[loKyMeHT NoAnucaH NpoCToil 3NeKTPOHHOM NOANMUCHI0
NHbopmaums o Bnagenbue:

®WO: NoktnoHosa OkcaHa NeHHaabeBHa

[lomkHocTb: npopekTop no yuebHoli pabote

[ata nognucanus: 10.02.2021 21:22:31

YHUKaNbHbIA NPOrPaMMHbIiA KNtou: MMWHOBPHAYKHA POCCHUN

DT ceI 05520 B AR AT HGE FECY AP REHHoe GromKeTHOE 06pa3zoBaTeIbHOE

YUPEKJICHUE BBICIIETO MPOeCCHOHATLHOTO 00pa30BaHUs
«tOro-3anagHpIii rOCY1TapCTBEHHBI YHUBEPCUTET

(IO3T'Y)

Kadenpa ¢puzuku

C o
",

o TEYARECr,,

A 110 yaeOHoM paborte
. O.I'. JlokTHOHOBA
e N 2015 .

L §-)

LT

U3YUYEHUE 3AKOHOMEPHOCTEH YIIPYT'OI'O
N HEYIIPYT'OI'O COYJAAPEHUA LHLIAPOB

Meroaunyeckue ykazaHus K BBITIOJHEHUIO J1a00OpaTOPHOM
pabotsl Ne 3 o pazneny "MexaHuka 1 MoJieKyJisipHas puzuka'.

Kypck 2015 .



YK 534.2
Cocrasurenu: JI.U. Pocisxkosa, A.M.CTOpOKEHKO

Peuenzent
Joxtop pus.-mat. Hayk, npodeccop B.M.Ilonynun

N3yuyeHue 3aKOHOMEPHOCTel  yNpyroro W  HeyHpyroro
coyaapeHMs IIAPOB : METOJIMYECKUE yKa3aHUs K JlabopaTOopHOM paboTe
Ne 3 mo pazneny ,,Mexanuka u mosekyspHas ¢uszuka” / FOro-3am. roc.
yH-T; cocT.: J.L. PocisikoBa, A.M. Ctopoxxenko Kypck, 2015. 9 c.: un. 1,
Tabn. 2. bubnuorp.: 3 Ha3B.

ConepxaT KpaTKHE TEOPETUUYECKHUE CBEACHUS O 3aKOHOMEPHOCTSIX
yOPYroro U HEYIpyroro COyJapeHHs IIapoB, OMUCAHUE YCTAHOBKH IS
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CKOPOCTEH apoB. YKa3bIBA€TCS MOPAIOK BBITIOJHEHUS PaOOTHI.

Meroaunueckue yKa3aHus COOTBETCTBYIOT TpeOOBaHUAM
["ocynapcTBEHHBIX 00pa3oBaTEIbHbIX CTaHJIapTOB BBICIIIETO
npodecCHOHATLHOIO O0pa3oBaHMs MW pabounx YYEOHBIX IIJIAHOB
TeXHUYECKUX cnenunaibHocTen FO31Y.

[IpennazHavyeHsbl 17151 CTYACHTOB TEXHUYECKUX CIIEIIMATbHOCTEH.

TekcT meyaraeTca B aBTOPCKOW peAaKInn

[Moxmucano B meuath . @opmar 60 X 84 1/16.
Ve niew. 1. . Yu.-uzn. 1. . Tupax sk3. 3aka3 . becruiaTtHo.

FOro-3anagnelii rocy1apCTBEHHBIN YHUBEPCUTET.
305040 Kypck, yi. 50 aet Oxtsa0ps, 94.



JlaboparopHnas padora Ne 3

N3ydyeHune 3aKOHOMEPHOCTEI YIIPYroro u Heynpyroro
coyaapeHus IAPOB

Llenp paOoThI: MNPOBEPUTH 3aKOH COXPAHEHUS HUMITYJIbCa MpPH
yIPYTrOM M HEYNIPYTOM yAape MAapOB U 3aKOH COXPAHEHUS] MEXAHUYECKON

SHEPIUU NIPU YIIPYrOM yAape MIapoB.

BBEJIEHUE

Coynapenue (yaap) — 3TO CTOJKHOBEHHE JBYX WU Oojiee Ten, mpu
KOTOPOM  B3aMMOJICCTBHE JIIMTCSI OYECHb KOpPOTKOe Bpems. B
3aBUCHMOCTH OT YNPYIHMX CBOWMCTB TEJI COYJIAapEeHHUs MOTYT IMPOTEKaTh
BeCcbMa pasznyHO. [IpuHATO BBIIENATH JIBa KpallHUX cliydasi: aOCOJIOTHO
YyOPYTUil U aOCOIOTHO HEYNIPYTUM YIaphI.

[Tog HEeynpyrum yaapoM MOHMMAIOT TaKyk BCTpedy IBYX TeJ, B
pe3ynbTaTe KOTOpOM 3TH Tena o0benuHstorcs. K Heynmpyrum ynapam
OTHOCSITCSl CTOJIKHOBEHHUE IIMHSHBIX U MJIACTUIMHOBBIX IIAPOB, MPBLKOK
YeJOBeKa  Ha  JABWKYIIYIOCS ~ BaroHETKY, CTOJKHOBEHUE  JIBYX
Pa3HOMMEHHBIX MOHOB € OOpa3oBaHMEM MOJIEKYJIbI, 3aXBaT AJIEKTPOHA
MOJIOKUTEIBHBIM HOHOM U T. A. IIpum abconoTHO Heynmpyrom yaape
BBITIOJIHSIETCS 3aKOH COXPAHEHMSI HMMITYJIbCa M HE BBIMOJHAETCS 3aKOH
COXpaHEHHSI MEXaHUYECKOW YHEPTHUHU.

Paccmorpum Heynpyruil ymap AByX Tedn maccamMd Mi u My, o

BCTPCYHU TCJIa ABUT'AJIMCb CO CKOPOCTAMU Vl n V2, IMOCJIC BCTPCUYHU TCJIa

—

IBUKYTCS €O CKOpOCThE0 U . 3aKOH COXpaHEHUs UMITyJIbCa B 3TOM CIIy4ae
UMEET BUJ:

Ecan mMmynscel Ten 10 yaapa ObUIM paBHBI M Tella JIBHUTAINCH
HABCTpPEUy JpYr Jpyry (mlv1 = —m2V2), TO CTOJIKHYBIIIMECS TeEna
octanossitest (U =0).

[Ipu Heympyrom ymape, Kak yke ObUIO CKa3aHO, HE BBIMOJIHACTCS
3aKOH COXPAHEHHSI MEXAHWYECKOW SHEpruu. KuHeTuueckast SHEPTUS TEN



MOJIHOCTHIO WJIM YACTUYHO MEPEXOJUT B UX BHYTPEHHIOIO AHEPIHUIO, TO
€CTh IIPH ATOM BBIEISIETCS Terio Q.
m,V? .\ m,VZ  (my+m,)U? 10
2 2 2 '

PaccMoTpuM Temneph aOCONIOTHO YNPYrue CTOJKHOBEHUSI, TO €CTh
Takue, MpU KOTOPBIX Teja MOJHOCThIO BOCCTAHABIMBAIOT CBOKO (hopmy.
OTO 3HAYUT, YTO B COCTOSIHUSIX ATUX TE€JI HE MPOUCXOIUT KaKUX-IUOO
n3MeHeHui. VX moteHImanbHas 1 BHYTPEHHSIA SHEPTHs /10 U TTOCTe yaapa
HEM3MEHHA M, CJEJOBaTEIbHO, KHHETUYECKAas DJHEpPrus JOJDKHA
coxpaHsTbes. JUIsi ABYX TeJ, COyIapsIOUIUXCS TaKUM 00pa3oM, MOKHO
COCTaBUTh [IBa YypAaBHEHMS: 3aKOH COXpPAHEHHUS WMITyJbCa M 3aKOH
COXpaHEHUsI KHHETUYECKOW dYHEPTUH.

O0603HaYMM CKOPOCTH IIapOB MaccaMu M1 U M2 110 yaapa yepes Vi
u Vo, u nocie yaapa Vi’ u V7'. B ciydae npsiMoro 1eHTpaJibHOTO yaapa
BEKTOPBI CKOPOCTEH MIapOB JI0 M TMOCJE yjapa JIeKaT Ha MPSIMOMN JTUHUH,
COCIMHSIONIE WX LEHTPhl. [IpoeKkunu BEKTOPOB CKOPOCTEW Ha 3Ty
JIMHUIO PaBHBI MOAYJISM cKopocTel. X HampaBieHus yuyTéM 3HaKaMu:
MOJIOKUTENHHOE 3HAYCHUE OpUIUILIEM JIBUKEHUIO BIIPABO,

OTpHUIIaTeIbHOE — JBIDKEHHIO BIeBO. [IpyM yKa3aHHBIX JOMYIIEHUSIX
3aKOHBI COXPAHEHHUS UMEIOT BU/I:
m;V; + my,V, =m;V, +m,V, (1)
2 2 ' '
m;V, N m,Vy™ m; V;® 4 m,V;? 2)
2 2 2 2
[Tpouseens npeodpa3oBaHus B ypaBHeHUAX (1) u (2), momydum:
ml(vl_vl’):mZ(Vé _V2> 3)
ml(V12 _Vl'z):mz(véz _V22) (4)
OTKyJIa
Vi+V] =V, +V, (5)

Pemuras ypaBuenue (3) u (5), Haxoaum
V= (Mg —my )V +2m,\V,
! m; +m,
(m, —my)V, +2m,V,
m; +m,

(6)

vy, = (7)
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B nanHOil paboTe mnpearaercsi 3KCIEPUMEHTAIbHO IIPOBEPHUTH
3aKOH COXPaHECHUsS MMIYJIbCA MPU YIOPYTOM M HEYNPYroM yaape IBYX
IaPOB U 3aKOH COXPAHEHUSI MEXaHUYECKOW SHEPTUM MPU YIIPYTOM yaape
IapOB HA YCTAHOBKE ISl U3YUYECHUS [IEHTPAIBHOTO yaapa Iapos.

Yap Ha3pIBAIOT I[EHTPAIBHBIM, €CJIM IIApbl HEMOCPEICTBEHHO
nepe1 ya1apoM ABHXKYTCS BIOJIb MIPSIMOU, MPOXOIAIIEH Y€PE3 UX LIEHTPHL.

OIMMCAHUE YCTAHOBKH

YcraHoBKka I8 M3YYEHHUsS  LIEHTPAIBHOrO  yAapa  IIapoB
CXeMaTH4eCcKu u3o0pakeHa Ha pucyHke. Ha maccuBHoi TpeHore (1)
yKperieH ouduisipueiii noasec (2), Hecymuii mapsl (3). Ilepemenienue
noaBeca (B ciaydyae HEOOXOJAMMOCTH) OCYIIECTBIISIIOT BHHTOM (4).
Benmnunna otOpoca mapa Ciy>KUT MEPOl CKOPOCTH M OTCUMTHIBAETCS IO
mikasne (5). [lo BennurHe MOJHOTO yriia oTOpoca o ONPEAENsIIOT CKOPOCTH
1apoB.

Yaap ocyumecTBiastoT — ciaeAyromuMm  obopazoM. IIpaBeiii  map
OTKJIOHSIIOT Ha YIOJl Og WU YAep>KUBalOT MarHutoM (6). JleBbiii miap
NOKOUTCA. BBIKIIOUas 3JIEKTPOMArHuT, OCBOOOXKAAIOT TMpaBbld IIap,
KOTOpbIii Ob€T 1o JeBomy. Ilpu STOM BBINONHSAIOTCA YCIOBUS
LHEHTPAIBHOTO yAapa.

METOJJUKA OTIPEJIEJIEHV S CKOPOCTEN IIIAPOB

OTKJIOHSISI IPaBbIi AP HAa YTOJ 0o, €I0 TEM CAMBIM MTPUMIOIHUMAIOT
Ha BBICOTY N OTHOCHTEIBHO TIOJIOKCHUS PABHOBECHsS, COOOIIas eMmy
HOTEHIMANBHYIO0 3Hepruto Mgh. Tlpu NpoXokJIeHUH TPABBIM IIAPOM
MOJIOKEHUSI PABHOBECHUS, €r0 NOTEHLMANIbHAS JSHEPIUsl MNEPEXOAUT B
KUHETUYECKYHO:

mgh = (8)

rme M — macca mapa, h - BbicoTa mogbéMma miapa B KpalHeM
NOJIOKEHUH, V1 - MTHOBEHHAsI CKOPOCTh IIPABOI0 ILIapa Mepesl y1apoM.
U3 pucynka cnegyer, 4To
h=I1-d;d=Icosa,,



torga h =1(1-cosa,)
h = 2lsin? % (9)
IToncrasnsiga ypaBHeHue (9) B (8), moaydum:
V;, = 24/gl -sin 0‘_20 (10)

ITo dopmyne (10) Takxke MOXHO paccuuTaTh ckopoctd Vi u V>
IPaBoro M JIEBOTO MIApOB MOCJIE yAapa, 3aMEHsIsl Yol 0o Ha CPEIHHUE YTIIbI
OTKJIOHCHHUS IpaBOro <oi1> M JEBOro <02> MIAapOB OT MOJIOXKCHUSI
paBHOBecHs mocie yaapa. Takxke mo dopmyie (10) MoxkHO ompenenuThb
ckopocth U 1mapoB mociie HEYNpyroro yjaapa, 3aMeHsisi yroia oo Ha
cpeaHuil yron <o1> OTKJIOHEHHUS IIapOB MOCIE ynapa.
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Puc. Cxema yctaHoBKH
3AJTAHUE

1.  TIpoBepuUTb 3aKOH COXpPAHEHHUS UMITYJIbCA IIPU YIIPYTOM yAape
m,V, = m,V, +m,V, (11)
U IIPU HEYTIPYTOM yAape
m;V, = (m; +m,)U (12)
HeoOxoquMo y4uThIBaTh BEKTOPHBIM XapakTtep ypaBHeHuiu (11) u
(12). Jlns HaxXOXACHUS CBS3U MEXIYy aOCOTIOTHBIMU BEJIUYMHAMHU
ckopocteit mapoB mocie yaapa (Vi, V2, U) paBenctBa (11) u (12)
CJIeIyeT CIPOCKTUPOBATH HA HAIMIPABJICHUE JABUKEHHUS ObIOIIETO 1Iapa.
Tak kak Macchl IIApOB NMPAKTUYECKU OJMHAKOBBI, & B YpaBHEHUU
(10), Mo KOTOPOMY MOKHO PacCUuUTaTh CKOPOCTU IIAPOB, U3MEHSIOTCS
TOJIBKO CUHYCBI YTJIOB, TO 3aKOH COXPAaHEHUS UMITYJIbCa B HALIEM CIIy4yae
JUTsl YIIPYTOTO yAapa MIapoB CBEAETCS K IPOBEPKE BBINMOIHEHUS pABEHCTBA
sin 20 :sinﬂwinw, (13)
2
a 3aKOH COXpAaHEHUs UMIYJIbca JJI1 HEYNPYroro yaapa K IpOBEPKE

paBCHCTBA

<oy >

sin%=23in (14)

2.  Onpegenutb KO3HPUIUEHT BOCCTAHOBICHUSI KHHETUYECKOM
SHEPTUU

_Ke

K,
rae Ki - knaeTnyeckast 3JHEprusi CUCTEMBI IEPE]T YIAPOM,
K> - kuHeTH4YEeCKast SHEPTUA CUCTEMBI TTOCIIE yaapa.

K (15)

C y4eToM paBeHCTBA MacC IIAPOB U MOCTOSTHHOTO MHOXUTENS 2+/Q/

B popmyiie (10) korhPULHEHT BOCCTAaHOBICHUSI KHHETHYCCKOM YHEPTHUH
IpH YIPYroM yaape MOKHO pacCUUTaTh 1Mo hopMyie:

. (04
sin2 %

K= <oy > : <0, > (16)
sin? ~ 17 4gin2 -~ "2~




ITOPAAOK BBIIIOJIHEHUSA PABOTBI

1. VYkpenuth mapsl Ha MOJBECE, OCYIIECTBUTh CTOJKHOBEHHS U
U3MEPUTh BEJIWYMHBI OTOpOca Mo MmiKajie (s Ka)KJI0ro Iapa mo TpH
paza).

2.  TIpoBepuTh 3aKOH COXpaHEHUsI UMITYJIbCA JJIs YIPYTOro ynapa,
MOJIb3YSCh COOTHOIIEHUEM (13).

3. Tlome3ysice cootHOmmennem (16), paccumrarh KOIPHUITUCHT
BOCCTaHOBJICHHS] KHHETUYECKOW SHEPTHUH.

4.  TloBTOpUTh BCE U3MEPEHUS W BBIUHUCICHUSA VISl YIPYTroro
ylapa ABYX APYTUX Map METAIUIMYECKUX I1apOB.

5. OcymecTBUTh  CTOJKHOBEHHWE  CTaJbHOTO  Imapa ¢
TUTACTHJIMHOBBIM (OTIBIT TIOBTOPUTH TPH pasza); MOJb3YSACHh JIaHHBIMU
u3MepeHuil u ypaBHeHHeM (14) mpoBepuTh 3aKOH COXPAHEHUS UMITYJIhCa
IUTsl HEYTIPYTOro yaapa.

6. JlanHble U3MEpEHU U BEIYMCICHUMN 3aHECTH B TaOIUIbI 1 U 2,

Tabmnura 1
AOCOIIIOTHO YIIPYTU yAap 11apoB

No oo o1 <01> (V) <0p> sin ﬁ sin <o > +sin <o, >
OTBITA | Tpaj. | Tpajd. | Tpad. | Tpaf. | Tpaj. 2
Tabmuna 2
AOCOJIIOTHO HEYNIPYTHUM yJap 11apoB
<ou> e . <oy >
Ne a0 . . sin —2 2sin —1 =
OolpITa | Tpajx. | rpaxa. | rpafu. 2
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KOHTPOJIBHBIE BOITPOCHI

1. ChopmynupoBaTh 3aKOH COXPAaHEHHS MMITyJbCa M TOJHON
MEXaHUYECKOW AHEPTUu, HA3BaTh YCJIOBHS, NMPU KOTOPBIX BHIMOJHSIOTCS
T 3aKOHBL. Mepol 4Yero CciuyKuT Kod(PQPUIMEHT BOCCTAHOBICHUS
KMHETUYECKOW PHEPrUu MpHU coyaapeHuu mmapoB? JlaTh XapaKTepUCTUKY
CUCTEME MpPHU COyJapeHUM IIapoB B JaHHOW paboTe (3aMKHYTOCTD,
XapakTep BHEIIHUX CHUJI, JCHCTBYIOIIMX HAa CHUCTEMY, XapakTep CHI,
JACUCTBYIOIIMX MEXKIY IIapaMi B MOMEHT MX CTOJIKHOBEHHUS).

2. Jlatb ompexaeneHne aOCONIOTHO yOpyroMy ©  aOCOJIOTHO
Heyrpyromy ynapaM. Kakue 3aKkoHbI COXpaHEHUS BBITIOTHSIOTCS TIPU 3TUX
ynapax? KakoB MexaHu3M SIBIIEHUH, TPOUCXOMASIINX B MOMEHT YIIPYroro
U HEYIIPYTOro COyAapeHus mapoB?

3. BeiBect ¢opmMmyity, MO KOTOPOH pPAaCCUUTHIBAETCS CKOPOCTh
1apoB B JJaHHOU padoTe.

4. BeiBecT (DOpMyJIBI  CKOpPOCTEM IIapoB TOCiE€ aOCOIOTHO
yIpyroro u abCoOMIOTHO HEyNpyroro yaapa mapos. [IpoaHanu3upoBaTh
dopmyiel (6) u (7) (paccmorpets ciydan Vo=0 u a) mi=my; 6) mi>mp; B)
mi<my; r) m2>>m1.)

5. BeiBectr (hopMyIibl, MO KOTOPHIM B IaHHOW paboOTe MpOBEpsIETCS
3aKOH COXpPAaHEHUS UMITYJIbCa JIJIsl yIIPYroro U HEYMPYyroro y1apoB 1IapoB.
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