaKOXK
pPO3POOUTH JAOCKOHAJIY XiMiUHy amapaTypy.

IITupoko 3acTOCOBYIOTH PaZioaKTUBHI 130TONM i B CiIbCBKOMY I'OCHOAAPCTBI.
3a [OmOMOro MiueHMX aTOMiB BHMBUAIOTHR KPYroodOir kajbiiiro i ¢ocdopy B
IPUPOAL 3 METOIO MOJIIIIeHHS YMOB BHKOPHCTAHHSA IITYyYHUX mo6puB. loma-
I0UYM 0 IHUJIKY POCJHH pamioakTuBHUiI (pocdop, BUBUAIOTH HPOIEC IXHLBOTO
onujieHHA. [30TONM AAIOTH 3MOI'y IIPOCTEKUTH Mirpairiio mIKiTHUKiB.

Homaroum 10 iki isoTomm, ydeHi BCTaHOBHJIM, IO Maii:Ke BCi PeYOBUHH,
SAKi BXOJATH O CKJIQAy HAINOTO Tijla, BECh Yac OHOBJIOITHCs. HakmBupiie
OHOBJIIOIOTHCS JKUPH. PamioakTHBHI aTOMH JaJu 3MOTYy BHUSHAUUTH YAC JKHUT-
Td O0iJiKa B PisHMX TKaHMHAX i opramax, IIBUAKICTL KPoB0oOiry toiro. Bomu
IAOTh 3MOT'y BUBYATU IPOIIECH, III0 IPOTiKAIOThL Y I'OJOBHOMY MO3KY.

3a OIIOMOTOI0 paJioaKTHBHUX IpelapaTiB MOKHa AiarHOCTYBaTH XBOPO-
6u. Hampukian, 3a JDOIOMOT'OI PamioOaKTHBHOTO HOAY AOCHIIKYIOTH (PYHK-
IIil0 IIMTOBHUAHOI 3aJI03UW, 3a ITOIIOMOIOI0 pamiodocdopy BUBUAIOTH IIpoIlec i
MicIlle YTBOPEHHA NYXJWH Y MO3KYy. XBopa JIOANHA IIpUiiMae Ipemnapar, aKui
KOHIIEHTPYETHCA Yy KJIITMHAX NYyXJHUH, a iIXHE PO3MIMIeHHA Jerko BU3HAUUTH
3a JIOIIOMOT0IO0 PeecTpyouoro npuctpoo. Ha maamoHKy 248 moxkasaHO BUKOPU-
CTaHHSA Y-OIPOMiHEHHs Ialli€EHTa 3 JiKyBaJIbHOIO MeTolo. [[:Kepejiom y-ipoMe-
HiB € isorom 59Co.

Isomon 3Co

Y-npoMeHri

Man. 248

() 3ANMUTAHHA 0O BUBYEHOIO

1. lWLo Ha3mBatoTb i3oTONamMm?
2. [le BUKOPWCTOBYIOTb pafioakTUBHI i30TONN?

§ 26. PAOIOAKTUBHICTb, Il NPUPOOA | BJIACTUBOCTI.
NMEPIOO MIBPO3MNAAY PAOIOHYKIIAOA

Bimcpu'r'm paznioakTuBHOCTi B 1896 p. crajso mepeBopoToM y Haylli. ®pan-
nysskuil ¢Qisux AHpi Bekkepeas mocaimixyBaB (ochopecteHIrio (CBiTiHHA)
coseit ypary. YMloro mikaBmio, Yu MOKYTH BiIKPHTI HE3aZOBro A0 IHOr0 X-IIpo-
MeHi (PeHTTeHiBChbKi MPOMEHi) BUIIPOMiHIOBATHUCA TijiaMu, V¥ SKUX CIIOCTepira-
eTbca aBuIlle (ochopecleHIlil nig Ai€l0 COHAYHOTO ONpoMiHeHHA. BeKkepenb
OigmaB KPUCTAJNU COJIEH YPaHY CUJILHOMY COHSYHOMY OIIPOMiHEHHIO i ITOMicTUB
iX Ha 3aropHyTy B uopHuUiU mnamip ¢oronaactuHKy. Iliciaa mnposBieHHSA
doTonacTUHKY Ha Hill OyJI0 BUAHO KOHTYpH 3paska. «OueBUIHO, ypaHOBA CiJib
BUIIPOMIiHIOE SKMICH BHUJ IIPOMEHiB, AKi MPOXOAATHL KpPidh mamip i 3acBiuyoTh
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doronnmactuaky. IlikaBo, un moB’s3aHO
me 3 QocdopecieHIiclo?» — MIOAyMaB
YUEeHUH.

OpHOrOo MOXMYpPOro THS, KOJUW IIPOBE-
CTHU YEepPTOBUH AOCJiJ He BIAJIOCS, YUSHUA
3aXOBaB Ipernapar y myxaany. Ha sarop-
HYTi#l y 4YopHuii namip ¢oTOoILJIaCTUHIIL
JeKaB MITZHUHA XpecT, a Ha HBOMY —
mpemapar 3 IOABIiHOro cyab(arTy KaJliio
Ta ypauy. IIposgBUBIIN IJIACTUHKY,
Bexkepeap HecmomiBamo MOMITHB, IIT0
Ha Hi#fl yTBOPUBCA YiTKUI KOHTYP XpecTa.
Om:xe, BUIIPOMiHIOBAHHS BiIOyBaeThCA B

Man. 249 TeMpsaBi i 6e3 momepegHLOr0 OCBIiTIIEHHS
COJIi ypaHy COHAYHUMU ITPOMEHSIMIU.

HesBuuaiiaum 0OyJjio Te, I[0 BOHU IIOAiIOHO A0 X-IIPOMEHIB MalOTh HaA3BU-
YaliHy IPOHUKHY 3JaTHICTB.

¥V 1898 p. IT’ep Kropi Ta Mapia CxaxomoBchka-Kiopi micsis TpuBaJioi i Hamo-
JIETJIUBOL Tpalli BUAIMMIAM 3 ypaHOBOi pPyAM HOBi ximiuni enemenTn — Pamiii i
IMomonin (mas. 249), aki moxibHO 70 YpaHY CIOHTAHHO (CAMOYMHHO) BUITYyCKAa-
JV HeBUAWME IIPOMiHHA, ajie B KiJibKa THUCAY pasiB iHTeHCUBHiIIIE.

Y 1899 p. Pesepdopa mociaim:KyBaB NPOXOM:KeHHA HPOMEHiB, SKi BiIKpus
Bexkkepesnb, Kpidh CHJIbHE MAarHiTHe II0Je€ i BCTAHOBUB, IO <«BUIIPOMiHIOBAH-
HA YPaHy € CKJAIHUM i YTBOPIOEThCA HNPUHAWMHI 3 IBOX Pi3HUX BUIiB». Bin
cIocTepiras, II0 IIYYOK IPOMEHIiB, AKWII BUXOAWB i3 AsKepeiia, Yy MarHiTHOMY
TOJIi PO3IIEILIIOBABCA: OOUH 3 MOT0 KOMIIOHEHTIB BiIXMJIABCS BiJl MOYaTKOBOT'O
HaAPAMKY B OuH 0iK, a iHmui — y nportuiexkuuii. Ile osHavaso, o mpomMeni
HEePEeHOCATh eJIEKTPUUYHUN 3apsal pisHux 3HakiB. Toii, 110 mepeHoCUB MO3UTUB-
HUN 3apsjl, BiAXWJIABCA HA MEHHINHA KYT i CHMJLHO IIOTJIMHABCS, BiH Ha3BaB
O-BUNPOMiHIOBAHHAM, a TOI, II[0 HEPEHOCHUB HEraTUBHUN 3apdAl, BiAXUJIABCS
Ha Oinpmuii KyT i OyB OiNbII IPOHUKHUM, — $-BHIPOMiHIOBAHHSIM.

BaxkamBoI0 BJACTHBICTIO ITHOTO BHUIPOMIHIOBAHHS BUSIBUJIACSA HMOT0 IOBHA
He3aJIeKHICTh BiJ 30BHIIIHiX YMOB: OCBIiTJIEHOCTi, TeMIIEpaTypH, THUCKY, €JIeK-
TPUYHOTO 1 MaATrHITHOTO MOJIiB TOIoO. BiacTuBicTh ca-
MOUMHHO (CIIOHTAHHO) BUIIYCKATH BUIPOMiHIOBAHHS
Ha3BaJ PagiOaKTHUBHICTIO, a PEYOBUHU, SAKi BUIIYCKa-
IOTh TaKe BUIPOMiHIOBAHHS, — pagiOaKTHBHUMMH.

Y 1900 p. dpaunysskuii yuenuii Iloas Biitap mo-
KasaB, II0 icHye i TpeTsa CKJamgoBa BUIPOMiHIOBaH-
HS ypaHy 3 HEe3BUYANHOI NPOHUKHOIO 3JaTHIiCTIO,
10 He BiAXuaseThbcsa B MarHiTHoMy moJai (mai. 250).
3a amaJioriero 3 ABOMAa IIOIEPEeIHIMM CKJIAJZOBUMM ii
0ys10 Ha3BaHO TPETHOIO JIiTEPOI0 T'PEIbKoro aadaBiTy
yY-BUIIpOMiHIOBaHHAM. Pesepdops cBoimu 3HaMeHUTH-
MH OOCJIiflaMM OOBiB, IITO O-BUIPOMiHIOBAHHS CKJIAHa-
IOTHCA 3 BiJHOCHO Ba'KKMX YACTUHOK, AKi BUABUJIUNCA
anpamu atromiB I'esiro.
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EnekTpoHu, 110 JeTATH 3 BEJIUKOIO IITBUIKICTIO, HA3UBAIOTh [J-4aCTHHKAMH,
aapa atomiB I'eito — o-YacTHHKAMM. y-IIPOMEHi 3a CBOEIO IPUPOJOIO ITOMi6-
Hi 10 PEeHTTreHiBCbKUX IIPOMEHiB, BUAMMOIO CBiTJIa i pamioXBujb, ajie MAaiOTh
3HAYHO MEHIITY AOBKWHY XBUJI i Ay’Ke BeJIMKY IPOHUKHY 3JaTHICTb.

XapaKTepHOI0 03HAKOIO O-UAaCTHMHOK € IX AYyKe BesJinKa eHeprid. Pamioak-
TUBHI PEUOBMHU BUITPOMIiHIOIOTH O.-UACTHUHKM pPi3HOI meBHOI eHeprii. Hatiuacri-
e paJioaKTUBHA PEeUYOBMHA BUIPOMiHIOE HE OJHY, a KiJibKa Pyl O-YaCTHUHOK,
KOXKHIN 3 AKMX IpUTaMaHHe IIeBHe 3HAUEeHHA MOYATKOBOI eHeprii.

IlponiTatoun Kpish peUOBHMHY, O-YaCTHHKA IIOCTYIIOBO BTpauae eHepriio,
3aTpavae ii Ha MHOHi3aIlil0 MOJIEKYJ] PEUOBUHU i, 3PEIINTOI0, 3YIUHIETHCA.
IIlo Ginmbita rycTMHa PEUYOBUHHU, TO MEHIINM € IIJIAX YaCTHUHOK OO0 3YIINUH-
Ku. Tak, y moBiTpi 3a HOPMAJIBHOTO THCKY MIJIAX YAaCTUHKU MOPiBHIOE KiJb-
KOM CaHTMMeTpaM. ¥ TBepPAif PEeYOBWHI MIJIAX YACTUHOK CTAHOBUTH yCHOTO
KiJIbKa AECATKIB MiKpPOHIB (0-UaCTUHKU 3aTPUMYIOTHCS 3BUYAWHUM apKyIIeM
mamepy).

B-BumpoMiHIOBAHHA € MOTOKOM eJyieKTpoHiB. Ha BigMiHy Bijy o-4acTWHOK,
3HAYEeHHs IXHBOI eHeprii Je)kaTh y MesKax BiJf HyJIA 0 MEBHOTO MaKCHUMAaJIbHO-
ro sHaueHHA E . MakcuMmasbHa eHepria E, € XxapaKTepHOIO CTAJIOI AJd SaHO-
ro XiMiuHOTO eJeMeHTa.

YHacxigoK BimHOCHO MaJjoi Macu B-4aCTUHOK IPU IIPOXOKEHHi KPish peuo-
BUHY MOXKJIMBE BiIxXmieHHs IX Ha 3HAUHMUII KyT — pO3CilOBaHHS B PisHi OOKH.
TpaekTopii f-yacTMHOK y PeUOBUHI ny:Ke MOKpyueHi. [IpoTe cymapHa TOBIIIMHA
mapy, Ha AKY [-4JacTUHKAa MPOHUKAE B PEUOBUHY, V JECATKU Pa3iB IEPEBUIIYE
OpoO6ir o-4YaCTHUHOK.

BigcyTHicTh BigxniieHb B €JIEKTPUYHOMY 1 MAarHiTHOMY IIOJIAX Ta BeJIMYe3HA
IPOHWKHA 3JATHICTH Y-IPOMEHIB yKa3yBaJii Ha Te, IO 3a CBOEK IIPUPOAOIO
BOHM aHAJIOTiUHi IO PeHTreHiBCbKUX IPOMEHiB.

IlporukHa 3maTHICTH y-IPOMEHIB 30iJBITYETHCA 3i 3MEHIIIEHHSAM OBMKUHU
XBUJIi Y-BUIIPOMIiHIOBAaHHS i 3MEHIIYETHCS 3i 3POCTAHHAM TyCTHHU PEYOBU-
HU-TOTJIMHAYA.

PagioakTHBHICTh — IIe SABHIIE CIIOHTAHHOTO (CAMOUYMHHOTO) IIEPETBOPEHHS
HECTIHKHX fAJdep OTHOrO ejieMeHTa B A[pa iHIIOro ejieMeHTa, SIKe CYIIPOo-
BOIKYETHCS BUIPOMIHIOBAHHAM Pi3HHX UYACTHHOK 1 eJIeKTPOMArHiTHHX
XBUJIb.

ITpupona pagioaKTBHUX BUIPOMiHIOBaHb YKAa3y€ Ha Te, M0 iX IPUUYUHOIO €
CaMOJIOBiJIBHUI PO3IaJ aTOMHUX SAAep pafioakKTUBHUX eyeMeHTiB. [Ipu mpomy
IesdKi 3 Axep BUNYCKAIOTh JUIIE O-YaCTWHKH, iHINI — B-yuacTmHKu. € pamio-
aKTUBHI #AApa, AKi BUIYCKaOTh 00MIABa BUAM YAaCTHHOK. DBiJbImricTs amep
OJZHOYACHO BUIIYCKA€E i y-IIPOMEHi TOIIIO.

Hocaimryioun nepeTBOPeHHSA PaLiOaKTUBHUX DPEUYOBUH, yUeHi BCTaHOBUJIH,
10 iHTEeHCUBHICTh BUIIPOMIiHIOBAHHSA OJHUX PEUOBUH 3MEHIIYETLCA i3 Yacom
IMIBUIKO, iHINTMX — Habararto moBijbHire. s KOKHOI pagioaKTHUBHOI PeYOBU-
HU € IIEBHUM Yac, IIPOTATOM AKOro KijabKicTh ii aTomiB sMeHHIyeThCA BABiUi.
Ileit iHTEepBas Ha3UBaIOThH Hepiogom miBposmany 7.
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Ilepiox miBpo3magy — Ie iHTepBaJ yacy, 3a SKMH BUXiTHE YHMCJIO pagioak-
TUBHHUX ANEP Yy cepeTHbOMY 3MEHIIYETHCA BIABiUi.

Hexait y mouarkoBuit MmomeHT uacy (f = 0) KiJbKicTh pamioaKTUBHUX aTOMiB
mopiBHIOE N,. Uepes uac, 1110 JOpiBHIOE Iepioay miBposmany T, 3HaUeHHSA KiJb-

. . N .
KOCT1 aToM1B CTaHOBHUTHUME, 3a BU3HA4Y€HHAM, 70. ‘Iepes yac, 10 a0p1B-

HIOE JBOM IlepiomaMm miBposmany, Ix Oyze

N,
N, N, P .
e = 52 yepes 7 MepiofiB miBpoamamy pamioax-
. N .

TUBHUX aTOMiB 3aMuIIUTBCA N = 2—’?. OcKinbKu
t

n=-—,To
T

t
N =N,2T.

ITe#t Bupa3 Ha3MBaAIOTh 3aKOHOM PaTi0OaKTHB-
HOTO po3manay, BiH YCTaHOBJIIOE 3aJIEKHICTD KiJb-
KOCTi paZioaKTMBHUX aTOMiB PEeYOBMHU BiJ dyacy
S S posnany. Moro Bizkpunu B 1902 p. Eprect Pe-
T 2T 3T 4T 5T t sepdopn i Ppemepix Commi.

Mar. 251 I'padik 1iei 3ajeKHOCTI MOKa3aHO Ha MaJIOH-
Ky 251.

Ilepion miBposmamy — ¢ismuHa BeJmMUMHA, II0 XapaKTepuU3ye IBHIKICTH
PagioaKTUBHOTO PO3MATYy.

IIIBuakicTIO pagioOaKTMBHOTO PO3maay, a00 aKTHMBHICTIO Pali0aKTHUBHOIL pe-
YOBMHY, HA3UBAIOTh YHCJIO PO3MAiB, 1[0 BiZOyBalOThCA 32 OJMHUIIO YaCy.

Iz sakoHy pamioakTHBHOrO pPO3IAAy BUIJIMNBAE, IO AKTUBHICTH HIPSIMO
OpOIopIIifiHa KiJbKOCTiI amep, abo Maci mpemapary, i o6epHeHO IIPOIOpIliiiHa
nepiony miBposmamy.

Mo meHmmii mepioy miBpo3majny, TO MEHIIWM € Yac JKUTTA aTOMiB, TO
mIBUIITE BigOyBaeThbcsa posnak. Jda pisHMX peyoBUH HOTo 3SHAUEHHS My’Ke Bil-
PiBHAOTHCA.

() 3ANWTAHHA 0O BUBYEHOIO

1. LLlo po3ymitoTb nig pagioakTUBHICTIO?

2. Aknum METOA0M MOXKHA PO3L4iNUTN pafioakTMBHE BUNPOMIHIOBaHHS Ha CKNadoBi
YacTUHN?

3. lMoscHITb disnyHy npupoay a-, B- i y-BUNPOMIHIOBaHHS.

4. Aki nepeTBOpeHHS BiAbyBalOTLCA B pe4OBUHI BHACNIAOK pafioaKTMBHOMO BUMNPO-
MiHIOBaHHA?

5. Wo Take nepiog nispo3nagy?
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§ 27. NOHIBALUINHA [OiA PAOIOAKTUBHOIO
BUMNPOMIHIOBAHHAL.
NPUPOOHUN PAOIOAKTUBHUA ®OH

Hi;{ yac pobOTH HA ANEPHUX YCTAaHOBKAX i 3 pamioaKTUBHUMU IIperapaTaMu,
AKi BUKOPHCTOBYIOTHCS B PiBHUX TraJiy3aX HAyKHU i TexHiKM (IZedeKToCKomis B
MaIllMHOOYAYBAHHI, pagioaKTHUBHI HpUIagW IJs KOHTPOJIIO TOBIIWHN, PiBHSA
pinuH, mpoMeHeBi JaTUNKY, IIPUCTPOIL AJIsI AaBTOMATH3allil BUPOOHUUYNX IIPOIECiB,
3aCTOCYBAHHSA BUIIPOMIiHIOBAHBb V MEAUIIMHi, JOOyBaHHS i ImepepoOka ypaHOBUX
PYZ TOIIO), JIOAWHA 3a3HAE€ 30BHIITHLOTO PAJiOAKTHBHOIO OIIPOMiHEHHS.

HonisylounmM Ha3MBalOTH BUIPOMIHIOBAaHHHA, AKe IJ Yac B3a€MOMil 3 pe-
YOBMHOK) CIIPUYUHAE MOHI3AIliI0 CKIaTOBHX HOr0 aTOMIB i MOJIEKYJI, TOOTO
IMEepPEeTBOPIOE HENTPAJbHI aTOMU a00 MOJIEKYJIM Ha HOHM.

o pisHOBUAIB OHIZYIOUOTO BUNIPOMiHIOBaHHA, AKi BU BiKe 3Haere (o-, B-
i y-BunpoMiHIOBaHHSA, PEHTTEHIBCHKI IIpoMeHi), HaJieKaTh IIOTOKU HEHUTPOHIB,
nporouiB Tomro. Kojaum BUIPOMiHIOBAHHSA HPOXOAUTHh KPi3h PEUOBUHY, aTOMHU
i mMoyleKysM, 3 AKMX BOHA CKJIAJAETHCSA, HMOHIBYIOTHLCSA. YHACIITOK 30V KeH-
HS MOJIEKYJ Y JKMBOMY OpraHiami ix ()yHKIIil MOKYThH IOpyIIuTHCA. ¥ pasi
Homisamii aTomMiB BiAmOBigHA KMBa KJIITHHA BUABJIAECTLCS IIOIIKOIMKEHOIO.
EnexTponu, 1mo BXogsaTh A0 CKJaAy aTOMiB UM MOJIEKYJI CepeloBUINA, Biapusa-
IOThCS Bil HUX i MOXKYTBH mepeMinryBaTucs 1mo Bciit pewoBmui. Hanmpukianm, mifg
VILIMBOM OIIPOMiHEHHS 30iJbIIyeThbCA CTYIIiHBb AucoIliailii MoJeKyJa BOIM Ha
vionm Tigporeny i rizpoxkcupa-iionm.

Vouu i pagukasy, IO yTBOPIOIOTHCS y TKAHWHAX OpPraHismMy min Oesmo-
cepefHIM YIJIMBOM BUIPOMiHIOBaHHSA, MHOYMHAIOTH B3AEMOMIATU 3 iHIIUMU
mMoJgexkyaamMu. IIpogyKTu BTOPMHHHX peakIliii, y CBOIO Uepry, pearyioTh 3 HO-
BUMU MOJEKYJIaMU, YHACJiJOK YOTr0 CKJAaJ PEUOBHMH Yy TKAHWHAX 3MiHIOETH-
csa. CkJam pisHMX CHOJIYK, IO PEryJIO0Th MifAJbHICTH OPraHisMy, 3MiHIOETH-
cs, i 3aJIesKHO BiJl iHTEeHCHMBHOCTI ONMPOMiHEHHS MOKYTh BUHMKHYTH TaK 3BaHi
mpoMeHeBa XxBopoba, PaKOBi myxXJuHU, JelKeMisa (0i0KpiB’sa) Torro.

Heiitponn Gesmnocepensunbo HoHi3aIil He BUKJINKAIOTDH, ajile, BCTYHAal0uUld B pe-
aKI[if0 3 PiBHMMH TKAaHWHAMH TiJa JIOAWUHU, CIPUYNHAIOTH TOSIBY BTOPUHHOTO
MOHi3yI0YOTO0 BUIIPOMiHIOBAHHS.

Bynb-aki smimu B onpoMineHOMY 00’€KTi, cIpruMHEHi HOHi3yIOUMM BHIIPO-
MiHIOBaHHSAM, Ha3WBAIOTh paJialiiiHO iHAyKOBAHUM e()eKTOM.

3ajexxHo Bijg piBHA OioJsoriuHoi opraHisamil »KuBOI peyoBMHU pajgiobioJio-
I PO3PIBHAIOTH TaKi BuAM O0iOMOIIKOKEHb HOHIBYIOUMM BUITPDOMiHIOBAHHSIM:
MOJIEKYJAPHUN — yimKomkeHHa mosekyn [[HK, PHK, dbepmenTiB; HeraTuBHUIH
BILJIMB Ha IIpoIlecu OOMiHY; CYOKJIITMHHUNA — YIITKOIKeHHs OiomMeMOpaH i cKJa-
IOBUX €JEeMEHTIB KJIITWH; KJIITHHHMH — TraJbMyBaHHSA i OPUIMHEHHS HONiIY
KJITHH Ta 4acTKOBE IIEPETBOPEHHS IX y 3JI0AKICHI; TKAHMHHMHN — YIIIKOI)KEH-
Hf HaWYYyTAWBIMINX TKaHWH 1 OpraHiB (HAIIpUKJIaJ, YEPBOHUIN KiCTKOBU
MOBOK); OPTraHi3MOBHMI — TIOMiTHEe CKOPOUYEHHSA TPUBAJIOCTI JKUTTSA ab0 ITBUIKA
3arubeyib OpPraHiaMy; NMOMYJAAMIMHUNA — 3MiHA T€eHETUYHUX XaPaKTEPUCTUK B
OKpeMuxX iHAuBigiB.

141

MpaBo ona 6e3onnaTHOro po3milleHHs NigpyYyHUKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITM i Hayku YkpaiHu http://mon.gov.ua/ Ta [HCTUTYT MoaepHi3aLii 3micTy ocBiTu https://imzo.gov.ua



PO3NII 4

Jis KinbKicHOI XapaKTepHUCTHKU [Oil HOHi3yIOUOro BUIPOMIiHIOBAHHSA HAa
HaBKOJIUIITHE CepeIoBUINEe BBeIeHO TaKi (GisuuHi BeJIMUYMHU Ta iX OJUHUIIL.

OcHoBHY ()isMUHY BeJIMUHHY, IO XapaKTepU3y€ paJioaKTHBHE IKepeJio,
Ha3MBaIOTh aKTHBHICTIO A:
4N
t

ne N — KigbKicTb pagioaKTMBHUX posmnaniB; ¢t — uac posmany. ¥ CI 3a omm-
HUITI0O aKTUBHOCTI mpuitHaTo oamu Oexkepesab (1 Bk). AxtuBHOCTi 1 Gexkke-
peab BigmoBimae OAMH PO3IMajk 34 CEKYHAY. ICTOPHMUYHO IIEePIIOI0 PEeYOBMHOIO,
Ha AKil BMBUAJIM 3aKOH PaJioaKTHUBHOI'O pPO3Iany, O0yB paxniii-226. B ogmomy
rpami pagiio BigbyBaeTbcda 3,7 - 101 posmnazniB 3a cexkyHay. TomMy B ImpakTuu-
Hill mosumeTpii Ta pamiamifiHii GisuIili KOPUCTYIOTHCA ¥ iHIIIOI0 OAMHHUIICIO aK-
tuBHOCTi — 1 Kropi (1 Ki):

1Ki=3,7-10Bxk.

IIpuitasiTo BBaKkaTH, IO 3MiHU, SIKi Bif0OyBalOTHCS B ONMPOMiHEHili pPeYOBU-
Hi, BUBHAYAIOTHCS IMOTVIMHYTOIO €HEPTieio pagioaKTHBHOI'O BUIIPOMiHIOBAHHS.

ITorauHYTOXO 703010 BUNIPOMiHIOBAHHA D Ha3MBAIOTh BiTHONIEHHA IOTJIHHY-
TOi M03u eHeprii E 1o Macu m onpoMiHEHOI PEeYOBMHU:

p-L
m

3a OAWHUII0 HOTINHYTOI mo3u mpuiinaTo 1 pax (amria. radation absorbed
dose — «OTIWMHYTA 1034 BUIIPOMiHIOBAHHS»).

1 pag — 1e Jo3a, IpM AKiM onmpoMiHeHill pe4yoBuHI Macoro 1 Kr mepemaerbcsa
: -2
enepria 10 ° k.

¥ CI morimHYTYy 03y BUOPOMiHIOBaHHA BU3HaualoTh y rpeax (I'p).

1 rpeit TOpPiBHIOE MOTJIUHYTIiN M03i, IPH AKili oNMpPOMiHEHili pe4OBMHI MacoI0
1 Kr mepegaeThCcA eHepria HoHizyrouoro BunpoMminoBamug 1 Ix:
Ik S
1Tp=1 Hr
IIpore, aAKmIo 6 HaBiTH ymaJocd 3TiCHMTH BUMIPIOBAHHS IOIVIMHYTOI 03U
BUIIPOMiHIOBAHHSA Oe3mocepeqHbO B »KUBili TKaHWHI, He3BaKaOUM HA IX CKJAI-
HiCTb, MiHHICTHh IIUX BUMipIOBaHL Oyjia 0 HEeBEJIMKOIO, OCKiJIbKM OJHAKOBA €Hep-
rig pisHMX 4YACTMHOK BUKJIMKAE HEOTHAKOBHUII Oiosoriunumii edpexrt. Tomy mias
MeINYHOI JiarHOCTUKM BUKOPHCTOBYIOTH 3JAaTHICTh PEHTIeHiBChKUX IIPOMEHiB,
110 IIPOXOAATHh KPidh TKAHMHU OPraHidMy, HOHiI3yBaTH TaKOK TKAHUHOEKBiBa-
JIEHTHY PEUOBMHY — IOBiTpA. BumipioBanHA 1riel HoHizaIii mpuBesio 10 IIOABU
JO3MMEeTPUYHOL BeJIMUMHY — eKCIO3uIlifiHoi nosu D,, AK Mipu HoHisaniiHol mil
Ha MOBiTp4.
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ExcnosuniiiiHa mo3a — KijgbKicHAa XapaKTepPHCTHKA Y- i pPEeHTTeHiBCHKOTO
BUIIPOMiHIOBaHb, SIKA I'PYHTYETHbCS Ha iX HOHi3ylouii mii i BM3HauaeThCA
CYMApHHMM eJeKTPUUYHMM 3aPAAOM HOHIB OQHOTO 3HAKA, YTBOPEHUX B OIH-
HMIII MacHu MOBiTpA:

e g — 3apdA] YyTBOpPeHUX HMOHiB; m — Maca IOBIiTpA.

OnuHUIIEI0 eKCIOo3uUIlifiHOI 103U € oguH KyaoH Ha Kimorpam (1 Ka/kr). ITpu
TaKifl eKCImO3UIiMHIN M03i BHACHIMOK HOHizamiiiHOI Ail BUNIPOMiHIOBAaHHS HA
moBiTpa i MAKiI TKaHMHU B 1 KI cyXoro moBiTpsd 3a HOPMAaJbHHX YMOB YTBO-
POIOTHCA MOHHM KOKHOTO 3HAKA, [0 MaroTh 3apan 1 K.

Ila ommHMIA pasa 3MOTy TOB’SI3aTU TOITJIMHYTY €HEPrilo 3 HoHisaljiii-
HUM i OiosioriunumM ederTaMu. Y NIPaKTHUYHIN H03uMeTpili BUKOPHCTOBYIOTh
eKCIO3UI[IfiHY 03y BUNPOMiHIOBaHHA — oauH peHTreH (1 P).

OguH peHTreH — Ie TaKa EKCIO3UIIilfHA 032 PEHTTEHiBCBKOIO 4YM Y-BH-
NPOMiHIOBaHb, IPU AKiid B 1 em® cyxoro nosirpa (1,29 ° 1076 kr) mpu 0 °C
i TMcKy 760 MM pT. CT. yTBOPIOIOTHCA HOHU, AKi MAIOTh 3apsl KOKHOTO
3HaKa, 1o aopiBHiI0E 3,34 ° 107° K.

Excnoosurmifina nosa mpaKTUUYHO 3py4YHA, OCKiJIbKM HOHi3aIlilo IOBITPSA Jer-
KO BHMIpATH 3a OOIOMOrom mo3ummerpa. MOKHA BHKOPHCTOBYBATH 3B’SI30K
Mixk mosacuctemHoio (Kii/kr) i cucremuoro (1 P) oguaussmu:

1P=2,58" 1074 Ka/kr; 1 Ka/kr = 3,88 103 P; 1pamx=1,1P.

ITpu no3i 1 P yrBOproerscs npubausuo 2,08 - 10° nap HoHiB.

3a3HAYMMO, III0 B IOBITPi 1 M’SKMX TKAHWHAX OPTaHi3My JIIOAWHU OJHAKO-
Bi exkcrno3uIiiiHi 103U PEHTTeHiBCHKOIO YU y-BUIPOMiHIOBaHb CTBOPIOIOTH IIPU-
0JIM3HO OJHAKOBY KiJbKicTh HOHIB y 1 e, Tomy MOKHAa OIiHIOBATH IIOTVIMHAH-
Hsa eHeprii M’SKMMM TKAaHWHAMU He 3a MOTJIMHYTOIO J030I0 BUIIPOMiHIOBAHHSA
(D), a 3a exBiBajIeHTHOIO0 103010 D, .

ExsiBanenTna mosa (D, ) — Lie NOrIMHyTa /03a, IOMHOXKeHa Ha Koedili-
ent K, mo BimoOpaska€e 3aTHICTh BUNIPOMiHIOBAHHS IEBHOTO TUILY YHHUTHU
Iil0 Ha TKAHWHU OPraHi3My:

D, = KD.

€KB

Koedinienr K masuBaioTh BigHOCHOIO 6iojoriunoro edextuBHicTio (BBE),
abo koedimieaTom akocti. [[159 peHTreHiBCHKOTO, ¥- i f-BunpominoBans K = 1,
IJIS TEeIJIOBUX HEeUTPOoHiB K = 5, nja mBUAKUX HEUTPOHIiB i mporoniB K = 10,
g o-uactuHoK K = 20.

Opunurtiero exBiBasenTHOl n03u B CI € oguu 3iBept (1 3B), HA YecThb IIBe[-

cbKoro pagioGiosora Poasga 3isepra. 1 3B = 1 H— IJIT PEeHTTeHiBCHLKOTO,
KT

o- i B-BunpomMiHIOBaHb.
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Tpeba BpaxyBatu ¥ Te, IO pisHI
0,12 — uepsonuil Kicmkosuil M030Kk YACTHUHU Tijla MAIOTh Pi3HYy UYYTJIMUBICTH

0,03 — kicmKosudHa MKAHUHA o ompoMiHeHHs. Yepesd Iie 03U OIPO-
0,03 — wumonodiora 3aro3a MiHeHHS opragiB i TKaHWH HOTPiGHO 00-

YUCJIIOBATH 3 PIiBHMMU KoedimieHTaMmu
0,15 — monouna sarosa pagiamiitHoro pusuky (Maa. 252).

IloMHOKUBIIM €eKBiBaJIeHTHI Jo3W Ha
BimmoBimHi KoedimieHTn pagiaiiiiHOro
PUBUKY OJA BCiX opraHiB i TKaHMH Ta
TiICYyMyBaBIIN iX, OTPUMAEMO 3HAUECHHS
eheKTUBHOI €eKBiBaJEHTHOI [103M, IIO
BijoOpaskae cyMapHuii eeKT ompoMiHeH-
HA opraHiamy. EdeKkTuBHaA eKBiBajieHTHA
mosa BBemeHa MIisKHApOAHOIO KOMiciero 3
paziamiitaoro saxucry (MKP3). Ii ogunu-
et B Cl € Takox oguH 3iBept (1 3B).

IlincymyBaBmu inguBigyanapHi edex-
TUBHI €KBiBaJIEHTHi 1031, Ofep:KaHi I'py-
OO JIIOZel, BUBHAUUMO KOJEKTUBHY
1,00 — opeanism y yinomy e(peKTUBHY eKBiBaleHTHY m03y. 1i oxu-

Man. 252 uHurew B Cl € oguH JI0auHO-3iBEpPT.
IIpore BuHHMKae moTpeba Ije B OIHO-
My BU3HAUEeHHi, OCKiJIbKY 0araro pafioaKTUBHUX HYKJIAiB (ATOMiB 3 IEBHUMU
XapaKTepUCTUKAaMM) PO3MATal0ThCA JTOCUTH MOBiJIBHO i HAJOBro 3aJIMIIAIOTHCS
pamioaKTUBHUMMU.

KonekTuBHy edeKTuBHY m03y, IO Oofep:KaTh 0araTo IOKOJIiHBb Jilomeil Bifn
PazioaKTUBHOTO [iKepeJsa BIIPOAOBIK YCHOTO Yacy MOTO IIOAAJIBIIIOTO iCHYBaH-
HsI, HA3WBAIOTh OYiKyBaHOI0 (IIOBHOIO) KOJEKTHUBHOI e()eKTHBHOIO €eKBiBa-
JIEHTHOIO J030¥0.

IIpoGiema 6iosioriuHOTO BIJMBY HOHI3yHOUMX BUIPOMiHIOBaHbL Ha KUBIL
opraHisMu ¥ YyCTaHOBJEHHSA 3HaueHb OE3MeYHUX 03 OIPOMiHEHHS TiCHO
IoB’A3aHa 3 ICHYBAaHHAM IIPHPOAHOTO PamioaKTHBHOrO (OHY Ha IOBEPXHi
3emiai. CupaBa B TOMY, IO B Oyab-AKOMY Miciii Ha moBepxHi 3emui, mig sem-
JIer0, v BOJi, B aTMoc(hepHOMY HOBITpi #1 y KOCMiYHOMY IIPOCTOpPi € HoHi3yroUi
BUIIPOMiHIOBaHHA PidHMX BUAIB i pisHoro moxomxeHHd. I{i BunpominoBaHHA
icHyBasiu, KOJU Iile He OyJ0o JKUTTA Ha 3eMJi, € BOHU M ChOrogHi, OyAyThb
i Hagaai. B ymoBax icHyBaHHS IPUPOMHOrO pajgiamiitHoro (POHY HA 3eMJIi BU-
HUKJIO KUTTS, AKe IIPOUIIJIO IIJIAX eBOJIOIl IO CBOrO TENEPillTHbOTO CTaHY.
Tomy MOKHA 3 YIIEBHEHICTIO CKasaTu, IO [O3W OIPOMiHEeHHs, OJM3BbKi m0
piBHA IpPUPOAHOTO (POHY, HE CTAHOBJATH CEPIO3HOI HEOE3MEeKU IJA KUBUX
opraHismis.

Yum e 3ymosJeHe iCHY8AHHS npupodHozo padiayiitHozo (QOoHY i ske 3HA-
YeHHs (POH0B80T 003U ONPOMIHEeHHS?

Y Oinprrocti micimks Ha 3eMJi 3HauHa YacTHMHA [OO3U IIPUPOAHOTO (oHY
3yMOBJIEHA 3O0BHIIIHIM ONPOMiHEHHSM, CTBOPIOBAHUM Y-BUIIPOMiHIOBAHHAM
OPUPOIHUX PaTiOaKTMBHUX i30TOmiB 3eMHOI Kopm — ¥Ypamy, Topito, Kaiito Ta
immux ejsiemeHTiB. IloTy:KHiCTH [03W B30BHIIITHBOTO OIPOMiHEHHSA B3aJIEKUTH
Big Tumy mopiz seMHOI KOpM B JaHill MicieBocTi, Big marepiaiiB, 3 SKHX
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criopym:xeHo OyamHKu. Haibinbimy pamioaKTHMBHICTH MAalOTh T'PaHiITHI mMOpoAun
¥ crTinm KaM’AHUX OYAWHKIB, HAWMEHIITYy — CTiHU JAepeB’aHuUX OyamHKiB. I[o3a
30BHIIITHBOTO (POHOBOT'O Y-OIIPOMiHEHHS KOJIMBAETHCA B OLJIBIIOCTI MicIb Bix
0,3 mo 0,6 M3B 3a omuH PiK.

Ha 3emuni € micmeBocTi, y AsKMX I'PYHTH MICTATH BEJUKY KiJIbKicTh YpaHy
1 Topito, ToMy piBeHb 30BHIIIIHHOTO Yy-OIIPDOMiHEHHSA B HUX MOXKe CAraTU [0
8-15 m3B 3a pik. Cepenme 3HAUYEeHHS €KBiBaJEHTHOI M03W BiJ 30BHIIITHBOI'O
(oHOBOTO y-OIpOMiHEHHA MOKHA npuiiHATH piBHUM 0,4 M3B 3a piK.

Hpyre m:kepejo ONPOMiHEHHA — KocMiuHe BumpomiHoBaHHsA. Kocmiumnum
BUIIPOMIiHIOBaHHAM Ha MOBEPXHIO 3eMJi (BTOpMHHE KOCMiuHe BUIIPOMiHIOBAH-
HsI) HAa3WBAIOTh MOTiK y-BUIPOMIHIOBAHHA ¥ IMIBUAKNX 3aPAMKEHUX YaCTUHOK,
110 BUHUKAIOTHL B aTMoc(epi Imijg miero IMepBMHHOIO KOCMIUYHOIO BHIIPOMIiHIO-
BaHHS, fAKe CKJIAJa€ThbCsA B OCHOBHOMY 3 IPOTOHIB, IO HAAXOAATH 3 KOCMOCY.
3emHy armochepy MOKHA TPUPIBHATH [0 AECATUMETPOBOTO IIapy BOAU, AKa
IOTJIMHAE OiJIBINTY YacTUHY KOCMIiUHOT'O BUITPOMiHIOBAaHHS W HANINHO 3aXUIIAE
Bce 'XuBe Ha 3eMJi Big ¥oro BumiamBy. Ha piBHI Mops mos3a onmpoMiHeHHSI J0-
piBuioe 0,3 M3B 3a piK. 3 TWiAHATTAM y BepxHi Iapu armochepu MOTYKHIiCTH
HOTOKY KOCMiuHOro BuUIIpoMiHIOBaHHA 3pocTae. Ha Bucori 3000 M man pisHeMm
MOPsSA BOHA 30iJIbIIYETHCA MPUOJIN3HO BTPUUL.

KpiM 30BHIIIIHBOTO OmpOMiHEHHSI, KOXKHHUI KMBUII OpraHisM ImIigmaeTbcs
BHYTPIIIHBOMY OnpoMiHeHHI0. BoHO 3yMOBJIeHe TuM, IO 3 iK€I0, BOJOIO U II0-
BiTpAM B OpraHiaM IIOTPAILISIOTh PidHiI XiMiuHi eqeMeHTH, IO MAlOTh IIPUPO/I-
HY pagmioaxktuBHicTh: Kapbou, Kamiit, ¥Ypan, Topiii, Pagiit, Pagon. KinbKicTs
IIUX eJIEMeHTIiB B OpraHisMi JIIOOZWHM 3aJIeKUTh Bif I:Ki, Ky BOHA BIyKUBAaE.
Y misomy cepenHe 3HaAUeHHS €KBiBaJIEHTHOI OO3U OIPOMiHEHHS, 3yMOBJEHOI
OPUPOIHUMHU PATiOAKTUBHUMM i30TOHAMM, IO IIOTPANJISAIOTH B OpraHiaMm
JoanHU 3 iXKero i Bomoro, nopiBHIOe mpudausao 0,3 M3B 3a piK.

3HauHy YacTHUHY A03Y BHYTPIIIIHBOTO ONPOMiHEHHsS B OiJbIIOCTi Micib Ha
3emJi ckaamae pagioakTuBHuil PamoH i mpoayKTu itoro posmajy, IO HOTPAIl-
JISTIOTH B OPraHi3M JIOAWHU 3 JUXaHHAM. PalloH TOCTifHO yTBOPIOETHCA ¥
I'pyHTi moBcoogu Ha 3emui. Ile iHepTHUiI ras, TomMy B I'DYHTiI BiH He BTpPHU-
MY€ETbCA ¥ MOCTYIIOBO BUXOAUTH B armocdepy. KoHIeHTpalis pamoHy miz-
BUIMYETHCA B B3aKPUTUX HEMPOBITPIOBAHUX IIPUMIIEHHAX, OCOOJUBO BUCOKA
BOHA B IiBAJIbHUX IIPUMIINIEHHAX, ¥ HUMKHIX IMOBepxaxX OyAMHKIB, OJU3BKUX
Io rpyuty. ¥ Oigbmiocti OyAMHKIB HHTOMa aKTUBHICTHL PaJoHYy I HPOAYKTIB
tioro posnany mopiBHioe 6u3bko 50 Bx/M, 110 npubsausuo y 25 pasiB Buile 3a
cepenHiil piBeHb MMTOMOI aKTUBHOCTI aTMoc(epHOro MOBIiTpA 1mo3a OyAUHKaMMU.

CepenHe 3HaueHHA pPivYHOI eKBiBaJIeHTHOI [03W OIPOMiHEHHS, 3yMOBJIe-
HOI pajJoHOM i mpoayKTamMu iioro posmany, mopiBuioe 1 m3B. Ile mpubaus-
HO IIOJIOBMHA CepefHBOI PiuHOI /03M ONMPOMiHEHHA, AKY OJEPKYE JIOAUHA
Bim mpupomHux mikepes papgiamii. OT:Ke, cepeagHe 3HAUYEeHHA €KBiBaJIeHTHOI
T03M ONMPOMiHEHHS, 3yMOBJICHOI MPUPOTHUM pamianmiiHuM (GoHOM, TOPiBHIOE
0au3pKk0 2 M3B 3a piK.

Y mam uyac yci Jsrogu Ha 3eMJuni migmaroThbeA mil HoHisyrouol papmiarmii me
TIJIBKY OPUPOTHOTO, a ¥ IITYYHOro moxomskeHHdA. IITyuHuMu AKepesaMu pa-
miaiii, cTBOpeHUMU JIIOAWHOIO, € PEHTTeHiBChbKi MiarHOCTHMYHI @I TepaleBTUYHi
YCTaHOBKU, 3acO0M aBTOMATHYHOTO KOHTPOJIIO I KepyBaHHA, II0 BUKOPUCTO-
BYIOTh PaJiOaKTUBHI idoTomnu, silepHi eHepreTHYHi i JOCHiTHUILKI peakTopH,
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IPHUCKOPIOBaYi 3apAMKeHNX YaCTHMHOK i pisHi BHMCOKOBOJIBTHI €JIEKTPOBAKYYM-
Hi IpuJiagu, BiIXOAM TEIJIOBMX i aTOMHUX €JIEKTPOCTAHI[if, IPOAYKTU SAEp-
HUX BUOYXiB.

3 ycix mMITyYHUX OKepeJs IHoHisyroouoli pasgiaiiii maiibijbllle BOJIMBAIOTH Ha
JIOAVHY I:Kepeja PEeHTTreHiBChbKOro BUIIPOMiHIOBAHHSA, IKi BUKOPMCTOBYIOTHCS
B mepunuHi. CepegHsi eKBiBajJieHTHa [103a, OAEepPsKyBaHA JIOAWHOIO 3a PiK
Yy IPOMUCJIOBO PO3BHHEHUX KpaiHax, MOopiBHIOE 01u3bKO 1 M3B, TOOTO OJIU3BKO
MIOJIOBUHY [TO3U MPUPOAHOTr0 (hoHY.

Pagiamiitina mebOesmexa mig uyac poOOTHM 3 pamioaKTUBHUMHU IyKepeaaMu
cupaBhi icHye, i BOoHA HaA3BUYAWHO MIiICTyIIHA, OCKiJIBKY Ba’sKKi, 4aCTO HEIIO-
IpaBHI MATOJIOTiYHI 3MiHM B OpraHismi HacTaiOTh Iif Ai€0 BUIPOMiHIOBAHHSA
0e3 IMIOHAMEHININX CYO’€KTUBHUX O3HAK, SIKi CHUIHAJI3YIOTh IIPO HeOe3meKy.
IIi sMiEM HarpomMaaKyiOThCA, HAPOCTAIOTh B OpTraHiaMi 1 iHOAI IPOABIAIOTHCA
Jullle veped 3HAYHUIN dYac (JecATHpiuusa) miciada (GaKTUYHOTO OIPOMiHEHHH,
KOJIX JIIKyBaJibHe BTPYYaHHS BUABIAEThCA 3anisuiaum. Tomy Jgerxosakie
CTaBJIEHHA OO0 pazgiarii abCcoJ0THO HEeIPUIyCTUME.

3MEHIIIUTH MOITVIMHEHY A03y BUIIPOMiHIOBAHHSA (3aXHUCT BiJ BUIPOMiHIOBAH-
Hs) Iig yac poboTH 3 AKepesaMu HOHi3yoouoi pamgiaIiiii MoKHA TaAKUMU 3aXO0-
JaMHu i BUMOTaMu.

«3axucT BigcTaHHIO» — 3i 30iJbIIeHHSM BiAcTaHiI BiJf TOYKOBOro miKepe-
Ja papgiarii iHTeHCUBHICTh BUIIPOMIiHIOBAHHSA i IOTVIMHEHA O03a 3MEHIIYIOThCH
o0epHeHO IIPOMNOPIifiHO KBaApaTy BiAcTaHi.

«3axHUCT YacoM» — III0 MEHIIHNH yac mepeOyBaHHA B 30Hi Ail BUITpOMiHIOBaH-
Hs, TO MEHIIIa TOTJIMHEHA /03a.

YcTaHOBJIEHHSI 3aXMCHUX €KPaHiB, 1[0 MOTVIMHAIOTH BU-
@ npominoBauHA. CTyIiHb eKpaHYBaHHA 3aJIEXKUTh Big mpo-
HUKHOI 3IaTHOCTI PiSHMX THUIIIB BUIIPOMiHIOBaHHSI.
OO00B’A3KOBe 3HAHHS i BUKOHAHHS IIEPCOHAJIOM IIPaBUJI
‘.‘ 0e3MmeKH ITiJ yac poOOTU B 30Hi Ail BUIPOMiHIOBAHHSA, a TAKOMK
‘ moiH(gOpMOBaHICTh IIEPCOHANY i HaCeJeHHA IIPO HASBHICTH
HeOesImeKy paaioaKTUBHOIO OMPOMiHEeHHSA YU 3a0pyaHEHHS.

Ha mamionky 253, a mokasaHO OCHOBHMII 3HaK pajia-
mifimoi HeOesmeKu, a Ha MAaJOHKY 253, 6 — yBeIeHUU y
2007 pori momaTKOBMM 3HAK pajmiailiiiHol HebGesmeKu. 3a-
3BMYAl TaKMMM 3HAKAMM MO3HAYAIOTh TPAHCIOPTHI 3acobm
IJA IIepeBe3eHHs paJioOaKTUBHUX PEUYOBHH, a TaKOMXK Tapy
Oy ix s0epiranHs i TpaHCIOPTYBaHHS, MicIiad 30epiraHHs
pamioaKTUBHUX PEUOBUH, po0OUi 30HU, y AKUX € pajiarisd,
Man. 253 3a0pyAHeH1 TiaAHKYN TepuTopii ToImo.

() 3ANWTAHHA 0O BUBYEHOIO

1. Jante BM3HAYEHHSA 403N BUNPOMIiHIOBaHHSA. Aki ii oguHuui B CI?
2. lllo Ha3mBaTb NOrMMHYTOK 403007
3. [anTte BU3HA4YEHHS OOQHOrO rpesi.
4. fAlk noB’A3aHa eKkcnosuuiviHa Ao3a i3 3apsaom Tina?
5. [lanTe BU3HayeHHs ogHOro 3isepTa.
6. Ynm BigpisHAETbCS ehbekTnBHA ekBiBarieHTHa 403a Bif KONEKTUBHOI edpeKTmB-
HOI ekBiBaneHTHOI Jo3un?
7. Lo Take npupogHuii pagiauiviHnin poH? Ak Bifg HbOro 3axmuarTbes?
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§ 28. LOSUMETPW. BIONOIIYHA OIA
PAOIOAKTUBHOIO BUNMPOMIHIOBAHHA

II;JIH KOHTPOJIIO 38 OIPOMiHEHHSM BUKOPUCTOBYIOTH JO3MMETPUUHI MPUJIAIN.
Y npumittieHHAX 1A POOOTU 3 BUIIPOMIiHIOBAHHSAMY BCTAHOBJIIOIOTH JO3UMETPH —
IPpUJIATH OJIs BUMIPpIOBAHHA 103 BUIPOMIiHIOBAHHA B TAHOMY MIcCIli IIpHUMIilleH-
Hd, X yacTo 3a0e3IeuyioTh IIPHUCTPOEM, IKUI aBTOMATUYHO IOJAa€ 3BYKOBHUiIT abo
CBITJIOBUI CUTHAJI, IKIIO 034 BUIIPOMiHIOBAHHS IIEPEBUIITYE AOITYCTUME 3HAUECHHS.
Kosxua mrommHa mig uac poGoTH 3 pafioaKTHBHUMN PEYOBMHAMU IIOBMHHA MAaTH
mpu coli KOHTPOJIBbHI IIPWJIaiu, IO MOKa3YIOTh 03y, AKY BOHA OflepsKaJja IIPOTH-
rom pobouoro gHsA. I3 I[iefo MeTOO y cIeliaJbHi KaceTu BKJIALAIOTH IIIMATOUKK
¢oTOmIiBKY i 3apamKeHy KaceTy KJIaAyTh y Kuilienio. Hanpukinmi pododoro mms
(abo THMKHSA) MJIiBKY HMPOSABJIAIOTD i 3a CTyHeHeM IX MOUYOpPHiHHA BU3HAYAIOTH OJIep-
JKaHy 703y. SIK KUITIEHBKOBI O3MMETPM BUKOPHCTOBYIOTH TAKOXK iHTErpyBaJIbHI
HoHisaIiiiHi kamepu, AKi 3a (OPMOIO0 HATaAYIOTh ABTOPYUKY.

B Vkpaiumi mobyToBi mosmMeTpMUHiI OpuMJIaAM TOYAJSH BUIYCKATH JIUIIIE
micoa aBapii Ha YopHoOuabchbKitt AEC. [loduMeTpuuHi npuaagu MogiJaA0Th 3a
MpUBHAYEHHAM Ha iHAMKATOPHM — TIPOCTi IPUJIAAU IJA BCTAHOBJIEHHSA HAABHO-
CTi BUIIPOMiHIOBAHHS i1 mpuOJIM3HOI OIMiHKM ¥oro iHTencuBHOCTi («Pock», «CO-
EKC» Ta iH.); peHTreHOMeTpH — MIPU3HAYEHi AJsA BUMIipIOBAaHHA 03U Y-BUIIPO-
miroBauHA («Crpmk-11», «[III» Ta in.); pagiomerpu — yHiBepcasbHi mpuaanu,
III0 MOXKYTh BHMipIOBATH NO3W OCHOBHUX BHUJiB BUIIPOMiHIOBAHHS, aKTHUBHICTH
3pasKiB T'pPyHTy Ta Iixki, pagiamiiine saOpynHeHHsS mmoBepxoHb («TEPPAy,
«CTOPA», «Beta» Ta in.).

3a3HauMMO, IO JIUINE pagioMeTpH 3i CBUHIIEBUMM KaMmepaMu (HaIpUKJIAaI,
panmiomerp «Beta») maioTh HOCTOBipHiI 3HaueHHsA BuUMipioBaHb. Po6GoTa mosume-
TPUUYHUX MPUJIALIB T'PYHTYETbCA Ha (PiSUUHUX
MeTogax peecTparnii HOHI3yOUOro BUIIPOMiHIO-
BaHHS.

Ha manaionky 254 mokasaHO OO3UMETPH pis-
HUX THUIMIiB.

OcKifbKM pajioaKTHUBHE BUIITPOMiHIOBaAHHS
MIKiJIMBO BILIMBAaE Ha KUBiI KJIITMHU, IIOTPiOGHO
opraHizoByBaTH 3axuCT Big Hboro. Tpeba matu
KOHKPETHiI BimomocTi mpo milo pamioaKTHMBHOIO
BUIMIPOMiHIOBAaHHA 1 paJioaKTUBHUX OIAaJiB Ha
JIOAVHY 1 HaBKOJMIIIHE cepenoBuiie. I3 1iero
metTor0 I'enepanpHa Acambaes OOH y rpya-
Hi 1955 p. sacHyBasa HayxoBuii xomiteTr 3 mii
aromuoi pagmiamnii (HKIIAP) nansa omimku y cBiToBoMy MaciiiTabi m03 ompomi-
HeHHdA, iX edeKTy i MoB’I3aHOr0 3 HUM PU3UKY.

3 ypaxyBaHHAM HPOBEJEHUX AOCTiIKeHb YCTAHOBJIEHO T'PAHUYHO AOMYCTH-
Mi mo3u ompomiHeHHA. 151 HacesleHHA OyAb-AKOT0O BiKy He3aJeKHO Bia Miciia
HPOKMBAHHA I'PAHMYHO JOIIYCTHMOIO 103010 ompomimenus € D = 0,05 I'p za
pik. Ilo3a saraJyibHOrO onpoMiHeHHsA JioguHu D = 2 I'p mpusBOgUTH A0 IIpOMe-
HeBol xBopobu, D = 6 I'p i Gigbllle MaiisKe 3aBKAU CMEPTEJIbHA.

Man. 254
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JJis SHUMKEeHHS O03U OIPOMiHEHHS HABKOJIO AKEpes PagioaKTHBHOTO BUIIPO-
MiHIOBaHHS PO3TAIIOBYIOTH 0iOJIOTIUHMUIT 3aXMCT 3 PEUOBMH, IO J00pe IIOTJIMHA-
I0OTh BUIIPOMiHIOBaHHsA. HalmpocTimmM MeTOJOM 3aXMCTy € BigmaJleHHs Bif
IKepeJs BUIPOMIiHIOBAHHSA Ha JOCTATHIO BificTaHb. SIKIIO Ile HEMOXKJINBO, TO IJIS
3aXVCTy BiJl BUOPOMiHIOBAHHS BHKOPHCTOBYIOTH IIEPEITKOAN 3 IOTVIMHAJIBLHUX
MarepiaJiB, OCKiJIBKM O-4aCTMHKMN MAalOTh MaJli MOBXKUHU IIPOOiry. P-aKTUBHI
I)Kepesia, HaBiTh MaJMX aKTUBHOCTEl, Tpeba eKpaHyBaTHU, HAIIPUKJIAL, IIIapOM
miIacTMacu abo CIeIiaJiLHOTO CKJIA, IIT0 MiCTHUTh CBUHEIb.

Hnsa saxucry Bif y-BUIIDOMiHIOBAaHHA IHOTPiOEH MAaCHBHIIIWI 3aXWCT, SAK
IIpaBUJIO, CBUHIIEBI KOHTeliHepu. PoboTu 3 pamiamifiHuMu BigxomaMu IIPOBO-
ISATBHCS 3a JOIMOMOTOI0 MAHIIIYJISATOPiB y cHellialbHUX KaMepax (MaJj. 255).

Man. 255

A 3axmery Bifi 0COOJMUBO MOTYKHUX AKEpes] BUIPOMiHIOBaHHA (Ipaitio-
[0Ui peaKTopu, IPUCKOPIOBAUi TOIO) CHOPYIKYIOTH OETOHHI CTiHM BiAIOBigHOL
TOBII[UHU.

PagmioakTnBHI peUOBMHM MOKYTH NMOTPAIIMTU B OPTaHi3M IIiJi yac BAWXAaH-
HS TOBiTPs, 3a0pyAHEHOr0 PaJiOaKTUBHUMU ejieMeHTaMu, i3 3a0pyIHeHuMU
XapuOBMMHY IIPOAYKTaMU abo BOAOI0, Kpish mkipy. MIMOBipHiCTH HmOTpamISHHS
TBEPAUX YaCTHHOK Yy AUXAJIbHI OpraHM 3aJIeKUTh Bim iX posamipiB. HacTuHKU
posMipaMu IOHaJ 5 MKM Mai:Ke BCi 3aTPUMYIOTHCS B HOCOBili ITOPOKHUHI.

ARII0 pagioHYKJIiAM, IO MOTPANJIAIOTh, B OPraHiaM, OJHOTHUIIHI 3 eJieMeHTa-
MH, AKi BXKUBaE JIOAMHA 3 I)Keio, ToO BOHW HOJiJAIOTHCA Ha TaKi, IO 3aCBOIO-
IOThCA OPraHi3sMoM, TOOTO CTAlOTh HOT0 YACTHMHOIO, i TaKi, IO JOBrO He 3aTpH-
MYIOTLCSA B OpraHisdMi i BUBOAATHCS IIPUPOSHUM IIIJIAXOM.

JeAKi pamgioaKTUBHI peUOBUHU, MIOTPAILIAIYN B OPraHisM, PO3HOiISIOTHCA
B HBOMY OiJIBIII-MEHIII PiBHOMIipHO, iHIIi — KOHIIEHTPYIOTHCA B IIEBHUX BHYT-
pimuix opramax. EnemenTu, xiMiuHo 3B’s3aHi 3 TKaHMHAMM OpraHismy, Ayxe
TMOBiJIBHO BUJAJISAIOTHCA 3 HBOTO.

106 mesikoro Mipoi0 3aXWCTUTH OpraHis3M Bij pamialtii, 3aCTOCOBYIOTH PeUo-
BUHU-OKCUIAHTH, IO HAJIEXKATh J0 PAXiONPOTEKTOPIB (3aXUCHUKIB), aje iX I0-
TPibHO BixMBATH OO0 onpoMiHeHHs. Opramisallisi IOCTIHHOIO MeIUUYHOI'O KOHT-
PoOJIIO 3a HACeJIeHHSM, OOAep:KaHHsSA TirieHM MicIlb IPOKHBaHHS Ta 0cobmcTol
ririeHn 3HAUHO CIPHUSIOTHL MOXKJMBOCTI POOOTUM Ta IPOKUBAHHSA 0e3 PUBUKY
IJISI 30POB’S JIIOJUH.
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Biosioriuny miro pagiamiiiHoro BUONpoOMiHIOBAHHA HA OPraHi3M JIIOAUHU MOMK-
Ha OI[IHUTH 3a HacJifKaMM BUIIPOOyBaHBL aToOMHOI 30poi B aTrmocdepi, a Ta-
KOMK pagiamiiHmxX KaracTpod, Io iX 3asHaJjio JioacTBo. Ilepimioio kaTacTpodoro
cTaB BUOyX ABOX aToMHHX O00om0 Hajn micramu Xipocima i1 Haracaxi B 1945 p.
Y dAnowmii Tux mgomei, AKi mocTpaykmanau Big aroMHHX BMOYXiB, HA3WMBAIOTh
xibakxycsa. OpgHielo 3 KaTacTpod cTaB BuOyX 4-ro eHepreTuuHOro 6J0Ka Ha Hop-
HOOMIBLCHKiN AEC 26 xBiTHa 1986 poKy.

Amnanis HacaigkiB 1mux KaracTpo@d IIoKasas, III0 pajgialliiiHe BUIIPOMiHIOBaH-
HA BIIWBaE Ha (GyHKIIT, AKI CymIpOBOMKYIOTHCA AKTUBHUM MOAIJIOM KJIITWH.
TTomrkom:xyoTHCA TAKOXK iMyHHa, KPOBOTBOPHA CHUCTEMU, €IIiTe] il KUIITKOBOTO
TPaKTy, OPOHXiB, JIeTeHiB.

Y fmownii cmouaTKy cmocTtepiraJsioca piske 3poCTaHHSA 3aXBOPIOBAHOCTI Ha
JefKeMil, paKk MIJIYHKA, MOJIOUHOI 3a03u. Taki 3aXBOPIOBaHHS CIIOCTEpPiraan-
cA 1 y IoXKeXKHUKIB i JikBigaTopis aBapii ma HAEC. ¥V 1986 p. HaiixapaKTepHi-
UM HacJigKoM aBapii OyB pak miuromoxibHoi sajsosu (moHan 600 HamdomHo-
BUX 3aXBOPIOBAHbB).

Y fmonii yepes 25—30 pokis micasa 6ombGapayBaHHSA ITo4asia 30iJbITyBATHUCS
KiJIbKICTh CepIieBO-CYIMHHUX 3aXBOPIOBAaHb. lle ABUINE CIIOCTEPITaeThCS TAKOMK
i B VYkpaiui. ¥ xibaxkycsa cepemHsa TPUBAJICTh KUTTA CTAHOBUTH 82—83 pOKH,
TOOTO BOHU € JOBIOKUTEJIAMU, He3BAKaOUM Ha pajfialfilite ompoMiHeHHS.

Ilepiox miBposmazy Mony-131 cramoButs 8,04 mo6u. Yepes 8 nmiB micisa
aBapii Ha HAEC zaaummuniaacs MOJOBMHA Big #Ioro momepegHbol KiJbKOCTi, I1e
yeped 8 muiB — 1/4, motim — 1/8, 1/16 i 1. n. TobTo 3a 2 MmMicAIi aKTUBHICTH
oy sHm3MIaca Mailke o Hyad. Moro ok Glosoriuna mist Ha OpraHiaMm JIIOAUHU
BUSIBUJIACA JIKIIIe Yepe3 3 POKMU.

YHacJIiIOK sAaepHOTO IIEPEeTBOPEHHs BUHUK PamioaKTUBHUU Iesiii. Bim mae
OinpIIME TIepion miBposmajny, HidK 0[], TOMY HOTYXXHICTb BUIPOMiHIOBAHHSA €
MEHIIIOIO.

Oco0suBo HeOesmeuHi aasa Jgogunu i TBapuH isoromu Crpomriro i Ilesiro.
Ximiuni Baactusocti Sr-90 i Cs-137 moxibHiI g0 BJaacTUBOCTEH BiAMIOBiIHO KaJlb-
Iifo i KaJiro, 1110 BXOOATH OO0 CKJAAY KiCTOK Ta M’A3iB JIIOAWHU i TBApUH. YMiCT
KaJjiiro y maci m’sa3iB cramoButs 0,3 %, a Kaabiiro — 14,7 % Big Macu KicTOK.

fAxio gognHAa ClIoKUBaE 3a0pyAHeHi 1esieM i cTpPOHIliEM XapuoBi IMIPOAYK-
™1, a B ii pamioHi Opakye kKaJjito (barati Ha KaJjiifi — KBacoJis, TOpox, 600wu,
KapToILJIsA, IIOMiJopu, IIIIuHAT, abpuKocH, isoM, A0ayKa) abo KasbIilito (barari
Ha KaJblliii — Kamycra, ropixu, ropox, cup, Aimsd, puda, MOpPKBa, BiBcgHa
Kpyma), To B opraHismi siogquau aromu [lesito B M’sizax 3aMiuA0Th aTromu Ka-
Jito, a aromu CTPOHIIiIIO — y KicTKax 3aMiHAOTH aromu KaJbirio.

Ilepion miBposmanay Sr-90 craHoBuTh 28 pOKiB, a Iepiof, MPOTATOM SKOTO
3 OpraHisMy JIIOAWHUN BUBLIbHAETHCS moJsioBuHa CTpoHIIiIO, cTaHOBUTH 50 poO-
KiB (¢isiosoriunmii mepiom HamiBBUBeIeHHsA is3oTomy 3 opramismy). IIpak-
TUYHO CTPOHILiH, II[0 HOTPAIMB y KICTKHU JIOZUHK UM TBAPUH, 3 HUX YKe He
BUBiJbHAETHCA. [[0 BUIIpOoOyBaHb AMepHOI 30p0i B OpraHismi JirogmHm 1esiio He
BUSIBJISAJIN.

IIpo Bimmaneni Hacaigku aii pamioaKTHBHOTO BUIIPOMIHIOBAHHA B MAaJIAX
Ios3ax Ha JKUBI opraHisMu MOKHAa 3pOOMTU IIEBHI BMCHOBKH, CIIOCTEpirarmoum
3a pocauHaMu. BigxujieHHsS B PO3BUTKY POCJIHH CTAIOTh MOMITHUMH 4Yepes
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KilbKa MOKOJiHB micas ix ompomimenmusa. [MocaigHuKu Opaju IIEHHUIIO, IO
BHpOCJa IO0JM3y peakTopa. ¥ MHepIIuil piK BUCiIBY He BigOyBaJjocs »KOTHUX
3Mid. YopHOOUJIBCHKI «TeHN» IPOABUJINCS, MOUHMHAIOUM 3 TPETHOT'0 IOKOJIiH-
HA. 3 KOXXHIM BHCiBOM KiJIBbKiCTh MyTaHTIB 3pocTac.

Orke, pafioaKTHBHE BUITPOMiHIOBAHHSA MOKe ypaKaTH JIIOACHBKUN OpraHism
TpboMa ciiocobamMu: 1) 30BHIIIHBOIO Ai€I0 — YPaKeHHs BMCOKOIO J0300 pajiairii
BeJIMKOI KiJILKOCTI KJIITHH oprauiamy. ¥ IbOMY pasi TAMKKI IOMIKOIKEHHA K-
BOl TKAHWHU 1 O3HAKV HPOMEHEBOI XBOPOOM BUSABISAIOTHCA IMPOTATOM KiJIBKOX
oHiB. fIKIMO opraHisM 3a3HaB HAATO BEJIMKUX ypaskeHb, TO JIIOAMHA IIOMUPAE.
Cryninb XBopoOM 3aJjIe’KUTh Big piBHA pafiaiiii Ta CIIPOMOXKHOCTI opraHismy
OPOTUAIATYA pajiallii; 2) BHYTPilIHBOIO Ti€I0 — Uepes OpraHu TPaBJIEHHSA, TKIIO
TyAU TOTPAIIAIOTHL PAJiOaKTWBHO «3a0pymHeHi» Ka i Boma. YpaskeHHA Mae
TPUBAJNYN XapaKTep i HacTae BHACJIIOK IIOMIKOIKEeHHA OKpeMol KiitTuHu. Ilo-
KO KeHa KJITHMHA MOYKe BUIKWUTH 1 3aJIMIIIaTHUCA B «COHHOMY» CTaHi Gararto
POKiB, OZHAK I KJITWMHA IIJIKOBUTO 3MiHeHA. I 3rojoM mOYMHAIOTH PO3BUBA-
THCS TeHeTUYHi MyTallii, [0 IPU3BOAATH OO0 TIKKKUX XBOp00; 3) BHYTPIIIHBOIO
i€ uepes JieTeHi, SIKIO JIIOJUHA BAMXAE PaJiOaKTUBHUIN IIWI.

Y pesyiabTaTi il HOHIZYIOUOT0 BUIPOMiHIOBAHHS B OpPraHisMi JIOAWHU Bin-
OyBamThCS CKJAAHI ¢isuumi, ximiuni Ta Giosoriuni mporecu, AKi IpuU3BOIATD
o 3MiH y )YHKI[IOHAJIbHIN AiAJBHOCTI PiBHUX OpraHiB Ta cuCTeM OpraHisMy B
mijiomy. YIJIWB Pi3HUX 03 ONMPOMiHEHHA Ha OPraHi3M JIOAWHU IIPEICTABJIEHO
B Ta0JIMILi.

[o3n onpomiHeHHs MpuyuvHa Ta HacniakM BNAMBy

(0,7-2,0)- 1073 Ip [lo3a Big npupoaHunx axxepen 3a pik

5.10°%T; Honyctume onpoMiHEHHS HaceneHHsi B HOpMarbHUX yMOBaXx 3a
P pik
0,031p OnpomiHeHHs nig yac peHTreHorpadii 3ybis
0,05 Ip Oonyctume onpomiHeHHA nepcoHany AEC y HopmanbHux
’ yMoBax 3a pik
01T1p PiBeHb N0ABOEHHS NMOBIPHOCTI FTEHHUX My TaLii
0,25 OpHokpaTHa [o3a BMMpPaBAaHOMoO PU3MKY 3a Hag3BUYaANHWUX
’ obcTaBuH
0,31p OnpoMmiHeHHs nig Yac peHTreHOoCKoNii LWiyHKa (MicueBe)
0.75 I KopoTko4acHi He3HauyHi 3MiHWM cKknagy KpoBi, MNOPYLUEHHSA
’ P dyHKLiT HEpBOBOI CUCTEMU
1,0lp [lo3a BUHWKHEHHS TOCTPOI NPOMEHEBOi XBOpoou
35T Bes nikyBaHHa 50 % OnNpoMiHEHMX MOMMpPAE MNPOTAroM
P 1-2 micsuiB yHacnigok nopyLweHHs QisnNbHOCTI KNITUH MO3KY
10-50 T CmepTb HacTae yepes3 1—2 TUXHI BHACMigoK BHYTPILWHbLOI KpO-
P BOTEUi, FONIOBHUM YMHOM LUSTYHKOBO-KULLIKOBOrO TPAKTY
100 I CmepTb HacTae vepes Kinbka roguH abo AHIB yHACnigoK yLKO-
P OXXeHHS LeHTpanbHOI HepBOBOi CUCTEMY
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() 3ANMUTAHHA 0O BUBYEHOIO

1. Aki TN QO3MMETPIB BM 3HaeTe?

2. Po3kaxiTb, SK pagiayliiHe BUNPOMIHIOBaHHS BNAMBAE Ha OpraHiam JIIOOUHN.
3. Mpo ski pagiauiini katacTpodu B 3HaeTe? Konu BoHu Biabynuca?

4. MoSACHITb, YAM Hebe3neyHi CTPOHLLN i Lesi.

5. Y Yyomy nonsrae gis pagioakTMBHOrO BUNPOMIHIOBaHHS Ha >XUBWIA OpraHiam?

§ 29. noAaIn BAXKUX AQEP. NTAHLUIOIOBA AOEPHA
PEAKUIA noainy. AODEPHA PEAKLUIA

Hpouecn, Oig yac IKWX ONHI siApa IepexoAsATh B iHIMi, HA3WBAIOTH AAEPHH-
MM HepeTBOpPeHHaMHU. SInepHi mepeTBOpPeHHA MONINIAIOTH, HA PadiOAKTUBHICTH
(pamioakTUBHMI po3man) i saepHi peakriii.

Ilix yac pagioakTUBHOTO po3maay onHe AAPO (Horo HA3WMBAIOTHL MATEPHH-
CBKHM) TIEePEeTBOPIOETLCA B OomHe abo IBa MOYIpHiIX YHACJIIZIOK CaMOYMHHOTO
BUIIYCKAHHSA eJIeMEHTAPHUX YACTHHOK, sSJep 1 eJIeKTPOMATHITHOTO BUIIPOMIiHIO-
BaHHS.

Apepni peakmii BigOyBaioThCs TOMi, KOJM BHACJJIMOK B3iTKHEHb YaCTHUHKU
BIIPUTYJI HaAOJMMKAIOTHCA 0 SApa i HOTpaILIATb y cdepy Ail sgepHUX CH,
10 i copuYuHAE 3MiHY Aaep.

SmepHi mepeTBOPEHHs 3a3BMYAl 3aIMCYIOTH IIOLIOHO 0 XiMiuHMX peakIfii:
JiBOPyY BaMUCYIOTh YACTUHKMW 1 fA7pa, M0 BCTYHAOTh y B3AaEMOMiI0, a IIpa-

o

BOPYY — IPOAYKTHU peakIiii, ToOTO HOBi YaCTMHKU, Aapa i eJeKTpOoMarHiTHe
BUNPOMiHIOBaHHsS. Bu BiKe 3HaAETe, IO HYKJIIW MO3HAYAIOTH CHMBOJIOM ‘%X.
EnemenrapHi yacTUHKY MO3HAYalOTh TaK: € (_ge abo B) — emexTpoH, p (abo
%H ) — IPOTOH, n — HENTPOH, Y — €JIEKTPOMarHiTHe BUIPOMiHIOBaHHSA (CBiTJIO,
DPEHTTeHiBChKI MpoMeHi abo y-BUIIPOMiHIOBAaHHSA). OL-YACTUHKY IIO3HAYAIOTH abo
JiTepoio o, abo CMMBOJIOM 3He (agpo Texiro).

Bu smaete, mo aBuie pagioaKTUBHOCTI BimkpuB Bekkepeins mig uac mo-
craimiB i3 comamu Ypany. Ilpu mpomy BimOyBaBcsi o-posmap sSaep 2§§U, AKUN
CYIIPOBO/I;KYBaBCsI YTBOPEHHAM saep isotomy Topiio 2%%Th 3 BUNYCKAHHSIM
0-YaCTUHOK i Y-BUIIPOMiHIOBaHHS:

232U - 2?{,%Th + éHe + 7.

IlepeTBopenns smep BimOyBaeThbcA 3a TaK 3BAHMM NIPABHJIOM 3MillleHHS,
sAKe Brepline chopmyaoBaB aunaiicbkuit ximik Commi. Ilim uac o-posmamy
SAAPO BTpaya€ MO3UTHUBHUN 3apAn 2e¢, a Maca 3MEHIIYETHCSI NMPHOIU3HO HA
4 aroMHi oguHHMII Macu. Y pe3yJabTaTi ejleMeHT 3MiIl[yeThCs Ha OBi KIITMHKHN
10 IOYaTKy MepioguYHOl CUCTeMU eJIEMEeHTiB:

A A-4 4
ZX —> Z—2Y + 2He.
Ilix yac B-posnmaay aAxpo HaGyBa€e JOJATKOBOTO MO3UTUBHOTO 3apsany e, i ese-
MEHT 3MIiII[yeThCA HA OOHY KJIITHHKY OJIMMKUe J0 KiHIlA HMepioguyHOl CUCTEeMIH:
A A 0
72X > 7Y + _je.
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. . .40
Hanpuraan, mig gac B-posmany isoromy Kauiro ;oK mpomykrom posmany
. .40
€ aapo isorony Kaubirito 57Ca, 1110 CpoIineHo MoKHA 3alKMCATH TaK:

40 40 0
19K = 5Ca + je.
Y-BUIIPOMIiHIOBAHHSA HE CYIIPOBO/YKYETHCA 3MiHOIO 3apsapmy, Maca Aapa 3Mi-
HIOETHCA HaA3BUYANHO MAJIO.

3MiHy aTOMHMX AmEpP y pe3yabTaTi iX B3a€EMOil 3 eJIeMeHTAPHUMHU YaACTUH-
KaMu ab0 Mik co0010 Ha3UBAIOTh AJePHUMU PeaKUiiMu.

Hna spificHeHHsa sAepHOI peakIii yacTHHKM Tpeba HaOMM3UTH OO0 SAApa
BOPUTYJ (Ha BigcTaHb 0JM3BKO 1071° M). SIKIMo peakIlisa BigOyBaeThCs Hin mi€io
IIOBUTHBHO 3apAIKEHOl YaCTUHKU, Tpeba, o6 BoHA MaJia KiHeTUYHY eHeprilo,
JOCTATHIO JJIS MOJOJAaHHSA Oii CHJI eJJeKTPUYHOro BiAIITOBXYBaHHA. TaKky eHep-
riro HaJaOTh IPOTOHAM, O-YaCTHUHKAM Ta iHIIIUM Ba)KUYUM ApaM 3a JOIOMO-
TOI0 IPUCKOPIOBAYiB eJleMeHTapHUX UYACTHUHOK Ta HMOHiB.

3HaeMo, MI0 OAWMHUIIEIO €Heprii € OguH AMKOYyJb, ajie Ile 3aBeJUKa ONUHU-
A I 3alycy 3HAaUeHb €HEePrii, XapaKTepHUX IJs eJeMEHTapHUX SANePHUX
nporeciB. [a1s 1boro 3asBuuaii 3aCTOCOBYIOTH OXUH eJeKTpPOoH-BOIbT (1 eB),
onuH KimoeineKTpoH-BOJGT (1 KeB) i omun meraemexkTpoH-BoJabT (1 MeB). Onun
€JIEKTPOH-BOJIBT MOPiBHIOE KiHeTHMUHil eHeprii, AKy HabyBae eJIeKTPOH, IO PYy-
XA€eThCA B €JEKTPUYHOMY IIOJIi ITPU HAIIPY3i OAWH BOJIBT.

leB=eU=16-10"°Kn-1B=1,6" 10" Ix.
1 keB = 10° eB = 1,6 - 107'® II:x.
1 MeB = 10% B = 1,6 - 1073 IIsx.

IcTopuumno mepIIo AMEpPHOIO peakilielo, AKYy 3ailicHMJIA JIOAWHA, OyJia pe-
akKIia meperBopeHHs saiapa Hirporemy B ssgpo Oxcureny, sika BimOyBaJjacs B
mocaigax Pesepdopza B 1919 pori:

N + $He — 70 + IH.

Hua spificHeHHA AJepHUX pPeaKIliil NpUCKOpeHi YacTUHKU e(eKTUBHIIIi,
Hi’K O-YaCTHMHKHU, II0 iX BUIPOMIiHIOIOTHL IPHPOJAHI pamioaKTHMBHI eJeMeHTH.
ITo-mepirte, iMm MoOXKHA HagaTW 3HAYHO OijibIIOI eHeprii (MOpAIKY 10° MeB), no-
piBHAHO 3 o-uacTuHKaMu 3 eHepricio 9 MeB. Ilo-apyre, MoXHa BUKOPHCTATU
IIPOTOHU, AKi y mpolieci pagioakKTUBHOTO PO3Mnany He 3 sIBJIAITHC (Ile MOIiIb-
HO, TOMY IO IXHi¥l 3apAx yABiUi MEHITIMH BijJ 3apAAy O-4aCTUHOK, YHACJIJIOK
Yoro cuJjia, IO Ai€ HAa MPOTOHU 3 OOKYy sfAmep, Te:k yasiui memmra). Ilo-tpere,
MOKHA IIPHUCKOPIOBATH SAApa BaKui, HixK aapa lemiro.

Ilepirte mepeTBOPEHHS aTOMHUX SAZEP 3a JOIIOMOTOIO ITPOTOHIB BEJIMKOI €Hep-
rii, moOyTux Ha HmPHCKOpIoBaui, 3miticierHo B 1932 p., Ko BAAJIOCSA POIIIEIIH-
T JIiTi#i Ha ABi o.-uacTHHKU:

jLi + [H — jHe + 3He.

Bigkpurrsa HeliTpoHa OyJa0 TOBOPOTHUM NIYHKTOM Y HOCJiJMKEHHI saep-
HUX peakiiii. OCKiIbKN HEHTPOHM HEe MAalOTh 3apsAy, TO BOHU 0e3 IIePeIlIKos
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IPOHUWKAIOTh B aTOMHI fA7pa i cOpMYMHIOTH iX meperBopeHHA. Hampukian,
CIIOCTEPIraeThCcs TaKa peaKIrid:

AL+ in > 2INa + jHe.

Benukuii itaniicekuit ¢pisuk Enpiko ®depmi, sKuii mepmuM mmouaB BUBYA-
TU peakIlii, cupuumHIOBaHI HeHUTpoHaMu, BUABUB, WI0 AJePHiI IIepeTBOPEH-
Hs 3YMOBJIIOIOTBCSA HABiTHL HMOBiJIbHUMEN HelTpoHamMu. IIpmuomy mi mosinbHI
HEeHUTPOHU 3ae0iJbIIoro HaBiTh edexkTuBHiNIi, Hik mBuIki. Tomy mBuAKi
HeHTPOHU JOMiJLHO CHOUYATKY CIOBijMbHIOBATU. CIOBiJIBLHIOIOTHLCA HEUTPOHU
IO TeIJOBUX INMBUIAKOCTEll 3a JOIIOMOI'0OI0 PEeYOBMH-CIOBiJIbHIOBAYiB, OIHOIO
3 AKUX MOKe OyTu i sBmuaiiHa Boma. Llell edeKT MOACHIOETHCS TUM, IO Yy
Bozi € Oarato azxep I'izporeHy — mpoToOHiB, Maca AKUX MalKe AOPiBHIOE Maci
HelTpoHiB. A mig uyac 3iTKHEHHS KyJb OSHAKOBOI Macu HaHiHTeHCHBHiIIe
nepemacTbesa KiHeTnuna eHeprid. Ilig yac meHTpaJabHOTO 3iTKHEHHA HEMTPOHA
3 IPOTOHOM, IO IepeOyBae y CTaHi CIIOKOIO, BiH MOBHICTIO mepenac IIPOTOHY
CBOI0 KiHETHMYHY eHeprilo, ToOTO peasibHO CIOBLJIBHIOETHCA MO0 MIBUIKOCTE
TEIJIOBOTO PYXY.

ITomi6HO Mo XiMiuHMX peakIliii mesaki smepHi peakKIlii IpoxomATL 3 BUOiJIEH-
HSAM eHeprii, a JedAKi — 3 MOrIMHAHHAM (BiAIIOBIIHO eK30TepMiuHi i eHImoTEp-
MiuHi peakiii).

Ilomin aToMHUX smep — Iie OCOOJUMBUU BUMA AJePHUX PeaKIliii, KOJU SIPO
BaXKKOTI'0 eJleMeHTa NiJINThLCSA Ha OBi YaCTHMHM, OJHOUYACHO BHUIIPOMiHIOIOUN IBa-
TPU HEUTPOHU, Y-BUIIPOMiHIOBAHHSA 1 3HAYHY KiJIbKIiCTH eHeprii.

ITomin samep Ypany Bigkpuau B 1938 p. mimernbki Buemi Orro I'an i ®pin
IITpacman. Im yranoca BcraHOBUTH, IO Iix yac 60MGapAyBaHHA HEHTPOHAME
Axep isoromy Ypany 23§U BUHUKAIOTH €JIEMEHTU CepPeIHbOl YaCTUHU ITepioamu-

. .o 144 89 . . .
Hol cucremu: Bapiit “5¢Ba, Kpunron 34Kr i kinbka HetiTponis:

238 1 144 89 1

92U + on — “56Ba + 36Kr + 3¢n.

Aune mpaBuJbHE TIIyMaueHHs IIbOTO (GaKTy, camMe AK HOAiNy Aapa Ypauy,
1[0 3axXO0mmJjio HeiTpoH, v 1939 p. maau pisuxku — amriaiens Orro @pim i as-
crpitika Jliza MeiiTHep.

Besnocepenni BumipioBaHHA eHeprii, sKa BUAIISAETHCA IIiJ] Yac MOy sAapa

235 . - .
Ypany “5o U, nmigrBepauiau HaBeneHi MipkyBauHA i maam sHavenus ~ 200 MeB.

Binbmia vactuHa 11iei eneprii (168 MeB) npumamae Ha KiHeTHUUYHY eHepriio
Anep-ockoaKiB. EHeprisa, ska BuginsgeThcAa mif yac MOAiay sAnep, eJeKTpocTa-
TUYHOTO, a He SAEePHOTO MOXOM:KeHHsdA. SlmepHi cuiam MisK HYKJOHAMU KOPOT-
Kopiroui, momi6bHO o0 CHJI, IO JifOTh MisK MoJieKyJaaMu pigumau. OgHOUYACHO 3
BEJIUKUMU CHUJAMU eJIeKTPOCTATUYHOTO BiJIIITOBXYBaHHA MisK IIPOTOHAMMU,
AKiI HaMaralmThbCA PO3ipBaTy SAPO HA YaCTUHU, MiIOTH Ie OiJIBII SaepHi cuIu
nputaraugda. I1i cuau He KaOTh APy PO3HACTUCH.

Anpo Ypany-235 mae dopmy Kyiai (maa. 256, a). 3axonuBIIu 3aiiBUN Heli-
TPOH, AAPO 30YIKYEThCS i mMoOumMHAE nedopMyBaTHCs, HabyBalouu BUTATHYTOL
dopmu (maa. 256, 6). Aapo po3TATYEThCA AOTH, AOKHW CHJIU BiAIIITOBXYBAaHHS
MiK KIiHIIAMU BUTATHYTOTO fAApa He HepPeBaKATUMYThb CUJIN 3YENJeHHA, AKi
IiloTh Ha mepemuiiok (Mana. 256, ). Posraryiounck memaji my:Kue, sIpO PO3-
puBaeThCcA Ha OBi wactuHU (MaJja. 256, 2).
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Ilix miefo eJIeKTPUMUHMX CHUJI BiAIIITOBXYBaHHSA ITi
YJIaMKM YW OCKOJIKM PO3JIiTAI0ThCSA 31 HMIBUJKICTIO,
o gopiBHIOE 1/30 IMIBUIKOCTI IIOIIMpPEHHA CBiTJIA.

dDyHgaMeHTAJILHIM (PaKTOM AAEPHOTO IIOHiJIY
€ BUIPOMIHIOBAHHS B IIbOMY IIPOIleCi ABOX-TPHOX
HeliTpoHiB. CaMe B3aBIAKU IIbOMY CTaJO MOMKJIU-
BUM IIPAKTHYHE BUKOPUCTAHHSA BHYTPiIIIHBOSAEPHOL
eHeprii. 3po3ymiTu, YoMy BUIIJISIOTLCS BiJIbHI He-
TPOHU, MOXKHAa, BUXOAAYN 3 TAKUX MipKyBaHb. Bifo-
MO, III0 BiHOCHA KiJbKiCTh HEMTPOHIB y CTabiIbHUX
Axpax 3pocTae 3i 30iJAbIIEHHSM aTOMHOIO HOMEpA.

O _»° ToMy B OCKOJIKaX, fKi YTBOPIOIOTHCSA IIifl Uac IIOiy,
@ @«% BiiHONIIEHHA KiJIBKOCTI HEMTPOHIB 0 KiJIbKOCTI mpo-

"o  romiB OijpIlre, HiK Ile HOIYCTHMO OJIA siep aTOMiB,

Man. 256 IO MIiCTATHCA B CEPEAWHI MEPIOAMYHOI CUCTEMU eJie-

MeHTiB. Uepes Ie KijbKa HEHMTPOHIB BUBILIBHAETHCS

y mpormeci moziny. IXxHa emepria mae pisHi 3HaueHHA — Bif KiJBKOX Meraesex-

TPOH-BOJIBTiB [0 30BCiM MaJmX, OJu3bKux mo Hyas. Ile mae smory smiicHUTH
JIAHI[IOTOBY peakIliio Moaijly ypaHy.

@

AnepHi TaHIIOTOBI peakiii — e SAMEepPHI peakirii, mig yac SKMX YaCTUHKH,
1[0 IX CIPMUYMHIOIOTH, YTBOPIOIOTHCA AK IMPOAYKTH IIMX PEeaKIii.

I noxoninna o Byns-akuii 3 HeATPOHIB, 10 BUJITAE 3
Helmponis . .

sipa y IpoIleci moaiay, MOe y CBOK Uep-

Ockonor ) Ockonok I'y COPUYMHHUTH PO3IAJ CYCiAHBOrO sapa,

AKe TaKoK BUIiJA€e HEUTPOHM, 3aTHi
copuunHUTHA noniia. Tomy KinbKicTb Anep,
110 AiJIATHCS, IIBUAKO 30iIBIIYETHCA 1 BU-
HUKAE CaMONiATPHMHA JIaHI[IOIOBA peak-

II noxoninusa

< Iidg, cxeMy AKOI IOZAaHO Ha MAJIOHKY 257.
NOKORINHA JlaHITIOrOBa peakIliga CyIpPOBOIXKY-
Helimponis

€ThbCS BUIIJIEHHAM BeJIMUe3HOi eHeprii.
Man. 257 Big mominmy KosKHOrO siAipa BUIIJISIETHCS

omusbko 200 MeB eneprii. Big mosaoro
moainy Bcix apep 1 r ypany Bupinserbca 2,3 - 10* kBT - rox eHeprii, sxa exsi-
BaJIEHTHA eHeprii, I0 yTBOPIOETHCA BijJ cHajiloBaHHS 3 T Byrijas abo 2,5 T
HaAQTH.

JlaHIiroropa peakilisg IpakKTUYHO 3iMCHeHHA JIHIIIe HA TPhOX i30TOIax.
235 .o . . 233
Onun 3 HUX — “9oU mpucyTHill y mpupomuomMy ypahi, a asa inmwmx — “g3 U

. o 2
i IloyTowiit 32Pu — OJIeP?KYIOTH IITYYHO.

() 3ANWUTAHHA 0O BUBYEHOIO

1. Aki agepHi NnepeTBOPEHHA BN 3HAETE?
2. Ulo Take sipepHa peakuia?
3. Aki peakuii Ha3MBaOTb NaHLroBUMMN?
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§ 30. ATOMHI ENEKTPOCTAHLUII.
ATOMHA EHEPrETUKA YKPAIHW.
EKONOrIYHI MPOBNEMU ATOMHOI EHEPIFETUKU

BI/I B)Ke 3HAETe, IO JIAHITIOTOBA PeaKIlifd CYIPOBOIKYETHCA BUIIJIEHHAM Be-
Jn4Ye3Hol KijmbKocTi eneprii. I3 vacom mocTaso muTaHHA, AK I[I0 €HEPTIEI0 MOMXK-
Ha «IpUOOpPKATHU» i TPAaKTUUYHO BUKOPUCTATH.

ITicna mposemenmusa gociaimiB Pesepdopn BBaskaB, IO Horo poboTum — Iie
BUTOHUYEHA TEeOpis i JIOACTBO HiIKOJM He BUKOPICTAE €HEepriio, sKa «Iapimae»
B aromi. AJje micisa Toro, Ak y 1938 p. @penepik sKomaio-Kropi Binxpus san-
I[IOTOBY peakKIilo, CTaJI0O 3PO3YyMiJIMM, III0 €eHepriA aToMa — Iie BeJuUes3He IKe-
pesio emeprii, AKe MoKe OyTM BUKOpPHCTAaHe Ha 0Jiaro JIIOACTBa, a MOKe IIPHU-
3BeCTU ¥ OO TpariuHmX HACJIiIKiB.

3 1940 p. B Amepuri Ta Auriii moBHicTIO IpUONHUINCI TyOaikaIlii 3 aTom-
HOI (hisuKU i cTaam Aep:KaBHOIO TaeMHUIEI0. KOHTPOJIb Ha aTOMHOIO €eHepTieio
TIIEPEHIIoB A0 BifiCbKOBO-HOJITHUYHUX CIJI.

Y gunai 1945 p. y Jloc-Amamoci (CIITA) crBopeno atomHi 6omMOm, sKi 6 i
9 cepnHa 0yJI0 CKUHYTO Ha AMOHCHKI MicTa Xipocimy i Haracaxki. Enepris arto-
Ma OyJja BUKOpPHUCTAHA AJIA 3HUINEHHS JIIoAell i HaBKOJHUIIHBOT'O CePeIoBHUIIA.
Taxum uymHOM, caMe B SAJepHill 30poi OyJI0 BUKOPHCTAHO HEKEPOBaHY JIAHITIO-
TOBY peakIlilo moaijy ypaHy.

Yuepiiie KepoBaHyY JIAHIIOTOBY SJEPHY PeaKIlilo IOmiJly ypaHy 3IiACHUB Yy
CIITA xosekTuB yueHux ming KepiBuuiirBoM Exnpiko @epwmi y rpynai 1942 poky.

Y ciuni 1947 p. Irop KypuaroB 3miiicHUB mepiny Ha €BpOIeliCbKOMY KOH-
TUHEHTiI KepoBaHYy JIAHITIOTOBY peakIliio momisy ypany. Bim OyB mepekoHaHU,
10 JIIOAAM cJiyryBaTume MmupHuit arom. ¥ 1955 p. y Heresi Binbysmaca neprmra
MijKHapoaHa KOH(EpPeHIliaA 3 MUTaHh MUPHOT'O BUKOPUCTAHHSA aTOMHOI eHeprii.

HaykoBo-TexHIiUHNH ITporpec BU3HAYAETHLCA POSBUTKOM €HEPreTUKU KpaiHu.
Eneprerunka — HalBaKJAMBiIlIa rajJys3b HAPOJTHOI'O TOCIOZAPCTBA, AKa OXOILIIOE
eHepreTUYHi pecypcu, BUPOOJIEeHHs, IEPETBOPEHHS, IIepefady Ta BUKOPUCTAH-
HA pisHOMaHiITHUX BUAIB eHeprii. Ile — ocHOBa €KOHOMIKU KpaiHU.

H0depnoto enepzemuxor0 Ha3NBAIOTH 3AiVCHIOBAHE Y IIPOMUCJIOBMX MACIITA-
0ax MepeTBOPEHHA ANepPHOI eHeprii B iHIII BUAU (MeXaHiIYHY, eJIEKTPUUHY
TOIIO), IKi BUKOPHCTOBYIOTH IIOTIM /JJIsI BUDOOHUYMX i MOOYTOBHX MOTPED.

IlepeTBopenHs smepHOl eHeprii B eIeKTpUUYHY BifOyBaeThCcsd Ha ATOMHHX
exekrpocranniax (AEC), AKi OpUHIKIIOBO BiapisHAOTLCA Big 3BHUYAMHUX
TEILJIOBUX €JEeKTPOCTAHIiN TiJbKU TUM, IO IKEPEeJOM TeILJIOBOI eHeprii s
ofep KaHHS BOISIHOI IIapu, sKa IPUBOAUTL y Tii0 TYpOiHY i eJleKTporeHepaTop,
€ He OpraHiuHe IIAaJINBO, & €HepPris, 10 BUAIJIAETHCA B SIAEPHOMY pPeaKkTopi mif
yac KepoBaHOI JIAHITIOTOBOI AxepHOI peakitii (maj. 258).

SAnepHUil peakTop — Iie MPUCTPiH, y AKOMY BimOyBaeThCAd KepoBaHa JIAHIIO-
TOBa peakilisd, 10 CyIPOBOIKYEThCA BUTXIIEHHAM €HepPTii.

BukopucroByBaTu sAIepHY €HEpriioo I NEePEeTBOPEHHSA i1 B €JeKTPUYHY IIO-

yayu B 1954 p. B M. OOHiHCBKY Ha NepIIiil aTOMHill eJIeKTPOCTaHIli] ITOTYKHic-
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Man. 258

Ti0 5000 KBT. IcTopruHO mepiuM Oys0 peaJiiBoBaHO PeaKTOP HA MOBiJIBHUX
(TemJIOBUX) HEHTPOHAX.
T'o0BHOIO YaCTUHOIO peaKTopa € aKTHBHA 30HA I, AKa CKJIAJAEThCSI 3 TaKUX
KOMIIOHEHTIB: AdepHe MAJUBO, CIIOBLILHIOBAY HEMTPOHIB, BifOMBa4Y HelTPOHIB 2.
fx mammBO BUKOPMCTOBYIOTH IIPUPOSHUE ypaH, 30arauenuii 1o 5 % HYKJIi-

235 . . . o .
JAOM 92U. Pamnimre 3ragyBaJjioCsd, IO IIOBLJIBH1 HEMTPOHM B AJEPHUX PEAKIIAX

edeKTUBHIiI, Hi}K IIBUAKi, TOMY IMIBUAKI HEATPOHM, 10 YTBOPIOIOTHCS i Uac
MOoJiny fnep 232U, CIIOBiJIBHIOIOTH O TENJIOBUX IIBUAKOCTEN 3a JOIIOMOIOIO pe-
JOBMHU-CIOBiIbHIOBada (rpadir, 3BUUaiiHa Boja, Baxkka Boga D,O, y akiil 3Bu-
yaliHu# BoAeHb 3aMiHeHo Ha itoro isorom leirepiii). OnHUM 3 IIEePIHUX CIOCOOiB
3MillTyBaHHS MaJiBa 3i CIIOBiJIbHIOBaYEM OYJIO IIOUEProBe 3aIllOBHEHHS aKTUBHOL
30HU yPaHOBUMMU i rpadiroBuMu O00KamMu. ¥ CydaCHUX KOHCTPYKIIISIX PeaKTO-
piB sapepHe majabHe (YpaH) BBOAATHL B aKTHUBHY 30HY, SIK IPABUJIO, Y BUIVISAIL
CTEP:KHiB, MijK AKMMU PO3MIIIIEHO CIOBiJIbHIOBAY HEMTPOHIB.

JlJiss 3MeHIIleHHA BTPAT BTOPUMHHUX HEUTPOHIB, AKi BUJITAIOTh 3 OiJISHKU
AKTUBHOI 30HH, Ii OTOUYIOTH CTiHKamMu-BimOmBauamm 2 3 Marepiaiis, Axpa
AKUX nobpe BiAOMBaIOTh HEHTPOHW, 3a3Buuaii 3 rpadiry abo Gepuiir. [ia
3aXHCTy IIePCOHAJIy Bim fOHi3yuoi pazmiaIii peakTop 330BHiI 00HeceHO 3aXHC-
HUMH cTiHkamu 3 i3 3asi300eTOHY i mapamu BoOnu.

¥ mporieci JaHIIOroBoi peakilii Temmneparypa B aKTHUBHIi# 30Hi mocsarae 500—
600 °C. [lyia BigBemeHHA TEIJIOTH Yepe3 aKTUBHY 30HY peaKTopa Io Tpybdax 5
IPOIYCKAIOTh TEILNIOHOCIM 6, HAIPUKJIAa 3BUUYAMHY BOAY a00 PigKMi Merasid-
HUN HaTpiil. ¥ TemI00OMiHHUKY 7 eHeprisa ImepegaeThcs BOOAHINW mapi 8, akxa
HaJIXOQUTh y TypOiny 9, a micia KoHmeHcaropa /I Bojma MOBEPTAETHCS IO Te-
mirooominHuKa. Ejxexrporeneparop 10 Bupo0Jisic eIeKTPUYHUNA CTPYM, TOTOBUIL
IJIs BUKOPMCTAHHS y IIPOMMCJIOBOCTI, Ha TPAHCHOPTi i B moOyTi.

KepyioTh JIaHIIOTOBOIO PEaKI[i€l0 3a JAOTOMOTOI0 PEryJIOBAaJbHHUX CTEPKHIB
4, BUTOTOBJIEHHUX 3 OOpy abo KajaMmiio, sKi 700pe HOIIMHAIOTL TEILJIOBI Hell-
Tpouu. Ili cTep:kHi MOKHa IiJTKOM ab0 YaCTKOBO BBOAUTU B AKTHUBHY 30HY,
mapamMeTpu SKOI PO3paxOBaHO TaK, ITO0 MPM ITOBHICTIO BBEIEHUX CTEPKHAX
peakiis He Hmaa. IIoCTYIIOBO BUTATIYIOUHM CTEPIKHi, 30iIBIIVIOTH KiJIBKiCTh
HEeHUTPOHIB B aKTUBHill 30HiI [0 IIEBHOT0 MOPOTOBOr0 3HAYEHHS, KOJU PEaKTOp
MIOYMHAE TIPAITIOBATH.

VY pasi panToBoro 30iJbIIIEHHS iHTEHCHBHOCTI peakKIiii B peakTopi € mozar-
KOBi aBapiiiHi cTep:kHi, yBeleHHA SAKUX B aKTUBHY 30HY HETralHO IIPUINHSAE
peakirito. KepyBaHHSA CTEP)KHAMMN aBTOMaTHU30BaHE.

156

[paBo ans 6e3onnatHOro po3millleHHs NigpyYHMKa B Mepexi [HTepHeT mae
MiHicTepcTBO ocBiTY i Hayku YkpaiHu http://mon.gov.ua/ Ta [HCTUTYT MogepHi3aLii 3micTy ocBiTu https://imzo.gov.ua



DIBHKA ATOMA TA ATOMHOI'O AJPA. ®IBHYHI OCHOBH ATOMHOI EHEPTETHEH

— s TN\

niaui\iuo-SaM 1 N«

exoHoMiuHuit pallon

A%y

“"/

’ m b 0AiNkCEKMIA-

KOHOMINHMIA,

;——-—r—.‘

EnekTpocTaHuji
@ rennosi
e DiYKOBI
@ wcasi

aKTerd NETymMCTs, MBT

TMpu4opHOMOpCEKMiA
eKOHOMIYHWIA palioH

e yn i 0 @ \ 5
50 10200 SO0 1030 2000 4000 \ &
Tinfi nepemes  MacTaHuii \

iBHiuHO-CxigHuiA
* eKOHOMIi4HMi PaiioH

A )
Jr‘s minch\xa 3«/_,

it

|
. BoHeuskuit
< GKOHOMIYHYI

‘ﬂ. ninpoacbxi)lﬁ
OHOMI4YHWIA PAiOH

AB0BCBHEE
MOPE

220
330

.

400-500 e
750 .

800

4 O P HE

M O P E

Man. 259

Y 1971 p. posmnouaTo OyAiBHUIITBO MEPIIIOl aTOMHOI eJIeKTPoCcTaHIlil B YKpai-
Hi B HopnoOui. ITicaa asapii 1986 p. ii saxputo y 2000 p.

Ha meit vac B YKpaiHi giloTh 4 aToOMHi ejleKTPOCTaHIIii BCTaHOBJIEHOIO IIO-
ryskHicTIO 12 818 man KBt (Man. 259): 3amopisbka AEC, PiBHemchbka AEC
(man. 260), XmenpHunbka AEC, IliBgenno-Ykpaincbka AEC. PeakTopu mux
cTaHIlili MaTh noTy:KHicTs 500—-1000 MBT. ¥V cTpyKTypi BUPOOHUIITBA €JIEK-
Tpoeneprii AEC ckaagarors monan 40 %.

Ax i Oyab-AKMI TeXHIUHO-IIPOMMUCJIO-
BHUII O0’€KT, aTOMHi ejeKTpocTaHIil mo-
pAI 3 IepeBaraMy HECYTb TAKOXK IIOTEH-
IMifiHy eKOJIOTiuHy 3arposy, OcOo0JIMBO B
T'yCcTO3aceJIeHUX perioHax.

IlepeBaramu AEC mepen TemioBUMH
€JIGKTPOCTAHIIIAMK € Te, IO BOHM He
moTpebyioTh AediliuTHOrO OpraHiuHOro
majuBa i He 3aBaHTAMKYIOTH 3aJIi3HUITIO
IJIsI IIepeBe3eHHA Byriaiad. ATOMHI elek-
TPOCTAHILiI He BUTPAYAIOTh aTMOCHepHUHI
KWUCEeHb i He 3aCMiUyI0Th HABKOJIUIITHE Ce-
penoBuIlle 30JI0I0 i mMpoayKTaMu 3ropAHHs. € gaHi, mo sukugu AEC B aTmo-
cdhepy pamioaKTMBHUX PEUYOBHH MICTATH MEHIIE, HijK BUKUIUN TEIJIOBUX €JIEeK-
TPOCTAHILiM.

Auie AEC BiacTuBi TakoK MIKiAInBi 1 HeOe3neuHi YMHHUKY BIJIMBY Ha J0-
BKiJJIsI, HacaMIlepe[ 3arposa pajioaKTHMBHOIO 3a0pyAHEHHS JOBKLJJIS mix gac
aBapiiHUX CUTYyAIIiil.

IIpoexTu AEC rapaHTyIOTH Oe3meKy IepcoHasy craHilii i HacenenHs. CBiToBuit
mocsinm excmiayararii AEC cBiguuTh, 1110 6iocdepa HamiiiHo 3axuilieHa Bim pamia-
IifHOrO BIJIMBY CTAHIII B HOPMAJIbHOMY PEXMMIi eKcinryaraiii. AJe IOMUJIKK
HEPCOHAJIY i TPOPaXyHKY B KOHCTPYKIIiIl PeaKTOPiB HEe BUKJIOUAIOTH PU3UKY aBa-
piii, AK e crasocs Iig yac BuOyxy uerBepToro peaxropa Yopuoomiabcbkoi AEC.
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ITicna mux momiifi pisKo 3pocia KiJbKiCTh HAYKOBUX JOCTHiIKEHBb Yy TaJysi
rapauTyBaHHsA Oe3lneKu o0’cKTiB aToMHOI eHepretuku. OmHak pesyJabTaTu Oara-
ThOX JOCTimxensb mpobsem Oesneku AEC xou i BUABUIN HeNOJiKM, VIIYIIEHHST,
HaBIiTh IOMMJIKHK B rapaurysanui 0esneku AEC, ane migTBepamim BIEBHEHICTh
daxiBiiB y TomMy, 110 Brucokoro piBHsa Oesmeku AEC mMoKHa JOCATTH Ha OCHOBIL
CyYacHUX 3HAHb i TeXHOJIOTIiH.

TeopeTuuno smepHa eHepria 0au3bKa m0 imeasabHoi. IIpore HaBiThL Halma-
Killli IpUXUIBHUKU SANePHOI €HepreTMKW BU3HAKOTH, IO 3 ii BUPOOHUIITBOM
OB’sI3aHO YKMMAaJO IIPOo0JIeM.

IIix yvac po6oTHM aTOMHHMX pPeaKTOPiB HAKOIMUUYIOTHCSA PaJioaKTHUBHI Bimgxo-
nu. Posnagaounch, BOHU BUALJIAIOTE TEIJO, i TOMY iX Tpeba Ime TpuBaauii uyac
OXOJIOMPKYBAaTH MicJIA 3aKiHUEeHHSA KEePOBAHOTO IIPOIlecy poalnernieHHA. Ha cho-
TOHI HeMae IIOKHU IO 3arajbHOIPUHHATHOrO CIIoco0y 30eperkeHHs BiaXomis,
SIKi HAJIOBrO 3aJUMIAIOTHCS BUCOKOPATiOAKTUBHUMU.

€ mpobJieMa HaOiNMHOCTI CXOBUII PafiOAKTHBHUX PEUOBUH, Jam0, AKi MalOTh
3axmMIIaT PiYKM i BomoMiMm Bix pagiamiiimoro 3a0pyaHeHHsi. Bricoxopamioak-
TUBHI BiIX0AV HEMOKJIMBO SHUIIUTH: iX Tpeba i30J10BaTH Biji HABKOJIUIITHBOT'O
cepeloBUIIA Ha AECATKU THUCIY POKIB — JIMIIE TOAI BOHM He 3aBIaBaTHMYTh Hi-
AKol mroau. Tpeba CTBOPUTH He3aJIEKHY Bif JIOAUHU CHCTEMY 3HEIIKOIKEHHS
AOEePHUX BigXOmiB.

BupobHuiTBo siepHoi eHeprii — moxigHe BiJi BUPOOHUIITBA AEePHOI 30POi,
AKa € HalipyliHiBHiIIO0. 3a JOIIOMOroi0 pPakKeT I[I0 30pOI0 MOKHA JOCTABUTH B
OyAb-AKUHA MMYHKT 3€MHOI KYJIi.

AmepHuit peakTop uepes HUBKY IIPUUYMUH HEe MOKe BUOYXHYTH, AK sAIepHa
oomba. OmHak BiH MIiCTHUTh TaKy KiJIbKiCTh pamioaKTUBHUX PEUYOBUH, SKa B
TUCAYY Pas3iB IIEPEBUINYE KiJIbKICTh PEUOBMH, BUBIJIbHEHUX HaJ Xipocimoro.
Or:xe, BUBIJIbHEHHS HaBiTh HEe3HAUHOI YACTHMHU IIMX MaTepiajiB MoKe 3aBIaTu
BEJIMKOI IIIKOAY i JIIOANHI, i HABKOJUNTIHBOMY CEPEeIOBUIIY.

3abpyaHeHHA HaBKOJUIIHLOIO CEPeNOoBHUINA Bif0yBaeThCsa i B Pe3yJbTaTi TeX-
HOTeHHUX BUKW/[IB, AKi MalTh Micle mify gac pobOTM aToMHUX peakTopiB. [lo
1994 p. mobymoBamo 61m3bK0 430 eHEepreTUYHNX ATOMHUX PEaKTOPiB, AKi B JeCAT-
KU pasiB 30LIBMINJIN BUKUAM B HABKOJMIIHE CEPENOBUIIE PaJiOaKTUBHUX PEUO-
BUH IIOPiBHAHO 3 BUKWHYTUMHU B arMoc(epy, BOJONMU i TOXOBAaHUMU SIK Bigxomu.

Bukugu He IIOBHMHHI IepeBUITYBAaTH Ty KiJbKIiCTh PEUOBMH, AKY MOKe
3acBoiTH, nepepobuTtu 6iocdepa 6e3 mroau aisa cedbe. Omixe, 3a0pysHeHHs 0i0-
chepu € HaliBaKJIMBIIIOI IIPOOJIEMOIO TOMY, IO ii PO3B’sI3aHHA CTOCYETHCS
iHmux mpobjemM — eHeprii, pecypciB, TUTHOI BOAU TOIIO.

3a0pyaHeHHs TepuTopii VYKpaiHu pagioaKTUBHUMM BUKHUIAMHK IIiJ dYac
Karactpodu Ha YopHoOmianchbkii AEC He mae aHaJjoriB Hi 3a macmiradbamwu,
Hi 3a TAKKICTIO €KOJIOTIUHMX, COIliaJIbHUX i eKoHOMiuHMX Hachaigkis. Ilig uac
aBapii Oys0o 3a0pyaHeHo O0JIM3BbKO 12 MJIH reKTapiB, 3 HuUX 8,4 MJH T'eKTapiB
CiIBCBKOTOCIIOAAPCHKUX YTilb.

¥ mepion ekcnayaraiiii AEC, a Tako:K Iricsis BupoOJIeHHs i1 pecypcy HaBKO-
a0 AEC moTpiObHO cTBOpIOBaTH CaHITApHY 30HY, III0 HPU3BOAUTHL A0 BUJIYUYECHHS
BEJINKUX ILJIOII 3€MeJIb, IPUAATHUX OJIS IOCIOAaPChKOl AisAJIBHOCTI JIOIUHU.

BupoOGHUIITBO aTOMHOI eHeprii morpebye HaA3BMYAHO BUCOKOI KBaJridika-
mii mepcoHaJsy, AKWI OOCJIYroBye aTOMHI peaKTOpH, Ile AAacTh 3MOTY MaillKe
VHUKHYTH IIOMHIJIOK, AKi MOXXYTh HPHU3BECTH O aBapii.
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() 3ANMUTAHHA 0O BUBYEHOIO

1. Ha3BiTb OCHOBHI eTanu CTaHOBMEHHA SAEPHOI EHEPreTUKN.
2. [lanTe O03Ha4YeHHSA SAEPHOI EHEPreTUKN.
3. Yum BigpisHseTbess 6ygosa AEC Big OyaoBu 3BMYAMHUX TEMNSOBUX EMEKTPO-
CTaHujin?
4. Aka 6ynoBsa sigepHoro peaktopa?
5. [1ns yoro noTpibHi cnosinbHIOBa i BigOMBa4Y HENTPOHIB?
6. Ak KepyloTb XO40M NAHLOrOBOI peakyii?
7. Ski aTOMHi enekTpocTaHLii A4iloTb B YKpaiHi?
8. Aki nepeBarn maoTb AEC?
9. Ha3BiTb OCHOBHI Npobremun s4epHOT eHEePreTUkM.
10. Yomy pagioaktuBHe 3abpyaHeHHs nobnuay gitoumx AEC BUSABNSAETbCA MEH-

LWKMM, HiX 6inA 3BUYaANHMX TENNOBUX €MEeKTPOCTaHLin, SKi NpauioTb Ha KaMm's-
HOMY BYrinni?

§ 31. TEPMOSAOEPHI PEAKLIL
EHEPTIA COHUA | 3IP

TepmoamepHi peakiii — 1e peakilii cuHTe3y (3JIMTTA) JIETKUX AdEp 3a aysKe
BHCOKOI TeMIIepaTypPH.

106 Taki axpa, Hampukaan [igporeny, 3jauancsa, BOHM HOBUHHI HaOJIM3U-
TUCA Ha BiACTaHb MPUOJIN3HO 107 M, To6TO norpanuTu y chepy ail spepHUx
cui. IlboMy HaOMMMKEHHIO NPOTHAIE€ KYJOHIBChbKEe BiAINITOBXYBAHHA ANED, AKE
BOHM MOKYTBH IIOJOJIATU JIUIIIE TOAi, KOJU MAaTUMYTh BeJIUKY KiHeTHUHY eHep-
Til0 TEIJIOBOTO PYXY.

Enepris, axa BUIOiIsSeTbCA I Yac TEPMOSOepPHUX PeaKIliii B OJHOMY aKTi
CUHTEe3y 3 PO3PaxyHKY Ha ONWH HYKJOH, OiJbIIa Bifi TaKkoi, IO BUIiJISAETHCS
B JIAHIIIOTOBUX peakiiax mominy sagep. Tak, mim uac sauTTsa Baskkoro Iim-
poreny — J[leiitepito 3 izoromom Iigporeny — Tpuriem Bupiiserbcs GJIM3BKO
3,5 MeB Ha ogmH HYKJIOH, TOAl AK Iix yac momisy YpaHy Ha OOMH HYKJIOH
BUIIJIAETHCS €Hepris, 1o mopisuioe npudiausuo 1 MeB.

TepmosgepHi peakiiii BigirparoTh BupilIaabHy PoJb B eBoJioiii Bcececsiry.
Enepris sunpominioBanua CoHIlA Ta iHIINX 3ip — TePMOSAEPHOrO IOXOIKEH-
HA. 3a CyYacHUMH YSBJIEHHIMMN, Ha PaHHIA cramii po3BUTKY 30ps CKJazga-
€ThCA IEePeBa’kHO 3 BomHIO. Temieparypa BcepeouHi 30pi Taka BeJHKa, IO
B Hili BimOyBaroThbCs peakIlii 3JUTTS MPOTOHIB ¥ yTBopioeTbcs lesiii. IloTim
Big s3iuTTa sgep leirito yTBOPIOIOTHCSA BasK4yi ejleMeHTH. Yci IIi peakIii cymnpo-
BOIJKYIOTHCS BHUOLJIEHHAM eHeprii, 3aBOAKMN SAKill 30pi BUIIPOMIiHIOIOTH CBiTJIO
npoTaroM MinbApAiB pokiB. Ha 3emui HeKepoBaHA TepMOsAepHA PeaKI[id Bia-
OyBaeThcs mix uac BuUOyXy BOZHEBOI GoMOwM.

3mificHeHHA KepOBaHUX TEePMOSJAEPHUX peakiiii Ha 3eMJi JacTb JIIOJACTBY
HOBe, IIPAKTHYHO HEBUUEPIHe mAKepeao emeprii. Haiibinbinl mepcrekTuBHI
1010 Iboro peakirii aaurtsa etitepito 3 Tputiem:

%H + 3H — 3He + ¢n.

Y mi#i peakuii Buginserbea emepria 17,6 MeB Ha oguH HyKJOH. OCKinbKU
Tpurito y npuponi Hemae, #oro Tpeba BUPOOJIATH B CAMOMY TEPMOSIEPHOMY
peakxTopi 3 JriTiio.
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3riguo 3 npoexTom ITEP (ITER, International Thermonuclear Experimental
Reactor) y m. Kagmapam (Ppaniiiss) BegeThcsa OyAiBHUIITBO IIEPIIIOrO Y CBITi
Mi’KHAapOAHOTO EKCIEePUMEHTAJLHOTO TepMOAJepHOro peakKTopa. Meta IIhOTro
HPOEKTY — IIPOLEMOHCTPYBATH HAYKOBY i TeXHIUHY MOXKJIMBICTH BUPOOJIEHHS
TEIJIOBOI Ta eJeKTPUUHOI eHeprii Ha OCHOBI TEPMOSAIEPHOTO CHUHTE3y. 3a IIPOo-
raosamMu (axiBiiB 3a 30—40 poKiB Moke PO3IOUYATHCA €pa MPOMIUCJIOBOTO BH-
KOPUCTAaHHA TEPMOAAEPHOI eHeprii.

KosxHoro pasy, AK TinbKm y (isuii pobuam sKech cepiiosHe BiIKPUTTH,
ACTPOHOMH IIOUYMHAJM «IPUMIpATH» HOro A0 cBoix mpodbiem. Tak, HampuKiHIi
XIX cr. maike oxmpasdy micasa BigKpuTTa BekkepeisieM ABuUIlla pagioaKTUBHOC-
Ti OyJI0 BUCYHYTO rimoresy, 110 cBiTHicTh COHIIS IiATPUMYETHCS 3a PAXYHOK
posmany Alep BaKKMX XiMIiUHUX eJIeMeHTiB, HanpukJjajn Pamiro (Bigkpurtuii y
1898 p.) abo Ypamy.

Ilepion miBposmamy Pagito mopiBaIOe 1620 pokris, a izoromy VYpany 232U,
axuii Ha 99,27 % ckaagae npupomuuii Ypad, — 4,51 mupp pokis. Oroke, Ha-
npukJjaajn, pagiese CoHIile BUCBITHJIO 0 OCHOBHY YacTHHY CBO€I eHeprii ycnoro sa
KizmbKa THCSY POKiB, a ypanoBe CoHiie OyJio 0 iCTOTHO cIabKiImimM 3a cydacHe.

Ho Toro & ypamoBe CoHIle cmajlaxHyJI0O 0 AK BeJIeTeHCbKa sepHa OomOa
Bipasy mij yac cBOro yTBOpeHHs (CJIiJ 3as3HAUMTH, IO JIAHITIOTOBI peaxIrii
Ta iCHyBaHHA KPUTHUYHOI Macu OyJi0 BUSBJIEHO 3HauHO mismime). Huui Bimo-
MO, IIT0 B CY4YaCHOMY HPUPOSHOMY ypaHi, sKuil micTuThb ycworo 0,72 % zggU,
JIAHITIOTOBAa peakIlid HeMOKJuBa (B iCHyHUMX SIEepPHUX peaKToOpax BOHA Bif-
OyBa€ThbCS TiJIbKM 3a YMOBM BHUKOPHCTAHHS YIIOBLJIBHIOBAYiB HEHTPOHiB).
Aje 5 Mmupn pokiB ToMy BOHa 00OB’SI3KOBO O pPO3MOYAJIacs, OCKiJIbKU IIEpion
niBposmnany 232U CTAHOBUTL ychoro 713 MJH pOKiB, TOMy HOro yacTkKa TOIi
oyna ~ 30 % (masa smammoroBoi peakiii gocratrano 3 %).

Imesa mpo TepmosimepHe M)Kepesio 30PAHOI eHeprii 3a paxyHOK CHUHTE3Y TeJIiio
3 BOOHIO MAa€ AOBIHUH i CKRIAAHUNA MIJIAX cTaHOBJeHHs. IlouaTok 1miei ictopii
moskHa maryBatu 1919 p., Koau aHrIilicbKui (isuk i ximix dpeHcic AcToH
CKOHCTPYIOBaB Mac-cieKkTporpad. 3a Moro JomoMoroio BiH 3HAUIIIOB TOYHI 3HA-
yeHHA Mac atomiB I'izporeny i Iemiro. Ile sskpas oguH 3 ACKPaBUX HNPUKJIAIIB
B icTopii HayKW, KOJIM TOYHICTH BMMIpPIOBAHHA MaJia BUpilIaJibHEe 3HAUYEHHS.
Busasusocs, 1o maca aroma I'erito cramoButh 3,97 Bigx macu aroma I'izporeny,
OesmocepenHbOro Iforo cycima B Tabauii Mengeneesa. Ilinkom npuponmo 6yJio
MIPUITYCTUTH, IO 3a IIE€BHOI TeMIepaTypy YOTUPU sapa aroma igporemy mo-
JKYTh 00’eTHYBaTUCA B AAPO aTroMa [esito.

Crninm sasHAUUTH, IIIO0 TEPMOAJIEPHE «TOPiHHA» BOAHIO BiIpisHAETHCA HaWBU-
1010 e(peKTUBHICTIO IOPIiBHAHO 3 iHIMMMU XiMIiYHUMU eJeMeHTaMU.

Cunres rejiio 3 BOAHIO AK [AKepeso emeprii 3ip sampomonysas y 1920 p.
Apryp Eaginrron — oguH i3 TBOPILiB Teopii BHYTPINIHLOI OymOBU 3ip. ¥ KHUMK-
mi «3opi i aromu» BiH mumcaB: «Touka 30py, 3a SAKOIO €Heprid 30pi BUHHUKAE
mig vac moOymoBM iHINIMX eJIeMEHTiB 3 BOAHIO, MA€ BEJUKY IlepeBary, 00 He
icHye CyMHiBiB BiTHOCHO MOJKJIMBOCTI IILOT'O IIPOIECY, OCKiJIBKM MM HE MAEMO
IOKasiB TOro, IO y IPUPOAL MOKe BimOyBaTuca amirijmsamis marepii... Ha moro
OYMKY, iCHyBaHHSA TeJIil0 € HAWKPAIUM JOKa30M TOTO, IO TeJifi MOXKe yTBO-
pioBatucd...». lllonpaBna Tyt Egniarron nomuaaBca. Ha cboromui 3araibHOBU-
3HAHUM € Te, IO iCHyIoYa KiJbKiCTh rejiifo He MOIJIa YTBOPUTUCSA B 30pAX, a
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BUHUKJIA B Pe3yJIbTATI MEPBICHOTO HYKJIEOCUHTE3y HAa PAHHIX eTarmax eBOJIIOIil
Haioro BceecsiTy.

Consiuni, Ta ¥ 3arajoM 30pAHI Hajzpa 3xaBaaucsa ¢isukam 20-x pPOKiB
XX cr. 3aHaATO XOJOOTHUMU, IOO TaM MOIJIO Bi0OyBaTHCSA IEePETBOPEHHS BOJ-
HIO B TeJIii.

Exnminrron ysaskas, 110 (GisuMKM IIOBUHHI IIPOJOBKYBATU AOCHiMKEeHHA i TOmi
i3 yacoM 3po3yMiloTh, AK 3a MOPiBHAHO HU3BKUX TeMIIepaTyp BOAEHBb MOXKe
nmeperBopioBaTuch y reiiii. Tak i cramocsa. Ilio mpobaemy posp’sizanu Qisuru
Pooeptr Atkincon i ®@piapix I'oyrepmanc. BoHu ckopucTammch ysABICHHAMU
I'eopria I'amoBa npo TyHenbHUHA edekT (1928 p.). 3 HOBOI (dhiduuHOi Teopii —
KBAHTOBOI MexaHiKu, AKa SKpas3 CTBOPIOBAJIACH Y Ti yacu, BUILIMBAJO, IO Mi-
KPOUYaCTUHKU 3aBASAKN CBOIM XBUJIBOBUM BJIACTUBOCTSAM MOYKYTb HTPOHUKATH
oig moTeHmiaabHi 6ap’epu i mpocouyBaTHUCA KPidh HUX.

T'amoB posp’a3aB mpobieMy posmany pPamgioaKTHBHUX sanep, a ATKiHcoH i
ToyTepmaHnc, ckopucTaBINKUCA IIUM, PO3B’sA3aju O0epHEHY 3amady. ¥ OepesHi
1929 p. BoHU HagicaaJ M B pefaKIlilo HiMEIIbKOTO0 KYPHAJIY CTATTIO HiJl Ha3BOIO
«[do muTaHHA PO MOMKJIUBICTL YTBOPEHHA €JIeMEHTiB y Haapax 3ip». ¥ i
CTATTi BOHM [OBEJHU, IO XO0UYa B MeyKaxX KJIACHUUHOI (PisMKM IIPOTOHU MOKYTD
3JIMBATUCA ONWH 3 OJHUM JIWIIIE 32 TeMOeparyp y KiJbKa AeCATKIiB MiabApaiB
KeJIbBiHIB, TyHeJNbHUU e(eKT IONmyCcKae iMOBIpHICTHL TaKOro IIPOIleCcy BiKe 3a
BiTHOCHO HUBBKUX TEMIIEPATyp, IO iCHYIOTHh Y Hajapax 3ip. I'oyrepmaHc mucaB
y cBoiil KHMKII «fIckpasimie 3a Tucsauy coumnb» (1961 p.): «¥Y Toit camuii Be-
yip, micJis TOro AK MM 3aKiHUMJIM HAIly CTaTTIO, A MHiIllIOB I'yJATH i3 YapiBHOIO
miBumuop. Kouau creMHiso 1 ogHA 3a OZHOIO CTAJU 3’ABJIATHUCA 30pi B ycii ix
BeJINYi, MOS CYNYTHHUIS BUTYKHYJIA: «fK uynoBo BoHu BubJuCKy0Th! Copas-
ni?» §1 BumHyB Tpyau i BUMOBUB IOBaYKHO: «3i BUOPAIIIHBOTO Bedopa s 3HAI0,
YOMY BOHU BUOJUCKYIOTH».

ons ToyTepManca mos’asaHa 3 YKpainowo. Moro, y:xe SK BUAATHOTO (isu-
Ka i HiMenmbKoro xKomyHicra, y 1934 p. sampocusu mpaijjoBatu B PagsgHCbKMI
Coroz. 3 1935 mo 1937 p. BiH OyB CIiBpOOITHHKOM YKpPaiHCBKOT'O (PisMKO-TeX-
Hiunoro imcruryty (M. XapkiB), me B:xke 3 1932 p. mpaimosas Jles Jlamaay.
Y 1937 p. I'oyrepmanc 6ys zaapemroBanuit HKBC ax miMellbKMil HITUTYH.
Horo :xopcToko 6uau i KaryBaaum 0araTofeHHMMM KOHBEEDHUMH IOIUTAMU,
ajie BiH He BTpaTWUB TifHOCTI I He maB OpPeXJMBHUX CBifueHb Ha CBOIX KOJIET.
Mo:xHa BBasKaTu, 110 oMy momactuyio —y 1940 p. #toro 3BiIbHUIU i BUCIAIN
3 CPCP sk «Heb6aKaHOTO iHO3eMILA».

Omxe, micasa crarTi ATkiHcona i ['oyTepmamca cTajio 3pO3yMiJuM, IO JKe-
peJsiom eHeprii 3ip Bce 'K TaKW MOMKYTb OyTu TepMoOsiepHi peakriii. Axe saxi
came? 3a axumu kananramu? KoHKpeTHA BiAIOBiAL HA IIi 3aNUTAHHA 3’ABUJIA-
csa auiie yepe3 10 pokis.

Ilepmy BigmoBiAb Ha IIi 3anmMTaHHA 3HAWMNIIN He3aJIEXKHO OAWH BiJ OIHOTO
Kapa Beiinzekkep y Himeuunni i F'anc Bere B CIITA. ¥V 1938 p. BoHU BuABU-
JIV TIePINUI IUKJ IIOCJig0BHOI TpaHcdopMaIllii rigporeny B reJiii, AKUH MU Ha
ChOTOMTHI HA3WBAEMO KapOOHO-HITPOTeHOBMM. [HITNII BapiaHT TepeTBOPEHHS
BOJHIO B TeJIifi BiloMUil HUHI AK MPOTOH-MIPOTOHHUN ITMKJ, AKWUH 3aIPOTIOHY-
Basu B Tomy-Taku 1938 p. I'anc Bere i Yapasa Kputudinm,.
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() 3ANMWUTAHHA 0O BUBYEHOIO

E 1. Y yomy nongdrae cyTb TEPMOSOEPHUX peakuin?
2. fAAky eHeprito matoTb CoHLe Ta iHWi 30pi?
3. XT0 3 yyeHux BUBYAB npoLiecu, siki BigdyBaoTbcst HA COHL Ta iHWNX 30psX?

SALAYI TA BINPABU

=]
T
Po3B’a3yemo pazom
N 1. Illo BigOymeThCcs, AKIIO i30JbOBAHY MiIZHY
, KYJIBKY IIOKPUTH MHOJIOHIEM, IO BUIPOMIiHIOE O-dac-
AN 4+ - » TWUHKH, i momictuTu; ii y Bakyym?
” """_f_"‘—\—_ + Bionosgiodv: moJIoHili, BTpavyaiouy IO3UTUBHUN 3a-
—_— e —— S = ™ s-Lo- - N
—_—— - 4 pAd, HaJa€e KYJbIli HeraTUBHOI'O 3apALy.
e E - .
— -G & + 2. Axuit gocain modcHIOE MaJTIOHOK 261?
- “""_"_"7" " B Bionogiov: mocain Pesepdopna, AKuil TOBOAUTL,
—_— - -G - - > IO aTOM Ma€ ILJIaHeTapHy OyIOBY.

/ 3. YoMy OCHOBHA KiJBbKICTHL O-UYACTHUHOK BiJIBHO
IPOXOOUTH KPi3hb 30J0TY POILTY?
Man. 261 Bionosgidv: ToMy III0 TO3UTUBHO 3apAIKeHe SAIPO
aToMa CKOHIIEHTPOBaHe B MaJioMy o00’emi #1 jwuiie
OKpeMi 0-4aCTMHKHN MOXKYTHb 3iTKHYTHUCHA 3 AJPOM.

PiBens A

182. Axki MipKyBaHHS JaIOTh IIiICTABU CTBEPIKYBaTH, 110 MO3UTUBHUN 3a-
pAI aToMa 30cepemKeHuil y MajioMy 00’eMi Ta Bu3Hauae mMacy atoma?

183. Yomy Ha MeMopiaJbHIiN JOIIIi, YCTAHOBJEHIN Ha KoJemKi, Je HaBUaB-
csa Pesepdopn, Hanucano: «Bium 36yagyBas cobi maM’aTHUK HEIOCSIKHUI, SKUH
mepesKuBe CTOJITTs»?

184. Yomy pamioaKTuBHi IpemapaTtu 30epiraroTh Yy TOBCTOCTiHHUX CBUHIIE-
BUX KOHTelHepax?

185. YuMm 3yMOBJIeHe BHYTPIiIlITHE OIPOMiHEHHS JIIOJUHU i AKa HOro eKBiBa-
JeHTHA posa?

186. Yum 3yMOBJIeHEe 30BHIIITHE ONPOMiHEHHS JIOAWHU i siKa HOro eKBiBa-
JeHTHAa posa?

187. YoMy HEHTpPOHU, SIKi He CIPUUMHSAIOTH HOHi3allii, HeraTuBHO BIJIMBA-
[OTh Ha TKAHUHU JIOUHN?

188. Yomy pagmioaxTusHi isoromu Moxy-131 i ILayronio-239 ayske mkimmn-
Bi ms1 opraHismy?

189. 3a momomorom «MiyeHMX aTOMiB» y4YeHi BCTAHOBUJIM, IO CEPEeLHS
MIBUAKICTL PYXY BOAM BiJl KOPEHiB II0 cTOBOYpPY i [0 IiJIOK POCIMHU OOPiBHIOE
14 m/ron. Busnaute, 3a sKuii iHTepBaJ vacy IIicjs IIOJMBAHHS BOJa AOCATHE
BepxiBKu s0ayHI BuCOTOIO 7 M.

190. Yu € TesieBi3op AsKepesoM PamioOaKTHBHOI'O BUIIPOMiHIOBAHHA?

191. dAxi pagioakTuBHI peyoBUHUN BU 3HAeTe?

192. fx saxucTuTucs Bif ail OHiI3yOUYOro BUIPOMiHIOBAHHA?

193. Yomy cBHUHEIb € HAMKPAIIO0 PEYOBMHOIO AJIA 3aXUCTy Big pamiaiii?

194. Sk sMeHIINTH YYTIMBiCTH OpraHismy mo pazgiaiii?
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Pisens b

195. ¥V agux periomax YKpalHU 3HAXOAATHCA HANOLIBIIL MOKJaIM ypaHO-
BuUX pyxn? Axum cmocobom mobyBaroTh ypaH (Mana. 262)?

-

Man. 262 Man. 263

196. s gyoro JiKapi-peHTTEeHOJIOTH IIil Yac POOOTH KOPUCTYIOThCSA PYKAaBU-
mAMU, GapTyxXoM Ta OKYyJIApaMH, 3po0JeHMMHU 3 MaTepiasiB, IO MiCTATH COJIi
ILntromOymy?

197. Yomy, mpaljoodyd B PafioakKTHUBHO 3a0pyAHEHUX 30HAX, IOTPiOHO Ha-
OAraTy creriajbHe cropsamykeHHd (Maa. 263)?

198. Ilosa 1 I'p moryimHyTOr0 BUIIPOMiHIOBAHHS O-UaCTUHOK YMHUTH HA JKUBUI
opraHism npubJM3HO Taky camy OioJsoriuny mito, gk i 20 I'p y-BunmpomiHOBaHHS.
Busmaure KoediiieHT BigHOCHOI 6i0/IOTiUHOI €(DeKTUBHOCTI MJIA O.-UaCTHHOK.

199. ITig yac po6OTH aTOMHOTO peaKTopa B TEIJIOBUAIIbHUX eJIeMeHTax Ha-
TPOMAIKYEThCA 3HAYHA KiMBbKIiCTh pamioaKTHBHUX i30TOHIB Pi3HMX XiMiuHHMX
enemenTiB. Cepen Hux isoromu Mox-131, Mox-133, Mox-135. Ilepiogu miBpos-
majy IIUX i30TOINiB BigmoBigHO mopiBHIOIOTH 8 mi6, 20 rom, 7 rox. Ilig uac aBa-
pii Ha YopuoouabcbKiti AEC BUKHUA IIMX i30TOIIIB CTAHOBUB 3HAUHY UYACTHUHY
Big sarajgpHOI KijgbKocTi. Buszaure, AKa yacTMHa KOMKHOTO 3 i30TOIIiB I/qu,u;y
posmaJiacs A0 KiHIA IepIioro MicAns micasa aBapii Ha YopHobunbebkiii AEC.

200. Cepen pagioakTuBHUX 3a0pyAHEHb, COIPUUYMHEHUX aBapico Ha HopHO-
6unbcbkitt AEC, Haline6e3meUHIIIMMY € JOBTO KUBYYi MPOAYKTH MOLINY, TaKi
ak Crpoumiit-90, Ilesiii-137. OOuwmcHiTh yac 70 MOMEHTY, KOJU aKTHUBHICTH
nux 3a0pyaHeHb 3MeHIINThCA B 10 pasis. Ilepiogu miBposmany ixX BimmoBigHO
ctanoBaATh 28 i 30 pokis.

ICTOPUYHA OOBIOKA

IBaHeHko Omutpo OmutpoBud (1904-1994) — gokTop (Qi3UKO-MaTEMaTUYHUX Hayk,
npodecop MockoBcbkoro yHiBepcutety iM. M.B. JlomoHocoBa. Hapoamecsa B MNMonTasi. ig
IOmuTpa 3 60Ky 6aTbka, gk i 6araTo xT0 3 1oro pogy, 6yB ceaAweHnkoM. batbko BugaBas ra-
3eTy «[lMonTaBcbknii BicHMKY». Y 1920 p. AMUTPO 3akiHYMB NONTaBCBKY riMHa3ito, Ae 3a BUCO-
Ky epyauuito maB npissuceko Mpodecop.

Y 1920-1923 pp. npautoBas yuntenem qismkun i matematukn B [lonTtaBcbKi TpyaoBin
wkoni. OgHoyacHo HaByaBcs B [lonTaBcbkoMy nedaroriYyHOMY iHCTUTYTI, AKMI YCNiLIHO 3a-
KiHumB. Toai >k BCTynuB A0 XapKiBCbKOro yHiBepcuTeTy, npautotoum e i B NonTasBcbkin
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acTpoHOMIYHIn obcepsaTtopii. 3rogom noro nepeseny A0 JIeHIHrPaaCbKOro YHIBEPCUTETY,
KU 3akiHumB y 1927 p.

OyorntoBaB Bigdin TeopeTnyHoi disnkn B YKpaiHCbKOMY (i3UKO-TEXHIYHHOMY iHCTUTYTI B
Xapkosi, npautoBaB Y JleHiHrpaacbkoMy (Di3MKO-TEXHIYHOMY iIHCTUTYTI, Y HAyKOBO-OOCNIOHNX
yctaHoBax Tomcbka i CBepanoBcbka. Y 1940-1941 pp. Oye npodecopom, 3aBigyBavem Ka-
denpu TeopeTnyHoi ismkm Kniscekoro yHiBepcutety. 3 1943 p. — npodecop MOCKOBCHKOrO
yHiBepcuTeTy, 3 1949 p. Takox npautoBas B IHCTUTYTI iCTOPIT NPUPOAO3HABCTBA | TEXHIKW.

OCHOBHI HanpsMK HayKOBOI AiANbHOCTI: meopemuyHa ¢bisuka, meopis epasimaujii (T9-
XiHHS), icmopis ¢hisuku. HanpukiHui notoro 1932 p. aHrniiceknin isuk kenmc Yeasik Ha
CTOpiHKaX aHrnincokoro >xypHany «Nature» noBigOMMB NpPO BIgKPUTTS TPETLOI erne-
MEHTapHOI YaCTUHKN — HEWTPOHA, a BXe y TpaBHi 1932 p. IBaHEHKO BUCTYNUB Ha CTOPiHKaX
LbOro CaMoro XypHany i3 ctatTeto «[inoTesa npo ponb HEWTPOHIBY, Y SKiN ynepLue BUCHO-
BMB AYMKY, LLO HEWTPOH Mopsa 3 NPOTOHOM € CTPYKTYPHUM enemMeHToM sApa, i BnepLue
chopMyroBaB NMPOTOHHO-HEMTPOHHY MoAenb AApa, HVHI 3aranibHOBU3HAHY. YXe HEMOX-
NIMBO YSIBUTW LWKINbHI MNiAPYYHMKN Y CBITi 6€3 ONMCcy aTOMIB 3 €NEKTPOHHUMYK 060MOHKaMu Ta
AApamMu i3 NPOTOHIB | HENTPOHIB.

3a JocniaxXeHHs 3 TEOpil ENEeKTPOHa, LLO «CBITUTLCA» Mif Yac LUBUOKOrO Pyxy Mo Kony B
MarHiTHOMY noni, i cydacHux npobnem enekTpoguHamiku, BUKNageHux y MoHorpadii «Kna-
cu4yHa Teopia nonsa» (1949), y 1950 p. pasom 3 I.A. NMomepaHyykom i A.O. Cokonosum ygo-
CTOEHWI TOroYacHoI AepXaBHOI Npemii.

ABTOp YNCINEHHNX HAYKOBUX NpaLb, 3okpema «KeaHToBOI Teopii nonsa» (1952).

MioHepom y ranysi saepHux gocnimpkeHb B YkpaiHi 6yB XapKiBCbKUA (Di3NKO-TEXHIYHWIA
iHCTMTYT. Y 1932 p. Bnepwe Oyno 3aiicHeHO po3lienneHHs agpa atoma JliTiio wenakumm
npotoHamn Ha ABi a-vactuHkn (K.O. CuHenbHukos, O.l. JlennyHcbkmid, A.K. Banbtep,
IA. Natnwes). Y 1939 p. B XapkoBi 36ygoBaHO NepLuMin enekTpocTaTu4H1 NpuckoptoBay
3apsiMKeHnX YacTMHoK Ha 2,5 MeB, 3a gonomoroto sikoro CMHenbHUKOB | Banstep gocnign-
NV NOTNWHAHHS LWBUOKNX ENEKTPOHIB PEYOBNHOD. Baromuini BHECOK y pO3BUTOK SiAEPHOI di-
31KKN Ta A0epHOl eHepreTukn 3pobus OnekcaHap Inniv JleMnyHcbKun.

BiH ogepxaB y 1934 p. neplie HenpsiMe NiATBEPOKEHHS FiNOTe3n HENTPUHO, AOCNIAXY-
oYM iMnynbcu Bigaadi saep nig Yac o-posnagy. Y 1935-1939 pp. nig kepisHuuTBOM Jlen-
NYHCbKOro AOCAIOKEHO B3aEMOAI0 HENTPOHIB 3 PI3HNMM PeYOBUHAMU — BOAOKD, NapadiHomMm,
3anisom Ta Hikenem (I.O. lono6opoakko, J1.B. PoseHkeBuy, [1.B. TuMoLLyk).

bins Bxogy B Y®TI. XapkiB, 30-Ti poku. 3niBa Hanpaso: 1-# psg — J1.B. LLyGHikos,
O.l. NennyHcobkui, J1.0. Navgay, MN.J1. Kannus; 2-ii pag — 6.M. QiHkenbLlUTenH,
O.M. TpanesHikoBa, K.[1. CuHenbHikos, FO.H. PAGiHiH
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DIBHKA ATOMA TA ATOMHOI'O AJPA. ®IBHYHI OCHOBH ATOMHOI EHEPTETHEH

Y Kuesi gagepHi gocnigxkeHHs noyanuca B 1944 p. nig kepiBHMLTBOM JlennyHCbKOro.
3 1946 p. uumm gocnigxeHHamn B IHCTUTYTI dhisnkn AH YPCP kepyBas Mutpodan Bacu-
nboBud [laciyHuK. Y4yeHi BuB4anu B3aemogii gaep 3 HeWTpoHamu papoH-6epunieBoro
mxepena y 100 mKi.

Y 1960 p. B YKpaiHi 4O psSay 4ilo4nx YyCTaHOBOK BBEAEHO eKCrnepuMeHTanbHUn 94epHUn
peaktop BBP-M 3 tennosoto notyxHictio 10 MBT. 3 MeTO0 NpUCKOPEHHSA NPOTOHIB 36ya0-
BaHO eMNeKTPOCTaTUYHWIA reHepaTop Y CTUCHEHOMY rasi Ha eHeprito 2,5 MeB ans npoToHis.

B.N. Ctpuxak, M.[l. Bop1coB 3 KONEKTVBOM PO3POBUIN HU3LKOBOILTHI reHepaTopu
npoToHiB. 3 1953 p. B IHCTUTYTI hisnkn AH YPCP gias unknotpoH Y-120, akuii gasas 3mory
NpyCKopoBaTK NPOTOHW, SiApa AEMTEpIl0 Ta a-4aCTUHKM 4O eHeprin BignosigHo 6,8; 13,6 Ta
27,2 MeB. JdocnigxeHHs Ha s4epHOMY peakTopi Aanv BaXuUBi BiJOMOCTI NpO B3aeMOfi0
HEWTPOHIB 3 Pi3HMMM peyoBMHaMMU, LLIO NOTPIOHI Ang BMOGOPY KOHCTPYKUINHUX MaTtepianis nig,
yac BygiBHMLTBA MPOMMUCOBUX aTOMHUX €NEeKTPOCTaHLin.

Ha sigepHomMy peakTopi npaLiBHMKKN BaraTbox HayKOBO-A0CAIOHUX IHCTUTYTIB OOCNIMDKYOTh
BMSIMB HEWTPOHIB i y-NPOMEHIB Ha pi3Hi MaTepianu, pocnunHn, Mikpobwu Ta iHwwi 6ionorivHi 06’ex-
1. Y 1964 p. Byno cTBOpeHO eneKkTpocTaTuyHuii reHepatop Ha 5 MeB. Ha 6asi saepHux Big-
ainis lHctuTyTy hisukm B 1970 p. B Akagemii Hayk YkpaiHu yTBOPEHO IHCTUTYT SaepHUX gocni-
keHb. Y 1977 p. TyT 6yno BBeAEHO B eKchnyaTaLito i30XPOHHWUIA LMKNOTPOH Y-240.

Mopsapa 3 ekcneprMeHTanbHUMK NPOBOAMITUCS LLUMPOKI TEOPETUYHI AOCMIAXEHHS 3 9aep-
Hoi dpismku. Meplioto 3 Teopii sapa 6yna npaus JleBa flaBugoBuya Jlanaay (1937), npu-
CcBAYeHa CTaTUCTUYHIN Teopii saep, SKy BiH BUKOHAB y XapkKiBCbKOMY (i3MKO-TEXHIYHOMY
iHCTUTYTI. Benvke 3HayeHHs Ons po3BUTKY saepHOl gisvku manu poboTu ogHoro i3 3a-
CHOBHWUKIB XapKiBCbKOI LLUKONN (Di3nKiB-TEOPETUKIB, KEpPIBHMKA BiaAiny TEOPETMYHOI isnkm
YKpaiHCbKOro ¢i3vKO-TEXHIYHOIO iHCTUTYTY (Tenep — HauioHanbHUN HayKoBWMW LEHTP
«XapKiBCbKUIN i3NKO-TEXHIYHWUI IHCTUTYT»), akagemika HAH Ykpainu (1964) OnekcaHgpa
Inniya Axie3epa, 3okpema noro moHorpadia «[eski nuTaHHA Teopii aTOMHOro sapa»
(y cnisaBTopcTsi 3 |.41. lomepaHuykom).

— MEPEBIPTE CBOI 3HAHHH

KonTpoapHi 3anuTanusa

Ake HaykoBe 3Ha4eHHs1 Manu gocnign Pesepdopaa?
Yomy Mofenb aToMa HasBanm «nraHeTapHo» ?
LLlo Take pagioakTMBHICTb i ki iCHYHOTb Ti BUAN?
AKi pagioaKkTMBHI pe4OBMHM BU 3HAETE? FAK BOHW BUKOPUCTOBYHOTHCA?
HasBiTb BENMYUHU A8 BUSHAYEHHS [03M ONPOMIHEHHS. Y1M BOHM BigPIi3HAKTHCA MK
coboro?
HasBiTb OCHOBHI 0anHWLI 403 ONPOMIHEHHS. MMoKaxiTb 3B’A30K MK HAMWN.
AKMM YMHOM MOXE ypasuTK OpraHi3M NoAMHW pagioakTUBHE BUNPOMIHIOBAHHA?
Yn ogHaKoOBO pearyroTb OpraHu MoAMHKM Ha pagioakTuBHE BMMPOMiHIOBaHHA? [dose-
OiTb Le.
9. Aki pagioakTUBHI pe4oBUHM € HariHebe3neYHiluMMKM Nig Yac aaepHUxX katactpod?
10. 3a paxyHOK siKoro Buay eHeprii BUpobnstoTb ENEKTPUYHY EHEPrit0 Ha aTOMHUX CTaHLisX?
11. Yomy aToMHi peakTopu PO3MIiLLytOTb 32 MAacUBHUMM 3ani306€TOHHMMM CTiHaMK Ta iH-
LUMMM 3aXUCHUMU criopyaamn?
12. Aki nepcnekTuBM PO3BUTKY SAEPHOI EHepreTukn B YKpaiHi?

abrwON =

©oNOo

IITo s 3Har0 i BMit0 poOUTH

4 3Hawo, Aki pocnian BukoHaB Pesepdopa.
1. Yomy y cBoix gocnigax Pesepdopa BukopucTas came 3010ty conbry?
2. Yomy y cBoix gocnigax Pe3sepdopa BUKOPUCTaB ai-4aCTUHKW, @ HEe eNeKTPOHN?

165

MpaBo ona 6e3onnaTHOro po3milleHHs NigpyYyHUKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITM i Hayku YkpaiHu http://mon.gov.ua/ Ta [HCTUTYT MoaepHi3aLii 3micTy ocBiTu https://imzo.gov.ua



PO3[IJI 4

£ 3Halo, WO TaKe pagioakTUBHICTDb.
3. Aki yacTUHKM MaloTb BinbLUy eHeprito: o~ UM B-4aCTUHKN?
4. AKi pe4OBMHN BMKOPUCTOBYHOTE A5 3aXUCTY Bid pagioakTMBHOIO BUNPOMIHIOBAHHA?

A Bmito BU3Ha4aTu nepioa niBpo3nany aToMHUX sgep.
5. 3a Tabnuueto BM3Ha4Te nepiog niBpo3nagy siaep YpaHy-235.

l-Iwcno_ Hucnq Mepioa anp,_
Hasea CuMBON | NPOTOHIB | HYKMOHIB - BUMPOMiH}0-
) (Z+N) HaniBpo3nagy BAHHS
YpaH U 92 238 4,5 x10° pokis a
YpaH U 92 235 7 x108 pokis o,y
Topiit Th 90 232 1,4 x10" pokis o,y
MpoTakTuHin Pa 91 231 3,4 x10* pokiB a, Y
AKTUHIN Ac 89 227 22 poku B,y
Pagin Ra 88 226 1860 pokis o, Y
PapoH Rn 86 222 3,8 pobu a
MonoHin Po 84 210 138 pi6 o
CauHey Rb 82 210 22 poku B,y
Kaniii K 19 40 4,5 x108 pokis B,y

A1 BMilo KOpUcTyBaTUCS AO3MMETpaMu.
6. Axi npunagn 306paxxeHo Ha MarntoHKy 2647 [na 4oro iX BUKOPUCTOBYHOTb?

Man. 264

7. Yn MoXHa 3a 4OMOMOTOH A03NMETPA BUMIPATY EKBIBANEHTHY A03Y yY-BUMNPOMIHIOBAHHA?

A 3Halo, K NAMHA 3aXULLAE CBiM opraHism BiAg pagiauiitHOro BUNpoMiHOBaHHS.
8. Yomy y ckno gnsa pagiauiiHux kKamep gogatoTb CBUHELb?
9. AkMMM XiMiYHUMKM eneMeHTamun Hanbinblue 3abpyaHeHa YopHoOMnbCbka 30HA?

A 3Halo, K No6y[oBaHUI aTOM.

10. Ha mantoHky 265 nokasaHo 3pa3ky MeTaniyHoro HaTpito i pigkoro xnopy. Aka pevosu-
Ha YTBOPHETHCA MPU iX CMONYYEHHI?

11. Yomy aTtom MOxe BTpavaTu enekTpoH abo 3axonntoaty oro? Lo npu upbomy yTBO-

ptoeTbca?
o HD

Man. 265
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DIBHKA ATOMA TA ATOMHOI'O AJPA. ®IBHYHI OCHOBH ATOMHOI EHEPTETHEH

S TECTOBI SABOJAHHA
I_$_I
- = BapianT 1

1. fAke 3 BUNPOMIHIOBaHb BiAXUNAETLCS B MarHiTHOMy noni?

A y-BNPOMIHIOBaHHSA
B noTik npoToHiB

B noTik HenTpoHiB

[ cBiTNOBI NPOMEHI

2. Ckinbku NpoToHiB Z i HenTpoHiB N B s4pi i3oTONa KUCHIO 15750’?
3. AZ=8,N=17 BZ=8,N=9 Bz=17,N=8 rz=8, N=8

4. ki 3 nepeniyeHnx BUNPOMIHIOBaHb MatoTb HanGinbLUy NPOHUKHY 34aTHICTL?

A B-BUNPOMIHIOBaHHS
B «a-BMMNpPOMIHIOBaHHSA
B y-BunpomiHioBaHHS
I peHTreHiBCbke BUMPOMIiHIOBAHHS

5. Akui nopsiakoBUA HOMEP Y NEPIOANYHIN CUCTEMI €NlEMEHTA, L0 OTPUMAHO B pe3ynbraTi
o-po3nagy sapa enemeHTa 3 nopsakoBUM HoMepoMm Z?
AZ+2 BZz-2 BZ-4 rz-1

6. [lo AKoro By HanexuTb peakuis %;AI + (l,n - ?%Na + ‘éHe?
A apepHa peakuis
B TepmosigepHa peakuis
B kepoBaHa sgepHa peakuis
I naHutoroea peakuis
7. Sxui nepioa nisposnaay Moay-131?
A 6 gHiB B 18 gHiB B 8 gHiB I 80 gHiB

8. Akni isNYHMIN YMHHUK BNIMBAE Ha 3HAYEHHST aKTUBHOCTI pagioakTMBHOMO npenapaTty?
A Temneparypa B maca B tuck I enekTpunyHe none

9. Yuwm Bigpi3HAOTHCS I30TONMM NEBHOIO XiMiYHOrO ernemeHTa?
A 4ncnom NpoToHIB y AAPi
B XiMmiyHMMK BnacTMBOCTAMMU
B uncrnom enekTpoHiB B 060M0HUi
" Y1Cnom HerTPOHIB y AAPi
10. Ak maTtepian € Hankpawum Ans 3aXUCTY Bid PEHTTEHIBCbKOTO i y-BUMPOMiHIOBAHHA?
A nepeBuHa B cBuHeUb B 3ani3o I 6eToH

11. Ha Akux eneKkTpocTaHLisaX BUKOPUCTOBYIOTb SAepHe nanmeo?

A BEC BTEC B AEC I TPEC
12. Axun npunapg 3acTocoBYOTb A5 BUMIPIOBaHHS 403M pagdioakTUBHOIMO BUNPOMIHIOBAHHSA?
A BonbTMETP B amnepmeTtp B no3snmetp I BaTmeTp
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PO3NII 4

BapianT 2

1. Aki YacTUHKM BUKOPUCTOBYBAB Yy CBOIX gocnigax Pesepdopn?
A HenTpoHu B enekTpoHu B npoTtoHu I appa lenito

2. ki i3 YaCTUHOK, LLIO pyXarTbCHA B MarHiTHOMY Mo, HE BigXMNSTbLCA HUM?
A enekTpoHu B HelnTpoHn B npotoHu I >xogHi

3. Ckinbku npoToHiB Z i HenTpoHiB N B sapi isoTona KapboHy 130?

AZ=6,N=13 BZ=6,N=7 BZ=13,N=6 rZ=6,N=6
4. Axuvn nepiog nisposnagy CTpoHLUio-907?
A 24 poku B 24 gHi B 240 gHis I 240 pokis

5. Akun nopagkoBui HOMEpP y NEPIOAMYHIN CUCTEMI B eneMeHTa, KUl OTPUMaHO B pe3yrb-
TaTi B-po3nagy s4pa enemeHTa 3 nopsigkoBMM Homepom Z?

AZ+1 BZ-0 BZ-2 rz-1

6. [o sikoro Buay HanexmTb peakLis %H + ?H - gHe + 3n?
A ggepHa peakuid
B TepmosinepHa peakuis
B kepoBaHa sgepHa peakuis
' naHutoroea peakuis

7. Big skoro 3 nepeniyeHnx YMHHUKIB 3aNeXuTb aKTUBHICTb pagioakTMBHOMO npenaparty?

A nepiog niBpo3nagy B marniTHe none B tnck I Temnepatypa
8. Akun 3 nepenivyeHunx i3oToniB He MoXxe ByTN NanbHUM y peakTopax Ha NOBIMbHUX HEATPO-
Hax?
239 9Py 233U 238U r 232U

9. Y akux perioHax YKpaiHv po3MilLyoTbCa HanbinbLli noknaam ypaHoBux pya?
A y 3axigHux obracTsx
B y [HinponetpoBckkin Ta KipoBorpaachkin obnactsix
B y [loHeupkin i JlyraHcbkin obnactax
I y xogHOMY 3 perioHiB
10. Aka 3 nepenivyeHnx PeYOBUH € HAMKPALLUM CMOBINbHIOBAYEM LUBUAKUX HENTPOHIB?
A 3onoto B pTyTb B Boga I" 3aniso
11. Ake 3 nepenivyeHnx oxepen NOoHI3yto4doi pagiauii € WTy4YHumM?
A KOCMiYHi NpoMeHi
B Bigxoam TennoBuMx i aTOMHUX €NeKTPOCTaHLN
B rpaHiTHi nopoamn
I pagioakTMBHWIA pagoH

12. AkMM xap4oBUM NPOAYKTOM cnig 36aratuTu CBiN pauioH, Wob nonepeanT HaKONUYEeHHs
B OpraHiami uesito?

A cano B xni6 B poasvHku " uykop
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(Poagm 5
PYX i BBAEMOAISL.
3AKOHHU 3BEPEXEHHS

PisHonpuckopeHun pyx e lNpuckopeHHs o I'padhikn NpsMoniHinHOro
PiBHONPUCKOPEHOIO PYXY e IHEPUianbHi cucTemm Bianiky e 3akoHn HbloTOHA
e 3aKOH BCECBITHLOIO TAXiIHHS o [IPUCKOPEHHS BiNTbHOMO NafiHHA o Pyx Tina

nig aieto cunun TsKIHHA o PyX Tina nig aieto Kinbkox cun e Baaemogis Tin
o IMNynbC o 3aKOH 306epexeHHs iMNyrbey o PeakTnBHMIA pyX o PidnyHIi OCHOBK
pPakeTHOI TEXHIKKN o [JOCATHEHHS] KOCMOHABTUKM o PyHOAMEHTANbHI B3aeMogil
y npupogi e Mexi 3acTocyBaHHA (PisU4HMX 3aKOHIB i Teopin
o DyHOAMEHTaNbHUIN XapakTep 3aKoHIB 36epexeHHs y Npupoai
o [MposiBM 3aKOHIB 36epexeHHs B TEMMNOBUX, ENTEKTPOMArHiTHUX, S0epHUX
aBuLLax e EBontouis gisu4HOT KAapTUHK CBITY o PO3BUTOK yABMEHb
npo npupoay cBiTna e Bnnue ¢isnkn Ha cycninbHWUA pO3BUTOK
Ta HayKOBO-TEXHIYHWUI nporpec
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PO3OIJ 5

§ 32. PIBHONPUCKOPEHUW PYX.
NMPUCKOPEHHSA. TPA®IKU NPAMOJIHIUHOIO
PIBHOMPUCKOPEHOI'O PYXY

HpHMoniHiix’IHHf/’I piBHOMipHMI pyX, TOOTO
PyX 3i crajioro IMIBUAKICTIO, — piAKicHe ABUIIE
B HABKOJIMIITHBOMY CEpPEeIOBUIIi. 3HAUHO Uac-
Tillle MOBOAWUTHCA MaTH CIPaBy B3 TaKUMU
pyxamm, y AKUX IIIBUJIKICTH HE € CTaJIO0, a i3
yacoM 3MiHIOEThCA. Taki pyxu Ha3WBaIOTh
HepiBHOMipHUMM.

Ha Bcix cyuacHMX TpaHCHOPTHHX 3acobax
YCTAHOBJIOIOTH CIleIiaJbHI IIpUjiagu — CHifo-
meTpu (Maj. 266), SKi MOKasylTh 3HAUEHHS
MIBUJKOCTiI B IIeBHUY MOMEHT dYacy.

3po3yMisio, III0 3a CIiZOMETPOM HE MOJK-

Man. 266 Ha BUSHAUUTU HANUPAMOK IIBUAKOCTI. [lasa

IeAKUX 3aco0iB TPAHCIOPTY, HAIPUKJAL IJIA

MOPCBKMX KOpabJiB i JiTakiB, mMoTpiOHO 3HATH TaKOYK HAIIPAMOK IIIBUIKOCTI

pyxy. Toxi, KpiM cmimomeTrpa, YCTaHOBJIOIOTH IIe U iHIN HaBiraminiui mpwuia-
IU, y HaOpoCcTiIoMy BUIIAJKYy — KOMIIAC.

OT:Ke, Tellep MU 3HAEMO, III0 B HEPiBHOMipHOMY pyci IIBHAKICTbL PyxXy Tija He
€ CTaJIOI0 BEJIMYMHOIO i B Pi3HI MOMEHTH Yacy Ma€ CBili HANIPAMOK i 3HAUYEHHS.

Js1 copoItleHHA POoSTIAZATIMEMO TaKWil HEPiBHOMIpHHMU PyX, HiJ dac SKOTO
IIBUAKICTh PyXy Tijla 3a KOKHY OJWHUILIO Yacy i B3araji 3a Oyab-aAKi piBHI iH-
TepBaJI Yacy 3MiHIOETBCA OJHAKOBO. TaKuWii pyX Ha3WBAIOTH PiBHONMPUCKOPEHUM.

150 180
{1 210

Pyx Tija, mig yac sskoro ioro MBHIKICTH 3a Oyab-AKi piBHI iHTepBaJaM yacy
3MIiHIOETBCA OJHAKOBO, HA3UBAIOTh PiGHONPUCKOPEHUM PYXOM.

Ilig wac Takoro pyxy IIBHUIKiCThL MOJKE€ 3MIiHIOBATHCS MO-Pi3HOMY — IOyIKe
CcTpiMKO (PyX KYJi B PYIIHHUII, CTAPT paKeTH, po3bir JiTaka TOIO) i MOpiBHSA-
HO TIOBiJIbHO (IIOYATOK PYXY IIOTATA, TAJbMYBaHHS aBTOMOOIJISA TOIIO).

Aximo 3a meakwuii iHTepBaa yacy At IpuUpicT IMIBUIKOCTI JOpiBHIOE AU, TO 3a
HOABOEHUI iHTepBaJ uacy 2At mpupicT MIBUAKOCTI Oyme moasBoeHuM — 2AU, 3a
HOTPOEHUM iHTepBas yacy 3Af BiH Oyme morpoenuMm — 3AD i T. 1.

IIpu nmpomy sKIIO 3HaueHHs At 3MiHUTH, TO HOBOMY Al BigmoBimaTmMme BiKe

. R . AU .
inmie sHadyeHHsa AU, ajie BiZHOIIIEHHS A MIPUPOCTY IIBUAKOCTI IO HPUPOCTY
t

yacy Oy/le TaAKUM caMUM, SK i pamimre. OT:Ke, Y JaHOMY PiBHOIPHUCKOPEHOMY

C e .. AU . . .
OPSAMOJIiHIHOMY pyci BimHOIIeHHS m He3MiHHe, iHBapiaHTHe IIOLO0 BHUOODPY
t

imTepBany uacy At.

AU . ey .
BexTop v AKUHN € CTaJUM OJS KOMKHOIO JAHOTO IPSAMOJiHiHOTO pPiBHO-
t
IPHUCKOPEHOr0 PYyXY, XapaKTepusye 3MiHy HIBUAKOCTI Tijla 3a OOWHUIIIO Uacy.
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PYX I BBAEMO/IA. BAKOHH 3BEPEKEHHA

ITa BeKTOpHA BeJWUYWHA — OCHOBHA XapPaKTEPUCTUKA PiBHOMPUCKODPEHOTO PYXY,
SIKY HA3WBAIOTh MPUCKOPEHHAM i I03HAYAIOTH JIITEPOIo 4.

IIpuckopennam mina B HOro PiBHOIPHUCKOPEHOMY HIPAMOJIiHiliHOMY pyci
HA3MBAIOTh BEKTOPHY (Qi3MUHYy BelIMYNHY, AKA XapaKTepH3y€ 3MiHYy INIBUI-
KOCTi 3a OQMHHUIII0O Yacy i BM3HAYAETHCA BiTHOIIEHHAM 3MiHM IIBMIKOCTI
PYyXy Tijla mo iHTepBaJy 4acy, IPOTATOM SKOrO IIsI 3MiHA BimOyJacs:
_ Av
a=—.
At
3 03HaueHHS PiBHOIPUCKOPEHOI'0 PyXy BUILIMBAE, IO HOro IIPUCKOPEHHS €
cTajoio BeJauuyuHO (4 = const).
Ao y Bubpaumii mouaTKoBUiI MOMeHT uacy ¢t = 0 mMIBUAKICTE pyxy Tijga
TOPiBHIOE Uy, & B MOMEHT 4Jacy t — U, To Mmaemo At = ¢, AU = U — 0,,. Toxi pos-
TIAHYyTa Bulle GopMysaa Ma€e TaKUH BUTIIAI:

G- U -0, ’
t
ne 4 — IPUCKOPEHHSA PyXY TiJa; U, — IMoYaTKOBa IIBUAKICTb PyXy Tijna; U — foro
KiHIleBa IMIBUIKICTh PyXy; t — 4ac, IPOTATrOM AKOI'O I 3MiHa BigOyBajiacs.

SAx BumwHO i3 1iel hopmysu, 3a OTMHUINIO MPUCKOPEHHS CJIiJf Y3ATH IIPUCKO-
PEHHSA TaKOro NPAMOJIIHIHHOTO PiBHOIIPHCKOPEHOTO PyXYy, y AKOMY 3a OXUHU-
I[I0 Yacy MBUIKICTh 3MiHIOETHCS TAKOMK Ha OGMHMIIO. | Ile o3HAUae: IPUCKO-
PEeHHS IOPiBHIOE OSWHMUINI, AKINO 3a 1 ¢ MIBUAKICTL PyXy Tijla 3MiHIOETHLCS Ha
1 m/c. Orke, oguHuItero npuckopenud B Cl e 1 M/C2.

PiBHOmprcKopeHuii pyx MoOKe OyTH HPHCKOPEHMM ab0 CIOBiJIbHEHMM, 3a-
JIEXKHO BiJ IIBUAKOCTI PyXy Tija, iKa MOKe 30i/IbIITyBaTHCh a00 3MEHIIYBATHCh
i3 wacom BimmoBimHO. 3HAXOOAYN HPHUCKOPEHHSA PYXY, HOTPIiOHO BpaxoBYBaTU
BEKTOPHI BJIACTMBOCTiI maHOl (PisuuHOI BeUMUMHHN. PO3rISHEMO IPUCKOPEHHS
Ta MIBUAKICTHL PiBHOIIPHCKOPEHOTO PYXy B IPOEKIisix Ha Bick Ox (Mana. 267),
TONl MPUCKOPEHHA Ha0yBaTUMe BUTJIAILY:

q = Yx " Yox

x t

Q
Sl

Y
A

<l

x 0 Vox -a

Man. 267

Axmo v, > v,,, TOOTO MBUAKICTE PyXxy Tina 36inbmIyeThCca (Maa. 267, a),
TOAi MOAyJb IPHCKOpPeHHA a, > 0, a iforo BeKTOp 30iraeTbcs 3 HAIPAMKOM
PYXYy, TO Iied PyX HA3WBAIOTH PiBHONPHUCKOPEHWM.

Axmpo v, < vy,, ToAl Moxyab mpuckopeHHsa a, < 0, a iioro BexkTOop Oyzne
MIPOTUJIEIKHUM [0 HAIPAMKY PYXY, TO TaKWil PyX HA3WMBAIOTh PiBHOCIIOBiJIb-
HEHUM.
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Bu Bixe 3maeTe, K rpadiuHO 300paKyeThCA PiBHOMIpHUI mpsaMOJIiHifiHMI
pyx Tima. CupobyeMo moAiOHO [0 HBOIO IPEACTABUTU IpadiuyHO PiBHOIPUCKO-
peHUil IPAMOJIIHINTHUNA pyX.

ITournemo 3 posrasaay rpadika nmpoeknii npuckopeHHd pyxy tina a, = a (t).
Axiro npuragaTu rpadik npoekiii mIBHAKOCTL Tijla B piBHOMipHOMY IIPAMO-
Ji”ifimomy pyci, ge U = const, i mopiBHATH 0r0 3 BUIIaAKOM, KOJI1 d = const,
TO cTae 3pos3yMisum, 1o i rpadikm imeaTwmuHi. Tomy rpadikom 3zamsex-
HOCTi mpoekIlii IpuCKOpPeHHs PyXy Tijga Big udacy OyAe TAaKOX IIpsMa, sSKa
mapaJieJbHa Oci uacy t. 3aJjie’KHO BiJi 3HaAUeHHA MPOEKIlil MPUCKOpPEeHHS —
JomaTHa BOHA UM Bimg'emMHa — IA mpsAMa poaTamioBaHa abo Hana Biccio, abo
nig Hero (MaJj. 268).

a,, m/c? Uy M/C ) 3 1
a,>0
Vo, > 0}
0 _ 0x 0 4
t, c t, c
a,<0 /
ol 2 1
Man. 268 Man. 269

I'padix npoeknii mBumKoCTi pyxy .Ti.na v, = v(}?. 3 KiHeMaT.I/IqHOI‘O piBHﬂ'H-
HA U, = Uy, + a,t BUJHO, IO 3aJIEKHICTh MPOEKIil IMIBUAKOCTI PyXy Tijga Bij
yacy € JIiHiliHOI0, AK i B PiBHAHHI piBHOMipHOro mpsamoJiiHiiiHoro pyxy. Tomi
3aJUIIAETHCSA TiJBKU IIPOAHAJNI3yBaTH HMOTO0 [OJIA HAIIOr0 BHUIIAAKY. 3aJIEsKHO
Bifl 3HAYeHb NPOEKI[ifi IPUCKOPEHHA i IMOYATKOBOI IIBHIKOCTI PyXy Tijla v,
i a, rpadik maTume pisHHN Burnaan (maJu. 269), soxpema:

vy, >0,a,>0;2)v,, >0,a,<0;3) v, <0,a,>0; 49)v, <0, a,<O0.

Sxmo v, = 0, To TpAMa BUXOAUTUME 3 IIOYATKY KOODAMHAT i, 3aJI€:KHO Bij
3HaUeHHs NPOeKIii IpuCKopeHHA PyXy Tina, Oylde HampAMJeHa Bropy (a, > 0)
abo omyckartuMmeTbca BHU3 (a, < 0). Haxuim npaMux sajeXKUTh Bif 3HaUeHHS
IPOEKITil MPUCKOPEHHS: 1110 OijbIlle TPUCKOPEHHA PYXY Tija, TO KPYTille 3mili-
Ma€eThC YU cliafae rpadik.

I'padik pyxy tima x = x(¢). KinemaTuuHi piBHAHHA PYyXy € KBaAPaTUUHOIO
dyurnieo Bugy y = a + bx + ex?:

2
a,

X =Xy + Uy, t+

Tomy rpadikom 3ajieKHOCTI KOOpPAWHATU Tija Bixg vacy € mapabosa, Tij-
KM dAKOI B8TrifHO 3 mIapaMeTpaMM pyXy MaioTh pisHuit Hanpamok. Hamnpu-
KJaJ, AKIo v,, = 01 a, > 0, To rpadix mMae BUIIAA, 300pasKkeHU Ha MAaJIIOH-
ry 270, a. fIxkmo x,# 0, To BepmmuHa napaboyu 3MiIlyeThCA IO OCi opAWHAT
yropy a6o BHUS3, 3aJIEKHO BiJ 3HAUEHHS X.
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xXo>0
\ x 0 x )
1 ’
\ / \
|“‘ x=0 /] 0
4 >
i\ 1,/ ¢
W 0 {7
< ’
‘\‘\ o 1y -
14 1 1y ¢
R
1\ i) x>0
Y 1]
[N 1!
1 \\ ,"
\‘ N > Iy xo=10
\ 0 t ]
\ I
N /
@ - 1 © %<0

Man. 270

fxmo vy, = 01i a, <0, To rinku mapabosu 3opieHTOBaHi BHU3 (May. 270, 0)
i smimrenHsA BepIIMHU Iapabosii Bropy abo BHU3 II0 OCi OpAWHAT TaK caMoO 3a-
JIEKUTH Bifl 3HAUEHHA X,
Sfxmo vy, # 01 x4# 0 (man. 271), To BepmIMHA MapaboIK 3MiITye€THCA B TOY-
Ky, KOODAUHATHU SKOI BU3HAYAIOTHCSA CITiBBiJHOIIEHHIMU:
2
YVox . t = _Yox

X=X, - ;

2a, a,

x4

Man. 271

() 3ANMUTAHHA 0O BUBYEHOIO

1. Akun pyx HasmBatoTb piBHONPUCKOpeHMM? HaBeaiTb npuknagu.

2. o Take npuckopeHHs pyxy Tina?

3. Y akomy BMNagky nNpoekLisi MPUCKOPEHHS pyxy Tina Mae gogaTHe, a B AKOMY —
Bifl'EMHe 3Ha4YeHHNA?

4. Axuii BUrnag mae rpadik NPUCKOPEHHS pyxy Tina?

5. Yum BigpisHaeTbea rpadik WBMAKOCTI PiIBHOMIPHOrO MPAMOSIHIMHOIO pyxy Bif

rpacoika LWBWAKOCTI PiIBHOMPUCKOPEHOIO pyXy?

6. Ak 3a rpacikoM NpoekKLii LWBWAKOCTI PiIBHONPUCKOPEHOIO PyXy BU3HA4aloTb NPO-
eKLito NnepeMillleHHs Tina?

7. Big 4yoro 3anexuTb HanpsAMOK rifiok napabonu Ha rpadikax piBHOMPUCKOPEHOTO
pyxy Tina?
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o 3AAYI TA BMPABY

[
(=N =N=]

Posp’sa3yemo paszom

1. IIpucKopeHHs Tijia HOPiBHIOE —5 M/Cz. Ax e posymitu? ITosicHirs.

Bionosgidv: Tiyio pyxaeThCcsa PiBHOCIOBiJILHEHO IpsaMoJiHiiiHo. Ha 1e Bkasye
3HaK «—» 0iJid 3HaUEeHHA IMIPUCKOPEHHA.

2. Tijso KuHyIN BepPTUKAJIbHO Bropy 3i msuakictio 40 m/c. fIka Oyme miBua-
KicTh pyxy Tija uepe3 2 c, ueped 5 c¢? BusHaure, AKMI IILJIAX Ipoiiie TiJo
i axe fioro mepemimenusd. I[IprckopeHHa BiibHOrO maminuA gopiBHioe 10 M/Cz.

Hamo: PosB’sa3anug
. Yy
v, = 40 m/c Buxkopucraemo nBi dopmyan:
ti=2c L . Dyt R
t2 = 5 (o] [ UO = gt, s = —1{. 120
2 2
g=10 m/c .
Bukomaemo mpoekiiii Besuuua Ha Bick Oy
Vg~ 20,57 (Bich HampsMJIeHa Bropy): 0 l
_ _ Uy, + U g
l ? S ? Ux — U()x — gt, sx — 0x 2 X t.

Mg momeHTY ¢, = 2 ¢ 3a nuMu GopmMyIamMu:
v, =40 m/c - 10 M/c2 -2 ¢ =20 Mm/c;
S, = (40 m/c + 20 Mm/c): 2) -2 ¢ =60 M.

Ot:xe, y MOoMeHT £, = 2 ¢ Tiso mepebyBae Ha BucoTi 60 M i mMae mBuUAKicTH
20 m/c, manpamiaeHy Bropy. OCKiJIbKM HanpAMOK pyXy He 3MiHIOBaBCS, TO
HIIAX, IpoiaeHu# Timom, 60 M.

I MmoMeHTY ¢, = 5 ¢ 3a TAKUMHU caMuUMHU (PopMyJIaMHU OTPHUMAEMO:

v, =40 m/c — 10 m/c®- 5 ¢ = 10 m/c;
$.9 =040 m/c — 10 M/c) : 2) -5 ¢c = TH M.

Y momeHT t, = 5 ¢ Tiso nepebyBae Ha Bucori 75 M i mae mBuakicts 10 m/c,
fIKa HanmpAMJeHa BHu3. OTie, y MOMEHT t, = 5 ¢ TiJIo pPyXaeThCA BiKe IiCJA
noBopotry. IIpoiiseHnil TijoM MIIAX BU3HAUMMO SK CYMY [OBOX HIIAXiB (pyx

vZ 2
Tija Bropy i BHuB) 3a (popmysoro | = -2 + X2,
2g 2g

1 =1600 m%/c? : 20 m/c? + 100 m?/c?: 20 m/c? = 85 M.
Bidnoside: v, = 20 m/c; v, = —10 m/c; [ = 85 m; s = 75 M.

PiBens A

201. ITo morpibHO 3HaTH, 100 BU3HAUUTU MHOJOKEHHSA Tijla B OyAb-AKUI
MOMEHT Yacy, SKII[0 BOHO PYXAE€ThCA PiBHOMPUCKOPEHO?

202. IIpuckopeHHs Tija HOpiBHIOE 2 M/Cz. Ha ckinbKu 3MiHUTBCA IIBU-
KicTh pyxy mboro Tijna 3a 1 c¢?

203. IlouaTkoBa i KiHIleBa IIBUAKOCTI PyXy Tija BiOBiAHO MOPiBHIOIOTH
5 m/ci 10 m/c. K pyxaerbca 1ie Tino?

204. TlouaTkoBa i1 KiHIleBa INMBUAKOCTI PyXy Tija BiANIOBiZHO JOPiBHIOIOTH
15 m/c i 10 m/c. Ak pyxaeTbed 1e Tijmo?

205. IIpuckopenus Tija mopiBHIOE 3 M/Cz. IITo 1e osuauae? IloscHiTE.

174

[paBo ans 6e3onnatHOro po3milleHHs NigpyYHMKa B Mepexi [HTepHeT mae
MiHicTepcTBO ocBiTYM i Hayku YkpaiHu http://mon.gov.ua/ Ta [HCTUTYT MoaepHi3aLii 3micTy ocBiTu https://imzo.gov.ua



PYX I BBAEMO/IA. BAKOHH 3BEPEKEHHA

206. ki 3 maBemeHMX 3aJIEXKHOCTEHl ONNCYIOTH PiBHOIPUCKOPEHUH pyx?
a) x=38+2t, m; 6) x=4+2t, m; B) v=6, mM/c; T) x =8 -2t — 412, wm;
o) x =10 + 52, .

207. 3ajeskHicTh Bif yacy KOOpPAMHATH TOUKM, SIKA PYXAETLCSA B3JOBXK OCi
Ox, mae Buraan: x = 2 — 10t + 3¢%, m. OnuuriTe xapakTep pyxy. fIki mouaTko-
Ba IIBUAKICTh 1 NPHUCKOPeHHA PyXy Tija? 3amumiiTe piBHAHHS OJs IPOEKINii
MIBUAKOCTI PyXy Tija.

208. IlIBugkicTs pyxXy MaTepiaJbHOI TOUYKU B OyIAb-AKUI MOMEHT Yacy 3aja-
HO piBHAHHAM U = 3 + ¢, M/c. BusHauTe mMoYaTKOBY IIBUAKICTh i TPUCKOPEHHS

Tina. v,, M/c A

209. Ha wmamoHKY 272 300paskeHO 10 e
rpadiKm OPOEeKIifi IIBUIKOCTEN pPyXy I
aOBox Tij. BusHaure: a) Bunm pyxy Tij; 51

CKIJIBKM CEeKYHJ IIicJasA IOYaTKy pPyxXy

0) TPUCKOPEeHHS pyxXy Tijg; B) uepes i
|

IIBUAKOCTL Tijl OyAyTh OJHAKOBUMMU. 3a- 0 / 2 3 4 5 t,c
OUIITh 3aJeKHICTh KOOPAMHAT TiJ Bifm I '
aacy. Mar. 272

Pisens B

210. Kyibka KOTUTBCA IIO K0J00Yy 0e3 IMOYaTKOBOI IIBMAKOCTI 1 3a mepIy
cexkyHAy npoxoauTs 10 cm. AKwuii miAx BoHa mpoiige 3a 3 ¢?

211. 3a AKy CEeKYyHAY Big IIOYaTKy PiBHOIPHUCKOPEHOI'O PYyXy TiJIO Ipoiize
HIIAX, YTPUUL OLIBIINHA 3a IIIAX, NIPOHAEHNI 3a MOMEePeSHIO CEeKYHAY ?

212. Yepes 10 c micaa mouaTKy pyxy HIBHUIKicTh moisza mopiBuioe 0,6 m/c.
Yepes AKUU Yac MicJId DOYATKY PYXY IIBUAKICTE IT0i3a JOpiBHIOBATUME 3 M/C?

213. ABTOMOOiNL IOUYAB pyxaTucsa 3 HPUCKOpeHHAM 1,5 M/c2 i 3a meawrwui
yac mpoixaB Bimcranbs 12 m. Busnaure #Ooro mMBUAKICTH PyXy B Ielfi MOMEHT
i cepengHIO IIBUAKICTD.

214. Cxuxa s3aspoBxku 100 m amxuuK npoixas 3a 20 ¢, pyxamuuch i3 mpu-
cxopeuuam 0,3 M/C2. fAxa mMBUAKICTD TMKXHNKA HaA IOYATKY i B KiHII cxuay?

215. BusmauTe Buja pyxXy, BigmoBiguHmii go pminsHoxk rpagika AB i BC
(man. 273). BusHauTe NpHUCKOPEHHS Tijla HA KOMKHilM 3 minaHok. Axuit Mmonyiab
IIBUIKOCTI TijIa Ha MOYaTKY i HAMPUKIiHI pyxy?

216. Ha mauoHKY 274 300paxeHo rpadik 3ajlesXHOCTi IIPOEKIil IIIBUIKOCTI
OPAMOJiHIHOrO pyxy Tija Big yacy. 3 AKMM IIPUCKOPEHHSIM PYyXaJoCs TiJio B
imTepBanax dacy: 1-3 ¢; 3—5 ¢; 5—7 ¢? Hakpecaits rpadgik 3aaeXHOCTi IPOEK-
il TpHUCKOPEeHHA BiJ Hacy pyxy.

v, M/cC v,, m/c }
18 31------------; : :
12 2T | i
6 1t | |
0 | |
0 7 c 1 2 3 4 5 6 7 te
Man. 273 Man. 274

175

MpaBo ona 6e3onnaTHOro po3milleHHs NigpyYyHUKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITM i Hayku YkpaiHu http://mon.gov.ua/ Ta [HCTUTYT MoaepHi3aLii 3micTy ocBiTu https://imzo.gov.ua



PO3OIJ 5

a,, m/c? 217. 3ane:xHOCTi Bif yacy Koopau-
HAT JBOX TOYOK, AKi pyXaioThCs B3TOBXK
27 — oci Ox, MarTh BUIJIAA: X; = 15 + 2, m
) i i i x, = 8¢, M. OnmmIiTE XapaKTep Pyxy
1 i ;_E Ko:kHOro Tinma. IloOGymyiiTe rpadikm
0 : i ! . ! PyXy. Busnaure uvac i micme 3sycrpiui
1 1 2 3 4 5 t,c TLI.
1 ! 218. 3a rpadikomM IpoeKILii mpucKo-

peHHA PyXy Tina (maj. 275) nmobynyiiTe
rpadgikm oA mOpoeKIii mBmAKocTi i
IJIs TIPOeKIIil mepeMilieHHsa, AKII0 II0-
YaTKOBA IIBUAKICTH PyXy Tijia mopiBHIOE 2 M/cC.

219. Tino pyxaeTbcsa B3JOBK MPAMOI CIIOUATKY IIPOTATOM 5 ¢ piBHOMipHO 3i
MBUJKICTIO 5 M/c, moTiM piBHOIpHCcKOpeHO mpotsaroMm 10 ¢ i3 mpucKopeHHAM
1 M/CZ, HaOpAMJIEHUM IIPOTUJIEKHO OO HOYAaTKOBOI IMBUAKOCTi. IlobymyiiTe
rpaikm 3aJIeKHOCTI IIBUAKOCTI, KOOPAMHATH i IIPOHUIEHOTO TiJIOM IILJISAXY Bif
yacy. IlouaTKoBa KoopamHaTa AOPiBHIOE HYJIIO, HAOPAM OCi KOOpAWMHAT —
Y3I0BJK IIOUYAaTKOBOT'O HAIPAMKY PYXY TiJja.

220. Tino nmagae 3 Bucotu 78,4 M. BusHauTe 1oro nmepeMiiiesHHsa 3a OCTAHHIO
CEeKyHIY TMamiHHsd.

Man. 275

§ 33. IHEPUIAJIbHI CACTEMW BIAJIKY.
3AKOHU HBIOTOHA

BI/I B:Ke 3HAaEeTe, IO PyX i cHoKiy BimHOcHi. IKmI0 BigHOCHO OmHiel cucTeMm
TisTI0 mepebyBae y CTaHiI CIOKOIO, TO IIOAO iHIIMX CHUCTEM BiJJIIKYy TiJIO MOXKe
pyxarucs. PosrismeMo, HampuKJIam, MMIaidy, 110 JEKUTh Ha JILOZOBOMY Maii-
manunky. Illaitba 3HAXOOZUTHLCS Y CIOKOI BimHOCHO Jbhomy (3emJi), TOMY IITO
BOJIUB Ha Hei 3eMJIi KOMIIEHCYETLCSA BIJIMBOM Jbomy. AJje aasa Xokeicra, IO
pyXaeThcA MOB3 IMIa0y NPAMOJIIHINHO i piBHOMipHO, BOHA TaKOK PYXaE€ThCHA
OpAMOJIiHiIHO i piBHOMipHO y mporuiekHuii 6ik. Takum uymHOM, omHe i Te
came Tijo (mraiiba) BigHOCHO ofHiel cucTemu BiaJiKy (moB’sA3aHOI i3 3emJero)
nepeOyBae y CcTaHi CIIOKOIO, BiJHOCHO iHIIOI (Imo-
B’A3aHOI 3 XOKeiCTOM) PyXaeThbCs MPAMOJIIHINHO i
piBHOMipHO. AJie XOKeicT ymapuB 1o Iaibdi KJirod-
Koo (maJj. 276).

Y pesyabraTti Ogy:ke HeTpHBAJOl il KJIOUKU
mraiiba mOUYMHAE pyxaTucs, HaOyBaouum IgesaKoi
mBuakocti. IlikaBo, 1o mmicas ymapy, Koau misa
KJIIOUKN Ha IIaiiby BiKe IpUOMHUNJACHA, IIaiba
nopomoB:Kye cBii pyx. Tum wacom Imicisa ymapy

*;:,? ~ BILIMB HA INAW0y iHIMWX TiJ 3aJUIIUBCA TaKUM
& '».;{m\ caMuM, dK 1 J0 ymapy: AK i pamime, mia 3emuri
™, KOMIIEHCYETHCA Ai€l0 JbOAY, a KJIOYKa, AK i 10
yaapy, HiAKOro BILIMBY Ha PyX IIai0OM He POOUTH.
Man. 276 Ilaiiba micas ymapy PyXaeTbCcs MO MPAMif Jimil
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3 MaiKe CTaJIOI0 IIIBUAKICTIO, AKOI BOHA Ha0yJjia B MOMEHT yrapy. AJe 1miaiba
BPEMUITi-peHIT 3yIUHUTHCA, X0ua 3 JOCIiAy BiZomo: IO OiJbII TIVIaJeHbLKIIMIU
OyayThb Jiip i maiiba, To TpuBagimmuMm Oyge pyx marom. Tomy moskHa 3mora-
maTucs, IO AKI0 0 30BCiM YCYHYTH [if0 JIBOAY Ha pyxXoMmMy Inauby (o airo
Ha3WBAaIOTh TEPTAM), TO Iaiiba mpogoB:KyBajia 0 pyxaTtucs BigHOocHO 3emJIi 3i
CTAJIOI0 IMIBUAKICTIO 6€3yIMHHO.

IIpoTe siximo 6 mopsax is Ifieo 11ai60i0, III0 PYXA€ThCA PiBHOMIPHO, pyXas-
cs XOKeiCT 3 TaKOI0 caMOI0 IMTBUAKICTIO, TO BiHOCHO HBOT'O (CHMCTEMHU BiIJIiKYy,
MoB’s3aH0l 3 HuM) Iaiiba 3Haxogujacsa 60 y cmokoi. I B IIboMy BUOAIKY OIHE
i Te came Tijlo B omHi¥M cucTemi BimmiKy (3eMJuid) pyxaeThbcAa HNPAMOJiHIMHO i
piBHOMipHO, BiTHOCHO iHIITOI (XOKeicT) — 3HAXOAUTHCA Y CHOKOI.

et mpuximan i 6araro iHIMUX, MOFIOHWMX OO HBOTO, € IIPOSIBOM OIHOTO
3 OCHOBHUX 3aKOHIiB MexXaHiKU, AKUHA HA3WBAIOTh MEPIINM 3aKOHOM PyXy, abo
nepmuM 3aKkoHOM HbproToHa.

IcuyroTh Taki iHepuiadbHi cucTeMHu BigiKy, BITHOCHO SKUX TijIO, IIIO pyXa-
€ThCA MOCTYINAJNLHO, 30epiraec cBO0 HMIBUAKICTh CTAJIOI0, AKILO0 HA HHOTO HE
IiroTh iHmIi Tima (ado mil iHIIMX TiJl KOMIIEHCYIOTHCS).

Came sBullle 30epesKeHHs MIBUIKOCTI pyXy Tija (30KpemMa, CTaHY CIIOKOIO)
Ipu KOMIIeHcallii 30BHIIMHiX mi#f Ha Tijso HasmBaioTh iHepuiecr. Tomy meprimii
3akoH HpOTOHAa YacTO Ha3WBalOTh 3aKOHOM iHepiii. IloBcakmenHuit BuUpas
«pyX 3a iHepIli€e0» U 0O3HAUa€ PyX TiJja 3i CcTAJ0I0 MIBUAKICTIO (TOOTO IIPSAMOJTIi-
HiHO i PiBHOMIipHO), KOJIM Ail iHIIUX TiJI KOMIEHCYIOTHCH.

Y nepmiomy 3akoHi HrploToHa iigeThcsa mpo pPiBHOMIpHUM NpaAMOJiHiNHUI
pyx. Pyx Mu MoKeMO poO3IrIAgaTU TiJIbKU B AKif-HeOyab cucreMi Bigairy. Bu-
HUKAIOTh BalMTAHHA: Y AKill de cucmemi 8i0NIKY BUKOHYEMbCS nepuiuil 3a-
Kon? Qu moicHa 88axamu, U0 8iH BUKOHYeMbCs 68 0YOb-akiil cucmemi 8i0niky?
Hagpite HaOmm:xkeHMil aHajis MexXaHIiYHMX SABUIT IIOKAasye, IT0 3aKOH iHepIrii
BUKOHYETHCSA MaJIeKO HE B yCiX cucreMax BiJJIiKYy.

Ilepminii 3akon HeioToOHA mae 3MOry BUBHAUUTH, UM € CHCTEMAa BiIJIiKy iHep-
miaabHO0. I8 1bOro mOoTPi6GHO BMOpaTU AKe-HEOyAb Tijo, IOJs SKOTO CHJIH,
110 Oil0Th, 3PiBHOBAKEHi, 1 IPOCTEKUTU 3a THUM, SIK BOHO PYXAETHCS BiIHOCHO
CHCTEMH BiJJIiKYy, ITTO I[IKaBUTh HAC. SIKIITO PYyX PiBHOMIpHUH i IpAMOIIiHi AHMHA
(B OKpeMOMYy BUIIQJIKy — CIIOKiii), TO cuCTeMa iHepIljiaJbHa; SKIIO PYyX HEPiBHO-
MipHUII — cucTeMa HeiHepIlliaJbHa.

Bunukae sanuTaHHSA: YU iCHYNOMb cmpozo iHepuiaavHi cucmemu? HbioTOH,
dopMyIII0I0UN 3aKOH iHepI[ii i BKJAOUYa0Un HOro A0 OCHOBHUX 3aKOHIB JMHAMI-
KH, CTBEPKyBaB THUM CAMHNM, IO TaKi CMCTEeMH BiJJiKy B HPUPOAi iCHYIOTH.
Hacnopasni, axmio y mpupoai Mae Micile 3aKOH iHepllii, To moBHHHA icHyBaTu
i Taka cucTeMa BiIJIiKy, e BiH BUKOHYETLCS aOCOJIOTHO CTPOTO, TOOTO iHepIri-
aJbHAa cHCTeMa BiJIiKy. A AKIIO icHye Xoua 0 ogHA TakKa CHCTeMa, TO i3 IILOro
BUILJINBAE, II0 iX € Hea3JiueHHa MHOKMWHA, TOMY III0 BCAKa cUCTeMa BilJiKy,
[0 PYyXaeTbCcA PiBHOMIpHO i mpsMoJiHiNiHO BigHOCHO iHepmiaibHOI, Oyme Ta-
KOK iHepIliaJabHOIO.

11106 3’sacyBaTu 3B’A30K MiK CHJIOIO, ITIO i€ Ha TiJIO, i MPUCKOPEHHAM PYXY
Tijna, cJim BUKOHATH OocJin. IJis mpoBeleHHS OOCHiAy BUOMPAEMO Tijo, sSKe
Iie Ha Bci immmi Tiza 3 ogHAKOBOMIO cuJjop0. TaKuM TijJoM MOKe CIYTI'yBaTH PO3-
TATHYTa ab0 CTUCHYTAa IPYKUHA, V AKil mie cuiaa mpyskHocTi. Big ycix inmmx
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CHJI CMJIA TPYYKHOCTI BiJpi3HSETHCSA IIEBHOIO OCOOJIMBICTIO, BOHA 3aJIEXKUTh
TiJIBKX Bifl TOTO, HACKIJIBKM PO3TATHYTa abo CTUCHYTa IPY:KHUHAa, ajie He 3a-
JIeKUTH BiJ TOTO, IO AKOIO Tijla HNpy:KMHA IpukpingeHa. Tomy Ha OyIab-siKe
TiJIO, IPUKPiNJeHe [0 IIPYKUHU, POSTATHYTOI Ha MEeBHY MOBXKUHY, i€ omHa i
Ta caMa CuJja — CHUJIa IPYKHOCTI IPYKUHH.

OcKigbKHu cuJja omHa i Ta caMa, TO SIKach BeJMUYKHA IIOBUHHA OYTHU OOHAKO-
Ba JIJIS BCiX TiJ, IITO0 IPHCKOPIOIOThCA IIi€to cuioio. Ha mociaigi i 3’sacyemo, 1o
e 3a BeJMYUHA.

Hocaix. o Biska, maca skoro Bimoma (m), IPpUKPIiINMO OAWH KiHENb IIPY-
JKMHMY, a APYIUi il KiHelhb IPUKPIINMO OO HUTKM 3 BaHTAYKEM, IePEKMHYTOI
yepes 00K (MaJj. 277, a). YHACTIIOK NPUTATAHHA A0 3eMJi BAaHTaK PYXAEThCS
BHU3 1 pO3TATYye HpY:KMHY. BoHA, PO3TATHYTa Ha MEeBHY HOBXKUHY Al, mie cu-
JIOIO TIPY?KHOCTi Ha BiBOK i Hamae Wiomy npuckopeHHA. [le mpucKopeHHA MOKHA
BUMIpATH, HAIIPUKJIAJ, BOHO JOPiBHIOE A.

Al

Man. 277

IToBTOpHMO mociixg 3 ABoMa BidKaMu omHaKoOBOiI Macu (ixHa maca — 2m),
3’emgHaHuMU pasoM (MaJ. 277, 6). Ham moTpi6HO BUMIpATH IPHUCKOPEHHS BisKiB
Ipu TOMY CAMOMY BHIOB)KEHHI NMPYKHHU, OCKIJIBKM CHja HOBHHHA OyTU He-
aminuor0. 11106 BUIOB:KEHHA HPYKUHU OYJIO TAKUM CAMHUM, AK HA IOYATKY J0-
cainy, moTpi6HO mMiABiCMTH M0 HUTKHU iHIIKi BaHTaK. Jlociig mokasye, 1o Ipu

. . . a
TOMY CaAaMOMY BUAOBXKEHHi Al IPyXKVHU IPUCKOPEHHA ABOX BisKiB mopiBHIOE P

Ao 3’egHaTy TpU, YOTUPHU i OinbIIe BidKiB, TO IPU TOMY CAMOMY BHIOBXKEH-
Hi Al OIPYy>KUHMN IIPUCKOPEHHS TiJ BUABUTHCS Y TPHU, YOTHUPH i Oijble pasiB
MEHIIINM, HidX omHOTro Biska. BuaBiserbcs, 1Mo 3i 30iJbIIIEHHAM Macu BisdKa B
IeBHe YHCJIO Pas3iB IIPHCKOPEeHHs, SKoro HaOyBae Tijo mim uac mii Tiei camoi
CUJIN, 3MEHIIIYEThCA y CTiJIBKU caMO pasiB. A Iie o3Hauae, [0 OJHAKOBUM BH-
ABJSETHCA JOOYTOK MacH BisKa i Horo IIpuCKOpPEeHH.

ITe mano HrioTomy mizmcTaBy CTBEepAKYyBaTH, IO CUJa BU3HAYAETHCS HOOYT-
KOM MacH Tijia i #oro mpucKOpeHHs, Ta chopMyJaioBaTH HANBaKJIUBIIINI 3a-
KOH MeXaHiKW, AKWU Ha3BaJu APyruM 3akoHoM HrroToHa.

Cuna, mo gie Ha TijT0, BUBHAYAETHCA JOOYTKOM MAaCH Tijia i HOro mpHCKoO-
PeHHsI, HAJaHOTO I[i€I0 CHJIIOIO.
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dopmyny, 110 Bupaskae apyruii 3akoH HploToHA, Ciin sammcyBaTu B TaKo-
My Bumaani: F = md. I3 miel ¢popMyan MOMKHA OTPUMATH BHUPA3 OJIS IIPHUCKO-

) . . F .
peHHs pyXy Tijma d: d = —, 3 AKOTO BUIHO, IO HIPUCKOPEHHS Tija 3aBKAU
m

HaIlIpaMJIeHe TaK caMO, AK i cuJjia, 110 CIIDUYMHAE tioro.

IIpuckopenHsa pyXy Tijla IPAMO NMPOIOPI[iHHE CUJIi, IPUKJIAJAEHIl 10 HHOTO,
Ta 00epHEHO IPOMOPIIiifHe 0 MacH Tijia i HapAMJIeHe B Oik mii cuiu.

Cripg sayBasKuTH, 110 APyruil 3akod Hb0oTOHA, K i mepIinii, BUKOHYEThCS
JuIlle OJA MaTepiaJbHMX TOYOK. ¥ pasi mii cua Ha OpoTsSKHe Tijo Apyrui
3aKO0H OIMCY€E IPUCKOPEHHSA He BChOI'O Tija, a TiJabKU #oro meHTpa Mac. IIpo-
Te IIiJ yac IMOCTYIAJbHOTO PYXY TBEPAOrO Tija BCi HOro TOUKM MAalOTh OJHA-
KOBi IIPHMCKOpPEHHs, TOMY APYrui 3aKOH BUKOHYEThCS IJA OyIb-AKOI Ioro
TOUKH.

Kosxen i3 3akoniB Hbi0TOHA MOCTYIIOBO PO3KPHBAE 3MiCT OSHOTO 3 HaliBaiK-
JUBIMINX TOHATHL MEXaHiKM — HOHSATTS CUJIU. SIKIIO APYruil 3aKOH CTBEPIKYE,
o OyAb-AKa CHJa CIPHUUYMUHSIE IMPUCKOPEHHS, TO TPEeTili 3aKOH TOBOPUTH, IIO
BCi cuJu MAalOTh XapaKTep B3a€MOIii.

Cunu, 3 AKMMH fAKi-HeOydb ABa Tija IilOTh OXHE HAa AN
OfHEe, 3aB:KIU PiBHI 3a 3HAYEHHAM, ajie MPOTHJIEKHI 3a
HaIPAMKOM.

Hexaii, manpukian, Ha cToji JeXKuUTh Tijgo (Maj. 278).
3 SKOI CHJIOW BOHO gie Ha cria (F = mg), 3 TAKOI CaMOIO yme
3a 3HAYEHHSM CHJIOIO CTis mie Ha Timo N. MaremarmuHO 11
samucyioTh Tak: F = —N. BHaK «—» yKasye IPOTHJIEKHICTH Man. 278
HaOPAMKIB mii mux cu.

Tperiti 3akon HpIoTOHA CIPaBIKYETHCA HE
TUIBKY IJIA HEPYXOMUX, ajie U JIA PyXOMUX TiJ.

IIpore piBHiCTH cui He 3aBXKAM 00YMOBJIEHA
TperiMm 3akomoMm. Ciim pospisHATHM cuau B3a-
eMopil, mpuUKJajgeHi M0 PiBHUX B3aEMOMiIOUMX
TiJ, i Tak 3BaHi piBHOmiliHIi cuiu, IO IiIOTH
Ha omHe Tijo. Cuiam B3aemMomil HigKOPSAOTHCA
TpeThoMYy 3aKOHY HbioTOHa, a cmiu, IO TiIOTh
Ha OJHE TiJjo, MiJTKOPSIOTLCSI APYTOMY 3aKOHY.
106 posibpaTucs B IIbOMY OOKJIaAHiIlIe, PO3-
TVITHEMO TaKUH MPUKJIAM.

Ha nosepxHi 3emui gexurs Tijo (Mmaj. 279).
Ha rino mie cuna mg, 3 AKOH0 HOTo IPUTATYE
3emasa. Aue arigHo 3 TperiMm 3akoHoM HpbroTo-
Ha i Tijo mpuTaArye mo cebe 3eMJI0 3 TAKOIO
caMoOI0 3a 3HAUYEeHHAM, aJjieé IIPOTUJIeKHO Ha-
npameHon cujiow (mg),. Orxe, mg = —(mg),
3rigao 3 TpeTriMm 3axoHOoM HrioToHA. Man. 279
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Okpim rpasirarmiiizoi Bsaemomii 3emi i Tina, misk HUMHU icHye 1€ T IPYIK-
Ha: 3 AKOIO CIJIOIO TiJIO THCHE Ha 3eMJII0, 3 TAKOI0 CaMOIO CHUJIOK i 3eMJsd Tuc-
He Ha Timo, To6To N = —N; 3rigHo 3 Tperim 3akoHOoM HbloToHA.

TakuM YMHOM, Ha TijJo AitoTh ABi cuau: mg i N. JIasd 1mux CuUi, OCKiJIbKMN
BOHH IIPUKJIAJEHI O OZHOIO Tijia, MOKHA 3aIlucaTu APyrui 3axkod HeioToHa:

ma =mg + N.
Timo mepebyBae y cmokoi, Tooto @& = 0. Tomy mg = —N. Lo piBuicTs cuxa
IOBeIeHO Ha OCHOBI Apyroro 3akoHy HbeioToHa.
Ha 3emuro Takos mitors aBi cuim: N, i (mg»)l. Bouu spiBHOBakeHi, To6TO
N, = —(mg),. lla piBHICTL TaK CaMO € HACJiJKOM 3aCTOCYBaHH:A APYTOro 3aKOHY.

() 3ANWTAHHA 0O BUBYEHOIO

1. Aki cucTtemu Bianiky Ha3MBalTb iHepUianbHUMKU? HeiHepuiansHUMN?
2. CchopmyntoniTe nepLumn 3akoH HetoToHa.
3. Y skin cuctemi Bianiky BUKOHYETBLCS NepLumiA 3akoH HbetoToHa? Yun moxHa BBa-
XaTtu, Wo BiH BUKOHYETLCS B Byab-skin cuctemi Bigniky?
4. Ccopmyntonite apyrui 3akoH HetoToHa.
5. LLlo moxHa cka3aTu Npo HanpsM CUMK | NPUCKOPEHHS!, AKOrO curna Hagae Tiny?
6. Ak MOXHa BUMIpATK cuny, CNMpatynch Ha Apyrun 3akoH HetoToHa?
7. Yn moxHa, Buxoaauum 3 oopmynu F = ma, cTBepa)KyBaTH, LLO cuna, npuknaae-
Ha 0o Tina, 3anexuTb Big Macu Tina i Big Noro NpUCKOPEHHs?
8. BukopuctoByroumn gpyrmin 3akoH HetoToHa, chopMyntonTe nepLumnin 3akoH HetoToHa.
9. CchopmyntoiTe TpeTin 3akoH HblOTOHA i 3anuLwiTb MOro hopmyny.
10. AkMmMun gocnigammn MoXHa NepeBipuTK TPETIl 3akoH HbrtoToHa?
11. Ak HanpsAMNeHi NPUCKOPEHHS, LLO OTPUMYHOTb Tina nig yac ix B3aemogii?

— = 3ALAYI TA BMPABY

Po3B’a3yemo pazom

1. Besnocunenuct pyxaerbca 3i IMIBUAKICTIO 5 M/c. 3 AKOIO IIBUIKICTIO PY-
XaBeCs IIIIOXiZ, IO BHHIIOB 3 TOTO caMoro Micisa Ha 1 rox paxiiire, SIKIIIO
BeJIOCUIIEMCT Has3gorHas iioro uepes 30 XB IIiCJIsI IIOYATKY CBOI'O PyXy?

HaHo: PosB’szaHuda
v, =95 m/c Benocunenuct i minroxix momoJsiaam OOJHAKOBY Bifl-
t=1 rom = 3600 c . Ultl
CTaHb, OTMKe: U,t, = v(t + ). 3Bigcm U = ———.
t, = 30 xB = 1800 c ’ 1ty = vt + ty). 3BiA P
v—? IlincTaBuMO 3HaUeHHA BiJOMHX BEJIMYHWH i OTpHMAaE-

MO:
_ 5m/c-1800c
3600 c + 1800 c

~ 1,7 m/c.

Bidnosiov: v ~ 1,7 m/c.
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2. flke 3 momaHUX TBEPI)KEeHb HAWTOUHIiIIE BUpaskae npyruil 3akod HerorTona?

A Cuna, mo mie Ha Tijo, MOpPiBHIOE MOOYTKY MacH Tijla i MpUCKOPeHHA, HAa-
ITAHOTO TiJIy IIi€I0 CHJIOIO.

B Ilpuckopenns, sKoro HaOyBa€ TiJio, HPSIMO IIPOIOPIIifiHe piBHOLIHHiN
ycix cmi, 1Mo IMpuKJIaJeHi 70 IbOro Tija, i 00epHEeHO ImpomopIliiine Maci Tija.

B PiBHopiliHa BCix cmJj, [0 AilOTH Ha TiJo, HOpPiBHIOE AOOYTKY Macu Tija
1 mpuCKOpeHHA, HAJAaHOIO TijJy Ili€l0 PiBHOAINHOIO CHJIOIO.

Bionosios: TBepm:xenusa B maiiTounimie Bigob6paskae apyruii 3akon HeioToHA.

PiBens A

221. ABTOMO0iNIbL 3 BUMKHEHNM ABUT'YHOM IIPOiXaB OO IIOBHOI 3YIHHKU IIO
PiBHill TOpU3OHTAJBHIN AOPO3i Ile AKuiich yac. Yu MOKHa CTBEpPAKYBaTH, IO
BeCch Uac BiH pyxaBcs 3a iHepIieio?

222. Tino pyxaerbcd 3i cTaJI0I0 MIBUAKICTIO Imig mielo KiabKox cui. Yu MOK-
Ha Ief CTaH Tijla pOsrIAZaTH AK PyX 3a iHepiriero?

223. JlrommHa, ynupaouyuch PyKaMu y CTiHYy BaroHa, Xoue 3PYIIUTH HOTO
3 micia. IIpore Baron 36epirae cran cmokoio. ITodacHITE womy.

224. 3 AKUM TIPUCKOPEHHAM PYyXa€ThCSI aBTOMOOIJIb, AKIIO HOT0 MBUIKICTH
3a 6 c 30iapmuaacs Big 144 xm/rox mo 216 Km/roxn?

225. 3a axkuii yac pakera HabyBae mepIoi KocMiumoi mBUAKOCTI 7,9 KM/c,
AKIITO BOHA PYXA€ETHCA 3 IPUCKOpPeHHAM 50 M/Cz?

226. fIxk ycTaHOBUTHCA IIOBEPXHA OCH3WHY B I[MCTEPHI IIiJ Yac piBHOMipHOroO,
IIPUCKOPEHOr'0 I CIIOBiJILHEHOr'0 PyXy moTAra?

227. Cuna 200 H gie Ha Tijgo Mmacom 5 Kr. BusHauTe IpHCKOPEHHS, 3 AKUM
PyXaeTbecs TiJo.

228. Busnaure macy Tina, akomy cuiua 5000 H mamae mpuckopenns 0,2 M/Cz.

229. 3 AKMM OPUCKOPEHHAM PyXaeThcs Tijo macoio 300 Kr, Kogu Ha HBOrO
nie cuaa 1500 H?

230. Busuaure macy Tijga, skomy cuiaa 500 H mamae mpuckopenss 0,2 M/Cz.
Busuaure nepeminienusa tijsa 3a 30 ¢ pyxy i3 cTaHy CIOKOIO.

231. Ilix miero cuau 2,5 kH mBuAKicTs aBTOMOOILIA Macow 5 T 30iJbIIMIACA
Bix 54 xMm/rox no 72 km/ron. BusHauTe MIPUCKOPEHHS, 3 SKUM PyXaBCA aBTOMO-
6isb, i yac posrouy.

232. IIporarom 30 c JdogmMHA KEepAUHOIO BiAIITOBXYE BiJl HmpHCTaHi 0apKy,
npukaagaioun sycuiad 400 H. Ha axy Bigcranp Bij mpucTaHi Bigmauee 6ap-
oKa, aximo ii maca 300 T?

233. Ha gBa Tina girors piBHI cuau. Ilepie Tiso mae macy 50 r i pyxaerbea
3 IpucKopeHHaM 1 M/Cz. Hpyre Tijo pyxaeTbcsa 3 MpUCKOPeHHAM 1 CM/Cz. Axa
Maca gpyroro Tima?

234. Cuna taru, mo gie Ha aBTOMOOiJIBb, mopiBHIoe 1 KH, a omip pyxoBi —
0,5 kH. Yu He cymepeuuts Iie TpeThboMy 3aKoHY HrioToma?

235. Bapon MioHXTayseH ITepeKOHYBaB, 1110 caM cebe BUTATHYB 3a uyba 3 6o-
jgora. YoMy e HEMOXKJIUBO?

236. JIiHKOp, BITKHYBIIMWCA 3 MAaJEeHBKUM NIapOIJIaBOM, MOXKE IIOTOHIUTH
fioro i mali:ke He OTPMMATHU IPU IILOMY IOMIKOAMKEHb. UMW HE CYIepPeuuTh Iie
TpeThboMy 3aKoHY HuioToma?

237. XjgomuuK i AiBUMHKA TATHYTH 3a AUHAMOMETP yV IIPOTUJIEKHI OOKH.
SKi mokasu gumHaAMOMeETPAa, AKIIO XJONYMK TArHe iz cumaoro 300 H, a miBumH-
ka — 200 H?
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Pisens b

238. Bi3ok, pyxamuuch 3i CTaHy CIIOKOIO Mij] Ai€l0 CUJIM, MPOMIIOB IJIAX
40 M 3a meakwuii yac. Kosu Ha Bi3OK mOKJaJM TArapelnb Macoio 20 r, To mifg
niero Tiel camol cuyu BiH 3a ToM camuii uac mpoimoB nniax 20 cm. fdxa maca
Biska?

239. Y MoKHa CTBEpPAKyBaTH, IO iHEPIiss OJHOTO 3 ABOX HEOTHAKOBUX
Tijg 6inbira abo meHma? BigmoBigh IOSCHITE.

240. Ha ocHoBi TpuBaJjoi icTopii BuBueHHs BcecBiTy MoxHa mobauunTH, IO
B KOJXKHiMl KapTWHi CBiTY BUIIJNAIOTH TPU CKJIAJOBUX ejeMeHTH: 1) yABIeHHS
IIpO MaTepiajbHy MEPIIOOCHOBY (IIPO HPHUPOAY CIIOCTEPEKYBaHUX 00 €KTiB);
2) ysaBJIeHHS PO MeXaHi3M CIIOCTepeKyBaHUX 00’€KTiB (IIpo MexaHi3M 3mitic-
HEeHHSI TPOIIeCiB, ABUIN, y AKUX O0EpyTh yYacTh CIIOCTEpe:KyBaHi 00’€KTH);
3) ysABJIeHHSA IIPO CTPYKTYPY, MaciiiTabu, criocodu icHyBaHHA (cTaljioHapHicTh,
3MiHHICTb, PO3BUTOK) Iijioro. UuM Bifpi3HAETHCA MeXaHiUYHA KapTWHA CBITYy
BiJ eleKTpoMaruiTHOI?

241. Crossum y BaroHi morsdAra, 10 PyXaeThCs PiBHOMipHO, BU HigCTpuOHY-
au. Yu omycTuTecss BU Ha Te caMe Micle, 3BigKM HigcTpuOHYJIM, BiZHOCHO Ba-
roHa? Bignocuo sajsisHmunoro mosotHa? fIka i3 mux ABOX cHCTeM BiAJIiKy
€ imepriansrHOI0O? UM € iHEpIiaabHOIO CHCTEMOIO KapyceJsb, IITYYHUH CYIIyT-
HUK 3eMJri?

242. ITopiBHsliTe MPUCKOPEHHS ABOX KYJIBOK OJHAKOBOI'O pajiyca ming uac
B3a€EMOil, AKIIO IEPITy KYJIbKYy 3p00JIeHO 3i cTaJi, a ApPyry — 3i CBUHIIIO.

243. EnexTpuuHe Iojie HaJae eJeKTpPoHY mnpuckopenasa 2000 KM/Cz. Axe
MIPUCKOPEHHS Iie IoJje Oy/ile HaaBaTU IIPOTOHY, AKIIO BiIoMoO, III0 Maca IIPOTO-
Ha npubJIM3HO V ABi THCsUi pasiB OinbIna 3a Macy ejaexTpoHa?

244. Cuna F Hazmae Tinty Macowo m; IPHUCKOPeHHS 2 M/CZ, a TiTy Macorw m, —
OPUCKOPEeHHA 3 M/Cz. SKoro mpucKopeHH IIig gieio Tiel caMoi cuau HAOyIyTh
obuaBa Tija, xKouu ix 3’egHATH OfHE 3 OSHUM?

245. Ha Tino macor 1 xr nmogisaa cuia 10 H. Yepes axuii uac MOAYJIb IIPH-
CKOpeHHsA Tiyma Oyme 10 M/C2? SlKe 3a 3HAUEHHSIM IIPHUCKOPEHHS B TOM MOMEHT,
KOJIM cUJIa TiJIBbKU-HO IouaJja AisdTh Ha Tijio? BigmoBigb oOIpyHTYyIiTE.

246. ITIig miero axoi mocrtiiiHol cuium Timo macoro 300 r, 10 3HAXOLMJIOCH
Yy CTaHi CIIOKOIO, IPOTATOM 5 ¢ mpoiige miax 25 m?

247. ITacaxkupcokuii morar macoo 400 T pyxaerbesd 3i mBuakictio 40 xKm/roz.
BusnauTte cuay raabMyBaHHSA, SKINO TaJbMiBHUHN 1maax norara 200 m.

248. Y Tabauili HaBemeHO MaHi, oJepsKaHi IiJ yac BUBYEHHS 3aJI€KHOCTI
OPUCKOPEHHA TiJjia Bif mpUKJIaAeHOl 0 HBOTO CHJIM HIpU He3MiHHii maci. Ilo-
OynayiiTe rpagdik; 3po0iTh BUCHOBOK IIPO AOCJIiIKYBaHY 3a/I€KHICTB.

F, kH 0 0,5 1 1,5 2 2,5 3
a, m/c? 0 0,16 0,3 0,44 0,6 0,75 0,9

249. 3 AKUM IPUCKOPEHHAM NAAAI0Th Tijla Ha Mapci, SKIo cujia IpuTATraH-
HS TiJ Ha #OoTo MOBEPXHi y 2,8 pasa MeHIIa Bil cUJIM OPUTATAHHA TaKUX Ca-
Mux Tin Ha 3emi?

250. M’su macoro 0,5 Kr micas yaapy, o TpuBas 0,2 ¢, Ha0yBae MIBUIAKOCTL
10 m/c. Busnaure cepeiHio CUIy yAapy.
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251. ITorar macoro 500 T micis NPUIMHEHHS TATW JOKOMOTHBA IIif| Hi€lO
cuiu TepTda, aKa gopisuioe 98 xH, synuHsaeTbca uepesd 1 XB. 3 AKOIO IIBUIKI-
CTIO iXaB MmOTAr?

252. Barou macooo 20 T pyxaeThCcA PiBHOCHOBIILHEHO, MAalOUM IIOUYATKOBY
MBUIKiCTh PyxXy 54 KM/rop i mpuckoperHsa 0,3 M/Cz. fka cusa ranbMyBaHHA
nie Ha Barou? Yepes AKMI yac BaroH 3ynUHUThCA? KM HMIJIAX BAroH Ipoiige
10 3yMUHKU?

253. Yu MoKHa IPUBECTH B PYX CTaje-

BUI Bi30K 3a JOIIOMOI'0I0 MarHiTy, MpUKpimn-
JIEHOTO TaK, AK IIOKa3aHO Ha MaJoHKY 280?

254. Yu omHaxkoBO Oy(epu CTUCKYIOTHCS

mixg yac 3iTKHEHHS ABOX IMacCa’KUPChbKUX 3a-

JiBHUYHMUX BaroHiB, AKINO: 1) oAuMH 3 HUX

mepedyBae y CIIOKOI; 2) obuaBa PyXamThCsd;

3) onVH BaroH B3aIllOBHEHUWH Iaca’kupamuy, Man. 280
a gpyruii moposkHii? HopeTkicTts Oydep-

HUX IPYKWH y BaroHiB OJHAKOBA.

255. 3 moraany GisuKu Iiro He MOKHA BimpisauTH Big mpotumii. IToacHiTe vomy.

256. Axiio cuan, 3 AKUMU B3a€EMOSIIOTEH TijJIO i AUHAMOMETD IIiJ Yac 3BaXKy-
BaHHfA, He 3PiBHOBAXKYIOTHbCS (00 HmpuKJIaAeHi A0 PisHUX Tijg), TO YoMy TiJO
i guHAMOMETP IIiCJiA IMeBHOI'0 BUIOBMKEHHS HOr0o MPYKUHU HEPYyXOoMi?

§ 34. 3AKOH BCECBITHbOIO TSXKIHHSA.
NMPUCKOPEHHA BIJIbHOIO NMAAOIHHA.
PYX TIIA NMiA AIE0 CUNN TAXIHHA

M}i Tisa BececBiTy, aK HebecHi, Tak i Ti, 110 3HAXOAATLCA Ha 3eMJIi, BBAEMHO
npuTArymoThca. HaBiTh SKIT0 MU He ITOMiuyaeMO IIPUTATAHHA MidK 3BUUYAMHUMU
mpegMeTaMu, III0 OTOUYIOTH Hac Yy IIOBCAKIEHHOMY KHUTTi (HaOpUKJIAL, MixK
KHUKKaMHU, 30IIIUTaMU, MeOJISIMHU TOII0), TO IIe TOMY, III0 BOHO B TAKWX BUMAJI-
Kax IysKe ciabke.

Bzaemogiro, ika BiaactuBa BeiM Timam BceecBiTy i mpoABISETHCA B3AEMHUM
NPUTATAHHAM OJHEe T0 OXHOT0, HAa3UBAIOTh 2pasimayilinoro, a camMe SBUILE
BCECBITHBOTO TAKIHHA — 2pagimayiero (JIaT. gravitas — «TAKKICTH»).

T'pasiramiiina B3aemopissi 37iMICHIOETBCS 3a OIOMOI'OI0 OCOOJIMBOTO BUIY
Marepii, AKWI Ha3WBAIOTH rpaBiTalliiHUM moJjgeM. Take moJie icCHye HaBKOJIO
Oyab-AKOTO Tijla — ILJIaHeTH, KaMeHs, JIOAWHU abo apKyia mamepy. [Ipu 1b0-
MY TiJo, III0 CTBOPIOE TpaBiTaliiiime moJie, Ai€ HUM Ha Oyab-sKe iHIIe Tijo Tak,
10 B TOTO 3’ABJIAETHCA MMPUCKOPEHHS, 3aBKIW HAIpPAMJIEHe 0 AKepesa ToJsd.
ITosiBa Takoro mpucKopeHHs i 03HAUAE, III0 MiXK TiJlaMVU BUHUKAE IMIPUTATAHHSI.

I'paBiramiiine mose He cJig HAyTaTH 3 €JeKTPOMATHITHUMU MHOJAMHU, AKi
iCHYIOTHh HaBKOJIO HaeJeKTPU30BAHUX TiJjI, IIPOBIMHUKIB 3i cTpyMoOM i MarHiTis.

ITikaBoro ocobsmBicTIO rpaBiTamiiHOrO WOJA, AKOI He MAIOTh eJIeKTpOMAar-
HITHI moJIsi, € HOro BCENMPOHUKHA 3JaTHiCTh. SIKINO Bim eJeKTPUUYHMX 1 mar-
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HITHMX TOJiB MOJKHA 3aXMCTHUTHCS 34 MJOIOMOIOI0 CHeIliaJbHIUX MeTaJIeBUX
eKpaHiB, TO BiJ rpaBiTAI[illHOrO IIOJIS 3aXWCTHUTHCS HIiUMM He MOKHA: BOHO
IPOHUKAE KPish OyaAb-AKi MaTepiaiu.

Bupas gis cunm taxkinaa Icaak HeroToH orpumas 1mie B 1666 p., Kosu oMy
oyiso juiie 24 poku. CIouaTKy BUe€HHII YCTaHOBUB, AK 3aJIEKUTh Binm BimgcTaHi
IPHUCKOPEHHA BijJbHOro mamiHHs. BiH momiTus, 1o mo6Juu3y IoBepxHi 3em.i,
To0TO Ha Bigcraui 6400 kM Bif ii 1ieHTpa, Iie IPHUCKOPEHHA CKJIazmae 9,8 M/Cz, a
Ha Bimcrami, y 60 pasiB 6inbiriit, 6ima Micsais, e IpUCKOPeHHSA BUABJISIETHCA
y 3600 pasiB menium, Hixk Ha 3emui. Ase 3600 = 607. Orxe, IPHUCKOPEHHA
BiJILHOT'O MAJiHHS 3MEHIIYETHCS 00EpPHEHO IPOIOPIIifiHO A0 KBaapaTa Bifcrami
Bim meHTpa 3emJi. Aje IPUCKOPEHHs, 3a APYruM 3akKoHOM HbioToHa, mpomop-
mitime cuiai. OT)Ke, IPUUYMHOIO TAKOT'0 3MEHIIIeHHSA IPHCKOPEHHS € aHaJoTriuHa
3aJIeXKHICTh CUJIN TAKIHHA Big BigcraHi.

Ocrarouny ¢opMyJy CHJIN NOPUTATAHHA MOXKHA OTPHUMATH, SKIIO
BpaxyBaTH, IO I CHJa IOBHHHA OyTu IpoIopliiiHa macaMm Tix m, i m,. Ta-
KUM YHHOM,

F-gl,
r2
Ie G — Koe(illieHT TPOMOPIiIAHOCTI, AKWI Ha3WBAIOTh I'PaBiTAIliHHOIO CTAJIOIO.

Tax, HpioTOH 3HaAMHIINOB BHpa3 /MAJs CUJIM rpasitamiiimoi Bsaemoxmii 3em-
Ji 3 Tijmamwu, 110 mpuTArajaucad Hewo. AJe iHTyinia migkasysaja fomy, IO 3a
OTPUMAaHOI0 ()OPMYJIOI0 MOYKHA PO3PAaXOBYBATH i CUJY TSKiHHS, IO Ii€ MixK
OyIb-AKMMU iHIIuMHU Tijamu Bcecsiry, AKIo TiapKu ix posmipu maji mopis-
HSHO 3 BiAcTaHHIO r MiX HuMH. TomMy BiH mo4yaB PO3IVIALATA OTPUMAHUMI BU-
pas3 AK 3aKOH BCECBITHBOTO TSKIHHA, KM CIPaBAKYEThCA i AJIsS HeOeCHUX
Tija, i gaa Tia zma Semuri.

Cuna rpaBiTaniifHOro NpUTATaHHA OyAb-AKNUX IBOX YACTHHOK IIPSIMO IIPO-
mopIiiiHa MOoOYTKY iX Mac i 00epHeHO IMPOMmOPIliiiHA KBAaJApaTy BigcTaHi Mix
HUMM:
F-¢lt2,
r2
3aKO0H BCECBITHHOTO TSKiHHA cHOPMYJIBOBAHO IJA YaCTHHOK, TOOTO IJiA Ta-
KUX TijJI, po3Mipym AKMX 3HAYHO MEHIII 3a BifcTaHb r Misk HuMu. [Ipore omma
0CO0JINBICTh I[LOI'0 3aKOHY Ja€ 3MOI'y BUKOPHCTOBYBATH MOr'0 i B AeAKMX iHIIINX
Bumaaxax. Taxomo 0co0IuBIiCTIO € 00ePHEHO MPOIOPIiiiHa 3aJIeXKHICTh CUJIN IIPU-
TATaHHA caMe Bil KBaapaTa BicTaHi MikK YacTMHKaMM, a He BiJ TpPeThOro, CKa-

JKiMo, ab0 ueTBepTOro cremeHs BimcTaHi. PodpaxyHKU MOKa3yOTh, ITI0 3aBIAKU
my

mm,
r2
Ha 3aCTOCOBYBaTH Ille U HOJA PO3PAXYHKY
CUJIM TIPUTATAHHS KYJACTUX TijJ 3i cdhepuu-
HO CUMETPUYHUM PO3MOIiJIOM PEUOBUHHU, IO
nepe0dyBaloTh Ha OyIb-IKill BigcTaHi ogHe Bin
oxmoro. Ilix r y mbomMy BUIIAAKY CJil poO3y-
MiTH He BifcTaHpb MiK HMMH, a BiAcTaHb MiXK

Man. 281 ixmimu meaTpamu (maj. 281).

it ocobsmBocTi hopmyay F = G MOK-

my

r

>
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m;m, . :
®dopmyna F = G—2 CIIPABIKYETHCA 1 AJd BUIIAAKY, KOJIU cepuuHe TiJIo
r

JOBLJILHMUX PO3MipiB B3aemojie 3 neAKOI0 MarepiajabHOI TO4YKoi0. Ile i1 nmae
3MOT'y 3aCTOCOBYBaTH (hopMyJly 3aKOHY BCECBITHBOTO TAKIHHA IJI PO3PaxyH-
Ky CHJIU, 3 IKOI0 3eMHA KYJsd IPUTATye A0 cebe HABKOJMIIHI Tijga.

Koinu HpoTOH BifKpHB 3aKOH BCECBITHBOI'O TSKiHHSA, BiH He 3HAB YKOLHO-
ro YMCJIOBOTO 3HAUEHHA Mac HebecHUX Tij, y Tomy umciai # 3emuri. HeBimomo
oMy OyJI0 i 3HAUEeHHS CTAaJIOl.

Pasom 3 Tum rpasiramiiina craaa G Mae g Bcix Tiam Bceecsity oxmme it Te
caMe 3HAUEHHJ i € OfgHi€cI0 3 GyHIaMEeHTaJbHUX (PiBMUHMX KOHCTAHT. AKUM Hce

YUHOM MONCHA BUHAYUMU [l 3HAYeHHA?
. . Fr2
I3 3aKOHY BCECBITHLOI'O TAMKIHHA BUXOAUTH, 1[0 G = ——. 11106 BU3HAUH-

nmymy
T G, NOTPibHO BUMIipATH cuiay HDpuUTAraHHA F Mixk Timamm BigomMmux mac m,
i m, Ta BiACTaHB r MiXX HEMN.

Ilepmii BumipioBamHA rpaBiTamifinoi craJyoi OyJjo 3miiICHEHO B CepemuHi
XVIII cr. Ounimuru, npasga ayske rpyoo, sHaueHHsa Gy TOHM uac ymaJjiocs B pe-
3yJIbTATi PO3TIIALY IPUTATAHHA MAasITHUKA 0 I'OPU, Macy SAKOI 0yJI0 BU3HAUYEHO
34 [OIIOMOI'0I0 I'e€OJIOTIUHMX MEeTOIiB.

Touni BuMiproBaHHA TpaBiTalliifiHol cTaJjol
Brepire 3aiticauB y 1798 p. I'enpi KaBengim —
aHrIificbKuil (isuk, ugseH JIOHTOHCHLKOrO KOPO-
JiBCBKOTO TOBapuCTBa. 3a [IOIOMOIOI0 TaK 3Ba-
HUX KPYTUJIBHUX TepesiB (may. 282) yueHuit mo  m,
KYyTy 3aKpy4YyBaHHS HUTKU A 3yMiB BUMipaATH my
Mi3epHO MaJly CUJYy HPUTATAHHA MiK MaJeHb-
KUMHU i BEJIUKUMM MeTaJeBUMHU Kyaamu. Iiaa
IBOT0 HMOMY J[JOBEJIOCA BUKOPWCTOBYBATH [yiKe
YYyTAWBI IpUIagu, TOMY II0 HaBiTH cJjabKi mo- Man. 282
BITpAHI ITOTOKM MOIJIM CIIOTBOPUTH BUMipIOBaH-
Hs. [I[06 YyHUKHYTH CTOPOHHIX BIJIuUBiB, KaBeHAiIT po3mMicTuB cBoOi mpuiaagu B
AIUKY, AKUHN 3aJUMINB Y KiMHAaTi, a caM ITPOBOAMB CIIOCTEPEIKEHHSA 3a IIPUJIA-
IaMHu 3a JOIOMOTOIO TeJIeCKOIIa 3 iHIIOTO MPUMIIleHHd.

Hocaigm moxasauu, mpo G = 6,67 - 1001 H- M2/Rr2.

mgy

my

®DizuuHaUii 3MicT rpaBiTamiiHOI CTAJOI MOJATAE€E B TOMY, II[0 BOHA BU3HaAYa-
€ThCA CHJIIOI0, 3 AKOI0 NMPUTATYIOTHCA IBAa Tija MacaMu o 1 KI KOKHE, AKi
mepe0yBaloTh HA BimcTaHi 1 M omHe Bim omHOTO.

Skio Ha TijNo mie TiMBKM OmHA cuJa, HaImpsaMJeHa BHU3 (a Bci iHIIi BpiBHO-
Ba’KeHi), To BOHO 3[ilicHIOE BijgbHe magiHHA. IIprcKopeHHs BiJIbHOTO MagiHHSA
MOJKHA BUM3HAUWTH, 3aCTOCYBABINU IPYTruil 3akoH HbloTOHA:

_F _Mm M
m R2m R?

3Bifcy BUIHO, IO NPUCKOPEHHA BiJIBLHOrO HAJiHHA g He 3aJIeKHUTh Bifg
Macu m Tijia, a OT;Ke, BOHO OJHaKOBe IJd Bcix Tin. Taka muBOBUMIKHA BJIACTHU-
BiCTh CHMJIM BCECBITHBOI'O TSI}KIHHS, a 3HAUUTB, 1 cuam TAxXKiHHA. I mociaimaum
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MIIAXOM BUABUB Ire amineii. JIluBOBUKHA TOMY, ITI0 3a IPYTUM 3aKoHOM HbI0-
TOHA IIPUCKOPEHHSA Tijia Mae OyTu 00epHEHO HPOUOPI[iHHUM 0 Macu. AJjie cama
cuja TAXKiHHA mpomopiifima maci Tina, Ha sgKe BoHa gie. Came TOMy IIPHUCKO-
PeHHs BiJIBHOTO IANiHHSA OOJHAKOBE IJS BCiX TiJ.

Temep 1A CHUIN TAKiHHA MOMKHA 3alucaTy Bupas: F = mg.

. M . .
IIo cyTi, hopmyraa g = Gﬁ’ AK 1 gpyruii 3akoH HbOTOHA, cIpaBIKy€eThCs,

KOJIM BiJIbHEe IMaJiHHS PO3IVIALAETHCSI BiTHOCHO iHepIiaJbHOI cUCTEeMHU BiIJIiKYy.

IlpuBemeni 3HaueHHsS TOKAa3yIOTh, IO HPHUCKOPEHHS BiJILHOTO IaIiHHSA B
pisHUX palioHax 3eMHOI KyJi BigpisHAeThCS OysKe MaJo Bil 3HaueHHs, o0UMC-
JIEHOT'O 3a (popMyJIoI g = G%, g=9,83 M/C2.

Tomy nmpu rpybux pospaxyHKax HeXTYIOThL HeiHepIiaJbHIiCTIO cCHCTeMH BiJIi-
Ky, IIOB’3aH0l 3 IIOBepXHe 3eMJIi, i BigMminHicTio dopmu 3em.i Bifg chepuyHoi.
IIpuckoperHs: BiJIbHOI'O HAiHHS BBAXKAIOTHL YCIOAM OZHAKOBHM i OOGUMCJIIOIOTH
3a (opmMyJIoi0 & = Gﬁ'

Y nmeakumx paioHaX 3e€eMHOI KYJIi IIPHMCKOPEHHs BiJbHOTO HMaAiHHA Bimpis-
HAETHCS BiJ IIPUBEIEHOTO BHUIe 3HAUYEHHS IMe 3 oxHiel mpmumHmM. Taki Bim-
XWJEeHHS CIIOCTEepiraloThCcsa B TUX MiCIAX, e B HaapaxX SeMJi 3aJAramoThb
mopoau, rycTUHA AKUX Oijnbilia abo MeHIIa 3a cepefHio rycTuHy 3emJai. Tawm,
Ie € IMOKJaau IIOpiJa, 1Mo MalTh OiJbIY T'yCTUHY, 3HaueHHA g Oiabmre. Ile
Iae 3MOT'Yy TreojioraM 3a BHUMiPIOBAHHAMMN 3HAUEHHS g 3HAXOAUTH POJOBHUIIIA
KOPUCHUX KOIIAJIMH.

OTmixe, cuja TAXKIHHA, a 3HAUYNUTD, i IPHUCKOPEHHS BiJIBHOTO MAAiHHA 3MiHIO-
IOThCS 3 BigmajeHHSAM Bing moBepxHi Semuri. AKimo Tijso mepeGyBae Ha BHUCOTI 7
HaJ IIOBEPXHEeI0 3eMJIi, TO BUpa3 IJd MOIYJA IPUCKOPEHHS BiJbLHOrO MadiHHSA
£ TIOTPibHO 3aIHCyBaTU TakK:

M
(R+h?’

Tak, Ha Bucoti 300 KM IPUCKOPEHHSA BiJIBHOTO HMaNiHHS 3MEHIIIYETHCSI Ha
1 M/Cz. I3 1miei opmynu BUAHO, IO AJIS BHCOT HaJ 3eMJIEI0 B KiJlbKa JeCATKiB
abo coTeHb MeTPiB, HABiThL 0AaraTboxX KiJIOMeTpiB, CHJa TIKIHHS MOXKe BBaXKa-
THUCS CTAJIO, HE3aJIeXKHO Bij| MoJyioKeHHA Tija. TisbKM TOMYy BijibHE MagiHHA
no6sin3y 3eMJii i1 MOYKHA BBa'KaTU PiBHONPUCKOPEHUM PYXOM.

Pyx Tina mig miero cuam TAKIHHSA: TijJTo pyXaeThecsd IO BepTHKAi. SIKIO
HaJaTu TiJy MOYaTKOBOI MIBUAKOCTI Uy, HAIIPAMJIEHOI Bropy, TO Ile¢ He 3MiHUTb
Hi HampAMKY, Hi 3HaUeHHS TPUCKOPEHHS Tija, 60 IMOIITOBX Yyropy He MOKe
3MIiHUTH CUJY TKiHHsg. B 000X BHIIagKax TPAEKTOpPi€lo Tijla € BepTHUKaJbHA
mpaMa.

Posp’sasyroun 3ajmaui Ha Takui pyxX, 3a TiJO BiAJiKy 3py4yHO BHOMpPATU 3eM-
JIT0 3 TIOYaTKOM BifaiKy Ha il moBepxHi ab0 B OyAb-AKiii TOUIll BUINE UM HUMK-
Yye BiJ IIOBEpXHi, a KOOPAWHATHY BiCh CIPSAMOBYBATHU II0 BEPTHUKAJ Bropy um
BHU3. BucoTy Tijla Haja MEBHOIO MOBEPXHEI0 IMPUUHATO MO3HAYATHU JIiTEepoio A
(mag. 283).

g=G
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y yl
) Qi-o0
g
=
60
Y
|

Man. 283

Tomi xKoopamHaTa y Tijla — IIe IPOCTO IOro BuUCOTa A HAJ TOYKOIO IIOUYATKY
Bimmiry. IIpoekIiia BeKTOpa ImepeMmimieHHA Tija BigmoBimae 3miHi BucoTH i 10-
piBHIOE h — h\, ie h,— mOYaTKOBA BHCOTA.

®dopmynu ayiA o0UYMCIEHHS KOOpAWHAT (BMCOT) i IIBUAKOCTEI HiUMM He Bi-
pisHAIOTHCA BiA (GopMyJ AJIA IPAMOJIiHIAHOTO PiBHOIIPUCKOPEHOTO PYXY.

Koopaumara rina (Bucora):

gt
y=h0+voyt+y7.

IIBuakicTs Tisia B OyAb-AKKWI MOMEHT 4acy:

U, =Upy + gyt.

IIBuakicTs Tijla B OyAb-IKill TOUIli TpaeKTOpii:
2 _ 2
vy =05, +28,(h— hy).

IIpoexkmia 8, AOojaTHA, FAKIIO Bice Oy HampsMJieHa BHUS3, i Bi'eMHA, AKIIO
Bick Oy HampsamJjeHa Bropy. IIpoekii Voy i v, JOJATHi, SKIIO BEKTOPU IIIBU/I-
KocTeii HampsaMJeHi B3moB:K oci Oy, i BiA’eMHi, AKIIIO BEKTOPU IIBUIKOCTEMH
HAIpAMJIEH]I IpoTHIekHO 10 oci Oy.

Pyx rinma mig giero cuaM TSKIHHA: MOYAaTKOBA IMIBUAKICTH Tijla HampsaMJie-
HA I KyTOM I0 TOPM30HTY. UacTo JOBOAUTHCA POBTJIAAATH PYXU TiJ, ITOYAT-
KOBa IMIBUAKICTh AKWX He ITapaJjieJibHA CUJI TSKIHHS, a HaIpsSMJIeHA IIig meB-
HUM KyToM 10 Hei (a6o mo ropusouty). Koau, HanpuKkaam, CIOPTCMEH IIITOBXAE
AApo, Kujae AuMcK abo cmmc, BiH HajJae UM IIpeaMeTaM caMe TaKoi IIBUI-
kocri. Ilig wac apTuiiepificbKoi CTpiJibOM CTBOJIM TrapMaT MalOTh IEBHUHN KYT
migHiMaHHA, TaK 10 CHAPSAZ V CTBOJIL TAKOMK OTPHMMYE HMOUATKOBY IIBUAKICTD,
HaNpPAMJIEHY ITiJi KyTOM /IO TOPU30HTY.

BBaxaTtumeMmo, III0 CHJIOIO OIIOPY TOBITPA MOXKHA 3HEXTYBaTU. JK Y ybomy
sunadxky pyxaemvcs mino?

Ha mamronky 284 moxkasaHo CTPOOOCKOIIIUYHUM 3HIMOK KYJAbKH, IKY KUHYTO
mig Kyrom 60° mo ropmsonTy. CHOMYyYMBINM TOCJIiIOBHI ITOJIOXKEHHS KYJIBKU
MJIABHOIO KPUBOIO, OTPIMAEMO TPAEKTOPiI0 PYyXy KYJbKHU — mapadoJy.
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Cl

O O Vox X
Man. 284 Man. 285

SKI10 3HEeXTyBaTU BILIMBOM IIOBiTpPA Ha PyX Tija, TO HaA Tijo, KUHYTe Hix
KyTOM [0 TOPM3OHTY, AIK i Ha Tijo, 1o BijbHO majgae, abo Ha Tijgo, IO OT-
puUMaJI0 TOYATKOBY IIIBUAKICTH, HAIPAMJIEHY BEPTUKAJIBHO, i€ TiJIbKU cuja
Ts:kiHHA. Xou OM IK TiJIo pyxXalioch, CuJja TIKIHHA MOXKe HaJaTH HOMY TiJb-
KU IIPUCKOPEHHA g, SKe HampsaMJeHe BHU3. IluM BM3HAUAIOTHCS i TpaeKkTOpis
PyXy Tijla Ta XapakTep HOro pyxy.

IIpunyctumo, 1o 3 mesakoi Touku O KUHYTO TijJIO 3 IIOYATKOBOIO IIBUIKIiC-
TIO U, HAIIPAMJIEHOIO IIiJl KyTOM O 0 TOPU3OHTY. BisbMeMo 3a 1o4aToK BiJJIiKy
KOOPAMHAT TOUKY, 3 AKOI KMHYTO TiJo, a 3a IIOYATOK BiIJIiKy Yacy — MOMEHT
KugaHHsa. Bice Ox copAMyeMO TOPM3OHTAJBHO, a Bich Oy — BEPTUKAJBHO BIO-
py (Mazn. 285). 3 manoHKa 6aunmo, IO NMpOoeKIii BekTopa U, Ha oci Ox i Oy
BiIIOBiTHO JOPiBHIOIOTH:

Vo

x = DgCOSOL; on = Dy sina.

OckinbKuy Ha TijIO mi€ cuja TAMKIHHS, TO Hix yac pyxy Tija 3sMiHIOBATHMETh-
Ccs TiJIBKU IIPOEKIIis Voy» @ IIPOEKIiA v, He 3MiHIOBaTUMeThCA. ToMy Koopau-
HaTa X Tija 3 IJMHOM Yacy 3MiHIOETBCA TAK caMo, SK ITiJl yac IPsAMOJIiHifTHOTO
PiBHOMipHOTrO PyXYy:

X = Uy, t.

A KoopamHATa y 3MIiHIOETHCA TaK CaMo, AK IIij] Yac MPSAMOJIiHITHOTO PiBHO-
TIPUCKOPEHOT0 PYXY:
g,t?
Yy = ont + T.

II1o6 sHaiiTU TPaeKTOpPil0 PyXy Tija, Tpeba IiACTaBUTU B PiBHAHHS 3HAYEH-
HA yacy t, Ki mocJioBHO 36GiIBITYIOTHCA, i 00UMCIAUTHA KOOPAWMHATH X i Yy IJs
KOXHOT'O 3HAYEHHA ¢, AKIIO BiJIOMi 3HAUYEHHA MOIYJIA IMOYATKOBOI IIBHUIKOCTI U, i
KyTa o. 3a 3HAWJIeHNMU 3HAUYEHHSAMHU X 1 J HAHOCHMMO TOYKH, IO 300pPa’KaroTh IIO-
cJIimoBHI mosioskeHHs Tijsa. Crosmyuaroun iX IIJIaBHOIO KPHUBOIO, OTPHMAEMO TPAEK-
Topito pyxy Tisa. Borna Oyzne momibHa mo Tiel, 1110 306pakeHo Ha MaJTIOHKY 285.

Tiso KMHYTO TOPU3OHTAJIBHO. Ti0 MOKHA KMHYTH U TaK, III0 HOr0 ITOYaTKO-
Ba IIBUJKICTH U, Oyae HampaMeHa ropusoHTaiabHo (oo = 0). Hanpukmaan, tak Ha-
IpsAMJIeHA TIOYaTKOBA MIBUAKICTE Tija, IO BiipBajocs Bif jiTaka, AKUNA JIETUTH
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ropusoHTAJILHO. Jlerko 3’sicyBaru, IO AKill TpaeKTopil pyXarnuMeTbCsa TaKe TiJjo.
JIJIst IIHOTO 3BEPHEMOCA 3HOBY OO MAaJIIOHKAa 285, Ha IKOMY 300pasKeHO TPAEKTO-
pifo pyxy Tijia, KMHYTOI'O IIiJ KYyTOM O, IO TOPHU3OHTY. ¥ HAWBHUIIiM TOUI[I mapa-
0oJIM IIBUIKICTH Tija sSIKpas i HampsiMiIeHa IOPU3OHTAJIBHO. A 3a I[i€l0 TOUKOIO
TiJIO pyxaerbcsa mo mpasiil riami nmapabosim. OueBumHO, IO W Oyab-AKe TiJjo,
KMHYTe TOPU30HTAJIbHO, TAKOK PyXaTHUMeThCA IO TijIi mapaboau (maj. 286).

TpaexkTopito pyxy TijJ, KHHYTUX TOPU3OHTAJBHO UM IIiJf KYyTOM 10 T'OPU30H-
Ty, MOKHa HAOUYHO BUBUUTU Ha IIpocTomMy mociimi. IlocymauHy, 3alloBHEHY BO-
010, PO3MIIIIYIOTh HA IIeBHiM BMCOTi HaJ CTOJIOM i 3’€ JHYIOThH ii TyMOBOIO TPyO-
KO0 3 HaKOHEUHHMKOM, II0 Mae KpaH (Maj. 287). Bumyineni ctpymeHi Bogmu
0esmocepesHbO IIOKA3YIOTh TPAEKTOPil YacTUHOK Bogu. TaKMM CIIOCOOOM MOMK-
HA CIIOCTEPiraTv TPAEKTOPIIO [Js PISHUX 3HAYEHb KyTa O i MBUAKOCTI V.

%

Man. 286 Man. 287

Mwu posrmaHyaIM KigbKa NPUKJIALIB PyXy TiJ ImiJ Ai€0 CUJIM TAXKiHHSCI.
B ycix Bumagkax Tijlo pyXaeThbcA 3 MPUCKOPEHHAM BiJIbHOTO MamiHHA, AKe He
3aJIeKUTh Bil TOTO, YM MAaJIO TiJIO IIfe ¥ INMBUIKICTHL Y TOPM30HTAJHHOMY Ha-
OPAMKY, U1 Hi.

Tomy, Hampukjaam, KyJs, BUIYyIIeHA CTPiJblleM 3 T'BUHTiBKM B T'OPU30H-
TaJbHOMY HANPAMKY, yOajge Ha 3eMJII0 OJHOUACHO 3 KYJIEe, IKY BUIIAJKOBO
BITYCTUB CTPiJIeIlb Y MOMEHT IIOCTPiiy. AJie npyra KyJd Buaje 0iJisg HIT CTPiIb-
I, a KyJasd, II0 BUJeTija 3i cTBoJia 'BUHTIBKHY, — Ha BiJicTaHiI KiJIbKOX COTEHb
MeTpiB BiJ HLOTO.

() 3ANMUTAHHA 0O BUBYEHOIO

. Akunin pyx Ha3MBaloTb PiIBHOMPUCKOPEHUM?

. CchopmyntonTe 3aKOH BCECBITHLOIO TSHKIHHS.

. Axunia isnyHMA 3MICT rpasiTauiiHol cTanoi?

. Akoro 3Ha4yeHHs Moxe HabyBaTu rpagiTauiiHa ctana?

LLlo Take NpuCKOpeHHsI BiNlbHOro NagiHHA? Y 3anexuTb BOHO Big Macu Tina?

. ki BYeHi npautoBanu Hag BUBYEHHAM rpasiTauiiHoro nons?

. 3 AKMM NPUCKOPEHHAM pyXaeTbCs Tino, sike BiNbHO Nnagae? Tino, KuHyTe Bropy?

. Wo cninbHOro B pyci Tin, KWHYTUX BEPTUKaNbHO (Bropy abo BHU3), rOPU3OHTarb-
HO i Nig, KyTOM [0 FOPU30HTY?

. Mo skin TpaekTopii pyxaeTbca Tifo, KMHYTE Nig KyTOM 4O rOPU30OHTY?

ONOUAWN=

©
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ICTOPUYHA OOBIOKA

Cnpobu nosicHMTW crnocTepexyBaHy KapTWHY CBITY, | nepw 3a Bce OyaoBy COHSIMHOT
cuctemu, pobuno baraTto BYeHuX. Lo noe’ssye nnaHemu i CoHue 8 €0UHy cucmemy? Skum
3aKoHaMm nidKopssembCs ixHil pyx?

Y Il cT. H. e. gaBHboOrpeLbkuin ydeHun Knaegii NTonomen po3pobuB reoueHTpUYHY
CUCTEMY CBITY, 3rigHO 3 SIKOKO BCi CMoCcTepexyBaHi nepeMilleHHs HeGECHMX CBITUI NOSICHIO-
Banucs ix pyxom HaBKOIo Hepyxomoi 3emni.

Y XVI cT. nonbcbkuin actpoHoM Mikonan KonepHuk 3anpornoHyBaB renioueHTpuUYHy cucte-
My CBITY: y LUeHTpi nepebyBae CoHLe, a HaBKOMO HbOrO PyXatoTbCA MIIAHETU Ta iXHi CynyTHK-
kn. Lo x ympumye rninaHemu, 30Kpema 3emrito, Koru 80HU pyxatombcsi Hagkoro CoHUsA?

AKkwo AoTpumyBaTMCS NepekoHaHb ApiCToTensl i MOoB’A3yBaTU CUMY MPUTAraHHA Tin
3i LUBWAKICTIO iX PyXy, @ HEe 3 MPUCKOPEHHSAM, TO NMPUYMHOIKD PYXy NINAHET € came HanpsiMoK
LUBMAOKOCTI.

HaTtomicTb HbloTOH noe’dA3aB cuny 3 npuckopeHHsam. Came cuny nputsraHHs CoHus
NPVMPOAHO BBaXaTW NPUYMHOK 06epTaHHSA HAaBKOMO HbOro 3eMrii i MnaHeT.

Ane He Tinbkn nnaHeTn nputarytoTbest 4o CoHuda. CoHLe TakoX NPUTAryeTbCA NiaHeTa-
MU. Ta 1A caMi NNaHeTn B3aeMogitoTb Mixk coboto. OgHUM 3 nepLumx, XTo Le 3po3ymis, OyB
aHrnivcbkmn ydyeHni Pobept Myk. Tak, y 1674 p. BiH nucaBs: «Yci HebecHi Tina matoTb NpUTS-
raHHs, abo cuny TSXIHHA OO0 CBOrO LEHTPY, YHACNILOK YOro BOHW He TifMbKU MPUTAraloTb
BMacHi YaCTUHM | NepeLuKoaXatoTb iM posniTaTucs, Ak cnoctepiraemMo Ha 3emni, ane nNpuTa-
raloTb TaKoX YCi iHWi HebecHi Tina, wo nepebysatoTb y cdepi ix gii. Tomy He Tinbkn CoHue
i Micaub matoTb BNnmB Ha pyx 3emni, ane i Mepkypin, i BeHepa, i Mapc, i tOnitep, i CatypH
TakoX CBOIM MPUTAraHHAM MalTb 3HAYHWA BNAUB Ha ii pyx. NMogibHum ymHOoMm i 3emns
BiAMOBIOHVM NPUTAraHHSAM BMAIMBAE Ha PYX KOXHOTO i3 LUX Tin».

Y cBoin npaui «MatemaTnyHi Hayana HaTypanbHoi dinocodii» HeloToH cdopmynioBas
Tpu byHAaMeHTanbHMX 3akoHu (BigoMmi Sk 3akoHn HbtoToHa). BignosigHo A0 LMX 3aKOHIB yCi
Tina BcecBity, sk HebecHi, Tak i Ti, WO nepebyBaloTb Ha 3eMni, CXUNbHi OO B3AEMHOrO
TSOKIHHSA, MPUYOMY CUIK, 3 SKUMU NPUTATYIOTBLCS BCI Ui Tina, MarTb 04HAKOBY npupoay i nig-
KOPSIIOTbCS OAHOMY 1 TOMY CaMOMY 3aKOHY.

3rigHo 3 nereHgolo, oyMKa NPo BCECBITHE TSXiHHS ocsasna HbloToHa B TOW MOMEHT, KOnu
BiH, Bigno4mBawum y cBoeMy cagy, nobayme abnyko, wo nagae. Po3nosigaoTb HaBiTb, WO
3HaMeHUTIN A6nyHi, NNig 9Koi 3yMiB Tak «BYaCHO» BMAcCTK A0 Hir HbtoToHa, He Janu 3HUKHY-
Tv 6e3cnigHo i LIMaToYKKM Lboro gepeBa HibnTo 30epiratoTbes B AHMIT 1 HUHI.

BiakpuTTsl 3aKOHY BCECBITHBOIO TSXKIHHA gano 3amory HblOTOHY CTBOpPUTU TEOpito pyxy
HeBecHWX Tin, 3acHOBaHy Ha CTPOrMx MatemaTu4Hux gosedeHHsx. Hivoro nogibHoro B Hay-
Li 4o Toro yacy He 6yno.

List Teopis, 6e3nepeyHo, Bpasuna cy4acHukiB HoloTOHa, ane B HUX BUHUKIO 3aMnUTaHHS:
YoMy 8Ci mina npumseyrombcs 00He 00 00HO207? Bignosiai Ha HLOro BMAaTHUIA i3nK He
naB. «[1pnYnHyY X BNAaCTUBOCTEN CUINN MPUTATaHHS S 40 LibOro Yacy He Mir BUBECTU 3 SIBULL,
a rinoTes s He BUragylo, — N1caB BiH y CBOiX “‘MartemaTtnyHux Hadanax...”. — [locuTb Toro,
O NpUTAraHHS Hacnpaegi iCHye, i gie 3rigHo 3 BMKNaAeHnM 3aKOHOM, Ta € LifikoMm gocrar-
HiM NS NOACHEHHS BCiX pyxiB HeBecHUX Tin i Mopsa».

Kaxyum npo mope, HblOTOH MaB Ha yBasi siBMLIE NPUNAMBIB, SiKi 0BYMOBMEHi nputs-
raHHam Bogu Micauem i CoHuem. 3a gBi TucaAYi pokiB 40 HbloToHa Hag npuvyYnHaMuy Lboro
sIBULLIA pO3MipKkoBYBaB ApicToTenNb, SKUn, MPoTe, MOSCHUTU KOro He 3mir. [Ansa ginocoda ue
BUsIBUNoOCA Tparegieto. «CnocTepiratoum TpuBanui Yac Le auwe 3i ckeni HerponoHTa, BiH,
OXOMNSIEHNI BigyaeM, KMHYBCS B MOpE i 3HaNLWoB TaM JOOpPOBiNbHY CMEpPTby», — CTBEPAXY-
BaB [. Maninen.
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§ 35. PYX TINA NI OIE0 KINbKOX CUN

y 7-My KJiaci B PoO3TJIAgaJM PyX Tija, Ha dKe Oi€ TiJIbKW OfHA CuUJja — CuJja
OpPYsKHOCTI, cuJia TAXIHHA um cuya TepTsa. HacmpaBai Taki pyxu B 3eMHUX
yMoBax Maiike HiKosiu He BimOyBatoThbcs. Ile BUTIMBAE BiKe 3 TOTO, IO TIOPS
i3 cuaMu IPYKHOCTI a00 TSAKIHHS 3aBXKAU i€ cUJIa TEePTH.

Bu 3maere, AKIMO TijI0 pyXaeThbcA PiBHOMIPHO NPAMOJIIHINHO, TO Ha HBHOTO
OiIOTh CHUJIM, SKi KOMIEHCYIOThCsS. SIKINO A0 Tijla IpHKJIAAeHO KiJbKa CHJ i
piBHOAifiHa cuia Oyme HampsMJeHA B OiK pPyXy, TO TijJl0o pyXaTHMeThCs PiBHO-
IIPUCKOPEHO, a AKINO B MPOTUJIEKHUIN OiK — PiBHOCIOBiJIbHEHO.

SAx1o po3p’sa3yBaTu 3amaui 3 MEXaHiKM, KOJIU Ha TiJo mie KiJbKa CUJI, TO CJIi[
HarajgaTH, 1110 B PiBHAHHI, AKe BUpaskae apyruii 3akon Heoiorona F =md, F — 11e
BEKTOPHA CyMa BCiX CWJI, IPUKJIaIeHNX M0 Tijia. BeKTopHe JomaBaHHs CHUJI MOYKHA
3aMiHMTH ajarebpaiuHmM JOoAaBaHHAM IX MPOEKIil Ha KOOpAMHATHI OCi.

ITounmHnatoum po3B’A3yBaTu 3ajady, Tpeba cIloyaTKy BUOpaATH HAIPSIMOK KO-
OPAVHATHUX OCell Ta 300pasuTH Ha MaJIOHKY BEKTOPHW BCiX CHMJI i BEKTOp IIpPHU-
CKOpeHHS Tija, SKIIO Bimomo iforo mampsaMmok. ITorim Tpeba 3HATH HpPOEKIril
BCix BeKTOpiB Ha Ii oci xoopaumHaTr. HapemiTi, sanucatu pPiBHAHHSA APYTroro
3akoHy HbIOTOHA AJIA NMPOEKIIill Ha KOMKHY Bich i posB’sa3aTu pasoM 3HaiigeHi
pPiBHAHHA.

YacTo OyBae Tak, [0 B pyci 0epyTh yd4acTh KijJbKa TijJ, Tak 4u iHaKIIe
OB’ sI3aHUX MiK c0000, IK KayKyTh, cucreMa Tia. IIpuxiagoM TaKoro pyxy
MOXKe OyTH pyX CHOpPTCMeHa Ha BOAHUX JIMKaX, AKUA IPAMYyEe 3a KaTepoM,
abo pyx BaHTa'KiB Ha HUTIIi, IIEPeKUHYTUX uyepes 0j0K. IIpu mroMy Ha KOXKHE
3 TiJI MOMXYTBH IiATHM KijJbKa cui. fIK y TaKMX BUIAJKAX PO3B’SA3yBATH 3aja-
yi? 3araJpHUI NOPALOK PO3B’A3yBaHHSA 3ajJau 3aJHINAEThCA TaKHUM, SIK PO3-
MIAgaBcs BUINE. 3 Ti€l0 JHIle BiAMiHHiCTIO, IO itoro Tpeba 3acTocyBaTHU MO0
KOYKHOTO 3 TiJI cucTeMHu: PiBHAHHA APYyroro 3akony HbIOTOHA 3aIIMCYIOTH IJIA
KOKHOTO 3 TiJI CHCTEeMM CIOUATKY y BEKTOPHiH (opmi, a moTiM y CKaJApHin
(m1s1 IpOoeKILiii) i po3B’A3yI0Th Pa3oM 3HANIeHi piBHAHHA.

Y Bumagky, SKIIO cyMa CHUJI, IO MilOTH HA TiJIo, JOPiBHIOE HYJIO, V (hopmy.ri
F=md oig F PO3YyMIiIOTh PIBHOAIMHY BCiX IPUKJIALAEHUX IO Tijla CHJ, TOOTO BEK-
TOPHY CcyMy Bcix cmi. 3 dopmynam O6aummo, 1110 Koau F =0, To i mpUCKOpeHH:
a=0. IIpo Tijno, siKke He Ma€ IPUCKOPEHH:, KAKyTh, 110 BOHO IIepedyBa€ y CTaHi
piBHOBaru. Take Tizio MOXKe pyxaTmcsi TPSAMOJIHIAHO i piBHOMIpHO, aJjie MOXKe
nepedyBaTu Tako:K y crokoi. Came mpo 1ie igeTbes y mepiiomy 3axkoui HeroToHa.
SKI10 TPAMOMIHITHMEA PiBHOMIPDHUHI pyX TPaAILIAETHCSA PiAKO, TO 3 HEPYXOMUMMU
BiJHOCHO SIKOiCh CHCTEMHU BiAJIKy TijlaMM MAEeMO CIpaBy YacTo. Byab-aKe TiJjo,
10 mepedyBa€ y CIIOKOI, HAaIPUKJIAML, BiTHOCHO 3eMJIi, mepebyBac B CTaHi piBHOBA-
ru. Cyma cuJji, IpuKJIaJeHnX OO0 HbOT0, JOPiBHIOE HYy/0. MOKHa TaKOMK CKas3aTw,
70 TiJIo TIepeGyBa€ B PiBHOBa3i, AKIIO cyMa IPOEKIIiil yciX cuI Ha OyIb-IKy Bich
IOPiBHIOE HYJIIO. ¥ IILOMY TIOJIATAE YMOBA PiBHOBArH Tija (TOUKI).

3amaua 1. IIpy:xuHa ofHMM KiHIleM IpuKpimieHa no 6pycka macoio 0,6 Kr,
AKUH PO3MIIIIEHO Ha IIaJeHbKOMY T'OPM3OHTAJLHOMY CTOJi. BinmbHHI KiHelb
OPYXKUHU TOYAJIM IePeMilnTyBaTu MPAMOJiIHIHO B3AOBMK CTOJIa 3 IIPHUCKOPEH-
Ham 0,2 M/c2. BusHauTe JKOPCTKiCTH IMPYXKUHM, AKINO BOHA PO3TATHYJIACA Ha
2 cm. Macom Ipy:KUHU 3HeXTYBaTH.
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Hawmo: PosB’ssaumua
m = 0,6 kr BukoHaEMO MaJIIOHOK.
a=0,2 M/c2 ~ -
x=2cm=002m Nj 2, |Ax
k-2 Fop
oL .
o) X
2

Ha Opycok miioTh: cmia TsokimEsa mg, cuia peakiii omopu N i cuia mpysx-
HOCTi an. Pismopilina mux cuJj HaJa€ Tiay IPUCKOPEHHS d.
Sanuiemo Apyruii 3akod HeioToHa y BeKTOpHIiM (opmi:

mg + N + F_, = ma.
Bubepemo Bick Ox i 3Haiimemo nmpoekirii Ha Hei BekTopiB. BpaxyBasiiu, 110

an = —kAx, orpumaemo: kAx = ma. 3Bigcu

_ ma

==

HiILCTaBI/IB]J_II/I 3HAYEHHA Bi,uOMI/IX Be€JINUYNH, BUSHAYMIMO:
0,6 xr - 0,2 m/c”
- 0,02 m

k - 6 H/M.

Bionosidv: KOpCTKiCcTh IMPYKUHU HopiBHIOE 6 H/M.

3amaua 2. ITo ropusoHTaJIbHilI HOPO3i TATHYTH 3a MOTY30K IIigx KyTom 30°
BaHTa’)K, 3arajgbHa Maca sxoro 80 xkr. Cusa marary 50 H. Busmaure Koediiri-
€HT TepTA KOB3aHHSA, AKII[0 BAHTAXK PYXA€ThbCcs 3 mpuckopenaam 0,15 M/C2.

Hamo: PosB’a3anusga
m = 80 Kr Ha BanTa mioTh cuan: cuiia TAKIHES mg, cuia
o = 30° peaknii noporu N, cuna tsaru F i cuna teprs F .
F-50H Banra:x pyxaeTbcsa PiBHOIPHUCKOPEHO.

9 Buronaemo Masi0HOK, 3B’SI3aBIIIN CUCTEMY KOOD-
a = 0,15 m/c nuHAT i3 3eMJero.
n -7 Yy N

A F
<~

KY

o'
FTep
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3anuiiemMo Apyruii 3akod HpioToOHA 118 BaHTAXKy Yy BEKTOPHiN (opmi:
mi=F+N+mg+F,.
Y mpoekIiiax Ha KOOPAMHATHI OcCi Ile piBHAHHA MaTHUMe BUTJISAM:
Ox: ma = Fcoso. — F
Oy: 0 = Fsina + N — mg.
Ockinbknu F,,, = 1N, BUKOHABIIY JiesiKi IePEeTBOPEHHS, CKJIALEMO CHCTEMY

PiBHSHB:
uN = Fcosa —ma,

N =mg — Fsina.
ITligcraBumo Bupas mg — Fsino y mepiie piBHAHHA 3aMmicTh N i BUpasuMo

3MiHHY W: 7
cosa — ma

mg — Fsina
BpaxyBaBiiu sHaueHHSA BiJOMHX BeJIHUYNH, O0UMCJIIMO:

V3

50 H-7—80KI‘-0,15M/C2

pn= 3 =0,04.
80 xkr- 9,8 m/c“-50H" 0,5
OrpuMaHe 3HAUYeHHS Koe(iljieHTa TepTsa KOB3aHHS IIPUOJIM3HO 30iraerncs 3

rabanuauMu gaaumu. OTiKe, 3aJaua Po3B’A3aHAa IIPABUJILHO.
Bionosiov: n = 0,04.

3amaua 3. Yepes Hepyxomuii 0JI0K IepeKNMHYTa HUTKA, J0 KiHI[IB AKOI IpHU-
KpinneHi Tina macamu m, i m,, IpudomMy m; > m,. BBaskamoouu, 110 Macu HHUT-
K# i O710Ka MaJli IOPiBHAHO 3 MacaMu M, i m,, BU3HAUTe IIPUCKOPEHHA a TiJ.

Hauno: PosB’sa3aHHA
my Bukonaemo MalOHOK.
my
m,>m y“
1 2
g Iaz
a —? _
7t
my,g
é 2
0 _
_ | y™E
a

VY 1i# sagaui Mmu MaeMo BMIIAJOK, KOJU B pyci OepyTh ydacTh ABa Tija.
SIkmo cucremy Tin mpuBecTH B PyX, TO TijJlo Macor my Oynge pyxarucs
BHU3, a TLI0 Macoi m, — yropy. lIpuckopeHHA 000X Tijl, AKIIO0 3HEXTyBaTH
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MaJIIM PO3TATOM HUTKHU, 338 MOJYJeM OJHaKOBi: a, = a, = a. lllo6 BusHaunTu
IIPUCKOPEHHs, 3alUINeMO PiBHAHHA APYroro 3akoHy HbIOTOHA I KOMKHOIO
Tija.

Koopauuatay Bick Oy HampaBUMO 1O BEPTUKAJI BTOpY.

Ha Ttiso macoro m, 6yze piaru cuia TaxiEHA m,g 1 cuia Harary F. PiBusn-
HS ApPyroro 3akoHy HbIoTOHA AJA HBOTO Ma€ BUTJIS:

m,8 + F = ma.

3 MaJIIOHKa BUJIHO, IO IPOEKIIis a,,= —a, a IPOEeKIisa g, = & IIpoeknia
Fy = F. YV cranapHiii popmi piBHAHHA APYyroro 3akoHy HbIOTOHA 3ammnCyeThCSA
TaK:

F - mg= —ma. (D)

Ha Ttimo macoro m, Oyze miatu cuia TaxiHA m,g i cuma mHarary F (taka
cama, 4K i Ha Tino macoro m,). IIpoeknia ay, = a, IpOeKIisa g8,= 8 i mpoekmisa
Fy = F. PiBuauuga apyroro 3axkoHy HbioToHa B CKaJAPHIiNA ¢hopMi Mae BUTIAI:

F —m,g =mya. (2)

Bigmimemo Big gpyroro mepime piBHAHHS:
mya — (—mya) = —myg — (-myg), abo (m, + my)a = (m; — m,)g.
TaxuMm YMHOM, IJIA IPUCKOPEHHSA a4 OTPUMYEMO BHPAa3:
m, —m
a = #g_
my; + my
Pisaunsa m,; — m, MeHIa, HiX cyma my; + m,, OT'Ke, IPUCKOPEHHA a Oyze
MEHIIINM 3a IIPHUCKOPEHHS BiJIbHOTO IMamiHHA g.
Bioxku iHomi ¥ BUKOPUCTOBYIOTH HOJIS TOrO, IOO0 3MYCHUTH TiJIO IagaTu 3
IPHUCKOPEHHAM MEHIINM, HijK g. Ha mpomMy I'PYHTYETHCS 3aCTOCYBaHHSA IIPOTH-
Barm B Ji(prax Ta iHIIMX OigHOMHNX MexaHi3Max.

3amaua 4. Tijno pyxaeTbcAd BHM3 II0 HOXWJIIH IJIOI[WHiI, KyT HAXUIYy SKOI
45° no ropusouty. Koeditient Teprs 0,4. BusHauTe IpruCKOpeHHA PyXy Tija.

Hauo: PosB’sa3aHHA

o= 45° Ha me Tiso xie 3emid, sika IPUTATYe Horo i3 cuioio mg,

w=0,4 [0 IPUKJaJeHa A0 LIeHTpa Tijia i HanpaMieHa BePTUKAJIb-
HO BHHS.

a—7?

Kpim Toro, ma Timo mie moxmia mormuHa i3 cuiom N, AKa IpUKJIaLEHA O0
JOTUYHOI ITOBEPXHi Tijia i HapAMJIEHa MEPIEHANKYJIAPHO 10 MOT0 HUIKHBOI MO-

BepxHi. Ha Tijso mie TakoX cuja TepTda FTep, dAKa HanpAMJeHa V IPOTUJIEKHUN

0ix mo pyxy Tija. ITicas amamisy i sammcy ymoBu 3a7a4i BUKOHAEMO MAJIIOHOK.
3anuiiemMo Apyruii 3akoH HbioToHa Yy BEKTOPHIiH (hopmi:

m§+N+EFep:m&.

Y 1poMy BHUOAAKY KOOPAMHATHI OCi HAM3pyUHiIle CIIPAMYBATH B3IOBXK IIO-
XUJIOL IJIOIIMHY i MEePHIeHAUKYISIPHO 0 Hei. Y IIbOMY BHUINAIKY IIepeMillleHHSA
B310BK oci Oy mix vac pyxy He Oyfe, a OTiKe, IPUCKOPEHHA a, Oyze AOPiBHIO-
BaTHU HYJIIO.
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PYX I BBAEMO/IA. BAKOHH 3BEPEKEHHA

3anuiiemMo Apyruii s3akoH HploToHA B y
IIPOEKI[iAX Ha KOOPJAUHATI OCi.

ITpoeknia cunmu N Ha Bicb Ox NOpiBHIOE 0
myao. IIpoexiia cuianm FTep Oyze JOpiBHIO-
BaTu il 3HAUEHHIO, ajieé MaTHUMe 3HaK «—»,
OCKIJIbKM HampAMJIeHa IIPOTUJIEKHO Ha-
npaMKy oci Ox. IIpoekiiia cuau mg Ha Bich a
Ox Oyme mgsino. 3HAK IMPOeKIil cuiau mg
Oyze momaTHUM, OCKiJIbKM BOHA HAIpAMJIe-
Ha B HampaMKy oci Ox. ¥V mpoekiiax Ha _,
Bicek Ox gpyruit 3akon HpbloToHa MaTuMe a

BUIVIAL: /
. X
ma = mgsina — F,

= ep®

=2

)

Tep

IIpoexia cuin FTep Ha Bick Oy Oyzne mopiBHIioBaTH HYJI0. I[Ipoekiisa cuim N
IopiBHIOBaTHUMe ii 3HaueHHIO 31 3HAKOM «+». IIpoekiia cuuu mg Oyne mg cos o
i matume 3HaAK «—». OCKiabKU a, = 0, To npyruii 3akoH HbioToHA B mpoeKIii
Ha Bick Oy 3anuiIeThCs TaK:

-mgcosa + N = 0.
IIi xBa piBHAHHA MicTATH HeBimoMi: m, a, N, FTep. st po3B’si3aHHA 3aaui I10-

TPiOHO 3aIlMcaTH Ile PiBHAHHSA 3 TUMU CAMMMMU HEBiJOMMMH, II[00 YKCJIO PiBHSIHB
IopiBHIOBAJIO umcy HeBimoMux. ToMy [ po3B’si3aHHS JOCUTH 3alMCATH BUPA3:

Erep = uN = umg.
BpaxyBaBmiu Bci Bupasu, OTPUMAEMO PiBHSIHHS:
ma = mgsino — umg cosa.

CropoTuBIlIz Ha M, OTPUMAEMO: a = g(sina — pcosa).
ITigcTaBuBIIN 3HAUEHHS, BUSHAUYNMO IIPUCKOPEHHSA PyXy Tija:

a=9,8m/c® (0,707 - 0,4 - 0,707) = 4,16 m/c>.
Bidnosiov: 4,16 m/c’.

() 3ANMUTAHHA 0O BUBYEHOIO

1. Ak Byge pyxaTtncs Tino, AKWo piBHOAINHA NPUKNaaeHMX 40 HbOro CUI AOPIBHIO-
BaTMMeE Hymn?
2. 3a aknx ymoB Tino 6yge pyxatucsa piBHonpuckopeHo? PiBHOCMOBINbHEHO?

§ 36. BZAEMO[IA TU1. IMNYJbC.
3AKOH 3BEPEXEHHA IMMYIIbCY

IMnyabce Tita — me BeKTOpHA (hisMuHA BeIMYHHA, KA XapaKTepPHU3YE PyX
i BU3HAYA€THCSA JOOYTKOM MACH Tijia Ta HOTO IMIBMIKOCTI.

ITosnauatoTs immysabc JgiTepoio p. Ogunuiiero immyabey B Cl € oguH Kijo-
rpamM-MeTp 3a ceKyHAY (1 Kr * M/c). MaTeMaTU4HO e 3aMUCYIOTh TaK:

p = mb.
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IMoyabc cuiau — e BeKTOpHa (pisMUHA BeJIWUYMHA, AKA XapaKTepPHU3YE iIo
CHWJIM 3a IMEeBHHUM iHTepBaJ dacy.

BusnauaeTbca mOOYTKOM CepeqHLOTO 3HAUEHHS CUJIM 3a IIeBHUU iHTepBaJ
yacy i TpuBaJOCTi IHOT'O iHTEpBaJy:

pp = FAL.

Immysnbecy mpuTaMaHHA OysKe ITiKaBa M BasKJMBa BJIACTUBICTh, AKY MAalOTh
HebaraTro ¢ismunmx BesumuuH. lle BJacTtuBicTh 30epekeHHA. BoHa mnosdArae
B TOMY, III0 T€OMETPUYHA CyMa iMITyJIbCiB TiJ, [0 B3AEMOAIIOTH TiJILKU OJHE 3
onHUuM, 30epiraerbcsa HeaminHop. CaMi iMmoyabeu Tij, 3BUYaiHO, 3MiHIOIOTHCS,
OCK1JIbKY Ha KOYKHE 3 TiJI MiI0Th CUJIM B3aEMOJii, ajie cymMa iMIIyJIbCiB 3aJnIiia-
€ThCA HEe3MiHHOIO (CTaJIO0).

Ile TBepm:KeHHA HaA3WBAIOTL 3aKOHOM 30epeskeHHA iMIIyJbcy. 3aKOoH 30e-
pe'KeHHA iMITyJIbCY — OAUWH 3 HAWBaKJIMUBIINMMNX 3aKOHIB mpupoau. BiH my:xe
IIPOCTO AOBOAUTHCS, SIKIIO B3AEMOMIIOTH OfHE 3 OMHUM nBa Tija. I[ificHO, AKIIO
mepile TiJIo Aie Ha Apyre i3 CHJIOIO F, To Ha mepile TiJio Apyre Ai€ i3 cuJjoro,
AKa 3a TpeTiM 3axoHoM HbioToHaA MOPiBHIOE —F. TlosHAuMMO Macu Tij depes m,
i my, a IX MBUAKOCTI PyXy BiJHOCHO AKOICh CHUCTEMH BiIJIIKy — uepes U; i U,.
Y pesyabTaTi B3aeMomil Tija ix MIBUAKOCTI yepes mAeAKUH dac ¢ 3MiHATHCA i JO-
PiBHIOBATUMYTS U; i U,.

Toxai, srigao 3 GOPMYJIOIO Ft = mo - mu,, 3amUIIEeMO:

Ft = mv, — mv;, —Ft = m,0, — m,U,.

3MiHMBIIM 3HaKM 000X YacCTHUH I[iel piBHOCTI HAa HPOTHMJIEKHi, IIEPEIUIIIEeMO
ii y BUrIAmi:
m,U; + Myly = MyU; + MyU,.

¥V siBi#t yacTmHi 1iel piBHOCTI 3ammMcaHO CyMy IMOYATKOBUX iMOYJIBCIB ABOX
TiJI, a Y mpaBiifi — cyMmy iMIIyJIbCiB TMX camMux Tij uepes uyac t. Ili cymu piBHI
MiK cob6oro. TakuM ymHOM, X0Yya iMIIyJIBC KOJKHOT'O 3 TiJl IpW B3aeMOZii 3Mi-
HIOETHCSA, I1X MOBHHH iMIysabc, TOOTO cyMa imMmOyabciB 060x Tij, 306epiraeTbcs
HeaminauM. I1lo i moTpibHO OyJI0 HOBECTH.

MoskHa TaKOK TOBECTH, i JOCJiAM Ie MiATBEPKYIOTh, SKIIIO B3AEMOTIIOTH
He OBa, a 0araTo Tij, TO reoMeTpHMUHA CyMa iMOyJbCiB ycix Tiix abo cucre-
MU TiJ 3ajauInaeThcd He3MiHHO0. BaykaimBo TiabKu, 1100 IIi Tija B3aeMomisaIn
OIHEe 3 OOJHUM i Ha HUX He NifAJu CUJU 3 OOKY iHIIUX TiJ, IIT0 HE BXOIATH Y
cuctemy (abo 11106 I1i 30BHIIIHI cuau BpiBHOBa)KyBaJucs). Taky rpymy Tia, axi
He B3aEMOMIIOTH i3 JKOOZHUMM iHIMWUMU TiJlaM#, IO HE BXOOATH A0 IIiel rpynwu,
Ha3WBAIOTh 3aMKHYTOI CHCTEMOIO.

Came nJsg 3aMKHYTHX CHCTEM i CHPaBAKYETHCSI 3aKOH 30epe:KeHHA iM-
IYJIbCY:

reoMeTpHMYHa cyMa iMIIyJbCiB TijI, II[0 YTBOPIOIOTHh 3aMKHYTY cCHCTEMY, 30e-
piraersca cTajioo mig yac Oyab-sIKMX B3a€MOIN TiJ I[i€el cmcTeMHu MiK CO-
6010: X,p = const.
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PYX I BBAEMO/IA. BAKOHH 3BEPEKEHHA

3BiJcu BUILIMBAE, 110 B3a€EMOIis TiJl 3BOAUTHCA O TOrO, IO OLHI Tija mepe-
IaloTh YaCTUHY CBOT'O iMITyJIbCY iHIITHIM.

Immynbe Tina — me BeKTOpHaA BeamumHa. OTiKe, SKIIO cyMa iMITYJIbCiB TiJ
30epiraerbcs CTAJIO, TO M cyMa MPOEKIiil mux iMIyJabciB Ha KOOpAMHATHI oci
TAKOK BaJUIIAETHCS CTAJON. YHACJIIMOK IIhOrO TeOMeTpPUYHEe NOJaBAHHA iM-
MyJbCiB MOKHA 3aMiHUTU ajarebpaiyHUM JOZABAHHAM IX IPOEKIIii.

3aKoH 30epe)KeHHs IMITyJbCy MOMKHA IIPOiJTIOCTPYBAaTH TAKUMHU IPOCTUMU
mocJimaMu.

Hocaig 1. ITocraBuMo Ha peiikM ABa BisKuM omHakoBoi macu m. I[o Topiia
OHOTO Bi3Ka MPUKPIIMMO IJIACTUJIIHOBY KyJabKy. Hexail BidKu pyxaroThcA Ha-
3yCTpiu OAUH OJHOMY 3 OZHAKOBUMMU 34 MOAYJEM INBUAKOCTAMEU U (MaJ. 288).

s ® —— —— =
g S

Man. 288

ITig yac siTKHeHHsA 0o0MABA BisKM 3yHNUHATHCA. IlosgcHUTH pe3yabTaTH [0-
caigy jgerxo. Jlo siTKHeHHS iMIIyJbC JIIBOrO Bi3Ka HOpiBHIOE mU, a IPaBoOro
Biska —mvU (Bi3KM pyxajucsa 3 IIPOTHUJIEKHO HAIPAMICHHUMU IIBUIKOCTIMIN).
Or:ke, 10 MOMEHTY 3yCTpidi Bi3KiB iX 3arajJbHUU iMIYJIbC AOPiBHIOBAB HYJIIO:
mvU + (-mv) = 0. Ilicaa siTkHeHHs BisKm synmumancsa. OT:ke, i Temep cymap-
HUB iMIyabc 000X BisKiB mOpiBHIOE HYIIIO.

Hocaing 2. IToBepHemMO Bi3KM OAWMH OO0 OJHOTO MNPYKUHHUMU Oydepamu
(mai. 289). Tomi, TOBTOPUBIIK OOCJiZ, IEPEKOHAEMOCSI B TOMY, IO HiCJdA 3iTK-

—l ——

o i - )
M )
o - )

Man. 289

HeHHsA oOuaBa BisKu po3’inyThesa y mpoTuiexkHi 6oxku. Ilig uac 1miei Bzaemoxii
MIBUAKOCTI PYyXy Bi3KiB 3MiHATH CBOI HANPAMKM HaA NPOTUJIEKHi, MOyl
IIBUAKOCTEH 3aJUIIaThCA TAKUMHU CaAMUMU, AKMUMHU BOHU OYJIM 1O B3aeMOMii.
Axio mo sycrpiui iMmmyiasc JiBoro Biska JopiBHIOE MU, a mpaBoro —mu, TO
micasa 3ycTpiui iMmmyJsc JiBoro Biska mopiBHIOe —mU, a mpasoro mv. Tomy cy-
MapHU# iMOyabc 000X BisKiB JOPiBHIOE HYJIIO AK 10, TaK i Imicas 3iTKHEHHA,
BiIIIOBiZHO MO 3aKOHY 30eperKeHHsS iMITyJIbCy.
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() 3ANMUTAHHA 4O BUBYEHOIO

1. Y YoMy CcyTb 3aKOHY 36epexeHHs1 iMnynbey?

2. o Take 3amkHyTa cuctema Tin?

3. MapycHuii YoBeH NOTpanNMB Yy WTUMb i 3yNUHUBCS. Y1 MOXHA 3MyCUTU NOTO py-
XaTucs, HadyBaluu BiTpuna 3a SOMOMOrOK HAcOoCiB, YCTAHOBMEHUX Ha KOro
6opTy?

4. 3 pyxomMoro TaHka pobutbCcs rapmMaTHuiA NocTpin. Yu BnanHe nNocTpin Ha Wwemna-
KiCTb pyXy TaHka? HAki Tina yTBOPIOKOTb Y AaHOMY BUNALKY 3aMKHYTY CUCTEMY?

5. [1Bi KynbKn 0gHAKOBOI Macu KOTATbCA Ha3ycTpi4y ogHa OOHIA 3 O4HaKOBUMU 3a
MoAYJ/IEM LUBMAKOCTAMM MO rMNafeHbKin noBepxHi (06mnaBi Kynbku yTBOPHOKOTL
3aMKHYTY cuctemy). Kynbkn CTUKalTbCS | MiCNs 3iTKHEHHS pyXalTbCA B Npo-
TUNEXHMX HanpsMKax 3 TakKUMU cCaMMMK 32 MOZYMNeM LUBUAKOCTAMU. AKWIA ixX
3aranbHWI iMNYNbC A0 3iTKHEHHS, Y MOMEHT 3iTKHEHHS i Nicnst Hboro?

6. Y1 MOXyYTb OCKOSKM rpaHaTy, WO BUOYXHYMa, NeTiTU B OQHOMY HaMpsMKY, SKLIO
0o BMOyxy rpaHaTta nepebyBana y cTaHi cnokot? A sikwio pyxanaca?

§ 37. PEAKTUBHUN PYX. ®I3NYHI OCHOBU PAKETHOI
TEXHIKW. AOCArHEHHA KOCMOHABTUKA

HiKaBnﬁ i BasKJIMBUE BUOANOK HPAKTUYHOTO BUKOPHCTAHHS 3aKOHY 30epe-
JKeHHA iMITyJIbCy — Ile peaKTHBHHU pyX. Tak HasMBalOTh PyX Tija, KU BU-
HHUKaE IIig yac BigAijeHHs Bif Tija 3 IE€BHOIO INBUIKICTIO AesIKOI MO0 YaCTUHU.

PeaxkTuBHUiI pyx 3miHiCHIOIOTH, HAIIPUKJAML, pakeTu. Bynb-aKka pakera — Ie
cucteMa ABoX Tij. BoHa ckiazaeTbesa 3 O0OJOHKM i maJibHOroO, IO B Hill 3HA-
xompuTthbesa. O0osIoHKa Mae ¢opMy TPyOH, OSUH KiHeIb SKOI 3aKPUTO, a APYIUi
BiIKpUTO i 3a0e3meueHo TPyOUACTOI0 HACAAKOIO 3 OTBOPOM OCOOJIMBOI (hopMu —
PEeaKTHUBHUM COILJIOM.

ITanpHe mimg yac 3amycKy pakeTH CHAJIOETHCS Ta IEPETBOPIOETHCA Ha ras
BHCOKOTO THCKY i BMCOKOI TeMIlepaTypu. 3aBASKKM BUCOKOMY THUCKY Ieil ras 3
BEJIMKOIO IMIBUJKICTIO BUPUBAETHCA i3 coria pakeru. OO0OJIOHKA paKeTH pyxa-
€ThCSA IIPU IILOMY B IIPOTHJIEKHUM O0ik (Maj. 290).

Ilepen craprom paketru ii 3arasbHU#A imMOyJsIbC
(oboJloHKM i mTaJBHOTO) B CHUCTEMi KOOpPAMHAT,
noB’si3aHili i3 3emJiero, MOPiBHIOE HYJIIO, pPaKeTa
He pyXaeThcsa BimHocHO 3emuri. Y peayJbrari B3a-
eMonii rasy # o0OJIOHKHU, sSiKa BUKUIA€ ra3, BOHA
HaOyBae IIEBHOTO iMITyJbCy. BBasKaTumemo, II0
cuja TSKIHHS NPaKTUYHO He BIJIMBAE Ha DPYX,
TOMY OOOJIOHKY ¥ maJibHe MOXKHA PO3IJISAAATUA
AK 3aMKHYTY CHUCTEMY Ta iX 3arajJbHHUI iMIIYJIbC
IOBUHEH i micas 3amycKy S3aJHIINTHCSI PiBHUM
myao. O00JI0HKA, Y CBOIO Uepry, 3aBASAKIU B3aE€MO-
mii 3 rasom HabyBae iMIyJabcy, IIIO JOPiBHIOE 3a
MOAYJIEeM iMOyJabCy rasy, aJjie IPOTHUJIeKHOIOo 3a
"HanpAMKOM. Och YoMy B PyX IPUXOAUTH HE TiJb-
KM Tas, ajie i1 000JOHKa paKeTu. ¥ Hill MOXKYTh
OyTH pO3MilleHi HAyKOBiI mpumaagm IS HOCJIi-
Man. 290 I’KeHb, 3aC06H 3B’ABKY. ¥V paKeTi MoKe po3MiImy-
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BaTHUCA KOCMIUHMH Kopabeiib, V AKOMY IIepedyBaloTh KOCMOHABTU ab0 acTpo-
HaBTU.

3aKoH 30eperKeHHA iMIIyJIbCy Jae 3MOI'y BUBHAUWTHU IIBUJKICTH PyXy pake-
T4 (000JI0OHKN).

IlpunycTumo cmouaTky, IO Bech rasd, IO YTBOPIOETHCA Il Yac 3rOpAHHSA
aJbHOr'0, BUKUAAETHCA 3 PAKeTU OJpasy, a He BUTiKAa€ IIOCTYIIOBO.

ITosmaunmo Bci0O Macy rasy, Ha AKHUN [EPETBOPIOETHLCA HaJbHE B PaKeTi,
uepes m,, a MBUAKICTH ragy — udepes U,. Macy i mBHAKICTE PyXy OOOJIOHKHK
[I03HAYMMO 4Yepe3 Mg i U STiflHO i3 3aKOHOM 30epesKeHHA iMIIyJIbCy cyma
iMoyiabciB 000JIOHKHM i rasy Imicasa 3alycKy OOBHHHA OyTH TaKOIO CaMoOIo,
AKOI0 OyJjia OO 3aIlyCKy paKeTH, TOOTO MOBHUHHA AopiBHIOBATH HYJ0. OTiKe,
mr(ﬁr)y + moﬁ(ﬁoﬁ)y =0, abo m v = my, (koopauHaTHy Bick Oy BHUOpaHO B

HATIPAMKY PyXy 00OJIOHKM). 3Biic BUBHAUMMO MIBUAKICTHL PYXY OOOJOHKMI:

Vg = o .
00

3 dopmMmynu BUAHO: IO OiJbIlla IMBUAKICTL BUTIKaHHSA rasy i Imo OijbIie
BiTHOINIEHHSA MAacu IIaJMBa A0 Macu O0OJIOHKM’, TO HIBUAKICTH PyXy OOOJOHKU
pakeru O6Oijgbina. ToMy mOCTAaTHBO BEJIHKY IIBUAKICTL O0OOJIOHKA OTPHUMAE B
TOMY BHUIIQIKy, AKIIO Maca maJjuBa Habararto Oijblna Big macu obosmoHKu. Ha-
OPUKJIAL, 1100 IIBUAKICTE PyXy OOOJOHKU OyJia 3a aOCOJIOTHUM 3HAUEHHAM Y
4 pasu OijgbIla BiJ HMIBUAKOCTI BUTIKaHHSA rasy, moTpiOHO, 1100 Maca maJuBa
OyJia y CTiJIBKM caMo pasiB OisbIlla 3a Macy O0OJIOHKI, TOOTO 000JIOHKA IIOBMH-
Ha CKJaJaTH OAHY II'Ty Bix yciel macum pakeTu Ha cTapTi. AIKe «KOpHCHa»
yacTuHa paKkeTu — Ie caMa O0OJIOHKA.

3i CcTBOpPEeHHsI paKeT POo3IoYaJocs aKTHBHE OCBOEHHS KOCMOCY. YKPalHCBKUI
aBiakomcTykTOop Cepriii IlaBaosuuy KopoaboB i #oro xoJierm CTBOPUJIN PaKe-
Ty-HOCi#i «BocTOK», i 12 kBiTHa 1962 p. JdogmHa BUMHIINIA B KOCMIUHMI IIPO-
ctip. Ile 6yB IOpiii I'arapis.

Yrpaina BXOAUTH A0 CKJIAAY KOCMIUHUX Oep:KaB CBITYy 3aBIAKN BHCOKOMY
PiBHIO HAYKOBO-TEXHIUHOro i BMPOOHMYOro MOTEHIiaay, 3AiJiCHEHHIO BJIACHUX
KOCMIUHMX NPOEKTiB, yUacTi B MisKHApPOAHIN KOoCMiuHi# misJabHOCTI.

Y Gepesui 1999 p. BimbOyBcA mepHimii HMycK yKpa-
jHcpKOl pakeru-Hociss «3eHiT-3SL» 3a MisKHAPOIHOIO
nporpamolo «MopcbKuii crapT». YKpaiHa pasom i3
CIITA, Pocieio i Hopseriero craja ydyacHHIIEIO I'DaH-
ITi03HOTO MPOEKTY 3aIlyCKiB 3 IMJIaByYOro KOCMOIPOMY
y CBiToBOMY OKeaHi.

Y rpyaui 2004 p. Oys0 BUBEOEHO B KOCMOC 4YepIro-
Bl CYyIyTHUKM AUCTAHIIIAHOIO 30HAYBaHHA 3eMJIi cepii
«Ciu», «Ciu-1M» i mepinii yKpaiHCbKUI MaJoradapmT-
HU# Kocmiunuii amapar «MC-1-TK».

3a 15 pokie poboru HaijioHaibHOro KOCMIUHOTO
areHTcTBa YKpainu (3apas [lep:KaBHe KOCMiuHe areHT-
cTBO YKpainm) i migmpmemcTB yKpaiHChKOI KocMiuHOI
ranysi sabesmeueno Oinbire axk 100 myckiB paxer-Ho-
ciiB i BuBezmeno B Kocmoc moHaxs 180 xocmiuHux ama-
paris.
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Y xoBTHiI 2016 p. 3 0. Yosuomnc (mrrat Bipasunisa, CIIIA) Bigbysca ycrmir-
HUH B3amyCK MOJIePHiB0BaHOI paKeTHW-HOCiA cepemgHboro KJacy Antares-230
i3 TpaHcmopTHUM KocMiuHuM KopabJsem Cygnus. I'oloBHUM pPO3pPOOHMKOM pa-
KeTH-HOCisz € amepukaHcbka xommania Orbital ATK, a ocHOBHY KOHCTPYKILifO
ii mepIoro CTymeHs CTBOPUJIM YKPalHCBKi Mep:KIIiAmpumeMcTBa KOCMiuHOI Ta-
ays3i KB «IliBgenne» iMm. M.K. fdAurens ta BO «IliBgeHHuil MaIrnHOOydiBHMI
s3aBog im. O.M. MakapoBa» (M. [IHimIpo) B Koomepaiiii 3 migmpueMcrBaMu «Xap-
TpoH-APKOC» (M. XapkiB), «XapTpou-IOKOM» (m. 3amopiksxksa), «HE3APA»,
«PATIII» (M. Yepwiris) Ta i=.

VYKpaiHCBHKIi clielriaricTy 3afiMaJIics MOAePHi3aIlie€lo IIePIIIOro CTYIIEHA PaAKeTH-
Hocisz Antares, aganTyoun el CTYIiHb JO HOBOT'O, 0iJIbIll e()eKTUBHOIO IBUTYHA.

Banraxxuuii Kopabeapr Cygnus moctaBuB Ha MiKHapogHY KOCMIiUHy CcTaH-
Iiro moHag 2 T BaHTaXKy (3pa3KU [Jis MPOBEIEHHA HAYKOBUX EKCIIEPUMEHTIB,
HAYKOBi iHCTPpYMEHTH i IIPOJOBOJILCTBO), & TAKOXK OOJIAZHAHHA [IJA BUBOAY
B KOCMIiUHUI TpocTip MiHiaTiopHuX cynyTHuUKiB. ActpoHaBTKa NASA Keiit
Pyb6inc 3pobmia SHIMKKM CTHKYBaHHS Kopabus 3 MiKHapoaHOH KOCMiuHOIO
cTaHIli€o, AKi Oysnu omyO6sikoBaHi Ha odimifiHiil cTOpiHIli acTpoHABTIB areHT-
ctBa B Twitter (man. 291).

Man. 291

() 3ANMUTAHHA 0O BUBYEHOIO

1. PakeTa, 5K BigOMO, MOXe OTpMMaTu MPUCKOPEHHS B KOCMIYHOMY MPOCTOPI, Ae
HaBKOMNO Hei Hemae Hisikmx Tin. Kpim Toro, ans il npuckopeHHs noTpibHa cuna,
a cuna — e ais ogHoro Tina Ha iHwe. Yomy npuckoproeTbcs pakeTta?

2. Big 4oro 3anexuTb WBUAKICTb PyXy pakeTn?

3. HasBiTb OCHOBHI fOCArHeHHs1 YKpaiHu B rany3i KOCMOHaBTUKM.
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— = 3AAUI TA BMPABY

Posp’sa3yemo paszom

1. Cuapsapn posipBaBca y BepxXHiii Toulli TpaeKTopii Ha ABa OCKOJKM OIHAa-
koBoi macu. [IIBuaKicTE pyxy cHapsAza GesmocepefHbO Imepen Bubyxom 6yia U,
a IMIBUAKICTL PyXy OZHOIO 3 OCKOJKiB 0oApasy Imicisa BuOyxy v, = 20 i Hanpam-
JleHa BePTUKAJIbHO Bropy. O0uucIiTe 3HaUeHHA i HAIPAMOK IIBUAKOCTI U, APY-
roro OCKOJIKa B MOMEHT BUOYXY.

PosB’szanuda
Ockinbku mixg yac BuOyXy cHapfAjga BUHUKAIOTHL BEJWKi BHYTPIIIHI cuam
i wac ix mii mysKe MaJiMii, TO 30BHIIIIHBOIO CUJIOIO TSKiHHA MOKHA 3HEXTYBa-
TH i BBasKaTH CHCTEMY Ha UYac BHOYXY 3aMKHYTOIO. 3a 3aKOHOM 30€perKeHHS
iMOyJabcy:
Lo ~ 1 _ 1
P = Py + Dy @00 mU = —mv; + —mu,.
2 2
Ilepenuimemo 1e piBHAHHS Yy IPOEKIiAX HA KOOPAWHATHI Oci:
Ox: 2v, = v, +v,,; Oy: 20, =vy, +0,,.

BpaxoByrwouu, mo 3a ymoBow 3agadi v, =0, Uy =0 = 2v; v, = 0, v
OTPUMAEMO: U, = 20, Vg, = —2v.

v
Toni vy = (U5, + V5, = 20V2; tgo = |24 = 1, o = 45°,

v2x

Hpyruii 0OCKOJIOK IOJIETUTD 31 IIBUAKICTIO v, ~ 2,8V yHHU3 HiJ KyTOM o = 45°
10 TOPU30HTY.

2. Xgomuuk macoio 50 Kr pyxaeThbcsA Biff HOca O KOPMU YOBHA MacOI0
150 xr 3i mBuakictio 0,6 M/c BigHOCHO YOBHA. 3 AKUMHU INBUIKOCTAMU
pyxaioThbCs TMPU ITbOMY YOBEH i XJomuuK BigHOcHO Boam? OmOpoM BOAM 3HEX-
TyBaTHU.
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Hauo: PosB’sA3aHHSA

m; = 50 xr OckisbKM piBHOAITIHA CHMJI TAXKIHHA Ta apxiMemoBOi
mgy = 150 Kr CHUJIH, IO JilOTh HA UYOBEH, NJOPiBHIOE HYJIIO, CHCTEMAa TiJ
u=0,6 m/c «YOBEH—XJIOMMUYMK» € 3aMKHyToo. CHJIOI OIIOpy BOIMH,

III0 BUHUKAE IIiJl 4ac PyXy YOBHA, 3HEXTYEMO, OCKIiJIbKU
IpU MaJUX MIBUIKOCTSX I CHJIa MaJia. 3aCTOCYEMO IJIs
miei cucremu Tim 3aKOH 30epeKeHHs iIMIOyJIbCy BiJHOCHO CHCTEMM BiIJIiKy,
OB’ sI3aHO01 3 HEPYXOMOIO BOMOI0. IMIIyJIbC CUCTEMHU [0 IMOYATKY PYXY XJOMYH-
Ka JOPiBHIOE HYJIIO.

vy =20, -7

3a gomaTHUI HanpsaAMOK oci Ox BuOepeMO HANIPAMOK PyXy YOBHA. BigHOCHO
BOJY IIPOEKIlisA iMIyJbCy 4OBHA Ha Bich OX NODiBHIOE My, & IMIIyJIbCY XJIOI-
YuKa —Mm,v;, A€ U; i U, — BIAOBIIHO MIBUAKOCTI PyXy XJIOMYMKA i YOBHA BiJHOC-
HO BoAu. I3 3aKOHY NomaBaHHSA IIBUJKOCTEW BUILIUBAE, IO U; = U — U,.
3anuineMo Temep 3aKoH 30eperKeHHsA iMIIYJIbCY:

myvy — my(u — v,) = 0.

3Bifcy IIIBUIKOCTI YOBHA i XJIOMUYMKA BiJHOCHO BOAU JOPiBHIOIOTH:

mu
Uy = ———.
m; + my
miu myu 150 kr - 0,6 m/c
U, SU-Vy =U-— 1 = oy = 6 m/ = 0,45 m/c.
m, +m, m +m, 50 kr + 150 kr

Bionosgidv: mBUIKiCT, pyXy 4YoBHaA AopiBHIOE 0,15 M/c, a MIBUAKICTH PyXy
xgomunka 0,45 m/c.

PiBens A

257. BusHaure imMOyJabc Tijla Macoio 5 KrI, IO PYXa€TbCA 3i IIBUAKICTIO
2 m/c.

258. ¥V mucrepHi moJMBaJIbHOI aBTOMAIIIMHU MAacoio 4 T 3HAXOAUTBCI 2 M
Boau. Buszaure iMOyJabC MAaIIWHM, KOJHM BOHA PYXAa€ThCA 3i IMBUIAKICTIO:
a) 18 km/roxm mo miciia mosamBYy; 6) 54 KM/T0M, BUTPATHUBIIIN BCIO BOIY.

259. 3amisanuauii BaroH macoo 30 000 kr, 1o pyxaeTbcd 3i IIBUAKICTIO
1,5 M/c, 3UinII0€THCSA 3 HEPYXOMUM BaroHoM, Maca AKoro mopiBuioe 20 000 kr.
fxa mBUAKiCTh PpyXy BaroHiB miciaa suemnseHuA? Baronu sHaxomsaTbCs Ha MPs-
MOJIHIAHIN FiAAHII IIAXY.

3
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260. ITig yac ¢hopMyBaHHSA 3aJi3HUUYHOrO CKJIAAY TPU 3UEIJIEHNX MixK co00I0
BaroHM, II0 pyXaioTbcs 3i mBugkoctamu 0,4 M/C, CTUKAIOTHCS 3 HEPYXOMUM
BaroHOM, IIiCJs YOro BCi BaroHu IIPOJOBXKYIOTH PyXaTHUCA B TOM caMuil Oik
3 OJHAKOBOIO IMIBUIKicTIO. BusHauTe I1[j0 IIBUAKICTL, AKIIIO MAacH BCiX BaroHiB
OJHAKOBI.

261. Jliommaa macoo 70 Kr, Aka OisKuTh 31 mBuUAKicTi0O 7 M/C, Has3moraHse
Bidox macor 30 Kr, M0 pyXaeTbcs 3i mBuAKicTio 2 M/c, i cTpubae Ha HBOTO.
3 KO0 IIBUAKICTIO IOYHE PyXaTHCS Bi3OK IIicjsa 1boro?

262. Kyna macoro 10 r mpobuja cTiny, i B pesyabTaTi MIBUAKICTE 11 3MeHIIIN-
aacsa Big 800 m/c mo 300 m/c. Busnaure, Ha CKiJIbKU 3MEHIIIMBCSA iMITYJIbC KYJIi.

263. JIroguma macoio 50 xKr 6isxkuTh 31 mBuakicTio 10 M/c 3a BiskoM, AKUIA
pyxaeThbcd 3i IMBUAKICTIO 5 KM/T0oI, i cTpubae Ha HBOro. SIKoI0 Oy/e MBUIKICTD
Biska micasa mporo, Ko oro maca 80 Kr?

264. Crapang macow m,, IO JIETiB 31 IIBUAKICTIO v; IapaJieJbHO J0 PEWoK,
IoTpalide B HepyXoMy IIaT¢GopMy 3 IIiCKOM MAacoio m, i 3acTpArae B IICKY.
3 AKOI0 IIBUAKICTIO IIOUYHE pyxaTucs maatdopma?

Pisens b

265. MeraseBa kyapka Mmacoo 20 r, mo najgae 3i mBUAKICTIO b M/c, yaaps-
€ThCS MPYKHO 00 cTajieBy IJINTY i BilcKaKye Big Hel y MPOTHJIEIKHOMY HAIIPSIM-
Ky 3 TaKOI0 caMOIO 3a MOAYJEeM IIBHUAKicTI0. BusHauTe 3MiHY iMIIyJIbCY KYJIbKU
Ta CepemHI0 CHUJIY, IO CIPUYMHUIJIA IIA 3MiHA, AKINO 3iTKHeHHA TpuBaJo 0,1 c.

266. IlTohep BUMKHYB JABUT'YH aBTOMOOiIs IIpU IIBUAKOCTI 72 KM/Toxm. Ye-
pe3 3,4 c aBTOMOOinbp 3ynuHUBCA. Cujaa TepTa KoJjic mo acajabTy AOpPiBHIOE
5880 H. BusHauTe iMmnysabc aBTOMOOisI B MOMEHT BUMKHEHHS ABUTYHA. SIKa
Maca aBToMO00iaa?

267. ABTOoMO00iIb Macoio 2 T pyxaeThes 3i mBUAKicTIO 36 KM/roa. SAKuit uac
MOTPiOHUI [OJA MHOBHOI 3YMMHKK AaBTOMOOIJISA, IIiciad BUMKHEHHS JIBUTYHA,
AKIIO cUJIa TepTA KoJric 00 gopory mopiBuioe 5880 H?

268. 3ewiTHUI cHAPAL, BUNYIIEHNHA Y BePTUKAJIBHOMY HAIPAMKY, JOCATHYB-
1 MaKCUMAaJIbHOI BMCOTH, BUOYXHYB. IIpu IIbOMY YTBOPUJINCA TPHU YJIaMKH.
IBa yJIaMKu po3JieTijivca I OpAMUM KYTOM OJUWH O OJHOTO, TPUYOMY IITBUJ-
KicTh mepImoro yjaMkKa macoio 9 xr mopiBuioe 60 M/c, a IMIBUAKICTH APYroro
macoro 18 kr gopiBaioe 40 m/c. Tperiit yramor BigmeriB 3i mBuakicTio 200 m/c.
Busuaure rpagiuHo HaIPAMOK IOJIBOTY TPETHLOTO yjaaMKa. fIka ioro maca?

269. 3 Ao MIBUIKiCTIO Oyae pyxaTucs XoKeliHa miaiiba macoio 160 r, mo6
ii iMIyJibC JOPiBHIOBAB iMITYJIBCOBi KyJi Macoro 8 r, AKa JIETUTH 31 IIBUAKiCTIO
600 m/c?

270. 'panara macom 3 Kr, IO JIETUTh TOPU3OHTAJBLHO 3i mBHUAKicTIO 15 M/c,
posipBanacsa Ha aBi yactTunu. IIIBUAKICTSE OCKOJIKA Macoio 2 Kr 30iabIIuIacsa B
HaANPAMKY PyXy no 25 m/c. BusdHaure mMBUAKICTH MEHIIIOTO OCKOJIKA.

271. Pakera macoro 4 - 10® kr meruTs 3i msuzakicrio 0,5 KM/c. Big Hei Bix-
OKPEMJIIOETHCS TOJI0BHA YacTiHA Macoio 10% Kr i seturs i mBuakictio 800 M/c.
3 AKOIO IIBUAKICTIO IIPOJOBIKYBATUME IIOJIIT YaCTHHA PAKETH, II[0 3AJUIINAIACI?

272. Kpurosam macoo 5000 T pyxaBcsa 3 BUMKHEHUMHU IBUTYHAMH 3i IITBU/I-
KicTtio 10 m/c. Ilicas 3iTKHEHHSA 3 HEPYXOMOIO KPMIKHHOIO CYJHO CTAJ0 pyxa-
THCA Pa3oM 3 Helo 3i mBuaKicTiO 2 M/c. O6uncaiTh Macy Kpu:kuuu. Omip Bogu
He BpaxoBYBaTHU.
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273. Iz yoBHa macowo 200 Kr, 110 pyxaeTbcsa 3i mBuAKictio 1 M/c, y ropu-
30HTAJIBPHOMY HAOPAMKY cTpubae niBumHKa Maco 50 Kr 3i mBuakictio 3 m/c.
fAxa mBUAKICTL YOBHA Micasa cTpubKa OiBUMHKH, AKIIO BOHA cTpubae 3 Hoca
YOBHA II0 XO4Y Pyxy?

NabopaTopHa po6oTa Ne 7

BuBueHHs 3aKOHY 30epe:KeHHA
MeXaHiuHOi eHeprii

Meta po0oTH: TOPIBHATY [Bi BeJIMUYMHYN — 3MEHINIEHHSA IMOTEHIiaJIbHOI eHep-
rii Tijna, OPUKPIMJIEHOrO OO IPYXKHHM, IIiJ] yac HOro majgiHHs i 30iJbIIeHHS
MOTEeHI[iaJbHOI eHepril po3TATHYTOI IPYKUHHU.

IIpunagu i marepiaau: JUHAMOMETP, KOPCTKICTh HNPYKHUHU SKOTO IOPiB-
Hoe 40 H/m; simiika 3 wMijgiMeTpoBMMU TOAiJIKaMM; BAHTaX MAacoio
0,100 £+ 0,002 kr; dikcarop; mTaTuB 3 My(QTOIO i JAITKOIO.

Iiss poOOTH BUKOPHCTOBYETHLCS YCTAHOBKA, 300paskeHa Ha MAJIOHKY 292.
Ile sakpinienui#t Ha mratuBi AuHamoMmeTp 3 (Qikcaropom. Ilpy:kmHa muHa-
MOMETpa 3aKiHUyeThCA APOTAHUM CTep:KHeM 3 raukom. ®ikcatrop y 30ijb-
meHoMy MacmTabi 3o0pakeHo okpeMo i mosmaueHo mnudpoio 1. Ile ger-
Ka KOpKoOBa IJjacTuHKa (pos3Mmipamm 5x7x1,5 mm), mpopisana HoxeM mo ii
menTpa. IlmacTMHKY HacagKyoOTh Ha JPOTAHUHA CTEeP)KeHb NWHAMOMeTpA.
dikcaTop IMOBHMHEH IIEPEeMINIIyBaTUCS B3IOBMK CTEP)KHA 3 HEBEJIUKUM Tep-

TAM, OZHAK TepTd Mae OyTH JOCTaTHiM,

& i mo6 ¢ikcaTop cam 1mo cobi He mamaB
% yuus. ¥ 1mpomy Tpeba mepeKoHaTHUCS Iie-
—>H pen mouatkoMm poboru. Iaa mporo dikca-
=

TOP YCTAHOBJIIOIOTH 0iI HUMKHBOTO KPAIo
mIKajau Ha oOMesKyBaJibHi#M cko6i. IloTim
OPYKUHY PO3TATIyIOTH i BiAOYCKaIOTh.
dixkcaTop pasoM 3 APOTAHUM CTEepKHEM
HNOBUHEH IIiTHATHCS Bropy, Bigmiuaroun
IUM MaKCHUMaJbHEe BUJOBMKEHHSA TPYKHU-
HU, AKe OOPiBHIOE BimcTaHi Bijm ymopa mo
dixcaropa.

Ao migHATM BaHTaK, AKWUHA BUCUTH
Ha rayKy AUHAMOMETPAa, TaK, Io0 Ipy:Ku-
Ha OyJia He PO3TATHEeHAa, TO MOTEHIliaJbHa
€Hepria BaHTAXy BiJHOCHO, HATPUKJIAJ,
noBepxHi crosia mopiBHIOe mgH. Ilixm uac
magiHHsg BaHTaKy (OMyCKaHHS Ha Bif-
CTaHb X = h) HMOTeHIliaJbHA €Hepris BaH-
Ta)Xy 3MeHIIuThCcA Ha E; = mgh, a eHepria

Man. 292 npyRuHM ming dac ii medopmaimii 36ib-
murhea Ha E, = kx® 1 2.
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Xig poboTm

1. BaHTax MiIfHO 3aKpilIiTh Ha rauky JUHAMOMETpPA.

2. ITligaiMiTs, BaHTaX PYKOIO, POSBAHTAMKYIOUHN IPYKUHY, i BCTAHOBITH (hiK-
carop yHu3y 0inasa ckoOu.

3. OmycriTh BaHTasK. Ilagatoun, BaHTaXK PO3TATHE NPY:KUHY. SHIMITH BaH-
Ta)K i 3a MoJOKeHHAM (PiKcaTopa BUMIpSANTe JiHIAKOI MaKCHUMAaJbHE BUIOB-

SKeHHA X, TDPYXKUHU. X, 1 = M.

4. TloBTOpiTH HOCJAiL II’ATHL pasis.
Xpaxo = M. X, .43 = M.
Xpaxd = M. Xpoys = M.
xc = hc: (xmaxl + xmax2 + xmax3 + xmax4 + xmax5) : 5.
x, = M.
5. OGuucite: E,, = mgh,; Ey= kx® : 2; E,_ : E,,.
Elc = 'HQR.
E2c = ,I[?IC.
E, :E,= Ik,
6. PesyabpTaTu JOCHiAy 3amUIIiTL Yy TAOJIMITIO.
,q%%hjfllﬁlpy Xmax’ M Xc = hc’ M E1c’ ﬂ)K E2c’ -D-)K E1c: EZC

1

2

3

4

5

7. IlopiBHaiiTe BigmomenHa E,,: E, 3 ofUHUIEI, 3pO0iTh BUCHOBOK IIPO
HOXMOKYy, 3 AKOI0 OyJIO IepeBipeHo 3aKOH 30eperkeHHsl eHeprii.
8. 3pobiTh BUCHOBKIU.

§ 38. ®YHOAMEHTAIbHI B3AEMOAII Y NMPUPOAL.
MEXI 3ACTOCYBAHHSA ®I3UMYHUX 3AKOHIB | TEOPIA

(Dismcn BCTAHOBMJIM iCHYBaHHSA YOTHPHOX BUIIiB B3a€MOMil MijK UacTHHKA-
MH: CUJIbHA, eJIeKTpOMartiTHa, cjabKka Ta rpasiTariiina (3asHaueHO B IOPAIKY
3MeHIIIeHHsa iHTeHcuBHOCTI). CyuacHi Teopii Bcix B3aemomiit € KBAHTOBUMU.

IaTeHcuBHICTE OYAL-AKOI B3aeMOIil MPUHAHATO XapaKTepHU3yBaTH 3a JOIIOMO-
rol0 TakK 3BaHOI cTaJiol B3aeMOjil, AKa BM3HAUYa€ MMOBIpHIiCTL IpoIleciB, 00y-
MOBJIEHUX OAaHUM BHAOM B3aeMojii. BimHolleHHs 3HaYeHL KOHCTAHT IIOKA3ye
BiTHOCHY i1HTE€HCHBHICTH BiAIIOBiIHMX B3a€MOJiil, IIT0 JTae 3MOTy IIOPiBHATH iX.

Haii6inpin yHiBepcabHOIO MOMiK B3a€EMOiN € rpaBiTailiiiHa — BOHA BUHUKAE
MiX OyIb-AKMMH TijJlaM#, III0 MAlOThL MAacy.

Y isuii vacTHHOK rpaBiTallifiHa B3aeMOid He Bimirpae Mmaike HiAKOI
poii Ha BimcTaHAX, 6iabmmux 3a 10—35 M. Ilpu mMenmux BiacTansx abo Ay:ke
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BEJIMKUX €EHeprigx I B3acMOLid 3a 3HAUEHHAM IIOPiBHIOETHCA 3 IiHIIHMMU
B3a€MOJisIMMU.

EnekTpomaraiTHa B3aeMoOifg BUHUKAE MiXK TijlaMu, 110 MAalOTh €JeKTPUUHUNNI
3apsAmI.

Cnabka i cunpHa B3aemomii — sazepHi. CiabKka B3aeMOfisi Kepye pO3IaaoM
OiJBINI BAKKMX UYaCTHMHOK Ha OiJbII Jierki i 3MiHI0O€ BHYTPIIIHIO IPHUPOILY
YACTHUHOK.

CunbHa B3aeEMOIisA — Ie B3aEMOMis MiK KBapKaMmMm (CKJIAJOBI YaCTHUHKU
Anpa), AKa i 00yMOBJIIOE AMepPHY B3aEMOMiI0, a TaKOK PisHi saAepHi peakirii.
IIa B3aemopis maiiske B 1037 pasiB cuibHiIIA IMOPiBHSAHO 3 rpaBiTalliiiHoo.

Koxxuiti pyrmameHTaIbHilI B3aeMoIii BiimoBizae cBos YacTUHKA, AKa mepe-
HOCUTH IT10 B3aeMogiro. g rpasiraiii — 1e rpaBiToHU, OJd €JeKTPOMarHiTHOL
B3aemMofii — OTOHU, CUJIbHA B3aEMOIiA 0O0YMOBJIIOETHCS IIIOOHAMHU, CJOA0OKa —
BEKTOPHUMU 0030HAMU.

HAx ace 30ilicH0O0OMbCA Ui 83a€M00iT2

Mexanism B3aemMofiili oguH: 3a pPaxXyHOK OOMiHY iHIIMMM YacTHHKAMU —
IepPeHOCHUKAaMU B3a€MOii.

EnexTpomaruiTHa B3aeMomis: mepeHOoCHUK — ¢oToH. I'paBirariitina B3aemo-
Iisl: IePeHOCHUKU — KBAHTH IIOJISA TAMKIHHA — rpaBitonu. I ¢oronu, i rpasiTo-
HY He MalTh Macu (MacHu CIOKOIO) i 3aBXKAM PyXaloThCA 3i IIBUIKICTIO CBiTJIA.
Cnabki B3aeMopmii: IepeHOCHMKM — BEKTOPHiI 0030HU. IcTOTHOIO BigMiHHIiCTIO
IepPeHOCHUKiB ciaabKoi B3aemoxii Bim ¢orTomHa i rpaBiToHa € iX MaCHBHICTE.
IlepeHocHUKY CHJIBHUX B3aeMOZiii — rIooHHu (aHTVI. glue — «KJeii») 3 Macoio
CIIOKOIO, ITIO JOPiBHIOE HY.JIIO.

Psapn icrorHux BiAKpUTTIB, 3po0jeHUX y yHAAMEHTaJ bHi# (isuili, ocobu-
BO y (hisuIli BUCOKMX €Hepriil, Ba'KJIMBi eKCIIEpMMEHTaJbHi pe3yJabTaTH Bil-
KPHBAIOTL INIMOOKMI B3a€MO3B’A30K YACTHHOK 1 IPUXOBAHUX CUJI, IO HiIOTH
ycepenrHi peuoBMHU. YUeHi BUCYHYJIU ifeio, 3TiTHO 3 AKOIO0 BCS IpUpoja Mii-
MOpPsSAAKOBaHA Oil AKOICh CYNepCUIN, AKa € HOCUTDH MOTYKHOIO, I1100 CTBOPUTHU
Ham BceecBit i HagisnTy #Oro cBiTIOM, €HEPri€io, MaTepielo Ta HajgaTHM HOMY
CTPYKTypu. ¥ CyIepcuJii Marepisi, mpocTip—Jac i B3aeMOisi 3JIUTI B HEPO3-
IiJibHEe TapMOHiMHe ITijie, IO IOPOMKY€E TaKy €nHicTh Bcecsity, Aroi pamiime
HiXTO i He IpPUITyCKaB.

dynramMeHTaIbHI 3aKOHU € JOCUTH a0CTPAKTHUMU (pOPMYIIOBAHHAMU, 110 HE
€ HaCJiJIKOM eKCcIeprMeHTiB. 3a3Buuaii PyHIaMeHTaJbHI 3aKOHU «BraJgyIOThCs»,
a He BUBOSATHCA 3 eMIIipuuHux. KiJdbKicTh TaKMX 3aKOHIB OyKe oOMerkeHa
(HapuUKJIak, KJacMuHa MexXaHiKa Mae€ JIMIe 4oTUpU (PyHAAMEHTAJIBHUX 3aKO0-
HU: Tpu 3aKoHU HBIOTOHA i 3aKOH BCECBITHLOTO TsKiHHA). UMcaeHHI eMITipuy-
Hi 3akoHM € Hacaigxkamu (iHomi 30BciM He oueBHAHHME) (PYHIAMEHTAJILHUX.
Kpurepiem icTuHHOCTI OCTaHHIX € BiAIOBiOHICTL KOHKPETHUX HACTIiOKiB eKcIie-
PUMEHTAJbLHUM CIIOCTEPEKEeHHAM. Yci Biomi Ha choromHi (pyHIaMeHTaJbHI 3a-
KOHU OHHUCYIOTHCS JOCHUTH IIPOCTHMM MaTeMAaTUYHHMU BHpasaMu. Meiki sacTo-
CyBaHHS QyHIaMeHTAJbHUX 3aKOHiB oOMeskeHi. I[a oOMerkeHiCTh He MoOB’sI3aHa
3 MaTeMaTUYHNMU HETOUHOCTAMHM, a Ma€ OiJbIn (GyHIaMeHTaJbHUN XapaKTep:
Ipy BUXOAi 3a MexKi 3acTocyBaHHA (pyHIaMEHTAJbHOTO 3aKOHY IIOYHMHAIOTH
BTPaYaTy CEHC caMi MOHATTSH, III0 BUKOPUCTOBYIOTHCA ¥ (hopmystoBaHHAX. Tak,
IO MiKPOOO’€KTIB BUABJIAETHCSA HEMOMKJIUBUM CTPOTe BU3HAUEHHS IIOHATH
IPUCKOPEHHS i cuju, 1[0 00MeXKye 3acToCcyBaHHA 3aKoHiB HrioToHA.
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OOMerxeHicThL 3acTOCYBaHHA (PYHIAMEHTAJBHUX 3aKOHIB IIPUPOSHO IIPUBO-
IUTH A0 NUTAHHA IIPO iCHYBaHHA Ie OiJbIl 3arajbHUX 3aKoHiB. Takumu €
3aKOoHHN 30epe)xkeHHsi. HasgBHMII OOCBiJ PO3BUTKY IIPUPOLO3HABCTBA IIOKAa3ye,
110 3aKOHU 30epe’keHHA He BTPavaloTh CBOI'O CEHCY IIPU 3aMiHi ojHiel cucTreMu
dyHIaMeHTAJIbHUX 3aKOHIB iHINOMI0. ¥ OiJBIITOCTI BUTIAAKIB 3aKOHU 30€pe’KeH-
HS He 3[aTHi JaTW TAaKOr'0 IMOBHOI'O OIKCY ABWUII, AKe Ial0Th (GyHIaMeHTaJbHi
3aKOHHU, a JINIIe HAKJaJaloTh HeBHi 3a00pOoHM Ha peajisalliio TMX 4u iHITHUX
CTaHiB IIPU €BOJIOIii cucTeMu.

Mu BiKe roBopmau, H1o mnepinuii 3akoH HbIOTOHA BUKOHYETHCA TiJBKU B
iHepmiambHUX cumcTeMax Bimaiky. Hpyruifi 3aKoH TaKOX BUKOHYETHCA JIWIIIE
B iHeprianpHUMX cucreMax. TpeTili 3aKOH BUKOHYETHCA i B HeiHepIiaJabHUX
cucreMax, ajie He 3aB:KAU. BiH He BUKOHYEThCS IJIsI TaK 3BaHUX CUJI iHepIrii.
Omxe, mepmiuM oOMekeHHAM 3aKoHiB HbIOoTOHA € Te, 1110 BOHUM BUKOHYIOTBHCS
TiJIBKY B iHepIiaJbHUX CUCTEeMaX BiIJIiKy.

Mexanika HpioToOHA € MeXaHIKOI0 MaJuX IIBUAKOCTE! (IIOPiBHAHO 3i IIBU/-
KiCTIO HOIIMpPeHHs CBiTya).

Busasunocs, 1o pyx y MikKpocBiTi (CBiTi MoOJIeKyJ, aTOMiB i ejleMeHTapHUX
YAaCTMHOK) HiJIOPSAIKOBYEThCA iHIMUM 3aKoHaM. Tomy Mmexauika HbioToHa
HE3aCTOCOBHA IO MiKpOCBiTy, BOHA € MeXaHiKOI0 BEJMKUX TijJ (3BUUYAMHO,
MOPiBHAHHUX 3 PO3MipaMu MOJIEKYJI).

Omxe, KiIacnyHa MexaHika [amimea—HpoTOHA BUKOHYETHCA JUIIE B iHEPILi-
aJBbHUX CUCTEMAaX AJIA BEJIUKUX TiJ, AKI pyXamoTbcAd 3 MAJIUMHU MIBUIKOCTIMU,
a TOMYy BBasKaTHu ii yHiBepcaJbHOIO He Mo:kHA. Ile moTpidHo mam’saTaTu mig dac
pO3B’sI3yBaHHA MPAKTUYHUX 3a7ad.

Koxken ¢isuunumii 3akoH Mae cBoi Me:ki sacrocyBauusa. Ile, y mepiry uepry,
CTOCYEThCSI 3aKOHY 30epe)keHHsA MexaHiuHoi eHeprii. Ileprire BaKjauBe oOMe-
JKeHHsS IILOTO 3aKOHY — CHCTeMa PO3MIAAYBAHUX TiJ Mae OyTu i3oaboBaHaA BiA
30BHIiIIHiX BmauBiB. TaKy cucTeMy HAa3MBAaIOTh 3aMKHYTOIO. J[pyre oOMeKeHHS
MOB’sI3aHe 3 TUM, IO He 3aBXKIu Pob0Ta OJHO3HAUHO BU3HAUYAETHCS 3MIiHOIO IIO-
TeHIiaJILHOI eHeprii Tijia mijg yac mepemirreHHsa HOro 3 OfHi€l TOYKY I0JIA B iHIITY.
OpHo3HauHe BU3HAUEHHSA POOOTU AK Mipu 3MiHM ITOTEHIIiaJILHOI eHeprii Mae Mmic-
e JIiuIlle AJIs IEeBHUX THIIB MOJIiB, AKI HA3WBAIOTh IOTeHIiaJabHUMU. IIpuKja-
JaMM TaKHX IIOJiB € rpasitaififine abo exeKkTpocraruure moJe. IloTeHiriasbHUMT
BBAYKAIOTHCA TOJISI, PoOOTa CUJI SKUX HEe 3aJIeKUTh BiJl TPAEKTOpPil pyxy Tija B
noai. BignosigHo, cuan X MOJIiB HA3MBAIOTh KOHCEpPBATUBHUMMU. SIKIIO poboTa
CHJI 3aJIeKUTH Bif (popMU IILIAXY ab0 CHIM 3aJIeKATh Bif IIBUIKOCTL PyXy, TO
MexXaHiuHa eHepria cucreMu He 30epiraerhes. Hampukiian, cuau TepTs, AKi He €
KOHCEPBAaTUBHUMM, IIPUCYTHI B ycix Bunagkax. OTike, 3aKOH 30epeKeHHA MeXa-
HiuHOI eHeprii cupaBIKyeThCS JUIIEe OJ ifeai3oBaHUX CUTYAaIliid.

Bupuarounm sakon I'yka, ciaing mam’sararu, 1o BiH Mae IIeBHiI MeXXi 3acTocy-
BaHHA a00 MeXi, Yy AKUX BiH CIPaBAMKYETHCH, a CAMe «MEXY IIPYIKHOCTi».

3axkoH OMa TaKOK Mae€ MerKi s3acToCyBaHHSA, X0ua H JOCHUTH IIMHPOKI — aK
I0 HaABUYAMHO Maaux cTpyMiB. 3akoH OMa He CIPaBAKYETLCSI y TUX BUIIA-
KaX, KOJIU CTPYM Ay:Ke ciabKkuii (abo ayke BeJIUKUIl) i MOUMHAIOTHL BUSABJIATU-
ca uryKTyaIlrii umcsa HOCiIiB cTpyMy — eJIeKTpPoHiB y meraJi. Toxi sakoH, 110
Ma€ OPUHIIMIIOBO CTATUCTUYHUMN XapaKTep, He BUKOHYETHCS.

3aKOHUN MIPAMOJiHiHOrO IOIIMPEHHs CBiTIa, BiAOMBAHHS i 3aJOMJIEHHS
CIPaBAKYIOThCA JINIIIE 3a MMEBHUX YMOB, KOJU NOBKHHA CBITJIOBUX XBUJIb Ha-
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baraTo MeHIIIa 3a PO3Mipm OTBOPiB i eKpaHiB, 3 AKMMH B3a€MOJI€ CBITJIO IIif
Yac CBOI'O IIOIIMPEHH.

() 3ANWUTAHHA 0O BUBYEHOIO

1. Aki BU 3HaeTe pyHOAaMeHTanbHi B3aemogii?
2. Yomy BBOAATb NOTATTA «MEXi 3aCTOCYBaHHA» 3aKOHY abo Teopii?
3. HaBepnitb npuknagmn 3akoHiB, siki MaloTb NEBHI MEXi.

§ 39. ®YHOAMEHTANIbHUA XAPAKTEP
3AKOHIB 3BEPEXEHHA Y NMPUPOMOI

@yHﬂaMeHTaﬂbHi ¢isuuHi 3aKOHM — HaHIIOBHIiIlle HA CHOTOAHIIIHINA [OeHb,
aJie HaOJIM KeHe BimoOpaskeHHs 00’€KTHUBHUX IIpolleciB y nmpupoxi. Pisui ¢hopmu
pPyxy MaTepii onmcyoThCA pisHMMU PYyHIAMEHTAJIbHUMU Teopiamu. KoxxHa i3
IIUX Teopiil ommcye IiJTKOM II€BHI ABUINA: MeXaHiuHuii abo TeIJIoBUHN DPYX,
eJIEKTPOMATHITHI sABHUIIA.

3axkoHHN 30epeskeHHs (PiBMUHMX BEeIWUYMH — TBEPIKEHHS, 3TiJHO 3 AKNMU
YUCJIOBl 3HAUYEHHS IIUX BEJWYUH He 3MIiHIOIOTBHCS i3 yacoMm y OyAb-AKHX IPOILE-
cax abo KJacax IIPOIeCiB.

Inesa s6epeskeHHs 3’sABUJIACA CIOYATKY SAK cyTo (GijsocodchKa AyMKa IIPO
HaABHICTh HE3MiHHOTO, cTabiJabHOTO y BiuHO MiHJAMBOMY cBiTi. Ille aHTMYHI
dinocodu-marepiagicTy TPUAILIN OO IOHATTA MaTepii AK HE3HUINEHHOI i He-
CTBOPIOBAHOI. 3 APYyroro OOKY, CIIOCTEPEXKEHHS NOCTiMHMX 3MiH y Ipupoxi
OPUBOAUJIO OO0 HMONAHHA HPO BIiUHME PyX MaTepii SK BasKJIuBOIL ii BiaacTmBOCTI.
3 1oABOI0 MaTepiajgicTuuyHOro GOPMYJIIOBAHHS MEXaHiKM Ha I[ili OCHOBi 3’IBU-
JIVICS 3aKOHU 30epesKeHHs.

HaiiBamauBimumu 3akoHaMu 30epesKeHHs, SKi CIPaBAKYIOThCI IJIA OyIb-
AKMNX i30JIbOBAHUX CHCTEM, € 3aKOH 30epe)xkeHHsI eHepril i 3aKoH 30epesKeHHsa
iMmysbcy.

3akoH 30epe:KeHHs eHeprii B MexaHiYHMX mpolecax. MexaHiuHa eHep-
ria moAinseTsca Ha gBa BUAU: NMOTeHNianbHY (E = mgh — Ao Timo niguare

2
Ha IMeBHY BHUCOTy HaJ 3emiero, E_ = % — AKIIO TiJIo mPysKHO AedopmMoBa-
2
He) i Kinetuuny E, = % IloTenmianbHa eHepridg XxapaKTepusye B3aeMOil0ui
Tijla, a KiHeTmuHa — pyxomi. I moTteHmiasnbHa, i KiHeTuuHa eHeprii 3MiHIOIOTH-
cs TiJIBKUM B pe3yJbTaTi TaKoi B3aeMomii Tij, mim uac aAKoi cuju, IO OilOTh Ha
Tijla, BUKOHYIOTH POOOTY, BiAMiHHY Big HYyJId.

Posriaamemo Temep muMTaHHS IIPO 3MiHY eHeprii mig uac B3aemomii Tij, 1o
YTBOPIOIOTH 3aMKHYTY cHCTeMY. SIKIMO KijgbKa TiJ B3aEMOAiIOTH MiXK c000IO
JUIlle CUJIaMU TSKIHHSA Ta CHUJIaMM IIPYJKHOCTI # HiAKi 30BHIMIHI cuam He
IifoTh, TO Hig yac Oyab-AKHX B3AaEMOiM cyMa KiHeTHUHOI ¥ IIOTEeHI[iaJIbHOI
€Heprifl TiJg 3ajuIaeTheA crajior. lle TBepa)KeHHS Ha3WBAIOTH 3aKOHOM 30e-
pe'KeHHdA eHepril B MexXaHiuHUX IIpollecax.

Cymy KiHeTm4HOI i IOTeHIIiaJbHOI €Heprii TijJ HA3WBAIOTHL IIOBHOIO Me-
xaHiuHOIO eHepriero (E = E_  + E,). Tomy 3axkoH 30epe)xkeHHA eHeprii MosxHa
chopMyJaIOBAaTH TaK: MOBHA MeXaHiUYHa €Heprig 3aMKHYTOI CMCTeMH TiJ, B3a-
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€MOTIIOUNX CHJIAMH TAKIHHA Ta MPYKHOCTI, 3aanmacTbea crajor: E = const.
OcHOBHUI 3MicT 3aKOHY 30eperKeHHS eHeprii mojsarae He JIUIIE Y BCTAHOBJIEHHI
daxTy 36eperkeHHs IIOBHOI MexXaHiuHOl eHeprii, a I y BCTAHOBJIEHHI MOXKJINBO-
CTi B3a€MHUX II€PETBOPEHb KiHEeTHMYHOI Ta MOTeHIIiaJbHOI eHeprii.

3akoH 30epeKeHHs IIOBHOI MexaHiuHOi eHeprii y mpolecax 3a ydYacTio
CUJI IIPYsKHOCTI 1 rpaBiTaliiHMX CUJ € OJHMM 3 OCHOBHUX 3aKOHIiB Mexa-
HiKu. 3HAHHS IILOTO 3aKOHY CIIPOIyE€ PO3B’a3aHHS 0araThbox 3aBIaHb, IO
MalOTh NMPaKTUYHEe 3HAYeHHA. Hampurjiaanm, nad OTPUMAaHHSA eJIeKTPOeHepril
IINPOKO BHKOPHCTOBYIOTH eHepriio piuok. I3 1miero meroro OyayroTh rpeb.i,
neperopomkKyoTs piukm. Ilig miero cma TAXKIHHA Boma 3 BOJOCXOBHIIA 3a
rpebJiero pyxaeThCsd BHU3 HNPUCKOPEeHO i HaOyBae meBHOI KiHeTM4HOI eHeprii.
ITig yac 3iTKHEeHHA IIOTOKY BOAHM 3 JIOMATKaMM TigpaBiiuHol TypOiHHU BigOy-
Ba€eThCA MEePETBOPEHHA KiHETUUYHOI eHepril moCcTyIIaJbHOTO PYXYy BOAU B KiHe-
TUYHY eHepriio o6epTaJbHOTO PYXY POTOPiB TypOiHU, a MOTiM 3a AOTOMOTOIO0
€JIEKTPUYHOI'0 TeHepaTopa — B eJIEKTPUYHY eHepriio.

Mexaniuna edeprisa He 30epiraeTbcs, AKIIO MiXK TigaMu gie cujaa TepTH.
ABTOMOGiNB, IO PpyxXaBCsd II0 TOPU3OHTAJNBHIN miagHIi moporm, micuas
BUMKHEHHSA IBUTYHA IIPOXOAUTH NMEeBHUHU IJIAX i IiJ Ji€l0 CUJI TepTs 3yIIu-
HAeThbesA. Ilix yac raabMyBaHHS aBTOMOOINS BigOyJocs HarpiBamHsS Trajb-
MiBHHX KOJOIOK, IINH aBTOMOOiJIs, acdaabTy. ¥ peadyjabrari maii cua Tepts
KiHeTMYHA eHepriag aBTOMOOiJA He 3HUKJIA, a IEPETBOPUJIACA Y BHYTPIIIHIO
€Hepriio TeIJIoBOro Ppyxy MoJjeKya. OTike, 3a Oyab-aKuUX QiSMUHUX B3a€MOZIN
€Heprisa He BUHUKAE, a TiJIbKU IIEPETBOPIOETHCA 3 OAHOTO BuUAy B iHmui. Ilei
€KCIIEPUMEHTAJbHO BCTAHOBJIEHWU (PaKT HA3WBAIOTh 3aKOHOM 30eperKeHHS
i meperBOpeHHA eHeprii. Il:kepesia eHeprii Ha 3eMJi Besuki % pisHOMAaHITHI.
Y maBHUHY JIOIW 3HAJU TiJIbKK OfHE I)Kepesio eHeprii — cuay M’a3iB i cuay
JomaIrHix TBapwH. EHepris moHOBJIOBaJacAd 3a PAaXYHOK CIOMKWBAHHSA 1Ki.
Temep 6inbIny yacTMHY Po0OTH BUKOHYIOTH MAIIWHU, AMKEpPEJIOM eHeprii misa
HUX CJYTYIOTH PisHi Buau BUAOOYTOro maJjuBa: KaMm'sHe BYTijjas, Topd, Had-
Ta, a TAaKOK eHepria Bomu i BiTpy.

Vci i Buau eHeprii € eHeprieio COHAYHUX ITPOMeHiB. EHepria HaBKOJUIITHBOTO
KOCMIiUHOI'0O IIPOCTOPY aKyMyJIioeThesa COHIlEM y BUIVISAIL eHepril aToMHUX sanep,
XiMiUHMX eJIeMeHTiB, eJIeKTPOMATrHITHUX i rpaBitamifinux moaiB. CoHIie, ¥ CBOIO
yepry, 3abesmeuye 3eMJII0 €HEeprielo y BUIVIAAI eHeprii BiTPy i XBuJb, IIPUILIH-
BiB i BigmauBiB, y popMi reomarseTusmy, pisHOro BUAY BUIIPOMiHIOBAaHb, €HEP-
rii M’s3iB TBapUHHOTO CBITY.

Teodisuuma eHepria BUBIIBHAETHCA y BUIVIALI HNPUPOIHUX CTUXIHHUX
sABUII, OOMiHYy PEUYOBUH y JKHBUX OpraHisMaX, KOPUCHOI poOOTH 3 mepeMmilieH-
HA TijJ, 3MiHM iX CTPYKTYypH, AKOCTi, mepemaui imdopmarlii, samacanusa eHeprii
B PiBHOTO POAY aKyMYJATOpPaX, y MPYXKHiN aedopmarnii npyxuH, MmemOpaH.

Byab-axi Bugm eHeprii, mepeTBOPIOIOUUCH OJHA B OJHY B3a IOIOMOTOIO0
MeXaHIuYHOro pPyXy, XiMiUYHMX peakIiii i eJIleKTPOMATrHITHMUX BUIIPOMiHIO-
BaHb, BPEIITi-PeIlT, IepeXoqATh ¥ TEMJO i Po3CiloIThCSId B HABKOJHUIIIHBOMY
npoctopi. Ile aBuIlle MTPOABIAETHCA Y BUIVISAAL BUOYXOBUX IIPOIECiB, TOPiHHSI,
THUTTHA, IIJaBJIEHHA, BUIIaPOBYBaHHA, nedopmaillii, pagioaKTHUBHOTO PO3IamLy.

BigbyBaeThea Kpyroobir eHeprii y mpupomi, 1o xapaKTepusyeThesa He Tilb-
KM XaoTH3alIli€io, a i 3BOPOTHUM ii IIPOIECOM — YIOPAAKYBAaHHAM CTPYKTYPH,
AKe HAaOUHO ITPOCTEKYEThCS, HacaMIilepen, V 30peyTBOpPeHHi, TpaHchopmalrii i
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BUHUKHEHHI HOBUX €JeKTPOMATHITHUX i rpaBiTaiiiHMX MOJIiB, i BOHU 3HOBY
HECYTh CBOIO €HEPril0 HOBUM «COHSYHHM CHCTEMAaM».

3aKkoH 30epe)xkeHHs MexaHiuHol eHeprii copMy/OBaB HiMeNbKUI yUeHHH
Tordpin Jleiibuin,. ITorim mimenwsruit yuenuit FOmiyc Maitep, anriificbkuii ¢i-
suk Ioketime I:xoynb i HiMmenbkuil yuenuii I'eHpix ['enbMroJsibir ekcriepuMeH-
TaJbHO BiIKPUJIU 3aKOHU 30epe’KeHHs eHeprii B HeMeXaHiuHUX SBUIAX.

3akoH 30epeskeHHs iMmyascy. Crmokiii i pyx Ttinma BigHOCHi, MIBHUAKiCTH
PYXy 3aJIe:KUTh BiJi BUOOpPY cucTeMu BiIiKy. 3a ApyruMm 3akoHoM HbioToHa,
He3aJIe’KHO BiJ Toro, um mepeOyBa€ TijJo y CIOKOI ab0 pyxXaeTbCcsA PiBHOMIipHO
i mpaMoJiniiino, saMiHa #oro IMBHUAKOCTI PyXy MoKe BimOyBaTucs TiJIbKHU MHifg
Iieto cuau, TOOTO B pe3yabTaTi B3aeMoOAil 3 iHIIIMMHU TiTaMu.

€ (pismuHa BeamMuMHA, AKa OJHAKOBO 3MIiHIOETHLCS B yCixX Tij mim miero on-
HaKoOBUX cuJ. BoHa Bu3HauaeThcs HOOYTKOM Macu Tijla Ta #Oro IIBUAKOCTI i
Ha3WBAWTh ii iMmoysbcom Tisa. IMoysnbe Tijla — BeslmuymHA BEKTOPHA, sIKA MAa€
TaKUM caMuil HAIIPAMOK, K 1 HAIPSAMOK IIBUIKOCTI pyxy Tinma. IMmynabc Tina
€ KiJIBbKiCHOIO XapaKTEePUCTUKOIO IIOCTYyHaJbHOTO PYyXy Tij. ExcnepuMeHTa bHI
IOCJIiI:KeHHs B3a€MOIiN PisHMX TiJ — BiJ IJIaHET Ta 3ipOK M0 aTOMiB i ejek-
TPOHiB, eJIeMEeHTapHUX YaCTHHOK — IOKasaJjH, 10 B OyAb-aAKill cucTemi B3ae-
MOZiIOUMX MisK cO0GOI0 TijJl reoMeTpMYHA cyMa iMIYJbCiB IMX TiJl 3aJIMIIAETH-
CA CTAJIONO: Z P = const.

Cucremy Tij, AKi He B3a€MOIiIOTh 3 iHIMMMM! TijlaMM, III0 He BXOASATH Y ITIO
crucTeMy, Ha3MBaIOTh 3aMKHYTO0. TaKUM YMHOM, y 3aMKHYTili cucTeMi reome-
TPUYHA CyMa iMIIYJILCIB TiJ 3aJHINAETHCA CTAJION 3a OYIb-AKNX B3a€MOIil TiJ
miei cucremu Mmixk coboro. Ileit pyHIaMEeHTAIbPHUNM 3aKOH HPUPOAY HA3WBAIOTH
3aKOHOM 30eperKeHHs iMIyJIbCy.

Heo06xigHo0 yMOBOIO 3acCTOCYBAHHS 3aKOHY 30eperKeHHsI iMIyJabCy OO CH-
CTeMM B3aEMOJIIOUMX TiJl € BUKOPUCTAaHHSA iHepiiaabHOI cucremu Bimmiky. Ha
3aKOHi 30epe:KeHHA iMIIYJIbLCY I'PYHTYETHCA PEAKTUBHUMN PYX, MO0 BUKOPUCTO-
BYIOTH IIiJi Yac PO3PaxyHKY CIPSAMOBAHMX BMOYXiB, HANPHUKJAJ IiJ yac IIpo-
KJAJaHHA TyHeJiB y ropax. IlosbOTM B KOCMOC CTaJW MOKJIWUBUMU 3aBAAKU
BUKOPHCTAHHIO 0araTocTyneHeBUX PaKer.

() 3ANWTAHHA 0O BUBYEHOIO

1. Lo Take dhyHOAMeEHTanbHWIA 3aKOH?

2. Axi pyHOameHTanbHi 3aKOHW BU 3HaeTe?

3. Mpo wo cBiaunTL 3aKoH 36epexeHHs eHeprii?
4. Y YoMy CyTb 3aKOHY 36epexeHHs iMnynbcy?

§ 40. NPOABU 3AKOHIB 3EEPEXEHHSA B TEMIOBUX,
ENEKTPOMAIHITHUX, A0EPHUX ABULLAX

3a1c0H 30epeskeHHA eHepril aJid TeIIOBMX mpoueciB. 3aKoH 30epesKeHH:
eHeprii cTBepKye, 110 KiJbKicTs eHeprii npu Oyab-aKoMy Ii mepeTBOPEHHI 3a-
JUIIAEThLCSA He3MiHHOI0. AJle MparHeHHS A0 PiBHOBaru o3HAYaE, IO B MOAIH €
HeBHUI XiJ: TeIIo mepemacThbcA BiJ HATPITUX TiJ J0 XOJOSHUX; HE MOXKe M’Sd,
II0 JIEXKUTH Ha CTOJIi, CAMOCTiIIHO ImoUaTH pyXaTuch, He MOJKe TiJlo Harpituces,
AKIITO MOMY He IIepefaTH IIeBHOI KiJbKOCTi TeIJoTH.
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3aKoH 30epe:keHHA eHeprii /Jia TemIoBUX MPOIeCciB MOMKHA chopMyToBaTH
TaK: HEMOJKJIMBO II€PEBECTH TEMJIOTY BiJ OiJIbII XOJIOMHOI CHUCTEMU OO OiJIbII
rapsiuoi 3a BiJCYTHOCTI iHININX OJHOYACHMX 3MiH B 000X cmcTreMax abo B OTO-
YyHOUUX TijJdax.

BuBuaroun pisHi MexaHiuHi I TemJoBi Imporiecu, MOKHAa 3pOOUTU BUCHOBOK,
110 TOJIOBHUII (hyHAAMEHTAJbHUN 3aKOH (isUKU — Ie 3aKOH 30eperkKeHHsA eHep-
rii. ITig gac ycix aBwuin, AKi BigOyBamOThCs y IIPUPOJIi, eHepris He BUHUKAE
i He BHMKae, BOHA TiJIbKM II€PETBOPIOETHCSA 3 OOHOTO BUAY Ha iHINMHNI, KiJbKic-
HO 3aJIMINIAIOYNUCh HEe3MiHHOIO.

VABIIeHHS PO YaCTUHKU 3apsAny JAalOTh IIiICTaBU CTBEPAKYBATHU, III0 3aPAI
30epiraerbeda. Koau Tinma sapsam:KaioTbCA IIJISIXOM TEpPTS, TO 3apsamsKeHi uac-
TUHKU IIePEeHOCAThCA Bif omHoro Tija mo immioro. Toit sapsanm, axuii mabysae
ofHe TiJio, iHIIe Tijso BTpauae. Koy miIacTUHU eJIeKTPUUYHUX TEPesiB 3apAIKa-
IOThCA Big OaTapel rajbBaHiYHUX €JEMEHTiB, TO OCTAHHSA IIEPEHOCUTD 3apsm Bif
omHiel mIacTuHM A0 iHIIOI. 3apAnu IIJIACTUH PiBHI ¥ NPOTHJIEKHI 3a 3HAKOM.

3a JeAKHX AysKe He3BUYaWHMX 00CTaBUH MOYKHA «CTBOPIOBATH» 3apsAmsKeHi
YaCTHHKH, ajie MU [M00aumMo, IO BOHM 3aBXKIU YTBOPIOIOTHCA IapaMu, i 3a-
pAI onHiel YAaCTMHKM MOPiBHIOE 3a 3HAYEHHAM 1 IIPOTUJIEKHUUM 3a 3HAKOM [0
3apany apyroi. Imogi mpupoma cama «CTBOPIOE» 3apAMKeHI YaCTUHKMU, HAIIPU-
KJaJ HeHATPOH IIePEeTBOPIOETHCA Y IPOTOH i eeKTpoH. IloBHUI 3apAM MOpiBHIOE
HYJIO 0 i micjisa mepeTBOpPeHHS.

Hocoiny i HasgBHI JaHI cliocTeperkeHb IMOKa3yIOTh, 110 IIOBHA KiJbKiCTh 3ap4-
Iy Hikogu He 3MiHioeTbCcs. IlomiGHO M0 3aKOHY 30eperkeHHs eHeprii, 30eperxeH-
Hs 3apsAay € 3aKOHOM ITPUPOJAM, IO HOIIMPIOETHCS HA BCi ABUINA, AKi BU 3HAETE.

Or:xe, mig uac ejleKTpHM3allii TiJ cupaBIKyeTbcA PYyHIAMEHTAJILHUNA 3aKOH
IPUPOAY, SKUI HA3MBAIOTh 3aKOHOM 30eperkeHH:A eJIeKTpuuHoro sapazny. Lleit
3aKOH CIPAaBIKYETHCA JUINE IJs €JeKTPUUYHO i30bOBAHUX, a00 3aMKHYTHUX,
cucTeM, AKi He OOMiHIOIOTHCA €JEKTPUUYHUMU 3apsafgaMU 3 TiJlaMU YW YaCTUH-
KaMu, I10 He BXOIATDH A0 IIUX CHUCTEM.

Y 3aMKHYTi#i cUCTeMi 3apAdKeHNX TiI ajredpaiuHa cymMa 3apsafiB 3ajumia-
€THCS CTAJIOIO.

SIK110 OoKpeMi 3apAAM MO3HAYUTH UePe3 ¢q, o, 3 - J,, TO

q:t+ g2+ q3+ ... + g, = const.

Iz 1poOro 3aKOHY TAaKOK BUILIMBAE, IO IIiJ Yac B3a€EMOXil 3apAm:KeHUX TiJ
He MOXK€ BUHUKHYTHU YM SHUKHYTHU 3apsAl TiJIbKM OOHOTO 3HAKA. BUHUKHEHHS
HO3UTHBHOI'O €JIEKTPUUYHOIO 3apALy 3aBXK AU CYIIPOBOIYKYETLCS IIOSABOIO TAKOI'O
caMoro 3a MOJyJieM HEraTHBHOTO eJeKTPUYHOTO 3apsamy.

3aKoH 30epekeHHs 3apsaay BcTaHOBUB y 1750 p. aMepuKaHChKUI yYeHUH i
BUAaTHUN mojaituunuii niau Benmxamin ®@pankiain. Bin Takok yiepiiie BBiB
TOHATTS IIPO MO3UTUBHI I HEraTUBHI eJIEKTPUUHI 3apsaay, TO3HAYMBIIN IX 3HA-
KaM# «+» 1 «—».

OgHUM 3 OCHOBHUX 3aKOHIB IIPUPOAM € 3aKOH 30€pe)KeHHs MacH Ta eHeprii:

cyMapHi Maca Ta eHeprif, o BCTYyIUJIHU B PEaKIilo, TOPiBHIOIOTH CyMapHii

Maci Ta eHepril MPOAYKTIiB peakirii.

211

MpaBo ona 6e3onnaTHOro po3milleHHs NigpyYyHUKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITM i Hayku YkpaiHu http://mon.gov.ua/ Ta [HCTUTYT MoaepHi3aLii 3micTy ocBiTu https://imzo.gov.ua



PO3OIJI 5

Ilo cyTi, e € yHiBepcaJabHUI 3aKO0H, ajie, AK IPaABUJIO, MOT0 PO3AiIAIOTL Ha
nBa. Ximisa Mae cupaBy i3 3aKOHOM 30epe:KeHHA MacHu, a (isumka — i3 3aKOHOM
30epesKeHHs eHeprii.

3akoH 30eperKeHHA MacH: Maca PedoBMH, 1[0 BCTYIUJIM B PeakIliio, TOpiB-
HIOE MACi PEYOBUH, IO YTBOPHJIHUCSA BHACJIIOK peakKIrii.

Ileit 3aKoH He € TOUHUM, aJi’)Ke BiH He BpaxoBye 3MiHY Macu IIiJf yac BU-
mimeHHs abo moriauHAHHA eHeprii. OgHak mig vac ximiuHwmx mporeciB smina
Macu Taka MisepHa, I110 HEeI0 MPOCTO HEeXTYIOTh.

3akoH 30epe:KeHHsS Ta HEePETBOPEHHS €Heprii: eHeprisi He CTBOPIOETHCA 3
HiYoro i HiKyIu He 3HHUKAE, a JIUIIE MEPEeTBOPIOETHCSI 3 OJHOTO BUAY B iHIIUW
B €KBiBaJIGHTHUX KiJIBKOCTAX.

3aJie;KHiCTh MiK MacoOl0 Ta €Heprielo MaTeMaTUYHO BUpa3uB EHHIITEeH:
2

E = mc”.
3MiHa Macu BiguyTHA TiJIBKHU IIiJ Uac AJepHUX peakIliii, y Xomi AKUX BUMII-
JAETHhCA BeJIMKA KiJIbKiCcTh eHeprii.
3 TOUKU 30py aTOMHO-MOJIEKYJISIPHOI Teopii 3aKOH 30epe’KeHHS Macu IIO-
SCHIOIOTH TaK: IiJ yac mepeodiry xiMiuHuMX peakuii aroMu He 3HUKAIOTh i He
3’ABJIAIOTHCS, a BigOyBaeThcA IX meperpymyBaHHI.

() 3ANWUTAHHA 0O BUBYEHOIO

1. Y YoMy CyTb 3aKOHY 30epexxeHHs eHeprii 4ns TennoBux Npouecis?
2. lllo nosicHI0E 3aKOH 30epeXeHHs enekTpUYHOro 3apagy?

3. Axuii 3micT 3aKkoHy 36epexeHHs Macy pevyoBUHU?

4. Ay hopmyny BuBIB EVHLWITENH i NpoO Lo BOHA CBIAYUTL?

§ 41. EBONOUIA PISUYHOI KAPTUHU CBITY.
PO3BUTOK YABJEHb MNMPO NMPUPOLAY CBITIA

Ma’repian, AKWUH BU BUBYAJM, € PE3YyJbTATOM TiraHTChKOI JOCJIiTHUIILKOIL
poboTi, BHUKOHAHOI IIPOTATOM 0araThbOX CTOJIITh YUYeHMMHU BCHOI'O CBiTy 3
IOCJIiIKeHHs pisHuX (opM pyxy MaTepii, OyIOBU i BaacTUBOCTell MaTepialbHUX
Tis. Bu nepekoHasuca B TOMY, 110 IIPpU BCi#l CcBOIi#l pi3HOMAaHITHOCTI HABKOJIMIII-
Hill MarepianapHU cBiT eguaMil. Moro enHiCTh BUABISETHCA HAacCAMIIEPES Y TOMY,
10 BCi sIBUIIA, X0U OM AKMMU CKJIQJHUMU BOHU 3[TaBAJIUCS, € PIBHUMHU CTaHAMU
1 BIaCTUBOCTAMU PyXOMOI MaTepii, MalTh y KiHIIEBOMY pe3yJIbTaTi MaTepiajibHe
HOXOIKeHHsI. €OHICTh CBITY NMPOABIAETLCA TAKOXK Y B3a€EMO3B’A3KY BCiX SBMIII,
MOKJIMBOCTiI B3aeMonepeTBOpPeHb (hopMm marepii i pyxy. Paszom 3 Tum emHicTb
CBiTYy BUSABJISIETHCSA B iCHYBaHHI 3araJbHUX 3aKOHIB pyXxy MaTepii.

3aBmaHHa (GisMKM Ta IiHIIMX TPUPOAHWUYUX HAYK IIOJSITa€ B TOMY, IIOO
BUSIBUTYU HaW3araJbHIIlli 3aKOHU IIPUPOAM i MTOSICHUTY HA 1X OCHOBI KOHKDETHI
ABUIIA i TpoIiecH.

BimobpaxxeHHAM emHOCTI CBiTY B Hi3HAHHI € CHMHTe3 HAYKOBUX 3HAHD,
3400yTUX Yy IPOIECi AOCHifyKeHHs HPUPOAM pisHMMH Haykamu. Ha KOXKHO-
My eTamli PO3BUTKY HayKM BUHUKAaE moTpeba ob0’c¢qHAHHS HAYKOBUX 3HAHb
B €IMHY CHUCTEeMY 3HaHb HPO SABUINA, IPOIECH Ta iHIII 00’€KTHM HpUpPOAU
y OPUPOSHUYO-HAYKOBY KapTUHY CBiTY.
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PYX I BBAEMO/IA. BAKOHH 3BEPEKEHHA

diznuyHa KapTHHA CBITYy CTaHOBUTHh UYaCTUHY BCi€l cuCTeMHU 3HAHBb PO IIPHU-
pony, OCKiJIbKYM BOHA CTOCYETBLCS JUIlE (PisMUHMX BJIACTHUBOCTEH MaTepiaJbHUX
Tiz 1 pismuaMx Dop™m pyxy marepii.

dizryHa KapTUHA CBiTY Jae Hal3araJjbHIIIe CHHTE30BaHE YSABJIEHHS IIPO CYTh
¢isuuHMX ABUIN HA IIEBHOMY eTalli po3BUTKY (ismunoi Hayku. IIpuponawo, 1o 3
PO3BUTKOM (Di3MKU BUEHi BiIKPUBAaIOTh HOBi 3aK0HU. OIHOUYACHO BCTAHOBJIIOETHCA
3B’SI30K MiK UMW 3aKOHAMU, AeAKi 3 HUX OTPUMYIOTh TeopeTudHe OOIpyH-
TyBaHHA 1 TOAAJBINE y3araJbHEHHS, HA OCHOBI UOr0 YacTO CTAE€ MOMKJIUBUM
BUBECTH BiJloMi paHillle 3aKOHU i3 3araJbHIINNX (iSUUHUX TEeOopili, IPUHIIUIIIB.
Tak, 3 emeKTPoHHOI Teopii OymOBM pPeUOBMHU MOKHA BuBecTH 3akonu Owma,
Ixoynsa—Jlenma Torro.

¥V crapomaBHBOMY CBiTi BCi 3HAHHS IIPO MPUPOAY 0o0’emHyYBajsa B co0i ¢i-
31Ka, i BJKe Ha Toii uac 0yso c()opMyJILOBAHO OCHOBHI eJeMeHTH MaTepiaJic-
TUYHOTO po3yMiHHA cBiTy. Mucaurteni daBuboi I'perii JleBkim, IeMokpiT,
Emikyp, Jlykpeniit Kap crBepakyBaam, IO HABKOJUIIHIA CBIT 3a CBOEIO
IPUPOAOI0 MaTepiaJbHUII, HECTBOPIOBAHWII i HE3HUMINYBaHWIi, iCHye BidHO
B uaci i Ge3aMekHUII y mpocTopi. Yci Tizma cKJazamoThCcsa 3 MePBUHHUX, OaJi
HENoAiJIbHUX YACTUHOK — aTOMiB, AKi 3a BCiX 3MiH He BHUHUKAIOTH 3 Hiuoro
1 He BHUINYIOTHCHA, a JIUIIE B3aEMOIIIOTH i IIEPETBOPIOIOTHCH.

Mikoaait Komeprur y 1543 p. 3ampomoHyBaB TeJiONEHTPUUYHY CUCTEMY
cBiry. Ilporpec ¢ismuHMX 3HAHb HMiATOTYBaB I'PYHT AJA (DOPMYBaHHA MeXaHid-
HOI KAPTMHHU CBiTYy Ha OCHOBi 3aKOHiB MexaHiKu HpioTOHa. 3rifHO 3 BUEHHAM
HrioToma, Bech CBiT CKJIaJAa€ThCAd 3 TBEPAUX, HEIPOHUKHUX YACTUHOK — aTO-
MiB, AKi MalOTh Macy Ta iHepTHi BJIACTMBOCTI.

®dizuka HrioToHa maBajsia JOCUTH 3arajbHY i BiJTHOCHO HAOUYHY KapTUHY
cBiTy. BoHa cTasia TEOPETHMYHOI0 OCHOBOIO PiBHMUX TaIy3eidl TeXHiKM TOro dacy.
Ho npyroi mosoBuam XIX cT. MexaHiuHa KapTWHA CBITY JOCATJIa IEBHOI 3aBep-
IIEeHOCTi 1 3maBaJiaca HEIOXUTHOIO.

ITlin uwac BuBUYeHHs eJeKTpoMarHiTHuUX aBuil (mociaimxkenusa Epcrena,
Awmmepa, Aparo Ta iH.) 3’sacyBaJiocs, 1[0 BOHU He IiAKOpPAIOTHCA MexaHiIri
Hriorona. Buxomsaum i3 mporo Maiikn @apameil, po3sBUBAIOUYN TEOPil0 eJeK-
TPOMAaTHITHOTO IMOJIA, YCTAHOBUB B3a€EMO3B’A30K MijK €JIEKTPUUYHUMMU Ta Mar-
HITHUMY ABUIIAMU.

3 pO3BUTKOM eJIEKTPOAMHAMIKM y (is3uIli IIOCTYHOBO YTBEPAIKYETHCH
YABJEHHSA TPO CBIT AK IIPO 3arajbHYy CHUCTEMY, ITOOYIOBaHY 3 €JEKTPUUYHO
3apAIKEeHUX YaCTUHOK, AKiI B3a€EMOOIIOTH Mi’K CO00I0 3a JOIIOMOIOI0 eJieK-
TpOMAarHiTHOro mnoJid. IHaKIlle KayKydu, IIOUMHAETHLCS CTBOPEHHSA €IWHOI
eJICKTPOMATHITHOI KapTHHHU CBiTy, yci momii B AKiM migmopsagKoByIOThCSA
3aKOHAM eJeKTPOMAarHiTHUX B3a€MOIii.

OgHak IOZAJBIINHM PO3BUTOK (i3MKM MOKasaB OOMEKEHICTh eJIeKTpoMar-
HiTHOI KapTWHM CBiTy. ¥ Hili KapTHHI MaTepis posriasmajJach AK CYKYIIHICTH
TO3UTUBHO i HETaTUBHO 3apAMKEHUX YaCTHUHOK, AKi B3a€MOiIOThH uepes IMoJie
Ta)KIiHHA 1 eJeKTpoMmMaruiTHe moje. AJjie i3 wacom 3’sacyBajiach OOMEKEHIiCTH
miel kapTuHU cBiTy. BoHa He MOrJIa IIOACHUTH CTiMKOCTi aTOMiB, He OXOILJIIOBA-
Ja TSKIHHS (3aKOH BCECBITHBOTO TSKiHHS He MOYKHA BUBECTH 3 Teopii esek-
TPOMATHITHOI'O II0JIs), He II0SICHIOBAJIa XiMiuHOro 3B’A3KYy aTOMiB y MOJIEKYJIaX,
ABUIIA PATiOAKTUBHOCTI TOIIIO.
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dyugamMeHTaAbHI BigKpUTTa vy ¢isuii Ha mouarKy XX CT. IPUBEIH [0
3aMiHU eJIEKTPOMATHITHOI KapTUHU CBITY AKICHO HOBOIO — KBaHTOBO-II0JILOBOIO.
Bona r'pyHTyeThCS Ha JOCATHEHHAX KBAHTOBOI MEXaHIKU, KA B OCHOBHOMY
HOSICHIMJIA CTPYKTYPY aTOMiB i MOJEKyJ, HPUpoAy Ximiuxmoro 3B’a3Ky, (isu-
KO-XimMiuHi BJIACTMBOCTI MAKpPOCKOIIIMHMX TiJ, oIMcaJjia 0araTo BJIACTHUBOCTEMH
1 3BaKOHiB eJIeMEHTapHUX YaCTHUHOK.

3 morysaxy cydacHol )i3sMKM iCHYIOTH ABi OCHOBHiI popMu Marepii — peuoBu-
Ha i moJsie. PeuoBuua Mae mepepuBuUacTy (IHUCKpPETHY) OyZOBY, a mojie — Oesme-
PEDBHY.

CyuacHa ¢isuuHa KapTuHa CBITY € pe3yJbTaToM y3araJbHeHHS HalBaK-
JUBIMINX [OCATHEHL ycix ¢(ismunmx Hayk. OmHak Xoua I KapTuHA CBiTYy
1 Bij3HauaeTLCSA BEJINKOIO 3araJIbHICTIO M YCIIIIITHO IIOSCHIOE 0araTo sSBUII, ajie
y mpupoji icHye OaraTo sABUIN, AKi cyuacHa (pismKa Ife MOSCHUTH He MOXKe.
CyuacHa (ismuHa KapTWHA CBITYy IIOCTifHO PO3BUBAETHCA i BIOCKOHAJIOETHCS,
Ha 3MiHY iCHYIOUMM KBaHTOBO-IIOJILOBUM YABJIEHHSAM IIpHiile HOBa KapTHHA,
dAKa TIubIle ¥ TOYHiIe BimoOpaskaTuMe O0’€KTUBHUI CBIT (Gi3MUHUX SBUII.
AJje 1A KapTMHA CBiTY MiCTHTHME CKJIAI0BOI0 UACTHHOIO BCE Te, IO MU BiKe
3HAaEMO IIpo (ismuHi ABUIIA.

Bu BKe 3HaeTe Te, 10 Big JKepesia CBiT/Ia, HAIPUKJIAJL Big JaMIOUYKu abo
CBiUKM, CBIiT/IO IIOIIMPIOETHCS B yCci OOKM ¥ majae Ha HABKOJHUIIHI IIpegMeTH,
30KpeMa, HarpiBaloum ix. IloTpamniAmoum B OKO, CBITJIO COPUUYUHSE 30DPOBE
BiguyTTaA — MM OaumMO Te, IO OTOUYye Hac. MoKHaA cKasaTu, IO HiJg dYac
HOINUPEHHSA CBiTJIa MepemacThCcsa Aid Big ogHOTO Tija — a:Kepeja CBiTiIa — OO
iHIIOrO — HMpHMIIMAaua.

VYzarami K omHe TiJIO MOKe OisiTH Ha iHIle ABOMAa PiSHUMHN CIIOCOOAMM:
a00 MmepeHOCHUTH PEUYOBHHY BiJ M)Kepesia g0 IpuiiMaua, abo 3MiHOBATH CTaH
cepenoBHUINA MixK Tijamu (y JaHOMY BUIIQAKY PEUYOBHHA HE IMEPEHOCUTHCH).

MooxHa, HAIIPUKJIA, SMYCUTH 3aA3BOHUTH A3BiHOK, IO IIepeOyBac Ha AedAKiit
BiJicTaHi, TOIIJIMBINIM B HBOTO KYJAbKOIO (MaJj. 293, a). Ilpu mpomy BifOyBaeThb-
cA TEepeHeceHHs pedYoBHHU. AJe MOXK-
Ha [OiATH iHAKIIe: IIPUB’SA3aTH IITHYP
IO ocepHs NO3BiHKa i 3MyCuUTH I3BiHOK
3ByYaTH, IIOCHJIAIOUN IO IIHYPY XBHU-
Ji, AKi po3roiayBaTUMYTh HOTr0 Ocepms
(man. 293, 6). ¥ nmpoMy BUOAIKY PeUo-
BUHA He NepeHocUTUMeThbcs. [lo IrHypy
Oyme IIOIIMPIOBATUCS XBUJIA, 3MiHIOIOUN
tioro cran (popmy). OTire, mis Bif omHO-
ro Tijla MO iHIIIOTO MOJKe HepeaBaTUCH
@ ® XBUJIAMU.

BigmoBizHo M0 ABOX MOMKJIMBUX CIIO-

Marn. 293 co0iB mepemaBaHHS il Bim mixepesia 1o

npuiiMaya BUHUKJIM W TOYaJud PO3BU-

BaTmcs ABi 30BCciM pisHi Teopii mpo Te, IO TaKe CBITJIO i gKa Iioro mpupoja.
IIpuuomy BuHMKJIM BoHU Mai:ke ogHouacHo B XVII cr.

OpHa Teopia mos’sizaHa 3 iMm’saMm Icaaxka HbroToma, a apyra — 3 im’sam Kpic-
riana I'toiireHca.
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HrpioToH moTpuMmyBaBCs TaK 3BAaHOI KOPHYCKYJIAPHOI Teopii cBiTia, 3rimHO
3 AKOI0 CBITJIO — IIe TIOTiK YaCTWHOK, II[0 BUJIITAIOTH BiJ I)Kepesa, MPAMYOUN
B yci O0Ku (TIlepeHeceHHs PEeYOBUHM).

3a XBUJILOBOIO Teopicio I'toiiremca, CBiT/IO — Ile XBHMJIi, IO HOIIHPIOIOTHLCS
B 0COOJIMBOMY, TilIOTETHUYHOMY cepemoBuIi — edipi, AKuii 3aIll0OBHIOE YBeCh
IPOCTip 1 MpOHMKAaE BCepeanHy BCiX TiJ.

O6uaBi Teopii TpuBaJsuii yac icuyBasu mapajienbHo. JKomHa 3 HUX He Moria
nepemortu. Jlumre aBroputeT HbIoTOHA 3MycWMB OiJBIIiCTL yUeHUX BigmaBaTu
mepeBary KOPIYCKYJISAPHIiN Teopii. Bigzomi Ha Toi uac i3 mocaimiB 3aKOHM HOIIU-
PeHHs cBiTJIa GiJbIT a00 MEHII YCITiIITHO IOSICHIOBAJINCA 000Ma TEOpisiMIU.

Ha ocuoBi xopmyckyasapHOi Teopii OyJI0O BasKKO IIOSCHUTH, YOMY CBiTJIOBi
IyYKY, IEPEeTHUHAIOUNCh y OPOCTOPi, HiAK He Jil0Th OOWMH HA OZHOro. AKe
CBiT/IOBi YaCTMHKY IIOBUHHI CTMKATHUCA ¥ po3ciroBaTucHd.

XBUJIBLOBA K TEOPid Ile JIETKO IOACHIOBaJa. XBUJIi, HAIIPUKJIA, HA ITOBEPX-
Hi BOAUW BiJIbHO IIPOXOASATH ONHA KPidh OOHY i He BILIMBAIOTH OJHA HA OOHY.

IlpoTre 3a XBUJIBOBOIO TEOPi€I0 BaXKKO IIOSCHUTH NPAMOJIiIHiIfHE IIOIIH-
peHHA cBiT/Ia, IKe OOYMOBJIIOE YTBOPEHHSA 3a HpeAMeTaMM YiTKMX TiHei. 3a
KOPITYCKYJISIPHOIO 2K TeOopi€io NMpAMOJIiHiliHe NOMIMPEeHHS CBiTJa — IIe IIPOCTO
HAaCJIIIOK 3aKOHY iHepIrii.

Taxe HemeBHe YABJEHHSA 100 IPUPOIYM CBiTJIa TpUBAJO M0 mouatky XIX crT.,
0 TOr'O uYacy, IMOKH He OyJio BimxpurTo ABuina Audpakriii (oruHaHHS CBIiTIOM
meperrkon) Ta inrepgepenii ceitia (mocuaeHHs abo mocaabIeHHS OCBiT/IEHO-
CTi Bii HaKJIaaHHA CBiTI0BUX myuKiB). Ili ABuUIa BIacTuBi TiTBKU XBUJIBOBO-
My pyxy. IlosicHuTu iX 3a KOPIYCKYJIAPHOIO Teopielo He MoKHa. Tomy 3maBa-
JIOCs, IIT0 XBUJIBOBA TEOPiA OCTATOYHO ITepeMorJa.

Taka BIIeBHEHICTH 0COOJMBO 3pocja Imicas Toro, Ak I:keiimc Maxcsein
y npyriii moimoBuHi XIX cT. mOKasas, IO CBITJIO € OKPEMUM BUIIAAKOM €JIeK-
TpoMarHiTHux xBuJb. IIpami MakcBesa crajnu DiATPYHTAM AJIS eJIeKTpoMar-
HiTHOI Teopii cBiTaa.

ITicnsa Toro ak Tenpix Teprr ekcnepmMeHTAJLHO BUABUB €JIEKTPOMATHITHI
XBUJIi, HIAKUX CYMHiBIiB y TOMYy, IO IIiJi Yac HOIIMPEHHS CBITJIO ITOBOAUTHCS
AK XBUJIS, HE JIAIIIUJIOCSH.

IIpore ma mouarky XX CT. YABJIEHHS IIPO IPHPOAY CBiTJ/Ia ITOYAJIO JOKOPiH-
HO 3MiHOBaTucs. HecmomiBamo 3’sicyBaJjiocs, III0 BiIKMHYTa KOPIYCKYJIApHA
Teopid Bce 3K TaKW Mae IiJ co0oio mMiATPYHTA.

Ilix vac BumpoMiHIOBAHHS i IIOTVIMHAHHS CBIiTJIO IIOBOAUTHLCA IIOLIOHO 10
TMIOTOKY YaCTUHOK.

Byno BusaBmeno mepepuBuacTi, abo, SK KayKyTb, KBaHTOBi, BJIACTHUBOCTI
cBiTia. Bunukja He3BuuaiiHa cuTyalid: ABuina iHTepdepeniii i nudppariii,
AK 1 paHimre, Mo)KHa OyJIO IOSACHUTH, BBAXKAIOUM CBITJIO XBUJIEIO, a SABUIIA BU-
IPOMiHIOBAHHS i MOTJIMHAHHSA — BBasKalouM CBITJIO MOTOKOM uacTwHOK. I1i aBa,
3maBajiocsa 0, HeCyMicHI ogHe 3 OMHUM YSBJEHHS IIPO IIPUPOAY cBiTia, y 30-x
porax XX cT. BOaJocsA HeCyIlepedJrBO 00’eqHATH B HOBill BuAaTHiN (pisuumiit
Teopii — KBAHTOBill eJeKTPOAMHAMIIII.

ITismimme 3’sicyBaJjiocsi, III0 ABOICTICTH BJIACTHUBOCTEll XapaKTepHa He TiJbKU
IJIs cBiTJIa, a ¥ AJa OyIab-AKOl iHImol ¢popMu mMarepii.
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() 3ANUTAHHA 0O BUBYEHOI'O
1. Ha3BiTb OCHOBHI €Tann CTaHOBIEHHA Cy4acHOi di3U4HOT KapTUHM CBITY.
2. Aki pyHoameHTanbHi BigkpuTTs y isvi NpyBOAMIM A0 3MiHWU (hi3nYHOI KapTu-
HW CBITY?
3. Lo aBnse coboto cyvacHa isanyHa KapTuHa CBiTy?
4. Kk posBmBanucs Nornsiav Ha npypogy ceitna?

§ 42. BNNIUB ®I3UKN HA CYCMNINIbHUA PO3BUTOK
TA HAYKOBO-TEXHIYHMW NPOIPEC

HayROBo-TeXHquuﬁ Imporpec XapaKTepu3yeThCsA 3B’I3KOM HAYKU 3 BUPOOHU-
yuMu nporecamu. Ha 6a3i HaykoBuUX BiIKPUTTIB 3 (PisMKU BIOCKOHAJIOIOTLCS,
HaIIpUKJIAL, eJeKTpo(pisuuHi, eJIeKTPOHHi, eJeKTpoxiMiuHi, yJIbTPasBYKOBi
TeXHOJIOTiUHi ITpoIecy i BMHMKAIOTh HOBiI rajiy3i IIpOMMCJIOBOCTi: Ha OCHOBI
IOCATHEHDb AIepHOi QisuKM — sAJepHA eHepreTHuKa i BUPOOHUIITBO PagiOaKTHB-
HUX i30TOmiB; Ha OCHOBi JocATrHeHb (Pi3MKM TBEPAOrO Tijia — BUPOOHUIITBO Ha-
HiBIPOBIJHMKOBUX IIPHUJIALIB, HOBMX MAaTepiaiB i3 3asmaJjerigb sagaHUMU
BJIACTUBOCTAMU. Pi3K0O CKOPOUYIOTHCA CTPOKMW BIPOBAIKEHHS HAYKOBUX Bil-
KPHUTTIiB Y BUPOOHUIITBO.

Benuke 3HaueHHA IJIs PO3BUTKY HAYKOBO-TEXHIUHOTO IIPOrPECy Ma€ eHepre-
TuuHa 0asza TexHiku. HuHi oCHOBHUM BUIOM e€Heprii € ejleKTpuUYHA — HAMOiJIbIIT
YHiBepcaJbHUM BUJ €Heprii: BiH IIIMPOKO 3aCTOCOBYETHCA B TEXHOJIOTIUHUX IIPO-
mecax (TepMiuHMX, CBITJIOBHX, €JI€KTPOMATHITHNX), HA TPAHCIIOPTi, y 3B’A3KY i B
ycix cepax mobyty. Ha choromHi 3pocTaHHsA CIIOMKMBAHHS €JEKTPOEHeprii cio-
crepiraeTbcsa B ycboMy cBiTi. KosxHi 8—9 pOKiB BUPOOHUIITBO eJIEKTPOEHEepTii
Ha 3emuri moaBoroeThed. Ilonan 80 % eaekTpoeneprii Bupobasersea Ha TEC, ii
3HAUEHHS B €HEePreTHIIi Ie TPUBAJIUNA Yac 3aJUIIaTUMEThCS BU3HAUAJIbHIIM.

Iz uacy BBemenus B miro meprmroi AEC B Vkpaimi mumyno monan 40 pokis.
3a meit yac y texuini AEC cranucsa BeJuKi 3MiHM: PisKO 3pOCIHM IIOTYXHOCTL
SAIePHUX PeaKTOpPiB, MiABUIITUINCS TeXHiKo-ekKoHOMiuHi moxkasHuku AEC. s
paiioHiB, BigmaseHUX BiJ pecypciB ximiumoro maJjuBa, cobiBapricth 1 KBT - rog
naa AEC menmia, ik mas TEC. Tomy, HesBaskalmuu Ha TPOXH BHUIIY BapTiCTh
obsmagHauHa aaa AEC, ixui saranbHi eKOHOMIUHI NMOKA3SHMKM B IIMX yMOBaX
Kpallli, Hi’K IJId TeIJIOBUX eJIeKTpocTaHIii. Mafixke I Bcix KpaiH cBiTy, AKi
He MaloTh JOCTATHiX pecypciB XimiuHoro majimsa, mporpama ctBoperHsa AEC
cTaJia OJHICI0 3 HAWBAMKJIMUBIIINX YV PO3BUTKY €HEPreTUKM Ta €eKOHOMIKM. Amxe
PO3BUTOK aTOMHOI €eHepreTUKU BifOyBa€THCS HA OCHOBI CTBOPEHHS SAJEPHUX pPe-
aKTOPiB Ha TeNmJOBUX HEUTpoHaX. BamkJIMBUMU 3aBIaHHAIMUN BIOCKOHAJIEHHS
ANEPHUX PEaKTOpiB Ha TeIJIoBUX HeHTpoHax i posBuTky AEC € 30iaplieHHs
TMOTYsKHOCTEN peaKTopiB Ao 1,5—2 MuH KijmoBaT i TypOoreHepaTopiB s HUX,
CTBOPEHHA BHcoKoTeMIiieparypHoro peaxkropa (800—1000 °C i Buie), AKi MamOTh
BeJIMKe 3HAUEHH: AJIA IOJIIIIITeHHS BUKOPUCTAHHA SAEePHOrO MaJiiBa i 3acToCy-
BaHHSA SIEPHOI eHeprii y BUCOKOTEeMIIepaTyPHUX TEeXHOJOTIYHMX ITpoIlecax.

Y pO3BUTKY eHepreTUKMN YKpaiHu 3HAUHY POJIb Bimirpae rigzpoenepreruxa. Ile-
peBara I'EC mosisirae y HeBUUYEpPIIHOCTI I'ipoeHepropecypcis, AysKe HU3bKii coOi-
BapToCcTi BUPOOJIeHOI eHeprii, BifCcyTHOCTI IIKiAJIMBOro BIJINBY Ha HaBKOJIUIIIHE
cepenouitie. Hemosixom I'EC € BiZHOCHO BHCOKA BapTiCTh IX CIOPYIKEHHS.
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Huni pospobasdamoThea HOBI MeTonu i crmocoOu OfepsKaHHS eJleKTpoeHeprii.
30KpemMa, MOCATHYTO BEJMKOT'O IPOrpecy B IEPETBOPEHHI COHAYHOI, BiTPOBOI
eHeprii B eJeKTPpuUHY, IIOYMHAIOTh 3aCTOCOBYBATHCSA MAaTHiTOTimpomaumHaMiuHi
croco0M reHepyBaHHS €JEKTPUUYHOrO CTPyMy. Beilmka poOoTa IIPOBOAUTHCSA B
YCBOMY CBITi 3 po3B’si3aHHA HMPOOJEMU TEPMOSAEPHOTO cruHTe3y. MoKHa CIIoxi-
BaTucsd, 110 Oyle 3HANWeHO IpPaKTHUYHE PO3B’A3aHHSA Iiel mpobJseMu i mobOymo-
BaHO MEPIIi IIPOMUCJIOBI TePMOALEPHI peaKkTopu.

BaxxjguBuM HanmpsMOM CyYacHOTO HAYKOBO-TEXHIUHOT'O IpOrpecy € pajmio-
eJIeKTPOHiKa, ii TexHiuHi 3acobm Ta ix 3acTocyBaHHA B 0araThbox raJjyssx
nisapHOCTL Jromeii. CyuyacHa pamioe/IeKTPOHIKA € PO3BUHYTOI TEXHIUHOIO
rajys3sio HayKW i TeXHiKU, TMOB’A3aHOIO i3 IMUPOKUM KOMILIEKCOM HAyKOBUX
MeTOiB i TexXHiYHMX 3aco0iB AJisI 3amaM’siTOBYBaHHs, IepepoOKu i mepemaui
irgopmarlrii Ha OCHOBI BUKODPHUCTAHHA €JeKTPOMATHITHUX ABUIN. BarXKo Ha-
3BaTU iHINY rajy3b TeXHiKMW, gKa 3a CBOIM BILJIMBOM HAa JKUTTS i AiAJIbHICTH
JIOOUHU Tocimasa 06 Take BakJauBe Micre. CydyacHy pagioesIeKTPOHIKY IIO
IpaBy BBa)KalOTh BU3HAUAJHLHUM HAIIPAMOM HAyKOBO-TEXHIUHOIr'O IIporpecy.

YeKagHeHHS CydYacHOTO IIPOMMCJIOBOTO BUPOOHUIITBA, 3POCTAIOUi B3aEMO-
3B’IBKM OKPEMUX ITiAIIPHEMCTB MisK cO00I0 HMOTPeOyIOTh aBTOMAaTH3aIlii 6araTbox
dyukmin ynpaBainud. Ile MoyKHa 3poOUTH JIUINlE 3a JOIIOMOI'OI0 €JEeKTPOH-
HUX aBTOMATH30BAHUX CHCTEM YIIPaBJIiHHS, MaTepiaJbHOIO OCHOBOIO SKHUX €
KOMII'IOTEePHI TeXHOJIOrii.

Ha cporomui KoMIr’'ioTepu IIMPOKO 3aCTOCOBYIOTHCS B yCiX rajy3sx HayKwH,
TeXHiKM ¥ BUPOOHUIITBA. BOHM BiAKPUJIN BeJIMKI MOXKJIMBOCTI B raJysi ympas-
JiHHS He TiJIbKM BUPOOHUUYMMU IIPOIlecaMHU AJIs HOOYyZOBM aBTOMATH30BaAHUX
cCuCTeM YIIPaBJiHHA B TeXHOJIOTIUHiN cdepi, a i y ranysi agmiHicTpaTuBHIi.
Ix sacrocoByioTh y BepcTaTax 3 IPOrpaMHHM KepyBaHHAM, Y KePyBaHHI TpaH-
CIIOPTHUMHU 3acobaMu, HAIPUKJAI eJeKTPOIoisgaMu, JiTakaMu, KopabjasaMmu,
3IiMICHIOIOTh KOHTPOJIb 38 PYXOM B aepoIiopTrax Ta Ha aepoapoMax.

Bes 3acTocyBaHHA KOMIT'IOTEDPIB HEMOMKJIMBO YSIBUTHU KOAHE BeJIUKE HOCJTi-
mxenasa. [IIupoxi MOMKJIMBOCTI BiIKPUJINCSA 3aBAAKU IIHOMY IIepel MeIUIINHOIO —
PoO3pOo06JIeHO MEeTOON BUKOPHCTAHHSA KOMII'IOTEPIB AJs HiarHOCTUKU. Bes HUX He-
MOJKJIMBO 3aIlyCKaTH KOCMiuHi Kopalui i1 cymyTHuku. {15 BuBeIeHHs Ha opoiTy
KOCMIYHOI0 KopabJisg MOTpiOHO 3a JiiueHi CEeKyHAM OIIpalffoBaTH 3HAYHUU 00CAr
iHdopmairii, mro mig cuy JuIlle KOMI'IOTepy. ¥YCi maHi mpo mojit Kopabjs, cTaH
0OpPTOBUX CHCTEM i CAMOIIOUYTTS KOCMOHABTIB YBOAATHCA B OOPTOBI OOUMCJIIIO-
BaJIbHI IpHUCTPOI, HepenaioTbcsa Ha 3eMJII0 i HaAXOAATh y BUIVIALL KOMAaHI IJIs
BUKOHAHHA B NOTPiOHI mpmagm Kopabiid i Ha3eMHUX KOMILJIEKCiB. ¥ci 1mMi mpo-
Iecu BUKOHYIOTHCSA 3 BEJIMUE3HOIO ITBUIKICTIO i BUCOKOIO TOYHICTIO.

3aBIaHHA aBTOMAaTH3allil BUPOOHHUIITBA IIOTPEOYIOTH CTBOPEHHS TI'HYYKUX,
TOUHMUX i HAZIHHUX CHUCTEM KOHTPOJIIO 32 KepyBaHHAM Pi3HUMU IIPOIleCAMMU.

Tamysi BuKopucTanHa pajioesleKTPOHiIKYU Haa3BuuaitHo mupoki. Ile, 3oxpe-
Ma, HarpiBaHHSA PEUYOBMH Y BHCOKOUACTOTHUX €JEKTPOMATHITHUX IOJSAX IJIs
TepMiuHOI 0OpPOOKM: 3arapTyBaHHA, IJABJIEHHA, NAasgHHA, 3BAPIOBAHHSA TOIIO.
Ile BacTocyBaHHA yJABTPa3BYKY MAJs iHTeHcuU(ikaiii pisHUX TeXHOJOTIYHUX
IPOIIECiB: OUUINEHHA JeTajieli, yaapHe YyJIbTPasBYKOBe NPUTHUPAHHA; PisaHHA
BeJIMKOrabapmTHUX BUPOOiB, MadgHHA, 3BapioBaHHA Tomlo. lle mumpoke 3acTo-
CyBaHHSA PaliOeJeKTPOHHOI alapaTypu Ta eJeKTPOHHOI TeXHiKM AJIA 00poOKu;
pisHMX MaTepiaJis.
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Hy:xe BayKJIUBUM HAIPAMOM HAyKOBO-TEXHIYHOT'O IPOrpPecy € KOCMiuHi 10-
CJIiI)KeHHSA, POSBUTOK KOCMOHABTHKU. HaibiJbI1 BATOMUM BHECKOM Y DO3BUTOK
KOCMOHABTHMKU CTaJl PO3BUTOK PaKeTHOI TeXHIKM, CTBOPEHHA IIOTYKHUX
PaKeToHOCIIB, 3JATHMX BUBOAUTH B KOCMOC CYIIYTHHKHN M KopaOJi 31 CKJamgHOIO
amapaTypoio Ta JIogsMu Ha 6opTy. He MeHIT TOMiTHO BILIMHYJIM Ha IIPOTPeEC KOC-
MOHABTHUKH YCIIiXV €JEeKTPOHHOI OOUMCIIOBAJLHOI TEXHIKM i pagioesleKTPOHIKH,
a TaKOK aBTOMATUKHU. De3 mpuiaajiB pamioeeKTPOHIKM HEMOMKJIWBO 3MiACHUTH
b6araTo (pyHKITili paKeT i KOCMIUYHMX amapaTiB: BUBEIeHHS IX Ha opOiTy, KOpeK-
Iil0 TpaekTopiii, 30MpaHHs, 0OPOOKY i mepemauy Ha 3eMJio iHGopmaIrii.

Bakko mepeoliHMTH PpOJb 1 B3HAUEHHA MITYYHUX CYNYTHUKIB 3eMui B
poO3B’sizaHHi 0araTboxX MPaKTUYHUX 3aBAaHb. depes MITYYHi CYOYTHUKU 3B’A3-
Ky 1 cucTeMy HaseMHUX CTAHIIIN 3MiliCHIOIOTHCS 3B’SI30K i 0OMiH TeseBisiiimu-
MU mIporpamMamu. IIporsos morogu TaKoXK HEMOJMKJIUBUII 0e3 MeTeopOoJIoTriuHOl
inpopmarii, AKy OTpuMyIOTH 3a jgomnomoror cucrtemu «Meteop». CymyTHU-
KH-MasiKM 3aCTOCOBYIOThCSA B CHCTeMaX Hasirairii.

CyuacHUH TeXHIYHMH IIporpec y PisHOMAaHITHMX Taay3daX IMOPAL 3 iHIINMH
3acobaMm aBTOMATH3aIlii Bce OiJIBIITIOI0 MipOI0 BU3HAYAETHCS CTYIIEHEM BUKOPU-
CTaHHA MAIIIWH, AKi aBTOMaTU3YIOTh IIpollecu po3ymoBoi mpari. Haibimbmuit
CTYIiHb aBTOMATH3AIlil CIIOCTEepiracThcsi B eHepreTWUHill, MeTaJypriiHii,
ximiumiit i HapTomEepPepoOHiii IPOMUCIOBOCTIX.

Maiixke B ycix rasy3six MammnHOOYAYBaHHS 3aCTOCOBYIOTHCS aBTOMATHU30-
BaHi TexHoJoTiuHi mporecu. Ha TpaHCIOpTi 3BUYHUM SIBUIIIEM € aBTOMATHY-
Hi sasisumuHi copryBasbHi cranmii. IToisgu O0e3 MalnmuHicTa Ha ChOTOHI BIKe
€ peasbHicTio. B aBiarii B:ke 6araTo pokiB BUKOPHCTOBYIOTH aBTOHiI0TH. B 0OC-
HOBHOMY aBTOMATH30BAaHO PaJioJOKaIliifiHi If aBiaHaBiramifini mpucTpoi.

OnHyM 3 HaOPSMIB HAYKOBO-TEXHIUHOTO IIPOTPECY € OAep:KaHHSA MarepiaJiiB
i3 3aspaJjierinhb BU3HAUEHUMM BJIACTHUBOCTSIMI, BUKOPHUCTAHHS PiOKICHUX eJeMeH-
TiB. CyuacHuii mporpec KOCMOHABTUKI, PamiOeeKTPOHIKM, aTOMHOI €HepreTUK,
aBialrii, MalmMHOOYIYBAHHS TOINO O0araTo B UOMY IIOB’A3aHUM 3 MOCATHEHHIMU
B TraJyiy3i BHUPOOHUIITBA INTYYHWX MAaTepiajiB: HaATBEPANX, KapPOMIiITHUX,
AHTHUKOPO3IiHNX TOINO; BUKOPUCTAHHSA PiAKiCHMX MeTaJiB Ta ix cmiaBiB. SHaH-
HA 3aJIEKHOCTI XiMiuHMX i (PiSMUYHMX BJIACTHUBOCTEHM PEUOBMHHU Bin ii (isumuHOl
CTPYKTYPHU JAa€ 3MOT'y BUEHMM IlepefdadaTy MaiOyTHI BJIACTUBOCTI TOro Yu
iHIIIOrO Marepiajy # IIiJlecIpsAMOBAaHO CHHTE3YBaTH MaTepiaju i3 3asmajierigb
3aJaHUMU MEXaHIYHNMH, MATHITHUMH, ONTUYHUMH Ta iHITUMU BJIACTHUBOCTIMU.

Baskko mepeoriHuTH 3HAUEHHS JOCATHEHb Y BUPOOHUIITBI HAMIiBIIPOBi AHUKO-
BUX Ta iHIIMX MaTepiaJiB IJsd CydYacHOI pamioesIeKTPOHIKMU.

() 3ANMWTAHHA 0O BUBYEHOIO

1. LLlo Take HayKOBO-TEXHIYHMI Nporpec?
2. PoskaxiTb, IK HayKOBO-TEXHIYHWUIA NPOrpec BNINBaE Ha PO3BUTOK NPOMUCIIOBOCTI.

A— MEPEBIPTE CBOI 3HAHHSA
=]

Saa
KoHTpoabHi 3anuTtanHa
1. Wo moxHa ckasaTu Npo xapakTep pyxy Tin 3a iX TpaekTopisMu pyxy, 3a 3MiHOW iX
LLUBNOKOCTEN?
2. Aki ymoBM NoTpibHi Ans Toro, Wob Tino pyxanocs piBHONPUCKOPEHO?
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3. Axuin pesynetat B3aemogii 3emni i Micaug, wo e cynyTHukom 3emni? Ak uen pesynb-
TaT BNMMBaE Ha siBULLA Ha 3emni?

KamiHb nagae Tomy, Lo noro nputarye 3emns. Aka HETOYHICTb Y TaKOMY TBEPKEHHI?
Yomy cuna TSXKIHHA 3MiHIOETCS 3i 30INbLUEHHSIM BUCOTU Haa noBepxHeto 3emni? Yu
3MiHIOETBCS NPY LIbOMY Maca Tina?

Big yoro 3anexutb NPUCKOPEHHS BiNlbHOrO NafiHHA B NEBHI MiCLLEBOCTI?

3a KX yMOB CNpaBIKyeTbCHA 3aKOH 30epexXeHHs iMnynbey?

Ha3BiTb Kinbka Npuknagis peakTMBHOro pyxy B npupogi. MoscHiTe ui npuknagw.
Hagegitb npyknagm NpakTMYHOro 3aCTOCYBaHHS 3aKOHIB 36epexeHHs.

10. Wo Bn 3HaeTe Npo hisnyHy KapTUHY CBITY?

11. JoBegiTb, SK (hi3vka BNAMBAE HA PO3BUTOK TEXHIKW | TEXHOMOTIN.

12. Wo BM 3HaeTe Npo mMexi 3acTocyBaHHsI hi3NYHMX 3aKOHIB | Teopin?

oA

©xo~NO>

IIlo s 3Haro0 i BMir0o podouTn

£ 3Halo, WO TaKe NPUCKOPEHHS, i BMil0 MOro BU3HavaTm.

1. 3 SIKUM NPUCKOPEHHAM pyXaeTbCsl aBTOMOOINb, AKLLO NOro WBUAKICTb 3a 6 ¢ 306inbLwun-
nacs Big 144 km/rog oo 216 km/roa?

2. [1ea BenocuneancTy igyTe Ha3ycTpi4y oaMH ogHoMy. [NepLunii 3 No4aTKOBOK LUBUAKI-
CTio 9 Km/rog cnyckaeTbcs 3 ropu 3 npuckopeHHsam 0,4 m/c>. Opyrun nigHimaeTbca Bropy 3
no4aTKoBOH WBKAKICTIO 18 kM/rog 3 npuckopeHHsm 0,2 mic?. Yepes skuin 4yac Benocuneam-
CTW 3yCTPiHYTbCSH, SKLO NoYaTKoBa BigcTaHb MidX HUMu 200 m?

£ Bmito aHanisyBaTu rpaciku i 3Halo, Ak ix Oy- v,, M/c
ayBaTu. 5

3. 3a rpadhikamun 3anexHoCTi WBUAKOCTI Big 4acy 80
(Man. 294) ons KOXHOro BMNaAKy BU3HaYTe: a) Xapak- 60 L1 1 //
Tep pyxy Tina; 6) npuckopeHHs Tina; B) LUBMAKICTb N /
Tina B MOMEHT 4vacy t = 2 c; r) Wnsax, SKUA NponLLo 40 e 3
Tino 3a iHTepsan yacy Big 0 go 2 c. Wo o3navatoTb )(/
TOYKM NepeTuHy rpadikie? 20 //_ N 9

4. PiBHAHHSI KOOpAMHAT TPbOX Tifl MAKTb BUMMSAA: Z N

X, =6+ 7F, x, = 5, x5 = 9t — 4F. 0 2 4 t ¢
OnuwiTe xapakTtep pyxy Tin. BusHaute npuckopeHHs
Man. 294

AN KOXHOro BUMagky. 3anuiTe PIBHAHHA U, = U,({)
ans umx Tin. NobyaynTte rpadikn 3anexHoCTi WBMAKOCTI Bi4 Yacy A5s KOXHOro BUNaaKy.

4 BMmilo cknagaTtu 3agadi | 3Halo, ik 3anoBHKOBaTU Tabnuui.
5. ChopmynionTe yMOBY 3agadi A4S KOXKHOrO BMMNaAKy Ta po3B’sikiTh ii. B ycix Bunagkax
pyX BBaXKaTu PiBHONPUCKOPEHUM, a NOYATKOBY LUBUAKICTb piBHOLO 0.

Yac WBuakictb MpuckopeHHs, | MpoiaeHuin
PO3roHy, | nicnsi po3roHy, m/c wnsx,

c Km/rop, M
[oHOYHMIA aBTOMODINb 3,4 100 ? ?
TNerkoBuii aBTOMOBINb 18 80 ? ?
lenapg 2 72 ? ?
KoB3aHsp-cnpuHTep 8,5 ? ? 50
JlerkoatneT-cnpuHTEp ? 39,6 ? 40
Benocuneguct 15 ? ? 200
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£ Bmito 306paxkaT Ha ManHKax CUNU, AKi Ail0Tb Ha Tino.

6. 306pasiTb Ha MarnoHKy CUnu, WO AiloTb Ha TiNo nig Yac Koro piBHOMPUCKOPEHOIo Npsi-
MOSIHIMHOIO PyXy B Taknx BUNagKax: a) caHdara 3'hkaxaroTb 3 ripkun; 6) caHyaTa 3 BaHTaxeM
TArHYTb 3a MOTY3KY Ha FipKy; B) CaH4yaTa 3 BaHTaXeM TArHyTb 32 MOTY3KY MO rOpU30oHTarnbHil
MOBEPXHi; I') KpaH MigHIMae BaHTaX BEPTUKAIbHO Bropy.

A BMilo po3B’AA3yBaTH 3a4advi Ha 3acToCyBaHHA 3aKkoHiB HbloTOHa.

7. MNig pieto cvnn F Tino Macoo m, pyxaeTbCsl 3 NPUCKOPEHHSIM 2 M/c?, a Tino macoto
m, — 3 NPUCKOPEHHAM 5 M/C?. 3 SIKUM NPUCKOPEHHSIM Mg Aieto Tiei camoi cunu ByayTb pyxa-
TUCA ABa Tina, AKWo ix 3’egHaTn?

8. BusHaute cuny ygapy dytoonicta no m’sdy macot 700 r, AKwo TpueanicTb yaapy
0,02 ¢, a npucKopeHHs M’siya 15 m/c”.

9. Pyx BaroHa onucyeTbcs PiBHSIHHAM x = 50 + t — 0,1£ nig gieto cunu 4 kH. Busnaute
noro macy.

A 3Hato, K KOpUCTyBaTUCA TabONMYHUMUN JAHUMN.
10. BukopucToByroun TabnuyHi AaHi, BU3HaJTe iMnynbC PisHUX Tin.

Komap | EnektpoH | BoBk | JlioguHa Kur ABTOMOGiNL | Paketa
m, Kr 0% | 91-107% 40 70 150 - 10° 1450 9700
v, M/c 7 7-107 16,66 1,4 11,11 45 7200

£ 3Halo, AKi € BUAN MexaHi4HOI eHeprii i AK BOHU NepeTBOPIOTLCA.

11. BU3Ha4Te NOBHY MeXaHi4Hy eHeprito KOCMIYHOro Kopabnsa Macoto 2 T, AKMIN pyXaeTbes
3 NepLLOKD KOCMIYHO LUBMAKICTIO, Lo AopiBHIOE 7,9 km/c, Ha BncoTi 300 Km.

12. BusHauTe noTeHuianbHy Ta KiIHETUYHY eHeprii Tina macoto 100 r, KWHYTOro BepTuKanb-
HO Bropy 3i WBKAKIcTIo 15 M/c, yepes 2 ¢ nicnsa no4aTky pyxy.
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PYX I BBAEMO/IA. BAKOHH 3BEPEKEHHA

TECTOBI 3ABOAHHA

BapianT 1

1. AKe 3 piBHAHb OMMCYE PYX, MiF Yac SKOro WBUAKICTb Tina 36inbyeTbea?
Av=3+20t Bv=3-2t Bv=-3+1¢ Frv=3-20t

2. Tino pyxaeTbcsi 6e3 NOYaTKOBOI LUBUAKOCTI 3 NPUCKOPEHHSIM 0,6 M/C?. SIKWil LLMSIX BOHO
NPOWLLIO 3a NepLuy cekyHay?

A03m B0,6m B1wm ro8wm
3. Ha mantoHky 295 nokasaHo HanpsiIMOK i TOUKY F1 Man. 295
npuknagaHHa cunm F,, sika fjie Ha nepLuni Bi3oK
nig Yac Noro 3iTKHEHHSA 3 APYrnM. YKaxiTb, KU ﬁ

3 BMNaKiB Mokasye MnpaBUSIbHUIA HanNpPsaAMOoK i
TOUKY nNpuKnagaHHsa cunu F,, Wo aie Ha apyrui
Bi3OK.

4. Cuna 40 H Hagae Tiny npuckopeHHs 0,5 m/c2.

1
g
1

fAka cuna Haaae oMY Tiny NPUCKOPeHHst 1 M/c?? A B
A20H B80OH B40H Frs0H

5. Aka rmmbuHa Konoasass, sSKWO KaMiHb, Lo BNaB y HbOro, TOPKHYBCS AHa Yepes3 1 ¢?
A10wm B5m B20m F15m

6. CTpiny BMNyLLEHO 3 nyka BepTUKanbHO Bropy 3i weugkictio 10 m/c. Ha sky makcumansHy
BUCOTY BOHa MigHIMETbCA?

A5m B10m B3m F15m
7.Y CKinbkx pasiB NOTPIOHO 3MIHWUTK BiACTaHb MiX Tinamu, Wo6 cuna TSXIHHA 3MeHLnnach
y 2 pa3un?

A 36inblwnTH B \/5 pasiB B 3smeHWwnTM B x/§ pasis

B 36inbwntn y 2 pasm I aMeHWnTN y 2 pasu

8. Ha skin BiacTaHi Big 3emni cnna BCECBITHbOMO TSKiIHHSA, WO Aie Ha Tino, 6yae BTpudi MeH-
LLOHO, HiX Ha Ti noBepxHi? Pagiyc 3emni 6400 km.

A 6400 km B 4480 km B 12 000 km I 8000 km
9. BM3HauTe NpMCKOPEHHSA BiflbHOro NadiHHA Ha BUCOTI, LLO JOPIBHIOE ABOM 3EMHMM pagiycam.
A2,5wm/c? B 5 m/c? B 4,4 m/c? I3 m/c®

10. Bizok macoto 200 r pyxaeTbCa piBHOMIPHO MO rOPU3OHTarbHi NOBEPXHI 3i LWBUAKICTIO
2 m/c. BusHadte iMnynbC Bi3Ka.

A 0,4 kr- mlc B 0,2 kr - m/c B 4 kr - m/c 8 kr- m/c
11. [1Ba kaTepu OAHAKOBOi Macu pyxawTbCs 3i LWBMAKOCTSMM U i 3v BigHOCHO Gepera.

BuaHauTe iMnynbc gpyroro katepa B CUCTEMI BigsliKy, MOB’A3aHiN 3 NepLUMM KaTepoM, SIKLLO
BOHW pyxaroTbCHA NapanensHo 0auH OAHOMY B OHOMY HarnpsiMKy.

A 3mv B 2mv B mv rdmo

12. Weunakictb nerkoBoro aBTomobins y 2 pasu binblua 3a WBMAKICTb BaHTaXHOro, a maca
BaHTa)KHOro aBTomobins y 2 pasu binblua 3a macy nerkoBoro. NopiBHAWTE 3HAYEHHSA KiHe-
TUYHOI eHeprii nerkoeoro E, i BaHTaxHoro E, aBToMobinis.

AE, =E, b E, =2E, B E, = 2E, IE, =4E, OE,=4E,
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PO3OIJI 5

Bapiant 2

1. Ake 3 piBHSHb ONWCYE PyX, MPU SIKOMY LUBUAKICTb Tina 3MEHLUYETbCA?

Av=3+20t Bv=3-2¢ Bv=-3+1 Frv=3-20¢
2. Tino pyxaeTbcsi 6e3 No4aTKOBOI LUBUAKOCTI 3 NPUCKOPEHHSIM 0,6 M/C%. SKuit LLMSIX BOHO
NPONLLIO 3a APYry CekyHay?

A03m B0,6m B12wm ro8m

v R/ 3. Ha mantoHky 296 306paxkeHo rpadik 3anex-

5 HOCTI LWBWAKOCTI Tina Big Yacy. Axkuin 3 rpadikis
nokasye 3anexHiCTb PiBHOAINHOI BCiX cun,
npuKnageHux 4o uboro Tina, Big Yacy?

\
\

4. Cvina 40 H Hagae Tiny npuckopeHHs 0,5 m/c?.
Aka cvna Hagae LiboMy Tiny MPUCKOPEHHS 2 M/c2?

A20H B 80 H B 160 H rsoH

e
0 > 0

t\

Man. 296

5. 3 AKol BUCOTU KMHYMM KaMiHb, SIKLLO BiH ynaB Ha 3emsio 4yepes 3 ¢?

A45m B90m B 60 m F75m
6. M’a4 nagae 3 Bucotn 80 M. BusHauTe yac nagiHHA m’'sya.

A5c B2c B4c F3c
7. Ak 3MiHUTBCA cuna TSKIHHA MK ABOMA Tinamu, SIKWO Macy OAHOro 3 HuX 36inbntn
B 4 pa3un?

A 36inblumnTbcs B /2 pasis B ameHWwnTLCA B 4 pasu

B 36inbwmnTtbes B 4 pasu I 3MeHWwunTLCH B \/5 pasis

8. Y ckinbku pasiB cuna TsbkiHHSA 3eMni, WO Aie Ha WTYYHUI CYynyTHMK Ha NOBEPXHI, BinbLua,
Hi>K Ha BMCOTI, AKka JOpPIBHIOE TPLOM pafiycam Hag ii noBepxHe?

Ay 9 pasis By 25 pasis By 16 pasis Iy 4 pasu

9. BusHa4yTe MpMCKOPEHHs BINbHOrO nafiHHA Ha BWCOTI, WO AOPIBHIOE MOMOBUHI pagdiyca
3emni. Pagiyc 3emni gopisHioe 6400 kM.

A 4,4 mic? B 9,8 m/c? B 16,4 m/c? r12 m/c?
10. M’a4 macoto 500 r netuTb 3i WBKAKICTIO 5 M/c. Bu3HauTe imnynbc m’sa4a.
A 0,5«kr - mMlc B 2,5 kr - m/c B 2«kr- m/c F1,5«kr - mlc

11. [Ba katepyn OQHAKOBOI Macu pyxarTbCs 3i WBMAKOCTAMKM U i 3v BigHOCHO Gepera.
BuaHauTe iMnynbC gpyroro katepa B CMCTEMI BiAsiKy, MOB’A3aHIN 3 NepLumnm KatepoMm, SKLO
BOHW pyxaloTbCH naparnensHO oAvH OQHOMY Y NPOTUNEXHOMY HaNPSMKY.

A 3mv B mv B 4mv I 2mv

12. WeungkicTb nerkoBoro aBTomobinst B 4 pasu Ginblua 3a WBUAKICTbL BaHTaXHOro, a maca
BaHTa)XHOro aBToMo0ins y 2 pasu Ginblia 3a macy nerkoBoro. [NopiBHSANTE 3HAYEHHS KiHe-
TUYHOT eHeprii Nnerkoeoro E, i BaHTaxHoro E, asTomobinis.

AE,=E, B E, = 2F, B E, = 4F, rE, =8E 0 E, = 16E,
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®i3UKA TA EKOAOTIA

§ 43. ®I3UKA | NPOBJIEMU BE3MNEKU
XKUTTEDIANBHOCTI NIOAUHU

Besne}ca JKUTTENiAIBHOCTI — Ile cucTeMa 0a30BUX 3HAHBL 3 MpPoOJemMu 3abes-
MeYeHHA ONTUMAJbHUX YMOB iCHYBaHHSA JIOANHU Y HIPUPOAHOMY, COIiaJIbHOMY
1 TeXHOTeHHOMY CepeJOBHUIIaX, a TAKOMK OpPraHizaliiHMX i TeXHIYHUX 3aXO0IiB
Ta 3aco0iB Ha piBHiI oKpemoi ocobOu (KOJIEKTUBY, Aep:KaBHU), CIPAMOBAHUX Ha
s3amobiramus abo mimimisariiro sarpos ii »XUTTIO Ta 340POB’I0 B ycix cdepax
TigJIBHOCTI.

Cucrema 0esmeKM KUTTEMIAIBLHOCTI HAa PiBHI Aep:KaBU OXOILIIOE KOMILIEKC
3axomiB i 3aco6iB, aAKi € ii ckaamoBuMu (mimcucTeMaMm): Ie OXOPOHA HABKO-
JIUIITHBOTO MPUPOLHOTO CEPEeIOBHUINA; OXOPOHA 3I0POB’S HaceJeHHs; Oeslexa
caHiTapHO-emigeMiosoriuua, MmoKeKHa, TPAHCIOPTHA Ta pajnialliifiHa, 6iojoriu-
Ha; oxopoHa mpailli. JidaJbHicTh KOMKHOI i3 IMMX HiACHCTEeM PEeryJIlo€ BiAIIOBix-
HUI OpraH IeHTPaJIbHOI BUKOHABYOI BJIAIN.

OxopoHa HABKOJHIIHLBOIO IPHPOTHOrO cepemoBuina. Ilpm3HaueHmHsa Iiel
OCHOBHOI CKJIQJOBOI CHCTEMH O0e3NeKH’ KUTTEAisJbHOCTI MOJATae B IIiATPHU-
MYBaHHiI CcTaHy IOBKiJIsI, OPUAHATHOIO IJs ICHYBAHHS MHUTTSA Ha SeMJIi,
30epesKeHH] IPUPOSHUX PEecypciB, OOMe:KeHHi IMKiAINBUX BUKUIIB, CIIPUAHHI
TapMOHiMHOMY DPO3BUTKY CYCIIiJILCTBA Ta IPUPOAU.

Y cucremy 0esmeKM KUTTEMISILHOCTI JIOAMHM BXOASATH: OXOPOHA 3710-
pOB’d HaceJIeHHS; CaHiTapHO-eligeMioJoriuaa 0e3meKa, OCHOBHOIO METOI AKOI
€ 3abesleueHHA CaHiTapHO-eMiJeMioJOoriuHOro OJIaromoJyuds HaceJeHHdd,
3MEeHIIIeHHA iHTeHCHBHOCTI emigemili indeKiiinnx 3axBopoBaHb. KOHTPOJb 3a
BUKODPUCTAHHAM HeOe3lleuHnX PEeUOBWH i MaTepiasiB Ha BUPOOHUIITBI, 3a AKic-
TIO Ta 0Ee3MeKOI0 XapuoBUX HPOAYKTiB, JiKapchbKMX 3ac0O0iB TOIO 3iMICHIOIOTH
OpraHu CaHiTapHO-eIigeMioJoTiYHOro HATJIALY.

BxomaTe Takosk IosKesKHa OeslleKka; TPAHCIOPTHA Oesmexa; OioJioriuna
OesleKa, IMpU3HAUEHHsS AKOI — OXOpOHA MOBKiJJIfA, a TAKOXK 3J0POB’I 1 JKUTTA
Jrojeli Bijg Hebesmeunux rpubiB, MikKpoopramismis, BipyciB, HacaigkiB rexe-
TUYHO-IH)KEeHePHOol AiAJLHOCTi, TeHeTHMUYHO MOAM(PIKOBAHHX OpPraHi3MiB poc-
JIWH, TBAPDUH Ta MPOAYKTIiB, III0 MIiCTATH IXHi CKJIaIOBi.

Ile Tako:x pagiamiiina OesmeKa, OCHOBHOIO METOIO AKOI € OXOpPOHA KUTTS
i smopoB’a HacesileHHsI, MOoro MaliHa, HABKOJIMIIHLOI'O CEpPeIOBHUIIA Bij Hera-
TUBHOT'O BIJIMBY MOHi3ylOUOoro BUNpoMiHIOBaHHA. Pagiamitina Oesnexka HabyBae
0COOJIMBOTO0 3HAYEHHS B YMOBAX PO3BUTKY aTOMHOI €HEPreTHKM! Ta IIPOMUCJIIO-
BocTi. AKTyalbHicTh pajgiamiiinol O6esmeKu B YKpaiHi 3yMOBJIIOETBCS TAKOMK
Hacaigxkamu kKaractpodu Ha HYopuobuabebkiit AEC.

ITe Tako:x oxopoma mpaIlli, TexHika Oesmekum Ha BUPOOHUIITBI. OCHOBHY
BigmoBiganbHicTh 3a 0e3leKy JKUTTEAISAIBHOCTL JIogeii Ha BUPOOHUIITBI
(migmpuemcTBi, B ycTaHOBi, opramisairii, dipmi) moksameHo Ha pobGOTOLABIIA,
AKUN Ma€ CTBOPUTH 0e3MeuHi YMOBM Hpalli AJA CBOIX IIpaIliBHUKIB.

Omxe, 0esmeKa JKUTTEIIAIBLHOCTI — Ie HAyKa, IMOKJIMKAHA BUSABIATHA MOMK-
JIUBI IPUYMHU Ta NLISXYW BUHUKHEHHA HeOe3lmeKH, mepexbauaTy BipOTigHICTD
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PIBHUKA TA EEOJIOT'IA

il BMHMKHEHHsI, a TAKOM 3axXWuINaTH JIIOAel Bixg HeOesmexu, JiKBigysaTu
Hacaigku ii mpoasiB Tomro. Ilsg Hayka imeHTu(dikye mHebesmeuHi Ta IIKimggInBi
YMHHUKY HaBKOJHUIIHLOI'O CEPEIOBUINA, PO3PO0JIsAE 3aX0AU, OB sI3aHi 31 cTBO-
PEHHAM CHPUATIUBUX YMOB IJisl iCHYBaHHSA JIIOJUHU.

Besneka KUTTeIIANIBHOCTI JIOZUHYN — Ile KOMILJIEKCHUI HAYKOBUM HAIIPAM,
moB’sA3aHmuil 3 OararbMa iHIIMMHK HaOpAMaMH HayKM — aHaToMielo, ¢isiosori-
€10, IICHXOJIOTi€I0, €KOJIOTi€I0, OXOPOHOIO 30POB’s, BUPOOHMUOIO caHiTapieio i
ririeHor, TexXHiK0I0, EKOHOMiKOI0, COITi0JIOTi€0 TOIIO.

IIle Ha craxmii mpoeKTyBaHHSA OyAb-AKOT0 MeXaHidMy, MAaIllMHU, IIPUCTPOIO
IEePIOI0 YMOBOIO MO0 3aCTOCYBAHHS PO3TIATAETLCSA Oe3IleKa oIllepaTopa — JIo-
IUHU, dKa ynpaBisge HuMu. lle cTocyeThbca i KPOKYIOUOTO eKcKaBaTopa, i
€JIEKTPUYHOT'0 TOCTEPA TOINO. [[pyroio BasKJIMBOIO YMOBOIO € 3PYYHICTH yIIpaB-
JiHHA (BUKOPHUCTAHHSA), IO 3a0e3meuye BUCOKMI piBeHb MHpalie3gaTHOCTI olre-
parTopa IpoTsaroM TpuBaJoro uacy. Tpers ymoBa — OesneuHicTh (60 MiHiMaJIb-
Ha MIKiAJMBIiCTB) O/ HABKOJUIIHBOTO CEPEIOBUIIA.

TonoBHa MeTa 0e3meKM KUTTEAISAIBHOCTI — chopMyBaTH B JIIOAWHU CBimome
Ta BiANOBiZasbHE CTABJEHHS N0 HUTAHL 0COOMCTOI Oe3meKu ¥ Oe3leKu THx,
xTO ii OoTOUye, HABUMTH JIIOAMHY PO3Ii3HABATH U OIiHIOBATH NHOTEHIiNHI He-
0esmeKku, BUBHAUATHU IILJIAX HAJAIMHOTO 3aXWUCTY BiJ HUX, y pasi morpedu BMiTu
HaJaBaTH OOIOMOry co0i Ta iHIIMM, a TaKOK OIepaTHBHO JiKBiZoByBaTu Ha-
CIiIKM MposABYy HeOe3leK Y PisHOMAHITHUX cdepax JIIOACHKOI AisiJIBLHOCTI.

() 3ANMWUTAHHA 0O BUBYEHOIO

1. Wo Take 6e3neka XUTTEQIANBHOCTI NOANHNT
2. lllo BxoanTb y cuctemy 6e3neku XUTTeRiSNbHOCTI NognHn?

§ 44. ©I3U4YHI OCHOBU BEPEXITUBOIO
NMPUPOOOKOPUCTYBAHHA TA 3BEPEXEHHA
EHEPIII

TepMiH «IPUPOAOKOPHUCTYBAHHS» PO3YMiIOTh AK CYKYIIHICTH BIJIMBY JIOACTBA
Ha reorpagiuny 06osmoHKyYy 3emui. To6To MarOTh Ha yBasi CyKyIHICTh ycix ¢opm
eKCILIyaTallil IpHuPOAHO-PECYPCHOro IIOTEHIIiaJay # 3aX0/iB 3 11oro 30eperkeHHsd.
TyT BUAIIAIOTh TPU aCHeKTH: a) BUAOOYTOK i IepepoOKy IIPUPOIHUX PecypciB
Ta iX BiATBOpeHHs; 0) BUKOPHMCTAHHS Ta OXOPOHY IIPUPOTHOTO CEpPEeIOBUIIA;
B) BiTHOBJIEHHSI €KOJIOTiUHOI PiBHOBATW HPUPOAHUX CHUCTEM.

Huninraio exojsoriuHy curyailiio B YKpaiHi MOKHa cxapaKTepusyBaTH fAK
KpHM30BY, 1[0 (popMyBaJjacsi TPOTATOM TPUBAJIOTO IEPIONYy Uepe3 HEXTYBaHHSA
00’€KTUBHMMHU 3aKOHAMHU PO3BUTKY i BiITBOpPEHHA HPUPOIHO-PECYPCHOTO KOM-
mIexkcy YKpaium. BigOysanucsa cTpyKTypHI medopmailrii HapogHOro rocuogapcTsa,
3a AKUX TlepeBara HajJaBaJiacsd PO3BUTKY B YKpaiHi cupoBMHHO-BUIOOYBHUX,
HaMO6iJbII eKOJOTiuHO Hebe3neUHNX raJjys3eil IPOMUCIOBOCTI.

Y mporeci uTTS i rocmomapchbkoi AiAJBHOCTI 30iJbIIYyETHCA BUKOPKUCTAH-
HSA JIOAWHOI KOMIIOHEHTiB IIPUPOAU, YVHACJIJOK YOTO IIOCUJIOETHCA «THUCK» Ha
IpUPOHE cepenoBuIle. ¥ TAKUX yMOBaX IIOCTAaJO BasKJWBe 3aBAaHHA — 3a0e3-
MeYUTH pallioHaJbHEe BUKOPUCTAHHS IPUPOAU Ta OXOPOHY AOBKiJJIdA.
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DPIBHKA TA EKOJIOT'IA

VEKpaiHa HaJeXUTh OO Aep KaB, IKi MaloTh BeJIHKi 00CAru i BUCOKY iHTEH-
CHUBHICTh OCBOEHHS INPUPOIHUX O0araTrcTB. S3HAUHA KOHIIEHTpPAaIlisg BUPOOHUIITBA
i BuCOKa IIiJbHIiCTh HAaCeJIeHHS HeraTHMBHO BIJIMBAIOTH HAa CTaH HOBKiJjjs, dop-
MYIOUM HAIPYKEeHY eKOJIOTiUuHY CHUTYyAaIlilo.

Exonomini Vkpainu mpruTamMaHHA BUCOKA IMUTOMAa Bara PeCcypCoOMiCTKUX Ta
€HeProEMHUX TEeXHOJIOTil, YIPOBaIKeHHS Ta HApOIIyBaHHS AKUX 3/iliCHIOBA-
Jocsl y HaWOiAbIN «mereBuii» cmocid — 0e3 OyAiBHUIITBA BiAIOBIiZHMX OYMC-
HuX crnopyx. Ile O6yso MOKJINBO 3a BifICyTHOCTI e()eKTUBHO AiIOUMX NPABOBUX,
aIMiHICTPAaTHBHUX Ta €KOHOMIUHMX MeXaHi3MiB IIPUPOJSOKOPHUCTYBAHHA Ta 0e3
ypaxXyBaHHS BUMOT' OXOPOHH! JOBKiJIJIA.

Besiiu HeraTMBHMX YMHHUKIB, 30KpeMa HU3bKWII DPiBEHb €KOJIOTiYHOI CBi-
IOMOCTi CycIiJibCcTBa, IpPH3BeJN A0 3HAUHOI Jerpajgairii moBkKijaaa YKpainwu,
HaaMipHOro 3a0pyaHEHHS IOBEPXHEBUX i Iig3eMHUX BOH, IOBIiTpPA i 3eMeb,
HarpOMa)KeHHA y OYyKe BeJIUKUX KIJbKOCTAX INKiAJIWBUX, Y TOMY YHCJIL
BHCOKOTOKCUYHUX, BiAX0OiB BUPOOHUIITBA.

Taki mportecu TpUBaJIM MECATHUPIUUAMU i IIPU3BEJM 0 Pi3KOr0 MOTipIIIeHHS
CcTaHy 3I0POB’S JIIoAel, 3MEHIIEeHHS HaPOIKyBaHOCTI Ta 30iJILIIIEHHS CMEPTHO-
cTi. AHaJi3youn 110 BeJIUKY CYKYIIHICTh IPOOJIEM, MU MOYKEMO 3POOUTHU Jy:Ke
BasKJIMBI BMCHOBKHU IIOJO €KOJIOTiUuHOI mificHOCTi B HAIIIill mepsKaBi, BUABUTH
YMHHUKA # 0COOJIMBOCTL YKUTTEAIAIBHOCTI Ta MPUPOAOKOpHCTyBaHHA. IIpodaema
OXOPOHMU JOBKIiJJIA Ta PaIlioHaJBHOTO MTPUPOAOKOPHUCTYBaHHA HaOyBae B YKpaiHi
TEePIIIOYEeProBoro 3HAaUeHHSA BHACIIJOK 3a0pyIHEHHS TepuTOpii pagioHyKJiimamu
micas aBapii Ha Yopuobuabeskiii AEC.

IIlo moBHiINIE BUKOPHCTOBYIOTHCA IIPUPOJHI pecypcu, TO OIaAJuBimIe it
HO-TOCIIOMAPChKM CJiJl CTABUTUCA JO0 iX eKcIayaraiii, oco0/JIMBO AKIIO HAETHCA
PO HeBiTHOBJIOBaHiI eHepreTmuHi pecypcu. HesBaskamoum Ha Te IO KiJbKiCTh
PO3BilaHMX KOIaJUH 30iJbINTYyETHCA AK 3arajioM, TaK i B pO3paxyHKy Ha AYIITy
HaceJIeHHs, iCHye 3arposa iX BUCHaKEHHS IIfe mepej] TUM, AK Oyae 3IiliCHEHO
mepexia Ha BUKOPHUCTAHHS HOBUX MO:Kepes eHeprii. Tum Gijiblie, IO CYCHIiJdb-
CTBO BimuyBae memaJtri OiibInuii mediliuT BiJHOBIIOBAHUX IPUPOIHUX PeCypcCiB.

¥V 3B’A3Ky i3 muM paltioHaJibHe BUKOPHCTAHHS i BiITBOPEHHSA HPUPOTHUX
pecypciB cTae oaHie0 3 HalaKTyaJbHIIIMX HpobOJsieM JmoacTBa. Ilopsanx 3 rio-
6abHUM, IIPO0JEeMa OXOPOHUM HABKOJIUIIHBOTO CEPEeIOBHUINA i paIrioHaJbHOTO
BUKOPHUCTAHHS NPUPOTHUX PECYPCiB Mae FACKPaBO BUPAIKEHUN perioHaJbHUI
XapakTep Ta Bifirpae ocobJMBY poJib B iHTeHcH(piKaIil BUpOOHUIITBA HA OCHO-
Bl IPUCKOPEeHHA HAYKOBO-TEXHIUYHOI'O Iporpecy.

ITe BuMarae mnoJimimeHHA pPO3POOKM MHUTAHb YIPABIIHHS, HOB’SA3aHUX
HacaMmepel, 3 OiaJIeKTUKOIO B3a€MOZil MPOAYKTUBHUX CUJI i BUPOOHUUUX
BigHocuH. CTOCOBHO IIPUPOAOKOPHUCTYBAHHS Il€ O3HAYAE IIOCJIiJOBHUI PO3BU-
TOK HAyKOBUX 3acajJi OXOPOHUW HAaBKOJIUIITHLOTO CEPEINOBUIINA i paIioHAJBHOTO
BUKOPUCTAaHHA MOro pecypciB Ha OCHOBI TaKMX MPUHIIUNIB, AK MJaHOMIipHIiCTBH,
IPOIOPIIiHHICTb, ONTUMAJBbHICTD.

IInaromMipHiCTH CTOCOBHO BUKOPHUCTAHHS ITPUPOJHUX PECYPCIiB — eKOHOMIUHA
GYHKIIiA Tep)KaBU 3 VIPABJIIHHA i peryjIioBaHHA €KOJOTIUHUX Ta eKOHOMIYHUX
BigHOCMH i mpomopiiii. Taka QyHKIiA mepexndavae AK PO3POOKY i BUKOHAH-
Hs IJIAHOBOI CHCTEeMU B3a€MOIIOB’SI3aHMX MOKA3HHUKIB, TaK i qi€BMil KOHTPOJIL
3a ix peaJisamiero. IlepcrmexTuBHe i TOTOUHe NJAHYBAHHA pPaIllioOHAJBHOTO
BUKOPHUCTAHHS NPUPOAHUX PECypPCiB i OXOPOHM HaBKOJHUIIHBLOTO CEPEIOBUIIA
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B KiHIIeBOMY ImiICYMKY BUIIJIHMBAE 3 HAKPECJCHUX TEMIIiB 3POCTAHHS CYKYIIHO-
IO CYCIiJILHOTO IPOAYKTY, HAIIiOHAJIBHOTO JOXOAY i migiioMy KHUTTEBOTO PiBHA
HaceJIeHHS KpaiHu.

IIpomopiifiHicTs 03HaAUAE MOTOMKEHICTh Y BUKOPHUCTAHHI IPUPOIHUX Pecyp-
CiB AK 3a TEepPUTOPi€I0, TaK i 3a raJy3aMu HAPOIHOTO TOCIOAAPCTBA, BUKJIIO-
YeHHs IIOPYIIIeHb MIPUPOJHUX B3a€MO3B’A3KiB ¥ HABKOJIUIITHBOMY HIPUPOIHOMY
CepeIoBUIITi.

OnTuMaJibHICThF ¥ BUKOPHUCTAaHHI IPUPOJHUX PECYPCiB — IIe MOCATHEHHS
HalKpaIoro BapianTa B3a€EMOBiITHOCUH CYCHiJIbCTBa 3 HABKOJIUIIIHIM cepeno-
BUIIIEM.

YupaBiiHHS OXOPOHOI0O HABKOJHUIIIHLOT'O HPUPOIHOTO CepemoBuUINa, SK 3a-
3HauaeTbcsd B 3akoHi YKpainu «IIpo 0XOpoHY HaBKOJUIIHLOIO HIPUPOIHOTO
CepeloBUIA», IOJIATAE Yy 3MIMCHEHHI B Iifi rayrysi (QyHKI[i# cIloCcTepe:KeHHd,
IOCTiI»KeHHsI, €KOJIOTIYHOI eKCIIePTU3U, KOHTPOJI0, MPOTrHO3YBaHHA, HpPOTrpa-
MyBaHHSA, iHGOPMYyBaHHA Ta iHINOI BUKOHABYO-PO3HOPAAYOL HiAJTBHOCTI.

MeToro yupaBIiHHSA B rajaysi palioHaJbHOTO IPUPOIOKOPUCTYBAHHS € peaJi-
3allig 3aKOHOJABCTBA, KOHTPOJh 3a HOTPMMAHHAM BUMOT €KOJIOTiUHOI 6e3meKwu,
3a0e3meueHHsI IPOBeIeHHA e(PeKTUBHUX i KOMIIJIEKCHUX 3aXO/iB IIOI0 OXOPOHU
HaBKOJIUIITHBOT'O IPUPOLHOT'O CEPeNOBUIlA, PAIliOHAJIBHOIO BUKOPUCTAHHSA IPU-
POOAHUX PecypciB, HOCATHEHHS IIOTOM:KEHOCTi il JepKaBHUX i IPOMAICBKHUX
OpraHiB y rajysi HaBKOJIUIITHBOTO IIPUPOIHOTO CEPEeIOBUIIIA.

BusnauaibHUMY y BUPOOHMYUX BifHOCHMHAX, IO CKJIAMAIOTHCA MiXK JIOABMU
i mpupomoio, € iX cycmisibHUI xapakTep. Tomy (PYHKIIi 3 ynpaBJiHHS paitio-
HAJLHUM IIPUPONOKOPUCTYBAHHAM 1 MJIAHYBaHHS MOTO € ONHO3HAUHO IIPEpora-
TUBOIO JAep:kaBu. Pisui minicTepcTBa, KoMmicii, BimoMmcTBa, KOMITETH TOIITO B Mipy
CBO€l KOMIIETEHIIil 3MiHCHIOIOTh i HiATPUMYIOTH €IUHY JePKaBHY IIOJITUKY B
raJry3i OXOPOHU HABKOJIMIITHBOTO TIPUPOIHOTO CEPENOBUIIIA.

OpHe i3 IEHTPaJBHUX MiCIlb y peryJaioBaHHI BiIHOCMH 3 IIPUBOAY OXOPO-
HY HAaBKOJIMIITHBOTO CEPEIOBUINA i paIlioHa/JIbHOTO BUKOPUCTAHHSA IIPUPOIHUX
pecypciB BiBOAMTHCA HAYKOBO OOT'DYHTOBAHOMY IIOEAHAHHIO TEPUTOPiasb-
HOTO i Trajiy3eBOro yIpaBJiHHA IIPUPOJSOOXOPOHHOIO poboror. Iligzmpuem-
CTBAa, IO 3aJy4YaloTh y TI'OCIOJAapPChLKUI 00ir mpHPOAHiI pecypcu, HaJIeXKAaTh,
3 OOHOT0 OOKY, H0 Tiel um iHImOI raysysi HapogHOTO rOCIONAPCTBA, a 3 APYIroro —
€ JJaHKaMM TepUTOPiaJIbHO-BUPOOHMUMX KoMILIeKciB. Tomy BuHHMKae morpeba
IpaBUJIbHO MOEAHYBATHU iHTepecu 6araThbox MiHicTepcTB, BiJJOMCTB i MiciieBux
TEePUTOPiaJIbHUX OPTaHiB, AKi MOBMHHI JOIOBHIOBATH OJHE OJHOI0, YTBOPIOIOUN
€IVHY CUCTEMY ymnpaBiginHA. Hampukian, BigBomAuM 3eMJIi ITiji TPOMUCJIOBE,
TPAHCIIOPTHE UM KUTJIOBe OYIiBHUIITBO, CJIiJi BPaxOBYyBaTH, IO Biouy:KeHHS
3eMeJib, 0COOJIMBO OPHUX, IPU3BOAUTH A0 CKOPOUEHHS ILJIOIIi CiJIbChKOTOCIIO-
IapCbKUX YTiflb, 3HUMKYE POAIOYICTHL I'DYHTY, 3MEHIIIYE BaJIOBY HPONYKILilO
CiJIBCBKOTO T'OCIIOapCTBa TOIIIO.

Y cmecremMi yupaBIiHHA IIPUPOAOOXOPOHHOIO MisJIBHICTIO IIifmpHeEMCTBA
MOJKHA BUIIJINTU IJAHYBaHHSA, €KCILIyaTallil0 OUMCHUX CIOPYH (BKJIIOYAIOUN
TEeXHOJIOTIYHUH IIPOIleC) i KOHTPOJIb 3a BUKUJaMU B HaBKOJIUIIIHE CePeIOBUIITE.
IIpoekTyBaHHS i MIaHyBaHHS AAIOTh 3MOTY PO3POOUTH KOMILIEKC IIOTPiOHUX
3aXO0/iB 3 OXOPOHW HABKOJIUIIHBOTO CEPEJIOBUINA, IX BUKOHAHHSA, CEpPeJl AKUX
HOBiI BIOCKOHAJIEHi TEeXHOJIOTiIuHi Iporecu, pPoOOTH, OYHCHI CIOPYAH, IO
BHIKYIOTh a00 BUKJIOUYAIOTh IITKiAJIMBUI BIJIUB Ha HAaBKOJIUIIIHE CepeIoBUIIE.
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YuopasiaincbKki (GyHKIII B raaysi ITpupomoOXOPOHHOI MisJIbHOCTI mimmpu-
€MCTBa TOBWHHI CHPUATHU BJOCKOHAJEHHIO TEXHOJIOTil BUPOOHUIITBA, PEMOHT-
HO-eKCILTyaTaliiHnX po0iT, 6e3aBapiiiHOI PoOOTHM yCTAaTKyBaHHS, BUKOHAHHS
MJIaHOBO-IIONEPEAKYBaJbHOI'O TA IIOTOUHOTO PEMOHTY.

Koutposas BKIIOUae B cebe aHaid TexHOJOTii, JtabopaTopHuii aHAJi3, KOH-
TPOJIbHI IIOCTHM, BU3HAUEHHS KOHIEHTpAIlil IMIKigAmMBUX BUIijIeHb, iHMOPMY-
BaHHSA KEPiBHUIITBA IIPO CTAaH HABKOJMUIIHBOTO CEePEeIOBHUINA HA HiAIIPHEMCTBI,
IOTPUMAaHHA 3aKOHOZABCTBA B I[ill rajyai.

() 3ANMUTAHHA 0O BUBYEHOIO

1. Wo o3Hayae TepMiH «NPUPOAOKOPUCTYBAHHA» ?

2. Aki OCHOBHi ekonoriyHi NpobremMn Ha CbOroAHi icCHYTb B YKpaiHi?

3. AKMX OCHOBHMX 3axoAiB MOTPIOHO BXUTK, LWOO MONINWNTA EKONOFYHWUIA CTaH
HaBKOMMWLLHBOrO cepeaoBuLLa?

§ 45. ANbTEPHATUBHI OXXEPENA EHEPTII

y OOITyKaX aJbTePHATHUBHUX IKepeJs eHeprii ummaJsio yBaru y cBiTi mpumi-
JsieThcA BiTpoeHeprerui. BiTep ciyryBaB i cayrye JOACTBY IPOTATOM TUCH-
YOJIiTh, 3a0e3IMeuyoun eHepriio IJid BITPUIBHUX CYIEH, IJsS PO3MeJTIOBaAHHS
3epHa, IepeKauyyBaHHA BOAY, BUPOOHUIITBA eJsieKTpoeHeprii. Hampukian,
y Hauii BiTpoemepretruka moxpupae 0Jus3bK0 2 % moTped KpaiHu B eJIEeKTPO-
emeprii. ¥ CIITA ma KifmbKOX cTaHIiAX mpaifioe maiiske 17 Tuc. BiTpoarperaris
3araJbHOIO moTysKHicTI0 0 1500 MBT. Birpoenepreruuni yecranoBku (ma. 297)
BUITyCcKamTh, oKpim CIHTA i Hanii, y Benukiit Bpuranii, Kanazgi, dnonii.

Jiia Toro mo6 OyAiBHUIITBO BiTPOEJIEKTPOCTAHIIII OyJI0 eKOHOMIUYHO BUIIPAaB-
IOAaHUM, IIOTPiOHO, 100 cepefHLOPiIYHA IIBUAKICTL BiTPYy B IIbOMY paioHi cra-
HOBUJIa He MeHIIe Hixk 6 m/c. ¥ Hamriii kpaiHi BiTpoBi erekrpocraniiii (BEC)
mo0ymoBaHO Ha y36epek:kax HopHoro it A30BCbKOTO MOPiB, ¥ CTEIOBUX paiio-
HaX, a TakoxK y ropax Kpumy i Kapmar.

Cuin 3BepHYyTH yBary Ha Te, IO IPU IMIBUAKOCTI BiTPy 33 KM/TOf IIOAOBKEHHS
KpuJa mpormesepa B 4 pasu (Bim 15 mo 60 M) 36iabillye BUPOOHHUIITBO eHeprii B
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16 pasiB. A akimo kpujo 3aBaoB:xkKKu 30 M, BiTep 3i mBuakictio 50 KMm/rox 3a-
OesIeuye BUPOOHUIITBO eJieKTpoeHeprii y 26 pasiB OijsbIrie, HidK BiTep 3i mIBuI-
kicrio 17 Km/roxg. Came TOMy B iH)KEHEpHill CHpaBi CXUJIAIOTHCA Ha KOPUCTD
BEeJINKUX BiTPOABUTYHIB i IParHyTh «IIEePEXONUTH» BiTep HA 3HAUHIN BHCOTI.

BinbimicTh HUHINIHIX BeIUKUX BiTPOABUTYHIB PO3pPax0BaHO Ha POOOTY, AKIIO
MBUAKiCTS BiTpy 17—58 KM/rox. Birep 3i mBuakicTio, meHmioo 3a 17 xm/rom,
Jae MaJi0 KOPMUCHOI eHeprii, a mpu HIIBUAKOCTAX IIOHAL 58 KM/TOI MOKJIUBE
TIOIITKO/PKEHHSA eJIeKTporeHeparopa.

Tosx y BiTpoeHepreTuili He CJIiJi pO3pPax0OByBaTH Ha HEPEXOILJIEHHSA IIITOPMO-
BuX BiTpiB. HaBiTs siKIlo Takuit BiTep i 3abesmeuye ogep:kaHHa HabaraTo Gijib-
mol KiJgbKOCTi eHeprii, HidK ciabKi BiTpuW, BiH COPUYMHSE 3aHAATO CUJIbHUN
TUCK Ha KpWJIa ¥ MOJKe MOIIKOJUTU YyCTaTKyBaHHA ejeKTpocTaHIlii. Okpim
TOT0, TPUBAJICTHh Yacy, KOJM IMYTh IIITOPMOBI BiTpHM, Taka MaJja, IO IXHIi#
BHECOK y CyMapHe BHUPOOHHUIITBO eHeprii HecyTTeBUii, i Iie poOUTH IOLiOHMIT
pusuk Oesrumysaum. IIlo6 ycyHyTm mpobJyieMy IIITOPMOBUX BIiTpiB, KpuJja BiT-
POABUTYHIB BUTMHAIOTH OCOOJIMBUM UMHOM — MIJIA 3MEHINIEHHA oImopy BiTpy. Ila
cTapa IpPaKTUKa BijoMa SAK «ONEePEHHS».

Birporeneparopu 3a3Buuail yCTAHOBJIIOIOTh Ha BHUCOKUX BeyKax, IMOO ITPO-
nejepu OyJaM BiAKPUTI OiJIBII CUJABHUM BiTpaM, IO IMYTh Ha BEJUKiN BHCOTI.
A BaKKe ycTaTKyBaHHS — IIpolejep, KOpoOKa mepenad i reHepaTrop — MaioThb
posMimryBaTHCsA HAa BEPXiBIIi ITIOTUIM, IO BUMAarae Ie ¥ MiITHOI KOHCTPYKIIii.

IIle oguy mpobjeMy BMKOPHUCTAHHS €Heprii BiJ BiTPOABUI'YHA CTBOPIOE IIPU-
poma camoro BiTpy. IIIBUAKIiCTS BiTpPy Bapitoe B IMIMPOKUX MeXKaxX — BiJ JIETKOTO
MOAYBY [0 MOI'YTHiX IMOPUBiB. ¥ 3B’A3KY i3 I{UM, 3MiHIOETHCA i YMCJIO 00EPTiB Ie-
Heparopa 3a ceKyHay. JJid 3pyYHOCTi 3SMiHHUM CTPYM, III0 BUPOOJIAETHCS IIiJ Uac
o0epTaHHS OCi reHepaTopa, «BUIIPSIMJIIOIOTEH», TOOTO II€PETBOPIOIOTh Y IIOCTiHHMIA,
oo #ge B OMHOMY HAIPAMKY. 3a BEeJIUKUX PO3MIpiB BiTPOABUIYHA MOCTiHHMI
CTPYM y IIepPeTBOPIOBAYi 3MiHIOIOTHL HA CTaOiIbHUII 3MiHHUHI CTPYM, IPUIATHUHA
IJIA TIofiavi B eHepreTUYHy cucteMy. HeBesmKi X BiTpOABUTYHM, HA KIITAJT TUX,
[0 BUKOPUCTOBYIOTH HA 130JOBAaHMX (PepMax YW HA MOPCHKMX OCTPOBAaX, 3a-
MiCTh IIepeTBOpIOBaYa IOJAIOTh «BUIPAMJEHUI» CTPYM y BeJUKi aKyMYJIATODHI
6arapei. Taki akymyisaTopu HOTPiOHI AJIA 3amacanusa eIeKTpoeHeprii Ha mepioau,
KOJIX BiTep CTa€ HeZOCTATHBO CUJILHUM [AJIsI BUPOOHUIITBA €Heprii.

JJia miATPUMKM JKUTTEBUX IIPOIECIiB HMOTPIOHO IOTVIMHATH i BUKOPHCTOBY-
BaTu eHepriro. Ha Kajb, BUKOPHUCTAHHS OyIb-IKOI'O BHUJAY €Heprii Ta BUPOO-
HUIITBO eJIeKTPOoeHeprii s3asBMUail CYIIPOBOMKYIOTHCA YTBOPEHHAM 0araTbox
3a0pyauioBauiB Boam i moBiTpdA. 11106 yHuMKarm pyiHYBaHHSA HaBKOJUIITHHOTO
cepeoBUIIA, JIIOACTBO AefaJIi OijbIlle 3BepTae yBary Ha eKOJOTIUHO YHCTi BUIU
eHeprii.

ITikaBo, 1110 BCHOT'O ABiCTi POKiB TOMY JIIOICTBO, KPiM eHeprii camoi JIroquHm
i TBapuH, BOJIOAiJIO TiIbKM TphoMa Bumamu eHeprii. Cepen HuUX OyJI0 BUKOPHU-
cranuda exeprii CoHIs.

Y wmipy Toro AK mocTavuaHHSA IIajJHBa CTA€ MEHII HATiHHWM i OGiabII IOpO-
TUM, Ile IKEepejio CTa€ INopas NpUBAOIMBIIIMM Ta eKoHoMiuHimumm. IligBu-
IeHHs ITiH Ha Ha@Ty @ ras € roJIOBHOIO HPUYKUHOIO TOTO, IO JIIOJCTBO 3HOBY
3BepHYJO0 cBoio yBary Ha CoHIle.

CoHsiuHA eHeprisg — Iie KiHeTWYHaA eHeprisd BUIIPOMiHIOBAHHS (B OCHOBHOMY
CBiTJIa), IO YTBOPIOETHCA B pe3yabTaTi peakiliii y magpax Couisg. OcKiJIbKu

228

[NpaBo ans 6e3onnaTHOro po3MilLeHHs nigpyyHMKa B mepexi I[HTepHeT mae
MiHicTepcTBO OCBiTM i Hayku YkpaiHu http://mon.gov.ua/ Ta [HCTUTYT MoaepHi3aLii 3micTy ocBiTu https://imzo.gov.ua



DPIBHKA TA EKOJIOT'IA

ii samacu MPaKTUYHO HEBUUEPHHi (acTpoHomMm mimpaxysaiu, o Courme 6yne
«ropitu» 1me 4—5 MiJIbsAPAiB POKiB), BOHA HAJEKUTH O IIOHOBJIIOBAHUX €HEPro-
pecypciB. ¥ IpUPOSHUX €KOCHCTeMaX JINIIe YacTHHA COHAYHOI eHeprii moriu-
HaE€THCA XJOPO(isoM, IO MICTHUTLCA B JHUCTKAX POCIMNH, i BUKOPUCTOBYETLCS
I OTOCUHTE3Y, TOOTO YTBOPEHHSA OPTaHiuYHOI PEYOBUHU 3 BYIVIEKKCJIOTO Ta3y
i Bogu. PociuHM 4acTKOBO BUKOPHCTOBYIOTH [IJIS CBOIX IOTPeO juiire (hoTOCHH-
TeTUYHO AKTHUBHY pajialiio, sika sarajom ckjaagae maiixe 50 % cymapHOl
eHepril COHAYHOr0 BUIPOMiHIOBaHHA. TaKMM YMHOM, BUIIPOMiHIOBAHHS BJIOB-
JIIOETHCS i 3aMacaeTbCs y BUIVIALL MOTEHIiaJIbHOI eHeprii opraHiuyHMX pPedvyoBUH.
3a paxyHOK iXHBOTO PO3KJAJAHHS 3a/0BOJILHAIOTHLCA €HEPreTWYHi IoTpedum
BCiX iHIIMX KOMIIOHEHTIB €KOCHUCTEM.

ITinpaxoBamo, 110 MPpUOJIM3HO TaKOi caMOi YaCTKM COHAYHOI eHeprii mijskom
IOCTaTHBO U JIOAWHI — 1A 3a0e3leueHHs MOTPed TPaHCHOPTY, IPOMUCIOBOCTI
1 moOyTy He TiJbKHU 3apas, aje ¥ y maiibyTHhoMy. I HaBiTL HesaseKHO Bif
TOro, OyZIeMO MU Hel0 KOPHUCTYBAaTUCS UM Hi, Ha eHepreTuUYHoMYy OasiaHci Sem.ri
¥ crani Oiocepu 1e HiAK He mosHauuTbcsA. OOHAK COHAYHA €Hepris IIoTpar-
JI€ Ha BCIO MOBEPXHIO 3eMJIi, Hifle He JocArarmdud OCOOJMBOI iHTEHCUBHOCTI.
Tomy ii mOTpiOHO BJIOBUTH Ha IIOPiBHAHO BeJUKill IJIOINi, CKOHIIEHTPYBATH i
IIEPETBOPUTH B TaKy (opMy, SKY MOKHA BUKOPHUCTOBYBAaTH MJIA IPOMUCJIOBUX,
mo0yToBuX i TpaHCcHmOpTHUX mOoTPe6. Kpim Toro, Tpeba BMiTH 3amacaTu COHAUHY
eHepriio, 100 IiATPHMMYyBaTU eHeprolocTavyalusd i BHOUl, 1 y XMapHi aHI.

TosmoBHE — BUKOpPUCTOBYBATH COHSUYHY €Hepriio Tak, 1mo6 ii BapticTh Oyiia
MinmimManbHa abo B3araJii OOpiBHIOBaJa HYJ0. 3 OMNIAAY Ha BIOCKOHAJEHHS
TEeXHOJIOTiI i MOJOPOKUAHHSA TPAIUIIIHHNX eHepropecypcis, I eHeprisg 3Haxo-
IUTH AemaJjii HOBi rajysi 3acToCyBaHHSI.

Hanpukian, comauni marpiBaabHi cuctemMu (coHAYHiI GaTapei, COHAYHI KO-
JIEKTOPN) Ay’Ke PeHTabeJIbHi, i € CeHC BKJIIOUATH IX y IPOEKTU BCiX HOBUX Oy-
OIWHKIB. ¥ TAKOMY BUIIQAKY 3’ABUTHCA MOKJIUBICTH MEPEKUHYTHU YaCTUHY BYTiJ-
Jd, Tady, Mas3yTy, CIOKMBAHOIO B IIOOYTOBUX IIiJIAX, Ha IIOTPEOU IIPOMUCJIOBOCTI,
TPAHCIIOPTY. A IIe MOIVIo 6 po3B’a3aTu IpobiieMy MaiOyTHBHOTO AedinuTy cupoi
HadTH, TOTPiOHOI /it BUPOOHUIITBA ABTOMOOIiJIBHOIO MaJbHOTO TOIIO.

CouauHuil KosieKTop (MaJj. 298) — 1me cuctemMa HarpiBaHHSA BOAU 3a PaXyHOK
COHAYHOT'O BUNpoOMiHIOBaHHs. Taki cucTeMu € IOBOJII PO3IOBCIOAKEHUMU.

Man. 298
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Ix 6yn0 po3pobIeHO 6IM3BKO ABOXCOT POKiB ToMy. COHAYHI KOJEKTOpH pis-
HOTO THUNY AAIOTh 3MOT'y OTPMMATHU TEILJIOBY €HEepTiio, sKa HacaMIlepex BUKO-
PHCTOBYETHCA IJA HATrpiBaHHSA BOAM, II[0 OCOOJIMBO aKTYyaJIbHO B JiTHiI mmepion
POKY, KOJH CIIOCTEpiraeThCs MaKCHMAaJbHA COHSYHA aKTuBHicTb. Kpim Toro,
B OKpPeMHUX BHUMOAAKaX MHia dyac moOymoBM KOMOiIHOBAHMX KOTEJNbLHUX YCTaHOBOK
TEILJIO Bil COHAYHUX KOJEKTOPiB YACTKOBO MOJKHAa BUKOPHCTOBYBATHU B PiBHUX
cucTeMax OIlajieHHsd.

Mopcski npunaueu i Temmo 3emdi. Ile 6inbmn mocTiiini m:kepesa eHeprii.
VYike Temep y HmeAKHX KpaiHaxX MIPAIIOIOTH €KOJIOTiuHO OesIeuHi, YucTi mpu-
IJINBHI eJeKTpocTaHIlii. 3arajbHa MOTYXKHICTh XB1UJIb CBiTOBOrO OKeaHy CKJia-
mae 90 000 mapg kBr. ¥V 6ararbox kpaimax — CIITA, fAmownii, Itanii, Icrammii —
BUKOPHCTOBYIOTh i €HEepriio rapAadymx IIPUPOJHUX OAyKepesl — reisepis.

Bigomo, 1o nHa rmbuai 10 kM Temneparypa carae 140—-150 °C, i mio exepriio
MOXKHA BiJBOOUTHU 3a AOIIOMOTOIO HMapy, BUKOPUCTOBYIOUHM ii IJIA OIaJIeHHHA.

TeoTepMmasibHA eHepreTMKa PO3BUBAETHCA OOCUTH iHTeHcuBHO y CIITA, Ha
dininminax, y Mekcuii, Icmamgii, Itanii, Anomii. Hafimorysxuimy I'eoTEC
(50 MBrT) mooynoBauo y CIITA — I'eoTECXe6Gep. 3arajom 3amacu reorepMaib-
HOI eHeprii ckaamaioTs 200 I'Br. 'eoTepmanbHi pecypcu po3momijieHO HEPiBHO-
MipHO, I OCHOBHA iX yacTHHAa 30cepeaskeHa B paioHi Tuxoro oxeany.

Biomaca Bimirpae momiHyioouy poJib cepejl iHINIMX BUIIB aJbTEePHATUBHUX
BUAiB eHeprii, opmyroun npubausuo 46 % Big pUHKY BiAHOBIIOBAaHUX IKe-
pen emeprii. BoHa mMo)ke 3a0esneuyBaTyh BHPOOHUIITBO TeIJa, eJIeKTPoeHeprii
Ta pisHMX BUIIB rasomogiomoro (6ioras), pimkoro (bioeramosi, Oiomusesnb) Ta
TBepaoro maJuBa. Texmosorii mepepobKu GioMacu HAOThL 3MOTYy TAKOXK PO3B’s-
3yBaTu IIpobJieMy yTHJaidalil MKiZJIMBUX MDOOYTOBMX Ta IIPOMICJIOBHUX Bij-
XOIiB, oflep:KyBaTHU SK IOOIUYHI IPOAYKTHM BUCOKOAKicHI moOpuBa, OymiBeJsbHIi
Ta immii KopucHi marepiaau. Tak, 3a paxyHOK 0iorasy BiKe ChOrogHi y Kpai-
Hax €C orpumyoTs mopoky moHas 10 mux MBT - rox eleKTpuyHOI Ta MaiKe
10 mar I'kan TemsoBoi emeprii. JlizepamMu 3 BUKOpHUCTaHHA 0iorasoBUX TeX-
HOJIOTiI € Taki Kpaiunu, Ak Himeuuwmnma, Bemuka Bpuranis, CIIIA, Kanana,
Bpasunia, Hauia, Kurait, Iagia ra is.

() 3ANMWUTAHHA 0O BUBYEHOIO

1. Wo Take anbTepHaTUBHI J)kepena eHeprii?

2. Aki BUOM anbTepHaTUBHOI eHeprii BU 3HAeETe?

3. Lo Take BiTpoeHepreTnka?

4. £k BUKOPUCTOBYIOTb EHEPTIit0 BITPY?

5. Ak BukopucToByoTb eHeprito CoHua?

6. [le 3ocepemKeHo 3anacu eHeprii NPUNIYBIB i BigNNNBIB?
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PISUYIHI SAJAYI HABROJIO HAC

1. [Insa yoro KiHIIi JeAKWX BUKPYTOK HAMATHIUYIOTH?

2. Jle BUKOPHUCTOBYIOTh IIOCTilMiHI MaruiTu B mo0GyTi?

3. Ilpuragaiite Bunuok Heropo 3 pomany #Kynsa Bepma «IlsTHagmarupiu-
HUB KamitTan». Yomy Kopabesab 30uBcs 3 Kypcy?

4. IITlo, Ha OYMKY BYeHHUX, JOoIOMAarae mraxaM, AKi s3ilficHIOI0OTH TpuBaJi
epeLbOTH, IPABUIBLHO JOTPUMYBATHUCA KYPCY MOJIBOTY?

5. Homy mTaxm I 4ac IepesibOTiB YHHKAIOTL 3yCTPidui 3 BeJIMKUMU pamgio-
CTAHI[iAMU, PaJapHUMMU yCTaAaHOBKaMU?

6. [To MaruHiTHOI CTPiNKM HAGAM3UIW ONWH 3 TIOJIOCIB MarHiTy, i miBIAeHHU!MI
THOJIIOC CTPiJIKY BiAINITOBXHYBCA. SIKMHA IIOJIIOC MardiTy HAOJU3UIN OO CTPiIKU?

7. Yu MoiXHa 3a JOIOMOI'0OI0 eJIeKTPOMATHITHOrO KpaHa IIepeMill[yBaTh Po3-
sKapeHi 3aJrisHi 60JBaHKU?

8. HazBiTh OCHOBHiI WacTuWHU, 3 AKUX CKJIAJAETHCA €JEKTPOABUTYH IIOCTili-
HOrO cTpymy. IlosicHiTH mpuHIIKII oro mii.

9. Ha zaruckauax MarHiTOEJEKTPUYHOI'O IPUJIALY 3HAKAMHU «+» i «—» BKa-
3yoTh noasapHicTk. IIlo Bigbymerbes, AKINO mif yac BMUKAHHA NPUJIALy 3Mi-
HUTHU TOJIAPHICTH?

10. PosrisubpTe Oym0OBYy irpalllkoBOro ejieKTpoaBuryna. CkjaamgiTes foro, mpu-
emHaWiTe MO KJEM TaJibBAaHIYHOTrO ejileMeHTa i 3BEepHITh yBary Ha HAMPAMOK
obepraHHa AKops. CuopoOyiiTe 3MiHHTH HAIIPAMOK OOEPTaHHS AKOPS Ha IIPO-
tunexxuuii. Illo opu nmbomy BigOyBaeTbca?

11. Yomy TenedoHHUMI TPOBiJ HE BaApTO PO3MIITyBaTu MOOJU3Y ITPOBOIIB
3MiHHOTO CTPyMYy?

12. Bigomo, 110 gesb(iHyu BUAAIOTH XapaKTepHi 3BYKHU, AKi JIOAUHA He Uye.
Ax ix moxxkHa gocuaimyKyBaTu?

13. fIxa Boma Kpaiie BimOuBae pamioXBUJIiI — piuKoBa UM MoOpchbKa?

14. Yu moskHA 1Mo0AUYMTH CBITJIO 30pi, AKa BiKe JaBHO 3racja?

15. Yomy B cHeKy AeAKi mpeasMeTy 34aI0ThCS POSMUTHUMM?

16. YV scuuii gmeHb, Koau CoHIIE 3HAXOAUTLCS BHCOKO HAJ TOPU30HTOM,
3Ia€ThCsA, II[0 CTABOK HEMOBOM OCBiT/IeHMH iscepenmuu. Ak 1e moscHUTI?

17. Illap nuay mobOpe BUAHO HA YOPHiil JIaKOBaHilM MOBepXxHi, AKINO Ha Hel
IUBUTUCSA 300Ky, i He IOMITHUII, AKIIO Ha MOBEPXHIO TUBUTUCA TaK, ITO0 IIPO-
MiHb 30py OYB IEPIEeHIUKYJIAPHUM 0 IOBepXHi. UuM Ie 3yMoBJeHO?

18. 3a Bcix iHIIMX OAHAKOBUX YMOB Y XMapHUM HeHb Hicjasa Toro, Ak CoHile
3afiniao 3a o0piit, TemHuie misHime, Hix y AcHuit. Yomy?

19. Ak MOKHA HNPUCKOPUTH TaHEHHS JHOIY?

20. Yomy KOMaxu, SIKi "KHUBYTh y IIOJAPHUX KpadX, Ha BHCOKOTip’i, MaroTh
TeMHe 3a0apBJIeHHS?

21. Yomy 6inmii BegMiAL He OCIIIIIOETHCA OJMCKOM CHIr'y Ta JIBOAY B CO-
HAYHI gHi?

22. fAky HebesmeKy IJid 30py Jiofel, SKi KUBYTb y TOJAPHUX ITHUPOTAX,
CTaHOBUTL CHIr?

23. Yomy, KoJI MU CUAUMO Oijia 6araTTd, HaM 34Aa€ThC, IO IPeIMeTH, AKi
3HAXOOATHCS 34 HUM, KOJIUBAIOTHC?

24. fddxum crmocoboMm, KpiM yTeui, 3axXuIaeThbCA BiJ HAIagy KajabMap?

25. fIki TBapuHM, IO € MKEPEeJIOM XOJOAHOTO CBiUueHHs, BU 3HAETe?
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PIBHYHI BAITAYI HABRKOJIO HAC

26. Y coHsauHi nHi micas moiny Ha JHCTI JepeB iHOAL YTBOPIOIOTHCS OIIIKH.
Yomy 11e BigOyBaeThCA?

27. Y coHAYHI OHI Ha MOBEPXHi JHA MIiJIKHUX BOJONM UM PiUOK YACTO MOIKHA
cIoCTepiraTy pPyxXoMi TeMHi # CBIiTJIIi CMY)KKH, IO UepryoThcs. ke ix moxo-
IOKEHHS?

28. JKyku-BiTpsYKH KUBYTHh y BOIi, ajie € YACTUMHU T'OCTAMHU HA CYXOJOJIi.
Hasgimgo npupozga gaJia iMm aBi mapu oueii?

29. fIk BMBHAUUTH, IJA SIKOT0 30py IIPUBHAUEHO OKYJISIPHU, SKIIO He TOPKa-
THCA IXHBOTO CKJIa pyKamu?

30. Ak Bu3HAUUTHU 3a AOIOMOIOI0 HAJIBIIiB PYK, AJA AKOr'0 30py HpU3HAaUe-
HO OKyJapu?

31. Yomy mig yac moJbpOTYy TPACYIOUOi KYJIi BHOYI BUAHO CBiTHY JiHito-cirig?

32. SIKIo MOAMBUTUCA Ha sCKpPaBe AKepeso CBiT/a i 3amJIIONIUTH O4i, a II0-
TiM IIBUAKO POSILIIOMIUTH IX, MOXKHA IIO0AUYUTH 300paKeHHs IKepeJia CBiTIa
Ha iHmuX npeaMerax. IK MOSCHUTHU Iie ABUIIE?

33. Kpuirraiuk oxa JIOJUHNA UK PUOM CUJBbHIiIIIE 3aJJOMJIIOE CBITIO?

34. fxa aronmHa Kpaie 6auMTh i BOAOIO — JaJIeK030pa, KOPOTKO30pa UM
3 HOPMAJbLHUM 30pOM?

35. 3aBAsaKM YoMy KiT Moxke chmokiiino mmsutucsa Ha CoHIle, Jo0pe 0auuTh
HaBiThb y CYIiJabHIiN TeMpsaBi?

36. fK KopucryBaTuca OiHOKJIEM JIIOAWHi, KA HOCUTH OKYJISAPH, — 3 OKY-
aapaMu uu 6e3 Hux?

37. Yu 3aBKAM OMyKJa JiiH3a 30upae MPOMeHi, a BrHyTa — posciioe?

38. Homy oui KillIKKM SICKPaBO CBITATHCA B TEMPSBi, SKIIO HA HUX HAIPaBU-
JIX CBITJIOBUIT TPOMiHB?

39. Yomy y ¢oHTaHI BOAM MOKHA YaCTO CIIOCTEPiraTH BecesKy?

40. YoMy KpHUCTAJUKU CHITY, AKi BUOJIUCKYIOTH COHAUYHOTO THS, 3J4AI0THCS
MIPOMEHUCTUMHU, IPUYOMY IIi IIPOMEHi Pi3HOKOJIBOPOBi?

41. Binuii KaMiHb, 10 JIE)KUTh HaA OHI TIMOOKOI BOZOWMM’ 3 IIPO30OPOI0 BO-
010, 3MTa€ThCA OJAaKUTHUM, a HUMKHA YacTWHA HOTO Mae YepBOHYBATHH KOJIip.
ITosicHiTE 16 sBHUIIE.

42. YuM IOSICHIOETHCS JKOBTYBATHUI BiTIiHOK COHAYHOrO cBiTsia?

43. ¥V Toil yac AK TyMaH 37aeThcA OiayBaTtum, CoHIle Kpidh HBOTO BUIHO
Yy BUIVISAI YepBOHOTO aucka. [loscHiTh e aBuiie.

44. Ilig uyac saxony Couisa HeOO Ha 3aXOJi CIIOUATKY CTA€E »KOBTYBATHUM,
IOTiM — OpPaHKEeBHUM, a IIOTIM — ACKPaBO-UePBOHUM. SIK Ile MOKHA IIOSCHUTH?

45. fdxwuit KoJip Mae Boja B UMCTiil mposopiii Bogoiimi?

46. Yomy (hapu, Ki BMUKAIOTh Y TYMaHHY IIOTOAY, BUTOTOBJIAIOTEL i3 »KOB-
TOr0 cKJa?

47. Yu ogHaKOBa IIBUAKICTh MOIIMPEHHS UYePBOHOI'O i1 (PioJIeTOBOro BUIIPO-
MiHIOBaHb Y BaKyyMi, y Bomi?

48. Yu BoJiomie muciepciero CBiTIOBUIT MydYoK?

49. Yu MOKHA OTPHMATH CHEKTpP O0iJioro cBiTiia 3a [JOIIOMOI'OI0 CKJISHUX
MJIACTUHOK?

50. ToBexniTh, II10 IIig Yac Iepexoay CBITJIOBOT'O IIPOMEHS 3 OJHOI'0 CepeaoBU-
I1a B iHIITe, IIOKA3HUKHU 3aJIOMJEHHS AKUX PisHi, MJOBKWHU XBUJIb IIPOIOPIIiii-
Hi IMIBUIKOCTSAM TOIIMPEHHS CBIiT/Ia B IIUX CePeIOBUINAX.

51. fAke Tinmo HasuBawTh OinmuM? fKe TijT0 HasWBaAIOTL YOPHUM?
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DPIBHYHI BAJAYI HABKOJIO HAC

52. ddxuM 3maBaTUMETHCA KOJIIDP 3€JI€HOTO JIMCTA, AKIIO JUBUTHUCST HA HBOTO
yepes3 YepBOHUM ab0 3esieHUI CBiTIODiabTP?

53. Yomy BIeHb NpPHU SICKPABOMY COHAYHOMY CBIiT/IIi Ha Beaukiii riumbuui
B MOp#AX 1 OKeaHax TeMHO?

54. KopuuneBuii KoJip BigcyTHill y cyminbHOMYy criekTpi. IK BUHUKAE 1ei
KoJtip?

55. Ak BIIMBaIOTH IIepIlia i Apyra MOBepXHi MpU3MMU Ha PO3KJaJZaHHA 0ijo-
ro cBiTiia Ha creKTp?

56. Binuit mpoMmiHb cBiTyIa mepexoauTh i3 cKJAAHOI mpuaMu B moBiTpdA. IIlo
Ipu IbOMY BifgOyBaeThCs?

57. Illo GaumTh JIOAWHA, AKA PO3TIANAE Kpidb CKJIAHY OpU3MY JiHif0 Ha
6ismomy mamepi?

58. Ha uopHMi1 eKpaH HaKJeIJIM rOPU3OHTAJIBHY BY3bKY CMYIKKY 0Oijioro ma-
nepy. SIKuMu 31aBaTUMYyThCA BEPXHIN i HUMKHIN Kpal IbOTO Iamepy, SKINO Ha
HBOTO JUBUTUCA KPis3h IPU3MYy, 00epHEHY 3aJIOMJIOI0UNM pedpom yropy?

59. V¥V nocyauHy i3 3eJIeHOro CKJa HaJUTe YePBOHE YOPHUJIO. SIKOro KoJbopy
3naeTbeA yopHuiIo? Yomy?

60. ITosAcHITH MOXOMKEHHSI KOJBOPY CHHBOI'O HANepy, CUHbBOTO CBITIOMiabT-
pa, 6aakuTHOrO Heba.

61. Ak mosicumTH OiuiI KOJIIp CHIry, YopHHUI KOJIIp caKi, 3eJeHHil KOJip
JINCTS, CUHLO-KOBTUM KOJip mpamopa?

62. [Ina voro mig yac mpauHA OiIM3HU y BOAY JOAAIOTH «CUHBKY»?

63. fxoro KosbOpPYy OyAYyTH TpaBa i JUCTA AepeB, AKIIO PO3TJIAJATH iX Ue-
pes diomeToBuii cBiTIOMiaBTP?

64. CsiTyiodop mae Tpu CUTHAJNU: YEPBOHUI, KOBTHH, 3eJIeHHI, X0ua BCe-
peauHi HbOTO BCTAaHOBJIEHO 3BMYAlHi JJaMIIM PO3:KapoBaHHA abo cBiT/IomiomHi.
YoMy i AK yTBOPIOIOTHCA PiBHOKOJIIPHI curHaau cBiTsiodopa?

65. Yomy Ha TpaHCIIOPTi curHay HeGe3IeKy YepBOHOTO KOJIbopYy?

66. [lesaxi aBToMo006ii MaOTh JOJATKOBI MPOTHUTYMaHHI dapu »KOBTOrO KO-
abopy. YoMy Taki ¢apu OCBIiTIIOIOTH AOPOTY B TYMaHHY IOTORY?

67. Crpiuka, 1[0 Mae OpU JEHHOMY CBiT/Ii CBIiTJIO-CcHMHiI KOJIip, mpu CBiTJIi
CBiUOK 3maeThbcdA iHIIIOro Koabopy. AKuii el KoJip, yomy Tax?

68. Yomy i3 3emusri He6O 3HaeThcs OIAaKUTHUM, a 3 Micamna — yopHuUM?

69. YoMy XyqOKHUKYN ONUINYTH (hapbaMu TiJIbKU IIPU AEHHOMY OCBITJIEHHi?

70. YoMy CTOBI AMMY BiJ TJIil0UOro CyxXoro JHCTS Ha TeMHOMY TJi 3 Kpa-
iB 3maeThcA CHUHIM, a mocepeAwHi — MaiyKe OinmM, a Ha TJai cBiT/Ioro Heba —
SKOBTUM?

71. Ilig uac TpMBaJMX IIOCYX, BEJMKHUX JIICOBUX IIOXKEXK TOIIO B COHAUHI
oHi He60 — OinmyBaroro BigTiHKy. Yomy?

72. Yomy HeO0O Iicas OOy Mae OCOOJMBO UKCTHUI CHUHiN Koaip?

73. Yomy KymuacTi xmapwu, IO po3MileHi OJsmKue OO cIlocTepiraua, 3jaa-
I0ThbCcs OiiMMuU, a BigmajeHi — :KOBTyBaTUMU?

74. Ha oMy I'PYHTYEThCSA IPUKMETa: AKIINO OJMCKAaBKa MA€ YEPBOHYBATHUI
BiZITIHOK, TO I'po3a AajieKo, a AKIIOo BOoHA (ioseToBa, TO rpos3a GJIU3HLKO?

75. Yomy minarbaymu (apOyroTs y 6iai it yopHi Kombopu?

76. dx BOyMBae ocinHe 3a0apBJIEHHSA JIMCTA Ha MOTO TEMJIOBUH pekum?

77. Yomy B OijIbIIIOCTI AIIPOK XBicT Mae HabaraTo ACKpaBillIMEi KoOJip, Hixk
yce Tingo?

233

MpaBo ona 6e3onnaTHOro po3milleHHs NigpyYyHUKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITM i Hayku YkpaiHu http://mon.gov.ua/ Ta [HCTUTYT MoaepHi3aLii 3micTy ocBiTu https://imzo.gov.ua



PIBHYHI BAITAYI HABRKOJIO HAC

78. YoMy BHCOKO B ropax JIOJHHA 3acMarHe HIBupirie?

79. B ommoMy 3 HOCJiAiB IIicass TOro, K POCIHHMN PHCY IIiTHAJINCA HAL
IOBEPXHEI0 BOAM, iX MOCHIAJHN IOPOIIKOM JiroMiHodgopy. Ilpu mpomy Oyp’aHwH,
AK1 Oyau 1mix Bomoro, sarmuyau. IKa mpuumHa 1LOro siBuIrna?

80. [l 3axuWCTy HMOPTOBUX CIOPYZ BiJi MOPCHKHX XBUJIb aKBATOPii0 MOPTY
3aXUIIAI0OTh CYIIJILHOIO KaM’JHOIO CTiHOIO-MOJIOM. oMy He MOKHA OOMEIKu-
TUCA BCTAHOBJIEHHSAM TiJIbKM OKPEMHUX IIaJib, PO3MiJIeHMX IIPOMiKKaMMU, AKi
MOTJIMHAJY O eHeprilo MOPCHKUX XBUJbL?

81. V Bigpi HecyTh Bomy. SAKIIO BiApo IOUMHAE CUJIBHO PO3TOMIYBATHCS
i Boma BUILIECKYETHCS, TO OOCHUTh 3MIHHTH YacTOTy KPOKiB, IT00 Iie ABUIIE
mpunuHuiIoca. Yomy?

82. Kosu OuCKOBOIO NHUJIKOIO MNOYMHAIOTH IMUJIATH OIIKY, YYTU BUCOKUI
3BYK. ¥ Mipy TOro sSiKk MUJKAa BXOAUTDH Y MOIIKY, 3BYK 3HUKYETbCI. Jomy?

83. AK mosicHuTH, IIO0 3BYKU OPKECTPY, Pi3Hi 3a BHCOTOIO TOHM, HOXOLATH
0 cayxada OJHOYacHO?

84. J[Ins yoro cMHUYOK Ilepe] I'POI0 HATUPAIOTh KaHidoJriio?

85. Yomy imomi KaskaHu CcimaroTh HA T'OJIOBU JIOHei?

86. T'omoc wyTw Ha 3HAUHIN BifcTaHi, ajie caiB iHOAI posibpaTy He MOYKHA.
YuM 11e HOACHUTU?

87. fIka 3 MOpPCHLKUX iCTOT i 3aBAAKMN YOMY BifuyBa€e HAOJIMIKEHHS IITOPMY?

88. MeTegnK-KanyCTAHUK PoOUTL 9 ImoMaxiB KPHJI 3a CEeKYHAY, MKMiJb —
240, myxa — 330, 6mxona — 400, xomap — 600, Komap-ToBryHuuk — 800.
¥V Koro 3 HUX i YoMy 3BYK IIOJIBOTY HAHTHUXIIUH?

89. Tpick, 1110 JOXOIUTH A0 ByXa, KOJU PO3JaAMYIOTh CyXap, 3Ja€ThCA JeIBe
YYyTHUM. A KOJIM MU KyCAEMO CyXap, TPiCK IMepeTBOPIOETHCS y CIIPABMKHIl Typ-
Kit. HuM e mosACHIOETHCA?

90. ITosicHiTh, AK YTBOPIOETHCSA 3BYK y TPyOax IYXOBOI'O OPKECTPY.

91. Yomy B Jrici BasKKO Opi€HTyBaTHUCS 3a T'OJIOCOM?

92. Yomy Ha Gepesi Mops mocTpisu 3 KopabJuaiB uyTu BABiui Kparme?

93. JKabu — TBapuHU 3araJyioM APiOHi. 3a paxXyHOK YOT0 BOHUW BUAAIOTH TaKi
ryuHi 3ByKu?

94. YV npuponi € MeTeJUKH, TijJo AKHX YKPHUTE CIeI[iaJbHOI PEeUYOBUHOIO,
1[0 He BimOumBae yJIbTPa3BYKOBiI KommBaHHA. JIKY Iie Bimirpae poJb s Oesme-
KU MeTeauKa?

95. Jlrogu, AKi KUBYTH Ha OCTPoBi fIBa, MOXKYTh IepenbaunTy HaOJIMMKEeH-
HSI 3eMJIETPYCY, CIIOCTEPiraym 3a IepeadyacHoOi0 0SB0 OYTOHIB KOPOJIiBChKOI
mpuMyau («KBiTKHU 3eMieTpycy»). Is uum mos’sa3aHe 1ie mepeadaueHHsA?

96. fAxy poap Bimirpae xsicT y 600pa?

97. fAk mie pamioaKTWBHE BUIPOMiHIOBAHHSA Ha KHUBi opramismu?

98. IITo 3aCTOCOBYIOTH IJIA 3aXUCTY BiJ PagioaKTHUBHOT'O BUIPOMiHIOBAaHHS?

99. ITlo € mxepesioMm eHeprii 3ipok?

100. 3rigmo 3 TperiM 3aKOHOM MexXaHiKH, AKINO KiHb TArHe BO3a, TO Bi3
i3 TaKOI0 CaMOI0 CHJIOI0 TATHEe U KoHsd. YoMy caMe KiHb TATHe BO3a, a He Bis
KoHA?

101. JIrogmHa cTpubHYJIa 3 BEJIMKOTO MOTOPHOTO YOBHA Ha Oeper piuku. IIo
MOKHa CKas3aTH PO MIBUAKOCTI, AKi OTpuMMaJau YOBEH i Tijio Jionqmam?

102. Bimomo, 1mio Kilmka B MOMEHT MANiHHA 3aBiKINM HPU3EMJIOETHLCA Ha
Jganu. KU 3aK0H (PisMKM BOHA IIPU IILOMY BUKOPHCTOBYE?
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CJIOBHURK ®ISUYHUX TEPMIHIB

Axomoparnia — IpucTocyBaHHS OKa [0 YiTKOro 0adeHHS IpeAMeTiB, IO
posMillieHi Ha pisHiil BimcTaHi Big HBOTO.
AxTusHicTts (A) — ocHOBHA (pisMuHA BeJMUYMHA, L0 XapaKTepHU3ye pagioax-

N
TUBHE JKepeso: A = e

AKycTMKa — yuYeHHS HPO BUHUKHEHHS, IIOIIMPEHHS i COPUHAHATTA 3BYKO-
BUX XBUJIb.

Bucora Tomy Bu3HauaeThCA 4ACTOTOIO KOJMBAaHL. KOIMBaHHS BHCOKOI dac-
TOTHU CHIPUUMAIOTHCA AK 3BYKU BHUCOKOTO TOHY, KOJMBAHHA HU3BKOI YaCTOTU —
K 3BYKU HU3BKOT'O TOHY.

BigOouBaHHA cBiTIa — ABUINE, KOJHU CBITJIO IIaJla€ Ha IIOBEPXHIO SAKOTrO-He-
Oynb Tija i yacTuHA HOro BimOMBAETHCS BiJ ITOBEPXHI Ta MOIMUPIOETHCS Y IIPO-
CTODI.

I'omoBua onTuuHa Bick — mpsAMa, 10 IPOXOAUTEL Yepes3 LEeHTPU CHepUUHUX
IIOBEPXOHb, AKi OOMEXYIOTH JIiH3Y.

I'pasiramias — aBuile BCeCBiTHLOIO MPUTATAHHS TiJI.

1 rpeii HOpiBHIOE MOTJIMHYTIH 4031, IpU AKil ompoMiHeHi#l peuoBMHiI Macor
1 Kr mepemaeTbCsA eHepris Homisyiouoro BumpomimoBauasa 1 [Ixx; 1 I'p = 1 x/Kr.

I'yunicTh 3ByKYy BU3HAUAETHCA aMILIITYA0I0 KOJWBAHb Tija, IO 3BYYUTh.

Jsxepena ceiTia — Tina, AKi BUNIPOMIHIOIOTH CBiTJIO.

ducnepcia cBiTia — 3ajeKHICTH IMIBUAKOCTI CBiTJIa B PEUOBMHI Big yacToTu
MPOXO’KeHHS CBiT/Ia a00 MOBXKUHU XBUJIi.

JoB:kMHA XBHJi — BificTaHb MiK JBOMa HAWOGAMKUMMU TOUKAMU, AKi 3mili-
CHIOIOTH OJHAKOBi KOJIMBAHHA.

Hpyruii 3akon HploToHaA: cuia, IO Ji€ Ha Tijlo, BU3HAUAETHCA JOOYTKOM
MacH Tija i Ioro IPUCKOPEeHHs, HATaHOTO I[i€I0 CHUJIOHO.

ExpiBanenTHa mo3a — HOIVIMHYyTa 1034, MOMHOXKeHa Ha Koedimient K, mo
BimoOpaskae 34aTHICTh BUIIPOMiHIOBAHHSA IIEBHOTO TUITY YMHUTHU TiI0 HA TKAHU-
HU OpraHismy.

Excmosuiiiina mo3a — KiJTbKicHa XapaKTepUCTHKA Y- i PEHTTeHiBCbKOTO BU-
NIPOMiHIOBaHb, AKA I'PYHTYETHCS HaA iX MOHi3yIOUill Aii i BU3HAUaeTHCA cyMap-
HUM eJIEKTPUUYHUM 3apAJOM HOHIiB ONHOrO 3HaKa, YTBOPEHUX B OJUHUIIL Macu
OBiTpA.

EjxexTpomarHiTHa iHAYKIiA — SABUINe BUHUKHEHHS €JEKTPUYHOTO CTPYMY B
3aMKHYTOMY KOHTYPi, AKUI a00 HEPYXOMUH y 3MiHHOMY MATHITHOMY IIOJIi, a00
HEePEMIIIYEeThCA B MOCTIHHOMY MAarHiTHOMY IIOJIi Tak, II0 KiJabKicTh JriHiil mar-
HiTHOI iHAYKIIi1, IKi IIepeTUHAIOTE ILIOINY, OOMEKeHYy KOHTYPOM, 3MiHIOETHCS.

EaxexTpomarnitHe mojsie — ocobsimBa opma Mmarepii. Bowo icHye peasbHO,
TO6TO He3aseHO Bij HAC, BiJ HAIIMX 3HAHB IIPO HHOTO. MIOro MOKHA BHABUTHU
TiJIBKY 3a JOIIOMOT'OIO CIIeIiaJbHUX IPUJIAiB.

Enepria 38’a3Kky aapa — HaliMeHIle 3HaueHHA eHeprii, axa 3abesmeuye pos-
LIENIJIEHHA AApa Ha CKJIAJ0BI YACTUHKU.
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3akKoH BiZOMBaHHA cBiTJa: IpPOMiHB Nafauuii, MIPOMiHbL BimbuTuii i mep-
HNeHIUKYJIAP, IPOBeIeHN y TOUKY MaJiHHSA CBiTJ/Ia, JIeXKaTh B OOHIN IIJIOIWHI.
Kyt BimbuBanHs MpoMeHs JOPiBHIOE KYTy HMaJiHHS CBiTJIAa.

3aKOH BCECBITHHOTO TSKIiHHSA: cuJja T'paBiTAiiHOTO NPUTATAHHA OYIb-
AKUX JBOX YACTHHOK IPSMO IIPOIOPILifiHa JOOYTKY iX Mac i o60epHeHO IIPOoIop-
mifiHa KBagpary BimcraHi mixk Humun: F = G%.

r

3aKoH 3aJIOMJIEHHS CBiTJIa: mMajarouuil i 3aJOMJEHHWH NIPOMEHi JiesKaTh B
ONHIiN NIJOIIMHI 3 MepHEeHINKYJISIPOM, IPOBEACHUM OO MIJIOUIMHU IIOMiJY IBOX
CEepeoBUII] ¥ TOUKY IMAAiHHA CBiTJIA; 3aJI€2KHO BiJl TOrO, 3 IKOT'0O CepeqoBUINA B
sAKe MepeXOoAUuTh MPOMiHb, KYT 3aJIOMJIEHHS IIPOMeHsA MosKe OyTH OijabimumM abo
MEHIIINM 3a KyT IIaJiHHA.

3aKoH 30epeskeHHS iMOyJabCcy: TeOMeTpUYHA CyMa IMIyJbCiB TijJ, IO €
CKJIQJJOBUMMU 3aMKHYTOI CHUCTEMU, 3aJIUIIAETHCA CTAJOI0 IPU OyIb-IKUX B3a-
eMofiAx Tixa 1miel cucremMu MisK coboro.

3aKOH NMPAMOJIIHIHHOTr0 MOIIMPEHHS CBIiTJIA: CBIT/IO B OSHOPiAHOMY OITHY-
HOMY CEPEJOBUIIi MOITUPIOETHCA ITPSIMOJIiHIAHO.

3aJIoMJIeHHA CBiTJIa — 3MiHa HANIPAMKY HOIIMPEHHS CBiT/Ia IIpU HOTO IIepe-
XOMi uepes3 MeKi momijly ABOX ONTHUYHO IPO30PUX CEPEIOBUIII.

30upaapHa JiH3a — JiH3a, AKa CBiTVIIOBI IpomeHi, [0 mamaloTh Ha Hel
mapaJjieJibHO ii ToJIOBHiM omTuuHiil oci, micaa sajioMmJaeHHsA 30mpae Ha IIiii oci
B OJHY TOUKY.

3BYK — ITe MeXaHiUHi KOJMBaHHA OYIb-AKOI YaCTOTHU B MIPY:KHOMY CEPEIOBHUIITI.

3o00paskeHHs MpeaMeTa — Ie BiTBOPeHHs BUAY, (opMHU i KOJIbOPY IpeaMeTa
CBITJIOBUMM ITPOMEHSMM, III0 IIPOUIILIN Yepe3 OINTUUYHY CHUCTeMYy JiH3, AKi Ma-
IOTh OfHY 3arajibHy ONTUYHY BiCh.

Izoronmu — pisHOBuUAM aToMiB XiMiuHOTO ejleMeHTa, AApa SAKUX MICTATH
OIHAKOBY KiJILKiCThL IIPOTOHIB i HEOOZHAKOBE UMCJIO HEHATPOHIB.

IMmnyasc cuam — BeKTOpHA (isuuHa BeJIMUMHA, KA XapaKTepUsye Mil0 CUIU
3a MeBHUM iHTepBaJ yacy.

Imnynbe Tia — BeKTOpHA (hidwuHa BeJIWUYMHA, AKA XapaKTepUs3ye PyX i BU-
3HAUYAETLCS JOOYTKOM MacH TiJjia Ta Horo IIBUIKOCTI.

IHAYKIiAHUEA CTPYM — eJeKTPUUYHHUI CTPyM, II[0 BUHUKAE y MIPOBiIHOMY
KOHTYpPi HpM 3MiHiI Mar"iTHOro moJIis uepes3 Ieil KOHTYP YHACJIIIOK sBHUIIA
eJIeKTPOMAaTrHiTHOI iHAYKITil.

InepuiaapHi cumcTreMu BigJdiKy — cucTeMu BifJiKy, V AKMX BUKOHYETBHCS
nepmuii 3akoH HpioToHA.

Inepuia — sBuie 30epesKeHHA IMIBUIKOCTI Tija 3a BifCyTHOCTI mii HA HHOTO
iHmuX TiJjI.

IndpasByk — KOTUBaHHA, YACTOTA AKWX MEHINA 3a HAWHUIKUY YACTOTY 3BY-
KOBHUX KOJIMBaHb, TOOTO MeHIIa 3a 16 I'i.

Honisyroue BunpoMiHIOBaHHA — BUIIPOMIHIOBAHHS, AKe IiJ 4ac B3a€MOMil
3 PEUOBMHOIO CIPUUYMHSIE HOHi3aIlil0 CKJIaJ0BUX HOT0 aTOMiB i MOJIeKyJI, TOOTO
IIepeTBOPIOE HENTPAJIBHI aToMMy ab0 MOJIEKYJIM Ha HOHU.

Kopona Conuga — uacTrHa posxapeHOl COHAYHOI aTMochepH.
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Jlanumrorosi agepHi peakuii — axepHi peakiii, mij yac AKUX YaCTHUHKH, 1[0
iX COPUYMHIOIOTH, YTBOPIOIOTHCA AK IIPOAYKTHU ITUX PEaKIii.

Jlinza — mposope Tijo, oOMeKeHe ABOMA ONMYKJIUMU ab0 BrHYTHUMU IIPO30-
pUMU HOBEPXHAMH, AKi 3aJOMJIOIOTH IPOMEHi CBiTJIA.

Jlinii marmiTHoro moJssa (Mar"iTHi JiHil) Marmity — ysaBHiI 3aMKHeHi JiHii,
AKi BUXOZATH 3 MiBHIUYHOTO IIOJIIOCA MATHITY 1 BXOAATH Y HiBAeHHUM, 3aMUKa-
I0YNCh yCcepeanHi MarHiry.

Jlinii MarmiTHoOro moJaa cTpymMy — 3aMKHeHi JiHii, AKi oTOUyIOTH IIPOBiA-
HUK 3i cTpyMoOM.

Jlynma — onTuYHUN TpUJIAL, 1110 € 30MPaJILHOIO JIIH3010, BJKMBAHOIO IJIA PO3-
TIIAAY OpiOHUX JeTaJjieii, MOTaHO MOMITHUX HEO30POEHUM OKOM.

Marnir — Tino, sxe Mae MargiTHi BIacTHBOCTI.

MarniTHa Oypda — 3MiHa MarHiTHoOro moJs 3eMJii, I0 BUHUKAE B Iepiogun
HiIBUINEHOI COHSIYHOI aKTUBHOCTI.

Mikpockon — ONTUYHHUI IIPUJAL IJS PO3TIATaHHS APiOHUX IpeIMeTiB Ta
iX zmeraJiei.

MysuuHMii TOH, a60 TPOCTO TOH, — 3BYK, CTBOPEHUH TijoM, IIT0 TapMOHiHHO
KOJINBAEThCA.

Hyxnaigu — agpa atomis.
HykIoHM — YacTHMHKH, AKi BXOJATH IO CKJIALy aTOMHOI'O Spa.

Onrurga — yueHHS IpO CBiTJIO i CBiTIIOBi ABHUINA.

Ilepiox miBposmaay — inTepBay yacy, 3a AKUI BUXiJHE YMCIO PaJiOaAKTHUB-
HUX d0ep Y cepeIJHbOMY 3MEHIITYEThCA BABiUi.

Ilepmuii 3axkon HeloTOHA: icCHYIOTH TaKi cmcTeMu BiZJIiKy, BiZTHOCHO SKUX
TiJIO, 0 PyXa€eThCA MOCTYIIAaJbHO, 30epirae cBOI ITBUAKICTH CTAJOI0, AKIIO Ha
HBOT'O He HiloTh iHImi Tija (abo mii iHIIMX TiJI KOMIOEHCYIOTHC).

IIiBTiHp — YAaCTKOBO OCBiTJIEHWII IPOCTip, IO YTBOPIOETHCA HABKOJIO TiHi Ha
eKpaHi.

IloBHe BHYTpillHE BimOMBAHHA — SBUINE, KOJU IIPOMEHi CBiT/Ia He BUXO-
ISTh i3 cepemoBHINA i IIOBHICTIO BilOMBAIOTHCS BCEPEAUHY.

Ilornunyra mo3a BumpoMminHoBaHHA (D) — BigHOIIEHHA NOIMIMHYTOI X03U
emeprii £ go macu m ompoMiHeHOi peuoBuHU: D = —.

m

ITogin aroMHuUX AAEep — OCOOJIMBUU BUI SAEPHUX PeaKIiil, KOJIU SAPO BaK-
KOT'0 eJjIeMeHTa MiJUThCSI Ha [Bi YaCTWHU, OMHOYACHO BUITPOMIiHIOIOUM IBA-TPU
HeUTPOHU, Y-BUNIPOMIiHIOBAHHSA i 3HAUHY KiJbKicTh eHeprii.

Ilo3moBskHI XBMIi — XBUIi, Vv AKUX YACTUHKM KOJHMBAIOTCS B3JOBX HAa-
OPAMKY TOIIMPEHHS XBUJII.

IToxiocu mMarHiTy — Micild MarHiTy, Je MarHiTHA [ifA BUSBJIAETHLCSI Haii-
CUJIBHIIIIOO.

Ilomepeuni xBuJai — XBWJIi, y AKUX YACTUHKMU KOJIMBAIOTCA B HANPAMKY,
MEePHEeHINKYJIAPHOMY [0 HANIPAMKY iX HOITWPEeHHH.

IIpaBuso JiBOI pyKM: SIKIIIO JOJIOHIO JIiBOI PYKH PO3MICTUTH TaK, IOO6 UO-
TUPU BUIIPAMJIEH] IaJbIli BKa3yBaJd HAIIPAMOK CTPYMYy B IIPOBiIHUKY, a JIiHil

237

MpaBo ona 6e3onnaTHOro po3milleHHs NigpyYyHUKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITM i Hayku YkpaiHu http://mon.gov.ua/ Ta [HCTUTYT MogepHi3aLii 3micTy ocBiTu https://imzo.gov.ua



CJIOBHHEK PISBHYHHX TEPMIHIB

MAaTrHITHOTO IOJIS BXOAWJIX B JOJIOHIO, TO BiflBeIeHMI IiJ IPAMMUM KYTOM BeJIH-
KUH IMajiellbh yKake HaIIPSIMOK cuiu AMiepa, 110 Ji€ Ha IIPOBITHUK 3i CTPyMOM.
IIpaBuio mpaBoi PyKH: SIKIIIO JOJIOHIO IIPAaBOi PYKU PO3MICTUTH Tak, 1100 y
Hel BXOAMJIM JiHiII MargiTHOro ImoJjs, a BigBeNeHUH HiJ IPAMUM KYTOM BeJN-
KUH maJjiellp YKa3yBaB HANPAMOK PYXy IIPOBIIHWKA, TO BUIPAMJIEHI YOTHUPU
HaJblli PYKU BU3HAUATh HANPSIMOK iHIYKIIITHOTO CTPYMY B IIPOBiIHUKY.

IIpaBuio cBepadMKa: SKIIO0 HANPAMOK IIOCTYIAJbHOTO PYXy CBepAJHKA
36iraeTbCcs 3 HAIIPAMKOM CTPYMY, TO HAIIPAMOK OOepTaHHSA PYUYKHU CBepAJIHUKA
30iraeTncs 3 HAIPAMKOM MATHITHUX JIiHiH.

IIpuiimaui cBiTia — Tisa, ¥yTamBi 10 cBiTIA.

IIpuckopeHHAM Tijla B 0T0 PiBHONIPUCKOPEHOMY IIPAMOJiHIHHOMY pyci Ha-
3UBAIOTh BEKTOPHY (hidMUHY BeJIMUNHY, IO XapaKTEepU3ye 3MiHY HIBUIKOCTI 3a
ONWHUIIIO YACYy i BU3HAUAETHCS BiMHOIIEHHAM 3MiHU IIIBUAKOCTI pyxXy Tija mo
AU
At’

IIpominb cBiTIHA — JiHiA, Y3H0BMXK AKOI IMOIUPIOETHCS CBITJIO.

iHTepBaJIy yacy, IPOTATOM SKOrO I 3MiHa BimOysacsa: @ =

1 pam — mosa, npu AKiil ompoMiHeHi# peuoBuHi Maco B 1 Kr IepemaeTbca
enepris 1072 1.

PagioaKTUBHICTH — SABHUINE CIOHTAHHOTO (CAMOYMHHOTO) IIEPETBOPEHHS He-
CTiMKUX sAJep OSHOTO eJIEMEHTA B AApa iHIIIOT0 eJIEMeHTa, AKe CYIPOBOIKYETh-
cs BUIIPOMIiHIOBAHHAM Pi3HUX YACTUHOK i eJJeKTPOMATHITHUX XBUJb.

PeakTuBHMII pyX — pPyX, AKUHM BUHUKAE OPU BiamijgenuHi Bim Tima mearoi
MOro 4aCTUHU 3 IIEBHOIO IMIBUIKICTIO.

1 peHTreH — TaKa €KCIIO3UIliliHA 034 PEHTTEeHiBCLKOTO UM Y-BUIIPOMiHIO-
BaHHA, IPpu AKi# B 1 e’ cyxoro mositpsa (1,29 - 10°¢ kr) mpu 0 °C i Tucky
760 MM pPT. CT. YTBOPIOIOTHCS HOHU, AKI MalOTh 3apA] KOXKHOI'O 3HAKAa, IO J0-
pirioe 3,34 - 10 K.

PenTreniBcbke BHUNPOMIHIOBaHHA — KOPOTKOXBUJIBOBE €JEKTPOMATHITHE
BUIIPOMIiHIOBaHHSA 3 HoByKMHOI xBuJi Bigx 10 um mo 0,01 am. B erexTpomaruir-
HOMY CHEKTpi AiamasoH YacTOT PEHTTeHiBCHKOT'O BHIIPOMIiHIOBAHHS PO3MiIle-
HUM Mix yabTpadioseToM Ta y-IIPOMEHAMMU.

PiBHompuckopenuisi pyx — pyx Tina, mig wac AKoro Horo IIBHUIAKICTH 3a
OyIb-AKi piBHI iHTepBasu yacy 3MiHIOETLCS OTHAKOBO.

Po3sciroBaabHa JiH3a — JIiH3a, AKa CBITJIOBI IIPOMeEHi, ITI0 ImagaioTh Ha Hei ma-
paJjesbHO ii TOJIOBHINM ONTHUYHIN OCi, ITic/Is 3aI0MJIEHHS Bimxwiise Binm 1miei oci.

Teneckon — onTuuHNil Hpuiaj] IJA ACTPOHOMIUHMX JOCITIIMKEHL KOCMid-
HIX 00’€KTiB.

TepmosamepHi peakmii — peakilii cuHTesdy (3JIUTTS) JErKUX SAep 3a AYKe
BUCOKOI TeMIIepaTypH.

Tiap — yacTmHaA IPOCTOPY 3a HEIIPO30OPUM MOPEIMETOM, KyIOUW He IIPOHUKAE
cBiTJIO.

ToukoBe aikepesio cBiTIA — AKepeso CBiTJia, po3aMipu AKOro HabaraTto MeH-
IIi 3a BifcTaHB Bif A)KepeJia CBiTJIa OO eKpaHa.

Tperiii 3akon HeloTOHA: cuan, 3 AKUMU AKi-HeOyAb ABa Tija OilOTH OOHE
Ha oJHe, 3aBiKIM PiBHi 3a 3HAUEHHAM, ajie IPOTUJIEKHI 3a HAIIPAMKOM.
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Y apTpasByKk — KOJIMBAaHHA, YaCTOTA AKUX OiJbIa 3a HAWBUIILY YaCTOTY
3BYKOBUMX KOJIMBaHb, TOOTO Gisbima 3a 20 000 TI'ix.

@Da3zu Micana — pisHi @opmu Bugumoi i3 3emui wactuan Micand.

depoMarHeTMKM — PEUYOBUHU, AKi 3HAYHO IIiICHUJIIOIOTH 30BHIIITHE MarHiTHE
noJjie (y COTHiI I TucAYi pasis).

doxyc — TOUKa HA T'OJIOBHiI OOTUYHIN oci, Je 30uparoThCcsA CBITJIOBI mpoMe-
Hi (260 IX IPOJOBKEHHS), CIPSIMOBAHI Ha JIIH3Y IIapaJjebHO I'OJIOBHIill OITHY-
Hil oci.

dokycHa BigcTaHb JiH3U — BifIcTaHb Biff (DOKyca IO ONTHUYHOTO IIEHTPA JIiH3U.

dorToamapar — ONTMYHMWI OPUJIaL, 3a OOIOMOIOI0 SKOr0 Ha ITM(MPOBOMY
npuctpoi, ¢oromaiBii, dorommactuHi, Goromamepi OoTPUMYIOTHL 300pa’KeHHS
nmpeaMera.

XBuia — mpolec NOIIMPeHHS KOJUBAaHb y OyAb-SKOMY cepefoBUIlli. XBu-
J — IIe 3MiHa CTaHy CepeloBHUINA, AKa IOIINPIOETHCSI B IPOCTOPi I HepeHo-
CUTBH eHeprilo.

IllsuakicTe pamioakTMBHOrO posmany, a60 AKTHBHICTH PagioaKTHBHOIO
mpemapary, — YKCJIO PO3MAaMiB, IO BiOYBAIOTHCSA 3a OMUWHUIIO Yacy.

IIxana exeKTpPOMATrHITHHUX XBHJIb — Oe3lepepBHA IIOCJiJOBHICTH YacCTOT
i IOBXKMH XBUJIb €JIEKTPOMATHITHIX BUIIPOMiHIOBAHL.

IIlym — cyKymHiCTH KOMMBaHBb PiBHUX YACTOT.

fAnepna emepreruxa — 3milficHIOBaHe y IPOMUCJIOBHX MAacIITadax IIepeTBO-
peHHA AmepHOi eHeprii B iHmIi Buau (MexaHiuHY, eJIEKTPUYHY TOIIO), AKi BU-
KOPHCTOBYIOTH [AJIS BUPOOHMUYMX i MOOYTOBUX IOTPEO.

SAnepuumit peakTop — IpHCTPiil, V AKOMY Bif0OyBa€ThbCs KepoBaHa JIAHITIO-
ToBa peakKIlis, IO CYNIPOBOIKYETHCA BUAIJICHHAM €Heprii.

AnepHi manmoroBi peakuii — AxepHi peakirii, mig yac SKUX YaCTHUHKH, IO
iX CIPUUYUHIOIOTH, YTBOPIOIOTLCA K IIPOAYKTHU IMUX PEeaKI[ii.

AnpepHi peakiii — 3MiHa aTOMHUX sA7ep y pe3yJbTaTi iX B3aeMogii 3 ejleMeH-
TapHUMM YacTHHKaAMHB abo Mix coboro.

AngepHi cuam — cuau, AKi yTPUMYIOTH YACTUHKHU B SAPi.

239

MpaBo ona 6e3onnaTHOro po3milleHHs NigpyYyHUKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITM i Hayku YkpaiHu http://mon.gov.ua/ Ta [HCTUTYT MogepHi3aLii 3micTy ocBiTu https://imzo.gov.ua



BIJIIIOBIII 1O 3AJIAY I BIIPAB

1. B) 3awizo (IIBAX, CKPillKa, TBUHT); €) CTAJeBUHN MUPKYJb. 2. BynyTs mpu-
TATyBaTUCA OOWH OO0 omHoro. 4. 1A copTyBaHHA MATHITHMX 1 HeMarHiTHHUX
npeameris. 6. Hi. 9. Toakum HaMarmiuyioTbCcs i B3a€MOIiIOTh OTHAKOBUMU
noatocamu. 13. Tpimunau € momocamu. 14. 11106 Kopiryc He BILIMBaB Ha IIOKa3u
MmaruiTHOI cTpinku. 17. 3a gomomoroio maruity. 18. Tax. 20. 3a momomoro:o
marwuiris. 21. Byzne o6epratucs. 25. IIpotu roguHHUKOBOI cTpinaku. 27. Tomy
[0 KOTyIIKa Mae Oinbire BuTkKiB. 31. Bimbymocs mepemMarHiueHHsS BaHTAMKY.
34. Y mpasiit — mo Hac, y JiBiit — Big mac. 37. Bixg mac. 39. 3;1iBa — miBgeHHui,
cupaBa — miBHiunmii. 42. Crep:xxenp Oyne xoJsmBarucsa. 43. Maua. 108 — mpu-
imau cBitia; maj. 109 — mkepeso cBiTiia. 44. I[:xepeso JIiBOPYyY € TOUKOBUM.
47. Ha mau. 113, a — yacTKoBe 3areMHeHHsa Micsans; ma maJua. 113, 6 — mos-
He saremHeHHa Micamsa. 50. IIlo6 BorHu He «3acBituaucsa». 53. €guna Jamia
BHUCTYIIA€ B POJIi TOUKOBOTO m:kepeia. 56. BepxHiii pAg — moBHe 3aTeMHEHHS
CoHIls; HMMKHIN pAnx — uvacTKoBe 3aTeMHeHHs Conma. 62. Tomy 1o asepka-
Jla MailoTh BUKPUBJeHi moBepxHi. 64. Tomuua nzepkasa. 66. Hi. 67. Poacis-
He. 72. IlepreHAMKYJISPHO O IOBEPXHi azepkaJsa. 73. 45° 75. Mowxke. 77. Ile
MMOSCHIOETHCA 3aJIOMJIEHHAM CcBiTioBux mpomeHiB. 80. fBuirie moBHOTO Bin-
ouBauHA cBiTyia. 84. Ile NmOACHIOETHCS 3aJIOMJIEHHAM i1 BigOWBaHHAM CBiTia.
87. B, B, A. 90. Yopuo-6ime. 91. Tax. 95. Ha Micamni nemae armocdepmu.
100. Yopuoro. 105. 3axBopOBaHHAM, sgKe Mae HasBy gaabToHisM. 109. Mox-
Ha. 111. 36upanpry. 117. Mixk dorxycom i moppitimum ¢dorycom. 120. Tax.
121. ¥V 600 pasis. 123. KopoTkosopicts. 128. ®doroamapar. 132. 0,5 ¢; 2 I'm.
133. 8 m. 134. 20 m/c. 135. 4 c. 138. Buraruyroi ¢opmu. 141. 0,5 c¢; 2 T'm.
142, Tak. 145. Myxu; 1/330 c; 1/2 c. 146. 48,8 c; 3 c. 147. Hi. 149. Iudpa-
3ByKiB; 1/9 c. 151. 2175 m. 155. Hi. 158. Komap. 164. 3ByK IOMINPIOETHCS
noBisbHiIe, HixK cBiTio. 171. Bouu BiguyBaioTh indgpassyku. 177. 0,54 - 10% m
179. Hi. 183. 3aBmaku iioro mgociaimam Imomo OymoBu atoma. 189. 0,5 rog.
193. CBuHensr HaMKpallle MOTJIMHAE BCi BUAM BUIpoMiHIOBaHHA. 195. ¥V IHi-
nponeTpoBcbKiii i KipoBorpazacekiit obmactax. 202. Ha 2 m/c. 203 IIpucko-
peno. 204. Crnosinbaeno. 206. r); ). 207 vy =10 m/c; a = 6 M/c v, =-10 +
+ 6¢, m/c. 208. v, = 3 m/c; a =1 M/c 209.1 - plBHOMlpHI/II/I a; = 0; II — pis-
HOTIPHCKOpeHuit, a, = 2 mM/c’; At = 5 ¢; x, = 10t, M; x, = t°, m. 210. 90 cm.
211. 3a gpyry cexyuny. 212. Yepes 50 c. 213. v = 6 M/c, v, = 3 Mm/c.
214. UO = 3 m/c; v; = 8 m/c. 215. AB — piBHOIpDUCKOpeHHUH, a = 3 M/C2,
v, = 12 m/c, v = 18 m/c; BC - piBHOMipHI/II‘/’I, a =0, vy = 18 m/c.
216.a,,=1 M/c 3 0,9=0;a,5=-1,5 M/c 217. PlBHOHpHCKOpeHI/II/I, piBHOMIp-
Hui; 3 ¢; 5 ¢; 24 m; 40 m. 220. 34,3 m. 224. 3,33 m/c’. 225. 158 c. 226. IIix
yac piBHOMIPHOTO PyXy — rOPM30HAJbHO; MIPUCKOPEHOTO ¥ CIIOBiJILHEHOTO PYXY
norsAra — mix kyrom. 227. 40 m/c?. 228. 25 1. 229. 5 m/c. 230. 2500 kr; 90 M.
231. 0,5 m/c?; 10 c. 232. 0,6 m. 233. 5 kr. 234. Hi. 237. 250 H. 238. 20 r.
243. 1 km/c®. 244. 1,2 m/c?. 246. 0,6 H. 247. 123 kH. 249. 3,5 m/c?. 250. 25 H.
251. 42,3 xm/rox. 252. 6 kH; 50 c; 375 m. 257. 10 kr - m/c. 258.a) 3 - 10* kr -M/c;
6) 6 - 10* xr - m/c. 259. 0,9 m/c. 260. 0,3 m/c. 261. 5,5 m/c. 262. 5 KT - Mm/c.
263. 4,7 m/c. 265. 0,2 kr - m/c; 2 H. 266. 2 - 10* kr - m/c; 1000 kr. 267. 3,4 c.
268. 4 kr. 269. 30 m/c. 270. 5 m/c. 271. 400 m/c. 272. 20 000 1. 273. 0,5 m/c.
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BIQIOBIII JO 3AAY I BIIPAB

BigmoBixi mo pyopuku
«IIlo a1 3Ha¥O i BMir0O poOuTH»

Poznmin 1

2. EnextpoaBuryH. 5. [[pyruii mpoBia 3aminioe pama Bemocurmena. 6. Ejiex-
tpomarHit. 11. Ilorpi6HO BuMKopucratm MmarHit. 12. 1106 Kopmyc cyaHa He
BILJIMBAaB Ha PoOOTY IPMJIALIB AJIA HOCHiIKEeHHS MATHITHOIO IOJIs SeMJIi.

Posgin 2

3. Poamipu xjommsa i fioro 3o00pakeHHA omHakKoBi. 6. PoskiamaeThcsa Ha
7 xoabopis. 7. KosbopoBy JaiHito. 8. 3abapsiieHumu.

Posmiax 3

1. 3a Burisagom xBuJjb. 2. Koau sakpinuTu Ha AMUKY pe3oHaTopa. 3. 3BYK
YacTKOBO moryinHaeThbeda. 9. 1435 m/c. 10. 0,0068 m. 12. 2 - 10° m.

Posngin 4

3. B-uacTuHKHU. 5. 7 - 108 pokis. 7. Tak. 10. Cinp. 11. IlosuTusHUi a6o He-
raTUBHUM HMOH.

Posgia 5

1. 3,3 m/c% 7. 1,3 m/c® 9. 200 1. 10. Komap — 7 - 10°® xr - m/c; enex-
TpoH — 7,3 - 10723 kr -M/c; BOBK — 666,4 kr - M/c; sonquHa — 98 KU - M/C; KUT —
1,7 - 10° kr - M/c; aBTOMOOiNE — 6,5 - 10* kr - M/c; pakera — 7 - 107 kr - M/c;
11. 6,841 - 10'° IIx.

Bigmosini mo pyopuxu
«®DizuuHi 3agaui HABKOJO Hac»

1. Ins spyuHocTi pobotu 3 npioHumMu getranasmu. 4. Maruitae mose 3eMi.
6. Ilisgennwnii. 9. Crpinka Oyme BigxuaaTucA y npoTujaexkuuii 6ixk. 13. Mopchk-
Ka. 22. Hacrae «monspHa ciaimora». 26. KpanawHu BHCTYMaiOTh y pOJIi JIiH3,
AKi (oxycyroThb cBiTioBi mpomeni. 29. IlogmBuTncsa Ha Oyab-AKi IIpegMeriH.
36. OgnakoBo, aJyie Kparie 6e3 oxkyxasapiB. 37. Hi. 47. Hi. 54. Ile#r komip —
Habip 0araTbox DiBHUX MOBKWH XBUJb. 57. BecenkoBy cMmykKy. 58. Bepx —
(dioneroBuii, HMKHiINT — uepBoHUi. 59. Hopuum. 63. Yopaumu. 87. Mexgysa.
Bona mae «curmaJjizaTop mIiTopmMy» — opraH, 1o cupuiiMae iHgpasByKHU, AKi
YTBOPIOIOTHCA XBUJIAMU. YUeHI CKOHCTPYIOBAJNU «BYXO Menmysus». lleil mpuian
nependauae HaOAMMKeHHs mTopmy 3a 15 roguu. 88. Komapa-ToBkyHunka. Bu-
COTa TOHY 3aJIEKUTh BiJl YacTOTH KOJUBaHHSA i mpomopiritina iin. 89. 3ByK, 110
VTBOPIOETLCA IIiJI Yac PO3JIaMyBaHHS cyxaps, AOCSArae Byxa uepes IOBIiTpa i
cupuiiMaeTbcsaA AK Caa0OKuii TpicK, a IIig uac BigKyIIyBaHHA — uepes KicTKu
yepena, AKi € TBepAUM i IPYKHUM CepemoBUINEM, II0 J0Ope HPOBOAUTL i Mia-
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BIQIOBIII O 3AAY I BIIPAB

cujioe 3ByK. TomMy Tpick cyxaps, AKUN BiIKYIIIyeTe, CIPUUMAETHCA AK OYiKe
cunbHHUil 3ByK. 91. VHacximok O6araropas3oBoro BigOMBaHHA 3BYKY Bill IepeB
Ba’KKO BM3HAUUTH HAMPAMOK (e 3HaXOAUTHCS IKepeJsio 3BYKY) IO IKepesia
3ByKY. 92. 3BYK IIBHUJIIE IOMINPIOETHCA V BOAi, HijK Yy IOBITPi, TOMY CHOYATKY
MOXKHA IOYYTH 3BYK THOCTPiJIy, III0 AiAIIOB 0 JIOAWUHU BOJOI0, & MOTIiM 3BYK,
1o mifimmos moBiTpam. 93. Ilpuctpoem, sxuii y 6araro pasiB HiJCHUJIIOE 3BYK,
TOOTO BUKOHYE POJIb PE30HATOPHOrO AIUKA, € rojocoBi mimxu. 94. IIlo6 He
cTaTu 3400MUYI0 KasKaHa, IKWUH IOJI0E, BUKOPUCTOBYIOUN YJIBTPA3BYK: 0 Ka-
JKaHa He Jilifle BiAJIYHHSA HaJicJaHUX HUM PO3BillyBaJIbHUX CHUT'HAJIB i BiH He
BUSBUTH 00’c¢KTa mosioBaHHs. 95. IlepenuacHe IBITIHHA «KBITKM 3eMJIETPYCY»
BUKJINKAIOTh BHCOKOYACTOTHI YJIBTPA3BYKOBiI KOJIMBAHHSA, AKi, AK IIPaBUJIO,
MepeayoTh 3eMJIETPYCY i BUBEPIKEeHHIO BYJKAaHA: BOHU CTUMYJIIOIOTh OOMiH pe-
YOBHMH y POCJHH i CTBOPIOIOTH Kpallli ymMoBu pocTty. 96. XBicT y 600pa BUKOHYE
ynMaJjio QyHkiiii. Ogmiero 3 HUX € curHaJjisailisa mpo mebesmneKy (0’e XBocTOM
0 IOBEPXHi BoAM, CcTBOpIoouM 3ByKoBuii curuaja tpusoru. 100. I Kiub, i Bis
IOJATKOBO B3a€EMOMIIOTEH i3 3eMJjero, ajie KiHb CTaBUTh HOT'M IiJ TOCTPUM KY-
TOM 10 ITOBepxHi mepeminternusd. [Ipu 1iboMy BUHMKAE CKJIAMOBA CUJIM PeaKIrii,
1o HampsaMmJieHa B 0ik mepemimmenud. 101. IIIBuakocTi yoBHA i JIIOAMHYN IPOTHU-
JIe}KHI 3a HAIIPAMKOM i pisui 3a s3HaueHHAM. IIIBUAKiICTL PyXy YOBHA MEHIIIA 3a
IMIBUIKICTD PyXy JIIOAUHHU, OCKiIBbKH Horo maca Oisbia. 102. 3axoH 30epeskeH-
HA KiJIBKOCTI pyXy.
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MNPEIMETHO-IMEHHUH IMTOKAKYNK

A

Axomoparia 88

AxTuBHicTh 142

Axyctuka 102-103

Amnep Andpe Mapi 15

Apazo Ppancya 19

Amkxkincon Pobepm 161

ArowmHi enmexkrpocraniii (AEC) 155
Axiesep Oaexcandp Ianiu 165

b

Bexkrepenv Aupi 137
Bexxepenp 142

Bean 106

Bean Oaexcaudp I'peitam 106
Bop Hinve 130

B

Banvmep Anmon Kapaosuu 164
Beuysexkep Kapa 161

Becenka 70

Bsaemogia maruitis 8

Bucora Tony 3ByKy 108
Bi6patop I'epmia 114

Big6usauusa csitiia 58—59
Binpue maginua tin 188

BiTposi enekrpocraniii (BEC) 38
BiacTuBocTi e1eKTpoMaruiTHUX XBUJIb
115-116

Byxo 102

r

T'amos I'eopeziit 161

I'an Ommo 153

T'eiizep I'anc 130

TI'eiizenobepz Bepuep Kapa 134
TenioenmexTpocraniii (I'erioEC) 38
TenepaTopu iHAYKIIiiHOTO cTpyMy 37
T'epy I'enpix 114

T'eorepmasibHi eseKTpOCTAHITiT
(reoTEC) 38

Tinpoenextpocraunii (FEC) 38
Tinvbepm Biavam 9

T'imoresa Ammepa 15-16

TomoBHa onTuyHa Bick 77
TomoBHUi oryc miHsm 77
I'oymepmanc Ppidpix 161

TI'pasiramiiina Bsaemozgisa 183
I'pasiraiiiina crama 184
T'pasiramia 183

I'padiku piBHOIPUCKOPEHOTO PYXY
170-172

T'peii 142

I'yx Pobepm 190

T'yunicts 3ByKy 106

A
Hanexosopicts 89
Hemuben 106-107
Ixepena cBitaa 47
Isepxano miaocke 61
Hucnepcia ceitaa 70-71
Hos:xuua xBuai 99, 115
Hosumerp 147
Homenu 15—-16
Hoika oroJomiens 120

E

Eddinemon Apmyp 160
ExBiBanenTHa mosa 143
Excmnosuriiina gosa 143
EnexTpuuHuii 1BUTYyH (eJeKTPOABUTYH)
26

EnexkrpoBumiproBanbui npuiaagu 28
EnxexTpomarsit 19-22
EnekrpomaruiTHa ingykiia 34
EnexkrpomaruiTae moje 114
Enexrponna momra 120

Enepris 3B’a3ky agpa 134

Epcmed I'anc Kpicmian 11, 32

i LS
Jonio-Kiopi @Ppedepix 155

3

3aKoH BimOuBaHHA cBiTia 59

— BcecBiTHBOrO TsxKimHA 183

— 3aJIOMJIeHHSA cBiTya 65

— 30eperkeHHA 3apany 211

— 3bepeskeHHA immyabcy 196, 210
— 3bepesxerHHsa macu 211

— 30eperKeHHs IIOBHOI MeXaHiuHOoi
eHeprii 207

— Hyiorona apyruii 178-179
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MIPEIMETHO-IMEHHUH ITOKAJKIUK

— Hyiorona mepimuit 177

— HproTona Tperiit 179

— pazgioaxkTuBHOTO posmaxy 140
3asmomyeHHA cBiTa 66
3amkuyTa cucrema 196
3aremueHHA 53—54

36upanbHa JiHza 78
3o0pakennsa npeamera 60—61

I

Ieanenxo Jmumpo Imumposuy 134, 163
Isoronu 135

Immysnbe Tima 195-196
Iagykuia margiTHoro moas 14
Imepia 177

ImepuianpHi cucTemMu BimIiKy
177-178

Ingykuifiauii ctpym 35
Iarepuer 120
IarepHer-Tesmedonia 121
Iadppassyk 109

K

Kameprou 106

KonaexTop 26

KomekropHuii erekTpoaBurys 26
Koaip 72-74

Kommnac 9

Kopoua Couinga 54
KopoTtkosopicts 89

Kypuamos Izop Bacuavosuy 155
Kyt BigobuBanus 60

Kyt maginaa 60

Kropi 142

Kiopi IT’ep 138

JI

Jlanday Jlee Jasudosuu 165
Jlanmiorosa spepHa peakitia 154
Jlamuuwes I'eopziii [Imumposuy 164
Jle6edes Onerxcandp Onexciitosuy 130
Jeiinyucovruit Onexcandp Ianiv 164
Jlenapd Pinin 130

Jlimsza 77

Jlimii maruiTaoro moaa 8, 12

Jlyma 84

JliominmecneHnTHi mxepesia cBitiaa 47

M

Maruetusm 5
Marwuir 5

Maruitaa 6ypa 10

MaruiTaHa B3aemomia 4
MaruiTHi gigii 8

MaruiTae moje 9, 11
MarsiToeneKkTpruuHa cucteMa 28
Maxceean [Jxuceiimec Kanapx 113
Meummuep Jlisa 153

Mendenees Jmumpo Ieanosuu 130
Mikpockom 85

Micsaune 3aTemHeHHA 55—57
Mosai I'enpi 132

Mysuunuii Tor 106

H

HeiiTpon 134
Hyxaigu 134
Hyxmouu 134
Huvromon Icaarx 70

o
Oxo 87
Onrtukra 46
Onrtuuna cuia JiH3u 78
Onruunnii meuTp JiHsu 77
OcHoBHi Kosbopu 73

II
Ilepezpin IT’ep 8
Ilepiox miBposmanmy 140
Ilisgennnii margiTauit mosatoc Semui 10
IliBHiyHMi MaruiTHMI noaoc Semuai 10
ITiBTies 51
IInanmerapua momeab aroma 132
IToBHe BHyTpimHe BigbuBaHHA 67
ITorsmuuayTa Mo3a BuIpoMiHIOBaHHS 142
IToxin aTomumx saxep 153
ITononiit 138
IToaroc marwmity 6, 7, 13
ITomepanuyx Icaax Arosuu 165
ITomupenus 3Byrky 105
IIpaBuio amimenns 151
— JiBoi pyku 24
— mpaBoi pykKu 35
— cBepaauka 12
IIpuiimaui cBitaa 48
IIpupomuuii pagioakTuBuuit dhon 144
IIpuckopennsa 171
— BinpHOrO maminaa 185
IIpominb BigbuTuii 59
IIpomins 3anmomuenuit 66
IIpomins cBiTaa 50
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IIPEJMETHO-IMEHHHUH ITOKAKIUK

IIpomins mamatounii 59, 66
IIporou 134

IIpoToHHO-HEUTPOHHA MOJAEJb AIPa
atroma 134, 164

P
Pagap 118
Papgiit 138
PapmioakTusBHicTs 139
PagionporexTop 148
Pagioxsmai 117
PeaxktuBHUit pyx 198
Peszepgopd Epuecm 130, 140
Pemep One 49
Penrren 143
Peutreniscbke BumpominioBanHa 117
PiBmompuckopenuii pyx 170
Poszenresuy Jlee Bikxmoposuy 164
PoacitoBanpHa ninza 78
Poacisue cBiTio 62
Potop 26

C

CaiTnoBuit myuok 50
CsitioBog 67

CeiTnodinstp 72
Ceticmorpad 109

Cusna Amnepa 24
Craodoscvka-Kwopi Mapis 138
C000i ®Ppedepix 151
CouomeTtp 108

Conaune 3aTeMHeHHA 53—54
CmoexTp 71

Cratop 26

Cmepdxcen Binvam 19
CynyTHuKOBuii 38 A30K 118

T

Temeckomn 85

Temmneparypa (Touka) Kiopi 16
Tennosi m:xepena csitia 47
TemnoBi enexrpocranirii (TEC) 38
TepmosimepHi peaxiii 159

Tims 51

Tomcon Ixcosegp 130

Tou 106

ToukoBe m:xepeso csiTia 51

y

VYiasTpassyk 109
Yabrpadionerosi npomeni 117
YsaBuuii rooBHUU (poKyc 78

D
dazu Micamnsa 52
Papadeit Maiikn 33, 40—-41
Depmi Enpiro 153, 155
depomarueruru 16
Dokyc 77-78
dokycHa BifcTaHb JiH3u 78
doroamnapar 87
@piww Ommo 153

X

XBunaa 98

— eJeKkTpoMaruiTHa 113
— 3ByKoBa 103

— IIO3ZOBKHA 99

— momepeuHa 99

q
Yedsix Txceitme 134

m

IIBugkicTs mommupenusa 3ByKy 105
IIBuAKiCThL TIOMIMPEHHS XBUJIbL 115
IIIkama exekTpoMarHiTumx xBuJjb 115
III'mpacman Ppiy 153

IIym 106

10
One Tomac 71

|

fAnepHa emepretura 155
fAnepui manimoorosi peakiii 154
Anepuuit peakTop 155

Anepui peariii 152-153
AnepHi cuan 134

Axip 26

Aro6i Bopuc 27
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Posgin 1. MATHITHI SIBULLA

§ 1. MarHiTHi siBuwa. MocTinni marnitn. MarditHe none 3emni . ................. 4
§ 2. focnig EpcTteaa. IHOYKUiIS MArHIiTHOTO MOSS . . o vt v vt e e e e e i e e e e e e 1
§ 3. MarHiTHi BnactuBocCTi peqoBuH. NnoTesa AMNepa . ... viiiin v ... 15
Ba0aUI TABMPABM . . o ottt et e e e 17
§ 4. MarHiTHe none npoBigHuka 3i ctpymom. Enektpomarnitu. MarditHa nesitaudia .. 19
JlabopamopHa poboma Ne 1. CknagaHHsi Ta BUNpPoOyBaHHS ENEKTPOMarHity ... ... 23
§ 5. [lia marHiTHOro nons Ha NpoBigHKK 3i cTpymoM. Cuna Amnepa . . ............. 24
§ 6. EnektpuyHi geuryHu. lN'yyHomosui. EnektpoBumiptoBanbHi npynagn ........ .. 25
BAMAYI TABMPABY . . vttt e e e e e 29
§ 7. Asuile enekTpoMarHiTHOT iHAykuii. Jocnian ®apages. HOyKUinHWIA

EINEKTPUYHUM CTPYM . o ettt ettt et e e e e e e e e e e e e e et e e 32
JlabopamopHa poboma Ne 2. CnocTepeXeHHs SBULLA eNeKTPOMarHiTHoOI

IHOYKLT . o e e e e 36
§ 8. NeHepaTOpM iHAYKUiNHOrO cTpymy. [IpOMUCIIOBI SXepena enekTpuyHol

=T =Y o) 36
Ba0aUI TABMPABM . o o oottt e et e e 39
ICTOPUYHA JOBIOKA . . . vt ottt e e e e e e e e e e e e e 40
[MEPEBIPTE CBOI BHAHHS . . . o ittt ettt e e e e e e e e e e e e e e e e e 40
TEeCTOBI BABOAHHS . . . o o vttt ettt e e e e et e e e 43

Posgin 2. CBITNOBI SIBULLA

§ 9. Ceitrnosi siBmwa. [xepena n npuimadi ceitna. Lesnakicte nowmpeHHs

o7~ 12 - 45
§ 10. CBiTnoBui NPOMiHb i CBITNIOBWIA NYYOK. 3aKOH NPSIMONIHIAHOIO
NownpeHHs ceiTna. CoOHAYHE Ta MICAYHE 3aTEMHEHHST . ... ... ...t 50
Ba0aUI TABIPABM . . o ottt e et e e 56
§ 11. BinbmBaHHs cBiTna. 3akoH BigbuBaHHA ceiTna. Nnocke Asepkano ........... 58
BaAYIi TABMPABU . . ot ettt it e e 62
JlabopamopHa poboma Ne 3. NocnigxeHHs BigbuBaHHA CBiTNa 3a LONOMOroK
T oo (o] o I b T=T o= 1 - 64
§ 12. 3anomneHHs ceiTNa Ha Mexi Noginy ABOX cepenosuLy,. 3akoH
3ANOMIEHHS CBITIIA . o ottt ettt e e e e e e e e 65
JlabopamopHa poboma Ne 4. [locnigXeHHA 3anoOMEHHA CBITAa .. ... ..o ovvvn ... 67
Ba0aUI TABMPABM . o o oottt ettt e e 69
§ 13. PosknagaHHs 6inoro cBitna Ha KoNbopu. YTBOPEHHS KOMBbOPIB . . .. v v v v v .. 70
Ba0aUI TABMPABM . . o oottt ettt e e 74
§ 14. Jlinan. OnTmyHa cnna Ta PokKycHa BiacTaHb MiH3n. PopmMyna TOHKOT
niH3n. OTpMMaHHS 300paXkeHb 3@ JOMOMOTOK JTH3M . ...ttt i i i ii e e 76
JlabopamopHa poboma Ne 5. BusHayeHHs (hOKYCHOI BiACTaHi Ta ONTUYHOI
CUSTME TOHKOT JTIHBM &« o o v vttt ettt e e e e e e e e ettt ettt eas 81
Ba0aUI TABMPABY . . .o ottt e e e 82
§ 15. HainpoCTiWi ONTUYHI MPUIAOM . . . oottt e e e e e e e e e e 84
§ 16. Oko sk onTnyHMM npunag. 3ip i 6aveHHs. Bagum 3opy Ta ix kopekuiga . ........ 87
BaaUIi TABMPABU . . ettt e e e 90
[M1ePEBIPTE CBOT BHAHHS . . o oottt et et e e e et e e e ettt e e 91
TECTOBI BABOAHHS . . o o o e ettt et e e e e e e e e 95
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@OE’ng &. MEXAHIYHI TA ENEKTPOMATHITHI XBUAI

§ 17. BUHUKHEHHS | NOLUMPEHHS MEXAHIMHUX XBUID .« « o o v v it e it e e e e e e 97
Ba0aUI TABIPABU . . o vttt ettt e 100
§ 18. 3BykoBi xBuni. LLBMAKICTE NOWMPEHHS 3BYKY, AOBXMHA i YacToTa

3BYKOBOT XBUITi. [YYHICTb 3BYKY T@ BUCOTA TOHY . . o\ vt ittt it e et e e e e e 101
§ 19. IHPPA3BYKN T YIBTPABBYKM . o v v v i et et e et e e e et e e 109
Ba0aUi TABIPABU . . .ottt ettt 111
§ 20. EnektpomarHitHe none i enekTpoMarHitHi xsuni. Lsnakict

NOLUMPEHHS, AOBXMHA | YacToTa €NeKTPOMArHiTHOT XBUITi . . .. ... ............... 113
§ 21. BnactuBocTi enekTpoMarHiTHMX xBurb. LLkana enekrpomarHiTHUX XBUib . . . . . 115
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YKPAIHA — KOCMIYHA OEPXXABA

VYKpaiHCBbKi ImigmpreMCcTBa MAIOTh BEJIWMUYE3HUIN AOCBiI CTBOPEHHA KOCMIUHMX ama-
pariB (KA) pisHOro mpmusHaueHHA: KOHCTPYKTOPAMHU Ta iH)KeHepaMM rajiy3i 3a ocTaH-
Hi miBcTogiTTsA po3podaeno moHas 70 tumis KA, BUTOTOBJIEHO I 3aIyIleHO Ha OpoOiTH
noHax 400 cynyTHUKIB.

Ilepmuit mTyunuit cynyTHuK Semiai «Kocmoc-1», pospobieHHii yKpaiHIaMU Y
M. JlHinIpo, OyJI0 BUBEJEeHO Ha HaBKOJ03eMHY opbiTy 16 O0epesnsa 1962 poky.

Y HezanexkHilli YKpaini 1995 poKy BuBeIeHO Ha HaBKOJIO3EMHY OPOITYy CYIIYTHHUK
«Ciu-1», MpusHaAUEeHU AJIS OJUCTAHIIIHOTO 30HIYBaHHSA O0’€KTiB IIPHUPOSHOT'O CEPEIO-
BUINA, 3MiliICHEHHS HAYKOBHX €KCIIEPUMEHTIB 3 AOCTiIKeHHs HoHochepu Ta MarHiTo-
chepu.

CynyTHuK «Kocmoc-1» CynyTHuK «Ciy-1»

CynyTHuk «OkeaH-O»

HacTymHUM BiTUMSHAHUM KOCMIUHMM amapaToMm cTaB cynyTHuUK «Oxean-O», BuBe-
meuuit Ha opoOiTy 1999 pory. «OkeaH-O» mpuaHAUEHUI AJA OIEPATHUBHOTO OTPUMAaHHS
Ta mepegavi JaHWX AUCTAHIIIIHOrO 30HAyBaHHSA HmoBepxHi 3emJi i1 CBiToBOro oKeany,
€KOJIOTIYHOT'0 MOHITOPHHTY, IIONEPEeIKeHHSI I KOHTPOJIIO HAA3BUUANHNX CUTYyAIlill.

Ha gucTaHIiHOTO 30HAYBaHHA 3eMJIi YKpaiHChbKiI BUeHiI I KOHCTPYKTOPH PO3-
pobuau Taxkok yHidikoBany miaatrdopmy AYOC (aBromaTms3oBaHa yHiBepcajbHa OpOi-
TaJibHA CTAHITiA) IJA KOCMIUHMX alapariB, opieHToBaHuUX Ha COHIle Ta MPU3HAYEHUX
IadA reqiodismyHmX, reoisMUHMNX Ta acCTPOHOMIUHMX mocaimkeHb. ¥ 2001 pori pa-
KeToro-HocieM «lluKJIOH-3» BuBeneHO Ha HaBKoJio3eMHY op0OiTy KA «AYOC-CM-K®»
(«Koporac-®@»), mpusHAUYEHUN AJA KOMIIJIEKCHUX CIOCTepe:KeHb aKTuBHOCTI CoHIIA.
Y 2009 pomi — amapar a8 OpPOBeJeHHA KOMILJIEKCHOT'O HAyKOBOTO €KCIIEPUMEHTY 3
mocaimxeraHs Coumna «AYOC-CM-®» («<Koponac-PoToH»).

R e, G L . s : :"u
oA W it o
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2004 pokry 3 xocMmompomy IlyiecenbK 3amyIeHO B KOCMOC CYNIYTHHUK CIIOCTEPEerKeH-
Ha 3emuri «Ciu-1M» Ta mepmuii ykpaincbkuit MmikpocynyTHUK «MC-1-TK».

Hep:xkaBue mignpuemcTBo «KoHCcTpyKTOpchke Gopo “IliBmenne” im. M. fHrens» y
CHiBIpAari 3 iHMIWUMHW YKPAaIHCBKUMM! HiAIPUEMCTBAMU DPO3POOMJIO ¥ IIEPIIUN ETUIET-
CBKMIl CYIyTHUK JUCTaHIiiiHOro 3oHAyBaHHA 3emiui «EgyptSat-1». Moro 6ymo Buse-
nemo Ha opbity 2007 poKy yKpaiHCHKOIO pakeTor-HocieM «I[HIimTpo-1».

2011 poxry O0ys0 BuBeZeHO HA OPOITY KOCMIUHY CHCTEMY OHNTHUKO-EJIEKTPOHHOTO CIIO-
CTepesKeHHs 3eMJi BUCOKOI po3pisHioBaJabHOI 3maTHOCTI «Ciu-2».

Y nnanax Jlep:XaBHOTO KOCMIiUHOT'O areHTCTBA YKPAiHW — CTBOPEHHS IIEPCIEKTUB-
HuX KocMmiunmx amapariB «Ciu-2-1», «Ciu-2M», «Ciu-3-O» Ta «Ciu-3-P», mara roros-
HocTi armx — 2017 ta 2018 porm. ¥ mporeci po3poOKM — HayKOBO-TEXHIYHUIN IIITYY-
HU# cynmyTHUK «Mikpocar». Ycboro no 2022 poKy YKpaiHa ILJTaHY€E 3allyCTHUTH IIiCTH
CYIIyTHUKIiB.

HazemHy KocMmiuHy iH(pacTpyKTypy B YKpaiHi ckiamaiorh CnemiafiisoBaHi Ha-
3eMHi IIeHTPH, IKi BXOAATh n0 HallioHa/JbHOTro IIeHTPY YIIPaBJIiHHS Ta BUIPOOyBaHb
KocMiuHUX 3aco6iB, Ta HazeMHa CynlyTHUKOBA Mepeska TPAHCIAAI] TeJeBi3inHuX Ka-
HAJIB, AKA EKCIIYaTyeThCS HAIIOHAJBHHM OIEPATOPOM CYIYTHHUKOBOTO 3B’A3KYy —
Jlep:xaBHUM MiAIPUEMCTBOM «YKDPKOCMOC».

HaykoBi KocMmiuHi mocmimkeHHs 3iHCHIOIOTHCS B MexKax HamioHaJbHMX KOCMiu-
HUX IporpaM YKpaiHM Ta KOOPAMHYIOThCA Pamoio 3 KOCMiUHMX AOCTIAKeHb Halrio-
HaJbHOI akaaeMii HayK YKpainu i Jlep:KaBHUM KOCMIiYHWM areHTCTBOM YKpAaiHU.

OCHOBHUMU HAIIPIMKaM{ HAYKOBUX KOCMIUHHX HOCJiAKeHb B YKpaiHi BU3HAUEHO:
BUBUYEHHSI COHAYHO-3€MHHNX 3B’A3KiB; acTPOHOMIUHI Ta acTpo(iswuHi HOCIimKeHH:;
BUBUYEHHs POJIi MiKporpasitaiii B Giosoriuamx i (ismKo-xiMiuHMX MIpoIlecax; Miaro-
TOBKY €KCIIEPMMEHTIiB Ha 60pPTY OpOiTaJIbHUX KOCMIYHUX KOMILIEKCiB.

Y miskHapomHiit mporpami «PamioacTpoH» mmependauaeThcAd BUKOPHUCTAHHA YKpaiH-
ceKkux pagioreneckoniB PT-70 ta PT-32
IJIT CTBOPEHHSA HAa3eMHO-KOCMIiUYHOI'O iH-
TepdepomeTpa 3 HAAKOBIoi0 6a3010.

VYKpainma Tako:X 0Oepe ydJacThb Yy CTBO-
PeHHiI MixHapoOZHOI OpPOITAJBHOI AcCTpPO-
tdisuumoi o6cepBaTopii «CmekTp» aIA
crocTepeskeHb 3a o6’ekTamu BcecBiTy B
yasTpadioseToBoMy Aiamal3oHi CIieKTpa.

3a mporpaMaM¥ MiKHApPOTHUX KO-
cmiuaux mpoekTiB «Koponac-I», «Ko-
poHac-®» Ta «Kopouac-PoToH» yKpa-
iHCBbKi BueHi 0epyTh aKTHBHY y4YacThb Y
pocaimxennax Conngsg. BuBuaroThcs Be-
JUKOMAacIITa0HI KOJWBaHHSA COHAYHOI
doTochepu 3 BUKOPUCTAHHAM CTBOPEHO-
ro B YKpaiui doromerpa «didoc».

VYkpaiHa € IOBHOIIPABHUM CY06’€KTOM MiKHAPOIHOTO KOCMl‘-IHQ];O mpasa. Hama zIep-
sKaBa € YJIEHOM MidKHAPOAHUX OpraHisaliil, aKi KOOpAUHYIOTH KOC y OisbHICTD,
y tomy umcai: Komitery OOH 3 mupHOro BuKopmcramHs krocmocy (CO 'QS), Bce-
CBITHBOT'O KoMiTeTy 3 KocMmiuunmx mociimkens (COSPAR), MixkareHTChE
3 Kocmiunoro cmirra (LIAOC), BeecBiTHBOI opranisamnii 3 CymyTHUKOBUX ocui

)ﬁpl\lpﬂ(@mwmg})mnm ACTPOHABTHYHOL (be,zxepaup (IAF).

porpama «PagloacTpoH»




YKPAIHA — KOCMIYHA OEPXKABA

3a pOKM He3aJIe’KHOCTi YKpaiHCHKI migmpmeMcTBa CTajy aKTUBHO OpaTH ydyacThb
Yy MIiKHApPOAHWX KOMEPIIMHWX KOCMIiUHMX IIpoeKTax. HalsHauHImuUM#W 3 HUX E€:
«Mopcskuii ctapt», «Hazemumit crapt», «[{ukiaon-4», «[Himpo».

HOKB «IliBgeane» ta BO <«IliBmenmami» 3 xommariamum «Boiur» (CIIIA), «Ksap-
Hep» (Hopseria) i «Eneprisa» (Pocia) crBopuam coinbHe migmpueMcTBO «MoOpChbKuMit
crapT (Sea Launch) y 1995 pormi maa peasaisarii yHiKaJbHOro MiXXHAPOSHOrO IIPO-
eKTy. 3 IIi€l0 MeTOI0 IIPOBEAEHO MOJEPHisallilo YKpaiHChKOI paKeTH-HOCiA «3eHiT-2»
Y TPUCTYIIEHEeBY PaKeTy-HocCiii «3eHiT-3SL».

PakeTta-Hocin «3eHiT-3SL»

IIpoexT «/IHimpo» mepegdadac CTBOPEHHS
Hux OGamictuuHux pakxer PC-20 (SS-18 «Ca'rw‘gpoap OJIEE
VRpa}Hi, KOHBEPCIMHUX paKeT-HOCiIB «[{Hinpo». m-n.

L
®

«Mopcbkuin ctapT»

Ha crorogHi B:ke 3milicHeHo 33 YCHIIIHMX CTAPTH paKeTH-Hocid «3eHiT-3SL» 3 Ko-
PHCHUM HaBaHTaKE€HHAM — TeJeKOMYHIKAI[IMHUMU CYHyTHUKAMMU MAacoi0 A0 6 TOHH.

& : . -t «/[] »
HaaBHuit pyHOK KOCMiuHMX mocyyr 3 BukopucTtaHHAM PH «3eniT-3SL» mosBonamB FakeTa-HOCTHRES AR

posmouary pob6OTH 3 PO3MIMPEHHA MOXKJIMBOCTeHl BUKOPHUCTAHHA PaKeTH-HOCiA «3e- MojepHisaIito paKeTH-HOCIA i TexHiUHE CYIPOBOIMKEHHS BUKOHYIOTH YKDA
HIT» y Mesxax npoexty «Hasemuuit crapr. " cbki migmpmemcTBa kKocMiuHOi ramysi — IOII «KOHCTPYKTOPCBHK -

Ileir mpoexT mepefgdavac HafaHHA IyCKOBUX IOCIYyr 3 KocMojgpomy Baiikomyp 3 im. M. flarexs» i T «BO “Ilisgenmam” im. O. Maxaposay.
BUKOPHCTAaHHAM paKeT-HOCIiB «3eHiT-2SLB» Ta «3eniT-3SLB». O6car BUPOOHUIITBA Ipo» CKJIazafoTh 6iabme 150 paxer PC-20, npnua'r}mx s
Ha BO «IliBmeHMali» Ta MOXKJIMBOCTI KOCMIUHOI'O PaKeTHOI'O KOMILIEKCY «3eHiT-M» TreHC
‘Ha KOCMozpOoMi BaliKoHYD MOTEHIIAHO Nal0Th 3MOTy 3AiMCHIOBATH 10 5—6 ImycKiB pa- YChOro BUKOHAHO MIICTHAAUATH MYCKiB paKeTH-HOCIS «]IE
KeT-HOCiiB «3eHiT-2SLB» i «3eniT-3SLB» Ha pik. Ognak y 2015 pomi Pocia BigmoBu- «JIHimpo» HA HABKOJO3eMHi op61'rn BI/IBe,T.[eHO 54 1 -
nacs Big 'BUKODHCTAHHSA YKPaiHCHKUX PAKeT, y TOMY YuC/i i «3eHiTy». Bukopucranusi ma PH «J[Hinpo

hs hb}mﬁ VKpaiHChKO-6pasuabchkuii mpoekT «Ilukaon-4» mepexbadae po3pobKy HUX KOHMIrypamiit mae 3Mory
JRCT TOCTID S0t gt Op1€HTOBaI-IOI‘O Ha JIOBIOCTPOKOBE BUKODHCTAHHA BUBOIUTHCA Ha KOJOBY

KeTPI Hocisz «IlukaoH-4», a TaKox OymiBHM- fB_I/ICORoeJI:lHTI/I‘{ d
KOBOMY IIEHTPi «AJIbKAHTa pa» B B
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