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3ITKHEHHA KVJIb Y JIABOPATOPHOMY ®I3UYHOMY
INPAKTUKYMI

IToctaHoBKa Ta OOIPYHTYBAHHSI AKTYaJbHOCTI mpoodsaemu. DiznyHi
SIBUIIA TIPU 31TKHEHHI TUI JIOCUTh CKJIaHI. Tiy1a 110 31TKaroThes 1ehOpPMYIOThCA,
BUHMKAIOTh MPY>KHI CUJIM 1 CUJIM TEPTs, B TUIaX 30y/LKYIOTbCS KOJMBAHHS Ta
xBuil 1 T. 1. [1, c¢. 144]. Binpi3HsioTh JBa KpalHIX BUIAJIKK 3ITKHEHB: He
npysiche Ta npyxcie. Iliml 4ac He TPYXXKHOTO 3ITKHEHHS BCl BHINE 3rajaHi
MPOIIECH B PEIITI PEIT MPUIUHAIOTHCS 1 B TOJAIBIIOMY OOWIBa Tija,
3’ €THABIIUCH PA30M, PYXaAIOThCA K €IMHE TBEPJE TLIO.

[likaBi  mepeTBOpPeHHS  KIHETUYHOI Ta  MOTEHLIaJbHOI  EHEeprii
CTHIOCTEPITAIOTECS TPU  AOCONOMHO NPYHCHOMY 3imKHeHHi. Tak Ha3HBarOThH
3ITKHEHHSI TUI, B pe3yjbTaTl SKOrO iX BHYTPIIIHS €HEPTis HE 3MIHIOETHCI. Y
YUCTOMY BUIJISJI TaKuW BHUMAJAOK 3ITKHEHHS MAaKpPOCKOMYHMX TUI HE

3yCTpI4a€ThCs, aje 10 HbOTO MOXKHA MiIIUTH JOCUThH OMU3bKO, HAMPUKIIAM, TPU



31ITKHEHH1 OUTBAPAHUX KyJIb BUTOTOBJICHUX 13 CJIOHOBOi KICTKM a00 MeTaleBHX
KyJIb BUTOTOBJICHHX 13 3arapTOBAHOI CTaJIi.

[3 3aranbHUX MIPKYBaHb 3p03yMLIIO, 110 3ITKHEHHS KyJb HE B110yBa€ThCS
MUTTEBO, a HABMAaKW TPHUBA€ MEBHUM dac. 3po3yMiio, MO Oe3mocepeaHe
TEOpPETUYHE Ta JOCHIAHE BH3HAYECHHS LIbOTO Yacy SIBJISIE COOOK aKTyalbHe
3aBIaHHS K 13 HAYKOBOI TaK 1 3 METOJAUYHOI TOUKH 30DY.

AHaJi3 ocTaHHIX J0CaiKeHb i myOaikami. Ananiz myOmikamii Ha I1t0
TeMy TIOKa3ye, 10 y OUIBIIOCTI JabOpaTOpHUX NPAKTUKYMIB 3ajada
0e3mocepeIHbOr0 BU3HAUEHHSI 4Yacy 3ITKHEHHS KyJdb HE CTaBUTHCS B3arali.
BusnaueHHi0 BnacHe 4acy 31TKHEHHS KyJb MPUCBAYEHI METOAUYHI PO3POOKH Y
He Oaratbox (i3nyHMX npakTukymax. Hanpuknan, y ¢yHIaMeHTanbHOMY
NpaKkTUKyMl [2, ¢.62] yac 3ITKHEHHS KyjJdb BHM3HAUA€ThCA 32 JIONOMOIOIO
OaJICTUYHOTO TajibBaHOMETpa. SAKINO MeTaneBl KyJi 3’€IHAaTH IPOBIIHUKOM 13
3apAKEHUM KOHIEHCATOPOM, TO KOHJEHCATOp MiJl Yac 3ITKHEHHS KyJb Oyze
PO3PSAKATUCH 1 Yac 3ITKHEHHS MOXXHA OTOTOXKHHUTH 13 4acoM po3psiaku. Jlis
TEOPETUYHOTO BU3HAYEHHS Yacy 3ITKHEHHS B POOOTI MPOMOHYETHCS HACTYIHA
dbopmymna:

Pret (1
ne U - BIJHOCHA IIBUJIKICTh KyJib, @ ¢ Ta . KOe(DIIIEHTH, 1110 BU3HAYAIOTHCS

EKCIIepUMEHTAIbHO. TakuM YMHOM B POOOTI MPOTOHYETHCS HAIIBEMIIPUYHUN
METO] TEOPETUYHOTO BU3HAYEHHS 7 .

VY pobori [3, c.62] ana ekcnepruMeHTaTBbHOTO BU3SHAYCHHS Yacy 3ITKHCHHS
gyepe3 eNeKTPUYHUN KOHTAKT MK KYJISIMH MPOIMYCKAIOTh 3MIHHUN €JIeKTPUIHHMA
ctpyM y Bunsaal [I-momiOHUX eNeKTpUYHUX IMITYJIbCIB. 3a JOMOMOIOIO
CIELIAIBHOTO JIYMIIBHUKA IMITYJIbCIB BU3HAYAIOTH iX KUIBKICTh, II0 MPOXOAUTH
yepe3 KOHTAaKT MK KyJsIMH 3a TIeBHHMM (ikcoBaHMM dac (Hampukiag 3a 1
CEeKyHJly) Ta 3a yac 3iTKHeHHs. [licis 4oro yac 31TKHEHHS BH3HAYa€ThCS 3a
dhopmyioro:

T=t-N/N,

: )
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- gac excno3uilii, N — KUTbKICTh IMIyJIbCIB 3a 4ac 3ITKHEHHS, Ny —
KUIBKICTh IMITYJIbCIB 32 Yac €KCmO3uIli. JIJiT TeOpeTHYHO1 OIIHKKA TPUBAIOCTI

31TKHEHHS B pOOOTI MPOMOHYETHCS HACTYyITHA (popMyIa:

e 3)

ae 7 - KyT BIIXWICHHS OJHIEI KyJl 13 TIOJIOKEHHS pPIBHOBAaru; ¢ — cTaja

BEJIMUMHA, IO 3aJCKUTh BiJl MPYXHHUX BIACTUBOCTEH Marepiaiy, i3 SKOro
3po0JeH1 Kyii; k — MOKa3HUK CTYTMEHs, SSIKHA BU3HAYAETHCS €KCIIEPUMEHTAIBHO.
TakuM yuHOM 1 B il pOOOTI TaKOXK MPOIMOHYETHCS HAMIBEMITIPUYHUN METOJ
TEOPETUYHOTO BU3HAUCHHS .

B po6orti, 1m0 NpONOHYEThCS €KCIIEpUMEHTalbHA YacTHHA BU3HAYEHHS
Yacy 31TKHEHHSI IPAKTUYHO HE BIAPI3HAETHCA BiJ METOLY BU3HAYEHHS ! poOOTH
[3].

Mera crarti. Memoro naHoi pobotu Oyao TeopeTHYHEe Ta
eKCIIEpUMEHTAIbHE BHU3HAYEHHS dYacy 3ITKHEHHs KyJdb BUTOTOBJICHHUX 13
3arapTOBaHOI CTajl Ta CIIBCTABJICHHS JAHUX TEOPii Ta €KCIIEPUMEHTY, a TaKOX
BIIPOBA/IPKEHHS OTPUMAHUX PE3YJbTATIB Y Ja00paTopHuil Pi3UYHUN TPAKTUKYM.

Meronu nociaigxennsi. TakuM YMHOM B poOOTI 3aImPONOHOBAHO
KracuyHui memoo (GI3UYHOTO JMOCHTIKEHHS, SKAW TOJArae y TO€JHaHHI
TEOPETUYHOI Ta EKCIIEPUMEHTAJIBHOI KOMIIOHEHT I10JI0 PO3B’sI3aHHSI KOHKPETHOL
(b13M4HOI 3a/1a4i, TOCTYIHHUM JIJIsl pO3YMIHHS Ta 3aCBOEHHS CTy/eHTaMu Bury.

Bukiag ocHOBHOro marepiajy aociail:keHHsi. Teopemuuna yacmuna.
Po3rnsiHeMo 31TKHEHHS JBOX KyJib pajaiyca R B cuCTeM1 BLUJIIKY, B SIKIA Kydi
pyxaroTbCs HazycTpid ogHa a0 omHoi (puc.l). Ha pucynky 3amrpuxoBaHa

obmacTh — obacTe AedopMartii KyJb migdac iX 31TKHEHHS.




Puc.1 Cxema 31TKHEHHS KyJIb

[Toznaunmo nedopmariiro Kyib uepes x. Tol KoopauHarta HeHTpy Ky 2

JOpPIBHIOBATHME:
)=k - L
| | e @)
[Ipu BukoHaHHi ymMoBH * €' 1St IO KOHTAKTY MiXk Ky/IsIMH MaeMo:
S=a(R -(R-9" =1y
. . . . 2 (5)
BiamoBiiHO AJIs CHJTH, IO i€ MiXK IIapaMu MaeMO:
2
2R 2 (6)

ne E — monynp FOnra. BpaxoByrodi HaBeleHE BHIINE, Ha IIiJICTaBl 3aKOHY

30epeKEeHHSI CHEePTii MaEMO:

, (7)

ne E, - enepris Ky mepej 3ITKHEHHSM B JabOpaTopHiil cuctemi BITIKY. I3

piBHSHHSA (7) AJ BUAKOCTI KYJIl MAEMO:

Tk 0
B ®)

[Ticns po3aineHHs 3MiHHUX Yy hopmydi (8) u1s gacy 31TKHEHHS KyJlb OTPUMY€EMO:

*max
e dx
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InTerpan y dopmymi (10) nopiBHioe
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o (11)
Jli1s1 eneprii Kyii nepes 3iTkHeHHsM Ipu yMoBi ? € ' Maemo:
E,=mgl(l-cosg)= 2mglsin3¢—= 1—mgl¢:
. . (12)

Takum 4MHOM JiJ1s1 Yacy 31TKHEHHS KyJIb OCTATOYHO OJEPKYEMO (hopmyity:



Fo133 mn /3 g 13

T , (13)
Jie m — maca Kyii; / — ToBKuHa mijaBicy; £ — Moayns FOHra; . KYT BIJIXUJICHHSI
KyJIi BiJI TTOJIOKEHHS PIBHOBArH.

Excnepumenmansna yacmuna. ]I ekCepUMEHTaJIbHOTO BU3HAUEHHS
yacy 3ITKHEHHS Kylb B pOOOTI BHKOPUCTOBYETHCS EKCIEPHMEHTAJIbHA
YCTaHOBKA, CXeMy sIKOi 300pakeH0 Ha puc. 2. J[Bl ogHakoBi Kyii / Macow m
KO)KHA, BHUIOTOBJIEHI 13 3arapToBaHOi CTajll MiABIINIEHI Ha KpPOHIITEHHAaX
JOBKUHOIO / TaK, 110 y CTaHl PIBHOBAru ix MOBEPXHI JOTHKAIOTHCA yTBOPIOKOYN
CJIEKTPUYHUNA KOHTAKT. Bia reneparopa eneKTpuyHUX IMIYJbCIB 2 13 4aCTOTOIO
nopsaky 10° [y 4epe3 KOHTaKT MiX KyJIsMH OpoxoasaTh IT-nopiOHi enexTpuyHi
IMITYJIBCH, SIKI PEECTPYIOTHCS JTIYMIBHUKOM 3. 3a JOTIOMOTOIO IIHOTO TMPHUCTPOIO
MO)XKHa BUMIPSTH 4Yac, HA MPOTA31 SKOrO Kyl JOTHKAIOTHCSA OJHA JIO OJIHOI,
30KpeMa 1 4ac 3ITKHEHHS Kyidb M 4Yac ynapy. g 4oro ogHy 13 Kyib
BIIXWISIIOTh BIJ] TIOJIOKEHHS pPIBHOBaru Ha TEBHUN (DIKCOBAHWUNA KYT 7
BIIMTyCKatOTh. [licist  3ITKHEHHS  €JIEKTPUYHMM KOHTAKT MUK  KyJIsIMU

MEPEPUBAETHCS 1 JIUMIIBHUK MOKA3y€ KUIbKICTh IMITYJICIB, SIKI MPOMILIN Yepe3

KOHTAKT MK KyJISIMHU 32 4ac yaapy.

2 3

mim

Puc.2 Cxema excriepuMeHTalbHOT yCTaHOBKHU

BiracHe vac 31TKHEHHSI KyJIb BU3HAYAE€ThCSA 32 HOpMyJIoro (2).



B naGopatopHiii poOOTI MPOMOHYETHCS BUMIPATH CIOYATKY KUIBKICTb
CIEKTPUYHUX IMIYJIbCIB Ny, 1O MPOXOASITh Yepe3 KOHTAKT MK KyJsIMH 3a
neBHUM (ikcoBaHuii yac ' (yac excro3uilii). I1icias 4oro BUMIPIOETHCS KUTBKICTh
€JIEKTPUYHUX IMITYJIBCIB N, 10 MPOXOJATh YEPE3 KOHTAKT MK KYJSIMH 3a 4yac iX
3ITKHEHHS IIPH Pi3HUX KyTax ' . TeopeTWuHi 3HAYeHHs 4acy 3iTKHEHHS Kyjb
po3paxoByeThesa 3a (popmynoro (13), a ekciepumeHTalbHI 3a (Gopmynow (2).
OTtpumani pe3ynbraTu B1J100pakaroThCs Ha  TEOPETUYHOMY  Ta

1=1/(g) 00yI0BaHUX HA OTHOMY

EKCIIepUMEHTATBFHOMY Tpadikax 3ajJeKHOCTI
rpadiyHOMY MOJI.

BucHOBKM 3 J0CHIIKEeHHS i NMepPCHeKTHBH MNOJAJbIINX PO3POOOK.
Jlocitir mokasye, 1o TEOPETHUYHI Ta EKCIICPUMEHTAIbHI Pe3yJIbTaTH 3a0BLIHHO
CHIBNAAAI0Th MK CO00I0, X0ua Teopis Jae Aenio OUIbIii 3HAaYeHHS © , HIXK Ti, 10
OTPUMYIOTHCA B eKcniepuMeHTi. B 1iomy >k cpaBemuBicts dhopmynu (13) ans
PO3paxyHKy 4Yacy 3ITKHEHHS KyJb ITiITBEPIXKYETHCS, IO JTO3BOJISIE BIPOBAIUTH
JaHy METO/IMKY B HaBUAILHUI TPOIIEC.

[Iomo mepcneKTUB MOAANBIIUX PO3POOOK, TO TOJATKOBE IOCIIIHKEHHS

MEBHUX pO301KHOCTEN TEOPETUYHUX Ta JOCHIAHUX JaHUX O0€3 CyMHIBY

MPECTaBIISIE IK HAYKOBUI TaK 1 METOIUYHUI 1IHTEpEC.
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IIPAB/IA Muxaitno Ieanoeu, KURBATSKY Valery Petrovich.
3ITKHEHHA = KYJIb Y  JIABOPATOPHOMY DIBHYHOMY
ITPAKTHKYMI.

Anomauia. 3imknenns Kyib He 8i00Y8AEMbCA MUMMEBO, A HABNAKU MPUBAE NEGHULL
yac. Busnauennio wacy 3imKHeHHA KYIb NPUCBAYEHI MemoOUdHi po3pobKu y 0azamvox
@izuunux npakmuxymax. Memoto O0anoi pobomu 6yno meopemuune ma eKCnepuMeHmaibHe
BUSHAYEHHA YaCy 3IMKHEHHS KY/lb 6UCOMOGIEHUX I3 3a2apmO6aHOl cmai ma CniéCmaeieHHs
Oanux meopii ma excnepumeHnmy.

Teopemuuna uwacmuna pobomu nonseanra )y 0e3M0CepeoHbOMy pO38 A3KY 3a0aui
3IMKHEHHS KY/lb MAd OMPUMAHHA AHAIMUYHOL popmynu 0nst yacy ix 3imkueHnus. Busasunocs,
WO YaC 3IMKHEHHS 3A7eHCUMb TUE 8i0 HOMUPLOX NAPAMEMPIS, a came: MAc KyJi, 008ICUHU
it niosicy, mooyna IOnea mamepiany, i3 AK020 6UCOMOBIEHI KYli, a4 MAKoXC 6i0 Kyma
BIOXUNIEHHSA KVIII 810 NOJOJCEHHs pisHo8azu. Beadicarouu nepwi mpu napamempu cmaiumu, 8

Ppobomi 00CIONCYEMBCA 3ANEAHCHICb YACY 3IMKHEHHA 8I0 KYmMa BIOXUEHHS 8I0 NOJONCEHHS.
. . . . =113 >
pienosazu. Busgunocs, wo uac 3imkHeHHs 3a1excums 6i0 Kyma y cmyneti

B pobomi 3anpononosano xnacuunuti memoo Gizuuno2co 00CHiONHCeHHS, AKUL NONACAE
Y NOEOHAHHI MeopemuyHoi ma exKCnepuUMeHmanbHoi KOMHNOHEHM w000 GU3HAYEHHS 4Yacy
3IMKHEHH K)Jb.

Knwuoegi cnosa: uac 3imxknenHs Kyiv, 1a60pamopHuil QisutHutl nPaKmuKym.



IIPAB/IA Muxaun Heanoeuu, KYPBAIIKUH Banepuii Ilemposuu.
YAAP IIIAPOB B JIABOPATOPHOM ®U3HYECKOM IIPAKTHKYME.

Annomayun. Cmoiknoeenue wapos He NPOUCXOOUM MSHOBEHHO, a HA0OoOpom
npooomicaemcs.  onpedenennoe 6pems. OnpedeneHuro 6peMeHU CMOJIKHOBEHUS WAPO8
nocesuennble MemooudecKue paspabomku 60 MHO2UX ¢pusudeckux npakmukymax. Llenvio
O0aHHOU pabombl ObLIO Meopemuyeckoe U IKCHEPUMEHMATbHOE OnpedeleHue BpeMeHU
CMONIKHOBEHUS WAPO8 U320MOGNEHHbIX U3 3AKANEHHOU CMAlu U CONOCMAsieHue OAHHbIX
meopuu u SKCnepuUMeHmd.

Teopemuueckas uacmsv pabomel 3aKII0YANACL 8 HENOCPEOCMBEHHOM Peulenul 3a0a4u
CMOJIKHOBEHUS WAPO8 U NOJYYEHUs AHATUMUYECKOU (OopMYbl 0TI BPEMEHU UX CIMOJIKHOBEHUS.
Okazanocb, Ymo npu cmoIKHOBEHUU 3ABUCUM MOTLKO OM Yemblpex Napamempos, a UMEHHO:
maccewl nyau, O1unbl ee nooseca, mooyna FOnea mamepuana, uz KOmopozo u320mosnensl nyiu,
a makce om yena OMKIOHEHUs wapa om noaoxcenus pagnosecus. Cuumas nepevie mpu
napamempa NOCMOAHHbIMU, 8 pabome UCCIedyemcs 3a8UCUMOCTb BPEMEHU CTNOJKHOBEHUS.
om yena OmMKIOHeHUus om nonodicenus pasnogecus. OKazanocb, 4mo npu CHMOJIKHOBEHUU
3asucum om yena 8 cmenemu.
B pabome npeonosiceno xnaccuueckuii memoo Guuuecko2o UCCiIe008aHus, KOMopblil
3aKIOUAEMCS 8 COYeMAaHuu Meopemudeckol U 9KCNEePUMEHMATbHOU KOMNOHEHM No
onpeoenenulo 8pemMerU CmoaKHOBEHUs. ULAPOS.

B pabome npeonooicen knaccuueckuii Memoo u3uuecko2o uccie008anus, CoCmosuul
8 COeOUHEeHUU MeoPemUIecKoll U IKCNEPUMEHMANbHOU KOMNOHEHM 01 OnpeoesieHUsl GpeMeH
yoapa wapos.

Knrouegwie cnosa: spevs yoapa wapos, 1a60pamopHbulil pusuiecKuli npakmukym.

PRAVDA Mikhail Ivanovich, KURBATSKY Valery Petrovich. SHOCK
BALLS IN LABORATORY PHYSICAL PRACTICAL.

Annotation. Physical phenomena in collisions of bodies are quite complex. The bodies
that are wound are deformed, there are elastic forces and frictional forces, oscillations and
waves are excited in bodies, and so on. Two extreme cases of collisions are distinguished: not
elastic and elastic. During a non-elastic collision, all of the above-mentioned processes cease
to end, and in the future, both bodies, joined together, move as the only solid.

Interesting transformations of kinetic and potential energies are observed at an
absolutely elastic collision. Absolutely elastic is called collision of bodies, as a result of
which their internal energy does not change. In the pure form, such a collision of
macroscopic bodies does not occur, but it can be approached quite close, for example, when
collision of billiard balls made of ivory or metal balls made of hardened steel.

From general considerations it is clear that bullet collisions do not occur
instantaneously, but on the contrary, it lasts for some time. To determine the time of collision
balls devoted to methodological developments in many physical workshops. The purpose of
this work was theoretical and experimental determination of the collision time of bullets made
from hardened steel and the comparison of the theory and experiment data.

The theoretical part of the work was to directly solve the problem of bullet collisions
and obtain an analytical formula for the time of their collision. It turned out that the collision
time depends only on the four parameters, namely: the mass of the ball, the length of its
suspension, the Young modulus of the material from which the balls are made, and the angle
of deviation of the sphere from the equilibrium position. Considering the first three
parameters are stable, in work the dependence of the collision time on the angle of deviation
from the equilibrium position is investigated. It turned out that the collision time depends on
the angle of the degree -1/3.



The experimental part of the work was to measure the amount of electrical impulses
passing through the electrical contact between the metal balls for a fixed period of time, as
well as during the collision of the balls. Based on these measurements, the collision time was
experimentally determined.

Thus, the classical method of physical research, which consists in combining the
theoretical and experimental components in solving a particular physical problem, is
proposed in the paper. The theoretical calculations agree satisfactorily with experiment data.

Keywords: time of hitting balls, laboratory physical workshop.
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