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CnoBo [0 y4YHiB

LWaHoBHi apysi! ¥ 10-my kniaci BA po3noyvMHaeTe
BMBYEHHA npeamMeTa «®i3vka i acTPOHOMIsS», B SKOMY
BUCBIT/IIOIOTLCA OCHOBU (DyHAAMEHTA/IbHUX HayK Mpo
npupogy — isvkn Ta acTpoHowmii. Lleii kypc nornu-
6110€ Ta pO3LWMPIOE 3MICT 6a30BOro Kypcy i3uku,
onaHyBaHHA SKOrO BM 3aBeplimnu B 9-My Knaci, a
TaKoX MOJAaE Li/IiCHUIA acTPOHOMIYHMIA 3MICT, 3 efe-
MEeHTaMn AKOro BW O3HAWMOMWAMCA MNif Yac BUBYEHHS
npupoao3HaBCTBa.

BuBuatoumn Leii npeamMeT, By NPOAOBXUTE GilbLU I'PYH-
TOBHE OrnaHyBaHHSA HayKOBUX OCHOB (Di3VKM | aCTPOHOMIT,
noramMéuTe ysBMeHHs Npo 0co6aMBOCTI nepebiry npupos-
HMX SIBMLL, Ta MPOLIECIB, & TakoX MEeTOAiB X AOC/iKEHHS,
BUKOPWUCTaHHA B NOBYTI, TEXHILj Ta TEXHONOTrISX.

BamBo, W06 y cTapmx knacax BM He NpocTo
po3wWmMpuan CBOI 3HaHHA 3 (Pi3VKM Ta acTpPoHOMIl, a i
HaBUM/INCA BUKOPUCTOBYBATW IX AN1S1 BUPILLEHHA Pi3HO-
MaHITHUX HaBYA/TbHUX Ta XUTTEBUX MPaKTUYHUX 3aBAAHb:
po3B’A3yBaTh hi3nyHI 3agadi, naaHyBatTu Ta peani3oBy-
BaTW eKCNepyMeHT, aHanisyBaTu /oro pesynbtatu, oui-
HIoBaTK eeKTUBHICTL NOBYTOBMUX Npunagis Ta 3anpoBsa-
[bKyBaTh eHeproowajHi TexHosorii. Bce ue cnpuatume
i ycniwHili nigrotoBui A0 cKMafaHHA 30BHILUHLOMO He-
3a/1eXHOr0 OLUiHIOBaHHA 3 i3nkK, CBiZOMOMY BUGOPY
Hanpsmy MaibyTHbOI HaBuYaslbHOI Ta MNpodpeciiiHoi Ai-
AMBHOCTI, @ TaKoX BCTyny [0 3akniafy BWLLIOI OCBITU.

CnogjisaemMocs, LU0 NPONOHOBaHWA NiAPYYHWK AONO-
MOXe BaM y BUKOHaHHI LX Henerkux 3asfaHb Ta cnpu-
ATUME PO3BUTKY (PISUYHOTO MUC/NEHHS, (DOPMYBAHHIO CY-
YaCHOI HayKOBO-NPUPOAHUYOI KApTVHW CBITY, YCBIAOM/IEH-
HIO TOTO, WO KOXHa /0AMHa € HEeBif'EMHOI0 YaCTUHKOIO
npupoaun i came Bif Hac 3anexuTsb il MalibyTHE.

[o nigpyyHvka BK/IHOYEHO PI3HOMaHITHI TBOpYi 3a-
BJaHHA Ha (DOPMYBaHHS MPAKTUYHUX YMiHb i HaBUYOK,
NPakTUkyM i3 pO3B’A3yBaHHA (i3VyHUX 3afa4y Ta Nna-
60paToOpHUI NPaKTUKyM. SKLIO HanonernvMeo i TBOPYO
nigiiieTe [0 BMKOHAHHA HaBYa/lbHWMX MPOEKTIB, BUKO-
PUCTOBYIOUM 3HAHHS Ta BMiHHA 3 npeameTa, MOX/IMBO,
BaM BOACTbCA 3p06WTU 1A BNAcHi BiAKPUTTS, WO B Maii-
6YTHLOMY YTBOPATb OCHOBY HOBUX Cy4aCHWX TEXHOSOTIN.

PYHTOBHE oOnaHyBaHHA (Di3VWKW i acTPOHOMII ne-
pefbavae cucteMaTUyHy camocTiliHy po6oTy 3 MaTe-
piasiom, BUKOHaHHA aCTPOHOMIYHMX | (Pi3n4HUX cno-
cTepexeHb Ta AoCnifiB, po3B’A3yBaHHA 3a4ay i3 BUKO-
pucTaHHAM nigpyyYHuKa. BUKOHYOUM peKkoMeHAoBaHi B
NigpyYHNKY 3aBAAaHHS, NPOMNOHYIATE BNAcHi OpuriHasbHi
cnoco6bun ix po3B’A3aHHs.

Hamaraiitecsi He Tiflbky YBaXKHO MpouvTaTyt Martepia
naparpadis, a Ii npoaHanisyBaTu Ta ycBiAOMUTY NpoYn-
TaHe, 3anMcati OCHOBHI MOMEHTU, Hakpec/mtu rpadikv
abo cxemu. BukoHyiiTe BNpaBu Ta 3aBfaHHA An1s ca-
MOKOHTPO/II0, BMILLEHI HanpuKiHLi KOXHOro naparpada.
Lie nonomoxe 3akpinuTy BUBYEHWIA MaTepian. FAKWwo Bu
He 3HaxoauTe B NiAPYYHWKY BIAMOBIAI Ha BCi CBOI 3a-
NUTaHHSA, CcKopucTainTecs [OOAATKOBUMYW [Kepenamu,
Hanpvknag, nowyKkoBMMWU cucTemamu, ane nam’srtaiire,
L0 KopuUCTyBatTUCA Mepexel IHTepHeT noTpibHo, Ha-
camnepes, 3 MeTO pPO3B’A3aHHA HaBYaslbHO-Ni3Ha-
Ba/IbHVX 3aBfaHb.

Tox 6axaemo BaM TBOPYOro, LikaBOro Ta ycniw-
HOrO BMBYEHHSI (DI3VKM i aCTPOHOMI.

ABTOPU

CnoBo fo BUMTeENA

MigpyYHUK € CKNafoBoOK HaBYaslbHO-METO-
AnyHoro 3abesneyeHHa 6a30BOro npeamety
«®i3nka i acTpOHOMIsi», BUBYEHHS SIKOrO Mne-
penbaveHo TUNOBUMK HaBYaIbHUMK M1aHaMMU
10-11 knaciB 3aknagis 3arasbHOI cepeaHbol
ocBiTM (Haka3 MiHicTepcTBa OCBITU | Hayku
YkpaiHu Big 24.11. 2017 Nel541).

3MiCT nigpyyHvKa BIiANOBIAAE HaBYasIbHIl
nporpami 3 i3VKK i acTPOHOMIl, 3aTBEPMKEHIN
MOH Ykpainn (Haka3 Bif 24.11. 2017 p. Nel539,
pexum poctyny: http://mon.gov.ua/activity/
education/zagalna-serednya/navchalni-programy.
html), 3rigHO 3 SIKOKO Ha BMBYEHHA NpeameTa B
10-my knaci BiaBeAeHO 3 roAVHU Ha TUXAEHb.

OcKinbky B CTapLUiii LWKONI 3aCBOEHHS hi-
3MYHOTO | aCTPOHOMIYHOTO KOMIMOHEHTIB OCBIT-
HbOI ranysi «lMpupoao3HaBCcTBO» [lepxaBHOro
cTaHgapty 6a30BOi i NOBHOI 3aranbHOi ce-
pefHbOI OCBITM Mae cnopigHeHwit npegmet
HaBYaHHA, MeTOoAM [AOCNIAKEHHSA Ta pobuTb
CNiNbHUA BHECOK Yy hOpMyBaHHA HaykoBOT
KapTUHW CBITY, Ui ABa KOMMOHEHTN 06’eAHaHOo
B €AVHWIA HaBYasbHWI npegmeT «®isuka i
acTpoHoMisi» 3i 36epeXeHHsIM CBOEPIAHOCTI
KOXHOI0 3 LMX CKNafHUKIB.

Ha 6a30BOMY piBHi Ui CKNaAHWKN MOXYTb
peanizoByBaTuUCA AK Yy BUMNSA4i BIiGHOCHO camo-
CTiiHUX MofyniB, Tak i iHTerpoBaHo. OCHOBHWIA
aCTPOHOMIYHUIA KOMMOHEHT BigHeceHo Ao 11-ro
Knacy, a B nigpy4Huky 10 knacy enemeHTu
acTpoHOMIT BK/IOYEHO A0 «Bctyny» Ta po3gi-
ny «MexaHika».

OCKi/IbKN HaB4YaHHA i3viky i acTpoHOMIT
34iACHIOETBCA Ha KOMMNETEeHTHICHMX 3acajax,
MeTOAUYHWI anapat nigpyYyHuka OpieHToBa-
HWIA Ha (DOPMYBaHHS KNHOYOBUX | NpeaMeTHOI
KOMMEeTEeHTHOCTEl YYHIiB. 3rifHO 3 aBTOPCHKOO
KOHLenuieto, y NigpyyHnKy BTiNeHo cnpoby pea-
nizyBaTU KOMMNETEHTHICHMI Ta 0COBUCTICHWIA
nigxig yepes nobynoBy MeTOoAUYHOrO anapa-
Ty, OudepeHuiiioBaHy cucTemy Bnpas, Pi3HO-
MaHITHICTb 3aBflaHb Ta BNpaB A/ CaMOCTiliHOT
po60oTM YyuHIB, AOMAaLUHIN i3nyHKil ekcne-
PVUMEHT, HaBYasibHi MPOEKTU, nabopaTopHuii
NPakTUKyMm Ta MpakTUKyM i3 PO3B’A3yBaHHA
3ajau.

3 uielo mMeTo A0 NigpyyYHUKa BK/THOYEHO
NPakTMKO- Ta KOMMETEHTHICHO OpiEHTOBaHI
3aBfaHHsA, BUPILLEHHA AKMX nepegbadvae Bu-
KOPUCTaHHA HabyTUX YYHSAMU 3HaHb Ta YMiHb i3
i3nKM | aCTPOHOMII B MPaKkTUYHUX CUTyaLisX.
BrokpemneHo cneuianbHy pybpuky «Bussnse-
MO NpeaMeTHY KOMNETEHTHICTb», B SKill YUYHAM
NPOMOHYIOTLCA 3aBAAHHA Ha BUSIB/IEHHSA PiBHSA
chopmoBaHOCTi NpeaMeTHOT KOMMNETEHTHOCTI
y hopMi, MakcumanbHO HabnvxeHili oo cop-
MaTy 30BHILLHLOIO He3asIeXXHOro OLiHIOBaHHSA.

Cnogisaemocsl, MPONOHOBaHWI MigPYYHUK
CTaHe BaM y Npurogi A1s yCnillHOro BUBYEHHS
i3nKM | acTPOHOMI.

ABTOPU


http://mon.gov.ua/activity/

BCTYN

BCTYTI

§ 1. CiTOrnAgHNIA noTeHUian Qi3vKM Ta acTPOHOMIT

> di3nka Ta acTpPOHOMIA y Mi3HaHHI PeYyoBMHK, NOAsA, NPOCTOPY i yacy
»MeTOoau HAyKOBOrO Mi3HAHHSA MPUPOAU
OCHOBHi eTanu po3BUTKY (Pi3NKK | acTPOHOMIT B YKpaiHi Ta CBiTi

®ISKA TA ACTPOHOMIA ¥ MIBHAHHI PEYOBUHIA, NOAA, MPO-
CTOPY | YACY. Y cTapofaBHi yacu iCHyBajia eiHa Hayka npo npupogy —
NPUPOA03HABCTBO. 13 YacoM 06CAr HayKOBMX 3HaHb MPO HAaBKOMIMLLHIWA CBIT
HeabusK 36inbLWIMBCA, | NPUPOLO3HABCTBO PO3LINNIOCH Ha OKPEMi HayKu:
acTpoHoMito, reorpadito, 6ionorito, Ximito, ¢isuKy Ta iHLi.

di3nKa — HayKa Npo Hanbinbl 3arasabHi Ta (hyHAaMeHTaNbHI 3a-
KOHOMIPHOCTI, WO BM3HayalTb CTPYKTYPY Vi €BOMIOLUII0 MaTepiasib-
HOro CBITY.

ACTPOHOMISs — HayKa Npo HebecHi Tifla, Mpo 3aKOHMU IXHLOro py-
Xy, 6ynoBM i po3BUTKY, a TaKoX Npo 6ynoBy i po3BUTOK BcecBiTy
B Linomy.

Y (isunui BMBYatOTbL (Pi3nYHI ABMLWA | (hi3NYHI BNacTUBOCTI Matepii. barato
(I3NYHNX ABMLL, MarOTb CMifIbHI BMACTMBOCTI i, 3a/1€XKHO Bif LUbOro, ix nopgi-
NAKTb Ha MeXaHiYHi, TennoBi, CBITNOBI, eNEKTPOMArHiTHI Ta iHLUI.

Came 3aBAsKMW 3araibHOCTI Ta (PyHAAMEHTa/IbHOCTI 3aKOHIB (Di3VKM BOHMU
BMKOPUCTOBYIOTLCA B YCIX MPUPOAHMYMX HayKax. BuHMKAM 1A yCnilWHO po3-
BMBAOTLCA HOBI HampsiMu — acTpodi3nka, reodiisvka, 6ioisnka ToLLO.

METOOM HAYKOBOIO MISBHAHHA MPUPOAN. AKUM YMHOM, AKMMMU
cnoco6amn 3400yBalOTb HAyKOBI 3HaHHS y (isuui Ta acTpoHoMmii? [ocni-
IKEHHSI ABMLL, MOYMHAETLCS 31 CMOCTEPEXEHHS 3a HUMWU. OCKiNbKKM Maii-
)K€ BCi 00°€KTW, fIKi BMBYAE acTPOHOMis, nepebyBalOTb 3a MEXaMWU 3eMHOI
aTmocepun, To Ti OCHOBHMM METOAOM € cnocTepexeHHs. Lle Ti ocobnmBicTb
MOPIBHSAHO 3 IHWWMW NPUPOAHUYMMUK HayKamu. LLLo6 3po3ymiTh i onucatm
noAii, siKi BiAGYBalOTLCS, BYEHi 3anpoBafKylOTb (i3NYHI BENNYMHM, TaKi,
Hanpuknag, AK LWBWAKICTb, CWUna, TUCK, TemnepaTtypa TOLO.

3a [0rnoMorot0 emnipuyHNUX MeTOAIB Mi3HaHHSA (CMOCTEPEXEHHS, BUMIpPIO-
BaHHS, EKCMEPUMEHTW, AO0CAIAN) HAKOMUYYETbCA BENMKUIA (haKTUUHWUIA Ma-
Tepian Npo neBHy rpyny ABWLL Npupoan. Ha OCHOBI LBOro matepiany CTBO-
PIOETLCA NPUNYLLEHHS, O6IpYHTOBaHe HayKOBMMMW (PakTaMu, SKe MOSICHIOE
Xig fBuw, — rinoTesa.

CnipaBenMBICTb FiNOTE3N MEPEBIPSETLCH HOBUMW EKCMEPUMEHTaMKN. HAKLLO
NpPaBW/bLHICTb FINOTE3N MiATBEPMXKYETLCS, TO Ha 11 OCHOBI (DOPMYIOKOTLCA 3a-
KOHW i CTBOPIOETLCA Teopis, Ka MNOBUHHA AaTW 3aA0BifIbHi SKICHI i KiNbKICHI
MOAACHEHHA SBMLL, WO BiA6YyBalOTLCA, a TaKOX nepeabadvaty HOBI fBMLLA.



§ 1. CeiTornagHuini noteHuian disvkn Ta acTPOHOMIl

xepenom (isnyHOro 3HaHHA i KpuTepiem1ioro iCTUHHOCTI € gocnif Ta
eKCMepuUMeHT.

ICTUHHUM € Te 3HaHHA, SiKe NIATBEPLKEHO AOCMIAOM, i Uel aocnif Moxe
6ytv BigTBOpEHMI (Man.l1.1)

Man. 1.1. EKcnepyMeHT — OCHOBHe [Xepesio 3HaHb MNpo npupoay:

a) yneHn @dpaHuy3bkoi akagemii A. Amnep Ta ®. Aparo BuBYalTb [it0
MarHiTHOro Mo Ha MPOBIAHWK 3i CTPYMOM; 6) MepLunii KOCMOHaBT
He3anexHol Ykpainm J1. KageHiok npoBogMTb €KCMEPUMEHT i3 BMBYEHHS BM/IMBY
MiKporpasiTaulii Ha pPOC/IMHM B KOCMOCI; B) €KCNEPUMEHTU Ha afpOHHOMY
Konangepi; r) ekcnepuMeHTU Ha noBepxHi Mapca BUKOHYe aBTOMaTWyHa
MiXnnaHeTHa cTaHuia «K'topiociTi»

Jocnif Ta eKcnepumeHT, MoB’A3aHi 3i CNOCTEPEXEHHAM, afie He TOTOXHi
iOMy: B HayKOBOMY €KCMepvMEHTI AOCMILAHUKN LinecnpsMoBaHO BMBaKOTh
Ha JOCNifKyBaHWIl npouec, aby BMSBMTU 3B’A30K NPUYMH | Hacnigkis cno-
CTepeXxyBaHOro npotecy. EKCNepuMeHT € OCHOBOK (i3vKuU.

EkcnepuMeHTOM y (i3nLi HasMBalTb cheliasibHO NOCTaB/eHI 4O-
CNiAN YN CNOCTEPEXKEHHS.

Pi3nyHMli eKCnepyMeHT Mae 3a[0BO/IbHATU TakKUM BMMOraMm:

1. BiATBOPHOBAHICTb EKCNEPVMMEHTAIbHUX Pe3y/bTaTiB Y pasi BUKOHaHHA
OyLb-AKOT KiNbKOCTI He3aNeXXHMUX BUMIpIOBaHb (30Kpema i Takux, Lo npo-
BOAATLCA Ha Pi3HUX YCTaHOBKaX, Pi3HUMW eKCrnepuMeHTaTopamu, y pisHUX
MicUAX 1 33 Pi3HUX YMOB).

2. MakcvmManbHa TOYHICTb BUMIPHOBaHHS.

3. T10BHWIN KOHTPO/b 3@ BCIMa YMHHUKaMU, AKi BU3Ha4aloTb nepebir fo-
CNifpKyBaHOro ABuLLA.

MomipKyiTe i HaBefiTb MPUKNAAN HAYKOBOIO EKCMEPUMEHTY i HayKOBOIO
CMOCTEPEXEHHS.
1Big rpeu, kriterion - 3aci6 gns cymkeHb, MipWIo OLiHKM.
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Y cyuyacHili (i3nui KpiMm ekcnepuMmeHTasIbHOTO BaXK/MBe 3HAaYeHHS Mae
TEOPeTUYHUIA MeTOA Ni3HaHHA. BMBYEHHA (I3VYHMX ABULY Ha MIKpO- Ta
HaHOPIBHAX CrepLly MOLENHETLCA, LOCNILXKYETLCA METO4aMU MaTeMaTuKu,
I Nve NOTIM MEepPEeBIPAETLCA EKCMEPUMEHTOM.

OCHOBHI ETAMW PO3BUTKY ®I3VKN | ACTPOHOMIT B YKPAIHI
TA CBITI. ®i3uka i acCTpOHOMiS — OAHI 3 HAWAABHILIMX HayK Mpo Mnpu-
pody. HalnepLui acTpOHOMIYHI 3HAHHS — Le He Ta acTPOHOMIf, AK MW i
PO3yMiEMO HWHI. LLi 3HaHHA OynM nuwe 3acoboM Ans 3af0BOSIEHHA NOTpe6
roCrnoAapCbKoro XuTTH.

Y Il c1. H. e. Knasgii MToNnemMeil CTBOPUB FeOLEHTPUYHY CUCTEMY CBi-
Ty — BIfIHOCHO CK/MagHy MaTemaTuyHy MOAe/lb, fiKa AN CBOro vacy 3afo-
BifIbHO NOSACHIOBasNa BUAMMI PyXW nnaHeT i, wo 6yno Tofi BaXxnueo, fasana
3MOry BM3HAuaTW TXHE MOMOXEHHS Ha HebecHiin cepi Haneped, y MaiibyT-
HbOMY. XO4a BOHa He Bigobpaxkana crnpaBXHboi 6yaoBn COHAYHOI CUCTEMM
11 BUKOPMCTOBYBa/M ynpoaoBX Maiixe 1500 poki..

BBaxatoTb, LLIO Cy4yacHa hi3MKa novana CBiii po3BUTOK i3 nmpaub anines,
AKWIA CTaB OCHOBOMOJIOXXHWKOM €eKCrepyMeHTalbHO-MaTeMaTUYHOro MeToay
BUBYEHHSA NPMPOAM Ta 3p06MB (Di3MKY HAyKOK Mpo YHiBepcanbHi 3aKOHU
npupoan. BiH cthopmynioBaB HaBaXXMBILLT MPUHLMAMNM MEXaHiuYHOTO CBITY.
Woro pocnigkeHHs KapAuMHa/IbHO BMIMHYNW Ha PO3BUMTOK HAYKOBOI AYMKMU.
Came Biff HbOro 6epe novaTok (hisnka K Hayka HainBanuBilMM BHECKOM
lanineo laninea B Hayky 6yna cBifjoma i/ MocnifoBHa 3aMiHa MacuMBHOIO
CMOCTEPEXEHHS aKTUBHUM €KCNnepuMeHTOM. [aninei nepwmnm BUKOpPUCTaB
TeNIeCKON AN BMBYEHHS HebecHUX Tin. Pe3ynbTaTaMum LMX CrOCTEPEXeHb i
eKCNePUMEHTIB CTanv 3p06MeHi BYEHUM HayKOBI BIAKPUTTS.

MOTY>KHMM MOLUITOBXOM [0 (hOPMYBAHHS (DI3VKM AK HayKWU CTaiu HayKo-
Bi mpaui lcaaka HbloTOHA. Ha OCHOBI CHOpPMY/IbOBaHUX HUM 3aKOHIB 6Y/0
nobyoBaHO Tak 3BaHY HbIOTOHIBCbKY MeXaHiky, Ha 6asi KOl po3BUHYnacs
KnacuyHa (pisvka, a B acTPOHOMIi BMHWUK HOBWIA po3gin — HebecHa Mexa-
Hika.

EKCrepvMeHTV KnacuyHoT (isK1 NMPOBOAWINCA BUK/IHOYHO 3 MAKPOCKO-
niyHUMK Tinamu (To6TO, 3 TiNamu, WO CKNaAat0ThCA 3 BEIMYE3HOT KiflbKOCTI
aToMmiB i MOJIEKYST), AKI PyXa/sncs MOPIBHAHO MOBISILHO (3i LWUBWUAKICTIO Ha-
6arato MeHwor Hi>k 300 000 km/c).

Y XIX ct. M. ®apageit Ta [. Makcsenn copmyntoBaii OCHOBHI 3aKOHM
efleKTpOMarHeTn3My, fKi CNpUYMHUAM MOAa/IbLUMUIA PO3BUTOK eNeKTPoAuHa-
Mikn. HayKoBi BiAKpUTTS, 3p06/EHI LUMMKU BYEHUMMW NSFAM B OCHOBY PO3pO-
GNeHHs1 eNeKTPOCTaHLLIA, 3aco6iB Tene- i pamio3B’a3Ky TOLLIO.

Ha nouatky XX cT. A. EiHWTelH neped)opMyntoBaB OCHOBHI PiBHSIHHS Me-
XaHiKu Tak, Wwob X MOXHa Oyno 3aCTOCOBYBATU [I0 BUBUYEHHS PYXiB 3i LUBWAKO-
CTAMM, HabNMXXeHMMI A0 LUIBMAKOCTI CBiTAa, Ta 3aKnaB OCHOBM Teopil rpasiTauii
(BCECBITHLOrO TKIHHA). Asle HANBAXKNMBILLMMKN HAYKOBUMUK 3400YTKamM1 LbOrO
nepiofy CTanu BiKPUTTS 3aKOHOMIPHOCTE MIKpOCBITY. HayKoBi AOCHimKeHHS
XX CT. CNPUUMHUAN BUHUKHEHHSI HOBMX Fasy3ei (hi3nKn: KBaHTOBO-MeXaHiYHOI
a MoTiM | KBaHTOBO-PENATUBICTCLKOT (Pi3NKK. Hapa3i KBAHTOBO-PENATUBICTCbKaA
hi3nKa € HalibinbLL 3aranbHO Ta YHiBepCasbHOK (HOPMOH0 NMOAAHHS CYy4acHOro
TNYyMayeHHS HaBKOJIMLLIHLOMO CBITY. AJle 3 M0SBOK KBAHTOBOI PeNATMBICTCLKOT



§ 1. CeiTornagHuini noteHuian disvkn Ta acTPOHOMIl

(i3nKKM KnacuyHa (isvka He 3HUKNA. BusHaumnm-
CA NLIe pamKK, Y Mexax AKUX BOHa €.

OTXXe, Ha KOXHOMY iCTOPUYHOMY eTarni KOH-
KPETHUI 3MICT (Di3nKK, SK i acTpOHOMIT, BM3Ha-
YyaBCA TOQLIWHIM piBHEM 3HaHb NP0 MPUPOLY.
HuHi o6’ekTamun AocnifkeHHa y disnui € Haii-
APIOHIWI YacTUHKM peyoBMHU (aX [0 TakK 3Ba-
HUX KBapkiB), BigfaneHi Big 3emni Ha TUcadi
CBITNOBUX POKIB TaEMHWYi KBaszapu Ta «YOPHi
Aipu» a Takox CBiT (BcecBiT) y ioro yinicHomy
PO3BUTKY.

B icTopil po3BUTKY (Pi3YHOT Ta aCTPOHOMIYHOT
HayKu YKpaiHCbKi BYeHi MocijatloTb Barome Mic-
Lie Mopyd i3 BCECBITHbO BiZOMWMMK LOCNiAHMKAMM
npupogn. OfHUM i3 NepLunX YKPaiHCbKUX Cepef-
HbOBIYHMX (pinocois Ta acTpoHomiB 6yB HOpili
KoTtepmak i3 [poro6uya, pektop BbonoHcbkoro
YHiBepCcUTETY, aBTOP KHUTM «[1pOrHOCTMYHA OLiH-
ka» (1483 p.).

Bing BMTOKIB OAHOrO i3 HaliBM3HAYHILLKUX A0-
CATHEHb JIIOACTBA — BIAKPUTTA «X»-MPOMEHIB,
3a fke B. PeHTreH 6yB ygoctoeHuii HobeniBcbKoi
npemii, cTosB IBaH Myntoii. YKpaiHCbKUI (i3nK
OTpMMaB MepLli BUCOKOSAKICHI 3HIMKKM 3 TX 3acTo-
CyBaHHAM. Y Apyriili nonosBuHi XIX — Ha noyat-
Ky XX CT. y4yeHuii 6yB Bigomuii B €Bponi CBOIMU

(hyHOAMeHTa/IbHUMU  MpausgMn 3 MOJIEKYNAPHOT IBaH MaBnoBKY
(hi3vKKU, [OCNIMKEHHS BMacTMBOCTEA Ta NPUPOAU Mynioit
KaTOLHMX MPOMEHIB. (1845—1917)

Hala pgepxaBa Ma€ 3Ha4YHWIA HayKOBUIA Ta
TEXHOMOMYHMIA NoTeHUian. Voro yTBOptOKTL No-
TY>KHI HayKOBO-JOCNiJHI YCTaHOBM Ta BUPOOHWYI
06’egHaHHA. Kuesa, [Hinpa, Opecu, XapkoBa, B
AKX 3apopKyBancs Ta (YHKLIOHYOTb M CbO-
roAHI HaykoBi LWIKOMW (I3VKKN Ta acTPOHOMiIl,
BCECBITHbO BiflOMi CBOTMM pe3ynbTatamu. [poBig-
HY POJib Y CTAHOB/IEHHI (Di3VKK | aCTPOHOMIT B Ha-
Wi KpaiHi BigirpaloTb HayKoBi ycTaHoBM Hauio-
HaNbHOT akafeMmii Hayk YkpaiHn (HAH Ykpainu),
fKa Oyna 3acHoBaHa y 1918 p. Ak BceykpaiHcbka
aKkafieMis Hayk.

OfHielo 3 nmepwmnx BITYU3HAHUX HayKOBO-A0-

CNifHUX yCTaHoB, [e YnpoJoBX 6araTboX POKiB Bopuc €sreHosuny
POKIB 34IACHIOITLCA (YyHAAMeHTanbHi AoCchi- raToH, npesnaeHT
[PKEHHS B ranysi MexaHiku, € IHCTUTYT MexaHi- HAH Ykpainn,
kn im. C. M. TumoweHnka HAH YkpaiHu. Lie — BCECBITHLO BIAOMMM
OAVH i3 MepLUMX HayKOBO-AOCNIAHUX IHCTUTYTIB ydeHun y ranysi

y cKnagi BceyKpaiHCbKOi akafjeMii HayK, AupeK- ENeKTposBaptoBaHHA
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CrtenaH lMpokonoBuy OnekcaHgp eHpixo- BikTop Npuroposuy
TnmolleHKo Bu4 [onbamaH Bap’axTtap,
(1878—1972), (1884—1971), OVNPEKTOP-3aCHOBHMUK,

akagemik akagemik Akagemii Hayk noYyecHuii gupekTop
BceykpalHcbKoT YPCP, IHCTUTYTY MarHeTusmy
akagemii Hayk, LONPEKTOP-3aCHOBHUK HAH YkpaiHu,

BCECBITHbO BigOMWUIA IHCTUTYTY Di3nKn akagemik, lepoi

BUYEHWIA y ranysi y Kuesi (1929 p.) YKpainun, BugaTHWiA
MeXaHiku, yyeHuii y ranysi
OVPEeKTop-3aCHOBHUK TeopeTUYHoT i3nku,
[HCTUTYTY TeXHIYHOT oi3vkn TBEPAOro Tina
MeXaHiku Ta MarHiTHUX sABULL,

TOPOM-3aCHOBHMKOM SIKOTO CTaB BUAATHWUI (haxiBeLb i3 Teopii MILHOCTI, aka-
gemik C.IN. TMMOLLIEHKO.

CyuacHi gocnigeHHs 3 PIi3NKKU KOHAEHCOBAHOIO CTaHy, M’IKUX PEYOBUH,
HaHOMI3NKM Ta HAHOENEKTPOHIKN, Pi3NKN nasepiB, HENIHINHOI Ta CUHTYNsp-
HOT ONTUKKM, ronorpadii, Pi3KKM NOBEPXHI, EMICIHOI Ta MN1a3MOBOT eNeKTPo-
HiKW 3AiicHIOTLCA B IHCTUTYTI isukn HAH YKpaiHw.

B IHcTUTYTI mMarHeTmamy HAH YKpaiHn gocnigkytoTbcs npobnemm mar-
HETU3My, CTBOPYKOTbCA HOBI MarHiTHi MaTepiannm (MarHiTHi Hocil 3 Hag-
BMCOKOI LLINBHICTIO 3anucy iHdopMmauii, maTepiann 3 e(eKTOM MarHiTHOI
nam’aTi), po3poonsATLCA 3axX0An 3 NiKBigaLiT HACNIAKIB TaKMX eKOMOTiYHUX
KaTacTpod CBiTOBOro Macwitaby, ik aBapis Ha YopHobunbebKih AEC.

B IHcTuTyTI AgepHux gocnipkeHb HAH YKpaiHu 3aiiicHIOKOTLCS A0CAI-
[DKEHHS 3 AfepHOT (i3nKN, (PI3NKN KOHAEHCOBAHOro CTaHy PevyoBMHU, Ma-
Tepiano3HaBCcTBa, aTOMHOI eHepreTuKku,
pagioekonorii, BUPOOHMLTBA pajioi3o-

ToniB. Ha yHikanbHOMY npunagi —

iI30XPOHHOMY LMKNOTPOHI «Y-240» BU-

KOHYIOTbCA EKCNEepvMEHTU 3 MPOCTOpPO-

BO-3MiHHUMW MarHiTHUMM MNONAMU, B

AKUX YTPUMYHOTbCS Ha 3afaHux opbi-

Tax MPUCKOPEHi YaCTUHKU, He3a/1eXHOo

Bi, 3MiHM TXHIX Mac 3aBAsiKM pens-

TUBICTCbKUM ediekTaM, LOCNiLXKYETbCA Man. 1.2.

noain Baxkux sgep (man. 1.2). I30XPOHHUI LMKNOTPOH Y-240
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MepLui npodeciiiHi acTpoHOMIYHI 0bcepBaTopii B
YKpaiHi 6yno 3aCHOBaHO B yHiBepcuUTeTax, AKi HUHI
€ NPOBiAHMMY 3aKnafamun BULLOT OCBITU, — J1bBiB-
cbkomy, Kuiscbkomy, Ofecbkomy i XapKiBCbKOMY.
Okpemy icTopito Mae o6cepeaTopisi B Mukonaesi. |i
cteopunu B 1821 p. ana notped YopHOMOPCHLKOro
(hnoTy — 3abe3neyeHHst MOro TOYHUM YacoMm i Mo-
pexifHMMK KapTaMu, a TakoX [/18 Hanaro[KeHHs
HaBirayinH1X npunagis Ta HaBYaHHSA LUTYPMaHiB
aCTPOHOMIYHMX METOLIB OPIEHTYBaHHS.

YHiBepcuTeTCbKi 06cepBaTopii foTenep npo-
[LOBXYIOTb CBOK HayKOBO-OCBITHIO [ifASIbHICTb.
3 HMMU MOB’A3aHa /IeBOBA YacTKa iCcTopii acTpo-
HOMIYHOT HayKuy B YKpaiHi, afpke TyT npaytoBa-
NN un 3006yBann NPOMeciiHy OCBITY MaliXe BCi
YKPaTHCbKi acTPOHOMMW.

ACTpOHOMIYHI 06cepBatopil B YKpaiHi marTb
He fMwe npoBigHi (KnacuuHi) yHiBepcuTeTH, a
W HAH YkpaiHu. Lle BigHOCHO MoOnogi HayKoBi
YyCTaHOBMW, ane BeNUKi HaykoBi LeHTpu. [Bi 3
HUX, PagioacTpoHOMiIYHMIA HCTUTYT Ta lMonTtas-
CbKa rpasimeTpuyHa obcepBaTopisi, € crewianiso-
BaHMUMW YCTaHOBaMW, [ie BUKOHYIOTb [AOC/IIKEHHA
3 pajioacTpoHOMIT Ta rpaBiMeTpil.

HatomicTb 0n0BHa acTpoHOMiYHa 06cepBa-
Topia (TAO) HAH YkpaiHu (M. Kuis, Monociis)
BMKOHYE LUMPOKWIA CMEKTP acTPOHOMIYHWUX [0-
CNifpkeHb — No3uLiiHa acTPOHOMIs Ta KOCMiY-
Ha reofguHamika, (isvka CoHud i Tin COHAYHOT
cucTemu, (hisvka i eBoMoOLiA 3ip Ta ranakTuk,
(hi3MKa KOMET Ta KOCMIUHOT Mna3Mu, acTPOHOMIY-
He /i KOCMiuHe npunagobyaysaHHSA. [i HayKoBL
cTBOpWUAKM ATnac 3BOpOTHOro 6oky Micsugd, 3ops-
HWin Katanor ®OHAK, opuriHanbHi cnekTpanb-
Hi, (DOTOMETPUYHI i NONAPUMETPUYHI Npunaau,
3 [OMOMOroK SKMX BU3HAUUAWU (Pi3UYHI BNacTu-
BoCTi atmoctep Mapca, FOnitepa 11 CaTypHa.

Y T'AO Takox po3pobsieHO HU3KY (DOTOMETPUY-
HMX Mofeneil KOMeT Ta (hisnyHa Teopist S4ep KOMeT,
opuriHasibHI MeToau i nporpamHe 3abesneyveHHs A
CMOCTepeXXeHb 38 KOCMIYHMMU Ta aCTPOHOMIYHUMU
o6’ekTaMu i Ans 06po6KM OTPUMAHMX AaHMX.

YKpaiHCbKa acTPOHOMI Ma€ KiflbKa YHiKasb-
HUX Teneckonis. OfHUM i3 Kpawux y CBITi 3a
CNeKTPaIbHOK PO3[iNbHOK 34aTHICTb € TOPU30H-
TaflbHUI COHAYHMI Teneckon ALLY-5 EpHecTa
l'ypToBeHKa, BcTaHoBNneHuin y TAO HAH Ykpa-
THY1 (man. 1.3).

3iHaiga MukonaiBHa
AKCeHTbEBa
(1900—1969),
yKpaiHCbKa ¢oi3nK
i aCTPOHOM, uYNEeH-
KopecnoHaeHT HAH
YkpaiHn, 6araTopiuHa
OVpeKTopka
MonTaBcbKOI
rpaBiMeTpPUYHOI
obcepsaropii, nig,
KEpPIiBHULTBOM SIKOT
ycTaHoBa cTasia OfHi€t0
3 NpoBigHMX y €Bponi

ApocnaB CTtenaHoOBUY
Aukis,
pupektop TAO, akage-
Mik HAH Ykpainn,
BigOMUIA haxiBelb i3
KOCMIYHOI reogunHamikm,
PyHAAMEHTasIbHOI
acTpomeTpii Ta 30psHOI
acTpoHoMil

11
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a 6 Knum IBaHOBMY
Man. 1.3. UenoctatHa rpyna (a) UypioMoB
Ta 06’€KTU TOPU3OHTAILHOTO (1937—2017)
COHsIYHOTO Teneckona (6) uneH-kop. HAH YKioaTHm

ALY-5 TAO HAH Ykpainu

B YkpaiHi nig XapkoBom npautoe Hanbinblwmnii y cBIiTi pagioTeneckon
[eKaMeTpoBOro fianasoHy — YTP-2 (ykpaiHcbkuii T-nogibHmin pagioTenec-
Koni) (mMan. 1.4.), npusHa4eHUin A1 crnocTepexkeHb Yy AianasoHi 8—33 MIy
(goBxuHa xBunb 10—20 m). Voro egekTvBHa nsowa (nsowa, AKOH BiH
CNpUMae BUMPOMIHIOBAHHSA) CTaHOBUTL 150 TWUCAY KB. M, LUO MepPeBULLYE
CyMapHy eeKTUBHY NOLWY BCiX iHLWWX pafioTeneckonis y CBITi.

YKpaiHCbKi aCTPOHOMY MatOTb 3MOTY TaKOXX BMKOHYBATW CMOCTEPEXXEHHS
3 [IONOMOrol0 HanbiNbLIMX Y CBITI Teneckonis, Hanpuknag, KocmiyHoro Tene-
ckona imeHi Mabbna um [ly>ke BeNMKOro Teneckona €BPONENCcbKOT NiBAeHHOT
obcepsatopii. A60 6paTn JaHi aCTPOHOMIYHUX CrocTepeXxeHb 3 Mi>KHapogHOT
BipTYyanbHOI 0bcepBaTopii.

YKpaiHCbKi BYeHi [0ny4atoTbCa A0 Halcy4yacCHiMX aCTPOHOMIYHUX eKC-
nepumeHTiB. 12 nuctonaga 2014 p. Bneplie B iCTOPIi MOACTBA KOCMIYHWIA
30HA4 6yno BUCAAPKEHO Ha MOBEPXHI KomeTu YypromoBa-I epacumeHko (67P)
Ta OTPUMAHO YHiKa/ibHI (Di3NYHi, acCTPOHOMIYHI, XimiydHi gaHi (man. 1.5).
Y Mexax KOCMiYHOT Micii «Po3eTa» ynpofoBX 12 pokiB 3filicHIOBanucs
JOCNifKEHHA KOMeTW, BigKpuTOi B 1969 poui BITYM3HAHUM aCTPOHOMOM
K. I. UyptomoBum Ta acnipaHTkoto C. |. 'epacMMEHKO.

Man. 1.4. Man. 1.5. Aapo komeTu
AHTEHU papgioTeneckona YypromoBa-I'epacumeHko
YTP-2 Ta KOCMiYHWIA 30H4 «Po3eTa»



§ 2. Di3nyHi Teopii. Pisnka AK TeopeTMyHa OCHOBa Cy4acHOI acTPOHOMiIl

? 3anuTtaHHa On1a caMmonepeBipKku

1. UWo e npegmeToM BMBYEHHA Y Di3nLi Ta aCTPOHOMII?

2. $kolo e ponb i3MKK Ta aCTPOHOMII B XUTTEAIAMBHOCTI NOAUHN Ta CyCniNb-
HOMY PO3BUTKY?

Aki meToanm nisHaHHA BUMKOPUCTOBYHOTb (Di3WYHA Ta aCTPOHOMIYHA Haykn?
LUlo Take HaykoBa rinoresa?

OxapakTepusyinTe OCHOBHI eTanu po3BUTKY (Di3UKO-aCTPOHOMIYHOIO 3HaHHS.
BWCBIT/NITb BHECOK YKPAIHCLKMX YYEHUX Y PO3BUTOK (PI3VKN Ta aCTPOHOMII Y CBITi.

o0k w

8 2. ®i3nyHi Teopii. Pi3nKa AK TeopeTUyHa
OCHOBa Cy4acHOi acTPOHOMIT

MoyaTKoOBI BiZOMOCTI Npo pyHAaMeHTanbHi (i3nyHi Teopii
> Di3vKa AK TeopeTuyHa OCHOBa CyvyacHOi acTpPOHOMIT

MOYATKOBI BIAOMOCTI NMPO ®YHAAMEHTAJIbHI ®I1314YHI TEOPII.
HayKkoBwuii eKCNEePUMEHT [ae MOX/IMBICTb YYEHUM BIAKPUBATU (Di3nNyHi 3aKOHM.

@i3NYHNI 3aKOH — ONWUC CMiBBIAHOLWLEHb Y NPUPOAI, AKWiA BUAB-
NAETBbCA 3a NEBHMX YMOB Y eKCNepuMeHTi (gocnigi).

He BCi 3aKOHM (hi3VKM MalOTb OfHAKOBE HayKOBE 3HAYeHHA. Y qisuui
BMOKPEMIOKOTL PYHAAMEHTasIbHI, YaCTKOBI Ta 3aKOHU (DYyHAAMEHTa/IbHOro
MOXOKEHHS.

PyHOaMeHTaIbHVIM, HanpuKnag, € 3aKOH 30epeXKeHHs eHeprii. 3aKoHu,
AKI BUKOHYIOTbCS NNLLE Y MEBHUX 0OMEXEHWX YMOBaX, Ha3MBaKTbCA 4acT-
KoBumu. Lle, Hanpuknag, 3akoH lNyka, 3akoH Oma. 3akOHW, fAKi MOXHa
MaTtemMaTMyHO BMBECTU 3 (PyHAAMEHTA/IbHUX, Ha3MBaKOTb 3aKOHaMW (yH[a-
MEHTa/IbHOTO0 MOXOL)KEHHS.

I. Fanineii gaB KinbKiCHWIA OMNKUC BifIbHOTO NafdiHHA TiN Ha 3eM/t0: LBUJ-
KiCTb BifIbBHOMO NafiHHA He 3a/IeXUTb Bif TXHbOI Macu. Pa3om 3 TUM BiH He
3Mir gaty BignoBiAb Ha 3anuTaHHA, YoMy Tifa nagatoTb. Icaak HbHOTOH,
OCHOBOMONOXHUK (hyHAAMEHTaNbHOT (PI3MYHOT Teopil, BUC/NOBMB TinoTesy,
3riflHO 3 AKOK NPUYMHOK MafiHHA Tifl Ha 3eM/II0 € BCECBITHE TSDKIHHSA.
HbloTOHOM 6yna CTBOpeHa, fK Mo6aunmo Aani, Knacu4yHa Teopisi BCECBIT-
HbOTO TAXIHHSA.

CyKYMHICTb 3aKOHIB, L0 OMWCYHOTb LUMPOKE KOO0 ABMWL, HasuBa-
I0Tb HayKOBOH TEOPIEL.

Hanpuknapg, 3akoHW HbOTOHa CTaHOBNATL 3MICT OAHIET 3 mepwux gi-
3UYHUX TEOPIA — KNaCMYHOT MexaHiKn. 3MICT Knacu4yHoi Teopii enekTpo-
MarHeTU3My YTBOPIOKOTb 3aKOHW, CPOPMY/bOBaHI aHTNiNCbKMMUK (iznkamm
M. dapageem i k. Makcsennom.

Teopis (rpey. theoria — AOCNIMXKEHHSA, CMOCTEPEXEHHSA) — Le cucTeMa
(hi3YHUX 3HaHb, fKa Aae LinicHe, CUCTEMHe Bifo6GpPaXXeHHS 3aKOHOMIpPHUX

13
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i CYTHICHUX 3B’A3KIiB MK MEBHUMU (PI3UYHUMMK ABULLAMU | € CTPYKTYPHUM
eN1eEMEHTOM (Di3UYHOT KapTUHWN CBITY.

Y isunyi posrnagaroTbcs Taki PIi3UYHI Teopii: KracuyHa MexaHika, Mo-
NeKynApHO-KiHETMYHA Teopis, CTaTUCTUYHA (Di3MKa, eneKTPOoAMHaMIKa TOLLO.

Byab-sika Teopis nobyzfoBaHa 3a TakKMM MPUHLMIOM: BCTAHOB/IHOETLCSH OCHOBA
Teopii (criocTepexxyBaHi ABWLLA, igeanizoBaHa Mofenb, (i3VYHI BENYUHN) —
(hOpMYETLCA AP0 Teopil (3aKOHW, NPUHLUMNK, MOCTYNaTh) —> HacMigku Teopii
(mexi aii Teopil, nepefdayeHHs HOBMX MPOLIECIB, NMPaKTUYHE 3aCTOCYBaHHS).

Yci ¢i3nyHi Teopii nos’A3aHi MiX COB0K | BM3HAYalOTb CTPYKTYpY ¢i-
3UKN K HayKWu.

®I3VKA AK TEOPETUYHA OCHOBA CYYACHOI ACTPOHOMII. Cy-
4yacHY acTPOHOMID HEMOX/MBO YyABUTU 6e3 pisuku, 60 B aCTPOHOMIYHUX
[LOCNIXKEHHAX 3aCTOCOBYHOThL YCi (DyHAAMeHTaNbHI 3aKOHU (i3uky i Teopil,
LUMPOKO BUKOPWUCTOBYIOTb MeToAn (hisuku. Hanpuknag, 3aKOH BCECBITHLOrO
TSXKIHHA NIEXXUTb B OCHOBI HeOeCHOT MeXaHiKW, a Ha 3aKOHW TeOMEeTPUUHOT
OMTUKN CNMPAKOTLCA Nif Yac Po3pobKM ONTUYHMX CXeM Teneckonis. Aocni-
[PKEHHS CMeKTpasibHOro Cknafgy CBiTna (CNeKTpanbHUIA aHanis) € OCHOBOH
acTpogi3ukn. 3a JONOMOroH CMeKTPasbHOro aHanisy acTpoOHOMW HaBUYWIN-
CA BM3HAyaTW He fMwe XiMiYHUIA cKnaf HebecHWX Tin, a W Temnepatypy,
WBMUAKICTb PyXY, BifcTaHi o HMX Ta 6arato iHLIOro.

BogHouyac BuBYeHHs Kocmocy pgano 3mory 3pobuTtu 6arato BaXK/MBUX
BIAKpUTTIB. Hanpuknag, 6yno BUSABMEHO HEBiJOMi paHille Ha 3eMni CTaHu
PeYOBUHM 1 HOBI [Kepena eHeprii (30Kpema, atoMHa eHepris). MpuHUMN
iHepuii, BIAKPUTWIA Fanineo anineem, 3aKOH BCECBITHbOrO TSHXKiHHS Icaaka
HbloTOHa 1 3aranbHa Teopis BigHOCHOCTI AnbbepTa EMHWTeAHa — yci Ui
BIAKPUTTA OynM 3po6neHi Ha NiAcTaBi aCTPOHOMIYHUX AaHWX. JlereHga npo
A6/1yKO, WO BNano Ha ronosy |. HbOTOHY I MigLWITOBXHYNO MOro A0 BUSAB-
NEHHs1 3aKOHY BCECBITHbOrO TSXKiIHHA, KpacuBa. Ane TeHianbHil 3goragui
HayKOBLSA NepeayBaB peTenbHWUM aHania pyxy Micaus HaBkoo 3emMni.

A. EVHWTENH BBaXaB, WO iHTeNeKTyabHi 3406yTKM, 6e3 AKUX PO3BUTOK
Cy4YacHOI TeXHIKM HEeMOXJIMBUIA, OTPUMaHi NepeBaXKHO 3aBAAKW CrocTepe-
YKEHHSM 30psSHOro Heba.

HuHi 3aBAAKM acTpoHOMIT BcecBiT cTaB And AOCAIAHWKIB BeNMYE3HOK Ha-
YKOBOO f1abopaTopieto, B AKil BifOYBaETHCA NOLIYK TEXHIYHUX | TEXHONOT IHYHNX
pilleHb Ha 61aro NAUHK. ACTPOHOMISA, CNIPAKOYMCh Ha 3HAHHA 3 i3KKK, 340-
OyBae (PyHAaMeHTasIbHI 3HAHHA MPO AOBKiNNA, 36aravye ¢isuky i Ximito pesysb-
TaTaMu [OCNiIKeHb PEYOBMHU 3a TaKMX (PisMuHMUX YMOB (Temnepatypa, TUCK,
MarHiTHe nosie TOLWO), AKi HEMOX/MBO BiATBOPUTM B 3eMHMX nabopatopisix.

? 3anuTtaHHa An1a caMmonepeBipKku 2

1 Uo Ha3vBaTb (i3VYHUM 3aKOHOM?

2. HasBiTb OCHOBHi KOMMNOHEHTX i3NYHOI Teopii.

3. Sk cpyHpameHTanbHi hi3nuHi Teopii BA 3HaeTe?

4 YoMy chi3nka € TEOPETUYHOK OCHOBOK Cy4acHOI acTpOHOMII? HasepfiTb npukiaan.



PO34I/T 1. MEXAHIKA

Meple, Wo BNagae y Bidi Mig 4ac CNOCTEPEXEHHS HaBKO/MLLIHLOIO CBi-
Ty, — IAOro MiHAMBICTb. PyxalTbcs noau 1 aBTomMo6ini, Xmapu, 30pi Ta
Micaub, NUCTA Ha JepeBax | KpaniuHW fouly. PyxatoTbCA TakKoX KpOB Y
CyfMHax, CiK y pocnuHax, Bofa Yy piukax.

XapaKTepHOK 0COOMMBICTIO BCIX LMX ABMLL i MPOLECIB € 3MiHA NONOXEH-
HA npeameTiB ((Pi3MYHMX Tin) OAMH BIAHOCHO OAHOMO I BIAHOCHO 3emni 3
NAMHOM Yacy. Um ipe niwoxig, yuv nponitae nitak — X NONOXEHHSA Bij-
HOCHO 3eM/li 3 YacOM 3MIHIOETLCA.

CriocTepiraroun NpuUpogHi ABMLLA, NHOAUHA 3 [JaBHIX 4aciB Hamaranacs
36arHyTH, WO «pyxae» 3emnt0 Ta CBiTUMA. AKWO pyX Tin Ha 3emni fOCUTb
OYEeBUAHWIA, TO MOACHUTU PyX HebBecHWUX Tin Oyno cknagdiwe. Bignoigi Ha
Ui NMTaHHA Oae MexaHika — po3ain (isnky, B AKOMY BMBYAKOTLCA PyX i
B3aEMofis Tin.

MexaHika — ofHa 3 HalijaBHillMX HayK Mpo MPWUPOAY, HayKOBi OCHO-
B/ AKOT Oyno 3aknageHo BUAATHMM iTaniincbkMmM ydeHum [anineo anineem
(1564—1642) Ta po3BuHYyTO Icaakom HbioTOHOM (1642—1727). OCHOBHe
3aBAaHHA MeXaHiKW Monsdrae y BM3HAYeHi NOMOXEHHS Tina (KoopamHatn)
BiIHOCHO iHWMX TiN y 6yAb-SKNA MOMEHT 4acy. BuBunMTK pyx Tina o03Ha4vae
BCTAHOBWUTW, AK 3MIHIOETLCA MOr0 MONOXEHHS B MPOCTOPI 3 MAMHOM yacy.

Y CBOK Yepry, MexaHika MofiNnseTbcs Ha KiHeMaTuKy (BMBYAE pyx Tif,
6e3 ypaxyBaHHS X B3aEMOAiT, YAHHUKIB, LU0 AOro 3yMOB/IOKOTL), ANHAMIKY
(BCTAHOBNIOE 3B’A3KN MK KIHEMATUYHUMWN XapakTepUCTUKaMMN PyXy i YMH-
HMKamK, O 1Oro 3yMOB/IOKTL, TOOTO 3aKOHWU pyXy) Ta CTaTuKy (po3rnsgae
YMOBW piBHOBaru Tin).

Y MexaHiui € i3NyHi BENNMUNHY, L0 XapaKTepusyloTb pyX i 36epiralTb-
cA 3a MEeBHWX YMOB. TakUMW BeNMYMHAMWU € iMMyNbC Ta eHepris. Bnactu-
BICTb iMNYNbCYy Ta eHeprii 36epiratnca € ofHUM i3 (PyHAAMEHTaIbHUX 3a-
KOHIB mpupoau.
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8§ 3. MexaHiuHuii pyx. OCHOBHa 3afiaya MexaHiKu

» MexaHiuHuWii pyx Ta ioro suau
> BigHOCHICTb MexaHi4YHOro pyxy
» OCcHOBHa 3afiaya MexaHiku

MEXAHIYHNI PYX TA MOrO BUOW. Bu BXe 3HacTe, WO HEBiJ’€MHOI0
(hopMOtO iCHYBaHHA Matepii y BcecBiTi € pyx. 3emMns 06epTaeTbCsa HaBKOIO
B/lacHOT oci Ta HaBkono COHUA, fIKe, Y CBOK 4epry, pasom i3 ycima Tinamu
COHAYHOT CUCTEMU PYXAETbCA HABKOMIO LEHTPY [anakTmky. YactuHa pedo-
BUHW, AKa Mae nesHy gopmy Ta 06’em (3emns, CoHue, MnaHeTn, POCIUHM,
TBapWHM), yce, L0 Hac OTOYYE, i, HapewTi, M/ CaMi — Ha3MBaETLCA (i3ny-
HAMK Tinamu.

MexaHi4YHMM pYXOM Ha3uBalTb 3MiHY MPOCTOPOBOr0 MOJIOXKEHHS
Tina BIAHOCHO IHWMWX Tifl 3 MINHOM 4acy.

HainpocTilwmM Horo BMAOM € NOCTYMasbHUIA pyX, Mif 4ac AKOro BCi
TOYKM Tifa pyxarTbCA OLHAKOBO, a 6y/Ab-fka NOAYMKV MpoBejeHa B HbOMY
npama, 3a/MLwaeTbCq napane/isHOK caMoro Cobi.

TpaeKTOpied HasMBalTb NiHIO, B3A0BX SKOI PyXaeTbCs Tifo
(Touka).

3a 1 BUrNagoM MexaHiyHi pyxu noginaTb Ha MPAMONIHIAHI (TpaekTo-
pis — npaMa NiHif) W KPUBOMIHINHI (TPaeKTopis — KpuBa NiHis).

KoxHe Tifio Mae NeBHi po3mipu, a 0Txe, Pi3Hi MOro Touky nepebysatoTb
OAHOYACHO B PI3HUX MiCUAX NPOCTOPY. AK BWU3HAYUTU MONOXEHHA BCLOrO
Tina? 3arasiom ue 3pobuTn CKnagHo. Y 6araTbox 3afayax npu JOCNILKEHHI
PyXy Tifla MOXHa OO6MEXMUTW OMUCOM PyXy NuLle OfHIel MOro Touku. Togi
pyxome Tifl0 NOAYMKM 3aMiHIOOTb OfHiet0 ToUkow (iges |. HblOTOHA).

Tino, po3Mipamm sIKOro 3a NeBHUX YMOB PyXy MOXHa 3HEXTyBaTMH,
Has3MBalOTb MaTepialbHOK TOYKOIO.

MaTepiafibHa TOYKa € HANMNPOCTILLIOK MOAENIO Tina, BUKOPUCTAHHA SKOI
CMPOLLYE OMUC MEXAHIYHOro pyxXy i Hajae MOXIMBICTb 3aCTOCOBYBATW Bif-
MOBIAHWIA MaTeMaTU4YHWIA anapar.

Byab-aKe Tino, AKWO po3Mipn MOro BaXK/MBi, B MeXaHili NoAinaoTb Ha
CYKYTMHICTb MaTepia/ibHUX TOYOK | BMBYAKOTb PYX KOXHOT 3 HWX, & MOTIM
30IMCHIOTb MOTPIGHI y3arasbHeHHS.

Konm X Tino MOXXHa BBaXKaTU MaTepiaibHOK TOYKOH? UM MOXHa Tifo
BBaXaTW MaTepialbHOK TOYKO, 3a/1eXUTb He Bifj /0ro po3mipis («Benmke»
BOHO 4M «Mane»), a Bif noctaBneHol 3agadvi. OgHe 11 Te X TiNo, Hanpuknag,
NiTaK uM 3emnid, B OQHMX 3afjauyax MOXKe po3rnsafatuch AK MartepiasnbHa Tou-
Ka, B IHWKNX — Hi.



§ 3. MexaHiuHnii pyx. OCHOBHa 3ajaya MexaHiku

Tino MoXKHa BBaXaTW MaTepiabHOK TOUKOK, SIKLL0 BMKOHYETHCS X0oua

6 ofiHa 3 TaKMX YMOB:

— po3MipKn Tina mani NOPiBHAHO 3 MPONAEHOK BIACTaHHIO;
— yCi TOYKM TiNna pyxarwTbCA OAHAKOBO, TOOTO BOHO 3AIACHIOE MOCTYNasibHUI

PyXx:

BIOHOCHICTb MEXAHIYHOIO PYXY. LLLo6 oxapakTepu3ysatu 3MmiHy Mo-
NOXEHHS Tina B NPoCTopi, NOTPIGHO 06paTh TiNo, BIAHOCHO SKOTO PO3rNAAAETb-

ca Leli pyx. Take Tino HasMBatOTb Ti/IOM
BiA/liKy. 3a Tifo BigNiky 3a3Buuaii npu-
IMatoTb TaKe, IKe XXOPCTKO MOB’A3aHe i3
3emneto (6yAWHOK, [epeBo, 3ai3HWYHI
KOMii, npuyan Towo). Pyx nnaHeT, Ha-
npuknag, po3rnsgarnTb BigHOCHO CoHUS,
a He 3emni umM iHWOT nnaHeTn. 3 Mme-
TOI0 BU3HAYEHHA MicusA po3TallyBaHHA
06’ekTa (MaTepianbHOI TOYKM) 3 TiNOM
BiAJ1iKy MOB’A3Yt0Tb CUCTEMY KOOPAWHAT.

3 METOK MOBHOI XapaKTepUCTUKMK
pyxy cnif Bubpatu e 1 3aci6 i cnoci6
BUMIpIOBaHHS Yacy, Hanpuknag, roguH-
HWK, HEepyxomuiA BIAHOCHO Tina Bigiky
(man. 3.1).

Tino Bigniky, cMCTeMy KOOpAWMHAT i BUGpaHuin cnocié BUMiptoBaH-
HA yacy, SKi NoB’A3aHi 3 TiNOM, Ha3MBAKTb CUCTEMOKO BifJliKy.

MoNOXeHHs Tina y npocTopi BU3HAYaETbCA Yy OYAb-AKUA MOMEHT uvacy
TpbOMa KoopauHatamu: x = f(t); y =f (t); z =f (t). 3HaHHA 3anexHoc-
Ti KOOpAuHaTK Tina Bif Yacy (PiBHAHHA pyXy) Aae 3MOry BU3HAYUTU Yac i

MiCLLle3HAXOIKEHHS Tina.

MpocTOpOBe MOJIOXKEHHA Tifla MOXHA OLHOYACHO PO3rNAfaTu B Pi3HUX
cucTeMax KOOpAuHaT, BiAHOCHO SIKMX BOHO Oyde pisHMM. Hanpuknag, He-
pyxoMa MofMHa 3HAX04MTbCA Ha Miatopmi i crnocTepirae 3a TifioM, WO

NeXWTb Ha Hin (man. 3.2).

O!

Man. 3.2. BigHOCHIiCTb pyxy

17
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MoB’sxxeMo i3 nnaTopmoro cuctemy Bigniky XOY. [Ons cnocTtepiraya Ha
nnatgopMi Tino nepebysae B CTaHi CNoKok. BogHovac ans cnocTepiraya, Lo
3HaxoanTbca 6ina nnatgpopmu (cuctema O M), — Tino pyxaetbca. OTxe,
OfHe i Te X TiNo y pi3HUX cuctemax BIANIKY PyXaeTbCs Mo-pisHOMY. B og-
Hili cuctemi (XOY) BOHO nepebyBae y CTaHi CMOKOK, a B iHWin (XfirY”) —
pyxaetbcs. Tomy y (i3unui roBopsTb NPO BIAHOCHICTb MEXaHIYHOro pyxy i
Moro 3aBX/W pPo3rnsfatoTb Yy MEBHIM CUMCTEMI BifgniKy, Bifg BMOOPY SIKOT 3a-
NeXUTb | BUINsA TpaekTopii pyxy Tina.

Ha man. 3.3 306paxeH0 TpaekTopii pyxy MicAusa B reo- Ta renioueH-
TPUYHIA cucTemax Bigfiky.

a) 6)

Man. 3.3. Tpaektopia pyxy Micaus:
a) BiAHOCHO 3eMni (reoueHTpUYHa cucTema BiAJIiKy);
6) BiAHOCHO CoHUA (renioyeHTpuyHa cuctema BigJiky)

OCHOBHA 3AOAYA MEXAHIKW. Tak, acTpOHOMW, KOPUCTYHOUUCL 3aKO-
HaMW MeXaHiKuv, MOXYTb TOYHO OOYMC/IOBATU KOOPAWMHATU HEGeCHUX Tif y
OyLb-AKUIA MOMEHT yacy. ToMy BOHU nepefbavatoTb Taki fBULLA, AK, Hanpu-
Knaf, COHSAYHI Ta MICAYHI 3aTEMHEHHS.

OcHoBHa 3afja4a MexXaHiK/ — BU3HAYEHHS NMONOXeHHS (KoopAuHaTK) Tina
y 6Yy[b-SIKWA MOMEHT u4acy.

3acTocyBaHHS 3aKOHIB MeXaHiKy/ Aae 3MOry BU3HAYMUTU MOJMOXEHHS Tin
He NiMwe B MalilbyTHbOMY, a /i Y MUHYNoMy. Hanpuknag, BU3HAUUTU TOUHY
[aTy noyatky rnoxogy KHA3f lrops npoTv MosioBLiB ICTOPMKaM LOMOMOI/N
acTPOHOMU: OCKiNbKK B «C/ioBi 0 MOJSIKY IropeBiM», B IKOMY OMUCaHO LM
noxig, 3asHayeHo, WO nepes BCTyrnoM lrops Ha 3emnto onoBeLbKy Bifoy-
NOCS NOBHE COHAYHE 3aTEMHEHHS. 3a UMM acTPOHOMIYHMM ABULLEM MOXHA
BCTaHOBWTK, WO nofis Bigbynaca y TpaBHi 1185 p.

YueHi, WO 3anycKatoTb PaKkeTy-HOCI LUTYYHOro cynyTHMKa 3emni, Kopuc-
TYIOTbCA 3aKOHaMM MexaHiku, abu nependaunTu, fe nepebysaTviMe CynyTHUK
y 6yab-aKuiAi MOMeHT 4acy. Lle € 060B’A3KOBOKO YMOBOI, Hanpukniag, ycrnil-
HOr0 CTUMKYBAHHS CYMYTHUKIB, 3anyLleHnX i3 Pi3HUX KOHTUHEHTIB, 34iACHEH-
HSi NocafloK Ha nosepxHi Micsaus, Mapca 4n BeHepw.

LLLo6 BNyunTn B LiNb, TPAEKTOPIO apTUNEPIACLKOrO CHapsida po3paxoBy-
0Tb 3a 3aKOHamW MexaHiku. Kpim TOro, 3a 4OMOMOroK 3akOHIB K/1aCU4YHOT



§ 4. OCHOBHi XapakTepuUCTUKN MEeXaHi4HOro pyxy

MeXaHiK/M MOXHa 064YMCAUTU LWBWAKICTbL Tin, nepiog X 0b6epTaHHs, rasb-
MIBHWUIA LWAAX TPaHCMOPTHMX 3aco6iB I BUKOHATW 6Garato iHWWX 3aBAaHb.

! TonoBHe B UbOMYy naparpadgi

MexaHika — Ue po3ain i3ukn, B AKOMY BMBYAlOTLCHA PyX i B3aeMogisa Tin.

MeXaHi4HM pyXxOM Ha3uBalTb 3MiHY NMPOCTOPOBOrO MOJIOXEHHS Tina BigHOCHO
HWMX 3 NJNHOM y4acy.

TpaekTopieo pyxy HasuBalTb NiHil0, B34OBX SKOT pyxaeTbCsi Tifo.

Tino, po3mipamu SIKOro 3a MEBHUX YMOB PYXy MOXHa 3HEXTYBaTW, Ha3MBalOTb
MaTepia/lbHOK TOUKOH.

Tino Bigniky, cuctemy koopamHaT i BUOpaHuUiA Crnocié BMMIpOBaHHA 4acy, sKi
noB’si3aHi 3 TiNOM, Ha3nBalTb CUCTEMOK BisiKy.

Pyx 3aBXau po3rnsagalTb BifHOCHO NEBHOI CUCTEMM BigJliky, TOMY roBOpATh,
WO MeXaHiuYHWii pyx € BigHOCHMM, TakK camo $iK i CTaH CMOKOHO.

? 3anuTaHHA ona camonepeBipKku

LUlo Take MexaHiuyHuiA pyx?

LUlo Take TpaekTopis?

Ha ski Bugn noginsiooTb pyxu 3a/1eXHO Big TPaekTopii?

LLlo posymitoTb nig mMatepiasibHOK TOYKOH?

Konn Tino mMoxHa BBaXaTu MaTepiasibHOK TOYKOH, a Konm — Hi? Haeepgitb
npuKnagu.

lUlo Ha3uMBawTb CUCTEMOK BIgiky? 3 4Oro BOHa CKIafAETbCA?

Y 4Yomy nonsrae BiAHOCHICTb pyxy?

8. Y 4yomy monsira€e OCHOBHa 3ajaya MeXaHiku?

aghrwN PR

N o

BnpaBa go § 3

1 (c). HagegiTe npukniag cuctemu Bigniky, B ki NpocTille onucyBaTu: a) pyX
notara?; 6) pyx nnaHet?

2 (o). Un 3anexuTb BuAg TpaekTopii Big BMOOpPY cucTemu Bigniky? Bignosiab
NOSACHITb.

8 4. OCHOBHI XapaKTepUCTUKN MEXaHIYHOro pyxy

P LU nax i nepemilleHHs
LBnakicTb pyxy. [logaBaHHA LWBUAKOCTEI

WNax | NEPEMILWLEHHA. Mig yac pyxy Tina KOXHa 3 MOro To40K pyxa-
ETbCA BAOBX TPAEKTOPIl Ta NPOXOANUTL AESKWUIA LUNAX.

Lnax — poBXWHa AiNAHKW TPaeKTOoPIl, AKY TifNo NpoxoauTb 3a
NeBHWN NPOMIKOK yacy.

_ Wnax — ckanspHa BennumHa, sika no3Ha4aeTbCsl JATUHCHKOK NiTepoto |.
Voro oguHuus B ClI — meTp (M). LLINax xapakTepuayeTte, K Aaneko nepe-
MICTUIOCA TiNO B3[0BX BMACHOI TPaEKTOPIl, ane He BKasye Ha Te, y AKWN
6iK BOHO pyXae€ThbCs i e, BnacHe, nepebyBae y MeBHUI MOMeHT yacy. LLLo6
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BU3HAYUTU MOJSIOXKEHHA B AOBINIbHWIA MOMEHT Yacy MOTPIGHO 3HATW ioro ne-
PEMILLEHHS.

MepeMmilLleHHAM Ha3MBalOTb BEKTOP, KW CNOJyvae rnovaTKoBe i
KiHLEeBe NOMIOXKEHHA Tina i cnpssAMoOBaHWIA i3 MOYaTKOBOT TOUKU PyXy
B KiHLEBY.

Ha wman. 4.1 Bigpiskom npsmoi AB
300paxyeTbCcs nepemilleHHs matepi-
anbHOT TOYKKM Mif 4Yac pyxy 3 TOUKM
Ay Touky B. TlepemilleHHs Mo3Haya-
I0Tb NiTepoto s . [NepemilleHHs Ha-
npsiMieHe BiJ NMoYaTKOBOI A0 KiHLEBOT
TOUYKM PYXY.

Mogpynb BekTopa MepemilleHHs mo-

3Ha4atoTb [ abo npocTo s.

Bapto 3BepHyTM yBary Ha Te, L0
WNAX € BE/IMYMHOKO CKANAPHOIO, a ne-
PeMilleHHs — BeKTOopHow. LLnax 3a-
3BMYail GinblwNiA Big MOAYNA NepeMilleHHs | nuwe nig vac NPAMONIHIAHO-
ro pyxy LWASX MOXe 4YMCeflbHO [OPIiBHIOBATU MEPEMILLEHHIO (SKLWO Tifo He
3MIHIOE HamnpsAMKy pyxy).

Man. 4.1. TpaekTopis,
WNSAX i nepeMileHHs

LUBUAKICTb PYXY. OOOABAHHSA LUBUAKOCTEW. 3 noBcakaeHHOro
XUTTS BaM BiOMO, L0 3a OAMH i TOI K& MPOMIKOK 4Yacy Tifio MOXe Mpo-
XOAMTWU pi3HYy BifAcTaHb. Hanpuknag, y NoA0pPOX OAHOYACHO OAHIED | TiEHD
)X Tpacok BUPYLIatOTb aBTOMOOGIMICT, MOTOLMKAICT, Benocuneauct i GiryH
(man. 4.2).

[o opHOro i TOro > Mmicus BOHM NpuOyAyTb Y Pi3HMIA Yac: paHiwe 3a
BCiX aBTOMOOGInNICT, a Mi3Hiwe — 6iryH. Yci 4eTBepo pyxanucs Of4HaKOBUMM
TPAEKTOPIAMKU, NPOALLAM i NPOIXaNn OLHAKOBMI LWNAX, 34IACHWAN OLHAKOBI
nepemilleHHs. BogHouyac iXHi pyxu Bif-
Pi3HAOTHCA LWBUAKICTHO.

LLIBUAKICTb € MPOCTOPOBO-4aCOBOK
XapakTepUCTMKOK pyxy Tina. OCKinbKu
nepeMilleHHs — BeMYMHA BEKTOpPHA,
a NPOMDKOK 4yacy t — ckanspHa, TO
LWBUAKICTb — TeX BENMUYMHA BEKTOPHa,
i Tl HANPAMOK Ha MEeBHIW AiNAHLI pyxy
30iraeTbCcs 3 HANPAMKOM MepeMilleHHs.

Man. 4.2. Tina pyxawTbcs
3 PI3HOI0 LIBUAKICTIO

LLIBMAKICTIO pyXy Ha3MBaETbCA BEKTOPHA BEMYMHA, SIKa BUMIPHO-
€TbCA BiIHOLLEHHSIM NEPeMILLIEHHS [0 Yacy, 3a SIKWiA BOHO 6yno 3fiiic-

S
HEHE. V =t—.
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§ 4. OCHOBHi XapakTepuUCTUKN MEeXaHi4HOro pyxy

3a oguHMLI0 WBKUAKOCTI Yy MiDKHapOAHIA cucTeMi O4MHULbL (i3UYHUX Be-
nnumH (Cl) npuiimaloTb CcTany LBMAKICTb, 3 AKOK TiI0 PYyXaeTbCA BAOBX
npsMoi i nepemiwyetscs Ha 1 M 3a 1 c.

OTXe, OOVHWLEKO LUBUAKOCTI € METP 3a CEKYHLY, Fo'l':lF.
BogHoyac Ha mpakTuui BUKOPUCTOBYHOTb 1 iHLWI OAMHULI Ti BUMIipHOBaH-
kM 1000m 10m 1im

rop 3600c 36c 36¢
HA LWBMAKOCTI 3 KM/Tof Yy M/C HEOOXigHO 11 YncnoBe 3HaYeHHS MOZINUTM Ha

3,6. Hanpuknag, 54<M=54 1000 m ™__ fem
rog c

HS, 30Kpema 1 . Lle o3Hauae, WO Ans nepe.efieH-

=54
3600 ¢ 36¢C

Po3rnsHeMo pyx Tina B pi3HMX cucTeMax Bianiky. Hexai nnaeeub pyxa-
€TbCA i3 TOUKM O NepneHANKYNSPHO Tedil pivyku i Togi Moro nepemilieHHs
BIJHOCHO BOAM Sr Hepyxomy cucteMy Biffliky MOB’HXKeMO 3 6Geperom

(man. 4.3).

6)
Man. 4.3. [logaBaHHs nepemileHb
MepemilleHHs BOAX BiAHOCHO Gepera 3a TOM caMWiA Yyac CTAHOBMTUME S2.

Ha uto X Biggans BoAa nepeHece i nnasusd. Y pesynbTaTi JofaBaHHA nepe-
MilLeHHS Mnasus BiLHOCHO BOAW Ta BOAWM BiAHOCHO Gepera — naBelb 3Ha-
XOAUTUMETLCA Y Toulli D. Moro pesynbTyloue nepemillieHHs BiHOCHO CucTe-
MU Big/iKy, MOB’A3aHOT i3 3emneto, AOpiBHIOE fiaroHani OD napanenorpaMa
OBCD, nobyfoBaHOro Ha nepemilieHHax ™ Ta s2: s=sl1+s2. (Lleli cnoci6 go-

[laBaHHA BEKTOPIB Ha3MBalOTb MPaBU/IOM napanenorpamMa.)

Omxe, NnepeMilleHHA s Tifla B HEPYXOMIil cucTeMi Big/liky LoOpiB-
HIOE BEKTOPHI CyMi itoro nepeMilleHHs § y pyxoMmiil cuctemi i ne-

PEMILLEHHS S2 PYXOMOI CUCTEMW BifJHOCHO HepyXOMOTI.

Lle >k npaBuno NoB’a3ye LIBUAKOCTI TOro camoro Tifla y ABOX cUCTemax Bij-
Niky. Po3ginueluy cniBBigHOLWEHHA s =s1+S2 Ha yac pyxy t AicTaHeMmo:

6 = 6] +62, t=t1=t0.
Lle o3Hauvae, Lo

LWIBMAKICTb Tina 6 y HEepYyXOMiii cUCTEMI BifNiKy AOPIBHIOE BEKTOPHIl
CyMi wsmugkocTi 5j Tina B pyxomiii i wBMAKocTi 62 pyxomoi cucTe-

MW BiJHOCHO HepyXOoMOT.
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AKWO BiAOMO BEKTOP NepemilleHHs
Tina s i KOOpAMHATW MOro nMo4yaTKoBO-
ro MONOXeHHs, TO MOXHa TaKOX BU-
3HAYNTM KOOPAMHATWU HACTYMHOro no-

NOXEHHS Tina. ™
Ha man. 4.5 nokasaHo npoekLiii me- L L.
peMilleHHsA Ta LWBMAKOCTI Ha Bicb OX. X

3MiHa KoopauHaT Tina nig yac voro py-

Xy B3[0BX MPAMOT YMCeNbHO fopiBHIOE  Man. 4.5. Tpoekuii nepemileHHs

MepeMilLeHHIO Tina B3L0BX OC i wenagkocTi Ha Bicb OX
w—Y -

Po3rnsaHemo, fIK BM3HayatOTbCA KO-
OPAVHATU HACTYMHOrO MOJIOXKEHHSA Ti-
na, AKWO BIfOMO KOOpAMHATK #0ro no-
4aTKOBOr0 MONOXEHHS | BEKTOP nepe-
MilLleHHS. Hexail Tino 3giiicH1no nepe-
MiweHHs s (man. 4.6). Ha mantoHKy
300paxeHo Take MNepemilleHHs TOYKM,
3a SIKOr0 KOOpAMHATK X iy 36inbLuy-
toTbCA. MpoeKLii BekTopa s Ha oci ko- Masn. 4.6. 3B'A30K Mk Npoekuieto
opAvHaT — gojatHi (sx> 0; s > 0). BEKTOpa NEPEMILLEHH 1 3MIHOI0

KOOpANHATY MOYATKOBOTO MOMOXEH- BIANOBIAHOL KOOpANHATA

HAa Tina — A (x0 y0, a HacTyrnHoro —
B (X, y). 3 MantoHKa BMAHO, WO X =Xx0+sx, a y =y0+s!/.

Haragaemo, L0 Y BUMAZAKY, KOMM BEKTOP MeprneHAVKYNApHUA L0 OCi, 1oro
MOYaTKOBI i KiHLEBI KOOPAMHATY € OHAKOBMMM, Hanpuknag X =x0, Tomy npo-
eKL|isl BEeKTopa Ha Bicb: sx=x -X0=0.

Y pi3HuX cuctemax BifniKy MPOeKLUis NepeMilleHHs Tifa B HepyXoMiit
CUCTEMI, HanpuKnazg Ha Bicb X (SX) AOPIBHIOE CyMi MpPOeKLiii nepemilleHHs
S Ta SX: SX=SX +SX . AHa/IOriYHO Npoekuia WBUAKOCTI Ha Bick OX BU-

3Ha4Ya€eTbCd 4K 0 =0 +O0
! TonoBHe B UbOoMy naparpadi

LLnax — ue JOBXMHA AINAHKM TPAEKTOPIl, AKY TiNO MPOXOAWTL 3a MeB-
HWI NPOMIKOK yacy.

MepemillleHHAM Ha3nBalTb BEKTOP, AKWIA CMOMyyae no4vaTkoBe a KiHLeBe
MONOXEHHA Tina, i CNPAMOBaHWUIA i3 NOYATKOBOT TOUKM PyXY B KiHLEBY.

LLIBMAKICTIO PyXy Ha3MBAETbCA BEKTOPHA BE/IMYMHA, LLO BU3HAYAETHLCA Bif-
HOLLIEHHSIM NepPEMILLIEHHS [0 Yacy, 3a KUl Le nepemilleHHs Byno 3aiicHeHe.

Y Cl oayHULED WBMAKOCTI € METP 3a CeKyHay, iu] :1?.

3anexHicTb LWBUAKOCTI, NepeMilleHHs, KOOpAUHATK i Wnaxy nig vac
NPSAMONIHIAHOIO PIBHOMIPHOrO PyXy € NiHiliHOLO.



§ 5. PiBHOMIipHWIA NPAMONIHIRHUIA pyXx

MepeMilleHHA s i WBMAKICTb Tina 6 — BEKTOPHI BeIMUNHN.
LWBmAakicTe Tina 6 y Hepyxomili cuctemi BifniKy [OPIBHIOE BEKTOPHIl
CyMi wsmugkocTi 5j Tina B pyxoMmiii cuctemi Big/iKy i LUBUAKOCTI v2 pyXo-

MOT CUCTEMMW BIZHOCHO HepyXOMOT.
Mpoekuyis nepemilwleHHs Tina y Hepyxomiii cuctemi BiffiikKy [OPIBHIOE
CyMi NPOeKLiil NepemilleHHs S Ta NepemilleHHs SX : SX=S +SX .

Mpoekuis WBUAKOCTI Ha BiCb X BM3HAYaETLCA AK UX=U +0X .

? 3anuTaHHa Ana caMonepeBipKu

1 UWo Take wnsx?

2. lo Take nepemileHHs?

3. Uo HasmBawTb LWBMAKICTIO pyxy Tina?

4 AK BM3HAUUTW KOOPAMHATU HACTYMHOTO MOSIOKEHHS Tifla, SKWO BijOMO KO-
OopAvHaTV MOro NOo4YaTKOBOrO MOJIOXKEHHS | BEKTOP NepeMilleHHs?

§ 5. PiBHOMIipHWIA NPAMOAIHIAHWI pyX

PiBHOMIpHUIA NPAMONIHIAHWIA pyX
pathiky 3ane>XHOCTIi KiHeMaTWUYHUX BEIMUYUH PIBHOMIPHOIO pyXxy Bifg
yacy

PIBHOMIPHUW/ MPAMONIHIHWIA PYX. HalinpocTiuMM BuaoM Mmexa-
HIYHOTrO pyXy € PIBHOMIpHWIA NPAMONIHIAHWIA pyX.

PiBHOMipHMM NpAMONIHIAHUM pPyxoM MaTepiasibHOT TOYKMK € Ta-
KWA pyx, KoM MaTepianibHa ToUKa, 3a Oyab-sIKi PiBHI MPOMDKKN yacy
3[iACHIOE OHAKOBi MepeMilleHHS.

Mig vac piBHOMIPHOrO NPAMOIHINHOIO PyXy TiNO MepemillyeTbes 3 Mno-
CTIiHOIO 3a MOAYy/eM i HanpsMKOM LWBMAKICTIO, TOOTO 5=const, a OTxe, i
MPoeKLis LWBUAKOCTI Ha BiCb, Hanpuknag OX, € CTasiol BeVYUHOK
vx =const.

cl

I
o+ | @
[va)

MPA®IKN 3ANEXHOCTI KIHEMATUYHNX BEIVYMH PIBHOMIPHOIO
PYXY BIA YACY. Mg yac 3HaxOXXEHHS 4YWUCMNOBOr0 3HAYEHHHA MepeMi-
WEHHSA, LWBUAKOCTI abo LWNAXY 3PYYHO 3acCTOCOBYBaTM rpaivyHuii MeTof.
Ha Oypgb-akoMmy rpadiky BigobpaeHO (DYHKLiIOHaNbHY 3a/IeXXHICTb MEBHUX
(I3NYHNX BENNYMH (HanpuKnag, LWBWAKOCTI Bif yacy).

OckinbKM nig yac NPSMONIHIAHOrO PIBHOMIPHOrO pyXy LWBWAKICTb Tina
He 3MIHIOETLCA, TO rpagikoM 3a/1eXXHOCTI NPOEKLiT WBUAKOCTI € npama, na-
panenbHa OCi Yacy i po3milleHa Haj Heto, AKLLO TiI0 pyXaeTbCa B3L0BX OCi
OX (npoekuia weuakocTi gogarHa ux > 0 i mig BiCCHO — KOMM TiNO pyxa-
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1v,!

S*i>0

8. <°

Man. 5.1.
padhik npoekuii WBmnaKOCTI

padhik npoekuii nepemiweHHs

€TbCA MPOTWM BMOPAHOro HanpsMKy OCi
(ux < 0) (man. 5.1).

MepemileHHs, WO 3A4IACHUNO TiNo,
4ynCcesnlbHO [JOPIBHIOE Maowi Qirypu,
YTBOPEHOT rpaikom 3a1eXHOCTi WBUA-
KOCTi Bif uacy, nepneHukynsapamu,
NMPOBEAEHMMUN [0 OCi t Yy TOYKax, fAKi
BiZNOBIJAOTL Yacy MoyaTKy Ta 3aKiH-
YEHHS CMOCTEepPEeXeHH: 3a PyxoM Tina
Ta BICCIO t (Ha LbOMY rpadiky nepemi-
LEHHA YNCENbHO JOPIBHIOE MAOLL Nps-
MOKYTHMKaA) (sXd >0, sxX2 <0). Lle TBep-
[DKEHHS e HA3MBalOTb reoMeTPUYHUM
3MICTOM MepemilleHHs.

3anexHicTb nepemillleHHa Bif uvacy
sx =sx(t) Nif Yac MpAMONIHIAHOro piB-
HOMIPHOro pyXxy € MnpsMO MponopLii-
HOI, OCKIi/IbKM WBWAKICTb Mif Yac LbOo-
ro pyxy € CTajiold BeNMYMHOK, TOBTO
S =Dt, Sx(t) =Dxt.

paciyHO BOHa 306pakaTMMeTbCs
NPsSIMOIO, fiKa NPOXOAMTbL Yepe3 Mouva-
TOK KoopAauHaT (Man. 5.2).

AKLLO NpOoeKuis nepemMilleHHA Ha-
byBae pogaTHMX 3HadveHb (Ux >0), TO

rpathik nNpoekuii nepemilleHHA Ha-
NPAM/IEHUIA Bropy, a AKLW0 — Bifl’€EMHUX
(«X <°), — AoHM3y.

Mig 4ac nNpAMONIHINHOIO piBHO-
MIPHOTO PYyXy MOAY/b MepeMiLleHHs
[OpiBHIOE MpoiigeHomy wnaxy | = ui,
[e U — MoAy/b LWBMAKOCTI. [padikom
TaKol 3a/IeXXHOCTI € npsama, Wo Mnpo-
XOAUTb Yepe3 MNOoYaTOK KoopauHar i
3aBXAn HanpamneHa sropy (LWigx He
MOXKe HabyBaTW Bif’EMHMX 3HA4YeHb).
3anexHo Bif 3HAYeHHS LIBWAKOCTI Ha-

XUN NPAMOI A0 OcCi Yacy Oyae pisHMM: YMM Gifnblua WBUAKICTb, TUM GinbLUNiA
KyT MK npsamoro (rpagikom) Ta Biccto yacy (man. 5.3).
Bam Bifgomo, o x =x0+sx, e Npoekuisa nepemilleHHA sx(t) =vxt . OTxe

ANS PIBHOMIPHOrO NPSAMONIHIAHOINO Pyxy 3aleXHICTb KOOpAMHATK Bif vacy

Mae BUTNAL:

24

X(t) =x0+ vj,



§ 5. PiBHOMIipHWIA NPAMONIHIRHUIA pyXx

Je X0 — noyaTkoBa KoopauHata Tina, a
i — npoekuyis noro weuakocti. padi-
KOM TaKol (hyHKL,iOHA/IbHOT 3a/1eXKHOCTI €
npaMa, HanpsamiaeHa nig nesBHUM KyTOM
[0 OCi t, AKa MepeTMHae BiCb opanHaT (X)
y Touui xO(man. 5.4).

MpsmMa MNpoxoAuTb 4Yepe3 MoyaTok
koopauHat, konn X0 = 0 abo 3miweHa
B340BX 0Ci OX Ha BennuuHy X0, AKL0
X0®0. OcCKinbKM NPoeKLis WBUAKOCTI

MOXe HabyBaTW fK [OfaTHUX TakK i
BiJ’EMHMX 3HayeHb (HarnpsAMOK BeKTopa
LWBMAKOCTI 36iraeTbca 3 BUOpPaHUM Ha-
NPAMKOM KOOPAMHATHOT Oci abo npoTu-
NeXHWIA iomy), To rpadik 3giimaeTbes
Bropy npu (uvx >0) abo cnagae LOHU3Y
npu (vx <0).

papiky NPAMONIHIAHOINO PIBHOMIPHOrO PyXy BigoOpPaXarTb 3aNeXHOCTI
BI4MOBIAHMX NapameTpiB pyxy (KOOpAWHAT, MPOMAEHOro LWAAXY, MepeMilleHHs
i LWBMAKOCTI) Bif yacy. 3a iX [OMOMOroH MOXHa 3’ACyBaTWu Xapaktep pyxy Ti-
na i 3MiHW BIANOBIAHUX BEMMYMH 3 NANHOM Yacy. OCKiNbKM rpaikoM NiHiAHOI
(DYHKLIOHa/TbHOT 3a/1€)XHOCTI (Hanpukiag, LWBWAKOCTI, NepeMilLeHHs, KOOpAuHa-
TV | Wsxy) € npsaMa niHis, To AN oro nobyaosy [OCTaTHbO BU3HAUUTK ABI
TOYKM, LLO BIAMOBILANOTL NMEBHUM MOMEHTaM Yacy, i MPOBECTW Yepes3 HUX MpsMy.

Ipachikn pyxy Tin

Mpuknap po3s’asyBaHHA rpadivyHoT 3agadi
3apava. Kopuctyrounch rpadpikamu pyxy Asox Tin (man. 5.5):
1. BusHaunTtu:
a) LWBWUAKOCTI Tin,
6) PIBHAHHA IXHLOTO PyXy;
B) MOAY/Ib MepemilleHHs 3a 4 ¢
) yac Ta Mmicue 3ycTpiui;
[l) BiiCTaHb MDX TiflamMu 4epe3 2 c nicng noyaTky pyxy.
2. MNobyayeaTn rpadikn NPoeKuUiid WBUAKOCTI i NepemilleHHs Ta Wasaxy
3a 4 ¢ pyxy.
Po3B’A30K
a) LLIBMAKiCTb  BM3HAYaeEMO 3a (HOpPMYOHD

vy =X - IHTepBan yacy 3MiHW KOOpAWHATK BU-

6MpaeMo [0BIbHO, CMPOLLyOYM 06umcrieHHs. Ha-
npuknag, BisbMeMo t =2 c. Meple Tifo yepes 2 ¢
pyxy Mano KoopauHaty X = 6 npu x0= 0, Tomy npo-
ekuia weuakocTi vxi = (6 m - 0 m)/(2 ¢) = 3 m/c;

Wi = 3 m/c.

Man. 5.5.
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Ona ppyroro Tina x0 = 4 M, a 4yepes t = 2 ¢, X = 2 M, T0OOTO
w2 =02m- 4m/(2c)= -1 mlc;, v = -1 wmlc.

6) 3anucyemo piBHAHHA pyxXy ANA LMX Tifl, BUXOAAYM 3 MOro 3arasibHOro
Burnagy x =x0-+vxt. Ana nepworo Tina x = 31 Ana gpyroro —x2=4 - t.

B) BusHauyaemo mofay/nb nepemilleHHs 3a t =4 ¢, KOPUCTYHUUCL (hOpMYy-
JIOKD SX =wvxt .

=31s =3 4¢=12m.
S1 l,sl o m

sx3:-|t’sx3:('|)"“4c =-4 m.

r) BusHayaemo yac i micue 3ycTpidi. s LbOro 3 TOUKM NEpPeTuHy rpa-
(iKiB pyXy ABOX Ti/l OMYCKAEMO MEPMNEHANKYNAP Ha BiCb t | OLEPXKYEMO Yac
3ycTpiui 1 c. MepneHAnKynap, onyLlleHWin Ha Bicb OX, YKaXe KOOpPAWHATy
3ycTpivi 3 m.

L) Yepes 2 ¢ neplue Tino matume KoopauHaty 6 m, a gpyre — 2 M. Big-
CTaHb MK Tinamu | =X - x2=4 m.

2. BukopucToBytoun ofepxaHi pe3ynbTaty, BMKOHAEMO BiAMoBiAHI no-
6yposn (man. 5.6—5.8):

npoekuili LwBuakocTei npoekuii nepemilieHb padchikn wNsxy

! TonoBHe B UbOMy naparpadgi

MpAMONIHIAHUM PIBHOMIPHUM PYXOM Ha3uBatOTb pyX, Mif Yac SKOro Tifno
3a Oyfb-fiKi piBHI NPOMIXKMW 4acy 3A4IMCHIOE O4HAKOBI MepeMilleHHs.

eOMeTPUYHMIA 3MICT MepeMillleHHs: MepeMilleHHs, WO 34iACHWMAO Tino
ymceslbHO AOPIBHIOE MAowWi irypu, yTBOPeHOi rpadikom 3anexxHoCTi WBUA-
KOCTi Bf Yacy, MeprieHAMKynspamu, npoBefeHVMM [0 OCi t y TOuKax, fKi
BIAMOBIZAOTb Yacy MoyaTKy Ta 3aKiHYEHHS CMOCTepeXeHHa 3a pyXoMm Tina
i Biccto t (sxl >0, s <0).



§ 5. PiBHOMIipHWIA NPAMONIHIRHUIA pyXx

3 MeTor NobyAoBM 3aaaHoro rpadika NPAMONIHIRHONO PiIBHOMIPHOIO PyXy

[0CTaTHbO BMU3HAYMTK ABi TOYKW, WO BiAMOBIAal0Tb NEBHUM MOMEHTaM 4acy,
i MPOBECTM Yepe3 HUX MpAMY.

? 3anuTaHHa Ana caMonepeBipKu

1 Yn mOXHa BM3HAUUTM KIHLEBE MOJIOXKEHHS TiNa, SKWO BiAOMi iOro nodyart-
KOBE MOJIOXEHHS | AOBXMHA MPOMAEHOrO LUAAXY?

2. Yum Bigpi3HAETbCA rpaddik WwnsAxy Big rpacdhika npoekuii nepemieHHA?

3. 'padiik pyxy nepeTvHae BiCb 4acy: WO Le O3Ha4ae?

4.  Uu MOXYTb 3MEHLIyBaTUCb i3 YacOM KOOpAMHAaTa PyXOMOi TOYKM i npolige-
HWUIA Wnax?

5. Big 4oro 3anexuTb Haxmn NpsAMOI NiHii 4O OCi Yacy KOXHOi 3 KiHeMaTU4HuX
BE/IMUYUH (LUBMAKOCTI, MEpeMillleHHsl, KoopAMHaTh Ta LWsxy)?

6. LWBunakicTb Tina nig Yac NpPAMONIHIMHOIO pPyxy 3 MyHKTY A B NyHKT B y ABa
pa3u 6Gifblia Bif LWBWMAKOCTI KOro pyxy y 3BOPOTHOMY Hanpsimky. Mo6yayii-
Te rpaddikn 3anexHoCTi Bif 4acy: a) KoopauHaTu; 6) WBWMAKOCTI; B) LWISXY.

BnpaBa go 8§ 5
1 (c). Ha man. 5.9 HaBefgeHo rpadiiku pyxy 4oTUpbOX Tin y3aoBx oci OX. Lo
CMiNbHOIO B YCiX UUX pyxiB? Yum BOHW BiApi3HATbLCA?
2 (0). I3 4BOX TOUOK A i B, fki 3HaxogATbCA Ha BigcTaHi 90 M ogHa Big OAHOT,

0fHOYaCHO B OA4HOMY HamnpsIMKy nodanu pyxatucsa gga Tina. Tino, wo
pyxaeTtbcsa 3 ToUkM A, Ma€e LWBMAKICTb 5 M/c, a 3 Toukn b — 2 m/c. Ye-
pes3 skuil yac neplue Tiflo HasgoxeHe apyre? $ki nepemileHHs 34iic-
HIOIOTb Tina? PO3B’AXiTb 3afa4y aHaniTMYHUM i rpadiyHMM cnocobamu.
Bignosigi nopisHsiiTe.

3 (0). 3a HaBefeHumyn Ha masl. 5.10 rpadika-

MU OMULLITL PyXu. [Nsi KOXHOTO 3 HUX
BM3HAYTe MOAY/b i HAMPSMOK LUBUAKO-
CTi, 3anuuiTb cpopmyny x{t) i nobyayii-
Te BiANOBIAHI rpaduiku.

4 (0. PiBHAHHA pyXy BaHTaXXHOro aBTOMOGIiNS

Mae Burnag: N =-270+12” a piBHAH-
HA pyxy niwoxoga, kv ige y36idusam
TOro camoro woce — x2=-1,5i. (Be-
nnumHmn 3agado B Cl.) Hakpecnitb rpa-
Uik pyxy i BM3HaUTE: a) MNOJOXEHHS
aBTOMOGiNA i niwoxoga B MOMEHT MNo-
yaTKy CMOCTEpexeHHs; 6) 3 sakuMmu
LWBUAKOCTAMU | B IKOMY HanpsiMKy BO-
HWU pyxasincst; B) KO/ i Ae BOHU 3yCTpi-
nnces.

5 (0). 3a rpadikom 3anexHOoCTi KoopauHaTu

Big yacy (man. 5.11) nobyaynte rpadik
3a/1eXKHOCTI LUBUAKOCTI Bif 4acy.

6 (B). Ha man. 5.12 nopgaHo rpadoikn, ki xa-

pakTepu3yoTb pyx niwoxoga. Mobyayin-
Te Ha iX OCHOBIi rpadik 3asexHocTi
vx{t).
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§ 6. PiBHO3MIHHWIA pyX

» PiBHO3MIHHUIA pyX
LLUBMAKICTb PIBHO3MIHHOIO pyXxy
» [TpuCKOpeHHSA

PIBHO3MIHHWIA PYX. Y npupogi piBHOMIpHUI NPAMONIHIAHWIA pyx 3y-
CTpiYaETLCA NOPIBHAHO PigKO. PIBHOMIPHO i MPAMONIHIAHO Tina pyxatoTbCs
NNLLE HA HEBENUKMX [LiNAHKAX TPAeKTopii. Binbl MOWMPEHUM € HepiBHO-
MipHWI pyx Tina, nig vac AKOro MMUTTEBA LUBMAKICTb Tina 6e3nepepBHO 3Mi-
HIOETbCA. [119 CNPOLLEHHA aHanisy ABULL, pyxy cepes 6e3nivi HepiBHOMIpPHMX
PYXiB BMOKPEMNIOIOTb PIBHO3MIHHWIA pyX, Mif 4Yac AKOro LWBWAKICTb Tina
3a 6y/Ab-AKi OfIHAKOBI iHTepBa/N Yacy 3MIHIETbCA OLHAKOBO (Ha OfHY W Ty
camy BeJIMYMHY).

PiBHO3MIHHMM Ha3MBalOTb TaKWU pPyX, Y SAKOMY 3a 6yab-siKi pPiBHi
iHTEpBa/IN Yacy LBWAKICTb 3MIHIOETLCA OAHAKOBO.

Mig piBHO3MIHHUM PyXOM PO3YMitOTb IK PIBHOMPUCKOPEHWIA, TaK i PiBHO-
CMOBINbHEHWUI PYXW.

WBWNAKICTb PIBHO3MIHHOIO PYXY. [na xapakTePUCTUKN HepiBHO-
MIpHOro pyXy BBOASATb MOHATTA CepefHboi | MATTEBOI LWBMAKOCTER. NMig vac
ONUCY LUBMAKOCTI KOPUCTYHOTLCA TaKMMU (PISMYHUMU BENMYNHAMMU:

1) cepefHbOT LWBMAKOCTI (LWBUAKICTb 34IACHEHHSA NepeMilLeHHS):

CepegHbOol LUBUAKICTIO Ha3MBalOTh BEKTOPHY BE/IMYUHY, SIKA BU-
3HAYaETbCA BiAHOLIEHHAM MNEPEMIlLleHHSA [0 iHTepBany 4acy, ynpo-
[LOBX SIKOro Bifbynocs Le NepemilleHHS.

_ S _ S1+ S2+ S3+ ...+ Sn
t tl+t2+ti +... +tn

Je sl1s2,s3...sn — nepemilleHHs Tina 3a BIAMOBIAHI iHTepBanu uacy tlt t2
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2) cepefHbOT LUBMAKOCTI MPOXOMKEHHS LWNAXy (cepefHbOl LW/IAXOBOI
LUBUAKOCTI).

CepefiHbO0 LUBMAKICTIO MPOXOMKEHHS LUNAXY HA3MBaKTb CKansap-
HY BE/IMYMHY, fiKa [OPIBHIOE BiHOLUEHHIO MPOWAEHOro Wnaxy Ao iH-
TepBany uacy pyxy Tina.

b LHLLe L
t  tl+t2+ta+... +tn

ge It, 12, 13...In — ginAHKn wnaxy, npoigeHi 3a BiANOBIAHI iHTepBanu vacy
t\, t2 ta,...tn

3 hopmyn BUAHO, LLIO CEPeAHs LUBMAKICTb NMPOXOMKEHHS LUNAXY HE € ce-
pefHiM apuMeTUYHNUM. Ti 06UMCMIIOITbL K BiAHOLWEHHS BifNOBiAHMX cepea-
HiX CyM LUNSAXY [0 BifnNOBiAHWMX CYM iHTepBaniB uacy.

Onsa npuknagy po3rnsgHeMo 3agady.

3agava. Benocunieguct ixaB 3 MyHKTY A y NMYHKT B Tak, WO TPeTUHY 4a-
Cy BiH pyxaBC 3 CepefHLO0 LUBMAKICTIO 9 KM/rof, a pewTy vacy (Yepes3 npo-
KON LUMHW) BiB Befocunes, igyun niwky 3i weugkictio 3 km/rog (man. 6.1).
BusHauTe cepefHto WBMAKICTb PyXy BENIOCUMEAMCTA HA BCbOMY LLAXY.

JaHo: Po3B’Aa30K
=9 km/roa 3a ymoBOI 3afjayi Tpeba 3HANTU CepeaHto LIBWUA-
02= 3 km/roj KICTb NPOXOKEeHHA wnaxy. MMoB’sXKeMo cuctemy Bif-
t1=1i/3 NiKy 3 [0poroto.
t2=2i/3
_?
Man. 6.1

Pyx Benocunegucra y uifiomy 6yB HepiBHOMIpHUM, ane TakuM, WO Ha
Pi3HMX LiNAHKaX WAAXy cepefHi WBUAKOCTI Oyn Pi3HUMK. PiBHAHHA pyxy
Ha UMX gingHkax It Ta 2 matumyTs BUrnag: =vuvlilta 22 = v22 3a ymoBOH
3apavi tt =1i/3, i2=2i/3, pe i — 3aranbHW Yac pyxy Ha Wwnsxy | =1t + 12
8a 03HaueHHAM cepeaHbOi LBUAKOCTI uo=l 3Haingemo npodigeHnin Beno-

cnnegnucTomMm LWNAx:
() 12—qjij +022—g 1+ 022 Lo +20),

0 _i_| (Ul+2u™ _ (u1+2v2)
c t t 3

MigcTaBMBLUM YUCMOBI 3HAYEHHSI OAEPXUMO 5 KM/rog.
Bignosigb: 5 KMm/rog.
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Man. 6.2. Man. 6.3. Wkana
EnemeHTn nepemitleHHs As cnigomeTpa asTomobing —
«CTANYI0Tb» Y TOuky A fnpunady AN BAMIDOBAHHS
MOAYNS MUTTEBOI
LWBWAKOCTI

3BepHiTb yBary! OaepxaHuii pe3ynbTaT CepeAHbol LIASAXO0BOI LBUAKOCTI
€ He cepeaHimM apuMETUYHMUM ANS LUMX LUBWAKOCTEN, a BifHOLIEHHSAM Mpo-
naeHoro Wnsaxy Ao 4vacy, 3a AKuil uein wnsx 6yno npoiaeHo.

Mig yac pyxy Tina B KOXHI To4li TPaeKTOPIT i B KOXXHUI MOMEHT 4acy
WBMAKICTb Mae neBHe 3HaYyeHHA. LI0 WBUAKICTb HA3MBaKOTb MUTTEBOHD.

MWTTEBOI LUBMAKICTIO HA3MBaKOThb LUBUAKICTb Tina y NeBHWA Mo-
MEHT yacy”y MeBHili Touli TpaekTopil.

AK 06YMCNIUTU BENNYMHY | HanpsM MUTTEBOT LIBMAKOCTI? [na BU3Ha-
YeHHS I YMCeNbHOr0 3HaYeHHs HeobXigHO 6paTy nepeMilleHHs As 3a Takui
Manuii iHTepBan Yacy At, 3a AKWIA LWBUAKICTb MOXHA BBaXKaTW NPaKTUYHO
He3MiHHOW. Tpy UbOMY TPaeKTopiA Pyxy Tina HabNMXKAETbCA A0 TOUKMW.
Ha man. 6.2 cxemaTMyHO MOKa3aHO MPOLEC «CTATYBaHHSA» EIEMEHTIB nepe-
MilLeHHA As Yy TOYKy A, B AIKil BU3Ha4YalOTb MUTTEBY LUBUAKICTb.

Topi MUTTEBA LUBWUAKICTb Y Uil TOYL TPaeKkTopii AOPIBHIOE BiAHOLLEHHIO
Jy)XKe Masioro nepeMilleHHss As [0 Ay>Xe Manoro iHTepsany yvacy At, 3a aKuii

. . . -.As
e nepeMilleHHs Biabynocs: U=-7 32 ymoBM, Wo At 0.

HaouHe ysBMIEHHA NPO 3HAYeHHS MUTTEBOI LUBWAKOCTI aBTOMOGINS fAae
cnigoMeTp — npunag ans BMMIpHOBaHHA mogynsa wweuakocTti (man. 6.3).

HaBiTb 3a yMOBW, WO MOAYNb LUBMAKOCTI TiNa 3anulIaeTbCs HE3MIHHUM,
oro WBMAKICTb — AK BEKTOPHA BeNUYMHa — 3MIHIOETbCS, OCKIiNbKN BOHA
3MIHIOETHCA 3a HanpsMOM. BpaxyiiTe Ue, 60 3rogoM Mu No6aynmo, Lo Oyab-
AKa 3MiHa LIBMAKOCTI Tina, 30Kpema 3a HanpsAMoM, 3yMOB/ieHa AIE Ha Le
TiNO iHWKUX Tif.

MPNCKOPEHHA. Ana 064nCNeHHs WBUAKOCTI HEPIBHOMIPHOrO MpsAMOni-
HIHOro pyxy Tina y OyfAb-AKWIA MOMEHT 4acy MNOTPIGHO 3HATW, AK LWBWUA-
KO BOHa 3MIHIOETHCA, ab0, IHaKLIE Kaxyuu, K 3MIHIOETLCA LWBMAKICTb 3a
OAMHWLIO Yacy.

®i3NYHOI0 BENMUMHOK, AIKA XapaKTepusye 3MiHY LUBUAKOCTI 3 4acom, €
MPUCKOPEHHS.
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MPUCKOPEHHSM Ha3MBaeTbCA BEKTOpHa (hi3MyHa BeNMUUHA, L0
[IOPiBHIOE BiAHOLLUEHHIO 3MiHM LUBUAKOCTI A0 iHTepBasy vacy, 3a siKui
ua 3MmiHa Bigbynacs.

a=-
At
Hexail y 3aranbHOMy BuUNaaky pyxy Tina B MOMEHT yacy tOBOHO pyXasno-
ca 3i wemnakicTio 00, a B MOMeHT t — 3i wauakicTio 0. Toai NpMcKopeHHs

pyxy Tina a Oyfe [OpiBHIOBATU:

a=-
t-tn

A60, Konn t0=0:
a=-

OCKinbKM 3miHa WBUAKOCTI Al — BenMYMHA BEKTOPHA, TOMY i NPUCKO-

PEHHA a — Be/NNYMHA BEKTOpPHa. Hanpsm BekTopa MPUCKOPeHHsA 36iratu-
MEeTbCS 3 HanpPsMOM BeKTOpa PisHuLi wwBuakocTeld Al .
3a oguvHuU npuckopeHHs B Cl NpuIAHATO GpaTh NPUCKOPEHHSI Takoro
PIBHO3MIHHOTO pyXYy, Mif Yac SIKOro LWBWUAKICTb PYXYy Tifna 3a KOXHY CEKyH-
M

[y 3MIiHIOETbCA Ha OAWH MeTp 3a cekyHgy '+ ¢ 7"

Y npougeci pyxy LWBUAKICTb Tifla MoXe 36inbluyBaTUCS ab0 3MEHLIYyBa-
Tucs. BignoBigHO, PIBHO3MIHHUIA pyX MoXe 6yTW PiBHOMPUCKOPEHUM, KO-
NN WBWUAKICTb Tifla 3 YacOM 3pOCTaE, a TakKOoX PIBHOCMOBINIbHEHUM, KOMU
LWBMAKICTb TiNa 3 4acoM 3MeHLYeTbCA. MpoTe y (i3nLi NPURHATO Ha3MBaTy
o6uaBa pyxu piBHOMPUCKOPEHUMM (MPX LLbOMY PO3YyMitOTb, L0 PiBHOCMOBI/b-
HEHUIA pyX — Lie TeX PyX i3 NPUCKOPEHHAM, afie Bif’€MHUM).

Hanpuknag, Konu aBTOMOOGiNb Habupae LWBWMAKICTb, NOM0 MPUCKOPEHHS
CNpsMOBaHe y TO camuid 6iK, WO A BEKTOP LUBMAKOCTI, a KON BIiH rajibMye,
TO MOr0 MPUCKOPEHHS CMPAMOBaHE MPOTU/IEXHO A0 HanpsMmy LUBUAKOCTI.

Y i3uyi TepMiH «MPUCKOPEHHS» CTOCYETbCA OY[b-AKOT 3MiHW LUBUAKO-
CTi, 30Kpema, ¥ TOAi, KOMW LUBMAKICTb 3MIHIOETHCA TifIbKM 3a HanpsMOM.
TOMYy 3 MPUCKOPEHHAM PYXAETbCA He TiflbKM aBTOMOOIiNb, AKWIA PO3raHs-
€TbCA ab0 rasbMye, a il aBTOMOOINb, KU PyXaeTbCca MO KONy 3i CTalol
3a MoZynem LWBUAKICTIO. LLIBUAKICTb aBTOMOOGINA 3MIHIOETHCA 32 HaNPAMOM,
a /oro MpPUCKOPEHHA CNpsAMOBaHe NeprneHAMKYNSApHO [0 LWBMAKOCTI — Mo
pagiycy Ao LeHTpa Kona.

[na BUMiprOBaHHA MPUCKOPEHHS BMKOPUCTOBYIOTH CreljiasibHi npunagn —
aKcenepoMeTpy Pi3HOT KOHCTPYKLIT. Y npupogi Ta TexHiui Tina pyxawTtbea 3
PI3HUMU MPUCKOPEHHAMW. Hanpuknag, NPUCKOPEHHS eNeKTPomnoi3gy CTaHOBUTb
0,6 m/c2, BinbHOro nagiHHA Tina — 9,8 M/c2, pakeTu nif yac 3anycky cynyT-
Huka — 60 m/c2 Kyni y cTteoni asTomata — 800 m/c2
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! TonoBHe B UubOMy naparpagi

PiBHO3MIHHVMM Ha3nBalOTb TakUil pyX, y AKOMY 3a Oyfb-AKi piBHI iHTep-
Ba/IM Yacy LUBMAKICTb 3MIHIOETHCA OAHAKOBO.

CepefHbO0 LUBUAKICTIO Ha3WBalOTb BEKTOPHY BEMYMHY, SiKa BM3Ha4a-
ETbCA BiIHOLIEHHSIM MepPeMILLEeHHA [0 iHTepBany 4acy, ynpoaoBX SAKoro Bif-
6ynocs Le nepemilleHHs:

- =S=st+s2+4S3+... +sn

t ot +t2+ti +... +1tn
Je §, s2, 88,...sn — nepemilleHHA Tina 3a BigNOBigHI IHTEpPBaIN Yacy tu t2,

t»>-£,
Cepe,quOl'O LUBVI,U'KiCTl'O MPOXO4KEHHA LWNAXY HasuBalTb CKallAPHY Be-

NINUYNHY, KA [JOPIBHIOE BifHOLLEHHIO MPOAEHOrO LWINSXY [0 iHTepBany 4acy
pyxy Tina:
u _ 1 k+k+k+-—+In
t tl+t2+ti +... +1tn

ge It 12, 13— ainaHkn wnaxy, npoigeHi 3a BignoBigHI iHTepBann vacy LU
t2> U tn.

MWTTEBOIO LIBUAKICTIO HA3MBalOTh LUBWUAKICTb TiNa y NeBHWUIA MOMEHT Ya-
Cy B MEBHIli TOULi TPaeKTopi.

MPUCKOPEHHAM Ha3MBAETLCA BEKTOPHA (Pi3nYHa BeNNYMHA, siKa [JOPIBHIOE
BiAHOLLEHHIO 3MiHW LUBWAKOCTI [0 iHTepBany 4acy, BrpPoOAOBX AKOro us 3Mmi-

1—
Ha Bifbynacsa a :_ﬂ_u. OanHnua npuckopeHHs B Cl: [aer L%

? 3anuTtaHHa Ana caMmonepeBipKku

1 SAkuii pyx HasuBalTb PIBHO3MIHHUM?
2. CdhopmynioiiTe BM3HAYEHHS CepefHboi LUBUAKOCTI.
3. Lo Ha3uBalTb MUTTEBOK LIBUAKICTIO? FK HanpsMieHa MUTTEBA LUBUAKICTb?
4., Yn moxe MuUTTEBA LUBUAKICTb OYTM 6iNblIO abo MEHLIOK 3a CepefHo?
5. LWWo Take npuckopeHHA? HasBiTb OAWMHMLiI BUMIPIOBAHHS MPUCKOPEHHS.
6.  $K cnpsAMOBYETbCA MPUCKOPEHHA BIAHOCHO LWBUAKOCTI Tina? Haeepitb npu-
Knaaw, Sk nigTeepgATb Bawy BignoBigb.
BnpaBa go § 6
1 (n). Lo nokasye MoAay/sb BEKTOpa MPUCKOPEHHA?
2(n). 3a AKoi yMOBM MOAyNb BEKTOpa LUBWAKOCTI Tifa, WO pyxaeTbecs, 36inb-
WYETbCA? 3MEHLUYETLCA?
3(n). MoTar nounHae ranbMyBaTu. HK CNPSMOBAHi MOro NPUCKOPEHHS | LUBUAKICTL?
4(c). ABTOMOGINL npoixaB 60 km 3a 1 rog, a notim we 240 km 3a 3 rog.
Uomy O0piBHIOE cepefHs LWBUAKICTb Ha BCbOMY LUNAXY?
5(c). ABTOMOGifIb 3 MicUsl MOYMHAE pyxaTucsa piBHONpUCkopeHo. Yepe3 1 xB

BiH pO3BMBaE LWBUAKICTb 54 KMm/rog. Bu3HauTe MOro MpPUCKOPEHHS.
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6(c). 3 SKMM NPUCKOPEHHSIM pyXaeTbCsi aBTOMObGiNb, SKWO MAOro LWBMAKICTb
3a 1 xB 3MiHMNacs 3 9 go 54 km/roa?
7(4). JliTak TOpPKAeTbCA MNOCaA04HOI CMYTM NpU WBUAKOCTI 60 M/C i 3ynnHsA-

€TbCA, yepe3 1,8 kM. YoMy OOPIBHIOE LUBUAKICTb fiTaka y MOMEHT, KO/
BiH mepemicTnBcsa no cmysi Ha 550 m?

8(n). Kyns npobuBae AOLWKY TOBLMHOWO 2 cM. LUBMAKICTb Kyni OO BryyaH-
HA B gowky 500 m/c i 100 m/c nicna BWALOTY 3 Hel. Yomy AopiBHIOE
NPUCKOPEHHS Kyni Ta Yac pyxy B Aowui? Pyx kyni B gowlui BBaxaTu
PIBHOCMOBIIbHEHUM.

9(B). BigctaHb M ABOMa CTaHLUissMW MOi34 MPOILLIOB i3 cepefHbOlo LBUA-
KicTio 72 km/rog. PO3riH i ranbMyBaHHA TpuBa/in 4 XB, a peLlTy 4vacy
NOTAr pyxaBCs PiBHOMIpHO 3i weuakicTio 80 km/rof. BmusHaute vac pis-
HOMIpHOro pyxy noisga?

10(b). Benocuneguct ixaB 3 O4HOr0 MicTa 40 Apyroro. NonoBuHy LWAAXY BiH
npoixae 3i wBuakictio 12 km/rog. Jani NonoBuHY 4yacy pyxy, WO 3a-
NNWNBCSA, BiH 1XaB 3i LWBMAKICTIO 6 Km/rog, a noTiM A0 KiHUSA LWAsxy
MWwoB niwkn 3i weBnakictio 4 km/rog. BusHaute cepefHio LWBUAKICTb
pyxy BenocunegncTta Ha BCbOMY LLISXY.

§ 7. PiBHONPUCKOPEHUI NPAMOMIHIMHUIA pyX

PiBHONPUCKOPEHUIA NPAMONIHINHNUIA pyX
> pacdikn 3ane>KHOCTI KiHEMaTWYHUX BeUYUH PiBHONPUCKOPEHOrO
NPSAMONIHIAHOTO pyXy Bif vacy

PIBHOMPUCKOPEHWIA MPAMONIHIAHUIA PYX. Mpuknagom piBHO3MiH-
HOro pyxy Tina € PiBHOMPUCKOPEHUI A NPAMONIHIAHWIA pyX. oro muTTeBy

G-0o
LWBMAKICTb MOXHA BWU3HAYUTU 3 (hOPMYNN a =—— , TOBTO:
0=00+ai, abo vY=Uvo +axt.
[N 06UMCNEeHHS nepeMillieHHs NiacTaBUMO BUPa3 AN MUTTEBOT LUBWKO-

60+0
CTi y thopMyny 06GYMCNEHHS CepefHbOI WBUAKOCTI s =vat ——-—t Otpuma-

(o]
EMO PiBHAHHA PiBHOMPUCKOPEHOrO npmvloniHiVlHoro pyxy:
- _Lo+uo+at.
R i=>3 = Wi
2 2
Bu BXe 3HaeTe, WO 419 BUKOHAHHA 064MC/eHb BEKTOPHI PiBHAHHA Tpeba

3anucyBaTu y NpoekLiaxX Ha obpaHi oci. Y Mpoekuiax Ha Bicb OX PiBHAHHSA
ANA 06UYMCNEHHSA NepeMillleHHs MaTUMe TakWin BUMNAL4:

3a yMOBM, KOMM NOYaTKoBa LUBUAKICTL U0 AopiBHIOE 0, PIBHAHHSA MepeMiLLeHHS

- at2 axt2
CMPOLLYETLCA: S = . ab0 B NPOeKLisaX Ha 0bpaHy Bicb OX: sx =

Ci (o]
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MPADPIKN SANEXHOCTI KIHEMA-
TUNYHNX BEANYUH PIBHOMPU-
CKOPEHOIo MPAMOIHIHOIO
PYXY BI YACY. Ak 6yno BCTaHOB-

neHo, ¢opmyna v=v0+ai € 3aKOHOM

3MiHW MWUTTEBOI LUBUAKOCTI PiBHO3MiH-
HOro pyxy Tifla i Jae MOXUBICTb BK-

3HayaT¥ LWBUAKICTb U Y OyAb-AKWN

MOMEHT u4acy t.

3 Hel BWAHO, LU0 MWUTTEBA LUBUAKICTb
MPUCKOPEHOr0 PYXY NiHINHO 3aN1eXu1Tb Bif
yacy t, a i rpaikom € npamMa niHis.

Mpadpikv Mpoekuii LIBWMAKOCTI PiBHO-
MPYCKOPEHOr0 pyXy MatoTb BUI/s[, NOKa-
3aHUA Ha man. 7.1. Mpami 1,3 Ha upsomy
Ma/IFOHKY BiJMNOBiJat0Tb PYXOBi 3 A0AAaTHUM MPUCKOPEHHAM (LLUBUAKICTb 3POCTaE),
npsMi 2, 4 — pyxoBi 3 Bi’€MHUM MPUCKOPEHHSIM.

HaBsefieHi rpaikn CTOCYHOTbCA BUNAAKY, KON B MOMEHT 4vacy t =0 Tino
Masi0 NoYaTKOBY LWBUAKICTbL U0, < 0X LX = LA

Ipachik npoekuii nepemilleHHs Ta koopaunHaTu. Mpoekyis nepemilleHHs
Tina Ha Bicb OX Ta KOOpAuHaTh Tina BU3HAYatOTbCA BIAMOBIAHO 3a (opmy-

alr . ai” .
namm S = o i+- TO6TO, X =X0+UO0 i-K- OTxe, KiHeMa-

Man. 7.1. padiikn npoekuii
LUBMAKOCTiI PiBHOMPUCKOPEHOro pyxy

TWUYHI PIBHAHHA NEepeMilleHHsA Ta KOOPAMHATA € KBaApaTHUMMU PiBHAHHAMU
BUAYy y =a-+bx+cx2. ToMmy rpagikamy 3aeXXHOCTI MPOEeKLil nepemMilleHHs
Ta KOOpAMHaTW Bif 4acy € napabonu, rifiku AKUX 3rigHO 3 napameTpamu
PyXy MatoTb Pi3HWIA BUNAL.

3BepHiTb yBary! BigMiHHICTIO rpadikiB 3aneXHOCTi nepeMilleHHA Ta KO-
OpAMHATY BIf Yacy € NinLle Te, WO BepLlunHa napabonu rpadika nepemilieHHs
3aBXAN 3HAxXoAuUTbCA Yy Todui 3 koopamHatot t=0,sx=0. BepwuHa napa-

6011 rpadhika KOOpAUHATK Bif 4acy 3aBXAW 3HAX04MTbCA Y Touui t=o,
X =X0, TO6TO Ha oci OX BuLLe abo HVKYE NMOYaTKy KOOPAMHAT 3a/1eXHO Bif

3Ha4veHHs no4yaTkosol KoopauHatu X0
Akwo vo =0 i ax>0, 71O rpadikym MawTb BUINAA, 306paXKeHUA Ha
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npy Vo =0 I ax<o 1) V0 >0, ax<o0; 2) U0 <0, ax=0

Akwo vo =0 i ax<0, To rinkK napabonn 30pieHToBaHI fOHM3Y (Man. 7.3).

Akwo va' @0 i xo PO, TO BepLUMHa Mapabon 3MILLYETLCS B TOUKY, KOOpAVHa-

TN SIKOT BU3HAYaKOTLCS CMiBBIAHOLIEHHAMM: X = X0 --7-= , t= - (man. 7.4).

Mpuknag po3B’a3yBaHHA rpadiyHol 3agayvi Ha PiBHOMNPUCKOPEHWUIA nps-
MOMIHIAHWA pyX

3agava. Ha man. 7.5 nogaHo rpadiku WBWMAKOCTI pyxy M’aTu Tin.

1) OxapakTepu3yBaTh pyx KOXHOro Tina i 3anucatu Ansa HUX 3aneXHoCTi
LIBUAKOCTI Bifg 4acy.

2) 3anucaty 3aneXHOCTi MPOeKLin nepemilleHHs Ha Bicb OX Bif vacy.

3) Mobyaysatn rpadiky 3an1eXHOCTI NPoeKuili nepemilleHHs Bif vacy
ANA umMx Tin.

Po3B’30K
1) Tino 1 3a 6 C 3MiHIOE CBOK LUBUAKICTb Bif 6 M/c go 0, pyxaiouuch i3
0-6m/c M . . ,
NPUCKOPEHHAM 4, :""é'"é' :-1F. PIBHAHHA WBMAKOCTI: U,=0-I.

Tino 2 mMae NOYaTKOBY LUBUAKICTb 0 =4 M/C, NPOTArOM 6 C 1AOro LWBWA-
KICTb He 3MIHIETbCS, TOOTO pyx piBHOMIipHWIA: a2=0; 02=4 wMm/c.
Tino 3 mMae No4yaTkoBy LUBUAKICTL 08=0,

fKa 4epe3 6 C [OPIBHIOE 6 M/C, OTXe, TifoO
PYXA€ETbCA 3 MPUCKOPEHHAM:
6 M/C-O_l_ M
% 6C  C2°
PiBHAHHA LWIBMAKOCTI: 08=t.

Tino 4 3a 6 C 3MiHIOE CBOK LUBMAKICTb
Bil -6 M/c 0o 4 m/c. OTxe, Oro MPUCKo-
PEHHS:

dm/c-(-6)m/c .. . M
a — (-6) ANL,ol 0.
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PiBHAHHA LWBWAKOCTI:
v4=-6 +1,67i.

Tino 53a 6 C 3MiHIOE CBOKO LUBUAKICTb
Big 2 m/c [0 -4 m/c. lMpUCKOpeHHs:

6C 1=
PiBHAHHA WBMAKOCTI:
v5=2-1i.
2) PIBHAHHA NpOeKLUii nepemileHHs

y 3arajJibHOMy BMMafKy Mae BUTNsAf
,arl . .
S,=v i+- . [na KoXHOro Tina BiA-

noBigHo:
s =6t-0,5t2;sx =41 s =0,512; s =-61+0,83i2; s =2t-0,5t2.

3) 3a BM3HAYEHUMW PIBHAHHAMM OyAyeMO rpadikiv 3a1eXKHOCTi MPOEeKLii

nepemilweHHa Tin Big yacy (man. 7.6).

! TonoBHe B UbOMYy naparpadi

MwuTTeBa LUBUAKICTb PIBHOMPUCKOPEHOro MPSAMONIHIMHOIO pyXy BU3Ha-
4aeTbCA 3a (POPMYSIOHO:
0=00+ai a6o uvx=uvo +axi.

PiBHONPUCKOPEHWUIA NPAMONIHIAHWIA PyX OMUCYETHCA PIBHAHHAM:

at2 o oaxt2
S=W + 2 ab6° sx=uxi+— =

MpahikaMy 3a/1EXXHOCTI NPOEKLiT NepeMillleHHs Ta KOOPAUHATY Bif yacy €
napabonu, rifky AKUX 3rigHO 3 napaMeTpamy pyxy MatOoTb Pi3HWUI BUTNAL.

? 3anuTaHHA ona camonepeBipKku

1 Skuii pyx HasmBawTb PIBHOMIPHUM, a SIKWA — PIBHONPUCKOPEHUM?

2. 9K 3anexuTb MNpPOeKuis LWBWUAKOCTI Big Yacy NPSMOAIHINHOIO PiBHOMNPUCKO-
peHoro pyxy?

3. $K 3anexuTb Npoekuis nepeMilleHHs Big vacy NpsMOAiHIiHOro piBHoMpuc-
KOpPEHOro pyxy?

4. Y akux Bunagkax rpadik npoekuii WBMAKOCTI PIBHO3MIHHOIO pyxy 3giiima-
€TbCA Bropy, a B Skux BiH cnagae? Lo o3Havyae nepeTuH rpadikom npoekuii
WBMAKOCTI OCi vacy?

BnpaBa go 8§ 7

1 (c). 3anexHicTb WBMAKOCTI Bifg 4Yacy y MOMEHT pO3roHy aBToMobGins 3a-
OaHo piBHAHHAM: U = 0,8i. MobyayiTe rpadik WBWAKOCTI i BU3HAUTE
LWBUAKICTb HaMPUKiHL N'ATOT CEeKYyHAW.

2 (n). LWenpgkicTb notsara 3a 20 ¢ 3mMeHwmnaca 3 72 go 54 km/rog. 3anuwitb
cdhopMyny 3anexHocTi LWBWAKOCTI Big 4yacy i nobyaynte rpadik i€l 3a-
NIeXHOCTI.



§ 8. PiBHOMipHWIA pyx no kony

3 (a). PiBHSIHHA pyXy MatepiasibHOI ToukM Mae Burnsg: X =0,4i2. Hanuwitb
3anexHictb LX(i) i nobyayiTe 1i rpadik. 3awTpuxyiiTe Ha rpadiky nno-
Ly, sika YNCENbHO AOPIBHIOE LUMAXY, NPOKAEHOMY TO4KOW 3a 4 ¢, i 06-
YNCNITb UEW LsX.

4 (o). Pyxn maTepiasibHUX TOYOK 3a4aHO TakMMu PIBHAHHSAMU:
a) x1=10i+0,4i2; 6) xr=2i-i2;B) x3=-4i+2i2;r) x4=-t-6t2. Ha-

NUWITb 3anexHicTb U = V(i) ANa KOXHOro BuNagky; nobyayeatu rpadi-
KU LUX 3a/1IeXHOCTEl; BU3HAYTE BUA PYXy B KOXHOMY BUNAZKY.

§ 8. PiBHOMIpHMIA pyx MNo Kony

> KyToBe nepemilieHHs. KyToBa WBMAKICTb
» Mepiog obepTaHHA. YacToTa 06epTaHHs
» /liHillHa WBMAKICTb pyxy Tina

» [loLeHTpPOBe NMPUCKOPEHHA

KYTOBE MNEPEMILLEHHSA, KYTOBA LWBUAKICTb. OgHUM i3 NowmMpeHnx
PYXiB y MPUPOLI Ta TeXHILi € pyx no kony. Mpuknagamu pyxy Tifia no Kony
€ pyx nnaHeT HaBkono CoHusa, pyx Micaud HaBKoNO 3emni Ta CynyTHUKIB
no Konosux opb6itax, (Man. 8.1, a), pyx OyAb-AKOT TOUKM Ha Tifi, Wo obep-
Taetbca (Man. 8.1, 0).

a) 6)
Man. 8.1.
a) pyx LWTYYHOro CynyTHUKA HaBKo/o 3emni; 6) pyx
TO4YOK 060ga Koneca

Hexali maTepiasibHa TOYKa PIBHOMIPHO PyXa€TbCs
no Kony pagiyca i? i B MOMeHT vacy t nepebyBac B
TOuLi A, @ B MOMEHT yYacy t2 3aiiHana nonoxeHHs B

(man. s8.2).
Pagiyc R, npoBefeHWin 3 LeHTpa Kofa fo marepi-
anbHOI TOYKM 3a 4ac At=t2- NOBEPHYBCA KYT

KyTtoBe
nepemilleHHsa @
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Aqg”cpj-cpj (rpeu. nitepa «gi»). Llell KyT Ha3MBalOTb KyTOBUM MepeMilLeH-

HAM.
. KyToBe nepemilleHHs Tina B cuctemi oguHuub Cl BUMIPHOOTL Y pajiaHax.
WMoro ckopoyeHe no3HayeHHa — 1 pag. Haragaemo, wo Kyt 360° cTaHOBUTH
2T pag.

XapakTepuCcTUKOK pyxy Tina no Kony € KyToBa LUBMAKICTb 3.

KyToBOI LUBUAKICTIO Ha3nBalOTb (Di3MUHY BeIMUUHY, SKa BU3HA-
YaETbCSA BifHOLLIEHHAM KYTOBOro nepemilleHHs AQ [0 iHTepBany Ya-

. . JAY
Cy At, BMPOLOBX SKOro Le nepemilleHHA Bigbynocs: (B:K(f
(B — unTaeTbCcs — «oMerav).

OanHMLED KYTOBOT LUBMAKOCTI € padiaH 3a cekyHay (pag/c). 1 pag/c po-
PIBHIOE KYTOBIli LUBMAKOCTI TAKOr0 PiBHOMIPHOrO pyXy Mo Kony, nig 4ac
AKOro 3a 1 CeKyHAy TiNo 3[IACHIOE KYTOBE MepPeMileHHs B 1 pafiaH.

Pyx, nifg yac AKOro matepiasibHa TOUKa PYXaeTbCA MO KOy 3 HE3MiHHO
KYTOBOK LUBWAKICTIO, Ha3WBalOTb PIBHOMIPHMM PYXOM MO KOny.

MEPIO, OBEPTAHHA. UACTOTA OBEPTAHHA. OkpiM KyTOBOT LUBUAKO-
CTi, ANa onucy pyxy Tina no Kony 4acTo BUKOPMCTOBYHOTb TaKi BEUYNHM,

SK nepiof i 4acToTa 06epTaHHs.

Mepiogom 0bepTaHHA Ha3MBalOTb Yac, BNPOAOBXK SKOro Tifno 3Aiic-
HIOE OfMH MNOBHWUI 06epT MO Kony.

t
N 7
ne N 4ymcno MoBHUX 006epTiB, 3p06/IEHNX 3a Yac t.

T

YacToTol 06epTaHHS Ha3MBalOTb BEINMYMHY, LLO YMCENbHO [OpiB-
HIOE KifIbKOCTI 06epTiB 3a OAMHMLIO 4acy.

o . N
UacToTy 06epTaHHS NPUIAHATO MO3HA4aTU FPeLbKOD NiTepoto n: nm=—.

3a oguHuuto yactotm B Cl npuitHATO 1 00epT 3a CeKyHAy:
1 06/c a6o 1 c 1 Jlerko NOMITMTK, IO Mepiof i YacToTa — BE/IMYMHUN B3a-
EMHO 06epHeHi:

n=— T=—
T
KyToBe nepemilleHHss @ Tina 3a nepiog T [AOPiBHIOE 2m. ToMmy KyToBa

LWBMAKICTb Byge 03=£[ , abo, BpaxyBaBwu, Wwo T =i, OAEPXKMMO: 03=2TrH .
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NHIVHA WBWAKICTb PYXY TINA. [o pyxy Tina no Kony 3acTOCOBYHTb
i MOHATTA LIBMAKOCTI, AKe OYN0 BBEAEHO AN XapaKTePUCTUKU NPAMOSi-
HIiHOro pyxy. Y BuMagkKy pyxy Tifa no Koy Ut LWBUAKICTb Ha3unBatoTb
NiHINHOtO.

NiHiiHa WBMAKICTb TiNa, WO pyXaeTbCs Mo Koy, 3auatoyncb He3MiH-
HOK (CTa/1010) 3a MOAYNEM, HemnepepBHO 3MIHIOETLCA 33 HanpAMoM i B 6yab-
AKIN TO4Li cnpsMOBaHa Mo AOTWUYHINA [0 TpaekTopii (man. 8.3).

Lle MoXHa criocTepiratv, KofM MasneHbKi YaCTMHKM BIiAAiNAlTLCA Bif TO-
YMNIBHOFO AMCKa, WO 06epTaeTbCA. TOAI BOHWM NETATb MO AOTUYHIN [0 AMCKa,
OCKi/lbKN MatOTb Y MOMEHT BiJpuUBY LUBUAKICTb, L0 JOPIBHIOE LUBUAKOCTI TOUOK
Ha okoni gucka (man. 8.3, a). AHaNOriYHO WIMAaTKM 3eMsi 3-Mif KOJiC aBTo-
M06ina neTaTb No JOTUYHIM [0 oboga Konic (Man. 8.3, 6).

OCKiflbKN MOAy/b NiHIAHOT WBWUAKOCTI CTa/IMiA, TO MOr0 MOXHA OBYMCINTA

3a (hopmynoo: 0 -. 3a 0auH 06epT (TO6TO, KoMt T) TiNO Npoiige BiACTaHb,

fKa [OPIBHIOE JOBXMHI Kona: s = 2nR, fe i? — pagiyc Kona. 3sigcu:
2 ni?

abo, BPaxoByluu, L0 T=—

v=2nRn.
3HaingemMo cniBBiAHOLWEHHA MK NIHIAHOK WBMAKICTb O Ta KyTOBOK (B

0 = @i?
3 Li€el hopmynu BUAHO, WO YMM Aai po3MmilleHa ToukKa Tifa Big oci, TUm
6inblia i NiHiNHa WBUAKICTD.

Man. 8.3.
a) YacTuHKM Big TOUMSIBHOrO AucKa NeTaTb N0 AOTWUYHIA A0 0604y AWCKa;
6) 4acTMHKM 3eMNi — No AOTWYHIA Ao oboga Konic
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OOLIEHTPOBE MPUCKOPEHHA. Mig
yac PiBHOMIpPHOro pyxy Tifa no kony
oro niHiliHa WBWAKICTb, 3anuLlal-
YMCb HE3MIHHOK 3a MOJy/eM, Hene-
PEPBHO 3MIHIOETHLCA 32 HANPAMOM. 3Mi-
Ha LWBWAKOCTI 3a HanpsamMoM CBiguuTb
npo Te, WO i Nif Yac piBHOMIPHOro py-
Xy Tina no Kosy € NPUCKOPEHHS, fKe
3YMOB/IIOE 3MIHW HaNpAMY LUBMAKOCTI.
Lle NpUCKOpPeHHs ofep>ano HasBy [o-
LIeHTPOBOr0, OCKi/IbKM BOHO CrnpsiMOBa-
He [0 LeHTpa Kona rno SiKoMy pyXaeTb-
ca Tino. Wo6 opepxatu chopmyny ans
ioro 064YMCNEHHS, CKOPUCTAEMOCH YXe

- Av .
MPUCKOPEHHS: a=ﬂ , @00 B CKansipHii

. Av
hopmi: a_At :
Hexali Tino, wo piBHOMIPHO pyxaeTbCsA MO KOMY, Y MOMEHT yacy t nepe-
6ysasio B Touui A (Man. 8.4), a yepes Ayxe Manuii iHTepsan 4vacy At nepe-
MICTUNOCL Y Ay>XXe 6/1U3bKO PO3MillleHy TOuKy B.

LLBuakicTe y Touui A nosHaunmo 6A, a B Touui B — 6B. OCKinbku pyx

PIBHOMIPHWIA, TO MOAYAI LWBMAKOCTI B LMX TOYKaX piBHi. LLI06 3HaiTK wena-
KiCTb 3a 4ac At, BigHiMemoO (3a npaBWMIOM TPUKYTHWKA) Bif BeKTOopa oB

BekTOp UA

JIns UpOro nepeHeceMo BekTop UAY TOuKy B, 36epiriuu ioro HampsiM; BeKTop

A6 BIANOBIAAE 3MiHI LUBMAKOCTI. 3a Mannii iHTepBan Yacy At TOUKa A Mepemic-

TUTbCA Ha As = AB, WO NPUGAM3HO [OPIBHIOE Ay3i AB. 3ayBaXkKUMO, LIO Mpw
Manux Kytax A@ gyra AB 36iractbcs 3 xopaoto AB. LLo6 BM3HauMTVU MoAynb
MPUCKOPEHHS a Y Ui AOBINIbHO 06paHili TouLi A, po3risHEMO TPUKYTHUKN AOB

Ta BCD. BoHM nogi6Hi, ocKinbKn obuaga piBHo6eapeHi i AAOB = ADBC. 3 no-
i6 . . . CD_BD Av o

AIGHOCTI LyX TPUKYTHUKIB MOXHA 3aMMCaTh: —=-=3, 800 7= =3

v2
;a0 a=—.

Ane As = VA(; a VA= uB=u. Tomy _uéAL_)l = U—, 3BiAKM A—U =2 5

R At R

Mig yac piBHOMIipHOro pyxy Tina (MaTepianbHOT TOYKM) MO KONy [0O-
LEHTPOBE MPUCKOPEHHA Y ByAb-AKilA TouULi TpPaekTopii MepneHanKynapHe
[0 NiHIAHOT WBMAKOCTI W HanpsAMIeHe [0 UeHTpa Kona.

Mpuknag po3B’A3yBaHHA 3afjayvi Ha piBHOMIpPHWUI pyX No Kony

3agaya. Yac ogHoro ob6epty 3emsi HaBKOMO oci fopiBHIOE 24 rog. O6unc-
NNTW KYTOBY Ta NiHIAHY WBNAKOCTI 0bepTaHHA Ha eksaTopi. Pagiyc 3emni
BBaXaTu piBHUM 6400 KMm.



§ 8. PiBHOMipHWIA pyx no kony

JaHo: Po3B’30K
R=64 106 M O6epTaHHA 3eMni BBXXaTUMeEMO PiBHOMIpHUM. Togi
T =86400 c 2m
5 o =gR, a w=— . Yac * BupasMmo B CeKyHJax:

w _ !
v_ ? t = 3600 - 24 =86 400 (c).

2-314P38 4 500074 ; 1=0,00007c 64-105 =448—.

86 400 c c c

Bignosigp: 03:0,00007’\—0’\; u:448?.

! TonoBHe B UbOMy naparpadgi

NiHiHa WBKUAKICTb Tina, Wo PiBHOMIPHO PyXaeTbCa MO KOMY, 3aiuLiato-
4yuCb HE3MIHHOK (CTasoK) 3a MOAY/EM, HerepepBHO 3MIHIOETLCS 3a Hanps-
MOM i B Oyab-AIKili TOULi CNpsMOBaHa Mo AOTUYHIA [0 TPaeKTOPIl.

3MiHa LWBWAKOCTI 3a HanpsAMoM CBifA4YMTb NPO Te, WO i Mig 4ac piBHO-
MIpHOro pyXxy Tina no Koy € NPUCKOPeHHS. Lle NpUCKOpeHHs ofepxxano
Ha3By [OLEHTPOBOro, OCKi/IbKW CNpsiMOBaHe A0 LeHTpa Kona.

? 3anuTtaHHa Ana caMmonepeBipKku

1 Uo Take KyToBE MNEPEMILLEHHS?

2. [ainTe BM3HA4YeHHSA nepiogy i 4acToTn O6epTaHHS.

3. Hanuwitb cpopmMyny KyTOBOI LUBMAKOCTI Ta NOSICHITb 3HAYEHHSA BE/IUYUH, LUIO
00 Hel BXoAATb.

4. Bu3HauTe KyTOBY LUBUAKICTb CEKYHAHOI CTPIfKM rOAUHHKKA.

5. YuMm BIigpI3HAIOTLCSA 3MiHM LWWBUAKOCTI Mig 4Yac MPSIMONIHINHOIO Ta KpWUBO-

NiHinHOro pyxis?

Un MOXHa BBaXaTu PIBHOMIPHUIA pPyX MO KOSy PiBHONPUCKOPEHUM?

7.  SAkwo nig yac pyxy Mo kosy 3MiHHOBAaTUMETbLCS i MOAy/b LIBWAKOCTI, TO SK
ue BNAMBaTVME Ha NPUCKOPEHHA?

o

BnpaBa go § 8

1(c). 3a sknii Yac Koseco, WO Mae KyTOBY LWBMUAKICTb 4T pag/c, 3pobuTb
100 obepTiB?
2(c). AKWwo pagiyc konoBoi Op6iTU LWITYYHOro CynyTHMKa 3emni 36iNbwnTh B

4 pasun, TO iMoro nepiog ob6epTaHHA 36iNbWNTLCA Y 8 pasiB. Y CKiNbku
pasiB 3MIHUTLCA LWBWAKICTb PyXy CynyTHMKa Mno Op6iTi?

3(n). XBUAWHHA CTpifika roAuMHHMKa Y TpU pasu goBla Bif cekyHAHoi. O6-
YNCNITb CNIBBIAHOLIEHHS MiHIMHMX LWIBMAKOCTEN KiHLiB CTPIfOK.
4(0). O6uuncniTe AOLEHTPOBE MPUCKOPEHHS TOYOK Kofleca aBTOMOGINs, sk

OOTMKaKTbLCA A0 A0POrv, SAKWO aBTOMOGI/Ib pyxaeTbCs 3i LUBWUAKICTHO
72 km/rog i Npu UbOMY 4yacToTa O6epTaHHs Kofieca CTaHoBUTbL 8 c~1

5(4). ke [OLEHTPOBE MPUCKOPEHHS MOTAra, WO PYXaeTbCs MO 3a0KPYI/IEHHIO
pagiycom 800 ™ 3i wsuakictio 20 m/c?
6(a). 3 SAKOK LWBMAKICTIO aBTOMOOGiNIb NOBMHEH MPODKMAXATA CepeauHy ony-

knoro mocta pagiycom 40 M, wo6 AOUEHTPOBE MNPUCKOPEHHS AOPiB-
HIOBa/I0 NPUCKOPEHHIO BISIbHOTO NagiHHA?
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7(B). [Bi martepianbHi TOUKM pyxaloTbCcs MO konax pagiycamm R1ii?2 npuyo-
My R1=2R2 lopiBHAITE AOLEHTPOBI NPUCKOPEHHS TOYOK Yy BUNAAKaXx:
a) KO/M MiHilHI WBMAKOCTI OAHAKOBI; 6) KO/M Mepiogn OfHAaKOBi.

NMPAKTUKYM PO3B’A3YBAHHA ®IBNYHNX 3AOAY Ne 1
Po3B’a3yBaHHsA (i3n4HMX 3aday 3[iliCHIOETLCA B AeKinbKa eTaniB: aHa-

Ni3 yMOBM Ta Ti Hao4Ha iHTepnpeTawia y BUrNa4i CXeMU, PUCYHKaA, rpadika

ab0 KpecfieHHS; CKaflaHHA PiBHAHb, WO MOB’A3YIOTb (PI3UYHI BeIMUUHMU,

AKi Ki/IbKICHO XapakTepu3yloTb LOCNIIKYBaHe fBULLe; PO3B’A3YBaHHA CUC-

TEMW PIBHAHb BifHOCHO LUYKaHOI BE/IMYMHW; aHani3 BiporigHocTi oTpuMa-

HOro pesynbTaty. 3afadi, He3aneXHO Bif Crnocoby NOAAaHHA [aHWX, Chif

pO3B’A3yBaTV B 3arajlbHOMY BUTNIAAI.

Y npoueci po3B’a3yBaHHA (isVYHMX 3a4a4y i3 KIHEMaTUKN PEeKOMEHA0BaHO

BYKOPUCTOBYBATW TakWii aniroputm:

1. TMpoaHanizyBaT yMOBY 3ajadi Ta HaKpec/MTh CXeMy, Ha AKiil BKasaTu
TPAEKTOPI0 pyXy Tina, BEKTOPW LUBUAKOCTI M MPUCKOPEHHS Y BU3Ha-
YeHi MOMEHTU yacy.

2. Bwubpatn cuctemy Bigfiky. Mo4yaToK KOOPAMHAT 3pYYHO PO3MILLyBaTy
B MOYaTKOBI TouLi pyxy, a oci OX i OY (abo ofHy 3 HUX, AKLLO pyX
NPAMONIHINHWIA) HaNpaBNATU Y HaNPAMKY MO4YaTKOBOro pyxy Tif.

3. BigobpasuT KoopauHaTVM PyxXOMOro Tifia y BW3HAYeHi MOMEHTW Yacy
i CNPOeKTYBaT! BEKTOPW LUBWAKOCTEW I MpucKopeHb Ha oci OX i OY,
AKi 3pyYHO HanpaBnATK Tak, LIO6 3 METOH CMPOLLEHHS PIBHAHb AKHaWA-
GiflbLle MpoeKLii BEKTOPIB LOPIBHIOBAIN HYIIHO.

4. BCTaHOBWTU 3B’A30K MDX (DI3MYHUMW BefiMyMHaMu, MO3HAYEHVMMU Ha
CXeMi, 3 BUKOPUCTAHHAM KiHEMAaTUYHUX OpPMYN A8 KOOPAUHAT i npo-
eKLiA LWBMAKOCTE Ta 3anmMcaTv A0AAaTKOBI YMOBWM 3adadi.

BuBuaroum BiHOCHWUIA pyx ABOX abo KibKOX Tif, CUCTEMY BifAniKy 3py4HO

MoB’A3yBaTh 3 OJHUM 3 HUX, MPUAMaOUN KOro 3a TiNo BiANiKy, i po3rnagaTu

NepeMilleHHs, WBMAKOCTI /i MPMUCKOPEHHS BiJHOCHO HbLOFO.

Mpuknagn po3s’a3yBaHHA 3ajad
3agava 1. Benocmneguct BuixaB 3 04HOrO MicTa B iHWe. MepLly nonoBuHy
LWNAXY BiH Npoixas i3 wWBMAKICTIO W, = 12 km/rog. Apyry — v2 =6 KMm/rog,
a MoTiM O Micusi NPU3HAYeHHS MLIOB MilKKW i3 LWBMAKICTIO U3 = 4 KM/rog,.
Br3HaunTn cepefHIO LIBMAKICTb BENOCUMEANCTA HA BCHOMY LLIAXY.

JaHo: P03B’A30K

W= 12 km/rog = 3,3 m/c MpoaHanizyBaBlUN YMOBY 33ajadvi, MOXHa

v2 =6 KMm/rog = 1,7 m/c 3p06UTN BUCHOBOK, WO Le 33jaya Ha piBHO-

u3 =4 km/rog = 1,1 m/c MIpHUIA NPAMONIHIRHWA pyx. Hakpecnnmo
) cxemy pyxy Tina: (mMan. 1)

300pa3vMo TPaeKTOPIt0 pyxy 1 BUBMPAEMO Ha Hiil moyaToK Bigniky (Tou-
Ka O). YBecb LWNAX Po3i6’eMo Ha TpW BiApPI3KK SIS s2, 3 Ha KOXXHOMY 3 HUX
YKa3yeMO LWBWUAKOCTI L, U2 U8 i Big3HA4YaeEMO yac pyxy tu t2 t3

CKNnafjaemo piBHAHHS PyXy AN KOXHOMO BiApisKa Wnsxy: §=uv”; s2=v2i2
s8 = ysis — i 3anMMCyemMO AOAATKOBI YMOBM 3afavi: § = s2+ S8 t2 = tg;
W= (§+ s2+ sg)/it+ t2+ i3 Bunucyemo 4ncnosi 3HaAYEHHS BIJOMUX BeIN-
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1 !I- 12 1' (‘3
S s2 1 s3
tl 2 It

Man. 1.

YMH i, BM3HAYMBLLM YMCMIO HEBIAOMUX B OTPMMaHil CUCTEMI PiBHSHb (Sjj S2
s§ t2; 181 0C), po3B’a3yemMo Ti BiAHOCHO LUYKAHOI BE/IMYUHKN OC.

MMig yac po3B’A3KY CUCTEMM BIfHOCHO CepefHbOi LUBUAKOCTI OJePXUMO
oc = 281(v2+ 03)7(20!+ 02+ 03. MMigCTaBMBLUN YMC/IOBI 3HAYEHHSA B po3pa-
XYHKOBY (hopmysny, ofepXumo: oc« 7 Km/rog « 1,9 m/c.

3apgava 2. Big 6ykcupa, WO pyxaeTbcs MPOTU Tedii pivuku, BifipBaBcs
YOBEH. Y TO MOMEHT, KoM Ha ByKCUpi MOMITUAN YOBEH, BiH NepebyBas Bij,
HbOro Ha BigcTaHi sO. 3 6yKcmpa WBUAKO CNYCTUAN KaTep, AKWUIA LONAWB [0
4yoBHa I NoBepHyBCA Haszad. CKinbKW Yacy 3aliHana noisgka i AKy BigcTaHb
KaTep MojonaB B OAWMH W IHWWIA GiK, SKWO LIBMAKOCTI KaTepa I Oykcupa
BIJHOCHO BOAWM CTaHOBMATb BIAMOBIAHO Wi i LZ?

JaHo: Po3B’a30kK

sO, ub u2 MpoaHani3yBaBWK yMOBY, nobaynmo, WO Le 3afa-
4ya Ha PIBHOMIPHWIA pyX OAHOro Tina BIAHOCHO iHLIO-

N ro, NPUYOMy KOXHe 3 HUX 6epe y4yacTb Yy CKNagHOMY
pyci — pyxaeTbCA BiAHOCHO BOAWM W pa3oM 3 BOAOO

BiJHOCHO 6epera. BusHauvmo Tina, WO 6epyTb yyactb
y pyci: 4oBeH, ByKcup i KaTep MatOTb LLBUAKOCTI Bif-
HOCHO BOAW i MEPEHOCHY PasoM 3 Heto.

Y 3anponoHOBaHil 3agadvi cUCTeMy BifliKy 3py4yHO NOB’A3aTU 3 OYKCK-
poM, TOMY LUO BCi Mmogii, AKi Big0yBalOTbCs, PO3rNsSAat0TbCs BiAHOCHO HbO-
ro. Y cuctemi Bianiky, MoB’s3aHO0 3 OYKCMPOM, OyKcup nepebyBae y CTaHi
CMOKOI, YOBEH BIiAanseTbCs Bif HbOrO i3 LUBMAKICTIO 02, a KaTtep Bif Oyk-
cupa — i3 weKuakicTio 6! + 02, a pasomM i3 YOBHOM HabAMXKaETbLCA [0 HbOrO
3i wenakictio G - 02

MpunycTMo, WO 3a 4ac tlt 4yepe3 SAKUIA KaTep Ha3foOXeHe Yo-
BeH, OyKcup BifAannTbCA Bif 4YOBHa Ha BiACTaHb Sj, TOAI PIBHAHHA py-
Xy [ONS Katepa M 4oBHa 3a Uel 4vac mae Burnag: sO+ § = (W + vdti i
S = vd,. AKwWo Ans NoBepHeHHs Ha ByKcvp Katepy Tpeba 6yno yac t2, To pis-
HAHHA ioro pyxy mae Burnsag: sO+ § = (LW- v2)i2 LLykaHuit vac pyxy KaTtepa
Oypae fopiBHIOBaTK: | + t2 3a Ll yac KaTep NpoXoauTb BiACTaHb S = 2(s0+ s,

OTxe, OTPMMAHO N’ATb PIBHAHb, WO MICTATb M’ATb HEBIAOMMUX Be-
munH (sO Sj, t2, t), 3 AKMX MOTPIGHO BM3HAYUTWU TPUBANICTL PY-
Xy KaTepa t i npoWgeHwin wnax s. PO3B’A3YIOYM PIBHAHHSA, 3HAX04MMO
t = 280/(0o!- 02; s = 2sql + v28B).

AKwo BubpaTh cucteMy BiANiKY, WO pyXaeTbCs pasoM 3 BoAoH abo
NnoB’A3aHy i3 3emeto, po3B’a3aHHA 3adadvi Oyge CKnagHiwumM.
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3afava 3. BuU3HauuTy OOLEHTPOBE MPUCKOPEHHS TOUOK 3eMHOT MOBEPXHi Ha
eKBaTopi, Ha WupoTi 45° i Ha NoMKCi, BUKIMKaHe A060BUM 06epTaHHAM 3eMli.

Haro: P03B’30K
T =24r04=8,64-104c YCi TOYKM 3eMHOT NMOBepxHi GepyTb y4yacTb B
@i =0 pag [l060BOMY 06epTaHHi 3em/li 3 KYTOBOK LUBUAKICTIO

2 =45° «0,79 pag 03=2—T[ (1); omKe, MalOTb [JOLIEHTPOBE MPUCKOPEH-

ep8 «1,57pap HA ag=o032r (2), A& r =Rcoscp — pagiyc Kona, ro

_? AKOMY pYXaeTbCA TOYKA, ¢ — LIMPOTA MiCL4,
R — paaiyc 3emsi (gvB. MasitOHOK).

I3 piBHOCTeR (1) i (2) ogepXumMo ad=L-h’-\[%Rcoscp,

3BiAKW MPUCKOPEHHSA TOYOK Ha eKBaTopi, Ha LUMPOTi
45° | Ha nofnoci BIANOBIAHO AOPIBHIOKOTE:
41 431172

% . T2 -8 642108

i3,4-10 "m/c™ (coscpj =1 );
0¢ =oqcoscpz « 3,4-10 2-0,7m/c2«2,4-10 2m/c2;

a =0, TOMy Lo coscp8:cos}20. Man. 2
Bignosigb: oa@= 3,4 - 10 2 m/c2 ae = 2,4 - 10 2 m/c2 ae = 0.

3agava 4. ABTOMOGiNIb PO3NOUNHAE PYX i3 CTaHy CMOKOK i1 A0NaE NepLLmiA
KiIOMETP i3 MPUCKOPEHHSIM au a Apyruin — a2 Ha nepwiomy KinomeTpi iioro
lWwBKAKicTb 3poctae Ha 10 m/c, a Ha gpyromy — 5 m/c. Bu3HauTe npucko-
PEHHS aBTOMOOGINA Ha KOXHIN AiNsHUi Wwasxy.

JaHo: Po3B’s30K
9 =s2=103 Hexain Bicb OX 36iraetbcs 3 HanpsMKOM pyXy aB-
=0 TOMO6inA. MoyaTok oci BMGepemMo B TouLi, 3 AKOI aB-
« =10 M/c TOMOGi/Ib PO3MOYMHAE PyX. 3anulemMo PiBHAHHA Pyxy
« =15 m/c aBTOMOGINS ¥ hopmyny LUBUAKOCTI:
al

C“—3> X =x0+vo0i+ ;v =vo +at.
02__ ¢

Y KiHUEeBI Touli nepLuoi AiNAHKN WASXY PiBHAHHA HabyBalOTb BUMNALY:
. at2 , , -
q 0L =01l Po3B’A3ytouu Ui PIBHAHHSA, OAePKYEMO v2 =2anfk

10- . y -
3BIAKU ¢ = a =2 L0 =5-10 2 (M/c2). Ana KiHUEBOI TOYKN Apyroi fAi-
2s, -

NAHKN PiBHAHHSA HabyBalOTb TaKOro BUTNSAY:

2%,

s2 x2 X2 v2=m +a2 (ToMy WO L@ = Ul);

&b

S2- X2 X02 - 01%2 rnp 01 Nofe*



§ 8. PiBHOMipHWIA pyx no kony

Po3B’a3yt0un ofepXKaHi piBHAHHA, 3HaXOAMMO:
U2_U2‘a9=-152_102=6,25-10 ™M .

V- V"= 9a282, 2= :
2S, 2-H06

3agaua 5. Pyx aBTOMOGins no Lioce onmncyeTbes PiBHAHHAM X =3i-4i2. Mo-
OynyBaTy rpagik 3a1eXHOCTi LWBUAKOCTI i NPUCKOPEHHS Bif, Yacy.
JaHo: Po3B’a30kK
X =3t-412 PIBHAHHSA PIBHO3MIHHOIO NPSAMOIHINHOIO pyxXy Mae Bu-
.arl
v=/() - 2 rnan X=Xo+DOli +-
a=f(t) — ?
MopiBHABLUM PiBHSAHHSA (1) 3 PIBHAHHAM pyXy aBTOMOGiNSA, MOXHa 3p03yMiTu,

ax .
wo xo=0, v =3mlc, -3- =-4 m/c2 ax=-8 M/c2 Maroun Ui fjaHi, MOXHa 3Ha-

T BMpa3 ANs LWBMAKOCTI pyXy aBToMOGiNS i 3rigHO 3 HUM nobyayBaTn rpaik
3anexHocTi O=f(t): v=3-8i. OCKiNbKM 3aNeXHICTb LUBUAKOCTI Bif yacy ni-

HillHa, TO ANns NobyfoBu rpadiika JOCTAaTHLO 3HAWTW 3HAYEHHS LUBUAKOCTI pyXy
aBTOMO06iNA Ans [ABOX [AOBINIbHUX MOMEHTIB 4Yacy: tx=oc, U =3 m/c;

t2=1c, 02=-5 Mm/c, WO NOKa3aHO Ha Ma. a.
OcCKinbKN pyx piBHOCNOBiNIbHEHWI (ax <0), To rpagik 3anexHocTi npu-
CKOpEHHS Bij yacy maTtume BWUIrNaf4, nokasaHuin Ha man. O.

3agayi 4N caMOCTINHOMO po3B’A3aHHSA
1 (c). I3 pBox nyHkTiB A i B, posTawoBaHux Ha BigcTtaHi 90 M OAUH Big, OAHO-
ro, 0fHOYaCHO B OAHOMY HanpsMKYy MoyYanu pyxatucs asa Tina. Tino, LWo
pyxaeTbcsl i3 MyHKTy A, Mac wBuAakicTb 5 m/c, a i3 nyHkty B — 2 wm/c.
Uepes skl yac neplue TiNo HasfoxeHe Apyre? ke nepemilleHHs
3[INCHUTL KOXHEe TifI0? 3aBfaHHA po3B’A3aTy aHaNiTUYHO M rpadpiyvHo.
2 (c). 3a rpadhikom nepewmiweHHs (Man. 1) nobyaysatu rpaddik WBMAKOCTI i
BM3HAUMTK XapakTep pyxy Tina BigHocHo oci OX.
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3 (C).

4 (c).

2 (c).

6 (c).

7 (c).
8 (c).

9 ()

o (a).

11 (4)-

12 (A).

13 (A).

14 ().

15 (A).
16 (4).

OavH aBTOMOGiNb, pyxaw4ucb PIBHOMIPHO i3

weuakictio 12 m/c npotarom 10 c, 3giicHuB

Take X MepemileHHs, Wwo i iHwwi, 3a 15 c.

Hka WBMAKICTb ApPYroro aBTomMob6ina?

TypucT BUIALLOB 3 MNYHKTY, PO3TallOBAHOrO B

2 kM po cxopy i B 1 kM A0 niBHOuI Big nepe-

XpecTts gopir, i 3a 1 rog npoiwoB 5 KM Ao

cxoay nig kytom 135°. Bu3HauTe KiHUeBe no-

JNIOXEHHS TypucTa.

KopucTytouncb NpsIMOKYTHOK CUCTEMOIO KoopAauHat, 306pasnTi BEKTOP
nepemileHHs, cnpsAMOBaHWiA nig Kytom 45° Ha MiBHIYHWIA CXig Big TOM-
K1, po3TalloBaHoi B 1 KM A0 CXo4y My 2 KM [0 MiBHOYI Big, PO3BUJIKM
Oopir. 3HangiTb KOOpAMHATW KiHUS BEKTOpa MEPEMIlEHHSs, SKWOo oro
MoAyNb AOPIBHIOE 25 KM.

Tino nepemictnnocsa 3 Toukn 3 KoopauHaTamym xX0=1 M n il0=4 my
TOYKY 3 koopaMHatamum X1=5m ni/l= 1 m.
3HangiTb MOAy/b BEKTOpa MEPEMILEHHs Tina
i MOro Mpoekuii Ha oci KoopamHar.

BusHauTe 3a rpad)ikoM xapaktep pyxy Tina
(man. 2).

3a rpachikom nepemiweHHs (man. 3) Hakpec-
NiTb rpadik WBMAKOCTI.

MepLuy NOMOBUHY LWNSAXY aBTOMOOGI/Ib pyxaeTbcs
i3 wewnakictio 80 km/rog, a apyry — 40 km/u.
3HaidiTb cepeaHio WBMAKICTb pyXy aBTOMO6GINS.
Motar npotarom 10 ¢ 36iNbWKB LWBUAKICTL i3 S, M

36 go 54 km/rog. Mpotarom HacTynHux 0,3 xB

BiH pyxaBcCsi piBHOMIpHO. Bn3HauyTe nepemilleH-

HA i cepefH0 WBWAKICTb noTdAra. obyayiite

rpadpikm WBMAKOCTI i NepeMilleHHs.

WBnakicTb Tina BUpaxaeTbcsd (OpPMY/OH

vV = 2,5 + 0,2i. 3HaligiTb nepemiweHHA Tina

yepe3 20 c nicna noyartky pyxy.

MoTar, WO pyXaeTbCsA rOPU3OHTA/IBHOW OiNSH-

KOK LWNSXy i3 wBuakicTio 36 km/rod, NPUCKOPHETLCA | gonae 600 m,
36inbLIyoun WBUAKICTL A0 45 km/rog. BusHauTe MpPUCKOPEHHS 1 yac
NMPUCKOPEHOrO pyxy.

B ogHOMY HanpsiMKy 3 OAHIEl TOYKM OAHOYACHO pyxawTbca ABa Tina:
OfHEe PIBHOMIPHO i3 WBUAKICTIO 98 M/C, Apyre — piBHOMNPUCKOPEHO 6e3
no4yaTkoBOT LUBWMAKOCTI 3 NpuckopeHHsaMm 980 cm/c2 Uepes skuin yac
Apyre TiIo HasfoXeHe nepLue?

3a Apyry cekyHay pyxy aBToMo6isib gonae 1,2 M. 3 AKAM NPUCKOPEHHAM
BiH pyxaeTbca? BusHauTe MOro nepemiwleHHs 3a AeCATY CEKyHAY pyxy.
PiBHSIHHA pyXxy Tina Mae Takuil Burnsg:. BusHauTe npuckopeHHs W no-
YyaTKOBY LIBUAKICTb Tina.

MoTar BigiWoB Big cTaHuii i3 npuckopeHHsam 20 cm/c2 Habyslun
WwBMAKoCTI 37 KM/rog, BiH pyxaeTbCA PIBHOMIPHO NpOTArom 2 XxB, MO-
TiM, 3arasibMyBaBLUM, Aonae we 100 M J0 3ynuHKU. 3HalAiTb cepeHio
WBMAKICTb noTdAra. lMobyayinTte rpaduik WBMAKOCTI.



17

18 .

19 (4)-

20 (A).

21 (B).

22 (B).

23 (B).

24 (B).

25 (B).

§ 8. PiBHOMipHWIA pyx no kony

Mepwy NonoBMHY Yacy aBTOMOGINb pyxaeTbCs i3 WBMAKICTIO 80 Km/rog,
a agpyry — 40 km/rog. BusHauTe cepefHio LWBUAKICTbE aBTOMObGINS.
Tino pyxaetbCs NpAMOAIHIAHO. Ha BigcTaHi 1 KM Big no4aTkoBOro no-
JIOXKEHHS BOHO 3YMUHSAETLCA, @ NOTIM Yy MPOTUIEXHOMY HanpsiMKy A,0-
nae 1,2 KM A0 MOBHOT 3yMUHKK. ke NepeMilleHHs i NPOMAEHUIA LWNsxX
34ifcHMIO TiNo?

ABTOMOGiNb, pyxawuucb pPIiBHOMNPUCKOPEHO, [AOM1Aa€ CYMiIXHI AiNSHKM
WAxy AoBxuHoto 100 M koxHa 3a 5 i 3,5 ¢. BusHauTe npucKopeHHs
N cepefHI0 WBUAKICTb Pyxy aBTOMOGINIA Ha KOXHIA 3 HMX i HA 060X
OiNSHKax pasom.

Macaxnp noTsra, WO pyxaetbes i3 weuakicTio 40 km/rog, crnocrtepirae
NpoTAroM 3 € 3yCTPIYHMIA MOTAr AOBXMHOK 75 M. 3 SKOK LUBMAKICTIO
PYXa€eTbCsa 3yCTPIYHUIA noTAr?

3a rpadpikom wBuakocTi (Man. 4) nobyayiite rpadikn nepemiweHHs i
NPUCKOPEHHSI Ta OGIPYHTYINTE XapakTep pyxy Tifla Ha Pi3HMX OiNsHKax.

Man. 5

3a rpadpikom nepemiweHHs (Man. 5) nobygysatu rpaddik WBWMAKOCTI I
NPUCKOPEHHSI Ta OBIPYHTYNTE XapakTep PyXy Ha KOXHiA AinsHuj.
UoBeH MmepeTMHAaE piuKy, pyxaluucb NeprneHAuKynsipHo Ao 6Gepera i3
WwBMAkKicTio 2 m/c. MNig AkMm KyTom A0 BuMbGpaHoro Hanpsmky oci OY i3
SIKOK LUBUAKICTIO BiZJHOCHO MOBEPXHi BOAW BECNSP TPUMAE Kypc, SIKLLO
WBMAKICTb Teuii ctaHOBUTL 5 km/rog (man. 6)?

«2

Man. 6 Man. 7

3 AKOK LIBMAKICTIO | AKMM KYpCOM MOBMHEH pyxaTucs niTak, o6 3a 2 rog
NpPoNeTiTK Ha niBHiY 300 KM, SKWO Nig Yyac NonboTy AME NiBHIYHO-3axigHWi
BiTEp Mg KyTOM A0 MepufiaHa i3 wBuAakicTio 27 km/rog (man. 7)?

NiTak NneTnTb BiAHOCHO MNOBITPA i3 wBKMAakicTio 800 km/rog. Bitep gme i3
3axofy Ha cxig 3i wBuakictio 15 m/c. 3 AKow WBUAKICTIO byae pyxa-
TMCS NiTak BIGHOCHO 3eM/1i Ha MNiBAEHb i Nig SAKMM KyTOM A0 MepugiaHa
Tpeba Tpumatu Kypc?
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26 (B). MOTOpHUIA 4YoBEH AoNnae Ty camy BiACTaHb 3a TEYIE piukM 3a 4 rog, a
npoTn Hei — 3a 6 rof. 3a skuii yac YoBEeH NponauB 6u L0 BiACTaHb
y CcTos4in BOgj?

27 (B). BusHauTe cepefHio 0opb6iTasibHY LWBWAKICTb CYNYTHWUKA, SKWO cepepgHs
BMucoTa horo opbitn Hag 3emneto ctaHoBuTbL 1200 kv, a nepiog o6ep-
TaHHA — 105 xB.

28 (B). ki KyTOBa i MiHiNHA WBMAKOCTI TOYOK NOBEpxHi 3emni Ha WwupoTi 45°?

29 (B). Typb6iHa MEC Mae giameTp po6oyoro koneca 9 M i 34iicHOe 68,2 o6ep-
TiB 3a XBW/IMHY. Bu3HauTe WBMAKICTb KiHUiB nonatiB TypoiHW.

BVIKOHYEMO HABYAJ/IbHWIA MPOEKT PA30OM

LWaHoBHI apysi! OnpauboByloun po3gin «MexaHika», BM MNOrNM6AeETe CBOI
3HaHHA MNP0 MEeXaHiYHWIA pyX, AOro BUAW Ta XapakKTepucTuKM, 0COBANBOCTI B3ae-
mogil Tin, dyHAaameHTasbHIi Di3MYHI 3aKOHU Ta iX 3aCTOCYBaHHSA AO/11 BUMBYEHHS
MeXaHiYHUX ABULL,.

HesBaxawunm Ha Te, WO MexaHika — OAWH i3 HalgaBHIWMX PO34iniB oi3nku,
BOHa BiAKpuBaEe 6arato HanpsiMiB 4711 MOAAMbLUOTO BMBYEHHS — Bif, CTBOPEHHS
HOBITHIX MaTepianiB i3 3a4aHNMN MeXaHiYHUMU BIaCTMBOCTAMWU A0 CyYaCHUX Npwu-
nagis Ana BUBYEHHS MeXaHiYHOro pyxy, aHanisy Ta 06pob6ku pesynbTaTiB 1ioro
OOCNIfKEHD.

MponoHyeMO Bam AO0NYYUTUCA A0 akTyasibHUX AOCAIAKEHb MeXaHIYHUX ABULLY i
po3noyatu po6OTy HaA HaBYa/IbHUM MPOEKTOM. Lleid BaIMBMIA B HaBYa/IbHOI
[ISTbHOCTI HEe € HOBMM /11 Bac — Ha/j NPOEKTaMy BU BXe MpauioBasv, BrBYAUM
thisnky B 7, 8 Ta 9-Mmy knacax.

Y 10-My knaci B4 BXe Ma€eTe A0CTaTHbO [PYHTOBHiI 3HAHHS 3 OCHOB Npu-
pogHMunx Hayk (dpismkn, 6ionorii, ximii, reorpacii) gna Toro, wo6 poboTta Hapg
HaBYasIbHMM MPOEKTOM 6Gyna crnpaBXHiM TBOPYMM MPOLLECOM, CMOBHEHMM BalUMX
0COBMCTUX BIAKPUTTIB Y Ni3HaHHI NpupoAMW.

MpautoyuM Hafd MPOEKTOM, 3BEPHITb yBary Ha Te, WO BCi NPUPOAHUYI Ha-
VKU JOCNifAXy0Th (yHOAMEHTasIbHI 3aKOHW MPUPOAM — 3aKOHU 36epexeHHs Ta
PO3B’A3yI0Tb HalakTyasbHiWi 4na Awgctea Npob/iemMn — NowyK eKOOorYHO Yuc-
TUX [Kepen eHeprii, CTBOPEHHS 340p0B’A36epexyBaslbHUX TEXHONOTIN, BigHOB-
NleHHs npupoau. Tomy Halibinbll pe3ynbTaTUBHUMK OyayTb MPOEKTU, B AKMX BaMm
BAACTbCS KOMMJIEKCHO BUKOPUCTATU 3HAHHSI Ta BMIiHHSA, HabyTi Mg yac BMBYEHHS
UMX NPUPOAHUYMX NpeaMeTiB.

Xoua BY TiNbK1 po3noyvasiv BUBYEHHS Kypcy Di3uKM i acTpoHoMii i nonepeny
e 6arato HOBOro Ta LikaBOro, MPOMOHYEMO BXe 3apa3 ChiflbHO 3 yuuTenem
NnoMipKyBaT Hag BUOGOPOM TeEMW MPOEKTY, WOO Yxe A0 3aKiHYeHHSI BUBYEHHS
nepLloro po3giny onpaytoBatu Moro. A MOX/IMBO, L0 pOBGOTY BU NPOAOBXUTE i
nig Yyac BMBYEHHS HACTYNHWX PO3AiNiB i BUKOHAETE KOMMIEKCHUIA MPOEKT.

KopoTko OxapakTepr3yemMO OCHOBHI BMAM Ta eTany HaBYaslbHWX MPOEKTIB, Hag
AKUMW BU BXEe MOXeTe posnodvatn poboTy. IHdhopMmaLiliHi npoekTn crnpsmoBaHi
Ha nowyk iHchopmauii Npo NeBHWA 06’ekT abo sBuUwe, Ti aHani3 i y3arasibHEHHS
thakTiB. MpakTU4Hi NpoekTn nepefbavatoTb PO3B’SI3aHHA MPAKTUYHUX 3aBAaHb Ta
CTBOPEHHS PI3HOMaHITHUX MoAenei, MakeTiB, Npunazis, po3pob/eHHA peKOMEeH-
Jauii wo[o X BUKOpUCTaHHA. [JOCNigHULbKI NPOEKT — Le MiHi-HaykoBi A0Chi-
[PKEHHS, WO MalTb YiTKy Ta 4obpe 06MipkoBaHy CTpykTypy. Mg 4yac poboTn Hag
HYMUK yBara NpuainNseTbcs apryMmeHTauil akTyanbHOCTI TeMU AO0CNIAXEHHS, BU3Ha-
YEeHHI0 oro mMeToAdonorii, npeameTa Ta 3aBfaHb AOCMIMKEHHS, (DOPMY/THOBaHHIO
rinotes, BMGOPY LWNAXIB PO3B’sA3aHHA Npobaem gocnimkeHHs. KoxeH HaBYaslbHWI
NPOEKT Mae€ Kiflbka OCHOBHWX eTanis:
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— opraHisauiiHo-nigrotoBunii (MoTuBauis, hopMyBaHHS MiKpoOrpyn, Bu3Ha-
YEeHHs1 MeTW Ta 3aBfAaHb MPOEKTY, PO3POONEHHS M/iaHy);

— nowykoBuin (36npaHHsA, aHani3 i cuctematmaauia iHgopmauji, 7i o6roBopeH-
HS B MiKpOrpynax, BUCYHEHHs Ii MepeBipka rinotesu, npakTuyHa YacTuHa MpoeKTy,
ohopmieHHa MakeTa abo mMogeni NpoekTy, OuiHKa MPOMDKHUX pe3ynbTaTis);

— nigcymkoBuii (ochopmaeHHA NPOEKTY, NiArOTOBKa npeseHTauil, aHania Bu-
KOHaHOi po60TW, OUIHIOBAHHA BHECKY KOXHOI0 3 BMKOHaBLIB);

— npe3eHTaujis pesynbTaTiB (NogaHHs OTPMMaHMX pesynbTaTiB Ta iX 3axuCT, Bif-
noBigji Ha 3anUTaHHs, OLHIOBAHHSA pe3y/bTaTiB pob0oTW, YCBIGOM/IEHHS OTPUMAaHUX
pesynbTaTtiB i CNOCO6IB X OTPUMaHHS). Temy HaBYas/lbHOTO MPOEKTY BW MOXeETe
obpaTn 3 HaBefeHUX gasi abo 3anponoHyBaTW BfacHy, NoroAuMBLUM Ti 3 yunTesem.

AK npuknag nNponoHYEMO BaM Taki HaBYa/lbHI NPOEKTU y po3aini «MexaHikay:

— iHdpopMaUifiHi: BUAATHI BITYUM3HSIHI Ta 3aKOPAOHHI BYEHI-DI3NKM Ta aCTPOHO-
MK; oi3MKa Ta aCTPOHOMIS B XWUTTi i TBOPYOCTI BiAOMUX MUCbMEHHUKIB i MOETIB;
PO3BMTOK HayKOBMX AOCNIAKEHb 3 MexaHiki B YKpaiHi Ta BalloMmy MiCTi;

— MNPAaKTWYHI: 3anMc MexaHiYHUX PyxiB; BM3HAYEHHS KoeqilieHTa TepTs; Mme-
XaHi4yHi BNacTMBOCTI pi3HUX MaTepiasiiB Ta X 3aCTOCyBaHHS;

— [AOCNIAHNLbKI: BU3HAYEHHA HanpyXeHOCTi rpasiTauiiiHoro nons Ans nesHol
TOYKM 3EMHOI NMOBEpPXHi; SIK CMPOrHO3yBaTW Aa/bHICTL Ta BUCOTY CTPMOKIB TOLLO.

Baxaemo ycnixis!

BABAAEMO MPEAMETHY KOMMETEHTHICTb (Ne1)

1 (n). AsTOMaTMyHa MiXNMaHeTHa CTaHUia 34ilicHoe nepenit 3emns — Mapc.
Konnm moxHa BBaaTtu 1 MaTepiasibHOK TOUKOHO:
A Tlig yac OUuiHIOBaHHA PU3UKY 3ITKHEHHSA 3 METEeopUTOM.
B MNig yac o64ncneHHsa yacy nepesnboTy.
B Mig yac BM3HA4YeHHS pPO3MipiB cTaHuUii B aTMoctepi Mapca.
I Nig yac nocagkn Ha Mapc.

2 (n). [Ba aBTOMOGiNi pyxalwTbCA B O4HOMY HanpsiMKy Mo MNpsSiMOMY Lloce 3
O[HaKOBUMM LIBMAKOCTAMU. YoMy AOPIBHIOE LUBUAKICTb MEpPLIOrO aBTo-
MO6ina BiGHOCHO ApPYroro?

A b B r

A ..

0 ¥] 20 -0

3 (o). TiNo pyxaeTbcs PiBHOMPUCKOPEHO B3A0BX 0ci OX. YCTaHOBITb BiAMNOBIAHICTb
«pi3nyHa BennuMHa — rpacdpik 3a1eXHOCTI (RI3NYHOT BENNUMHW Bif, Yacy».

1 Mpoekuis nepemileHHs Tina SX. A Tpsma, napanenbHa oci Ot.
2 Mogynb NPUCKOPEHHS PyXy. B Mapa6ona, wo 060B’A3KOBO MNPOXO-
3 KoopawvHaTa X Tina. OUTb 4yepe3 noyaToK KoopAuHar.

4 TMpoekKuia WBUAKOCTI Pyxy WX Tina. B Tlinep6ona, wo He nepeTuHae Bicb Ot.
I Mapa6ona, WO MOXe i He NpPoxogu-
T yepe3 noyaToK KoopAuHar.
Mpsama nig neBHUM KyTom go oci Ot
4 (c). Ha mantoHKy HaBefeHOo rpadiky pyxy TpbOX Ti/l WO PyXawTbCsi B3J0BX
oci OX. BunbepiTb npaBunbHe TBEPKEHHS.
A LUBnakicTb pyxy nepLioro Tina 36inbLuy-
€TbCA.
B LLBMAKICTb pyxy APYroro Tisla 3MEHLLYEThCS.
B TpeTe Tino nepebyBa€ y CNOKOI.
I" MepLue TiNo pyxaeTbcs 3i LUBMAKICTIO 2,5 M/C.
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5 (c).

6 (c).

7 (c).

8 (c).

9 (c).

Ha mantoHKky HaBegeHO TpaekTopito ABCD A L >
pyxy MaTepianbHOi TOuku. BusHaute, Yy

CKi/IbKM pasiB LNSAX TOYKM NepeBuLLye Mo-

Oynb il nepeMilleHHs.

A B B r
1.6 1,8 2,0 2,2
I3 MicT A i B, BiACTaHb MiX SKMMU CTa- D C

HOBUTb 150 KM, OAHOYACHO BMUIXaslM Hasy-

CTpi4 OAUH OAHOMY MPSAMOI0 AOPOroK ABa aBTOMOGIAI i3 WBMAKOCTAMM
60 i 40 km/rog BignoBigHO. BunbepiTb NpaBunbHe TBEPAXKEHHS.

A Teplnii aBTOMOOGiNb PYXaeTbCA BiAHOCHO APYroro 3i LWBWAKICTHO
100 km/rog.

B BigctaHb MK aBTOMOOGINAMN 3MEHLIYETLCA HA 100 KM 3a KOXHY FoAunHY.
B ABTOMOGiNi 3ycTpiHyTbCA uyepe3 150 xB.

" Yepe3 3 rog nicna noyatky pyxy BiACTaHb MK aBToMOGinismMn fo-
piBHIOBaTMMe MOJIOBMHI NOYaTKOBOI.

TypucT BMWiXaB i3 MiCTa MPsIMOI0 JOPOroK Ha Besiocunesi 3i WBWAKICTHO
25 km/rog. Y poposi Benocunepn 3namaBcs, i gani TYpPUCT MILLOB MiLLKK
i3 wBnakictio 5 km/roa. Bubepitb nNpaBu/ibHE TBEPAXKEHHS.

A FAKWO pyX Ha KOXHIA AinAHLi Wwnsaxy notpebye 04HaKOBOro uacy, TO
cepefHs LWBMAKICTb TypucTa [OPIBHIOE cepefHbOMy apudMeTU4YHOMY
3HAYEHHI0 LIBMAKOCTEN Ha Pi3HUX AinsiHKax.

B AKwo TypucT ixaB i NWOB OAHAKOBWUIA Yac, TO cepedHsi WBUAKICTb MOro
pyXy MeHLUa, HiX Tofi, KonM BiH MpoixaB i MPOLLOB OAHAKOBY BiACTaHb.
B Akwo TypucT nepuy NOMOBUHY 4Yacy ixaB, a gpyry — Wwos, To ce-
pefHs WBUAKICTb PYXy Ha BCbOMY LUAAXY AOpiBHIOE 20 KM/rof.

[N AKWO TYpUCT NOMOBUHY LWAAXY iXaB | NOMOBUHY WLLOB, TO CEpeaHs
WBMAKICTb PyXy Ha BCbOMY LWAAXY AOPiBHIOE 15 km/rog,.

Tino pyxaeTtbCsi piBHONPUCKOPEHO B340BX oci OX. Y noyaTtkoBuin Mo-
MEHT BOHO nepebyBae B MoyaTky KOOpAMHAT, MPOEKUis Mo4YaTkoBOl
WBMAKOCTI pyXy, a NPOEKLis NpPUCKOPEHHS. BubepiTb npaBuibHe TBEp-
[KEHHS.

A LBMAKICTb pyxy Tifla 3a KOXHY cekyHAy 36inblyeTbca Ha 2 m/c.

B Uepe3 4 c nicna nodyaTky pyxy LUBMAKICTb Tina AopiBHHOBaTtMMe 3a
MOAY/IEM MOYaTKOBI LUBUAKOCTI.

B MpoTsroM neplmx YoTMPbOX CEKYHA, TiNI0 pyXaTumeTbCs B AOAATHOMY
Hanpsmky oci OX.

I Wnax, npogeHuin Tinom 3a nepuli 4oTMpU CEKyHAM PyXy, OOPIBHIOE
HY/I10.

KonoHa aBTOGYCiB 3aBA0BXKM 450 M ige no woce 3i weBugkictio 20 m/c.
KonoHy obraHsie MOTOLUMKN, SKUA pyxaeTbeCs i3 WwBMAkKicTio 126 km/rog,.
YKaxiTb NpaBu/ibHE TBEPOKEHHA. [OSICHITb, YOMY iHWI TBEPAXEHHS €
HenpasBuIbHUMMU.

A LBMAKICTb pyXy MOTOUMKIA BIAHOCHO KOSIOHW CTaHOBUTHL 55 M/c.

B MoTouukn He 3MOXe 06irHaTu KOJIOHY, OCKI/IbKU LWBUAKICTE MOTO pPyXy
MeHLla Bif, LIBWAKOCTI PYXy KOSIOHW.

B MoToumkn o6roHnMTb KosoHy 3a 30 c.

I Wnax, skuid nig yac o6roHy nojonae MOTOUUKI, AOPiBHHOBATUMeE
450 m.



10 (c).

11 (B).

12 (g).

13 (A).

14 (B).

§ 8. PiBHOMipHWIA pyx no kony

Ha masnoHKy HaBegeHo rpacpik npo-

eKuil MPUCKOPEHHS Tifla, WO pyXaeTb-

ca B3goBX oci OX (00 = 0). Bubepitb

npaBUIbHE TBEPXKEHHS.

A TpoTarom nepLumx ABOX CEKYHZ Tifo

pyXxaeTbca PiBHOMIpPHO.

B Micna gpyroi BNpogoBX 2 C Tiflo py-

Xa€eTbCA 3 MOCTIAHOK LUBMAKICTHO.

B MpoTArom n’ATOi CEKyHAU TiNI0 PyxaeTbCsA 3 MOCTIHOKW LIBUAKICTHO.
I MpoTarom nepwmx ABOX CEKyHA Tilo nepebyBae B CTaHi CMOKOM.
MaTepianbHa Touka pyxaeTbcs Mo kKony pagiycom 3 M. YkaxiTb npasusib-
He TBepXeHHS. TOACHITb, YOMY iHLI TBEPMAXEHHS € HenpaBUNbHUMU.
A TpaeKkTopia pyxy MaTepiaslbHOT TOYKM € MPAMOSiHIAHOL.

B LWWnsx, skvii nogonana Ttouka 3a 1/2 o0bepTy, AopiBHWOE 1/5TT M.

B MepemiweHHss maTtepiasibHOI Toukn 3a 1/6 06epTy gopiBHOE 3 M.

" 3a 6ygb-skuii iHTEpBaN 4Yacy WSX, KM AoMae MaTtepiasibHa Touka,
[OOPIBHIOE 1T NepeMilLeHHIo.

LBnakicTb pyxy gucka «boarapku» B TOULi AOTUKY 3 MOBEPXHELD, AKY 06-
pobnstoTh, gopiHoe 80 m/c. OiameTp gncka 160 MM. YKaxiTb npaBu/ib-
He TBEPPKEHHS. [MOSACHITb, YOMY iHLI TBEPKEHHS € HEMPaBW/IbHUMM.
A O6epToBa yactota gucka 25 o6/c.

B KytoBa wBuakictb obeptaHHa gmcka 500 pag/c.

B [loueHTpoBE NPUCKOPEHHSI TOYKM Ha Kpaw gucka 40 m/c2.

I MNepiog obepTaHHA Aucka 41 c.

Tino (MaTepiasibHa To4yka) pyxaeTbcs B naowwmHi XOY. Lein pyx 3agaHo
PiBHAHHAMMK: X = 2t, y = 4 - 2t. Ha sikomMy MasiloHKy nogaHo rpacdik
TpaeKTopil pyxy uUpboro Tina?

YCTaHOBITb BigNOBIAHICTL MK Bugamu pyxy i rpacikamm KiHeMaTUuHUX
BE/INUMH, 3006paXEeHOMY Ha MaJsloHKax.

A PiBHOMIpHWIA pyX.

B PiBHONpuckopeHunii pyx (ax > 0).

B PiBHonpuckopeHuii pyx (ax < 0).

I BinbHe nagjiHHS.

AX, M
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15 (a).

16 ().

17 (B).

18 (B).

19 (B).

20 (B).

21 (B).

3a 4 c Tino npoiiwno wnax 80 cMm, NpPUYOMy IHOro LIBWMAKICTL 36ib-
wunacs B 3 pasv. Beaxatoun pyx piBHOMPUCKOPEHVM i3 NOYATKOBOH
LWBWUAKICTIO, BM3HAYTE MPUCKOPEHHS Tina.

Macaxmp noTara NOMITMB, WO ABi 3yCTPiYHI €NeKTPUYKM NpoMYaIi NoB3
HbOro 3 iHTEPBa/IOM Yacy LU = 6 xB. 3 SikMM iHTepBasioM 4vacy t2 npo-

iXanu U eneKkTpuMykM MOB3 CTaHLi0, SAKWO MNOoTar, Y SIKOMy nepebyBae
nacaxup, ixaB i3 wBMAKICTIO 1= 100 KM/rof, a WBUAKICTb KOXHOI 3
enekTpn4oK v2= 60 km/roa?

3 aBTOOYCHOI CTaHUil BMpyLlaloTb peincoBi aBTobycn maplipyTis A, B
i C, Wo pyxalTbca NO OA4HOMY LlOce. ABTOGYCM MepLUoro MapLupyTy
BMXOAATb i3 CTaHUil B cepegHbomy yepe3 10 xB, Apyroro — 8 xB, Tpe-
TbOoro — 5 xB. Ha sikiil BigcTaHi B cepefiHbOMYy pyXxa€eTbCA OAMH aBTO6YC
Bif, iHWOro Ha wWoce, SKWO X WBMAKICTb gopiBHoe 30 km/rog?
BepwHuk npoixas 5 kM 3a nepwi 40 xB. HacTynHy rogmHa BiH pyxaB-
ca 3i weugkictio 10 km/rofd, a oCTaHHi 6 KM wWwnisxy — i3 WBUAKICTIO
12 km/rog. BusHauTe cepefHI0 WBUAKICTb BEPLUHMKA 38 BECb Yac pyxy,
3a nepLly roguMHy n Ha NepLlin NOIOBUHI LUASIXY.

3 nyHKTY A BYixaB aBTOMOGi/Ib i3 NOCTINHOW WBKAKICTIO. Yepe3 vac t 3
TOr0 X NYHKTY B TOMY HanpsiMKy pO3Mo4YvMHaE pyxaTucs iHLWWIA i HaraHse
nepwwuii y nyHkTi B, wWo nepebyBae Ha BiacTaHi sl Big A. lMobyayiite
rpachikn pyxy aBTOMOGiniB i 3a rpadikomMm BU3Ha4Te LWBUAKICTb APYroro
aBTOMOb6iNA. PO3B’AXiTb 3a4ayy aHaniT1M4HO.

Meply MOMOBUHY LWAAXY MawmMHa pyxanaca 3i wseugkictio 40 km/rog.
MoTim cTanim pyxatuca nig kytom 180° (30°) 4O CBOro Mo4yaTkoBOro
HanpsMKy pyxy i3 wBuakicTio 60 km/rog. ki cepegHs WBUAKICTb PYXy
N cepefHsl LWBWUAKICTb MEPEMILLEHHS MaLLVHW.

LBnAKicHMA NidpT y BUCOTHOMY OYAUHKY NigHIMAETLCSA PIBHOMIPHO i3
weuakictio 3 m/c. Hakpecnitb rpadik nepemiweHHs. BusHaute 3a rpa-
doikom yac, 3a skuid nidpT carae Bucotm 90 m (26-i1 nosepx).

§ 9. Mepwwnii 3aKoH HbOTOHA

» OCHOBHe 3aBAaHHA fUHaAMIiKK
» Mepwunuit 3akoH HblO TOHa

IHepuianbHi cucTemun Bigniky

OCHOBHE 3ABOAHHA OANHAMIKW. I3 po3BMTKOM HAyKOBOI0 3HaHHA
NPUPOLHUYI YABMIEHHSA PO3LLMPIOBAINCA. YBaXXHE CMOCTEPEXEHHS 3a Mpoc-
TUMU pyXaMu B 3eMHUX YMOBaxX (PyX KaMeH, KWUHYTOro mif KyToM [0
FOPU30HTY, MajiHHA Tin 3 MEeBHOT BMCOTW, CKOYYBAaHHA KYNbKW MO HaxXu-
NEeHOMY X0/1006i TOWO) Jano K4 40 PO3YMIHHA MpUYMH pyxy. Ha ocHOBI
LMX crnocTepexkeHb 6yno BMOY0BaHO TEOPIKD MEXaHIYHOro pyxy, OCHOBY SIKOi
YTBOPWAN 3aKOHW AVHAMIKW.

[OnHamika — po3finn MexaHiKu, SKWii BUBYAE 3aKOHWN MeXaHiYHOoro

pyxy Tinl Ta NPUYMHWU, WO BUK/IMKAKOTh LEl pyx abo Moro 3miHy.
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CnoBo «[MHamika» MnoxoAuTb Bif rpeubkoro "duvauil (dynamis ) — cu-

na. OTXKe, NOHATTA CUK, WO € KiSIbKICHOK MipoH B3aEMOAIT, 6yae Baxnu-
BUM Yy LbOMY PO3Zini.

OCHOBHUM 3aBfAaHHAM [AMHaMIKW € BCTaHOBJIEHHS 3B’S3KiB MiX
KIHEMAaTUYHMMWU XapaKTepUcTUKamMmu pyxy i nNpuunHamuy, Lo Koro
3yMOB/IIOHOTh.

OCHOBY AWHaMIKN YTBOPHOKOTb TPU 3aKOHW, AKi TpaauuUiiHO Ha3uMBalTb
3aKOHamn HblOTOHa. BOHM Bheplue BUKNafeHi Yy 3HaMEHUTIA KHU3I LbOro
BUEHOr0, sika Oyna ony6nikoBaHa B 1686 poui i mana Ha3By «MaTemaTuuHi
3acan HatypanbHoi dinocodii».

MEPLUNA 3AKOH HbEOTOHA. I. HblOTOH y KHU3i «MaTemaTuyHi 3acagm
HaTypanbHOI (inocodii» nofgae 3akoH iHepuii Manines AK MNeplwmnin 3akoH
OWHaMikn (Neplnii 3aKoH HbIOTOHA):

Byab-aKe Tino nepebyBaTnMe Yy CTaHi COKOK abo pyxaTUMETbCSA
NPAMOIHINHO | PIBHOMIPHO A0TW, AOKM BM/IMB iHLUUX Tisl HE 3MiHATb
LbOro CTaHy.

Y mexaHiui pyx Tina, fike He 3a3Hae BNAMBY IHWKX Tin (abo nonis), Ha-
31BalOTb BiNbHUM pyxoM. OTXe, 3rigHO i3 3aKOHOM iHepuii, BiNbHUIA pyx
BiAOyBaeTbCA 3i CTaNOK LUBUAKICTIO i TpMBae BiYHO.

MpoaoB>XKeHHSA pyXy Micns NPUNWHEHHA Ail iHWKWX Tin, AaKi Woro cno-
HYyKanu, Ha3uBalw T Thb PYXOM 3a iHepLuielo.

MpakTUYHUM BpaxyBaHHAM fBULLA iHepLil € nacky 6e3nekn aBTOMOGINS
(man. 9.1). BoHu cnpauboByHOTH Mif Yac Pi3KOro raibMyBaHHA i nonepegxa-
0Tb TPaBMYBaHHSA BOAIA i Macaxupis, AKi NPOJOBXYOTb PyX 3a iHepLieo 3
TIEKD CamOl0 LUBMAKICTIO, TOAi AK aBTOMOOGINb 3YMUHAETHCA. 1acok 6e3neku
CKOHCTPYMOBaHWU Tak, WO NPV NAaBHOMY PYCi MOro BiflbHUIA KiHelb BMAO-
BXXYETbCA Ha NOTPi6HY BiacTaHb. IMpu pi3KoOMy PyxoBi Nif Yac ranbMyBaHHS
CMpaLboBYE crneLianbHUA ikcaTop, AKWUIA He Aae NacKy pyxaTucs i yTpumye
nacaxupa B CUAiHHI aBTOMOGINS.

Man. 9.1. BuKopucCTaHHs nackis 6e3neku
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He BaXnuBO, uM BOAiA TU, Y Macaxup, BMKOPUCTOBYBATM Macku 6es-
NeKn B aBTO — TBI 060B’A30K, OCKi/IbKM MNacku 6e3nekn € epeKTUBHUM
3acob0m 6e3neKkn AOPOXHLOro pyxy Ansa 3anobiraHHs CMepPTHOCTI 1 TpaBMa-
Tu3My. OiTm fo 12 pokiB MOBMHHI 0OOB’A3KOBO CUAITU B AMTAYOMY Kpichi
abo 6ycTepi, BiAMOBIAHO [0 TXHLOT Barn Ta BiKY.

IHEPUIAJIbHI CUCTEMIW BIAIKY. Ane un B yCix cuctemax Bigfliky Bu-
KOHYETbCA 3aKOH iHepLiT? BuaBNaeTbCA, Hi, NMWe B iHEpLia/IbHUX cMcTeMax
BIANIKY.

Cuctemun BIigNiky, B AKUX Tifl0, IKe He B3aEMOAI€ 3 iHWWMW Ti-
namu, 36epirae Crokin abo pyxaeTbcs NPSIMOJIHIAHO Ta PiBHOMIPHO,
Ha3MBalOTLCA iHepUia/IbHUMN.

MoHATTA iHepuianbHOT cUCTEMU BIANIKY € HayKOBOK abCcTpakuieto,
OCKi/IbKW He iCHye abCOMOTHO HEPYXOMUX Tifl, 3 AKUMM MOXHa 6yno 6 1i
noe’sasatu. poTe LOCBi4 MOKasye, WO ANA pPyxiB 6ifbLIOCTi Tin, AKi 0TO-
4ylOTb SIOAUHY, iHepLianbHOK CUCTEMOKD BiffliKy 3 JOCTaTHIM HabnauXeH-
HAM OyJe cucTema, MoB’A3aHa 3 3emseto. Tak, Baw OYAUHOK € HEPYyXOMUM
y CuUCTeMi BifniKy, NOB’A3aHiin i3 3emneto, TOMy HabnVMXKEeHO 1Oro MOXHa
BBa)XaTW iHepuUia/ibHOK CUCTEMOK BiffiKy. IHepuianbHUMK cucTemMamu 3
6iNbLIOKD TOUHICTIO ByayTb cucTeMu, noe’a3aHi 3 CoHUEM Ta 30pAMU. BoHU
3 [aBHIX-[aBeH BMKOPWUCTOBYHOTHCA B MOPEN/ABCTBI.

Byab-aknii pyx (AK i CTaH CMOKOK) € BIAHOCHWM, TOMY A5 /Oro onucy
noTpibHO 0bpatn cucTtemy Bianiky. OTXe, CTBEPIKYHOUM, WO Tino 36epirae
CTaH CMOKOH ab0 MpPSIMONIHINHOIO PiBHOMIPHOIO pyxy, BapTo 3a3HayaTu cuc-
Temy BiAfniKy, BiAHOCHO SIKOT PO3rnsifaeTbCca Lel pyx.

byab-Ka cucTema BianikKy, sika nepebyBae B CTaHi CNOKOK BigHOC-
HO iHepLUiliHOT cucTemMn abo PyxaeTbCA BIAHOCHO Hel NPAMOAMIHINHO
piBHOMIpHO, TaKOoX € iHepLuia/ibHOIO.

Tomy MOXXHa roBOpPWUTU MPO Te, L0 iHepLiaNbHUX CUCTEM BiAJ/1iKy MOXe
iCHyBaTV AIK 3aBrofHo 6ararto, MpoTe B KOXHIM 3 HUX Tina B3aEMOAiOTb 3a
OAHVUMW 1 TUMW CaMMMK 3aKOHaMu AWHaMIiKW.

Po3rnsiHeMo iHepuianbHy cuctemy XOY, B AKiil Tino A nepebyBae B CTa-
Hi CMOKOM, a TiNo B pyXaeTbCsA NPAMOAIHIAHO A PIBHOMIPHO 3i LLUBUAKICTIO
O=const (man. 9.2). Bubepemo iHWY cuctemy Bianiky XO'Y', sika pyxa-

ETbCA BIAHOCHO NEPLLOT 3 NMPUCKOPEH-
HAM a=const. Togi BiHOCHO CUCTEMM
Big/iky XO'Y i Tino A, i Tino B py-
XalTbCA MPUCKOPEHO, XOY Ha HUX i He
[it0Tb iHWI Tina (To6To BiACYTHI cunw,
O 3YMOB/IOKTb TXHE MPUCKOPEHHS).
Taknum YMHOM, Y CUCTEMI BiAniKy, LLIO
PYyXaeTbCsi 3 MPUCKOPEHHSAM, 3aKOH
iHepLiT He BUKOHYETbLCS.



§ 9. MNepwwnii 3akoH HblOTOHA

OTXe, eKBIBa/IEHTHICTb CTaHiB cno-
KOK Ta MPSAMONIHIAHOIO PiBHOMIPHOrO
pyXiB MOX/MBa NuLle B iHepuianbHUX
cuctemax, AKi nepebysalTb Yy CTaHi
Cnokoro, 800 pyXatoTbes I'Ipf-IMOJ'IiHiI?'I_- Man. 9.3. HeiHepujanbHa
HO A PIBHOMIPHO OfjHa BIJHOCHO OfHOI. cucTeMa Biiiky, MOB'A3aHA
Mpuknagom HeiHepuianbHNX  cuc- 3 casloHoM aBTOGyca
TEM, AKi pyxalTbCA 3 MPUCKOPEHHAM
BIfIHOCHO iHepuianbHOT cuctemy 3eMns, € CUCTEMU Bif/iKy, MOB’A3aHi 3 no-
TAroMm, aBTobycom abo aBTOMOOIfiEM, L0 pyLatoTb 3 MiCUS YM FalbMyHOTb.
MpegmeTy Ta MacaXupym B HUX 3MIHIOKOTb CBOK LUBWUAKICTb 6€3 BMAUMOT
B3aEMOZii 3 iHWMUMK Tinamu (3emneto, NOTArom 4yu asTomobinem). Mig vac
Pi3KOro rasbMyBaHHA LWBWUAKICTb Macaxupa BigHOCHO 3emni 36epiraetbcs
cTanoto. Ane BIAHOCHO cCUCTEMW BiANiKy, MOB’A3aHOl i3 canoHOM aBTobyca,
AKWA PIi3KO 3MIHIOE CBOH LUBUAKICTb, NacaXuMpyu pyxaroTbCs MPUCKOPEHO,
O MOXe BMKAMKATK iX nagiHHa (man. 9.3).

! TonoBHe B UbOMy naparpadgi

3aKOH iHepuil: AKWO Ha TiNO He AiH0Tb iHLWI Tina, TO BOHO PyXaeTbCA
NPSMONIHIAHO Ta pPiBHOMIPHO, TOGTO 36epirae CBOH LUBMAKICTb CTasoHo.

Byab-sika cuctema Bifniky, sika nepebyBae B CTaHi CMOKOK BiJHOCHO iHep-
LiiaNlbHOI CUCTEMM ab0 PyXaETbCS BifHOCHO HEl NPSAMOMIHIAHO PIBHOMIPHO,
TeX € iHepuianbHO

MpPOAOBXEHHS PYyXy MNicna NPUNWHEHHA AiT iHWWX Tin, fKi Moro cno-
HyKann, Ha3uBalTb PYXOM 3a iHepuieto.

? 3anuTtaHHa Ana caMmonepeBipKku

1 9ki NOBCSAKAEHHI CNOCTEPEXEHHS Aal0Tb MNiACTaBU BBaXaTu, WO OyAb-SKWiA

pyXx Tina 3ymMOB/IEHWIA 1A0r0 B3a€EMOAIE 3 iHWUMW Tinamu, a siki He nia-

TBEPAXYHOTb LbOro?

Un BCiM Tinam BnacTMBa 34aTHICTb 36epirat no4vyaTkoBWiA XapakTep pyxy?

Y Yomy nonsrae 3akoH iHepuii i Y1 3aBXAU BiH BUKOHYETLCA?

4, Y AKMX cuctemax BiANiKy MexaHiyHi siBUlla € eKBiBaNl€HTHMMU (MOBHICTIO
OfHaKoBUMM)?

5. Yum Bigpi3HAOTLCA XapakTepuUCTMKM pyxy 3a Apictotenem Tta lanineem?

6. Ckinbkn MOXHa BCTAHOBWUTW iHepuiasibHUX cuctem Bigfiky i sk came? Ha-
BeAiTb npuknagu.

w N

BnpaBa go § 9

1(n.) $kum yYMHOM MOXHa NIATBEPAUTU 3aKOH iHepLii?
a) 0HOpPa30BUM KOro 3aCTOCYBaHHAM [0 KOHKPETHOIO TiNga;
6) mMaremMaTtuyHVMU BUBELEHHAM Ta JIOTIYHUM MipKyBaHHSM;
B) 6araTopa3oBUM BMKOPUCTAHHSAM /1 PO3B’SI3yBaHHSA NPaKTUYHUX 3a-
Oay MeXaHiKu.

2 (n.) MoTar pywae 3 micus i Habupae WBMAKICTb. Ui MOXHa 3 OyAb-IKUM
BaroHOM MOB’A3aTU iHEepUiiiHy cucTemy Bigniky?

3 (c.) OpgHum i3 nonynspHUX (OKYCiB € BUCMWKYBAHHSI CKATEpPTMHW 3i CTONy,
Ha sskomy € nocyf. [MOsICHITb, YOMY HamnoOBHEHiI CKNSAHKMA i Tapinku 3a-
NMWAKTbCA Ha MiCLj, SKWO Pi3KO BUCMUKHYTU CKaTEPTUHY?
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4 (c) LLlo6 BmpBatn Gypsik abo MOPKBY i3 3eMAi, iX MOTPIOHO TATHYTU 3a MUKy
noBifibHO. Yomy?

5 (c.) Un MOXHa CTBEpPAXYBaTu, L0 KOAM B MEBHIiA cUCTEMI Bigniky Tina He
B3aEMOi0Tb, TO PyX BiACYTHi/i NOBHICTIO?

6 (4.) XTo pyxaeTbcs LWBMAWE OAMH BIAHOCHO OAHOrO: BeflocUNEeAncT, AKWi
ige npAMoniHiiHO 3i WwBMAkicTio 20 KMm/rof, uM AOro ToBapull, KOTpWiA
ige y npoTunexHomy Hanpsmi 3i WBMAKICTIO 5 km/rog?

7 (g.) Yomy nackm 6e3nekn cy4yaCHMX aBTO Ha3UBaKTb iHEPUiiHMMN? TOSICHITbL
NPUHUMN TXHBOT Aii.

8 (g4.) 3 kMMM 3 HeBGecHUX T/l OUiSIbHO MOB’SA3yBaTW IHepUiasibHi cUcTeEMU
Bigniky: a) CoHue; 6) 3emns; B) Micsub; ) 30pa ApkTyp. MOACHITb.

8 10. Apyruin 3aKoH HblOTOHa

> lHepTHICTbL Tin. Maca
» Cuna. logaBaHHA cun
» [lpyruii 3akoH HbloTOHa

IHEPTHICTb TIJ1. Maca. 3 pocsigy BifjoMO, WO Tifla He MOXYTb MUTTEBO
3MIiHIOBATK CBOK LWBWUAKICTb. LLLO6 po3irHaTu 40 MeBHOT LWBWAKOCTI Beno-
cunen abo aBTOMOGINb, & TAKOX LWOO 3YNMUHUTK X (3MEHLINTM LWBUAKICTb
pyxy A0 Hyns), noTpibeH AesKMin yac. 3 L€l caMmoi NpUUYUHWU NS NiTakis
OyLytOoTb aepojpoMm — 3M1iTHO-NOCaAKOBI CMyru. BnactueicTb Tin 36epiratu
CBOIO LUBUAKICTb CT&/1I0H0 HA3MBAKOTb IHEPTHICTIO. Pi3HI Tina MawTb Pi3HY
iHEPTHICTb. AKLLO B3aEMOAIOThL ABa Tifla, TO GiNbL iHEPTHUM Byae Te, LWIBUA-
KICTb AIKOFO 3a3Hasia MeHLUOT 3MiHW.

Mipoto iHepTHOCTI Tina € ioro maca. Lie noHATTA BBIB y (i3uky |. Hblo-
TOH, 03HAYMBLUN Macy AK KifIbKiCTb PeYoBUHM Y (isnyHOMY Tini. Hagani mu
MocnyroByBaTMMeMOCH TPOXU MOAM(IKOBAHUM BU3HAYEHHAM.

Maca — ue ckansipHa (isnyHa BeNIMUnHA, WO 00YMOB/IIOE IHEPTHI
BNacTUBOCTI Tina.

3 pJocsify BifiomMo, WO Tifo 3 GifbLLOK MAcol € Oifbll iHepTHUM. Tak,
BaHT&XXHMWI aBTOMOGi/b BaXKye 3pyLIUTU 3 Micus, HDXK Nerkosuid. Ane i
rafbMiBHWUM LWNAX BaHTaXIBKM 3HAYHO OiNbLINIA, HIX Y NErkoBMKa 3a Tiel
camoi LUBMAKOCTI PyXy.

Macy nosHayaloTb MaJiol0 IATUHCLKOK NiTepod T. OAMHULED Macu €
Kinorpam (Kr). M03acCTEMHOK OAMHULIEID MAacW, L0 BUKOPWUCTOBYETLCA Ha-
piBHi 3 oguHuuamMun Cl € ToHHa (1 7 = 1000 «Kr)

CHNA. AOOABAHHA CWJ1. Mipoto mMexaHI4YHOT B3aemMofil MidXX Tinamu €
thisnyHa BennuMHa — cuna. 3 Uiet Pi3MUYHOK BENNYMHOK BU BXXE 3HAMO0-
MUAMCA B Kypci (i3ukn. |. HbOTOH BU3HA4YMB CUY AK KiNbKICTb PyXY,
fKa nepefaeTbecs TiNy 3a OAMHMLIO Yacy. Cuia MOXe ChpU4YMHIOBaTWM Npu-
CKOpPeHHSA i fedopmadito Tina.



§ 10. Opyruii 3akOH HblOTOHA

Cwuna — BeKTOpHa (i3nyHa Be/IMUMHa, L0 € MipPOK0 B3aeMOSil MiX
Tinamu.

Cuny nosHadvatoTb nitepoto F . Y Cl ognHuuero cunm € HetotoH (H). Mo-
[Lynb BeKTOpa cu/M no3HavaTb abo |y| , abo nitepoto F 6e3 CTPiNoYKM Hap

Heto. Tpoekuilo BeKTopa CuiuM Ha BiCb, Hanpuknag OX, no3HavyarTb Fx.

[oBxuHa BekTOopa F Yy neBHOMY MacwiTabi MoKasye 4YMC0BE 3HAYEHHS
cunu.
AKLLO Ha TiNO Aie KinbkKa cwuf, X MOXHa 3BeCTM [0 OAHIEl PiBHOAIAHOI.

PiBHOgiliHa cuna — uUe cuna, AKa fie Tak caMo, K AeKinbKa
OKPEMUX CWUN, NPUKNAAEeHNX A0 Tina.

PiBHOAIAHY CUNy 3HaxXoAATb K reoMeTpuyHy (BEKTOPHY) Cymy BCiX cwn,
npuknageHnx fo Tina. Cnig nam’datatu, WO piBHOAINHA cuna € nvwe pos-
PaxyHKOBOK Be/IMYMHOID, AKOK MU MOXEMO 3aMiHUTW Ait0 KiflbKOX Cwn.
OKpemi cunn HasnBalTb CKNagoBUMMK. Bu3HauyeHHS PiBHOAIAHOI KiNbKOX
CKNMagoBuX CUN € goaaBaHHAM cun (Man. 10.1).

Man. 10.1. [JoaaBaHHs cUn 3a MpaBWIaMK [0faBaHHS BeKTOpiB

OPYTUN 3AKOH HbIOTOHA. 3 Kypcy (isuku 9-ro knacy Bam Bifoma
3a/1IeXKHICTb MiDK MPUCKOPEHHAM Tina Macol T Ta CWIOH, L0 Hajae Lboro
NPUCKOPEHHA BKasaHOMY Tiny

a=—.
T

AKWO Ha TiNo Macoww T OfHOYacHO AitoTb ABi cunnm Fi Ta F2, TO BOHO
pyxaTuMeTbCs 3 MPUCKOPEHHAM a=ai+ar, fKe BiAMNOBifae PiBHOAIMHIN cn-
. F__. Fi +F
ni F. Tobto a=—=ai+a. =-------)—.

ni T

AKLLO Ha TiN0 OHOYACHO Ait0Tb KifbKa CWUA, TO MPUCKOPEHHS Tina Gyae
nponopuiiHe PiBHOAIMHIA LUMX CUA, TOGTO FEOMETPUYHIl CyMi BCIX LMX CUN:
F=Fi-lR ...Fn

OTxe, Apyruii 3akoH HblOTOHa 3anucyroTb | B TaKOMY BUTISAI:
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B iHepuianbHiil cucTemi Bigniky NPUCKOPeHHS Tina npsiMo npomno-
puiliHe reoMeTPUYHIA cyMi BCiX cun, SKi Ait0Tb Ha TiNno, i 06epHeHO
nponopuiiHe mMaci Tina.

3 [pyroro 3akoHy HbHOTOHa MOXHa BCTAaHOBWUTW OAMHMLIO CUW.

1 H — ue cuna, nig gieto AKoi Tino macol 1 Kr HabyBae npu-

CKOpPeHHA 1 M/c2y HanpsamKy Aii cunu.

AKLLO Neplunii 3aKOH HbOTOHA OMWUCYE iHEPTHI BNaCTUBOCTI Tin i BU3Ha-
4ae CMUCTEMW BIAJIIKY, B SKMX BOHU BUSBASOTLCA, TO APYrui 3aKOH HblOTO-
Ha € OCHOBHMM 3aKOHOM [/ PO3paXyHKiB (hi3MYHMX BENNYMH, LIO Xapak-
TepU3ytoTb MexaHiuyHWiA pyx Tif. 3a AOMOMOrow Apyroro 3akoHy HblOTOHa
PO3B’A3YI0Tb OCHOBHY 3aJayy AMHaMiKW: BU3Ha4yal0Tb 3aKOH pyxy Tina.

! TonoBHe B UbOMy naparpadgi

Maca Tina — ue KinbKicHa Mmipa iioro iHepTHOCTI (hisM4HOI BNaCTUBOCTI
NPOTUAIATA 3MiHI LWBUAKOCTI pyXy Tina).

Cuna — BeKTOpHa (i3nYHa BeNMYMHA, O € MIPOK B3aEMOAIT MK Tinamu.

Cuna € NOBHICTIO BM3HAYeHOW, AKLWO 3a4aHo Ti mogynb |LL, Touka npu-
KnaflaHHa, NiHia il Ta Hanpsam Ail, SK1Win No3HavaroTb CTPINKOLO.

PiBHOAIAHY CUNy 3HaxXoAATb K reoMeTpuyHy (BEKTOPHY) Cymy BCiX cwn,
npuknageHux fo tina, F=Fi +F. +... +F,,.

Opyrnii 3akoH HblOTOHa: B iHEpLUianbHil CUCTEMI BifNliKy MPUCKOPEHHS
Tina npsMo NPOMOPLIiiHE TeOMETPUYUHIA CyMmi BCiX cui, WO AilOTb Ha Tino,
i 06epHeHO npornopuiiHe maci Tina.

? 3anuTtaHHa 4N caMonepeBipKku

1 LUlo Ha3uBalTb Macot Tina?

2. 9k noB’si3aHe MPUCKOPEHHS TiNa 3 Moro mMacor Ta BENMYMHOK Ailo4oi cunn?

3. Po3kpuiniTe 0CO6MBOCTI pyxy Tina Mg Ai€t KinbkoxX cuil. Ynm 3anexunTb Ais

CWIM Ha Tino Big Aji iHWux cun?

3anuwitb i cchopmyntolite gpyruii 3akoH HbloTOHa.

5. U B ycCix cuctemax Bianiky BUKOHYETbCA APYrMiA 3aKOH AuHamikn (gpyrui
3aKoH HbloTOHA)?

b

BnpaBa go § 10

1 (c). Aka 3 dopmyn: a:;; F =ma\ T=; BUpaXae isnyHmin 3MicT apy-

TOro 3akoHy HbloTOHa? BignoBigb NOACHITL.
2 (c). 3 AKOK cuoK NoTpibHO nogiaTn Ha Tino macot 500 r, Wo6 HagaTw
oMy npuckopeHHs 2 m/c2?

3 (c). Br3HauTe MPUCKOPEHHS, 3 SIKMM Tino mMacow 1 kr nagae Ha 3emsio,
SKWO Ha HbOro gie cuna TsxiHHA 9,8 H.
4 (o). Bi30K pyxa€eTbCsi MO ropu3oHTasIbHIl MOBEPXHI 3i weuakictio 0,5 m/c. Voro

HasforaHsie Opyruid Bi3oK, KOTPWIA pyxaeTbes 3i weuakicTio 1,5 m/c. Mic-
N 3ITKHEHHA 06MABa Bi3KM PyXal0TbCs Y TOMY X HanpsiMKy 3i LUBUAKICTHO
1 m/c. 3HaiaiTb BigHOLLIEHHS Mac Bi3KiB.



§11. TpeTii 3aKOH HblOTOHA

5 (B). Mig pielo geskoi cunm BIi3OK, pyXawuucb 3i CTaHy CMOKOH, MPOILIOB
wax 40 cm. Konm x Ha Bi3oK noknanu BaHTax 200 r, To nig gieto Ta-
KOi XX CMNK 3a TOI caMuili Yac BIi30K NPOMLIOB 3i CTaHy CMOKOK LLUSAX
20 cm. BusHauiTb macy Bi3ka.

§ 11. TpeTiin 3aKOH HblOTOHA

» TpeTiih 3aKoH HbloTOHA
> Me>Ki 3acTOCyBaHHA TPeTbOro 3aKoHy HblOTOHaA

TPETIN 3AKOH HbIOTOHA. Buxogaun 3 pesynbTaTiB Nogi6HUX Aocnigis,
6yB cthopMmy/bOBaHWIn TpeTili 3aKOH HbIOTOHa.

HbIOTOH TpeTiil 3aKOH ChopMynioBaB Tak: Ana Al 3aBXAW € piBHa i npo-
TUNeXHa NpoTUAis, To6TO B3aEMHI Aii ABOX Ti/l OfHe Ha OfHe PiHi MiXK CO60H0
I HanpsAMIEeHI MPOTU/IEXHO.

CyyacHe (hOpMYNHOBaHHA TPETLOrO 3aKOHY HblOTOHa:

Cunn, 3 aKMMK ABa Tina AitoTb OAHe Ha iHLe, OAHaKOoBI 3a Moay-
NemM Ta NPOTUNEXHI 3a HanpsIMOM.

3a TpeTiMm 3aKOHOM HblOTOHa, Tina, Wo 6epyTb yyacTb Yy B3aEMOAIT, Lil0Tb
OfHe Ha OfHOr0 3 OfHAaKOBUMMW CWMaMK, AKi MatTb NMPOTUIEXHWIA HANpsaMm.

HaT1CHEMO PYKOH Ha KHUXKY i3 CUOK PX, KHUXKa 6yfe NpoTMAisTM Hawm
i3 cunoto P2, npuuomy F1=-F2 (man. 11.1 —11.5).

3HayYeHHa TPeTbOoro 3akoHy HbitOTOHA nonsrae nepegyciMm y Tomy, WO BiH
BifoOpaXkae BaXkKNMBY BNACTUBICTb, CMifIbHY ANA OyAb-AKUX B3aEMOAIN: Ais

Man. 11.1. Man. 11.2. Cuna, Man. 11.3. UWo6 aBi cunu
3a TpeTiMm 3aKoHOM 3 AKoH 3emsis 3piBHOBAXW/INCS, BOHU MalTb
HbloToHa P1=-P2 MPUTATYE KamiHb, 6yTM OfHaKoBi 3a mofyrnem,

yncenbHO AOPIBHIOE NPOTU/IEXHI 3a HanpsMoM
Ta NpoTUNEexXHa i MalTb Mpukiagatucs Ao
cuni, 3 KO KaMiHb ofHOro Tina

npuTarye 3em/to.
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Man. 11.4. B3aemopgis OBOX Man. 11.5.
CcKelibopamncToK B3aemogia nerkoatneta
i3 3emneto

3aBXKAW BUKMKAE PiBHY T/ NpoTugito. Baknneo, WO Wi cuam npuknageHi go
Pi3HUX Tifl, & TOMY He MOXYTb YPiBHOBaXYBATW OfHA OfHY.

MEXI 3ACTOCYBAHHA TPETbOIO 3AKOHY HbKOTOHA. fAK i apyrui,
TakK | TPeTili 3aKOH HbIOTOHA BUKOHYETHLCA TifIbKWU B iHEpLUia/IbHUX cuUcTemMax
BifNiKy, BU3HAYeHNX MepLIMM 3aKOHOM HbtoToHa. LLI06 3acTocoByBaTh Apyruii
Ta TPeTIil 3aKOHM HblOTOHA, NOTPI6HO 06paT cucTeMy BifJliKy, B AKiil Ha Tina,
B3aEMOSiA AKUX PO3rNAAacTbCs, He BMAMBAKOTL iHLWI Tifa (HeEMae 30BHILLHIX
BM/IMBIB) ab0 30BHILLHI BMNMBY CKOMMEHCOBaHi, 3aMKHEHi CUCTEMU.

Tomy, po3rnsgakoym Ty Ym iHWY B3aEMOAIK0 | 3aCTOCOBYHOUM [0 HET TpeTil
3aKOH HblOTOHa, MOTPIGHO BpaxoByBaTW OCOOG/MBOCTI CUCTEMW, [0 CKMagy
AKOT BXOAUTbL TiNoO.

! TonoBHe B UbOMy naparpadgi

TpeTiii 3aKOH HblOTOHA: cuaK, 3 AKMMU [Ba Tina [Ail0Tb OfHe Ha iHLUe,
O[HaKOBi 3a MOLY/NieM Ta MPOTUMIEXHI 3a HanpsMOoM, TOGTO Aif 3aBXAW BU-
KNMKae piBHY 11 npotugito.

TpeTiln 3aKOH HblOTOHAa BUKOHYETHCA TifIbKWN B IHEPLiAHMX cucTeMax Bij-
NiKy, BU3HAYEHUX NepLuMM 3akKoHOM HbloToHa. LLLo6 3acTocoByBaTh Apyruii
Ta TpeTili 3akoHW HblOTOHA, MOTPIGHO 06paTu cucTemy BifniKy, B AKiA Ha
TiNa, WO B3aEMOAIOTb, He BMNAMBAKTh IHLWI Tifa (HEMaE 30BHILLHIX Br/MBIB),
ab0 30BHILLHI BMN/JMBM CKOMMEHCOBAHI.

3acTocoByOUM TPeTi 3aKOH HbOTOHa, NOTPIGHO BpaxoByBaTw, WO, 3rij-
HO 3 UMM 3aKOHOM, CUAM AiT Ta NPOTUAIT NPUKIaAeHi 40 Pi3HMX Tifl, a ToMy
He MOXYTb B33EMHO KOMMEHCYBaTUCS.

? 3anuTtaHHsa 4n1a camMonepeBipKu

1. Cdopmyntolite TpeTiii 3aKOH HblOTOHa.

2. Un KOMNEHCYTb OfHa OAHY CUMWN, KOTPI BUHMKAKOTbL Mif yac B3aeMOAii ABOX
Tin?

3. Yomy nig yac 3iTKHEHHA BaHTaXiBKW Ta JIErKOBOro aBTOMOOGINS y NerkoBoro
aBTO 3aBXAW OifblUi YWKOAKEHHS, HDK Y BaHTaXiBKN?



§11. TperTili 3akOH HbloTOHa

MPAKTUKYM PO3B'A3YBAHHA ®ISNUHNX 3AOAY Ne 2

OnHamika BMBYaE MeXaHiYHWI pyx Tin 3 ypaxyBaHHAM MNPUYMH, LIO
00YMOB/IOIOTL XapakTep MEBHOro pyxy. MexaHi4YHWiA pyX Tin 3MiHIOETbCS
B pesynbTaTi iX B3aemogii. LLLo6 ychilHO po3B’A3aTu 3agadvy 3 AUHAMIKWM,
Heo6XiAHO [OTPUMYBATUCS Takoro aaropuTMmy:

1. YiTKO yCBigOMUTK, 3 AKUMW Tinamu B3aeMofi€ TiNo, WO po3rnafactb-
cA, MokasaTu BCi CUNK, AKi XapakTepusykoTb B3aEMOAIK0, NMO3HAYUTU TXHIN
HanpaMm i TOYKYy NpuKnagaHHs. Pe3ynbTytoua BCiX CWA, WO Ait0Tb Ha Tino,
Hagae oMYy NPUCKOPEHHS, SIKLLLO BOHa He A0PiBHIOE Hynto. (Cnig nam’aTaTtu,
WO cuim B3aeMofii, NPUKNafgeHi A0 Pi3HUX Tif, HE MOXYTb [JoJaBaTUCA).

2. Oani cnig obpatn Tino Bigniky i nNoe’asaHy 3 HUM CUCTEMY KOOpAM-
HaT. Hanpsam KoopAuMHaTHUX Oceli 06VpatoThb 3a1eXHO Bif YMOB KOHKPETHOI
3afaui.

AKLWO po3rnsgaETbCa 3adava, B AKili BCi CUAM AiH0OTb Ha TiNno B3A0BX
OJIHI€T MPAMOI, TO MPUCKOPEHHS TaK camo Oyae cnpsimMoBaHe BAOBX LiieT nps-
MOI. Y TakoMmy pa3i 6epeTbCs NuLlie OfHa KOOpAMHaTHa BiCb, CNpsiMOBaHa B
Hanpami pyxy Tina.

AKWO cuan AitoTb Ha TiNO Mif KyTOM [0 HanpsMy Woro pyxy, cnig ix
PO3KNacTV Ha CKMagoBi, CNPAMOBaAHI Mo NiHIT pyXy Tifna i NeprneHanKynspHo
[0 Hel.

3. Jani Tpeba BCi cunm, SKi po3rnagatoTbes, CNPOEKTYBaTM Ha Koopau-
HaTHI BiCi N 3anucaT PiBHAHHA APYroro 3akoHy HblOTOHA, WO NOB’A3YE
NpoeKLii cun i NPUCKOPEHb. Y pe3ysnbTaTi 3anucaHnii y BEKTOPHIA (opmi
ApYyruii 3akoH HbOTOHA MEPeTBOPHETHCA Y ABa CKaNApHi PiBHSHHA Ans
CKNafloBMX MPUCKOPEHb i CUA 3a Hanpsaimamu KOOpAMHATHMX Biceil. Big-
noBifHO, AKLW0 06paHa ofHa KOOpAuHaTHa BiCb, TO i PiBHAHHA Oyae OfHe:
Tax = ZFX

Cnig nam’aTaTi: SKLWLO B MEBHOMY HanpsaMmi Tifo He pyxaeTbca abo py-
Xa€TbCS PIBHOMIPHO, Or0 NPUCKOPEHHS B LibOMY Hanpsmi AOPIBHIOE HY/IO,
a TOMy i Cyma MpOeKLili CU Ha L BiCb JOPIBHIOE HYI/IO.

Mpuknagn po3s’a3yBaHHA 3ajad
3agava 1. MoTopHuiA YoBeH Macoto 500 Kr pyxaBcsi Ha MiBHIY Mg Ai€to
cunn Tarn asuryHa Ft =2 kH ta cunam onopy sBoam F2 = 0,5 kH. Bu3Ha-
YNTU MPUCKOPEHHS | HampsaM pPyxy 4YOBHA, AKLLO Ha BCTAHOBJ/IEHE HA YOBHI
BITPWUNO MoYaB AifTU CXigHWi BiTep i3 cunoto F3=1 kH.

MantoHOK o 3agadvi 1.
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JaHo: Po3B’A30K
T =500 K™ MpoaHanisyeMo ymoBy 3afayi Ta 3po6MMO MasilOHOK.
F, =2 kH MOTOpPHUWIA YOBEH i3 BITPUIOM pPyXaeTbCA Nif Ai€0 TPbOX

£2=05kH  cun: cunm tarm Fi, cunn onopy Bogn F: Ta cunn BiTpy

Fs=1KH F3. Hexah cuna T14Ary HanpsMmieHa Ha MiBHIY.
?
a — !

Cuna onopy BoAM Hanpsm/ieHa MPOTU/IEXHO HanpAMy Pyxy 4YoBHa — Ha
nisgeHb. Bitep cXifHuWiA, 0TXe, cuna BITPY HanpsMeHa 3i CxXofy Ha 3axif.
3a gpyrmm 3akoHom HbiooToHa ma=F, ge F — pesynbTyloua cuna:
F =Fi +F2 +F3.

Cunm Fi Ta F2 Hanpsm/eHi B34OBX OAHIEl NpsAMOT, ane B NPOTUIEXHUX
HanpaMax, i iX pe3y/bTykouy /ierko BusHauutn: F{2=Fi +F; 3a npasuiom
[loflaBaHHA BEKTOPIB.

HacTynHMM KpOKOM € BM3HAYeHHs pe3ysnbTytodol aii cun F3 T1a Fl2:

R =F12+F:i. 3a npaBuiom napasnesnorpama 3HaxoAMMO Hamnpam pesynbTyoyol

cUnK, WO Aie Ha 4YoBeH. YOBEH pyXxaeTbCA Ha MiBHIYHWUIA 3axXif.
Bu3HauMo mofynb Ta HanpsiM pe3ynbTytouoi cuan. CnovaTky 3HaligeMo
3HauyeHHA F .
FW=F1- F2=2 kH - 0,5 kH = 1,5 kH.

R = iR=tp b2+1 =18 KH.
Busnaunmo NPUCKOPEHHS 4YOBHA a=&_: a=-1-’§-'ﬂ:|=-;§9-q-|j:§),6’\“{'.
ni 500 kr 500 kr c2

BignoBiab: Y0BEH pyXa€eTbCA Ha NIBHIYHWIA 3aXif i3 NPUCKOPEHHAM 3,6 M/c2

3agaya 2. BaHTax macorwo 50 Kr migHATO BEpTMKanbHO Bropy 3a Aorno-
MOrowo KaHaTa Ha Bmcoty 10 M 3a 2 c. BusHaumtu cuny Hatary Kadara,
AKLLO pyx OyB PiBHOMPUCKOPEHUM. FKOK Oyae cuna HaTAry KaHaty 3a pis-
HOMPUCKOPEHOr0 CryCKY.

JaHo: Po3B’A30K

T =50 Kr Ha BaHTaX fie cunia HaTary Ta cuia TSXKIHHA mg.
h=10M 3a ApyrumMm 3akoHOM HblOTOHa:

t=2c F+T =Ta.

T_7? Cnpamyemo Bicb OY BepTuKa/ibHO Bropy. Tofi piBHAHHSA

PyXy B NMPOeKLifX Ha L BiCb 3anuLUeTbCs Tak:
Ty- mg = Ta., ane ;=_Ty; a =a,y.
OCKiNbKM piBHONPUCKOPEHWIA pyX noyascs i3 CTaHy

CMOKOI0, A T
at' 2h 2h Ta
h”T' a=t1 - T=mt¥
T =50 [(20/4) + 9.8 ] = 740 (H).
OueBuUAHO, WO Mig Yac PiBHOMPUCKOPEHOro MifHi-
MaHHS BaHTaXy Cuna HaTAry kaHara 6ifblia 3a cuny qu
TSXKIHHA BaHTaXxy. Man. flo sapadi 2.
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Po3rnsaHeMo iHWMA BMNagok. Iig yac Moro piBHOMPUCKOPEHOrO CMYCKY
B NPOeKLifAX Ha KOOPAMHATHY BIiCb PIBHAHHA PyXy MaTUMe BUINAL:

T-mg=-Ta; T=m(g-a); T= 50(9,8 - 5) =240 (H).

Bignosigb: cuna HaTAry KaHarta, nif 4ac pPiBHOMPUCKOPEHOro nigriomy
740 H, a nig yac piBHONPUCKOpPeHOro cnycky 240 H.

1 (n).

6 (a).
7 (B).

8 (a).

9 (a).

10 (a).

11 (B).

12 (B).

3agavi gnA camoCTIiNHOIoO po3B’sa3yBaHHS
3a 6arato pokiB A0 HblOTOHa ITaNifiCbKNn Xy[OXHWK | BUEHWIA JleoHap-
00 fa BiHui BUCNOBUB Take TBEPMXKEHHA: «SKWO cuna 3a 3agaHuii vac
nepemillye TiNo Ha NeBHY BiACTaHb, TO Ta X cuia MosIoBMHY Takoro Tina
nepeMiCTUTb Ha Taky X BifAcTaHb 3a yABidi MeHLWWA Yac». Un npaBunbHe
Lue TBepaXeHHA?
[Bi NoAvHU TATHYTb MOTY3KY B NPOTUNEXHI 60Kn i3 cuioto 50 H koxeH.
Un posipBeTbCs MOTy3Ka, SKWO BOHA BUTpUMYE Hatar o 80 H?
BigomMuii napafokc «KOHSl i Bo3a» Mosisirac B TakoMy. KiHb TsirHe Bi3 i3
OesKo cuiok. BignosigHoO A0 TpeTboro 3akoHy HbHOTOHa BIi3 fgie Ha
KOHSI 3 PIBHOIO, ane NPOTWU/IEXHO HanpsiMieHot cunot. 3gasasiocs 6,
Bi3 | KiHb NMOBMHHI MpPU LbOMY pyXaTucs y MPOTUIEXHI CTOPOHU. Yomy
X KOHIO BAAETbCA Be3TW BIi3 3a C0600?
AK nosAcHUTW, WO 6iryH, SKWA CHITKHYBCS, MNaja€ B HanpsiMkKy CBOro
pyXy, a NOCKOB3HYBLUUCb Ha NbOAY CNOPTCMEH Naja€e B HanpsiMky, npo-
TWIEXHOMY HanpsiMy CBOro pyxy?
Kyna macoto 9 r 3a 2,0 m10~4 ¢ npobuBae gepes’siHy goLwky. Mpn ubo-
My i WBKMAKICTb 3MeHWwyeTbeA 3 800 m/c go 300 m/c. 3Haigite cuny
onopy, fKy YMHWUTb AOLUKA.
Tino macot 0,5 Kr NnoyMHae pyxatucs 3i CTaHy CMOKOK nig Qi€ cuim
35 H. Bu3HauTe WBMAKICTb Tifla Yyepe3 4 CekyHAM Bif nmoyaTKy pyxy.
Micns yoapy dyT6onicta HepyxoMuii m’sy macoto 500 r HabyBae LIBMA-
kocTi 10 m/c. BusHaute cuny ygapy, SKWwo BiH Tpuas 0,5 c.
Mig pieto cunn B 20 H maTepiasibHa ToYka pPyXaeTbCA 3 MPUCKOPEHHAM
0,4 m/c2. 3 AKMM NPUCKOPEHHSM pyXaTUMeTbCA Touka nig Aielo cunu
B 50 H?
Ha Tino macot 2160 K, WO NeXUTb Ha ropu3oHTaslbHI fopo3i, gie
cuna, nig gieto akoi Tino 3a 30 ¢ npoxoauTb BigctaHb 500 M. 3Hangitb
BE/IMUMHY LiET cunu.
Bi30K pyxaeTbCsi MO ropu3oHTasIbHIl NoBepxHi 3i weugkictio 30 cm/c
i CTMKAETbCA 3 HEPYXOMMM Bi3KOM Takol X Macu. B pesynbrarti Bi3oK,
AKWIA pyxaBcs, 3YNUHMBCA. Bu3HauTe LWBMAKICTb PyXy APYroro Bi3ka
nicns 3iTKHEHHS.
[o npucTaHi nNprvyanioloTb ABa OAHAKOBI YOBHW. YOBHAPI MiATAryHOTHCS
[o Gepera 3a JONOMOrold MOTY30K. lMpoTUNEXHWUiA KiHeub NepLuoi Mo-
TY3KM MpuUB’AI3aHWiA 40 CTOBMA Ha NPUCTaHi; 3a NPOTUNEXHWIA KiHelb
OPYroi MOTY3K/M TArHe marpoc, WO CTOiTb Ha npucTaHdi. Bci Tpoe go-
KNnajaloTb OAHAKOBUX 3yCWSb. HAKWUA YOBEH MNpuUyanvTb paHiwe?
MopoxHbLOMY npu4yeny aBTiBka Hagae npuckopeHHs 0,4 m/c2, a HaBaH-
TaxeHoMy 0,1 m/c2 £KOro NpUCKOPEHHSA HajacTb aBTiBka 060M nNpu-
yenam, 3’efHaHVM pa3om? Cwuny TArM aBTiBKM BBaXKaTWU HE3MIHHOIO.
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1 (n).

2 (n).

3 (n).

4 (c).

5 (c).

6 (c).

7 (@)

8 (a)

9 (a)

10 (B)

BABNAEMO MPEAMETHY KOMMETEHTHICTb (Ne2)

AKWO BeKTOpHa cyma BCiX CW/, WO Ail0Tb Ha TiNo, AOPIBHIOE HysO, TO:
A Hanpsim pyxy Tila 3MIHIOETbCS.

B wBnAakKicTb Tina 3anMwaeTbCsi HEe3MiHHOH.

B wBmAKicTb Tin 3 yacom 3pocTae.

I wBnakicTe Tina 3 4Yacom cnagae.

Ak BupaxaeTbca oanHuus cunm 1 H yepes3 ocHoBHi oguHuui CI?

A b B I
KI'M r-m Kr-Km KIM
2 roa2

YCTaHOBITb BiANOBIGHICTb «(i3NYHA BENUYMHA — MO3HAYEHHSA (i3NYHOI
BE/IMUNHU».

1 lMNpucKOpeHHS. Aa
2 Maca. b F
3 Cuna. Bt
4 LUBMAKICTb. I x

0o

Ha masitoHKy 306paXeHo rpadik 3an1eXxHOCTi NPoekLii WBWUAKOCTI Tpam-
Bat0 Macow 20 T, WO PyxaeTbCa MPAMONIHINHO. 3HaiA4iTb MoAy/b PiBHO-
OIAHOT BCiX cun, WO AiloTb Ha TpamBai.

Aur, m/c
10- AOH
& 5 20 MH
4- B 12 kH
2 r 120 H
i 2 3 4t, ¢
Mpn B3aemogii ABOX TiN BiAHOWEHHS MOAYAIB iXHIX NMPUCKOPEHb — = 2.

«
Yomy AOpiBHIOE Maca nepLuioro Tina, AKWo Maca gpyroro 10 K.
A 20 kr
B 5 kr
B 0,2 kr
12 «r

Tino gieto macot 1 T nig gieto cunmn 5 kH 6yge pyxarucs:

A PiBHOMIpHO 3i wBKakicTio 100 km/rog

B PiBHONPUCKOPEHO 3 NPUCKOPEHHSAM 5 m/c2

B PiBHOMIpHO 3i wBuKAkKicTio 5 m/c

" PiBHONPUCKOPEHO 3 npuckopeHHam 0,2 m/c2

BusHaute rasibMiBHY CWIy, WO Ai€ Ha aBTOMOGINbL Macow 2 T, AKWO
PIBHSAHHA pyxy Mae Burnisg, x = 201 - 5t2

ABTO6YC Macol 20 T noyaB pyx 3i CTaHy CMOKOK nig Ai€ cunm Taru
asuryHa 100 kH. 3anuwiTb piBHAHHA pyxy aBTobyca, SKWO pyX novascs
3 ToukM 3 koopamHatow 20 M. Cuna onopy pyxoBi aBTobyca — 1000 H.
Ha ogHy ” Ty camy TO4Ky Tifa AiloTb ABi CUAM Mig NpsMUMM KyTOM Of-
Ha 40 OfHOI. 3HayeHHs opfHiel cnam 3 H. Akolo € gpyra cuna, AKWo
iX piBHOgiiHa 5 H?

Tino mMacot 2 kr nagae 3 BUCOTU 5 M i 3aHYPIOETLCA B CHIr Ha 50 cm.
3HanfiTb cuay ONopy CHIry, SKWO cuia onopy nositps 4 H.
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§ 12. 3aKOH BCECBITHBLOI0 TSXKiHHS

» 3aKOH BCECBITHLOIO0 TS>KiHHSA
» Cuna TSHKIHHA
KocmiuHi wemakocTi. LUTYYHI cynyTHUKN

3AKOH BCECBITHbOIO TAXIHHA. Bu Bxe 3HaeTe, WO BCi Tina nobnmsy
noBepxHi 3emi nagat0Tb 3 O4HAKOBUM MPUCKOPEHHAM — MPUCKOPEHHAM
BifIbHOro nagiHHA. Lle o3Hauae, WO cuna THKIHHA, AKa gie Ha Tino 3 6oky
3emni, nponopuinHa maci Lboro Tina. 3po3ymino, Wo cuau, 3 AKUMK B3ae-
MOZilOTb ABa Tifla, MalTb OLHAKOBY (i3MUHY npupody. Tomy, AKLLO0 cuia
NpUTAraHHS ABOX Tifl MponopuiiHa maci 0gHOro Tina, TO BOHa NponopuinHa
i Maci gpyroro Tina. A ue /i 03Hayae, O cuia NpUTAraHHA 4BOX Tin npo-
nopuinHa aobyTKy iXHIX Mac.

BuaBnseTbcs, WO maca € MIipOK He TiNbKW iHEPTHUX BNACTUBOCTEN
Tina, a n Mipol rpaBiTaliitHOT B3aeMOAii MK Tinamu. Xoua iHepTHa Ta
rpaBiTauiliHa Maca € KOHLeNTyanbHO PI3HUMMW MOHATTAMW, NPOTe BCi Bi-
JIOMi Ha CbOrOAHI eKCMepPMMEHTM cBigYaTb, WO Ui Macy NpuBAN3HO piBHi
MiXX CO6OH0.

Y cuctemi Bigniky, nos’asaHiin i3 CoHuUeM, naaHeTn pyxatoTbCs NPUGIN3HO
3i CTasIo 3a MoAy/em LIBMAKICTIO Mo op6iTax, 6/nmn3bkmx A0 KonoBmxl OTxe,
BOHM PyXatoTbCs 3 MPUCKOPEHHAM, cripsMoBaHnM A0 CoHufA. A Le 03Havae,
WO Ha nnaHeT 3 60Ky COHUA Aie cuna NpUTAraHHa. Ak6W Le npuTaraHHs
o CoHud 3HMKNO, nnaHeTw Bignetinn 6 Big CoHUA, pyXaluncb No iHepLil,
TOOTO NPAMONIHIAHO 1 piBHOMIpHO (Man. 12.1). | Micaub He Mmir 6u 6yTu
CynyTHUKOM 3eMni, AK6u mix 3emneto i Micauem He Oyno NpUTAraHHA.

Mu 3Haemo, WO nnaHeTu, 30Kpema 3emns, 06epTaloTbes HaBKo0 COHUA.
CoHue npuTarye nnaHetn. 3emns nputarye Micaub, YTPUMYKOUM MO0 Ha
op6iTi. Big 4oro 3anexuTb cuna B3aEMHOIO NMPUTATAHHA MK HebecHUMU
Tinamn? Yu TifnbKnM HeGecHi Tina MOXYTb B3aeMOLiATU? UM MOXKHa Le ne-
PEBIpUTY, AKLWO BpaxysaTW BefiMYesHi
BiZCTaHi Mi>X HebecHUMU Tinamu: 3emni
Big, CoHua (150 000 000 km), 3emni Big,

Micaua (384 000 kwm). koo mae 6y-
™M cuna, Wob yTpumatu Ha op6iTi Ta-
Ky Be/iMKy nnaHety Ak 3emna? Ha ui
3annTaHHSA MU LWYKATUMEMO BIiAMOBIA;.

Jo XVII cT. BYeHi BBaxanu, LIO
TiNbKN 3emnsa mae 0cobnvBy BnacTu-

BICTb NMpuUTAryBatu A0 cebe BCi Tina,
AKi nepebyBatoTb No6au3y i MoBepx-
Hi. Y 1667 p. HbHOTOH BUCNOBUB AMB-

He Ans TX qaciB_ TBEPIXKEHHS, LU0 MiX SAK6M NpUTAraHHA A0 COHLS
yciMa Tiinamun AIloTb CUIU B3aEMHOIO 3HVKI0, NNaHeTU BIANETIMN,
NPUTATAHHA. Big CoHuA, pyxaruucb Mo iHepuil

1TouHilwe, Tpa€ekTopii NnaHeT € enincamun. Eninc - ue KprBa, Lo Haragye BUTArHyTe (abo
CTUCHEHE) KO/O0.
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[Ba Tina, sKi MOXHa po3rnagaTy K maTepiasibHi TOUKN, NPUTArY-
HOTbCSA OAHE A0 OAHOrO i3 CM/IO0, MPSIMO NPOMOPLIAHOK A0BYTKY iXHIiX
Mac Ta 06epHEHO NMPOMOPLIAHOK A0 KBagpaTa BiACTaHi MiXX HUMM:

F=G nulm2

Je TlTa T2 — Macu Tin, WO B3aEMOAIOTb;, I — BiACTaHb MK HUMU;

G =6,67-10 n'l"ll'(r’,‘, — rpasiTayiriHa crana,

paBiTauiliHa cTana AOPIBHIOE CUNi rpaBiTaUiHOINO NPUTAraHHS
ABOX Ti1 Macol No 1 Kr KOXHe, Lo nepebyBatoTb Ha BigcTaHi 1 M
ofHe Bif ofHoro.

paBiTauiliHa cTana, MOX/MBO, HaMCKNagHiwe BUMIPIOETLCA 3 YCiX (i-
3MYHMX cTanux. Bneplie rpasiTauiiny ctany Bumipsas eHpi KaseHgiw 3a
[OMOMOTOK CKOHCTPYWOBAHUX HUM KPYTWUAbHUX TepesiB. BigTtogi TOYHICTb
BUMIpIOBaHb 3pOC/a /IMLLE HE3HAYHO.

CUNA TAXIHHA. Buxoasaum i3 3aKOHY BCECBITHLOIO TAXIHHA, BCi Tina
NPUTATYIOTLCA OfHE A0 OAHOrO rpasiTauiiHMMK cunamu. Cuna THKIHHA —
rpaBiTauinHa cuna, Wo fie Ha Tino 3 60Ky 3emni. Big 4oro X 3anexuTb
NPUCKOPEHHS BifIbHOTO NafiHHA?

Ha Tino macoto T, WO nepebyBae Ha BMCOTI h Haa NMoBepxHero 3emni, Aaie
rpaBitauiniHa cuna (Man. 12.2) nputaraHHs Fg, sika JOPIBHIOE:

m]\zl3 _G TM3

r (B +hf
e M3 — maca 3emni, i3 — pagiyc 3emi.
MpUCKOpPeHHs ag, AKoro Habysae Tifo Nig Aieto rpasiTayiiiHOi CUIn, MOX-

Ha 3HailTW 3 Apyroro 3akoHy HblOTOHa, Le € NPUCKOPEHHSA BiNIbHOTO NagiHHA
Tina Ha BucoTi h.

£=G

M, T

(R, +h)2 '

ag:G

Mo6nu3y nosepxHi 3emni (fz<cR3

F M
a, =<£=G=2.
m R,
4 5,972.10% M
a, =6,67-10 S [C—zj

(6,371-106)2
Lla BennuuHa BaM BXe Bigoma 3

. Caa M
Kypcy ¢isvku g =9,8 —. Man. 12.2. [pasiTauiiina cuna
B nosi TSXiHHA 3emni
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MprCKOpeHHA BiNbHOro nafiHHA (rpaBiTauiliHe NMPUCKOPEHHS) —
Lie MPUCKOPEHHS AKOro HabyBae Tino Mig Aiel rpaeiTauiinHol cnnm
no6au3y NOBepPXHi HebecHMX Tin (nnaHeT, 3ipokK).

MPUCKOpeHHsA BifIbHOrO NajiHHA Jello 3MIHIOETHCA 3a/1eXHO Bif reorpa-
(IYHOT LWIMPOTK MicuA Ha rnoBepxHi 3emni. Tak, Ha eksaTopi g =9,78 m/c2
Ha nontocax 3emni g =9,83 m/c2 Lia pisHUUA 3HayYeHb 3yMOB/eHa o0bepTaH-
HAM 3emfi HaBKo/O CBOEI oci. Ana KueBa BUMIPIOBaAHHA [al0Tb Take 3Ha-
YeHHSA NMPUCKOPEHHS BiNbHOro nafiHHA: g « 9,81 m/c2 Ond po3B’A3yBaHHSA
GaratbOX 33fla4 MOXXHA BBaXKaTu, L0 MPUCKOPEHHS BISILHOrO NagiHHA Mo-
6113y nosepxHi 3emni gopisHioe 9,81 m/c2, abo i 10 m/c2

Cvna TSXKIHHA, WO Ji€ Ha TiNI0 Maco T nobimnsy nosepxHi 3emsi LOPIBHIOE

Fg=mg .
Y T1abn. 12.1 HaBefeHO rpa.iTaliliHe MPUCKOPEHHS Ha MEeBHUX HeOGeCHMX
Tinax COHAYHOI CUCTEMMU, 3HAYEHHSI SIKOTO 3a/IeXWUTb Bif TXHbLOT Macu Ta
pagiyca.

Ta6nuusa 12.1.
paBiTauiiHe NPUCKOPeHHS

paBiTauiiHe
HebecHi Tina  MPUCKOPEHHS,

m/c2
Mepkypiii 3,7
BeHepa 8,9
3emns 9,8
Micsub 1,6
Mapc 3,7
FOnitep 26
CarypH 12
YpaH 11
HentyH 12 Man. 12.3. Cxema 3amnycky LUTY4HOro
MnyToH > cynyTHuka 3emni,

3anponoHoBaHa |. HbloTOHOM

KOCMIYHI WBMAOKOCTI. LWUTYYHI CYTYTHUKI. Bu BXe 3HaeTe, WO Ti-
N0, KUHYTe TFOPU30HTaNIbHO 3 AesKol LBMAKICTHO (0, NPoNeTUTb Yy rOPU30H-

Ta/lbHOMY HanpsaMi BiacTaHb s =00l i Bnage Ha 3emnto. LLLo cTaHeTbCs, AKLLO
WBMAKICTb KUAaHHA 36inbwyBatn? 3 gopmym s= u0i BMAHO, WO YnM BinbLua
WBMAKICTb KMAAHHA, TUM fani Bif NigHIXOKA BexXi Bnage Tino (man. 12.3).

LLIBnaKicTb, Ky HEOOXiAHO HajaTw Tify, W06 BOHO pyxanocs no
KONOBI 0p6iTi Mo6An3y noBepxHi 3emni, Ha3MBaETbCA MEPLUOK KOC-
MIYHOIO LUBUAKICTIO.
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[ns 0buncneHHs nepllol KOCMIYHOT LWBUAKOCTI BApTO PO3yMiTH, WO rpa-
BiTauiliHa cuna, BUXOLAYM 3 [pYroro 3akoHy HbtoToHa: F =T a, fe a — fio-
LIeHTPOBE MPUCKOPEHHA. OTXe cnpasBeiMBUM 6ye PiBHAHHS

ta=g "M

je T — maca Tina; M — maca nnaHeTu; G — rpasiTayiiiHa ctana; r —
pagiyc opbitu, WO nNpubanM3HO [OPIBHIOE pajiycy nnaHetn R3.
v _,m-M
T— =G-
R‘I’ It

3BiAcK neplla KocMivyHa LWBWUAKICTb: L =

Ons 3emni M3=5,97 - 10z kr, R3=6 378 000 M, OTpMMAEMO, LLO nepLia
KOCMiYyHa WBUAKICTb — 7,9 KM/C.
MepLy KOCMiYHY LBUAKICTL MOXHA BU3HAYMTU Yepe3 NMPUCKOPEHHS Biflb-

Horo nagiHHA. OcKinbkn g = M., TO u=A5‘F’€3.

AKLWO CYNyTHUK Macol T PYXaeTbCsA Ha BMCOTI h Haf nosepxHero 3emni,
TO MOXHa BBaXKaTW, WO MPUCKOPEHHS CYMYyTHWKa [OPIBHIOE:

a
h (B,+h)"

Lle nMpuCKOpeHHS CYNyTHWUKY Hafae cuna TKIHHA 3emni: FzG_(-FE_:%me
+

3a gpyrum 3akoHoM HbkoToHa: ah=—. OTXe, cnpasef/IMBUM € PiBHAHHSA
T

M3 GM3

=G ™M, . G 6 _
(i3+in)  (R3+hy + SBIAKY R3+h #° = R3+h
Hanpuknag, neplia KOCMiYHa LWBMAKICTb CYMYTHUKA, SKUIA 06epTaeThbCs
Nno KOMoBin op6iTi Ha BucoTi 300 KM Hag nosepxHet 3emni, Oyae:

6,67-FOMii~+ -5, 98-1024xr

Q=gz7rohirso 1o~ 8¢ -
AKWo Hagatu Tiny WBWAKOCTI,
6inbLIOT 3a Meplwy KOCMIYHY, TO BO-
HO pyxaTMMeTbCs He Mo Kony, a Mo
enincy — TaK Ha3MBaeTbCA 3aMKHYyTa
KpvBa, L0 Harafye «BUAOBXEHe» KOO
(man. 12.4). 3i 3pOCTaHHAM MOYaTKOBOI
WBUAKOCTI po3Mipu eninca 3poctaTu-

Man. 12.4. TpaekTopis
KOCMIYHOro anapaTa 3a/1eXxHo
Bif, MOro LWBWAKOCTI
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MyTb, @ MpW MOYaTKOBIA LWBMAKOCTI 11,2 KM/C TiNI0 Ha3aBXAW MOKUHE Ha-
BKO/103eMHMIA npocTip. LUBnAakKicTb 11,2 KM/C Ha3uBatOTb [pYror KOCMiYHOKO
LLIBUAKICTHO.

Mpwv uboMy TifO, BIANETIBLIN Bif 3eM/i, BCE-TaKN 3a/IMLWAETLCA CYMYTHU-
Kom CoHus. Taka camo [0/ YeKae Ha KOCMiYHi Kopabni, fKi BMpYLIAOThb
Ans focnifkeHHs iHWux nnaHetT COHAYHOI cuctemm — Mapca i BeHepu.

! TonoBHe B UbOMYy naparpadi

3aKOH BCeCBITHLOrO TSXKIHHA: [Ba Tina, AKi MOXHa po3rnagatn K marte-
piasibHi TOYKW, NPUTATYIOTLCA OfAHE A0 OAHOrO i3 CUOK, NPSMO MPONOPLLN-
HOK [O06YTKY IXHiIX Mac Ta 06epHeHO NPOMOPLiHOK [0 KBajpaTta BiAcTaHi

. LY . . . .
MK HAMU: F=G—19 2, fe T1Ta Hi, — Macu B3aEMOZilUMX Tif; r — Bif-
r

CTaHb MiXX HuUmK; G=6,67-Klu AKF/'\' — rpasiTauiiHa cTana.

paBiTayiinHa cTtana [LOPIBHIOE CWMI FpaBiTauUiiHOro MPUTAraHHA ABOX TiN
Macot0 M0 1 KI KOXHe, Lo nepebyBat0Tb Ha BiACTaHi 1 M OfHe Bij OfHOrO.

Maca 0fHOYaCHO BUCTYNae i K Mipa iHEPTHUX BNAacTUBOCTEW Tifl, i AK
Mipa rpasiTauil.

LLIBMAKICTb, AKY HEOOXiAHO HagaTu Tiny, Wo6 BOHO pyxanocs Mo Kososil
opo6iTi No6An3y NoBepxHi 3emi, HA3MBAETHCA MEPLUOKD KOCMIYHOK LUBUJKIiC-
Ti0. BoHa cTaHOBUTL 7,9 KM/C.

Lenakicte 11,2 KM/C Ha3vBatOTb [APYroHd KOCMIYHOH LUBWUAKICTHO; Ha-
OyBLUM, T TiNO Ha3aBXAWM MOKMHe HABKO03EMHWIA MPOCTip.

? 3anuTtaHHa On1a caMmonepeBipKku

1 9k pyxaamcsa 6 nnaHeTtwn, Ak6um ix He nputaryBsasio CoHue?

2. $K dopMyOETLCA 3aKOH BCECBITHLOrO TSXKIHHA? XTO MOro BigKpuB?

3. Y akmx Bunagkax MoxHa 3acTocoByBatu dopmyny: F :GLIFI'L‘-?

4, Y cKinbKn pasiB cuna rpasiTaliiHOro NpUTAraHHS ABOX Ky/lb Macok Mo 1 Kr,

Lo nepebyBaloTb Ha BiagcTaHi 1 M ofHa Bif OAHOI, MEHLWa 3a cunn ix npwm-

TAraHHA 0o 3emni?

Y yomy nonsirae QisvyHMIA 3MICT rpaBsiTauiiHOi CTas10i?

6. Uomy He HabnmxawTbCA OAUH A0 OA4HOrO NMpeaMeTV B KiMHAaTI, He3Baxarouu
Ha TXHE rpasiTaliliHe NpUTAraHHA?

7. Sk BNacTUBOCTI TiN XapakTepusye maca?

o

69



PO3A4INT 1. MEXAHIKA

70

§ 13. pasiTauiliHe none Ta Bara Tisla

» paBiTauiiiHe mone
»Bara Tina

FPABITALIVHE MOJE. CknafgHoCTi B Po3yMiHHi Aii Tin Ha BigcTaHi 6ynm
MofiofiaHi 3a [OMOMOrow MOHATTA CWIOBOrO Mons, fKe Oyno po3BUHYTO B
XIX cT. aHrnicbkum yyeHum Maiiknom ®apageem (1791—1867) ana no-
ACHEHHS ABULY, enekTpomarHeTuamy. Y XIX cT. BUYeHi Aililnn BUCHOBKY, WO
B3aEMOZIA €NeKTPUUHUX 3apsafiB «Ha BiACTaHi» 34iACHIOETLCA 3a AOMNOMOro
eMIeKTPUYHOro nofs — 0co6/MBOro CTtaHy maTtepii B MPOCTOpPi HaBKO/MO 3a-
PALKEHUX TiN. YABMEHHA NPO B3aEMOAIH0 Tif yepe3 BignoeigHe nonie Gyno
Ha3BaHO KoHUenuielo 6nmM3bKoAil. Y XX CT. MOHATTA nonsd 6yno nowvpeHe
Ha BCi BMAW B3aEMO/iil, B TOMY 4YMCNi A Ha rpasiTauiiiHy.

HaBKono KOXHOro Tina icHye Moro cBOeEpifHe MaTepiasibHe Mpo-
[IOBXXEHHS1 — rpaBiTauiiiHe nosne (nose TSOKIHHSA).

paBiTaliiiHe Nofie HaBKOMO TiNa HeO4HAKOBE: BOHO CW/bHiLle No6au3y
Tina i MocTynoso cfablwae B Mipy BIAJANEHHA Bif HbOro. Tomy, 4mm fani
Bif Hac 6yab-sike Tino, TMM cnabkille noro nputAraHHs. [pasiTauiiHe no-
Ne 3aneXuTb Bif Macu Tina, WO CTBOPWIO IOro: Ymm Ginblwa maca Tina,
TUM CUSbHILWE /Oro none, i, HaBMaku, YUM MeHLWa Maca Tina, TUM cnablie
oro none.

BAIA TINA. MNopag i3 cunok TAXIHHSA B NOOYTi Ta TeXHilli BUKOPUCTOBY-
IOTb MOHATTA «Bara Tifa».

Baroto Tina HasuBatoTb CUY, 3 SIKOK Tislo, MPUTArYOUUCH 40 3eM-
ni, agie Ha onopy a6o nigeic.

Baxxnueo ycBifoMUTH, WO cuna TSHKIHHA | Bara — uUe ABi pisHi cunu,
WO NPUKNaAeHi [0 Pi3HMX TiN i MOXYTb Bigpi3HATUCA 3a Mogynem. IcToT-
Hi BigMiHHOCTI monsratoTb Yy Takomy. [lo-nepile, Ui cunv npuknageHi go
Pi3HUX TiN: cuna TAXIHHA NpUKNageHa Ao Tina, a Bara Tina — A0 onopu
abo nigsicy. Mo-gpyre, Wi cunn MarTb Pi3HY (isnyHy npupoay: cuna Ts-
XIHHS — Le NPOosiB CU/1 BCECBITHBOrO TSXKIHHA, WO AiOTb Ha BifcTaHi, a
Bara — 3a3Bu4ali cuna NPY>XXHOCTI, WO Aie npy 6e3nocepeaHbOMY KOHTaKTI.
|, HapewTi, cnna TSKIHHA Aie Ha Tino, wo nepebysae nobnusy 3emni, 3aB-
XAW, a Bara Tifa MOXe MNpu LbOMY [OPiBHIOBATU HY/O Bara — Le CU/a,
npvknageHa He Ao Tina, a 4O OnNopv 4Yu nigsicy, a cunia THKIHHA Npuka-
JeHa po Tina (man. 13.1).

Bara Tifa He 3aBXA4M [OPIBHIOE Oro cuni TSXKIHHA. Lle cnocTepiraetbea nig
yac pyxy Tina 3 NPUCKOPEHHSM.

AKWO onopa 41 Nigeic pyxarTbCa 3 BEPTUKAIbHUM MPUCKOPEHHSM a
TO Bara Tifia He [OPIBHIOE CUAi TAXKIHHA:

P=m(g+a),
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3HAK «+» YN «-» TMepef MPUCKOPEHHSAM a 3aneXMWTb Bif HanpsMy BepTu-
Ka/IbHOTO MPUCKOPEHHS Ta HanpsMmy pyxy Tina.

P
Cuna TS>KiHHA Bara Tina
Man. 13.1. Cuna TsxiHHA | Bara, NpuKiageHi Ao Pi3HUX TiNn

Bara Tina, sike nepebyBae y Crokol abo pyxaeTbCs PiBHOMIPHO i
NPAMONIHINHO, SOPIBHIOE CUMI TAXKIHHSA.

36iNblUeHHs Barn Tina, BUK/IMKaHe PyxXOM MO BepTUKasi Bropy,
Ha3nBalOTb MepeBaHTaXXEHHsIM: Bara Tina 6inblua 3a rpasiTauiiHy
cuny.

CTtaH Tina, 3a TiNO pyxaeTbCs TiIbKW Mif Ai€0 CUAN TSKIHHA,
Ha3NBaETLCA HEBaroMicTlo.

MprunHa HeBaromMocTi Nonsrae B TOMY, WO KO/W Ai€ TiNIbKN cuia TAXIH-
HA, BOHa Hafae Tifly i Moro onopi oOAHaKoBiI NPUCKOPEHHS, a 0TXKe, 3HMKae
JehopmaLlia Tifl, BUKINKaHa X B3aEMOJIEt0 3 onopoto. Tomy Byab-ake Tifo,
AKe pyXaeTbCs Mif Ai€t0 TifIbKM CUAM BCECBITHLOIO TSXIHHA, nepebysae y
CTaHi HeBaromocTi.

Y CcTaHi HeBaromocTi nepebyBatoTb, Hanpuknag, KOCMOHaBTM Ta npegme-
M, AKI X OTOYYIOTb Mif 4Yac opbiTanbHUX MONLOTIB KOCMIYHUX KOpabnis.
Cnocrepiraroun 3a HUMK 3a [JOMOMOroH TeniebayeHHs, MOXHa 6aunTtu, AK y
Kopabni «MnasatoTb» BUMYLLEHI KOCMOHaBTaMW MpPeaMETH.

Pyx Tina nvwe nig BNAWBOM 3eMHOr0 TSD)KiHHS Ha3MBalOTb Bislb-
HUM MagiHHAM,

! TonoBHe B UbOMYy naparpadgi

HaBKOMI0 KOXHOro Tina iCHye MOro CBOepigHe MaTepiasibHe NPOAOBXEH-
HA — rpasiTauiviHe none (none TsHXiHHA). [pasiTauiliHe None HaBKONO Tina
HeofHaKoBe: BOHO CW/bHiWe Nobau3y Tina i NocTynoBo cnabliae B mMipy Bifg-
[laneHHs Bif, HbOrO.

Konu onopa un nigsic HepyxoMi abo KO/ BOHU PyXakTbCA PIBHOMIPHO
W NPAMONIHINHO BiAHOCHO 3emni, Bara Tina [OPIBHIOE CUNI TSKIHHS.

36i/bLUEHHA Baru Tina, BUK/VKAHE PyXOM M0 BepTUKani LOropuw, Hasu-
BalOTb MepeBaHTaXXEHHAM: Bara Tina 6ifblia 3a rpasiTayiiiHy cuiy.
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CraH Tina, 3a AKOro BigCyTHSA /0ro B3aeMogis 3 onopoto (nigsicom), Konim
BOHO PYXa€eTbCA Ti/IbKW Mif AIEH0 CUNN TAXIHHA, HA3MBAETHCA HEBAroMiCTHO.

? 3anuTtaHHsa Ana caMmonepeBipKu

LWo Bigpi3HsAe rpasiTauiiiHe none Big eNEKTPUYHOrO i MarHiTHOro?

[e rpaBiTauiiiHe none cunbHiwe — nNo6sM3y Tina ui nogasi Big HbOro?

Ay cuny HasuBalTb Barow?

[e po3miweHi TOYKM NpuknagaHHa CUAWM TSKIHHA | Barm Tina?

Llo Take nepeBaHTaXXeHHA?

3a SAKMX YMOB Ti/I0 nepebyBa€e y CTaHi HEBAromocTi? Y 4YOMYy BUSIBMSIETLCA

HeBaromictb Tina?

7. Ak 3MiHATBCS Bara KOCMOHaBTa Mif 4yac cTapTy pakeTu Ta nig vac ii npu-
3eM/IeHHA?

8. Pe3ynbTaToM SIKMX He3as/iIeXHUX BUAIB PyXiB € PyX Tina, KMHYTOro0 rOpM30H-

Ta/lbHO 3 [efAKOT BMCOTU?

Ok wWNpR

BrnpaBa go § 13

1(n). NlognHa cToiTh y NidoTi. BusHauTe 1 nopiBHAWTE cunn, SKi 4il0Tb Ha HeEl
y Takmx Bunagkax: a) NipT He pyxaetbcs; 6) NOYMHAE PyxaTuCb Yropy;
B) PYXaeTbCs PIBHOMIPHO; ) CMOBI/IbHIOE PYyX A0 3YMUHKMW.

2(c). BusHauTe Bary Hepyxomux Tin macamu 200 wmr; 4 1, 800 r.
3(c). BusHauTe macy Tina, Bara sikoro 20 mkH; 7 kH; 17 MH.
4(c). NwgnHa macoto 70 kr nepebysBae B NidoTi, AKNIA pyxaeTbCa BEPTUKASIbHO

Bropy 3 npuckopeHHaM 1 m/c2 BusHauTe cuny TUCKY (Bary) S04UHU
Ha nignory kabiHku nidTa.

5(4). KabiHa nidpTy B CcTaHi crnokot Baxutb 2000 H. 3HaigiTb Hanpsm pyxy,
Macy Ta NPUCKOPEHHS, 3 AKUM MOYMHAE pyxaTucs kabiHa, skwo ii Bara
3mMeHwwunacs go 1700 H.

6(B). ABTO6YyC Macow 10 T pyxaeTbcsl 3i WBMAKICTIO 36 KM/rog no onykno-
My MOCTY pafiycom kpuBu3HM 100 m. flka oro Bara y BEpXHiil TouLi
TpaekTopii?

MPAKTUKYM 13 PO3B’A3YBAHHA ®ISNYHNX 3A0AY Ne3

[na po3s’a3yBaHHA 3afay Ha PyX Y BepTUKa/IbHOMY Hanpsmi KOOpAW-
HaTHY BiCb 3pY4YHO HanpasBAsATW NO BepTWUKani foropu abo JOHW3Y, a TioM
BigNiKy BBaXaTu 3eM/t0 abo TOUKY 3 AKOT KUHYNWU Tifo. BekTop g 3aBxau
HanpsAMIEHNIA BEPTUKA/IbHO BHW3.

3BepHiTb yBary! Po3rnaHyTi HvXYe TUNW 3a4a4 PO3B’A3YIOTLCA 3a [OMo-
MOrOK KIHEMATUYHMX (POPMY/ PYXY Tifl Y OAHOPILHOMY MOAI TSHXIHHA 3emni
(6e3 ypaxyBaHHsi onopy noBiTpsa). Mone TSXIHHA BBOXXAEMO OAHOPILHUM 3a
YMOBU, IO pPyX BifbyBaeTbCA Ha MasiMx BUCOTax.

3anucyroumn piBHAHHA 3a/IEXHOCTI PI3UYHMX BENIMYMH Bif, Yacy yepes npo-
eKUiT BignoBigHUX Be/IMUMH HA KOOPAMHATHY BiCb, HEOOXifHO BpaxoByBaTu
3HaK MPOEKLii.

Pyx Tina, KMHYTOro BepTUKa/bHO Bropy A0 MakCVMMaibHOI BUCOTU Mif-
nomy, € piBHOCMOBINIbHEHUM, AOHW3Y — PIBHOMPMUCKOPEHMM, 6e3 Mo4aTKOBOI
WBMAKOCTI. Yac nialiomy AOpiBHIOE Yacy MagiHHA (man. 1).
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3 NeBHOT BUCOTY TiNIO MOXYTb KWULATU BHU3,
Hagaloun oMy AesKoi Mo4yaTKoBOI LUBMAKOCTI,
a MOXYTb Bifnyckatm — ToAi Tifo nagae 6es
MoyaTKoBOT LWBMAKOCTI (Vo= 0) (BifILHO naja-
toye Tifo).

OcCKinbKy BiNbHe MagiHHA | pyx Tina, Ku-
HYTOro BEPTWKa/IbHO Bropy, € PiBHOMPUCKOpE-
HUMK, TO BCi KiHEMATWUYHi PIBHAHHA TaKoro
PyXy, PO3rNfHYTI paHille, crnpasefnvsi W ans
UMX BUNaAKiB. 3anuwemo iX [0 MOPiBHANbHOI
Tabnuui, obpaswn and 3anucy eicb OY Ta Bpa-
XyBaBLUW, WO MPUCKOPEHHIO a BIAMOBIJae g, a
nepemilleHHI0 s — BucoTa h. ToX, BpaxyBasLLM
3HaKM MNPOEKLi, OAePXMMO BMpasn, HaBefeHi
B Tabnuui,

KiHemMaTn4Hi piBHAHHSA

KiHemaTnuHe .
Tino nagae 3 Bucotu h

PiBHAHHSA
G =00+ai U =vo+gt
al _ g2
Y=Yo+"oli + 2 h =uni+=—
0 2
S*=uoh+ a/2 Yac nafiHHA: tz,g/\[z—r? ,
npum vo=o
vI~VvIx=2axsx _ LLIBM,inc_Tb
nig vyac nagiHHs:
v="2gh

TA ) A

Man. 1. Pyx Tina
KWHYTOrO BEpPTUKa/IbHO

Tabnuus

Tino KunHyTe
BEPTUKA/IbHO Bropy

L=Uo- gt

=urf-g22

0 2

:I-I-Bc nigiomy: t =4n
g

Bucota nigiiomy:

2s

Mpuknagn po3s’a3yBaHHA 3ajad

3agava 1. BusHaumTu rnvbuHy Konopasass, AKWO BilbHO KUHYTUI Y HbOTO
KaMiHb [JOCAr NOBEPXHI BOAM 3a 2 C. FKY LUBUAKICTb MaTUMe Lel KaMiHb Y

MOMEHT 3iTKHEHHS! 3 MOBEPXHE BOAU?

JaHo: Po3B’30K

t=2c¢ MMoB’AKEMO CUCTEMY KOOPAMHAT i3 MoBepxHewd 3emii,
h —? cnpsiMyBaBLUM Bicb KoopamHat OY A0 AHa KONoasss.

ui — ?

BigctaHb h popiBHIOBaTUME: h=Egt2. abo /r:2-9,8(’:,\,-4 c2=39,2 ™M .
LBmakictb o=gt; v = 9,8 m/c2 -2 ¢ = 19,6 m/c.

Bignosigb: 19,6 m/c.
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3afava 2. TiNo KMHYTO BepTUKaNbHO Bropy 3i wsugkictio 20 m/c. Bu-
3HAYMTU BMCOTY Ta Yac Koro nigriomy. Onopom MoBITPA 3HEXTYBATW.

JaHo: Po3B’A30K
Vo= 20 Mm/c MoB’AXeMo cuctemy KoopauvHat OY 3 TOYKOK KuaaHHA
Tina. Bucota nigiiomy Tina Bropy [OpiBHIOBaTUME:
. gr
h— 2 h=urj- 9
t—?

KiHueBa wWBUAKICTb niginomy Bropy U fopisHioBatume L =0. Yac nig-
iOMy MOXXHa 3HaMTW 3a (HOPMY/IOK KiHLEBOT LUBWUAKOCTI:
O- W-gt, sigak O=gt, a uac t gopisnwe

20 M
t=- M :2C.
10
BucoTta nigiiomy aopiBHIOBaTMME:
M 10—4c2
= 20?2c— 40 M- 20 M =20 m.

Bignosigb: 20 M.

Mig pieto cUM 3eMHOT0 TSDHKIHHSA
CrocCTepiralTb Taki pyxu: BifbHe na-
LIHHA, pyX Tina, KMHYTOro BepTUKaib-
HO Bropy, nif KyTOM [0 TOPU3OHTY i
rOPM3OHTa/IbHO 3 MEBHOI BUCOTMU.

Po3rngaHemo pyx Tina, KMHYTOro nig
KYyTOM a [0 FOpW30HTY 3 MO4YaTKOBOK
WBKNAKICTIO 00 i rOpU3OHTaNbHO 3i

weunakicTio 00 3 BUCOTW h Haj 3eMnero

(man. 2). Taki pyxu cKnagawTbca 3
[BOX He3aNileXXHUX OfMH Bif OAHOro py-
XiB: PIBHOMIPHOTO B rOPW30HTA/IbHOMY
Hanpami (pyx 3a iHepuieto) i piBHO-
MPUCKOPEHOTO Y BEPTUKANLHOMY Ha-
npsmi (BifibHe NafiHHSA BHACNifOK Npu-
TAraHHA g0 3emni).

AKWo TiNy HagatM MovyaTtkoBy
weKnaKicte 0o Mifg KyTOM [0 FOpW30H- 6
Ty, TO NOro pyx 6yge KpuvBOAIHIAHUM
(man. 2, a).

Pyx Tina, KWHyTOro nif KyTtom [0
FOPU30HTY, € Pe3ynbTaTOM CKafaHHA
[BOX pyXiB: PIBHOMIPHOIO NPSAMONIHIN-
HOro 3i wBuAkicTio ulx=ux=const y

Man. 2. Pyx Tina KuMHyTOro
nig KyToM 4O FOpU30OHTY (a) Ta
ropu3oHTasibHO (6)
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rOPU3OHTA/ILHOMY HanpAmi U PiBHO3MIHHOIO 3 MOYaTKOBOK LUBUAKICTHO ULO ,

HanpAM/IEHOK BEPTUKANIbHO Bropy.
Mogynb He3MiHHOT ropU3oHTaNbLHOT CKAA0BOT LWBMAKOCTI: LY =ulcosa .

Mogynb BepTMKanbHOI CK/Ia[0BOT BECb 4aC 3MIHIETHCA | BU3HAYAETLCA
3a PIBHAHHSAM: U =uosSina-gt. 3 UbOro PiBHAHHA MOXHa BU3HAYUTWU 4ac

tl Big nmoyaTtky pyxy Tina Ao TOYKM MakCUMa/ibHOro MigHATTHA, ge U =0
uosina
y-m
Mogaynb pe3ynbTyrouoi WBUAKOCTI:
v= +uv2= ,cos2a +(vosina- gif .
BekTop pe3y/ibTyo4Oi LWBMAKOCTI YTBOPIOE 3 TOPU3OHTOM KYT a , L0 3Mi-
HIOETHCA 3 YaCOM:

tga =— =——-—----=- .
g Ux uOcosa

Bucota, Ha AKy MigHIMeTbCA TiNO 3a LOBiNbHWUIA iHTEPBa/ Yacy NOMbOTY:
h=u,,isina - gf

AKWO B Lel BMpa3 3amiCcTb t NiAcTaBUTWM BUpas ANs vacy NIAHATTA, TO
MatuMeMo (opMyny MakCUMasbHOT BUCOTU MiAHATTA:

_ Wsin2a R
Tax 29

#

Yac niausatra AOPIBHIOE Yacy nNafiHHA 3 BUCOTW iTuax lMOBHWIA Yac no-

. ;. _2u,sina
NbOTY MO napaBoni CTaHoBUTUME: t =3iy=—""--—-.

g
JanbHicTb MOMbOTY Y rOPU30HTASILHOMY HanpsaMi:
. v; sin2da
L=( -

[anbHicTb nonboTy L Oyae Haibinblwow 3a ymoBW, WO sina =1, To6TO
Kom a = 45°. 3a HasaBHOCTI onopy MOBITPA TPAEKTOPIA NOMLOTY TiNna, Ku-
HYTOro Mg KyTOM [0 ropu30HTYy, Oyfe He napabonot, a 6anicTUUYHOK Kpu-
BOH. [anbHiCTb MOMLOTY MpM LbOMY Oyfle MEHLLOH Bif pPO3paxoBaHOl 3a
Lieto opmynoto.

PiBHAHHS 3a/1€)KHOCTI KOOpAMHATK TiNa Big Yacy Ans Takoro pyxy B3[0BX
oci OX Ta oci OY:

x =x0+(uocosa)t;
gt
Y=Y +(0o0sina)i 9
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PYX TINA, KNHYTOIO NOPU3OHTAJIBHO 3 BUCOTW H. Lle okpemuit
BUNALOK PyXy Tifa, KMHYTOro nif KyTOM [0 FOpu3oHTY (a = 0) 3 AeaKoi
BCOTU H. Lle KpUBOMIHIAHMI pyX Y3[O0BX TifIKW napabonu nig Aieto 3em-
HOro TAXIHHA. Y BepTMKa/ibHOMY HanpsamMi B340BX Bici OY BifbyBaeTbCs
BiflbHe MafiHHA, Y FOPU30OHTa/IbHOMY Hanpsami B340BX Bici OX — piBHO-
MipHWiA pyx (aue. man. 2, 0).

Y 6yab-akuii MOMEHT Yacy LWBMAKICTb 0 HanpsmaeHa no AOTWUYHIA [0
TpaekTopii. Po3knafemo BekTop U Ha ropu3oHTaNbHYy UX i BEPTUKaNbHY U

cKnagosi. Mogynb ropusoHTaNbHOI CKNafoBOT LWBMAKOCTI Y OyAb-SKWIA MO-
MEHT 4acy 3a/MLWaEeTbCa cTaimm: U =U0, a MoLy/b BEPTUKa/IbHOT CKajo-

BOI NiHIHO 3pOCTae 3 YacoMm: L =gt.

PiBHSIHHA pyXy B FOPU30HT&/bHOMY Hanmpami: X =uxi, e uxX — npo-
eKuia LWBMAKOCTI Uo Ha Bicbk OX. Pyx Tifa y BepTMKanbHOMY Hanpami
(B3moBx oci OY) € BiNbHUM MafiHHAM, TOMY PiBHAHHA pyxy no oci OY:

y =H--9t,
2
OcKinbkn U Lu , To mMoAynb WBKUAKOCTI 0O y Byab-SIKMA MOMEHT no-

NbOTY [OpPiBHIOE: L =LY+ U2 =sjvl +g2&%2

Yac nagiHHA [0 nosepxHi 3emni: t= --—--.

JanbHicTe nonboty: L=u0J----.

Mogynb WBMAKOCTI NagiHHsA no6am3y nosepxHi 3emni: v="u@+2gh .

3rifiHO 3 Man. 2 MOXHa BU3HAYUTW KYT a, Nif AKUM HanpsaMIeHo LWBUA-
KiCTb Tina 6ina nosepxHi 3emni:

V) V)
tga =— ; a =arctg— .

3afaya 3. JliTak NneTuTb rOpuU3OHTaNbHO 3i WBKAKICTIO 720 Km/rof Ha
BucoTi 245 M. Konu BiH nponitae Hag AesKOK TOYKOK MNOBEPXHi 3emii,
3 HbOr0 CKMAalTh BaHTaXX. Ha sKili BifgcTaHi Bif MicUS KWAAHHS BaHTaX
ynage Ha 3emnto? Onip NoBiTPA He BpaxoByBaTw.

JaHo: Po3B’d30K

v0= 720 km/rog =200 m/c BaHTaX BifbHO nafjae i 0gHOYACHO pyxa-
H= 245 m ETbCA 3a iHEpLiel0 3 FOPU3OHTA/IBHOK NoYart-
g =9,81 m/c2 KOBOI LUBUAKICTIO.

L —° KiHemaTnyHi piBHAHHA PyXy BIfHOCHO KO-

OpAUHATHMX OCell MalTb BUINAL: no oci OX
PyX PiBHOMIpHWIA:

L =voi ;
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. i . . ; . r
no oci OY — pPiBHOCMOBI/IbHEHWIA 683 NOYATKOBOI LIBMAKOCTI: y =H 9Ly wo

. t2 .
MEHT NafiHHA BaHTaXy Ha 3emnto y =0, Tomy H =-g-2--. Bu3Haunmo yac nagiH-

HA: t= I_Zfl_ 'Irg,u,i JaNbHICTb MOMLOTY LE 0 --—-- .

O6uuncneHHa: L =200—J A 1414 2 M « 1,4 KM
c\9,8Im/c2 —

Bignosigb. L* 1,4 Kwm.

Po3rnaHemo feTanbHiWe pyx Tina nig [iel0 CUAM BCECBITHbLOrO TSA-
>KIiHHS.

3agaya 4. CepefHsa BuMcoTa CynyTHUKa Haf, NMOBepxXHel0 3emi [OPiBHIOE
1700 kM. Bu3HaunTu ioro LWIBMAKICTb Ta Mepiof 06epTaHHs, AKLWLO pagiyc
3emni popiBHioe 6370 KM.

JaHo: Po3B’a30K

h =1700 km = Pyx cynyTHMKa Bif6yBaeTbCA MO KOJOBil OPOITI nuLle
=17 - 106 m L . . ™

R = 6370 KM = nig i€ CUAN BCECBITHBOrO TSXKIHHA: F =G-(R +hi
= 6,37 - 10s M sIKa Hafjae oMy fOLIEHTPOBE MPUCKOPEHHS. BOHO 0GuMC-
vV —? ca=

T ? NIOETLCA 3a hopMy/ioo: a = .Y

Buxogaum 3 gpyroro 3akoHy HbOTOHa, MOXHa 3anucatu: F = Ta;
MT nw
(R+h)2 R +h

0= GM
R +h VR +h
Y uin dopmyni G i M — cTani BenMUNHN, SKi BU3HAYalOTbHCA 3a [0Bif-
HUKOM, ane MOXXHa BUMHWUTK TaK: MOMHOXMBLUW YUCENIbHWUK | 3HAMEHHUK
M i
—
R2 R+h

3Bigkn v2=G

NiBOro PiBHAHHA Ha R2 ofepxmmo: U' =G

. . M . . .
Y uiii thopmyni Bupas GES- 03Ha4ae NPUCKOPEHHS BiNIbHOTO NafiHHA Gi-

Nna NoBepxHi 3emni, TOMy MOXHa 3anucartu:

R2
= ; U=.J*—g =R
2=, i +H ] +hg Vi +h
9,8
16,37-106+1,7-106
Mepion obepTaHHSA CynyTHMKA MO KOMOBI OpO6ITi BM3HAYaETbCs 3a (hop-
MY/O0HO:

3Bigkn: v=6,37-10( =7,1-103 (m/c).
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2n(R +h) 6,28(6,37-106+1,7-106)
0 o 7,1-t03
Bianosigb: nepiog o6epTaHHSA CynyTHMKa MO KOsoBiin opbiTi 7 - 103 c.

7-103 (c).

Lis 3aga4a CnpoLLyETbCs, AKWO PO3rNaLaeTbCa pyxX CynyTHUKA Ha Manii
BMCOTI h, SIKOKO MOXXHa 3HEXTYBaTW MOPIBHAHO 3 pagdiycom 3emni R. Y Ubo-
My BUMaAKy, AKWO0 BBaXaTu h = o, opmyna Ans 064MCNEHHSA LUBUAKOCTI

GM . . MT
HabyBae BUrNsgy: U B 3a 3aKOHOM BCECBITHbOrO TSXKIHHA, G R =mg ,

i GM =gR2 Lle gae 3mory y ¢opmyni WBKUAKOCTI 3p06UTK 3aMiHy A00YTKY
GM i ogepxatu i CNpoLLEeHNn BUpas:
v=-JgR ~ 7,9 Km/c.

OfepxaHe piBHAHHS BM3Hayae LWBMAKICTb, AKY Tpeba Hagatu Tiny, Lo
3anyckaeTbca i3 3emi, abu BOHO BUIALLMO Ha KOMOBY Op6ITYy il LWTY4HOro
CYNyTHMKa, TOOTO neplly KOCMIiYHY LUBUAKICTb.

3afava 5. JliTak BUKOHYE netno Hecteposa («MepTBY MET/O») pafiyCcom
R =800 m i pyxaeTbca no HiM 3i WBMAKICTIO U = 720 KM/rof. 3 AKo
Barot0 NiNoT mMaco 70 Kr TUCHYTUME Ha CUAIHHA fliTaka Yy BepXHil i HUX-
Hili TouKax netni?

JaHo: Po3B’a30K
R =800 m

v = 720 km/rog =

= 200 Mm/c

T =70 Kr

N D

pH_
P,—

Ha ninota, WO BUKOHYE «MepTBY MET/O», AiOTb CUNAa TAXKIHHA mg Ta
peakuii onopu N. 3a Apyrum 3aKoOHOM HblOTOHA:

2
Mg + N =Ta, a=—.

CnpsMyeMo KOOpAMHATHY Bicb OY A0ropu i CNpoeKkTyeEMO BEKTOPHe piB-
HAHHA Ha L0 BiCb Y BEPXHIil Touui TpaekTopii:
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3a TpeTiM 3aKOHOM HblOTOHA:

(40000’°y M
P —N, tomy PB=70Kr —-9,8 — | = 2814 H.
800 m c

\% J
Y HWXHIA TOUUi «MNeTAi» NPOEKLis PIBHAHHS PyXy Mae BUIMsA:

Ns- mg=1T—;
H

2
iVH= m(E +g); Tomy |PH = W =70 kr - (50 + 9,8) m/c2 = 4186 H.
Bignosiap: y BepxHili Touui Bara ninota 2814 H, y HmxHIiA — 4186 H.

3agavi agns camocTIiiHOro po3B’A3yBaHHS
1 (c). Y ckinbku pasiB 3MEHLIMTbCA CWla NPUTAraHHa Ao 3emii KOCMiYHOT pa-
KeTn npu 1i BigAaneHHi Big NOBEPXHi 3eMni Ha BiACTaHb, LWO AOPIBHIOE
pagiycy 3emni?
2 (c). 3 niTaka, AKUIA NeTUTb B FOPU3OHTa/IbHOMY HanpsMKy 3i LBUAKICTHO
720 km/rog, Ha BucoTi 3920 M Haj 3eMsiel0 CKMHYNU BaHTax. K Aa-
NleKko Bif MicUS BMKMAAHHA BaHTaX Brage Ha 3em/io?
3 (c). AK 3MIHATLCA 4Yac i AaNbHICTb NONbLOTY TiNA, KUHYTOrO FOPU30HTas/IbHO
3 MNEBHOI BMCOTK, SKWO WBMAKICTb KUAAHHS 36inblWnT BABIYI?

(©). KamiHb nagaes Ha AHO ywenuHu 4 c. fka rambuHa yuwenuHmn?

(c). Ha siky makcumasibHy BUCOTY NigHIMETbCA TiNO, KMHyTe Bropy 3 no-
4yaTKOBOK LWBKMAKICTIO 44 m/c? Ckinbki 4yacy TpuBaTMme niginom Tina
[0 MakcumasibHOT BUCOTU?

6 (c). M’a4 kKuHyAu nig kytom 30° 40 FOPUM30HTY 3 MOYaTKOBOK LUBUAKICTHO
10 m/c. Bu3HauTe BMCOTY Migomy Ta AasbHICTb MOALOTY M’SAua.

7 (n). B skin Touui npsmoi, wo 3’'egHye UeHTpu 3emsi Ta Micsaus, Tino 6yge
nputarysatuca Ao 3emni i 4o Micaus 3 ogHakoBMMK cuiamu? Beaxai-
Te, WO cepegHsa BiACTaHb MiX LeHTpamu 3em/i Ta Micaus [OpiBHIOE
60 3emHMM pagiycam, a Maca Micauqa y 81 pa3 MeHLWwa 3a macy 3emii.

8 (A). BusHauTe NpUCKOPEHHST BifIbHOrO NafiHHS Ha MoBepxHi BeHepw, sKwo ce-
pefHs ryctmHa pedvoBuHu nnaHetn 5200 kr/m3, pagiyc naaHetn 6100 km.

9 (a). Micaub obepTaeTbca HaBkono 3emni 3i weuakictio 1 km/c. CepegHs
BigcTaHb Big 3emni go Micaya 3,8-HO5 km. BusHaute macy 3emni.

10 (g). 9Ky WBMAKICTb NMOBMHEH MaTW LUTYYHWIA CynyTHUK 3emni, wob6 obepTta-
TMCS MO KONOBI Op6iTi Ha BMCOTI 600 kM Hag noBepxHew 3emni? Yomy
[OpIBHIOE nepiof noro obepTaHHA? Pagiyc 3emni npuitHatn B 6400 Kwm.

11 (4). AsTOMOGINIb Macow 2 T pyxaeTbcA 3i wBUAKicTIO 36 Km/rog. BusHaute
Bary aBTOMOGifiA, KOMM BiH NPOXOAMTb MO BMNYKIOMY MOCTY, 3 pajiycoMm
KpUBU3HN 40 M.

12 (g). Crpina, BunNyleHa 3 fiyka BepTUMKa/IbHO Bropy, Bnasla Ha 3eMs 4vepes
6 c. ki noyaTkoBa LWBUAKICTb CTPISIM | MakcMmasibHa BucoTa ii nigiiomy?

13 (g). Tino, ske BiNbHO nagae 6e3 NOYaTKOBOI LWBUAKOCTI, 3a OCTaHHIO ce-
KYHAY pyXy NpoxoauTb 2/3 ycboro wsxy. BusHaute wnisx, npongeHui
Tinom nig yac nagiHHs.

(G218 N
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XI0M4MK KMHYB M’S4 3 BikHa rOPU30HTaUTbHO (3 20-MeTpoBOi BUCOTK Gararto-
noBepxiBkK). CKiflbKM Yacy feTiB M'a4 40 3eM/Ti i 3 SKOK LUBWAKICTIO 1A0ro
6yn0 KMHYTO, SAKLIO BiH ynaB Ha BiAcTaHi 6 M Big yHAAMEHTY GYANHKY?
JanbHiCTb NOAbOTY Tifla, KWMHYTOr0 B TOPW30HTa/IbHOMY Hanpsmi 3i
weuakictio 10 m/c, AOpPIBHIOE BUCOTI KMAAHHSA. 3 SIKOI BMCOTU KMHYTO
Tino?

Xnonunk cTtpubae y Boay 3 KpyToro 6epera 3aBBULIKM 5 M, Matoun nicns
PO3rOHY rOPU3OHTA/IbHO HanpsMAEHY LWBWMAKICTL 6 M/c. Akumn 6yayTb
MOAYNb | HaNpsM LWBMAKOCTI X/I0MN4YMKa Y TOR Yac, KONu BiH fOocsArHe Boau?
CHapsg, Wo BUETIB 3 rapMatun nig KyToM A0 rOpu3oHTY, nepebysas y
nonboTi 12 c¢. Akoi HailbinbLOoi BUCOTU BiH Jocsar?

BusHaute BUCOTY MIgHATTS i gasb-

HICTb NONbOTY CUrHasILHOI pakeTw,

BUNyWeHOi 3i weugkictio 40 m/c

nig kytom 60° 4O rOpU30HTY.

Ha mantoHky, 3po6seHoMy 3a CTpo-

60cKoniyHo dpoTorpaduieto, 306pa-

XXEHO MONIT Ky/NbKW, BUNYLEHOT 3

OUTAYOro NPYXUWHHOro nicroneTa.

3Hawumn, WO CTopoHa KBagparta

KNITUHKN OOPIBHIOE 5 CM, BU3HaAYTe:

a) yac nosbOTYy Ky/bku; 6) iHTepBan

MK cnanaxamu; B) NOYaTKOBY LUBUAKICTb KY/bKW.

Tino BifIbHO Nagae 3i CTaHy CMOKOK 3 BMCOTM 39,2 M. 3a SKWiA Yac Tino
npoige: a) nepwuii MeTp CBOro LW/sXy, 6) OCTaHHIin MeTp CBOro WS-
Xy? Yomy [OpiBHIOE cepegHs LWBMAKICTb Ha APYrii NOMOBWHI LUASXY?
Tino BinbHO napae 3 BMcoTM 80 M. ke AOro NEpPeMilLeHHS 3a OCTaHHI0
CeKyHAy nafiHHA?

8§ 14. OethopmaLii i crmna npy>KHOCTI

Lethopmauis
» Cuna nNpy>KHOCTI
» 3akoH lyka

OJEDPOPMALIA. Ak Bigomo, B3aeMofis Tin MOXe 3YMOB/OBATU HE TiNbKK
3MiHY TXHiX LBKUAKOCTEN, a 1 3MiHy iX hopmy abo po3mipis.

30BHILLHIX CWU, Ha3MBaKTb AedhopmaLiieto.

3MiHY opmn uu posmipiB Tina (abo Moro 4vactuH) nig Aieto

Cepep, gethopMalliii, AKi BUHWMKalOTb Yy TBEPAMX Tiflax, MOXHa BUPIZHUTK

M’ATb OCHOBHWUX BWAIB: PO3TArY, CTUCKAHHSA, 3CYBY, KPYYEHHS i 3rvHaHHS.
Mwv Hagani posrnggatumemo gedopmadii posTtary (CTuckaHHs) (man. 14.1).
X Lle HasuBalTb NiHIMHUMK fedopmauisMu.

Jemopmauii nodinaTe Ha NPYXHi, AKi 3HUKAKTb MiCAA NPUNUHEHHS

LT 30BHILWHIX cun (OCKINIbKM MOJSIEKY/IM Tifla NOBepTalTbCA B MOYaTKOBE



MOJIOXEHHS), i NnacTU4Hi, Konu Big-
HOB/IeHHS (hopMuy Tina He Bif6YBaETLCS.

KifbKicCHAMM  XapaKTepucTmkamm
NiHiHOT fethopmauii € abcontoTHe Ta
BIAHOCHE BUIOBXEHHS.

ABCONOTHE BUAOBXEHHA —
(hisnyHa BeNMYMHaA, WO MoKasye
3MiHY po3MmipiB Tina nig Aieto
30BHILLHIX cu.

AGCONOTHE BUAOBXEHHSA MO3Haya-
I0Tb NiTepoto x abo x Al, OaunHuueto
abcontoTHoro BngoBxeHHs B Cl € MeTp.

Al =I-10,
ge D— noyaTKoBWiA po3Mip Heaedop-
MOBaHOro Tina; | — po3mip Tina nicnsa

fethopmauii. 3posymino, wWwo nig vac
po3tary A1>0, nif 4Yac CTUCKaHHA
Al<O.

BigHocHe BMAOBXEHHA — i-
3MYHa Be/IMYMHA, WO MOKa3ye
SIKY 4acTUHY Bif MOYaTKOBOro
po3mipy 10 ctaHOBUTb abCconHoT-
He BUJOBXEHHS Al

BigHocHe BUOOBXEHHA MO3HAYaETb-
CA TPeLbKOI NITEPOID «erncinoH» (€) i
BM3HAYaETHCH 3a thopmyfoto:

6\1: l-:-lol\. Y uboMmy BUNagKy Bid-
k

HOCHE BUJOBXEHHS € 6e3p03MipHOI0 Be-

§ 14. fedopmauii i cnna npyxHocTi

Man. 14.1. Buan gedopmadii:
a — po3TAry Ta CTUCKaHHS;

6 — 3ruHy;
B — KPYYEHHS;
r — 3cyBy

NNYMHOK. |HOAI BifHOCHE BWMAOBXEHHS BMpaXKalTb y BigcoTkax (%), 06-

YMCNIOKYM Oro 3a hopMynoro |ef =—-100%.
k

CUNA TPYXXHOCTI. Bu BXe 3HaeTe, WO cuna € Mipow 6yab-SKOi B3ae-
MOZIT MK Tinamu HesanexHo Bif i1 (isnuHoi npupogn. Lle o3Hauae, LWwo
3aKOHW AWHAMIKW CMpPaBoKYOTbCA AN OyAb-AKOI (PyHAaMeHTanbHOT B3ae-
Mol — rpaBiTayiiHol, cnabkoi, eNeKTPOMarHiTHOI i cuibHOI. OCKiNbKK
cnabka i cunbHa B3aEMOAIT € KOpOTKoAitounmun (pagiyc ix Ail 10~15 — 10~17 M),
TO BOHW He CYTTEBO BM/AMBAKOTb Ha MaKpPOCKOMIYHI abo MexaHiuHi pyxu Tin.
paBiTayiiHi 1 eneKTpPOMarHiTHI B3aeMOfii € Aanekofitoynmu, ToMy BMAKU-
BalOTb Ha OY[b-AKWIA MexaHiYHUA pyx Tin.
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AKWO CUM TAXIHHA AIKOTb MK Tinamm 3aBXAW i rpasiTaliiiHy B3aeMo-
L0 HE MOXKHA NPUNUHUTW, TO A5 NPOSBY, HanNpuKnag, CuUau MpYXHOCTI
noTpibHa cneuianbHa ymoBa — Tiflo Mae 6yTn AehopMOBaHUM.

Cwuna npy>HocTi — cuna, Wo BUHWKAE Mig vac gedopmadii Tina
i cnpsiMoBaHa MPOTU/IEXHO A0 HaMpPsMKY 3MiLLEeHHA 4YacTUHOK Tina
nig vac gecopmadii.

Cuna npy>KHOCTi 3yMOBJIeHA €/1eKTPOMArHiTHOK B3aEMOLIED MiX 3aps-
[KEHUMW YaCTUHKaMW, 3 AKUX CKNafalTbeA Tina. Y HefedopmMoBaHOMY Tifi
CUN NPUTATAHHA Ta BigLUTOBXYBAHHA MK CYCIgHIMW YaCTUHKaMW KOMIMEH-
CyHOTbCS 11 BOHW MepebyBatoTh y piBHOBa3i. BHacnigok gedopmauii BigctaHb
MiXK YaCTMHKamn 3MeHLYeTbCA abo 36inblIYeTbCA MOPIBHAHO 3 Hegedop-
MOBaHUM CTaHOM, LU0 1 CNPUYUHSAE MOABY CUAM MPYXHOCTI, fKa Crpuse
BifLHOB/IEHHIO MOYaTKOBUX PO3MIPiB Tifa. OTXe, cuna MPY>XHOCTI 3aBXAu
HanpsiMieHa Tak, W06 3MeHWUTN fedopmalito.

Cwuna peakuii onopun — cuna npy>XHocTi, SKa fie Ha Tifo 3 60Ky
onopu neprneHAMKYAsSpHO 40 11 NOBEPXHI.

AKLLO Ha 3BMYaliHIlA HMTUi MigBicu-
T Tarapeub, Y HUTLI TakOX BWMHUKAE
cuna npy>xHocTi, Xouva fAedopmauii
HUTKW MU MOXEMO W He moMiTuTu. Lo
Cuny HasMBatoTb CuMoK Hatary T . Ca-

Me Uf cuna KomneHcye Bary P i He pae
HUTLiI posipBatuca (man. 14.3).

Cuna Hatary — ue cuna
NPY>XXHOCTI, WO Aie Ha Tino 3
60Ky niggicy.

Man. 14.3. Cuna HaTary HUTKU
Tin, aKki He pedopmysanuca 6, y npotugie Basi Tina

npupoai He icHye. BogHouyac yacto fo-

BOAUTLCA MaTW Crnpasy 3 TaKUMU MaiMMun fedopmaligMu, WO X BaXKKO
BMABUTU. Hanpuknag, AKWO HacTynuTu Ha UernuHy, 1o Ti BUcoTa 3MeH-
lWNTbCA Npr6m3HO Ha 0,00005 cm. 3a Takoi gedopmadii cycigHi aTomMmu Ha-
6/1MKaATLCA OAWMH [0 OAHOro NpubaM3HO Ha 2-HO 14 cM. Jani My posrns-
HEMO BNAacTUBOCTI CUM MPYXHOCTI B Tifax (NpyXuHax, rymoBUX [Krytax
TOWO), AKi 3a3HaTb ICTOTHMX Aedhopmaniin Npu Aii Ha HUX 30BHILLHIX CUA.

3AKOH IN'YKA. [ins npyXHWX getopmMauiin aHrniincbkuM yyeHum P. T'ykom y
1660 p. ekcnepMmeHTa/lbHO BCTAHOB/IEHWIA 3aKOH, AKWIA Ha3BaHO #Oro iM’sam.

Cwuna npy>XHOCTIi, IKa BUHMKaE Nif Yac npy>xHoi gechopmauii Tina,
NpsSIMO NponopLiiHa BUAOBXEHHIO Tifa i HanpsimieHa y 6iK, NpoTu-
NeXHWIA 10 HanpsMy MepeMillieHb YacTMHOK Tifla nig yac gedhopmadii.
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Je h — KoeqilieHT nNpy>XHOCTi, abo XOPCTKICTb, MO0 3HAYEHHS 3aNeXUTb
BiZ, pO3MipiB Ta Martepiany Tina, oAUHULEID KoeilieHTa NPYXHOCTI € Hbio-

TOH Ha MeTp I:Lll=1 V; X — abconoTHa aethopmalis (abCoNoTHe BUAOBXKEH-

HA Tina Al).
3HaK «MiHyC» MNOKasye, L0 HanpsM CWUMN MPYXHOCTI NPOTUNEXHUIA Ha-
npsaMy 3MilLEeHHs Kparo AehopMOBaHOro Tifa.

YKOPCTKICTb — 3AaTHICTb Tina abo KOHCTPYKLUii NpOTUAIATN BU-
HUKHEHHIO AedopMaLiii nNpu 3agaHOMy TUMi HaBaHTAXEHHS: 4YMM
6iflbLUA XXOPCTKICTb, TUM MeHLLa AedopMalisi Npu Tin Xe cuni.

Mif )XOPCTKICTIO PO3yMitOTb TaKOX KOeqilieHT nponopuiiHocTi k y thop-
Myni 3akoHy [yka.

fABuLLe NPY>XHOI fedopmaLii BUKOPUCTOBYHOTL Y Mpuiagax Aas BUMIpHO-
BaHHA CUIM — AnHaMoMeTpax (abo cunomipax). KOHCTpyKUiT AuHaMOMETpIB
Pi3HOMaHITHI, ane NPUHLMN TXHbOT PO60TU OAHAKOBUIA: Y HUX BUMKOPUCTAHO
B/IACTWBICTb Tifl MOAOBXYBATUCh, 3rMHATUCL YN CTUCKATMCb 3a MPYXKHOI Je-
thopmaii NpsiMO NPOMNOPLIAHO [0 BEIMUNHWN MPUKNAAEHOI CUN.

! TonoBHe B UbOMy naparpagi

ABCOMOTHE BMAOBXEHHA — (Di3MYHA BENIMUYMHA, LIO MOKasye 3MiHYy pos-
MipiB Tina nig gieto 30BHIiWHIX cun. ABCONOTHE BMAOBXEHHSA MO3HAYal0Th
NiTepoto x abo X Al, OguHuuero abcontoTHOro BuaoBXeHHsA B Cl € meTp:

x =Al=I- D.

BigHoCHe BUAOBXEHHA — (hi3MUHA BEIMYMHA, L0 MOKa3ye, AKY YaCTUHY
Bif, MOYATKOBOro po3mipy D CTaHOBWUTb abCONIOTHE BUAOBXEHHA Al.

BifHOCHe BMOBXEHHA MO3HAYAETLCA IPELLLKOIO NITEPOI0 «ercisioH» (€) Big-

LM

HOCHE BUOBXEHHS € 683P03MIPHOI0 BENMUMHOIO, =322, 3akoH yka:
k k

cuna Mpy>xHOCTi, IKa BMHUKAE Mij yac NpyXHOoi fedopmallii Tifa, npsamo npo-
nopuinHa BUAOBXEHHIO Tina i HanpsmieHa y 6iK, NPOTUIEXHWUIA 0 Hanpsamy
nepeMillleHb YaCTMHOK Tifa nig vac gedopmadii: I =-kx .

? 3anuTaHHa Ana caMonepeBipKku

1 3a KX YMOB BWHUKAE CWMa NPYXHOCTI?

2. 3a gakux ymoB BUHMKae gecpbopmaduia Tina?

3. Lllo Ha3vBaloTb CW/IOK peakuil onopu; CUMNOK HaTAry?

4.,  YHacnigok 4oro 3’sIBASETbLCA cuaa MPYXHOCTI? Hka npupoga uiei cuin?

5. UWo Take gechopmauif? 3a skMx yMOB BUHMKaOTb Aedpopmauii Tin?

6. fky Aedhopmauilo Ha3vBaloTb MPYXHOW, a AKy — nnacTuyHow? HassiTb BU-
on pedopmadii?

7. Ulo Take peakuisa onopu abo nigsicy?

8. fk dhopmynoeTbCsa i 3anncyeTbcs 3akoH lyka? Lo o3Havyae 3HaK «MiHyC»

y dopmyni 3akoHy lyka?
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NMPAKTUKYM 13 PO3B’A3YBAHHA ®IBNYHNX 3AOAY Ned

Posrnagaroumn pyxy Tin nig i€l KiIbKOX CWJ1, 3BEPHITb yBary Ha Taki
0c06MBOCTiI:

1. Konu B 3afadi MAETbCA MPO PyX CUCTEMU MOB’A3AHUX MK COBO Tif,
PIBHAHHA PYXy A/1A KOXXHOrO Tina 3anucyroTb okpemo. OfepXaHi PiBHAHHSA
PO3B’A3YI0Tb AK CUCTEMY. FKLLO Tifna 3B’A3aHi HUTKO, nepesbdayvaeTbes, L0
HUTKW HEPO3TSXHI i HeBaromi, 6/10KM TakoX Hesaromi. Lle nosicHoeTbeA
TUM, WO HEPO3TSHKHICTL HUTKU, KA 3B’A3Yy€ Tina, 03Ha4vae BiACYTHICTb Ti
BMAOBXEHHSA, OTXe, i BUHWUKHEHHA BHACNifoK gedopmalil foLaTKOBUX CUS
npy>xHocTi. Lle gae nigcraBy BBaXKaTtu, WO CWMNa HaTAry HUTKW CKpi3b 3a-
NINLIAETLCA HE3MIHHOI, | NMPUCKOPEHHS, HafaHe L€ CUI0K, HEe 3MiHIOETb-
cA. HeBaromicTb HUTKW BKa3ye Ha Te, LU0 AitOYi CUIWN HATATY HUTKW PiBHI
MK C06010. 3a HasABHOCTI 6/10Ka PIBHICTb HATATY HUTKW BUKOHYETLCA NMLLE
B TOMY BMNafKy, KOM Macamy HUTKM Ta 6/10Ka a TakoX TepTam nij yac
06epTaHHs 6/10Ka MOXHa 3HEXTYBaTMW.

2. Micna po3B’a3aHHSA PIBHAHbL | 3aMuUCy PO3B’A3KY B 3arajibHOMY BUrNagi
BM3HAYalOTbCA YMCOBI 3HAYEHHS LUYKaHWUX BENNYUH, OLIHIOETLCA X peasb-
HIiCTb, TOOTO 3aCTOCOBYETbCA 3arajibHWUIN anropuTM MNPOLECY PO3B’A3yBaHHA
3afay. PeKoMeHAyeTbCA NPoAyMaTh MOX/UBICTb 3HAXOXKEHHSA IHLIMX Cno-
co6iB po3B’A3aHHA 3afadi, NOPIBHAHHS 3400yTUX pe3ynbTaTib.

3. Po3rnaHemMo HaWTUNOBIWI BUNALKM Pi3HUX CUTYyaLlii.

Mepla cuTyauis CToCyeTbCA pyxy Tina nig gieto cunm F. Yci cunm gitoTb
Ha TiNno, afe MOXHa BKasaTu fivwe Ti CuiW, AKi BNAMBaKOTb Ha NPAMONI-
HIiHWIA pyX.

[Opyra cutyauis. Ha Tino gie, kpim cunu F, cuna TepTs.

TpeTta cutyauia. Tino pyxaeTbcs 3 MPUCKOPEHHAM Bropy. Aiarpamu cun
BiPI3HAIOTLCA, a PIBHAHHA PYXY Y BEKTOPHIi (hopMi 0agHaKoBi. Ane B Npoek-
LifX Ha BiCb KOOPAWMHAT BOHM pi3Hi. Lli cuTyauii cTocyoTbCH po3B’A3yBaHHSA
3afjay Ha HeBaromiCTb i NepeBaHTAXKEHHS.

UeTtBepTa cuTyauis. Tino pyxaerbcs Bropy no noxuii nAowuHi 3 npu-
CKOPEHHAM, CMpPAMOBaHUM nNapanenbHO MJIOWUHI.

M’aTta cuTyauisd CTOCYETbCA PyXy CUCTEMU TArapLiB BifHOCHO OCi KO-
OPAMHAT, BEKTOPW CUJI MPOEKTYITbCA Ha HanpsM pyxy. Bsaxaemo 6510k
Ta HATKY HEBaroMMMW, camy HUTKY — HEepPO3TSKHOK, To6T0 Tt =T2=T;
ai = .2 = a- lNepwnii BUNaJOK BPaxOBYE BCi CWAK, L0 AilOTb Ha Tifno, a 'y
ApYyromy cunu B3aeMOgii TArapus Ta JofaTka [0 HbOro He po3rnsgarTrbes,
OCKI/IbKM BBaXatOTbCA BHYTPIWHIMX. Ha MantoHKax LeHTpu mac Tarapuis
BiJOKPEM/IEHI AN Kpawloro YHaoO4YHEHHsA cuTyalil.

LLocTa cutyauisa. Akwo Tina pyxarTbCs Mo Koy nig Aieto cun: a) TepTs,
6) TSOKIHHSA, B) NPYXXHOCTI, 1X PyX OMUCYETHCA OAHWM i TUM CaMUM PiBHSH-
HAIM Yy BEKTOpPHIn (hopmi.

CbomMa cUTyalist CTOCYETbCA PyXy KOHIYHOro mMadaTHMKa Ta Tina (notsra,
Be/siocuneancTa Ta iH.) Ha 3a0KPYrneHHi, AKi OMUCYTbCA OfHAKOBUM piB-
HAHHAM.

BocbMma cuTyauis po3rnsgae pyx aBTomobins no yBirHytoMmy abo onykno-
My MOCTY pagiyCcoMm I, a TaKOX pyX Tifla no Koy y BepTUKa/bHIA NAOWUHI
nig Aieto cunv Npy>KHOCTi. BOHWM onucyroTbea 3a A0MOMOrow PiBHAHbL, LU0
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y BEKTOpPHIin (hopmi OAHAKOBI ANA LMX BMNAaAKiB, ase B MPOEKLUiaX Ha Bep-
TUKa/IbHY BiCb KOOPAMHAT Pi3Hi.

Po3rnaHemo Ui cnTyauil Ha KOHKpPeTHUX MpukKnajax.

3agaya 1. Ha aBTOMOGinL mMacoro 1 T mig 4Yac pyxy Aie cuna TepTs, WO
popisHioe 0,1 ioro cunm TAXIHHA. YoMy Mae [OpiBHIOBATW Cufia TArW, Ky
pO3BMBAE MOTOP aBTOMOOINA, WO6 aBTOMOOINIb pyxaBcsi: a) PiBHOMIpPHO; 0) 3
MPUCKOPEHHAM 2 Mm/C2?

JaHo: Po3B’a30K
T = 1T = 103Kr 300pasnMmo Ha PUCYHKY CWUW, LLIO Ail0Tb Ha TiNno: cu-
Posi = 0.1777¢g Ny TAXKIHHA mg, cuiy HopManbHOT peakuii onopy N,
a =0 cuny Tarn FTSTi cuny onopy pyxosi F ai
a2 =2 m/c2 .
9 IN a
ari
- ?
TAr2 N PSH
fmg Man. 1. Jo 3agadi 1
3a Apyrum 3akoHoM HbroToHa F + N +7g =Ta.

Po3rnsiHeMo nepLunii BUNagoK: aBTOMOOINb PyXaeTbCA PIBHOMIPHO, TOGTO
a=0, omKe, B NpoeKLii Ha Bicb OX, WO 36iracThCA 3 HANPSMKOM pPyXY,
PiBHAHHSA Mae Burnag: FTSI-F cv=0; 3Bigky FTSII=Fa; FTSN1=0,Img;
FTSn1=0,1 - 103kr -9,8 m/c2=980 H. ¥ agpyromy Bunagky BOHO Mae BUINAL:
F 2= Fon+ Ta; nigcTaBMBLUM YUCOBI 3HAYEHHA OTPUMAEMO:

~w2=980 H + 1000 kr -2 m/c2=2980 H.

Bignosigp: cuna TArm aBTomobina nig yac pisHomipHoro pyxy 980 H; nig
yac npuickopeHoro 2980 H.

3agaya 2. Mo ropu3OHTaNbHIN NNOWWUHI  PyXaeTbCA TiIO Macok
7 =5 kr nig gieto cunm F = 30 H, HanpamneHol nig kytom a = 30° g0
ropusoHTy. KoediuieHT TepTa KOB3aHHA Tina mo niowmHi g = 0,2. AKky
LWBMAKICTb MaTMMe TiNO 4epe3 10 C MNICNA noyaTky Ail cunu, SKWo crno-
yaTky Tino 6yno B CMoOKoi?

JaHo: Po3B’A30K

m = 5«kr Cuctemy BiffliKy NOB’A3YEMO 3 MOBEPXHELD, MO AKil pyxa-

F=30H erbca TiNo, 0fHy BiCb KOOPAWHAT CNPSMOBYEMO B FOPU3OHTASIb-

a =30° HOMY HanpsiMi B BiK pyXy Tina, a Apyry — BepTUKasbHO Bropy

M =02 (ove. man. 2 go 3ajadi 2).

t=10cC Ha Tino nig vac pyxy fit0Tb Taki CUAX: Cuna TSXIHHA mg,
" cuna peakuii nnowwmHn (onopu) N, cuna Taru F, cuna tepTa

Fwm

MpUCKOpeHHa pyxy Tina 36iraeTbCA 3 HaMpPAMOM KOro pyxy. 3anuiiemo
PIBHAHHA pyXy LbOro Tina:

Ta =mg +N +F + FTT.
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Y Npoekuifx Ha KOOpAMHATHI OCi BOHO MaTuMe BUTA4:
Ha Bicb OX: Ta =Fcosa - F|p
Ha Bicb OY: 0=-mg +N +Fsin a abo N =mg - Fsina.
(Ockinbkn B Hanpami oci OY Tifio He ne-
PeMILLY€ETbCA, @ = 0, CyMa MpPOeKLi cun B AY a
LIbOMY HanpAmi [OPIBHIOE HY/HO.) , — >
Mpuragaemo, WO cuna TePTA BU3HAYAETb- 14
ca 3a hopmynoto FEp= gN. MigcTasnawouu 1i
B MOMepeAHE PIBHAHHSA | PO3B’A3aBLUN CUCTe- Ouwp *
My [BOX PiBHfAHb, 3HaXOAVWMO MPUCKOPEHHSA
pyxy Tina: 0o/ /1717171 11711 /7k
a:-F cosa - gmg +gFsina FE—T !

m Man. 2. Jo 3apadi 2

i BU3HAYAEMO LUBUAKICTb PYXY:
t_(Fcosa- \img +uFsina)i,
m 1

v=a 38,3 m/c.

Bignosigb: v«38,3 wm/c.

3apava 3. Mo noxuniii NNOWMHI Bropy pyxaeTbCA TiNO Macow T1= 2 Kr
nig Aicto 3B’A3aHOM0 3 HUM HEPO3TSXKHOKD i HEBArOMOK HUTKOK TArapus ma-
COK0 T2 = 20 KI, AKMIA NEPEKMHYTO 4Yepe3 HeBaroMuii 610K, WO 06epTacTbeA
6e3 TepTa. MNoyaTkoBa LUBUAKICTb Tifl JOPIBHIOE HY/MO, KOEMILIEHT TepTa MiX
nepwym Tinom i naowmHow: p = 0,1. KyT Haxuniy naowmHW [0 rOpu3oHTY
a = 30°. BM3HauMTVN NPUCKOPEHHS PYyXy TiNa Ta CUy Hatary HUTKK.

JaHo: Po3B’a30K

ml= 2 Kr Ha Tino, wo pyxaetbca No MOXWAil NAOWMUHI, Aie cuna
m2 = 20 Kr, TAXKIHHA FT=mtg, cuna HaTary HUTKW Twu cuna Teptd F|p
M=0,1 I cuna peakuii nnowmHn N. Ha Tarapeub AitoTb: cuna T4-
a =80 XIHHA Fu=m2y i cuna HaTary HUTKN T2

T--%a- 7
[na Kpaworo po3ymiHHA po3B’a3aHHA L€l 3a4advi BUKOHaWTe caMOCTIHO
PUCYHOK, 306pa3uBLLN HA HbOMY BCi CU/IN.

3 YMOBW HEPO3TSXKHOCTi Ta HeBaroMoCTi HWUTKW BWUMAWBAE, L0

ar=a2=a; i T1=T2=T.

O6epemo A4 nepwloro Tina cucteMy BifANiKy, MOB’A3aHY 3 MIOLLMHOM.
Bicb OX cnpsMoBYyeMO Bropy B Hanpsmi pyxy, Bicb OY — nepneHauKynspHo
[0 NIOWMNHW.

Togi piBHAHHA pyxy Tina y npoekuisx Ha oci KoopauHaT MaTume BUTNAL:

TIx+Nx+FTx + FTgx=mxax\ Ny+ FTll =mav.

Bpaxosytouun, wo TIx=T, Nx=0,

ptlx = -m”~sina, a,=0, FTgx=-FTp=-unN,

ax=0¢ , Ny=N, FIlv =~mJgcosa,
0fePXKYEMO:

T - nijg'sina - piV=mxa\

N - mtgcosa = 0.



§ 14. fedopmauii i cnna npyxHocTi

Ona Tarapus obupaemo Bicb OXr, HaNpPsAMIEHY B HanpsaMKy iOro pyxy.
PiBHAHHA pyxy Tarapua T2 6yge maty BUMNAA;

my - T=T2.

P03B’A3yeEMO OfepXKaHy CUCTeMY PiBHAHb BIJHOCHO a. Y pe3ynbTaTi nepe-
TBOPEHb OJEPXKYEMO:

g\mO—77i.(sina+pcosa)l. . g4 e~
T1+72

Cuny HaTary 3Haxofumo, NifCTaBAAYM y (OPMY/y OfepXaHWi BuUpa3s
MPUCKOPEHHS:

T _mim2g(l+sina+pcosa) . T a 28 2 4

ml+m2

Bignosigb: a « 8,4 m/c2 T « 28,2 H.

3afava 4. Yepes HepyxOMuiA 610K MEPEKUHYTO LUHYP, 4O OAHOrO KiH-
LS AKOro MpuB’A3aHO BaHTaX Macol nrl, a Ao iHWOoro — fBa BaHTaXi
T2=0,15 kr i w3=0,05 kr. Maca T1> 12+ T3 CnCTeMa pyxaeTbCs 3 Mpu-
CKOpeHHAM 2,0 M/c2 Bu3HauMTV Macy NepLioro BaHTaxy i CUy MpPY>KHOCTI
WHYypa MiXK Tinamy 3 Macamy T21i T3 Macamm wypa i 6/10Ka, a TaKoX Tep-
TAM y 610Ul MOXXHa 3HexTyBaTW. LLIHyp BBaXXaTtu Hepo3TAXHUM.

JaHo: Po3B’d30kK

T2+ T3< T] 3anuwemMo apyruid 3akoH HblOTOHA A1 KOXHOro 3 TiN
T2=0,15 kr Tla=Fl+mlg ; m2a=F2+Fs+T2g ;
T3=0,05 Kkr _

a =2, m/'c2 T3a=F +m3g .

T, _ 7 CnpoeKkTyeMO PiBHAHHA Ha KOOPAMHATHY BICb:

F3~ ? mla = -Fx T.

—T22 =-+F2 mF3+ m3,
-nna =-F, m3.

Lia cuctema TpbOX PiBHAHb Mae M’ATb HeBiJOMMX: T,
FIt F2, Fg F4 ane, AKWO BUXOAUTW 3 YMOB 3afadi npo
HeBaromiCTb i HepO3TAXKHICTb LWHypa, moayni cun F2i F4
MOXHa 3aMiHUTW Ha, BIAMOBIAHO, PiBHI TM mogyni cun Ft
i F3. Lle fae 3mory ofep»atu CUCTEMY TPbOX PiBHAHbL 3
TPbOMa HEBIJOMUMMU:

3 NepLoro PiBHAHHA: Fl=mA"g - a); Fio
0TXe, F2=F1=m"g - a). TH
JojaemMo nounieHHo Apyre i TPeTe PiBHAHHA: a F,
-a(T2+ T3 =-F2+F3-F 4+g(m2+ T3, 9
-a(T2+T3)=-m"g - a) +g(m2+ T13); Mg rm
a(r2+ Tt3d=m"g-a)- g(m2+ 13 m2y
(T2+T3(a+g)=m"g - a);
_ (T2+m3)-(a+q) G
-a
F3=m3(g +a). Masi. 3.
[o 3agavi 4
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O6YMCNMMO 3HAYEHHSA Macu MepLIoro BaHTaxy Ta cunm F3:
0,2 Kr-11,8 m/c"
= 0,3 Kr;
7.8 m/c2

[, =0,05 kr (98 :+2 ) «0,6H.

Bignosigb: 0,3 kr; 0,6 H.

Po3B’asytoun 3afadi, AKi BigMoBigalOTb CUTYyaLifaM nif Yac pyxy Tina no
KONy, CAif nam’aTtaTtu, Lo Mif Yac piBHOMIPHOro pyxy Tina no Kony Benmuu-
Ha NIHIAHOT WBMAKOCTI 3a/MLWAETLCA CTa/ION, aie HEeMepPepPBHO 3MIHKETLCA
i HanpaAM. (Y KOXHii TouLi TPAEKTOPii BEKTOP LUBMAKOCTI CPSIMOBaHWIi Mo
[OTWYHIN 1o Kona.) OTXe, Takunii pyx € pyxoMm 3 NPUCKOpPeHHsIM. Moro Hagae
Tiny Ta cuna (abo piBHOZINHA AeKiNbKOX Cu), AKa CnpsiMoBaHa [0 LeHTpa,
3a L0 BOHA OfiepXkana HasBy [OLEeHTPOBOI, a MPUCKOPEHHS, BIAMoBiAHO, A0-
LleHTpoBOro. Ans uux BUNALKIiB LPYrUiA 3aKOH AWHAMIiKW HabyBae BUINagy:

2

Ta = X-FH pe a=— =4m2v2?;

Je i? — pagiyc kona (abo gyrn Kona), rno AKOMY PyXaeTbCs Tifo;

>-H — cyma cknagoBux ycix cun, AKi Ai0Tb Ha TiNo y3[40BX pagiyca.

AKWO cKnafoBa CUAKM cnpsiMoBaHa A0 LeHTpa, 1T npoekwuito 6epyTb 3i 3Ha-
KOM MAKC, a Bif LUeHTpa — i3 3HaKOM MiHYC.

Po3rnaHemo BuNagKu, KOAM Ponb AOLEHTPOBOI Bigirpae nvwe ofHa Cu-
na. Lle moxe 6yTn cuna TepTa (pyx Tina Ha AWUCKY, WO 06epTaeTbCsA Ha-
BKO/I0 BEPTUKaNbHOI OcCi), cuna npyXHocTi (06epTaHHS KYMbKW Ha HWTLUI
ab0 CTepXXHi B FOPU3OHTa/bHIM MAOLWMHI), CMMa BCECBITHLOIO TSXKIHHA (PyX
NAaHeT i CYNYyTHUKIB). AKLWO TOYHO, TO NMAHETK | CYNYTHUKM PyXaroTbCs Mo
eNinTUYHMX, a He KOMoBMX Op6IT, ane iXHi opbiTh Ay>Ke 4acTo HabnmXeHi
[0 KOMOBMX, WO Aae NiACTaBy B 3afa4HUX CUTYyaLifx po3rnsgat Lein pyx
AK 06epTaibHUIA MO Kony.

3agava 5. Kynbka mMacol T, MpUKpinaeHa f0 HUTKKU, PyXaeTbCa Mo KO-
Ny B FOPU30HTaNbHIN NAOWMHI 3i CTano LWBUAKICTIO. BigcTaHb Bif TOYKM
niggicy Ao MNOWMHM cTaHoBUTbL 25 cM. CKinbKy 06epTiB 3p06UTb Ky/bka
3a 10 C?

JaHo: Po3B’a30kK
1=25cm = Ha KynbKy Ail0Tb ABi cuin: cuna TAXIHHA PT= mg i
=0,25 m Cuna HaTary HUTKKM T. 3anuwemo Apyruid 3aKoH HbtoTOHa
t=10cC Yy BEKTOPHIN dopmi: FT+T =Ta Ta y NpoeKuisix Ha oci Ko-
N _? OpAVHaT:

Tsina =niO2R;

Tcosa- mg=o.
MepeTBOPUMO Ui PiBHAHHA: Tcosa mg. Moginumo niBi i npasi yacTu-

HU | oflepXuMo: tga = — .
Rg



3 man. 4 BugHo, WO tga = R/h, OTXe, %:-‘3---

§ 14. fedopmauii i cnna npyxHocTi

ane vV=ai?= 2nR , e T — nepiog, o6epTaHHs,
TOMY MOXHa 3anucaTu: R 4mi?
y " h gT2
3 Ui€T 3aM1eXKHOCTI 3HAXOAMMO 3HAYeHHsA T:
T=21M.
\g
KinbkicTb 06epTiB, WO 34ilicHMNa Ky/nbka 3a
yac t: Man. 4.
[o 3agadvi 5
N=r=2M.
T " 2mh
9,8 4
= 0¢ c -—10.
2n 0,25«

Bianosigb: Kynbka 3gilicHuna Kynbka 10 o6epriB.

1 (c).

2 ().

3 (c).

4 (0).

5 (Q).

6 (O).

3agavi agns camocTIiiHOro po3B’A3yBaHHS
Ha apkyw nanepy MNOMIiCTUAM CKASIHKY 3 BOAOHK. $KOro NPUCKOPEHHS
HeobXifHO HagaTu apkywy nanepy, W06 CKIsHKa 3 BOZOK pyxanacs
Hasag BiAHOCHO nanepy (rpaHU4YHWIA KoewilieHT TEepPTS CMOKOK BBaXaTtu

PiBHUM KOedilieHTy TepTa KOB3aHHS)?
Ulo mae 3pobuTu Bogiil Nig’HxaxKaroum
00 KpyTOoro nosopoTty? Yomy HeobXigHO
6yTM 0COOGMMBO YBaXKHUM Ha CNU3bKil
[oposi?

KopucTtyiouncb rpacdikoMm, Bu3HauTe, $K
pyxaeTbCa MNOTAr i fka cuna TArM J10Ko-
MOTMBa, KONW BIAOMO, WO Maca notara
2500 1, a KoedpiyieHT Tepta 0,025.
CaHn macowo 60 Kr  piBHOMIpHO
3'DKAXKaTb 3 TOPU, CXUN AKOT CTaHOBUTb

40 M Ha KOXHi 100 M JOBXMHU. BusHauTe koedpiuieHT TepTsa caHeil.

Hatvpay nignor macot 10 Kr WTOBXawTh nepes co6oi 3a AONOMOrol
py4ku, sika yTBOPIOE 3 ropu3oHTOM KyT 30°. HalimeHwa cuna, siky Tpebs
cnpsMyBaTu B340BX PYy4YkM HaTuMpaya, Wo6 3pylumTu ioro 3 micus, fo-
piBHIOE 50 H. Br3HauTe KoeqilieHT TepTsa MiX Mig/ioroln Ta HaTupadem.
CTanbHuWil MarHit macoto 50 r npunvn 40 BEPTUKasIbHOT CTa/IbHOT NANTY.
[na piBHOMIPHOro KOB3aHHA MarHiTy BHM3 npukiagawTtb cuiy 1,5 H
3 AKOK CWUOK MarHiT NPUTUCKAETLCA A0 NAnTU? Ky cuny HeobXigHo
npuknacTn, wob nepemiwyBaTn MarHit Mo NAUTI BEPTUKa/IbHO Bropy,

AKWO KoeqilieHT TepTa gopiBHioe 0,27
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7 ().

8 (O).

o (M)

O w.

11 (0)-
12 ().

13 (@).

14 ().

15 ).

16 .

17 (B).

18 (B).

19 (B).

1 (n).

Konu npyxuHy po3TArHyTo cunow 2 H, 11 goBxuHa ctaHoBuTb 10 cm.
Axkwo cuny 36inbWwKMT Ao 5 H, To AOBXMHA NPYXUHWU 36iNbLUIYETLCA A0
12 cm. 3HangiTb AOBXMHY HEPO3TArHYTOI NPYXMHK

Tarapeub Macoto 50 r nNpukpinaeHuiA A0 TYMOBOrO [Xryta 3aBAO0BXKW
50 cm. O6epTakuncb y ropuM3oHTasbHIA NOWMHI BiH BUAOBXYE XIyT
Ha 5 cM. BusHauTe XOPCTKICTb AXryTa, fAKWO 4acToTa obepTaHHA
60 06/xB.

3HaipiTe HaliMeHwWid pagiyc Ayrm kona aBTOMOGINS, SIKMIA pyxaeTbes
MO FrOPU30OHTasIbHIN A0PO03i 3i WBKUAKICTIO 36 KM/rog, AKWO KoediuieHT
TepTa kosic 06 gopory 0,25.

ABTOMOGiNIb Maco 14 T, pywatoun 3 micusi, npoxoguTb nepwi 50 M 3a
10 c. BusHauTte cuny TArm aBTOMOGINA, SKWO KoedilieHT onopy A0-
piBHiOE 0,05.

CnopTcMeH Macor 65 kr, cTpubarumn 3 4ecATUMETPOBOI BexXi, BXOAUTb
y Bogy 3i wBugkictio 13 m/c. BusHaute cepegHio cuny onopy noBiTps
Moxuna nnowmHa mae KyT Haxuny 30°. 3a skux 3HadeHb KoedoilieHTa
TepTa TArTM BaHTaK MO MOXWAIA NOWMHI Baxye, HdK NigHimaTtn 1ioro
BEPTUKa/IbHO?

3 AKMM MPUCKOPEHHAM pyXaeTbCs GPYCOK NO MOXUAIA MAOLMHI 3 KYTOM
Haxuny 30° sKWwo koediuieHT Teptsa 0,027

ABTOMOGIi/Ib Macol 2 T pyxaeTbecs 3i WBMAKICTIO 36 KM/rog. BusHaute
Bary aBTomobifnis, Koay BiH NPOXOAUTb MO BUMYKIOMY MOCTY 3 pafiycom
KpUBU3HN 40 M.

3 SAKOI MakCUMasibHOK LUBUAKICTIO MOXe ixaTu MOTOLMUK/ICT Mo ropu-
30HTaA/IbHIN M/IOWMHI, onucyoun koo pagiycom 100 M, skwo Koediui-
€EHT TepTa rymm no goposi 0,4? Ha akuiA KyT BiA BepTukani Bigxuns-
€TbCA MOTOLMKNICT Nif, Yyac NPOXOLXEHHSA NOBOPOTY?

[opixka gns BenocunegHMX roHOK B MICLi 3aKpYrfieHHS Ma€ KyT Haxusy
40°. Ha siky WBMAKICTb 1341 pOo3paxoBaHO Takuii Haxui AOPIKKM, SKLLO
pagiyc 3akpyrneHHs 40 m?

lenikonTep macot 30 T nigHiMae Ha Tpocax BEpPTUKasIbHO Bropy BaHTax
mMacot 10 T 3 npuckopeHHAM 1 m/c2 BusHauTe cuiy Taru refikontepa
Ta cuny, fika gie Ha renikonTep y Micuyi NpuMegHaHHA TPOCiB.

Uepe3 HeBaromMuini 650K NEpPekUHyTo MOTY3KY 3 BaHTaxamu 1T i 2 T
Bnok pyxaeTbc Bropy 3 NpuCcKOpeHHsAM a. HexTyioun TepTam, 3Hangitb
TUCK GMOKa Ha BiCb, Ha SKiii BiH 3HAXOAUTLCS.

Mo nerkoMmy KAMHy 3 KyTOM Haxwsy a, KOTPWUA NeXxuTb Ha ropu3oHTaslb-
Hili nignosi, koB3ae Tino. KoedilieHT TepTA MK KAMHOM i Migsorow
BusHauTe MiHiManbHe 3Ha4yeHHA KoedpiyieHTa TepTa WY1 MK Tiom Ta
KIMHOM, LWO6 KIMH 3a/MWwaBca HePYXOMUM. Maco KMHa 3HEeXTyBaTu.

BUABNAEMO MPEAMETHY KOMMETEHTHICTb (Ne3)

Bara — ue:

A .. Mipa iHepTHMX BNacTUBOCTEN Tina.

b .. mipa rpasiTauiiiHoi B3aemogii Tina 3 3emnel.

B .. cuna, 3 Akoto 3emns gie Ha Tino 6ina i NoBEepXHI.

I ... cuna, 3 AKOK TiNo Aie Ha onopy abo nigBic BHACMIAOK NPUTAraHHsS
3emni.



2 ().

3 (m).

4 (c).

5 (c).

6 (c).

7 (D)
8 (O)

9 (O)

0 ()

§ 14. fedopmauii i cnna npyxHocTi

fAka 3 HaBeAeHUX (popMy/n € 3anncoM TPeTboro 3aKoHy HbloToHA?
A ) B r

=-kKM -
¢ F .- Fi=-F2
- R2

YcTaHOoBITb BiAMNOBIAHICTb «(Di3nyHaA BenMyYMHaA — MO3HAYEHHSA (i3NYHOI
BE/IMUNHU».

1 XKopcTKicTb A k
2 KoegildieHT TepTs B F
3 BigHocHe BWMAOBXEHHSA B u
4 Cuna r x

O e

Ha pucyHky 306paxeHo rpadyik 3asex-
HOCTi CWUAWM MPYXHOCTI Bid BWAOBXEHHS
NPYXWHW. 3HaWAiTb XOPCTKICTb MPYXUHU.

2,5 Him

250 H/m

160 H/m

0,025 H/m

Ha 3emni x/0n4nk MoXe BiflbHO NigHATH
Tino, Bara skoro 100 H. fka maca uboro
Tina?

w o>

A =) B r
100 «r 10 «r 1 kr 100 r

AK 3MIHUTbCA cWa rpasiTauiliHOI B3aEMoAii MiX ABOMa MaTtepianbHUMK
TOYKamm, SKWO BiACTaHb MK HUMKM 36iNbWMTM B 3 pasu?

A  36inbwuTbCaB 3 pasu

B  3meHwnTbCAB 6 pasiB

B  3meHwuntbCAB 9 pasiB

I 3meHwwnTbCAB 3 pasu

PyTO0NLHUIA MY KUHY/IM 3 MOYATKOBOK LWBMAKICTL 20 M/C nig KyTOM
45° 00 ropmM3oHTy. Ha AKy mMakcumasibHy BUCOTY MigHIMETbCA M’'a4?
Kynbka macot 0,2 Kr Ha HuTui 3aBAoBXku 0,3 M 06epTaeTbCsl B ro-
PU30OHTasbHI NNOWMHI. Br3HauTe cuiy NPYXHOCTI HUTKU | LUBMAKICTb
KY/IbKW, SAKWO HUTKA YTBOPIKOE 3 BEPTUKa/UTO KyT 60°.

Ha ofHOMy KiHLi MOTy3ka, NEpekMHyTOro 4epes Hepyxomuii 610K, Bu-
CUTb BaHTaXX Macot 35 K, a Ha ApYromy KiHui — BaHTaxX macow 70 «.
fka Bara nepLloro Ta Apyroro BaHTaxiB?

Uomy Mae [OPiBHIOBATU MiHIMa/lbHUI KOeilEHT TEPTA MK LUMHAMK i
noBepxHer goporn 3 Haxunom 30°, wob aBTOMOGINL MIr pyxaTucb no
HIi Yropy 3 NpPUCKOPEHHAM 1 m/c2
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§ 15. PiBHOBara Tin

> YMOBW piBHOBAru
»LIeHTp THAXKIHHA Ta UeHTp Mac Tina
»Buau pisHoBarn. CTIilKicTb Tin

YMOBW PIBHOBAIW. ¥ NOBCAKAEHHOMY >XWUTTi 4acTO BMHMKAE noTpeba
po3paxyBaTtu Cuiun, AKi AIH0Tb Ha Pi3HI YaCTMHM MeXaHi3MiB i cropys, CTBO-
PEHMX JOAMHON, | Le BM3HA4Yae HeoOXifHICTb 3°AcyBaTu, Ae BOHW MatoTb
OyTV npuknageHi, Wo6 3a6e3neynT BMKOHAHHA KOHKPETHWX 3aBfaHb.

Y nonepegHix naparpagax mv posrnsagany pyx Tina nig A€o KifbKoX
CWUN i BU3HAYaNN MPUCKOPEHHSA, AKUX HabysaloTb Tina nif TXHIM BM/IMBOM.
MpoTe y feAKuX BUNagKax Tifno, ake nepebysae Nifg 4i€t0 KiNbKOX CU, MOXeE
3anMLaTnca y cTaHi piBHOBaru.

PiBHOBaroi Ha3nBalOTb Takuii CTaH Tina, 3a SIKOro BOHO Mepe-
6yBa€ y CNOKOi abo pyxaeTbCs PiBHOMIPHO.

BapTo po3ymiTu, cTaH piBHOBarM He 03Hayae, WO TiI0O 0OOB’A3KOBO MO-
BUHHe nepebyBaTn B CMOKOI, BOHO MOXe€ 37iiACHIOBaTV PiBHOMIpPHWIA NOCTY-
nasibHUin pyx abo piBHOMIpHO 06epTaTucs. CTaH CMOKOK € OKPeMWM Ioro
BUMAAKOM.

BuBueHHA ymoB piBHOBary Tin (abo, iHWMMKW CrioBamu, PiBHOBaru Cwn)
Mae BeNMKe 3HauyeHHs AN1A 6aratbOxX rasysed TeXHiKW, BUPOOGHMLTBA i Mo-
6yTy. be3 umx 3HaHb He MOXKHa O6IATMCA, CNOPYMKYHUM OYAUHKK, MOCTH,
BEpCTaTh, BMKOPUCTOBYHOUM OyiBeNbHI KpaHW, Pi3Hi NiAAOMHUKK, MeXa-
HIYHI NPUCTPOI TOLWO.

Po3gin mexaHiku, B AKOMY PO3rnsgatoTbCs YMOBW piBHOBaru Tin
nig Aielo NpUKNageHuUx Cu, HasMBaETbCA CTaTUMKOH.

Crtatnka novasa po3BMBATUCL Y CTapofaBHi yacu, 60 BXe ToAi nmodvanu
BMKOPUCTOBYBATW MexaHiuHi npucTpoi (6/10Ku, BaXKeni, MOXwWny MAOWNHY
TOWWO) ANSA MiAHIMAHHA | NepecyBaHHA BaHTAXIB, | TOTOYaCHUX iHXeHepiB
LiKaBUIM NUTAHHA He TiIbKX YMOB piBHOBaru Tifl, a i MOX/IMBOrO Hanpsamy
X pyxy.

O3sHailoMyMocs 3 yMOBamMu piBHOBarv TBEPAWX Tin. PO3rNsHeMO YMOBM
piBHOBary Tin ANn8 [ABOX BUNAAKiB: 3a BiACYTHOCTI 06epTaHHa Ta Ans Tina,
O Mae BiCb 06epTaHHS.

YMoBa piBHOBaru Tina, WO MOXe PyxaTUCA MOCTYNaibHO, BUMIMBAE 3
Apyroro 3akoHy HelotoHa: ™ F =Ta . Akwo =0, i noyaTkoBa LLUBMA-
KICTb [OPIBHIOE HY/IO, TiNO B Ui cucTeMi Bigniky nepebysBaTume y CrOKOI.
OTxe, piBHOBara Tina, ke MOXe MepemMillaTuca B AOBINbLHOMY Hanpami,
HacTae, AKWO BEKTOpPHa CyMa YCiX CW/, WO [alTb Ha HbOro, [OPIBHIOE
HYNI0.

Y uboMy BMNaAKY i Cyma Mpoekuiin ycix cun Ha 6yab-aKuid Hanpsam fo-
PiBHIOE HYMO. TakMM YMHOM, MOXHa AaTh i Take OpMYNOBaHHA: YMOBOIO
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piBHOBarn Tina, WO He MOXe 06epTaTucs, € PIBHICTb HYNHO CyMWU NPOEKLii
BCIX NpuMKNafeHnx [0 HbOro Cu/l Ha 6yfb-AKYy KOOPAMHATHY BICb.

PosrnaHemo ymoBYy piBHOBaru Tifla, L0 MOXe 06epTaTucs HaBKOMO OCi.
Koneca Ta Ba/sM pi3HWX MawuH I MexaHi3MmiB, nonaTi Typ6iH, mponenepu
niTaka, pyni TpaHCMOPTHUX 3ac06iB TOLLO 3aKpinaTh Tak, Wob BOHU MO-
rNn 34iNCHIOBATM NinLle 06epTanbHUA pyX. Po3rnsHemMo, 3a AKMX YMOB Tifo,
3aKpinneHe Ha oci, nepebysaTviMe B PiBHOBAa3I.

BusaBnseTbCa, WO ANA CTAaTUYHOI piBHOBAry Tina, sKe MOXe 0bepTatucs
HaBKO/10 OCi, YMOBA PIBHOCTI HY/NHO BCiX NPUKIaAeHUX A0 HbOro CUN € Heob-
XifHOlO, afie HefocTaTHLOK. CnpaBgi, AKWO Ha Tino gie napa cun (gsi piBHiI
3a MoAyfiem, ane MpPOTUIEXXHO CMPAMOBAHI CUIN, TOUYKN NMPUKNaLaHHA AKUX
He 36iralTbCs), iX BEKTOPHA CyMa [OPIBHIOE HY/O, OTXKEe, Ha3BaHa ymoBa
piIBHOBary BUKOHYETLCA, OAHAK CTaH Tifia MOXe 3miHUTKCA. lMapa cun, npu-
KnafeHa A0 HepyxoMoro Tina, BUKIWKAE MOro 06epTaHHS.

MocTae NUTaHHSA, fKa Lie yMOBa Mae BUKOHYBATWCS, W06 Take Tino 36epi-
rano pisHoeary? A6uW BifMOBICTM Ha HbOrO, PO3rNSHEMO CMOYaTKy pe3ynbTaT
[ii oAHI€el cnnm Ha Tino, 3akpinneHe Ha oci. BusiBnseTbes, WO He Oyab-sKa
cuna CNpUYMHUTL 06epTaHHA Tifla, AKLWO BOHO NepebyBae B CMOKOI, a Cuu,
OfHaKOBI 3a BE/IMYMHOK, ane NMpuKNageHi B pPi3HUX Touykax abo pi3Hi 3a
HanpsMoM, BUKIMKAKOTb Pi3HI HacNigku. Y UbOMY MOXXHA MepeKkoHaTucs,
AKLW,O crnocTepiraty 3a 06epTaHHAM Tina HaBKOMO OCi, NPUKPINUBLLM B Oyab-
AKIN oro Touui gvHamomeTp. lMpu OAHAKOBOMY HATAry AMHaMOMeTpa, ase
32 YMOBM PI3HOIO MOro cnpsMyBaHHA, pyX Tina MOXe fyXe Bifpi3HATU-
ca (man.15.1). Y nofioxeHHi a Tino NoYHe noeepTaTUCA 3a TFOAUHHWUKOBOKO
CTPINKOK, Y MONOXEHHI 6 — MPOTU CTPINIKN TOAUHHUKA.

Cuna, fika gie Ha Tino, 3akpinneHe Ha OCi, MOXe CAPUYMHUTYU
oro nosopoT abo obepTaHHSA NuvLle TOAI, KO Hanpsam 1T aiil He npo-
X04UTb 4Yepes BiCb 06epTaHHS.

BogisM pi3HUX TpaHCMOPTHMX 3acobiB Le TBepMKEeHHs fob6pe Bigome 3
NPaKTUKN: NPUKIajalyn 3ycunnis B3LOBXK pafiyca KepMa, Moro noBepHyTU
He BAACTbCH, e LbOro JIerko AOCArTW, Ai04M Ha pyNbOBe KONeCco MepreH-
LVKYNSAPHO [0 pagiyca.

Ob6epTanbHa Aif ABOX CU/1 Ha Tifo, AKe Mae Hepyxomy BiCb, O[HaKOBa,
AKIWLO nif X fieto Tino 36epirae pisHoBary. Lle MOX/MBO /vLle 3a YMOBW,
KO/IN Ai0UN NOOAMHLI, Ui CUIN NOBEPTAOTb TiNIO Y NPOTUMEXHUX HanpsMax
(man. 15.1, B).

Man. 15.1. Tino nig gieto napy cun.
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[nsa piBHoBary Tina, WO Mae BiCb 06epTaHHSA, iICTOTHUMMK € He NnLe 3Ha-
YeHHs cun, a W BIACTaHI NiHiT Ail uMx cun go oci obeptaHHA. Mana cuna,
npvknageHa nofani Bif oCi, MOXe 3PIBHOBRXWUTWU [i0 BENUKOT CUAU, Npu-
KnageHoi 6vkye o oci. Y po3rnagyBaHomy Ha man. 16.1 npuknagi pisHo-
Bara HacTtae, Konu [OBGYTOK MOAyNns CWAM Ha BIACTaHb Bif OCi 4O TOYKW i
npuknagaHHa (pagiyc TOUKM KpinieHHa) Ans 060X Aitounmx CUn O4HAKOBUIA.
AKWO no3HaunTn Aitodi cuim yepes Fx i F2, a JOBXWMHW pagiycis, npoBe-
[JeHUX y TOUKM X MpUKNafaHHa yvepe3 i 12, L0 YMOBY piBHOBarn MOXHa
3anucatu y Takuin cnocio:

F\\ = F22

HalikopoTwy BiACTaHb Bif ocCi 06epTaHHA A0 AiHIT Aii cunn Ha-
3nBaroTb naedem cunm | (man. 15.2).

Takum umHOM, o6epTasibHa Aif CUW 3aNeXWUTb Bif BENIMUYUHW | MnJeya
Liel cunn.

[06yTOK cuMnn Ha nedye HasMBAETbCA MOMEHTOM CU/M BigHOCHO
oci obepTaHHS:

M= FI.
Buxopgaum 3 uiei dopmynn, MoxHa
BM3HAUNTU OOUHULIKDO MOMEHTY CWIIN:
[M]=1H -1mM=1H -m.
MOMEHT cunn — BeNYMHA, AKa Xa-
pakTepusye obepTasbHy fito cunn. Ak-
WO NiHig AiT cuan npoxoauTb 4epes
Bicb 06epTaHHA: 1=0, TO MOMEHT L€l
cunn: M =0. AK MM nepekoHanncsa Ha
Jocnigi, us cumna He BUKNIMKae 06ep-
TaHHA Tina.
Y nobyTi MM 4acTO MaeMO BpaxoBYy-
BaTW [Ait0 MOMEHTIB cun. OAMH i TOW caMuii MOMEHT CUIN MOXXHA CTBOPUTYU
MaJiIol0 CWOK, MNJiede K0T BE/IMKE, i BE/IMKOK CW/OK 3 Manum nnedem. Mi-
UM rankoBMM KJ/IHOYEM, BigKpWBalOuM ABepi, HAaTWCKaloun Ha nejanb Beno-
cvneda, My CTBOPHOEMO 06epTasibHUiA MOMeHT. LLLo6 npu ubOMy [OKNacTu
HaliMeHLUe 3yCub, CAif NPUKNacTU cuiy sikomora Aani Bif oci 06epTaHHS.

Y Cl 3a 0gMHULI0 MOMEHTY CUN MPUIAMAETLCS MOMEHT cunm BIH, wo
Mae njeye B 1 M.

LLLo6 Bigpi3HUTMN MOMEHTMU CUA, AKi BUKNMKalOTb 06epTaHHA B Npo-
TUWAEXKHUX HanpsiMax, AOMOBUANCS BBa>kKaTW MOMEHTM CuA, fIKi 06ep-
TalwTb TiN0 NPOTU rOLUHHUKOBOT CTPINKW, — Bi’EMHUMU, & MOMEHT U
cun, fiKi obepTalTb TiN0O 3a CTPINKOKW FOAUHHUKA, — AO0AATHUMMN.

OTxe, TINIO 3 HEPyxoMOl BICCHO 06epTaHHA nepebyBae B pPiBHOBa-
3i, AKWoO anrebpaiyHa cyma MOMEHTIB MpPUKNaZeHWX [0 HbOTrO CWN Bif-
HOCHO L€l OCi JOpiBHIOE Hy/M0. Moro moxkHa 3anucaTu B Takuii cnocio:
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M =0. Ona obepTafbHOro pyxy MOMEHT CWIM BIfirpae Taky camy pofib,
AK cuna 4na nocTynanbHoOro pyxy.
Tenep My MOXeMO y3arajlbHUTW YMOBMW pPiBHOBaru Tin nNig Ai€to KiflbKOX cun.

LLlo6 Tino nepebyBano B piBHOBa3i, Mal0Tb BUKOHYBATUCA OLHO-
yacHoO [Bi yMOBW:

1) cyma BCiX cun, AKi AiloTb Ha TiNo, Mae AOPIBHIOBATW HY/HO:
>F=0;

2) anrebpaiyHa cyma MOMEHTIB YCiX CMA BiAHOCHO faHoi oci obep-
TaHHS Mae AOpiBHIOBATW HyMw: =M = 0.

3 npaBuna MOMEHTIB MOXXHa BUBECTM YMOBY PiBHOBarn BaXKens: BaXifb
nepebyBae B piBHOBA3i, AKLO AiOYi HA HLOr0 CUM OGEPHEHO MPOMOPLiNHI

naevyam EL :k—

F2 h

ICTOpnYHO CKnanocs Tak, WO /IAY BUKOPUCTOBYBaIM BaXkeni e B CTa-
pOfaBHI Yacu, 3af0Bro A0 Po3pobneHHs X Teopii. HaliBMAaTHIWNIA JaBHLO-
rpeubkuin BYeHUiA Apxiveq (287—212 p. [0 H.e.), AKMI NepwnM 3aknas
OCHOBW Cy4aCHOI MeXaHiKu, BWBIB 3aKOH BaXKend, TMM CaMVM MOKNaBLUU
MoYyaToOK BYEHHSA MNP0 piBHOBary TBEPAUX TiN — CTATUKW.

3HaHHA YMOB piBHOBAarM HeooOXigHi AK 415 PO3YMiHHA AiT NpocTux Mme-
XaHi3miB (6/10ka, BaXkens, BOPOTa, MBMHTA TOLWO), TaK i AN PO3PaxyHKiB
CKNafHUX Cnopys i MexaHi3miB. YMoBa PiBHOCTI Hy/KO PiBHOAINHOI Ang no-
CTIHOT piBHOBArn CUN Mae BUKOHYBATWUCHA He NiMLIE AN BCIEl KOHCTPYKLUIT,
Hanpuknaga, MOCTY YM KpaHy, a i1 Ans KOXKHOT OKPeMOT AeTani KOHCTPYKLIT,
TaKMX SIK CTpina KpaHa, oropa MocTa TOoLO.

LLEEHTP TAXIHHA TA LEHTP MAC TINA. Teepge Tifio MOXXHa NocTaBUTK
Ha CTin abo NiAgBIiCUTWM Ha LUHYPY TakK, WO BOHO MepebyBaTume Yy pPiBHOBAS3I,
TOOTO He Byfe aHi pyxatucs NocTynanbHO, aHi obeptatucs. Lle o3Hayatume,
WO piBHOAINHA CUN TAXIHHA, WO AiH0Tb Ha BCi TOYKMW TiNa, i CUN NPYXHOCTI
3 GOKy 0nopu, AOPIBHIOE HY/MO. | CymMa MOMEHTIB YCiX CUM Ait0Tb Ha HbOrO
TeX [OPIBHIOE HYNIO.

OTxe, cuna TSHKIHHA BCbOro Tina i cuia NPYXHOCTI 3PiBHOBAXEHI.
OcCKinbkKy 'y UbOMY BUNAAKY MOMEHT CWUN
NPYXHOCTI AOPIBHIOE HYNO 3a 6yAb-AKOro
MONOXEHHA TiNa, TO MOMEHT CUMN TAXIHHA
Ma€e [OPIBHIOBATW HYIIIO.

Buxogsaum 3 UbOro, Touka MpuKnagaHHs
CUMN TAXKIHHA Mae nexaTtu Ha BepTuKani,
fKa MPOXOAMTL Yepe3 TOUKY 3aKPIMyeHHA Ti-
na. Lle gae MOX/IMBICTb BU3HAYUTU LEHTP TH-
XIHHA B6y[b-AKOro NoCKoro Tina LocnigHUM
LWNAXOM: NiABICMMO TiNO 3a [OBiSIbHO BMOpa-
HY TOYKY i Y CTaHi piBHOBaru Tifia nNpoBeLemMo
yepes L0 TOUKY BepTukans (man. 15.3). Ly- Man. 15 3 BusHaueHHs
KaHWA LUEHTP Mae 3HaxoauTUCS Ha Uil Bep- LEHTPA TSXKIHHA

95



PO3A4INT 1. MEXAHIKA

96

Tukani. Oani 06upaemMo HOBY TOYKY MiABiCy i MPOBOAUMO HOBY BepTUKalb.
LleHTp TSHKIHHA Mae nexaTu i Ha Wil BepTukani. MoBTOPUMO LI Aito BTPETE.
OcCKinbKM UeHTp TAXIHHA Mae OyTW Ha BCIX BepTuMKanax, Le o3Hadae, Lo
Tpeba 3HaTM TOUKY X nepeTuHy. Lle i Oyae LeHTp TAXKIHHA Tina.

LleHTpom TSDKIHHSA Tina HasuBalTb TOUKY BCcepeanHi Tina (abo no-
3a HWUM), BIAHOCHO SAKOI CymMa MOMEHTIB CW/ TSDKiHHSA, SKi AiloTb Ha
OKpeMi YaCTUHMW Tina, AOPIBHIOE HYIO.

LleHTp mac (UeHTp iHepuil) — TOoYKa, L0 XapaKTepusye po3nogin
Mac y Tini abo cuctemi Tin, 11 NONOXKEHHSA 3aNeXWTb Big po3noginy
Macu B HUX.

Ocob6nMBICTIO LieHTpa Mac € Moro pyx, K MartepiasibHOT TOYKWU B AKiW
30cepepKeHa BCA Maca Tifa.

MMoNoXeHHs UeHTpa Mac Tifla B OAHOPIAHOMY MOMi TAXIHHA 36iraertbca 3
MOJIOXKEHHAM Oro LeHTpa TSHKIHHA. Hanpyknag, LUeHTP TSXKIHHA Kyni, AUCKa,
CTEPXHS, NPAMOKYTHOr0 napaneneninefa 3HaxoAUTLCA B TeOMETPUYHOMY LIEHT-
pi uux giryp. BiH MoXe micTUTUCA | M0o3a TiNOM, K, MPUMIPOM, Y KinbLg.

MMONOXEHHS LEHTPY TSXKIHHA MOXE 3MIHIOBATUCHA, AKLWO 3MiHIOETHCA
(hopma Tina abo pevoBuHa, 3 SKOI BUrOTOB/IEHA OKpema #oro yacTuHa. Tak,
AKWO NOAMHA NiAHIMAE, Hanpuknag, npasy PYKYy B TOPU3OHTasIbHe Moso-
YKEHHS, 1T LeHTP TAXIHHA 3MILLYETLCA MpaBopyu.

3HAHHA MOMIOXEHHA LEHTPY TAXKIHHA Mae BefIMKe NMpakTUUHe 3HaYeHHS.
Po3paxyHOK MOMOXEHHS LIEHTPa TSXKiHHA MPOEKTOBaHOT MalUMHM 3a3BUuail
NPOBOAATL 3a CXEMOK ab0 KPeCNeHHAM, ane BiH 4YaCTO BUSABNSETLCSH He [0-
CUTb TOYHWUM | He 36iraeTbCa 3 MOJO-
YKEHHAM LieHTpa TSXIHHA roToBOl Ma-
WKHKW. 3pO3yMino, WO 3a TaKuxX YMOB
nopyLyeTbcs 6e3neka PYyHKLiIOHYBaH-
HA CKnagHWX BMpo6iB. Ha npakTtuui 3a-
CTOCOBYHOTb METOA, 3BaXKYBaHHA rOTOBOI
MalUMHM OAHOYACHO Ha ABOX abo TPbOX
Barax. Hanpuknag, UEHTP TSKIiHHSA
niTaka BM3HA4aeTbCA B TaKWil Crocio:
oro cTaBnATb Ha [BOE TepesiB, Bif-
CTaHb MiX SIKUMW Bifoma i 3a nokasa-
MW AKWUX, 3HAHOYM BIACTaHb, 3HAXOAATb
MOMOXEHHA LEHTPY TAXIHHA NiTaka.
Man. 15.4. BusHauenns uentpa  LIeW METO/, LINPOKO 3aCTOCOBYETLCA B

TSDKIHHA NiTaka aBlaU'“, Moro HasmBakTb LLeHprBaH'
HAM (man. 15.4).

B/AN PIBHOBAIW. CTIVKICTb TIJ1. Bu BxXe 3’ACyBas YMOBI PiBHOBAru
Tin Bi4HOCHO 06paHOi cucTemMn Bigniky. Ane BUABNAETLCA, WO LMX YMOB
He[oCTaTHbO, abu Tina MOCTiIMHO MepebyBain y TakOMy CTaHi. FAKLWO noau-
BMTUCS Ha Tina HaBKO/O Hac: CTineupb, TeNeBi3op, KapTUHY Ha CTiHi, namny
nig CTenero i HacTiNbHY namny, XNibuHy i Alile, Wo nexarb Ha CToni, ToLo,
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3p03yMifio, WO BCi BOHW MepebyBaloTb Y CTaHi piBHOBaru.
OfHaK BapTO NMLIE HEBENMKOro MOWTOBXY, W06 nobayu-
TU PI3HULI0 B XapakTepi piBHOBarn UmMx npeametis. BoHu
Nno-pisHOMY MparHyTb 30eperT CBOE MONOXEHHA. Tak, Ha-
CTifIbHa Nlamna HaBiTb NPV HEBE/IMKOMY BIiAXWEHHI MOXe
NnepeknHyTUCA, TOAI AK CTifelb A0 NEBHOrO KyTa BiAXW/EH-
HA HamaraeTbCH MOBEPHYTWUCHA Y MOMEepPesHiil CTaH, a nam-
na, NigBilleHa Ha NaHLUIOXKY Mif CTenew, MNoBepTacTbCa y
nonepeaHiii cTaH 3aBXau.

Kynbka Ha ropu3oHTa/bHI NOBEPXHi MiCiA MOLITOBXY
He HamaraeTbCs aHi MOBEPHYTUCH Y MOMNePeSHE MOMOXKEHHS,
aHi BigdanuTUcs Bif HbOro. 3anexHo Big TOro, AK Heic-
TOTHI [J0LATKOBI BMAMBW MO3HA4YatOTLCA HA PiBHOBa3i Tin,
PO3PIi3HAIOTL CTilKY, HECTIlKy i 6aiigyXy piBHOBary:

1) CTiliKa piBHOBara — nicns i NOPYLIEHHA TiNo camo-
UYMHHO MOBEPHETLCA B Lie NONOXeHHA (man. 15.5, a);

2) 6ailfy>ka piBHOoBara — TiNo, MNiCNA BUBELEHHS IOro
B CYCiJHE MOMIOXEHHSA, 3a/UWNTLCA B HOBOMY MOJIOXEHHI
(man. 15.5, 0).

3) HecTillka piBHOBara — nicns ii nopyLweHHa Tino 6yae
LWe GinbLle BIAXUIATUCA Bif, LbOro MOJIOXKEHHS | He noBep-
TaeTbCA A0 Hboro (Man. 15.5, B);

AKLWOo TiNo nepebysae y CTaHi CTilKOT piBHOBaru, To nig
yac BIAXWIEHHA MOro LEHTP TSHKIHHA MigHIMAETbCA. AKLLO
TiNo nepebyBae y CTaHi HeCTIlKOT piBHOBarn, To Npu Bif-
XWNEHHI Oro LEeHTP TSHXKIHHA OMyCKaeTbeca. FAKLLO piBHOBara 6angyxa, LeHTp
TSOKIHHA Tifa nig yac BiAXWIeHHA He NigHIMAETbCA | He onyckaeTbea. Iif vac
nepebyBaHHSA Tina B HECTiliKi pPiBHOBa3i LEHTP TSXKIHHA 3aiiMae HalBuLle, a
nig yac nepebyBaHHA Y CTiliKili pPiBHOBa3i — HaliHMXX4e 3 MOX/MBUX MOSO-
XeHb. Lle o3Hauae, WO noTeHuianbHa eHepria Tina (abo cuctemu Tin) y cTaHi
HEeCTIlKOT piBHOBary Mae Halibinblue, a y cTaHi CTiliKOI piBHOBarm — Hai-
MeHLLE 3 MOX/IMBUX 3HayeHb. Ane Oy[pb-fKa CUCTEMa HaMaraeTbCcs NepemnTu
y CTIKWIA cTaH. 3BiACW BWUMAMBAE BaXXIMBWUIA BUCHOBOK, KU MOLUMPHOETH-
ca 1 Ha iHWI po3ginv Gisnkn: Oyab-aKa
CuUCTEMAa HamaraeTbCs MepenTn y CTaH,

AKUIA Bignosigae MiHiMymy Ti noTeHLi-
aJIbHOI eHeprii.

CTiliKicTb Tina 3anexuTb Bij pos-
MIpiB N0 ONOpu i PO3MILLEHHSA LeH-
Tpa TAXIHHA Tina. Yum 6inblwa nnowa
Oropy i YNM HUXKYe MICTUTBLCA LEHTP
TSOKIHHA, TUM Bifnblla CTilKiCTb Tina.

CTiliKicTb Tina 3anexuTb Bif KyTa
IOro Haxuny: SKWO BepTUKaibHa fi-

AN AN

mgj Jmg

Man. 15.5.
Bugn piBHOBaru

Hisl, NpoBeJeHa uepes LEHTP TAXKIHHSA, Man. 15.6. CrilikicTe Tina
nepeTMHaE MOLLy onopu, To Tino 36epi- 36epiraeTbes, AKWO BepukasbHa
rac CBOK piBHOBary. B iHWoMy Bunag- NIHIA, NPOBEAEHa Yepes LIeHTP

Ky Tino BTpauyae CTiiKicTb (Man. 15.6).  TPKIHHA TNEPETMHAE MIOLUMHY onopw
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! TonoBHe B UubOMy naparpagi

Jo6yTOK cuny Ha nieye Ha3MBaETbCA MOMEHTOM CWUIM BiZHOCHO OcCi 06ep-
TaHHA. MOMEHT CUIN — BeNNUYMHA, AKa XapakKTepusye obepTasibHy fito cu-
N, — NO3HAYaETbCs OYKBOW M:

M =F -l.

OfMHMUE BUMIPIOBAHHA MOMEHTY cunv € 1 H - wm.

LLlo6 Tifo nepebyBasio B piBHOBA3I, MatOTb BUKOHYBATUCA OAHOYAaCHO ABi YMOBM:

1) cyma BCiX Cw/, AKi Ai0Tb Ha Tifo, Mae LOPIiBHIOBATU HyM0: X-P =o0;

2) anrebpaiyHa cymMa MOMEHTIB YCiX CW/ BILHOCHO L€l oci 06epTaHHs Mae
[OpiBHIOBATU HYyNO: ZM = 0.

PO3pi3HAOTb CTiliKy, HeCTiliKy Ta 6ainfgy>y pisHoOBary.

Byfb-iKa cucTemMa HamaraeTbCs NnepeiTh y CTaH, AKWIA BigNOBIfae MiHi-
MyMy T MOTeHLiOHabHOT eHeprii, TO6TO Y CTINKWIA CTaH.

? 3anuTtaHHa 4n1a camMonepeBipKku

1 $kuii cTaH Tina HasMBaETbCA B MeXaHili piBHOBarow?

2. Un 060B’AA3KOBO piBHOBara O3Hayae CTaH CMOKOH?

3. 3a akmx ymMOB npuKnageHa [0 Tila cuia MOXe MOBEPHYTUM MOro HaBKosO

3aKpinaeHoi oci obepTaHHA?

Lo HasuBaloTb naevyem cuaun?

Llo HasmBaldTb MOMEHTOM CWUAU? Y SKUX OOUHWULSAX BiH BUMIPIOETLCA?

ki yMOBU HeObXifHI Ta AoCTaTHi Ana piBHOBaru Tina, Lo Moxe obepTartucs

HaBKOJ10 3aKpinsieHol BiCi?

7. [e cnig po3miwyBaTn BaHTaXk Mig Yac 3aBaHTaxyBaHHA naponnasa abo ni-
Taka, Wob6 AOCArTM HalbiNbLOi CTINKOCTI?

8. XT0 Mae 6inbluy CTilKICTb: NtOAMHA, fKa CUAUTbL Yy YOBHI, Y/ NIOAUHA, SKa
CTOITb Y HbOMYy? [1OACHITb.

9. Y uomy nepeBara ABOKOPNYCHUX cyfAeH (KatamapaHiB) Haf 3Bu4yaliHuMu
cyaHamn?

10. ToACHITb, YoMy NMOAUHA HAXUMSETLCA Bhepeq, NigHIMaluncb y ropy, i Bia-
XWNSETLCA Hasaf, Crnyckaluucb 3 ropw.

o oA

8 16. EnemMeHT MexaHiKu piAvH i rasis

» Tuck piguH i rasis

» Cnony4yeHi nocyauHu. CigpasnivyHuii npec
»ATMOCHEPHUIA TUCK

» 3aKkoH Apximega

> * 3aKkoH BepHynni

TUCK PIAVH | TA3IB, 3 Kypcy (i3ukn 7-ro Knacy Bam Bifomo, WO pe-
3ynbTar Al cunn 3anexXnTb He TiNbKW Big Ti Moayns, a i Big naowi Tiei no-
BEPXHi, MepneHAMKYNAPHO OO0 AKOI BOHa fie. Haragaemo, wWo cuny, fka jie
neprneHAVKYNAPHO [0 MOBEPXHi Ha3uBalTb CWIOK TUCKY, FT.

TUCK — (hisanyHa BENNYMHY, WO YNCE/IbHO AOPIBHIOE BigHOLLIEHHIO
cunm Tneky (FT) go nnowi nosepxHi (S) B3goBX SKOI gie ua cuna.



§ 16. EnemeHTM mexaHiku piauvH i rasis

Opnnnuero Tucky B Cl € Mackane 1Ma = ----- . TUCK BUMIpPIOIOTbL Ma-
1M

HOMETPOM.
Ha Bci pigMHn Ha 3emni fie rpasiTauiiHa cuna, BHAcNigoK 4oro pigvHa
Mae Bary.

TWCK cTOBMNA HEPYXOMOT PigMHM 4M rasy, WO 3yMOBJIEHWUI TXHbOI
Barolo, HasvBalTb TigpocTaTUYHUM TUCKOM:

p =pgh
Je h — BucoTa cToBNa pigvHWM abo rasy Haz NeBHUM HYNbOBUM PiBHEM,;
g =9,8 mM/c2 p — ryctuHa piguHun (rasy).

FigpocTaTUYHUA TUCK CTOBMNA PISUHM He 3aNeXWUTb Hi Bif MAOWi AHa, Hi
Bif, hopMu MocyauHM B AKIA MICTUTbCS pignHa. FABULLE HenponopLiiHOCTI
TWUCKY PIAVHU Ha OHO NOCYAMHW Basi HaNUTOI B HET PiAMHM Ha3MBaKOTb Tif-
pocTaTMYHUM napafokcom, abo napagokcom Mackans (Man. 16.1). TUCK Ha
[HI BCIX TPbOX MOCYAWH OAHAKOBWIA.

Y 1648 poui b. lMackanb BCTaBUB Y 3aKpUTY LAiKKY, HArNoOBHeHY BOZOHO,
TOHKY TPYOKy i, MigHABLUIMCb Ha 6aNKOH ApYroro noBepxy, BAVB Y L0 TPY6Ky
Kyxonb Bogu (man. 16.1, 6) Yepe3 manuin giametp TpyOKM BoAa B Hild MigHS-
nacs o BeMKOI BUCOTH, | TUCK Y ADKLi 36iNbLUIMBCA HACTINbKK, WO KPinieH-
HA ADKKW He BUTPUMaW, i BOHa moyana nponyckatu BoAy Kpi3b Li/IMHU.

Kpim Toro, MNackanb BCTAHOBMB, LU0 30BHILLHIA TUCK, KU YUHUTLCA Ha
Hepyxomy piAgvHy abo ras, nepefaeTbCs HUMW B YCIX HanpsaMKax O[HaKOBO.
Lle TBepAXeHHA ofepXano Ha3By 3akoH [lackans.

I3 3akoHy [lackans BunAMBaE, LIO:

— AKLL0 Ha MOBEPXHIO PiAUHKM abo rasy nnoweto S1 gie 30BHIWHA cuna

, TO Ha MOBepPXHIKO NJowel S2 aie 30BHIWHA cuna F2, npuyomy

F_+_ ;
— =—' =p, fep — TUCK PignHN abo rasy.

MoBHWIN TUCK Yy ByAb-AKil Touyi piguHK fopiBHOE p =p0+pgh , ge p0
TWUCK Ha BIAKPWTI NMOBepxHi pignHM (3a3Buuali aTMoChepHuiA TUCK).
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Y cTaHi piBHOBarn TUCK YyCepeauHi pifvHM abo rasy Ha OfLHOMY piBHI
OAHAKOBMWIN B YCiX HanpsMKax.

CMNONYYEHI MOCYANHW. TIAPABNIYHNI MPEC. Buxogsun i3 3aKoHy
Mackansa MOXKHa NMOACHUTK CMiBBILHOWEHHA MK PIBHAMYU PIgVUHW, HAUTOI
B CMOMy4YeHi nocyauHu (man. 16.2. a). Haragaemo, criosiy4eHMMM nocyamnHa-
MW Has3MBarTb MOCYAWMHW, 3’€fHaHi MiXX COB0K B HVDKHIM X YaCTMHI Tak,
WO pifvHA MOXe MepeTikaTh 3 OfHIET NOCYAVHN B iHLLY.

a 6
Man. 16.2. Po3nogin piBHIB pPigvH y CNOAyYeHUX nocyamuHax

Y crnonyyeHmx nocyauHax 6yab-aKoi (hopmy NOBEPXHi O4HOPIAHOI PignHK
BCTaHOB/IOKOTLCA Ha O4HAKOBOMY piBHI (3a YMOBM, WO TUCK MNOBITPA HaA
PIAVHOK OJHaKOBWIA).

AKWO piAVHM MarTb Pi3HY TYCTUHY, TO BUCOTWU TX CTOBMIB Haj PiBHEM
PO3MOAINY UMX piAvH 06epHEHO MPOMOPLiAHI A0 IXHIX TYCTUH.

AKWO B OAHY 3i CNOMYYEHUX MOCYAUH HAIUTO PiAMHY OLHIET TYCTUHK, a
B Apyry — iHLIOT, TO NpW piBHOBa3i PiBHI LMX PiAWH He OyayTb OAHAKOBI
(man. 16.2, 6). Y uboMmy BMNafKy CMiBBIAHOLIEHHA MK rycTMHaMMW piguH
Ta IXHIMW BUCOTaMW MOB’A3aHi MiX COGOH 3aKOHOM.

BucoTun cToBMiB pignH Hag piBHEM TXHbLOrO PO3Moginly 06epHEHO
NPOMopLiiHi 40 FYCTUH UMX PignH.

K _R_
h2 Pi
3akoH lNackana gae 3mMory NOSACHWUTU NPUHLMN
LiT rigpaBniyHMX MawwnH. OCHOBHOK TXHbOK 4Yac-
TUHOKO € fBa UMNIHAPW pi3HOro fdiameTtpa, 3abes-
neyeHi NOPLUHAMK i cnonyyeHi Tpyokoto. lMpocTip
nig NOpLWHAMKU i TPYOKY 3anoBHIOOTL PifMHOD
(3a3BMyali MacTUnOM).
FigpaBniyHy MalivHy, B AKIA 3a [LONOMOrOH
rigpaBnivyHNX LUWNIHAPIB CTBOPKETLCA BesvKa
Man. 16.3. cTUCKar4a cunia, HasuBaroTb rigpasBniyHuM npe-

FigpaBivHmi npec com (man. 16.3). igpaBnivyHWiA Npec CKNafaeTbes



§ 16. EnemeHTM MexaHikv piguH i rasis

3 iBOX CMOJTyYEeHUX MOCYAMH Pi3HOro AiameTpa, 3a- Topiuenniesa
KPUTUX NOPLLHSAMM i 3aNOBHEHMX PiAVHOLO. ”YCCTK%;j‘a
Burpaw y cuni, wo fgae rigpaBnivyHuin npec, ~ Tpybka
BM3HAYaeTbCA 3a (POPMY/IOHD: PTyTb
N =N
F, S1
ATMocep-
HUN TUCK
ATMOCOEPHUN TUCK. MNnaHeTa 3emnsa oToue- n 11

Ha rasoBol0 000/IOHKOK — aTmociepoto. Morne-
Kynu rasie, AKi BXoAAaTb [0 CKnagy atmocdepw,
nepebyBaloTb y HenepepBHOMY pyci. BHacnigok
rpaBiTauiiHoi B3aemogii i3 3emneto aTmocdepa

Ai€ 3 MEeBHOK CUMOK Ha Tina, WO nepebyBaloThb Man. 16.4.

no6sM3y 3emMHOI MOBEPXHi i 3yMOB/IOOTL aTMOC- BuUMiptoBaHHs

thepHuii TUCK. aTMOCIepHOro TUCKy.
Bnepwe aTmoctepHuii TUCK BUMIpAB Y Oocnig Topivenni

XVII cT. iTaniicbknini yyeHunii EBaHmxenicta Top-
pivenni, yyeHb lanineo Manines (man. 16.4).

LLlapy noBiTps 6ins noBepxHi 3emnai CTUCHYTI Liapamu noBiTps, SKi ne-
XaTb Hafg HUMKU. YuMm Buwe Bif MOBepxHi 3emsi wwap MosiTPA, TUM MeH-
e BiH CTUCHYTWI, TUM MeHLLUa WOro rycTuHa, a OTKe, TMM MEHLUNA aT-
MOChepHNA TUCK. CrOCTepeXXeHHs1 MOKasylTb, WO aTMOCHEepHUii TUCK Y
MiCLEBOCTAX, AKi fiexaTb Ha PiBHI MOpA, B cepefHbOMY BPiBHOBaXKYETbLCS
PTYTHWUM CTOBMOM y 760 MM pT. cT. 3a Temnepatypu 0 °C. Lleli TUCK Ha3w-
BalOTb HOPMa/IbHUM aTMOC(HEPHUM TUCKOM. HopMasibHWil aTMOCHepHUIA TUCK
Jar = 760 mm pT. cT. = 101 300 Ma.

Yum 6inblia BUCOTA Haf PiBHEM MOpPS, TUM MEHLUWIA TUCK.

Mpy HeBeNMKMX Migiiomax y cepefHbOMY Ha KOXHi 11 M nigriomy
TUCK 3MEHLYeTbCH Ha 1 MM pT. cT. = 133,3 lMa.

3HatouM 3anexHICTb TUCKY Bif BUCOTU, MOXKHa 3a 3MiHOK MokKasis 6apo-
mMeTpa BM3HAYWUTU BUCOTY Haf PiBHEM MOpS.

ATMOC(epHMIA TUCK BUMIPIOOTL GapomeTpoMm. PisHMUIO MiX aTmocdep-
HVM TUCKOM i TUCKOM rasy Yy pe3epsyapi BUMIpPIOOTb MaHOMETPOM.

3AKOH APXIMEQLA. PiguHa abo ras TMCHE Ha AHO i CTiHKM MNOCYAMHW.
AKLWO BCepeanHY piguHKM abo rasy noMmicTuth Oyfb-fike TBepAe Tifo, TO BOHO
TaK0oX 3a3HaBaTUMme TUCKY. lMpuyomy cuna, 3 AKOK piguHa abo ras fie Ha
HWKHIO YaCTWHY 3aHYpPeHOro Tina, € GiNbLOo 3a cuiy, WO Ai€ Ha BEPXHIO
yacTuUHy. OTXe, piBHOAIMHA UMX CW/ CNPSMOBaHa Bropy i BULUTOBXYE Tifo.

Cuny, saKa BULITOBXYE TiNo 3 pigvHM abo rasy, Ha3unBatOTb apXimeaoBOO
CW/OK Ha YecTb [aBHLOIPELbKOro BYeHOro Apximefa, AKuid yneplue [OBIB
ICHYBaHHA L€l cnnm i 064mcamB i1 3HAYEHHS.
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PO3A4INT 1. MEXAHIKA

3akoH Apximega. Ha Tino, 3aHypeHe B piguHy a6o ras, gie Bu-
LUTOBXYBaJibHa CWMa, siKa [JOPiBHIOE Ba3i piguHM abo rasy B 06°emi
3aHYypPeHOT YacTUHU LbOro Tifa.

FA=PRSV,
[le pp — ryctuMHa piguHu a6o rasy; V — 06’eM 3aHYpeHOi 4acTuMHK Tina.

OTXe, Nif Yac 3aHYpeHHs Tina B piAguMHy abo ras 1oro Bara 3MeHLUYETb-
ca. Llobn BM3HauuTW Bary Tina, 3aHypeHOro B PiguHY, HeoOXifHO 3HanTu
pi3HMUI0 MiX Koro Baroto B nositpi (PO Ta cunoto Apxivepa (FA:

P=Po- Fa

3Haluu TycTUHY Tina i rycTuHy pigvHW, MOXHa nepepodayvnTu, K no-
BOAWUTUME cebe Tifo B piAgnHi abo rasi:

— AKLWO TyCcTMHA Tina 6inblia 3a ryctuHy pigvHu abo rasy, prt > p, TO
BOHO TOHE;

— fAKUWO rycTMHa Tifla AOPIBHIOE TYCTUHI piguHU abo rasy, pr
TiNO nnaeae BcepeAuHi piaMHW abo rasy;

— AKUW,0 TYCTUHA Tina MeHLWa 3a rycTuHy piguHu abo rasy, prt < p, T0
TifIO CN/MBaE.

* 3aKOH bepHynni. Mig yac pyxy pignHyu no Tpy6ax um NpPOTOKax 3a ymo-
BW HECTMCAMBOCTI PiANHM Maca PiAvHK, L0 NPOXOAUTb Yepe3 MonepeyvHmil
nepepi3, NpoBeAeHWin y OyAb-AKiA To4li MNPOTOKM 4n TPyObU € OAHAKOBOH,
TO6TO:

p, TO

T1=T12, abo =052,

Je W, U2 — LUBMAKOCTI Teun PIgUHM UK rasy 4vepes MonepeynHu nepepis

npoToKK (Tpy6n); Slt S2 — nowi nonepeyHoro nepepisy NPoToku (Tpyou).
PiBHAHHA, fIKe BM3Ha4ae 3B’30K MiDX LUBMAKICTIO TeYil U, TUCKOM p Ta

Bucotoro (h) nNeBHOro nepepisy Haf NMeBHWM PiBHEM MEBHOT TOYKWU B ifeasb-

Hili piguHi BCcTaHoBMB Yy 1738 p. [aHi-

enb bepHyni.

3aKoH bepHynni: gna crta-
LioHapHOro noToOKy igeanbHOl
piguMHN, fIKa He CTUCKAETbCH,
CnpaBed/IMBMM € PIBHSAHHS, LU0
BM3HAYaE MOBHWI TUCK PigVHN.

pgh +4+ -~- =const>

[e p — CTaTUYHWIA TUCK Y MOMepevHo-

My MNepeTuHi TpyOGM um MPOTOKW; p — Man. 16.5. 3akoH bepHynni.
ryCTUHa PigUHN; U — LUBUAKICTbL pigun-

HW Yepe3 NnonepeyHuUii nepepiz NPOTOKK

(Tpy6u); h — BMUCOTa AaHOro nepepisy MEBHUM PiBHEM.

* [1nA 004aTKOBOrO YATaHHS.
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§ 16. EnemeHTM MexaHiku pigvH i rasis

Hacnigkom 3akoHy BepHynni € Te, WO nig 4Yac NPOTiKaHHA PigUHKU MO
Tpy6i 3MiHHOrO nepepisy CTaTUYHWUIA TUCK Byae GinbWINM Tam, [e LBUAKICTb
Teuil MeHLa.

I TonoBHe B ubOoMy naparpadi

Twuck cToBNa HepyXoMOi PIAVHA YK rasy, L0 3YMOB/IEHUIA TXHBOI Baroto,
Ha3nBatoTb TifpPOCTaTUYHMM TUCKOM. BiH BU3HA4aeTbCsH 3a (HOPMYJIOHO:
p =pgh, geh — BucoTa cToBna pignMHN abo rasy Haj NEeBHWM HY/IbOBUM
piBHeM; g = 9,8 M/c2 p — rycTuHa pianHn (rasy).

AKWO PiIAgUHM MatOTb Pi3HY FYCTUHY, TO BUCOTM TXHIiX CTOBMIB Haf PiBHEM
po3noginy umMx pigvH 06epHEHO MPOMOPLiAHI A0 TXHIX TFYCTUH.

3akoH lMackans: 30BHILHIA TUCK, AKWIA YNHUTLCA HA HEPYXOMY PiAnHY
abo ras, nepefacTbCAd HUMK B YCIX HanpsMKax OfHaKOBO.

3akoH Apximega: Ha Tino, 3aHypeHe B piguHy abo ras, [fi€ BULUTOBXY-
Ba/lbHa CWna, fiKa AOPIBHIOE Basi piAvHM abo rasy B 06’eMi 3aHypeHoi yac-
TUHW LpOro Tina:

Fa =P,SV.

Bara Tina, 3aHypeHoro B piguHy, BM3HAYAETbCA Pi3HWULED Barn Tina B
nosiTpi (PO Ta cunu Apximega (FA:
P =P0- fa.

? 3anutaHHA 4N camMonepeBipKu

1. TIOACHITb MPUYUHY BUHWKHEHHA TiApOCTaTUYHOrO TUCKY. Big 4oro BiH 3a-
NexuTb?

Un 3anexuTb TUCK PigvHM Big hOopMKU MOCYAUHN?

UM 3ymoB/EeHUI aTMOCEPHUIA TUCK? B SKMX 0AMHULAX BiH BUMIPHOETHCA?
MosAcHiTb 6yaoBy Ta NpuHUMN 4i1 rigpaBnivyHoOl MaLluHW.

CchopmyntoiiTe yMOBY HEPO3PUBHOCTI MOTOKY.

Lo € ymoBOWO nnaeaHHA Tin?

oOUkhwWDN

MPAKTUKYM 13 PO3B’A3YBAHHA ®ISNYHNX 3AA0AY No5
OcHoBHI nigxoan [0 po3B’A3yBaHHA 3ajay i3 TeM «PiBHOBara Tif» Ta
«EnemMeHT MexaHiku piguH i rasie» po3rnsHEMO Ha NpuUKNagi 3agad.
3apaya 1. [Bi NOAMHM OLHAKOBOrO 3pOCTY TPMMAKThb 3a KiHLi B ropu-
30HTa/IbHOMY MONOXEHHI TPYOY 3aBAOBXKM 2 M i Macoto 10 Kr. Ha BigcTaHi
0,5 M Big NepLuoi NOAUMHM A0 Tpyow nigBiweHnii BaHTaX macot 100 Kr.
BusHauntn cunu, 3 aKMMu Tpyba TUCHE Ha naedi KOXHOT tognHn (van. 1).
[JaHo: Po03B’s130K
l=2mMm
T1=10 Kr
d=05m
b = 100 Kr

Pr ~
P2 -

Man 1. Ao 3apgavi 1
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PO3A4INT 1. MEXAHIKA

lMoKaXXeMO Ha MajtoHKY CuUaW, WO AilTb Ha Tpyoy, i 3anuwiemMo ymoBu

il piBHOBaru, B16paBLUM KOOPAMHATHY BiCb, SiKa MPOXOAUTL 4Yepe3 Touky A:
N1+N2- m- mgy=0.
m2Z MC +miy -AO - N2-AB =0.
3Bigcun 3Harigemo: A\'= A"gAC +mjAOw=300 H
AB

N1=(ml+m2g- N2, N1= 800 H.

[ns nepesipkn BigNOBif4I MOXHa CKOpMUCTATUCA NPaBU/IOM MOMEHTIB Bij-
HOCHO TOYKM B:

N1mAB - m2Zy mCB - m”g mOB =0.

m2gCB +ni*gOB
N,= MACBNIGOB .\ =800 H.
AB

3rigHo 3 TpeTiM 3aKOHOM HblOTOHA Tpy6a TUCHe Ha nJedi 3 cunamm Fx
i F2, piBHAMW 3a MOAyneMm, ane NMPOTUIEXKHUMKU 3a HanpsiMoM cuiam i
N2.

I; =~N1R2 =-N2. Omxe, F1=800 H, F2=300 H.

Bignosigs: Fx=800 H, F2=300 H.

3afava 2. Ha AKky BWUCOTY MOXe NigHATUCA foguMHa macowo 60 Kr no
TPUMeTPOBIN ApabuHi, AKWOo ApabuHa cToiTh Nig Kytom 30° A0 igeanbHo
piBHOT CTiHW. Maca fgpabviHn 20 Kr, KOe®iLieHT TepTA KOB3aHHA MK Mif-
norow i gpaéuHoto 0,5.

JaHo: Po3B’A30K
7'H= 60 «r 306pasMmM0o Ha PUCYHKY CUAW, WO Ai0Tb Ha ApabuHy
a = 30° (man. 2).
mn=60 kr Po3rnsagatMemMo apabuHy K OAHOPILHWIA CTEPXKEHb, CU-
KB: 0,? , na TSXiIHHA SKOro AopiBHIOE Basi [l npuknageHa Ao ioro
=| = M
AC = 15 u cepeauHu.
ED —?
Yi Y Toukax A i B fitoTb cunu peakuii
B D onopn N1 i N2, nepneHAWKYNAapHi Ao
a Y ¢ MOBEPXHi BIiANOBIAHO B TOYKax A i B.
ql N1 Y Touui A Ha gpabuHy gie cuna TepTa
Brep Wwo 3anobirae it KOB3aHHIO BMpaBo,
VY 777777 7TFI77777777R&T 7777777~ aB TO‘-|L||i D CTO.l.Tb fll'O,ﬂ'l/lHa | p'le Ha He'l'
> v m n X
3 cunoro P2

Man 2. Ao 3agaui 2 .
3anuwemo ymoBy piBHOBaru B npo-

eKLifX Ha KOOpAMHATHI oci.
Ha Bicb OX: NIx+N2+Bgx+Pix+P2x=0; N2- u-N1=0.

Ha Bicb OY: Nly +iV2,+Bm,+4,, +B,,=0; Nt-P1-P2=0.
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§ 16. EnemeHTM mexaHiku piauvH i rasis

CKnagaeMo piBHAHHA MOMEHTIB CWM BIJHOCHO TOYKM A. MOMEHTU cun
N1i F popiBHIOWTb Hyno. MomeHTV cun [, i P2 Bifg’eMHi, a iXHi 3Ha-

4yeHHA, BignoBigHo, fopiBHOOTL PAICsina | PaAPsina. MomeHTU cuin N2
[OAaTHWIA | popiBHIOE i1VgAPCosa.
3a npaBunom MomeHTiB N2ABcosa - PMACsina - PaADsina = 0.
MaemMo cucTemy piBHAHb 3 TPbOMa HEBIZOMUMMU:
N2-p-N1=0;
N1-P1-P2=0.
N2AB cosa - PiAC sina - P2AD sina =0
P03B’A3yeMO cucTemMy piBHSAHb BigHOCHO AD:
JI{FJ p(Pj +P2)- ABcosa-P j ACsina
' P2sina '

LLlykaHy BennumHy BmM3HavyaeMo 3a dopmynoto: ED =AD cosa.
ED _M(P+P9)-ABcosa-PACsina

. et cosa
P2sina

MigcTaBMBLUM 3HAYEHHS PiSUYHUX BENUYMH OTPUMAEMO 2,56 M.
Bignosigs: 2,56 m.

3agava 3. [lBa ogHopigHi Ky6ukn Barolo P1=3 H i P2= 12 H 3 goBxu-
Hamu pebep BignosigHo C = 0,08 Mmi 12 = 0,12 M 3’¢AHaHi 3a AOMOMOrO
O[IHOPIAHOIO CTEepPXXHS, WO mae aoBXuHY d = 0,1 m i Bary P3 =6 H. KiH-
Li CTepXXHS NPUKPINAEHI [0 CepeAvHN rpaHeii Ky6uKiB, a LiEeHTpU KyO6uKiB
neXkaTb Ha NPOAOBXEHHI OCi CTEPXKHS. 3HANTU MOMNOXHHSA LEHTPa TSHKIHHA
cuUcTeMM.

JaHo: P03B’30K

P1=3H Hexall BifcTaHb Bif LeHTpa THXKiHHA cucTemmn C 0 LeH-
P2=12 H Tpa THKIHHA CTepXHA — X.

O =0,08 m Cyma MOMEHTIB CU/1 TAXIHHA BIAHOCHO OCi, L0 MPOXO-
P=o0,12mMm AnTb Yepe3 Touky C, NOBMHHA AOPIBHIOBATU HYy/O. 3anu-
d=01M CYEMO PIBHAHHSA:

P3s =6 H.

I L
P —Hde+PX—P,—}—q——X=O.
X —? 2 2 2 2

3pobuBLLN HEOOXiAHI NMepeTBOPEHHS, OAEPXKUMO:
\12+d )-P1(11+d )
- =0,05 m.
2(P1+Pa+P3 )

BignoBigb: LUEHTP THKIHHA cucteMun nexnts Ha BigctaHi 0,05 M Bif UeHT-
pa CTEPXXHA, TOOTO B TOYLi MPUKPINJEHHA APYroro Kyouka.

3agaya 4. BM3HAUUTKN MONOXEHHS LEHTpa TAXIHHA OLHOPIAHOT Kpyrnoi
NNacTuHKKM pagiycom R = 0,5 M, B AKiiA BMPi3aHO KBaZpaTHWIA OTBIp 3i CTO-

POHOO a=& Tak, K MoKasaHO Ha Ma/loHKYy [0 ulei” 3a4aui.
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PO3A4INT 1. MEXAHIKA

JaHo: Po3B’A30K
R=05m Ons ueHTpa TAHXKIHHA QirypyM Mae BUKOHYBATUCS NPaBuio
_R MOMEHTIB:
a=7 SM =0.
Y ubomy npuknagi, AKLWO MOBEPHYTM BUPi3aHy YacTUHY Ha
2 CBOE MicLle, TO Bary BCIi€l N1aCTUHKN P MOXHa po3rnagatu sk

CyMy [BOX MapanefiHUX CWn — Baru BUPI3aHOT yacTuHu P1
I Barv HOBOYTBOPEHOI (irypu P2, Touka MpuKNagaHHA SAKOT
3micTunaca nisopyd Big ToukM O Ha BigcTaHb x: P =Pt +P2
PiBHAHHSA MOMEHTIB CWUN BIAHOCHO TOYKM
O matume Burnsag: P - Ptl =0 a6o P = Ptl
Ane P2=P - P1 Togi: (P - Pr)x =Ptl.

3 UbOro piBHAHHA 3HaxogMmo: X =1 *
P~Pr
Ockinbkn P = mg = pShg; Pr = pS~g,
[le p — rycTuHa matepiany nnacTuHKW; S — nno-
lWa naacTUHKK; h — Ti BMCOTa, cuna TSHKIHHSA
OAHOPIAHOrO AMCKa nponopuiliHa 1oro naowi,

03Hauae x:S— |§ , de Sj — nnowa BupisaHoT

yacTuHW. Si =a2; S =nR2, | = R/2. Man. go 3apaui 4
MigcTaByBLUN Ui 3HAYEHHSA Y NOMNEPeAHIo (op-

MYy, OLEPXYEMO: X « 0,02 M.
Bignosigb: X « 0,02 m.

Po3rnaHeMo npuknagu 3agady i3 3acTOCYBaHHAM 3aKOHIB ANt MEeXaHiKu
piauH i rasis.

3afaua 5. AKUO0 NIJHATACA Ha ropy, TO aTMOC(epHWi A TUCK Tam [o-
piBHIOE 680 MM pT. cT. Ha piBHi OKeaHy aTMOC(EPHWUIA TUCK [AOPIBHIOE
760 MM pT. CT. BusHaute BMCOTY ropwu.

JaHo: Po3B’d30K

Part =680 mm pT. CT. Pi3HUUA aTMoctepHUX TUCKIB Ha PiBHI OKeaHy

Paro = 760 MM pT. CT. i Ha BepwuHi ropu Ap =par2-p a/l=80 Mm pT. CT.

Ao =1 MM pT CT. BiAMOBIAAaE 3MiHI BMCOTK, AKa BiAnoBijae BUCOTI

Ah =11 M ropu.

h. ? 3MiHa TMCKY Ha 1 Mm pT. CT. BIAMOBIfaE BU-
coTi Ahn=11 wm.

CknaBLIM NPONopLit0, OTPUMAEMO:

Lo P AR a0 =880 (w)
a0 Ao APD
Bignosigs: Bucota ropu 880 m.
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§ 16. EnemeHTM mexaHiku piauvH i rasis

3apgavi gnsa camoCTIilNHOTo po3B'sA3aHHSA
1 (c). [JoBruit cTtepxeHb fneriwie yTpumyBatu B FOPU3OHTASIbHOMY MOJIOKEHHI
3a cepeguHy, HiX 3a Kpai. Uomy?

2 (c). Yomy 3irHyTOK B MiKTI PYKOK MOXHa MiAHATA GiNblUMiA BaHTaX, HiX BU-
TACHYTOKO?
3 (c). MOACHITb, YOMY KOHTOPCbKI HOXMWLi ANS HapidaHHA nanepy MakTb OB

nesa i Maxe Takoi camoi AOBXWHW PyYku, TOAI SK HOXWULi AN NUCTO-
BOTO MeTasly MalTb PyuYKM, 3HAYHO AOBLUI MOPIBHAHO 3 sie3aMu.

4 (c). Mig yac nocTpiny B KPyTO 3BApeHe Aiue B HbOMY YTBOPHETLCS OTBIpP.
YoMy X nig yac nmocTpiny B cupe siiue BOHO PO3/TAETbCA Yy BCIX Ha-
npamkax?

5 (0). Y rigpasniyHoMy MifiAOMHUKY, Y SIKOrO MJiolwia Masioro nopuHa 3 cm2,
a nnowa Benukoro — 0,18 M2, yTBOptoeTbea Tuck 100 H/cm2 BaHTax
SIKOT Baru, BPaxoBYHUM i Bary MOPLUHA, MOXHa MigHATM TakMm nigiom-
HUKOM? $ka cuna gie Ha Masimii nopLueHb?

6 (). UYv npoige Mo Nbogy TPakTop, Maca AKoro 12 T, a po3Mipu ryceHuui
2,48x0,5 M, AKWo nig BUTpuMye Tuck 60 kMa?

7 (). BusHauTe nigiimanbHy cuny nonnaeka GaTuckadpa y MopCbkii Bopgj,
ryctuHoto 1030 kr/m3, fAkwo horo o6’em ctaHoBuTb 100 mM3. Maca no-
pOXHbOro nonnaeka 15 T, i B HbOMY MICTUTbCS 70 M3 6EH3MHY TYCTUHOI
650 kr/m3.

8 ([). Y crosiyyeHux nocyAnHax yCTaHOBWMBCS OfHaKoBuWii piBeHb Boaw. Hap
BOJOK B NiBOMY KOJiHI € CTOBMYMK racy 3aBBuwWKkuM 12 cm, y npa-
BOMY CTOBNYMK GeH3uHy. Bu3HauTe BMCOTY 6GeH3uHy. lycTuHa racy
800 kr/m3, 6eH3unHy — 700 Kr/m3.

9 (m)- Ao kiHus cTepxHs macoto 10 kr i 3aBAOBXKM 40 CM MiABilLeHi BaHTaxi
P1 = 400 HiPr= 100 H. ¥ akomy Micui NOTPi6GHO NigNepTn CTEpPXEHb,
wo6 BiH nepebyBaB B piBHOBas3i?

O (o). KaHatoxogeub Macow 75 Kr CTOITb MocepefuHi kaHaTy 3aBOOBXKU
8,6 M, HaTArHyTOro MK ABOMa onopamu, L0 PO3MilWeHi Ha BigcTaHi
8 M ofgHa Bif oAHOI. 3HaWAiTb HATAr KaHaty.

11 (B). HwxHIn KiHeub ApabuHN 3HAXOAUTLCA Ha NiAN03i, a BEPXHIN CNMpaETbCs
Ha rnafgeHbKy BEpPTUMKaUTbHY CTiHKY. KoedilieHT TepTa MiX Mig/iorow i
OpabnHo AOpiBHIOE Y. Bu3HauTe, nNpu siIKOMY 3HaYEHi KyTa a Mk gpa-
6uHOLO i CcTiHOW ApabuHa nepebyBaTvMe y piBHOBA3i.

12 (B). Ciwv’s roligaeTtbca Ha roipganui. Maca 6atbka 70 K, Maca MaTepi —
50 kr. BOHM 3HaxXogATbCSA Ha MPOTUNEXHMX KIHUAX 6-MeTpOoBOi AOLLKK.
Y akomy micui im Tpeba nocagutv AWTUHY Macok 25 K, Wo6 aolika
3piBHOBaXU/1acb?

13 (B). Pwubanbcbka Byaka Mac AOBXMHY 3,6 M i Macy 1 k. LLeHTp TAXiHHA
BYAKM 3HaxXo4uTbCs Ha Biggani 1,2 M Big TOBCTOro KiHus. Pubanka nia-
BiCMB puOYy Ha TOBCTOMY KiHLi 1 3piBHOBaXMB ByAKYy, nignepwu ii Ha
Bigaani 50 cM Big TOBCTOro KiHUA. fka Bara pubu?

14 (B). [0 KOpKOBOro nonsaeBka Macok 1,2 I NpuB’A3a/in HUTKOKO Tiflo 3i CTa-
ni, maca skoro 11,7 r. Tlig yac NOBHOrO 3aHYPEHHS LMX 3B’SI3aHWX Tifl
AnHamomeTp nokazas 0,064 H. BusHauTe rycTuHy kopka. lyctuHa ctani
7800 kr/m3.

15 (B). LWwmatok cnnaBy migi i cpibna mac Bary 2,94 H. TMig yac 3aHypeHHs
noro y Bogy guMHamoMeTp nokasye 2,646 H. BuaHauyTe Mmacy cpibna i
Migi B cnnasi. MNyctuHa cpibna 10 500 kr/m3, migi — 8900 kr/m3.
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1 (n).

2 ().

3 ().

4 (c).

5 (c).

6 (B

7 (B).

8 (m).

9 (B).

0 (B).

BUABNAEMO MPEAMETHY KOMMETEHTHICTb (Ne4)
BkaxiTb mpunag 4ns BMMIpHOBaHHS aTMOCHEPHOro TUCKY:

A AnHamomeTp

B ToHOMeTp

B 6apomeTp

[ maHomeTp

fka 3 HaBefeHux hopMyn € 3anucom 3akoHy Apximena?

A b B r

W=Fﬂﬁ = =
A P=Pgh F=G . F =PogV

YCTaHOBITb BiANOBIgHICTb «(i3nYHa BEAMUYMHA — MO3HAYEHHA Qi3nUHOT
BE/IMUNHU».

1 Tuck A p
2 TyctuHa B V
3 MOlMeHT cum B P
4 O6’em r p

A M

TOuUKy Yepe3 siKy MPOXoAuTb PiBHOAIMHA BCiX CUN TSHKIHHA, Ha3MBaloTb:
A 'eomMeTpu4yHUM LLEHTPOM.

B Toukoio onopw.

B Toukoto niggicy.

I LLleHTpOM TSDKiHHS.

Ha 3emni xsi0nunk Moxe BifIbHO NigHATW Tislo, Bara sikoro 100 H. Hka
6yge Bara UbOro Tifla y BOAi, SKWO ioro o6'em 1 gm3?

A b B r
99 H 110 H 90 H 100 H

[Bepi po3mipom 2x1 M i Macow 32 Kr nigeilleHi Ha ABOX 3aBicax,
pO3MileHMX Ha BigcTaHi 20 CM KOXHa Bifi BEPXHbOTO i HMXHBLOTO Kpa-
B ABepeli. 3 AKOW CW/I00 ABepi TATHYTb BEPXHIO 3aBiCy B FOPU30H-
TaslbHOMY Hanpsmi?

Boga y BogoHanipHy 6awTy, Bucota sikoi 20 M, NOAaETbCA NOPLUHEBUM
HacocoMm 3 nsower noplHa 20 cM2. 3 SKOK CUNOK i€ eNeKTPOABUTYH
Ha MopLUEHb, WO6 NigHATM BOAY Yy BOAOHAMIpHy 6awwTy?

KpmxunHa nnaeBae y Bogi. O6’em ii HagBOAHOI 4YaCTUHM CTAHOBUTH
20 m3. BusHaute 06’em nigBoAaHOi YacTuHu. FyctmHa nbogy 900 kr/im3.
[Bi kyni macamm 3 Kr i 5 Kr cCKpin/ieHi CTepXHeM, Maca SIKOro 2 K.
Bu3HauTe MOMIOXEHHSA CNiSIbHOrO LEeHTpa Mac, AKWo pafiyc nepioi Ky-
5 cm, gpyroi 7 cMm, foBXuHa cTepxHa 30 cm.

Ha cepeauHy TenerpacpHoro ApoTy, HaTArHYTOro MK ABOMa onopamu,
BiACTaHb MiX SiIkMMK 6 M, CiB nTax Macot 2 K. BHacnigok uboro nposig,
npoBuc Ha 0,3 M. BusHauTe cuiy NPYy>XHOCTi ApOTy, Macol APOTY MOXHAa
3HexTyBaTu.



§ 17. 3aKkoH 36epexeHHsa imnynbcy

8 17. 3aKOH 306epeXKeHHs iMnynbey

»ImMnynbCc Tina. Bzaemogis Tin y 3aMKHYTIil cucTemi
> 3aKOH 30epe>KeHHs iMnynbcy Ta Moro 3acTOoCyBaHHA

IMMYNBbC TINA. Y Kypci ¢isukn 9-ro Knacy B/ 03HaNnOMUANCA 3 iMNY/b-
COM Tina Ta iMMynsCoM CUJIN.

IMNynbC Tina € BEKTOPHOK (Pi3NYHOK BEMYMHOK | BM3HAYAETbLCA 3a
thopmynoto p =mv .

IMNyNbC CUAN € BEKTOPHOI (Pi3UYHOI0 BENMYMHOIK | BU3HAYAETbCA 3a hop-
mynoto FAt=Ap.

Bu Bxe 3HaeTe, WO 6yAb-AKi (i3VYHI ABMLLA € MPUYMHOKO | HACNiLKOM
MOCTIMHMX B3aEMOAIN MiXK Tinamu. Y peasbHUX YMOBax MPakTUYHO HEMOX-
NIMBO BpPaxyBaTW B3aEMOLI0 MEBHOro Tina 3 iHWuMKU. OfHi B3aeMOSIT € fOCUTb
3HAYHUMK, a IHWIi HACTINbKX Mani, WO HUMW MOXKHa 3HEXTYBATW MNif 4ac
pO3B’A3yBaHHA KOHKPETHOT 3afadvi. Hanpuknag, LOCNigKytun pyx MeBHOro
TiNa B 3eMHMX yMOBax, BPaxoBYlOTb VOro NpUTAraHHa o 3emni, i He 6epyTb
[0 yBaru rpaeiTayiliHy B3aEMOAI0 3 IHLIMMK Tinamu.

Tomy A/1F KOXHOr0 KOHKPETHOro BUNAAKy CreLiasibHO BU3HA4alTh TiNna,
O YTBOPIOKOTb OKpeMy, TOOTO 3aMKHYTY ab0 i30/1b0BaHy, CUCTEMY.

3aMKHYTOH ab0 i30/1b0BaHOK Ha3MBaldTb CUCTEMY, B SAKIi Tina,
LWo i HanexaTtb, B3aEMOAiOTb /MLLIEe MK COBOH i He B3aEMOAiTb
3 iHWKUMK Tinamu, gKi 0 uiel CUCTEMU He HanexaTb, abo Taki B3ae-
MOAIT € HE3HAYHUMM | TX He BPaxoBYHTb.

Cunmn, 3 SKUMUK Tina B3aEMOLIIOTb YCepeAuHi 3aMKHYTOI CUCTeMU, Ha-
31BalOTb BHYTPILLHIMK.

BaxnmBicTb 3aMKHYTUX (i30/1bOBaHNX) CMUCTEM Y MeXaHili BU3HAYaETbCS
TUM, WO caMe B HUX 3a/MLIATbCA HESMIHHUMW (hisUYHi BENNYUHU, 30Kpe-
Ma, TaKi XapakTepuCTUKM MEXaHi4YHOro pyxy, fK iMMy/nbC Ta eHepris.

Mpuknagom B3aemMoAii Tin y 3am-

KHYTI cuctemi € npy>xxHuii yaap. g
YapoM PO3yMitOTb TaKy B3aEMOMito Tif,
AKa 34iNCHIOETCA NPOTArOM KOPOTKOro
MPOMiXKY 4Yacy, TO6TO MaliXke MUTTEBO.
AK npaswno, nig yYac ygapy B3aeMOLif
3[iAACHIOETLCA CMNaMU MPYXHOCTI, fAKi
BMHUKAKOTb Yy Tinax BHacNifok X fe-
(hopmauii nig 4yac CTUCKaHHS.

Akwo nicng ygapy posmipun i op-
Ma Tin, WO B3aEMOAIOTb, MOBHICTIO
BiZJHOBNIOKOTbCA, TO TaKWUi ydap Hasu-

BalOTb abGCOMOTHO MPYXXHUM. _ Man. 17.1. Y Npoueci npyxHoi
Kynbkn macamn T1Ta T2 AKI PY-  pzaemogii kynbki, WO pyXaloThes

XarTbCa I3 WBUAKOCTAMK 1lj Ta V2 Ha- HasycTpiu ogHa OAHil, 3MiHIOTb

3yCcTpiy ogHa ogHin (man. 17.1), npyx- HanpsAMoK B/1ACHOro pyxy
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no

HO B3aEMOZiOTb BMPOLOBX [EAKOro yacy t, BHACNifOK 4YOro Harpsamok iX-
HbOIO PYXYy 3MiHIOETLCS.

Y nNpupoai CrnocTepiratoTbCA TaKOX B3aEMOAIT, AKi HA3MBatOTLCA HerpyX-
HAMWU. Y TakuX BUNafKax Tina, L0 B3aEMOAit0Tb, YTBOPHOOTL HOBE Tifo,
maca fKOro [OpPIiBHIOE CyMi Mac CKNafoBUX.

3AKOH 3BEPEXXEHHSA IMMY/IbCY TA MOr0O 3ACTOCYBAHHSA. LLo6
eKCneprvMeHTa/IbHO NIATBEPAUTM BIACTUBICTL IMNY/bCY 36epiratucsa, pos-
rNAHEMO MPYXHY B3aEMOfiK0 ABOX KynbOK (Man. 17.2).

3a TpeTiMm 3aKOHOM HblOTOHA cuiu, WO Ai0Tb Ha KY/bKW, PiBHI 3a MO-
AyneMm i NpoOTUNEeXHi 3a HanpsMKoM: F1=-F2. OcKinbKu B3aemopgia 34ii-
CHIOETLCS 3a MEBHUI MPOMIDKOK uacy t (oAHaKoBWiA Ans 060X Tin), TO M-
nynbcu cun 6yayTe piBHUMK: Fit =-F 2.

MigctaBuBLUM 3HAYEHHA IMMYNbCY CUAW Y BMpa3 AN iMMOynbCy Tina,
OAEPKNMO:
-inl=-(w262- T 22);

! - - .
mV; =MV, = MyL, — MyL,;
MUj +m262=r +w262.

OTXe, AKLLO B3aEMOAIA TiNl 34IACHIOETLCA B 3aMKHYTIN cucTeMi, TO cyma
iX imnynbeiB fo B3aemogii (mi1+m2)2) fOpIiBHIOE CyMi IXHIX iMMy/bCiB nic-
na B3aemopii (nr”™ +771363) -

MOBHWI iIMMYNbC 3aMKHYTOT cUCTeMU Tin (Cyma iMNynbCiB ycixX Tif, Wo
B3aEMOLIOTb Y CUCTEMI) € BE/IMYMHOK MOCTIAHOLO:
Pi +P2+.- +P,, =const.

3aKOH 30epeXKeHHs iMNynbCy MOKNafeHWiA B OCHOBY 6araTbOx (hi3ny4HMX
fBWLL Ta BIiZirpae BaX/IMBY poO/b Y XWBIA NpupoLi, Hayui i TexHiui.

3ayBaXXUMO, WO Liei 3aKOH MOXKHa 3aCTOCOBYBaTW TakKOX A/1f Hei30/1b0Ba-

HWX CUCTEM 33 YMOBM, LU0 CyMa iMMY/bCIB 30BHILWHIX CWM JOPIBHIOE HY/IO.

Xoya My OTpUManM MaTeMaTUYHWi

BMpa3 3aKOHY 36epeXxxeHHs iMnysbey,

BMXOAAYM i3 3aKOHiB HblOTOHa, BiH

1 2 He € iX HacnigkoMm, a Mae yHiBepcasb-

HUIA, QyHLAMEeHTaNbHWUIA  XapakTep.

TOOTO 3aKOH 30epeXeHHs iMnynbcy

BUKOHYETBCA NS TiN AK Makpo-, Tak

12 i MiKpOCBITiB: AKi 6 3MiHW He BigbyBa-

Nncs B 3aMKHYTIA cucTeMi (B3aemogist

nnaHeT, eNemMeHTapHUX YacTMHOK TO-

L10), iMMYy/bC CcUCTEMU TiN 3a/NLLIAETb-

cA He3MiHHMM. OTXXe, caMe Ha OCHOBI

, ) 3aKOHY 30epeXKeHHs iMMybCy MOXHa

Man. 17.2. Tlip 4ac npyxHoi npoaHanisyBatM pyx TiNl 3aMKHyTOi

B3AEMOAIl ABOX KyNbOK CUCTEMM HaBiTb TOAi, KOMM BHYTPILLHi

BUKOHYETbLCA 3aKOH 36epeXeHHSs . . .
YeTbest P CUMN HEBifOMi, TOBTO BMBYATK OKPEMI
iMnynbCy



§ 17. 3aKkoH 36epexeHHsa imnynbcy

B3aEMOZii, 6e3 BUKOPUCTAHHS OCHOBHOIO 3aKOHY AWHaMiKU (4pYroro 3aKkoHy

Hbl0TOHA).

MposiBOM 3aKOHY 36epeXkeHHs iMMNynbCcy B NPUPOAI Ta TEXHIlUi € peak-

TUBHUIA PYX.

PeakTMBHMM Ha3MBalOTb PyX, KW 3M4IACHIOETLCS BHACMiAOK BifOKPEM-
NEHHS i3 NEeBHOK LIBUAKICTHO YaCTUHW Macu Tina.

PeakTUBHUI pyx — AOCWTb NMowwMpeHnii y npupogi. MepemilieHHs B npo-
CTOPi OKPEMUX >XMBUX OpraHi3amiB TBapMHHOIO Ta POCAMHHOIO CBITY 3Aii1-
CHIOETLCS Ha OCHOBI 3aKOHY 36epeXKeHHs iMnynbcy. [eski mellkaHLi MopiB
Ta OKeaHiB y MpoLeci pyxy CTBOPHOIOTb PeakTUBHI CTPyMeHi. Tak, Kajbmapu
N KapakaTuLi 3arnoBHIOKOTb BOAOK MOPOXKHWUCTI YacTMHM Tina, a MoTiM 3a

[OMOMOrol  cneuianbHUX M’A3iB BU-
LUTOBXYHTb 11 Ha30BHi. Tak iM BLAETb-
CS nepemillyBaTncs 3 40BOMI BE/IMKOKO
LLIBUAKICTIO.

[eski pocnnHu (Hanpuknag, Taki
AK «LIaneHnid oripok») nicna AocTu-
raHHA BWUMYCKalTb Ha30BHI BfacHe
HacCiHHA. BOHO pyxaeTbCd B OAuH 6IK,
a cama poc/iMHa — B iHLIWIA, 3a 3aKo-
HamMy peakTMBHOro pyxy (man. 17.3).

Jocnign 3 BMBYEHHA pPeakTUBHOIO
PyXy BM MOXeTe BUKOHATW Y (hi3nyHii
nabopartopii. OgHWUM i3 NPUCTPOIB, po-
60Ta AKOro iMCTPYE 3aCTOCYBaHHSA pe-
aKTUBHOro pyxy, € CerHepoBe Ko/eco.

KoHiYHa nocyaMHa 3 BOAOK MOXe
Bi/lbHO 06epTaTnuCA HaBKOMO HEPYXOMOT
OCi, a Boa BWTIKae 3 Hel yepe3 ABi 3a-
THYTI TPYOKM. AKWO TPy6KM 3aKpwuTi,
TO cufia TSHKIHHA, WO fie Ha yCTaHoB-
Ky, KOMMNeHCYeTbCA cunamu Apximena
Ta peakuii onopu. Konu Boga BiNbHO
BUTiKae 4epe3 TpybKM, KONeco nouyu-
Hae obepTaTuca. KoxkHa 3 TpyoGoK py-
XaTUMETLCA Y MPOTUNEXXHOMY Hanpsim-
Ky BHacfifoK BifJOKpeMIEeHHA (BUTOKY)
Boan (man. 17.4, a).

MpUKNagoM peakTUBHOIO pPyxy €
pyXx Bi3Ka 3 MNOBITPAHOK KYNbKOK, 3
AKOT 4yepe3 TPYyOKy 3 OTBOPOM BUTIKAE
nositpsa (man. 17.4, 6).

OCKiNbKN peakTUBHUIA pyX He noTpe-
Oye Aii 4OAaTKOBMX Tif, OKPIM TUX, LIO
YTBOPHOKOTb cucTemy (Tino), TO BiH LWIN-
POKO 3aCTOCOBYETbCA B TeXHiuUi. Ha Bia-
MiHY Bif iHWWX BWAIB PyXy, YMOBOO
30INCHEHHS AKUX € BNAMB IHWWUX TiN

6)

Man. 17.3.
PeaKTuBHWIA pyx y npupogi:
a) KanbMapu Ta MOJIOCKM

nepeMillaloThCsA 3a 3aKOHaMu
PeaKkTUBHOIO PyXy;
0) «lWaneHnik oripok»

a) 6)
Man. 17.4.
Mpuknagn peakTUBHOIO Pyxy:
a) CerHepoBe Ko0/eco;

6) peakTUBHMWI pyXx Bi3Ka 3
Ky/bKOIO
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Man. 15.5.
Cxema 6ynoBu pakeTu

(Hanpuknag, cunu TepTd Nif 4Yac pyxXy noBepx-
Heto 3emni Ta onopy MOBITPSA Nif 4ac NonboTy),
PeakTUBHUIA PyX MOXe 3fiiCHIOBaTMCA i 3a Bif-
CYTHOCTI BM/AMBY IHWWX Tifl, 30KpeMa, B HaBKO-
NN03EMHOMY, KOCMIYHOMY MpOCTOpPi abo BaKyymi.

|fet0 peakTVBHOIO pyXy peanizoBaHO B pake-
Tax — CrewiafbHUX MPUCTPOAX, MPU3HAYEHUX
[ANs NOMbOTIB 3a MeXi Hallol njaHeTn Ta Aochi-
[OKeHHS 6/IM3bKOro i JaneKoro KocMocy. 3arasiom
pakeTa CK/MafaeTbCs i3 [BOX OCHOBHMX Tif, L0
YTBOPIOKOTb 3aMKHYTY CUCTEMY, B SKil BUKOHY-
ETbCA 3aKOH 36epexkeHHs iMnynbcy — poboya
4yaCTMHa Ta NasibHe.

[0 po6o4oi 4acTUHM HanexaTb: O000MOHKa,
PeaKTUBHWIA ABWUrYH, BIACIK Ans 06nafHaHHA Ta
KOCMOHaBTIB, & OCHOBHY 4aCTUHY Macu pakeTu
CTaHOBMWUTb NasibHe (Man. 17.5).

HalinowunpeHilwmMy cy4aCHUMUN peakTUBHU-
MW [BUTYHAMMW € [ABWUTYHW, LIO NPauioloTb Ha

pigkomMy nasvei. BoHW MatoTb criewiansHy Kamepy 3ropsiHHA, [0 AKOT 3aka-
YyeTbCA piAKe nasibHe. 3a [LOMOMOrord OKUCHIOBAYIiB NasiMBO CNAOETLCH, Y
pe3ynbTaTi YOro YTBOPIOKTLCA PO3dKAPEHi rasy BUCOKOT TeMmrnepatypu. BoHu
CTBOPHOIOTb TUCK Ha CTIHKM Kamepu 3ropsiHHA. 3a4HS CTiHKA Mae cneiasibHe
COMNno, 4yepe3 AKe PO3KapeHui ras BUTIKAe Ha30BHIi. OCKIIbKA cuna TUCKY
Ha MepefHi0 CTIHKY 3Ha4YHO MepeBULLYE TUCK Ha 3afHH, CTBOPHETLCH peak-
TUBHA CU/a TAMW, WO pyXae pakeTy Brnepes.

IcTOpis OCBOEHHA KOCMIYHOro npocTopy 6e3nocepefHb0 MOB’A3aHa 3
YKPaiHCbKMMW BYEeHVMMMW Ta iHXeHepamu. [Mepuwi y CBITI pakeTu, wWo 6y-
NN BUKOPUCTaHI ANA MOAONAHHA CUAM 3eMHOr0 TSAXIHHA | BMBEAEHHA Ha
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Ceprin MaBnoBuny
Koponbos
(1906—1966),
akagemik, BugaTHWUN
KOHCTPYKTOP KOCMIiYHOI
TEXHIKM

« H/h

3 W
BasneHTuH lMeTpoBuy HOpiii BacunboBu4
[nywko KoHppaTiokK
(1908—1989), (O. T. Wapren)
BUAATHWIA KOHCTPYKTOP (1897—1942),
pakeTHUX ABUTYHIB YKPATHCbKNI BYEHUIA —

A0CnigHMK KocMocy



§ 17. 3aKkoH 36epexeHHsa imnynbcy

Man. 17.6. «3opsaHa Tpaca»
0. B. KoHngpaTtioka (O. I Wapres)

op6iTy 3emsi MepLworo LWTYYHOro CynyTHUKA Ta MOMbOTY MEPLLIOro KOCMO-
HaBTa, po3pobnsnuca nig KepisHuyTBoM akagemika C. . KoponboBa. OfHi
3 NepLKX PIANHHMUX PeaKTUBHUX [ABWUTYHIB, fKi 3a6e3nevyBann HafiliHy po-
60Ty KOCMiYHMX anapartiB, 6yno po3po6neHO Nif KepiBHUUTBOM akafeMmika
B. M. Mywka.

Cxema rpasiTauiiHOro maHeBpy nif 4Yac MonbOTy Ha iHWIi Tina CoHsAY-
HOi cuctemmn man. 17.6. Lo cxemy 6yno BAano BUKOPUCTAHO aMepuKaH-
CbKMMMW acTpOHaBTaMM Nif 4ac NoMbOTY Ha NPUPOAHWUIA CYNYTHWUK 3emai —
Micaup.

HuHi Hawa KpaiHa € KOCMIYHOI AepXKaBolo, OfHiel0 3 HebaratboX, LWO
MPOEKTYIOTb | BUrOTOBAOTL PAKETU-HOCIT ANS BUBELEHHA Ha OpOITy LWITYY-
HUX CYMYTHUKIB, KOCMIYHUX KOpPabniB Ta CTaHUiil. BiTYM3HSHI peakTUBHI
HOCIT «3eHIT» WOPOKY 3A4IMCHIOTL MOMbOTM 3 Ha3eMHUX Ta MOPCbKUX KOC-
mogpomis (man. 17.7).

OCHOBHY  KOHCTpPYKLilO  nepLio-
ro CTyneHs Takoro Hocis po3po6sieHo
KOHCTPYKTOPCbKUM 6t0p0  «[1iBAEHHE»

Ta BUrOTOB/NEHO [MiBAEHHUM MalUNHOOBY-
AiBHUM 33BOAOM Yy Koonepauii 3 BiT4m3-
HAHUMMU NigNPUEMCTBAMM «XapTPOH-
APKOC» (XapkiB), «KwuiBnpunag»
(KwniB), «XapTpoH-FOKOM>» (3anopix-
X8), «4E3APA», «PAMIO» (YepHiris)

Ta iH.

[MepcneKTVBHUM HanpsiMOM Cy4dacHoT
KOCMOHaBTUKW € CTBOPEHHS PaKeT-HOCI- Man. 17.7. 3anyck pakeTu-
1B 6araTopasoBoro BUKOPUCTaHHA 3 Me- Hocis Antares B CLUA

113



PO3A4INT 1. MEXAHIKA

TOK 34iCHEHHS NiNOTOBaHMX MOMLOTIB Yy Ha6MXKYIl nepcnekTunsi fo Map-
ca Ta iHWMX HebecHMX Tin. [OCArHEHHS UMX amOBITHUX Lineid MoB’a3ytoTb,
30KpeMa, 3 YCMilWHMMU 3anyckamy HaAnoTY>XHWUX pakeT cuctemu Falcon
Heavy, 34aTHMX BUBOAMTY Ha OpbiTy 3emii J0 63 TOHH KOPUCHMX BaHTaxiB
Ta goctasntn Ao Mapca 6/M3bKO 26 TOHH BaHTaXiB, L0 poOUTL NPaKTUYHO
MOX/MBMM NONIT NHOAUHM [0 L€l NiaHeTw.

Mpuknanu po3B’A3yBaHHSA 3a/ay Ha 3aCTOCYBaHHA 3aKOHY 30epe>KeHHsA
iMOynbCy Ta peakKTWUBHUA pyX

3agava 1 Tifo Netutb ropusoHTa/IbHO 3i WwemakicTio 10 m/c. IMig yac nosbo-
TY BOHO PO34iNS€TbCA HA ABi YaCTUHW, Macu AKMX CTaHOBNATb BIAMOBIGHO 1 Ta
1,5 kr. LBuaKicTb 6inbLIOT YaCTUHW 3a/IMLLIAETHCS FOPU3OHTA/IBHOKO | 3pOcTae [0
25 m/c. By3HauMTV BENIMUMHY | HANMPSAMOK LUBMAKOCTI MEHLLOT YaCTUHM.

JaHo: Po3B’a30K
15“\" Konu Tino 6yno uinnm, NOBHUIA iMMNy/bC CUCTEMM CTAHOBMB
Vo=10", (T1+ni2)u0, nicng po3fineHHA Ha YaCTUHKM 1T IMNYNbC CTAHO-

mt = 1 Kr BUTb: TMI1+TM2. 3a 3aKOHOM 36epexeHHs iMMynbey:
T2=15 K (T1+T2U0=TM1+TM2. Bnbepemo [0AaTHWUIA HaNPAMOK OCi

o =SKM B HanpsAMKy pyxy 6inbwoi yacTHW. OCKIiNbKM Hanpsamok py-
c XY MEHLUOI YaCTUHW HEeBIZOMMWIA, TO MPUNYCTUMO, WO MNicns
nofify BOHa pyXaTUMETbCA B TOMY XX HanpsMKy, Wwo i 6inb-

) Lwa.
3anvwemMo PIBHAHHA 3 ypaxyBaHHAM MPOEKLIT BEKTOPIB LUBUAKOCTI Ha KOOp-

[MHATHY Bick: (Mj +mM2Juo=Cn1+TM2, 3Bigkn | = tll2ueo T2

25 Kr-lO-I\éI--l,S Kr-25-1

O6uuncnoemo:; v, =- -= -12,5?.

1 Kr
. . M
Bignosigb: A:_12’5F'

3BepHiTb yBary! 3HaK «MiHyC» BKa3ye Ha Te, LU0 BEKTOP LUBWMAKOCTI MEHLUOT
YaCTWHW TiNa Hanpas/ieHUiA NPOTUNEXHO BUOPAHOMY HanpsMKy pyxy.

3agava 2. Mig yac 3anycky mopeni paketu macoto 250 r 3 Hei MUTTEBO
BUTiIKae 50 r CTUCHYTOro MoBiTpsA 3i WBWAKICTIO 2 M/C. 3HANTW LUBUAKICTb,
3 AKOI pyxaTMMeTbCs pakeTa.

JaHo: Po3B’a30K
M =250 r = 0,25 Kr 3anuLuemo 3aKoH 36epeXkeHHs IMMy/bCy, BBaXa-
ar =50 r =0,05 kr 04N CUCTEMY «MOfeNlb — MOBITPSA» 3aMKHYTOH

Muo=(M -m)up+7wn. AKWO NPUAHATA MOYATKO-
BY LWBWAKICTb MOAENi paketm vo=o, a Bicb OX

«P- 2 cnpsMyBaTW B HanpsMKy pyxy pakeTu, To:
(M-70.)up = 77WN.
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§ 17. 3aKkoH 36epexeHHs iMnynbcy

OTxe, U :-'\-/I---—. MifgcTaBMBLUM YMCMOBI 3HAYEHHS BENIMYMH, OTPUMAE-
-Tn

Bignosigb: Mogenb pakeTu pyxaeTbcs 3i wsugkictio 0,5 m/c.

! TonoBHe B UbOMy naparpadgi

3aKOH 36epeXKeHHs1 iMMNyNbCy BMKOHYETbCA B 3aMKHYTIili cucTeMi. 3am-
KHYTOK ab0 i30/1b0BaHOK Ha3nBalTb CUCTEMY, B SKil Tina, WO i Hane-
)KaTb, B3aEMOJiIOTb /IMLUE MiXK COOOK i He B3aEMOAIOTH 3 iHWMMMK Tinamu,
O [0 Ui€ET CACTEMW He HanexaTb, abo Taki B3aEMOMIl € He3HaYHUMK i iX
He BPaxoBYHOTb.

AKWO CcyMa 30BHILWIHIX CUN AOPIBHIOE HY/MIO, TO IMMY/bC CUCTEMM 36e-
piraeTbCs; TO6TO Cyma iMNynbCiB Til CUCTEMU A0 B3aEMOAIT AOPIBHIOE CyMi
TXHIX iMMyNbCiB Micna B3aeMOLii:

T+ T2 =TW1+T2H2, TO6TO pr+p2+...+pn=const

MMig yac Henpy)XHOro yjgapy Tina, L0 B3aEMOAIt0Tb, YTBOPIOKOTbL CUCTEMY,
Maca AKOT JOPIBHIOE CyMi MOYaTKOBUX Mac Tifl.

PeakTUBHUWIA pyX € MPOSBOM 3aKOHY 30epexKeHHs iMnynbcy. Cuctema, WO
3AIMCHIOE PeaKTUBHWI pyX, He NOTpebye B3aeMOAIT 3 IHLUMMW Tiflamu, OKPIM TUX,
L0 T/ Hanexatb, TOMY BOHa MOXE MepeMiLLiaTUCh Y HAaBKO/I03eMHOMY MPOCTOPI.

? 3anuTaHHA ona camonepeBipKku

Ay cucTtemy Tl HasuBalTb 3aMKHYTOK?

LLlo Ha3uBalTb MPYXXHUM yaapom?

Aki cmnm HasmBaloTb BHYTPILLHIMA?

CchbopmynitoiiTe 3aKOH 36EepeXeHHs iMnynbey. 3a SKMX YMOB BiH BUKOHYETHLCSA?
Hka Bax/MBa 0COBNMBICTL peakTUBHOIO pyxy 3abesneuvye 1oro LUMPOKE BU-
KOPUCTaHHSA B Cy4acHii TexHiui?

ki OCHOBHI CK1afoBi CyvyacHOi pakeTu?

AKi XapakTepuCcTUKN pakeTu BU3Ha4valTb i MakCUMasibHY LWBUAKICTL?

FK CTBOPIOETLCA peakTMBHa cuna?

AK BMPILWYIOTb NUTAHHA 36iNbLUEHHS CMiBBIAHOWEHHS KOPUCHOI Macu i macu
060/M0OHKM pakeTn?

agrwNpE

© N

roTyeMoCd A0 BUKOHAHHA HABYAJIBHOIO MPOEKTY
1. Po3KpuiiTe BHECOK BITUYMU3HAHUX YYEHUX | KOHCTPYKTOPIB y CrpaBy
OCBOEHHS KOCMOCY.
2. 3anpornoHyiTe BNacHy CXeMy KOCMIYHOI pakeTun mainbyTHboro.2

BrnpaBa pgo § 17

1 (c). Pubanka, maca sikoro 80 Kr CTpMGa€e B HEPYXOMMUI YOBEH 3i LUBWAKICTIO
3 M/c. 3 SIKOK LWBWUAKICTIO pyxaTMMeTbCs YOBEH, Maca fKoro 160 kr?
2 (c). MoTar, maca sikoro 2000 T, pyxatuucb NPSAMONIHIAHO, 36iNbWNB WBUA-

KicTb Big 36 Ao 72 km/rof. BusHauTe 3MmiHy Moro imnynbcy. PO3B’sXiTb
3afavy aHasliTM4HUM | rpadiyHumM cnocobamu.
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PO3A4INT 1. MEXAHIKA

3 (8). /[Ba HenpyxHi Tina macot 2 i 6 Kr pyxalTbCA Ha3yCTpiy OAHE OAHOMY
i3 WBMAKICTIO 2 M/C KOXHE. 3 SKOH LUBWUAKICTIO i B KM BiK pyxaTu-
MyTbCSl Tina nicnsa ygapy?

4 (n). Pyx marepiasibHOI TOYKM OMUCYETbCSA PIBHAHHAM X =5-8i+4i2 [Mpu-
MMaroum mMacy TOYKM 3a 2 K, BM3HauTe 1i iMnynbc yepes 2 ¢ i yepes 4
C micna no4yaTky BigfiKy vacy.

5 (B). CHapsag, BUNYLWEHUA BEPTUKAIbHO, AOCATHYBLUM MakCMMasibHOI BUCOTH,
posipBaBCA Ha TpW OCKOJKKW. [1Ba 3 HUX pO3neTinuca nig NpSAMMM KyToMm
OOVH [0 OAHOro, MPMYOMY LWIBUAKICTb OCKOSIKA& Macok 9 Kr CTaHOBUTb
60 m/c, a iHworo, macoto 18 kr — 40 m/c. TpeTiii OCKOMOK Big/eTIB
3i weuakictio 200 m/c. BusHauTe rpaciyHO HanpssMOK pyxy TPeTboro
ockosika. $ka iioro maca?

818. MexaHiuHa poboTta. MoTyXHicTb

»PoboTa cum
P> [MOTY>KHICTb

POBOTA CW/IN. Ha npaktuui 3py4yHo onucyeatu 3MiHY MeXaHiYHo-
ro CTaHy CUCTEMMU (I3UYHOK BE/IMYMHOK, AKY HasuBalTb poboTol. Po-
60Ty BWKOHYKOTb HalpPi3HOMAHITHILWI MaWWHU | MeXaHi3Mu, a TaKoX
NOANHA 3a [JOMNOMOroH BnacHMX M’A3iB. OCKifIbKM B3aemofis Tin Xa-
PaKTepU3yeTbCAa CWUNOK, TO PyX OAHOro Tifa BHACMiAOK B3aemofil 3 iH-
WMMW BUKNUKaHWIA Aiel0 Aeskoi cunn. [0BOpsThb, LWIO Tifla BUKOHYHOTb
poboTty. OTXe, AKWO A0 Tina NPUKNAAEHO NEeBHY CuAy i BOHO nig i gi-
€0 3[IACHIOE MNepeMilleHHs, TO Taka Cuna BMKOHYE MeXaHiuHy poboTy
(puc. 18.1).

MexaHi4yHa poboTa — ue (hi3nyHa Benn4uMHa, WO KiNbKiCHO Xa-
pakTepusye 3MmiHy CTaHy Tifla nig gieto cunu.

Po6ota cunn fopiBHIOE JOBYTKY MOAyNiB cunu F, nepemilleHHs s i Kocu-
Hyca KyTa a MiX HUMKU A =Fscosa .

3a uieto hopmynor 06YMCNOTL PO6OTY MOCTIMHOT CUAK, NI Aiet0 AKOI
TiNO nepemiLlyeTbca NPSAMONIHIAHO.



§18. MexaHi4yHa pob6oTta. [MoTyXHiCTb

Po60oTa € BENMYMHOK CKaNsipHOK. 3a OAUHULIKD POBOTM NpuUiAiMatoTb KO-
ynb, wo B Cl BM3Ha4aeTbcs AK pobota cuam B IH nig yac nepemilleHHs
TOUKM 1T NPUKNajaHHA Ha 1 M:

10K =1H - m.

3HaK poboTV BM3HAYAETHCA 3HAKOM KOCMHYCA KyTa MiX CUIOK i nepemi-
WweHHAM. Pobota A > 0, akwo a < 90°. Akwo a > 90° — poboTa Bif’eMHa.
AKwo a = 90° (cmna neprieHAMKYNsipHa NepemilleHHI0), To poboTa He BU-
KOHYETbCS.

di3nyHKUn 3micT gopaTHOI poboTM Monsrae B TOMY, WO TiNO nepemiuly-
€TbCS B HanpsaAMKYy Ail cunu. PoboTta Bif’eMHa, SKLWO MNepemilleHHs Tina
MPOTU/IEXHE [0 HanpsAMKY Aii cuaun.

[JopatHoto € poboTa cum TArM, OCKINIbKU BOHA Hanpsam/eHa B3[0BX Me-
PEMILLIEHHS.

[opatHa poboTa BUKOHYETLCS CU/IOHD
HaTAry HUTKX Nif vac nigHiMaHHA BaH-
Taxy. Big’emHy poboty, ik npasuno,
BUKOHYIOTb CUAWN TEPTA, WO HanpsMm-
NEeHI NPOTUNeXHO pyxy. BogHouac po-
6oTa cun TepTa MOXe OyTW AOLATHOHO
(Hanpuknag, cuna TepTd CMOKOH, LWO
npuKnageHa fo NIAMHU Ha eckanartopi,
cnpsimoBaHa y 6iK ioro pyxy).

He BWKOHYE pob6OTY cuna TAXIHHS
Mig yac nepemilleHHs Tina ropusoH-
Ta/IbHOO niowmHo. To6To poboTa cu-
NN TAXIHHA He 3anexuTb Big opmu
TPaEKTOPIl, KO PYXaeTbCs TiNo.

Mig yac NpAMONiHiNHOro pyxy pobo-
Ta CUIN TAXKIHHA 3aNeXUTb Bif Mono-
YKEHHA Tina y no4aTKoBWI i KiHLeBWiA
MOMEHTW Yacy:

A =FAhcos0° =
= - h2)coso®°=m g\ - mgh2

AKWO TiNO MNOBEpPHeTbCA 3 MOJO-
XXEHHS 2 B NONOXEHHA 1, TO6TO pyxa-
TUMETbLCA 3aMKHYTOI TPAEKTOPIED, TO
poboTta cunM TAXIHHA [OPiBHIOBATMME
Hynto (man. 18.2).

Cunu, poboTa AKUX He 3aNeXuTb Bif
(hopMu TPaeKTOPIT, a BU3HAYAETLCA NN-
e MOYaTKOBMM i KiHLEBUM MONOXKEH-
HAM Tina nig 4ac Moro nepemilleHHs
3aMKHYTOH TPAEKTOPIELD, LIO AOPiBHIOE
HY/H0, Ha3MBaKTLCA KOHCEPBATUBHUMMU.
KoHcepBaTVMBHOKO € i Ccuna MpY>XHOCTI.
PoboTa 3 nepeMilLeHHA Ky/IbKW Ha npy-

Man. 18.2. Po6ota cuim TAXKIHHSA
3aMKHYTOK TPAEKTOPIEID

Man. 18.3.
Po6oTa cuim npyxHOCTI
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PO3A4INT 1. MEXAHIKA

XUHI (Man. 18.3) BUKOHYETBLCA CWMOK, KA 3MIHIOETHCA Mif vac Jethopmadii

MPYXUHW.
F +F9
ToX MOXHa BUKOpUCTATU CepefHE 3HauyeHHA cuan: F =—-—---. Tomy
2
Flp

A= 17 2(AI1-Al12), ockinsku 33 33aKOHOM [yka, F =-kAl, a Hanpamok

nepemilieHHs i oci pyxy ogHakosi, To Fl =kAll,F2=kAI2. BignosigHo:

KAL+KAI kUr+AK), . KAI?  KAtt
F= IY 2;A=FAl=y\ is‘)(AI1-AI2);A:— A
AKWO Ha TiNo Ait0Tb KinbKa CUA, TO CyMa IXHiX MPOeKLi Ha nepemi-
WEHHSA € MpoeKUielo pe3ynbTytodoi cunm: Fs=Fls+F2s+F3s+... , a poboTa

A =Pjs| +P2Js| +Psxs|s|+... =A1+A2+A3+... , je A — noBHa poboTa (cyma

POGIT yCiX cun) AOPIBHIOE POOOTI PE3yNbTyHOUOI CUMN.

AKWO KyNbKa MOBepHeTbCA B MONOXEeHHSA xt, TO6TO TpaekTopis Oyae
3aMKHYTOI0, Cuia NPYXXHOCTI, SK i Cuna TAXIHHA, He BUKOHYE poboTy, TO6TO
€ KOHCEepBaTMBHOHO.

MOTYXHICTb. Po6oTa xapakTepusye Aito Cunun i 3anexuTs Big i Benmun-
HW, HanNpAMKiB CUM Ta MepeMILLEHHS, a He 3aneXuTb Bif yvacy. TobTo Be-
NINYNHA MEXaHiYHOT poboTN He ae MOX/IMBOCTI BU3HAUMTU, BMPOLOBX SKOrO
yacy BOHa BMKOHYBasacs. OCKiNbKM Ha MPaKTUL YacTO BaX/IMBO 3HATK Yac
[LOKNafiaHHA cuK, BigNoBIgHO, BUKOHAHHSA po60TU, TO BUKOPUCTOBYHOTL (Di-
3VYHY BE/IMYUMHY, AKa XapakKTepusye LUBUAKICTb Ti BUKOHaHHS.

MOTYXHICTb — cKanfpHa (hi3nyHa BeNn4YMHa, WO BM3HAYaE LUBUAKICTb
BMKOHAHHA po60TU 1 YMCe/IbHO [OPIBHIOE POBOTI 3a OAMHULLIO Yacy:

A

T At
Bpaxosytoun, Wwo A =Fscosa; N =% cosa =Pucosa.

AKWO KyT MiX BeKTOpaMu Cuau i WwBUAKOCTI 6inbwmii 3a 90°, 10 no-
TYXHICTb Oyfe Bif’eMHOI. TOGTO TiNO CNOXMBATMME MOTYXHICTb.

OanHMLE0 BMMIPHOBaHHA MOTY)XHOCTI € Bat (BT). Tino mae noTyXHicTb
1 BT, AKWO BWKOHYEe poboty B 1 [ npoTarom 1 c.

JoTenep BMKOPUCTOBYHOTb TakKy OAMHULIO (NMO3acMCTEMHY) MNOTYXXHOCTI,
AK KiHCbka cuna (K.C.)

1 Kk.c. « 735 BT.

[Ons BUMIpOBaHHA MOTY>KHOCTI BE/IMKUX MEXaHi3MiB BUKOPUCTOBYHOTb
KifioBaTU Ta MerasaTu:

1 kBt = 1000 BTt (103 BT);

1 MBT = 1000 000 Bt (1086 B).
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§18. MexaHi4yHa pob6oTa. [MOTyXHiCTb

! TonoBHe B UbOMy naparpagi

MexaHi4yHa poboTa € KifIbKiCHOK Mipoto Aii cuam Ha Tino, Lo nepemi-
LLYETHCA.

Po6oTa cunm AopiBHIOE A0OYTKY MOAYNiB CUAWN Ta MEPEMILLEHHS | KOCK-
Hyca KyTa MK Humn: A =F sCOSa.

3a oguHMLI0 po6oTn npuiiMaroTe mkoynb: 1K =1H -m.

Po6oTa cun 3eMHOro TSXIHHA Ta MPYXXHOCTI 3aMKHYTOH TPAEKTOPIED
[IOPIBHIOE 0.

MOTYXXHICTb XapakTepu3ye LWBUAKICTb BUKOHAaHHA poboTn: N =
t

AKWO KyT MiXK BEKTOpaMu Cuau i WBUAKOCTI Ginbwmnii 3a 90°, 10 no-
TY)HICTb Oyfe Bif’eMHOI0. TO6TO, TifI0 CMOXMBATUME MOTYXKHICTb.

OanHMLEe0 BUMIPHOBaHHA MOTY)XHOCTI € Bat (BT). Tino mae nNoTyXHiICcTb
1 BT, SKW0 BOHO BUKOHYE poboTy B 1 [)K BNpogoBx 1 c.

1BT =Ne =1 ~
1C c3

? 3anuTaHHa ana caMonepeBipKu

1. 9Ky po60Ty HasMBawTb MeXaHi4YHOH?

Konn npo cuny MoXHa CKasaTu, W0 BOHA BUKOHYE poboTy?

HageaiTb npuknagu, Konu OAHI M Ti cami CMAM BUKOHYIOTb Pi3Hi 3a 3HAKOM
po6oTu.

Un 3anexunTb poboTa Big BMGOpPY cuCTeMM Bigniky?

Lo Ha3MBaeTbCA MOTYXKHICTHO?

Un 3aneXnTb NOTYXHICTb Big HanpamKy gil cunmn?

Un 3anexuTb BUKOHaHa poboTa Big macu Tina?

ABTOMO6iNb pyXxaeTbCA PiBHOK JOPOrow. Ym 34iicHIOE pobOTy cuna TAXKIH-
HA, WO Aie Ha aBTOMOGiNb?3

w ™~

© N ORA

BnpaBa go § 18

1 Q) Konm TucHyTM Ha cTin pykow nig kytom 30°, po60oTa He BUKOHYETbCS.
Ha wo X BuUTpavaeTbca 3ycunns?

2 (). Tino NigHiMaeTbLCA NOXMNOK MAOLLMHOK Ha BUCOTY h. Yn BigpisHSAETbCA
BMKOHaHa poboTa, Bif Tiei, AKy noTpibHO 6yno 6 BMKOHATWU Tiny, nig-
HiMaluucb BEPTUKANbHO?

3 (4). Cwuna 3eMHOro TSXiHHA BUKOHYe po6OTY, KOAU TiNo:

a) pyxaeTbCcs BEPTUMKANbHO Bropy;
6) pyxaeTbCA BEPTUKaNbHO BHU3;
B) BUCUTb Ha MPYXWHI.
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PO3A4INT 1. MEXAHIKA

8 19. 3aKOH 36epexkeHHA MexaHi4YHOiI eHeprii.
3acTocyBaHHSA 3aKOHIB 30epeXXeHHS B MexaHiui

P> 3aKOH 30epe>KeHHs i NepeTBOPEHHS MOBHOT MeXaHiYHOT eHepril
P 3acTOCYyBaHHA 3aKOHIB 30epe>KeHHs B MexaHili

3AKOH 3BEPEXEHHSA | MEPETBOPEHHSA MOBHOI MEXAHIYHOI
EHEPIII. Y MexaHiuHWX cucTemax MOCTIHO Big6yBalOTbCs B3aEMOAIT MiX
Tinamu, WO 4O HUX Ha/iexaTb. 3MiHIOKTLCS LWBMAKICTb PyXy TiN Ta ixX B3a-
EMHe po3TallyBaHHS i, BiANOBIAHO KiHETUYHaA Ta NOTeHLiaNbHa eHepris cuc-
Temun. BogHoyac nMoBHa MexaHiuyHa eHepris 3aMKHYTOT CUCTEMW 3a/IMLLIAETHLCA
He3MiHHOHO.

MOBHOIO MeXaHi4YHOK EHEprield CUCTEMM Ha3MBalOTb CYMYy MOTEH-
LiafbHOT Ta KiHETUYHOI eHeprii:

E =En+ EK

Po3rnsHeMo MepeTBOPEHHA MeXaHiYHOI eHep-
rii B cuctemi, B AKii fAitl0OTb KOHCEPBATWBHI CU-
NN (Hanpuknag, Cuan TAXKIHHA |1 MPYXHOCTI)
(man. 19.1).

Y 3aMKHYTIl CUCTEMI «KY/lbKa — 3emMis» Ha
KY/IbKY [I€ CU/1a 3eMHOTO TSXKIHHA mg Ta MpyX-

Ha cuna HaTary HUTKM T . BOHM 3piBHOBaXYy-
IOTbCA, | Ky/ibKa nepebyBae y CTaHi CMOKOM0.
AKWO B Ui cuCTeMi BifBecTW Ky/ibKy B Nono-
XEeHHs 1, To poboTa BHYTPIWHIX cun Oyae
BiZI’EMHOI0 — p060Ta BUKOHYETbCA Haf, L€t CuC-
TEMOK. HAKLWO0 32 HY/bOBUIA piBeHb MOTeHLiasb-
HOT eHeprii NpuiiHATM nonoxeHHsa o (h0=o0), To
nicns BigBefeHHA Ky/ibKW Ha BWUCOTY h (nosno-
XeHHA 1) T noTeHuianbHa eHepria gopisHioBatume EM= mgh. Togi piBHO-
Bara cuctemu nopywutbed. lig Aieto noeepTaroyoi cunm F KynbKa pyxa-
TUMETbLCA [0 MOJIOKEHHA piBHOBarn. 3a Apyrum 3akoHOM HblOTOHa, cuna,
Lo Aie Ha Ky/bKY, BU3HauYaTUMeTbCa AK F =Ta, ge F — pe3ynbTytoua cus
TSKIHHA Ta HaTAry HUTKW. Lig cuna BUKOHyBaTUMe AofdaTHY po6oTy, i Ky/b-
Ka HabyBaTMMe AesiKOro MPUCKOpPeHHs. BianosigHo, 3MiHtoBaTMMeTbCA i i
LWBKMAKICTb. Big nonoxeHHs 1, ge wBuAKicTb gopiBHioBana 0, A0 MOMNOXKEH-
HA 0, fe WBWAKICTb — MaKCUMasibHa, Ta MONOXEHHA 2, Ae KyNbKa 3ynu-
HUTbeS, | 0=0. Tomy nig yac pyxy i3 NOAoOXeHHs 1 A0 NonoXxeHHs 0 no-
TeHUiaNlbHa eHeprif Ky/fbKW 3MEeHLUYBAaTMMETbCA, OCKi/IbKM 3MeHLIYyBaTu-
MeTbCA 1T BMCOTa BiJJHOCHO HY/LOBOro PiBHA. KiHETUYHA XX — HaBMakw,
3pocTaTUMe, OCKifIbKM 30iMbllyBaTUMETbCS LWBUAKICTb. Y MOMOXEHHI O

Man. 19.1. lMepeTBoO-
PEHHSA MEXaHiYHOi eHeprii

Ky/ibKa Matume MakKCUMasibHy KiHETWYHY eHeprito Ek=--—-- , a 1T noTeHui-
aflbHa eHepria AopiBHIOBATUME 0.
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§ 19. 3akoH 36epexeHHA MexaHiYHOI eHeprii.3acTocyBaHHSA 3aKOHIB 30epexeHHS B MexaHili

Pyxatouuch Bifi NofoXKeHHA O 40 MOMOXEHHA 2, 3MeHLIYyBaTUMETbCA Ki-
HeTUYHA eHepria Ky/bKW i 3pocTaTvMe MOTeHUiaflbHa, AKa Y MOMIOXKEHHI 2
Oyfe MakcuManbHO i gopiBHioBaTMMe En = mgh. KiHeTuyHa eHepris npu
ubomy: Ek=0. OTxe, mif yac pyxy Ky/ibka Mae eHeprito Ek + En = const.

OueBUAHO, LLO B 3aMKHYTIW cucTeMi Tin fogatHa poboTta BHYTPILLIHIX Cun
36i/IbLIYE KIHETUYHY EHEPrito | 3MeHLUYE MOTEHLiaNbHY.

36i/bLEeHHA KIHETUYHOI eHeprii CUCTEMU [OPIBHIOE 3MEHLUEHHIO ii Mo-
TeHLiaNbHOT eHeprii, a NOBHa MexaHiuHa eHepris 3a1ULIaeTbCs HE3MIHHOH.

AKLLIO B 3aMKHYTIl CUCTeMi Ait0OTb KOHCEPBATUBHI CWIW, TO MOB-
Ha MexaHiYyHa eHeprisg CUCTEMWN € BESINUMHOK HE3MiHHOK. Moxkmee
NMLLe B3aEMHe NMepeTBOPEHHS MOTeHLUiaNbHOI Ta KiHETUYHOI eHeprii
cucTemu.

ET=EK + Eun = const.

3ACTOCYBAHHA 3AKOHIB 36EPEXXEHHA B MEXAHILI. 3akoHu 36e-
PEXEeHHS iMNyNbCY Ta MOBHOT MeXaHiYHOT eHeprii € hyHLaMeHTa/IbHUMUY 3a-
KOHamu npvipoan. BoHu fatoTb 3mMoOry posrnsgatv Ta aHanidyBaTu 3arasibHi
B/IACTVBOCTI Pyxy 6e3 po3B’A3yBaHHA KiHEMaTWUYHWUX PIBHAHbL i BpaxyBaHHSA
iH(hopmaLii npo ocobnmBoCTi Nepebiry nNpoueciB y i301b0BaHili CUCTEMI.

3aKoHW 36epeXkeHHA BCTAHOBMIEHO [OCMIAHUM LUMAXOM SIK y3arajbHeH-
HA BENIMYe3HOI KifIbKOCTI eKCnepuMeHTasbHMX (akTis. [if yac BMBYEHHS
MexXaHIYHMX fBULL, BaXKIMBY PO/b BIAIrpaldTb 3aKOHM 30epexKeHHs eHeprii,
iMOyNbCy Ta MOMEHTY iMNynbCy (KW BUBYAETHCA B KypCi (Di3uky npo-
(ISILHOTO PIBHSA).

BukopuctaHHs 3aKOHIB 30epeXKeHHs [a€ MOX/MBICTb CYTTEBO CMPOCTUTU
MPOLIEC PO3B’A3yBaHHA LUMPOKOro Kona (isvyHUX 3agad, AKi MOXHa YMOB-
HO NOLINUTW Ha TPW TPynu: 3afadi Ha 3aKOH 30epeXXeHHs iMMynbCy, 3aKoH
36epeXkeHHs eHeprii Ta KOMBiHOBaHi.

Po3B’asyroun Ui 3afadvi, nepefyciMm 3’d1COBYIOTb, UM € MeBHa CUCTeMa Tin
i30/1b0BaHOI0. [10 3aMKHYTUX CUCTEM HanexaTb rapmara i cHapsg, 060/10HKa
pakeTu i nanueo B Hiil, CoHue i nnaHeTn, 3emMns Ta i CynyTHUKN TOLLO.

Y 3aKoHi 36epeXKeHHs iMNynbCy MOEAHYKOTLCA MOYATKOBE W KiHLEBE 3Ha-
YEHHS IMNY/bCIB 3aMKHYTOI CUCTEMU | HE BPaxOBYETLCS BI/IMB BHYTPILWIHIX
cun. Lleldi 3aKOH 3aCTOCOBYIOTb [0 PO3B’A3YBaHHA 3aJay Ha po3puB Tina Ha
4acTMHU abo 3’¢HaHHA KiNbKOX TiN B OfHe; 3ajay Ha ygap i Ha pyX OfHUWX
Ti/l MOBEPXHEID IHLINX.

IHoZ4I MOXKe 3’AcyBaTMCH, L0 Cyma 30BHILLHIX CW/, WO Ai0Tb Ha Tifo,
He [OPIBHIOE HYNIO, ane iCHye Takuii OKpemMuil HanpsMokK, 1S SKOro cyma
NPOeKLil yCiX 30BHILWHIX CUN AOPIBHIOE HYNH. TOAI NPOEeKUis iMAynbcy
cucTeMmn Byfe BEIMYMHOK MOCTINHOLO.

OcKinbKn IMNYNbC Ta eHepris Tina 3anexarb Bif BUOGOPY cuUCTEMU BIif-
NiKy, CKNafavyu piBHAHHA, L0 BUPAXalTb 3aKOH 36epeXKeHHs iMnynbey i
eHeprii, HeobXigHO po3rnagaTv pyx Tin B OfHIN | Til Xe iHepuianbHii cuc-
Temi Bifiky. 3a Taky CMCTeMy 4acTo 06MpatoTb CUCTEMY BIAJIiKY, NOB’A3aHy
i3 3emneto. IHogi 3py4HO BMOMpaTK cUCTeMy Tak, W06 ogHe 3 Tin 6yno B
MeBHWN MOMEHT 4acy HEpyXOMWM BifHOCHO Lii€i cucTemm.
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PO3A4INT 1. MEXAHIKA

Mpuknagn po3s’a3yBaHHA (i3UYHMX 3ajay Ha 3aCTOCYyBaHHS 3aKOHIB
36epe>KeHHs

. . . KM
3agaua 1. /lloguHa macoto T1=60 Kr GiXXUTb 3i LLUBUAKICTIO U'l':8_r_6,ﬁ,
i 3acTpMbye Ha Bi30K Macold T2=80 Kr, AKWIA PyXaeTbCH i3 LWBUAKICTIO

v, :2,9--6-. 3 KO LWBWUAKICTIO M pyXaTUMeTbCA Bi30K, AKLLO fll04MHa 6i-
rog

XUTb B TOMY X Hanpamky? HasycTpiu?

JaHo: Po3B’d30K

T1=60 Kkr Cuctema «MoaMHa — BI30K» — 3aMKHYyTa.

niz =80 Kr a) JlloAuHa Ha3fgoraHse Bi3oK. 3a 3aKOHOM 36epe-

Uizgm™ =2 20m XEHHA IMnynbcy: TWMI+TM2=(T1+T2)u, 3BIgKK
roa c " _ v, +nLu, , KM

_____ 25,1420 = 1—,43’_'\:,

w=2,9™ =0,81™ . A o
rog c 6) MtognHa 6DKUTb Ha3ycTpiy Bi3KY. 3a 3aKOHOM

) 36epexXeHHs iMnynbCy:

n—=,

n —7?

m,u,-7719v9 _K_E/I_

----=— w=171-
.+ 771, rog

=’(T1+T23'V|’, 3BigKU W' = =0,475.
Cc

. . KM M KM M
Bignosigb: a) u=514---—-=%1+43—; = FE----- =0 4F—.
A Ae: 8) U rog C 0) v rog c

3acTocyBaHHA 3aKOHY 30epeXXeHHsi eHeprii CrnpoLlye po3B’A3yBaHHA 3a-
Jad, y AKX po3rnsafaroTbCs fBa CTaHW CUCTEMM, | He BMMarae posrnsagartu
cunn, WO AiTb MK Tinamu.

[na po3s’A3yBaHHA 3afay LbOro TUMy CAif BU3HAYMUTU [Ba CTaHW CUCTe-
MU, NOTiM 06paTun piBeHb BifNiKy NOTEHLianbHOT eHeprii (Hy/IbOBUIA PiBEHD).
BusHaumBLLUM NOBHY eHeprito cuctemn B 000X BMMafKax, 3anucyroTb 3aKOH
36epexxeHHs eHeprii: E1=E2

AKWO nepexig cuctemMn Tif 3 MOYATKOBOrO CTaHy B KiHLEBWIA 3MiIMACHIO-
€TbCA MiJ AIEt0 30BHILLIHIX CWUA, Tpeba CKNacTu PiBHAHHA: E2- Er = A, ge
A — po6oTa umx cun.

3agaya 2. KaMiHb KMHYNM BEPTUKAIbHO Bropy 3 NMOYaTKOBOK LUBUAKICTIO
10 m/c. Ha sKili BMCOTI /Oro KiHeTUYHa eHepris LOPIBHIOE NOTEeHLUianbHIn?
JaHo: Po3B’a30K
BignosigHO [0 3akoHy 36epexeHHs eHeprii HoKEo =

vo=H - E+ Em 3 =
c = ornagy Ha Te, wWo EKL = Enl oAepXyemo
-7-7-2@+O =High +High =2mgh. Togi h =Z—; . MNepeBipsemo oguHU-
h-1 Li BENNYMH:
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§ 19. 3akoH 36epexeHHA MexaHiYHOI eHeprii.3acTocyBaHHSA 3aKOHIB 30epexeHHS B MexaHili

M

T = -£= M. O6YMCNOEMO BMCOTY: h =Z-é--8-«2,5 (m).

Bignosigb: 2,5 wm.

Mig yac po3e’A3yBaHHA KOMOIHOBaHMX 3afjay Heo6XigHO OfHOYacHO 3a-
CTOCOBYBATM | 3aKOH 30epeXKeHHs IMMy/bCy, i 3aKOH 30epeXKeHHs eHeprii.
[ns onucy ¢isnyHmMx ABMLY, iIHOA4I BapTO LOMOBHIOBATW Ha3BaHi 3aKOHWU piB-
HAHHAMW [PYroro 3akoHy AuHamiku. [lo uiel rpynu Hanexatb 3agadi, B
AKUX PO3rNsAfalTbCa HenpyXHi Ta MpyXHi (LeHTpanbHi W HeleHTpasbHI)
3ITKHEHHS.

Cnig nam’atati, WO Nif Yac HEMNPY>XXHOro yaapy MexaHivyHa eHepris cuc-
TemMn He 30epiraeThCcs: Aeska il yacTUHA NepexoanTb Y BHYTPILLHIO, IO NPo-
SBNSETLCA Yy HarpiBaHHi i gedopmauii Tin.

Y KOMOGIHOBaHMX 3aflayax PiBHAHHS 3aKOHY 30€peXXeHHS i NepeTBOPEHHS
eHeprii € O4HMM 3 OCHOBHUX, fiKe MNOpAf i3 PIBHAHHAMW [APYroro 3akoHy
OUHaMIKK | 36epeXXeHHs iMMNy/NbCy CTAHOBMTb MOBHY CUCTEMY PiBHSIHb, LIO
onucytoTb nesHe Asuwe. Ocob/MBO 3pYyYHO, a iHOAI i HEeobXigHO, BUKOPWUC-
TOBYBaTW 3aKOH 36epeXKeHHs eHepril nif yac po3B’a3yBaHHA 3afjad, Yy AKUX:

a) 334a€eTbCA PyX OAHOro TiNng;

6) po3rnafacTbcs HEPIBHOMIPHWIA 3MIHHWUIA pyX.

3aranbHuiA anropuTM po3B’A3yBaHHS 3ajay, WO NOTPebyroTb CKIafaHHs
PIBHAHHS 3aKOHY 36epeXXeHHsi eHeprii, MOXKHa nojatu Tak:

— BMKOHATN CXeMaTUYHWI MantoHOK i 3anmMcaTu OCHOBHY (hopmyny;

— YCTaHOBUTW MepLle i Apyre MOJIOKEHHA Tina, L0 po3rnafaersca (3a-
3BMYail Mo4aTKoBe i KiHLeBe);

— BMOpaTN HYNbOBWIA PiBEHb BIAJIKY NOTEHLianbHOI eHeprii (4OBIfbHO,
3a HallHWKYMM MOMIOXKEHHAM Tina nif yac pyxy abo 3a TUM, Ha KU BOHO
OMYCKAETLCA, NEepexoAdyn 3 MepLuoro MosIoKeHHs B fpyre);

— 306pa3vT cuaK, WO Ai0Tb Ha TiNO B 3a3HayeHilt Touli TpaekTopil,
abo, AKLWO0 TaKoi Hemae, Y AOBIMbHINA, | MO3HAYNTM KiHEMATUYHI XapaKTepuc-
TUKMN 0 i h, WO BM3HAYAIOTb MOr0 MexaHiyHy eHeprito B NepLioMy i Apyromy
MOMOXEHHSAX;

— 3anucatn opmMynm 064YMCneHHs PobOTU 30BHILLIHIX CWA i NOBHOT Me-
XaHIYHOT eHeprii B 060X MONOXEHHSX. [MigcTaBUTK X y BUXigHE PIBHSHHS.

Y NpocTux 3agayvax OTpUMaHe PiBHAHHS MICTWUTb, K MPaBWI0, O4HY LWY-
KaHy BENNYMHY, Y CKNagHiWmMxX — ABi Ta Ginblie. HAKILO HEBIAOMUX Oifblue
OAHOro, TO A0 CKMAfeHOro PiBHSAHHA 3aKOHY 306epeXKeHHs eHeprii 4oAatoThb
OCHOBHE PIiBHAHHA AWMHaMIKW MaTepiafibHOI TOYKW, KiHEMaTW4YHI PIBHAHHS
pyxy abo 3aKOHYy 36epeXxeHHsi iMny/bCy. PO3B’A3yl0un OfepXKaHy cuctemy
PiBHAHb, BU3HAYaEMO LUYKaHY BEINUMHY.

3agayva 3. Tino macol 3 Kr pyxaeTbca 3i WBUAKICTIO LLI,=4MFi BAaps-

€TbCA 06 Hepyxome TiNo macolo T2 = T1 Beaxawouu ygap ULeHTpasbHUM i
HEMPY)XXHUM, 3HaWTK KiNbKICTb TENMOTW, WO BMAINMNAaca nig yac ygapy.
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PO3A4INT 1. MEXAHIKA

JaHo: Po3B’A30K
M= 3 kr KinbkicTb Tennotu, Wwo BWUAiNMaaca BHACNILOK ydapy, BuU-
_ 3HAYAETLCA pi3HULE0 eHeprii cucTemn fJo i nicna ypapy:
v =4
c OQ=E1- E2

MepLie TiNo fO yaapy Mano KiHeTUYHY eHeprito Ek =2 . Ki-
2

[ . . . .
Q—": HeTWYHa eHeprisa Apyroro Tina AopiBHIOBaNa Hyto. icns Hegpy-
HOro ygapy 06uapa Tifa pyxaTuMmyTbCsl 3i CMiNbHOK LUBUAKICTIO W,
TOMY KiHETUYHa eHeprisi CUCTEMWN AOPIBHIOE
Ek= (ni! + T2u22.
CninbHy WBKUAKICTb PyXy ABOX Tisl BU3HAYAEMO Ha OCHOBI 3aKOHY 36epe-
771,0

XXEHHS iMnynbcy: T"h0 = (T T"u, 3BiAKW 3Haxogumo: n=----11 . [ig-
T1+T2

CTaBMBLUW L 3Ha4YeHHs Y PopMyny KiHETUYHOI eHeprii 060X Tifl, OLEPXMMO:
q T/ TYi
2 2(Ti1+T12)

MigcTaBMBLUM YMCNOBI 3HAYEHHA OfepXUMo Q =22 XK.
Bignosigb: 22 [x.

3afava 4. Baxka Kyns 3iCKOB3ye 6e3 TepTs MOXWIOK MOBEPXHEND, fAKa
nepexoanTb Yy «MepTBy MEeTMO» pagiycom R. 3 AKOT BMCOTM H Mae cKouy-
BaTUCS Kyns, LWO6 He BigipBaTucs Bif NETAi y BepXHii Ti Touui?
JaHo: P03B’A30K
R Bucoty H BMMIptOEMO Bif, NMOBEPXHi CTONY. Y Touli A NOTeH

LianbHa eHepria Kyni fopiBHIOE mgH, a KiHeTUYHa — Hyf0.

H—? "

MoBHa eHepria Kyni ctaHoBWUTb: En+Ek=mgH + 0=mgH. Y BepxHili
Touui neTni Ha BMCOTIi h = 2R noTeHuiafbHa eHepria Kyni E =nigh, =2mgR,

7 Ql1o

a KiHeTyHa — ' . OTXke, MOBHa eHepris B TouLi B opiBHIOE 2mgR 4 e

nw

3a 3akoHOM 36epeXKeHHA MoBHOT eHeprii mgH =2mgR 3BigKn

v2=2gH-4gR (1).

o6 kyns pyxanacsa no Kony, piBHOZiMHa BCIX CWA, WO AilOTb Ha Hel,
Mae HajaeaTu i [OLEHTPOBOrO NMPUCKOPEHHA. Ha Ky y BepxXHiin Touui
neTni AitloTh: CUAM TSXKIHHSA P = mg i peakuii noBepxHi N. ix piBHOgiliHa

. 02 . . ..o
Haflae Kyni NpUCKOpeHHs a=-—, e R — pagiyc netni, a U — niHiliHa

WBUAKICTb Ky/ii.
CnpsmyeMo KoopAuHaTHY Bicb OX BepTUKasbHO BHU3. 3a ApyruM 3a-
N2

KOHOM HbloTOHA: mg +N =TE. MiHimManbHa BMCOTa, 3a AKOT Kyns Onucye

«MepTBY MeTmo», 6yge 3a ymoeu N = 0. TOAi PIBHAHHA [PYroro 3akoHy
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§ 19. 3akoH 36epexeHHA MexaHiYHOI eHeprii.3acTocyBaHHSA 3aKOHIB 30epexeHHS B MexaHili

HbloTOHa Mae BUrnsg: mg =m|i\£_' 3BigcK ofepXKyemo M"O:gR (2). 3 piBHSHbL

5
(1) i (2) 3Haxogmmo: H =?R.

5
Bignosigb: H =?R .

3apgava 5. [na BU3HAYeHHA MOYATKOBOT LUBWUAKOCTI PYyXy Kyni Macot
10 T CTPINAOTb Yy AepeB’siHNI OPYCOK Macol 6 Kr, KU NiABilleHWA Ha
HUTKax. bpycok i3 Ky/feto, Lo B HbOMY 3aCTps€, MifHIMAETbCA Ha BUCOTY
49 MMm. Bu3HauuTW: @) NOYaTKOBY LWIBWUAKICTb Kyni; 6) iT KIHETUUYHY eHeprito
B MOMEHT MOCTpi/ly; B) fIK& YaCTUHA MeXaHI4YHOI eHeprii NepeTBOPIOETLCA Y
BHYTPILLHIO.

JaHo: Po3B’30K

nii =10 2 Kr Cuctemy «bpycoK — Kynsi» MOXHa BBaXaTu i30/1b0Ba-
ni2 =16 Kr HOK, OCKi/IbKM B MOMEHT yaapy Kyni B OpyCOK yci cunum,
h=49 -10-2M WO Ai0Tb Ha HUX, 3PIBHOBaXKEHI, ONOPOM MOBITPA HEXTYEMO

(man. 19.2).

LL—2 3a 3aKoHOM 36epexeHHs imnynbcy: MHO=(Ml+n2)s .
K- 2 Y npoekuisax Ha Bicb OX Maemo: =(n\ +T2)un. 3Biacu
AE — 2 arr+nr0

3HaXOAMMO VO =-""_"T-A .

LLIBMAKICTb Bpycka 3 Ky/eto B MOMEHT yaapy (1) BU3HAYaEMO, 3aCTOCOBYHO-

(nij +nr2)y"

UM 3aKOH 36EpEeXXEHHN eHeprii: =(n\ +ni2)gh, 3Bigkn n=\j2gh .

MoyaTkoBa WBUAKICTb Kyni: vo=mi w;nh n2gh .
n

KiHeTyHa eHeprifd Kyni B MOMEHT
. ar™l

NoCTpPiNy CTaHOBUTb: Ek=

YacTuHa MexaHiuHoi eHeprii AE , Wwo
MEPETBOPIOETLCA Y BHYTPILLHIO, [O0PiB-
HIOE PI3HULLT KIHETUYHOT eHeprii Kyni y
MOYaTKOBUIA MOMEHT | MOTEeHLUiaNbHOT
eHeprii 6pycka 3 Kynew Yy KiHLEBWIA:

ag ="Za- (nri+nar2)gh .

OBUUCIHEMO:
_ 6Kl +10~2Kr
0 10~2KT

2-9,8"-4,910 2m «589-
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PO3A4INT 1. MEXAHIKA

10rari 589—
Bx =" A N-*1734 [

AE =1734,6 [ -6,02 Kr-9,8’c‘--0,049 M «1731,7 OAx

Bignosigp: DO«SSQ%; Ee«1734 X, ne «1731,7 X .

! TonoBHe B UbOMy naparpadgi

[MOBHOIO MeXaHiYHOK eHepriel0 CUCTEMU Ha3UBAKOTb CyMYy MOTEHUiaNbHOT
Ta KIHETUYHOI eHeprii:

E =En+Ek.

AKWO B 3aMKHYTI CUCTEMi Ait0Tb KOHCEpBaTMBHI CuaK, Ti NOBHa Mexa-
HiYHa eHeprisa € BeIMYMHOKO MOCTIAHO. MOX/NMBE NNLLE B3aEMHE NepeTBo-
PEHHA MOTeHLianbHOT Ta KiHETUYHOT eHeprii cucTemu.

MoBHa MexaHiYHa eHepris 3aMKHYTOI CUCTEMWU € BENMUYMHOK MOCTIAHOLO:
E =Exk+En=const.

? 3anuTtaHHa AN caMmonepeBipKku

1 LUlo Take noBHa MexaHiuHa eHeprig Tina M cuctemu Tin?

2. CdhopmynioiiTe 3akoH 36epeXeHHs MOBHOI MeXaHiYHOI eHeprii cuctemn Tin.

3. Ha siky BMCOTY MOXWMOK MSIOLMHOK MNigHIMETLCA KyflbKa, fiKa pPyxXaeTbes i3
WBKAKICTIO 5 m/c?

4, NS CTUCKaHHA NpyXumHu Ha 1 cm noTpibHO goknactn cuny 1 H Ay eHep-
rit0 MOBMHHA MaTW pyxoma Ky/fbka, WO6 CTUCHYTU B FOPU3OHTaNIbHIA Mo-
WKMHI NpyxuHy Ha 10 cm.

5. Ha siky BUCOTY NOTpiGHO MigHATK Tino macot 1 kr, wob iMoro noTeHuiasibHa
eHepris gopiBHOBana KiHETUYHIA Ha 10-ii cekyHAi BiNbHOro NagiHHA?

BnpaBa go § 19

1 (c). 3 SAKOKW LWBMAKICTIO Mae neTiTm XOokelHa waiba macot 160 1, wob ii
iMMy/IbC AOPIBHIOBAB iMMNYNbCY Ky/li Macok 2 I, sika NeTUTb i3 LWBUAKICTHO
600 m/c?

2 (c). [Ba HenpyxHi Tila Macamy 2 Kr i 6 KI pyxatoTbC Ha3yCTpiy O0gHe OfHO-
My 3i LUBUAKICTIO 2 M/C KOXHe. BusHauTe mMoaynb i HANpsMOK LWBWAKO-
CTi Tin nicna X 3iTKHEHHS.

3 (c). Kyna macot 0,1 Kr pyxaeTbcsl i3 WBUAKICTIO 5 M/C i CTUKAETbCA 3 ne-
penoHoto, Big AKOT BigniTae i3 wengkictio 4 m/c. Yomy AOpIiBHIOE 3MiHA
iMAynbey kyni?

4 (p). CraneBa kynbka macow 20 r nagae 3 BUCOTU 1 M Ha cTaneBy NAWTY i
Bigckakye Big Hei Ha BucoTy 8l cM. BusHauTe: a) iMnynbc cunu, ska
Jie Ha nnauTy nig yYac ygapy; 6) KinbkicTb TEnnoTW, WO BUAOIIAETHCA.

5 (g). J/lognHa CTOiTb HA HEPYXOMOMY Bi3KY i KMAA€E FOPM3OHTa/IbHO KaMiHb
Macolo 8 Kr i3 WBMAKICTIO 5 M/c BigAHOCHO 3emni. BusHaute, siky poboTty
BOHa BUWKOHYE, fIKLIO Maca Bi3ka pasom 3 nwogunHow — 160 k. [po-
aHanisylite 3anexHictb poboTn Big mMacu. TepTam MOXHa 3HEXTyBaTWw.
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§ 19. 3akoH 36epexeHHA MexaHiYHOI eHeprii.3acTocyBaHHSA 3aKOHIB 30epexeHHS B MexaHili

6 (0). Kyns, wo neTina ropuMsoHTasibHO 3i wBuakicTio 40 m/c, notpannse y
6pycoK, MNiABILLEHNA Ha HWUTLj 3aBAOBXKM 4 M, i 3aCTPSiE Y HbOMy. Bu-
3HaUTE KyT, Ha AKUA BIOXWIUTbCSA OPYCOK, SKWO maca Ky/i CTaHOBUTb
20 1, a 6pycka — 5 K.

7 (B). [Ba BaHTaxi macamu 10 i 15 K, nigBilleHi Ha HUTKax 3aBAOBXKM 2 M
Tak, L0 BOHW AOTUKAKTLCHA OAMH A0 OAHOro. MeHLWMWin BaHTaX BigXuan-
i Ha kyT 60° i BignycTtuan. Ha siky BUCOTY MigHIMyTbCSA 06MABa BaHTaxi
nicna ygapy? Yhap BBaxaTu HENpyXHUM. $ka KinbkiCTb Tenaotu npu
LUbOMY BUAINAETLCA?

8 (B). i kyni nigpilweHi Ha napanesnbHUX HUTKax O4HaKOBOI OOBXWHU Tak,
WO BOHM A0TUKATbCA OfHa A0 ofHoi. Macum kynb — 0,2 kr i 100 r.
Mepwy Ky BIAXMNATL Tak, WO il LeHTp Barnm NigHIMaeTbCsl Ha BUCOTY
4,5 cwm, i BignyckaloTb. Ha siky BMCOTY MigHiMyTbCs Kyni nicns ygapy,
AKWO yaap: a) NPYXHWA; 6) HEMPYXHWIA?

9 (1) CeuHUeBa kyns macoto 500 r, wo pyxaetbcsa 3i wBuakictio 10 cm/c,
BAAPAETbCA Y HEPYXOMY Ky/to 3 BOCKY mMacoto 200 r, nicnss 4oro BOHU
pyxatoTbCs pa3oM. BusHauuTu KiHETWYHY eHeprito kynb nicnsa yaapy.

KO (B). TMOTYyXHiCTb rigpoenekTpocTaHuii ctaHoBuTb 73,5 MBT, KKO — 0,75.
BusHauTe, Ha Skuii piBeHb rpebns nigHimae BoAy, SKWO BUTpaTa BOAU
cTaHoBuTb 103 m3c.

11 (B). [ABUryH Hacoca, po3BuBakouu noTyXHicTb 25 kBT, nigHimae 100 m3 Ha-
T Ha BMCOTY 6 M 3a 8 xB. BusHaute KK/ ycTaHOBKM.

3agavi gnsa camoCTIiliHOro po3B’'sA3yBaHHA

1 (n). U Ha ofHaKOBY BifCTaHb MOXHa KWUHYTW KaMiHb ynepep, CTOSUYM Ha:
a) 3emni; 6) KoB3aHax Ha Kpwusi?

2 (n). Llo6 3iliT Ha Geper, pubak pyLIMB Bif KOPMK YOBHA A0 MOro HOCOBOT
yacTuHu. Yomy 4voBeH Bignave Big 6epera?

3 ().  Nlerknii TEHICHWIA M’A4YMK, MO AKOMY BAAPUAN HOrol, NOMETIB Y Hanpsim-
Ky pyXy HOMM. $KOi WBUAKOCTI L BiH HabyB, SAKLWO LUBUAKICTb PyXy HOMM
B MOMEHT ygapy n — 10 m/c?

4 (c). 3 pywHudi mMacow T1= 5 Kr BuNiTae Kynsa macow Tr =5 r i3 wBug-
KicTio 2= 600 M/c. Bu3sHauTe wWBUAKICTL L1 BigAaYI PyLIHALL.

5 (c). TeHiCHMIA M’'s4, WO NeTuTb i3 weuakicTio vl = 15 m/c, BigGUBAETLCSA
pPakeTKOK B MPOTUNEXHOMY HanpsMKY i3 WBMAKICcTo v2= 20 m/c. 3Ha-
MAOiTb 3MiHY iMnNysibcy TAO M’Aya, SKLWO BigOMO, WO MAOro KiHeTu4yHa
eHepria 36inbwmrnaca Ha AW = 8,75 [x.

6 (c). Kyna macot 8 1, sika netina i3 weugkictio 500 m/c, npobuna gowky
3aBTOBLIKM 4 CM. 3HaifiTb WBWUAKICTb PYXy Kyni Bigpasy nicna npoxo-
[KEHHA Kpi3b HEl, AKWO cepefHs cuna onopy AOWKW AopiBHIOE 9 kH.

7 (c). Aky poboTy A NOTPIGHO BUMKOHATK, WO6 3MYCUTU Pyxome Tiflo Macoro
T = 2 Kr: a) 36inbwntn WBMakicTb Big vl= 2 m/c go v2=5 m/c;
6) 3ynMHUTUCA, SKLWO noyaTkoBa LWBKMAKICTL LO = 8 m/c?

8 (c). KamiHb, WO pyXaeTbCA MOBEPXHEK KPUrK 3i LWBMAKICTIO v = 3 M/c, no-
[onas A0 3ynuHKM BigcTaHb s = 20,4 M. 3HalgiTb KoediuyieHT TepTa
KaMeHs1 06 Kpury.

9 (O)- Hka MiHiMasibHa po6oTa A BUKOHYETbCA Mif Yac MigHIMaHHA Ha gax Mo-
Ty3kM 3aBAOBXKM | =40 M i macolo T =6 kr? Y noyatkoBuii MOMEHT
MOTY3Ka MOBHICTIO 3BilYETLCH BEPTMKASIbHO 3 Kpak Jaxy.
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11
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BaroH macow T = 20 T, pyxaluucb piBHonpuckopeHo (a<0) 3 no-
yaTkoBoOw wBugkictio n0 = 54 km/rog, nig agieto cunm tepta Flg =
= 6 KH yepes3 geskuin yac 3ynMHSETbCA. 3HalgiTb poboTy A cun TepTa
i BiACTaHb S, SIKy NOA0NA€E BaroH A0 3YMNUHKW.

3HariTn poboTy A, sKy NOTPIGHO BMKOHATW, W06 36iMbWNTA LWBNAKICTb
pyxy Tina macoto T = 1 T Big vl= 2 m/c o N2 = 6 M/C Ha LwWAXY
s = 10 m. Ha Bcbomy wnsxy gie cuna tepta Fip= 2 H

KamiHb nagae 3 geskoi BMCOTM BNpodoBX 4vacy t = 1,43 c. 3Haigitb
KiHeTuuyHy W Ki noteHuianbHy W, eHeprii KameHo Ha cepeguHi Lasxy.
Maca KkameHsa T = 2 K.

I3 Bexi BUCOTOO h = 25 M ropu3oHTa/IbHO KMHYTO KaMiHb i3 LUBUAKICTIO
v0= 15 m/c. BusHaute kiHeTuuHy W Ki noTeHuianbHy W, eHeprii kame-
HIO Yyepe3 t = 1c nicna novatky pyxy. Maca kameHa T = 0,2 .

Ha wroBxaHHA sgpa nig kytom a = 30° 40 ropM30HTY, 3aTpayeHo po-
60Ty A = 216 k. Yepe3 fAkuii yac t i Ha SKiii BigcTaHi SX Big Mmicusi
LUTOBXaHHA A4pO Brage Ha 3emso? Maca agpa T = 2 K.

Tino macoww T = 1 Kr KOB3a€ crnoyatky MOXUM0K M/OWMHOK BUCOTOI
h =1 wmigoBxuHoto cxuny | = 10 M, a NOTIM PyXaeTbCs FrOPU3OHTA Tb-
HOK noBepxHel. KoeqilieHT TepTa Ha BCbOMy wnsxy p=0,05 . 3Haii-
OiTb: @) KiHeTU4YHy eHeprito WKTina 6ins ocHOBU niowuHK; 6) wBeua-
KICTb U Tifla 6in8 OCHOBMW CXW/y; B) BifiCTaHb S, NMPOWAEHY TiNIOM ropu-
30HTA/IbHOI0 NOBEPXHE A0 3YMUHKU.

Tino koB3ae cnoyvaTtky MNOXWOK M/IOLMHOI, WO CTaHOBUTHL KyT a = 8°
3 rOpM30OHTOM, a MOTIM TOPU3OHTa/ILHOK MOBeEpXHel. BusHaute koe-
QILIEHT TEPTA Ha YCbOMY LWIsAXY, SKWO BiAOMO, WO TiNO A0MaE ropu-
30HTA/IbHOI0 NOLWMHOK TY X BiACTaHb, WO A MNOXWAO0K MIOWUHOLD.
paHaTa, WO netuTb i3 wBuakicTio v = 10 m/c, posipBanacs Ha Aga
ockonku. bBinbwuii — macor 0,6 T Macu rpaHatu, NPOAOBXYE PyX B
TOMY X HanpsiMky, ane 3 6inblwot WwBuakicTio w, = 25 m/c. 3Haigitb
LWBUAKICTb UI MEHLLOIO OCKOJIKA.

Tino macow T 1= 1 K, WO PyXaeTbCs FOPU3OHTA/ILHO 3i LUBUAKICTHO
V1= 1 m/c, HaspgoraHse iHWe Tino macow Tr= 0,5 Kr i HenpyXHo BAa-
pSAETbCA 06 HbOro. HAKMX LWIBWAKOCTEM HabyBalOThb Tina, SKLWLO: a) Apyre
Tino Hepyxome; 6) gpyre TiNno pyxaeTbcA 3i wWBMAKICTIO V2= 0,5 m/c B
TOMY € HanpsiMKy, L0 i neplle; B) Apyre TifIo PyXaeTbCA MPOTUIEXHO
i3 weBnakictio v2= 0,5 m/c?

KoB3aHsAp Macowo M = 70 Kr Kugae ropm3oHTasIbHO KaMiHb Macot
T = 3 Kr i3 WBKMAKICTIO L = 8 M/Cc. Ha fAKy BiACTaHb S BiH BigKOTUTbLCH,
AKWO KoeqilieHT TepTa KoB3aHiB 06 kpury aopisHioe 0,027

3 rapmatn macoto T 1= 5 T BwuniTae cHapsag macow Tr = 100 k. Ki-
HeTUYHa eHepria cHapsga WK = 7,5 M. Aky KiHeTU4Hy eHeprito WK
OTPMMYE rapmarta BHac/ifoK Biggadi?

Tino macotw T 1= 2 Kk, pyxawuucb i3 wsugkictio vl = 3 m/c, Ha-
3[0raHs€ iHWe TiI0O Macokw Tr = 8 KT, WO pyxaeTbCs i3 LWBUAKICTIO
n2= 1 m/c. Beaxatoun ygap LeHTpasibHUM, 3HaWAiTb WBWUAKOCTI W, i ur
Tin nicna ygapy, SKWO yaap a) HEMnpYXHWi; 6) MpyXHWIA.



§ 19.

22 (p).

23 (p).

24 (B).

25 (B).

26 (B).

27 ().

1 (n).

2 (n).

3 (c).

3aKOH 306epexeHHA MexaHi4YHOT eHeprii.3acTocyBaHHA 3aKOHIB 36epexeHHS B MexaHiui

Tino macoto T, = 5 Kr ygapsieTbca 06 HepyxoMe Tiflo Macor
Tr=25 i, ke nicnga yaapy po3noynHae pyxaTucs 3 KiHETUYHOW eHep-
rieto Wr =5 [x. Baxalun ygap UEeHTPa/IbHUM | MPYXHUM, BU3Ha4YTE

KiHeTUYHy eHeprito WKL i nepworo Tina 4o M nicna ygapy.

Tino macow Tisk = 5 Kr ygapsieTbcsa 06 Hepyxome Tiflo Macok
T2= 2,5 kr KiHeTuyHa eHepris cuctemun ABOX Tin 6e3nocepefHbO Mic-
na ypapy = 5 [x. BBaxawun ygap LEHTPaslbHUM i HEMPYXHUM,

3HalAiTb KiHeTMYHY eHeprito WKL nepworo Tifia Ao yaapy.

[Ba Tina pyxatTbCs OfHE Ha3yCTpi4y OLHOMY i BAAPSATLCA HEMNPYXHO.
LWBngkocTi Tin go ygapy ctaHosunm ol= 2 m/c i 02= 4 m/c. 3aranb-
Ha WBWAKICTb Tin nicna ygapy n = 1 m/c 3a HanpssMKom 36iraetbcs
i3 HanpsAMKOM LUBWAKOCTI iA. Y CKiNbkM pasiB KiHeTM4YHa eHepria WK
nepworo Tina 6inbwa Hix gpyroro Trk?

CraneBa Ky/nbka, nagawouu 3 BUCOTM /rl= 1,5 M Ha cTaneBy nauTty, BiA-
CKakye Bifg Hei 3i wsemakicTio 02 = 0,75ig, ge 02 — WBWAKICTb, 3 SIKO
BOHa mignitae Hag nauitol. Ha siky BUCOTy h2 BoHa nigHiMeTbes? SAkuia
yac MUHE 3 MOMEHTY NafiHHA A0 HaCTynmHOro ygapy 06 nauty?

Tino macok Ti} = 2 KI pyxaeTbCAa Ha3yCTpiy iHWOMY Macol
Tr= 15 Kr i HEeNpyHo BAapsieTbcA 06 HboOro. LUBMAkocCTi Tin 6e3mno-
cepefHbO nepefj yaapoMm crtaHoBwunu i = 1 m/c i 02= 2 m/c. Akuii yac
pyxaTtumyTbCa Tifla nicns ygapy, sKWo kKoeqiuieHT TepTa gopisHioe 0,057
HelitpoH (maca TO yaapsieTbCs 06 Hepyxome A4po atoMa BYr/eLt
(ni = 1270. BBaxaroun yaap LUEHTPa/IbHUM | NPY>XXHUM, 3HAMAiTb Y CKifb-
KN pasiB 3MEHLINTbCA KiHeTUYHa eHepris W KHelTpoHa nig vac ygapy.

BNABNAEMO NMPEAMETHY KOMIMETEHTHICTb (Ne5)
X/I0NUYUK KMHYB M'SM Y TOPU3OHTa/IbHOMY Hanpsimky. Onopom nosiTpst
MOXHa 3HexTyBaTu. BnbepiTb npaBuiibHE TBEPAXEHHS.

A IMnynbc M’'sva nepej yaapoMm o6 3eM/o HanpsMaeHulii BepTUKasibHO.
B IMnynbc M’siva nig yac Oro pyxy He 3MIHIOETBCA 3a HanpsiMKOM.

B Cyma noTeHUjia/lbHOT i KIHETUYHOT eHepriii nig Yac pyxy m’sua 3a-
NIVLIAETLCS HE3MIHHOHO.

I KiHeTuyHa eHepria m’aAvYa nig 4Yac horo pyxy He 3MIiHIOETbCA.
YCTaHOoBITb BIgNOBIAHICTL MK HasBamMu (OpMys, WO CTOCYHTbCA 3a-
KOHIB 36epexeHHs, i camnumm hopmyiamu.

1 Imnynsc cunn A n =F-u

2 Pob6ota cunmn TAXIHHA ."_.02

3 PoboTta cuim npyxHoCTi B E=N---—-

4 KiHeTnyHa eHepris n
B FRt=was
rA=—(X}-x.

A A=mg(h}-h2)

YCTaHOBITb BifgMOBIAHICTb MiX AesKMMKU ymoBamun (abo B1acTUBOCTSAMMN)
Ta X 06r'pyHTYBaHHSAM.
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YMOBa, 3a SKOi iMnysbC Tina He 3Mi- A Cuctema Tin, ki B3aEMOAiOTb, Mae
HIOETbCS. 6yTM 3aMKHyTOW, TOOTO Tina uiel
YMoBa BWKOHaHHSA 3akoHy 36epe- cucTeMU B3AEMOJiIOTb NULWIE OfHE
XXEHHS IMMy/bCy. 3 OfHUM, a He B3AEMOLiIOTb 3 iH-
YMoBa, 3a SKOi pob6oTa NeBHOI CUK WUMK, AKi He Hanexatb 1.

[OOPIBHIOE HYNIO. B KpiMm cun TAXIHHA Ta MAPYXHOCTI,

[ns skux cun MOXHa BM3Ha4aTu
noTeHuia/ibHy EeHeprito.

MK Tinamm cuctemmn gie cunia Tep-
TS.

1 Hanpsamok pyxy Kyni He 3miHuBCSH, A

B [Ansa cun, poboTa AKMX nig Yac pyxy
3aMKHYTOI TPAEKTOpIE [AOPIBHIOE
HYJTHO.

[ PiBHOgiliHAa Bcix cun, WO Ail0Tb Ha
TiNO, AOPIBHIOE HyNIO.

[ TepemiweHHs Tina AOpIBHIOE HyNIO.

Kyns, wo pyxanacs 3i wewuakicTio L0, 3a3Hana N060BOr0 MPYXHOro

3iTKHEHHS 3 HEPYXOMVM Kyb6OM. YCTaHOBITb BifnoOBIAHICTb «HAMNPAMOK i
MOAy/b KiHLEBOI LWBMAKOCTI pyxy O Kyni — cniBBiAHOWEHHS Mac Kysi
Ta Kyba».

Maca kyni JopiBHOE Maci Kyba.

v=0,5v0. B Maca kyni B kinbka pasiB 6ifblia 3a
_ mMacy Kyba.

2 Kyna SWMHmaCb’ v =0 Y Maca Kyni B Ki/ibka pasiB MeHLia Bif,
Kynsa Bigckounna Haszag, UL =0,500. MacK ky6a.

4 Kyns Bigckounna Hasag, L npaktuy- [
HO gopiBHOE 1O,

5 (c).

6 (c).

130

Maca kyni B 6arato pasiB MeHLa
Big macu kyb6a.

[ Maca kyni B 6arato pasie 6inbLia 3a
mMacy Kyba.

KaMiHb i M’A4 po3TalwoBaHi Ha BUCOTI 5 M. IMNy/nbC i KiIHETMYHA eHepris
KameHs1 JOpiBHIOOTbL 8 kr mM/c i 16 [X BignoBigHO, a iMnysbC i KiHe-
TUYHaA eHepria M’'aya — 8 kr mM/c i 32 k. Onopom MOBITPA HEXTYEMO.
Bun6epiTb npaBu/ibHE TBEPMAKEHHS:

A Maca mM’siuya 6inblua, HDK KamMeHs.

B Y noyaTkoBuii MOMEHT LUBUAKICTb PyXy KameHs 6ifnblua, HdK M’sya.
B Y noyatkoBuii MOMEHT NOTEeHLjiafibHa eHepris kameHs y 2 pasun 6inb-
wa, HK M’'aua.

I Nig yac nagiHHA Ha 3eMJII0 WBUAKICTb PyXy M’Aua MeHLUa, HDK KameHs.
BaroHeTka Macol Tb fika pyxaeTbCsl 3i LUBMAKICTIO U, HasiTae Ha He-
pyxomy BaroHeTKy macot TT. Onopom pyxy MOXHa 3HexTyBaTu. Bu-
6epiTb NpaBW/IbHE TBEPKEHHS.

A FAKWO 3iTKHEHHA € NPYXHUM | T1= TT, nepwa BaroHeTka nicnis 3i-
TKHEHHS! 3YMUHUTBLCS.

B Mg yac nNpyXHOro 3iTKHEHHS BUKOHYETLCHA fMLIEe 3aKOH 36epexeHHs
eHeprii.

B SAKWO 3iTKHEHHSI € HEMpYXHUMM i T 1< TT, KiHUeBa LWBUAKICTb PyXy
060X BaroHeToK Oyae 6Ginblle HixX L/2.

N AKWo 3iTKHEHHSA € HEMNPYXHMM | T1= T2= T, MexaHiyHa eHepris

n
BarOHEToK 3MEHWNTbLCA Ha -----
2



§ 19. 3aKoH 36epexeHHss MexaHiuUHOI eHeprii.3acToCyBaHHS 3aKOHIB 36epexeHHsi B MexaHili

7 (c). LBngkicTb pyxy Tina macot 1 kr, sike BifIbHO nagae, 36inbwumnacsa Big
2 po 4 m/c. Onopom MOBITPA HEXTyeMO. BubepiTb npaBuibHE TBEP-
[KEHHS1.

A IMnynbC Tina 3MEHLWMBCA y 2 pasw.

B KiHeTuyHa eHepria Tina 36inbwunaca y 2 pasw.

B TloTeHujasibHa eHeprisa Tina 3MeHLWnNacs Ha CTi/IbKM XX, Ha CKiflbKu
36inblmaaca KiHeTU4YHa.

I Po6oTa cunn TSXKIHHA OOPIBHIOE HYNIO.

8 (c). Kynsi, WO NeTnTb ropu3oHTaslbHO, Hackpisb NpobuBae aepes’sHWin 6py-
COK, SIKWA NeXWTb Ha rNMafeHbKii rOpM30HTasbHIA MoBepXxHi. Brbepitb
npasu/ibHE TBEPKEHHS.

A KiHeTnyHa eHepris kyni 3MEeHLIMIAcsa Ha CTiflbKM X, Ha CKiflbkn 36inb-
lmiaca KiHeTUYHa eHeprisa 6pycka.

B Mig yac pyxy Kyni Kpisb 6pycok po6oTa cuau, WO Aie Ha Hel 3 60Ky
6pycka, € foAaTHOLD.

B Mig yac pyxy kyni Kpi3b 6pycoOk pob6oTa cunu onopy, Lo Agie Ha 6py-
COK 3 BOKYy Kyni, € AOAaTHOH.

" Konn kyna pyxaeTbCsl BcepeauHi bpycka, MexaHidHa eHepris CMcTemu
«Kyns + 6pycok» 36epiraeTbes.

9 () M’a4 macoto 0,5 K, pyxatumcb FrOpM30HTa/IbHO 3i wWBKAkKicTio 10 m/c,
HaniTae Ha CTiHY 1 Bigckakye Big Hel i3 wBmakicTio 8 m/c. Akwo no-
yaTkoBa LWBUAKICTb M’'AYa HanpsmieHa neprneHaukynsapHoO A0 CTiHW,
BNGEpPITL NpaBubHE TBEPAXKEHHS.

A 3iTKHEHHA M’A4a i3 CTIHO € MPYXHUM.

B 3miHa iMnynbcy mM’sya 3a mMogynem [AOpPiBHIOE 9 Kr —.
c

B ImMnynbc cunn, Wo Aie Ha CTiHy nig Yac ygapy, MeHwuin 3a 8 H mc.
I Mig yac B3aemogii m’'aya 3i CTiHOW BuANWAoca 6Ginbwe Hix H Ox
TennoTu.

KO (). CHapsg macoto 40 K, WO /IeTUTb FOPU30HTaNbHO 3i weuakicTio 400 m/c,
B/ly4Ya€e B HepyxoMy naatdhopmy 3 MiCKOM i 3acTpsrae B HbOMYy. 3 SIKOKO
LWIBUAKICTIO pyxaTuMeTbcsa nnardgopma?

A [2) B
1,6 m/c 20 m/c 200 wm/c

11 (). Ha pucyHKy nokasaHo 3afieXHiCTb iMNy/bCy aBTOMOGI/NS
Big yacy. Akuii i3 rpadikiB 3MiHM CUAM 3 Yacom, WO A€
Ha aBTOMOOiNb, BignoBigae Ui 3anexHOoCTi?

12 (o). Pyx kynbkn macoto 500 r onucyeTbca piBHAHHAM X = 0,5 - At + 212
BusHauTe iMMynbC Ky/bkn Yepe3 3 C nicns noyartky Bigsliky uacy.
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13 ).
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14 ).

15 ).

16 ).

17 (.

18 ).

19 (0)-

A [5) B r
4 xr-m/c 8 Kkr-m/c 12 kr-m/c 16 kr-m/c

CaHuaTa KOB3alTb FOpU30HTa/IbHOK MOBEpXHe. Ha pu-
CYHKY BiJOBpaXKeHO 3a/eXHICTb X MeXaHi4HOi eHeprii Big,
KoopauHaTtu. Ha sikomy 3 rpadiikiB HaBeAEHO 3a1eXHICTb
cunu, WO Ai€ Ha caHuyaTta, Big KoopAvMHATW?

PakeTa, WO CKNafaeTbCs 3 ABOX CTYMEHIB, pyXaeTbcs 3i
weunakictio n0= 6 km/c. CTyniHb | nicna BigOKPEMIEHHS
pyxaetbcsa 3i WBUAKICTIO V1= 2 Km/c. Maca cTyneHsa | —
T1=1m100«kr, ctyneHa I — Tr= 2 m10D k. 3 sAKoto
WBMAKICTIO pyxatumeTbes Il cTyniHb nicns BigoOKpPeM/IEeH-
HA nepLioro?

A b B
2 Km/c 4 xm/c 6 km/c 8 km/c

MnactuniHoBa kyna macoto 0,1 Kkr 3i wBmAkic-

Tio 1 M/C HaniTae Ha HepPyXoMWil Bi30K Macot

0,1 «r, NpuKpiNAeHuin go npyXuHn (PUCYHOK), - Pww g
i Nnpununae [0 HbOro. $ka NOBHa eHepris

cuctemy nig 4vac i nogasnbluMX KOAMBaHb?

TepTaAM 3HEXTyBaTW.

A B B
0,025 Ox 0,05 Ax 0,5 Ox 0,1 Ax

Kyna macoto 10 r, wo netutb i3 weugkictio 800 m/c, npobuBae [oLIKY
3aBTOBLWKM 8 cM. LUBMAKICTb Kyni 3meHwyeTbcA Ao 400 m/c. 3Haigitb
cepefiHIio cuy onopy, WO Ai€ Ha Kynto.
A b B r
12 xH 20 kH 30 kH 62 kH

JlloanHa i Bi30K pyXaloTbCs HasycTpiy ofHe OAHOMY, MpUYOMy Maca -
OVHWM Yy 2 pa3u Ginbla, HiX Biska. LUBMAKICTb NHOAMHM CTaHOBUTL 2 M/C,
a Biska — 1 m/c. JlloanHa 3ackakye Ha BIi3OK i 3a/IMWAETLCA Ha HbOMY.
Akoto cTana WBUAKICTb MIOAMHU Pa3oMm i3 Bi3KOM?

Motar macoto 2000 T, pyxatwouuchb i3 Micua 3 npuckopeHHsm 0,2 m/c2,
[OcCsArae HoMiHa/bHOI LWBMAKOCTI Yepe3 1 xB. Bu3HauTe cepepgHio no-
TY)XHICTb MOTAry, AKWO KoediuieHT onopy pyxy ctaHoButb 0,005.
KamiHb macoto 0,4 Kr KuHy/nM BepTVKaslbHO Bropy 3i weuakictio 20 m/c. Yomy
[OOPIBHIOKOTb KIHETUYHA 1 MOTeHLUiasibHa eHepril KameHs Ha BUcOTi 15 m?



§ 20. Mexi 3acTocyBaHHA 3aKOHIB KNacuM4yHOI MexaHikn.OCHOBW cneujianbHOI Teopii BiAHOCHOCTI

20 (B). CHapsaf, BuMyLleHWIA i3 rapmaTtu BepTMKanbHO Bropy, po3ipBaBcsi B
TOYLi MaKCMManbHOro niginomy Ha BucoTi 45 M Bif MOBEpPXHi 3emMni Ha
ABa ynaMKu, Macu SIKMX BigHOCATbCA AK 1 : 4. Ynamok 6inbloi macu
NoneTiB rOpM3oHTaNbHO 3i WBMAKicTio 20 m/c. Ha skiii BigcTaHi Bifg Tou-
KW nocTpiny Bnafe ynamoK MeHWOT macu? BBaxaiTe noBepxHt0 3emni
MIOCKOIO | ropu3oHTanbHo, g = 10 M/c2, onopoM MNOBITPS 3HEXTYiMTe.
21 (B). KamiHb Macol T = 1 Kr KAHYTO BepTUKaJbHO Bropy 3 Mo4aTKOBO
wemakictio V0= 9,8 m/c. MobyayiTe rpadik 3aNeXXHOCTI KiHETUYHOT W K
noTeHuianbHOT W,, i MOBHOT W eHepril KameHs Bif 4acy t Ha iHTepBani

0<t<2m.
22 (B). Tino macoto T = 3 K, Mawu4y MoyaTtkoBy LWBMAKICTb 00 = 0, KOB3ae
MOXWUMOo MaowuHow Bucotoo h =0,5 M igoBXuHow | =1 ™ i3 weung-

KicTio v = 2,45 m/c. 3HalfiTb KoedilieHT TepTa Tina 06 NAOWMHY i
KifIbKiCTb TENNOTN Q, WO BUAINAETLCA Mif YaC KOB3aHHS.

8 20. Mexi 3acToCyBaHHS 3aKOHIB K/1aCUYHOT MexaHiKu.
OcHOBM cnewiasibHOI Teopii BifHOCHOCTI

» PenaTwunBicTCbKa MexaHika
» MpuHuynn BigHocHocTi MNaninesa-Hob TOHa
OCHOBHI nono>keHHA CneyianbHOT Teopii BIAHOCHOCTI Ta iXHi Hacnigkm

PENATUBICTCbKA MEXAHIKA. Y nonepegHix naparpagax Bu po3rnsgaim
OCHOBM KNacU4yHOT MexaHiku. [MpoTe Bxe Ha nouyatky XX CT. BUABW/IOCH, LLO
[lesiKi BUCHOBKW KaCUYHOT MeXaHiK1 He Y3roMKyrTbCs 3 JOCNIHUMU pe3y/bTa-
TamMu. Hacamnepes, Le CTOCYBa/loCs PyXy LUBWAKMX €MEKTPOHIB, AKi Mepes TuM
Oy/n BUABNEHI B KaTOAHUX NPOMEHAX Ta B pafioaKTUBHOMY [-BUMPOMIHIOBaHHI.
BVHVKNO NMWUTaHHA MPO MeXXi 3aCTOCYBaHHS K/MaCUYHOI MeXaHiKu.

Byno B3ATO Nif CyMHIB CnpaBef/IMBICTb MePeTBOPeHb 3a [anineem i Kna-
CUYHMWIA 3aKOH A0JaBaHHS LUBWMAKOCTEN, KW € 6e3nocepeHiM pe3ynbTaToM
LMX nepeTBopeHb. Mpobnema BUHWKNMA Mpy cnpobax y3rogutu rnpasuna ne-
PETBOPEHb MeXaHiYHWX BEIMYMH i3 NpaBuiamy NepeTBOPEHHS BENVUYUH, LIO
XapaKTepu3yrTb eNeKTPUYHI Ta MarHiTHi nond. Came Ui NoNs € mKepenom
cuil, AKi 3MYLWYIOTb 3apaidKeHi YaCTUHKWM pyxatuca npuckopeHo. fochni-
[IDKEHHA pYXY 3apsKeHUX YaCTUHOK NPU BeIMKUX LWBUAKOCTAX (6/1M3bKMX
[0 LWBWAKOCTI CBITNA) BUABMAN PAL PO30DKHOCTEN 3 (PyHAAMEHTaSIbHUMM
MOMOXeHHAMN MexaHiku [anines — HblOTOHa.

CKiHYEeHHICTb LUBMAKOCTI CBIiTNa BIAIrpae BaXKIMBY Ponb Y PeNnsiTUBICT-
CbKili MexaHiui ToMy, WO ONTUYHI (30pOBI) CMOCTEPEXEHHS € OCHOBHWUM 3a-
co60M OTpMMaHHA iH(opMaLii Npo MexaHiYHWUA pyX. EdekTn 3anisHeHHA
CUrHaNIB € CYTTEBUMW MpPU LOCNIIKEHHI LUBMAKUX PYXiB.

PenaTuBicTCcbKa MexaHika — po34iN TeOPeTUYHOI (I3NKN, AKWUiA
po3rnsagae Knacu4yHi 3aKOHWM pyxy Tin (YaCTUHOK) NPU LUBUAKOCTSAX
Ppyxy W, MOpiBHIOBaHUX 3i LUBUAKICTIO CBITNA C.

133



PO3A4INT 1. MEXAHIKA

NMPNHUWMM BIJHOCHOCTI FTANINIEA — HbKOTOHA. BuByatoumn KiHema-
TUKY | JMHAMIKY, BU NepeKoHaMcA B TOMY, LLO BCi MexaHiuHi fBuLLa Bif-
OyBat0OTbCA OHAKOBO B YCiX iHEpUiNHNX cucTeMax Bif/iKy 3a 0gHaKOBMX MO-
4aTKOBMX YMOB. Lleli BUCHOBOK fiCTaB Ha3By MeXaHi4HOro npuHLuny BigHOC-
HocTi. BiH BKasye Ha Te, LU0 XXOAHUMU MeXaHiYHUMU Jocfijamy BCepeauHi
CUCTEMM He MOXXHA BCTAHOBWUTK, UK Mepebysae B CMOKOI iHepLiiHa cucTema,
UM PYXaeTbCA PIBHOMIPHO i NPAMONIHIAHO. IHaKLe KaXyun, piBHOMIPHUNA i
NPAMONIHIAHWIA pyX CUCTEMW HIiIK HE BMJIMBAE HA MeXaHiYHi fBuMLLa B HiA.

3BepHiMOCcA [0 Takoro npuknagy. Hexali Bu nepebyBaeTe B aBTOMOOINI,
WO LBMAKO PYXaeTbCA 3i CTA/IOK LUBWAKICTIO Ha NPAMOSIHINHOMY Bigpi3-
Ky wnaxy. MigHABLIM HaL rOMOBOKD MOHETY, BW BUMYCKaeTe ii 3 pyK. AK
BOHa nafgatume? MoHeTa MPAMOBUCHO ynafe BHU3 i BAapuThea 06 nignory
B TOYLi, PO3MILLEHI Ha OfHIA BepTUKani 3 TOYKO, fe BU Ti BUMYCTUIN
3 pykn (man. 20.1, a; kabiHa aBTOMO6iNs 3akputa). Came Tak — BEpPTK-
KaflbHO BHW3 — MajatoTb MPeaMeTN Ha 3eMAi, | Hawl eKCrepuMEHT y pyXo-
MOMY aBTOMOGIN NPOXoAUTb 3rigHO 3 MPUHLMUMNOM BiJHOCHOCTI. 3 mornsay
criocTepiraya, SIKMiA CTOITb Ha 3emfi, NpeaMeT, BUMNYLLEHWA 3 PYK Y KabiHi
aBTOMOOGiNsA, pyxaeTbcs Mo Kpueit (man. 20.1, 6). TpaekTopii MOHeTU BU-
ABMAKTLCA PI3HUMU B Pi3HUX cucTemax Biffiky. Ane Le 30BCiM He nopy-
WY€e NPUHUMNY BiAHOCHOCTI, OCKIfIbKM 38 HUM CTBEPAXKYETLCH, LU0 3aKOHU
MeXaHiK/ 3a1LWarTbCs HE3MIHHUMUK B YCIX iHepLiiHUX cucTemax BigfliKy.
3aKOH BCECBITHbOIO THXIHHA i 3aKOHM HbIOTOHA CNPaBAXKYHOTHCA B 000X
UMx cuctemax Bigniky. PisHuus Mk mantoHkamm 20.1, a) Ta 20.1, 6) no-
NsArae B TOMy, IO B CUCTEMI BigfiKy, nos’a3aHili i3 3emneto (Man. 20.1, 6),
Yy MOHETW € NOYaTKoBa LWBWAKICTb, L0 AOPIBHIOE LUBUAKOCTI aBTOMOGINA.
3aKoHU (i3nMKy cBigyath, WO MNOAIGHO [0 OyAb-AKOro KMHYTOro Mif KyTOM
[l0 TOPU3OHTY Tifla, MOHETa onuLle napaboniyHy TPaeKTopito. Y cuctemi Bij-
NiKy, NOB’A3aHiin 3 aBTOMOGINEM, NOYaTKOBa LUBUAKICTb MOHETU [OPIBHIOE
HY/O0, | 3aKOHM (Di3MKM BKA3yHOTb, L0 MOHeTa NajaTvMe BEPTUKAIbHO BHUS.
Takum YMHOM, 3aKOHW PyXy B 060X CMCTEMAxX 3a1MLWIAKTLCA OAHUMU | TUMU
caMVMK, X04a TPaEKTOPIT MOHETU PI3Hi.

CvicTema Bigniky-mMaLLmHa CvicTema Bigniky-3ems

a 6
Man. 20.1. [ocnif i3 pyxoMm MOHeTH
y ABOX iHepuiafibHUX cucTemax Bigniky

OTXe, 3aKOHU MexXaHiKn [AitoTb OAHAKOBO B YCIiX IHEPUINHUX cucTeMax
BIANIKY.

OCHOBHI TOJ/IOXXEHHA CMELUIANBLHOT TEOPIT BIAHOCHOCTI.
CnocTepiratoun 3a pyxom 3apsXeHoT YaCTUHKU, He TakK MPOCTO MOSCHUTH,
YoMy B CMCTEMI BifAniKy, B fKiil 3apsKeHa YaCTMHKa Hepyxoma, HaBKO/O
Hel ICHYe nuuwe enekTpocTaTU4YHe Mosie, a 3 TOYKU 30pYy PYXOMOI CUCTEMM
HaBKOMO PYXOMOro 3apsigy CrnocTepiraeMo MarHiTHe norne.
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BuHukna notpeba nepernsny OCHOB MeXaHiKW i CTBOPEHHS Ha HOBUX 3a-
cagax Teopil pyxy Tin 3 BENMKMMU LUBUAKOCTAMU. Taka Teopis 6yna CTBO-
peHa B 1904—1905 p. 3aBAAKM 3YyCUNNSAM BUAATHUX BYEHUX TOr0 4vacy —
leHppixa JlopeHua, AHpi MyaHkape Ta AnbbepTa EiHwWTeliHa. BoHa gictana
Ha3By crevwiasibHOT Teopii BiAHOCHOCTI.

CnieuianbHa Teopis BigHocHocTi (CTB) po3rnsgae B3aeMO3B’A30K (hi3ny-
HUX npouecis, WO BigOyBalOTLCA TiNIbKM B IHEPUIAHMX cuCTeMax BiAfliKy,
TOOTO B cMCTeMax, AKi PyXarTbCA OfHa BiZHOCHO iHLLOT PIBHOMIPHO i nps-
MOJIHIAHO.

Ha ocHoBi cnewianbHOT Teopil BigHOCHOCTI 6yna po3pobsieHa pensaTuBicT-
CbKa MexaHika.

3aranbHa Teopia BigHOcHOCTI (3TB) onucye B3aEMO3B’A30K (I3UYHUX
npouecis, WO BifbyBalOTbCA B CUCTEMAX, AKi NPUCKOPEHO PyXarTbCA OfHa
BIfIHOCHO iHLLOT (HEiHepLINHNX cucTemax Bianiky).

CneuianbHa Teopist BiAHOCHOCTI 6a3yeTbCa Ha ABOX MocTynaTax. Mepwwnii
NOCTyNaT € y3arajbHEHHSIM KNacM4HOro npuHUMNy BigHOCHOCTI [anines, i
MW Ha3nBaTUMEMO MOro PO3LUMPEHUM MPUHLMNOM BigHOCHOCTI, ab0 NPUHLM-
nom BigHOCHOCTI NMyaHkape — EHLWITelHA, OCKINbKM B MpausX LMX BYEHUX
Hal4iTKile CTBEpPAXXYBanoCb Take:

Yci 3aKOHW NPUPOAU, UM CTOCYHOTLCA BOHW MeXaHiKW, Yun efleKTPo-
OVMHAMIKW, umn rpaBiTaliiHUX B3aeMOLil, UM OYAb-AKMUX IHLUUX SBULL
Ta MpoueciB, € 0HaKOBUMMU B YCiX iHepuiafibHUX cucteMax Bigniky.

Lle o3Hayae, WO BCi iHepuianbHi cUCTEMU BIANiKy eKBiBaneHTHI (PiBHO-
npasHi). XXogHi gocnign B NpMHUMNI He Aal0Tb 3MOrM BUAINUTU NEPEBAXKHY
(abcontoTHy) iHepuianbHy CUCTEMY BiAJliKy.

Opyrnii noctynat cnewianbHOi Teopii BiAHOCHOCTI — L NOCTynat npo
CTanicTb LWIBWAKOCTI CBITNA:

LLBnakicTb cBiTNa 04HaKoBa B YCiX HanpsiMax i He 3a1eXnTb Bij
LWBWAKOCTI gKepena cBiTna 4 npuiimada (cnoctepiraya).

MocTynaT nNpo cTanicTb LUBUAKOCTI CBiTNA He € BIAKPUTTAM HOBITHbLOT
i3nKKn. BiH HeABHO MPUCYTHI B YCiX aCTPOHOMIUYHUX BUMIPHOBAHHAX, SKi
Be4yTbCS He OfHY COTHIO POKiB. Asie MOro cTaTyc yHAaMeHTaibHOro 3ako-
Hy npupoan OyB YTBEPMKEHWIA y npausx TBOPLIB cnewjianbHOI Teopil Bia-
HOCHOCTI 1 0nocepefKOBaHO MiATBEPIKEHWI eKCNEPUMEHTANbHO Y AoCigax
AnbbepTta MaiikenbcoHa Ta Eayapga Mopni (1881 T1a 1887 pp.).

Y UbOMY €eKCMepuUMEHTI OLiHIOBABCA BMJIMB LUBUAKOCTI pyxy 3emsi Ha-
BKONO COHUA Ha WBMAKICTb MOLUMPEHHS CBiTNa Bif AXXepena, Lo nepebysae
Ha 3emni. Ak nokasae fgocnig MavikenbcoHa — Mopni, pyx 3emni BifHOCHO
CoHUf He BNAMBaE Ha LWBWUAKICTb MOLIMPEHHS CBIiT/a.

Ha man. 20.2 cxeMaTW4yHO MOKa3aHO He3aNIeXHICTb LUBWUAKOCTI CBIiTNa Bif
Hanpamy pyxy 3emni. LLBMAKICTb MOLIMPEHHA CBiTNa B HanpsaMmi pyxy 3emi
(5) HaBkosio CoHUA i B NPOTU/IEXHOMY Hanpsmi OAHAKOBA i AOPIBHIOE LUBUKO-
CTi cBiTna y BakyyMmi (i1). OfiepxaHuin pe3ynbTaT CyrnepeynB KIacyHOMY 3a-
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PO3A4INT 1. MEXAHIKA

Man. 20.2. HesanexHicTb WBWUAKOCTI CBiTNa Bif Hanpamy pyxy 3emni

KOHY [l0faBaHHs LUBMAKOCTEN, OCKINbKX BUMAMBAIO, WO LWBUAKICTL CBITNA He
3aM1eXNTb Bif LUBMAKOCTI [Kepena CBiTna uv npuiimada (cnoctepirada) (man.
20.3). Haragaemo, WO 3rigHO 3 KMacCU4YHUM 3aKOHOM [0[aBaHHS LUBUAKOCTEN,

KOMN TifI0 PyXaeTbCs BiAHOCHO iHepLiabHOT CUCTEMM 3i LUBUAKICTIO € , a cama
cUcTeMa PyxaeTbCs 3i LUBUAKICTIO W BiAHOCHO HEPYXOMOI CMCTEMM, TO LUBWUA-

KICTb Vv Tina BifJHOCHO HEPYXOMOI CUCTEMW BIAJIiKy [OPIBHIOE: U ~W .

3rigHo 3 noctynatamy CTB LWIBUAKICTb CBIiTIa — MaKCMMa/ibHO MOX/MBa
LIBMAKICTb MOLLMPEHHS OYab-AKOi B3aeEMOAii. BOHa € BEPXHLOID MEXEH LUBWA-
KOCTi ANs BCiX MaTepiafibHUX Tin, TO6TO MaTepiasibHi Tina He MOXYTb MaTu
WBMAKICTb BiNblly, HDK WBUAKICTb CBIT/NA.

Man. 20.3. HesanexHicTb LWBMAKOCTI CBiTNa
y BakKyyMi Bif WBMAKOCTI AXXepena i npuiimaya

! TonoBHe B UbOMy naparpadgi

PenaTuBicTCbKa MexaHika BUBYAE pPyX Tin 3i WBUMAKOCTAMM, GMIU3bKMMM
[0 WBKWAKOCTI CBiTNA.

CnieuianbHa Teopis BigHocHocTi (CTB) po3rnsgae B3aeMO03B’30K (hi3mu-
HUX MPOLECIB, WO BifOyBatOTLCA TiNIbKU B iHEPLialbHUX CUCTEMAX BiffiKy.

3arasnbHa Teopia BigHocHOCTI (3TB) onucye B3aeMO3B’A30K (I3UYHUX
npoLeciB, WO BifbyBalOTbCA B CUCTEMAX, AKi MPUCKOPEHO PYXalThCA OfHa
BiJHOCHO OfHOI (HeiHepuiasbHUX CUCTeMax BIAJIiKY).

Mepwwit noctynat CTB EliHWTeiHa — yCi 3aKOHW NPUPOAN OAHaKOBI B
iHepuiafbHUX cucTemMax BifJliKy.

Opyrunii noctynat CTB — WBKUAKICTb CBIT/MA Y BaKyyMmi OfiHaKoBa B YCiX
iHepuiafbHUX cucTemMax BifJliKy.
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§ 21. BigHOCHICTb Yacy Ta MiHINHUX Po3MipiB Tin.
PenaTuBICTCbKNIA 3aKOH [0JaBaHHS LUBWIKOCTEN

» BigHOCHICTb OAHOYACHOCTI Ta 4YacoBUX iHTepBanie
BigHOCHICTb NiHIAHUX pO3MipiB Tin
» PenAaTwnBIicCTCbKMA 3aKOH [OAaBaHHA WBUAKOCTEN

BIAHOCHICTb OAHOYACHOCTI TA YACOBWX IHTEPBAJIB. Y none-
pegHbLOMY Maparpadi 3a3Havanoch, WO B MexaHili HbloTOHa Yac, SKuii Big-
noBifae MeBHiM Noaii, eAMHWUIA y BCiX cucTemax Bigniky. Lie npunyuieHHs
'PYHTYETBCA Ha MOX/IMBOCTI CUHXPOHI3yBaTVl TFOAVHHWUKM B PIi3HUX CUCTe-
Max BifNliKy 3a paxyHOK MWUTTEBOI nepegadi iHpopmauii. To6To B MexaHiui
HbtoTOHa [OCTaTHLO OAHOrO FOAMHHMKA ANS ONUCY NOAIA B Pi3HUX cUcTeMax
BiANiKy, OCKi/fIbKWU Mepebir yacy OAHaKOBWIA ANs BCiX CMOCTEpiradviB y BCiX
iHepUIAHNX, | He TiNbKKW, CUCTEMax BiAJiKy.

Taki NOHATTA, AK «Tenep», «paHille», «Mni3Hile», «0AHOYaCHO», MalTb
abCONKOTHE 3HAYEHHS, He3aneXHe Bij BMOOPY CUCTEMM BiAiKy.

PazoM i3 TUM iH(opmaLisa MOWNPIETLCA HEe MUTTEBO. [lofii, wo Bigo-
OpaxaloTbCA Ha eKpaHi Tenesi3opa, BifOyBatOTbCA HE B MOMEHT 1X CrocTe-
peXxeHHa (HaBiTb Nif yac npsamol TpaHcnauii). EnekTpomarHiTHe BUMpPOMI-
HIOBAHHS MOLUMPIOETLCA 3i LIBUAKICTIO CBiTNA. Lle 03Havae, WO BUMNPOMIHIO-
BaHHA, AIKEe BUXOAMTb Bif Tenesexi, pO3MillleHOT Ha BifCTaHi, Hanpukniag,
11= 30 KM Big O6YyAMHKY, JOXOAUTb OO aHTEHU-MpuiiMaya 3a vac:

3-H04
¢ 3108 1(l4c.

OTXe, MW CrnocTepiraemo Ha ekpaHi MoAii 3 MWHYNMOro, Xo4ya M Ayxe
6113bKoro. AMBASYNUCH Y BIKHO Ha 30psiHE He60, MU HibW «30HLYEMO» MMU-
Hyne. Amke cBiTnho Big Micauya goxoautb go 3emni 3a 1,3 ¢, Big Mapca —
3a 5 xB, Big CoHus — 3a 8 XB. OfHi 30pi Tak, fAK «Tenep», BUrnaganu
JeKifbKa poKiB TOMY, iHWI — MifIbAOHM POKIB TOMY TOLLO.

OfHouacHICTb — He abCcontTHa xapakTepucTuka ABuL,. Pi3Hi cnocTepi-
radyi MOXyTb MaTtu pi3Hi yABMEHHA MPO OAHOYACHICTb MOAiiA.

Mogaii, ogHoYacHI B OfHI iHepuianbHIA cMCTeMi BianiKy, He 0fHO-
YacHi B IHWMX cucTeMax, PyxomMmx BigHOCHO nepluoi. OfHOYacHICTb
noaii BigHoCHa.

Po3rnsaHeMo Takuin npuknag. Mpunyctumo, WO Ha Migno3i BaroHa pos-
TalloBaHe /[PKepefio CBiTNa, a Ha cTefni — A3epkano. Akum Gyne iHTepBan
yacy, MPOTArOM SAIKOrO CBIT/I0 AOCATHE CTeni Ta, BiAbuBLUMCL Bif A3epkana,
NMoBepHeTLCA Hasan?

[nsa cnoctepiraya, wo nepebysae y BaroHi (Man. 21.1), ueli Yac [OpiBHIOE
yacTui NoABOEHOI BiACTaHi Bif nigfiorn fo creni (BMcoTa BaroHa BD) Ha LUBMS-

KICTb CBIiTNa c: t0= -——-- _

Liei iHTepBan yacy He 3a/leXXWTb Bif TOro, HEPYXOMWI BaroH 4u pyxa-
€TbCA BiH PIBHOMIPHO i NPAMONIHIHO.
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Po3B’)KeM0 3aja4y BiJHOCHO HEPYXOMOro
cnocTepiraya (B iHWI iHepyianbHiin cuctemi
BifNiKY), BIAHOCHO AKOro BaroH PyXaeTbCA
3i weunakictio 0 npasopyy (Man. 21.2).

BigHocHO HepyxoMoro cnoctepirada CBiTNO
MpPoOXoAuTb BiAcTaHb 2AB. OTXe, 4ac Mpoxo-
[I)KeHHA  CBITNIOBOrO CWUrHany [AOPIBHIOE:

t=-2-%l-3. Ockifbku rinoTeHy3a AB 6inbLua Ka-

Man. 21.1. lowwnpeHHs ) )
CBITNIOBOro curHany BigHocHo  TeTa BD, 10 t > t0. | yum Ginblua LWBMAKICTb
crnocTepiraya, Lo pyxaeTbcs  PYXY BaroHa L, TUM BifuyTHILLIA LS HEPIBHICTb.

pas3oM i3 BaroHoMm BcTaHOBMMO MaTemMaTU4YHY 3aneXHicTb
MiXK ti t0. Ana uboro BMpas3vMMo BifNOBIAHI
BifCTaHi: AB =ct, BD =ct0, AD =vi i 3a-
cTocyemo TeopeMy [licharopa A0 TPUKYTHMKA
ABD: (ct)2=(ct0)2+(vi)2.MepeTBOPUMO LEN
Bupas: (C2- v2)iz=c2l, 3BigKu:
£ t
ey '~ ab0: t=———
C2- L2 L o2

1-— 1-
¢ c

2
Man. 21.2. lMowwnpeHHs

CBiTNOBOr0 CUrHany BifHOCHO OCKi/IbKM 70 t>t0, TOGTO Big-
Hepyxomoro crocrtepiraya

HOCHO HepyxoMOro cnocTepiraya nogis, Lo
BiIOYBAETLCS Y PYXOMIil cucTeMi Bifniky, TpuBae AOBLLE.

BIAHOCHICTb JIIHINHWX PO3MIPIB TI/l. [loBxuHa Bigpiska, fAiKa B
HbIOTOHIBCbKI MexaHili BBaxanacb abCOMOTHOK, TaKOX 3aneXuTb Bij
LWUBWAKOCTI PyXy Tifia BIAHOCHO MEBHOI CUCTEMMW BIfANIKY.

LLlo o3Hayae BUMIpPATM AOBXMHY Bigpiska? Lle o3Hauyae OfHOYaCHO BKa-
3aTW KOOpAWHATK 1Aoro mouyatky i KiHus (1=x2-x1). Ane, 9K MW BXe 3Ha-

€MO, MOHATTA OAHOYACHOCTI € BiAHOCHWMM. [Mofii, ofHOYacHi B OfHIN cucTe-
Mi BiANiKy, He OfHOYacHi B iHLLUIN.

Po3rnsHemMo npouec BUMIpHOBaHHA AOBXWUHW AOKNafHiwe. Hexai niHilika
nepebyBae y BaroHi, WO pyxaeTbCa PIBHOMIPHO | NPAMONIHINHO 3i WBUAKIC-

THO U . JliHiliKa po3TalloBaHa B30BX MPSMOT, Y Hanpsami SKoT BifbyBaEThCA
pyXx noi3ga. Ha ogHOMY KiHUi NiHIAKW 3HaXO0AWUTbCA [MKEpeno CBiTNa, a Ha
iHLWOMY — A3epKano. LOBXWHY NMiHIAKK BU3HAYalOTb 3a 4aCcOM MPOXO/IXKeH-
HA CBiTNa B3A0BX NiHIKM Yy NpsSMOMY i 3BOPOTHOMY Hanpsmax. Ans cno-
cTepiraya, Wo nepebyBae y BaroHi, Lei Yac BM3HAYaETLCA (HOPMY/IOHD:

3BIAKN: D:Qi. [na cnocTepiraya, BiAHOCHO SIKOro BaroH, a BignoOBIAHO, i

A3epKano, BiaAanseTbes 3i WBKUAKICTIO (, yac pyxy CBIT/I0BOFO CUTHany o
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[3epkana Bypge tx=;:--|--, a Bijl A3epkana: t2= I . 3aranbHuii yac pyxy:
=0 c+ v
t=tl+t2 = 22Ic , » 3BIAKM:
C -vu
2 _ 2
1= """t ()

2c
[na BCTaHOBNEHHS 3B’A3Ky MK | Ta D 3ragaemo, WO BifHOCHO cno-
cTepiraya, KWl nepebyBae B PYXOMiili CUCTEMI BifAfiKy, Yac pyxy CUrHany

t0 == @ An1A criocTepiraua, BiAHOCHO SKOTO PyXaeTbes cucTema, U noais

. L 2L .
BiflOYBAETLCA MOBINbHILIE: t= , abo t=- . Migcrasnawoun
1- c/l —
OTpVYMaHuiA Bupa3 y gopmyny (1), MaEmo:
. o’ ¢?-0? 21 c2'U2 o P A 1°
TR 2 ; 02 £2 1 va ( 2> | =on/l--T
C - -
c2 }{/ c2 V

OTxe, BIJHOCHO HepyxOMOro croctepiraya, Bif AKOro Biffansi€TbCs CUC-
Tema BiAfiKy, y AKili NpoBOAATb BUMMIpW, AOBXWHA NiHIiKW He D, a 'y

1--"5'pa3iB MeHwa: |=I101--"-.

Ha nigcrasi HaBefeHMX MipKyBaHb Ta OTPUMaHWX (HOPMY/ST MOXHa 3po-
O6WTVM BUCHOBOK, LU0 NiHIAHI po3mipy (hi3UYHMX Tin He € abCOMOTHUMMK MO-
HATTAMW; BOHW 3a/exartb Bif CUCTEMU Bif/iKy, BiJHOCHO AKOT BifbyBaeThLCA
BUMIpIOBaHHA. 30Kpema, AKLWL,0 B3ATW [ABi NiHIAKM OLHAKOBOI [AOBXWHM i
OAHY 3 HUX MPUMYCUTU pyxaTucs 3i CTaOK LUBUAKICTIO U, TO HEPYXOMOMY
crnocTepirayeBi BOHa 34aBaTUMETHCSA KOPOTLLOHO.

[oBXuWHa Tina B cucTteMi BIAJiKy, y AKili BOHO HEPYXOMeE, Ha3MBaETbCA
BMAaCHOK [0BXWHOW 10

PENATUBICTCbKNA 3AKOH AOAABAHHA LUBUAKOCTEW. 3Haligemo
npaBunI0 A0AaBaHHA LUBMAKOCTEN Ha OCHOBI noctynatis CTB.

Hexail Tino pyxaerbcs BifHOCHO cucTemn K' 3i LWUBMAKICTIO 11, a cama
cuctema K' pyxaetbCs BiJHOCHO cucTeMu K, fKa BBaXKAETHCA HEpPyXOMOHO,
3 NOCTINHOW WBMAKICTIO § y3poBx oci OX (man. 21.3).

AKLWO MO3HAUYNTY LWBUAKICTb Tina BIAHOCHO Hepyxomoi cucTemu K uepes
W, TO pPenaTUBICTCbKMIA 3aKOH [0JaBaHHA LUBWAKOCTEA MaTume BUMNAL:

0+
w=-""4
ou

1+

fle # — WBNAKICTb pyXy Tina BIZHOCHO pPyXOMOT cuctemu Bigniky K'; w —
WBWUAKICTb pyXy Tina BiAHOCHO HepyxoMoil cucTemu Bigfiky K; 5 — wsuna-
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PO3A4INT 1. MEXAHIKA

KiCTb pyxomoi cuctemy K' BIiHOCHO
Hepyxomoi K.

AKWO U <3CC TA U «C, TO is =0+
(3aKOH [ofaBaHHA LUBUAKOCTEN Yy Kna-
CUYHI MexaHiLi).

AKLWLO TiNO pyxaeTbcs 3i LWBMAKICTIO
CBiTNa BiAHOCHO PYXOMOT CUCTEMMU Bif-
niky K' (m=c), To 1Oro LWBUAKICTb

Man. 21.3. BIZHOCHO HepyXOMOi CUCTEMU BifNiKY
PenaTuBiCTCbKNIA 3aKOH AonaBaHHA 0+C.: o+cC_
LBMAKOCTEA W= '1 oc  o+c
+

To6TO WBUAKICTL CBIT/IA HE MOXHA 30iNbLIMTU 3a PaxXyHOK LUBUAKOCTI
cuUcTemu BiAJTiKY, 3 AKOK [PKEpesio CBIT/a XXOPCTKO nos’azaHe. OTXe, LWBWUA-
KiCTb CBiT/la OflHAKOBa B YCiX iHEpLiNHMUX cucTemax Bigniky. Lle o3Hauae,
L0 PensTUBICTCbKWUI 3aKOH [OAaBaHHS LUBUAKOCTEN Y3rofpKYeTbCA 3 APYrUM
NnocTynaToMm Teopii BigHOCHOCTI. KpiM Toro, WBWUAKICTb CBITNA HE 3aNeXUTb
Bif WIBWAKOCTI pyXy [MKepena cBiTna, NiATBEPMXKYHOUM TUM CaMUM pPe3yfib-
TaTu gocnigy MaiikenbcoHa — Mopni.

[Ans 6inbl rAMboKoro yCBiOMIEHHS BamMM MPONOHOBAHOTO HaBYa&/IbHOTO Ma-
Tepialy po3rnsgHeMo fekinbka npuknagis 3agad. Mig yac X po3s’a3yBaHHA Mo-
TPIGHO YiTKO BCTAHOBMTU, IKY CUCTEMY BIf/1IKY BBaXATW PYXOMOIO, a AKY — He-
pyXomoto. BapTo BU3HauuMTK, ike came Tisio nepebyBae y CTaHi CrOKOK BiAHOCHO
PYXOMOI cuCTeMW BifniKy, i ToA4i napaMeTpy LbOro Tifla BBAXATU BIaCHUMU.

3apayva 1. Cucrema Bigniky K' pyxaetbcs BiJHOCHO cucTeMu Bigfiky K 3i

. 2 . . .
LUBMAKICTIO Ee YacTMHKa pPyXaeTbCA BiJHOCHO cucTeMu Bigniky K' 3i wBua-

KICTIO ¢ Br3HauMTn WBNUAKICTb PyXYy YaCTMHKM B cuCTeMi Bigfiky K.

JaHo: Po3B’a3aHHA:
2 OcKifibkn pyx ycix Tin BigbyBaeTbCA B OAHOMY Hanpsmi, TO

' =3¢ 3a penaTMBICTCbKUM 3aKOHOM A0JaBaHHS LUBWMAKOCTENA:

2 2c+2¢
n= n+ 4 12

§€ W = - v 3 3 €A =—"¢c, TOOTO oz < c.

1o 2 2 A 13
1+ c-—c 3 1+

W __ ? 1+ 3 3 9

AHanisyroum oTpuMaHuii pesynbTart, 6a4nmo, Lo 3a KNaCUYHUM 3aKOHOM
o 2 .2 4
[0faBaHHS LUBUAKOCTENR 6yno 6: W=3C+ae= o, TO6TO W > ¢, WO Henpu-

nycTmMo, 60 LWBMAKICTb MOLUMPEHHA CBIT/Ia Y BakyyMi € MakC/MaibHO
LWUBNAKICTIO Mnepeaadvi curHany.
Bignosigb: 0,92c.
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§ 21. BigHOCHICTb Yacy Ta NiHIlHMX PO3MIpiB TiN.PenATUBICTCbKNIA 3aKOH AofaBaHHSA LUBUAKOCTel

3afava 2. KocmiyHi Kopabni A i B BigaansatoTbCa Yy NPOTUNEXHUX Hanps-
max 3i weugkoctamu 2 - 108 m/c BifHOCHO 3eMni. Y KOCMiYHOMY Kopabni
A BifbyBaeTbCca nofif, Aka TpuBae 1 c. FAkowo Oyge TpuMBanicTb L€ nogii
BifIHOCHO 3emfi i BifHOCHO Kopabns B?

JaHo: Po3B’a30K
U=2-108M/C TpusanicTb nogii BigHOCHO 3eMni BM3HAYaeTbCA 3a
fi=ic dopmyroto: t= y -m e i13c.
1- W M}
V c
/i-? Vot

[na BM3HaYeHHS TPMBANOCTI NOAIT BIAHOCHO Kopabns B cnif BU3HAYMTU
BiJHOCHY LWUBMAKICTb pyxy KopabniB. OCKiNbKM 3a YMOBOK 3afadvi KOCMiYHi
Kopabni A i b BifAanalTbCA Y MPOTUMEXHUX Hanpamax 3i LWBUAKOCTAMM
U BiAHOCHO 3eMjli, TO MOXHa OAWH i3 Kopabnis (Hanpuknag, b) NputHATK
3a pyxomy CuUCTeMy BIAJIIKY.

OckKifnbKn Kopabni pyxarTbCsa Yy NPOTUNEXHUX Hanpamax, TO NpPOeKwuis
BeKTOpa LWBMAKOCTI Kopabnsa b BigHOCHO 3emni MaTtume Bif’€MHWIA 3HaK -0.
OTxe, WBMAKICTb Kopabna A BigHOCHO 3emni 0, WBKAKICTb Kopabna b Big-
HOCHO 3eMJii -0. X BifJHOCHA LWBUAKICTb W.

3anuwemo pensaTUBICTCbKUIA 3aKOH [0AaBaHHA LUBUAKOCTEN 3 ypaxyBaH-

. U—o . v+u
HAM YMOBM 3apadyl: U =- no 3BIAKU: N =-

1- 1+

Micng NigcTaHOBKM YMCNOBUX 3HAYEHb: I/I:2,8-108?. OTXe, TpuBanicTb

nogii BigHOCHO Kopabna b t2=- Le 28 C
2,8 10i
1_
310"

Bignosigb: 1,3 ¢; 2,8 ¢

! TonoBHe B UbOMy naparpadgi

O[fHOYacHICTb — He abCoMTHa XapaKTepucTuKa sBuL,. Pi3Hi cnoctepiradvi
MOXYTb MaTh Pi3Hi YABMEHHS MPO OAHOYacHICTb MoAii. lMopii, ogHOYacHI B
OAHIN iHepuianbHil cucTemi Bigniky, He € 04HOYAaCHUMM B IHLWINX iHepLiaib-
HMUX CUCTeMax, PyXOMUX BigHOCHO nepluoi. OAHOYACHICTb MOAIM BigHOCHA.

BigHOCHO HepyxoMoro crnocrtepirada nogis, Lo Bif0yBaeTbCs B PYXOMii

S t
cuCTeMi BifniKy, TpuBae fJoBLUe: t=—T—x
1-

L
2
c
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PO3A4INT 1. MEXAHIKA

BifHOCHO HepyxoMmoro crioctepirava, Bif AKOro BigfansieTbCca cuctema Bij-
NiKy, B AKiA NpoBOAATL BUMIpK, NiHIMHI po3mipn Tina 6ygyTb MeHLWUMU:
i =i
v+n

1+(1J

PensiTMBICTCbKMIA 3aKOH [10flaBaHHS LUBWUAKOCTE/ Ma€ BUINSg: w =

Je i — LWBUAKICTb pyXy Tifla BiAHOCHO pPyXOMOT CUCTEMU BIgJliKy K'; w —
WBWUAKICTb pPyXy Tina BiAHOCHO HepyXOMOT CUCTeMW BIiffiKy K; 6 — LIBUA-
KiCTb pPYyXOMOi cucTeMWn K' BiAHOCHO HEPYXOMOI K.

AKLWO TiNO pyxaeTbcs 3i LWBWAKICTIO CBiT/IA BiAHOCHO PYXOMOI CUCTEMU Bif-
NiKy, TO WOro LWBUAKICTb BIHOCHO HEPYXOMOI CUCTEMU BifJliKy [OPIBHIOE wsma-
L+C g Jo+ce

=c. Lle o3Hauae, LIO PENATMBICTCbKWIA 3aKOH
oC o0+cC

KOCTI cBiTna: =-
1+

fOJABAaHHSA WBUAKOCTER Y3roAXyeTbcs 3 APYrUM NOCTYynaTtom Teopw BifHOCHOCTI.

LLIBMAKICTb CBITNA € MAaKCUMa/IbHO MOX/IMBOKO LUBUAKICTIO Nepefavi B3ae-
MOZili y npupogi.

? 3anuTaHHA ona camonepeBipKku

1. Yomy He MOXHa CTBepXyBaTtu, LO nogii, sk BiabyBalTbCAd 0AHOYACHO B
OfHI cucTemi Bigniky, BogHo4ac BigbyBaTUMyTbCs i B iHWIA? Lo Take npwu-
YMHHO-HacigKoBa nogjia?

2. dka TpuBasicTb MO Yy Pi3HMX iHEpUia/lbHUX cucTemax Bigniky?

3.  $k BN/AMBAE Ha BUMIPIHOBAHHA MiHIMHUX PO3MIPIB Tina pyx CMCTEMMU, B SIKiil
BifOyBaETLCA BMMIpHOBAHHA?

4. UWo Ha3uBalTb BAACHUM 4acOM i BMACHOK AOBXMWHOW?F

BrnipaBa o § 21

1 (a). Tino pyxaeTbCs BiAHOCHO PYXOMOI cUCTEMM BiANiKY 3i LWBMAKICTIO
0,2c, a BiAHOCHO HepyxoMoOi — 3i wBuakicTio 0,8c, ge ¢ — WBUAKICTb
NOLIMPEHHA CBITNa Y BakyyMi. 3 SIKOKO LUBWAKICTIO pyXaeTbCcsA cucTema
BiA/1iKy BIGHOCHO HEpyxOMOi cucTemm?

2 (n). [Ba Tina pyxalTbCA Bi4HOCHO HEPYXOMOro crocTepiraya pPiBHOMIPHO
i MPAMONIHIAHO Yy NPOTUMEXHUX HanpsaMax 3i wsugkoctammn vl = 0,8c
Ta v2 = -0,5c. Bu3HauTe BIQHOCHI LIBUAKOCTI LUX Ti/1 3a KIACUYHUM i
PENATMBICTCbKAM CMiBBi4HOLEHHAMN.

3 (m). UacTUMHKM pyxaloTbCA Ha3yCTpid ofgHa oAHii 3i weuakictio 0,9c. BusHa-
yTe X BigHOCHY LWBWAKICTb.

4 (a). 3a Kol BiAHOCHOI LUBMAKOCTI PyXy pPensATuBICTCbKE CKOPOYEHHSI OOBXW-
HW PYyXOMOro Tifa CTaHOBUTbL 25 %7?

5 (B). AKy WBWAKICTb NMOBUHHE MaTW pyxoMe Tifo, Wo6 Moro no3goBXHi pos-
MipU 3MEHLWMWANCL yABIYI?

6 (B). Y cKinbkm pasiB 36i/blIYETLCA 4YacC iCHyBaHHS HeCTabiflbHOI YaCTUHKM
3a rOAVMHHUKOM HEepyxoMOro crnocTtepiraya, SIKWO BOHa pyxaeTbcs 3i
weunakictio 0,99c?
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PO3.I1 2.
MOJTEKY/TAPHA ®I3VIKA
TA TEPMOZANHAMIKA

MonekynsapHa (isvka — e po3gin Pisvkun, akuii BUBYaE (i3nyHi Bnac-
TUBOCTI PEYOBWHW B Pi3HUX arperaTHMX cTaHax Ha OCHOBI i1 MOneKynsp-
HOT 6ynoBu. MeTogn MONeKynapHOT (Ii3VKM NOB’A3aHi 3 BUBYEHHAM PyXY i
B3aEMOJii atomiB, MOMekyn Ta ioHiB. OCHOBHUM 1T 3aBfjaHHAM € BMBYEHHS
(hi3MYHMX BNACTMBOCTEN PEYOBWMH 3a1€XHO Bif, TXHLOT BHYTPIWHLOI OYyA0BK.

Y MonekynapHii isnyi noknagatoTb, WO AOBiNbHE TiNno — TBepae, pia-
Ke abo rasonofibHe — CKNAfaeTbCsA 3 BE/IMYE3HOT KiIbKOCTI CTPYKTYPHUX
efleMeHTIB, AKi nepebyBaloTb y 6e371aHOMY (XaOTUYHOMY) pyci. Takuil pyx
Ha3unBalOTb TEMJIOBUM, TOMY L0 MOr0 iHTEHCWMBHICTb 3aNeXWUTb Bij Temme-
paTypu. TennoBuin pyx 3yMOB/IOE (hi3WYHI BNacTUBOCTI Tin Ta npouecu, AKi
BiAOyBatOTbCA 3 HUMWU. HABULLE, 3YMOB/EHI XaOTUYHUM PYXOM aToMmiB i Mo-
NeKy/, HasnBatoTb TEMNJOBUMU. BOHW BifirpatoTb BaXKIMBY PO/b Y NMPUPOAI.
Hanpuknag, 3i 3MiHOKO TemnepaTypu 3MIHIOHOTLCA 06°€M Ta rycTUHa TBEPAUX
Tin, pigvH i rasie.

Y cepeauHi XIX cT. nicns BiAKPUTTS 3aKOHY 36epeXKeHHs1 eHeprii 6yno
CTBOPEHO MepLly HayKOoBY TEOpPit0 TenjoBMX MPOLECiB — TePMOANHAMIKY, [e
He BPax0BYETbCA MONIEKYNsipHa 6yaoBa Tin. MonekynspHa ¢isuka i Tepmoau-
HaMiKa, po3rnsaakoym BNacTUBOCTI TiN i TX MNEePeTBOPEHHS 3 Pi3HMX TOYOK 30-
Py — MIKPOCKOMIYHOT Ta MaKpPOCKOMIYHOT, B3aEMHO [OMOBHIOKTL OfHA OfHY.

Mig Yac BMBYEHHS MONEKYNAPHOI (Di3UKWM BM O3HaliomuTecs 3 ByA0BOHO,
CTPYKTYpPOIO | BNacTUBOCTAMU [eAKMX MaTtepianis, 0COBAMBOCTAMM 3MiH
arperaTHMX CTaHiB, PO3rNfHeTe MaTeMaTWU4Hi 3a/IeXXHOCTI YMCNOBUX napa-
METpIB Bif (Pi3MKO-MeXaHIYHUX BNAaCTMBOCTE PEeYOBMH Ta iX 6yLoBMW.

BuBuaT MONEKynspHi fBMLLA B PI3HUX arperatHMX craHax cfif Ha
OCHOBi MONEKYNAPHO-KIHETUYHUX YAB/IEHb NPO rasun, piguHW i TBepai Tina.
Ha mexi po3noginy peyoBuH BifbOyBatOTbCA ABMLLA MapOyTBOPEHHS, KOH-
JeHcauil, NoBepxHeBUI HaTAr, NigHATTA PigUHU B Kaningpax. BuBYeHHS
TBEPAUX TiN JaE 3MOry Kopuryeatu iX MeXaHidHi BNacTMBOCTI: MILHICTb,
NPY>XXHICTb TOLLO.

[OCATHEHH:A MONeKyNApHOT (i3NKN eeKTVBHO BUKOPUCTOBYHOTLCA B iH-
WKNX rany3fax Hayku, 30kpema Yy (i3vyHii Ximii, monekynspHiin 6ionorii,
(hisnui TBEpAOro Tina, (PisMKO-XiMiyHIA MexaHiui Towo. BoHa € HayKoBOH
OCHOBOIK Cy4aCHOro MaTtepiano3HaBCTBa, BaKyyMHOT TEXHOJOTIT, XONOAUILHOT
TEXHIKN TOLO.
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PO3AIN 2. MONEKYNAPHA ®IBNKA TA TEPMOAWHAMIKA

§ 22. CyuyacHi pocnifjkeHHs 6ynoBM peyoBUHU

» 13 icTopil BUeHHsA nNpo 6yf0BY PEYOBUHN
»Maca i posmipy mMonekyn
» KinbKicTb peyoBuHU

I3 ICTOPIl BYEHHA MPO BYAOBY PEYOBWHW. I3 Kypcie isvku Ta
XiMiT BM BXXe 3HaETe, L0 PEYOBMHOK Ha3MBalOTb BWUA MaTepii, AKa Xapak-
TEpM3yeTbCA MacoK Ta CK/IafAETbCA 3 e/IEMEHTAaPHMX YaCTUHOK (EIEKTPOHIB,
MPOTOHIB, HEATPOHIB, Me30HIB TOWO). Pi3nyHi Ta XiMi4yHI BNacTUBOCTI pe-
YOBWH 3YMOB/IHOIOTLCS B3aEMOJIEI0 MiX e/leKTpOHaMK Ta aTOMHUMW aapami,
a TakoXX MK atoMamu, MOneKy/namu, oHamy TOLLO.

lagaeMo BaM BIfOMO, WO rinoTe3a Mpo iCHYBaHHA aTOMIB AK HalMeH-
LIMX HeMoAiNMbHUX YacTUHOK PevyoBUHM Gyna BuCyHyTa noHad 2500 pokiB
TOMY [aBHbOTPELbKUMMN yyeHUMK JleBKinnom i Jemokpitom. BoHWM BUCNO-
BMAW Ti, aHanisyoum nNpuYMHU BUMapPOBYBaHHA | KOHAeHcauil BOAM, 3MiHK
PO3MIpIB TiN 3a/1eXKHO Bif CTYNeHs TX HarpiTocTi, NepemMillyBaHHS PeyYOBUH
TOLLLO.

Ha ocHOBI ysiBNieHb NP0 iCHYBaHHA HaiMEHLLMX YaCTUHOK PeYOBUHU 6Yno
CTBOPEHO MONEKYNAPHO-KIHETUYHY Teopito.

MonekynspHo-KiHeTu4uHol Teopieto (MKT) Ha3uBalTb BYEHHS,
sIKe MOSICHIOE 6yf0BY Ta BNACTMBOCTI PEYOBMHU Ha OCHOBI 3aKOHO-
MipHOCTen pyxy i B3aeMogii YaCTUHOK, 3 AKUX CKNafalTbcs Tina.

3HAYHWNA BHECOK Yy CTBOPeHHS ocHoB MKT 3pobunun y apyrii nNonoBuHi
XIX cT. Himeubknii ¢ismk P. Knaysiyc (1822—1888), pociiicbkuii ¢isuk
(ctyneHT Kuneso-MorunsHcbkoi akagemii) M.B. JlomoHocoB (1711—1765),
aBCTpicbknin isnk J1. BonbumaH (1844—1906), a TaKoX Y4eHi YKpaiHu:
M.M. AseHapiyc (1835—1895), M.O. ¥YmoB (1846—1915), M.M. bekeToB
(1827—1911), M.M. Winnep (1848—1910), I.M. MNynoii (1845—1918) Ta
iHLLI.
BaxnmBy ponb y CTaHOBNEHHI Cy4aCHWX HayKOBUX YsBNEHb Mpo 6ynoBy
aToma Ta aTOMHOro figpa Bigirpanu ekcrnepumeH-
Ta/NbHi AOCNIAKEHHSA BIOMOro aHrnincbkKoro gi-
3uka E. Pesepcdopaa, nNpo fKi Bam Yyxe BifJOMO
3 Kypcy (i3vku 9-ro knacy.
MpoaHanisyBaBLUN pe3y/bTaTU eKCnepuMeH-
TanbHUX AocnifxeHs, E. Pesepdops 3anponoHy-
Bas y 1911 p. agepHy nnaHeTapHy MOAenb atoma
(man. 22.1). BignoBigHo JO HET aTOM € CUCTEMOKO
3apAAiB, Y LEHTPI AKOT pPo3TalloBaHe BaXKKe Mo-
3UTWBHE A4pPO, WO Mae po3Mipn 6M3bKO
105 m. B apgpi 3ocepemkeHo noHas 99,95 %
macu BCbOro atoma. HaBkono fgpa obeptatoTbes
eNeKTpoHW, noAdibHo nnaHeTam  COHAYHOI
cuUCTEMM.
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§ 22. CyuvacHi gocnigpxeHHs 6y[0BM pPeyoBUHU

3rigHo 3 pospaxyHkamu E. Pesepdopga, ni-
HIHWIA po3Mip Afpa aToMa B LEeCATKM TUCAY pa-
3iB MEHLUWNA 3a PO3Mipy camoro atoma, Lo CTa-
HOBNATb 6/1M3bK0O 1 (M0 M.

H. bop y 1913 p. AOMNOBHMB MaHETapHYy Mo-
Jefnb atoma MonoXKeHHAMKM (noctynaramu), WO
yCyBa/In Ti CYNnepeyHoCTi 3 KNaCUYHOK (i3VKOH:

— atoMmn nepebyBaloTb Y NEBHUX CTalioHap-
HUX CTaHaxX, Y AKWX BOHU He BUMPOMIHIOKOTb
eNeKTPOMarHiTHI XBuni;

— Mif yYac nepexofy 3 OLHOrO CTaHy B iH-
LUMIA aTOM BWUMPOMIHIOE KBAaHT €Heprii, wo Ao-
PIBHIOE PI3HWLI eHepriil cTauioHapHMX CTaHiB
(man. 22.2).

Mogenb aToma Pesepgopaa — bopa BuKopuc-
TOBYETBHCA M AOHWHI, OCKiflbKW € 6e3nocepefHim
NiATBEPIKEHHAM eKCnepuMeHTanbHUX (hakTiB.

Y 1924 p. E. WpepiHrep Ha nigcrasi Teopii
N. pe bpoinga, 3a AKOK €NeKTPOH OAHOYacHO
BUABNAE BNacTMBOCTI, MpuTaMaHHi 4YacTuHLI Ta
XBWNi, MaTeMaTUyHO onucas WOro MoBegiHKY
B atomi. Tak 0y/0 CTBOPEHO XBW/bOBY MOZE/b
aToma.

OTxe, 3aBAAKM GaraTopiyHiii Hanonernu-
Bili npaui BMAATHUX (Pi3MKIB Ta XiMIKIiB Pi3HMX
KpaiH CBiTy, 6yN0 CTBOPEHO BYEHHS Mpo OyaoBy
PEYOBUHW, B OCHOBY SKOr0 MOKNAafeHO HayKoBi
MOHATTA MPO aTOMW Ta MOJEKYN.

ATOM — HaliMeHLWa XiMiYHO Heno-
JiNbHA, eNeKTPUUYHO HeMTpasibHa YacTuH-
Ka MaTepil, Lo CKNagaeTbes 3 NO3NTUBHO
3apAMKEHOro A4pa W HeraTUBHO 3apske-
HUX efleKTPOHIB.

NoH — enekTpoHogediunTHWUIi abo
€NeKTPOHOHAA/TMLLIKOBUIA aTOM UK rpyna
aToMiB.

Monekyna — 3gaTHa [0 CaMOCTiHOro
iCHyBaHHS, e1eKTPUYHO HeTpasibHa 4ac-
TUHKA PeYOoBUHU, WO Mae npuTamaHHi il
OCHOBHI XiMiUHi BNacTUBOCTI, AKi BU3Ha-
yaroTbesa 11 cknagom Ta 6y[oBoto.

linoTe3a iCHyBaHHA HaMAPIOGHILWNX YaCTUHOK
PEYOBUHM OTpUMasia ekcrnepumeHTa/lbHe MiATBep-

Hinbc Bop
(1885—1962),
JaHCbKNIA (hi3nK-
TeopeTuK, naypeat
Hob6eniscbkoi npemii
3 ¢isvkn (1922 p.)

— 10 10Mm--i
|

— i p—-10 151
il
|

ali

AL AL
€

Man. 22.1. ApepHa
Mofenb atoma
E Pesepcopga

n=3

Man. 22.2. ApepHa
nnaHetapHa mofenb
aTtoma bopa
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PO3AIN 2. MONEKYNAPHA ®IBNKA TA TEPMOAWHAMIKA

IOKeHHA nuie yepes ABa TucAYoniTTa (y XIX €T.) y npausx aHriincskoro
BYeHoro [xoHa JanbToHa. BiH nokasas, L0 KOXXHOMY XiMIUYHOMY efleMeHTy
Bi4NOBiJAae BNaCHWN TUM HaNAPIOHILWNX HEBUAMMUX aTOMIB, a BCi PEYOBUHM
CK/MafarTbCa 3 XIMIYHMX CMONYK aTOMIB.

BueHHa npo 6yfoBy pevyoBMHM HalyBae PO3BUTKY | B Hawi AHi. 30Kpema,
Hapasi 3’COBaHO, L0 He NuLe aTOM € MOAI/IbHUM, a i YaCTUMHKKM, SIKi oro
YBTOPIOKOTL. Hanpuknag, HyKNoHW (NMPOTOHM i HEMTPOHM) CKNaAarTbCs 3 KBap-
KiB Ta I/00HIB. KBapKN — efIeMeHTapHi YaCTUHKY i (hyHOAMEHTa/IbHI CKNagoBi
matepii. HWHI BIJOMO LUICTb COPTIB KBAPKiB. [JIHOOHN «CK/EHOKOTE» KBapKW i
PyXaroTbCA MPaKTUYHO BiSIbHO BCEPeAVHI HYK/OHa.

MACA TA PO3MIPN MOJIEKY/1. Buuaroun NpupogHuUYi HayKu, BU fi3Ha-
NNCA, WO MOMEKYNN — HaliMeHLi YaCTUHKWM PeYOBMHU, AKI BU3HAYalOThb 1i
XiMi4HiI BnacTMBOCTi. MoONeKynn CKNagakTbCs 3 aTOMiB, CMONYYEHUX MiX
CO00K XiIMIYHUMM 3B’A3KaMW. ATOM — 3 XiMIYHOI TOUYKM 30py HaMMEHLLa,
eNeKTPUYHOHeNTpanbHa, XiMiYHO HEMofifilbHa YaCTUHKA PEYOBUHMN.

Monekynn cknafHUX PevoBUH YTBOPEHI i3 PI3HUX aTOMIB, KiNbKICTb AKX
moxe csratu Big asox (N2, 02 H2 KC1) go tucadi i 6inbwe (nonimepn).
BaratoatomMHi MOneKynn Has3uWBalTb MaKpoOMOSeKynamu. AKWO Pi3HUX BU-
AiB MONeKyn y Npupofi Hag3BuMyailHO 6arato, TO KifbKiCTb Pi3HUX aToMiB
obmexeHa. MHOXUHY aTOMiB, IKIi MatOTb OfHaKOBMWI 3apag sapa (KinbKicTb
NPOTOHIB Z, TO6GTO O4HAKOBMIA HOMepP Y NepioAnYHIiA cuctemi XiMivYHUX ene-
meHTiB [.1. MeHaeneesa), Ha3MBalTb XiMiYHUM eniemeHToM ([igporeH, Okcu-
reH Towo). Ha 2010 p. 6yno Bigomo 118 XiMiYHUX €neMeHTIB: 3 HuX 89
BUABMIEHO B NPUPOAI, iHLWI OTPMMaHO LUTYYHO B MPOLECi AAepHUX peakLiil.
Yci BifjoMi HWHI peyoBuMHK, a iX yxxe noHag 20 000 000, yTBopeHi aTomamu
Pi3HMX XIMIYHUX €NeMEHTIB.

Y cBiTi Monekyn, abo MiKpPOCBITI, M/ 3yCTPIYAaEMOCA 3 BE/IMKOK KiJibKiC-
THO Haf3BMYaliHO MannxX 4acTUHOK. BcTaHOBMeHo, wWo B 1 cM3 ByAb-AKOro
rasy 3a HopmasbHuX ymoB (10670 npu Temnepatypi 0 °C i TuMCKy
760 MM. pT. CT.) MiCTUTbCA Maibke 2,7-1019 Monekyn. BennyesHa KifbKicTb
MOJIEKY/1 B OAMHMLI 06’eMy CBIAUMTL MPO TX Masi po3mipu i macu. LdiameTp
GiNbLIOCTI MOMIEKY/T HEOPraHiYHWX PEeYOBMH Mae MopsAoK (HabnmkeHo [o-
PiBHIOE) d « 10~10M i Macy T » 10~26 Kr.

FiraHTamMmn €, Hanpuknag, Monekynu Ginkis. Monekyna Ae30KCMPUOOHY-
KneiHoBoi kucnotu (AHK), Hocia cnafkoBol iH(opMaLii X1BOro opraHismy,
Yy BUMPSAMIEHOMY CTaHi Jocsrae LOBXWHWU [eCATKIB CaHTUMETPIB.

OCKiflbKU Macu MOMEKy/n HeopraHiYHWX PevyoBMH HaA3BMYalHO Mani, TO
nig yac o64McneHb [OLiNIbHO BUKOPUCTOBYBAaTWM He abCOMIOTHI, a BifHOCHI
3HayYeHHs Mac. ToMy Ans 3pyYHOCTI BBENM MOHATTSA BILHOCHOI MONEKYNAPHOT
(aTomHoT) macu

T.

1 T0(C12

fJe Mr — BifHOCHa MonekynspHa (Ar — BifJHOCHa aTOMHa) Maca;
TO0— mMaca aTtoma abo MOJIEKY/IN PEYOBUHY;

M=-
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§ 22. CyuvacHi gocnigpkeHHs 6yf0BM pPeyvyOBUHU

—T0(C12 — maca 1/12 yacTMHM Macu aTtoma KapboHy CTaHOBWUTb
12

1,66 10 27 Kr, 11 Ha3WBalOTb aTOMHOK OAMHMLED Macu (a.0.M.):
18.0.M. =1,66 10 27 KI.

Benuuuny 12niO(C12) BUKOPUCTOBYIOTb A1 MOPIBHAHHA Macu MONEKY/N

(aToma) neBHOI pevyoBUHM 3 Macord Monekynu (atoma) Kapb6oHa, OCKinbKu
BiH € NOLUMPEHUM €fIEMEHTOM i Ha L0 BEIMYMHY Maibke Hauino LinATbes
Macu aTomiB GifbLIOCTI XiMIYHMUX €NeMEHTIB.

BigHocHa MosiekynspHa (aTOMHa) mMaca He Mae OfUHWL BUMMipHOBaHHS.
3 BM3HAYEHHSM BiJHOCHOI MOMEKYNAPHOT (aTOMHOT) Macu BM O3HaioMWUAUCA
B Kypci ximii. Haragaemo, Hanpuknag, gna H20: Mr=1.2+16-1=18; ans
Cn: Mr=Ar=64.

BogHouac cnif YiTKO YABAATU PISHULIO MIX BiJHOCHOKH MOJSIEKYNAPHOKD
Ta Macor MOJIEKY/IN PEYOBMHU, PO3YMItOUM, WO BOHM PiBHI 4MCeflbHO, ane
MatoTb Pi3HI OAMHMLI BUMIpPIOBaHHA: BiHOCHa MONeKynspHa (aTtomMHa) maca
€ 6e3po3MipHOI0 BE/IMUMHOKD; MOJIEKY/IApHA Maca BUMIPIOETLCA B aTOMHUX
OAMHMUAX Macu (a.0.M.).

ABCONIOTHI 3HAYEHHS aTOMHMX Mac Pi3HUX XIMIYHUX EefIEMEHTIB fieXaTb
Yy MeXax 10~2— 10 27 Kr, a IXHi BIHOCHI Macu, HaBefeHi Y nepiofnyHiii
Tabnuui XiMiYHUX enemeHTiB, — y Mexax 1—100 a.o.m. [na opraHiyHux
PEYOBMH 3HAYeHHs Mr mMoxe cAraty COTeHb TMcCAY. [Mif yac MaTemMaTuyHmX
06uncneHb HaBefdeHi y il Tabnuyi BiAHOCHI aTOMHI Macu XiMiYHUX enemMeH-
TiB MW Hafani 3a0KpyrnoBaTUMEMO [0 HaWbNMXKYOro Linoro yucna.

LLinKOM NIOTIYHUM MOCTaE 3anmuTaHHA Npo Te, AK MOXHa BM3HAYUTU PO3-
Mipy TakKnMxX Masnx 4aCTUHOK, K MOJieKynun. LLlykawoun BignoBsifb Ha HbOrO,
Ha nodatky XX cT. nopg Peneii 3aiicHMB NpOCTWiA | NEPEKOHNMBUIA Jocnif,
AKUA HaneXuTb A0 FeHianbHUX Aocnidie Gisvku. MpunyuweHHs Penes 6a-
3yBaJiocqd Ha TOMY, L0 PO3MAMBaOYMCh Ha MaKCUMasbHIN MAoLLi, 0nvBa
YTBOPHOE LLAp TOBLUMHOK B AiamMeTp OAHIET MONeKynu. BusHaumsluM NOLLYy
NNiBKM S 3a YMOBM MakKC/MMa/ilbHOro PO3/IMBAHHA KparnanHW ol Ta 3Haruu

, . \Y . .
il 06’eM V, 3a BiAHOWEHHAM d — MOXHa OLiHUTM PO3MipU MOSNeKy/

(man. 22.3).

Peneil 3anoBHIOBaB BOAOK NOCyAuHy nnowero S = 5,27 - 103cm2 Y 1ioro
Jocnijax maca KpanauHW ONMBKOBOT Onii ctaHoBuia T =8 - 10 1 . 3Haroum
MryctuHy p = 0,9 r/cm3 yueHuid BU3HauUMB 06°eM KpanivHu: V =8,88 - 10 1 CM3

T
(Haragaemo, wo V =—). 3a pesynbTa-
P

TaMn eKCMepuMeHTy MNpuenu3HUIA Aaia-
METP MOJIEKYNN MAC/IMHOBOI 0Nl CTaHo-
BuB d = 1,7 - 10 7 cm, TOGTO Ha Bif-
CTaHi 1 CM MOXHa BUbyayBaTW NaHLto-
XKOK i3 6 M/IH TaKMX MOJEKYy/.

Man. 22.3. Hocnig Penes
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PO3AIN 2. MONEKYNAPHA ®IBNKA TA TEPMOAWHAMIKA

Hapasi iCHyt0Tb TOYHILIi MeTOAWM BMU3HAUEHHS PO3MIPIB MOMEKYN Pi3HUX
PeYyoBVH. BCTaHOBMEHO, HanpuKnag, Wo NiHiAHI po3Mipy MONEKYNN KUCHIO
CTaHOBMATL 3 - 10~10M, & BOAHIO — 2,6 - 10~10 M.

KITbKICTb PEYOBUHW. Ockinbku Oyfb-aKe Tifl0 CKNafaeTbCcs i3 BeNu-
4e3HOT KifIbKOCTI OKPEMUX YaCTMHOK, TO B MOMEKYNAPHIWA (i3uLi BUHWUKNA
notpeba BBeAEHHHA BIiLHOCHOI BeIMYUHN — KiJIbKOCTI peyoBuHU (V), Lo
NpPAMO NPonopLiiHa YACNY YaCTUHOK, TOOGTO CTPYKTYPHUX €fIeMeHTIB, AKi
MICTATbCA B TiNi.

OfMHWLEI KiNIbKOCTI PeyoBWHM € MONb — OfHa 3 OCHOBHWUX OLMHWLb
MixHapogHoi cuctemn QisnyHux oguHuubs (CI).

OavH MoNb — TaKa KifNlbKiCTb PEYOBWUHM, WO MICTUTb CTI/IbKU X
CTPYKTYPHUX eNeMEHTIB 6yab-AKOi peHOBUHWN, CKiSIbKWU MICTUTLCS aTo-
MiB y 12 r isoTtony Kap6ony (C12.

B 1 moni 6yfb-AKOi PeYOBMHN MICTUTLCA OfHAKOBa KifbKICTb CTPYKTYp-
HUX enemeHTIB (Monekyn): NA=6,02-10x &mn—bl]. Lito KinbKiCTb Ha3nBatoTb

cTanoto (4ncnom) ABOragpo Ha YecTb iTanilickkoro BueHoro XIX c1. Ti Bu-
3HayaKTb PIZHUMU PI3NYHUMK METOLAMMU.
KinbKicTb MOJiB pevyoBMHM 3HaX0A4ATb 3a (HOPMYSIOLO:

N _ 7T
v'ivli'M
Je N — KiflbKiCTb MONeKysn abo aTtoMiB (CTPYKTYPHUX OAWMHULL) Y MeEBHIN
Maci peyoBMHM; T — Maca pevyoBuHU; M —Ti MONiApHa Maca.

3po3yMino, WO 3 OCTaHHLOIO0 BMpPa3y KiNbKICTb aToMiB abo MOSEKyn y
TiN NEBHOI Macu T CTaHOBUTL:

Maca ofHOro Mofs CTPYKTYPHUX OAMHUUL (MOSIEKYS) PevyOBUHW Ha3MBa-
ETbCA MONAPHOIO Macor (M).
MonspHa Maca 4nce/ibHO AOPIBHIOE JOOYTKY Macu ofHiei monekynu (T0)
Ha ctany Asoragpo (NA):
M =mONA.
CKOpUCTaBLUWCL NEPIOAMYHOID TabnnUed XIMIYHUX €eNeMeHTIB, MOXHa

BU3HAYNUTU MOMSAPHY Macy pevyOBUHM:
M =Mr1 /103 Kr/mone.

Macn Monekyn i atomiB 3i 3HaYHMM CTYMeHEM TOYHOCTI BM3HAYaKOTbCA

3a [I0NOMOrot0 CrelianbHOro npunagy — Maccrekrporpada. 3Hatoum ryctu-
HY PEYOBMHWM P, Ha OCHOBI NOMepefHiX TBEPLKEHb, MOXHa 3HaWTM Habnu-

6M

XEeHe 3HayeHHs AiameTpa MOJIEKYNM, BBaXKawouu 1i Kynewo, d 3 N
TIPLV o
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§ 22. CyuvacHi gocnigpkeHHs 6yf0BM pPeyvyOBUHU

! TonoBHe B UbOMy naparpagi

MonekynsipHO-KiHETUYHOIO TeOpietd MOSACHIOKTLCA OyAoBa i BNaCTUBOCTI
MaKpOCKOMIYHMX Ti/fl HA OCHOBI YAB/IEHb MPO Te, WO BCi Tifla CKMajarTbCs
3 OKPEMUX YaCTMHOK, AKi pyXartTbCs XaOTMUYHO Ta B3aEMOMiOTb MiX COGOH0.

Macy MoneKyn Haf3Bu4YaiHO Mani, a TX KinbKiCTb Y MaKpPOCKOMIYHUX
Tinax senuyesHa. ToMmy Ui (hi3WYHI BEIMYMHM BUPAXKAKOTb Y BiHOCHUX 0O4U-
HULAX.

BigHOCHOIO MONeKynspHO (ab0 aTOMHOK) Macol Ha3WBalOThb BifHOLLIEHHS
macu Monekynu (abo atoma) NeBHOI pevoBuHKU 0 1/12 macu atoma KapGoHy:
M =—T
! ]— 12
me(C )
12

KinbKicTb MOMEKyn y MO PevyoBUHWU Ha3MBatoTb CTaion (4ncnom) ABo-

KinbKiCTIO peyoBMHU Ha3MBalOTb BifHOLIEHHS KiNbKOCTI MOJIEKYN Y MeB-
HOMy Tifi go ctanol Asoragpo. OAVHULEID Ti BUMIPY € MOMb: V =~"~=~~"

MonspHOK Macol Has3uBaltTb Macy PevyoBMHM, B3ATOI B Ki/IbKOCTI OfAHO-
ro monsa: M =mONA, M =Mr-1(3kr/monb .

? 3anuTaHHsa Ana caMonepeBipKu

1 Y 4yomy nonsra€e OCHOBHe 3aBAaHHA MOJEKYNAPHOI (Pi3nkn?

2. Yomy B MOMEKYNSAPHIA ¢i3nLi BUKOPUCTOBYHOTLCA BiAHOCHI BeSMUNHW A/1s
BMMIpIOBaHHA Macn?

3. llo HasuBalTb BiAHOCHOK MOJIEKY/IAPHOK Macok? Hkow hopMysow BU-
paXaeTbCA Ue MOHATTA?

4, Lo Take KifIbKiICTb pevyoBUHN? HAKOK (DOPMY/IOK BUPaKAETLCA 3MICT LbOro

MOHATTA? $ka OAMHMUUA BMMIPIOBaHHSA KiflbKOCTI peyoBuHWU? [aliTe ii BU3Ha-

YeHHS.

Llo HasmBatoTb cTasioro ABoragpo? Yomy BOHa [OpPIBHIOE?

6. Lo Take mMonspHa mMaca peyvyoBUHW? FKOH (DOpPMY/SIOK BUPaXAETbCA 3MICT
LbOro MOHATTA? HAka oAMHUUA MONAPHOI Macu?

7. 3a akow ¢opMynow BM3HaAYalOTb KifbKICTb MOSIEKYN Yy AOBINbHIA Maci pe-
YOBUHN?2

o

BnpaBa go § 22

1 (c). BkaxiTb, KU i3 nepeniyeHux pyxiB € GPOYHIBCbKUM:
A TennoBuii pyx MOSIEKYST PEUYOBUHM.
B BunitaHHA MOMeKyn 3 MOBEPXHi PeyvyoBUHWU.
B XaoTuuHuii pyx YacTUHOK, 3aBMCAUX Y PiguHI.
" PyX NOPOLINHKA Yy MOBITPI.
2 (c). Aki ekcnepMMeHTasibHI (hakTy HaliAOoCTOBIpHIWE NiATBEPAXYHOTb iCHY-
BaHHA Monekyn?
A MOX/MBICTb MEXaHIYHOro ApPO6MEHHSA PEYOBUHM.
B MapgiHHA Kpanenb BoAM 3 KpaHa.
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Po3ain 2.

3 (C).

4 (c).

5 (c).

6 (O).

7 ().
8 (B).

MONEKYNAPHA ®IBNKA TA TEPMOAVWHAMIKA

B CTuckaHHS Ta pOo3LIMpPEeHHs rasis.

I Jecbopmauisa Tin.

3a AKMMm 3 HaBefeHUX BMpasiB MOXHa po3paxyBaTu Maccy MOeKysiun
peyoBuHN?

AIEI BEFI '&_M_

\ T0 \Y M Na
3a KM 3 HaBeAEeHVX BUPA3iB MOXHa po3paxyBaTil NYCTUHY PeuyoBUHW?

T

\

Ha noBepxHi BoAM Bnasa Kpanesibka racy i po3Tiknacb, YyTBOPMBLUU
TOHKY nniBKy. 3a AONOMOroK UbOro A0CAi4Y MOXHA BU3HAYUTU:

A LLBMAKICTb XaOTMYHOIO PyXy MOJEKy/ racy.

B CepegHiii po3mip Monekyn racy.

B Cunn B3aemogjii Mosekyn.

" MpaBnnbHOI BiANOBIAI HEMaE.

BusHauTe, sika KibKiCTb MOJSIEKY/T MICTUTbCA Y BYyrfiekucnomy rasi (C02)
macor 1 r?

Aka maca 500 moneli Byrnekucnoro rasy (C02?

Mig yYac HikenwBaHHSA BUPOOY MOro BKPUBAKTb LUAPOM HIKEI TOBLYU-
Hoto 15 MKM. CKiflbkv aTOMIB HIiKeNo MICTUTbCA B MOKPUTTI, SIKLWO Oro
nnowa craHosutb 800 cmZ?

§ 23. OCHOBM MOEKYNAPHO-KIHETUYHOT Teopii Oya0oBN peqoBUHU

» OCHOBHi MONO>XKEHHSI MONEKYNAPHO-KIHETNYHOT Teopii pevyoBUHN
> Oundysis

» BpOoyHIBCbKMIA pyX

»bynosa Ta BnacTuBOCTI TBepAWx Tin, piguH i rasis

OCHOBHI MOJTOXXEHHA MOMIEKY NAPHO-KIHETUYHOI TEOPIT PEYO-
BVHW. 13 kypcy (hi3vKK 8-ro Knacy BW BXe 3HAETe, WO B OCHOBY MOJIEKY-
NAPHO-KIHETUYHOT Teopil PevyoBUHU MOKNAAEHO TPU MONOXKEHHS.

1. Byab-AKi pevyoBMHU MalTb AUCKPETHY 6yaoBy. BoHu cknapa-

IOTbCA 3 MOJIEKY/N abo aTOMIB, MOHIB.

2. YacTuMHKK nepebyBaloTb Yy CTaHi 6e3nepepBHOr0 XaoTUYHOrO

(HeBNOPAAKOBAHOI0) PyXxy, WO Ha3MBaeTbCA TEM0BUM i 3arasom €
CYKYMHICTIO MOCTyNaslbHOro, 06epTasibHOro M KOMMBasIbHOTO PYXiB.

3. YacTMHKM B3aEMOfil0Tb OfHa 3 OAHOK i 3 cUIamMu efleKTpomar-

HITHOT NpMpoAan. SAKLWO BigCTaHb MK MOMEKynamMu CTaHOBUTb fBa —
TpW LiaMeTpu OfHIET MOMIEKYIM, BOHU NPUTATYIOTLCS, @ MEHLLE OfHOro
fliameTpa — BiAWTOBXYOTbCSA. CUAM MPUTAraHHA i BigLLITOBXYBaHHS

MiXK MOMieKyniaMn fitoTb MOCTINHO i 0gHOYaCcHO.
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§ 23. OCHOBW MOJEKYISAPHO-KIHETUYHOT Teopil 6ya0BN peyoBUHN

Monekynn i aToMM MarTb HaCTiNIbKKU Masi po3Mipu, WO iX HEMOX/IMBO
no6aynTy 3a [OMOMOrOK HaBiTb ONTUYHOrO MiKpockona. AJie 3[aBHa BYeHi
Mpisanu posrnegitym monekynu. Jivwe B 1974 p. 3a A4ONOMOrOH e/1eKTPOHHOI0
MIiKpOCKONa, AKNIA Mae 36i/bLLIEHHA Y MIIbMOHW pasiB, PO3LMBUINCA BENUKI
MOJIEKYNN BiNKOBMX CronyK. [MOTiM, CKOHCTPYHOBaBLUM WOHHWUIA MPOEKTOP,
[e Ha NOMIHEeCLEHTHOMY eKpaHi YTBOPHETLCA 30i/bLUEHe B MiNbAOHW pasiB
300paXKeHHs YNbTParocTporo BIiCTPSA i3 BOSb(PaMy, YTOUHUAN PO3MILLEeHHSA
OHIB.

Hapasi 3a [0ornomorol TyHeNnLHoro
mikpockona (man. 23.1) BLAETLCA PO3-

AVBUTUCA Ha NOBEPXHI TBEPAUX TiN Ha-
BiTb OKPEMO B3ATWUIA [LOMILLKOBUIA aToM,
WO € MepeKOHNMBUM MiLTBEPLKEHHAM
iCHyBaHHA MONEKYN, aToMmiB, IOHIB.
Ha ocHOBI A0CNI[IKEHHA MIKPOCKOMiY-
HUX 06’€KTiB, NPOrpecMBHUM Hanps-
MOM SKUX € HaHOTEXHOMOrIi, MOXHa

KOHCTPYHOBATU LUTYYUHI PEYOBUHN. .
Py y P Man. 23.1. TyHesnbHWIA MIKPOCKON

HaHoTexHonorii — TexHonorii po3pobsieHHs MPoAyKTiB i KOMMo-
HeHTIB, po3mip AKMX He nepeBuLLye 100 HaHOMeTpIB (04MH HAHOMETP
[OPIBHIOE MiNbAPAHIA YacTuHI MeTpa: 1 HM = 110~9m).

Monekynu pisHUX PevyoBMH MO-Pi3HOMY B3aEMOLItOTb OfHa 3 OfHOK. Taka
B3aEMO/iA 3aNeXWUTb Bif TUNY MOJMEKYN i BIiACTaHI MiXK HUMW. 3anexHo Bif
XapakTepy pyxy Ta B3aemMofil MOMeKyn Po3pi3HATb TaKi CTaHW PevYOBUHMU:
TBEPAWIA, PiaKWIA, razonogioHuiA, nnasma.

BesnepepBHMM XaOTUUYHVUM PYXOM MOJEKYN Ta Maidke BiCYTHbOH CUIOK
NPUTAraHHSA MOSICHIOETLCA 3[AaTHICTb rasiB HEOOMEXEHO PO3LIMpoBaTUCH i
3aliMaTn Becb HagaHuin iM 06°eM. TpyXHIiCTb rasiB, TBEpPAUX Tin i PiguH,
30aTHICTb PignH 3MoYyBaTV TBEpAi Tina, npouecn hapbyBaHHS, CKIEKOBaHHS,
JedopmaLii TBepAuX Tin TOWO TAKOX CBig4aTb NPO iCHYBAHHSA CU NPUTA-
raHHa i BIALITOBXYBaHHA MiX MoJieKynamu. [loBecTu iCHYBaHHA 3HaYHMX
CUN MPUTAraHHA MK aToMamu abo MOnekynamy TBepAauX Tifl MOXHa, 30-
Kpema, 3a JOMOMOrol A0Cnify 3 TOBCTOK Nanuueto, Ky CKNagHo 3n1amatu.

ONOY3IA. TNepekoHNNBUM LOCNAIAHUM MiLTBEPIXKEHHAM OCHOBHMX MOJO-
eHb MKT € asuile andysil.

Ondysia (Big nat. diffusio — po3/iMBaHHA) — MNpPoOLEeC B3aEMHO-
ro NMPOHUKHEHHA MOJIEKYN abo aToMiB OfHIET PEHOBMHUN Y MPOMIXKKN
NnomMi>k MoJSieKysiamm abo atoMamui iHLIOT, WO 3a3BuYaii 3yMOBJIIOE
BMPIBHIOBAHHS TX KOHLIEHTPaUiA B YCbOMY 3aiMaHOMYy 006’eMi.

MpuunHO Andy3ii € TENOBUI PyX MOMEKYN i HAasBHICTb MPOMIDKKIB MiX
HUMKW. ABuLlle Andysii BigbyBaeThbca B piguHax, TBepAMX Tinax i rasax. Ha-
npuknag, y rasax — ue LWBMAKe MOLMPEHHS NaxoLiB HaBiTb Y CMOKiiHOMY
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noBiTpi: apomar napgymiB 3a Kifibka XBW/WH
MOLUMPIOETLCA MO BCiM KiMHaTi; y piguHax —
nepemillyBaHHA, Hanpukiag, BOAW i YOPHWNA,
BOAM | PO3UMHYy MigHOro kKynopocy (masn. 23.2).
I3 NiABWLLEHHAM TemmnepaTypu TpUBaTiCTb Npo-
Lecy Audysii 3pocTae BHACNILOK 30iNblUEHHS
LUBUAKOCTI PyXy 4aCTUHOK. AuyHAYHOTb i MO-
Nekynu (aTtomu) TBepAuX Tifl, ane 3a HU3bKUX
TemrepaTyp Le BigbyBaeTbCsa 4OCUTL MOBISILHO.

Man. 23.2. Y pignHax audysia NpoTikae 3Ha4HO MOBI/bHi-
Ancpysis po3umHy migHoro LLe, HXK y rasax, ane LUBUALLe, HIX Y TBEPANX
Kynopocy y BoAl Tinax, WO MOSACHIETLCA BiAMIHHICTIO XapakTe-

py TEM0BOro pyxy atomis i MOMEKy/I.

Y npupodi Andysis cnpusie XMBMEHHIO POC/UH i3 I'PYHTY. 3Ha4YHa ponb Audy-
3il 1 Y )KMBMEHHI OpraHi3miB TBapuH i MHOAMHW. Yepe3 CTiHKM LMYHKA | KALLOK
OpraHi3M «BCMOKTYE» fLLE Ti PO3YMHEHI B CTPaBi PeYOBUHK, SKi NOTPIOHI Ans
no6yaosn ioro KNiTuH. MNpuknagom andysii € HaCUYEHHS KPOBI KUCHEM i Bij-
BefIeHHS LUKIANMBUX PEYOBUH (Le SBULLE OTPMMAIO Ha3By OCMOCY).

Oundysito, WO 34iMCHIOETLCA Yepe3 HaniBNPOHUKHI NEPeTUHKN, Ha-
31Bal0Tb OCMOCOM.

3aBasaky npouecy Avdysii BigbyBaeTbCA COMIHHA OripkKiB. lMigTpymaHHA
OJIHOPIAHOrO CKNagy aTtMocgepHOro MoBiTps Mo6auM3y noBepxHi 3emni, 3Mmi-
LUYBaHHA PI3HOPIAHMX PiAWH, NPOLEC PO3YMHEHHS TBEPAMX TiN, 3BaprOBaH-
HS MeTaniB AK LWAAXOM 1X MNaBfieHHs, TakK i BHACNiAOK CTUCHEHHS Mosc-
HIOOTbCS ABMLLEM Andy3ii. MomibHI sBMLLLa AOBOAATb ICTUHHICTh OCHOBHUX
nonoxeHo MKT.

BEPOYHIBCbKUW PYX. OfHuM i3 HaiinepeKoHANBILLMX [OKa3iB iCHYBaHHS
Xa0TUYHOro TEMnoBOro pyxy MOJIEKY/ € GPOYHIBCbKMIA pyX, Ha3BaHWU Ha
4ecTb aHrinicbkoro 6otaHika P. bpoyHa (1773—1858).

BpOoyHIBCbKUI pyX — TEMI0BUIA pyX HYacTUHOK, 3aBUC/IUX Y PigUHI
abo rasi.

Yneplue uein pyx 6yno Bigkputo y 1827 p. nif 4ac CNOCTePEeXeHHs Crop
nnaByHa y Bogi. MMisHiwe BpoyH crnocTepiraB Takuil camuii XaOTUYHWIA pyx
JPiOHMX YaCTUHOK IHLINX PEYOBMH, OAHAK MOSICHUTM LIbOrO SIBULLLA BiH He
3MIT.

BuBYeHHAM 6GpPOYHIBCLKOrO pyxy 3aimanocs 6arato BYEHUX i HapewTi
Oy/10 BCTAHOB/EHO, LU0 PyX 3aBUCAUX YaCTUHOK, AKWIA criocTepirasca y noni
30py ONTUYHOIO MIKPOCKONa, 3A4IACHIOETLCA BHACNILOK PYXYy MOMEKyn pi-
AnHW. Monekynu nepejatoTb YaCTUHKaM IMMYNbC, @ OTXKe, YMHATb Ha HUX
TUCK. AKLLO YaCTUHKA MaE He3HauyHy MoLy MOBepPXHi, TO Ha OAuH i3 Ti
60KiB y OyAb-AKY MWUTb CEpefHE 3HAYEHHA TUCKY MOXe ByTu GinbLUnM, HiX
Ha iHWWA, TOMY BOHa 3[iACHIOE Ge3nafgHuin pyx B 06’eMi PigUHW.
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["0M10BHOK MPUYMHOK OPOYHIBCHKO-
ro pyxy € HecKOMMeHCOBaHICTb Cu/, 3
AKUMMW MONEKYNU [AitloTb Ha 3aBuUCNy
4yacTUHKy (man. 23.3, a). AKWo TUcK
3 ycCix 60KiB Ha 6POYHIBCbKY YaCTUHKY
OAHaKOBMWI, TO BOHA He 3[iNCHIOE Xao-
TUYHOro pyxy (man. 23.3, 0).
BesnocepegHb0 crocTtepiratm 3a py-
XOM YaCTMHOK, 3aBUCIUX Yy pignHax
abo rasax, MOXHa 3a YMOBW, HKLLO
TXHi pO3MIpN He NepeBULLYIOTb 10 6 M.
BpoyHiBCbKI 4YaCTMHKKN 6e3nepepBHO
PYXatoTbCsi HEe3a/1eXKHO OfiHA Bif, OAHOI.
Voro iHTEHCMBHICTb TUM 6ifbLUa, YMM BULLLA TeMMepaTypa i MeHLIa B’A3KIiCTb
PIAVHN Ta Maca 3aBUC/IUX YACTMHOK He3a/ieXHO Bif iX Npupoau.

BYOOBA TA BNIACTUBOCTI TBEPAUX T/, PIANH | TA3IB. Y TBepaux
Tinax BifgcTaHi MiXK Monekynamu (aTomamu) AoCUTb Masi, TOMY CUIN B3aEMO-
AT KOXHOT 3 HMX i3 CYCIAHIMM HACTiNbKM BeNUKi, WO MOMeKyna 34iNCHI0E
He3HauHi KOMMBAHHA BiAHOCHO MEBHOrO (DiKCOBAHOIO MOMOXEHHS pPiBHOBAru
(man. 23.4, a). lMoTeHuianbHa eHepris B3aEMOAIT MOMEKyN 3Ha4yHO OGinblia
Bifl X KIHETMYHOT eHepril, YAM i MOACHIETLCA BNACTUBICTb TBEPAUX TiN
36epiratn hopmy Ta 06’eM.

Y pignHax cunu B3aemMoAil MK MONeKynamu cnablli, HK y TBepamux
Tinax, i 3Ha4HO CWNbHIWI, HXK Yy rasax (man. 23.4, 6). Monekynu pigunHu,
KONMBaKOUNCh 6iNs NEBHOIO MOMOXEHHS PIBHOBAru, 3MiHIOKTL Oro 3 4acom,
nepeckakytoUn 3 OAHOro Micus Ha iHWwe. BOHW 34iCHIOTb KONMBAIbHWIA,
nocTynanbHWUiA i 06epTanbHUA Pyxu. Y piguHax BigcTaHi MK MofieKynamu
€ Jewo 6inblWrMK, HIXX Yy TBepAWMX Tinax, MpoTe CUAX B3AEMOAIT MONEKys
€ 3Ha4yHMMW. 3arajioM KiHeTU4YHa eHepris Monekyn pigvH npubnusHo Ao-
PIBHIOE X MOTEHLiaNbHIN eHepril.

Y rasonofibHoOMy cTaHi cepefH BiACTaHb MiX MONeKynamu Habararto
Ginblia Bif PO3MIpPIB CaMUX MOJIEKY/l, TOMY CWUIU MIXMONEKYAPHUX B3a-
EMOZI CyTTEBO He BNAMBAlOTL Ha iX pyx (puc. 23.4, B). KiHeTnuHa eHepris
Xa0TUYHOro pyxy Monekyn (y AOBISIbHMX HanpsaMKax i 3 pi3HOK LUBUAKICTIO)
rasy 3Ha4yHo Ginblua Bif NOTeHUiaNbHOT eHeprii X B3aeMofii. baraToatomHi
MOMIEKYIX Nif Yac NOCTYNanbHOrO 3A4IACHIOITL TaKOX 06epTaibHUIA pyX.

Man. 23.4. Ocob6/1MBOCTI po3TallyBaHHS MOMEKY/T OAHIET
i TIET )X PEYOBMHM B PI3HUX arperatHnx craHax
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PO3AIln 2. MONEKYNAPHA ®IBNKA TA TEPMOAWHAMIKA

Mnasma — 4acTKOBO abo MOBHICTHO iOHI30BaHWIA ra3. BoHa CKMagaeTbes
3 IOHIB, €NEeKTPOHIB Ta MOMeKyn (aTomiB). Mnasma — HalnowWUpPeHiLLIni
CTaH peyoBuHW B npupogdi. CoHue i 3ipKM — Le TiraHTCbKi 3rycTku nnas-
My. BoHa TakoX iCHYe B KOCMOCI Y BUTIAfI TaK 3BaHOr0 COHAYHOrO BiTPYy
Ta YTBOPHOE ioHOCepy 3emni Towlo. Mpouecamy B HaBKONO3eMHil Mnasmi
3YMOBJIEHI MarHiTHi 6ypi Ta NONApHE CARBO. 3 HEKO MM 4acTo 3ycTpivaeMocs
i B MOBCAKAEHHOMY XWUTTi. Monym’a 6aratTs, CipHMKa, CBITHi CTOBMM rasy
B MEAMYHUX «KBapLEBUX Nnamnax» — BCE L TaKOX MPUKIagu nnasmu.

I TonoBHe B UbOMYy naparpadi

OCHOBHI MOMNOXeHHA MONEeKYNAPHO-KIHETUYHOT TEOPIT PeYOBUHN:

1) 6yAb-AKi peyoBMHM MalTb AUCKPETHY ByaoBy. BoHW cknagatoTbea i3
Hali APIGHILLNX YaCTUHOK — MOJIEKYN abo aToMiB, WOHIB,;

2) YaCTUHKKM nepebyBaloTb Yy CTaHi 6e3nepepBHOr0 XaoTUYHOro (HeBno-
PAAKOBAHOr0) pyxy, L0 Ha3MBaETbCA TEMIOBWMM i 3araioM € CYKYMHICTIO
NOCTYNa/IbHOro, 06epTa/IbHOrO /i KONMBA/IbHOTO PYXIB;

3) YaCcTMHKKM B3aEMOLitOTb OfHA 3 OAHOK i 3 CUMaMW eNeKTPOMarHiTHOT

npupoau.

? 3anuTaHHA A9 caMonepeBipKu

1 UWo Ttake MKT? CchopMyntoiiTe OCHOBHI NOMOXeHHs MKT.

2. Sk cnocTepexeHHs i eKkcnepMMeHTU NiATBepAXXYloTb OCHOBHI NOMOXEHHS
MKT?

3.  ATOMM i MONEKynu Tifla XaOTMYHO PyXalTbCA. FK Ue Y3rofXyeTbCs 3 TUM,
wo 6araTto TN 36epiraloTb opmy Ta 06’eM?

4. Lo Take OGpOyHiBCbKMn pyx? [Mpo Wo BiH CBiAYMTL? Yn € 6e3nagHuii pyx
NMOPOLLMH Y MNOBITPi OPOYHIBCHKUM?

5. LWo Ha3uBawTb Audpysieo? Haseditb npuknaau avdysii B rasax, piguvHax i

TBEPAMX Tinax.

OnuwWiTe XapakTep pyxy MOJSIEKyN Yy rasax, piguHax i TBepamx Tinax.

7.  SKuiA xapakTep PO3MIlEHHS YacTMHOK Yy rasax, piguHax i Tsepaux Tinax?

o

Brnpasa go § 23

1 (c). Posrnsgatouy nig MIKPOCKONOM KpansiMHKy MOJIoKa MOXHa nobayntu
Ha (poHi 6e3K0NbOPOBOT PIANHM MasieHbKi 3aBUCAi Kpan/nHK1M Macna,
WO nepebyBaloTb y 6e3nepepBHOMY XaOTUYHOMY pyCi. UMM MoOXHa no-
ACHUTKU ueli pyx? Big voro 3anexuTb AOro iHTEHCUBHICTL?

2 (c). MOACHITL, YoMy 3 NiABULEHHAM TemnepaTtypu 36i1bLYETbCHA iIHTEHCUB-
HICTb PyXy MIKpOYaCTUHOK.

3 (c). MoscHITL, YoMy yailHa 3aBapka, BMilleHa B Make-
TUK, 3a6apB/loe BCIO BOAY B CKASHL.

4 (c). B SKili i3 CKNSAHOK 3 PO3YMHHOK KaBOK MICTUTbCS

rapsiya Boga? Bignosigb NOSICHITH.

5 (). Yomy OGpOYHIBCbKUIA Ppyx APIOHIWNX YACTUHOK 34il-
CHIOETLCA IHTEHCUBHILWLE?

6 (). MoACHITb, YoMy 3 yNnamkiB po36GMTOro ckia HEMOX-
JINBO CKMACTW Ljfly CKASIHKY, a fgobpe BigwnidpoBaHi

CK/MSIHI NAacTUHW 31UNAalThCS. MantoHok

[0 3aBAaHHA 4.
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§ 24. lpeanbHuii ras. Tuck rady. Temnepartypa

7 (8). Y KOXHY 3 MEH3YpOK AOCNiAHWK [0[aB O4HaKoBY
KiIbKICTb MIZHOrO Kynopocy. B fiky 3 HMUX MigHWiA
Kynopoc 6yno AoAaHo paHille:
A Po3TtawoBaHy npasopyu.
B Yac crnocTtepexeHHs He BN/aMBaE Ha pesy/bTar.
B MigHuii Kynopoc gogaHo ogHo4vacHo.
' Po3TalloBaHy niBOpyY.

§ 24. lpeanbHuii ras. Tuck rasy. TemnepaTypa

» lgeanbHuii ras
» TUCK rasy B MONEKYNAPHO-KIHETUYHIA Teopil
» TemnepaTypa

IEANBHUI TA3. BuBUEHHS arperaTHOro CTaHy PeyOBWHM nepejbavac
BCTAHOB/IEHHA 3B’A3KIB MIX Pi3HUMMW BeIMYMHAMM, LIO XapaKTepu3yrTb ii
B/IACTUBOCTI, — napameTpamun. XapakTepUCTUKN MOMEKYN rasy HasusatoTb
MIiKpPOCKONIYHUMK napameTpamun. [o HUX HanexaTb Maca MOJIEKY/, TXHS
LWBMAKICTb | KiHETMYHA eHepris XaoTUYHOro MOCTynasbHOro pyxy* llapa-
MeTpU rasy AK (Pi3M4HOro Tina HasMBalTbCA MaKpPOCKOMIYHUMMK. [0 HUX
Hanexartb 00’eM, TUCK i Temnepatypa. OTxe, OLHUM i3 FOIOBHUX 3aBAaHb
MOJIEKYNSAPHO-KIHETUYHOT Teopil € BCTaHOBNEHHA 3B’A3KIB MiX MaKpOCKO-
NiYHUMM | MIKPOCKOMIYHMMM napaMeTpaMy rasy. 3 METOH NOro BUKOHAaHHS
CTBOPEHO MOfENb ifleaNbHOr0 rasy, B sKiil nepefbayacTbcs, WO 06°eM MO-
NeKyn rasy Haj3BuyaiiHO Manuii MOPIBHAHO 3 PO3MipaMu MOCYAWHW, B AKil
BiH MICTUTLCA, MDDK HAMW He Ail0Tb CUIM NPUTATaHHA, a Mif Yac 3iTKHEeHb
MONEKYN MiX COBOK i 3i CTIHKaMW MOCYAMHW [Ait0Tb NMWe Cuan BIALWTOB-
XyBaHHA. BBaxatoTb, L0 3iTKHEHHA MOJIEKY/N 3L4IACHIOETHCA 32 3aKOHaMmu
NPY>XHUX yaapiB, MiX SSIKUMW BOHA PyXaeTbCst PIBHOMIPHO /i NPAMOSIHIAHO.

IpeanbHuMit ras — ras, y asKOMYy MONeKYNM MOXHa BBaxXaTu MaTe-

piafbHMMMK TOYKaMMU, AKi Mallkxe He B3aeMOAIOTbL MiX co60t0.

OTKe, MOAENNI0 TaKOro rasy € CyKymnHicTb MatepiaslbHUX TOYOK, AKi Xa-
OTUYHO PYXatoTbCs | B3aEMOAIKOTb MiXK COOOK Ta CTiHKamMu MOCYAMHN NnLle
nig yac 6esnocepefHbLOro abCcosOTHO MPYXHOrO 3iTKHEHHA. Monekynu ra-
3y MarTb (OPMY Ky/b MEBHOI Macu I PiBHOMIPHO PO3MoAineHi Mo BCbOMY
06’eMy MOCYAMHW, Y AKIN BiH MICTUTbCA. PIBHOMIPHWIA pO3NOAIN MONeKyn
ifea/lbHOro rasy 3yMOBJ/IEHWUI TX 6e3MepepBHUM XaOTUYHUM PYXOM.

3a BMCOKMX TUCKIB i HM3bKMX TeMnepaTyp ra3 He mMoxe npuiimatmcs 3a
ifleanbHUA. PeanbHi rasu nunile 3a He3HaAYHMX TUCKIB i HU3bKMUX TeMmnepatyp
HabNMXEHI 3a CBOIMW BNacTMBOCTAMW A0 igeanbHoro. OMke, BOHW HabyBatloTb
BaCTMBOCTEN iAeasbHOro rasy fimwe nif 4Yac 3Ha4HOro POo3pPigKeHHS, Konu
cepefHA BiACTaHb MK MOro MosieKynaMu iCTOTHO NepeBuLLye X po3Mip.
MoBefdiHKa peasbHOro rasy OMMCYeTbCs 3aKOHaMW, BiAMIHHMMM Bifl 3aKOHIB
ifleasibHorO.

155



PO3AIN 2. MONEKYNAPHA ®IBNKA TA TEPMOAWHAMIKA

TVICK FA3Y B MONEKYNTAPHO-KIHETUYHIV TEOPII. Bam BXe Bifomo,
O TUCK rasy Ha CTiHKM MocyauHW (41 6yAb-AKY iHLIY NOBEPXHIO) 3yMOB/e-
HO yjapamy monekyn. TWUCK rasy, 34ilACHIOBaHWI Ha HaBKOMAWULWIHI Tina, —
HalironoBHiWa BiAMIHHICTb rasy Bif PiguH i TBEpAUX Tin.

Monekynn rasy 3a KiMHaTHOT TemnepaTtypu pyXarTbCs i3 HaA3BYKOBOH
WBKMAKICTI0. CTUKaunch i3 6yab-AKUMK TiflaMn (CTIHKW MOCYAUHW, NHOAW,
TBapWHW, aBTOMOOINI, CKeni), MOMIEKY NepeaaroTb TM YaCTUHY CBOTO IMMY/b-
Cy, @ OTXe, Ait0Tb Ha Tina 3 NeBHOK (HaA3BMYaNHO Ma/IoK) CMOK. HaToMicTb
CTIHKa [i€ HA MOJIEKY/Y 3 TaKOK XX CWIOK, ane MPOTUNEXHO HaMpAMIEHOH.
AKWO KifIbKICTb MONEKYN Yy NOCYAWMHI He3HayHa, TO yfapw BifgbysatoTbCs i3
cyTTeBUMMM (Y MacluTabi MiKpOCBITY) iHTepBanamMm yacy, Lo CNpUAMAETbCS He
AK OKpeMa 6e3nepepBHa fif, a AK HM3Ka NOCMIAOBHMX Haf3BMYANHO Mannx
OiA. AKWO peanbHa KiNbKiCTb MOMIEKYN Y MOCYAMHI BenvKa (KpiM LUTYYHO
CTBOPIOBAHMX YMOB BMCOKOrO BakKyymy), TO yfapu BigOysBaTumyTbcs Gesne-
pepBHO. HEeCKIHYeHHO Mani 3yCunis OKPeMUX MOJIEKYN A0AAKThbCs, | Pesynb-
Tyloua Ais cnpuiAMaeTbes K MOCTIMHO Aitoya cuna. YcepeaHeHa 3a YacoMm pe-
3yNbTyto4a cuna Ail MoneKyn Ha OAVHULKO NOLL NOCYAMHW | € TUCKOM rasy.

OcKinbKN BeM4ye3Ha KifibKiCTb MOMEKY/ a3y pyXxaeTbCa XaoTU4YHO, TO B Ce-
pefHbOMY 3AINCHIOETLCA OfHAKOBA Ki/IbKiCTb yAapiB y 6yAb-IKOMY Hanpsmky, a
OTXKe, TUCK Ha BCi CTIHKM NOCYAMHU Mae OyTW OAHAKOBMM, L0 Bif06GpaXKeHO B
3aKoHi Mackana. Y BUNagKy OfHIE UM KifIbKOX MOSIEKYN NOHATTSA TUCKY B3arani
BTpayae ceHc. OTXe, TUCK rasy — Lie BeMUYNHA, AKa XapaKTepusye CTaH 3HauHOI
KifIbKOCTI MOfeKyn, TO6TO MakpoCKOMiYHWIA NapameTp. 3a oguHuLto Tucky B Cl
NpUMatoTb TakuiA TUCK, 3a IKOro Ha 1 M2 NoBepxHi Ha Hei gie cuna BIH. Lo
OAVHULO0 Ha3MBalOThb Mackasiem:

1Ma= 1H/m2

AKWO ra3 cKnagaeTbea i3 Cymilli KiflbKOX ifeanbHUX rasis, TO MOJSEKYN
KOXXHOMO0 3 HUX YAapsatoTb 06 CTIHKY MOCYAVMHU He3aneXHo ofHa Bif ofHoi. Big-
MOBIAHO [0 MPWHUMMY CYNepno3unLii CUn TUCKW rasiB, fKi YTBOPKOKOTb CyMiLl,
JofalTbCA. TUCK, AKUIA YMHUTL KOXEH ra3 OKpemo, Ha3vBaeTbCsH napLiiab-
HUM. TBepKeHHs: «TUCK CyMiLLi ifiealbHUX rasiB LOPIBHIOE CyMi MapLiaibHNX
TUCKIB rasi, L0 BXOAATb [0 ii CKnafy» Brieplle ChopMy/iHoBaB aHrMincbKuii
(i3uK i Ximik [. JanbToH (1766—1844). Tak, aTMOC(epHUIn TUCK CKIaLAETbCA
I3 napuianbHMX TUCKIB a30Ty, KWUCHIO Ta iHWWX rasi..

TEMIMEPATYPA. Temnepatypa — Ue (hi3uyHa BeMYMHA, NPO AKY BW [i-
3HannCA 3 PaHHLOro AMTWUHCTBA, AK MPO CTYMiHb HarpiTOCTi TiN (XONOAHe,
Tenne, rapsye), XapakTepucTuky Tennoi abo XONoAHOT B Pi3Hi MOpPU POKy
norogu, MOKasHWK CTaHy 340pOB’A Towo. [oOyToBe MOHATTS TemnepaTypu
4acTO MepeLlKoMKaE rMMOOKOMY PO3YMiHHIO 1T (hi3nyHOT cyTHOCTI. Lle ogHa
3 YHiBepcasbHUX (i3U4HUX BENNYMH, A0 PO3YMIHHA CYTHOCTI SIKOT /IHOACTBO
MWno BNpofoBX baraTbOx BiKiB. BOHa € MakpOCKOMIYHMM NapaMeTpom, To-
MYy XapaKTepusye LiNiCHY CYKYMHICTb MONEKY/, 3 AKUX CKIafaeTbCcs Tifo.

TemnepaTypa — (pi3MyHa BeIMUMHA, L0 XapaKTepusye Ten0BUiA
CTaH CUCTEMU, N € MIPOKD IHTEHCUBHOCTI XaOTUUYHOI0 PyXy MOMeKys
B MakKpOoCKOMNiYyHOMY Tifi.
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§ 24. |peanbHuii ras. Tuck rasy. Temnepartypa

Y (i3nLi KOPUCTYHOTbCA MNEpeBaXKHO Tak

3BaHOK abCONIOTHOK TeMMepaTypor i LUKanow F0O'C1 373 K
KenbBiHa. ¥ 1848 p. BMAATHWIA aHTNiACbKWIA OCi 1273 K
(isuK Y. TomcoH (nopg KenbsiH) (1824—1907)

3anponoHyBas Mo4yaToK Bigniky Temnepatypu -100 Cl 173 K
3pificHioBaTK Bif Touku (Temnepatypw), npu  -200 CT 73 K
AKi NPUNUHAETLCA OYAb-AKWIA TENNOBUA PYX  _973"Cy 0K

MOMIEKy/, TOOTO NPUIAHATI 3a HyNb TeMnepaTypy
-273,15 °C. Taky wWwkKa/ny Ha3uBakTb abCcoNtoT-

HOKO TeMnepaTypHO LWKanow abo TepmoguHa- Man. 24.1. 3B’A30K Mix
MIYHOKO LUKA/IoK Temneparyp. Likanamu Temnepartyp
AGCONOTHUIA Hy/Mb TemnepaTypu — Temne- Lenbcisa 1 KenbsiHa

paTypa npu SKili NPUNUHAETLCA TENMOBUA pPyX
MonieKyn. TUCK Ta 06’eM ifeanbHOro rasy piBHI HyfHO.

OamnHuueto Temnepatypu B Cl € KenbBiH — 0fiHa i3 CEMU OCHOBHWUX OA4W-
HULb Li€ET cucTemMn. T0I0BHOK OCO6/IMBICTIO TEPMOAMHAMIYHOT WKanu € Bif-
CYTHICTb Bifi’éMHUX 3HayeHb TemnepaTypu. lMepexig Big wkanu Llenscia o
abCoMTHOT TemnepaTypHOI LWKanu 3A4iACHIOITL Tak (man. 24.1):
T =t°+273,15.

3BepHiTbL yBary, Wo iHTepBan Temnepatyp AT = At°. OTXe, 418 3MiHK
Temnepatypn 1°C=1K.

MpoTe HWHI BXe [0BefeHO, WO HaBiTb 3a abCONOTHOIO HYNA MOMEKyNsap-
HUA pyX He NPUMNUHSABCA 6, OCKIMIbKWU MONEKynn 3AiACHIONTL Lie W KOu-
Ba/IbHi pyxu. J0CArTM abCONOTHOIO HYNA HEMOX/IMBO — Lie OAWH i3 OCHOB-
HUX 3aKOHIB NpuUpoan. HeMoX/MBO A0CATTM TaKOoXX TeMMepaTypu, HMKYOI
3a abCcoNMOTHUIA Hynb. Ynm 6amkye TemnepaTtypa OXOMOMKYBaHOro Tina Ao
abCoOMTHOrO HyNA, TUM CKNagHiwe 34iNCHI0ETLCA NoJasiblue OXONOLKEH-
HA. Hapasi 3a [ONOMOrow cy4acHMX MeTOZiB BAAN0OCA LOCATTM HaMHMKYOI
Temnepatypn — 0,0001 K.

Temnepatypa Tina i WBMAKICTb PyXy MOro MosieKyn TiCHO NOB’A3aHi MiX
coboro. Yum BuMLia Temnepatypa Tina, TUM LUBUALLE PYXaOTbCA MOMEKYN,
TUM Ginblla TXHA KiHETUYHA eHepris.

ABCTpICbKMIA (hi3nK BonbuMaH, CNUparyYncb Ha BeMYesHy KinbKicTb
focnigis, [OBiB, L0 cepefHs KiHeTUYHa eHepris MocTynaibHOro pyxy Mo-
NeKyn rasy NiHiMHO 3aneXuTb Bif 1oro Temnepatypu. AN 04HOaTOMHOMO
iflealbHOro rasy BOHa HabyBae BUTNALY:

E=—KT,
2

e k = 1,38 - 10 = /K — cTana bonbuMmaHa.

Crana bonbumaHa — uUe (pyHAaAMeHTa/lbHA (Pi3nyHA BENYMHA,
fKa 4YMCe/IbHO [OPIBHIOE 3MiHI KIHETUUHOI eHepril Of4HIET MONeKyu
iflealbHOro rasy 3i 3miHOK 1ioro temnepartypu Ha 1 K

HesBa)kaloum Ha Te, WO BMCHOBOK MNP0 3B’A30K Temrnepatypu i3 cepea-
HbOK KIHETUYHOK EHEPrietd MOMeKyn BCTaHOBMEHO 418 rasis 3a HOPMaslbHUX
YMOB, BiH CrnpaBefnvBuUIiA TakOX ANA PigUH Ta TBEPAUX Tin.
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! TonoBHe B UubOMy naparpagi

OfHVM i3 BaXKNMBWUX 3aBAaHb MOJIEKYNSAPHO-KIHETUYHOT Teopil € BCTa-
HOBJ/IEHHA 3B’A3KIB MK MakKpoCKONiYHUMKU (TUCK, Temnepartypa, 06’em) i
MIKPOCKOMIYHUMKM (Maca MOMeKyNu, LUBUAKICTb, KiHETUYHA eHepris) napa-
MeTpamu.

lgeanbHUiA ra3 — ras, y SKOMY MOJEeKy/IM MOXHa BBaXKaTu martepiab-
HAMW TOYKaMK, SIKi Maidke He B3aEMOfiOTb MiX COOOI0.

TWUCK, AKUIA YMHUTb KOXXEH ra3 OKPeMO, Ha3MBAaETbCA MapLiasibHUM.

TucK cymiLli igeansHUX rasis AOPIBHIOE CyMi napuianbHUX TUCKIB rasis,
Lo BXOAATbL Ao Ti cknagy.

TemnepaTypa fiK TepMOAMHaMiYHa BeMYMHA XapakKTepusye TensoBui
CTaH CUCTEMM, AK MOJIEKYNAPHO-KIHETUYHA — IHTEHCUBHICTb XaOTMYHOI0
PYXy MOJeKy/.

AbconoTHa Temnepatypa (T) — pisyHa ckanfpHa BefMUMHa, AKa BU-
3HAYaEeTbCA 3a CepefjHbO KIHETUYHOK eHeprietd XaoTUYHOro MoCTynasbHOro
PYXy MONeKy:

E=—kT.
2

? 3anuTtaHHa AN caMmonepeBipKku

Lo Ha3uBaloTb MIKPOCKOMNIYHUMM Ta MakpOCKONiYHUMMK napameTpamu rasy?
Lo HasuBaloTb igeanbHMM raszom y MKT?

Ha3BiTb yMOBU, 3@ SAKUX a3 MOXHa BBaXaTW igeasibHUM.

AkniA MexaHi3M BUHUKHEHHSA TWUCKY rasdy 3 nornsgy MKT?

Ha3BiTb npunagnm SKUMU BUMIPKOKOTbL TUCK rasy?

Y yomy nondrae cyTb 3akoHy JanbToHa?

AKo (DI3UYHOI0 BENUUYMHOKD XapaKTepu3yeTbCHA CTaH TensoBol piBHOBaru?
MosAcHITL NpuHUMN No6yaoBM TemnepaTtypHux wkan Llenbcia i KenbsiHa.
BcTaHOBITL (hopmynn, WO BMpakakTb CMIBBIAHOWEHHS MK 3HAYE€HHAMU
Temnepatypu, BMMIPIOBAHOT 3a LUMMMW LUKanaMu.

9. TewmnepaTypa rasy 36inbwunace Big 1 o 2 °C. Un moXHa ckasatu, LWO
cepefHs KiHeTU4YHa eHepris oro 4yacTuHOK 36inblimnacsa BAgivi?l

0N ORWNR

BnpaBa go § 24

1 (c). AK 3MIHUTBLCA TUCK ifeasibHOro rasy, SKWO Mpu MOr0 HEe3MiHHI KOH-
LEeHTpauil cepefHsa KiHETUYHA eHepria MO/eKyn 3MeHWnTbes y 5 pasiB?
Bun6epiTb npaBubHY BiANOBIAb.

A 3MeHWwuTbLCA y 5 pasis.
B 36inbwuntbca y 5 pasis.
B 3anuwmTbcs He3MiHHUM.
I 36inbwuntbca y 25 pasis.

2 (c). MoBiTps B KiMHATI CKNafaeTbCA i3 CyMmili rasiB: BOAHIO, KACHIO, asoTy,
BOASIHOI napwu, BYINEKUCOro rasy Towo. fAkuii 3 isnyHnx napameTpis
uux rasie 060B’AA3KOBO OAHAKOBWUIA Mig 4ac TensoBoi piBHOBarn?

A Tuck.

B CepepfHili kBagpaT LWIBWAKOCTI TEMNOBOr0 Pyxy MOSEKyn.
B KoHueHTpauis.

' CepefHA KiHETUYHa eHepris Mosekyn.
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§ 25. OCHOBHe PIBHAHHA MOJIEKYNAPHO-KIHETUYHOI Teopii igeanbHOro rasy

3 (c). UWo Take aBCOMOTHWIA Hynb?
A TemnepaTypa, 3a SKOT NPUNUHMBCA 6 TEN/OBUIA PYX MOJEKY/.
b TemnepaTypa, 3a sikoi 3aMep3a€e Boja.
B Xapaktepuctuka cTyneHsi HarpitocTi Tina.
" CymapHa KinbkicTb yaapis Monekysn 06 neBHY NOBEpPXHIo.

4 (p). BusHauTe TemnepaTypy rasy, KO CepefHsl KiHeTUYHA eHepris Xao-
TUYHOrO PyXy MOro Mosnekys cTaHoBuTb 5,6 m1dPL [x.
A 270 Kb 290 K B 300 K ' 310 K

5 (n). B opHiii nmocyauHi MIiCTUTbCA BOAEHb, a B iHLWIA XN10p NpU O4HAaKOBIN
Temneparypi i koHueHTpaLuji. MopiBHAKTe TUCknM pli p2 umx rasi..
Apl>prbpl<prBpl=prlpl*p2

6 (0). Mpu sk TemnepaTypi cepefHs KiHETUYHA eHepris pyxy MOseKky/n ogHo-
aToOMHoro rasy 6yge BABiuvi 6inblia, HdK npu Temnepatypi -3 °C?

7 (n). BwusHauTe cepefH0 KBagpaTUYHY ILWIBWAKICTL aTOMIiB reni 3a
HOpMasibHUX YMOB, SKWO BiAOMO, WO Maca aTtoMa refilo piBHa
6,68 m10-27 kr?

8 (B). Ha ckinbkn BIiACOTKIB 36i1blUMTLCS CEPEAHS KIHETUYHA EHepris pyxy
MOMIEKyN rasy npu 36inblUeHHi noro Temnepartypu Big 7 go 35 °C?

8 25. OCHOBHe PIBHAHHSA MOJIEKYNAPHO-KIHETUYHOT Teopii
ifleasibHOro rasy

» CepefHsa KBagpaTuUyHa LIBUAKICTb
» OCHOBHE PIBHAHHA MONEKYNAPHO-KIHETUYHOT Teopil ifeansHOro rasy

CEPEAHA KBAOPATNUHA LWBWAKICTb. Ak Ham yXe BiJoMO MONeKy-
NN 3[IACHIOTb 6e3nepepBHUA, XaOTUYHUIA (TennoBuiA) pyx, a Lie 03HaYae,
WO WBMAKICTb PYXy OYyab-KOT MONEKYNM MOXe OyTW SIK HaA3BM4aiHO Be-
NNKOI0, Tak i Manow. Hanpsamok pyxy MOMAEKyn MOCTIMHO 3MIHIETLCA Mif
yac X 3iTKHeHb 0AHa i3 ofHot. poTe cepefHE 3HAUYEHHS TXHLOTO MOAY/NA
LUBMAKOCTI — neBHa (pikcoBaHa BennunHa. LLLo6 11 BU3HaumTK, Tpeba fopatu
3HaYeHHA LBWAKOCTI BCIX MOMEKYN i MOZINUTU CYMY Ha iX KifibKiCTb. Ane
Hagani Ham 6yge nMoTPiOHO 3HATW CepefHE 3HAYEHHS He camol LIBWAKOCTI, a
KBafpaTa LBUAKOCTI, OCKIiNbKY Bif LLiET BEIMUMHUN 3a/1IEXUTb CepefHs KiHe-
TUYHA eHepris pyxy MOMeKyn, Wo, SK MU He3abapoM NepeKkoHaeMoCs, Mae
BEe/INKE 3HAYeHHS B YCili MONeKyNsApHO-KiIHETUYHIl Teopil.
OTXe, CepefHiil KBagpaT LUBUAKOCTIL AOPIBHIOE:
-2 _Ul+ U2 +Lﬂ.
N
Je LNUM.,.UN — MoaynNi WBMAKOCTEN OKpemMmnx monekyn; N — X KiflbKiCTb.

1 Hagani cepefHi 3HaYeHHs] BE/MUYMH MU OyAEeMO Mo3HauyaTi PUCKO Hag GYKBEHWUM
CYMBO/IOM BE/INUMHM.
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PO3AIN 2. MONEKYNAPHA ®IBNKA TA TEPMOAWHAMIKA

CepegHsa KBafpaTuU4yHa LIBUAKICTL pyxy monekyn (U) — Le BenuuuHa,
fKa BU3HAYAETLCA KOPEHEeM KBAApaTHUM i3 cepefHbLOro Keafpara LUBUAKOCTI.
U=Vv?.

CepefHs KBagpaTyyHa LWBMAKICTb € XapaKTEPUCTUKOK XaOTUYHOIO HEeBro-
PAAKOBAHOrO PyXy MOMEKY/, TOMY ii Lie Ha3uBaloTb Tennosoo. Ii 3HaueHHs
[Ans rasiB gocutb Benuki. CepefiHA KBaApaTu4yHa LWBMAKICTbL MONEKYN a3oTy
npu t =0 °C npnbnnsHo popisHoe 500 m/c, a monekyn BogHio — 1800 m/c.

Konun Bnepuie obuncnnnun ui BennumHu (apyra nonosumHa XIX cT.), TO
pe3ynbTaT NPUrofoMIIMB Garatbox (hi3WKiB i BOHWM BUCNOBWUAN CYMHIBU LLO-
[0 ICTUHHOCTI MONeKYNAPHO-KIHETUYHOT Teopii. AMKe BifOMO, L0 3anaxu
MOLUMPIOIOTLCA AOBONI MOBINbHO: MOTPIOHI AECATKN CeKyHZ, LWo6 naxowyi
napgymis, PO3NUTMUX B OAHOMY KYTKY KiMHATW, AOCATAW iHWOro. 3posy-
Mifo, WO MOSCHUTW Uel (DaKT MOXXHA BENMKOK KiNbKICTHO 3iTKHEHb MiX
MOJeKyamMu.

OCHOBHE PIBHAHHA MOJIEKYNAPHO-KIHETUYHOI TEOPIT IAEA/Ib-
HOIO F'A3Y. B/MKOpUCTOBYHOUM MOAE/b iAealbHOMO rasy, HiMeubKUin ¢isnk
Pypone Knaysiyc BUBIB PiBHAHHSA, Y AKOMY BCTAHOB/HOETHCA 3B’A30K MIX
TUCKOM ifiealbHOro rasy p, Macow Monekynu TO, TX KOHUeHTpauier n i
cepeAHimM KBagpaToM LUBWMAKOCTI U2 .

Hexai ycepeavHi nocyauHu, naowa CTiHKK K0T S, MICTUTLCS igeanbHWiA
OAHOATOMHWIA ra3 3 MONeKy/saMn Macoo T 0 KOXHa, fAKi Xa0TUYHO pPyXarTb-
Cs i3 LWBNAKOCTSAMU L;. Pe3ynbTaTu eKCNepuMeHTY cBigvaTtb, WO 3a HEe3MiH-
HOI TemnepaTypu MOCYAWHW i rasy B Hill cepefHE KBajpaTW4yHe 3HAYEHHS
LUBUAKOCTI PyXy MONeKyn rasy Moxe OyTW BU3HAYEHO 3a POPMY/IOHD:

01 +02 Ui
5=vo? = -
e A — 3aranbHa KinbKiCTb MOMeKyn y MNOCyAuHi; U — cepefHa Keajpa-
TUYHA LUBUAKICTb X PyXY.
OcCKifnbKM Nig yac pyxy B MPOCTOpi MOJiEKyna MOXe nepemillyBatumcs
B340BX B3aEMHO MNeprneHAnKynspHux ocein OX, OY, OZ y [ekapToBiil cuc-
TeMi KOOpAWHAT, TO BEKTOP LWBWAKOCTI 6 Mae TpWU CKNaZoBi VY,V

(man. 25.1). OTxke, KBagpaT BEKTOpa LUBMAKOCTI MOB’A3aHMiA 3 AOF0 KOMIMO-
HEeHTaMW TaKUM CMiBBiAHOLIEHHSM:

U2 =02 +U2+U?

Take X CniBBiAHOLUEHHA cnpaBes/n-
Be | 4N19 cepeaHbOro Keagpara LWBUAKO-

CTi: v2=Uv2+UV2+02.

BignoBigHO A0 Teopii MMOBIPHOCTI
PYX MOJIEKY/IN B3[0BX OAHI€ET BIiCi Mae
TaKy XX NMOBIpPHICTb, SIK i B3A0BX iH-
lIMX ABOX (TOGTO BCi TPM OCi € piBHO-

AIMOBIpHUMU), TOMY i#ix=# =iir, & OT- Man. 25.1. Mpoewyii BekTopa

wemakocTi U Ha oci cucTemm
Xe, LV2=302, 3BiKK: koopAuHaT
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§ 25. OCHOBHe PIBHAHHA MOJIEKYNAPHO-KIHETUYHOI Teopii igeanbHOro rasy

So

v =1p?

AL

MpunycTMMO, WO MOJSIEKYAN rasy
pyXxatTbCa Bif, OAHIET CTIHKW [0 iHLWOT
6e3 3iTKHeHb. Lle cnpouieHHs BHachi- VXAt
[OK BenuKoi KinbkocTi monekyn (N) i
Xa0TWYHOCTI 1X PYXY He BMAMBAE HA  Man. 25.2. MonekyM ifeanbHoro
TOYHICTb poO3paxyHKiB. [lig uac 3iT- rasy B3aeMOJiloTb i3 CTiHKamu
KHEHHS i3 CTIHKaMM NOCyAUHM MOJIEKY- EMHOCTI 3a 3aKOHaMW MexaHiKu
NN ifealbHOro rasy B3aEMOLiOTb 3 HU-
MM 33 3aKOHamy MexaHiku fK abCcontoT-
HO MpPYXHi Tina. Monekyna fie Ha CTiHKY i3 cwuioo F2, WO [OpiBHIOE 3a
TpeTiM 3aKOHOM HblOTOHA cuni FX, 3 SKOK CTiHKA NOCYAWHW fie Ha Mose-

Kyny i npoTunexHa i 3a Hanpsmkom. Hexail monekyna macoto T0 pyxa-
€TbCA 3i LWIBMAKICTIO 60 B HaMPAMKY CTIHKM NoCcyauHW, nnowla skoi SO
(man. 25.2). BignosifHO [O ApYroro 3akoHy HbKOTOHA iMMYy/bC CUK, 3 KO
MONEKYNN TUCHYTb Ha CTIHKM eMHOCTI: FAt =00 - ni0d0. OcKinbKn1 B3aEMO-
4if NpY>KHa, TO6TO MOAY/b LUBUAKOCTI HE 3MIHIOETLCA, a HanNpsMOK pyxy Mo-
NeKYN 3MIHIOETbCS Ha NpoTUneXHuin 0=-0Go, To FAt=n100 - m0G0=2m00 .

AKWO WBUAKICTb PyXy MONEKYAN HanpsMaeHa nif LOBibHUM KyTOM A0
CTIHKW, TO 3MiHa npoekKuii Ti iMNynbCy B3A0BX oci OX [A0opiBHIOE: FAt =2mO0Ox.
o6 obumcnMtn iMnNynbe CWUK, WO fi€ Ha CTiIHKY 3 BOKY MOJSIEKYN, Heob-
XiAHO nifgpaxysBaTu KinbKiCTb iX 3iTKHEHb 3i CTIHKOK 3a yac At. 3a ueii
4ac CTIHKW MOCYAMHN MOXYTb AOCATTV NALE Ti MOMEKYNU, AKi nepebyBatoTb
B 00’emi V =PBuyxAi .

OCKiflbKN B LbOMY 06’e¢Mi BifnoBigHO A0 Teopii WMOBIPHOCTI MOMNOBMHA

MOJEKY/T PYyXaeTbCA A0 CTiHKW, a iHWa — Bif HEl, TO KiNbKiCTb MOeKyn
Z, AKi BAapsaTbCca 06 CTiHKY 3a Yac At, JOpiBHIOBaTUME:

z= N =nV
2 2

N . B
[le N1 =— — KOHUeHTpauia monekyn, [l =1 m 3

MigctaBMBWIM 3HAYeHHs 06’eMy V y BMpas AN14 KifbKOCTI MOSeKkyn Z,
OAEPXKMMO PIBHAHHSA:
Z= mxJ&S_

OTXe BHACMIJOK MPYXXHOro 3iTKHEHHA i3 CTIHKOK EMHOCTI, MOJeKysna
nepegae i imnysbc:

FAt =2m0O«Z; FAt=2moOxnAtS "

Micna cnpoweHb cuna F, 3 AKOK Ail0Tb MOJIEKYNN HAa CTIHKY MO
S, [OPIBHIOE:
F =mnnS.
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OCKi/fIbKM LWBWAKOCTI MONEKYN Pi3Hi, TO KOPEKTHIlle BUKOPUCTOBYBATU
CepefiHE 3HAYEHHA KBajparta NPOeKLii WBUAKOCTI U2, CUMBO/ «—>» 03HA4ae
CepefiHE 3HAYeHHs BEeNYUHK.

F
BpaxyBaBwu, WO U2=—b2, a TACK p —, OLEPXKMMO BKPa3 OCHOBHOIO

piBHAHHA MKT rasis:
L 2
P=2fINL" .

Lle piBHAHHA € OCHOBHWMM PiBHAHHAM MOEKYNAPHO-KIHETUYHOT Teopii
iflealbHOro rasy.

OcHOBHMM piBHAHHAM MKT rasiB BCTAHOB/IOETLCA 3aNEXHICTb MK Ma-
CO0 MONeKkynn T0, CepefHbOID KBaAPATUYHOK LUBMAKICTIO (3, KOHLEHTpauito
MOMIEKYN N Ta TUCKOM, WO YMHUTbL a3 Ha CTIHKM MOCYAWHW, B fAKil Mic-
TUTBCA.

Lle piBHAHHA MOXHa nogatu i B iHWOMY BUINAA4i, BpaxyBasLuW, LWO

2 -
1 — 6 nnou 9 _
== abo: ==nkE
P 390 P 2 3n %

ABCOMIOTHA TemnepaTtypa — (i3nyHa cKanspHa Benn4mHa, sika
BU3HAYaETbCA CepefHbO0 KIHETUYHOKO EHEPrield XaoTMYHOro MOCTy-
NasibHOro pyxy MoJieKy/.

. 2 .
OcKifnbku p =§HEK, Je E 5kT’ MOXHa 3anucartu Lie O4MH BMpa3 OCHO-

BHOro piBHAHHA MKT rasis:
p=nkT,

[ep — TWUCK rasy; N — KOHLEHTpaLia MoneKyn ifieanbHoro rasy; k — crana
BonbumaHa; T — abconoTHa Temnepartypa rasy.

OcHoBHe piBHSIHHA MKT rasiB nigTBepaKye TOi akT, WO YMm 6GinbLii
Maca MOMeKyn i IXHI LWBMAKOCTI, a TAKOX KOHLEHTpaLis, TMM GifblniAi TUCK
BOHW YMHATb Ha CTIHKW MOCYAVHW.

B ocHoBHOMY piBHAHHI MKT rasiB yCcTaHOB/IIOETLCA 3B’A30K MIX J1IErKO
BUMIpIOBaHNUMYM BeIMYMHAMW MaKpPOCKOMIYHOIO napameTpa TUCKY i MiKpo-
CKOMIYHMMK NapaMeTpamu, TaKMMU SIK Maca OLHIET MOMEKYIN i X KOHLEH-
Tpavis.

! TonoBHe B UbOMy naparpadgi

CepefHs KBagpaTU4yHa LUBUAKICTb € XapaKTepUCTUKOK XaOTUUYHOrO He-
BMOPALKOBAHOr0 PyXy MOMEKy/N rasy.

PiBHAAHHA, L0 NOB’A3Y€e MIKPOCKOMIYHI NapamMeTpy MOMeKyn 3 MaKpOCKO-
MiIYHUM TUCKOM, HA3MBatOTb OCHOBHVM PIBHAHHAM MO/EKYNAPHO-KIHETUYHOT
Teopii rasi..



0}

3anuTaHHs As9 camonepeBipKu

(c).

(c).

(c).

(a).

(a).

(A).

(B).

§ 25. OCHOBHe PIBHAHHA MOJIEKYNAPHO-KIHETUYHOI Teopii igeanbHOro rasy

OpMW 3amnucy OCHOBHOTO pPiBHAHHA MKT rasis:

p =nnioce; p=- pu2 p=-nE% p=nkT.

Aka WBMAKICTb HA3MBAETLCHA CepefiHbOK KBaApaTUYHOH?

3anuwiTe i NOACHITb PI3UYHUIA 3MICT OCHOBHOrO PiBHAHHA MKT.

K 3anMcyeTbCs OCHOBHe piBHAHHA MKT uyepes3 cepefHiii KBagpar LLBWAKO-
CTi Monekyn rasy i Woro ryctuHy?

ki 0c06/IMBOCTI OCHOBHOIO piBHAHHA MKT i YoMy 1A0ro HasmMBarTb OCHOBHUM?

BnpaBa go § 25

YKaxiTb, SIK 3MIHATbCSA cepefHs KIHEeTUYHa eHepris XaoTUYHOro pyxy Mo-
NeKkyn rasy npu 36iMblUIEHHI M0ro KOHUEHTpauii B 2 pasun, SKWO cepegHs
KBagpaTuyHa LUBMAKICTb PYyXy MOMEKy/N rasy 3a/MWaeTbCs HEe3MiHHOK?
Bun6epiTb npaBubHY BiANOBigb.

A 3MeHWnTbCA y 2 pasu.

B 36inbwmnTtbca y 2 paswu.

B 3anuwmntbca He3MiHHOLO.

I 36inbwnTbCa y 4 pasu.

MikpockoniYHUMU napameTpamMu Ha3uBalTb BE/IMYMHW, SKi XapakTepu-
3yl0Tb CTaH:

A MakpockoniyHux Til 6e3 ypaxyBaHHS iXHbOT MOSIEKYNAPHOI 6yA0BW.

B MakpockonidyHux Tinl i3 ypaxyBaHHSIM TXHbOI MOEKYSApHOT 6yao0Bu.

B OKpemMux 4acTMH MakpOCKOMIYHMX TN i3 ypaxyBaHHSAM iXHbOI Mose-
KynsipHoOi 6ya0Bu.

I Byab-knx QisnyHMX Tin.

Y nepuiin nocyguHi MICTUTbLCA BOAEHb, Y APYFil — Taka cama KifibKiCTb
MOMEKYN KUCHIO. [OPiBHANTE TUCKM rasiB Ha CTIHKM MOCYAMHW, AKWO i
06’eM i Temnepatypa rasis OfHaKOBi.

A N =16" B p2=A&PA B pA=p2 [ pA=4pr

Y CKilbkKM pasiB 3MIiHUTbCA TUCK igeanbHOro rasy npuv 3MEHLLEHHI #o-
ro 06'emy BABiYi | 36iMblLIEHHI CepefHbOT KIHETUYHOI eHeprii Mosekyn
y 3 pasn? Maca rasy 3a/miimnnacs He3miHHOH.

A 36inbWwnTbCca B 3 pasu

B 36inbwutbea y 6 pasis.

B 36inbwuntbea y 1,5 pasa.

I 36inbwunTbCa y 2 pasw.

Bu3HauTe cepefHi0 KBagpaTWyHy LUBMAKICTb PyXy MONEKyn rasy, LWo
mMae macy 3 kr i 3alimae o06’em 5 m@Bnig Tuckom 100 Kla.

A 600 m/c B 723 m/c B 707 m/c T 750 m/c

Y CKifibkn pasiB 3MiHUTLCA TUCK OAHOATOMHOrO rasy BHaCNifoK 36inb-
LWEeHHs1 Moro 06’emy B 3 pa3u i cepefHbOl KIHETUYHOI eHeprii mone-
Kyn —y 2 pasu?

Cymiw rasiB cknagaetbca 3 50 I Mosiekyn asoTy i NeBHOT KiIbKOCTi MO-
NeKys Byrnekucnoro rasy. MonsipHa maca cymilli cTaHOBUTb 35 r/MOfb.
Br3HauTe Macy BYI/IEKMC/IOrO rasy B CyMillli.
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§ 26. PiBHAHHSA cTaHy ifeasibHOro rasy. I3onpouecu

»PiBHAHHA MeHpaeneeBa — KnaneiipoHa
» PiBHAHHA KnaneiipoHa
» I30npouecu

PIBHAHHA MEHOENEEBA — K/AMEMPOHA. CtaH rasy nesHoi Macu
MOBHICTIO BM3HAa4YeHWI, AKLWLO BifOMI #oro Tuck, TemnepaTypa i 06’em. L
BE/IMYMHN HA3MBAIOTb MaKpPOCKOMIYHMMMK MapameTpaMu CTaHy rasy. Y npu-
pofi 4acTo BifOyBalOTLCA MPOLLECH, KOMWU OLHOYACHO 3MiHIOKTLCA BCi TpU
MaKpOCKOMIYHI napameTpu rasy.

PiBHAHHS cTaHy igeaslbHOro rasy — pPiBHSAHHSA, LU0 BCTaHOBJIHOE
3B’130K MiXK MOro MakKpOoCKOMiYHMMK napameTpamMun — p,Y ,T.

PiBHSHHA CTaHy igaNbHOro rasy € ysara/lbHeHHAM AOCHiAHNX (akTis. Voro
MOXXHa BMBECTW 3 OCHOBHOIO pPiBHAHHA MKT. Bigomo, wWwo p =nkT . Omxe

p =N kT, 3BigKM: pV =NkT . 3aMiHMBLUM KifIbKiCTb MOMEKYN BMPa3oM
n .
N =— iVA, 0LepX1MO:
pV =— N .kT.
M

A

[obyTok Bigomux Bam cTanux: Asoragpo NA i BonbuMmaHa k € Tex cTa-
NIOK0 BENMUYMHOIO, SKY Ha3nBalOTb YHiBepcaslbHOH (MOMAPHOKD) ra3oBO CTa-
NOK0 | MO3HavaroTh NiTepolo R:

R =NAKk.

O6uncIMMO 3HaYeHHS YHiBepcasibHOI ra3oBol CTasoi:

R =6,02 1023—— 1,38-10-3— =8,31 [x_ .
MOJ1b K Mosib-K

OcCTaTo4HO 3arncyeMO PIBHSHHS, IKE MICTUTb NKLLE MAaKPOCKOMIYHI Xa-
PaKTEPUCTUKM Tasy i € HacMiAKOM OCHOBHOrO PiBHAHHA MKT. Moro Hasu-
BalOTb PIBHAHHAM CTaHy ifealbHOro rasy abo piBHAHHAM MeHaeneeBa —
KnanelipoHa:

m
V =—RT.
P M

PiBHAHHSA MeHpgeneeBa — KnanerpoHa € 3araibHAM PiBHAHHAM CTaHy
iflealbHOro rasy 6yfAb-AKOro XiMiyHOro cknagy i JOBifibHOT Macu ni. €4uHa
BE/IMYMHA B HbOMY, LU0 3aN1eXuTb Bif BMAY rasy, — L MonsgpHa maca M.

ni )
AKLW0 BpaxyBaTW, L0 FyCTWHA rasy p=—, TO pPiBHAHHA MeHaeneesa

— KnaneiipoHa Matume BUINAA: p:"\v-IRT
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§ 26. PiBHAHHA CTaHy igeaslbHOro rasy.

PIBHAHHA K/TAMENPOHA. a3 nocTiliHoi Ma-
CM MOXe nepebyBaTu B Pi3HUX CTaHax i3 Pi3HU-
MU MapameTpamu:

PA-=— R - PZVQ_—:/\ r.

n Mo M’

MpaBi 4yacTMHM 060X BMpasiB A5 rasy He-

3MIHHOT Macy OJHaKOBi, a OTXXe, MOXHa Npu-
PIBHATW 1A NiBi YaCTUHU:

PIVI. P2V2 360 =const.
A T2 T

PiBHSIHHSA CTaHy ifgeanbHOro rasy y Takomy
BMIrNaa4i 6yno 3anucaHe B 1834 p. paHLy3bKUM
(isukom b. T. KnaneiipoHom i oTpumano HasBy
piBHAHHA KnaneiipoHa (06’egHaHOro rasoBoro 3a-
KOHY).

Moro ¢isvyHunii 3micT Takuii:

nig vac nepexody rasy He3MiHHOT macu 3 0f-
HOr0 CTaHy B iHWMWA A06YTOK MOro TUCKY Ha
06°eM, NOAINEHWIA HA TepMOAMHAMIYHY Temne-
paTypy, € BEANYMHO CTanoto.

PiBHAHHA CTaHy [ae MOXJ/MBICTb BU3HAUUTU:
OAMH i3 MaKpockoniuHmx napametpis (p, V, T),
3HaKumn ABa iHWi; 3MiHY MaKpOCKOMIYHMX napa-
MeTpiB ifeanbHOro nig yac nepebéiry gisnyHmx
MPOLECIB Y CUCTEMI; 3MIHY CTaHy CUCTeMu Mig,
4yaCc BMKOHAHHA Heto poboTn abo OTpUMAHHA Te-
NAoTK Bif HABKOJIULLIHIX Tif.

Jlnwe 3a TUCKY B COTHi aTMocdep Ta 3a TeMm-
nepaTyp 3pifg>KeHHA rasy (BHacMifoK 3Ha4HOI cu-
NN B3aEMOSiT MONEKyn) BifXWNEHHA Bif pe3y/ib-

TaTiB 064MC/EHb 3a PIBHAHHAM CTaHy iea/lbHOro rasy CTatoTb iCTOTHUMMW.

AMmntpo MeHpaenees
(1834—1907)

dpaHuy3bknii hisnk
BeHya KnaneripoH
(1799—1864)

I3onpouecn

ISOMPOLECIK. TMpouecom y MONeKynspHin isnui HasmBatoTb Mepexig cuc-

TEMW 3 OfHOrO CTaHy B iHWMWIA. [pouecn, AKi BigOyBatOTbCA 3a HE3MIHHOIO
3HAYeHHS1 OAHOro0 3 MaKpPOCKOMIYHMX napamMeTpiB MEBHOrO ifeanbHOro rasy

NOCTIHOI Mack m Ha3MBarlOThb i3onpouecamy (Bif rpew. i3oc — piBHWUIA, of-

HaKoBWIA).

I3onpouecn BCTaHOB/MIOKOTL 3a1EXHOCTI MiX ABOMa MaKpOCKOMiYHUMMU

napameTpaMu rasy, AKWO TPETil — He3MIHHWUIA.

KinbKicHi 3a71eXXHOCTi MK [BOMa napameTpamu rasy 3a (pikcoBaHoro 3Ha-

YEHHA TPETbOro Ha3MBakdTb Fa3oBMM 3aKOHOM.

OcCKinbKM XO0AeH i3 napamMeTpiB rasy He mMoxe 6yTu CTPOro (hikCcoBaHuM,

TO Gy[Ab-AKWIA i30Mpouec € Aewo igeanizoBaHuM.
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Mpouec 3MiHM CTaHy TepMOAMHaMiYHOT cUCTeMM 3a MOCTIlHOI
Temnepatypu HasuBawTb i30TepMmiyHMM (m = const, M = const,
T =const).

AKWO A0 i30TEPMIYHOIO MpoLecy 3acTocyBaTU PiBHAHHS cTaHy Knaneii-
POHa, TO, 3 ypaxyBaHHAM He3MiHHOCTI TemnepaTypu, BOHO Habyae BUTNALY:

PiVi P72’ A .
p2 Yi’

Takuin 3B’A30K MIXX TUCKOM Ta 06’€MOM rasy MneBHOI Macu 6yno ekcne-
PUMEHTA/IbHO OfepPXXaHO aHrnincbkuMm isukom P. boiinem (1662 p.) we go
CTBOPEHHSI MOJIEKYNAPHO-KIHETUYHOT Teopii i He3aleXXHOo Bif HbOro (paH-
Ly3bkum isnkom E. MapiotTom (1676 p.).

3akoH bolina — MapiortTa:

Onsa igeasbHOro rasy neBHOi macu (He3MIHHOT KifIbKOCTiI PeYOBUHN)
3a NOCTINHOI TemnepaTypu TUCK rasy J06YTOK TUCKY Ha 00’eM nu-
LIAETHCA He 3MIHHUM.

pV =const; T =const.

Lleir 3aKOH, SIK i iHWI ra3oBi 3aKOHW, € HacNigKOM PIBHAHHS CTaHy ife-
aNbHOrO rasy W iCTUHHWUIA Ana Oyab-AKWMX rasis, AKi MOXHa BBaXatu ige-
aNbHUMK, a TaKoX Ana ix cymiwei (Hanpuknag, nositTps). 3 MeTow nig-
TPUMaHHS CTanoi TemnepaTypu rasy MnoTpibHO, LWO6 BiH Mir 0bmiHloBaTMCA
TEN0TOK 3 BE/IMKOK CUCTEMOKD — TepmocTaTtoM. Ponb TepmocTaTa MOXe
BigirpaBaTy atmocdepHe NOBITPS, SKLLO AOro TemnepaTypa NOMITHO He 3Mi-
HIOETLCA BMPOLOBX Mepebiry npouecy.
const

Uacro 3akon Eoﬁnﬂ—MapiOTTa 3anucyloTb y Burnagi p = . pa-

(iYHY 3aNeXHICTb MDK MaKpOCKOMIYHMMM napameTpamu He3MiHHOT Macu
rasy 3a ymosum T =const Ha3MBalOTb i30TepMON0. Y cucTemi KoopauHat pV
BOHa  300paxaeTbCs Yy  Buraagi  rinep6onn  (nopiBHAkTe 3

— —

1 >
T 712 T

a) 6) B)
Man. 26.1. [pagiku i30TepMu: a) y KoopauHatax pV,
6) y koopanHatax VT, B) y koopgauHatax pT
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§ 26. PiBHAHHA CTaHy ifeasnibHOro rasy. Isonpouecwu

y—i(lvmn. 26.1, a). Pi3HMM Temnepa-

Typam BiZnoBiJalTb Pi3Hi i3oTepmMn —
YMM BMLLA TemnepaTtypa, TUM BULLE Ha
KOOPAMHATHIV NNoWwmHI pV po3TalloBa-
Ha rinep6ona (T2 > Tr). Lle KopucHO
3HaTW Nif 4ac po3B’A3yBaHHA rpafiy-
HUX 3afau.
Ha koopauHaTHUX nnowwmHax pT i
VT i30TepMun 306paXyroTbCs NPAMUMY,
nepneHavKyNsapHUMKU [0 oci Temneparyp Man. 26.2. YCTaHOBKa 19
(man. 29.1, 6, B). I30TepMi4HNM MOX-  MepeBipky 3aKOHY Boiins — MapiotTa
Ha BB&XaTW NPOLEC CTUCHEHHS MOBITPSA
KOMMPecopoM abo po3LUMPEHHS Mif, nopLu-
HeM Hacoca rasy B pe3ynbTati Bigkauy-
BaHHA #Oro 3 nocyauHu (Man. 26.2).

I1306apHum (Big rpey. 6apoc —
Bara) € npouec, AKuii BigbyBaeTbCA
3a MOCTiAHOro TUCKY (m =const,
M =const, p=const).

Lleir 3akOH ycTaHOBMB ekcrepuMeH- — Man. 26'3- r@“
TanbHo y 1807 p. dpaHuysbkuit yue- B'pKV' 3aK°Hy re”'ﬂ oCas "
Huin Teli-/occak. Mpuknagom i3obap-

HOro npouecy € HarpiBaHHA abo OXONOMKEHHA rasy B LMAIHAPI Mif Hesa-
KpinjaeHUm nopwHem (man. 26.3).

Buxogaun 3 piBHAHHA KnanelipoHa 3a yMOBM MOCTIAHOTO TWUCKY o0Aep-
XNUMO

=const ab0 —=— npu p = const,
o P pu p
TO6TO 06’€M rasy MiHiliHO 3aNeXWUTb Bif TemMMepaTypu 3a CTaioro TUCKY:
V =const -T.

3akoH [eii-Jlroccaka:

ANS ifeanbHOro rasy neBHOI Macu 3a MOCTIAHOrO TUCKY BifHOLUEHHS
ioro 06’emy O TemnepaTypu 3a/MLWLIAETLCA HE3MIHHUM.

?:const; p =const.

EkcnepumeHTa/IbHO MNepeBipUTU Leld 3aKOH MOXKHa 3a J0MOMOrow npu-
CTPOIO, WO € B GaraTbox KabiHeTax (i3MKW, — CKASHOI KOO i3 3irHyTOH
TPYOKOI0. Y ropu30HTa/IbHIM YaCTWHI TPYOKM € Kpanns piguHu, fka BijoKpeMm-
Ntoe ra3 y Konbi Big atMocthepHOro nosiTpsa. AKWO Nigirpit kondy (MoxHa
 pykamu), TO Kpanns pigvHU 3MICTUTbLCA BMpaBo, TO6TO 06°eM rasy, AKuUi
MIiCTUTBLCA B KON6I, 36IMbLUNTLCSA, @ TUCK 3a/IMWNTLCA PIBHUM aTMOCHEpHOMY.
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Man. 26.5. padiikn i30XOpHOro npouecy
a) y koopauHatax pT\ 6), B koopauHaTax VT\ B) y koopauHaTtax pV

Ipahik 3anexHoCTi 06’eMy ifeanbHOro rasy Big TemnepaTypu 3a NocTil-
HOro TUCKY € NPAMOIO JiHIED, AKY Ha3mBaloTb i306apoto. Ha man. 26.4, a)
300paXxeHO ABi i306apn B KoopAMHaTax VT 3a Pi3HUX 3HA4YeHb TUCKY pri p2

(Pi <P:)- Ha man. 26.4 6), Ta 26.4, B) HaBefeHO rpadiku i306apHOro npo-
Lecy B koopamHaTax pT, pV, Ta VT.

I30xopHMM npouecom (Bif rpey. xopemMa — MICTKICTb) € Npo-
LleC 3MiHW CcTaHy TepMOAMHAMIYHOI CMCTEMM 3a MOCTINHOrMO 06’emy
(n =const, M =const, V = const).

3 piBHAHHA cTaHy KnanelpoHa BunnuBae, 3akoH Lllapns:

[ns igeansHOro rasy neBHOT macu (He3MIHHOT KiNbKOCTi peyvoBu-
HW) 3a NOCTIAHOrO 06’€My BifHOLIEHHS TUCKY rasy fo ioro temnepa-

TYPU NULIAETLCA HE3MiHHUM (—=const, V =const).

Y 1787 p. Leii ra3oBuii 3aKOH eKCrepuMeHTabHO BCTaHOBUB (paHLly3b-
Kuii gisnk X. LWapne.

"pathikoM 3aneXXHOCTi TUCKY Bif TemnepaTypu 3a MOCTIMHOrO 06’emy €
npsiMa niHiga, aKy HasuBalTb i30xopoto. Ha man. 26.5, a) B KoopauHartax
pT 300paXeHO ABi i30X0pW 3a Pi3HUX 3Ha4yeHb 00’emy Vt Ta V2, npuyomy
V1<V2 Ha man. 26.5, 6) B HaBefieHO rpadiiku npouecy B koopamHatax VT ipV.
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§ 26. PiBHAHHA CTaHy ifeasnibHOro rasy. Isonpouecwu

Ma30Bi 3aKOHW i TX rpaiyvHi intocTpauil JatoTb 3MOry BMBYATU [OBIfIbHI
TEepMOAUHaMIYHI npoLecn 3 igeasbHUM ra3oM.

! TonoBHe B UbOMYy naparpadgi

MiX MakpocKoniyHvMM napameTpamu rasy (TUCK, 06’em, Temnepatypa)
iICHYE 3B’A30K, KW BU3HAYAETHCA PIBHAHHAM CTaHy.
Yci fjocutb pospimkeHi rasu (ifeanbHi) Nignarat0Tb PiBHAHHIO CTaHy

MeHgeneesa — KnanelipoHa: pV =2"RT.
PiBHsIHHA cTaHy KnaneiipoHa (06’€qHaHOrO ra3oBOr0 3aKOHY):
PA P22

3a [onoMOroK PiBHAHHA CTaHy ifeaslbHOro rasy MOXHa [O0CNifXKyBaTu
isonpouecu:
— i30TepMiyHMiA, 3akoH bolins-MapioTta: pV =const; T =const;

. o o V
— i306apHuiA, 3akoH [eir-Jltoccaka: —=const; p =const;;

— i30X0pHUiA, 3aKoH Llapnsa: ~ =const; V =const.

? 3anuTaHHa Ana caMonepeBipKku

1 Ulo Take napameTpu cTaHy cuctemMn? $ki BEMUYMHU [0 HUX HasexaTb?

2.  BuBepgitb piBHAHHA MeHgeneeBa — KnaneipoHa gns [OBiNbHOI mMacu ige-
anbHOro rasy.

3. BuBegitb piBHAHHA KnanelipoHa. K BOHO (DOPMY/IOETLCA?

YoMy [OpiBHIOE yHiBepcanbHa rasoea crana B Cl?

5.  dkuii npouyec HasMBawTb i30TEPMIYHUM? HAKUM 3aKOHOM OMUCYETHLCH LEN
npouec? £k hopMyntoOTb | 3anncyoTb LEeli 3aKoH?

6. 306pasiTb i NOACHITL rpaddiky i30TEPMIYHOro npolecy.

7. Sknii npouec HasuBalTb i306apHMM? FAKWIA 3aKOH OMUCYeE i306apHuMiA Npo-

uec? CdopmynioiiTe i 3anuuliTb Lein 3aKkoH?

306pasiTb i NOACHITL rpadiky i306apHOro npouecy.

9. fkuii npouec Ha3uBaloTb i30XOPHUM? FKWIA 3aKOH OMWCYE I30XOPHMUIA MNpo-
uec? CcdhopmynioiiTe i 3anuwiTb LEiRn 3aKoH?

10. 3o06pasiTb i NOACHITL rpadiikm i30XOPHOro npouecy.

Ea

©

BnpaBa go § 26
1 (c). fka 3 (hopmMyn € piBHAHHAM CTaHy igeaslbHOro rasy?

A p="-nn0& B p="~p02 B pV ="-RT T p=nkT ="-nEK
p Onm p OPU p M p=nkT L p O”

2 (c). MpoaoBxXiTb TBEPAXEHHS: «[lif Yac BUTIKAHHA rasy 3 6GasioHa...»:
A 3MeHLWyeTbCca 1ioro 06’em.
B 3MEeHLLYeTbCSA MOro TUCK, OCKISIbKM 3MEHLUYETbCS KOHLEHTpauisi Mo-
nekyn.
B 36inblUyeTbCA MOro TUCK, OCKiNIbKM 36iNbLIYETLCA CepefHs KiHeTUYHA
eHepris pyxy Mosekyn.
I 3MeHLWyeTbCA 1A0r0 Temnepartypa, OCKi/IbKM 3MEHLLYETbLCS MOro maca.
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PO3AIN 2. MONEKYNAPHA ®IBNKA TA TEPMOAWHAMIKA

3 (). Ha mantoHky nogaHo iszonpouec (man. 1).
BkaxiTb, Ha SsKOMY 3 MasltoHKiB A—/[] 306paxKeHo e
Xe i3onpouec, ane B iHWNX KOOpAUHaTax.

MantoHOoK.
[o 3agavi 3
A B I il
Ap
IP\Z 2 1 1 2
LV
0 \ I -L

4 (n). BkaxiTb, SIK 3MIHIOETbLCA TWUCK rasy Mig 4Yac i30XOPHOr0 OXOMOMKEHHS
Ta Yomy Ue BigbyBaeTbCs:
A 306iNbLIYETLCA, OCKINIbKA 36iNbLUYETLCA KOHLEHTpALi MOJIEeKyn rasy.
B 3MeHLWYETbCA, OCKI/IbKM 3MEHLUYETLCA cepefHs KiHeTUYHa eHepris
MOJIeKyn rasy.
B 36inblIyeTbCA, OCKi/IbKM 3MEHLWIYETLCA CepefHs KiHeTUYHa eHepris
Mosiekyn.
" 36iNblYETLCA, OCKIIbKM 3MEHLIYETLCA 06’eM rasy.

5 (m). Mpn sAKin TemnepaTypi cepedHsl KiHETUYHA eHepris NOCTynasibHOro Pyxy
Mosiekyn rasy gopisHioe 6,21 m 1O/ Ox?

6 (4). Ska KiNbKiCTb PEYOBUHU MICTUTLCA B rasi, SKWwo npu TUcky 200 kMa i
Temnepatypi 240 K lioro o6’em popisHioe 40 n?

7 (4). Hkmin TMCK NOBITPS, WO nepebyBae B 6GanoHi MicTkicTio 20 n npwm
12 °C, akwo maca uboro noeitpa — 2 kr? MonspHa maca nosiTps
0,029 kr/monb.

8 (B). Y rymosiii kyni mMictutbca 2 N noBiTpA npu Temnepartypi 20 °C i Hop-
Ma/lbHOMY aTMOC(epHOMY TUCKY. HAKnii 06’em 3alime MOoBITPs, SAKWO
Kynio 3aHyputn Ha 10 m y Bogy? Temnepatypa Boau ctaHoButb 4 °C.

MPAKTUKYM 13 PO3B’A3YBAHHA ®IBNYHWNX 3AO0AY Nee

3anucaBLUM OCHOBHe PIBHAHHA MOJMEKYNAPHO-KIHETUYHOI Teopii ifeasbHo-
ro rasy 1a MeHgeneeBa — KnaneipoHa, L0 XapakKTepu3ye pi3Hi 1Oro craHu,
MOXHa po3B’A3aTn Maike 6yab-AaKy 3afavy 3 MOSMEKYNAPHOT (i3nKN.

3afadi, B AKMX 00YMCMIOIOTLCA MapaMeTpu Pi3HUX CTaHiB ifeasbHOro ra-
3y, MOAINAIOTL Ha [Ba OCHOBHI Knacu. [0 mepwioro — Hanexartb Taki, B
AKX POo3rnafatTbCs KinbKa CTaHIB rasy i"pCTiiHOI Macu i 40 AKMX MOXHa
3acTocyBaTV 06’efHaHWIA ra3oBuii 3akoH " - =const. [pyruii Knac yTBopto-

IOTb 3afadi, Ae AOCNiMKYTbCA npouecn 3i 3MiHHOK Macoto rasy. [lig vac
X pO3B’A3yBaHHA BUKOPUCTOBYBATW 06’¢4HAHWI ra30BuUiA 3aKOH HeeqeKTuB-
HO, a MOTPIGHO 3acTocoByBaTW PiBHAHHA MeHaeneeBa — KnanepoHa.

AKLLO 33 YMOBOK 33fadi JOCNIMKYOTbCA ABa CTaHW ifeaibHOro rasy He-
3MiHHOI Macu, To Ansa Ti po3B’A3yBaHHS 3aCTOCOBYHOTb TaKWUIN a/lrOpPUTM:

— MpoyYnTaBLWK YMOBY, MOTPIOHO YCBIZOMUTW, KW ra3 bepe yyacTb y
TOMY YW iHLIOMY MNpoueci, i NepekoHaTucd, WO nig yac 3MiHW napameTpis
CTaHy ioro maca nocTiiiHa,;



§ 26. PiBHAHHA CTaHy ifeasnibHOro rasy. Isonpouecwu

— Ha CXeMi, AKLL0 Le MOX/IMBO, MO3HAYUTKU Pi3Hi CTaHW ifeanbHOro ra-
3y, BKasaBlIM napametpu p, V, T, WO iX XapakTepusytTb. BusHauntu 3
YMOBW 3afavi, AKUI i3 TPbOX NapameTpiB € MOCTINHUM i 3a SKUM rasoBuM
3aKOHOM 3MIHIOHOTLCA iHLWI. YacTo 04HOYaCHO MOXYTb 3MIHKOBATUCA BCi Na-
pametpy —p, Vi T;

— 3anucatu piBHAHHA 06’€4HAHOrO rasoBOro 3aKOHY A/ [BOX CTaHIB.
AKLWO AKWIN-Hebyab napaMeTp 3alMWAaETbCA HE3MIHHUM, BOHO aBTOMATWYHO
TpaHC(OPMYETLCA B OAMH i3 TPbOX 3aKOHIB: boins — MapioTTa, Ieli-Jlroccaka
a6o Lapnda. AKWwo X ras noMiweHo B LUUAIHAPUYHY MOCYAWHY i ioro 06’em
3MIHIOETBCA NULLIE BHACNIAOK 36iMbLLEHHA UM 3MEHLUEHHS BUCOTWU LMNIHAPA,
piBHAHHA KnanelipoHa noTpibHO 3anucyBaTh y BUTNAL:

Pik P24.
T T

— BUpasMTK napameTpu pu Vt, p2 Vaudepe3 3agaHi BennyuHu. o6 06-
YMCNUTW TUCK, AKWIA ra3 YMHWUTb Ha MOBEPXHIO PIAWMHK, 4acTO [LOBOAWUTLCS
3anuncyBatu PiBHAHHA piBHOBaru, BMOpaBLUM 3a MOYATKOBUI PiBEHb BIANIKY
rpaHuLto, AKa BifOKPEM/IIOE 1Oro Big L€l pignHu;

— 3anucartu JONOMDKHI YMOBM 11 pO3B’A3aTu OfjepXKaHy CUCTEMY PiBHSAHb
BiZIHOCHO HeBifOMOT Be/IMUNHN.

AKWO B 334a4i po3rnffanTbCA NPOLEcKH, NoB’dA3aHi 3i 3MiHOK CTaHy ABOX
abo TpbOX rasis, BifJOKPEMSIEHUX OAMH Bif OQHOrO PYXOMUMM MepeTUHKaMm
abo AKi YTBOPIOKOTL MEBHY CyMilll, TO 3a3HayeHi BULLe AiT NOTPiIGHO BUKOHATM
ON151 KOXHOTO rasy OKpemo. P03B’A3ytoum 3afadvi 3 BUKOPUCTAHHAM rasoBux
3aKOHIB, PEeKOMEHAYETbCA OMepyBaTW /uLle 3HAYeHHSIM abCoOMOTHOI Temne-
paTypu, BUPaXeHNM 3a LKanow KenbBiHa.

AKLO B YMOBI 3afadi po3rnsgaeTbCs MAMlle OAMH CTaH rasy i MoTpPiGHO
BM3HAYMTL HeBigoMuiA napameTp abo XX HagaHO ABa Oro CTaHW, TO MOTPI6-
HO BCTaHOBUTW, AKI rasum 6epyTb yyacTb Y AOCANifKyBaHMX npouecax, Ans
KOXXHOro 3 CTaHiB CKfacTu piBHAHHA MeHaeneeBa — KnanelipoHa, Bu3Ha-
4YnTK 0OLATKOBI YMOBW Ta PO3B’A3aTU OfepXKaHy CUCTEMY PiBHAHb BigHOCHO
LWYKAHOT BENNYUNHWN.

Y KOMG6IHOBaHMX 3afavax, Ae PO3rNAfacTbCs MeXaHiYHWA pyX NOCYAWHU 3
rasom, PiBHAHHSA ra3oBOro CTaHy [OAAl0Thb [0 BifOMUX PiBHAHb KiHEMATUKW.

Mpuknagn po3s’a3yBaHHA 3ajad
3agava 1. CepefHs KBajpaTuyHa LUBUAKICTb MONEKYN [LeAKOro rasy cra-

HOBUTL: V ? =450—. Mpn ubOMy ra3 CTBOpOE TUCK 50 kIMa. 3HailTu ryc-

TUHY rasy.

[JaHo: Po3B’A30K

A7 =450 Tuck rasy BU3HA4aeTbCA 3a (POPMYNOK OCHO-
e BHOIO PiBHAHHA MONEKYNAPHO-KIHETUYHOT Teopii:

p =50 KMa = 5404 Ma | =?T§W:§H% (1), A€ N — UCO MOneKyn

B 04MHMLI 06’eMy; TO — maca OfHiel MOJIEKYN.
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Bigomo, wo BennumHM niT 0 NOB’A3aHi MiX CO6GOK CMiBBiAHOLUEHHAM:

. 2 p 7oU" pu2
=—=— _ Togai piBHAHHSA (1) MOXXHa 3anucatn Tak. p =—
f Tn Al'p 1) P 310 2

ngg: 3-5-t04lMa =0, 74K,

3BifKM 3HaX04MMO
L2 450—450— M

BignoBsige: p= 0,74%r .

3agaya 2. CKinbKW MONeKyn MnosiTpA MICTUTLCA Y KiMHaTi 06’eMOM
240 w3 3a Temnepatrypu 15 °C i tucky 10s Ma?

JaHo: Po3B’A30K

V1= 240 m3 o6 BukopucTaTn 06’€fHAHWMIA ra3oBMin 3aKOH
Ti =288 K MOpPIiBHAEMO CTaHM Macu NoBiTpA 3a 3agaHux (plt Vu
pl-ro; 12(;5:,)“}? Tr) i HopmanbHuX (p0, VO, TQ) ymoB. Togi P'Vi—P 1

pO=1,01105a (1). OcKinbku 06’€M MOBITPS 33 HOPMATbHUX YMOB

po = 1,29 kr/ms . m .
fopiBHIOE VO=— (po — rycTuHa NOBITPS 3a Hop-
Po

M =29.10~3- A - _
MOJ1b MafbHUX YMOB), PiBHAHHSA (1) MaTume BWIAsA
PIVI Pom H .
N A=6,02-102 - , 3BIAKM:
MO/b FoPo
N -?
m = Pi™iroPo
TiPo

3HalgemMo, CKiNbKW MOJeid peyoBUHW MICTUTLCH B LiA Maci nosiTps:
_ Tix p "VATgPq

= Seemeeeo- . OCKinnbKn 1 mMonb 0yab-AKOro rasy MiCTUTb YWCI0 Morfe-
M TiPOM YA y

Kyn, [OPIiBHIOE MOCTIiWHIA ABoragpo NA, TO

105Ma -240m3-273K-1,29 "
N =yNA= TR0\ ooy = M i6.102
Pora 288K-1,01-105Ma-29-10
MO/b

Bignosigb: JV*e -HO27.

3agava 3. MNocepefunHi BigkayaHoro i 3anasgHoOro 3 060X KiHUIB Kaninis-
pa, po3TaLlOBaHOro roOPU3OHTA/ILHO, 3HAXOAUTLCA CTOBMYUK PTYTI LOBXMHOKO
20 cM. AKWio Kaninsap NocTaBuTV BEPTUKabHO, TO CTOBMYMK MEpPeMiCTUTLCS
Ha 10 cm. [o fiKoro TMUCKy 6yno BigkayaHo Kaninap? Voro foBXuHa — iM .
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JaHo: Po3B’a30K
I=20cm O6’eM MOBITPA 3 KOXHOI CTOPOHW Bif CTOBNYMKA PTYTI
Al =10cMm npy rOpu30HTa/IbHOMY MOJIOXKEHHI Kaninapa (Man. 1) cra-
L =i HOBMTb: VO=Sh , ge S — nnowa oro nornepeyHoro nepe-
, pisy, h=——=0,4M. TUCK Y LbOMY MONOXEHHI [OPIBHIOE
R~ :
p0. AKWo Kaninap po3ralloBaHoO
h+Al
BepTMKaIbHO, TO 06’€M NOBITPS B Oro BepXHiii
4yaCTUHI piBHMiA V1=S(h +Al) , a Tuck — pl
Ockinbkn T = const, To 3a 3aKoHOM bonng — hM
MapioTtta Vp0=VIp1l abo
hPo =Pi(h +2) (1). Man. 1. Ao 3agavi 3

TWUCK p2y HWKHIM YaCTUHI Kaninsapa ckna-
[aETbCA 3 TUCKY MOBITPA py i TUCKY CTOBNUMKA PTYTi p. TOA4i AN HWKHbLOT
yacTuHKu kaninapa hp0=(pl+p)(h-Al) (2). Po3B’a3ytoum cUCTEMY PiBHSAHb
Q) i (55', 3Haifnemo pO=P-£b-'-AD-(-h-T-'9‘-I-) . 3a ymoBOK 3afadvi‘p = plghy =
=200 mmMm pT. cT. = 26,6 klMa. Togi obumcnoemo: p0 = 50 klla.

Bignosigb: p0 =50 kla.

3agaya 4. 3 MeTOH 3aHYpPeHHs i CNAMBaHHA NiABOLHOrO YOBHA BUKOPMUC-
TOBYIOTbCA [Ba CMOMyYeHUX MK COB0K pesepByapa. Y 3aHypeHOMY CTaHi
OAVH i3 HMX EMKICTIO V 3anOBHEHWIA BOAOKD, a iHWMWIA eMKicTIO V1 — cTuc-
HEHVM NOBITPAM. AKUM Mae 6yTW MiHIMasbHWUIA TUCK MOBITPSA, LWO6 Nif vac
nigioMy 4oBHa 3 rMMOWMHM H BOHO MOBHICTIO BUTICHWMO 6 BOgy 3 6anacTHoOl
Kamepn? ATMOCHEPHUIA TUCK — HOPMasibHWiA, 3MIHOIO TeMnepatypy nosiTps
Mig Yac pPO3LUIMPEHHS 3HEXTyBaTu.

JaHo: P03B’A30K
V, Vup,, p AKLWO 3’e4HATN pe3epByapn MidXK COO0HD, TO CTUCHEHE MNo-
5 BITPA, WO MICTUTbCA B APYromy pesepsyapi, OyAe posiun-

— proBaTMCA i BUTICHATMME BOLY 3 6a1aCTHOI Kamepy Ha30BHI.
OckinbkKM Maca i Temrepatypa CTUCHEHOro MOBITPA He 3MIHKKTLCHA, TO
36i/bLIEHHA Oro 06’eMy npuBefe 4O 3HMXEHHS TUCKY. BpaxoByroun BKa-
3aHi BuLLE YMOBW, Mif 4ac PO3B’A3yBaHHA 3ajayi BUKOPUCTOBYEMO 3aKOH
Boiina — MapioTTa.

Hexail py i V1 — TUCK i 06’€M CTUCHYTOro MOBITPA [0 PO3LUMPEHHS,
p2i V2 — KoM BOHO, BUTICHMBLUM BOZy, 3aliMe 06uaBa pesepByapu. Tog:
pN1=p2/2 LWob6 BUTICHUTW BOAy 3 6GanacTHOI Kamepwu, MOBITPS Mae nepe-
6yBatu nig TUCKOM, 6ifblMM abo PIBHUM FigpoCTaTUYHOMY Ha FAN6UHI H,
TOOTO: p2=pa+pgH , Ae p — rycTMHa MOpcbKoi BoAN. OBUMCNOEMO 06’eM
v2=v,+ V.

MigcTaBnsitoum Bupasu p2i V2y dopmyny 3akoHy boins — MapioTTa,
O[IEPXXMMO Take PiBHSAHHSA ras3oBoro craHy: p°Vy= (pa+pgH)(V1+v ). 3Bigku

NMOYaTKOBUIA TUCK y pe3epByapi i3 CTUCHEHVWM MOBITPAM Mae [OPiBHIOBATU:
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v +y

Pl= - (P a+pgH).

Bignosigp: p1=V1 v (pa+pgH).
M

3agava 5. Hakpecnutu isotepmu 0,5 r BogHO ans temnepatyp: a) 0 °C;
6) 100 °C.

JaHo: Po3B’A30K
T=0,5r=0,5-10 3kr a) i3 piBHAHHA MeHaeneesa — KnaneipoHa 3Ha-
T =273K xognmo pV =1 RT1=567 [ . 3anexHicTs TUCKY
T2=373 K
. , . 567
Kr Bifl 06’eMy BMPaXKaeTbCA (DOPMYJIOHD: p =
M =2-11
MO/IbH
p(V)~? " PATIa
6) aHanoriuHo: pV =—- RT2=775/ . 50—
. ) 40- N1 =373 K
3anexHicTb TUCKY Bif 06’EMY BUPAXKAETh- 30-
775 20.
ca qopmMynoto: p =— . 10-T = 273
oitrrrrrrmrrrrrrrlr=
Topai i30TepMn MatOTb BUINAL, AK Ha 15 30 45 60 75 90
man. 2.

Man. 2. I3otepmu 0,5 r BOAHIO

3agava 6. Ha mMantoHKy B KoopAuHaTax pV 300paXeHO 3aMKHYTWIA raso-

BuiA npouec (uunkn) (man. 3). MobyaysaTtu Lel UUKN Yy KoopauHatax VT ipT.
Po3B’A30K

MpoaHanisyemo npouecu, ski BifgbyBarOTHCA 3 ra3oM.

Mepexig 3i cTaHy 1 B cTaH 2 Bi4NoBigae i30XOpHOMY npouecy, TUCK 36i/b-
LUYETbCS Bif pX A0 P2 3p03yMifio, WO TemnepaTypa TakoX 30iMbLUyeTbCA.

Mepexig 3i cTaHy 2 y cTaH 3 — i30TepMivHe PO3LIMpPEHHS rasy Bif V2ro
V3 TUCK Npu LpOMY 3MeHLUYeTbCA Bif p2 ao pt lNepexig 3i cTtaHy 3 B cTaH
1 Bignosifgae i306apHOMY CTUCKaHHIO Big V3 [0 V2, npuyomy T!< T3

Mobyayemo et umkn y koopauHatax VT (man. 4).

Ninia 1—2 306paxae i30X0pHWIA Npouec, NpuyoMy TemnepaTypa 3pocTae
Bif, Tt o T2 JliHia 2—3 306paxye i30TepmivyHe po3LWMpPeHHs Big V2 1o V3
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§ 26. PiBHAHHA CTaHy ifeasnibHOro rasy. Isonpouecwu

Ninia 3—1 —i306apHuii npouec. (MpooBXeHHS Wiel NiHIT NOBUHHE NPOWATH
yepe3 Mo4aToK KoopamHaT!)
Ha man. 5 nokasaHo Ueli npouec y KoopauHaTax pT.

1 (c).
2 (c).
3 (c).
4 (o).
5 (c).
6 (c).
7 (c).
8 (4)-

9 (M)

10 (a).

11 (m).

12 (a).

13 (A).

14 (a).

15 (a).
16 (4).

17 (a).

18 (4).

19 (a).

3agavi gnsa camoCTIiliHOro po3B’'sA3yBaHHA
3HaiaiTe Macy ofHIEl MONEKynM BOAHIO.
CkinlbkM MOSiIekyn BOAM MICTUTbCA B kpanni macow 0,02 r?
BusHauTe cepefHio KBaApaTWUHy LWIBUAKICTL MOSIEKY/T KACHIO 3a Temne-
patypn 20 °C. 3a fIKoi Temnepatypu BOHa fdopiBHioBaTtume 500 m/c?
BusHauTe cepefHI0 KIHETUYHY €eHeprilo LUboro rasy 3a Temnepa-
Typ -273 °C i 1000 °C.
A30T macot 2 r nig Tuckom 0,2 MMa 3aiimae 06’em 820 cm3. HAka ioro
Temneparypa?
BanoH 06’'emom 12 n 3anoOBHEHO a3oToM nig Tuckom 8,1 Mlla 3a Tem-
nepatypyn 17 °C. fka maca a3oTy MICTUTbCA B GasloHi?
Hakpecnitb rpachikn 3anexHocTi TUCKY Big 06’emy ans: a) isoTepmiy-
Horo; 6) i306apHOro Ta B) i30XOPHOr0 NPOLECIB.
O6’eM Ky/nbkv MOBITPA Nif Yac cnavMBaHHA i i3 AHA 03epa Ha NOBEepXHI0
36inbWwMBCA B TpU pasn. fka rambuHa osepa?
Y 3aKynopeHiii NocyauHi EMKICTIO 1 1 MiCTUTbCA 12 KI KMCHIO. 3HalgiTb
noro TuckK 3a Temnepatypu 15 °C.
Kncenb macow 10 r mictutbea B 6anoHi nig tuckom 0,303 MMa i 3a
Temneparypu 10 °C. [Micna HarpiBaHHA 3a MOCTIAHOIO TUCKY BiH 3aiHsB
06’em 10 n. 3HaifiTb NoyaTKkoBWiA O6’€EM i KiHLEBY TemnepaTypy rasy.
I3 6asioHa 3i CTUCHEHUM BoAHEM €eMKicTio 10 51 BHACMiAOK NOSIOMKM
BEHTWIA BUTiKae ras. 3a temnepatypu 7 °C maHoOMeTp iKCye TUCK
5 MMa. /oro nokasHWKM 3anMwalTbCa HEe3MIHHUMM i 3a Temnepartypu
17 °C. BusHauTe Macy rasy, WO BMWTIK 3 6asoHa.
B o03epi Ha rnbuHi 100 m 3a TemnepaTypu 8 °C nnaBae rymoBa TOH-
KOCTIHHa noBiTpsiHa kyna Macoto 40 r. BusHauTe Macy noBiTps B Hii,
AKLWO aTMOCIepHUii TUCK cTaHoBUTbL 99,7 Kla.
Y 6anoHax o6’emaMu 2 i 6 1 MICTUTbCA OAHOPIAHWIA ra3 mnig TUCKOM i
Bi4NOBIAHO. FAKMIA TUCK BCTAHOBWUTLCA B GanioHax nicsisa ixX 3'€QHaHHA 3a
o4HakoBOI Temneparypu.
BiakpuTy 3 060X KiHLiB CKASIHY TpyobKy OOBXWMHOK 1 M [0 MOSIOBUHMU
3aHypIOOTh Yy pTyTh. MOTIM 3aKprBaloTb BEPXHIil KiHeub TPYOku i Buiima-
I0Tb 3 pTYTi. O6YMCNITL BUCOTY PTYTHOrO CTOBMNYMKA, SIKUIA 3a/ULLINTLCSA
B Hill. ATMOCoepHUiA TUCK CTaHOBUTb 750 MM pT. CT.
3HangiTb ryctmHy BoAHK 3a Temnepatypu 10 °C i tucky 97,3 «lla.
a3 macot 12 r 3aiimae o06’em 4 n 3a Temneparypu 7 °C. [licna i3o-
6apHOro HarpiBaHHs Moro ryctuHa crtaHoBuTb 0,6 kr/m3. o siKOi Tem-
nepatypy Harpito ras?
|oeansbHUiA ra3 3a3Hae cnovartky i30XOPHOr0 OXOSI0[)KEHHS, a NoTiM i30-
TEPMIYHOro CTMCHeHHs. 306pasiTb L npouecu B KoopguHataxpT, VT,
pV 3a ymoBu, wo pl=p3
Mpn 36inbleHHi TUcky B 1,5 pa3n 06’em rasy ameHwmBcs Ha 30 M.
Bu3Haute 10Oro no4yaTKoBUNA ) i ,
06’em. A ] 1
Y cKinbkn pasiB 3MiHUTbCA TUCK AV ey 1
noBiTpA B UMAiHAPI (Man. 6), sk- i
WO nopweHb nepemicTUTU Ha
1/3: a) nisopyy; 6) npasopy4? Man. 6
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20 (A).

21 (O).

22 (p).

23 ().

24 (B).

25 (B).

26 (B).

27 (B).

28 (B).

29 (B).

30 (B).
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Mnowa nopwHsa (ave. man. 6) fopiBHIOE 24 cM2, 06’eM MOBITPSA B LU-
niHgpi 240 cm3, a TUCK AopiBHOE aTmocdepHomy (100 kMa). Aky cuny
HeobXxigHO npuknacTn, Wo6 yTpumMyBaTu MOpPLIEHb Nicns Woro nepe-
MILLEHHS1 Ha 2 cM: a) niBopydy; 6) mpaBopyy?

MopiBHANTEe napameTpu B Toukax A i B (man. 7):

a) TMcK; 6) 06’em; B) TemnepaTtypy.

Y kimHaTi 06’emom 60 M3 BunapyBasiM KparnsvHy napdymis Macoro
0,1 wr. CkinbkM MOJieKy/l apomMaTU4YHOT PeyvyoBMHU NOTPanse B JiereHi
NOAVHU Nig Yac KoXxHoro noauxy? O6’eM MOBITPSA, WO BAMXAE NiogvHa
nig yac ogHoro noauxy, 1 am3. MonspHa maca napdymis 1 Kr/Mofib.
Y 6anoHi mictutbCcsa ras npu temnepatypi 15 °C. Y ckinbkn pasiB 3MeH-
LWnTbCA TUCK rasy, akwo 40 % ioro Buiige 3 6as0Ha, a Temneparypa
npy UbOMY 3MeHLWUTLCA Ha 8° C?

Kpuctanmn KyxoHHOI coni SBMsTb C060K KyBiyHYy cucTemy, B SKil
Nno 4ep3i pO3MilWeHi iOHM HaTpito Ta xiopy. 'ycTuHa coni CTaHOBUTL
2200 kr/m3. YoMy AOpPIBHIOE BiACTaHb MiXX LIEHTPaMM HanbMK4YnX ioHIB?
O6’em noBITPA B KiMHaTi cTaHOBWUTbL 100 M3, Aka Moro maca Buiiwna 3
Hel nig yac nigBuweHHA Temnepatypw Big 10 go 25 °C, Akwo aTtmoc-
doepHuii TUCK gopiBHioe 102 kMa.

MpoaHanisyiiTe 3MiHY MakpOCKOMNiYHMX napame-

TpiB rasy B KOXHOMY 3 i3onpouecie (Man. 8) Ta

306pasitb uynkm B p{T) Ta V{T) koopaunHaTax.

MAsAWKy HaNOBHWAW Ta3oM | LWiNbHO 3aKpuin

KOpKOM, Wo mae nepepis 2,5 cMm2. [lo sKoi TeMm-

nepatypv cnig Harpitu ras, o6 KOpOK BWMeTiB

i3 MAAWKKM, SKWO cwuia TepTa gopisHoe 10 H?

MouaTkoBWiAi TWCK rasy B NASLWILi AOPIBHIOE aT-

mocdpepHomy 100 klMa, a Temnepartypa -7 °C.

TOHKY UMNIHOPWUYHY CKISIHKY Macow 50 r cTas-

NATb OOropM OHOM Ha MOBEpPXHK BoAW | Bep-

TUKa/IbHO 3aHyploloThb Yy Hel. BucoTta CKAgHkn —

10 cm, a nnowa gHa — 20 cmM2 Ha Ky MiHi-

Ma/ibHy rMGUHY Tpeba OonyCcTUTU CKASHKY, LWOo6

BOHa novana TOHyTU? ATMOCEPHUIA TUCK CTa-

HoBUTbL 100 klMa, TMCKOM napiB BOAW Y CKSHLI

i TOBLUMHOK Ti CTIHOK — 3HEXTyBaTu.

Komnpecop 3abupae 3 noBiTpsA LWOCEKYHAN 3 N Man. 8
NOBITPS, WO HaaxoaaTb A0 6anoHa eMHIicTio 45

N. Yepes ckiflbkn yacy TUCK B GasoHi 6byge ne-

peBuLLyBaT aTmocdepHuii y 9 pasiB? lMoyaTkoBuiA TUCK Y GasioHi Ao-
PiBHIOE aTmocdiepHOMy.

MouaTkoBWiA TUCK Yy MocyanHi gopiBHIOE 100 kMa. HAkiM cTaHe TWUCK Yy Ui
nocyamHi micns 5 xodiB NOpPLUHEBO BigkadyBasibHOro Hacoca? O6’em pob6o-
4yoi kamepu Hacoca B 10 pasiB MeHLUMiA 3a 06’emM MOCYAUHM.
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BVKOHYEMO HABUYA/BHWIA MPOEKT PA30OM
Y MonekynspHiin @iy Ta TepmoauMHamiui € 6arato HanpamiB Ta
Hepo3B’A3aHMX MpPo6/seM, 40 BUPILLEHHS AKUX BU MOXeTe [O0/lyYMTUCS, BU-
KOHYHOUM HaBYasibHi NPOEKTU. [PONOHYEMO BaM TEMATUKY MPOEKTIB, pe3y/ib-
TaTV AKUX MOXYTb CTaTu OCHOBOK AN NOJANbLUMX AOCIIKEHb, @ MOX/NBO
i NMPaKTUYHUX piLLEeHb.

BiTunsHaHI Ta 3apy6ikHI (i3vKK, AKi 3p06wunM BaroMuii BHECOK Y pPO3-
BUTOK YYEHHS MNpo Tennory.

CyuacHi 3HaHHsA npo 6yA0BY PEYOBUHU Y PO3BUTKY TEXHIKM Ta TEXHOMOT M.

AK BumipaTy Temnepatypy CoHus Ta 3ip.

3HayeHHs BOJIOrOCTi MOBITPA ANS XKUTTELIANBHOCTI NIOLUHN.

KaningpHi sBuwa B XXUTTELIANBHOCTI Giocdepw.

MexaHiuHi Hanpyru B XXMBUX OpraHismax.

Piaki Kpuctanm Ta X BUKOPUCTAHHA.

Monimepn Ta HaHoMaTepiann B CyYaCHUX TEXHOMOTIfX.

TennoBi Hacocu AK NEPCNEKTUBHI TeMnsoBi MallUHK.

BupiweHHs ekonoriyHmx npobsem BMKOPUCTAHHS TEMJ0BUX MaLLUUH.

BUABNAEMO MPEAMETHY KOMMETEHTHICTb (Nee)
1 (n). Aknin i3 HaBegeHNX HWxYe hakTiB abo ABMW, € HaWbiNbWw HaoYHMM f,0-
CNiAHUM NiATBEPAKEHHAM PyXy MOsekyn?
A ICHyBaHHS1 TBEpAMWX Tif.
B BUHWKHEHHSI CWM MPYXHOCTI y BUNaaky Aedhopmadii TBepanx Tin.
B BpOYHIBCbKUI pyX.
Ir CnocTepiraHHA aToMiB i MOMEeKysl 3a 40MNOMOrO ONTUYHOIO MIKpO-
ckona.

2 (0). YcTaHOBITb BIAMOBIAHICTE MiX (DISMYHMMU BEMUYMHAMMW, Ta XapaKTepuc-
TMKaMU, Bifl SIKWX BOHW 3asiexaTb:

1 CepegHsi KiHeTMYHa eHepria A 3anexuTb Bif Temnepatypu ra-

0[HOATOMHOrO rasy 3y Ta Macu MOJeKyn
Tuck igeanbHoro rasy B 3anexutb nmwe Big 06’eMy Aa-
CepefHa KBajpaTuyHa LIBUA- HOI mMacu rasy
KICTb MOsieKkysn rasy B 3anexuTb TiNbku Big Temnepa-
KoHueHTpaLis monekyn rasy Typu
I 3anexuTb TiNbkM Big Macu MoO-
nekyn
O 3anexuTb Big TemnepaTypu Ta
06’emy
3 (n). YcTaHOBITb BigNOBIAHICTb MK ra3oBVMM 3aKOHOM Ta MOro MareMaTU4YHUM
BMPA30M:
1 3akoH boitna — MapioTta w
2 3akoH leii-/lioccaka A pV==—RT r~ ¥
- M I 4
3 3akoH KnaneripoHa
4 3akoH Lapns B Pii =Pry2 Pr
A ¥
g Pii Py 2
7, T
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4 (n). CepefHs kBagpaTvyHa WBKAKICTb PyXy MOJSIEKY/ ifealbHOro rasy 3MeH-
Wwurnack y 2 pasu, a KOHUEHTpauia He 3MiHWIacb. YKaxiTb npaBusibHe
TBEPLKEHHS.

A TucK rasy 3ameHWnBca Ginblie HX Yy 3 pasu.

B CepefHs KiHeTM4YHa eHepris Mosiekyn rasy 3MeHwuiacb y 2 pasw.
B A6contoTHa Temnepartypa rasy He 3miHunacs.

" Tuck rasy He 3MiHMBCS.

5 (c). Y gBOx nocyauHax 3a o4HaKoBOI TemnepaTtypy MICTATbCA BYI/1€KUCAWiA
ra3 CO2i kuceHb 02 lasm MOXHa BBaXaTu iAeaslbHUMU. YKaxiTb npa-
BU/IbHE TBEPKEHHS.

A CepepfHi KBagpaTuyHi LWUBUAKOCTI Pyxy MO/EeKys NoB’si3aHi ChiBBigHO-
LUEHHAM 7 oos > 562 .

B CepepgHi kBagpaTuuiHi LUBUAKOCTI PyXy MOMEKY/N MOB’sAA3aHi CMiBBigHO-
LWEeHHAM 0D0o82<062.

B CepefHi KiHeTW4YHi eHeprii Monekyn MoB’sA3aHi CniBBiAHOLWEHHSAM

" CepepHi KiHETWMYHI eHeprii MoNeKy/ MoB’A3aHi CMiBBigHOLEHHSAM
6 (c). Ha mantoHky nogaHo rpaddik 3asexHocTi 06’emy
NeBHOI mMacK igeasbHOro rasy Bif Temnepatypu.
YKaxiTb nNpaBusibHe TBEPMXKEHHS.
A [inaHka 1—2 rpacpika Bignosigae i30XOpHOMY
NPOLLECOBI.
B dinsHka 2—3 rpachika Bignosigae izo6apHomy 0
NPOLLECOBI.
B finaHka 3—4 rpadiika Bignosigae i3oTepmMiyHOMY
NPOLLECOBI.
I OinsHka 4—1 rpacpika Bignosigae i306apHOMY MPOLLECOBI.
7 (c). Ha pucyHKy 306paxeHo rpadiik, Ha sikomy noga-
HO ABi i30X0pu O1s ABOX ifdeanbHUX rasiB. YKaxiTb
npaBu/ibHE TBEPXKEHHS.
A dAkwo Ta= T, i ras3m ogHakosi, To Va>Vh.
b fAkwo Va= Vbi rasn ogHakoBi, TO Ta< Mrb.
B Akwo Ta= TbiVa= Vb 10 Ma> M,,.
I Akuwo Va=Vbi rasu ogHakosi, To nia>nib.
8 (c). Ha masitoHky B koopguHatax p, T 306paxeHi rpadi-
KM npouecis, WO BigbyBalTbCA 3 igeaslbHUM ra3om
nocTiinHOT macu. Akuii i3 rpadikiB Bignosigae i3o-
XOPHOMY OXOJIO[DKEHHIO?

A B B r
Mpadik 1 Ipachik 2 pachik 3 Mpadpik 4

9 (c). Bu3HauTe cniBBigHOLWEHHSA abCcoMOTHUX TeMmnepa-
Typ T1li Tr noBsiTpa Tiei camoi macu B cTaHi 1 2

(MastoHOoK). Pl

A ) B
T=08T T=08T T=125T T ="5T 0 >T
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10 (). Y TOBCTOCTIHHOMY MeTasieBOMy 6asioHi MICTUTbCA KMCeHb macow 16 1
nig Tuckom 106 Ma. BiH 3aiimae 06’eM. a3 MOXHa BBaXaTu igeasibHUM.
YKaxiTb npaBu/ibHE TBEPXKEHHS.
A Temnepatypa kucHio MeHwe 300 K
B CepegHsa KBagpaTvyHa LWBMAKICTb PyXy MOSEKY KMUCHIO Ginblue 500 m/c.
B Akwo BigdyaeTbCA BUTIKAHHSA KUCHIO, TO 06’€M rasy 3MeHLUUTbCS.
I Akwo BigbyaeTbCsl BUTIKAHHA KWCHIO, TO TUCK rasy He 3MiHUTbCS.
11 (O). AS30T MicTUTbCsi B 6anoHi 06’emom 50 N1 nig Tckom 15 atm i 3a Temne-
patypy 27 °C. CKinbku MO/eKyn asoTy MICTUTbCA B 6asioHi? BBaxalite,
wo 1 atrm ctaHoBuTb 105 Ma.

A B B r
6,0 m10B 1,9 =102 1,8 m10Z 1,8 m105
MOEKYN MOJIEKY MOJIEKYN MONeKyn

12 (o). $Hka maca monekynu OkcureHy? (iVA= 6,02 1023 monb-1)?
A b B r
16 m10-ZB kr 32 m10-ZB kr 2,7 m10-B kr 5,3 m10-B Kkr

13 (). BwusHauTe 06’eM asOMiHIEBOrO UMNiHAPaA, AKUA MicTUTb 3 - FO 24 aToMiB.
Crana Asoragpo popiBHoE 6 - O 23 M0onb-1; MOnsipHa Maca Ta rycTuHa
a/IlOMiHIl0 cTaHOBMATL BignosigHo 2,7 m10~2 kr/monb i 2700 Kr/m3.

A B B r
5 cm3 15 cm3 50 cm3 486 cm3

14 (n). Skum mae 6yTM HalmeHWWid 06’em GanoHa, WO MICTUTb 6,4 KI KWUCHIO,
AKWO Aoro CTiHKM npu Temnepatypi 20 °C BUTpUMYOTb TUCK 15,7 MMa?

15 (g). Bwu3HauTe rycTuHy cymiwi 4 r BOAHIO i 32 T KACHIO 3a Temnepatypu
7 °C i Tnucky 93 kia.

16 (o). a3 npu Tucky 0,2 MMa i Temnepatypi 15 °C mac 06’em 5 n. Yomy
OOpiBHIOE 06’eM rasy L€l Macu 3a HOpMaslbHUX YMOB?

17 (B). EnekTpuuHy namny 3aHypunu y Bogy Ha rnambuHy 1 m. [llicns Toro sk
Big1amanim LLOKO/Ib flaMnu, Yy ii NOPOXHUHY yBinwno 448 r sogn. BusHa-
yTe MoYaTKOBUIA TUCK MOBITPS B Hil. EMHICTb 6a/l0Ha Namnu A0PIiBHIOE
0,5 n. ATmocdpepHuii Tuck nositps — 105 Ma.

18 (B). Cymiw rasy cknagaetbcsa 3 30 I a30Ty i AesKOI KiNbKOCTi BYrfeKMCoro
rasy. MonsipHa maca cymiwi gopisHtioe 32 m10~3 monb. 3Haigitb macy
BYI/IEKMC/IOTO Tasy B Hiil.

19 (B). TMoBiTpsiHa Kyns HanoBHeHa reniem. BuaHauTe 1 pagiyc, wWob6 kyns mo-
rna nigHATMCA y NOBITPA, SAKWO 1 mM27i 060/10HKM mMae macy 50 I Tewm-
nepatypa nositpa 27 °C, a Tuck 105 lMa.

20 (B). Y uuniHgpi nig nopwHem nnouweto 100 cm2 i macow 50 Kr MicTUTbCA
noBiTpss npu Temnepatypi 7 °C. lNMopweHb po3TalwoBaHWA Ha BMWCOTI
60 cm Big gHa uuniHgpa. MosiTps B uuniHApi HarpiBatoTb go 47 °C, a
Ha nopLlleHb KnaayTb BaHTax mMacow 100 k. BusHauTe, Ha CKinbku i B
AKOMY HanpsMKy (4Oropu yv [OHWU3Y) NepeMicTUTbCA nopleHb? ATMO-
cpepHuii TUCK cTaHoBMTL 100 KkMa. TepTAM NOPLIHS 06 CTiHW UMAIHAPY
3HexTyBaTu.
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§ 27. BunapoByBaHHsA. BnactuBOCTi HacM4eHOT Ta HeHacU4YeHOoT napu

» BunapoByBaHHA
» KoHaeHcauis
»HacuueHa i HeHacuyeHa napa

BUMNAPOBYBAHHA. Monekynu piguHn nepebysaiotb y 6e3nepepsHOMY
Xa0TUYHOMY pyci. [edKi 3 HWUX, NOTPanifym Ha i1 NOBEPXHIO, MOXYTb
3aNULLIAaTU PIAVHY | Nepemiwatnca y npocTip Hag Heto. CyKYMHICTb MOJIEKY
Haz, NMOBEPXHEN PigUHWN YTBOPIOE Napy.

FABNMLLE Mepexoay PiagnHM B napy HasnMBaloTb MapOyTBOPEHHSIM.

MapoyTBOPEHHSA 3AINCHIOETLCA ABOMAa Crocobamm — BUMAPOBYBAHHAM i
KUMIHHAM.

BunapoByBaHHA — MapOyTBOPEHHS, LU0 34ilACHIOETLCA 3a 6yab-
SIKOI TeMnepaTypwu 3 BifIbHOT MOBEPXHi PiguHN.

OcCKifNlbKN 3 PigUHN Mig Yac BMMapoBYBaHHA BWAITAlOTb HalWBUALWI MO-
NeKynu, TO CepefHA LWBUAKICTb PyXy TUX, LU0 3a/IMLLMANCA, 3MEHLLYETLCA.
MpoLec BUNApOBYBaHHA PIAVMHN CYMNPOBOMKYETLCA MOT/IMHAHHAM EHepril.
BignosigHo, nig 4Yac BMNapoByBaHHs Temnepatypa piAvHN 3HUXKYETHCA.

BunapoByBaHHA Mae BeNMKe 3HAYEHHA B XUTTI MOAMHM | TBapuH. Voro
YCKNAaLHEHHSA MOPYLUYE MPOLEC OXONOMKEHHA TiNa i MOXKe Npu3BecTy Ao ne-
perpisaHHA. icna KynaHHA NOBEPXHA TiNna MOLNHA OXONOLKYETLCA Yepes
BMMapOBYBaHHA BOAM 3i LWIKipW (MpW LUbOMY BifUyBaETLCA MPOX0/04a, i Mno-
BITPA 3[AaETHCA XONMOAHILLUM, HDXK BOAQ).

3aBAsKM TOMy, WO 2/3 noBepxHi 3emni BKpUTO BOAOVWMaMu Ta MOCTIMHO
Bif6yBalOTbCA MPOLLECU BUMNAPOBYBAHHA, NIATPUMYETLCA TEMI0BUIA GanaHc
HaLloT niaHeTw.

XapyoBi NPoAYKTN NepeBo3AThL Crnelia/lbHUMK TPaHCNOPTHUMK 3aco6amum,
06/1alHaHMWN XOJTOANIBHUMW MPUCTPOSMU, B PO6OTI AKUX BUKOPUCTOBYETbL-
CA BMNApOBYBaHHA PigKoro amiaky abo ABOOKMCY BYI/ELLO.

Y MICUEBOCTAX i3 XapKMM KiiMatoM BOAYy HamaratoTbCsl 36epiratu y
NOPUCTUX TNIMHAHMX MOCyAMHaX. Bofa, npoco4vyrouuch Kpisb Mopu Takoi
NnocyauHW, BWUMApPOBYETHLCS, | B Pe3ynbTaTi LbOro MOCyAuHa Ta BOAa B Hil
3a/MLLIAKTLCA NPOXONOAHUMW.

IHTEHCMBHICTb BUNAPOBYBAHHA 3aneXUTb Bif: NAOLWi BiAKPUTOT NOBEPXHI
PigMHN (UM 6inblUa NOBEPXHSA, TUM 6inblua KifibKiCTb MOMEKYNn BUNITaE 3
Hei), Temnepatypu (i3 MiABULLEHHAM TemrepaTtypu MNpOLEeC BMNApPOBYBAHHSA
Bifl6YBaETLCA IHTEHCKBHILIE) Ta 30BHILLHIX YMOB. Hanpuknag, Bam BifoMO,
WO Y BITPAHY CyXy NOrogy Mokpa 6ifiM3Ha COXHe 3Ha4YHO LUBMALLE HIX Yy 6e3-
BITPAHY norofy nicns gouwly. LLUBMAKICTL BMNApOBYBaHHA 3a/M1eXXUTb TakKoX
Bif, NPMPOAM PEYOBMHM, L0 BMNAPOBYETHCA. 30KPEMA, BOAA BMMAPOBYETLCA
LWBMALLE 3a ONit0, ane CnMpT — WBKUALLIE 38 BoAy. Lie MOACHIETLCA PiSHUMM
cunamy B3aEMOZIT MDK MONeKynamy HasBaHWX PEeYvOBMH.
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§ 27. BunapoByBaHHA. BnacTMBOCTi Hacu4eHoi Ta HeHacu4yeHoi napu

Jocsig nosoauTh, WO BMMApoOBYBaTUCA MOXYTb | TBepai Tina. Hanpu-
Knag, nif, KW yTBOPMBCA Ha Kankoxki NOCTynoBo 3HMKae. Mpouec BMnapo-
BYBaHHA TBEPAMX PEUYOBMH Ha3MBalOTb CybnimMalieto.

KOHAEHCALIA. Y npoueci XaOTUYHOro pyxy AesKi MONeKynu, Wwo Mmic-
TATbCA Y Mapi, MOXYTb MOBEPHYTUCH Y PiANHY — BiaOyBaeTbCs KOHAEHcaLis.

Mpouec nepexogy MOJEKY/ 3 Mapy B PigvHY Ha3nBakTb KOHAEH-
cauieto.

KoHpeHcauito BOAAHOT napu BM MOXeTe crocTepiratv nig 4vac i 0Xoso-
[OKeHHA. Hanpuknag, yniTky, KOW Hajgedip NoBiTPA CTae NPOXOJIOLHUM,
BOAAHA Napa, L0 MICTUTLCA Y HbOMY KOHAEHCYETLCS, YTBOPHOKOUM KpaninH-
KW poCM Ha POCAMHaX, a Hafj NOBEPXHEH 03epa MOXEMO CcrnocTepiratm siK
CTENNTLCA TYMaH — MasieHbKi KpananuHky Bogu. Hapg noBepxHer BOAW, WO
KUNUTb, CKaXXIMO, B YailHWKY, TaKOX YTBOPHOETLCS TymaH. BogasHa X napa,
O MICTUTLCA B NOBITPi, — HEBUAMMA.

KoHpeHcauisa napu cyrnpoBOMKYETLCA BULINEHHAM eHepriil. LM nosicHio-
ETbCA TOW (haKT, L0 ogpasy nicna Aowy cTae fewo Tensiwe.

HACUYEHA TA HEHACUYEHA MAPA. TpoLec napoyTBOPeHHS Bif0YBaETLHCH
OJHOYaCHO 3 MPOLEecOM KOoHAeHcauil. [eski MOMeKynu 3anmlatoTb MOBEPXHIO
pigvHK, iHWI nosepTatoThca. OAMH i3 LMX MPOLECIB MOXEe MepeBaXkaTv Haf iH-
WM. Hanpuknag, SKLW0 3a/IMWNTK CKNSAHKY 3 BOLOK Ha CTOf, TO Yepe3 AesKuii
yac piguHa NOBHICTIO MePeTBOPUTLCA Ha Mapy. Y UbOMY BUNAaAKYy mpoLec napo-
YTBOPEHHSA NepeBaXkae Haj KOHAEeHCaUieto. FAKLLO0 X EMKICTb Oyfe 3akpuToHo,
TO pifvHa B Hiil 36epiraTMmMeTbCs AOBOMI AOBIO — MPOLIECU NapOyTBOPEHHS Ta
KOHZeHcaLlii 3piBHOBaXKeHi. Takuii CTaH Ha3vBatOTb AMHAaMIYHOK PiBHOBArOHO.

[OnHaMi4yHO piBHOBAroK HasMBalThb CTaH, 3a SKOr0 KiNbKiCTb
MOJIEKY/, LU0 NepexoAsiTb 3 PiAMHM B Napy, AOPIBHIOE Ki/IbKOCTI MO-
NeKyn, WO Nepexogsitb 3 Napu B PiguHy.

Hakpremo nocyauHy, WO MICTUTb piguHY i napy. Yepes Aeskuin yac mix
PIAVHOIO | Mapok HacTaHe CTaH AMHaMiIYHOT piBHOBarn. KinbKiCTb MOMEKy,
Lo MepexofaThb i3 pifMHM B napy 3a NeBHWIN Yac, AOpiBHIOBATUME KifIbKOCTI
MOJIeKYN, AKi MepexofAaTb i3 mapu B piAguHY (KOHAeHcaT) 3a TOW caMuid yac.

Omxe, Mig yac AMHaMIYHOI piBHOBarn y nesHOMY 06’€Mi 3a NeBHOI Tem-
nepatypy He MoXe 6yTu BMILLeHO 6ifibLLOT KifIbKOCTI napu, HiX €.

Mapy, Wo nepebyBae B AMHaMIiYHilA piBHOBa3i 3i CBOEK PigMHO0,
Ha3MBaKTb HAaCUYEHO. FAKLLO X MPOoLec NapoyTBOPEHHS MepeBaXae
Hafl KOHJeHcaljielo, TO Mapa € HeHaCU4eHOoH.

Pe3ynbTaTh CnocTepeXeHb CBiAYaTb, WO TUCK i FyCTMHA HEHaCU4YeHOI
napu 3sanexatb Bif PevyoBMHKU, 3 AKOT BOHA CKNAfaeTbCA, TemrepaTypu, a
TakoX 06’eMy, B AIKOMY napa MiCTUTbCH.

OTXe, y neBHOMYy 06’€Mi 3a MEeBHOI TeMnepatypu He MOXe MiCTUTUCS
6iNbLUOT KiNbKOCTI Mapwu BiAMOBIAHOT PiAWHN.

TemnepaTypy 3a AKOT napa CTaE HaCUYEHOW HasnMBalThb TOUKOK POCU.
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PO3AIN 2. MONEKYNAPHA ®IBNKA TA TEPMOAWHAMIKA

! TonoBHe B UubOMy naparpagi

CyKynHiCTb MOMIeKyn, WO nepebysatoTb Y NPOCTOPI Haj PigUHON, Ha3u-
BalOTb Maporo, a NpoLec nepexoay PiAvHW y CTaH napu — rnapoyTBOPEHHSAM.

MapoyTBOpeHHs BifbyBaeTbCs ABOMa crnocobamy — BUMNAPOBYBaHHAM i
KUMIHHAM.

BunapoByBaHHS — MapOyTBOPEHHS, WO BifAbyBaeTbCs 3a OyAb-gKOi Tem-
nepatypu 3 BifIbHOT MOBEPXHI PignHK.

Mapy, WO nepebyBae B TeMMOBiA AWHaMiYHIA piBHOBA3i 3i CBOEHD pian-
HOI, Ha3MBaKOTb HAaCcMYeHOK. [YCTMHA | TUCK HAacU4eHOi mapy 3a He3MIiHHOT
Temnepatypu € BeMYMHaAMKU MOCTIRHUMMU.

? 3anuTtaHHa 4N caMonepeBipKku

Lo HasuBalTb MApOYyTBOPEHHSM; KOHAEHCALli€l0; BUMAapOBYBaHHAM; Mapok?
Ha3BiTb YUMHHWKK, Bif AKUX 3a/1€XNTb IHTEHCUBHICTb BUMAPOBYBAHHS PigNHN.
MosACHITL, YOMY Nif, Yac BUNAPOBYBAHHA piAWHK i Temnepartypa 3HUXKYETbCS.
AKy napy HasuBalOTb HACUYEHOH); HEHACUYEHOH?

ki BNacTMBOCTI MalwTb HacuyeHa i HeHacuyeHa napu?

gk wNp

8§ 28. Bonoricte noBiTpAa Ta ii BUMiptOBaHHSA

»BonoricTb noBiTps
»MNpunagn gna BUMIpHOBaHHS BOMOrOCTI

BOJIOTICTb MOBITPA. 13 noBepxHi BOZOVM, BOMOrOro rpyHTY, SINCTKIB
POC/IVH, NereHiB i LWKipKn TBApWH Ta NIOAMHU B aTMoctepy 3emsi BUNapo-
BYETbCA BeNMYe3Ha KiNbKiCTb BOAAHOI napy (1014 T/piK) i MaiXe CTiNbKM X
BOAW BUNafae y Burnsagi onagis. Tomy atmocgepHe noBiTpS, WO € CYMILLLLIKO
pisHMX rasis (a3oTy N2— 78%, KuCHIO 02— 21%, IHEPTHMX rasis, BOAAHOI
napu), 3aBXAW MICTUTb | BOAAHY napy. Xouya BMICT BOAAHOI napu B atmoc-
(hepi 3HAYHO MEHLUMIA MOPIBHAHO 3 IHLWMMMW CKNafoBUMMK, NPOTe 11 3HAYEHHS
NS KUTTELIANbHOCTI BCbOr0 XKMBOrO Ha 3eMHili NOBEPXHI BenMyesHe.

Mpouecn BMNApOBYBaHHSA BIIMBAKOTL TAKOX Ha OPraHiaM OAVMHU, WO
cknagaetoca Ha 80-90% 3 Boan. 3a ofHy [00y (3a/1eXKHO Bif, POAY 3aHATH)
i3 MOBEPXHi LWKIpX i NnereHiB NOAVHW BUMNAPOBYETLCA MaidXe 2 KI BOAW.
Lle BKasye Ha BefiKe 3HA4YeHHA BOMOrOCTi HABKOMWULIHLOIO MOBITPA ANA
300pOB’A i camonouyTTa NANHU. Tpusane nepebyBaHHA B Tenjaomy W BO-
NOroMy MoBITPi NopyLlye Tenn1006MiH B opraHismMi. JlloguHa cTae B’Anoto, i
npawesfaTHICTb 3HMKYETLCA. BaXknvBe 3HaYeHHA Mae BOMOTICTb A8 XKUT-
TEAISNBHOCTI TBAPWMHHOIO i POCAMHHOINO CBITY, MPOLECIB CYLIiHHSA BMpOGIB
Towo. KOHTpOnb i NiATPMMaHHSA HeoOXiAHOT BOMOrOCTi BaXKMMBI TaKOX Ans
30epiraHHs KHWUr, TBOPIB MUCTELTBA, MY3UYHUX IHCTPYMEHTIB, Xap4yoBMX
NPOAYKTIB, 0BOYIB, (PPYKTIB TOWO. 3 METOK MigTPMMaHHA Heo6XifHOI BO-
NOrocCTi KOPUCTYHOTLCA Npunagamu, SiKi 380/I0KyH0Tb ab0 OCYLUYHOTb MOBITPS.

[Ons xapakTepucTMKU BMICTY BOAAHOI Napu B MOBITPi BUKOPUCTOBYHOTb
Taki BeNMYMHW: abCcontoTHa Ta BifHOCHA BOJOTICTb.
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§ 28. Bonorictb NoBIiTPA Ta il BUMiIpHOBaHHSA

ABCONOTHA BO/OTICTb JOPIBHIOE Maci BOAAHOT Mapu B 0AHOMY KyBiYHOMY METpI
noBiTpA (rycTvHa BOAAHOT napu). ABCOMOTHY BOONICTb MO3HAYa0Th MasIoH rpeLb-

KOO IITEPOI0 P (UMTaEeTbCa «po») r/m3 [p] =1Vp .

OcKinbKn 3a abCOMOTHOI BOJOTICTHO HE MOXKHA 3p0OWUTM BMCHOBOK MpO
Te, HaCKifIbKM BOAsHa napa Hab/mxeHa O HACUMYEHHS, Ha NPakTULi BUKO-
PUCTOBYIOTb LLE OfHY BeSIMYMHY — BIifIHOCHY BOMOriCTb MOBITPA. BigHOCHY
BOJIOTiCTb NO3HAYalOTb MASIOK FPELLKOI NTITEPOID ¢ (UNTAETHCA «(Di») Ta BU-
MIpPIOKOTb Y BIfCOTKAX: [cp] = % .

BigHocHa BonoricTb NoBiTPA — (hisnyHa BeNMUYMHA, siKa NOKasye,
Ha CKiflbKM BOAsHA Mapa, Lo MIiCTUTLCA B MOBITPI, HAGNMXKAETHCA [0
Hacu4yeHHs i JOPIBHIOE BiAHOLLIEHHIO abCcoMOTHOT BonorocTi (a6o napui-
a/IbHOr0 TUCKY BOASAHOI Mapu p) 40 rycTUHKU (abo TUCKY PO) Hacu4yeHoi
BOZSHOT NMapw npu Tiil XXe TeMnepaTypi, BUPaXKAETbCA Y BifiICOTKaX.

p=— -100%;

Po

p=— -100% .

Po

TUCK Ta rycTUHA HAcWYeHOi BOAAHOI Mapu 3anexartb Bif Temrepatypu,
X 3HaYeHHA MOXHa 3HailTM B Tabn. 28.1.

Tabnuusa 28.1

NycTvHa Ta TUCK Hacu4eHOoT BOASAHOI Napu nNpu pisHUX Temnepatypax
t, °C  Po klMa Po r/ms

t, °C  Po kMa Po, r/ms

-5 0,40
0 0,61
1 0,65
2 0,71
3 0,76
4 0,81
5 0,88
6 0,93
7 1,0
8 1,06
9 104
10 1,23
11 1,33
12 1,40
13 1,49

3,2
4,8
52
5,6
6,0
6,4
6,8
7,3
7.8
8,3
8,8
9,4
10,0
10,7
11,4

14
15
16
17
18
19
20
21
25
50
60
70
80
90
100

1,60
1,71
1,81
1,94
2,07
2,20
2,33
2,49
3,17
12,3
19,9
31,0
47,3
70,0
101,3

12,1
12,8
13,6
14,5
15,4
16,3
17,3
18,3
23,0
83,0
129,4
195,7
290,2
417,6
588,3

BogsHa napa € HacuM4eHOR, AKLWLO 1T BigHOCHA BOMOriCTb CTaHOBUTL 100%.
UMM MEHLUMM € 3HAYEHHS BiJHOCHOI BOMOrOCTI MOBITPSA, TUM MEHLUMM € BMICT
BOAAHOI Napu y HboMy. PaxiBLi CTBEPLKYIOTb, L0 HOPMOK BOJIOrOCTi NMOBITPSA
B XXMTNIOBUX OyAMHKaxX MO)Ha BBaXkKaTn 40—60 %, AKLLO Temnepartypa Mosi-
TpA CTaHOBUTHL MpubamsHo 20 °C. BigHOCHa BOMOTICTb MOBITPA — BaXX/MBUIA
eKO/oriYyHMIA MOKa3HWK cepefoBuLLa. B yMoBax HaaTo HM3bKOT abo HaATO BUCO-



PO3AIN 2. MONEKYNAPHA ®IBNKA TA TEPMOAWHAMIKA

KOT BOJIOrOCTi CMOCTepirat0ThCa LWBUAKA CTOM/IHOBAHICTb /IIOLNHU, MOTipLUeHHS
CNPUAHATTA | Nam’ATi, BUCUXaHHA CM30BUX 060NOHOK Hoca. BonoricTb nosi-
TPA Y NPUMILLEHHI MOXHa 3MIHIOBATW, 3aCTOCOBYHOUM 3BOJIOXYBaYi MOBITPS.

HasiBHiCTb BOMOrX B MOBITPI Pi3KO 3MIHIOE VOr0 TENONPOBIAHICTb | TEMI0EM-
HiCTb. TOMy Creka i X0/0f B YMOBaxX BE/IMKOI BOJIOrOCTi MEepPeHOCATLCH 3HauHO
Baxkye. B3uMKy npuw BeMKii BOMOTOCTI IF0AMHA LUBMALLE Mep3HE, & OOMOPOXKEHHS!
MOXXe HacTaTu HaBiTb npu +4 °C. Y cneky B TPONIYHOMY KNiMaTi NiT, Lo BUAINS-
E€TbCA NOACLKMM OpPraHi3MoM, Yepes Be/IMKY BOJIOTICTb MOBITPSA He MOXe e(ieKTUB-
HO BMMApPOBYBATWCA | 3HMXKYBATU TemrnepaTypy Tina. Lle npu3BoauTb [0 BEIMKKX
BTpaT BOAM i NOPYLLEHHA TepMOperynauii opraHiaMy i 1Moro neperpisaHHs.

BuaBnsaeTbCA, WO BHACMILOK OXONOMXKEHHA [0 MEBHOI TEMMepaTypu He-
HacuhyeHa BOAfHA Mapa CTae HacuyeHow. Temnepatypy, [0 AKOT Heob6XigHO
OXONOANUTN MNOBITPA AeAKOT BOMOrocTi, W06 BOAAHA napa cTasa HaCU4YeHolo,
Ha3nBalOTb TOYKOK POCH.

NMPNNAOVN BUMIPFOBAHHA BONOIOCTI MOBITPA. Bo-
NOTICTb NOBITPA BMMIPKOIOTL CneuianbHUMKM npunajgamm —
NCUXPOMETPOM, FirpomeTpom Towo. lMcuxpometp (man. 28.1)
CKNafaeTbCa i3 [BOX TEPMOMETPIB: pe3epByap OAHOM0 3 HUX,
AKWIA MOKasye TemnepaTtypy NOBITPS, 3a/IMLLIAETLCA CYXWUM, iH-
LLOr0 — OTOYEHMIA LUMATKOM TKaHWHW, 3aHypeHoi y Bogy. 3a-
BAAKW BUMAPOBYBAHHIO BOAY TEPMOMETP OXO/IOLKYETLCA. Yum
6inblUa BiAHOCHA BOMONICTb, TUM MEHLL iHTEHCVMBHE BMNAapOBY-
BaHHS | TUM BULLY TeMnepaTypy nokasye TepMOMETP, OTOYEHWUI
BO/IOrOK0 TKAHWHOK. 3a pi3HULE0 MOKa3HWKIB TepMOMETPIB i Man. 28.1.
MCUXPOMETPUYHOKO Tabnmueto (Tabn. 28.2.) MOXHa BU3HAYUTU  [cuxpomeTp
BiJHOCHY BOJIOTiCTb MOBITPA.
Tabnuysa 28.2.
McruxpomeTpuyHa Tabnuus

Mokasn Pi3HMUA NOKa3iB CyXoro i BOMOroro TepMoMeT pis, °C
Cy)l\(/IC();-(i) ; eE('\:n ) 1 2 3 4 5 & 7 8 9 10
0 100 8 63 45 28 11 - - - - -
2 100 84 68 51 35 20 - - - - -
4 100 8 70 5 42 28 14 - - - -
6 100 86 73 60 47 3H 23 10 - - -
8 100 8 75 63 51 40 28 18 7 - -
10 100 88 76 65 54 4 34 24 14 4 -
12 100 89 78 68 5/ 48 38 29 20 11 -
14 100 90 79 70 60 51 42 33 2 17 9
16 100 90 8 71 62 54 45 37 30O 22 15
18 0 91 8 73 64 56 48 41 34 26 20
20 100 91 83 74 66 H59 51 44 37 30O 24
22 100 92 83 76 68 61 54 47 40 34 28
24 100 92 84 77 69 62 56 49 43 37 31
26 0 92 8 78 71 64 58 50 45 40 A4
28 100 93 8 78 72 65 59 53 48 42 37
0 10 93 8 79 73 67 61 55 50 44 39

BigHocHa Bonorictb, %
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§ 28. Bonorictb NoBIiTPA Ta il BUMiIpHOBaHHSA

Hanpvknag, fKWO MOKAa3HWKM CyXoro TepmomeTpa ctaHoBnate 20 °C, a
Bonororo 15 °C, T0 X pi3HMUA CTaHOBUTL 5°C. Ha nepeTuHi psgka nokas-
HUKIB cyxoro TepmomeTpa 20 °C i pi3HMLi NOKa3HUKIB TepMOMETpIB 5°C 3Ha-
XO4MMO, L0 BiHOCHA BONOTICTb MOBITPSA 3a TakKMX YMOB CTaHOBUTKME 59 %.

! TonoBHe B UbOMYy naparpadgi

YMICT BOAAHOI Napu B MOBITPi XapakTepusyoTb TakKMMK (isUYHUMU Be-
NN4YMHamK: abconoTHa Ta BIAHOCHA BOMOTFICTb MOBITPS.

AGCONI0THA BOMOTICTb AOPIBHIOE Maci BOAAHOI Mapy B OAHOMY KyGidyHOMY
MeTpi NoBITPS.

BigHocHa Bonoricte NOBITPA — (Pi3NYHA BefMYMHA, AKa MOKasye Ha
CKi/flbKM BOASAHA napa, Lo MICTUTLCA B NOBITPI, HABNMXAETLCA A0 HAaCUYeH-
HA | JOPIBHIOE BigHOLLEHHIO abCONOTHOT BONOrOCTI P A0 FYCTUHW PO Hacuye-
HOI BOAAHOI napw npw Tili camiii TemnepaTypi, BUPaXaeTbCA Y BifCOTKax.

(q=—m100%. BigHOCHY BOJIOTICTb BMMIPIOKOTH 3a [LOMOMOrOH MCUXPOMETPIB
Po
abo rirpomeTpis.

? 3anuTtaHHa On1a caMmonepeBipKu

Lo po3ymiloTb nig BOMOFICTHO MNOBITPA?

Llo Ha3mBaloTb BiAHOCHOK BOJIONCTIO MOBITPSA?

LUlo Ha3uMBalTb TOYKOK pOCK?

3a JONOMOroK AKMX NpWIagiB BU3HAYaKOTb BOJIOTCTb MOBITPSA?
ki cy6’eKTMBHI Big4yTTA BOJIOrOCTi MOBITPSA NIOAMHOK?

agrwWNE

BrnpaBa go § 28

1 (n). AKWO KiNbKICTb MOMEKY/, SKi WOCEKYHAM BWUAiTalOTb 3 PigMHM Ta no-
BepTalTbCa A0 Hei, oJHakoBa, TO napa Haj piguHOoK €:
A Teperpitoto
B HacuuyeHoto
B HeHacuueHoto
[" NepeoxonogxeHoto
2 (n). KuniHHA — ue napoyTBOPEHHS, sike Bif0yBaETLCS:
A 3 ycCi€el NoBepxHi pignHn
B 3 i yactuHum
B B ycbomy 06’emi pignHu
" MpaBWAbHOI BIgNOBIAI HEMaE.
3 (c). TewmnepaTypa KuNiHHS BOAM Y BiAKpuTili mocyauHi ctaHoBuTb 100 °C.
BkaxiTb, SIK 3MIHUTLCA UA Temnepatypa, AKWO MOCYAWHY 3aKpUTu?
A MNigsuwmTbeA
B. 3Hn3nTbLCA
B He 3miHuTbLCA
" CnoyaTkKy 3HM3UTbCA, a NOTIM NiABULLUTHCA
4 (c).  Tuck HacuueHoi mapu, WO nepebyBae Hag PiAVHONW, NPU 36iNblUEHH i
06’emy:
A 3pocTae
B Cnapgae
B He 3miHO€ETbCA
" CnoyaTky 3pocTae, a notim cnajgae
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5 (c). Y 3akpuTiii nAAwWwLi MicTUTbCs MoBITPA. TMAsAWKY OXONO4XKYyHTb, MpoTe
poca He YTBOPIKETLCA. YKaXiTb, AK Nif 4ac OXOSOMKEHHS 3MIHIOETbCA
abcontoTHa i BigHOCHa BONONICTb MOBITPS.

A AG6contoTHa BOJIONCTb HE 3MIHIOETBLCSH, BigHOCHA 3pOCTaE.
B A6contoTHa i BiAHOCHA BOJIOTNICTb 3POCTalTh.

B A6conoTHa BOJOFICTb 3MEHLIYETLCH, BiAHOCHA 3poOcCTae.
" A6conoTHa i BigHOCHA BOJIONCTb HE 3MIHKKTbLCS.

6 (c). Temneparypa nosiTpsa 20 °C, Touka pocu 12 °C. BusHauyTe BigHOCHY
BOJIOTICTb MOBITPS.

A 40 % b 52 % B62 %I 70 %

7 (). BusHauTe BigHOCHY BOJIOrICTb NOBITPS, SKWO nNapuiasibHUiA TUCK npu
Temnepatypi 18 °C ctaHoBuTb 1,59 klla.

8 (n). TlycTnHa HacmyeHoi BogsAHOI napu npu Temnepatypi 20 °C [opiBHIOE
2 r/m3. BusHauTe TUCK BOASHOI napu npw Ui Temnepatypi.

9 (g). TepmomeTpu ncuxpomeTpa nokasywTb 18 °C i 10 °C. BusHaute nap-
UianbHWi TUCK BOAAHOI napy Ta mMacy BoAM, WO MICTUTb 3a LWUX YMOB
KOXEeH KBapaTHWi MeTp MNOBITPS.

10 (o). Bseuepi npy Temnepatypi 16 °C BigHOCHa BOMOriCTb NOBITPS CTaHOBUNA
55 %. BusHauTe, uM BMNage poca, SKWO BHOYI TemnepaTypa noBiTps
3HU3MTbLCA Ao 8 °C?

11 (B). BwM3HauTe TOUKY pOCM SKUIO TEPMOMETPU MNcMxpomeTpa nokasywTb 18
i 10 °C.

12 (B). CroniTpoBa nocyanHa 3anoBHeHa nosiTpAM npu 15°C i BiAHOCHIN BOJIO-

rocti 30 %. $koto cTaHe BigHOCHA BOJIONCTb MOBITPS, SKWO B NOCYAMHY
BBectTn 1 r Boan?

§ 29. PignHun. ToBepxHeBUIN HaTAr pPignH

»PiguHun i rasm
» Cuna noBepxHeBOro HaTAry

PIOVHW | TA3W. Bu BXe 3HaeTe, WO OyAb-aKa XiMiYHO OAHOpigHa pevo-
BMHa MOXe 6yTW 3a OAHMX YMOB Yy rasonofibHomy CTaHi, a 3a IHWnUX — Yy
pigkomy. BogHouac 3a CBOIMM BlaCTUBOCTAMMW rasn i PigMHU iCTOTHO Bij-
Pi3HAOTLCA. PifMHKW, AK i rasu, He mMalTb MeBHOI (hopMu i HabyBaroTb (hop-
MW TIiET NOCYAUHW, B fAKil 3HAX0AATLCS, ane ra3 He Mae BnacHOro 06’emy

i 3aiimae OyAab-9KWiA HagaHui oMy
06’em. O6’eM pigMHN — NOCTIAHWIA.
Ma3 Ha BiAMiHY Bif piAvH BiAHOCHO Nner-
KO CTUCKAETbCA. MOX/IMBICTb MOMIEKY/
PIAVHN 3AiACHIOBATM NMEPECKOKN 3yMOB-
Noe 1T TeKydicTb. HaixapaKTepHilo
BIAMIHHICTIO PigUHN € Te, WO Ha Mexi
3 rasoMm piguvHa YTBOPHOE BiflbHY MO-
BepxH (mMan. 29.1). Yci cunm, wo Ai-
I0Tb Ha MOJIEKY/IN BCEPefMHI pignHN,
B3aEMHO CKOMIMEHCOBaHi. PiBHOfiliHA X
CVUN MPUTATAHHA, WO gie HA MOMEKYN,
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§ 29. PigyHn. MNoBepxHEBUI HaTAr PiavH

a) 0)
Man. 29.2 a) meTaneBa CKpirnka Ha MoBepxHi Boau; 6) Komaxa-BogoMipka

AKi nepebyBaloTb Ha MOBEPXHI PO34iny, HanpAMeHa ycepeanHy piguHu. OT-
XK€ MOMeKy/n NOBEPXHEBOro LWapy, TOBLUMHA AKOro AOPiBHIOE pagiycy Aii
MOJSIEKYNIAPHUX CWUA, YMHATb TUCK HAa PIAUHY, CTATYHUM i1 NOBEPXHIO A0
MiHiMyMy. Lle fABuLLE HA3MBAETHCA ABULLEM MOBEPXHEBOr0 HaTAry. 3aBAsKu
MOBEPXHEBOMY HATAry BOAWM Ha Ti MOBEPXHI MOXYTb YTpUMyBaTUCH flerki
(HaBiTb MeTaneBi) NpeaMeTU i pyxaTucs Komaxm-BogoMipkn (man.31.2).

CUNA TIOBEPXHEBOIO HATAI'Y. Mixk Monekynamy Ha NOBEPXHi Ait0Tb
CUIM NPUTATAHHA, PIBHOAIHA AKUX CNPSMOBaHI NepneHanKyIspHO [0 no-
BEPXHI pignHK B Ti cepeauHy.

Cwunoto MOBEPXHEBOr0 HATArY Has“BalOTb CUNY, AKa fie B3L0BX
NOBEPXHI PIANHN MNEPNEHANKYNSPHO A0 AiHIT, WO 06Mexye L no-
BEPXHIO, i MparHe CKOpPOTUTK Ti 40 MiHIMyMY.

Mig Aaieto cun NoOBepPXHEBOro HaTts-
ry BEpPXHiil wap piguHM HamaraeTbCs
CKOPOTWUTK MNJIOWY CBOEI NOBEPXHi A0
MiHIMaNbHUX PO3MIPIB, MOXIUBMX MPU
MeBHOMY 06°emi piguHU. MiHiManbHy
MOBEPXHIO Cepef Tin MeBHOro 06’emy
Mae Kynsd. ToMmy MasneHbKi KpaniuH-
Kn BoAM 61M3bKi 3a (HOPMOK [0 Kyni

(man. 29.3). Man. 29.3. Ma}'I(EHbKi KpannHkm
BOAM MalTb Malixe ciepuyHy
thopmy

KoedpiLieHT noBepxHeBOro HaTAry 0 AOPIBHIOE BiHOLLEHHIO CUAN
NOBEPXHEBOI0 HAaTAry Fs [0 AOBXWHW NiHiT 1, Wwo o6mexye noBepx-

HIO po3giny:

o =—

l

Y Cl KoeillieHT MOBEPXHEBOro HaTAry BUpaXKaloTb Y HbHOTOHaX Ha MeTP
[o] = H/m. Ane icHye BM3HAYEHHS MOBEPXHEBOro HaTAry, K eHeprii ()
Ha Po3puB OAMHULI NOBEPXHI (M).

187



PO3AIN 2. MONEKYNAPHA ®IBNKA TA TEPMOAWHAMIKA

Cuna MoBepXHEBOr0 HaTAry 3a/eXWTb Bif NPUPOAW PEYOBMHU, XapakTte-
PUCTUKOK AKOT € KOediLieHT noBepxHeBOro HatAary. KoeqilieHT nosepxHe-
BOTO HaTAry, BU3HaYeHWii ana 6araTbOX OAHOPIAHUX PIAWH | 3aHECeHW [0
Tabnuupb (tabn. 29.1).

Tabnnua 29.1
KoegilieHT nosepxHeBoro Hrary pigvH npo 20 °C

PeyoBunHa o, MH/m PeyoBuHa o, MH/m
Boga 73 Mornoko 46
lac 24 Hagra 30
bBeH3nH 21 PTyTb 510
MunbHWUIA PO34YmMH 40 Cnmpt 22

KoediLllieHT NOBepXHEBOro HaTAry He 3a/ieXUTb Bif, JOBXUHU KOHTYpY,
a BU3HA4aeTbCsA (isUYHMMU BNACTMBOCTAMU PigMHKM, 1T CTAHOM. YHacnifok
NiABULLIEHHS TemnepaTtypy KoeilieHT 0 3MeHLUYETbCS 4epe3 306inblUeHHS
cepeaHbOl BiACTaHi MiDXK MONEKynaMu Ha MOBEPXHi piguHWU. 3a KPUTUYHOI
[ONS NEeBHOI piaMHW TemnepaTypu Ti NOBEPXHEBUI HATAT AOPIBHIOE HYNHO.
Ha 3HayeHHs1 Koe(ilieHTa 0 TaKOX BM/AMBAE HAaABHICTb Y PiAWHI AOMILLIOK.
30KpemMa, MU0 3MeHLIYE KoeilieHT MOBEPXHEBOro HaTAry soam 3 72 - 10 3
Jo 45 - 10~3H/m. Y npoueci npaHHA GINN3HN 3HAYEHHA O 3MEHLUYETHCA AK
yepe3 HarpiBaHHA PigUHK, Tak i BHACMiJOK BBeAEHHS MWIAHMX 3aco6iB, WO
CNpWsEe NEroMy MPOHMKHEHHIO PO3YMH Y TKAHMHY. BeH3uH i pi3Hi cnuptu
3aCTOCOBYIOTb Mif Yac XiMIYHOrO YULLEHHSA OffAry.

Mig BAAMBOM PIBHOAIAHOT CUAW NPUTSATAHHS MOJIEKYIX NMOBEPXHEBOrO
Lapy BTATYKOTbCA BCEPeAUHY PIAWHK, Ti BiflbHA MOBEPXHA CKOPOUYETLCA, a
OTXe, Cu/a NOBEPXHEBOr0 HATAry BUKOHYE POBOTY. TakMM UYMHOM, BEpPXHIil
lap Mae eHeprito, WO € CyMapHOK MOTEHUia/IbHOK eHEeprierd MoneKyn mno-
BEPXHEBOro Lapy piAvHKM. i Ha3MBalOTb MOBEPXHEBOK eHepricto i o6umc-
NIOK0TH 3a (HOPMY/IOHD:

W =aS ,
ToZi poboTa CUIN MOBEPXHEBOr0 HATAry:
A =AW =aAS,
[e 0 — Koe(piLlieHT MOBEePXHEBOro HavAry; S — nsowa BifIbHOT NMOBEPXHi
PiAVHN.

! TonoBHe B UbOMYy naparpadi

Cunoro NOBEPXHEBOr0 HATArY HasuBatOTb Taky CUy, AKa Ai€ B3LOBX MO-
BEPXHI PIAVHN MEPNeHANKYNAPHO A0 NiHiT, WO i1 06Mexye, Hamaraluucb
CKOPOTUTM L0 MOBEPXHIO A0 MiHIMYMY.

XapaKTepuCTUKOI BEPXHLOTO LWapy PiAuH € KOeqilieHT MoBepXHeBOro
HaTAry, AKWN [LOPIBHIOE BIAHOLIEHHIO CUAM HaTAry Fs [0 AOBXWMHMW NiHil
I, WO 06MeXxye MOBEPXHIO POo3Ainy i B34OBX AKOI BOHa fi€ MO AOTWUYHINA B
KOXHIN Touui, nepneHAUKYNApHO A0 OyAb-AKOro enemeHTa NiHii po3giny
CepefoBuLL;
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§ 29. PignHun. MNoBepxHeBU HaTAr pPigvH

KoewiLieHT NoBepxHeBOro HaTAry pigvHW 3anexuTb Bif NPUPoaM cepeso-
BULL, AKI MEXYIOTb, I TeMnepaTypu.

MoBepxHeBa eHepria gopiBHoe: W =a»S, a pobota cuiv NOBEPXHEBOrO
Hatary — A =AW =aAS.

? 3anuTaHHsa Ana caMmonepeBipKku

1 $ki BnacTMBOCTI Mac MOBEpPXHeBWI Wap piguHn? Lo Take cuna nosepx-
HEBOro Hatary?

2. Wo HasuBawTb KoedilieHTOM MNOBEPXHEBOro Hatary? Big 4voro BiH 3ane-
XUTb? Y AKUX OAWHULAX BUMIPIOETLCA KOeqilieHT NOBEepXHEeBOro Hatary B
CI?

3. $K 3MiHMTbCA cuna NOBEPXHEBOro HaTAry BOAM B pasi PO3YMHEHHS B Hiil
Muna?

4. 4ol chopmn HabyBalOTb Kpanni piguHM B ymoBax HeBaromocTi? YUomy?8

BnpaBa go § 29

1 (n). KoeilieHT NOBEPXHEBOro HaTAry BOAU 3i 3HWKEHHAM TemnepaTypu:
A He 3miHIO€ETBCA.
B 3meHwyeTbCA.
B 36inbLiyeTbCes.
" CnoyaTky 36i/blWYETLCA, a NOTIM 3MEHLUYETLCS.

2 (n). MopiBHANTE Macy Kpanenb XO0M04HOT Ta rapsidoi BoAW, WO nagatwoTb i3
KpaHa, BiAKPUTOro B OAHAKOBOMY MOJIOXEHHI:
A Kpanni matoTb 0gHaKoBy macy.
B Kpanni xonogHoi makTb 6inbly macy.
B Kpanni raps4yoi Bogu matoTb 6ifbliy macy.
' Maca kpanesnb He 3anexuTb Big Temneparypu Boau.

3 (c). Uomy kpansvHa Xupy, WO nnaBae Ha MOBEPXHi cyny, Mae Kpyrny dop-
My?

4 (c). FAKLWO Ha NOBEPXHIO BOAM MOKNACTU HUTKY i 3 O4HOrO GOKY TOPKHYTUCA
LWIMaToOYKOM MWNa, HUTKA NouyHe pyxaTucs. TOACHITL Ue ABuLle.

5 (). CipHuk macoto 0,09 r nexuTb Ha NOBEPXHi BOAWN. 3 SKUM NMPUCKOPEHHSAM
BiH NMOYHE pyXaTucs, SKWO 3 04HOro GOKY TOPKHYTMUCS MOBEPXHi BOAM
MUIOM. [OBXWHA CipHMKa — 4 CM.

6 (8). 3 MeTol BM3HAYEHHS KOeqilieHTa NOBEPXHEBOr0 HaTAry BOAU yye-
HUUSA BMKOpUCTana nineTky AiameTpom BUXiAHOro oTBopy 2 MMm. Maca
40 kpanenb BusiBunacs piBHowo 1,9 . Ake 3HauyeHHs KoediuieHTa no-
BEPXHEBOr0 HaTAry ofgepxana yyeHuua?

7 (). Hky poboTy cnig BukoHaTW, WO6 po36GUTU Kpanaw pTyTi AiaMeTpoMm
4 MM Ha 8 ofHaKoBMX Kpamnesb AiaMeTpoM 2 MM KOXHa?

8 (B). MigBilleHy Ha HUTKaxX APOTAHY NPSAMOKYTHY pamky 3i cTOpoHamu 5 cm i
10 cm 3aHypuan y Bogy. Maca pamkum CTaHOBUTbL 4 I AKy cuiy Heo6-
XiAHO npuknactTu, wob nigHimawuM pamKy ropu3oHTa/lbHO, BigipBaty i
BiJ, NMOBEpPXHi BOAW.

9 (B). [epeB’saHuii Ky6uK, [OOBXMHA pebpa SIKOrO 2 CM, NjaBa€ Ha Mo-

BepxHi Boaun. [ycTuHa pgepeBa cTaHOBWUTL 500 kr/m3 Boan —

1000 kr/m3. BusHaute rnnbuHy 3aHypeHHs Kybuka. KoediuieHT nosepx-
HEBOro HatAry Bogn — 73 MH/M.
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PO3AIN 2. MONEKYNAPHA ®IBNKA TA TEPMOAWHAMIKA

§ 30. 3mMouyBaHHA. KanindapHi ssuwa

» 3MOYyBaHHA
» KaninspHi asuwa

3SMOUYYBAHH4A. AKwo piguHa mexye
3 11 X Maporo, TO B3aEMOAIT MK Mose-
Kynamu cnabkiwi i iX MOXHa He Bpa-
X0BYyBaTW. HAKLWO MOBEPXHEBMI LIap
PiAVHN MeXye 3 TBepauUM TifioM, TO
B3aEMOZIt0 MOJIEKYN PigUHK | TBEPAOro
Tina cnif BpaxoByBaTW. Y MOBCAK/EH- a) 6)
HOMY >KWUTTiI MOXHa CrocTepiratu, Lo Man. 30.1. PiguHa 3mouye (a) i
Kpanns BOAW PO3MNNBAETLCS UUCTOHD He 3MOuye noBepxHio (6)
nosepxHeto ckna (man. 30.1, a), ane
He PO3NANBAETbLCA 3a0pPYAHEHOK KU-
poM — i Mae hopmy Maixe npaBunbHOI Kyni (man. 30.1, 6).
Topi roBopsTh, L0 BOAA ab0 3MO4YYE MOBEPXHHD, ab0 — He 3MOUYYE.
AKWO B3aEMOAIA MK MOSIEKYNnamun pPiguHU MeHLLa, HiXK X B3aeMOpgia 3
MOJIEKY/laM/ KOHTaKTHOr0 TBEpPAOro Tifla, TO BOHa MOro 3mo4ye i, HaBnaku,
AKWO Us B3aEMOAiA Oinblia, — He 3MOUYYE.
fABMLLa 3MOYYBaHHS | HE3MOUYBaHHS BiAIrpaOTb BaX/IMBY Po/b Yy NO6YTI
Ta TexHiyi. Ak6u, Hanpuknag, Boga He 3ModyBasa Tifio NIOAVHU, TO MapHUM
6yno 6 kynaHHsa. [obpe 3mouyBaHHS MOTPiGHE nig yYac hapbyBaHHA i NpaH-
Hf, NasHHA, 36aradyeHHs pyg LiHHUX Nopig Ta iHWKUX TeXHIYHUX MNPOLECIB.

KAMINAPHI ABVLLA. 3mouyBaHHS abo HE3MOUYYBAHHSA PiAMHOK CTIHOK Mo-
CYAMHU BNAMBAaE Ha (POPMY BifIbHOT MOBEPXHi PigMHKM, a TAKOX MPU3BOAUTL
[0 Ti MigHATTA abo OMyCKaHHA Yy MOCYAMHI, B AKY 3aHypeHo Kaninap. Ll
ABMLLA HA3MBAKOTLCA KaNiNAPHUMU. AK iX MOACHUTA?

3aHypMMO B piAMHY TYCTMHOK P UWAIHAPUYHUIA Kaninap pagiycom
rm 1 mm (Man. 30.2). Ti NigHATTA B Kaningpi NpUNUMHUTBLCS TOAI, KONW
cuna TSHKIHHA NILHATOro CTOBMA PifUHW 3PIBHOBAXUTb PIBHOLINHY Cwn no-
BEpPXHeBOro Havary: F =FT.

Cuna  nNoOBepXHEBOro HaTary
Fs=2mnto . Cuna TaxiHHA FT=mg .
Ockifbkn T =pV =pnrzh , cnpasegiu-
BOKO € PIBHICTb:

2nto =pnr2hg.

3Bigcn BucoTa MIgHATTA PigvHW B

LUnniHapuyHOMY Kaninapi:

par

Man. 30.2. MigHATTa piguHn y
Kaninspi
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§ 30. 3mouyBaHHA. KaninsapHi ssu

fe h — BucoTa NIAHATTA PiAMHM B LUNIHAPUYHOMY Kaninapi; o — Koedi-
LiEHT MOBEPXHEBOr0 HaTAry piguvHW; p — 1i TYCTUHa; T — pajiyc Kaninapa;
g — MPUCKOPEHHS BifIbHOIO MajiHHS.

AKWO pignHa He 3MOYye Kaninap, To il piBeHb y HbOMY Oyfe HVX4YMM
Bif, PIBHA PIAVHMN B MOCYAUHI. Pi3HUUSA LUX PIBHIB, AKY TakKO0X MO3Ha4al0Tb
h, Mae Taky > 3a7eXHICTb Bif 0, p i I, AK I Mif YaCc 3MOYYBaHHSA.

KaninspHi sBulLa MalTb BENNKE 3HAYEHHA B NpUpoAi 1 TexHiui. 3a-
BAAKN M 3AIACHIOETLCA MPOHMKHEHHSA BOMOIMM 3 IPYHTY B cTebna i nncta
pocnuH. Came B Kaninspax Big0yBatOTbCA OCHOBHI npouecu, noe’a3aHi 3 gu-
XaHHAM i XXVUBNEHHAM OpraHi3mis.

Y 6y[AiBHMUTBI BPaxoBYHTb MOX/IMUBICTb MILHATTA BOJMIOTU KaninfgpHU-
MW rnopamu 6yAiBenbHUX Martepianis. 3 METOK 3aXUCTy (PYyHAAMEHTY i CTiH
Bif Al 'PYHTOBMX BOA Ta BOMOMM 3aCTOCOBYIOTH Tifpoi30nauiiHi MaTepianu:
TOMb, CMOMIN TOLLO. 3aBAAKM KanminsgpHOMY NIAHATTIO BAAETbCA (hapbysBaTu
TKaHMHW. YacTo KaninspHi sBMLLA BUKOPWUCTOBYHOTL i B MOOyTi. 3acTocy-
BaHHA PYLWIHWKIB, CEPBETOK, FirpocKOmMivyHOi BaTW, Mapni, MPOMOKa/lbHOro
nanepy MOX/MBe 3aBAAKW HAsBHOCTI B HUX Kaninspie.

! TonoBHe B UbOMy naparpadgi

AKLWO B3aEMOAIs MOSIEKYN PiAMHM MeHLLA, HXK TX B3aEMOAIs 3 MO/eKyna-
MW KOHTaKTHOro TBEPAOro Tifla, TO MaeMO BMMAAOK 3MOYYBaHHSA i HaBnakw,
KON LS B3aEMOAiS Oinblua, — HE3MOYYBaHHSI.

BHacnifok fil cun NoBepxHEBOro HaTary piAvHK, WO 3MOYYHOTb NMOBEPX-
HIO TOHKUX TPYy6OK — Kaninapis, NigHIMalOTLCA AOropwu, a PiguHN, WO He
3MOYYIOTb MOBEPXHIO TPY6OK, OnycKarTbcA BHM3. BucoTa nigHimaHHs (abo
OMYCKaHHA) PigUHU LOPIBHIOE:

2c

pgr

h

? 3anuTtaHHa gna caMmonepeBipKu

1 Poskpuiite QUi3nyHy CYTHICTb SIBML, 3MOYYBaHHS i HE3MOUYYBaHHS.

2. Yomy nnsimMM 3 XUPY Ha OAA3I He BAAETbCA 3MWUTU BOAOH?

3. UWo HasuBawTb KaninspHIicTo?

4,  OG6I'pyHTYlTE, KONM pignHa B Kaninspi NigHIMaeTbCA, a KoM — OMyCKaETbCS.

5.  BuBepgitb chopmysy, 3a SIKOK BU3HAYaTb BUCOTY MiAHIMAHHS 4X OMYCKaHHS
piagvHM y Kaninapi.

6. HaBegfiTb npvknagn BpaxyBaHHS i BUKOPUCTAHHA KaniispHUX SBULLY Yy MO-
BCSKAEHHOMY XMWTTi.1

BrnpaBa no § 30
1 (n). BkaxiTb, yHacnigok sikoi B3aeMogii BigbyBalTbCSA SiBULLA 3MOYYBaHHS |

HEe3MOUyBaHHS:
A Monekyn pigvHn Mix coboto.

B Monekyn piguHun i monekyn napu Hag piguHoLo.

B Monekyn piavHu i Monekyn TBEpPAOro Tila, 3 SKUM CTUKAETbCA piguHa.
" MpaBWAbHOI BIgNOBIAI HEMAE.

wa
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PO3AIN 2. MONEKYNAPHA ®IBNKA TA TEPMOAWHAMIKA

2 (n). Ay piguHY MOXHa HanUTM B CKASIHKY BULLE KpaiB?

A Ty, WO 3MOUY€E CK/O.

B Ty, WwWo He 3MOuye CK/O.
B Tak 3po6uTn HEMOXNBO.
[ Byab-gKy.

3 (c). Mig yac 3aHypeHHsA B pPigUHY KaninspHOI CKASAHOT TPYOKMU piBEHb pignvHM
B Hil MmigHABCA Ha 4 MM Haj PIBHEM piavHM B nocyguHi. Yomy pgo-
piBHIOBaTMME BMCOTa nNigiomy Tiel caMoi piguHW B CKNSHi Tpybui 3
OTBOPOM BABIiui 6ifbLIOro gdiameTpa?

Alvvm B8 MM B4 Mm T 2 mm

4 (c). BusHaute macy Boau, WO MigHsANacb y KaninspHiin Tpybui giameTpom
0,5 mwm:

A 0,083 mr B 12 mr B 0,083 kr ' 12 kr

5 (a). Y kaninapHii Tpy6ui, pagiyc Akoi 0,5 MM, pigvHa nigHsnacs Ha BUCOTY
11 mm. BuaHauyTe rycTUHY W€l pignHM, AKWo i KoedilieHT noBepxHe-
BOr0 HaTAry ctaHoButb 0,022 H/m.

6 (a). Ha siky BMCOTy migHIMeTbCA CnMpT MiX gBOMa napasesnlbHUMK CKenbls-
MW, BigCTaHb MiX skumMum 1 MM? BBaxaiiTe, WO 3MOYyBaHHS MOBEPXHI
cKkna cnupTom noBHe. ycTuHa cnupTy cTaHoBuTb 800 Kr/m3. Koediui-
€HT NOBEPXHEBOr0 HaTAry cnupty — 22 mH/Mm.

7 (B). Y ABOX KaninapHux Tpy6Kax pi3HOro giamMeTpa, 3aHypeHux y Bofy, BCTa-
HOBMMacst Pi3HMUSA piBHIB 2,6 cM. Komm Ui Tpy6Kku 3aHypusm y Cnupr,
pi3HMusa piBHIB cTana 1 cM. 3Hawoun KoedilieHT MOBEPXHEBOr0 HaTAry
BOAM, BU3HAUTe KoeiuieHT NOBEpPXHEeBOro HaTAary cnupty. [ycTuHa BO-
an popisHoe 1000 kr/m3, cnupty — 800 kr/m3. KoedpilieHT noBepxHe-
BOro HatAry Boan 73 mH/Mm.

NMPAKTUKYM 13 PO3B’A3YBAHHA ®IBNYHNX 3AOAY Ne7
3agadi 3 UbOro po3giny MOXHa YMOBHO NOAINUTK Ha Taki Tmnu: 1) Ha
BW3HAYEHHA BOJIOrOCTi MOBITPSA; 2) Ha BNAaCTUBOCTI MOBEPXHEBOrO LIapy pi-
OVH; 3) Ha MexaHiyHi BMacTVMBOCTI TBEPAMX Til.

Mpuknagn po3s’a3yBaHHA 3ajau
3agava 1. BifHocHa BO/OTiCTb MOBITPA B 3aKPUTIn NOCYAMHI Npu Temne-
patypi 5 °C gopiBHtoe 84 %, a npn 22 °C — 30 %. Y CKinbKK pasiB TUCK
HaCMYeHOT Napn y Apyromy Bunaaky OinbLUNA?

JaHo: Po3B’s130K
1 =5 °C 278 K Mpn BiaHOCHIN BONOrOCTI cpj | TEMMNEPATYPI
oi = 84%; 295 K T1TuCK BOAAHOI napu [OOPIBHIOE pr= ,
;EQ:—ZSZO%C BiMOBIAHO p2=<2F0, - OCKiNbKM MOCYAMHa 3a-
- ’ KpuTa, TO 06’€M HacWM4yeHOi napy MOCTINHWIA.
PH2 2 Togi BignNoBIAHO A0 3aKkoHy LUapns:
Psi
iPoi 0,84-295 K
A 3uaxommo: *'PO ssigon P P
~2 A W2-P02 & Poi Poi 0,3-278 K

Bignosigb: y 3 pasm.
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§ 30. 3mouyBaHHA. KaninsapHi asuwa

3agava 2. Y kiMmHati npu TemnepaTypi 20 °C BigHOCHa BONOriCTb NOBI-
Tpa — 20 %. CKinbkn BoaW Tpeba A0OAATKOBO BMMapoByBaTy, W06 306inbLin-
TW BOMOricTb A0 50 %, fAKLLO 06°€M KiMHATKM CTaHOBMTb 40 M3?

JaHo: Po3B’a30K

t =20 °C Mpw BigHOCHIN BONOrocTi qj ryctvHa napm p®iPol, a
9!l = 20%; _ .

@ = 50%: Mnpn cp2: p2 —cp?Po?, ,qe.pH— r'yCTWUHa HacCU4eHOol napun npu
V =40 m3 t =20 °C. Togai BigNoBIiAHO Maca BOAAHOI Mapu: Tr=g¢ ipoi7"
Am — ? i 7n2 =cppo2w . JlOJATKOBO Tpeba BMUMApOBYBATU Macy BOAM:

Am =m2-m i (<R-g>i)p0v . 3a Tabnuuew 3HAX04MMO
po=1,73 - 10~2kr/m3 licns NigcTaHOBKU AaHUX:
AM=(0,5-0,2)i,73-10~2xr/m3=0,208kKr

Bignosigs: Am = 0,208 kr.

3afgava 3. BigHocHa BoforicTe NoBiTps BBedvepi npu 16 °C OopiBHIOE
22 %. Yu Bumnafe poca, AKLLO BHOYI Temnepatypa 3MeHLWWMTbLCA Ao 8 °C?

JaHo: P03B’a30K

1, =16 °C Poca Bunafe 3a yMOBU, AKLLO BiZHOCHA BOMOTICTb MNOBITPSA

oi = 22% npu Temnepatypi 8 °C byane gopisHioBatn 100 %. Beaxaemo,

.- 8°C LLO MPU OXOSIOPKEHHI MYCTUHA BOAAHOT Napwu B MOBITPi He 3Mi-
" HIOETLCA TOBTO rycTUHA BOAAHOI Mapy pj Yy NOBITPi Mpu Tem-

P2 -— nepatypi 16 °C mae [OpPiBHIOBATM TYCTUHI PO HacUYeHol napu

npu Temnepatypi 8 °C. pj =po .

3a Tabnuuew BM3HAYAEMO TYCTUHY HacuyeHoi napu npu 16 °C.
po =13,6-10~2kr/m3 Ta npu 8 °C po =8,3-10~3kr/m3. 3 dopmynu

=-"--100% BW3HAYaEMO pj:
Po,

Pi=cpiPo . Pi=0,22-3,6-10 2kr/m3 2,99-10 3Kr/m3.

OcKinbKM Nif Yac 0XonoMkKeHHA 00 8 °C napa He AOCArHe CTaHy HaCMYeHHS,
poca He BuUMaje.
Bignosigb: poca He Bunage

3agaya 4. Akum Mae OyTW HabiNblMiA AiameTp Mop Y THITI (BOMOKHI)
HarpiBaJibHOro NPUCTPOIO (Keporasy), Lo Mpautoe Ha pigKoMmy nanvei — ra-
Cci, Wo6 BiH MigHiMaBCsa Bif AHA EMHOCTI 3 NafbHUM A0 NanbHWKa Ha BUCO-
Ty /r=10cm? Mopy BBaXKATW OAHOPIAHUMMW UMNIHAPUYHUMK TpyOKamun. yc-

TUHA racy CTaHOBUTb p:800%0—, Koe(ilieHT MOBEPXHEBOro HaTAry

0=0,03—.
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JaHo: Po3B’s130K

h=10 cM=0,1 M BucoTa MigHATTA racy no nopax BU3Ha4aeTbCcA 3a
PZSOO:/.\'J (hopmynoto: h =§§-r. BpaxoBytouu, Wwo d =2r, oTpuMye-
0=0,03 H/m Mo: d = 4? . Micng NigcTaHOBKM YMCNOBUX 3HAYEHD:
a-7 d = o,15rnjngm.

Bignosigs: d = 0,15 mm.

3apaya 5. Tig yac nponyckaHHA Yepe3 MNineTky 4 cMm3 pigKoT onnBY 3M0-
6yto 304 kpanni. [iameTp 0TBOPY KiHLA MINeTKN CTaHOBUTL 1,2 MM, TycTu-
Ha onmBn — 0,9HK0 3 Kr/mM3 3HalNTN KoediLiEHT NMOBEPXHEBOrO HATAry O/MBW.
JaHo: Po3B’30K
F =4 cm3=4-10 6 M3 Mig yYac BUTIKaHHA PIAVHW 3 MINETKN MNepes
p=900Kr/M3 Bi,E_I,E)VI_BO!VI Kpanfi yTBOPHETHCA «LIJVII‘/.JI-Ka»', no
AKiR 1 Big0OyBaeTbCA PO3PMB MOBEPXHEBOT MIBKM.
d=1,2 MM =1,2-10~3 M Beaxkatouu, WO AiaMeTp KiHUA NiNeTKW AOPiBHIOE
n = 304 AiameTpy Wuiikn d, a cuna TaXiHHA FTi cuna
MOBEPXHEBOI0 HaTAry Fs 3piBHOBaXylTb 0fHa

r-»

OfHY, BU3HA4YaEMO: 02%.

Cuny TAXiHHA FTMOXHa BM3HAYUTK, 3HaOUM 06’€EM PigUHWM, WO BUTIKAE

V i KinbKicTb Kpanenb n: P =m-9=-9-%¥, fJe T — maca piguHK, Wo Bu-

T
Tikae; p — i1 ryctmHa. OTxe,
T7 9007-9,8H/ky-4-10 M3
0_P8Y_; g=-—---M" : =0,03 H/m.
ndn ’ 3,141,210 3u-304

Bignosigb: 0 = 0,03 H/m.

3apava 6. TOHKe anOMiHieBe Kinble pagiycom 7,8 CM NIeXWUTb Ha no-
BEPXHI MW/BHOIO PO3YMHY. 3 SIKUM 3YCU/IAM MOXHa BifipBaTy KifbLe Bif
po3unHy? Temnepatypy pPo3uMHy BBaXaTw KiMHaTHOK. Maca Kinbus 4 T.
JaHo: Po3B’a30K
R=78 o=° Ha Kinbue AitoTb CUAM AK NOKa3aHO Ha MastoHKY.
=4 -103Kr OCKINbK/ KiflbLle AOTMKAETBCA A0 MU/ILHOMO PO3YUHY i
0=4-102H/M 30BHIWHLOK Ta BHYTPILIHLOK MOBEPXHAMMK, TO Cu/ia Mo-
F_9 BEPXHEBOro HaTary BignosigHo: Fs=20Z, fe | = 2nR .

Cuna AKy HeoOXifHO npuknactu, wWo6 BigipBaty
Kinbue, aopiBHioe: F =mg +2al =mg +4naR. llicna nig-
CTaHOBKM faHux otpumyemo: F = 0,11 H.

Bignosige. F 0,11 H. MantoHok. [o 3apadi 6.
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§ 30. 3mouyBaHHA. KaninsapHi asuwa

3agavi gnA camOCTINHOIO po3B’a3yBaHHS

1 (O). Tuck HacuueHoi napu edpipy npu 0 °C popisHioe 24,7 kMa, a npu
40 °C — 123 «lMa. lopiBHANTE 3HAYEHHA TYCTUHW Mapy Npu UMX TeMm-
neparypax.

2 (0). Y 4 m3nositpa npu Temnepartypi 16 °C mictutbea 40 1 BoAAHO! napu.
BusHauTe BigHOCHY BOJIOFICTb.

3 (0). BaeHb npyn 20 °C BigHOCHA BO/MOrICTb NOBITPA cTaHoBMAa 60%. CKifbku
BOAM Yy BWUMNALI POCU BUAININTLCA 3 KOXHOrO MeTpa Ky6iyHOro nositps,
SKWO TemnepaTtypa BHOYI 3HM3UTbCS A0 8 °C?

4 (0). Maca BogsHOi napu B nabopaTtopii gopiBHe 385 1 3a Temneparypwu
18 °C i 3a BigHOCHOI BonorocTi nosiTpss 50%. NycTnHa Hacu4yeHoi BOAs-
Hoi napu 3a Temnepartypu 18 °C popiBHioe 15,4 r/m3. BusHaute 06’em
na6opartopil.

5 (0). BwusHaute poboTy, AKY HEOO6XiAHO 3AINCHUTW, W06 BUAYTW MUSIbHWUIA
ny3up giameTpom 10 cM. KoedilieHT NOBEpPXHEBOro HaTAry MWUbHOrO
po3unHy gopisHe 40 MH/Mm.

6 (0). NynbBepusaTop 418 06NPUCKYBaHHA POC/IMH YTBOPIOE KParvHKi BOAU
i3 cepegHim giameTpom 50 MKM. fAka pob6oTa BMTpavyaeTbCs Ha CTBO-
PeHHs Takux KpanauvHok 3 0,5 kr soam?

7 (0). Y crtebni nuweHuui BoAa KaninAapamu nigHiMaeTbca Ha Bucoty 1 m. Bu-
3HauyTe cepegHiini giameTp Kaninspis.

8 (0). Uomy [OpIBHIOE pi3HMUS PiBHIB PTYTi ¥ ABOX KaninspHux Tpybkax, pos3-
MilLeHNX B OAHIA MmocyauHi i3 pTyTTio. [diaMeTpu Kaninspis BignosigHO
piBHi 0,5 MM i 1 mMm. lycTuHa pTyTi cTaHOBUTL 13 600 Kr/m3.

9 (B). Mig yac BUTIKAHHA 3 GIOPETOK OA4HAKOBMX OO’EMIB PIi3HUX PigWH, TyCTK-

Hoto PL= 1030 kr/m3i =0,073—, Ta piguHn, ryctuHoto p2=3800 kr/m3
M

yTBOpWaOCL 7=25 Kkpanesnb nepwloi pigvHn i nr=80 kpanesb Apyroi.
BusHauTe KoediliEHT NOBEPXHEBOrO HaTAry ApPYyroi pignHu.

1o (B). Ky cuny HeobxigHO goknacTu, Wo6 BigipBaTy Big NOBEPXHi BOAW TOHKE
Kinbue pagiycom 5 cMm, BUrOTOB/IEHE 3 APOTY Macow 4 r?

11 (B). Ky6uk nnasae Ha noeepxHi Bogn. OBGUNUCNITL INMGUHY 3aHYPEHHS Ky6uKa
y BOLy 6e3 ypaxyBaHHS CWIM NOBEPXHEBOrO HaTAry; 3 ypaxyBaHHAM
CU/IN NOBEPXHEBOro HAaTAry 3a YMOBU, LIO NOBEPXHA Kybuka He 3Mo-
yyeTbCcs BOAOK. Maca Kybuka CTaHOBMTb 3 n AOBXWHa lioro pebpa
cknagae 20 M.

12 (B). Bigkputa 3 060x 60kiB KaninspHa Tpybka giametpom 0,2 MM 3aHypeHa
BEpPTUKa/IbHO Yy BOAy Ha rnmbuHy 10 cMm. Ha siky BUCOTY Haj piBHEM
BOAW Y MOCYAMHI nigHiMeTbCA Boga B KaninsApi? Yomy gopiBHioE i Maca?

13 (B). $ky po6oTy 3AiCHIOITbL CUAM MOBEPXHEBOro HaTAry BoAW nig vac i
NigHATTA 3aHypeHWM B Hel Kaninsapom?
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8 31. Pigki kpuctanu. lNonimepu. HaHomaTepianm

»Pigki kKpucTanu

»bynosa i BnacTuMBOCTI nonimepis

»bynoBa i BnacTWMBOCTI HaHOMaTepianis

> MpakTuyHe BUKOPUCTAHHA NoniMepis Ta HaHomaTepianis

PIOKI KPUCTAJIN. ¥ nonepegHix naparpadax BM 03HaANOMUAMCS 3 TpbOMa
arperaTHUMU cTaHamn pevyoBUHU — TBEPAUM, PIAKUM Ta rasonofioHum. Ans
PEYOBMHMN B KOXXHOMY 3 HMX XapakTepHi 0cobavBi (i3NYHi BNacTUBOCTI.

Hanpukinui XIX cT. yyeHi BIAKPUAN PEYOBMHW, AIKI B MEBHOMY Temrepa-
TYPHOMY iHTepBasi MOXYTb nepebysat B NPOMIXHOMY arperatHoMy CTaHi,
AKUIA € NOAIGHMM SK [0 TBEpAOro, Tak i pigkoro. Lii pe4yoBMHW Ha3uBalOThb
PIAKUMU KpUcTanamu, a NMPOMDKHUIA CTaH, B SKOMY BOHM NepebyBalOTb, —
PIAKOKPUCTANMIYHMM. Y TaKMX PevyoBUH [anbHiii MOPSAOK y pO3TallyBaHHI
MOJIEKY/T CMOCTEPIraeTbCsA MLLE B OAHOMY HanpsiMKy, a B ABOX IHLIWUX ic-
Hye nuile 6nM3bKuiA NopsaoK. TO6TO PevyoBMHM MatOTb HiGM HWMTKOMOMIGHY
CTPYKTYpY. Xoua Ui PevyoBUHWN MAUHHI NOAIGHO A0 3BUYAHMX PIAUH, BOHU
36epiratoTb aHi3oTponito (i3UYHUX BNACTUBOCTEW, K i TBepAi KpucTanw.
Pigkum Kpuctanam BnacTvBa HasBHICTb 3HAYHUX CUN MIXXMONEKYNAPHOI
B3aEMO/ii, TOMy BOHW 36epiratoTb CBiii 06’eMm.

He BCi pe4yoBUHM MOXYTb nepebyBat B NMPOMIXHOMY PifKOKpUCTaniu-
HOMY arperaTHOMy cTaHi. 15 LbOro MOJIEKYNN MOBUMHHI MaTu He cdepuy-
Hy, @ BUTATHYTY B O4HOMY HanpsamKy ¢opmy abo MOMITHE YLLiNbHEHHS
(man. 31.1, a). ¥ 6inbWoOCTi MOJSIEKYNn AOBri OCi MOBWHHI OpieEHTyBaTUCA
B340BX OAHOr0 HanpsMKy, KM Ha3nBatoTb AupekTopom (man. 31.1, 6).

Lle focAraeTbCA BM3HAYEHHAM [NS1 KOXHOI PEYOBUHW iHTepBasy Temrie-
paTyp, OCKi/IbK/ 3HayHe MiABULLEHHS TeMMepaTypu CNpPUYMHAE pPYiRHYBaHHSA
NopafKY B OpieHTawii MOMeKyn i pigKWMiA KpucTan MNepeTBOPHOETLCS Y 3BU-
YaiiHy PigMHY, a TakKoX NpPW MeBHIN TYCTUHI PigUHN.

3aBAsAKM MOEAHAHHIO BNacTUBOCTEN TBepAMX KpWUCTaniB i pignH pifko-
KpUCTaniyHuM TiflaM BlaCTMBA BWUCOKA YYT/UBICTb [0 30BHILIHIX BM/IMBIB
(Temnepatypu, TUCKY, €IEKTPUYHOrO i MarHiTHoro nonis). Tomy iX Bu-
KOPUCTOBYIOTb Y PI3ZHUX ENEKTPOHHMX npunagax i gatumkax. Kpim Toro,
OCKIi/IbKV Mif BN/IMBOM €/IeKTPUYHOIO Nons AefKi PigKi KpUCTann 3MIHIOKTb
KONip, X LUMPOKO 3aCTOCOBYIOTb MifJ Yac BUTOTOB/IEHHA OUCMJIEIB €/IEKTPOH-
HUX TOAWHHMKIB, KOMMN’HOTEPiB, TEPMOMETPIB, MN/JIOCKUX eKpaHiB TesieBi3opis
i B 6araTtbOX iHLUMX CyYacHWUX eNeKTPOHHUX TeXHIYHMX Ta NOoBYTOBMX Mpu-
nagax i nNpucTposix.

Pigki KpucTanu HWHI IHTEHCMBHO [OCAIMKYHOTh Yy 6araTb0X HayKOBUX
3aKnafgax AK YHikanbHi maTepianiv AN Cy4YacCHUX ENeKTPUUYHMX MPUCTPOIB.

Pigki Kpuctanu Haa3Bu4yaiiHO LiiKa-
Bi i AMBOBWXHI. Hapa3si BifOMO noHag,
10 000 OpraHiYHUX Cnonyk, AKi € pig-
KUMW KpucTasnamu Ta BMBYEHO MOHA[,

Man. 31.1. Oco6nmBocTi 3000 peyoBMH, LWO YTBOPKWTL PiAKI
pO3TaLlyBaHHA MOJEKy/ Kpuctanu. [lo HUX HanexaTb PevoBMHU
PiAKOKPUCTANIYHUX TiN 6i0N10riYHOr0 MOXOMKEHHS, Hanpuknag,
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§31. Pigki kpuctanu. Monimepn. HaHomartepianu

[le30KCUPUBOHYKNETHOBA KMCMOTA, WO Hece KOp
CnafKoBoOi iH(opMaLii, i pevyoBuHa MO3Ky. [lo-
Janblli JOCNIMKEHHS LUX PEYOBMH He TifIbKK
PO3LUMPIOIOTL X 3aCTOCYBaHHS, a i JornomaratTb
MPOHUKHYTU B TAaEMHULi 6I0ONIYHUX NPOLECIB.
PigKoKpucTaniyHa Hayka € MbKAvcumniiHap-
HOHO: TT BUBYaKOTL (Di3MKa, MaTemMaTuka, Ximis, 6io-
norig, MeauLmMHa, enekTpoHika Towo. OHWUM i3 Ha-
NpsMIB, Haf AKMMUW MPaLoTh (i3VKN — daxisLi
3 PIAKMX KPUCTaTIB, € PO3POBMIEHHA THYYKMX AUC-
M/eiB Ta eNEKTPOHHUX KHVXXOK, TaseT i XXYpHasiB. Man. 31.2.
CyuacHi TexHO/NOoril falTb MOX/MBICTb BK-
rOTOBMAATU HAATOHKI [UCNJIET KOMMN'HOTepiB i
Tenesisopie (Man. 31.2). Y Hallbam>K4oMy Mai-
OYyTHLOMY AMCMNEeA KOMN'tOTepa MaTUMe TOBLUMHY MEHLLY HDXX 1 MM i Byae
abCOMTHO THYYKMM, AK nanip! OTxe, i3nKa pigKMX KpucTanis € nepcnek-
TUBHOK HAyKO, LU0 AMHAMIYHO PO3BMBAETHLCS | B AKIi KOXEH i3 BaC 3MOXe
3p06UTK HOBI BiAKPUTTA. TOX HaBualiTecs Hanonernueo!

HagTtoHki gucnnei

BYLAOBA | BAACTUBOCTI MONIMEPIB. ¥ npakTU4HiA A#isnbHOCTI Nto-
OMHW BENIMKOTO 3HAYeHHs Habynu amopiHi peyoBUHW, SAIKI Ha3uMBatoTb Mo-
nimepamu.

MoniMepy — NPUPOAHI Ta LWITYYHI CNONYKWA, MOSIEKYIN AKUX CKNafatoTb-
CA 3 BE/IMKOT Ki/IbKOCTi MOBTOPHOBAHUX OAHaKOBMX abo pisHMX 3a Oy[0BOHO
aTOMHMX TpynyBaHb, 3’€4HaHUX MiXX COOOH0 B AOBri NiHIHI abo po3ranyeHi
naHutoru. CTPYKTYpHI OAMHMLI, 3 AKUX CKNafakThca MnofiMepu, HasuBaroTb
MOHOMepamMm.

LLInpoka rany3b 3aCTOCYBaHHA MONiMepiB 3yMOB/eHa iX 0cobnvBiMM Bnac-
TUBOCTAMM: €MaCTUYHICTb — 3[aTHICTb [0 BiAHOBNEHHA POPMU NiCNA 3HAUYHUX
Jethopmauii; NOPIBHAHO HM3bKa KPUXKICTb CKNOMNOAIOHMX i KpUCTanivyHMX nosi-
MepiB (njactMacu, opraHiuHe CKO); 34aTHICTb MOJEKY/T 3MiIHIOBATW OpieHTALit0
y MPOCTOPi BHACNIJOK MeXaHiYHOro BrnBy (BUKOPWUCTOBYETLCA Mif Yac BUro-
TOBJIEHHS BO/IOKOH | M/IBOK); BOHW BUCOKOCTINKI B arpecMBHUX CepefoBULLAX;
eeKTUBHI eNeKTpo- Ta Tensoi3onAaTopun; MnoniMepyu MarTb BUCOKY B’A3KICTb
PO34YMHIB Ta 3[4aTHi 3MiHIOBATW BflaCHi BNacTUBOCTI HaBiTb MPW HE3HAYHUX A0-
MillKax (BY/IKaHi3auia Kayuyky, AyONneHHs LKip
TOWo). Heponikom GaraTbOX MOMiMEPiB € CXWIb-

HICTb [0 cTapiHHA. TloniMepn MOXYTb iCHyBaTh
AK Yy KpUcTaniyHomy, TaK i B aMOP(HHOMY CTaHax.
Oco6nm1Bi BMacTUBOCTI NOMIMEPIB MOSICHIOKOTLCA He

NVILLIE BE/IMKOIO MOJIEKY/IAPHOKD Macoko, a i Tum, Tkl e it oY
L0 MakKpOMONEKYNM MatoTb NaHLOroBy 6yaoBy i € vw. =ac¢c *
THYUYKUMM.

3a MOXOMKEHHAM MoniMepn MNOLINATLCA Ha
NPUPOSHI (HaTypasibHi), 0O AKUX HaNeXUTb Be-

NMKa rpyna nonimepis: 6iNK1, KPOXMasb, LEMto- Man. 31.3.
N03a, HaTypasbHUIA KayyyK, MpUPOAHWUIA rpadiT  MpupogHuii nonimep —
Towo (man. 31.3); CUHTETUYHI — YTBOPEHI CUHTe- 6inok AHK
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30M 3 MOHOMepIB: MonieTUNEH, NOAICTUPON; LWTYYHI — YTBOPIOKOTLCA 3 NPU-
POLHUX NOAIMepIB LWAAXOM iX XiMiYHOT Mogu@ikaLii (Hanpuknag, yHacnigok
B3aEMOJiT Le/ItoN0o3n i3 a30THOK KUC/IOTOK YTBOPKIETLCA HITPOLE/0N03a).

BYAOBA | BINACTUBOCTI HAHOMATEPIAJIIB. OcHoBOWO HaHOMaTepia-
NiB € HAHOYACTUHKM, PO3MIPK AKUX Y MINbAPL pasiB MeHLWi 3a 1 M, abo y
MiNbIAOH pasiB MeHWi 3a 1 MM. HaHO4YacTMHKa y CTifbKM X pa3iB MeHLla 3a
NIHINKY JOBXMHOI 1 M, Y CKifIbKM pa3iB TOBLIMHA NanbLsA MeHLa 3a fia-
MeTp 3emni. BinbLwicTe aTtomiB MatoTb giametp Big 0,1 go 0,2 HM, a TOBLLMHA
HUTOK OHK — 6113bko 2 HM. Monekynn MaroTb po3mip 61mM3bko 1 HM.

HaHomatepian — He OfWH «yHiBepcasbHWUIA» Matepiasn, 4u MpocTo Ayxe
APIOHI («HaHO») YaCTUHKK, a BEeSIMKWIA Knac pisHUX matepianis.

HaHomaTepianamn HasuBatOTb MaTepianun, OCHOBHI (Di3W4YHi XapakTepuc-
TUKN AKWUX BMU3HAYatOTbCA BNACTMBOCTAMW HAHOOG’EKTIB, LU0 MIiCTATbCA B
HUX; KPUCTaniyHi abo amopdHi CUCTEMU, PO3MIP YaCTMHOK SKUX MEHLLIWiA
38 100 HM.

CyuacHa HayKa Knacugikye Taki BUaM HaHOMaTtepianiB: HaHOYaCTUHKW,
thynepeHn; HaHOTPYOKM Ta HaHOBOJIOKHA; HaHOMOPWUCTI CTPYKTypu (pe4oBu-
HW); HaHoAWcnepcil; HaHOMNIBKW, HAHOKPUCTaNiyHi Martepianu.

Taki HaHOCTPYKTYpM MOXHA PO3rnsfatu AK 0CO6MMBUIA CTaH PeYOBUHM,
OCKiNbKWN BMIaCTUBOCTI Matepianis, YTBOPEHUX 3@ Y4YacTiO CTPYKTYPHUX efie-
MEHTIB HaHOPO3MIipiB, He IAEHTUYHI BNACTMBOCTSAM 3BMYaliHOI pe4oBuHU. Ha-
npuknag, y HaHoMmartepiasiB MOXHa CrocTepirat 3miHy MarHiTHMX, Tenno- i
eeKTPONPOBIgHNX BlacTUBOCTel. A8 0C06/MBO APiGHMX MaTepianiB MOXHa
BiA3HAUUTW 3MiHY TemnepaTypu nnaefieHHA Y 6iK Ti 3MEHLLEHHS.

[na HaHOomatepianiB akTyanbHa npobnema ix 36epiraHHs i TpaHCMOPTY-
BaHHA. Matoun po3BUHEHY MOBEPXHIO, MaTepianu Ay>Ke akTWUBHI i aKTUBHO
B3aEMOZIOTb 3 HABKOMMLIHIM CepefOBULLEM, Hacammepes Le CTOCYETbCA Me-
TafIeBMX HaHomarepianis.

Mpuknagom HaHomartepianis € Byrneuesi HaHOTPY6kn (man. 31.4). Y 1991
p. AMOHCbKWI yuyeHW Cymio ligpxvma BUSABMB [OBri BYr/eUeBi CTPYKTY-
pu, AKi ofepXanu HasBy HaHOTPy6OK. HoBa monekynsapHa opma Byrie-
LI BigKpuna Liny cepito HOBMX i HecnogiBaHUX (isMYHUX, MEXaHIYHUX i
XiMiYHMX BnacTueocTei. LIl yHikanbHi BNacTUBOCTI 3p06UIN HaHOTPYOKM
K/IOYOBUM €/1eMEHTOM HaHOTEXHOMOri. HaHOTpyOKM MOXYTb BUKOPUCTO-

ByBaTucA MNif 4aC BWUTOTOBJ/IEHHA MO-
NeKynApHUX eneKTPOHHUX MPUCTPOIB,
HaHOTPAH3MCTOPIB | eNeMeHTIB Nam’ATi.
Byrneuesi HaHOTPYOKM 3HAYHO MiLlHiLLi
3a rpagit, Xo4a CKnagarTbCs 3 TUX Xe
aTomiB Kap6oHy. Bu BXe 3HaeTe, WO
B rpadiTi atomn Kap6oHy po3TalloBaHi
nowaposo. [poTe Bam TaKOX BigoMo,

Man. 31.4. Cxemartuuve WO 3ropHYTMn TPyOKOK apKyLl nane-
306paXeHHA 0AHOLIAPOBOI py Habarato cknafgHiwe 3irHyTu i po-
(niBOpy4) Ta [BOLIAPOBUX 3ipBaT HIXX 3BMYaHWIA apKyLl. Tomy-
(npaBopyuy) Byrneuesmx TO HaHOTPYOKM MaloTb TaKy MiLHICTb.

HaHOTPYy6OK 3aBAAKM  YHIKaNbHUM  MeXaHiYHUM
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§ 31. Pigki kpuctanu. Monimepn. HaHomartepiann

B/IaCTMBOCTAM HAHOTPYOOK MOXHa BW-

rOTOBNATW BYrneueBi KOMMO3UTU Haf-

3BUYaAAHOT MILIHOCTI 415 aBTOMOOINbHOT 1
i aepOKOCMIYHOI NPOMMC/IOBOCTI.

LLle oHiel0 POPMOIO 3°€fHAHHA MO-
NeKyn BYINeuto € (ynepeHn, AKi fAB-
NATb COBOK0 OMYKNi 3aMKHYTI 6araTo-
rPaHHVKN, CKNageHi 3 napHoro ymcna atomis syrneuto (man. 31.5). Csoewo
Ha3BOK Lji CMOMYKWN 3060B’A3aHi iHXeHepy i gusaitHepy Pivapgy ®ynnepy,
4yni reofesnyHi KOHCTPYKLIT nobyfoBaHO 3a UMM MPUHLMNOM.

dynepeH — BUHATKOBO CTiliKe 3’€¢fHaHHA. Y KpuCTafiyHOMY BUrNsAi
BiH He pearye 3 KWUCHeM, CTIKUIA [0 AT KACNOT i nyriB. dynepeH Moxe
YTBOPIOBATY CMOJYKW, BUKOPUCTOBYHOUN BHYTPILLIHIO MOPOXHWHY BYT/ELEBOI
Kyni, giaMeTp fKOT AOCTaTHIi, Wwob y Hili Mir po3micTUTACA aTOM MeTany
yn HeBenmka Monekyna (man. 36.5).

OTxXe, BIAKPUBAETLCA LWNSAX A0 OAePXKaHHA XiMIYHUX CMOMYyK 30BCIM HO-
BOr0O TWNYy, e aTOM MeXaHiYHO YTPUMYETbCA B 3aMKHYTOMY CepefoBHLLi.

OfHuUM i3 MeTOfiB, WO BUKOPUCTOBYETLCS A/151 BUBYEHHS HAHOOO’EKTIB, €
CKaHyu40-30HAHa Mikpockonis (C3M). 3a A0nomorow CKaHyr40-30HLHOro
MIKpOCKOMa MOXHa He finiie nobaynt oKpemi atomu, a i BUGIPKOBO BM/N-
BaTU Ha HWX, 30Kpema nepemillyBaTi MO MOBEPXHi. YUYeHUM BXe Bhanocs
CTBOPUTW [BOBUMIpPHI HAHOCTPYKTYPU Ha MOBEPXHi, BUKOPWUCTOBYHOUM LEWA
MeTon. Hanpuknag, y LOCAIAHMLLKOMY LeHTPi KOMMaHii i3 AOCNigKeHHS
HaHOMaTepianis, MNOCNILOBHO NepeMillytoun aToMu KceHOHY Ha MOBEepXHi Mo-
HOKpUCTana Hikento, cniBpobITHUKN 3MOTrNN BUKNACTU TpU OYKBU norotuny
KOMNaHii, Bukopuctasn 35 atomis KceHOHy.

HaHomatepiann € OCHOBOK A/ HAHOTEXHOJONiN, Lo 3abe3neyyoTb BU-
KOPUCTaHHA 06’€KTIiB, PO3MIpU AKMX MEHLUI 33 1 MIKPOH i AalTb 3MOry
MPOBOAMTM LOCNIMKEHHS, MaHinynauii Ta 06po6/eHHs peyvoBMH Y fiana3oHi
po3MipiB Bif 0,1 A0 100 HAHOMETPIB (1 HAHOMETP — OfHa MiNnbApAHa MeTpa)
ANA 0fepXaHHA 06’€KTIB 3 HOBUMWU XIMIYHUMU, (Di3UYHMMM, GIONOTIYHUMU
B/IACTUBOCTAMMU.

Man. 31.5. ®ynepeHn

MPAKTUNYHE BNKOPUCTAHHA MONIMEPIB TA HAHOMATEPIANIB.
NoanHa BXXe [aBHO BWKOPWCTOBYE MOJMIMEPHI Matepiany y CBOEMY XXWUTTI,
Hanpuknag, WKipy, XyTpo, LUEPCTb, LIOBK, BanHO Ta LeMeHT. poTe Hayka
npo Mosiimepn AK caMOCTiHa rany3b BUHMKNA BiAHOCHO HEAABHO i AK €AnHe
Line cdopmysanacs nuwe B 50-x pokax XX CT., KOnu 6yno ycBigomieHo
poSib MONIMEPIB Y PO3BUTKY TEXHIYHOro nporpecy. BoHa TicHO noB’s3aHa 3
i3nKOoI XiMi€l i MOXe po3rnsgaTucs SIK ofHa 3 6a30BMX OCHOB Cy4yacHOl
MOMEKYNAPHOT Gionorii. HWHI 3aBASKU LiHHMM BNacTMBOCTAM MOAIMepU BU-
KOPMCTOBYHOTbCA B MalUMHOOYAYBaHHI, TEKCTU/bHIA MPOMWUCNOBOCTI, Cifb-
CbKOMY rocnogapctsi, MeauuMHi, aBTomobine-, cygHo- Ta aBiabyfyBaHHi I
y no6yTi. 3 nonimepiB BUrOTOBNAIOTb BONOKHA, NakogapboBi MOKPUTTA Ta
NAiBKN.

BukopucTaHHS MoNieTUNEHOBOI NAIBKW Y CilbCbKOMY rocrnofapcTei —
OyLiBHULTBO Ta eKcrnjyaTauis nniBKOBUX Tenuvub, Aae 3MOry BUPOLLYBaTy
NPOAYKUIKO LiNniA pik. Y XonogHy nopy Tenauui o6irpiBatoTbCs 3HOBY-TaKu
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3a [ONOMOrot nonimepHux Tpy6, 3aKnageHUx y rpyHT Ha rnnéuHy 60—
70 cm, Kpim TOro, 3a AOMOMOrOK MOAIMEPHUX TPYyO NPOBOAATL Meniopawito
3emenb. LlikaBo, WO TepMiH ekcnnyaTtauii noniMepHuUX Tpy6 y cucTemax
ApeHaxy B 3—4 pasn [JOBLUMIA, HDK aHaNONiYHUX KepaMivyHUX.

BukopucTaHHSA noniMepHMX maTepianiB y MallMHOBYAyBaHHI 3poCcTae Ha-
CTI/IbKN LWBUAKMMYK TeMMamu, WO iM HeMae aHasioris y iCTOpIi MOACTBA.
Monimepam ctann «JoBIpATU» feAani BignoBifanbHiWi 3aBAaHHA, BUIOTOB-
NATb BCe Oinblue CKNagHWX i 6araToyHKLiOHaNbHUX feTaneld MalluuH i
MeXaHi3MiB, Hanpuknag nonimepu CTav 3acTOCOBYHTb Y BUPOOGHWULTBI Be-
NNKOrabapuTHUX KOPMYCHUX AeTaneid MalnH i MexaHi3MiB, L0 HecyTb 3Ha-
YHi HaBaHTaXeHHS. | We oauH (PaKT: 4YBepTb YCiX ApiOHMX cydeH — KaTe-
piB, LUNIOMOK, YOBHIB — Tenep 6yAyeTbCcA 3 NIACTUYHMX Mac. Maiixe Tpu
YBEPTi BHYTPILIHLOrO 034006/1EHHA CAIOHIB NIErKOBMX aBTOMOOGINIB, aBToOY-
ciB, NiTakiB, CyfleH i NacaXXMpPCbKMX BaroHiB BMKOHYETLCA 3 AEKOPaTUBHUX
NNacTUKIB, CUHTETUYHUX NNIBOK, TKaHWH, LUTY4YHOI WKipW. Binblwe TOro,
Ans 6araTbOX MalUWH i anapaTiB TiIbKW BUKOPWUCTAHHS aHTUKOPO3iHOro
NOKPUTTA CUHTETUYHMMMW MaTepianaMu 3abe3neynno X HagiiHy, [LOBrocTpo-
KOBY €KCryaTalito HaBiTb B EKCTPEMasIbHUX YMOBaX KOCMOCY.

[o peui, Ti cami nepeearn CTUMY/IOKOTL i LUMPOKE 3aCTOCYBAHHA MoONi-
MepHUX MaTepianis B aBialiliHii npomucnoBocTi. Hanpuknag, 3amiHa anto-
MiHiEBOro cnnasy rpagiTonaacTMKOM MpW BUTOTOBMEHHI MigKpWUAKa Kpuna
niTaka fae 3MOry CKOpoTUTU KiNbKicTb aetanein 3 47 go 14, a KpinfeHb — 3
1464 po 8 6onTiB, TMM CamMMM 3MeHLIMBLUWM Bary Ha 22 %, a BapTiCTb —
Ha 25 %. lMoKpUTTA NOBepXOHb NiTakiB abo nonateil poTopiB BepTONbLOTIB
lwapomM noniypetaHy 3aBToBWKKW 0,65 MM y 1,5—2 pasu nigBuLLyEe TXHIO
CTIKICTb A0 AOWOBOI epo3ii. Taknmu € nuwe Aeski NpuKnagM Ta OCHOBHI
TeHAeHUIT BNpOBafKeHHA NOMIMEPHUX MaTepianiB y Pi3HUX ranys3ax Hapoa-
HOro rocrofapcrea.

Y Hanbnmxui [ecaTb POKiB MPOrHO3YHTbCA MPUCKOPEHWUA PO3BUTOK Ha-
HOTEXHO/IOT i/ Ta BUrOTOB/IEHHS | BUKOPUCTAHHSA HOBUX HaHOMaTepianis, LLO
3a6e3neunTb ICTOTHI 3MIHW Yy TakuxX ranyssx MpPOMMUC/IOBOCTI, K MallWHO-
OyayBaHHSA, OMTOENIEKTPOHIKA, MIKPOeNeKTPOHIKa, aBTOMOGiNIbHa MPOMMUCIIO-
BiCTb, @ TaK0OX CiNbCbKe rocnofapcTso, MeauuMHa i eKonoris.

3aBAAKM cneumn@iyHMM BACTUBOCTAM HAHOYACTMHOK HaHOMaTepianu ne-
peBaXarTb «3BMUYaliHi» 3a HaraTtbma napametrpamu. Hanpuknag, MiLHICTb
MeTany, OfepXXaHoro 3a JOMOMOroK HaHOTEXHOJONI, NepeBuLLYe MILHICTb
3BMYainHoro B 1,5—3 pasu, CTilKicTb 4O Kopo3ii 6inbwa B 10—12 pasis,
KpiM TOro, Takuin metan y 50—70 pasiB € TBepAiluMM 3a 3BUYANHUIA.

CTBOpEHHSI HAHOMOPOLIKIB AacTb MOX/MBICTb OfepXKyBaTh KepaMiuHi
maTepianu, HagnNpoBIAHWKMW, COHSAYHI OaTapei, ¢inbTpu Ta 6arato iHWMX
TEXHIYHMX 3aC06iB 3 HOBUMW (Di3UYHMMM | XiMiIYHMMMK BnacTMBoCcTAMKU. Ha-
HOTEXHONOriT AalTb 3MOry CTBOPHOBATW MaTepiann i3 caMOOYMCHMMM, BOLO-
BiLUTOBXYB&/IbHVMM Ta IHWWMU KOPUCHMMU BNACTUBOCTAMMW.

200



§ 32. bypoBa i BNacTMBOCTI TBepAux Tin

! TonoBHe B UbOMy naparpagi

Pigki Kpuctann — ue cneuudivyHniAi arperaTHWM CTaH pPeyoBUHK, Y AKO-
My BOHa 0HOYaCHO NPOSABNSE BMACTUBOCTI KpucTana i pigvHn. BnactmsocTi
PIAKNX KpUCTaniB nputamaHHi pigvHam: HabyBatOTb (POPMM MOCYAWMHW; Bif-
CYTHS KpWCTaniyHa rpatka, TOMy TeuyyTb; € B’A3KUMMU.

Monimepammn Has3MBatOTb NPUPOAHI Ta WTYYHI CNONYKK, MONEKYNN SKUX
CKNafatoTbCA 3 BENMKOI KiNbKOCTI MOBTOPHOBAHUX OAHAKOBMX abo Pi3HMX 3a
Oy[I0BOKD aTOMHUX YrpynoBaHb, 3’€AHAHUX MiXX COOOK B AOBri NiHiliHI a60
posrany>keHi naHutorun. CTPYKTYpHi OAWHWLI NONiMepiB Ha3nWBaldTb MOHO-
Mepamu.

HaHomaTepianamun HasuBaloTb Martepianun, OCHOBHI (hi3W4Hi XapakTepuc-
TUKN AKX BMU3HAYatOTbCA BNACTMBOCTAMW HaHOOG’EKTIB, LU0 MIiCTATbCA B
HUX; KpucTaniyHi abo aMopHi cucTeMun, Po3Mmip YaCTUHOK AKUX MeHLINi
3a 100 HM.

? 3anuTaHHsa Ana caMmonepeBipKu

1 UWo Ha3vBaloTb pigkMMU KpucTanammn?

2. HasBiTb OCHOBHi BNacTUBOCTI PiAKMX KpucTanis.

3. HaBegiTb npuknaguM pevoBuUH, LIO € PigKUMK KpucTanamu, Ta ranysi ix Bu-
KOpPUCTaHHS.

Ulo HasuBalTb nonimepammn?

HaBsegiTb npuknagn WTYy4YHMX NOAIMEPIB.

HaBegiTb npuknagn CUHTETUYHMX MOMIMEPIB.

HasBiTb rasy3i 3acTtocyBaHHS MosiMepiB, TxHi nepeBarn Ta HeAONiKW.

No oA

8 32. bygoBa i BNacTUBOCTI TBepAnUX Tin

» KpucTaniudi Tina
»AMOpHI Tina
> MexaHiyHa Hanpyra

KPUCTANIYHI TINA. TeepAMmn HasvBaloTb TaKi Tina, AKi 36epiraltb
06’em i hopmy. MpuUUMHOIO TaKOT CTINKOCTI € XapakTep Pyxy i B3aemogil
MOSIEKY/l: BOHU He MOXYTb 3MIHIOBATU MONOXEHHA CBOEI piBHOBaru, 3pii-
CHIOKOUW Masii KonmBaHHA. EHeprid i amnniTyga KonmeaHb TUM OifbLUi, UM
BUMlLa Temnepartypa Tina. PeyoBumHa nepebysae y TBepAOMY CTaHi TOAi, Ko-
N cepefiHA NOTeHLialbHa eHepris B3aEMHOr0 NPUTAraHHA MOSIEKYNT 3HAYHO
6inbla Bif X KiHETUYHOT eHeprii.

3a BMOPSAAKOBAHICTIO MOJIEKYN BIHOCHO NOJSIOXEHHS piBHOBaru TBepai
Tina NoginAlTb Ha KpucTaniyHi (Big rpeu. krystallos — nig) 1 amopgHi
(Big rpeu. amorphos — TOi WO 6e3 hopmu).

MpaBuibHa reoMeTpuyHa (opma € iCTOTHOH 30BHILLUHLOK 03HAKOK Oy[b-
AKOr0 KpucTasa B NPMPOLHNX yMOBax (Bi3epyHKM Ha BiKHax Mif 4yac Moposy,
npasu/ibHI (OPMU CHIXXMHOK, KPUCTasiB KYXOHHOI CONi, TiPCbKOro KpuiiTa-
N0 TOW). Po3rnggaroumn OKpeMi KpUCTanu, MOXHa MepekoHaTUCA, WO BOHM
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Man. 32.2. Tvnn KpucTaniyHMx rpatok

Man. 32.3.
KpuctaniyHa rpaTtka
ranity
(KyXOHHOT coni)

06MeXeHi NAoCKUMK, HibKu wnioBaHUMK, rpa-
HAMW Yy BUTNALI NpaBUNbHUX 6GaratoKyTHUKIB
(man. 32.1).

Buginumo maneHbkuii 06’em (eneMeHTapHy
KOMIpKY), 3aBAAKM AKil MOXHa nobynysaTu
BECb KpucTan, Ak OyAuHOK i3 uernu. Enemen-
TapHa KOMipKa MOXxe matu ¢opmy Kyba, napa-
neneninega, npusMmn Towo (man. 32.2).

ICHYHOTb Pi3HI BMAM KPUCTANIYHUX rpaTok,
afe TO/IOBHOK TXHLOrO OCOG/IMBICTIO € 4iTKa
nepiognyHicTL atomiB y npoctopi. Tomy roso-
PATb, WO B KPUCTANiYHUX Tinax iCHye AanbHil
MopsAoK Yy po3TallyBaHHI atomiB. Hanpwuknag, y
KpucTtani ranity (KyxXoHHOT coni) atomu Hatpito
W Xnopy CTPOro YeprywTb, PO3TaLLOBYHUMUCH Y
BepLIMHax Kyb6a (man. 32.3).

Kpuctanu — Tina, B AKUX atoMu abo MOMEKYN PO3MilleHi
BMNOPSIAKOBaHO i YTBOPKOKOTb NEPIOANYHO MOBTOPHOBAHY BHYTPILLUHIO

CTPYKTYpPY (fanbHiin Nopsgok).
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a 6
Man. 32.4. KpuctaniyHi rpatku: a) rpadity; 6) anmasy

BnacTuBoCTi KpucTana Be/MKOI MIpOK0 BM3HAYatOTbCA BUAOM KpUCTa-
NiYHOT rpatku. TosacHMMO LUe Ha npuknagi rpadity. KpuctaniyHa rpartka
rpadity Mae wapysaty CTpyKTypy (Man. 32.4, a), TO6TO B KOXHOMY LUIapi
atoMn KapboHy po3TalloBaHi y BeplIMHAaxX MpPaBU/IbHUX LUECTUKYTHUKIB.
YcepefMHi wapy B3aeMoAis aTOMiB [OBOJi CU/IbHA, ane cami wwapu cnabko
noB’dA3aHi OAWH i3 OAHWMM, TOMY KpuUCTan rpadity fIerko po3wapoByeEThCS,
KO/IM MU MULLIEMO ONiBLUEM, Ha nanepi 3aivMWaloTbCA TOHKI Wapun rpagiTy.

Kpuctanu ofHiel i Tiel camoi pev4OBUHU MOXYTb Matu pisHy ¢opmy, aka
3aNeXNUTb Bif YMOB 1X YTBOPEHHS; BOHM MOXYTb BIifiPI3HATUCH i KONbOPOM.
Ha BigmiHy Bif rpadity B Kpuctani anmasa atomy Kap6oHy posTalloBaHi y
BepLUMHAX i Ha cepeauHax rpaHeii Ky6a (man. 34.4, 6). MNpu uboMmy BCi aTo-
MW CW/bHO NOB’A3aHi 3i CBOIMW Han6AMKYMMK cycigamn. Came LM MiLHUM
3B’A3KOM aToMiB i 3yMOB/ieHa YHiKa/fibHa TBepAiCTb asMasa.

IHOZI BeCb LUMAaTOK TBEPAOI PEYOBMHM MOXKE CTAHOBUTW OAWMH KpuCTa
(man. 32.5, a). Takumu €, HanNpuKIag, WMaTtouyku coni, ripCbKOro KpuuiTa-
N0 TOWO. YCce Le OKpeMi KpucTanu, iX Ha3uBaloTb MOHoOKpuctanamu, (Bif
rpeL,. >XOHO — OfWH).

XapakTepHOK 0CO6/MBICTIO MOHOKPUCTanNiB € Te, WO 6araTo iXHiX Bnac-
TUBOCTel 3anexaTb Bif HanpsaMKy B KpucTani. Hanpuknag, Kpuctan cioam
Nerko po3LapoBYETLCA TiIbKU B OLHOMY HanpsmKy Tenno- i enekTponpo-
BIAHICTb MOHOKPUCTA/IB Y Pi3HMX HanNpsIMKax Tak0oX MOXe 6yTu pi3HOH.

3anexHicTb isan4HMX BNACTMBOCTEN BiJ HaMpsMy Has3MBalOTb aHi30TPoO-
nieto.

YCi MOHOKpUCTaIM € aHi30TPOMHUMKU. MOHOKpUCTanu Habynu LIMPOKO-
ro 3aCTOCyBaHHS y TexHiui. Maike BCi HaniBNpOBiAHUKOBI npunagn — Le
MOHOKpUCTaNW 3i creyiasbHO BBELEHUMW AOMIlLKaMu, AKi HafalTb iM TUX
4n IHWKUX BNACTUBOCTENA.

Tino, fKe cknagaetbca 3 6e3nidi He-

BMOPALKOBaHO PO3MILLLEHNX MaNeHbKUX
Kpuctanukis (man. 32.5, 6), HasnBalOTb
NonikpucTaniyHUM abo MoNiKPUCTaIOM
(Big rpeubkoro moni — 6araro).

Monikpuctanun, Ha BIAMIHY Bif MoO-
HOKpUCTaniB, i30TPOMHi, TOBTO TXHi

(hi3nyHi BNacTMBOCTI He 3aniexartb Bif a 6
HanpsamKy. Lle nerko 3posymitu, fKL0 Man. 32.5. Kpuctan migHoro
BpaxyBaTW, L0 NONIKPUCTan ckKraga- Kyrnopocy: a) MOHOKpWCTan;
ETbCA 3 BE/IMKOT KiNbKOCTI ManeHbKUX 6) monikpucTan
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MOHOKPUCTasiB, OPIEHTOBAHWX Y AOBINbHUX Hanpsmax. Yci MeTanu B TBep-
[lOMy CTaHi € nonikpuctanamu.

PesynbTatv gocnigie ceigyatb, WO KPUCTaNivyHi Tina nnasnaTeCcs i TBepA-
HYTb 33 MEBHOI A/ KOXHOI PeyoBMHM Temrepatypu, AKY Has3uMBalOTb TeM-
nepaTypoto nnasfieHHs. [if yac HarpiBaHHA KPWUCTaNiYHOro Tifna iHTEHCMUB-
HICTb KO/IMBA/IbHOTO PyXy WOro MONeKyn MiABULLYETbCHA, & 3 LOCATHEHHAM
TeMMNepaTypu MaBNeHHS KOMMBAHHA CTalOTb TaKUMW IHTEHCUBHUMW, LLO
MOJIEKYN (aTOMM) BXE He MOXYTb YTPUMATWUCA Y By3nax rpatku i BOHU
pyMHYOTbC — Bifg0OyBaeTbCA NnaBneHHsA. KoXHa KpucTanivyHa pevyoBumHa
Mae MeBHY Temnepatypy nnaBneHHsA. Hanpuknag, nig 3a temnepatypu 0 °C
TaHe, MepeTBOPHOOYNCL Y BOY.

YMOBHO MOXHa Ha3BaTW YOTUPU TUMWN 3B’A3KIB MK YaCTMHKaMu B KpUC-
Tanax — iOHHWIA, aTOMHWIA, MeTaniYHWin, MONEKYNsSpHUA — i BignoBigHO
nofinuTn TBepAi Tina Ha YOoTUPM TUNW KpPUCTaniB.

Y By3nax rpatky iOHHMX KpUCTaniB MIiCTATbCA MO3UTMBHO i HeraTMBHO
3apsamKeHi ioHW. Cunn B3aeMofii MiDXK HUMU MNEPeBaXKHO eNIeKTPOCTaTUYHI.
[0 Takux KpucTtaniB Hanexarb KpUCTanu KyXOHHOT COni, NonboBOro winary,
MgO ToLuo.

KnacuyHuM npuknagoM aTtoMHOro KpucTany € Kpuctan anmasy, fAKui
CK/afaeTbCa 3 HEWTpasbHUX aroMiB BYr/ieut. ATOMHI KpucTanu yTBOpHO-
FOTbCA TOAI, KOMN MK aTOMamMu BUHUKAOTb KOBaNeHTHI 3B’A3KU. KoBaneHT-
Hi cuin 3abe3neyvytoTb HaMMILHILWWIA 3B’A30K aTOMIB Y €4UHI KpUCTaniyHi
rpaTku, TOMY aTOMHi KpUCTanu € [OCWUTb TBEPAWMMW Ta MalTb BUCOKI TeMm-
nepatypyu Mnas/ieHHs | TENJIOTU BUMapPOBYBAHHS.

Y By3nax KpuUctaniyHUX rpatok MOMEKYNAPHUX KPUCTaniB MICTATbCA MO-
NeKyn PeyoBMHU, 3B’A30K MK AKUMU 3abe3nedyeTbca CUnaMm Mosekynsp-
HOT B3aemofii. OCKiNbKW Ui cunn cnabkiwi Bif CuMN IOHHOrO i KOBAJIEHTHOIO
3B’A3KIB, MONEKY/NAPHI KPUCTAIM € MeHLW MILHUMU, NAaBAATbCA 33 AYyXKe
HW3bKOI TemnepaTypu (TBepAi renin, BofLeHb, KUCEHb, «CyXwuid Nifg», HadTa-
NiH, Kpuctanu 6pomy, nbogy, OiNbLIICTb KPUCTANMIB OPraHiyHMX PEeYOBUH).

KpucTaniyHi rpatkn mMeTaniB yTBOPHOIOTLCA MO3UTUBHUMYK IOHAMU MeTa-
ny, AKi MICTATbCA B 1T By3nax. EnekTpoHu i gofaTtHi iOHWM MeTany B3aEMHO
MoB’A3YI0TbCA. ENEKTPOHM He MOXYTb 3a/MWINTL MeTan yepes NpUTAraHHS
[0 NO3VUTUBHO 3apA[XKEHMX I0OHIB MeTasy, a KpUCTanivHi rpaTku, yTBOPEHi 3
LMX aToMiB, He po3nafjatoTbCs 3aBAAKM LEMEHTYHOUIN AiT eNeKTPOHHOro rasy.

Y BYUeHHi npo OynoBy TBEPAWUX Ti/l BaX/IUBY PO/b Bifirpae NOHATTA MNpo
iX cumeTpito. Tig cMMmeTpieo KpucTaniB pPo3ymil0Tb 3aKOHOMIPHICTb, fiKa
CNOCTEPIraeTbCs Yy MOMOXEHHI TXHIX 4YaCTWMH Ha M/OWWHI Ta B MNPOCTOPI.
Kpuctaniyni rpaTky 34e6inbLIoro MatoTb 0fHOYACHO KiflbKa BUIB CUMETPII.
barato BnacTMBOCTEN KpuCTaniB, NepeayciM MexaHiuHi i eNeKTPUYHI, ayxe
YyTAMBI [0 Ae(eKTIB Yy KPUCTaNiYHUX rpaTKax, a TaKoX HasfBHOCTI B HUX
HaBiTb Mi3epHOI KifIbKOCTI AOMILLIOK. [eeKTn peanbHUX KpucTanis Ta ix
CTPYKTYpPYy MOXXHa 6e3rnocepefHb0 BUSABUTU 3a [OMOMOIOK e/leKTPOHHO-Mi-
KPOCKOMIYHMX | PEHTIEHIBCbKUX [OCNIMKEHb.

KpucTtanu yTBOpHOOTLCSA B NMPUPOAHMX YMOBAX i LUTYYHO. 3a NPUNYLLEH-
HAMMW BYEHWX, Y MPUPOLHUX YMOBax 6arato KpucTaniB yTBOPUIOCb BHAC/I-
[IOK OXONIOXKEHHSA PiLKOI PevyoBMHM 3eMHOI KOpM — marmu, WO € po3snna-
BOM pi3HUX peyoBWH. barato MiHepanis BUHUKIM 3 NepeHacUYeHUX BOLHUX
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pO34uHiB. Mepwimm cepef HUX Cnif HaseaTh Kam’aHy cinb N&CI. ToBLuHa
NnaacTiB Kam’dAHOI COMi, WO YTBOPWIMCA Mif Yac BMNApOBYBaHHA BOAW CO-
NOHWUX 03ep, AOCArae B LeSKMUX POLOBULLAX KilbKOX COTEHb METPIB.

OcCTaHHIM Yacom LUBMAKUMW TEMMaMW PO3BMBAETHLCA TEXHO/ONIA BUPOLLY-
BaHHA MOHOKpMCTasiB ycimMa BIAOMVMMU CrnocobaMn Ha KOCMiYHWUX op6iTasib-
HWUX CTaHuifx. HeBaroMicTb i KOCMIYHWIA Bakyym [alOTb MOX/MBICTb BU-
pOLLYyBaTU MOHOKPUCTaNM HebayeHVX paHille po3MipiB i XiMIYHOT YMCTOTK.

MoHOKpuCTan Habynu LUMPOKOro 3acTOCYBaHHA B Cy4acHin qisuui Ta
TexHiyi. Bci HaniBnpoBigHWKOBI npunagu (giogn, TpaH3UCTOPW) BUIOTOB-
NAKTb i3 KpUCTanie 3i cnewlianbHO BBeAeHUMU AOMiwlkamMu. BUHMKNa HoBa
ranysb €neKTPOHIKM — MOJIEKYNIApHA eNeKTPOHiKa. MOHOKpPUCTaIN € OCHO-
BHUM e/leMeHTOM GaratbOX TWUMIB Cy4YaCHWX Npwunagis, AKi fictanm Hassy
KBaHTOBMX MiACWUNIOBAYIB | reHepartopis (Masepis i nasepis).

AMOP®HI TINA. 3a cBoeto 6ynoBo0 amopHi Tina HaragytTb AyXXe TycTi
PiavHN. B amopHMX Tin icHye BAMKHIA NOPSAOK Y pPo3TallyBaHHI YaCTUHOK
peyoBunHU (Man. 32.6). LLi NoNoXXeHHS 4aCTMHOK He MarTb YiTKOro po3Ttally-
BaHHSA Y NPOCTOPI, X0o4ya Hakbnmkui «cyciam» 14 36epiraloTb NeBHWUIA NOPSA0K
y po3TallyBaHHi, KW Ha3nBatoTb BAVKHIM. MpuknagaMmym aMopgHUX Tin €
LUMaTKW 3aTBepAinoi cMonu, 6ypliTuH, BUPOOM 3i ckna. AMOpgHI Tina i3o-
TPOMHi, TOBTO TXHi (hi3nYHi BNACTUBOCTI OLHAKOBI Yy BCiX Hanpsmkax.

AMOpMHI Tina He MatOTb MEBHOI TemrepaTypw i MATOMOT TENJOTU MNnaBs-
NEHHSA | 3 NiABULLEHHAM TeMnepaTypu MOCTYNOBO NEPETBOPIOKOTLCA B PigUHY.

AMOpHI Tina MaroTb 0co6nuBOCTi. Ha BigMiHY Big nonikpucTtanis,
amopHi Tina po3bmBalOTbCA Ha YaCTUHKW AO0BiNbHOT opmu. Hanpuknag,
po3rnsgakoun nig Mikpockornom TOBYEHE CK/10, MU He MOMITUMO LLIMATOUYKIB,
WO MarTb NpPaBu/ibHY reoMeTpuyHy hopmy.

LLle ofHiet0 XapakKTepHOK 03HAKOK amMOp(HUX Tin € TX TeKy4icTb. Ha-
npuKnag, 4vepes 3HauyHW NPOMIKOK 4acy BIKOHHe CK/10 CTa€ TOBCTIUUM Y
HVKHI YaCTUHI BHaCNiAOK CTiKaHHA, a rmps, WO CTOITb Ha LIMATKY CMOJN,
3 MJIMHOM Yacy 3aHYpPHOETLCA B Hel.

OTxe, 3a/eXHO Bif XapakTepy BIJIMBY Ta 4acy, BMPOAOBX AKOro Ai€ cu-
na, amopHi pevyoBMHM MOBOAATL cebe abo AK KpWUXKi TBepai Tina, abo Ak
HaATo B’A3Ki pignHM.

LLle ogHa 0co6/MBICTb aMOP(HUX Til — TX MAACTUYHICTb, TOOTO BOHU He
BiZLHOB/IOKOTb (POPMY MICNA MPUNUHEHHA Aii Ae(opMyOHOT CUn.

AMOP(HNIA CTaH HeCTIKWIA: 4vepe3 AesKui yac

amop(Ha pevoBMHA MEPETBOPIETLCA B KpUCTaniy-
Hy. Ane 3a3BuYail Leil yac 6yBae Ay)Xe TPUBa/IMM
(pokn i pecATupivdg). Jo TakKuMX Til HaneXuTb
CKno. byayum cnoyaTky npo3opum, BrpOfOBX 6a-
raTbOX POKiB BOHO MYTHIE: Y HbOMY YTBOPHOKOTLCA
OPiOGHI KpUCTaNMKN CUNIKaTIB.

Man. 32.6. Cxema
po3TallyBaHHA MoJie-
Kyn amopgHUX Tin
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PO3AIN 2. MONEKYNAPHA ®IBNKA TA TEPMOAWHAMIKA

MEXAHIUYHA HATIPYTA. ®i3M4HOK BENUYMHOK, LU0 XapakKTepusye Aito
BHYTPILWHIX CWUN, AKI BUHUKAKOTb Y Ae)OPMOBaHOMY Tifli, € MexaHi4YHa Ha-
Inpyra, L0 MO3HAYAETLCA FPELLKOKD NiTeporo «curma» (o).

MexaHi4Ha Hanpyra 0 BU3HA4YaeTbCHA BiJHOLLUEHHAM MOAYNsA cuau
NPY>XHOCTI A0 MAOLWi nonepevyHoro nepepisy S Tina.

F

p

S

o =

OOMHULEID MeXaHIUYHOT Hanpyru €

BenuuuHa, fKa XxapakTepusye 3[aTHICTb MaTepianis npoTugis-
™M gedopmadii 0gHOCTOPOHHLOIO PO3TAryBaHHA (CTUCKAHHSA), Ha-
3nBaeTbca Mogynem FOHra (mogynem npyxxHocTi) (E), WO AOPIBHIOE
BifJHOLLEHHIO MeXaHiuYHOI Hanpyrn o A0 BifHOCHOr0 BUAOBXEHHS €,
CNPUYMHEHOrO LiED Hanpyrow y Hanpamky 11 gii.

)
€

OTKe MexaHiyHa Harpyra g NpsiMo NPONOpLiiHa BIAHOCHOMY BWOBXEH-
HIO:
O=f¢.

Lito 3aneXHicTb BBaXKalOTb (POPMOKD 3anucy 3akoHy [yka Anst npyxHol

Jehopmauii po3Tary.
BcTaHOBMMO 3B’A30K MK BeMUYMHAMW, LLO BXOAATb [0 3aKOHy [yka, 3anu-

. . Al
caHomy y Burnagl F =-kx T1a a =E\e . [pupiBHAEMO 0:;[:- Ta a:EI—.

Orpumyemo 1 =ESAI 265, spaxosytoun, wo * £ Kbl KD:-Eé.
'0

MexaHiYHa Hanpyra xapakTepusye fit0 BHYTPILIHIX CU/l, AKi BUHUKAOTb
y pgedopmoBaHOMY Tini. BoOHa BM3HA4YaeTbCs BiAHOLUEHHAM MOAYNS CUIM

. . . . F
NPY>XHOCTi Erp o n/ouli nonepeyHoro nepepisy S Tina: o= s

MexaHiyHa Hanpyra o npsaMo NpornopLiiHa BiAHOCHOMY BUJOBXEHHIO €:
0 = -Elel.

3HaxoLKeHHA Aiarpamu po3TAry i LOCMigXeHHS NOoBefiHKW Tina 3a 30B-
HILWHIX MexaHiYHUX HaBaHTaXeHb € BAX/IUBMM Yy MPaKTUYHOMY BUKOPMC-
TaHHI Marepianis (man. 32.7).

Jinsnka OA. BUKOHYeTbCA 3aKOH Myka. [ethopmaLis € npyXHoto.

JinaHka AB. 3akoH ['yka He BMKOHYETbCA, ane fdedopmaLis npyxHa.
MakcumManbHa Harpyra, 3a AKOT LWe He BUHWKAE MOMITHA 3a/IMWKOBa [e-
(hopmavifl, Ha3NBAETLCA MEXel MPYXHOCTI arpp
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§ 32. bypoBa i BNacTMBOCTI TBepAux Tin

AKwWwo i pani posrarysatu Tino, TO
BMHMKAE 3anuLIKoBa fehopmauis (gi-
naHka BC) — fethopmauisi, y pesy/nbTa-
Ti AKOT TiNO 3anuLaeTbCcs AedopmoBa-
HVUM MiCNSA NPUNUHEHHS AiT 30BHILLHLOI
cunn. Taky fedopmaito e HasuBarTb
NNacTUYHOH.

[Jani BnooBxeHHA Tina BifoyBaeThCA
malixe 6e3 3MiHW Hanpyru B HbOMy —
rosopATb «|v_|aTepian Teue». [linaHka Man. 32.7. [Jliarpama posTary
CD — TekyuicTb maTepiasny.

3i 306inbWeHHAM dethopMaLlii KprBa
Hanpyr noyvHae nigHimartucsa i focsarae makcumymy B Toyui E. MoTim Ha-
npyra LWBWUAKO crnafae i Tino pyhHyeTbes (Touka K). OTxe, po3puB HacTae
nicna TOro, fIK Hanpyra JOCATHe MaKCVMMa/lbHOro 3HavyeHHsa oM Wwo HasuBa-
ETbCA MEXer MilHoCTi (Touka E).

Mig Yac po3paxyHKY KOHCTPYKLi/A [JONYyCTUMY Harpyry obupatroTb Tak,
o6 BOHa CTaHOBM/MA MEBHY 4acTKY Bif rpaHuli miuHocTi. Yucno, ske no-
Kasye, y CKiflbKM pasiB rpaHuuUs MiLHOCTI Ginblia 3a JoNycTUMY Hanpyry,

Ha3MBAETbCA 3amacoM MILHOCTI: X =— . 3a3Buuyali 3anac MiLHOCTI BUOupa-
Cia
I0Tb He MeHLle 3.

! TonoBHe B UbOMy naparpadgi

3a BMOPSAAKOBAHICTIO MOJIEKYN BIHOCHO NOJSIOXEHHS piBHOBaru TBepai
Tina NoginAlTb Ha Kpuctann i aMmopdgHi Tina.

YMOBHO MOXHa Ha3BaTh YOTMPW TUMNK 3B’A3KIB MK YaCTMHKaMW B KpUC-
Tanax — iOHHWIA, aTOMHWIA, MeTaniYyHWin, MONEKYNspHUA — i BignoBigHO
NnoainuTn TBEpAi Tina Ha 4YOTUPX TUMU KPUCTaNIB.

KpuctaniyHumm HasmBaroTb TBepAi Tifa, atomy abo MONeKynn sKux 3gin-
CHIOKOTb TEM/OBI KONMBaHHA 6iff MOMOXEHHSA piBHOBAru, L0 YTBOPKOKOTb
Tak 3BaHi BY31U KPUCTaNIYHOT rpaTku.

Lna KpucTaniyHMx TiN XapakTepHUM € JasibHill NOpSAoK Y po3TallyBaHHi
atomiB. KpucTtaniyHi Tina noginsoTb Ha MOHOKpUCTaNM i nonikpuctanum. 3a-
NEeXHICTb PI3UYHUX BNACTUBOCTEN BiJ HaNpAMKY Ha3vBalOTb aHi30TPOMIE.

HaBaxxnuBiWO BNacTUBICTIO OYyAb-AKOro KpUCTaNivyHOro Tifla € HasB-
HICTb NeBHOI (PIKCOBAHOI TemmepaTypu MnaB/IeHHSA, 32 AKOT BOHO MNepeTso-
PIOETLCA B PIAVHY, He PO3M’AKLIYHOYMCH MEPes LUM.

ATOMM amopHMX Tin 36epiratoTb 6NMKHIN NopsaLoK. OCHOBHI 0cO6/K-
BOCTI amMOpP(HMX TiNl: TEKYYIiCTb, B’A3KICTb, I30TPOMHICTb, BiACYTHICTb (iK-
COBaHOI TeMMepaTypu MJaB/ieHHS.

? 3anuTtaHHa On1a caMmonepeBipKku

1 Yum BIigpi3HAIOTLCA KpUCTaiyHi Tina Big aMOpPgHUX?
2. Ha3BiTb OCHOBHi Bf1AaCTUBOCTI KpUCTaNiuHWX Tin.

3. Ski OCHOBHi BNacTMBOCTI aMOPMHUX Tin.

4 Llo Take aHizoTponis? I30TPOMHICTL?
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PO3AIN 2. MONEKYNAPHA ®IBNKA TA TEPMOAWHAMIKA

5. HasBiTb OCHOBHi B/1IaCTMBOCTI KpUCTaNiYHUX TiN.

K BidyaNlbHO MOXHa BiAPI3HUTU KpuUcTan Big amopdoHoro Tina?

7. Sk iCHyOTb TUNKN 3B’A3KIB MK YacTMHKaMK B KpucTanax? Oxapaktepusyinte
KOXEH i3 HuX.

8. Lo Take MexaHiyHa Hanpyra Ta mexa MilyHOCTI?

o

BnpaBa go § 32

1 (c). O6uYMCNITb 3HAYEHHA CWK, WO Ai€ Yy3[40BX OCi 3aKpinsieHOro CTepXHS,
AKWO B HbOMY BUHMKAE MexaHiyHa Hanpyra 200 [Ma. JiameTp cTepxHs
CTaHOBUTL 5 MMm.

2 (n). Ha ckinlbkn BUAOBXUTLCA CTaneBuii ApPIT AOBXUHOW 1 M i giameTpom
0,75 MM2, SIKLWO Ha HbOMY MiABICUTU BaHTaXK Macok 2 Kr? Macoto ApoTy
3HexTyBaTu. Mogynb HOHra gnsa crtani gopisHioe 200 [Mla.

3 (o). MigiioMHWiA kpaH piBHOMIPHO MepeMillye BaHTaX mMacol 2 T. Mpu siKo-
My fdiameTpi CTa/ieBOro Tpoca MexaHiyHa Hanpyra He nepesullyBaTume
60 Mra?

4 (B). Mpn ssKomy abCOMOTHOMY BUAOBXEHHI CTaNIEBMIA CTEPXEHb AOBXUHO
2 M 3 nnoueto nonepevHoro nepepizy 10 MM2 Ma€ NoTeHUialbHy eHep-
rirvo 44 Ox?

5 (B). CraneBy CTpiuky wupuHowo 10 cm i ToBWwMHOK 1,5 CcM pO3TArytoTb CU-
noto 100 kH. Akuin 3anac MiLUHOCTI Mae cTpivyHa? paHuua MiLHOCTI Ans
cTani ctaHoBuTb 500 Ma.

8§ 33. BHyTpiwwHsa eHeprid. Cnocobyn 3mMiHW BHYTPILIHBLOT eHeprii Tina

BHYTpiWHA eHepris
» Cnocoby 3MiHW BHYTPIiLIHLOT eHeprii Tina

BHYTPILUHA EHEPIIA. 3aranbHi BacTMBOCTI TEPMOLMHAMIYHUX CUCTEM
Ta 3aKOHW 36epeXXeHHs eHepril B HUX BUBYAE TEPMOAMHAMIKA — HayKa Mpo
B3aEMHI MEPeTBOPEHHS Ten/IoTU Ta IHWKUX (HOPM eHeprii.

TepMoAguHaMmiKa € OCHOBOK CY4YaCHWX TEXHOMOFIA 3i CTBOPEHHS pi3HOMa-
HITHUX TennoBMX MallWH, KPIOreHHWX YCTaHOBOK [N1A OfepXXaHHSA 3pimKe-
HUX rasiB, a TaK0X BWKOPWUCTOBYETLCA Y (i3nLi HaANpPOBIAHOCTI, niasmMu,
Ans onucy esontouii BcecBiTy.

B ocHoBy TepMOAMHamiKu NOKNALEHO MOHATTA BHYTPIWHbLOT eHeprii (U).
Mopsag, i3 MexaHi4YHOK MaKpPOCKOMIYHI Tifa MatoTb LUe /i BHYTPILLIHIO eHeprito
(eHeprito BcepeauHi umx Tin). Lis eHepris BXoguTb A0 6anaHCy eHepreTUdHmX
MepeTBOPeHb Y NPUPOLI.

3 nornagy MKT peyoBMHM BHYTPILIHA eHepris MakpoCKOMiyHOro
Tina TepmMoguMHaMIYHOT CUCTEMM JOPIBHIOE CYMi KiIHETUUHUX eHeprii
6e3nepepBHOro TeMN0BOro pyxy BCiX MOSEKY/ (aTOMiB) BiffHOCHO LieH-
TPy Mac Tina i NoTeHUiaNnbHUX EHePrii TX B3aeMOAii MiX co6010.
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§ 33. BHyTpiwHA eHepria. Cnocobu 3MiHW BHYTPIWHbLOI eHeprii Tina

BCTaHOBMMO 3a/1eXKHICTb MiX BHYTPILUHLOK €Heprieto ifeasibHoro OAHo-
aTOMHOro rasy i /ioro MakpoCKONiYHMMMK napameTpamu.

OCKIifIbKM MONEKYNM LUbOro rasy MidXK COO0H He B3aeMOLil0Tb, TO MOTEH-
LiasnbHa eHeprig En=0. ¥Yca BHYTPILHA eHeprif CKNaAaeTbCs i3 KIHETUYHOI

eHepril pyxy Ek, fka, 3a opmynoto bonbumaHa, I§=%kT :

BpaxoBytoum, WO KiNbKICTb MOSEKYN [AOPiBHIOE N =0 Na, oTpMMaemMo,
O BHYTPILWHA eHeprifd 04HOATOMHOrO ifeasbHoro rasy
=—kT— NA, KNA=R.
v 2 M A Ae A
Omxe:
U=-— RT abo U=—pV ,
2M 2"

[le 71 — maca BCboro rasy; M — monspHa maca; R — yHiBepcasibHa rasosa
ctana; T — TepMoAMHaMiyHa Temnepatypa; p — TUCK rasy; V — 06’eM rasy.

BHyTpiLWHA eHepria igeanbHOro o4HOATOMHOIO rasy nporopuiiHa
TeMnepaTypi 1 He 3a/1eXunTb Bif 06’eMy Ta iHLIMX MakpornapameTpiB.

3MiHa BHYTPILHbLOT eHeprii MeBHOI Macy igeanbHOro rasy 3MiCHHETLCA
NnLle BHACNiAOK 3MiHW MOro temnepatypu T:

AU =- — RAT.
2M

AKLLO ra3 He O4HOATOMHWIA, TO Oro MOJSIEKYNN He NIMLLE PYXarTbCs Mo-
CTynanbHO, a i obepTaloTbCcA. BHYTPIWHA eHepria Takmx rasiB [OPIiBHIOE
CyMi eHepriil NocTynanbHOro i 06epTa/lbHOro PyxiB.

Y peanbHUX rasax, piguMHax i TBepaux Tifax cepefHs NoTeHLianbHa eHep-
rig B3aemofii MOJIEKY/N He [OPIBHIOE HY/MO, TOMY TXHA BHYTPILLIHA eHepris
3aNeXnTb Bif 06°€My pevyoBMHU i TeMMepaTypu.

CMOCOBW 3MIHWN BHYTPILWHBOI EHEPTIT TI/1. I3 6a3oBoro Kypcy di-
3VKN BW 3HAETe, LLO BHYTPILIHIO EHEprito TepMOANHAMIYHOT CUCTEMU MOXKHA
3MIHUTWN [OBOMA CrMocobamu: BMKOHAHHAM po60TWU Ta Tensnonepesaqveto.

Tennonepegayeto abo Tens006MIHOM Ha3uMBaKOTb MPOLEC Mepefadvi eHeprii
Bif, OA4HOrO Tina [0 iHWOro 6e3 BMKOHaHHS poboTu. Tennonepefada MOXe
3[iliCHIOBaTNCA TaKMMKU Cnocobamu:

1) TennonpoBifHiICTIo;

2) KOHBEKLIEIO;

3) BUMPOMIHIOBaHHAM.

MexaHi3m TenaonpoBiAHOCTI 06YMOBMEHWUI XAaOTUYHUM PYXOM i B3aEMO-
[i€t0 Monekyn pedvoBuHu (man. 33.1).

KoHBeKLis — Tenn006MiH, KW 3AINCHIOETLCS MNif Yac NepemillyBaHHS
HepPiBHOMIPHO HarpiTMx wWwapiB pigMHK abo rasy (man. 33.2).
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PO3AIN 2. MONEKYNAPHA ®IBNKA TA TEPMOAWHAMIKA

Man. 33.1. MexaHi3am Tensno- Man. 33.2.
npoBigHOCTI MexaHi3m KOHBEKL,iT

Tennose BUNPOMiHIOBaHHA (ab0 NPOMeHeBWIA TenM000MiH) 3AiACHIOETLCS
ycima 6e3 BUHATKY TiflaMy 3a paxyHOK BUNPOMIHKOBaHHSA BMaCHOT BHYTpILU-
HbOT eHeprii B eHeprito efeKTPOMarHiTHOro BUMPOMIHIOBaHHS i HaBnaku, ne-
PETBOPEHHA MOTMIMHYTOI eHepril y BHYTPILLHIO.

IHWKA cnocib 3MiHWM BHYTPILIHLOT eHeprii Tina — BUKOHaHHA MexaHiy-
HOT po60TW. BHYTPIWHA eHepria MOXe 3MIHIOBATWCb He NuLe Mif Yac Ten-
Noo6MiHy, a I nif Yyac BUKOHaHHSA MexaHi4yHoi poboTu. Hanpuknag, nig vac
CBEPANIHHA MeTasieBOT AeTali CBepA/Io i AeTaslb HarpiBalThCA; HarpiBacThCcs
nuaKa nif yac po3nuaoBaHHA AepeBUHK Towlo. Iig vac TepTa, i B3arani 3a
Oyfb-AKOro onopy pyxy, MexaHiuHa eHepris NnepeTBOPHETLCA Y BHYTPILLHIO.

! TonoBHe B UbOMYy naparpadi

BHYTpILWHA eHepris MakpOCKOMIYHOro Tifia TepMOAMHAMIYHOT CUCTEMMU
[OPIBHIOE CyMi KIHETUYHWX €eHeprili Ge3nepepBHOro Ternsjo0BOro pyxy BCiX
MOJieKyn (aToMmiB) BIZIHOCHO LEHTPY Mac Tina i MoTeHuiafbHUX eHepriii ix
B3aEMOAIT MiX CO60H0.

BHYTpIiLLHA eHepris 0gHOATOMHOrO igeanbHOro rasy BM3HaYaeTbCs 3a qop-

Mynot: AU =—— RAT.
2M
3MIHUTU BHYTPILIHIO EHeprild MOXXHa [BOMa CrnocobamMu: BUKOHAHHAM
poboTn abo Tensonepesadeto.
? 3anuTtaHHa Ana camonepeBipku

1 Big AkuMx isV4HUX BeSIMYMH 3a/1eXUTb BHYTPILLIHA eHepria Tina?

2. BuBepgitb dhopmyny BHYTPIiLUHbOI €Heprii 04HOaTOMHOrO ifeaslbHOro rasy.

3. Monb AKoro rasy — BOAHIO 4M renito — 3a OAHAKOBOI TemnepaTypu Mae
6iNblly BHYTPILIHIO EHeprit?

4. Ulo Ha3uBawTbL Tensonepegayen uM Tennoo0bmMiHOM?

5. HasBiTb BuAn Ten/006MiHy Ta HaBeAiTb NpPUKIaAMW.

BrnpaBa go § 33

1 (c). BusHauTe BHyTpiWHIO eHeprito 10 MOAb O4HOATOMHOrO rasy npu Tem-
nepatypi 27 °C.
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§ 34. Tennosi npouecn Ta iXHi XapakTepucTukn.PiBHAHHA TennoBoro 6anaHcy

2 (n). Ha cKiflbku 3MiHIOETLCA BHYTPILHA eHepris 200 r renito Npy 36i/bLUeHHI
Temriepatypu Ha 20 °C?

3 (m). Bu3HauTe BHYTPILUHIO €HEPrit0 resito, WO 3anoBHIOE aepocTaT 06’eMoMm
60 M3 npn Tmcky 100 Kla.

4 (B). Mpy 3MeHLLIeHHI 06’eMy ogHOATOMHOro rasy B 3,6 pasa MOro TUCK
36inbwmBea Ha 20%. Y CKiflbKM pasiB 3MiHWIACA BHYTPILLHA eHepria?

8 34. TennoBi Npouecn Ta iXHi XapaKTepUCTUKM,
PiBHSAHHSA TennoBoro 6anaHcy

» KifbKicCTb TennoTwu
> PiBHAHHA Tennosoro 6anaHcy

KINbKICTb TEMNIOTW. W06 064ncnntn 3miHy BHYTPILLHbLOI eHeprii B Npo-
Lileci Tenn006MiHy, BBOAATb MOHATTS KiNbKOCTI TENOTU.

KinbKicTb Tennotn (Q) — hisnuHa BeNnUMHa, Ka Nnokasye CKifb-
KW eHeprii, nepegaHo B npoueci Tens006MiHy Bif 04HOM0 MaKpOCKO-
NiYHOro Tina o iHWoro 6e3 BUKOHaHHA poboTw.

OavHMLA KinbKOCTI TennotTm — mxkoynb, [Q] = 1 Ox.

KinbkicTb TennoTu, aka HeobxigHa ANS HarpiBaHHA Tina i Aka BMAiNs-
ETbCA BHACMILOK OXONOMXKEHHA Tifla, pPO3pax0BYETLCA 3a (DOPMYSIOH:
Q=cmAT, fe ¢c — nNMTOMa TEMNJIOEMHICTb PeYOBUHWU; T — Maca Tina;, AT —
3MiHa Temnepartypu Tina.

MToMa TennoeMHICTb (C) — (hi3nUHa BeSIMUYUHA, KA YUCESIbHO [LOPIBHIOE
KiNbKOCTI TennoTu, OTpuMMaHii abo BigfdaHiid 1 Kr pevyoBUHWM Npu 3MiHi Ti
Temnepatypu Ha 1 K (a6o 1 °C).

Y GaraTbOX BMNagKax 418 BMBYEHHS MPOLECIB TENMO0OMiHY 3py4YHO KO-
PUCTYBATUCA TakKOK BE/IMYMHOK, SK TEMNIOEMHICTb.

TennoeMHiCTb — (hisnyHa BeNNYMHA, AKa BU3HAYAETHCHA KifIbKICTIO Ten-
NOTK, AKY MNOTPIOGHO Hagatu Tiny ANa NigBWLLEHHSA Oro TemnepaTypy Ha
oavH KenbBiH (abo oguH rpagyc Llenbcis).

34e6iNbLLIOro TENIOEMHICTL NO3HAYAETLCA BENIMKOK NATUHCHKOK NiTepoto C,

[C] = 1™ . Omxe:
K
Q=CAT; C=cm.

KinbKicTb TennoTtu, sika NOrNUHAETLCA Nif 4Yac NnaBfieHHs abo BUAINSA-
€TbCA Nif Yac KpucTanisayii TBEpAOro Tina, B3ATOrO Npu TemnepaTypi nnas-
NeHHsA (KpucTanizauii), BM3HAYaETLCA 3a (DOPMYSIOHO:

Q=Ant,
e A — nuToMma TennoTta nNaBfeHHA;, T — Maca Tina.
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PO3AIN 2. MONEKYNAPHA ®IBNKA TA TEPMOAWHAMIKA

Haragaemo, Lo KpucTaniyHi Tifla NoyuMHaKTh MNaBMTUCL Mpu ikcoBa-
HOMY 3HauyeHHi TemnepaTypu (TemnepaTypi NNasfeHHs), AKa 3a1ULIaeTbCA
He3MiHOK Yy npoueci nnaBneHHA. Temnepatypa MAaBfieHHA KpUCTanivyHoi
PEYOBMHM [OPIBHIOE Temnepartypi Ti Kpuctanisauil.

KinbkicTe Tennotu, HeobXxifHa 415 BMNApOBYBaHHA abo fAKa BUAINAETHCA
npy KOHZEHcauii pevyoBVHKW, B3ATOI MpWU TeMnepaTypi NapoyTBOPeHHS (Ku-
MiHHA), BM3HAYaETLCA 3a (hOPMY/IOHO:

Q=Ti,
[e r — nuToMa TensoTa napoyTBOPEHHS.
Temnepatypa KUMIHHA PigUHX [0PIBHIOE TeMMepaTypi KoHAeHcauil. Haragae-
MO, WO B npoueci KUNiHHA (KOHAeHcaLiT) pigvMHuM Ti Temnepatypa NnLWaETbes
CTaoto.

KinbKicTb TennoTn, fKa BUAINAETLCA Nif Yac 3ropaHHsA naavea, BU3Ha-
4aeTbCA 3a (POPMY/SIOHO:

Q=agm,
[e q — nuTtoma TernnoTa 3ropaHHa naavsa.
BenuuumHa n, fKa xapaktepusye e(eKTUBHICTb HarpiBHUKa, Ha3NBAETLCA
Koe@iuieHTom kopucHol aii (KKA). KK, HarpiBHMKa Nokasye, Ky 4acTUHY
3araJibHOT KifIbKOCTI TennioTu, BUAINEHOT HarpiBHMKOM Q3ar, CTaHOBUTb KO-

PUCHO BUKOpUCTaHa Tennota Qrop:

~ Qop

PIBHAHHA TEM/IOBOIrO BAJIAHCY. OcKinbku npu 4icToMy Tennoobmi-
Hi XXOOHUX [HWUX BWAIB 3MiH BHYTPILIHbLOT eHepril Hemae, TO Ha NiAcCTasi
3aKOHY 36epeXxXeHHsi eHeprii MOXKHa CTBepAKyBaTu, WO B Tensoi3o/boBaHiii
cucTemi 3a BiACYTHOCTI BTpAT eHepril CKiNbKW TennoTu BigdafyTb OfHI Tina,
CTifIbKM X HabyayTb iHWI. Ha Ui nigctasi cknagatoTb PiBHAHHA TEMI0BOro
H6anaHcy.

PiBHAHHS TenjoBOro 6anaHcy onucye Tena000MiH Y 3aMKHYTIN CUCTEMI:

yJQorp :/y‘QI'/J,Ll K
je Y $0p — cymapHa KiNnbKicTb TenjoTW, OTpMMaHa Tinamu nig vac Ten-

Noo6bmiHy; X ™ gy — CyMapHa KifbKiCcTb TENA0TW, BigfaHa Tinamu nig vac

Tenno06MmiHy.

Tennoo6bMiH Bif6YyBaeTbCA LOTWU, LOKW TeMMepaTypu Tifl He 3PIiBHAOTb-
CA — HacTaHe Tenosa piBHOBara.

3arafbHy TemnepaTtypy micns Tennoo6bMmiHy NPUAHATO no3Hayatn ©
(rpew. «TeTaw).

3afgava. B antominieBnii kanopumeTp Macoto 300 r NoKnanu LWMaToK Nbo-
fy. Temnepatypa kanopumetpa i nbogy -15 °C. Uepes kanopumeTp nponyc-
TUAW MEBHY KiNbKICTb BOAAHOI napu npu Temnepatypi 100 °C. MMicns uporo
Temnepartypa cymiwi B kasopumetpi ctana 25 °C, a i maca 500 r. BusHaute
Macy NbOfy B KaJIOpUMETPI Ta Macy KOHZEHCOBaHOi napw.
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§ 34. Tennosi npouecn Ta iXHi XapakTepucTukn.PiBHAHHA TennoBoro 6anaHcy

JaHo: Po3B’A30K

Tk=300r = 0,3 «r; Y TennoobmiHi 6epyTb y4acTb: Ka/llOpUMETp;
io=-15 °C nig; Bofa, WO yTBOpMAach i3 NboAdy, AKWIA po3Ta-
im= 100 °C; HYB; Mmapa; BOAa, L0 YyTBOPWUIACh MNPV KOHAeHcauii
8 =25 °C napu.

7ic=500r = 0,5 Kr OckKinbKn Temneparypa CyMmilli B KanopumeTpi

BCTaHoBUNack 25 °C, 0TKe, BeCb /i PO3TaHyB i
BCA napa CKOHAEHCYBa/ach.
KanopumeTtp oTpumye KinbKicTb Tennotn: Ql=cKnKQ -t0)-
Nig HarpiBaeTbca o TemnepaTypy nnasfieHHsa An= 0 °C
©2=cn"rn(*nn-*o0)-
Nig oTpuMye KinbKicTb TENIOTW Ha nnaBfieHHA: Q3=Lmn
HarpiBaHHa BoAW, LLO yTBOPUNACH i3 Nbody A0 © =25 °C. Q, =cBn(0 -£).
Mapa npu KoHAeHcauii napa BigJae KinbKicTb Tennotn: Qs=rTn

Boga, Wwo yTBOpWiach i3 napu, OXONOKYHUUCh Bif Temnepatypu tn = 100
°C po Temnepatypu © = 25 °C, Bigfae KinbkicTb Tennotn: Q6=cern(in- ©)
Cknaflaemo piBHAHHA TennoBoro 6anaHcy: Ql+Q2+Q:i+Qi =Qa+Q6

OckKinbky maca CymiLli, WO YTBOPUIACh Y KaJIOPUMETPI: Te=Tn+Tn, TO
maca napu: T, =T, -T,.

PiBHAHHA TennoBoro 6anaHcy 3anucyemo:

cKnK(Q-t0)+ cmin(in-i0) + Lmx + ceran(0-im)
= rrc- rra+cs(wc- wn(in- ©).
3sigcn: T rn\ +c,T-(K~8)~c<r<O- ip)
CX ~4)+L +cB(0- *na)+ T+ CNK - Q)

Mpy nigcTaHoBUi faHUX Ta TabAMYHUX 3HAYEHb MUTOMOI TEMIOEMHOCTI

a/IlOMiHIl0, BOAW, NbOAY, NMUTOMOT TenjoTW NNABAEHHSA NbOJY Ta MUTOMOI

TEN/0TU MapoyTBOPeHHA Boau oTpumyemo: Tn = 0,42 kr; Tn = 0,08 Kr.
Bignosigb: Tn = 0,42 kr; Tn = 0,08 Kr.

! TonoBHe B UbOMy naparpadgi

Kinbkicte Tennotm (Q) — (i3nyHa BeMUMHA, AKA MOKa3ye, CKiflbKU

eHeprii nepegaHo B npoueci Tenn1oo6bMmiHy Bif OAHOr0 MakpOCKOMIYHOro Tina
[0 IHWOro 6e3 BMKOHaHHS poboTw.

PiBHAHHS TENIOBOro 6anaHcy onucye Tena000MiH Y 3aMKHYTIN CUCTeMI:

e 20op — CymapHa KifbKiCTb TEMA0TK, OAep)kaHa TiNOM Mpu Tenaoo6-

MiHi; X ". — cymMapHa KinbKicTb TENA0TW, BigdaHa TiiomM npu Tenioo6-
MiHi.
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PO3AIN 2. MONEKYNAPHA ®IBNKA TA TEPMOAWHAMIKA

? 3anuTtaHHsa 4n1a camMonepeBipKu

1. LUWo Take kinbkicTb TeniotTn? Lo sKoro cnocoby 3MiHWM BHYTPIWHLOT eHepril

BIAHOCATb UK Ha3By?

lUlo nokasye nMTOMa TEM/IOEMHICTb PEYOBUHMW?

3. Big 4oro 3anexuTb KifibKICTb TENIOTU, NepefaHa Tiny nig yac HarpiBaHHA?
Hanuwite dpopmyny ans 06YUCIEHHSA KiNbKOCTI TENAOTW.

4.  Big 4oro 3anexuTb KifbKiCTb TEN/I0TW, fiKka MNOTpibHa Ans BMNapoBYBaHHS
piavHn abo sika BUAOINSETbCA Mig Yac KoHAeHcauil napu?

N

BrnpaBa oo § 34

1 (g). TemnepaTypa 3ani3Horo kotna Macot 10 kr, B sikuii Hannto 20 Kr BO-
an, ctaHoBuTb 10 °C. FAKy KiNbKiCTb TensoTh NOTPiGHO Hagatu KoTny 3
BOAOW, W06 Harpitm iX go temneparypu 100 °C?

2 (g). Skow cTaHe TemnepaTypa Boau, AKWoO 3miwaTtn 100 r okpony i 100 r
BOAM, TemnepaTypa Skoi gopiBHioe 20 °C?

3 (a). fka maca nbogy, B3sAToro npu 0 °C, po3nnaBuTbCA, SKWO OMYy nepe-
[aTn Taky KifbKiCTb TENnoTH, WO BUAINMAETLCA Mig Yac KoHZeHcauii 8 kr
BOAAHOI napu npu 100 °C i HOpMasibHOMY aTMOCHEepPHOMY TUCKY?

4 (B). Y KanopumeTp, TEM/I0EMHICTb SIKOro AopiBHioe 63 Mx/°C, Hanunm 250 r
onii npu Temnepatypi 12 °C. Micnsa TOro, SIK B ONi0 BKUHYM MigHe Tino
macot 500 r i Temnepatypoto 100 °C, y kanopumeTpi BCTaHOBUacs
Temnepatypa 33 °C. BusHauTe 3a gaHuMu Jocnigy NMTOMY Tensi0eEM-
HiCTb Macna.

5 (B). CKinbkn eHeprii BUAIAWAOCL Mifg Yac rOpPiHHA CNUPTY, AKWO 3a paxyHOK
uiei eHeprii Boga macoto 100 r Harpinace Big 30 go 80 °C, a TennoTa,
BMUTpayeHa Ha HarpiBaHHA BOAM, CTaHOBUTbL 20% Tiel TenaoTu, Wo BU-
ginvnacb?

§ 35. PoboTa B TepmoanHaMiLli

»Po6oTa rasy
» [pachiyHe nogaHHA poboTKU B TepmoAnHaMiLi

POBOTA I'A3Y. Po6oTa B TepMOAMHaMILi BM3HAYaETLCA MOAIGHO A0 TOro,
AK MU BM3HaYanun Ti y mexaHiui. Mpu LbOMy BUKOHaHHA poboTu B TepMOAU-
HaMmili nos’A3aHe 3i 3MiHOKO 06’€My TePMOAMHAMIYHOT cucTeMU. PO3risgHEMO
raz y UWAiHAPWYHIA NOCYyAMHI Nif HEBAroMyMM i IEFKO PYXOMWUM MOPLUHEM
nnoweto S (man. 35.1, a).

a3, 36inbWwyo4YnCcb B 06’eMi BUKOHYE POBOTY NPOTW CWA, 3YMOBNEHMX
30BHILIHIM TUCKOM p. Y BUNaAKy MOBINbHOrO PiBHOMIPHOIO pyXy BHYTpILL-
HI TUCK rasy 3aBXu AOPIBHIOBATMME 30BHILLUHbOMY, i, OTXE, Cu/ia TUCKY:
F =pS . MNpu ubomy poboTa rasy AOPiBHIOE:
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§ 35. Po6ota B TepmoauHamiui

Man. 35.1. 3miHa cTaHy TepMOAMHaMIYHOI CUCTEMMU:
a — NpU PO3WMUPEHHI; 6 — NpU CTUCKAHHI

A =FAh =pSAh =pS(h2-/zj =p(Sh2- Sh] .
Ockinbkn Sh1=V1 — noy4aTkoBuin 06’em rasy, a Sh2=V2 — KiHuUeBUAA,

TO poBOTY rasy MOXHa nojatn yepes 3MmiHy ioro o6’emy:
A =pAV =p(V2-V 1).

Mif Yac po3LWKMpeHHs ra3 BUKOHYe [oAaTHY po60Ty, OCKiNbKW Hanpsm
CUKN | HanpsM MepemilleHHa MOpLUHA 36iraloThes.

MMig yac cTuckaHHA rasy nig Aieto 30BHIWHIX cun, F' pobota rasy 6yge
Big’emHa (man. 35.1, 6). Takum 4MHOM, Yy BUMAAKY KON OJHAKOBOT Ben-
YMHWN NepeMilleHHa nopwHsa Ah po6ota A', iKY BMKOHYHTb 30BHILLHI CU-
NN Haf rasoM, Bifpi3HAETbLCA Bif poboTV rasy A nuwe 3Hakom: Al = -A.
BrKOHytOUM Hag rasom po6OTy, 30BHIWHI Tina nepefaroTb MOMY €Heprito.
MMig yac po3LWMPEeHHS, HaBMaku, ra3 rnepejac eHeprito 30BHILLHIM Tinam.

BignosigHo go piBHAHHA MeHgeneesa — KnanelipoHa (pV =vRT) cnpa-
Be4/IMBUM € Bupas: A)I=RAT . 3sigcu npu 3miHi Temnepatypn AT =1K

YHiBepca/ibHa rasosa ctana R =Ap. OTXe, MOXHa CPOPMY/OBATU (i3NUHNI
3MIiCT YHiBepcasbHOI rasoBoi CTasIoi.

YHiBepcasibHa rasoBa cTana R yYuce/bHO AOPiBHIOE poboTi i306ap-
HOrO PO3LLUMPEHHST 04HOr0 MOSA ifeanbHOro rasy nifg vyac HarpiBaHHs
noro Ha 1 K.

AKLL0 NpoLec i30XOPHWUIA, TO poboTa TePMOAMHaMiYHOT cucTemn A= 0,
amke V =const (reoMeTpuyHMiA 3MICT poboTK).

N’PA®IYHE NOJAHHA POBOTW B TEPMOAVMHAMILI. Akwo npouec
i306apHOr0 PO3LIMPEHHS rasy 306pasvTu B KoopAuHaTax p, V, TO MOXHa
NOMITUTK, WO AN 06YMCIEHHA POBOTW rasy LOCTaTHbO BU3HAYUTMW MIOLLY
irypm nig rpagikom y umx koopauHartax (man. 35.2).
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PO3AIN 2. MONEKYNAPHA ®IBNKA TA TEPMOAWHAMIKA

Vo V
Man. 35.2. Po6ota rasy gopis- Man. 35.3. padiiyHe 064YMCNEHHS
HIOE NOLWi NPAMOKYTHUKA po6oTn rasy npu i3oTepmidyHOMY
VIABV?2 npoLieci

Po6oTa rasy [OpiBHIOE nowi irypn, o6MexxeHoi rpaikoM 3anexHocTi
p(V), npAMUMU, WO NPOXogaTe yepe3 VItV2 Ta Biccio V. Lle TBepOKeHHSA
cnpasegnuee iy BUNafgKy Oinbll CKMagHOT 3a/1eXKHOCTI MK TWUCKOM Ta
06’emoM rasy. Po3rnsgHemMo 3anexHictb p(V) Ana i30TepMivyHOro npoecy
(man. 35.3).

Y UbOMY BUMaKy TUCK rasy 3MeHLYETbCS OOEpHEHO MpPOonopLiinHO
06’emy. LLL06 obumncnutn poboty, nnouy Qirypn VIABV2 ginar. Ha HEBENM-

Ki 4iNAHKM 7 06YMCIOKOTL MAIOWY KOXHOT 3 HMX, a OfepXKaHi pesynbTaty
CYMYHOTb.

! TonoBHe B UbOMy naparpadgi

BukoHaHHA poboTM B TepmoAuHaMili nos’a3aHe 3i 3MiHOK 00’emy Ta
Temnepatypu TepMOLMHAMIYHOT CUCTEMU.
Po6oTa rasy A =pAV =p(V2-V ().

Pobota A', AKY BWKOHYHOTb 30BHILLUHI CWIM Haf ras3oMm, Bifpi3HAETbCA
Bif, poboTV rasy A nuwe 3Hakom: A'=-A .

MMig vac po3LWMpPeHHs ra3 BUKOHYE LOAATHY POOOTY, OCKIZIbKM Hanpsamok
CUAW | HanpsAMOK MepeMilleHHsA NopLUHA 36iraloTbes. Po3LWmMprooYmnch, ras
nepefae eHeprito HaBKOMULLHIM Tinam.

Mig yac i3oxopHoro npouecy A =0.

? 3anuTtaHHsa 4n1a caMonepeBipKu

1. Yum Bigpi3HSAETbCA po60Ta, WO BUKOHYETLCS 30BHILLUHIMK TilaMX Hag, rasom,
BiL po60TM rasy Hafj 30BHILIHIMK Tinamn?

Un BUKOHYETLCA poboTa y npoueci i306apHOro CTUCHEHHSA abo pO3LINPEHHS
rasy?

Yomy ras nifg yac CTUCHEHHSI HarpiBaeTbcsa?

MosAcHITb, AK rpadiyHO BU3HA4YalTb PO6OTY i306apPHOr0 PO3LUMPEHHS rasy.
Uomy AOpiBHIOE poboTa rasy nig yac i30XOpHOro npouecy?

MosACHITb, SK rpadiyHo BM3HaA4YalTb POOGOTY i30TEPMIYHOIO PO3LUMPEHHS
rasy.

N

o0k w
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§ 36. 3akoHW TepMoauHaMIKu

8 36. 3aKOHM TepMOANHAMIKK

» MepLunit 3aKOH TepMognHaMiKK

» 3acTOCYBaHHA MEPLUOr0 3aKOHY TepMoAMHaMiKK Ao ionpolecis
AfiabaTHuWin npouec

»Heo60poTHICTbL Tennosux npouecis. Apyruii 3aKOH TepMoguHaMiKK

MEPLINA 3AKOH TEPMOAWHAMIKW. Cnupaiounch Ha pesynbTaTu
YNCNEHHUX EKCMEePUMEHTIB, OTpMMaHi B cepeauHi XIX cT., K. [Koynb,
FO. Maitep Ta . enbmrosbl, YyCTaHOBUIN 3aKOHOMIPHICTb, 3ri4HO 3 SKOH
KiNbKICTb eHeprii B MpUPOAI He3MiHHa, BOHa /MLe MepexoAuTb Bif O4HMX
TiN 00 iHWKX abo NepeTBOPIOETLCA 3 OAHOTO BUAY B iHLUIWIA.

Lle TBep)XeHHA Ha3MBalOTb 3aKOHOM 30epeXXeHHs i NMepeTBOPEHHS eHep-
rii. Lleii 3akKoH mMO)ke OyTW 3acTOCOBaHWUM i /10 TEM0BUX MPOLECIB.

3aK0oH 30epeXKeHHS i MepeTBOPEHHS eHeprii, MOLMpPeHNiA Ha Te-
naoBi fBMLA, Ha3uBalOTb MEPLUMM 3aKOHOM TEPMOAMHAaMIKMU.

MepLumnii 3aKOH TePMOAMHAMIKM Mae 3arasibHUIN XapakTep i 3aCTOCOBYETb-
CA [0 BCiX 6e3 BUHATKY ABULL NMPUPOAW: MexaHiuHe MepeMilleHHs 3 TepTam,
HarpiBaHHA Tifl, NPOXOMXEHHSA eNeKTPUYHOro CTpymy, CBIT/I0BI ABULUA, paji-
0aKTUBHI MepeTBOPeHHA XiMiYHMX eneMeHTIiB Towo. Bci HaBefeHi npuknagm
CYMNPOBOAXYHOTLCA BUKOHAHHAM pO60TM YW Ternsionepeaayeto.

Y 3arajibHOMY BUNaAKy nif vyac nepexofy cuctemun (rasy) 3 OLHOro CTaHy
B iHLWWIA BHYTPILLIHA eHepris 3MiHIOETbCA OfHOYACHO 3a PaXyHOK i BUKOHaH-
HA pob6oTw, i MepefaBaHHA TennoTW. [Ns Takoro BUMNagKy neplinii 3akoH
TEePMOAMHAMIKM MOXXHa CPOPMY/IHOBATU TaKUM YMHOM:

3MiHa BHYTpILHbLOT eHeprii cuctemmn AU y Bunagky nepexogy it
3 0[JHOrO CTaHy B iHLIMIA BU3HAYAETLCA CYMOI POBOTU 30BHILLHIX CUN
A' i KinbkocTi Tennotn O, nepefaHoi CUCTEMI.

AU=Q+A".

BpaxoBytoun, Wwo A'=-A , Nepwmii 3aKOH TEPMOAMHAMIKU MOXHa 3a-
nucatu i y Takomy BUTNAA:
Q=AU +A.

To6TO nifBeAeHa A0 CUCTEMM KiNbKiCTb TEMIOTWM YacTKOBO ifie Ha 30i/b-
LLIEHHA Ti BHYTPIWHbLOT €Heprii i 4YaCTKOBO Ha BMKOHAHHS CMUCTEMOK PobOTU
Haf 30BHILIHIMWU Tinamu.

IcTOprYHE BCTAHOBJ/IEHHSA LbOro 3aKOHY Oy/10 NoB’a3aHe 3i cnpob6amn CTBO-
PEHHS MalUWMHK, iKa 6 HECKIHYeHHO A0Bro BMKOHyBana poboTy 6e3 Hagxo-
[DKEHHSI TennoTN 330BHI. Y TepMOAMHaMILi TakKy MalluWHY Ha3nBalOTb «Bid-
HUM» [BWUTYHOM MepLioro pogy. OCKiflbKM B LbOMY BUNafKy

Q=0, 10 A=-AU ,
TOOTO pob60Ta MOXKE BMKOHYBaTUCh /ILLIE 3a PaxyHOK 3MeHLUeHHS BHYTpiLl-
HbOT eHeprii.
217



PO3AIN 2. MONEKYNAPHA ®IBNKA TA TEPMOAWHAMIKA

3Bigcy BUNIMBAE HEMOX/MBICTb MOOYJ0BM «BIYHOTO» [BUIYHA MepLloro
POy — OCKi/IbKW HEMOX/IMBO HeCKiHYEHHO A0Bro BMKOHYBATW pPOo6OTY 3a
paxyHOK CKiHYEHOro 3HauyeHHS BHYTPILLHbLOT EHeprii AKOiCb CUCTEMM.

3ACTOCYBAHHA TMEPWOIo0 3AKOHY TEPMOAMHAMIKWN A0 130-
MPOLECIB. 3a fonomMOoror nmepLioro 3akoHy TEPMOAMHAMIKM MOXHa poouTu
BaXX/IMBI BWCHOBKM NPO XapakKTep NPOLECIB, L0 BifOyBatOTLCA.

AKLWO TepMOAMHAMIYHOK CUCTEMOLO € ifieasibHUIA ra3 i Moro 06’em He 3Mi-
HIOETbCA (i30XOpHUIA Npouec), To A' =0, a 3MiHa BHYTPILWHbLOT eHepril, 3rif-
HO 3 MepLuIMM 3aKOHOM TepMOAMHAMiKW [OPiBHIOBATMME KiNbKOCTI TEMI0TU:
AU =Q.

Akwo T =const (i30TepMiyHMIA NpoLec), BHYTPILLHSA €Hepris cUCTeMM He
3MiHI0ETbCA (AU =0). Yca nepefaHa rasy KinbKiCTb TeMa0TU BUTPAYaEThCA
Ha BMKOHAHHA rasom poboTW Haf 30BHILLIHIMK Tinamn: Q=A.

KinbkicTb Tennotn Q, nepegaHa rasy 3a cranoro Tucky (i3obapHuii npo-
LieC), BUTPAYaeTbCA Ha 3MiHY MOro BHYTPILIHbLOI €Heprii i Ha BUKOHAHHA
HVMM pobBOTW Haf 30BHIWHIMK Tinamn: Q=AU +A.

ALIABEATHUIA MPOLIEC. Cepef TennoBMx NPOLIECIB BaX/MBE TeOpeTUUHE
i NPaKTU4YHe 3HaYeHHs Mae agiabaTHWIA npouec.

AgiabaTHuUin npouec — NpoLec, WO BigdyBaeTbCs 6e3 TENI00OMiHY
3 HaBKOMMLLUHIM CepefoBULLEM.

3BMYAHO, HEMOX/IMBO OTOYUTM CUCTEMY OOONOHKOD, L0 abCOMOTHO He
NponyckKae Tenso, afe iHoAI MOXXHa BBaXaTW peabHi NpoLecn ayxe 6/13b-
KUMKU g0 agiabaTtHMX. 015 UbOro BOHW MaroTb 3A4iMICHIOBATUCA TaK LUBUAKO,
o6 3a yac npouecy He Bigdynoca TennoobMiHy. HarpisaHHA noOBITPSA Bif
LUBMAKOrO CTUCKaHHA 3aCTOCOBYETbCA Y ABUTYHax [u3ens.

Konu npautoroTe MOTYXXHI KOMMPECopW, AKI CTUCKYHOTb MOBITPSA, TEM-
nepaTtypa MOBITPA HAaCTINbKU NiABULLYETLCA, WO AOBOAMTLCA CheLiasibHO
0X0/I0KyBaTh LMNiHAPK. AfiabaTyHe OXONOMKEeHHA rasy nif yac iX pos-
LUMPEHHSA BMKOPWUCTOBYHOTb Y MalUMHaX ANA 3PiSKeHHA rasis.

AgfiabaTuyHi npouecu BigOyBalOTLCA 3 BENMYE3HUMM Macamy rasy (Ha-
npuknag, B atmocgepi 3emni). Harpite nositTps nigHiMaeTbcs Bropy i pos-
LIMPIOETLCA (OCKIMbKU Y BEPXHIX LIapax MeHLIWiA aTMocdepHuMin Tuck). Lle
PO3LUMPEHHS CYNPOBOMKYETLCSA OXONOMKEHHSAM, IKE BUKNKAE KOHAEHCALit0
BOASHOI Napu i1 YTBOPEHHS XMap.

Mepwwnii 3aKOH TepMOAUHaMiKM ANna afiabaTHOro npouecy mae
Burnag: AU =A", ocKiflbkn Q =0, TO 3MIHUTU BHYTPILLHIO EHeprito
CUCTEMM MOXHaA /Lle 33 PaXyHOK BUKOHAHHS Haf Heto poboTw.

HEOBOPOTHICTb TEMIOBKX MPOLIECIB. APYTWIA 3AKOH TEPMO-
OVHAMIKW. 3akoH 36epexkeHHs i NepeTBOPEHHS eHeprii TBEpAWTb, LIO
KiNbKICTb eHeprii 3a OyAb-AKuX i1 MepeTBOpeHb HEe3MiHHa, asie Hivoro B
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§ 36. 3akoHW TepMoauHaMIKu

HbOMY He BKasye Ha Te, AKi eHepreTMyHi NepeTBOPeHHA MOXNuBi. OpHak
6arato npouecis, LiNKOM JOMNYCTUMMX 3 MOMNAAY 3aKOHY 30epeXXeHHs eHep-
rii, HiKoNM He BigOyBalOTbCA Hacnpaefi. Hanpuknag, Harpite Tifo, nocry-
MoOBO OXOJ/IOMKYHOUNCH, Mepefae CBOK eHeprito Bifbll XON04AHMM Tinam, fAKi
Oro oTouYytOTb. 3BOPOTHWIA Mpouec nepedadi TENAOTW Bif XONMOAHOMO TiNna
[0 rapsyoro camoBi/IbHO BifibyBaTuCA He MOXe. TakuMx NPUKIagiB MOXHa
HaBecTn 6e3niy. OTxe, BCi MPOLECU B MPUPOAI MatOTb MEBHY CMPAMOBAHICTb
I Y 3BOPOTHOMY HanpsiMi BOHM CamOBI/IbHO Bif0OyBaTuUCA He MOXYTb.

Yci npouecn B Npupogi HeobOpOTHI. HanpsM MOX/IVBUX EHepreTU4HuX
NepeTBOPeHb BKasye ApYruii 3aKOH TepMOAMHAaMIKW, KU OyB CHopMy/bo-
BaHWIN Ha OCHOBI gocnigHux akTie Knaysiycowm.

HemMoxxnmBo nepeBecTn TennoTy Bif 6isibll X0NO4HOI CUCTEMW A0
6inbll raps4oi, AKWO He BigdyBaeTbCsA IHWMX 04HOYACHMUX 3MiH B
060X cucTemax abo Tinax, sKi iX OTOYYOTb.

! TonoBHe B UbOMYy naparpadi

Mepwnit 3aKOH TepmoAgMHaMiku. 3MiHA BHYTPILLIHLOT eHeprii cuctemu
AUy BunagKy nepexogy ii 3 OAHOrO CTaHy B iHLIWIA BM3HAYAETbCA CYMOHO
pob0TM 30BHILLHIX cun A' i KifIbKOCTI TenaoTn Q, nepefaHOi CUCTEMI.

AU=Q+A".

ApiabaTHuin npouec — npouec, Wwo BigdyBaeTbCcA 6e3 Tenn006MiHy 3 Ha-
BKOJIMLLHIM CepefoBuLLEM.

Opyrunii 3akoH TepmoguHamiku. HemOXnuBo nepeBecTn TennoTy Bif
6inbll X0MN0AHOT CMCTEMM A0 BifblU rapsyoi, SKLW0 He BiAOYBAETbCA iHLLIMX
0[]JHOYACHMX 3MiH B 000X cuCTeMax abo Tinax, fKi iX OTOYyHOTb.

? 3anuTtaHHa On1a caMmonepeBipKku

1 9k doopmyntotoTb 3aKOH 36epeXeHHs eHeprii B TepMoguHamiui?

2. 4k 3anucyloTb i hOpMyNIOTL NepLInii 3aKOH TepPMOAMHaMIKN?

3. 9K 3anucyeTbCs NepLnii 3aKkoH TepMmoAuHamikym Ans i30TepMIYHOro, i30-
XOpHOro, i306apHoro I agiabaTHOro npouecis?

4,  Hknii npouec HasuBawTb agiabatHMM? 3a AKMX YMOB BiH 3AiiCHIOETLCA?
HaBegiTb npuknagn agiabatHux npouecis.

5. 4kuii npouec Ha3uBawTb 060POTHUM?

6. Y yomy nondrae PisyHUIA 3MICT APYroro 3akoHy TepmoanHamikn? Sk cop-
MY/IOIOTb el 3aKoH?

BrnpaBa go § 36

1(c). lasy nepefaHo kinbkicTb Tennot 100 K, i 30BHILLHI CUN BUKOHa/IM Haf
HUM po6oTy 300 x. YoMy AOpiBHIOE 3MiHA BHYTPILLHbLOI eHeprii rasy?
2(c). [nsa i3o6apHoro HarpiBaHHA 800 monie rasy Ha 500 K im 6yno HagaHo

9,4 MIx Tennotn. BusHauTe po6OTY rasy, a TakoX NPUpPICT Or0 BHY-
TPILWHBLOT eHeprii.

3(a). Ha ckinbkn 3miHunaca eHepria 10 monb OAHOATOMHOMO rasy nig uac
Moro izo6apHoro HarpiBaHHst Ha AT = 100 K? Aky po60oTy BUKOHaB npu
LUbOMY ra3 i fIKy KiflbkKicTb TEMI0TU oMy 6yno HagaHo?
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4(s). Y uumniHapi nig nopwHem nepebyBae ra3, 06'eM SKOro [AOPIBHIE
200 cm3, a Temnepartypa ctaHoBuTb 50 °C. Maca nopLuHA [OpiBHIOE
0,6 «r, naowa — 50 cm2. BusHaute poboOTy, sika BUTpPAYa€ETbCA Ha Mifg-
HATTSA MOPLUHA MNpW HarpiBaHHi rasy go 150 °C. 30BHilWHIiA TUCK [o-
piBHlOE 98 KklMa. TepTAM MOXHa 3HeXTyBaTWu.

§ 37. Tennosi ABUTYHU

» Tennosuit ABWUTYH
» KK/[ igeanbHOT TennoBoi MalluHu

TEMNNOBUN ABUCYH. TexHiuHuii Ta TEXHOMOTiYHUIA Mporpec NOACTBA
3HA4YHOK MIpOK0 NOB’A3aHMIA 31 CTBOPEHHAM Ta eKcrjyartalieto TernaoBmux
[BUTYHIB.

Tennosi ABUryHU — MPUCTPOI, AKI NEpPeTBOPIOOTL BHYTPILLHIO
EHeprito B MexaHiuHy poboTy.

HesBaxkatoun Ha Pi3HOMAaHITHICTb BUAIB TENJOBUX [ABWUTYHIB, YCi BOHM
MaloTb 3arasibHUiA NpUHUMN Ail:

1) 'y 6yab-aKoMYy TenjoBOMY ABUTYHI Bif0yBaeTbCA NEPeTBOPEHHS BHY-
TPIWHLOI eHeprii B MexaHi4yHy poboTy;

2) [Ana poboTu TensoBOro ABWUryHa NOTPIOHI HArpiBHUK, OXO0N0MKyBaY
i poboue Tino. Y npoueci poboTn TennoBoro ABuryHa pobode Tino 3abupae
Bifl HarpiBHWKa MeBHY KiNbKIiCTb Tennotu Q i NepeTBOPOE 4YacTUHY L€l

TENNOTU B MeXaHiYHy pobOTy, a He NepeTBOpPeHy 4acTuHy Tensiotu Q2 ne-
pefae oxonofkysady. 3a 3aKOHOM MepeTBOPEHHS i 30epeXKeHHs eHeprii:

QA =Q+A]

3) poboTta 6yab-SKOro TENa0BOro ABUryHa Nonsrae y noBTOPHOBaHHI Lu-
KNiB 3MiHK cTaHy po6o4yoro Tifa.

CxemMaTU4yHO npuHUMN AiT Tennosoi
MalUMHW nokasaHo Ha man. 37.1.

HeMOoX/IMBICTb MOBHOrO MEPETBOPEH-
HA BHYTPILWHbLOI eHeprii rasy y po6oty
3yMOB/IeHa HeO6OpPOTHICTIO TEmnIoBUX
npouecis y npupogi. KopucHa po6oTa,
AKY BUKOHYE [BUTYH:

A =Q1~Qz2,

e Qf — KiNbKiCTb TENnoTH, AKYy OTpu-
Masno pobodye TINO Bif HarpiBHUKE;
Q2 — KifbKiCTb TENNOTK, BifgaHa 0xo-
NoAKyBauy.

KoedhilieHT kopucHoi aii ana 6yap-
AKOT TEennoBOi MalUWHW [OPIBHIOE Bid-
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HOLLEHHIO KOPWCHO BMKOPWUCTaHOT eHeprii Jo Bu-
TpayeHoi eHepril:

-100%,.

=— abo n=
f Aar f Aar

KKA IAEANBHOI TEMNOBOI MALLUMVHW. Mu-
TaHHAMW nigsuuleHHs KK, Tennosoro gsuryHa
3aliMaBcs (hpaHUy3bKuid iHxeHep Cagi KapHo.

3’ACOBYHOUM, 33 AKWX YMOB MNPU 3aMKHYTOMY

NpoLeci MOXHa OTpUMaT MakcuMabHUiA KK, BiH
3anporoHyBaB BUKOPUCTOBYBATU LMK/, KWW CKna-
[laeTbCA 3 IBOX i30TePMIiYHMX i ABOX afiabaTHMX npo-
Lecis. Bubip came LMX MPOLECIB 3yMOB/IEHUIA TUM,
WO po6oTa rasy npu i30TePMIYHOMY PO3LUMPEHHI
3AICHIOETBCA 3@ PaXyHOK BHYTPILLUHBLOI eHeprii Ha-
rpiBHUKa, a Npy afiabaTHOMY MPOLECi 3a pPaxyHOK
BHYTPILLHBOI eHeprii rasy, AKWin po3LUMPIOETHCS.

Y ubOMy UMK He MOXIuBa Tennonepefada 6e3 34ilNCHEHHA pPo6OTU.
Lukn KapHo — Haile(eKTUBHIWNIA 3 YCIX MOX/IMBUX | Mae Makcumasib-
Huin KKA. BignoBigHo, TeMnoBMIA ABWTYH, SKWIA npaytoBaB 6M 3a LMKIOM
KapHo, 6yB 61 igeansHUM.

MakcumaneHe 3HaveHHs KK, TennoBux ABUTYHIB, 4if AKUX BifOyBaeTb-
ca 3a UMKNom KapHo, 064MCnioeTbes 3a (hopMysioto:

T-T
——2 100%

MNrax =

pge Tx — TemnepaTypa HarpiBHuka; T2 — TemnepaTypa XONOAWMbHUKA.

3BepHITb yBary, Lo L0 (hopMy/y MOXHa BUKOPWUCTOBYBATW nnLle Ans 06-
yncneHHa KK igeasbHOI TensoBol MalLuHWN.

MpuHUMn Aii igeanbHOT Tena0BOi MalMHU 306paeHO Ha man. 37.2.

Y pesynbTati ras ofepXuTb Bif HarpiBHUKa TenaoTy i BUKOHAE cy-

MPOTW 30BHILLHIX cun poboTy A2 nicas MNepexofy rasy B CTaH 2 KOHTAKT
poboyoro Tina (rasy) 3 HarpiBHMKOM
nepepuBaeTbCca. 3a YMOBM HasABHOCTI
Tenn0i30/1b0BaHOI 06OMOHKM Ta3 afia-
6aTHO PO3LLMPHOETHCS [0 CTaHy 3.
Mpu UbOMY ra3 BUKOHYE poboTy A23

CYNpOTU 30BHILIHIX CWUN 3a paxyHOK
CBOEI BHYTPILUHbLOT eHePrii i OXOM04XKY-
€TbCA Bif Temnepatypu Tr go T2.
Micna AQOCArHEHHS rasoMm cTaHy 3
ras i30TepmiyHO CTUCKaeTbCA Mpu Tem-
nepatypi T2. Y pesynbTarti agiabaTHoOro

CTUCHeHHA 4-1 ra3 Habyfe BWXiZHOroO Man. 37.2.

cTaHy. Po60Ta, Iy BWMKOHYE ras, 4u- FpachiuHe 306pAXEHHS LMKy

CeNbHO AOPIBHIOE Mo (hirypw, obme- ineanbHOi TENNoBOT MAaLLMHY

XKEHOI i30TepmamMun i agiabatamu. 291
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AHanizytoun gopmyny Ans 06UYNCNEHHS MakCUMasibHOro 3HaydeHHs KK/
MOXHa BUABUTU HANpsMU YAOCKOHaNEHHS [OBISIbHUX TEMNIOBUX MalUWH:

* 30iNbLUYOYN TemnepaTypy HarpisHuka T,

* 3MEHLYHUM TeMMNepaTypy XO/IoAW/bHUKA T2

OueBunpgHo, wo KK/ TennoBoi MawuMHW Mir 6u JOpiBHIOBATU OAWMHULI,
AK6M Byna MOX/MBICTb BUKOPUCTATU XONOAWNBHWUK i3 TemnepaTypoto
T2=0K. Ane abconOTHUIA HyNMb TeMnepaTtypy — HeAOCSHKHWUIA. XONoAub-

HUKaMW 18 peasibHUX TenaoBUX ABUTYHIB MepeBaXXHO € aTMocepHe MnoB.i-
Tpa abo Boga 3a Temnepatypu v 300 K. Tomy OCHOBHMWIA cnoci6 nigsu-
weHHa KK TennoBux ABWUIYHIB — L NiBULLEHHA Temnepatypu Harpis-
HukKa. Ane Ti He MOXHa NIgHATU BULLE TeMnepaTtypy MNaBaeHHs TUX maTe-
pianis, 3 AKMX BUTOTOBNSAETbCA TEMNOBWIA ABUTYH. Hanpuknag, Temneparty-
pa HarpiBHMKa cy4acHoi napoBoi Typb6iHWM HabnwxaeTbca Ao 850 K i mak-
CUManbHO MOX/MBe 3HauveHHs KK/, cTaHOBUTbL Malixe 65 %.

! TonoBHe B UbOMy naparpadgi

Tennosi ABUTYHU — MPUCTPOI, AKI MEPEeTBOPIOKOTL BHYTPILLIHIO €Heprito
nasvea B MeXaHidHy eHeprito.

KoehiLieHT KopuCHOT AiT Ans 6yab-AKOT TENoBOi MalMHWN [OPIBHIOE Bif-
HOLLEHHIO KOPUCHO BWKOPUCTAHOI eHeprii [0 BUTPAYeHOT eHepril:

n=— abo n=———-100%,

fe Qf — KifbKiCTb TennoTu, AKy OTpUMano poboye TiNo Bif HarpiBHUKa;
Q2 — KifbKiCTb TEMNOTK, BifAaHa O0XONOLKyBauy.

MakcumanbHe 3HavyeHHs KK/ TennoBux ABWUTYHIB, Ais AKUX Big0yBaeTb-
€A 3a UMKNoM, KapHo oBuncnioeTbes 3a (hopMynoto:
T-T
--—-2-100%,
A

MNrax =

pe [ — TemnepaTypa HarpiBHUKa; T2 — TeMmrepaTypa X0noAuIbHUKa.

? 3anuTaHHa Ana camonepeBipku

1. Wo Ha3uBawTb TENI0BUM ABUTYHOM?

2. LLlo Ha3nBalTb HarpiBHUKOM, OXOM04KyBavyeM? Hka ixHs ponb y poboTi Ten-
NOBOTO ABUTyHa?

Lo HasuBalTb poboumm Tiiom?

3a fAkol hopMysio BU3HAYaoTb PoBOTY, BUMKOHAHY ABUTYHOM?

LUlo HasuBatoTb KK[ Tennosoro ABuryHa?

3a kot hopmynoto BuaHauvatoTb KK[ igeanbHoi TennoBoi mawwuHu (KK
MawuHn KapHo)?

o Uk w

BnpaBa go § 37

1 (c). Tennoa MaluvHa 3a OAWH LMK OTPUMYE Bif HarpiBHMKa KiflbKiCTb Ten-
notn 100 Ox i Bigaae xonogunbHuky 60 k. Yomy gopiBHioe KK[, Te-
Nna0BOI MalUUHN?

2 (c). Bu3HauTe MakcumanibHe 3HauveHHs KK, ske mMoxe matu TernsoBa MallmHa
3 TemnepaTypoto HarpiBaHHs 227 °C i TeMnepaTtyporo xonoaunsHuka 27 °C.
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3 (). loeansHa Tennosa mawnHa mae KK n = 60%. Y cKinbkn pasiB KiNbKiCTb
TEennoTu, WO OAepXye poboye Tiflo Bifg HarpiBHUKA, GisblUa 3a KislbKICTb
TennoTtu, WO Biggae pobouye TiNO oxonomkysady?

4 (p). Temnepartypa HarpiBHuka TensoBoi mawuHu 200 °C. fka Temnepartypa
0XO0/104)KyBa4ya, SKWO 3a paxyHoK 4 k[ eHeprii, WO OTPUMYETLCS Bif
HarpiBHUKa, igeanbHa MallnMHa BUKOHYE poboTy 1,6 KIK?

§ 38. TennoBi mawwnHU

» [1BUTYHU BHYTPILLIHLOrO 3rOPSHHSA
> X0N04WUNAbHI MaluUHK

ABUITYHWN BHYTPIWHbLOIO 3roPAHHSA. OfgHum i3 HailnowmpeHiwnx
BWAIB Ten0BOT MalVHN € ABUTYH BHYTPILUHBOIO 3ropsiHHA, AKUA BUKOPUC-
TOBYETbLCA B PI3HUX TPAHCNOPTHUX 3acobax, 30KpemMa B aBTOMOOGINAX.

PO3pi3HAOTL KapOropaTopHi i1 An3enbHi (Ha3BaHi Ha YecTb TX BUHaxXifHUKa,
HiMeLbKOro iHeHepa P. [13ens) ABUTYHW BHYTPILIHLOrO 3ropaHHS.

Hanbinblw nowwvpeHi YOTUPUTAKTHI ABUTYHW BHYTPILIHLOIO 3ropaHHS

(man. 38.1): OCHOBHUM WOro enemeH-
TOM € UWMNiHAp i3 noplHem, ge Bifoy-
BAETbCA 3rOpAHHA nanmsa (3BiACU NO-
XOAWUTbL Hassa [BWryHa). HK npasuno,
X [ekinbka. Tomy rosopatb npo [Ago-,
4YOTUPU- YN BOCBMULMNIHAPOBI ABUTYHU
TOLLO.

B aBTOMO6iNAX HaluacTiwe BUKO-

PUCTOBYIOTLCA YOTUPULMAIHAPOBI ABU- Bnyck CTuckaHHa Po6ounit xig Bunyck
FYHW BHYTPILLUHLOrO 3ropsiHHA. Po6oTta
LMNiHAPIB Y3roMXKYyeTbCA TakK, WO B
KOXXHOMY 3 HUX MO Yep3i 34iCHI0ETHLCS
pobounii Xif i KoniH4acTWii Ban yBecb
yac [iCTae eHeprito Big OAHOro 3 MopLu- 36 510
HiB. Ha man. 38.2 306paxeH0 po3pi3
Takoro ABUIyHa.

Himeubkuin iHxeHep P. Ousenb y
1892 p. 3anporoHyBaB HOBWIA TWM [BU-
ryHa BHYTPILUHbOrO 3ropsiHHA, KU BiH
nobyaysas y 1897 p. [BUryH Ha3BaHWi
Ha YeCTb BMHaXifHWKa AW3e/IbHUM [BU-
ryHom. BiH ofpasy > HabyB LUMPOKOro
BUKOPUCTAHHA SK EKOHOMIYHWIA i Ha-
AIAHWIA, NpoCcTWin B 06CNYroByBaHHI Ta
ekcnayaTauii. Lle TakoX nopLUHeBuia
[ABUTYH, ane Tifibkn nositTpa (a He na-
NINBO-MOBITPAAHA CYMILL) 3aXO4UTb Y LK-
NiHAP NpY NepLioMy TakTi nopLuHs. Mo-

Man. 38.1. Cxema po60Tu
YOTMPUTAKTHOrO ABUTYHa
BHYTPILLUHLOTO 3rOPSIHHSA

Man. 38.2. Po3pi3
YOTUPULUAIHAPOBOIO ABUTYHA
BHYTPILLUHbOTO 3rOPSIHHSA
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224

pLUEHb NiAHIMAETLCA | CTUCKAE NOBITPSA 4O Ay>XKe BMUCOKOI TemnepaTypu. Y Uei
MOMEHT HacoC BMPUCKYE MasMBo, i Yepe3 BUCOKY TeMrnepaTtypy MOBITPs, BOHO
3aropaetbCs. MOKM BOHO rOpuTb, MOPLUEHb OMYCKAETLCA BHU3 (POOGOUMIA Xif).

[unzenbHnin ABUTYH BiApI3HAETLCA Bif 6EH3MHOBOr0 GifbLLOK MOTYXHiC-
THO, EKOHOMIYHICTIO i Ha CbOrofHi 6ifbLIOK eKOMOriYHICTHO.

XonoannbHA MALLUWVHA. XonoguibHOK HasuBawTb MallMHY, fKa 3a
paxyHOK 30BHILUHbOT POBOTK 34iCHIOE Nepejady TENA0TK Bif Tifa 3 HUXKYOK
TemrepaTypoto T2 0 Tina 3 BULLOK TemrepaTypor Tt.

Y XonogunbHUX MalnHax pobode Tino (cneuiasbHa pevyoBrHA (hpeoH) 3a-
6upae Tenno Q2sin 0XOMOLXKYyBaya (Bif MOPO3WUILHOT Kamepu i MPOAYKTIB)
i nepegae tenno Qj HarpiBHUKY (KimHaTi) (man. 38.3).

EheKTUBHICTb fiT X0N04MABbHOI MalUWUHM BU3HAYAETLCA X0104M/b-
HUM KOeqiLliEHTOM, SIKUA BUMIPIOETLCS BiAHOLIEHHAM TennoTu, Bif-
BefeHOi B 060pOTHOMY LMK/ Bif pobo4oro Tina, A0 BUKOHAaHOI 30B-
HILHBOT poboTK:

(24
A

Liein koediuieHT Moxe 6yTn Ginbwiunm 3a 1. BiH 3aneXuTb Big pisHuLi
Temnepartyp HarpiBHuka T1i oxonomxysaya T2

Y [OMaLUHIX YMOBax KOPUCTYIOTbCA NepeBaXKHO MapoOKOMMPECOPHUMM XO-
NOAWNbHMKAMMK, L0 CKNaJarTbCs 3 ABOX TPyO64acTUX 3MIMOBMKIB i KOMM-
pecopa (man. 38.4).

3milioBnK 1 pa3om i3 po3LIMpPHOBanbHOK TPyOKow 4 i pene 3 GimeTa-
NEBOK N/IACTUHKOI, fKa MepiofuyHO BMMKAe KOMMPecop, 3HaxoAWUTbCs B
MOPO3U/bHIA KaMepi. 3MIN0BMK 3 3HAXOAUTLCA Ha 3af4HIN CTiHUI Koprnycy
X0M0AN/IbHUKA. 3HU3Y PO3MILLEHUIA KOMMNPecop 2, AKWI NPUBOAUTLCA B PyX
eNeKTPOLABUTYHOM.

Y unniHgpi Komnpecopa ras 3asHae CTUCHEHHS, WO NPMBOAMTL OO0 Mif-
BULLEHHS Oro Temnepatypu i TMCKy. YacTmHa Tenna Qj yepes 3miiioBMK 3
nepegaetbes KimHati. Mifg yac nepexody 3 BY3bKOI YacTUHU TPYOKM B LIN-
POKY 4 ra3 3a3Hae pPi3KOro posWMpeHHs i OXOMOMXEHHS Ta Ha MEeBHWI yac
NMepeTBOPIOETLCA Ha PiAuHY, AKa nicna BifgbUpaHHA KinbKoCTi Tennotn Q2 Bif

€=

Man. 38.3. Man. 38.4. Cxema
Cxema pgii napoKOMpPEeCcOopHOro nobyToBOro
XONOAWMbHOT MalunHn X0noaunbHUKa
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NPOAYKTIB Y MOPO3U/IbHIA Kamepi 3HO-
BY MepeTBOPHOETLCA Y ra3. 3a HU3bKO-
ro TUCKY ra3 HarHitaetbCcs B UWUIiHAP
KOMMpecopa, [ie 3HOBY BMKOHYETLCS PO-
6ota A 3i CTWCKaHHA ra3y i BCe 3HOBY
MOBTOPHETLCA.

[0 X0noAunbHUX MalLMH Hanexarb
i KoHauuioHepy (man. 38.5).

Hapasi LWMPOKO BUKOPWCTOBYHOTb-
CA MPUCTPOT, AKI MOXYTb BUKOHYBATW
(byHKLit0 06irpiBy /i 0XONomkeHHs. lMe-
pPeEMUKayeM MOXXHa 3MIHUTU (DYHKLi0
3a/1eXKHO BifJ, NMOpY POKY.

Cnoci6 06irpiey 3a [JOMOMOroH XO-
NoAMNbHOI MalnHKU, siKka byfe 3abupa-
TV Tenno Big aTtmocdepn, o6irpisato-
Y NPUMILLEHHS, 3anpornoHyBas CBOr0
yacy aHrnincekuii tisuk B. TomcoH
(nopg KenbBiH), Ha3BaBLUM CBIiil Mpu-
CTPiiA TeNI0BUM HacocoM. TensoBi Hacocy 3a paxyHOK BMKOHYBaHOI po6oTu
Ta TennoTW, WO BiAbUpaeTbCs i3 cepefoBMLLAa (3 MEHLLOK TemnepaTyporo),
HarpiBaloTb Tina, AKi MatoTb BULLY TemnepaTtypy. Po6oTa TennoBoro Hacoca
nonsrae B TOMY, WO 3a paxXyHOK TEeMnJioTW [Xepena 3 HU3bKOK Temnepa-
TYpOl, Hanpuknaj, BOAW Yy BOAOWMMLLAX UM CBEPANOBUHAX, Y BUMAPHUKY
BMNApPOBYETLCA pobOYE TiNO 3 HU3LKOK TemmepaTypord KUMNiHHA (amiak,
(hpeoH). [ani pevyoBMHa CTUCKAETHCH KOMMPECOPOM, MpWU LbOMY Temrepa-
Typa peyvoBUHW MifBuLLyeTbes. MOTiM napa HagxoAuTb 00 KOHAeHcaTopa,
[ie MepeTBOPIOETLCA B piAVHY. B npoueci KoHAeHcauil napa Biffae TENioTy
PIAVHI, WO UMPKYNKOE B ONaitoBa/bHIl cucTemi. MoTiM poboye Tino nosTo-
PHOE CBill LMKN. BUKOpUCTAHHA TEMI0BOro Hacoca Ans 06irpisy npuMilleHb
€ €KOHOMIYHO BUTIgHUM.

! TonoBHe B UbOMYy naparpadi

OfHUM i3 HalinoWMpPeHILIMX BUAIB TEMJ0BOI MalLUWHWN € ABUTYH BHYTpILL-
HbOro 3ropsHHa (AB3). Po3pi3HAOTb Kap6ropaTopHi 1 Au3eNbHi ABUTYHU
BHYTPILLUHLOIO 3rOPSAHHA.

X0NoAUILHOK Ha3MBaKTb MALLUMHY, AKA 33 PaxyHOK 30BHILUHbOT po60TK
34iCHIOE nepefadvy TenaoTW Bif Tina 3 HUXKYOK TemnepaTypor T2 4o Tina
3 BULLOKO TemrepaTypor Tt.

? 3anuTaHHA ona camonepeBipKku

1 Sk icHylOTb BUAWM ABWIYHIB BHYTPILWHLOIO 3ropsiHHA?

2. HassiTb npouecu, wWo BigbyBawTbCA B YOTUPUTAKTHOMY ABWIYHI BHYTPiLU-
HbOrO 3rOPsAHHA.

3. Y uyomy nonsrae BiAMIHHICTb AM3E€NbHOr0 ABUTYHA BHYTPILUHbOIO 3ropsHHSA
Bif, Kap6lopaTopHOro?

4. Sy MallMHY Ha3MBalOTb XON04AWUMBHOK? ONWWIiTe Po6oUNiA LMK XON04Ub-
HOT MaLUnHMN.
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§ 39. EkonoriyHi npobaemun, nos’asaHi
3 BUKOPUCTaHHAM Tena0BMX MalUuH

» EKonoriyHi npo6nemu TennoBOT eHepreTUKK
»lofonaHHA eHepreTUYHOI KpPuU3n

EKONOTIYHI MPOBNEMW TEMNOBOI EHEPFETUKW. LLupoke 3acTocy-
BaHHA TennoBMX MalUWH 15 A00yBaHHA 3pY4YHOT Yy BMKOPWUCTAHHI eHepril
Halbinblue BMNAMBAE Ha HABKOMLIHE CepefoBuLLe MOPIBHAHO 3 ycima iH-
WUMW BMAAMW BUPOBGHMUMX MPOLIECIB, afXe 3 TX [OMOMOror BMPOBGSETLCA
marixe 80 % enekTpoeHeprii.

[JloCArHeHHIO BUCOKMX TeEMMepaTyp HarpiBHMKa 3aBaXKa€ HEMoBHe 3ropsiH-
HA MannBa, 30KPeMa, Yy ABUTyHax BHYTPILUHLOIO 3ropsHHA. Lle cnpuynHse
eKo/oriyHi npobnemu.

3a 3akoHamy TepMOAMHAMIKW, ENeKTPUYHY | MeXaHiuyHY EeHeprit He-
MOX/IMBO BUPO6NATY Ge3 BifBeLeHHS B HABKOMMLUHE CepefoBULLE 3HAYHUX
KifbKocTel Tennotu. Lle MoXe npm3BecTn [0 NiABULLEHHS CepefHbOI TeMMe-
paTypu Ha 3emsi i CTBOPMTW 3arposy nifBuLLEeHHA piBHA CBITOBOrO OKeaHy.

MMig yac cnantoBaHHA nanuea aTMocdepa 3abpyAHIOETLCA NOMenom, as3oTuc-
TUMM Ta CipYaHUMK CMOMyKaMu, LWKIANMBAMMK 415 340p0B’A ntogeit. Ocobnmso
iCTOTHe Ue 3abpyfHeHHS Y BeSIMKMX MicTaxX i MPOMUCOBUX LeHTpax. bifb-
LLIe MOMOBMHN BCiX 3abpyAHEeHb aTMOCdepy CTBOPKOE TpaHcnopT. Kpim okcuay
BYI/EL0, BUKNLAKOTLCA B aTMOC(epy 2—3 M/H. T CBMHLO. CNoNyKu CBUHLO
[0fatoTb B aBTOMOOINbHNIA 6eH3UH ANs 3anobiraHHsA AeToHauii nanvea B ABU-
ryHi, TOOTO fLyXe LUBMAKOrO 3ropsiHHA nasiuvsa.

3 METOl 3MEHLUEHHA TakuxX BUKUAIB fefani Bifblle BUMYCKAETbCA aBTO-
MOGifNiB, y AKUX 3amiCTb GEH3MHOBUX BUKOPUCTOBYIOTb [M3E/bHI ABUTYHMU,
y NaAnBO AKUX He A0LAl0Tb CMOMYK CBUHLO. OfHaK HainepcrneKTUBHILLIMMM
BBAXXalOTbCA €1eKTpoMobini Ta aBTOMOGiNi, AKi npautooTb Ha BoAHI. Mpo-
[OYKTOM 3rOpsiHHA Yy BOLHEBOMY [ABWIYHI € 3BMYaiiHa BOAA.

3acTocyBaHHSA TENI0BMX [BUIYHIB MPU3BOAUTL [0 3HAYHOTO CMOXUBAHHA KWC-
HIO, KU1 BUPOGNSETLCA 3eneHuMy pocnvHamu (10—25 %), yepes Lo MOro Kifb-
KIiCTb Y MOBITPi MOCTINHO 3MeHLYETLCA. LLIMpoKe BUKOPUCTaHHSA TennoBMX MatumH
Y XKUTTI JIFOAVHN NPU3BENO [0 3aroCTPEHHS eKOJOTIYHKX Mpo6/ieM, NoB’A3aHuX i3
BMKMZAMKN B atMocepy LUKIAnvMBuX pevouH. Ceped HMX 0COO/IMBE MiCLe Hale-
XWTb fiokeuay kap6oHy CO02 KMl Hebe3neuHWin TM, L0 CTBOPHOE «MapHUKOBUIA
e(eKT», YHaCcnifoK Yoro Temreparypa rnosiTpA Ha 3emni NigBULLYETHCA.

Y npupogi NopyLuyeTbCA AUMHaMiYHa piBHOBara Ans BifHOB/EHHA KWUCHIO B
peakLiax oToCUMHTe3y. FAKLLO He BXMBATW XOAHUX 3aX04iB OO0 MOMiNLEeHHS
eKOJIOriYHOI CUTYauil, Lie MOXe MPU3BECTM A0 XaxX/MBUX KaTacTpod, AKi 3arpo-
XYBaTVMyTb YCbOMY /IOACTBY. TOMY OCTaHHIM 4acOM MPOMOHYHTLCA 3aX04W,
CrpsAMOBaHi Ha 3meHLueHHs Bukugis CO2 B aTmMocdepy.

3acTocyBaHHA MapoBux TYpOiH Ha eneKTpoCTaHuisax noTpedye BigBeAeHHS
BE/IMKMX NJIOLL Nif CTABKW, B AKMUX OXOJIOMKYETLCA BifnpauboBaHa napa. 3i
36i/IbLLIEHHAM MOTY>KHOCTEN eNeKTPOCTaHLiN pi3Ko 3pocTae notpeba y BOA.
[ns ekoHOMIT nnow, i BOAHUX PecypCiB CNOPYIKYHOTbCA KOMIMIEKCU enek-
TPOCTaHLii, Hacamnepes aTOMHUX, i3 3aMKHYTUM LMK/IOM BOLOMNOCTaYaHHS.
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OfHUM i3 3aX0fiB 3aXMCTY AOBKINA € BCTAHOB/IEHHSA PI3HOMaHITHUX (ifbTPIB
AK Ha TenoBMX CTaHLifX, TakK i Ha aBTOMOOIMbHUX ABUIYHaX. PO3pobnstoTbes
HOBI 3pa3ku ra3oTypOiHHMX, POTOPHMX i HaBiTb NapPoOBUX ABUMYHIB.

NOAOSTAHHA EHEPIETMYHOI KPU3W. EkonoriuHi npobnemMu BuKopuc-
TaHHA TenIoBMX MalUUH He OOMEXYHTbCA uLe TXHIM KOHCTPYKTUBHUM
YAOCKOHa/IEHHAM 3 METOH 3MEHLLUEHHA LWKIAIVBUX BUKUAIB. Baximsum €
TaK0X BifJHOB/IEHHS eHepreTUYHUX 3anacis, AKi BMTpPavardTbCA B MPOLECI
NMOACLKOT [ifANbHOCTI. APKEe KOPUCHI KONalMHW YTBOPKOKTLCA MPUPOLOHD
BMPOJOBX BIiKiB, a BUTPa4yaldTbCs NPaKTUYHO MUTTEBO. IXHI 3anacu He 6es-
MEeXHi /i BMMaratoTb pauioHalbHOr0 BMKOPUCTaHHA. B YKpaiHi OCHOBHUM
[Lxepenom eHepropecypcis (83,4 %) 3a7MLLAaOTLCA TEMOBI efIeKTPOCTaHLUiT,
O MpautotoTh Ha BYTifni, HadTi abo rasi. YacTka aTOMHOT eHepreTuku fo-
piBHOEe 16,1 %; meHWwe 1 % CTaHOBNATb BifHOB/OBaHI [)Kepena eHeprii.
CBIiTOBI TeHJEHLiT PO3BUTKY eHepreTMKN BKa3yloTb Ha Te, LU0 B XUTTELiANb-
HOCTI NI0AMHKN Tpeba LyKaTu anbTepHaTUBHI [Xepena, AKi 'PYHTYIOTbCA Ha
BIATBOPIHOBAHNX NPUPOAHUX pecypcax: BOAi, COHLi, BIiTPOBI TOLLO.

MepcnekTMBHMM € NiABULLEHHA KOoe@ilieHTa KOPWUCHOT AiT TenjoBmMx Ma-
LUMH 33 paxXyHOK BWHANLEHHSA HOBMX CYMilLei nanvea, YAOCKOHaNEeHHS KOH-
CTPYKLUIT ABUTYHIB, BUKOPUCTAHHA TEMI0BMX HACOCIB TOLLO.

3MeHLUYye TennoBi BTpaTX MpsMe MepeTBOPeHHS TEN/oBOI eHepril B efek-
TPUYHY 33 [ONOMOTOK MOTYXHWUX MarHiTorigpoguHaMivyHUX reHepatopis
(MT" -reHepaTopiB), AKi HabygyTb 3HAYHOrO MOLUMPEHHSA. Y HUX Tennosa
eHeprif nnasmy MepeTBOPHOETLCA B €NIEKTPUYUHY.

E(eKTUBHUM € BUKOPUCTAHHS HeTpaguuinHux mkepen eHeprii. Cepef
HUX — BITPOEHEPreTMYHI YCTaHOBKW, COHAYHI 6aTapei, 6ioausenbHi ycTa-
HOBKM TOLLO. CMPOBMHOK 415 OTPUMaHHA 6ionanbHOro y KaimMaTu4HOo-reo-
rpadiuHnX ymoBax YKpaiHW € pinak. 3 rekrapa ONiicToro pinaky MoXHa
o4epXaTn Mmaiike OfHY TOHHY 6i0f4M3eNbHOI0 NaibHOrO.

3anob6irtu eHepreTWYHIA Kpu3i Ta eKONOriyHil KaTacTpogi MoXxe i Ko-
XKeH i3 Bac, TypbytouMcb Npo pauioHasibHe BUKOPUCTAHHA eHeprii y LWKoni
Ta NnooyTi.

! TonoBHe B UbOMYy naparpadgi

HenoBHe 3ropsHHs nanvBa, 30Kpema Y ABWUIyHax BHYTPILIHbOrO 3ropsiH-
HA, CMPUYUHSAE eKONOrivyHi nNpobnemu.

OfHUM i3 3aX0AiB 3aXWUCTy [OBKiNAA € BCTAHOB/IEHHA Pi3HOMaHITHUX
(iNbTPIB SK Ha TEMM0BMX CTaHLifX, TakK i Ha aBTOMOGINbHUX [BUTYHaX.

EHepreTnyHa Kpu3a 3yMOB/IHOETbCA BUKOPUCTAHHAM EHEPreTUYHUX pecyp-
ciB, 3amacu AKWX BUYepnylTbCA i He BifHOBMOOTLCA. EEKTUBHUM € BU-
KOPUCTaHHA HeTpaguuiiHUX [Kepen eHeprii (BiTPOEHepreTMyHi yCTaHOBKMU,
COHAYHI GaTapel, 6iof4M3eNlbHI YCTaHOBKM).

? 3anuTaHHA ona camonepeBipKku

1 Y yomy nonsira€ HeraTUBHa Ajs TEMNJIOBUX MalUVMH Ha [OBKINAA?
2. Ski meToamM 3axuUCTy AOBKININA Hapasi BUKOPUCTOBYHOTLCA?
3. Axumn € WKigNMBi Hacnigky Big Po60TM TEns0eneKTpoCTaHLiii?
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4.  Yn cnpusde nNigBULWEHHS KoediuieHTa KOPWCHOT Aii TeNAOBMX MallWH 3HU-
)KEHHIO piBHSA 3ab6pyAHEeHHA [LOBKiNna?

5. Yomy NOACTBY CNiJ €KOHOMWUTW BYrinnd, HaTy Ta iHLWY CMPOBMHY, a He

cnantoBaTu 1i AN OTPUMaHHA TENNOBOI eHeprii?

fki BU 3HaeTe anbTepHaTWUBHI AXxepena eHeprii?

Ha3BiTb HeTpaguuiliHi cnocobu ofepXaHHA Ta MepeTBOPeHHSA eHeprii?

8.  HasBiTb npuknagnm BUCOKOE(EKTMBHMUX AXEepen i nepeTBOpPOBaYviB €eHeprii.

~No

BnpaBa go § 39

1 (c). TennoBa mMallvHa 3a O4MH LMK OTPUMYE Bif HarpiBHMKa Ki/lbKiCTb TENI0TU
100 Ox i Bigaae xonogunbHuky 60 k. BusHaute KK mawwuHun (y %).

2 (c). a3 oTpumaB KinbkicTb Tennotn 300 [, AOro BHYTPIWHS eHepris 36i1b-
wunack Ha 200 Ox. fAky po6OTy Npu LbOMY BMKOHaB ras?

3 (4). MigHe Tino, Harpite go 100 °C, nomictunu y Body, maca sKoi gopis-
HIOE Maci uboro Tina. TensioBa piBHOBara HacTasla npu TemnepaTtypi
30 °C. BusHauTe no4yaTtkoBy TemrepaTtypy BOAW.

4 (p). Y nocyguHy noknanu nig macoto 10 kr npu Temnepatypi -20 °C. Bu-
3HauTe Macy BoAM B MOCYAMHI Micns TOro, sK il BMICTY Haga/M KiflbKiCTb
Tennotm 2 MIOx.

5 (B). Y BepTUKasIbHOMY LWAIHAPI N4 BaXKKUM NOpPLUHEM nepebyBaE KUCEeHb Ma-
COl 2 K. BusHauTe 36i/bLUEHHA BHYTPILIHBLOI €Heprii KUCH npu nigsu-
LeHHi ioro Temnepatypu Ha 5 K Ta oTpumaHy ra3om KiflbKiCTb TEMIOTU.

NMPAKTUKYM 13 PO3B’A3YBAHHA ®IBNYHNX 3AOAY Nes

Y npoueci po3B’a3yBaHHA 3afa4 i3 TepMOAUHAMIKM MepeBaXXHO BUKOPUC-
TOBYIOTbCS PIBHAHHS 3aKOHY 30epeXKeHHs | NMepeTBOPEHHSA eHeprii 3 ypaxy-
BaHHAM (hOPMY/N 3MiHW BHYTPILLUHLOT eHeprii Ta MexaHiKu.

YMiHHA e()eKTUBHO 3aCTOCOBYBaTW 3aKOH 30epeXXeHHs eHeprii 40 KOH-
KPeTHUX (Pi3MYHMX NPOLLeCiB — OCHOBHA CKNAAHICTb Mif Yac pO3B’A3yBaHHA
3afia4 npo Tensosi fgeuwa. Ocobnmey yBary Tpeba 3BepHYTU Ha BigMIHHICTb
MK KiNbKIiCTHO TEnaoTW, 3MIiHOK BHYTPILIHbLOT eHeprii, poboToo i1 Ha BMOIp
cuctemn Tin (4 Tina), AN AKOT CKNALAaeTbCA OCHOBHE PIBHAHHA TepMOAu-
Hamikn. HepigKo BUHWMKAKOTb YCKMaAHEHHA Mif Yac maremaTuyHmx obuwuc-
NeHb, NOB’A3aHUX i3 NepPeTBOPEHHAM OAHOr0 BWUAY eHeprii B iHWWIA. MoTpi6-
HO Nam’ATaTtu, WO B PIBHAHHI MEPLUOro 3aKOHY TepMoAMHamikn Q =AU +A
(1) yci BenuuMHM MarOTb OYTU BUPaXKEHi B OHAKOBUX OLMHMULSAX.

3agadi Npo 3MiHY BHYTPILWHLOT eHEPrii Til MOXHA NOLINUTU Ha TPU Tpy-
nu. Y 3afadax nepLuoi po3rnsgaroTb Taki ABMLLA, A€ B i30/1b0BaHili cucTemi
nig vac B3aeMOZii Tin 3MIHIOETLCA NMLe TXHA BHYTPILIHA eHepris 6e3 34ii-
CHeHHs pob0TY Haj 30BHILWHIM cepefoBuem. OfHi Tina, wo 6epyTb yyacTb
y TennoobMiHi, OXONOMKYHOTLCH, iHWI — HarpiBatoTbCA. 3rifHO i3 3aKOHOM
36epexxeHHs | NepeTBOPeHHs eHepril (1) ANa Tin, BHYTPILWHA eHeprif AKux

3MEHLLYETHCA, MOXHa 3anucatu: QBIn=AU1+AU2+...+AUn=.',}fUt (2),
(=
OCKifIbKM Hi Tinamu, Hi Hag HUMK poboTa He 3A4IMCHI0ETLCHA. AHaNOrivyHO
n
AN4 Tin, eHepria akux 3poctae, Mmatumemo: QOP=AU\ +AU2+... + AUB=Y'AUj
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(3) . 13 BU3HAYeHHA MOHATTA KiNbKOCTI TEMOTU i 3aKOHY 36epexXeHHs eHep-
rit sunnueae, wWo: Q =Q (4.

PiBHAHHA (4) € HACNifKOM MepLIoro 3aKOHy TEPMOAMHAaMIKWM B i30/1b0Ba-
Hill cucTemi Tin, Je BiA6GyBatOTLCA NMLLE NPoLecK Tennonepesadi, BHYTPILLHA
eHeprifg CMCTEMU He 3MIHIOETBLCA i, OTXe, anrebpaiyHa cyma 3MIHW eHeprii
OKpPEMUX Tifl [JOPIBHIOE HYMO. 3aNeXHICTb (4) HasnBalTb PIBHAHHSAM Te-
nnoBoro 6anaHcy, fiKe 3a3BuYall C/yrye OCHOBHVM PO3paxyHKOBWM CMiBBij-
HOLUEHHAM A5 3a4ady nepLuoi rpynu. HaBegemo OPIEHTOBHWUIA anroputM ix
PO3B’A3yBaHHS:

— MpoyYMTaBLWM YMOBY 3afadvi, Tpeba BCTAHOBUTMU, B AKWUX TiNax BHY-
TPILWHA eHepris 3MeHWYeTbCA, a B AKMX — 3pocTae. OcobnmBy yBsary Chif
3BEPHYTM Ha Te, 4M Bif6YBalOTLCA B Mpoueci TensoobMiHy arperaTHi nepe-
TBOPEHHSA PEYOBUHY;

— CK/acTW PIBHAHHA (2) ANA Tifl, eHepria AKMX 3MeHWwyeTbes, i (3) —
3pOCTaE Ta MOPIBHATM TX. 3anucyoun PiBHAHHA TENI0BOro 6anaHcy y BUrnagi
(4) , Tpeba Big GinbwoOl TemnepaTypy Tina BigHIMaTXM MeHWYy i 34iACHIOBATM
anrebpaiyHe gofaBaHHSA BenMUMH. Y 3afadax Ha TennoobmiH nepepbdaqaeTb-
A, WO TenaonpoBifHICTb Tif, L0 B3aEMOAItOTb, HECKIHYEHHO BeNNKa i TOMy
nepegada eHeprii MK HAMW 34iACHIOETLCA MUTTEBO.

Y 3afavax [pyroi rpynv posrnisgaroTbCs fBWLLA, MOB’A3aHi 3 MepeTBOPeH-
HAM OJHOrO BWAY eHeprii B iHWWIA Nig Yac B3aeMoOpii ABOX Tif. PesynbTat Ta-
KOi B3aEMOZIT — 3MiHa BHYTPILUHbLOI eHeprii O4HOro Tina BHACNIAO0K BUKOHAHOT
HVMM abo Haf HVUM poboTn. TensoobMiH MK TiflaMu, K Mpasusio, He BPaxoBy-
t0Tb (agiabaTHuiA npouec). Topi piIBHAHHSA 3aKOHY 30epeXKeHHs i NepeTBOPeHHS
eHeprii mae Burnag: 0=AU+A (5). Po3B’A3yBaHHA TakuX 3afay 3py4HO 34il-
CHIOBATV 3a TaKMM aIrOpUTMOM:

— aHanisyrounM ymoBy 3afadi, Tpeba nepegycim BCTaHOBUTU, Y KOO
3 [IBOX TiN, WO B3aEMOAIKOTb, 3MIHIOETLCA BHYTPILLUHA EHEepris i Wo € npu-
YMHOK 3MIHU — BUKOHaHHA po60TM caMuM TiIoM abo Hag HUM. Kpim Toro,
Cnif nepekoHaTucs, WO B npoueci B3aeMogii TensoTa [0 CUCTEMM 330BHI He
NiLBOANTLCS;

— 3anucatu piBHAHHA (5) A4NA TiNa, y AKOro 3MIHKETLCA BHYTPILLHA
eHepria nig vac 3giicHeHHs po6oTn 3 ypaxyBaHHAM KKA: A =r\AU (s) —
poboTa BUKOHYETHCA camMuM TinoMm; NA=AU (7) — Haj HuUM;

— cKnaBwm piBHAHHA (5), Tpeba 3HainTK Bupasn A i AU. PoboTy 3Ha-
XOAUMO 3 TaKuX criBBifHOWEHb: A =F-s;A =N ot;A =W2-W 1. LLlo6 3HaliTu
AU, BMWKOPWUCTOBYEMO Taki ¢opmynn: AU =qg-m (3ropaHHf naamea);

AU =c-m-At +XAm (HarpiBaHHf i nnasfeHHA Tina); AU =c-m-At +rAm (Ha-
rpiBaHHs | BUMNapoByBaHHA). MiACTaBNAYM B MOYATKOBE PIBHAHHA 3aMiCTb
A i AU X BMpasn, OAEPXVMO CriBBIAHOLIEHHA ANS BU3HAYEHHS LUYKaHOT
Be/IMUYMHKN. AKLLO B YMOBaX 3afayi HaBOAATLCA [OAATKOBI YMOBW, TO 4O OCHOB-
HOro PiBHAHHA 4OAAKOTb AOMOMIKHI;

— BUMNUCATM YUC/IOBI 3HAYEHHA BiJOMUX AaHWX, NEPEBIPUTA YUCNO He-
BIZJIOMMX | PO3B’A3aTV CUCTEMY PIBHAHbL BiAHOCHO LUYKaHOI BE/IMYMHM.

Y 3afadax TpeTbOol rpynu po3rnafacTbCca B3aEMOLiA TPboX i Ginblie Tin, y
npoLeci SIKoT 0 0AHOro 3 HUX MiABOAUTLCA MeBHA KiNbKiCTb TEMIOTU, BHa-
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CNMiOK YOro 3MIHIETLCA Oro BHYTPILLIHA €Hepris i 34iCHI0ETLCA poboTa.
[nsa po3s’a3aHHA NOAIGHMX 3a4ay NOTPIGHO CKNACTW MOBHE PIBHAHHA 3aKOHY
36epeXxXeHHs i nepeTBOPeHHs eHeprii (1).

Mpuknagn po3s’a3yBaHHA 3ajad
3agava 1. Y 3akputOoMy MigHOMY KasiopumeTpi macoto 0,2 Kr MicTUTbCA
1 kr nbogy 3a Temnepatypn —10 °C. Y KanopumeTtp BnyckatoTs 0,2 Kr napw,
wo mae Temneparypy 110 °C. Aka TemnepaTypa BCTAHOBUTLCA B MOCYAUHI?

rMuToMy TennoeMHiCTb napun B iHTepsani Big 100 go 110 °C NPUAHATM PiBHOO
KX
1,7-K-'€'---. MuToMa TennoTa NapoyTBOpeHHs Boau npu 100 °C popisHioe 2,1

M/K/Kr, nuToma TensnoTa nnaBneHHa noogy — 0,34 MIpk/Kr.

Po3B’aA30K

T =0,2Kr\T =0,2 Kr; Mpuiimemo cucTeMy «napa — fif — Kano-

Tn=1kr: In=-10 °C;
im=110 °C

X
cn-2,1K0X- 2100 A
Kr-K Kr -K
LK
CB-4.2 xkix =4200
Kr- Kr-K
- X
cn Ji K'D')K—noo ,ﬂ,
Kr-K Kr-K
CM-2400 &
Kr-K

=.imax =F4.i0'37

KT KT

A=0.34-1064"
KT

0-?

PUMETP» 3a 130/1b0BaHY | BBaXXaTMMEMO, LLO
3 NOBKiNNsAM Ti TennoobMiH HeCKiHYEHHO Ma-
N, a TOMY HUM MOXXHA 3HeXTyBaTu. Y Takii
CUCTEMi BHYTPILLUHA eHeprif 3a/MLWaEeTbCa He-
3MiHHOM, OCKinbkn Q =01i A =0.
OCHOBHUM PIBHAHHAM, LLO OMUCYE MpOLEeC
TEnnoBOI B3aEMOAIT MiX TifamMu CUCTEMU, €
PIBHAHHA TennoBoro 6anaHcy 3 ypaxyBaHHAM
arperaTtH/X rnepeTBOpeHb. Y 3afiadi NPUNMaeTb-
cd, Wo T >TX . ToMy MOXHa NpunycTuTy,

LU0 BCTaHOB/IEHA B KaJIOpPMMETPI TemnepaTypa
Bogu Buwa 3a 0 °C. Y npoueci B3aemMogii i3
KPUroKo i KalopuMETPOM BHYTPILLHA eHepris
napy 3MeHLUYETbCA: Mif YaC OXOMOMXEHHS Bif
MoyaTKoBOi tn O Temmepatypu KOHZAeHcauii
1K=100°C Ha BennumHy cnmn(tn-tkK), KOHA4EH-
cauii napu — Ha rTn, NOfalbLLIOMY OXO0S0-
[DKeHHI yTBOpeHOT BoAW Big noyaTtkosol tK ao

BCTaHOB/IEHOT TemMnepatypu © — Ha cBMn(ik- 0). ToAi BHYTPIWHA eHepris
rapsayoro Tina — napy 3MEeHLIUTLCA Ha

AU.=cT (t ~t)+rm +c T (t - 8)=Q. .
OTpuMmaBLLV BWUAINEHY EHeprito, Ka/lopUMETP HarpiBaeTbCA Bif MOYaTKOBOI

TemnepaTypu,

WO [JOpIBHIOE TemnepaTtypi nbogy #£1, [0 KiHUEBOT —

©; MOro BHYTPILIHA eHeprif 30inblYETbCA Ha BennumMHy cvrm(9- in). Kpim
TOro, YaCTUHA eHeprii napy nepefaeTbCs NbOLY, EHEpris AKOro TeX 3pocTae —
nig, yac HarpiBaHHS Bif NOYaTKOBOI in fO TemnepaTypu nnasneHHa t0=0 °C Ha
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BeNMUnHy cmn(to- £1), y npoueci NnaBneHHs — Ha /.Tn i nifg vyac nofanbLuo-

ro HarpiBaHHf YTBOPeHOi BOAM — Ha cBnA~~t0). Toai BHYTPILIHA €Hepris
XONOAHMX Tifl 3pOCTaE Ha
AUra :CMTM(IG _tn) +CnTn \(tum_tn/\*')\.mn +CBTI'I\(0 'Eﬂ) :"Qrp
Ockinbkn AUL1=AU2, TO piBHAHHA TenjoBoro 6anaHcy 3a Takux YMOB

MaTuMe BUTNAL:
cm it -1)+rm +cm it -9)=

=c¢ T (Q-t)+cT (tn-t )+Am +c T (B-in)

Po3B’a3ytoun oTpumaHe PiBHAHHA BIAHOCHO © i MiACTaBNAKOYM YUCNOBI
3HaYeHHA Be/IMUMH, 3HAXO4UMO:

o GG L) Frm +g Mt +G Mt +G M th—g m, {tn-t )-Xm,
cITu+T.) +CMTM
8«37 °C _

Bignosigb: 6 «37 °C _

AHani3yloun oTpMMaHuiA pe3ynbTar, 3a3Haunmo, L0 3a JOCUTb BENIMKOI Ma-
CV Mapy Tn BCTaHOB/eHa Temnepatypa © MOXe BUABUTMCA OifbLUOKD 3a MO-
YaTKOBY iT, a TaKkoro B NPUPOAI He MoXe GyTU. Takuii pe3y/bTaT MOSCHKETb-
Cs TUM, WO MNif YaC OXONIOPKEHHS B MPOLIECI TEN/IO06MiHY Mapa He MOBHICTHO
KOHAEHCYETLCS | NPU BCTAHOBMEHIA TeMMnepaTypi 0HOYAaCHO MOXYTb iCHYBaTy
[Bi (ha3n peyoBuHK: piguHa i napa. Tak i Npu SOCUTb BeWKI Maci Nbogy Tn
PIBHOB&XHI CTaHW CUCTEMU MOXYTb OGyTU Halipi3HOMaHITHILUMMK | pe3ynbTar
3afa4i BUABUTLCA HEBIPOTigHWMM. Y NpoLeci arperaTHMX NnepeTBopeHb PeYOBUHN
PIBHAHHA TENJ0BOro 6anaHCy He 3aBXAW MOXKHa 3anucatu B 3aralbHOMY BU-
rNagi, OCKIiNbKW BIH 3aneXaTuMe Bifl YMCMOBUX 3HAYeHb 3afaHnX BESIUUUH.
LLlo6 He 3aiiicHIOBaTY 3aliBUX O6UMCNEHb Y CYMHIBHMX BUMajKax, Konu 3asfa-
Nerifb HEMOX/IMBO BCTAHOBUTU KifIbKICTb YTBOPEHUX arperatHUX CTaHiB peyo-
BWHW, PEKOMEHAYETLCA BUKOHATU NonepeaHi apupMeTuyHi Aii — 3HaliTi, aka
KifIbKiCTb Tennotn Q noTpibHa Ans HarpiBaHHA XOM0AHOrO Tina 40 Temnepa-

TYpW BIANOBIAHOIO NepPeTBOPEHHS (N1aBMeHHS abo KMMIHHSA) i CKiNbKM TEN0TK
Q2 MOXe BifaaT rapsye TifO Mif Yyac OXONOMKEHHS abo MOBHOI KOHAEHcaUii

(kpucTanisauir). AKWo BUABUTLCA, WO Qt >Q2, TO NiCNsA Nepepo3noginy eHep-
rii yTBOPMTLCA OfHa (hasa peyvoBMHYU, AKLL0 X Qf <Q2, TO 3a TemnepaTypu, Lo

BCTAHOBW/IACA, PeYOBMHA MnepebyBaTvMe y ABOX (pazax — y BUMNALi napwu i
pigvHy (pignHn i nbofy). CnporHo3yBasLUM Ha OCHOBI MOMepesHix apuipmeTny-
HUX Li/i pe3ynbTaT TennoobMiHy, MOXHa CKIacTh OCTaTO4HE PIBHAHHA Tenso-
BOro 6asiaHcy, 3 AKOro /i BU3HAYaETbCH LUyKaHa BeMUMHa.
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3afaya 2. CBUHUEBA KyNs, WO NeTUTb i3 wenakictio U :400?, noTpa-

. . . . M
NAse B CTa/IEBY NAUTY | PUKOLLIETUTL Bif HET 31 LWBUAKICTIO L2 :300?, FAKa

yacTMHa Ky/ni po3nnaBuTbCA, AKWO Ti TemnepaTypa B MOMEHT yaapy [opiB-
Hoe h =107 °C i Ha HarpiBaHHs1 Kyni ButpadaeTbca 80% poboTw, Lo 34ii-

CHIOETLCA Mig yac yaapy? MNuTomi TennoeEMHICTb | TenaoTa naaBfieHHA CBUH-

. . . DK k2/K
t0 OBif]HO [OPiBHIOKOTb: C€=126------ ; A=25-"-- -
LK BIAMOBIAHO AOPIBHIOKOTH i 0
JaHo: Po3B’s130K

Y npoueci ygapy Kyni 06 nauty 36inblWyeTbca Ti BHY-

”4_400? TPILWHA eHepria BHaCNILOK 3MeHLUeHHA KiHeTuyHoi. Kynd
M HarpiBaeTbCA A0 Temnepatypu MNaBfieHHs | YacTKOBO Mua-
v2=300— BUTLCA 6e3 Tenno06MiHy 3 f0BKiNAM (Q = 0), OCKI/IbKM Yac
¢ yfapy HeCKiHYeHHO Manuid. 3rigHo i3 3aKOHOM 36epeXxeHHs

c=126 1D i nepeTBopeHHs eHeprii maemo 0=AU+nA, abo -r\A =AU,
Kr-K' pe n — koedhiLlieHT, WO MOKasye, AKa YaCTUHA MeXaHiYHOT

A=25 KX eHeprii BUTpayaeTbCa Mif Yac HarpiBaHHA I arperaTtHoro
Kr MepeTBOPEHHS CBUHLIO. FAKLLIO B MOMEHT ydapy Kyns Mae
t1=107°C KineTuuHy eweprito Wi="A'  a nicna — w2="""% 10
t2=327°C . : .
po6oTa CUIN NPYXHOCTI NAWTU Mif Yac yAapy CTaHOBUTb:

n=o.s . _niop  nio? . . - .
A= - 7 1.Y npoueci HarpiBaHHS Kyni Bif N04aTKOBOI

A_\rm -? [0 Temnepatypy MnaBneHHs t2 i nofanblloMy MNiaBfeHHi

CBUHLO Macold Am i BHYTPIWIHA eHeprif 36iNblYeETbCA HA BENUYMHY
AU =cm(t2-tAj +A-nt. MNigctasnsaoun sBupasn gna AiAU y BuxigHy dop-
Myfly, OTPUMAEMO PIBHAHHA eHepreTMYHOro GanaHcy Yy BUTNAAI:

(my2 mV2]zcm[t2-t"\+4\AT. BigHOLLEHHS :‘i‘[’.‘, LLI0 MOKasye, AKa 4acTu-

. . Am .
Ha Kyni po3nnasnnacs, AOPIBHIOE: . ~.0,05.
ym p £op T 5\ 1

Bi iab: 0,05.
ignosige: __ «0,

3apava 3. Kucenb 02 macoro 6 1 3a Temnepatypu 30 °C po3LIMPHOETLCA
npv MOCTiIMHOMY TUCKY, 36iNnblIyOUM BNacHUA 06’emM yABiYi BHACMILOK Haf-
XOKEeHHS TernjoTu 330BHi. 3HaiTM po6OTY PO3LUMPEHHS rasy, 3MmiHy ioro
BHYTPILHBOT eHeprii i HajaHy KiNbKiCTb TenaoTw.
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JaHo: Po3B’30K

M=6r=6-t03Kr 3MiHa BHYTPILLIHLOT eHepril KUCHIO Nif vac HarpiBaH-
T1=303 K HA Ha AT cTtaHoBUTb AU =cmAT (1), ge ¢ — Iioro nu-
V2 = 2VX TOMa TeMNI0EMHICTb 3a MOCTIHOro 06’emy; AT =T2-T 1—

0:0,92.103@1& 3MiHa Temnepatypu; Tx i T2 — nouyatkoBa 1 KiHLeBa
- Temnepatypu rasy. OCKiflbK/ PO3LLUMPEHHS] KUCHIO 3AiNA-

Kr CHIOETLCA NPY NOCTIHOMY TUCKY P, TO, BUKOPUCTOBYHOUU

M =32-10 3 VERY,
MO/b = -2 i -

3aKkoH len-Jlioccaka — ==, 3HaXOAMMO KIHLIEBY TeMm

R=831 X A e
Monb-K penarypy Kuctio: 2=V =21 _op (2). NigcTasns-
A—7
AU — ? toun Bupas (2) B (1), OTPMMAEMO:
0_ 2 AU =ctr{T2-T" =cT{2Tx- []) =cTTX;

Ai7=0,92- 103-K3r"K6 10 3kr-303K«1,67k0X.

3Halrigemo pob0Ty PO3WMPEHHA rasy, BpaxoBYHUM, WO p = const:
A =p(V2—V" =p(2VI-V* =pVI (3). I3 piBHAHHSA KnanelipoHa — MeHpgene-

€Ba pv, =ﬁ RT 3Haxogumo Y :T’F‘)> (4). MigcTaBnstoum supas (4) y (3),

04EepXMMO

A i ~ 610~3r-8,31 ,Ll,)KK3O3K
LT T e MO/Tb- 473 [Ox.
PMp M 32 10-
MO/1b
3 MepLIoro 3aKoHy TepMOAMHAMIKM OBYUCNHOEMO KiNbKiCTb TEnnoTu, Ha-
AaHy rasy: Q=AU+A =(1670+473) I = 2,14 k[xX.
Bignosigb: AU = 1,67 kx; A = 473 [x; Q = 2,14 k[X.

3afiaya 4. lgeanbHa XonoAufbHa MallMHa, L0 Npautoe 3a 3BOPOTHUM
unknom KapHo, nepefae Tenno Bif xonojunbHuKa 3 Temnepartypoto 0 °C
KUN’aTUNbHUKY 3 Temnepatypoto 100 °C. AKy macy Bogu Tpeba 3amopo3nTy
B XONIOAUNbHUKY, W06 NepeTBOpUTY B Napy 1 Kr BOAW B KWUM’ATU/BHUKY?

JaHo: Po3B’a30K

T1=1 Kr KK, ifeanbHOT X0N04MIbHOT MaLllnHN 06-

tx= 100 °C YMNCNIOETHLCA 3a thopmynoto:

t2=0 °C 273 _ L

Ti=373 K N=11.T2 100 =2,73 . KifbKIiCTb TENOTH,

T2=213 K O Bif,AAETbCA XONOAUNbHUKY — Q2=Atn2,

_ 2ar KX _

A=335 r =33510- fe A — nuTOMa TennoTa NNasfeHHs Nbogy.
KinbkicTb TennoTn, wWo npuiimMaeTbcs

r=2,26°N :2,26-106-5'-)*( KUN'aTuibHNUKOM, — Qj =rml, ge r — nu-

Kr K

2 TOMa TenaoTa MapoyTBOPEHHS.
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3anuwemo iHwy dopmyny ans obumcnenHs KKA: n= 92

Q Q>
3gigcn 3Haxoaumo p(Q1-Q,) =Q,. 0O6YMCNOEMO r]+ abo
2,26-105 | kr-2,73
Krea+n) Toai: Hi, = o]y — KI - =4,94 kr.
n Ae+n) ¢ 335:05  (1+2,73)
KK

Bignosigb: Hi, =4,94 Kr .

1 (n).

N

(n).
(n).

w

9 (B).

10 (m).

11 ().

12 (n).

13 (A).

14 (a).
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3apavi gna camoCTIiliHOTO po3B’A3yBaHHSA
LLlo cTtaHeTbCcA 3 piBHEM BOAW B CK/ISHUI, A€ MNJ/aBae LUMaTOK f1bOoAy,
KO/ BiH PO3MNaBUTbLCA?
Konm nig moxke 6yTn HarpiBayem?
I3 ogHaKoBOI BMCOTW BManu ABa Tifla O4HaKOBOI MacM — MigHe 1 3a-
Ni3He. flke 3 HWX Mif Yac yAapy HarpiBaeTbCs 4O BULLIOT TeMnepaTypu?
A30T N2 macoto 200 r HarpiBaeTbcs Ha 100 °C crnioyaTKy i306apHo,
a noTiM i30XOPHO. fAKa Ki/bKIiCTb TEM/I0TU BUTPAYaeTbCs B KOXHOMY i3
npouecis?
Y nocyguHi Mictutecs 20 r a3oty N2i 32 1 KucHio 02 3HaigiTb 3MiHy
BHYTPILLHbLOI eHeprii cymilli rasiB nig 4Yac OX0NOMKeHHs Ha 28 °C.
TucK a3oTy B NocyamHi 06’emoM 3 /1 Nicns HarpiBaHHA 3pic Ha 2,2 MIa.
Bu3HauTe KifbKiCTb TennoTu, HagaHy rasy.
Mig yac po3wunpeHHsA ogHoaTomHoro rasy Big 0,2 go 0,5 m3 ioro TUcK
3pic Big 404 no 808 kla. 3HaiAaiTb PobOTYy rasy, KisbKicTb MigBeaeHol
[0 HbOro Tenj0TU i 3MiHY BHYTPILUHbLOT eHepril.
B igeanbHili TennoBii MalMHI KiNbKiCTb TEMI0TW, OTPUMAHOT Bifg Harpi-
BaHa, AopiBHIOE 6,3 KK 80 % wujel Tenq10TM nepefaeTbCss X0A04AUNb-
HUKy. 3HanaiTe KK mMawmHu i1 poboTy 3a OAMH LK.
3miwann 24 n Boan npyn 12 °C 140 n — npu 80 °C. BM3HauTe KiHLUEBY
TeMrepaTypy CyMilli, AKWO nif 4Yac 3MmillyBaHHA Tern/joBi BTpaTu cTa-
HoBUM 420 KDk
Y kanopumeTp, wo mictute 270 r Bogn npyn 12 °C, onycTvnn WMaToK
a/ltoMiHito macoto 200 1, HarpiTuii go 100 °C. TemnepaTypa TernsioBoro
piBHoBarn — 23 °C. Bu3Haute NUTOMY TEM/IOEMHICTb a/IKOMIHItO, SKLLO
TEN/IOEMHICTb KasopuymeTpa CTaHoBUTb 42 [Hx/K.
CBUHUEBa Kyna neTuTb i3 wemakictio 200 m/c. Ha cKiflbkn 3MiHUTbCA
TemnepaTypu Kyni, SKWO BCA Ti eHepris BUKOPUCTOBYETLCA Ha Harpi-
BaHHA?
Maposuii monoT macor 10 T BifIbHO Magae 3 BMCOTU 2,5 M Ha 3ani3Hy
60nBaHKy Macoto 200 K. Ha ii HarpiBaHHSA BUKOpUCTOBYETbCSA 30% Kiflb-
KOCTi TennaoTn, BuAiNeHoT nig yac yaapy. CKinbku pasiB nagas MoJIOT,
AKLWO TemnepaTypa 60nBaHKM nigsuwmnaca Ha 20 °C?
TennoBo3 macor 213,5 T, WO pyxaeTbcs 3i WBWMAKICTIO 72 KM/TOog, 3Y-
MUHSAETBCA. FKa KifIbKiCTb TEn/I0TU BUAINAETLCA Nif Yac rasibMyBaHHS?
FAKy MOTY>XXHICTb PO3BUBAE BEIOCUMELHWNI ABUTYH, AKLIO MNpWU LUBUAKOCTI
pyxy 25 Km/rof BUTpatM 6eH3UHYy cTaHoB/ATbL 1,7 N Ha 100 kv wnsxy?
KKA gBuryHa — 20 %.
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15 (o). TemnepaTypa TepMoMeTpa, 3aHYpPeHOro y Bofy Macol 6,7 r, niasuLly-
eTbcA Ha 14,6 °C. flka TemnepaTypa BOAW Ha MOYaTKy BUMIipIOBaHHS,
AKLIO MOKa3HVKM TepMoMeTpa fopiBHIOTL 32,4 °C? Moro Tennoem-
HicTb — 1,92 /K.

16 (o). Y vawui mictutbesa 500 r nbogy 3a Temnepatypy O °C. Y Hel HanuBaroTb
200 r Boawn, HarpiToi Ao 80 °C. flka BCTAaHOBMUTbLCA TeMnepaTypa CymiLli
i WO MICTUTUMETbLCA B YaLlui?

17 (o). BaHTakHWMIA aBTOMOGiNb, 06NagHaHWi ra3oreHepaTOPHUM [ABUTYHOM
noTy>HicTio 92 kBT 3 KK/, 18 %, npautoe B MOBHE HaBaHTaKEHHS.
BusHaute macy ApoB 3 MUTOMOK TEMIOTOK 3ropsAHHA 12,5 M/,
NoTPIGHMX ANA NofonaHHA wnaxy 1 kM i3 weuakictTio 18 km/ropg,.

18 (o). laeanbHa TennoBa MallMHa Mpautoe 3a umMkiom KapHo i oTpumye Bif
HarpiBaya 2,512 k/pk Tennotu. TemnepaTtypa HarpiBada T A= 400 K
xonoannbHMkKa Tr = 300 K 3Haligitb po6oTy A, SIKy BUKOHYE MalUMHa
i Ki/IbKIiCTb TEMNOTW, WO BiAAAETHCA XONOAUbHUKY 3a OAWH LMK

19([1)- lAeanbHa TensioBa MaluMHa npauoe 3a LMKIOM KapHo. 3pilicHioum
3a OAMH UMKN poboTy A = 2,94 KK, Biggae xonogunbHuKy 13,4 KK
Tennotn. 3Haigite KK upkny.

20 (o). lgeanbHa TensoBa MallMHa, npautooyuM 3a UMkiom KapHo, 34iicHIoe
po6oty A = 73,5 K[k Temnepatypa Harpisaya [ = 100°C, xono-
annbHUkKa t2 = 0 °C. 3Hangite KK umkniy, KinbKicTb TenaoTtu AKY
OTPMMYE MallMHa Bif Harpisaya, i KinbKicTb TenaoTu Q2, AKy Bifjae
XOMOANNBHUKY 33 OAWUH LMK

21 (O). laeanbHa TensioBa MalLMHA, MPaLOKOYM 38 LUMKIOM KapHo, oTpUMyeE Bif
HarpiBaya 6,28 k[Dk Tennotun. 80 % TensioTW, OTPMMAaHOT Bif Harpisaua,
BOHa Mepefae XonogunbHUKy. 3Hangite KKO mawmHu i poboTy, 3aiii-
CHIOBaHY 3a OAVH LMK/

22 (g). KKZA tennoso3y gopiBHioe 30 %. BuaHaute BUTpaTM HadTu 3a rOAuHYy,
SIKLLO BiH PO3BMBA€E MOTY>XHiCTb 736 Br.

23 (B). Tpw pignHn, WO xiMiYyHO He B3aemMOfitoTb, Macamu 1, 10 i 5 Kr Hanum
B KasiopumeTp i Haganm M 1,3 MK Tennotu. lMoyaTkosi TemnepaTty-
py pigvH i iXHi NMTOMI TENJIOEMHOCTI piBHI BignosigHo: 6 °C, -40 °C i
60 °C T1a 2, 4 i 2 kpxdkr-K). flka Temnepatypa CymiLli?

24 (B). Bopga moxe nepebysaTu npu Temnepatypax, MeHwmx O °C i suwmx 100
°C. Y Ka/flopymeTpi TennoemHicTio 1,67 KHk/K MiCTUTbCS nepeoxosio-
[KeHa Boga Macow 1 kr 3a Temnepatypu -10 °C. flka Temnepatypa
BCTAHOBUTLCA B Ka/IOPUMETPI, SAKLWO B HbOro Baitu 170 r Boau, nepe-
rpitoi go 120 °C?

25 (B). Y Boay macoto 1 kr npu 20 °C nOMICTUNN HEBEIMKY KifIbKiCTb MOKPOro
CHiry macoto 250 r. Ko Becb CHir po3TaHyB, 3arajibHa Temmnepartypa
cymiwi ctaHoBmna 5 °C. Bu3HauTe KinbKiCTb BOAW B rpyAui CHiry, SiKLLO
voro nutoma TensoTta nnaeneHHs — 334 KI/KT.

26 (B). Y naTyHHWIA KanopumeTp Macor 125 r onyckawTb LUMATOK J/IbOAY Macoro
0,1 kr Temnepatypa kKasopumeTpa inbofy piBHa —20 °C. Ckifbky BOAW
3a TemnepaTypu 20 °C nOTPIGHO AONUTU B Ka/IOPUMETP, LLO6 MosoBuHaA
nboay po3taHyna? Mutoma TennoeMHicTb natyHi — 0,38 kxAkr-K), nbo-
ay — 2,1 kkOkr-K), nutoma TensoTa nnasfeHHs nbogy — 334 KIK/K.

27 (B). [BuryH BuTpayae 25 Kr 6eH3MHY 3a roAvHYy M OXOMOKYETLCSA BOAOHD,
Pi3HMUS TeMnepaTyp SKOI Ha BXo4i M BMxogi cTaHoBUTL 15 K BusHaute
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28 ().

1 (n).

2 (n).

3 (n).

4 (n).
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5 (n).

CEKyHOHY BUTpaTy BOAM, AKWO Ha il HarpiBaHHA HagxoasTb 30% eHeprii
nig yac 3ropaHHsA nanvea.

XonognnbHUK Mae MNOTYXHIiCTb 416 BT, WoOCekyHAHI BTpatn eHeprii B
HaBKOJIMLLHIA MNpOCTip CTaHOBNATbTb 840 BT. 3a kMl yac MoXHa 3a-
MOpPO3NTN B HbOMY 3,6 KI BOAWM, Temnepartypa Skoi gopiBHioe 20 °C?
MuToma TennoTta nnaeneHHs nbopy — 0,33 MOx/kr, nuToMa Tennoem-
HicTb Bogn — 4,2 kx/(kr mK).

BABNAEMO MPEAMETHY KOMMETEHTHICTb (Ne7)
AK 3MIHIETbCA BHYTPILLHA eHepria Tifa SAKWo lioro Temneparypa nia-
BULLYETbLCA?
A 36inbLyeTbes
B 3meHLWyeTbCA
B Y rasonogibHux Tin 36inblIyeTbCHA, PigKUX | TBEPAUX — HE 3MiHIO-
€TbCSA
'Y ra3onogibHmx Tisl HE 3MIHKETLCS, PIAKUX | TBEPAUX — 36iNbLUYETHCSA
a3 He BWKOHye po6OTM Nig uvac:
A I30TepmiyHOro npotecy B I30x0pHOro npotecy
B I306apHoro npotecy I AgiabatHoro npouecy
YCTaHOBITb BIiAMOBIAHICTE MK BefMuMHaMuM Ta diopmyniamy Ans ix Bu-
3Ha4YeHHs Ha3Bamy (OPMY/I, LU0 CTOCYOTbCA TEPMOAUHAMIKKM, | BNacHe
dhopmynamu.
1 BHyTpiwHa eHepris.
2 Po6ota rasy B i3o6apHomy npo- A n=Q "2100%.
Leci. Q
3 Mepuwmit 3akoH TepmoauHamiku. B Ar=pAV .
4 KK[ Tennosoro AsuryHa

B U J'IZBM—BT'

rAU=Q.
I AU=Q+A

Ha mantoHKy 306paxkeHo rpachik neBHOro npouecy

ONa OaHol Macu ifeasnibHOro rasy. YkaxiTe npasusibHe

TBEPLKEHHS.

A TMepexig rasy 3i ctaHy 1y cTaH 2 CynpoOBOLXYETb-

cA NiABULLEHHAM TemnepaTypu.

B Konn ras nepexogutb 3i cTaHy 1y cTaH 2, BHY-

TpilWHA eHepria rasy 36inbLyeTbCA.

B Pob6oTa rasy B npoueci nepexoay i3 ctaHy 1y ctaH 2 gogaTHa.

I Y npoueci nepexopy rasy 3i ctaHy 1y cTaH 2 ra3 Biggae nesBHy
KINbKICTb TenaoTu.

Cepep, HaBefeHUX TBEPOXKEHb, WO XapaKTepu3ylTb npouecy nniasfeH-
HA 1 KpuUcTanisauil, yKaxiTb npaBu/ibHe:

A KoxHa pedqoBMHa Mae NeBHy TemnepaTtypy naB/feHHS.

B Y npoueci nnaBAeHHs KpuCTanivyHOro Tina Temneparypa Tina ue 3Mmi-
HIOETbLCS.

B Y npoueci nnaBneHHSA BHYTPILIHA €Hepris Tila He 3MIHIETLCS.

I Y npoueci KpucTasnisauii NoriMHaeTbCs MNEeBHA Ki/lbKiCTb TEMNOTK.
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6 (c). Ha manioHKy nokasaHo i306apy rasy B koopAauHatax  AP> 105Ma
p, V. BusHaute po6OTy, BWKOHAHY HWM Y mnpoueci
PO3LIMPEHHS.
A 1,2Mx B3 MIOx
B 2 MOx re MOx 123456
7 (c). laeanbHWii ra3 BUWKOHAB po6OTY, WO [AOPIBHIOE

100 Ox, i BiggaB KinbkicTb Tensotn 300 k. $K 3miHMAacsa npu Lbomy
BHYTPILWIHA eHepria rasy?

A 36inbwunaca Ha 400 [x B 3meHwunaca Ha 400 Ox
B 36inbwnnaca na 200 Ox I 3meHwwnnaca Ha 200 Ox
8 (c). Mepexig rasy 3i ctaHy B y ctaH C Big6yBaeTbca pi3HU-

MW cnocobamu: 1, 2§ 3 (auB. MantoHOK). Konm po6ota  pA | g
rasy € MiHiMasibHO?

Al B3 5
B2 ri—3
9 (c). Y kanopumeTp, ge mictutbcs 500 r Boagn 3a Temne- 0 v

patypu 20°C, Bnyctunu 100 r BoAasiHOI napu, L0 Mae

TemnepaTtypy 100°C. 3HexTyBaBLUM TEM/IOEMHICTIO Ka-

nopyMeTpa, BKaXiTb MpaBW/ibHE TBEPAXKEHHS.

A Y KiHUEBOMY CTaHi B KanopumeTpi byge Tinbku BoAa.

B Y KiHueBOoMYy cTaHi B KanopumeTpi 6yayTb Boda W napa.

B Y kanopumeTpi BCTaHOBUTbLCA Temnepartypa Huxye 78 °C.

I Y KiHUeBOMY CTaHi Maca BoAgu B KanopumeTpi byge meHwe 520 .
KO (c). Tennosa mawwuHa 3 KK 40 % 3a umkn poboTW Bigaae XONOAUbHUKY

60 [x TennoTn. Ky KisibKICTb TEM/I0TM MallMHa OLEPXYE Bif Harpis-

HVYKa 3a OAWH LMKI?

A 250 Ox B 150 [Ox B 100 Ax I 24 Ox
11 (m)- Tennosa mawwvHa, po6ouum Tislom sikoi € 1 Mosb ige-
a/IbHOr0 04HOATOMHOIO rasy, 3f4iNCHIE LMK, 306pa- Ph 2,
o o plul |
XEeHUin Ha pucyHky. Ak KK, uboro uukniy? .
A8 % B 18 % o 1d'S
B 12 % r24 %

12 (o). Cnamotoun 200 r 6eH3uHy, HarpiBaloTb 8 Kr BOAW Bif,
20 °C po 100 °C, yacTMHa AKOT BUMNApOBYETLCA. Hka
mMaca Bogu Bunapysanocs, fkwo KK HarpiBHuka gopiBHioe 40 %?

A 0,43 «kr B 0,76 «r B 1,2 kr r 2,4 kr

13 (O). LWo6 opepxatn 3 nbody macor 50 kr napy 3a temnepatypu 100 °C,
y npuctpoi 3 KK 25 % cnasnotoTe NeBHy macy Byrinins. TemnepaTypa
nbopy AopiBHIOE — 5 °C, nMTOMa TensoTa 3ropsHHA BYrifNna CTaHOBUTb
27 MOX/Kr. YKaxiTb npaBubHE TBEPKEHHS:

A UWo6 Harpitv i po3nnaeBuTu nig, Tpeba BUTPATUTK KibKICTb TEMOTH,
dka nepesuwye 16 MIOx.

B Wo6 yco Body, fika yTBOpU/Macsa B NPOLEC MAaBfeHHs fbody, Ha-
rpiTm i nepeTBopuTU B napy, Tpeba BUTPATUTW KibKICTb TEMIOTKH, WO
nepesuwye 1,5 m108 [x.

B LLlo6 nepeTBOpuTM BECb /g Yy napy, HEOOXiAHO CrasiMTU MEHLUE HiK
20 kr Byrinns.

I Y npoueci 3ropsiHHA BYrinNas B NPUCTPOI BUAINAETLCA KiNbKiCTb Ten-
notn, Ginbwa Hix 8 - O 8 [x.
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14 (g). Y npoueci i306apHOro HarpieaHHsA Ha 159 Kra3 macoto 3,47 Kr BUKOHaB
po6oTy, Wo AopiBHIOE 144 K[k BusHauTe MONsipHYy Macy rasy.

15 (g). /[Ans i306apHOro HarpiBaHHs rasy, KinbKiCTb pevyoBuHM sikoro — 800
Mosib, Ha 500 K iomy nepegann 9,4 Mk Tennotu. BusHaute npu-
PIiCT 1AOro BHYTPILUHbLOT eHepril.

16 (4). BwusHauTe KifbKiCTb TEMA0TW, HeobXigHy Ansi nepe.e- p>
AEHHA OHOTO MONA OAHOATOMHOIO iAEANbHOTO rasy  zy
3i ctaHy 1y ctaH 3 (MallOHOK). Y cTaHi 1 ioro Tem- a
rnepatypa ctaHosuTb 300 K Po

17 (). /[Ans i3o6apHoro HarpiBaHHA 50 Mosb rasy Ha 200 K iio- 0 VO 2FOF

My Haganu 520 KK Tennotn. Hky pob60Ty BUKOHaB
ras? $Kowt ¢ 3MiHa MOro BHYTPILLHbLOI eHeprii?

18 (g). AS30T N 2, NOYATKOBUI TUCK SAKOro cTaHoBUTb 1,01 1 1050Ma i 06'eM —
10 N, po3LWNPIOETLCA i30TEPMIYHO, 36iMbLUyOUN 06’eM y ABa pasn. 3Ha-
MaiTb poboTy rasy.

19 (B). Bwu3HauTe MiHiManbHYy LLUBUAKICTb, 3 SKOK Mal0Tb MIETITU Ha3ycTpiy ogHa
OfHI OBi OAHAKOBI Kpam/MHKU BoAW, W06 nMig 4Yac 3iTKHEHHS MOBHicC-
TIO BunapysaTtuca. Temnepatypa KpanavmHOK nepepj 3iTkHeHHaM 20 °C.
Y BHYTPILLUHIO eHEepPrito KpananHoK nepenwsio 50% MexaHiuHoi.

20 (B). Jlig macoo 20 kr npu -20 °C 3aHypwam B 20 n Bogn npu 7 °C. Uu
BeCb Nig po3nnasuTbCA?

JNNABOPATOPHUIA MPAKTUKYM

Mig yac npoBefeHHA AocnigiB y isnLi BUKOHYHOTEL CneuiasibHi BUMiptHO-
BaHHS.

Mepep TVM, IK BUKOHYBATW BUMIPIOBaHHA (Di3UYHUX BENVUUH OYAb-SKUM
npunagom, BU3HAYalOTb LIIHY MOAINKX Oro nikanu.

LliHa nofinku nikanu aHanoroBoro BUMIpIOBa/IbHOro npunagy — pisHuuA
3Ha4yeHb BUMIPIOBAHOI BeIMYMHU, WO BiAMNOBiAae ABOM CYCiAHIM Mo3Ha4ykam
nikanu.

Y pi3uyi po3pi3HAKTL ABa TUNW BUMIpPHOBaHL — NPAMI Ta HenpaMi (ono-
cepesKoBaHi)

AGCOMOTHA NOXMOKa 3ac00y BMMIpIOBaHb — Pi3HULSA MiXX MOKa3oM 3acoby
BUMIpIOBaHb Ta iICTUHHWM 3HAYeHHSAM BUMIPIOBa/IbHOT BE/IMUMHK 33 BiACYyT-
HOCTi MOXMOOK NpPOBefEeHHS BUMIPHOBaHHS.

AKLLO MO3HAUNTM Yepe3 | iCTUHHe 3HaYeHHS [0BXWHU 6pycka, IB — pe-
3yNbTaT BUMIPIOBaHHA, TO 3HAYEHHA BE/IMYMHU, OAepXaHe B pe3y/bTaTi BU-
MIpIHOBaHHSA, 3anucyroTb y Burnagi: 1=BzAl.

MoXMOKy BMMIpIHOBAHHA MOXHa BMPa3UTU Yy BIACOTKAX BiHOCHO 4KCNO-
BOr0 3HaYeHHs BMMIpIOBAHOT BENUYMHKU. N4 UbOro noTpibHO BU3HAYMTK
BiAHOLLEHHS1 abCOMKOTHOI MOXMOKM [0 BUMIPHOBAHOT BEIMUMHU | 3HaAeHe

yncao NMOMHOXWUTK Ha 100 %: e:—|-1oo%.

BigHocHa noxubka (BMMiptoBaHHA) — BifHOLEHHA abCOMOTHOI NOXMOKM
[0 YMOBHO iCTUHHOIO 3HAY€HHA BUMIPHOBAHOI BEIMYNHW.
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Ana 6inblWw TOYHOTO BM3HAYEHHA (PI3NYHOT BEIMYMHM BMMIPIHOBAHHA BU-
KOHYIOTb Kifibka pasiB (3—D5) i 3Haxo4ATb cepefHe 3HAYEHHS BMMIPHOBAHOI
BE/IMYMHU 33 (HOPMYJIOH0:

al+a2+... +an

Je ac — obuncneHe cepefHe 3HAYEHHS BEIMYMHM; an a2,...an — 3HAYEeHHS
OKPeMUX BUMIpKOBaHb; N — YWUC/IO BUMiptOBaHb.
[eski dopmynun gna obumcneHHss NoxXmboK HaBeAeHO B Tabn. 1.

Tabnnusa 1
Leski opMynun ans 06YMCNEHHS NOXMOOK
Bug dyHKUiT ABCOMI0THa NoxmbKa BigHocHa noxunbka
f-x+y Al = Ay + Ay _Ax+ Ay
"Xy
f=x-y Af- ax + Ay
f =X-y Af - XAy+yAX 8 =6 +&
o AF XAy + YAX
Yy y2
f =xn Af = nx'H -Ax & =uG¢
.=~ + Oy Ay Ay
I=- + 2 2
X y X Y 111 *
f~ 1 1
—_
Xy

CyuvacHi cMapT(OHWM Ta MMaHLWeTU — Le NOTYXHi i CKnagHi npucTpoi 3
6e3niyyto cxem, nnat i gatymkie (mMan. 1). Came BMKOPUCTaHHA AaTuyuMKiB
MOX€E AO0MOMOrTU BaM Yy MPOBEAEHHI HaBYaNbHUX AOCAimAXKeHb. MoOGinbHWIA
MPUCTPIN Jae 3MOry He NPOCTO BMMIPIOBATK Pi3Hi NapamMeTpy HaBKOJIULLIHBO-
ro cepefoBuLlia, a M NPOBOAMTM aHanis3

i CTaTUCTUYHY O06pPO6KY pesynbTaTiB 3 atauk JaTauk

[OMOMOroK  cneuianbHUX  AoAaTkiB. XKECTiB HabKeHHs
@PaKTUYHO MU MOXEMO MNEepeTBOpPUTH 0 0
CMapT(OH Y LM(POBUIA BUMIPIOBAIbHUIA  atumk

KOMJ/IEKC. OCBIT/IEHOCTI™* Q Fipockon

MepeBipnTH, AKI AATYNKN MICTATLCS
Yy CMapT(oHi 4M nnaHLweTi, MOXHa 3a

| i Jatumk
JonomMoror nporpammn Sensor Kinetics Xona ®
yn Sensor BOX (man. 2).
HasBHiCTb LbOro iHepuiliHoro gat- ~ bapomerpO O

YMKa B MMAHWETi 4N CMapTdOHi €  remneparypw oaTHvIK

B&K/MBOIO, OCKINbKM [aE MOXINBICTb
BUMIpATW MPUCKOPEHHS OJHOYACHO B Man. 1. latunkn cydacHux
cMapTqoHiB
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TeQO0A omoriamMmm s AEr c0s0Ey  vxo o fakifpbKOX NAOWMHAX (Y340BX Ocein
Sensor Box W SensorKinetics |S| ? |

X, Y, Z). Lle gonomarae Bu3HavaTu no-

® # G e JJOKEHHS MPUCTPOIO B npocrtopi, BCTa-

sk 0ORree 1963 . HOBJIIOKOYM KYT 1Or0 Haxwunay BigHOCHO

nosepxHi 3emni. 3aBAAKN aKcenepome-

TPy raf)keT pearye Ha MneperoptaHHs:

T 1 9 e anbboMHa OpieHTaLif MepeTBOPHETLCA

Ha KHWXKOBY i Hasmaku. Kpim Toro,

“ MPUCTPIN pearye Ha CTpyLyBaHHS abo

RateUl Ny TRl
570

e V- U ) » ygap. MNpuknagom BUKOPUCTaHHA Tako-

Mmoo e W ro [aTynKy Yy HaByaNbHiiA [JOCNIAHNLb-
Kili [isnbHOCTI MOXe 6yTu BMKOpWUC-

Man. 2. IHTepdpelicn nporpam TaHHSA nporpaMmu

Sensor Box Ta Sensor Kinetics TOuHICTb aKcenepomeTpa BUABMIACH

HEBMCOKOK, TOMY PO3POBGHWMKM BMpoO-
BaAWIM B MPUCTPOI NIATPMMKY ripockona. Lleid maTumk BMKOHYE BCi Ti X
(yHKUiT, WO A nonepefHuK, ane, Ha BiAMIHY akcenepoMmeTpa, Lie BMIE BU-
3HAYaTU MOSIOXKEHHS HEPYXOMOro cMapToHa. BiH TakoX € iHepuiliHuM aaTt-
4ymMKoM. [ipockon — ue NPUCTPIA, AKNIA 34aTHWUIA pearyBaTn Ha 3MiHY KyTIiB
MOBOPOTY HaBKOJIO TPbOX OCel KoopauHat X, Y, Z, Npu LbOMY BifCTEXEHHS
nepeMilleHHs Bif6YyBacTbCA BiAHOCHO TPbOX MOLWMH OAHO4YacHo. [ipockon
[la€ 3MOry BM3HAYWUTK OPIEHTALLiI0 MPUCTPOID B MPOCTOPI i NOB’A3YeE Ui AaHi
3 BipTya/ibHUM CBiTOM. MOXHa BUKOPWUCTOBYBATW LN [aTYMK AN1F BU3HA-
YeHHs BifACTaHeld Mi>K 06’€KTaMW Ha MiCLEBOCTI.

BinbWwicTe cMapToHiB OCHaLLEHI BHYTPILLHIM TEPMOMETPOM A1 BUMIpHO-
BaHHA TemrnepaTypu MoAyniB cmMapT(oHa, BiH HeOOXigHWIA Ans 3anobiraHHSs
neperpisy KOMMOHEHTIB.

Pigwe cmaptoHn obnagHaHi 6apomeTpoM. HaiivacTiwe MOro MoXxHa 3y-
CTPITV y (P/larMaHCbKUX MOAENsX, a TaKOX Y MOAENaxX A/ eKCTpeMasibHUX
BWAIB CMOPTY. TaKOX Lei AaTuMK MOXHA BUKOPUCTOBYBATY 3a MPAMUM Mpu-
3HaYeHHAM, TO6TO ANA BUMIpPHOBaHHA TUCKY. [na UbOro 3HafobuTbCA BCTa-
HOBUTW [0AATOK, AKWUW MOXHa 3HalNTK B IHTEpHETI.

Po3paxyHKu, WO BUKOHYIOTLCA Mpy 00po6Li pe3y/ibTaTiB eKCNepUMEHTY,
BMMaratoTb BUKOPUCTaHHA KanbKynatopa. [n8 uboro MOXKHa CKOPUCTaTUCh
IHXXEHepHUM (HayKOBWM) Ka/bKy/NATOPOM AK OKPEMWUM MPUIafoM i SiIK Mpo-
rpamMoro Ans CMapTqoHiB. IHTepdeiicn nporpam pi3HUX BUPOBHUKIB MOXYTb
ICTOTHO BIifpi3HATMCA, ane BCi BOHW [al0Tb 3MOry OMepyBaTV 3 yuciamu,
npescTaBfeHVMN B CTaHZAPTHOMY BUTNALI.

3a [,oNoMOoror BCTaHOB/IEHOrO NPOrpaMHOro 3abesneyeHHs cMapTgoH Ta-
KOXX MOXXHa MepPeTBOPUTM Ha PI3HOMAHITHI nNpunagun, WO MOXHa BUKOPWUC-
TaTu Mif Yyac nposefeHHA JocnifiXeHHA. Ha man. 3. 306paXeHO BUKoOpwUC-
TaHHs CMapT(oHa AK HayKOBOIO KanbKynfTopa, CeKyHLoMipa, CcTpo60cKona,
6apomeTpa.

240



Man. 3. BukopucTaHHsa cmapTdoHa

OPIEHTOBHA TEMATUKA EKCMNEPUMEHTAJIbHNX POBIT

JNTabopaTtopHi poboTn AibpaHo TakMM YMHOM, LLO TX MOXHa BUKOHaTW 6e3 BU-
KOpUCTaHHA CKMagHOro o6siafHaHHA Ta crneuiasibHUX eKcnepuMeHTaslbHUX ycTa-
HOBOK. 3afieXXHO Bif HasiBHOro 06nafHaHHA (Pi3n4HOro KabiHeTy MOXHa TeMaTuky
nabopaTtopHMX PO6GIT 3aMiHIOBATU Ha PIiBHOLIHHI, 3 ypaxyBaHHAM OCOG/IMBOCTEWN
noGyZ0BM MPOLECY HaBYaHHSI.

NABOPATOPHA POBOTA Ne 1

Tema. OujHka NOXMO0K BUMIpPIOBaHb.

MeTa. HaBuuTucs NpoBOAMTU OLIHKY abCOolOTHOI | BiAHOCHOT NOXMBOK nps-
MUX | HEMPSMUX BUMIpPIOBaHb.

O6nagHaHHA: NiHillka, TepMOMETP, MEH3ypKa, AMHAMOMETP, amnepmeTp,
BO/IbTMETP.

TeopeTuyHi BigOMOCTI

FAKWO pe3ynbTati NOBTOPHUX AOCAIAIB Y MeXax TOYHOCTI npunagy 36iraioTb-
CA, NOXMOKY BUMIPIOBAHHS BBaXalOTb PIBHOK MOMOBUWHI LiHX NOAIMKA LUKaM npu-
nagy AA = JAu2 (Hanpuknag, noxvbka BUMIpHOBaHHSA OOBXWHU 3@ AOMOMOroH
NiHiKM 3 MiNiIMeTpPoBMMMK noginkamu AopiBHeE 0,5 MM). FAKWO X po3kug pesysib-
TaTiB NOBTOPHUX Aocnigis 6inbwe A2 (Hanpuknag, pO3KUg pesy/bTartiB Bu-
Mipy 4acy 4acy CTaHOBWUTb 3 C, TOAi AK LiHa MNOAI/IKN FTOAUHHMKA i3 CEeKYyHAHOM
cTpinkoo OALLEL c), AiloTb TakMM YMHOM. 3a BMMIpIOBaHE 3HAYEHHs MpuiiMalroTb

Af+Ar+...+An - .

Arp = N Je N yncno fJocnifis, a Noxuobky BUMIPIOBaHHSA, 3Y-
MOB/IEHY BUNaAKOBUMMK dhakTopamu, NPUGIU3HO OLiHIOKTE 3a (DOPMYJIOHD:

A= AN e

3a abconoTHY NOXMBKY BUMIpOBaHHA AA NpuiiMaloTb Bifblly 3 ABOX BENUUMH:
OAu? i OAGp

OAWH 3 HaNPOCTIWMX METOAIB OLiHIOBAHHS MOXMOKM HENpSAMUX BUMIpIB —
ue meTog Mex. BiH nonsrae B Tomy, WO 3a gonomorow ¢opMynu, 3a SKO
06umncneTLCA BUMIptOBaHa BennunHa B, 3Haxo4ATb ABa 3HavyeHHsA buin i buex

241



MK SKUMK (3 BENUKOK AMOBIPHICTIO) nepebyBa€ iCTMHHE 3HAYEHHS] BUMIipHOBaAHOI
BeENUUNHN B.
Po3rnsHeMo 3acTtocyBaHHs MeTOo4y MeX Ha Mpukiagi BUMIPIOBAHHA TYCTUHW.

Mpunyctumo, pesynbTatv NpsMUX BUMIpOBaHb Macu i1 06’eMy Taki:
m=30r+0,5r, V=12 cm3+0,5 cm3.

Lle 3Hauntb, wo TTmo=295r, TT=@=30,5T1, Yin=115cm3, Yax=125 cm3.

mr,
TOAl pmh=fA=+*36 -=2,65 —
p o Ptax Vm OVI
TaknMm  YMHOM, -PM ipmm=2,50 — a noxmbka BUMIpHOBAHHSA

ap= PlaxEFhin_: oii4 —t_ Tomy pe3ynbTaT BUMIPHOBAHHSA MOXHa 3anucatu y Bu-
cMm

Oi =250 +0,14
CM CM

AK OKpYrASiTU pesynbTatn? HAKWOo NoMU/IKa OKPYr/ieHHs Ginblia 3a abCconiTHY
NOXuBKy, OKPYrMEeHHs 3MeHLlYye (DaKTUYHO AOCSATHYTY TOUHICTb BUMIPIOBAHHS, a
SIKLLO MOMWJIKA OKPYI/IEHHS MeHLIa 3a abCOoM0THY MOXMOKY, OCTaHHI umdpy 3anu-
Cy pesynbTaty 6yayTb He4OCTOBIpHUMUW. TOMYy OKpPYrAsiT pe3ynbTaTu BUMIPHOBaHb
i o6uncneHb Tpeba Tak, W06 OCTaHHA 3Hadywa uudppa nepebysana B TOMY X
[EeCATKOBOMY po3psifi, WO /i abconTHa noxmbka BUMMIPHOBAHOT BENNYMHMN.

Y WkKinbHux nabopatopHux poboTax MOXHa 3a3Buyail o6MexyBaTucs gBomMa
3HaUyLWMMK uudopamu.

Xig po6oTtn

1. BumipsiiiTe JOBXUWHY Ta LIMPUHY 30LUMTA i 3anuWiTb pe3ynbTatn 3 ypaxy-
BaHHAM MOXMOKN.

2. O6uucniTe M/IOLY CTOPIHKU 30WMTa 3 ypaxyBaHHSM OKpyr/ieHHs. Pospa-
XylTe NOXMOKY BM3HAYEHHS NJIOWi METOA0OM MeX Ta BMKOPUCTOBYHUM chopMynu
(omB. Tabn. 1 Ha c. 239).

3. Po3rnsHbTe HasBHI (hi3nyHi Npunagn i 3anoBHiTb Tabnuuwo 2.

Tabnmya 2
HasBa 3acob6iB JliHili- MeH3yp- Tepmo- [uHamo- Bonb- Amnep-
BMMIpIHOBaHHS Ka Ka MeTp MeTp T™METP MeTp
BumiptoBaHa
isnyHa
BENnYMHa
OanHunui
BUMIpY
Mexi
BMMIpHOBaHHS

LliHa nopginkun
TOYHiCTb
BMMIpIOBaHHSA

4. 3pob6iTb BMCHOBOK: L0 B/ BUMIpIOBa/IN | SIKWIA OTPUMaHO pesynbTar.
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NABOPATOPHA POBOTA Ne 2

Tema. BusHauyeHHs1 MPUCKOPEHHS Tifla NpyY PiBHOMPUCKOPEHOMY pYyCi.

MeTa: BM3HAUUTM MPUCKOPEHHS, 3 SIKUM Ky/lbKa PYXa€eTbCs MO MOXWIOMY XO-
Noby; HaBUYNTUCbL aHaniyBaTu pe3y/bTaTh eKCMepuMEHTY.

O6nagHaHHsA: MeTanesuin Xonob, meTanesa Kynbka, MeTasieBUin uuniHAap,
WTaTMB i3 MyqdTOIO | 3aTUCkayeM, MipHa CTpidka, CeKyHAOMIp.

TeopeTn4Hi BiJOMOCTI

EkcnepumeHTasibHa ycTaHOBKa 306pakeHa Ha Man. 4. PyX Ky/lbku No noxu-
NOMyY 0106y — npuknag npsiMosiiHiiHOrO PiIBHOMPUCKOPEHOTo pPyxy Tina. FAKwo
nyckaTn KysbKy 6e3 no4aTkoBOi LUBWAKOCTI, TO 3a/IEXHICTb 1i NEpEMILEeHHs Big,
yacy ONUCYETbCS PIBHSAHHAM:

[le npoiigeHa KyNbKol BifACTaHb SX € MOAy/feM MNepeMillleHHs, a ax — LiyKaHe
MPUCKOPEHHS:

Xig po6otn

1. 3ibpaTn ycTaHOBKY Ans gocnigy
(man. 4), 3akpinMBLIK X006 Yy NOXWUNO-
My MOJIOXKEHHI (Nig4 HEBENUKMM KyTOM [0
FOPU30HTY). Bina HWXHBLOrO KiHUA Xon06a
noKNacTn MeTasieBUin UMNIHAPWK.

2. BusHauutn BigCTaHb S, BUMIpPSBLUM
OOBXWHY AiNSHKM X0106a Big TOUKM NyCKy
KyNbKn A0 3pi3y uuniHgpa. 3pobutun Kinb-
kKa BMMIpIB, 3HaWTW cepefHE 3HAYEHHS i
pe3ynbTaTt 3aHecTu Ao Tabnuu,.

3. BusHauutu yac t. Ona uyporo, A0- [° na6°PatOPHIL po6otn Ne2
YyekaBLUWCb, KOMW CTpisika cekyHAomipa
O6yfe Ha HynboBili (abo iHWIA MOMITHIA) moainui, BiANyCKalTb KyNbKy 3 BEPXHbLO-
ro KiHUsi xo0/n06a i nomivaiTb 4ac ii ygapy t 06 UMNIHAPUK Y HWKHBOMY KiHUj
Xonob6a. OCKiNbKU Kysibka CKOYYETbCA AOCUTH LUBUAKO, A/ TOYHOCTI BUMIpIOBaH-
HA Yacy t pobnsTb Kiflbka CNpo6 MyCKy Ky/ibKM MO 0100y (K NpaBu/io, HE MeH-
Wwe n'aty) i 3Haxo4ATb cepefHE 3HauYeHHs 4acy il pyxy A0 yaapy 06 LuNiHAPUK:

tc=*+tz+ *g +*+*5  Pe3ynbTaTt 3aHOCATL 40 Tabn. 3.

2
¢

2s. . o
4. O6UYACNNTU 3HAYEHH ac —X i 3anucatu ioro B Tabnuu 3.
t

Tabnmysa 3
Ne gocnigy S M tc, C ac, m/c2
1
2
5. O6uUMcNnTN MNOXMGKN MPSAMUX BMMIPIOBaHb Ta MEXi, Y SKUX 3HaX04AWUTbCS

cnpaBXHE 3Ha4Y€eHHA MPUCKOPEHHA a.
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[ns ouiHoBaHHA pe3ynbTaTy MoxHa BBaxatn As = 0,5 ¢m; At = 0,5 ¢ (nmo-
JIOBUHY 3HAYeHHs1 HaliMeHLIOl MOAISIKM BUMIPHOBasIbHOrO MNpwiagy, TO6TO MipHOi
CTPIYKM Ta CEKyHAOMipa BiAMnoOBiAHO).

Mexi 3HayeHb S Ta | 6yayTb TakMMW:

Atax — . A Atin — 4 — ~
Stex =S + A 'S Smin=5 - As
BiAnoBiAHO MeXi 3HaYeHb aTa i amji MOXHa 064YMCANTM 3a POPMYIaMMU:
= _ Zsmax =, _ 2s min
Amax ~ , 2 ' “min ~ '
min ~max
6. 3MIHUTU KyT Haxuny xosioba i noBTOpuUTU gocnign. Pesynbtatv 3anucatu

00 Tabnuui Ta 3HaWTM MPUCKOPEHHS Ky/MbkM 3a UMX YMOB. [OPIBHATU oAepXaHi
3HaYeHHs i 3p06MTU BUCHOBOK.

NABOPATOPHA POBOTA Ne 3

Tema. [ocnigXeHHsA pyxy Tifia Mo Komy.

MeTa. O3HalloMuTUCA 3 BENMYMHAMU, LIO XapakTepu3ylTb pyx Tina no Kosy.

O6nagHaHHA: Kynbka, MigBilleHa Ha HWUTLUi, WTaTUB 3 Kinbuem i mydTamu,
CeKyHAOMIp abo roAMHHUK i3 CEKYHAHOK CTpPIiNKOK, BUMiptOBasibHa CTpivyka abo
CMYy>XKa 3 MiNliMeTpoBOro nanepy.

TeopeTn4Hi BiJOMOCTI

MasTHWK PIBHOMIPHO PyXaeTbCs Mo KO-
Ny, WO NEeXUTb Yy FTOPU30HTaNbHIl NnoLm-
Hi. HuTka, Ha SKili NiaBILLEHUA MasATHUK,
OMNWUCYE KPYroBWI KOHYC. Takuii MasTHUK
Ha3MBalTb KOHiYHMM (Man. 5). Pagiyc
06epTaHHs MasiTHMKa Mae 6yTy MeHLINM,
HiXX BiACTaHb Big oCi 06epTaHHs [0 OCHO-
BW wTaTnBa. Pafjyc kona BUMIpOIOTbL Mip-
HOK CTPIYKOLO.

BenmuuHm 1, t i N BU3Ha4YaTb NpsAMU-
MV BUMIpIOBAHHAMMU:

I — pagiyc kona, sike onucye obep-
TOBE TiNO;

T — nepiog o6epTaHHA MasATHMKA;

N — KiNbkKicTb 06epTiB 3a uvac t.

3a [0NOMOrol HenpsiMMX BUMIpHOBaHb Ta BMBYEHMX Bamu y § 8 chopmyn,
MOXHa BW3HAYMTW Mepiof, 4acToTy, MiHiliHYy Ta KyTOBY LIBWUAKICTb, AOLEHTPOBE
MPUCKOPEHHS

Man. 5. KOHiYHMIA MasiTHUK

Xig po6oTtn

1. BUroToBTE KOHIYHUIA MasTHUK.

2. BepxHili KiHEUb HUTKM MasiTHMKa NPUB’'SXITb A0 Ki/lbUA LWTaTMBa.

3. Mig KOHiYHWMIA MasITHUK NOKMIaAiTb Ha CTONI BMMIpHOBasibHY CTpPidKy abo
CMYXKY MiNiMeTpoBOro nanepy.

4. TomiTbTe, NPOTU SKOT NOAIIKA BUCUTb MAasiTHUK y CTaHi CMOKOH0.

5. Hapaiite kynbli MasTHWKa 06epTasibHOro pPyxy.

6. Konn Kkynbka onucyBaTMMe KO0, NOMITbTE Haibinbwy Bigaaib I Big Mic-
LenoNOXEHHA Ky/bKM Yy CTaHi CMOKOH.

7. Micna 3a3HayeHoi nonepegHbOT MiAroTOBKA O4HOYACHO 3 MYCKOM CEKyHAO-
Mipa nonivitb 06epTn Kynbku. «Hynb, 0AuH, ABa...» Ao N (M moxe 6ytn 20—25).



8. AHanoriyHi BUMIpIOBaHHA NPOBEAITb | AN 06epTaHHA Ky/bKA MO KOAY iH-
woro pagiyca. flocnig noBTopiTb 2—3 pasu.
9. PesynbTaty BUMIpIOBaHb i 06YMNCIEHb 3anuWiTb 40 Tabnuui 4.

Tabnmysa 4
NiHiHa JoueH-
) WwBKNA- TpoBe
Papiyc Yucno . .

Ne KICTb NpPUCKo-

° kona obeptiB Yac t, c rlepioa P
Jocnigy T, C M peHHA
r, m n 0, ry M

10. OujHITb TOYHICTb BMMIipOBaHb Ta 3p06iTb BMCHOBOK.

NABOPATOPHA POBOTA Ne 4

Tema. BuwmiptoBaHHA cun.

MeTa. ®opmMyBaTU HaBUYKM BUMIPOBAHHA CWIM 3a 40NOMOrOK AMHAMOMETPA,
3Haxo4uMTU piBHOAIMHY, MepekoHaTW y crnpaBeA/IMBOCTI Npasuna napasenorpama
npu goAasBaHHi CW/I, HAaBYMTUCHA CUCTEMATM3YBaTU pe3ynbTaTu CNOCTEPEXEHb.

O6nagHaHHA: aBa nabopaTopHi WTaTMBKU, AMHAMOMETPU 3 BIAKPUTOK LIKa-
noto, Habip BaxkkiB macoto no 100 r, Tino HesigoMOI Macu (Hanpuknag, AepeB’sHui
6pycokK), ABa HEpPyxOMi O6MOKW.

Xig po6otun

BumiptoBaHHA cun, WO Ail0Tb Y3[40BX OAHIET NpsAMOI.

1. 3akpinMTu Ha wWTaTUBi KOpPNyCc AMHaAMOMeETpa 3 BiAKPUTOI LUKaIO Y Bep-
TUKANIbHOMY MOJIOXEHHI.

2. To3HaunT noyaTkoBe MOJSIOKEHHSA CTPIMKM AMHAMOMETpa.

3. MiggBicntn Ao rayka gmHamomeTpa Tiflo HEBIAOMOI Macu i BUMIpATA cuiy
TSOKIHHA, WO Ai€e Ha HbOro, a TakoX Bary Tina. BapTo 3BepHyTM yBary Ha Te, W06
nig 4Yac BMMIpOBaHb TiNo nepebyBasio B CMOKOT.

4. TIpoCTeXMTKU, AK 3MIHIOTLCSA MNOKasn AMHamMomeTpa, SKWO Ti/I0 NoYnHaEe
pyxatuca Bropy abo AoHu3y. 3po6uTv BUCHOBOK MPO BENUUHY CUAW TSXIHHA Ta
Bary Tina. BUCHOBOK 3anucaTv B 30LUMT.

5. KopucTtytouncb pesynbTatamMuM BUMIpHOBaHb, po3paxyBaTtu macy Tina. Bu-
3HaunTn 06’eM Tina (gepeB’stHOro 6pycka) Ta 06UYMCANTU TYCTUHY PEYOBUHK, 3
AKOI BMTOTOBJ/IEHO TiNO.

6. Pesynbtatu BUMIplOBaHb | 06YMCIEHb 3anucaTy B 30LUNWT.

7. Nigeicntn go radyka AnHamomeTpa Tpu Tarapui Barowo no 1 H. [lo rayka
BEPXHLOTO TArapus NpuUYEnUTU iHWWIA NabopaTOPHUA AMHAMOMETP i MOTATHYTU 3a
HbOro Bropy, W06 MoKaXX4uK AMHaMomeTpa BkasyBaB 1 H. 3acpikcyBaTu 3HaueHHSA
CWUMKW, SIKYy NoKasye AMHaMOMETp, 3akpinfeHuin y wratmei. 3po6bUT BUCHOBOK
npo AofAaBaHHA CW/, LU0 Ai0Tb Y340BX OAHIEI NMPAMOT Y NPOTUMEXHUX Hanpsmax.

8. MigBicntn oo rayka AnHamomeTpa ABa TdArapui Baroto no 1 H. o radka
HWKHBLOTO TArapua NpUYenuTU iHWKIA nabopaTtopHuiA gMHaAMOMETp | NOTArHYTK 3a
HbOr0 BHMW3, LWLO6 MOKaX4uK gMHaMmomeTpa BkasdyBaB 1 H. 3acdpikcyBaTn 3HayeHHs
CUNK, AKy nokasye guHamomeTp, 3akpinaeHuii y wraTtuei. 3pobut BUCHOBOK Mpo
AofaBaHHA CW/, WO AiloTh Y3[4,0BX OAHIET NPsAMOI B O4HOMY HanpsiMi.

BumiptoBaHHA cun, WO Ail0Tb Nig KyTOM.
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| 9. MpwukpinuTn Tarapui macoto no 100 r
00 KiHLUIB HUTKW, NepeKknHyTOl yepe3 He-
pyxomi 6n0kum Tak, W06 Ha OAuH 60K
gisna cumna 3 H, a Ha gpyrmin — cuna
4 H (man. 6).

10. Oo cepeguHUW HUTKM B Touli
O npukpinuTn 5 TArapuis, Ais SKMx 3piB-
HOBaXXWTb CUMW, LIO Ai0Tb Ha 6G/10KN.

11. lMepekoHaTucsd, WO B Takomy BU-

nagky Touyka O nig piewo Bcix TArapuie Man. 6. [logaBaHHA cun, WO
3a/IMWAETLCA B CMNOKOI, a NiBa i npasa Oi0Tb Mg KyToMm
YaCTMHM HUTKU pO3TallylTbCA Mig nps-

MUM KyTOM.

12. Ha Hanpsimax uUMX YaCTWUH HWUTKW BigKNacTW BiApi3kM, NPOMOpPUiiHI npu-
knageHnm cunam 3 i 4 H

13. MobygyBatn Ha BEKTOpax CuA napasenorpam i BU3HAYMTU PIBHOAINHY Cu-
ny. MNMepekoHaTucs, WO BoHa AOpiBHWE 5 H.

14. 3anucaTn ofepxaHwii pesynbTaTr y 30LUUT.

15. TIopiBHATW PIBHOAIHY | 3piBHOBaXKyBaJsIbHY CUMWU, 3PO6GUTU BUCHOBKMU.

NABOPATOPHA POBOTA Ne 5

Tema. BumiptoBaHHS1 koedilieHTa TepTs.

MeTa. O3HaliomMuTnCcsl 3 ABOMA Cnocobamu BM3HAYEHHs KoedqilieHTa TepTs;
BUMIpATM KoedilieHT TepTa gepesa Mo AepeBy, NEPEKOHATUCS Y 3a/1€XHOCTI Cun
TEPTS Bif CUWIM HOPMA/IbHOTO TUCKY Ha MOBEPXHH).

O6nagHaHHsA: AuHamMoMeTp, Habip TarapuiB, AiHilika, AepeB’siHUin 6pycoK,
wratne 3 mMydTamn i Nankow, BUMIpIOBasIbHa CTpiyka.

TeopeTn4Hi BiJOMOCTI

Mepwwii cnocié nonsirae y BMMIpIOBaHHI 3a 4OMNOMOro AMHaMoOMeETpa Cuu,
3 AKoW Tpeba pPIBHOMIPHO TArTM GPYCOK 3 TArapusmMui NO rOPU3OHTasbHIA No-
BEpXHi. LA cuna 3a mogynem AopiBHIOE cuni TepTa FTeg sika gie Ha 6pycok. 3a
[OMOMOrol TOro CaMoro AUHaMOMeTpa MOXHa 3HaliTu cumy TskiHHSA 6pycka 3
Tarapuem P. Lla cuna 3a mMogynem OOPIBHIOE Cuii HOpMasibHOTro Tucky N 6pyc-
ka Ha MOBEPXHI0 KOB3aHHS. BM3HAUMBLUM TakuM CNOCOOGOM 3HAYEHHS cunu Tep-
TA NS Pi3HUX 3HAYEHb CUIM HOPMAasIbHOrO TUCKY, MOXHA 3HaWTU KOoeqiLieHT

F

Tep
i

Opyrnii cnocié BuMiptoBaHHA KoeqoilieHTa TepTa Aa€ 3MOry BU3HAYWUTM [0-
CNigHUM LUASXOM He CWAW, a AOBXMHMW Bigpi3kiB. [NS LUbOro KOPUCTYHOTLCS PiBHO-
MIpHAM pyxoM 6pycka no noxunii NAoWuHIi. 9Akbu He 6yno TepTs, GPYcOK mas
61 3iCKOB3HYTM 3 MOBEPXHi BHWU3.

OpHak, Npu HEBEJIMKOMY KyTi Haxu/ly LbOro He BifbyBaeTbCsl, OCKi/IbKM KOB-
3aHHI0 NPOTUAIE TepTs CNOKoW Fu sika AOPIBHIOE CKIAAOBIA CUAM TSXKIHHA P, i
36iNblIyeTbCA pa3oMm 3 F: 3i 36i/bLUEHHAM KyTa Haxwuay MAOWUHA. 3a NEeBHOro
3HAYEHHs1 KyTa Haxuiy a 6pycoK MoYMHae PIBHOMIPHO KOB3aTW BHWU3 MO MOXW/Iil
NIOWWMHI. Tenep Ha HbOTO MOYMHAE AIATW Cua TepTs KOB3aHHS, ane, OCKi/lbkM 3a
abCOo/MIOTHNUM 3HAYEHHSIM BOHa MPUOAN3HO AOPIBHIOE MakCUMasbHIA cuni TepTa
CMOKO0, /11 BU3HAYEHHS1 KoeqoiljieHTa TepTSl KOB3aHHA MU MOXEMO cKopucTartucs
MakCUMa/IbHUM 3HAYEHHSIM CUMM TEPTS CMOKOH:
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F F
=— ane —t=tga . 9K BUAHO 3 Mas. 7:
H F2 2 g A

b
3 uiei dopmynu BunaMBae, WO ANA
3HaXOMKEHHA KoedilieHTa TepTa gocTaT-
HbO BUMIPATU BUCOTY W OCHOBY MNOXWAOI
MOLWMHK, 3a SKMX NOYMHAETLCSH KOB3aHHSA
6pycka.

f"ga = h—; Boxe, p:%.

Xig po6oTtn
| yacTuHa.
1. Moknapgitb 6PYCOK Ha rOpU3oHTasb-
HO po3TalloBaHy AepeB’siHy NiHiiky. Ha 6pycok mocTaBTe TsArapelb.
2. TpyKpinMBLUM ANHAMOMETP FOPU30OHTa/IbHO A0 6pycka, TAMHYTW 3a HbOro

Tak, Wo6 6pycoK pyxaBCSA PIBHOMIPHO B3A0BX ANiHIKW. 3anucatv nNpu LbOMY
nokasu guHaMmoMeTpa.

3. 3BaxunTn 6pycoK i TArapeusb.

Tino Ha moxunii NNOWWHI

4. 3a dpopmynoio =1 3HalTM KoedilieHT TepTs.

5. MosTOpUTK pocnif, NOCTYNOBO AOKIajalounm Ha 6pycok Tarapui.

6. 3HaTM cepefHe apudMeTUyHe 3HA4YeHb KoediUieHTIB TepTsa, BU3HAUYEHMUX
y PI3HUX Aocnigax.

7. 3HaNTN NOXMOKY KOXHOr0O 3 AOCNIAIB — PI3HMLI0 MiX LGP i 3HAYEHHAMU |,
ofepXaHUMU B Pi3HUX Aocnigax.

8. BusHauntn cepepgHe apudmMeTMyHe NOXMBOK Aocnifis Auosm

9. Cknactn Tabnuuio pesynbTatis Aocnigis.

Tabnmysa 5
Ne
focniay Kep| . H \p\, H M Incep Ay = uep- AU(H)

10. 3anucaTn pesynbTaTtu BUMIpIOBaHb Yy BUMNSAI Y = LGP + Aucp
Il yacTnHa
1. MNoknaBWwW Ha NiHiliKy 6pycoK i3 TArapusmu, MOBIMILHO 3MiHIOBATK 1i Ha-

XWN, nigHiMarouy Kpai NiHilikn, Noky 6pyCcoK Ha NOYHe KOB3aTW B340BX MOXUON
NIOLLNHN.

2. 3aTUCHYTK NiHiliKky B 3HalAEHOMY MOJIOXEHHI Nankow LWTaTnBa i nepeko-
HaTnCs, WO GPYCOK PyXaeTbCsA PIBHOMIPHO.

3. 3a gonomorow BUMIpPHOBasIbHOT CTPIYKM BU3HaA4YMTM BUCOTY h i ocHOBY b
noxunoi nnowmHn.8

4. Bu3HAUMTM KOeiLiEHT TepTa 3a (popMy/o “::'

5. MoBTOpWTK AOCAiA4, 3MIHIOUYM KIbKICTb TArapuiB Ha GpycKy.

6. 3HaiiTM cepefHe apudMeTUYHe 3HayYeHb KoedilieHTa TepTsa i cepefHto no-
XWOKY BUMIpOBaHb.

7. Cknactn Tabnuuto pesynbTartiB gocnigis.
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Tabnmya 6

Ne KinbkicTb h M b A
locniny  TArapuis H Mzp H App

8. 3anucaTtn pesynbTaT BMMIpHOBaHb y BUrASA4i: P = UGE + Aucp
9. lMopiBHATU KOedilieHTN TepTs, 3HAWAEHI Nepwum i gpyrum cnocobamu.

NABOPATOPHA POBOTA Ne 6

Tema. BusHauyeHHs LEeHTpPY Mac MaoCKux diryp.

MeTa. HaBunTuUCS BM3Ha4YaTW LEHTP Mac M0CKUX hiryp npaBubHOI Ta He-
npaBuAbHOT hopmu.

O6n1iagHaHHA: BUCOK, MacTUMHW NPaBWIbHOI | AOBISIbLHOI reoMeTpuYHoi chop-
MW, WTaTMB 3 MyddTamy i Nankow, BMMIpHOBasibHa CTpivka, LUNW/bKA.

TeopeTn4Hi BiJOMOCTI

[Ona Toro wo6 TiNo pyxasocb MNOCTYyNasibHO Nifg A€ CWIX, HeobxigHo, abu
NiHig aii uiel cunn npoxognna yepes TOYKy, AKY Ha3uBakoTb LLEeHTPOM Mac.

LleHTp Mac — ue Touka, B Kl NepeTMHarTbCA MiHIT 4iT cun, WO NpUMYLLYHTb
TiNO pyxaTucb MOCTyNasibHO.

LleHTpoM TSXIHHA Ha3uBaeTbCA Touka Tina, A0 SAKOT npuknageHa cuna Ta-
XiHHA, abo Touka Tina, A0 AKOI NpuKNageHa piBHOAiIHA BCIX CUN TSAXIHHS, LWO
Ai0Tb Ha Tifo.

Akwo TiNo nepebyBae B NoAi Aii CUMM TSXIHHA, TO LEHTP Mac 36iraetbcs 3
LEHTPOM TSDKIHHS.

LIeHTp TAXIHHA € reOMeTpUYHMM LLeHTPOM OZHOPIAHOrO Tina npaBwsbHOI reo-
MeTpu4Hoi chopmu. Hanpuknag, LEHTPOM Mac TPUKYTHMKA € ToUKa nepeTuHy io-
ro megiaH. Omke, AN TOro WoO6 BU3HAUYUTU LEHTP TSKIHHA, CMi4 NPOCTO 3HaTK
reoMeTpUYHUIA LeHTP dirypu.

Akwo nnocky cuirypy nigsicutn B 6yAb-SKiii TOuLi, BOHA pO3TallyETbCS Tak, WO
BEpPTMKa/IbHA NpsiMa, MpoBefeHa Yepes Touky nigsicy (Man. 8), npolige yepes LEeHTP
TSKIHHA. Lle gae 3mMory 3HaTu LeHTP TSOKIHHA NAIOCKMX cpiryp AOCAIAHUM  LUASIXOM.
[Ona uboro Tpeba, nigBicMBLUM NAACTUHY B OyAb-siKii
TOULj, HaKpec/MTU Ha Hiil BepTUKaNbHY NpsMy, WO MNpo-

XO0OAMTb 4epes3 TOuky nigsicy. [MposiBWKM L0 onepauito
Jekinbka pasiB, 3HaWTM TOUKY NEPETUHY UWX MNPSMUX.
Lla Touka nepeTuHy i 6yae LEeHTPOM TSHKIHHSA MAacTuHK.

Ona Toro wo6 y UbOMY BMEBHWUTUCH, NACTUHY
MOXHa nigBicUTK B TpeTild Touui. BepTukanbHa npsiva,
sika MPOXOAUTb Yepe3 TOuKy MiAgBicy, MOBWHHA MPOWNTU
yepes3 TOUKY NepeTuHy ABOX nepwux npsaMmux. Mox-

Ha TaKOX 3PIBHOBAXUTW MIACTUHY Ha BICTPi Gynasku.
MnactvHa nepebyBaTuMe B piBHOBasi, SKWO Touka
onopu 36iraTUMeTbCA 3 LEHTPOM TSXKiHHS.

MoOXHa TakoX 3piBHOBaXWUTW NMACTUHY Ha Kpat
onopw, Hanpuknag, Ha kKpaw naptu, i NnpoBecTn ue-

pe3 ueii Kpa’h Ha NNacTWHi fiHito, ToAi NOBEPHYBLUU Man. 8. Ekcnepwu-
nnacTvHy, npopo6utn ue Bapyre. MNepeTuH UMX MiHIl  MeHTa/lbHe BW3HAYeH-
i [AaCTb LUyKaHYy TOUYKY. HA UEHTPY TSKIHHS
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Xig po6otn

Br3HauYeHHs LeHTPY TsKIHHSA M0CKOT dhirypy reoMeTpuyHMM Crnoco6oM.

1. Po3ginitb HagaHy BaM reoMeTpuyHy pirypy Ha ABi NpOCTiWi reoMeTpuyHOo
npaBUbHI YaCTUHWU (MPSMOKYTHUKA Y TPUKYTHUKN).

2. 3HaigiTb LEHTP TAXIHHA KOXHOT YacTuHMW.

3. 3’efHaliTe OoTpMMaHi TOYKM BiAPI3KOM. 3AiACHITH Ui onepawii 3HOBY, BU-
KOHaBLUM iHWE pO36MTTA Ha ABi iHWI oirypyn npaBWbHOT reoMeTpUYHOT hopmu,
i 3’'egHaliTe OoTpUMaHi TOYKM BiApi3KOM. 3HaNAITb TOUKY NepeTuHy LmMX Bifpiskis.
OTpuMMaHa ToYKa — LEHTP TSXiHHA MA0CKOI qoirypw.

4. MepekoHaliTech, WO 3HalAeHa To4YKa € LLeHTPOM TsXiHHA. [1ns uboro BcTa-
HOBITb MACTUHKY Ha BICTPS OGynaBKM Y/ TOIKW, TaKMM YMHOM, W06 3HageHuUi
BaMW LIEHTP TsKIHHA 36iraBcs 3 TOUKOK OMOpW. FIKLWO BU MpaBUSIbHO BUKOHAIN
nobynoBsy, TO nnacTMHKa Mae nepebysaTv B PiBHOBA3I.

Br3HaueHHs LeHTpY TsKIHHSA M0CKOT hirypy ekcneprMeHTasbHO.

5. 3akpiniTe WNUIbKy B Nanyi wratuea.

6. 3a gonomorow 6ynaBkM MigBiCbTe MAACTUHY | BUCOK (avB. Mas. 8). AnA
LUbOro nonepegHbo 3p06iTb OTBIP Y MAACTWUHI, TPOXWM PO3WMPUBLUK 1i0ro, LWO6
TiNo BiNbHO 06epTanoCb HaBKOO LBSXa.

7. OniBueM MNO3Ha4Te NiHIl0 BUCKY HAa HWKHbOMY Ta BEPXHbOMY Kpasx nnaac-
TUHW.

8. 3HABWM nNacTuHy, NPOBeAiTb fliHil0, fka 3’€AHYE MO3HAYeHi TOUKM.

9. MoBTOpITb A0CAI4, NIABICMBLWIM MNAACTUHY B iHLWIA TouLi.

10. BcTaHOBITb NAACTVMHY Ha rOMKY abo LINWbKY YA ONiBelb, TaKUM YMHOM,
o6 Touka onopm 36iranacs 3 BU3HAYEHMM BaMu LLEHTPOM TSDKIHHA. HKWO nnac-
TMHKa nepebyBaTyMe B PiBHOBA3i, TO 3HaligeHa Touka i Byde LEHTPOM TSDKiHHS.

11. 3pob6iTb BMCHOBKM.

NABOPATOPHA POBOTA Ne 7

Tema. [JocnimpKeHHSA pyxy Tifa, KUHYTOrO0 rOpU30HTasTIbHO.

MeTa po60Tn: NepPEBIPUTN BUKOHAHHS 3aKOHY 36epexeHHs iMMynbCy nig vac
NPY>XXHOro ygapy ABOX Tin.

Mpunaan i matepianu: nidilika 3 MiNiMeTPoBMMM NOAiNKamu; WwTaTtne 3 Myd-
TOK i Nankolo; X006 AnA NycKaHHA Ky/boK; MeTasieBa Ky/bka, /I0TOK 3 MiCKOM,
nucT daHepu.

Xig po6oTtn

1. 3a ponomororw wTatMBa 3akpi-
nNUTK X0N06. 3arHyTuii KiHeupb Xonoba
NOBUHEH 6yTW pO3TallOBaHW ropu-
30HTaNbHO (Man. 9). Ha cTin, y micui
MOX/IMBOrO NafiHHA Ky/ibKW, MOKNacTu
JIOTOK 3 MNiCKOM.

2. TlyCcTUTU KyNbKy BifIbHO KOTUTUCA
no >onob6y. [loBTopuTWM Aocnif n'sATb
pasiB, Myckatouu KysbKy 3 TOro camoro
Micusa xonoba.

4, Bumipatun BucoTy h i ganbHicTb
noneboty . O6uncnuTn cepepHe 3Ha-

YeHHS1 NoYaTKOBOI LUBWUAKOCTI KYNbKW.
Man. 9. JocnigpkeHHa pyxy Tina,
KMHYTOrO rOpPU30HTASIbHO
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6. O6uncnMT NOXMOKM BUMIpIHOBaHb Ta OBGYMC/EHb Ta 3anuMcaTu pesynbTatu
BaLLOro AO0CAifAXeHHs o Tabn. 7.

Tabnuya 7
No Bucota nonboty JanbHicTb NonbLoTy LBMAKICTb Ky/nbOK
Jocnigy h, m Im no, m/c

7. Ha apkywi, npukpinieHoMy o daHepu, HakpecnuTu KOOpAMHATHY CiTKy.

8. BusHauuBlIM B nonepefHbOMY AO0CAi4I NOYaTKOBY LUBWAKICTb Ky/ibKW, 3a-
MULWITb PIBHSAHHA 3a/1€)XHOCTI KOOPAMHATU KyNbKN B3L40BX KOXHOI 3 OCeil Bif yacy
X(0) Ta y{t).

9. BMKOPUCTOBYIOUM L PIBHSIHHA, TEOPETUYHO po3paxyiTe KoopauHaTy Ta no-
3HauyTe Ha apkylli nanepy BignoBiAHI NOMOXEHHS Ky/nbku vepes3 koxHi 0,05 c. Yepes
NMo3Ha4YeHi TOYKM MPOBEAITb MNaBHY KPUBY, sika | 6yae TPaeKTOpIEd pPyXy KysibKu.

10. MpuKpiniTb apkyw A0 ¢haHepn. BCTaHOBITb Ky/ibHY Ha BEPLUMHI X006a Ta
BiANycTiTb. [MepekoHaliTecb B TOMy, WO po3paxoBaHa i nobyaoBaHa Bamwu Tpa-
€EKTOpiA 6/2M3bka [0 peasibHOI i € TifIKow napabonw.

11. 3pob6iTb BMCHOBOK.

NABOPATOPHA POBOTA Ne 8

Tema. [JOCRigKeHHs 3an1eXHOCTI MK TUCKOM, 06’€MOM | TeMnepaTypolo rasy

(ekcnepumeHTasibHe NIATBEPAXEHHA 3akoHy [eli-Jlioccaka).

MeTa. EKcnepumeHTasibHO AocniguTy izobapuyHnini npouec. EkcnepemMeH-
TaNbHO MepPeBipUTN cnpaBeaNUBICTb 3akoHy [eli-flloccaka.

O6nagHaHHA: cknsHa Tpyb6ka, niHiika, mocyanHa 3 rapsiyol BOAOH, MOCy-
OnHa 3 BOAOK KIMHATHOI Temnepartypu, TepMoOMETp.

Xig po6oTtn
1. Bumipatn goBXuny Tpybkn / (man. 10).

2. OnycTUTK CKNSIHY TPYOKY Yy MOCYAUHY 3 rapsyol BOAOK BiAKPUTUM KiHLEM
Joropu.
3. Uepe3s 3—5 xB BUMIipATK Temnepatypy rapsdyoi soau (4 =273 +i)). MoTim

3aKpUBLLM BigKPUTUIA KiHeLb TPyOGKM nnactuniHoMm (abo nanbuem), BUMiTbL Tpy6-
Ky 3 raps4vol BoAuv i LWBMAKO OMNYCTiTb Y CTakaH 3 BOAOK KiMHATHOI Temneparypu,
NpsAMO Nig, BOAOK 3HIMITb nmaactwuiiH (naneub). Y Mipy OXONOMKEHHSA MNOBITPSA B
TpybKy 3axoauTb BOAA.

4. lMicna NPUNUHEHHS NigiomMy BOAU B
Tpybui onycTuTu i Tak, Wwo6 piBHI BOAN Y
Tpybui i cTtakaHi 6ynn ogHakoBumu. Togi
TUCK noBITPA y Tpybui 6yae aTmocdep-
HUM. BuMipsaTU JOBXMHY cTOBMa MoBiTPA
y Tpy6ui |, i TemMnepaTypy HaBKOMMLIHbLO-

ro cepegosuwa t2 (12=273+7)). BigHo-

LWEHHS 06’emiB
vL_siL_i2 Rar P ar
V2~Si2~12 Vi T, V2 T2

Man. 10. EkcnepumeHTanbHa ne-
peBipka 3akoHy [leii-Jltocaka
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5. O6uncnitb BigHOCHY (€) i abcontoTHY (A) NOXMOKK

M +M , ae ﬂ: C_M__ A, L 1
[ 2 2 =y ! Cn'
T
§I+AI pe AT= CAO g,
A B 2 L

6. MoBTOpiTb N. 2—5 We ABa pasu.
7. Pe3synbTaty BUMIpIOBaHb i 06YNC/IEHb 3aHECiTb A0 Tabn. 8:
Tabnmysa 8

T,
Ne lu mm |2,mm Tu K Eg 12 T2 Sl €2 Al Az

8. TopiBHATU oaepxaHi pe3ynbTaTtu:
— Al<—<—+AlTa -TL-A’, <I|-_<IL- A,

Po6oTa BuWKOHaHa npaBW/bHO | MIATBEPAXYE MNPaBU/LHICTL 3akoHy [eir-
Joccaka, SKWO iHTEPBa/IM UYMCE/IbHUX 3HAYEHb Y OCTaHHIX ABOX chopmynax ne-
peKprBalThCS.

9. 3po6iTb BUCHOBKM.

NABOPATOPHA POBOTA Ne 9

Tema. BumiptoBaHHS BiAHOCHOI BO/OrOCTi MOBITpPS.

MeTa. BuBUMTM METOAM BUMIpPHOBaHHS BOJIOTOCTI MOBITPSA i BUMIPATU BiAHOCHY
BOJIOTICTb MOBITPA Yy (Pi3N4HOMY KabiHEeTi.

O6nagHaHHSA: rirpoMeTp MNCUXPOMETPUYHWIA, NCUXPOMETPUYHA Tabnuud, mip-
Ha cTpiuka.

Xig po6otn

1. OsHaliomuTuca 3 6yAoOBOK MNpwuiagy, 3a LONOMOrol SIKOro BUMIpHOBaTU-
MEeTbCsl BifHOCHa BOJIONICTb MOBITPS.

2. 3adchikcyBaTM MOKa3n «BOJIOrOro» Ta CyXOro TEPMOMETPIB i 3a Ncuxpome-
TPUYHOK Tab/Mue BU3HAYUTK BiAHOCHY BOJIOFCTb NOBITPS Y MNPUMILLEHHI ¢i-
3MYHOTO KabiHeTy.

3. MoBTOpPUTM Zocnig,.

4. O6uncnuTM abCoOTHY i1 BIQHOCHY MOXWOKM BUMIpIOBaHb. 3anucaTn 340-
OyTi pe3ynbTatu 3 ypaxyBaHHAM MOXWOKM BUMIPIOBaHHS.

5. OBGUNCANTM KiNbKICTb BOASAHOT Napu B KiMHAaTi, 3p06OMBLUM [04ATKOBI BU-
MipHOBaHHSI.

6. 3po6iTb BMCHOBOK.

NABOPATOPHA POBOTA Ne 10

Tema. BusHaueHHs MOAyns NPYXHOCTI.

MeTa po60TW: BU3HAYUTU MOAYNb NPYXHOCTI Pi3HWX PEYOBUH.

O6nagHaHHSA: WTaTtMB 3 MydTamu i nankow, ryMoBWA LWIHYpP (ryMKa Anst rpo-
wei), Habip Tarapuis, fiHiika 3 MifiMETpOBUMMK MOAiINKaMu.
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Xig po6oTtn

1. 3akpinuTu B nanui wratMey rymoBuii LWHyp (Man. 11).

2. MNopsg 3i WHYPOM BCTAHOBUTM i 3aKpiNUTW AiHIAKY 3 Mini-
METPOBUMU MOAISIKAMM.

3. BuMipAaTM no4aTKoBY OOBXUHY LUHypa |.

4. MNiggicuTn Tarapeub BiAOMOT Macu T i BUMIPATA BUKIU-
KaHe HUM BUOOBXEHHS X.

5. [lo nepworo Tarapus gogatu Apyrui, TpeTih Tarapui,
3anMCcyun Lopasy BUAOBXEHHS MPYXWHU X.

6. BusHaunTty giameTp LWHypa, BUKOPUCTOBYOUM METOA pPsifiB.

7. 3a fjaHMK BMMIPIOBaHb 06UYMCANTM MOAYNb MPYXHOCTI:

E _ mgl
mazy
8. PesynbTat BMMIplOBaHb Ta 064YMCNeHb 3anucatn Ao Ta-
6nm:
Man. 11. flo
nabopartopHoi
Tabnmya 9 po6oTn NelO
NQ_ T, Kr mg, H X, M E, MNa
focnigy

9. 3a pesynbTatamu BUMIpOBaHb NoGyayBaTh rpadiik 3a/1eXHOCTI CUIN NPYX-
HOCTi Bifi BUAOBXEHHS LUHYpa X i, KOPUCTYIOUNCh HUM, BU3HAUUTU CepefHE 3Ha-

UEHHS1 )XOPCTKOCTI LLUHypa.
10. OUiHMTU TOYHICTb OAEPXKAHOro pe3ynbTaTty, 3POGUTU BUCHOBOK.

NABOPATOPHA POBOTA Ne 11

Tema. BusHauyeHHs KoedoiLieHTa NOBEPXHEBOrO HAaTAry KaninsgpHUM MeTOAO0M.

MeTa. BusHauuTu KoedpilieHT NMOBEPXHEeBOro HatAry, AOCMIANTU 3aeXHICTb
KoediljieHTa NOBEPXHEBOro HaTAry Bif KOHUEHTpauii AOMILLOK.

O6nagHaHHs: kaninsapHa Tpybka, NoCyaMHW 3 PigMHOK PI3HOT KOHLUEeHTpau,il.

Xig po6oTtn

1. BusHauTe 3a Hanmcamu Ha Kaninsphii Tpyoui ii giameTp.

2. OnycTiTb Kaninap y niggap6osaHy Bogy (MOXHa BUKOPUCTOBYBATW i YACTY BOAY,
ofHak nigcgapboBaHy kpalle BWAHO y Kaninsapi) i BuMmipsinTe BucoTy i
nigHiMaHHA h y kaninspi. Beaatoun BoAy YMCTOO, 3anuWiTh Y TabaumLo
il rycTuHy p Ta Bucoty h.

3. O6umncniTe KoeduiliEHT NOBEPXHEBOrO HATAry BOAM 3a (DOPMY/IOHD: r
o_PShD_ h
4. PesynbTat 064yncneHb 3aHeciTb Ao Tabn. 10.
Tabnmya 10
p, Kr/ms h, M D, M o, H/m

5. BukoHaliTe aHania noxubok, AOMyLLEeHWX NPW BUKOHaHHI [0- Man. 12
cnigy. e
6. MOBTOPITb €KCNepUMeHT CKOPUCTABLUNCL BOAHWMM PO3UMHA- Kani-
MW BiAOMOT KOHUEHTpaLil. ”ﬂ6pHa

7. To6yayBaTi rpadik 3a/1eXHOCTI BEMMUMHU KoediljeHTa nosepx-  1PYOKa B
HEBOr0O HATAry PO3UMHY Bif, ViOr0 KOHLLEHTpaL;ii Ta 3p06UTV BUCHOBOK. PIAnHI
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BIANOBIAI OO BrPAB MICNA NAPAIMPA®IB
§ 5. 2(m). 30 c¢; 150 m; 60 m™m; 4(g). a) -270 m; 0 m; 6) 12 m/c, nmpasopyy;
1,5 m/c, niBopyuy; B) 20 ¢, -30 wm; 5(g). Aue. man. 1; 6(8). AnB. man. 2.
OA

+U
0, m/c

10 i
— L t

10+ ] tC
Man 1 Man. 2

8§ 6. 4(c). 75 km/rog; 5(c). 0,25 m/c2 6(c). 0,21 m/c2 7(m). 50 m/c; 8(g). -6 - 106 m/c2,
66 - 10-6 c; 9(B). 20 xB; 10(B). 7 km/rog. § 7. 1(c). 4 m/c; 2(p). vx = 20 - 0,25i;
3(g). » —0,81; 6,4 m; 4(n). a) MIx—10+0,81 — npuckopeHuin; 6) nx—2—21 — cno-
BiNbHEHWUN, yepe3 1 ¢ npuckopeHwid; B) u3(=-4 +4i — cnoBinbHeHW, yepe3 1 ¢
npuckopeHuii; 1) vdx=-1-121— npuckopeHuin. § 8. 1(c). 50 c; 2(c). 3MeHLWYeTbLCA B
2 pasu; 3(g). 1 : 20; 4(n). 1 km/c2 5(g8). 0,5 m/c2 6(m). 20 m/c; 7(B) a) 1 : 2;
6) 2: 1. § 9. 1. B; 2. Hi; 3. 3aBgakmu iHepuii; 5. Hi; 6. Ix wWBUAKICTb 0AHAKOBA.
§10. 1. a=— ;2. 1 H; 3. 9,8 m/c2 4. 1:1; 5. 100 r. § 13. 2. 2 mH; 400 kH; 8 H;

T
3. 2 mr; 700 kr; 1700 1; 4. 770 H; 5, AoHusy 1,5 m/c2 6, 90 kH. § 17. 1(c), 1 m/c;
2(c). 2-+O7-K-Y-Cl-”-; 3(8). 1 m/c, y HanpaMKy pyXxy Baxuoro Tina; 4(g). 1655’-'-;--;
485%-'—\/'-; 5(g). 4,5 kr; nmig KyTom a =36,9° NpoOTWNEXHO A0 HAaNPAMKY pyXy MepLio-
ro ockonka. § 18. 3(g). a); 6). § 19. 1(c). 7,5 m/c; 2(c). 1 m/c, y HanpsamKy pyxy
Baxyoro Tina; 3(c). 0,95-2-'!; 4(n). 0,1755-'0-'\—/[; 37,2mAx; 5(m). 105 Ox. Axuwo
mMaca Bi3ka 3 NHOAMHOI Habarato Ginbwa Big Macy KameHs, To Bcs poboTa, AKY BU-
KOHYE NIOAWMHA, BUTpayvyaeTbCA Ha Te, W06 HagaTM KaMeHK KiHEeTUYHOT eHeprii;
6(g). 15° 7(8). 0,16 m; 58,8 Ax; 8(B). a) 5103m; 0,08 m; 6) 0,02 m; 9(g). 1,8 KAX;
10(B). 5,5 m; 11(B). 40%. § 21. 1(m). 0,714 c; 2(g). 1,3 c¢; 0,93 c; 3(n). 0,994 ¢;
4(n). 0,662 c; 5(B). 2,6-H08 m/c; 6(B). y 7,1 pa3su. § 22. 1(c). B; 2(c). A; 3(c). A;
4(c). A; 5(c). B; 6(m) 3meHwwuTtbca y 15 pasa; 7(m). 22 «kr; 8(B). 1,1-H0Z.
§ 24. 1(c). A; 2(c). T; 3(c). A; 4(c). A; 5(c). B; 6(g). 267 °C;

7(g). 1300 m/c; 8(B). 10%. 8 25. 1(c). B; 2(c).A; 3(c). B; 4(p). b;

5(n). B; 6(g). 102;7(8B). 61 r. § 26. 1(c). B; 2(c). b; 3(c). T;

4(p). B; 5(g) 27 °C; 6(a). 4 monb; 7(8). 8,2MMa; 8(B). «1n.

§ 28. 1(n). b; 2(m). B; 3(c).A; 4(c). B; 5(c). A; 6(c). B; 7(c). 77%;

8(g) 0,3 «kMa; 9(m). 0,7 kMa, 5,2 r/m3; 10(g). He BUNajge;

11(8) 2 °C; 12(B). 100%. 8§ 29. 1(n). B; 2(m). b; 5(n). 14,4 m/c2

6(8). 74 mH/m; 7(c). 25,6 mkAx; 8(8). 83,8 mH; 9(8). 1,1 cm.

§ 30. 1(n). B; 2(n). B; 3(c). I'; 4(c). b; 5(z). 800 kr/m3; 6(g). 5,5 MMm;

7(8). 22 mH/m. § 32. 1(c). 0,157 H; 2(m). 1,13 - 104 m; Man. 2. [o
3(m). 0,5 - 104 m; 4(8). 26,78 m; 5(8). 7,5; § 33. 1(c). 37,4 kAX; 3agaui 21
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2(0). 12,5 kAx; 3(0). 9 MAx; 4(B). 3meHwunacs B 3 p. § 34. 1(m). 8000 kAx;
2(n). 60 °C; 3(m). 55,75 kr; 4(B). 2412 Ax/kr - °C; 5(B). 105 kAx. § 36. 1(C). 400 [x;
2(c). 3,3 MAx; 6,1 MAx; 3(@). 12,4 kAx; 4(8). 6,14 Ax. § 37. 1(C). 40%;
2(C). 40%; 3(). y 2,5 pasu; 4(n). 284 K. § 39. 1(C). 40%; 2(C). 100 Ax; 3(0). 23,3 °C;
4(B). AU =6492 [1; Q=9090/ .

3A0AUI A9 CAMOCTINHOIO PO3B’A3YBAHHSA

(c. 45). 1(c). Nepwe Tino HaspoxeHe Apyre uepes 30 c. slx = x, = 150 m;
SX=x2~x0 =60 Mm; 2(C). 3 puc. 2 a BUNAMBAE, WO TiNO PyXaeTbCHd PiBHOMIPHO Y
Big’emHomy Hanpamky oci OX, ocKinbKu MpoekLis BEKTOpa MepemillleHHs Ha BiCb
X Big’emMHa Vi 3pocTae 3a abCOMOTHUM 3HAYEHHAM MPSAMO MPOMOPLiHO Yacy;

3(c). v2= 8 mic; 4C). x=-1,5103m; [=4,5-103m; 5(C). x=1,9104m; /=2104m ;
6(C). s =5mMm; S, =4 M sy=3m AO). uc« 14,7 m/c; 10(0). S =395 mM; map«ls,l m/c;
11(m). s = 90 m; 12(0). a« 0,05 m/c2; i« 53 ¢; 13(n). t = 20 ¢; 14(0). a = 0,8 m/c2
s=7,6m; 150). a«1,6m/c2;v0=5 wm/c; 16(0). naep«8,2m/c; 17(0). nap«16,7m/c;
18(n). s = -200 m; 1 = 2,2 103 m; 19(). a = 2,0 M/c2 nEl=20m/c ; nER=28,6M/C ;
20(0). v2= 14 m/c; 23(B). v2= 2,4 m/c; a = 0,84 pan; 24(B). v2«48,3m/c ; cp«0,078pag;
25(b). ©«0,068pag ; n«221,7m/c; 26(B). 7«17,3-103c ; 27(B). map«7,6103m/c ;

28(b). w«7,2:10"5" i; wu«3,25 102m/c; 29(B). n«32 102m/c. (c. 63). 1 Hi; 2 Hi;
C

3. Cunu y I sakoHy npuknageno go pisHux Tin; 4. Pyxom no ivepuii; 5. 22,5 H;
6. 280 m/c; 7. 10 H; 8. 1 m/c2 9. 2400 H; 10. cm/c; 11 OgHouacHo; 12. 0,08 m/c2,
(c. 79). 1Ly 4 pasu; 2. 5600 m; 3. Yac He 3MiHWUTLCSA, AanbHIiCTh 36iNbWMTLCA BABI-
ui; 4. 78 m; 5 100 m; 4,5 ¢; 6. 1,3 m; 1 ¢c; 7. 6 i?3 Big ueHTpy Micaus;
8. 8,8 m/c2 9. 6-t0% kr; 10. 7,7 km/c: 95 xB; 11. 15 kH; 12. 45 m; 30 wm/c;
13. 2,8 m; 24 m/c; 14. 2 ¢c; 3 m/c; 15. 20 m; 16. 12 m/c; 59°; 17. 180 m; 18. 60 wm;
140 m; 19. a) 0,7 c¢; 6) 0,07 c; B) 3,8 m/c; 20. a) 0,45 c; 6) 0,05c; B) 24 m/c;
21. 35 wm. (c. 89). 3.9 MH; 4. 0,44; 5. 0,346; 6. 10 H; 2,5 H; 7. 150 H/m;
8.0,36 H/m; 9. 40 m; 10. 21 kH; 11. 100 H; 12. 8 H; 13. 3,3m/c2 14. 15 kH;

15. 20 m/c; 22°; 16. 18 m/c; 17. 440 kH; 110 kH; 18. -3;n(g +a); 19. p. > g%gua~+ul )

(c. 107). 5. 180 kH; 300 H; 6. Tak; 7. 425 kH; 8. 13,7 cm; 9. 10 cm Bif BaHTaxy Py
10. 5 kH; 11. tga = 2y; 12. Ha BiacTaHi 2,4 m Big matepi; 13. 14 H; 14. 240 kr/im3,

15. 222 r; 72 r. (c. 127). 3(). U:ZO%; 4(c). v1= 0,6 mic; 5(c). MAV=355;
6(C). v = 400 m/c; 7(C). a) Al=21x ; 6) A2=-640x ; 8(C). y = 0,02;

om. A = 1,2 k4x; 10(0). A=-2,25MIx ; s=375m; 11(n). A = 16,02 k[x;
12(n). wk=wn=98 Ix; 13(0). WK= 32,2 Ox; Xn= 39,4 Ox; 14(0). 5, = 19,1 m;

15(m). wr = 4,9 Ox; v = 3,1 m/c; s = 10 m; 16(g). p = 0,06; 17(n). m2=-12,5?;

18(n). a) wn=0,67m/c; 6) W=0,87m/c; B) u=0,5m/c; 19(m). s = 0,3 m;
20(0). WK = 150 kAx; 21(0). a) ur = u2= 1,8 m/c; 6) n1=0,6 m/c, n2= 2,6 mic;

22(). WK =562 [k, =062 ; 23(8). WK = 7,5 Ik 24@). ~ =1,25;

25(b). h2=0,84 m; t = 1,4 ¢; 26(8). t = 0,58 c; 2/(B). Wa - 1,4. (€ 17/). 1c). 3,3-10 2ikr;

W ru

2(c). 1,1-10D; 3(c). 478 m/c, 48 °C; 4(C). 0 Ox; 2,6-t0200%; 5(C). 3°C; 6(C). 1,1 kr;
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8(n). 20 w™m; 9(m). 897 MMNa; 10(g). 2,4 n, 1167 K; 11(g). 1,5 r;
12(n). 550 wmr; 13(gm). 0,58 105Ma ; 14(p). 25 cm; 15(m). 83 r/m3; 16(g). 1127 °C;
18(g). 90 mn; 19(g). a) 36inbwwutbca B 1,5 pasn; 6) 3MeHwWuUTbeA B 1,3 pasa;
20(n). 60 H, 40 H; 21(p). ps> pA, FB> FA TA>TB; 22(a). 1012 23(g). B 1,7 pasa;
24(B). 2,81010m ; 25(B). 6,3 «kr; 27(8). 392 K; 28(B). 30 m; 29(8B). 2 xB;
30(b). 62 kMa. (c. 195) 1(g). P2 > Pi B 4,3 pasa; 2(8). 74%; 3(m). 2,1 r;
4(n). 18 mH/m; 5(g). 2,5 mOx; 6(a). 4,35 AOx; 7(g). 0,03 mm; 8(g). 1,4 cm;
9(B). 18 mH/m; 10(B). 8,5-10-2 H; 11(B). 7,5 mMm, 6 mm; 12(B). 14,9 cm, 7,8 wmr;

13(n). ﬂg—g@:G,SMK,ﬂ,)K (c. 234). 1(n). He 3miHnTbCA; 2(n). Konu iioro Temnepatypa

BULLA 3a TemnepaTypy KoOHTakTywuyoro Tina; 3(n). MigHe; 4(c). Q=27k[AX;
Q2=21k[x ;5(c). AU/ =-1,4k[x ;6(c). Q«23kax ;7(c). A=182kX; Q=667KOX;
AU «485k X ; 8(c). n=20%; A=1,26k0x ;9(n). c * 326 K; 10(g). ¢ * 840 OxAkr K);
11(p). AT = 154 K; 12(g). 25 pasis; 13(a). $=42,7MOx; 14(n). A«736BT;
15(n). 11«33,4°C; 16(g). i=0°C; 400 r sogu i 300 r nbopy; 17(m). 7i«8,1kr;
18(n). A=6300x; =1,88k0x; 19(a). n=18%; 20(8). N=18% ; VL=274k[x;
R@=200k4x; 21(m). n=18%; A =1,256k0x ; 22(n). 7 «0,19«r; 23(B). t-6°C;

24(b). t«4°C; 25(b). ™2=78r; 26(8). mr=261r ; 27(8). 7ic«1,53— ; 28(B). tT=1rof .
c

BUABIAEMO NMPEAMETHY KOMIMETEHTHICTb

(c. 49). 1(n). B i I; 2(n). A; 4(c). B; 5(c). I'; 6(c). A; 7(c). A; 8(c). b; 9(c). B;
10(c). b; 11(g). B; 12(p). b; 13(m). b; 14(B). 1-B, 2-b, 3-A, 4-I'; 15(n). a = 5 cm/c2
17(B). AS«1,15km ; 18(B). 9,7 km/ron; 8,3 km/rog; 8,6 km/rog; 19(s). ; 20(8). 48

Kkm/ron (48 km/rog); 0 (46 km/rog); 21(b). 3anexHicTb nepemilieHHs Big vacy 30-
6paxeHo npamoto OA, TaHreHc KyTa Haxuny skoi Ao oci t uncenbHo AOPiBHIOE WBKUA-
KOCTi U. 3a rpaikom BM3HAUYMMO, WO NiPT focArHe Bucotn 90 M 3a 30 c. (c. 64).
I. b; 2. T; 3. 1-A, 2-I, 3-b, 4-4; 4. A; 5. b; 6. b; 7. 20 kH; 8. x =20 + 2,475i2
9. 4 H; 10. 160 H; (c. 90). 1. I; 2. I; 3. 1-A, 2-B, 3-4, 4-b; 4. B; 5. b; 6. B; 7.
20 m; 8. 4 H; 2,45 m/c; 9. 163 H; 10. 0,69. (c. 108). 1. B; 2. I'; 3. 1-A; 2-B; 3-4;
4-b; 4. T; 5. B; 6. 100 H; 7. 400 H; 8. 180 m3; 9. 30 cm; 10. 100 H. (c. 129). 1(n).
B; 2(n). 1-B; 2-4; 3-I'; 4-b; 3(c). 1-I, 2-A, 3-4, 4-B; 4(c). 4-T'; 5(c). B; 6(c). A; 7(c).
B; 8(c). B; 9(n). Bb; 10(m). A; 11(g). B; 12(n). A; 13(n). b; 14(@). I'; 15(m). A; 16(a).
B; 17(n). 0,5 m/c; 18(m). 6 MBT; 19(n). WK= 20 Ox; TFn = 60 Ox; 20(B). | = 240
M; 22(b). M = 0,22; Q = 5,7 Ax. (c. 177). 1(n). B; 2(n). 1-B, 2-A4, 3-A, 4-b; 3(n).
1-b, 2-T', 3-B, 4-A; 4(n). A; 5(c). b; 6(c). B; 7(c). I'; 8(g)- A; 9(n). A; 10(n). b; 11(g).
r; 12(g). T'; 13(n). B; 14(m). 31 n; 15(m). 0,48 kr/m3; 16(a). 9,5 n; 17(8). 11,44 «Ma;
18(B). 15,7 r; 19(g). >15 cm; 20(b). nepemicTUTbCA A0 HU3Y Ha 19 cm. (c. 236). 1(n).
A; 2(n). B; 3(n). 1-B, 2-b, 3-4, 4-A; 4(n). I; 5(n). B; 6(c). I'; 7(c). B; 8(c). B; 9(c).
B; 10(c). B; 11(m). A; 12(n). A; 13(m). A; 14(p). 0,032 kr/monb; 15(g). 6,1 MAOx;
16(n). 17(g). AU =437 k[x; 18(B). A « 0,7 k[x; 19(8). 3250 m/c; 20(B). Po3nna-
BUTbCA 15 Kr nbogy.
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MpegMeTHMNIA NOKaX4nk

AwmopdHi Tina 201,205

AHi3oTponis

ATom 144, 145

ATOMHa oguHUUA mMacu 147

Bara 169

Bsaemogjs 5, 19, 70, 80, 109

BuaosxeHHs

— abcontoTHe 81

— BigHOCHe 81

BigHocHa aToMHa maca 146

BunapoBysaHHA 80, 144

BHyTpiwHs eHepria 208, 209

Bonorictb nosiTpsa 251

a3 98, 159, 164

pasiTaujiiHe none 70

pasiTaujiiHa ctana 16, 68

[Jedopmadis

— npyxHa 80

— nnactunyHa 81

[OnHawmika 52

Ondysia 150

Opyruii 3aKoH
TepmoguHamikm 218

Enepris

— KiHeTuyHa 153, 157

— MexaHiyHa 120, 121

— noTeHuianbHa 153

— BHyTpiWwHSA 208, 209

XopcTkicTb 83

3aKoH

— Apximega 101

— BepHynni 102

— BCECBITHLOI0 TXKIHHSA
14, 65, 134

— boiina-MapiotTta 166

— leit-Nioccaka 167

— l'yka 82

— O0AaBaHHSA LIBUAKOCTEN,
PenATMBICTCbKWI 3aKOH
137

— AnHamikn HetoToHa:
nepwumii 53, gpyruii 58,
TpeTiiA 59

— 36epeXeHHs iMMynbey
109

— Mackanis 99, 100

— lllapna 168

3anac miyHocTi 207

3mouyBaHHA 190

|aeanbHuin ras 155

[306apHuii npouec 175

I3onpouecun 164

256

I30TepmiuHmMin npouec 218

I3oTponisa 207

[30x0pHUiA Npouec 174, 218

Imnynbc Tina 109, 130

IHepujsa 54

IHepujanbHi cucTemm

_ Bigniky 54

VoH 144, 145, 150, 151, 154

KaninapHictb 190

Kinbkictb Tennotn 211

KinbkicTb peyoBuHn 148

KoepiyieHT NoBepxHEBOIO
HaTtary 187

KenbeiH (0gMHMLA
TepMOoAMHaMIYHOI
Temnepartypu)1s7

KK/ 3aMKHyTOro uvkna 221

KoHpgeHcauis 181

KpucTanizauyis 210

KpucTaniyHa rpatka 202,
203

KpucTaniyHi Tina 201,204,
207

Maca 56, 58, 66, 70

Maca monekynu 158, 179

Mexa

— MiuHocTi 208

— npyxHocTi 207

MexaHi4yHa

— poboTa 116,119

— Hanpyra 206

Mogynb FOHra 208

Monekyna 145

MomeHT cunn 94

MoHokpucTan 203, 205, 207

OcHoBHe piBHAHHS MKT
162, 163

Mapa HacuuyeHa 181

MepLua KocMiyHa LWBUAKICTb
67

MepLunii 3aKoH
TepmoguHamikn 217

MvuToma Tennota
nnaesneHHsa 230, 233,
235

MnasneHHa 235

MoBepxHeBuiA HaTAr 143

Monikpuctanu 203, 207

MoTyxHicTb 116, 119

MpwnckopeHHs 28,30, 32

— BISIbHOrO NagjHHA
(rpasiTaujiine) 66, 77

MpuHUMn BigHOCHOCTI 133,

ranines-HetotoHa 134

Mneye cunn 94

PeakTnBHWin pyx 111

PiBHOBara

— CTiilka 97

— HecTilika 97

— Gangyxa 97

PiBHSIHHS KnanelipoHa-
MeHpeneeBa 164

Po6ota

— MexaHiyHa 111

—cunm 116

Cuna

— Harary 92

— NOBEPXHEBOIO HaTAry
187, 190

— MpY>HOoCTi 82

— peakuji ornopu 82

— TSKiIHHA 65, 66

CnonyueHi nocyanHu 100

Crana Asoragpo 179

Cratuka 92

Temneparypa 180, 201,212

Tennoswii aBuryH 220

Tennoobmin 209, 210, 211

TepmoguHamika 214

Tepta

—cnokoto 117

— KOB3aHHSA 246

Tuck

— atmoccpepHuin 101

— rigpocTatuyHmin 99

— igeanbHoro rasa 209, 216

— HacuueHoi napu 82

Ynap

— Npy>XHuii 109

YMmoBa piBHOBaru Tina 92

Livkn KapHo 221

LeHTp

— mac 95

— iHepujii 95

— TSDKIHHSA 248

LBnakictb

— cepefHsa KBagpaTuiHa
159

LLkanu Temneparyp 157

LLTy4Hi cynyTHUKK 3emni
67, 63



