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JIABOPATOPHAS PABOTA 24-1
OMNPEAENEHUWE MACCBHI M BPEMEHN XN3HA

K - MESOHOB U A - TMMNEPOHOB

1. Jenb pabomsi

[103HaKOMHTBCS C METOJAMM IIPUMEHEHUS 3aKOHOB COXPAHEHUs DHEPIUH, UM-
nyJbca, 3apsiia u Jap. AJs UACHTHPHUKAIIHT dJIeMeHTapHbIX yacTull. [1o ¢pororpadpusm
TPEKOB MUKPOYACTHUIL PACCUNTATH UX XaPAKTEPUCTUKH.

2. [Tooecomoeka kK pabome

N3yuurte TeopeTnueckuii MaTepuai mo yueonuky [1,rm.6; 2, ri.11; 3, rin.7 u 33].
O3HaKOMBTECh C MPUHIIMIIOM M3MEPEHUM MO METOAWYECKOMYy omnucaHuto. [loaro-
TOBBTE OTBETHI HA BOMPOCHI U3 pazjenia 3 TaHHOTO ONMMCAHUS.

JlanHast mabopatopHass paboTa BBITIOMHAETCS KaKIbIM CTYJACHTOM WHIMBHUIY-
anpHO. HoMep 3amaHusi COOTBETCTBYET MOPSIKOBOMY HOMEPY CTYAEHTa B CITHCKE
TPYIIIIHI.

[Tonyuurte y nabopanta NpuHaaIEKHOCTU: GoTorpaduu TpekoB yacTuil (B CO-
OTBETCTBUU C HOMEPOM BapuaHTa 3aJaHusl), KaJIbKy, TPAHCIOPTUP, JTUHEUKY C MUJI-
JUMETPOBOM IIKaJIOH, rpadKu 3aBUCUMOCTH JIJTUHBI MPOOeTa 4acTUll OT UX KUHETHU-
YECKOU DHEPIrUHU.

3. Jlumepamypa

I. CaBenwseB U.B. Kypc obmeit pusuku. T. 1. M.: Hayka, 1998 r.

2. CasenweB U.B. Kypc obme#t ¢pusuku. T. 5. M.: Hayka, 1998 r.

3. Tpodumona T.U. Kypc dusuku. M.: BIII, 1990 r.

4. Myxait A.H., Myxait E.A. ITocobue 1o MmaTeMaTH4ecKuM MeToAaM B (pU3HKe
«Pemenne pusnueckux 3amay B cucreme Mathcad 6.0 Plus. M.: PUO MI'TY
I'A, 1999 .

4. Kpamkasi meopusi

DJieMeHTapHble YaCTUIbl B TOUHOM 3HAYE€HHH 3TOTO TEPMHUHA — IIEPBUYHbBIC, a-
Jiee HEepa3JIoKUMBbIE YaCTHUIbI, U3 KOTOPBIX, MO MPEANOJIOKEHUIO, COCTOUT BCSI MaTe-
pusi. B coBpemeHHOU (Pu3nKe TepMUH «DJIEMEHTApPHBIC YACTHUIbDY, KaK IMPABHIIO,
yHnoTpeOJIIeTCs HE B CBOEM TOYHOM 3HAY€HUH, a MEHEE CTPOro — il HAauMEHOBaHUS
OOJIBIIION TPYIIBI MEJIbUYAUIIINX YACTUIl MATEPUH, MIOJYUHEHHBIX YCIIOBHUIO, YTO OHU
HE SBJISIIOTCS aTOMaMU WJIM aTOMHBIMH sIIpaMu (MCKITFOUEHHUE COCTABIISET SIAPO aToMa
BOZIOpoa — TpoToH). HMccienoBaHue 3JIEMEHTAPHBIX YAaCTHUIl BEJETCA  CIie-



[UAJIMCTAaMU SIEPHON (U3UKK OYEHb MHTEHCHBHO, OJIHAKO OOILIEH MX TEOpUH IOKa
HE co3/1aHo0. TeM He MeHee, 00JIBIIOE KOJIMYECTBO SKCIIEPUMEHTAIILHOTO MaTepraiia 1
TEOPETHUYECKUX UCCIIEIOBAaHUM MTO3BOJISET JAEJIaTh HEKOTOPBIE BBIBOBI OTHOCUTEIBHO
CBOMCTB 3TUX YaCTHII U B KAKOW-TO Mepe KJIacCU(PUIMPOBATD UX.

Kaxxnas snemeHTapHas yacTula ONMUCHIBAETCS HAOOPOM JUCKPETHBIX 3HAYEHUM
OTIpe/ICTICHHBIX (PU3UYECKUX BEJIMYMH WM CBOMMH XapaKTepucTUKamu. B psje ciy-
YaeB ATH JAUCKPETHbIC 3HAYCHHS BBIPAXKAIOTCS yepe3 Liejble WIN APOOHbIE YHUCla U
HEKOTOPBbIA OOUIMII MHOKUTEIb — €AUHUILY U3MEPEHHS. DTH YUCia Ha3bIBAlOT KBaH-
TOBBIMU U 33/1al0T TOJIBKO HX, OIyCKas €AMHHIIBI u3MepeHus. OOUMMHI XapakTepu-
CTUKaMH BCEX JJIEMEHTAPHBIX YaCTHIl SBISAIOTCSA Macca, BPEMS JKU3HU, JJIEKTpUYE-
CKHI 3apsiji, KOTOPBI BCerja KpaTeH 3apsay 3JEKTPOHA, U CIIHH (COOCTBEHHBIN Me-
XaHW4YeCKUi MOMeHT). KpoMe Toro, Kaxkioi 4acTHile NMPUMKUCHIBAIOT 3HAYCHUS HEKO-
TOPBIX KBAaHTOBBIX YMCEJI, HA3bIBAEMBIMH «BHYTPEHHUMMU»: OApUOHHOE YHMCIIO, JIeN-
TOHHOE YHCJIO0, CTPAHHOCTD, U30TOIIMYECKUI CIIMH, MPOEKIU U30TOIMMYECKOIO CIIU-
Ha. MIHTEpECHBIM CBOMCTBOM DJJIEMEHTAPHBIX YACTHULl SBJIAETCS TO, YTO MHOI'ME Yac-
THLBI UMEIOT CBOK AHTHUYACTHUILY C TEMHU K€ 3HAYCHUSAMHU MACChl, BDEMEHU KU3HU,
CIIMHA, HO OTVIMYAIOLIYIOCA OT HEE 3HAKaMU KBAHTOBBIX YHCEL.

B 3aBHCHMMOCTH OT y4acTus B T€X WIM MHBIX BUAAX B3aUMOJCHCTBUS JJIEMEH-
TapHBIE YaCTULBI PA3JAECIUIN Ha CIEAYIOIIMNE KIIACCHI:

1. ®oToHBI.

2. JlentoHbl (HEUTPHUHO, JIEKTPOHBI, IO3UTPOHBI, L - ME3OHBI).

3. Me3onsl ( 77 - Me30HbI, K - Me30HbI).

4. bapuoHbI (HYKJIOHBI, TUTIEPOHBI).

CocraB KJ1accoB, BUbl B3aUMOJICHCTBUSI U OCHOBHBIE XapaKTEPUCTUKH IJIEMEH-
TapHBIX YaCTHI] MMOJPOOHO OMMCaHbI, HarpuMep, B Tabmuie 11.2 [1].

Cpenu u3ydaeMbIX B JaHHOH pabote K - ME30HOB eCTh 3apsKEHHBIE YaCTHIIBI

. 0 7 0
(K+ n K - mesonsr), a taxoke u meiitpansusie K- u K™ (anti ka-meson).

Maccsl mokost K - Me30HOB cocraBmsror okono 1000 Me (Me - Macca mokos
t
snextpoHa). CpeHee BpeMst XKHU3HH 3apsokeHHbIX K~ - ME30HOB OMHAKOBBI H PaB-

- o 0 7 0
w1 (1,229 + 0,008) 10°® cex. Heiirpamsusie K~ u K - mMesonsr BenyT ce6s kak o1-
JIETbHBIC YACTHUIIBI TOJILKO B MOMEHT poskieHus. [Ipu cBoOOJHOM NBUKEHUN OHH 51B-

. 0 0
JISIFOTCSL CMECKIO ABYX JAPYTUX HEUTPaTIbHBIX YaCTHII Kl u K2 , o0naarommx OJu3-

KNMH MaCCaMH, HO pa3JIMYHbIMU BPCMCHAMM KU3HU:

Tyo = (092+0,02)-10 «c, Tyo = (562+0,08)-10° c.
['unepoHbl UMEIOT Maccy MOKOsI OOJIBIIYIO, YeM HYKJIOHBI (MPOTOHBI, HEUTPO-
HbI). BMecTe ¢ HyKJIOHaMH UX OTHOCST K KJIACCY TSKEJbIX 4acTHIl - 0apuoHoB. M3y-

. . 0
qaCMbId B JaHHOHU pa60Te A - TUIICPOH

MMEET MACCy MOKOS M, = (2182,75 + 0,22) My

AT



1 BPEMSI JKU3HH To= (2,62 + 0,02) 1071 ¢

Bakneiiiiee CBOMCTBO 3JIEMEHTAPHBIX YACTHUIL - UX B3aUMHAasl MPEBPAIAEMOCTb.
B nannoit nabopaTopHoil paboTe U3y4aroTcsl pacmajibl, COIPOBOKAAIOITUECS POXKIC-

HUEM JT - ME30HOB (ITMOHOB), a TAKXE IPOTOHOB
Krszt+zt+z, Kloszt+r, A >p+r
Bce npoueccsl pacnana U pokJI€HUs YacTHIL] IPOUCXOASAT B COOTBETCTBUH C 3a-
KOHaMH coxpaHeHus. KpoMe 3aKOHOB COXpaHEHUs SHEPTUH, UMITYJIbCa, 3apsiaa, CIu-
Ha, B (pU3MKE dJIEMEHTApHBIX YaCTHI] ACHCTBYIOT €Ille 3aKOHbI COXpaHEHUs: OapuOoH-
HOTO 3apsijia, JIENTOHHOTO 3apsija, CTPAaHHOCTH U pyrue. Vcrnonb3ys 3TH 3aKOHBI pU
UCCJIeIOBAHUN TPACKTOPUH YaCTHIl M POAYKTOB UX paciiaja, MOKHO pacCUUTaTh Xa-
PaKTEpPUCTUKH YaCTHIL (CpeIHEEe BpEMsI dKU3HHU, Maccy, 3apsii U ap.).
3aKOH COXpaHEHus 3apsaa TpeOyer, uToObl 3aps] pacHaJarolleicss YacTULbI
paBHSIICSI CyMMapHOMY 3apsily IpOAYKTOB pacmaja. Eciu TpekoBblil mpubop, T.€.
YCTPOMCTBO, KOTOPOE TEM HJIM MHBIM CHOCOOOM (PUKCHUPYET TPACKTOPHUIO JIBHIKECHHUS
YacTHI], IOMECTUTh B MArHUTHOE TOJIE, TO 3HAK 3aps/ia JIETKO yCTaHaBIMBAETCS IO
KPUBH3HE CIIEOB-TPEKOB. VICKpUBIIEHNE TPAEKTOPUHU BBI3BAHO TEM, YTO HA JBUXKY-
IIYIOCS 3apsSKEHHYIO YaCTUIy B MATHUTHOM MOJIe AEHCTBYET cuiia JIopeHna, Hanpas-
JICHUE KOTOPOW 3aBHUCHUT OT 3HAaKa 3apsana. HeWTpanbHas yacTuila, €CTECTBEHHO, B
MarHUTHOM I10JIe OyJeT JIBUraThb-
+ Cs IPSAAMOJIMHEHO.
B 2 Ha puc. 1 nmokasan uzBecT-
X HBIM cilydail oOpa3oBaHUS JBYX

0 o 0
K HCUTPAJIBbHBIX YaCTHIL (K - MC-

/ 30Ha U A TUIIEPOHA) B pe3yJib-
p \\\\\ -

TaTe B3aUMOACUCTBUA /T - Me-
- 0 30Ha C MHOKOAUIMMCA IIPOTOHOM

T +p—> K +A0, a 3arem

pacnax Kaxkaod H3 00pa3oBaB-
Puc. 1. - IINXCSl YACTHILL HA JBE C 3apsAAaMu
pasHbIX 3HaKoB. O4YeBUIHO, YTO
IPOJIOJDKEHHE JIMHUY 110JIeTa HEUTPaIbHON YacTULlb! (ITyHKTHPHbIE IMHUU HAa PUCYH-
K€) JOJKHO MPOXOAUTH MEXY ClleJaMU IIPOJYKTOB UX pacHaa.



[Ipu pacnage oAgHOW YacTHUIIBI Ha JBE
(puc. 2) 3aKOH COXpaHEHUS UMITYJIbCa 3a-
MUCHIBACTCS B BUJIE:

| P=P+F @
3 » WIM B IPOEKIIMAX:

X {ox: P =P, -Cosg, + P, -Cosp,

O

2
oy: 0=PR,-Sing, +P,-Sing, @

rne P — Benmuuna MMIIyJbCca paclaaaro-
Puc. 2. meiica gactumpl, P 1 U PZ- BEJIMYUHBI UM-
IIyJIbCOB MPOJYKTOB pacnaaa, (1 u (P —

YIJIBI X pasiieTa (C y4eToM IpaBmiIa OTcyeTa yrios, T.e. (01> 0, @ < 0).

3aKOH COXpaHeHI/Iﬂ 3HeprI/II/I IJIA TAKOT O pacnaz[a HUMECT BU.
E=F, + E;, 3)
Trac E' ITIOJIHAA 3HeprI/I$I paCHaI[aIOHIeﬁCH HaCTHUIBI. COFHaCHO TeopI/II/I OTHOCUTCJIb-
HOCTHU IIOJIHaAs 3Hep1“I/151 MOIXKET 6I>ITI> BLIpa>I<eHa qepe3 BHGPFI/II'O IIOKOS 4YaCTHUIIbI

Eo= moC2 U €€ UMITYJIbC (CM. PEKOMEHIYEeMYIO JINTEPATYPY):

E=(me?f +(pcf  wm E=\EZ+(pcf. @

rae C - CKOpOCTh CBE€TA B BAKyyME. AHajioru4yHO JJI1 IPOAYKTOB paciiajia:

E, = \/(mlocz)2 +(pec) wm E = JElo +(pc) (5)
E, = \/ (mzoc )2 pzc um E, = J E20 + pzc (6)

Tpumep pacmana K& - Mesoma 1o

cxeme K™ —>7"+7" +7 upuse-
""""""" JICH Ha puc. 3.
[Ipu pacnage Ha Tpu 4acTUILl B Hop-
] T mynax (1) - (3) Hamo 106aBUTH IO OJTHOMY
T uieHy (yIisl CM. Ha puc. 3):

Puc. 3.



E:El + E2 ‘|‘E3. (8)

(7)

5. MemoOduka npoeedeHusi aKkcriepumMeHma, u onucaHue ycmaHoeKu

Martepuanom it paboThI CTy>KaT CHUMKH TPEKOB, IMOJTYyYEHHBIE B ITy3bIPHKOBOM
KaMmepe, B paboueM oOBeMe KOTOPOW HAxXOIWUTCA TeperpeTas >KUIKOCTh (T.e. Mpu
TEMIIepaType BBIIIE TEMIEPATYPhl KUIEHUS). Takoe COCTOSIHUE JIOCTUTAETCS MyTeM
KPaTKOBPEMEHHOTO (Ha JI0JIM CEKYH/Ibl) CHHXKEHUS TEMIIEPATYPhl KUTIEHUS KUIKOCTU
MyTeM YMEHBIIECHUS €€ JIaBJICHU. 3apsHKEHHAsl YacTUIIA, TIOMABIIAs B My3bIPbKOBYIO
Kamepy, o0pa3yeT Ha CBOEM ITyTH HMOHBI KUIKOCTH, KOTOPHIE CTAHOBATCS IIEHTPAMU
MHTEHCUBHOIO MapooOpa3oBaHus. Bioas TpaekTopuu 3apssKeHHOM YacTHIII TMOSIB-
JISIFOTCS MY3bIPHKU TIapa, MOCJIEI0BATEILHOCTh KOTOPBIX 00pa3yeT cied YacTHUIlhl —
Tpek. OOpazoBaBimecs: Tpeku QoTtorpadupyroT U uccienyroT. HelTpanbHbie ke
YaCTHUIIBl OYEHB CJIa00 B3aUMOJICUCTBYIOT C MOJIEKYJIAMU CPEbl, IOITOMY MpaKTHYe-
CKM HE 00pa3yroT TpekoB. OO0 ux TpaekTopusix (KOTOpbI€, BCErjaa MPSIMOJIMHEHHBI)
CYISIT IO TOYKaM POXKJCHUSI U pacraja.

Ornpenenenrne cCOOCTBEHHOTO BPEMEHHU >KM3HM YaCTHUIbI ¢ MOMOIIBIO TPEKOBBIX
MpUOOPOB OCHOBAHO HA U3MEPEHUH JJIMHBI €€ Mpo0era, T.e. pacCTOSIHU S, TPOUIEHHO-
ro 4acTUIlel OT MOMEHTa o0pa3oBaHus 10 ee pacnaaa. mmyibc HERTpaibHOU Yac-
THUIIbI, BBUJY OTCYTCTBHS TIOTEPh HA B3aMMOJICUCTBHUE C MOJICKYJIaMU CPEbl, HE Me-

HSIETCS BO BpeMsI MOJieTa ¥ MPOMOPIUOHAJICH IJIMHE Tpodera l. JIelCTBUTENBHO, I10-
CKOJIBKY

P=M-V,

rac Macca 4aCTHubl M CBsI3aHaA C MacCOM MOKOS MO M =

a ckopocTh eV ompenensercs IIHHON mpobera | u BPEMEHEM JKHM3HU B j1abopa-

TOPHOM CUCTEME OTCUETA Tja6

vl

Z-J1a6

TO C YYCTOM PCILITUBUCTCKOI'O COOTHOIICHUA MCKAY BPECMCHCM KU3HH B na60paT0p—

HOHM cucTeMe oTcueTa Ty, M COOCTBEHHBIM BPEMEHEM KH3HU T B CHCTEME OTCYe-
Ta, B KOTOPOM YacTuIlla MOKOUTCS (T.e. B CUCTEME OTCUeTa, ABUXKYIICIHCS BMECTE C
YacCTHULIEH )



I.Mo_l‘
V. M P

Uvnynsc P pacnaparomieiics 9acTHIEI MOKHO TIOTYYHTh KaK CyMMY MMITYTb-
coB npoaykToB pacmana (dbopmynsl (1) u (2)). [TockosbKy MpoOayKTaMH paciiajia B
MCCIICyeMbIX CITydasX SBJISIOTCS 3apsKCHHBIEC YACTHUIIbI, TO UX MMITYJIbCHI U3MEHS-
IOTCSl BO BpEMsI TI0JIETa B pe3ysIbTaTe MOTEPh YHEPTHH HA MOHU3AIUIO OKPYKAIOIIIX
aTOMOB M MOJIEKYJ1. MeXy 3TUMHU MOTEPSIMH U JITTHHOW mpodera 3apspKeHHBIX Yac-
THUIl JO OCTAHOBKM MMEETCSl OINpECICHHAs] B3aMMOCBS3b. 3aBUCUMOCTH HauyaJbHOU

(9)

MOJHO MOIY4YUTh Ty =

KHHETHYECKOH SHEPrUH /T - ME30HOB M IPOTOHOB 1 0T nx mmHs! npodera | ussect-
HBI U TIPEJICTABJICHBI B BUJE rpadMKoB B MpuioxeHuu 1 k atoit padore. Onpenenus
o rpadykam 3HaYeHUE HAYAJIbHOW KMHETUYECKOW SHEPTUU YaCTHIIbI, U BOCIOJIb30-
BaBIIIKMCHh U3BECTHON (OPMYJIION CTIeIMAIbHON TEOPUU OTHOCUTEILHOCTH

p:%\/T(ZmOCZ +T)=%¢T(2EO +T), (10)

MOYXHO pacCUUTAaTh 3HAYEHUE UMITYJIbCA YACTHULIBI.
[Ipu ucnonp3oBaHUU Tpa@UKOB ISl pacue€TOB HEOOXOIMMO YUUTHIBaTh, YTO B
AKCIIEPUMEHTAIILHOMN A/1IepHON (PU3MKE SHEPTUI0 YacTull u3MepsoT B MaB, umnyibc

M5B M5B

YacTHIIBI B — ——, @ MacCy B — 5. 3nech C — pa3MEPHOCTh BHECUCTEMHOM €1M-

C
HUILBI CKOPOCTH, M3B (MerasnekTpoH-BOJIbT) — pa3MEPHOCTh BHECUCTEMHON €IUHU-
bl sHeprun. [Ipu nepesoae B cucremy CH He00X0auMO MCHOIB30BATh CIEAYIOIINE
coorromenust 1¢c = 3710° m/c , 1 MaB = 1,610™ JIx. Takas pasMepHOCTb SHEPIHH,
UMITyJIbCa U Macchl yo0Ha U B JaHHOW pabore. Hanpumep, npu noacraHoBKE UM-
MyJIbCOB C TAKOW Pa3MEPHOCTHIO B (hopMyIibl (4-6) cpasy moiydaercs 3HaueHUe Mpo-

u3Benenus PC B MaB.
Maccy mokosi pacnajaromieicss 4aCTULBI MOYKHO IIOJyYHThb, MCIIOIb3Ys 3aKOH
coxpanenus sHepruu (3) wim (8) u popmysl (4), (5) u (6):
2

N
IVIOCZ = Z\/Eizo + (Pic)2 ~(P- C)2 ) (11)
i—1

rae N - gucio gacTuil - MPOAYKTOB paciajia. DHEPTruu MOKOs MPOIYKTOB pacrajia u
AIEKTPOHA COOTBETCTBEHHO PABHBI:

mpoton  ( p) Egp =Mp,C° =9383 MaB,



MTMOH (1) EO;z =M, C2 =139,6 M»aB,

T

3JIeKTpoH () EOe = rTIOeC2 =0,51 M»B.

6. lMopsidok ebinosniHeHUsi pabomsi u oghopmrieHue omyéma.

3aganue . M3ydenue pacnaga K" - mesona.

I. Ha gororpadun TpexkoB OTHICKATh pacma K>z +72"+7 u nepe-
pUCOBATh TPEKH YACTHUIl Ha KaJIbKy WJIM Ha JOCTATOYHO Mpo3padHyto Oymary. N3me-
PUTh JUIMHY JIBYX (HauOOJBIINUX) U3 TPEX TPEKOB MMMOHOB, YYUTHIBAs MacmTal, yKa-
3aHHBIA Ha (oTrorpaduu. V3MepuTh yribl BeIIETa BCEX TPEX MHUOHOB (CM. puc. 3).
JlanHble 3aHecTH B Ta0OauIy I.

2. Ilo rpaduky 3aBUCHMOCTH JUIMHBI IpOOera 3apsKEHHBIX YacTHIl OT Hadallb-

HOM KMHETHYECKOH SHEprUM ONpeNelUTh HayalbHble KWHETHUYECKHe JHepruu 1
MMOHOB, paccuuTaTh 1Mo ¢opmysie (10) ux HavadbHBIE UMITYJILCHI. Pe3ynbTaThl 3aHe-
cTH B TabmuIty I.

3. TlepenmcaB 3akoH coxpaHeHHs] UMITyibca (7) B BHAC CHUCTEMBI JTUHEHHBIX
ypaBHEHUI CO CBOOOHBIMU WICHAMU

a=p-—p; ‘COS(%)
b =0~ p;-Sin(gs)’
e a=Py-Cos(g)+ p,-Cos(p,). b=p,-Sin(g)+ p,-Sin(e,).

PEINTh €€ OTHOCUTEIIBHO HEU3BECTHBIX P U D3.
3ameuanue: B ciyyae mosrydeHusi HEOOJBIIOTO OTPHUIIATEILHOTO 3HAYCHUS! BEIUYU-

(12)

HBI ITPOCKIWK UMITYJIbCa R'+ - MC30HA IMPHUHATH, YTO B IIpCcaAciIax OIIIMOKU HN3MCPCHUA

€ro UMIIYJbC PABEH HYIIO, T.€. IEPE] pacnanoMm K" - meson MPAKTUYECKA OCTAHO-
BHJICS.

4. Onpenenurb mMaccy K" - mesona (popmyna 11) B MaB u B 251€KTpOHHBIX
maccax [Mya, MCMONB3ys NPHUBEIECHHBIE BBHINIE 3HAYEHUSA DHEPTMU IMOKOS IMHOHA U

anekTpoHa. Pe3ynpraTel 3anectu B Tabnuiry 1.

3amedanne: HE0OXOIMMBIE TTPU BHITIOJIHEHUH JIA0OPAaTOPHOU pabOThI MaTeMaTH-
YECKHE pacdeTbl MOXKHO MPOM3BECTU C MOMOUIbI0 MAaTEeMAaTUYECKUX CHUCTEM THIIA
Mathcad, Matlab wu T.11. npumMep Takoro pacueTa NpUBEICH B MIPHIOKEHHUH 2.
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Taomuma 1.
Yron Jnuna- | Kunernue- | Umnynsc | Ummynbe Macca Macca
BhUICTA | mpo0era | cKas oHep- | mHOHA | K™ wesona| K mesona | K Mesona
1OHA [HMOHA | I'Us IHMOHA M»hB M
B M>sB m
ooB) | o) | ()| (R | (M

(ca) ‘ :
Pr1= I]_: T.4= P=
Po= l,= T.,= Pr= P= Mok = Mok =
P3= . - Ps=

3amanue 2. M3yueHue pacnaga HEUTpaIbHBIX YACTHII.

o . o 0
1. Ha dotorpaduu TpekoB HaiiTh pacnaz HeifrpansHoi yacTums! (/1 - rumepo-

Ha JUIs HedeTHBIX BapuaHToB, mm K 0. Me30Ha I 4eTHBIX). HanoxuB Ha ¢oro-
rpaduio JUCT KaJIbKU, OTMETUTh TOUYKY POKICHHUS HEUTPAJIbHON YacCTHIIbI, TOUKY €€
pacnajza u cielbl IpoAyKTOB ee pacnaja. [lpoBecTu mMHUIO MOJETa YAaCTHUIIBI OT TOY-
KU POXJIEHHUS 10 TOUKHM pacnaaa. M3Meputs JuinHy rnpolera HEHTpadbHOW YacTHULIBI,
JUIMHY TpeKa OJHOTO U3 JABYX IPOAYKTOB €€ pacraja, 3aKaHYMBAIOIIErocs B Mpee-
nax (ororpaduu, ¢ yuetom Macurada, ykazaHHoro Ha ¢ororpapuu. U3mepurs yr-
JBI paziieTa IpOIyKTOB paclajia HEUTpaibHOW YacTUIbl (CM. puc. 2). [laHHbIe 3aHe-
CTH B Tabyuiy 2.

2. Ilo pnuHe Tpeka YacTHIbl C MOMOIIbIO TpauKa ONPENeIuTh €€ HayalbHYIO
KMHETUYECKYIO SHEPTHIO, a 3aTeM paccuuTaTh uMiyiasc no dopmyne (10). Tlomyuen-
HbIE€ pe3yJIbTaThl 3aHECTH B TAO/IHUILY 2.

3. Ucnonp3ys 3aK0H COXpaHEHHUS UMITyJbca (2) paccuyuTaTh UMITYJIBCHI PaciaB-

IIEHCs YacTULBI P U BTOPOro MpoAyKrTa pacnana pp. Ilpu pacdyerax oOpaTUTh BHU-
MaHH€ Ha BBIOOP 3HAKOB YTJIOB pa3fieTa.
4. BpUHCINTD MacCy HeHTpampHON wactuibl o (opmyne (11) B Mas/c® u B

M. .
Oe
Tabnuna 2. XapakTepuCcTUKN NPOAYKTOB pacraja HENTpalTbHOM YaCTUIIBI.
Yactuna Yron Jlnuna npobera | Kunernueckast Nmnynse
(7 a7 p) Beoinera. (cm) SHEPrus M»hB

| (MaB) (=)

M= |1: T..= P=

P2= - - P,=

K 0 0
5. Berauciauthb BpEM: JKU3HU - MC30Ha HJIN A - THUIICPOHA B CHUCTCMC OT-

cyeta, rae oHu mokosATcs (popmyna (9)). [lpu pacyerax HEOOXOAUMO Y4Y€CTh, UTO
UMITYJIbC ObLT onpesesieH B eauHuniax MaB/c. [{ns nonydeHus: nmpaBuiIbHOTO pe3yib-
Tata B cekyHaax ¢opmyny (9) sl cornacoBaHusi pa3MEpHOCTEH HEOOXOAMMO Tpe-
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E,
(P-c)-c

poctn, a Cg = 310° M/c — ckopocTs cBeta B cucteme CU. 3amonHuTs Tabmuiy 3.

6. [1o momy4YeHHBIM SKCIIEPUMEHTAIBHBIM PE3yJIbTaTaM C/IeJIaTh BHIBOIBI.

7. Ilpu MCIOJIb30BaHUM IS PacyeToB MporpaMMHbIx cpeactB Tuma MathCAD,
MatLAB wu 1.n. He0OOXOAMMO TPUJIOKHUTH K OTUETY PACIEUaTKy COOTBETCTBYIOUIEH
CTpaHMIBI (CM. TIpUMEp B MPUJIOKECHUU 2, BBINOJHEHHBIH ¢ momomisio MathCAD
2000). [Tpu 3TOM MOSCHUTENBHBIN TEKCT MOXKHO OITYCTHTb.

00pasoBarh K BU1y 7 = | - , Tne C = 1 — BHecUCTEMHas €IMHUIIA CKO-

. o 0 0
Ta6nnna 3. Xapakrepuctukn Heitpansaoii wactuis! (K~ wm AD).

JlnuHa pobera Nmmynse Macca Macca Bpewms xu3zan
(cm) ( M5B ) (MaB ) (Mye) (cex)
c c’

7. Bonpochbi Onsi donycka K 1abopamopHotl pabome

1) B xakoM ciTy4ae 4acTHIIBI CUUTAIOTCS dJIEMEHTAPHBIME?

2) Ilepeuncnute OCHOBHBIC XapaKTEPUCTHKH ICMEHTAPHBIX YaCTHII.

3) Ilepeuncnute Kiacchl AIEMEHTAPHBIX YaCTHII.

4) Yem aHTUYACTHIA OTIUYACTCS OT YACTHUIIHI?

5) Ilouemy npu UCCIEIOBAHUM DJICMEHTAPHBIX YaCTHUI] HEOOXOJAUMO HCIOIH30BATh
(opMyJIbl TEOPUN OTHOCUTEIBHOCTU?

6) Uewm penstuBHcTCKas (Gopmysa Uil UMITYyJIbCa OTIMYACTCS OT HEPENISATHBHCT-
CKOMU?

7) 3Banmmute GopMyiy IUTS ONPEACICHHS PEIIITUBUCTCKON KUHETHYECKOW DHEp-
TUH.

8) Uro Takoe TpeK JIEMEHTAPHOM YaCTUIIbI?

9) IloueMy OJHU dJIEMEHTAPHBIC YaCTUIBI 00PA3YIOT TPEKH, a PYTrUe HET?

10) KakoBa (hopma TPEKOB YaCTHII, €CIM HA HUX IEHCTBYET MAarHUTHOE TOJIE?

11) OnummTe yCTPOMCTBO U IPUHIUI PaOOTHI MMy3bIPEKOBOM KaMEPHI.

12) KakoBbl OCHOBHBIC YCIIOBHS MPOTCKAHUS PEAKIIMU B3aUMOIPEBPAIICHUS dJie-
MEHTapHbBIX YacTUIl?

13) Kak 1o u3BECTHON KMHETHYECKOW SHEPTHHM MOXHO ONPEACTUTbh MMITYJIbC Yac-
THULBI B PEISITUBUCTCKOM M HEPEISATUBUCTCKOM CITydasx?

14) B yem oTimmune cOOCTBEHHOM CHUCTEMBI OTCYETA OT JTAOOPATOPHOU CHCTEMBI OT-
cuera?
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15) Yemy paBHa JyiMHa MpoOera 4acTHIIBI B COOCTBEHHOM cHCTEME OTcueTa?

16) B kakoli cucteMe oTcueTa BpeMsl )KU3HU YaCTHIIBl MUHUMAJIbHO?

17) Kakue equHMIBI M3MEPCHHS SHEPTHH, MMITYJIbCA M MAacChl HCIOJB3YIOTCS B
snepHoi pusnke?

18) Kak mMerasieKTpOH-BOJIBThI IEPEBECTH B KON ?

19) CymecTBYIOT JIK 3JIeMEHTapHBIC YaCTHIIBI C HYJICBOW MACCOU MTOKOs?

20) Onpenenure noiHyro 3uepruto E (B8 MaB) u umnynsc (B MaB/c) anekTpoHna,
YCKOPEHHOT0 10 KUHETHYeCcKou sHepruu Ey = 2,53 M»rB.

21) Tlpu KaKoi CKOPOCTH KUHETHUECKAsT SHEPTHUS YaCTUIIBI paBHA €€ SHEPTUH T10-
KOsI?

22) MOXeT JI1 U3MEHHUTHCS CyMMapHas Macca MOKOs 3JIEMCHTAPHBIX YacTHIl, yJacT-
BYIOIIUX B PEaKINU?

23) KakoBO COOTHOIIIEHHE MEXIy UMITYJIbCAMH MPOAYKTOB PEAKIMH, CCIIU OCTAHO-
BUBIIIASICS YaCTHUIIA paclaiach Ha JIBE YaCTHUIIbI?

24) Tlpu KaKoi CKOPOCTH KHHETHYECCKAsI SHEPTHS PEIIATUBUCTCKON YACTHIIBI C Mac-

mc?

COI1 MOKOS M paBHA ?

25) DHeprus nokos anektpoHa Eq = 0,511 M»sB. HaiiguTre KHHETHUECKYHO SHEPTHUIO
Ex 1 uMImysibC P 37€KTpOHA, IBUKYIIIETOCS CO CKOPOCThio L = 0,8C.

26) PaccunraiiTe OTHOIICHHE BPEMEHH T B CHCTEME OTCYETa, JIBHXKYIICHCS CO CKO-
poctbio v = 1,5:10° M/c oTHOCHTENBEHO TAGOPATOPHOI CHCTEMBI OTCUETA, K COO-
CTBEHHOMY BPEMEHH To.

27) Kakrie U3 XapaKTEpUCTHK 3JIEMEHTAPHBIX YAaCTHIL ABJISIOTCSA TOYHBIMH, U KaKHE
yCpeIHEHHBIMU:

a) Mmacca IoKos,

b) snexTpuveckwmii 3apsix,

C) BpeMs KH3HH,

d) mmHa cBOOOAHOTO TIpPOOETa?
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[Ipunoxenue la
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MpunoxeHwve 2.
NMPUMEP PACHETA MACCbI N BPEMEH XN 3HU JTAMBOA-T MMEPOHA

1. \amepeHHoe 3HaveHne arnmHbl npobera nambaa-runepoHa L (M) L = 0.049
onpeaerneHHoe no rpaduky sHaYeHne KMHETUYECKON SHEPTru-Me3oHa T, = 40

2. VI3amMepeHHble 3Ha4YeHus YImoB pasfeTa npoayKToB o = 951 8.7
pacnaga (B pagnaHax):o - Mn-mMme30Ha,3 - NpoToHa T 180 B = ™
3. TabnuyHble 3Ha4eHUs1 3HePrum NoKos Nu- Me3oHa E10 = 139.6

N NPOTOHA: Exo = 938.3
4. BennunHa ckopocTu ceeTa B cucteme CA Cop=3- 10°
W BHECUCTEMHAS e =1
5. Imnynbc nu-me3oHa B MaB/c 'Wl' (2 -Eqo+ Tl)

P1 = _
Cl pl 1

6. Matpuua ko3 PULIMEHTOB NPU HEN3BECTHbIX CUCTEMbI 1 —cos(B)
ypaBHeHui (2). CM. nosicHeHus k popmyrne (12) A= 0 _si (B)
—sin

7. MaTpuua cBoBOAHbLIX YIEHOB 3TON CUCT @bl ( py-cos(a) }

8. PelueHne cuctembl IMHENHbIX YPaBHEHWUN:

9. MNony4eHHble 3Ha4YeHNs MMNyNbLCoB NAambaa-rmnepoHa pg = 723  py = 665
n npoTtoHa B MaB/c

10. OHeprum mn - Mesora u npotona: £ = B0t T g \/(E20)2+ (p2-01)2
E1=1 Ey= 4
11. QHeprua nokosa nambaa -
runepoHa (dopmyna (11)) BMeB £ (e 4 EV2— (on- c1)?
M ero Macca nokost 0 \/( 1+ E9)" = (po-c1) £,
Eo
(c1)

12. Bpems xu3Hn nambaa - mnepoHa B cekyHgax:. t:= L.

Eo

Po-C1-Co
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COJIEPYKAHUE

1. Llenb paGoThI

2. IloaroroBka k padote

3. Jluteparypa

4. Kparkas Teopus

5. Meroauka npoBeAeHUs SKCIEPUMEHTA, U ONIMCAHUE YCTAHOBKH

6. IlopsnoK BbITIOJIHEHUS pa0OTHI U 0(OPMIIEHHE OTUETA.

7. Borpochsl 17151 ioIycKa K JJabopaTopHoi padoTe

Hpunosxenue la. Ipaduk 3aBHCHMOCTH JIMHBI HIpoGera T -Me30Ha OT
KUHETUYECKOU IHEPTUU.

[Tpunoxenue 10. I'paduk 3aBUCUMOCTH JUIHMHBI ITpoOera NpoOTOHA OT KH-

HETUYECKOU YHEPTUMU.
[Tpunoxenue 2. [Ipumep pacuera Macchl 1 BpEMEHH JKU3HU A- TUTIEPOHA.

Crp.
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