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HEPEAMOBA

IIponoxoBanuii MPakTHKYM i3 fabopaTopHux pobiT MicTHTE ormuc 20
naboparopHux pobit i3 MexaHikd ¥ mpu3HaueHui, y mepiuy uyepry, s
OiArOTOBKM CTYAEHTIB [0 BHKOHaHHA (iIMYHOrO EKCHEPUMEHTY, -
HpaBHIIBHOCTI OTO BUKOHAHHA Ta Npe/CTaBlAeHHA OTPUMAHUX pe3yAnTartiB
excriepumenty. OCHOBHa MeTa MNpaKTHKyMy — He TiIbkM 3abe3neqnty
MOXJIHBICT BUBYEHHS CTyAEHTAMH Ha JOCIiZIaX BaXIUBUX MEXaHiYHHX
SBMILI, aJI€ HABYMTH X KOPUCTYBATUCH Pi3HUMH, B TOMY YHMCHi Cy4aCHHMH,
GiznunAMHA NpUJIajiaM, HANATH HABUKH [IO]10 X Hanafkyd Ta nepeBipKH
NIPaBHIBHOCTi pOGOTH.

Onuc naGoparopHHx po6iT HEe NpeTCHAYE Ha Te, o6 c'rBopn'm y
CTYHEHTIB MIOBHY ySBY NpO MeXaHiuHi #BMLIA, AKi BUBYAIOThCA. B omnmcax
nabopatopHux pobiT HaBefeHO MiHIMYM iHdopmauii, 6e3 AKOT HeMOXIHBe
BHKJIQAEHHA eKCNEPHMEHTAIBHOT METOAMKH i . KOpeKTHE BHKOHAHHA
naGopatopHoro ekcrniepumenTy. Jina orpumaHHs Ginbl NOBHOT iHpopmaNii
npo ¢i3vyHi 3aKOHOMIPHOCTI HOCHIINYBAHMX MeXaHi4HHX ABHIL Y KiHKi
OMHUCY NPOMOHYETLCH NITEPATYpa A ONPALOBaHHA.

BpaxoBytouy piBeHbL 3HaHb CTYJEHTIB-NEPUOKYPCHHKIB, TIPH ONpa-
HIOBaHHI OTPHMAHMX EKCIIEPHMEHTANBHUX PE3YNBTATIB PEKOMEHIYEThCA
BUKOPHCTOBYBATH elleMeHTapHy Teopito moxuOok. TlocriaoBHicTh 3Ha-
Xo[pkeHHs MOXWOOK BMMIpIOBaHHS MPOAEMOHCTPOBAHO B OMHUCI MEpLIOT
nabopaTopHoi poGOTH.

Qi3uyHuil MPaKTHKYM MpPHU3HAYEHHH M8 CTYAEHTIB  Qi3HYHHX
crneLjaibHOCTEH YHIBepCHTETiB, a TaKoK MOXKE BHKOPUCTOBYBATHCA
CTYAEHTaMH {HLIMX IPUPOLHUYHX CIICL{iabHOCTEH.



1. BCTYII
1.1. HasyansHa wOporpamMa 3 Kypcy 3arajbpoi ¢izuxu 148
CTYAEHTIB Qismyunx cneuiaibHOCTelH yHIBEpCHTETY

Mexanixa

Beryn. 3anaui Ta excnepuMeHTATRHUA MeTON isukn. AGcTpakitii Ta
moneni y ¢isuui. QisdHyHi BEIUYUHH Ta iX BHMIpIOBaHH}] Cucrema oau-
HUIb Qi3HYHUX BEJTHYHH.

KinemaTnka Ma“repla.nbnm ToukH. BimHocuicTs PyXy- Cucremu
xoopauHat. CucteMd Bizmixy. Ckanspy i BEKTOpH. Hpocnp i wac. Cunxpo-
Hi3allis roaMHHAUKIB. BracTuBocTi mpoctopy i 4acy.

TlepemilneHHs, WBKUAKICTL Ta MPUCKOPEHHA NiJl 4aC KPUBOJNiHIAHOIO
pyxy MartepianbHoi Toukd. Criocobu oriicy pyxy. BexTop mepemimeHHs.
Bexrop wBuakocti. Bextop puckopenss. JloueHIpoBe i TaHreHIiadbHe
NPUCKOPEHHA.

Kinemaruka tBepaoro rija. Uucno cryneHiB BiibHoOCTi TBEpAOTO Tina.
Posknan pyxy Teepuoro tina Ha cknanosi. Kytu Elinepa. Iloctynanehuit Ta
obepTanbHuit pyxu TBEpAoro Tina. Bekrop KyroBoi LIBMAKOCTI. BeKTOp
eJIeMEHTApHOro KyToBOro fnepeMilnenss. Kyrose npncxopeﬂm MurreBa Bich
obeprasHs.

JuuamMika MarepiaapHOT TouKH. [TOHATTA CHNM Ta il BUMipIOBaHHA.
3akonn Hproorona Ta Mexi 1x 3actocyBanHsi. IMIynec Tima Ta imimysisc
CHAN.

[TepeTBOpeHHs KOOPAMHAT. [HepLianbHi CHCTEMH BIUIIKY i IPUHOMI
BiznocHocTi. [epersopenns [anines. IuBapianTy nepersopenns. ®opmyna
noaasaHHa weuakocteit. [Ipunun BiggocHocti [Nanines — HeroToHa.

IleperBopenns Jlopenna. ITocrynaru Efnurrefina. [leperBopeHns
Jlopenua. IMeperopenns lamines Ax rpaHA4YHXA BUNAJOK NEPETBOPEHb
Jlopenna. Hacninku nepetBopens Jlopenna. BinnocHicTh 0aHOYaCHOCTI.
JlosxuHa pyxomoro Tina. TeMn xoxy pyXxoMoro rogutanka. Bracuuil qac.
GopMynH 1of1aBaHHA WBHAKOCTEH i MepeTBOPEHHS IPHCKOPEHH.

Pyx cucremu marepianbHux Touok. lleHTp Mac cucremu Mma-
TepialbHUX TOYOK. IMIynbC UGHTPa Mac CHCTEMH MarepialbHUX TOYOK.
JuHaMiune piBHAHHS pyXy LEHTPA Mac CHCTEeMH MaTepialbHHX TOYOK.

3akoH 3Gepexenns iMoynancy. PiBHAHHA pyXy Ta 3akoHM 36epe-
>keHHS. 3aKOH 30epexeHHd IMITYJIbCY AAf i30/1bOBAHOI CHCTEMH. 3aKOH

30epexeHHs iMITYJIBCY JUIi OKpPEeMHMX Mpoekuiil. 3acTocyBaHHA 3aKOHlB
36epeskeHH IMITYNbCY. i
3akon 36epexenns eneprii. Po6ora cun. IloTyxHicTh. KineTtudyna
eHepria Tina. IloreHuianbhi cuny. Pobota moteHLianbHUX CHJ Ta TIOTEH-
uiansHa eHepris. HopMyBaHHA moTeHUianbHOT eHeprii. B3aemoss’asok
CHIIM Ta NOTeHLianbHOT eHeprii. [ToBHa eHepris Ta eHepris cHOKoi0. 3aK0H
36epeKeHHA Ta IEPETBOPEHHSA eHePril 1A CHCTEMH MaTepialbHUX TOYOK.

Pyx Tin 3minnoi macu. PeaktusHuii pyx. PiBHsHHS pyXy Tina 3mi-
HHOI MacH. ®opMyna Memepcrkoro. Popmyna LlionkoBcbkoro. Xapakre-
PHCTHYHA WBUIKICTh. PeNATUBICTCEBKI paKkeTH.

Yaap. Xapakrepuctaka npoueciB npu yaapi. Ilpyxsi # HenmpyxHi
3iTkHeHHs. JIoGoBe siTkHeHHsa. CnioBinbHeHHs HelitpoHiB. Edexr Komnro-
Ha. HenpyxHi 3iTKHEHHs ABOX 4acTHHOK. [TOrMHAHHSA Ta BUITyCKaHHA ¢o-
TOHa. ,

Heinepuianbai cucremu Binmixy. Yac i npocrip y HeiHepuiamsHux
cucteMax Bianiky. Cunm iHepuif Ta iX 3HaX0JPKeHHS.

HeiHepuia.ubHi CHCTEMH Bi[UTIKY, AKI pPyXalOTLCA MNPSMOJIiHINHO.
MasTHuk Ha Bizouky. [agatounii MasTHuk. HeparomicTs. ITpurmun ekm-
BaJICHTHOCTi. YepBoHe 3MilLeHHA.

Heinepuianeri cucremu Bigniky, wo obepratorbes. Kopionicose
npuckopeHHA. Binnenrposa cuna inepuii. Cuna Kopionica. [Iposs cun
ineprii Ha 3emuti. Maaruux @yxo. 3akoHH 36epekeHHA B HEiHEpIIATBHUX
cHCTeMax Bigmiky.

Aunamixa TBepaoro rina. 3aMKHYTICTE CHCTEMHM PiBHSIHb Il TBEp-
noro Ttima. Moment cwin. MoMeHT imnynbcy. OCHOBHE piBHAHHA
obepranbHOro pyxy TBepAoro Tina (piBHSHHA MOMEHTIB). MoMeHT iHepuii.
Tensop inepuii. 'onoBHi oci Tensopa iHepnii. 3HAXOHXEHHA TONOBHUX
oceii. Teopema INoiirenca. [Ipuxiiagu 06YNCIEHHA MOMEHTY iHepuil TBep-
IHUX TiN BiIHOCHO OCi. ‘

KiHeTH4na edepria TBepjoro Tijia. KiHeTHuHa eHepria TBepaoro
Tila, mo obepraeThes HaBkoyo Touku. KiHeruyHa eHepria TBepzoro Tina
npu #oro JoBiNLHOMY pyci. ‘

Pyx TReppaoro tina, sakpinxenoro B Touni. I'ipockonn. PiBHAKHA
Eitnepa. Binkhi oci oGepranus tBepmoro tina. Hyrauis. Iipockonn. Ha6-
mxeHa Teopis ripockona. [Ipeuecis ripockona. LlIsuakicte npeuecii. He-
BiNBHi ripockond. I'ipockomniuni cuiy.

Pyx mpu HasBHocTi cHa Teprs. Cyxe Tepta. Pixke tepta. Pobora
cui Teprts. SIBuiue 3acrow. SBuie 3aHoCy. ['paHHYHA LIBMAKICTE mix Jac
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pyXy Till y B’siskomy cepenopuuii. HabmkeHHs O rpaHUYHO] IBUAKOCTI.
TepTs KOueHHs.

Pyx y noxi cun rsokiHHa. 3akoHu Kemnepa. 3akoH BCECBiTHROTO
TsoKinHsg. Hanpyxenicts Ta moteHujan rpasitaniifHoro moas. 3acrocypa-
HHS 3aKOHY 30epemeHHs eHeprii X0 aHami3y pyXy Til y LEHTpaJbHOMY
rpasitauiiivomy monmi. Kocmiudi wsuakocti. ['pasirauiiina & enepris
Kysnenoni6uoro Tina. [Ipo6nema neox tin. [IpuBeneHa mMaca.

Koausauns. Fapmoniuni xonupanusa. [uHamiuli piBHAHHA rap-
MOHIUHMX KOJMBaHb MasTHYKA HA MIPYXHHi, MAaTEMaTHyHOro T8 ¢i3u4HOro
MasTHuKiB. KiHemaTH4yHe pIBHAHHA IapMOHIYHMX KOJIMBaHb, AMILIITY/JR,
4acToTa, (hasa. J[ofAaBaHHS rapMOHIYHHMX KOJNMBaHb ONHAKOBOI YacTOTH.
JlomaBaHHA rapMOHIYHUX KOJIHMBAHb i3 OJIM3bKMMY YacToTaMH. SIBuute Ou-
TT4. JloLaBaHHA B3aEMHO TIEPIECHIUKYIAPHUX KOJHBaHb.

3racaroui xoauBaHHs. [{HHamiyHe Ta KiHEMATHYHE piBHAHHA 3ra-
caiounx konmsanb. JlexpemeHT 3racanHg. Jlorapudmiusuil JexkpeMeHT
sracaHHs. BUNanok BeMKOro TepTs.

Bumymeni xonuBaHHsA. SBHiue pe3oHancy. PiBHAHHA pyxy
BUMYWIEHHX KONMMBaHb, JloOpoTHiCTh. Pe3oHaHc. ABTOKONMBAHHA i
TapaMeTpuYHi KONTHBaHHA.

Mexanika npyxuaux Til. Cyninehi Tina. Tunu pedopmauiif. 3axon
I'yka pnas pisHMX BUAIB pmegopmauiit. 3B’s30ox Mk Jgedopmaricro i
Haripyrow. Exepris npyxuo-gedopMmoBatoro Tina. [IpyxHuit ricrepesuc.

Mexanika pigu i rasis. I'iapocraTuka. Hanipyru B pinunax. Tuck.
3axoH [Nackans. [TnaBaHHA TBEpAKX Tij. 3akoH ApxiMena.

Tinpoauuamika, Crauionapuuit i TypOyneHTHuit moToku. Jlinil Teuii
Ta TpyOxH Teuil. PiBusHds BepHysnni. Butikanua pinus 3 oTBOpYy. PopMyna
Toppiuenni. Cunu BHyTpittHboro teprs. Yucio PeltHonsaca. 1lBunkicts
pyxy B’43kol pinuad no xpyrniif Tpy6i. Popmyna Ilyaszeiins. O6rikaHHs
Tin. Jlo6oBui# omip. [TiniliMansHa cuna.

Xpuaposuii pyx. [TomupeHHs KOPOTKOYACHOrO iMITYJIBCY B NIpyX-
HoMy cepepomunli. BinOusanHA iMOyneCcy Ha MeEXi ABOX CepeAOBHIN.
MMouipeHHs KONWBaHb B OMHOPLOHOMY cepeloBuuli. PiBHAHEA . Oikydoi
- xBuni. Eneprig xsuneosoro pyxy. Ilotik eneprii. Bexrop YMoBa. Intep-
depenuis xsunk. Tpunuun [Noitresca. Crogui xsuni. Sipume Jomnepa.

EnemenTd akyctuku. [Ipupoga 3Byky. 3BykoBe moise. Xapakre-
PUCTHKH 3BYKOBOr'o 1oJa. BinbuBaHHd Ta 3aOMIEHHS 3BYKY Ta Mexi XBOX
cepenosuly, Jhkepena 3ByKy. AKYCTHYHMH pe3oHaHC. 3acTOCyBaHHA
<. YIBTPa3sBYKY. :
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1.2. OcHoBHi npaBuaa Gesnexn poboru B 1aboparopii

Mpu Bnkqﬁanﬂi JabopaTopHux podir i3 MexaHiku cJix AOTpH-
MYBaTHCh TAKHX MPaBHI: ‘ '

1. BUKOHYBaTH BUMOTH BHYTDIIUIHBOTO PO3MOPSAAKY, BCTAHOBIEHOIO
B naGoparopii. JoTpuMyBaTHCh MPABUII TeXHIKK Oe3rekH nix 4ac poboTu 3
CNEKTPHYHUMHU YCTaHOBKAMH,

2. BMHKATH yCTaHOBKY B €EKTPHYHY MepeKy i po3noyuHaTH BHKO-
HaHHA JOCHIAY nuiue 3 JO3BONY BUKiamaya aGo nabopaHTta micis mepe-
BipKY FOTOBHOCTI CTY[€HTA IO BHKOHAHHA 1abopaTopHoi poGOoTH.

3. 3abopoHAeThCs 3anuiaTy Oe3 HarALy BUMIpIOBaIbHI Mpunau h
YCTAHOBKH, BBIMKHEHi B €EKTPUYHY MEPEXY.

4. 3a60pOHAETHCA T Yac 3aHATTS:

- 3arpoMapkysary poboye Micie CTOPOHHIMU NpeAMeTaMHu;

- xoauTH 6e3 motpedu no naboparopif;

- TOPKaTUCh BY3NMiB DpHiajiiB Ta iHIIMX npeaMeTiB, AKi HE BigHO-
CATLCA A0 JaHoi nabopaTopHoi poGoTH;

- BAHOCHTH 3 Jlaboparopii mpusiafy, iHCTpYMEHTH i T. 1.

5.V pasi BusBeHHs HenouikiB y poboti mpunaiiB HeraifHo nosino-
MJISTH BUKJIaJa4a.

1.3. ExemenrapHa Teopis noxnox

PiznyHi BeIHYHHH Ta IX BUMIDIOBAHHSA

®izuvuHa BeJHYHHA — [¢ KinbKicHa Mipa npolecy abo BiracTHBOCTei
Tina. '

Y nponeci ¢pi3nyHOro ekcnepuMeHTY MH TOBHHHI BUMIPATH Qi3nyuHy
BEJIMYMHY, TOOTO MOPIBHATH 1T 3 iHOKO (i3UYHOIO BETMYMHOIW, NPUAHA-
TOIO 32 OJUHHIIFO BHMIpIOBAHHA B J1abOpaTOPHHX YMOBax.

Yci BUMIpIOBaHHA OUNATHCA HA NPSAMi Ta HEMpPAMI.

IpsMEMH BHMIDIOBaHHSIMM Ha3HBAIOTh TaKi, NPH SKHX 3HAYEHHS
Gi3uyHOI BeNHIHHH 3HAXOIATH Ge3nocepeAHbO 32 NMOKa3aMH BUMIPIOBAILHOIO
IIpHIIagy.

HenpamMuMi BEMIPIOBAHHAMH BBAaXKAIOTh Taki 3HaYeHHA QisuuHOl
BENMYMHM, NpU AKUX 3HAXOMATHL il AK ¢yHKuiro iHwnx. Hanpukian,
BHMipIOBaHHA 00°e€My KyJli 3HaXOATh 32 BEJIHUHHOIO AiaMeTpa; 3HaueHHs
OIIOpY PE3UCTOpa — 3a BEIHYHHOIO CMally Hampyrd Ha HLOMY Ta CTpYMY,
IO TIPOTIKAE Yepe3 HbOTO. _

Pospisasiors icTHHHe # ailicHe 3HaveHHs Qi3MYHOT BenUYMHM.
IcTunHe 3HAaueHHA (i3SWYHOT BENMYHMHM — 1€ 3HAYEHHA BEJIMYHHH, SKE
ineansHo BinoGpakae BiANOBiAHY BracTUBiCTL 06’€kTa 260 npowuecy.

Hiiicne 3HayeHHR (i3UYHO! BENMMMHM — 3HAUYEHHS, fAKE 3HaJCHE
€KCTIEPUMEHTANEHO i fke MOXXHA BUKOPACTOBYBATH B3aMiH iCTHHHOTO.

BinxuneuHs pesynbTary, OAEpKAHOTO Ha HOCHiAi, BiJ icTMHHOro
3Hauendn, To6TO

Xoun. — Xiem, = Ax;
HA3MBaAIOTH MOXHOKOIO OKPEMOTO BUMIpY.

Po3pisHiioTs Taki NOXuOKYM BUMIPIOBaHHA: CUCTEMATHYHI, BHNAXKOBI
Ta MPOMaXxH.

CucrematuyHi nmoxuGkH — nmoxuOKH, BeNHYMHA | 3HAK AKHX Big
Jocnigy o pocainy 36epirarothes a0 3MIHIOIOTBCS 3aKOHOMipHO. Ix
MOXHa TIOJ{HTH Ha JeKiNbKa rpym:

1. TMoxubxu, nprpoaa i BenwuKMHa SKUX BiOMa; X MOXKHA BpaxyBaTH
BBEICHHSM TIOTIPABOK.

2. IMoxubky BiIOMOro MOXoKeHHs, A1 HEBiAOMOT BENHYUHH.

3. IToxuOkxH, PO iCHYBAHHA SKUX MU HE 310TafyeEMOCh.



[ToBTOpPHI BUMIpIOBAHHS HE 3MEHIIYIOTE BKAAJ] CHCTEMATHYHHX
noxubok.

Bunaaxosi noxn0kn — moxuOxy, BeNHIMHA | 3HAK AKHX 3MiHIOIOTh-
csi HenepeAGauYeHUM YHHOM BiJ JOCHIRY A0 AoCiify. Bunankosi moxuodkw,
AK MpaBWJIO, 3yMOBJEHI OJHOYACHOIO Hi€l0 Pi3HUX (aKTOpiB, Xapakrep
BIJIMBY SKMX Ha pe3ynbTaT BHUMIPIOBAHHA 3 4YacOM 3MiHIOETBCH, ILO
HPUBOAUTE 0 OfEPKAHHS Pi3HUX 3HAYEHb BHMipIOBAHOT BEIMUUHH.

Ipomaxu — OTpHMaHi 3Ha4YeHHA BUMipIOBaHO! BEMHYHHH, SKi CYTTE-
BO BiIPI3HAOTECA Bl OYiKyBaHOro. YHMKHYTH iX MOXHA, BHKOHABIIM
noBTOpHi BuMipd. Ha ueif Bua noxnbok He 3BaKalOTh.

V naGopaTopHux ymoBax GepyTh A0 yBAard Y4OTHPH BHAM NOXHOOK
BHMIpIOBaHHsA (Di3HYHO! BETUYMHW; NONPABKH HA CUCTEMATH4Hi, BUNAAKO-
Bi, HOXHOKY MpUNaxy Ta NOXMOKU OKPYTIIEHHS.

BusHaueBns noxu6ox npu NpPAMHX BUMIPIOBaHHSAX

3HAXOMKEHHA JilicHOro 3HaveHHd (i3M4yHOT BENMYMHM, SKa
Ha#6inbw HaGmkeHa 10 ICTHHHOrO 3HAYEHHA, IPYHTYETBCH Ha BiAOMIi
TeopeMi 3 Teopil iMOBIpHOCTi, 1O TpaHHUA CEPEAHBLOrO 3HAUCHHS
BMNAAKOBOI BeNMYMHM, fKa NiAkopsAeThes posmominy [ayca, mnpu
NpAMyBaHHI 4YMcia BHMIpiB n O ©© INpAMYE O iCTHHHOrO 3HAYEHHS
¢izngHOl BeNHUMHY,

Cepenue 3HaueHHs GisuunOT BeTMYMHU 3HAX0MMMO 32 (hopMyJ100:

e 4 +A4;, + A3+ 4, ":lZA"

n
KoxHe 3HaueHHs BUMIPIOBaHHS NOTPIGHO IOBTOPHTH AeKiTbKa pas

PisHHLO MiX cepeHiM 3HaYCHHAM A BUMipsHOI BeNMYUHU # 3Ha-
YEHHAM A;, OTPUMAHMX TPU OKPEMMX BUMipaX, Ha3HBAlOTh MOXHOKaAMH
OKpeMore BUMIpy:

A-A, =AA,.
[Noxnbka okpeMOro BUMipy Moxe OyTH K ROAATHA, TaK i BiA’€MHa.

[Tpu ofpaxyHkax BH3HaYalOThb cepeddio abcoqOTHY NOXHOKY
BUMipIOBaHOi $izHYHOI BeJIHYHHH, TOOTO

=|AA,|+|AA2|+...+|AA,,| ) Z[AA,I
n n
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Miporo To4HOCTI BHMIpAHOI (i3WYHOi BeNMHHHH € BiZHOCHA
noxmbka, #Kka BH3HAYAETHCA BiJHOMIEHHAM cepelHbol  abComoTHOL
noxubku BUMIpYy O CEPENHBOT0 3HAYEHHS:

AAd

E=—

A
[{r0 BenWYUHY BUPAKAIOTH, B OCHOBHOMY, Y BiICOTKAX:

' e=i‘_i-100%.
A

IctnaHe 3Ha4YeHHA GI3HYHOI BENWYMHM 3HAXOAUTLCA B urrepnam
A-A<A<A+ M.

BussayeHHsa noXuOOK npu BHMipax 3pydHO BUKOHYBATH 33 TaKOH
TabnHLero.

Tabauus

Ne gumipy A;. AA4; —AA:ji -100%

1 Ay A4,

2 Az AAZ

3 As A4,

n A" A~An
Cepenne Z 4 - IAAf| =Ad e=2 100%
3HAYCHHA —”n =4 n A

Bn3navenns noxu6ok nmpH HempsiMuX BHMipHOBAHHAX

Sxmo ¢izsununa BemmunHa € QyHKUiEO Qi3HYHUX BENUYUH, OTPUMA-
HUX NpH NpsAMuX BUMiptoBauHax A= A(x,y,z), 10, 3rigHO 3 BiZOMOIO
TeopeMolo, ii cepeaye 3Ha4YeHHA € QYHKLIEIO cepeqHiX 3HAYEHb BEIHYHUH,
OTPUMAHHX IPH MPIMUX BUMIipPIOBAHHAX, TOOTO

A=A(X,y,7).

Cepelnio aGconMoTHY HOXHOKY AA 3HAXOoAATH 3a IpaBUIIAMH
IudepenuioBaHHs GyHKIT 6araTbox 3MiHHUX, 3aMiHUBIIM 3HaK gudepen-
giana d 3HaukoM NOXHOKY A i BMOpPaBUIM 3HAYEHHS TAKUM YHHOM, U100
BEIHYHMHA NMOXHOKM 6yna MaKCUMAITBHOW0, TOOTO
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dA = aA(xay,Z)dx+aA(an’az) dy+aA(xay,Z) dZ’ ‘
Ox oy 0z
I
J
Ad = ‘aA(x ysz) 561‘1.(75,)’,2) Ay + aA(‘xgyaz)AZ .
z

Y Tomy BHmagky, xonu ¢isuuHa BennuuHa € QyHKUicw oxmiel
3MinHof, gopmyna HabyBae BUTTIAAY:

AA=dA

— Ax|.
dx

BigHocHy MoxubKy ONIHIOEMO 32 (GOPMYJIOI s:—AJ%-IOO% =
M

#(x,¥,7)

3a1a€ThCA BHPA3OM

.100%. OCKinBKM BiIHOCHA NOXMOKA B IPAHMYHOMY BHIIANKY

a audepenuian HaTypansHOro Jorapuma piBHuUi

d(lnA)-——éj-z%,

“TO NIPK HENPSAMUX BHMIPIOBAHHAX i MOXHA BU3HAYUTH 32 GOPMYNOIO:
AA
e=—n=~dIn4d
- : A
SAxuio ¢izuuna BeMUUuKHA € QYHKUi€0 ORHIET 3MiHHOT, TO

’ ’
e=dlln A(x)]=[n A(x)] dx ~[in A(x)] Ax.
OG6po6ka pe3yJbTaTiB HEMPAMHUX BUMipIOBaHb QiznuHol BeHIn-
HH, K3 € PyHKUicI0 oaHiel 3aMinnol

Ipuxaan 1. Bupaxysaru 06’eM kyni aiamerpom [I.
Jlns 3HaxoKeHHs 06’ eMy KyJli CKOPHCTAEMOCH BiioMOI0 $OpMyIoIo

| S . . .
V,= ggzz » Ae piametp [l OTpUMY€EMO B pe3ynpTaTi NPAMHX BUMIPIOBaHb.

Pe3ynbTatd BUMIpIOBaHb 3aHOCHMO B TaGNINLIO.

12

Ner/n T (ane) | AL, (pem) I—/; , () AV,, (mrm®) £,%
1.
2.
3.
4.
S.
Cepenine = - = - _
3HAYeHHs A= A= Vi = AV, £
Hopsiaok o6uucaenus

1. 3HaxoauMO cepeiHE apudMeTHYHE AiameTpa JJ 3a popMyIom

— A
=
2. O6uncnoemo abeomoTHi NOXHOKH OKpeMHX BUMIpIB A/, i
abcomoTHy nmoxubky BUMipy AiaMerpa Al .

3. 3HaX0AMMO CepeHe 3HaueHns 06’ emy kyni: ¥, =V () = %7;1_1- 3,
4. 3Haxoaumo abcomoTHY noXubKy BUMIpy 00’eMy:

1 3 1 —

: AVde(,H)=d(—7¢13)=—7ﬂlzd[l~~7¢12M-

5. 3naxonumMo BiZIHOCHY noxuﬁxy OTPHMAHOTO Pe3ynbTaTy 3rifiHO 3
hopmynoro:

g~dInV()=(nV (D)) d] ~ [m(-é-;;m)] = (h% +lnz+3In Jydl =

1
=(0+0+3—)d].
(++ﬂ)dll

Ipuitussim  J =], a df ~ A, onepxumo pobGouy d¢opmyny I
3HAXOJPKEHHS BiJHOCHOT NOXHOXM:

A.

6. Kmuexmﬁ pesynmar 3anuuemMo y BUIIAAI
~AV SV <V +AV.

&=

Xyl| w
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O6pobka pesyabTaris annp!onamm PisHIHOI BETHYHHM, AKA €
dyHkuicio 6araTbox 3MiHHHX

Ipuxnaa 2. IlponeMoHCTpyeMO neii BUNAJOK HAa MpHKIANi 3Ha-
XO/KEHHs BENIHUHHY ONIOPY 34 CNafoM HalpyrH Ha HBOMy Ta CTPYMY, KM
NpOTiKa€ B HHOMY.

Benuauuu U; Ta I;, OTpHMaHI NPAMHMH BHMIDIOBAHHAMH, 3aHOCHMO
B Tabauio.

Taoauua

No : ) - AR, | ..

v L/,,(B) A(]u (B) Iu\A) AIh (A) R’(OM) (OM) 89/0
1.

2.

n

w =

f‘? % i7=ZU’ AU=ZAU' 1"=ZI’ = 2 E—E AR= | &7
% %‘ n h n n —'—i-

O3

Ilopsaok oGuncaenHa
1. 3Haxonumo cepeaHe apuMETHYHE BHMIPAHOI HAMPYTH Ta BEIHYUHY

CTpyMY:
o ZU,., X ZI
n
2. 3Hax01mM0 3Ha4YeHHA NOXHO60K Oerwmx puMmipiB AU, 12 Al i
BiANOBi/IHi a0COMOTHI MOXUOKH.

3. Obuncmoemo Cepe/HE 3HAYEHHs onopy R=

’Nl' <

4. Busopumo ¢opMmylny NS 3HAXOMKeHHs aOCONMIOTHOI NOXHOKH
BHMIiptOBaHOTO OMNOPY: '

dR(I,U) = aR(aII’U) dl + aRéIl’]U) dU = _62( )d] —a—%(U)dU =

=—y;d1+-l—dU.
I I
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3amiHroemMo . udepeHliand. Ha NpupOCTH (i3MYHOI BENMYHMHH,
MiHycH Ha mmoch. B OTpHMaHiii (popMym JUIA 3HaxolxeHHs AR 3HadeHHA
crpymy i Hanpym 3aMlH!0€M0 Bl,I[IIOBl}lHPIMI/l CepClIHlMPI 3HAYCHHAMMA.
U AU
AR = — Al + ==
I I

5. 3HaxoAMMO BiIXHOCHY MOXUOKY & = éﬁi{- -100%.

3ayBaxkenns. [TyHxTu 4 Ta 5 MOXHa BUKOHATH TAKHM YMHOM.
4.1. 3HaxoauMO BUpPa3 Jns OOYHCACHHS BiITHOCHO! MOXUOKH, 3riHO 3
HabmmxeHow dopmynoro £ =dInRU,I):

a) norapi(pmyeMo pO3paxyHKoBy d¢opMmyny In R(U,I)=In(£)=

= InU ~In7 i audepenniroemo 11 dinR(U,1)=dInU ~dn ]—Z_U-ﬂ’

I
6) 3amiHIOEMO BCi MiHYCH Ha IUTIOCH, AddepeHiany d MiHAEMO Ha

npupoct A, a 3HadenHs U ta I — Ha ix cepeani. B otpumany dopmyny
AU

E=g+ —I— NiACTaBAAEMO BiNOBiAHI YMCIIOBi 3HAUCHHS.
5.1. O6uncmoemMo abcomoTHy NoXubky AR 3a GopmyIoro:
_ AR=¢-R.
Kinuesnii pesynprar 3ammicyeMo y BHIIIAAI
(R—AR)SR<(R+AR).

15



1.4. 3aranbHi BHMOrH N0 BHKOHAHHS JabopaTopHuX podiT

1. Ha nepmoMy 3aHATTi CTYACHTH 3HAfOMIATHCA 3 MEpENiKOM Ta
NOCTHOBHICTIO BUKOHAHHA na6opaTopan pobiT Ta npoxonAThH iHCprKTa)K
3 TeXHiKH Gesnexu, mpo mo poﬁxm;cx anosumnu 3AMKC Y CHELianbHOMY
AKypHATI.

2. CTyHneHT JONYCKAEThCS OO0 BHKOHAHHSA naﬁopaTopan pobit
TiAbKH Micng NepeBipki BUKJIAateM:

3HaHHA TeOPETHMYHOro Matepiaity 1o Temi 1abopatopHoi poboti;

3HaHHsA Oyn0BH 1abopaTOpHOI YCTAHOBKY;

3HaHHA NOPAAKY BUKOHaHHA ¥t MeToAHKH 06pobku excriepuMeHTab-

HUX JaHUX;

HasBHOCTI NPOTOKOJIY BUKOHYBaHO1 1a00patopHoi poGoTH;

HasBHOCT] TIPaBHUIBHO NiATOTOBJAEHOrO 3BiTy DonepeAHbol Jabopa-

TOpHOT pobOTH.

3. OrpuMaHi JOCTiAHI AaHi 3aHOCATECS B TaGNHIIO i MiAMUCYHOTHCH
BHKJIaflaiyeM Ha 3aHATTi.

4. PesynbraTtH 06poOKH eKCIIepUMEHTANEHHX JaHUX NPOBOJSTLCH HA
3aHATTi # NOJAIOTHCS BUKJIAJAueBi.

5. Tlo 3akiHueHHIO BHKOHaHHA naboparopHoi poboTu HeoOXinHO
BMUMKHYTH yCTaHOBKY, npubparn poboue Micue i 3aaru nmabopaHty
NpUNagy Ta iIHCTPYMEHTH.

6. HenigroroBnenuit CTyReHT He JOMYCKAETLCSA [0 3aHATH | BUKOHYE
po6oTy B crienianbHO NpU3HAYCHUI Yac.
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2. IIpaK'rmcyM i3 1aboparopHUX poﬁn
JIaﬁopaTopHa poGora Ne 1
BumiproBaHHA 06’€MIB TN npammmo‘i q)opmu

Meta poGoTH: ocBoiri MeTON JdiHIHHONO HOHiyca Ta METOX
MIKpOMETPHYHOrO FBHHTA Ha TPUKJIaNi BH3HAYeHHs 06’€MiB Tin; 0CBOITH
METOOMKY OOpOOKM pe3yibTariB - eKCHepUMEHTY TIpH  HenpaMux
BHUMIPIOBaHHAX.

Ilpunaau Ta Martepiasm: IWTaHTCHIMPKYIb, MiKpOMETp, JeTaii Ans
BUMiproBaHHA (KyJs, HWITHAD).

Kopotki Teopernuni BigomMocTi

IIpy Bu3HaveHHi 00’ eMiB Tin Ta iX rycTHH HeoOXiqHO BUMiptoBaTH ix
niniiiHi posmipu. [ing niABMIIEHHSA TOYHOCTI BUMIPiB KOPUCTYIOTHCS BHMI-
PIOBANBHUM NPUIAAOM, AKHHA NOOYJOBaHKHA 32 MPUHUMIOM METOAY 36iriB.

Homniyc — HeBenmka mojarTkoBa 1Kala A0 OCHOBHOI IIKAadH BUMi-
PIOBAILHOrO NP, AKa A€ MOXIUBICTH TIBHUIIATA TOYHICTH BUMIpIO-
BanHs. L[5 mrkana koB3ae B3A0OBXK OCHOBHOro Macwtaly (puc. 1.1).

IToainkm Ha OCHOBHI# IKajli Ta wWKaui HOHiyca HAHOCATbL TaK, LIO
(n - 1) noAKa OCHOBHOT HIKAIX 30iracThCA 3 MOALIKOIO HOHiyca. Skmio
Aa, i Aa;, — BiINOBIAHO WiHK NOALIOK HOHiyCa | OCHOBHOT IKANH, TO

nAa,=n- DHAg,, 1)
3BIAKH TOYHICTD HOHiyCa, TOOTO PISHHUIO LIHH NOALTOK HOHiyCa Ta OCHOB-
HOT IIKANW MOXXHA BU3HAYUTH TaK:

nAa, =nAa, — Aa,,. 2)
Po3ninumo piBHIiCTh Ha n:

Aa, = Aa,, — Aa,, / n,
3BiIKH MAEMO:
Aa = Aa,, - Aa, = Aa,, / n. 3)

TouHicTs HoHiyca piBHa BiZHOUIEHHO LiHM HAMMEHWOi MOALIKH
OCHOBHOI [IKaJI A0 YKUCJIA NOJLIOK HOHiYCA.

Honiyc nns BuMiproBadHs. 3 TOUHICTIO 10.0.1 MM — =
HOIO 9 MM, nojliiena Ha aecaTh
3 TouHicTro n10 0,05 MM mae 20 Pomnox Ha

HAYKOBA llBIl{IOTEKA

Tap 72
fHg. No j

— 1-.




IHTanresupKyan — OpURajA [ BHMIPIOBAaHHS JHHIHHUX po3Mipis

3 rognictio BiA 0,1 no 0,02 mm. Byznosa 306pakena Ha puc. 1.1.

4

Fzr Pnc. 1.1

1 — cTansHa nidiiika 3
MifiMeTpoBHMH

ff&‘l‘iﬂmf“ll?ﬂlI-IUH.THHTIIIIT

2 NOMiNKaMM;
2 — paMKa 3 HOHiyCOM;
3 — HiXKH;
3 0 1 2 4
ocrosER ~ IBHHT
mKans
N momiye

MikpomeTp — npunaj Ans BHMipIOBaHHA JiHIHHUX pO3MIpiB i3 TOY-
) Hictio mo 0,01 MM. Bynosa
306paxena Ha puc. 1.2.

Hia mikpomerpa rpyH-
TYeTbC Ha  BJIACTHBOCTI
TBUHTA 3AiliCHIOBaTH ©IpH
IIOBOPOTi #oro nocrynaisHe
nepeMmilmenHs, fAke Ipo-
nopuiifHe XyTy MOBOPOTY.
Jletans 3aTHCKAETBCS AMILE
I’ATOIO Ta MiKPOMETPHIHUM
TBHHTOM.

Mo mkani crebna Bus-
Ha4aloTh ILijie YUCOo (HHX-
HA [UKana) i [ONOBHHH
(BepXHs wKajia) MiTIMETpiB.
Bianik coTMx 4actok Minmi-
MeTpa 34ifCHIOIOTH 32 NoAiNkaMHy Ha Gapabani.

Puc. 1.2

1 — cTanbHa ckoba;

2 — HEpyXoMa OTIOpHa 11’ ATa;

3 — MiKpOMETPHYHH{ 'BHHT;

4 — cT1e610 3 OCHOBHOIO IIKANO);
5 — 06ip 6apabana 3 noginkamu;
6 — Tpickauka

Tlopsaok BHKOHaAHHSA poboTH
1. BusnayeHHs 00’ €My KYJI.

06’eM kyni BU3HaYaeMO 3a GOPMYIIOHO:
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, =D
6

, ﬁ @)

ne D — niametp Kyni.

1. MikpoMeTpoM npoBecTH psi BUMIpiB JiameTpa Kyii. BusHauuth
cepene 3HavueHHs giametpa D Ta aGcomorHy noxubky AD. Y BHmagky
He3MiHHHX 3HAYeHb BHUMIpiB jiamerpa kyiai abcomorHa moxubka piBHA
noxubni Mikpomerpa. OTpuMani faHi 3anucary B Tabmumo 1.

2. 3a ¢popmyiow

— zD°
V,=
6

(&)

" BH3HAYUTH CepelHE 3HAYEHHA 00’ €My Ky,

3. AGcomoTHY MOXHOKY BH3HaueHHs 00’€My Kylli 3HAXOOHMO 3a

$opmynoro
_3zD? N

AV, AD. B ()

K

4. BinpocHy noxu6Kky BUMipioBaHHS 00’€My KyJli npoBOAATH BiAro-
BitHO 210 dropMynu

£= AE“ -100% . Q)
v

1I. Busnauenns o6’eMy nupsitzapa,
Cepene 3HayeHHs 06°eMy LuTiHApa
—~ =xDH
v, == )

me H — cepense 3HAUEHHS BUCOTH LWTHADa,
D — cepenne 3HaYeHHs Horo Aiamerpa.
AGcomoTHy noxubky AVu 3HaXOAMMO 3a GopMyIoo
n H DAD W D*AH
2 4
ne AD -~ abcomoTHa noxufKa BUMipPIOBaHHA AiaMeTpa uMIliHIpa,
. AH - abcomoTHa noxuOKa BUMIpIOBaHHA BUCOTH LMTIHIpA.

1. 3 [ONOMOroK [UTAHIEHLMPKYNA OPOBECTH pAX IOBTOPHHX
BHMipioBanb AiaMerpa [ ta BHCOTH H uuiiHApa. 3HaWTH iX cepelHE
3HA4YeHHA Ta, BiAMOBIAHO, abcomoTHi noxubkH. PesynbraTu 3amucaTH B
Tabnuui 2.

, ©)

AV, =

19



2. 3a dopmyoto (8) BH3HAYATH CEPEAHE 3HAYEHHA 00’ €My LITIHApa.

3. 3a ¢opmynoro (9) Bu3HauUTH abCOMOTHY MOXHOKY BU3HAYEHHA
06’ emy. ~ ‘

4. OuiHnTY BifHOCHY noXHOKY BUMipy 06’eMy 3a dopmymoto (10):

: AV :
&=—%-100%. - (10
4
Ta6auusa 1
Ne n/nn Di(mm) | AD;(mm) | V.(uv) | AV, (uM) £ (%)
1.
2.
3.
D= _, = V= AI7,C = £=
| Tadauuga 2
N | D, AD, H, AH, | AVy |, %)
vl (mm) (Mm) (Mm) (MM) () (Mm)
1.
2.
3.
D- |aD- |H,- |ad= |V |ah= |e-

KoHTpoJbHi 3anuTaHHSA

—

BynoBa HoHiyca. SIk BU3HAYMTH IOXHOKY HOHiyca?

SAx no6GyxyBaTH HOHIyC JUTA NMiABUINEHHA TOYHOCTI BEMIpIOBaHHS 3a

JlaHUM MaciiTaboM y n pa3is?

3. Slka Gynosa f npaBuiIa KOPUCTYBaHHS IITAHTCHUHMPKYJIEM 1 MiKpo-
MeTpoM?

4. Tloxubku BuMipiOBaHb. BunazikoBi, CHCTEMATH4Hi MOXMOKH Ta
[IPOMaxH. :

5. O6pofka pe3ynpTariB NpH NPAMHUX BUMIPIOBaHHAX ¢i3HdHOT BeIM-
YHHH.

6. OOpobka pesynbTaTiB OpU HENPAMHX BHUMIPIOBaHHAX (isMUHOL

BEJIMYMHH.

™
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Duspueckuii npakturyM / ox pea. I'. C. Kembposckoro. — MuHCK -

H3za-so yHuBepcHTETCKOE, 1986, — 352 .
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JlaGopaTopHa pobora Ne 2
3BaxyBaHHSA Tild HA aHANITHYHHX Tepe3ax

Mera poGoTH: OBOJONITM METOAMKOKW 3BaXKYBaHHA Til Ha
aHANITHYHUX Tepesax. ‘

IIpnragn Ta MaTepiain: aHATTHYHI Tepe3u, BaXKKH [YCTHHONO
/=27 r/cM’, Tina nna 3BaxyBaHHA (CBMHLEBI APOGUHKH [YCTHHOIO

Py =114 v/eM).
Kopotki Teoperuyuni Bizomocri

ByzoBa aHaJITHYHHX Tepe3ir

OCHOBOIO aHAMITHYHUX TEpe3iB € KOPOMHCIIO, B CepeliHi AKOro
3aKpilljieHa arartoBa NpH3Ma. AraTopa IIpU3Ma OIMPAETHCS HA IUIOCKY
araToBy MOAYHIKY, KA KPilIUTbCA 3BepXy KonoHu. Ha kiHusx xopomucna,
Ha OJHAKOBiH BiACTaHi BiX cepeAMHH posMilieHi e ABi rpusmu, Ha sKi
NiJBilIEHi YalLIKH.

Baru 3a6e3neueHi apeTHpOM, sKuil 103BOJIAE KOPOMHCTO i YalUKH
MiAHATA Bropy # BMBECTH IPU3MH 3 JOTHKY 3 BiJITIOBiTHAMHU IOAYLIKAMH.
ApeTHp NpHBOAMTLCA B [0 3a JOMOMOrOI0 I'BHHTA, PO3MILUEHOro mij
TN TOIO. :

Jina 3BaXyBaHHA TN Ha AHANTHYHUX Tepe3aX BUKOPHCTOBYIOTh
Habip rup macoto Big 100 r go 10 mr. 3pakyBaHHA 3 GinbuIO TOYHICTIO
3abe3neyyeThCs 3aCTOCYBaHHAM pefiTepa — IOPOTHHKU-THPi, AKY pO3-
MilYIOTb 3BEpXY Ha OfHE 3 IUIeY KOpoMHcJa. SIKHIO BOHA po3MilleHa Ha
nepurii nonifli KOPOMHCIA, TO HUM CTBOPIOETHCS MOMEHT CHUIM, eKBiBd-
JICHTHUIl HABAHTAKEHHIO B 1 MT, IUO 3HaXOAUTHCA B uanini. [TepeMilesns
pefiTepa BUKOHYETBCA CELiANBHMM  CTEpPXKHEM, SKHH  KepyeThes
BIAMOBIIHOIO PYYKOI0. AHANITHYHI Bard AO3BOJAKOTE 3BAKYBATH TiNa, 1[0
'He NIepPeBHILYIOTh IEBHY T'PaHU4HY Macy, BKa3aHy B IIaCTIOPTi Tepesis.

Binpuiicte TepesiB mid 30INbLICHHA 3racaHHA - KOJMBAHL CTPLIKH
3abesnevueHi JeMI(QepHUM NPHCTPOEM.

Crpinkn TepesiB pyXxaloThCs Haj IIKAJIOK0 3 BipaxyHkoM Big 0 mo
10 Mr B 0OHABI CTOPOHH. V NESKMX Tepe3ax IKana po3MilleHa Ha KiHui
€TPUM i MPOEKTYEThCA Ha eKpaH 3a JOIOMOTOI0 MiACBiUyBaHHA ONTHYHHUM
NPUCTPOEM, AKHIi 3ByTh BeitTorpadom.

22

KopoTrka Teopist 3BaXKyBaHHS Till HA AHAJITHYHAX Tepe3ax
3BaKyBaHHA T Ha aHATTHYHUX Tepe3ax TPYHTYETHCA Ha PIBHOCTL
HY/IIO MOMEHTIB cHJI, sKi HAil0Th HA kopomucio. Hexail Ha oiHe Iuiede

KOPOMHCJIA MiABilIEHHH BaHTaX i3 HEBIIOMOIO Macow My, a Ha iHine —
eTanon Macu M, . Tozi yMoBa piBHOBaru KOPOMUCIIa BUPAsHTLCA (OpMY-
n010:
(PI_FAI)II—(PZ_FAZ)IZ =0, (M
ne P — para Tina,
P, ~ Bara piBHORar,
F, i F,, — cunu Apximena, ski AilOTb BiNIOBIIHO Ha BaHTaX i piBHO-
BarH,
{, i I, — nneyi KopoMHCIa.
3 piBHsHAs (1) 3HAXOAMMO Macy 3BaXyBaHOTO Tifla:
(’"18 - FAl)ll = (ng - FAZ)IZ’
3BiIKH
l_z_l_FAlll _FAZ_I_Z_'
’ L gh
Bpaxosyroun piBHOILIEYICTs aHATITUYHHUX TepesiB, Bupa3 (2) nabyne
BHTTIAIY:

€))

m =m

AP,
m, =m, +—=

ne APy =F,-F,.
OckinbKy ieanbHO PiBHOIIEUUX TEPE3iB HE iCHYE, TO B pe3y/bTaTi

3BAKYBaHHA BHOCUTBCA Jeska noxubka, sKy MOXHAa YCYHYTH 3acTocy-
BaHHAM clelianbHuX cIr1oco0iB 3BaKyBaHHA.

BuznadyeHHs MoNpaBKK HA Ail0 cuuiH ApXimena
Jlns piBHOMmIEYMK TepesiB, KOJNM I'YCTMHA PEYOBHH 3BaXyBaHHA Tina
Ta piBHOBAr BiJpi3HAIOTBECA, yMOBA PiBHOBATH KOPOMMUC/IA HACTYNAE HE IPH
piBHOCTI Mac Tina i rMpeKH, a mpu YMOBi piBHOCTI BarM Tina i cumu
Apximena:
A-Np,g=bH-Vp,8> 3)
Re P, —Bara Tinay BaKyyMi, ‘
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. P, — Bara rupbKH y BaKyyMi,

V, — 06’em Tina,

V, — 06’eM rupbky,

P, — TYCTHHA NOBITPS,

4 = Vy=—"*%,
P P2
Ie m; i p, — BiANOBLXHO Maca i FyCTHHA 3BXYBaHOI'O Tijia,
m, i p, —BiANOBIAHO Maca i 'yCTHHA 'HPbKH.

Mincrasusmu (4) y (3), oTpuMaEemo:

mo. m,
mg—-——p,8 _ng-—png
P P

abo
m 1-—" 1= my{i— & [
P P2
3BiJKH
‘ 1-Fn
ml = mz p2 .
1-Pn
P
- Pn + Pn
3a manicTio BeMHuMH —% i - MOXKHA 3aMHCATH
P P
m =m,| 1~ Pn 1+ Pn
Py P
Abo0, NepeMHOXHUBLIH, TiCTAHEMO
‘ 2
m, =m, 1_...&.4_;.8_”_..__[_)"_ . ’
P P PPz
Pl '
Ockinbkn —2— Jyxe Mana BEUYHHA i Hel0 MOXKHA 3HEXTYBATH, TO
PP '
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&)

©)

)

my =my| 1+ ’;"-—‘;’L . | ®)
1 2

Bemwunna Am = m, Pn Lo TONpaBKa Ha Jito ApXiMeN0BOT CHITH.
PL P2
Vpaxosylouy, W0 CyCTHHA NOBITPS NpH KiMHATHI# Temneparypi
Pn =0,0012 r/cM’, Maca TiNia BUSHaYKTECA GOPMYJION0:
m; =m, +m,-0,0012 11 . )
PP

IlpaBnixa 38aXKyBaHHA HA AHAJITHYHUX Tepe3ax

1. PosmiliyeMo 3BaKyBaHe TillO i TMPBKH TilbKH Ha apeTUPOBAHUX
Tepesax.

2. T'npbku GpaTi i po3MilllyBaTH Ha YallKH Tepe3iB MiHUETOM.

3. 3saxcyBaHe TifO i piBHOBarM pO3MilyIOTh TakK, W06 iX LeATpH
Barn No MOMJIMBOCTI 36iranuce i3 HEHTPaMH YalloK.

4. Tino xnaxyTe Ha NiBY, a THPEKH — Ha MpaBy YallKM.

5. He moTpi6HO MOBHICTIO 3BUIBHATH KOPOMMCIHA apETHPOM, ITOKM
YaIiKH L1e MO BPiBHOBAKEHI.

6. 3BinebHATH # apeTHpyBaTH KOPOMHUCNIO He0OXigHO 3aBXAM
NOBiNBHO #i NNABHO.

7. 3ynuMHATH KONMBAHHA 4allOK Tepe3iB HEOOXiHO JOCHTh
o6epedxcHo, Kpalhe — IMCTKOM fianepy.

8. Ticns 3akinyeHHd 3BaXCYBaHHA Tepe3w OOOB’A3KOBO MOTPIOHO
apeTHpyBaTH, 3HATH HaBaHTaXeHHA il 3akpuTH QyTasap.

ITopsifioK 3BaXKyBaHHA TiJI HA AHAJITHYHHX Tepe3ax
I. Bu3HauuTH HYIBOBY TOHKY TepesiB.
I1. [IpoBecTH 3BKyBaHHA Tijia.
1I1. BH3HA4YUTH 4y TIMBICTh HABAHTOKEHUX TEPE3iB.

1. Bu3dHa4uTH HYJILOBY TOYKY.

Jlna BusHAYeHHA HYNBOBOI TOYKH HeOOXiqHO B3ATH TPH MaKCHMaNbHi
3HAYEHHA BIXXHJICHHA CTPiNKM BAIBO i 2Ba — BrpaBo. Toli po3MileHHs
HYJIEOBO1 TOYKH 3HaXOAATh TakK:

25



a+a,+a; 4 +a,

= -3 2
ay, =

2
a CepeIHE 3HAYCHHA — 13 TPHOX BUMIpIB:
_ Gy Ay + 4y
3

Pesynbratu BUMIpY 3aHOCATH Y TabuLio 1.

0

Tabuunn 1
Ne n/n Bigxunenus crpinku ‘ Hynvoge

3 nAiBOpyY TpaBopy4 MOJIOKEHHA

a1 = a2 =

a5 =

ap = ‘ l12 =
2, az = a4 = a2 =

ag =

a = a =
3. . a3 = a4 = a03 =

as =

Il. 3saxkuTH TiNO 3 TOYHICTIO A0 Minirpama. 3HalTH cepease
3Ha4YeHHs TOUKH PiBHOBArH MPH HaBaHTaXKeHHi Tepe3iB. CepenHe 3HaAYCHHA
TOUKM PIBHOBArd BU3HAYAIOT i3 TPHOX BHMIpIB.

1 ] 1
v Mmtar+a
Cepenie 3HaueHHS 4 = -l——;i—l

II1. Bu3nauuTH 9yTIMBICTL HABAHTAXKCHUX TEpe3iB.

- 1. Ha npasy yauixy (abo BUxopucTOBYI04M peliTep) JOAaTKOBO
HaBaHTWKUTH Tepe3u Macoro 1 Mr.
2. MeTo10M KONHMBAHb 3HAHTH NOJIOXKEHHA TOYKH piBHOBary.
PesynbTaTn BUMipy 3aHOCATE Y TabnmuIIO 3. '
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Tabanna 2
BinxuJieHHSA CTPiKH ITonokeHHA TOUKH )
Ne p/n fiBopyH npagopy s :}:z::(sea:: r;g;e s Maca BaxkiB
ay = a =
L. | ;3= ay = u'1=
as =
a = ay =
2. ay = ay = alz =
az =
a4 = 4y =
3. | a3= ay = 3=
ag =
Tabanun 3
BigxujieHHs CTpinku [TonoxkeHHA TOUKH pinnonan_*n
Ne n/n ninopyu npasopyd npu uoua:::‘;r‘zxclezl:l TepesiB
a = a, =
1 a, = a, = a;=
as =
a = a, =
2 a3 = a, = a;=
as =
aq = a =
3 a; = a, = a,=
as =

CepeiHe 3HAYEHHS TOYKM PIBHOBArK Tepesis 3HAX0AMMO 32 GOPMYJIOH:
v oa +a, +a
3
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3. Bu3HauuTH YyTNUBICTE HABAHTAKEHUX TEPE3iB!
a —a . " 1
w=——-—={a —-a jlmr’ )
ImMr-
YyTaHBiCTh yKa3sye, Ha CKiNbKY NOALNOK nepeMilllye CTpiiKy Maca B 1 Mr.

4. 3uaiiti UiHy OfHi€l MOALIKY Ha IIKaTi:
1
Vs ——— (Mr) .
a—a
1V. 3uaiiT NonpaBKy Ha HeJIOBAHTAKEHHA IPY 3BAKYBAHHI TiNla, AKe
3YMOBIIEHE BiIXMJEHHSIM CTPUIKM NpY piBHOBa3i HaBaHTaXXEHUX Tepe3iB
Bl HYJIBOBOI TOYKH HEHABAHTAXKEHUX Tepe3iB.
, a —-a
Am=(a —ao)-v =3,
a-—a

V. 3uaiiTi Macy 3Ba)KYBaHOI'O Tija:
‘ M=m+Am,
Jle M — Maca BaXKiB MPU 3BaXYBaHHI Tina.
V1. 3HaliTy Macy Tina, BpaxyBaBIIH JIi0 BAIUITOBXYBAILHOI CHITH

NOBITPA:

M =M +M-0,0012(l—l],
P P

ze py i po — BiAMOBIAHO, rYCTHHHU 3BAKYBAHOTO TiIA i THPBKA.

KoHTpoabHi 3anuTaHHA

1. Bynosa aHaniTHYHUX Tepe3iB i Teopis 3BaKYBaHHA Till HA HUX.
2. UyTnuBicTs TepesiB.
3. MeTto1Ka TOYHOTO 3BOKYBAHH TiJl 32 JOIIOMOIOIO aHAITHYHUX
Tepesip:
a) MeTOA IBiliHoro 3paxxysaHHa (MertoA ['ayca); :
6) Merox TapyBaHHsa (Metoa bopaa);
B) MeTOJ NOCTiitHOro HaBaHTaXeHHs (MeTOA MeHaencena).
4. BuBecti pobouy ¢opMyJiy Ans BU3HAYSHHS MAacH 3BaKyBaHOro TiNa:
M =M+Mm-00012] - L
P. P2
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JitepaTypa

1. Jyuenxo B. I1. ®isuunuit npaktukym / B. I1. ymenxko [Ta in.]. =K. :
PagsHcbka mkona, 1980. 4. 1. ‘

2. 3araibHa isuka: naboparopumii npaktmkym / 3a 3ar. pel.
I. T. I'op6auyxka. — K. : Buina mkona, 1992. — 509 c.

3. TipakTuxyM mo obuieit ¢pusuke / noa. pea. npod. B. ®©. Hosxapesa.
M. : Tlpoceewmenue, 1971. - 312 c.
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JlaGopaTopna poGota Ne 3

BuBYeHHS 3aKOHIB KIHEMATHKH i MHAMIKM MOCTYNAANLHOTO PYXY
: Ha MalIMHi ATBYA

MeTta poGoTu: nepeBipHTH 3aKOHH PiBHOMPHUCKOPEHOTO pYXy Ta
Apyruit 3aKoH AMHAMIKH,
Ilpunanu Ta Matepianu: MmamuBa AtByna ®M 11, cexyHnomip.

Kopotki reopernuni Binomocti

MaummHa ATByaa jaae 3Mory 3aGesNieudTd piBHOMipHHI Ta piBHO-
TPUCKOPEHI PYXH TArapuiB, a TAKOXK BUMIPATH NPOMIKKH 4acy, IPOTAToM
AKMX TATapui MpOXOJATH 3afaHl BiAcTaHi npu pyxax. bByaosa mamunu
AtBypa 300paxeHa Ha puc. 3.1.

| — BepTHKaIBHUI CTOSAK;
2 — nerkuii amoMiHiesnii 6J10k;

3 — “HeBaroMa” HUTKA;

4 — BaHTaXi OJHAKOBOI MacH;

5 — I0AATKOBI BAHTAXI; 4—|::|
6 — CcyLliIbHA NificTaBKa [ i
Puc.3.1.

Y KOMIUIEKTi YCTaHOBKH € J0JaTKOBi TArapLli, AKHMH KOPHCTYIOTBCS

JUIA IPUBENEHHA CUCTEMH B PIBHONIPHCKOPEHHH pyX.

PO3rnsHEMO pyX CHCTeMM, fIKa CKJIAJAETbCA 3 [BOX BAaHTAXKIB
(puc. 3.1), maca xoxHoi 3 akux M, i Gnoka, sknii 6yaeMo BBaXXaTH HeBa-
romuM. SIKio Ha oMH i3 HUX MOKJIaZEMO TArapelb Macolo M i CHCTeMa
npoiise BiACTaHb X, TO, 3TiIHO 3 3aKOHOM 36epeeHHs i NepeTBOPEHHA
MEXaHIUHO1 eHeprii, HEXTYIOYH CHIIAMH TEPTA, OTPUMAEMO:

M

(5.~ Mg)s +[or + mlg - R Js ~( 2L
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ZM+m ,
=0

mgS
& 2

)
INpuitaasmy fo ysary, mo 0° =2aS, 3 (2) 6Tpnma€Mo dopmyiy
(3) ZnsA IPUCKOpEHHA CUCTEMAN:
a= m g= 1
2M+m 2M
m
3 dopmymn (3) BumnmBae, WO 30inNbMEHHS MacH JOAATKOBOTO

g- 3)
+1

_ TArapuA NPHBOAMTE 10 30LIBIMICHAS MPUCKOPEHHS CHCTEMH.

HOPHAOK BHKOHAHHA pOﬁOTH

2
. at
I. [lepesipka sakony nuaxy: S = —2—
1. BBiMKHYTH CTpyM Yy KOJi eJIieKTpoMarHita, w0 3a0e3nmequThb
yTPAMYBaHHs BaHTaxiB. Ha npasnii BaHTaX 110KIACTH TArapeus Macor m .

2. HixcraBky 6 BCTAHOBMTH Ha NICBHii BiACTaHi S; Bill MpaBOro BaH-
Taxcy. Po3iMKHYTH KOJIO eneKTpoMarHiTa, B pe3yJbTaTi 4Oro OAHOYAcHO
3aMyCKAETECA CEKYHAOMIp, AKUii i BAMIPIOE Yac NpOXoMKeHHA BiacTaui S;.

Pesynerati BUMipiB 3aHOCHMO B Tabnuipo 1.
Ta6anus 1

Ne | S tn |tz | fa1 | e a g,
wn | @ | © | © | @ | @ |0 |ee))| 5%

Nl Pl et 1ol ban

3. Ilnst dikcosanux S; mpu ofHAKOBIN Maci TArapus BuMipata f; Ak

CepeRHE i3 TPLOX BUMipIOBaHb, IIPHCKOPEHHS CHCTEMH B YCiX TPHOX BU-
nafkax 6yne ogHakoBuM. IlepeBipUTU BAKOHAHHSA CNiBBiAHOLCHHS
25, 28 2S5
a="F Tty w2 @

A - L

n
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4. 3naiiti cepeJHE 3HAYCHHA d i BU3HAYMTH NPHCKOPEHHS BillbHOIO
najigng 3a GopMynoro;
g.=a(2M+m)/m. %)

s

5. TlopiBHATH TeopeTHYHe i eKCHepUMEHTaNbHE 3HaYeHHd NpH-
CKOPEeHHA BiIbHOTO NMaiHHA, BUSHAYUTH BifHOCHY IIOXHOKY 3a ¢opmynoro:

e=[(g.- &)/ & |-100%. ©®

[1. Mepesipka npyroro 3akony Hetorona: F=ma.
1. Sximo Maca m JOJATKOBOTO BaHTAKY CKIIANAETBCH 3 KiIBKOX
TATapLiB, TO, MEPEKIANAIOYN TATAPLi 3 NPABOi CTOPOHU Ha JBY, MU HUM

1
cammM 3a6e3MeYUMO pyX CUCTeMH He3MiHHOT MacH M 3 pisHuM mpHcko-
PEHHAM.

1
MoxHa MoKasaty, o cucTeMa Macolo M pyxaTUMeThes Mift Ai€ro
cunm
1
F=(my-my)g=(m+my)a=Ma, (7
A€ My — Maca NPaBoro TArapus, My — Maca JiBOro TArapus.

ko 3i 3MiHOKW Mac 3MIHIOBaTH BiACTaHb, fAKY I[POXOJUTHME
CHCTEMa, TO B IIEOMY BHIIAAKY OyeMO MaTH

F=Ma, F=Ma ®)
Ta
| 1 5
Si==—mt{ 1 S9 =—ayt5. 9
e )]
[Moninneuy pieusus (8) i (9), MaTHMEMO:
F 2
h_m 5 Sl (10)
F, ay S3 ayty
3BiJICU BUILIMBAE:
R _S#
F2 Szti‘z
32

ITpaBHABHICTE 1BOTO CIiBBIHOMEHHA HEOOXIIHO NEPEBIPUTH.

2. 3aMKHEMO KoJIO enxekTpoMarnita. [ToknaneMo Ha npaBuii BaHTaX

CUCTEMY TATApI[iB Macow 7, 3abe3neuHBIIM DAM CaMHM Macy CHCTEMH
1

BenHuuror0 M . Ha neBHiit Binctani S; Bix npaBoro BaHTaxy 3aKpiMMo
CYINBHY THACTABKY.

3. Po3iMKHYBIIH KONO eNleKTpOMArHita, BHMIPIOEMO 4ac HpOXO-
JUKEHHS CHCTEMOIO BiAcTaHi S; Ak CEPEMHE i3 TPHOX BUMIPIOBAHb.

4. 3miHIOIO4M Macy BaHTaXiB, NepeKIaJaloy TArapii 3 NpaBoi Ha

NiBY CTOPOHY MAauUIMHH ATBYAa, 3aJMIUAIOYH HE3MIHHOIO Macy CHCTEMH,

MPOBOIMMO BUMIPIOBaHHSA 4acy NMPOXOMKEHHS BifCTaHI S;, SKy Takox
3MIiHIOEMO TIPH 1 -My AocCHizi. Pe3ynsTaT BUMIpiB 3aHOCHMO B TaBnuio 2.

Tabauun 2
M'=m-m, | F=Mg| S t © ﬁ_l it_%g
(x2) H | ™ 2| Syt
f1=
ty=
F,= Si= | 3=
He =£1_j,t%ii3_=
3
b=
ty=
F,= Sy = t;=
t; +t'2 +t'3
fe==""73—

5. IlepeBipgemo HaOMMKeHe BUKOHAHHS CITiBBIJHOLIEHHA
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F_Si5
F2 Sztlz .

KoHTpoabHi 3annTaHHs

. KineMaTHuHi BEJIWYHHH, AKi XapaKTepH3YIOT: MOCTYNANbHHUU pyX
Tina (BeKTOp MepeMillleHHs, BEKTOp IBMAKOCTI, BEKTOpP IMPHCKO-
pEHHA).

. Tpsmoniuiiinuii piBHOMipHH# Ta piBHONpUCKOpeHUH pyXxu. PiBHsH-
Hs PYXY Y BEKTOpHiif Ta cKanapHiit popmax.

. 3aKOHM OMHAMIKH MaTepianbHOT TOYKH.

JlirepaTypa

. 3aranbHa oisuka: JlaGoparopHuit mnpakTHkyM / 3a 3ar. pej.
I. T. Topbauyka. — K. : Buiga mkosna, 1992. - 509 c.

. Ousnueckuil npaxTUKYM. MexaHuka ¥ MoleKyIsapHas ¢usnka / noj
pexn. npod. B. U. Useponosoii. — M. : Hayka, 1967. - 352 c.

. Oywenko B. II. 3araneHa ¢i3uka. QisH4YHi OCHOBH MEXaHiKH.
MonekynspHa ¢isuka i tepmoaunamika / B. II. JlymeHxo,
I. M. Kyuepyk. — K. : Buna wixona, 1987. — 432 c.

. Marsees A. H. MexaHuuka ¥ TeopuUs OTHOCWHTENBHOCTH /
A. H. Marpees. — M. : Beicuras mkosna, 1986. ~ 320 c.
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JlaGopaTopua poGora Ne 4
Busnauerna moayas FOHra 3a Jonomororo xedpopmanii po3rsary
Mera pobGoTH: DOCTIIMTH NpPYXHI BNaCTHBOCTI Tijia i BHU3HAYMTH
Gi3HYHI BeTHYMHH, IO XapaKTepH3YIOTh L BIACTHBOCTI.

IIpuiasgm Ta Mmarvepiadam: cranbHa JpoTuHa, Habip TArapuis,
ONTHYHUH MIKpOMETp, IITAHMCHIAPKYIb.

KopoTtki TeoperudHi BizomocTi

3miry posmipiB i dopmu TLTa WX Zi€t0 30BHILIHIX CHJ Ha3UBAKOTH
nedopmaniery. SIkimo micns npHOMHeHHS Oii  30BHIIHBOT CHIM  Tina
[I0BEPTArOTHCA Y BUXIAHUH CTaH, TO Taky JedopMalilo Ha3HBAIOTE MPYXKHOIO.

VYci Buan nedopmauii MoxxyTe OyTH 3Bexeri zo aedopmaniit cmcxy
(po3TAry) i 3cyBy, 10 OAHOYACHO MPOTIKAIOTh.

Onniero 3 xapakTepHcTHK AedopMallii po3TAry € HopMaibHa Hanpyra
O, AKa YHUCENILHO PiBHA MPYXHiA CHJl, UIO NPUIaAac HA OAHHHUIIO MO

AS nepepisy tina, HOpMaIBLHOro 10 Ail CHIIH:

o, =—". 1
AS M
3riguo i3 3akoHoM I'yka, BigHOCHa aedopMaris
Al
T =ao, 2

ze Al - aBcomoTHe BUAOBXKEHHS, siKke piBHe | —Ij,
Q -~ KoedillieHT NPYXHOCTI,
Iy — mouaTkoBa JOBXKHHA APOTHHH.

.. . 1
Beanunny, obepHeHy koedillieHTY mpyxHOCTi £ =—, Ha3uUBaIOTh
a

MOZyJeM TpyskHoCTi, abo MoxyneM [OHra. Slkio BignocHy medopmatito
Al .
NO3HAYNTH & =5 1o 3akoH I'yka ans pedopmauii postary moxHa

3anMcarTi TaK:
Al

AF,

n o

1AF, o,
"1 EAS E’

a6o o, = Ez. )
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3 dopMysl BUAHO, 10 MoAyab FOHra mOpiBHIOE Hampysi, NpH sKik
aBCOMOTHE BUJOBXKEHH TiNla piBHe Horo nouatkosi goxuni (Al =1).

V- BUnajky, konu Tino mMae GopMy wmninapa miamerpoM d, To Horo
TIOLIA OTIEpPeYHOro nepepisy

2
s=Z4
4
Touai
4AF ]
E=—o", 4
rdiAl @

e AF, = P — Bara Tarapus.

3a ¢opmynoo (4) BuzHadaemo MoZxyns IOHra 3a medopmauicro
po3Tary.

~ Ilpunan pns Bu3HadeHHs Moayns lOxra
306paxeno Ha puc. 4.1. JlocnipKyBaHa cTalbHa
Al APOTHHKA | AOBXHMHOIO 1 =14m 3aKpirureHa

Ha kpoHuTeitHi. Jedopmailia po3tary 3gificHio-
2 - €TBCA MiJ Aiero TArapuis 4. 3 MeTO0 yCyHEHHA

NPOTHHY KpOHUITeliHA Ha BeNHYMHY Aedop-
/77? i Mailii KpOHIITeltH HABAHTAXYIOTH TArapuamMu 6
yepe3 MOCepeJHHIUITBO ABOX JPOTHH 2.

4 ITpu mocnimxeHHi Tarapui 4 nepexiaga-
EB/ I0Th Ha MiClle TATapliB 6, 3MiHIOIOYM TiNbKU
HaBaHTaXEHHA JPOTHH, HE MiHAIOYH 3arajibHo-
TO HaBaHTAXEHHA Ha KPOHIUTeHH. AGconoTHe
BUAOBXKEHHA JOPOTHHH BM3HAYAIOTL 33 JOMO-
MOroto MiKpoMeTpa 5.

Puc. 4.1 g/"

Tlopagox BAKOHAHHA PoGOTH

1. Bumiparu giameTp OpoTHHH 1 B kinbkox Micugx. O6uuciuty foro
cepeIHE 3HAYCHHS.

2. BucraButh MiTKy Ha ApOTHHI 10 306iry 11 i3 cepenHiM 3HaYeHHSM
1IKaJId ONITUYHOrO MikpomeTpa 5.

3. HaBaHT&XUTH APOTHHY OJIHUM TATApLEM i BUMIpATH abGCONIOTHE
1
suoBxeHHs Alj, motim apyruii Tarapeus — Al iT. &

36

4. Po3spauTaxyloyd NAPOTHHY UOCTYNOBO NO OJHOMY TArapuio,
3aIMCcaT BiNOBiAHO 3HAa4eHHA Al;, Al Al}. : :

5. Otpumani 3HaveHHa Al[ i Al] 3aHectw B Tabnuipo 1. OGuUCTUTH
cepesiHi 3Ha4YEHHs abCONOTHOrO BUIOBKEHHS '

Al = Al + Al
Ta BiAMOBiAHI 3HaueHHs Moxys IOnra
~ 4API
rd?Al
6. Buznauntu noxu_ﬁxn guMiplOBaHHﬂ moayns HOwnra.
< v/ Ta6auua 1
o g ! ! i H H
}j. d P | Al All 1 AL E| 5| | AE| S 08
@) | H | o) | e | M M (%)
1.
2.
3.
(_j = >< >< >< E—= A_E = E ::g
KonrpoabHi 3anatauns

7. Tlpyxsa nedopmallis po3TAry Ta ii XapakTePUCTHKH.

8. 3akoH I'yxa mana medopmanii posrary.

9. Josecru, 1o npu aepopmauil po3rary (cTacky) o6’eM Tina
3MiHIOETBCA.

10. [TpoananisyBaTH AiarpaMy pos3TAry.

Jlirepatypa

1. 3aranbha Qisuka: JlabopatopHuii mpakTukyM / 3a 3ar. pea.
I. T. Top6ayyxa. — K. : Buma mkona, 1992. - 509 c.

2. Pusnueckuil npakTHKyM. Mexanuka u MonekynspHas ¢usuxa /
nox ped. mpod. B. M. Mseponosoif. — M. : Hayka, 1967. — 352 c.

3. Apxaureneckni M. M. Kypc dusuxn. Mexaunka [/
M. M. Apxasxrensckuil. — M. : I[Ipoceemenne, 1975. — 424 c.
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Jla6opaTopHa poGora Ne §
Bu3nayeHHsA MOAYJISAl 3CYBY METOAOM KOJHBaHb

Meta po0oTH: OCBOITH METOJMKY BU3HAYEHHS MOLYNA 3CYBY METO-
JOM KOJNUBaHb. :

Ipanagn Ta maTepiajin: KPYTHIBHUH MasTHHK, CEKYHAOMIp, JiHiH-
Ka, MiKpoMeTp.

KopoTki Teopernuni BizoMocti

Sxwmo JapoTHHY abo CTepiKeHb, 3akpiuieHi 3 ojHiel CcTOpOHH,
3aKpyuyBaTH, NPUKIABLIH JO APYroro KiHus MOMEHT mapu cun M, To kyT
3aKpy4yBaHHS, 3rifno i3 3akoHoM ['yka, piBHu#

p=kM, )

ae k — xoedinieHT nponopuiiiHOCTi.
Benuuuny, obepreHy A0 k , Ha3UBalOTb MOAYJIEM KPYyYEHHS:

1
e
Topi 3akoH 'yka pis nedopmaltii kpydeHHs MOXKHA 3aNKMCATH:
M=Ggp. @
3akoH I'yka pis Aedopmauiii 3cyBy Ma€ BATIAN:
o
r=-F, 3
N
——=gy=
b /4
ne y — BiaHOCHuiA 3cyB (puc. 5.1),
Ag y > o, =—§ — IOTHYHA Hanpyra;
/ K .
b Y/ / F N —™onyns 3cysy,
F [ . |/ S - mnoma nonepedy-
« HOTO Tmepepisy mnapaneneni-
neja.

- Puc, 5.1
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38’5130k MiX MoIyneM kpydeHHs G i MOZyJieM 3CYBY BU3HAYAEThCA
dopmMymoK:
G= Nzr? ’ ‘ @
2L
ae v — paniyc npotiay, L — ii gosxuna. __
Bu3nayeHHS MOXYIIS 3CYBY METOZOM KOJIMBAHB IPYHTYETHCH Ha 3a-
NeXHOCTI NePiOAy KONMBaHb MAATHUKA Ha APOTHHI (PHC. 5.2) Bill npyXHUX

1 BJIACTHBOCTEH Marepiaily, 3 AKO[

L

0 1i BUTOTOBJICHO.

MaATHHK CKIAJaeThCA i3
1 OWIHApHYHOT ApoTHHM 1, op-
CTKO 3akpinienoi B T. O. J{o Hmk-
HBOTO KiHL JPOTMHM B T. A TIpH-

KPiIIeHO OpH3OHTANBLHY peliky 2

i3 JBOMa CHMETPHYHO po3Milie-
HUMH TerapusmMd 3 MacaMmu
m(m=1,2 k2).

[epion BiNLHUX KONMBaHb

KPYTHIBHOTO MasTHHKAa BHpaXa-

Puc. 5.2

€ThCA CITIBBiIHOLUEHHAM:

f I
- ol
T=2x R )]

ne I — MomeHT inepLil MaATHHMKA BiIHOCHO oci OA.
MowmeHT inepuii po3riaiyBanoi CHCTEMH BiZHOCHO oci Od piBHuiL:

2
I=1,+2ma*, 6)
ne Iy — moMenT iHepuii ropusoHTanbHOT pefiku 6€3 TArapuis i APOTHHM;
2ma® — MOMeHT iHepuii TArapuiB BiIHOCHO OCi; 4 — BiACTaHb TATapuiB 10
oci o6epraHHA.

Hns BH3HAYEHHS MOIYJNA 3CYBY BHMIpIOIOTh MeEpiof KOJHBaHb
KPYTHNLHOTO MasTHHKA (IPH ABOX Pi3HHX PO3MIIEHHAX TArapuiB Ha peiui:
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,1 +2ma}

Ty =?” J__G__l; M
2

T, =2r ”o_’féﬁ‘iz_ ®)

3 dopmyn (7) i (8) Buxmouumo [ . OTpuMaEMo:
G(Tz2 -T12)= 87r2m(a22 - alz),

G = 82> m\a? —al) )
L -1}

Hiacrasusuin (9) B (4), orpumaemo poGouy dopmyny Ui BHU3HAYEHHA
MOZYIA 3CYBY:

3BIJIKH

87z2m(a22 -al) Nnr

, 3BIIKH
7 -1?)
167;Lm ;g——alz (10)
2

Iopsinok BukoHaHHS poGoTH

1. BuMipstyu nigifikoio JOBXWHY JPOTHHH BiJl BEPXHBOIO 3aTHUCKAYA
Jlo peiiku.

2. MikpoMeTpOM BHMIpATH JiaMeTp APOTHHH B KilIbKOX MICLAX Ta
3HalTH cepefHe 3HAYeHHA AiamMeTpa i, BIAMOBiAHO, CepeAHE 3HAUCHHA
pagiyca.

3. BuctaBuTH TArapii Ha BiACTaHi @] BiX APOTMHM Ta 3HAWTH NEPIOX
NOBHHUX ‘KoMUBaHe 17. J{nA uworo peiiky nosepHytd Ha Kyt 10° i
BiZyCTHTH, 106 BOHA BiTLHO KOJNMBANach. BuMipsaTd 4ac m’ATH MOBHHX

. t
KO/MBaHb | BU3HayuTH 11 Ak 1] =—

4. BucraBuTH TATapui Ha BiICTaHi Ay BiA JAPOTMHH Ta 3HAHTH
nepioA NOBHMX KonuBaHb 1o (ananoriuso no Tj).
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5. Pe3ynanTaTH BHMIpIOBaHb 33HECTH Y 3BITHY Tabnuio it oGuHcIuTH
MOAYTh 3CYBY MaTepiany ApoTHHU 3a dopmynomo (10).
6. OuiHUTH NOXUOKM EKCITEPUMEHTY.
Tabnauusa JaHHX, pe3yAbTATiB BUMIPIOBAHb T 00UHCIEHD

Ne ni/n LM AL M a, M Aa;, M as, M Aay, M T, c

| Nea/n | AT\,c | Th¢c | ATy ¢ R,Mm AR,M | N,JTa | AN,Ta | £%

KouTpoJbHi 3anuTanns

1. CdopmymosaTu 3akoH ['yKa Ta BKa3aTH OCHOBHi XapakTepUCTHKH
JAedopmarii 3cyBy.

2. Hedopmauis kpyyeHHs.

Slkuii 38’ 130K MiXK MOZYJIEM 3CYBY Ta MOAYEM KpYYEHHA?

4. Busectn pobouy Qopmyiy InsS po3paxyHKy MOAYAS KpyueHHs
1MNIHAPUMHOT APOTHHH METOOM KOJMBAHb.

had

Jliteparypa

1. Seopcekuii b. M. Kypc dizuxn / B. M. SIBopchkwii [Ta in]. - K
Panaucbka uikona. — 4. 1.

2. Xaitkin C. E. ®i3nuni ocHoBu mexauixu / C. E. Xaiikin. — K. :
PansiHceka wkona, 1966.

3. CasenneB U. B. Kypc obiueii ¢pusuku. Mexanuka. MonekynsapHas
¢u3uka / U. B. CasenseB. — M. : Hayka, 1987.

4. ApxaHrensckui M. M. Kypc ¢usukn. Mexaunka /
M. M. Apxanrensckul. — M. : TIpoceeienue, 1975. — 424 c.
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JlaGopatopua poGoTa Ne 6

BusHaueHHs IBHAKOCTI NOABLOTY TiNla 32 J0NOMOr0I0 HaNICTHYHOIO
KPYTHILHOTO MasiTHUKA

Meta poGoru: 03HAHOMHUTHCH 3 OQHMM i3 METOIIB NPAKTHUYHOTrO
3aCTOCYBaHHS 3aKOHIB 30epexkeHHs eHepril Ta MOMEHTY IMIyAbCY MJis
MEXaHI4HOT CUCTEMH.

Hpuaaan 1a marepianu: OanicTHUHHA KPYTHIBHUA MasATHHK,
JIHIAKA, Kyna.

Kopotrki Teopernusi Binomocti

Cxema ycTaHOBKM 300pakeHa Ha puc. 6.1.

1

Puc. 6.1

[licns nocTpiny Kyns 3acTpirac B MAasTHHKY, i BiH DNouMHae
KONMBATHCS HABKONO BepTHKanbHO! oci. Beaxaroud ymap abcomorHo
_HCNPYKHWUM T2 HEXTYIOYH MOMEHTOM CHJl TEPTH, CKOPHCTAEMOCH 3aKOHOM
3OHepeKEHHs MOMEHTY iIMIIYNbCY Ta 3akoHOM 30epexeHHs eHeprii. 3akoH
30epeKeHHS MOMEHTY IMITyNIbLCY BUpaXKacThes (POpMynow:

mol={l, +mi* o, (1)

a¢ m — maca kyni (m =2r), v - ii wBKAKiCTs, | — BigcTaHs Bix oci
o0epraHHs MasTHUKA A0 TOYKH NONANaHHa Kyli, @ — KyToBa WBUAKICTH

MAsTIMKa B NIOYATKOBUH MOMEHT 00EpTaHHs.
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Ilicns ymapy MaATHMK HabyBa€ KiHeTH4HOI eHeprii, ska npH #oro
obepTaHHI NCPETBOPIOETLC B €HEPrilo TMpYxHOI JedopMmanii cTanbHOI
JPOTHHKH:

1.,
‘En =EG(0 N
ne G — MORYnb KPYUEHHs, @ — KYT OBOPOTY MAasTHHKA.

Y MOMeHT, KOmM KyT ¢ HabyBae MaKCHMAlLHOTO 3HAYeHHS,

E, = E,, 10610 3aKOH 30€peKEeHHS eHEpPril Mae BUTIIAL:

%(1, +mi? Jo? =%G¢2 . @)
3 piBasauns (1) Ta (2) orpumaemo
2 G(Pz 2
O =—3—=\I, +ml°). 3
m2[2 ( ! ) ( )
Ockineku mi* << I, To dopmyna (3) HaGynae BUrIALY:
Gl
vi=—tL, 4
T “)

Bennuuny G 3HaiiieM0, CKOPHCTaBLUKCH BUPA3OM AAs Mepiosy Ko-
NHBaHDb KPYTHJIBHOIO MaATHHUKA!

I
T = 27:\/% : )

JIis uporo, 3SMiHMBLUH BiICTAHb MDK TATapUAMH, OTPHMAEMO!

I
T, = 2,;\/% ; (6)

I
=)k ™
ge Ty i T, — nepionu konuBaHe, BiANOBiAHO, pn MoMeHTax iHepuii | ] Ta
I.

Bisbmemo BignoLuenns (6) 1o (7), 3 AKOro oTpUMaEmo:

L, 1
— = —=, 3BLIKK
12 T2
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heZrh. ®)
Bpaxyemo, uo
I=1,+Al. ).
3 piBusnb (8) Ta (9) 3Haiipemo /,: '
T2
I =—-1 _AI. (10
1 le _ TZZ ‘ )

3 pisusHb (4), (6) Ta (10) 3Haxoanmo GopMyny AJs WIBUAKOCTI MONBOTY
Ky.1i:

L an
ml T} ~T}
Bennanny Al 3ualaemo, KOPUCTYIOUHCH BUpa3aMK
I, = I, + 2MR} (12)
I, = Iy +2MR2, (13),

ne Iy — MomenT iHepuil MasTHUKA, KON LIEHTPU Bark BaxKiB 36iraroThbes
i3 Biccio obepTaHHs MasTHUKa; [; — MOMEHT iHepuii, konu o6unBa BaXKH
1HaxoAsTbes Ha Bigcrani Ry Bim oci ofeprauus; [,— MoMeHT iHepuii,
Ko ofnjBa BaXKKM 3HaXOAATLCA Ha Biactadi R, Bix oci obepranus; M
-~ Maca BaXKiB.
Sxuwo R, > R,, 10
AL=2M(R? - R2). (14).
Bpaxysasiwy (14), ¢popmyna (11) ans BenwymH¥ WIBUAKOCTI Kyni HaOyne
BUIIISALLY:
47r M T
szpM 4 (g2 - R2). (15)
ml -7

Mopanok BuKOHAHHs pobGoTH
1. BcTaHOBUTH MasTHHK Tak, o0 pucka Ha MHCOYLI TIOKa3yBana

kyr a = 0.
2. BcranosuTH BaXkH Ha BigcTai Ry Bix oci o6epranss.
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3. BukoHaTH HOCTPiN i BAMIpPATH MaKCHManbHUil KYT BiIXHICHHA
MaATHHKA @;.
‘4. 3HaiiTi nepion koMMBaHHA 1], BUMIpPABIUH YaC I’ ATH KOJHBAHb.

5. MakcuManbsHO HaGmu3uTH Bakkd A0 oci oGepraHHA it BUMipATH
BiicraHp R, Mk Biccio MasTHHKA Ta CEPEAUHOIO ONHOTO 3 BAXKKIB.

6. BUKOHATMA NOCTPUT i BU3HAYHTH MNeEpiox KOJIUBaHb T2, aHaJIo-
riYHO 0 3HAXOKEHHR 1.

7. BumipsHi BeTHYHHH 3aIIUCATH Y 3BiTHY TabIMIJO.

8. KyT ¢ 3HaX0AHMO AIK Cepe/iHE 3HAUYEHHA @, Ta @, .

9. 3a dopmynoro (15) BupaxyBaT BenHUMHY IIBHAKOCTI Kyii. Oui-
HUTH TOYHICTB pe3yNbTary.

Tabauus JaHux, pe3yJbTATiB BHMipIOBaHb Ta 004YHCAEHD S
Ne n/n @ P2 ¢,’ Ag, LM Albm | R,M | AR, M
pan pan pax pax

1.

2.

3.
cep. 3H.
Jﬂ“}"n Ry M Aﬁ” Ti,c | AT,c | Th,c | AT c | v, mlc | Ao, Mic ;’,

Kourpoasui 3anuranns

1. ChopMymoBaTH 3aKOH 30epeieHHA MeXaHi4HOl eHepIii.
2. CihopMymoBaTH 3aKOH 30epEXEHHS MOMEHTY IMITYJIBCY.
3.Yomy BHMIpIOBaHHA @IPOBOJATECS @pPH JBOX IMONOXEHHAX
riepeMilyBaHHX BaHTaxiB?
4. Busectn pobouy dopMmyty
47z¢M T

o T —1_(r2-R2).
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/Jli“reparypa

. Du3KYECKHil NPaKTHKYM. MexaHuka M MoNeKynsapHad ¢usuka /
noa. pex: npod. B. 1. ireponoroit. — M. : [6. 1.}, 1967. - 352 c.

. Xaiikin C. E. ®i3uuni ocHoBH Mexaniku / C. E. Xaiikin. — K. :
PansHceka wikona, 1966.

. CagenseB U. B. Kypc obuieli dusuku. Mexanuka. MonexynspHas
¢usuka / H. B. Casense. — M. : Hayka, 1987. '

. Apxanrensckuit M. M. Kypc ¢usuxu. Mexaanka / M. M. Apxas-
rejibekuid, — M.: TIpocBemenue, 1975. — 424 c.
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Jla6opaTopna poGota Ne 7
BasuenHn 00epToBOro pyxy TBepAoOro tina

Mera poGoTm: BU3HAYMTH MOMEHT iHepLii Ta MepeBipUTH OCHOBHE
piBHSHHA 06EPTOBOIO PYXY TBEPHOro Tijla.

Npunaxu Ta Matepianu: maatHHKk OO6epGeka, BaHTaxi, Jimilika,
IUTaHTeHUPKYb.

KopoTki Teoperuuni Binomocri

VY poborti HeoOxixHO nepeBipuTH PiBHAHHSA 00EPTOBOTO PyXy
Ie=M, )
ne I — MoMent inepuii Tina, & — kyroee npuckopesns, M = ZM,' -

BEKTOpHa CyMa MOMEHTIB CHJI, IIPMKNIaZeHuX JO Tina.

INepeBipky piBHAHHA (1) 3AiliCHIOIOTL 33 AOMOMOrol0 MaATHHKA
O6epOeka, skHil CKIANAETHCA 3 YOTHPHOX CTEPXKHIB i BOX LIKIBiB pi3HOro
pagmiyca, 3aKkpiluieHUX Ha
OJHii FOPU3OHTANbHIH
oci. Ha crepxHiax, no
I OOHOMY Ha KOXHOMY,
nepeMilyioTeea i 3akpin-
2R, MOIOTECH B He06x§zmomy
MONOXEHH] BaHTKI OAHA-
KkOBOi MacH. MasTHHK
3 obepracTbes Mif Ai€l0 CH-
¥ HaTArY HHTKH, fAKa
: HaMOTaHa Ha HIKIB i 20
l m KIHIA AKOi NPUKpinaeHui

BaHTax (puc. 7.1).

JIns MasTHMKA piB-
HAHHA 06epTOBOrO pyXy, IpM YMOBi PIBHOCTi HYJI0 MOMEHTY CHJl TEpTH,
MaE BHUIIIAL

Puc. 7.1

1&‘ = RF . (2)
PiBHAHHA MTOCTYNABHOIO PYXY BaHTAXYy Ha HHUTUI:
ma=mg-F,. 3)
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PiBHAHHSA, sIK€ NOB’A3y€ NPUCKOPEHHS TUIA Ta KYTOBE NPHCKOPEHHS
MaATHHKa

a=¢R, @
e R ~ paniyc wkiBa, F, — HaTir HUTKY, d — OPUCKOPEHHA BAHTAKY Ha
HMTIL, 11— Maca BaHTaXYy. :
3 (3) cuna Harary HuTku Oy e piBHa

F, =m(g -a), ©)
a MOMEHT CUJIH HaTAry, Nij Hi€lo AKol MasTHUK o6epTacThCs, :
M= mR(g - a). (6)

[TpuckopeHHs @ BH3HAYAIOTE 34 BiJOMHM YacoM MpPOXOMKEHHS
Tinom Bigcraui A :

a=—-. N
Toni
M=mR(g-——f—?—). 8)

SIKULO MOMEHT iHeplii MasTHHKA CTaNHi, TO MpH pisHUX 06epTOBUX
MoMeHTax §yJie BUKOHYBATHCS CIiBBiZHOMEHHS
=M My const, )
& &
BukoHauHs ymoBH (9) HeoOXiqHO nepeBipuTH B poGoOTi.
Momentd cunu M 3HaxXomATh 3a dopmynoio (8), 3MiHIOWYH
BenuunuHy Macu m. KyToBe MpPHCKOpeHHA 0OO4HCMIOOTL i3 GopMyin
a=¢R, 3Binxn 3 ypaxysBaHHAM (7) 3HaXOAMMO KYTOBE NPHCKOPEHHA

MasTHUKA & :
o2t
R’
MoMeHT iHepuii MatTHHKa MOXHA 3HalTH K CyMy MOMEHTIB iHepuil

(10)

'
XPECTOBHHH i TArapiis Macoro My npunyiueHi, o0 BOHK € MaTepianbHu-
MH TOYKaMH.

I=I,+4M'1?, v
ne Iy — moMeHT iHepuii XpeCTOBHHH.
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1
5=zﬁmﬁ, -1y

ne | — Bincrass Bix oci oGepranHs 00 ueHTpa Mac Tsrapuis, L — nosxuxa
‘ .
XPeCTOBMHH, 1] — Maca ctepxkHs (my =102r1), M =200r.

Iopsipok BuKxoHaHHSA poGOTH

1. Bumipsatu nosxuny crepxust L i 3a dopmynoro (12) Bu3HaunTH
MomeHT inepuii Ij.

2. TsArapui Ha CTEpXKHAX 3aKPiMUTH HA OJHAKOBHX BiacTaHax [ Bix
oci obeptarHsi i 3a ¢opmyaoro (11) o6uucauTH MOMeHT iHepuii xpecro-
BuHH [ .

3. BumipsTtu paniyc wkisa R.

4. HaMoTaTu HHTKY Ha LUKiB i MABICHTH Ha Hill BaHTX Ha BUCOTi J1.

5. Beimknyts kuomxy “IIYCK” i 3adikcyBaTH 4ac OmycKaHHA
Bakkie. JToBToprotoun mocmin 3 pasd, obuucnutn 3a dopmynamu (8) Ta
(10) M, i g Taix cepenti 3Ha4eHHS.

6. 30inplUMBIIA Macy BaXKiB Ha HUTL{, BHKOHATH BUMipIOBaHHS,
BKa3aHi B 1. 4. 3HaliTH cepenHi 3HavenHs My 1a £;.

7. IlepeBipuTd BUKOHAHHA PiBHOCTI (9), WO MiATBEPANTL MPABUNB-
HICTb OCHOBHOTO 3aKOHY JHHaMiK# 00€pTaNnbHOTO PyXY.

I +1,

8. Bu3HAUMTH CepelHE 3HAYCHHA MOMeHTy | = iHepLii Ta

MOPiBHATH FfOro 3i 3HauUeHHAM, OTpHMaHHM 32 dopmyioro (11).
Tabauns

R|h|t]|] M| ¢
) | ) | © | (Hm) | (padk)

-Ai (k2'm?)
£
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W

KoHTpoJILHI 3anHTaAHHS

. Jlatu O3HaYCHHS MOMEHTY CHIIM, MOMEHTY iMIyJIbCY T2 MOMEHTY

inepuil Tina.

BusecTu ocHOBHe piBHAHHA 06epTOBOro pyxy TBEPAOro Tila.
Cdopmymosaru Ta JoBeCTH TeopeMy Lllteiinepa.

V 4yoMy nonsrae cyTb AMHAMIYHOTO METOAY BHU3HAa4YEHHA MOMEHTY
iHepuii? '

JlirepaTypa

. 3araneHa ¢isuka: JlaboparopHui npakTHKYM : HaB4. HOoCiOHuK / 3a

3ar. pea. L. T. Fop6Gauyka. — K. : Buma mkona, 1992. - 509 c.
®uznyecknii IPaKTUKYM: MEXaHMKA M MOJICKYJIApHast ¢usuka / Iox
pea. B. . Useponosoii. — M. : Hayka, 1967. - 352 c.

Hymwenko B. I1. 3araneHa ¢i3uxa. Qisu4Hi OCHOBM MeEXaHiKH.
MonekynapHa ¢isuka i Tepmomunamika / B. [1. Hymenxo,
I. M. Kyuepyk. — K. : Buna mixona, 1987. — 432 c.

. MateeeB A. H. Mexanuka W TeOpHA OTHOCHUTENBHOCTH /

A. H. Matsees. — M. : Beicias mikona, 1986. — 320 c.
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JlaGopatopHa poGora Ne 8

BusnavyeHHs NPHCKOPEHHS CHJN TSOKIHHA 32 JONOMOrol0
060pPOTHOIO MANTHHKA

Mera po6oTH: O3HAOMIICHHA 3 OOHHUM i3 METOAIB JOCIHiKEHHI
rpaBiTanifHoro nons 3emii.

IIpuaagun Ta MaTepianM: MasTHUK YHiBepcanbHuitk OM-13,
macurtabna ninifika. '

KopoTki Teopernuni Bigomocri

Mexanigni pyxu abo npouecH, sAKi XapaKTepH3yIOThC [1EBHOKO
MipOIO MOBTOPIOBZHOCTI, HA3HBAIOTh KOJIMBAHHAMH.

Po3pi3nHsioTs KONHBAHHA MEXaHiYHi, ENCKTPOMArHiTHi, eNeKTpo-
MexaHiyHi Ta iHwi. KonuBaHHA, NpH fAKUX PYXH TOYHO MOBTOPIOIOTHCA
yepes piBHI NPOMIKKM Hacy, HasUBAKOTh mepioaudHuMH. Taki KOMMBaHHA
ONUCYIOTHCA 33 JIONOMOTOI0 NepioguyHuX PyHKLIH BHIALY

x = Acos(wyt +@p), 1)
A€ X — BiACTaHB KOJIMBHOI TOYKH Bill TIOJIOXEHHA PiBHOBArM (3MillEHHA),
A — MakCHMaJIbHe 3MIILEHHS KOJMBHOI TOYKH Bij{ ONIOXEHHS PiBHOBArH ~
amIuTya, (a)0t+(00) ~ ¢asza xonuBaHe, Qg — Nouarkosa asa, @y —

LTMKJIIYHA 4aCTOTa rapMOHIYHHX KOJIUBaHb.
ITepion konuBaHbE KOJHBHOT TOUYKH

. 2
T=—. @)
KinpkicTh KONHBaHb 33 CEKYHIY Ha3HBAKOTh YaCTOTOO:
1
= : 3
T

YacToTy BuMipioloTh y reprax (I'ry).

I'apMOHIYHHM 33KOHOM OMUCYIOTBCA TaK 3BaHi BiNBHI (BNIAcHi)
KOJMBAHHN — KONMBAaHHA, MeXaHiYHa eHeprif. AKuX i3 uacoM He
3MIHIOETHCA. |

OnuiiemMo JUHAaMiKy TakuX KOJMMBaHb HAa INPUKNafi KOJHBaHB
¢isuunoro MaaTHHKA. Di3NYHUM MaATHAKOM HA3UBAKOTh TiNO, AKE BiIBHO
KONMBAETLCS HABKOJIO OCi, 1Ka He MPOXOAUTE Yepe3 LeHTp Mac (puc. 8.1).
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Tpu BimxuwieHHi MasTHIKA HA
KYT (¢ BHHMKAE 00epTOBHH MOMEHT
cw ToKiHEA M = mglsing ,

ne | — BincraHs Bif TOuKU
0 no uentpa mac C.

Junamiyse piBHAHHA o0ep-
TOBOFO DYXy 3alMINEMO, MpMITYC-
KaK0'H, HIO TEPTA Ha OCi BiOCYTHE!

2
7 29 =-mglsing, (4)
or?

ne I — momenrt inepnii Tina
BiJHOCHO TrOpM3OHTaNBHOI oOCi,
AKa [POXOAMTL 4Yepe3 TOYKY
miggicy O. Jlna Mamux KyTiB
BiIXH/IEHHA sing ~ @ i PIBHAHHA
HaOyBa€ BUIJIAAY:

d’p
i Ap——
Puc. 8.1 I==-mgle
abo
o’ mgl
— 2 =0, 5
5 T @ )
mgl .
[No3Ha4MBIUK BENMHYHHY —I——— = @*, OTPUMAEMO PiBHSHHS:
az(l’ 2
——+ @50 =0. ©
atz Oq’ )

OtpuMaHe piBHAHHA € AMHAMIYHHUM PiBHAHHAM (i3NYHOTO MasT-
Huka. [TpocTOI0 NMiACTaHOBKOIO MOXHA MEPEKOHATHCH, IO PO3B’A3KOM
piBHsHHS € yHKUiA ’
o(t) = 0, sin(wyt +a, ), @
TOOTO KONIMBAHHA (i3HYHOrO MAATHHKA € TAPMOHIHHMMH.

[Tepiox KoMMBaHbL TAKOrO MAATHHKA JOPiBHIOE:

r=%_,, f..l_ . @®)
@y mgl
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1 i -
Benuunna o Ma€ pPO3MIPHICTE TOBXHHH | 11 HA3UBAIOTE 3BCACHOIO
m

TOBXHHOK hi3HYHOIO MAsATHMKA:
I
L=—. ©®
ml
Takum uuHOM, HEpioJ KOJMMBaHL (Di3MYHOro MasTHUKA € GYHKIIEW

Lig:
T=27r‘/z. (10)
g

SIKIO BH3HAYMTH TNepioA KonuBane Qizuynoro mastunka T i
3Be/ICHY MOBXKHHY MasTHUKa L, TO NpHCKOPEHHSA BITBHONO NAaLiHHA MOXHA
064HCIUTH 33 POpMYIIOHD:

. 2
4z°L
g=—rr - (11

Touky ', ska nexuth Ha npsamiid OC ua Biacradi L Big touku O,
Ha3MBAIOTL TOYKOH KONMBAHG. HAKINO NiABICHTH Gi3UYHUN MAATHHK Y Uil
TOULl, TO HOT'O Mepioy KOJIMBaHb HE 3MIHUTHCS.

- ko touka O' - ToYka MiABICY MasATHUKA, TO B UGOMY BUNAAKY
3BEJieHa OB UHA

r=1 (12)
ml,
N 3rigwo 3 Teopemoio 1llreiinepa,
0 | I =Ic+m(L-1)?,
e A Ic - momenr inepuii disuynoro masTHHKa
L T BiJTHOCHO L[EHTpa MAC, '
l; = L~1 - sigcrans y 1. O' 1o uenrpa mac C.
o Toxi )
22
b L,_1C+m(L—l)2
S m(L-1)
Ockinbku
L:.{-g_——*——" +mlz :!ﬁ:...*.l,
Puc. 8.2 ml ml
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Tomy

Orke, TOYKA
nigeicy i Horo weHTp
KONMBaHb € B3AEMHO
cnpsxenumu.  Hexait
MaeMo QisnMuHui Ma-
ATHUK  (puc.8.2), B
AKoro Toyku masicy O
Ta O’ 3adikcoaHi.
Hepiox KOJINBaHb

MasTHHKa HABKOJO OCi,

0'aon,o:s 0,04 0,05 0,06 0,07 0,08 o TIPOXOUTE . que?

b T. O, OpH nepeMilleHHi

Puc. 83 HHXKHBLOT coyeBHULlj

3uM3y Bropy Oyle 3MeHulyBaTHCA 3a PaXyHOK 3MEHIUEHHS MOMEHTY
iHepuir.

INosepysuit  MastHuk Ha 180° (1. O’ crae TOuKOK TABICY),
HCPEMILLYEMO Ty X CaMy COYEBHIIO 3HHM3Y Bropy Ha Bijcrane I, npu upoMy
11CPiOA konuBaHb 3poctatume (puc. 8.3). OpanHaTa TOYKH nepeTHHIB rpadikiB €
MepiofoM KOMBaHbL 0OOPOTHONO MaATHHKA, a 3BEACHOIO JIOBXHMHOIO (i3sHYHOIO

MasTHUKA BIACTaHL MK HOXKOBUMH oropamu L.
2

4 .
3a. dopmynow g= 7 BHU3HAYalOTh NPUCKOPEHHS BiNBHOIO

afiHHs,
Iopsnox BUKOHAHHA poboTH

I. 3ibparu ycranoBky “MasTHUK yHiBepcanbHuit”. [liakmounrH
(porosaTivk A0 610Ka 3a JonoMoroo kabesns 3 MapkipyBanHaM “OM-13”.
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2. 3psTu QizndHni (060poTHNIH) MasgTHUK i3 BEPXHBEOIO KPOHIITEHHA,
BeranoBUTH HIDKHIH KpOHIITeHH 13 (OTORAaTYMKOM Yy KpalfHE HUXKHE
[HONOXKEHHA, TAK 1100 MMIOUMHa KPOHIITEHHA, IOMalIbOBaHa CHHIM KOJN5O0-
poM, 36iranacs 3 OAHHM i3 IITPUXiB HIKAJH. :

3. Harucuyt xuonky “CETbB” 6noka. IIpy pOMy NOBHHHO BBiM-
KHyTHCS Tabso iHauKauil. u .

4. [Tipsicutn 0OOPOTHIN MasTHHK Ha OJHIH i3 MPU3MATHYHUX OMOP.
Buxifsi noyioxeHHs cOYEBHIp | HOXKOBUX OIOD MasTHHKA BKa3ye BHK/a-
Aad abo nabopaHT.

5. Bigxwiut# MasATHUK Ha 5—6° BiJ HONOKEHHS piBHOBaryu, Bin-
nyctdry Horo Ta, HarvcHyBmM kHonky “TIYCK” ycraHoBku, 0Oe3
[OLITOBXY BigNYCTHTH MafTHHK. 3a NOKa3amMH TaliMepa BH3HAYUTH
3HauenHs yacy 20-30 xonuBaHs MAaATHHUKA. BU3HAaYUTH cepeaHe 3HAYEHHA
nepiony KOJHBaHb MasTHHKA 32 GOPMYIIOF0:

T =2t/n,

Jie !, — NOBHMH YaC KONUBAHB, C;

M — 4UCNO DiBOepiofiB KOMUBaHb (POTOAATHUK PEECTPYE KOKHUE MEpeTUH
OIITHYHOI OCi MagTHUKA).

6. TlepecyBaroyd BHU3 Ha OZHY MOAINIKY HIDKHIO COYEBHIIEO, AN KOXC-
HOTO MOJIOXKEHHA COUEBULli b BU3HAYMTH Nepio] KONMBAHD.

7. Ilosepuyt maatHuk Ha 180° i miaBicuTH fioro Ha Apyry HOXOBY
onopy.

8. [lepecyBalouu BEpXHIO COYEBMIIO BHU3 BiJi BEPXHLOro KiHIA Ha
OJHY MOAINKY, 3HaliTH nepiogn kKonusaHb (izWYHOro MasTHHKA 3a ¢op-
MYJ10H0:

T,=21,/n.
PesyibTaTi BUMiptoBaHb 3aHECTH B TaONULIIO. ‘ ‘
Tabauus 1
Ne i/n Pyxoma codeBsHLs BHU3Y Pyxoma couesuiis Bropi
' n 6@ b T@@| n [4@ b [T
1.
2.
3.
4.
5.
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9.

MoGynysasuin rpadiky 3aiexHoCTel nepioay konusaub 1 dizuu-

HOro MasTHuKa Bif b. Bu3HauuTH Nepion xonMBaHb 0GOPOTHOrO MasiT-

HHKa.

10. 3a WKaNo BEPTHKATBHO! CTIMKH BUMIpATH BiACTaHb Mik HOXO-.

BUMH ONOpamu — 3BeJieHy JIOBXHHY L.
11. BusHauyuTi NMpUCcKOpeHHs BIILHOTO NafiHHs 3a dopmynoro (11).

o8}

KoHTpoabHi 3anHTAHHS

. Slxi MagTHUKM Ha3WBalOTh MATEMaTHYHUMH, i3UYHUMH Ta 06o-

POTHHUMH.

3anucarti KiHeMaTH4YHe PiBHAHHA aPMOHIYHHX KOJNHMBAHb.

Busectu auHamiyRe piBHAHHA KOJIHBaHb Gi3HUHOrO MasTHHUKA.

Sk 3anexuTb NPUCKOPEHHs BiJILHOrO MaliHHA BiJ reorpadivHol
LUMPOTH Ta BIACTaHI A0 UeHTPY 3emini?

JlirepaTypa

. Biunuuerko B. E. @izuunuii npaktukym / B. E. Biunuuenko. — K. :

Pansguchka wkosna.

. Kyuepyx I. M. 3ar. ¢isuxa: mexadika, MonexynspHa ¢isuxa i

tepmozauHamMika / 1. M. Kyuepyk. — K. : Buma nixona, 1993. —
452 c.

. Xaiikin C. E. ®isuuni ocHosu Mexaniku / C. E. Xaiikin. — K. :

Papsucbka mkona, 1966.

. Casennes M. B. Kypc obueii ¢dusnku. Mexanuka. MonekynspHas

¢uzuka /. B. Casenses. ~ M. : Hayka, 1987.

. Apxaureabckuit M. M. Kypc ¢usukn. Mexanuka /

M. M. Apxanrensckuii. — M. : IlpocBelienue, 1975. — 424 c.
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Jlaﬁopa'ropna poﬁm‘a N9

Bll3lla‘leHHﬂ MOMCHTY mepuu maaTHuka Makcgeina

MeTra poGoTH: JOCTIAUTH 3aKOH 36epe)KeHHﬂ MeXaHi4Hol eHeprii Ha
NpUK/Iazi MasTHHKa MakcBenia Ta BU3HAYUTH MOMEHT iHEpIil MeTaTiYHHX

Kinenb.

IIpuaagn 12 MaTepianu:

masaTHUK Makceenna ®M-12 na

doToeneMeHTax, KOMIUIEKT 3MIHHUX Kileup i3 pi3HHM MOMEHTOM iHepLii.

KopoTki Teopernuni BinomMocri

Mpusnnn pobortu npymam' OM-12 6a3yethes Ha OCHOBHOMY 3aKoHi

Puc.9.1

¢disukn ~— 3akoHi 30epexeHHs |
nepeTBOpeHHs eHeprii. Mexanigna
€Hepria 3aMKHYTOI KOHCEpPBATHMBHOL
CHCTEMH MiJl 4ac pyXy CHCTEMM HE
3MIHIOETECA. 3aranbHUil BUMIAA Ma-
ATHAKa MakcBenna mnokasaHo Ha
puc.9.1. OcnoBa (1) npunany
o6nafHaHa rBHHTaMH, AKi 403BOjA-
K0T 3AIHCHATH BHPiBHIOBaHHs NpH-
naxy. B ocHOBy BMOHTOBaHa KOJIOH-
Ka, A0 AKOi mpuKpinnexuii Hepyxo-
MHi BepxHilt kpoHmITeHH (2) i py-
XomMuil HWKHiIR kpowmuteHH. Ha
BEpXHEOMY  KPOHWTEHHi  3Haxo-
AWTECA enektpomarHiT (3), ¢oro-

eNEKTPUYHMM JaTyuK i By30m MiABiCKH (4) ANA 3aKpilUICHHA ¥ perymo-
BaHHS JIOBXUHK OidinspHoi niaBicku MasTHUKA. HuxHil KpoHIUTeHH
pasoM i3 NMPUKPITUIEHHM OO HLOrO (POTOETEKTPUYHHM JATYMKOM MOXHA

nepeMiLuaTu B3JOBK KOJOHKH

i dikcyBaTH B HOBIJIBHO Buﬁpaﬂomy

nonoxeHi, Mastauk (5) npunauy poJiuK, 3aKpimnneHnii Ha oci fi 3aBi-
weHui Ha JeoX HUTKax (6) GidinapaumM cnocoboM. Ha ponuk HakiagaroTh
3MiHHI KiNIbLA, 110 3MIHIOKOTE MOMEHT iHepLii cHCTEMH.
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Y BepXHbOMY MOJOXEHHI MAATHUK YTPUMYETHCSA €EKTPOMArHiTOM.
JopxHHa MasTHHKAa BH3HAYAETHCA 3a MiTIMETPOBOKO LIKAJIOK HA KOJOHII
npunaay. Yac pyxy MaaTHuka QikcyeTbest MiJliICCKYHAOMIpOM, BIUTIOUCHHA
+ i BUKNIOYEHHA AKOro 3JiMCHIOIOTECA CHIHaJaMH (POTOENEKTPHYHHX JAAT-
YHKiB.

Busnauenna momenmy inepyit masmuuxa Marceéenna. Hexail ueHTp
Mac MasTHMKa MakcBemna B no4aTKOBHIT MOMEHT 4acy 3HaXOAWTHECS Ha
Bucori h y crani cnokoto (puc. 9.2). Moro mnorenujamsHa emepris
Ep= mgh , ne m — Maca MasTHUKa;

m=mg+m, +mg, ¢))]
ae my=10,019 x2 — Maca 0ci MasSTHHUKA;
my = 0,100 xz — Maca THCKa;
my —Maca HaKJIagHOTO KilblA, KT.
Tlicns mnoyaTky pyxy [OTeHIiansHa

€HEprif 3MEHLIYETHCA i IEPETBOPIOETHC B
KiHETUYHY €HEPri0 IOCTyNaANIBHOIO PyXy LeHT-
RO ERRN 2
’ N pa Mac masTHMKa Fj=-—— i KineTnuny
! /s N 2
L] 7 M 2 .
\ ~ - 1 . : I w
\ S eHepriio 06epToBOro pyxy [ =-M&L, ne v
o e ‘ o6 2 ‘
— [BUAKICTh UEHTpAa Mac, @ - KyToBa
WBUAKICTL 00epTaHHA MaATHHUKA, [y — MOMEHT
h F iHepuii MasTHUKa BITHOCHO OCi, [0 MPOXOAUTH
" yepes ueHtp mac. Ha sucori =0 E, =0, Toni,
® 3rigHO i3 3aKOHOM 30epexceHHA MeXaHiYyHOl
eHeprii,
Ep = Ek + Eo6,
abo
Dl 2 2
|V )
‘ mgh=——+-4— ¥
mg 2 2
OcCKiNbKY MOCTYNANBHU PyX LEHTPa Mac
Puc. 9.2. Imoctpauis at? 2h
A0 BUBEICHHA € piBHONPHCKOpeHUM, T0 h=—7; a=—,
pobouoi hopmynu 2 t

A€ ! — Yac pyxy, @ — IPHCKOPEHHA LIEHTpa Mac,

5%

. 2h
TOHi U =at =—, (Uo = 0).
!
BpaxoByrouu 3B’S30K MK U, @ Ta paliycoM o6epTaHHA BiIHOCHO
2v I .
MHTTEBOT OCi, OTPUMYEMO @ = Gk ne D — sopuilHifi niameTp oci Mast-

HHKA 3 HAMOTAHOWO HA Hei HUTKOIO MiABicku. BpaxoByioun Bupas ais U,

MaeMo @ = f—l}; . Toni ¢opmyna (2) 3anuieTses :

2mh  81,,h
mg=—+ zM 2" €)
t tD
3Bincu momenT inepuii MasTHHKa Makcsenna:
)
I, =imp| 8L 1. )

4 2h

HiameTp mucka pa3oM i3 HAMOTAHOKO HUTKOIO Ni/IBICKM BU3HAYa€EMO
3a hopMyNoK):
D=Dgy+2Dy, )

ae D, — niaMeTp BHYTPiWIHBOTO JHCKA MaATHHKA, D, — liaMeTp HUTKH.
MowmenT inepuii MasTeuka [,, MOXHA BU3HAYHTH, Gepyun 2o yBaru #oro

reoMeTpnuHy (hopmy:

I,’M=10+Iﬂ+1,(, 6)
ne I, — MOMEHT iHeplii oci MasATHMKA,
2 .
1, ="l ™

R,= 0,004 m — paniyc oci;

1

4 — MOMEHT iHepulii BHYTPIlIHBOrO JHCKA MAATHUKA:

_ 2
I,=2m,R,, 3)
R, =0,021 M - cepeaHil paniyc nmcka;
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I, — MoMeHT iHepuil OCHOBHOrO KiIbIA MasATHHKA:
I, =m (RE +b°/4), ©)
R, = 0,048 M — cepeniii pagiyc Kinbus;
b — mapuHa Kinbus, M
Xix po6orn

1. Iligrorysaru npuaaj Ao poSotu. 3HATH KiJbLE 3 MasTHHUKA.

2. Hwxuift kpoHluTelH npunagy 3agikcyBaTH y KpalHBOMY HIEX-
HbOMY TIOJIOXKEHHI LIKATK Tak, wob miomuHa KpoHuTeiiHa, 306pakeHa
CHHIM KOJILOPOM, 30iranacs 3 oJIHI€I0 3 MITOK LIKATH.

3. HlpoBecTH peryntoBaHHA NONOXKEHHA OCHOBH 32 AOMOMOTOIO OTIOP
peryOBaHHs TaK, 06 BuCK Ha 6ipingpHomy miaBici 3HAXO/IMBCS B LEHTPi
BikHa doTOHATUMKA.

4. BcraHoBuTH HeoOXimHy domxuHy OidinspHoro migeicy Takum
YUHOM, 1106 HKKHIH Kpait 3pi3y 3MiHHOTO KiNblsl MasATHUKA 3HAXOAMBCA HA
4-5 MM HIKuYe ONTHYHOT OCi hoTOAATIHKA.

5. Haruchytu xnonky “CETB”; npu LbOMy MOBUHHO BKIIOYUTHCA
tabno iaukauii. HatucHytu kdomky “CTOIT”, npu upomy HOBHHHI
BKITIOMMTHCA €1€KTPOMArHiTH.

6. OGepTalouu MasTHHUK 32 FOAMHHUKOBOI CTPINKOIO, PiBHOMIPHO,
BUTOK JIO BUTKa, HAMOTATH HUTKY Ha Bich MasATHHKa i 3adikcyBaTH Horo y
BEPXHbOMY TTOJIOKEHHI 33 IONIOMOTOIO E€NEKTPOMArHiTa.

7. Ilpn Haruckandi kHonka “ITYCK” Ha Gnolli MaATHHK NMOBHHEH
noYarH po3Kpy4yBaTHCh, IPY LILOMY TaHMEP Ma€ NPOBECTH BiIULiK Jacy.

8. 3a gonomorolo Bi3upa Mo MKali BEpTUKANLHOI CTIKH BU3HAYUTH
XiJ MasTHUKA A.

9. Harucuyru knonky “CTOIT”. TlpuBecTH MasTHMK y BHXigHE
TIONIOXKEHHSL.

10. Hatucnytu kHonky “ITYCK” Ha 6noui. Ilpn nsoMy aBTOMa-
THYHO OGHYISETHCA TGO i TIOYMHAETECA HOBMH BiAUTIK yacy.

11. 3anucatu B Tabnuio nokasd taifimepa, To6TO 4ac xoxy MaxT-
HUKa ¢,
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Kinvye Ne L4 | Al an | Ls ALy, Mo g,
cl c M M kew’ | ke m® | ke Ml %
1
2.
1. 3.
28]
3
1.
2.
2. 3.
X
1.
2.
3. 3
cry
LY 4

12. Ha ponMk MasTHMKA 3aKpillUTH JOBUILHO BuOpaHe Kinbne, 3a-
THCHYTH HOro 10 YIUpaHH.

13. Buxosaru onepalii nyakTis 4 — 12, BpaxyBaBIlu Macy KiJlbLis.

14. 3HaiiTn TeopeTUYHE 3HAYEHHA MOMEHTY iHepuil kifbua 3a dop-
MyJioi0 (6). TTopiBHATH eKCHIEPUMEHTANBHE | TeOpeTHYHe 3Ha4eHHA. 3po-
OHTH BHCHOBKH.

Kontpoansi nuranun

Teopema npo pyx LUeHTpa Mac TBEpAOro Tina.

Juuamika TBepaoro Tuta. MOMeHT iHepiii. .

PigHsiHHS 06epTOBOrO pyXy TBEpPAOrO Tifa.

Enepria o6eprosoro pyxy TBepaoro tina. [Tossa MexaHiuHa eHep-

ris TBEpAOTro Tija.

5. 3akon 30epexeHHs MEXaHIYHOI €HEprii Ha npuKknaai MasTHHKA
Makcgperna.

6. ExcrnepuMeHTa1bHa yCTAHOBKA Ta METOAMKA BHMipIOBaHHA MOMEH-

Ty iHepnii.

bl ol A e
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- Buseneuns poboyoi opmyim. JlaGopaTtopHa poGora Ne 10
Jlitepatypa : ' . 'BusHaueHHS MOMeHTY iHepuii ripockona
- 3aranbHa ¢isuxa: JlabopaTopHuii MPakTUKyM : HaB4. nociOHHK / 3a Meta poﬁonl. JOCTIAHMM LILISXOM BH3HAYUTH MOMEHT iHepuii
3ar. pea. I. T. FopBauyka. ~ K. : Bumia mxona, 1992. — 509 c. ripockorra.
- Kanerkos C. I. Tlpaktnkym no ¢usuke. Mexanuka / Ipuaagu Ta MaTepiajn: eKCHepHUMEHTalIbHA YCTaHOBKA, CEKyHIO-
C.T. Kanenkos, I'. H. Conomaxa. — M. : Beicul. mkosa, 1990. Mip.
. Qywenko B. I1. ®isuunnii npaktuxym / B. I. dywenko [1a in.]. —
K. : Papsanceka uIkosa, 1980.-Y. 1. KopoTki TeopeTruni BizomocTi
IpakTukym no obueit ¢pusuke / noa pen. B. ®. Hozapesa. — M. : ‘
Ilpocsewiennue, 1971. 3 [ipocKOnOM Ha3HBAETHCA CHMETPUIHE TBEPJAE TiNO, Ake 06€pTAETHCA
-Cagenbes H. B. Kypc obwmeit pusuxu. Mexanuka. Monekynspnas 3 BEJIMKOK WBHIKICTIO
¢usuka/ U. B. Casensen. — M. : Hayka, 1987. a HaBKOJIO OCi CHMeETpil,

Xaiikig C. C. ®i3u4Hi OCHOBH MEXaHiku / C. C. Xaiikin. — K. :
PanaHceka mkona, 1966.

IO € OMHIEIO 3 BiILHUX

oceil. I'ipockon Mae Tpu

CTyNeHi BINLHOCTI, fK-

mo BiH 3akpinneHui

TaK, 0 MOXe 3RiHCHU-

TH OyJb-AKMil MOBOPOT

HaBKOJIO HepyxoMoi

ToukH. g Touka Hazm-

~ BAETLCA LIEHTPOM INiABI-

c cy. SIkmo ueHTp Macu

ripockornia i UeHTp Mij-

Bicy 36irarotbes, TO pe-

3yNbTYIOUMH  MOMEHT

Puc.10.1 CMJl TSKIHHA BeiX vac-

d THH Tipockomna BiAHOC-

HO I1leHTpa HinBicy ao-

piBHIOE Hynt0. OCKiJIBKU TEPTA B MiCLAX 3aKpiNneHns oci ripockora Marne,

TO MOKHA BB@XaTH MOMEHT CHJI TepPTA TaKHM, IO JOpiBHIOE HyJo. Kpim
TOrO, NPUIYCTUMO, LIO Ha MPOCKON HE AiI0Th HifKi iHWi CHUIH.

TakuM uMHOM, CyMapHMH MOMEHT 30BHIIUHIX CHJ, WO Ai€ Ha ri-
pockor, zopiBHIOBaTHMe Hymo. Takuil ripockon Ha3HBalOTh BiILHEM.
[Tpuxnasom BiIbHOrO ripockolia, IO Ma€ TPH CTYNEHi BiMbHOCTI, MOXe
OyTH ripocKON Ha kapJaHoBoMy miaBici (puc. 10.1).
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Hexali Bice bb' ripockona 3 BEepTUKAIKO CTAHOBUTH OCTPHUiH KYT
(puc. 10.2). o oci bb' ripockona NpHKIageMO BEPTHKAIBHY 30BHIIIHIO
cuny P. Moment M uiei cunn Hanpamiennit B3gox oci cc'. Ilin miero
uiel CHNK 32 meskuMit uac df MoMeHT iMmynscy L ripockona micTaHe mpu-
pict dL , o6To0

dL=Mdt. (1)

3MiHy BekTOpa
L ripockona mix niero
30BHILIHIX CHJI HA3UBa-
10T mpenecielo. Lleit
PyX XapakTepH3yeTbCs
KYTOBOIO  LIBHIKICTIO
Q) npeuecii. 3a qac dt

MpoeKLis BexTopa L Ha
TOPU3OHTANEHY HOUIK-
HY N noBepHETBCE Ha

KyT d¢. 3 TPUKYTHHKIB

0ooDiDoTC
a do = .
Lsina
Bpaxysaruu (1), MaeMo
M dt
= , 2
Lsina @
Jie & — KyT, YTBOPEHHil BEKTOpOM Ls BEPTHKAILIIO.
[epenuiuemMo piBRAHHA (2) Aewlo B innniii ¢opmi, a came:
M=Li(esina. (2a)
dt

do

Y ubOMY PiBHAHHI ITOXifHA 7— — KyToBa WIBHAKICTE 0bepTaHHA BEKTOpa
t

L, a orxe, # oci ripockoma HaBkoJo BepTukati. Lle kyroBa mBHAKiCTH
npeuecit Q. Takum yuHom, )= 7(0 Toni M = LQsina, a 3Bigcu
(i
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M
M @)
Lsina _ )
Jkmo  BracHa  Bick  ofepraHHs  ripockona  po3TallOBaHa
FOPU3OHTANBHO, TO PiBHsHHS (3) ACIIO CMPOCTHTLCA W MATHME BHIIAA
M - .
Q=—.
L

HaseseHi MipkyBanis CripaBeiuBi M1 3a ymoBy 2 << W, ne -
KyTOBa LIBHAKICTE BNACHOro obepTanHs ripockona. 3rigHo 3 HabNHIKEHOIO
TEOPi€l0 ripOCcKONa NOBHUH MOMEHT iMIYNbey PiRHUIA

Q

L~lw. @
3 ypaxysanusm (4) macmo: '
a-M1 - ®
lw

Moment cunn P moxcha 3naiiti 32 Takoo GopMynoo:

M=P-I ©6)
ne | — mneue cwin. SAxwo Bick bb' ripockona ropuzoutanbna, 1o /
NOPIBHIOE BIACTAHI Bif TOUMKH HPHKIAJANNA cuiau 10 oci obepranns ad'.
[Tincrapusiun (6) y (5), nicraHemo

D
Q= _]_.I_ ) @)
lo
3BIAKH
Pl
= e, 8
Qw ©

'

Ockinbkn Q=-"-, a P=mg, 10 orpHMaeMo kinuesy (opmyiy Juis
t
BU3HAYEHHS MOMEHTY iHepllil ripockona;

P
Onuc naboparopnoi ycTaHOBKH

Koncrpykuito naboparopuoi ycranogkn FRM-10 nionamo na puc. 10.3,
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Puc. 10.3

Ha ocHoBi I, sika OCHalIEHa HIXKKAMU 3 PeryJiboBalolo BUCOTOHO, WO
JIO3BOASAIOTH NPOBECTH BUPIBHIOBAHHI TIpHUIIay, 3aKpiliieHa xononka 2. Ha
Hilf 3HaxouThCA KpOHIITEHH 3, Ha koMY 3akpimennit poroesexTputinmii
jJatuuk 4 | 30BHIlUHA BTYNKa 3’€qHaHHA, 10 obcprae, 5. 3 eauyBay ao-
3BOJISE TpOCKONy obOepraTHcs HABKONO BEPTHKANLHOI oci it 3abesmeuye
KUBJICHHS ENCKTPUMHAM CTPYMOM (poTOeNeKTpHuHMii naTyMk 6 i enek-
TpU4HUii JIBUTYH 7 4Yepe3 po3’cM. EnekTpHuHuil JBUTYH 3MOHTOBaHHH Ha
kpouuwTeini 8. Ha Bany ABuryHa 3axpiruleHuit BaHTak 9, 3axvileduit
ekpaHoM /0. Baxinb /1, 3akpinnesnii Ha KOpryci JIBUIYHA, Mae HaAHECEHY
MeTpuuHy wkany. Ha Baxkeni sakpinnenuit Bantax /2. [lepemimatoun
BaHTaX 1O BOKENIO i 3MIHIOIOYH MONOXEHHA LEHTPa MAc CUCTEMHU, MOXKHa
BPiBHOBaOYXHTH ripocxon KyT noBopoty ripockona HaBkono BepTuKaanoT
oCi MOXHa BHMIp!OBaTM Ha nuexy 13 Hauecena KyTOBa lIKana i € no-
Kaxcyuk /4. Ha xoni aucka uepe3 KOXHUX 5° TPOCBEPANICHO OTBOPH, AKi
niApaxoByoThes GOTOSNEKTPHUYHUM AATUHKOM 4, i indopmallis npo xyT
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MOBOPOTY ripockona repeaacTses B 610K ynpannmua BuMIploBaHb FPM-
10 15. Banrtax 9 mMae Ha 30BHIlIHLOMY KON Haciuk#, SKi NiAPaXOBYIOTLCA
toroenexTpuuHuM AaTynKoM 6, i indopmanis npo wBKAKICTs oGepTans
CICKTPUUHOrO [BUIYHA NepenacTsest B 6NoK ynpasiings,

IMepagok BUKOH2HHSA PoboTH

1. BcraHoBHTH Bich ripockona B- FOpU3OHTaILHE TIOAMKEHHs
BpiBHOBKHTH Tripockon. Bi/3HAYHTH nojoxeHHs *rurapun Ha oci. [lepe-
CYHYTH TATapeub i BUMIPATH niede CRITH.

2. INpuBectu B pyx ripockon BsiMkHenHAM Bumukaya “ITYCK” i no-
gyekaTH 35 XB, NPOTArOM AKUX BNAcCHa IUBHAKICTb obepranHs ripockomna
ctabijizyerbea.

3. Bukonat# BHMIpIOBaHHA Yacy, MPOTATOM AKOTO MipOCKON NOBEP-
HeTbcs Ha 30° BusHaumtu KyTOBY WBHJKICTE fpeuecii 3a dopmyoio

Q= ip— Bumipati MoMenT inepuii ripockona.
t

4. Bu3nauuTH MOMEHT iHepuii ripockona iue Ang 2 NONONKEHH
Tairapis. OTpuMani lai 3aHecTH B Tabimio.

,N'g. ILm | AlLm ¢, Ag. e | ALe | 1 kem? Al,2 5%
aocniny pax | pan KM

cep. 3Hau.

2.

cep. 3Hay.

cep. 3Hau.
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KoHTpoaLHi 3anuTanns

1o Ha3uBaeThes ripockonom?

Ha6nuxena reopis ripockona.

Copmymoiite 3aK0H 30EpeIKEHHA MOMEHTY iMIYINIBCY.
SiBHuie mpetecii ripockona.

JirepaTypa

. 3aranbHa dizuka : JJaBopaTopHHil NPaKkTHKYM : HaBY. NocibHuK / 3a

sar. pen. I. T. lopbauyka. — K. : Buma mxona, 1992. — 509 c.
Kaneuxkos C. [I. [Ilpaktukym no ¢u3nke. MexaHuka /
C. . Kanenkos, I'. . Conomaxa. — M. : Beicin. wikona, 1990,
Hymeuxo B. I1. ®iznunuit npakrukym. / B. 1. Qywenko [ra in.].
- K. : Papsuceka mikona, 1980. - 4. 1.

Tpaktukym no obieit ¢pusuke / nox pexn. B. @. Hosapesa. — M. :
[Mpoceewuenue, 1977. ‘
Casenbes K. B. Kypc obweii ¢pu3nku. Mexanuxka. Monexynapuan
¢uzuka / U. B, Casenves. ~ M. : Hayka, 1987.

Xaiikin C. C. @izuuni ocHosu mexauiku / C. C. Xaiikin. — K.
Paggucexa wkona, 1966,
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JlaGopaTopua po6ota Ne 11

BusHadeHHs WBHAKOCTI 3BYKY B HOBITpPi MET010M I0OAABAHHS B3acMHO
HePHeHHKYAAPHAEX KOJIMBAHD

Meta poGorm: o3HAWOMHTHCS 3 OJHUM i3 cnocoﬁm BU3HA4YEHHSA
LIBHAKOCTI 3BYKY B IOBITpi. '

Hpunagu ra marepiann: 3BYKOBHMid reuepamp i3 Teneponom,
BAMIpIOBanbHa niHiiika, ocuymorpd(p mikpodion.

Koporki Teopernani sizomocri

LlBuakicTs 3BYKY B MOBITPi MOXNHA BH3HAUUTH 3i CHIiBBILHOMEHH
0= v b
e U — WBHIKICTL 3BYKY, A — JIOBKHMHA 3BYKOBOT XBWIIi B NOBiTpi, v —
4acTOTa 3BYKOBHX KOJIMBAHD.

Ha miapisky z (puc. 11.1) pisuputo  das konuBanbe A@ MoxHa
NpeJCTaBUTH CIIBBIIHOIICHNAM;

Agf)=2ﬂ'—z—; 2‘:2/[..“:,2:.-‘
ne Ap =2x
A
7 =A@ ——
‘p21r

TakHM HHHOM, JOWKHITY XBHIII MOXKHA BUMIPSTH 34 BIACTAHHIO MiX

AWAWAWARS

Puc. 11.1

}'\

A 5

69



ABOMa TOYKaMU XBUJ Ta 32 pisHULE (a3 Mk HUMY.

Pisuumio ¢a3 konuBaHL y JBOX TOYKax 3BYKOBOI XBWJI MOXHA
BU3HAYUTH, KOPUCTYIOUHCh METOJIOM AORABaHHA ABOX B3a€MHO IepreHu-
Kynapaux konuBanb. [lpy nojaBavHi TakuX KOJMBAaHB 3 OAHAKOBHMY
aMIUTITYIaMy i IEpiofaMyi BAINA TPAEKTOPiH Pe3yNbTYIOHOr0 KOJIUBAHHA
3aJIeKUTh BiJt pisHHL (a3 HuX KonuBaHb.

SIKIO eNeKTPHYHi KONMMBAHHA BiJl BUXOJY IeHepatropa nojaTd Ha
FOPU3OHTANBHO BiAxuistoui mactuau ocuunorpada (“Bxin X7), a sia
MikpoioHa, 10 3HAXOAMTBCA Ha INeBHiil BiacTani Bif Tryd4HOMOBIA
(mig’eqHaHOro JO THMX CAMMX BHUBOJIB IeHEpaTopa), — HA BEPTUKANLHO
Bigxuasroui mnactudu (“Bxin Y”), TO eneKkTpoOHHMHA MpoMiHb Ha ekpaxi
ocumsorpada pyxarMMeThcs Y JBOX B3AEMHO  NEPHCHAMKYMAPHUX
HalpaMKax, ONKCYIOUH MPH ULOMY pisHOMaHiTHI Qirypu, Hassaui dirypa-
mu Jliccaxy.

Hexaif 4vyacTuHka 34ifiCHIOE ABa B3aCMHO  NEpIEHAMKYJAPHI
KOMMBAHHA 3 OJHAKOBHMHM uacToTamu. Y Hanpsamky oci Ox piBHsHIA
KOJIMBaHb Mae BUIJIAL

x=Asinwt, I
a B HanpsaMKy oci Oy —

y =4, cos(wt +¢,), : (2).
ae Ay, Ay — aMIUIITYAu KONMBaHb, @ — 4acToTa, @ -— 3CyB a3 uux
KOJIMBaHb.

3 piBHsiuug (1)
— =gsinwt. 3)
1
Toai

coswit = 4)
3anuiiemMo piBHRHHS (2) y BUTIISII: .

f— = cos(a)t + @, ) =COS@ t-cosPy —Ssinwt-sing, . (5)
2

IMigcrasusian Gopmyn (3) i (4) B pisHsnus (5); 0TpUMaEMO
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1 x? X sing
——COS Py — —— o
A A

x . . “ .
[Mepenecemo | — i sing, | B Nigy uactuny piBHsaHHEA H migsecemo
1 . L . .
00MABI YaCTHHY PIBHAHHS 10 KBajpara:
2 2 ' 2

y X . x° x

5 +2 24 sing, +—7.s'm2 0o = cos? @ ~-~2~cos2 ®o

4, A4, A 4

abo
2 2
X Xy . .
—5 + 2—y~sm(o0 + !7 =cos’ ;.
AI AIAZ AZ
Y Bunaaky, axuio @y =0, 7, 27,... (MoMaTKOBI (azH OJHAKOBI), TO
P
o=l
4 4,
OTPUMYEMO PIBHAHHA cilIca, NPHBEACHOIO A0 KOOPAKHATHHX oceit. Skuto
A= Ay, TO enine nepeTBoplocTLCA B KoNo. Y pewrti BUnazikis pisHuni ¢gas
JIal0Th pIBHAHHSA €NiNciB, WO e NpUBEACHI S0 BUOpanux oceil.
T 3
ko ¢, =—, = ..., TO
2 2

y=1% ﬁ'—x .
A

Y Haiomy BHNAJKY BUIISA/L TPACKTOPIl sainexarume BiA pisHuui ¢a3
ENEKTPHUHKX KOJHBAHL, 110 NMOAAIOTLCA Bijf Mikpodona 1 BiJ 3BYKOBOIO
reseparopa. Pisnuus ¢as, y cBoio uepry, 3anexuth Bij BigcTani / Mk
AMHAMIKOM i MiKpOOHOM. SIKLIO 1UO BUICTaHb 3MIHIOBATH, NEPECYBAIOYH
MikpooH, To opma Tpackropii Gyac mimosatrcs (nosepratucs). Mpu
36inbluCHHI BiACTAHI MK AMHAMIKOM 1 MiKPOOIIOM 112 AOBKUHY 3BYKOBOT
XBMJI pisnuilg (pa3 KONMBaHD, O NOAAIOTLCA Ha ochunorpady, 30inbuyeTh-
¢t Ha 2m. TakuM YMHOM, TPECKTOPIA NPH LULOMY 3poliiTL OJUH NOBHMI
obepr. MiniManbie 3Ha4eHHs BiacTani [, MDK ABOMa NOJOKEHHAMH
MikpodoHa, TpH AKOMY Ha €kpaHi ocuusiorpaga TpacKToOpis 3poduTh
NoBHUH 06epT, € JOBAHHOIO 3BYKOBOT XBUJIi Y BAKYyMi.
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Hopsjxox BUKOHAHHS PO0OTH

1. Cknact# eKkCriepUMEHTANIbHY YCTaHOBKY, MiAKTIO4UBLIK féHepa—
TOp, ocMIOrpad, aKyCTUUHY I'OJIOBKY Ta MiIKPOQOH.

2. Busmauury, siki HeoOXiZHO BUKOHATH MpAMi BUMIPIOBAHHA s
BH3HAYEHHS LBUAKOCTI 3BYKY B MOBiTpi npH 3ajmaxiii remneparypi. Ckia-
cTd TabMULO.

3. BBiMKHYTH 3BYKOBHI reHepaTop i BCTaHOBUTH BifNoBiaHYy 4a-
CTOTY. )

4. [epecysatouut MikpodoH BiJ AMHAMIKa, & NOTIM y HaNpAMKY A0
JUHaMiKa, BU3HAYUTH CEPeIHIO JOBXHHY 3BYKOBOI XBUJIi, JOBHBAIOUHCE HA
ekpaHi ocuunorpada oaxakosux ¢iryp Jliccaxy y ABox nOCHiXOBHUX [O-
noXeHHs X, BUMiploBaHHA BUKOHATH [0 TPH pa3u Ans 4acror 1500, 1700 i
2000 I'u. PesyasTaTy BUMIpIOBaHb 3aniMcaTy B TaOIHLO.

5. Bukonatn o6poOky pe3ynbrariB BuMiploBadss. [TopisHaTu oTpu-
MaHe 3HAYeHHS LBHAKOCTI MOIUMPEHHA 3BYKY 3 TaOIHUHMM 3HAUYCHHIM
HpH TEMIEpaTypi BUMIPIOBaHHS,

Neno/m | v, Tl Av, 't LM Al,m v, M/c Av, m/c %
(+]

N

cep.

cep.
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KonrposibHi 3anmranus

. Jxepena 3ByKy. AKYCTHMHI KOJIMBAHHS.
. JlonaBaHHs KONMBAHE OLHOFO HANPAMKY METOAOM BEKTOPHHX jlia-

rpam.

PiBHAHHA pyXy 4acTHHKH, sika 3MiHCHIOC KONMBaHHS Y ABOX B3a-
€MHO NepHeHIMKY I pHiX HanpaMkax. Oirypu Jliccaxy.
Merojuka BU3HAMCHHS WBHAKOCTI [OWUHPEHHSA 3BYKY B [OBITpI
METOI0M J10/JaBaHHS B3AEMHO TICPICHIHKYIAPHUX KONUBAH b

Jireparypa

Maiicosa H. H. Ilpaktukym 1o xypcy obweit ¢usnkn /
H. H. Maiicosa. ~ K. : Buiia mikona, 1970.

. Aywenko B. T1 ®isuyunii npaxvukym. / B. [L Jlywenko

[rain.]. - K. : Panaaceka wkona, 1980. Y. 1.
Casesbes M. B. Kype obieit ¢usuku. Mexaunka. Mosekynsipuas
¢usuka / Y. B. Casenbes. — M. : Hayka, 1987.
Apxanrenscknit M. M. Kypc Qusnkn. Mexanunka / M. M. Apxati-
reasckinit. — M. : Ilpocsewuenme, 1975. - 424 c.
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JIaGopaTopHa poGora Ne 12

Brsnavennst miBHAKOCTI 3BYKY B NOBITpi
MeToloM inTepdepeHuii XBHIL

Meta poGoru: o3pafOMHTHCI 3 OAHMM i3 CrocobiB OTpUMaHHs
CTOSIYMX 3BYKOBMX XBM/Ib T2 BH3HAMWTH LIBWJKICTh 3BYKY B NOBITpi npu'
crajliii Temnepartypi inTepdepeHUiiHUM METOAOM. .

Ilpanaan Ta Ma'repla.rm. MeTaniyna Tpyba 3 PYXOMHM nOpLIHeM,
3BYKOBHi reneparop i3 Tened)oHOM, BUMIpIOBankHa JiiHiiika, ocuunorpad,
MikpooH.

KopoTki Teoperuuni Bigomocri

Mero BH3HAYeHHA IWBHAKOCTI 3BYKY 0GajyeTnca Ha BJIaCTHBOCTAX
3BYKOBOI cTOA4Ol XBuIi. CTof4i XBWUI € YACTHHHUM BUNAAKOM iHTepde-
penuil xBunb. CTOsiui XBUAI XapakTepUIYIOThCA TOUKAMH, KOJIUBAHNA B
AKMX BigcyTHi (lle Touku B Ha puc. 12.1, ski HAa3MBaIOTb By3Namu), i TOY-
Kamu, B SKHX aMIUTiTYa € MakcuManbHolo (ue touxu C Ha puc. 12.1, ski

YA C ¢
P LIII
N___, o %
: 4
. %
. %
| L i
‘\‘-‘L‘;' <, L'-’
< 7 Z
Puc. 12.1

Ha3UBaIOTh MydHoCTAMHU). KonmeaHHg y BCiX Toukax cTOS40l XBUJI, 10O
nexath MiX ABOMa CyCiHiMM Byanamu, Bi0yBacTbCs 3 PI3SHUMM aMIutiTy-
Jamu, ane oguakosumu (aszamu. Bixcranb Mix cycianimu Bysnamu a6o
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MYYHOCTAMH HA3UBAETHLCA NOBXNKHIOIO CTOSYOT XBIIN (Acr). JIOBXKHHA 3BYKO-
BoOT (6y40f) xBuni

A=2) (M)

B ekcrniepumenTajbHiii ycTaHOBUE, IO CKIAAACTLCA 31 3BYKOBOIO
reneparopa 3 TefieoHOM, TPYOKH i PyXOMOro HOPIIHA, a TaKoX Mikpodo-
Ha, Nil’€AHAHOTO A0 BXOLY ocumyiorpada, 3ByKOBI XBHAI NOUIMPIOIOTHCH
TUILKH B3AOBX TPYOKH.

3ByKoBi CcTOAYI XBUII YTBOPIOWOTHCA: 1) i3 npaMoi xsuii (cyninoHa
ninis Ha puc. 12.2), wo ipe Bia tenedony o nopuma i 2) sinéuroi Bin
MOpuIHA XBUMi, (pa3a AKOI 3MIHIOCTLCS HA NPOTHACNKHY, OCKIABKH BiaGH-
BaHHA BiAOYBaeTbHCA Bill CepeloBULIA 3 OLILIOIO IYCTHHOIO.

[enepatop T Nopwen,

Ocuunorpad Puc. 12.2

Y manomy BuUnajiky Hpu BinGupauii BinGynacs BTpara MOSJIOBHHU XBUI.
Ilpn pesunx yMosax y TpyOuli BHHMKAE akyCTHUMRH pesoianc ~ ABvile
Pi3KOro 3pocTanus aMILITY/IM BAMYLIEHUX KOJMBAHb Y KOMUBHIA cucTeMi
NpU HaOJMKEHHI 4acTOTH 30BHILHBOT CHIM, 110 BHKIMKAC BHMYIUEHI
KOJIMBAHHSA, JIO YaCTOTH BJIACHHX KONUBAlL JAHOT KOJMBROI cucTemu. Y
AAHOMY BUIAAKY MM MAEMO COPABY 3 ABHLIEM, KOJW KONMBAHNA TYCTHHH
CTOBIA NOBITPA B TPY6i KOCATaIOTH MAKCUMAJILHOT AMILTITY M.

Jis criocrepexerts akycTHHOIo pesoHancy (puc. 12.2) neobxinHo,
o0 cTOBN NOBITPA B TPYOi MiX MOPLIHCM i BIAKPHTHM KiHIEM pe3oHyBaB
Ha 3BYKOBI XBHJIi, IO 30YJDKYIOTLCSH JUKEPENOM 3BYKY — TenehoroM. Jina
1poro HeobXxigHo, E6 ROBKUHA [ CTOBNA NOBITPA 3AIOBONLHANA YMOBY:

A

=(2m -,
1= (2m-DZ @)
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aem=1,2,3,....

V poGori 3Haxonsrte Biacraws A/ MiX ABoMa  HaGmmKYAMM
MOJIKEHHAMH MOPIIHS — ABOMA CYCIAHIMHM BY31amu, 1O BiAMOBIXAIOTH
Ha#GiUTBII# ammmiTyai (ryusocti) 3Byky y Tpy6i. 3a gopmymnoio (1) o+
JKUHA CTOAY0I 3BYKOBOT XBU Ao = Al, @ inykaHa IOBXHMHA 3BYKOBOT XBHUJIi

A=2)  =2Al ©)

Sxuo NOCTYNMOBO MepecysaTH HopiuieHb Bif TenedoHy, To MOXHA
NO6UTHCS  pe3oHaHCy, TOGTO MAaKCUMAlILHOrO 3BYUYAHHA MOBITPAHOIO
croena Tpybku. ¥V tpy6ui Gyae dyrHe MOCHifOBHE NMiACMNEHHA i nociab-
JIEHHS 3BYKY, TOOTO YTBOPIOIOTbCS CTOsIdi XBHMJI, npuuomy 6ins nopuns
3ascu Oyzie Byson, a Gins siakpuroro iU, fe po3MilieHuil Mikpodou, —
My4HICTb. 3HAIOUM JOBXMHY 3BYKOBOI XBMII A | UaCTOTY Vv, siKa 3a0a€Thes
3BYKOBHM ['€HEParopoM, BU3HAYAIOTE (Pa30oBy MIBUIKICTDL NOWKMPEHHS 3BY-
K0BOT XBHI B MOBITPi 32 HOpMYJIOIO:

v=Av=2Alv. @)

ITopanok BUKOHAHHHA POOOTH

1. BiIOUMBLIM reHepatop Ta ocuuiorpad, AatoTh NpunaiaM nporpi-
THCA. BCTAHOBUTH 4acTOTY 3BYyKOBOro redepatopa 1000 M.

2. TloBinbHO i piBHOMIpHO pyXaioun nopueHsb BijL Tenedony, siasna-
YAIOTH KPeH0l0 Ha JIIHIHI NOCNiAOBHI MOAOKCHHA TIOPUIHS, 1110
XapaKTepu3yIOTECA PI3KUM MOCHICHHAM 3BYKY 1O BCili AoBkuui
Tpy6Km. luTeHCHBHICTS 3BYKY (iKCYIOTH IPU JONOMO31 OCLMIIOrpa-
da. ’

3. BuMipiotoTe BiacTani Al Mk OTPHMAHHMH TOYKAMM H 3aMTHCYIOTh
y Tabnuio AaHi.

4. Butepiwu Kpeiiyy, MpoBeCTH IUE YOTHPH aHANONiyHi BUMIPIO-

_ BaHHA, NOTIM 3HaHTH cepefe 3Ha41eHHA Al 1S 3a1aH0i YacTOTH.

5. 3a ¢opmynoo (3) 00YHCHIOIOTE HOBXHHY 3BYKOBOI XBMAI, & 3a
tdopmynoto (4) — azoBy LIBAAKICTb MOINPENHS 3BYKOBOT XBHMII.

6. BcTaHoBHTH MOCHIAOBHO YacToTH reuepatopa 1400 I'u, 1700 [u.
TTOBTOPUTH Ni. 25 JUIA KOXHOT YACTOTH.

7. BukoHatd oOGuHMCieHHs noXn6ok BuMipioBaHb (a30BOT 1LIBUAKOCTI
JUISL KOXKHOTO 3 JIOCJIAIB, BCTAHOBHUTH, SIK 3aleXuTh (a3oBa WBKUA-
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KIiCTb 3BYKOBHMX XBWJIb Bijl YacTOTH. 3a pesyjbratamu poGoTH 3po-
OUTH BHCHOBKH.

Tabauun

Ne i/t v, '

A
v AlLm | AAD), M| v, M Av, M/c

'

&,

%

cep.
3H.

I

S

K()Il’l'p().lll)lli JanmTannsn.

lTowmpenns kosmsans y npyxuoMy cepenosutii. [osnosxaui ta
nonepeuui XBuni. 38yKosa XBus.

PiBHAHHA 1UT0CKOT 6KYHOT rapMOHitHOT XBUAI.

HJomxuna xsuni Ta WwBHAKICTL T nomwmpenus. da3osa 1UBWAKICTD.
[HIBrAKICTE nOMMpENna 3BYKY Ta 1 3aneXKHICTh BIJI I'YCTHHH cepe-
JIOBULLA, TCMIIepatypu.

Inrepdepemtis Xpuiib, YMOBA MAKCHMYMIB Ta MilliMyMIB.

Crosua xsuis. Pisasung crosqol xsuti. JJomkuua ¢rosqoi xsui.
Meroanka BusHaueHNs IUBHAKOCTI NONIMPEHUS 3BYKY B NOBiTpi
NpH Nauniii vemieparypt METO0M PE30HaHCY.

Hpuniun nobynosu ra Aif yCTAHOBKH AN BUSHAUCHIS IUBHAKOCTI
MOUIKPCHHS 3BYKY B NOBITPI.

77



Jliteparypa

. Maiicosa H. H. IlpaktukyM 1o «kypcy obweit duzukn /
. H. H. Maiicosa. - K. : Bua 1xona, 1970.

. Hywenko B. I. ®isuynnii npaktukym / B. I1. dywenko fra in.]. —
K. : Papanceka mkona, 1980. - 4. 1.
. Xaiikin C. E. ®@i3nuni ocHosn mexanikd / C. E. Xaiikin. - K. :

PangHcnka wkona, 1996.
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JIaGopatopna po6ora Ne 13

BuBUeHHSA CTOAUHX XBIIb Y CYPYHI

Meta poGorn: 0O3HAHOMATHCA 3 TEOPICIO TOMEPEYHHX XBHIbL Y
CTpYHaX, €KCIIEPHMEHTANLHO BU3HAUHTH CMICKTP BAACHHX 4ACTOT CTPYHH i
3HATH 3aIEKHICTh YACTOTH BJIACHUX KOAHBAHL CTPYHHM BiJl CUMIK HATATY.

Ipunaau Ta MarTepiajn: MexaHiude NPUCTOCYBaHNA i3 3akpine-
HOM CTPYHOIO, AMHAMOMETP, TEHEPATOP IBYKOBUX CHIHANID.

Koporki Teopernuni sizomocri

["nyqxa opHopiama cTpyHa, HATATHYTA MiX ABOMA TOUKaMu i BH-
BEJICHA 3 MOJOXKEHHS PIBHOBAI'H, MOXE 3JIilICHIOBATH XONUBAHHSA PIi3llOro
BUIISLAY. SIKILO OAHOMY 3 KiBUIB HATATHYTOT CTPYHHM HAAATH KOJHMBajib-
Ui pyx y nopepeunomy Harpsmi (nanpuxiaan, sibparopom), To 110 crpyii
PO3MOBCIOMKYBATHMETBCS Obiyywa nonepeuda Xxsuig. Big inmworo sakpin-
JIEHOTO KiHus cTpyuH Bosia BislOMBaTUMETLCA, 1 i pyx Oyae cnpsamoBa-
HUit y nporiiiexxnomy Hanpsimi (puc. 13.1).

(A v

a———— D o

v

Puc. 13.1

Y pesynbTati naknananas ABox GiKyUHX XBUIL 0JHAKOBOT YacTOTH,
AKI TIOUIMPIOIOTHCS B TNMPOTHICKHI CTOPOHH, BUHUKAIOTH CTOSYI XBWIIL.
SIBUIA, 10 BHHHKAIOTEL TIPH HAKIAMAHHT XBUJIb OAHAKOBOT Y4ACTOTH, HOCHTD
cinbuy HasBy inrepdepentiii.

OrpuMacMo piBtstHs cTosUOT XBIII. PIBHSHHSA ABOX IIOCKHX XBRJIb
MOXKHA HAMMCATH TakuMM YMHOM. Jlngt XBWJH, M0 Hle B HanpsMi nosu-
THBHOT OCi x:
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. X
§](x,t):Asm27rv r——1. O
) 19
JTas BigOurol Bix KiHis cTpyBy XBuUH I 1O iijje B HANIPsIMi HEraTHBHOT oci X!
. X
£, (x,t)zAsm 271v(t+—], )
v

Jie V~ 4acToTa;

U — IBMKICT NOUIMPEHHS XBUTI Y CTPYHI.

y pesyanaTi HaKJIaganHs ,IIBOX XBHUIb orpnmaemo:
X ) X
—|—-Asin2avii+— |=

(=& +&, = Asin2ny
._ . \. v v

t_..
o (2mx 5 @
=~-24sin = cqs(27rvt),

e A=y /v — JOBKHHA XBUI.
MuoxHHK c0S(2 721Y) noKasye, 110 B CTPYHI BUHUKAE KONMBAHHA 3 TIEHO 2K
4acTOTOIO v, WO it KONHBaHHA 3yCTPiYHHUX XBHIIb,

(2mx '
Mruosauk 2 ASIn T) =& 4

HesanexHuit Bil yacy, BUpaxae aMIUIITYy pe3yJbTYIOHOro & KOJNUBaHHs
TOYOK mpocTtopy. KonHBaHHA, LI0 BUHMKIO, ONUCYEThCS PiBHAHHAM (3) i
HA3UBAETLCA CTOAYOK XBWICIO. Y MEBHUX TOUKAX aMILIiTY/1a CTOAYOT XBUITI
piBHa cyMi aMILTiTY 060X KONHBaHb; TaKi TOUKM HA3UBAIOTHLCH NYHHOCTAMH.
B iHImMX TOUKAX pe3ynbTYioua aMIUTiTyAa JOpiBHIOE HYJHO; Ui TOYKW HA3MBa-
I0THCS BY3/1aMH CTOSHOT XBHITI.

Bu3HAa4YMMO KOOpJAMHATH TOUYOK IMy4HOCTEH i By3miB. AMINITYAQ, fika
BH3HAYAETHCA PIBHICTIO (4), MAKCUMANBHA B TOUKAX, JUISL AKHX

, ( 2 7DC)
sin ——[ =1. %)
Y X TouKax &=24.-
ToMy nosoKeHHs Iy1HOCTei BU3HAYAEMO 3 YMOBH:
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27x ( 1)
—=Hn+=|x, (6)

nen=0,1,2..
Omxe, KOOPAWHATH HYHYHOCTCH JIOPIBHIOIOTS:
A
x=i(2n+l)z, )

nen=0172.
Y By31ax CTOA40i XBHJIi aMINITY/a PE3YJIbTYIOYOTO KOJIMBAHHA A0PIBHIOE HYNO,
3Bi/IKkH 32 hopmyo1o (4) OGUHCANMO YMOBY BUHUKHEHHA BY3)iB:

ol 7
sin )= 0 3
abo
2 +
Tx =tmm. )
Orxe, KOOPAMIIATYU BY3/1iB JOPIBHIOIOTD:
x=x%n Cl— (10)
R

nen=4012.. _

Crosua XBuias ¢ pe3ysibTaTOM HakjaJilaHHs JBOX ODKYYHX XBHIL
PiBHOI aMINITYAH, MO MOUIMPIOIOTLCA B NPOTHHEXKHI croponn. OOuasi
XBUni, o Obkare, AECYTh i3 CO0OI0 OXHAKORY CHEPHIIO B NPOTMACKHUX
Hanpsamax. ToMy pesyabTyioua crosiua XBWJIs, Ha BiUMIHY Bij XBHA, WO
OIXMCUTD, HE IEPEHOCHTD EHEPTIIO.

Has Toro, wob y cTpyHi MOTAH iCHYBATH CTORUI XBMAI, Ma KIHUAX
CTPYHH JIOBXHUHOIO [ NOBHHEN 3aBi/ M OyTH By30n 3¢yBY, 10010

A
l=~§n,

nen=401 2.
Y pelti BUNAJKIB HEY3rOJPKEHOO Bijuepkaneins Biadynerscs a0
racinHs xBuib. OCKifIbki JOBXUHA XBUI OB’ A3ana 31 WBMAKICTIO NOUIX-

PEHHS XBUI B3AOBX CTPYHH A, 4aCTOTOIO KOJHBAHL CTPYHH Vv CHiBBiAHO-
uieHusM v = v, To
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v, = " v 11
n 2 l b ( - )
pen=0,1,2..

Omxe, cTpyHa MOXE KOIMBATHCA HE 3 OIHICID YACTOTOK, a i3 LM
crnexTpoM HacTor. Lle Binnosizae Tomy dakty, 110 CTpyHa MOXE PO3rsgaTHUCs
AK CUCTEMA, [0 CKIAJAECTLCA 3 HECKiHYEHHOTO 4HCna MaTepianbHUX TOYOK.
ToMy B 3arabHOMY BHITAIKY CIEKTP CTOAYOI XBHI JMCKPETHHA.

Hocnipg nokasye, O LIBUAKICTE O PO3MOBCIOMCHHA XBWJI B3LOBK
CTPYHH BHM3HAYacThC BENMYMHOIO HATATHEHHA Fy i niHiltHOWO wineHicTIO p
Marepiany CTpyHH:

L= £u . 12)
Yo,
3(11)i(12) onepikyeMo ocTaTO4HHMIA BUPa3 151 YaCTOT KOJIWBAHb CTPYHHM:
—_— n |F,
/ M\ n=1 "2\ p " =

[{e wactoTa Tax 3BaHUX

BIIACHUX KOJIUBaHb CTPYHH, 3a-
,,,,, / H=2 nexna Bix rapamerTpiB  KoJu-

BaILHOT cucteMmu: £, p, F,.
Ilpu konupaHuax i3 Oyan-
] ,,,,, TSN ji=3 AKOIO BJIACHOK UaCTOTOIO v,
K =X CTpyHa B KOXCH MOMEHT Mac
nesHy ¢opmy (puc. 13.2).
YacrorTa, 1o Bignosigae n-

\ /\ LN / \ n=4 I, Ha3UBAETBLCA OCHOBHOIO, itrLui

> — Ha3HBAIOTHCS rapMoHiKamMu
v S OCHOBHOI wacToTH, abo obep-
ToHamMu. Crosiui XBuMI IWHPOKO
BUKOPHCTOBYIOTbCA B MY3HUHii

Puc. 13.2 P Y

' TEXHINi I OTPUMAHHA 3BYKO-
BUX XBHJIb Pi3HOT 4YaCTOTH.
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Onuc aabopartopnoi yeranoskh

Ycranoska s BUBYCHHA XBUIL Y CTPYHi (puc. 13.3) ckiagacrees
3i cTpynu, Bibparopa i enexTPUUHOIO reHepaTopa, a TAKOK MexaHizmy
Lig HaTardeHHa crpyHu. Cuna HaTary cTpydu kanibpyerbcs 3a jofo-
MOrOIO MHAMOMETpA, nporpajyHosanoro B HuoTOHax. Bibparop €
CHCTEMOIO, 1110 CKNAAAETHCA 3 MOCTIHHOrO Maruity, KOTyUIKH nigMarhi-
4yBaHHA Ta AKOPS, WO Kojausactbes. CTpyHa, 1O CKpiiuleHa OHKUM KiH-
ueM 3 sAkopem BiGpatopa, OACPKYE KONMBaHHS, fKI HOWHPIOWOTHES
B3IOBX CTPYHU H BiAOMBAIOTLCS BiJ iHIIOTO 1T 3akpifienoro kinua. Bi6-
paTop MUBHUTHCA BiJ reHepatopa 3MiHHOIO CTPYMY, HACTOTA SAKOIO MOME
JOBIILHO 3MIHIOBATHCS €KCITEPUMEHTATOPOM.

lenepatop
G-o
BuHariorerp buJ,oaLn/r
Crpyna °© Gl
Puc. 13.3

Tlopstok BHKOHAHHS POGOTH
Hocaio 1. JlocnimxeHus 3a1eKHOCTI LBIKOCTI PO3IOBCIOJOKEHHS

TMONEPEYHHX XBHIIb Y CTPYHI BIX CHIM 11 HATATHETHA L) ~ \[ F

1. Brumouits rerepatop i gaiite oMy nporpitvcs npotarom 3-S5 xs.

2. Tpu pocnipKeHH] eKCNEPUMEHTANBLHOT 3anexHocti v = )
obMexHmoch BunaakoM, konu n= 1. Tlpu 3midi cuian Harary crpyun F
Oyne 3MinoBaTUcs i wacToTa 30Y/DKCHHS CTOSUHN XBHIlb, ale 3aBKIH
MOCHA 3HABTH TaKy HacToTy 30Y/DKEHUX KOMMBaHb, 1000 y ¢r pym yKia-
Janacs ofHa MiBXsuis — ToH abo nepLua rapMonika.

3. [TocNiIoBHO BCTAHOBIOOYH RKa3aHi B TaGIIi CHIH HATATY CTPY-
HH, KOXCHOrO pasy nifbupaiite Taky uacrory BUMYINEHHX KOAHBaHb, 1100
CHIOCTEPIrAIOCA ABHIIE PE30HANCY JUIS FIEPOT rapMOHikH. Y 11bOMy BH-
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najKy amIuUliTy[ia KOJNMBaHb CTPYHU MOBHHHA OYyTU MAKCHMABHOIO, CaMi
KOJIMBAHHA CTikKi, a oBeiHKA CTPYHH — cloKiliHa, 6e3 OuTTs,

4, Ilocnijy NOBTOPUTH He MEHIlE TPHOX pa3iB, a JlaHi 3aHeCTH B Tab-
o 1. , ’

5. JIns KOXXHOro BUNANKY BU3HAUMTH CEPERHE 3HAUEHHS YacTOTH i 3a
LUMMH 3HAYCHHAMH —~ LHBHJKICTb NMOWMPEHHS XBWIb y CTpyHi 3a ¢op-
MYNoK: '

v=v-A=v-2l.

" 6. O6unciTh KBafpaTH IWBUAKOCTEM,

7. Tlo6yay¥re rpadix 3anexHocTi kBajpara IIBAAKOCTI IOLIMPEHHS
XBUJIi Bi/l CHJIM HATArHEHHA CTPYHY (Ha MifiMEeTpOBOMY narepi).

Tabauns 1

F, (H)

. 1.
vy 2
‘ 3

cep. 3H.
L (M/c)
v (/)

Hpumimka.  Jlosocuna  Oixcyyol xewii Onst  nepwioi  2apmoHiKu
00pIGHIOE NOOBOENTT D0BICUNE CINPYHU.

Hocio 2. BuuenHs 3aexHOCTi YaCTOTH KONUBAHNS CTPYHM Bij|
HOMEpPA FapMOHIKH.

1. TpoBecTn BKa3zaHe ROCHIKCHHSA JUIA JABOX 3HAa4€Hb CHIM HaTAT-
HEHHs cTpyHu B mexax Bif 0,5 H no 1 H. BcranosioBatu cufly HATATY
cTpynu Oinbire I H HebaxaHo, OCKUILKY COOCTEPIraTH CTOAYL XBUI Uist
BHLIMX FAPMOHIK BXKO.

2. Cnouatky, NAaBHO 30iMbIIYIOMH 4aCTOTY BUMYLICHMX KOTHBAHb,
OTpHMaiiTe cTof4l XBMJI JUIA BCix rapmouik Big 1 ao 6 sxmouro. Oauo-
YACHO NPOBERITH MOMEPEAHii 3aINC 4acToT AN KOXHOI rapMoHiku. Yepes
TaK 3BaHe ABUINE 3aTATYBAHHA MaKCHMAllbHA aMIUNITY/la KOJHBAHb MOXC
¢ixcysaTucs npu 4acToTi xemo BuLiK 3a pesoHaHcHy. JInA yHUKHeHHa
uporo edekTy migbip 4acTOT rapMOHIK Cillift BecTH, Habnwxkalovuch A0
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pesonancy 3 60Ky BHLHMX uacToT. TaKHM YHHOM, CIIOCTEPEXKCHHS IapMOHIK
CJIiZL BECTH KOMKHOTO pasy, NOYHHA0YH 3 6-1 i 3akinuyroun 1-10.

3. ToBropuTy BHUMIipIOBaHHs YACTOT KONMHMBaHbL CTPYHH HE MEHLUIE
TPHOX PasziB ANs KOXHOTO 3HAHCHHS CHIN HATATY CTPYHU.

Hpumimka. TTo6nusy pesonancy 3miny wacmomu ciid eecmu nogoni U
HAGGHO, GECL HAC YBANCHO CROCMEPIeIONU Md §IOINAUAIOUU 3POCMANNS
amnnimyOu i Hacmonty senepamopd,

4. OTpUMaBIIK PE3OHAHC, 3ANULITE YacToTy B Tabanio 2 i nepe-
XO/(bTe [0 BiJLIYKAHHS PE30HAHCHOI 4acTOTH NS FAPMOHIKH MEHLLOro
nopsaaky. Jaui 3anecith y Tabnuuio 2.

Ta6uunga 2

Ne n/n F, vy 173 Vi vy Vs Vs
) || dw |y | Ty | Ty | Ty
I
2.
3.
cep. 3H.
1.
2.
3.
cep. 3H.

6. Beranosith 38’830k MK OCHOBHOIO YACTOTOIO CTOAYOT XBHIIHL
4aCcTOTAMK FAPMOHIK, 3HalAITD 1l ClisBigHOMEHHSA. 3p06iTh BHCHOBOK FIPO
3ICKHICTS YACTOTH CTOSHOT XBUAI Bijl HOMEpa rapMoHiku.

Kourpoasui 3anuranus

1. Toscuitb, SK BUHUKAOTL CTOAMI XBuli y crpyni. Onepxaru pie-
HSHHA CTOAYOT XBUIL Y CTPYHI.

2. HNlo rake By3Jin i myHOCTI cToAu0l XBUR? Slka BiacTans Mix cy-
cigHiMK BY31aMM — NY4HOCTAMB? 3HAHAITL KOOPAHHATH BY3JiR i
NY4YHOCTEMN.

3. Bia skux papaMerpin 3anexarh BIACH] HACTOTH CTPYNH i3 3akpin-
aenumu kinmmu? lo take ocuosuuit tou crpyun — obeprodu?
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[1{o Ha3HBAETLCA KOBKHHOW XBH?

4. Slki xonNMBaHHS HA3MBAIOTLCA BUMYLUEHUMHKH? YoMy npu Jeskux

4acTOTaX 30BHILIHBOI Jii CIOCTEpiracTbCs pi3zke 36iIBLICHHA
aAMILTITY XM KOJIMBAHb CTPYHU?

. Sk y naniii poBoTi BM3HAYAETLCA WIBKIKICTh MOWIUPEHAS XBUH B
CTpPYHi? ‘

. HH 3aNIeKHTh WBHAKICTD MOLUMPEHHS XBUIII Y CTPYHI BiJ{ 4acToTH,
BiJl HOBXKHHM xBWNI? YOMY CneKTp CTOSYMX XBHMb AUCKPETHMIT?
Bi{ 400 3a5€XHTh YaCTOTa OCHOBHOIO TOHY, 06EPTOHIB?

JirepaTtypa

. Crpenxos C. [1. Mexanuka / C. I'l. Crpenkos. — M.: Hayka, 1975, —
559.c. ‘

. Capenben U. B. Kypc o6uteit pusnxu / M. B, Casenbes. — M. :
Hayka, 1982. - T. 1. -432c.

. Apxanrensckuit M. M. Kypc ¢usukn. Mexauuka / M. M. Apxan-
_renbekuid. — M. : [Ipocseuienue, 1965. - 438 ¢.
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JlaGoparopua po6ora Ne 14

BusHaueHHs! IBHAKOCTI NOWHPEHHS 3BYKY y TBepaomy Tini it Moxyss
HOnra

Mera poGorm: 03HAHOMUTHCS 3 ONHHM 30 c1OCOGIB OTpUMAaHHSA
CTOAUUX 3BYKOBUX XBWJIb TA BUZHAYUTH HIBHAKICTH 3BYKY i Moayns IOHra
LUIAXOM  BUMIDIOBAHHA PE3OHAHCHMX HacToT MO3JIOBXIIX 3BYKOBHX
KONMBaHbL Y CTEPXHSX, BHFOTOBAECHMX I3 Matepiani, wo cnabo
NOrJIHHAIOTE 3BYK (MeTanu).

Ipuaaan ra MaTepiaiM: YCTAHOBKA NS BRBUCHHN NOTHMUPCHHA
3ByKY Yy TBepiaoMmy Tini B®-02: crepxui (ctanb, amioMimii, narywde),
3BYKOBHH reneparop is rencgonom, ocumnorpad, Mikpogon.

Koporki reoperntui Bigomocri

[1p1 nowmpeHHi 3BYKY B i30TPOIIHHX TBCPAHX Tijlax cuocrepiba-
IOTHCS SIK TNO3JIOBXKHI, TAK | HONEPCURI XBHITI, TPUUOMY WUBHMAKICTD TX 1O~
WIMPCHIA 3a0CKHTHL Bifl NPYKHMX BIAACTHBOCTEH TiJ, KPith 4Ki NMPOXOANTH
XBHAA.

a JUist UsOTO PO3IIIRHEMO Acs-
KU CneMeHT, Akuif YMOBHO BHpi-
3aHHH Yy CyUINTBHOMY UpYXHOMY
cepefoBulll,  CKaXKiMO,  J0BrHii
npyxuuit crepxenn (puc. 14.1).
Hexail va kpaliniit nepepis crepx-
S MOAIAB KOPOTKOUACHUH IMUYIILC CHAH, TIEPITCHAUKYNIAPHUE nepepisy
(yAap MOROTKOM). HacTUHKH cepefoBuila, siki 3HAXOASTLCS B KpaiiiboMy
nepepisi, HabyBAOTL IIPUCKOPCHHA B HAUPAMI T CHAM | 3MILLLYIOTBCA.
Cycianiii map yHacnifiok idepuil suasiscrees ACPOpMOBALNM | B HLOMY
BUHUMKAIOTH NPYXHI CHIH, SIKi nparuyTh Bijinosit nepsutiuuii 06’em. in
JIEI0 TPYXHUX CHJL, 1LO RANPAMACH] (IPOTH IIBHAKOCTI YACTHHOK MEPIIOTO
VIApY, Ui MACTHHKN 3YIHHMOTHLES, NPOTE HAdYBAIOTH WIBWJAKOCTI MACTHHKN
apyroro wapy. Lle npusoanTs jto 3uikHenns aedopmauii 8 A\pyromy wapi
i po muuuxHenHs i B rperbomy. 3cyB udacTuHOK i sicopmauin
nepeaaloTHCA Rami Bin wapy 1o mapy.

3
¥

ﬁ
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3HaiiieMo WBUAKICTh MOWHUpEHHs iMnyabcy. [lpurnyctumo, wo y
MOMEHT ! IMITYIEC CTUCKY JOCATHYE Tiepepisy 2. ¥ 1e#l MOMeHT Ha repepis
62 paie cuna F, gxa popiBHIOC cuni, 3 AKk0i0 OyB HaHeceHWi yaap 1o re-
pepisy ab (AKLIO CHJIM BHYTPIIUHBOIO TEPTA € MMM i HUMH MOXHA
3HexTyBaTH). [1ig aicio cuiu F 4acTHHKY, AKi JIeXKATh Nepel| nepepizoM 62
Oynu . crucHyTi. Hexa#i Benmuuma BifHOCHOTO CTHCKY JOpIBHIOE €.
Ockinepky  cTepxeHb OAHOPIAHMHA, TO 3MiHY IYCTHHM MOXHA BBOKATH
nppnopuiﬁﬂom ctucky Ap=gp, ae p-— rycruHa HejaedopMoBaHoro
CTEPIKHS,

 CTHCK Ta YUIibHEHHS, OYEBHIHO, NMOLMPIOIOTECS i3 3araibHOIO
IUBMAKICTIO, AKY INO3Ha4uMo c¢. 3a vac Ar d4epe3 nepepis 62 Oyae
nepemiuieHa Maca:
=SAxAp, e Ax=cAt.
Bianosiano, MOMeHT iMIYIbCY:
Amc=ScAtApc=SApct At . (1)
Lleit MOMEHT IMNYNBCY [OPIBHIOE iMITYJILCY CHIIH, SIKA Jli€ Ha Tiepepis:
FAt=ApSAt. 2)
TpupisHsABLIHN npam yacturu pisHocri (1) i (2), oTpumaemo:
Apct =Ap
abo
24 3)
_ Ap

BiaMiTuMo, 10 MM He HaKMafanM HisKMX OOMEXKEHL Ha Xapakrep
CepeIOBHLIA, 3 AKOro Bnpi3anuﬁ cTepieHD (KpiM TOro, L0 BOHO TPYKHC |
cyuinsHe). Takum 4uHOM, criiBBifHOMIeHHs (3) CipaBe/IMBe s TBEPAMX,
piAKuX i rasonomﬁﬂux Cepe/loBMILL.

[

Ockinbka Ap=— i Ap=¢gp, 10

1
c= |—. €
ap
Slxuto iMNyaec NOWMPEHHS B i301bOBAHOMY CHEMEHTI CEpefoBHLIA,
NOB3A0BXKHI po3Mipy skoro Habararo Giuibwi BiJ MONEpPeUHUX (CTEPKEHD,

npoBiA i T. A.), To KoedilieHT NPYKHOCTI o NOB’A3aHuit i3 Mopynem [Oura
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. . | I . .
BiIOMHM CHIBBiAHOUICHHAM — = [, Bl[,ll'lOBl).lHO, HIBUAKICTS NMOLIKRPEHHS
a .

NOB3ROBXHIX XBUIb Y CTEepKHi:

&)

ae ¢ - LIBHUAKICTH NOIIMPEHHA NOB3AOBXHBLOI 3BYKOBOT XBWi, E — Moayns
KOnra marepiany, 3 axoro 3pobiieRui crepicenb, i p — ioro rycTuna.

Jlns 30yoKen s NO3J0BXKHIX KOANUBAHL Y CTEPXHi JOCTATHRO AKHM-
HeOyab UMHOM BUKJIHKATM B OJAHOMY 3 iforo KiHUIB nonepeMiHHe
CTHCKAHHS i PO3TATYBAHHA B Hanpami JOBXHHH. 3aBIAKH AYXE MANOMY
3racaHHIo NpPyxHol xBuai B CTepxkHi i Tl NOBHOMY BiAOMBaHHIO HA MCXI
PO3IINY CTCPXKCHb — [OBITPS NPHU NEBIUX YACTOTAX KOJNHUBAHL BCTAHOB-
JOIOTHCS CTOSM XBuItl. SIKINO CTepIKeHDb IaKpineHMit ocepe/mni, T0 UpH
TakoMy 30yJUKEHHI BY30J1 CTOAUOT XBUJIi 3HAXOUNTECH B MICHL 3aKpilLIeH N,
a NYYHOCTI — Ha KIHUAX CTepKHs. Y NsOMYy BHUAJAKY HA CTEpPXCHI BKJa-
JAETLCA HEeMapHe YMCNO A2, OCKiNbKY BIACTaHL MIX ByMIaMu AOPIBHIOE
MONOBUHI JIOBKWHNA XBUII. L110 YMOBY MO)KHA 3anKcaTH Tak:

L=(2n+|)—»/2-1—, (6)

Jie L — nosxuHa CTepxHA, A — 10BxUHA Obkyvoi xsuni, n =0, 1, 2, 3.
CxopucTaBimch piBHOCTAMN:

i A=24, =2L )]

o

=24, v=2Lv,
®

— JOBKHHA CTOAYOT XBUNI,

ne A

o
V-~ 4ACTOTA Feneparopa, .
MOXHa oTpHMaTH GopMyIty JUIS 3HAXOMKEHHS WIBHJIKOCTI NOUIMPCHHSA
I0/IOBKHBOT 3RYKOBOT XBHITI B CTCPIKHI:
¢= 2. V. 9

2n+1
BusnaumMBiim pe3soHaHcHi HaCTOTM v, HPH AKHX BCTAHOBIOIOTHCH CTOAUI
XBHJII, MOXHA 3HAHTH IMBMAKICTL NOWHPCHHS [O3/IOBKHIX XBUAL Y
CTCPIKHI, JUIs BHIIANKY, KONK 17 = ()
c=2Lv. (10
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3siacH i moxyne lOnra:
E=c’p. ()

Teopis crog4yux XBHJIL OHHCaHa B JaboparopHii poeGoti Ne 13
Ta [3], [4].

Onunc naGopatopHol ycTaHOBKH

.. Cxema ycranmoBku nmnpejctapicHa Ha puc. 14.2. VYcraHoBka
CKMANAcThCA 3i 3ByKOBOrO renepatopa /, npunagy 11 i3 Tpumauem crepkus
i 1BOMa enexTpOMarHiTamM /s 36y/OKEHHA if TIPUIMAHHS HO3JOBXHIX
KOJIMBaHL i karogHoro ocuunorpada Il Jocnimkysanuii crepxens [
3aKpiIUTIOETheSA 3aTHCKAYeM 2 Ha CBOTH cepeluHi Tak, wob Horo HUKHIH 1
BepXHiii kiHui Oy1M po3TaloBaHi HABNPOTH JIOMIOCIB reHEpaTopa 3BYKOBHMX
kosuBaHb 3 i upuiiMava 3'. Jing nocuncuus 30y/DKeHHA TO3M0BXKHIX KO-
Bankb Joiepesto 30yKeHHA | npHiiMad HeobXiAHO posTaiuysath GIvKye 10
KiHIiB CTEpPXKHA, LMO AOCArAETLCSA 3a [JOIIOMOTOI0 MIKPOrBHHTIB, XKOPCTKO
MOB’A33aHMX 3 eNeKTpoMarHitamu. 3MiHHA ENeKTPUYHA Hanpyra BiJ
reHeparopa MiABOAMTLCA 10 KOTYLIKH 36YMKEHHA. VY pe3ynbTari, Ha HUx-
Hiff Kideus cTepxkHa Oype JisTM nepioJU4YHa cuaa 3 UacTOTOIO, WIO
JIopiBHIOE YacTOTi reneparopa, i y epomMaraiTHoMy cTepkHi OyayTh BHHU-
KaTH [10JOBXHI XBUI. SIKIO cTep)eHb 3poBlIeHuil i3 HeMaruiTHOTO Mare-
piajny, To gns 36yOKCHHS MOJOBKHIX XBHIIb 10 HOro KiHUIB TPUKIEIOTH
TOHK} TUIACTHHKHM 3 M’ AKOTO 3aJ1i3a.

m

Puc. 14.2.

Bepxuiit enexrpoMartit — npuitmMad 3’ — 1ie nepeTBROPIOBaY 3BYKOBUX
KONMBaHb B €JIEKTpHuHi. Moro KoTyuka npueaHyeTbes A0 KJIeM ,,BXif
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BEPTHKANBLHOrO BiacHmoBaua”™ katopnoro ociwutorpada. IMiacuneni enex-
TPUUHI KOJMBAHHA, IO HOCTYIAOTH Bijl MpHiiMaua, CHOCTEPIrAlOThCS Ha
expani octniorpada. ITocTynoBo 3MiHIOIOUM YaCTOTY KONHBAHL HANPYTH,
MOXHa A00UTHCSA pe3oHaHcy, ToOTO 30iry YacToTH BKa3aHNX KOAUBAHL 3
OJIHI€10 3 YACTOT BIACHMX KONUBAHB CTCPIKHA. '

Xin poGorn

1. Bxmouusiiy BuMiptoBanblnii 610k Ta ocuunorpad, al0Th 1pu-
JIa\am MPOrpiTHCH Ha NPOTA3 5 XBUIINLL '

2. BrmouiTh Ha BUMIpIOBANLHOMY ONOII MHBJICHHSA, 3TiHO 3 YMO-
BamH  BHUKOHaHHA nabopatopHoi pobotH, HeoOXiaHWH  planaszon
~METAJT”.

3. BceraHoBiTh 3a JJIOROMOTOIO [LYfIA 3a30PH MiX EIEKTPOMATHITOM i
crepxcHeM 61136ko 0,1 MM.

4. Perymotoud Benu4nHy 3a30py i 3MIlIOIONH HacToTy redeparopa,
nobuitrech ABUIA pe3oHANCY, NPO U0 CBIMWTE 3pOCTAlH CHrHAny 3
npuiiMaua Ha ekpani ocuunorpada B 2-4 pazn, npu uhoMmy Qixcyroun
4acTory.

5. OrpuMaHi pesyansTaTn BUMIPIOBAHNA 3aHCCTH B TaGIHLIO.

6. 3a ¢opmynoo (10) ta (11) pospaxysBaru 3HaUenHN 1HBUJIKOCTI
38yKy Ta Moayna lOHra s pisux TBEpANX Tijt.

7. Vka3zani BAMIPIOBAHHA NIPOBECTH 3i CTCPIKUAMHU, BHIOTOBICHHMH
3 pi3nnx mMarepiatis (anominiit, craie, JaTyns).

8. Buxounarn obuucnenns noxpbok BUMIpOBaHL NIBUAKOCTI 12
moayiist FOura (£ =87/ ) s KOKHOTO 3 0CHiNiB.

9. ITopiBusTy pe3yabTary BUMIPIOBalh i3 TAOIUHHHMH JaiHMU.

0. BeranoBuTy, 8K 3aJ@MHTL IIBHAKICTE 3BYKOBHX XBHIL Bij| va-
CTOTH. 3a pesynbTaramu poboTH 3podHTH BHCHOBKH, .
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Tabauyn 1

-Ne

v, {Av, | L | AL, | ¢, | Ac, | E, | AE, | Epus P Ap €,
Fu |l |[m| M |Mc|mec|Ha| Ma | Ma | kv’ | ke’ | %

Amominiu

cep.

3H.

Cmanw

cep.

3H.

Jamyne

cep.

3H.

KouTpoabHi 3an4TaHHs

. [TowmpeHHs KOPOTKOYACHOTO IMMYJbCY B NPY>KHOMY CEpPEAOBHILL.

Io3nosxHi Ta nonepeuHi xBuni. 38ykoBa XBHJIS.

. PiBHAHHA nnocKoi 6idkydoi rapMOHiUHOT XBHJII.
. JloBxHHA XBWIII Ta WBHAKICTD i1 nounperts. Paszosa WBHAKICTD.

LUBHAKICTE NOUIMPEHHS 3BYKY Ta il 3QJIeKHICTH«BiJl I'YCTHHH Cé-
peAoBULLA, TEMIIEPATYPH.

. Iutepdepennis xBunb, YMoBa MaKCUMYMiB Ta MiHIMYMIB.
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. Crosiua Xunia, PiBuaHHs crog4oi Xauni. JIoBkKHHA CTOAYOT XBUIII.
. MeTtoavka BM3HAYEHHA IUBHAKOCTI MOLIMPEHHA 3BYKY MCTONOM

pe3oHaucy.

. Ipuanun nobGynosu Ta Aif yCTaHOBKH 1A BH3HAYECHHA [BUAKOCTI

[OLIMPEHHA 3BYKY Y TBEPAUX TiNdX.
. Sk pospaxysatu moaynb MOura marepiany CTepakHS 3a BiZOMOIO
BENMYWHOIO IBUIKOCTI NOIKMPCHHS B HOMY NO3/10BXHIX XBHIIL?

JlirepaTtypa

. Maiicosa H. H. [lpaktuxym no «kypcy obwelt ¢usnku /

H. H. Maiicosa. — K. : Bua wkona, 1970,

. Oywenko B. I1. ®isuunuii npaktukym. / B. T1. Qywenko [Ta ). —

K. : Papsucobxa wkona, 1980, — 4. 1.

. Xaiikiz C. E. ®izuuni ocnosu mexauiky / C. E. Xaiikin. ~ K.

Papsinceka mikona, 1996.

. Apxanrensckuii M. M. Kypc ¢usnkn. Mexanuka / M. M. Apxail—

rensckuif. — M. : Ilpocsewenue, 1965. - 438 c.
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JlaGoparopna poGora Ne 15
BuiHaucHHA ACKPEMEHTA 3racal0uHX KOMBAHL

Mera poGoTM: AOCHIiUTH OCHOBHi XapaKTePUCTHKH 3TaCAOUHX
KOJIUBaHb. |

Ilpmla,uu Ta MaTeplaJm. MasTHUK [/l OTPUMAHHA 3racalouux
KOJIUBaHb, MiJliMeTpOBa JNiHiHka, CEKyHAOMIp.

Koporxki reopernvni Binomocti

V peanbHili MexaHiuHiii KOJMBHIHM cHcTeMi MOYATKOBO ‘HajaHa in
€Hepris NPY. KOJTMBAHHAX 3MEHLIYETHCS BHACNi A0k po6OTH LIOAO NoaoNaH-
HA CHNl TepTA. 3 4YacoM MaKcHMalibiie 3MIlCHHA KONHBHOIO Tija Bij
AONIOKEHHSA PIBHOBATK, LIBHAKICTb TA NPUCKOPEHHS 3MEHUIYIOTHCSA — KOJH-
BaHHa 3racaiote (puc. 13.1). Takwii konuBHMI pyX HE € NEPIOAUUHMM:
CTaHH KOJIMBHOI CHCTEMH HE MOBTOPIOIOThCA. TOMY TipH ONMUCI 3racalounx
KONMBaHb MOHATTAMHM AMIUNTYAH, Aepiody i 4acTOTH MOXHA KOPHUCTYBa-
THCH TiNIBKH YMOBHO.

3aKoH 3MeHIUEHHS aMIUTITYAU 3ICKUTH BiJi XapaKrepy cul TepTa.
Hait6insim mpocTiM i pasom i3 THM JOCTATHLO NOIIMPEHUM € BHIMANOK,

KOJIM CHJIa TEpTA NpAMO nponopulﬁua LIBUAKOCTI :
A
X

Ao

A Aoe"/"
Az

N
N
N

Puc.15.1
94

PT =~bv=~b—dt«, 1
Jie X — 3MiLEHHs TiIa Bill HONOXEHHS PiBHOBANM; b — JOAATHA KOHCTAHTA,
WO XapaKTepusye Cuny TeprTi. Y UbOMYy BHNA[AKY AHHAMIYHE piBHAHHA
PYXY TiNa Ma€ BUIIAL! -
dx dx
—=—kx—b-—, _ 2)
dt dt
Jle m — maca Tina, -kx — cunia, o NOBEPTaE TLNO J0 MONOKEHHS PiBHOBArM
(kBa3inpyxxHa cuna).
PiBrsinHs (2) nepenmucmo AK:

m

: +2ﬂ +a)01 0, : 3)
d

2
ne 28 =b/m; wy =k/m; @y - vacrora BIaCHHX KOIMBAHB CHCTEMM,
uto BiabyBatoThea 6e3 cviy TepTa. Po3p’a30k piBuaHHA (3) 1lykaTuMeMo B
KOMIUIEKCHiH dopmi:

=4 ", @

e Ap — 3MillieHHs B moYatkoBuit momenT uacy [ = 0, v — pelinunna, sKy
Heobxinno o3uaunrd. [ligcrasupwv 3paitnennii poss’asox (3) y nude-
peHuUiasibHE piBHAHNA (4), OTPUMAEMO:

i 2 . 2
A" (727 - @) =0 ®)
OcKijibKM MHOXHMK Aoe':" #0, 10 |
2-2ifly -3 =0. (6)
3rincu , ‘ .
' y = i/jii\/(—l‘)‘g"'ﬁz =ifftw, )
Je
@ = \/ O 2 6
[Tiacrasusiu (7) y (4), orpumacmo
Y= AO e../}( e1 (Xl . (())

[Tpy Benukuit cuiti Teprs, SKILO [3 > (> BEHIUHA (0 e yﬂBHOlO

Toai BEIMUUNA i € Aificnoo i Bianosiguo A0 (9) 3Mileliig X 3MeHIuy-
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BATUMETLC 3@ CKCAOHEHUIANBHUM 3aKOHOM: KOJIMBaHb He Oyje
(puc. 13.2).

_.‘x‘\

Ao

Puc. 15.2

Akino teprs ¢ HesenukuM ( < @), To BeAuUHHA @ — AificHa. Toxi
tiot = coswt+isinwt i cniesigHowenss (9) wuabyme Buraamy
x=Age P(coswt tisinwt).

JlificHa / ysBHA YaCTHHM 1IBOTO BHpa3y, To6To X| = Ay e Plcoswt
ta xy=Age Plsinwt, ¢ posw’sixamu pisusuus  (3). Jliniiina
KoMOiHauis x = ¢+ cxxz, A€ ¢; i c; — JOBifLHI crani, Takox Gyse
PO3R’S13KOM TOIO XK PIBHSHHS.

Ockinbkn  QyHKUIT CHHYC i KOCHHYC BIiApi3HAIOTHCA  TibKH

3HAYCHHSAMH apryMEHTY, TO PO3B’A30K MOXKHA BUPA3HTH TillbKK uepes ojiHy
i3 BkazaHux PyHKUiH:

x=A0e“ﬂtcos(a)t+(p0), (10)
ne Ay ta ¢ — novarkoBi ammnityga i ¢asa. Bouu He 3anexars Bij
BNACTHBOCTEH CHCTEMH, a BU3HAYalOTHCA MOYATKOBUMH YMOBAMM, [PH

AKHX NO4ancs pyX.
Bnpa3 (10) onucye 3racaioyi KONNBaHHA, A AKUX BEAUTIHHY

A=Age P! an
YMOBHO Ha3uBaloTh ammiityjoio. 3 (11) BunnuBae, 1o 3 4acom amuni-
TYJa 3racalo4yHX KOJMBAaHb 3MEHIHYETBCSA 33 EKCNIOHEHIIalbHIUM 3aKOHOM,
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npuyoMy npu 30inbleHni koediuienta f 3racanns KOAHBAHB IIPUCKO-
proetses. Tomy BenmnurHy f HA3NBAIOTH KoedillieHToM 3racatits.

[luxnivHa yacToTa 3racalo¥uX KOAUBaHb @ BU3HAYACTLCA 3i CHiB
BifiHowenHa (8). Bona 3aBXAM € MEHINOIO 33 MACTOTY BAACHHMX KOAHBaHb

CHCTEMH ().

Benuuunny

r=2 2

YMOBHO Ha3HBalOTh flC[)IOJ],OM 3racalouux Konueanp. 1 > TO =27 / , A€
00’

To— HCPIO,[I BJIACHHUX KOJIMBAHDL 1IPH BIJICyTH()CT i TEPTA.

3 (11) Buano, mo 3a 4ac
r= //} (13)

aMIVTITYAQ 3racalounX KOJHBaHL 3MCHINYCTLCA 8 ¢ pa3. Lieit yac nasusa-
10Th 44COM 3racanns (penakcauii) kosimsau.,

Crynine, 3MEHIICHHA aMILTITYIM KOJIMBAHDL 34 OHH ucpiou Xapakre-
PH3YIOTh JIOFApUPMIYHUM AEKPEMEHTOM 3racanis @. Bin prsHauacthes sk
Harypanbuni - sgorapudm  BiZHOUICHNA ABOX NOCNOBHHX  amnniTys,
PO3AUICHNX NPOMDKKOM 1acy, 1IN0 piBunii nepiony konusatn 77

-
P . Y A SR (14)

~fT) ’
2 A()e (14

ne v =1/T = @/(27)— vacrora 3racaiouux Konupanw,

Uneno kojtusann, 35HCHEHAEX CHCTEMON 34 MAC 3racaHlis T;

N, oo = 15
A (19

Tomy norapuMitimi JHCKPEMEHT 3racants ¢ MOXHA O3HAUMTH HK
BEJIMUHHY, 00CpHEHY UNCTY KONMBAHL, 1icis 3/iHCHCHNs SKHX AMIDITY /1A
IMeHmycThes 8 e pas. Tak, skino @ = 0,01, to ue o3navac, o KONMBAUHA
3racaloTh (aMNITYa 3MeHIyerses B ¢ pasis) nicns spificuenns 100
KOJIMBAHb.

@i3M4HOI0 BEHYUHOIO, AKA XapaKTepHye eHepretuuui  srpard
CHCTEMH, 10 3AIACHIOC 3racaloti KOSIMBaHHs, € J0OPOTHICTL (O HOMHOMC-
11€ Ha 27 BUIOIENHA CHOPTTT, 3ANACCHOT CHCTEMOIO, 10 eHEPTii, 110 BTpa-
4acThCA Helo 33 ONUH NCPIoA:
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E
Q=2r———.
|dE/ |1
[Tpu mManux 3maueHHAX £, KONN BTpaTh eHeprii He3HauHi, @ ~ wy. Y
2 A2
. Toxi 3 (16) 3

(16)

. . mao
bOMY BMNAJKY €Hepris cuctemu piBna E=--

ypaxyBanHaM (12) orpumaemo

Q:%T. (17

‘3acrocyBasiun cnissigdowenss (12), (14) i (15), moxua orpumaTu
3B’ 430K AOOPOTHOCTI 3 IHWMMH XapaKTEPHCTHKAMHU KOJUBAHb:

/3
== =N, 18
=N, (18)

3 ocTaHHBO! PIBHOCTI BHHO, 1O JOOPOTHICTH piBHA YMCAY KONU-
BaHb, 3[iliCHEHHX 3a yac 3racaHHs, 30inbiieHoMy B 77 pa3. Tax, sakuwo N, =
100 xonuBaHs, TO HOOPOTHICTH cHCTEMH O= 314.

Iopsizok BHKOHANNS PoGOTH

1. BusHauurn, siki HeoOXiZHO BUKOHATH NpPAMi BUMIpIOBaHHS s
BH3HAUYCHHA jorapudmiuHoro gekpementa sracauta. Ckaactu Tabiuigo.
2. BBIMKHYTH YCTAHOBKY, BUMIpSTH HacC 5 KOJIUBaHb.
3. [IpoBect BMMIpIOBAaHHS aMmIUNTYIl — IOMATKOBOI Ta 4epe3 n
KOJINBaHb. . ‘
4. 3actocoByloun poboui Gopmynn
1
n
kz-él-z A a @=~l—1n—‘ﬁ~:[}T,
An An n An
BH3HAYHTH JCKPEMEHT 3TacaHHs, JorapuMitHni AekpeMeHT sracailis,
KOe(ILiEHT 3racaHHs,
5. Hassartu cucreMaTiyHi Ta BUNIAAKOBI MOXHOKH, IO MOXYTL OYTH
JOMYLIEHi MTPX BUMIpIOBAHHI.
. 6. BuxoHatu o6pobky pesynbTariB ekcnepumenty. 3pobuTi Bu-
CHOBKH.
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TaGuuun JaHHX, PE3yJbTATIB BUMIPIOBanns Ta o64ucAeHb

Llocjfiuy o ;0311’1 ?)f:;l’ P ° 1()/:‘11 Apr;’ T.c| k e e
1.

cep. 3Hau,

2.

cep. 3uau.

3.

cep. 3uau.

K()ll'l"p().!l bHI 3AHHTAHHA

Koanshi npouecu. Mapmoniunuii konuBaui pyx. Yucnosi xapaxre-
PHCTHKH FAPMOHIIINX KOJHBAHD,

Kikemarnuni # nuuaMitdi  piBHSHHA IapMOHIMHHX  KOJUBAHb.
3Miten s TouKH, WBHAKICTh, PUCKOPEHHS, KBa3iynpyxHa cuia.
3racaoui konuBanus. PiBHAHHA 3racaloMuX KOJIMBaHb.

OcHoBHI  XapakTepHCTHKH 3racaloMuX KOMHBaHb, X (isHUHMH
3MicT,

Meroauka gocaimxenns. [Tpunuun Oynosu ta Ail ycTaHOBKH s
BUIHAYEHIS JEKPEMCHTA i KOS(illicHTa 3I-aCAHHS KONUBAHD.
Buseneuua pobouvx gopmy.

Jlireparypa
IpakTukym no obiueii gusuke / nox pen. B. @. Hosapesa. — M. :
[Tpocsemenue, 1971.

Dusnucckuii npaxrukym / noa pea. I'. C. KembGponckoro. — Muiick :
H3a-Bo yuusepcurerckoe, 1986. ~ C. 99-104.
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CapenseB U. B. Kypc obueii pusnku. Mexanrka. MonexynsapHas
¢u3uxa / U. B. Capenben. — M. : Hayka, 1987.

Apxanrensckii M. M. Kype ¢usnku. Mexaunuka / M. M. Apxan-
resibekuii. — M.: Ilpocsewienue, 1975, — 424 c.

Xaiikin C. C. Pisuuni ocnoBu Mexaiku / C. C. Xaiikin. — K. :
PapsuchKa wKkona, 1966.
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JlaGoparopsa po6ora Ne 16
Jocaijokenns eui 106oBOT0 ONOPY B NOBITPI

Mera poGoTH: JOCHIAHUM LBIXOM BH3HAYHTH CUAY J1060BOTO ouo-
Py Ta BCTARHOBMTH il 3aneiHicTs BLY po3Mipis 1 hopmu Tin.

Mpusaan Ta Marepiann: acposnamivia tpy6a, aepoanHamiuti Te-
peau, HaBip Tin pisnol Gopmu, aepoMerp, INTAHFEHUHPKYTb.

Koporki reopernuni Bigomocti

Ha rina, mo pyxatorses B peasibHMx rasax, Jie chia nobosoro onopy
(oniopy pyxoBi), a 3a UCBHMX YMOB 1 miifimansua cuna. [lpouecn, sxi
3YMOBIIOIOTH TIOABY LMX CHJl, BUHUKAIOTH Y TOHKOMY 3aBHXPEHOMY Norpa-
HUYHOMY Luapi. Horo ToBiMHA, AK BiaMidas M. €. XykoBchknii, 3a0exurth
Bi/l HIBUAKOCTI [10TOKY; KO IUBHAKICTH Mana, OO TOBIUMHA 3HAYHA,
SKLIO HIBUAKICTE BEJIMKa, TOBIMHA Mana. Y norpatuuuomy wapi Binby-
BacThes pizke 36inbuenns wBKHAKocTi Bin v, =0 wa nowepxui Tina 1o

BENMMUHEY DOPAJKY WBHIKOCTI HAGITAIONOI0 NOTOKY.

ITpu nesenuknx wsuakocrax noroky (Re < 100) B norpannutomy
wapi ~ snamidapauit  pexum  Teuil (nortik mnasuo  ofrikae - TiNO)
PE3YABLTYIONA CHIIA THCKY HA NOBEPXHI, HAPHKIIAA KYJU, HOPIBHIOE HYIIHO,
OCKiNbkK AIKIT Teuil cumerpuani. Cuna, ska Jie Ha kymo 3 Goky razy, ¢
CHIIOI0 BHYTPilHLOTO TepTs. 11 BH3ataoTs 3a sakouom Crokea Fy~v.

[Ipu sOinblucHni 1BMAKOCTI NOTOKY KapTHHa oOTiKaHHA  PiskoO
3MIHIOETBCS, 1103afy Tijla 3'SBAKIOTLCS BUXOPH, SKi B3arajli HeperynspHo
BIJIPUBAIOTLCA Bil Tifa il BHHOCATBCH 1IOTOKOM, YTBOPIOIOHMH BUXPOBY
Jlopbkky. ToMmy B 30ypeHili Aingiii 3a TiIOM, B SKili € BHXOPH, THCK CTac
MCHIIIMUM 33 THCK Y HE30ypEHOMY HOTOUL LICpe TiloM. Yaaraji, 3rijjHo 3
NPHHUKIOM BifnocHoCcTE Lanisies, cuim, 10 BUHUKAOTHL Py B3acMOAIT
Tifla 3 rA30M, lC 3aNeXaTh Bi/l TOFO, YH PYXacThest TiNO, 4 Fa3 — HEPYXOMHii
4d ra3 — pyxomuii, a Tino — Hepyxome. Lle noxnaneHo B ocnomy aepo-
JIMHAMIYHUX JOCHH/DKEHL B acpojiMHaMitHIf TPyOi.

Pizuuus tuckiB tepest ppoHTOM 1isa il 110331y HLOTO NPUBOAKTL JIO
nossu onopy pyxosi. Cuny onopy F, pusHauaors 3a  gopmynoio

Hetoro a:
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F, =C,pSv?, Q)
ae C_— xoediuicur nobosoro onopy; p ~— ryctuna rasy; S — migenis

nepepi3 (HaliGinpla UI0WA flepepisy Tila MIOIMHOIO, MeplieHANKYIsAp-
HOW A0 MOTOKY); U— wBHIKicTs motoky. Koedinient nobosoro onopy
icTOoTHO 3aexuTh Bl (opMHU Tia Ta Horo opieHTalii BiHOCHO TOTOKY.
Bin takox € gyHkuieto Big uncna PeifHonbaca (Re).

[Ipy o6TikaHni PigMHOIO CMMETPUYHOIO Tifa migifimManbsHa cuia He
BHHHKae. Jna 11 BUHMKHEHHS HeoOximno, w06 Tino, sike obTikaeThes
pinunoto, Oyno HecuMeTpHyHe abo 3HAXOAMIIOCH HECUMETPHUYHO BiHOCHO
HanpsAMy MOTOKY. ¥ CHCTeMi KpHIIO — MOBITPs BHYTPILUHI CHIN B3a€MOJIi,
TOOTO CHAM B’A3KOFO TEPTA i CHIIM THCKY, HE MOXYTh 3MiHUTH 3araibHuii
MOMEHT iMAYJIbCy. SIKILO BiH JO YTBOPEHHS BUXOpIiB HOPIBHIOBAB HYINO,
TO, 32 3aKOHOM 30CPEXKEHHA MOMEHTY IMITYJIbCY, TICIA YTBOPEHHS BUXOPIR
MOMEHT .iMIlyIbCy HE TMOBMHEH 3MiHMTHCA. ) [3 uboro Bunamsae, w0
OJIHOYACHO 3 YTBOPEHHAM BHXOPIB NOBUHHA BHHUKHYTA LHUPKYISLIs NOBIT-
pAl HEBKOJIO. KpUila' B HANPSAMI, IIPOTHIICKHOMY HaNpsAMy oBepTaHHA BHXO-
piB. YHacnifok il cuimr B’A3KOCTI 1IPH HECUMETPUIHOMY OOTIKAHHI 1IOBIT-
psaM Tita (Kpuia JTiTaka) HABKOJIO HLOI'O BUHHKAE LIUPKYNAL(S NOBITPA, AKY
Ha3WBAXOTh NMPUEAHAHUAM BUXOPOM. Y pesynbTaTi UbOro IBHAKICT NOBITPs
Hajg kpwioMm Oyxe Ginbuia, HiXK Wig Kpunowm, i, 3riano 3 pisHsHusaM Bep-
HyJUli, MpW LMpKYTauil NOBITPA CTATHMWHUA THCK Hajl KPWIOM 3MEH-
LIYETHCA, a NiJ HUM 30iNblIYEThCH, B0 3Y-
MOBJIYOC BMHMKHCHHS TTiiHIMANLHOT CHIIH
KpHiia, HarpamIieHol Bropy.

3apjaHHs poOOTH — nepesipuTH 3a-
NexHicTb I, BiY (OPMHU TiA T4 LUBHIKOCTI
MOTOKY MOBiTps # OUiHKTH KoedinienT C
IS JICSIKHMX Tif.

Cuay no6oBOro onopy BU3HAMAQTH
3a JOTIOMOrol acpojHamidnoi TpyGu Ta

Tpyba (puc. 16.1) sBnsie coboro nuninap,

Puc. 16.1 Ha KiHUi sAKoro posmiuieHufl BeHTHISTOD
(xoMmripecop), L0 CTBOPIOE CUIILHUIA TTOTiK

NoBiTps uepes TpyGy H KomrieHcye BuTpatu eHeprii crpyMmens. Jlns crao-
PEHHA PiBHOMIPHOCTI NOTOKY MOBiTPA 06’eM TpYGH 3aMOBHCHO CHCTEMOIO
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aepojiMHaMiuHuX TepesiB, AepoaguHaMiuna.

napanenbHUX TpyOoK JiaMeTpoM 2,5 ¢M KOXKHA i 3aKiHHYETHCS BOHa A0
3BYKEHUM zmqbysopom LHBHAKICTE NOTOKY PEryiO€TLCS CHIIOI0 CTPYMY B
eJIEKTPOIBUTYHI, AKA 3MIHIOETBCS PEOCTATOM.

Jlst BuMiptoBaHHs cuit Siobosoro onopy Fy, a rakox niuiﬁmanbﬂo'f
CUH £, BAKOPHCTOBYIOTh JBOKOMIIOHCHTHI aepojMHamidni tepesn. ITpu
BUMiptoBanHi F, abo F, xopomuciio Tepesis CD nepemiugyerbcs, BiAno-
Bi/IHO, B rOpPH3OHTANLHOMY i BEPTHUKAILHOMY HanpsMax, a MOAEIb J0CHi-
JOKYBAHOrO TiNla 3AIACHIOC TiIbKH NOCTYynansuuit pyx (puc. 16.2). Taki

. T
Buriprobarn cumiFy )&
~71 4
EenpoBawns cunu F, 7
Pl
1 - !
A1 8 —
. 00':
8/ a=
R a— It
F\ \ \t\n
\ N\ i '5
\\ a‘ﬁ'— \\ /,«//i.
c \“_‘[/“r" 7)."4) A et s
K R FV "l“-\\ 5&-*—*—— M [4 F”
e = e — € My
.§~§M L5 f——— d:>_.
Eanamasscs _od F‘ PR ,;
a a
Puc. 16.2

CYKynni nepeminienns 3abesneuytorocs 0cobAHBOIO KOHCTPYKUIEIO Tepesin
(wapHipte 3’t‘jll-liIIIHﬂ pyXoMux yacTHH kopomucia; A, B, C, D — mapuipu'
BD = BK i1 AC = BD). llpu pisnosasi tepesis MoMeHT cum F,, 3pisto-
BKYETHCA MoMeuToM cuid I (puc. 16.2, a). Ilpn ubomy nin -cunu P
3PIBHOBAXYETLCS PCAKLLEID OLIOPH KOPOMICHA B 1uapHipax 4 i B, akio Kyt

= 90°. Poboue nosioxkeHHA Tepe3iB A BUMIpIOBanMA F, nokasano Ha
puc. 16.3. Moaenb nochikyBanoro Tina 3akpiiyiocTees B 3aTvckadi 4.
Banrax 1 npusnsavenuil ans komnencanii Barm moacni (Npy nLoMy crpijka
Tepe3iB po3Miuleda npotu Hyns wikanu). Tarapuem 2 3Minoors 'yr-
JMBICTL  Tepesis. J{ns 3a0es3neveHHS CTIKOIO NONOXKEHIA piBHOBAIM
TEpe3iB TArapelh 2 PCKOMEH/YCTLCA NOMILNATH B HARHWKYE NONOXKEHHA.
[ia vac Aii DOTOKY NMOBITPA HA MOJE/b HOBE IIONOKEUHA PIBHOBACH TEPE3in
JOCAraEThCA HAKJIAAAHHAM Pi3HOBAKOK Ha 1wanbLky repesis 3. Usuukicrn
[IOTOKY HOBITPA BUMIPIOIOTE 3a 0I1OMOIOIO aCPOMETPA.
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Buspenenus podouoi popmyJin

Tepesu 3HaXoAATLCA B piBHOBA3i, SKILO MOMEHT CHUIH J060BOro
onopy F,, o Jic Ha Tino 3 Goky MOTOKY HOBITPA, 3piBHOBAXKYETHCS
MOMEHTOM CHIM P), 0 Jli€ Ha TArapens:

Mnn = Mmu:)x'
abo
’ FiL =Py,
ne L — BiacTanp Bij TOUKH KpionenHs Tina jo Horo cepeanui, ! — Bigcrann
Bifi HYJILOBO! ITO3HAYKH TepesiB Ao ueHTpa Mac Tarapus. OcCKibku
F, = C,pSv’, a P, = mg (ne m — maca Tsirapts), To
C,pSv’L = mgl.

BpaxoByroun, uwo S = nd’/, OTPHMAEMO C,/mdzszM =mgl, 3BijKu
OCTATOYHO OTPHMAEMO BHpa3 JId 3HAXOMkeHHA koediuieHTa 1060BOrO
omnopy:

* pmd*o*L’

C Admgl

Hopsinox BUKkoHanus podGoTH

IR N

1. Bcranorutu aepoamsamiv-
Hy TpyOy, MOJeNb JOCIHIPKYBaHOIO
Tina i aepoMeTp Ha OJHAKOBOMY I'O-
PU3CHTANIBHOMY PiBHi.

2. YBIMKHYTH €REKTPOIBHUIYH
i cTBOPUTH B TPYOi HaliMenLIy LB~
KiCTb f10TOKY (peocTar yBiMKHEHO Ha
nosHuit onip). Buectu B norik 1o-
BITPA aepoMeTp i BUMIpATH ILBUJ-
KicTh 1oToky Ha Buxoai Tpyou. [lo-
TiM, MO0 4ep3i, BHOCUTH B MOTIK No-
BITPS MOJem JOCTDKYBaAHMX TLI,
NpUKpinNeHi 10 Tepesis (kpyrna mia-
CTHMHA, Ky/s, Halkpaiye obrivde Ti-
110), i BUMIPATH cuity 1060BOrO ONO-
Puc. 163 py Fy. Bocaiav MoBTOPUTH HE MEH-
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we 3-5 pasis. Pesyabraru BUMipioBasb i 06uHCICHE 3an1HCaTd B TaGIHLUO.
3poburu BucHOBOK mpo sanexuicrs Cy Big dopmu Tina i wBMAKoCT
TOTOKY.

3. Bumipatu migencsi nepepisy Moaeneii ROCHIOKYBAHHX Tin i 3a
dopmynoo (1) Bu3HaumTH Koediuient mobosoro onopy C, npu Big-
noBiAHKMX 3HaucHHIX Re. 3x06yTi pesynvraté 3aHectH B TaGaMulio.
3pobutn BucHOBKM npo sanexuicts C,. w8ig dopmu tina i wauakocTi
MOTOKY. '

o Tabauun
dopma m, L, 1 d Ad ), .
P Ne n/n LM Al AL, ’ Ad, N Re \.
Tina Kr M M M M M Mm/c |
1 J
2 ? DUl
Kyna 3. ~ 1 3
y Ie) B o o
cep. o :
=3 4
3H. ]
1. o S
Iipkyns | 3. 3 |
cep. Q
o
3H.
]
Jlobpe 2.
o0ritne 3
TiNO cep. ~
3H.
Konrpoabsi samrrauus
1. Slkuii pesknM Tedii Ba3uBAIOTL JaMiHapuM, TypOyneHTHIM?
2. Slxuit Qisnanuit smict uncna Peitnosnaca?
3. Ski OCHOBHI NpuNaAn # YCTAHOBKIE CKCHICPUMEHTANBLUOT ACPOLN-

HamiKH?

Unm 3ymosiiena rossa j10608oro oropy?

[1{o rake xoediuict noGosoro onopy? Bij voro Bin sanexiuth?
[osiciite MeToMKY BH3HaUueHHs Koedinicnta nobosoro onopy B
noBiTpi.

R

&

105



Jitepatypa

. 3aranbHa isuka : JlaGopatopHuit NpaKTHKYM : HaBY. MOCIOHMK /
. 3a3ar. pea. I. T. Copbauyka. — K. : Bua tukona, 1992, - 509 c.

. Kanenkos C. I'. Ilpakrukym no ¢usuxe. Mexauuka / C. I'. Kanen-
koB, I'. H. Conomaxa. — M. : Belciu. tukona, 1990,

J.Iymeuxo B. Il. ®izpusuit nopaxrukym / B. IL I[ymem(o

[rain.]. — K. : Papsncobka wkoma, 1980. - Y. 1.

Mpakrrkym no obuieit gpusuke / nox pex. B. ®, Hozapesa, — M. :
ITpocseutenue, 1971,

. Casempes H. B. Kypc obueit pusnku. Mexanuka. Mosiekyispuas
¢usuxa / M. B.Casenbe. ~ M. : Hayka, 1987.

. Xatikin C. C. ®izuuni ocxosn Mmexauwiku / C. C. Xaiikiu, — K. -
Pagauceka wkona, 1966.
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JlaGopatopua pobora Na 17
Hocaigua nepesipka pisusung Bepuyaui

Mera poGoru: MepeBipUTH JIOCHIIHKUM LLISXOM | CﬂpchmmBICTb
piBHAHHA Bepryni.

Ipunaau Ta MaTepiaiu: eKCHCPUMEHTANBHA YCTAHORKA, MCH3YPKA,
CEKYHIOMIp.

Koporki Teoperiuni BiaomMocti

Onnc eKCnepUMENTANbLHOT yCTAHOBKH

YeraHoBKa JUist JIOCHIHOT niepeBipku piBHAHHA Bepuyini € Tpy6xoto
3MIHHOINO repepisy. Bil KOXHOro mepepidy BillXOMATH BEPTHKANbLHI
MaHoMeTpuuHi  TpyOku. MiniMerpoBa  sinifika  Jac  MOWIMBICTH
Bi/\paxyBaT# pisHMIUO piBHIB piMuK B 000X BEPTHKAILIMX TpyOxax
(puc. 15.1).

!

T
i

| A I I

Jo Bonosony

194}

Puc. 17.1

Buscacuun po6ouoi gpopmy.n
INepesipka  cupaBeuMBOCTI  piBHsiHHA  Bepnymni  sailicHioeTscs
IWIAXOM HOPIBHAHHA O0’€MHOT BUTPATH BOAM, BH3HAYCHOI 3a PI3HULEIO
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THCKIB Y nepepizax Ttpy0 S) Ta S, (puc. 17.1) (Ha ocHoBi piBHAUHS
Beprynii) 3 06’€MHOIO BHTPaTOIO BOAM, BUMIPSHOIO 33 JOITOMOrOI0 MEH-
3YPKM Ta CEKyHAOMipa. :
3rigno 3 piBHsHHAM Bepnyiui, pns niHii Tewii mpu craunioHapHOMY
NOTON| ileanbHOl PIAMHA CYMa CTATUYHOIO, TifPOCTATHYHOrO # JUHAMIY-
HOTO THCKIB € BEJMUYHHA CTANA!
2

P+pgh+-—p-;—)—=const, )
,002
ne P — cTaTMYHUA THCK, pgh — riipOCTaTHYHKI THCK, = JHHaMiy-

HUIl TMCK, p — FYCTHMHA piguHH, K — BUCOTa, Ha AKiil BU3HAYAETHCA WBH /-
KiCTb CTALiOHAPHOrO [OTOKY PYXOMOi PilMHM, U ~— IIBHAKICTb MOTOKY
piAHHH.
Hexaii nnouui nonepeunux nepepisis pyoox pisui S, i Sz, Bianosiaui
iM wBMAKOCTI CTALIOHAPHOTO PYXy BOAM U Ta 1y, CTATHYHI THCKH — P i
P;. Toni piBusHus beprynni mis ropusoHTanbHo! TPyOkU i ymoBa Hepo-
3PUBHOCTI TOTOKY 3aflHILEThCS:
2 2
pU pU
P+l o py + 02 )
1 2
2 2
2 2
Sy =5909 a60 D, = DY,
ae D, i D;— niametpn Tpy6OK.
Po3B’s3aBL1K cucTeMy piBHsHD (2) LOAO U, OTPUMAEMO:

3)

Burpata Bogu (06’e€M BOIH, SKMI NPOXOJUTL Yepe3 NMOMEpeuHuit
mepepi3 3a OHY CeKyHy) BU3HA4AEThCA 3a (hOPMYIONO:
=D? [2(p -P,)

=9 = . . 4
0 2V 4 D;” 4)

Pi3zHuus TUCKIB, BUMipsAHA 3a JOHOMOrOI® MAaHOMETpa, JOPIBHIOE
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Py-Py=pgAl, ()

lie p— rYCTHUHA BOAH, Al — Pi3HHLSA BHCOT CTOBIIB BOJHM 8 MAHOMETPHYHHX
TpyOKax.

Bepyun a0 ywsard, wo [i >> [)3, OTpHMacmo nepiuy pobouy
opmyny st niapaxyHkKy BUTPAT BOJM: ‘

e o
0= ’5;; 20Ah . (6)
Hiamerp D, = 7 mm.
Apyry pobotuy opmyity
LV '
Q' = " (7

oTpHMacMo Oesnocepeinbo BUMIpIoBaiHaM 00°emy soan ¥, 1o Hatikae B
MCH3YPKY 3a vac /.

HopisHioioun Bestnunuy BUTPaTH BOAN ) 3 BEJHUHHOIO Q’ OTpH-
Manolo 3a Gopmysioto (6), NMEPEKOHYEMOCS Y CHPAREUIMBOCTI PIBHAHHA
Bepryani.

ﬂopﬁuonc BHKOHAHHA p()60Tll

1. HacTkoBo BiAKPUTH BOAONPOBIANMIL KPaK, NyCTHTH BOAY B yCTa-
HOBKY. 3abe3ncuur cralionapHHii NOTIK BOJIH.

2. 3poburn Biylik pisnuni pisuis Ah sogn B 060X Koninax Mano-
Merpa.

3. Berasumi BoAO3NUBRHA IWIAHT Y MCU3YPKY, BKJIOYHBILH OJIHO-
HACHO CEKYH/IOMIDP; BUKJHOUHTH CCKYHAOMIP Y MOMEHT BIJIBCACHHSN IUIANTA
Bl MCH3YpKH. BuMiploBaliis nosroputu 3 pasn. :

4. Ananoriuui BUMIPH 1POBECTH AN TPHOX  PI3HUX  3UAUCHD
IHBUJIKOCTI OTOKY, IKA PErYIHOETLCS KPAHOM,

5. Pesynbratn pumipiobann sanccrdt B raGiHIO,  po3paxyBaTH
BUTPaTH BoJM () Ta Q7 i MOPIBHATH IX JUIA KOXHOTO 31 3HAYEHb LIBUAKOCTI
noroky. O6unciuTh noxubky ekcnepumenty. 3poGir BUCHOBKM npo 36ir
OOUMCNIEHMX 3HAUCHDE Y MEXKAX TOXHOKH BUMIpIOBAHD.
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Tadmuns 1

0, AQ, o . 407 o
am we | @ % ©M/c rme &%

Ui

“vA W

= o

Kourponnui 3anuranus

Sy piamay HasuBaloTb iseanbHoto? Lo Take ainis Teuil, Tpybka
Teuil, nose WBWAKOCTEH, CTanionapya Teyin?

Cdopmynioiite TeopeMy PO HEPO3PHBHICTL CTPYMEHS piaVHH,
Tuck y pyxowmift pinuni. BUMiproBaHHs THCKY PYXOMOT piftutu.
CdopmyJoiite i BUuBeiTh piBHAHHS BepHyi.

[Ho Take nuTOMa KiHETHUHA €HEpris PIAMHM, MTOMA NOTEHLl-
aibHa EHEPTist PiMHH, NUTOMA eHeprif THeKy?

Cxema ycTaHOBKH ANs NepeBipky piBHAHHS Bephyiuii,

Busezenus pobouoi gopmysniu.

Jlirepatypa

. Aywenko B, I1. ®izuynut npakrukym / B. [1. Jlyweunko

[ra in.]. - K. : PaggHceka wkona, 1980. - Y. 1.

TlpakTukym no obuielt ¢usuke / noa pea. B. d. Hosapesa. — M. :

‘TlpocBewienue, 1971.

Casenmses M. B. Kype obuueii ¢pusuku. Mexainka. MosekynspHas
¢usuka / . B. Casennen. — M. : Hayka, 1987.

Xaiikin C. C. ®isuvHi ocHoBu Mexaniku / C. C. Xaiikin, — K. :
Papsiucska xona, 1966.
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JlaGoparopHa poGora Ne 18

Busuavennst koedilienra reprsi KOUeHHS i KOB3AHHA 32 J0NOMOI'010
NOXMJION0 MASITHHKA

Meta poGoru: BHUBUMTH TIPUUHHI BUHHKHCHHA TEPTS KOYCHHA.
BusHaunti koedillieHT TepTs KOYESHHN.
Nipunaau va matepiann: ycraHoska MM-16, urraureyynpryns.

Koporki Teopernuni Biromocti

Ilix yac KOYEHHst NUNIHAPA N0 (IOBEPXHI BHHHKAIOTL CHAM TEPTA.
Ao nunisap koTuThes Ge3 KOB3aHHA, TO CTBOPIOETHCA CHNA TepTH Cho-
K010. BeanunHa uict cuin Bu3HavaeThes 3akoniom Kynona:

F<kN, (H
Jie k — KoeillieHT TCPTA CNOKOIO,
N — cHna HOpManbHOTO TUCKY.

Cunia TEpTA 3aBXKAM HapancibHa cTUUHIi moBepxui Tin. Akwo uu-
JIHHAP KOTUTHCA i3 NPOKOB3YBAHHAM, TO NOABJIAETHLCA CHNA TEPTS KOB3AHHS,
BEJIMYUNHA K0T BU3HAYAETHCS PIBHICTIO

Fo= kN : ' 2)

Koediuienr Tepta k&,
SAJICKHTL HE TUILKH BiJl Bla-
CTHBOCTEH  MOBCPXOHDL, 10
TPYThest, ane 8 BigHocnol
IBHJIKOCT,

Ipr  Manux  wBsnjKo-
crax Horo BBaxatoTh 1MOCTii-
HUM i piBanM k) = k.

i wac xoveHus 1uiH-
Jipa 1o notrHi  Heobxiino
BPAXORYBATH Henpyxcy
AcopManiio  nNomHHKM i
unninapa. Cuna peaknii ono-

pu Q He NPOXOJAHTL Yepes

LICHTD BAr'n umliwxpa, a TPOXH

Puc.18.1
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BIIEPEH Y HaNpaMKy pyxy. opusodTansHa cknazoBa sBise coboto cuny
TEPT KOYEHHs Fp. MOMEHT CHIIM TepTs KOYEHHA BiIHOCHO T. O piBHHMH
nobyTky HOpManbHOI ckiafoBoi CHMIM peakuil (O, Ha 3MiuieHHA &,
(puc. 18.1);

Mszp'R:Qn'kZQ (3)
ek, ~ rineve nii cwm;-
R — papniyc uuninapa.
3 pisnanus (3)
Fy =k 2
mp 2 R

HopmaneHy cknagosy cund peakuil ), MOXHA BBRXKATH PiBHOIO Basi
LMITiHApa

Toai
N
Fmp = k2 E . “@D.

Bennuuny 4, HazuMBaioThb koedi-
LiEHTOM  Tepts  kodenus. Biu
CYTTEBO Biapi3HieThCst Bia kKoediui-
€HTIB k 1 k|, OCKUJIBKM € PO3MIpHOIO
BENIMYMHOIO i, 1O CyTi, Xapakre-
pU3y€e mNAedMe CHIM THCKY OIIOpH
BIJHOCHO OCi LIHAIH/pA.

~ Masrthuk noxunmit, 306paxe-
nuii Ha puc. 18.2, rkmouae B cebe:
OCHOBY 1; cTiliky 2, y BepxHiit ua-
CTHHI SIKOT BCTAHOBIIIOETLCA BEPXHii
KpoHwTein 3 i3 mnatdopmoro 4;
MaATHHK KOYEHHs BCTAHOBMIOETLCH
Ha BePXHBOMY KPOHLUTEHHI 3 no-
4eproso,.

Tnardpopma 4 wmae npsamo-
KyTHe BiKHO, B SIKE BCTaBASIOTHLCA
3MiHHI 3pa3ku y BUCJIAAI NAACTHH i3 o
JIaTyHi, crani, amomiHiio i ¢rroprina- oy
Puc. 18.2
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cTy. B uwkHill uactuHi' nuaropmu Hanecena IKama Bianiky KyTa
BiAXWJICHHA MaATHHUKA. 3a JJONOMOTOI rBUHTA 5 riaTdhopma BiIXHISETHCA
BiJi BEPTHKAILHOrO nojoxkeuns. KyT Biaxunenns miardopMM BH3HA-
YAETLCA 3@ HOTMOMOTOI0 WKanu 6, sika 3akpiluieHa B HWKHIH 4acTHHI
raTGopMH. .

MasaTHHK KOB3aHHA ABjife cobol0 MeTaniyHuUi cTepXeHs 7, 3 npu-
3MaTH4HOO Onopoto 8 Ta 060#MOI0 9, B AKY BCTABAAIOTHCS 3MiHHI 3pa3ky
y BUrAAAi 3pi3aHol kyni.

MasTHUK KOYEHHA — LE¢ MeTatiuHa KyJis, MigBillcHA HA KANPOHOBIH
uutui 10. Kyni € 3sMiHHUMH # BHIOTOBNSIOTHCS 3 aftoMiuiio, natyni Ta
crani. KyT Haxuily MasTHHKa BiapaxosyloTh no uxani. Teprs koueHus
BUHHKAE MMiA 4aC KOYCHHA KYJbKH 1O NOBCPXHi TBEPAOIO IIIACTHUHOIO
Tina. BHHUKHEHHA TePTA KOYEHHA MOXHA MOACHUTH ZedopMauisMu
KyJBKH i TJIOWMHK. Bu3HayeHHa koedillicHTa TePTA KOUEHHS TPYHTYETHCS
Ha BUMIDIOBAHHI BCJIMUMHM AMIUTITYJM KONHBalb MAsTHUKA, sKa 3Mel-
ILYCTHCA B PE3yALTATI pOGOTH CHIL TEPTH KOUCHHS.

3uaiiiemMo Bupas Ui BH3HAMEHHA koedilicuTa Tepra kouenHs. 3a n
KONMUBaHbL NPH NCPEXoAi MasTHUKA 3 T. B y Touky B” mMasTtnHuk BTpauac
eneprito AE, = mg Ah, sxka piBHa poGoTi cun onopy Ha npoiiacHomy
KYJLKOIO tHAsXY S.

AE, = AA,
ae AA — pobora cun TepTA KOUEHHS.

Puc. 18.3
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Bpaxosyroun, wo A4 = F,, - S, 0TpUMaeMo
mg Ah = FupS.
3 pucynka 18.3 muano, wo Ak =Alsinf. Toai 3 ypaxyBaHHAM
piBroOCTi (4) i TOrO, 110 N = mg cosfl, OTPHMAEMO:

mg Al'sin § = kzmgﬁcosﬂ , (%)
./ R
ne R — paaiyc KynbkH, ff — KyT HaXuily MasTHHKA,
Biacraus
Al = [ (cosa, ~ cosay), (6)
‘e ap — aMINITYAHE 3HAUEHHA KYTa BiAXWISHHA MajsTHHUKA B OYATKOBHH
MOMEHT 4Yacy, @, — aMILIiTyjHe 3HA4eHHA KyTa 4Yepe3 n KoJuBaHb, [ —
JOBXUHA MAATHHUKA.
Binctanb, fKy npoitae kynbka 3a n KOJHBaHb, 3HAXOAATH 34
thopmynolo: N

S=4lna,, ™
o, + 0o, :
Ie a,, =—2-— 8)
[Tpn Manux 3navenusnx o, i a,
aZ
cosx =1 —'——2“* . 9)

3 dopmynu (5) xoediuient Tepts k, BiAnoBinHO piBHKH:
= RigBAl  Rigf(cosa, —cosa,)
? S 2n(a, +a,)

Ypaxysasiiu popmyny (9), oTpUMacMo BHpa3s Ul 3HAXOIDKEHHA

KOeQiliEHTa TEPTA KOUEHHS.

= Rtgﬂ_(g(iq_"___ (10)
4n

3 (10) BugHO, WO i BH3HAuYCHHA KoedillicHTa TepTs KO4eHHA
HeoOXiAHO BHUMIpATH JiaMeTp KynbKW, KYTH BiAXWUNCHHS HUTKU
(BiONOBiAHO, NOUATKOBHH Ta KIHUECBHIA), YHCIO IIOBHUX KOJUBAHbL KYJIbKH
Ta BENUYMUHY KyTa HaXHJIy HUTKH JKO FOPU30HTY.

Topaaok BuKonanHa poGoru
Hocuin 1. Busnadenna xoedillicHTa TepTs KOUSHHS.
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. BumipsaTu pagiyc kyabKu.

2 Haxunutn nnownny MasTHHka Ha Kyt B = 3°.

3. Biaxunumi KyAbKy Bifl MOJIOXKEHHS piBHOBard Ha. Ky'l‘ &y =5° i
BiANYCTUTH. :

4. BusHauuTH BenMHURY KYTA @, mum w ﬂTH NOBHHUX KOJIMBaHb.
Jlociix mOBTOPUTH TPU Pasd NPU OKHOMY @ TOMY XK 3HauCHHI ag, 06um-
CITMBLUIH TIPH UBOMY CEPEAHE 3HAYCHHA Xy,

5. Bumipsani Benuuuuu 3awectdH B Tabimmo i 3a dopmynoio (10)
OOYHCHTH CepPeAHE 3HAYCHHA kKoedillieHTa TepTa XOueHHs.

6. [lyHkrH 3°+ 5° nosroputn g f=6° i = 10°

7. OUHHTH NOXHOKY BUMIPIOBAHHS Koe(buucma TCPTA KOYSHHS,

Ta6sunn 1

Ne R, AB, o, Aa@ a:, Aa,,
AR, m | B, pan nl kywm
n/n M pan paa | pan pan | pan
1.
2.
3.
cep.

Hocnin 2. Buznaueuus koedinienra Teprst KOB3aHH.

1. Cxutactu yctanoBky “Masthnk noxunuii” (ams. puc. 16.2).

2. BeraHoBuTH KyT Haxuny rnardopmu pisauii 0°.

3. BUKOPHCTORYIOMH MAATHUK KOUCHHA SIK BEPTUKANLHUIA OpicHTHD, 32
JIOTIOMOI0I0 PETYSIIOBANILHUX OMOP OCHOBH BMCTABWTH CTIHKY npunafy B
CTPOro BEPTUKAIBHOMY NOJOMCHHI.

4. Tlporeprn AocHiJRKyBaHi NOBCPXHI 3MiHHNX nnacThl, 3pi3anol kyni
Ta KyJli MassTHUKA KOUEHHA CTHII0BHM CIIHPTOM i BHTEPTH HACYXO.

5. BeTaHoBUTH CTanibHy THIRCTHHY 1A t1aTgopmy 4.

6. BeraBuTu 3pizany craibHy Kyo B 000iiMy 9 MasTHHKa KOB3aHHS
CQepuiHOI0 NOBEPXHCIO HABOBHI.

7. THBiCUTH MasSTHUK KOB3AHHS 38 JONOMOrOI0 NPH3MATAYNON ONopH
Ha BepxHiit Kpouwreitn 3 Tak, moQ 3pizana Kyis AOTOPKHYRacs 10 Bera-
HOBJIEHO] Ha Tuiargopmy nnactuHow i Bick mastHuka OyJa napanensua
NHLLOBIH ToBepxHi rnardopmy.
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8. ¥V pa3i HeoOXiZHOCTI Mipery;r0BaTH MOJOXEHHA NiACTaBKH Tak,
106 MOKaKYUK MaATHUKA OIIMHUBCA HAMPOTH HYJLOBOT MOMINKH KNy
BiAUHIKY KYTa BiAXWICHHS MasATHHKA, ajie 6e3 MOpYIUCHHS BEPTHKAIBHOTO
HONOXKEHHS CTIHKH.

9. BctanoBuTH KyT Haxusy nnaropmu piBHuit 2°.

10. BigecTu pykoio MasTHHK B OJIHE 3 KpaiHixX MONOXKEHE i 3anMcaTH
MOYaTKOBHII KYT BIAXWICHHS «, 3a WKAJIOIO BI/UHKY KyTa BiXWIEHHS
MasTHHKa. :

11. BianycTdTn MasTHHK i 3anMcaTi KyT BiIXWIEHHA «, NpH 3aikH-
CHEHHi MasATHHKOM M NOBHHUX KoJuBaHb. [lepeBecTH 3HaucHHs KyTiB y pa-
JliaHHY Mipy.

12. BuMipsiHi Bennunyu 3anecty B Tabauwo 2.

13. BuzHauuTy cepefHe 3HadeHHS KoedilieHTa TEPTS KOB3aHHA 3a

dbopmynoto: k, =tgf £a_04—a_,,)
n

, e f=90" -y =88". dopmyna cnipasen-
JIMBa 32 YMOBH, 110 KYT y <2°.

14. TToBroput# nyHkru 513 unst nnacTuny i3 proprnacry.

15. O6uncanTv noxubxu BUMIpIOBaHHs Ta 3p0OUTH BUCHOBKH.
Tabauns 2

8,

NQ ﬁa Aﬂa X, A(XO! Gy, Aam

[Tnactuna n k,
/n pag | pan | pan | pap | paa| pan
1.
2. g
A
3] B
o

cep.
1. «
4]
3 =
' 3
3 =

. &
cep. 5
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KourpoanHi 3atimrannas

. Teprs. Tepra cnokoro. Teprst koB3anns. Cuna reprs.

3axkoH AMoHTOHa — KynoHa.

. Tepra koueuns. MeToiuKa BU3HAMCHHS Koe(ili€eHTa TEPTH KOUCH-

HA Ta KOB3aHHA.

Jireparypa

. Marsees A. H. MexaHnHka W Teopus OTHOCHTENBLHOCTH [

A. H. MaTtsees. — M. : Beicinag mkona, 1986. - 320 ¢.

. Ousnueckuit npaktukym. Mexanuka n Monekynspuas ¢usuka /

noj pea. B. K. Mscponosoii — M. : Hayka, 1983. - 352 c.

. Donvaun J1. JI. JlaGopatopubie 3austus no ¢usuke / JI. JI. Tomn-

JuH (v ap.]. ~ M. : Hayka, 1983. -- 704 ¢.
Casesise M. B. Kypc obweli ¢usnku / K. B. Capenben. - M.
Hayka, 1982.-432c. - T. 1.

. JaboparopHuiit 1ipaktukymM no dusuke / non penr. A. C. Axmarona. —~

M., 1980. - 360 c.
Pusnyeckuii npakTHKyM. Mexanuka 4 monexynsipHas Quiuka /
noa pea. B. M. Heeponosoit. — M. : Hayka, 1967. ~ 352 c.

. Tonbaun JI. JI. JTaboparoprbie 3anstus no ¢usnke / JL JI. Tonb-

e [u ap.]. — M. : Hayka, 1983. —~ 704 c.
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JlabopaTopna poGora Ne 19
Jocuimpxenss cniByaapy KyJin
Mera po6orTn: excrnepuMEHTAILHE IiATBEPIKEHHs 3aKoHy 36epe-
KEHR IMILYJI6CY [IpH MIPYXKHOMY CIiBYapi Kyib.
Hpuaapu ta marepiann: npuitaa “CniByaap kyap” OM-17, sMin-
Hi KYJIbKH (CTaib, aflOMiHifl, JJATYHb).

Kopotki TeopeTnuHi Bigomocti

V 3aMkHyTiil cucTeMi NpH HEHTPANBHOMY abCOMOTHO MPYHHOMY
yAapi ABOX KyNb BHKOHYETBCA 3aKOH 30€pexeHHs MexaMiuyHoi eHeprii i
3aK0H 36epeKeHH IMITYbCY:

—~2 2 —~2 -2
mu m,u. mu m,u

171 + 272 7 + 2°2

2 2 2 2

mo, +mu, =mu, +mu,, 2)

(D

[ie my, my;— MacH KyJbOK;
U;, U, — WBHIKOCTI KyJIbOK A0 YIapy;
ily,, U, — WBWAKOCTI KY/ILOK NiC/Is yaAapy.

Y paHiit pobori aBi KyJi BUCATL Ha HUTKax PIBHOT JIOBXKUHM [
(BigcTaHb BiZ TOUKK MiABICY A0 LEHTPa TOKIHHA Kyihok) (puc. 19.1).
SIKINO KYJIO 3 Macor m; BIIXMIIMTH HA KYT ¢ i BIANYCTHTH, TO B MOMEHT
yRapy BOHA MaTUMe LUBUAKICTh l3|. [lro wBMakicTh MOMXKIA BU3HAYNATH,
BUXOIAYH i3 3aKkoHy 30epexenHs MexaHiuHol eueprii. Kylbka, mifusra Ha
BHCOTY 4 HaJ NOJIOMEHHAM piBHOBArW, BONOJIiE MOTEHUIAHOIO eHeprieio
m,gh, AKa B [IPOLIECI PyXY HEPEXOAHTH Y KIHETHUIY €HEeprilo, pUiIoMy

m gh = , ()

J€ g — NPUCKOPEHHS BilTLHOrO Maj{iHH.
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Puc. 19.1.
VY nanomy focniji upoctie i TOYHINEG BUMIPATH HE BHCOTY Mifjio-
My A, a KyToBY BiaCTaHb @ (KYT ¢, 3 KOO BijilyCKaeThes Kyhs). 3 pHc.
19.1 sumimsac, 1110

h=1-1cosay =1(1 ~cosay)= 2/sin’ (a /2). Q)

3 pisnocri (3) 3 ypaxysanuam dopmyin (4) orpumacmo dopmyiy

JUIA LIBUIKOCT Ky Ni:
v, =+2gh =2¢gl -sin("%). 5)

Imilyiibe Kysib RO 3ITKHEHHS (UPYra Ky HEPYXOMa) AOPIBHIOE:

.

P=muv, (6)
Jie m; ~ Maca YAaPAIoHoT Kyai pazoMm i3 niiBickow;

D} ~ WIBHAKICTb YAPSIO0l KyJIi.
CyMapunit iMIynbe Kyjib HiCAS APYANOIO Y1apy BH3HAMACTHLCA 3a
topmyiroio:
P'=myii, + mii, (7)
e m; ~ Maca KyJi, WO YAapAeTbes 3 1iABICKOI0; .
i, ~ WBHAKICTL YAAPSUOUOT Kyl 1HCast 3ITKHCHRA;

s

Uy~ TBWIKICTD KYJU, IO YAGPACTBCS, MICIHIS 3ITKIEHHSL.

Beanvunn wisnakocreii ¥y i 1, po3paxoBytoThes 3a popmynamu:
o
. (a
P o { . ‘
u, =2gl bm( 4) 8)
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u, =24/gl sin(a%), ®

’ . . . .
Je 06] — KyTOBa BLICTaHb, Ha AKYy [NIC/AA 3ITKHCHHA BLACKOYUNA yhapsaiova

Kyns; ™

i . . ' .
052— KyTOBa BIACTaHb, HA AKY [11CJisi 3ITKHCHHA BIACKOYHMJIA KYNsA, O
yaapsiacs.

Onnc gaboparopHoi yCTAaHOBKH
3aranpHu#l BUTJISA YCTAHOBKM JUIS JIOCHIDKEHHS 3iTKHEHHS Kyilb
npejcTaBieHHii Ha puc. 19.2,

[Tpunag GM-17 posmimyern-
¢s Ha nigcrasui /, Aka Bupis-
HIOETHCS 33 JIONOMOICIO pery-
mMOoIUMX HDKOK; crilika 2, y
BEPXHili uYacTHHi AKOT BCTa-
HOBJIIOETLCS KPOHLITEHH Bep-
XHiid 3, npusHavennit pns ma-
BICKM KYJb, KOpHYC, INMpu3Ha-
YCHUIA Jnd KPIMJICHHS 11Kanm
4 KYTOBHX repeMitlicHb;
GJIEKTPOMArHiT 5, npusHae-
HUI s dikcanii nouarko-
" BOrO  [MIOJIOXEHHA OfHici 3
Puc. 19.2 KyJib 6; BY3/IM PCryJHOBaHHS,
uo 3abelneuyroTb  npsMui
LUCHTPANbHUH yAap Kylb, HUTKH 7 Uil NJBICKM METaNeBUX Kyilb; Ipo-
BIAHMKU AJIS 3a0€3(ICUeHHA ENEKTPUYHOr0 KOHTAKTY KyJib i3 KieMamu 8.
Jna nycxy kymi i nmigpaxyHKy yacy IO 3iTKHEHHsS CIIYXHUThL OJIOK ynpas-

NiHHA 9. Meranesi Ky 6 BUrOTOBJIEHI 3 aIIOMiHIlO, JIaTyHi i crani.

Iopsjok BUKOHAHHS POGOTH
1. BctaButy crasnesi kyni 6 y ckobu niasicy.
2. 3a [ONOMOrof0 peryljlioBaliLHUX ONOp BUCTABUTH [IACTABKY
YCTAHOBKHM Tak, 100 HMXHI Bizupu ckob niasicy skasypanu Ha HyJi
ILIKANIA.
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3. BiaperymoBard NONOXKEHHS KyAb Y BEPTHKaNbHIH i ropuson-
TanbHii NNOWMHAX A0 3iCTaBNEHHS BEpXHIX Bisupis cko® niusicy. Pery-
JIFOBAHHS MPOBOANTH 3a JIOTIOMOTOIO 3MiHM JOBXKHHH NBICY KY/b, & TAKOXK
3MIHIOIOYH TIONIOXEHHA BY3JTiB KPIfICHHA HHTOK HA BEPXHLOMY KPOMIIITEiHi.

4. Harncuyty xaonky “CETb” 65oky. I'pu 1150My NOBUHHO BIIIOYH-
THCR Tabno inamkanii. Hatnenyrn knonky “CTOIN. Tlpu usomy noBu-
HEH BKJIIOYUTHCH €JIeKTPOMArHir.

5. Bigsectu npaBy kyno Ha KyT a; (npuGIM3HO MOTHPHAJILATEL Ipa-
Jtycis) i 3adixcyBaTn Horo 3a Z0moMOroio eeKTpoMarHira.

6. Hatucnytu kuonky “ITYCK”. Tlpu 1pomy Binbynerhes ynap Kyib.
3a jgonoMmororo TaiiMepa ONOKY BH3HAUMTH 4ac 3iTKHEHHA Kyab t.
Hatucnyrn konky “CTOII”.

7. BHU3HauuTH 4ac 3iTKHEHHS A PIi3HNX TIAp KyJb, NOBTOPUBLUM
nyHKTH 5-6. OTprmani Jani sanecty B Tabnmigo.

8. 3poOHTH BHCHOBOK MPO 3ANEKHICTH Hacy 3iTKHEHHA BiA MexXa-
HIYHUX BNACTUBOCTCH MaTepianiB CIIBYHAPAIOUHX KYlb.

9. Biasectu npaBy Kymo Ha KyT @ (npHOAu3HO HOTHPHAAUATL
rpagycis) i 3adikcyBaru HOro 3a AONOMOroIO eNCKTPOMArHiTa.

10. Hatuchytv kuonky “TTYCK”. Tlpu upomy Bi@yseThen yuap Ky,
3a sonoMOrol0 KyvoBOi IUKANH BH3HAUUTH KYTH «, @, | 3andcatd B
Tabnuuio.

I1. TloBroputy BUMIIOBaHHA KYTIB ], @, 3riAHO 3 nynkramu 9-10
JUlfl PiSHUX 11ap KyJib.

12. I'licna BUMipIOBaHL BUMKHYTH MIKPOCEKYHAOMIpP 3a MONOMOTO10
kuonkn “MEPEXA”.

13. Bumipatun poBxuHy niaBicy Kynb [ SK BiACTaHb MK LICHTPOM
KyJli T2 CTEPXKHEM BEPXHBOTrO KPORIUTEiNA.

14, O6uncauTy cepelHi 3HaUeHs KYTiB @, ;.

15. TlposectH po3paxyHok IIBUAKOCTCH Kylib A0 i 1ticng ynapy 3a
dopmynamu (5), (8), (9).

16. O6uncavy 3a popmynoio F, - Almy) CEPEIHIO CHITY YHapy.

P AI

17. O6uvcnurn iMnysbLen Kyns 1o i nicis yaapy 3a gopmynamu (6),
(7). Macu xynb yxasadi Ha naGoparopHiit ycranosiii.

17. PospaxyHk# npoBecTi JUIS Kylib TPLOX THTB, | JaHi BlleCTH B
TabanIno.

18. [Mepesipuru piBnicrs (6) t 3poOHTH BUCHOBOK.
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19. Busmauutu BiJHOCHE BigXHNeHHS Big 3akoHY 36epexeHHs

iMnynecy

r-r

E= ,
P

Ae P — iMnysisc cucTéMu Kynib 10 yaapy;

P’ — iMIysibe cucteMu KyJib micis yaapy.
Tabauns 1
Ne | Tum | t, Joy, |a) | | vy | u, Uy, P, P’,
n/i | ky#i | ¢ o . o m/c | M/c | M/c | krm/e | krmic
1.
2. 5
3. 5
Cep.
' 3H,
L1 o=
20 oz
3. 3
Cep.| &
3H.
1.
2. |- a
3. =)
Cep.| ©
3H.
KourpoanHi 3anutanus
1. o Take ypap? SAxuii ynap Ha3nBaroTh UEHTPANbHUM?
2. Sk 3MIHMTBCA KIHETHYHA €HEPriA KYJIbOK Ta iX BIAHOCHA UIBUAKICTL

had

NIpH pi3HUX BUJAX YAapy: aOCOJNIOTHO FPYKHOMY, HENPYxHOMYy i
abCOIMOTHO HEMPYKHOMY?

CédopMmyniopati 3aK0H 30€pEIKCHHA IMITYIILCY.
ExcriepuMeHTalibHa yCTAHOBKA TA METO/IMKA BUMiPIOBaHHA.
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JlaGopaTopna poGora Ne 20

Bu3suauenus MoMeHTY iHepuii TBepIOro TiNa 3a 10NOMOroo
KPYTHILHOIO MANMTHHKA

-'MeTa poGOTH: eKC@pHMEHTAIbHE BU3HAYEHHS MOMEHTY iHepLii
TBEpAOro Tia BiJHOCHO JOBIIBLHOT OCI METOJIOM KONHBAHb.
IMpunagm Ta martepiamm: kpyTunbHuid mMastHuk FPM-05 i na6ip
JOCHiMKYBaHUX TiNl (Ky6 i /iBa napaneneninean).

KopoTki TeopeTnuHi Bigomocti

ITpu obepransHOMY pyci TBEpAOro TiNla BIJHOCHO HEPYXOMOI 0OCi
MOMENT iMIYJILCY NOB’A3aHuil i3 BEKTOPOM KYTOBOT IIBUAKOCTI CNiBBIAHO-
IHEHHAM:

L=J&, (1

ne L — MoMeRT iMIyJIscy TBEpAOTo Tina;
J — MoMeHT iHepUil BiAHOCHO oci obepTanus;
@ — BEKTOp KyTOROI IIBMAKOCTI Tina.
OcCHOBHUH 3aKOH AMHAMIKY OBEPTAILHOrO PyXy B ULOMY BHIIAJKY
HabyBae BuUrnsay:
f&:d(.l(o):M, @)
dt dt

e M — cyMapHuii MOMEHT 30BHIlIHIX CHJT BIIHOCHO HepyXoMoT oci.
© JudepeHuitooun BUpa3 y KPYridx AYKKAX, OTPUMEEMO:

dé -
J——=M. 3)
dt
Ockinbku obepraibHuil pyXx BifOyBaeTbcs BIAHOCHO HEPYXOMOI OCi, TO
. 5 do . - . Do
BEKTOPH a),ﬂ=—6—i~ i M xonineapui # pisHaHug (3) Moxe OyrTu
1
3arMCaHo B CKAMSAPHOMY BUIIA:
do'
Jo—=M, )
dt

[pu posrnsipi BiNbHUX KPYTHIBHUX KOJIMBAHB €AUHHM MOMEHTOM
CHJl € MOMEHT CHJI KPYHYCHHS, BCIMYUHA SIKOTO BH3HAUAETHCH CHIBBIAHO-
INCHHAM:
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M=-Dj 5)

-ae D — moaynib KpydeHHs;

J — KYT Kpy4eHHs.

3uak (-) B (5) ykasye Ha Te, IO MOMEHT CHJI KPYHEHH HANPABNCHHUH
npotH 3Mminu Kyra kpyuenns. [Tincrasasionn (5) B (4) i BpaxoBywoum
3B'A30K MK KYTOBOIO LIBH/KICTIO i KYTOM MIOBOPOTY, OTPHMAEMO:

do  d’¢ ' ‘
J—=J—F=-1 - 6
dt dr? by ©)
abo
d¢ De
di? J 0. 7

Pisuanus (7) € piBUAHHAM rapMouiMiHX koansaHb. Moro poss’s3ok
MaE BUITISIAL

@ = ¢, cos(w,t +0), o (8)
Jic (/)0 - ﬂMl“UIiTyjl'd KONIUBalb,
D
(00 = ”;‘ - BJIACHA 4YACTOTA KOJIMBA,

¢ — riouarkosa ¢asa.

ITepion koAuBaHb KPYTHILHOIO MasSTHHKA!

. &)

SAMEKMTH BIL MOMEHTY THEpLLHT Tina, 110 obepracThes.

CuisgigHomenus (9) MoXHa BHKOPUCTOBYBATH AN €KCIICPUMCH-
TaNbHOr0 3HAXO/RKEHHI MOMEHTY (HEPIT TREPAOIo Tina, wo Oepe yuacts y
KPYTHJILHHX ~ KOJHMBAHHKX, 3a BUMIPAHUM nepiojoMm konusBane T
KPYTHABLHOIO MAATHHKA:



Ae R; — 30BHiMNIN paniyc nusinapa;

T*-D
J=" (10)
(271') _ R; — BHYTpilHiii papiyc uuainapa.

KpyrunpHuif MasTHUK MOXKHA BHKOPHCTOBYBATH JUIA BUMipIOBaHHs
MOMEHTIB iHepUil TINLKM CHAMETPHUHMX Tifl, B AKX LIGHTP MacC NEXHTh Ha

oci obepraHHs.
O6uucneHHs MOMEHTY [Hepllii € 3arajoM CKJaAHUM 3aBAaHHSM.

Ilpore, Akwo rycTusa Tina y scboMy o0’emi Tina noctifina (oanopiani
Tifa) i AKUIO TINO Ma€ NpPABHIIbHY reoMeTpuuHy Qopmy, To obuucieHHs
MOMEHTY iHepuii TUI BIIHOCHO TOIOBHUX OCeii MOXHa 3AilicHHTH 3a foMo-
Moroto interpyBaHHa. Hiokue npuBenedi pe3ynbTaru Takux o0uuclieHb

A JEAKMX T
1. MoMeHT iHepuii cyuisbHOro umiinapa (AMUcka) BiAHOCHO oci, ska 30i-

raeTbeA 3 BICCIO CUMETDIT':
1 3. MoMeut ineplii monoro TOHKOCTIHHOVO 1uiinapa (06pyua) BiAHOCHO
J= E mRz, _ an oci, Aika 30iraeThes 3 RICCIO CUMETPIT:
. J=mR", (12)
Jie m — Maca LuIliHApa;
R~ paniyc ocHoBH LMAIHApA.
ae R - pajtiye uuninpa.

VAV

2. Momenr iHepuii TOBCTOCTIHHOrO LMJiHapa (KiNbls) BiAHOCHO OCi, SKa
36iraeTbeca 3 BiCCIO CUMETPIi: 4. Moment inepitii Kyai BIAHOCHO oci, AKa 30iraeThes 3 BICCIO CUMETPHLL
1 2 2 e
J ;—2-m R, -—R2 , , (n J =.-§--m,R i (13)
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nie R — paniyc xyni.

5. MomeHT iHepuil AOBroro TOHKOrO CTEpXKHS BIAHOCHO OCi, 11O Mpo-
XOAUTH HEpe3 CepeauHy CTEepKHA | epreHIuKYASpHa /10 HbOTO!

1 2
=7mL, (14)

Je L — noBxuHa CTepXKHS.

6. MomeHTy iHepuil CyLinpHOTrO IPAMOKYTHOrO napalnesenineaa BiJJHOCHO
FONOBHUX Ocel IHEpLUIl, 10 TNIPOXOAATH 4Yepe3 LUEHTPH IPOTHIIEKHHX Ipa-
Hel:

1 2, 52
J010| =—m(a” +b°);
12
J =—1—m(b2+02)- (15)
h 02()2 12 ’ -
J 1 2.2
0,0, =ma” +¢7),
12
ae a, b, ¢ — noBxUHH pebep napaneneninena.
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V BUNaaKky, KoM Tina, AKi MAIOTh CKilaaty reometpuuty dopmy abo
JIOBiIbHY BiCb O0EpPTaHHS, NMPOCTILIHM € €KCRePUMEHTaNbHE BH3HAYCHHA
MOMEHTY IHEPUiT METOIOM KPYTHILHHX KONHBaHb. ‘

VY nanilt pobori pocnipkyBauuMm TinoM € ky6 abo nmapanenenines.
Cnouatky noTpiOHo Bu3HauuTH nepion Tp KpYyTHABHUX KONMBaHL JOCNI-
JOKYBaHOTO Tifia BIIHOCHO OJIHI€T 3 TOJOBHHX Oceit ivepuii (MOMEHT iHepuil
IOA0 ronoBHoi oci moxe OyTH obuncncHmii 3a BiROMUMH (DOPMYNaMHK).
Jl1 BU3HAYEHHI MOMEHTY iHEPIT JOCHDKYBAHOTO Tijia Bi;JHOCHO AEAKOT
oci HeoOXiAHO BUMIpsiTH Nepiof Ty KPYTHALHHX KOJSIMBAHL Tila BIAHOCHO
uiet oci. '

BiaHOUICHAA 1IUX NEPIOAIB IACTh TaKy TPONOPIi0:

7 J.
Lxg [Ta (16)
7() J()

3 Hel OTPUMAEMO BUPa3 Uil MOMEHTY iHepuil Tina Jy BisHocHo neakoi
JIOBUIBHOT OCi:
T\’
.]\, = ']() —,},—_. - " (17)
e

Onne excnepuMeHTANBLHOT YCTAHOBKH

Y komruiekt s1aGopaTopliol yCTANOBKH BXOARTH KPYTHILHWIA MasiT-
nuk FPM-05 i nabip jocanijpkysannx tin (ky6 i asa napaneneninenn).
Kpyrunbnuit masitiuk  (puc. 20.1)  npusuavenuii a8 BH3HAYEHHA
MOMEHTIB iHEpLT TBEPAMX T 32 JLOIIOMOroI0 KPYTHIBHHX KOJIMBAHb.

Ha ocHosi ycranoBku (2), sika OCHAlICHA HOTHPMA HIDKKAMH 3
perynboBaHOIO BUCOTOIO, NPHKpITIcHKHE minicekynuoMip (1), a Takox Ko-
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nouka (3), Ha Akili 3a ZONOMOroio NMPUTUCKHUX IBUHTIB 3aKpirnneHi KpoH-
wreitiu (4) i (6). Kponiureitnu (4) i (6) MaioTh 3aTHCKH, AKi CIYXaTh IS
3aKpiIUICHHs CTANEBOro APOTY, Ha AKOMY mifgBinicHa pamka (7). Ha kpou-
wireitsi (5) kpinuTees cranepa ranka (8), ska CIyXUTb OCHOBOIO A% (o-
TOENEKTPHHHOTO JaTyHKa (9), enexrpomartira (/0) i kyrosoi wkamu (/1).
Enextpomardit (/0) moxe 3MiHIOBATH NONOXKEHHA Ha IUIAaHUl, a Horo
IOJIOXEHHA BIAHOCHO (POTOENEKTPUIHOrO AaTyMKa rOKa3lye Ha KyToBii
IKani cTpinka, NpUKpirUIeHa 1o eJlekTpOMarHira.

Puc. 20.1

KoHcTpykuis paMkd [03BONSE 3aKpiruloBaty AOCHiPKyBaWl Tina
(12), wo 3HAYHO BiAPI3HAIOTLCA OZMH BiJi OAHOrO 3a 30BHILIHIMU PO3MI-
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pamu. JlocnifpKyBati Tina KpinisThcs 3a JONOMOrolo pyxomoi 6anku, ska
repeMilliacTheA MO HAMPABAAIOYMX MK HEPYXOMHUMH OanKamu.

DoToCHCKTPUIHUI RaTUMK Ta EIEKTPOMArHIT CHONYUEHI 3 Millice-
KYH/ZOMIpOM 3a JONOMOrolO po3’emy.

CeiTnosuit noTik Bif NamMnodku notpanase Ha dotopesncrop. Iin
4ac KOAMBaHb KPYTMIILHOTO MAafATHHKA CTPiNKa paMKU fiepepHBac CBITIO-
BHH NMOTIK, BHACHIAOK 4Oro y cxeMi (OpMYIOThCS ENCKTPHUHI iMNy/IbCH,
AKi MiCHs NOCHEHHA MIABOAATLCA 0 BXOJY MillicekyHaoMipa.

Hopsaok Buxonanus poborn

1. 3akpinuTi B pamii npunaxy AOCHiKyBaHe TiNO Tak, w6 BiCh
NigBiCY MPOXOAWNA Yepe3 CEpeAHHH POTINICKHHUX FpaHe, Ais LLOro
TEPEMICTHTH pyxoMy OaiKy Mo THX, IO HaNPaBsiOTh, MK HEPYXOMUMH
Gasikamy Ha HCOOXiAHY Bi/ICTaHb i 3aTArHYTH Talikn.

2. Hatucuyru xnonky “CETh”.

3. IlosepTaiodn pamky npunany, HabAM3HTH ii CTPUIKY 10 €NEKTPO-
Marita Tak, o6 eJekTpoMartir 3aQikcyBas MONOKEHHS PAMKH.

4. O6GuynuTdH NiYWIBHUK 4acy HaTHCHEHHam knonkn “CBPOC”.
Inaukaropu MiniceKyHAOMipa NOBUHHI BUCBIYYBATH HYJI.

5. Harucuyru xuonky “TTYCK”. Ilicna 3pinbHenns paMku Bij
€JICKTpPOMartira BoHa 34iiCHIOBATHME KPYTHJIbHI KONHBAHHA. :

6. BumipaTu uac AecATH KOAUBAHL KPYTHILHOIO MasTHMKA (KHOMKA
“CTOIN” naruckaerbes nicis nossu uudpu 9 y sikouwi “TIEPIOH” i
3anucaTi vac 1y y tabnuui 1.

7. Bignycrury knonky “ITYCK” i noBepHyTH paMKy 3 ftocnipkysa-
HHUM TiIOM, HabM3uBILK T CTPiAKY 10 enekTpoMartita. Pamka yrpumysa-
THMETbLCH eneKTpOMﬁI‘Hi’I‘OM. )

8. IloBTopuTH BUMIpIOBaHHS 4acy f; 5~6 pasiB (fy — Ya¢ KPYTHILHUX
KOJIMBAHb Tilia HABKOJIO MOMOBHOT BEPTHKAILHOY OCi) 3riAHO 3 yHKTaMH 4-7.

9. BumipioBaHHs BHKOHATH BIJHOCHO Pi3HUX I'OJOBHKX Ocel pocii-
JOKYBaHOTO Tija.

10. 3akpinutu B pamui npuiiasy, JOCHijpKyBaHe Tilo Tak, Wod Bick
MABICY NpOXoAmia 4epes NPOTHIEHKHI BePUMHH BaHTaxy (36Giranaca 3
oaHieo 3 Jiaronanei napaneneninesa). BUMipaTy vac JICCATH KPY THILHHX
KOJIMBaHb £, 1 3aHecTd B Tabnuuio 1.

1. Ilicns sakin4eHHs BHMIPIOBaHL BUMKHYTH MinicekyHIOMIp i
BUHHATH BaHTAX 3 PAMKHM NpUIIaNLy.
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' T36HHUH 1
Ne o/m ly, ¢ Ty ¢ t, C Toc | AT, ¢ ATy, ¢
1. .
2.
6.
Cep. 34.

O6uncnenns i 06podxa pe3yibTaTin

1. ObumcnuTH nepioau KPyTHIIEHUX konusaHe Ty i 7T, 3a (bopMynoro
T=t/10.

2. Tlposectn pozpaxyHoK noxu6Kn pe3ynbTaTiB npAMEX BUMIpIO-
Baub 117, .

3. Obuucnurn MomenTH iHepuil J, JocaipkyBaHoro Tifa BiJHOCHO
rONIOBHUX OCEHl 3a BIOMUMY TEOPETHIHIUMU GOPMYIaMHU, & TAKOXK BUKOPH-
CTOBYIOYH €KCIIEPHMEHTANIbHI JAaHi, OTPUMaHi METONOM KPYTHIILHHX KOJIU-
BaHb. [TOpiBHATH OTpUMaHi pe3ynpTaTH.

4. Busectu popMmyny fnsa noxubxn A, if 00UUCAUTH Ll NOXHOKH.

5. O6uucnuTii MOMEHT iHepuil Tina J, BiIHOCHO BEpTHKANBLHOI OCi,
sika 30iraeThes 3 OFHICIO 3 AiaroHanel napaneneninena.

6. Busectu dopmyiy st po3paxyHky noxubxu AJ, i obuucauTH ii.

7. ITopIBHATH SKCIIEPUMEHTANTLHI | TEOPETUYHI pe3yabTaTH, 3pobuTu
BHCHOBOK.

e KoHTpoasni 3anuTaHns
1. chdpmynlome OCHOBHWH 3aKOH AMHaMiKH 00epTaNbHOrO pyxy
~TBEepAoro rina. Jlaiite BU3HAYEHHS BCiX BENUTHH, o BXOAATE O
HBOTO.
2. o Ha3MBaETECA MOMEHTOM iHepLii MaTepiabHOT TOUKH i TBEpAOrO
Tina BigHOCHO oci ob6epranua? Sxuii fioro ¢izuunuii 3mict?
1110 Ha3uBa€ETHCS TOJOBHMMH OCAMH TeH3opa inepuii Tina?
Teopema LHreiinepa.
. Slki criocobu Ans BH3HAYEHHA MOMENTIB iHepUii CUMETPHUUYHUX TiJl BU
MOXeTe 3alpPONOHYBATA?

@A
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6. Hanuwite OCHOBHe piBHAHHA HMHaMikH ANs Tina, wo 3AifcHioe
KPYTUJIbHI KOMUBAHHS,

7. 3a sIKUM 3aKOHOM 3MIHIOETLCA KYT IIOBOPOTY Tijia NpH KPYTHIBHHX
KOJIMBaHHAX?

8. JlaiiTe BU3HAuEHHS aMIDITYAM, YacTOTH, nepiofy i (a3u rapmoHiii-
HUX KOJIMBAHb. :

9. Bia woro 3anexuTh NEPIOA BINLHUX KPYTHILHUX KONHUBAHD? |

10. o rTake pedopmauis kpyuenns? Hlo Take Moaystb kpyyenHs i Bia
YOro BiH 3aNeXHTh?

11. TopiBhsiiTe Mixk COGOIO METOA KPYTHIILHHX KOMHBAHE i MEeTOJ iHTe-
rPYBaHHA, 1O BHMKODHUCTOBYIOTLCH U1 BH3HAUCHHA OCBOBMX
MOMEHTIB iHepuii, 3a TOUHICTIO Ta iHdOpMAaTHBHICTIO.

Jlirepatypa

I. Mareee A. H. Mexanuka o Teopus OTHOCHTENBLHOCTH /
A. H. Matgsces. — M. : Boicuias uikona, 1986. - 320 ¢

2. Casenses M. B. Kypc obueit dpusuxn. / Y. B. (,anulbea.. — M. : Hayka,
1982. -432¢.—~T. 1.



3. Tabunui ¢pizHaHEX BEJIMIHH

Hesiki- ocHoBni ¢izuuni cTai

Taﬁumm 1

Fycruna tBepaux rin

Tadoanun 4

UiBuakicTs cBiTia y Bakyymi

¢ =2997925-108 ar- ¢!

I'paritauifina ctana

y=6672-107" H - p? 2™

Maca enexrpona

m, =91083-107" ko

3apsa eneKTpoHa

e=1,60210-10""° Ku

Maca nporouna

m, =1836,10m,

I'ycTuna rasis
(3a Tremuepatypn 0°C i HOpMANBLHOTO ATMOCHEPHOT0 THCKY)

TabJuun 2

Ke Ke
PeuoBnna P Peuosuna P

M M
A3sor 1,2505 Kucenn 1,42896
Bopenn 0,08988 Meran 0,7168
Bonsuxa napa 0,768 Heou 0,8999
TloBitps cyxe 1,2928 Byrnekucnuh ras 1,2500
Tenii 0,1785 Xiop 3,22

Pevosnua £, le3 KoM Peyonuna P10 ke M
bponza = 11,34
(docdopucta) 8,7-8,9 CaHHenb
Jliopamominiit 2,79 Cxkio 2,5
KouncranTan 8,88 Cpibisto 10,5
JlaTyns 8,4~ 8.7 Crans 7,7-179
Miab 8,9 Turan 4,5
Inatuua 21,5 Hanyu 7,0

TIpyskui craji AesikHX peuoBHH
Tadanusu 5
. v Monynb FOura Monyni 3cyny Koedinichr

Peuosuna E, 10'°fa Gr, 10" [1a Ilyacona,
AJOMiHI# 7,05 2,63 0,345
bpouza 8,08 2,97 0,358
3anizo 21,2 2,7 029
Jlatyusp 9,7-10,2 3,5 0,34 -- 0,40
Mins 12,98 4,83 0,34
Crans 20,9 8,12 0,293
[{nuk 9,0 3,6 0,25

* Cxnan noBitps: 78,03% Ny, 20,99% Oy, 0,933% Ar, 0,03% CO, Ta ii.

F'yctuna pinnu nipu t = 20°C

Tadanus 3

HAunamiana B’ sskieTs piamu i rasis

(3a Temneparypn 20°C i HOPMAJILHOTO aTMOCHEPHOro THCKY)

Tadaunn 6

Pevopuna 2,10 k2 - ma’ Peyonnua P, 107 ko a®
Aueron 0,787 Edip 0,72
Benzon 0,8790 P1yTh 13,5
Bopa 0,9982 Cnupt eTunoBmii 0,7893
Cniuepun 1,264 Tonyon 0,8670

Pinuua 1, 107 11a- ¢ a3 1107 a - ¢
ALETOH 0,322 Asor 0,0175
benzon 0,647 Amiak 0,00995
Bona 1,0019 Bonenn 0.0088
Cniuepun 1495.0 I"eniit 0,096
Crnupr etunosnit 1,20 Kuceun 0,0202
Macno kacropose 986 Hositps 0,0182
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HIBuaKiCTL HOMMPEHHS 3BYKY B Pi3HHX cepeloBHIax

IICCHTK()Bi TBil)HHKH HA3B OJHHHIDL

Taomausa 7
PeyoBuHa v, M/c Peuosuna v, M/c
| AsroMiniit 6400 TMositps (0°C) 331
Bopa (muctun.) 1407 CkJno 5000
Ininepun 1930 Crans 4720
I'panir 5400 Mine 5900 - 6100

Ykpaincbke

MixHapoaue

Opnuuii MexaHivHUX Pi3HYHUX BEITHINH

MuOXHHK Mpedixe HO3HAUEHHS HO3HAYCHHA
10" eKCa- E E
10° neHTa- I P
10" Tepa- T N
10° rira- r G
10° mera- M M
10° Kino- K “k
107 [EKTO- r h
10 JeKa- na da
107 JACLH- i d
107 CaHTH- ¢ C
10° Misti- M m
10° MIKpO- MK H
107 HAHO- H ..
10" miKo- ! p
10" ¢emro- ¢ f
1078 aTTo- a a

Ha3gra BEIHYHMHH Tlo3naueHns Onuuuui suMipy 8 CI
JoBxuna [ M, METp
Yac t ¢, CeKyHaa
P} T
Kr*M™, KUlorpaM  Ha
['yctuna P . p
_ MeTp ¥y Kybi
1BuaxicTs v M ", METp 3a CeKyHay
-2
" M ‘ €™, METp 33 CEKYH
Ipuckopenus a ¢ . Me1p ynay'y
KBajgpati
T :
. - e, iaH  3a
KyTtoBa mwBHaKICTH @ paa pan
: CeKyHay ;
) T
. ¢, iaH  3a
Kytose npuckopenHs £ pag pamai
CeKyHAy y KBajapari
Yactora 1% "y, repu
Maca m Kr, Kitorpam
Cuia I3 H, HetoTOH
Tuck p [1a, nackans
Mexayiuna Hanpyra T [la, nackann
= Kr M ¢ Kinorpam MeTp
IMnysne r .
y KBaApaTi 3a CEKyHIy
. MomenT cunu M H ' M, HBIOTOH MeTp
kP M2 C, Kinorpam
MowmeHT iMnynecy I MeTp Yy kBajgpati 3a
B CeKyHIY
Z N
. KI * M°, Kinorpam Mer.
Mowment inepuii 1 . P by
KBagpari o
Exepris £EU Jx, jokoynn
)
. K * M IDKOYIB Ha MeT)
IMutoma enepris J A W JpKOy s ¥ P
y KyOi
Pobora A JK, mxoynb
Hotyxuicts N Br, Bar
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