KpacuBoe

VYciioBue

Sananue 11-1. OnbiT KaBenaumnia Ha coBpeMeHHOM 00OpPYyAOBAHUU

IIpoussodcmeo npubopos u 060pydosarus 0N YHEOHBLT Ueel 8 HACTNOAWEE BPEMA ABAACTNCA NPU-
oviAvHBIM denom. [upoko ussecmma eepmancran pupma 3B Scientific, npouszsodauas «kpacusoes
u dopozoe 000pYydosarue Ors YuebHvix Aabopamopul.

B dannom 3adarnuu Bam 1eobrodumo npoaHasuduposams pe3ysomamol U3MePEeHUTl 2pasumaniot-
HOT NOCMOAHHOT HG Ycmanoske, padpabomarrot amot gupmot. IIpusedennvie darrovie 834movL u3
Kamano2a npubopos amoti Gupmol, UMENWE20, 8 MOM YUCAE U PEKRAGMHOLT TAPAKMED.

Ha ¢omo noxaszar obuwuti 6ud amot ycmarnosku.

OcHOBHBIM ee 371eMeHTOM (Kak 1 B omnbiTax camoro [.Kasenmniia)
ABAAIOTCA 9YBCTBUTCIILHBIC KPYTUJILHBIEC BECHI.

Nx Buj mokasan Ha ciejytomieit pororpaduu. Ha Tonkoit yupyroii
BOJILMPAMOBOIl HUTU TIOJIBEIIEHO JIETKOEe KOPOMBICIO, Ha KOHIAX
KOTOPOT'O 3aKpEILIEHBbI JIBa HEDOJIBIINX CBUHIIOBBIX Iapuka. Ko-
POMBICJIO MOYKET COBEpIINaTh MaJible KPYTHIbHBIE KoJieOanus. 1yB-
CTBUTEJIbHBIN JATYNK PETUCTPUPYET yroJl IOBOPOTa KOPOMBICTA (¢
paspernaorieii crmocoGHOCTHIO 25 MUKPOpAJMaH) U BBIBOJUTH Pe-
3yJIbTAThl U3MEPEHUIT Ha 9KPAH KOMITLIOTEepa, Ha KOTOPOM OTPaXKaeTCsl 3aBUCUMOCTD yTJIa [IOBOPOTa
KOPOMBICJIA OT BPEMEHH. DTa CHCTEeMa TIOMEIIeHa B CTEeKJISTHHBI KOpIyc (Ha bOTO OH CHAT), YTOOBI
n30eKaTh BIUSHUS TIOTOKOB BO3/IyXa. B 1MO/I0KEeHNN paBHOBECHST KOPOMBIC/IO PACIIO/IaraeTcs pu-
MEPHO BJIOJIb OCH KOPITyca Io ero cpeaneit uann. CHapyK1 KOPIIyca Ha BPAIIAOIIEeicsT o/ ICTaBKe
PACIIOJIOXKEHBI JIBa OOJIBINNX CBUHIIOBBIX Iapa. Bo BpeMs n3MepeHuil 9TH mapbl KacaloTcsd CTEHOK
cTeKJITHHOro Kopityca. C IOMOIIBIO BPAIIATETLHOTO MEXaHU3Ma 9TH IIapbl MOYKHO TPUOJINKATE K
KOPIIYCY B JBYX IIOJIOYKEHUSIX — C OJIHOM U, C JIDYTOli CTOPOHBI.

CorytacHO TEXHUYIECKOMY OIMCAHUIO IIPHOOpa, ero mapaMerpbl UMEIOT CJISIYIONNe 3HATCHIS:
Maccnr 6osbiux mapoB M = 1, 038Kr.

Maccor masbix maposB m = 0, 0145Kr.

11 xnacc. Teoperuyeckuit Typ. 1



Maccoit KOpoMmbIC/Ia BECOB MOXKHO IIpeHedpevb

[eomeTpudeckue mapameTpbr:

HunameTrpsr 60sbiux mapoB D = 0, 0562M.

Huamerpsr Masbix 1mapoB d = 0, 0134wm.

Paccrosinue mex 1y creHkamu crekjsiHHOro Kopiyca a = 0,0351m

Paccrosinne MexK 1y BHENTHUMU IPpaHUIIAMEU MAaJIBIX MApPOB Ha KopoMbicie | = 0, 1468m.
B cBoem pemntenun ucronb3yiiTe ciieiyionue reoMeTpuiecKne BeJInInHbL:

paccTosine OT OCU TOJIBECA JIO0 IEHTPa MaJIoro mapa I

PACCTOSTHIE MeXKJTy TeHTpaMu OOJIBIIIOrN0 M MAaJIOro IMapoB MPU KACAHUH OOJIBIIOrO IMapa CTEHKH
CTEKJITHHOTO Kopiryca h

Borauciure dmucieHHble 3HAYEHUS 3TUX BEJIMYWH U Jlajlee HCIOJIb-
gyiiTe nx B cBoux pacuerax. Vcmosb3yiiTe npuBeieHnbie 3/1eCb 000-
3HAYEHUS.
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B nagasie skcnepuMenTa O0JIbIINIE APl PACIOIATAJIICH HA MaKCH-
MaJIbHOM yJIaJIEHUU OT KOPOMBIC/IA. 3aTeM WX IPUJIBUHYJIA BILIOT-
HYIO K CTEeHKaM Kopiryca. depe3 5 MUHYT IOCjIe HadaJa U3MepeHuit
JiepKaTesib OOJIBIINX ITapoB MOBEpHY/IM IpuMepHOo Ha 180 rpajy-
COB, IpUOJIM3UB UX BILIOTHYIO K CTeHKaM Kopiryca. [Ipu aTom 1mapbt
0Ka3aJIMCh C JIPYTOM CTOPOHBI OTHOCUTETHHO MAJIBIX TTApPOB.

Ha rpacduke npusesgeHa mojydeHHas 3aBHCHMOCTb yIJIa IIOBOPOTA
KOPOMBIC/Ia, OT BpeMeHu. He yauB/idiiTech: BpeMsi m3MepeHusi cOCTa-
BUJIO B 0obmmeit ciaoxknoctu 10 munyt. J[na cipasku: B onbiTax Ka-
BEeH/IMIIIa TIEPUOJT KoJIebaHnii KOPpOMBIC/a ObLIT IPUMEPHO paBeH 15
MUHYTaM. ¥ TJIbI OTKJIOHEHUS ITPUBEJICHBI B MUJIUPAIMAHAX - THICTY-
HOH JI0JI€ paJiiaHa.

Wcnonb3ys 1nmpuBeeHHbIE JaHHbIE, ONPEICINTE ¢ MAKCUMAJIbHON TOYHOCTHIO 3HAUYEHUE I'DaBUTa-
OUOHHOMA ITOCTOSTHHOIA.

Hecmomps na mo, wmo Bam npedocmasaena nosnas c6060da deticmeutl, 6 U3A0HCEHUU CBOE20
pewerus bydome nocaedosamenvHvl, U HeEMHO20CA08HBL. AK1opu orcdem om Bac nayurvi mpaxmam
MG 3A0GHHYIO MEMY).

Ioaywume pacwemmwie Gopmyavs (Ux 661600 cONPOGONHCIATME PUCYHKAMU, YKAZVEATIME CMBICA UC-
noAL306aHNLLE Bamu oboznavenut, apeymenmupyime coeaarnnvie npubAuACEHUA); YKarcume Ka-
Kue Pusudeckue 8eAUNUHD, JOANHCHDL DBIMb NOAYUEHbL U3 NPUBEJeHH020 2paduka; ykastcume, Ka-
KUM CNOCOOOM 6bl <U3BAEKAUS IMU BEAUMUHDL, NPUBEOUME UL YUCAEHHDIE 3HAYEHUA, Npusedume
OKOHUAMENLHYIT pesyavmam (xoms, wadeemcs, wmo on Bam useecmen). Viastcume ocnosHwvie
HeyumenHvle Gaxmopsvl, KOMOPHIE MO2AU NOBAUAMD HA OKOHYAMEALHOIT PE3YALMAM.

Hommume, wmo Hado ucnoab308aMBH BCIO UMENUYIOCA UHPOPMAUUIO, HE HCEAUMEALHO TOAYHANL
3HAMEHUA NO 00HOU dKcnepumenmarviot mowke! Ilpu weobxrodumocmu modxcem UcnoAb3068aMb
AUCT, Pa3epaprennoti bymazu OA% NOCMPOEHUA 2PaPuKros.
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Yemxo evideasaiime ocrosHble IManve paboMblL U BAACHBIE NPOMEHCYMOUHBLE Pe3Ysbmamyl. onyc-
KAEMCA NPOBEIEHUE NPOMENCYMOYHBIT PACHEMO8 U UT JasbHelwee UCTOAb30BAHUE.

Pernenne

Bananue 11-1. OnbiT KaBenauinia Ha coBpeMeHHOM 00OpPYI0BAHUU

[IpoBegem pacyeT reoOMeTPUYIECKUX ITapaMeTPOB, HEOOXOIMMBIX JIJIsi aHAJIN3a PE3Y/IbTaTOB U3Mepe-
HUI:
h =L =4 565-10%m. (1)

R=5%=6,67-10"m. (2)

[Ipn nosBeieHNN TSPKEIBIX MAPOB K KOPOMBICJIY BECOB Ha MaJible
IIapUKA HaYMHaET NeHCTBOBATh CUJIa IPABATAIIMOHHOTO IIPUTAZKE-
HUs, paBHad

F =G (3).

Tak cMmerenne MapukoB KOPOMBIC/Ia KpaiiHe MaJIo, TO MOYKHO IIpe-
HEOpedIh M3MEHEHUEM PACCTOSHUS MEXKIY B3auMOJIEHCTBYIOMIMI
mapamu, T.e. B popmyiie (3) MOXKHO CUUTATH BEJIMIUHY A MOCTO-
SHHON. DTH CHJIBI CO3/IAIOT JONOTHUTEILHEI MOMEHT TPaBUTAId- A f
OHHBIX CHWJI, JIEACTBYIOIIUX HA KOPOMBICJIO

M, =2F,R =2G™R. (4)

KOTOprfI YPaBHOBEHINBACTCA BOZHUKAIOITUM MOMEHTOM CHJI YIIPYT'OCTU HUTHU IIOIBECA
M, = K(A¢)ap. ()

31ech (AP)ap = |¢ AB — ¢0‘ - OTKJIOHEHHE PaBHOBECHOT'O IOJIOXKEHNA KOPOMBICHIA ¢4 g OT HOJIO-
JKEHHsI, COOTBETCTBYIOMIEro HeaedOpMIPOBAHHOW HUTH Q.

B IIOJIO2KEHNN PaBHOBECHUA 9TU MOMEHTBI paBHBI, CJI€J0BATE/IbHO
_ _ Mp _
M, = 2F,R = 2G™MR = K(A¢)4 5. (6)

rye K - momyns kpydenns auTu. OIHAKO, TOJIOXKEHIE PABHOBECHUS TIPU HEIe(DOPMUPOBAHHON HUTH
Hen3BecTHO. MoxkeT ObITH M3MepeHa BeJIMYMHA CYMMAPHOI'O CMEIIEHUs ITOJIOYKEHUs PaBHOBECHS
[IpU U3MEHEHUU TIOJIOZKEHUST OOJIBINNX MapoB A¢ = ‘gb A — Gp|, KOTOpad B JBa pasa boJbIlIe, YeM

(AP)as = [045 — do| = F-

C y4deTom 9TOro 06CTOSITEIHCTBA, U3 STOI'0 PABEHCTBA CJie/lyeT (hopMy/a JiUid pacdeTa rpaBUTAIU-
OHHOI TOCTOAHHOI

G = L= KAg. (7)

mMR

Vros 3akpydMBaHUS HUTU B TIOJIOXKEHUH PABHOBECHUSA MOXKHO OIPEJICTUTH U3 IPEJICTaBJICHHOIO
rpacduka. Ho B hopmysty BXOAUT HEN3BECTHDIN MOLY/Ib KpyUueHus HUTH K . DTa 2Ke XapaKTepUCTUKA
HUTHU ONIPEJEesIsieT Iepuo/l KPYTUIHHBIX KoJIeOaHuil KopoMbIcia ¢ mapukamu. Ilepnos ¢cBoOOIHBIX
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KoJIeDaHuil MOXKHO OIPEIe/INTh u3 umerorierocs rpaduka. [logyanm dopmysty s mepuoja 3Tux
KoJieOanmii. JIyis1 gero 3amminemM 3aKOH COXPaHEHUs SHEPTUU ITPU TAKUX KOJIEOAHUAX

mR2w? K¢? _
QuR? | K& _ p ()
DT0 ecThb ypaBHEHHE MapMOHHUYECKUX KOJIeOAHMIl ¢ IIeproIoM

T = 2my/ 2R (9)

Taxum oOpas3oM, HYKHBII MOJIYJIb KPYYeHUS BbIPAXKaeTCs Yepe3 Mepuojl KPyTUIbLHBIX KOJIeOaHMit

K = 82mR2 - (0)

T2
[ToscraBum ero 3uadenue B hOpMyJIy JjIst OIPEJIe/IEHNs] TPABUTAIMOHHOMN ITOCTOSTHHOIM

G = h? KA¢ — h2 A¢87r2mR2 — 272Rh? A¢ (11)

4mMR 4mMR T2 MT?

Tem caMbIM, MBI TOTy YU POPMYITY LTS PAcdeTa I'PABUTAIIMOHHON TTOCTOSHHO, B KOTOPYIO BXOIAT
TOJIBKO U3MepACMbIe BECIMINHBI

G =2 AG ~2,06- 10711 (12)

9TO HUXKE TaOJIUIHOTO 3HAUCHUSI.

[TomMmuMO TeoMeTpHIecKnX pa3sMepoB U3 TMOJYUIEeHHBIX Pe3yJIbTATOB CJIEIyeT OMPEIeJUTh C MaKCH-
MAJIbHOI TOYHOCTBIO JIB€ BEJUYIUHBL: A¢ - CMEIeHne IMOJIOKeHNs] PABHOBECHS, TPU M3MEHEHWUN
HOJIOZKeHUsT OOJIBITNX 11apoB; 1’ - repuos KoJjiebaHuii.

PaCCMOTpI/IM BO3MOXKHOCTHU UX OIIpeJc/ICHUA.

1. IToaoxkenus paBHOBeCU.

P
Crioco6 1. IIpocro 1o rpaduky cHATH 3HAME- 5 - o,
HUS YIJIOB, K KOTOPBIM CTPEMATCS I'paduKkn ‘ Pt 0
i @ n
3aTYXAOIMINX KOJIeOaHHIA. 1 ;./ /"
2 #“‘u iH| i .,
P P iy
Pp HH A R A
A¢ =~ 0, 35Mmpay Lo JE A 21A A,
' Y e
(I | .y nw
[ 1 T
LIy 1
Cuocob 2. ITo tpem toukam (meron Kasen- i e "'\
mumma). T. Kapenmum ucronssosar cuenyio-  Pa T v
[ | A S
1yt dopmyiry (JIOPHIeCKH MOHATHYIO ) AL s
-y
14 05 +1
+p2 |
— 2
¢=—5—".(13)
Crocob 3. ITo Tpem ToYKaM ¢ ydIeToM 3aTy- 0 = -' -‘ -' - :
0 1000 2000 3000
N— 4000 5000 6000

(I)yHKHHH, OIlMChbIBalollasd 3aTyXalolue KO-
J'Ie6aHI/IH, nMeeT BU

¢(t) = ¢ + Aexp (—1) coswt. (14)

,ZLHH TO4YEK MAaKCHUMaJIbHOT'O OTKJIOHCHHNA MOXKHO 3allliCaTb
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(¢n - 5) =k (¢n—1 - 5) (15)
rie k - koaddurmenT 3aryxannd 3a IOJOBUHY IIePUoJia KojaebaHmii.

TOI',H& JJId TpeX IEPBLIX TOYEK IIOJIydaeM CUCTEMY ypaBHeHI/Iﬁ
(¢2 - @ =—k <¢1 _@ . (16)
(63— ) = =k (¢2 — ¢)

C ABYMs HEHU3BECTHBIMU BEJIMYMHAMMU. Permmag ee ornocureabno ), IIOJIyIUM

- $i—di¢s
¢ = 2¢22*(¢>1+¢>3)' (17>

Crocob 4. [To «Bcem TouKaM» : IPUMEHUTH (DOPMYJTYy peKyppenTHyo dhopmysty(16) Ko Bcem ToIKaMm
9KCTPEMYMOB

(¢n+1 - 5) = —k ((bn - 5) (18)

N3 koTopoii ceryer, 9To

¢n+1 = —k)gf)n + (1 + kgb) (19) OnpeaeneHue NCNOXEHUA PaBHOBECUA

9Ta 3aBUCUMOCTDb MOZKET 6bITb N CIIOJIB30BaHa 25
JIJIsT OlIpejiesieHns] BeJIMIuH k M paBHOBECHOI'O

nosioykeHusi. B tabsmiie n Ha rpadukax mnoka- 20 y = -1,166x + 3,676
3aHbl 3TU 3aBUCHUMOCTH IJIdA ABYX IIOJIOZKEHUIA.

[Momoxenne A | Ilonoxenue B 15 \x

n On Prar [0 | Py i1 :f;

1 0,4 1 230 =1

2 1,52 04 |2 [1,18]23 1,0

3 0,55 152 [3 [213]1,18

4 1,37 055 |4 | 1,32]2,13 P L -1,160x + 2,149

5 0,67 137 |5 |203]1,32 \\

6 1,27 0,67 |6 | 1,427 2,03

7 0,75 127 |7 1,94 1,42 0.0

8 1,20 0,75 |8 | 1,49 | 1,94 0,0 05 1,0 1,5 2,0 25
9 0,82 1,20 [9 | 1,87 1,49 Xn

10 115 0,82 | 10| 1,54 | 1,87

1,15 1,54

[To kosddunmenTam 3Tux rpadUKOB MOKHO
paccunTaTh 3HAYCHUS TT0JIOXKEHUN PABHOBECHS:

¢a =0,995 ¢p = 1,687. (18)

Yro kpaiitHe MaJio OTJIMYaeTcd OT 3HAYCHUI,
CHATBIX «HA IJI1a3».

2. Onpenenenne nepuoia KojJedbaHMIA.

1 Crocob. IlpocTo cHATh 3HaYeHUS BpeMeH
HeCKOJIbKUX Kojiebannii. [losrydaercs snadenue
[EePUO/IA

T = 250c. (19)
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2 c110cob. YCpeIHUTD TePUOIbI JIJIsi PA3HBIX [TOJIOKEHU PABHOBECHUS.

3 criocob. [TpoBecTn ycpeiHeHne «I110 BceM TOIKaM»: CHATb 3HAUEHUS «HYJIel» U IIOCTPOUTH 3aBUCH-
MOCTB 9THX BPEMEH OT HOMepa. Pesysbrarsl B Tabiuie u Ha rpaduke (pe3yabTaThl B «KJI€TOYKAX»
IPUBEJIEHHOTO PUCYHKa, OjlHa Kierouka — 100c).

g cnydas B, Kk Bpemenam

pubaBIeHO TPOU3BOJILHOE YUCI0 5, 9TOObI TpadUKN He MePeKPBIBAJIICE )

Tabsmma 2.
A | B
n | t, tn n |t,+5
1 1,20 |08 |1 |58
2 1260 (22 |2 |72
3 1380 |31 |3 |81
4 500 |44 |4 |94
5 16,20 |57 |5 |10,7
6 [ 750 [69 |6 |11,9
7 1890 (81 |7 |13,1
8 10,0093 |8 | 14,3
9 | 11,20 | 10,79 | 15,7
10 | 12,40 | 12,0 | 10 | 17,0

tn, {100 ¢{

iy
(2]

—_
o))

—
=

—_
I

—_
o

[o4]

OnpeneneHve nepuoaa KonebaHum

y = 1,234x +?'/

\

y =1,242x + 0,047

2 3 4 65 6 7 8 9 10 11 12

[To pe3ynbraTam U3MepeHuii U MOCIeAYIONEMY YCPEIHEHUIO ITOTyYeHO 3HAYEHUe

T = 248¢ (20)
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VYyeT nuaMeHeHus mmepuoJa BCJIeACTBHUE 3aTyXaHMusl.

N3BecTHO, 9TO YacTOTa 3aTyXAIOMMX KOJICOAHUI OTIMIAeTCsd OT YaCTOThI CBOOOJIHBIX KOJICOAHMI:
2 _,2_ 1
w? =wj — . (21)

OTKyza ciiefryer, 9To meprojl KojebaHuil, oy YeHHbI B pe3ysibrare pacdetoB (9), J0KeH ompe-
JIeIAThCA U3 (POPMYJIBI

=t (22)

[Iposenennas 0O6pabOTKa MO3BOJISIET YIECTh U 3Ty IONPABKY.
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