JABOPATOPHAS PABOTA Ne MogK-02
1O U3YYEHUTIO MOIEJIEA ®PUZNYECKUX
MPOLIECCOB U AABJEHUN HA KOMIIBIOTEPE

3amyxawuiue Konedanus

Ilenv padomur: N3yueHre XapakTEPUCTUK 3aTyXaroOIIEro CBOOOIHOTO
Kose0aTenbHOro ABMKeHus. Onpesnenenne KodQpPUIMeHTa 3aTyXaHusl.

1. TeopeTH4eckoe coiep:KaHme

1.1. 3aTtyxawmue cB00OOAHbIE KOJIeOAHUS

3amyxanuem Konebdanuil Ha3BIBACTCS IMMOCTEIICHHOE OCJIa0JIEHHE KO-
nebaHui ¢ TEYCHHUEM BpPEMEHH, 0OYCIOBJICHHOE IMOTEpEH AHEepruu Kojeda-
TenapHON cuctemMoil. CBOOOIHBIE KOJIeOaHUs pealIbHBIX CHCTEM BCErja 3aTy-
xaroT. [IpocTemmm MeXaHM3MOM YMEHBIIIEHUS SHEPTHUH KOJICOaHUM SIBIISICT-
Csl €e MPeBpallleHHE B TEIUIOTY BCJICACTBHE TPEHUS B MEXaHUYECKUX KojeOa-
TEJIbHBIX CUCTEMaX.

3aTyxaroniue cBoOOHbIE KoJieOaHus (PU3NYECKOM BETUYUHBI S OMHUCHI-
BaroTCs AU(dhepeHIuanbHbIM ypaBHCHI/ICM BHJIA:

ds
dt

[TocTostHHast BenmuunHA [3 HA3BIBACTCS KOIppuyuenmom 3amyxanus.
KpyroBas yactoTta ®y XxapakTepu3yeT CBOOOHbIE KOJIeOaHuUs TOH ke KoyieOa-
TEIHHOW CHUCTEMBbI 0€3 3aTyXaHUs M HA3bIBACTCS YACHOMON COOCHMEEHHBIX
K0J1e0aHuil CUCTEMBI.

N3 kypca MareMaTHuecKoro aHaliv3a HM3BECTHO, YTO BEHIECTBEHHOE
pemrenne S(t) Takoro auddepeHuanIbHOr0 ypaBHEHUS HEOOXOIUMO HCKATh B
BU/JIE TIPOM3BEACHUS QYHKIIUN

ZB—t+Q)OS—O

s(t) =e P u(),
rae U(t) — Hew3BecTHas BellecTBeHHas QyHKiusA. Torma ucxomHoe audde-
pEeHIMAIbHOE YpaBHEHUE npeo6pa3yeTc;1 B ypaBHEHUE BUJa

d?u
2
T2 +( O B )u = O
dt
Pelenne moay4eHHOr0 ypaBHEHHUS 3aBUCHT OT 3HaKa KOd(pQpHUIHEHTa
(w2 —B?) Bo BrOpoM cnaraemoM. Ecim 3T0T k03dduIMeHT Gomble HYI,



ero MOXHO 0003HAUNTH M = (og — B?. Toraa moayYnuM ypaBHEHHE CBOGOI-

HBIX KOJIECOAHUH C 4aCTOTOM M
2

au +®’u=0.
dt®
B 3aBHCHMOCTH OT HaYaJbHBIX YCIOBUH IOJYYCHHOE YPaBHCHUC MME-
€T pellieHre BU/a
u= A, cos(ot + @,) mmm u = A, sin(ot + @) .
Torna 3aryxarorniue KoneOaHUsT BEIHMYUHBI S OMUCHIBAIOTCS (HYHKIIHO-
HaJIbHBIMH 3aBHCUMOCTSIMH THIIA!

s=A,e " cos(t +@,) nm s = Aje ™ sin(ot + @,).
HeorpuuarenbHas Bemmansa Ag Ao A ___ At) = Age pt
SBJISIETCS. HAYAIbHOU AMRIAUNLYOOU
3aTyXawlMX KoJieOaHWi, BeIWYHMHA
(o — HaYaJgpHON (a3zoi 3THX Kojeba- 0

/’\ N
Huil. YacToTa ®, KOTOpasi Ha3bIBACTCS \/ NS

yacmomou 3amyxarwux Ko.eoa-
HUIl, BCETJa MCHBIIE YacTOTHI COO-
CTBEHHBIX KoOJeOaHUuW y. DyHKIUSA —Ao X(t) - A(t) COS(C‘)t)

At) = Aoe*Bt OIMCHIBAECT W3MECHEHHE Puc. 1

aMIUTATYbl CBOOOJHBIX KOJICOAHHI CO BPEMEHEM U Ha3bIBACTCSl AMMNIUNLY-
001l 3amyxaOuiux Kojedanuil. AMIUTUTY1A 3aTyXaloUMX KOJeOaHWil yObI-
BAcT CO BPEMECHEM I10 SKCIIOHEHIIMATLHOMY 3aKoHY (puc. 1).

3a MPOMEKYTOK BpEMEHHU T, 00paTHO MPOMOPIIMOHATIBHBIN KO3 uIu-
EHTy 3aTyXaHus [3, aMIUIUTyJa 3aTyXaroluxX KoJieOaHWM yMEHbIIAeTCs B
€ pa3. DTOT MPOMEXYTOK BpeMeHH T = 1/} Ha3bIBacTCs épemenem penakca-
uuu.

3aTyxaHue HapyllaeT MEPUOJUYHOCTh KOJIeOaHUM, MTOATOMY IMOHSITHE
Mepro/ia, Kak BpEMEHH MKy ABYMS OJIMDKaWITUMU OJMHAKOBBIMU 3HAYCHM-
SIMM BEJIMYMHBI S, K 3aTyXaloIUM KoJieOaHUsSM He mpuMeHuMo. [Ipu ommca-
HUW 3aTyXaloluX KojeOaHWH yCIOBHO OyAeM CUHTaTh HEPUOOOM 3amyxd-
ouwux KoJleGanuil IPOMEKYTOK BpeMEeHHU 1, 3a KOTOphIA (pa3za kosieOaHuit

21
n3Mmensiercd Ha 2nt. Torma T = —.

®
JIJ1st KOJTMYEeCTBEHHOM XapaKTEPUCTUKU CKOPOCTH YOBIBAHUS aMIUIUTY-
JIbI 3aTyXaloMuUX KojeOaHWil BBOMIST TMOHATHE JEKpEMEHTa 3aTyxaHus. /[e-
KPEeMEHmOoM 3amyxXaHus Ha3bIBACTCSI OTHOLICHUE AMIUIUTYAbI 3aTyXarOIINX
KoJieOaHMil B HEKOTOPHIII MOMEHT BPEMEHH t K aMIUTUTY 1€ TEX K€ KoJieOaHUu
Ha nepuop no3xe t + T:
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AN _ et
Alt+T)
JIEeKpEMEHT 3aTyXaHUsl XapaKTEPU3YET, BO CKOJIBKO Pa3 yMEHBIIAETCS
aMIUTATYy1a KoJieOaHuil 3a OJTUH MEPUO/I.
Hartypanbhbiii norapudm aexkpemMeHTa 3aTyXaHUs HAa3bIBacTCs J102d-
pupmuueckum 0ekpemenmom 3amyxanus 0
o=in—20__gp
Alt+T)
obpomnocme konebamenwvhoii cucmempl Q XxapakTepu3yeT OTHOCH-
TEIbHOE M3MEHEHHE DHEPruu 3a OAWH Mepuoi. JJoOpoTHOCTH MpOnopLHo-
HasibHa oTHOIIeHUIo dHeprun W(t) cucTeMbl B HEKOTOPBI MOMEHT BpeMeHH t
K u3menenuto sueprun W(t) — W(t + T) 3a mocieayromuii nepuoa T
0_2n WO
W(t)-W(t+T)
DOHeprusi CUCTEMBI MPOMOPIMOHAIBHA KBaApPaTy aMIUIMTYAbl KoJjieOa-
HUM, TOATOMY TOOPOTHOCTH paBHA

Q=2n A%(t) 2 2n
A(t)— A’(t+T) 1-e 2T 1-e2°°

[Ipn ManbIx 3HAYEHUSAX JIOTAPUPMUYECKOTO AEKPEMEHTA 3aTyXaHUS

0 << 1 MOoxHO pHUHATH 1— e~ 20, Torma mobpoTHOCTh Q ~ /0 BenmKa.

1.2. 3aTyxawime Ko0J1e0aHUsI NPYKUHHOTO0 MASTHUKA

B nannHoit pabote 3aTyxaroimue KoyeOaHUsS H3YYarOTCS C MOMOIIBIO
MPY>KWHHOTO MasTHHUKA.

Ipysrcunnovim maamHuuKom Ha3bIBACTCS TE€JIO MAacCOM M, COETMHEHHOE
¢ aOCOJIIOTHO yNPYroi MpyXKHWHOW M COBEpIIArOIee CBOOOMHBIC KOJIeOaHUS

nox nedcteuem ympyroi cunbt F, o =—kx. Kospduument ympyrocrtu k

Ha3bIBAIOT KO3 Punyuenmom syxcecmkocmu npyHcuHol.
B peanbHbBIX yCIOBUSX Ha TEIO KPOME CHJIbI YIIPYTOCTH JEHCTBYET CHU-
J1a COMPOTHUBJIEHUS Cpelibl (CHIIa TPEHUS ), IPOMOPLIMOHATIbHAS CKOPOCTH TeJa

F, =-bv. llocrosnnas Bennunna b HaseiBacTes KoIPPuyuenmom conpo-

muenenusa cpedvl. Torna corasacHo BTOpoMy 3akoHYy HbloTOHa ypaBHEHME
JBUKCHHSI MASTHUKA IPUMET BHI:

2
ma = —bv —kx w m 9 X = o &y,
dt dt
d’x . b dx k

——+2——+—x=0, xo-
dt 2mdt m

TOpOE OINMCHIBAET 3aTyXawllue CBOOOAHbIE KOJeOaHUs MO 3aKOHY
5

DTO ypaBHEHHE JIETKO MPUBECTU K BUILY



X=A, e P cos(wt + @) ¢ kodddunmentom 3atyxanus f3 = >m U [UKIUYe-

CKO#i "acToTolt ® = /of —B°, e ®, = ,|— — IUKIMYecKas 4acToTa cod-
m

CTBEHHBIX (HE3aTyXaroIHX) KOJICOAHUH TOTO K€ MasTHHKA.

KoaddummenT conporuBieHus: cpeapl b mpsMo mponopiroHaieH Bs3-
KOCTU Cpeabl M U 3aBUCUT OT Gopmsbl Tena. CornacHo dpopmyrne Crokca st
nrapa paguyca R, IBIDKYIIErocs Tak, YTO 32 HUM HE BO3HHKACT 3aBUXPEHHUIA,
KOX(QUIIMEHT COMPOTUBIICHUS cpenbl paBeH b = 6mRN. A koaddunmeHT 3a-

TyXaHus 3 B TaKou cpejie
B=—n.
m

BsizkocTh cpeapl M 3aBUCUT OT IUIOTHOCTHM M TEMIIEPATYPBI CPEIBI.
3HaYeHHS BSA3KOCTH PA3JIMYHBIX BEHIECCTB MPU PAZIAYHBIX YCIOBHUSIX MOXKHO
HAWTH B CIIPABOYHOM JIUTEpATYyPE.

2. PaGouue ¢popmyJibl

2.1. Ko punueHT 3aTyxaHus

B nanHO# paboTe HEOOXOIUMO ONPEAEIUTh KOI(PPUIUEHT 3aTyXaHHUs
B W3 PKCIEpUMEHTa U CPABHHUTH €r0 C TEOPSTHYCCKUM 3HAYCHHUEM, JUJISl pac-
4yeTa KOTOPOTO UCIOIB3YETCsl BA3KOCTh CPEJIBI 1.

Ecnu 3aryxatomue cBoOOAHBIE KOJIEOAHMSI MasiTHUKA MPOUCXOMAST MO
saxony X(t) = A, e "' cosot (c HauwampHO# (asoif paBHOH Hym0), TO B
HavyalbHBIE MOMEHT BpeMeHu t=0 OTKIIOHEHHE MAasTHHKA OT MOJOXKCHUS
paBHoBecusi paBHO X(0) = Ag. M3MepuB koopauHaty mastHuka X(t;) B Heko-
TOPBII MOMEHT BpeMEHH {;, MOKHO BBIYHCIIUTH OTHOIEHHE KoopauHaT X(0) B
HavaJbHBII MOMEHT BpeMeHH u X(t;) B MOMEHT BpeMeHH t;:

x(0 et 1 cosot
0 _ ,Torz[aB:—In—AO L
X(t;) cosmt t, x(t,)
CylIecTBYIOT TaKME MOMEHTBI BPEMEHHU, KOTJIa KOOpAMHATA TIOJI0KE-

HUS MasTHUKA MO MOJYJIIO paBHA aMIUIATY/AE 3aTyXarolMX KoyieOaHuM, Ko-
raa cosomt, = +1. 3TuM MOMEHTaM COOTBETCTBYIOT TOUKU dKCTPEMYMOB I'pa-

(riKa 3aBUCUMOCTH KOOPIUHATHI MAsITHUKA OT BpeMeHH. Eciu JBIKeHHE Ma-
o —Bt
SITHUKA OMHCHIBAeTCA (PyHKIMOHAIBHO#M 3aBucHMOcThIo X(t) = A e P! coswt,

TO TpaWK UMEeT MaKCUMyMBI Uepe3 IIeJI0C YHCIIO TIEPHOJIOB MOC/IC Hadasa
IBM)KEHUS] B MOMEHTBI BpeMeHH tnax = T, 2T, 3T, 4T ..., korna cosmt,,, =1.
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I'padux mMeeTr MHUHMMYMBI Yepe3 HEYETHOE YHWCIIO TOJIYIEePUOI0B IMOCTE
1 1 1 1
Hayaja JBUXXCHUSA B MOMEHTBI BpeMeHH t ;. = §T,15T, 2§T,3§T ..., korma
cosot,;, =—1. FI3mepuB KOOpANHATHI MOJIOKEHUSI MAsITHAKA B MAKCUMYMax
U MUHMUMYyMax rpaduka, HaiieM KodhGUIMeHT 3aTyXaHus
1 1
B= " In A up= In A

max X(tmax ) tmin - X(tmin) .

2.2. JlorapupMuyeckuii JeKpeMeHT 3aTyXaHUusA

Jlna ompezeneHus: JOrapuMUIECKOTO JIEKpEMEHTa 3aTyXaHHUs Haxo-

JST OTHOIIEHUE aMIUTUTYJ 3aTyXaloluX KoJeOaHWi B MOMEHTHI BPEMEHH,
At)
Alt+T)
rapu@m OTHOIICHUS aMIUTUTY bl 3aTyXaIOIMUX KOJIEOaHWW B HaYalbHBINA MO-
MCHT BpeMEHH Ay K aMIUTUTYJe 3aryxarommx kosebanuin A(NT), cmycTs N

MEPHUOOB OT HavYasa JBUKCHHUS, paBEH
Ini:nBT =no = ezimi_
A(NT) n A(nT)

B Toukax skcTpemyma MOIyJIb KOOPAMHATHI PaBEH aMIUTUTYIE 3aTy-
XamuXx KoJIeOaHUM, MO3TOMY 3KCHEPUMEHTANIBHO JOrapupMUUYECKH Jie-
KPEMEHT 3aTyXaHHUs MOXKHO OIPENEIUTh U3 OTHOLIEHHSI KOOPAUHATHI Tella B
HayvaJbHbI MOMEHT BPEMEHU U KOOPJUHATHI, COOTBETCTBYIOIIEH OTHOMY M3
IKCTpeMyMOB rpaduka 3aBucuMoct X(t), HaOIromaBIIeMyCst CIyCTs N TIepH-

1
OJIOB OT Hayvaja aBmkeHus: 0 = —1In A .
n - |x(nT)|

oTiMyaronrecs Ha nepuon 6 =1In . JIerko mokasaTp Takxe, 4To JIO-

2.3. 1oOpoTHOCTH KoJ1e0aTeIbHON CHCTEeMbI

Jlns ompenencHus T0OPOTHOCTH KoJie0aTeIbHONM CHUCTEMBI HEOOXO M-
MO BBIYMCIIUTH OTHOMIeHHE MOJHBIX 3Hepruit W(t + T) u W(t) konebarenbHoM
CHCTEMbI B MOMEHTBI BPEMEHH, OTJIUYAOIIHECS Ha TIEPHO/

_ W (t) _ 1
Q_anayANa+Ty_n1_Wa+TY
W (t)

Oueprus W(t) xonebaTebHON CUCTEMBI B JIFOOOW MOMEHT BpEMEHHU
OIpeIeNsIeTCsl KBaAPATOM aMILTUTY b, [I03TOMY

W(t+T) _ A*(t+T) _ opr
W) AN |
Otnomrenune sHeprun W(NT) konebaTebHON CUCTEMBI Yepe3 N Tepro-
JIOB OT Hauaya JBWXKeHus K nepBoHadanbHou dHeprun W(0) cooTBeTCTBEHHO
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2 n
W(nT) _ A°(nT) _ e 2PN — W(t+T) . Torna [oOPOTHOCTH MOX-

paBHO

wo A W (t)
1
HO 3a1ucaThb Q = Zﬁm .
W (0)

B Toukax sKcTpeMymMa MOy KOOPAMHATHI PaBEH aMILIUTYIE 3aTy-
XaoIUX KOoJeOaHu#, Mo3TOMY IO0OPOTHOCTH MOYKHO BBIYHMC/IMTH, W3MEPHB
KOOPAMHATY T€ja B MOMEHT BPEMEHH COOTBETCTBYIOIIUI SKCTPEMYMY 3aBU-
cumocTH X(t), HabaromaBIIEMYCS CITYCTsI N IEPHOIOB OT Havala ABHKEHUS:

21
Q = g "
. X(nT)[\n

Ao

3. Moaeanb dJKCnepuMeHTAILHO YCTAHOBKH

B nanno# pabote ¢ MOMOIIBIO CPEACTB KOMITBIOTEPHOUN TpaduKku MO-
JEUPYETCsl MPOIECC 3aTyXaIoIEro CBOOOTHOTO KOJIEOAHUS TPYKUHHOTO

MasTHHKA 10 3akoHy X(t) = A e "' cosot. J[BmkeHue NPOMCXOTUT MOIBKO

noo odelicmeuem Cuibl ynpy2ocmu u cuavl conpomuenenun cpeowt. Cuna
TSKECTU U BCE KOMIICHCHUPYIOIIUE €€ CHJIbl HAaIPaBJICHBI NEPIEHIUKYISIPHO
HaIpaBJIECHUIO JBUKEHUS MasiTHUKA U HE OKa3bIBAIOT BIMSHMS Ha ABH)KCHHUE.
JUtst onpenieneHuss BpEMEHH, 32 KOTOPO€ MAsITHUK COBEPLIAET 33JlaHHOE KO-
JUYECTBO KOJI€OaHUW, HCIMOIB3YETCS CEKYHJIOMEpP, CHOCOOHBIA H3MEPSTh
BpEMs C TOUHOCTBIO 710 | MuiucekyHabl. i onpeneneHuss KOOpAUHAT Ma-
ATHHKA, COOTBETCTBYIOIIMX MaKCMMyMaM MU MUHUMYyMaM, UCIOJIb3YETCs W3-
MEPUTENbHBIA HHCTPYMEHT, CIOCOOHBIN U3MEPATH KOOPJIMHATHI C TOUHOCTHIO
0,01 cm. Ilpu yka3zaHHBIX yCIOBHUSIX MOTPEIIHOCTH OMpeneiaeHus koddduim-
€HTa 3aTyXaHHs B SKCIIEPUMEHTE He TpeBbIiaeT 2—5%.

Pabota BeimonHsieTcs Ha |BM-coBmMecTuMOM nepcoHaIbHOM KOMIIBIO-
Tepe B Buje camoctostenbHoro Windows-npunoxxenus. J{ns yao0cTBa Bbi-
HOJTHEHUS paboThI B IpOrpaMMe MpelyCMOTPEHBI TPU pa3fielia: KpaTKoe OIu-
caHue paboThl; MOPSAJOK BBIOJHEHUsI pabOTHI U 3KcrepuMeHT. [lepextoue-
HUE MEX]y pa3esiaMi OCYIIECTBIISETCS C MOMOILBI0 KHOTIOK «X0J1 paboThD)
n «OKcrepuMeHT». HaxaTue 3TUX KHOMNOK B 3aBUCHMOCTH OT KOHTEKCTa pa-
OOTBI MPOrpaMMbl MPUBOAUT JHOO K BBI30OBY COOTBETCTBYIOIIMX Pa3JEioB,
100 K BO3BPAIICHUIO B Pa3/iei OMUCAHUA.

Pazpgen mporpammbl «IKCHEPUMEHT» COACPKUT PACKPHIBAIOIIUIICS
CIIMCOK JJIsi BbIOOpa cpejibl, MaHellb MHCTPYMEHTOB C KHOMIKaMU JiJisi BbIOOpa
IPYXXHUHBI, TOJI3YHOK BBIOOpA MAcChl Tela, CEKYHIOMEp JI U3MEpPEHUs Bpe-
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MEHHU JABWKEHUS MAasTHUKA, MOJ3YHOK JUIsl U3MEPEHUSI KOOPAUHATHI MasTHH-
Ka, @ TaKXe BCIOMOraTeJIbHbIE KHONKH W TEPEKII0YaTellb, MO3BOJISIOLINE
YIOPAaBIATh SKCIIEPUMEHTOM M PETYIMPOBATh MPOLIECC MOCTPOeHUs rpaduxa
3aBUCUMOCTH KOOPAMHATHI T€JIa OT BPEMEHU JBUKEHUS.

BapuaHTbI BbINOJHEHUS] Pa00ThI

Bapu- Macca |Bapu- Macca
al[i)T Cpena Teaa afll)T Cpena Teaa
1 Bosayx (100°C) /0,020 | 27 Bosayx (100°C) 0,040
2 Huoatunoseiii ogup 0,025 28 | dustunossiii a¢pup (0,055
(40°C) (40°C)
3 Ortunoseiii 3gup 0,030 | 29 Ortunoseiii a3pup  |0,070T
(18°C) (18°C)
4 Aneron (50°C) 0,035r| 30 Aneron (50°C) 0,075
5 Drunanerar (60°C) [0,040r| 31 | Drunauerar (60°C) |0,080 r
6 Ben3zoi (80°C) 0,045r| 32 Bensou (80°C) 0,080 r
7 Aneron (20°C)  |0,050r| 33 Aneron (20°C) 0,080 r
8 | Drunbenson (80°C) |0,055r| 34 | Drunbenson (80°C) [0,085r
9 Tomnyomn (60°C) 0,060r| 35 Tomnyomn (60°C) 0,085r
10 Meranon (50°C) |0,065r| 36 Metanon (50°C) 0,085
11 Ienitan (20°C) 0,065r| 37 Ienrran (20°C) 0,090 r
12 Benson (50°C) 0,070r| 38 Benson (50°C) 0,090 r
13 Boma (60°C) 0,07/0r| 39 Bogna (60°C) 0,090 r
14 Bozayx (100°C) 0,030r| 40 Boszayx (100°C) 0,050 r
15 | Huotunossiii a¢pup |0,040r| 41 | Juwotunossiii apup |0,070 T
(40°C) (40°C)
16 Otunoeiii 5pup 0,050 | 42 Ortunoseiii a3pup  |0,085 1
(18°C) (18°C)
17 Aneron (50°C)  |0,055r| 43 Aneron (50°C) (0,095
18 | Drunanerar (60°C) (0,060r| 44 | Drunanerar (60°C) 01lr
19 Benson (80°C) 0,060r| 45 Benzon (80°C) Ol1lr
20 Aneron (20°C) 0,065 | 46 Aneron (20°C) 0,095
21 | Drun6enson (80°C) |0,0/0r| 47 | Drunbdenson (80°C) 01lr
22 Tomnyomn (60°C) 0,075r| 48 Tomyomn (60°C) 0,095r
23 Meranon (50°C) |0,075T| 49 Metanon (50°C) 0,095
24 I'enran (20°C) 0,080r| 50 I'eniran (20°C) 01lr
25 Benzon (50°C) 0,080r| 51 Benson (50°C) 01lr
26 Boxa (60°C)  |0,080r| 52 Bona (60°C) 0lr




4. TlopsinoK BHINOJIHEHHSI PA0OTHI

4.1. KpaTtkoe onucanue xoaa padorsbl
1. BriOepute cpeny (1o ykazaHUIO MPENOAaBaTENs).

2. BriOepuTte 3HaueHUE Macchl Tefa (1Mo yKa3aHUIo MPernojaBaTes).

3. BriGepuTe npyxuHy ¢ MUHUMAJILHOM JKE€CTKOCTHIO.

4. IlocTpoiite rpaduk KOOPAMHATHI TEAa OT BPEMEHU JIBHXKCHUS U U3-
MEpbTE BpeMsi, 32 KOTOPOE MasITHUK COBEPIIACT MATh KOJIEOaHUH.

5. I3MepbTe KOOpAMHATY ABYX MAKCUMYMOB U JBYX MUHUMYMOB.

6. Beruncnure nepuoj kojie0aHu.

7. Boeruucnure kod3hPUIKMEHT 3aTyXxaHHUs MO 3HAYCHHUSM JBYX MaKCH-
MYMOB U JIBYyX MUHHUMYMOB.

8. Brruucnure n10OpPOTHOCTH U JOrapuMUUYECKU TEKPEMEHT 3aTyXa-
HUSL.

9. Beruncnute cpeliHee 3HaUYCHUE TOOPOTHOCTU U JIOTApUPMUYECKOTO
JEKPEMEHTA 3aTyXaHUsl MasiTHUKA.

10. Beibepure npyKuHy C )K€CTKOCTbIO OOJIbIIIE MPEIbITYIICH.

11. [ToBTOpUTE ONBIT, HAUMHAS C TyHKTA 4.

12. IToBTOPUTE OMBIT AJIS IISITU MPY>KUH PA3HOU KECTKOCTH.

13. Beiuucnure cpenHee 3HaueHUE KOdpUIIMeHTa 3aTyXaHMsL.

14. Onpenenute k03pPUUMEHT 3aTyXaHUs U3 rpapuka 3aBUCHMOCTH
Jorapu(pMHUUECKOro JeKpEMEHTa 3aTyXaHusl OT Nepuoaa KoueOaHuil MasiTHU-
Ka.

15. BerauciauTe OTHOCUTEIBHYIO M a0COIOTHYIO MOTPEIIHOCTh KOA(-
(unreHTa 3aTyxaHusl.

16. Bpruuciaure TEOPETUUECKOE 3HAYECHHE LUKINYECKOW 4acCTOTHI KO-
nebanuii, korpduienTa 3aryxaHusi, JOOPOTHOCTH M JIOTapUPMUUYECKOTO
JEKPEMEHTA 3aTyXaHHUsl.

17. Cnenaiite BBIBOJBI.

4.2. IlogpodHoe onucanmne xo0aa padboThI

[Ipu BeIMOSHEHHH PAOOTHI PEKOMEHAYETCS CIEAyroIas IMoceI0Ba-
TEJIbHOCTh JCUCTBUM:

1. PackpeiBaronuiics cnucok «Cpeda» conepX HUT Habop ra30B U KUAKOCTEH, 00-
JAIAI0IIMX Pa3IMYHBIMU BSI3KOCTAMU: BakyyM, Bo3ayX (100°C), apup strnossiit (18°C),
arietoH (20°C), aneron (10°C), 6enzon (50°C), Boga (60°C). Beibepute cpefy, B KOTOpoit
OyzeT mpoXOAUTh SKCIIEPUMEHT (110 YKa3aHUIO MperojaBaTens). Jist BeIOpaHHOM cpeabl
MO/l CIIMCKOM aBTOMATHYECKH YyKa3blBaeTcs KOA()(PUIMEHT BA3KOCTH, KOTOPBIH HE0O0Xo-
JIM JUIs1 BBIYUCIICHHS TEOPETUYECKOT0 3HAaUeHUs KOd((UIMEeHTa 3aTyX aHuUs.

2. BriOepure 3HaueHne Macchl Tena (Mo ykazaHwio npernogaBarens). Koaddumm-
€HT 3aTyXaHMs 3aBUCUT OT Macchl Tena. C moMolneko noisyHka «Macca mena» HEoOXo-
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MO BBIOpaTh Maccy U HE MEHSTHh e B TeueHue Bcel paboTsl. ToyHOe 3HaUE€HUE MACCh
yKa3bIBaeTCs HaJ MOJ3yHKOM. Teno umeer ¢opmy mapa. 3HaueHHe pajuyca Teja yKa3bl-
BAeTCs MOJ] MOI3YHKOM.

3. C moMoIIpl0 KHOTIOK Ha IMaHeNId MHCTPYMEHTOB «lIpyiycuna» BBHIOEpUTE TIpY-
KHUHY C MUHUMAJIBHBIM KO3(Q(GUIMEHTOM XKECTKOCTH. 3HaueHHe Kod(pPUIMEHTa )KEeCTKO-
CTH BBIOPAHHOM MPYKWHBI aBTOMAaTHYECKH YKA3bIBACTCS MO KHOIIKAMHU.

4. IocTpoiite rpaduk KOOPAMHATHI Tea OT BPEMEHHU JBUKEHHS U U3MEPbTE Bpe-
Msl, 32 KOTOPOE MasiTHUK COBEPILAET IATh KOJICOaHUA.

Jns aToro Haxkmure KHOUKY «Hauamo 3xcnepumenmy. HauHércs nBU>xeHUE Ma-
ATHUKA, BKIIOYUTCS ceKyHIoMep. OTHOBPEMEHHO CTPOUTCS IpaduK KOOPJMHATHI Tela OT
BpeMeHu. CIUCOK cpell, KHOIKM Ha IMaHeld MHCTPYMEHTOB «IIpyXHHBI» M MOI3YyHOK
«Macca Tena» CTaHyT HeIOCTYHHbIMU. [IponoskuTenbHOCTh 3kcniepuMenTa 50 CEeKyHI.
Korna teno coBepmut msTh KojieOaHUM, CEKyHIOMEp OCTAaHOBUTCS, a TeIo OyneT mpo-
J0JKATh KOJIe0aThesl.

Ecnmu B mporecce skcnepuMeHTa Bl BCNOMHWIIM, YTO HEMPABWIIBHO YCTAaHOBUIIN
KaKyl0-JIn0O BeNUYHMHY (BBIOpaJIU Cpefy, NPYKUHY WIM Maccy Irpysa), HKMUTE KHOIKY
«Ocmanoeump 3kcnepumenmy. Teio u ceKynaomep ocranoBsTcs. CIIUCOK cpell, KHOIIKU
Ha MaHeJId UHCTPYMEHTOB «lIpyKuHbI» U Mon3yHOK «Macca Tena» CTaHyT JIOCTYIHBIMH.
[Tocne 3TOro MOXHO U3MEHHUTh HACTPOHKHU M TIOBTOPHUTH OIIBIT.

5. Heo6x01uMoO M3MepUTh KOOPJIMHATHI T€a, COOTBETCTBYIOLINE JBYM MaKCUMY-
MaM U ABYM MHHHMYMaM.

IlepBoHayaibHOE OTKJIOHEHHE NMPYXKHUHHOTO MAasTHUKA OT MOJOXKEHUS PaBHOBECUS
paBHo 1,5 cm. B Tedenue omHOro mepuoga rpapuk KOOpAMHATHI MasTHHUKA UMEET OIHMH
MaKCUMYM U OJIMH MUHUMYM. 32 BpeMs SKCHEPHUMEHTa MasTHUK COBEPIIAET HECKOJIbKO
Kosie0aHui, rpaduK UMeeT HECKOIBKO MAaKCHMYMOB 1 MUHHUMYMOB.

Crpasa ot rpaduka pacnosiokeH HOI3yHOK «HM3mepenue Koopounamuly, ¢ iepe-
MEILlEHUEM KOTOpPOr0 CHHXPOHH30BaHAa W3MepHTeNbHas JuHUA. llepemeras moia3yHOK
«H3mepenue Koopounamul), COBMECTUTE U3MEPHUTEIBHYIO JINHUIO C MOJIO)KEHUEM KaKo-
ro-1mbo MakCUMyMa WM MUHUMYMa rpaduka. s 6oiee TOUHOrO COBMEIIEHHS UCTIONb-
3yiiTe CKpOJUIMHT MbIIK. KoopauHata W3MEpUTEIbHOW JTMHUNA aBTOMAaTHUECKH yKa3bIBa-
eTcs psiioM ¢ rpadukoM B Buze: «Koopounama X, cm: *.**.

Takum 00pazoM M3MephbTe KOOPIAMHATHI JIBYX MAKCHMYMOB H JIByX MHHHMYMOB.
s u3MepeHust BbIOUpaiiTe Takue MaKCUMyMbl 1 MUHUMYMBI, BEJTMYMHBI KOTOPBIX OJU3-
KM TIOJIOBUHE TIEpBOHAYAILHOTO OTKIOoHEHUS (0,75 cMm).

ITo rpaduky onpenenuTe, CIycTs Kakoe KOJIUYECTBO MEPUOIOB (1eJ10€ WU MOJYy-
1enoe) Habmronacs Kaxplid, BeIOpaHHbI Bamu MakcumyMm 1 MunumyMm. Hampumep, us-
MepeHHBIE MAaKCUMYMBI HAOIIOIATHCh Yepe3 3 U 5 TIepHOI0B OT Hadaila JBHKEHHS;, a MH-
HUMYMBI — uepe3 3,5 u 4,5 nepuoja (B 3aBUCUMOCTU OT BBHIOPAHHBIX JUIsl M3MEPEHUS MU-
HUMYMOB U MaKCUMYMOB).

PE3VJIbTATHI UIBMEPEHUI 3ATIUIINTE B TABJIMILY.

6. BerauciuTe mepuo; KoJieOaHui CIEAYIONIM 00pa3oM.

W3BecTHO, uTO NepuoJ1 KojebaHuil — 3T0 BpeMst OIHOTO KOJIeOaHMsL.

Urto6s! onpenenuts nepuoi T Hajo BpeMs KojeOaHuil t pa3nenuTb Ha KOJINYECTBO

koseOanuit N: T = ﬁ

Oobpatute BHuManue! Tak kKak B IKCIEPUMEHTE BPEMS U3MEPSETCS C TOYHOCTHIO
JI0 TpeX JECATUYHBIX 3HAKOB IOCJE 3aISITOM, BRIYMCICHUE TIepHoia KoJeOaHui Heo0Xo-
JUMO TPOBOJUTH C TOYHOCTBIO JIO YETHIPEX JACCITUUHBIX 3HAKOB MOCTIE 3aIATOM.
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7. Beruncnure ko3¢ GUIMEHT 3aTyXaHus 0 3HAUYCHUSM IBYX MaKCUMYMOB U JIBYX
MUHUMYMOB CJIEIYIOIIMM 00pazoM.

[lepuon konebGanmii u3BecTeH. BRIYMCINTE, MOMEHTBI BPEMEHHU tmax U min, KOTIQ
HalOo1anich U3MepeHHble Bamy MakCMMyMbl 1 MUHUMYMBL. JlJis 3TOro mepuoj Hajao
YMHOXHTb Ha KOJIMYECTBO MEPHOJIOB, MPOIIEAIINX ¢ Hadana aswkenus t . .. = nT . [l

MaKCUMYMOB KOJIMYECTBO MEPHOJIOB N — 1ienoe (Harnpumep, 3 uiM 5), Ajii MUHUMYMOB —
nonynesnoe (Harpumep, 3,5 wiu 4,5).
Havanbnas ammuryna Ag = 1,5 cm.
Boraucnure ko3 dunuent 3aryxanus 3 mo BceM M3MEPEHHBIM 3HAYEHUSM KOOP-
nuHAT Tena X(tmax) B MakcuMymax u X(tmin) MEHEMyMax:
A

ol A gl A
tmax X(tmax ) tmin - X(tmin )
Brrauciienust He0OX0JMMO POBOAMTH C TOYHOCTHIO J0 TPEX 3HAYanuX udp.
8. lns kaxmoro u3mMepeHHoro 3HadeHus X(NT) MakcMMyMa U MUHHMYyMa BBIYHC-
JUTE JOOPOTHOCTH M JIOTAPU(PMHUUCCKUH IEKPEMEHT 3aTyXaHUsI:

sz—nz, L T
x(uT) ) N |x(nT)|
I S
Ay

YuuteiBas t =nT , u3mMepeHnbie KoopauHaThl B MakcuMyme: X(NT) = X(tmax),

max, min
a B muaaMyMe: X(NT) = X(tmin)-
Berurciienust He06X0IUMO IPOBOIUTE C TOYHOCTBIO JI0 TPEX 3HAYAIINX IH(P.

2
x(nT)[ | 5
Pexomenmanmsi. J[yisi BBIYMCICHUS] BEMYMHBI | ——— |  BOCHONB3yiTECH (op-
2
x(nT)[ " x(nT
myroit X* =exp(yIn(x)). Toraa % = exp gm |(A'f)|

9. Beruucnute cpeiHee 3HaueHUE T0OPOTHOCTH U JIOTapu(pMUUECKOTO IeKpEeMEHTa
3aTyxaHHUs MasiTHHKA.

10. KoaddunueHT 3aTyxaHus He 3aBUCUT OT JKECTKOCTU MPYKUHBL. C MOMOIIBIO
KHOTIOK Ha TaHeJIn HHCTPYMEHTOB «lIpyscunsyy BeIOEpUTE NIPYKUHY C IPYrHUM K03 du-
LIUEHTOM >KECTKOCTH, OOJbIlIe MPEeAbIAyLIEero. 3HaueHHe Kod(PPHUIMEHTa KECTKOCTH TMpY-
KMHBI aBTOMAaTUYECKH YKa3bIBAETCS MOJT KHOITKAMHU.

[lepuon xoneOaHMil MasTHHKA M3MEHHMTCS. MakCUMyMbl U MHHUMYMBI OYyIyT
HaOJIOAATHCS B IPyTHe MOMEHTHI BPEMEHH.

11. IToBTOpPUTE OMBIT, HAUMHAS C TyHKTA 4.

YroObl M3MEPUTH KOOPAWHATHI Tella B MAKCUMyMax U MUHHMYyMax, HEOOXOIUMO
noctpouTth rpapuk. Heobxomumo, uto6s! nepexitodatens (praaxok) «Cmpoums paghux»
Obu1 BKIIOUEH (ycTaHOBIEH). I'paduk 3aBUCMMOCTH KOOPJMHATHl MasTHUKA OT BPEMEHHU
OyZeT CTpOUTHCS OBEPX MPEAbIAYIIETro rpaduka.

Haxxmute kHonky «Hauams ykcnepumenmy. ONbIT HAYHETCS 3aHOBO.

12. TToBTOpPHUTE OMBIT TSI TISATH MPYKUH PA3HOM KECTKOCTH.

UYroObl yMEHBUINTh BEPOSTHOCTH OIIMOKU NPH ONpPEACTICHUM KOOpAWHAT Tesa B
makcumymax u muanmymax, HE CTPOUTE Ha oxsom rpaduke Gombme TPEX KPU-
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BbIX. Cotpure rpaduk ¢ moMopio KHONKH «Quucmums)» W TPOJOIDKANTE dKCIEpH-
MEHT.

Ilocne okoHYaHUS M3MEPEHUIl OUYMCTUTE TpapUK C MOMOILBIO KHONKU «Ouu-
cmumbpy. C MOMOIIBIO KHOMOK HA MaHEIUu MHCTPYMEHTOB «IIpyscunsl»y BpIOEpUTE OAHY
U3 NPYXHUH (110 CBOEMY YCMOTPEHHIO) U BHOBb BBIIOJHHUTE KcriepuMeHT. Cpucyiite rpa-
¢buK uiam coxpanute B Buie bmp- wiu jpg-daiina ¢ noMouibio KHONKH «Coxpanumuy.

13. Beruncnure cpennee 3HaueHue KodhpuipeHTa 3aTyxaHus.

JUJ1st 3TOTO HAJI0 CIIOKUTH 3HAUCHUS KOA(PGUIHEHTOB P1, B2, ... Bn, MOIydEeHHBIC BO
BCEX OMNbITax. Pe3ynbTar pa3/ennuTh HAa KOJIMYECTBO IOIYYEHHBIX KOI(GOUIUEHTOB N:

BB, B,

B, = . Bbruucnenuss He0OXOIMMO TMPOBOJUTH C TOYHOCTBIO JIO TPEX
n

3HAYAIIHX UPD.

14. Onpenenute k03P GUIUESHT 3aTyXaHUs U3 TpaduKa 3aBUCUMOCTH JorapupMu-
YEeCKOI'o IEKPEMEHTA 3aTyXaHHUs OT IepHojia KojaeOaHuii MasiTHUKA.

JlJis 3TOro MCMONb3ys MOMyYeHHBbIE CPeAHHE 3HAYEHHS Jorapu(MuuecKkoro Je-
KpEMEHTa 3aTyxaHus, moctpoite rpaduk 3aBucumoctu 0 = 0(T) ot mepuoaa koneOaHuii
MasTHUKA. Macmral no ocu abcuuce BeIOEpUTE TaK, YTOObI 3HAUEHUS IIEPUOJIOB Kojeba-
HUH, pacCUMTaHHBIC AJISl PA3TUYHBIX OIMBITOB, PACIIONATAINCH HA OCH KaK MOXKHO Jajbliie
ApyT OT Apyra. Macmrab 1mo ocu oOpAWHAT BBIOEPUTE TaK, YTOOBI CpeIHUE 3HAUYCHUS JIOTa-
pUGMUYECKOTO JEKPEMEHTa, COOTBETCTBYIOIIUE KAXKIOMY OIBITY, pAacHoiarajiuch Ha OCH
KaK MO>KHO Jajblie Ipyr oT apyra. Hawanmo koopamHaT oToOpa)kath He TpauKe HE HYX-
Ho. Hanecute Touku Ha rpaduk. 3aBHCHUMOCTbH JOJDKHA HOCUTH JMHEHHBIA XapakTep:
0 = BT. IlpoBenute mpsimyto. o TanreHcy yria HakioHa rpaduka omnpenenute Kodhhu-
LUEHT 3aTyXaHus [3,,: TAHT€HC yIJla HaKJIOHA rpaduka paBeH KOdPPUIUEHTY 3aTyXaHHUs.

15. Belunciante OTHOCUTEIbHYIO M a0CONMIOTHYIO TOTPEIIHOCTh K03 duimenTa 3a-
TyXaHHA.

16. Bpiuncnure TeOpeTUUECKOE 3HAYCHUE ITUKINYECKON 4acTOThl KoieOaHuM, KO-
s dunmenTa 3aTyxanus, JOOPOTHOCTH U JIOTapU(MUIECKOTO TEKPEMEHTA 3aTyX aHusl.

Teopernueckoe 3HaueHHE YAaCTOThl COOCTBEHHBIX KOJeOaHHMM ompenensercs mMac-

k
coif M Tena U Ko3(hHUIUEHTOM KECTKOCTH K: », = ,[— .
m
Teopernueckoe 3HaueHHE KOXPPHUIMEHTA 3aTyXaHUS OINPENENAETCS BSI3KOCTHIO

. ) 3nR
cpeabl M, Maccoil M u paauycom R tena no popmyne: f=——n.
m

. 2n
YacroTa 3aTyxammux KoneoaHni o = w/o)é — Bz ,mepuon T = E

Jlorapudgmuueckuii fekpemeHT 3aryxanus 0 =T .

21
I[O6p0THOCTI) Q = ]-_e—_zm_ .

JUisi KOPPEKTHOCTH CPaBHEHUS HEOOXOAMMO, YTOOBI TEOPETHUECKHE 3HAUYECHUs
UMeINr ObI CTOJIBKO XKe 3HAYAIMX UQp, KaK ¥ IKCIIEPUMEHTAIbHBIE.

17. ChemnaiiTe BEIBOIEI.

3aBUCUT T KOI(D(HUITUEHT 3aTyXaHUs OT )KECTKOCTU TPY>KUHBI?

MOXHO JIM CYMTaATh, YTO B JAHHOM OJKCIIEPHMEHTE CONPOTHUBIICHHUE CPEIbI MPO-
MOPLIUOHAIBHO CKOPOCTU?
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CoBnajgaroT JM TEOPETUYECKOE M IKCIEPUMEHTAJIbHBIC 3HAaYeHUs KO3 (uIeHTa
3atyxanus? Uro OoJble, pasHHIA MEXKy TECOPETHUECKHM U SKCIIEPHUMEHTAIbHBIM 3HAUe-
HUEM KO3 PHUIMEHTA 3aTyXaHHsl UK a0COMIOTHAS TIOTPEIIHOCTD?

CoBMaaloT M TEOPETUYECKOE U SKCHEPUMEHTAIbHOE 3HAYCHUSI JOOPOTHOCTH M
J0rapu()MUUECKOro JIeKpeMEHTa 3aTyXaHus?

Tabiamnna
s X w
- © X =
s - | = TEE z =
bl
= Too = gSEE[M“E:%S}O <} > A
= S Z |g=25|ed=38 g B S & 5
= | & EE |8 o ¢ a5s| 8 S| 8 5 S
=| E= < © |E32|25E|2:2 5> = < =
= ~ | = m%%:%E 5%2 EFI' E(D =
.| ) = o =
2| BT | Eg| 2 |Eff|szz|cE5|E8° | gg| &
S w = = S 2|5 &% T 2| F a9 kS
= = 2 S |8ES 85258 E S ¢
3} L () 32 2| LR Qlo = = o
g & S | =SS5 & 53 =
% = o«;kgm 8
MOT T =
1
2
3
4
Cpennee 3Ha4eHUE JIs1 TPY>KUHBIL:
1
4
CpenHee 3HaYeHUE ISl TPYKUHBL:
v T
Cpennuit k02hOUIMEHT 3aTyXaHus, C

5. KoHTpoJ/IbHBIE BONIPOCHI

1. Kakue xonebaHusi Ha3bIBAIOTCS 3aTyXaIOIMIMMU?

2. Kakum ypaBHEeHHEM OMNMCHIBAIOTCS 3aTyxarolmme kojebanus? Kak
MOJIYYUTh PELIEHUE ITOr0 YpaBHEHUs?

3. Kakyto BenuunHy Ha3bIBAIOT MEPUOJIOM 3aTyXAIOIINX KOJIeOaHU?

4. Yto Takoe norapu(pMUUECKHUl TEKPEMEHT 3aTyXaHus?

5. Uto Takoe 70OpPOTHOCTH KOJIeOATENbHON CUCTEMBI?

6. Kakyro BenmuumHy Ha3bIBalOT KOI(PPHUIMEHTOM COMPOTUBICHHUS Cpe-
b19 304

7. Kak ko3(ppuumeHT 3aTyxaHusi CBsi3aH € BA3KOCTBIO CPEAbl, B KOTOPOM
MIPOUCXOSIT KoJIeOaHus?

8. Kak u3 skcniepuMeHTa onpeaeauTb KodphuiueHT 3aryxaHus?

9. Kak u3 skcriepyMenTa OnpeaenuTh JorapuMuueckuii JEeKpeMeHT 3a-
TyXaHus?

10. Kak u3 3KcrepuMeHTa OMpeneiuTh TOOPOTHOCTh KOJeOaTeIbHOM
CUCTEMBI?
14




11. OnuiuTe NOPsIIOK BBIMOIHEHUS paOOTHI.

[Ipu co3zmaHuu JaHHOW PabOTHI aBTOPHI ONMUPAINCH HA MAaTEPHAIBI MOACTUPYIO-
et abopatopHoii pabotel «KoneGaHusi Mpu HAJIWYUHM CONPOTUBIICHUS», HAIMCAHHOM
K.b. Kopotuenko, FO.A. CuBoBbiM B 1996-98 rr.

YyebHoe n3gaHve

PEBMHCKAA Onbra NeHHaabeBHa
KPABYEHKO Hapexna CtenaHoBHa

3ATYXAIOLLUE KONEBAHUA

YyebHo-MeToanyeckoe nocobue no n3yvyeHno Mogenem
(PU3NYECKMX NPOLIECCOB M ABMEHWUN HA KOMIMbIOTEpPE
C nomoLbto nabopatopHon pabotel Ne MogK-02
ONsi CTYOEHTOB BCEX CNeLnanbHOCTEN
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