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Beryn

di3uka — NpUpoIHUYA HaykKa, sIKa JTOCJIJKY€E 3arajibHi
BJIACTHBOCTI MaTepii Ta SBUII Y Hil, a TaKOXX BHSBIISIE 3arajibHl 3aKOHU, fK1
KepyloTh IUMH  sBUIAaMU. Lle Hayka mpo 3aKOHOMIPHOCTI IPUPOIU B
HIUPOKOMY CeHcl BOTO cinoBa. di3uky BUBUAIOTH MOBEIHKY
Ta BJIACTUBOCTI MaTepii B HIMPOKHUX MEeXax ii MPOSIBIB, BiJ
CyOMIKPOCKOITIYHUX €JIEeMEHTApHUX YAaCTUHOK, 3 SKUX MO0y/IOBaHE BCE
MarepiaiibHe  ((i3uMKa  eJIeMEHTapHUX  YaCTHHOK), 1O  TOBEIIHKHU
BChOro BeecBiTy sik €1MHOT cucTeMu (KOCMOJIOTA).

[Iporpama kypcy ¢i3uku 1 actponomii giasi BH3 1 — II piBHiB
aKpeauTalii MmojaHa I JIBOX pIBHIB — pIBEHb CTaHAApTy 1 pIBEHb
aKaJeMIYHUN Ta po3paxoBaHa:

eHA CTYJACHTIB, SIKI 0Opaiu CYCHUIbHO-TYMaHITapHUH, XyI0XKHBO-
€CTETUYHHI a00 CIOPTUBHUIN HarpsiMu mipodimizaitii ( piBeHb CTaHAAPTY).

e Ha CTYACHTIB, IS SKUX (Di3UKa BIJIIrpae poJib amapara Jijisi BUBYEHHS
3aKOHOMIPHOCTEH HaBKOJMIIHBOTO CBITY, NIEBHOI raiy3i MpUpPOJI03HABCTBA,
TEXHIKM Ta TexHoJorii (mpodim: iHbopMaThka, BUPOOHWYI TEXHOJOTII,
MPOEKTYBaHHS, KOHCTPYIOBAaHHS, MEHEPKMEHT, MOOYTOBE OOCIyrOByBaHHS,
arpoTeXHOJIOTIT) — aKaJIeMIYHUI PiBEHb.

Kypc ¢izukn mae 3abe3nedynT ONMaHyBaHHS CTYIACHTAMH OCHOBHHX
GIBUYHUX  TINOTE3, MOJCNICH, KOHIICMIIM, 3aKOoHIB, SBHUI Ha PiBHI
TEOPETUYHUX Yy3arajbHEHb, JOCTaTHIX [UIsI PO3YMIHHS Ta IMOSICHEHHS
XIMIYHUX Ta OIOJOTIYHUX SBHUII 1 MPOIECiB, (GopMyBaHHS ILTICHOTO
reorpadigdoro oOpasy IiaHeTH 3eMJid Ta OKpEeMHX KpaiH, OIlaHyBaHHS
OCHOB MEIUYHHMX 3HaHb, (POPMYBaHHS €KOJOTIYHOI KyJIbTYpH, BMIHHS
FapMOHIMHO OOJIAIITOBYBATH CTOCYHKH 3 TPHUPOAOI0 1 COI[IyMOM,
3a0€3MeUeHHs BiJIMOBIIHOTO PIBHS COILiaii3allii MOJIOA01 JIFOAUHHU.

OLiHIOIOTHCS:

1) piBeHb BOJIOAIHHS TEOPETUUHUMH 3HAHHSIMHU, IO iX MOXXHA BUSBUTU
MiJ] 4yac YCHOTO YU IMHCHbMOBOTO OMUTYBAHHS, TECTYBAaHHS,

2) piBeHb YMIHb BHKOPHCTOBYBAaTH TEOPETHYHI 3HAHHS T dYac
pPO3B’s3yBaHHS 33/a4 PI3HOTO TUMY (PO3paxyHKOBUX, €KCIIEPUMEHTAIbHUX,
AKICHUX);

3) piBeHb BOJIOJIHHS MPAKTUYHUMHU YMIHHAMH Ta HaBUYKaMHU, IO iX
MO>KHA BUSIBUTH ITiJl YaC BUKOHAHHS JJaOOpaTOPHUX POOIT;
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4) 3MICT 1 fAKICTb TBOPYUX pOOIT CTyIEHTIB (pedepaTiB, MPOEKTIB,
TBOPUUX  EKCIHEPUMEHTAIIbHUX  pOOIT,  BHUTOTOBJICHHS  TNPUJIAJIIB,
KOMIT FOT€pHE MOJICITIOBAHHS (DI3UYHUX MPOIIECIB TOIIIO).

OmiHioBaHHA  BMIHHS  PO3B’sI3yBaTH  3a7adi  Ta  BOJOJIHHSA
CTyJICHTaMH NMPAKTUYHUMHU YMIHHSMH T2 HABUYKAMHU:

e yCBIIOMHUTH (G13UYHY CYTh 3aa4i;

e 3amucaTH ii yMOBY B CKOPOUCHOMY BUTJISII;

e 3po0uTH cxemy ab0 MaJtOHOK (3a MoTpedu), moOyayBaTu rpadiku Ta
MpOaHali3yBaTH ix;

e BHSBUTH, SKHX JaHUX HE BHCTAYa€ B yMOBI 3a7a4i, Ta 3HAUTH iX y
TaONUIISIX YU JOBIIHUKAX;

e BHUpPa3UTH HEOOXIJIHI BeMUUHU B oauHUIsX Cl;

o 00partu yu BUBECTU (POPMYITY JJIsI 3HAXOIKEHHS IIIYKAHOI BETUYNHHU;

e BHUKOHATH BIJMOBIAHI MaTeMaTU4H1 Aii ¥ omepartii;

e 3AIMCHUTH OOYMCIICHHS YHUCIOBUX 3HAYCHb HEBIJJOMUX BEJIMYUH;

e OIIIHUTH OJICP>KAHUI PE3yNIbTAT Ta HOT0 PEAIbHICTD, PalllOHAIbHICTh
o0paHoro cnoco0y po3B’s3yBaHHs 3aj1aui;

e TUIAHYBAaTH MPOBEJEHHS JIOCTIIB UM CIIOCTEPEIKEHb;

e 30MpaTH yCTAaHOBKY 3a CXEMOIO;

e TPOBOJUTH CIIOCTEPEIKEHHSI, 3HIMATHU TTOKA3H MPHUIIA/IIB;

o odopMISTH pe3ybTaTH AOCTIIKEeHHS (CKiIanaTy Tabnuill, OymyBaTu
rpadiku TOIIO);

¢ BHM3HAyaTH Ta OOYMCIIIOBATU NOXMOKHU BUMIPIOBAHHS;

e POOUTH MPOBENCHOTO EKCIIEPUMEHTY UM CIIOCTEPEIKEHHSI.

[TociOHMK MICTUTH 3aBJAHHS KUJIBKOX PiBHIB CKJIAJHOCTI 3 TAKHX TEM:

e Mexanika

e MonekynspHa (i3uKa 1 TepMOJIUHAMIKA

e EnekTponunamika

e KonuBaHHs Ta XBUII

e Onruka Ta OCHOBHU TEOPIi BIAHOCHOCTI

e AromHa i simepHa (izuka

e AcCTpOHOMIS



PO3A1JI 1. Mexanika
Kinemaruka

MexaHiyHUM pPYXOM Ha3HMBAaIOTh 3MiHY 3 IUIMHOM Yacy MOJIOKEHHS
TiJIa BITHOCHO I1HIINX T1iJI.

CBiTOOYIOBY 3a po3MipamMu MaTepialbHUX TUT Y HIA MOXHA MOIUTATH
Ha TPU YaCTUHU: MIKPOCBIT, MAKPOCBIT 1 METacCBIT.

Jlo MiKpOCBiTY Halle)KaThb aTOMHU, MOJIEKYJIA Ta YACTUHKH, 3 IKUX BOHU
CKJIaJIaloThes. Pyx y MIKpOCBITI ONHUCY€ KBAaHTOBA MEXaHIKa, MAKPOCBIT —
JIOJW, TBapUHM, MAlIMHU ¥ MEXaHI3MHU, pIYKM W BOJOCHAIN, a TaKOXK,
BiacHe, 3emus. Jlo MeracBity Hamexarb miaHeTh COHSIYHOI CHUCTEMHU,
CoHue, 30pi, TAIaKTUKA. MexaHIYHUI pyX — 1€ pyX OO’€KTIB Makpo- i
METaCBITIB.

MexaH14yH1I pyX YMOBHO MO’KHA MOJIJIMTH Ha JBa HAWMPOCTIII BUJIU:
HOCTyNaJIbHUM pyX Ta 00EpTOBUH pyX.

HocTtynmaabHuii pyx — 1€ TaKuil pyx, KOJIM yC1 TOUKH Tija pyXarTbCs
OJIHAaKOBO.

OO0epToBHil pyx — I1€ TaKUil PyX, 32 SIKOrO BCl TOYKHU TUIA PyXarOThCA
M0 KOJIaX, UEHTPH SKHUX PO3TAllOBaHI HAa OJHIA MpsAMIA JiHIL,— ocl
obepTaHHs.

OcHoBHe 3aB/JaHHSI MeXaHIKH TOJIArae B TOMY, 00 BU3HAYUTHU
MIOJIOKEHHS TU1a B Oy/Ib-sIKW MOMEHT Yacy.

3’gcyemMo, sIKk BA3HAYUTH MOJIOKEHHS Tijia B mpocTopi. [lonoxkenns Tina
B MPOCTOPI 3aBXKJIM BU3HAYAIOTH BIIHOCHO SKOTO-HEOY/b 1HIIOTO TN, 110
Ha3MBAETHCS TIJIOM BIJIIKY.

Tino BimyIiky — 1€ T1J10, IO B YMOBAX 3a/1ayl BBAXKAETHCSI HEPYXOMUM,
1 BITHOCHO SIKOTO PO3IISIAAETHCS PyX YCIX 1HIIMX TiA y i 3a1a4i.

[Tor’s3aHa 3 TIIOM BIWJIIKY CHUCTEMa KOOpAMHAT ¥ oOpaHMil crocio
BUMIPIOBAHHS Yacy YTBOPIOIOTH CUCTEMY Bi/lTiKY.

OTxe, cucTema BIIJIIKY CKJIaJA€THCS 3 TAKUX KOMITOHEHTIB:

1) Tina BiIUTIKY;

2) NOB’S13aHO1 3 HUM CUCTEMU KOOPAUHAT;

3) crocoOy BiTIKY Yacy.

Jist Ttoro, mo0O BU3HAYAaTH 3MIHY IMOJOXKEHHA TUla B TIPOCTOPI,
noTpiOHO, HacaMIepel, YMITH BHU3HAYaTH 1€ TIOJIOKEHHsS. BuHukae
MATaHHA: YU 3aBX]IM HEOOX1THO 3HATH 00’ €M, popMy il po3mipu Tina?



Ha macts, ni1s po3B’s3yBaHHsI 6aratbox 3ajad po3Mipamu Tijia MOKHA
3HEXTYBAaTH, PO3MJISIIAI0UH TIJI0 SIK OJIHY TOUKY. [Ipu nboMy omnuc pyxy Tijia
Ha0araTo CIpOIYETHCA.

MarepiajibHa Touka — 11¢ (i3UYHA MOJEINb, M0 3aCTOCOBYETHCS IS
CIIPOIIEHHS OMUCY PYXy TUJIa ¥ BIAMOBITAE TLTY, pO3MipaMu SIKOTO B YMOBax
MIEBHOI 3a/1a4l MO’KHA 3HEXTYBATH.

TpaekTopisi pyxy marTepiajbHOI TOYKM — II¢ JiHII 1 pyXy B
IPOCTOPI.

Jly’ke 4acTo TpaeKTopis € HEBUAMMOIO JIiHI€0. TpaeKkTopis TOYKH, 110
PYXa€eThCs, MOXKE OyTH TIPsIMOIO a00 KPUBOIO JIiHI€H0. BiamoBinHo 10 dhopmu
TPAEKTOPIi, pyX OyBa€e MPSMOIIHIMHUM 1 KPUBOJIIHIHHUM.

3 MOHATTSAM TPAEKTOPIi TICHO MTOB’SI3aHE MOHATTS MUIIXY.

Hlasix — e (i3uyHa BEIMYMHA, 110 YHCENIbHO JOPIBHIOE TOBXKHUHI
JUISTHKYA TPAEKTOPIT, MPOMIEHOT MaTepiaIbHOIO TOYKOIO 3a MPOMIKOK Yacy.

[Insx, 3a3Buyai, nmo3HavaroTh cuMBOJIOM I. Opununero nuisaxy B CI
CIIyKUTb METp (M).

[nsx 30UTBIIYETHCS, SKIIO TUIO PYXAETHCS 1 3AJIMIIAETHCS HE3MIHHUM,
AKIIO TLI0 epedyBae B CTaH1 COKOI0. OTXKe, HIISX HE MOKE 3MEHIIYBATHUCS
3 IJTMHOM 4acy.

[Ingax, npoWIeHU TIJIOM, O3BOJISIE BU3HAUUTHU TIOJOKEHHS Tijia B
Oy/Ib-SIKMII MOMEHT 4Yacy JIMIIIE B TOMY BHIIAJIKy, KOJH BiZioMa TPa€KTOPis
pyxy. s nboro 1OCTaTHHO BIAKIACTH MPOUIECHUN MUISX BiJ MOYATKOBOTO
TIOJIOKEHHS TLJIa B3JIOBXK TPAEKTOPIl B HAIIPSIMI PyXY Tija.

Opnak, SKIIO TpaekTopis pyxy Tijga He Bigoma (abo He BiIOMUUI
HarpsiM pyxy), TO TOJIOKEHHS Tijla, 10 PYXA€ThCsA, Y OyIb-SKHIl MOMEHT
BU3HAYHUTH BKE HEMOXIIHBO.

o6 BU3HAYUTU MOJOXKEHHS TiA, IO PYXAETbCs, y OyAb-SKHi
MOMEHT, BBOJSITH (DI3UUHY BEIUUUHY IIEPEMIIICHHS.

IlepemimeHHsIM Ha3WBAIOTh BEKTOp, MPOBEICHUN BiJ MOYATKOBOTO
MTOJIOKEHHS Tij1a 10 MOTO0 MOJI0KEHHS B IIEBHUN MOMEHT Yacy.

OTxe, mepeMillleHHs OJHOYACHO BKa3ye 1 Ha HampsM pyxy, 1 Ha
BIJICTaHb MIXK TTOYaTKOBHM 1 KIHIIEBUM MOJIOKEHHSIMHU Tij1a, 1110 PYXA€ThCS.

[lepemimieHHss mo3Ha4alOTh CUMBOJOM S.  OAWHULICIO MO
nepemiiieHHs B Cl, K 1 nUIsXy, € MeTp.

JIOBXKMHY TIEPEMIIICHHS, Y35ATYy 31 3HaKOM «+t» abo «-», Ha3UBaIOTh
MIPOEKITIEI0 BEKTOPA NIEPEMIIIICHHS HA KOOPAMHATHY BiCh.



Sxmo Touka A — TIOYaTKOBE TMOJOXKEHHS Tila, 3yMOBJICHE
koopauHatoro x0, a Touka B — i#oro KiHieBe MOJIOKEHHS, 3YMOBJIEHE
KOOPJMHATOIO X, TO B 3arajJbHOMY BHUIIAIKy MOXKHA 3alHCaTH:

X = Xg+ Sy

OTtxe, 32 BIJIOMUM BEKTOPOM MEPEMIIIEHHS Tija Ta HOro moyaTKOBOIO
KOOPJIMHATOI0 MO>XKHA BU3HAYUTHU HMOTO KIHIIEBY KOOPAMHATY, TOOTO 3HAWTH
MOJIO’KEHHS TiJIa BIIHOCHO OOpaHOi CUCTEMH BIIUIIKY B OYyIb-SKM MOMEHT
qacy.

HalinpocTimmii BUA MEXaHIYHOTO pyxXy — 1€ pIBHOMIpHHIA
OPSIMOJIIHIMHUM pyX. 3 IMM BUAOM PYXy YUHI BXKe 3HaOMI 3 Kypcy Qi3UKHU i
MaTEMaTHKH MOIEPEeAHIX KIIACiB.

IIpsimoJtiHiliHMil piBHOMIpHHIT PpPyX — 1€ Takuil pyX, KOJIU
MaTepiajibHa TOYKa 3a OylIb-SKI OJHAKOBI TPOMDKKHM Yacy 3I1HCHIOE
OJIHAKOBI1 MEPEMIIIIEHHS.

OnHi€r0 3 OCHOBHUX KIHEMATUYHUX XapAaKTEPUCTUK PYXY € MIBUJIKICTh:

-

., S
vV=-
t
IIBuaKicTH U IPAMOMIHIHHOrO piBHOMIpHOTO pyxy — ue (izuuna

BEIMYMHA, IO JOPIBHIOC BiJHOIIEHHIO IIEPEMILIEHHS S 10 MPOMIXKY 9acy t,
3a IKUU B1IOYJIOCS 1€ TIEPEMIIICHHS.

Sx 0auMMO 3 BU3HAYEHHA, WIBUJAKICTh € BEKTOPHOI BEIMYHUHOIO:
HaIpsIMOK IIBUAKOCTI 301raeTbcsi 3 HANpsSMOM NEpeMIlIeHHS. Y BHUIAIKY
MPSMOJIIHITHOTO PIBHOMIPHOTO PYXYy MOAYJb MEPEMIIICHHS S 30iraeTbcs 3i
IUISIXOM |, TOMY B IIbOMY BUITaJIKy MOXHA 3aIIHCATH, 110

V==

t
Onuuanig mBuakocti B CI — 1 m/c.
. s
CxopucTaBIKCh (POPMYIIO I MBHIAKOCTI U = - MOXKHA 00UHCIIUTH
nepeMileHHs Tijia 3a OyIb-AKMi TPOMiKOK 4acy: § = U - t. L1 x popmyiy

MO’Ha B MPOEKIIIAX:
Sy = Uyt
Sxmo BiIOMI MIBUAKICTH Tijla 1 4ac PIBHOMIPHOTO PyXy, TO MOXHa
OOYUCIUTH TIPOUJICHUN TUIOM NUIAX: [ = vt, a TaKOXXK MOXHA OOYMCIUTH U

qac pyxy:

[
%



Ha3zBeMO yMOBHO OJHY CHCTEMY BIIJIIKy «HEPYXOMOIO», a I1HIIY —
«pyxomoro». Toxmi mnpaBwiIo  JA0JaBaHHA  TNepeMilleHb  MOJXKHA
c(hOpMyITIOBaTH TaK:

IIEPEMIILEHHS S Tila B «HEPYXOMil» cUCTeMi BiMIiKy IOpPIBHIOE
BEKTOpHill CyMi IepeMillleHHs S; Tila B «pyXoMii» cucremi Bimmiky i
TIEPEMIILEHHS S, «PYXOMOI» CHCTEMH BiJUTIKY BIIHOCHO «HEPYXOMOD» :
§=5§+5,

[IBuaKicTs U Tila B «HEPYXOMiii» cHCTeMi BimIiKy JOpiBHIOE
BEKTOPHiM CyMi INBMAKOCTI U1 Tila B «PyXOMii» cHCTeMi Bimiky i
IIBUIKOCTI U 2 «PYXOMOI» CUCTEMHM BiUTIKY BiIHOCHO «HEPYXOMOD».

I'padix ¢ynkmii Sx = f(t) HasuBaeThcst rpadikom pyxy. ['padixom
Sx(t) = Wt € mpsima, 10 POXOIUTH Yepe3 MoYaToK KoopauHart. Sxmio V, > 0,
TO Sy 3 INIMHOM 4acy 3pOCTae, a Ko Sy < 0, TO Sy 3 YaCOM 3MEHIIY€EThCS.

I'padix ¢ynkmii V(t) — mnpsma, mapanenpHa oci yacy t. Skmio vy >
0, 11 IpsiMa TPOXOAMTH BHIIIE Bijg oci t, a skmo V, < 0, To HIDKYe.

Pyx 31 3MIHHOIO HIBUIKICTIO, KOJIA 3@ OJIHAKOBI MPOMDKKH 4Yacy TLIO
POXOJIUTh Pi3HI NIISXH, HA3UBAIOTH HEPIBHOMIPHHUM.

VY jheskux BHUMNAJKaxX MOKHA pPO3PAaXxOBYBaTH MEPEMILIEHHS, SKIIO
BBECTHU BEJIIMYMHY, SIKy Ha3UBalOTh CepelHbOI0 IBHAKICTIO. BoHa mokasye,
SKe MEePEMIIICHHS 3/11HCHIOE TLIO B CEPETHBOMY 32 OJUHUIIIO 4acy,TOOTO

S
vcep = E

-

s ¢opmyma ommcye Tak 3BaHy CepeIHI0 BEKTOPHY IIBHAKICTbD.
OnHak BOHA HE 3aBXKIHU MIIXOJUTH IS OIUCY PYXY.

Ha mpakTuiii 4acTo KOPUCTYIOTHCS TaK 3BaHOIO CePeIHbOI0 IIJIAXOBOIO
IIBUAKICTIO, IO JOPIBHIOE BIIHOIICHHIO IUISIXY, MPOMIEHOTO TIiJIOM, JI0

yacy pyxy:
l

t
MuUTTEBOW IMIBHUAKICTI0O HA3MBaIOTh BEJIMYMHY, 10 JIOPIBHIOE

vcep.l =

BIJTHOIICHHIO JIy’)K€ MaJIOTO MEpPEMIIIEHHS A0 MPOMDKKY 4Yacy, YHIPOJOBK
SIKOTO TI€ TICPEMIIICHHS BiIOYI0CS:

58
At
IIpuckopeHHsi — 1€ BEKTOpHA BEJIMYMHA, IO XapaKTEPHU3yeE 3MIHY

IIBUJIKOCTI TiJla ¥ JOPIBHIOE BIJHOIICHHIO 3MIHM IIBHJIKOCTI 110 4acy, 3a
SIKAM 1151 3MiHA Bi0yiacs.



Hexaii ¥, — moYaTKOBa MBHIKICTH MaTePialbHOI TOUKHU, U — MHUTTEBA
MIBUIKICTh TOYKH 3a TMPOMDKOK yacy At. Toxi 3MiHa MUTTEBOi IMIBHUAKOCTI
nopiBHIOE AV = U - U, . 3BiJiCH BUILIUBAE, 110
. AV v -1,

T AT T ae

[IprckopeHHs Mae Takuii caMU HAIPSIMOK, SIK 1 3MiHa IIBUJIKOCTI.

Akmio TUIO pyXaeTrhecs Tak, MO HOTro MBHUAKICTH 3a Oylb-fKi PIBHI
IPOMIKKM Yacy 3MIHIOEThCS OJIHAKOBO, TO TaKUW pPyX Ha3UBaIOTh
PIBHOIIPUCKOPEHUM.

PiBHONpHUCKOpeHHii pyX — 1€ Takui NOPSIMOJIHIMHHI pyX, KOJIU
HIBUJKICTH TL1a 32 OyAb-sIKI OJIHAKOBI MPOMIKKHM Yacy 3MIHIOEThCSA Ha Oy U
Ty caMmy BEKTOPHY BEIMYHHY.

3anuieMo GopMyIly sl IPUCKOPEHHS B MPOEKITiAX Ha Bich OX:

Ux — Vox
t
3a OIWHUIO TIPUCKOPEHHS B MIiKHApPOJHIN CHCTEMl OJWHUIID

a, =

MPUIAMAaIOTh TaKe MPUCKOPEHHS MPSIMOJIIHIMHO PIBHONPHCKOPEHOI PYXOMOIi
TOYKH, KoM 3a 1 ¢ 11 mBUAKICTE 3MIHIOETHCS Ha 1 M/cC.

[Tpoekirist mepeMileHHs] 00UUCTIOETHCS 3a (OPMYJIIOLO:
a,t?
2
VY BUMaaKy NPsSMOJIIHIHHOTO PIBHOIPUCKOPEHOTO PyXy 0€3 MoYaTKOBOI
IIBUIKOCT1 TIPOCKITIS MEPEMIIICHHS 0OYHCITIOETHCS 3a (HOPMYIIOH0:
a,t?
Sy = >

[Tnomy Tpamerii Mo)XHa OOYMCIUTH 1 SK JOOYTOK TMIBCYM OCHOB

Sy = Vpgxt +

(voy 1 V) Ha BucoOTy (1). OTxe,
_ Vox vy
Sy = —
PiBHsSIHHS KOOPAUHATH B pasi NPAMOJIiHIHHOTO
PIBHONIPHCKOPEHOIO PyXY:
OCKIJIBKH X = Xg + Sy, AICTAEMO:

a,t?
X = Xgt+Vg,t + >
CepenHsi MIBUAKICTH Y pa3i NPAMOJIiHIHHOTO PiBHONPHUCKOPEHOTO

PyXy-
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. . . S
IIpoekiiss  cepefHbOi  WIBUAKOCTI  BU3HAYAETBCA, K Ugepy = =
_ v0x+17x .
CxopucraBumich  GOpMyIoI0 sy = ———f MaeMo, IO B  pasi

PIBHOTIPUCKOPEHOTO PyXYy MPOEKIlIS CepeaHbOl IMIBUAKOCTI JIOPIBHIOE
CEepelHbOMY  apU(PMETUYHOMY MPOEKIii IMOYaTKOBOI Ta  KIHIEBOI
IIBUJIKOCTEH:

_ Vox + v,
vcep.x - 2

CniBBiIHOIIEHHA MiXK mNepeMillleHHAM | IIBUAKICTIO B pa3si
NPAMOJIIHIITHOT0 PiBHONPHUCKOPEHOI0 PyXy

Vy = \/v(z,x + 20,5,

[lagiHHA Tina 3a yMOBHM, KOJM ONOPOM MOBITPSI MOXHA 3HEXTYBATH,

HA3WUBAIOTh BIJIbHUM MAXIHHAM.

VY Bumajky BUIRHOIO MaJiHHSA BCI TiIa, HE3aJIEKHO Bij iXHBOI Macw,
MajgaloTh Ha 3€MIII0 3 OJHAKOBUM TMPUCKOPCHHSIM, IO HA3WBAETHCA
NPUCKOPEHHAM BiJILHOTO MAXiHHS.

IIprcKOpeHHs BiILHOrO MaliHHA MNo3Ha4aeTbes . Omke, d = § =
const. Moaynb BekTopa ¢ yrepiue BuMipsas Xpuctusd [oiirenc y 1656 p.
3a JONOMOIOK MAasSTHHUKOBOTO TOAWHHMKA. binsg mnoBepxHi 3emill
g = 9,8 m/c?. Iligm uwac poO3B’sA3yBaHHA 3a4ad INPUOIM3HO MOXKHA
BBaXkaTH g = 10 m/c?,

Pyx Tij1a, KHHYTOr0 BEPTUKAJIBHO Bropy

[ToHSATTS BUIBHOTO TAIIHHS Ma€ MIMPOKUMA 3MICT: TIJO 3IHCHIOE BIJIbHE
NaJiHHs, HE TUIBKW TOJ1, KOJM HOTO IMOYaTKOBA MBHKICTh JOPIBHIOE HYJIIO.
SKIIo TiI0 KMHYTH BHHU3 13 MOYATKOBOK IIBUIKICTIO Vo, BOHO MPH IIHOMY
TaKO)X BIIbHO MmajgatuMe. HaBiTh OLIblE, BUILHE MAaAIHHSI HE 00OB’SI3KOBO
SIBJIsIE COOOI0 PyX YHH3.

Skio movyaTkoBa MIBHAKICT TiJIa CIIPSIMOBaHA Bropy, TO TiJIO B MPOIIECi
BUTBHOTO TAJIHHS SKHICh Yac JIETITUME Bropy, 3MEHIIYIOYH CBOIO
IIBUJIKICTD, 1 JIMIIE OTIM ITOYHE 11aJIaTH BHU3.

[lin yac migiiomMy Tu1a MOro MIBUAKICTH 3MEHIIYETHCS BIAMOBIAHO 10
bopmynu v = vy — gt. OTxe, IIBUAKICTb JOPIBHIOBATUME HYJIIO 3a

v o . . )
gac tnia = 50. I[OCSIFHYBH_II/I HanBHIIO1 TOYKH, TUIO HAa MHUTHb 3YIIMHHUTLCSA U

MOYHE pyXaTUCS 3 MPUCKOPEHHSIM BUIbHOTO TmajiHHs. IIIBuakicTe Tinma mifg
yac pyxy BHHM3 301JIbIIYBATUMETHCS BIANOBIAHO A0 GopMmynu v = gt , nae
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yac t BIIIYYETHCS TEMEp 3 MOMEHTY, KOJHM TUIO TepedyBae y HaWBHIIIN
TOYILII.
BinbHe nagiHHs K OKpeMUil BUNIAI0K PIBHONMPUCKOPEHOI'0 PyXy
Posrnsgatoun BUTbHE TaAiHHS W PyX Tida, KHUHYTOTO BEPTHKAIBHO
BrOopy, SK OKpEeMHH BHIAQJOK PIBHOINPHUCKOPEHOTO pyXy, MOXHA
3aMpoONOHYBATH YUHSAM Pa3oM 3 YUUTENEM 3alIOBHUTH TaKy TaOJIHIIO:

PiBHOmIpHuCKOpeHuii pyx | BiabHe mamiHHS Pyx Tima, xuHyTOrO
BrOpy
vV=v,+at vV=vy+gt vV=v,—at
at? gt? gt?
l=U0t+T h=v0t+7 h=170t—7
v? — 3 vZ — 3 vE — v?
]=—_0 h=— 0 h=-9_"
2a 29 2a
=V hel i = 22
- 2a 29 max T 2a
v = ’v§+2al v = /v(2,+2gh v = /U(Z,—Zgh

KpuBoniHiiHUA pyX y TOpUpOAl  OUIBII  MOWIMPEHHM,  HIX
npsaMoiHiiiHMi. KiHUMK niepa aBTOpY4YKHM MiJ Yac MNHCbMA PYyXa€ThCs
KpUBUMHU JTHIIMH, (yTOOIBHUN M’ mmicis ynapy (yrOosicta pyXxaeTbes
KPUBOJIIHIHHOIO TPAEKTOPIEID, KPUBOIO PYXarOThCS aBTOMOOLII, KOCMIYHI
TiJ1a TOILO.

BuBunTH BCl BUAM KPUBOMIHIMHUX PYXiB HEMOXJIHBO, Ta I HEMae B
IbOMY HEOOXITHOCTI: Maibke Oyab-SKWid KPUBOJIHIMHUNA pyX MOXKHA
MPEACTABUTH SIK MOCIIIOBHICTh PYXIB Ha JIyTrax KUI Pi3HUX paJilyCiB.

Tomy ™MH BHMBYaEMO pyX MareplaJbHOI TOYKM MO Koiy. Y
HABKOJIUIITHBOMY CBITI MM CTHKA€EMOCS 3 PYXOM IO KOJIy IOCUTh YacTO: TaK
PYXarThCs CTPUIKM TOAMHHUKA W 3y04acTi KOJIIIATKA IXHIX MEXaHI13MiB; TaK
PYXarThCsl aBTOMOOUI W MOTITU OMYKIMMH MOCTaMH W Ha 3aKpYTJICHHSX
J0pIT; MO KOJIOBUX OpOITaxX pyXarTbCA YMCIEHHI IITY4YHI CYITyTHUKH 3eMii
Ta MPUPOJHI CYITyTHUKH 1HILIUX IJIAHET.

VY Bumaaky MNOpSAMOJIHIKHOTO pyXy SK CcepeldHs, TaK 1 MUTTEBA
IIBUJIKOCTI TiJla 3aBXIW CHOPSIMOBaHI B3JOBXK BEKTOpa IMEpPEMIIICHHS.
MuTTeBa MBUAKICTH Tija, IO PyXa€ThCS MO KOy, CIIPSIMOBaHA HA TOTHUHY
JIO HEl B 1M TOYIII.

Mu BHUBYaTUMEMO pyX TOYKHM MO KOJYy 3 MOCTIMHOIO 3a MOJyJIeM
IIBHAKICTIO. IOr0 HAa3MBaIOTh PiBHOMIPHHM PyXOM IO KOJY.
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HIBUAKICTE TOYKH, IO PYXA€ThCA MO KONy, HA3UBAIOTH JiHIi{HOI0
IBUIKICTIO.

JlinifiHa MBUIKICTh V— I1i¢ (i3uyHa BEIWYMHA, IO XapPaKTEPHU3YE
KPUBOJIIHIKHUN pyX 1 AOPIBHIOE BiAHOIICHHIO HUIIXY 4|, mpoiizeHoro tiom
KPUBOJIIHIHOIO TPAEKTOPIEI0 3a MMM MPOMIKOK 4acy At, 10 BeaIuduHU
IILOTO MTPOMIXKKY:

Al
T At
Pyx Tina mo KoJly 4acTO XapakTepH3yIOTh HE MIBUIKICTIO PyXy, a

v

MPOMDKKOM 4acy, 3a KUl TUIO 3/11iCHIOE OJIMH TTOBHUM 00€PT.
[lepion obepranHs — 1e (i3uyHa BEJIMYMHA, IO JIOPIBHIOE Yacy
OJIHOTO TTIOBHOT'O 00€EpTY.
Sxmro tino 3a yac t 3poduno N moBHUX 00epTiB, TO niepion ooepranus T’
JIOPIBHIOE:
t

T=—
N

Onuuuis nepiony ooeptranss B CI — cexkynna ([T] = c).
[Ilo6 3pobuTH OaMH MNOBHHM 00€epT, TUIO, IO pPYXaeTbCcs 31
IIBHJIKICTIO ¥, Ma€ MPOUTH IUIIX 271 (JIOBKHMHA KOJia pajiycoM I).

Otxe,

21T
T =—
v

Yacrora obepTanHs — 1€ (Pi3UYHA BEJIIMYMHA, 1[0 YUCEIBHO JOPIBHIOE
YUCITy TOBHUX O00EPTIB 32 OJIMHHULIIO YaCY:

N
V=—
t
ITepion 1 yacToTa MOB’sI3aH1 CITIBBITHOIIICHHSIM:
1
V==
T

Onuuuils BumiproBanHst yactotu B CI — 1/c.
BukopucroByroun MOHSATTS Mepiogy W 4acTOTH, OTpUMYEMO (hopMyin
JUTSL JTIIHIAHOT MIBUIKOCTI:
2mr

=— =2
v T nrv

Kpim migifiHOT MBUAKOCTI JUIS XapaKTEPUCTUKH IMBHIKOCTI 3MiHH
MOJIOKEHHS T Y KOJII BAKOPUCTOBYIOTh KYTOBY IIBUAKICTD.

KyroBa mBuakictb — 11¢ (i3uuHa BeaWMYMHA, 1[0 JIOPIBHIOE
BiJTHOIIICHHIO KyTa TOBOPOTY pajiyca, MPOBEACHOTO N0 Tila Bif IEHTPY
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KOJia, 10 SKOMY PYXa€ThCs TIJI0, 0 MPOMIKKY Yacy, YIPOJOBXK SIKOTO IIei
IIOBOPOT 3I1HCHIOBABCH:
A

“ T

Ockinpku B Cl KyTH BUMIPIOIOTH y pajiiaHax, TO OJUHUIICIO KyTOBOI
IIBUJIKOCTI € pajilaH Ha CEKyHy (paj/c).
3a vac omHoro mepioay (At =T) Tino poOuUTh OAWH TOBHHUU 00EpT

(p = 2m), TOMy KyTOBY IIBHJIKICTh MO’KHA OOUYHCIIATH 32 (hOPMYJIOIO:
21

w = T 2Ty
KyroBa 1 niHifiHa MIBUKOCTI OB’ s13aH1 CITIBBITHOIICHHSM:
V= wr
[IBuakicTh TiJa — BEJIMYMHA BEKTOpHA. byab-sfka 3MiHa BEKTOpa
IIBUJIKOCTI B Yacl 03Ha4Ya€ BUHUKHEHHS MPUCKOPECHHSI:
Y
“=

[Ipu mpoMy AU MOXKe XapakTepU3yBaTH 3MiHYy HeE JIMIIE MOIYJIS
IIBUJKOCTI, aje 1 ii HanpsaMy. SIKII0 3MIHIOETHCS TIIBKHA MOJYJIb IIBHJIKOCTI,
TO BIJOYBA€TbCS MNPSIMOJIHIMHUA TNPUCKOPEHUH pPyX. SKIIO 3MIHIOETHCA
JUIIe HApsAM, TO BUHUKA€E PIBHOMIPHUIN KPUBOIIHINHUN PYX.

Moaynbs NpUCKOPEHHS y BUNAJKY PIBHOMIPHOTO PYXY IO KOJIy MOKHA
1]2
obuncnuTH 3a GopMyJIor: a=-—

Mu Bke 3HAa€EMO, 110 JIHIAHY MBHAKICTh V MOKHA OOUYHCIUTU 4Yepe3
nepiojl 1 4actoTy oOepTaHHs, a TakKOoX 4Yepe3 KyTOBY IIBUIKICTh 3a
JIOTIOMOT'O0 TaKuX (POPMYII:

2nr
va; vV =27rV;, v = wr.
[TincraBnsitoun Buie3azHaueHi Gopmynn y Gopmyiny ajisi 0OUUCIICHHS
JIOLIEHTPOBOTO MPUCKOPEHHS A0, = Ur—zz[iCTaeMo:
2
a A .. = 4t’vir; a,,, = w?r.

aou = ~pz T Gpon non

Ocranns ¢dopmyna JAOBOAUTH, IO Y BHIAJAKYy OJHAKOBOI KYyTOBOI
IIIBUIKOCTI JTOTICHTPOBE MPUCKOPEHHs Oyne OumbmuM 3a panaiyc koja. [{um
MO>KHA, HalPUKJIAJ, MOSCHUTH TOH (DaKT, IO Ha JWCKY, SKUH 00epTaeThCs,
JIeTIIe yTpUMAaTHUCA, K0 NepedyBaTu OMMk4de 10 LEHTpa JHUCKA, 1 JTyXKe

CKJIaJIHO 3pOOMTH 11€, SKIIO 3HAXOIUTHUCS Ha HOTO Kparo.
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JInnamika

Po3nin MexaHiku, y SIKOMYy BHBYAIOTHCS MPHYMUHHU, 11O 3yMOBIIOIOTH
MIPUCKOPECHHS, HA3WBAIOTh IMHAMIKOIO.

OcHoOBHE 3aBJaHHS TUHAMIKH — BUBYHUTH B3a€MOJIIO TiI, 3’SCyBaTH
3aKOHHU, 3aBJASKU SKUM BiOYBA€ThCS PyX TUI, 1 HA MiJCTaBl LIUX 3aKOHIB
YMITH BU3HAYATH MMOJIOKEHHS IIEBHOTO TJIa B JIOBIILHUI MOMEHT 4acy.

[TprunHa MpUCKOPEHHS Tijla — JIisl Ha HbOTO 1HIIIOTO TiJA.

Tino mepebyBae B CTaHI CMOKOIO, SKIO IS 1HIIUX TUI Ha I TLIO
CKOMITIEHCOBaHa.

Tino pyxaerbcs NPAMOIIHIAHO W PIBHOMIPHO, AKIIO Jid 1HIIUX T Ha
II€ T1IJI0O CKOMIIEHCOBaHa.

3a Apucrotenem, Cuia — IPUYUHA PYXY.

Ski1o Ha TUIO HE AIIOTH 1HIII TiJa, TO BOHO 30epirae cTaH Crokow abo
PYXa€eThCS MPSIMOJIIHIHO Ta PIBHOMIPHO.

3a BueHHAM HpIOTOHA, CHJIa — NPUYUHA 3MiHU PyXy TLI.

Iepmmii 3akon HbroToHa: Oyab-sike TUIO MPOJOBXKYE IMepedyBaTH B
CTaHl CIIOKOI0 200 PIBHOMIPHOTO 1 MPSMOJIHIHHOTO PYyXY, JOKH M OCKUIBKU
HOTO HE 3MYCATh 3MIHUTH IIEH CTaH MPUKIIAJCH] 0 HHOTO CHIIH.

Ti cuctemu BIUTIKY, Y SIKMX 3aKOH 1HEpLIi peani3yeThCsl, HA3UBAKOTHCS
iHepuiaJJbHUMM, a T1, y SIKUX HE peasi3y€eThCs, — HeiHepUiaJbLHUMMU.

BignoBimHo 10 cydacHuUX ysBIeHb, nNepmui 3akoH HboToHa
(opMyTIO€ETBCA TaK: ICHYIOTh TaKi CUCTEMH BIJJIIKY, BIJIHOCHO SIKMX Tija
30epiraroTh CBOIO IMIBUIKICTh HE3MIHHOIO, SIKIIIO HA HUX HE JIFOTH 1HIII TiJa,
a00 i 1HIIMX T1JT CKOMIIEHCOBAHI.

IHepTHiCTH — 1€ BIIACTUBICTH, SIKa XapakTepHa JJIsl BCIX TUT 1 MOJIATAE
B TOMY, IO JUIsl 3MIHM IIBUJKOCTI Tij1a MOTPIOEH yac.

BrnactuBicth Tila — 1HEPTHICTh — XapaKTEPU3YEThCA (PI3UYHOIO
BEJTMYMHOIO — MAacCo¥0.

Maca Tina — e mipa Horo iHepTHOCTI.

BigHomieHHss MoOIyniB MPUCKOPEHb JBOX TUI, IO B3aEMOIIIOTH,

00epHEHO MPONOPIIiiiHe BITHOIICHHIO iXHIX Mac.
a, mp

a, m
OCHOBHI BJIACTMBOCTI MacH:
1. Maca Tila — BeJMYMHA IHBapiaHTHA, TOOTO HE 3aJICKUTH BiJl BHOOPY
CUCTEMHU BIJTIKY.
2. Maca Tija He 3aJIeKUTh BiJ] IIBUIKOCTI pyXy TLJIA.
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3. Maca Tina — BeJIWYMHA aIUTHUBHA, TOOTO Maca TiJIa IOPiBHIOE CyMi
Mac yCiX YaCTHHOK, 3 SKUX TIJ0 CKJIaIa€ThCs, a Maca CUCTEMHU TUT JJOPIBHIOE
CyMI Mac TiJI, 0 YTBOPIOIOTH CUCTEMY.

4.V kmacu4Hii MeXaHiIll CpanboBy€e 3aKOH 30€peKEeHHSI Macu: Mij yac
OyIb-SKHX MPOIIECIB, IO MPOTIKAIOTh Y CUCTEMI TiJI, 3arajbHa Maca CHCTEMHU
3aJIMIIAETECS HE3MIHHOIO; Maca TUIa HE 3MIHIOETHCS BHACIIZOK MHOTro
B3a€MOJII1 3 1HIIIUMU TUIAMU.

Jliro i1 a00 YacTUHOK (O7HA HA OJIHY) HAa3UBAaIOTh B3a€MO/II€IO0.

B3aemonis Tin — onHe 3 GyHIAMEHTAIBHUX MOHATH y ¢izuii. Came
B3a€EMOJIII € TPUYMHOI OyAb-SKUX 3MiH, IO BIJOYBAIOTHCA 3 TUIAMHU
HABKOJIO Hac. Yci B3aeMOAll B CyyacHId (i3ull MOXHA pPO3MOIUIMTH Ha
YOTHUPH BUJU: TpaBiTalliiiHE, €IEKTPOMArHiTHE, CUJIbHE 1 ca0Ke.

I'paBiTaniiini B3aemopail (TSKIHHA): NOPUTSATaHHS TIT A0 3eMI,
icnyBaHHs COHS'YHOI CUCTEMHU, 30PSTHUX CUCTEM (TaJaKTUK) 3yMOBIICHI €10
CHUJT TSDKIHHSL.

EnexrpomaruiTHi B3aeMogii: 3yMOBJeHI 3B’3KaMH B aToMax,
MOJIEKYJIaX 1 3BUYalHUX MaKpOTLIaXx.

CunbHi (saaepHi) B3aemoaii: HasABHICTD Yy SApaX OJIHAKOBO
3apsIKEHUX NPOTOHIB 1 HEUTPaTbHUX YACTUHOK CBITYUTH PO T€, 1110 MAIOTh
ICHyBaTH B3a€MOJli, Ha0araTo 1HTEHCUBHIIII 32 €JIEKTPOMArHITHI, 1HAKIIE
a71po He Morio 0 yrBoputucs. Lli B3aeMoail POSBISIOTHCS JUIIE B MEXaxX
anpa.

Caabki B3aemofii: miJl BILTMBOM «BHYTPIIIHIX MPUYMH» HECTAOUIbHI
BUTbHI YaCTHHKHU 32 TOW YM IHIIWNA XapaKTepHUN Yac MEepPETBOPIOIOTHCS Ha
1HII YaCTUHKHU (pO3MaatoThes). [CHYIOTh MOBLIBHI PO3MAIM 3 XapaKTEPHUM
gacoM 10-10-10-6 c; BoHHM BimOyBarOThCS 3a PaxXyHOK TaK 3BaHOI CIaOKOi
B3a€MOJIII.

Cuyia — 11e BEeKTOpHA BEJIMYMHA, [0 € MIPOIO JIii HA TUJIO 1HIIUX TiM, Y
PE3yNbTaTI SIKO1 T1J10 JICTa€E MPUCKOPEHHS a00 3MiHIOE (hopMy U po3MipH.

VY cucremi CI cuna BumipsieTsest B HbroToHax (1 H).

1 H— e cuna, sika Timy Macoro 1 kKr Hagae npuckopeHHs 1 m/c2.

PiBHoaiiiHa cmjia — 11e cuiia, Jis SKOI 3aMIHS€ JIF0 KUIBKOX CHII, IO
OJIHOYACHO JIIOTH Ha TUIO.

JApyruii 3akon Hblorona: piBHOAIMHA F yCiX CHJ, TPUKIAJACHUX [0
TiJ1a, TOPIBHIOE JOOYTKY MacH Tijia Ha HOTO IPUCKOPEHHS.

F =ma



Oco0auBoCTI 3acTOCyBaHHSA APYroro 3akony Herorona

3ynuHUMOCS Ha JeskuxX ¢akTax, [0 BUILIMBAIOTH 13 APYroro 3aKOHY
HproToHA 1 JOMOMOXKYTH ITiJT Yac pO3B’I3yBaHHS 3a/1a4.

1. Cwia — mpuynHA NPUCKOPEHHS; TPUCKOPEHHS BU3HAYAETHCS
CHJIOIO, 1110 /i€ Ha T110. 3MIHA CHJIM NIPUBOJIUTH J0 3MIHU MIPUCKOPEHHS, a HE
HaBIIaKH.

2. SIKII0 Ha T1I0 OJHOYACHO 1€ KIIbKA CUJI, TO F 1+ F R F n = Mmd.

3. Skmo cmim, sKi JIFOTh HAa TUIO, CKOMIIGHCOBaHi, TOOTO
F 1+ F ot ..+ F n =0, To mpuckopenns d = 0. OTxe, 3aKOH iHEPLii MOXKHA
chopMyTIOBaTH Tak: Tij0 TepeOyBae B CTaHI CIOKOK a00 PYyXa€eThCs 3
MOCTIMHOI IIBHUJKICTIO, SKIIO PIBHOJIMNHA CHUJI, MNPUKIAJIEHUX [0 TLIa,
JIOPIBHIOE HYJIIO.

4.3 npyroro 3akoHy HeroToHa MokHa gictaTty Bu3HaueHHs 1 H:

KT * M
1H=1

cz

Tperiit 3akon HbloToHa: 1Ba Tija B3a€MOJIIOTH OJHE 3 OJHHUM 13
CUJIaMH, CTIPSMOBAaHUMH B3JIOBK OHIET TPSIMOi, OTHAKOBUMH 32 MOAYJIEM 1
MPOTHIICKHUMU 32 HATIPSMOM.

Cuin, 3 IKHMH B3a€EMOJIIOTH JIBa Tijia:

a) MalTh Ty caMy (i3W4YHYy NPUPOJY, OCKIIBKA 3yMOBIICHI OJHIEIO
B3a€EMOJICIO;

0) omHaKOBI 3a MOJyJieM 1 CHOpSMOBaHI B3JIOBX OJHIE] MPAMOI
MPOTUIICKHO OJTHA OHIN;

B) MPUKIAJIEHI 0 PI3HUX TUT 1 TOMYy HE MOXYTh KOMIICHCYBATH OJHA
OJHY.

JlekiJibKka NPUKJIAAiB IPOSABY TPETHOro 3akony Hbrorona.

1. siBume Bigaaui. Cua, 110 Jii€e Ha cHapsa 3 OOKy rapMaTH, JTOPIBHIOE
3a MOJIyJIEM CHJIL, IO JIi€ HAa rapMaTy 3 OOKYy CHapsijia B MOMEHT MOCTpity. Y
ABTOMATUYHIN CTpUICHbKIA 30poi sBUINE BiAJladyl BUKOPUCTOBYETHCS IS
nepe3apsipKaHHs 30poi.

2. PeakTHBHUIi pyX. 3 BETMYC3HOIO MIBHUJIKICTIO BUKUIAIOUN MTPOTYKTH
3rOpsIHHS TIAJIMBa Has3aj, pakeTa i€ Ha HUX 3 HAJI3BUYAMHOIO CHJIOI0. 3
TAKOI JK 3a MOJIYyJIeM, ajie¢ CIPSMOBAaHOIO BIIEPEN, CHUJIOK MPOIYKTH
3TOPSIHHS TIIOTh HA PAKETY.

3. B3aemopis 3emui it Conusi, Micsins it 3emuti, pyx mjiaHer ta
IHIIMX HeOeCHUX TiJlL.

4. PyxX TpPaHCIIOPTHHX 3aC00iB.
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I'paBiTaniiina B3aeMoais — 1€ B3aeMOJis, BJIaCTUBA BCIM TUIaM y
BcecniTi. BoHa posIBIIIETBCS B IX B3a€EMHOMY MPUTSATaHHI OJTHE IO OJHOTO.

3aK0H BCeCBITHBOIO TSUKiHHS: Bl MaTepiajibHI TOYKH Macamu Mj
1My, mo mepedyBarOTh Ha BijAcTaHI R omHAa BiJ OAHOI, MPUTATYIOTHCS 13

CHIJIOIO

mim,
F=t—

neG =667-10"11—

H-m2
kr2

Cuny, 3 sikoro 3emuisl MpUTATYe Oy/ab-sIK€ TUIO, HA3UBAIOTh CHJIOI0
TAKIHHA.

[Tix yac BUIBHOTO MAJIHHS BCl TL1a OUISI MOBEPXHI 3eMIIl pyXaroThCs 3
OJIHAKOBUM TMPUCKOPEHHSM, 10 HAa3UBaIOTh MPUCKOPEHHSM BUIHLHOTO
nafinas §. Lle mpuCKOPEHHs 3yMOBIEHE Ji€I0 Ha TiIO CHJIM TSOKIHHS F';

Omxe, Apyrui 3aKoH HbloTOHa AN Tina, Wo BiflbHO Naja€, Ma€ BUMAA:

F =mg.

Takum yMHOM,

- Cuna TsDKIHHS, 110 1€ Ha T110, MPONopIliiiHa Maci [bOro Tija.

- Touky mpuKIafaHHd CUIM TSKIHHA, IO JII€ HAa T110, 32 OyAb-SKOIro
HOro MOJI0KEeHHS B MPOCTOP1 HA3UBAIOTh [ICHTPOM Barw.

Posrnsmatoun 3emito sIK OAHOPIAHY KYJIFO, PO3YyMIEMO, IO 3eMis
NPUTATYE TIJIO MAacoO SKE 3HAXOMUThCA Ha 1 TMOBEPXHi, 13 CHIIOKO:

mM. . . . .
F=aG R23 ne Mz — maca 3emini, Rs — paniyc 3emui. g cuna Hagae Tuiam
3
MIPUCKOPEHHS BIILHOTO MaIHHS, 1110 JOPIBHIOE:
F p M,
I=m RZ

VYHacoioKk 3eMHOro TsDKIHHS yC1 Tijla CTUCKAlOTh a00 MPOTHHAIOTH
onopy (puc. a) abo po3TATYIOTh MijABIC (puc. 0).
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Baroo Tiia Ha3uBalOTh CcHUy, 3 SIKOKO TiJIO, YHACTiJIOK ¥Oro
IPUTSTAHHS 10 3eMJli, TUCHE Ha OMOpy ab0 pO3TATYE MiJIBIC.

3’siCyeMO TPUYMHY BHHWKHEHHS Baru Tua. JlJIs mbOro pO3TIISTHEMO
TLJT0, IO JICKUTH HA TOPU3OHTAIBHIN OIOPI.

“\—7
I
|| {{]]]
b/ //(/// I II IS AT A7 I,
mgv
P
Y

Ha ne Tijno mitoTh AB1 CHJIW: CHJIA TSDKIHHSA ﬁm =mg i cuna peaxuii
onopu N. Ockinbku i cnm MPUKJIAACH] 10 PI3HUX TOYOK IHOr0 TiIa, TO
BHACHIZIOK i KX CUJI TUIO nePopMyeThcsi (CTUCKAEThCS). Y pe3ysbTaTi
BUHUKAE CUJIA TIPYKHOCTI P, sixa it 1ie Ha OTopy.

CumuNiP — 1€ CUJIM B3a€MOJIIi TiJIa ¥ OMOPH, TOMY, BIJIIIOBIIHO 0
TPETHOro 3aKOoHY HBIOTOHA, BOHM OJHAKOBI 32 MOAYJEM 1 MPOTHUIIEKHI 32
HATPSIMOM:

N =P.

SAxkmo TimoO W omopa Hepyxomi BimHOCHO 3emui (ab0 CHUIBHO
pYXalThCsl PIBHOMIPHO ¥ MPSMOIIHINHO), TO, BIANOBIAHO A0 APYroOro
sakony Hetotona, N + mg = 0.

Omxe, B = mg.

N
a
TI777 JI
mg
vP

19



Bignmosizmo 1o  gpyroro  3akoHny — Herorona, mg + N = ma.
CnpoexTyBaBiiu 1ei Bupa3 Ha Bick Oy, JaicTaeMo:
—mg + N = ma,a6o N = m(g + a).
3 ypaxyBaHHSM TOro, 110 P= N, 0CTaTOYHO OTPUMYEMO:
P =m(g + a) > mg.

o SIKI110 MPUCKOPEHHS Tija CIPSMOBaHE Bropy, TO Bara Tija Oijblla 3a
CUITY TSIKIHHSL.

Mipkyioun aHaJOTiYHO, MOXXHA TIOKa3aTh Bary Tula, KOO
IPUCKOPEHHS TJIa CIIPSIMOBAHE BHU3:

P =m(g —a) < mg.

o fIKIII0 MPUCKOPEHHS TLIa CIOpsIMOBaHE BHU3, TO Bara TiIa MEHIIA 3a
CUITY TSIKIHHS.

Cran, 3a sSKOTO Bara Tia JOPIBHIOE HYJIO, HA3UBAETHCS CTAHOM
HEBaroMocTi.

BigHomieHHst cuim, 3 KO TUIO TUCHE Ha OMOPY B pa3i MPUCKOPEHOTO
pyXy Bropy, A0 HOro Baru B I1HEpIlaJbHIA CHUCTEMI BIJJIIKY Ha3UBaIOTh
NepeBAHTAKEHHSIM.

Ity4ni cynmyTHUKU 3eMJIi — KOCMIYHI JITaJIbHI anapaTd, BUBE/ICHI Ha
HABKOJIO3eMHI OpOiTH. BOHM mnpu3HAYarOTBCS 71l PO3B’A3yBaHHS PI3HUX
HAYKOBUX 1 MPUKIIATHUAX 3a]1a4.

IBuAKICTh, AKOI MOTPIOHO HAJATH CYNYTHHUKY, MI00 BIH pyXxaBcs
HaBKOJIO3€MHOIO OpOiTOI0 (HAa MEHINIM BUCOTI, Y MOPIBHSIHHI 3 paglycoMm
3emi1i), HA3UBAIOTh MEPIIOD KOCMIYHOK IBHAKICTIO.

v, =+ R,g =8 (g)

[Ilo6 TuIO 3MOIIO 3aJUIIUTH 3€MIII0 ¥ TIEPETBOPUTUCS HA IITYyYHY
wiaHety — cynyTHuk CoHIs, WOMy CHiJi HajgaTH TaK 3BaHOI APYroi
KOCMIYHOI IIBUIKOCTI.

vy =V2-v=11,2 (ﬂ)

C
Tpersi kKocMiYyHA MIBUAKICTL — 1€ MIBUAKICTh, HEOOXI1IHA JJISI TOTO,

mo0 TUI0 Morjgo 3anmuimutd Mexi CoHsSYHOI cucTeMH W PYLIUTH B
I'anaktuky.

HMedopmanisa — 1ie 3MiHa HopMH i PO3MIPIB TLIA i JI€I0 30BHIMIHIX
CHIL

3a xapakTepoM 3CyBy YAaCTHHOK Tila OJHA BITHOCHO OJHOI
PO3PI3HAIOTH Takl BUAM JAeopMaliil: pPO3TAraHHs, CTHCKAHHSA, 3CYB,
KPYTIHHS, BUTHH.
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Hait6inpm npoctum BujoM aedopmariii € nedopmaiiisi po3TsaraHHs i
nedopmMaliisi CTUCKaHHS.

Km0 710 OMHOPIMHOTO, 3aKPIIJIEHOTO 3 OJHOTO KIHIS CTPYOKHS
MPUKJIACTA CHJTy B3JIOBXK HMOTO OCi B HamlpsiMi BiJ CTPWXKHS, TO BiH 3a3HA€
nedopmarii posraranus. Jledopmairii po3TaraHHs 3a3HAIOTH TPOCH, KaHATH,
JAHITIOTH B MiTHIMAJIBHUX MPUCTPOSX, CTSHKKA MK BaroHaMu TOIO. SIKIo
Ha 3aKPIMUICHUH CTPUKEHb MOMISATH CHJIOI0 B3JIOBX HOTO OCl B Hampsmi J0
CTPW)XHS, TO BIH 3a3Ha€ CTUCKaHHA. Jlegopmarlii CTUCKaHHSA 3a3HAIOTh
CTOBIIM, KOJIOHH, CTiHHM, (QyHIaMeHTH OYIWHKIB Ta 1H. YHAaCIHiJI0K
pO3TsranHs ab0 CTUCKaHHS 3MIHIOETHCS TUIOIIA MOTIEPEYHOTO TIEpepizy Tia.

Hedopmariii po3TAraHHs i CTUCKaHHS XapaKTEPU3YIOThCA a0COTIOTHUM
1 BTHOCHHUM ITOJOBKECHHSIM.

AOCOJIIOTHE MOJOBKEHHSI — 1€ (pi3MYHa BEJIMYMHA, 110 JOPIBHIOE
3MiH1 JOBKHUHHU TiJIa BHACTIAOK AedopMaliii po3TsiraHHs ab0 CTUCKAHHS.

AOcoNOTHE  TOJOBXKCHHS Mo3HayaroTh Ali  o0uuciIoTh 32
dopmymoro: Al =1- 1o, ne lg — mouarkoBa goBkuHA Tina, a | — moBxuHa
ne(opMOBaHOIO TiJa.

OueBuaHo, Mo B pasi aedopmarii posrsranas Al > 0, a y Bumaaky
nedopmariii ctuckanuas Al < 0.

BinnocHe mnomom:keHHsi — 1€ (i3MYHA BEJIMYMHA, IO JIOPIBHIOE
BITHOIIEHHIO a0COIFOTHOI'O MOIOBKEHHS IO OYATKOBOI JOBKWHHU TLjIA.

BigHocHe mo0BXEHHS MTO3HAYAETHCS € 1 00UHUCITIOETHCS 3a (HOPMYIIOHO:

Al
o

VY Bumagky npedopmarii po3rsaraHHs & > (), a Bpasl aedopmaiii

cTUCKaHHSA & < (.

&

Jedopmaiiii, siki MOBHICTIO 3HUKAIOThH TICIS MPUIIUHEHHS J1i HA TLIO
30BHIIIHIX CUJI, HA3UBAIOTh MPYKHUMHU.

HedopmMairii, siki 30epiraroTbCsi ¥ MICHsT TOTO, SIK 30BHINIHI CHJIU
MEePECTAIOTh JISTH Ha TLIO0, HA3UBAIOTHCA MIACTUYHUMU.

Cuiia npys>KHOCTI — 1€ CWIIa, 1[0 BUHUKAE BHACTIIOK aedopMariii Tijia
W copsMoBaHAa TPOTWJICKHO HAMpsMy 3CYBY UYAaCTHHOK Yy MPOIECi
nedopmarrii.

Mexaniyna Hanpyra ¢ — 1e (i3U4Ha BEJIUYMHA, 10 XapaKTepHU3ye
nedopMoBaHe TUIO W JOPIBHIOE  BIAHONICHHIO  MOAYJS  CHJIHU
HPY>KHOCTI Fnp 10 MIIOIII IONIEPEYHOT0 Nepepi3y Tiaa S:
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K

_p
S
Onununs mexaniynoi Hanpyru B CI — nackans (I1a).

Hocaign nokasymrhb, 10:

ey pa3l HE3HAUYHUX MPYXKHUX JAePopmalliii MexaHiuHa Hampyra

MPOMOpILiHA BITHOCHOMY MOJIOBXEHHIO:
o= E|¢g|

Koedimient nponopiiinocti E HazuBaeThcss MOysieM NPY>KHOCTI, abo
moayiem FOHra.

Moayas FOHra — e ¢i3ndna BeIMYUHA, IO XapaKTEPU3YE OMPHICTH
Marepiany npyxkHiid gedopmariii po3Tsiranas ad0 CTUCKaHHS.

OCKUIbKM BIJIHOCHE TIOJIOBXXKCHHS & — 0e3po3MipHa BEIMYMHA, TO
onunui Moayis FOura B CI — nmackans (I1a).

3akon I'yka: y mexax npyxHoi gedopmariii cujia IpyKHOCTI TIPSIMO
IpoIopIIiitHa a0COTIOTHOMY MOJOBKEHHIO TPYKUHU:

Fy, = kAl
XopcTKicTh MPYKUHU BU3HAYAETHCS 32 (POPMYIIOLO:
k=
Al

3BiJICH BUILIMBAE, IO OJUHUILI )KOPCTKOCTI B cucteMi Cl BUMIprOeThCS
B H/M.
[Tokaxemo, 1o Bupas 0 = E|&| takox € 3akonom ['yka, ane B iHImiiH
dbopmi 3amucy.
Fp . Al .
3a BH3HAQUEHHSM, O = — + @ BIIHOCHE TMOJIOBXKCHHS £ = - Tom 3

ypaxyBaHHIM HopMysiu 0 = |&| micTaemo:

F |AL|
Tp
— =F—.
S )
3BiACH:
ES

E, =—|Al] = k|Al
i =7 1811 = Klal]

ES . :
He k = " kKoedimieHT xxopcTrocTi. OTXKE,
0

® KOC(IIIEHT >KOPCTKOCTI 3aJICKUTh BIJl MPYKHUX BIACTUBOCTEH
Marepiaiy, 3 SKOTO BUTOTOBJICHE T1JIO, 1 HOTO TEOMETPUYHUX PO3MIpIB.

Cuna TepTsi — 1€ cWiIa, 10 BUHMKAE 1] yac pyxy abo B pasi cripobu
COPUYUHUTU PyX OJIHOTO TiJIa MO MOBEPXHI 1HIIOTO M CIpPSIMOBAaHA B3JOBX
JOTUKATBHUX IMOBEPXOHB MPOTH PYXY.
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Cuia TepTsl CHOKOI — 1€ CUJIa, 110 BUHUKAE MK JIOTUKAJIbHUMU
MOBEPXHSAMHM TUI, HEPYXOMHUX BIJIHOCHO OIHE OJTHOTO.

SIKIO HECWJIBHO TOAISITH Ha OpyCOK, SIKUH JIeKUTh Ha CTOJI,
cuIolo F1, CIpSIMOBaHOIO TOPU3OHTAIBHO, TO OPYCOK 3aJIUIIUTHCS JIEKATH
Ha Micti. OCKUTBKH OpYCOK HE 3PYIIIY€ 3 MICIIS, OTXKE, 3’ IBHJIACS CHJIA TePTS
CHOKOIO Fyepm cnox, KA 3piIBHOBaXKYE cUITy Fi.

[Totaruemo Opycok 3 OUIBIIOK CHUJIOK, 30UTBIIMTHCA W cuiIa TEPTs
CIOKOI0. SIKIIO 111 JOCIIIX TPOJOBKUTH, MU 3MOKEMO 3a/I15ITH TaKy CHITY, 3a
AKOT1 OPYCOK 3pYIIUTH 3 MICIS. Y 1€ MOMEHT MU JOCSITHEMO MaKCUMaIbHOI
CHUJIU TEPTS CIIOKOIO.

ExcnepuMeHTallbHO BCTaHOBJIEHO, 110 MaKCHMallbHa CuUjla TepPTs
CIIOKOIO IIPOIOPIIiiiHA CUIII PEaKIIii OMOPH:

ErepT.cnox.max = MON

Tyt po — MakcuManbHUM KoeilieHT TepTs crnokoro, N — Moayinb
CUJIM PEaKIIii OMOpPH.

Cuiia TepTs KOB3aHHSI — 1€ CWJa, [[0 BUHUKAE MiJ 4ac KOB3aHHS
OJIHOTO TiJ1a MO MOBEPXHI 1HIIIOTO.

Ha pgocmial  MoxHa  moka3zatd, 1O MOAYJIb CWIM  TEpTA
KOB3aHHS Fyepm xos; IPOTOPIIIITHUI MOAYIIIO CHJIM HOPMAJIBHOTO THCKY N:

FI‘epT.KOBB. = MN

Cnmim 3BepHYTH y Bary YYHIB Ha Te€, IO CITIBBIJIHOIICHHS
Finepm.coss = N HE MOXKHA 3alUCyBAaTH Y BEKTOPHOMY BUIJISIII, TOMY IO CHJIa
TEPTS 1 CUJIa HOPMAJIBHOTO TUCKY NEPIEHANKYJIPHI OJHA OAHIH.

[lin yac mepeMilleHHS TUIA 1O TOPU3OHTAJIBHIA  TMOBEPXHI
TOPU30HTAIBHO CHPSIMOBAHOIO CHUJIOIO CHUJIa HOPMAaJIbHOI peakilii TIOPIBHIOE
32 MOAYJEM CHJII TSOKIHHSA, TOMY B IIbOMY BHUNAJKYy CITiBBITHOIICHHS
Frnepm.xoss = (N HAOYyBa€ BUTTAAY: Frepm coss = Hmg.

Skio Ti70 HEe KOB3a€ MO0 MOBEPXHI IHIIOTO Tijia, a KOTUTHCS, TO TEPTH,
10 BUHUKAE B MICI[i IXHHOTO 31TKHEHHS, HA3UBAIOTh TEPTSM KOUCHHS.

Jlo TepTs KOUEHHsSI MOKHA BIJIHECTHU TEPTS KOJIC 3a7113HUYHOrO BaroHa
00 peiiku, Kojic aBToMOOUIsE 00 OpYKIBKY, TEPTS MiJ 4Yac MEePEeKOUYBAHHS
I1OK a0 TpyO 00 IPYHT TOILIO.

[Tin yac xo4eHHs Tij0 AedOpMye BCE HOBI M HOBI IUISHKH MOBEPXHI.
Ile € oxHi€r0 3 MPUYMH BUHUKHEHHS CWJIA TEPTS KOUEHHS. 3a3BUYAM TEpPTS
KOYEHHSI TUM MEHIIIE, YUM TBEPJIIIII MOBEPXHI JOTUKAIBHHUX TiJ.

Po3nin MexaHiku, y SKOMY BHBYAIOTHCS YMOBHM PIBHOBAru Tijd abo
CUCTEMHU TiJl, HA3UBAIOTh CTATHKOIO.
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PiBHOBara — 11e 30epeXCHHS CTaHy pyXy a00 CIOKOIO Tijla 3 TUITMHOM
qacy.

SIKIIO TiJIO HE MOXE 00epTaTUCs, TO BCl HOTO TOYKU PYXAIOThCS TITBKU
MOCTYMAIBHO. Y IBOMY BHIMAJAKY JJIS TOTO, MO0 TIJIO 3aJUINAIOCS B CTaHI
CIIOKOI0, HEO0OX1HO, MO0 BEKTOpPHA CyMa BCIX MPUKIAACHUX 10 Tila CHII
JOpPIBHIOBAJIA HYJIIO:

Fi+F+...+F,=0

JIOBXHMHY TIEPIEHANKYJIAPA, OMYIIEHOTO 3 OCl 00epTaHHS Ha JIHIIO il

CHJIY, HA3UBAIOTh MJIEYeM CHJIH.

.

MoMeHTOM CWJIM BiJIHOCHO OCi 0OepTaHHS Tija HAa3MBAIOTh Y3STHH 31

3HAKOM ILUTIOC 00 MiHYC I0OYTOK MOAYJISl CUJIM Ha ii mieue:
M = £Fl.

¥ CI MOMEHT CHJIM BUMIPIOETHCS B HBIOTOH-MeTpax (H-m).

Sxo 1o Tina, 3aKpiIIEeHOMY Ha OCl, IPUKIIAJEHO KIJIbKa CUJI, TO yMOBa
PIBHOBAru Tijla Ma€ BUTJISI;

® TIJIO, 3aKpilUIeHE Ha oci, mnepedyBa€e B CTaHI pPIBHOBAru, SKIIO
anredpaiuHa cyma MOMEHTIB CHUJI, PUKIIAJICHUX JI0 TijIa, TOPIBHIOE HYJTIO:

M; + M, + M3+...= 0.

IleHnTp Mac — 11¢ BIACTUBICTH T1JIa, 1 BOHA HI BiJl 9YOTO HE 3aJICKHUTh, a
IIEHTP Baru HE BJIACTUBHM TUTy W 3aJICKUTh BiJ YMOB, y SKUX TepeOyBae
TLJI0.

PiBHOBary Tula Ha3uMBaIOTh CTIHKOK, SKIO TICHAS OyAb-sIKUX
HE3HAYHUX BIAXWICHb TUIa BiJI TIOJIOXKEHHS PIBHOBarM TUIO 3HOBY
MOBEPTAETHCS B TOYATKOBE MOJIOKEHHS.

IBHOBAry Tijla Ha3MBalOTh HECTIMKOI, SKIIO TMICA OyIb-IKUX
HE3HAYHUX BIIXWJICHb Tija BiJ MOJOXCHHS PIBHOBArW TUIO IIE OLIbIIE
BIIXUJISIETHCS BIJ] TOYATKOBOTO MOJIOKEHHS.

PiBHOBary Tilla Ha3uBalOTh OaWAYy:K0W0, SKIO MIiCaI OyAb-SIKUX
HE3HAYHUX BIIXWUJICHb Tij1a BiJ MOJIOXKEHHSI PIBHOBArv TIJO 3aJIUIIAETHCS Y
CBOEMY HOBOMY IOJIOKEHHI.
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3akoHu 30epeskeHHs

Bennuuna mv orpuMana HasBy iMmyJbcy TijJa. BoHa € Miporo
MexaHidyHoro pyxy. I1ig yac B3aemo/ii BimOyBa€eThes mepeaada IMITYJIbCy Bij
OJTHOTO T1J1a JIO 1HIIIOTO:

p=mv

ImmyJsibe Tila — 116 BEKTOpHA BEJIMYWHA, IO JOPIBHIOE TOOYTKY MacH
TiJ1a Ha HOT0 MBHUAKICTD 1 301TA€THCA 3a HAIIPSIMOM 3 HAIIPSIMOM IIBHIKOCTI.

Onunuiiero BumiproBanHs imnyibcy B CI € kr-m/c.

Ilig miero cuiaM TUIO 3MIHIOE CBOKO IMIBHUAKICTH, OTXKE, 3MIHIOETHCS U
IMITYJIbC TLJIA!

Ap = A(mv) = mAv.
AP = FAt.

JloOyTOK cuiii Ha Yac i A1l Ha3UBaIOTh IMITYJIbCOM CHJIH.

Opnununs BUMiproBanHs iMiysbcy cuiim B CI1 —H - c.

3akoH 30epexeHHs] IMIYJIbCY: CyMapHUM IMITyJIbC 3aMKHYTOL
CUCTEMH TIJ 3AJIMIIAETHCS HE3MIHHUM 3a OyJIb-IKOi B3a€MO/IIi TUT CUCTEMHU
M1 CO0O0I0:

my v, + myv, + msvs+...+m, v, = const.

PeakTMBHMM pyXOM Ha3HMBaIOTh PYX, IO BUHHUKAE B TUIl B Pe3yJIbTaTI
B1JIOKpEMJICHHS B1JI HHOT'O 3 TIEBHOIO MIBHJIKICTIO TIEBHOI HOTO YaCTHHH.

PeakTuBHMI IBUTYH — 11€ JIBUTYH, 1110 TIEPETBOPIOE XIMIYHY €HEPTIIO
najgvBa Ha KIHETUYHY EHEPril0 Ta30BOT0 CTPYMEHs, MPU IIbOMY JIBUTYH
JICTa€ MBUAKICTh Y 3BOPOTHOMY HATPSIMI.

[IBuaKICTH 0OOJIOHKH PAKETH TUM O1jIbIIa, YUM OUIBIIIOIO € MBUAKICTh

BUKMHYTOTI'O ra3zy il unum Oiblia ioro mMaca:
mI‘

Vos = Ur
Mye

Sxo cuna cupsiMoBaHa MijJf KyTOM a JI0 IIEpEMIIIEHHs Tila, TO podoTa
A=F-S-cosa.

PobOoTra cuam JopiBHIOE JOOYTKY MOIyJid CHJIM Ha MOJIYJb
NepeMillleHHs] W Ha KOCHMHYC KyTa MIDK HampsiMOM CHJIM W HampsMoM
MepEeMIILICHHS.

Onununero BumiproBanHs po6otu B Cl € mxoyinb (k).

O6uncimuMo poOOTYy BHYTPIIIHIX CHUJT CHCTEMH, IO CKIIQJAEThCS 13
3emuti i MITHATOTO HAJ TOBEpXHEI0 3eMJIi Tia.
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Sk1o TUI0 majae 3 IEBHOI BUCOTH, HAIIPSM CHUIHM TSDKIHHS 301raeThes 3
HarpsMoM MepemitieHHs. [Ipu oMy mig yac pyxy Tijga BHU3 po0OOTa CHIIH
TSDKIHHS TIO3UTHBHA. SIKIIO T1JIO Macoro M najaae 3 BUCOTH N, TO poboTa CHITH
TSDKIHHS TOPIBHIOE:

A = mgh.

[1ix yac pyxy Tija Bropy cuja TSXKIHHS BXXE CIPSIMOBAaHA MPOTHIICKHO
NEepPEeMIIICHHIO, TOMY B I[bOMY BHIMaJKy poOOTa CHJIM TSKIHHS HETaTHUBHA.
Omxe, y pasi miaioMy Tijla Macor M Ha BucOTy h poO0OTa CHIM TSXKIHHS
JIOP1BHIOE:

A = -mgh.

I3 3akony I'yka BUIIIMBae, 0 B pa3i 3MEHIIEHHS Aedopmallii IpyKuHA
70 HyJIS, MOAYJIb CHJIH TPYKHOCTI 3MEHINYETBCS Bix KX 0 HyJIsA, TOMY
CEpelIHE 3HAUEHHS CUJIU MPYKHOCTI IOPIBHIOE:

kex
Eip.cep. = 7
[Ipu oMy poOoTa CHIIK MPYKHOCTI BUSHAYAETHCA, K
kx kx?
A= an.cep.x - 775 - T

VY pasi 30utbLIeHHS AedopMallii Npy>KUHU CHIIA MPYKHOCTI, 110 Jl€ Ha
T110 3 OOKY IPYXUHU, CIPSIMOBaHa MPOTUIIEKHO Ae(PopMaliii.

VY npomy BUNAAKy poOOTa CHUIIM NMPYKHOCTI HETaTUBHA.

PoboTa cniim TepTs KOB3aHHS.

Cuna TepTs KOB3aHHS 3aBXKIU CIPSMOBAHA NPOTUIEKHO HANPAMY
MIBUAKOCTI, a OTXKe, 1 TEepeMIIIEHHIO Tida, TOMy po0OOoTa CHWJIM TepTs
KOB3aHHS 3aB)X/IM HETaTUBHA.

Horyxuictb — 1e (i3uyHa BeIUYMHA, IO YHUCEIBHO JOPIBHIOE
BIJTHOIIEHHIO POOOTH 10 MPOMIXKKY Hacy, 3a SKUi BOHAa BUKOHAHA!
A
P=-
t

Onununsg notyxHocti B CI — Bar (Br).
MutreBa NOTY:XKHICTb — L€ CKajlspHa (Qi3u4YHa BEJIWYMHA, IO
JIOPIBHIOE BIJIHOIIEHHIO pPOOOTH, BUKOHAHOI 3a HECKIHUYEHHO Majui

MPOMIXKOK 4Yacy, 10 BEJIMYUHU [OTO MTPOMIXKKY:

P FxAx_F y Ax
T A0 At a0 At

. . . Ax .
OCKIJIBKH MBUAKICTh V,, = Ahm A_t’ TO OCTATOYHO A1CTAEMO:.
t—0

P = F.v,.
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OTxe, MUTT€EBA MIBUAKICTH JHOPIBHIOE JOOYTKY MPOEKIIN CHUIIH, IO i€
Ha T1J10, 1 MBUAKOCTI B HAMPsIM1 HOTO MEePEeMIIICHHS.

TakuM YMHOM, YUM OijbIla IMIBHIAKICTE aBTOMOOIIS, THM MEHIIA CHJIa
TATH MOTpiOHA A1 11 miATpUMAaHHS (TIPH MOCTIHIN MOTY>KHOCTI IBUTYHA):

3MaTHICTh Tijla BUKOHYBaTH pOOOTY BHACIHIJOK 3MIHH CBOTO CTaHy
XapaKTepU3yIOTh (PI3UUHOIO BETUUNHOIO, IO HA3HUBAETHCS €HEePTi€lo.

Enepris, sKy Mae TUIO BHACIiJOK CBOTO pyXy, Ha3UBAETHC
KiHETUYHOIO €HEePri€lo.

Teopema mpo KiHeTHYHY eHepril: poOOTa CWIM JOPIBHIOE 3MIHI
KIHETHYHO1 €Heprii Tija.

®i3uyHy BENUYMHY, 110  XapaKTepu3ye 3IaTHICTb  CHCTEMHU
B3aEMOJIIFOYMX Ti1 (4aCTUH Tija) BUKOHYBAaTH pPOOOTY BHACTINOK 3MiHH
iXHBOT'O B3aEMHOTO MOJIOKEHHSI, HA3UBAIOTh MOTEHUIAJIbHOI0 EHEPTI€I0.

[loTeHianbHa eHepris MiIHATOrO BAHTAXKY:

E, = mgh.
[ToTenuianbHa eHepris 1e(hOpMOBaHOL MPYKUHH:
5 kx?
" 2

[ToTeHmianbHy €HEprit0 MOXXHAa BH3HAYUTH TUIBKU IS CHJI, PoOOTa
AKUX T Yac pyXy MO 3aMKHYTIA TPAEKTOPIi TOPIBHIOE HYIIIO.

CyMy MOTEHIIHOT Ta KIHETUYHOI EHEprid Tula Ha3UBalOTh MHOTO
ITOBHOIO MEXAHIYHOI0 EHEePri€lo:

E=E,+E,

SIKIO MDK TLIaMH CHUCTEMH MOIIOTH JIWIIE CHJIM TSOKIHHS W CHIIH

MPY>KHOCTI, MEXaHIYHA €HEPrisl 3aMKHYTOI CUCTEMH T1J1 30€piraeTbes:
E=E,+E, = const

Yaapom (abo 3iTKHeHHSIM) TPHUUHATO HA3MBAaTH KOPOTKOYACHY
B3aEMOJIIIO T1JI, y pe3yJIbTaTl SKO1 IXH1 IMBUIKOCTI 3a3HAIOTh 3HAYHUX 3MiH.

AOCOJIIOTHO MPYKHUI yAap — 1€ 31TKHEHHS, 3a SIKOTr0o 30epiraeTbcs
MeXaHIYHa €Hepris CUCTEMH TiJI.

AOCOJIIOTHO HENpPY:KHMH yaap — 1€ 3ITKHEHHs, 3a SIKOTO Tija
3’€THYIOThHCS (3UTIAIOTHCS) OJTHE 3 OJTHUM 1 PyXarOThCs JAalli K OJTHE TiJIO.
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3itkHeHHs  (yaap) Ha3UBA€ThCS MEHTPAJLHUM, SKIIO BEKTOPHU
IIBUJIKOCTI KYJBOK JO 1 MICASA yIapy CHPSMOBaHI B3JOBX MPSMOi, IO
MIPOXOJUTH Yepe3 iXHi IEHTPH.
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PO31JI 2. MoaexkyasipHa ¢izuka i TepMoguHaMika
BaacTuBocTi rasis, piiuH i TBepAUX TUI

MoJieky/JISIpHO-KiHETHYHOIO TEOPi€I0 HA3MBAIOTh BUCHHS MPO OyI0BY
1 BIACTHBOCTI PEUYOBMHM Ha OCHOBI YSABIECHb MPO ICHYBaHHA AaTOMIB 1
MOJIEKYJ SIK HAMMEHIIUX YaCTHHOK XIMIYHUX PEYOBHH.

B ocnoBi MKT Jse:xaTh TPH OCHOBHI I10JI02KEHHSA:

1) BC1 ped4oBHHU YTBOPEHI 3 HAWAPIOHIIINX YaCTHHOK — MOJICKYJI, 5Kl
caMl CKJIQJalOThCAd 3 aroMiB. MOJIEKyIM ¥ aToMH SBJISIOTH COOOIO
CJIEKTPUYHO HEUTpajbHI YACTMHKHU. 3a MEBHUX YMOB MOJIEKYJIM ¥ aTOMU
MOXXYTh HaOyBaTH J10JIATKOBOTO €IEKTPUYHOTO 3apsily Ta MEPETBOPIOBATUCS
Ha TTO3UTHBHI 00 HETaTUBHI 10HU;

2) aToMH W MOJIEKYJU NepeOyBaloTh y O€3MEepEepBHOMY XAOTHUHOMY
pyci;

3) 4YacTMHKM B3a€EMOJIIOTH OJIHA 3 OJHOI0 CHJIaMH, IO MaloTh
CJIEKTPUYHY IPUPOLTY.

CriBBIJTHOIIEHHS] MK MAaKpOCKOIMIYHUMHU TMapaMeTpaMu — 00’ €MOM 1
THUCKOM — Ha3UBAETHCS PIBHAHHSAM CTAHY.

OcHOBHe 3aBJaHHS MOJICKYJISIPHO-KiHETMYHOI Teopii: BCTAaHOBUTH
3B’SI30K MK MAKPOCKOIIIYHUMH 1 MIKPOCKOIIIYHUMH ITapaMeTpaMu PeUOBUHU
1, BUXOJSYHM 3 1IbOTO, 3HAWTH PIBHSIHHS CTaHy JaHol peuoBuHM. Hanpukian,
3HAIOYM Macy MOJIEKYJ, iX CepelHi IBHUIKOCTI W KOHIEHTpAIll0, MOXKHA
3HaWTU 00’€M, THCK 1 TeMIepaTypy JaHOi Macu rasy, a TakoX BU3HAYUTH
THCK Ta3y, SIKIIO BiJIOMI HOro 00’eM 1 TeMIieparypa.

@di3uyHa BeJIMYMHA, SKA BHU3HAYAE YHCJIO MOJIEKYJ Y JaHOMY TiJi,
HA3UBAETHCS KIIbKICTIO PeYOBUHU i TO3HAYAETHCS JITEPOIO V.

OauH MOJb — 1€ KUIBKICTh PEYOBHHH, SKa MICTUTh CTUIBKH XK
MOJIEKYJI, CKIJTBKH aTOMIB BYTJICI[IO MICTUTHCA B 12 T ByTJIEIIO.

BinnocHa MmoJiekyjasipHa maca M; JOpIBHIOE BIJHOLIEHHIO MAacCH
MOJIEKYJIM Mo JJaHOi pe4oBUHU 10 1/12 Macu aToMa BYTJIEII0 My

M, = —=
T
EmOC
KinbkicTh MOJIEKYyd B OJHOMY MOJII HA3MBAETHCS MOCTIHOKO
ABoraapo: Na = 6,02:10% 1/moun.
Macy 01HOTO MOJIsl p€YOBHHU HAa3UBAIOTh MOJISIPHOK) MACOXO.
BigHomeHHss Macu pedyoBUHU T JI0 KUIBKOCTI PEUOBUHU V HA3UBAETHCS

MOJISIPHOK0 MACOI0 1 TO3HAYAETHCS M:
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m
M=—
v
Sxo gaHe TiAO MICTUTH V MOJIEM PEUOBHMHHU, TO YMCJI0 MOJeKyJa Ny
[bOMY T1JI1 BU3HAYAETHCSI BUPA3OM:

m
N = VNA = MNA

BaacTuBocti rasiB: rasum He 30epiraroTh Hi 00’eM, HI Qopmy; ras
3aMOBHIOE BCIO €MHICTD, Y SIKI BIH 3HAXOIUTHCA.

BaacTuBocti piamu: piguHu 30epiraroTh 00°eM, ajie He 30epirarTh
¢bopMy; BHACIITOK 3JATHOCTI IO TMEpPEIWBAHHS, PiAMHA 3a3BUYAN MpUHMAaE
dopMy moCcyIuHH.

BaacTuBocTi TBepAMX TiJI: TBEpI TiJIa 30epiratotb 00°em 1 hopmy.

Mopenb peanbHOro rasy, y sikid HEeXTYIOTh PO3MIpaMu MOJIEKYJ Tra3y i
X B3a€EMOJII€I0 MK 3ITKHEHHSIMH, HA3UBAIOTh i/1eaJJbHUM ra3oM.

I3onmpounecaMu Ha3MBaIOTh MPOIECH, IO BIAOYBAIOTHCA 3 JIAHOIO
Macol0 rasy 3a MOCTIHHOTO 3HAYEHHS OJHOTO 3 TPhOX MapaMeTPiB — TUCKY,
00’eMy ab0 TeMIIepaTypH.

3miHa 00’eMy U TemmepaTypu Ta3y 3a MOCTIMHOTO THUCKY HA3UBAETHCA

1300apHHUM npoLecoM.
h_T
Vv, T,
3akon I'eii-Jloccaka:
ITin yac 13006apHOro TpoIecy 00’eM JaHOT Macu rasy HpsiIMO MPSIMO
POTOPLIMHUEN 1OTO a0COIOTHOT TEMITepaTypi.
ChiBBigHOIICHHST MDK 00’€MOM [JaHOi Macu Ta3zy # aOCOJIFOTHOIO

TEMIIEPaTypOIO 3a MOCTIHHOTO TUCKY 300pakeHo rpadiyHO HA PUCYHKY.

VA

Le#t rpadik Ha3uBaroTh 1300aporo. Bin nokasye, 110 npu nocTitHOMy
TUCKY 00’ €M Ta3y MpsMO MPOTMOPIIHHUYN Horo aOCOMOTHIN Temneparypi.
3MiHa TUCKY ¥ TeMImepaTypu raszy 3 MOCTIHHUM 00’ €MOM, HA3UBAIOTh

130XOpHHMM HpoLecoM.
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3axon [apus:
[Tpu 130X0pHOMY MpOIIeCi TUCK JaHOT MacH razy MpsMo MpOIOPIIiHHUMA
710 #OT0 a0COJIIOTHOT TeMIIEpaTypH.

T
p: T
I'padik 3anexunocti p(T) mpu V = CONSt Ha3UBAIOTH 130XOPOIO.
P4
. >
0 T

[eit rpadik mokasye, 1o 3 MOCTIHHUM 00’ €MOM THUCK ra3y MpsMo
MPOTNOPLIHUMN 0 HOro abCOIIOTHOI TEMIIEPATyPH.

3MiHa TUCKY Ta 00’ €My ra3y 3a MOCTIHHOI TeMIepaTypH Ha3UBaIOTh
130TepMiYHHUM IPOLIECOM.

3akon boiing — Mapiorra:

[1ix yac 130TepMIYHOTO MPOLIECY TUCK JaHOI MacH razy 00epHeHO
POTOPIIITHUY 10 HOro 00’eMmy.

p_l
P2 W
I'padik 3anexnocti P(V) npu T = CONSt HA3UBAIOTH 130TEPMOIO.
P4
- >
0 v

[le#i Tpadix mokaszye, 1O 3a TMOCTIHHOI TEMIEPATypu THUCK Tazy
00epHEHO MPONOPIIHHUN HOTO 00’ €MYy.
Tuck imeambHOTO ra3zy MPsSMO MPOMOPIIIAHUN KOHIIEHTpAIlli 4YacToK,

Maci 4acTKHU ¥ cepeHbOMY 3HAUCHHIO KBaJipaTa IIBUIKOCT] YaCTKHU.
1

p= §nm0F.
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Tuck i1easibHOTO Ta3y MPOMOPIIHHUKN TOOYTKY KOHIIEHTpAIlli MOJICKYJI
Ha CEpPEIHIO KiIHETHYHY €HEPTiI0 MOCTYMAaIbHOTO PYXY MOJICKYIIH:

_ZE
p=gznk.

Pipusinns Kianeiipona: 1 nanoi macu razy J00yTOK THCKY ra3y Ha
foro 00’eM, MOJIIEHO Ha aOCOJIIOTHY TEMIIEpaTypy rasy, € BelMYuHa

MocCTilHa:
pV
—— = const.
T
3akoH ABOrajpo: 3a OJHAaKOBUX TeMIIEpaTypud W THCKOBI B PIBHHX
00’eMax pi3HUX ra3iB MICTUTHCS OJTHAKOBE YHUCIO MOJIEKYI.
Tuck razy Mo)KHa BHpa3UTH 32 PAXYHOK KOHUEHTpalii rasy 1 Horo
abcomoTHOT Temmeparypu: P = nkT.
Monenb peanbHOro ra3y, y sikid HEXTYIOTh pO3MipaMH MOJIEKYJ Ta3y Ta
iX B3a€MOJII€10 MIXK 3ITKHEHHAMHU, HA3UBAIOTh i1€aJIbHUM Ta30M.
PiBusinus MenpaeneeBa — Kianeiipona:

v ="ZRT

[Iporiec NEePeTBOPEHHA  PIAMHM  HA  Mapy  Ha3UBA€EThCA
NapoyTBOPeHHSIM. SIKIII0 MapOyTBOPEHHS BiIOYBAETHCS 3 BUIBHOI MOBEPXHI
PiIMHU, BOHO HA3WBAETHCS BUMAPOBYBAHHSIM.

[Ipontec mepexogy MoOJIeKyJl 3 MHapd B PIAMHY Ha3UBaIOTh
KOH/ICHCALII€IO0.

Kuninnsi — 1 IHTEHCHMBHUM Tiepexii pIAMHM B Mapy, SKUAW
BiIOYBAETHCS MIPU YTBOPEHHI MyXUPIIIB MApU MO BChOMY 00’€My PIAMHH 32
IIEBHOI TEMIIEPATYPH.

IMurtoma TemjioTa MapoyTBOpPeHHH L 4ncenbHO JOPIBHIOE KIUIBKOCTI
TEIJIOTH, HEOOXITHOI JJIsI TOro, mo0 3BEpHYTH Ha mapy | Kr piiuHH 3a
HE3MIHHOI TeMIIepaTypH.

[Tap, 110 3HaXOAUTHCS B JUHAMIYHIA PIBHOBA31 31 CBOEK PIIMHOIO,
HA3WBAIOTh HACHYEHOIO MAPOI0.

BinHocHOI0 BOJIOTiCTIO MOBITPS1 (@ HA3WBAIOTh BITHOIICHHS THCKY
BOJISTHOT Mapu MpH JAaHiil TeMIepaTypi p 10 TUCKY HACUYEHOI Mapu PH 3 TI€I0
K TEMIIEPaTypoIo:

0 =2.100 %.
H
Temneparypy, 3a siKoi BOJsHa TMapa CTa€ HACHYCHOIO, HA3UBAIOTh

TOYKOI0 POCH.
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Bosnoricte BUMIpIOIOTH 32 JIONIOMOTOIO  CICIIaIbHUX IPHUJIAIIB:
NCUXPOMETPA Ta rirpomerpa.

VY posrarryBaHHI MOJIEKYJ y PIIUHI ICHY€ TUIBKH OMM3bKUN TOPSIOK.

Hamaranus pinmvHA 3MEHIIUTH IUIONIY CBO€i MOBEPXHI HA3MBAETHCS
NMOBEPXHEBUM HATATOM.

IloBepxHeBa eHeprisi — HAJJIUIIIKOBA MOTEHITIATbHA HEPTis MOJICKYII
MOBEPXHEBOIO MIAPY PILAUHM.

YactuHa BHYTPIIHBOI eHeprii piauHu (moBepxHeBa cHepris Emos)
IPSIMO MPOIOPITiHA IOl BUIBHOT MTOBEPXHI PIAMHU (KIIBKOCTI MOJICKYN Y
MTOBEPXHEBOMY IT1api):

E oz = 0S.

Cuny, sxa naie 3 00Ky piIMHA Ha KOHTYp, 110 OOMEXYeE il MOBEPXHIO
HAMaraltOyuch 3MEHIIUTH 1i TUIONIYy T[IOBEPXHI, HA3UBAIOTh CHJIOI0
NMOBEPXHEBOI0 HATHATY.

F.. = ol.

VY kpucramax aroMd Ta MOJEKYJIH pPO3TAaIlOBaHI BIOPSAKOBAHO,
YTBOPIOIOYHM KPUCTATIUHY PEIIITKY.

Kpucranu mnaBnsTbCs TpHW TIEBHIM TeMIEpaTypi, sSKa Ha3UBA€THCSA
TEeMIEPATYPOI0 IJIABJIEHHSI.

3aNiexHICTh (PI3MYHUX BJIACTUBOCTEHN Bl HAPSIMY BCEPEAHMHI KPUCTATY
Ha3MBalOTh AaHI30TPOIIEIO.

VY amopdHuX TiTax € «ONU3BKHID MOPSIOK Y pO3TalllyBaHHI aTOMIB 1
MoJiekyJl. AMop(Hi TiJia He MalOTh MIEBHOI TEMIIEPATypPH TJIABJICHHS.

PeuoBuHM, 110 TOETHYIOTH BJIACTHUBOCTI PIAUH 1 KPHUCTAIIB,
HA3WBAIOTHCS PIAKMMH KPUCTAJIAMMU.

PedoBuHM, 110 CKIAAAIOTHCS 3 TY>KE BEJIMKOI KIJIBKOCTI OJJHAKOBUX a00
pi3HHX 3a OYJOBOIO aTOMHHX TPYIl, a TAaKOXX YEPTryIOThCS, CKJIaJOBUMH
JIaHKaMHu, 3’€IHAaHUMH MDK 0000 XIMIYHMM 3B’SI3KOM B JOBI1 JIIHIHHI,
pO3Tally’)keH1 1 HaBITh MPOCTOPOBI TPUBHUMIPHI CTPYKTYpPH, Ha3UBAIOThH
NnoJIiMepamMu.

33



OCHOBH TEPMOIUHAMIKH

TepmoauHamiuHa cucTeMa — CYKYITHICTh MaKpPOCKOIIYHHX CHCTEM,
AK1 MOXYTb OOMIHIOBaTHCS €HEPTi€I0 MIXK COOOIO Ta 3 30BHIIIHIMU TLIAMHU.

TepmomunamiuHa cucTema, sika He Oepe ydacTi y TeIIooO0MiHI 3
OTOYYIOUMMH TUJIAMU, Ha3UBAIOTh TEI10i30,Ib0BAHOIO.

TemnepaTypa xapakTepusye CTaH TEIJIOBOi PIBHOBAaru: BCl Tiia, IIO
3HAXOJATHCA B TEIUIOBIM PiBHOBA31, MAIOTh OJHAKOBY TEMIIEPATYPY.

AOCOJIIOTHA TeMIlepaTypa € MIpOI CEepeHbOI KIHETHYHOI €Hepril
PYXy MOJICKYJ:

E"—BkT
=S kT.

BHyTpilmHsA eHeprisi — 1€ cyMa KIHETUYHOI €HEeprii XaOTUYHOTO PyXy
BCIX YaCTHHOK, 1110 BXOJATh IO CKJIaay JAHOTO TUIA, 1 HOTEHLIMHOI eHepril iX
B3a€MO/I1i OIHA 3 OAHOIO.

U=E +E,.

/[Ba cioco0u 3MiHM BHYTPILIHbOI €Heprii:

1) i yac BUKOHAHHS POOOTH;

2) HUIAXOM TeIUIoNepeayi.

BuyTpimmHs ~ eHepris  i7eaJibHOTO Tra3y 3aJeXUTh TUIBKH  Bij
TEMIIepaTypH 1 He 3aJIeKUTh Hi Bl HOTO TUCKY, Hi Bl 00’ €My:

["a3, kKl MOXKEe PO3IIMPIOBATUCS a00 CTUCKATHUCS, aje K L€ BIH HE
MEePEMIITYETHCA.

Hexali ra3 3HaxoIWUTbCS Y BEPTUKAIBHOMY LIMIIHIPI, SKUH 3aKpUTO
PYXJIMBUM TOpimHEeM Twutomiero. [l 1i€r0 mpukiageHoi 30BHIMIHBOL
cwid F nopiieHb OmyCTUBCS Ha BIJACTaHb Ax, CTUCHYBLIM IpU LbOMY Tras3.
["a3 Gyne cruckaTucs MOTH, TOKHU cuiia F He BpIBHOBOXHUTHCS 3 CHIIOKO, IO
Jli€ Ha TOPIIEHb 3 00Ky Ta3y 1 BIAMOBIIHOIO PS, JIe p — THUCK raszy (SKIIo
nepeMilieHb Majo, TO TUCK ra3y MOKHa BBa)KaTH MOCTINHUM).

OueBugHO, poO0Ta razy (Ar) BUBHAYAETHCA HACTYITHUM YHHOM:

FAx =pSAx  abo A, = pAVl.

Sxmio ra3 ctucHytH, T0 4V < 0 — poboTa rasy HeratuBHa, KILIO I'a3
po3umputu, To AV > 0 — poboTa razy no3uTrBHa.

Po6ota 30BHIIIHIX cWJI, Oy/e MaTH MPOTHIICKHUN 3HAK:

A=—-A.=—pAV.

PoGoTy razy y BUMaaKy TMOCTIHHOTO THCKY MOXXHa TMOOymyBaTH
rpadiuno. [Ipu i300apHOMY mpornect podoTa pO3IMUpPEHHS ra3y MOXe OyTH
3HaljieHa Ha jaiarpami pV, sk miona npsiMOKYTHHKA.
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PA
P

A=pAV

- — >
0 AV Vv

3 rpadika BurumBae, mo A = pAV =p(V2 - V1).

SAxmio ra3 3 crany | nepeBoJATh y CTaH 2 Pi3HUMH CIocoOamMu (JIMB.
puc.), TO O4eBUIHO, 110 pi3HuI eHepriii U; — Uy Ta x cama, a pobota —
pizHa. Pobota B TepMoaMHAMIII 3aJIeKUTh BijJ MOCIIJIOBHOCTI CTaHIB, SIKY
MPOXOJUTH TUIO BiJl MOYATKOBOTO /10 KIHIIEBOT'O CTaHYy.

PA
11
: 2

A—mRAT
= _

[lizmcTaBnsoun 4YUCIOB1 3HaUYEHHA, OTpuMyeMo: A = 8,31 xk/{orc. SAxio
npuiiHaT, mo M = M, a AT = 1 K, To A =R, T006TO
e yHiBEepcajbHa ra3oBa MOCTIHHA Ma€ CEHC POOOTH, IO 3/IHCHIOETHCS
OJIHUM K1JI0-MOJIEM ra3y npH 1300apHiii 3mMiH1 Temnepatypu Ha 1 K.
Take TtmymadenHs R BiamoBigae padimie  BCTAHOBJICHOMY  HMOTO
HaliMenyBaHHIO: R= 8,31 x/[orc/(kmonv K).
Eneprist B mpupo/ii He BUHUKAE 3 HIYOTO 1 HE 3HUKAE: KITBKICTh €HEPTii
HE3MiHHA, BOHA TUTBKH MEPEXO0IUTh 3 OAHIET (DOPMH B 1HIILY.
3MiHa BHYTPIUIHBOI €HEpPTii Tijla JOPIBHIOE CyMI KUIBKOCTI TEIUJIOTH,
nepeaHoro Ty, 1 poOOTH, 110 3AIMCHIOETHCS HAJ| TIJIOM:
AU=Q+A
KinpkicTh TETIOTH, sKa TEPeacThCsl TUTy, JOPIBHIOE CyMi 3MiHH
BHYTPIIIHBOI €HEPTIi TUIa 1 pOOOTH, IKY BOHO BUKOHYE:
Q =AU + A..
[Ipu i30xXOpHOMY MpOIECI BHYTPINIHS EHEPTis 3MIHIOETHCA TUIBKU
BHACJIJIOK TEMJIO0OMIHY:
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AU = Q.

[Ipu 130TepMiyHOMY TIpolieci BCS TMiABEJCHA KUIBKICTh TEIUIOTH

BUTPAYAETHCS HA pOOOTY, BUKOHAHY Fa30M MIPOTU 30BHIIIHBOTO TUCKY:
Q =A.

[Ipormec B Tem1013010BaHIN CUCTEMI HA3UBAIOThH a/{ia0aTHUM.

B ymoBax BiicyTHOCTI TemIOOOMiHY ra3y 13 30BHIIIHIM CEPEIOBHUIIEM
poboTa, Ky 371HCHIOE Ta3 MPOTH 30BHIIMIHIX CHJI, BIIOYBAETHCS 32 PaXyHOK
BTpaTH MOTro BHYTPIIIHBbOI €HEPrii:

A. = —AU.

[Tpu 1306apHOMY TpOIIECi KITBKICTh TEIUIOTH, KA IMiIBOJIUTHCS J0 Ta3y,
BUTpPAYa€ThCcsl Ha 30UIBIICHHS BHYTPINIHBOT €Heprii 1 Ha poOoTy
PO3IIMPEHHS, SIKY 3/1MCHIOE Ta3 TPOTH 30BHIIIHBOTO TUCKY:

Q =AU + A..

TensioBuii ABUT'YH — MPUCTPIH, KU 31HCHIOE MEXaHIYHY POOOTY 3a
PaxyHOK BHYTPIIIHBOI €HEprii MajiuBa.

KoedimienT xopucHoi aii TemioBOro ABUIryHa — 1€ BIJHOIICHHS
KOPHUCHOI poOOTH Ay, BUKOHAHOI ABUTYHOM, J0 KUTBKOCTI TeruioTu Qi, ska
OTpUMaHa BiJl HarpiBaya:

Ak
Q1

X0/I0AUIBHOI0  YCTAHOBKOI)  HA3WMBAETHCS  LUKIIYHO  JIIFOYUH

n=—-100 %.

NPUCTPIN, IKUI TIATPUMYE B XOJOIUIBHINA KaMepl TeMIepaTypy HUKIY, HIK
y JTOBKIJIJII.
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PO3A1JI 3. EnekTrpoannamika
EaexkTpuuyHe moJe

SIBuma, y SKUX Tia Ha0yBalOTh BJIACTUBOCTI MPUTATYBATH 1HIII Tija,
HA3UBAIOTH €JIEKTPHU3ALIEI0.

Enexkrpuunuii 3apsaa — 1e ¢i3uyHa BeIMYMHA, IO XapaKTEepH3ye
IHTEHCUBHICTH €IEKTPOMArHiTHUX B3a€MO/IH TiJ1 800 YaCTHUHOK.

B enextpuuHo 130510BaHINi CUCTEMI Ti1 aaredpaiuHa cyma 3apsiiB BCIX
T1J1 3aJIMIIAE€THCSI HE3MIHHOIO:

q1 + q; + q3+...+q, = const.

3apsan, TOMINIEHUH Ha TUI, PO3MIPH SKOTO Majl TMOPIBHSHO 3
BIJICTAHSIMU JIO 1HIIUX TiJ, 3 SIKUMHU BOHO B3a€MOJII€, HA3UBAIOTh TOYKOBUM
3apsiAoM.

Hepyxomi ToukoBi 3apsiau (1 ¥ (2 B3aEMOJIIIOTH Y BaKyyMi 13 cuiioro F,
IpsAMO TPONOPLIHHOK MOAYJISAM 3apsiaiB 1 OOEPHEHO MPONOPLIHHOIO
KBaJpaTy BIJACTaHI I MIXK 3apsIaMu:

191119
F == k—z.
T
Enexrpuune mosie — 1e ¢opma Matepii, 3a JOMOMOIOI SKOi

3IMCHIOETHCS B3AEMO/IIS MK €JICKTPUYHO 3aPSKEHUMU T1JTaMH.

. =4 . ~r

Bignomenns cunu F, mo aie 300Ky €JIEKTPUYHOTO TMOJIsI HA TOYKOBUMA

npoOHUM 3apsn (, MOMIMIEHUH y JlaHy TOYKY TMOJIsI, N0 IIbOTO 3apsiay
HA3UBAETHCS HANPYKEHICTIO eJIEKTPUYHOIO MOJIS B IT1H TOYIII:

-

- F
E=-—

q
IpuHumn cynmepno3umii MoOJIiB: HAaNpYy>KEHICTh EJIEKTPUYHOTO TMOJIS

cuctemu N 3apsliB JOpPIBHIOE BEKTOPHIM CyMi HampyXEHOCTEH TIOJIB,
CTBOPIOBAHUX KOKHHUM 3 HUX OKPEMO:
E=E, +E,+...+ Ey.

VY saBHI1 JiHIT, TOTHYHI 10 AKUX Y KOXKHIN TOUIIl 301ral0ThCS 3 HAITPSIMKOM
HAIIPYXKEHOCTI €JICKTPUYHOTO TIOJIS, HA3WBAIOTHCS CHUJIOBMMM JIiHIIMH a00
JIiHISIMU HANIPYKEHOCTi eJIEKTPUYHOTO MOJIS.

SBuIie eeKTPOCTATHYHOI iHAYKIIl MoJsITae B TOMY, IO Ha KIHIIX
MPOBIAHNKA BHHHUKAIOTH PI3HOMMEHHI 3apsAayd B pPIBHUX KUIBKOCTSX, a
HaIpPY>KEHICTh MO yCepeuH1 TPOBITHUKA CTA€ PIBHOIO HYIIIO.

37



BinHomeHnHs noreHmianbHoil eHeprii W, 3apsiny (, IOMIIIEHOTO B JIaHy
TOYKYy  TIOJII, JO  I[bOTO  3apsjay  Ha3WBAEThCI  MOTEHIIAJoOM

€JIEKTPOCTATHYHOIO MOJISl B ITi1H TOYIII:

W

¢ =—
q

Pi3Huls nmoreHmiagiB MiX JIBOMa TOYKaMHU JOPIBHIOE BIJIHOUIEHHIO
poOOTH OIS MiJ Yyac MEePEeMIIEHHS 3apsiAy 3 MOYaTKOBOI TOUKH B KIHIIEBY
710 I[LOTO 3apAIY:

A
P1— P2 q

HanpyskeHicTh eJ1eKTPHUYHOTIO MOJIA JOPIBHIOE PI3HMUII MOTEHIIIAIB,

1110 IPUIAJa€ HAa OJJMHUIIO JOBKUHU Y3/I0BXK JIIHIT HAlIPYKEHOCTI:
E= P1 — §02.
d

HamnpyxeHicTb OZHOpPIAHOTO MOJs AOPiBHIOE 1B M, sKIIO pi3HULA
MOTEHIIAIIB MK JIBOMAa TOYKaMH, 3’ €JHAHUMH BEKTOPOM 3aBJOBXKU 1 M 1
CHPSIMOBAaHUM Y3/I0BXK HANpy>KEHOCTI 1oJis, AopiBHIOE 1 B.

[ToBepxHi pIBHOrO NOTEHIIATy Ha3UBAalOTh EKBIMOTEHUiaJIbHUMHU
MOBEPXHAMH.

BigHomenHss 3apsny ( BIJOKPEMJIEHOTO TMPOBIJIHMKA JO HMOro

MOTEHI[IATy (¢ HA3WBAETHCS €JIEKTPOEMHICTIO LIOTO MTPOBIAHUKA!

c=1

%
dapaxg — eMHICTb TNPOBIJHUKA, y sKOro 3MmiHa 3apsany Ha 1 Kn

CIIPUYMHSE 3MIHY MOTeHIiany Ha 1 B.

Konagencarop — aBa mpoBIAHUKY, 0 MalOTh PIBHI W MPOTUIIEKHI 3a
3HAKOM 3apsiy, NpUYOMY KOH(QIrypamis MNpOBIAHUKIB Taka, IO IOJe,
CTBOPIOBAHE HUMH, 30CEPEIKEHO B OCHOBHOMY M1 MTPOBIIHUKAMHU.

EnekTpo€eMHiCTh IIIOCKOT0 KOHAEHCATOpA:

N
=—
Eneprist 3apsiI;keHOro KOHIEHCATOpA:
_qu _CcU* _¢q°

P2 2 2C
EjexkTpu4Huil CTPyM — 1I€ HAIPSMIIEHUN PYX 3apsIKEHUX YaCTUHOK.
3a HanpsMOK CTPyMy NPHIMArOTh HANPSIMOK PYXY IMO3UTHUBHO 3apsKEHUX
YaCTUHOK.
Jii eJIEKTPUYHOT0 CTPYMY: CBITJIOBA, TEIUIOBA, XIMIYHA, MarHiTHA.

38



®i3uyHy BenMMuuHYy |, 110 JOPIBHIOE BIIHOIICHHIO 3apsay (,
IIEPEHECCHOr0 Yepe3 MOMEePEeYHH Imepepi3 MPOBiIHUKA 3a IPOMIKOK Yacy f,

710 I[HOTO MPOMIXKKY Yacy, HA3UBAIOTh CHJIOI0 CTPYMY:

=1
t

PoboTa cTpymy Ha QUISHII KOJIa JTOPIBHIOE JAOOYTKY HAmpyru Ha I
AUISHIII Ha CUJIy CTPyMy B Hill ¥ Ha HPOMIKOK Yacy, MPOTATOM SIKOTO
IPOTIKAE CTPYM:

A =Ult.

3akon koyas—Jlenna:

KUIBKICTh ~ TEIUIOTH, SKY BHJAUIAE MNPOBIAHUK 31  CTPYMOM,
MPSIMOTIPOTIOPIIifiHA KBaJpaTy CUJIM CTPyMy, OMOpPY MPOBIAHMKA W dacy
MIPOXO/KEHHS Yepe3 HbOTO CTPYMY:

Q = I*Rt.

IoTy:xkHicTH CTPYMY Ha IUISHII KOJIA IOPIBHIOE TIOOYTKY HANpyru Ha
1M TUISHII HA CHUJTY CTPYMY:

P=UL

BigHomieHHst poOOTH CTOPOHHIX CUJI 3 IEPEMIIICHHS 3apsy yCepeauHi
JDKepena 110 3apsjly € XapaKTepUCTHKOI JIKEpesla CTpyMy W Ha3UBAETHCS
€JIEKTPOPYLIIHHOIO CHJIOKO JKepeJia;

ACTOp
q
3akon OMa Uil MOBHOTO K0JIa: CUJIa CTPYMY B 3aMKHYTOMY KOJI1, 110
MICTUTh OJHE JKEpeno, AopiBHIOE BigHomeHHI0 EPC mxepena 10 MOBHOTO

Omopy KoJna:
£
R+7
Hajidinbma cmwia CcTpymMy BiIloOBiZa€ pexuMy KOPOTKOIO
3aMMKAHHS:
| £
K3 'l".
Hanpyra Ha nojirocax 3aMKHYTOIO JI2Kepesia CTPyMy:
U=¢—1Ir.
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CTpyM Yy pi3HHX cepeloBHIIAX

SBume, ske mnojsArae B TOMY, IO OMIp TNPOBIIHHUKA 3a TEBHOI
TEMIIEpaTypH CTA€ PIBHUM HYJII0, HA3UBAIOTh HAMPOBIAHICTIO.

[Ipouec po3magy MOJEKyJl PO3YMHEHOI PEYOBMHM HAa 10HHU MiJ JIE€I0
PO3YMHHHKA Ha3UBAETHCS €JIEKTPOJITHYHOIO TUCOLIALIEI0.

[Ipomec BUIIIECHHS PEYOBHMHHU HA €JIEKTPOAAX MiJ Yac MPOXOKEHHS
EJIEKTPUYHOTO CTPYMY Yepe3 €JIEKTPOIIT HA3UBAIOTh €JIEKTPOJIi30M.

Maca peyoBHMHM M, , sKa BUAUTIIIACS Ha €JEKTPOi, IPOMOpIliiHA
3apsny (, 0 MPOMIIIOB Yepe3 eNeKTPOIIT:

m= Kkq.

EnexTpoxiMIiYHUI €KBIBaJEHT YHUCEIbHO JOPIBHIOE MAacl PEYOBHHH B

KiJlorpamax, 10 BUAUBSIEThCS M1 yac npoxoxeHHs 1 K enektpuku:

m
k=—.
q

Ionizamiss rasiB — BiApuUBaHHA BiJl IXHIX aToOMIB a00 MOJEKYJ

€JIEKTPOHIB.

[Ipouec mNpOTIKaHHS EJNEKTPUYHOIO CTPyMy uepe3 TIa3 Ha3uBaloTh
ra3oBHM PO3PSIOM.

["a3oBuil po3psia, AKUI MOXKHA CHOCTEpIraTd TIABKM 3a HAsIBHOCTI
30BHIIIHBOIO 10H13aTOPa, HA3WBAIOTH HECAMOCTIHHUM ra30BHM PO3PS/IOM.

HaniBnpoBifHMKH — PEYOBUHU, MTUTOMHUI OMIp SKUX AYXKE IIBHIKO
3HMXKYETBCS 3 MM1JIBUILIEHHSIM TeMIEPaTypH.

[IpoBIAHICT HAMIBIPOBIJIHUKA, OOYMOBJIEHY PYXOM €JIEKTPOHIB,
Ha3HMBAIOTh €JIEKTPOHHOIO.

[IpoBigHICTH HAMIBNPOBITHUKA, OOYMOBIIEHY PYXOM JIIPOK, HA3UBAIOTh
HIPKOBOIO.

JIOMIIlIKK, aTOMU SIKMX JIETKO BIJJAIOTh EJIEKTPOHH, HA3HBAIOTHCS
JOHOPHUMM.

HamiBnpoBiIHUKH, y SIKMX OCHOBHHMH HOCISIMHM 3apAJliB € €JIEKTPOHH,
HA3UBaIOTh HANIBIPOBIAHUKAMM N -THILY.

JloMmilmiKu, SKi «3aXOIUTIOIOTH» EJIEKTPOHM AaTOMIB KPHUCTaIIdHOL
PENITKY HaIIBIPOBITHUKIB, HA3UBAIOTHCS AKIENTOPHUMMU.

HamiBnpoBilHUKHK, y SIKHX OCHOBHHMH HOCISIMH 3apsifiiB € [IpPKH,
HA3UBAaIOTh HANIIBIPOBIAHUKAMM [) -THILY.

KoHTakT ABOX HamiBIPOBIAHUKIB 3 PI3HUMHU BUAAMH IPOBIIHOCTI Mae
BJIACTUBOCTI 100p€ MPOBOJUTH CTPYM B OJJHOMY HANpsIMKY M 3HA4YHO TipIle
B IPOTUJICKHOMY HAIpPSIMKY, TOOTO Ma€ 0JJHOOIUHY MPOBIIHICTb.
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MarmsiTHe moJjie

YacTuHu MarHiTy, noon3y SKUX HaOUIbIIEe CUIBLHO MPOSBISIETHCS M1
MarHiTy, Ha3UBalOTh MOJKCAMHU MATHITY.

IHiBHIYHMM NOJOCOM MATHITHOI CTPUIKH HAa3UBAIOTh TOW, KOTPHIA
yKa3ye Ha MiBHIY.

OpHOMMEHH]1 TOJIOCH MAarHiTiB BiIIITOBXYIOThCS, a PI3HOWMMEHHI —
OPUTATYIOThCS. TOMY 3a IONOMOI'OK0 MAarHiTHOI CTPUJIKKM MOKHA BU3HAYATH,
SIKAH TTOJTF0C MAarHiTy MBHIYHUM, a SSIKUH — T1BJICHHUM.

[TpoBiTHUK 31 CTPYMOM JIi€ Ha pO3TAIIOBAHUHN MTOOIM3Y HOTO MTOCTIHHMIMA
MArHir.

[TapanenbHi MPOBIAHUKH 31 CTPyMaMH B3a€MOAIIOTH OJAMH 3 OJIHUM:
SKIIO CTPYMH TE€YYTh B OJTHOMY HANPSIMKY, TO MPOBITHUKY TPUTATYIOTHCS, a
SKIIO B MMPOTHJICKHUX HAMPIMKAX — T€ BiAIITOBXYIOThCS.

Kotymiku 31 ctpymMamMu B3a€EMOJIIFOTh TaK camo, SIK MOCTIHHI MarHiTH.

l'inore3a Ammepa: WMarHiTHI BJIACTUBOCTI TMOCTIHHUX MAarHiTiB
OoOyMOBJIEHI  HE3aTyXalUUMH  «MOJEKYJSIPHUMH»  CTpyMamH, IO
[UPKYJIIOIOThH y HUX.

VY mpocTopl HABKOJO MPOBIJHUKA 31 CTPYMOM BHHHUKAIOTH CHJIU, IO
J1I0Th HAa PyXOMI 3apsiiy 1 HA MarHiTHy CTPLJIKY.

MarniTHUM mojieM MU OyJIeMO Ha3uBaTH TOM CTaH MPOCTOPY, IO
posBIIsiE ce0e yepes3 JIiF0 MarHiTHUX CHUJL.

Moayab BeKTOpa MArHiTHOI iHAYKIil TOPIBHIOE BIJHOIIEHHIO CHIIH,
IO Ji€ Ha TPOBIAHHUK 31 CTPYMOM, PO3TAIIOBAaHUI TMEPIEHIUKYISIPHO 1O
BEKTOpa MAar”iTHOI I1HIYKIi, M0 MOOYTKY CWJIM CTpyMYy B MPOBITHUKY U

JIOBKWHHU MPOB1THUKA:
F
B = ik
Jlinismu Mar”iTHol iHaykuii € JiHIT, TpOBEACHI Tak, 10 JOTUYHI 10
HUX Y KOXKHIM TOYIll BKA3YIOTh Ha HAMPSMOK IOJIS B I1H TOYIII.
3a HampsMOK BEKTOpa MAarHiTHOI 1HAYKII MPUHMAIOTh HAMpPSMOK, y
SAKOMY BKa3aHO MIBHIYHHI MOJIOC BUTBHO 0OEPTOBOI MArHiTHOI CTPJIKH.
HampsiMoxk  miHI  MarHiTHOi  1HAYKIII  MOJS,  CTBOPIOBAHOIO
OPSIMOJIIHIMHUM ~ MIPOBIAHUKOM 31 CTPyMOM, 30Ira€ThCsi 3 HANPSIMKOM
oOepTaHHs pyuku OypaBuMka (TBUHTA 13 IPABOIO HAPI3KOI0), KOJIU HAIMPSIMOK
MOCTYNAJIBHOTO pyXy BilacHe OypaBuHKa 301raeTbcsi 3 HANMPSIMKOM CTPYMY B

MIPOBIAHUKY.
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Hanpsimok niHIH Mar"iTHOI 1HAYKINT MOJISI, CTBOPIOBAHOTO CTPYMOM Y
IPOTSHOMY BUTKY a00 KOTYIII, 301ra€Tbcs 3 HAIPSIMKOM IMOCTYMaTbHOTO
pyxy OypaBurka (IBHHTA 13 MPaBOIO HAPI3KOI0), KOJIU HAMPSMOK OOepTaHHs
pyuku OypaBUHKa 301ra€ThCs 3 HAPSIMKOM CTPYMY.

Cuaa Amnepa: F, = [IBsina.

HanpsiMok cujin AMIlepa BU3HAYAETHCSA 32 PABUJIOM JIiBOI PYKH:

AKIIO PO3KPHUTY MOJIOHIO JIBOI PYKH pPO3TallyBaTH Tak, 1100 BEKTOP
Mar”iTHOT 1HAYKII BXOIWB y JOJIOHIO, a YOTHUPH BHTITHYTHUX MaJIbIll
BKa3yBaJld HAIpPsIMOK CTPyMy B MPOBIAHUKY, TO BiOirHyTHil Ha 90° B
IUTOLIMHI JIOJIOHI BEIMKUW Tayellb MOKa)XXe HANpSAMOK CHJIM, IO i€ Ha
IIPOBIIHUK 3 OOKY MAarHiTHOTO TTOJISL.

Cuana Jlopenna: F, = quB sina.

Hanpsimok cuiu JlopeHua, o ai€e Ha TO3UTUBHO 3apAJIKEHY YaCTUHKY,
BHU3HAYAIOTh 32 JIOMIOMOTO0 MPABMJIA JIIBOI PYKM: SKIIO PO3KPUTY JOJIOHIO
JBOI PYKH pPO3TAIlyBaTH TakK, 100 BEKTOP MAarHiTHOI 1HIYKIi BXOJUB Y
JIOJIOHIO, @ YOTHUPH BUTATHYTUX Malblll BKa3yBaJd HAIPSMOK IIBUIKOCTI
MO3UTHBHO 3apsHKEHOT YaCTHHKH, TO BIIITHYTHI Ha 90° B IJIOIMIMHI TOJIO0HI1
BEJIMKUH TaJIellb TOKa)Ke HAMPSIMOK CUJIH, IO i€ Ha YaCTUHKY.

. B .. .
BII[HOHIGHHX H = B_’ 1o  XapakTCpu3y€ MarHiTH1 BJIACTHBOCTI1
0

CepeIOBUILIA, 1ICTAJI0 HA3By MATHITHOI MPOHMKHOCTI IaHOTO CEpPEeIOBHUIIIA.
JliaMarHeTMKM — PEYOBHHH, 1110 HAMArHIYYyIOTbCS NMPOTHU HANPIMKY
30BHIIIHBOI'O MArHITHOTO MOJIS.
IlapamarHeTHKH — pEYOBUHHU, AKI HAMArHI4ylOTbCA B 30BHILIHBOMY
MarHiTHOMY MOJI1 B HAPSIMKY 30BHIIIHBOTO MAarHiTHOTO MOJISI.
depoMarHeTHKH — MaTepiaid, M0 MalTh BEJIUKY MAarHiTHY
IPOHUKHICTb.
depoMarHiTHi BJaCTUBOCTI — BJIACTUBOCTI PEYOBHHHM, & HE OKPEMHX
130JTbOBAaHUX ATOMIB.
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EnexkrpomardiTHa iHayKumist

MarniTHuii moTtik (IOTIK MAar”iTHOI 1HAYKI(I) 4Yepe3 3aMKHYTHUN

KOHTYP:
® = BScosa.

SIBMIIe eleKTPOMArHiTHOI IHAYKII: 32 OyAb-IKO1 3MIHHM MarHiTHOTO
MOTOKY dYepe3 IUIoNly, OOMEeXeHy KOHTYPOM, Y 3aMKHYTOMY KOHTYpi
BUHHKAE THAYKIIIHHUN CTPYM.

Enextpuyne mose, cTBOpeHE 3MIHHUM MAarHiTHUM IOJIEM, Ha3UBaIOTh
BUXPOBHM.

EPC inaykuii B 3aMKHYTOMY KOHTYpPi MNpoIopIliiHa IIBHIKOCTI
3MIHM MarHiTHOT'O OTOKY, 1110 IPOHU3YE 1IEH KOHTYP:

AD
At

IIpaBuio JleHua: iHIYKIIAHUNA CTPYM Y 3aMKHYTOMY KOHTYPI1 3aBXIU

Ma€ TaKUil HampsMOK, II0 CTBOPEHE HUM MAarHiTHE IOJ€ HAMAaraeTbCs

E =

KOMITEHCYBATH 3MiHY MAarHiTHOTO MOTOKY, sIKa CIPUYUHUIIA 1€l CTpyM.
Bunuknenns EPC inaykiii B KOHTYp1 MijJ 4ac 3MIHU CHJIM CTPYMY B
bOMY  KOHTYpP1 Ha3UBalOTh SIBUIIEM CAMOIHTYKIii.

Al
Ei = —L A_t
IHAyKTUBHICTL — 1€ SKICTh TPOBIIHOTO KOHTYPY, OOyMOBJICHA

BIIHOIIIEHHSIM 3MiHHU MOTOKY MAarHiTHOI 1HAYKIIIi, 0 MPOHU3Y€E KOHTYP, IO
3MiHH CHJIM CTPYMY B HHOMY.
1 I'n — 1HAYKTUBHICTH KOHTYPY, Y SKOMY B pa3i 3MIHU CUJIU CTPyMY Ha
1 A 3a 1 c Bunukae EPC camoinaykiii 1 B.
Eneprisa marHiTHOro mojsi cCTpymMy B KOHTYpl I1HAYKTHBHICTIO L
JTIOPIBHIOE
_ LI 2

W ==
3MIiHHUM CTPYMOM HAa3WBAaIOTh C€IEKTPUYHUI CTPYM, IO MEPIOTUIHO
3MIHIOETHCS 3@ BEIMYMHOIO I HATIPSIMKOM.
I'enepaTop 3MiHHOIO CTPyMY € €JIEKTPOMEXaHIYHUM MPHUCTPOEM, IO
NEPETBOPIOE MEXAHIYHY €HEPTilO B €JIEKTPUYHY €HEPT10 3MIHHOTO CTPYMY.
TpancdopmaTop — mpuCTpid, IO 3aCTOCOBYIOTH MJIs ITiABUILCHHS
a00 3HMKEHHSI HAllPYTH 3MIHHOTO CTPYMY.
KoediuienT Tpancopmanii — BenmnymHa, 1m0 J0PiBHIOE BITHOIIEHHIO

HaIpyr y MEepBUHHIN 1 BTOPUHHINA 00MOTKax TpaHchopmaropa:
U N.
k=—=—
U, N,
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PO31JI 4. KosiuBaHHS Ta XBHJII
MexaHiyHi KOJMBAHHA TA XBUJII

KonuBanHaAMM Ha3uBaroThCs (PI3WYHI TPOIECH, SAKI TOYHO abo
MPUOJIM3HO MTOBTOPIOIOTHCS YEPE3 OTHAKOBI IHTEPBAIH YacCy.

MexaHiYHUMHU KOJUBAHHSIMHU HA3WBAIOTHCSA TaKl PyXH TIJ, 3a SKUX
gyepe3 piBHI IHTEpBAIM 4acy KOOPAMHATH PyXOMOTO TijIa, HOTO MIBUIKICTH 1
PUCKOPEHHS HA0YBAIOTh BUX1THUX 3HAYECHb.

Mopaynbe HaWOIIBIIOTO BIAXWICHHS BiJI TOJOXKEHHS pIBHOBaru
HA3MBAIOTh AMILJIITYI0K0 KOJTUBAHb Xmax.

[IpoMikOK 4acy, MpOTIrOM SKOro BiIOYBa€TbCA OJHE IOBHE

KOJIMBaHHA, HA3UBAaKOTh HepiOHOM KOJIUBaHb.

T_t
=7

KiJIbKICTh TOBHUX KOJIMBaHb, 3JIMCHIOBAaHMX TUJIOM 3a 1 C, Ha3MBaIOTh
JacTOTOI0 KOJIUBAHb.

V=T

BisibHi KoJIMBaHHSA — 11€ KOJIMBAHHS, 110 BII0OYBAIOTHCS B MEXaHIUHII
CUCTEMI MiJl A1€I0 BHYTPIIIHIX CUJI CUCTEMHU MICIs KOPOTKOYACHOT JIi SIKOICh
30BHIIIHBOIT CHJIH.

KomuBaHnHs, 1110 BUHUKAIOTDH T JI€I0 30BHIMIHIX CHJI 1 3MIHIOIOTBCS 3
JacoM 3a BEJIMYMHOO 1 HAIIPSIMKOM, Ha3UBAIOTHCS BUMYILIEHUMM.

Jlns toro mo0 y cucteMi BiOyBajvcs BUIbHI KOJMBaHHS, HEOOX1IHO,
1100 OyJ10 BUKOHAHO ABi YMOBH:

1) cucrema mnoBMHHA TiepeOyBaTH TMOOJU3Y TIOJOKEHHS CTIAKOI
pIBHOBAry;

2) cuy onopy pyxy NOBUHHI OyTH JOCUTh HE3HAYHUMH.

KonuBanHs, mig yac SKAX 3MIIIEHHS 3aJCKHUTh BiJ Yacy 3a 3aKOHOM
KocuHyca (a00 cuHyca), Ha3UBAIOTHCA FAPMOHIYHUMM.

PiBHSIHHSI TADMOHIYHUX KOJIUBAHb:

X = Xpgyx COS WL

IuKJIiYHOI YacTOTOW KOJHMBAHb W € KUIBKICTh IMOBHUX KOJIMBaHb,
3M1MCHIOBAHUX 32 27T CEKYH]I.

MaTreMaTHYHUM MAasITHUKOM HAa3WBA€THCS 1JI€aTi30BaHa KOJIMBaJIbHA
cuctema 0e3 TepTs, 10 CKJIAJAEThCS 3 HEBAroMoi W HEPO3TSHKHOI HUTKH, Ha
AK1{ TJBIIIEHA MaTepiaiabHa TOUKA.
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Ilepioa koIMBaHB MaTEMATHYHOT0 MASITHUKA JIOPIBHIOE:

[
T =21 |—.
Y

Ilepion Masux KOJMBaHb NMPYKUHHOTO MATHUKA JIOPIBHIOE:

oo [F
—Tl'k.

ITin yac xonuBaHb BiAOYBAalOTHCS B3a€EMHI IMEPIOTUYHI MEPETBOPCHHS
MOTEHITIAJIbHOT M KIHETUYHOI EHEeprii.

3aracaroyMMM Ha3WBAIOTHCS KOJUBAHHS, CHEPTis SKUX 3MEHIIYETHCS 13
4acom.

KonuBanHs, 1110 BUHMKAIOTh Mif J1€10 30BHIMIHBOI NEPIOAUYHOI CUJIH,
HA3UBAIOTHCS BUMYIIEHUMH.

SBume pi3KOro 3pOCTaHHS AMIUNTYIUM BUMYIICHUX KOJUBaHbY pasi
30iry 4YacTOTH 30BHINIHBOI CHJIM 13 BJACHOIO YacTOTOK CHUCTEMHU
HA3UBAETHCSI PE30HAHCOM.

XBHJIEI0 HA3UBAETHCS MPOIIEC TOMUPEHHS KOJIMBAHB 13 4acoOM.

[Ipomixkok wacy T, mOpOTAroM SKOro BIJOYBA€TbCS OJHE TIIOBHE
KOJIMBAaHHS, Ha3MBAIOTH MEPioIoM KOJIMBAHbD.

YacToTor0 KOJIUBAHb V HA3UBAIOTh (PI3MUHY BEJIMYMHY, 1110 JTOPIBHIOE
YUCITY KOJMBAHb 32 OJAUHHITIO Yacy.

Biactanp Mik HaWOIMKYMMU TOYKAMHM XBUJIl, SKI PYyXarOThCs
OJJHAKOBO, HA3UBAEThLCS TOBKHHOI0 XBIJII Ii IT03HAYAETHCS A .

B3aemne nocusnenHs abo ocnablieHHs B MPOCTOP1 ABOX ab0 JMEKIIbKOX
XBWJIb OJJHAKOBOI IOBKMHHU Ha3UBAIOTh iIHTep(epeHicr0 XBHJIb.

XBWII, y IKMX YaCTUHKH CEpeIOBUIIA M1J] Yac KOJIMBaHb 3MIIIYIOThCS B
HampsIMKy, TEPICHIUKYIIPHOMY IO HaNpsSMKY TIOMIUPEHHS  XBHIII,
HA3UBAIOTHCS MOMEPEYHUMH.

XBWIIl, y SKMX YaCTUHKHU CEPEIOBHUINA IMiJl YaC KOJUBAHb 3MIIYIOTHCS
Y3JI0BXK HANPSIMKY TIOIUPEHHS XBUIT1, HA3UBAIOTHCS MO310BKHIMH.

3BYKOBi XBWJIi — II€ XBHWJII, YaCTOTH SIKUX JIe)KaTh y AianasoHi Big 20
't po 20 xIm.

Bucory 3ByKy BH3HA4Ya€ 4YacToTa 3BYKOBOI XBWJIi: 4uM OijbIna
JacTOTa XBUJIi, THM 3BYK BHIIUH.

TemOp 3Byky BuM3Hauae ioro 3abapBieHHsA. BiH Bu3HauYaeThCA
HAsSIBHICTIO 1 IHTEHCHUBHICTIO OOEPTOHIB — YacTOT, KPAaTHUX OCHOBHIH.
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['yuHicTh 3BYyKy BHM3HA4YalOTh IEPEBAXKHO 3a aMIUIITYAOI0 3BYKOBOI
XBUJIL.

3BYKOBI XBHWJII 4YacTOTOIO, SKa HIDKYa BiJ 3BYKOBOTO Jiama3oHy,
HA3UBAIOTh iH(PPa3BYKOM.

3BYKOBI XBWJII YacTOTOIO, fKa BHINA BiJl 3BYKOBOTO Jiama3oHy,
HA3UBAIOTh YJIbTPa3BYKOM.
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EjekTpoMartiTHi KOJIMBAHHA i XBHJII

EjekTpnyHIM KOJIUBAJIBLHMUM KOHTYPOM HA3UBAE€THCS EJIEKTPUYHE
KOJIO, L0 CKJIaJaeThesl 3 KoHaeHcaropa C it kotymku L.

[lepioguyHi 3MiHH €JIEKTPUYHOTO 3apsdy, CHIIM CTPyMy M Hampyrud B
KOJI1 Ha3UBAIOTh €J1eKTPOMATHITHUMHU KOJMBAHHIMU.

®opmyaa Tomcona:

T = 2nVLC.

Pe30HaHCOM B eJIEKTPUYHOMY KOJHUBAJIBHOMY KOHTYPi Ha3UBAETHCS
SBHILIE PI3KOTO 3pOCTAHHS AMILUTITY/IM BUMYIIEHUX KOJUBAHb CUIIU CTPYMY Y
pa3i 30iry 4acTOTH 30BHIIIHBOI 3MIHHOiI HANpPYyTH 13 BIACHOK YacTOTOIO
KOJIMBAJIBHOTO KOHTYPY.

Tinbku 3apsau, MO pyXarThes 13 TPUCKOPEHHSIM, MOXKYTh II€pe/laBaTh
€HEprilo 3a IMOCEPEAHHUITBOM CTBOPIOBAHOIO HUMH €JIEKTPOMArHITHOTO
HOJIS.

KoHTyp, 1m0 HE BHUIOPOMIHIOE B TMPOCTIp EJIEKTPUYHY EHEPrIIo,
Ha3UBaIOTh 3AKPUTHM.

EnexrpoMardirHa XBmwjisi — 1€ IpOLEC MOLIMPEHHS B IPOCTOPI 13
4acoM BUIBHOTO €JIEKTPOMArHiTHOTO MOJIS.

[cHyBaHHS €JIEKTPOMArHiTHUX XBWIb OyJI0 nependadeHo MaKCBeIIoOM.
st mepeBipku 1iei Teopii I'. T'epry BUKopuCTaB BIAKPUTUN KOJMBAIbHUMA
KOHTYp (BiOpaTop), IO JO3BOJMJIO IIEPEKOHATHUCSA B IPAaBUIBLHOCTI
BHUCHOBKIB TEOPIi.

I'epu 3MIr BH3HAQUUTH IMIBUIAKICTH €JIEKTPOMArHiTHOI XBWJl 3a
dbopmyioro:

v =Av.

JUist enleKTpOMarHiTHOI XBWJII Yy Bakyymi mepioj T, yactota v ¥ JOB

’KHHa XBWI1 A 1I0B’s13aH1 CITIBBIIHOIIIEHHAMUA:

c
A=cT =-.
v

IIIkaJjia eJ1eKTPOMAarHiTHUX XBWIb — Oe3MepepBHA MOCIIIOBHICTh YacTOT
1 JIOBKUH XBUJIb €JIEKTPOMArHiTHUX BUIPOMIHIOBAaHb, IO SIBJISAIOTH COOOIO
3MIHHE €JIEKTPOMAarHiTHE T0JIe, SIKE MOITUPIOETHCS B TPOCTOPI.
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PO311JI 5. OnTuka T2 OCHOBM TeOPil BiITHOCHOCTI
XBHJIbOBA ONTHKA

VsBOeHHS TpO CBITIO SIK MPO TMOTIK YacCTHHOK JICTajio Ha3By
KOPIYCKYJISIPHOI Teopii cBiTJ1a.

VsBOEHHS MpO CBITJIO SIK MNP0 MOIIUPEHHS XBWJIb IICTAlO Ha3BY
XBWJIBOBOI Teopii cBiTJIa.

B 0CHOBI KOpPIyCKYJISIPHO-XBUJILOBOTO Jyali3My JIEKHUTh JyMKa, IO
CBITJIO OJTHOYACHO MA€ 1 XBUJIbOB1 1 KOPIYCKYJISIPHI BIACTUBOCTI.

IIpominb — 1€ JiHISA, M0 BKa3y€e HANPSIMOK MEPEHECEHHS CBITIOBOL
€HEeprli.

IIy4ok npomeHiB — 11€ CYKYITHICTb CBITJIOBHX ITPOMEHIB.

Jlxepeno cBITJIa, po3MipaMd SIKOTO B JIaHUX YMOBax MOKHa
3HEXTYBaTH, HA3WBAIOTh TOYKOBHUM JI2KePeJIOM CBiTIA.

3aKoH NPAMOJIIHIITHOT0 MOIIMPEHHS CBITJIA: CBITJIO B MOPOXKHEY1 200
OJTHOPIJTHOMY CEPEAOBHII MOIITUPIOETHCS MPSIMOJTIHIRHO.

Tinb — AUIsIHKA TPOCTOPY, Y SAKY HE MOTPAILIs€ CBITIOBA €HEPris Bij
JpKepena CBITIa.

HiBTiHb — AUISIHKAa TPOCTOPY, Y SIKY CBITJIOBA €HEPris BIJ JKepena
CBITJIa MOTpAILIsi€ YaCTKOBO.

BigourTHa cBiT/I1a

I" ".\.\.
N Ve

SKmo HampaBUTH BY3bKHI CBITJIOBUN IMyYOK HAa MOBEPXHIO BOJIU Y
BEJIMKIN TOCY/IMHI, TO YaCTHHA CBITJa BiJ10’€ThCS BiJ MOBEPXHI BOM, 1HIIA
YacTMHA TpOWJe 3 TOBITPs y BOAY. 300pa3uMoO PO3TJISHYTHH JOCIIJ
rpadiuao (Jus. pucynok). Jlinis MN — mepneHauKyasap A0 MeXi pO3IiTy
nBox cepenoBuil. I[IpoMiHb S — mamar4uii MPOMiHB, MPOMIHB S; —
BIIOUTHI TTPOMiHB; IPOMIHB Sy — 3JIOMJICHUI TTPOMiHB; & — KYT TaJIHHS;
f — KyT BiIOUTTS; ¥ — KYT 3aJIOMJICHHSI.

48



CBiTno, BiAOWTE BiJ MIOPCTKYBATOI MOBEPXHi, B3araji HE YTBOPIOE
SAKOTOCh TIydka ¥ HE Ma€e IeBHOTO HaIPSMKY: BOHO pO3CIFOEThCS U
MOIIMPIOETHCSI Y BCIX HampsMKaxX. Take BIAOUTTS HA3UBAETHCS PO3CIAHUM
(ougpyzitinum).

3aKkoHH BiZOUTTH CBITJIA

1. Ipominp magarouuii, NMPOMiHb BIAOUTUH 1 TEPIEHIUKYIAP A0
MOBEPXHI B TOYII MAJ[IHHS JISKATh B OJIHIHN TUIOIIKHI.

2. Kyr BIAOWTTS JOpIBHIOE KYTy MajiHHSA. BinOuWBHY MOBEpPXHIO
HA3MBAIOTh TUIOCKUM J[3€PKajiOM, SKIIO My4YOK MapaleTbHUX MPOMEHIB, IO
najia€e Ha Hel, TMICTs BIIOUTTS 3aJUIIAETHCS MapaieIbHUM.

3aKOHH 32/10MJICHHH CBiTJIa

1. TlpoMiHp majmar4uii, MPOMiHb 3JIOMJICHUN 1 TEPIEHIUKYISP 10
MOBEPXHI B TOYIIl MaIHHS MPOMEHS JIeKaTh B OJIHIN TIJIOIIUHI.

2. BigHomeHHs cuHyca KyTa TMaJiHHS TPOMEHS JO CHHYyca KyTa
3aJIOMJICHHS € BETMYMHOIO TTOCTIMHOIO /ISl ABOX JIAHUX CEPEIOBUIIL:

sina
sinff -

IloBHe BiAOMTTS: siBUILIE BIAOUTTS CBITJIa BiJi ONTUYHO MEHII T'yCTOTO

CEpEeIOBHUILA, 32 SIKOrO 3aJOMJICHHS BIJACYTHE, & IHTEHCHBHICTh B1IOUTOTO
CBITJIa IPAKTUYHO JOPIBHIOE IHTEHCUBHOCTI MaAat04oro.

InTepdepeHuiclo XBUJIb HA3UBAECTHCS SIBUILIE NMOCUIEHHS KOJUBAHb B
OJIHUX TOYKaX MPOCTOpPY ¥ OcCiabieHHs B 1HIIMX B Pe3yJIbTaTi HaKIAJACHHS
IBOX a00 JMEKITbKOX XBHJIb, IO MIPUXOAATH Y Il TOUKH.

Korepentni (3B’si3aHi) XBMJIi — 1¢ XBWII, IO MalwTh OJIHAKOBY
4acTOTy ¥ HE3MIHHE 3pyIIeHHS (a3 y KOXKHIN TOUIll TPOCTOPY.

KorepenTHi qkepena — 11e mxepena, 10 MaloTh OJTHAKOBY YacCTOTY U
HEe3MiHHe 3pyleHHs (a3 y yaci.

AMIJIITY1a KOJIMBaHb CEPENOBHUINA B TMEBHINM TOYIll MaKCHMAJIbHA,
SKIIO PI3HUI XOJy JABOX XBWJIb, IO 30y/KYIOTh KOJIMBAHHS B IiM TOWII],
JOPIBHIOE IIJIOMY YHUCITY TIOBXKHH XBUJIb:

Ax = kA
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AMILIITY1a KOJMBaHb CEPEJOBHINA B MEBHIM Toulll MiHiMaJbHA,
SKITO PI3HUIA X0y JBOX XBWJIb, IO 30y/KYIOTh KOJMBAaHHS B I TOWIIl,
JOPIBHIOE HEMAPHOMY YHCITy HaIliBXBUJIb:

A

Judpakuis — 1e NopyueHHs MPSMOIIHIMHOCTI MOIIUPEHHS XBWJIb
Ii]T 9ac MPOXOHKEHHSI TIOB3 TIEPEIKOo Iy ab0 Yepe3 OTBip.

Judpakuis cBiTjia — 1€ ABUILE OTWHAHHS TPAaHUIb HEMPO30PHUX TiT
— KpaiB OTBOpIB, BY3bKMX IIIJIMH 1 €KpaHiB, TOOTO MOPYIIECHHS
MPSIMOJIIHIHOCTI CBITIIA.

3aKOHH TreOMeTPMYHOI ONTHKHM € HACIiJKaMd XBUJIBOBOi TeOpii
CBITJIa, KOJIM JIOBXKMHA CBITJIOBOI XBWJI HabaraTo MeEHIA 3a PO3MipH
HEPELIKOI.

@poHT XBMJII — 1€ CYKYIHICTb TOYOK HpPOCTOpPY, A0 SKUX Yy LeH
MOMEHT JINIIIA XBUJI.

Hpunun I'oiirenca: KoxxHy TOUYKY (PPOHTY XBUJII MOKHA PO3TIISIAATH
SK JDKEpEJO BTOPMHHUX XBWIb. HoOBe MONOKeHHS (POHTY XBHWII MOXKE
MOCTABATH SIK OTMHAIOYA IINX BTOPUHHUX XBUJIb.

Jucnepcis cBiT/Ia — 3aJEXKHICTh MOKA3HUKA 3aJIOMJICHHSI B1Jl YaCTOTH
CBITJIOBOT XBHJII.

3a 3a/1aHOi YacTOTH JIOBXKMHA XBHWJII OLIbIIa B TOMY CEpPEIOBHIII, JI€
MIBUAKICTH XBUJI1 OLIBIIA.

KosxHuit Komip XapakTepU3y€eThCsl CBOEIO YACTOTO XBHIII.
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Enementn kBaHTOBOI Qizukn

CBITJIO BUTIPOMIHIOETHCS 1 TMOTIIMHAETHCS PEYOBHHOIO HE OE3yNUHHO, a
OKPEMHUMHU TOPITISIMH — KBAHTAMM.

®oToeekT — sBUILE BUPUBAHHS EJIEKTPOHIB 3 PEUOBHMHHU i €0
CBITJIA.

3akonu goroedekTy:

1. KiibKiCTb €JIeKTPOHIB, SIKI BUPUBAIOTHCS IIIOMUTI 3 TIOBEPXHI MeTay,
IPSIMO TIPOTOPIIIfHA MOTJUHYTINA €Heprii cBiTIA.

2. MakcuMalibHa KiHETUYHA €HEpris BUPBAHUX CJIICKTPOHIB JIHIWHO
30UTBLIY€ETHCS BIATIOBIAHO O 3pOCTaHHS YacCTOTHU CBITJIA, IO MAJAE.

3. JIns K0KHOI1 peYyOBUHU ICHY€E YyepBOHA IpaHuld GotoedeKTy, ToOTO
MiHIMaJIbHa YaCcTOTa CBITJIA, 3a SIKO1 111€ CIIOCTepIraloTh (OTOEHEKT.

PiBusinns EiiHiureiina nis ¢goroedexry:

muv?

hy = A + —.
v +2

OcHOBHI BJIaCTUBOCTI (pOTOHA:

1. € 4aCTUHKOIO €JEKTPOMArHITHOTO MOJIS.

2. PyxaeThcs 31 IIBUJIKICTIO CBITIIA.

3. Icnye TinBKH B pyci.

4. 3ynuautu (HOTOH HE MOXKHA: BIH a00 pPyXaeTbCs 31 MIBUAKICTIO
CBIiTJIa, a00 HE ICHYE.
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Enementu Teopii BiTHOCHOCTI

IMocTynaTu cneniajbHOI TEOPii BiTHOCHOCTI:

1) yci sBUIAa TPUPOAM B YCIX IHEPIIATBHUX CHUCTEMaxX BIIIIKY
MPOTIKAIOTh OJHAKOBO ¥ OMUCYIOTHCS OJHAKOBUMH PIBHSIHHSIMU;

2) MBUJAKICTH CBITJIa Y BaKyyMi — BeJIMYWHA a0COJIOTHA, iHBapiaHTHA
o0 Beix ICB 1 He 3aexuTh BiJl MIBUAKOCTI PyXy JKepena abo mpuiiMaya
CUTHAIy.

VY BciX iHepHiaIbHUX CHUCTEMaxX BIIJIIKY 3a OJIHAKOBUX IOYATKOBUX
YMOB yC1 ME€XaHI4Hi SIBUIIIA MTPOTIKAIOTh OJTHAKORBO.

KinacuyHuii 3aK0H 101aBAHHS IBUAKOCTEN:

u=u +7v
PeasiTuBicTCHKHH 3aK0H J0JaBAHHA IIBHAKOCTEN:
u +v
u =——-
vu/
1+—
C

Ioaiss — 11e cporeHa MOJIeNb TAKOrO SIBUINA, SIKE B 3aJlaHIi CUCTEMI
BI/IJIIKY MOYKHA BBa)XKaTH TaKWM, 1110 BiJIOYBA€THCS B MEBHINA TOULIl TPOCTOPY
B [IEBHUM MOMEHT 4acy.

ITonii, omgHOWacHi B OJHIM cuCTeMl BIJJIIKY, BUSBIISIFOTHCS
HEOJHOYAaCHUMHU B IHIIIA CUCTEMI BIJUIIKY, SIKA& PYXA€TbCA PIBHOMIPHO U
IPSIMOJIIHIMHO BIJTHOCHO MEPIOi, TOOTO OJTHOYACHICTh — MOHSTTS BITHOCHE.

PeasiTuBicTCchbKUil epeKT CKOPOYECHHS PO3MIpPIB Tija:

To
t= 2
1-5
®opmyaa EifHInTeHHA:
Eo = mc?.
VY pasi 3MiHM MacH Tu1a Ha Am BUAUISAETHCA €HEpris
AE, = Amc?.

HIBuAKICTH CBIT/IA € TPAHUYHOI0 MIBUJAKICTIO. >KOJHE TLJIO, 110 Ma€
Macy, He MOXKe pyXaTHhcs 31 HIBUIKICTIO CBITIA.
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PO3ILJI 6. ATtomHa i saepHa ¢pizuka

IlnanerapHa MoaeJb aTomMa:

eaTOMU OyAb-SIKOTO €JIEMEHTA CKJIAJAal0ThCA 3 MO3UTUBHO 3apsiIPKEHOT
YaCTHHH, IO JiCTalia Ha3BY SIpa;

® 0 CKJaay fAapa BXOIATh TO3UTUBHO 3apsyDKEHI eJIeMEHTapHI
YaCTUHKH — MPOTOHHU (Mi3HIiImIe OyJIO BCTaHOBJEHO, IO W HEUTpasIbHI
HEUTPOHH);

®HABKOJIO si/ipa 0OEPTAIOTHCS €NEKTPOHM, 110 YTBOPIOIOTH TaK 3BaHY
€JIEKTPOHHY OOOJIOHKY.

KBanToBi nocryaaru bopa:

1. AToMHa cucTema MoXke TiepeOyBaTh TUTBKH B MEBHUX (CTalllOHAPHUX
a00 KBAaHTOBHUX) CTaHaX, KO)KHOMY 3 SIKMX BIJNOBiJa€ mMeBHA eHeprisd Ep. VY
CTaIllOHAPHOMY CTaH1 aTOM HE BUIIPOMIHIOE.

2. Ilix yac mepexoay aroMa 3 OJHOTO CTAlliIOHAPHOTO CTaHy B IHIIUUN
B1IOYBA€ThCA BUMNYILIEHHS a00 TMOMIMHAHHS KBaHTa EJIEKTPOMArHiTHOL
eHeprii. EHepris kBaHTa JOPIBHIOE PI3HULI €HEPT1id CTalllOHAPHUX CTAHIB:

hvy, = E, — E.

CnekTpajJbHUM aHAJI30M HA3UBaIOTh METOJI BUBYEHHS XIMIYHOTO
CKJIaJly p€UOBUHU, 3aCHOBAaHUM Ha JOCHIPKEHH] HOTO CIIEKTPIB.

BunpoMiHiOBaHHS 130JIbOBaHUX AaTOMIB JAHOTO XIMIYHOTO €JIEMEHTa
Ma€ YITKO BU3HAUYEHI JOBXUHU XBUJIb.

ATOMU TIOTJIMHAIOTH BUIIPOMIHIOBAHHS JIUIE THX JOBXHH XBUJIb, SIKI
BOHHM MOXXYTh BUITYCKaTH 3a J1aHOI TEMIIEpaTypH.

OnTuyHi KBAaHTOBI TE€HEPATOPH, BUIIPOMIHIOBAHHS SIKUX JIEKUTh Y
BUMMIN 1 IHPpauepBOHi 001aCT1 CIEKTPa, HA3UBAIOTHCS JIA3EPAMH.

BaacTuBocti J1a3epHOro BUNPOMiHIOBAHHS:

1) Manuii KyT po301>)KHOCTI ITy4YKa CBITIA;

2) BUHATKOBA MOHOXPOMAaTHYHOCTb;

3) HAMMOTY KHILII JXKepesia CBITIa;

4) KK]I 6mmm3bko 1 %.

CkJ1al aTOMHOTO S1/Ipa: IPOTOHHO-HEUTPOHHA MO/IEIb.

Snpa 3 TUM caMUM EIEKTPUYHHM 3apsioM, ajieé Pi3HOK Macoro
Ha3MBaIOTh i30TONAMM.

[IpoToH 1 HEUTPOH — I11€ JIBA TaK 3BAHUX 3aPSATOBUX CTAHU OJHIET U Ti€T
K YaCTUHKU — HYKJIOHA.

KinbkicTh Z pOTOHIB Y SAp1 HA3UBAIOTH 3aPSI0BUM YHCIIOM.
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Bemnmunnay A = Z + N, sika JIOpiBHIOE 3arajbHOMY YHCIY HYKJIOHIB Y
AJIp1, HA3UBAIOTh MACOBUM YHCJIOM.

Bepxwiii infiekc y mo3HaveHHi sapa 4X BiANOBigae MacoBOMy umCly, a
HUKHIN — 3apsSI0BOMY YHUCITY Sipa.

Cunu mpuTATaHHA, 1O JII0Th MDK HYKJIOHAMHU B SIpl, HA3UBAIOTHCA
sIIEPHUMU.

BaacTuBocTi silepHMX CWJI: Iy)X€ BEJIHKi; KOPOTKOJIIOYi; 3apsI0BO
HE3aJIeHKHI.

PagioakTUBHICTHL — 37aTHICTH aTOMIB JIE€SKUX XIMIYHUX €JIEMEHTIB 10
CIIOHTAaHHOTO BUIIPOMIHIOBAHHS.

PanioakTrBHE BUIIPOMIHIOBAHHS CKJIAJIA€ThCS 3 & -, 5 - 1 Y -TIPOMEHIB.

[TepeTBOpEHHSI aTOMHHUX SJIEP, SKi CYIPOBOKYIOTHCS BHITYIIICHHSIM -
YaCTUHOK, HA3UBAIOTHCS A -PO3MA/I0OM:

4X - 423Y + 5He

[TepeTBOpEeHHSI aTOMHUX SIIEP, SAKI CYIPOBOKYIOTHCS BUITYIICHHIM [5-

YaCTUHOK, HA3UBAIOTHCS B-Po3NAaa0M:
7X > 7417 + _Je

JUiss  KOXHOro BHAY pPAJIOAKTUBHHUX 130TOMIB ICHYE TMEpioj
HaIBpO3Magy — TMPOMDKOK Yacy, 3a SKUWA pO3MAJAEThCs IMOJIOBUHA
MIOYaTKOBOT'O YKCJIa aTOMIB.

3akoH pagioakTuBHOr0 po3nany: N(t) = N, - 2_%

Po3nan atoma He 3a5Ie)KUTh Bijl HOTO BiKY, TOOTO aTOMH «HE CTapilOThy.
JaCTMHKAMH HAa3WBAIOThHCS /I PHUMHU peaKkuisiMHu.

EnepreTu4HMM BHX0A0M SiA€PHOI peakuii Ha3MBAIOTh PI3HULIO
€HEprii CIIOKOI YaCTUHOK 0 1 MICIS peaKili:

Q=E;—Eg

SAxmo Q > 0 — peakilis Ha3MBAETHCS €K30€HEPTeTUYHOK, TOMY IO
He 3 BUAICHHSIM €HEprii.

Axmo Q < 0 — peaxiiisi Ha3UBAETHCS €HA0EHEPTeTHYHOI 1 I ii
MOPYIICHHST HEOOX1HO 3aTPATUTH EHEPTIIO.

Enepriro 3B’s3Ky BHU3Haua€ BeJIMUYMHA Ti€l poOOTH, SKYy MOTPIOHO
BUKOHATH JIJIs1 PO3IICTIIICHHS Si7[pa HAa HOTO CKIIAJIOB1 — HYKJIOHH.

Tino macoro M, mo nepebyBae y cTaHi CIOKOIO, Mae eHepriro E =mc?,
Jie C — IIBUAKICTH CBITJIA.

Pisunusg AM = Zm,, + Nm,, — M, Ha3uBaeThCs 1eeKTOM Mac.
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Enepris 3B’s3Ky, o mpunajgae Ha OJUH HYKJIOH, Ha3UBA€ETHCA
NUTOMOIO €HEPTIEI0 3B’ SA3KY.

YTBOpeHHS sAapa 3 MEHII MAaCHUBHUX SJEp HA3UBAETHCS PeaKIi€r0
CHHTE3y.

PosmienyienHst siipa Ha MEHII MAacHBHI siipa HA3UBAETHCS PeaAKUi€l0
po3noaity.

JiJIeHHsIM siIpa HA3UBAETHCS sJEpPHA PEaAKIlisl TUJICHHS BaXKKOIO sJipa,
30yIKEHOT'0 3aXOIJICHHSIM HEHUTpPOHA, Ha JB1 MPUOIM3HO PiBHI YACTUHH, SK1
HA3UBAIOTHCS OCKOJIKAMHU JIIJICHHSI.

Peakiist, y siKiif KiTBKICTB SiA€P, LIO AUIATHCS, 30UTBIIYETHCS 3 4acoM
a0d0 3aMMIIAETBCS TMOCTIMHOI, HA3UBAETHCA JIAHUIOTOBOK SIIEPHOIO
peakii€no.

KoediunieHT po3mMHOKeHHS HeHTpPOHIiB K — BigHOIIEHHS YwMcia
HEHTPOHIB Ha IIEBHOMY €Talll JIAHLIOTOBOI peakiii 10 iX 4Yucia Ha
HOTNEPEIHBOMY €Talli.

SlnepHMM peakTOpPOM HAa3UBAETHCA MPUCTPIN, y TKOMY 3I1HCHIOETHCS
I MIATPUMY€EThCS KEpPOBaHA JIAHIIOTOBA PEAKI[S IUICHHS ACIKUX BaXKKUX
Aanep.

OCHOBHI eJIeMeHTH SIICPHOI0 peaKTopa:

es1/ICpHE IaJIbHE;

® CIIOBUJIBHIOBAY HEHUTPOHIB;

® TCIVIOHOCIH;

®[IPUCTPIil JIs1 PETYIIIOBaHHS IBUIKOCTI PEaKIIii;

®3axKCHa 000JIOHKA, 10 3aTPUMY€E BUITPOMIHIOBAHHS.

EneMeHTapHUMHM MU BBa)Ka€EMO Ti YAaCTUHKH, SIKI 13 Cy4acHOI TOYKHU
30py HE CKJIaJIal0ThCA 3 OUIBIIT MPOCTHUX.

Ha piBHI etleMeHTapHUX YaCTUHOK 3HUKAE BIIMIHHICTh M1 PEUOBHUHOIO
1 TIOJIEM.

3yCTpiu aHTUYAaCTHUHKU 13 YAaCTUHKOIO 3aBXKIU MPU3BOAUTH N0 iX
B3a€MHOI aHIT1IISAIII].
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PO31JI 7. ActpoHomisn

bynoBa ConsiuHoi cucremu. COHSYHA CHCTEMa - OJIHA 3 MHOXKHHHU
PI3HOMaHITHHX 3a PO3MipaMu 1 CKJIAaJHICTIO 30psiHuX cuctem Hamoi ["ana-
KTuKU. J[0 Hel BXOmATHh JEB'ATh BEIMKHX IUIAHET Pa3oM 3 CYIyTHUKAMH,
JECATKA TUCSY MIUX TUIAHET - acTepOimiB, MUTBHOHU KOMET, METCOPUTHA
peYOBMHA, KOCMIYHMIA MWJI 1 Ta3, Ta €auHa 30ps - CoHIE, HABKOJIO SKOTO
o0epTaroTbcsl BCl TiJIa CUCTEMHU. 3arajbHUM IUTaH ii OylOBM Takuil, SK 1
Hamoi [NamakTtuku, T006TO, BCl IiaHeTH oOepTaroTbes HaBkosio CoHIS 1O
EMNTUYHUX OpOITax MPOTH TOAMHHUKOBOI CTPUIKM NPHUOJIM3HO B OJHIN
mwiomuHl (Man. 2). Y Tomy camMoMy HampsiMi BOHU OO€pTarOThCA HABKOJIO
CBO€1 Oci, 32 BUHATKOM BeHepu Ta YpaHna, oOeptanHs sikux 3BopoTHe. Ce-
peaHs BiJalb MDK IUIAaHETaMH 3aKOHOMIPHO 3pOCTa€ NpHUOJIM3HO B JiBa
pasmu.

Man. 2. Cxema 6ynoBu COHSUHOI CHCTEMH
1- Mepxypiii; 2 — Benepa, 3 — 3eMI4. 4 — Mapc;
5 — IOmitep; 6 - Catypu; 7 — Ypau: 8 — HenTyH;
9 — ILyTOH.

OpHniero 3 mepuux rinore3 npo OyaoBy cBiTy Oyna rimorte3a Knapnais
[Itonemes:, Bimoma sik eeoyermpuyna cucmema Ceimy. 3a 1€KW TIMOTE3010
3emiis - HepyxoMa IUIaHeTa, 10 3HAXOJIUTHCS B IIEHTPl CBITY, a BCl 1HIII
HeOEeCHI CBITHJIA PyXarOThCs HaBKOJIO Hel. [le moMuIIKoBe BUCHHS 1CHYBAJIO
maiixke 15 cronith, ockinibku K. [ITonemeit kopuctyBaBcs HenepeBepIie-HUM
aBTOPUTETOM, IIPOTH SIKOTO HIXTO HE HABA)KYBaBCS 3allepedyBaTH.

Bnepie mpaBuibHy cxemy OynoBu cBiTy naB M. Konepuuk. ITpu-
HIIOBIIN 0 BUCHOBKY, 110 COHIIE 3HAXOAUTHCS B IICHTPI CUCTEMH, a 3eMIIs
Ta 1HIII TUTAHETH PYXarThCsl HABKOJIO HHOTO 1 00EPTAIOThCS HABKOJO CBOET
oCl, BiH BH3HA4YMB BIJHOCHY Bigfanb Bia TutaHeT g0 COHIS, BUYUCIIUB
nepioau ix obepranHs 1o opOiTi. Tak BUHUKIA eerioyeHmpuyHa cucmema
Csimy.

Buenns M. Konepnuka mpo nBa pyxu 3emiii - opOiTanbHuid 1 o0ep-
TadbHUN - JOKOPIHHO 3MIHWJIO MOMEpPeIHl MOTIsAau Npo OYyIOBY CBITY,
3MYCHUJIO TIEPETJIIHYTH MOCTYJaTH IHIIUMX HaykK, 30KpeMa (I3UKH, 1 3BlIb-
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HUTHUCS BIJl 3aCTAPLIMX CXOJIACTUYHUX TPAIUIIH, 110 TATIbMyBalld PO3BUTOK
HayK.

3akonm pyxy mianer. [nero M. KonepHuka nommproBaid HOro mo-
cninoBHukU. Cepes HuUX HaiiBuaatHimmmu Oynu xopnano bpyno i ami-
neo [aminei, sIKi 3a3HaIM KOPCTOKUX TOPTYp 300Ky LepkBH. Braockona-
JIFOIOYH TeTiONEHTPHUHY cucTeMy cBiTy Konepruka, Moran Kemep Bimkpus
TPH 3aKOHU PYXY IJIAHET:

1. Bci naHeTu pyxaroTbes MO SMNOTHYHUX O0pOiTax, B 0JHOMY 3 (o-
KYCIB SIKUX, 3aTaJIbHOMY JIJIsl BCIX TUTaHET, 3HaXoAuThCs: CoHIle.

2. Bimpizok mnpsmoi, sikuii crioydae tiaHety 3 Conmem (Pamiyc-
BEKTOp IUJIAHETH) 3a PIBHI IPOMIKKH YacCy ONUCYE PIBHOBEJHMKI IJIOLIII.

3. KBaapartu niepioniB o6epTaHHs TuTaHeT HaBKoyio COHIIS MPOTOPITiiHI
Ky0aM BEJMKHX MIBOCEH iX opOiT, TOOTO:

i _a
¢ a

ne Ti1 T, cunepuynuii mepiog oOepTaHHS IUTAHET; ai 1 dy— BEJUKa
iBBICH 1X OpOIT.

Hpyruii 3akoH nokazye (mai. 3), mo mioma S71 T2, IKy onucaB pai-
yC—BEKTOp 3a NPOMIDXOK 4dacy At 0111 nepueeniro, pisHa mioutl S73 T4, onu-
caHlii paniycoM-BeKTOpoM Oust ageniro. Ockinbku ayra 11 T, Oinbina  3a
nyry 137, TO WIBUJKICTh PYXY IUIAHET Y NEpPUTeNito OuIbla, HIX Yy ademiro.
OTxe, pyx IUIaHET MO OpOITI HEPIBHOMIPHUN - BIH TO MPUCKOPIOETHCA, TO
CHOBUIBHIOETbCA. TpeTiii 3aKOH TOKa3y€e 3aJeKHICTh IIBUIKOCTI PyXy
TUTaHeT Bif iX Biggani 10 CoHII 1 MOB'SI3y€ B €IMHE I11JI€ BCI IUIAHETH CUCTe-
M.

I. HeI0TOH, BUKOPHCTABIIN 3aKOHM pyXy ruiaHeT M. Kemnepa, Bimkpus
3aKOH BCECBITHBOI'O TSKIHHS, BIJITOBIJHO 1O SKOTO BCl TijJa B3a€EMOJJIIOTh
MK co0Ooto, mpu mpoMy cuia TsokiaHs (F) nponopiiiina mo0yTKy Mac
B3a€EMOJIIIOYMX TUT (m11m2) 1 00OEpHEHO NPOMOPIIiiHA KBaapary Bimmami ()
MIK HUMU:
g(my - my)

2
g— rpasiTariiina ctaia (6,6111).

F =
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C

Maun. 3. JIo nosicHenis 3akoHis Kennepa.

A — adeniit; [1— nepurenii;
BC — cepeass Bisnans it COHIA.

3a UM 3aKk0HOM pyxoM HebecHux Tl CoHssuHO1 cuctemu kepye CoHiie.
CBOiM MpUTSATAHHSIM BOHO HAJla€ TUIaM JIESIKOTO MPUCKOPEHHS, aje U cami
T1J1a, IPUTSITYIOYU HOro, TAKOX HAIal0Th HOMY MTEBHOTO MPUCKOPEHHS. SIKOn
tia COHSIYHOI cucTemu npuTsranucs guiie CoHIeM, TO BOHH pyXaiucs O
HaBKOJIO HROTO Ha MPaBUJIILHUX OpOiTax BIJMOBIAHO A0 3aKOHIB 1. Kemepa.
[Ipote, B3aeMo1it0YH MK CO0010, KOCMIYHI1 Tijla TAKOXK MPUTATAIOTHCS, TOMY
BOHU HE PyXaloThCA TOYHO IO eMincy, napadoii uu koiry. BinxunenHs B pyci
TUTaHeT Bij 3akoHiB Kersiepa Ha3uBarOTh 30ypeHHamu. BoHu TUM OuIbII,
gyuM OilbIa PI3HUIA Mac B3aEMOJIIOYMX TIJ 1 YAM MEHINA BiIJallb MIXK
Humu. Komeru ¥ acrepoinu 3HaYHMX 30ypeHb Yy pycl IUIAHET He
BHUKJIMKAIOTh, OJHAK TJIAHETH HAa PyX WX TUT BIUIMBAIOTh CUJILHO.

Conue. Coniie - ueHtpaibie T1o COHSYHOI CUCTEMH, HalOJIM»XK4a 10
Hac THUIIOBA 30psI CEPEAHLOI BEIMYMHHU, BJIACTUBOCTI SKOi 3HAYHO Kpare
BUBYCHI, HK Oyab-sikoi 1HIIO1 30pi. Lle pozkapeHa 1uiazmoBa KyJisi, paaiyc
akoi 6,96¢10°km (y 109 pasis Gimpmmii 3a pamiyc 3emuti), ob'em -
1,4110% cm3, maca - 1,9910%° xr (99,866 % macu Bcici COHAYHOT cucTeMH),
cepenHs TyctuHa - 1410 Kr/ M3, IPUCKOPEHHS CHIJIM TSHKiHHS Oils MOBEpXHi
274 m/c?. Ha CoHLi BUSBIEHO BOJEHB, Teflii, a30T, Byrielb, KUCEHb, MATHil,
HATpii, 3a1130 Ta 1HII €JIEMEHTH, OJHAK MEPEBAXKAIOUYUM € BOJICHB, KU
cTaHoBUTH 0s113bK0 90 % yciei Mmacu CoHus, a Apyruil 3a KUIBKICTIO ATOMIB -
remiii (10 %). OOGepTaeTbcsi HABKOJO BIACHOI OCI 3 PI3HOK KYTOBOIO
IIBUIKICTIO Ha mupoTax. Ha exBatopi moBHMIA 00epT poOUTh 3a 24 3eMHHUX
n06u 1 6 rox, a 611 momtociB - 3a 35 A16. CoHlle 37erka myJabCye 3 cepeaHiM
nepiogoM 160 XB 1 aMIUIITYy 1010 O6J1M3bKO 20 KM.

Coniie - mxepeno kuTTs Ha 3emuti. J[kepeno 1€ - B HOro CBITJIOBIH 1
TerI0Bil eHeprii. TemmnepaTypa miazmu B eHTpi Conus - 15 mun °C, THCK -
100 mapn arm. HaBite Ha moBepxHi ra3u posirpiti g0 5700-6000 °C. Taxi
BHCOKI TeMIMEpaTypH 1 TUCK MIATPUMYIOTHCSI MOCTIMHUMH TEPMOSACPHUMHU
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peakIisiMi, 3a SKHUX BOJCHb IEPETBOPIOETHCS B Teliid, 1 NpU IBOMY
BUJUISCTBCA BeMuYe3Ha KuUIbKICTh eHeprii. Tomy CoHue mnepeOyBae B
ra30BOTHSHOMY CTaH1 1 BUNIPOMIHIOE B CBITOBUUM MPOCTIP BEJIUKY KUIBKICTh
Terua. 3emiisl, pyxalouyuch HaBKOJO COHIS, MEPEeXOIUTIOE JIHIIE OJHY
ABOMUIBAPAHY dYacTKy 1boro Ttermna. IIpote #oro npoctatHpo, 1100
BiJI0YBaJIUCS BC1 MPOIIECH 1 SBUILA B IPUPOII Ta ICHYBAJIO KHUTTA Ha 3eMJIi.

Man. 4. Cxema Oynosu Conus

BuBiibHeHa B slpl BeIMYE3HA KUIBKICTh €HEPrii Jocsrae MOBEpPXHi
Comnrg numie yepe3 10 maH pokiB. B mporieci mepemitneHHs Bi 1EHTpa 10
nepudepii OJWH BHUJl €HEPTrii MOTJIMHAETHCS 1 MEPETBOPIOETHCS B IHIIUM.
3aMiCTh TOTJMHYTOTO TaMa MPOMIHHSA, BHUIIPOMIHIOETHCS PEHTTEHIBCHKE,
3aMICTh PEHTTEHIBCHKOTO - yibTpadiosieToBe 1, HapemiTi, BUAUME Ta JOB-
roxpuiboBe. YactrHa CoHIM, J¢ BIIOYBA€ThCs Iepeaada SHEprii IMUITXOM
MOTJIMHAHHA Ta TEPEBUIIPOMIHIOBAHHS, HA3UBAETHCS 30HOK NPOMEHEBOI
pisnosacu (Mai. 4). Bona 3aitmae o6osonky B mexax 0,3-0,7 pagiyca Conus.
Bume 11i€i 30HM TemIO0 TEPEeNaEThCs MUISIXOM KOHBEKMUBHO20 Nepe-
MIULYBAHHAL.

Consiuna armocgepa. 3oBHimHiA map CoHIl, 3 SKOTO WIe BHUIPO-
MIHIOBaHHS B HABKOJIUIITHIN poCTip, Ha3UBAIOTh COHAYHOIO
ammocgeporo. Bona cknagaerbces 3 hotochepu, Xxpomochepu i KOpoHHU.

dotochepa - HIKHS YacTHHA aTMOCHEPH, TOHKUH 1ap ra3y 3aBBUILKH
200-300 kM, mo Mae Temmeparypy 5-6 tuc °C 1 tuck 6mm3bko 10,13 xlla
(0,1 arm.). BumpomiHIOE CTUIBKM TeIJia, CKUIbKM HOTro OJIEpXKYye 3
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BHyTpimHIX 1mapiB Conus. [lOTyXHICTb BHUIPOMIHIOBAaHHS CTaHOBUTH
3,8°10%°Bar, mo BigmoBimae BTpati Macu COHIISI BETUYMHOIO B 4 MJTH TOH.

Xpomocdepa - map rasiB HaJ dotocheporo, 111(0)
MPOCTATAETHCA HA BUCOTY 15-20 TC KM. ii BUAHO IMi/T 9ac MOBHUX COHSYHUX
3aTEeMHEHb Y BHUTJISI POXKEBOTO KUTBIS HABKOJO TEMHOTO aucka Micsis, B
AKOMY BHJIUISIOTBCSA sACKpaBi ¢akenu 1 Quokynu. BoHu BHHHMKAIOTH
HaJ cOHsTYHUMU uisiMaMu. Pakenu (HiM. Fackel - cMomockum) - sickpasi
nunstHKA QoTochepu Ha Kparo COHSYHOTO JUCKA, TEMIIepaTypa SKUX BUIIA 32
TEeMIIepaTypy HaBKOJIUIIHHOTO CEPEOBUIIIA.

Kopona - 3oBuimmHs uactuHa atmocdepu Conms. Ile pospimkeHa
ma3Ma, MO CKJIAJA€TbCS 3 MO3UTHUBHO 3aps/IKEHUX NPOTOHIB 1 BUIBHUX
€JEKTPOHIB, SIKI pyXawThcsd B mpoctopi 3 mBuakicTio 300-750 kMm/c 1
CTBOPIOIOTH COHSIYHMI BiTep. COHSYHMI BITEp L€ HE MPOCTE PIBHOMIPHE
BUTIKAHHS TUTa3MHM, a CKIaAHUN BUXOpOomoaiOHMM moTik. Il yac coHIYHMX
criajaxiB MIBUAKICTh €JIeMEHTapHUX YacTok csarae 2000 kM/c 1 1€ CHIIBHO
BILTUBA€ Ha (13MYHI BIIACTUBOCTI 3eMHOI aTMOc(epu Ta HOro MarHiTHe moJe.

Consiune BunpominoBanHs. KibkicTh eHeprii, siky Bupoosisie CoHiie,
BAXKKO YSIBUTH. 32 OJJHY CEKYyHJY BOHO BUIIPOMIHIOE OLJIbILIE €HEprii, HIXK ii
CIIOKUJIO JIIOJICTBO 3 TMOYAaTKy CBO€i IuBLm3anii. Jlume 3a tpu 1006m Bifg
HBOTO TPUXOAUTH JO HAC CTUIBKM TeIla, CKIIbKA MOXKHA OJEpIKaTH,
CHAJIMBIIM BCl 3eMHI 3aracu Byruuisa, Hadtu i micu. Coro enepriro Conie
BUIIPOMIHIOE HEpiBHOMIpHO. [HOMI Ha HOro MOBEpXHI BUHUKAIOTH CHUJIbHI
BUOYXH, Kl CYIPOBOIKYIOTHCSI BUIUICHHSIM BEIUYE3HOT KUIBKOCTI €HEprii.
12 mucromama 1960 p. Takuii BUOYX BHUKHMHYB y TPOCTIP XMapy COHSYHOTO
BOJIHIO, TIOTIEPEYHUK SKOi OyB MoHa1 16 MIIH KM, a JJOBXKHUHA - 75 MIIH KM.

CoHlle BUIPOMIHIOE KOPHYCKYJSIpHY 1 XBHJIbOBY eHepriro. Kopmyc-
KyJIspHa €Heprisi — L€ MOTIK €JIEKTPOHIB 1 MPOTOHIB, [0 CTBOPIOIOTH COHSI-
YHUH BiTep. XBUIHOBE BUIMPOMIHIOBAHHS, HA BIIMIHY BiJl KOPITYCKYJISIPHOTO,
XapaKTEPU3y€EThCS BEIUKOI CTIMKICTIO y BUJIIUMOMY CIEKTPl 1 3HAYHUMH
KOJMBaHHAMH B YibTpadioneroBoMy Ta iHdpadepBoHOMY crekTpax. [li
KOJIUBAaHHS, SIK 1 KOJMBAHHS KOPIYCKYJSIPHOTO BUIIPOMIHIOBAHHS, 3aJI€KATh
BiJl COHS'YHOI aKTUBHOCTI, MiJI SIKOIO pO3YMIIOTh CYKYNHICTh siBHII Ha COHII,
SIKi 3yMOBJTIOIOTBCSI TTPOIIECAaMH B HOTO HaApax i MPOSBISIOTHCS y BUTIISAL
COHSIYHMX IUISIM, (pakesiB, (PIOKyI B, BOJIOKOH, TPOTYyOEpaHIIIB.

Consuni nasamu - ue BigHocHo xonoHi (1500 °C) TemH1 AUISTHKH, 110
ICHYIOTh YIIPOJIOBX KIJIbKOX T'OJMH a00 JHIB 1 MalOTh po3MipH 7-15 THC. KM.
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[Tnsamu 3aBxau oToueHH1 hoTtochepHrmu (pakenamu, 1m0 ICHYIOTh TPUBATHI
qac.

Consauni cnanaxu - panToBl W pi3Ki MOCHIIEHHS SICKPaBOCTI OKPEMHUX
ainstHok atMocdepu CoHIl MOOIU3y COHSYHUX IUISIM, IO PO3BHBAIOTHCS.
TpuBaroTh Bif KITBKOX XBWJIMH NI0 KUTBKOX TomauH. [lpw mpomy mijmcuiio-
€TbCSI PEHTICHIBChKE, YIbTpaioseToBe Ta KOPIMYCKYJSIPHE BHUIIPOMIHIO-
BaHHS, a TaKOXX 3apOJKYIOThCS KOCMIUHI MpoMeHi. [1mo1i, oxomieHi HuMu,
JIOCATAOTh KiIbKOX MIPJ KMZ,

CykynHicTh ycix HectarioHapHux sBulll Ha CoHil (YTBOpPEHHS CO-
HSAYHUX TUISIM, CIajiaxiB, (pakemiiB TOIO) HA3WBAIOTh COHAYHON AKMUBHIC-
mio. [lepiof, MPOTATOM SKOTO COHSIYHA AaKTUBHICTh BUSIBIISIETHCSI HAUOLIbIIIE,
Ha3UBalOTh MAaKCHUMYyMOM, a IPOTATOM SIKOro ii HeMa abo0 MpOSBIIAETHC
30BCIM MaJlO, HA3UBAKOTh MIHIMYMOM.

CoHsluHA aKTUBHICTH IMPOSIBISIETHCS Y€pe3 MEBHY KUIBKICTh POKIB, SIKI
ckianaroTh 11 muki. B XIX cr. Oysio BUSBIEHO HUKIIYHICTD - ICTOTHY 3MIHY
yucia 1wisiM Ha CoHil npoTsaroM 7,5-16 pokiB MpH CepeHiil TPUBAJIOCTI
mukiy 11,1 poky. Ilpore € me 22-piunuii (mar"itHuii) ta 80-90-piunmii
(BikOBMI) I1MKIU. BBaxaroTh, MO ICHye OUIBII TPUBAIUNA LHUKI —
TUCAYONITHIA. [IpMUrMHN UKIIYHOCTI OYEBHMIHO 3B'A3aHI 3 MPOLECAMU, AKI
B110yBatoThes B mifgdoTochepnux mapax CoHus.

[UKII9HICTh COHSYHOI AaKTUBHOCTI BUKJIHMKAE ITUKIIYHICTH SIBUI Y
reorpadiyHiii 06onoHIl. B mepion mMakcumymy B 3eMHiil aTMocdepi BUHU-
KarOTh TIOJIAPH1 CsAWBa, MarHiTHI Oypi Ta 1HIIII SBUIIIA.

[Tnanetn Consunoi cuctemu. [Inanetn — HeOecHI Tina, IKi PyXarOThCs
HaBkoJ10 COHIIA 1 CBITATHCA BIAOUTUM MPOMiIHHAM. BoHM pi3HI 32 po3MipaMu
1 BJIACTHBOCTSIMM 1 MAlOTh BJIACHUM BUIMMHUN pyX Ha HeOl. 3a Qi3uyHUMU
BJIACTUBOCTSIMU O00'€IHYIOTbCSI y JBl TpynH, $IKI PO3AUIEHI B MPOCTOP1
KuTblieM actepoiniB. [lnanetu Bcepenuni mporo kbl (Mepkypiii, Benepa,
3emuis 1 Mapc), Ha3uBaKwOTh GHympiwHiMu, a00  TIIaHETaMu '3eMHOi
epynu. BoHM HeBeNuKi 3a po3MipaMu i MacaMu, MalOTh TBEPAY MOBEPXHIO,
BEJIUKY TYCTHHY, TOBUIBHO OOEpPTaIOThCS HABKOJO CBOEI OCI 1 HIBUIKO
pyxawThcsi Ha opOitax. MarwTs arMmochepy 1 BHCOKY TeMIepaTypu
MOBEPXHI.

[InanetH; sKi pyXxarOTbCs 3a KUJIbIEM acTEpoidiB, HA3UBAIOTHCS 308-
HiwHimy, a00 naanemamu - eiecanmamu (FOmitep, CatypH, Ypan 1 Henrtyn).
Bonu Benmki 3a po3MipoM 1 Macow, MaiTh Mally TyCTHHY, LIBHIKO
00epTaroThCcsi HABKOJIO CBOET OCi, HE MAalOTh TBEPJIOT MOBEPXHI A€ MArOTh
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MOTY>XHY aTtMocdepy, sika MICTUTh BOJCHB, I'eliid Ta JOMIIIKHA METaHy M
amiaky. TemnepaTypu Ha noBepxHi -100 °C.

Mepxkypiu - naiionmxya 10 CoHus miaHera COHAYHOI CUCTEMH, IO
pyxaeTbcs Ha cepenHii Bigaami 57,9 miaH kM. Menma 3a 3emuio B 3 pasu, a
COHSIYHOTO TeIUIa oJiepkye B 6,7 pa3 Oinbire. ConsiuHa 700a cTaHOBUTH 176
3eMHHUX 110, mepioa obeptanns HaBkoso CoHus - 88 ni0. Temmepaty-pa Ha
ocBiTieHi wactuni +420 °C, Ha 3arineniit -240 °C. Atmocdepa nayxe
PO3pIIKEHA.

Benepa - npyra mnaneta, 10 pyXxa€eThCs MO KOJIOBiM opOiTI Ha Biaaai
103,2 muH kM Big Conig 3a 225 10, a HaBKOJO CBO€I ocl 3a 243 moOwu.
Hanpsim pyxy 3BopoTHUI pyxoBi maHeT HaBkosio CoHisl. Bick o0epTaHHs
NEepPHEHANKYJIApHAa 0 OpOITH, TOMY MOpH pOKYy He BupaxeHl. CepenHii
paniyc Benepu 6050 kM, maca - 0,9528 macu 3emii. Mae notyxHy atmo-
cdepy 3 Byriekucioro rasy. Temreparypa Ha noBepxHi +450-470 °C, at-
mocQepnuii Tuck — 100 kr/cm?. Benepy crocrepirarots abo yBedepi micis
3axony Conus ("Beuipas 30ps’") abo Bpanmi mepen cxomoM CoHIls
("Panimrms 30ps").

3a Beneporo Ha cepenniit Bimmani 149,6 muu kM Big CoHI po3Ta-
moBaHa 1aHeta 3emis. TyT mu He OyaeMo AaBaTu il XapaKTEpUCTHUKY,
OCKIJIbKH 11 IPUCBSIIYETHCS BCS KHUTA.

Mapc - 30BHIIIHS TUTaHeTa 3eMHOI Tpynu. Cepennst Bianans Bijg CoHIs
6muspko 227,9 mMiaH kM. MapciaHChbKuii pik CTaHOBUTH 678 3eMHUX 110, a
no0a - 24 roaun 27 xB. 3a po3MipaMu B J[Ba pa3u MEHIIHH 3a 3emito. Mae
JBa TPHUPOIHI CYIMyTHUKU - Doboc i /letimoc. ATMochepa po3piKeHa,
nepeBakae BYIVICKUCIUM Ta3. € a30T 1 KUCEHb. i1 TUCK OUId MOBEPXHI --
0,5—8 m0. Haxunenns oci obepTaHHs A0 IUIOMIMHUA OPOITH TiA KyToM 65°
3YMOBJIIO€ HEPIBHOMIPHICTh JIHA W HOYI Ha PI3HUX IIMPOTax Ta 3MIHY IMIp
poky. TemrnepaTypa Ha moBepxHi konmBaeTbes Big +13-43 °C o -120 °C. Ha
dotorpadisx, oxepkaHux 3 OJIU3BKOI Biggami, go0pe BUIHO OaraTo
KpaTtepiB, TIPCHKUX MAcOM 1 YIIEINH TUITY KaHbHOH, OKPeMi TOpU 3aBBUIIIKH
27 xm. Ha Mapci BinMidaroThCst IEP10IU TIIOOTBHUX MTUIOBUX OYpb.

FOnimep - n'ara 1 naiOuibia naHera CoHsuHOi cucreMa. CepemHs
Bignane B Conus Onusbko 778,3 muH kM. Ilepion oOepTaHHS HaBKOJIO
Conns 11,9 tpomniuHoro poky, HaBkoJio oci - 9 rog 50 xB. ExBaTopiaibHUI
pamiyc 71398 xm, maca 1,901+10%" kr (yzaBiui Ginblia 3a Macy BCIX IHINHX
TJIaHET pa3oM y3saTux). Mae 16 mpupognux cymytHukiB. HaBkono FOmitepa
BusBIeHO Kinblle. [loBepxusa HOmiTepa 3akputa CyIIBHUM IIapOM XMap 3
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TEMHHUX CMYT 1 CBITJIMX 30H, PO3TAlllOBaHUX MapajeiabHO €KBATOpoBi. B
atMocdepi € BOJIeHb, T'elIii, HEOH, METaH 1 aMiak. 1i TUCK TakuH 5K 1 Ha 3e-
mii. Tirantrceekuii atmocdepuuii Buxop (Benmuka YepBona Ilmsma) ytpudi
nepesuinye, po3Mipu 3emii. Temmneparypa Ha noepxHi KOmitepa Bix -100
°C no-40 °C.

Camypu -mocta 3a BigmameHHsMm Big Conms toianeta. Cepemns
Bignanb Big Conus 6muszbko 1,427 mupa kM. Ilepiong oOepTaHHS HABKOJIO
Conng 29,5 TpormiuyHoro poky, HaBkosio oci - 10 rox 14 xB. ExBaTopiansHuit
pagiyc 60100 km, maca 5,68°10% kr. Mae 10 Benmkux i 12 mamux
CY,[IyTHUKIB. Y TUIOIIMHI €KBaTopa MOro OTOYyE CBITJIO-CIpe KUIbIE
CKJIAJIHOI CTPYKTypuU. YHOponoBxk 29,5 pokiB Horo 1Bidui BHIHO B
MaKCUMaJbHOMY PO3KPUTTI 1 JABIYlI HE BHAHO 30BCIM. TemmepaTypa Ha
noBepxHi Carypna ia -190 °C o -150 °C. Sk 1 Ha FOmitepi, B atmocdepi
Carypna BusiBiieHO BUXop - UepBony [Lismy.

Ypan — cboma 3a BigmanenusMm Bij Conis miaHeta COHSYHOI cCHC-
temu. Cepenus Biggans Big Conug 6mausbko 2,870 mupa km. Ilepiog obep-
tanHs HaBkosio Conug 84,013 TpomniyHoro poky, a HaBkoJo oci — 17 rox 18
xB. ExBaropiansamii pagiyc 26200 kM, maca 8,69+10% kr. Bice oGepranus
Maiike 30iraeTbcsl 3 IUIOMIMHOI HOro opOitu. TemmepaTypa HOBEpXHI
omm3bko -220 °C. Mae 5 npuponHux cynyTHUKIB. Y 1977 poii HaBKOJIO
VYpany BIAKpWIM CHUCTEMY Kijelb. ATMochepa CKIATAEThCA 3 MOJIEKY-
JITPHOTO BOJIHIO 1 METaHY.

Henmyn — BochMma mianer ConsiuHoi cuctemu. CepemHsi Biaadb Bif
Conus 4, 499 mupna kM, niepioa obepranus HaBkojo Conng 164,8 tpomiu-
HOTO POKY, HaBKkoJ10 oci — 18 rox 12 xB. ExBatopianbhuii pagiyc 25230 kM,
Maca cTaHoBUTH 17,25 mac 3emmi. ATMocdepa CKIaJa€TbCA 3 MOJIEKY-
JSIPHOTO BOJAHIO 3 HEBEIMKUMH JIOMIIIKaMH MeTaHy. TemmepaTypa 30BHI-
mHiX 1mapiB -200 °C. Heo36poenum okom HenTyn He criocTepiraeTscs. Mae
2 PUPOJIHI CYITyTHHUKHU.

IInymown - Haiimanbiia muaHera CoHSYHOI cucTeMH, TOMY Ciabo BU-
BueHa. Cepenns Bimmanb Big Conng 5,9089 mapn kM, mepiog odepTaHHS
HaBkosio Conit 247,7 pokiB, a HaBkojo oci - 6 716 9 rox 17 xB. Paniyc
ITnyrona 1500 kM, maca 1,2¢10%° kxr. 3a po3mipamMu i Macor OIM3BKHIA 10
IUTAHET 3€MHOI T'PYIH, 33 IHIIUMH (I3UYHUMH XapaKTEPUCTUKU — 0 TIa-
HeT-TiranTiB. Mae 1 npupoaHuii CymyTHUK

AcTepoinu, koMmeTu, MeTeopuTu. KpiM 1iaHeT Ta iX CyMyTHHKIB JI0
CoHsYHOI cHCTeMH BXOJUTh 3HAYHA KUIBKICTh MAIUX niawem - acmepoi-
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0is. lle HeBeNMMKI XOJIOJHI TiJIa, 110 MarOTh HENpaBWIbHY ¢dopmy, obepTa-
IOThCSl HABKOJIO CBO€ET oci 1 HaBkosio CoHIl Mo eninTuiHuX opOitax. Haii-
oumemni actepoimm (Llepepa, Epoc, [Tamnama, FOHoHa Ta iHIIl) MaroTh mia-
metp Big 300 mo 1003 kM, a Haiimenmii 3 BigzoMux - 10 1 kM. OpOitu Oi-
JBIIOCTI acTepoiAiB JexkaTh MiX opbiTamu Mapca 1 IOmitepa. Po3paxynku
MOKa3yI0Th, 1[0 B IIbOMY MiCIli TOBUHHA ICHYBaTH Ill€ OJlHA TJIaHETa, aje
BOHa 4YOMyCh He copmyBayacs ab0 BHOyxHyna. MOXIMBO TyT ICHyBaja
manera ®aetoH 3 aiameTpoM Oim3bko 6000 KM - nemo OUIBIINM, SIK Y
Mepkypis 1 MeHIIIMM, HIXX y Mapca. BHacniiok sKoick KOCMIYHOI KaTacT-
podu BOHA PO3NETLINCS Ha IIMaTKU, CPOPMYBABIIM KUIbIE aCTEPOiMIiB.
OpOiT IMX acTepoiniB AY’e€ BUTIATHYTI 1 MOXKYTbh IIEPETUHATUCA 3 OpOITaMH
maHeT. Cepen Manux IUIaHET € TUIAHETH 3 Ha3BaMK Y Kpaina, KuiB Ta 1H.

Komemu - 1ie mectitiki Tima COHSYHOI CHCTEMH, IO MAaIOTh BUTJIS
CBITJIUX PYXOMHX OO0'€KTIB 3 TyMaHHHMMH oOpucaMu 1 mnepeOyBarOTh Iif
BIUTUBOM rpaBitamiitnoro moys CoHmg. MarTh sapo 1 XBICT. Adpo - 11e
MOHOJIITHA Opuiia JIbOIY, 3 BMEP3JIUMU B HBOTO TBEPAUMHU YACTHHKAMHU.
Po3mipu simpa BiJ COTEHb METPIB JIO KUIBKOX KiJOMETpPIB. 3 HAOIMKEHHSIM
1o CoHIIS J1i7] BUIAPOBYETHCS, @ BMEP3JIl B HHOTO TBEPJl YACTUHKHU U ra3u
PO3MOPOIITYIOTHCSI, YTBOPIOIOYN HABKOJIO sI/Ipa 201068y — Ta30BY OOOJOHKY 3
aMmlaKy, METaHy Ta BYTJEKHUCIIOro rasy. Il 11€r0 COHSIYHOTO BITPY ra3 i Mmui
BUTATYIOTBCS 32 KOMETO0 Ha COTHI MUIBMOHIB  KIJIOMETPIB Y
BUTJISIIL X60ocma. 1'0JI0BU  JISIKMX KOMET 3a pO3MipaMU TEPEBUITYIOTh
po3Mmipu COHIIS, a XBOCTH BHUTATYIOTbCS Ha COTHI MUIBAPJIB KUIOMETPIB.
Opnak Macu KOMET He3HauHi. BulbIIicTh KOMET MaroTh JYy>K€ BHUTSITHYTI
emnTu4Hl opOiTH. € KOMETH, IO pyXalwTbCcs 0O NapadONIyHUX Ta
rinepOoniunux opOitax. OO6irHyBmn CoHIE, A€sIKI 3 HUX Ha3aBXKIU
nokuaar0oTh COHSUHY CUCTEMY.

3 kokHUM HaOmkeHHs M 10 COHIE KOMETH BTpavyarOTh YaCTUHY pe-
YOBUHM 1 3 4aCOM PO3MAal0ThCs, YTBOPIOIOYM METEOPHUTHI MOTOKH. SICK-
paBoto € koMmera ["amnes, sika pyxaeTbcst HaBko1o CoOHLSA 3 mepiogoM OJu-
3pK0 76 pokiB. OcTanHil pa3 cnoctepiranacs y 1986 p.

Memeopumu — pi3HI 32 po3MipaMH TBEpJl Tija, 110 MaJar0Th Ha TMO-
BEPXHIO 3eMJI1 UM 1HILI MJIAHETU 3 MIXKIUTAaHETHOTro npocTopy. [loTpamistoun
B atMocdepy 3emiti, METeOpUTHI Tija Bxke Ha BUcoTi 110-70 kM BHaCTIIOK
3ITKHEHHS 3 TMOBITPSAM HArpiBalOThCS 1O THUCSY TPaALYCiB 1 MOYMHAIOTH
CBITUTHUCS, 3aJUIIAI0YM Ha HEOl sicKkpaBi ciigu. Benuki Metreopu y BUTIISIIIL
BOTHSIHUX KyJib, 10 CYHPOBOJDKYIOTHCS TYPKOTOM, CBHUCTOM, CIOPUYAHHSM
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HA3UBAIOTh Ootioamu. PO3PI3HIIOTH METEOPUTH 3ajli3Hi, 3ali30KaMm'sHl 1
kam'siHi. [Ilopoky Ha 3emmto Bumanae Ouibiie 2000 mereoputiB. Ha wmicii
NaJiHHS BEJIMKUX METEOPHUTIB YTBOPIOIOTHCS KpaTepH. Api30HCHKUI
MeTeopuTHHH kpatep Mae aiametp 1200 1 rmubuny 200 m.

any3p acTpoHOMii, ska BuBYa€E BcecBIT y BHAMMOMY CBITJI,
HA3MBAETHCS ONTUYHOIO. AJie BHAMME CBITJIO 3aliMa€ JMIIE MaJeHbKY
JUISTHKY €JIEKTPOMAarHiTHOrO CIEKTpa, KyJId BXOJATh TaKOX PaIlOXBHIIL,
iH(]pauepBoOHE, ynbTpadioiIeToRe, PEHTTeHIBChKe Ta ramMmma-
BUIIPOMIHIOBAHHS - Pi3HI 32 JOBXHHOIO (UM 4YacCTOTOIO) €JEeKTPOMAarHiTHI
xBuial. 3 XIX cr. acTpoHOMHM TMOYaJd BHUBYATH KOCMIYHI OO'€KTH B
TOCTYNHUX 1HGpadepBOHUX NpoMeHsX. A B 30-x pokax XX cT. 3apoauiacs
HOBa Tally3b aCTPOHOMII - PaaloacCTPOHOMISA, CIPaBXKHIA PO3BUTOK SKOI
oYaBCs IICIA APYyroi CBITOBOI BIMHH. B KOPOTKOXBHIIBOBIM YacTHHI
CHEKTpa BUIUISIOTh OKPEMO J1aa30HHu:

e yibpTpadioseToBoi acTpoHoMIi (HoBxkuHA XBUIl 390-30 HM),

® peHTreHiBcbKkoi actpoHomii (30-0,01 um) 1

® ramMma-acTpoHoMii (JoBxkuHa xBWiIl MeHma 3a 0,01 HM), KoXHa 3
SKAX Ma€ CBOI METOIW JOCHIKeHb. BakimuBy iHOpMaIlIO IIPO Te, IO
IIETBCA OAJEKO 3a MEXKaMH 3eMII, JOHOCATHL 0 HAC ITIOTOKM KOCMIYHHUX
IpPOMEHIB 1 HelTpruHO. KoCMIYHI MpoMeH1 CKIIaJaloThCsl TOJIOBHUM YHHOM 3
IIPOTOHIB - S7IEp BOJHIO, @ TAKOXK 3 €JIEKTPOHIB, SIEP TEIII0 1 SIep BaKUUX
XIMIYHUX €JIeMEHTIB.

HejiiTpuHo — 11e yacTUHKA, siKa Ma€ HEMMOBIPHY POHUKHY 3/1aTHICTb,
00 Maii>ke HE B3aEMOJIIE€ 3 PEYOBMHOI. He Maroun eleKTpUvHOTo 3apsay, 3
Macol0 CIIOKOI0, I1I€ i JI0C1 JOCTOBIPHO HE BCTAHOBJICHOIO, HEUTPUHO 3/1aTHE
NPOXOJIUTH Kpi3b TBEpJAE TIIO HAaBITh JIETIIE, HIXK CBITJIO Kpi3b CKIIO.
Hamnpuknan, map cBuHIIO TOBIIMHOKO B 50 CBITJIOBHX POKIB BOHO MEpPETHE
TaK, HEMOB 11€ TTOPOXKHIM MPOCTIp.

[ToguBuck Ha HeOO Oe3xmapHOi Houi. Tu moOayumn TUCAYL 3iPOK.
31aBHA IIOJICHKUI pPO3YyM HaMaraBCsli NMPOHUKHYTH B TAEMHHIN I[HOTO
BEJIMYE3HOTO HECKIHUEHHOTO CBITY. IHIINMCHKI, TPElbKI Ta PUMCHKI BYEHI
3aJI0BrO JI0 HaIIOi €py MPUITYCKAIM iICHYBaHHs O€3Jidi CBITIB, CXOXKHX Ha
Haml. Y’Ke TOJl Bech CBIT JicTaB Ha3By BcecBiTy, abo kocmocy. Bin
(daHTaCTUYHO BENWKHN A Haima KpuXiTHa 3eMJjs 1 HaBiTh 30pi, AKI MU
06auuMoO, CTaHOBJIATH HE3HAYHY YACTHHY KOcMOCY. BcecBiT cknamaeTbes 3
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BEJIMKOI KIJBKOCTI 30pSIHUX CBITIB — rajakTtuk. OJHIEI0 3 HUX € Halla
lamaktuka, no skoi Bxoauth CoHsiuHa cuctemMa. CoHsiyHa cucTema
po3TamioBaHa Ha Kpal [amakTHK{M, TOMY OCHOBHY 4YacTHHY HAaIIol
["aymakTiiky MokHa 6aunTH HIOW 300Ky — CBITIIYy CMYTY 3 0€3Jidi 31poK, 110
MIPOXONTH uepe3 yce 30psiHe He0o. Lle — Monounuit wnsax. YxpaiHChbKuid
HapoJ 371aBHA Ha3uBaB ioro Yymaybkum winaxom.

Jlo cknany ["amakThku BXOASITh Taki HEOECHI TiJIa K 30pi1 IUIaHETH (B
TOMY YHUCI 3eMiis), acCTEePOili, METEOPUTH, KOMETH, METEOPH, KOCMIUHUN
1. M1K30pSIHUM TPOCTip IPOHU3YIOTh HEBUIMMI OKY KOCMIYHI IPOMEHI.

3o0pi — KynsACTI pO3MeUeHi Tija, MO BUIPOMIHIOIOTH CBITIO Bci 30pi
CKJIaJIalOThCA 3 Ta3iB 1 MAalOTh Ha CBOiM MOBEPXHI BUCOKI TEMIEpaTypH, 3a
paxXyHOK 4YOro i BIJOYBA€TbCS BUIIPOMIHIOBAHHS. 3a TEMIEPATYpPOIO
MOBEPXHI 30p1 HoAUIsoThesl Ha 4YepBoHl (2000-3000°C), xosti (6000-
7000°C), o61m (12000°C) 1 romy6i (25000°C). 3a kombOpoM 1
TemriepaTypoto COHIIe HaJEXKHUTh JI0 )KOBTHUX 31pOK.

Po3piznstoTh 30pi # 3a po3MipaMu. € 31pKU-TITAaHTH B MUTBSIPAU pa3iB
oinbIme Bijg COHIIM, 1 KApJIUKH — B ICCATKH pa3iB MEHIII BiJl HbOTO.

V mamiit TamakTuii 30pi po3TamoBani HepiBHOMIpHO. [X Haii6inbine
HABKOJIO il LEHTpa, A€ CUjla TSHKIHHS MaKCUMalbHA, a IIBUAKICTH PyXY
MEHIIIA, HI’K Ha OKOJIUIISX (JIMB. 30psiHE HEOO Ha (op3anax miapyuyHUKa).

Heo30poenrnM okoM Ha HIYHOMY HE003BOII MOKHA MMOOAYUTH OJIU3BKO
2000 3ip. Hacnpasai ix minbsipau. Okpemi 3 HUX MOKHA BUSIBUTH TUIBKH 32
JIOTIOMOT'O0 CY4aCHUX TEJIECKOIIIB Ta PaJi0TEIECKOIIIB.

Ile B Craponasniii ['pemii momiTwim, 10 Ha HIYHOMY HeO1 30pi
CKyNUylThCcsl Tpynamu — cy3ip'smu.KoxxHe cy3ip's Mae CBOIO Has3By,
MOB'A3aHy 3 JIEreHAaMu Ta Mi)aMu CTapOJIaBHBOTO CBITY.

Huni Bce HeOo mojineHe yMoBHO Ha 88 cy3ip'ie. Y TliBHIuHINA MiBKYI
HalOUIbII Bigomi cy3ip's Bemukoi 1 Manoi Beamenwini, siki Mu 6auumo
IPOTATOM POKY.

B Vkpaini 1i cy3ip's B Hapoai Ha3uBaroTh Benukwuii 1 Manuii Biz, a6o
Benukwuit 1 Manuit KiBmi. Kpim cemu sickpaBux 3ipok, y CKJIaai KOKHOTO 3
uXx cy3ip'iB 0€3/114 MajJeHbKHUX, 4acTo JieJAb MOMITHHUX. J[Ji1 MOperiaBIiB,
MaHJIpIBHUKIB, TYPHUCTIB OCOOJMBO BaXKIMBUM € T€, IO B ckiaai Mamoi
Benmenuii po3ramoBana sickpaBa [lonsipaa 30ps, sika 3aBKIU pO3MillieHa
Ha TMBHOYI.
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OxpeMi cy3ip's MOXHa CIOCTEpiraTd Ha HIYHOMY HeO1 MpOTIroM
YChOTO POKY. IX HasuBaroTbHagkonononspuumu. 1le — Bemuka Ta Mana
Benmenuus, paxon, [edeitr, Kacciomnes.

Tpeba 3HaTH, 10 30pi B Cy3ip'sX HACHpaBAl HISK HE IMOB'S3aHI MIXK
co0oro HI B pocTopi, Hi B yaci. lle nmumre BugumMe HamMu iX 00'€THAHHS Ha
TJIOMIMHI HE003BOTY.

IlnaneTn — XO0J0/HI KyJsCTI HEOECHI Tijla, IO HE BUIIPOMIHIOIOTH
citio. IIpore yoMy x MU iX 6GauuMo Ha He003BOJ1? BUSABIA€TbCSI, BOHU
3/1aTHI BiJOMBATH COHSYHI TIPOMEHI BiJl CBO€ET MOBEPXHI K J3epkajo. Kpim
BEJIMKUX TUIAHET, € TUIAHETU-KapiIuKu, aiameTpoM Bia 1 go 6mmssko 1000
kM. lleacrepoinu. Bonn OyBaioTh HE TUIBKM KYJISCTI, @ 1 HEMpPaBUIBHOI
dopmH.

Kometu. [Hoai Ha He003BO1 3'ABISAIOTHCS ACKpaBl XxBocTaTi 30pi. Lle
koMeTu. KoMera CKIIajaeThCs 3 «TOJIOBU» U «XBOCTAY, IKUM CTa€ ICKPABUM
Ta JOBruM y miepion HaOmwkeHHs ii 1o Conums. ['onmoBa xometn — 11e
CKYITYEHHS 3aMep37uX ra3iB, y AKl BKpaIUIeH1 MU Ta KaMiHHA. XBICT —
NOTIK Ta3iB Ta MWy, [0 MOTPAIUISAIOTh 3 TOJOBU TMPH CHIBHOMY
HarpiBaHHI. TiIbKU-HO KOMeTa BinganseTbes Bl CoHI, 11 Kpaca ThMSHIE.
XBICT BKOPOUYETHCS 1 CBITUTHCSA €1a00.

MuHarOTh THUCSYl POKIB, 1 TOJIOBA KOMETH 3MEHIIYEThCS 3a PaXyHOK
TaHCHHS JILOY, PO3MAAAEThCA HA APiOHE KaMiHHSA ¥ MUIMHKU. 3 KOXKHHM
o6eproM HaBkoJi0 COHIIS XBICT CBITUThCA Jeaali ciadkime. BciM komeram
IPUCBOEHI IMEHA BUYCHUX, HAMIPUKJIa] KomeTa [ ases.

Meteoputu. Ha 3HiMKax moBepxHi Micdlsi 3 KOCMIYHOTO KOpaoOuis
MOXHa MOOA4YUTH BEJIWYE3Hl JIHKM — Kparepu. YacTuHa 3 HUX —
pe3ynbTaT NaJiHHsA Ha MOBEepXHIO Micsis HeOECHUX TI1 — METEOPHTIB. 3a
CBOIM TMOXO/DKCHHSIM 1€ YyJIaMKU 1HIIUX HEOECHUX Tij, Haluacrile
acrepoimiB. Mereoputn OyBarOTh 3adi3HI, KaMm'sHI 1 3a1i30-KaM'sHi.
[Tamarote Boum i Ha 3emuro. B CIIIA, y mrati Api3oHa, Ticias TaaiHHS
METeOpHTa YTBOPUBCS BeleTeHChKHi kparep. Y 1908 pori TyHrychkuit
METEOpHUT, 1110 BraB y Cubipy, 3HUILIKB JIIC HA BETUYE3HIN TepUTOPii.

[HOmi Ha 30psiHOMY HeO1 MOXKHA IMOOAYUTH SICKpaBl 1CKOPKH, IO,
IpOJIITAIOYH, 3alMIIalOTh TOHKUN chiif. lle Tak 3BaHi mamarodi 30pi.
Hacnpaai nanaroTs He 30pi, a ApiOHI NIIIMHKY 1 KamiHuuKy. [Ipumitatoun
3 KOCMOCY 3 BEJIETEHCHKOI WIBUIKICTIO, BOHM BiJ TepTs 00 MOBITpsA
PO3KAPIOIOTHCS 1 CBITATHCA. Ll siBHIIe gicTano Ha3By MeTeOpiB.

67



Bnacaigok mociimkeHs BUCHI JIWIUIM BUCHOBKY, 110 'y BeecBiri, KpiM
BUIMMHUX HEOECHUX TUI, € KOCMiuHe BHIPOMiHIOBAHHS, 1[0 3alIOBHIOE
MDK30pSHUNA TIpocTip. | AkOu He HamIWHUN 3aXHCT MOBITPAHOT OOOJOHKH
3emiri 3 O30HOBHM IIIApOM, KOCMIYHE BUIIPOMIHIOBaHHS 3HUIIMIO O yce
KUBE.
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