5 POBOTA,

MOTYXHICTb,
EHEPTIA

§ 5.1. Po0oTa i moTyxKHicTh

IonsTTS pOOOTH OB’ SI3aHE 3 TIOHSTTSM CHIIH, IIBUAKOCTI 1 IepeMileHHs. SIKIIo mif Ai€ro cu-

JIM 3MIHIOETBCS! AOCOMIOTHE 3HAYEHHSI MIBUIKOCTI, TO TOBOPSITH, IO CHJIa BUKOHYE poOoTy. Y BH-

TIaKy, KOJU IIBUJIKICTH 30UIBIIYETHCS, TO BBAKAETHCS, 10 POOOTA JOAATHA, @ KOJIHM 3MEHIIYETHCS

— Bix’emHa. SIKI0 crita, 10 Jli€ Ha TiNTO, CTana i pyX BinOyBaeThCs MPSAMOIIHIAHO, TO poboTa, sKa
BHKOHYETBCS IAHOO CUJIOI0, IOPIBHIOE 100YTKY cviti F Ha nipoinenwii Tinom nuwsix S (prc. 5.1):

A=FS. (5.1)

B miboMy Brna Ky HarmpsMOK CHIJIH CIIBIIAAA€ 3 HAIPSIMKOM MepEeMilIeHHS.
SIKIIO chita MPUKIAJeHa J0 Tita mmig KyToM 0 (puc. 5.2) 1o BiJHOIICHHIO 10 HAIPSAMKY IIe-

— 7 =t
I/_\/_\l \/\—/\JX

Puc. 5.1 Puc. 5.2

peMimieHHs, To podoTa TopiBHIOBATHME AOOYTKY CKIIa/J0BOI CHJIM B HANPSIMKY II€pPEMIiIIeHHS 1
BEJMYMHA TIEPEMILIEHHS, BUKJIMKAHOTO Ii€I0 CHIIO0:

A=FS = FScos, (5.2)

ne F, — cxianoBa crm F B HanpsMKy mepeMilneHHs (B HAIPSIMKy oci X-iB), S — mepeMileH-

Hf, 0 — KyT Mi>K HalpsSIMKOM BeKTOpa cuiiu F 1 BekTopa mepemimenHs S .

Cuna, sika IpUKJIaJieHa 70 Tijla B HAPSIMKY, TIEPHIEHANKYIIIPHOMY 10 MepeMiIlIeHHs, poOOTH
He BuKoHye (Hanpukian, F, — ckianosa cuwmm F Ha puc. 5.2).

SIKuo Ha TiJIO AIFOTH KUIBKA CHJI, TO IOBHA PO0O0TA, sIKa BUKOHYETHCS HaJl TIJIOM, IOPIBHIOE
anreOpaivHiil cyMi poOiT KOXHOI i3 ¢, Jifounx Ha Tijo. LIg moBHa poboTa BUKOHY€EThCS piB-
HOJIIMHOIO BCIX CHJI, IO AIIOTh HA TiJIO.

OckinbKy JOOYTOK IBOX BEKTOpiB F - S =FScosf ¢ CKaJISIPHAM JI00YTKOM, TO po0OTa € CKa-
JISIPHOIO BEJTNYHHOIO.

Omunutiero poboru B CI € mxoyns (k) Ha yecTs anriiicekoro ¢isuka JHxoyms (1818 —
1889), mparii sikoro Oyiu MPUCBSIYCH] PO3KPUTTIO MOHSTH poboTH i eneprii: 1 Joe =1 H - m.

B aromHiii i syaepHii (i3uii B SKOCTI OMMHHAII pOOOTH BUKOPHUCTOBYIOTH €IEKTPOH-BONIT (eB):
1eB =16-10"° Joc.
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5. Poboma, nomysicnicmo, eHepeis

Hpuxnan 5.1. Axy nompiono euxonamu pobomy, wob niowamu eanmadic macoro M = 10 ke na suco-
my h = 10 m? Banmaoic nioniMacmocst 3a 00ROMO2010 MONTY3KLL.

N TB Po3B’s130K. Hexail éanmaoic nioHiMacmscs 3i cmanoro weuoxicmio. Ha ean-
F maoic 6yOymb Oismu 06i cui — cuna semuozo msicinna P i cuna F 3 60Ky mo-
mysxu. Tooi
A =Fh. Q)
Ockinoku F = — I5, mo
A = —Ph = —mgh. 2
— 1la poboma suxonyemobca npomu cunu 3eMHo20 maxcinua. Taxum yunom
P=mg
= A = —(10 x2)(9,8 a/c?)(10 ) = —980H -m = —980 Joc.

Puc. 5.3 BucnoBok. I3 (2) BuaHO, 1m0 poOoTa NPOTH CHI TSOKIHHS 3aJICHKHTH
TUTBKH BiJl BUCOTH TiaiioMy h mo BepTHKai i HiSKUMH ITiIHOMHHMH MAIIy-
HaMu (TIPUCTPOSIMK), HATIPUKIIAJ, TOXMIIOK IUIOMIMHOI, HE MOKHA 3MIHHTH il BETHUHMHH.

Mpuknan 5.2. 4y pobomy nompiono suxonamu, wob nepecyrymu auwux macoro m = 60 xe 3i
cmanor weuokicmio Ha giocmarns S = 12 m 6 copusonmansHomy HanpamMKy no niono3i, AKWO cund
mepms Fr= 150 H? (puc. 5.4).

Po3B’s130K. [lpu pyci mina 3i cmanoio weuokicmio 306Hiwns cuna F 3pienosasicyemocs canvb-

N MIBHOIO CUL0I0 mepmst IET, mobmo F = — IET B yvomy eunaoky
N —
N cura F euxonye pooomy npomu cun mepms. Tomy
F
[:’T A=-F.S = (-150H)(12 ») = ~18-102 /Jorc.
P=mg Bucnosok. [Iponec nepeminieHHs Tia MpoTH CHJI TEPTS i
BIUIMBOM TIPUKJIA/ICHOI 30BHIIIHBOI CHJIM CYIPOBOKYETHCS BH-
Puc. 5.4 KOHaHHSIM pOOOTH IIi€I0 CHJIOK HE3aJICKHO BiJl TOTO MPUCKOPIO-

€TBCS TIJIO, UM PyXA€THCA 31 CTATIOIO IIBUIKICTO.

Mpuknan 5.3. 3uaiimu pobomy, wo suxonyemocs npu posmseanti npyscunu va x = 20 cm 6i0
i HopManbHO20 nonoJNCcenHs, AKIO Koeiyicum xcopemrocmi npyocunu K = 4 Hi? (puc. 5.5).

X, Po3B’s130k. 3osriwna cuna F | neobxiona ona pos-
_mmm_ﬁ =0 ms2y npyscunu, susnavacmocs 3axornom I'yxa (3.29)
i F=kx 1)

Oonak, ys cuna He € CManoio, a JEHIHO 30LTbULYEMbCSL 3
¥ posmszom npyocuru. Tomy mym nompi6no ckopucmamucs
CepeoHiM 3HAUEHHAM Yi€l Cunu, sIKA OOPIBHIOE CepeOHbOMY

[ X=20cM :
I‘—’l apughmemuuHomy:
Puc. 5.5 <F>=%(O+F) =%F, @

mooi

A=<F>x=lFx=lkx2.
2 2

3o6HiwHA cuna 3piHOBANCYEMBCS CUTIOIO NPYICHOCIE NPYHCUHU, KA NPOTUTEHCHO HANPAGTIEHA
0o F , momy co6opamb, wo poboma 6uKOHYEmMbCA NPOMU CUIL RPYIHCHOCH, | 60HA OOPIGHIOE

A _%kxz _ —%(4H 1.3)(0.2 )2 = —0,08 Jforc.
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8 5.2. Kinemuuna i nomenyiansna enepeist

3nax HOKA3YE, Wo poOOMa BUKOHYEMbCSL HAO NPYIHCUHOIO, MODIMO NPOMU CUTL RPYHCHOCHII.

PoGoTa 3aBxk/M BUKOHYETHCSI Ha MPOTS3i AESIKOTroO BiITHHKY dacy . PoOoty, sika BUKOHY-
€ThCA 32 OJMHULIIO Yacy, HA3UBAIOTh NOTYKHICTIO:

N=_, (53)

Omununero noryxsocti B Cl € mxoymb Ha cexyrny (Ix/c). Il oguHUIESE OTpuMana Ha3By
Bat (Bt) Ha yects mornanncekoro imkenepa xeiimca Barra (1736 — 1819): 1/[xc/c = 1 Bm.

OJIBHI OIMHULI TTOTYKHOCTI: 1 MBm = 10° Bm; 1xBm = 10% Bm.
VK

Mpuknan 5.4. Typucm macoro M =60 ke 3a t =4 200 nionimacmocs Ha 20py BUCOMOINO
h = 1000 m. 3 sixor0 cepednboio ROMYACHICMIO NPAYIO8AE MYPUCH?
Po3B’si30K. 32010 3 hopmynoio (5.3)
A mgh  (60x2)(9,8m/c?)(1000 )

N=2 = — 408 2 _ 4088m.
t t (60)(60)(4) ¢ c

§ 5.2. KineTuuHa i noreHuiajibHa eHepris

Enepris € onauM 13 HaiiOLTbII BaskinBUX GisndHMX NOHATH. OHAK, JaTH IIPOCTE 1 Pa3oM 3
THM JIOCTaTHLO CTPOTE 1 TOBHE BU3HAUCHHS €Heprii He Tak mpocto. /s BUna Ky MexaHiqHoi
eHeprii 1l MOXKHA BH3HAYUTH 5K “3AaTHICTH Tija (cucTemn) BuKonyBatu podory”. Orxe, B
mporieci poOOTH eHepris CUCTEMH 3MIiHIOEThCs. [lo 37ificHeHHS poboTH y cucteMu Oyina oaHa
TIeBHA €HEepris, Micisi BUKOHAHHS poOOTH — iHIIA.

Eneprito BUMIpIOIOTh B OAMHMILIX poOOTH. B MexaHili po3pi3HsIOTH 1Ba BUIU €HEprii —
KiHeTHYHY 1 IOTeHIiaJbHY.

1. KineTnuHa eHeprisi — 11e €HEpris, SKOI BOJIOIE TiNO 3aBASKU Horo pyxy. s Toro,
00 3HAWTH aHATITUYHNI BHpa3 KIHETHYHOI eHeprii, 3HalIeMo podoTy, SIKy MOXKe 3IUHCHUTH py-
XOME TIJIO, y BUIAJKY OJTHOBUMIPHOTO pyXy. Bynemo BBaxaTH, 110 TijI0 3HAXOIWTHCS B CTaHi CIO-

ko0 (U = 0). SIKIIO 10 HBOrO NPHKIIA/IEMO JESKY CTATy CHILY F, TO TiJIO IPHCKOPHTBCS 1, IPOii-

moBmM mwisx S = at? / 2, Habyne mBuakocTi v = at. PoboTa, BUKOHAaHA HAJ TIJIOM
2 2
A=Fs=mil - lm(at)2 L
2 2 2

HKHIO 3apa3s 1e T1JIO Maco0 M, 0 pyXaeThCs 31 HIBI/IZ[KiCTIO U, 3ylIMHUTH, TO BOHO MOX¢C

(5.9

BHKOHATH pOOOTY, piBHY mv?/2. ToMy BenuuuHy mov? /2 BusHAYAIOTH K KiHeTHYHY eHep-
rilo MOCTYNAJBLHOrO pyXy Tijna:

W, = . (5.5)

Take BU3HaYeHHsI KIHETUYHOI €HEprii Jla€ KiNbKICHUH CMHUCI YSIBIICHHIO TIPO €HEPriio, K
3/IaTHICTb BUKOHATH POOOTY.

Jlai, K10 Ha TiJI0 Macoro M, sIKe PyXa€eTbes 3 IOYATKOBOO MIBUIKICTIO Uy, MOALATU CUIIO0 F
B HAIPAMKY HOro pyxy, TO TLI0, IPOMIIOBLIY NULIX S, Ha0y/e IBUIKOCTI U, . PoboTa, BUKOHAHA Haj
TistoM, nopisaroe A = FS. BukopucroByroun apyruii 3akon Hetorona F = ma i ¢popmyay (2.16),

3aIrcany JUId HAIIOTO BUMAIKY Y BHTIISI 1)22 = 1)12 +2aS, orpumaemo:
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5. Poboma, nomysicnicmo, eHepeis

2 2
A=Fs=mX2_",
2
abo
2 2
A="0% M aw (5.6)
2 2

3BijcH. MOBHA P0o00Ta, BUKOHAHA HA/A TiJIOM, JAOPiBHIOE 3MiHi i{oro KiHeTM4HOi eHeprii.
®opmyiy (5.6) yacTo Ha3MBAIOTE TEOPEMOIO TIPO 3B’SI30K POOOTH i eHeprii: SKII0 Hal TiIOM BH-
KOHYETBCSI po00Ta, HOro KIHeTHYHA EHEpris 3pOcTae; SIKIIO TiJI0 BOJIOJIE€ KIHETUIHOIO EHEPTIET0,
TO BOHO MOYE 3/1iHCHUTH POOOTY HaJ| IHILIMM TLUIOM, IPH IIbOMY HOTO €HEepTisi 3SMEHIITYEThCSL.

Mpuxaan 5.4. Capana macoro m = 3,0 2 6 cmpubky possusac weudkicmes L = 3,40 m/c.
@) Buatimu ii Kinemuuny enepeiio npu yit wieuokocmi. 0) Axwo capana nepemeopioe enepeiio 3
KK/ = 40 %, mo sy xinbkicmo eHepeii oHa eumpadae Ha yei cmpuook?
Po3B’s130K. a) Kinemuuna enepeis caparu
W - mo? _ (30-10°ke)(3,40m/c)’
" 2 2
1[5 enepeis cknadae 40 % 6i0 enepeii, sky umpayae capana Ha cmpuoox.
6) Benuuuna enepeii, AKy capana 6umpa4ac na cmpubox, 0opisHioe
(1,73-1072 /foc) 100
40

=1,73-1072 /.

AW =

= 4,33-1072 JJorc.

2. ITorennianbHa eHepris. Kinernyna eHepris Tia, sk Oyio 3’sicoBaHO BuIlEe, 00yMOBJIEHA
fioro pyxom. Enepris Tina Moxxe Oytn 00yMOBIIeHa 1 HOro HOJIOKEHHSIM Y TIPOCTOpi Ta Horo ¢op-
Moro. Taxy eHeprito Ha3uBalOTh MOTeHUiaAbHOIO eneprieto (W,).

[NoTeHmianbHOIO €HEPTiEI0 BOJIOJIIE, HATIPHUKIIA, 3aBE/ICHA IPY>KHHA TOMHHNKA, SIKOI BOHA
HaOysa 3aBIsIKM poOOTI, SIKY 3MiMCHMIA HaJ Hero JoAuHa. [Ipy po3kpydyBaHHI MpY>KWHA BU-
KOHYE poOOTy, IIOBEPTAIOYH CTPLIKH TOTUHHHUKA.

ITigHiMarOuH TiJIO MACORO M Ha MEBHY BUCOTY N Ha/| BUXiJHUM piBHEM, MU BHKOHYEMO POOOTY
TIPOTH CWJI TSDKIHHS, 3aB/ISIKH YOMY TilT0 HaOyBae rpasitauiiinoi motenuiajabHoi eneprii. B nano-
MY TIOJIOXKEHHI TiJIO BOJIOJII€ 3/1aTHICTIO BUKOHATH POOOTY, SKIIIO HOMY JJATH MOJIMBICTH BIIACTHL.

KinbkicHO rpaBiTamiifHy MOTEHI[IAIbHY €HEepril0 BU3HAYMMO HACTYIMHUM YHMHOM. [linHATH
TiIO Macor M BEpTHKAIBHO BBEPX HA BHCOTY h MOXHA TiNBKH MPHKJIABIIN [0 HHOTO CHITY HE
MEHITY CHIIH TSDKiHHS MJ. TIpy iboMy MU BUKOHA€EMO poOOTy

A=FS = -mgh.
Tomi Tino Habyxe eHepriro Mgh, sika Mae 3MicT OTEHIiaMbHOI, TOGTO
W, = mgh (5.7)

SIKIITO TiJTy TO3BOJIMTH BiJIGHO BIIACTH 3 BHCOTH h, TO B KiHIIi CBOTO IUISXY BOHO HAOY/IE MIBH/I-

KocTi U = 4/2gh (muB. -1y (2.23)) i #ioro MoTeHIiaNbHA SHEPTisl IEPETBOPUTHCS B KIHCTUYHY:

2
W, = mTU - @ — mgh. (5.8)

TakuM 9uHOM, poOOTa, KA BUKOHYETHCS IIPOTH CHJI TSDKIHHS, HAKOMYYETHCS (aKyMYJTO-
€ThCs) TAHSTHM TLIOM i 30epiracThcsi HUM y BUTIISAI moTeHIiansHoi eneprii (W, = mgh).
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8 5.2. Kinemuuna i nomenyianona enepeist

3MiHa MOTCHIIATBHOI €HEepril TiJla BU3HAYAETHCS (POPMYIIOL0
AW, = mg(h, — h;) = mgAh, (5.9)

ne Ah=h, —h, —3mina BucotH (I10JI0KeHHS Tina.)
SIKIO pyXOMe TIJIO 3YNHUHSETHCS NPYXUHOKO, HOro

KIHeTUYHA SHEpris 3HHWKA€, a MpYXUHA J1ehOpMYyEThCS
(cruckaeTbest a60 po3rsryetbest). OHaK, B Mipy TOTO, SIK
TIPY’KMHA TIOBEPTAETHCS JI0 TIONEPEIHBOTO BUIVISITY, Ki-
- <« U, HerHdHa eHepris MOKe MosBUTHCS 3HOBY. 11[06 3a6e3re-
v ,—‘ YUTH 30€peKCHHS SHEepril B IIbOMY BHIIA/IKY, MU ITOBHH-
Hi JIONYCTHTH, IO BTpayeHa KiHSTUYHA SHEPTis TiIa Te-

SR —

peTBOpMIachk B IOTECHIIATBHY €Heprito aedopmMoBaHOl
npyxuHd. Ha puc. 5.6 HaBeneni npuxiaay cucreM, ae
Puc. 5.6 Bi10YBAIOTHCS TaKi EPETBOPEHHS.
[NoTenmianbHa enepris 1eopMOBaHOI MPYKUHH
IporopuiifHa KBajpary BelMuduHN aedopmariii. Bona gopiBHioe

W, = %kxz, (5.10)

ne x — BeauuuHa jgedopmariii npyxusn, K — koedilieHT mponopuiftHOCTi, KMl 3aIeKUTh Bij
BJIACTHBOCTEH MaTepially, 3 SIKOTO BHI'OTOBJICHA NPY)KHMHA, Ta Ii KOHCTPYKII 1 BU3HAYAETHCA
ekcriepuMeHTanbHo. OTKe, MOTeHIialbHa SHeprisl MPYKHHH 3aJISKUTh BiJl IIPUPOJH MaTepi-
aiy, i3 SIKOro BUTOTOBJICHA NIPY)KWHA, 1 HI B IKOMY pa3i He 3aJIeKHUTh BiJx ii iHepTHOI MacH, 5K
1€ CIIOCTEPIraeThesl y BUIA/IKY IpaBiTalliiiHOl MOTeHIiaJbHOI eHeprii.

[NoTenmianbHa eHEPrist €IEKTPUIHHUX 3apsAAiB a00 MarHiTIB 3a TaHOI KOHKPETHOI reoMeTpii
Iii cuit mporopiiitna o6epHEeHiN BeMYIHI BiZICTaHI MiX 3apsaaMy a00 MarHiTaMH:

w,~ L. (5.12)
r

Crij 3ayBaXXWTH, IO BUMIPIOIOTECS HE aOCOIIOTHI 3HAYCHHS, a Pi3HUII 3HAYCHB MTOTCHITI-
anpHOI eHeprii. Pazom 3 TuM npu po3paxyHKax MOTEHIIAJIbHOT €Heprii cyTTeBUM € BHOIp 11 Hy-
JBOBOrO 3Ha4eHHsI (MOYATKY Bi/UTIKY), SIKHii €, qopedi, 1oBinbHIM. | X04 BUOIp HYJIBOBOIO 3HA-
YEeHHS MOTEHIIaJIbHOT eHeprii JOBUIBHMH, iCHYE KiJbKa LIJIKOM JOIyCTUMHUX MOro/keHb. Ha-
MIPUKJIAJ, SIKIO CHCTeMa THITY MPY)KUHH 3HaXOAUTHCS B Hele)OpMOBAaHOMY CTaHi, TaK 10 BO-
Ha HE CTapaeThCs Hi CTUCHYTHUCS, Hi PO3TATHYTHCS, TO IIIJIKOM PO3YMHO Oyze BBaXKaTH ii MO-
TeHI[iaJIbHY eHeprilo PiBHOIO HYJI0. SIKII0 TiNa, IO B3aEMOJIFOTH 3aBISKH CICKTPUYHUX,
MarHITHUX 1 TPpaBITAI[ifHUX CHJI, 3HAXOMATHCS TaK JajeKo OIWH Bifl OJHOTO, MO iX B3a€MHHI
BIDIMB HE3PiBHAHHO MaJMid, TO MOYKHA BBa)KaTH, IO HA TaKii BificTaHi iX MOTEHIIATbHA €HEP-
ris piBHa HYTr0. KoM Tina mpUTITaloTHCS, TO iX MOTEHITiabHA €HEepris Big’€MHA, i HaBIaKH,
SIKIIO TiJIa BiIITOBXYIOTHCS, TO iX MOTEHIiaJIbHA eHepris AogaTHa. Cucrema 3 J0AaTHOIO I10-
TEHIIATBHOIO €HEpri€l0 caMa 31aTHa BHKOHYBATH poOOTy, CHCTeMa, HaJ SIKOIO 3JiHCHIOIOTH
po0OTy, BOJIOIE BiJI’€EMHOIO MOTEHITIATHHOIO CHEPTIETO.

Tino 3 Bi’ €MHOIO TIOTSHIIATHHOI SHEPTi€l0 3HAXOAUTHCS B MOTCHINIANBHINA sMi, HATIPH-
Ja1, eNeKTPOH B aTOMi, HYKJIOH (IPOTOH ab0 HEWTPOH) B SLIP.

Icnye Gararo iHmmMX ¢Gopm moTeHIianbHOi eHeprii. OTHNM 13 HAOYHUX NPUKIIAMIIB € aKyMYyJIs-
TOpHa Oatapest aBTOMOOLTS. EHeprist, /kepenoM SIKoi € Mpalioloumii IBUTYH, HArpOMaKY€EThCS 32
PaxyHOK TOTO, III0 BOHAa BUKIIMKAE TIEBHI XiMiYHI IIEPETBOPEHHS B aKyMYJIATOPHIiH OaTtapei, mi3Hi-
11e if MO)KHa OTPUMATH Yy BHTJISIZI €NEKTPUYHOI eHeprii. [IkepenoM KiHeTHYHOI eHeprii ABUryHa
CITyXKHTh XiMiuHa eHeprist GeH3MHy. 3anacoM eHeprii BoJoJie CTHCHYTE TIOBITps uM napa. Ixy Ta-
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5. Poboma, nomysicnicmo, eHepeis

KO MOKHa pO3IJISIIATH SIK OHY 13 (hopM 3amaceHoi eHeprii, ika B OpraHi3Mi )KHMBHUX ICTOT IIe-
PETBOPIOETHCS B KIHSTUYHY SHeprio. BenmudesHa KijbKicTh eHeprii 3anacena B aToMHOMY sizipi. Bei
Ha3BaHi BUIIe (opMHu HarpoMaPKEHOI eHeprii 3B’s13aHi 3 IEBHUMH BHIAMH 3MIIEHb, MIEpErpyIry-
BaHHAMHM 4M JIepOpMalisIMU THX YM IHIIHMX YaCTHH CUCTEMH. [HOMI 11e BUAMMI HE030pOEHNM OKOM
3MiHM, iHOZ 1€ HEBMAMMI 3MiHH (ATOMH, ATOMHE SIPO TOIIIO).

Mpuknan 5.5. Masnouxa macoro M = 4,2 ke nepeckaxye 3 0OHI€N 2iku Ha iHWLY, pO3MILeHy Ha
Ah = 1,7 m euye 3a neputy. Ha ckinbku npu yboMmy IMEHUMbBC NOMEHYIAIbHA eHEP2Ist MAGNOYKU?
Po3B’si30K. 3uiny nomenyiansnoi enepeii pospaxyemo 3a gopmynoio (5.9):

AW, = mgAh = (4,2 k2)(9,8 s/ c?)(L,7 m) = 69,97 [orc.

§ 5.3. KoncepBaTuBHi ciiin

Bci crn 3a BIacTMBOCTAMH MOXKHA 00’ €JHATH y 1Ba KJIacl — KOHCePBATHBHI i HEKOHcepBa-
THBHI. CWiiH, podoTa IKMX He 3aJeKUTh Bil GopMu LLIAXY, N0 IKOMY AiIOTH CHJIM, A JIMIIe
Bi/I MOJIOJKEHHSI TOYOK MOYATKY i KiHISI PyXy, HA3MBAOTh KOHCePBATHBHUMH (IOTEHIAIb-
HAMH).

[MpukmagomM KOHCEPBATUBHUX CHJI € CHJIA TSDKIHHS Ta CHJIa NMPYKHOCTI 1 BCi IEHTpPaNbHI
cwm (TpasiTalliiiHa, eleKTpOCTaTHYHA, MarHiTHa Tomo). Po6oTa Tepiioi 3aMeXuTh TUTBKY BiJ

3minu Bucotu (4 = — mgh), a apyra — Bij 3MiHH JOBXHUHHU npy)uHn (A = —%kx2 ).

3ayBakuMo, 10 poOOTa KOHCEPBATUBHOI CHITH € 3BOPOTHOIO: SIKIIIO HA SKIMCH JUISHIN IUIAXY
TIJIO BUKOHYE POOOTY HaJ| IHIIMMH TiJIaMH, TO Ha 3BOPOTHOMY IIISIXY Ha IIiH ke JistHIi Oyne BU-
KOHaHA TOYHO TaKa X poOoTa Haj qanmM TitoM. OTke, IS KOHCEpPBATUBHUX CIUT POOOTA 10 OyIh-
SIKOMY 3aMKHYTOMY TIIISIXY JOPIBHIOE HYIF0. MaTeMaTHYHO TIe BUPAKAETHCS TaK

§ FdS =0. (5.12)

Kpyxedok Ha 3HaKy iHTErpajia 03Hayae, 110 iHTerpai 6epeThbes 1Mo 3aMKHYTOMY KOHTYpY. Lle cBin-
YUTH TIPO TE, [0 NPU BUKOHAHHI pOOOTH KOHCEPBAaTUBHUMHU CHIIAMH Ma€ MicIie 3aKOH 30epeKeHHS
eHeprii. Buxomstun i3 ckazaHOro, MOXKHa JIaTH IIe 1 Take BU3HAYECHHS KOHCepBaTUBHUX cril. KoH-
cepBaTMBHMMH HA3MBAIOTH CHIIH, SIKi 3aJIeKaTh TUIBKM Bil KOH(Irypamii cucreMu i podoTa KX
Ha Oy/b-IKOMY 3aMKHYTOMY KOHTYP1 JIOPiBHIO€ HYJIIO.

J10 HeKOHCepPBATUBHHUX CHJI BITHOCSATHCS CUITH OIIOPY, SIKI BUHHUKAIOTH IIPU PYCI TiJIa B PiAKO-
My abo razonogmioHomy cepemoBuiiax. Croau ciig BigHecTH 1 cuiry Tepts. Pobora mpotn cun
TepTs AOPIBHIOE TOOYTKY CHUIM TepTsl Ha MOBHUH LUISX, MpOAeHUH TioM. OCKUIBbKU CHJIA TepTs
3aB)K/IH HAIlpaBjIeHa B MPOTHIICKHUH OiK MepeMIilIeHHI0, TO poO0Ta, sIKa 3/1IHCHIOETHCS IPOTH CHIT
TepTsl, 3aBXKIH Big eMHA. Tomy poboTa mpoTH Cril TepPTS MO 3aMKHYTOMY KOHTYDPY HIKOIH He
MOXe JOpiBHIOBaTH Hyiro. OTxxe, poOoTa HEKOHCEPBATUBHOI CWJIM HE € 3BOpOTHOO. [lyis He-
KOHCEpPBaTHBHUX CHJI, B CWUTy BHIIE CKa3aHOT0, MEXaHi4Ha eHepris He 30epiraeTbes.

[purmycTivo mati, o Ha TiO AIFOTH KUThKA CHIL, JIESKI i3 SKUX € KOHCePBaTHBHUMU. OCKLTBKA
3MiHa MOTEHLiaIbHOI eHepril A0piBHIOE poboti koHcepBatnBHuX cun (A, =W, ), pobora, ska
BHUKOHY€ETBCSI BCIMA IHIIMMH CHJIAMH, IO JilOTh Ha TiJIO, JOPIBHIOE CYMapHIA 3MiHI KIHETUIHOL
eHeprii, T00To

A= AW, +AW,.

OpmHaK, OCKUTEKY 3MiHa TIOTCHIIAIBHOI CHEPTIT € BiJl €MHOIO pOOOTOL0, SIKa 3/TiHICHIOETECS KOH-
CCPBATHBHUMH CHJIAMH, TO

A+A, =AW, (5.13)

KOHC K
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ne A'+ A, — TIoBHA pobora Beix cit. Bupas (5.13) HazuBaroTh TeopeMoI0 Mpo 3B’S130K eHeprii i
podoru.

8 5.4. Tuui Buau eHeprii

Kpim noreHnianbHOI 1 KIHETHYHOI €HEprii iCHYIOTS 1 iHIII BUIM €HEPTii: TeIUI0Ba, eJIeKTPHUYHA,
MarHiTHa, cBiT/I0OBa, XiMiuHa, aTOMHA, siAepHa Tomo. [IpraoMy Tijlo MOXKe BOJIOZITH OJHOYACHO

Jlxepenamu TersioBoi eHeprii € HaTa, Byriuis, OSH3WH, Ta3, B SIKMX IPU 3rOopaHHi XiMidHa
€HEpTisl IepETBOPIOETHCS B TEIUIO 1 iHIIN BUAW eHeprii. bursmmicTs mkepen eneprii yrBopmmmcs i3
POCTIHH, SIKi POCITH MUTBHOH POKIB Ha3a[l, YepIalouy CBOIO XiMiuHy eHepriro Bix Conrt. Heckmamao
TOKA3aTH, 10 BCi [DKeperia eHeprii (3a BUKITIOYESHHSM sIepHOI) cTBOproe st Hac CoHIe.

ITepepaxoBaHi BHIle BHOM €HEPTii MOXKHA PO3TIISAATH SIK PI3SHOBUAHOCTI KIHETHYHOI 1 TO-
TEHLIAJIbHOI €Heprii Ha MOJISKYJSIPHOMY, aTOMHOMY, SiIepHOMY piBH:X Tomlo. Lli Buam eneprii
NIPUIHATO HA3WBATH BHYTPILIHBOI0 eHepriero Tia. Tak, 3rigHO aTOMHO-MOJEKYIISIPHOI Teopii,
BHYTPIIIHS €Hepris iIHTeprpeTyeThes K KiHeTHIHa abo MOTEHIianbHa EHeprisl PyXOMHX aTOMIB
(abo Momnekyn). 3 ITiJBUIICHHAM TEMIIEPaTypH Tila aTOMHU ab0 MOJICKYITH, 3 SKHX BOHO CKJIaa-
€TBCS, TIOYMHAIOTH pyXaTucs mBue. EHepriio, akyMyab0BaHy B MTAJIMBI, MOXKHA PO3IVISIIATH SK
MOTEHIIANBHY €HEepTio, 00yMOBIIEHY B3a€MHUM PO3MILIIEHHAM aToOMiB B MOJIeKydi. L{fo eHepriro
MOYKHAa BUKOPHCTATH, SIKIIO 11 BUBUTBHATH.

EnexTpuuHy, Mar"iTHy i sepHy €HEprifo TaKOXK MOXKHA B KiHIIEBOMY PaxyHKY po3Tisijia-
TH 32 JIOTIOMOT 00 TIOHSTh KiHETHYHO] 1 MOTEeHITiaJIbHOT eHeprii.

BHyTpIIIHS €Heprist CHCTeMH MOXKE 3MIHIOBATHCS, SKIIIO B CHCTEMI BiIOYBaIOTHCS CTPYKTYpHI
3MIHH: TIPY XIMIYHHX PEaKIisiX, KOJIM MOJIEKYJIH OJJHOrO THITY IEPETBOPIOIOTHCS B MOJIEKYJIH 1HIIIO-
TO THILY, IPH TIEPETBOPEHHI OTHUX aTOMHUX s7Iep B iHII Tomio. EnemMeHTapHi YacTHHKH TaKOX BO-
JIOMIFOTh 3amacoM BJacHOi eHeprii piBauM Wy = mocz, JIe My — Maca CIIOKOIO0 YaCTHHKH, ¢ — IIBU/-
KiCThb CBiTNIa y BakyyMi. IIpn mepeTBOpeHHI OJJHOTO BUIY €IE€MEHTAPHHX YAaCTHHOK B IHIIWHA BH-

BimbHSE€THC eHepris A W = (Am)c2 , JIe AM — 3MEHIIICHHS TIOBHOI MacH CIIOKOIO, SIKE BiZIOYBa€ThCs
B PE3YJIbTATI IEPETBOPEHHSL.

8§ 5.5. 3akoH 30epexeHHs eHeprii

Hexaii Tiio Macoro m BinmsHO magae 3 Bucot h. Ha Bucori h; #oro msuakicts Hexait qopis-
HIOE Uj, 4 JIeo Mi3HiIe Ha BHcoTi h, BoHa mopiBHIOE v, (puc. 5.7). 3a el yac moreHNiaTbEHa

eHepris Tima 3Menmmacst Ha AW, =mgh, —mgh, , npu npoMy iforo xiHeTH4Ha eHepris 30iIb-

2 2
mo mo.
h muacs Ha Benuuuny AW, = 22 — 1

DO pyapoi eHeprii Tija TopiBHIOE poOOTI CHII TSHKIHHS, SIKa 3 1HIIOro OOKY JIOPiBHIOE
0 AW,. Toni

. Bigomo (8§ 5.2), mo 3miHa KiHe-

2 2
mUz mUl
—< — —= = mgh, — mgh,,
B, > > an, gnh,
abo
Puc. 5.7 2 2
Mo, mgh, = Mo +mgh,. (5.14)

CyMy KiHETHYHOI i TIOTEHIIaTBHOI Heprii Tiia (CHCTeMHM) HA3HBAIOTh Or0 MOBHOK) HEPTIi€0
W. I3 popmyau (5.14) maemo, 110
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W=W_+W, = const. (5.15)

e o3Hauae, mo0 cyma KiHeTHMYHOI i MOTEeHUiAJILHOI eHepril Tija, 10 BiJLHO MaAaE, cTaaA.
OpHak, OCTaHHE Ma€ Micle TUIBKM B TOMY BHIIAJKY, KOJIH Ha Tijlo 200 HAa CUCTEMY TiJ, IOTh
KoHcepBaTHBHI cwum. OTXe, B CHCTEMI, B SIKii JIIIOTh TiJIbKM KOHCEPBATHBHI CHJIM, ITOBHA Me-
XaHIYHa eHEeprisl 3aJIMIIAEThCsl CTajolo. Lle TBep/KEeHHS HAa3MBAETHCS 3aKOHOM 30epesKeHHsI
MeXaHiuHoi eHeprii B cucTeMi.

Sxuro Ha Tisto abo cucTeMy TiJl, KpiM KOHCEPBATHBHHUX CHJI JHIOTh 1 HEKOHCEPBATUBHI CHIIH,
HANPUKIIA], CUJIa TEPTs, TO YaCTHHA MEXaHi4HOI eHeprii Tina (abo CHUCTeMH) IIepeTBOPIOETHCS B
TEIUIOBY €HEPTilo, KA € OHUM i3 BUIIB BHYTpIIIHbOI eHeprii (muB. § 5.4). B upoMy Bumamxy
3aKOH 30epeXeHHsSI MEXaHIYHOI eHeprii BUKOHYEThCS JIMIIE HAaOMMKEHO. 3aMiCTh HHOTO BCTY-
Iae B 10 3araylbHAN 3aKOH 30epEeKeHHS SHEepTii, SIKMH € CIpaBeMBUM UIsI OyAb-SKOrO BHIY
eneprii. CporomHi oOpe BiIOMO, 10 KOXKHOMY KJIacy CHJI MOKHA BU3HAUWTH TIEBHUH BHI| €HEPTil,
IO BiZNIOBila€ poOOTi, BUKOHAHOI IMMH crilaMu. [Ipy 11boMy JTOCBiZIOM BCTaHOBIICHO, IIIO TIOBHA
€HepTist B Oyb-sIKOMY BHIIAIKY 3AJIMIIAETHCS CTAJIO0: MPH OyIb-SIKUX Mpolecax MOBHA eHeprist
He 30LIbIIY€ETHCs i He 3MEHIIY€EThCS, BOHA TUIBLKH MePeTBOPIOETHCSI i3 0IHOro BUAY B iHIIMIA i
TepeaaEcThes Bill 0HOTO Tijia /10 iHIIOro, aje ii MOBHA BeJIMYHMHA 3aJIMIIACTHCS CTAIO0K. [e
OJIMH i3 HAGIMBIT BAXKITHBHX 3aKOHIB (isuki. Vloro Bemika poib B (i3uIL i iHIMX HAyKax BH3HA-
Ya€ThCs HACTYITHUM: 1) 32 HOro OMOMOrOK MOYKHA PO3B’SI3yBaTH 33/1a4i, sIKi iHIIIUMH METOIAMHE
BaXKO a0 B3arajii HEMOXIIMBO PO3B’s13aTH; 2) Il BeesaralbHU 3aKOH MOSICHIOE HAM TOPSIOK,
SIKUH ICHY€ B OTOYYIOUOMY HAcC CBIiTi. [IOHATTS eHeprii, KpiM TOro, € 3B’SI3YI0YO0 JIAHKOIO MIXK pi3-
HUMH Haykamu. HacamKiHelp, 3ayBayKNMO, [0 €HEPTist € aTpHOYTOM Matepii i € KiJTbKICHOIO MipOrO

PyxXy Martepii.

Mpuknan 5.6. Oopaxysamu xinemuuny enepeiio W, i weuoxicme L cmpubyna 3 sHepou-
Hoi0 macoio M = 70 ke, sxa neobxiona 01 nodonanns naanxku na eucomi h = 5,0 m. Beaosicamu,
wo yenmp macu cmpubyna posmiwernuii na sucomi h’' = 0,9 m i docseae makcumanvrol 6ucomu na
pisni naanku (puc. 5.8).

W

a §) 8 r

Puc. 5.8

Po3B’s130K. 3anuwemo 3axon 306epedicents MexaniyHoi enepeii.

m1)2

+ mgh’ = 0 + mgh,

mo
oe

— KiHemuyHa eHepeisi cmpubyHa 6 Momernm novamky cmpubra, mgh' — nomenyians-
HA eHepais yeHmpa macu cmpubyHa 8 MomMenm nodamxy cmpubdka, mgh — nomenyianvha enep-
2is cmpubyHa 8 MOMeHm nooonanHs naanku. Tooi

2
W, = m; = mg(h-h") = (70 k2)(9,8 3/ c?)(5m~09 m) = 2,8-10° orc.

K
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v = \/ZW _ 2280 /) g .

m 70 ke

Ha puc. 5.8 noxazano pyx cmpubyna 3 sicepounoro. Kinemuuna enepeis cmpubyua, sika 3a-
JedHcums 6io 1020 weuoxkocni (HOI0JCEHHs @), YACMKO8O NEPEMBOPIOEMbCSL 8 NPYICHY HOMEH-
yianony enepeiio scepounu (nonoscenns 0). Jani cmpubyn nionimacmocs 6 nogimpsi, Habysaio-
41 NOMEHYIATbHOT eHePail K 34 PAXYHOK KIHeMUYHOI eHepeii cmpubyHa, max i 3a paxyHoK NPYICHOL
nomenyianvioi enepeii scepounu (nonosicenns 6). Komu cmpubyn suaxooumocs nao niarkoio (no-
JIOJNCEHHS 2) 1020 KIHeMUYHA eHepeis MIHIMATbHA, a nomenyiamia (epasimayiiina) enepeis, Hagna-
KU, 8eUKA.

Mpuknan 5.7. 3 axorw weudxicmio puba nogunna sucmpudHymu 3 600u, wobo iti noooramu
8o0ocnao sucomoro h = 2,8 m.
Po3B’s130k. Cropucmaemocs 3108y 3aKOHOM 30epediceHHs MeXaniyHoi enepeii.

ml)2

= mgh,

36I0KU

v =42gh = J298m/c)(28 M) =74 mlc.

Mpuknan 5.8. Xnonuux macoro m = 17 ke 3’i300cae 3 2ipku sucomoio h = 4,6 m i, koau 3na-
X00UMbCsl y RIOHINCIHCS 2IPKU, 8IH 80N100I€ weuodKicmio U = 2,2 m/c. Hka KintbKicmes meniomu
npu ybomy UOLIUMbCA?

Po3B’s130K. Cropucmaemocs 3a2anbHum 3aKOHOM 30epediCeHHsl eHepaii-

2

mgh = + AQ,

. . .. 2 . .
0e Mgh — nomeHnyianvha enepeis XA0NYUKA HA GepulUHi 2ipku, MU / 2 — KiHemu1Ha eHepeis Xaon-
yuxa y nioHiococs 2ipxu, AQ — Kinvbkicme meniomu, sIKa 6UOLTUMbCS 8 NPOYECE 3 T3021CAHHSL XI0N-
yuka 3 2ipku. Tooi

AQ = mgh — = (17 k2)(9,8 M/ c?)(4,6 m) —

2 2
m; @1z Kz)(22,2 mlc) _ 725,22 Jixe.

8§ 5.6. Enepris B Giosnorii

[TinTprMyBaHHS KUTTEAISUTBHOCTI HAIIOTO OpraHi3My Ta 3a0e3leyeHHs 37aTHOCTI Horo BU-
KOHYBATH TIEBHY pPOoOOTY HEMOXJIMBE 0€3 CHCTEMaTHYHOro IOCTAuaHHs oMY €Heprii, OCHOBHUM
MIOCTaYaJIbHUKOM SIKO1 € IPOJYKTH XapuyBaHHs. [IpofyKkTn XapayBaHHS 3a0€3M€4yIOTh HAcC Xi-
MIYHOIO €HEPTi€lo, SKa IIEPETBOPIOETHCS B MPOLEC] 3aCBOEHHS B 1HINI BHIM eHeprii. 3’emHyro-
9HCh 3 KHCHEM, TIAJIMBO-iKa (BYIJICBO/IM) [IEPETBOPIOEThCs y Byrekuciuii ra3 (CO,) i oy (H,0) 3
BUBITFHCHHSIM €Heprii. THIoBa KiJIbKICTh €HEprii, ska BUBUIBHIETHCS, CKIIAtAe 2 -10* Jok Ha 1r
ByIiIeBoniB. Maibke BBiui Oinblie eHeprii Ha 1 T MiCTUTBCS B XKHpax TBapuH. MiHIMaIbHUH KUT-
TEBHUH PiBEHB, 3a SKOTO MIATPUMYETHCS poOOTa cepIls, JIETEHIB Ta MiHIMyM TpaBJICHHS 1Ki, BH-
Marae IeBHOi KiTbKocTi eneprii. Lleit MiHiMyM eHeprii Ha3MBa€eTHCSI OCHOBHMM 00MiHOM pevo-
BHH.

V 3710poBOi IFOIMHN MiHIMATBHAN KUTTEBUH piBeHb ckianae omm3pko 8500 [k Ha JeHE.
Jl1s BUKOHAHHS poOOTH MOTPiOHA JTOJIATKOBa €HEpris: Tak rpa B (yTOONI BUMarae JOAATKOBO
~ 2000 Ix Ha romuHy, a U1 8 TommHHOI Baxkkoi (pizmaHoi mpami HeoOxigHo me ~ 8000 Ix.
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TakuM YMHOM, BaHTaKHUKY ITOTPIOHO CIIOKUBATH OijbIIe 1XKi, HIX JIIOAWHI, SKa HIY0ro HE Po-
outs. OHAK, CITiT 3ayBaXKUTH, IO TITBKH ~ 25 % eHeprii, sika BUBUIBHAETHCS TIPU CIIOKUBAHHI
MaJIMBa-Ki, IEPEXOUTh B MEXaHI4Hy poOoTy, a iHnm 75 % BUTpayaloThes HA TEIUIO.

OTxe, JTIONWHI, SKIIO BOHA HE JICKHUTH B JIDKKY, HEOOXilHA JOJAaTKOBA iXa TOHAJ MiHi-
MaJIbHHUH piBEHb. Y’K€ CHOTOJIHI KiJIbKICTh MPOAYKTIB XapuyBaHH 1 TAJIMBA PETYIIOIOTh JKUTTS
1 BU3Ha4YaroTh 100pOOYT JIto/iell Ha IIaHeTi, X0ua B MaifOyTHROMY BEJIHKY 3arpo3y JUIS JIFOJICT-
Ba MO)XXE NPECTABIATH HECTa4ya MPiCHOT BOJIH.

Mpuxnan 5.9. Ha cxinexu sucmayums 450 2 orcupy ons niompumysanHs HOPMAIbHUX HABAH-
madicenv (~ 500 Bm). Inaxwe xasicyuu, sik 00620 HOOUHA NOGUHHA GUKOHYEAMU I3UYHI 6NpasU 3
Haomwkom eazu, wjob nozoymucs 450 e ocupy?

Po3B’s130K. B oonomy epami srcupy, sax “namuei,” s3anaceno ~ 40000 [orc enepeii. Taxum uunom,
450 2 srcupy on00irome enepeicto

W = (450 2)(40000 ocl 2) = 18-106,H9fc.
Ockinbku P = WT, mo

6
= w = 18-10" fioe =36-10%c =10 200.
P 500 [orc/ ¢

Mpuknan 5.10. Ckineku xapuosux Kanopiv ciio cnojicusamu WoOeHHO O NIOMPUMYBAHHS
arcumms? Oona xapuosa xanopis (1 kax) eionosioae 4,18 Iic ximiunoi enepeii (1 kan = 4,18 Jc).

Po3B’s130K. Minimansna nomyosicHicmy, Wo SUMPAUAEMbCs MHOOUHOI WOOEHHO, ~ DiGHA
110 Bm (~ 150 Bm 6 cmani necnanns i ~ 80 Bm ¢ cmani cny). Tooi nooduni wodenno neobxio-
Ha eHepeis

W =Pt = (110 Bm)(8,6-10%¢) = 9,5-10° Zforc.
Taxa Kinvkicmo enepeii Micmumuvcs 8 idci KanopiuHicmo
w _9,5-10° /e

= = 2272 kkan.
4,18 [lc ! kan 418 /el kan

Mpuknan 5.11. Cnanvra posmipamu 4 x 4x 2,5 m naznyxo saxpuma. /loe modetl cnisims 6 Hitl
Ha npomaszi t =8 200. Yu sumpamame 6onu eecb kucenv? Axuo ni, mo sxuti npoyenm? Ilouamxosa
eyemuna xucio p = 0,26 ke/m°. Kooicna moouna 6 npoyeci ciy zenepye Py = 90 Bm mennoeoi enepei,
npusomy na koveri AN = 10° i eumpauaemocs 1 2 kucnio. 9u nompioua 3a yux ymos eenmunsiyia?
Po3B’s130k. [lovamkosa maca KucHio 8 KiMHami

m = pV = (0,26k2/ 1°)(40.1°) = 10,4xe.

TymV=4x4x25mu= 40 12 — 06 'em KimHamu.
Ha npomssi t =8 200 = 28800 ¢ xooicha nroduna 6 pezynbmami CHONCUBAHHS KUCHIO
BUOLTUMb

W = Byt=(90 [orc/c)(28800c) = 2,59-10° e,
enepeii, a 06oe moodeti 2N =518 .10° IDc.

s moeo, w06 8udinuracs 6Ka3ana enepeis, NOMpiOHO BUKOPUCIAMU KUCHIO MACOH
2V 518-10° /e
AW 10* Jfoncl 2
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wo ckaaoac
A_m _ 0518 ke
m 10,4 ke

byoe suxopucmano = 5 % xucnio. Tomy Onsa nonosHenHs 3anacy KUCHIO 6eHMUNAYIS He
nompiona, ane 6ona NOmpibHa 015 GUOANEHHSA HERPUEMHUX 3anaxis i smenuenns monekyn CO,.

100 % ~ 5 %.
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