JJABOPATOPHASI PABOTA Ne Mon3-04
11O U3YUYEHUTIO MOJIEJIEN ®PUZNYECKUX
MPOIIECCOB U SABJEHUN HA KOMIIBIOTEPE

Zleuofceuue 3ap}l3fC€HH0l? uacmuuysbl 6 KYJiOHO6CKOMmM no.Jie

Ilenv padomwr: n3ydyeHUe ABMXKEHUSI OJHOM 3apsHKEHHOW 4YacTHUIBI B
MOJIe APYTOM 3apsHKEHHOM 4YacTHUllbl. BhIsIBIEHHE B3aUMOCBSI3M I€OMETpHUYE-
CKMX IapaMETPOB TPACKTOPUU HAJIECTAIOIIEH YACTHI[bI C €€ IOJHOW MEXaHHU-
YECKOM DHEpPrue 1 MOMEHTOM MMITYJIbCA.

1. TeopeTnueckoe coaepRanme

Cwiia, AeucCTBYIOIIAs Ha MaTEpPUAIbHYIO TOYKY, HA3bIBACTCS UeEH-
mMpAaabHOUl, €CIM OHA 3aBUCHUT TOJBKO OT PACCTOSHHS A0 MCTOYHHKA ITOJIS
(cuiibl) ¥ HampaBJieHA BAOJb MPSAMOM, COEIMHAIONIEH MaTEPUATIbBHYIO TOUKY C
MCTOYHUKOM 10JIs1. B 001eM Bujie HeHTpasibHAas CUJla MOXKET ObITh 3allicaHa

F=F,(r",
r

rae F,(r) — mpoeKuus CUiIbl Ha MPAMYI0, COSUHSIONTYI0 MaTepUATbHYIO TOY-
Ky ¢ HUCTOYHUKOM Toyisi. OgHuUM W3 Hambosiee pachpOCTPAHEHHBIX BHJIOB
HEHTPAIbHBIX CHJI SBJISIETCS CHJIA, MPOEKIMS KOTOPO 0OpaTHO MPOIMOPIIHO-
HaJIbHA KBAJIpaTy PACcCTOSIHUS OT UCTOYHUKA IOJS IO MAaTEPUAIbHON TOUKHU
F.()=",

r
r7ie 0. — KOHCTaHTa, 00yCIOBICHHAs IPUPOION B3aUMOICUCTBHS.

[IprumepoM LEHTPATBHOM CHIIBI TAKOTO BUJA MOXKET CIIYKUTh CUJA KY-
JIOHOBCKOT'0 B3aWMOJICMCTBUS JIBYX YACTHIL C 3apsiaMU ¢ U ¢, KOTa OJIHA
Y3 HUX BBICTYNAET B KAYE€CTBE UCTOUHUKA MOJIS ISl APYTOU

F.(r)=k1T2,
r

1.1. 3aga4ya o IBHKEHHMH IBYX TeJl
B3aumojeiicTBre IBYX 3apsKEHHBIX TNl OTHOCUTCS B (PU3HKE K 3aj1aue
O JIBM)KEHUHM JBYX TE€JI, KOTOPYIO MOXXHO CBECTH K 3aJlau€ O ABUKCHUU OJIHO-
ro Tejia MPUBEACHHON MAcCChl B MOJIE€ LICHTPAIbHbBIX CHUJL.
PaccMoTpum JIBM>KEHHUE ABYX TEJI MacCaMU My U My, CHIIbl B3aUMO/ICH-
CTBUSI KOTOPBIX SIBJISIOTCSA LEHTpadbHbIMU. COrJacHO TPEThbEMY 3aKOHY
HproToHa, ecim Teno maccout m, IEUCTBYET HA TEJIO MAcCOM m; C CHION F ,
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TO TEJI0O MacCOM m; IEUCTBYET Ha TEJIO MacCou m, ¢ cuiyiou (— F'). YuursiBas
oOmuit BUJ LIEHTPAIBHOW CHIIBI, 3alKIIIeM BTOpPO# 3akoH HbioToHa (ypaBHe-
HUS IBUOKEHUS) ISl KaKJIOTO U3 B3aUMOAEHCTBYIOIINX TEII:

2-. 2
d’r = d°r ~
dt dt
X rie 7/; U ¥, — paanyc-BEKTOPBl B3aWMO-
Z m ; JNEUCTBYIOIIUX TEJl B IPOU3BOJIBHOMN Jie-
—> —> 2 o
U1 7 KapTOBOH CHCTEME KOOpJMHAT (pHUc. 1),
opudeM 7 =7 —7,. B HEKOTOpbld Mo-
_> ~
2 MEHT BPEMEHH TEJIO0 MAacCOl m; HUMEET

CKOPOCTh U;, a TEJI0 MacCoW m,; UMEEeT

P M2 cxopocTh U, .
2

PaccmatpuBaemasi cucrema sBIISI-
X €TCsl 3aMKHYTOMW, TaK KaKk Ha Hee He AcH-
CTBYIOT JPYTHE€ CHUJIbl, KDOME LEHTpalb-

Puc. 1 Hou. LlenTpanpHas cuia

F=F(r)"
r

3aBUCUT TOJIBKO OT OTHOCUTEJIBHOIO PacoioxkeHus ten v . [loatomy Ha oc-
HOBE MMEIOLIEKCS CHUCTEMBI JBYX YPAaBHEHUU IIOJyYUM KHHEMATHYECKOE
YPaBHEHHUE OTHOCUTEIBHOIO ABWKEHUA TeEI. 1 3TOro moAenuMm Kaxaoe us3
ypaBHEHU HbIOTOHA Ha MacCy U BBIYTEM OJHO U3 APYrOro

d* (7 — 7 11 i
# =|—+—|F.(r)—;
dt m,  m,
d’F 7
M s = Fr (I") —.
dt r
m,m . .
rie M = —1—2— Ha3LIBAIOT NpUEEIEHHOTl MACCOIL.
m, + m,

IlonyyeHHOE ypaBHEHHE MOKHO HMHTEPIPETUPOBATH KAK JBHKEHUE

TeJIa MMPUBEAECHHON Macchl M B 1OJI€ LIEHTPaJbHOW CHIbl [ : Teso macco M
PacHoI0KEHO Ha PACCTOSHUM 7 OT MCTOYHMKA MOJS U JIBHXKETCSI CO CKOPO-
CTBIO U, paBHOW CKOPOCTH OTHOCUTENHHOTO ABMKEHUS Tel U = U, — U,.

Takum 00pa3oMm, 3aada 0 JBWKCHUU JIBYX Tel B (PU3UKE CBOJIUTCS K
3aJ1a4ye O JBMIKCHHUHU OJHOIO TeEa.

PaccmoTpumM, KaKk MOKHO MHTEPHPETHPOBATH MOJTYUYCHHOE YpaBHEHHUE
MIPY Pa3JIUYHBIX COOTHOIICHMUSX MacC B3auMoencTByomux Teia. Ecnu macca
TeJla M, 3HAUUTEIBHO MIPEBOCXOIUT Maccy Tena my (m, >> my), TO
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M= _ThM i,

=m; = M~=m,.
m, +m, m,

[TomyyeHHOE ypaBHEHUE ABMKCHUS Tella MIPUBEISHHON MacChl IPeoo-
paszyercsl B ypaBHEHHE JBUKEHUSI Te€Jla MacCOM m; OTHOCUTEJIHLHO Tejia Mac-
coil m, (cucTema oTcueTa CBA3BIBACTCS C TEJIOM MacCOU mz):

2 2—»
Md——F(r)—:>m1d F(r)—
dt? dt?

AHAJOTMYHO MOXXHO TMOKa3aTh, YTO €CIU mi>>m,, TO YpPaBHECHHE
JBIDKCHUS TeJla MPUBEICHHON MacChl IpeoOpa3yeTcsl B ypaBHCHUE JBIKCHUS
TeJla MacCou 7, OTHOCUTEILHO TeJla Maccoi m; (CUCTEeMa OTCUeTa CBSI3bIBa-
eTcsi ¢ TesIoM maccoit m;). To ecTh Teno OoJbIIel MacChl BRICTYMAET B Kade-
CTBE€ MCTOYHHUKA MOJIS,, B KOTOPOM JABMXKETCS TE€JIO MEHbIIEH Macchl. B aToM
cilydae Teso, SIBJIAIONIEECS MCTOYHUKOM IIOJIsl, HA3bIBAIOT pPaAcceusarujum
yenmpom, a 0ojee JErKoe TEJO — Hajlemaruieil Yacmuyei.

1.2. /IBM:keHUe TeJIa MPUBEAEHHONH MAacChl B MOJIE
HEHTPAJIbHOMN CHJIbI

B obmiem cityyae numeeM IBUKEHHE TeJla PUBEIEHHON Macchl M, omnu-
ChIBAEMOE KUHEMATHYECKUM YPAaBHEHUEM

d’7F
M—-=F (r) —
dt’
U XapaKTepU3yeMoe paJnyc-BEeKTOPOM 7 M CKOpPOCThIO U. Ha Teno mpuse-
JICHHOM MaccChl JIEMCTBYET €IMHCTBEHHAS CHUJIa F, SBISIOIAsics LHEHTPAIb-
Hol. [Ipoananu3upyem, KakuM OyJIeT NBUKEHUE TeJla IPUBEICHHOW MacChl B
ITUX YCIOBHUSIX.
1. [Jeustcenue tena npuBeAeHHON MacChl B MOJE LEHTPAIBHON CHIIbI
A61aemca NAOCKUM, TAK KAK MOMEHT 3TOU CUJIbI PABEH HYIIIO.
JIeCTBUTENBHO, MOMEHT CHUJIBI OIMPEIEIAECTCS KaK BEKTOPHOE MPOU3-

—

BEJICHUE CUJIbI [ Ha paauyc-BEKTOp B TOYKE €€ MpUIOoKeHus 7 . J{ns ueH-
TPaJIbHOM CUJIBI MOMEHT CUJIbI PABEH

- | R
[F F]= Fr(r);[f’ rl=
2. CornacHo BTOpoMy 3akoHY HbrOTOHA HeMCTBHUE CUJIBI MPUBOJUT K

~  dP
HN3MCHCHUIO MMIIYJIbCAa TCJIa F = d_ HOCKOHBKy ABMOXKCHHUC ABJIACTCA IIJIO-
4

CKHM, TO
[ F1=0 = [Fd—P]:O.
dt



dP. dr dp
—[rP] [r;] [? Pl= [r;]—O.

BekTopHoe mpou3BeIeHNE UMITYJIbCa T€Ja HA €ro pajnyc-BEKTOp Ha-
3BIBACTCS MOMEHMOM umnyivca L. V13 IOIyd4eHHOrO BBIPAXKEHHUS CIENYET,

dL
yro0 — =0 — Momenm umnyjibca COXpaniaemcsa npu oeudiceHuUU mea 6

dt
none uenmpanwvuwvix cun (L =[7 P]= M[F U] = const).
3. Jlpyrux cun KpoMe UEHTPAJIbHOW Ha TEJIO MPUBEICHHON MAacChl HE

ﬂeﬁCTByeT, MMO9TOMY CHUCTEMA ABJIACTCA BaMKHYTOﬁ. I[JI?I HEC coxpaniaemca N
noJjHasA mexanuueckasna IHepcus CUCTCMbI E, BKJIFO4Yaromasas KHHECTUYCCKYIO

Muv?

T = u noreHiuanbuyto U. TlotenumansHas sHeprusi U paBHa pabote

1o NMEPpEMCUICHUIO TCJIa M3 I[ElHHOfI TOYKH IIPOCTPAHCTBA Ha OECKOHEUYHOCTb:

U :Jﬁdf :JFr(r)dr. Ecnmu cuna obpaTHO mpomopiroHaibHa KBaapary

o
paccTosHUS 10 UICTOYHMKA 1ot F (r) = —-, TO NOTeHUUaIbHAas SHEPrus

7'

[e 0] [ 0] a
U= J-F,(r)dr =[=dr=—=—
2
ro
p
CrnenoBarenbHO, MOJHAA YHEPTUsl Tejaa MPUBEACHHON MacChl B MOJE
LEHTPAJIbHOM CUJIbI paBHA
Mv* «
E = + — = const.
2 r

1.3. YpaBHeHMe ABUKEHUS TeJIa NPUBEACHHON MaCChI
B NOJIIPHOM CUCTEMe KOOPAMHAT

VYpaBHEeHHE NBUKEHUS Tejla MPUBEICHHONW MAaCChl ONPEAEIACTCS NEH-
CTBHUEM TOJIBKO LIEHTPAIbHOMN CHUJIBI, 06naz[a}omeﬁ LEHTPAJIbHON CUMMETPHUEN

d*7
M——F r—
o L (r)

CrnenoBarenbHO, M JIBUKEHUE Tesa 06J1a;[aeT LIEHTPaJIbHON CUMMETpPHUEH.
Kpome Toro, kak ObLJIO MMOKA3aHO BBIIIE, IBIXKEHHE TeJa SIBISETCS TIOCKUM
(L = const). TTo3TOMY 715l OIMMCAHMS TPACKTOPHH ABIDKCHHS Tea yIoOHee
MEePENTHU B MOJISIPHYIO CUCTEMY KOOpAUHAT (puc. 2). JlekapToBbl KOOPAUHATHI
X Yy CBSI3aHBI C TOJISIPHBIMH KOOPJMHATAMHU 7 U (¢ CIETYIOIIUMHU COOTHOIIIE-
HUSIMH:



X=rcosQ, y=rsing.
[lepennimiemM 3aKOH COXpAaHEHUs JHEP- AY N
MU U 3aKOH COXPAHEHHs MOMEHTa MMITyJIbCa )
B MOJSIPHBIX KoopauHaTax. J[yig 3Toro cHava- M
Jia 3aIMIIeM KOMIIOHEHTbI CKOPOCTH: Y T
X=FCcosQ—Qrsing, 14
y=rsin@+ @rcosg. 0
B nexapToBBIX KOOpPAMHATAX BEKTOp 7
pu ABWKEHUH B Iutockoctn XOY umen ko- O
opauHatel 7 = (x, y,0), a BEKTOp CKOpPOCTH

Vk

X

U= (X, )./,O)- MomeHT umnysbca z =MI[r 5] Puc. 2

B ICKAPTOBLIX KOOPAWHATAX 3AIIMCBIBACTCA YCPEC3 OIIPCACIINTCIIb BUAd

~ A ~

i J ok
L=M[FD]=M|x y 0 =M(xy-ipk.
X 90

BekTop MOMeHTa MMITyJIbCa HAMPAaBJIEH TOJIBKO BIOJb OpTa Ak , MO3TO-
My L =M(xy—xy). [lomyunm BbIpa)ke€HUE€ I MOMEHTa MMITYJbCca B IIO-
JIIPHBIX KOOpPJHUHATaX, IIOJACTaBUB B 3TO BBIPAXKEHUE COOTBETCTBYIOILIUE BbI-
paXeHUs B MOJISIPHBIX KOOPAUHATAX:
L=M(rcos@7sin@+r cos® rd cos@—
—7SINQ 7 cosQ+ 7 sin @ 7} sin Q) =
= Mr*¢(cos® @ +sin’ @) = Mr’¢
Torza 3aK0H COXpaHEHHs MOMEHTa UMIyJbca L = My’ = const .
AHanoruyHo mnpeoOpazyeM KHHETUYECKYI0 U MOTEHIHMAIBHYIO JHEp-
ruto. Kunernueckas sHeprusi:
Mv*

M ., 5
T: =—(x + =
5 2( )

M . L2 . S
= 7(1*2 cos? ¢+ rchz sin? ¢ —2r7} sin @ cos @ +
+7% sin® @ + rP* cos® @ + 2rip sin @ cos @)
M . ,
T=—@*+r’p?).
2
N3 monydeHHOTO BBIpAKEHUS BUJIHO, YTO KHUHETHYECKas SHEPrus

. M .
MPEACTaBIIIeT COOOM COBOKYNMHOCTh PaJHUaIbHOTO 71”2 (Bmosib paauyc-



M ,, M,
BEKTOpAa) U HOPMAJIBHOTO JIBUKEHUS 7}” ¢ = 71” ®° (IeprneHIuKyIspHO

paanyc-BEKTOpY), TI€ ® = (¢ — YIJIOBAsI CKOPOCTb.

o
ITorenuumansHas sueprus U = —.
r

M . . o
Torma 3akoH coxpaHeHUs SHEeprun E = 5 (7 +r*9*) +—= = const.
r

N3 BBIPAKCHUA OJIA MOMCHTA HMMIIYJIbCA BbIPAa3UM YIJIOBYIO CKOPOCTH
(i) 1 IOJACTABHUM B BBLIPAXXCHHUC JI 3aKOHA COXPAaHCHUSA SHCPIUM:

L M ., I o
= = F=—(U#"+———=)+— =const wiu
® Mr? 2 ( Mzrz) r
2
E:%f2 + L 5 +g:const.
2 2Mr r
[Tpoaud depeniupyem norydeHHOE BEIpaXKEHUE TI0 BPEMEHH
M_. .. . o,
—2Fi———F—-—7=0 mm
Mr r
2
My = L 3 +%.
Mr r

[TonyyeHHoe BbIpakeHUE MpeICTaBisieT coOoi emopoii 3axkon Huio-

MOHA 6 NOJIAPHOU cucmeme KOoopounam: Telo NPUOOPETaeT paJuaibHOE
2

YCKOpEHHE # BCIEACTBUE ACHCTBUSA JIBYX CHII: IIEHTPOOESKHOM ( ) ¥ LEeH-

3
. , A o
TpaJbHOH (—). WYHE LEHT HOW CHJIBI TOBOPHUT O TOM, 4YTO BEI-
aJILHO > ). Hanmnume nentpoGexnoi ¢ 0BO 0 TOM, 4YTO
r

OpaHHas cucTeMa OTcueTa SBJSETCS HemHepHuanbHOW. OHa NBMKETCS YCKO-
PEHHO BMECTE C UICTOUHUKOM I0JIs (LIEHTPOM PACCESHUS ).
DHEpPru CUCTEMBI B MOJISPHBIX KOOPAUHATAX

M, I Lo

MOXHO pacCMaTpuBaTb KaK COBOKYIIHOCTb KHUHETUYECKOU OHCPIruv paauvalib-

M . . o
HOI'O ABUXKXCHUS 77"2 , IOTCHIIMAaJIbHOU BHCPFI/II/I I_[eHTpaJ'IBHOFO IIoJi1 — "
14

KHHETHYECKOW DHEPTUU JIBIKCHHSI TIO OKPYXKHOCTH (IIEHTPOOEKHOW IHEP-
2 2

. Benmuuuny, paBayto ®@(r) =

Mr? 2Mr?

HOUl NOMEHYUANbHOU IHEp2uell TEIIa IPUBEICHHON MAaCChI.

o
TUH) + —, Ha3bIBAIOT 2¢hghexkmue-
r



1.4. TpaexTopus Tejia B HEHTPAJIbHOM I10J1€

B nosyuyeHHOM ypaBHEHUU IBUKEHUA Tejla MPUBEICHHON Macchl (BTO-
pom 3akoHe HproTOHA)

I o

Mr® P
BCE CHUJIbI, JCHUCTBYIOIIME HA TEJO, 3aBUCAT TOJBKO OT Beau4uHbI (1/7), 00-
paTHO MPOIMOPIMOHATIBLHON PACCTOSHUIO 10 PACCEUBAIOIIETO IEHTpa (UCTOY-
HUKa T0JI51), B MOJOXKUTENBHBIX cTeneHsX. [ToaTomy 11 HaXOXKIeHUsl pere-

HHA 3TOI'O YPAaBHCHUA y,Z[O6HO caciiaTb 3aMeHy MMCPCMCHHBIX

r()——

My =

Toraa nosy4eHHOE paHee BRIPAXKEHUE (O = ——- MOXKHO 3aIHCaTh KaK
r
o=—5=Lg
Mr* M

BrIpa3um nepByro ¥ BTOPYIO NPOU3BOAHYIO OT PACCTOSHUSA ¥ B HOBBIX
IIEPEMEHHBIX

_dr__lds_ ldode 1 .ds_ 1 L.,d5

a2 d ededi & dg ZE_,M do

b

L dt
_—Hd—(p
jo_L d (dﬁJ__Li(ﬁj.@:_izd_Qi
M dt\ do M do\do) dt  M?° do*’
_ , d’E
- M2 d(pz'

HO,ZICTaBJI}UI IMOJTYUYCHHOC BbIPAKCHUC JIA BTOpOﬁ HpOHBBOILHOﬁ B
YPaBHCHUC IBUKCHHA, ITIOJTYUHUM

. I« d’e L _; 2
My = +— = —=—& +ak",
M PP MZé d Mg S
2 2
_d_§:§+% WIn d—%-l—(é-i—%j:o
do L do L

oM
3ameHa nepemMeHHbIX ¥ (P) = E(P) + 7l TO3BOJISIET CBECTHU IMOJYUYEH-

HOE YpaBHEHHUE K CTaHJApTHOMY YPaBHEHHIO TAPMOHMYECKUX KOJICOAHUH C
4aCTOTOM PABHOW €IUHUIIEC



2

d

ax, v =0.

2
do
PeuienrieM [aHHOTO ypaBHEHHMS SABJISIETCS TApPMOHHMYECKAas 3aBUCHU-
MOCTB %, OT () C AMIUTUTYZI0M A U HEKOTOPOUH HAYaIbHON (Hha30U Qi
X = A CoS(P iy —¢).

Bo3sBpamasch k nepeMeHHbIM & | 7, TOJTYyYUM UCKOMOE PEIICHHUE B BUJIC

oM 1 oM
=&+—=4cos(@i, —¢) = —=A4cos(Q;, —P)———.
x=25 2 (Prin — D) r (Prin — ) 2
PR Prmin — P :
L’ AL
Beenem o6o3HaueHuss p = —— u € = —— . Torga pemeHue mpuMeT BUJT
oM oM
p

r= .
& COS(Q i, — @) —1
OnpenenuTh KOHCTAHTY € MOXKHO, TMOJICTABUB 7 B BBIPOKEHUE IS
SHEpPruu

M, ' o
=—7" + +—.

E
2 OMr?  r

Bo3bMeM NPOM3BOAHYIO OT #* 1 [IOACTABUM B HEC ¢ = —:

Mr
= V4 . N L .
T (e cos(@,;, — @) —1)° (& sin(@p,, — @) ¢) = Vps sin(@,.. — ).
Torga noJyiHyt0 MEXaHUYECKYIO SHEPTHUIO 3aIIUIIEM B BUIE
E:% I? g’ sinz((l) =)+ I? (6cos(... _(p)—1)2 4
2 szz min 2Mp2 i

+ 2 (€ cos(@m — ) —1).
P

L2
BBINOTHUB TPUTOHOMETPUYECKUE MPEOOpPA30BaHUS U TMOJCTABUB p = VE
o
2
a"M
MOJTYy4YUM 5 (e*-1)=E.
2L
217
Otrcroma e = 3 E+1.
oM
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Takum 00pa3oMm, B nOAAPHBIX KOOpOUHAMAX YpPAGHEHUEe MPAeKmo-
puu IMEET BUJ

r= P rae

£ 008(Qpy — @)~ 1

OTO ypasnenue KOHUYECKUX CeYeHUll, 3alMCAHHOE B TOJISPHBIX KO-
opaunaTtax. KoHcraHTa p Ha3pIBaeTcs hokanbHbiM napamempom KpuBOH, a
KOHCTaHTa € — IKcyeHmpucumemom. VI3 Kypca reoMeTpuu U3BECTHO, UYTO B
3aBHCHUMOCTH OT SKCLUEHTPUCUTETAa KOHUYECKUE CEYEHHs] MOTYT MPUHUMATh
dopmy kpyra (€ = 0), samumnca (0 < |e| < 1), mapa6oisl (|¢| = 1) umu runepoo-
7wl (Jg| > 1).

[Ipu nBY>XeHUH 1O 3aMKHYTON TPaeKTOPUU (DIUTUIIC, KPYT) MOJISIPHBIN
yrojl (¢ HU3MEeHsieTcs B uMHTepBasie [—m; | (unu B mHTepBase [0; 27w]). [lpu
JIBIKEHUU 110 HE3aMKHYTOHM TpaekTopuu (mapadosia, runep0osia) moiasipHbIid
YTOJI () UBMEHSETCSI B HEOOJIBIIINX Tpeieiax BOJIU3U P, (puc. 3).

[TonsipHas koopauHaTa » SIBISETCS MOJOKUTENBHOU (7 > 0) 1o onpene-
nenuto. [Ipu 3ToM (okanbHBII MapaMeTp p U SKCUEHTPUCUTET € MOTYT OBITh
KaK IMOJIOKUTEIbHBIMU, TaK U OTPUIATEIbHBIMU.

Hanpumep, ans 3aMKHYTBIX
tpaekropuil (lg| <1 — smaunc umm
KpyT) OpH JIIOOBIX 3HAYEHHSIX IO-
JSIPHOTO yria ¢ € [—m; | 3HamMe-
HaTenb € cos(Pmin — @) — 1 Bcerna
orpuuarenbHeiif. Iloatomy s
3aMKHYTBIX TpPAaeKTOpUN (oKaIb-
HBI MapameTp p Bcerjga OTpula-
TEJIbHBIM, a JKCUEHTPUCUTET MO-
KET OBbIThb KakK IOJIOKUTEIbHBIM,
TaK U OTPUIIATEIbHBIM (puUc. 3a).

Jna He3amMKHYTHIX TpaekTtopuit (Jg] > 1 — mapabona unm rumepbosna)
3HaMEHaTellb € COS(Pmin — @) — 1 MOXET OBITh KaK MOJIOKHUTEIbHBIM, TaK U
OTPHUIATENbHBIM (MHTEpPBAJ M3MEHEHUS YIJIOB () OTpaHUYEH 3HAYCHUSIMU
BOJIM3U Ppyin, MOITOMY KOCUHYC Bcerja nojoxuresnen). [loatomy dokanbHbIi
napaMeTp TOXKE€ MOXKET OBITh KakK MOJIOXKHUTEIbHBIM, TaK U OTPULATEIIbHBIM.
[Tpuuem ecmu € > 1, Tou p > 0. A ecu € < —1, To p <0 (puc. 30).

Ilpu y2ne @ = Qpin (KOCUHYC paBeH €AUHUIIE) Mmes1o, IBUKYIIeecs, Ha-
npuMep, Mo He3aMKHYTO# Tpaektopuu (|g| = 1), Oyaer naxooumsca na mu-
HUMATbHOM PACCIMOAHUU OM PACCEUBAIOU,E20 UeHmPa

Puc. 3
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Finin = d >
e—-1
TaK KakK U MPU MOJOKUTENBHBIX (€ > 1, p > 0), 1 ipu oTpHUIaTeNbHBIX (€ < —1,

p<0) mapameTpax  TpaeKTOpMU  3HAMEHATENIb B  BBIPAXXCHUU

r= P HUMECT MAaKCUMAJIbHOC 3HAYCHUC.

€ CoS(P i, — @) —1
Tqua TpaeKTopI/II/I, paCCTOHHI/Ie oT paCCCI/IBa}OHIGFO HeHTpa 0 KOTO-
PO MHUHUMAaJbHO, HAa3bIBACTCs nepuzeem. B nepuree paauanbHasi CKOPOCThb

. L .
JBWXXYIIErocs Tena » = M—s sin(@,,;, —¢®) oOpariaercs B HOJb, a yrioBas

= 5— M TaHICHLMAIbHAS U, = OF =
Mr:. Mr

min min

CKOPOCTH MaKCHUMallb-

1.5. Tpaekropusi ABHKEHHS 3APHAKEHHON YaCTHUIIbI
B KYJIOHOBCKOM I10J1€

Cuna, IecTBYIOIIAsl HAa YacTULy C 3apsiOM ¢; CO CTOPOHBI IPYroi
YaCTUIIBI C 3apAJIOM ¢, , (cuna KynoHa) siBnsieTcs IeHTpaJIbHOM U paBHA

F.(r) = k892 rpe k= ,£0=8,85-10"2 d/wm.
r 4re,

KoHcraHTa o0 B 3TOM citydae NpuMeT BUJ o = kq,q,

U MOXET OBITh KaK nonoxcumensvnoii (o> 0) 6 ciyuae ommankueanus o0-
HOUMEHHBIX 3apA008, Tak U ompuyamenvhoi (o <0) é ciyuae npumsasice-
HUA 3aPA006, UMEIOWUX PA3HbIE 3HAKU.

PaccmoTpum, kak Oyner
JIBUTaThCSl 3apsKEHHAsl 4acTU-
11a Maccou m; U 3apsaoM ¢; B
KYJIOHOBCKOM I10JI€, €CJIU B Ha-
YaJIbHBII MOMEHT BPEMEHHU OHA
uMeJa CKOpOCTh U, W HaXOIu-

Jach Ha PACCTOSIHUH 7y OT pac-
CEHBAIOIIECTO IICHTPA MAacCou
my; W 3apsaaoMm ¢, (my>>my).
Kak Obuto mokaszaHo paHee, B
ATOM ClIy4ae CHCTEMa OTCUeTa
CBSI3BIBAETCS C TEJIOM OOJIBIIICH
Maccel — m, (puc. 4): m; — HajeTaroIas YacTHUIla, 7, — PACCEHBAIOIINNA

12




ueHtp. Ecnu 3a Hanpaenenue ocu OX B 1eKapTOBBIX KOOpAMHATaX (M Hayaio
OTCYETa yIJIa (0 B NOJSIPHBIX KOOPAMHATAX) IPHUHSITH HAIIPABIECHUE CKOPOCTH
U,, TO paccTosiHue b Mex 1y ocbto OX M HalpaBJICHUEM CKOPOCTH Ha3bIBAIOT

NPUUEIbHBIM PACCIOAHUEM.
dusznyeckrue BEIWYMHBI L U E SBIAIOTCS MOCTOSAHHBIMU (COXpaHsIO-
IIUMHUCS CO BPEMEHEM), UX 3HAUEHUS HE 3aBUCAT OT TOTO, B KAKOM MOMEHT
BPEMEHH JIBHKEHHS YacCTHUIIbl (HampuMep, B HaYaJbHBIM) UX PaCCUUTHIBAOT.
[ToaTOMy y10OHO BBIpa3uTh BEJIMUYMHBI L U E depe3 napameTpbl HAa4aJlbHOTO
COCTOSIHUS HAJIETAIOIEN YacTULBI Uy, Xo, D.
1o onpeneseHnI0 MOMEHTA UMITYJIbCa

L = M[7, U,] = L= Mry,sine, = Mbv, = L= Mbuv,.

2
— Mu, +g, rae roz =b? +x§.
2 ¥y

Onupasch Ha 3TU BBIPAXKEHUSI SHEPTUU U MOMEHTA UMITYJIbCa, MPOaHa-
JU3UPYEM YpaBHEHHUE TPACKTOPUH, 3aAMMCAHHOE B MOJISPHBIX KOOPJAUHATAX:

p L 217
r= ,rne p=——,¢e=1,/1+
g cos(Q,,i,, —¢)—1 oM oM

Jlerko 3aMeTUTh, UYTO 3HAK (POKAIBHOIO MapameTpa p OmNpenessercs
3HAKOM KOHCTaHThI B3aUMOJICHCTBHUS QL.

B monspHBIX KOOpJIMHATaX pPACCTOSIHUE » BCErla MOJIOKUTEIbHOE.
[TosTomy npu orrankuBanuu (o > 0) dhokanbHbIN mapameTp p = 0. 13 Boipa-
KEHUS JJI SHEPTUM 4Yepe3 MapameTpbl HAYaJbHOT'O COCTOSIHHMSI BUAHO, YTO
SHEPIUsl YacCTULbI IPU 3TOM MojoxuTenbHa £ > 0. CnenoBaTrenbHO, SKCIEH-
TPUCUTET € MOXKET ObITH |g| > 1. To ecTb npu ommankueanuu Hanemarowan
yacmuya Moxcem 08U2amMvCAa no unepooe uiu napabose. JIBuxenue mo
napaboJie BO3MOXKHO ToJibko Tipu L =0 — npu no6oBoM ynape (b = 0). Do-
KaJIbHBIN MapaMeTp p y Takod mapaloJibl TOKE PaBEH HYJIIO, TO3TOMY MHapa-
00J1a SIBISIETCS BBIPOKACHHONW — BUYKEHHUE MTPOUCXOUT MO MapaboInyecKo-
MY 3aKOHY B0JIb psimoit (ocu OX).

[Tpu nputspxkennn (o < 0) dbokaneHbIi napametp p < 0. DHeprus yac-
TULIBI MOXKET OBITh KaK MOJOXKHUTEIbHOM, Tak U oTpuuarenbHoi. [loatomy
AKCIICHTPUCUTET € TPACKTOPUHU MOXKET MPUHUMATH Jt0ObIe 3HaueHus. Creno-
BaTEJIbHO, B 3aBUCUMOCTH OT BEJIMYMHBI MOMEHTA UMITYJIbCA U DHEPTUU CHC-
TEMBbl BPU RPUMANCEHUU MOXKHO HAOIIOAATh paA3iuuHble KOHUYECKue ceue-
Hus. YtoOb1 HaOmoAaTh ABMKEHNE ¢ dKcieHTpucuTeToM 0 < ¢ < 1, HEO0OXO0-
JIUMO, 4TOOBI SHeprusi £ Obuta oTpunaTeabHOM. Eciiu sHeprust paBHa HYJIIO,
OyJzieT HaOII0IaThCs JBUKEHUE TI0 mapadoie.

OHeprus E

E.
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JInsi He3aMKHYTBIX TpPaeKTOpUM, Takux Kak mapabona u rumepOosa
BBOJISIT TIOHSTHE yeia paccesanus O — yroi, Ha KOTOPBIH OTKIIOHSETCS Halle-
Tarollas YaCcTUIa OT CBOEr0 MEPBOHAYAIIBHOTO HAIIPABIICHUSI IBUKEHUS.

AHanu3 TpaeKTOpPUM 3apsyKEHHOM YacTHULBI B KYJIOHOBCKOM IIOJIE
MOHO TaKXe OCYUIECTBIIATH Ha OCHOBE COIIOCTABJIEHUS IMOJIHOW YHEPTUU

. M . . .
HaJICTAIOLIEN 4YacTulbl £ = 71’2 + ®(r) u 3pheKTUBHON MOTEHIIMAIBHON

sHepruu O(r), BBeAeHHOU B paznene 1.3.
PaccMmoTpum 3 eKTUBHYIO TOTEHIIMAIBHYIO SHEPTUIO
L o
2 T
2Mr” r
npu nputskeHnu o < 0 u orrankuBanuu o > 0 (puc. 5).
ITpu otrankuBanuu (o> (0) NMOTEHUMANbHAs SHEPrusi KyJIOHOBCKOTO

O(r) =

. o
B3aumoencTeus U(r) = — TNOJIOKUTENbHA U YOBIBAET C YBEIMUYEHUEM pac-
r

L2

CTOSIHUS OT paccemBaroiero mneHrpa. LlearpoOexHas sHeprus oJ10-

Mr?

kuTenpHa Beerga. [loatoMy sdexTuBHas noTeHUMaNbHAasl SHEPTUs MpHU OT-
TAJIKUBAaHUU TOJOXKUTENbHA (pHUC. S5a). JIBI)KEHHE BO3MOXKHO TOJIBKO €CIH
MOJTHASI SHEPrusi CHCTEMbI MPEBOCXOIUT 3(P(PEKTHBHYIO MOTEHUUATHHYIO
DHEPIUI0 (KHHETUYECKask SHEPIUsl HE MOXKET ObITh OTpHLIATENILHOM). B Touke,
rje mojHas sHeprus E = const nepecekaet 3pdexktuBnyro d(r), kKuHETHYE-
CKasl HEeprusl YacTULbl paBHA HYJIO. DTa TOYKAa COOTBETCTBYET MHUHUMAaJb-
HOMY PACCTOSIHUIO 7yin, HA KOTOPOE HaJeTarolllas 4acTULla MOXET MpHOIu-
3UTHCS K UCTOYHUKY Mo, YacTuiia ABMXeTCs 1o runepoore.

OHeprus
OHeprus
OHeprug

E = const E = const

dO(7)

D(7)

Vmin

u(r)

Vmin v
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[Ipn mputsxenuu (o <0) TOTEHIMANbHAS SHEPTUS KYJIOHOBCKOTO

B3auMoJiericTBusl U(r) oTpuniarenbHa. B 3aBUCUMOCTH OT BEIMYHUHBI LIEHTPO-
2

OEKHOM PHEprumn s dextuBHas sHeprus O(r) MOKET 3aX0IUTh B 00-

Mi?

JacTh OTPULATENBHBIX dHEPruil (puc. 56) wnu OyAeT ocTaBaThCA BCerja Io-
JIO)KUTENBHBIM, KaK U TIpU OTTAIKuBaHUU (puc. 56). Ecnu a¢dexTruBHas 110-
TeHIManbHas 3Heprus d(r) monoxurenbHa, TO OyneT HaOMIOAATHCSA TOIBKO
HE3aMKHYTO€ JBIDKEHUE (TurepOosa win napabojia) ¢ MUHUMAIbHBIM MPH-
ONMMKeHHEeM K pacCeMBAIOLIEMY LIEHTPY Ha pPacCTOSIHHE, COOTBETCTBYIOIIEE
TOUYKE MEePECEeUEHUs MOJTHON FHEPTUHU ¢ TpapuroM 3PGEeKTUBHON SHEPTUH.

Ecu a¢ddextunas sneprus O(7) 3axoaut B 001aCTh OTPUIIATEIIHHBIX
SHEPruil, TO BO3MOXKHO JIBUKEHUE MO 3aMKHYTOW TPAeKTOpUHU (AILIUIC WIU
OKpY>HOCTh). I[Ipu 3TOM YacTua TO NPUOIMKAETCS K pacCEUBAIOLIEMY LICH-
TPY Ha PACCTOSIHUE Fppin, TO YAAISAETCA OT HETO HA PACCTOSIHUE Fppax. DTH TOU-
KU TaK)K€ COOTBETCTBYIOT TOUKAM IEpPECeUeHus MONMHON sHepruu E ¢ rpadu-
KoM 3¢ PextuBHOM 3Heprun O(r). Ilpyu NBHKEHUH MO OKPY>KHOCTU YaCTULA
OyJeT MOCTOSTHHO HAaXOJUTHCS Ha OJIMHAKOBOM PACCTOSIHUM OT pacceuBaro-
HIeTo LEeHTpa R, KOTOPOE COOTBETCTBYET MUHUMYMY 3(P(PEKTUBHOM MOTEHIIU-
anbpHOM 2HEprum (puc. 50).

2. Paboune ¢popmy.ibl

2.1. I'eomeTpUYecKHe MapamMeTpbl TPAEKTOPHH

YpaBHEHHUE TPACKTOPUHU JBHKEHUS YaCTULBI B KYJIOHOBCKOM I10JIE
_ P
€ CoS(Pppin — @) 1
UMeEET TPU MApaMeTpa: p, € U Qmin.
PaccmoTpumM, Kak MOXHO HX pac-
CUUTATh U3 DKCIIEPUMEHTA.

Ilo cBOWCTBY KOCUHYyCa IIpU
JTH0OBIX 3HAYEHUSAX p U € TPAEKTO-
pus SBIAETCA CUMMETPUYHOM OT-
HOCHUTEJIBHO yTia @i, Habmonas
3a JBWKCHHEM 3apsKEHHOM 4YacTH-
bl BOJU3M pacCEMBAIOIIETO LICH-
Tpa, YIOJ Pmin, IPU KOTOPOM Yac-

TULA MPUOJINKAETCA K HCTOYHUKY O @ X
I10JI1 HA MUHUMAaJIbHOE PacCTOSHUE,
MOXHO OIpPEACIUTh C IOMOIIBIO Puc. 6
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Tparcnoptupa. COBMECTUM IIEHTP TPAHCIIOPTHPA C UCTOYHUKOM Mouist. Yrto-
OBl OTIPENIETUTH YTON (i, JOCTATOYHO M3MEPUTH JIBA yIJIA (O U (O, IPU KO-
TOPBIX YAaCTHIIA B MPOIECCE CBOETO JBMKCHHS HAXOIWJIACh Ha OJUHAKOBOM
PACCTOSIHMHM OT PACCEUBAIOIIETO IIEHTpa, HAIPUMEP, Ha paCCTOSTHUN, PABHOM
paauycy Tpancrnoptupa R (puc. 6). Ilycts, Bietas B 0071aCTh SKCIIEPUMEHTA,
JacTHIlA TIEPEeCceKaeT TPAaHUIly TPAHCTIOPTUPA. DTa TOYKA OMUCHIBAETCS YTIIOM
(@ ¥ paccTosHueM R 10 pacceuBaroiero 1meHTpa. [lokumas obmacte skcme-
pUMEHTa, OHa BHOBb MEPECeKaeT TPAHUIly TPAHCIOPTUPA. ITa TOYKA TAKKE
pacrosioXeHa Ha PacCTOSSHUM R OT pacCeUBAIOILIETO LEHTPa, HO COOTBETCT-
BYET yIiay ¢. [0 CBOMCTBY CHMMETpHH YIJIBI (O] M (; OTIIMYAIOTCS OT yTJia
(Pmin HA OJTMHAKOBYIO BEIIMYUHY

P2 = Pmin = Pmin — P15, = Ppin = % .

YToObl onpenenuTs MmapaMeTpsl p U €, HEOOXOAUMO U3MEPUTH KOOP-
JMHATHI JIBMOXKYLIEHCS YacTUIbI B JBYX MOJOKEHUSX, HAXOIAIIUXCS Ha pa3-
HOM pPACCTOSHUM OT pacceuBarollero neHrpa. Hampumep, BbIOEpeM TOUKY,
HaXOJSIYIOCS HA MUHUMAJIBHOM PACCTOSTHUM Fin OT LIEHTpaA paccesiHus (mpu
@ = Qmin), 1 TOUKY, HAXOIAILLYIOCS HAa PACCTOSHHUH, PABHOM paguycCy TpaHC-
noptupa R, COOTBETCTBYIOILYIO YIIIy @, (puc. 6). 3anuiieM ypaBHEHHs Tpa-
EKTOpUU JJ1s1 000UX CIIy4aeB

R= P Ul = P
€ COS(Ppin — @) 1 e—1

Pemasi cOBMECTHO 3TH JIBa ypaBHEHHUS OTHOCUTENIBHO p U €, HAHJEM

rapameTpsbl TPACKTOPHH:

R e—1

Finin - € COS((pmin - (Pz) -1 ,
S(R COS((Pmin - (P2) - rmin) =R- Finin »

= e= R~ T "
R COS((pmin - (PZ) = Vmin
R - rmin

-1

=r_.(e=1)=r_.
b mm( ) mm RCOS((Pmin_q)2)_rmin

W3 nosydeHHbIX BBIPAKEHUW BUAHO, YTO JJIsl HE3AMKHYTBIX TPAeKTO-
puii (e| = 1) pokanbHbI TapaMeTp p U SKCUEHTPUCUTET € UMEIOT OJIMHAKO-
BbIE 3HAKU.

2.2. YroJ paccessHUus

JlJi1 He3aMKHYTBIX TPACKTOPUN BBOJST MOHATUE y2ia pacceanus 0 —
yToJI, Ha KOTOPBI OTKJIOHAETCSA HaJETAarollas 4acTHLa OT CBOErO IEpBOHa-
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YajgpHOro HampasiaeHus. [Io reoMerprueckoMy MOCTPOEHUIO MOXKHO IOKa-
3aTh, YTO YT'OJI paccessHUs O 3aBUCHUT TOJIBKO OT YT Ppyip.

[TpoBeneM npsiMyro b nmapajiyieIbHO HAYaJIbHOM CKOPOCTH Yepe3 TOUKY
NEPBOr0 MEPECEUeHUs] TPAaeKTOpuH ¢ TpaHcnoptupom (puc. 7). Ocp OX mna-
paienbHa npsMoi b. IlycTe npsimMast a COeUHSET LIEHTP PacCesHUs C TepH-
reeM (TOYKOW TPAeKTOPUU YACTHUIIbl, PACIIONOKEHHON HA MUHUMAJIbHOM pac-
CTOSIHUU OT pacceuBarouiero neHrpa). Ona nepecekaer npsimMeie OX u b non
OJIHUM U TeM ke yriioM. [Toatomy B = @uin.

A TIO CBOWMCTBY CHUMMETpPUHU
TpaekTopun yroi £0OAB Toxe pa-
BeH [. U3 tpeyronbuuka AOAB:
P+ (Pmin — P2) + O =7 (cCymma yr-
JOB TpeyrojbHuka). U3 tpeyroms-
Huka AABC: 0+0+(m—@y)=m
(cyMMa yriaoB  TpEyroJIbHHUKA).
Pemrast coBMecTHO, TOTy4nM

0 — (B + Qmin— 1) = 0 i
0= 2(pmin — TL.

B obmem cnydae (u asis mo-
JIOXKUTENbHBIX, U U1 OTPUIATEIb-
HBIX 3HAYEHUH yIia Quin), paccy-
’KJlas aHAJIOTMYHO, MTOJIyYUM

Puc. 7

0 = 2|Qmin| — T

2.3. ®usnyecKkue mapaMeTpbl B3aUMO/IeliCTBUA

JIBrokeHUE 3apsHKEHHOM YacTHUIIBI B KYJIOHOBCKOM I0OJIE XapaKTepusy-
eTCs CIAEAYIONTUMU (PU3HUECKUMH KOHCTAHTAMM:
® KOHCTaHTa KyJIOHOBCKOTO B3aUMOJCHCTBUSA O.;
® [I0JTHAs MEXaHUYECKasi DHEPTUs CUCTEMBI £
® MOMEHT UMITyJIbca L.
3Has mapaMeTphl TPACKTOPHH p, € MOKHO OMPEICIIUTh 3TH KOHCTAHTHI,
UCIIOJIb3YS AHAIUTUYECKHUE BRIPAKECHUS JJIsl HapaMeTPOB TPACKTOPUU
L 2I°
p=——s,e=%|l+—
oM a M
U CBSI3b MOMEHTA MMITYJIbCA C HaYaJlbHOW CKOPOCTHIO U MPHUIICIHHBIM Tapa-
metpoM L = Mbuv,.

E
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2
Paccmorpum p = Py u L =Mbv, u noxy4uM BbIpak€HHE KOHCTaH-
o

ThI KyJIOHOBCKOT'O B3aUMOJCHCTBHUS o Uepe3 (hOKaIbHBIN mapameTp p:

Mulb?
o=—-".
p
Teneps, 3Has o, Hauaem £ u L.
2
[ToxcraBum v = p B BBIPAXKECHUE [T SKCLEHTPUCUTETA
a
217 2 21
=1+ L po1+22p » gD
o M 0} 2p
N, nakoner, L=%xoMp.

3HaK «1+» COOTBETCTBYET IOJOKUTEIBHOMY 3HAUEHHUIO IPUILIEIBHOIO Iapa-
METpa, a «—» — OTPULIATEIIBHOMY.

Taxum o6pa3om, 3Has mapameTpsl TPACKTOPUH p U €, MOXKHO PacCUH-
TaTh NapaMeTPbl B3aUMOJIECUCTBUS CIETYIOIUM 00pa3oM

212 2
OL:M’ E:OL(S—_I), L=+ /OLMp.
p 2p
O‘ICBI/II[HO, qTO 3HAKHU KOHCTAHTBI KyJ'IOHOBCKOFO B3aI/IMOI[€I\/'ICTBI/I$I o Hu
q)OKaJ'IBHOFO mapamMeTpa p COBIIAAAIOT, a IIOJIHAA MCXAHUYCCKas DHCPIUA E

MOJXKET OBITh KaK MOJOXKUTEIbHOM (|| > 1), Tak u oTpuniatensHoit (|| < 1).

3. MoaeJib 3KCNIEPUMEHTAJIbHONH YCTAHOBKH

B nanHo#l paboTe ¢ MOMOILBIO CPEACTB KOMIBIOTEPHOM I'paduku Mo-
JEUPYETCs MPOLECC IBUKEHUS allb(a-4yacTUlibl B KyJIOHOBCKOM TOJIE pac-
CEMBAIOLIEro LeHTpa. Macca yacTulbl, SBISIOLIEHCS PAaCCEMBAOIIMM LIEH-
TPOM, 3HAUUTENBHO MPEBOCXOAUT MacCy HajleTarolle anb@a-yacTHLbl, I1O-
ATOMY PacCEUBAIOIIMNA LIEHTP MOKHO CUYUTaTh HENOJBM)KHBIM. JIBMXKEHHE
IIPOUCXOAUT TOJIBKO MOJ JEHCTBUEM KYJIOHOBCKUX CHII. Cuia TSKECTH U BCE
KOMIICHCHPYIOIIUE €€ CHJIbI HAaIlpaBJEHbl NEPHEHAMKYJISPHO IJIOCKOCTH, B
KOTOpOM ABMXKETCA ayib(pa-4yacTHIla, U HE OKA3bIBAIOT BIUSHUS HA €€ JIBUXKE-
Hue. i1 u3MepeHust KoopAuHaT aib(a-4yacTHIIbl UCIIONb3YITCS BEpTUKAIb-
Hasi U TOPU3OHTAJIbHASA JIMHEWKH, TO3BOJISIOLIME ONPENETATh KOOPAHHATHI €
TounocTsio 10 0,1 A. Jlns usMepeHus yrios UCHOJIb3yeTCs TPAHCIOPTUP, IO
KOTOPOMY MO>HO BBIIOJHATh W3MEHEHUSI C TOYHOCTHh A0 1 rpanmyca. Ilpu
yYKa3aHHBIX YCJIOBHUSAX MOTPEUIHOCTh OMpeaesneHus koddduinenta KyJIoHOB-
CKOro B3auMojAeucTBUA 0. He npeBbimaet 1,4—4,5%.

Pabota Beinonusercs Ha IBM-coBMecTUMOM MEepCOHAIBHOM KOMITbO-
Tepe B Buae camocTosTenbHoro Windows-npunoxenus. [{ns yno06¢TBa BbI-
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NOJHEHHUs1 paboThI B MpOrpaMMe IpeayCMOTPEHbI TPH pa3fiernia: KpaTkoe OIu-
caHue paOOThl; MOPSAIOK BBINOJIHEHUsI PaOOTHl U 3KcniepuMeHT. [lepexntoue-
HUE MEXJy pa3zieslaMu OCYLIECTBIISETCS C MOMOILBIO KHOMOK « X0 paboThh»
u «DxcnepuMeHT». Hakarne 3THMX KHOMOK B 3aBUCHUMOCTH OT KOHTEKCTa
IPUBOIUT JHOO K BBI30BY COOTBETCTBYIOILIUX pa3/ejioB, MO0 K BO3Bpalle-
HUIO B Pa3/iesl ONUCaHUsl.

Paznen mporpamMmbl «DKCHEPUMEHT» COAEPKHUT PACKPHIBAIOIIUICS
CIHCOK JJIsi BBIOOpA TSKENION YacTHIIBI, SBISIOMICICS PACcCEUBAIOIINUM IICH-
TPOM, TION3YHKH MJIi W3MEHEHHUs MPHUIETFHOTO PACCTOSHUS W HAYaJbHOU
CKOpPOCTH HaJIeTaloleil anb(a-yacTULbl, a TaKKe€ KHOIKH, MO3BOJIAIOLINE
YOPABIATH SKCIIEPUMEHTOM.

BapuaHThbI BbINOJTHEHUS PadOThI

Bapuaunr Tsxenas yacTuua
1 Snpo xampmus (,,Ca™°)
2 Snpo murKa (s Zn ")
3 SAnpo mupkonus (o, Zr )
4 Anpo cypsmsi (,,Sh™")
5 Snpo 30mota (o, Au™")
6 OTpunarenbHblii HOH CTPOHIUS (88Sr_10)
7 OTpuIaTenbHbIA HOH cKaHmus (,sSc )
8 OtpuratensHbIii 1oH TuTaHa (4 Ti )
9 OTpuraTenbHbIi 1oH BaHamus (5,V )
10 TTo710KUTETBHBIH HOH HUKENS (5o Ni™" )
11 TTosokKuTENBHBIH HOH K0b6anbTa (5o Co™)
12 TonoKUTenbHBIH HOH Kere3a (5, Fe™)

4. IlopsinoK BHINOJHEHHS PadOTHI

4.1. Kparkoe onucanue xoaa padorbl
1. BeiObeputre TSDKENyH 4YacTULy — LIEHTP paccesHus (MO yKa3aHUIo
Mperno1aBaTess).
Ynpaxkuenue 1. M3yyeHue 3aBHCMMOCTH NApPaMeTPOB JABUKCHUS

3apﬂ)l(eHHOﬁ JacTuObl B KYJIOHOBCKOM I10JI€ OT NMPHUIEJBHOT0 pacCcros-
HHUA.
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2. YCcTaHOBUTE MAKCUMAJIBHO BO3MOXKHOE IPULEIBHOE PACCTOSTHUE.

3. [TogGepuTe HAYAIbHYIO CKOPOCTH HAJIETAIOIIECH YACTHUIIBI.

4. IsmepbTe yIibl, COOTBETCTBYIOIIME TOYKAM IEPECEUEHUS JIBHKY-
LIEHCs YaCTULIEH TPaHULIbl TPAHCIIOPTUPA.

5. I3mMepbTe KOOpAMHATHI MPHUOIMKEHUS aib(a-dyacTUIbl K pacceu-
BAOILIEMY LIEHTPY HA MUHUMAJILHOE PAaCCTOSHUE.

6. BeimonauTe onbIT 15 17 3Ha4Y€HUI TPULIEIBHOTO PACCTOSIHUS.

7. PaccunraiiTe yros paccesiHus U MapameTpbl TPACKTOPUU IS KaxK-
JIOTO OTIBITA.

8. PaccunrailTe KOHCTAHTBlI KyJOHOBCKOTO B3aMMOJEWCTBHS, MOMEHT
UMITYJIbCA U MOJTHYI0 MEXAHUUYECKYIO SHEPTUIO YaCTHUIBI ISl KAXKO0TO OIbITA.

Ynpaxkuenue 2. M3yyeHue 3aBHCMMOCTH NAPaMeETPOB JABUKCHUS
3apsIKeHHOM 4acTHIbI B KYJOHOBCKOM I0JIie OT HAYaJIbHOH CKOPOCTH
HAJIETAIOLIel YaCTHIbI.

9. YcranoBuTe npuleabHOE paccTosiHue 1—2 aHrcrpema.

10. ITonGepute HaUYaTBHYIO0 CKOPOCTh HAJIETAIONIEH YACTHIIHI.

11. Bemmonnute onbIT A4 11 3HaueHW HaYaIbHOM CKOPOCTH.

12. 17151 Ka>kJ10ro OMbITa BBIOJIHUTE U3MEPEHUS KaK B MMyHKTax 4-5.

13. Jlis KaskJ10r0 ONbITa BBIIOJHUTE PACUETHI Kak B IIyHKTax 7—8.

IIo pe3yabTaTaM ABYX YHPaKHEHHH:

14. IlocTpoiiTe rpaduky 3aBUCUMOCTEN (HOKATLHOTO MapaMeTpa 1 JKC-
LHEHTPUCUTETA TPAEKTOPUH, MUHUMAJILHOTO PACCTOSIHUS M YIJIa PACCESHUS OT
MPULIEIBHOTO PACCTOSHUS.

15. IlocTpoiiTe rpaduky 3aBUCUMOCTEN (HOKATLHOTO MapaMeTpa 1 dKC-
LEHTPUCUTETA TPACKTOPUHU, MUHUMAJIBHOTO PACCTOSHUS U yTIJla PACCEIHUS OT
Ha4yaJbHOM CKOPOCTH.

16. IlocTpoiiTe rpaduky 3aBUCMMOCTH yTja paccesHusi OT MOJIHON
HHEPIrUM U MOMEHTA UMITYJIbCA YACTHLIBI.

17. Tlo pe3yspraraM BCeX SKCHEPUMEHTOB BBIYMCIIUTE CPEIHEE 3Haye-
HUE KOHCTaHThI KYyJIOHOBCKOI'O B3aUMOJICUCTBHUS.

18. PaccunraiiTe T€OpETHUECKOE 3HAYEHUE KOHCTAHTHI KYJIOHOBCKOTO
B3auMoieicTBUs. CpaBHUTE C TIOJYYEHHBIMU PE3YJIbTATAMH.

19. Tlo pe3ynbraraM BTOPOro YHPA)KHEHHUS PACCUUTANTE KOHCTAHTY
LHEHTPOOEHKHOUN SHEPTUM.

20. ITocTpoiite Tpaduk 3aBUCUMOCTH MOTEHIIMATBLHON SHEPTUU KYJIO-
HOBCKOI'O B3aUMOJICMCTBUS OT PACCTOSIHUS 0 PACCEUBAIOILETO LIEHTPA.

21. Ha Ttom xe rpaduke nocrpoiite Tpu rpaduka 3¢pHEKTUBHON MO-
TEHLUANbHOMN 3HEPrUur. OTMETHTE 3HAUEHUS MTOJTHON YHEPTUH.

22. Tlo rpaduky omnpeaenuTe MUHUMAIbLHOE PACCTOSHHUE, HA KOTOPOE
yacTHlla NpUOIN3UIIACh K PACCEUBAIOIIEMY LIEHTPY.
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23. CpaBHUTE MUHUMAJIbHBIC PACCTOSHUS, ITOJYUYCHHBIE U3 PACUETOB U
U3 rpauKoB.
24. CnemaiiTe BBIBOJIBI.

4.2. lerajpbHOE ONMUCaHHUE X0 PadOThI

[Tpu BbIMONHEHUH PAOOTHI PEKOMEHIYETCsA CIeAylolas MocieI0Ba-
TEJIbHOCTh JICUCTBUI:

1. PackpsiBaromuiicst ciucok « Tasxcenas uacmuya» conepXuT HaOOp sIep U Ho-
HOB, 00J1aIAf0IIKX pa3HBIMH MaccamMu U 3apsaamu. C MOMOIIBIO ATOTO CIUCKA BBIOEPHUTE
4acTHUIly, KOTOpasi B 3KCIIEpUMEHTe OyJeT BhICTyNaTh B KAU€CTBE PACCEUBAIOLIETO LIEHTPA
(Mo ykazaHuIio mpernoaaBaTenis). [ BRIOpaHHON YacTHUIIBI MO CITUCKOM aBTOMAaTUYECKU
yKa3bIBaloTCA €€ 3apsijl U Macca, HeOOXOIMMBIE [Tl TEOPETUUECKIX PACUETOB.

Yupaxuenue 1. U3yyeHue 3aBUCUMMOCTH NIAPAMETPOB JABHKEHUS 3apPsSKeHHOM
YacTUIBI B KYJIOHOBCKOM 10JI€ OT NPHUIEJIbHOT0 PACCTOSIHUS.

B aTOM ympakHeHUH HEOOXOAUMO MPOBECTU CEPUI0 IKCIIEPUMEHTOB C Pa3IUIHbI-
MU 3HAUEHUSIMHU MPUILEIBHOTO PACCTOSHUS NpU (PUKCHPOBAHHOM 3HAYEHUM HaydaabHOU
CKOPOCTH HAJIETAIOLLEH YaCTHUIIBI.

[Ipexxae yeM MPUCTYNUTH K BBIMOJTHEHHUIO SKCIIEPUMEHTOB, HEOOXOAMMO MOJ00-
paTh 3HaUYCHHE HadaJIbHOW CKOPOCTH HajeTaromiel yactuibl. Jlanee cienyer 3aduxcupo-
BAaTh HAWJEHHOE 3HAYEHHE HAYaJIbHOM CKOPOCTH W BBINOJHUTH U3MEPEHHMsS ISl pasiiny-
HbIX 3HAUEHHUH MPULIETEHOTO PACCTOSIHUS.

2. CneBa oT 00JacTH KCIEPUMEHTA PACIOIOXKEH NMoyHOK «llpuyenvrnoe pac-
CmosAHue», KOTOPBIN MO3BOJIIET U3MEHSTh MPULIEIBLHOE PAaCcCTOSIHUE (HApUMeEp, B Mpee-
nax ot -8 10 8 A). Ilpu nepemeleHny MON3yHKA TOYHOE 3HAYEHHE YCTAHOBJIEHHOTO TIPH-
LIEIBHOTO PAaCCTOSIHUS YKa3bIBA€TCsl HA MAaHEIM MHCTPYMEHTOB «Aabga-uacmuyay. 1le-
peMeniasi MoA3yHOK, YCTAHOBUTE MaKCHUMAJIbHO JIOCTYIHOE 3HAY€HWE MPUIICTIBHOTO pac-
CTOSTHUSL.

3. llomynox «Hauanvnhas ckopocme» Ha TaHENIHM HHCTPYMEHTOB «Anbgha-
Yacmuya» TO3BOJSIET MU3MEHATh HAYalbHYIO CKOPOCTh HajeTamollel anb(ha-4acTUIbl B
npezaenax (0,2—6) 10°m/c. [Ipu nepemMelnieHNM MOJ3yHKAa TOYHOE 3HAYEHUE YCTAHOBJICH-
HOM Ha4yaJIbHOM CKOPOCTHU ab(a-4yacTHUIIbl YKa3bIBACTCS HAJl MOJI3YHKOM.

[Tepemeriasi MON3YHOK, BEIOEPUTE MUHIMAILHO BO3MOXKHOE B JaHHOW paboTe 3Ha-
YeHUE HAYaJIbHON CKOPOCTH HaJICTAIOIEH ab()a-dyacTHIIbI.

Haxwmure kaonky «Hauams sxcnepumenmy — anbha-dacTuiia HAaUHET IBUTATHCS
B 3aJaHHBIX ycioBusax. HabOmomalite 3a ee TpaekTopue. DKCIIEPUMEHT 3aKOHYUTCS, KO-
r/1a mocje npuOIKEeHUs K pacCeUBaIOIEMy [IEHTPY YaCTHIIA HAYHET YIANATHCS U BBLIE-
THUT 34 MPEeJENbl TPAHCIOPTHUPA.

[Tepememas mon3yHok «Hauanvhasa ckopocmpy, HEOOXOAUMO MOI00pPATh TAKYIO
HAYaJIbHYI0 CKOPOCTh YaCTHUIIbI, YTOOBI MPU MAKCUMAIbHOM 3HAYEHHUU MPULIETBHOTO pac-
CTOSIHUSI TOYKA, B KOTOPOM dYacTHIlAa MEPECEKAET TPaHUIly TPAHCHOPTUPA, YAAISICH OT
pacceuBaronIero LEHTPA, B MOJSPHBIX KOOPAMHATAX OIMHUCHIBAJIACh ObI YIJIOM, W3MEpEH-
HBIM 110 TPAHCIIOPTHUPY:

e 70-80 rpamycoB B cily4ae OTTaJKUBaHUS;
e 20-30 rpamycoB B cilydae NPUTSHKEHUS.
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Ecnu nabmiogaemasi TpaeKTOpUsS HE COOTBETCTBYET 3TUM TpPEOOBaHUSAM, C MOMO-
IO MOJI3YHKA U3MEHUTE HAYAITBHYIO CKOPOCTh alb(a-dyacTHIBl H BHOBh HA)KMHUTE KHOII-
Ky «Hauamp 3xcnepumenmy. IlogoOpanHyI0 TakuM 0o0pa3oM HadaJbHYIO CKOPOCTH 3a-
MUIITUTE B TAOJIHILY.

Ouncture 0071aCTh SKCIIEPUMEHTA C TOMOIIBIO COOTBETCTBYIOIIEH KHOTIKH.

4. Jlnst mogoOpaHHON B MyHKTE 3 HAYaJIBHOH CKOPOCTH M MaKCUMAJIBHO BO3MOXK-
HOTO TPHUIETHHOTO PACCTOSHUS BHOBB BBIMOJIHHUTE SKCIIEPUMEHT (HAKMHUTE KHOIKY «Ha-
YaTh YKCIIEPUMEHT») U BBIIIOJTHUTE CICTYIONTUE U3MEPEHUS.

N300paxeHHBI B 00JIACTH SKCIIEPUMEHTA TPAHCIIOPTUP IMO3BOJSIET BBHIMOIHATH
M3MEPEHHS TMOJSPHBIX YTIOB C TOYHOCTHIO A0 1 rpagyca. [lo TpaHcmopTupy ompenenute
MOJIIPHBIN YO () AJI1 TOYKH, B KOTOPOH TpaeKkTopus alib(ha-4acTUIIbl Iepecekia rpaHu-
Iy TPaHCIOPTHUPA, MPUOIMKAICH K IIEHTPY paccessHus («HaYaIbHBIN yroi). AHATIOTUIHO
OTPENICTTUTE TOJSPHBIA YTOJI (P JAJIT TOUKH, B KOTOPOH TPAEKTOPHS YaCTHUIIBI BHOBH Iepe-
CeKJIa TPaHMIy TPAHCIOPTHUPA, HO YK€ yAASsACh OT PACCEHBAIOIIETO IEHTpa («KOHEY-
HBII» yroi). 3anuiInTe MOJyYeHHbIE 3HAYEHUS «HAYAJIBHOTO» U «KOHEYHOTO0» YTJIOB B
Tabnuily.

5. lnsg u3MepeHusl TOPU30HTAJIBHOM M BEPTUKAIBHOM (AEKapTOBBIX) KOOpAUHAT
CIpaBa U CHHU3Y OT 00JacTH HKCIEPUMEHTA PACIIONIOKEHBI TUHEHKH, 110 KOTOPBIM MOKHO
BBIIOJHATL OTCUeThl ¢ ToyHocThio 0,1 A. Kaxnas nuHeiika cHaGxkeHa nmoiasyHkoM («M3-
Mmepenue Koopounamul X», «H3mepenue koopounamst Y») U CBSI3aHHON C HUM U3MEPH-
TenpHOM nuHUeH. [lepemenias MONI3YHKH BAOJb JTUHEEK, COBMECTUTE 00€ U3MEPHUTEIIbHBIC
JIMHUU C TOYKOW, B KOTOPOW HajeTarolas 4acTulla HaXOQWIach OT PACCEUBAIOILETO LIEH-
Tpa HA MUHUMAaJILHOM paccTosiHud. OOpaTtuTe BHUMAHME, YTO MOCIE OKOHYAHUS IKCIIe-
pUMEHTa 3Ta TOYKAa aBTOMATHUYECKH OTMEYAEeTCs] Ha TPACKTOPUH alib(a-4acTHUIIBI cepoid
BCIIOMOTaTeJIbHON JuHUEN. [103TOMY U1l BBIIIOJIHEHHSI U3MEPEHUN C MOMOUIBIO MOI3YH-
KOB «HM3mepenue koopounamot X» n «HM3mepenue koopounameul Y» coBMmectute o0e n3-
MEPUTEIbHBIC JIMHUU C TOYKOW MEePeceueHUs TPACKTOPUH YAaCTHUIIBI CO BCIIOMOTATEIbHOMN
cepoyt inHUEN. [1o BepTUKaIbHONW U TOPU3OHTAIBLHOM JIMHENKAM BBIIIOJIHUTE OTCUYET U 3a-
MUIITUTE U3MEPEHHBIE KOOPIUHATHI Ximin U Ymin B TAOIHUILY.

6. He u3MeHsis HauanbHYIO CKOPOCTh alb(a-4yaCTHIIbI, BHITIOJTHUTE OMBITHI IS 8
MOJIOKUTEHHBIX 3HAYCHUN MPUIIETHHOTO PACCTOSHUS, 8 OTPUIIATEIBHBIX U TPU JTJOOOBOM
yaape (MpUIEIbHOE PACCTOSTHUE PABHO HYIIIO).

J71s1 Ka)K0ro OIbITa BHITIOJHUTE U3MEPEHMSI, KaK OMTUCAHO B MyHKTaxX 4 u 5.

OOpatuTte BHUMaHUeE, npu 100060M yoape «HAYAIbHBIIN» yTo (Yroa A TOYKH, B
KOTOPOU TPaeKTOpHs anb(a-4acTUIILI IEPECEKIIa TPAHMILY TPAHCIIOPTHPA, IPUOIINKASICH K
LIEHTPY paccestHus) Bceraa paseH 180 rpamaycos, a «koHeuHbIi» £180 rpaxycoB (yro s
TOYKH, B KOTOPOU TPACKTOPHS YaCTHUIIbI BHOBb MEPECEKIa IPaHUILy TPAHCIIOPTHPA, HO YKe
yAQISISICh OT PacCEeUBAIOIIETo IeHTpa). J{ist mpaBmibHOTO BRIOOpA 3HAaKa HAOMIOAANTE, Ka-
KUM OBUT «KOHEYHBIN» yTOJI MPH TMOJOKHUTEIBHBIX 3HAUCHUSX MPHUIIETLHOTO MapaMeTrpa.
Ecnu npu monoXKuTeNbHBIX 3HAYEHUSAX MPULIETBHOTO MapaMeTpa «KOHEUHBI» yros ObLl
MOJIOKUTEIBHBIM, TO CYUTANTE, YTO MPH JIOOOBOM ylape «KOHEUHBIN» YroJl TOXKE MOJIO-
xutenbHbIN (180 rpagycos). U HaobopoT.

Ecnu 3apspkeHHBIE YaCTHUIlBI MPUTITUBAIOTCS, TO MPH JIOOOBOM CTOJKHOBEHUU
(mpuneNnbHOE PACcCTOSTHUE PAaBHO HYJIIO) MPOUCXOIUT YIPYTHH yaap, B pe3yibTrare KOTo-
poro nerkasi anb(a-4acTuila MEHSET HANpaBlIEHHE CKOPOCTH HAa MPOTUBOMOJIOKHOE. To-
r7ia paccy>kaaTb O MUHUMaJIbHOM PAacCTOSIHUHU, HA KOTOPOE YacTula MpuOIN3uiIach K pac-
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CEUBAIOIIEMY IIEHTPY, HEKOPpeKTHO. Cle10BaTeNbHO, B 3TOM CIIydae U3MEPEHUs KOOPIU-
HAT Xpmin ¥ Vimin HE UMEET CMBICIIA.
7. s KakI0TO U3 MPOBEIEHHBIX YKCIEPUMEHTOB PACCUUTANTE TeOMETPHUYECKHE
napamMeTpbl TPAaCKTOPHH:
o TlodspHBIA YTOM (Pmin, COOTBETCTBYIOIIHI TOYKE, B KOTOPOIl HasleTarolas YacTuila Ha-
XOJWIIach (MU MOTJIa ObI HAXOAUTHCS) HA MUHHUMAIILHOM PAcCTOSHUU OT PacCEeUBar0-

+ . .
LIEeT0 LUEHTpa: @ . = %, I71€ (1 U Py — KHAaYaJIbHBIID U «KOHEYHBI» YIJIbI, U3-
MEpEHHBIE 0 TPAHCHOPTUPY B KAXKIOM OIIBITE.
e Vrox paccesHus: 0 = 2|@min| — 7.
e MuHuUMaIbHOE PACCTOSIHUE, HA KOTOPOE MPHUOIMKASTCS HaJeTaromas yacTuiia K pac-
. 2 2
CCUBAIOILEMY LICHTPY: 7. = /X, + Vi .
R — rmin
e  DKCUEHTPUCHUTET TPACKTOPUU: € = .
R COS((Pmin - (pZ) - rmin
5 R B rmin
e dDoxanpHBIA IAPAMETP TPACKTOPHUU: p =7, —-1| wm
R COS((pmin - (pZ) - rmin

P =ru(E-1).

31ech R — pajguyc TpaHCIOPTUPA, (P — KKOHEUHBII YTOI.

YuuThIBas, 4TO B paboTe YIiibl IO TPAHCIIOPTUPY MOXKHO MU3MEPSITh C TOUHOCTHIO
JI0 Tpajyca, a KOOpAHHATHI — ¢ TOYHOCThIO 10 0,1 A, paccunTsiBaiite yrin! © ¥ @i, ¢ TOU-
HOCTBIO 710 0,1°, p U Fipin — ¢ TouHOCTBIO 10 0,01 A, a Ge3pasmepHyI0 BEIMUUHY € — C TOY-
Hocthio 0,01.

8. 3Hast BBIUMCIICHHBIE B IIYHKTE 9 T€OMETPUYECKUE NTAPAMETPBI TPACKTOPUU P U €,
JUTSL KaXJ/10T0 U3 MPOBEACHHBIX OIMBITOB paccunTaiTe (u3nyecKue KOHCTAaHThl B3aUMO/IeH-
CTBHUSL:
Mulb’

p

e KoHCTaHTy KyJIOHOBCKOI'O B3aUMOJAEUCTBUA O =

2
a(e” —1)
e [lonHyr MEXaHUYECKYIO DHEPruK £ = ——.

2p
e MowmenT umnynbca L = £ /aMp (3HAK «+» COOTBETCTBYET MOJOKHUTEILHOMY 3Haye-

HUIO IPULIETLHOTO MapaMeTpa, a «—» — OTPULIATENILHOMY ).

3necs M — npuBeqieHHas Macca, Uy — HayallbHasi CKOPOCTh HaJICTAIOIIEH YaCTHULIbI,
b — npunensHOE paccrosiHue. PaccuntanHbie 3HaYEHUS] OKPYTJIUTE TaK, YTOOBI KOJINYECT-
BO 3HAYaIUX IMUQPP B pACCYNTAHHBIX BEIIMIMHAX COOTBETCTBOBAIO KOJIMYECTBY 3HAYAITUX
u(p B UCXOIHBIX JAHHBIX.

Ynpaxxnenue 2. U3yuenune 3aBUCHMOCTH MapaMeTPOB ABUKEHUS 3apsizKeHHO
YacTUIBI B KYJIOHOBCKOM MOJie€ 0T HAYAJIbHON CKOPOCTH HAJIETAKOIIEH YaCTHIIbI.

B sTom ympakHeHHUH HEOOXOIUMO MPOBECTH CEPUI0 IKCTIEPUMEHTOB C Pa3TMYHbI-
MU 3HAYEHUSIMU HAYaJIbHOW CKOPOCTU HAJETAIOIIeH YacTHIIbl MPH (PUKCUPOBAHHOM 3HA-
YEHUU TMPUIEIBHOTO paccTosHus. i momyuenus Oosee HarJsIHBIX Pe3yJIbTaTOB PEKO-
MEHYeTCs IPeIBAPUTEIHHO 1000paTh ONTUMAIBHBIN AUANAa30H U3MEHEHUSI CKOPOCTEH.

9. C nomomipto nonsyuka «lIpuyenvnoe paccmosanue) yCTaHOBUTE U HE H3Me-
HSIUTE B TEUEHUE BCETO YIPAKHEHUS:
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e B clly4yac OTTAJIKMBAHUS MPUIEIBHOE paccTossHue okoyio 1 anrcrpema (~1/10

paaunyca TPaHCIIOPTHPA);

e B Clyyae NPUTSDKEHHs MPUIEITFHOE PacCTOSTHUE OKOoJo 2 aHrcTpem (~1/6 pa-

JInyca TPaHCIIOPTHPA).

10. YroObl mo00paTh ONTUMAIBHBIN JUANa30H sl HAYaJbHOH CKOPOCTH anbda-
YacTHUILIbl, CHaYaja ¢ MoMollbio noia3yHka «Hauansnaa ckopocme) yCcTaHOBUTE MaKCH-
ManbHOe 3HadeHne ckopoctu: 6,0-10°m/c. Haxmure xuonky «Hauame sxcnepumenmy.
Habnromaiite 3a TpaeKTopreil YaCTHIIBL.

Heo0Oxoaumo nogo0paTh Ha4adbHYIO CKOPOCTh HaJETAIOIIEeNH YaCTHIIbI TaK, YTOObI
npu (PUKCUPOBAHHOM 3HAUEHHUH TPHUIEITHFHOTO PACCTOSIHUSA TOYKA, B KOTOPOM YacTHIA T1e-
peceKaeT rpaHully TPAHCIIOPTUPA, YIAISSICH OT PACCEUBAIOIIETO IIEHTPA, B MOJSPHBIX KO-
OpJMHATaX ONUCHIBAIACH OBl YIJIIOM, U3MEPEHHBIM I10 TPAHCIIOPTUPY, KOTOPBIN

® [Ipy OTTAJKUBAaHMM JISKUT B mipeaenax 20-30 rpaaycos;
e 1pu nputsbkeHun — 0—-10 rpamycos.

Ecnu nabmiogaemast TpaeKTOpHUsSl HE COOTBETCTBYET 3TUM TpPEOOBaHUSAM, C MOMO-
MIBIO TIOJI3YHKA U3MEHUTE HaYaJIbHYIO CKOPOCTh alb(a-4acTUIIBI 1 BHOBb HAKMHUTE KHOII-
Ky «Hauamp 3xcnepumenmy. IlogoOpanHyio TakuM 00pa3oM HadaJbHYIO CKOPOCTH 3a-
MUIIUTE B TAOJIHILY.

Ouncture 001aCTh HIKCIIEPUMEHTA.

11. HaiinenHHoe B mpeablAyIleM IMyHKTE 3HAUEHHWE HaudajJbHOW CKOPOCTH OyJeT
HAUOOJBIINUM Upax B IAaHHOM CEpUU ONBITOB. B KauecTBe HAUMEHBIIETO 3HAYCHUS Upin Ha-
YaJbHOM CKOPOCTH BO3bMHUTE CKOpocTh B 10 pa3 MEHbIIyI0O MaKCUMAJIbHOM:
Umin = vmax/ 10.

Ecnu nonydyeHHOE 3HAU€HUE Upin MeHbILIE 0,2 10°m/c (MUHMMAaJILHO BO3MOKHOTO),
BO3BMUTE Upin = 0,2- 10°m/c.

[anee HeoOX0IMMO paccUUTaTh JPYrHe 3HAUYEHUs HAa4allbHOM CKOpPOCTH, MPH KO-

TOpBIX 6y,[[yT BBIITOJIHATBHCA OIIBITHI. I[Hﬂ 3TOI'0 CHaydalJila BBIYHCIIUTC BCHOMOFaTeHBHyIO
1/10
min

1%

max

BEIIMYUHY: A = C TOYHOCTBIO HE MEHEE JIBYX 3HAKOB I1OCJIE 3aIATOM.

Torma mepBoe 3HaUYEHUE HAYAJIBHOM CKOPOCTHM BO3BMHUTE PABHBIM Ui = Umax. BcCE
nocnenyomue 10 3HaueHuid paccuuTaiire mo opmyne: v; = A-v; 1.

To ecTh, Ui = Umax; v =Av; U3 =A5; Uy = A-v3; U T.0.

OKpyIJIMTE MOJYyYEHHbIE 3HAYEHUSI CKOPOCTH 110 JIBYX 3HAKOB I1OCJE 3aIATOH, 3a-
MUIIATE B TAOIUITY.

JIns1 KaXK10ro U3 pacCUYMTAaHHBIX 3HAYEHUN HA4YaJIbHOM CKOPOCTH BBIITOJIHUTE OIbI-
ThI, HE MEHSIS MPUIIEIILHOTO paccTosiHus. UTOOBI ¢ moMoltbio nonsyuka «Hauanvnasn cko-
POocmb) TOYHO 331aTh BBIUNACICHHBIE 3HAYEHUSI CKOPOCTH UCTIOIb3YHUTE CKPOJUIMHT MBIIIH.

12. J1751 KaX10T0 OIBITA BBIIOJHUTE U3MEPEHNUS KaK B IIyHKTax 4-—5.

[Ipoanan3upyiite MOJIy4eHHbIE TP U3MEPEHUSAX KOOPAUHATHI U yrisl. Ecnu s
Pa3MYHBIX 3HAYCHUN HAYadbHOW CKOPOCTU MOJYUYWIHCH OJUHAKOBBIC (MOYTH OJMHAKO-
BbI€) 3HAUEHHS KOOPJMHAT U YTJIOB, HauOoOJbllee 3HAUEHHE HAYaJIbHON CKOPOCTH MpHU
BbINOHeHNH TyHKTa 10 ObUTO BBIOpaHO HEyaayHo. B 3ToM ciyyae HE0OXOIMMO BHOBb
BBITIOJIHATH TTyHKTHI 10—11, BEIOpaB B KauecTBe MaKCUMAJIBHOTO TaKOE 3HAYEHUE Hadallb-
HOU CKOPOCTH, HAaYMHAsI C KOTOPOT'O U3MEPEHHbBIE KOOPAWHATHI U YIIIbI OYIyT pa3uyHbI-
MH. DTO MMOMOXKET KOPPEKTHO MPOAHAIU3UPOBATh 3aBUCUMOCTh NAPAMETPOB TPACKTOPUHU
OT HAaYaJIbHOM CKOPOCTH
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13. BolnosiHUTE pacyeTsl Kak B MMyHKTax 7—8.

ITo pe3yabTaTaM ABYX yHpaKHEHHIA:

14. Tlo pe3ynpraTtam ynpakHeHus 1 Ha oJHOM rpaduke MOCTPONTE KPUBHIE 3aBH-
CUMOCTEH (POKAIBHOIO MapaMeTpa p U SKCLEHTPUCUTETA € TPACKTOPUHU JIBUKEHUS YaCTH-
16l B KyJIOHOBCKOM I10JI€ OT MPHIIEIBHOTO PACCTOSHUS b.

[Toctpoiite rpaduk 3aBUCUMOCTH MUHHMAIBHOIO PACCTOSIHHUSA Fmin, Ha KOTOpPOE
[OJUIETaeT YacTHLa K pacCcerBaroIeMy LIEHTpPY, U I'paduK yria paccestHus O OoT npuLenb-
HOT'O paccTOsIHUA b.

[Tpoananusupyiite noiaydeHHble rpapuuecKue 3aBUCUMOCTH:

Kakumy KOHUYECKMMU CEUEHUSMH SIBISUIMCH TPAEKTOPUU B MPOBEACHHBIX OIBITAX
(ynpaxsenue 1)? Kak 3aBUCAT reoMeTpHUUECKUE TapaMeTpbl TPAEKTOPUH OT MPULIEIBHOTO
paccrosiHus? B kakom ciyyae anb(a-dacTuia npuOIM3miIach K pacCeUBaIOLIEMy IICHTPY
Ha MUHUMaJIBHOE paccTosiHUe? B KakoM cilydae OTKJIOHEHHWE YaCTHULbI OT NEPBOHAYAIIb-
HOT'O HaIlpaBJICHUs JBUKEHUS ObLIO MAKCUMAJIbHBIM?

15. Tlo pe3ynpTaram ynpakHeHHs 2 (Takxke Kak U B MyHKTe 14) Ha olHOM rpaduke
MOCTPOITE KpUBBIE 3aBUCUMOCTEH (POKAILHOTO MapaMeTpa p U SKCIEHTPUCUTETA € TPACK-
TOPUU JBWKCHUS YACTHULBI B KYJOHOBCKOM II0JI€ OT Ha4aJIbHOM CKOPOCTH Ug. 3aBUCHMO-
CTH MMUHHMMAJILHOTO PACCTOSIHUS Fmin, HA KOTOPOE MOAJIETAET YACTHIA K PACCEUBAIOLIEMY
LEHTPY, U yIia paccesHus 6 OT Ha4aIbHONW CKOPOCTH Up IOCTPOMTE Ha JBYX OTAEIbHBIX
rpadukax.

[Tpoananu3upyiite NOIydeHHBIE TpapUuecKue 3aBUCUMOCTH:

KakumMu KOHUYECKMMH CECUYCHUSMH SIBJISUIMCH TPACKTOPUH B IMPOBEACHHBIX OIBITAX
(ympakHenue 2)? Kak 3aBUCAT reOMETpPUUYECKHUE IapaMeTpbl TPACKTOPUU OT HayaJbHOMN
ckopoctu? B kakoMm citydae anb(a-yacTuia npudIU3mWIach K pacCceMBaroOLIEMy LIEHTPY Ha
MUHUMAaJIbHOE paccTosiHue? B KakoM ciayyae OTKJIOHEHHE YaCTHUIbl OT NIEPBOHAYAIBHOIO
HaIlpaBJICHUs IBUKEHUS ObLIO MAKCUMAJIbHBIM?

16. 3aBucumocTh yria paccesHus 0 oT moiaHOM sHepruu E HaneTaromeil yacTuisl
MIOCTPOMTE IO pe3yJIbTaTaM yIPaKHEHHS 2.

Jl1s mocTpoeHus 3aBUCUMOCTH yIJla paccesHust 6 0T MOMEHTa UMIyJibca L 4acTu-
1bl MCIIOJIB3YHTE PE3yibTaThl U IIEPBOT0, U BTOPOT'0 YIIPaKHEHUH.

[Ipoananu3upyiite nonxydeHHbIe rpaduuecKre 3aBUCUMOCTH.

17. Tlo pe3ynbTaraM BCEeX SKCIIEPUMEHTOB 32 UCKJIIOUYEHHEM JIOOOBOTO yJapa BbI-
YUCJIUTE CpEHEE 3HAUEHUE KOHCTAHTHI KYJIOHOBCKOTO B3aUMOJIEHCTBUS O (CIIOXKUTE BCE
MOJIyYEHHbIE 3HaYeHUS U pa3/IesIuTe Ha KOJIMUECTBO SKCIIEPUMEHTOB).

18. 3Has 3aps/pl B3aMMOJECHCTBYIOIIMX YaCTHII, pACCUUTANUTE TEOPETUYECKOE 3HA-
YEeHHUEe KOHCTAHThl KyJOHOBCKOI'O B3aUMOZEHUCTBUS O = kqi1q>. CpaBHUTE TEOpeTHUYECKOE
3HaYEHUE KOHCTAHTBI 0L CO CPEIHMM 3HAUEHUE 3TOM KOHCTAHTBI, IIOJYyUYEHHBIM U3 JKCIIE-
puMeHTa B myHKTe 17. J[ist KOppEeKTHOTO CpaBHEHHs 00a 3HAYEHUS JOJKHBI HMETh OfIH-

HAKOBOC KOJIHMYCCTBO 3HaAYaAIllUX I_[I/I(I)p
2

19. LlenTpobexxHas 3HEprus 00paTHO MPOINOPIHOHAIbHA KBaJIpaTy pac-

2
r

CTOSIHUS ¥ JIO PAaCCEUBAIOLIETO LeHTpa. [l KaXX10ro onbiTa BO BTOPOM YIIPAKHEHUHU pac-
2
cuMTaiiTe BEINYUHY EYY: (KOHCTaHTy LEHTPOOEKHOW 3HEpruu), rae M — npuBeleHHAs

mMmacca.
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20. 3Hast KOHCTAHTY KYJOHOBCKOTO B3aMMOJICUCTBHUA O, BBIYUCIUTE 3HAYEHUS MO-
TEHIUAIBbHOHN (KyJIOHOBCKOI) sHeprun U = o/r 1uisl pa3inuyuHbIX PACCTOSHUN ¥ 10 pacceu-
Baroliero nenrpa B npexenax ot 0,01 A 1o paccrosHus, paBHOro paauycy TpPaHCIOp-
tupa R: r € [0,01 A; R].

[To 5TUM JaHHBIM MOCTPOWTE TpaduK 3aBUCUMOCTU MOTEHIMAIHLHON HEPTUU KY-
JIOHOBCKOTO B3auMozeicTBust U OT pacCTOSIHUSA 0 PACCEUBAIOILIETO LIEHTPA 7.

21. Cpenu pe3ynbTaToB yHPAKHEHUs 2 BHIOEPUTE TPU OMbITA: 1) OIBIT, B KOTOPOM
HaJIeTaloIasl YyacTUlla UMesa HauOOJIbUIYIO MOJIHYIO SHEPTHUIO; 2) OIbIT, B KOTOPOM dYac-
TUIIA UMeEJa SHepruio npuMepHo B 50 pa3 MEHbIIe MAaKCUMAJIBHOM; 3) OMBIT, B KOTOPOM
MOJIHASL PHEPIHsl HaJeTaIOIIe YacTULIbI SIBJISETCA CPEIHUM 3HAYEHHEM MEXAY CIIydasMU
lu?2.

2

Jliis BBIOpaHHBIX CITy4aeB pacCuMTaiTe 3HAaUeHUS LIEHTPOOEKHON

> 13D PeK-

r
2

TUBHOW TIOTCHIHAIbHOW dHepruun D(r) :2M—2+U () Ha TOM JKE€ WHTEpBaJeC
r

r € [0,01 A; R], koTopslit ykaszan B myHkTe 20.

Ha rpaduke 3aBucuMOCTH KyJOHOBCKOW 3Hepruu U OT pacCcTOsIHUSA 10 pacceu-
BAIOIIETO IIEHTPa MOCTPOTE rpaduky 3aBUCUMOCTH 3(H(HEKTUBHON MOTEHIUAIBHON SHEP-
run O(r) ans Tpex BbIOpaHHBIX ciiydaeB. [IpoBennTe Tpu ropu3oHTaIbHBIE MPSMBIE, COOT-
BETCTBYIOLIME 3HAYCHUSAM MOJTHON SHEPTUU E, U1 KOTOPBIX OBLIM MOCTPOEHBI 3TH rpadu-
KH.

22. Ilo rpa¢uky oInpenesnTe MUHUMAIbHOE PACCTOSHHUE Fmin , HA KOTOpOE Haje-
Tarollas yacTUla NpUOJIMKAETCS K paccenBaronieMy LeHTpy. s 3Toro Haiaute TOUKy
nepeceyeHusl KpUBoH, siBisitomeiica rpadukoM 3¢ dektuBHol sHeprun O(r), ¢ mpsaMoid,
SBIISIONICHCS TpaUKOM IOJHOW PHEpruell E 4acTHIbl, COOTBETCTBYIOIIEH 3TOMY XK€
OTIBITY.

23. CpaBHUTE MUHHMAJIBHBIC PACCTOSHUS, MTOTyUYEHHBIE U3 PACYETOB U U3 rpadu-
KOB.

24. CpenaiiTe BbIBOJBI:

[To kakuM TpaeKTOPHUSIM MOXKET ABUraThCs YaCTHULA B KyJIOHOBCKOM IIOJI€, U KaKHe
TpaekTOopuH HaOIroanuch B akcnepumente? [louemy?

Kak 3aBucAT reoMeTpryecKue napaMmerpbl TPAGKTOPUU OT HPULEIBHOTO PacCTOsI-
HUS HaJIETAIOLIEH YacTHIIbI?

Kak 3aBucAT reomerpuueckue napamerpbl TPaeKTOPUHM OT HAYaJIbHOW CKOPOCTH
HaJICTAIOILEN YaCTULIbI?

Kak 3aBucut yros paccesHusi OT GU3NUYECKUX KOHCTAHT B3aUMOJICHCTBUS: MOJTHON
SHEPrUy U MOMEHTA UMITYJIbCA HAJIETAOLIEH YaCTHIIbI?

Kak MMHHManbHOE paccTOsiHME, Ha KOTOPOE HaJleTarollas yacTULa MpuOInxKaeTcs
K pacceMBarolleMy LIEHTPY, 3aBUCUT OT IOJIHOM 3HEPTUU YacTULIbI?

Kak meHsieTcsi CKOpOoCTh YacTHIIbI IPU MPUOIMIKEHUH K pacCenBaroLieMy LEHTpY?
IIPU yAAJIEHUU OT HEro?
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Taoauma

[IpunensHoe paccrosiaue b, A
HauasnbHas ckopocTh Uy, 10°m/c
«HavanpHb1I» yroma @
«KoHeunslit» yrou @;

Xmins, A
YVmin, A
V'min, A
Y101 Pmin
VYron paccesHus 0
doxanbHBIH mapamerp p, A
DKCLUEHTPUCUTET €
o, 10 kr-m/(Ki-c?)
Honuas sueprust E, 1077 kr-m?/c?
L*/(2M)

KoHcranTa KyJTOHOBCKOT'O B3aUMOJAEHCTBUS
-32 2
MowmenTt umnyibca L, 1077 kr-m/c

CpenHee 3HaYEHUE

5. KoHTpOJIbHBIE BONIPOCHI

1. Kakyro cuiy Ha3blBaroT LeHTpaidbHOM? IIpuBenure npumep UEH-
TPAIBHOW CHIJIBL.

2. MOXHO 71 B Cly4ae UEHTPAJIbHOIO B3aUMOJECHCTBUS 3a7a4y O JBU-
’KEHUH JIBYX Te€Jl CBECTH K 3a7a4e O ABMKEHUU ojHoro Tena? Kak?

3. Jlokaxure, 4TO JABUKEHUE TeJa MPUBEAECHHON MacChl B LIEHTpaJb-
HOM T10JI€ SIBJISIETCSI IJIOCKUM.

4. ITonyyuTe 3aKOH COXpaHEHUS MOMEHTA MMIYJIbCA, 3aKOH COXpaHe-
HUS SHEPTUM U BTOpoi 3aKoH HbloTOHA (YpaBHEHUE NBUKEHUS) B HOJSAPHBIX
KOOpAWHATAX JJIS IBUKEHUS YaCTUIIbI MPUBEACHHON MAacChl B IIEHTPAIbHOM
ToJIE.

5. Pemnte ypaBHEeHUE ABUKEHUS YaCTHUIIbI B TIOJISIPHBIX KOOPAMHATAX.

6. [1o KakMM TPaeKTOPUSIM MOKET JABUTATHCS 3apsDKEHHAs 4acTUlla B
KYJIOHOBCKOM M0JIE OTTAJIKUBAHUA? PUTSHKEHUSA?

7. Kak W3 pKCHEpUMEHTa ONPENEIUTh T€OMETPUYECKHUE IapaMeTphl
TpaekTopuu ((poKadbHBIM MapaMmeTp, IKCIEHTPUCUTET U YToJl, IPU KOTOPOM
qyacTuia MpuOIMKaeTCs K PacCEUBAIOIIEMy IIEHTPY Ha MUHUMAJIbHOE pac-
cTosiHuE)?

8. Kak u3 skcriepuMeHTa OnpenenuTh (PU3NUECKHe KOHCTAHTHI B3au-
MOJEHUCTBUS (KOHCTAHTY KYJOHOBCKOI'O B3aMMOJIEHCTBHUSI, MOMEHT UMITYJIb-
ca, OJIHYIO PHEPTUI0 HAJIETAIOIIECH YaCTUIhI)?

9. Onumute NOpSAAOK BBHITOTHEHUS paOOTHI.
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