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NPEIUCJITOBUE

OnuH u3 co3marenel KBaHTOBOW MexaHUMKH Makc I[InaHK O COOTHOILIEHHH
3HaHUU U yMeHu#, Qopmupyembix npu oOyueHuu mucain: «He Tak BaxkHO uyemy
y4dart, a BaXHO, Kak y4ar. OJHO JECTBUTEIbHO MOHITOE YYCHHUKOM MaTeMaThye-
CKO€ TIpeJjIoKeHrne umeeT Oombine meHHoctd, yem 10 gopmys, koTopeie oH 3a-
YYWJI Hau3yCTh, HO HE MOHSAJ MX JACHMCTBUTEIBHOIO CMBICIA... B Hacrosmee BpeMs
CaMOM T'JITaBHOW 3a/1a4y€l BOCIIUTAHUA SIBISAIOTCS HU 3HAHUWS, HU YMEHMS, a IPAKTH-
gyeckasi 1eaTeabHOCThY». C 3THX MO3HUIMKA OYEBUIHA POJIb (PU3NUECKOTO MPAKTUKY-
Ma U BOOOIIE Yy4eOHOrO HKCIIEPUMEHTA IMPU MU3YYEHUHU Kypca oOmield (QU3MKu B
BBICHIMX YYEOHBIX 3aBeJCHMIX. AbOepT DUHINTEHH MUCcall, YTO «KPACHUBBIN dKC-
NEePUMEHT caM Mo cebe ropaszio IeHHee, YeM JBaaTh GopMyll, TOOBITHIX B pe-
TOpTE OTBICYEHHOU MbICIN» OO0 3TOM ke roBopui u Jlxeiimc MakcBes1, KOTOpbIi
000CHOBBIBaJI HEOOXOJUMOCTh Y4€OHOTO SKCIIEPUMEHTA C TOUKH 3PEHHUS MCUXO0J0-
ruv. Ha Ba)XHOCTh MPaBUIIBHOIO COOTHOLIEHUS IKCIIEPUMEHTA U TEOPUH YKa3bIBAJI
I'.C. JlanacOepr «OT4YeTnMBOE MOHUMAHHUE ... HKCIEPUMEHTAIBHOIO XapakTepa
(U3MYECKUX 3aKOHOB MMEET KpailHE Ba)XHOE 3HAYEHUE. OHO JeNaeT U3 (PUBHKHU
HAyKy O MPUPOJIE, & HE CUCTEMY YMO3PHUTENIbHBIX MOCTPOEHUI». B 3TOM CBA3M 00-
il Kypc (GU3HKU JAOJDKEH J1aBaTh MPEACTABICHUE O (PU3UKE KaK O HAyKE, UMEIO-
HIEN DKCIIEPUMEHTAJIBHYIO OCHOBY.

DKCNEepUMEHTAIBHOMY OOYYEHHIO CTYJIEHTOB B paMKax JUCHUILIMHBI «Du-
3uka» B (CeBacTONOJIbCKOM TOCYJapCTBEHHOM YHUBEPCUTETE MPUIIAETCA 0co00e
3HaueHue Pa3Buthe (QU3MKU U TEXHUKH, U3MEHEHHE Iiesiell 0Oy4eHHs] B HOBBIX
HKOHOMUYECKHUX YCIOBHSIX €1le B OOJIbLICH CTENEHU MOBBICUIO 3HAYMMOCTh (pU3u-
YECKOr'o0 IIPaKTUKyMa M 3a/1a4 10 OCBOCHUIO COBPEMEHHBIX METOJOB IIPOBEICHUS
HKCIIEPUMEHTAIbHBIX UCCIIEIOBAaHUI U 00pabOTKHM JaHHBIX C IIMPOKUM IpUBIICYE-
HUEM JUISl 3TOr0 NEPCOHaIbHbIX OBM M COOTBETCTBYIOIIETO MAaTEMAaTUYECKOIO U
MIPOTPAMMHOT0 00€CTICUCHUS.

Hacrosimee ydeOHoe mocoOue mo mepBOM YacTH JUCHUTUIMHBI «DU3mKa»
SBJIIETCSI UTOTOM MHOTOJIETHEro ombiTa padbotel kadenpsl «Dusuka» Ceacto-
MOJIBCKOTO T'OCY/IAPCTBEHHOTO YHUBEPCHUTETA CO CTYIEHTaMHU IIMPOKOIO CIEKTpA
WH)XEHEepHBIX crenuanbHocTell [locobue comepkut onucanue 33 1a00paTOPHBIX
paboT 10 MEXaHUKe, TEPMOJIMHAMUKE U MOJIEKYJISIPHOM (PU3UKeE, B TOM YKCIE ABYX
BUPTYaJIbHBIX, U HAIlHCAHO B COOTBETCTBUU C NMPOTrpaMMON JUCIUIUIMHBI «Du3n-
ka» st 'OC 3-ro nokosnenusi. bonbmMHCTBO paboOT pacCUUTaHO Ha BBINOJHEHUE B
TE€YEHHE JIByX4uacoBoro 3aHsATHs. OAHAKO B psje ciaydyaeB pabOThl MOTYT BBIMNOJ-
HATHCS B TeUEHHUE 4-X 4acoB.

B ommcannm kaxjaoil 1abopaTopHON pabOTHI COAEPIKATCS, 1ETh IKCIEepPHU-
MEHTa, peKOMEeHayeMas JUTepaTypa, TEOPEeTUUECKOe BBEJICHHE, 0OOCHOBAaHUE HC-
MOJIb3YEMBIX METOAMK, MPUOOPHI U MPHUHAICKHOCTH, TOPSAOK BBIMOJHEHUS pa-
00T, moy4deHue u o0paboTKa HKCIIEPUMEHTAIBHBIX TaHHBIX. B 3akitoueHne mpe-
JI0’KEHBI KOHTPOJIBHBIE BOIIPOCHI I CAMOIIOATOTOBKH CTYIEHTOB.

B mpoiiecce moaroToBku K J1a0OPAaTOPHBIM 3aHSTHUSIM CTYJIEHT JOJDKEH U3Y-
YUTh TEOPHUIO BOIIPOCA B COOTBETCTBUM C PEKOMEHJOBAHHOM JIMTEPATYPOH, COCTA-
BUTH B pabouell TeTpaau KpaTKUW KOHCIEKT BBIMOJHSAEMON pabOThl C ONMUCAHUEM
TEOPETUYECKOr0 OOOCHOBAHHUS, CXEMBbI JJAOOPATOPHON YCTaHOBKH, METOIUKUA 00-
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paboOTKH pe3yNIbTaTOB AKCIIEPUMEHTAIBLHBIX HCCIenoBaHuil OTAEIBHO COCTABIIsAET-
Csl OTYET K J1JabopaTopHO# padoTe mo ycTtaHoBIeHHOU (opme. B otuere k mabopa-
TOpPHOU paboTe CTYACHT JODKEH MPEICTABUTH JJIS 3aIMUTHI 3allOJTHEHHBIC TaOJH-
1Bl SKCTICPUMEHTAIILHBIX JaHHBIX, PE3YIbTaThl BEIYMCICHUN U OIEHKH MOTPEITHO-
cTeil u3mepenuil u pacuetoB Ocoboe BHUMAaHUE JOKHO YACTATHCS Tpadudeckont
00paboTKe TaHHBIX, a TAK)KE BBIBOJAM IO BBIMTOJHEHHOUW padoTe. CTyIEeHT TODKEH
OCBOWTH COBPEMEHHBIC METOJIBI OIEHKH MOTPENTHOCTEH U3MEPSEMBIX U PACCUUTHI-
BAaEeMbIX BEJIMYUH C MCTIOJH30BAHUEM DJIEMEHTOB TECOPHH BEPOSTHOCTEH U MaTeMa-
TUYECKOU CTATUCTHKH.

Hacrosimmee yuebHOe mocobue MmoAroTOBICHO K M3AAHUIO KOJIJICKTUBOM Ka-
benpsr «Pu3nKay:

C.®. bapanosckuii (.p. 30), J.II. Boporun (m.p. 1, 9), O.C. 3aBbssioBa
(m.p. 11, 14, 21), M.II. Escturuees (BBeaenue, ja.p. 15, 20, 27), B.B. Koctiokos
(mp. 2, 8), A.O. Jlaurymenko (mnp. 14, 22, 27), A.JL JleonroBuu (i1.p. 20),
B.A. Jluctorun (m.p. 3, 5, 17, 18, 23, 29), B.JL Jyuun (m.p. 5, 12, 28),
A.A. MocynoB (n.p. 13), ILE. I'aBpuios (i1.p. 6), H.B. Ilerpenko (i1.p. 7, 11),
O.B. Porosa (i.p. 21, 25), K.A. PeibakoBa (o.p. 16, 18, 19, 24, npunoxenue),
M.A. Pyouncon (i1.p. 4, 10), B.A. CuraeB (i.p. 15, 26), N.B. T'omoBuenko (J1.p.
1B), FO.B. MyxuHna (J1.p. 2B)

Odopmiienne mocoOust U MOATOTOBKA €ro K MeYaTu OCYIIECTBICHBI JOIEH-
toM K.A. Pr16akoBO¥.

PaboTa no coBepiieHCTBOBAHUIO (PU3UYECKOTO MPAKTUKYMa MPOJI0JKASTCS,
U MBI HaJieeMCs TOJIYYUTh OT YMTATENICH COBETHI U MPEJIOKEHHUS 10 YIYUYIICHUIO

TAHHOT'O TOCOOUS.
ABTOPBI



BBEJEHMUWE

OIIMBKU N3MEPEHU ®U3NUYECKHUX BEJIMYUH
W OBPABOTKA PE3YJBbTATOB U3MEPEHUI

1. 3a0auu uzmepenuti. Abconromuas u OMHOCUMENbHASL NOZPEULHOCTU

OcHoBHas 3a7aya (PU3HUECKOTO HKCIIEPUMEHTAa — U3MEpPEHHE (PU3NUECKUX
BeIUMYMH. M3MepeHreM Ha3bIBAE€TCs OMEpalysi, C MOMOIIbIO KOTOPOM yCTaHABIH-
BaeTCs, BO CKOJBKO pa3 M3MepseMas BelIMYMHaA OOJIbIlI€ WA MEHBUIE COOTBET-
CTBEHHOW BEJIMYUHBI, IIPUHITOMN 34 €AUHHUILY.

W3mepenust ObIBAIOT NpsSMbIE U KOCBEHHBIE. B MpsSMBIX M3MEPEHUSX HCKO-
MO€ 3HAYCHHE U3MEPSEMON BEIMUYMHBI OMYYaroT JIMOO NPSIMBIM CPAaBHEHUEM €€ C
Mepoii (IJTMHBI, MacChl, BpEMEHH, TEMIIEPATYPHI U T. I1.), JIMOO C TIOMOIIBIO TPHOO-
POB, TPaAYyUPOBAHHBIX B €IMHNLIAX U3MEPSEMON BEJINYUHBI.

IIpy KOCBEHHBIX M3MEPEHHAX UCKOMas BEIWYMHA, HE U3MepseMas HENo-
CPEICTBEHHO, BBIYMCIISIETCS IO PE3yJIbTaTaM MPSMBIX W3MEPEHHH APYTHUX BEJIN-
YUH, CBA3aHHBIX C MCKOMOM ONPEIEICHHOM MaTEeMaTU4YECKON 3aBUCHUMOCTHIO.
Hampumep, TemIoByr0 MOIIHOCTb, BBIACIAIONIYIOCS B AJIEKTPOILTUTKE, MOXKHO
HalTH, YMHOKHMB CHJIy TOKa B IUIMTKE Ha HalpshkeHUe Ha 3axumax. Cuna ke Toka
Y HalpsDKEHUE U3MEPSIOTCS] HEMOCPEACTBEHHO.

Bcesikoe u3MepeHue naet nuilb NpUuOIMKeHHbIN pe3ynbTaT. [loaTomy HEoO-
XOJIMMO yKa3aTh, HACKOJIBKO MOJIYYEHHBIA pPE3yIbTaT MOXKET ObITh OJIM3KUM K TOY-
HOMY 3HA4Y€HWIO, MHBIMHU CJIOBAMHM, YKa3aTh, KaKOBa TOYHOCTb M3MepeHus. s
3TOr0 BMECTE C MOJYYEHHBIMU DPE3yJbTaTaMH YKa3bIBaIOT MPUOIMKEHHYIO IO-
IpeIHOCTh U3MepeHuil. HanmpuMmep, 3anuce pesyipraTa U3MEPEHUN NEpHoaa Ko-
ne0aHui MasiTHUKA B BUJE

T=012,5+0,2)c
O3HauaeT, YTO UCTUHHOE 3HaYeHHe nepuojaa KoneOaHull JeXUT B mpeaenax ot 2,3
1o 2,7 c.

AobcomoTHOM norpemHocThi0 AN n3mepenust (pru3n4eckoil BETUYMHbI Ha3bl-
BaeTCs MOAYJb Pa3HOCTH UCTUHHOIrO 3HaueHHsi N 3TON BenuuuHbl U 3HaueHus N;,
MOJIY4YEHHOTO B PE3YyJIbTaTE U3BMEPEHUS

AN = [N — Nj|.

Opnako aOCoNIOTHAs MOTPEIIHOCTh HE SIBISETCS JOCTATOYHOM XapaKTepu-
CTUKOM TOYHOCTH u3MepeHud. [loaToMy BBOAUTCS MOHATHE 00 OTHOCUTEIBHOM MO-
rpemrHOCTH. OTHOCUTENIBHOM MOrPEIIHOCThIO € u3MepeHus: BenuunHbl N Ha3biBa-
€TCsl OTHOLIEHHE a0COIIOTHOM MOrPEIIHOCTH K MOTYJIF0O HCTUHHOTO 3HAYEHUS
AN

N’

AOCOIOTHAs] OTPEIIHOCTh UMEET TY K€ pa3MEpPHOCTh, YTO U M3MepseMast Be-
mryrHa. OTHOCHUTENbHAS TOTPELTHOCTh Oe3pa3MepHa, MITH BBIPAYKaeTCs B MIPOLICHTAX.

B npuBeneHHOM BbIlIe MpuMepe abCOMIOTHAS MOTPEIIHOCTh MEpHoa KoJie-
Oanuii MmasTHUKA paBHa 0,2 ¢, a otHOcuTenbHas — 0,08 nmu 8 %.

B peanbHOM 3KCIEpUMEHTE Ha NOTPEMIHOCTh KOHEYHOIO pe3yJIbTaTa BIUSET
MHOKECTBO (PAKTOpOB W HEOOXOJMMO YMEThb OIIEHUTh, KaKOW U3 HHUX JaeT
HanOOJILIINHI BKJIAJl B TOTPEUIHOCTh pe3yibTaTa.

g
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2. Tunol owubok

OmubKM MOKHO pa3/IeuTh Ha J[Ba THIA — CUCTEMATUYECKHUE U CIIy4ailHbIe.
Cucrematrueckie OUIMOKK — 3TO MOTPEIIHOCTH, BEJIMYMHA KOTOPBIX OJMHAKOBA
BO BCEX M3MEPEHUSIX, IPOBOSALIUXCS OJHUM U TEM K€ METOJIOM, OAHUMHU U TEMHU
e U3MEpUTENIbHBIMU npubopamu. CrucreMaTuyeckue OmUOKH OOBIYHO JAI0T OT-
KJIOHEHHsSI B OJIHY CTOPOHY (JINOO B CTOPOHY YBEJIWYCHHS, TMOO B CTOPOHY YMEHbB-
nieHnst). OHU 00YCIIOBJICHBI HECOBEPIIICHCTBOM M3MEPHUTEIILHON aIapaTrypbl WiIn
HEKOTOPBIMH BHEIITHUMH ITOCTOSIHHBIME (pakTopamu (HarpuMmep, BHEIIHEH CPEIb,
HAJIMYUEM TIpUMeced, KOHTAaKTOM C JIPYTUMHU TellaMd U T.1.). CHcTeMaTHYeCKHe
OIMUOKA MOTYT OBITh YMEHBIIICHBI U3MEHEHHEM METOJIa U3MEPEHUI, CpaBHEHUEM
MOJIYYCHHBIX JAHHBIX C JTAJOHHBIMA HM3MEPEHUSMHU, YYETOM CHCTEMAaTHUECKOE
BITUSTHUS BHEIITHUX (DAKTOPOB.

Crnyuaiinbie OIMOKM BCEr/ia MPUCYTCTBYIOT B OKCIIEPUMEHTE U BBI3BIBAIOTCS
OOJIBIIINM YUCIIOM CIy4YalWHBIX MPUYKH, IEUCTBUE KOTOPHIX HA KaXK0€ U3MEpPEHUE
pa3IMYHO M HE MOXET OBITh 3apaHee yuTreHo. Haunbonee HageXHBIM CIOCOOOM
YMEHBIICHUSI 3TUX OUIMOOK SIBJISIETCA YBEIUYCHHE YMCIIa U3MEPEHUM M HaXOXJie-
HUE CPEeIHEro apu(PMEeTHUEeCKOro pe3ybTaTa, KOTOPOE OKa3bIBACTCSl OJIMKE BCETO
K UICTUHHOMY 3HAYEHUIO U3MepsieMOl BelMuuHbl. Ecnu ciydaiinas ommoOka, moiry-
YeHHasi M0 JIAaHHBIM M3MEPEHUM, OKaXKETCS 3HAYUTEIHHO MEHbIIE MOTPEITHOCTH,
OTIPENICTICHHOW TOYHOCTHIO MPUOOPa, TO HET CMBICIIA TBITAThCS YMCHBIIUTH BEJH-
YUHY CIIyYalHOUW IOTPEIIHOCTH.

OTcro/1a BEITEKAIOT CIICTYIOIINE TIPABIIIAa MTPOBEACHUS N3MEPEHU:

1) ecnu cucTemMaruveckasi OMIMOKA SBIISICTCSl ONPEIEISIONIEH, T.€. ee Bet-
YUHA CYIIECTBEHHO OOJIbIIEC BEJIMYMHBI CIIy4allHON OIIMOKU, MPUCYIIEH TaHHOMY
METOJY, TO JOCTATOYHO BBITTOJTHUTH H3MEPEHUE OJIUH Pa3s;

2) eciu ciydaiiHas OMIMOKA SIBJISETCS ONPEACIISIONICH, TO U3MEPEHUE Cle-
JyeT MPOU3BECTU HECKOJIBKO Pas.

Yuciio HeoOX0IUMBIX U3MEpPEHUM 00 HAXOJIUTCS C UCIOJIb30BAaHUEM CTa-
TUCTUYECKUX METOJIOB, JIMOO BBIOMpAETCs TakuM O0Opa3oM, YTOOBI cliydaiiHas
ommuobKa cpeaHero apupmMeTnuecKoro Obljia MEHBIIIE CUCTEMATHIECKON OITHOKHY.

Pa3HoBUAHOCTD clydalHBIX OIMIMOOK — TpyOble OMMOKM WM TMPOMAaxH.
OOBIYHO ATO HEMPABWIBHBIC OTCUYETHI IO TPUOOPY, HETIPABUIIbHAS 3alUCh OTCUETA
u T.11. [Ipr 06paboTke pe3yabTaTOB U3MEPEHU TaKHe U3MEPEHHUS OTCUYETA CIICTYET
0TOpachIBaTh.

Cucrematnueckue OMMOKU OMacHee CIIyYalHbBIX, TOCKOIBKY WX 3HAYHTEIb-
HO Tpy/AHEE OOHAPYKUTh.

3. Hosepumenvubulii unmepsan u 008epumenbHas 6epPosmHOCMb

[lycTh mpoBenieHa cepusi U3BMEPEHU HeKOTOpor (pusmveckoil BenuunHbl N.
PesynbraThl oTAenbHBIX H3MepeHuit o0o3HauuM N;, obiee uncio u3MepeHuit N.
W3 teopun ciemyeT, 4TO €clii CUCTeMaTH4yecKas OIIMOKa OTCYTCTBYET, 3HAUEHUs
Ni, pacronaratorcsi BOJU3M HEU3BECTHOIO HaM MCTMHHOTO 3HaueHusi N m3mepsie-
MO BEJIMYMHBI, IPUYEM OTKJIOHEHHUS B CTOPOHBI OOJIBIIUX W MEHBIIMX 3HAYEHUN
OyAyT paBHOBEPOSATHBI. TOrja B KaUeCTBE HAMIy4lIero NpUOIMKEHUs K HCTUHHO-
MY 3HAUEHUIO CJIeYeT B3ATh Cpe/iHee apu(METHUECKOE OTAEIbHBIX U3MEPEHUN
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n
<N>==>"N;. (1)
Ni-1
[locne BBHINOJHEHUS U3MEPEHUM INPHUHATO YKa3blBaTb MHTEPBAI 3HAYECHUMN
u3MepsemMon BenuuuHbl <N> + <AN>, B npenenax KOTOPOro ¢ OnpeeIeHHON Be-
POSITHOCTBEO MOKET OKa3aThCsl UCTUHHOE 3HAYCHUE U3MEPSEMOM BEIMYMHBI.

n
Bennunna < AN >:12‘ANi‘ €CTh CpeHsisl a0COJIIOTHAs MOTPEIIHOCTh pe-
i=1
3ynbTaTa, a uHTepBan oT <N> — <AN> no <N> + <AN> Ha3bIBaeTCs 1OBEPUTENb-
HbIM HHTEpBAJOM. J[OBEpUTENBHBIM MHTEPBAN HE SIBJICTCS MCUEPIBIBAIOIIEU Xa-
PaKTEPUCTUKON TOYHOCTH pe3ynbTara. i Toro yToObl NpUBEIECHHBINA TOBEPUTEIb-
HBI MHTEPBAJ MMEJI CMBICI, Hy)KHA KOJMYECTBEHHAsA XAPAKTEPUCTHUKA €ro J0CTO-
BepHOCTHU. Takasi XapaKTepUCTUKa — BEPOSATHOCTb TOTO, YTO cpeAHee 3HaueHne <N>
OTJIMYAETCA OT UCTHUHHOrO He Oosiee yeM Ha <AN> — HazbpIBaeTcs JOBEPUTEIbHON
BEPOSTHOCTHIO HMJIM HAJCKHOCTHIO pe3yibrara cepur m3MepeHuid (o). OHa paBHa
J10JI€ PE3YJIbTaTOB OJHOTUIIHBIX CEPUM MU3MEPEHUM, ITONAJAI0IIUX B IIPEAEIIbI JOBE-
PUTEIBHOIO MHTEpBaJA, T. €. OTIMYAIOLUIMXCA OT MCTMHHOTO 3HAuYeHUsI He Oolee,
yeM Ha <AN>. Yewm Oosibliie BeIMUMHA JOBEPUTEIBHOIO HHTEPBAA, TEM C OOJIbIIEH
BEPOSATHOCTHIO UCTUHHAS BennuuHa N momnazier B 3TOT uHTepBal. Bennuuna a 3aBu-
CHUT OT YHCJIa MIPOBEACHHBIX U3MEPEHUI U OT BeIMYUHBI norpemHoctu AN.

4. Oyenka cayuainou nocpeuHocmu npsMosLX UsMepeHul

ITycts N1, N2, N3, ..., Ny — pe3yabTaThl OTAEIbHBIX U3MEPEHUN TaHHON Be-
mnurHbl N; N — yucno u3dmepenuil. IIockoabKy B Ka4eCTBE HAWIy4dlIEro MpuoJIu-
KEHUS K ICTUHHOMY 3HAYEHUIO0 U3MEPAEMON BEJIMYMHBI IPUHUMAETCS €€ CpeIHEe
apu(pMETUYECKOE 3HaYEHUE, TO UMEEM:

<N>:N1+N2+N3+”'+N“:EiNi. 2)
n Niz
AOGCOJIIOTHBIE TTOTPEITHOCTH OTACIIBHBIX U3MEPEHU N
AN; = |<N> — N1|
AN, = |<N> — N2|
AN3 = |<N> — N3 3)
AN, = |<N> — Ny

Cpennsist abCOJIIOTHAS MOTPEIIHOCTh CEPUM U3MEPEHUI paBHA

n
< AN >:AN1+AN2+"'+AN”:—ZANi. ()
n Niz1
Cpe;lem OTHOCHUTCIIbHAA IIOTPCITHOCTD OIPCACIACTCA COOTHOICHHUEM
e ==AN> 1000, (5)
<N >
JloBepuTenbHasi BEPOSITHOCTh MOXKET OBITh OLIEHEHA 110 (hopmyJie
1 n-1
a=1-|= . 6
8 ©

OKOHUATENbHBIA PE3yIbTAT NPUBOAUTCS C YKa3aHUEM aOCOJIOTHOW U OTHO-
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CHUTEJIbHOU HOFpGHIHOCTef/'I, ,Z[OBCpI/ITeJII)HOfI BCPOATHOCTH U 3aIIMCBIBACTCA B BU/IC
Nyer = <N> £ <AN>. (7)

5. Cpeonexeadpamuunas nocpeuHoCcmy U OYeHKA CLYYAUHBIX OUUOOK NPAMbBIX U3-
MepeHull 8epOSMHOCIMHbIM MEMOOOM

CpennexBaapaTiudHas norpemrHocts ASy Bennuunbl N sBIsieTCsl 00IIenpu-
3HAHHOW YHHMBEPCAJIBHOM CEpOM MOrPEIIHOCTH M3MEpPEHU. DTO OOYyCIIOBIEHO €€
3aMeyaTeIbHBIMU CBOMCTBAMH: YMEHBIIECHUE OIIUOKU CPETHEro 3HAUCHUS PE3YIib-
TaTOB MpPH YBEJIMYEHUU YHUCIIA U3MEPEHUN U BO3MOXHOCTH CIIOKEHHS OLIMOOK
00yCIIOBJIIEHHBIX Pa3HbIMU IPUUMHAMU. BRIUNCIINB cpeiHee 3HaUeHNE U3MEPSEMOit
BennurHbl N 1o popmye

n
<N>==>"N;. (8)
i=1
Haiinem OTKIIOHEHHsI pE3yJabTAaTOB HW3MEPEHUN OT CPEAHETO 3HAYCHHS
AN; = <N> — N;. Torga nmoj cpeaHeKBaIpaTUYHOW MOTPEIIHOCThIO OyJIeM MOHHU-
MaTh BBIpaKECHHE

1 & 2
AS) = n—lz(< N>-N ). (9)

—Li=1
Pacuer cpenHMX 3HAYEHUH XapaKTEPU3YETCS CPEIHEKBANPATUYHOM I10-

TPEIIHOCTRIO cpemHero AS<y-. Mexay BemnmuuHamMu AS<y> U ASy cylecTByeT

npsiMas CBSI3b

AS,

<N> \/ﬁ '

[Tocnenusst popmyiia mokas3bIBaeT, Kak TOYHOCTh PE3yJibTaTa CEPUU H3Me-
PEHUI 3aBUCUT OT YUCJIAa U3MEPEHUN B CEPUU U YKA3BIBACT IIyTH IOBBILIEHUS 3TON
TOYHOCTU. Takum 00pa3zoM, OCHOBHON MEpO CIydyalHbIX MOTPEITHOCTEN SBISETCS
CpeIHEKBaapaTUYHasl MOTPEIIHOCTh cepur AS<n>, KOTOPYIO MOXKHO 3amucarh B
BUJIE

AS

(10)

n

D (<N>-N;y
_ 4 |i=L
AS_y. n(—1) : (11)
Eciu uncno usmepennii HeBenmuko (N > 5), BenmuyuHa AS<ns SIBISIETCS BECh-
Ma rpy0oil OLIEHKOI TOYHOCTH M3MepeHui. B 3Tom ciywae myisa obecneyeHus 3a-
JTaHHOW JOBEPUTEIBHON BEPOSITHOCTU (HAJEKHOCTH) o OepyTcs OoJiee MIMPOKUE
JOBEPUTEIIbHBIE MHTEPBAIbI. AOCOJIIOTHASI MOTPELUIHOCTh B ATOM CJy4ae OIpeie-
aseTcs mo popmyrie

<AN> = ta(n)'AS<N>, (12)
rae t,(n) — koapdunment CTplojieHTa, 3HAYCHUST KOTOPOTO MPHUBEJCHBI B MPHUIIO-
KEeHUU A.

[Ipu oOpabGoTke pe3ysibTaTOB MPSIMBIX HW3MEPEHUN BEPOSITHOCTHBIM METO-
JIOM, OIIMCAHHBIM BBIIIE, PEKOMEHYETCS CIEAYIOLINN ITOPSAI0K OIEPaALIAN:

1. Pe3ynbTaThl KaKI0T0 U3MEPEHUS 3aHOCATCS B 3apaHee MOATOTOBICHHYIO
Ta0IuUILy.

2. Boluncnsiercst cpeiHee 3HauyeHue u3 N N3MEepEeHu:
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n
<N >:12Ni. (13)
Ni=1
3. Haxonarcst MOy aOCOJTFOTHBIX MOTPEIIHOCTEN OTAEIbHBIX U3MEPEHUN:
AN; = [<N> — Nj|. (14)
4. HaxoasaTcst KBaapaThl OIPEUTHOCTEN OTAEIbHBIX U3MEPEHUI:
(ANp)? = (<N> - N)* (15)

5. Beluucnsiercst cpefHsas KBagpaTU4Has MOTPEIHOCTh Pe3yJbTaTOB CEpUU
W3MEPEHUM:

n

Y (<N>-N;)
_4|i=t
AS<N> n(n _1) ' (16)
6. 3agaercs 3HaueHHE o (BBIOMPAETCS WM BBIUUCISIETCS CAMUM CTYJIEHTOM,
WIH 10 YKa3aHUIO IPEoiaBaTes).
7. Onpenensiercs no tadumie kodpduiment CteronenTa t,(N) s 3aganHoN
HAJIeKHOCTHU 0. ¥ YUCIIAa TPOBEICHHBIX U3MEPEHUH N.
8. Haxoautcs rpanuiia JOBEPUTEILHOTO HHTEPBAja:
<AN> = t,(n) - AScns>. (17)
9. Ecnu BenmuuMHA TMOTPENIHOCTH pe3ysibTaTa W3MEpeHWi (HaiineHHas B
NMyHKTE 8) OKaXXeTCs CPABHUMOW C BEJMUMHOMN MOTPEITHOCTH MprOopa, TO B Kaue-
CTBE TPaHULIbI JIOBEPUTEIBLHOIO UHTEPBAJIA CIAEAYET B3SITh BEIUUHHY
2 »  K?
<AN >=.[t2(n)-(AS_,.) +?a-52 . (18)

rae Ky = t,(o0), a 6 — BeMyuHa NOTPEIIHOCTH Tprbdopa.
10. OxoHYATENBHBIN pe3yJbTaT 3aMKucaTh B BUJE
N = <N> + <AN>. (19)
U TIPOCTaBUTh PA3MEPHOCTH BeTUIMHBI N.
11. OueHuTh U yKa3zaTb OTHOCUTEIBHYIO MOTPEIIHOCTh Pe3ysibTaTa CEpUU
U3MEpPEHUM:
<AN >
="

-100 %
NS 0, (20)

6. Bviuucnenue nocpeutHocmu npu KOC6EHHbIX USMEPEHUAX

B 0G0abIIMHCTBE 3KCIEPUMEHTOB M3MEpsieMas BEJIMYMHA HEMOCPEICTBEHHO
HE Ompenenarcs. BMecTo 3Toro uaMepsrTcs Ipyrue BeJIWUYuHbL: &, b, C u T.II., a
3aTeM BbIUMCIsAETCA McKoMmasi BenmuuuHa N, koTopas siBiseTcss QyHKIMEH yka3aH-
HBIX MIEPBUYHBIX BEJIMUYHUH

N = N(a, b, c). (21)

|. B ocHOBe BbIYMCIIEHUN NOTPEUTHOCTEN KOCBEHHBIX U3MEPEHUII JIexKaT Ba
IPEANOIOKEHNS

1) AGcoOTHBIC OIMOKH U3MEPEHUI MaJIbl TI0 CPABHEHHUIO C U3MEPSCMBIMH
BenuyruHamMu. [103TOMy WX MOXKHO paccMaTpuBaTh Kak OECKOHEYHO Majble MpH-
palleHust U3MEPSIEMbIX BEJTUYHH.

2) Ecnu pusmnueckas BenmuurHa N sBisseTCsl GyHKIMEH HCKOMBIX TIEPEMEH-
ueix, T¢ N = N(a, b, ), To abconroTHas ommoOka BearunHbl N , 00ycI0BIIEHHAS TTO-
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IPEIIHOCTBI0 U3MEPEHUs] €€ apryMEHTOB, MOXET ObITh HaiiieHa MO MpaBUiiaM
auddepeHnrpoBanys, eciu 3HaK auddepennnana d 3aMeHUTh 3HAKOM OIIHOKH A.

[Tops oK BBINMOJHEHUS BBIYUCICHUN CHEAYOIIHN:

1. BeITIOJTHUB MpsIMbIe U3MEPCHHMSI BEIWYWH &, D, C, ..., HAXOIAT UX CpeIHUe
3HaueHus <a>, <b>, <C>,..., 3aTe€M BBIYHCIISIIOT UX HOTPCIIHOCTH, T.C. 3HAYCHU:
<Aa>, <Ab>, <Ac>,..., ciocoboM, onucanHbeIM B 4. B KauecTBe HaWIIydIIero MpH-
Ommkenus s BenuuuHBI N BBIOMPAOT 3HAYECHUE, COOTBETCTBYIOIIEE CPEIHE-
apu(pMETHIECKUM 3HAYCHHSIM apTyMEHTOB!

<N> = N(<Aa>, <Ab>, <Ac>,...,). (22)

2. Jlns ompenenenus norpemHoctd AN mocTymnaroT cieayomuM o0pa3oM.
N3MeHSI0T OIHY U3 NEPBUYHBIX BEJIMYUH, HAIPUMED, &, HA BEJIMYMHY €€ MOrpeul-
HOCTH W HaXOJST, HACKOJBKO MpH 3TOM u3MeHsieTcss BenuunHa N. B pesynbrare
onpenenstor norpemHocTb AN,, 00yCIOBICHHYIO TOTPEIIHOCTHIO TOJIBKO 3TOM Be-
muunHbl. Eciu norpemHocts <Aa> HeBenuka, To BeauurHa ANy BRIUUCISETCS TI0
bopmyre
_|oN

aa

AN -Aa. (23)

a

. 0
HpI/I BBIYMCJICHUHU ITPOU3BOAHOU 8_ BCC OCTAJIBHBIC IICPBUYHBIC BCIINYHHBI
a

(b, c, ...) B popmyste aist N cunTaroTCsi HOCTOSSHHBIMU — 3TO YaCTHAsI TPOU3BO/IHAS.
3HaueHUE NPOU3BOAHON HAXOMSAT, MOJICTABIISISL BMECTO UCTUHHBIX 3HAUEHUU TEp-
BUYHBIX BEJIMYUH UX CpEIHUE apUPMETHUECKUE 3HAUCHUS.

AHanoruYHBIM 00pa30M HaXOAAT MOTPEIIHOCTH BeauduuHbl N, 00yciIoBiIeH-
HBIE MOTPEIIHOCTSMU APYTUX MEPBUYHBIX BETUYNH, HAIPUMED,

oN
AN -Ab. 24
e (24)

Jlns onipenienieHus: pe3yibTUPYIOIIEH BEIUYMHBI MOTPEIIHOCTH BenuruHbl N
pou3BoAAT cioxeHue norpemHocTed ANy, ANp u 1.1, OHAKO clienyeT UMETh B
BHJIY, UTO MPHU 3TOM IOJTYyYAETCS 3aBBILICHHBIA PE3yJbTaT, T.K. HE YUYHUTHIBAKOTCA
pa3JIMYHbIC 3HAKH OTJEIbHBIX MOTPEUTHOCTEN:

<AN>:@<Aa>+%<Ab>+@<AC>+.... (25)
oa oc
3. HaxomaT OTHOCUTENBHYIO MOTPEIIHOCTD:
<AN > 0
£ = NS 100 % (26)
4. Pe3ynpTat 3ammchIBaIOT B BUJIE:
N = <N>+ <AN> (27)

Y TIPOCTABIIAIOT pa3MEPHOCTh BeTMYUHBI N.

Ipumep 1

ITycte N = A + B, torma dN = dA + dB. Bamensist 3Hak d Ha A, moaydaem:
AN = AA + AB. YT0o0bl MOJYyYUTh MaKCUMaJIbHYIO MOTPEIIHOCTh, OEPEM CyMMY
abcomotabix norpemntHocteit AN = AA + AB. Takum oOpazom, cpeausis abComoT-
Hasl MMOTPEIIHOCTh Pe3yJIbTaTa, SIBJSIONIEroCcsl CyMMOM UM Pa3HOCTBHIO ABYX HM3Me-
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ps€MBIX BEJIMYMH, OJIMHAKOBA M paBHA CyMMe€ aOCOJIFOTHBIX MOTPEIIHOCTEN U3Me-
psaembIx BenuduH <AN> = <AA> + <AB>. CpenHssi OTHOCUTEIbHAS MTOTPEITHOCTh
3aMUIIETCS KakK

_ <AN > <AA>+<AB >

-100 % = -100 % ,
<N > <A+B>

&

IMpumep 2

3amana ¢yakius N = A-B, torga umeem dN = A-dB + B-dA, otkyma <AN> =
= <A>:<AB> + <B><AA>. OTHOCHUTEIbHAS TOTPEIIHOCTD 3AMUIIETCS KaK
:<AN >_100%:<A>-<AB>+<AB>-<AA>'1OO%.

<N> <A-B>

B npunoxennu b ganel Hanbonee yacto BcTpedaromumecs (pyHKIIMOHAIBHBIC
3aBUCUMOCTH ¥ (OPMYJIBI JIJIi BBIYUCIICHHUS] aOCOTIOTHONW W OTHOCHUTEIBLHOM TIO-
TPELIHOCTEM.

JlomomHUTEIbHBIC PEKOMEHIAIIMN: €CIU pacueTHas (Hopmysia MPEeACTaBIsSICT
co00¥l TTpoM3BeeHNE WM YACTHOE M3MEPSEMBIX BEJIUYHH U MOCTOSHHBIX, TO Pe-
KOMCHTyeTCS:

a) mpoJjiorapupMupoBaTh pacuCTHYIO HOPMYIIY;

0) onpeaenuTh NOIHBIN AU QepeHman Jorapudma;

B) 3aMCHUTH 3HaKu auddepernnana d 3HakaMu MOTPEITHOCTH A;

I) ecli OmMOKa OTIACIBHBIX U3MEPEHUN BXOIMT B pe3ysbTaThl AuddepeH-
[IUPOBAHUS HECKOJIBKO pa3, TO HEOOXOMMO CTPYIIHUPOBATH BCE YJICHBI, COJIEpKa-
e OJAMHAKOBBIN nuddepeHinan, U BBIPAKEHHE B CKOOKax, CTOSIIHME Tepen
nuddepeHnanoM, B3sSTh MO0 MOIYIIIO.

g

IIpumep 3

[TycTh 3amana GyHKIUA 1) = —— .
6V
Haxonuwm norapudm stoit pyakuuu Iny =InF—-In6—Inz—Inr—In V.

Orcrona: dry = dF —dﬂ—g—d—v.
n F =~ r V

3amensist d Ha A 1 BeIOMpaeM 3HaK A TakuM 00pa3oM, 4ToObI omMOKa ObLIa
MAaKCHUMAJIbHOM:

An AF Amr  Ar AV
= + +—+—.
n F T r v
I1. BepossTHOCTHBIIM METOJ] OLIEHKHU TOTPEITHOCTH KOCBEHHBIX N3MEPEHUH
B ocHOBe 3TOTO METO/Ia JIEKUT HAXOXKICHUE CPETHEKBAAPATUYHON OIIUOKH.
[Ipy 3TOM cuMTaETCS U3BECTHBIM CIOCOO CIOKEHUSI CPeAHEKBAAPATUYHBIX OIIIM-
ook. Ilycte pusnueckas BenmuunHa N sBisieTcss PyHKIIMENH HECKOJIBKHUX IEPEMEH-
Heix N = N(a, b, ¢). Torma mis HaxoXaeHHUS CpeIHEKBAAPATHUHON OIIMOKH BEJIH-
yrHbl N, 00yCIIOBJICHHON MOTPEIIHOCTSIMH M3MEPsSeMbIX BEJIWYMH &, b, C, ..., 1o-
cratrouHo B popmynax (23) u (24) B kauectBe Aa u AD B34Th cpeHEKBaApATHY-
HYIO MOTPENIHOCTh KaXKI0M U3 3TUX BEJIMYUH, T.€.

N ) AS<a> 1 (28)

oa

AS

<N>a =
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ON
Y

PesynbprHpyromas cpeHeKBaJApaTUIHAS MOTPEITHOCTh AS<ys> BBIYHACISACTCS
o popmyiie

AS_\sp =[5 AS, (29)

oN|* 6N

oa ob

CpeHeKBaIpaTUYHbBIC TIOTPEITHOCTHA TPSAMBIX W3MEPEHHH BEJIWYUH &, b,
C, ... HAXOJATCS MO METOAY, ONHCAaHHOMY paHee. 3HAUEHHUs MPOU3BOJHBIX, KaK U
3HayeHus N, HaXOoIAT, TOJCTAaBIISIl BMECTO MCTHHHBIX 3HAUYCHWUH BEIWYMH a, D,
C, ... X CpeIHHE PKCIICPHMEHTAJIbHBIC 3HAUYCHUA <a>, <b>, <c>, .... Berumcious
CPEIHEKBaJPaTUUHYIO0 MOTPEIIHOCTh BeMMYUHBI N, HAXOJAT JOBEPUTEIbHBIN HH-
TepBaJ JJis IPOU3BEICHHBIX U3MEPEHH 0 hopmyie
<AN> = t,(n) - AS<ns>.
Ecnu okaxeTcs, 4To cpelHeKBaJpaTHUHbIC MOTPEIIHOCTH BEIMYUH @, D,
. TaIOT CpaBHUMBIEC BKJIAJbl, TO TOMPABKH, AaBaeMble Kodpdunnenramu Ctb-
I0JICHTa, HECYIIECTBEHHBI. B 3TOM ciydae, KOTOPBI HanboJiee 4acTo BCTpEeUaeTCs
B (pU3MYECKOM SKCIEPUMEHTE, JIOBEPUTEIbHBIA MHTEPBaAJT OllCHUBAaeTCs 1o ¢op-
MyJe

- AS?

<a>

= \/AS<N> a™t AS 2N> bt AS<b> ' (30)

N[

oa

rae Aa?, Ab? — kBazpaThl aGCOMIOTHBIX MOIPEIIHOCTEN MPAMBIX M3MEPEHUH Hep-
BHUYHBIX BEJIMYMH 4, b, C, ....

OxoHuaTenbHbIA pe3ynbTar 3anuchkiBaloT B Buje: N = <N> £ <AN> mpo-
CTaBJSIOT pa3MepHOcTh BenuuuHbl N. 3aTeM omnpeaensercss OTHOCUTENbHAs IO-
IPEIIHOCTD:

2
< AN >= Aa2+ | N CAb® + ..., (31)

<AN > 100 %.
<N >
Ipumep 4
ITycte N = a-b. Torma @zb, ﬂ:a, <N> = <a>-<b>.
oa ob
2 2
< AN >= N -Aa2+@ Ab? =+/<b>2 .Aa%+<a>% -Ab? .
oa ob
<AN > Ad? Ab2
= 100% = -+ -100%
<N> <a>? <b>?

CymiectByer mpaBwio: eciu BenuunHa N sIBIsSieTCsl MPOU3BEACHUEM He-
CKOJIbKUX (DYHKIIMIA TIepBUYHBIX BenuunH, Hanpumep N = Fi(a)-F2(b), To BHauase
yI0OHEe BBIYMCIUTh OTHOCUTENIBHYIO MOTPEIIHOCTD IO (hopMyJIe:

i _AR |1 oR
<N>""‘_\F1\ F, oa|
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AF, |1 6F,
E = =" Ab y 32
<N>b ‘Fz‘ F2 6b ( )
TOT'Jda OTHOCUTCIIbHAA ITOTI'PCITHOCTD BECIINYHNHDBI N 6y,[[eT paBHa

_ 2 2
EcNs = \/‘9<N>,a + 8<N>,b . (33)

7. Iloepewnocmu uzmepumenbHbvix npubopos

Pesynbrar mo0oro uaMepenus onpeaenserca nokazaiusaMu npubopos. AG-
COJIFOTHO TOYHBIX NMPUOOPOB HE CYIIECTBYET, IO3TOMY MX MOKa3aHUS OTIMYAIOTCS
OT TOYHOT'O 3HAYEHUS U3MEPSEMON BEIMYMHBI, T.€. KaXAbl IpUOOpP UMEET OmIpe-
JICJIEHHYI0 MOTPEIIHOCTh. MHOrOKpaTHOE MOBTOPEHUE MU3MEPEHUN ISl UCKIIIoYe-
HUS CIIydallHbIX OIIMOOK MMEET CMBICI TOJBKO B TOM CIIy4yae, €Cld CllydyaiHble
OLIMOKHU OTAEIbHBIX W3MEPEHUI MPEBBILIAIOT MPUOOPHYIO MOrPEIHOCTh. B mpo-
TUBHOM CJIy4a€ JIOCTaTOYHO OTPaHUUYUTBHCS IBYMS-TpEMS H3MEpPEHUSIMU U 32
OLIMOKY U3MEPEHUN MPUHATH NPUOOPHYIO MOrPeIHOCTh. OOBIMHO pa3INYaroT MO-
IPEIIHOCTh NOKa3aHU Mpubopa 1 MOTpelIHOCTh OTcyeTa no mkaine. [lorpemHocts
MOKa3aHWi, T.€. HECOOTBETCTBHE IMOKa3aHUsI NpHOOpa MCTUHHOMY 3HAYEHUIO W3-
MepsieMON BEJIMYMHBI, MOKHO OMNPEIEIUTh MPU CPAaBHEHUU MOKA3aHUW JTAHHOTO
npudopa u 6oJiee TOYHOTO ITATOHHOTO Mprudopa. B macnopTHBIX JaHHBIX Npubopa
OOBIYHO TPHUBOAAT MAKCUMAJIbHOE 3HAYEHHE IOrPEIIHOCTH MNpudopa, KOTOpoe
Ha3bIBACTCS MPEIEIbHON MPUOOPHOM MOrpemHOCThI0. MokeT ObITh yKa3aHa abco-
JIOTHasi UM OTHOCUTENbHAsI MOTpeIIHOCTh. VcrpaBHbI mpubOp HE JOJKEH Ja-
BaTh IOTPEUIHOCTbh, IPEBBIIIAIOIIYIO MPEACIBbHYI0. DTO 03HAYaeT, YTO JOBEPU-
TeJbHAsI BEPOSITHOCTh, COOTBETCTBYIOIIASI MPEAEIbHOW MOTPEIIHOCTH, OJu3Ka K
CAVHMUIIE.

Bmecro abcomoTHOM npeenbHON norpemHocT AX,, MOXKET ObITh yKa3aH
KJIaCC TOYHOCTH IpuOopa 7y, ONpEAe SOl BEIpaXKEHHOE B MPOLIEHTaX OTHOIIE-
HUE MPEAENIbHON MOrpemHocTd AX,, K HEKOTOPOMY HOPMHUPYIOIEMY 3HA4Y€HUIO
XN U3MepsieMOl BEJIUYMHBL:

AXT&
y = -100 % (34)
X N

3HadeHne Xy IS Pa3IMYHBIX MPUOOPOB MPUHUMACT pa3Hoe 3HaueHue. J[is
OOJBIIMHCTBA CTPEJIOYHBIX MPUOOPOB C PABHOMEPHOM MJIM CTEMEHHOM mIKkamoi Xy
IPUHUMACTCS PAaBHBIM:

1) KOHEYHOMY 3HAUYCHHIO PabOYel YacTH MIKajbl (IManma3oHy WU3MEpEHUit
npubopa), €ciu HyJieBas OTMETKA HAXOUTCS Ha KParo WM BHE IIKAJIbI;

2) apuMeTHYEeCKONH CyMMe KOHEYHBIX 3HAYCHHUH padouel 4YacTH IIKajIbl
(6e3 yuera ux 3HaKa).

AOcoroTHas mpeieibHasi OTPENTHOCTh TAKUX MPUOOPOB OJMHAKOBA B JIIO-
OOM MecCTe IIKaJIbl, @ OTHOCUTENIbHAS TEM MEHBIIIE, YeM OOJIbIIe 3HAUYCHUE U3MEPSI-
e€MOW BeMYUHBIL. J[JI1 YMEHBIIICHUS] OTHOCUTEIILHOHN IMOTPEITHOCTH CIASAYET BHIOU-
paTh AMAna3oH W3MepeHui mpubopa Tak, 4ToObI CTpeiKa OTKIOHSJIACh HE MEHee
4eM Ha TIOJIOBHUHY pabodero ydacTka.

JIist cpencTB U3MEPEHMH, MpeHA3HAUYCHHBIX I U3MEPEHUS BEIIMYWH, IS
KOTOPBIX YCTAHOBJICHO HOMHHAJILHOE 3HaUYeHHE, XN PaBHO 3TOMY HOMHHAIBHOMY
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3HadyeHuto. [Ipumepamu Takux mpuOOPOB SIBJISIIOTCS. Mara3vHbl CONPOTUBIICHUM,
€MKOCTEeN W MHAYKTUBHOCTEH, JJISI KOTOPHIX XN paBHO HAOpaHHOMY Ha Mara3uHe
3HAYEHUIO COOTBETCTBYIOLIEH BEJIMYHUHBI.

Kiacc TouHOoCTH MOKET OBITH yKa3aH Ha IIKaje Mpuoopa, HO 3TO HE BCEr/a
BO3MOXHO. HacTo UCIOIB3YyIOT MHOTOIPEETbHBIE TPUOOPHI, B KOTOPBIX OJ{HA U Ta
Ke TIIKaa MPU Pa3IudHbIX peXUMax paboThl WK CIIOCO0aX BKIIIOYCHHS MPUOOpa
COOTBETCTBYET Pa3IMYHBIM IpeesiaM U3MEPEHUN WUIIM JIa’Ke Pa3IMYHbIM U3MEpsi-
€MbIM BeJIMuMHaM. B Takux ciaydasx B MACHOPTHBIX JIAHHBIX YKa3bIBAIOT MOTPEIIl-
HOCTH JJIsI K&KJIOTO M3 JIOMYCKaeMbIX BApUAHTOB UCIOJIb30BaHUs MpHrbopa.

Knaccel TouHocTn npucBauBatorcst u3 psaga: 1-n; 1,5:n; 2-n; 2,5-n; 4-n; 5-n,
rnen=1;0; -1, -2 uT.1.

Ecnu xiacc TOYHOCTH HEM3BECTEH, TO MCHOJB3YIOT MPABUIIO: TpeaeiibHas
MOTPEIIHOCTh MIPUOOpa MPUHUMAETCS PAaBHOM 1LIEHE JieJIeHUs IIKayibl nmpubopa. Ec-
JIX OIICHUBAIOT JIOJIO JIEJICHUS IIKAJIBI, TO €€ BRIOMPAIOT TaK, YTOOBI COOTBETCTBY-
I0IIIee ATOM J0JIe 3HAYEHHE M3MEPSIEMON BEJIIMUYMHBI OBIJIO MEHBIIE MpeIeIbHON
MOTPEIIHOCTH MPUOOopa.

8. Hexomopvle Oononrnumenvuvle npasuia npu oopabomke pe3yibmamos
HaO00eHUl

1. Uncno 3Ha4Yalninux I_II/I(bD IIPY BBIYMCICHUM IIOTPEITHOCTEN

“3HavamuMu 1M pamMu YMCiIa Ha3bIBAlOT BCE €ro HU(pBI, KpoMe HyJEH,
CTOSIIIUX JIEBEE MEPBOIl, OTIUYHON OT HYJISA, UU(PBI, U HYJEH, CTOSIIMX B KOHIIE
YlClla, €CJIM OHU CTOSIT B3aMEH HEM3BECTHBIX WM OTOpoIIeHHbIX Hudp” (Onpene-
nenue b.M. bpanuca).

MosxHo cdopmynupoBaTh MHaue: ‘“3HavyalUMHU IU(PpaMyd Ha3bIBAIOT BCE
1udpel, KpOME JIEBBIX HYJICH .

3aMeTuM, YTO HYJb, CTOSIIMMA B KOHIIE JECSITUUHON Apodu, - Bceraa 3Hava-
mas 1udpa (MHave Obl TOT HyJb MPOCTO HE MUCATIN).

PaccMmoTpum nienoe mpubIMKEHHOE YUCIIO ¢ HYJISIMU CpaBa. DTH HYJIU MO-
ryT ObITh 3HAYalIMMHU WM He3Hayamumu. He3Hauamiue Hyiau B KOHIIE LIEJIOrO
MPUOJIMKEHHOTO YUCIIa MOKHO OTMEYaTh KaKUM-JIMOO 3HaKOM, HallpUMeEp, YepTon
WM JpyruMu 00o3HaueHussMu. Jlyuiie BooOllle He 3amuchiBaTh HE3HAYalIUX HY-
nei. JIjist aToro CyiecTByeT JiBa crocooda:

1. Ilepexon Kk KpaTHBIM €AMHULIAM.

2. 3anuch pe3ynbTaTa BBIYMCICHUN WM U3MEPEHUN B HOPMAJIU30BAHHOU
dhopme (TTpu ATOM HE3HAYAIUE HYJIU HE TTUITYTCS).

Ecnu abGcomnmoTHas MOrpenHocTh NpUOIMKEHHOTO YKcia He TPEBbIIIAET M0-
JIOBUHBI €IUHMIIBI MOCIEAHEr0 pa3psanaa, TO Bce HUGPHI MPUOIMKEHHOTO YHUCIa
Ha3bIBAIOT BEepHbIMU. Eciu B npubOIMKEHHOM YHUCIe BCe 3Havalue nudpel, Kpome
MOCJICAHEH, SABIIAIOTCS BEPHBIMH, HO a0COJIIOTHAS MOTPEIIHOCTh YKCia MPEBbIIIaeT
MOJIOBUHY €IMHHUIIBI MOCJIETHETO paspsaa, TO Hudpa 3TOro paspsiia HazbIBacTCs
COMHUTEIIBHOU.

[IpaBuno 3anucu npubamxenHoro yucna (mpunuun A.H. Kpsuiosa): “ITu-
caTh YUCJIO HEOOXOJIMMO TaK, YTOOBI B HEM BCE 3Hayalue nudpel, KpoMe mociea-
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Hell, ObUIM BEPHBI U JIMILb NOCHEIHsA udpa Obla Obl COMHUTEIBHONW U IIPU 3TOM
He 0oJiee Kak Ha OJIHY €IUHHUILY .

[To mpunnuny bpanuca - KppuioBa COMHUTENBHYIO HIU(PPY COXPAHSIOT U B
TOM CJy4ae, KOrJa MOTPEIIHOCTh YHUCIa NPEBOCXOAUT EAUHHUIY ITOCIEIHETO
paspsia, HO MPU 3TOM Majble 3HAYEHUs MOTPEIIHOCTH OOJiee BEPOSTHBI, YEM
OospIue.

Bce tmudpsl npuOAMmKeHHOro Yucia, CIeaylolue 3a BEpHbIMUA U OJJHOM CO-
MHUTENbHOM 1IU(pOii, HA3bIBAIOT HEBEPHBIMHU.

ITo npunnuny Kpsinoa - bpaauca HeBepHbIe UPPHI HE MULTYTCS.

Yucno 3Havanmx nugp adCONIOTHON MOrPEUIHOCTH ONPEAEIISETCS BEIUYU-
HOW OTHOCUTENBHOM HOTPELIHOCTU CpeIHEN KBaJpaTUYHOW OMIMOKH, COM3MEpPH-
MOM ¢ aOCOIIOTHON OTPENIHOCTHIO, 110 CIEAYIOLEN GpopmyIe:

1 100 %

E = = ,
J2(N-1)  J2(N-1)
ric &€ — OTHOCHUTCIIbHAs] IIOI'PCIIHOCTL OIIPCACICHUA CpGI[HefI KBaﬂpaTH‘{HOﬁ

OLIMOKH, MPUMEPHO PaBHOM BeNIMUMHE a0COMIOTHOM morpemHoctd; N — uucio
WU3MEPEHHUM.

(35)

Hanpumep: npu N =25, &€= }/ =15%, T.c. OTHOCUTENIBHAS MOIPEIIHOCTE

OTpeIeNICHUs] KBaAPATUUHON OITMOKH (a0COTIOTHON MOTPEITHOCTH ) BRIUUCIISIETCS C
TOYHOCTBIO MpuUMEpHO paBHOU 15 %. Takum 00pa3om, eciau B aOCOMIOTHOM TO-
IPEITHOCTH TepBas 3Havamas nudpa paBHa Wik O0JbIIe 7, TO B OKOHYATEILHOM
pe3yibTaTe clielyeT 3alrChiBaTh OJHY 3HauaIlyio Iudpy, a eciu MeHble 7 — TO
JIBE 3HaUaIue UQphI.

Tak, ecnu 44 = 0,7512, To B OKOHYATENBHON (opMe MPUBOJIUM OJHY 3HA-
yaryio uudpy, 1.e. 44 = 0,8 (C ydeTOM OKpYTIEHHUS MOTPEUTHOCTH C U30BITKOM).

Ecnu s otoro ciydas (€= % =15%), 44 = 0,3671, T0 B OKOHUATEILHOM BUJIE

IPUBOAMM YyXe ABe 3Haudamue uudpsl, 1.e. 44 = 0,37 (Takke C y4eTOM OKpyTJie-
HUSI C U30BITKOM).
ITpu N = 9 morpemHocTh onpeaeneHrs a0CONIOTHON OIMOKHY, BBIYUCIIsIEMast

o ¢opmyie (35) &= % = 25% . CnenoBaTesnbHO, B OKOHYATENBHOM (popMe HEOO-

XOJMMO TIPUBECTH OJIHY 3Havalryro nudpy, eciu neppas 3Hadamas nuudpa adbco-
JIOTHOM MOTPENTHOCTH paBHA WK OoJblie 4 U 1Be 3Havalme nudpbl, €ClIU nepnas
3Havamas 1udpa MeHsIe 4.

[Tpaktruecku npu uucne usmepeHud N < 15 morpemHocTs OKpYTJSIOT /10
OJIHOM 3Hayvamel udpsl, €Cu OHa OOJIbIIIE WM paBHA JBYM W COXPAHSIOT JIBE
3Hauaime mudpel B OCTATBHBIX ciaydasx. Kak BUIHO, TaKue PEKOMEHIAllU HE CO-
BCEM TOYHBI U HOCST PEKOMEHATEIbHBINA XapakTep. B 10060M citydae BHIHO, UTO
a0COIOTHAS TIOTPEIIHOCTh 3aMHUCHIBACTCSI C TOYHOCTBIO JI0 OJTHOM WJIM JBYX 3HA-

qanmx muop.

2. 3anuch MOTPENTHOCTEN U PE3IVIHTATOB U3MEPEHUN

IIpn OKOHYATENBHOW 3alMCU PE3YJIBTATOB U MOIPEIIHOCTEN U3MEPEHUN MBI
PEKOMEHYEM CIIEAYIOIINE IPaBUIla;
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1. AGCOIOTHYIO U OTHOCUTENBHYIO MOTPEITHOCTh HEOOXOIMMO 3alUChIBATh C
TOYHOCTBIO JI0 IBYX 3HaYalIuX nudp.

2. Yucno 3Havammx nudp mpu 3amucu cpeaHeapuPpMeTHIecKkoro pe3yabrara
MU3MEPEHUI ompenesnseTcs pa3psaaoM yuciaa a0COMOTHON MOrPEIIHOCTH €ro U3Me-
peHusl, T.€. NP 3aMUCH CPEIHEr0 3HAUCHUS U3MEpAEMON BeInunHbl <A> Heo0Xxo-
JUMO yKa3aTh BCE IMUGPHI BIUIOTH A0 MOCICIHET0 JECATUIHOTO pas3psjia, UCIIOb-
3yE€MOT0 IS 3aIIMCH ITOTPEIIHOCTH.

3. Ecnu aOconroTHas MOrpelHOCTh COCTABIISIET €AUMHUIBI MOCIEAHEN 3Hada-
et nudpel OKOHYATEIBHOTO pe3yJbTaTa, TO MOCIeAHsS Uudpa B 3TOM pe3yibTa-
T€ SIBJISIETCSI COMHUTEIBHOM, HO U €€ HaJ0 3aluChiBaTh. ECIM ke MOrpemHocTh Co-
CTaBJISIET JIBE 3HAYAIIUE [UGPHI, TO B 3TOM 3HAUEHUH MOCIEAHIO UpPY clieayeT
OKPYTJIUTb.

Crnenyert, 0OIHAKO, UMETH B BUAY, YTO NpaBuiIo Ne 3 4acToO HE BBITOJIHSIOT.

Hwuxe, npuBegeHbl MPUMEPHI OKOHYATEIBHOW 3alMCU PE3YJIbTATOB H3MeE-
pEHU.

Taonuma 1

HenpaBuibHas 3anuce [IpaBusibHas 3aMUCh
13,83721 + 0,013 13,84 £ 0,013
353,12 + 38 350 + 38

2742,32 + 14,65 2740 £ 15

Yro6s!l n30exaTh HEONMPEAEICHHOCTH C HYJISIMH B KOHIIE YHCIa, PEKOMEHTY-
€TCsl OKOHYATETIbHBINA PEe3yIbTaT 3aMIChIBaTh B HOPMAIM30BAHHOH (opMme.

Hampumep, 12856 = 1,2856 - 10, 0,00865 = 8,65 - 10°=.

[TosToMy, B TpeTbeM cTOJIOIIE, BO BTOPOM U TpEThel CTpokax, Oojiee KOop-
PEKTHO PE3yIbTaT MPEICTABUTh B HOpMalbHOU (popme 3amucu (3,5 + 0,38):10% u
(2,74 £ 0,015)-103 (ne3Hauamye HyIM HE MUIIYT).

[Tpu BeIYUCIIEHNH PE3yIHTATOB IO UMEIOIIUMCS U3MEPEHHUSM BO3HUKAET BO-
POC, CKOJBKO 3HAKOB HYKHO COXPaHSATh BO BCEX MPOMEXKYTOUHBIX pacueTax.
[TpakTHKa MOKa3bIBAET, UTO BO BCEX MPOMEXKYTOUHBIX pacderax Mpu HEOOJBbIIOM
yyciie HAOMIOACHUNA Ha KaKJOW CTaJWW BBIYUCICHUS YUCIO 3Havalux wudp
JOJKHO OBITH OOJIBIIIE HAa OJHY WJIM HA JIBE, YEM UX KOJUYECTBO B OKOHYATEIHHOM
oTrBeTe. B 3TOM ciyyae ecTh yBEpEHHOCTh, YTO CAMUMU BBIYHCICHUSIMU HE BHO-
CUTCSl 3aMeTHbIX OImMOOK. Ecau e mocie BblYMCIeHUS OUIMOOK OKaXKeTCs, 4To
CpelHee 3HaueHUe U3MepsieMON BEJIMYMHBI UMEET HEJOCTaTOUYHOE YMCIIO 3HAKOB,
TO BCE BBIYHMCIICHUS CPEIHETO U €ro OIIMOKHU CJIEyeT HOBTOPHUTD.
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JABOPATOPHAA PABOTA 1

N3YYEHUE PACHPEAEJEHUA TAYCCA U CTATUCTHYECKHUX
METOJ0OB OBPABOTKU OKCIIEPUMEHTAJIBHBIX TAHHBIX

1 EJIb PABOTbI

1. I3yueHre OCHOBHBIX CBOMCTB HOPMAJIBHOT'O 3aKOHA pactpeaeneHus ['aycca.
2. 3yueHne CTaTUCTHYECKUX METOJIOB 00pabOTKHU IKCIIEPUMEHTAIbHBIX HC-
CJICIOBAHUM CIIyYalHbBIX BEJIUYMH.

2 BUBJIMOTPA®UUYECKHNIN CITMCOK

1 CagenneB U.B. Kypc ¢duszuku. B 3 1. T.1: Mexanuka. MonekymnspHas ¢u-
3uka / 1.B. CaBennes. - Jlanb, 2008. - 352 c.

2 JlabGopatopHblii IpakTHKYM 10 ¢usnke: yued. mocodue st By3oB / A.C.
Axwmaros, B.U1. Angpeesckuii, A.M. Axmarosa.- M.: Beicu. mik., 1980. - 360 c.

3 PyKoBOJICTBO K JJaOOpaTOPHBIM paboTaM MO MEAUIIMHCKON U OHOJornye-
ckoi (uzuke: yueOHoe mocodue misg MmenBy3oB / M.A. Occaynosa [u ap.] / Tlox
pen. A.H. Peme3oBa.- M.: Beicur. mik., 1987. - 271c.

4 JlabopaTOpHBII NPaKTUKYM MO (u3HKe: y4ued. mocodue g CTYIEHTOB
BTYy30B / b.®. Anekcees [u ap.[; [Tox pen. K.A. bapcykosa u F0.1. Yxanoa.- M.:
Bricmr. mk., 1988. - 351 c.

5 Teopust umxkeHnepHoro skcriepuMenta: [nep. ¢ anri.] / X. lenk - M.:
Mup, 1972. - 384 c.

6 Ilpaktuueckas ¢usuka: [nep. ¢ anri.] / Ix. Cksaiipc - M.: Mup, 1971.-
248 c.

3 TEOPETUYECKOE BBE/IEHUE

OTHOCUTENIBHO CBOMCTB W MPUMEHUMOCTH HOpPMalbHOTO (TrayccoBa) pac-
npenesieHuss MpU MPOBEACHUU SKCIEPUMEHTAIbHBIX HMCCIEIOBAHUNA U B TEOPUU
OImMOOK HAMKMCAaHO OOJIBIIOE KOIMYECTBO padboT. OnHako Haubosee TOYHO, Ha Halll
B3rJ1s11, Beipazwicsa k. CkBaiipc B cBoeil MoHorpaduu [6]: «DKcepuMeHTaTOpbI
BEPAT B NPUMEHUMOCTb rayccoBa paclpeAesieHHsl ISl OLIEHKU MOTPEIIHOCTEN 13-
MEpEeHUH, Mojarasch Ha JOKa3aTeJlbCTBA MAaTEMAaTHKOB, 4 MaTeMAaTUKU — ToJilara-
ACh Ha SKCIEpUMEHTallbHOe 00OCHOBaHHE». He ocraHaBiIMBasCh Ha TeopeTUye-
CKOM OOOCHOBAaHMM MPHUMEHUMOCTH HOPMAJIBHOTO PacHpeesieHus], pacCMOTPUM
HEKOTOpbIE€ CBOMCTBA M BO3MOXKHOCTH 3TOTO pacHpeesieHus i 00paboTKU JaH-
HBIX SKCIIEPUMEHTAIIbHBIX UCCIEA0BaHUM.

byaem cuutaTh, 4TO MpU MPOBEACHUM IKCIIEPUMEHTAIBHBIX HUCCIEAOBAHUIMI
Ha pe3yJbTaT U3MEPEHUs BEIUUMH 000N (PU3nuecKoi MPUpOabl OKa3bIBAIOT BIIU-
SHUE B PABHOM CTENEHU OOJIBIIOE KOJIUYECTBO HE3aBUCUMBIX U HEM3BECTHBIX (ak-
TopoB. [losTOMY mMpu NMpoBeAEHUHM MPAMBIX U3MEPEHUN HEKOTOpOW (pu3myeckon
BEJIMYMHBI MOTYYAIOTCS PA3IMYHbIE KOJIHMUYECTBEHHBIC 3HAUEHMSI, KOTOPHIE MOKHO
CUMTATh CIy4ailHbIMU. Bynem Takxe cuuTaTh, YTO Harbosee JOCTOBEPHBIM 3Haye-
HUEM M3MEpSEMON BEJIMYMHBI NPHU OOJLLIIOM YHUCIIE U3MEPEHUM SIBISETCS €ro
CpellHee 3HaueHue. DTO ke 3HAUEHHUE SIBIsIeTCs U HaumOoliee BeposTHbIM. Kpome
TOTO TOJIOKHUM:
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1 OkoHuarenpHas omMOKa JOO0Or0 M3MEpeHus: MpeACTaBiseT coloil pe-
3ylbTaT OOJIBIIOrO YMCIIA OYEHb MaJIbIX OIIMOOK, pacHpeleieHHbIX MPOU3BOJIb-
HBIM 00pa3oMm.

2 IlonoxuTeabHble U OTPULATENBHBIE OTKIIOHEHUS PE3YJIbTaTOB OTIAEIBHBIX
MU3MEPEHHUI OTHOCUTEIEHO UCTUHHOTO 3HAYEHUSI PABHOBEPOSATHBI.

3 Bospmue 1o aOCONIOTHOW BEJIMYMHE OTKJIOHEHHS pe3yibTaTa OTHOCH-
TEJIbHO UCTUHHOTO BCTPEUYAIOTCS PEKE, T.€. BEPOATHOCTD MOSIBICHUS OTPEUTHOCTH
MU3MEPEHHUI YMEHBIIAETCS C POCTOM BEJIMYHHBI IOTPEMIHOCTH.

Ha ocHOBaHUU cENaHHBIX MPEAINOJIOKEHUNH U JOMYIIEHUH MOXKHO MOJYy-
YUTh BBIPAKEHUE JIJIS1 ONPENETICHUS BEPOSTHOCTHU TOSABIICHUS BO3MOYKHOTO 3Haye-
HUS CIIy4ailHOM BEIWYMHBI U, TAKUM 00pa3oM, BEJIMYUHBI COOTBETCTBYIOLIEH IO-
IPEUIHOCTH HU3MepeHuil. Takas cilydaliHas BEJIMYMHA MOJYUHSETCS TaK Ha3blBae-
MOMY HOpMaJIbHOMY paclpe/esIeHnI0, KOTopas onuckiBaeTcs pyHkuuei ['aycca:

1 (X—< X >Y
——exp| — , 1
o217 P 202 )

rie f(X) — mIoTHOCTE pactpenecHus pe3yIbTaToB HAOMIOACHHH (T.€. BEpOSTHOCTh
MOJIy4eHHs pe3yibTata X, MPUXOAAIIErocss Ha eqMHUYHbIA nHTepBai AX; X — pe-
3yJbTaT HAOMIO/IEHUH HEKOTOPOH (PM3MUYECKON BETUUHMHBI, <X> — cpejHee 3Have-
HUE U3MEPAEMON BETMYMHBI, HAOIIOAIOIEECs] C HAUOOJBIIEH BEPOATHOCTHIO:
N
2 X
<X >=E__ (2)
N
G - CpPEIHEKBAIPATUYECKOE OTKIOHEHHE, T.€. MapaMeTp, XapaKTepU3yIOIINil cTe-
MIEHb PACCESTHUA PE3YJIbTaTOB OTHOCUTEIIBHO CPEHEr0 3HAUCHUS <X>.
[TpubnmkeHHO CpenHeKBaIpaTHYHOE OTKIOHEHHE G JJIi KOHEYHOTO 4Yhcia
MIPOU3BEACHHBIX H3MEPECHHUHN MOXKET OBITh OIIPEACIICHO 10 (hopMmyie

i(X—<X>)2
o=1|2 N1 : (3)

[Ipy 5TOM OTKIIOHEHHE CIy4YallHOW BEJIMYMHBI OT €€ CPETHETO 3HAYEHUS Xa-
pakrepusyercs aucnepcueit D, kotopas ompenensieTcst Kak KBaJapaT CpeaHEKBaI-
pPaTUYECKOro OTKJIOHEHUS G, T.€.

f(X)=

i(x-< X >Y
D=cg?=14 : (4)
N-1

I'padux HOpMANILHOTO 3aKOHA pacIpeesieHUs, MOCTPOEHHBI B COOTBET-
CTBUU ¢ cooTHoIIeHueM (1), uzoOpaxen Ha puc. 1.

N3 Beipaxkenus (1) u pucynka 1 BUHO, 4TO rpadUKy 3aBUCUMOCTH IJIOTHO-
CTH pacmlpelejeHUus] CHMMETPUYHBI OTHOCUTEIBHO CPEJHEro 3HaueHuss X U Mpu
X—=%00 KpUBBIE aCUMOTOTUYECKH MpUOIKaroTes K ocu abcuuce X. dopma Kpu-
BOM 3aBHCHUT OT BEJIMYMHBI CPEIHEKBAJAPATHYECKOro OTKIOHEHHS G. C pocToM
CPEIHEKBaPaTUUYECKOTO OTKJIOHEHUS! G YIIUPEHUE KPUBOM IJIOTHOCTHU pacipesie-
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JeHus Bo3pacrtaer (puc. 1, o2 > o1). MakcumManbHOe 3HaueHrWe (PYHKIMS pacipe-
JIEJIEHUS] BEPOATHOCTU NPUHUMAET NpU X=<X> 1 UMEET CIEAYIOIIee 3HAUCHHE:

1
fmax—f(<X>)—G\/Z. (5)
JE) —a— padmk 1
B Fax — — Ipauk 2
30 fooccceeee
25
20 0,6 oz

_5[[ 2 4 b6 & 10 12 14 16 X

Puc. 1. I'paduk dhynkuu pacnpenenenus ['aycca

Heo0xoauMo OTMETHTbh, YTO BEJIMYMHA CPEIHEKBAIPATUYHOTO OTKIOHEHUS
G OIIpeleNsaeTcs KaK YIIUPEHUE KPUBOM INIOTHOCTU PACIPEACIICHUS MEXAY TOY-
kamu neperuda. [IpubimkeHHO 26 MOXHO OLIEHUTh KaK YIIMPEHUE KPHUBOW pac-
npejeieHus Ha opauHate, paBHoi 0,6fmax (puc. 1).

4 OIMCAHME YCTAHOBOK U METOAMKA
IMPOBEJEHUSA DOKCIIEPUMEHTA

BrinonHenune nabopaTopHOi padOThl BO3MOKHO Ha HECKOJIBKMX YCTa-
HOBKaX.

4.1 YcraHoBKa 1Ji1 U3MEPEHUS YaCTOThI

OKclepuMEeHTaNIbHAsL YCTaHOBKA JUIsl U3MEPEHUS YacTOThI (PUC. 2) COCTOUT
u3 reHepartopa Hu3kon 4actoThl (I'3-34) 1 371€KTPOHHO-CYETHOTO YaCTOTOMETPA.

I3-34 [YACTOTOMETP Y3-63 |

Puc. 2. YcranoBka AJIsL UBMCPCHUS YaCTOThI

B nannoit pabore ciry4aitHOW BETWYMHOM SIBIIAETCS YaCTOTA MEPEMEHHOTO
AIEKTPUUYECKOr0 TOKa, CO3/1aBa€MOro reHeparopom Hu3koi yactotsl (1'3-34). Ya-
CTOTa MO 3aJIaHUI0 TPENoAaBaTelil yCTAaHABIMBAETCS HA T€HEPATOpPE BpaIllCHHEM
PYKOSITKA YaCTOTHOTO JIUMOA, a TOYHOE 3HAYCHHUE ITOW YACTOTHI OMPEAEIACTCS C
MTOMOIIIBIO DJIEKTPOHHO-cUeTHOro yactoroMerpa (U3-63, U3-54 unu modoro npy-
roro ¢ uu(ppoBoi HHANKALKEN).



22

[Topsnok paboOThl M BKIIIOUEHUE YKa3aHHBIX MPUOOPOB OMMCAH B JIOMOJIHU-
TEIbHON MHCTPYKIMH, COCTABJIEHHOW B COOTBETCTBHM C TEXHUYECKHM ONMCAHUEM
HCITOJTH3YEMBIX TTPHOOPOB.

4.2 YcTaHOBKa 11 U3MEPEHUS HAIIPSKEHUS

DKcnepruMeHTalIbHAsl YCTAaHOBKA JJI1 M3MEPEHUs HampsbkeHus (puc. 3) co-
CTOMUT W3 UCTOYHHMKA MOCTOSHHOTO WJIM MEPEMEHHOT0 HANPSIKEHUS C IUIaBHOM pe-
TYJIUPOBKON BBIXOJHOTO HAMPSHKEHUS U IUPPOBOTO BOJIBTMETPA JAJS U3MEPEHUs
TOYHOT'O 3HAUYECHHSI HAPSYKEHHUSI HCTOYHUKA.

\V/ | LIM®POBOI1 BOJHTMETP |

Puc. 3. YcranoBka [ist u3sMepeHus: HanpsoKeHUst

B nanHoii paboTe ciay4yailHOM BETMYMHOW SIBISIETCA HANPSIKEHHUE MOCTOSH-
HOTO WM NEPEMEHHOr0 JJIEKTPHUYECKOTO TOKA, CO34aBa€MOI0 HCTOYHUKOM
HarpspkeHus. HanpspkeHue 1o 3alaHdio IpernojaBaTess yCTAHABIMBAETCS HA HC-
TOYHUKE BpAIllEHUEM PYKOSITKH JTUMOA PEryIupyeMoro MoTeHIIUOMETPa, a TOUHOE
3HaYEHHUE 3TOT0 HaNpsHKEHUS OINpPEAENseTcs] C MOMOIIBIO IM(PPOBOro BOJBTMETPA
J1000r0 THNA C TPEOYEeMBbIMU JUAa30HaMU U3MEPEHUIA.

[Topsnok paboThl U BKIIIOUEHUE yKa3aHHBIX MPUOOPOB OMKCAH B JIONOJIHU-
TEJIbHON MHCTPYKLNHU, COCTABIICHHON B COOTBETCTBUH C TEXHHUYECKHM ONMCAHUEM
HCIOJIb3YEMBIX TIPUOOPOB.

4.3 YcraHoBKa 11 U3MEPEHHUSI COTIPOTUBIICHUS

DOKcnepruMeHTallbHasi YCTaHOBKAa COCTOUT M3 Habopa Pe3ucCTOpOB OJHOIO
HOMUHAaNa, HU(POBOro npudopa At U3MEPEHUsl CONMPOTUBIICHUS UM MOCTa TO-
CTOSIHHOTO TOKa (puc. 4).

B nanHoii pabote ciy4ailHOW BEIMYMHOM SBIISIIOTCS COMPOTHUBIICHUS PE3U-
CTOpPOB OJJHOTO U TOTO € HOMHUHajna (Hampumep 1 kOwm). TexHOJI0rus u3roToBe-
HUS PE3UCTOPOB TAKOBA, YTO OTKJIOHEHUS UX CONPOTHBIIEHUN B Ty WM HUHYIO CTO-
POHY OT HOMHHaJa (CpEeAHEro 3HaYeHHs) paBHOBEPOATHBI. [103TOMY MOXHO Tpe -
IIOJIOXKHUTh, YTO CONPOTHUBIIEHHS PE3UCTOPOB, B3ATHIX U3 OJTHOM MapTHH, paclpee-
JIEHBI 110 HOPMAJIBHOMY 3aKOHY.

Jiist yno6¢cTBa paboThl PE3UCTOPHl CMOHTUPOBAHBI HA OJHOM OOIIEH maHenu
¥ OJIHUM MPOBOJIOM COEIMHEHBI C U3MEPUTENbHBIM IIprbopoM. C moMolipto nepe-
KJIFOYaTelIsl UM IPOCTHIM MPUCOESAMHEHUEM MOXHO MOAKIIOYATh MPHOOp K UccIie-
JyeMbIM PE3UCTOPAM.

[Topsinok paGoThl U BKIKOYEHUE TPUOOPOB AJI U3MEPEHUS] COMPOTUBICHUS
OMKCaH B JAOMOJIHUTEIbHOW UHCTPYKIIMHU, COCTABJICHHOM B COOTBETCTBUM C TEXHH-
YECKUM OMMCAHUEM UCIIOJIb3YEMOM anmnaparypsl.
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W3MEPUTEJIbHBIN

& MocT

Puc. 4. YcranoBka jyist u3MepeHus: CONPOTUBIICHUS

4.4 YcraHOBKa ISl ©I3MEPEHUS BPEMEHH

OKcrepuMeHTalbHAs YCTAaHOBKA COCTOUT W3 IHU(PPOBOTO CEKyHIOMEpa U
10001 SKCTIEPUMEHTAIEHON YCTAHOBKH, B KOTOPOU M3MEPSIETCS BPEeMsI TBUKCHUS
(mageHust) uccneayemeix rpy3oB (MasiTHuk O0epOeka, MakcBenna, ATByaa u J1ip.)

(puc. 5).

H | |

[2JIEKTPOHHBIN CEKYHIOMEP|

[myek | [cron | [HOMS |

....... y.
[ ]
VL4 7

Puc. 5. YcranoBka jyist u3mMepeHusi BpeMeHU

B nmannol pabote ciiy4aitHON BETMUYMHOMN SBIISIFOTCS BpEeMsI TIAJICHUS IPy3a C
orpeneneHHONW BbICOTHI H (BBICOTa yCTaHABIMBAETCS MO 33aJaHUIO MpENojaBaTe-
as1). Bpems mageHus rpysa onpeensercs ¢ MOMOIIBIO 3JIEKTPOHHOTO CEKYHIOMe-
pa. Kak 1 B IpepIAyux cirydyasx MOKHO MPEANOI0KHUTh, YTO U3MEPSEMOE BpeEMs
najJieHus Tpy3a OTBEYAeT HOPMAIbHOMY 3aKOHY paclpeieIeHUsI.

[Topsinok pabOThl U BKJIIOYEHHE SJEKTPOHHOTO CEKyHJIOMEpa ISl U3Mepe-
HUS BPEMEHU OMMCaH B JOMOJIHUTEIbHON MHCTPYKIIMH, COCTABIEHHON B COOTBET-
CTBUU C TEXHHUYECKUM OMHCAHUEM NpUOopa.

BoinonssTs 1abopatopHyro padboTy peKkoMeHAyeTcs IByM ctyaeHTaM. OauH
U3 HUX yCTaHaBIIMBAET oIpezesieHHoe (10 3aJaHHI0 NPEeroaaBaTesis) 3HaUeHHe mna-
paMeTpoB 3KCIEPUMEHTAIILHOM YCTAaHOBKM JJISI U3MEPEHUs HcciexryeMoil (usnye-
ckoit BenmumHBI (dactota — 1...10 x['1, BEIXO/IHOE HamMpsDKEHHE, BHICOTA TaICHUS
rpy3a — 20...30 cM u T.11.), APYTOM CTYAEHT MPOBOJIUT HE3ABUCUMbIE U3MEPEHUS UC-
clieyeMbIX (PM3NYECKHX BEJIMYMH C MOMOIIbIO UYBCTBUTEIBHON ammapaTrypsl (da-
CTOTOMETpP — JUIsI U3MEPEHUSI 4acTOThl, LU(PPOBON BOJIBTMETP — JAJSI M3MEPEHHUs
HanpspKeHus, HUGPOBOM CEKyHAOMED — AJIsl U3MEPEHUSI BPEMEHHU, MOCT TIOCTOSIHHO-
ro TOKa UM YHUBEPCAIbHBIN LIU(PPOBOI MPUOOP — It U3MEPEHMSI COPOTUBIICHHUS ).

Yucno npoBoauMbix u3mepeHuit N JoKHO OBITh JOCTATOYHO BEIUKO U CO-
ctaBiaTh npumepHo N = 50..100 uzmepenuii. [Ipuyuem, npu yBeIMUEHUH KOJIAYE-
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CTBa IPOBOJAMMBIX U3MEPEHUIM KOPPEKTHOCTH BBIBOJOB M TOYHOCTH ITOCIENYFOIIMX
pacyeToB BO3PACTAET.

B nporecce BbmonHeHus: paboThl [Uana3oH W3MEPEHUN HMCIIONB3yeMOH arl-
napatypbl ogoupaercs TakuMm 00pa3oM, 4TOObI 3aMeTHbIC M3MeHeHus ((praykrya-
LIM1) SKCIIEPUMEHTAIIBHBIX PE3YJIbTATOB OTJIMYAINCH B ABYX MOCJIEIHUX pa3psaaax.

HezaBucumo ot usmepseMoit Gpu3NYecKoil BEIUYUHBI, PEKOMEHIYeTC s Clie-
IOYIOIIMK MOPSAIOK BBIIOJHEHUS PaOOTHI.

S MOPAJOK BBIIIOJIHEHUSA PABOTbBI U OBPABOTKA
PE3YJbTATOB O3KCIHEPUMEHTAJIbHBIX U3MEPEHUM

1 Tlpoemute 50...100 u3mepenuii uccienyeMon (pU3NUECKON BEITUYHHBI.
PesynbraTel u3Mepenuit 3anecure B Tad. 1.

2 1o nanubM Taba. 1 onpenenute cpeaHee 3HAUCHUE U3MEPSAEMON BEIUUH-
Hel <X> 1o dopmyse (2) U OLEHUTE CPEIHEKBAAPATUUECKOE OTKJIOHEHHE G IO
dbopmyie (3). PesynbpTaThl pacdera 3anuiuTte B Ta0a. 1. 3HadeHne <X> u G mo-
TpeOyIoTCs B ajbHEHIIEeM /Ui pacdyeTa (GYHKIMK pacrpeiesieHus BEpOSITHOCTH U
MIOCTPOCHUSI COOTBETCTBYIONIET0O rpaduka.

3 [locTpoliTe TUCTOrpaMMy pe3yiabTaTOB HAOIIOIEHUN ISl YETO:

3.1 Pazoeiite nuana3oH [Xmin U Xmax] 3HaueHuit X; Ha 7... 8 (k= 7..8) oguna-
KOBBIX HHTEPBAIOB A=A1=A,=...=An=...=A«. [logcunraiite yucio Ny 3HAYCHHI
(bu3nyecKnX BEIWYUH X, MOMAaBIINX B KaXKJbI MHTEepBai. Pe3ynpTarhl mojcuera
3aHecHuTe B Ta0M. 2.

Taonumnpa 1

YacroTa.....ccceuvveeenn. I'; ConpoTusiieHHE.............. Owm;
Hanpsoxenwe............. B; BBICOTA. ..ot M;
[TapameTpsl yCcTaHABIMBAIOTCS 110 33JIaHUIO MPETIOAaBaTeNs
Ne | U3mepsiemas AOconoTHas KBaapar aOconroTHOI morper-
BEeMYMHA X, MOTPEINTHOCTD HOCTH
(enuuMIA) AX; =[Xj—< X > AXZ =(X;—< X >)
1
2
3
4
5
50
100
CpenHee  3HauyeHHe CpenHexBaipaTUIHOE OTKIIOHE-
N
Xi
<X >=1H
N
<X> = c=
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3.2 Paccumraiite yactoty Ppn (a clieoBaTeIbHO M BEPOSITHOCTB) TOTO, YTO
BEJIMYMHA Xj MONAJET B MHTEpBAI Ay (M MpUHUMAET MOCIIEI0BATSIbHBIN PsiT 3HA-
geHuit oT 1 10 K = 7...8) mo dpopmyie

P, = (6)

k
[pu otom Y P, =1. Pe3ynbraTsl pacuera 3aHecuTe B TabI. 2.
m=1

3.3 Paccuwuraiite yactotry Pm (a, clienoBaTeIbHO, MPUOIUKEHHO U IUIOT-
HOCTh BEPOSITHOCTH) TOTO, YTO BEIMYMHA X; MOMAJET B €AMHUYHBIA MHTEpBAT Ap
(M npuHUMaeT MoCIeI0BaTENbHBIN PsiT 3HAaUeHUH OT 1 10 7... 8) 1o dhopmyie

P n
:—m:—m . 7
Pm ! N/ (7)

Pe3synbTaThl pacyeTa 3aHecuTe B Ta0II. 2.

Tabnuma 2

Homep | I'panunel uatepBana | Uucno 3Have- | Yactota | OyHKUUA
HHTEP- HHW, Ny P _ N, | pacmpesencHus
Baja, m "N _ Pk,
Pm = A

1

2

3

4

5

6

7

8

3.4 TlocTpoiiTe THCTOrpaMMy 3aBUCUMOCTH Py = f(X) mis X, Haxoaammxcs B
cepennHe uaTepBanioB A. [IpuMep mocTpoeHus: THCTOTpaMMbl IPUBEIEH Ha puc. 0.

4 Jlns moctpoeHust rpaduka 3aBUCUMOCTH IJIOTHOCTU PAacHpeleeHus pe-
3yJIbTaTOB HAOMIOAeHUN B GyHKIIMKM X BHAYasIe 3arMoaHUTE 2...4 CTONIOMBI Tab. 3.
Ha onHoM rpaduke ¢ rucrorpaMMmoi mocTpoiTe 3aBucuMocTh pyHkiuu ['aycca (1)
(Tabm. 3, cronberr 4) OT COOTBETCTBYIOIIMX 3HAYCHUN <X>*G'Y (Talia. 3, cTONOIbI
2 u 3). [lony4yeHHbIC TOYKM COEAMHHUTE IUIAaBHOW nuHUed. Ha puc. 6 mpuBeneH
npuMep o0pabOTKH pe3ysIbTaTOB U3MEPEHUI YaCTOThI IEPEMEHHOTO TOKa.
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Puc. 6. ['mcrorpamMma pe3ynbTaToB H3MEpEHHIt

5 Omnpenenure CpeHION KBAIpPaTUYHYIO MOTPEIIHOCTh (BBHIOOPOYHOE Cpeji-
HEKBaJIpaTUYHOE OTKIOHEeHUe, BbioopouHoe CKO) no dhopmye

AS =2

N (8)

Taonuma 3

y X:<X>+o‘*y

X=<X>-0gy

Oyukuus ['aycca,
2
f (X) — 1 exp(_ (X_<X>)]

o2 202

0,00

0,20

0,40

0,60

0,80

1,00

1,20

1,40

1,60

1,80

2,00

2.20

2,40

6 Jlns 3Hauenuit Hagexunoctu og = 0,95, 2= 0,98 u a3 = 0,99 onpenenure no
tabmuiie kodppunpenTsl CthiogenTa ty1(N), tio(N) u t;3(N), u BerurcIMTE BEIHUN-
HY JOBEPHUTEIILHOTO WHTEpBaJia (BETUYHHY aOCOJIOTHOW TOTPEINTHOCTH H3MEpe-
Huit) o ¢popmynam (cMm. Beenenue. «Ommbku nusmMepennii Pu3NIecKux BETUIUH U
00paboTKa pe3yabTaTOB U3MEPEHUIN»):

AX;=AS-t, (N); AX, =AS-t, (N); AX;=AS-t, (N). 9)
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7 OKOHYATEIbHBIA PE3yJIbTAT U3MEPEHUHN 3AIUIINTE B BUE:

X =< X>=xAX,;
X =< X>xAX,;
X =< X >zt AX,;.

8 CnenaiiTe KpaTKHE BBIBOJBI 110 padoOTe.

6 KOHTPOJIBHBIE BOITPOCBHI

1. Pemmte cnenyromnyto 3aaaqy:

[Ipu n3MepeHnu BpeMeHU NajJeHus Tpy3a MOJYyUYUIIN CICAYIOIINE 3HAUYSHHUS:
5,2;4,8; 5,0; 5,1; 5,1 c. Onpenenure nipu HagexkHOCTH o = 0,95 cpeaHee 3HaUEHUE
BPEMEHHU MaJICHUS TPy3a, KBAAPATUIHYIO TOTPEHUTHOCTh U3MEPECHUS, BETUIMHY a0-
COJIFOTHON M OTHOCHUTEJIFHOM MOTPEITHOCTH.

2. 3amummTte GopMyay HOpMallbHOTo pacnpenenenus [aycca. OObsicHUTE
CMBICJI BEJIMYMH, BXOJISIIIUX B cOOTHOIIeHUE ["aycca.

3. N3obpasute rpaduk 3akoHa HOpMaIbHOTO pacmpeneneHus I 'aycca. [To-
SCHUTE OCHOBHBIE CBOMCTBA JIAaHHOTO IpadyKa U CBSI3b YIIUPEHUS CO CPEIHEKBAI-
PaATUYHBIM OTKJIOHEHUEM.

4. OOBSICHUTE METOAUKY MPOBEJACHUS DKCIIEPUMEHTA U MOPSIAOK BBITIOTHE-
HUS pabOTHI.
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JABOPATOPHASA PABOTA 2

ITPOBEPKA 3AKOHOB COXPAHEHMS ITPU CTOJIKHOBEHUU
MHUKPOYACTHUIL

1 OEJIb PABOTBI

SKCHepI/IMCHTaJIBHO IIPOBCPHUTH BBIITOJIHCHHUC 3daKOHOB COXPAaHCHUS UMITYJIb-
Ca U DHCPIruu.

2 BUBJINOTPA®UYECKUHN CITUCOK

1 CaenbeB U.B. Kypc ¢uszuku. B 3 1. T.1: Mexanuka. MonekymnsipHas Qu-
suka / U.B. Casennes. - Jlaus, 2008. - 352 c.

2 Tpodpumosa T.1. Kypc ¢usuku: yued. mnocobue s By30oB /
T.U. Tpodumosa. - 19-e uza. - Akagemus, 2012. - 560 c.

3 Hetnad A.A., ABopckuit b.M. Kypc puzuku.- Akagemus, 2009. - 720 c.

3 IIPUBOPHI U ITPUHAIVIEXKHOCTHU

1 ®oTorpaduu ¢ TpekaMu YacTHII.
2 I'paduku KpUBBIX B KOOPJIMHATAX «IPOOET - SHEPTUS».
3 MacmiraGHas JInHEelKa, TpaHCIOPTUp, KaJlbKa.

4 TEOPETUYECKOE OBOCHOBAHHUE

bricTpas 3apsbkeHHas MUKPOYACTHUIA, Tonaias B (hOTOIMYIIbCHIO, HAPYIIAET
Ha CBOEM ITyTH CTPYKTYPY KPUCTALTUYECKOMN PEIIeTKH 3epeH OpoMucToro cepedpa
U JIeaeT UX CIOCOOHBIMU K MposiBiieHUI0. Crebl YacTHI] B AMYJIbCUH (TPEKH) MIPU
TIIATETPHOM OCMOTpPE W MPOMEPE IMOJ MHUKPOCKOIIOM TO3BOJISIIOT MOJYYHTh HH-
dbopmaruio Kak 0 MPUPOJIE YACTHUI], OCTABUBIITUX CJIEI, TAaK U O XapaKTepe dJICMEH-
TapHOTO TIpoIiecca (paccessHue, saepHas peakiys, pachaa 4acTUIl, POXIACHUE mmap
u T.1.). B nanHoit pabote u3zyyaercss paccesHHE O-YaCTHI] Ha MPOTOHAX, SIBJISIO-
IIUXCS SIAPAMUA aTOMOB BOJIOPO/IA, BXOJISAIIETO B COCTaB AMYJIbCHH.

Kaxnomy 3HaUeHHIO SHEPTUU JAHHOW YaCTHUII COOTBETCTBYET OIpPEICIICH-
Has JuMHA npobera. J{ms onpeneneHus AuMHBI mpobdera yacTuilbl Ha GoTorpaduu
TPEKOB HaHOCAT MacmTad. CBs3b MEXIy PHEPTUSMU O-4ACTHII, IPOTOHOB U JJTH-
HOM mX mpoOera B JaHHOW AMYJIbCHH OTPEACIISICTCS C MTOMOIIBI0 KPUBBIX, ITPUBE-
JIEHHBIX Ha puc. 1.

Ha puc. 2 mpuBeneHa cxema CTOJKHOBEHHS O-HYACTHUIIBI ¢ TPOTOHOM. MM-

IIyJIbC O-YaCTHIIBI O B3aMMOJICHCTBUS paBeH P, =M,V ,, mocie B3auMoaenCTBUA

=1 7 = 7
P, =m,V,, . NMysbec mpoToHa onpenessieTcst BeipaxkenueM P, =m V. N3mene-

HUE HAIIPABJICHUS JBWKCHUS O.-4ACTHUI[bl BCIEICTBUE CTOJIKHOBEHHUS C IMPOTOHOM
XapakTepu3yercs yriom paccesHus 0. Yrom ¢ ciena mpoTOHa OTHOCHTEIBHO
Ha4yaJbHOIO HANpPaBJIEHUs JBWKECHHS OL-4ACTULBI HA3bIBACTCS YIJIOM OTAAQYM. YT-
Jb1 (@ ¥ 0 HA3BIBAIOT TAK)XKE YTJIaMU BbLIETA.

JlaGoparopHas paboTa COCTOUT U3 TPEX ITAIOB.

[lepBbIii 3Tamn - onpeAeeHne KUHETUYECKUX dHeprui yactul] K mocne B3a-
MMOJCHCTBUS C TOMOIIBIO KPUBBIX «IIPOOET - SHEPTUS».
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Bropoii 3Tan - onpeneneHne UMIYJILCOB YACTHIl M TIPOBEPKA 3aKOHA COXpa-
HCHHS UMITYJIbCA JUIsl JAHHOTO B3aMMOJICHCTBHS. BhIUUCIIEHHE UMITYJIBCOB MPOU3-
BOAUTCS 10 (hopmyJie

p=+2mK, (1)
rie K — KkuHeTWueckas »HEprus; M — macca d4acTtuipl (M, = 6,64-107 r,

Mp = 1,67-10?%"kr). Tak Kak M — Macca HEPENATHBUCTCKON YAaCTHIBI, TO BBIYHC-
JICHHBIM UMITYJIBC TaK¥Ke SBIISETCS HEPEISITUBUCTCKUM.

14 T

1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 i 1 1
12----':"‘:“'9ﬂt-d3ﬂ"-"-l‘ﬁﬂl Tlu'ﬂ.ltl:ﬁ"'“ I"':'"':“‘:“'
1 1 1 1 1 1 | 1 1 1 1
% L S i O P T T N T
= A
e T iRl sl el it et et il dtely Rl il
§ 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
E_ E"___I___I__ [ E R B Y I T R R
o 1 1 1 1 1 1 1 1 1 1 1
T 1 1 1 1 1 1 1 1 1 1
4] 4--__-l__I___r__-|___I___r__-|___l___r__ — —
1 1 1 1 v [mo 1 1
1 1 1 1 1
2T-5 ---:---:—--I -:---r---l---l---r---l---l---
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1
0 t t t t t t t

10 4--

1

1

T

= = = = = = =
o =+ ['e) o F-- o o )
—

120

MpobDer B IMyNbCcHH, |, MEKM

Puc. 1. CBs13b MeX 1y SHEPrUusMU (L-4aCTHUL, IPOTOHOB U JUIMHOM UX Ipobera

Lo F.

—

10 mEza L 2100 grwvic

Puc. 2. Cxema CTONIKHOBEHUS O-4acTUlbl € IPOTOHOM

JI1s1 IpOBEpPKHM 3aKOHA COXPAHEHUS UMITYJIbCA CIIEAYET, MOJb3YsCh U3TOTOB-
JICHHBIM Ha KaJlbKe CKOJKOM C (poTorpaduu, HAWTHU pe3yNbTUPYIOMIUN BEKTOP UM-
IyJbca IO MpaBUily HapajuiesorpaMma. Ecii ero HampaslIeHHE COBIIAJAET C
HAIIPABJICHUEM JIBUIKECHHs HAJICTAIOLIEH O.-4aCTULBI, TO 3aKOH COXPaHEHUs HM-
ITyJIbCA BBITOIHACTCS.

Tpetuii 3Tan — ycTaHOBJIEHUE XapaKTepa B3auMOIeUCTBUS YacTHl] (Yrpyroe
WIM HEYNpYyroe) HUCXOJs M3 COXPaHEHUS KUHETUYECKOM DSHEpPruu. DHeprus
O.-4aCTHUIIbI JI0 CTOJKHOBEHHUs ¢ mpoToHOM (K;) MokeT ObITh ompejesieHa Io

dbopmyie
D2
K =om o (2)

a
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rac pa — UMIIYJIBC Q-9aCTHULBI 10 BSaHMOHCﬁCTBHH C IIPOTOHOM. Ero MmoxHO BEBI-

paBI/ITB qepe3 I/IMHYJ'IBC qaCTUlhbl ITOCIIC BBaHMOﬂCﬁCTBHH, I/ICHOJ'IBBYH TeopeMy

CUHYCOB:

_ p,sin(p+6)
sin @ '

3)

a

[TosToMy
K! sin®(¢+6)
= — : (4)
sin o

rne K] — HalineHHas paHee SHEPrHs O-4aCTHIBI IOcie B3amMmopeicTBus. Ecim

K(l

4 ~ (V)
K, =K, + K, To B3anMoeiicTBHE YaCTHIl IMEET YIPYTHi XapakTep.

S MOPAJOK BBIIIOJTHEHUSA PABOTBI

5.1 Onpenenenue SHEPrUU YaCTHUI] TTOCJIE CTOJKHOBEHUS.

5.1.1 IloaroToBuTh TAOIUIlY ISl 3aMUCU PE3YIHTATOB MU3MEPEHUN U pacue-
TOB.

5.1.2 Tlo ¢ororpaduu onpenenuTs IJIUHBI TPEKOB U JIJIMHY MAacCIITaOHOU
enuHuIlbl. Berauciuth npoder yactuil B sMysibeud (). YdecTs morpeniHocTs us-
MepeHu#t (myHKT 6.1).

5.1.3 Tloap3ysich KPUBBIMH «IIPOOET - S3HEpTHs» (puUC. 1) HATH SHEPTHIO Ya-
ctull (B M»B) nocne B3aumMoneicTBus. Y4ecTb MOTPEIIHOCTh U3MEPEHUH (ITyHKT
6.2).

5.2 OnpeneneHue MMITYJbCa YaCTUI] U MPOBEPKA 3aKOHA COXPAHEHUS HUM-
ITyJIbCa.

5.2.1 Beipa3uts sHepruto yactuil (B ).

Tadonuma 1

Yacruma I Al K’ AK’ K’ AK’
MKM MKM MbB MbB 108 Ik | 10810k
o
P
p Ap 0, @ Ap=A0 Ko AK,,
Hacrima 102 102 rpajg M5B MbB
KI"M/C KI"M/C
o
P

5.2.2 Cnenatb Ha KaJibKe CKOJIOK C (hoTorpaduu TPEKOB B3aUMOICHCTBYIO-
IUX YaCTHII.

5.2.3 U3meputsb yriibl BelIeTa 4YacTuil O u @.

5.2.4 Tlo dopmymne (1) BRIYMCTUTE 3HAYEHUST UMITYJIHCOB YaCTHII.

5.2.5 Bpruucnuth aOCONIOTHBIC OIMIMOKH HM3MEPEHHUS HMITYJIbCOB YaCTHII
(myHKT 6.3).
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5.2.6 TloctpouTs Ha Kanbke B MaciuTabe (Hanpumep, 1020 kr-m/c - 5 Mm)
MMIYJIbChl YacTull. [lo mpaBuiy mapasienorpaMma HalTH CyMMAapHBIM UMITYJIbC
P, + Pp-

5.2.7 1IponoKUTh Clell o.-4acTUllbl. ECM 3TO MpOAOJIKEHUE COBIIAIACT C
p,+p p» MOXKHO YTBEPXKIATh, YTO 3aKOH COXPAHCHHS UMITYJIbCA BBIOIHACTCS.

5.3 YcraHOBIIEHUE XapaKTepa B3auMOAECHCTBUA.

5.3.1 BbIYUCAUTh KHHETUYECKYIO SHEPTHIO OL-4ACTHIIBI JO B3aUMOJECUCTBUS
o ¢opmyie (4).

5.3.2 BBIYUCAUTH OTHOCUTEIBHYIO M aOCOJIOTHYIO MOTPEUIHOCTH SHEPIHU
OL.-4aCTHUIIBI JO CTOJKHOBEHHUs (MyHKT 6.4). Pe3ynbTrarhl BHIYMCICHHI 3aHECTH B
Ta0HILy.

5.3.3 Hailitu cyMMy SHeprui 4acTull nocie B3auMojieicTBusi. CpaBHUTH
HHEPIHUIO O-YACTULBI 10 B3aUMOJICUCTBUS U CYMMY SHEPTUM MPOTOHA U OL-YACTHIIbI
nociie BzaumMoaencTeus. Caenars BbIBOJ O XapaKTepe B3aUMOCHCTBHSL.

6 OGPABOTKA PE3YJIbTATOB U3MEPEHUIA.
BBIYUCJEHUE NOTPEIIHOCTEM

6.1 BeinonHss npsiMble U3BMEPEHHUSI, CYUTAIOT, YTO a0COJIFOTHAS OLIMOKA H3-
MepsieMOI BEJIMYHMHBI PaBHA MOJIOBUHE LIEHBI JEJIEHUS U3MEPUTEILHOIO MPpUOopa.
Tak, eciiu ©3MepEHHBIE YIIIbl BBUIETA U IPOOET YacTHI] B AMYJIbCUU UMEIOT 3HAUe-
Hust 0 = 14°, ;=20 Mx™m s o-gactunsl 1 @ =55°, |, =30 MxMm a7 mpoToHa, To AO
= Ap = 0,5°, a Al, = Al; = 0,5 mMxwm, ecnu MacmTabHas enuauna (10 MkMm) umeert
IuHy 1 cMm.

6.2 Ilonb3ysch rpadukaMu «IIpoOer - 3HEPrus», ONPEeAEIUTh a0COITIOTHYIO
OLIMOKY M3MEPEHUS SHEPTUU, YUUTHIBASI AOCOJIIOTHYIO OLIMOKY M3MEPEHHS TPOOe-
ra. [Ins paccmarpuBaemoro cirydas

K! =(45%01) M>B=(7,20+016)-10™"° [forc;
K, =(160+0,04) MsB=(2,56+0,06)-10"*° {c.
6.3 BeruucanTh abCONMIOTHYIO OMIKMOKY ONpeaeneHusl UMITYIbCcOB yacTull. [lo-
CKOJIBKY OTHOCHTEIIBHYIO OIIMOKY BEIMYMHbI, 3aIaHHON BblpaxeHmeM X=VA,

X
HaxoasIT 1o ¢opmylie _:i_f’ TO OTHOCHTEJIbHAs OIIMOKAa ONpeeieHUs
X n

umitysbca (popmyna (1)) umeer BUA: ap = i%% ['panuiib abCOMIOTHOM OIIH-
P

1 AK
Oku Ap = iE p?. [ToncTaBUB 4YMCIEHHBIE 3HAYECHUS COOTBETCTBYIOIIUX BEIIH-

YMH U paccMarpuBaemoro  ciaydas  (p.L,=9,78-102 kr-m/c, pp=2,92-10°
20 kr-M/C), IOTyInM

Ap, ==£0,1-10% kr-m/c u App=0,04-102° kr-m/c.

6.4 BpUKMCIUTHL OTHOCUTENBHYIO W aOCOJIOTHYIO OIIUOKH DSHEPTHH Ol-
yacTullbl 10 ctoiakHoBeHus (K,). st 3TOro, BOCIoJIb30BaBIIMChL METOJIOM OIpe-
JIeJICHUS TIOTPEITHOCTEN KOCBEHHBIX M3MEPEHUM, nposorapudmMupoBats GopMyity
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(4), nponuddepeHinpoBaTh MOJYyUYCHHBIE BRIpAXKEHUS U 3aMeHUTh AuddepeHima-
JIbI TIOTPETTHOCTSIMA COOTBETCTBYIOIIMX BEIHUYMH. B pe3ysbTare momyqanm:

AK, i(AKK,“ +2ctg(p + 6)A(p + 0) + 2ctg - A(pj :

K

[24 [24

st paccmaTtpuBaemoro ciydasi, yautbiBasg, uto A¢ = A9 = 0,01 pan, a,

ciepoBarenbHo, A(p + 0) = 0,02 pan, Haxoaum Alf“ =40,05 (5%). Orcrona AK, =
=+0,3 MaBu K, = (5,8+0,3) MaB.
6.5 [IpoBepuTh, BHIOTHSAETCS JIM PABEHCTBO
K, £AK, =(K, + K, )£(AK] +AK ).

B paccmaTtpuBaeMoM ciiydae 3TO PaBEHCTBO CIPABEIMBO B Ipejesax Io-

TPEITHOCTEHN SKCIIEPUMEHTA!
(5,8+0,3)M»5B = (6,10+0,14)M»B.
6.6 Cnenatb BBIBOJIBI IO paboTe.

7 KOHTPOJIBHBIE BOITPOCHI 1 3AJTAHUA

1. B ueM cyTh (OTOAIMYIIBCHOHHOTO METO/IA PETUCTPALIUA MUKPOYACTHIL?

2. ChopmynupyiiTe 3aKOH COXpaHEHUs] UMITysibca. Kak mpoBepuTh, BBINIOJ-
HSIETCA JIU 3TOT 3aKOH IPU CTOJIKHOBEHUH MUKPOYACTULL?

3. Kakue 3akoHBI COXpaHEHHUS BBIIOJHSIOTCS NPU aOCOIIOTHO YNPYroM U
HEYNIPYIOM CTOJIKHOBEHUSAX ?

4. BeiBenute (hopMyity JUIsl pacueTa SHEPTrUu O-4acTHULIbI O CTOJIKHOBEHMS
C IPOTOHOM.

5. BeiBenute Qopmyny s pacdyeta aOCOJIOTHOM OMIMOKM OMNpeeaeHus
HUMITYJIbCA.

6. BeiBenure ¢opmyny s pacdera aOCOTIOTHON OIMMOKW SHEPTHH
OL-4ACTHIIBI JJO CTOJIKHOBEHHUSI.
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JABOPATOPHAA PABOTA 3

OIIPEJIEJIEHUE CPEJHEN CUJIBI YJIAPA IBYX YIIPYTUX IIIAPOB
N ONEHKA MOAYJIA YIIPYT'OCTHU UX MATEPHUAJIOB

1 EJIb PABOTbI

1 i3yuyeHune OCHOBHBIX 3aKOHOB COYAAPEHHUS YIIPYTUX TEIL.
2 OnpeneneHne BpEMEHU COYAAPEHUS YIPYTUX TEIl.

3 Omnpenenenrie CUIIbl COyAapEeHUs YIPYTUX TeIl.

4 OueHka MOAYJiS YIIPYTOCTH CTAJIH.

5 OueHka NOrpemHOCTH U3MEPEHU.

2 BUBJIUOTPAGHUYECKH CIIMCOK

1 CasenbeB U.B. Kypc ¢pusuxu. B 3 1. T.1: Mexanuka. MonekymnsapHas (u-
suka / 1.B. CaBennes. - Jlannb, 2008. - 352 c.

2 Tpopumona T.U. Kypc ¢uzuku: yuebd. mnocodbue s By30B /
T.U. Tpodumosa. -19-e uzz. - Akanemus, 2012. - 560 c.

3 Hetnad A.A., SABopckuit .M. Kypc ¢usuku.- Axagemus, 2009. — 720 c.

4 JlaGopaTopHblii TPaKTUKyM 10 (Qu3uKe: yd4ed. mocodue s BY30B /
A.C. Axmaros, B.. Aunpeesckuii, A.11. Axmarosa.- M.: Beici. mk., 1980. - 360 c.

3 OIIMCAHUE YCTAHOBKHA U METO/IUKA ITPOBEAEHUA
JKCHHEPUMEHTA

PaccmoTpuM ynipyruii HEHTpaIbHBINA yIap IBYX CTalIbHBIX IIAPOB OAUHAKOBBIX
macc (M= My = M), OABEIICHHBIX HA HEPACTSHKUMBIX HUTSX JunHOH | (prc. 1).

Puc. 1. Coynapenue mapoB

[Ipu coynapeHuu Takux M1apOB BBITOJHSAIOTCS 3aKOHBI COXPAHEHUSI MEXAHU-
YECKOW DHEPTrUM M MMITyJbca. Eciu map 2 OTKIOHHUTh Ha YroJl oL OT MOJIOKEHUS
paBHOBecus (TIPH 3TOM IIAP MPHUIIOJHUMETCS Ha BBICOTY N) M OTIYCTUTH €ro, TO
CKOpPOCTbH 0 IIapa B MOMEHT COYAapeHUsi MOKET ObITh ONpE/esieHa M0 3aKOHY CO-
XpaHEHUsl DHEPTUU
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2
mgh = 19% (1)
2
OTKyJa
v =2gh. 2)

BricoTa nmoabsemMa mapa MoKeT OBITh OompeseiieHa u3 TpeyroiabHukoB ABD
u ABC:

e
h=Dbsin—. 3
5 3)
[Ipu sToM
. a b
sin—=—. 4
2 2 )
[ToncraBuB ypaBHeHue (4) B cooTHOIICHHE (3), TOJTyIUM
b2
h=—. 5
) ()

3HavyeHue BBICOTHI U3 (GopMyIibl (5) MOACTAaBUM B ypaBHEHUE (2) IJis onpe-
JIEJIEHHS] CKOPOCTH 11apa 2 B MOMEHT COYIapEHUS:

2
U:W/ZQZ—I:b\/Ig. (6)

[locne coynapenus map 2 OCTaHOBUTCS, a map 1 OyJeT ABUraTbcsi CO CKO-
POCTBIO, pPaBHOM CKOPOCTH Iiapa 2 mepes coyaapenueMm. Takum oOpa3om, mpupa-
IIEHUE CKOPOCTH MEPBOTO IIapa YUCJIEHHO PaBHO CKOPOCTHM BTOPOrO IIapa 3a
MT'HOBEHBE J0 yAapa, T.c.

Av=v-0=0o.

B atom ciiydae cpenssst cuiia coyJapeHusi MOKET ObITh OIpEJIeIeHa 10 BTO-

pomy 3akoHy HrroToHa

F:@:(Am-u):mAu:mu’ )
At At At T
IJ€ 7 — BPEMs COyAapEHUsl IIAapOB, 3aBUCSAILEE OT YIPYTHUX XAPAKTEPUCTUK MaTe-
praJia mapos.
B nanno# nabopaTopHoii paboTe BpeMsi coylapeHusi MapoB OMPeeseTCs C
MOMOIIBIO METOAA KOHIEHCATOPHOI'O XPOHOMETpA.
PaccmoTpum 11enb, COCTOAILYIO U3 COCIMHEHHBIX IMOCIIEI0BATEIBHO UCTOY-

Huka Toka ¢ DJIC ¢, pesucropa R u konaencaropa C (puc. 2). [1pu 3ampikanun

Puc. 2. YoporenHas anekTpuueckas cxema 1a00paTopHON YCTaHOBKU
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koHTakTa K (mapvku COeAMHWINCH), B IIEMU MOTEYET TOK, KOHAEHCATOp OyIeT
HaKaIiuBaTh 3apsij, U B MOMEHT pa3MbIKaHUs KJII0Ya Yyepe3 MHTEPBal BPEMEHH T
(IIapuKu pa3zbeUHUIIUCH), HAIPSKEHUE U 3apsij] Ha TJIACTUHAX KOHJEHcaTtopa 0y-

net paBHo U u (, ipu atom U = 9 C BzsaB nuddepenipan ot aeBo u npaBoit ya-

CTH IOCJIEHEr0 COOTHOMICHHS, monyunm dU = ldq . Tak kak | = 3—? to dg = ldt,
torma dU = I—dt Otcrona HaneM TokK: | = Cd—U
C dt
C npyroii cTopoHsbl, 10 3akoHy OMa cujia TOKa B 1IeH paBHA:
| &~ U
5

[TpupaBHMBas MpaBble YaCTH BRIPAKCHUN AJISI CUJIBI TOKA, MOTyYrM Audde-
PEHIHUAIIBHOE YPAaBHEHUE IS ONIPEIEIEHUS BPEMEHU 3apsIIK KOHJIEHCATOpa

Cd_U:g—U _
dt R
Orcroga dt =RC du =—RCd(8—_U).
c-U c—-U

WuTerpupys nocienHee BoIpakeHUE, HalAEM BpeMs T 3apsAIKH KOHAEHCAaTO-
pa — BpeMs COyIapeHus IapoB.
e-U . .
t:r:—RCJ'gE;LQ:—Rcmg.LJ:RCM & (8)
. & U & c-U

VYuuteiBas, uro U << g, U aprymMeHT HaTypaJlbHOTO jorapudma OJIHU30K K
SAMHUIIE, MOYKHO PA3JI0KUTh JorapudM B psijl, U OTPAHUYUBIIUCH TTEPBHIM YWICHOM
psaa noixy4yuTh Oojiee MPOCTYI0, HO HE MEHEE TOUHYIO (OpMYIy AJii BPEMEHU CO-
yAapeHus apoB

rzRC( id —q. (8a)

c—U

Puc. 3. Cxema 1abopaTopHO# YCTaHOBKH

Ha puc. 3 u3o0paxeHa siaeKkTpudeckas cxema jJ1abopaTOpHOM yCTaHOBKH.
Ponp kmroua K B mabopaTopHOil yCTaHOBKE BBITIOJHSIOT B3aUMOICHCTBYIOIIHE TI1a-
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pbl. TymOnep Ks «COpoc» npenHazHadeH 17 HeHTpaau3aluui HaKOIIEHHOTO KOH-
JEHCATOPOM 3apsiia nepel u3MepeHusaMu. Dnekrpoasmwxkymas cuna (31C) mpu-
MEHSAEMOM OaTapeu U HANpsKEHNE HAa KOHJEHCATOPE MOCIIE 3apsiAKU ONPEIEsIeTCs
C IOMOLIBIO BBICOKOOMHOT'O BOJIbTMETPA.

B nannoii maboparopHoii paboTe At n3MEpeHHsI HallPsHKEHUN TPUMEHSIETCS
udpoBort MmynasTUMETp (Tectep). [lepen uzmepenusmu tymonep Kz mepeBoaurcs
B nojoxkenue 1 (BepxHee mo cxeme) s onpeneneHust DJ[C 6arapeun (mepekimoda-
TEeJb MPEEIOB U3MEPEHUS TTOCTOSIHHOTO HAMPSIKEHUS TTPU 3TOM YCTaHABIUBACTCS
B nosnoxenue 20 B). 3aTeM BONbTMETP MOAKIIIOUAETCS K KOHACHCATOPY I U3MeE-
pPEHMS HAIPsDKEHUSI Ha HEM IOCJIE €ro 3apsa]ku (HIKHEE IO CXeMe, MepeKiroya-
TeJb IPEEIOB U3MEPEHUS TTOCTOSIHHOTO HAMPSIKEHUS IIPU 3TOM YCTaHABIMBAETCSA

B mojoxenue 200 MB). Bpemst B3aumoieiicTBUS mapoB ompeaenseTcs mno Gopmy-
ne (8) umu (8a).

3.1 OHEHKA MOAVYJIA YIIPYT'OCTU MATEPHUAJIOB IITIAPOB

PaccMoTpuM mporecc pacrnpocTpaHeHHs! BOJH B yIpyroM Martepuaie (puc.
4). Ecnu neBoit yacTu CTepKHs JUIMHOM | cooOmuTh nedopmaruio (o3umus 2), To
BJIOJIb OCH CTEP>KHS BIIPABO OYJET pacCIpOCTPAHITHCS yNpyTasi BOJIHA (IMO3UIHS 3).
OTtpa3uBLIKCh OT MpaBoro Topua (mo3uuus 4), BOJIHA U3MEHUT HANPABICHUE CKO-
POCTH paclpOCTPAHEHUsI Ha TMPOTUBOIIOJIOKHOE U OYJET ABUTAThCS BIEBO (ITO3U-
s 5). [locie mpoxoXKaeHHsI BOTHOM IMyTH S, pABHOTO YJBOCHHOW JTMHE CTEPKHS
(S = 2l), Teno BoccTaHABIMBACT CBOIO MEPBOHAYAIBHYIO T€OMETPHUYECKYIO POpMY
(mmo3urus 6).

ot
—
T
i
g
=
.......... 6 .....

Puc. 4. PacnpoctpaHeHue BOJIH B yIIpyroM Marepuase

[Tpu B3auMOICHCTBUYU YIIPYTHX IIAPOB MPOUCXOAAT aHATOTHUHBIC ITPOLIECCHI
(puc. 5).

Puc. 5. BzaumonelicTBre ynpyrux mapos
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MoOXHO MMoKa3aTh, 4YTO BPeMsl BOCCTAHOBJIECHHUS (POPMBI IIAPOB MOCIE UX CO-
yIapeHusi paBHO BPEMEHHU COYAApeHHs T U PaBHO BPEMEHH, B TE€YEHHE KOTOPOIO
BOJIHA AepopMaIuy IPOXOIUT MyTh, PABHBIN YABOCHHOMY AMaMeTpy IrapoB (2D).
CrnenoBatenbHO, 3Has myTh 2D u Bpems coymapeHHUs T, MOKHO Tpy0O OIIEHUTh
CKOpOCTb pPacIpOCTpaHEHHUs BOJIHBI Ae(hopMaIiui B UCCIIEyEMBbIX Telax:

v=22 ©)
T

W3BecTHO [1], 9TO CKOPOCTH pacIpOCTPAHCHUS BOJIH B YIIPYTHX TeJIax OIle-
HUBaeTcs 1Mo hopmysie

V=|—, (10)
Yo,
rje p — IIOTHOCTh Matepuana; E — Mmoxayne ynpyroctu (Monyns FOHra), cootseT-
CTBYIOIINI KOHKpeTHOMY Buay Aedopmanuu. [IpupaBuuBas cootHouenus (10) u
(9), MOXHO TIONTYYUTh (POPMYITY JJIsI OIIPEICTICHUS MOAYJISl YIIPYTOCTH
4D%p

2
T

OmnucanHas MOJENb B3aUMOJICUCTBHS IIIAPOB SIBJISETCS JOCTATOYHO TPyOOH.
Ona He yYUTBIBAaCT HEKOTOPBIX OCOOCHHOCTEH MEXaHW3Ma CTOJIKHOBEHUs. J[eno B
TOM, YTO KpPOME BOJIH C’KaTHUS M CIIBUTA B pacCMAaTPHUBAEMBIX TeJaX HAOIIOAAIOTCS
TaK)k€ TTOBEPXHOCTHBIC BOJHBI, KOTOPBIC CYIIECTBEHHO YCIOXHSIOT aHATU3HUPYE-
MyI0 Mojenb. Bce 3T0 maeT oCHOBaHWE CUMTATh, YTO IPUBEIICHHBIC PAcUEThl SIB-
JISTFOTCSI OLICHOYHBIMH.

s Gojiee TOYHOTO OMPENENICHUs] MOJIYJSI YIPYTrOCTH C YYETOM PacIpo-
CTpaHEHHUs KaK MPOJOJbHBIX, TaK U IMOINEPEYHbIX BOJH B HEOTPAaHUUYEHHOM MaTe-
puaje HeoOX0IMMO HCITOIb30BaTh CICAYIOIIEE COOTHOIICHHE [4]:

E= (11)

Sl (12)
L+ p)1-2p)p
rne n — kodddunument Ilyaccona (mnsa cranmm kodddunuent Ilyaccona

u=0,28...0,30).

Eciu B ypaBuenuu (12) npunars p = 0,28, TO MOIyYUM BbIpaKEHUE IJIS
OTpeJIeTICHUs] CKOPOCTH PacpoCTpaHEHUs MTPOJIOJIBHBIX BOJH B TBEPJBIX MaTepua-
Jax:

v =113 |5 (13)

Yo,
[IpupaBuuBas cootHouieHus (9) u (13), mosyyuM BbIpaKeHHE sl OoJiee
TOYHOM OLICHKU MOJIYJISI YIIPYTOCTH MaTEepHaJIOB:

. 4D°p
12872
4 TIOPSIIOK BBIMOJIHEHUS PABOTBI

1 [llap 1 (neBbI mIap) YCTAHOBUTE B MOJIOKEHUU PABHOBECHUS (BEPTUKAJIb-
HOE MO0JI0KeHne HUTU nojseca). [llap 2 (mpaBslii map) OTKJIOHUTE BOPABO OT IMO-

(14)
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JIO’KEHUSI PABHOBECHS U C TIOMOIIBIO PYKOSITKU-3AIIENIKN YIEpKUBaTe 1map B He-
MOJIBU’KHOM OTKJIOHEHHOM COCTOSIHHH.

2 Onpenenute IJIC uctouHuka Toka. s 3TOro yCTaHOBUTE MpEAEbl U3-
MEPEHUS MTOCTOSHHOTO HamnpspkeHus B nojoxkenne 20 B. [loakmounTe BBICOKOOM-
HBII1 BOJIBTMETP K KieMMaM «1» u «0» u u3mepbre DJIC npumeHsieMoil Oarapeu.
PesynbraTel m3Mepenus 3anumure B Tao. 1.

3 IlogknrounTte BOJABTMETP K KiieMMaM «2» U «0» mapamienbHO KOHAEHCa-
topy. [Ipu TakoM MOAKITIOUEHUH BOJIBTMETP OYAET U3MEPSATh HANPSIKEHHUE HA KOH-
JIEHCATOpe MOCJe COyAapeHus apoB 3a BpeMs ux yaapa. [lepexmtouarens npene-
JIOB U3MEPEHUS IIPU 3TOM yCTaHOBUTE B mojioxkenue 200 MB.

4 C moMoIIb0 MacIITaOHOM JIMHEHKHU ONIPEICIIUTE IJIMHY HUTH | 1 n3MephTe
paccrosinue b (puc. 1). PesynbraThl n3MepeHus 3anuiiure B Tadi. 1.

5 TloBepHUTE PYKOSTKY-3aIIEIKY MPOTHB YaCOBOW CTPEIKU JI0 TEX MOp [0
TEX TOop, MOKa HEe MPOU30MAET OTPHIB IIapa 2 OT OTKIOHEHHOTO cocTosHusl. [locie
COyJIapeHHUsl 1ap 2 OCTAHOBHUTCS, a map | MPUTSHETCS MATHUTOM WM CHEIUalb-
HbIM yJaBiuBaTeneMm. Ormnpenenure HaNpsHKEHWE Ha KOHJIEHCATOpE HEMOCpe.-
CTBEHHO TIOCJIC COYJapeHMS MapoB. Pe3ynbTaThl M3MEPEHUS 3aITUIITUTE B TAOII. 2.

6 Paspsinute xoHaeHcatop npu nomouu kimoda Ks «Copoc». IloBTopute
OTIBIT HEOOXOAMMOE KOJIUYECTBO Pa3s.

7 o dbopmynam 6, 7, 8 u 11 (unu 14) paccunTtaiite CKOPOCTb, BpeMsi coyaa-
peHusi, MOAYJb YIIPYTOCTH U CUJIy COYJIapeHHUs 1apoB. Pe3ynpTaThl pacuera 3aHe-
cute B Tab. 2 u 3.

8 PaccuuTaiiTe cpenHee 3HaUCHHE MOJTYJIA yIpyroct <E> u cpenHioo cuiry
<F> coynapeHnus mapos 1o GopMmyiam

F.
Z ! F]_

<F>= = ;
n n
E.

<E>:Zi: ':E1+E2+ ..... +E,
n n

9 PaccuuraiiTe CpeIHIO KBaIpaTUYHYK NOTPEIIHOCTh WU3MEPEHUS CHUIIbI
COyJlapeHHUsl apoB 1o hopMmyie

10 Bpluucnaute BeAMYMHY aOCOJIOTHOW MOTPEIIHOCTH (BEJIMYMHY JOBEpHU-
TEJILHOTO MHTEPBAja) ACHUCTBYIOMICH CHIIBI IS 3aJaHHOM HaaexxHocTH o = 0,95
AF =t,(n)AS.
11 PaccumTaiite OTHOCUTEIBHYIO MOTPEHIHOCTH M3MEPEHUS CHIIBI COYyHa-
peHus

AF

100 % ,
<F >

E =

12 CaenaiiTe KpaTKue BBIBOBI 11O padoTe.
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Tabnuma 1
Huamertp mrapa | Jiwna auten | Maccammapa | b,m | € (BAC), v, M/C
D, m |, M m, KT B

TaOnuma 2

Ne U, MB Bpewms, 1, ¢ Ei, T'Tla <E> ITla
1

2

3

4

5

Tabnuma 3

Ne | Fi, H | <F>,H | AF;, H | (AF)? AS AF, H & %

1

2

3

4

5

5 KOHTPOJIBHBIE BOITPOCHI

1 Kakue 3aK0oHbI COXpaHEHHUsI BBIMOJIHSAIOTCS IPU YIIPYTOM U HEYIIPYTOM CO-
yAApPEHUSX TEN?

2 Yto Ha3bIiBaeTCst aDCOMIOTHO YIIPYTUM U HEYNPYTHM yaapamu?

3 Bcerpewatorces v aOCOJIIOTHO YIIPyTHe U aOCOIOTHO HEYIPYTUe coyaape-
HUs B ipupoje?

4 OOBsiICHUTE METOIUKY OIpEENICHUSI BpEMEHU U CUIIbI COYJapEHUS LIapOB.

5 OOBsICHUTE METOAUKY OIICHKH MOJIYJIsl YIPYrocTH marepuayioB. Ousude-
CKHW CMBIC MOZYJII YIPYTOCTH.

6 Pemmre cnenyromyto 3amgauy: IlycTe ckopocTh mepBoro Tena paBHa Vi,
BTOPOro paBHa HyJt0. OnpeneanTe CKOPOCTU 3TUX TN MOCIE YIPYToro U HEynpy-
TOT0 IIEHTPAJIBHBIX COYAAPEHHI, €CITU MACChI TNl OJJMHAKOBHI (M1 = My).
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JABOPATOPHAA PABOTA 4

OITPEAEJIEHUE YCKOPEHMSA CUJIBI TAKECTH
ITPU ITIOMOIIIN ITPUBOPA ATBY IA

1 EJIb PABOTbI

DKCIIepUMEHTAIFHO ONPENIEIUTh YCKOPEHUE CBOOOIHOTO MaICHHUS.
2 BUBJIMOT PAOGUYEKHUI CIIMCOK
1 CasenneB U.B. Kypc ¢usuku. B 3 1. T.1: Mexanuka. MonekynsapHas ¢u-
suka / U.B. Casennes. - Jlaus, 2008. - 352 c.
2 Tpodpumosa T.1. Kypc usuku: yued. mnocobue s By30oB /
T.U. Tpodumosa. - 19-e uza. - Akanemus, 2012. - 560 c.
3 Hernad A.A., SABopckuii .M. Kypc ¢usuku.- Axkagemus, 2009. - 720 c.

3 TEOPETUYECKOE BBEJAEHHUE

B nanno#i paboTe yckopeHHE CBOOOHOTO MaJEHUsI OMPEAEIseTCs ¢ TOMO-
uipio npudopa Ateyaa (puc. 1). Uepes nerkuit 0J0K MepeKHUHyTa HUTh, HA KOHIIAX
KOTOPOW MOJBEIICHBI JBA OJIMHAKOBBIX I'py3a Maccoil M KaKIbld, MPU 3TOM CH-
CTEMa HaXOJUTCS B PABHOBECHH.

Puc. 1. [IpuGop AtByna

Ecnu Ha oivH U3 rpy30B MOJOXKUTH J0OABOYHBIN Tpy3 (MEPETrpy30K) Maccoi
M, TO cUCTEeMa TPy30B MPUAET B PABHOYCKOPEHHOE JBIKCHHUE U 32 MPOMEKYTOK
BpeMeHu 1 npoitaer myTh Si. Ha komnbliie P neperpy3ok CHUMAETCs, U Jajbllie Tpy-
36l M MBUXKYTCSI pABHOMEPHO Ha IMyTH S».

PaccmoTpum, 4TO MPOMCXOANT, KOTJIAa HA MPaBbIi IPy3 MOMEIIAIOT 100aBOY-
HBbIW I'py3. Ha Kaxkaplil U3 rpy30B, BUCAILIMX HA HUTH, JECUCTBYIOT CUJIA TSIKECTU U
CWJIa HATSDKeHUs] HUTH. Pa3HOCTH 3THUX cuil cooOmiaeT rpy3am yckopenue. Ecnm
CUHTATh HUTh HEPACTSHKUMOMW, TO YCKOPEHHUS @ MPaBOTO M JIEBOTO TPY30B OyayT
OJIMHAKOBBI MO BEJIWYMHE W MPOTHUBOIMOJIONKHO HampaBieHbl. [Ipenmnonaoxum, 4To
0JIOK ¥ HUTh HEBECOMBI U HUTh CKOJIB3UT MO OJIOKY 0e3 TpeHus. B aToMm ciydae cu-
JIbI HATSIKEHUSI HUTH CO CTOPOHBI MPABOr0 U JIEBOTO I'PYy30B MOXKHO CUUTATh OJIU-
HakoBbIMU. Ha ocHOBaHuu BTOporo 3akoHa HpIOTOHa MOXKHO 3amucarh CIEAylo-
[I[Me YPaBHEHUS ABUKEHUS JIJIs1 PABOTO U JIEBOTO TPY30B:

M+m)ya=(M+m)g-T,
Ma=T-Mg. (1)
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Pemasi 3Ty cucreMy ypaBHEHH, MOTyYaeM:

m
a=—:- . 2
2M +m g @)

YckopeHue cucTeMbl MOKHO U3MEHUTh, MEHASI BEJIMUUHY Meperpy3ka m. B
KOHIIE IyTH S1 CKOPOCTh PAaBHOIIEPEMEHHOTO IBUKCHHSI paBHA
V =,2as, . (3)
[Tocne cHsTHS TIeperpy3Ka M CKOPOCTh CUCTEMBI V COXpaHsSeTCs Ha MyTH Sy,
TaK KaK JBUKEHHUE CTAHOBUTCS PABHOMEPHBIM:

V=2 ()
L
[TpupaBuuBas V u3 (3) u (4), umeem
S 2
a=—"-. (5)
[Toxcrasisis 3HaueHue @ B ypaBHEHHE (2), OTy4aeM pacueTHyIo Gopmyy
m  2S,-t

4 IPUBOPHI U NIPUHAIVIEZAKHOCTHU
1 [Ipu6op AtByma ['PM-2.

5 OIMCAHME YCTAHOBKH
OOmuit Bua npubopa ATByAa MOKa3aH Ha puc. 2.

s

=
¥

|

_‘--u.._‘_‘_“_‘-- 2
P S— :

OIYCE  CeTEO ,‘r""/_

B T

Puc. 2. O6muit Bug npudopa ATByna

Ha BepTukanbHON KOJNOHKE 1, 3aKpENIeHHON B OCHOBAHUU 2, KPEMATCS TPU
KPOHIITENHA: HEMOABUKHBIA HU>KHUW 3 1 JIBa MTOJABWXKHBIX - CPEAHUN 4 U BEPXHU
5, a Takke BepxHsAd BTyslKa 6. OCHOBaHHE OCHAIIECHO PETYIUPYEMBIMH HOKKAMHU
7, KOTOpBIE TTO3BOJISIOT YCTAHOBUTH MPUOOP ropu30HTANLHO. Ha BepxHeii BTysKe 6
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3aKperieH OJIOK 8 W 3JIeKTPOMarHuT (OH pacrojiokeH 3a 0jokoM). Uepes posmk
0JI0Ka IEpEeKUHYTa HUTh 9 ¢ MPUBSA3aHHBIMU K €€ KoHIlaM rpy3amu 10 u 11.

DNEeKTpOMAarHuT NpH IMOJAaYe Ha HEro HANpsDKEHHS YAEPKUBAET CUCTEMY
pPOJIMKA C TPy3aMH B COCTOSIHMM NOKOS. BEpXHUM WM cpeqHui KPOHIUTEUHBI MOKHO
nepeMenaTh BAOJIb KOJOHKU U (PUKCUPOBATH B JIOOOM MOJIOKEHUHU, MEHSSI BEJIH-
YUHY TyTed S1 u Sp. st onpeneneHust uX YUCIEHHOTO 3HAYeHUS Ha KOJIOHKE MMe-
eTcsl MWUTMMETpoBas mKana 12. Bece KpoHIUTEHHBI CHAOKEHBI yKa3aTeNsIMU I10-
JIO’KEHHUSI, a BEPXHUI UMEET JONOJHUTEIbHYIO YEPTY ISl ONpPENEICHUs MOJIOXKe-
HUSL HIDKHEH TpaHUIlbl OOJBIIETro rpy3a M Hauyajna myTd aBkeHus. Ha cpennem
KpoHITeiiHne 4 3akperuieHo Koiblo P (13) u gorosnexrpuueckuit gatuuk Ne 1
(14). Konp1o P cHUMAaET ¢ mepeMeniaronierocs BHU3 OOJIBIIEro Tpy3a Meperpy3ox
m (15), a ¢porosnexTpuueckuit naruuk (O3) B 3T0 BpeMsi HOpMHUPYET dIIEKTpUYe-
CKHIl MMIYJIbC, CUTHAIM3UPYIOIIUA HAa4yalo paBHOMEPHOTO ABMkeHud. Onruue-
CKast 0Cb (POTOIIEKTPUUECKOTO JaTUUKa HAXOJUTCS Ha YPOBHE yKazarTels MoJoxKe-
HUSI CPEJIHETO KPOHIITENHA.

Ha HmxHEM KpoHIITEiHE 3aKperyieHbl (OTO3NeKTpUudecKui aaTtunk Ne 2
(17) m pe3uHOBBIC aMOPTU3ATOPHI 16, B KOTOpPHIC yAapseTcs NaJarolifil Tpys3.
[Tocne mepecedyeHust ONTUYECKOU ocu PoTOIEKTpUUecKoro narurika Ne 2 (oHa
HaxOJMTCS HAa YPOBHE yKa3aTessl KpOHIITEHHA) HUKHEW IPaHblo NaJarolero rpy-
3a 00pa3yeTcs AIEKTPUUYECKUN CUTHAJ, (PUKCUPYIOIIUNA TPOXO0KIAECHUE IPy3UKaMu
myTH S».

Ha ocnoBanuu mnpubopa HaxoJIWUTCd MHLIUCEKyHIoMep 18, K KoTopoMy
MOAKIIOUEeHBI (hoTodnekTpudeckue natduku Ne 1 m Ne 2. Ha nwmieBoi maHemu
MUIJTMCEKYHIOMEPA Pa3MENIEHbI KJIABUIIIN:

«CEThY» - HAXKATUE HTOW KJIABUILIM BKIIOYAET MUTAIOIIECE HANPSHKEHUE U BBI-
3bIBAET aBTOMATHUECKUN cOpOC moka3zaHui mpubopa (Bce MHAMKATOPHI BHICBEUH-
BAIOT HYJIM ), BKJIFOUAIOTCA JTAMIIOYKH PD-TaTYUKOB U 3JIEKTPOMArHUT;

«ITYCK» - HAXKATHE 3TOM KJIABUIIM BBIKIIOYAET MUTAHUE DJIEKTPOMArHUTa;

«cOpoC» - HAKATHE BBI3BIBAET COPOC MOKA3aHUN MUJLIUCEKYHIOMEPA.

6 HOPAAOK BBIIIOJTHEHUS PABOTbBI

1 YcraHoBUTH BEpXHUM U CPETHUN KPOHIITEHHBI HA BEIOPAHHOM BBICOTE.

2 IIpoBepuTh, yCTAHOBIICHBI JIU BCE KPOHIITEHHBI TaK, YTOOBI MPABBINA TPY3,
najas, IpoXoIuj Yepe3 cepeANHbI OKOIIEK (POTOIEKTPUUECKUX JATUUKOB.

3 Haxatp knaBuiy «cetb». [Ipr 3TOM JTOKHBI 3aropeTbes Jamrnoyku OO-
JATYUKOB U UHAUKATOPBl MUJUIMCEKYHIOMEPA BHICBEUNBATDH HYJIH.

4 TlepemMeCTUTh IIPaBbIil TPY3UK B BEPXHEE MTOJIOKEHUE U MTOJOKUTH HA HETO
OJIVH U3 IIEPErpy3KOB.

5 CoBMECTUTh HUKHIOIO TPaHb MPABOTO IPy3UKA C YEPTOM, HAHECEHHON Ha
BEPXHEM KPOHIITEHHE.

6 M3meputh npy MOMOIIM HIKajdbl Ha KOJOHKE OTPE3KU IMYTH PAaBHOYCKO-
PEHHOTO S1 M paBHOMEPHOTO Sy JBUKEHUH.

7 HaxxaTh KIIABUIITY «ITYCK).

8 N3meputhb Bpemst t, IBUKEHUS TPYy30B Ha MYTH Sy.

9 IloBTOpUTH M3MEpeEHUs S...9 pa3 Npu OJHUX U TEX KE 3HAUYCHUSIX S1 U S».
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10 I1o mHAMBUAYaIbHOMY 3a/laHUIO (B 9TOM Cllyyae HYXKHO CJIeNaTh JOTOJI-
HUTEJIbHBIC TaOIUIIbI):

a) MMPOBECTU U3MEPEHHUS IS IPYTUX 3HAUEHUH St 1 Sp.

0) MPOBECTH U3MEPEHUS C APYTUM IIEPErPYy3KOM M.

B) CHSTH 3aBUCUMOCTbH YCKOPEHHS CUCTEMBI a OT BEJTMYMHBI TTeperpy3Ka m.

7 OBPABOTKA PE3YJIbTATOB U3MEPEHUM

1 Paccuurtarh yCKOpeHHE CHIIBI TsDKECTH 10 hopmydie (6), rae

M = (60+0,01)-10°3 xr,

m; = (5,3£0,01)-10" kr, m, = (6,0+0,01)-10" kr, m3 = (10,0+0,01)-1073 kr.
[TOrpeImHoCTh OnpeaeIeHus IMHBI myTel Sy u Sy @ AS =+ 107 .
Juanazon uzmepsiemoro Bpemenu 0...99,999 c.

OTtHocHTeNbHAs MOrpeHOCTh n3Mepenus Bpemenn — 0,02 %.

2 OnpenenuTs cpeiHee 3HaUCHNE YCKOPEHUSI CHIIBI TSHKECTH

n
Z Qi
(@) ="-—,
n
rIe N — YhCI0 U3MEPEHU.

3 Haiitu abcoImtoTHBIC TIOTPEIIHOCTH Kax10ro u3Mepenus Agi = [< g > - gj|

¥ UX KBaapatsl Agi.
4 OnpenenuTs CPEAHIO KBAAPATUYHYO OTPEITHOCTD

5 BeiOpate no Tabmune kodddumnment CteiogeHTa te(N) 111 HAASKHOCTH
o =0,95.
6 BerauciuTh JOBEPUTENBHBIN HHTEPBAI 1O opmyJie
Ag = AS - ta(n).
7 OnpenenuTb OTHOCUTENIbHYIO OTPEIIHOCTh

£= A9 100 %
(9)
8 Pe3ynbpTaThl U3MEepEeHUH U BRIUUCICHUN 3aHECTH B TaOIUILy 1.
9 Cnenatb BBIBOBI IO pabOTe, B KOTOPBIX PE3yIbTaT 3alUCATh B BUIC
g=<g>*xAg;e=...%.

Taonuma 1

Ne | M, | m, | Sy, | So, | B2, | Oiv |<0> | AGi, | AS, |tu(n) | AQ, | &,
n/m | Kkr KT M M c | m/c? | m/c? | m/c? | m/c? m/ic? | %

Ol WIN|F-
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8 KOHTPOJIBHBIE BOITPOCHI

1. Kakumu ypaBHEHUSIMU ONMCHIBAETCS] PABHOIIEPEMEHHOE JIBUKEHUE?

2. BroiBeaute pacueTHyto (GOpMyiy AJsl ONpeneseHHUs] YCKOpeHus cBOOO-
Horo maneHus. Kakue momyieHust AemaloTcss IpyU 3TOM BBIBOJIC, KAK OHHM BIHUSIOT
Ha TOYHOCTh U3MEPEHUI?

3. B kakom ciyuae HEOOXOAMMO YYUTHIBATH Maccy OJIOKa M Kak 3amucaTh
IS HETO OCHOBHOM 3aKOH TUHAMHUKHU BpallaTeIbHOTO ABMKCHUS?

4. KakoBa CBSI3b YIJIOBOTO YCKOPEHHSI C TUHEHHBIM?
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JABOPATOPHAS PABOTA 5

ITPOBEPKA OCHOBHOI'O YPABHEHUA IMHAMUNKHU
BPAIIATEJIBHOI'O ABUKEHUA

1 EJIb PABOTbI

BKCHCpI/IMCHTaHLHO IMPOBCPUTH OCHOBHOC YPABHCHHUC IWHAMHWKHU Bpalla-
TCJIBHOI'O ABUXXCHMA.

2 BUBJIUMOTPAOUUYECKHNA CITUCOK

1 CagenneB U.B. Kypc ¢duszuku. B 3 1. T.1: Mexanuka. MonekynspHas du-
suka / .B. Casenses. - Jlaup, 2008. - 352 c.

2 Tpopumona T.U. Kypc ¢usuku: yueb. mocoOue s By30B /
T.M. Tpodumosa. - 19-e uza. - Axkagemus, 2012. - 560 c.

3 Hetnad A.A., AABopckuit .M. Kypc pusuxu.- Akagemus, 2009. - 720 c.

3 TEOPETUYECKOE BBEJAEHHUE

OcHOBHOE ypaBHCHHE NWHAMHKH BpaIlaTeIIbHOTO JBIKCHHSI MOXET OBIThH
MPE/ICTABICHO B BUJIE
e M
I
rae f — yrioBoe yckopeHwue Tema; M — MOMEHT BHEIIHHX CHIL, | — MOMEHT HHep-
IIUU Tea.

[IpoBepka OCHOBHOTO YpaBHCHHsI JWHAMHKH BpAMIATEIHHOTO JIBMKCHUS
MIPOU3BOAMTCS B JBA dTala: MEPBBIA dTall — MPU YCIOBUHU IMOCTOSHHOTO OTHOCH-
TEJIHLHO OCH BpanieHus MomeHTa uHepiu (1, = const), BTopoi aTamn — npu yclioBUU
MOCTOSTHHOTO MOMeHTa cuiibl (M; = const). 3mepsemoii BeTuInHONW B 000UX CITy-
qasx SBJSETCS yriioBoe yckopenue f. Takum oOpa3oM, ypaBHEHUE TUHAMUKH CJie-
JyeT Tepe3anucarh B CKaJsIPHOM BHJIC

=ttt @

[IepBbIil ATal NPOBEPKH 3aAKIFOYACTCA B YCTAHOBIEHUU NMPSIMOM MPOIOPLIU-
OHAJILHOCTH MEXIY YTJIOBBIM YCKOPEHHUEM [ 1 MOMEHTOM BHemHux cui M;. Ko-
3G PUIMEHT NPONOPLUHOHAIBHOCTH TMPU ATOM — BEJIMYMHA OOpaTHasE MOMEHTY
MHEpLuU. BTOpo# 3Tanm npoBEpKU — YCTAHOBJIEHUE MPSIMOM MPOMOPILIMOHATIBHOCTH

MeXIy [ ¥ BEJIMYUHON, OOpaTHOW MOMEHTY WHEPIUU — T.€. Ii Koadurment
Z
IPOMOPILIMOHAIBHOCTH B 3TOM CIIy4ae — MOMEHT CHJI M,.

J171st mpoBEpKH OCHOBHOTO YpaBHEHUS JUHAMUKH BPAIIATEILHOTO ABUKCHUS
ucrnosaszyercs masTHUk Ob6epOeka (puc. 1). [Tpubop coctout u3 mkuBa paauyca r
3aKPEIJIEHHOIO0 HAa OCH Z, YEThIPEX CTEPIKHEU, PACIONOKEHHBIX Mo yriioM 90°
JIpYT K JIPYTy W YEThIPEX OJUHAKOBBIX IPY30B M, KOTOPbIE MOKHO NEPEIBUTaTh
BJIOJIb CTEPXKHEHW W 3aKpeIUIITh Ha omnpeieiicHHOM pacctosiHuu | ot ocu. 'py3sr
0053aTENbHO JAOHKHBI OBITH PACIIOIO0KEHBI CHMMETPUYHO OTHOCUTENIBHO OCH Bpa-
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meHus. [Ipubop npuBoanuTCS B IBUKEHUE CUIJION HATSDKEHUS HUTH, KOTOPYIO CO-
3/1a€T Ipy3 My, IPUKPEIUICHHBIN K KOHILY HUTH.

ITo BTOpOMY 3aKkOHY HbIOTOHA

mg-T =ma,
OTKyJ1a
T=m(g-a). (2)

Macca rpy3a nogoOpana TakuM o0pa3oM, YTOOBI NPU IBUKEHUU T'py3a €ro
yCKOpeHHE @ ObLJI0O MHOTO MEHbIIIE YCKOPEHUs! CBOOOIHOTO NajieHus g 1.e. a<<g. B
3TOM Cllydae MOXKHO IIPUHATH, 4TO | ~ M, 0. Toraa MOMEHT CHIIbI, BpallarOIIUN

KPECTOBUHY, OYAET paBeH
M;=T-r=mg-r. (3)

i

Puc. 1. Mastauk OGepOeka

Y ckopenue rpy3a M; MOKHO ONIPENEIINTh, U3Mepsst BpeMs t, 3a KoTopoe rpy3
OITyCKaeTCsi ¢ BBICOTHI N M Mcmonb3ys HopMysibl KHHEMAaTHKH PaBHOYCKOPEHHOTO
JBH>KCHUS

2h

a= t_2 . (4)

TaHTeHIMAIBHOE YCKOPEHHE TOYCK, JICKAIIUX Ha TOBEPXHOCTH IIKHBA,

PaBHO YCKOPEHHIO I'py3a a; = a, T.K. HUTh HEPACTSHKUMa U CMATBIBACTCSI CO IIIKHMBA

0e3 MpOoCKaIb3bIBaHUS. YUUTHIBAS CBSI3b TAHTCHIIMAIBHOTO M YTIIOBOTO YCKOPECHHUS
a.= f - r, moaydaeM pacuyeTHyto (popMyIy AJis YIIIOBOTO YCKOPECHHUS

2h
,B—F- (5)

Ha xpecToBHHY KpomMe MOMEHTa, CO3/1aBa€MOr0 CHJIOW HATSDKCHHSI HUTH,
JICUCTBYET TAaKKE MOMEHT CHJI COMPOTUBIICHUS, BO3HHUKAIOIIUX TPU BpAIICHUU
KPECTOBUHBI B MOAMIMITHUKE KaueHHsI. MOMEHT CHJIbI COMPOTUBIEHUST M7rp IPOTH-
BOJICHICTBYET MOMEHTY CHJIbI HaTsDKeHus: HUTH Mr. Torna

M; = M7 — Mzp, ecmiu M7 > Myp, (6)
Mz = O, cciun MTS MTP-

Takum oOpa3zoM, YTOUHEHHYIO (DOPMYITY 3aBUCHUMOCTH YTJIOBOTO YCKOPEHUS

OT CyMMapHOTO MOMEHTA CHJI MOYKHO TIPE/ICTaBUTh B BUJIE
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M; -M

T P
p= , wit Mr > Myp. (7)

I

Ha mikuBe kpectoBrHBI MasTHHKa OOepOeKa UMEIOTCS JIBE KaHABKH Pajy-
caMmH I U I, 9TO COOTBETCTBYET JBYM MOMEHTaM CHJI HaTsDkeHus HUTH M u Ma.
[peacraBuB rpaduvecky 3aBUCUMOCTD YTIIOBOTO YCKOPEHUS 5 OT MOMEHTa chiibl M
(puc. 2), MOXKHO IO TOYKE IMEPECCUCHUS MTPOIAODKESHUS TPSIMONA ¢ OCBI0 MOMCHTOB

ONpPCACIINTL BEJIIMYMHY MOMCHTA CUJIbI TPCHUA MTP B IMOAIIUITHUKC KPECTOBUHBI.

B, c*

|
|
|
|
|
&
Mrp M, M M, H-m

Puc. 2. 3aBHCUMOCTD YIJIOBOTO YCKOPCHUSA OT MOMCHTA CHUJIbL

MoOMEHT MHEPIMHU MasiTHUKA paBEH CyMME MOMEHTOB MHEPIIUU KPECTOBUHBI
CO IIKMBOM U Tpy3UKOB. Tak Kak rpy3uKd pacmlojOKeHbl JOCTATOYHO JAJIEKO OT
OCH BpallleHUs, TO UX MOKHO CUUTATh MaTepUalbHBIMU TOUYKaMU. MOMEHT HHEp-

M1 KaXI0ro rpysa paseH |, = ml?. MOMEHT HHEpIMHK Beeil CHCTEMBI PaBeH

| =1, +4ml?, (8)
rie lo — MOMEHT MHEPITMHM KPECTOBUHBI CO MIKUBOM. Ero MO>KHO HailTH 1o opmyiie
IOZMZ:MT_MTP:(mlg'r_MTP)'r'tg. (9)
p p 2h

Pacronaras rpy3uks M Ha pa3IMYHOM PACCTOSHUM OT OCH BpAICHUS, MO-
MEHT WHEPIUU KPECTOBUHBI MOXKHO M3MEHATH (cM. dopmyiny (8)). IlpeacraBus
rpaduuecku 3aBUCUMOCTH YTJIIOBOTO YCKOpEHHsI [ OT BEJIMYMHBI, 0OpaTHON MO-
MEHTY MHEPILUU KPEeCTOBUHBI — T.€. OT 1/l;, MOXXHO MPOBEPUTH OCHOBHOE ypaBHE-

HUE TMHAMUKH ITPH MOCTOSHHOM MOMEHTE CHUIIBI (pHC. 3).

ﬂo - ---------- ,
ps |
. ¢
(V8 T V7Y R VP R ¥ it Yo

Puc. 3. 3aBHCHMOCTB yIJIOBOTO YCKOPEHUS OT BEJIMUMHBI,
00paTHON MOMEHTY WHEPIIMH KPECTOBUHBI
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4 ITPUBOPHI U ITPUHAIVIEXKHOCTHU

1 KpecToBrHa CO IIKUBOM U IPy3aMH.
2 HITaHTeHIMPKYJIb.

3 Jluneiika.

4 CekyHaomep.

S MOPAJOK BBIIIOJIHEHUSA PABOTDI

5.1 IIpoBepka OCHOBHOTO ypaBHEHHs JMHAMHUKH BpPAIATEIBHOTO JBHKEHUS
IIPU OCTOSSHHOM MOMEHTE HHEPLIUU.

1 YcranoBuTe rpy3MKu Ha KOHIAX CTEPKHEH KPECTOBUHBI, CUMMETPUYHO
OCH BpAILECHUS.

2 IITanreHuupKyiaeM U3MEPHTE PaguyC MEPBOM M BTOPOM KAaHABKHU IIKKBA
M ur.

3 HamoTailTe HUTh Ha KaHaBKy LIKHMBA pajauyca I, clelsd 3a PaBHOMEPHO-
CTBIO YKJIQJKA BUTKOB HUTH.

4 C moMoIIbI0 CeKYHIOMepa U3MephTe BpeMsi {1 oImycKaHus Tpy3a ¢ BBICOTHI h.

5 HamoraiiTe HUTP Ha BTOPYIO KAaHAaBKY IIKMBA paauyca I, U MOAHUMHTE
TPy3 Ha Ty ke BhICOTY h.

6 M3smepbte t, — Bpems onmyckanus rpysa. Jlanueie 3anecute B Tabin. 1. Pac-
cuuTalTe 3HAaUCHUS YIIIOBOrO YCKOpeHus A u [ o dopmyie (5).

7 JlercTBHS, yKa3aHHBIE B ILIL. 3 — 6 TIOBTOPUTE TPHU Pa3a, BEIYUCIUTE CPEN-
HUE 3HaYCHUS <[> U <[>, UX OTHOIIeHUEe <[>/</h> u 3aHecuTe B TaO. 1.

8 IlocTpoiite rpaguk 3aBUCUMOCTH YIJIIOBOI'O YCKOPEHHUs <[> OT MOMEHTa
CHJIBI, OTJIOXKHB Ha OCH MOMEHTOB J[BE TOYKH, COOTBETCTByfomme M, =m,;g-r, u

M, =m,g-r,. ITo rpaguky ompenenuTe MOMEHT CHIIbI TpeHUS Mrp.
9 Ilo rpaduky onpeaenutTe MOMEHT UHEPLMH |z KPECTOBUHBI € TPy3aMHU
_Mp-M; mg(p-n)
5 = =
Bo=P BB

10 Berunciute OTHOCUTENBHBIC &y U £ U a0COIIOTHBIC TorperHocT A(My/

Ar1 Ar2 M1 M1
Mp)u A(Bu 1) mo popmynam: &y, =—=+—=, Al —= =&, —;
n h M, M,
Ar, Ar
Ep = 1y 2+2At+2At+A—h, Aﬁ:gﬁ-ﬁ.
n L 4y b By I

11 BbiuucianTe OTHOCUTENBHYIO U @DCOTIOTHYIO MOTPEIIHOCTH ONPEACIICHUS
MOMEHTa uHepuuu & U Alz = &-lz, yautsiBas, 4to & = v + &.

Tabnuma 1

M I <,3>

Ne r, M ti,c | oM | tyc NG NG —L1_1 AL

1 1 2 2 B1 B2 M, T, <ﬂ2>
1
2
3
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12 Cpenaiite BBIBOJBI MO IMEPBOM 4YacTU paOOThI, MPEJICTABUB PE3yIbTaT
MIPOBEPKH OCHOBHOT'O YPaBHEHUS JMHAMUKU BPalIaTEIbHOTO JIBUXKEHUSI B BUJIE

P Ao Mg\ M|
I 2 B 2 MZ MZ
a TAK)KC YKa3aB 3HAUYCHUC MOMCHTA CHJIbI TPCHUA MTP ~..., W MOMCHTA MHCPIIUH

KkpecToBUHBL: | = Iz £ Alz.

5.2 IIpoBepka OCHOBHOI'O 3aKOHA JUHAMHKHU BPAIIATEIBHOTO JBUKECHUS MIPU
MOCTOSITHHOM MOMEHTE CHUJIBI.

1 CHumuTE Tpy3uKH M ¢ KpecToBUHBI. HamoTaliTe HUTh Ha KaHABKY MEHb-
IIeTO pajuyca U onpenenute Bpems ty omyckaHus rpy3a ¢ BICOTHI h. Brramcnure
lo mo popmyme (9).

2 3akpemisas rpy3uKd M MOooYepeaHO: BOIM3H IIKUBA, HA CEPEANHE U Y Kpast
CTepKHEW, u3MepbTe BpeMs t omyckaHus rpys3a ¢ BeicOTHI N. [laHHbIe 3aHecuTe B
tabnuiy 2. OnelT noBropure 3 paza. Paccuuraiite cpeiHue 3HAUEHHUsS BPEMEHU
OITyCKaHMS Tpy3a.

3 Paccuurtaiite no ¢opmyne (8) MOMEHT MHEPLUMHM CHUCTEMBI B CIIydasx
nyHKTa 2. PaccuuTaiiTe COOTBETCTBYIOIIME YIIIOBBIE yCKOopeHus £ 1o ¢popmyie (5).

4 Tloctpoiite rpaguK 3aBUCUMOCTH YTJIOBOTO YCKOpEHUs [ OT BEIMYUHBI,
0OpaTHOI COOTBETCTBYIOLIEMY MOMEHTY MHEpPLUH |z (110 HECKOJIBKUM TOUKaM).

CnemnaiiTe BBIBOJBI IO BTOPOM YacTU pabOThI, IPOBEPUB COOTBETCTBHUE Ipa-
¢uka 1o nNyHKTy 5.2 IpsIMO IPONOPLUOHATIBHON 3aBUCIMOCTH.

Tabnuma 2

Neto, | o, | Moy |lo, [to, | Moy | B |l 2| Lo | B l|ls [t ] 3 | fs
2

c |c? |kr'M*|M |Cc |kr'M | c2 M |Cc |KD°'M° | ¢c2 |M |Cc | KD'M? | ¢

6 KOHTPOJIBHBIE BOITPOCHI

1 3anummure u chopmynupyiiTe OCHOBHOE ypaBHEHUE BPAIIaTEIbHOTO JIBU-
kenus. J{aiite onpeneneHus GU3NUYECKUX BEJIUUMH, BXOSIIUX B 3TO YPaBHEHUE.

2 JlaiiTe onpeAeaeHue MOMEHTa UHEPIIMA U MOMEHTa Cuiibl. KakoBbI € AMHU-
1Bl U3MEPEHUS ITUX BeTuYrH? KakoB PU3NUECKUil CMBICT MOMEHTA HHEPLUN?

3 BriBegute ¢Gopmyny I ONpeNeSieHUs] YIJIOBOTO YCKOPEHUS, €CJIM HU3-
BECTHO BpeMs t oImyCcKaHus Ipy3a ¢ BBICOTHI .

4 Kak MO>XHO U3MEHUTh MOMEHT CHWJI, JEUCTBYIOIINX HA KPECTOBUHY?

5 Kak M0>KHO U3MEHUTh MOMEHT MHEPILIUHU KPECTOBUHEI C Tpy3amMu?

6 Chopmynupyiite Teopemy llITeiinepa.
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JABOPATOPHASA PABOTA 6

N3YYEHUME ITPEHECCHUU I'HNPOCKOIIA U OITPEAEJIEHUE
EI'O MOMEHTA HTHEPIIUU

1 OEJIb PABOTBI

1 Onpenenenue yriioBoi CKOPOCTH MPENECCUU THPOCKOTIA.
2 OnpeneneHne MOMEHTa MHEPIIMU THPOCKOIIA.

2 BUBJIMOTPAGMUYECKHI CITUCOK

1 CagenbeB U.B. Kypc ¢duszuku. B 3 1. T.1: Mexanuka. MonekynsipHas Qpu-
suka / U.B. Casennes. - Jlaus, 2008. - 352 c.

2 Tpodpumosa T.1. Kypc ¢usuku: yued. mnocobue s By30oB /
T.U. Tpodumosa. - 19-e uza. - Akagemus, 2012. - 560 c.

3 Hetnad A.A., ABopckuit b.M. Kypc pusuku. - Akanemusi, 2009. - 720 c.

3 TEOPETUYECKOE BBEJIEHHUE

I'upockon — 3TO0 OBICTPO BpalllalOIIEecs CUMMETPUYHOE TBEPIIOE TEO, OCh
BpaIIeHusi KOTOPOro (OCh CHMMETPHHU) MOXKET U3MEHATh CBOE HAMpPaBJICHUE B TIPO-
crpancTtBe. [IpocTedmMM THpPOCKOINIOM, HAmpuMeEp, SIBJISETCS AETCKUM BOJIUOK,
OBICTPO BpAIAIOIIUNICS BOKPYT CBOEH OCH, KOHEI] KOTOPOI yCTaHOBJIEH HA TOpH-
30HTaJIBLHYIO Oonopy. ['MpocKkorl, TpUMEHSIEMBIN B TEXHUKE, OOBIYHO MPECTABISET
co00lf MaxOBHK, YCTAaHOBJICHHBINA B KapJJaHOBOM MojBece (puc. 1), mo3BosioneM
MaxOBHUKY CBOOOJIHO MOBOPAYMBATHCS B JIFOOOM HANPABJICHUM W 3aHUMATh MPOU3-
BOJIBHYIO OPUEHTAIIUIO B IPOCTPAHCTBE.

Puc. 1. 'upockon B KapZJaHOBOM TOJIBECE

Takoif THPOCKOIl UMEET TPU BPAIIATEIIBHBIX CTEIICHH CBOOOJBI M HU OJIHOM
noctynarenbHoil. Touka O mepeceueHns TpEX B3aUMHO MEPIEHIUKYISIPHBIX OCei
00, O0;, O0O3 kap1aHOBOTO TO/IBECA SABJISIETCS TOYKOM MojBeca rupockorna. Ecinu
IIEHTP Macc TUPOCKOIA COBMAAAeT ¢ TOUKOM MoaABeca, TO TaKON T'MPOCKOI Ha3bIBa-
€TCsl YPaBHOBEIICHHBIM, B TPOTUBHOM CJIy4ae — HEYPaBHOBEIICHHBIM (TSHKEBIM).

Ha puc. 2 cxemaTnyHo n300pakeHa SKCIIepUMEHTalIbHAsI yCTaHOBKA — TUPO-
CKOIl, COCTOsAIIAs M3 MAacCMBHOIO MaxoBuKa (auck D, moka3zaHHbiii Ha puc. 2
TpUXOoBOM JmHUEN) u npotuBoBecoB (Ki u Kjy), ycranoBnenHbsix Ha ocu OO,



o1

KapJaHOBOTO T0JIBECa, YCTAHOBJICHHOTO B IITaTUBE. Takoe yCTpOHWCTBO oOecredn-
BaeT MAaXOBUKY BO3MOXXHOCTH BpAIllEHUS MO TPEM B3aMMHO MEPIEHANKYIISIPHBIM
ocsiM. Ock OO siBAsieTCS TJIaBHOM yCTOMYMBOM OChIO MaxoBHKa rupockona. ['upo-
CKOIT MOKET OBITh pacKpydeH J0 O0JbII0H yriaoBol ckopocTu @ 1o ocu OO, (nBu-
rateib, POTOPOM KOTOPOTO SBJSETCS AWCK D, UIsi IpOCTOTHI HE MOKa3aH Ha pH-
cynke). [IporuBoBec K, MokeT OBITH YCTaHOBIIEH B JIFOOOM 3a/IaHHOM TIOJIOKEHUH
Ha ocu OOy, 4TO MO3BOJSET YPABHOBECUTh T'MPOCKOIN, TO €CTh COBMECTHUTH €rO
LEHTP TSDKECTH, ¢ TOYKOH moaseca O, B KOTOPOH NMPUIOKEHA cHia peakiuuu N
noJiBeca.

Ny
K w A «
{ 7LJ::'0 # in . %
U A D i
— = mg
mg
01 m’g’

Puc. 2. I'upockor. DkcriepuMeHTaabHas yCTaHOBKA

JIns naHHOM YCTAaHOBKHM TNPH TOPU3OHTAIBHOM pacmoyiokeHur ocu 00,
YCIIOBUE ypaBHOBEIIEHHOCTH uMeeT BHI: Pily = Poly, rme Pr=mig, Po=myg, a ly u
I, — paccTosiaus mo ocu OO, oT ToukH noaBeca O 10 LEHTPOB TsHKeCTH rpy30B Kj
u K, Maccamu My 1 M, COOTBETCTBEHHO (J - YCKOpEeHHE CBOOOHOTO majeHus). B

ATOM CJly4dae pe3yJbTUpYIOIUi MoMeHT BHemHux cuil (P,P,, mg uN), nei-

CTBYIOILIMX HA TUPOCKOIl PABEH HYIIIO, U, CIEN0BATENBHO, COTJIACHO 3aKOHY COXpa-
HEHUSI MOMEHTAa UMITYJIbCa THPOCKOIl COXPAHSET CBOK OPUEHTALMIO B MPOCTPaH-
CTBE.

Ecimu cmectuts npotuBoBec Ky (puc. 3), To paBHOBECHE HApyUIMTCS, U Ha

THPOCKOIT GYIET JCHCTBOBATh MOMEHT BHEIIHHX CHI M (MOMEHT cui P 17} P oT-
HOCHUTENBHO TOUYKH noaBeca O)

M =[P,L]1+[P..I;], 1)
rae |, m |, — paamyc-BexTOpbI, MpoBeaéHHBIE M3 TOYKH O 10 HEHTPOB THKECTH
rpy30B K1 u Ky, coorBeTcTBeHHO. /{11 MOAYJIE MOMEHTA CUJI MOXKHO 3aIIUCaTh:

M =[P, |5~ Rlysin g =Ry||;-1,/sin = Pxsin g, )

rae X — cmemenne nmo ocu OO, mpotuBoBeca Ky OT MOJIOKEHUS paBHOBECHUSA
(x=|I" = Li]), @ — yron mexny Beprukanbio u ockio OO, (puc. 3). Eciu 3anucars
OCHOBHOM 3aKOH JMHAMHUKH BpaIlaTeIbHOTO JBHKCHUS B BUJIE:

dL = Mdt , (3)
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—

rae t — BpeEMs, L — moMeHT HMITYJIbCa TUPOCKOIId, TO BUIHO, YTO B K&)K,Z[I)Iﬁ MO-
MCHT BPCMCHHU BCKTOP L m3meHnsiercs B HalpaBJICHUH BCKTOPa MOMCHTA CHJIbI M.

Puc. 3. HeypaBHOBeIIEHHBII THPOCKOI

B paccmarpuBaemoM ciyuae mocie cMmenieHus rpy3a Ky Ha rupockon aei-
CTBYET MOMEHT CHJIbI TSKECTH HANPABJICHHBIA TOPU30HTAIBHO MEPHEHANKYIISIPHO
ocsi 00 1 O03. TT03TOMy BEKTOp MOMEHTA UMITy/Ibca L GyneT moBopaunBaThes,
ecii IpeHeOpeYb MOMEHTOM CHJI TpEHHUs, 0€3 U3MEHEeHHsI 110 Mo1yIio. [TockonbKy

yIjioBasa CKOPOCTh BpalICHHUA @ THPOCKOIIA ITIO OCH 002 HaCTOJIBKO BCJIMKA, 4YTO
2

@ o
KHMHCTUYCCKAs SHCPIUA BpalllCHUS 7 ropasgo 0O0JIBIIIEC BO3MOKHBIX M3MCHEHHI

€ro NOTEHUUAIbHON SHEPTUM IPU MOBOPOTAX IO JI000H U3 OCeil, TO BEKTOp MO-
MeHTa uMmiynbcal mpubamsuTensHo mapamieneH ocu OOz (Takoif THPOCKOI
Ha3bIBAIOT OBICTPHIM BOJTYKOM). DTO O3HAYAeT, 4To och rupockona OO, moa aeii-
CTBHEM BHEIIHEro MOMeHTa cui M Oyjer coBepuIaTh IMOBOPOT BOKPYT BEpTH-
KasbHOU ocr OO3, onKCchIBasi B MPOCTPAHCTBE KOHYC.

Takoe BpallleHne OCHM TMpOCKONA IOJ JEHCTBUEM BHEIIHErO0 MOMEHTA CHUJI
Has3pIBaeTcsa npeneccuend. Ha puc. 3 cxemMaTWYHO IMOKAa3aHO MAJIOE MPUPAILLECHHE
MOMeHTa HMITyIbca AL, KOTOPOMy COOTBETCTBYET MOBOPOT OCH THPOCKONA Ha
Mabli yros Ao. ITo onpeneseHuro yriioBas ckopocTh npereccun Q = da/dt.

U3 pucynka 3 BuaHo, uto AL = Aa-LSing. Ucnons3ys ypaBHenue (3), moiy-
yaeM BBIpaKCHUE JJIsl YIIIoBOM ckopoctu mperieccun O = M/LSing (B BeKTOpHOIA
dopme ono mmeer Bum: [, L]=M (puc. 3). Takum 06pa3oM, aHATH3 TTOBSICHHS
HEYpPaBHOBEIICHHOTO THPOCKOMA HAa OCHOBE 3aKOHA JIMHAMUKHA BpPAIIATEIHLHOTO
IBWKeHUs (3) mokaszaj, YTO HallpaBJEHHUE MPELUECCUU OMpeesieTcs HarpaBJieH-
HOCTBIO BEKTOpoBM U L. Yem 6oible MOMEHT MMITyJIbCa TUPOCKOMa L, Tem
TpYyJIHEE BbI3BATh MPEIECCUIO U, CIEAOBATEIbHO, TEM CTaOWJIbHEE OpUEHTALUs B
MIPOCTPAHCTBE OCU BpallleHusi rupockona. [loacraBisst BblpakeHHE IJIsT MOJIYJIS
MOMEHTa uMmIyiibca M = Poxsing, nonydaem Gopmyny i pacuéra yriioBOi CKo-
poctu mpereccun Q = Py x/L. TTockoabKy cMelleHHe MPOTHBOBECA HEBEIHMKO, M
TUPOCKOI BpamaeTcst mo ocu cummerpun OO, oyeHb ObIcTpo, TO Q << o, u L = /o
B pe3yJbTaTe MoIy4aem
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P, - X
Q-2 - (4)
lo
rjae | — MOMeHT uHepIuy THpOCKoIla OTHOCUTENbHO ocH BpareHus O0,. 13 momny-
4eHHOH (HhOpPMYJIBI BUJIHO, YTO YeM Oouibllie | 1 @ TeM MEHbIIE YIJioBasi CKOPOCTh

npeuccCruu rupoCKoIia.

4 IIPUBOPHI U ITPUHA VIEZXKHOCTH
1 I'mpockon B KapJJaHOBOM ITIOJIBECE.
2 CexkyHaomep.
3 JIunelika MaciiTaOHas.
4 Bechbl TEXHHUYECKHUE.
5 YIcTOYHMK TOKA.

5 HOPAAOK BBIIIOJTHEHUSA PABOTBI

5.1 HaGmronenne moBeIeHNs ypaBHOBEIIIEHHOTO THPOCKOIIA

1 YpaBHOBECUTH TUPOCKOII, TO €CTh JOOUTHCS COCTOSIHUS O€3pa3IMuHOro
PaBHOBECHs MPU TOPU30HTAJIBHOM IOJIOKEHUH €TO OCH, MEpeABUTas MPOTHUBO-
Bec K.

2 IIpoBepuTh ypaBHOBEHMIEHHOCTh TUpOCKona. JlJIsi 3TOro BKIIOYHTH JJICK-
TPOMOTOP TUPOCKOIA U YOEUTHCA, YTO OCh €r0 HE MPELECCUPYET.

3 OCTOpOXHO MOBEPHYTh IITATUB THPOCKONA, HAOJOJasi 3a MOBEACHUEM
OCH TMPOCKOIIA. 3aucaTh pe3yabTaT HaOII0ACHUN.

4 ITpu HENMOJABMKHOM IIOJIOXKEHUM IITATHBA JIETKUM HA)KMMOM Kapasjalia
Ha OCh FMPOCKONa NonpoOOBaTh BbI3BATh €€ MOBOPOT B TOPU30HTAIBHON U BEPTH-
KaJbHOU miockocTsx. [1o pesynpTaTam HaOMIOAEHUI MOBOpPOTa OCU (IIPELECCUN)
IIOJT IEUCTBUEM IIPUIIOKEHHOTO MOMEHTA CHJIBI ONIPEIEIUTh HAIIPaBJIECHUE BEKTOpA

MOMEHTa uMIylbca L MaxoBuka rupockomna. Pe3ynbrarel HaOMONEHNI 3aTUCaTh
B OTYET.

5.2 Onpenenenue yriioBoM CKOPOCTH MPELECCUU TUPOCKOIA U €r0 MOMEHTA
WHEpIUU

1 YpaBHOBECUTH THPOCKOI € MOMOIIIbIO MTpoTHBOBEca Ky Tak, 4ToObI MOITHO-
CTBIO OTCYTCTBOBAJIA €ro mpereccusi. Vi3Meputh TuHeKon paccrosiHue hy oT KoH-
11a OCY TMpOcKomna 10 nporusoseca Ko.

2 CMmectuth rpy3 Ky OT MojoXeHUs1 paBHOBECHS! K KOHILY OCH, 3aKPEIUTh
ero W U3MEpHUTh paccTosiHue hy oT KoHIA ocu rupockona jao nporuBoBeca Ks. Io-
Jy4eHHbIe 3HaYeHus Ny u h, 3aHecTr B Ta0MILY.

3 YcraHOBHB OCh NPELECCUPYIOIIETO THPOCKONIA TOPU30HTAIBHO HU3MEPUTH
Bpems t ero N momHbIX 060poTOB (0600cHOBaTh BBEIOOP N). IIpm sTOM BCE Bpems
HY)KHO CJIeUTh, YTO0BI 0ch OO, THpPOCKONa HE OTKIOHSIACH OT TOPU3OHTAIHHON
IIJIOCKOCTH.

4 Tlpum 3amaHHOM h; TIOBTOPUTH M3MEPEHHS MO IMYHKTY 3 HECKOJIBKO pas.
[Tony4yeHHbIE JaHHBIE 3aHECTU B TAOJIHILY.

5 B3Becuth npotruBoBec Ky Ha TEXHHMYECKUX BECAaX ¢ YYETOM MOTPEITHOCTH
B3BeIIMBaHUA AM;. PaccuMTaTh COOTBETCTBYIOUIEE 3HAYEHHE CHUJIbl TSKECTU
P,= mog.
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6 OGPABOTKA PE3YJIbTATOB U3MEPEHUI

1 o pe3ynbratam U3MEpPEHUN BBIUUCIUTE cpeaHee BpeMs < t > nist N 000-
POTOB OCH TMPOCKOIIA M 3aT€M PacCYUTATh YTIOBYIO CKOPOCTh Ipereccuu mo ¢op-
MyJie

=N (5)
<t>

2 Bblyuciauth ciayyalHyrO MOTPEIIHOCTh W3MepeHus BpeMeHu N o0opoToB
<At> MeToJIoM cpenHuX 3HaueHU. OTHOCUTEIBHYIO & U a0COIIOTHYIO MOTpeIll-
HOCTh AQ) onpeeneHus YriioBOM CKOPOCTH MPELECCUU PaccuuTaTh 1o ¢popmMyinam

gq = <At>/<t>, AQ = ga Q.

3 Paccunrtarh BEIMYMHY CMEIIEHHS X NMpoTMBOBeca Ky OT mosoKeHus pas-
HoBecus (X = hy — hy). Mcxoas 3 XapakTepUCTHK JIMHEHKH, OIICHUTH TIOTPEIIHOCTh
OIIPENECIICHUA X.

Taonumnpa 1

Ne h]_, h2, X, AX, N ti; <t>1 Ati; P21 Ql AQ! I’ AI’
M|M|M| M c | ¢ | ¢ | H |pan/c|pag/c | krM? | kr-m?
1
2
3
4
5
4 BBIYUCIUTE MOMEHT MHEPLIMU MaXOBHKA TUPOCKOIIA TI0 (POPMYJIE
P, X
| =—2=, 6
0 (6)

IJ€ @ — YCTAHOBUBIIAACS YIJIOBAasl CKOPOCTh BPALLIEHUS THPOCKOTIA.

5 Paccunrtarh OTHOCHUTENBHYIO & M a0COMIOTHYIO morpemHocts Al ompene-
JICHUSI MOMEHTA MHEPIIMK TUPOCKOTMa, 1o hopMynam

Am, AX Aw AQ Ag _
g = +—+ + +—,Al=¢
m X o
6 KOHTPOJIBHBIE BOITPOCBI

1. Yrto Ha3bIBaeTCSI THPOCKOTIOM?

2. ChopmynupyiTe OCHOBHOM 3aKOH JUHAMHUKH BPAIIaTeIILHOTO JBYKCHUS
Y JalTe OnpeesICHUs] BXOASAIIUX B HET0 (PU3HYECKUX BEJINYHH.

3. IlpuBenure npumepbl NPUMEHEHUs] YPAaBHOBEIICHHOTO W HEYpaBHOBE-
IIIEHHOTO TUPOCKOIIOB B TEXHUKE (B YaCTHOCTH, OOBSICHHUTE yCTPOMCTBO W MPUH-
LUTIBI JEACTBUS TUPOKOMIIACA U TUPOCKOMTUYECKOTO UBMEPUTEIISI YCKOPEHUSA).

4. JlaiiTe ompeeneHue SBJICHUS MPELECCMM ¢ HyTallud OCH THPOCKOIA.
OOBsicCHUTE, OT YET0 3aBUCHUT BEJIMYMHA U HAIIPABJICHHUE MPEIECCUHU.

5. Kak BIUAIOT CUJIBI TPEHHS HA TPELECCUI0 THpOCcKoma?
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6. OObBsicHUTE YCIIOBUS BOSHUKHOBCHUA THPOCKOIMUMYUCCKUX CHUJI U ITPHUBEAN-
TC IIPUMCEPHI UX ITOJIC3HOT'O U BPECAHOI'O I[CI\/'ICTBI/I}I B MCXaHHM3Max.
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JABOPATOPHAA PABOTA 7

OIIPEAEJIEHUE MOMEHTA UHEPIIUU TBEP/JbBIX TEJI
ITPHU TIOMOIIIN KPYTHUJIBHOI'O MASATHHUKA

1 EJIb PABOTbI

1 OnpeneneHI/Ie MOMCHTAa MHCPHHUH TBCPABLIX TCJ IIPHU ITIOMOIIN KPYTHUIIBHOI'O
MasjaTHHKA.

2 HSY‘IGHI/Ie OCHOBHBIX 3dKOHOB IMHAMHUKHU BPAIIATCIBHOI'O ABHYKCHUA TBCP-
A0T0 TCJIa U 3aKOHOB I'apMOHHUYCCKOI'O K0JIe0ATEeILHOTO JABHKCHHS.

2 BUBJIUOTPAGHUYECKH CIIMCOK

1 CasenneB U.B. Kypc ¢usuku. B 3 1. T.1: Mexanuka. MonexynsipHas (u-
3uka / .B. Casenses. - Jlaup, 2008. - 352 c.

2 Tpodpumona T.U. Kypc ¢usuku: yued. mocobue s By30B /
T.U. Tpopumona. - 19-e uzn. - Axagemus, 2012. - 560 c.

3 Hetnad A.A., ABopckuit b.M. Kypc pusuxu. - Akagemus, 2009. - 720 c.

4 JlabopatopHbiii npakTukyM 1o ¢uszuke / [lox pen. A.C. Axmarosa.- M.:
Bricm. mk., 1980. - 301 c.

5 Kypc ¢usuxu: [paktukym / N.JI. babuu, FO.U. I'punienko, A.B. Maptbi-
HIOK U 1p.; [Tox pen. I.A. T'oponeuxoro. - K.: Buma mk., 1992. - 399 c.

3 TEOPETUYECKOE BBE/IEHUE

Ecnu nonBecuts TBEpaoe Teno 1 Ha CTaIbHOM MPOBOJIOKE 2 U 3aKPYTUThH €T0
BOKPYT BEPTUKAIBHOW OCH Ha yroua ¢ (puc. 1), To, mpeaocTaBlieHHOE caMoMy cele,
TE€JI0 HAYHET COBEPILIATH CBOOOIHBIE KPYTUIIbHBIE KOJIEOAHHUS.

V77774

N\

Puc. 1. Teno coBepiiatoiiee cBOOOIHbIE KPYTHIIbHBIE KOJICOAHUS

Jlis aHanm3a BO3HUKILIKX KOJIEOAHWI pelrM OCHOBHYIO 3a7audy JUHAMUKH
BpAILATEJIbHOIO IBWKECHUS, T.€. ONIPEACIIMM YPAaBHEHUE JABUKECHUs paccMaTpyuBac-
MOI'O TeJIa M0 U3BECTHOMY CHUJIOBOMY BO3IEUCTBHIO. JlJIs1 3TOr0 BHA4asIe OIpene-
JIUM MOMEHT CHJIBI, JENCTBYIOIIMI HA TEJIO KPYTHJIBHOTO MasTHHUKA.

[Ipu moBopoTe Tena Ha Yroy (¢ BO3HUKAET KPYTSAUIMH MOMEHT Cuibl M,
CTPEMSIILMIICS TOBEPHYTH TEJIO B MOJIOKEHUE paBHOBeCH. ONBIT NOKA3bIBAET, UYTO

MOMEHT CWJIbl M IponopLHoOHaeH yriy @:
M=—fp, (1)
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rac f — mocrosnHas JJIA ,HaHHOﬁ IIPOBOJIOKKN BCJIM4YMHA, Ha3blBacMas MOIYJICM

KpyudeHus (k03pPUIMEHTOM Kpy4eHHUs ), a 3HAK MUHYC yKa3bIBaeT Ha TO, YTO MO-
MEHT CHUJIbl HAIPABIICH B CTOPOHY IPOTUBOIOJIOKHYIO CMEILIECHHUIO TENa OT IOJIO-
YKEHUsI paBHOBECHS.

MOMEHT NEeHCTBYIONIEH CUIIBI MOKHO 3allMCaTh, UCIOJIb3Ysl OCHOBHOE ypaB-

HCHUC NTWUHAMHUKHU BpPAIIATCIbHOI'O IBHIKCHUA (BTOpOﬁ 3dKOH JUHAMHWKHU OJIA Bpa-
2

¢
mareapHoro aBuxenus): M =le =1 EYel C yuerom (1), momyuum ciemyroriee
g epeHIraIbHOoe ypaBHEHUE BTOPOTO TIOPSAKA, OMMCHIBAIOIIEE MPOIecC Koe-
0aTenpHOTO BMKEHHS pACCMATPHUBAEMOTO Tella KPYTHIIBHOTO MasTHUKA:
2
(90 _ fo
2 - ]
ot
Jliss  TIOCTIeAYIONIETO aHalnu3a TEPeHeceM BCE BEIMYMHBI TOTYyYECHHOTO
ypaBHEHUS B JIEBYIO 4acTh, OJHOBPEMEHHO pa3/ieinB 00€ YacTH BhIpaxkeHus Ha |

oo f
Y —p=0. 2
otz 17 @)
BBGI[CM CICayromiee 0003HaYeHHE:
f
2= 3)

I
C yuerom BBenneHHOTO 0003HaueHus (3) nuddepeHnuanbHoe ypaBHeHHE (2)
OyZeT UMETh CIETYIOIINUNA BU:
2
PP s wp=0. (4)
ot
Pewenue ypaBHeHus (4) MOKHO IPEICTaBUTh B BUJE:
@ =@, CoS(w,t + ),
rne ¢, — aMIUIMTyAa KojeOaHuil; @, — KpyroBas 4acToTa KojeOaHW; o —
HavyanbHas ¢aza kojebanuit. MaaTHUK OyAeT coBepIIaTh KPYTHUIbHBIE KOJICOaHUs

C 4acTOTOU @), . Tak Kak @, = 2z T » TO TIepHonL Kosie0aHuil T MoxeT ObITh HaliieH

o opmyiie

o

T ()

C yuerom BeipaxkeHus (3) cootHomieHue (5) A OnpeesieHus nepruoia Ko-
nebanuil OyAeT UMETh CIICTYIOIINI BU/I:

Wy

N3 ypaBHeHus (6) onpenenuM MOMEHT UHEPIUU TeNa:
fT?
| =—. 7
472 (7)

JlaHHOE COOTHOIIEHHE MOXET OBITh MCIIOJIB30BAHO JJIsi OTPEACIICHUs MO-
MeHTa uHepiuu | Tena mo u3BeCTHOMY MOMEHTY MHepIuu dtajnoHa l,. s ynoo-
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f
cTBa npeodpazyem BoipakeHnue (7). Tak kak A , €CTb BEJIMUYMHA [IOCTOSIHHAS, TO
/4

ATO OTHOIIIEHUE 0003HAYUM uepe3 a. Torna BeipaxkeHue (7) MOXKHO MPEACTABUTH B
BUJIE
| =aT?2. (8)
N3 ypaBHeHus (8) crneayer, 4TO MOMEHT MHEPUUHU KPYTHJIBHOTO MasiTHUKA
IPsIMO IPONOPLIMOHAJIEH KBAJpaTy Mepuojia KoueOaHuil.

4 OIMCAHUE YCTAHOBKH, BLIBOJ PABOYEN ®OPMY.JIbI
N METOAUKA IMTPOBEJIEHUSA SKCIIEPUMEHTA

Cxema BKCHepHMCHTaJIBHOﬁ YCTAaHOBKH IJIA OIIPCACICHHUA MOMCHTA HHCP-
WA TCJI C IIOMOIIBIO KPYTHJIBHOI'O MAsITHUKA IIPCACTABJICHA HA PUC. 2.

L

SR N

I
7 %) I A/I/ g
\ \
6 /]/vl_l |\| TT T4 T 1 3
h [ I‘/l
IepUuoabl BDpeMsA
1
“\ | | | |
CceThb CﬁDOC IIYCK cTon
(] O o o
V V

Puc. 2. Cxema ycTaHOBKH

VYcraHoBka cOCTOMT U3 0JIOKa U3MEpeHHs | ¢ CeKyHIOMEPOM, MO3BOJISIO-
MM OTPENIETISATh YUCIO U BpeMsl KoJieOaHU MasTHHUKA. Y OCHOBaHUSI MasTHHKA
3aKperieHa KOJIOHKa 2, Ha KOTOPO#M ¢ MOMOIIbI0 KPOHIITEHHOB pPacTsHYTa IMPOBO-
J0Ka 3 ¢ pamMKou 4, B KOTOPOM KPEHSATCS UCCIEAyEMbIE TEIa 5, MOMEHT MHEPLIMU
KOTOpBIX TpeOyeTcsa HalTu. K paMmke nmpukperieHa miactTuHa 6, Kotopas mo3BoJs-
€T C MOMOIIbIO (POTOIIEKTPUUECKOTO TaTUUKA 7 U3MEPATH YUCIIO MOJIHBIX KoJieOa-
HUN Tena W BpeMsi KosieOaHui. [ u3mMepeHus HayajabHOTO yria 3aKpy4ydMBaHUs
HUTU KOJIOHKA 2 CHaO)KeHa MIKajIoh 9, Ha KOTOPOM yCTaHABIMBAETCS DJIEKTpOMAr-
HUT 8, YIS KUBAIOUTUHN TIJIACTUHY 6 U MasTHUK B UCXOAHOM COCTOSIHUH.

XapakTepucTuKka HTaJIOHA U TEJI, MOMEHT HWHEPIMH KOTOPHIX TpeOyeTcs
OTIpENICIINTh, 1aHa B TaOJI. 1.

B kauecTBe 3TasioHa 6epeTcs MUIMHAP U3BECTHOM MAacChl U TEOMETPHUH.

Jlnst monmyuenus paboueit GopMysbl MIPU OMPEJSICHHH MOMEHTAa WHEPIUU
TeJl M0 U3BECTHOMY MOMEHTY MHEPLUH 3TajoHa MPOAHAIU3UPYEM COOTHOLIECHUE
(8). 3anumem BeipaxkeHue (8) i1l paMKH MasTHHKa 0€3 paccMaTpUBaeMbIX TeT,
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JUIS paMKH MasiTHUKA C 3TAJOHOM U C TEJIOM, MOMEHT MHEPILIMH KOTOPOTO HEOO0XO-
TAMO HAWTH:

I, =aTy
l,+1,=aT?, (9)
l, +1=aT?

rie lo, To — MOMEHT UHEpLUHU U TIEPHO KOJIeOaHU paMKH KPYTHJIBHOTO MasiTHUKA
6e3 Tena; |y, T — MOMEHT HHEPIMH U NEPHO]] KOIeOaHUI paMKH KPYTHJIBHOTO Ma-
ATHHKA C 3TajloHoM; |, T — MOMEHT MHEepLMH U NEPHOJ KOJIeOaHUN pAMKHU KpY-
TUJIHOTO MAasiTHUKA C UCCIIEAYEMbIM TEJIOM.

Hckmrouus u3 ypasHenuit (9) lp u a, onpeneanm MOMEHT HHEPLMH UCCIEAY-
€MOro Tena:

(10)

B kauectBe 3Tanona BeiOepemM muiauHAp (Tadiuna 1), MOMEHT UHEPIHUH KO-
TOPOT0 OTHOCHUTEIILHO €T0 OCH ONPENEIACTCS BhIPAKECHUEM
1
|, == Mr?, (11)
2
rae M — macca stanona (ruiHapa) (Kr), I — ero paguyc (M).
[ToacTassist 3HaUeHHEe MOMEHTa MHEPIUU dTanoHa | u3 ypaBuenus (11) B
cootHomenre (10), momyuum pabouyro ¢GopMyiny JUisi ONpeAesieHUs MOMEHTa

MHEPLHH UCCIEAYEMBIX TEII:
1 T2 -T¢
Mr? ——2

| =—

2 _ g2

Ucnions3ys cooTHomenue (12), Haiiiem BbIpakeHHe IS ompeeieHus: ao-
COJIFOTHOM MOTPEIIHOCTA MOMEHTA UHEPLUHU UCCIEyEMOTO TeNa:

o1 Y (o1 Y (a1 N (o1 _Y (o1 ’
A= | ZoaM |+ CEar | 4] ZoaT | | ZlaT, | | Zlar, | .
oM ar o1 o, AT,

Otcronia nmoayuuM creayronire Gopmysibl A pacuera aOCOIIOTHOW U OTHO-
CUTEJIbHOM MTOIPEMTHOCTA MOMEHTA HHEPLIUHU:

2 2 2 2_ 9 2 2
ool (AM] +(2Ar) [ v 221,(1 2Ta)2 0 17
M r (r2-12)) "([r2-12)r2-1?) T2-T
S:ATI100 %. (14)

(12)

5 NOPAJOK BBIIIOJTHEHUSA PABOTBI
1 Bxutounte npubdop Haxxkaruem kHonku «CETby» Ha Onoke usmepenus 1.
2 YcTaHOBUTE 2JEKTPOMArHUT 8 B MOJIOKEHUE, COOTBETCTBYIOIEE Havallb-
HOMY YTJIy OTKJIOHEHUSI KPYTHJIBHOTO MasiTHUKa (mpumepHo 25°... 30°).
3 TloBepHute (3aKpyTuTe) pamMKy 4 KPyTUIbHOTO MAasITHUKA JIO COMPUKOCHO-
BEHHUSI C 3JIEKTPOMArHUTOM.
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4 Haxxmurte kHotiky «I[TYCK». Ilocie Toro kak Ha cueTuyrke KojeOaHUuW mo-
aButTcs 1udpa 9 Haxxmure kHonky «CTOID». Bpems nonneix 10 xonebanuit 3anu-
muTe B Ta0I. 2.

5 YcraHoBuTe B pamke MasTHHKA 3TalioH. (B kadecTtBe 3Tamona Oepercs 1u-
JUHAP C W3BECTHOM MAaccol W reOMETpUEr B COOTBETCTBUHU ¢ Tabu. 1). 3mepbte
BpeMs 10 xonebGaHuil MasiTHUKA C YCTAaHOBJICHHBIM 3TajJOHOM. Pe3ynbTarsl n3Me-
peHUi 3anuIuTe B Ta0JI. 2.

6 M3BrnekuTe 3TajoOH U3 paMKW MasiTHUKA U YCTAHOBUTE B JIAHHOW paMKe HC-
clelyeMoe TeJlo TakK, YTOObI OCh BpalleHUs] COBMajalia C OJJHOM U3 IIaBHBIX OCei
uHepuu. M3mepsre Bpemsi 10 konebanuii masitHuka. Pe3ynbratel u3amMepeHuit 3a-
NUIIMTE B Ta0II. 2.

7 IloBTOpUTE U3MEPEHUS [Tl IPYTUX Oceil BpamieHus (10 3a/laHuio Mpernojia-
Barels). Pe3ynbpTaTel M3MEpeHH 3auimTe B Ta0I. 2.

8 BBIKJIIOYNTE YCTAaHOBKY, OTKJIFOYUB €€ OT CETH.

6 OBPABOTKA PE3YJbTATOB U3SMEPEHUI

1 PaccuuTaiite nepro/pl KoiaeOaHui KPYTUIIBHOTO MAasTHUKA O€3 Tela, paM-
KM C ATAJIOHOM M C UCCJIEAYEMbIM TEJIOM (Tesiamu). Pe3ynbTarsl pacuera 3anuimTe
B TaO. 2.

2 PaccuuTaiiTe cpeHUi Mepuo KojieOaHui, BEIUYUHY a0COJIFOTHOW U OT-
HOCUTEJILHON MOTPEIIHOCTH MEPHOoJia KoJIEOaHU BEPOSITHOCTHBIM METOJOM MpHU
HazexHocTy o = 0,95. Pe3ynbrarsl pacuera 3anumure B Tad1. 2 u 3.

3 PaccuuTaiiTe B COOTBETCTBHH C 33/IJaHMEM MOMEHT MHEPIIUHU Tela 1o Gop-
myiie (12). Pe3ynbTaTsl pacuera 3anuimmure B a0, 3.

4 Omnpenenute aOCONIOTHYI0 M OTHOCHTENBHYIO MOTPEHIHOCTH MOMEHTa
UHEpIUH ucciexyemoro Tena mo ¢opmynam (13) u (14). Pesynbrarsl pacuera 3a-
MUIIMATE B Ta0OII. 3.

5 PaccuuTaiiTe MOMEHT HHEPIUH UCCIIEIYEMBIX TEI OTHOCUTEIBHO TJIaBHBIX
oceil mo ¢opMmynam, nMpuBeAeHHBIM B Tabu. 1. Pe3ynabTaThl pacuera 3anmuiiure B
Tabm. 3.

6 CpaBHUTE pe3ysIbTaThl MPOBEICHHBIX PACUETOB, MOJYUYCHHBIX MO MyHK-
Tam 3 u 5.

7 CnenaliTe KpaTkue BbIBOJIBI TIO paboTe.

Taonuma 1

dopma ['eomeTpruueckre napaMmeTpsl Macca MomenT
Tena r,vMMm | h,mm [ a, MM | b, MM | C, MM Tena, KT HHEPIHUH

1 2 3 4 5 6 7 8
Oramon- | 30 120 | — — — 1,652 - 1 Mr2

wwmaap | 0,1 | £1 +0,001 Z 9
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Ilpooonsicenue maon. 1

1 3 4 5 6 7 8
Temo Ne 1, | — — 50,0 [50,0 |50,0 |0,964 l,=1,=1,=
KyO +0,1 |[+0,1 |+0,1 |[=+0,001 Ma

6
Temo Ne 2, | — — 40,0 |60,0 |100 |1,843 M (a2 +b?)
napajuie- +0,1 |+0,1 |+0,1 |=0,001 I, = 12
JIETHIe | M (a® +c?)
1 vETT
M (c? +b?)
Iy =
12
C 4
..: X
Vet
y b
Temo Ne 3, | — — 50,0 |50,0 |100 |1,924 M a?
Mapaiie- +0,1 |+0,1 |+0,1 |0,001 ==
JICTIUIICT M(a2 +C2)
: Y,
; M(c® +b%)
| Iy =
cl , 12
S
y a
TaOnuma 2
Ne | O6pazerr | Uucmo | Bpems [lepu- |<T>, |ATi,c |AS |AT,c |¢,
KojJe- | Koyieba- | O, c %
Oanmit, | HUM,t,c | T,c
N
1 | Pamka

MasITHHKA
2 | Pamkac

JTAJIOHOM
3 | Pamkac

TesoM 1
4 | Pamka c

TEJIOM 2
5 |Pawmxac

TEJIoM 3
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TaOnwuma 3

=

Ob6pa3zer,
0Chb

To, C

Ts,c | T,c |1, kr m? | Al kr-m?

£,%

IpvaeTHoe (HO
tabnuie 1)

AIWIN|F-

7 KOHTPOJIBHBIE BOITPOCBHI

1. Tomyuute pabouyro hopmyy A ONPEACIICHUS] MOMEHTa WHEPIIUU KpY-
TUJILHOTO MasiTHUKA.
2. TlomyunTe BBIpAXCHUS IJIA ONpPEACICHUS KUHETHYECKOW OSHEpPTUu TpHU
BpalaTeIbHOM JBU)KCHUU.
3. Urto HazbiBaeTcs MoMeHTOM HHepiuu? KakoB pusnyeckuil cMbICT MOMEH-

Ta UHEPIUU?

4. Cohopmynupyiite teopemy Illrelinepa. BoiBenure Qopmyiny Teopembl

[Teitnepa.

5. Kak omnpenenuts npubGOpHYIO MOrPEUIHOCTh NPU ONPEAEICHUH MOMEHTA
uHepuu? CpaBHUTE TPUOOPHYIO U CIYYAHYIO NOTPEIIHOCTH.
6. Kak ompenenuTe MOMEHT WHEPUMHU TeNl MPABUIBHOW WU HEMPaBUIHLHOU

bopmbI?
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JABOPATOPHASA PABOTA 8

OIIPEAEJIEHUE MOMEHTA UTHEPIIUU METOJIOM
TPUOUIIAPHOI'O TIOABECA

1 OEJIb PABOTBI

OnpeneneHre MOMEHTa MHEPIUU TEJ MPOU3BOJIBHON (OPMBI C MOMOIIBIO
TpU-PUIISIPHOTO MOABECA.

2 BUBJIMOTPAGMUYECKHI CITUCOK

1 CaenbeB U.B. Kypc ¢uszuku. B 3 1. T.1: Mexanuka. MonekymnsipHas Qu-
suka / U.B. Casennes. - Jlaus, 2008. - 352 c.

2 Tpodpumosa T.1. Kypc ¢usuku: yued. mnocobue s By30oB /
T.U. Tpodumosa. - 19-e uza. - Akagemus, 2012. - 560 c.

3 Hetnad A.A., ABopckuit b.M. Kypc puzuku.- Akagemus, 2009. - 720 c.

3 TEOPETUYECKOE BBEJAEHHUE

Tpudunapueiii noasec (puc. 1) mpeacrasnser coboil auck 1 maccoir m,
MO/IBEIICHHBIA HA TPEX CUMMETPUYHBIX YIPYruX HUTAX (2 — 4), YKpEIJICHHbIX Ha
nucke 5. BepxHsAs 4yacTh KpYIJoro JucKa 5 3aKperieHa HEMOJABUKHO, HUKHUN
JIUCK MOXKET OCYIIECTBIIATh KPYTHJIbHBIE KOJEOAHUS BOKPYT BEPTHKAJIBLHOW OCH,
MPOXOSIINKA Yepe3 HMeHTp Macc AUCKOB (raTdopmbl). [Ipu Takoi KOHCTPYKIIUU
LIEHTP MacC HIKHETO MCKa 1 MOXKET mepemMeniaTbCs TOJIBKO BJIOJIb BEPTHKAIBHON
ocu BpaieHus. [Ipu sTom mepuon KojieOaHUl AMCKA OMpPENeNseTCs BEIUYHUHOM
MOMEHTa UHEPIIUU JUCKA U UCCIIEAYEMbIX IPY30B, HAXOISIINXCS HA HEM.

Puc. 1. Tpudunspusiii noasec

[Ipu BpameHnn QucKa BOKPYT BEPTUKAIBHOM OCU MPOUCXOAUT MOIBEM €ro
Ha BeIcOTy h. BeneacTBue 3Toro npupaiieHie MoTeHIIHaIbHOW SHEPTUN ONIPEIeIs-
€TCsI COOTHOIIICHHEM

E, =mgh, (1)
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rae M — macca auMcka; h — BeicoTa moabema Aucka; § — yCKOpEeHHe CBOOOIHOrO Ia-
JICHUS.

[Ipn BpameHHM HUKHETO JUCKAa BOKPYT BEPTHUKAIBHOM OCH €ro MOTEHIIM-
aJbHAsl SHEPIUsl €ro MPEeBPAllACTCs B KMHETHYECKYI0. B MOMEHT IpOXOKJICHUS
yepes MOJI0KEHUE PABHOBECUS MOTEHUHUAIbHAS 3HEPTUS MOJHOCTHIO MEPEUIET B
KUHETUYECKYIO F!

E =21k, )
rae | — MOMEHT uHepIuU IUCKa; Mo — YIJIOBasi CKOPOCTh HUKHErO AUCKA IIPU MIPO-
XOXKIECHUU TIOJIOKEHUS PABHOBECHS.

B orcyTrcTBHM Cu TpeHUSA U CONMPOTHUBIIEHUS BBITOIHSAETCA 3aKOH COXpaHe-
HUSI MEXaHUYECKON SHEPIUr

%Ia)o2 =mgh. (3)

MokHO TIOKa3aTh, YTO IPHU MAJBIX OTKIIOHEHHSX OT MOJIOKEHUS PABHOBECHUS
HWKHUHM JTUCK COBEpLIAET rapMOHUYeckue konebanusd. [Ipu 3ToM 3aBUCUMOCTB yT-
Ja MoBOpPOTa (YIJIOBOTO CMEILIEHUs) AUCKA OT BPEMEHU MOKET ObITh IIPEICTaBICHA
B BUJIC

_ o ein 2%
p=asin"=t, (4)

rje [ — yroja noBopota aucka (yriaioBoe cMelleHue); T — mepuo1 KojieOaHuil 11cKa;
t — Bpems.

OnpenenuM yrioBYIO CKOPOCTh JHUCKA M €€ MaKCHUMalbHOE 3HAYEHUE pPU
MIPOXOKJICHUU Yepe3 TMOJIOKEHUE paBHOBeCHs. Tak Kak yrjioBas CKOPOCTh paBHA
MIPOU3BOJHOMN OT YTIJIa MOBOPOTA MIATHOPMBI IO BPEMEHH, TO

_dB 2mx 2r

cos—t.
dad T T

1
B MOMEHT npoxoKaeHust MonoxeHus: paBHoBecus (t = O’ET , T 1 T.1.) yr-

JIoOBas CKOPOCTb o MaKCHUMaAJIbHA U PaBHA

2mx .
Wy =——. (5)
T
[ToncraBiisst 3HaUCHHE MaKCUMaJIbHON YIJIOBOM CKOPOCTH M3 ypaBHEHUS (5)
B BbIpaxkeHue (3), HoJydnum
2
1 (2mx
mgh==1 — | . (6)
2\ T
Jns onpeneneHns MOMEHTa UHEPLUU PACCMOTPUM CXEMY MOJIbEMA HHXKHE-
ro aucka TpudmisspHoro noaseca (puc. 2). Ecnmu | — qnuna wuteit moaseca, R —

paanyCc HUKHECTO JUCKaA, r— paanyc BCPXHCTO JUCKA, TO BBICOTA ITOJAbCMA HUKHC-
ro AMcCKa I1pv €ro BpalmcHU OTHOCHUTCIIBHO BepTHKaHBHOﬁ OCH paBHa

2 2
h-00, ~Bc-Bc, = BS) ~(BC)
BC+BC,
Tak xak
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(BC)* =(AB)* —(AC)* =I1> —(R—r)

41
(BC,P =(BA) —(AC, =1>—(R? +r?—2Rrcosa),
TO
. 2
o 2Rr(l—cosa) 4Rrsin®< @)

BC+BC, BC+BC '

B r

Ay

R

< [
< >

Puc. 2. Cxema nogbeMa quckKa

[Ipu ManbIx yriax OTKJIOHEHHUS O 3HAUEHHE CHHYCa 3TOr0 yria MOKHO 3a-
MCHHUThH TPOCTO 3HAYEHUEM O, a BEIUYMHY 3HAMCHATENS TOJIOKUTHh paBHOM 2.
YuuTeIBas 3T0, UMEEM
B Rra?

o2
Torga Ha ocHoBaHuU ypaBHeHUH (6) U (9) moayyum

Rra® 1 (2mj2
mg = —1,

h 9)

2 2 \ T

OTKYyJ1a
mgRr
A7

ITo dopmyne (10) moxxker ObITH OompenesieH MOMEHT MHEPIMH KaK CaMou
m1aThOPMBI, TaK U Tell, PACTIONOKEHHBIX Ha 3TOH miatdopme.

Jliist ynoOcTBa oTcyeTa KojebaHuil miaaThopMbl HIMEETCsl METKa, TPOTUB KO-
TOPOU HAXOJIUTCS YKa3aTellb.

T?. (10)
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4 ITIPUBOPHI U ITPUHAIJIEXKHOCTHU

Tpudunspuslii noxBec, MTAHTEHIUPKYJIb, CEKYHIOMEP, 00pa3Lbl AJis U3Me-
PEHHUU.

5 HOPAAOK BBIIIOJTHEHUSA PABOTBI

5.1 UzmepbTe AaMeTp BEPXHETO U HMXKHETO AUCKA TPU(UIISIPHOTO MO/IBECa.

5.2 CoobmuTe HMXKHEH TaTdopme BpaliaTenbHblid UMITyIsbC. [Ipu 3ToM am-
IUIMTYAA KoJieOaHUi TpU(UIIIPHOTO MOBECA HE JOJDKHA TPEBBIIATH 3...5 TPalyCOB.

5.3 Usmepbte Bpems 10 — 20 (o 3amanuio mpemnojiaBaTes) MOTHBIX KOJje-
Oanuit TpuduispHoro nojapeca. Paccumraiite mepron konebanuii. PesyapTarsl n3-
MEepeHHUi 3aHecuTe B Ta0I. 1.

5.4 Paccuuraiite MOMEHT uHepIuu miatdopmel o hopmyie (10). Pesynb-
TaThl pacyeTa 3aHecUuTe B Ta0I. 2.

6 OIIPEJIEJIEHUE MOT'PEINIHOCTHU U3MEPEHUI
BEPOATHOCTHBIM METOJAOM

6.1 PaccuuraiiTe cpenHee 3HaU€HHE MOMEHTA HHEPIIUHU 110 (hopMyIIe
21
1

_ L+ + .+

n n
6.2 Paccuutaiite aOCOJIOTHBIE TOTPEIIHOCTH OTAEIBHBIX H3MEPEHHM

n

Al, :‘< | >—Ii‘ ¥ ux KBaapatsl | Al |*.
6.3 Beruucnnre cpeHIO KBaApaTUYHYIO OTPELITHOCTh

6.4 Beruncioute cpeaHio aOCOJIOTHYIO MOTPEITHOCTH (BEIMYHUHY JTIOBEPHU-
TEJILHOTO MHTEpPBAja) AJs 3a4aHHON HAJEHKHOCTH O
Al =t,(n)-AS.

6.5 PaccuuTaiiTe OTHOCUTENIBHYIO NOTPEUTHOCTh NU3MEPEHHSI MOMEHTA UHEP-

107078
Al
E= 100%.
<Il>
6.6. OKOHYATENIbHBINA PE3YyIbTAT 3ANUIINTE B BUIE
| =(<I>£Al), kr'm?, e = ... %.

7 OLIEHKA ITIPUBOPHOM NOI'PEITHOCTH (Io 3aganmo npenoaapartens)

7.1 Tomyunm dopmyny NpuOOPHONH OTHOCHUTEITHHOW TMOTPEIIHOCTH MPH
OIpEJETICHUH MOMEHTa UHEPIMHU AucKa TpuduispHoro noxaseca. s 3toro pac-
cMoTpuM cooTHotenue (10):

mgRr__,
=———T".
Ar°l
[Iposorapudmupyem JIeByro U MpaByro yacTb cooTHomeHus (10):

(10)

Inl=Inm+Ing+InR+Inr+2InT-In4-2Inz—1Inl.
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7.2 Hatinem nonHbl quddepeHiivan oT mpaBoi U JIEBOM YacTel MocCieHe-
'O COOTHOILICHUSI:

d_I dm dg drR dr Zd_T_Zd_ﬂ'_ﬂ
I m g R r T 7 |
7.3 3HaKku OECKOHEYHO MaJIbIX NpupamnieHui (auddepenuanon d) 3aMeHIM
Ha KOHEUYHBIC TpUpamieHus A W 3HaKu - (MUHYC) meped A 3aMEHHM Ha 3HaK +
(rutroc):
Al _ Am Ag AR Ar AT Az Al

+2—+2—+—. (11)
1 m g R r T z |

B cootnomenun (11) T " OTHOCUTEJIbHAsI MPUOOPHAsl MOrPEIIHOCTh MPHU

olpejesiecHu MOMeHTa mHeprwmu, Am, Ag, AR, Ar, AT, Az, Al — aGconroTHbIC
(mpubopHBIE) MOTPENTHOCTH MACChl, YCKOPEHUSI CBOOOHOTO IaJICHUS, PaIdyCOB,
MEepUO/Ia, YACIIA T, JJIMHBI HUTEM.
7.4 Cnenaiite kpaTkue BBIBOAbI. OKOHYATEIBHBIC PE3yIbTAThl 3ANUILINUTE B
BUJIC
| = (<I>+ Al), kr'M?, e = ... %.

8 OITPEAEJIEHUE MOMEHTA UHEPIIUU TEJI
MNPOU3BOJILHOU ®OPMbI

8.1 YcraHoBuTe TENO MPOU3BOIABHON (OpMBI (UUIUHAP) B LIEHTP HUKHETO
JIUCKa TPUPUISIPHOIO MOABECA M B COOTBETCTBHM C NMyHKTAMH 5...7 ONpenenuTre
MOMEHT UHEPLIMHU CUCTEMBI JUCK — UCCIIETyEMOE TETIO.

8.2 Omnpenenure MOMEHT HHEPLMH Tea KaK Pa3HOCTb MOMEHTOB MHEPLIUHU
CUCTEMBI (JUCK U TEJIO) U HUKHETO IUCKa TPUDUISIPHOTO MOJIBECa.

9 IPOBEPKA TEOPEMBbI IITEMHEPA

9.1 YcraHoBute B cnieMaibHO M3TOTOBJIEHHBIE CTEPHKHU, PACIIOI0KEHHBIC
Mo KpasiM JHUCKa TPpUPWISPHOTO TOJBECA /1Ba OJMHAKOBBIX TEla B BHUJE IMIJIWH-
npoB. Omnpenenurte MOMEHT MHEPLMHU CHUCTEMBbI (AMCK M UWIUHIPBI) B COOTBET-
CTBMHU C ITyHKTamu 3S...7.

9.2 Onpenenute MOMEHT UHEPIIMHU Tela (OAHOTO IUINHAPA), OTHOCUTEIBHO
OCH HE MPOXOAAIIEH Yepe3 ero IEHTP Macc Kak MOJOBUHY OT Pa3HOCTH MOMEHTOB
WHEPLUHUH CUCTEMBI (IUCK U NWJIMHJIPHI) U HIXKHETO JUcKa TpU(PUISPHOTO IO IBECa.

9.3 U3MepbTe paccTOSTHUE MEXAY LUEHTPOM JHUCKAa U CTEPKHEM Ha Kparo
JUCKa MO/IBECA.

9.4 IIposeprTe Teopemy llTeitHepa

| =1,+ma’,

rae | — MOMEHT MHepIuU Tejla OTHOCUTEIIBHO OCH, HE MPOXOJAIIeH depe3 LEeHTP
MaccC CUCTEMBbI; lg — MOMEHT MHEPIIMHU TeJla OTHOCUTEIBLHO OCH, TPOXOASIIEH yepes
LEHTP Macc CUCTEMbI; M — Macca HUIMHAPA; & — PACCTOSIHUE MEX]y LIEHTPOM Macc
U CTEPKHEM.
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TaOnwuma 1

Pannyc Pamnyc | Jlnuna Hu- | Bpems ko- | Ilepuon

No Macca, HIDKHETO | BEPXHETO T, j1e0aHuM, KoseOa-
m, Kr JIMCKa, JIMCKa, I, M t, c HUH,
R, M r,M T,c
1
2
3
4
5
1
5
1
5
Tabnuma 2
Ne | MomeHT <|>, Al Al AS, Al, & %
MHEpLMH, | Kr-M? KT M2 KT M2 Kr'M? | KI-M?
l. k1 M2

1
5
1
5
1
5

10 KOHTPOJIBHBIE BOITPOCHI

1. Tomyuute BbIpa)keHUE ISl KHHETUYECKON SHEPruy BpalIaloLIErocs Tena,
JaiiTe onpe/eneHrne BeJINYrH, BXOASAIINX B HETO.
2. Ilonyuute pabouyio hopmyiny ISl ONPEEICHUS] MOMEHTA UHEPIUU C T10-
MOTIBIO TPU(PUIISIPHOTO MOBECA.
3. Ionyuurte BBIpakKeHHE Ui ONpEACNICHUS KUHETHUYECKONW SHEPIUud Npu
BpalllaTeIbHOM JBM)KEHUHU TBEPJOTO TEJa.
4. JlaiiTe ompeaelieHHe MOMEHTAa WHEpUHUHU TBepaoro tena. Kakor duszmde-
CKUM CMBICI MOMEHTa UHEPIUH?
5. Chopmynupyiite u fokaxute Teopemy lLllteitaepa.
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6. Ouenute npuOOPHYIO MOTPEIIHOCTD MIPU ONPEIECIIEHUN MOMEHTAa UHEPLUU
TBEPAOIO TEJL.

7. OOBSACHUTE METOAUKY ONpPEIEICHUS MOMEHTAa HHEPLUH TeJl IPABUIILHON U
HEMPaBWILHON (POPMBI C TOMOIIBIO TPUGUIISIPHOTO TIOIBECA.

8. OO0bsicHuTe METOAMKY MpoBepku Teopemsl LlITeiliHepa ¢ momoripio Tpudu-
JISIPHOTO IIOJBECA.
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JABOPATOPHASA PABOTA 9

N3YYEHUE JIBUXEHUA MASATHUKA MAKCBEJUIA

1 EJIb PABOTbI

1 HSY‘ICHI/Ie XapaKkTepa ABUKCHUA MassTHUKA Makcaera.
2 OHpe,ZICJICHI/Ie MOMCHTA MHCPIHUHU MAasITHUKA Makcaea.

2 BUBJIUMOTPAOUUYECKHNIA CITUCOK

1 CagenneB U.B. Kypc dusuku. B 3 1. T.1: Mexanuka. MonekynspHas ¢u-
3uka / 11.B. CaBennes. - JIlanb, 2008. - 352 c.

2 Tpodpumona T.U. Kypc ¢usuku: yueb. mnocobue s By30B /
T.M. Tpodumosa. - 19-e uza. - Axagemus, 2012. - 560 c.

3 Hetnad A.A., SABopckuit .M. Kypc pusuku.- Axkagemus, 2009. - 720 c.

3 OIIMCAHUE YCTAHOBKHU U METO/IUKA ITPOBEAEHUSA
IKCIIEPUMEHTA

MastHuk MakcBemia npeacTaBisieT coOOM OJHOPOJIHBIN METATUYECKUI
nuck C (puc. 1), B ceperuHe KOTOPOTO YKpEIJIEHbl MeTauinueckue crepxxau D,
KOTOPBIM BUTOK K BUTKY TIHIATEIbHO HAMATHIBAIOTCSA JBE KAlPOHOBBIE HUTH, MPH-
KpEIUJICHHBIE K HETMOJIBIXKHOM Tu1aTdopMe B Toukax B u Bi.

[Ipn 0cBOOOXKIAEHMM MasSTHHKA OH HAYWHAET JIBIJKEHME: MOCTYIMATEIbHOE
BHU3 U BPAILIATEIIbHOE BOKPYT CBOEH ocu cumMeTpuu. [Ipu moaHoM pa3MaTbiBaHUU
HUTEW MaATHUKA KUHETUYECKAs SHEPIrusl BPAIIATEIBHOTO JBHXKCHUS MasTHUKA
MIPUHUMAET MAaKCUMAJIbHOE 3HAYEHUE. DTO BPALCHHUE, NPOIOIKAICH IO UHEPIINH,
BHOBbB MPUBOJIUT K HAMAThIBaHUIO HUTEU Ha cTepxkHu D. [Ipu 3TOM nBUXKEHHME Ma-
ATHUKA 3aMEJJISIETCS U TMOCJe MOJHOW OCTAHOBKM MAasSTHUK HAUYMHACT JIBUTAThCS
BHM3. [Iponecc moBTopsiercs.

Ha puc. 1 nmoka3ansl cuiibl, JEUCTBYIOIIME HA MAasTHUK. BTOpoil 3aK0oH 1u-
HAMUKHU JJI TOCTYNATEIbHOTO M BPAIIaTEIbHOTO JIBUKEHHSI MassTHUKA UMEET CJie-
YOI BU;

ma =mg — 2T 1)
le =2Tr
ragec m — macca MadTHHKA, | — MoMeHT HHCPUWH MAasATHHUKA, g — YCKOPCHHUC CBO60I[—

HOTO MajJieHus; I — paguyc crepxxss D; T — cunia HaTsDKeHUsI HUTH; & — YCKOPEHUE
IMOCTYIIATCIIbHOT'O ABMKCHHA MAadATHHKA, &€ — YITIOBOC YCKOPCHUC MAjATHHKA.

I[J'Iﬂ OIIPCACIICHUA MOMCHTA MHCPLIMU MAATHHKA 3allMIICM CBA3b MCIXKIAY YI-
JIOBBIM U JIMHEUHBIM YCKOPCHUAMMU

a=re, (2)

rae r — paauyc crepxHs D; ¢ — yrinoBoe yckopenue masTHuKa. JIuHeliHOe yckope-
HHE A MOXKET 6I)ITI) OIIPCACIICHO I10 BCIIMYMHC U3MCPCHHOI'O BPCMCHU ABUKCHUA t
Y IPOXOJIMMOMY MasiTHUKOM PacCTOSIHUIO S.

2
s=2
2

Otcrona
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2S
=7 3)
[Toncrapisisi 3HaUeHHE YCKOPEHUsI U3 BhIpakeHus (3) B ypaBHEHHE (2), T10-
JYyYUM BEJIMYUHY yTIOBOTO YCKOPEHUS

e=2%,. (4)

Breipaxkenust i1 TMHEHHOTO W YIJI0BOTO ycKopeHud u3 popmyn (4) u (3)
nojacTaBuM B (1) 1 HaliieM MOMEHT uHepIuu | MasTHUKA

a

t2
l=mr2| & _1], 5
[ZS j ©
B B,
Ji _______ T D _ JL
2T
—_ R
T
S

[z

Puc. 1. Masatauk Makcseiuia

CooTtHoteHue (5) MOXKET OBITh MOJYYEHO M M3 3aKOHA COXPAHECHUS DHEP-
run. [lorennuanbhuas 3Heprust (MYS) MOTHATOTO HA BBICOTY S MasiTHUKA MpeBpa-
IACTCS MPU OMYCKAHWHM B KMHETHUYCCKYIO SHEPTHIO IMOCTYNATEIIBHOTO ABUKCHUS

2
[[EHTpa Macc MasiTHUKa (mV A ) U KUHETHYECKYI0 JHEPTHI0 BpalaTeabHOrO

ABHUKCHUA 7 .

Tak kak V =¥, a= g u V = at, To u3 BeipaxeHus (6) MOKHO MOTYYUTh
t
COOTHOIIIEHHE (5) IS OTIPEAEIIeHHs] MOMEHTA HHEPLUUU MasiTHUKa MakcBela.
4 ITIPUBOPHI U ITPUHAIJIEXKHOCTHU

VYcTaHOBKA I MCCIICIOBAHUS JBM)KCHUSI MasiTHUKa MakcBeluia, CeKyHI10-
Mep, BECBI C pa3HOBECaMH, MacIuTaOHast THHEHKa.

mv? lw?
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S NOPAJOK BbBIITIOJIHEHUSA PABOTDBI

1 M3mepbTe reoMeTpruecKue pasMepbl MasgiTHHUKA: I - paauyc ctepxkHei D,
M; |1 u o - mny crepkueit D, m; R - pamuyc nucka mastauka C, M; |3 - Tonmmny
nvcka magatauka C, m.

Pe3ynpTaThl M3MepeHuii 3anumiudTe B TaOauIly | juisi pacuera MOMEHTa
WHEPLNN MasiTHUKA.
2 PaccunTaiiTe MOMEHT WHEPIIMH MasTHUKA 10 hopMyIie

2 2 2 21 2 2] 42 2| p2

mr< m,r° myR ar L, r ar L, r 7R “13R
LU NI LN LA Py + P, + P: sh
2 2 2 2 2 2 (7)

:%(w +Lr* +1,R*)

rJie p — IIOTHOCTh MaTepuaia MasTHUKa (s xkenesa p = 7800 kr/m®).

3 Ouenwure (MO 3aTaHAO TIPETIOABATENS) BETUINHY a0COFOTHOM M OTHOCH-
TEJIbHOM MOrPEIIHOCTH pacyeTa MOMEHTA HHEPLIUU.

JI71sl OLIEHKM TOTpEeIIHOCTH HEOOXOAMMO ONpEenesuTh MONHbINA nuddepen-
nuaia MomeHTa uHepuuu | (Belpaxkenue (7) u panee BbIBECTU (GOpMYITy aOCOJIOT-
HOM M OTHOCHUTEJIBHOM MOTPEIIHOCTH O OOIIENPUHATON METOIUKE (CMOTPU METO-
JUYECKUE YKa3aHUs 110 ONPENEIEHUIO MOIPEIIHOCTEN H3MEpEHUH, 4acTh 1).

4 U3meppTe Maccy MasiTHUKa M, HAaMOTalTe HUTH Ha cTep>kHU D u ompene-
JIUTE BBICOTY S MOJIbEMA LIEHTPAa MAcC MasiTHUKA OT MOJIOKEHUS PAaBHOBECHS.

5 M3smeppTe Bpems ABMKEHUS t IEHTpa Macc MasTHHUKA IPU MPOXOKIACHUU
nytu S. MI3MepeHne BpeMeHH MOBTOPUTE HECKOJIBKO pa3. Pe3ynbraTel u3mMepeHuil
3aHecuTe B Ta0I. 2.

6 Paccuuraiite nmo dopmyine (5) MOMEHT WHEpIMU MasTHUKa MakcBela.
Pe3ynbrarhl pacyeToB 3anumimTe B Ta0I. 3.

7 OueHuTe CiIy4yailHyl0 MOTPEIIHOCTh KOCBEHHBIX H3MEPEHHI MOMEHTa
WHEPLIMH.

B cootBeTcTBUM ¢ Tabi. 3 paccuuTaliTe cpeaHee 3HAYEHWEe MOMEHTAa UHEp-

MU 1o popmye
21

I+, +..+1
<l>=" =12
n n
8 PaccuunTaiiTe aOCOMIOTHBIE OTPEIIHOCTH OTAEIbHBIX U3MEPEHUI
|2

Al; =|< | >—I;| n ux kBanpartet | Al
9 Beruncnure cpelHeKBaIpaTHUHYIO HOTPEIIHOCTh

10 Beruuciute cpenHio abCOMIOTHYIO MOTPEITHOCTh (BEIUYMHY JOBEPU-
TEJIBLHOTO MHTEpBaJIa) AJId 3aJaHHON HAJIEAKHOCTH O
<Al >=t,(n)AS.
11 PaccunTaiiTe OTHOCUTENBHYIO MOTPEIIHOCTh U3MEPEHUSI MOMEHTA UHEP-
107078
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g

<l >

_<AI >

100 % .

12 OxoHYaTENBHBIN pE3yIbTAT 3aMUIINTE B BUJIE:
| =(<1>+<Al >),xkr'M% e= ... %.
13 Cnenaiite KpaTKue BBIBOABI IO padoTe.

Taonuma 1

I, M I, M I3, M r,m R, M I, kr-M? | Al, kr-m? e, %
Tabnuma 2
No | Macca masitHuka, | Paguyc crepxnelt, | Beicora, S, M | Bpewms aBmxeHus,
Mm, Kr r,m t,c
1
2
3
4
5
Tabnuia 3
Ne | I, kr-m? <|>, Al;, xr-m? Al AS <Al>, e, %
KT M2 KT M2
1
2
3
4
5
6 KOHTPOJIBHBIE BOITPOCHI
1. Jlaitte ompenenenne MomeHTa uHepuuu. KakoB (usnueckuii cMbici MoO-
MEHTa UHEPIUU?

2. Tlomyuute BBIpaXEHUE JIs OINPEACICHUS MOMEHTAa WHEPIHH JHCKa,
CTEPIKHS, KOJIBIIA.
3. IMomyuute pabouyro ¢hopMymay IS ONpESICHUS MOMEHTAa HHEPIIMHM MasiT-
HuKa Makcsena.
4. Tlomyuute dhopmymy sl ONPEACICHHs] MPUOOPHOIN MOTPEIIHOCTH MPU U3-
MEpPEHUU MOMEHTA HHEPIIUU
5. 3anummTe U 00OCHYWTE BBIpAXKEHUE NJIsI OMPENCICHUS KUHETUYECKON
SHEPTUU TeJa MPHU BpaIaTeIIbHOM JBUKEHUH.
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JABOPATOPHAA PABOTA 10

OIIPEJAEJIEHUE CKOPOCTH ITOJIETA CHAPAIA C IIOMOLIbIO
BAJVIMCTUYECKOI'O KPYTHJIBHOI'O MASATHHUKA

1 EJIb PABOTbI

OnpenenuTs CKOPOCTh TOJIeTa CHapsaa, MCIOJIb3Ys OaUIMCTHYECKUM KPY-
TAIbHBIN MagTHUK FPM-09.

2 BUBJIUMOTPAOUUYECKHNA CITUCOK

1 CagenneB U.B. Kypc ¢ouszuku. B 3 1. T.1: Mexanuka. MonekymnspHas du-
suka / .B. Casenses. - Jlaup, 2008. - 352 c.

2 Tpopumona T.U. Kypc ¢usuku: yueb. mocoOue s By30B /
T.M. Tpodumosa. - 19-e uza. - Axkagemus, 2012. - 560 c.

3 Hetnad A.A., ABopckuit .M. Kypc pusuku.- Akagemus, 2009. - 720 c.

3 TEOPETHYECKOE BBEJIEHHUE

HemnocpencTtBeHHoe omnpeiesieHue CKOPOCTU MoJI€Ta cHapsija (Iyau) BBUILY
e€ OOJIBIIION BEIMYHMHBI SBIISIETCS HEJIErKON dKCIepUMeHTaIbHOM 3amayeit. [1oato-
My TNPUMEHSIOT KOCBEHHbIE MeTOAbl. OIUH U3 HMX OCHOBAaH Ha HMCIOJIb30BaHUU
a0COJIFOTHO HEYNPYroro COYAApEeHHS IyJIH C TEJIOM JOCTaTOYHO OOJIBIION, IO
CPaBHECHHUIO C IIYJIEM, MACChl, KOTOPOE MOKET BpaIIaThCS OTHOCUTEIIBHO HEMO-
JBM)KHOM BEPTUKAIBHOW OCH. POJIb MacCCHMBHOTO TeJla BHITIOJIHICT Oa/UTMCTUICCKUM
MAasITHUK, MMOJIBCIICHHBIM HA CTAILHOW MPOBOJIOKE. [10JIy4yrB 3HEPrUto OT IMyJId, OH
COBEpIIIACT KPYyTHJIbHBIE KOJICOaHUsI.

Ecnu npeneOpedb MOMEHTOM CHUJI TPEHHMSI, TO Ha OCHOBAaHHMH 3aKOHA COXpa-
HEHMSI MOMEHTA UMITYJIbCA IS CACTEMbI MAATHUK-ITYJISI MOYKHO 3aIACaTh

mVr = (I1 + mrz)w, (1)
rae M — macca myn, V — eé CKOpOCTh ' — pacCTOSIHUE OT OCH BPAIICHUS MasTHUKA
A0 TOYKH yJapa I1yJiu, I]_ — MOMCHT MHCPIHU MasdTHHUKA, @ — €ro YIJ10Basa CKOPOCTh.

Kunernueckas OQHCPIUuA BpalaTCIbHOI'O ABHIKCHHA MasATHHKaA C Hy.]]eﬁ I1C-

PEXOIUT B MOTEHIMAIBHYIO SHEPTUIO 3aKPYUYEHHOW MPOBOJIOKH, HA KOTOPOM MOJ-
2

o
BEIIIEH MAasTHUK, PaBHYIO paboTe MPOTUB CHJI yNPYTOCTH T,rne k — Momyinb

KpYy4dCHUA, & — YIOJI OTKIIOHCHUA MAaATHHUKA:

%(Il+mr2)a>2 =%ka2. )
N3 ypaBHenutii (1) u (2) nomydaem
ka®
2 2
V= 22 (I1 +mr )

Tak Kak MOMEHT HHCPpIOHU ITYJIU 3HAYUTCIbHO MCHBIIC MOMCHTA MHCPIHU
MasiTHUKA, TO UM MOXHO TipeHeOpeyus. Toraa
kl,or?

V2= .
m?r?

(3)
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MoOMEHT cuil ynpyrocTd IpOBOJIOKH MPOMOPIUOHANEH YIiTy MOBOpOTa Ma-
ATHHUKA

M y = —ka.
ITo ocHOBHOMY 3aKOHY TMHAMHKHU BPaIaTeIbHOTO JBHKCHUS
d2a
M y = IS = I F
2 2
a da
Torma | —2=—ka, i | —2+ka =0.
dt dt

Pemenuem storo YPaBHCHMUA SABJISICTCS BBIPAKCHUC

e

B YEM MOXXHO yOeIUThCSl MOJICTAHOBKOM. Bennuuna n UTPaET POJIb HUKINYECKOU

T
YaCTOThI, KOTOpasd paBHA @ = ? , TOrJa

T =27r\/I
k

Takum o0Opa3oM, B HallleM Clydyae MasTHUK OyJeT COBEpIIaTh rapMOHUYE-
CKH€ KOoJIeOaHUs C IEPUOOM

T, = 272'\/% : 4)

2
=1+ 2MR12, rae lo — MOMEHT MHepIMK caMoro MastHuka, a 2MRS — MomeHT

MHEPLHH JIBYX I'PY30B Macchl M, IEHTPBI MacC KOTOPBIX HAXOIATCS HA PACCTOSITHUU
R1 oT ocu Bpauienusi. Eciiv rpy3sl NPUABUHYTH K OCH Tak, YTOOBI pACCTOSTHUE OT

UX IIEHTPOB MacC JI0 OCH CTajio paBHBIM Ry, To mepuon koyedanuii Oyaer
I
T, =2rx, -2 (5)

rae |, =1, +2MR}
N3 popmyn (4) u (5) onpenenum Kl :

OTKyJa
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Torna
2
_167°M 2T12(R12 - Rzz)

2 2 @
(n2-7.?)
[ToncraBum 310 B hopmyiy (3):
,_167°M°Te?(R? -R,* [
mzrz(-l-lz —T22)2

kI,

\Y

Y TI0JIy4aeM pacyETHYIO (GOpMYyITy

4MT,a(R? - R,?)
mr(Tl2 —T22) '

4 ITIPUBOPHI U ITPUHAIVIEXKHOCTHU

1 KpyTuiabHbli 0auIMCTHYECKUI MasiTHUK.

2 Cuapsn.

3 YHuBepcanbHblil Mmuimucekynaomep FPM-14.
4 ®OTOANEKTPUIECKUIN JTaTYUK.

5 OIMCAHUE YCTAHOBKHA

OO6mwmii Bua 6ammuctuyeckoro Mmastauka FPM-09 nokasan Ha puc. 1.

OcHoBanue 1 OCHAIIEHO PEryIupyEeMbIMU HOKKAMU 2, KOTOPBIE MMO3BOJISIOT
BBIPaBHUBATH NMPUOOp. B 0cHOBaHMU 3aKkperuieHa KOJIOHKA 3, Ha KOTOPOW HaXOJIAT-
csl BepxHuil 4, H>KHUN 5 U cpeqnuid 6 kpoHmTelHbl. K cpeqHeMy KpoHIITEHY
IIPUKPEIJICHO CTPEISIONIEE YCTPOUCTBO 7, a TAKXKE MPO3PAYHbIN dKPaH C HAHECEH-
HOM Ha HETro YIJIOBOM mIKaioh 8 U gorornekTpuueckuit natuuk 9. Kponmreitast 4
1 6 UMEIOT 3aKUMBI JJIsI KPETUIEHUSI CTalIbHOM MPOBOJIOKU 13, HA KOTOpO mojABe-
1mIeH MassTHUK. OH COCTOUT U3 2-X Yalle4yeK, HAITOJIHECHHBIX MIacTUIMHOM 10, 1ByX
nepeMeaeMsIx rpy3oB 11, nByx crepxkueit 12, Bogunku 14. @otosnekrpuyecKkuin
JaTYUK COCJAWHEH Pa3beMOM C TMPUBUHYECHHBIM K OCHOBAHUIO YHHBEPCAJIbHBIM
Musucekynaomepom FPM-14 15. [lpu nBmkeHUM MasTHUKA TpepbIBAEMbI BO-
JMJIKOM MOTOK CBETA OT JaMIOUYKH MajgaeT Ha (OTOPE3UCTOP, B PE3yJIbTATE UETO B
€ro ILeNy TE€HEPUPYIOTCSA AJIEKTPUYECKUE UMIYJIbChl, KOTOPBIE IMOCIE YCUIICHUS
MOAAIOTCS Ha BXOJ MWJUIMCEKYHJIOMepa. MUJUIMCEKYHIOMEP UMEET CUETUYHK Iie-
proaoB (10 99) u cuerunk BpeMenu (110 99,999 c). Pe3ynbraThl BEICBEUUBAIOTCS HA
JIULeBOM ma”Henu. Kpome Toro Ha JuIeBOM MaHENU MUJUIMCEKYHIOMEPA UMEKOTCS
KJIaBUIIU: ‘CETh - HaxkaTthe ee BkitouaeT nurtatoiee (IIpu 3ToM BhICBEUMBAIOTCS
HyJM UGPOBBIX UHIUKATOPOB U 3aropaeTcs jJammoudka (HOTOIIEKTPUIECKOTO 1aT-
yuka); ‘COpoc’ — HaXKaTHe ee BhI3bIBAET COPOC CXeM MUJUIMCEKYHJAOMEpa U TeHe-
PUPOBaHKE CUTHAJIA pa3pelIeHUs Ha u3mepenue; "CTon’ — OKOHYaHUE U3MEPEHHUS.

Ha 3agHeli maHenn MWUIMCEKyHAOMEPA HAXOIATCS BXOAHOE THE3IO0 JIA
MOAKIIIOUEHUS (DOTOAIEKTPUUECKOTO TATUUKA U 3a3EMIISTFOLTUN 3aKUM.

V = (6)
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]
e e e =

i BT
N

i

M

Puc. 1. Cxema Oammuctuueckoro masgtauka FPM-09

6 ITIOPAJOK BBIIIOJIHEHUSA PABOTBI

1 Pacnonoxuts rpy3sl 11 Ha pacctositHuu Ry ot ocu Bpamenus. (Paccrosinue
R1 u3Mmepsiercs OT LIEeHTpa Macc rpy3a 0 OCH BpalleHUsI MasTHHUKA).

2 YCcTaHOBUTH MASITHUK B TAKOM IOJIO)KEHUH, YTOOBI UEPTa HA YaIEUYKE I10-
Ka3bIBaJla YroJl OTKIOHeHUs o = 0.

3 BpILABUHYTH KPIOYOK CTPEJSIFOLIETO YCTPOMCTBA 10 YIOpa, 3aT€M C €ro
MOMOILIBIO CXaTh MPYKUHY 10 Hienuka. HajeTs cHapsg Ha BEpXHUM CTEpKEHb
CTPEISAIOLIETO YCTPOMCTBA U BBICTPEIIUT.

4 V3aMepuTh MaKCUMAJIbHBIA YyTOd OTKJIOHEHUSI MasiTHUKA o (TpajycChl mepe-
BECTH B PaJlaHbI).

5 N3meputh paccTosiHuE I' OT OCH BpalleHUsl MasATHUKA /10 IEHTPA MACC ITYJIH.

6 BKIIFOUMTh BUJIKY B CETh U Ha)KaTh KiaBuilly «CeTh)» CYETUYMKA BPEMEHH.

7 OTKJIOHHUTH PYKOW MAasTHHK Ha YroJl ¢. 3aT€éM OJHOBPEMEHHO HaXKaTh
kyaBuiny «COpoc» U OTHYCTUTh MASITHUK.

8 N3meputhb BpeMms t; 10 koneOGaHuil U BBIYUCIUTH MEPUOJ OJHOTO KoJieha-
Hust T1. (Kaonky «Crtom» HakuMaTh MOCJe TOrO Kak OyJIeT OTCYMTaHo 9 mepuo-
70B, a He 10, T.K. OTCUET MpeKpaIaeTcs TOIBKO MOCIE MPOXOKIECHUS LIEJIOT0 YHC-
J1a IEPUOJOB).

9 Pacnionoxuth 1py3sl 11 Ha paccrosinuu Ry oT ocu BpalieHus: MasiTHUKA U
MMOBTOPUB JICUCTBHS MTYHKTOB 7,8 BBIYUCIUTEH HOBBIN Mepuo 1 KojaeoaHuit 7s.

10 Omnpenenuth ckopocTh cHapsa V mo gopmyiie

4MTa(R 2 - R,?)
mr(T,? -T,°)

<

V= ,
roe M =0,19 xr, m = 2.10°3 kr.
11 IloBToputs nerictBus B myHKTax 1...10 n pas.
12 Pe3ynbTaThl U3MEpEHUHN U BBIYUCICHUHN 3aHECTH B Ta0. 1.
13 Onpenenuth cpeaHee 3HaYCHUE CKOPOCTH CHapsA1a
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1 n
<V>==>V,,
ni=1

e N — YKhCI0 U3MEPEHUN.
14 Onpenenuth aOCOMIOTHYIO MOTPEUTHOCTh KaXXI0T0 U3MEPEHHUS

AV, =|<V>-V].
15 Haiitu kxBaapaThl aOCONIOTHBIX MOTPENTHOCTEH AViz.
16 BeuncianTh CpeiHIO KBaPATUYHYIO MMOTPEIIHOCTH AS.
17 s nanéxuoct « = 0,95 1 TaHHOTO 4YKCIIa U3MEPEHUMN ONPENEIUTD 10
tabuie kodpdumnuent CtoroneHTa to(n).
18 HaiiTu noBepUTENbHBI HHTEPBAI
AV = AS -t,,(n).
19 PesynbraT 3anucarh B BUJIE

V=<V >+AV, &= AV

<V >

-100 % .

Taonumnma 1

No 1 2 3 4 S 6 I

Rl, M

Rz, M

a1, Pa)l

o2, paa

1, C

T4, C

t, C

Ty, C

Vi, Mm/C

<V>wm/C

AV, Mm/C

(AV})?, (m/c)?

AS, m/C

AV, m/c

g, %

7 KOHTPOJIBHBIE BOITPOCHI

1. Yro Takoe ynap? Kakue Buabl yaapoB Bel 3HaeTe? Kakue 3aK0HBI cOXpa-
HEHUS BBIMOJHAIOTCS MPH a0COJIIOTHO YIPYTHX U HEYNPYruX yaapax?

2. BriBecTu ypaBHEHHE KOJieOaHMsI KPYTHJIBHOTO OAJUTMCTUYECKOTO MasiT-
HUKA.

3. Uto Takoe MOMEHT UHEPILIUH Tea U KAKOB €ro PU3NYeCKUii CMbICH?

4. B 4yéMm coCTOUT METOJ ONpeIeTICHUSI CKOPOCTH CHapsiia C MOMOIIBIO KPY-
TUJIBHOTO OAJITMCTUYECKOTO MasiTHUKA?

5. BeiBectu pacuétHyro dhopmyiny Uil CKOpOCTH cHapsijga. Kakue 3akoHbBI
COXpaHEHUs IPHU 3TOM UCIOJIb3YIOTCS ?
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JABOPATOPHAA PABOTA 11

OITPEAEJIEHUE BEJIMYUHbBI YCKOPEHHUSA CBOBOJHOI'O
IHAZEHUA ITPU ITIOMOIIHN YHUBEPCAJIBHOI'O MAATHHUKA

1 OEJIb PABOTBI

1 Onpenenenue yCKOpeHUs CBOOOJHOTO MAaJICHUs MpU MOMOIIM MaTeMaTH-
YECKOTro MasgTHHKA.

2 OnpepenieHne YCKOpEHUs CBOOOIHOTO MaJIeHUs MPU MOMOIIH 000POTHOTO
MasITHUKA.

2 BUBJIUOTPA®HUYECKH CIIUCOK

1 CasenneB U.B. Kypc ¢usuku. B 3 1. T.1: Mexanuka. MonekynsapHas ¢u-
3uka / U.B. Casennes. - Jlaus, 2008. - 352 c.

2 Tpodpumora T.1. Kypc usuku: yued. mocoOue is By30B /
T.U. Tpodpumona. - 19-e¢ u3a. - Axkamemus, 2012. - 560 c.

3 Hetnad A.A., ABopckuit b.M. Kypc duszuku.- Akanemus, 2009. -720 c.

3 TEOPETUYECKOE BBE/IEHUE

@U3NYECKUM MAasTHUKOM HAa3bIBA€TCSl TBEPJIOE TEJIO, KOTOPOE MOXKET CO-
BepIIaTh KOJeOaHUsI BOKPYT HEMOJBUKHOW TOPU30HTAIBHONW OCH MO JCUCTBHEM
cwibl TsokecTd. M3o0pa3uM cedeHre MasTHUKA TUIOCKOCTBIO, IEPICHAUKYIISIPHOM
OCH TIOZ[BECA U TPOXOIAIIeH yepe3 eHTp Macc MastHuka C (puc. 1).

Puc. 1. ®uszmueckuii MaITHUK

BBenem o6o3naueHus: Mg — cuiia TsokecTH, a — paccrosiuue OC ot 1ieHTpa

Macc JIo OCH mojBeca, lp — MOMEHT MHEPIMY MasTHUKA OTHOCHTEIIBHO OCH TOJIBE-
ca. [lonoxxenue masaTHuka Oyaem onpenensite yriaioMm ¢ [Jorknonenus auHuun OC
OT BEPTUKAJIH.

Jlist ompenenieHus 3aKoHA KoJeOaHWI MasiTHUKa BOCIoyb3yemcs: audde-
pEHIMATBHBIM YPaBHEHHUEM BPaIaTEIHHOTO JIBHXKCHHUS

dw d?
|OE=MOHHI/I|OF§0=MO. 1)
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B nanHom ciiyyae Mo =—m g a Sin @ (3HaK MUHYC B3ST MMOTOMY, 4TO HPHU
¢ > 0 MoMmeHT oTpuiaTeneH, a mpu ¢ <0 — nmoyioxkureneH) U ypaBuenue (1) npu-
HUMAaeT BUT

d? .
Io—gp:—mgsmgo. (2)
dt
mga | »
PasnenuB ob6e yactu paBeHcTBa Ha lo, ¥ 0003HauMB —— = K, moayumum

0
muddepeHnanbsHOe ypaBHEHNE KOIeOaHUil MasiTHUKA

2
‘jjTZ’+kzsin¢:o. (3)

[Tonyyennoe nuddepennmranibHoe ypaBHEHHE B OOBIYHBIX (DYHKIIUSX HE UH-
terpupyetcsi. OrpaHUYMMCSt PpACCMOTPEHUEM MaJIbIX KOJIeOaHW MasiTHUKA, CUUTAs
PHOJIFKEHHO SiN @ = ¢ (3TO MOYKHO CJlieIaTh, KOT/Ia yroJl () MEHBIIE OHOTO pa-
nuana). Torma

2
9% 2o, (4)
dt”

OT0 ypaBHEHUE aHAJOTUYHO MU PepeHIInaTbHOMY YPaBHEHUIO CBOOOIHBIX
KOJICOAHHM TOYKHU BJIOJIb MPSIMOM U €ro o0IIee pelieHne UMEET BU/T

¢ = Cy sin kt + C; cos kt. (5)

[Tonarasi, 4To B HayaibHBII MOMEHT t = 0 MasgTHUK OTKJIOHEH Ha MaJIbli
yTOJd @ = @o U OTHYIIEH 0e3 HaYaJIbHOU CKOpocTU (o = 0), HaljeM I TOCTOSH-
HbIX uHTerpupoBanus 3HaueHus Ci; =0, Cy = @o. Torma 3akoH MalbIX KoJieOaHUN
MasTHUKA MPU JAHHBIX HaYaJIbHBIX YCIOBUSAX OYyIET

@ = @oCOS kt. (6)

CrnenoBaresibHO, Malible KoJie0aHUsS (PU3HMYECKOrO0 MAasiTHUKA, SIBIISIFOTCS

rapMOHUYECKUMU KOJIEOaAHUSIMU C TIEPUOJIOM

T =—=2x I—O. (7)
k mga

KaK BHUIOHO, HepI/IOI[ MaJbIX KOJIC6aHI/II71 HC 3aBHCHUT OT BCJINYHNHBLI yrna

HaYyaJbHOTO OTKJIOHEHHS (o. DTOT pe3yJbTar sBIAAETCS NpuOImxeHHbIM. Eciu

MPOUHTETPUPOBATH COCTABJIECHHOE BHauale nuddepeHraibHOe ypaBHEHUE KO-

ne0aHui MasTHUKA, HE CYMTas B HEM YroJl @ MajbiM (T.e. HE mosaras Sin ¢ = @),

TO MOXHO yOenutcs, uTo 1 3aBUCUT OT @o. IIpuOIMKEHHO 3Ta 3aBUCHMOCTH
HUMEET BUJT

2
T, ~21 m'—o 1+ %0 (®)
ga 16

Orcroa, HapuMep, CIEAyeT, 9To mpu ¢ = 0,4 paguana (okono 23%) dop-
Myna (8) ompenenser nepuo] ¢ TOYHOCThIO 10 1 %.

[TonyueHHbIEe pe3yJIbTaThl OXBATHIBAIOT U CIIy4Yaid TaK HA3bIBAEMOT'0 MaTeMa-
TUYECKOTO MasTHUKA. MaTeMaTuuecKuii MasiTHUK — TPy3 MaJbIX pa3MepoB (KOTO-
pBIii OyZeM paccMaTpuBaTh KaK MaTepUAIbHYIO TOYKY), TIOJIBEIICHHBIN HAa HEBE-
COMOI, HepacTsHKUMON HUTH JaiuHo#H | (puc. 2).
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mg

Puc. 2. Marematndeckuii MasTHUK

[Tockonpky MaTeMaTHUECKUA MasTHUK IPEACTaBIseT coOOM cucremy, co-
CTOSAILYIO U3 OJHOW MaTEpPUAIIbHOU TOUKH, TO
lo=m-1?,a=]|0C|=1. 9)
IToacTaBnisis 3TH BEJIMUMHBI B paBeHCTBO (7), HAXOIUM, 4TO NEPUOJ MaJbIX
KOJIeOaHUI MaTEMaTUYECKOr0 MasiTHUKA onpeaesserca popmynon

T,=27_|—. (10)
g
N3 cpaBaenus popmyi (7) u (10) BugHO, 4TO NMpU AJIMHE
|, =0 (11)
ma

nepuoj KoJieOaHUi MaTeMaTHYecKOro MasTHHKA COBMAIaeT ¢ MEepHOAOM Kojeba-
HUI COOTBETCTBYIOIIETO (U3UUECKOro MasTHHKa. J{mwHa |; Takoro maremarmue-
CKOTO MasiITHHKA, MEPHOJ] KoJIeOaHUi KOTOPOTO paBeH Mepuoay KojebaHuit Gpusu-
YEeCKOT0 MAasiTHUKA, HA3BIBAETCS MPHUBEACHHON IMHOW (U3MUYECKOTO MasTHHUKA.
Touka K, orcrosimas ot ocu monBeca Ha paccrossuuu |OK| = |, Ha3pIBaeTcs 1eH-

TPOM KavaHu#l Gu3nuecKoro MastHuka (puc. 1).
Hcnons3ys teopemy Ilreiinepa |, = I + ma2, ¢popmyny (11) MoxkHO mpuse-

CTH K BUJY

l,=a+ le : (12)

ma
Orcrona cnenyer, uro pacctosiaue |OK| Bcerna 6omnbie yem |OC|, T.€. eHTp
KayaHUil (pU3NUYEeCKOro MasiTHUKa Bcerna pacnojoKeH HUXKe ero LueHTpa macc. U3

dbopmyinsl (12) BUIHO, YTO ‘KC‘ . IloaTOMYy €cim moMecTUTh OCh MOJABECA B
a

touke K, To mpuBeneHHas jmHa |, moaydeHHOro MasTHHKA coracHo (12) Oyaer
paBHA
lc I
—\KC\+ +—C:I1. (13)
\KC\ ma
CnenoBatenbHo, Touku K 1 C ABJISIOTCS B3aUMHBIMU, T.€. €CJIM OCh MOJIBEca
Oynet mpoxoauTh depe3 Touky K, To menTtpom kadanusi Oynmer touka O (Tak Kak
l; = I2) 1 mepuos KoebaHnit MassTHUKA HE M3MEHUTCS. ITO CBOMCTBO UCIONIb3YET-
Csl B TaK HAa3bIBAEMOM OOOpPOTHOM MAasITHUKE, KOTOPBIN CIYKUT JJIsl OTpeIeICHUS
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3eMHOro yckopenus. M3 ckazaHHOro, CleayeT, 4YTo Nepuo] Majbix KojaebaHnuil ¢pu-
3MYECKOr0 MasiTHUKa onpenensercs Gopmyion

In
T, =21 |2, (14)
g

rae |, — mpuBeneHHast uMHA GU3NIECKOTO MasITHUKA.
4 ITPUBOPHI U ITPUHAUVIEZAKHOCTH
YHUBEPCAIbHBIA MASITHUK.

5 OIMCAHME ITIPUBOPA

YHuBepcanbHbI MasSTHUK MPEeIHA3HAYEH AJI ONPECICHHs 3HaYE€HUS YCKO-
penus cBoboaHoro najgeHus. [lpunnun padboTel mpruOopa OCHOBAH Ha (PU3MYECKHUX
3aKOHAX, OMPEIEIAIONINX KOJIeOaHUsI MATEMaTUYECKOTO 1 OOOPOTHOTO MAsITHUKOB,
PACIPOCTPAHSIONINXCSI Ha HEOOIbIINE OTKJIOHEHUS MAATHUKOB OT IOJOXKCHUS
paBHOBECHSI.

9
,—l—. .’[ i = 4

, (18

]
58

I

|

| [ \ __J
=i =i =il =i
10
[
1 2

Puc. 3. O0muii BUI yCTaHOBKH

OO1mmii BUJT YHUBEPCATLHOTO MasiTHUKA MPEACTaBIECH Ha pucyHke 3. OcHO-
BaHue (1) ocHaIIEHO peryJIupyeMbIMU HOXKKaMU (2), KOTOpbIE MTO3BOJISIOT MPOU3-
BECTH BbIpaBHMBaHUE NpubOopa. B ocHOBaHMM 3akpemiieHa KoJioHKa (3), Ha KOTO-
poil 3apukcupoBaH BepXHUN KpOHIITEHH (4) M HUXHUN KpoHITEHH (5) ¢ doTo-
anekTpuueckuM gatuukoMm (6). Ilocne orBuHumMBaHuUs BopoTka (11) BepxHuMit
KPOHIITEH MOKHO IMOBOPAYUBaTh BOKPYT KOJOHKH. 3aTsKKa BOPOTKA (PUKCUpPYET
KPOHILUTEHH B JIF0OOM MPOU3BOJBLHO BBIOpAaHHOM MOJOXKeHUH. C OJHOW CTOPOHBI
KpOHIITEHHA (4) HAXOAUTCs MaTemMaTHdeckuit masTtHUk (7), ¢ Apyroi — o6OpoT-
HbII MagTHUK (8).

JINMHY MaTeMaTH4ecKoro MasiTHUKAa MOYKHO PEryJMpoBaTh IMPU HOMOLIU
BOpoOTKa (9) 1 onpeaeauTs Mpu MOMOIIIM KAkl Ha KOJOHKE (3).
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OO6OpOTHBIA MASTHUK BBITIOJIHEH B BUJIE CTAJILHOTO CTEPKHS, HA KOTOPOM
PacIoJIOKEeHbI JIBa MOBEPHYTHIE IPYT K APYTY Jie3BUAMH HOXHU (12) u 11Ba posuka.
Ha crepxue yepe3 10 MM BBINIOJIHEHBI KOJIBLIEBBIE HAPE3BI CIYKAIIKAE IS TOUHOTO
OTIpE/ICJICHUS ITTUHBI 00OPOTHOIO MasiTHUKA (pacCTOsTHUSA MEXIy Hoxkamu). Hoxu
U POJUKHA MOKHO TIepeMeIiaTh BAOJIb OCH CTEPKHS U (UKCHPOBATH B JTFOOOM IT0-
JO)KEHUU. ODTH 3JIEMEHTHI BBIMIOJHEHBI TakKUM OOpa3oM, 4TO UX pa3Mep BIOJIb
CTEPIKHS SBJISICTCA KpaTHBIM 10 MM, a (UKCUPYIOIIHE BOPOTKU Pa3MEIICHBI TAKUM
o0Opa3oM, 94TOOBI TIPY TTOMOIIX KOJIBIIEBBIX HAPE30B UX MOKHO OBLIIO HArIyX0 0JI0-
KHpPOBATh.

Hwxuuii kpoHITeitH BMecTe ¢ (POTOANEKTPUUECKUM JAaTYUKOM MOKHO Tie-
peMenaTh BI0Jb KOJOHKU M (DUKCUPOBATH B MPOU3BOJBLHO BHIOPAHHOM MOJIOXKE-
HUU. DOTORNEKTPUUYECKUN NTAaTYMK COEAUMHEH pa3beMoM Ztl ¢ yHMBepcalbHBIM
MuJIceKkyHioMmepom (10).

Buapl nuneBoil U 3agHEN MaHeNnel MUJUIMCEKYHJIOMEpa IMOKa3aHbl Ha PU-
cyHke 4. B aToM npubope B KauecTBe 3TajloHa BPEMEHU HCIIOIb3YETCs] KBapIICBBIM
reHepatop. Ha nuiieBoil maHenu yHUBEPCATbHOTO MUJUITMCEKYH/IOMEpa HaXOASTCS
CIEAYIONINE YIPABISIONINE JIEMEHTHI:

L1 |
=
W2

Wi W3
CETb [ CBPOC| CTOT

B1,B2

zn\ / 7t /—
é) —

220 B

200mA /220 B

Puc. 4. JIuueas u 3aHs5 aHEINU yCTaHOBKU

WI1 (cetp) - BBIKIIOUATENh ceTH. HaxaTne 3Toi KIaBUIIM BKJIIOYAET MUTA-
Hue npubopa. BuzyalibHO onpenensieTcss 3T0 CBEYEHUEM LUPPOBBIX UHAUKATOPOB
(BpICBEUMBAOIIMX HUGPY HYJIs) U CBEYECHUEM JIAMIOUYKH (POTORIEKTPUUECKOTO
JaT4YHKa.

W?2 (cbpoc) -ycTtaHoBKa Hynst uaMeputens. Haxxatue 3Toil Ki1aBUIIM BbI3bI-
BaeT cOpOC MOKa3aHUN MUJUTMCEKYHJOMEpa U T'€HEpUPOBAHHE CUTHAJIA pa3pelie-
HUS Ha U3MEpPEHHUE.

W3 (cTom) - okoHuaHue u3MepeHusi. Hakatue KJIaBUIIK BbI3BIBACT ICHEPU-
pOBaHUE CUTHAJIA PA3PEIICHHs] HA OKOHYaHUE TPOLECCa CUETA.

Ha 3amHen crenke MUUIMCEKyHAOMEPA Pa3MEILICHBI:

Ztl - BXOoAHOE THE3/0, CiyXkallee JUIsl MOIKIIOYeHHs! (POTORIEKTPUIECKOTO
JaT4YHKa.

Zt2 - 3a3eMJISIOUINM 3a5KHM.
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YT0o0BI NOATOTOBUTH MPUOOPHI K U3MEPEHUSIM HEOOXOAUMO:

1) npoBepUTHh rOPU3OHTAIIBHOE MOJIOKEHHUE TPUOOPA;

2) BKJIKOYUTH CETEBOU IIHYP U3MEPUTEIISA B IUTAIOIIYIO CETh;

3) HaxaTh MEpeKIoYaTeNb (CETh), MPOBEPSsl, BCE JIM UHIUKATOPHI U3MEPHU-
TEJIsI TOKA3bIBAIOT UPPY «0» M CBETUTCS JIM JaMIoyka (OTOINEKTPHUUECKOTO JaaT-
YHUKA.

[Tpubop roTOB K paboTe HEMOCPEACTBEHHO IIOCIE BKIIOYEHUS CETEBOIO
HaIPSDKEHUS U HE HYKJAETCS B TPOTPEBE.

6 IOPAIOK BBIIIOJIHEHUSA PABOTDBI

1 Onpenesienne yckopeHnusi CBOOOTHOI0 NMAaJAeHUs MPH MOMOIIY MaTeMa-
THY€CKOT0 MAATHUKA

1.1 YcraHOBUTh B HMIKHEN 4YaCTU KOJOHKH HUKHHUM KPOHIUTEWH BMECTE C
(OTORIIEKTPUUECKUM JTaTYMKOM TaK, YTOOBI BEPXHsSA I'PaHb KPOHILUTEHHA MMOKa3bl-
BaJla Ha IlKajie JIuHy He MeHee 50 cM.

1.2 YcraHoBUTH JUIMHY MAaTEMaTHYECKOTO MasiTHUKA TakK, YTOOBbI YepTa Ha
HIApUKE CTajla MPOJOHKEHUEM YEepThl Ha KOpIryce (OTORIEKTPUUECKOTO JaTUHKA.
OnpenenuTs JNIMHY MasiTHUKA.

1.3 OTKJIOHUTP MAaTEMATUYECKU MAATHUK OT IOJIOKEHWSI PaBHOBECHS Ha
4°...5°.

1.4 Onpenenuth BpeMst 10 mosHbIX KoyieOaHUN (OMBIT MOBTOPUTH 5 pa3).
JlanHble 3aHecTH B Tabuiy 1.

2 OnpeaesieHre yCKOPeHUs1 CBOOOTHOI0 NMAJACHUsS NPH MOMOLIHA 000pPOT-
HOT'0 MAasITHUKA

Jliia onpeneneHusl yCKOpeHus: CBOOOIHOTO MaJeHUsI C TOMOIIBI0 00OPOTHO-
ro MasTHHKAa HE0OXOIUMO HAWTH |, — MpUBENEeHHYIO IHHY (PU3HYECKOTO MasT-
nuka. [IpuBenennas amuna (l,,) ¢usmyeckoro mastHuka paBHa paccrosHuo OK
(pucyHnok 1), rne O — Touka noaseca, K — touka kauanusi. Ecnu noMeHsTh Mecra-
MU TOUKY IO/IBECA M TOUKY KayaHUs, TO MEpUOJl (PU3NUECKOrO MAasITHUKA HE U3Me-
HUTCS. [{71s1 HaxOXKAEHUS TOUKHU KauyaHusi HE0OX0JUMO:

2.1 IloBepHyTh BepXHUM KpOoHIITENH Ha 180°.

2.2 Ha crepxHe (U3MYECKOro MasTHUKA 3aQUKCUPOBATH I'Py3bl TAKUM 00-
pa3zoM, 4TOOBI OJJMH M3 HUX HAXOJMWJICS BOJIM3U KOHIIA CTEPKHS, a APYrod BOIU3U
ero cepearHbl. OMOPHBIE MPU3MBI PACIIOJIOKHUTH HA CTEP)KHE TAKUM 00pa3oM, U4TO-
OBl OJTHA U3 HUX HAXOJWJIACh BOJIU3HU CBOOOIHOTO KOHIIA CTEPKHSI, @ BTOpas Ha Io-
JIOBUHE PACCTOSHUS MEXKIY TPY3aMH.

2.3 IIpoBepUTh — COBIIAIAET JIM TOJIOAKEHUE T'PAHEN JIE3BUI OMOPHBIX TPU3M
C Hape3aMu Ha CTEpIKHE.

2.4 3akpenuTh OMOPHBIE TPU3MbI MasiITHUKA HA CTEPIKHE.

2.5 YCcTaHOBUTHh MasATHUK HA BKJIAJIBIIIE BEPXHETO KPOHIITEWHA C TTOMOIIBIO
OTIOPHOM MPU3MBI 1, HaXOASIIEHCS BOJIM3M KOHITA CTEPIKHS.

2.6 HwkxHMil KpOHIITEHH BMECTE C (DOTOAIEKTPUUECKUM JATIMKOM TepeMe-
CTUTh TaKUM 00pa3oM, YTOObI CTEPKEHb MAsTHUKA MEPECceKal ONTUYECKYIO OCh.

2.7 OTKIOHUTH MAATHUK HA 4°...5° OT MOJIOKEHHS] PABHOBECHS U OTITYCTUT.
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2.8 Omnpenenuth nepuoj kosedbanuit o0opoTHoro mastHuka 7i. OmBIT MO-
BTOPUTH S pas.

2.9 CHATHh MasITHUK U 3aKPENUTh €r0 Ha BTOPOU OMOPHOM pU3ME.

2.10 Onpenenuts nepuo kKojebaHnuii 000POTHOTO MasATHUKA 17 U CPAaBHUTH
C IOJIy4YE€HHBIM paHee 3HaueHueM 771.

2.11 Ecim T2 > T1, TO BTOPYIO ONOPHYIO NPU3MY IEPEMECTUTH B HaIpaBiie-
HUU T'Py3a, HAXOJSIIETOCA B KOHIIE CTEPKHS, ecnu 12 < 71 — TO B HAIPABJIEHUU Ce-
PEAVHBI CTEPIKHS.

2.12 VI3MEeHATh NOJIOKEHUE BTOPON OMMOPHOM MPU3MBI 0 MOIYyUYEHUS PaBEH-
ctBa 1> = T1 ¢ Tounoctbio 70 0,5 %. Onpenenutb 72 060poTHOrO MasiTHUKA. ONbIT
IIOBTOPUTH S pas.

2.13 Onpenenuts |y, — mpuBeneHAYIO AIHMHY 0OOPOTHOTO MasTHHUKA, TTO-
CUMTHIBAsA KOJIMYECTBO HAPE30B HA CTEPKHE MEKIY ONMOPHBIMH IMPU3MAaMH, KOTO-
pbie HaHeceHbl uepe3 kaxable 10 MM. JlanHbie 3aHecTu B TabI. 2.

7 TPOBEJEHUE PACYHETOB

1 ITo manHBIM Tabd. 1 BRIUUCIUTE IEPHO KOJICOAHUI MaTeMaTHIECKOTO Ma-
STHUKA 110 (popMyie
t
T=—.
n

2 BBIUHUCIUTH YCKOPEHHUE 36MHOI0 NPUTSKEHUA 110 (OopMyIIe
B 4 |
T 2
3 BbIYMCIUTH OTHOCHUTEIBHYIO U AOCOJIOTHYIO IMOTPEIIHOCTH YCKOPEHHUS
CBOOOHOTO MajieHus (IIPeIBapUTEIIBHO ONpeneanB cpeanee 3Hadenue T, g u AT)
u3 popMyIibl

<Ag>_£|+2<AT>
<g> | <T>

4 Pe3ynbTat 3anucaTh B BUJIE
g=(<g>x<Ag>), g:&-loo%_
<g>
5 Tlo maHHBIM TabJ. 2 BBIUUCIUTH MEPUOA KoieOaHUil (PU3MUECKOTO MasiT-
HUKa
t

T=-.
n

6 BerunciuTh yCKOpeHUE 36MHOTO TTPUTSHKEHUSI 1o popmyrie
4r° 1.,
T2

rae |, — mpuBeaeHHast MHA 0OOPOTHOTO MasTHUKA, M; 1 — TIEpHOA KoieOaHuit
000pOTHOTO MasITHUKA, C.

7 BBIUUCANTH OTHOCUTENHHYIO W a0CONIOTHYIO TOTPEITHOCTH YCKOPECHHS
CBOOOHOTO MajeHus (MIpeABapUTeNbHO onpenenuB 3Hauenue T, g u AT) u3 dop-
MYJIBI

g:
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<Ag>_A|np+2<AT>

<g> 1, <T>
8 P€3yJILTaTI)I 3aliucaThb B BUJC
<Ag >
_ n &=——100%
g=(<g>*t<Ag>), <g> :

9 Onpenenuth paboUdyr0 MOTPEITHOCTH ONMPEISICHUS YCKOPEHUS CBOOOTHO-
0 MajieHus 1o Ghopmysie

o=9"9% 100%
P
e § — yCKOpPEHHME, MONYYEHHOE B pe3ylbTaTe U3MEpPEHHii, M/c?; ¢, ¢ TeopeTude-
CKOE 3HAYEHHE YCKOPEHHsSI CBOOOMHOro majeHus, m/c? (mpunars ¢, = 9,81 m/c?).
PaGouas IOrpelIHOCTh ONPENENEHUS YCKOPEHHS CBOOOJHOrO MAJEHUS C IIOMO-
1L MATEMATHIECKOTO U 000POTHOTO MAaATHUKOB HE JOJDKHA IpeBbIAath 1 %.
10 Cnenath BBIBOABI 11O padoTe.

Taonuma 1

Ne | ILbm | t,c | Ti,c |<T>, c|AT;, c|<AT>,c| O, | <g>, |<Ag>,| €, %
m/c? | mlc? | mlc?

OB WIN[F-

Tadnuuma 2

Ne |l | t,C | Ti,c |<T>, c|AT,, c|<AT>,c| G, | <0>, |[<Ag>,| € %
M m/c? | m/c? | mic?

OB WIN(F

7 KOHTPOJIBHBIE BOITPOCBHI

1. Yto Ha3bIBaeTCs PU3NYECKUM U MATEMAaTUYECKUM MAasITHUKOM?

2. BriBeaute hopmysibl Uil IEPUOIOB KoseOaHUl (GU3UUECKOro U MaTeMa-
TUYECKOTO MassTHUKOB.

3. Uro Takoe npuBeAeHHAas AJIMHA (PU3NYECKOTO MasiTHUKA?

4. Yto Ha3bIBaeTCS IEHTPOM KauaHUs (PU3NIECKOTO MasITHUKA?

5. [oxa3arh, 4TO TOUKa MOABECA U LEHTP KauaHUs (PU3NYECKOrO MasiTHUKA
o0J1a1aeT CBOMCTBOM B3aUMHOCTH.

6. KakoBa meToauka ompeeneHuss YCKOpeHHUs CBOOOJHOTO MaieHHs Npu
OMOIIM 000POTHOTO MasiTHUKA?

7. KakoBa MeToauka onpeaeraeHus: BEICOTHI C IOMOIIbIO MasATHHKA.
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JABOPATOPHASA PABOTA 12

UCCJEJIOBAHUE 3ATYXAIOIIUX KOJIEBAHUM METO10M
HAKJIOHHOI'O MASITHUKA

1 OEJIb PABOTBI

1 N3ydyeHne 3aK0OHOB KOJI€0ATEIHHOTO ABMKCHUS.
2 Onpenenenune K03pGUIUEHTa TPEHUS.

2 BUBJIMOTPAGMUYECKHI CITUCOK

1 CaenbeB U.B. Kypc ¢uszuku. B 3 1. T.1: Mexanuka. MonekymnsipHas Qu-
suka / U.B. Casennes. - Jlaus, 2008. - 352 c.

2 Tpodpumosa T.1. Kypc ¢usuku: yued. mnocobue s By30oB /
T.U. Tpodumosa. - 19-e uza. - Akagemus, 2012. - 560 c.

3 Hetnad A.A., SABopckuit b.M. Kypc ¢pusukn.- Axagemus, 2009. - 720 c.

3 TEOPETUYECKOE BBEJAEHHUE

JIns viccienoBaHus 3aTyXarolmuX KojaeOaHuid B JaHHON paboTe HUCIOJIb3YET-
Cs METOJl HAKJIOHHOTO MasiTHUKAa. MeTajuinyeckuil mapuk 1 moaBelIeHHbIM Ha HU-
TH JUIMHOH | onupaeTcst Ha HaKJIIOHHYIO IIOCKOCTD 2, 00pa3yoIiyio ¢ BEPTUKAIIBIO
yroj 6, KOTOpsIid MOKHO U3MeHTh (puc. 1). KosiebarenbHble IBUKEHUS MasTHUKA
MPOMCXOJAT B/IOJIb HAKJIOHHOW TIJIOCKOCTH, T.€. MEPIEHIUKYISPHO MIOCKOCTH PU-
CyHKa.

P

Puc. 1. HakiioHHBIA MasTHUK

JIns aHanu3a xapakTepa JBH>KEHUSI HAKJIOHHOTO MAasiTHUKA PEIIMM OCHOB-
HYIO0 3aJa4y JWHAMUKHU, T.€. OMNPENEIMM IO HM3BECTHBIM JACHCTBYIOIINM CHUJIaM
YpaBHEHUE JABUKEHUS MasSTHHUKA.
[Tpu yrne nakiona 6 # 0 (puc. 1, 2) Ha Temo maccoid M (B OTCYTCTBUU Tpe-
HUSI) TEUCTBYIOT TPHU CHUJIBI:
e cuna TsbkecTd P = mg;
e peakius N;
® CHJIA HATSKEHUS HUTH .
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Paznoxum cuiny TsokecTd P Ha nBe cocTaBistonue, 0JJHa U3 KOTOPBIX Mep-
NCHIMKYJIIPHA HAKJIOHHOMW TIOCKOCTH (puc. 1):

P, =Psin@=mgsin g, (1)
a apyras JICKHUT B INIOCKOCTHU KOH€63Hﬂﬁ MasjTHHUKA
P, = Pcoséd =mgcosé. (2)

B nonoxenuu paBHOBecus (puc. 2) OpoeKIus Cuiibl P, ypaBHOBEIIUBACTCS
HATSHKEHUEM HUTH T U MasgTHHUK OCTAeTCs B COCTOSHUU TOKOs. Ecim MasTHUK OT-
KJIOHUTh OT TOJIOKEHUS! paBHOBECHUS HAa HEKOTOPBIM yroia « (pUCyHOK 2), TO CO-
cTaBJIsIoNIast cuibl P,, HanpaBiieHHas BJOJIb HUTH, T.€. cuia f =P, COSa ypaBHO-

BECHUTCS HATSKEHWEM HUTU [, Jpyras e COCTaBIISIONIasl, MEPIEHIUKYISIpHAs K
HUTH, T.C. CUJIA
F. =—P,sina (3)
CTPECMUTCA BCPHYTH MAATHUK B ITOJIOKCHUC PABHOBCCHA. Dta cuiaa SIBIACTCS BO3-
Bpamatonieit cusnoil. [loncraBuB cooTHomeHue (2) B ypaBHeHue (3) Moiayyum clie-
AYIOHICC BBIPAXKCHUC OJIA OIIPCACICHUA BOBBp&IH&IOIHGﬁ CHJIBI:
F, =—-mgcosésina. 4)

Puc. 2. Cunbl, AeiicTBYIONINE HA MasSTHUK

[Tpu ManbIX yriax OTKJIOHEHUS MasTHUKA OT MOJIOKEHUS PABHOBECHUST MOXK-
HO NIPUHATH SIN @ = &, 1 BeIpakeHue (4) MOYKHO TPEJCTaBUTh B BHJIC
F. = —(mg cosé)a. (5)
3anuiineM U MpoaHaIu3upyeM BTOpou 3akoH HbroTOHA Ml JBMKEHUS Iiia-
pHKa 110 HaKJIOHHOM 1utockocty (ripu € > 0), yuuThIBas, yto a_ =& -
F.=ma, =mla. (6)
[TpupaBHuBas npasbie YacTu ypaBHeHui (5) u (6), monyyaeM auddepeHiu-
aJIbHOE ypaBHEHHUE, OMUCHIBAIOIIEE JBMKCHHE IIapUKa MO HAKIOHHON IMJIOCKOCTH
0e3 TpeHus
mlé = —(mg cosé)a. (7)
Orcrona

o‘é+(|gcos¢9)a =0. (8)

BBenewm cnenyromiee 0003HaYeHNE
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2_ 0
Wy = T cosé. 9
Torna muddepenmanpsHoe ypaBHEHUE JBH)KCHUST MasSTHUKA 110 HAKJIOHHOU
IUIOCKOCTHU 0€3 y4ucTa CHUJI TPCHUA MOKHO IIPCACTABUTL B BUAC!

. 2
a+awya=0. (10)
Takum 00pa3oM, IBHIKEHHE IIApHKa OCYMICCTBISIETCS C IHUKINYECKOW da-
CTOTOI, orpeessieMoil BeipakeHreM (9) U MeproIoM

T= 2% =27 L : (11)
@, gcosé

N3 ypaBuenus (11) criemyet, 4To ¢ yBeIMUYCHHEM yTiia 6 epuoa KojaeobaHui
HAKJIOHHOTO MasTHUKa Bo3pacTtaeT U mpu 6 = 90° meproa CTAaHOBUTCS OECKOHEYHO
OOJIBIIIUM, KOJICOAHUS TIPEKPATSITCS.

B peanpHBIX MEXaHHYECKHX CHCTEMax BCeTJa JACUCTBYIOT CHIIBI COTIPOTHB-
JICHHsI, KOTOpBIE MPUBOASIT K YMEHBIIICHUIO YHEPTUU CUCTEMBI cO BpeMeHeM. Ecnu
yOBbUTb PHEPTHH HE BOCIHOJHSAETCS, TO KOJIeOaHUsI MasTHUKA OyAyT 3aTyXalOUIIMHU.
Tax npu ABMKEHUH HAKIOHHOTO MasTHUKA B BO3JyXe BO3HUKAET CHJIA TPCHHS Ka-
YeHHus (IIapUK KaTUTCA MO MOBEPXHOCTU HAKJIOHHOW IUIOCKOCTH) M CUJa CONpO-
TUBJIEHUS Bo3ayxa. [Ipruem cuia TpeHus KaueHHs HAMHOTO OOJIbIIE CHIIBI COTPO-
TUBJICHUS BO3/yXa.

PaccMoTpuM nipupo1y BOSHUKHOBEHHS CHJIBI TPEHUS KaueHHs (puc. 3).

P

Puc. 3. Bo3HHMKHOBEHUE CUJIBI TPCHUSA KAYCHUMA

[Tpu kavyeHnM 1Iapa MO TUIOCKOW MOBEPXHOCTH BO3HHUKAIOT HE TOJIBKO yIPY-
rue, HO W TiacTudeckue aedopmanuu. CTeneHb IIaCTHYECKOW medopmanun
orpenenseTcss abCOMIOTHON Aedopmanueii h, BennyrMHa KOTOPOH MHOTO MEHBIIIE
paauyca ABuxKyierocs mapa . Takum o6pa3om, B Touke A Ha JBKYIIUICS Iap
AeNcTByeT cujia TpeHus KaueHus F,,, HarnpaBieHHAass TOPU3OHTAIBHO U CUJIa HOP-
MaJbHOTO JaBieHust Q,, HampaBiICHHAs MEPICHIUKYIISIPHO K IUIOCKOCTH KayeHUs,
T.. BEpPTHKaIbHO BBepX. [Ipmyem BenmumHa CUIIBI HOpMalbHOTO naBiieHus Qn
MPUMEPHO paBHa cujie TsokecTu P = mQg paccmoTpennoro mapa. [Ipu 3Tom paBHO-
neiicrByromas cui Qn u F,,, nator cuny peakmuu N.

Ecnu mrap nBmkeTcs 1Mo MIOCKOCTH 0€3 YCKOPEHHS, JOHKHO BBITOTHITHCS
MPaBUJIO PaBEHCTBA MOMEHTOB JICWCTBYIOIIUX CHJI OTHOCHUTEIHHO IIEHTpPa Macc
mapa T. O. MOMEHT CHJIBI TPEHHUS Ka4eHHUS OTHOCUTENBHO Toukn O paBeH Ipou3-
BeJICHHUI0 CcUibl TpeHus F,, Ha ee 1uiedo, MPUMEPHO paBHOE paguycy Iapa I
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(h <<'r). MomeHT cuitbl HOpMaNbHOTO naBiieHHs Qn = MJ OTHOCUTEIBHO TOH XKe
Touku O paBeH MPOU3BEAEHUIO CUIIbI Qn HAa PAcCTOSTHUE CMELICHUS |1 BCIEACTBHE
KOHTaKTHBIX Aedopmaruii. [ToaTromy

Pyl = mgu. (12)
OTCIOI[a AJIs1 CUJIbI TPCHHUA KAYCHUA ITOJIYYUM CIICAYIOIICC BBIPAKCHUC!
m N
Fp =t =1 (13)

BenuunHy p Ha3bIBalOT KOA(G(GUIIMEHTOM TpeHUs KadeHus. TakuM oOpa3oM
KOO PHUIIMEHT TPEHHsI KaueHUs MPEJCTaBIsAeT coO0H uiedo cuibl Qn 1 uMeeT pas-
MEpPHOCTD JIJIUHBI.

PaccMoTpuM JBMKEHHE MIapHKa MO HAKIOHHOW miiockocT (puc. 1, 2) ¢
Y4ETOM CHJI TPEHHUS CKOJBKEHHUS M OIpeneauM Kod(D(UIIMEHT TPEeHHs CKOJIbXKe-
HUs. 3aluileM 3aKOH COXPAHEHUs SHEPTUU JUIs IEpEMELLEHUS] MasTHUKA U3 Kpaii-
HETO MPaBOTo MOJOKEHUS B KpailHee JIeBOE:

W _E®W —A (14)

nom nom ~

rie EY = mgl(l—COSao)(l—COSH) — HayaJbHas MOTCHIIMAIbHBIC SHEPTUH Ma-

nom
(<)

nom

ATHHUKA, a E') = mgl(l—COSam)(l—COS@) — KOHEYHas TOTCHIIMAJbHBIE YHEPTHH

MasTHHKA; A, = 1NI(cty + aty;) — paboTa CHIT TPEHHS 32 OJIMH TOJTYHEPHON KOIe-

OaHwUsI; 0, Olo1 — YIJIbI OTKJIOHEHHS MAsTHUKA B KpallHEM MPAaBOM U JIEBOM IOJIO-
KCHHUSX.
[loncraBuB B (14) sBHBIA BUA NOTEHIHAIBHBIX SHEPrUid U pabOThI CHIIbI
TPEHUS, TOJTyUUM
mgl(1— cosar, )1 - cos@) —mgl(1— cosay, (1 —cos@) = pmglsin &(cy, + czy, ). (15)
Iepeiins B (15) K monoBHHHBIM yriiam ©/2, %0/2 g ®01/2  momydmm:
mgl - 2sin2 %0 2sin? 9_ mgl - 2sin? 20t 25in? 9_ 1mgl(2sin QCOSQ)(aO +ay, ) (16)
2 2 2 2 2 2
[TockonbKy paccMaTpuBarOTCsS Malibie Ykl (ap < 5°), To SiN ag/2 u SiN ap1/2
MOXHO 3aMEHHMTh Ha cam® yribl. [Ipm 3Tom paBeHcTBO (16) mpuobGperaer Gosee
MPOCTOM BUJ:

%(0‘5 - agl)Sin g = piory + 0‘01)(303%- (17)

N3 ypaBHenus (17) MOkHO onpeneauTh KOdPPUIIUEHT TPEHUS CKOIbKEHUS
IapyKa O HAKJIOHHYIO TUIOCKOCTB:
oy, —a 0
% "% 4g 7 (18)
2 2
Takoe ke ypaBHEHHME MOJIy4aeTcsl U JJid BTOPOrO MOJYNEPUOJIa CKOJIb-

KCHUA.

ﬂ:

01 1
_ %" * _6. 19
y2s 5 g 5 (19)

CnoxuB mnounenHo (18) u (19), ompegenum Kod3QPUUHUEHT TpeHUS
CKOJIbJKEHMUS:
a,—o,, 0

p=——"1g

g (20)



90

Ecnu mastHuk coepimyi N moJHBIX KojeOaHuM, TO KOIDPUIIMEHT TpEeHUs
CKOJIBKEHHS 1A€TCSI COOTHOLIEHUEM
=% =% 0
4N 2
®opmyna (21) sBisieTcs OCHOBHOM Juisi pacdyera koddduimeHta TpeHHs
CKOJIbXKEHUS, OMPENIESIEMOTO ¢ TIOMOIIBIO HAKIIOHHOTO MasiITHUKA.
B cnyyae, koraa mapuk KaTUTCA MO HAKJIOHHOW TUIOCKOCTH, 3aTyXaHue Ta-
KOT'0 MasiTHUKa 00YCIIOBJICHO TPEHUEM KAaUCHHS:
)= R=% "N g ?
4N 2

(21)

(22)

rae R — paguyc mapuxka.

®opmyna (22) siBiseTcss OCHOBHOM Juist pacueta koddduimenta TpeHus Ka-
YEHUS.

4 ITPUBOPHI U IPUHAJVIEZXKHOCTH
| HakyIOHHBIN MasTHHK.
2 KoMmiekT CMEHHBIX 00pa3lioB U IIapOB.
S OIMCAHME YCTAHOBKHA

HakJioHHBII MassTHUK npencrasieH Ha puc. 4. K ocHoBaHuio 2, nMeromemy
YETBIPE HOXKKH C PETYJUPYEMOW BBICOTOM, MPUKPEIUIEH MUJUIMCEKyHAoMep 1. B
OCHOBaHUU 3aKperuieHa Tpyba 3, Ha KOTOpOl CMOHTHPOBAH KOpILyC 4 ¢ YepBAYHOU
repenavei.

61025\ f:
s EEEE

i

Ceth | ] [:::::r/f——+ Cron
= o ]

Copoc

Puc. 4. HakyiOHHBIA MassTHUK

C nomompro 0CH YEpBAYHAS NIEPEAAYA COEAUHEHA C KPOHIITEWMHOM 5, HAa KO-
TOPOM IPUKPEIUIEHBI IIKajga 6 ¥ mKana 7. B KpOHIITElHHE 3aKperieHa KOJIOHKa &,
Ha KOTOpOM mojBenieH Ha HutH 1map 9. [llap MokeT cBOOOIHO BpamaThCs BOKPYT
CBOEM OCHU. B KpPOHIITENH 5 MO HAIMPABJISIOIMIMM BCTABISIIOTCS CMEHHBIE METAaJLIU-
gyeckue oOpaszier 10. [lapsl MasTHHMKA MOXHO 3aMeHSATh. DOTOIIEKTPUUCCKUN
JATYUK COCIMHEH C MHIUIMCEKYHAOMEpPOM. J[JIMHA MOJBECKH IIApOB MAasTHHKA
paena | = (480 £ 10) mm.

Heobxoaumo umeTs B BHIy, YTO TIpH pacuere KO3 UIIMEHTa TPeHUS Kade-
HUS YIJIOBBIE TPAAyChl aMIUIUTY/Ibl KOJeOaHU MasTHUKA 0o, U an CIENYeT Iepe-
BECTH B paguannyio Mepy (1° = 1,75-1072 paguana).
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biok ynpaBienus Briroyaercs HaxkarueM kinaBuim «CETb». Haxatue
kiaBuid « CbPOCy» Ha naHenu ynpasiieHHs CTUpaeT BCIO HHGOpMaIHIO ¢ U po-
BBIX MHIMKATOPOB M F€HEPUPYET B LENH CUTHAJ PA3pELICHUs] HA U3MEPEHUE Bpe-
MeHH Konebanuii. [Tocne okoHyaHus nukia cienyet HaxaTh KHOTKy «CTOIDy».

6 IOPAIOK BBIIIOJIHEHUSA PABOTDBI

1 ITo3HAKOMBTECH C YCTAHOBKOM M JIUIIEBOM MaHEIbIO OJIOKA yIIPaBICHHUS.

2 C nomolpl0 BOPOTKA YCTAHOBUTE YroJl HAKJIOHA MasTHUKA (B MHTEpBAJie
0...60°) 1 0IMH M3 CMEHHBIX METALUTUYECKUX 00pa3ioB 10 Mo 3agaHnIo MPernoaBaTes.

3 OTBenuTe HUTH MasiTHUKA Ha yroi 4°, Haxxmute KHONKy «CbPOCy». OTny-
CTUTE MasATHHUK M OJHOBPEMEHHO OTOXXMHTE KHONKYy «CBPOCy», mpenocrtaBus
TUM CaMbIM MasiTHUKY COBEpIIATh CBOOOHBIE KOJICOaHUSI.

4 Omnpenenute yucio konebanuid N, 3a KOTOpoe aMIUIMTyJa MasiTHUKa
yMEHbIIWIACh BABOE. Koraa yron OTKIOHEHHS MasTHHKA JOCTUTHET 2°, HAXKMUTE
KHOTIKY «CTOID» (uncno xonebanuii N, mpu KOTOPBHIX aMIUIUTY/Ia YMEHbBIIIMIACH
BJIBOE BBICBEUMBAETCS Ha JIEBOM MG POBOM TabI10, a Bpems kKoseOaHuii B CEKyHIax
Ha IIPABOM).

5 3anecure B Tabs. 1 JaHHBIE O HAYAJIBHOM U KOHEYHOM YyIJIaX, YUCJIO U
BpeMs KoJjieOaHuil. J{is mapbl 3HaU€HUI HAYaJlbHOTO M KOHEYHOI'O YIioB Kosela-
HUI U3MEpEHUs NMpoBeaUTE He MeHee Tpex pas (1, ¢).

3ameuanue. [Ipy npoBeneHnn M3MEpPEHUN, YKa3aHHBIX B IYHKTax 3 U 4 B
pexuMe CBOOOJIHOTO KaueHUsI MasTHUKA (yroJl HakjgoHa MasTHuka 6 = (0°) mocta-
TOYHO OTPAHUYUTHCS TOJBKO OJHOM MMApOM HAYAJIBHOTO W KOHEYHOrO YTIJIOB
(00 = 4° 1 an = 2°) 1 U3MepeHUs IPOBOIUTH HE O0JIee Tpex pas.

6 [locne okonuanus uaMepennil kinasumed « CETby oTkitounTe yCTaHOBKY
OT CETH.

Taonuma 1

No | 6=0° 0 =30° 0=45° 0 =60°
N t,c | N t,c | N t,c | N t,c

3.
7 OBPABOTKA PE3YJIbTATOB U3MEPEHUM

1 Paccuuraiite nepuoj kojieOaHU MasTHUKA TIPU PA3JIMUHBIX yTIax HAKJIO-
Ha. JI1s mOy4eHHBIX 3HAYEHUM PACCUUTANTE MOTPEIIHOCTU M3MEPEHNUN METOJIOM
CpenHuX 3HaueHui. Pe3yapTaThl pacueToB 3aHecute B Tab. 2.
2 Ilo ¢popmyne (22) paccuutaiite kKo3hPUIMEHT TpeHus KaueHus. Pe3ynbpra-
ThI pacyeTa Kod(PUuiMeHTa TpeHus: ¥ MOCIEeAYIOUMX PACYeTOB MOTPEIIHOCTEN 3a-
HEecHUTe B TalI. 2.
3 Haiinute cpennee 3HaueHHe K0d(PPUIIMEHTA TPCHHS KaUCHUS:
n
Z,U'i
=1

<u>==—,
n

r7€ N — YKUCIIO U3MEPECHUU.
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4 PaccuuTaiiTe cpeHEKBaAPATUYHYIO MTOTPEITHOCTh KO PuIineHTa TpeHus
KaueHus W' no popmyne

5 BbluucauTe rpaHulibl JOBEPUTEILHOIO HHTEpBaJa (a0COMIOTHYIO MOrpel-
HOCTb IIPU 3a/1aHHOI HajiexKHOCTH) 1o opmyne Au'=t,(n)-AS.
6 Omnpenenute OTHOCUTENbHYIO TOTPEITHOCTD KOA(PPUIIMEeHTa TpEeHHUS.

Tadbnauma 2

wi | <e> | A | (W) | Al

Ti,c | <T> | ATi | <AT>| ¢, %

D
=)
=

0 =30°

0 =45°

0 = 60°

OOT\)H(JOI\JI—‘OOT\)HOONHZ
WINIFPIWINFPWNFRPWNEF-

8 KOHTPOJIBHBIE BOITPOCHI

1. KakoBa TOYHOCTb M3MEPEHHUs YIJIOB HAKIOHA MAasTHUKA U aMIUIMTYAbI
KoJie0aHu B TaHHOU padoTe?

2. CoxpaHsieTcsl M TOJHAS SHEPTUsl OCHWLISATOpPA MPH HATWYUU CUJ Tpe-
HUs?

3. KaxoBa Meronuka onpezeneHus KO3QQPHUIIMECHTOB TPEHUSI CKOJBKEHUS U
KaueHHUd B JaHHOM paboTe? KakoBbl X XapaKTepHbIE MOPSAKU BETUYUH?

4. Tlonyuute auddepeHuranbHOe ypaBHEHUE, ONMKUCHIBAIOINIEE 3aTyXaolne
KOJIeOaHUs U MPOaHAIU3UPYUTE €ro pelieHue.

5. [a#ite onpeneneHus gorapuMUYECKOro JEKPEMEHTa 3aTyXaHusl U J100-
POTHOCTH KOJI€0aTeIbHOr0 KOHTYpa.

6. Kak sKCnepHMMEHTAJIbHO NPOBEPUTH TEOPETHUYECKH IOJYYEHHBIE COOT-
HOILIGHUS JJI1  pacuera ImepuoAa  KojeOaHWW  HAKJIOHHOTO  MasiTHUKa

0

T = o =2r | , KO3(h(OUIIMEHTOB TPEHUS CKOIBXEHUS U = %o~ tg— u
@, gcosé 4N 2

KaueHust (' = uR = % Rtg g ?
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JABOPATOPHAA PABOTA 13

UCCJEIOBAHUE COBCTBEHHBIX KOJIEBAHUM CTPYHbBI
METO/JIOM PE3OHAHCA

1 EJIb PABOTbI

1 3yueHue coOCTBEHHBIX KOJIEOAHUM CTPYHBI C 3aKPETUICHHBIMU KOHI[AMH.
2 HccnenoBaHue 3aBUCUMOCTH CKOPOCTH PAaCIPOCTPAHEHHUS IONEPEYHBIX
KOJIeOaHHI B CTPYHE OT €€ HATSKEHUSI.

2 BUBJIUMOTPAOUUYECKHNIN CITUCOK

1 CasenneB U.B. Kypc ¢usuku. B 3 1. T.1: Mexanuka. MonexynsipHas (u-
3uka / .B. Casenses. - Jlaup, 2008. - 352 c.

2 Tpodpumona T.U. Kypc ¢usuku: yueb. mocobue s By30B /
T.M. Tpodumosa. - 19-e u3a. - Axkagemus, 2012. - 560 c.

3 Hetnad A.A., ABopckuit b.M. Kypc dusuxu. - Akagemus, 2009. - 720 c.

3 TEOPETUYECKOE BBEJIEHHUE

Ecnu B xakom-nmubo mecTe ynpyroi cpeabl Bo3OyAUTH KojieOaHUE €€ ya-
CTHII, TO, BCJICJICTBUE B3aMMOJICUCTBUS MEXKy HUMH, ITO KOojeOaHne HAaYHET pac-
IPOCTPAHATHCS B Cpelie OT yacTulbl K yactune. [Iponece pacrpocrpanenus Koiie-
OaHull B cpejie Ha3bIBAE€TCS BOJIHOM.

Ecnu B cpene pactpocTpaHseTcs OJHOBPEMEHHO HECKOIBKO BOJIH, YACTULIBI
Y4acTBYIOT Cpa3y B HECKOJIbKHMX KOJICOATENbHBIX JIBIJKCHUSIX, U UX KOJIeOaHUs
OKa3bIBAIOTCSI TEOMETPUUECKON CyMMOU KOJIeOaHU, KOTOPbIE COBEPIAIU Obl Ya-
CTHUIIBI IPH PACITPOCTPAHEHUU KAXKAOU U3 BOJH B OTJAEIBHOCTH.

KonebarenbHblil mpoliecc, Ha3bIBa€MbIH CTOSYE BOJHOW, BO3HUKAET B pe-
3yJIbTaTE CJIOKEHUSA ABYX BCTPEUYHBIX BOJIH C OJIMHAKOBOW aMIUIATYJIOM M 4acTo-
TOM, B KOTOPOW HaIpaBJICHUs] KOoJjeOaHus 4acTull coBMaaaroT. [IpakTuuecku cTos-
Yye BOJHBI BOSHUKAIOT MIPU OTPAXKEHUU OT Mperpaj;: Majarolias BoJiHA U Oeryias
ell HaBCTpeuy OTpake€HHas, HAKJIAQJbIBasCh APYr Ha Jpyra, oOpasyrT CTOSUYIO
BOJIHY. [Ipu 3TOM 9acTHIlBI cpebl, K KOTOPHIM KOJIeOaHUs OT Majaroiieid u oTpa-
YKEHHOM BOJIH MPHUXOJAT B OJMHAKOBOM (haze, KOJIEOIIOTCS ¢ MaKCUMAalbHON am-
TUTUTYJIOM, @ T€ YaCTHUIIbI, K KOTOPBIM KOJeOaHus MPUXOAT B MpoTUBO(dase, - mo-
kosaTca. [lepBbie yacTHIlbl cpeapl 00pa3yrOT MYyYHOCTH, BTOPBIE - Y3IIbI CTOSUEH
BOJIHBI.

B 3akperuieHHOl ¢ 000UX KOHIIOB CTPYHE MPH PACIPOCTPAHEHUU B HEH TMO-
MEepPeYHbIX KOJICOAHUI yCTaHABIMBAIOTCS CTOSYME BOJHBI, IPUYEM B MecTax 3a-
KpEIUJIEHUSI CTPYHBI pacroJiararorcst y3ibl. Berencrtsue 3Toro B CTpyHe BO30YX-
JAlOTCs KoJIeOaHMsI TOJIbKO TaKUX 4acTOT, IMPH KOTOPBIX Ha JuinHe cTpyHe | ykia-
JBIBAETCS LIEJI0€ YMCIIO MOIYBOJIH. OTCIOAA ClIeNyeT yCIOBUE

| = n% w4, :%'x, (n=1,23..). (1)

YuuTbiBas CBSI3b JUIMHBI BOJIHBI KOJIEOAHUN C YACTOTOM V M CKOPOCTBHIO pac-
MPOCTPAHEHUS BOJHBI V, MOKHO 3alUACATh
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vV, =—=nN—. (2)

YacToTsl v, HA3BIBAIOTCS COOCMBEHHbIMU YaACmOomamy KOIeOaHuil CTPYHBI.
Camas Hu3Kas coOcTBeHHas yactota vy = V/(2]) Ha3wIBaeTCs ocro6Holl uacmomoii
UIIH OCHOBHBIM MOHOM. Bojiee BBICOKHE YaCTOTHI, KpaTHEIE Vi, Ha3BIBAIOTCS 0Oep-
monamu wiau capmoruxamu (N = 2 — nepBbIi 00epTOH; N = 3 — BTOPO# U T.1.).

CKOpPOCTh paclpOCTPaHEHHUs MOMEPEUYHBIX KOJACOaHUH BIOJIb CTPYHBI 3aBH-
CHT OT HATSDKEHHUS CTPYHBI U OIPEAEIIIETCS 110 (GOpMyIIe

sz i’ (3)

d\ =
rne P — natskenne ctpyssl (H); p u d — COOTBETCTBEHHO TUIOTHOCTH MaTepuaia
CTPYHBI U €€ TuaMeTp.

B paborte ompenenstorcsi COOCTBEHHBIE YAaCTOTHI CTPYHBI, MPOU3BOAUTCSA
HaOmoieHne (OpMbl COOCTBEHHBIX KOJICOAHUM, a TaKKe HCCIEAYETCS 3aBUCH-
MOCTh CKOPOCTH PaclpOCTpaHEHHsI MOTEPEYHBIX KOJIeOaHU B CTpyHE OT €€ HaTs-
KCHHUSL.

J11s1 BO30Y >KIeHusl KojeOaHui B CTpYHE B JJaHHOM pabOTe UCIOIb3YETCs Me-
TOJ pe3oHaHca. B cimyuae, koraa cuia, Bo30yskaaromas KojieoaHus, U3BMEHSIETCS 110
TapMOHHYECKOMY 3aKOHY, YCTAaHOBHBIIKECS BHIHYKJCHHBIC KOJICOaHUsI NUMEIOT Ya-
CTOTY, PaBHYIO YaCTOTE BBIHYKJAIOIIEH CUiIbl. SIBIEHNE pe30HAHCa 3aKIII0YaeTCs B
CIIEIYIOIIEM: €CJIM 4YacTOTa BBIHYXKIAIOIIEH CHIIbI, MPWIOKEHHONH K MajoMmy
YUYacTKy CTPYHBI, COBIIAJIa€T ¢ OAHON M3 COOCTBEHHBIX YaCTOT, a €€ MECTO IPUJIO-
’KEHHS - C IyYHOCThIO COOTBETCTBYIOIIEH CTOSIUEN BOJIHBI, B CTPYHE YCTaHABIIMBA-
€TCsI CTOsT4asl BOJIHA C MAaKCUMaJIbHOW aMIUIUTY 10 KoJieOaHMil.

4 OIIMCAHUE YCTAHOBKHA

B cxeme ycTaHOBKH, H300paXeHHOW Ha pUC. 1, CTpyHa HATATHBACTCS MEXKIY
CTOMKAMM IOACTABKH, ITPUYEM OJMH €€ KOHEI 3aKPEIUICH HENMOABUKHO, a K ApPY-
romMy NPUKPEIVIEHA YalllKa ¢ TPy3aMU, CO3Aa0IIMMHU HATSHKEHUE B CTPYHE.

CeTE

—_———

= = 1\
£ . —_— e —_
e —— ——————

Puc. 1. Cxema ycTaHOBKH

Ot 3ByKOBOrO reHeparopa (31°) CUTHaIOB CUHYCOUJAIbHBIE AJIEKTPUUECKHUE
KoJIeOaHUs MOJIal0TCS Ha CTPYHY. BIIOJIb CTPYHBI 1O MOJCTAaBKE MOXKET CBOOOHO
[epEMELIAThCS ITOCTOSAHHBIA MAarHUT. Tak Kak mo CTpyHE TEYET NEPEMEHHBIN TOK,
Ha Y4acTOK €€, HaXOJSIIHICSI MeXAy MOJ0CaMi MarHuTa, AeMCTBYeT cuiia AMiie-
pa ¢ gacroroit 3I'. Eciim mpu 3TOM 9acToTa COBITaJaeT C OJHON M3 COOCTBEHHBIX
YacTOT CTPYHBI, @ NIOJIO’KEHNE MAarHuTa - C MMy4YHOCTBIO CTOSIUYEH BOJIHBI, TO HAOJIIO-
JaeTCsl SIBJICHUE PE30HAHCA.
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Metonuka paboThl CO 3ByKOBBIM F€HEPATOPOM 3AKJIFOYAETCS B CJIEIYIOLIEM.
Pyuku yrnpaBiieHUs 3ByKOBBIM I'€HEPATOPOM BBIBEICHBI Ha €ro MaHelb (puc. 2).

2
g
i,
Vv

MuexnTens
HACTOTH
B
EBrzon

Cete

Perynupoera
BHZOAA

Puc. 2. 3BykoBoii reHepaTop

Yacrota koneOaHUN yCTaHABIMBAETCS MOBOPOTOM PYUKH IMEPEKIHOYATENs
«MHOXHUTENbY (CTyNEeHYaTasl peryjaupoBka) U pyukor «Yacrora, Hz» (minaBHas
perynupoBka). Jlns onpeneneHus 4actotsl 317 B repuax HyKHO OTCUET IO IIKaJe
auM0Oa YMHOXUTh Ha MOKa3aHHe nepekitoyaTens «MHOKUTENb.

Bo30yx1aembie B reHepaTope KojeOaHus MOJal0TCsl Ha KIeMMBbI « BbIxom.
HanpsoxeHue Ha BBIXOJI€ PErylIHpyeTcsl pyukoil «Per. Bpixoaa» (I1aBHasl peryiiu-
POBKa) U CTYIEHSIMHU, IPY TOMOILY NEPEKITIOYATEINSI MPEJEIIOB IIKAJIbI BOJIBTMETPA.

S TIPUBOPHI U ITPUHAIVIEXKHOCTHU

|1 3akperuieHHas Ha ITATUBE CTPYHA.

2 IloxacraBka a1 rpy30B U HA0Op IPy30B.
3 T'eHepaTop CUTHAJIOB.

4 MarHwur.

5 Mukpowmerp.

6 MacitabHasi TMHEHKa.

6 ITIOPATOK BBIIIOJIHEHUSA PABOTDI

1 V3meputh ¢ OMOIIBI0O MUKpOMETpa JUaMeTp pabdoueldl 4acTu CTPYHHI B
Pa3JINYHBIX YYacTKax U B Ka4ECTBE JUAMETPA CTPYHBI B3ATh CPENHEE U3 ITUX W3-
MepeHuil. C MOMOLIBI0 MAacIITaOHOW JTMHEHKH ONpPEeNeNuTh JJIMHY pabouel 4acTu
CTPYHBL.

2 Co3naTh HATSKEHUE B CTPYHE, IOMECTUB Ha YAILKY I'PY3UKH TaK, YTOObI
CyMMapHas Macca 4Yalikd ¢ rpy3oMm Obuta paBHa npumepHo 150 r. Harsokenue
CTpyHBI 1pu 3ToM P = mg.

3 ITo dopmynam (2) u (3) BEIYUCITUTH YaCTOTY OCHOBHOI'O TOHA JIsl CO3/1aH-
HOT'O HATSKEHUsS CTpyHbI. B paboTe ucnonb3yercs MeaHas IpoBOJIOKA € IJIOTHO-
cThIO BemmecTsa p = 8,93 - 10° kr/m3.

4 TloaroToBUTh reHeparop k padote. llepexntoyaTens npeneaoB NIKaibl MO-
CTaBUTh B TaKOE€ IOJIOKEHHE, NPU KOTOPOM MPENES HANPSIKEHUS IIKAJIbl BOJbBT-
MeTpa paBeH 15 B. JlanpHelnas peryJlMpoBKa BBIXOJHOTO HANpSKEHUS Oyner
MTPOU3BOJIUTHCS C TOMOIIBIO pyUKHn «Per. Bbrxoma».

5 IToMecTuTh MarHuT MOCEPEAUHE CTPYHBI. Y CTAHOBUTH C IIOMOLIBIO IIepe-
kiouarenss «MHoxurens» U pyuku «Yactora, Hz) 3HaueHue 4actorel vi, MOJy-
YEHHOM TEOpETUYECKH I AAHHOW Harpy3ku B NyHKTe 3. C MOMOLIBIO PYYKH
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«Per. BpIX0J1a» YCTaHOBUTH BbIXOAHOE Hampsikenue 3I°, paBuoe 5 B. [InaBHO u3-
MEHsI 4acToTy BpaileHueM jumoOa 3I° BOAM3K Vi, YTOYHUTH 3HAYEHUE YaCTOTHI,
IIpU KOTOPOW BO3HUKAIOT YCTOWYMBBIE KOJIEOAHUS CTPYHBI C MaKCUMaJIbHOM aM-
IUTATY IOM.

6 Ilpuctynuth K u3MepeHusiM. BeiBectn pyuky «Per. BeIXoJga» B KpaiiHee
JIEBOE TMOJI0KEHUE, TPU KOTOPOM BBIXOJHOE HAIPSKEHHE T€HEPATOPA PABHO HYIIIO.
VYcraHoBuTh ¢ nmomMomibio pyuku «Yacrora, Hz» yacTtoTy curHanga, MEHbIIYIO Ha
HECKOJIBKO TepIl 3KCIIEPUMEHTAIIBHO HAMJEHHOTO B MyHKTE 5 3HadyeHus 1. C mo-
MOIIbIO PyYKH «Per. BbIX0/1a» yCTaHOBUTH BbIXOAHOE HampsbkeHue 31, paBHOe 5
B. 3meputs ¢ NOMOIIBIO TUHENWKH, YKPEIUIEHHON HA MAarHUTE, BEJIMYHMHY ITOJIHOTO
pasMaxa CTPYHbI B IIyYHOCTH CTOSTYE€d BOABI. Pe3ylbTaT W3MEpEHUN 3alucaTh B
tabnuily 1. BeiBectu pyuky «Per. Bpixona» B KpailHee JieBOE MOJI0KEHUE. Y BEIU-
YUTh 4acCTOTy curHaia Ha 1 I'un. YOenuBuiuch B TOM, YTO KOJeOAHHUS Ha CTpyHE
NPEKPATUIINCh, YCTAHOBUTH PYUKON «Per. BbIX01a» BBIXOJHOE HAIpSKEHHUE, PaB-
Hoe 5 B. M3mepurh BenMUMHY MOJHOTO pa3maxa CTPyHbI B IIyYHOCTH. 3alucaTh
pe3yNbTaThl U3MEPEHUI B Ta0. 2.

[TponomkuTh U3MEpPEHUs: OMMCAHHBIM BBILIE CHOCOOOM, YBEIUYMBAs KaX-
Iblii pa3 yactoTy curHaia Ha 1 I'm. Crneauts 3a Tem, 4ToOBI mepes mojaayeil Ha
CTpPYHY HampsDKEHHsS B HE OTCYTCTBOBAJIM KOJeOaHHMsI, a 3HAYEHUE MOJABAEMOTO
HaIpsKEHUS PaBHSIIOCH S5 B.

N3mepennst npekpaTuTh MO0 JOCTHKEHUU TaKOW YacCTOTHI, PU KOTOPOU aM-
IUIMTYJa KOJEOaHW CTPYHBI B MYYHOCTHU OKAXETCS MPUMEPHO BIBOE MEHBIIE
MaKCHMAJIBHOTO 3HAYEHMUS.

B kayecTBe OKOHYATENBHOTO pe3yJibTaTa Uil PE30HAHCHOW YacCTOThI Vi
B3iATh U3 Tabi. 1 3HaueHue v, Jarollee MAKCUMAJIbHYI0 aMIUIMTYAY KoJeOaHui
CTPYHBL.

7 TlepenBurasi MarHuT U MEHsS COOTBETCTBYIOLIUM OOpa3oM YacTOTY CHTI-
Haja ¢ 31, momyduTh yCTONYHMBBIE KOJIEOAHUS ¢ MAKCUMAJIBLHOW aMIUTUTYOU IO-
cienyromero odeprona. i HaxoXKIAEHUsI 3HAYEHU PE30HAHCHBIX YacToT 00ep-
TOHOB MCIIOJIb30BaTh METOJUKY, U3JI0KEHHYIO B IIYHKTE O.

PesynbraTel u3mepenuit 3anectu B Tadu. 1. Ecou ammutyasl konebaHuil B
OTOM IIYHKTE 3aJaHUSA OKaXXyTCs MaJIbIMU, CIECAYET YBEIUYUTh BBIXOJHOE HAIpsi-
YKEHHE reHeparopa.

8 IIpoBecT M3MepeHNs COrJaacHoO IyHKTaM 6 U 7 Mpu APYTUX HATSHKEHUSX.
PexoMeHnnyercs yBenmuuTh Maccy rpysa Ha 50 r, mpoBeas U3MEpPEHMs Ui IATH
PA3JIMYHBIX HATSHKEHUUN CTPYHBI.

OxoHuaTeIbHBIC PE3YIIBTATHI AJIS1 PE30HAHCHBIX YaCTOT 3aHECTH B Ta0I. 2.

9 Ilo skcriepUMEHTANBHBIM JaHHBIM PacCYMTaTh CKOPOCTH PaCIpOCTpaHe-
HUS MONEPEYHBIX KOJEOAHWH ISl KaXKJOr0 HATSXKEHUs CTPYHbBI, UCIOIB3Ys Qop-
Mmyiy (2).

10 Ilo momy4yeHHBIM pe3yJbTaTaM MOCTPOUTH I'padUK 3aBUCUMOCTH CKOPO-
CTH pacHpOCTpaHEHUs KOJIeOaHU B CTPyHE OT JP (P =mg, rae m — cymmapHasi
Macca Harpy3Ku).

Ha sToMm ke uepTexe MoCTpoUTh TpaduK TEOPETUYECKON 3aBUCUMOCTH CKO-

poctu V ot JP, ucnoas3ysa ¢opmyny (3). Oty dbopmynny yaoOHO NMpeCcTaBUTh B
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P
CTaTOYHO HAWUTH BEJIWYHHY yrIIOBOro Kod(hduimenta K u mpoBecTy MpsMyro depe3
Hayajo KOOPJAMHAT.
11 JlaTp 3aKiIfO4E€HHE O COBIAJECHUH IKCIEPUMEHTAIBHBIX U TEOPETUYECKUX
pe3yJIbTaToB.

2
suge V =kv/P, rae k :T. JIJist IOCTPOGHUS TEOPETUYECKOTro Tpaduka m0-

TaOonuma 1
Macca Homep cobctBeH- | Yacrora v, | Benuunna momaHoro pasmaxa
HArpy3kd M, | HOTO KoJIeOaHUs I CTPYHBI, MM
r
1
2
Tabnuma 2
Macca Homep co06- | dopma Co06- Cxkopoctb pac- | Cpennsis
Harpy3Ku CTBEHHOTO | COOCTBEH- | CTBEHHAs | POCTPAHCHHSI | CKOPOCTh
m, kr KojebaHust | HOro KO- | 4acTtora | koseOanuii V, | <V>, m/c
nebaHus v, ' M/c
1
2
1
2

7 KOHTPOJIBHBIE BOITPOCHI
1. Kak BBITISAUT TpoQuIib CTOSYEH BOJHBI Ha CTPYHE, 3aKPETUICHHOW C
o0erx CTOpPOH, €C/Id Ha HEeW YCTAaHOBWJINCH KOJeOaHUsI OCHOBHOTO TOHA, MIEPBOTO
o0epToHa, BTOPOTo TOHA?
2. TlosicHuTe Ha3HAYEHNE TTOCTOSTHHOTO MarHuTa U 3ByKOBOT'O T€HEpaTopa B
YCTaHOBKE JaHHOU pabOTHI.
3. Kak nonyuuts KonebaHus CTPYHBI C YACTOTOM 1MepBOro ooeproHa’?
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4, HO}ICHI/ITC, OT 4Y€ro 3aBUCUT CKOPOCTH PACIIPOCTPAHCHIMA BOJHEI 11O CTPYHE.
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JABOPATOPHASA PABOTA 14

UCCJEJTOBAHUE KOJEBAHUM CBA3AHHBIX OCHWILISATOPOB

1 OEJIb PABOTBI

1 N3ydyeHue koyieOATEIBHBIX MPOIICCCOB CBSI3aHHBIX MAasTHUKOB (OCIIHILIS-
TOPOB), 00JIaAAIOIINUX ABYMS CTETICHSIMH CBOOO/IBI.

2 OmnpeneneHne 4acTOThl CHH(A3HBIX U MPOTUBO(MA3HBIX KOJCOAHUN COMpsi-
’KEHHBIX MasITHUKOB.

3 HccnenoBanue yciaoBU BO3HUKHOBEHHUS PE30HAHCA B CBSI3aHHBIX MasiT-
HHUKAaX.

2 BUBJIUMOTPA®HUYECKH CIIUCOK

1 CasenneB U.B. Kypc ¢usuku. B 3 1. T.1: Mexanuka. MonekynspHas Qu-
suka / .B. Casenbes. - Jlaus, 2008. - 352 c.

2 Tpodpumora T.1M. Kypc ¢usuku: yued. mocoOue is By30B /
T.U. Tpodpumona. - 19-e¢ u3a. - Axkamemus, 2012. - 560 c.

3 Hernad A.A., ABopckuit .M. Kypc ¢usuku. - Akagemus, 2009. - 720 c.

4 Tloptuc A. ®usnyeckas nabopartopus. - M.: Hayka, 1972. - 320 c.

5 ®usznyeckuii npaktukyM / [lox pen. B.W. UBepoHnoBoii. - M.: ®uzmatrus.
1962. - 956 c.

6 JlaGoparopusie 3ansatus no ¢usuke / [lox pen. JLJI. T'onpauna. - M.:
Hayka, 1983. - 704 c.

7 ®iznunmii npaktukyM / 3a 3ar. pen. B.I1. ymenka. - K.: Buma mik., 1981.
- 248 c.

3 TEOPETUYECKOE BBEJAEHHUE

CBsi3aHHBIE MEXIYy COOOM MEPUOJUYECKHE CTPYKTYPbl HCIOJIB3YIOTCS IMPHU
IIPOEKTUPOBAHUM JIMHUM TIepeaay, 3aJ€pKKH, TP U3TOTOBICHUH FE€HEPATOPOB BBI-
COKOM 4acTOThl B aKyCTHYECKHX IpeoOpazoBarensix u ap. M3yuenue kosiebdareib-
HBIX CHCTEM C MHOTOKPAaTHO NOBTOPSIOIIMMMCS CTPYKTypaMd M DIJIEMEHTAMH
(mampumep, compsbkeHHble LC-11enn) mo3BOJSET BBISBUTH OCOOEHHOCTHU PACIpO-
CTpaHeHUs, 0OMeHa YHEpPIrueH, YCIOBUs MOTJIOUICHUS, JeMII(PUPOBAHUS U 3a/I€PKKU
CUTHAJIOB. XapaKTEepPHOU OCOOEHHOCThIO paCIPOCTPAHEHUSI CUTHAJIOB B TaKUX MEpH-
OIMYECKUX CTPYKTypax SBIAETCS BHUIOM3MEHEHHE PACIPOCTPAHSIOLIUXCS CUTHA-
JIOB, IUCTIEPCHS BOJIH, CHICIIM(PUUECKIE CBONCTBA (ha30BOM U IPYNIIOBON CKOPOCTEH.

[IpocrermmM TpUMEPOM TNEPUOAUYECKON CTPYKTYPBI SIBISIETCS CHUCTEMA,
COCTOSAIAs U3 JIByX MaTEMAaTUYECKUX MAasTHUKOB, CBSI3aHHBIX MEX]y COOO0M mpy-
*xuHO# (puc. 1).

Jlist uccneaoBaHus KojieOaHUN TaKOTO MasiTHUKA PEIIMM OCHOBHYIO 3aJady
JWHAMHMKH BPALIATEIIBHOTO JBWUKEHUS, T.€. ONPEACINM YPaBHEHUE IBH)KCHUS Ma-
ATHUKOB I10 U3BECTHOMY CHJIOBOMY BO3JIEVCTBUIO.

HaitneM MOMEHT cuibl, NEHCTBYIOIIMM HA IEPBbIA U BTOPOU MAasTHUKHU B
OTKJIOHEHHOM II0JIO’KEHUH, KaK yKa3aHO Ha puc. 1. [Ipeanosoxum, 4To yriel OT-
KJIOHCHUSI MAsTHUKOB OT TIOJIOKEHHSI PABHOBECHS MaJbl, TaK 4TO SIN@ =@ U
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@2 > @1. KpoMe Toro, Oyaem npeHeOperaTb Maccoil CTepKHs, HAa KOTOPOM YKper-
JICHBI TENa.

)

mg mg

Puc. 1. CBs13aHHbBIE MAsITHUKA

Ha mepBbIii MasTHHK OyayT JeHCTBOBATh MOMEHTHI CHJI TSDKECTH YKPCTIICH-
HOTO TeJla U PacTIHyTOM mpyxuHbl. CymMMapHas BETUYHMHA MOMEHTOB CHJI MOKET
OBITH HalifieHa 10 hopmyJie

M, = —mgLsin ¢, + kd?(sin @, —sin @) = —mgL g, + kd*(p, — @) . (1)
COOTBETCTBEHHO Ha BTOPOIl MasTHUK OYyJI€T IEMCTBOBATh MOMEHT CUJIBI:

M, = —mgLsin ¢, —kd?(sin @, —sin¢) = —mgL ¢, —kd*(p, —¢,). (2)
[IpoaHanu3upyeM OCHOBHOE YpaBHEHHME JMHAMHUKHM BpaIlAaTEIBLHOIO JBUKE-

HUA (BTOpOfI 3aKOH AWHAMWKH IJI BpaliaTCJIbHOI'O I[BI/I}KGHI/IH) HJIsL IICPBOI0 U
BTOPOI'O MasATHUKOB:

dz(”l 2

I—dt2 =-mgL o, +kd“ (¢, — ), (3)
q2

| =22 — _mgL g, —kd?(¢, — ). 4)

B ypaBuenusix (3) u (4) | — T0O MOMEHT UHEPIIUU MASITHUKOB OTHOCUTEIILHO
OCH UX I0JIBECa
2
| =mL", (5)
rie m — Macca tena; L — pacctosiHue OT Tena 10 OCH BpalieHusl.
[IoncTaBUB COOTHOLLIEHHE (5) B ypaBHeHus (3) u (4), nonydum

,d?
mL2 =% = -mglLg, +kd* (¢, — ). (6)
,d?
mL* % —mgL g, —kd*(p, - @,). (7)
CnoxuB nouwieHHo ypaBHeHus (6) u (7), moayuum
d +
2 COER) g (g4, ®
Brrutem u3 ypaBHenus (6) ypaBHenue (7):
d
w2 @) gl 6002k ). ©)

dZ
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Ilepenecem B ypaBHeHUsaAX (8) u (9) Bce BbIpaK€HHS B JIEBYHO YacTb H

IIOYJICHHO paS,IIeJII/IM HOJIy‘IGHHBIG ypaBHeHI/I}I HAa MOMCHT I/IHepI_II/II/I MasaATHHUKOB
2.
mL-=:

d?(e, +

(ffj#%ﬁ%(@wz):o, (10)

d?(¢p, - 2kd?
%+ %+ oy (¢~ 9,)=0. (11)

Brenewm criemyromnue 0003HaUYCHNUS:
o :%. (12)
2kd?

? = %+ il (13)

IJI€ 0o U - — KPYTOBBIE YACTOTHI CUH(A3HBIX U MPOTUBO(DA3HBIX KOJIEOAHUI.

C yuerom cootHomienuit (12) u (13) omnoponnbeie nuddepeHurnanbHble
ypaBHeHusi BToporo nopsiaka (10) u (11), onuckiBaronue cBsi3aHHBIE KOJieOaHUsI,
OyAyT UMETh CIEAYIOLIUN BUA:

2

et ey) ((gltj 22) s gy +9)=0, (14)
2

P02)  4i(g,—g,)-0. 15)

N3 ypaBuenwuii (14) u (15) BUgHO, 4TO BEIMUUHBI (@1 + @2) U (@1 — (2) SIBIS-
I0TCSI TIEPEMEHHBIMH, a PEIICHHUs] OJHOPOIHBIX NU(PhEpeHITNATBHBIX YpaBHEHUI
(14) u (15) MOXHO MPE/ICTABUTH B CIEIYIONIEM BU/IE:
(@1 +92)= (@10 + @0 )cOS YL, (16)
(2 —9,)= (10— pr0)c0s02 (17)
IIe Q10 U @20 — OTO HAYaJIbHBIE CMEIICHUS TEPBOTO M BTOPOTO MAasSTHUKOB B
HavyaJIbHBIA MOMEHT BpeMenu mipu t = 0.
Ananu3 cootHomenuii (16) u (17) mokassiBaeT, 4TO €CliM MEPEMEHHAs Be-
nuarHa (@1 + @2) SBISIETCS CyMMOM YTJIOBBIX CMEIIEHUN MEPBOTO U BTOPOTO MasIT-
HUKOB, TO aMIUIATY/a 3TOW BEJIIMYMHBI MMOCTOSIHHA, @ YacTOTa g PaBHA YacTOTE

K0JIOaHMM OJMHOYHOIO MasiTHUKA (a)o = ,l%j. Takue xoneOaHus Ha3bIBAIOTCS

cuH(]a3HBIMH.

Ecau nepemennas BenuuuHa (@1 — @2) SBISETCS Pa3HOCTBHIO YIJIOBBIX CMeE-
IICHU MasTHUKOB OT TIOJIOKEHUSI paBHOBECHS, TO, KaK M B MPEBIIYIIEM CIydae,
aMIUTUTY/Ia TON Pa3HOCTHOW BEJIMYMHBI MOCTOSHHA, & 9acTOTa (_ OOJIBIIE YaCTO-

. g 2kd®
Thl cUH(a3HbIX KoneOaHull | @ = I+ Z | Takue konebaHusg Ha3bIBAIOTCS
m

npoTuBo(da3zHbIMUA. PaccMOTpeHHBIE JBa BHIA JIBH)KCHHS HA3bIBAIOTCS HOPMAajlb-
HBIMH MOJIaMH KOJIEOaHUI.
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[IpoananusupyeM nporiiecc oOMeHa dHepruu, eciu @10 # 0, a g0 = 0. B aTom
ciydae ypaBHeHus (16) u (17) OyayT uMeTh Cleayromuii BUI:
(@ +,) = ppcosant, (18)
(@1 —92)=pocosart. (19)
Cnoxum nouwieHHo ypaBHeHus (18), (19) u onpenenum cMmelieHue @1 nep-
BOTO MasTHHUKA:

@ = %gplo(cos wpt +Cosm.t). (20)

Brrutem u3 ypaBHenus (18) cootnomenue (19) u Haiinem cMmelieHue @;
BTOPOTO MasITHUKA:

@, = %gplo(coswot —cosa.t). (21)

Hcnonp3yss TpUTOHOMETPUYECKUE COOTHOLIEHMS IS CYMMBI M Pa3HOCTH
KOCHHYCOB JIBYX YIJIOB, BblpakeHus (20) u (21) MokHO 3anucathb B BUJIE:

@ = {¢10 cos[% (0~ a)o)tﬂcos[% (cwp + a)_)tJ (22)
@, = {golosin l% (a)_ —a)o)tJ}Sin[% (a)o +a)_)tJ. (23)

N3 cootHommenuit (22) u (23) crnenyer, 4To B HaYaJIbHBIA MOMEHT BPEMEHU
npu t = 0 amrmumMTyga KoseOaHu BTOPOro MasTHHKA paBHa Hy0. C TedeHueM
BPEMEHHU aMIUIMTYJla KOJeOaHuN MEepBOTr0 MasiTHUKA OyJET YMEHbIIAThCs, a BTO-

poro yBenuuuBareca. Ecim % (a)_ — a)o)t = 77 , TO K MOMEHTY BpPEMEHHU
t= %a) o ) aMIUIMTY/a KOJIeOaHUM MEePBOT0 MASITHUKA CTAHET PAaBHOM HYIIIO, a
-~ @

BTOPOr0 MAasiTHUKA JOCTUTHET MAaKCHUMaJIbHOrO 3HayeHus. Takum oOpazoM, Mpu
HaJIMYUU CBSA3U YepPE3 NPYKUHY DHEPTHSI IIOCTEIIEHHO MEPENAETCs OT MEPBOTO Ma-
ATHHKA KO BTOpOMY M oOpaTHO. Bpems, HeoOxonumoe Jisl nepeaaun dSHepruu, mno-
JY4YWIIO Ha3BaHUE «Tepuof oueHus» Is. OHO onpeaensercs CiaeayoluM Bblpaxe-

HHUEM
t =T = 27 (24)
6. 6 _ :
oo (. — )
YacToTy, ¢ KOTOpOH MPOUCXOIUT OOMEH SHEPTruH, MOXKHO PacCUUTaTh IO

bopmyie
21  2r
W5 = W5, = = =0_— 0. (25)
t T,
CMeleHnss MepBOro W BTOPOTO MAsTHUKOB B 3aBUCHMOCTH OT BPEMEHHU
IIPE/ICTABIICHBI HA PUCYHKE 2.
Ecmu Ty u T, — mepuost koneOaHuii IEPBOro0 ¥ BTOPOTO MAITHUKOB, TO TIe-
puo O6ueHust Tg MOKET OBITH HaJICH 11O hopMyIIe

1 1 1
=+
T, T T
[Tpu s3ToM KO3 PULIMEHT CBA3M MEXKIY MasTHUKaMHU OMPENEISETCS U3 BbI-
paxeHus

0OM

(26)
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(27)

AT
A £

Puc. 2. CMeH_[eHI/IH MasATHUKOB B 3aBUCUMOCTH OT BPECMCHU

PaccmoTpuMm mporiecc BO3HUKHOBEHHMsSI BBIHYXKJICHHBIX KoJjiebanuil. [lpu
BO30YX/I€HUH KOJIeOaHU CBA3aHHBIX (COMPSHKEHHBIX) MAITHUKOB BHEIIHEH MEpH-
OJIMYECKON CWJIOHN, IEUCTBYIOIIEH HAa OJMH U3 MAasTHUKOB, HAOIOIa0TCs Koyieha-
TEJIbHbIC JABWKEHUS KakJA0ro U3 HUX. [Ipu ycTaHOBUBIIEMCS JBM>KEHUU YacTOTa
KOJIeOaHUI MasTHUKOB Oy/EeT paBHA YaCcTOTE BHEIIHEW BhIHYJaromen cuibl. Ko-
r7la 4acToTa BHEIIHEN CUJIbl OyAeT OJin3Ka K OJHOM M3 4aCTOT COOCTBEHHBIX KOJIe-
0aHMIl MasgTHUKOB, HACTYNHT SIBJICHUE PE30HAHCA, T.C. YBEIMYECHHE aMIUIUTY]IbI
KoJieOaHUM MasSTHUKOB. ECIM JIMHBI MasiTHUKOB Pa3JIMUHbI, TO MEPUOJIBI U YaCTO-
Thl KOJ€OaHWII MasiTHUKOB TaKke OyIyT pa3iuyHbl. B 3TOM ciiyyae mpu u3MeHe-
HUU YaCTOThI BHEITHEH BBIHYKIAIOMIEH CHIIbI HAOIIOJAETCs JIBa PE30OHAHCHBIX IMH-
Ka (TaK Ha3bIBAEMBII «JIBYTrOpOBIi» PE30HAHC), CXEMATUUYECKHU MTPEICTABICHHbBIC HA
pUCYHKE 3, TJie MPEeACTaBICHa 3aBUCUMOCTh aMIUTUTY bl KoJieOaHUN A CBSI3aHHBIX
MasTHUKOB OT YacCTOTHI @ BHEIIHEW BBIHYKIAIOIMIEH CUJIBI: @ — COOCTBEHHAs Ya-
CTOTa KOJICOAHUI MEPBOTO MAATHUKA, @ — COOCTBEHHAsl 4acTOTa KoJieOaHUM BTO-
pOTO MasATHUKA.
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Puc. 3. «JIByrop0slii» pe3oHaHC

3aMeTuM, YTO MUHUMYM aMIUTUTYIbl KoJieOaHM, HaOII0maeMblil npu ya-
CTOTE N, COOTBETCTBYET TaK Ha3bIBAEMOW 4YacTOTE JIeMI(pupoBaHUs. BrisicHeHue
yCIIOBUHM JeMI(UPOBaHUS U OMNPEICIIEHUE €r0 YacTOThl MPEICTABIAET BaKHYIO
TEXHUYECKYIO 3aJa4yy IPU NPOCKTUPOBAHUU MU U3NOTOBJICHUM PA3IUYHBIX MeXa-
HU3MOB, YCTPOUCTB ¥ MAIlIUH.

4 OIMCAHUE SKCIIEPUMEHTAJIbHON YCTAHOBKHA

OOmwmii BUJ SKCIIEPUMEHTAIbHOIN YCTAaHOBKH IpecTaBieH Ha puc. 4. OcHo-
BaHHE | OCHAIEHO PEryIUPyEeMbIMH HOKKaMH, 00CCIICUMBAIOIIUME BhIPDABHUBA-
HUE npuodopa.

/ARVAR ¥ AAVARVA AVARVAR VAR

ﬂ&ﬁjﬁ —

1

/ N
A\ AN NA_NA_N_N
7

0]
0O

= 12

Puc. 4. DxcriepuMeHTalIbHas YCTaHOBKA

B ocHoBanum 1 ycranosiieHa konoHka 2. Ha konoHke 3akpensieHa BTyJKa 3
u KpoHITeWH 4. Ha cTepxkHe 5 BTyIKH HaXOIATCS TPU NMOABECKH 6, HA KOTOPBIX
ITOCPEACTBOM IIAPUKOBBIX MOAIIMITHUKOB 3aKPEIUICHBI 1BA MasiTHUKA U CTEPKEHb
7 BO30yx)aaromuii koineoanusi. MasiTHUK COCTOMT U3 CTEPKHS 8 U MepeMeniaeMoro
rpysa 9.

MasdTHUKH CONPSKEHBI OPYr C APYTrOM MpPH MOMOIIM IBYX mpyxuH 10 3a-
KpPEIUICHHBIX B crenuaibHoi C-o0pa3Hoi oboiimMe 11, KOTOpYr0 MOXHO TepeMe-
maTh BJOJb CTEPKHEW MasSTHUKOB. Bo30yxIeHue KojieOaHWil OCYIIECTBISIETCS
IIPY MIOMOILX ITPUBOJHOIO AUCKA, 3aKPEIJIEHHOIO HA Bally dJIEKTPOJABUIaTels, KO-
TOPBIA, JBUTAs CTEPKEHb 7, COMPSKEHHBIA MPU MOMOIIU ABYX MHpyxuH 10 co
CTEpKHEM MasTHHKA, BO30Y>KIaeT ero KojeOaHusi. DNEeKTPOABUTaTEeIb HAXOJUTCS
B OJI0Ke ympaBieHus u uamMepenuit 12. K HuxHEeMy KpOHIITEHHY TPUKPEIICHA YT-
JoBas mKana 13, mpu moMoIy KOTOpOoil onpeaesnseTcs: aMIUIMTy1a KojJebaHuii Ma-
ATHUKOB. K HEMy Takxe NmpHUKperuieH (oTodsieKTpuueckuil natuuk 14, nias uzme-
peHus nepuoia KojaedaHuil OJJHOTO U3 CONPSKEHHBIX MAsTHUKOB.
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S MOPAJOK BBIITOJIHEHUSA PABOTDI

5.1 Onpenesnenne 4acToThl CHH(A3ZHBIX U NPOTUBO(PAZHBIX KOJeOaHUI
CBSI3AHHBIX MASITHUKOB. Pacder ko3(ppuumeHTa CBA3H CONPSZKEHHbIX MasIT-
HHUKOB

1 YcranoBure 000OHMBI, KpEIsIIUE NPYKUHBI B BEPXHEH YaCTH CTEPKHEU
MAasiTHHUKOB, Ha pacctossHu 15...20 c¢cM OT ocu BpauieHus. Y CTAHOBUTE TPY3bI
(m =100 r) Ha paccrosstauu 15...20 cM OT HIKHEH YacTH MasTHUKA.

2 OTcoeMHUTE NPYKUHBI OT 00OUMBI, COCUHSAIONIEH MasTHUKU CO CTEPHK-
HEM, BO30Y>KJaI0IIMM BbIHYK/ICHHbIE KOJICeOaHMUS.

3 Bxmounte knaBuiy «CETby» Ha nuiieBoil maHenu 0JI0Ka YNpaBleHUS U
U3MEPEHUSL.

4. OtknoHUTE 00a MasiTHUKA B OJJHY CTOPOHY Ha yroJi, IPUMEPHO PaBHbIN 6°
1 06€3 TOTYKOB OTITYCTUTE UX.

5 Haxwmure nepexmodarens «CBPOCy. Ilocne Toro kak npubop mokaxer 9
MepuoJI0B KoneOanuii MasTHUKOB, HAXKMUTE KHOTIKY «CTOIy». ITocne 10 momHbIX
KoJieOaHUM (YMCII0 MOJHBIX KojieOaHuii MasTHUKA u3MeHATh oT 10 1o 50 mo 3ana-
HUIO TIPENOJABATENS) CEKYHIOMEP OTKIIOYUTCS U Ha TAa0JIO CEKYHIOMEpPA MOSIBUT-
cs Bpems 10 mosHbIX KojeOaHuil. Pe3ynpTaThl M3MEpEeHHs BPEMEHHU 3alUIIUTE B
Tabn. 1.

6 PaccuuraiitTe 4acToTy CMH(}A3HBIX KOJIEOAHUH CBSI3aHHBIX MAasTHUKOB IO

dbopmyiie
0)0 = . ) (28)

rze N — yucio kosuebaHuil (B35ATO M0 yKa3zaHUIO MpenojaBaTens); t — Bpems N KoJe-
OaHUI.

7 IloBTOpUTE U3MEPEHUS U pACUEThl MO MyHKTaM 2...6 He MeHee 5...10 pas.
Pe3ynbTaThl n3MepeHuit 1 pacyeToB 3aruiuTe B TaoI. 1.

8 OTKJIOHUTE MasiTHUKH B MPOTUBOIOJIOKHBIE CTOPOHBI OT IOJIOKEHUS paB-
HOBECHs Ha Yroj NpUMEpHO paBHBIA 6° U U3MephTe MEpUO] MPOTUBO(DA3HBIX KO-
nebaHuil B COOTBETCTBUU C MyHKTaMu 2...6. Pe3ynbTaThl U3MEpEHUN U pacyeToB
3aMuIIuTe B Ta0II. 2.

9 Paccuwnraiite ko3pduuuneHt cBsa3u X no dopmyne (27). PesyabTaThl pac-
YyeTa 3aluIINTe B OTYET.

5.2 OnpenesieHne nepuoaa U YaCTOThI OMEeHU

1 Haxxmure knaBuiry «CETb» Ha nuieBoil maHenu OJioka ynmpaBieHHUS U
MU3MEPEHHUS.

2 OTKJIOHUTE OJIMH MasiTHUK B OJIHY CTOPOHY Ha yroJl IPUMEPHO PABHBIN 6°,
BTOPO MPUIEPKUBANTE B BEPTUKAIBHOM IOJIOKEHUHU U O€3 TOTYKOB OTITYCTUTE HX.

3 Haxwmure nepexmouarens «CbPOCy». AMmnuTtyna konebaHuii epBOTro
(OTKJIOHEHHOT0) MasATHUKA OyJeT MOCTENeHHO YMEHbIIAThCS, @ BTOPOTO — YBEJH-
yuBaThcs. Uepes MosoBuHy nepuoja OMeHUH aMIUIMTY/Aa MEepBOro MasTHHUKA CTa-
HET paBHOM HyJIO (MasgTHUK Ha MTHOBEHbE OCTAHOBHUTCS ), @ BTOPOIO MPUMET MaK-
cuMasbHoe 3HadeHue. C TeYeHWEM BpPEMEHHU KOJeOaHHsi 3TOro MasiTHUKa OyayT
3aTryxaTh, a aMIUIUTy/la MEpBOro MasiTHUKa CHOBa OyJneTr Bo3pactarh. Kornma BTo-
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POl MaITHUK BHOBb OCTAHOBUTCS (aMIUIMTYZAA CTAHET PAaBHOM HYIII0) HEOOXOAUMO
HaxaTh KHONKY «CTOII». Ha skpane nosiBUTCS 4YUCI0 KOJIeOAaHUN U BpeMsl MEXKIY
JBYMsI TIOCJIEAOBATEIbHBIMU OCTAHOBKAMM B JBMKEHHMH BTOPOro MasiTHHUKa. Pe-
3yJIbTaThl U3MEPEHHS TIeproa OneHust 3anummuTe B Tabm. 1.

4 TloBTOpHTE M3MeEpeHus nepuoaa oueHus He mexee S...10 pa3. Pe3ynbrars
WU3MEPEHUI 3aIUIINTE B TAOIUIY 3.

5 PaccuuTaiiTe cpenHee 3HaUeHUE MeprUoIa OMECHMS, BETUINHY a0COTIOTHOMN
Y OTHOCUTEIBHOW MOTPENTHOCTH U3MEPEHUS BEPOSITHOCTHBIM METOJIOM IPHU 33J1aH-
HOM HaJle)KHOCTH (10 YKa3aHUIO mpernogaBaTens). Pe3ynbrarel pacuera 3anuinuTe
B Ta0J. 3.

6 [lpu npoBeneHUN IKCIIEpUMEHTa 0c000€ BHUMAaHKE ClieAyeT oOpaTUTh Ha
MPAaBWIbHYIO YCTAHOBKY Ha4YaJlbHbIX OTKJIOHEHUI MasTHUKOB M Ha TO, YTO MPH J0-
CTHOKCHHUM MUHUMAJIbHO BO3MOXHOM aMIUIMTYbl KOJI€OAHUNH MAasTHUK CKauK000-
pa3Ho u3MeHseT a3y KojaeOaHu.

5.3 U3yueHne pe30HAHCA CONPSIKEHHBIX MASITHUKOB

1 Coeaunute NpyXKUHBI CBA3AHHBIX MAasSTHUKOB CO CTEPXKHEM, BO30YXIat0-
UM BBIHYXKJICHHbIE KoJieOaHus. BBeauTe paccTpoiiky B K0JIeOATEIIbHYIO CUCTEMY.
Jlnst 5TOTO TPY3 OJHOTO M3 MAasITHUKOB HE0O0X0auMo caBuHYTh Ha 10...15 cM Kk ocu
BpallCHUS.

2 BxurounTe NMUTAHUE SJEKTPOJBUTATENs U, IJIABHO PETYIUPYST OOOPOTHI
JIBUTATelIs, HAOMI0MaiTe 3a MPOIECCOM BO3HUKHOBEHHUSI BEIHYKICHHBIX KOJICOaHUIM
B CBSI3aHHBIX MasTHHMKaxX. Ecim dacTtoTa BRIHYXJAIOMIEH CHIIBI OYyJET MPUMEPHO
COBNAJATh C OJIHOM U3 YaCTOT COOCTBEHHBIX KOJeOaHU MasiTHUKOB, TO BOZHUKHET
SIBJICHHE PE30HAHCa, T.€. HACTYMUT PE3KOE YBEIWYCHUE aMIUIUTYJbl KOJICOaHUM.
N3MeHss1 4acToTy, YCTAaHOBUTE YCJIOBUS BO3HUKHOBEHHUS JBYX PE30HAHCHBIX IH-
KOB («IByropOoro pe3oHaHca»). Pe3ynbTaThl HAOMIOEHUN 3alMIIUTE B OTYET K
nabopaTopHO# padoTe.

3 Ilo mpoBeIEeHHBIM SKCTIEPUMEHTAIBHBIM HCCIICIOBAHUS ClIETaNTe KpaTKHe
BBIBO/IbI IO paboTe.

Taonuma 1

Cundaznbie KonebaHus

Yroa OTKIIOHEHUS, (1 = ;2= . HagexHocth a =
Ne | Koaddunment Croroaenra t,(n) =
n t,c Ti, C <T>c <@>,ct |<AT> g, %

P OOoO~NO Ok~ WwWwNPE

0
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Tabauma 2

[IpoTuBodazubie KoaebaHus

YTroa OTKIIOHEeHUS, (1 = ;2= . HagexHocth o=
Ne | Koapdunment Cteronenta t,(n) =
n t,C Ti, C <T>c |<o>c! |<AT> e, %
1
2
3
4
5
6
7
8
9
10

Taonuma 3

OmnpeneneHue nepuoaa U 4aCToThl OMEHUM
YT0JI OTKJIOHEHUS, @1 = ; 2= . HagexHoctb o=
Ne | Koadpdunment Ctohronenta t,(n) =
n t,C Ti, C <T> ¢ <@>,ct | <AT> g, %
1
2
3
4
5
6
7
8
9
10

6 KOHTPOJIBHBIE BOITPOCHI

1. TlomyuuTe BbIpa)KEHUE NJIsl OMPEACIICHHs Mepruoaa KojJebaHuil marema-
TUYECKOTO, (PU3UUECKOTO U MPY>KUHHOTO MAsITHUKOB.

2. TlomyunTe BBIpaKEHHE ISl OMpEACNICHUS PE30HAHCHOW YacTOTHI TpHU
BBIHYKJICHHBIX KOJeOaHUsAX MPY>KMHHOTO MasTHHUKA. Kak cuia TpeHus: BIHsIET Ha
aMIUTUTYAY U PE€30HAHCHYIO YaCTOTY?

3. 3anmummTe U pemmte audepeHnnanbHble YpaBHEHUS, OMKUCHIBAIOIINE
KoJ1e0aHusl COMPSKEHHBIX MasTHUKOB. OmnpenenuTe nepuoj cuHda3HbIX U IpOTH-
Bo(a3HBIX KOJICOaAHUM.

4. OOBsICHUTE YCIOBUS BO3HMKHOBEHHS JBOWHBIX PE30HAHCHBIX IHKOB
(«IBYTOpOBIN PE30HAHCY) TP KOJICOAHUAX CBSI3aHHOTO MasTHUKA.

5. OOBsCHUTE METOJIUKY MCCIIEIOBaHUS CHH(A3HBIX W MPOTUBO(]A3ZHBIX KO-
nebanuii. Kak onpenensercs nepuoa OueHuii?
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JABOPATOPHAA PABOTA 15

IKCHEPUMEHTAJIbHOE OIPEAEJIEHUE OTHOIIEHUW S
MOJIAPHBIX TEINIOEMKOCTEHN (ITOKA3ATEJISA AAMABATDI)
BO3AYXA METOAOM KJIEMAHA-/IE30PMA

1 EJIb PABOTbI
DKCHEpUMEHTAJIBHO OIPENEIUTh IT0Ka3aTesb ainadaTsl A1 BO3AyXa.

2 BUBJIUMOTPAOUUYECKHNA CITMCOK

1 CagenneB U.B. Kypc ¢dusuku. B 3 1. T.1: Mexanuka. MonekymnspHas ¢u-
suka / .B. Casenses. - Jlaup, 2008. - 352 c.

2 Tpopumona T.U. Kypc ¢usuku: yueb. mocoOue s By30B /
T.M. Tpodumosa. - 19-e uza. - Axkagemus, 2012. - 560 c.

3 Hetnad A.A., ABopckuit b.M. Kypc pusuxu. - Akagemus, 2009. - 720 c.

3 TEOPETHYECKOE BBEJIEHHUE

AnnabatnueckuM (aauadaTHBIM) Ha3bIBACTCS MpOliecC, MpoTeKaromui 0e3
TersioooMeHa ¢ BHemHen cpenoit (AQ = 0). AquabaTrdeckue mpoiecchl MpoTeKa-
IOT B CHCTEMaX, OKPYKEHHBIX TEIIOM30JUpYyIoUIeil (anqnabdaTHoOM) 000J0UKOH, HO
UX MOYKHO peajii30BaTh U MPHU OTCYTCTBUHU Takod o0onouku. [ 3Toro mporecc
JIOJKEH TPOTEKaTh HACTOJBKO OBICTPO, YTOOBI 3a BpeMsi €r0 OCYIIECTBICHHUS HE
MPOU30IUIO0 TEIIO0OOMEHA MEXKy CUCTEMOM U OKpY>Kalolle cpeion.

AJlnabaTHBIN IPOLIECC MOXKET MPOTEKaTh 00paTUMO U HeoOpaTumo. B ciryuae
00paTUMOTro amruabdaTHOTO MPOIIECCca YHTPOIHSI CUCTEMBI S OCTAETCS IOCTOSTHHOM, B
HeoOpaTuMbIX — Bo3pactaeT. [loaToMy oOparumblil anuabdaTHBI MPOLECC MHOTIA

HA3bIBAIOT W30PHTpomuiHBIM (S = const). Eciu B3sSTh OAMH MOJbL Trasa, TO
I 3aKoH TepMoMHAMUKY 1 aAuabaTHOTO Mpoiiecca OyIeT UMETh CIICTYIOIINA BU/I:
CvdT + pdV =0, (1)

rae Cy — MOJIsIpHAs TETUIOEMKOCTD UCATBHOTO Ta3a MPU MOCTOSHHOM 00bEME.
3anuiieM ypaBHeHue MenpeneeBa - KnamneitpoHa Jijis 01HOTO MOJIS rasza B
nuddepennmranbHoi hopme
PdV + VdP = RdT . (2)
Bripazum dT u3 (2) u moncrasum B (1):

%(Pdv +VdP)+PdV =0 = PdV +VdP+%PdV =0 =

:>(1+ iJPdV +VdP=0 =
Cy

+R
S *Rpgy 4vdp =0, 3)
Cy
N3 ypaBHenust Matiepa cienyet, uto Cy + R = Cp, rne Cp — MOJIsIpHas Ter-
, C
JTIOEMKOCTh Ta3a NpH MOCTOSHHOM japieHud. OTHOIIEHHE — - =y — MOKa3aTesb

annabatel. C yu€TOM MOCIEIHET0 PABEHCTBA ypaBHEHHE (3) MPUHUMAET BH/]L
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/PdV + VdP = 0. 4)
Paznenum nepeMeHHbIe U MPOUHTETPUPYEM YpaBHEHUE (4):
P Vo 4 4
d_P:—}/ d_lenizln(ﬁj ji:\/_:;j
R P Vv XEEENG P V; ()

v _ v
RVi=RV;.
T.k. cocTosiHus 1 1 2 BBIOpAaHBI MPOU3BOJIEHO, TO MOXKHO 3aIHACATh
PV’ =const. (6)
VYpaBuenue (6) , onuchiBarollee aanadbaTHbIA Opolecc B mepeMeHHbix PV,
HasbIBaeTcs ypaBHeHrueM [lyaccoHa v ypaBHEHUEM aanadaThl.
N3oxopHbIe 1 1300apHBIE MOJIIPHBIC TEIUIOEMKOCTH MOKHO BBIPA3UTh Yepe3
YHCIIO CTEIeHEH CBOOOIHI i:
[ I+ 2
C,==-R;, Coh =——R, (7)
2 2

Lo
rne R= 8,31—K — MOJISIpHAs ra3oBasi MOCTosiHHAas. Torma mokasarenb ajaua-
MOJIb -

0aTbhl MOXKHO MTPEICTABUTH B BUE
I+2
y=— (8)
JInst MOeKys OJJHOQTOMHOTO ra3a | = 3, A MOJIEKYJ JABYXaTOMHOTO Ta3a
IpU JKECTKOW CBSI3M MEXKIY aTOMaMU | = 5, JIJIsl MOJIEKYJI TpeX- 1 00Jiee aTOMHOTO

rasa rnpu *ECTKOH CBSI3U MEXIy aToMaMu | = 6.

4 ITPUBOPHI U IPUHAJVIE2KHOCTH

1 MeTtamaueckuii cocy .
2 Manowmerp.

3 Hacoc.

4 Tpé€xxom0BOM KpaH.

5 TEOPUA METOJA U OIIMCAHUE YCTAHOBKH
JIns ompenesieHWs OTHOILICHHWS MOJISIPHBIX TEIUIOEMKOCTEHN (MOKa3aTess

aanabarel) y = Ce no cnoco0y Knemana u Jlezopma ucrons3yercs rnpudop (puc.

1), cocTostmuii u3 Metauueckoro cocyza (1), KOTopbiit COETMHEH C MAHOMETPOM
(2) 1 yepe3 TpéxxomoBoit kpaH (3) ¢ HacocoM (4). Kpan MoxkeT coeTMHSITh COCY/T €
aTMocdepor.
y y Cp
[IpumensieMbIii B TaHHON pabOTe METOM OMPEACICHUs OTHOIICHUS —— OC-
v
HOBaH Ha MPEIIOJIOKEHUHU, YTO JII000e OBICTPOE pacIIMpeHHe WM CKaTHe rasa
MOXHO C JOCTaTOYHBIM TNPUONMKCHHEM pacCMaTPUBaTh KaK aauadaTHYCCKUi

poriece.
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4

Puc. 1. JlaGopaTtopHasi ycTaHOBKa

HakauaeM B cocyn Bo3iyX U nmogoxaém (1...2 MuH), moka Temneparypa Bo3-
Jlyxa B COCYJI€ HE€ CTAaHET PAaBHOM TEMIIEpaType OKpyxkaromen cpenbl. Ha nma-
rpamme (P,V) (puc. 2) 310 cocTosiHEe H300pa3uTcs Toukoi 1, mpuuém P1 = Pg + hy,
rne Py — atmocdepHoe naBnenue, a hy — maBieHHe, KOTOPOE MOKA3bIBAET MaHO-
METP.

f= _,I_Ei'fbflj
1|7
| \\ IR, ., 7))
I h‘““w_________‘ 2 1
t
t
F, 4= III{F‘U,V oy
| | -
0 W, W h

Puc. 2. I[I/Ial"paMMa 3aBUCHUMOCTH AAaBJICHUSA OT o0bema

Ecnu ObICTpO OTKPBITH KpaH, TO BO3AYX B COCYJie OyAET pacuIupsIThCs aaua-
OaTnuecku, TOKa JAaBJICHHWE €ro He CTaHeT paBHbIM arMmochepHomy. [lpu paciiu-
pPEHUU ra3 oXJaxXaaeTcs A0 TeMreparypsl T2. Bropoe cocrosiHue raza 2 Oyaer xa-
paktepuzoBarbes napamerpamu Po,Vy, T, (roe Va2 — 00b€M rasza, 4acTh KOTOPOIO
HaxXOJUTCSl BHE COCY/A).

[Tepexon u3 coctrostnus 1 B 2 mpoucxoaut no aauadare (1-2). Eciu Tenepp
ra3 peioCTaBUTh caMoMy cele, TO B pe3yJIbTaTe TEeIIONPOBOJIHOCTH CTEHOK CO-
CyJlia, ra3 MOCTENEHHO HAarpeBaeTcs, U €ro TeMieparypa CTaHeT paBHON TeMrepa-
Type okpyxaromieil cpeasl. OnHako o0ObEM 4YacTH Ta3a, OCTaBILIEHCS B COCYJE,
MeHsThCs He Oyner. CrenoBaTelbHO, 3TOT MPOLIECC M30XOPUYECKUM, Ha Aua-
rpamme (P,V) u3obpasutcsa nunueit (2-3). B pesynapTare »TOTO Tpoliecca ras B
cocyzie meperaeT B cocTosiHue 3, xapaktepuzyemoe napamerpamu P2,V T, roe
V; — 00bEM, KOTOPBIN 3aHMMai OBl Ta3, eciau Obl aguadaTHYeCKOe pacUIupEHHE
MPOUCXOANIO HE 3a CUET BHIXOJIa YACTH raza M3 COCyJa, a 3a CUET paCHIMPEHUS
cocyna (HampuMmep, 3a CuéT nepeABmKeHus mopiins): P, = Py + hy, rae h, — noka-
3aHUE MaHOMETpA.
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Touku 1-2 HaxoasATCa Ha oiHOM aguabare. [loaToMy mapamMeTpbl COCTOSIHUM,
OTBEUAIOIIUX ATUM TOYKAM, MOXHO ONKcaTh ypaBHeHUEeM Ilyaccona:
RVY =RV, 9)
Touku 1-3 nexar Ha ogHoW m3oTepme. ClienoBaTeNbHO, MapaMeTpPbl ATUX
COCTOSIHMM MOKHO ONKCaTh C MOMOIIBIO ypaBHEHUS bounsa-Mapuorra:
P1V1 = P2V2 . (10)
Haitném u3 ypaBuenus (10) HEM3BECTHYIO BEIMYMHY Vo U MOJCTaBUM €€ B
ypaBHeHue (9). B pe3ynbrare nojiyduM BbIpaxKeHue

AP =RA". (11)
[Iponorapudmupyem noaydeHHOE BIPAXKEHUE U PEIIUM €r0 OTHOCUTENBHO -
InP1 + 7InP; = InPg + ¥ InPy,
oTcroa
_InR-InFk,
4 NP, -InP,
Tak kak naBnenus Po , P1 u P, He3HaunTenbHO OTIMYAOTCS APYT OT Apyra,

T0 B popmyne (12) MOXKHO pa3sHOCTH JIOTapU(PMOB 3aMEHUTH PA3HOCTIMH CaMHX
yucen. Torga st nokaszaTens aauadaThl MOTYYUM BhIpaXKEHUE:

(12)

P-P
y=o—"0 (13)

PP

Ho tak kak Py = Pg+ hyu P, =Pg+ hy, TO
po (14)

h,—h,

rae hy u hy — nokazanus MaHOMeETpA.

6 ITOPATOK BBIIIOJIHEHUSA PABOTDI

1 IToBBICUTH HACOCOM JIaBJIEHUE BO3AyXa B COCYJIE€ 10 HEKOTOPOIO 3HAYEHUS
h';, mo mkane maHomerpa. OTCOCAMHUTH HACOC OT COCY/a C IMOMOIILI0 KpaHa. [1o-
NOXAaTh 1..2 MUH. IOKa TeMIepaTypa B COCYJ€ HE CTaHET PaBHOW KOMHATHOM
temnepatype. Ilocie 3Toro CHATh oka3anue MaHomeTpa hj.

2 beicTpo coeMHUTH (C MOMOIIBIO KpaHa) cocy ¢ aTMocdepoit u uepes 5 c.
MOCJIe TOro, Kak CTpejika MaHOMETPa OKaXXETCsS B HYJIEBOM IMOJ0XEHUHU, OTCOEIH-
HUTH €ro oT arMocdepsnl. Korjga naBieHrne OKOHYATEIbHO YCTAaHOBUTCS (TEII000-
MEH 3aKOHYMTCS ), IPOU3BECTH BTOPOH OTCUET hy.

3 OmnbIThl ciaeayet NOBTOPATH (5-10 pa3, Mo ykazaHuio mpenojaBatesis), Me-
Hss BCAKHH pa3 BeauduHy h's.

4 Pe3ynbpTaThl KaXKI0T0 U3MEpPEHUS 3anmucaTh B Ta0u. 1.

7 OBPABOTKA PE3YJIbTATOB 3KCIIEPUMEHTA

1 Beruucnuts % 115 Kaxaoro uamepeHus mo gopmyne (14).
2 Haiitu cpennee 3HaUeHUE TTOKa3aTess aaquadaTsl o Gpopmyre

1 n
<y>==2 7%
Nz

rae N — gyuciao usmepenuit (N = 10).
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3 BBIUMCIUTE 17151 KaKI0T0 u3Meperus Ay, =| yi— <y >| u (Ay)?
4 BBIYMCIUTD CPEAHIOK KBaJAPATHYHYIO MOTPEUTHOCTh AS 10 popmyiie

n
2
_Z (A7/ )
AS == —
n(n-1)
5 3anarp 3HaueHue HaAexkHocTH « = 0,95 u onpenenuTs no Tabmauie Ko3¢-
¢urnuent CteroaenTa ty(n).
6 BeraucanTh TpaHUIlbl TOBEPUTEIHHOTO HHTEPBAJa 1o Gpopmyiie
Ay =1t4(n)-AS.
7 BBIMUCINTH OTHOCUTENBHYIO MOTPEIIHOCTE B %
A
7 .100%.
<y>
8 OKOHYATENBHBIN PE3YJIBTAT 3aNIMCATh B BUJIE
y=<y>xAy
9 BBIUMCIIATE YKCIIO CTENICHEH CBOOOIBI MOJICKYJT BO3ayXa I, 1o gopmyie (8).
10 Pe3ynbTaThl BEIYMCICHUH 3aHECTH B Ta0. 1.

E =

Taonuma 1

Ne |hy [hy | 5 <> | Ap (Ap)? | AS Ay €,%

10

8 KOHTPOJIBHBIE BOITPOCHI

1 Jlaiite onpenencHre aanadaTuiecKoro mporecca.

2 3anuimTe NepBhIi 3aKOH TEPMOIMHAMUKH TS aIM1adaTHYECKOro mpoIiecca.

3 3anummuTte ypaBuenue [lyaccona s agpabaruueckoro mnpoiiecca.

4 O0OBsICHUTE, TOYEMY TTOKa3aTesIb auadaThl OOJIbIIE STMHUIIBL.

5 Haiite onpenenenus MoJisipHbIX TeroéMkoctend Cy u Cp.

6 3anumurte ypaBHeHuEe Maiiepa.

7 O0BsicHUTE (PU3UUECKUI CMBICIT MOJISIPHOM Ta30BOM MOCTOSTHHOM R.

8 JlaiiTe ompeneneHue, 4YTO TaKO€ YHUCIO CTeNeHeld CBOOOIbI M Y€MYy OHO
pPaBHO i1 OJHO-, JABYX- U TPEXATOMHBIX MOJIEKYJ MPU KECTKOM CBSI3U MEKIY
aTOMaMH.

9 UzoOpasute B koopauHaTtax P,V wu3orepmuyeckuii u aauabatudecKuid
MIPOIIECCHI.

10 KakoBa CBsI3b MEXI1Yy MOJIIPHON U YAEIBHOU TEIIIOEMKOCTSIMU?

11 BeiBenute pacuérnyto hopmyny (14).
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JABOPATOPHASA PABOTA 16

OIIPEJAEJIEHME ITOKA3ATEJIA AJIMABATBI BO31YXA
11O CKOPOCTH 3BYKA

1 OEJIb PABOTBI
1 M3smepenune ckopocTH 3ByKa B BO3yX€ METOJOM CTOSTYMX BOJIH.

C
2 OnpeneneHue C—P IS BO3/yXa 110 CKOPOCTH 3BYKA.
v

2 BUBJIUMOTPA®HUYECKH CIIUCOK

1 CasenneB U.B. Kypc ¢usuku. B 3 1. T.1: Mexanuka. MonekynsapHas ¢u-
suka / U.B. Casennes. - Jlaus, 2008. - 352 c.

2 Tpopumona T.M. Kypc ¢usuxku: yued. mnocobue 11 By30B /
T.U. Tpodpumosna. - 19-e uza. - Axkanemus, 2012. - 560 c.

3 Hernad A.A., ABopckuit .M. Kypc ¢usuku. - Axkagemus, 2009. - 720 c.

3 TEOPETUYECKOE OBOCHOBAHHUWE PABOTDI

[Ipu pacnpocTpaHeHH yIPYTruxX BOJH B Ta30BOM Cpe/ie BCICACTBUE CHKATHI
1 pa3pspKEHUM MPOUCXOJUT U3MEHEHHE TeMIlepaTyphl Pa3IMUHBIX y4acTKOB. J[is
BOJIH BBICOKOHM YacCTOTHI TEMIIEpaTypa OTIASIbHBIX YYaCTKOB HE yCIIEBACT BBIPAB-
HUBATBHCA 32 BpEeMsl OJTHOTO KOJIeOaHUs, T.€. TEIIIOOOMEH MEXaAy 00JIacTsIMU CKa-
THS U PACIIMPEHUS MPAKTUYECKH OTCYTCTBYIOT M MPOIECC PACIPOCTPAHEHUS 3BY-
KOBBIX BOJTH MOJKHO CUUTaTh aguadaTudeckuM. [ToaToMy BenmnunHa CKOPOCTH 3BY-

. . C
Ka OKa3bIBAETCS 3ABUCAIIEH OT OTHOILEHHS TEIUIOEMKOCTEH ¥ = — U U3MEPEHHE
CKOPOCTHU 3BYKa SIBJISIETCSI OJTHUM M3 TOUHEUIIIUX CIIOCOOOB OMpE/ICTICHUS BEIUUH-
HBI J.
®da3oBasi CKOPOCTh MPOAOJIbHOM IIOCKOM CHHYCOMAAIbHOW BOJIHBI B OJIHO-
POAHOM ra30Boil cpeie onpenensercs no Gopmyse

vo [K

o,
r7ie p — IUIOTHOCTH cpeabl; K — Moayib 00beMHOM yIIPYTrOCTH CPE/IbI.

Monyns 00bE€MHON yripyroctu K raza 3aBUCHUT OT BHJA TEPMOJMHAMHYE-
CKOTO TIpoliecca, ero o0bEMHOM Aedopmanmu (cxatus - pacmmpenus): K, = P;
Kz = yP. COOTBETCTBEHHO CKOPOCTh YIPYTHX BOJIH B UJI€ATHHOM Ta3e 3aBUCUT OT
ux yactoThl. [Ipu mManoit yactore npouecc nepopmanuu raza 0JIM30K K U30TEPMHU-
YECKOMY, U CKOPOCTb BOJIH paBHA

v=v, = [Ke_ [RT (1)
p H

a npu OOJBIION YacTOTE MpoIecC OIM30K K aanabaTHOMY, U CKOPOCTh BOJHBI MO-
’KeT OBITh MPE/ICTABJICHA B BUJIE
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(2)
P P M
rJie £/ — MOJIsIpHas Macca rasza; I — aOCoJIIoTHas TeMiepaTypa; R — yHuBepcaibHas
rasosas nocroguuag. Orcrojia

V:Va(): @: E_ ﬂ,

2
y=v £ ©
RT

Takum oOpazom, ompeaeneHue y s BO3AyXa CBOAUTCS K U3MEPEHHUIO CKO-
POCTH 3ByKa U a0COJIFOTHOM TEeMIIepaTyphl BO3AyXa.

B nanHOl paboTe CKOPOCTH 3BYyKa OMPEACNISIETCS METOAOM CTOSYUX BOJIH.
Crostyast BoiHA 00pasyeTcs B Pe3ysIbTaTe HANIOXKEHUS JBYX OCTYIIMX CHHYCOHU-
JATBHBIX BOJIH, KOTOPBIC PACHpPOCTPAHSIOTCS HABCTPEUY APYT APYTY W HMEIOT
OJIMHAKOBBIC YACTOTHI ¥ AMIUTATY/IBI.

M I T
cle) ] - I 3T
7 | \N\—1*
ﬂ‘x—‘ - - o

Puc. 1. Ycranoska AJIs1 UIBMCPEHUA CKOPOCTH 3BYKaA

YcTaHoBKa 17151 U3MEPEHUsI CKOPOCTH 3BYKa (puc. 1) COCTOUT U3 CTEKIITHHOM
TpyOBl Ha OJJTHOM KOHIIE KOTOPOM MOMEILIEH UCTOYHUK 3ByKa — Tenedon T, npyroi
KOHEIl 3aKpBIT IJIOTHOW IUIACTUHKOM I ¢ oTBEepcTHEM, TPOTUB KOTOPOIO IOMEIa-
etcst MukpodoH M. Konebanust MeMOpanbl TenedoHa BO30YKIAIOTCS TEPEMEHHBIM
TOKOM 3BYKOBOM 4aCTOTBI OT 3BYKOBOro reHeparopa 3I'. Bo3HuKaromuii B MUKpPO-
(doHE PIEKTPUUECKUI CUTHA MOJACTCsl HA BEPTUKAIbHO OTKJIOHSIOIINE IJIACTHHbI
ocimuiorpaga 20. Bo30yxnaemas memOpanoit Tenedona T 3BykoBast BojiHA, OT-
paxkaetcs oT tactunbl 11 u uaTepdepupyer ¢ "npssmMoi" BOJIHON, UIaYyIIEH OT Te-
nedoHa. IHTEHCUBHOCTh CyMMapHOW 3BYKOBOU BOJIHBI 3aBHCHUT OT paccTosHMs L
Mexay miaactuHoil IT u tenedponom T, a Takxke OT 4aCTOTHI V 3BYKOBBIX KoJjeba-
Hul. Eciii paccTosiHME paBHO LEIOMY YHCITy MOJYBOJIH 3ByKa

LGiznxﬂ 4)
2 2v
rae N — menoe 4ucio; V — CKOpOCTh 3ByKa, TO B TpyOe yCTaHABIMBACTCS MHTEH-
CUBHas CTOsYasi BOJIHA — HACTYIIAeT 3ByKOBOM PE30HAHC.

Hab6nronas BO3HUKHOBEHUE PE30HAHCA, MOKHO ONPEEIUTh CKOPOCTh 3BYKA.
N3mensist paccrosinue L, Haxonar Takoe nosioxxenue tenegona T, mpu KOTOpom Ha
sKpaHe ociuiorpada MpOUCXOAUT PE3KOE YBEIMUYECHUE AMIUIUTYAbI KOJEOaHUM
(3ByKOBOHM pe30HaHC), PUKCUPYIOT nosioxkeHue L, TenedoHa mo mikaie, HaHECEH-
HOM Ha TOBEPXHOCTH TPYOHI.

[Tepememtas Tenedon T Ommke K TOpiy TpyObl (MJIM, HAOOOPOT, AANBIIIE)
HaXOMAT Psi/i OCJIEI0BATENbHBIX PE30HAHCOB, KaXAbINA pa3 GUKCUPYS MOJOKEHUE
tenedona:

Ln, Lo+, Lns2y oony
npuyeM
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A A
L,=n—,L,=("n+D)—,....

Ucnions3ys hopmyy sl CKOPOCTH 3BYKOBOM BOJIHBI

V=41v (5)
U COOTHOLIEHHE A = —, TIOJIly4aeM BBIPa)KEHHE JUIs CKOPOCTH 3BYKa:
V - 2Lv
n

Yucno N uCKiI0YaeTCs N3MCPCHUCM ABYX ITOCJICOOBATCIIBbHBIX COCTOSIHUU
KOJIG6JI}OHICI>'ICH CUCTEMBI, ITPU KOTOPLIX YCTAHABJINBAKOTCA CTOAYNC BOJIHBI:

21, 2
V=""=""1 orxyma n= n
n n+1 L., — L,
OKOHYATENBLHOE BBIPAKEHHE ISl ONPEIEIEHUS CKOPOCTH 3BYKa
V = 2V(Ln+1 — L, ) (6)

4 TIPUBOPHI U NNPUHAVIEZXKHOCTH

1 Tpy6a ¢ MUKpO(OHOM Ha KOHILIE U MEPEMEIIAIOIIUMCS TEIEPOHOM B HEM.
2 I'eHepaTop 3BYKOBBIX KOJIEOAHHIA.

3 Ocuumiorpad.

4 JIunenka.

SMOPAAOK BBIIIOJIHEHUSA PABOTbBI

1 BxirouuTs ociuiorpad u 3ByKOBOM I'€HEpaTop B CETh MEPEMEHHOIO TO-
ka. Mcxonas u3 nmpumepHoro 3HaueHus: ckopoctu 3Byka 300 m/c paccuutaTh, B Ka-
KOM JIMana3oHe 4acTOT CJIENyEeT BECTU U3MEPEHUs, YTOObl U3MEHEHUS PaCCTOSHUS
L, Ha A/2 ObLIH yO0OHBI I U3MEPEHHIA.

2 IlonoOpate amminTyny konedanuili Ha 31 u ycuiieHne Ha ocuusuiorpade
TaK, YTOObI Ha SKpaHe HAOJII0AANUCh KOleOaHusl JOCTaTOYHOU aMIuTyabl. Ocra-
HOBHUTH KapTHUHY Ha ocumiuiorpade, moadupas 4acToTy pa3BepTKH.

3 Ilpn HensMeHHOU YacToTe reHeparopa 31 mpoOW3BECTH M3MEPEHUS NBYX
MOCJIeIOBATEIbHBIX paccTostHUM Ly U Lny Mexny tumactunoit I1 u teneponom T,
COOTBETCTBYIOIIUX PE3KOMY YBEJIMUYEHHUIO aMIUTUTYAbl AJIEKTPUUECKUX KOJICOAHUH,
Ha0JII0/1aeMBIX Ha 3KpaHe ociuiorpada. M3mepenus npoussectu He MeHee 7 pa3
1o Bcel anmue TpyOoku. 3mepennsie napbl 3HaueHuit Ly u Ly+1 3aHectu B Tabu. 1.

4 TloBTOPUTH BCE U3MEPEHMS MYHKTA 3 JJIs TPEX Pa3IMYHBIX YaCTOT 3BYKO-
BOM BosIHBI B quanasone 1500...2000 I'n.

5 Tlo ¢popmynam (6) u (3) BBIUUCIUTH CKOPOCTh 3BYKa U MOKa3aTelb ajanada-
THI IS Kaxaoro ciy4das. [Ipu aToMm 3a Temneparypy Bo3ayxa MPUHATH KOMHATHYIO
TeMIiepatypy B jabopaTopuu. MOJEKyJISpHYI0O Maccy BO3JAyXa HaxoIiT U3 €ro
miotHocTH 1pu Temmneparype 0°C u gaBnenmu 1,013-10° Ia (p = 1,2929 kr/m®,
R = 8,31 JIx/momb-K).

6 OmnpenenuTsh CpeIHIO KBAAPATUYHYIO MOTPENIHOCTh pe3yjbTaTa CEpHUH
M3MEPEeHU MoKa3aTens aanadaThl BO3Ayxa
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U BBIYUCIUTH BEIMYMHY JIOBEPUTEIBLHOrO MHTEpBaja Ay (aOCOJIOTHYIO IMOTpell-
HOCTB) IIPH 33JIaHHOM MPEToJaBaTesIeM HaACHKHOCTH .
Ay =t,(n)-AS.
7 OUEHUTh OTHOCUTEIBHYIO MOTPEIIHOCTh ONpEACTICHUs MoKa3aTesl aana-
0aTbl BO3TyXa
Ay
<y>
8 OKOHYATENBHBIN PE3YyJIbTAT 3aIIMCATh B BUJIC
y=<y>=+ Ay
9 PesynbTaThl M3MEPEHUN U BEIYUCIICHUH 3aHeCTH B Ta0m. 1.
Taonunma 1

£= -100 %

Ne | v,T | Loym | Lywt, |VoMmlc| y Ay | (Ap? | Ay | &%

N[OOI WIN P

6 KOHTPOJIBHBIE BOITPOCHI

YT0 mOHUMAETCS MO, YPABHEHUEM BOJIHBI?
Ot yero 3aBUCHT (hpa3oBasi CKOPOCThH BOJHBI B yIIPYTrou cpeae?
Uem NpUHIMNHAIBHO OTIMYAETCS OETyIast BOJIHA OT CTOSUeh?
OOBbsCHUTE BOSHUKHOBEHHE CTOSTYUX BOJIH.
Uto Ha3bIBaeTCs TEIUIOEMKOCTBIO Ta3a, YACIBbHOW TEIUIOEMKOCTBIO, MO-
JISIPHOM TEMJI0EMKOCTBIO?

6. [Moyemy Temia0eMKOCTh ra3a mpH MOCTOSTHHOM o0beMe Cy He paBHA Tell-
JIOEMKOCTH Ta3a Mpy MOCTOSIHHOM JaBiieHuu Cp?

7. Kaxkol npouecc Ha3bIBaeTcsl aainadaTUYECKUM, U30TEPMUUYECKUM, U30XO0-
PUYECKUM, N300aprUIecKuM?

bk wh e
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JABOPATOPHASA PABOTA 17

ONPEAEJEHUE CPEIHEN JJIWHBI CBOBOJHOI'O IMPOBETA
U DOPEKTUBHOTO JUAMETPA MOJIEKYJ BO3JIYXA

1 OEJIb PABOTBI

N3yuuth MeToauky onpeneneHus 3pGeKTUBHOTO JuaMeTpa U cpeaHeit 1iu-
HBI CBOOOHOTO Mpobera MOJIEKYJ BO3yXa.

2 BUBJINOT PAOGUYECKHN CIIMCOK

1 CaenbeB U.B. Kypc ¢uszuku. B 3 1. T.1: Mexanuka. MonekymnsipHas Qu-
suka / U.B. Casennes. - Jlaus, 2008. - 352 c.

2 Tpodpumosa T.1. Kypc ¢usuku: yued. mnocobue s By30oB /
T.U. Tpodumosa. - 19-e uza. - Akagemus, 2012. - 560 c.
3 Jernad A.A., AABopckuit b.M. Kypc ¢usuku. - Akagemus, 2009. - 720 c.

3 TEOPETUYECKOE BBEJIEHHUE

JIisl BRISICHEHUSI TIPUPOABI BHYTPEHHETO TPEHHUS B ra3ax PacCMOTPUM JBa
CJIOA ra3a ¢ Iionaabpio AS, OTCTOSIIIMX APYT OT JApyra Ha paccTossHud AZ U JIBU-
XKYIIUXCS BAOJb OCH Y MapauieibHO APYT APYyry co ckopoctsamu Vi u Vo (V1 > Vo,
AV =V; - V) (puc. 1).

> AS
..................... >/ Vi
AZ[ I // >

Puc. 1. Bo3HuKHOBEHHE BHYTPEHHETO TPEHUS

bnarogaps TemioBoMy, XaOTUUHOMY JBUKEHUIO MOJICKYJIbI U3 Cjosl 1, BU-
KYIIHECs BJOJIb OCH Y CO CKOPOCThIO Vi OyAyT MepexoauTh B ¢lioi 2 1 HA000poT
— MOJIEKYJIBI U3 CJIOA 2, IBUXKYIIUECS BAOIb OocH Y co CKOpocThio Vo < Vi OyayT
MEepeXOIUTh B cioil 1. B pe3ynbTaTe Takux MepexoaoB CKOPOCTh YNOPAI0YEHHOTO
JBYDKEHUS cost 1 Oyner yMeHbIIaThes, a cliosi 2 — yBeauuuBaThesa. C MakpocKo-
MAYECKON TOYKH 3PEHHS 9TO O3HAYAET, YTO CJIok 1 OymeTr TOpMO3UThCS, a CIoM 2
OyJeT YBEIMYUBATh CBOIO CKOPOCTb.

Takum 00pa3om, MEXIy CIOSMU Ta3a JEHCTBYIOT CUJIbI TPEHHUS, KOTOPHIE
HaIpaBJICHBI 110 KacaTeJIbHOM K paccMaTpUBaeMbIM MOBEPXHOCTSIM 1 u 2. MoxxHO
MOKa3aTh, UTO CUJIbI BHYTPEHHETO TPEHUS (BS3KOCTH), ONPEACIISIOTCS CIASAYIOITUM
BBIPAKEHUEM:

AV
F=—n——AS, 1
e (1)

rae 7 — K03QQGUIUEHT BHYTPEHHETO TPEeHUs (IMHAMUYeCcKas BI3KOCTb).
N3 MOneKyISIpHO-KMHETUYECKOW TEOPUH CIIEAYET:
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1
77=§p<VT></1>, (2)

rjae <V1> — cpeliHsIs CKOPOCTh TEIJIOBOTO ABUKCHHS,

I8RT
<VT >= N y (3)

</> — cpeaHss JIMHA CBOOOIHOTO Mpobera Mojiekys; T — abcomoTHas TeM-
neparypa; M — momnsipHas macca ra3a; R — yHuBepcanpHasi ra3oBasi IOCTOSHHAS, O
— IUTOTHOCTh PacCMaTPHUBAEMOr0 Ta3a.

CooTtHorieHue (2) CIIy>KUT OCHOBOH ISl SKCTIEPUMEHTAJILHOTO OIpeIeICHUS
CpeaHel JIMHBI CBOOOHOTO MTpobdera MoJieKyJ ra3a (Bo3ayxa):

<A>= S : (4)
p<V;>
[110THOCTB Ta3a MOKHO OMPEICIUTH C TIOMOIIBIO YpaBHeHUS MeHeneena -
Knaneiipona:
p=m_PM (5)
V RT’
rae P — naBnenue rasa; V — o6beM raza; m — macca rasza; M — mossipHast Mmacca ra-
3a; R — yHMBepcanbpHas ra3oBas MOCTOSIHHAS; | — aOCOJIIOTHAS TeMmIepaTrypa pac-
CMaTpUBaEMOM TEPMOJIMHAMUYECKON CUCTEMBI.
KoaddumumenT BA3KOCTH omnpeaensercsl SKCIEPUMEHTAIBHO Ha yCTaHOBKE,
MOKa3aHHOMU Ha puc. 2, ¢ moMolbio hopmyisl [lyazeitns [1]:

4
7= 7 rApt (6)
- '
avi
rae V — 00beM BCaChIBAIOIIETOCS Yepe3 KanuJuLsIp BO3/yXa; I — painyC Karuiis-
pa; | — nnuHa kanwispa; AP — pa3HOCTh JaBJICHWH Ha KOHIAX Kamuuisipa; t —

BpEMS ITPOXOKICHUS BO3AyXa Yepe3 Kanuulsip, paBHOE BPEMEHM BBITEKaHUs BO-
IbI U3 COCYa.
Pa3HOCTh naBneHui B KOHIIAX KaWJLIsIpa MOKHO OINPEAETUTH 10 GopMyie

+h
Apspgg%, 7)

IJIe ps — IJIOTHOCTH BOJIBI; § — YCKOpEHHE cBOOOAHOrO najaeHus; hi, h, — nmepBoHa-
YaJIbHbIM M KOHEYHBIN YPOBHU BOJABI B COCY/IE.

OO0beM BO31yXa, BONIICAIIETO B COCY/, paBEeH 00bEMY BOJIbI, BHITEKAIOIIEH
U3 cocyJa:

v=_", (8)

r7Ie M — Macca BOJIbI, BBRITCKAIOIIEH U3 COCY/Ia; ps — IFIOTHOCTDH BOJIBI.
[ToncraBuB cootHomenus (3, 5, 7) B ypaBHeHue (4), moiaydum pabouyio
dbopMyny mis ompeneNieHuss CpelHed JIIMHBI CBOOOJHOTO MpoOera MOJIEKYJ

BO3Jyxa
2 4
< 4o 3mps |ART rt(h +hy) )
32 2M Ipm

Omnpenenenue 3PpPEeKTUBHOrO JuaMeTpa MOJIEKYJ BO3yXa OCHOBAHO HA UC-
MOJIb30BaHUHU COOTHOIIEHUS
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1
J27d%n’

r7ie N — KOHIICHTpaIys MOJIeKyJ raza; d — 3¢ HeKTHBHBIN AHaMETP MOJICKYJI.

Orcrona
/ 1
d=|——W, 10
\/§7zn<ﬂ,> (10)

Tak kak P = nkT, TO N= P kT H, IIOACTABJIAA 9TO 3HAYCHUC B YPABHCHHUC

kT
S NTGr<is (1)

4 OIMCAHUME YCTAHOBKHU U METOAUKA ITPOBEJIEHU A
IKCIIEPUMEHTA

YcTaHoBKa Ui OmNpenesieHus] CpeaHel JUIMHBI CBOOOAHOTO mpobera mMore-
KyJ BO3/lyXa U300pa’keHa Ha puc. 2.

<A>=

(10), nosnyuum

1
2 _
. Ig_ »»»»» N
3 ﬁ\ ----------- .hz
Ny Tl | P
- 0

Puc. 2. Ycranoska IJI TIPOBCACHU S SKCIICPUMCHTA

Ona cocTouT u3 Kanwusipa 1, KOTOpsIM BCTAaBJIEH B cocyn 2. B HuxKHeN va-
CTH ATOTO cocya HaxoauTcs kpaH 4. Cocyn 2 3amofiHsAeTCs Ha JIBE TPETU €r0 00b-
e€Ma BOJIOM, YpOBEHb KOTOPOM MOIKHO OMPEACNIATh C TTOMOIIBI0 MAacIITaOHON JIH-
Heliku 7. Metoauka omnpeneneHus IIuHb cBOOOHOTO Tipodera u 3¢ HEKTUBHOTO
IuamMeTpa MOJIEKYJ BO3/JyXa OCHOBaHA Ha DKCIEPUMEHTAIHHOM HM3MEPEHHH Bpe-
MEHHU MPOXOXKJACHHS BO3/yXa uepe3 Kanwuisap (BpEMEHU BBITEKaHHUS BOJbI U3 CO-
CyJia) ¢ MOCJIEeAYIOIMMMHI pacueTaMu KodhPuIimeHTa BI3KOCTH, IJTHHBI CBOOOTHOTO
npobera v 3pGeKTUBHOTO TUaMETpa.

5 MOPAJOK BBIIIOJTHEHUSA PABOTBI U OBPABOTKA
PE3YJbTATOB U3BMEPEHUI
1 Usmepbte paguyc r u jumny | kanwnispa.
2 OmnpezaenuTe Maccy ctakana 5, remreparypy Bo3ayxa 1 (K), armochepHoe
nasnenue p (I1a) (Imm pt. ct. = 133 I1a).
3 HanosiauTte cocyn 2 BOAOUW U MO MacIITaOHOW JIMHEWKE OTMEThTE MEePBO-
HavaJIbHBIN ypoBeHb N1 BOJBI B COCY/IE.
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4 VYcraHoBHUTE KamwUIsip, OTKPOWTE KpaH M, JI0XKAABIIMChH, KOTJa BOJA
HAYHET BBITEKATh U3 COCYJa, BKIIOUHUTE ceKyHaoMep. Korjga ypoBeHb BOJbI B CO-
cyne nouusurcs Ha 30...40 MM, IEpeKPONTE KpaH U BBIKIIFOUUTE CEKYHIOMED.

5 Omnpenenute HOBBIA ypoBeHB NyBOMEI B cocyie.

6 B3BechbTe cTakaH ¢ BOJOW U ONPEIEIUTE MacCy M BOABI B CTAKaHE.

7 Pe3ynbTaThl u3MepeHui 3aHecute B Ta0. 1 u 2.

[Tociie OKOHYaHUS MPOBEAEHHBIX 3KCIEPUMEHTOB CIEAYET 3aKPBITh KaIlHJI-
JISIp KOJIAaKoM, 4TOOBI M30€KaTh 3aCOPEHUs Kammuisipa meuisio. Heo6xoaumo Oe-
peXKHO 00palaThes ¢ ycTaHOBKOM. Kanuiuisgp BCTaBIATh B COCY/ OCTOPOKHO, KpaH
MOBOPAYMBATH IJIABHO, O€3 YCUITUH.

6 IPOBEJIEHUE PACYETOB

1 Omnpenenure no ¢popmynam (9) u (11) BenuuuHy cpeaHeit IIMHBI CBOOOI-
HOTO mpobera u 3(h(HEKTUBHOTO AMAMETpa MOJEKYJ Bo3ayxa. Pe3ynbrarhl BeIuMC-
JieHu# 3aHecute B Ta0. 3 u 4.

2 PaccuuraiiTe cpelHUE 3HAYEHUS CPEIHEH UIMHBI CBOOOIHOTO Mpobdera
MOJIEKYH BO3/tyXa v 3G (HEKTUBHOTO AuamMeTpa 1o hopmyiam

Y <A > > d,
<A>=N N
N

3 Pe3ynbTathl 3TOT0 U MOCIEAYIOIINUX PacyeTOB 3aHeCUTe B Ta0I. 3 u 4.

4 Bpluucnure aOCOMIOTHBIE MOTPEIIHOCTH CpeIHEN JJIMHBI CBOOOJHOTO
npodera AZ; u 3¢ dekTuBHOTO AraMeTpa MoJieKy Ad; ¥ UX KBaJpaThl.

5 Paccunraiite CpegHIO KBAaJIPATHUYHYIO NOTPEIIHOCTU CPEIHEW IOJIMHBI
cBOOOHOTrO Mpodera u 3 (HEeKTUBHOTO AUAMETPa MOJIEKYN BO3AyXa

Y(a<a>)
AS, =4 ;
N(N -1)
6 Onpenenute ko3pduuent Creronenta t,(N) mo Tabiuie npu 3amaHHON
HAJIE’)KHOCTHU U MTPOBEJIEHHOM KoJinuecTBe n3MmepeHuit N.
7 PaccuuraiiTe BeMUYMHY CpeAHeil aOCOMIOTHOM MOTPEIIHOCTH (BEIUYUHY
JIOBEPUTEILHOTO HHTEPBAJA)
<AAl>=t (N)AS,; Ad >=t, (N)AS,.

8 Haitinute OTHOCUTENIbHBIE OTPENTHOCTH IPOBEACHHBIX U3MEPEHUI

<d>=

<AL > Ad
<A> <d>
9 3anecuTte pe3ynbTaThl pacyeToB B Tabi. 3 u 4.
Taonuma 1
Pannyc Jnina Temniepa- | Momsapnaa | [lasinenue, | [LIOTHOCTH
Kamwuisipa | Kanwuispa, Typa, Macca, p, lla BOJIBL, O,
r,m I, M T,K M, KT/MOb Kr/M°




120
Tabauma 2

Ne Macca cra- | Maccacra- | MaccaBoasl | hy, M h,, m t, c
OIBITA | KaHa My, KI' | KaHa C BO- m, Kr
JIOM My, KT
1
2
3
4
5

TaoOnuma 3

Ne <A | <A> | A< [ (A<M>)? ] AS, | t(n) | <AA> | &, %
1
2
3
4
5
Tabnuna 4
Ne di <d> Ad; (Adi)2 ASy t.(n) Ad g, %
1
2
3
4
5

7 KOHTPOJIBHBIE BOITPOCHI

1. B yeM cocTouT (hpu3uUecKas CylmHOCTbh BHYTPEHHETO TPECHHS B Ta3ax?

2. Kak 3aBucut K0d(pPUIIMEHT BHYTPEHHETO TPEHUS M CHJIa TPEHUS B Ta3ax
OT TeMIepaTypbl?

3. Kak 3aBucut ko3¢ HUIMeHT BHYTPEHHETO TPSHUS B Ta3aX OT JABICHUS?

4. KakoBa pa3MmepHOCTh K03 duiinenTa BHyTpeHHero tpenus? Kakos ¢u-
3UYECKUI CMBICT KOdhDUIeHTa BHYTPEHHETO TPEHUs?

5. KakoBa metonuka ompenenenus kodhdUIIMEeHTa BHYTPEHHETO TPEHUS U
3¢ (PEKTUBHOTO JUaMETpa MOJIEKYJ Bo3ayxa?

6. KakoBa MeToauka ornpeeacHus MOrpelrHOCTH u3MepeHui 3G (EKTUBHO-
ro JuaMeTpa v CpeJHel JIMHBI CBOOOJHOTO Mpobera MOJIEKyJT Bo3myxa?

4
7. BoiBenure hopmyny Ilyaseitns V = M—Apt
8l
[Tpumeuanue 1
BriBoa popmy.sl Ilyaseiisi MeToa0M pa3sMepPHOCTH

PaccmoTpum ncTeueHue rasa ¢ BSI3KOCTBIO 77 M3 Kamwjuiapa paauyca I u

mmnoi |. Ilycth 3TOT mporecc OOYCIOBACH HAJIMYUEM B KalmWJUIAPE Pa3sHOCTH
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nasienus ApP. Torga o0beM BCachIBAIOIIETO ra3a U3 KaMWuIspa sIBIsieTcs PYHKITH-
el paguyca Kamwuisipa I, pa3HOCTH JIaBJICHUH Ha KOHIaX Kamwuisipa AP, BpeMeH!
IIPOXOXKICHUS T'a3a Yepe3 Kammup t, BI3KOCTH rasa 77, U JUIMHbI Kamnsipa |, T.e.
V =1(r,Ap,n,t,1). (1.1)
OnpenenuM pa3MepHOCTh (PU3MYECKUX BEJIMYHMH, BXOISIIMX B COOTHOIII -
nue (1.1):

V1= [r]=: [ap]=

K

) ST

M-C
Mo>XHO TPEanoNOXKUTh, YTO 00beM V BBITEKAIOMIETO W3 Kammuisipa rasa
IpsIMO TPONOPIIMOHATICH BpeMeHH 1 MPOXO0KIACHHs ra3a yepe3 Kanmwuisip U oopat-
HO TMpoTopIroHaieH JmHe Kamunisipa |. C ygerom ckazaHHOTO (QYHKIIMOHAIBHOE
cooTHotieHne (1) MOXHO TpPENCTaBUTh B BUJE CIEAYIOIIETO aare0panyeckoro
YpaBHEHUS:
V =r*Ap'n*th, (1.3)
rae X, Y, Z — moka3areiau CTENeHel MEepEeMEHHbIX, KOTOpble HEOOXOIUMO Ompeie-
JUTh. 3anuiueM ypaBHeHue (3) ais pa3MepHOCTer PU3NUECKUX BETUYMH:

V1= (AP [7)° [ 1 (1.4)
[ToncraBuB pazmepHocTu U3 ypaBHeHui (1.2) B cootHomienue (1.4), nomyuum
y z
3 K2 K2 1 -1
M i (9
CootHomienue (1.5) M0oXHO 3amucaTh TakKe B BUJE
Jl/l3 _ Mx—y—z—1K2y+zC—2y—z+1 (16)

[IpupaBHUBas MmokaszaTesd CTEIEHEW OJHOPOJHBIX €IUHUIL JICBOU U MPaBOil
4yacTH ypaBHEHUS (6), MOTyIUM:

3=x-y-z-1
O=y+z (1.7)
0=-2y-z+1
Pemwas cucremy ypaBuenuii (1.7), Haitnem X, Y, Z:
x=4;y=1;z=-1. (1.8)

[ToxcraBisAss HaWIEHHBIE 3HAYEHUs NOKA3aTEJIEN CTEIEHEW W3 ypaBHEHUS
(1.7) B BeIpaxkenue (1.3), MOAYyYUM € TOYHOCTHIO JO TOCTOSIHHOTO MHOXXHTENS
ypaBHeHue [lyazeins:
r*Apt

nl

rae V — 00beM BCachIBAIOIIETOCS Yepe3 KamuuIsap BO3ayXa; I — paauyc Kanuuisipa;
| — nuHa Kanwiapa; AP — pa3HOCTh JIaBJACHUM HA KOHIIAX Kamwuisapa; t — Bpems
MIPOXOJKJICHUS BO3yXa Yyepe3 Kanmujuisap, paBHOS BPEMEHHU BBITCKAHUS BOJIBI U3 CO-
cyna. Coornomenue (1.9) ormuuaercst ot ¢opmyinbl [lyaszeitnst TOIbKO MOCTOSH-

V= , (1.9)

T
HBIM KO3 (ULIIEHTOM R
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JABOPATOPHASA PABOTA 18

N3MEPEHUE CKOPOCTHU 3BYKA 110 METOAY CABHUT' A ®A3

1 EJIb PABOTbI

N3mepeHne cKOpoCTH 3BYyKa B BO3JyX€ C MOMOUIBIO 3JIEKTPOHHOTO OCIUII-
norpada u 3ByKOBOT'O reHepaTopa.

2 BUBJIMOTPAOMUYECKHI CITMCOK

1 CaBenwveB U.B. Kypc ¢usuxu. B 3 1. T.1: Mexanuka. MonekynsipHas Qu-
suka / 1.B. Casennes. - Jlanp, 2008. - 352 c.

2 Tpodpumosa T.1M. Kypc ¢usuku: yue6. mnocobue nansi By30B /
T.U. Tpodumosa. - 19-e uza. - Akagemus, 2012. - 560 c.

3 Hetnad A.A., SABopckuit b.M. Kypc dusuku. - Akagemus, 2009. - 720 c.

3 TEOPETUYECKOE BBEJAEHHUE

3HaHWE CKOPOCTEH 3BYKa B Pa3IMYHBIX CpPelax UMeeT OOJIbIIOE HAYYHOE U
MIPaKTUYECKOE 3HAYEHUE B PsJI€ CIy4aeB: MPU ONPENIETCHUU PACCTOSHHUI C ITOMO-
LIbI0 3XO0JIOTA, I PACYETOB 3BYKOMETPUYECKOM alIaparypbl, ONPEIEICHUN CO-
MPOTUBIICHUS BO3JlyXa JJIS TEJ, IBUXKYIIUXCS CO 3BYKOBOHM WM CBEPX3BYKOBOM
CKOPOCTBIO U T.[.

CKOpOCTh CHHYCOUAAILHON 3BYKOBOW BOJIHBI V CBsi3aHa C JIJTMHOM BOJIHBI A
Y 9aCTOTOM V COOTHOLLIEHHEM

V=4v. (1)

Hcnonb3yemsbiili B HacTosiel paboTe METO ] OMpEAesIeHUs] CKOPOCTH 3BYKa
CBOAMUTCS K U3MEPEHHUI0 pa3HOCTU (ha3 KojieOaHUM 3BYKOBOW YacTOTHI, MOJaBae-
MBIX K JIBYM B3aUMHO-TIEPIICHIUKYJISIPHBIM NapaM OTKJIOHSIOIIUX TUIACTHH DJIeK-
TPOHHO-JTy4eBOM TpyOku ociusuiorpada (20).

DNEeKTpUYECKOe CUHYCOMAANIbHOE HANpPsHKEHHUE, MoABOoAUMOE K Teneony T
(MCTOYHUK 3ByKa) OT 3BYKOBOTr0 reHeparopa 31 mojgaercss Ha TOpU30HTAIbHbBIE OT-
KJIOHSIIOILIME TUTACTUHBI ocuuiuiorpada («Bxox X»), a Ha BepTUKaJIbHbIE OTKJIOHS-
fomue miactuibl D0 («Bxon Y») momaercs CUHYyCOUIaIbHOE HAMPsHKEHUE, WHITY-
nupyemoe B Mukpogone M (MpueMHHK 3ByKa), HaXOsIIeMCs Ha paccTossHuu L ot
tenedona (puc. 1).

Y 30

et

LON

g -1 P s

Puc. 1. Cxema ycTaHOBKH

Tak kak Ha 00€ maphl IJIACTUH TMOJAIOTCS TAPMOHUUYECKHE IICKTPUUECKHUE
KoJIeOaHUsI OJIMHAKOBOW YaCTOThI, OTIUYAIOIIUECS TOJIBKO 10 ¢aze, TO IEKTPOH-
HBIW JIy4 MOJ AEWCTBUEM CHHYCOMAAIbHO MEHSIOIIMXCS AJIEKTPUUECKUX MOJIEN B
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001acTy OTKJIOHSAIOIIMX IUIACTUH ocluiorpada OyaeTr ydacTBOBaTh B JBYX B3a-
MMHO NEpPHNEHANKYISPHBIX KOJIEOATEeNbHbIX IBWKEHUSX. B pe3ynpTaTe 3TOrO s1y4y
OyZeT OmMChIBaTh, B 3aBUCUMOCTH OT Pa3sHOCTU (a3 M COOTHOILICHUS aMILTUTY],
npocteitmue ¢purypsl Jluccaxy (3/HIIC, OKPYKHOCTh, OTPE30K MPSAMOi).
[TycTh KOneOaHus JTyda B HarpaBiaeHUsAX oced X U Y ONUCHIBAIOTCA ypaBHE-
HUSMH
X = asin(wt + ¢1); (1)
y = b sin(wt + ¢,), (2)
rae a u b — ammuTyna kone6aHuit BIOIb COOTBETCTBYIONIMX OCEH; (» — KPyroBas
4acToTa; @1 U @2 — HadaJlbHbIE (a3bl KOJCOAHUH.
Ucknrouas u3 ypaBaenuit (1) u (2) Bpems t, mojygaem ypaBHEHHE TPAeKTO-

pHUU JIyda Ha 3KpaHe ocuusuiorpada B Buze
2 2

X“ oy 2xy . 9

— 4+ ——>coslg, —¢)=sin“(p, —¢,). 3

2t g Lo @) =sin*(e, 1) (3)
VYpaBuenue (3) npeactaBiseT coO0M ypaBHEHHE 3JUIMIICA B IEKAPTOBBIX KO-

OpAUHAaTax.
Ecnu pazHocth a3 ckiaapiBaeMbIX KOJIeOaHUI
Ap = @2 — @1 = 27N,

rne N =0, 1,2, ..., TO 3JUTAIIC TPEBPALIAETCA B OTPE3OK MPSAMOM
b
y=—X, (4)
a
npoxozsien yepe3 1-it u 3-ii KOOpAMHATHBIE YTJIbI.
Ecnun
Ap =2~ ¢1=2(n + 1)z,
rnen=0, 1,2, ..., To ypaBHeHue (3) NpUHUMAET BUJI IPSIMOI
b
y=-_-X, )
a

poXosien uepe3 2-i1 u 4-il KBaJIpaHTHI.

[TonGopoM COOTBETCTBYIOIIMX 3HAUYCHHH v M L MOXHO TOOUTBHCS, YTOOBI
pa3HocTh (a3 ObLla paBHA IEJIOMY YMCIY 7. DTO O3HAYaeT, 4To paccrosHue L
JIOJKHO PABHSATHCS 1I€JIOMY YHUCITY 3BYKOBBIX MTOJTYBOJIH.

Ecnu B Hauane HaOmogeHui noouThes (mogdoopom v u L), yToObl Jyd Ha
sKpaHe ocuuwiorpada copepinan kosiebaHus mo mpsmout (4), a 3aremM, yaanss
MUKpPOQOH OT TenedoHa, — 1o npsiMoit (5), TO pacCTOSTHUE MEXKIAY dTUMU ABYMS
MOJIOKEHUSIMIA MHUKPO(OHA OyIyT paBHATHCS MOJOBUHE JJIMHBI 3BYKOBOHW BOJIHBI.
Ecnu u panbuie ynanste MUKpOGOH OT TeseoHa, MOKHO JOOUTHCS, YTOOBI JIy4
OIISITh COBEpIai KoyieOaHus BAOIL TpsiMoit (4). OUeBUIHO, PACCTOSHUE MEXKITY
MIEPBOHAYAIILHBIM MOJIOKEHUEM MUKPO(OHA M KOHEUHBIM €T0 MOJIO0KEHUEM OyIeT
PaBHATHCS JJIMHE 3BYKOBOW BOJIHBI 4. I3Mepsist 3TO paccTosiHue, JIETKO BHIYUCINTD
CKOPOCTb 3BYKa.

Crnenyer UMETh B BUJY, YTO CKOPOCTb 3ByKa CYIIECTBEHHO 3aBHCHUT OT TEM-
nepaTypsl cpejibl. DTa 3aBUCUMOCTD BhIpakaeTcs popmyioi

V, =V,+/1+0,004t°
rae Vo — ckopocTs 3ByKa ripu temmneparype 0 °C u nasnenun 1,013-10° I1a
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4 ITPUBOPHI U ITPUHAIVIEZXKHOCTHU

1 DnextpoHHbIN ociuiuiorpad.
2 3BYyKOBOM T'€HEPATOP.

3 MuxkpodoH.

4 Jlunamuueckasi TOJIOBKa.

5 Onrtuueckasi CKaMbsl.

S MOPAJOK BBIIIOJTHEHUSA PABOTBI

1 YcranoBure Tenedon u MUKpO(GOH Ha ONITUYECKOM CKambe.

2 Cobepute 2JIEKTPUUYECKYIO CXEMY YCTaHOBKH B COOTBETCTBHH C pHC. 1.
Pydku rOpU30HTANBFHOTO U BEPTUKAIBLHOTO YCUIUTENEH ocLuiuiorpada yCTaHOBH-
TE€ Ha HYJIb.

3 Bxmrounte ocumiiorpad. ChokycupyiiTe 3JIeKTPOHHBIA Jyd B TOUKY U
YCTaHOBUTE €T0 B LIEHTPE 3KpaHa.

4 BxutounTe 3ByKOBOH reHepaTtop. OTperyiaupyiite ropu3oHTaIbHOE yCHIIE-
HUE ociuiorpada Tak, 4TOObI 3JEKTPOHHBIA JIyd OMMCHIBAT T'OPHU30HTAIBHYIO
NPSIMYIO JIMHUIO JJIMHOW B TPETHIO YACTh IMaMETpa SKpaHa.

5 IlocraBbTe pyuKy BEPTHUKAJIBHOIO YCHJIEHUS OcLuuIorpada Ha MakcH-
MaibHOe ycuseHue. [lomyunTte Ha 3kpaHe ocuusuiorpada 3JUIHIIC.

6 MeHsis yacTOTy reHepaTtopa U MEIJIEHHO OTOJIBUrasi MUKpO(OH OT Tese-
¢dona, MOTyUnTE HA SKpaHE NPAMYIO JTUHHUIO.

7 JobeiiTech, 4TOOBI yroa HaKJIOHA MPAMOW JMHUU K OCAM KOOPAHMHAT CO-
cTaBua npumepHo 45°. Jlig 3Toro HeoOXoAMMO MNOoA00paTh COOTBETCTBYIOIIEE
oclia0yieHre curHana (C MOMOIIbIO MEpeKIoYaTesieldl aTTeHaTopa) U TOPU30H-
TaJbHOE YCUJIEHHE OocLuIIorpada.

8 3adukcupyiiTe NoJ0KeHHE MUKPO(OHA U, IEpEeMeIas ero Mo ONTHYECKOU
CKaMbe, J100eiTech, YTOObI 3JIEKTPOHHBIN JIyd OMSATh Hayall ONUCHIBAThH MPSMYIO
JMHUIO, PACHOJIOKEHHYIO B TE€X K€ KOOPAMHATHBIX YyIiiax, 4TO W MpHU NEepBOHA-
YaJIbHOM TMOJIO)KEHUU MHKpo(doHa. PaccTosHue MeXIy MepBOHAYaIbHBIM U KO-
HEYHBIM MOJIOKEHUSIMU MUKPO(OHA B 3TOM CITyyae paBHO JJIMHE BOJIHBI.

9 3anummuTe B Taba. 1 3Hadenus v, Ly u Ly, t °C. OnsiT moBTOpuTE 5 pas.
H3mepenust mpoBEAUTE U TIPU PACTIONOKEHUH MPSMOM B IPYTHX KBaJIpaHTaXx.

Taonuma 1

Homep v, ' Ly, M Lo, M AL, M A, M V,Mm/c | AV, M/c
OITbITA

QlB|WIN|F

10 [ToBTOpUTE OMBIT ¥ COCTABHTE TAOJMIIBI IJISI IBYX IPYTUX YACTOT.

11 Beikirounte mpubOpsI U pa3depuTe cxemy.

12 TlpousBenuTe HEOOXOAUMEBIE BBIYMCICHUS U OINPENCTUTE MOTPEITHOCTH
U3MEpPEHUM.
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6 KOHTPOJIBHBIE BOITPOCHI

1.KakoBa TpaeKkTopusi TOUKH, YYaCTBYIOIIEH B JIByX B3aWUMHO MEPHEHANKY-
JSIPHBIX KOJieOaHusX ?

2.11300pa3ute BUJ TPACKTOPUHU ABUKEHUS JIyda ocuuuiorpada npu pazHo-
cTu (a3 nepneHIuKyIIpHbIX Konebanuit Ap = 07?

3.IlosicHuTe, Kak 3aBUCAT (opMa M pa3Mephl JUIUICA OT aMIUTUTY bl KOJie-
OaHul, CO3/1aBa€MbIX 3BYKOBBIM T€HEPATOPOM?

4.0t xakux (aKkTOpOB 3aBUCUT CKOPOCTH 3BYKa?



126
JABOPATOPHAA PABOTA 19

ONPEJEJEHUE KOY®®UIUEHTA TEILIOMPOBOIHOCTH
BO3IYXA

1 OEJIb PABOTBI

1 M3yueHre OCHOBHBIX 3aKOHOB TEIIONPOBOAHOCTH Ta30B.
2 Onpenenenue k03¢ GUIUEeHTa TEIIIONPOBOIHOCTH BO3TyXa.

2 BUBJIMOTPAGMUYECKHI CITUCOK

1 CaBenwveB U.B. Kypc ¢usuxu. B 3 1. T.1: Mexanuka. MonekynsipHas Qu-
suka / U.B. Casennes. - Jlaus, 2008. - 352 c.

2 Tpodpumosa T.1M. Kypc ¢usuku: yue6. mnocobue nansi By30B /
T.U. Tpodumosa. - 19-e uza. - Akagemus, 2012. - 560 c.

3 Hetnad A.A., ABopckuit .M. Kypc pusuxu.- Akagemus, 2009. - 720 c.

4 MarBeeB A.H. MonekynsapHas ¢usnka: yuae0. mocodue s By3oB / A.H.
MartseeB. bunom, 2010. - 368 c.

3 TEOPETUYECKOE BBE/IEHUE

PaccmoTpuM miporiecc TemIonpoBOIHOCTH B rasax (puc. 1).

Puc. 1. Hpouecc TCILJIOIIPOBOJHOCTH B ra3dax

[TycTh M3MeHeHne TeMIlepaTypbl MPOUCXOIUT B HampaBieHun ocu OX mep-
neHauKysIpHO Twiomanke dS u Ty > T,. Torma xonmuecTtBa Tema dg, mepeHoOCH-
MO€ Yepe3 MEePHeHIUKYIISPHYIO IIomanky dS, mponopIiroHAILHO BETHYUHE TUIO-
manku dS, nmpomexyTky BpemeHHu dt, 3a KOTOpbIM HaOIIOIACTCS PACCMOTPEHHBIN

MEPEHOC TEeIJIa U TPaJNEeHTY TEMIIEpaTyphl (&) , T.€

dg=— Z(j—;)det , (1)

rae y — K03hUIMEHT TerIONPOBOIHOCTH, KOTOPBIN 3aBUCUT OT Ta3a U YCJIOBUH,
P KOTOPBIX OH HAXOAWUTCS. 3HaK MHHYC B cOOTHouIeHuHU (1) yka3pIBaeT Ha TO,
YTO MEPEHOC TEIJIa MPOUCXOJUT B HANIPABIECHUHU YMEHBIIEHUU TEMIIEPATYPHI, T.€.
B cTopony ocu OY.
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PaccMoTpuM MeTayTM4eckuid IWIMHAP paauyca R, B KOTOPOM HaxOIUTCS
UCCIICIYeMbIH Ta3 M BAOJb OCH KOTOPOTO HATSHYTa METaJUIMYecKas IMPOBOJIOKA
AB (puc. 2).

A

Z

%X

| \—> Paouyc

npoeoJsoKU

W—»R r

‘V

Y

Puc. 2. Merammu4eckuii HUIUHAP C IPOBOJIOKOM

Ecnu npoBosioky AB HarpeBaTh TOKOM, TO MPHU CTAIIMOHAPHBIX YCIOBUAX B
HaIpaBJICHUM paJnyca TPyOKH BO3HUKAET ONPEEICHHBIA TPAJUEHT TEMIIEPaTyphl
U B 9TOM € HaIpaBJIeHUH HAOJIIOMaeTCs MePEeHOC TerioBoil sHepruu. [lpu stom
KOJIMYECTBO TEIUIa, MEPEHOCMMOE uYepe3 OOKOBYIO MOBEPXHOCTh KOAKCHUAJIHLHOTO
HUIMHAPA paanyca X MOKHO ONPENEIUTh 1Mo hopmye

dg=- Z(j—;jZﬂXIdt : (2)

riae | — mmHa TpoBOJIOKH (LIMITUHAPA).

[Tpu ycTaHOBHBIIIEMCS TIPOIIECCE KOJIMUECTBO TEIJIOTHI, IEPEHOCHMOM Yepe3
paccMaTpUBaEeMyI0 TTOBEPXHOCTh B €IMHUITY BpEeMEHHU OyJeT BEIUYMHOMN MOCTOSH-
Hol. Takum oOpazom,

d
a_ Q =const .
dt
CrnemoBarenbHO, COOTHOIICHHE (2) OyIeT UMETh CIICAYIOIINI BU/I;

il )27z><| | 3)

Q=—x 7
dX

Pemum nuddepennnanbioe ypaBHeHue (3) METOAOM pa3liesieHUs IepeMeH-

HbIX. /{7151 3TOTO CoOTHOIIEHHE (3) EepenuIeM B CJICIYIONIEM BU/IE:

QdYX:—;(ZﬂIdT.

[Ipounrterpuposas nocnezLHee ypaBHeHI/IC,

jQ . —j x2AdT
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HOJIy4UM
R
an?:27z|;((T1—T2). 4)

N3 ypaBHeHus (4) MOXKHO OonpeAeauTh KOADPUIIUESHT TEIUIONPOBOIHOCTH ¥
MCCIIEyeMOTO Ta3a:

Qln R
- r 5
AT, -T,) ®)
rae: R — paguyc numunHapa; I — paguyc npoBoJioky; | — mmuHa murHIpa (IpoBo-

nokn); T1 — TeMreparypa IpoBOJIOKH; |, — TeMIepaTypa HUIHHAPA.

Takum oGpazom, mist onpeneneHus: KodGuImeHTa TErIOMPOBOHOCTH UC-
CJIEyEMOTO Ta3a HEOOXOAMMO HAWTH KOJIMYECTBO TEIUIOBOM DHEPTHUH, IepeaaBac-
MO OT MTPOBOJIOKY K CTEHKH IMJIMHJIPA MyTEM TETIOTPOBOIHOCTH.

DTO KOJMYECTBO TEIJIOTHI, MEPelaBacMoe 3a EAUHUILy BPEMEHH, MOXKHO
onpenenuTs 1o 3akoHy Jxoyns - Jlenna:

Q=1IU, (6)
rne | — Tok, mpoTekaromwmii o poBoJioke; U — maieHue HarpsbKeHUsT Ha TIPOBOJIOKE.

Crnenyer, OTHAKO, YIUTHIBaTh, YTO PACCUNTAHHOE TP 3TOM 3HAYEHUE TEIl-
JIOTIPOBOHOCTH Oy/I€T MMETh HECKOJBKO 3aBBINICHHOS 3HAYCHHE, TaK KaK TTIOMUMO
TEIJIOMPOBOAHOCTH TIepeada TeIia MOXKET OCYIIECTBIATLCS H3ITYICHUEM, 32 CUCT
KOHBEKIIUW W B PE3YNbTATE MEpPeavr TEIUia OT MPOBOJIOKH YePe3 AICKTPUUICCKUE
KOHTAaKTbI K IMOABOSIIIUM ITPOBOIAM.

[Ipu BBITIOTHEHUH HACTOSIIEH PabOTHI U MPU COOTBETCTBYIOUIUX pacueTax
Kod(puIeHTa TEIIOMPOBOIHOCTH POLIECCAMHU KOHBEKIIMH U TEIJIONPOBOIHOCTH
yepe3 MOABOMSIINE MpoBOJa MbI OyneM mpeHeOperaTb. UTo KacaeTcsi TEILIOBOTO
U3IIy4eHHUs], TO B JaHHOM JabopaTopHOUl paboTe KOJTUYECTBO TEIUIA, MepejaBaeMoe
pa3zorpeToil MpoBOJIOKOW MOKHO OIIEHHTh C UCIOJIb30BaHMEM 3akoHa Credana -
bonbsiiMana. B cOOTBETCTBUY C 3TUM 3aKOHOM HEPreTHYECKask CBETUMOCTh a0co-
JIOTHO YEPHOTO Tejia MPsIMO MPONOPIIMOHATBHA YETBEPTON CTEIIeHH a0CONFOTHOU
TeMITepaTyphI:

R? =oT?,
rae T — remnepaTypa aOCOJIFOTHO YEPHOTro Teja; 6 — nmoctossHHas Credana - bob-
Mana, 6 = 5,67-1078 Jlx/(m%K*c).

B macrosimieir paboTe poOBOJIOKA HE SIBISIETCS a0COJIOTHO YEPHBIM TEJIOM,

nmo3ToMy 3akoH Ctedana - bonbiimana OyZeT UMETh CIICTYIOITUI BU/I:

R? = AoT?,
rae A — mornoniarenbHas CoCOOHOCTh Tena (TIPOBOJIOKH). JlJiss HUXpOMOBOM TIPO-
BOJIOKH, HCTIONB3yeMoi B pabote, A = 0,4.

Ecnu S,, — miomaae Harperoil mMpoBOJIOKH, 11 — €€ TeMreparypa, Sy, —
TJI0MIAh> OOKOBOM MOBEPXHOCTH MUJIUHAPA, T2 — TEMIEpaTypa CTEHKH IUJIUHAPA,
TO TeTUIoBast 3Heprus Q,, mepenaBacmasi OT MPOBOJIOKH K MHJIMHAPY Yepe3 U3Iyde-
HUE B SIMHUITY BPEMCHH, paBHA

C%::Aswoff——ASWfﬂf. (7)
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Pacuertsl o dopmyiie (7) moka3pIBalOT, YTO KOJUYECTBO TEIIOTH Q, mepe-
JlaBa€MOE€ IPOBOJIOKOW dYepe3 M3JIyYeHHE B CIUHUILY BPEMEHH COCTaBJISET He-
CKOJIBKO MPOIICHTOB OT SHEPTUH, BBIIEIAEMON TEKYIUM IO MPOBOJIOKE TOKOM CO-
IJIACHO COOTHOWICHHMIO (6), U B JTaHHOU pabOTEe HE YUUTHIBAIOTCA.

[Toacrasmsist cootHomIeHue (6) B ypaBHEeHHE (5), TOTydUM pabodyio GopMy-
Ty AJi onpezesieHus KodphuueHTa TerIonpoBOAHOCTH BO3AyXa:

IUInF:
AT A, - T,) )

3 OIIMCAHUME YCTAHOBKH

DKcnepruMeHTalIbHAsT YCTAHOBKA JUIsl onpejeneHuss KoddduimenTa Terio-
MPOBOJTHOCTH BO3/yXa U300pa’keHa Ha puc. 3.

VYcraHoBka cocTouT U3 MeHOro nuinunapa (1) nuamerpom 16 MM, o ocu
KOTOPOH yKperuieHa HUXpoMoBas npoBojioka (2). K mpooiioke (2) depes mo -
BOJSIIINE KOHTAKTHI (3) MOAKIIOUAETCS UCTOUHHUK PETYIUPYEMOTO HaIpPSKEHUS
(4). TlocnenoBaTenbHO K MPOBOJIOKE COEAUHSIETCA aMIEPMETP, MapajlIeIbHO -
BOJIBTMETP.

Jlis u3MepeHusl pa3HOCTH TEMIIEpaTyp MEXAy MPOBOJOKOW U IHIUHAPOM
npumensiercs auddepeHimanbHas Tepmonapa (5), KoTopas HOICOEAUHSETCS K
YCUJIUTENIO MMOCTOSIHHOTO TOKA U MUJUTUBOJIBTMETPY (6).

) 3
el |
V.. ® A

mB
fl - | upH

O

YT

O

AV 4

<®®
w

/]

N

Puc. 3. JlabopaTopHast ycTaHOBKA JJIsT U3MEPEHUS K03(DPHUIHECHTA TETUIONPOBOHOCTH

4 ITOPAIOK BBIIIOJIHEHUSA PABOTHI U OBPABOTKA
PE3VJIbTATOB UBMEPEHUI

1 Bxmrouute uctounuk perynupyemoro Hanpspkenus (MPH) B nens nepe-
MeHHOro Toka 220 B. YcranoBure Hanpsikenue 2 B.

2 Yepes 15 MUH CHUMUTE MOKA3aHUS aMIEPMETPA U I U3MEPEHUS Pa3HO-
CTU TEMIEpaTyp MEXAY MPOBOJIOKOW M MEIHBIM UuIuHApoM onpeaenute IJC
nuddepeHnmransHoi TepMonapsl. PesynbTaTel u3MepeHuit 3anumuTe B Taoi. 1.

3 Onpenenure Mo TpagyupoOBOYHOMY TpadUKy AJs MPUMEHsAEMOM TepMorna-
PBI Pa3HOCTh TEMIIEPATYP MEXKIY Pa30rpeTod TOKOM IPOBOJIOKOW W BHYTPEHHEU
MOBEPXHOCTHIO MEIHOTO HMINHApa. Pe3ynpTaTsl n3MepeHuii 3anumuTe B Ta01. 1.

4 Paccuuraiite mo ¢opmyse (8) k03hHUIMEHT TETUIOPOBOIHOCTH BO3IyXa.
PesynbpTaThl pacyeta 3anummTe B Tabm. 1.
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5 OneHuTe METOJIOM CPEIHHMX 3HAUEHHUH CPEeIHIOI aOCOJIOTHYIO U OTHOCH-
TEJIbHYIO MOTPEIIHOCTH KO3 (HUIIEHTa TETIIONPOBOIHOCTH.
6 Caenaiite KpaTKHe BBIBOJIBI IO padoTe.

Taonuma 1

No I, A U,B E,B AT =T:-To, K | y, Br/(m°K)
1

2

3

4

5

HexoTopble MOCTOSIHHBIE DKCIEPUMEHTAIBHON YCTAHOBKH.

Pamnyc npoBonoku, r,m | I = Ar =

JlyiiHA IPOBOJIOKH, |, M | = Al =

Pamnyc nmmmaapa, R, M | R = AR =

5 KOHTPOJIBHBIE BOITPOCBHI

1.00BsicHUTE PUPOAY TEIIONPOBOJIHOCTH B ra3ax.

2.11lomyuute pazMepHOCTh KO3 (UILIMEHTA TEIJIONPOBOJHOCTH.

3.IlosicHuTe TeMIepaTypHyl 3aBUCHUMOCTb KO3((ULHMEHTa TEIIONPOBOI-
HOCTH JJIs Ta30B.

4.Tlonyuute Gopmyny s onpeneneHus Ko3(p(UIHEHTa TErIONPOBOAHO-
CTH JIJIs Ta30B.

5.Iomyunte pabouyto (hopmyny s onpeneneHus Ko3pQuurueHTa Temio-
MPOBOAHOCTH BO3]lyXa, UCIOJIb3yEMOM B TAaHHOM JJabopaTopHOM padoTe.

[Ipumeuanue
BriBoa popmyJibl Juist pacueTa OTHOCUTEIbHOM MOTPEIIHOCTH
K03 PuuueHTa TEIIONPOBOTHOCTH
[Iponorapudmupyem Beipaxkenue (8):

Iny=Inl+InU +In(ln$j—ln2—ln7r—lnl —In(T, -T,). 9)
BosbsmeM nonsbii auddepenuan ot cooTHomeHus (9):
d (In R)
dy_di du U r) dl _d{T-Tp) _
y | U In R I T,-T,
r (10)

dil duU 1
=—4+—+———
| U (Rj R r
In| —
r
B ypaBaenun (10) 3nak nomHoro nuddepeniuana d 3aMeHUM Ha 3HAK KO-

HEYHOTO TpHupaimieHus A u 3HaK — (MUHYC) TIepel mpupaiicHueM A 3aMEHUM Ha
3Hak + (mwiroc). Toraa momyyum

d_R_gj dl dT,—dT,
| T,-T,
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(11)

r

VYpaBaenue (11) MoxeT ObITH UCIIOIB30BAHO JIJII pacueTa BEJIMUYUHBI OTHO-
CUTEJILHOM & U aOCOTIOTHON MOTPEITHOCTH Ay KO3 dHUIIMeHTa TETIONPOBOIHOCTH.

3aMeTUM, YTO BeIMYMHA aOCOTIOTHOM MOTPENTHOCTH TOKA W HaIpPsKEHUS
PACCUUTHIBAIOTCS IO KJIACCy TOYHOCTH NPUMEHSEMBIX B paboTe aMmrepmeTpa U
BOJIbTMETpA.

AOCOI0THAS TIOTPEIIHOCTh MPU U3MEPEHUU TeMIIepaTyp MPOBOJIOKU U ITH-
JUHAPA B JaHHOHN paboTe MpuHUMAETCS paBHOU £2 Tpafd, T.e. ATy = AT, =42,

Ay Al AU 1 (AR Arj Al AT, +AT,
——=—x+ + +— |+
7y | U In(Rj R r) | T,-T,
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JABOPATOPHASA PABOTA 20

OIIPEAEJIEHUE KOOPPUIMUEHTA BHYTPEHHEI'O TPEHUSA
AKUAKOCTU METOJAOM CTOKCA

1 OEJIb PABOTBI

W3ydeHue IBMKEHUS TBEPIOTO Tena B )KUAKOCTH. Onpezenenue Kodhhuiiu-
€HTa BA3KOCTH KUAKOCTH MeToioM CToKca.

2 BUBJIMOT PAGMYECKHI CITUCOK

1 CaenbeB U.B. Kypc ¢uzuxu. B 3 1. T.1: Mexanuka. MonekyinspHas ¢u-
suka / 1.B. Casennes. - Jlanp, 2008. - 352 c.

2 Tpodbumora T.U. Kypc ¢usuku: yued. mnocobue i1 By30B /
T.U. Tpodpumosa. - 19-e uza. - Akagemus, 2012. - 560 c.

3 Hetnad A.A., SABopckuit b.M. Kypc puzuku.- Akagemus, 2009. - 720 c.

4 Txankonu 1. @usuka. T. 1: M.: Mup, 1989. - 656 c.

5 Jlanpay JI.J., JTudmm E.M. Teopetnueckas pusuka: [B 8-mu 1.]. - T.VI:
I'mpponmuaamuka. - M.: Hayka, 1988. - 736 c.

3 TEOPETUYECKOE BBEJIEHHUE

B cBsi3u ¢ OTpOMHOM TEXHUYECKOW BAXKHOCTBIO [T aBUALIUH, HAJIBOJAHOTO U
MOABOAHOTO (hJIOTOB BOMPOC O JBMKEHUH TEJI B AKUJKOCTIX U ra3ax U3ydeH upes-
BBIYATHO TOJIPOOHO M COCTABJISIET IJIABHBIM MPEAMET CaMOCTOSITEIbHONW HAyKH —
TUAPOAIPOANHAMUKH.

PaccmoTpum mpupoay M 3aKOHOMEPHOCTH CHJI, JIEUCTBYIOLIIMX Ha TEJO,
JIBUKYIIEECS B CIUIONTHOM CpeJie - B BO3AyXE WU B BOJIE. ITUM TEJIOM MOXKET OBITh
MIPETSITCTBUE B MOTOKE KHUAKOCTH (HampUMep, YTeC MOCPEaN PEKU) WK KaKON-JIN00
MpeIMeT, IBIKYIIMNACS B Ta30BOM WM >KMIIKOW Cpejie: aBTOMOOWIIb WM TUTaHED,
MO/IBOJTHAS JIOJIKA WITH, BOBMOXKHO, MOJIEKYJIa, OCaKIaeMasi Ha LIEHTpUQyre.

Korna Teno aBuxkeTcs OTHOCUTENBHO KUJKOCTH (ra3a), Ha HEro JeUCTBYET
CUJIa CO CTOPOHBI CPelbl. DTy CUJIY Ha3bIBAIOT CHJIOW JIOOOBOTO COIMPOTHBIICHUS;
OHa BO3HUKAET Oyiarojapsi BS3KOCTU Cpeibl, a Takke (IMpu OOJBIINX CKOPOCTSIX)
BCJICJICTBUE BO3ZHUKHOBEHUSI TYpOYJICHTHOCTH mo3aau Tena. Cuity COmpOTUBIICHUS
Cpenpbl, IEUCTBYIOIIYIO HA JAHHOE TEJI0, MOXKHO 3alMCaTh B BUE

2
F =kl (1)

rae S — ceyeHue Tena; P — MIOTHOCTh JKUAKOCTH, V — CKOpOCTh Tena; K — 0e3pas-
MEpHasl BeJIMUMHA, KOTOpasi, B O0IIEM cilydae, €CTh QyHKIHS IBYX Oe3pa3sMepHBIX
BeJIMunH: yncia Pelinonpaca Re n yuciaa Maxa Ma:

Re:\M,Maz\i, (2)

n c
rjae 77 — KodhPUIMEeHT BA3KOCTH XKUAKOCTH;, L — XapakTepHas yiHa Tena; C — CKO-
pPOCTh 3ByKa B CpeJie.
B wactHOM citydae ABMKEHUS Tela CO CKOPOCThIO, MAJIO IO CPaBHEHHIO CO
cKopocThio 3ByKa (Ma << 1), koa(ppUIIMEHT CONMPOTUBIICHUS 3aBUCUT TOJIBKO OT
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guciia Pefinonpaca. Bun ¢pyakiuu K(Re) 3aBucut oT Gopmbl Tena, OT €ro opreH-
Tall OTHOCUTEJIbHO HAIPABJICHUSI CKOPOCTU M, HAKOHEL, OT TOTO, KaKas UMEHHO
BEJIMYMHA BbIOpaHa B KayeCTBE XapaKTEPHOTO pa3Mepa B OMNPEICICHUU YHCIa
PeitHonbrca. Tosbko B caMOM MpOCTOM cCllydae - B cllydae Iapa paaudyca I mnpu
Manbix uynciax PeliHonbaca Re < 1 Bce 3T BONPOCHI OTMAIAIOT:

k:5m§=CWM—Q—_ (3)
Re Vrp
[Toncrasmnss (3) B (1), MoxkHO nonyuuTh hopmyiny CTokca, BEIBEACHHYIO UM
B 1851 rony:
F=—-6mrV. 4)
XapakTepHo, 4TO B 3TOM MpUOIMKEHUH, Koraa uyncio Re < 1 u obtekaro-
IIMH TEJIO0 MOTOK SABJIETCS JTAMUHAPHBIM, IUIOTHOCTD KHUJAKOCTU HE BIMSET HA CUILY
conpotuBieHus. OAHAKO HAIO0 MOMHHUTH, YTO Gopmyna (3), a, cieoBaTeNbHO, U
(4), sBisieTcs MUIIb NPUOJIMKEHHON: OHA COAEPKUT MOMPABKU, HCUYE3AIOLIE MaJlble
110 CPAaBHEHMIO C BBIMMCAHHBIM YJIEHOM JIMIIb IPU OYEHb MalbIX Re.
B cnyuae nanenus mapuka B )KUIKOCTH (pHC. 1) ypaBHEHHE IBUKEHUS UMe-
eT BH]I

dv
m—=mg—-F,—-F. 3)
at g—Fa (5)
R
—
ﬁﬂ]l lﬂl

£y

Puc. 1. Hlapuk, nagarouiuii B )KUJKOCTH

Bce TPpHU CHJIBI HAITPAaBJICHBI BAOJIb BCPTHUKAJIMN: CHJIA TAXKCCTU m(j - BHU3,

cwia Apxumena F,u cuna tpenus F - BBepx. Cuila CONPOTHBIIEHHS C POCTOM
CKOPOCTH YBEJIMUMBACTCS U, HAKOHEII, IIIAPUK JIOCTUTAET TaKOH CKOPOCTH, TIPU KO-

y (dv j
TOPOM YCKOPEHHE PABHO HYJIIO ik Otkyna

PG =S P, 9 -6V =0, 6)
Pemiennie ypaBHeHUs (6) OTHOCUTENIBHO 77 JAET:
29r°
n="0 (0Pt 7)

Ecnu mapuk nmajgaer BAOJIb OCH HWIMHAPA paauyca R Mexay mMeTkamu ai u
az, mpoxoas pacctosinue | 3a Bpems t, To, yUUTHIBasK BIMSHUE CTCHOK, KOA(dUIu-
€HT BSI3KOCTH MOXHO ONpEeAeNUuTh 1o hopmyie
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2 _(P=p,.) 1t

n="<g -
9 I(L+Z4rj
R

4 ITPUBOPHI U ITPUHAIJIEXKHOCTHU

1 CTeKJISTHHBIN TUIUHIP C )KUJIKOCTBIO.

(8)

2 MUKpOMETp MM MUKPOCKOI C TEJIEBU3MOHHOW U3MEPUTEILHON yCTaHOB-

KOM.
3 CexkyHnomep.
4 Apeomerp.
5 IIlapuku pasHOTO AUaMeETpA.
6 MacmtabHast TUHEHKa.

S BBIIIOJIHEHUE PABOTbI

1 U3meputb auametp mapukoB (3...5 pa3) u 3aHecTH B Tabu. 1 ero cpennue

3Ha4YCHMUAI.

2 BepxHIOI METKY YCTaHOBHUTH Ha 5...8 CM HUXKE YPOBHs KHUJIKOCTH, & BTO-
pyIo - BOJIM3M THA UIMHAPA. PaccTosiHue MeX 1y METKAMU U3MEPUTh JINHEUKOH.
3 TIIOTHOCTH JKHUIKOCTH H3MEPUTH apeoMmeTpoM. IIIoTHOCTe mapuka u

yCKOpEHHE CBOOOHOTO TaICHUsI B3SITh U3 TaOJIHUII.

4 OHYCTI/ITB apuK B KHUJIKOCTb IIO OCH HUJIMHAPA U CCKYHOAOMCPOM HU3MC-
PUTH BpCM: MIAJACHUA HIapHUKa MCXKAY ABYMA MCTKAaMH. HaHHBIG I/IBMepeHI/If/'I 3aHC-

cTy B Tao. 1.

5 Beauciautb a6COJII-OTHy1-O N OTHOCHUTCJIbHYIO IIOI'PCIMHOCTH SKCIICPUMCHTA.

Taonuma 1

Ne L | M | R | p' |t mi, | <n>, | Ani
M M | kr/M® | ¢ | TTa'c | ITac | Ia-c

(Am)?
(ITa-c)
2

AS

An,
ITa-c

QRN

6 KOHTPOJIBHBIE BOITPOCBHI

1. KakoBa ¢usndeckast mpupo/aa BI3KOCTH B razax U )KUAKOCTSIX?
2. JlaiiTe ompenelicHHEe JUHAMHYECCKOTO M KMHEMATHYeCKOro Kod3(phUIIreH-

TOB BSI3KOCTHU. B Kakux CAMHUIax OHHU I/I3Mep${IOTC$I?

3. Kakoe nBumkeHHE >KUIKOCTH Ha3bIBAIOT TYpOYJIEHTHBIM M KaKo€ JlaMu-

HAPHBIM, UX KPUTEPHH.

4. Tlpu kakux ycnoBusix BeimomHseTcsa Gpopmyna Ctokca?

5. BeiBenute pacuetnyro Gpopmyny (7).
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JABOPATOPHAA PABOTA 21

OITPEAEJIEHUE KO®PUIIMEHTA BA3ZKOCTHU ’KUAKOCTH
METOJO0OM KAITMJIJIAPHOI'O BUCKO3UMETPA

1 EJIb PABOTbI
DKCIEpUMEHTAIIBHO ONPEAEIUTh KOA((ULUEHT BA3KOCTHU KUIKOCTH.

2 BUBJIUMOTPAOUUYECKHNA CITUCOK

1 CagenwseB U.B. Kypc ¢usuku. B 3 1. T.1: Mexanuka. MonekynspHas ¢u-
suka / .B. Casenses. - Jlaup, 2008. - 352 c.

2 Tpopumona T.U. Kypc ¢usuku: yued. mocoOue st BY30B /
T.M. Tpodumosa. - 19-e uza. - Axkagemus, 2012. - 560 c.

3 Jletnad A.A., ABopckuit b.M. Kypc ¢usuku. - Akagemus, 2009. - 720 c.

3 TEOPETHYECKOE BBEJIEHHUE

PaccmoTpum TeueHue BS3KOW JKUAKOCTH M0 KaWUIIpHOM TpyOKe, pacro-
JIO’)KEHHOM BepTUKaIbHO (puc. 1). CKOpOCTh TE€UEHUs >KUIKOCTU Ha Pa3IMYHBIX
paCCTOSIHUAX OT OCH Kanmwjuisipa pasinuHa. 110 ocu kanuwuisipa )KUAKOCTh TEUYET ¢
MAaKCHUMAaJIbHOW CKOPOCTBIO, & Y CTEHOK CKOPOCTh TEUYEHHS PaBHA HYJIIO.

Z;

—

11— Fap

\

Puc. 1. Teuenne KuIKOCTH B KAMIILISAPE

HaiineM 3akOH M3MEHEHHS CKOPOCTH TEUYEHMS KUJIKOCTH B KalMILUIAPE C
YBEIMYECHUEM PACCTOSHUSI OT €ro ocu. PaccMOTpuM OECKOHEYHO TOHKHM JABUXKY-
IANACS [UIMHIPUYECKUN CJION JKMAKOCTH, COOCHBIA C KamMUIIpPOM. DTOT CIIOH
BBITEKAET MO AercTBUEM cHll Fap, F1, Fo. Cunbl F1 u F, yaosierBopstor ypaBHe-
HHIO:
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F=n®Vgx 1
Uy (1)

Cuna Fap BO3HUKAET U3-3a pa3HOCTHU JaBJICHUH, IEHCTBYIOIIMX HA BEPXHEE U
HIKHEE CEYEHHUs LWIMHIPUYECKOTO CJIOS. DTa Chjla COACHCTBYET TedeHuro. Tak
KaK IUIOMIAb CEUCHUS IIIIMHAPUYECKOTO cost AS = 27zAz, TO

Fap = AP272AZ, (2)

r7ie Z — pacCTOSIHUE OT OCH LWIMHJpa (Kanwuisipa), AP — pa3HOCTb J1aBJICHUN Ha
YPOBHSIX HM)KHErO M BEPXHEro CeYeHui muiaumHapudeckoro cios. Cuna F1 — 310
CuJia BSA3KOCTH, JCHCTBYIOIIAs HAa BHYTPEHHIOK IMOBEPXHOCTh CJOs. JTa cHia
HampapjieHa BHM3, T.€. COACHCTBYET BBITEKAHUIO CJIOS, MOTOMY YTO KHUIKOCTb
BHYTPH HUCCIEAYEMOr0 HUIUHAPUYECKOTO CI0S JBUKETCS C OONbIIEH CKOPOCTHIO,
YeM PacCMaTpUBAEMbIN HWJIMHIAPUYECKUN CIIOM.

JInst cuibl BA3KOCTH, JEWCTBYIOIIEH HA BHYTPEHHEN MOBEPXHOCTH CJOSI, HA
OCHOBaHHUH (opMyIibl (1) MOXKHO 3aMKcaTh BhIPAXKEHUE

dv
F=n2rzl| — |,
1 nﬂl(dzl

rae 17 — xkoddduruent BszkoctH, | — qmuHa kamwsapa, (dV/dz); — rpagueHT cko-
POCTH Ha PACCTOSIHUM Z1 OT OCH LIUJIMHIPA.

C BHEWIHEN CTOPOHBI CJIOS KUAKOCTH IBHXKETCSI C MEHBILIEW CKOPOCTBIO, YEM
BHYTPEHHHMM CIIOM, CIE€IOBATEJIbHO, CHJIA BS3KOCTH, JIEUCTBYIOIIAs] HAa BHEIIHEU
MOBEPXHOCTU CJIOSI Zp, HANpaBJIeHA BBEPX, T.. MPOTHBOJEKUCTBYET BBITEKAHUIO
ciost )kuaKocTu. Bennurna cuiibl F onpenensiercst mo gpopmyse

dv
F,=n2zzl| — | ,
2 U”z(dzjz

rie (dV/dz); — rpagueHT CKOPOCTH Ha PACCTOSIHUU Zz OT OCH IIHMIIMH/IPA.

[Tpu ycTaHOBUBIIIEMCSI TEYCHUH CyMMa BCEX CHJI, COJCHCTBYIOIINX BhITEKa-
HUIO JKUJKOCTH, paBHA CyMME BCEX CHJI, NPOTHBOICHCTBYIOIIHUX BBITEKAHHUIO:
Fpp + F =F,, Torna

dv dv
2rApZAZ + n2azl| — | =n2xzl| — | ;
TAP n ﬂl(dzl U”z(dzl

ZAZAp = —nIA[z d—V} :
dz

3amensisi npupainienust auddepeHaiamMu, moJyduM cieayromiee audde-
PCHIMAILHOE YPaBHECHHE:
vl A
d[ } AP sz,

dz nl
[IpounnTEerpupoBas 310 ypaBHeHHe, IIOJIyYUM:
dV Ap 7°

_APZ ¢ (mpuz=0,C=0
L T g g TC tmem )

* CM. METOIMYECKHE PEKOMEHTAIIMY K J1abopaTopHoii pabore 17



137

z
Paznenum 00e yacTu IIOCJICTHETO pAaBCHCTBA HA — .

dz
dv :—1-&-de,
2 nl
IMMOCJIC UHTCTPUPOBAHHS ITOJTYYHUM
Ap 7°
V=-—.—+C. (3)
nl 4

Jl71st Toro, 4TOOBI OMPENEIUTh YUCIOBOE 3HAUEHUE TTOCTOSTHHOW UHTETPUPO-
Bauus C, yureM urto rpu Z = R (R — paguyc xanwuisipa) CKOpOCTh UCTEUCHUS KU/
KOCTH paBHa HyJ0. ClieoBaTelbHO, MOJACTaBIsAA B BbIpakeHUE (3) IpaHUYHbBIC
ycnoBus V =0, z = R, momyunum

2
c-Ap R
nl 4

Takum 00pa3oM, 3aKOH U3MEHEHHS] CKOPOCTH MCTEUEHUS KUIKOCTH B 3aBU-
CUMOCTH OT PACCTOSIHUA OT IIEHTpa Kanwuisapa OyJeT UMETh BUJT
Ap R?-z?
nl 4

[Tonp3ysich ATUM 3aKOHOM 3aBUCHMOCTH CKOPOCTH TEUEHHS KUJIKOCTH OT
pPacCTOSTHUSL 0 OCH, BBIYUCIUM O0BEM KUJIKOCTU, BBHITEKAIOIICH M3 Kaujuigpa 3a
€AUHUILY BPEMEHH.

beckoHEeYHO TOHKMN LHUIMHAPUYECKUN CIIOW KUIKOCTH, COOCHBIM C KaIluj-

JIIPOM U BI)ITGKaIOIHI/If/'I M3 HCTO 3a CAMHUIY BPCMCHH, UMCCT 00BeEM
dq=2mzVdz.
YtoObI onpeieIuTh 00BEM KUJIKOCTH BBITEKAIOUIUN 32 €AMHUILY BPEMEHHU U3

BCET0 Kalujuisipa, HY>)KHO HaTH CyMMYy OOBEMOB BCEX BBITEKAIOIIMX 32 €IUHUILY
BPEMEHH CJIOEB:

V =

R R R 2 2 A
Q=J‘dq=j27szdz=j27zz@.R 2° o _ApRY
0 0 0

7 4 8nl

[TomydyeHHOE BhIpa>KEHHE HOCUT Ha3BaHue 3akoHa llyasenss.

OO0beM KUIKOCTH, BHITEKAIONINI M3 Kamuisipa 3a BpeMs t, MOXKHO ompeie-
JIUTH 110 hopMmyIie

Q=qt. (4)

DTO COOTHOIIIEHHE MOKHO HCIIOJIb30BaTh JJIA onpeneneHus kosdduimenta
BSI3KOCTH.

[TycTh nBe >KMIKOCTH OAMHAKOBOTO O0OBEMa BBITEKAIOT Yepe3 Karujuisp,
MIPUYEM OJIHA U3 KHJIKOCTEH C M3BECTHBIM KO3(PPHUIIMEHTOM BI3KOCTH 77, & Ipyras
C HEM3BECTHBIM 7Jx. Torga 00beM BBITEKAIOMIEH KHUIKOCTH ¢ U3BECTHBIM KOd(Pdu-
IIUEHTOM BSI3KOCTH MOKHO TOJICYUTATh TI0 (hopmyiie

ApR*
Q=qt=""""t
8nl
a 00BEM BBITEKAIOMICH Yepe3 3TOT KaUUIIP KUIKOCTH C HEU3BECTHBIM K0P hu-
IIUEHTOM BSI3KOCTH
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Ap R
Q = qxtx = pX—tx .
8n.l
Pa3nenuB nepBoe paBeHCTBO HAa BTOPOE, MOTYIHM
t, Ap,
=pX. =X, 5
Tx =117 Ap (5)

Ecnu xuaKocTh BBITEKAET MO JEUCTBUEM COOCTBEHHOI'O BECa, TO PA3HOCTh
naBiieHH AP paBHa THAPOCTATHYECKOMY JaBleHHIO, T.e. AP =pgl, tae p —
IUIOTHOCTh JKUJKOCTH, § — YCKOpEHHE CBOOOTHOIO majeHus, | — BbicoTa crosda
xuakocTu. Torna 3anuiiem

Ap=pgl, Ap, = p,9l,
AP _ py
Ap  p
1 COOTHOIICHHUC (5) MOKHO 3aIIUCaTh B BUJEC

me = ©)

t p
Takum 00Opa3zom, U3MEpPUB BpEMsI UCTEUECHHS ABYX JKUIAKOCTEH W 3HAs UX
IJIOTHOCTH, MOKHO OMNPEEIUTh OTHOUIEHUE UX KO3 (ULIHUEHTOB Bsi3KocTU. Ecin
&Ke KO3(P(PUUUEHT BA3BKOCTU OJHOM W3 JKUIKOCTEH M3BECTEH, TO MOXHO ONpe[e-

JUTh KO (DULIMEHT BA3KOCTH IPYTOi.

Puc. 2. KanuinsapHelil BUCKO3UMETP

Kanumisipaeiii BUcko3uMeTp mnpeactaBisieT coboir U-oOpasHyro CTEKIsH-
Hy10 TpyOKy (puc. 2). lllupokoe koiaeHo TpyOKH BHH3Y MUMEET paciuupeHue "a', a
y3koe — pacmupenne "d" ¢ HameTol Ha ero KOHIE pe3nMHOBOM TpyOkoi. Hax pac-
mupendeM "d" u moag HMUM HaHeceHbI aBe MeTKd "M" u "N", orpaHUYHMBAIOIIKE
BIIOJTHE OIPEJICIICHHBIH 00BEeM KUIKOCTH, BPEMsI HUCTCUCHUS] KOTOPOW yepe3 Ka-
MUAJUISIP U3MEPSIETCS B XOJE OMbITA.

4 ITPUBOPHI U ITPUHAVIEZKHOCTH

1 BuckozumeTp.
2 CexkyHaomep.
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5 MOPAJOK BBIIIOJIHEHUSA PABOTDI

Jlnst BBIMOJTHEHUST J1a00OpaTOpPHOW pPabOThl MPUMEHSIIOT JBa OJIMHAKOBBIX
BUcKo3uMeTpa. OIUH CIY>KUT JJisl ONpEAeNIeHUs] BpEMEHU BBITEKaHUS TUCTUILIN-
POBaHHOU BOJIbI, IPYTrOM — JJisi ONpPEACIICHUs] BPEMEHU BBITEKAHUS HCCIEyeMOM
KUIKOCTH.

1 YcranaBiauBaeM BHCKO3MMETP C BOJOW B BEPTUKAIBHOE MOJIOKEHHE TakK,
yTOOBI BEPXHsSI METKa ""'M" y3KOro cocyaa HaXOAWIach B BOJIE.

2 OCTOpPOXKHO, IIPU MOMOIIY TPYIIH WJIM HAacoca BTSITUBAEM BOJY B y3KO€
KOJIEHO BUCKO3UMETpPA HEMHOTO BBIIIE METKH "'M".

3 OTcoenuHsieM TpyITy WU HACOC OT BUCKO3UMETpA.

4 B MOMEHT NMPOXOXKJICHUSI MEHUCKAa MUMO METKHU "M" 3amyckaeM CEeKYyHJI0-
Mep, 2 B MOMEHT MTPOXO0XKICHHUSI MEHUCKAa MUMO METKHU "N" OCTaHaBIMBAEM €TO.

5 DTu uzMmepeHus noptopsieM S5 pa3. OnpezenseM cpelHee BpeMs BhITEKa-
HUS BoJbl. JlaHHBIEe 3aHOCHM B Ta0II. 1.

6 IloBTOpsieM MyHKTHI 1...6 UIs1 BUCKO3UMETpPA € UCCIIELYEMON )KUIKOCTBIO.
JlaHHBIE TaK)Ke 3aHOCHUM B TaoOuI. 1.

Taonuma 1

t,C At, C tx, C Aty, C €, % | nx=<my> = Any

SIESINININ P
" 1©

<t>= <At> = <t,> = <At,> =

6 OBPABOTKA PE3YJIbTATOB U3MEPEHUI

1 Berancnuth KodOPUITMEHT BA3KOCTH UCCIETYEMOM XKUIKOCTH 110 (hopmyIie
(6), moACTaBISAS CpeIHHUE 3HAUCHUS BPEMEHU NCTCUCHHMS.
2 OKOHYaTeNbHBINA PE3YyJIbTAT 3alIUCATh B BUJIE
Nx = <>+ Ay, e = ... %.
3 Jlna pacuera MOTpelrHOCTe HEoOXOAMMO TpojorapudMupoBaTh pado-
uyio popmyiy (6):
Inn, =Inn+Int, +Inp, —Int—Inp.
[TomyyenHoe Bwipaxenue npoauddepenuupyem, 3amerss auddepeHimanb
MPUPAIECHUSMHU:
Am, _An A Ap, At Ap
<m> n L p U p
(B dopmyne morpemHocTy 3Haku "MUHYC" HYKHO 3aMEHUTH Ha "TuTroc", T.K.
JUTSL K&KI0M a0COMOTHOM OIIMOKM 00a 3HaKa paBHOBEPOATHBI, & HAM HEOOXOJIUMO
OTPEACTUTh MaKCUMAaJIbHYIO BO3MOXHYIO OIMOKY A7, ). [lorpemHocty BenniunH,

OTpeIeNIIEMBIX 10 TaOJIUIlaM, MaJIbl 10 CPABHEHHUIO C MOTPEITHOCTHIO M3MEPCHHS
BEJIMYMHEI 1, Ce0BaTeIbHO, UMH MOKHO IIPEHEOpEedh W PacCUMTHIBATH ITOTPEIIl-
HOCTB 10 (hopmyJie



140

g =AM q00096-| AL, A
<n,> t

100 %
AOCOIIOTHYIO OIIMOKY HaXOJAT 10 hopMyIie
An, =<n,>-¢€.

7 KOHTPOJIBHBIE BOITPOCHI

1. KakoB MOJIEKYISIpHO-KUHETUYECKUNA MEXaHU3M BSI3KOCTH?

2. Kak Bnuser TeMriepaTypa Ha BETUYMHY BSI3KOCTU KUIKOCTHU?

3. Kak Bnusier Temneparypa Ha BEIMYUHY BA3KOCTH ra3a?

4. KakoBO COOTHOIIIEHUE MEXIY CHJIaMU, COAECUCTBYIOIIMMU U MPOTUBOICH-
CTBYIOIITUMH UCTEYCHHUIO OCCKOHEYHO TOHKOTO CIIOSl JKHJIKOCTH, TIPH YCTAaHOBHUB-
IEMCS TCYCHUU B Kauyuisipe?

5. IloueMy CKOpOCTBH CIIOSI KMJAKOCTH TMPUJIETAIONIETO K KamuULsIpy paBHA
Hynto? Kakue cuibl yAepKUBaIOT MOJICKYJIbI AKUJKOCTU Y CTEHOK Kanusuispa?

6. Kakne cwiibl COMEMCTBYIOT UCTEUCHHUIO JKUIKOCTH, a KaKue MPOTUBOCH-
CTBYIOT?

7. [Touemy B BUCKO3UMETPAX UCHOJIB3YIOT KAUJUISIPHI?

8. 3aBUCHT 1T OTHOIIIEHHE P OT TeMIepaTypbl?
Yo,
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JABOPATOPHAA PABOTA 22

OHPEJEJIEHUE BA3ZKOCTH KHAKOCTHU
METO/JIOM 3ATYXAHHUA KOJIEBAHUU

1 EJIb PABOTbI

Ol'[peI[eJICHI/IC BsA3KOCTH X(PII{KOCTCI?I IIpy IIOMOIIH I/ICCJ'IeI[OBaHI/Iﬁ 3aTyXaro-
mux KoJIcOaHUI KPYTUJIBHOI'O MasiTHHUKA.

2 BUBJIUMOTPAOUUYECKHNA CITUCOK

1 CagenwseB U.B. Kypc ¢usuku. B 3 1. T.1: Mexanuka. MonekynspHas ¢u-
suka / .B. Casenses. - Jlaup, 2008. - 352 c.

2 Tpopumona T.U. Kypc ¢usuku: yueld. mocobue is By30B /
T.. Tpodumosa. - 19-e uza. - Axagemus, 2012. - 560 c.

3 Jletnad A.A., ABopckuit b.M. Kypc ¢usuku. - Akagemus, 2009. - 720 c.

4 MarpeeB A.H. MonekynspHas ¢usuka: yue0. mocooue mis By3oB / A.H.
Martsees. - bunowm, 2010. - 368 c.

5 CuyxuH J[.B. O6mmit xypc dusuku: Yued. mocobue misg By30B.- [B 3-x
T.]. - T.2: TepmoguHamuka u MoJekyispHas ¢usuka. - M.: I'n. pen. ¢uz.-mart.
aut., 1990. - 592 c.

3 TEOPETUYECKOE BBE/IEHUE

JIist BBISICHEHUS NIPUPOABI BHYTPEHHErO TPEHHUS B ra3ax pacCMOTPUM JBa
CJIOS Ta3a ¢ IIoIaapl0 AS, OTCTOSIIMX APYT OT Apyra Ha paccTossHuu AZ u J1BU-
KYIIMXCS BIOJb OCH Y MapajuiebHO APYyT Apyry co ckopoctsimu Vi u Vo (V1 > Vo,
AV =V, - V) (puc. 1).

Puc. 1. Bo3HUKHOBEHNE BHYTPEHHETO TPEHUS

brnarogapsi TemioBOMYy, XaOTUYHOMY JIBUKEHUIO MOJIEKYJIBI U3 CJI0s 1, 1BU-
KYIIHUECs BJIOJIb OCH Y CO CKOpPOCThIO Vi OyIyT MepexoauTh B CJIOM 2 U HA000pOT
— MOJICKYJIBI U3 CJIOS 2, ABUXKYIIUECS BAOIL OCH Y cO CKOpocThio Vo < Vi OymyT
NepexouTh B cioil 1. B pe3ynbTaTe Takux Mepexoa0B CKOPOCTh YIOPSI0UCHHOTO
IBUKEHUsSI cliost 1 OyAeT yMeHbIaThes, a ciiost 2 — yBenanuuBarbesa. C MakpoCKo-
MAYECKON TOYKH 3PEHUsSI 9TO O3HAYAeT, YTO CJIok | OyneT TOpMO3HUThCS, a CIIOH 2
OyJieT yBeJIMYMBaTh CBOIO CKOPOCTh.

Takum 00pa3zom, MEXIy CIIOSMU raza JEHCTBYIOT CUJIbI TPEHHUS, KOTOPbIE
HaIpaBJICHBI 110 KacaTeJIbHOW K paccMaTpyuBaeMbIM MOBEpXHOCTSIM 1 u 2. MoxHO
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M0Ka3aTh, YTO CHJIBI BHYTPEHHETO TPEHUs (BA3KOCTH), OTIPEACIISIOTCS CIEAYOIINUM
BBIPAKCHUEM:
AV
F=-n—AS, (1)
AZ
rae 77 — Kod(phUIUeHT BHYTPEHHET0 TPEeHUsI (JIMHAMUYECKas BI3KOCTD).

N3 MonexynsipHO-KMHETUYECKON TEOPHUH CIIETYET:
1
77=§p<VT></1>, (2)

raoe <V> — CpeaHsIsl CKOPOCTh TEIIOBOI'O ABMKCHUS,

I8RT
<VT >= N y (3)

<A> — cpenmHsis AJIMHA CBOOOJHOTO mpobera MOieKylr; T — abCcotoTHAs TeMIiepa-
Typa; M — MomnspHas macca ra3a; R — yHuBepcanbHas Ta30Basi MOCTOSHHAS, O —
IJIOTHOCTh PacCMaTpUBAEMOro rasa.

JIJist XapaKTepUCTUKHN BA3KOCTU KpoMe Kod(PuIMeHTa TUHAMUYECKON BsI3-
KOCTH BBOJST KMHEMATHYECKYIO BS3KOCTh. KnHeMaTnuyeckasi BA3KOCTh JKHIKOCTH
paBHA OTHOIIECHUIO THHAMUYECKON BSI3KOCTH K €€ TJIOTHOCTH.

v=" 4)
Yo
CyIHeCTBYIOT pa3HHqHLI€ MCTOAUKN OAJIA OI'IpeI[CJIeHHH KOB(b(bI/IIJ;I/IeHTa Bi3-
KOCTHU )KI/I,Z[KOCTeﬁ. O,Z[Ha N3 HUX OCHOBAHA Ha I/ISY‘IGHI/II/I HpOHGCCOB BaTyxaHI/IH
Kp}ITI/IJ'II)HOFO MasITHHUKaA.
I/IBBGCTHO, qTo HpI/I MaJIbIX CKOpOCTSIX nu HpI/I HG6OJII>IHOM 3aTyxaHHI/I ypaB-
HCHUC NIBUKCHUSI Kp}ITI/IJII)HOI‘O MasdTHHUKA UMCCT CJIGI[YIOIHI/Iﬁ BHUI:

-Bt 2 -t

I7Ie @ — YroJ OTKJIOHECHHS KPYTHJIBHOTO MasTHUKA OT TOJIO)KCHHS PaBHOBECHS B
MOMEHT BPEMEHHU, paBHbIN {; o — amIuMTya KojaebaHuil; o — HadanbHas (Qaza
koJiebanuii; T — mepuos kosebanuii; £ — ko3hPUIMEeHT 3aTyXaHusl.

J11st XapaKTepuCTUKU OBICTPOTHI 3aTyXaHUs KOJIeOaHU BBOJAUTCS BEIMUMHA,
Ha3bIBaeMas JorapuMUYECKUM JEKPEMEHTOM 3artyxaHus. Jlorapupmudeckum Je-
KPEMEHTOM 3aTyXaHUsl Ha3bIBa€TCs HATYpajbHBIM Jiorapudm OTHOIICHUS 3Haue-
HUW JIBYX TOCIEAYIOMHUX aMIUTUTY], COOTBETCTBYIOIIIUX MOMEHTaM BpPEMEHH, OT-
JMYAIOIIMMCS Ha TIEpUOJI. B COOTBETCTBUY C ONpEeIeICHUEM:

:Inﬂzlnﬁzlnﬁ:...:lni. (5)
At+T) A A Ay

CootHotieHue (5) METOAUYECKH CJIO0KHO HCIOJIb30BaTh JIJIS pacuera Jjora-
pubMHUUECKOTO TEKpPEeMEHTa 3aTyXaHusl, BBUY 3aTPYAHEHHUS SKCTIEPUMEHTAIHEHOTO
OTIpEIeICHNUS] BEJIMYMH COCEIHUX aMIUUTYA. bojee mpocTo sKCmepruMEHTaIbHO
omnpenenuTh HadanbHyt0 U N-10 amMmuuTyay 3aTyxawomux kojebanuit. [loatomy

npeodpazyem cootHoiieHue (5). CoctaBuM cieayroliee paBeHCTBO:
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e T B A e S N ) (6)
A A A Av Ay
N
YuursiBas, 4TO A = A = la] = = A COOTHOIIIEHHE (6) MOXKHO
A A A Ay
MIPEICTaBUTh B BUJIE
N
(i A ™
A A
[Tocne norapudmupoBanus ypaBHeHuUs (7), TOTyduM
N In A =1In Ll : (8)
A Ay
Tak xkak A =1In i, TO pPaBEHCTBO (8) MOYKHO 3aMucaTh B BUJIC
NA =2 9)

N
OTcroa HETPYIHO ONPEAEIUTD JOTapUPMUUECKUNA TEKPEMEHT 3aTyXaHUs A.

z:%. (10)

4 OIMCAHME YCTAHOBKHN U METOANKA
IMPOBEJEHUSA DOKCIIEPUMEHTA

OKcnepuMeHTalIbHAsL YCTaHOBKA IS OTPEENICHUs BA3KOCTH N300paXkeHa Ha
puc. 2. Meramnuyeckuil TUcK 1 MOABEIIEH HA CTaJIbHON YHNPYrol MpPOBOJIOKE 4,
YKpEIUIEHHOW Ha KpoHITelHe 6. KpoHIIITEelH 6 YCTAaHOBJIEH C TOMOIIBIO CTOMKH 7
Ha OCHOBaHUM &. B HM)KHEW 4acTH CTajJbHOW MPOBOJIOKU 4 MPUKPEIUICHO 3€pKajio
3. CdokycupoBaHHBIN JTy4d cBeTa OT OCBeTUTENs 12 oTpakaercs OT 3epkaia 3 u
nonagaer Ha wkaiy 11, ykpertennyro Ha croiike 10. Jluck 1 momenien B cocyn 9 ¢
UCCIIENYEMOM KUIKOCThIO. C MOMOIIBIO PETYIMPOBOYHOM T'OJIOBKHU S5 THUCK 1 MOXK-
HO MOBOPAYMBATh, a TAKKE MTOAHUMATH WA OIyCKATh B UCCIEAYEMYIO )KUIKOCTD.
Konebanus nucka JaHHOTO KPYTUIIBHOTO MasiTHUKa BO30YKIAIOTCS MOBOPOTOM
KPYTHUJIBHOM TOJIOBKH 2.

Meronuka onpeneneHusl BA3KOCTH JKMIKOCTH OCHOBAaHA HAa pacyeTe Jiora-
pUGMHUYECKOTO JIEKPEMEHTa 3aTyXaHUs KPYTHJIBHOTO MasTHUKA Ha BO3JyXe U B
uccienyeMon kuakocTd. Kak mokaspiBaloT pacderbl, MEXAY JIorapupMUYECKUM
JIEKPEMEHTOM 3aTyXaHUsl KoJieOaHH B HCCIENyeMOW XKHUAKOCTH A U JAUHAMUYe-
CKOU BSI3KOCTBIO 7] CYLIECTBYET CIEAYIOMIAs 3aBUCUMOCTB:

/1:/10+A,/%pT77, (11)

rae A — norapuMuUecKuil AEKPEeMEHT 3aTyXaHUs KoJieOaHUN B JKHJIKOCTH, O —
IJIOTHOCTD KHUAKOCTH; 1 — MEpHOJ KoJieOaHUH KPYTHIIBHOTO MasTHUKA B JKHJIKO-
CTH; 7] — BSI3KOCTb YKUIKOCTH; A9 — JIOTapu(MHUCCKUI JTEKPEMEHT 3aTyXaHUS B
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BO3YXC, A-— HCKOTOpas MOoCTOAHHAA npn6opa, 3aBuCAIIAdA OT TCOMCTPUHU MasiTHU-

Ka 1 €ro MOMCHTAa MHCPILIUH.
6

- ;

— 12

|

84_/v \—>9

Puc. 2. :‘)KCHepI/IMCHTaHBHaﬂ YCTaHOBKa OJIsA OIIPCACIICHUA BA3BKOCTHU KUJAKOCTHU

JU1st UICKITIOYEHUS TOCTOSIHHOM rpuoopa A, 3anuieM cootHomenue (11) mus
UCCIIEAYEMOM KUAKOCTH, BI3KOCTh KOTOPO HEOOXOIUMO ONPENEIUTh, U, HApPH-
Mep, 17151 BOABI, BA3KOCTH KOTOPOil 77, n3BecTHA. [locie npeoOpazoBanmil Moayyum

2
— peTene(ﬂ’.wc — 2“0) (12)
Tt =)
p")fC ac "8 ﬂO
BuaHo, 4uto a1 onpeneneHus TMHAMHUYECKON BS3KOCTH HEOOXOAMMO HAUTH

Jorapu(MUUYECKUI JEKPEMEHT 3aTyXaHWsl KPYTHUJIBHOTO MasTHHUKa B BO3ayxe Ao,
BOJIE Az M UCCIEAYEMOM KUIKOCTHU Ax.

S MOPAAOK BBIIIOJTHEHUSA PABOTBI U OBPABOTKA
PE3YJBTATOB U3MEPEHHUI

1 Bxurouute ocBeturens (12) (puc. 2) U ¢ MOMOIIBIO PETYIMPOBOYHON TO-
noBku (5) ycraHoBute mkaity ocBerurens (11) Takum oOpa3om, 4TOOBI 3alYMK
HAXOJIUJICS HA HYJIE IIKAJIbI.

2 Omnpenenute morapuMUUECKUN TEKPEMEHT 3aTyXaHUs MasiTHUKA B BO3-
nyxe Ao. Jsis 2TOro ¢ moMonIp0 KPyTHWIHLHOM TOJIOBKH (2) 3aKpyTUTE MPOBOJIOKY
KPYTWJIBHOTO MasiTHUKA TaK, YTOOBI OTKJIOHCHHE 3aYMKa OT HYJIEBOTO MOJIOKEHUS
coctaBmwio 10...15 cm. Onpenenure HavyaIbHYIO aMIUTUTYy KojeOaHuil Ao U aM-
TUTUTYy TIOCJIEIHET0 KojiebaHus Ay, a TaKkKe MPoA0KUTENbHOCTh N Koe0aHui.
Yucno xonebanuit N mpunsate paBasiM 10...20 (20 — B Bo3ayxe, 10 — B uccnenye-
MBIX JKUJKOCTAX). [loBTOpUTE M3MepeHust He MeHee 5 pa3. Pe3ynbrarel uamMepeHui
3anumure B Tad. 1.

3 Tlomectute auck mastHuka (1) B cocya ¢ Bono# (9), onpenenure nepuo

KOoJIeOaHWil MasiTHUKA B Boj€ T, W JOrapupMUUYECKHM JIEKPEMEHT 3aTyXaHus Ma-
ATHHUKA B BOJE A; B COOTBETCTBUHU C MMyHKTOM 2. Pe3ynbpTaThl U3BMEPEHHI 3aHECUTE
B TaOu. 1.
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TaOnwuma 1

Cpena No N t, C Ao, MM | An, MM A T, c

Bo3ayx 1

2

3

4

5
Bona 1

2

3

4

5
['munepun 1

2

3

4

5

Tabanma 2
Ne i <n> Ani (Ami)? AS An & %
1
2
3
4
5
TabOmumna 3

Bsi3k0CTh BOJIBI TPU Pa3IMUHBIX TEMIIEpATYpPax

Temmneparypa, °C | Baskocts,n, mIla-c | Temneparypa, °C | BsiskocTs,n, MIa“c
5 1,5138 50 0,5477
10 1,3037 60 0,4674
15 1,1369 70 0,4048
20 1,0019 80 0,3554
25 0,8909 90 0,3155
30 0,7982 100 0,2829

4 Tlomectute muck MasTHuKa (1) B cocya ¢ uccienyeMon XKUAKOCThIO (9),
ONpENENNUTE MEePUOo]l KOIeOaHU MasgTHHKA B JKUIKOCTU Ty W JIorapumMuuecKkuit
JEKPEMEHT 3aTyXaHUsl MAagTHUKA B UCCIENYEMOM >KMIKOCTH Ayx B COOTBETCTBHUHM C
nyHKTOM 2. Pe3ynbTarsl usmepenuii 3anecute B 1a0:1.1.

5 PaccuuTaiite o dhopmyne (12) u (4) TMHAMUYECKYIO BSI3KOCTh HEU3BECT-

HOM KUJKOCTH.

JvuHaMmudeckasi BI3KOCTh BOJABI IPU PA3IMUHBIX TEMIIEpaTypax MpeacTaBie-
Ha B Tabymiie 3. Pe3ynprarsl pacdera 3anummre B Ta0. 2.
6 PaccuumTaiiTe cpegHee 3HAUYEHUE BA3KOCTH HCCIEAYEMOM >KUAKOCTHU IO

dbopmyre
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Z i
<n>=-——.
TN

7 PaccumTaiiTe CpeAHIOI KBaJAPATUYHYIO MOTPEUIHOCTh M3MEPEHHS BSI3KO-
CTH UCCIIElyeMOU KUJIKOCTH TI0 popMmyiie

8 Bprunciure Beau4rHY aOCOJIOTHOM MOTPEITHOCTH (BEIMYHHY JIOBEpH-
TCIIBbHOT'O HHTGpBaJ'Ia) BA3KOCTH IJIs SaﬂaHHOﬁ HaJACKHOCTHU &
An=t,(n)AS.
9 Paccumraiite OTHOCHUTCIIbHYIO ITIOTI'PCITHOCTD U3MCPCHUS BA3KOCTHU

A1_100%.
<n>
10 OxoHYaTENBHBIN PE3YyJIBTAT 3AMUILINTE B BUJIE
n = <>+ An (pazmepHocTsh); € = ...%.

11 IocTpoiite rpaduk 3aBUCHUMOCTH IEeproia KojieOaHUH KPYTUIBLHOIO Ma-
ATHUKA OT KO3((pulireHTa BI3KOCTH

Koadpdunuent quaaMuueckoi BSI3KOCTH BO3yXa P KOMHATHON TeMIiepa-
Typ€ NPUHATH PaBHBIM 7, MIla-c.

12 Cnenaiite KpaTKue BBIBOBI 11O padoTe.

6 KOHTPOJIBHBIE BOITPOCHI

1. O0BsicHUTE IPUPOTY BHYTPEHHETO TPEHHUS B ra3ax M KHUIAKOCTSIX.

2. [losicHuTe TeMIiepaTypHYIO 3aBHUCHUMOCTh KOd(DPUIMEHTa BS3KOCTH IS
ra3os.

3. [losicHute TemrepaTypHyH 3aBHCHUMOCTh KOd(DPUIMEHTa BS3KOCTH IS
KUJIKOCTEH.

4. JlaviTe onpeiesieHUE JIOrapuPpMUIECKOTO ACKPEMEHTA 3aTyXaHHUs.

5. [Monyuute opmyny miis onpeneneHus: JorapupMUIECKOro JEeKpEeMeHTa
3aTyXaHUsl.

6. [Tomyunte pabouyio Gpopmymy Il onpeaeNeHUs] BA3KOCTH METOOM 3aTy-
XaHUs KOJIeOaHW KPYTHIIHHOTO MasiTHUKA.

7. [laiiTe onpeneneHre KWHEMAaTUYECKON BA3KOCTH.

8. [MomyuuTe pa3sMepHOCTh KHHEMATHICCKON M TMHAMHYECKOU BSI3KOCTH.

E =
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JABOPATOPHAA PABOTA 23

METO/AbI ONPEJAEJEHUA KOOOPPUIIUEHTA
ITOBEPXHOCTHOI'O HATSOKEHUSA KUIKOCTEHU

1 EJIb PABOTbI

Ol'[peI[eJICHI/IC KO3(I)(1)I/IHI/I€HT3 IMOBCPXHOCTHOI'O HATAKCHUA KUIKOCTH MC-
TOAOM OTpbIBa KalllIH. Onpeﬂeﬂe}me 3aBUCHUMOCTHU KOB(i)(l)I/IHI/IGHTa ITOBCPXHOCT-
HOT'O HATSDKCHUA paCTBOPA OT €I'0 KOHICHTPALIUH.

2 BUBJIUMOTPAOUUYECKHNIN CITUCOK

1 CaBenneB U.B. Kypc ¢usuku. B 3 1. T.1: Mexanuka. MonekynspHas ¢u-
3uka / .B. Casenses. - Jlaup, 2008. - 352 c.

2 Tpopumona T.U. Kypc ¢usuku: yue6. mocobue is By30B /
T.. Tpodumosa. - 19-¢ m3x. - Axkamemust, 2012. - 560 c.

3 Jletnad A.A., ABopckuit b.M. Kypc ¢usuku. - Akagemus, 2009. - 720 c.

3 TEOPETUYECKOE BBEJIEHHUE

PaccMoTpum mporiecc BBITEKaHUS KUAKOCTH U3 Y3KOH TPYOKH (ITUTIETKH).
XKunkocTh U3 Takoil TPYOKH BBITEKAET MO KarisiM (puc. 1).

mE

Puc. 1. BeiTekanue >KUIKOCTH U3 Y3KOH TPYOKH

HenocpencTBeHHO nepes OTphIBOM Karlisg BUCUT Ha 1Ieiike, popmMy KOTOpOil
MOKHO TPHUOJU3ZUTENFHO CYUTATh LWJIMHIPUYECKON, a IUAMETp - PABHBIM BHYT-
peHHEMY AuaMeTpy TpyOku. B MOMEHT OTpbiBa BeC Kaluld paBeH CHJIE MOBEPX-
HOCTHOT'O HATSKEHUS, T.€.

F=P,
HO TaK Kak
P=mg,aF=rde,
rae m — Macca karmi; d — quamerp TpyOku; o — KOA(GGUIIMEHT TOBEPXHOCTHOTO
HATSDKEHUS, TO B 3TOM CIIy4ae MOJy4YuM
m-g = zd-c. (1)
Orcrona

o=—. (2)
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Ha npakTtuke n3MepuTh Maccy Karjid TPYJIHO, T.K. OHa UMEET OYeHb MAIIyIO
BenunHy. [ToaToMy B3BemMBalOT HE OJHY Kamto, a 50...100 kanens u maccy on-

HOM KaIUIM ONPENEIAIOT KaKk
m=", 3)
N

rae M — o61mast Macca Beex Karenb, N — guciio xamens.

C yuerom (3) BeipaxkeHue (2) mpuMeT BU]
- ﬂ (4)

N

Kpome Beca karmu B 3Ty popMysTy BXOJSAT TakKe TUaMeTp TPYOKH, TOUHOE
ompeneneHne KOTOpOro 3aTpyAHUTENbHO. [I0ATOMY Ha MpaKkTHKe OMPEeaeIsoT KO-
b PUIHEHT TOBEPXHOCTHOTO HATSDKCHHS UCCIIETYEMOM JKUIKOCTH METOJIOM CpaB-
HEHUS €r0 C M3BECTHBIM KO3(PDHUIIMEHTOM I TUCTHUIUIMPOBAHHOW BOJIBI. 3allv-
meM BeIpakeHue (4) U1t BOJIBI B JIJIST UCCIIETYEMOM JKUIKOCTH:

a

:—Mg = ng .
2N adN,
OTrcrona
o, = LM (5)
M-N,

Ecnu konnuecTBO Kamemnb A 00€MX KUAKOCTEW B3ATh OAMHAKOBBIM, T.€.
N = Ny, To B 3TOM city4ae BelpaxkeHue (5) ynpocTUuTcs:
a-M,
=— (6)
M
3HaueHue K03 PUIMEHTa MOBEPXHOCTHOTO HATSKEHUS ISl BOJABI MIPU pa3-
JUYHBIX TEMIEpaTypax MpuBeaeHo B TaoI. 1.

Oy

Taonuma 1
t,°C 10 15 20 25
o, Hm 0,0740 0,0733 0,0725 0,0718

4 ITPUBOPHI U IPUHAJVIEZXKHOCTH

1 [lunerka, ykperieHHas Ha [ITaTUBE.

2 Cocyabl ¢ UcclieyeMbIMU PACTBOPaAMHU.
3 CTEeKJISIHHBIN CTaKaHYHK.

4 Becbl ¢ pa3HOBECAMH.

5 ITOPAJOK BBIIIOJIHEHUSA PABOTDI

1 B3BecuTh mycTOM CTEKJISTHHBIM CTAKAHYMK Ha BECax ¢ TOYHOCTHIO 70 0,1 T.

2 3anojgHUTh MUIMETKY IUCTHWUIMPOBAHHOW BOJIOM M OTPEryJupoBaTh KpaH
TakuM 00pa3oM, yTOObl YacTOTa MaJIeHUs Kamelb COCTaBisijia MpUMEpHO 1 Karuio
B CEKYHJY.

3 IloacTaBUTH MO/ MUIETKY CTAKaHYMK M MOACYUTATh KOJMUYECTBO yMaBIIUX
B Hero Kanenb (50...100 mT.). B3BecuTh cTakaHuuK ¢ BOAOM Ha Becax. OnpenenuThb
Maccy Kaneib.
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4 OcBOOOIUTH MUMETKY U CTAKAHYUK OT JUCTUIUIMPOBAHHOMN BOABI U TOBTO-
PUTH U3MEPEHUS JUIsl PA3IMYHBIX PACTBOPOB, KAXK/bIN pa3 Oepsi 0IMHAKOBOE KOJIH-
YEeCTBO Kamesb (Takoe e, KaK U JUIsl BObI).

5 [lonmy4yeHHbIe pe3yIbTaThl 3aHECTH B TaOII. 2.

6 OnpenenuTs BeNIWYUHY KO3(p(HIIMEHTa MOBEPXHOCTHOTO HATSXKEHUS IS
HCCIIEMYEMBIX PaCTBOPOB 10 hopmyiie (6).

7 Haiitu BenmnuuHy ONMTMOKH U3MEPEHUM 10 hopMyIie

_Aa AM, AM
Aa,=¢-a,,THee = + + :
a M, M
3necy BenmuuHbl AMy u M omnpenensitoTcsi TOUHOCTHIO B3BEIIMBAHUS, a

omrbka A 3aBHCHUT OT TOTO, C KaKOH TOYHOCTHIO M3BECTHO 3HaueHHEe « (Hampu-
mep, it o = 0,0733, Aa = 0,00005).

TaOnuma 2

No KonuenTparus N, mT. M, xr oy, H/m Aoy, H/m
OIbITa pactBopa, %

8 3amucarh A1 KaXJA0ro pacTBopa 3HaueHHe KoddduimeHTa moBEepXHOCT-
HOT'O HATSDKEHUS B BUJE
ax = ox £ Aox (eIUHULIBI U3MepeHus), € = ... %.
9 Tloctpouts rpaduk 3aBUCUMOCTH KOd(DPUIIMEHTa TOBEPXHOCTHOTO HATSI-
YKEHHUSI paCTBOPA OT €r0 KOHIEHTPALIUH.

6 KOHTPOJIBHBIE BOITPOCHI

1. OOBsICHUTE MEXaHW3M BO3HUKHOBEHHS CHUJI TIOBEPXHOCTHOTO HATSIKCHUS B
KHUIKOCTH.

2. Kak 3aBucuT K03 GUIIMEHT MOBEPXHOCTHOTO HATSDKCHHS OT TeMIIEpaTy-
pBI?

3. Kak 3aBucut K03 (HUIMEHT MOBEPXHOCTHOTO HATSKEHUS PacTBOpa OT €ro
KoHueHTpauu? [ouemy?

4. B xakux emuHUIAX u3MepsieTcss Ko UIIMEHT MOBEPXHOCTHOTO HATSKeE-
HUS )KUJIKOCTH?
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JABOPATOPHASA PABOTA 24

OHNPEJAEJEHUE KOY®PUIUEHTA IMMOBEPXHOCTHOI'O
HATSKEHUA KNIKOCTEHW BOJTHOBBIM METOAOM

1 OEJIb PABOTBI

OHpC,ZIeJIGHI/IG KO3(1)(1)I/IHI/ICHT8, IMOBECPXHOCTHOI'O HATKCHHUA X(PII[KOCTCﬁ MC-
TOAOM U3MCPCHUA OJIMHBI KAITMJIJIIPHO-TPABUTAIMOHHBIX BOJIH.

2 BUBJIMOTPAGMUYECKHI CITUCOK

1 CaenbeB U.B. Kypc ¢uzuxu. B 3 1. T.1: Mexanuka. MonekyinspHas ¢u-
suka / U.B. Casennes. - Jlaus, 2008. - 352 c.

2 Tpodpumona T.U. Kypc ¢usuku: yued. mocobue 1 By30B /
T.U. Tpodumosa. - 19-e uza. - Akagemus, 2012. - 560 c.

3 Hetrnad A.A., SABopckuit b.M. Kypc ¢usuku. - Axkagemus, 2009. - 720 c.

3 TEOPETUYECKOE BBEJAEHHUE

KoadduimeHToM MOBEpXHOCTHOTO HATSHKEHUS ¢ Ha3bIBAae€TCs CBOOOHAS
SHEPrusl, TPUXOIAIIAACT HA EAUHUILY TOBEPXHOCTH KUJIKOCTH.

Ecnu KuaKkoCTh BBIBECTU W3 COCTOSIHUSI PABHOBECHS, TO CHJIBI TSKECTH W
CUJIbI TIOBEPXHOCTHOT'O HATSKEHUS OYAYT CTPEMHUTHLCSI BO3BPATUTH €€ B UCXOIHOE
coctosiHue. Cubl TSDKECTH CTPEMATCS COBMECTUTH MOBEPXHOCTH KUJIKOCTU C TO-
PUBOHTAIBHOM TIJIOCKOCTHIO (TOYHEE, PACHOJIOKUTH MO cdepe, LEHTP KOTOpou
HaxoAuTCs B HeHTpe 3emuin). Cuiibl TOBEPXHOCTHOTO HATSIKEHUS CTPEMSTCS CO-
KpaTUTh IUJIONIA/Ib TOBEPXHOCTH KUAKOCTU. BhIBe/iIeHHAsI U3 COCTOSIHUS PaBHOBE-
CHU KUIKOCTb TPUOOPETAET B MOJISIX CUJIBI TSXKECTH U CHJI IOBEPXHOCTHOTO HATS-
KEHUSI MOTEHUHAIbHYIO SHEprut0. Ha moBEpXHOCTH KUJIKOCTH BOSHUKAOT KaIlH-
JSIPHO-TPABUTALIMOHHBIE BOJIHBI.

Ecnu npenebpedsr HEKOTOPHIMU CBOMCTBAMH peabHOM KUIKOCTU U paccMmart-
pHMBATh BOJIHBI JJTMHOW A M Majoi aMIUTUTYIbl B ri1yOokoi sxuakoctu (h >> 1), 1o
MOYXHO HaWTH MPOCTOE BBIPAXKEHUE JJISI CKOPOCTH PACTIPOCTPAHEHUS KamuJIISIPHO-
IPaBUTAIIMOHHBIX BOJIH, BOCIOJIb30BABIIUCH pPE3yJIbTaTaMU THAPOAUHAMUKHU JIJIs
HEC)KUMAeMOM JKUAKOCTU. B muiockoil Oeryiiel CMHycOUJalbHOW BOJHE Majion
aMIUTATYAbI KaXash 4acTUIA KUJIKOCTU JBUXKETCS MO OKPYKHOCTH, PACIOJIOKEH-
HOW B BEPTUKAIBHOW IUIOCKOCTH, MPOXOJAIICH 4Yepe3 HaIpaBJICHUE paclpocTpa-
HEHUS BOJIHBI. Pamnyc OKpYy>KHOCTH ' MaJI IO CPaBHEHUIO C JJIMHOW BOJHBI A. AM-
MIUTyAa KoJeOaHUW YacTHUIll KUIKOCTH Ha TIyOWHE JJIMHBI BOJHBI MPUMEPHO B
500 pa3 MeHbIlle, YeM Ha MOBEPXHOCTHU (CPABHUBAIOTCS YACTHUIIBI C OJMHAKOBOM
KOOPAMHATOMN X TTOJIOKEHUSI PABHOBECHS).

JlonycTUM, YTO 4YacTULBI, PACIOJIOKEHHBIE BIOJIb HEKOTOPOW IPSAMOW Ha
MMOBEPXHOCTHU >KUJAKOCTH, COBEPIIAIOT rapMoHUYeckue kosiebanus. Toraga mo mo-
BEPXHOCTH >KHJAKOCTH MEPHEHAUKYISIPHO K ITOH MPSIMOMl CO CKOPOCTBIO C OyJeT
pacrpoCTpaHAThCS KalWIUIIPHO-TPABUTALIMOHHAS BOJIHA.

PaccmoTpum siBlIeHHE B CHUCTEME OTCUETAa, PAaBHOMEPHO JBHXKYILIEWUCS CO
CKOPOCTBHIO C B HANpaBJIEHWU PACTIPOCTPAHECHUS BOJH. B 3TOM crcTemMe BOJIHBI OYy-
IyT HEMOJBW)XHBI, JBW)KCHHE 4YacCTUIl OyJEeT CKJIaAbIBaTbCcI W3 PaBHOMEPHO-
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MOCTYNATEeILHOTO CO CKOPOCTBIO ¢ M PABHOMEPHOTO BPAIIEHUS YaCTHII TIO OKPY K-
HOCTU paauyca I. Tak Kak pagmyc Maa MO CPaBHEHHUIO C JIJIMHOW BOJIHBI A, TO
MOKHO TpeHeOpeUb TOPU30HTAILHBIMU KOJICOAHUSIMU 4acTHUIbl. HampaBum och X
BBEJICHHOW TOJBIDKHOM CHCTEMBI OTCUETa MO HEBO3MYIIEHHOW MOBEPXHOCTH B
CTOPOHY PaclpOCTPaHEHHS BOJHBI, & OCh Z — BEPTHKAILHO BHU3 (B TIyOUHY JKH/]I-
KOCTH).
Torma nukeHHE YacTHIl OyIET MPEACTABICHO YPABHEHHUSIMHU
. 2nct
X=cCt; z=rsin——-—.
A

dopMa TpaeKTOPUM YACTHUI] — CHHYCOHUIA:

. [ 27X
Z= rsm(Tj. (1)

Yactuipl, pacnioIoKEHHBIC B TIIyOWHE KHIKOCTH, IBIKYTCS B BEIOpAHHOM
CHUCTEME OTCUEeTa TAaK)Ke 10 CHHYCOUIaM, HO JIJIsl HUX I SKCTIOHCHIIMAJIEHO yObIBaeT
C TIIyOMHOM.

Ha puc. 1 cunycomna ABD mnpeacTaBisieT TpaeKTOPHUIO YACTHUIBI Ha I10-
BEPXHOCTU XuAKocTH, cuHycouna A'B'D' — Tpaekropuio 0eCKOHEUHO ONHM3KOU K
Hel YacTHIlbl B TUIYOMHE JKUJIKOCTU. TedeHHE >KUJKOCTH B BBHIOpAHHOW cHUCTEME
OTCUeTa CTAllMOHAPHO, MOATOMY MOXKEM MPUMEHUTH ypaBHeHUE bepHyiu k TpyO-
K€ TOKa, OTPAaHUYCHHOU MOBEPXHOCTIMHU CHHYCOUI.

o
—_—
GU/& :
‘ ' X
4 m s’ -
\__/ 5
CHIF T

Puc. 1. TpaeKTopI/m YaCTHULIBI HA TTIOBEPXHOCTHU KUJAKOCTU

B BbIOpaHHOl cucTeMe OoTcueTa CKOPOCTh YacTHIl Ha rpebHe paBHa C — U,
rae U— JMHEWHass CKOPOCTh BPALIEHHUsI IO OKPYKHOCTH, @ CKOPOCTb YacCTHI[ BO
BajivHe C + U. Pa3HOCTH BBICOT YacTHIl Ha TpeOHE U BO BIAJIMHE COCTAaBIsET 2F.
JInHENHY0 CKOPOCTh BPALIEHUSI MOYKHO BBIYMCIIUTD U3 COOTHOLICHUS

27rc
u=—-—.
A
VYpaBuenue bepuymnu it BBIOpaHHOM TPYOKH TOKA UMEET BT
PA+§(c—u)2+2prg :PB+§(c+u)2, (2)
OTKyJa
20U = 2prg +(Py — Ry), 3)

r7€ 0 — IVIOTHOCTh KUJIKOCTH;  — TPABUTAIMOHHOE YCKOpeHue. J[aBneHne KuaKo-
CTH B Toukax A u B MoxHO BerauciInTh no popmyne Jlamnaca:

P,=P +a 1.1 Po=PR-a 1.1 (4)

1 2 1 RZ
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rae o — KodQPUIUEHT MOBEPXHOCTHOTO HATshKEeHUS; R1 1 Ry — paanychl KpUBU3HBI
JIBYX B3aMMHO TIEPIICHIUKYJISIPHBIX HOPMAIbHBIX ceueHui. R1= oo; paguyc R, BTO-
poro ceueHus HaitaeM, ABaX bl mpoauddepeniiponas (1) mo X:

1 22

R, = ST =
d<x| 4rx°r
dx?

[ToacraBus (4) B BelpaxkeHue (3) ¢ yueTom BelpaxkeHul 11 Ry 1 U, moayyum
dbopmyny Ha30BO CKOPOCTH PACTIPOCTPAHCHHS KANMMJUIIPHO-TPABUTAIIMOHHBIX
BOJIH:

()

U3 (5) BuaHO, uTO (ha3oBas CKOPOCTH 3aBUCUT OT JUIMHBI BOJIHBI, T.€. KaIluJI-
JSIPHO-TPaBUTAIIMOHHBIE BOJIHBI 00J1aJal0T AUCTIEPCUEH.
MosxHO paccMaTpuBaTh ABa NPEENbHbIX ciydast. [yt JIMHHBIX BOJIH

%>>2ﬂ,1e. A>>2rx i

27 oA Jo.0

B aTOM ciryyae BKIIa CHJI IOBEPXHOCTHOTO HATSDKCHMS B 00pa30BaHHUE BOJH

Ha MTOBEPXHOCTHU >KHJIKOCTH MHOTO MCHBIIIC BKJIaJa CHJIBI TSHKCCTH. TaKue BOJIHBI
Ha3BIBAOTCS IT'PAaBUTAIIMOHHBIMU. 1X (pa3zoBasi CKOpOCTh

c= |94
27

A .
B cnyuyae kopoTkux BOJMH A << 27 |— mpeobiagaeT AEHCTBHUE CHII TIO-

ot

BCPXHOCTHOI'O HATSAXKCHHA. OTH BOJHBI HA3BIBAIOTCS KalTWJJIAPHBIMUA. Hx (1)21301321;1

271
CKOpPOCTh C= | ——.

PA
Bripaxkenne ko3p@uuueHTa NOBEPXHOCTHOTO HATSXKEHUSI (X MOYKHO TONY-

C.
YUTH UCXO U3 PopMyIibl (5) U BBIpAXKEHUS V = 7

g PEVE g
27 Ar?

(6)

A
B nanHoM skcnepuMeHTte yJoOHO M3MEpPUTH rE IIOATOMY OKOHYATENIbHAas

pacdyetHas Qopmyna st Kod(PUIMEHTa TOBEPXHOCTHOTO HATSKEHUS OyneT

UMETH BUJI
Apv® (A ° o9 A ?
=222 2 -2 ™
T \2 7\ 2
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4 OIIMCAHUE YCTAHOBKH

Ha pucyHke 2 naHa 30HA0Bas LIeNlb, COCTOSIIAS U3 30HAA 3, IPOTUBO30HIA
II, ucrounuka HamnpsbkeHus Ha 10 B, coenMHEHHBIX MOCIEAOBATEIBHO. 30HA
YKPEIUIEH Ha JepKaTesie, KOTOPbIA MOKET NEPEMEIIAThCS B BEPTUKAIBHOM M TO-
PU30HTAIBHOM HAIPAaBJIEHUAX C IOMOIIBI0 MUKPOMETPUYECKUX BUHTOB.

J0B
@) F—*’ -
o
raimly v [1#
- [

3

berrl berrl __ — _H_
— |

Puc. 2. Cxema ycTaHOBKH

[IpoTHUBO30HI — AOCTATOYHO OOJIbIIIasi MEIHAS TIJIACTUHA, MOTPYKEHHAsl Ha
JTHO KIOBETHI C XKUJKOCThIO. HanbobluM CONpOTUBICHUEM B 1IETIH 30HJa 00J1a-
Jlae€T OCTpHUE 30H/Aa, MOTPYKEHHOTO B KUJIKOCTh. Hebobilioe n3MeHeHue riryOuHbl
MOTPYKEHUS 30H]1a BEJET K 3aMETHOMY M3MEHEHMIO TOKa B 1enu. berymas mo mo-
BEPXHOCTH JKHJKOCTH BOJIHA MEPUOJUYECKH MEHSET MOTPYKEHHE 30HAa U, KaK
CJIEJICTBHE, — TOK B LIeTIH 30Ha. VI3MeHeHue ToKa B 1IeNH 30H1a OYJET CHHXPOHHO
C TIIyOMHOM NOTPY>KEeHUS 30H]1a.

[leproguyeckoe M3MEHEHHE CHUJIbI TOKAa MOKHO PErucTpUpOBaTh, CHUMAs
HaIpsHKEHUE ¢ COMPOTHUBIIEHUSI R B 11enM 30H/a U MojaBasi €ro Ha Y-BXOJ OCIUJI-
aorpada (puc. 2).

Konebanus B xkujkoctu co3mgaet BuOparop (B), muTaembiili OT 3ByKOBOTO
reHeparopa, 3aJ4aroulero 4acToty kosnedanuid. OT TOro ke 3ByKOBOI'O reHepaTopa
MOJIaeTCs HAMpsDKEHUE Ha X-BXOJ1 ocLuiorpada.

a 7] &

Puc. 3. ®uryps! Ha 3kpaHe ocuusiorpada

CrnoxxeHre B3aMMHO MEPIEHIUKYISPHBIX KOJIeOaHWW OJHOM M TOM Ke ya-
CTOTBI JJacT Ha 3KpaHe ocuuiuiorpada suic. [1onb3ysachk TOpU30HTAIBHO pacio-
JOXXEHHBIM MHUKPOMETPUYECKHM BHUHTOM, IIOMECTUM 30H] TaK, YTOObI Ha 3KpaHe
ociuiorpada AJUTUIIC BRIPOJIUIICS B MpsAMYIO (pHC. 3, a), 9TO COOTBETCTBYET He-
KOTOpOM pa3HOCTH (a3 ¢p y NepUOAUYECKU U3MEHSIONINXCS HANPsKeHUH Ha X- U
Y-Bxogax ocumuiorpada.

CMecTuM 30H] 10 TOPU3OHTAIM JI0 T€X MOp, OKA HA IKpaHE ONATh HE IO-
SBUTCS MpAMasi C OTPULIATEILHBIM YIJIOM HakJioHa (puc. 3, B), YTO COOTBETCTBYET
U3MEHEHUIO Pa3HOCTH (a3 B3aMMHO MEPHNEHAUKYJSIPHBIX KOJeOaHUN Ha T WU
CMEIICHHIO 30H/1a [0 TOPU30HTAIN Ha A/2.



154
S MOPAJOK BBIIIOJIHEHUSA PABOTDI

1 3anonHUTE YUCTYIO KIOBETY AUCTUIUTMPOBAHHON BOJIOM.
2 Ilorpy3ute BuOpaTop B Boay (puc. 4).
3

I's

Puc. 4. JlaboparopHasi ycTaHOBKa

3 BxirounTe 3BYKOBOM T€HEPATOP M IPOTPEUTE B TEUCHHE IISITU MUHYT.
¥Yceranosute no mkane yactory 20 I'u. Beixonnoe nanpsioxenue 0,5 B.

4 Bxurounte ocrmutorpad, 010K MATaHMS.

5 IIpousBeaute n3mepeHust A/2 Oerymux BOJH M0 TOPU30HTAIILHOMY MUK-
POMETPUYECKOMY BUHTY 17151 N = 5...6 yacToT B uHTepBae 20...50 I'm.

JlanHblie 3aHecuTe B Ta0. 1.

Jns nuctuipoBaHHou BoAsl p = 1000 Kr/M°.

Taonuma 1

Yacrora Bubparopa v, ['m | 20 25 30 35 40 45 50
Ilokazanus BUH- X1
Ta, MM X2

A

a, Him

Boeruucnure cpegnee 3HaueHue K03 (GUIIMEHTA TOBEPXHOCTHOTO HATSKEHUS

n
<a>==> .
i=1
Tak kak mpu JTaHHOM METOJle M3MepeHun A/2 cimydaiiHbId pa3dpoc Bceraa
0oJpITIe MPUOOPHON OIMMOKH, JaBaeMOW MUKPOMETPUYECKUM BUHTOM, TO ISl TO-
ro, 9YTOOBI BEIYHMCIIUTH CPEIHEKBAIPATHYHYIO OMHUOKY I <>, HY)KHO HaWTH a0-
COJTFOTHYIO IMTOTPEIITHOCTh B KAKIOM OITBITE
Aai = [<o> £ aj
a 3aTeM CPEIHEKBAIPATUYHYIO OMIHOKY 1O (hopmyJie

rje N — 4KciIo BBIOPAHHBIX YAcTOT. Beruncius AS, HaliTU TOBEpUTENbHBIA UHTEP-
BaJl A TI0 IPOU3BOJIHLHO BHIOPAHHOU TOBEPUTEIHHON BEPOSTHOCTH:

e =ty(n)-AS.
rae t,(n) — ko3 dunment CTeioeHTa, 3HAYCHHE KOTOPOTO CIEIYeT B3ATh U3 Ta0-
JIULBI.
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OTHOCHUTEIIbHYIO MOTPELTHOCTh U3MEPEHUH HailieM no hopmyie

A% 100%.
<a>

Cnenatb BBIBOJBI MO pabOTE M MPEACTaBUTh OKOHYATENbHBIA PE3yJbTaT B
BUJIE

E =

a = (<o> = Aa) (emuHUIBI U3MEpeHHs), € = ... %

6 KOHTPOJIBHBIE BOITPOCBHI

1. OOBsicHUTE MEXaHU3M BO3HHUKHOBEHUS CHJI TOBEPXHOCTHOTO HATSKCHUS B
JKUJKOCTH.

2. 3aBuCHUT U KO3(PPHUIIMEHT MOBEPXHOCTHOTO HATSKEHUS KUIKOCTH OT Ya-
CTOTBI BO30YKJa€MBIX B HEM KoJeOaHui?

3. B kakux cimydasx CHiIBI TTOBEPXHOCTHOTO HATSHDKCHHS HE BIHSIOT CYIIE-
CTBEHHO Ha CKOPOCTbH PACHPOCTPAHEHUS BOJIH I10 TOBEPXHOCTH KHUJIKOCTH?

4. B kakux eauHHUIAX U3MepseTcs Kod(hPUIIMEHT MOBEPXHOCTHOTO HATS-
JKeHus?
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JABOPATOPHASA PABOTA 25

METO/IbI U3MEPEHUS OTHOCUTEJIbLHO BJIAJKHOCTH
BO3YXA

1 OEJIb PABOTBI

1 O3HakoMJIEHHE ¢ METOJIaMH OTpe/eJeHUs BIAKHOCTH BO3/lyXa B Jabopa-
TOPHBIX YCIOBHSX.

2 OmnpeneneHre BIAXXHOCTH BO3AyXa C MOMOIIbIO BEHTWISIIMOHHOTO TICHU-
XpOMeTpa.

3 OnpenesieHUe BIAXHOCTH BO3/yXa C MOMOIIBIO TUTPOMETPA, UCTIONB3YIO-
mero sieMenT IlensThe.

2 BUBJIUOT PA®GUYECKH CIIUCOK

1 Yomman ILII. OcHoBu (i3uku: HaBY. nociOHuk. - K.: Buma mk., 1995. -
486 c.

2 CagenweB U.B. Kypc ¢usuku. B 3 1. T.1: Mexanuka. MonekymnsipHas ¢u-
suka / U.B. Casenbe. - Jlans, 2008. - 352 c.

3 DnemenTtapHbiii yueOnuk ¢usuku / [lox pexn. akan. I'.C. JlanacOepra. - [B
3-x 1.]. - T.1.: Mexanuka. Temnora. MonekynspHas pusuka. - M.: 1985. - 656 c.

4 duznyeckuil mpakTukyM. Mexanuka u MoJjekyisipHas gusuka / [log pen.
B.A. HBeponosoii. - M.: 1977. - 442 c.

5 JlabGopaTopHblii TpakTUKyM 10 ¢usuke: yded. mocobue s By30B /
C.C. Axmaros, B.M.Aanpeesckmii, A.l1.Axmarosa. - M., 1980. - 360 c.

3 TEOPETUYECKOE BBEJAEHHUE

BraxxHOCTBh BO3/TyXa BIMAET HA CAMOYYBCTBUE YEJIOBEKA, €r0 MCUX0PU3nYe-
ckue (yHKUUU, paboToCcrnocoOHOCTh. OmpeneseHHbI YpPOBEHb BIAKHOCTU MOJI-
JEP’)KUBAETCSI B MPOU3BOJICTBEHHBIX MOMEMICHUSAX 3JIEKTPOHHON MPOMBIIUIEHHO-
CTH, BBIUMCITUTENbHBIX KOMIUIEKCAX, MPU JAKOKPACOUHBIX padoTax.

AOGcoioTHas BIQXKHOCTh BO3/lyXa MU3MEPSIETCS MAacCO BOJSHBIX MMAPOB, CO-
nepakamuxcs B 1 M3 Bo3myxa, WM yIIpyrocThio (IaBICHUEM) BOASHOIO I1apa, BbI-
pakeHHON B MuJuMOapax. YHpPyrocTh M IUJIOTHOCTHh BOJSHOTO Mapa JIOCTUTaoT
MaKCUMAaJIbHBIX (HACHIIIAONINX ) 3HAYCHHUM JIJIs1 KOKI0M KOHKPETHOM TeMIIEpaTyphl
BO3/lyXa. JTO JABJICHHE BOJSHOIO Mapa HA3bIBAIOT YIPYrOCTbKO HACHILICHUS E.
Temnepatypa, pu KOTOPOM BOASHOW Iap, UMEIOLIMKCS B BO3AYyXE, MEPEXOIUT B
COCTOSIHHE HACBIIICHHUSI, HA3BIBAETCS MOYKOU POCHL.

CreneHp HACBHIIEHHOCTH BO34yXa BOASHBIM IApOM, TO €CThb OTHOILIECHUE
YIOPYTOCTH BOJISIHOTO Tapa e, UMEIOLIET0Cs MPU TaHHOW TeMIIEpaType B BO3AYXE, K
YOPYTOCTH HACHIIEHUS E TpU TOM K€ TeMIeparype, Ha3bIBaeTCsl OTHOCUTEIbHON
BJIAKHOCTBIO BO3/1yXa, KOTOPAsi 4aCTO BBIPAYKAETCS B MIPOLIEHTAX:

r:%lOO%_ (1)

OmryuieHne CyXOCTH WM CBHIPOCTH BO3JyXa CBSI3aHO C OTHOCHUTEIBHOM
BJIQXKHOCTBIO, TO €CTh C TEM, HACKOJBKO BOJIIHOM Map OJIM30K K COCTOSTHUIO HAChI-
IIEHUS.



157

BriaxxHOCTh BO3AyXa U3MEPSIETCA NICUXPOMETPAMU U TUrpoMeTpaMu. B ncu-
xpoMeTrpax (0T TPEYECKOro «IICHXPOC» — XOJIOA) UMEETCs JABa OOBIUHBIX TEPMO-
MeTpa, YKpeIJICHHBIX Ha o0mieM mratuBe. Pe3epByap 0OJHOTO M3 TEPMOMETPOB,
HA3bIBAEMOTO «CMOYEHHBIM», 0OMOTaH 0aTHCTOM, KOHEI] KOTOPOTO OMYIIEH B CTa-
KaHYMK C JUCTWUIMPOBAHHOW BOJOM. [pyroi tepmomerp «cyxom». Ilo cyxomy
TEPMOMETPY OTCUHUTBIBAECTCS TEMIlEparypa Bo3ayxa. [lokazaHuss CMOYEHHOTO Tep-
MOMETpa BCIICJCTBUE MCIAPEHUs BOJBI ¢ 0aTHCTa HUKE MOKAa3aHUHA CyXOro Tep-
MOMETpA, €CIIA BIAKHOCTh Bo3ayxa MeHble 100 %. Uewm cyiie Bo3ayx, TeEM Hcna-
peHue NpoTeKaeT ObIcTpee U TeM OO0JIbIlIe Pa3HOCTh MOKA3aHUN CYXOro U CMOYEH-
HOT'O TEPMOMETpPA, Ha3bIBaeMasi ICUXPOMETPUUECKON pa3HOCThIO. [IcuxpomeTpom
MOYHO TO0JIB30BaThCs IIPU TEMIIepaType He Huxe -5 °C.

Brllie onucanbl KOHCTPYKIUS CTAllMOHAPHOTO MICUXpoMeTpa (IMICUXPOMETP
ABrycra), eciu e IIapuKd TEPMOMETPOB MOMEIICHbl B METATUYECKUE TPYOKU
JUTSL 3alIUTHI OT TEIUIOBOTO M3IYUYEHUS! OKPYXKAIOIIUX MPEIMETOB U Yepe3 TPyOKu
IPOIYCKAETCsl ¢ MOCTOSTHHOW CKOPOCTBIO MOTOK BO3/1yXa, CO3/1aBaeMblii HEOOJIb-
MM MEXaHUYECKUM BEHTUJISITOPOM, TO 3TO BEHTHJISILIMOHHBIA NICUXpOMETP (IICH-
xpoMeTp AcmaHa).

JI1 OBICTPOTrO OIpeNIeNeHUs OTHOCUTENBHOM BIAYKHOCTH BO3/lyXa C TOMOIIBIO
MICUXPOMETPA UCTIONB3YIOTCS ICUXPOMETPUUECKUE TAOJIMIBI (CM. IPUIIOKEHHE).

B rurpomeTpax, OCHOBaHHBIX Ha ONPENEIICHUU TOYKH POCHI, OXJIAXKIAETCA
METAJUINYECKAs] TOBEPXHOCTh, HA KOTOPOU IIPU TOCTHKEHUU HEKOTOPOM TEMITEpa-
Typbl KOHACHCUPYETCS BOASHOW Iap, MOSABIAETCS poca. 3Hask TEMIIEpaTypy TOUYKH
POCHI, MOKHO IO CHELMAIBbHBIM TaOaUIlaM HAaUTH KOJIMYECTBO BOJSHOTO Mapa Win
€ro Yynpyrocr £ B COCTOSHMHM HACBIILIECHMS. [leneHueM ynpyroctd HAcChbIILIEHUS
IIPU TEMIIEPATYpe TOYKHU POCHI, KOTOpasi, OYEBUIHO, SABIIACTCSA YIPYTOCTBIO BOLS-
HOTO I1apa MpU JAHHOM TEMIIEpaType BO3/1yXa, Ha YIIPYTOCTh HACBHIILAOLIUX I1apOB
IIPY 3TOW TEMIIEpaType, HaxXOAAT OTHOCUTENBHYIO BIAXHOCTh BO3AyXa. B nanHou
paboTe HCIHOJB3YETCS TUTPOMETP OPUTHHAIBLHONW KOHCTPYKIIMH, COJEpKallui
aneMeHT llenbThe — NoayNnpOBOAHUKOBBIN TIPUOOP, OXITAKIAIOIMNACA TIPHU IPOITyC-
KaHUU YEPE3 HETO DIIEKTPUUECKOrO TOKA ONPEIECIICHHON BEIIMYHHBI.

4 ITIPUBOPHI U ITPUHAIVIEXKHOCTH

1 IlcuxpomeTp Acmana.
2 I'urpomMeTpu4eCcKoe yCTpOUCTBO, HCIIOJIb3YIoLIee deMEHT [lenbThe.
3 [lcuxpoMeTpuyecKrue TaOIHIIbL.

5 CXEMA DKCIHEPUMEHTAJIbHOM YCTAHOBKHA

Ha puc. 1 nmpencrabieHa ynpolileHHas cXxeMa TMrPOMETPUYECKOTO YCTPOUA-
CTBa, BKJIFOUArOIIas B ce0s: OJok nmutanus 1, mpeoOpaszytomuii HanpsikeHue 220 B
B HANPSDKEHMUSI, TI0JIaBaeMbI€ B II€TIh PETYIMPYEMOTO CTabmiIn3aTopa Toka 2, odec-
MEYMBAIOIIETO HEOOXOUMBIN pexUM paboThl dnemeHTa [lenbThe 3.
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Puc. 1. Cxema rurpoMeTpuyecKkoro ycTpomucTaa

biok 1 oOecrieunBaer Takke NMUTAHWE TUTPUCTOpa 4, TO €CTh JJIEMEHTa,
IMPOBOANMMOCTL KOTOPOT'O M3MCHACTCS IIOA I[GﬁCTBPICM BJIaru, ocamz[alomeﬁc:ﬂ Ha
HEM NIpPU JOCTHKECHUU TEMIEPATypbl TOYKU POCHL. Y BEIWYECHHE MPOBOAUMOCTH
TUTpUCTOpa 4 COMPOBOXKAACTCS 3aKUTaHUEM HEOHOBOM JIAMIIOUKH 5, a TeMIepary-
pa TUIpUCTOPAa B MOMCHT AOCTHIKCHHA TOYKHU POCBI UBMCPACTCA TCPMOPC3UCTOPOM
6, HaXOoJAIMCMCA B TCIINIOBOM KOHTAKTC C TUT'PUCTOPOM U €€ 3HaUCHME CUUTHIBACT-
Cs C MUKpOaMIlepMeTpa 7, MporpaayupoBaHHOIO B rpaaycax Llenbcusi.

6 TIOPSAJOK BBIIIOJTHEHUSA PABOTbBI
Ynpasicnenue 1

1 OnpenenuTs TEMIIEPaTypy BO3AyXa B IIOMEIIEHUH IO CYyXOMY TEPMOMETPY
ncuxpomerpa AcMana.

2 3amyCTUTh BEHTUJISITOP TICUXPOMETPA U TI0 OKOHYAHUHU €ro paboThl ompe-
JIEIUTh TEMIIEPATypPy IO CMOYEHHOMY TEPMOMETPY.

3 [loBTOpUTH OMEpaIMIO MYHKTa 2 HECKOJIBKO pa3, 0 TEX MOp MOKa TeMIle-
paTypa CMOYEHHOT'0 TEPMOMETPA HE CTAOUIU3UPYETCS.

4 Pe3ynbTaThl U3BMEPEHUI 3aHECTH B TabI. 1.

Tabnuma 1
Ne m3mepenus 1 12| 3| 4| 5 | Cpennee
3HAYCHUE

Temneparypa cyxoro repmomerpa, 7.
Temnepartypa BIaXXHOTO TepMoMeTpa, 7y
Pa3HOCTh MOKa3aHuii CyXOro U BJIAXKHOTO
TEPMOMETPOB, AT
OTHOCHUTENBHAS BJIAXKHOCTH BO3yXa, %o
Ynpaxcnenue 2

1 Bxotounts TyMOnep «Ilyck» rurpomerpudeckoro ycrpoictsa 1 u ¢ mo-
MOIIBIO TMOTEHIIUOMETPA 2 YCTAaHOBUTH pabouuii pexuM siieMeHTta llenbThe 1o
YKa3aHUIO IPENojaBaTess, KOHTPOJUPYsI UCXOAHYIO TEMIIEpATypy TUTPUCTOpPA 1O
IIKaJIe U3MEPUTEIIS TeMIIepaTypsl 3 (puc. 2).

D o @

MMyck

# ©

2

Puc. 2. [lanens ynpaBieHusi TATPOMETpA
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TaOnwuma 2

Ne uzmepenus 1 2 3 4 5 Cpennee
3HAYCHHE

Temnepatypa rurpucropa
HUCXOJTHAS

TemnepaTtypa TOUKH pOCHI
[110THOCTH HACHIIIAIOIIETO
rapa Ipu UCXOIHOU TEM-
neparype

I110THOCTH HACHIIIIAIOIIETO
1apa Mnpu TOYKE POCHI
OTHOCHUTENnbHAS BlIaX-
HOCTh BO311yXa, %

7 OBPABOTKA PE3YJIbTATOB U3MEPEHUM

1 Wcnone3ysa sKcnepUMeHTaJIbHbIE JaHHbIE TaOa. 1, paccuuTarh pa3HOCTH
MOKa3aHUil CyXOro U BJIAYXHOTO TEPMOMETPOB U BHECTH €€ B Ta0d. 1 15 KaXa0oro
MU3MEPEHUS, a TAKKE 3AMHACATHh IOJYYECHHBIE CPEIHUE 3HAUYCHHS M3MEPSEMBIX Be-
JUYMH TEMIIEPaTyphl.

2 Ilo ncuxpomeTpuyeckoil Tabauiie (cM. NPUIIOKEHNUE) ONPEEIUTh OTHOCH-
TEJbHYIO BJIQXKHOCTh BO3/1yXa B JaOOPAaTOpUHU U 3alIUCaTh pe3ysibTaThl B Ta0I. 1.

3 Ilo sKcriepUMEHTAIBHBIM JaHHBIM Ta0J1. 2, UCIIONb3Ys 3HAUCHUS J1aBJICHUS
WINM TUIOTHOCTU HACBHIIIAIOIIETO BOJASHOIO Mapa MpU pa3HbIX TeMmieparypax (cM.
IPUJIOKEHNUE), HATH OTHOCUTENIbHYIO BJIQXHOCTh BO3/yXa, HCIONb3Ys (HOpMYILy
(1), st KaXX10ro U3MEpEHUs U ONPEENIUTh CpeHee 3HaueHue. Pesynbrarel pac-
YEeTOB BHECTH B Ta0J. 2.

4. PaccunTaTh OTHOCUTENBHYIO NOTPEIIHOCTh U3MEPEHUM I CPEAHUX 3HA-
YEHNUW BJIAKHOCTH, ONPENEIEHHOM IO NMCUXPOMETPUYECKOMY WIIM TMTPOCKOIHYE-
CKOMY METOLY.

5. CpaBHUTH CpeIHHUE 3HAYECHMS BIIAJKHOCTH, ONPENEICHHBIE MO KAXKIOMY
METOAY; OLEHUTh PACX0XKACHUE TUX 3HAYEHUHN C YUETOM MOTPEIMTHOCTEN U3MEpe-
HUM U caenath BbIBOA 00 3(P(EKTUBHOCTH M TOYHOCTU MPOBEIECHHOIO 3KCIEpH-
MEHTA.

8 KOHTPOJIBHBIE BOITPOCHI

UTto Takoe abCOIOTHAS BIaKHOCThH BO3yXa?

Uto Takoe OTHOCHUTENbHAS BIIaXKHOCTh BO3yXa?

Uto Ha3bIBAETCS TEMIIEPATYPOUN «TOYKHU POCHI»?

UeM oTiM4aeTcst ICUXPOMETP OT TUTpoMeTpa’?

Urto Ttakoe anemeHT llenpThe?

Kak Biausier BIaXXHOCTh BO3/Ayxa Ha (DM3UOJIOTHYECKOE COCTOSIHUE YeNo-

ook wnE

Beka?
/. B kakux BUJIaxX MPOU3BOJCTBEHHBIX MOMEIIEHUN MOAACPKUBACTCS I0-
CTOSIHHAsI BJIQXXHOCTh BO3/1yxa?
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JABOPATOPHASA PABOTA 26

OIPEJIEJIEHUE YJIEJbHOM TEIUIOTHI IIIABJIEHUSA OJIOBA
N ITPUPALIEHUW S DOHTPOIINMU ITPU ITIJTABJIEHUHA OJIOBA

1 OEJIb PABOTBI

1 SKCHCpHMeHTaHBHO OIIPpCACINTD YACIbHYIO TCINIOTY INIABJICHUA OJIOBA.
2 QKCHepI/IMeHTaHI)HO OIIPCACINTL IIPHUPAINCHHUC SHTPOIIMU IIPU IJIABJICHUH
OJIOBaA.

2 BUBJIMOT PAGMYECKHI CITUCOK

1 CasenneB U.B. Kypc ¢usuku. B 3 1. T.1: Mexanuka. MonekynsapHas Qu-
suka / .B. CaBenbes. - Jlaup, 2008. — 352 c.

2 Tpodpumona T.U. Kypc ¢usuku: yued. mnocobue 1 By30B /
T.U. Tpodpumona. - 19-e u3a. - Axkamemus, 2012, — 560 c.

3 Hetnad A.A., ABopckuit .M. Kypc pusuxu.- Akagemus, 2009. — 720 c.

4 CuyxuH JI.B. O0uuii kypc ¢usuku: Yueb. mocodbue s By30B.- [B 3-x
T.].- T.2: Tepmoaunamuka u MoJiekyisipHas pusuka.- M.: ['n. pea. ¢usz.-mar. uT.,
1990.- 592 c.

3 TEOPETHUYECKOE BBEJIEHUE

B MexaHuke TBEpAbIM TEJIOM, C MAKPOCKONMMYECKOW TOUKHU 3PEHUS, HAa3bIBa-
I0T TaKOE TEJI0, KOTOPOE COXPAHSET CBOIO (hOpPMY, a C TOUYKH 3pEHHUS BHYTPEHHETO
CTpOeHHUs (MUKPOCKOMMYECKO) MO/I TBEPABIM TEJIOM IMOHUMAIOT TEJI0 KPUCTAIIIH-
YeCKOM CTPYKTYpbl. OCOOEHHOCTHIO KPUCTAIIMYECKON CTPYKTYpPHI SIBISIETCA aHU-
30TPOINHOCTH, T.€. (PU3UUYECKHE CBOMCTBA KPUCTALIOB HE OJMHAKOBHI B Pa3HBIX
HarpaBJICHUSX.

Ecnu kpucramty cooOmUTh HEKOTOPOE KOJUYECTBO TEIUIOTHI, €0 BHYTPEH-
HSISI DHEPTHsI, COCTOSIIAS U3 SHEPTUU KOJEOATEILHOTO IBMXXEHUSI HOHOB (OKOJIO TTO-
JIO’KEHUS] PABHOBECHS B y3JIaX KPUCTAUIMYECKON PEIIETKH) U TOTCHIIMATIBbHON SHEP-
MU UX B3aUMOJICHCTBUS BO3pACTAET (TeMIepaTypa KpUcTajljia yBeJIIMUUBACTCS ).

IIpyn manpHENIIEM HArpeBaHUU U JOCTHXKECHUU OIPEAECICHHON TeMIIEPaTypbl
KpUCTAJUI HAYMHAET pa3pylIaThCs, T.€. HAUMHAETCS mpoluecc miasieHus. [Ipu stom
aMIUTUTY1a KOJIEOaHU MOHOB OKOJIO TIOJIOKEHUS PABHOBECHUSI CTAHOBUTCSI HACTOb-
KO OOJIBIIION, YTO HAUYMHAIOT «PBAThCS» MEXHOHHBIE CBsi3U. C 9TOr0 MOMEHTa BCS
coolIaeMasi U3BHE PHEPIHsl MOJTHOCTHIO HUJET Ha pas3pylleHHue KPUCTATMYECKON
pemieTku (paspyiiaercsi T.H. NajdbHUM mopsaok). [Iporecc mepexona BemiecTBa U3
KPUCTAJUTMYECKOTO COCTOSTHUS B JKHUJIKOE TP HEM3MEHHOM Temmeparype (Temmepa-
Type 1iaBieHus: — Ty;) Ha3bIiBaeTcs TuiaBieHueM. [lpu temneparype rniaBiaeHuUs Be-
IIECTBO OJHOBPEMEHHO MOKET HAXOAMUTHCS B JBYX(A3HOM COCTOSIHUM — KPUCTAJI-
JUYECKOM U KUJIKOM. [lociie Toro kak KpucTajlil MOJTHOCTBIO PacIuIaBUTCs, HAUMHA-
€TCS TIOBBIIICHUE TEMITEPATypPhl BEIIECTBA B KUJIKOM COCTOSIHHUH.

Ecnu BemniecTBy, nepBOHAYaIbHO HaXOJUBIIEMYCS B KPUCTALTMYECKOM CO-
CTOSTHUU, COOOIIATh KXKIYI0 CEKYH/IY OJTHO M TOXKE KOJIMYECTBO SHEPTUH (Teria),
TO M3MEHEHHE TEMIIEpaTyphl Tejla CO BpeMeHeM OyAeT TakuM, Kak MOKa3aHO Ha
pucyHke 1, rae Kp. T. — kpuctaminueckoe teino, XK — KUAKOCTb.
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Puc. 1. I'paduk nmuiaBineHus KPUCTAITUTIECKOTO TEa

KonuuecTBO TEImI0THI, HEOOXOAMMOE JUIsS TepeBOAa €IMHUIHON MacChl Be-
IIECTBA M3 KPUCTAIIMYECKOIO COCTOSIHUS B JKHMJIKOE IIPH TeMIIEpaType ILUIaBIICHUS,
HA3bIBACTCS YACIBbHOMN TEIJIOTOH IIaBICHHMS.

=59, @
Am

Eciu sKuAKOCTh OXJIaKaaTh, TO MPOIECC MPOTEKAaeT B OOPAaTHOM HampaBJic-
Hun. CHavaa TeMiepaTtypa KUIKOCTH MOHMKACTCS, 3aTeM IIPU IOCTOSHHON TeM-
neparype, paBHO#R Ty, HAYMHACTCS KPUCTAILIM3AIUSA - IPOIECC Mepexoaa Bele-
CTBa U3 KUIKOTO COCTOSHHS B KpucTajuinueckoe. Ilociie ee 3aBepliiieHUs TeMIIepa-
Typa KpHCTajla HaulHACT MOHIKAThCA. ['paduk 3TOro mporecca mpeacTaBicH Ha
puc. 2.

T K
(Kp.T.) - KpHeTAmIHYECROE TETI0,
Tup L2 _
e
1] fc

Puc. 2. I'padux oxnaxaeHus (KpUCTaIU3aI1N)

JInst KpucTau3alyy BeniecTBa He0OX0IMMO HaJIMYKUe TaK Ha3bIBAEMbIX I1ICH-
TPOB KPUCTAJUTM3AIMN — KPUCTAUIMUECKUX 3apOJbIIIEH, KOTOPHIMA MOTYT OBITh HE
TOJILKO KPUCTAJLTMKY 00pa3yroIIerocs BelecTBa, HO U MPUMECH, a TaKXKe MbLIb, CaKa
U T.7. OTCYTCTBHE IICHTPOB KPUCTAIUTM3ALMUA B YUCTOM KUAKOCTH 3aTPyAHsIET oOpa-
30BaHME€ MUKPOCKOITUYECKUX KPUCTAIMKOB M BEIIECTBO, OCTABASICh B YKMIKOCTHOM
COCTOSTHMM, OXJIQXKJIAETCSl JI0 TEMIIEpPATypbl HUXKE TEMIEPATYpPbl KPHUCTAUIM3ALINH,
pU 9TOM 00pasyeTcsi MepeoXIaKICHHAS KUJAKOCTh (Ha pUC. 2 €il COOTBETCTBYET
mTpuxoBas Kpuas). [Ipu manmpHelieM MepeoxXaaXJICHUM HAaYWHAETCS CIIOHTaHHOE
o0pa3oBaHUE IEHTPOB KPUCTAIUIM3AINU, TEMIIEpaTypa CaMOTPOU3BOJIBLHO TOBBIIIIA-
ercs 10 Ty ¥ BEMIECTBO KPUCTAIIIM3YETCS IOBOJIBHO OBICTPO.
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OOBIYHO MEepeoXaKICHUE paciiaBa MPOUCXOAUT OT JoJieh 10 neciaTkoB K,
HO JIJIS psAJia BEILIECTB MOKET JIOCTUTaTh COTEH KelbBUH. M3-3a 00JbIION BSI3KOCTH
CUJILHO TIEPEOXJIAXKIACHHBIE KUIAKOCTH TEPSIIOT TEKYy4eCTh, COXpaHsisi, KaK U KpH-
CTAJUTMYECKHE TeJla, CBOIO (popMy. ITH Teja MOTyIHSId Ha3BaHWe aMOP(HBIX TBEP-
JBIX TEJ; K HUM OTHOCSITCS CMOJIBI, BOCK, CYpPTy4, CTeKJI0. AMop(dHBIE Tena nu30-
TPOIHBI, JUTSI HUX, KaK U JIJIS KUIAKOCTEH, XapaKTepeH ONMKHHUA MOPSIOK pacro-
JIO’)KCHHsI aTOMOB, MOHOB WJIM MOJIEKYJ. Y aMOp(HBIX TEJI OTCYTCTBYET OIpee-
JIeHHas TouKa 1aBieHus. KpuBas HarpeBanus aMopHOro Teja MpecTaBieHa Ha
puc. 3. Touka nepernda xapakTepusyeT HapylIeHUE OJIUKHETO MOPSIIKA.

LK

E

M

M
£

Puc. 3. KpuBas narpeBanust amop(HOTro Tena

OHTponus (OT TPEUECKOro entropia — MOBOPOT, MPEBpAICHUE), MOHSITHUE,
BIIEpBbIE BBeZieHHOE B TepMoanHamuke (P. Knaysuyc — 1865 r1.) st onpenenenus
Mephl HEOOPATUMOTO PACCESIHUS dHEPrUu. SIBISAsSCH OJHO3HAYHON (PYHKIMEH Co-
CTOSIHUSI CUCTEMBI, SJHTPOIUS S XapaKTEpU3yeT Mepy OeCropsI0OUYHOCTH TEIJIOBOTO
JIBUYKEHUSI.

B ciydae 00patuMbIX MpOLECCOB B HEM3OJIUPOBAHHOW CHUCTEME M3MEHEHUE
SHTPOTINH,

2
Aszde—Q, (2)

rae d'Q — KomM4ecTBO Teria, COOOIIEHHOE CHCTEME M3BHE MIIM OTIAHHOE CHCTE-
MO BO BHEHIHIOIO cpeny; I — abcomoTHas Temmeparypa cuctemsl; AS = Sy — Si-
Pa3HOCTh SHTPONUMN B COCTOSIHUSIX 2 U 1.

3Hak AS yKka3bIBacT HaAPABJICHHOCTh HEOOPATHMOTO MPOIEcca B 3aMKHYTOM
TEPMOJMHAMHUYECKON CUCTEME.

3aK0H BO3pacCTaHUs SHTPOMHH: 000N HE0OpaTUMBII TTPOIIeCC B 3aMKHYTOM
CHCTEME MPOUCXOJIUT TaK, YTO IHTPOIHUS CHCTEMbI IPU 3TOM Bo3pacrtaeT (AS > 0).
B He3aMKHYTBIX cHCTEMax SHTPOMUS MOXKET KaK BO3pacTaTh, TaK U yObIBATb.

Ecnu BHelIHee NaBieHUE HE W3MEHSETCS, TO IUIABJICHHUE MPOMCXOAUT IMPHU
MOCTOSTHHOU Temmneparype 1y,;. C mornomiennem suepruu (AQ > 0) cooTBEeTCTBEH-
HO MPUpPAIICHUE SHTPOTINH PABHO

AS= | ‘f'r'—Qzﬁ—Q. (3)

Kp.m. "nn niu
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[ToncraBuB B (3) 3nauenue AQ = A-Am , noaydum

Ag = A Am (4)

ni
rae Am — macca pacIuIaBUBIIETOCS KPUCTAIUINYECKOIO BEIIECTBA.
IIpy KpucTa/UIM3alMKA BELIECTBA SHTPOINMSA YMEHBIIAECTCSA HA TaKylO K€ Be-
JUYUHY.

4 ITIPUBOPHI U ITPUHAIVIEXKHOCTHU

1 Turens ¢ uccienyeMbIM METAILIOM (0JIOBO).
2 DnekTpuydeckas 1edb.

3 Tepmomertp.

4 CexkyHaomep.

SMETOA U OITMCAHHUE SKCIIEPUMEHTA

HpI/IHHHHI/IaJ'II)HaH CXCMa YCTAHOBKH IJIA OIIPCACICHUA YIIGHBHOﬁ TCIIJIOTHI
IUIABJICHHUA OJIOBA IIPCACTABJICHA HA PHUC. 4,

aisjejels

I
I S S—

Puc. 4. ITpuHuunuanbHasi cxema yCTaHOBKH

Turens ¢ onoBom O nmomeniaercs B HarpeBarenbHyto neub [1. Temmneparypa
0JIOBAa M3MepsieTcsa TepMomMeTpoM T, 3aKpeIUIEHHBIM B Aeprkarese mratusa. I'pa-
(UK 3aBUCMMOCTU TEMIEpPaTypbl OCTHIBAIOIIETO OJIOBA OT BPEMEHH HMEET BU/I
T =f(t) (puc. 5).

Kosm4ecTBoO TEMIOTHI (1, OTAABAEMOE B CPEIHEM B €IMHUILY BPEMEHM KU-
KUM OJIOBOM BMECTE C TUTJIEM MPHU OCTHIBAHUU PABHO

Q L-T
O = =(m -c,+m,-c,)- ’ ©)
-4 -4
rae ¢ = 2,66-10? JIx/kr-K — ynenbHas TEIIoeMKOCT KHUIKOTO 0JI0Ba; My — Macca
0110Ba; C = 7,5-102 JIxk/kr-K — yaenpHas TemI0eMKOCTb TUIJIS; My — Macca THIJIA.

HpI/I OCTBIBAHHWU TBCPAOI'0 OJIOBA BMECTC C THUIJICM B CIMHUIY BPCMCHH OT-
JAa€TCs KOJIMYCCTBO TCILJIOTHI (2

q, = QZ T2 _T3
2 - .
t4 _tS 4 _tS

rae C'1 = 2,46-10% Jx/kr-K — ynenbpHas TEII0eMKOCTh TBEPOTO OJIOBA.

(6)

= (ml -C+m, 'Cz)‘
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f,c
Puc. 5. I'paduk 3aBUCMMOCTH TEMIIEPATyphl OCTHIBAIOILIETO 0JI0BA OT BPEMEHHU

KonnuecTBo TemnoThl, U3pacxoJOBaHHOE B €UHUILY BPEMEHHU Ha KpHUCTaJl-
JU3aLUI0 (3 paBHO
_Q _Am
- - 1
L-, -t
rae A — yaenpHas TeIIoTa IUIaBieHus (KpUCTaJUIU3aIig).
CKOpOCTh TEIUIOOTAAYM IIPU MPOYMX PABHBIX YCIOBMSX 3aBUCUT TOJIBKO OT
TEMIIEPATYp MEXKYy HarpeThiM TEJIOM M OKpykaromen cpenoul. Iloatomy cpennee
3HAYEHHUE CKOPOCTH OXJIAXKJEHUS O HACTYIUIEHHWS MIpolLecca KpUCTaUIM3aluu U
nocJyie Hero OyzneT NpUOJM3HUTEIBHO PABHO CKOPOCTH TEIUIOOTIA4YM B IEPHOJ 3a-
TBepJeBaHus. BenuunHa (3 MOXKET ObITh OIpE/eNieHa KaK cpelHee apudpmernye-
CKOe MexAay (1 1 (2

(7)

J;

+
0 = G ; 9 (8)
[Toncrasisist i, 02 ¥ (3 u3 ypaBHeHui (5), (6), (7) B BelpaxeHnue (8), mocie
peoOpa3zoBaHUN MOTyIUM

' +(my - €y m, - y)- ' . (9)

PaccuutaB ynenpHy0 TEIJIOTY IJIAaBJICHUS oJioBa 10 dopmyiie (9) MOKHO
HAaWTHU W3MEHEHHE PHTPONUU NpHU KpucTtaum3anuu (riasienun). [lo onpenene-
HHIO

ﬂ’:(ml'cl-i_mZCZ)'

AS = fc_'r—Q (10)

CuuTasg, 4TO MHTEHCHUBHOCTH TEIUIOOTAAYM MPHU KPUCTAIUIM3ALMUU OJ0BA
MPOMOPUHUOHAIBHA BPEMEHH, MOKHO 3aIUCATh

ps = 2 (11)

T
rne AQos — KOJMYECTBO TEIUIOTHI, COOOIIEHHOE TeIy IMPpU 0OpaTUMOM IPOILIECCE;
T> — Temuieparypa, Ipyu KOTOPOU MPOUCXOIUT IIJIAaBIICHUE.
[Ipu niaBieHun ososa

AQ05p =Ams. (12)
VYyuuteiBas (11) u (12), nomyuum
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AS =2 "1, (13)

6 IOPAIOK BBIIIOJIHEHUSA PABOTDBI

1 OnpenenuTe Maccy o0Ba Mi U TUIJIA M, B3BEIIMBAHUEM Ha aHAJIUTHYE-
CKUX Becax.

2 YCTaHOBUTH THUTEINIb C OJIOBOM B HarpeBaTENIbHYIO I€4Yb U BKIIOYUTH €€.
Korma onoBo pacmiaBuTCsi B HEro morpy3uTh tepmometp. Ilocne moctuxeHus
temnepatypsl 300...350 °C u3BiaeYb TEPMOMETP U3 OJIOBA, a TUIEIlb CIEIUATbHBI-
MU HIUIIAMHU YCTAHOBUTH HAa aCOECTOBYIO MOJAKIAJIKY CTOJIA. BBIKIIIOUHUTH MeUb.

3 Ilorpy3utb B OJIOBO TEPMOMETP, BKIIOUYUTH CEKYHJIOMEP U YEpe3 KaKIble
S5 i 10 cekyHn (MO yKazaHUIO MpEnojaBaTesis) 3aluChiBaTh MOKa3aHUS TEPMO-
MeTpa B Tabnuiy. M3MepeHus mpekpaTuTh MpH oxJiaxaeHuu onosa 1o 100 °C.

4 Turenb ¢ TEPMOMETPOM MOMECTHUTh B M€Yb U U3 BHOBb PACIUIABIECHHOIO
0JIOBA U3BJIEYb TEPMOMETP.

5 Ioctpouts rpaduk T = f(t).

6 Onpeaenuth 1o rpaduky temmnepatypbl Ti1, T2 U T3, COOTBETCTBYIOIIUE
toukam A, B, C u D u 3Hauenus BeiawuuH ty, ty, t3 1 t4 (oM. puc. 5).

7 Berauciuts A 1o dhopmyie (9).

8 OnpenenuTh MNOTPEIIHOCTh U3MEPEHUM, UCXOAS U3 pacuyeTHON (PopMyIibl
(9). OGo3HauMB mepBOE claraeMoe uepe3 A, a BTopoe - uepe3 B: A = 4 + B npo-
muddepeHnrpoBaB U 3aMeHUB AU depeHmansl a0COMIOTHBIMU OIIMOKaMHU HU3Me-
penwmii moyunm: dA = dA + dB, AL = AA + AB. Onpeienum IorpenrHocTh MepBOro
cmaraemoro A. Jlyis Toro Belpaxkenue A mposorapudmupyem: In A = In(my-cy +
my-Cz) + In(T1 — T2) — In(tz — t1) — In(t; — t2) — In 2 — In My, moydeHHOE paBEHCTBO
npoaupdepenumpyem. Ilpu auddepeHunpoBaHUN BEIUYUHBI €1, C2, M1 U My CUH-
TaeM IOCTOSIHHBIMM, T.K. OHU OIPEIEISIFOTCS C BBICOKOM CTENEHBIO TOYHOCTH.
Hanpumep macca turis my = (34,57 + 0,01) r, €= 0,03%. 3amensist nuddepenima-
Jbl IPUPALIEHUSIMUA M 3HAKU «—» 3HAKaMU «1», MOIy4uM (QopMyily sl OTHOCH-
TEJLHON OIIMOKU BEJIMUUHBI A:

AA AT, AT, At, At At, At,
= + + + + + :
A T-T, T-T, t-t t-t t,-t, t,-t
Cuuras, uto ATy = AT = AT=1°C; Aty = Aty = At = At = 0,1 ¢, nonyuum
AA  2AT  2At  2At

= + + :
A Tl_TZ t2_t1 t3_t2

Torna

AA = 2AT N 2At N 2At A
Tl _TZ t2 _tl t3 _t2
AHQJIOTMYHO OINPEEIUTh MOTPEMIHOCTh BTOPOTO ciiaraemoro B:

AB:[ZAT L 24t 2At]_B’

TZ *Ts t4 - t3 t3 - 1:2
a 3aTeEM HaﬁTH HOl"peH_IHOCTB YJIGHBHOﬁ TCIIJIOTHI IIJIaBJICHUA
AL = AA+ AB.
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OnpenenuTh OTHOCUTENBHYIO TIOTPEITHOCTD yIeTbHON TETUIOTHI TUTABIICHUS:
AL
e=——--100%,
A
9 BeruuciuTh npupaiieHue dHTponuu no Gopmyse (13).
10 Onpenenuts aOCOMIOTHYIO MOTPEITHOCTh H3MEHEHHS SHTPOITHH:

A(AS):(%+A_F—TJ-AS.

11 Cnenatpe BBIBOJBI 110 padbOTE U MPEACTABUTh OKOHYATEIbHBIA PE3yIbTaT B
BUJIE
A=A+ AL (eqununbl u3mMepenus), & = ...%;
AS = AS £+ A(AS) (enuHuipl u3MepeHus), & = ...%.

7 KOHTPOJIBHBIE BOITPOCHI

1. aiiTe onpenesieHre yAeIbHON TEIUIOTHI IJIaBJICHUS.

2. Kaxoit Bug mmeeT KpuBas oxJaxacHus amopdHoro tena?

3. Kak m3menutcs mepuon BpemeHu t3—1t; ¢ yMEHBbIIEHHEM TeMIepaTyphl
Cpebl, OKPYKAIOIIEH TUTEIb C OJIOBOM?

4. V3 4ero cCOCTOMT BHYTPEHHSISI SHEPTUS KPUCTAINIMYECKON PEIIETKH?

5. [louemy npu miIaBiIeHUH KPUCTALIMYECKOTO Tella TEMIIepaTypa OCTAETCS
HEU3MEHHOW?

6. 300pa3ure rpaduyecku 1 OOBbSICHUTE MEXAHU3M IIABJICHUS U KPUCTAJUIN-
3alMM KPUCTAIIMYECKOTO TEIA.

7. JlaiiTe onpezesieHue NepeoxaakIeHHON KHUIKOCTH, aMOP(PHOTO Tena.

8. Kakoe Koia1uecTBO TEII0ThI BBIACINUIIOCH IPU OCTHIBAHUU 0JI0Ba?

9. Yro nazpiBaetcs suTponueii? KakoB Gpusndeckuit CMbICI SHTPOTHUH?

10. Kax wm3MmeHsieTCsl SHTPONUS B 3aBUCHUMOCTH OT arperaTHOr0 COCTOSHUS
BEILIECTB: TBEPJOE, )KUIKOE, ra3000pa3zHoe?

11. Jlaiite onpeneneHue oOpaTUMbIX U HEOOPATUMBIX MTPOLIECCOB.
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JABOPATOPHAA PABOTA 27

ONPEAEJEHUE VIEJBLHON TEIVIOEMKOCTH METAJUIOB
METOJOM OXJIAYKIEHUS

1 EJIb PABOTbI

DKCcnepuMeHTAIBHOE oTpesieeHne TermoeMkoctu MetamwioB (Fe u Al), my-
TEM CpaBHEHUS C TEIIIOEMKOCTHIO ATAIOHHOTO oOpasma (Cu).

2 BUBJIUOTPAGHUYECKHI CIIMCOK

1 CaBenneB U.B. Kypc ¢usuku. B 3 1. T.1: Mexanuka. MonekynspHas ¢u-
suka / .B. Casenses. - Jlaub, 2008. - 352 c.

2 Tpopumona T.U. Kypc ¢usuku: yued. mocobue is By30B /
T.. Tpodumosa. - 19-¢ m3x. - Axkanemust, 2012. - 560 c.

3 Jletnad A.A., ABopckuit b.M. Kypc pusuku.- Axkagemus, 2009. - 720 c.

3 TEOPETUYECKOE BBE/IEHUE

KomuuecTBo Temia, TepsieMoe 00pa3iioM B €IMHHUILY BPEMEHH, PAaBHO
dT
q=cm——, (1)
dt
rje C — yAenbHas TEIIOEMKOCTh 00pasiia; M Macca oOpasia; d%t — CKOpOCTb

M3MEHEHUsS TeMIIepaTypbl 00pasiia.
DT0 K€ KOJIMYECTBO TEIIa MOKHO MOJACUUTATh U 10 3aKoHy HbloTOHa
q=a(T-To)s, 2)
rae T — Temmneparypa obpasna; To — TeMreparypa OKpy>KaroIlel cpesl; S — mio-
1aJb TOBEPXHOCTH 00pasia; o — KodPUIMEHT TeIIO0TAauH.
CpaBuuBas (1) u (2), moayyum:

om S = (T =T,)5 — a3 srazonmoro o6pasua (Cu);

mex((jj—:) =a(T —T,)S — nna nccnenyemsix o6pasuos (Fe, Al).
X

Ecnu noBepxHOCTH 00pa30B OJIMHAKOBBI, KOA(DPUIIMEHTHI TEIIIOOTAAYH UX
pPaBHBI U OHM HArpeThl 0 OJIHOM TeMMepaTypbl, TO Pa3/IeuB OJHO BbIpa)KCHHUE Ha
Ipyroe, Moiay4um

dT

_e. M _dt (3)
mX

@)

C

X
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4 ITPUBOPHI U ITPUHAIVIEZXKHOCTHU

1 Onexrponeys.
2 Obpaserl.

3 Tepmomnapa.

4 T"anibBaHOMETD.
5 CekyHnomep.

S OIMCAHUME YCTAHOBKHU

Pabota BeIMONIHSAETCA HAa yCTaHOBKE (pUC. 1), COCTOSIIEH U3 3JIEKTPOIEUH —
OIl, Tepmoniapel — T, ranpBaHoMeTpa — ', ycTpoiicTBa /sl BBeJeHUsI 0Opas3lia B
neuyb — Y. O6pazen (O) npeacTasiseTr co0oil muauHap aauHor 30 MM U auaMeT-
POM 5 MM C BBICBEpPJICHHBIM KaHAJIOM C OJJHOTO KOHIIA, B KOTOPBIA BBOJUTCS TEP-
momapa (T), coenunenHas ¢ raasBanomerpoM (I), 1715 onpeneneHus: TeMmepaTypsl
obpa3ria.

Sose s aws o]
Ol e — !
tssseoocs v

[ S |
~220B

Puc. 1. JlaGoparopHasi ycTaHOBKa

6 ITIOPAJOK BBIIIOJIHEHUSA PABOTDI

6.1 OnpenenuTs (B3BEMIMBAHUEM ) MAcCy 0Opa3LOB.

6.2 Ykpenu o6paszen Ha ¢apdhopoBoil TpyOKe, uepe3 KOTOPYIO MPOITYIIEHbI
MPOBOAHUKH TEPMOIIAPhl, BBECTH €T0 B M€Ub.

6.3 Harpe obpazern o temneparypbl 500 °C, ObICTpO BBIIBUHYTH €TI0 U3
rmeyu ¢ nmomoibio ycrpoiictsa (Y). HarpeTsiit oOpaser; oxjaauTh BHE MTeUn Ha BO3-
nyxe no temreparypst 100 °C.

6.4 Yepes xkaxasie 10 ¢ mpousBectu 3anuchk Temiepatypsl (T) oOpasua mo
nokazaHusiM raibBaHometpa (I'). BpeMst orcuntars 1o ceKkyHaoMepy.

6.5 V3aMepenust mpou3BeCcTH I 3-X 00pa3IoB: MEIHOTO (3TAJIOH), KEIC3HO-
ro ¥ AJIIOMUHUEBOTO U 3aHECTH B Tad. 1.

6.6 TlocTpouth KpuBBIE 3aBUCUMOCTH TEMIIEPATYpbl 00Opa3LoB OT BPEMEHU
Ha OJTHOM Tpaduke.

6.7 Cuuras, uro B untepBaie AT = 100 K n3meHneHune temneparypsl mpouc-
XOJUT TIO JIMHEHHOMY 3aKOHY, HaWTH CKOPOCTh OXJIAKJICHHS O0O0pa3lioB

d%t ~ AT/At (puc. 2) mst Temmepatyp 200 °C, 300 °C, 400 °C 1 3aHeCTH ee B
Ta01. 2.
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Puc. 2. 3aBucuMocTh TeMIiepaTypsl 00pa3IoB OT BPEMEHH

6.8 OnpenenuTh TEIIOEMKOCTh >KE€jle3a W QAIIOMUHHS I TEMIIEpaTyp
200 °C, 300 °C u 400 °C no dpopmyne (3). [lonyueHHbIEe YUCIOBbIE 3HAUCHUSI 3aHeE-
CTH B TabII. 2.

Taonuma 1

t, c T, °Cai T, °Cey T, °Cre
0 500 500 500
10
20
30
0o 100 0o 100 0o 100

TabOnuma 2

T, °C 200 300 400
AT;, °C 100 100 100
Aticy (C)

AT °C
(Tt)cl, (T]
Cey, (JHx/xr-K) 0,4085 0,4224 0,4349
Atn:e (C)

AT °C
(5.5
Cre, (Jx/xr-K)
AtiA| (C)

BIs

Cal,
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6.9 IlpencraBuTh OKOHYATEIBHBIN Pe3ysbTaT B BUAE I'paUKOB 3aBUCHMO-
CTH yJEJIbHOM TETJIOEMKOCTH UCCIENYEMBIX TEIl OT TEMIIEPATYPHI.

6.10 B BeIBOZIE JaTh aHAJIM3 TMOJIYYEHHBIX PE3YJIHTATOB C YUYETOM 3aKOHA
Jrononra u Iltu.

7 KOHTPOJIBHBIE BOIIPOCHI

1. Yto Ha3bIBaeTCS TEIJIOEMKOCTHIO TeJa, YACIHHON U MOJSPHON TEIIoeM-
KocThl0? KakoBa pasmMepHOCTh 3TUX BeMuMuH B cucteme CU? Kak oHM B3auMOCBSI-
3aHBI MEXKTY COO0M?

2. B yeM 3akiro4aeTcss METOJI OIIPEACIICHHS TEIJIOEMKOCTH MPH OXJIaXKICHUN
METaJIJIOB?

3. BeiBeute pacuetnyio popmyiy (3).

4. Chopmynupyite 3akoH Jromonra u IItu.
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JABOPATOPHASA PABOTA Ne28
MN3I'OTOBJEHUE U I'PAAYUPOBKA TEPMOIIAP

1 EJIb PABOTbI

1.V3yueHne KJIACCUYECKOM 3JIEKTPOHHOU TEOPUU TEPMODJIECKTPUUECKUX SIB-
JICHUH.

2.0cBoeHrEe METOIMKU U3TOTOBIICHUS TEPMOIIAp U3 PA3IMYHBIX MaTEPUAIIOB.

3.I'paxyrnpoBKka M3roTOBJICHHON TEpMOIIaphl M MPOBEpPKa KadecTBa I'paayH-
POBKH.

2 BUBJINMOTPAGNYECKHUHN CITMCOK

1. CaBenneB U.B. Kypc ¢puzuku. B 3 1. T.1: Mexanuka. MonexynsipHas ¢u-
3uka / U.B. CasenbeB. - Jlans, 2008. - 352 c.

2. MatBeeB A.H. MonekynsapHas ¢usuka: YueOHOe mocoOue st BY30B. -
M.: Bricmas mkomna, 1981. - 400 c., ui.

3. CuByxun JI.B. TepmoannaMuka u MonekyisipHas gusuka: yued. mocodue
JUTSL By30B. — 3-€ W3/., UCIIp. u Jom. — M.: I'm. pen. ¢us.-mar. nmut., 1990. - 592 c.

4. TpopumoBa T.M. Kypc Jusuku: yued. mnocodbue st By30B /
T.. Tpodumosa. - 19-¢ m3x. - Axkamemust, 2012. - 560 c.

5. Hernad A.A., Asopckuii b.M. Kypc ¢puzuku.- Axagemus, 2009. - 720 c.

3 TEOPETUYECKOE BBEJAEHHUE
PaccMOTpyM BO3HMKHOBEHHE KOHTAKTHOM PA3HOCTH MOTEHIIMAJIOB Ha Tpa-
HUIIC JBYX pa3HOPOIHBIX MeTayioB A u B (puc. 1).

© @ ™ OO
Ale e oo| P
Ry 2' hy

Puc. 1. Bo3HuKHOBEHHE KOHTAaKTHON Pa3HOCTU MOTEHIIMAIOB Ha IPaHUIIE
JIBYX Pa3HOPOJHBIX METAJIOB

C no3uimil KIacCU4eCcKoil 3JIEKTPOHHOW TEOPUU MPOBOJUMOCTH METAJLIOB
BO3HMKHOBEHNE KOHTAKTHOW PAa3HOCTH MOTECHIIMAIIOB OO0YCIIOBJICHO CIICTYIOITUMHU
JBYMS IPUYUHAMU:

- OTJIWYHEM PaOOTHI BEIX0/1A 3JICKTPOHOB B pa3HBIX METaJIAX;

- OTJIMYHUEM KOHIICHTPAIMU 3JIEKTPOHOB B CONMPUKACAIOIINXCS METAJIaX.

[TycTh, HanpuMep, paboTa BBIX0OJIa AJIEKTPOHOB U3 METaia A MEHbIIEe pado-
ThI BBIXOIA JIEKTPOHOB U3 Metaiia B (44 < Ap). Toraa snekTpoHam jierde BbIXO-
JIATh U3 MeTayuia A ¥ meperiTu B MeTail B, yeM nepexoauts u3 Metamwia B B me-
tam A. Tlo3ToMy 37€KTpOHBI MPEUMYIIECTBEHHO MEPEXOAAT MO HANpaBJICHUIO |
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(A— B), meramn B OyzieT MMETh H30BITOK 3JIEKTPOHOB, T.€. 3aPSKAaThCsl OTPHIIA-
TEIBHO, B TO K€ BPEMs METal A, UMEIOIINNA HEJO0CTATOK JIEKTPOHOB, OyIeT 3a-
PSAXKATBCS MOJIOKUTEIBHO. BO3HUKAET KOHTAKTHASI Pa3HOCTh MOTEHIUAJIOB, BEJIU-
YHHA KOTOPOM OyIeT ONpeAensiThCS COOTHOIICHHEM:

U, =S (1)
IZie e — 3apsj DIEKTPOHa.

[TonoxuM nanee, 4TO KOHIIEHTPALHS 3JEKTPOHOB B MeTajule A BbILIE KOH-
LEHTPaIlMU IEKTPOHOB B MeTauie B (ny > ng). Toraa B pesynbprate auddy3uoH-
HBIX MPOIIECCOB AJCKTPOHBI OYAYT MEPEXOAUTh U3 MeTauia A, TJIe UX KOHIEHTpa-
uus Oomplle, B MeTalUT B, rae KoHLEHTpauus 3JIeKTPOHOB MeHblle. [Ipeumyiie-
CTBEHHBII NEPEXOJ 3JIEKTPOHOB B 3TOM CIy4yae ONPENESETCs HANpaBICHUEM 2
(puc. 1). Metann B Oyner 3apskaTbCsi OTPULIATENBHO, @ METAUT A — MOJIOKUTENb-
HO. BripaxkeHue /u1si KOHTAKTHOM pa3HOCTU MOTEHIMATIOB B IAHHOM CIIy4ae MOKHO
IIOJIYYUTh, IPUMEHMB JJI JIEKTPOHHOTO ra3a OCHOBHOE YPaBHEHUE MOJIEKYJISIPHO-
KUHETHYECKOM TeopuH (puc. 2).

A B
- n S ==
+ / y —
— __E> | —
+ \ —
- \ —
+ p n+tdn

4 dx Jp+dp

Puc. 2. U3menenue KOHIOCHTpAUN U JaBJICHUS 3JICKTPOHHOI'O I'a3a Ha I'paHUIC IBYX MCTAJIJIOB

Brigenum Ha CThIKE METALUIOB A M B IIUIMHIpHUYECKHUN YHACTOK €IMHUYHON
mIomaso cedeHus S = 1 M2 u mnol dX. Eciu KOHIEHTpauus U JaBjIeHHe dIIeK-
TPOHHOTO T'a3a HA TOPILE, HAXOJAIIEMCA B MeTajie A paBHbI N U P COOTBETCTBEH-
HO, TO Ha TOpIie, HaxosIeMcs B metauie B, BciaeacTBue nuddy3un 31eKTpOHOB
UX KOHIIEHTpAIMs M JaBJIEHHE MOBBICATCA 10 N + dn u p + dp cOOTBETCTBEHHO.
Hcxons U3 3T0ro, OCHOBHOE YPaBHEHHUE MOJIEKYJISIPHO-KMHETUYECKOW TEOPUHU IS
TOPIOB A 1 B BBITTISINUT clIeayOmuM 00pa3oM:

P =nkT

P+dP =(n+dn)kT °’

rae k — nocrosinnas Bonbimana; T — aOCOMIOTHAS TeMIIEpaTypa PacCMaTPHBAEMBIX
METAJIJIOB U, CIeJI0BATENbHO, KOHTAKTa. BBIUUTas U3 BTOPOr0O ypaBHEHHUS IIEPBOE U
JIOMHOKMB JIEBYIO U ITPABYIO YaCTH Ha S, TIOIyYnM:
SdP = kTSdn
Tak kak SAP=dF u S =1 ™%, T0
dF =kTdn.
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C npyroil CTOpOHBI NPHUPALICHUE CUJIBI, JEHUCTBYIOLIEH HA JJIEKTPOHBI Ha
yuactke dX, onpenensercs kak dF = —EendX , rae £ — Hanps»KEHHOCTh dJIEKTpUYe-
CKOT'0 MOJIsA, € — 3apsAJl AJIEKTPOHA.

Takum oOpazom, kTdn=—Eendx, oTKyna HampsuKEHHOCTh 3JEKTPUUYECKOTO
MOJIsI MEXAYy MeTaiiaMu A u B:

kTdn

E= )
endx

3Has, yto E :_o(Ij_U, riae U — pa3HOCTh MOTEHIIMAJIOB Ha rpaHuilie Mexay A u B,
X

IIPOBOJAHUM OKOHYATCIIBHBIC HpeO6paBOBaHHH:

~dUu _ kTdn dU—k—T-d—n
dx endx > OTRYa e n’

[IpounTerpupoBas ot Ny 10 Nz (KOHICHTPAIIMU IEKTPOHOB B MeTayuiax A u B co-
OTBETCTBEHHO), MOJIy4a€M OKOHYATEJIbHOE BBIPAKEHUE UIsI KOHTAKTHOW Pa3HOCTH
NOTEHIMAJIOB:

KT, n
U,=—In—-2 (2)
e ng
r7e Na U Ng — KOHIEHTPAIUU JIEKTPOHOB B MeTallIaXx A U B COOTBETCTBEHHO.
PesynpTupyromas KOHTaKTHas Pa3HOCTh MOTEHIIMATIOB MOXKET OBITh HaiiJie-
Ha Kak cymma Beipaxenuit (1) u (2), 1.e.:
-A, kT n
e e ng
PaccMoTpum 3aMKHYTYIO LI€b, COCTABJICHHYIO M3 JBYX METAIOB A u B,

KaK 3TO yKa3zaHo Ha puc. 3. Takas 3aMKHyTas 11eNb HA3bIBACTCS MEPMONApol.

A

B

Puc. 3. Cxemarndeckoe n300pakeHHE TEPMOTIAPhI

[TycTh KOHTaKT 1 mogaepxuBaeTcs npu temneparype 71, a KOHTakT 2 — Ipu
temneparype 7». Torna cymmapuas 3J1C B paccmaTpuBaeMoOn LEH ONPEIEIUTCS
kak anreopanyeckas cymMmma IJIC Ha koHTakTax 1 u 2, T.e.:
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E=U,s +U,r = Ao = Ay KTt A=Ay KT D
e e ng e e n,

= Kln& (M -T,)= Kln& (t,-1,)
e n

B r.|B

(4)

Tak Kak KOHLIEHTpauus 3J€KTPOHOB MPAKTHYECKH HE 3aBHCHUT OT TEMIIepa-
Typhl, TO BBIp@KEHHUE B MEPBOM CKOOKE MPaBOW YacTU COOTHOIIEHUs (4) ecTh Be-
JUYMHA NOCTOsIHHAsA. BBenem ciienyroniee 0003HaYeHUE:

C = 5 In Na _ (5)
e ng

Bennuuna C Ha3bIBa€TCSI HOCMOSHHOU MEPMONAPYL.

C ydeTroMm BBEJIEHHOTO 0003HA4YEHUsI COOTHOIICHUE (4) OyAeT UMETh CIey-
FOIIIUY BUI:

E=C(t;-t3) . (6)

N3 ypaBuenus (6) BunHo, yto IJIC Tepmonapel £ npsiMo NpONoOpLHOHAIb-
Ha pa3HocTH Temiepatyp (11 - t2) cnaes, eciiu 3Ta pa3HOCTh TEMIIEPATYP HE OUYECHB
BEJIMKA.

Kaxk noka3bpIBalOT pacueTbl U IKCIIEPUMEHTATbHBIE UCCIIEI0BAHUS, TTIOCTOSH-
Hasg Tepmonapbl C ISl METAJUVIOB HE IPEBBIIIAET HECKOJIbKUX JECATKOB MHUKPO-
BOJIBT Ha rpaayc.

Taxum oOpa3om, TepMonapsel, LIMPOKO MPUMEHSEMbIE IJIS1 U3MEPEHUS TeM-
neparyp, IpeICTaBIsIFOT COOO crau IByX NMPOBOJIOK U3 Pa3HOPOJHBIX MaTEPHAIIOB
C M3BECTHOM TEPMOAIEKTPOABIDKYIIEH cuioi. MaTtepuan tepmornap noaoupaercs
TakuM 00pa3oM, YTOObI B 3aJJaHHOM TeMIIEpaTypHOM MHTEpBaJie HE MPOUCXOIUIN
(azoBble MpeBpalleHUs] B MeTaiax U cruiaBax. Cxema MOoJKII0UEHUS! TepMOIaphl
MIpY U3MEPEHUU TEMIIEPATYp MpEe/ICTaBIIEHA Ha puC. 4.

3 6
1
'\ j
; <
1,.°C
~1 ™
5 B 1L A
/’t °C / ="
2 K
4% EY

Puc. 4. Cxema noAkIIOUYEHUs TEPMOIApPhI

KonTtakrt (1) Tepmonapsl momeniaercs B uccleayeMyro cpeay (meub 3), rae
u3Mepsiercs temneparypa ti, KoHTakT (2) nomemiaercs B TepMoctar (4) ¢ onpene-
JIEHHOW TemriepaTypoi t; (Hampumep, B COCY €O JIbJAOM). B psine ciaydaeB B kade-
CTBE€ TEpPMOCTaTa MCHOJB3YETCS OKpYKaloIlas cpela, B KOTOPOW (PUKCHUpYETCS
TeMriepatypa. TepMonapa MOAKI0YaeTcsd K MUUTUBOJILTMETPY (5). KoHTposbHas
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TepMomnapa Jisi U3BMEPEHUs TeMIEepaTypbl MEYU COEIUHSETCS C JIIEKTPOU3MEpPHU-
TeJIbHBIM MPUOOPOM, OTTPAyUPOBAHHBIM B rpaaycax Llenbcus.

4 TEXHOJIOTUA U3I'OTOBJIEHUSA TEPMOIIAP

Jlis U3rOTOBIIEHUSI TEpMOMNapbl OEpyT JIBE MPOBOJIOKU JIMHON MPUMEPHO
0,5 M (B 3aBUCUMOCTHU OT YCJIOBHI MPOBEACHUS IKCIIEPUMEHTA JUIMHA TEPMOMaphI
MOJKET OBITh M3MEHEHA), M3TOTOBJICHHBIE M3 PA3HOPOAHBIX MaTepuanos. s us3-
Mepenus Hu3kux temneparyp (ot —200 mo +400 °C) yacTo MpUMEHSIIOTCS TEPMO-
mapbl, BBITOJIHEHHBIE M3 MEAM M KoHcTaHTaHa (koHctanTaH: 60 % Cu, 40 % Ni).
[Tpu uzmepenun temrieparyp ot —200 10 +1000 “C npuMeHSIOT TepMOIIaphl Kee-
30-KOHCTaHTaH (a Takxke Xxpomenb-komnenb). [Ipu uzmepernnn temneparyp ot —200
no0 +1400 °C ucnosb3yloT TepMomapbl XpoMmeib-antomensb (xpomens: 90 % Cr,
10 % Ni; amomens: 95 % Ni, ocragsroe Al, Si, Mn). Ilpu u3MepeHHH BBICOKHX
temmnepatyp (o 1650...1700 °C) B nmabopaTOpHBIX U 3aBOJCKUX Ie4Yax MPUMEHS-
I0TCS TUIATHHOBO-TUTATUHOPOANEBBIE TEPMOTIAPHI (TNIATUHOPOIMEBBIN CIUIaB MPE-
cTaBisgeT co0oii cras matuHsl ¢ 10...13 % pogus).

KoH1pl ABYX MPOBOJHUKOB OYMINAIOT OT OKHUCIOB W IUIOTHO CKPYYHBAIOT.
CBapka KOHIIOB TEpMONIAPbI IPOBOAUTCS B INIAMEHU AJIEKTPUUECKOU TyTH, Ta30BON
TOPEJIKM WM B MPOCTEUIIIEM Cllydae MpH HEOONBIINX ITUaMeTpax MPOBOJIOKU (IO
0,5 MM) — B BJIEKTPOJIUTE.

Paccmotpum mpornecc cBapku TepMmonapsl B anekTponure. Ha puc. 5 u3o6-
pakeHa CXxeMa yCTaHOBKH JJIsl CBApUBAHUS TEPMONAphl B 3JIEKTPOJIUTE.

T

=
(=) s
g 3

Puc. 5. Cxema 3KCHiepUMEHTAIbHOI YCTaHOBKH JUIsl CBAPUBAHUS TEpMOIIap

Tepmonapa (1), moAroTOBIICHHAS [JIsi CBAPKH, YKPEIUISETCS B Jep)KaTele
TepMonapsl (2). B kauecTBe asekTpoauta (4) MOXKHO MCIIOIb30BaTh PACTBOP MOBa-
peHHol conu. C moMoIiIbi0 BOJIbTMETpPA (6) yCTaHABIMBAETCS HANIPSIAKEHUE TTOPSII-
ka 50 B. 3arem c nomoiibio pykosiTKU (5) TepMomnapa MEIJIEHHO OMYyCKaeTcs B
ANEKTPOJIUT. MeXay 3NEKTPOJMTOM M TEPMOIApPOl BO3ZHUKAET Jyra, KOTopas U
CBApUBAET MPOBOJIOKY TepMonapbl. ONTUMabHOE HAINPSIKEHUE IS 3aJaHHOMN
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IPOBOJIOKU IOAOUpAETCs 3KcIepuMeHTalbHO. CBapuBaeMble KOHIIBI TEpMONaphbl
[I0CJIE CBapKH JOJIKHBI UMETh CIIau IJIOTHOM KarieoOpa3Hoi (popMmsl.

N3rotoBieHHass TaKUM 00pa3oM TepMOIlapa yCTaHABIMBAETCA B YCTPOMCTBO
(puc. 4) nns rpalyupOBKY TEPMOIIAPBI U MPOBEPKH IPALyUPOBKHU € MOMOIIBIO KOH-
TPOJIBHOTO M3MEPEHUsI — HANpPUMEpP, U3MEPEHUSI TEMIIEPaTypbl IUIABJICHUS OJIOBA
(232 °C), Temniepatypsl kunieHus Bozs! (100 °C) u 1.1.

5 MOPAJOK BBIIIOJIHEHUSA PABOTDI

5.1 Uzeomoenenue mepmonap

1 IloaroToBeTE ABE Pa3HOPOAHBIE MPOBOJIOKU JIMHOW npumepHo 0,5 M 11s
M3TOTOBIICHUS TEPMOMAphI (B MPOCTEHIIIEM CIIy4ae MOXKHO B3SITh MEJHYIO U CTajlb-
HYIO ITPOBOJIOKY).

2 OyucTuTe ¢ MOMOIIBI0O METKON NITHU(OBATBLHOMN KYPKHA KOHIBI TPOBOJIO-
KM, 00€3KUPHTE UX OCH3UHOM WJIM CIIUPTOM, KOHIII TIIATEIBHO CKPYTHUTE.

3 IlomecTHTe POBOJIOKY B JepKaTelb (2) yCTpOMCTBA JJIsi CBApUBAHUS TEP-
Monapsl (PUCYHOK 5).

4 Bxnrounte aBToTpancpopmarop (7) B ceTb NEPeMEHHOro HanpsbkeHust 220
B, ycranoBuTe HEOOX0AMMOE sl CBAPKHU HAMNpspKeHUE, paBHOe npuMepHo 50 B. C
MIOMOIIBI0 PEryJIUPOBOYHOTO BUHTA (5) MOJABEAUTE TEPMOIAPY K DJICKTPOJIUTY.
Uepes 2-3 cekyHbl MOCJI€ BOBHUKHOBEHUS IyT'M MOJHUMUTE TepMmonapy. Paspsin
MIPU ATOM IIPEKPATUTCS.

5 IlpoBepbTe BU3yaJbHO KAaueCTBO HM3TOTOBJIEHHOrO cmnas. Ecim cmail oka-
3aJICSl HEKAYE€CTBEHHBIM, IIOBTOPUTE MPOLIECC CBAPKHU.

6 Brixirounte aBToTpanchopmaTop U3 CeTH.

5.2 I paoyuposxa mepmonapui

1 CobepuTe 11€11B, PEICTABICHHYIO Ha pHC. 4. BkirounTe HarpeBareab nedu
B CE€Th MIepeMEeHHOro HanpshkeHus 220 B.

2 Yepes kaxJple 5 MUHYT CHUMalTe Moka3aHus MuumBonbT™Merpa (U, B),
onpeaenute Temmepatypy mneuu (ti, °C) u (tz, °C) okpyxaromieit cpeabl Wik TepMo-
crata. VM3MepeHus mMpoBOJUTE J10 T€X MOp, MOKa TeMmrepaTrypa Me4d He CTaHEeT
paBHoii mpumepno 300 °C.

3 PesynbTaThl u3MepeHuit 3anecure B Ta0m. 1.

4 Tloctpoiite rpaduk 3aBucumoctu I/[C TepMomapbl OT pa3HOCTH TeMIepa-
Typ At.

5.3 IIposepka epadyuposxu mepmonapwl

[IpaBWIBHOCTh TPaAyUPOBKH TEpMOMapbl OMNPEACIAIOT MO TeMIleparypam
IIJIABJICHUS] WJIM KUIICHHS BEIIECTB, NI KOTOPBIX 3THU TEMIIEPATyphl U3BECTHBI C
JIOCTaTOYHOW CTENEeHbI0 TOYHOCTU. B naHHOUW paboTe KadyecTBO M3TOTOBICHUS
TEPMOIIAPbl U KOPPEKTHOCTh T'PAIyUPOBKH MPOBEPHUM IO TEMIIEpAType KHUMECHUS
BozibI (100 °C). [{st 3TOr0 HEOOXOAMMO BBHITIOTHUTH CIIEAYIOIIEE:

1 ITomecTuTE M3rOTOBIECHHYIO TEPMOIIAPY B COCY/1 C KUIISILIECH BOJOM.

2 Onpenenute DJIC naHHO# TepMOIIaphl.

3 Haiiaute no rpagyupoBoYHOMY TpaduKy pa3HOCTH TeMmIiepaTyp At Kure-
HUS BOJIBI M OKpYXKaroLIen cpeabl. Pe3ynbraTel N3MEPEHNUM 3alIUIIUTE B OTYET.
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4 Onpenenute Temrneparypy kuneHus Bonabl. Ecaum ona paBua 100 °C, to

rpaayrpoBKa TepMOMaphl MPOBEICHA MPABUIIBHO.

Taoauma 1

No /ot U,B ty, °C ty, °C At =t1-1, °C
1 2 3 4 5
1
2
3

6 KOHTPOJIBHBIE BOITPOCHI

1. OOBACHUTE C TOYKH 3PEHUS KJIACCUUECKOM IICKTPOHHOU TCOPUU TPUPOTY
BO3HUKHOBEHHUS KOHTAaKTHOM Pa3HOCTU MOTEHIMAJIOB, siBIcHUI 3eeOeka, [lenpThe

u ToMmcoHa.

2. JlaiiTe omnpezeieHue MOCTOSTHHON TepMOTIaphl.
3. [IpuBeanTe XapakTEPUCTUKH TEPMOIIAP, MCIMOJIB3YEMBIX MPU U3MEPEHHUH

HU3KUX, CPCAHNX U BBICOKHUX TCMIICPATYP.

4. O0BSICHUTE METOIUKY U3TOTOBJICHUS TEpMOIIap.
5. [losicHuTe METOAUKY TpaTyupOBKHA TEPMONAP U CIIOCOOBI MPOBEPKHU Kaye-
CTBa rpaJyUupPOBKHU.
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JABOPATOPHASA PABOTA Ne29

NCCIEAOBAHUE PACITIPEJAEJEHUSA TEPMOJJIEKTPOHOB
O CKOPOCTAM

1. HEJIb PABOTbI
1. W3ydenue pacnpeaeneHusi TEpMOIIEKTPOHOB IO CKOPOCTSIM.
2. OmpeneneHue Hanbosee BEPOATHOM CKOPOCTH TEPMOAIIEKTPOHOB MPH pas3-
JUYHBIX TEMIIEpATypax KaToJa BaKyyMHOTO AHO/IA.
3. OnpeneneHue AIEKTPOHHON TeMIIepaTyphbl MPH Pa3IMYHOM TOKE Hakaia
BaKyyMHOTO JHO/JIa.

2. BUBJINOTPA®UYECKHI CIIMCOK

1. CuByxun J[.B. TepmogmHamuka u MoiekyspHas ¢pusnka: yued. mocodue
JUTSI BY30B. — 3-€ U31., ucrp. u gom. — M.: Hayka. ['n. pen. ¢us.-mar. mut., 1990. —
592 c. — (O6uwmii kype ¢pusukwm; T. 2).

2. Mopo3oBa WN.I'. YuyeOnas nabopaTopusi 3J€KTPOBAKYYMHBIX U IOJIYIPO-
BOJTHUKOBBIX MPUOOpoB. — M.: Atomusnar, 1967. — 380 c.

3. bynerues A.JI. CipaBOYHUK O 3JIEKTPOBAKYYMHBIM TIprbopam. — MUHCK:
benapycsk, 1982. —384 c.

4. CaBenveB U.B. Kypc ¢usuku: yue6. mocobue s CTyI€HTOB BTY30B. —
M.: Hayka, 1978. — T.2.: DnektpuuectBo 1 MarieTusm. Bonnsl. Onrtrka. — 480 c.

5. Tpodumona N.T. Kypc ¢usuku: Yueb. mocobue s By30B. — 2-€ W31,
nepepad u gomn. — M.: Beicr. mik., 1990. — 478 c.

6. Hetnad A.A,, ABopckuit .M. Kypc ¢usuxu: yued. mocoOue 1isi BTy30B.
— M.: Breici. mik., 1989. — 608 c.

3. OIMCAHME YCTAHOBKHU U METOAUKA ITPOBEJIEHUSA
IKCIIEPUMEHTA
HccnenoBanue pacrpenesieHus 3JI€KTPOHOB 0 CKOPOCTSAM IPOBOJUTCA HA
YCTaHOBKE JIJIsl CHATHSI BoJbTaMrepHOM xapakTepucTuku (BAX) BakyymHOro auo-
na 41114C, snekTpuueckas cxema KOTOpOU MpeacTaBieHa Ha puc. 1.

@ 7 I
-/ LE i
a R: U
- —
L ,;‘11‘2
A) R ﬂ—‘

R VR
Puc. 1. Cxema sKcniepuMeHTaIbHON YCTaHOBKH JUISl CHATHS BOJIbTaMIIEpHON
XapaKTEPUCTUKH BaKyyMHOTO THOJA

Mex 1y KaToJ0M U aHOJIOM (K KjeMMaM | U 2) IpUI0OKEeHO MOCTOSIHHOE pe-
rynupyemoe Hampsbkenne UL = 0...60 B (aHogHoe HampsikeHue), a K katoay (K
kiemMmaM 3 u 4) — nepeMeHHoe peryiupyeMmoe Hanpsbkenue U, = 6,3 B (ctangapt-
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HOE IIEPEMEHHOE HANPSLKEHHE, UCIIOJIb3YEMOE B BAKYYMHBIX JIAMITAX JUIS IO KIIIO-
YeHMs Hakajla KaToja). BennunHa aHOIHOTO HAINpPSDKEHUs PETYJIUPYETCs MOTEH-
HUOMETpOoM Ry, TOK Hakaja AMOJa U3MEHSIETCS C MOMOIIbIO pe3nuctopa Ri.
BenenctBue sBIEHUS TEPMORIEKTPOHHOM SMHUCCHM KaTOJ HUCCIEIyEMOTO
JIMO/1a SMUTUPYET 3JEKTPOHBI B BAKYYMHOE IIPOCTPAHCTBO Jamibl. Eciau 3a BpeMs
t 1o aHoxa yammnbl Josiereno N 3JIeKTPOHOB, TO CHJIa AHOJHOTO TOKA, BOZHHUKIIAS B
aHOJTHOM LIeNH JIaMIIbl (TIPH MOJOXKUTEIBHOM IMOTEHIMAJIE HA AHOJE AHOJA), MOXKET

ObITH HalifieHa TI0 popmyiie
== @
a t t .
[Ipu >TOM YHUCIIO IEKTPOHOB, AOCTHUTIIMX aHOJA 3a BpeMs t, MOXeT ObITh

HaiieHo 110 hopmyie:

N=-—. (2)
Boneramnepnas xapakrepuctuka BakyyMHoro auona 41[14C nmokaszana Ha
puc. 2.

20 ——15A
18 -

E 16 1 = 16A
14 -

= 12- ——17A
<

5 107 —e 18A
£ 8- )
[a+]

7

o

=

-10 10 30 50
Anonnoe Hanpspkernue, U ,, B

Puc. 2. BonbramnepHas xapakTepucTHKa BakyyMHoro nuoja 41(14C
IIPU pa3IMyYHbIX TOKaX Hakaja KaToja

BunHo, 4TO 3aBUCHUMOCTh aHOJHOTO TOKa OT MOJABAEMOI0 HAIPSIKEHUSI HO-
CUT HEJMHEUHBIA Xapakrep. [Ipu MabIx HANPSKEHUSIX aHOAHBIN TOK MaJl, C MOBBI-
HIEHUEM AaHOJHOTO HAaIpSKEHUsT TOK BO3pacTaeT IO 3aKOoHY borycmasckoro -
Jlenrmropa (3akoHy «Tpex BTopbix») (I, = aV*?) n mpu HekoTOpOM aHOAHOM HAIIps-
YKEHUU TOK NMPUHUMAET MAaKCUMAaJIbHOE 3HAYEHUE. ITOT MAaKCUMAJIbHBIA TOK aHOAA
Ha3bIBACTCSI TOKOM HACHIEHUS |y, @ COOTBETCTBYIOIIEE €My 3HAYEHUE aHOIHOTO
HaIpsKEHUsl — HanpspbkeHueM HachimeHus Uy, Tak, Ha puc. 2 JuIs TOKa Hakajia Ka-
toma l,=1,8 A, I, =19 MA n U,=28 B.

[ImoTHOCTH TOKa HAachIleHUs omnpeaensercs dopmynoi Puuapacona -
J>mmana

jiu = BT2eXp(—ApundKT).

[Ipu 3amaHHOIl TeMmIiiepaType KaTojla B €AUHUIY BPEMEHH €ro MOKUAAET
OMPEICICHHOE KOJIMYECTBO ANEKTPOHOB. OJIHAKO JO aHO/A IOJETAIOT HE BCE AJEK-
TPOHBI, U TOJBKO NMpU HanpsikeHUsX U, HACHIIEHUS] BCE AYMUTHUPYEMBIE KAaTOJAOM
AJIEKTPOHBI NOJETAIOT 10 aHoja. IIpu 3TUX yCIOBUSIX aHOJHBIA TOK MPUHUMAET
MaKCHUMaJIbHOE 3HaYeHue ;.
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3T0 00BSACHSIETCS TEM, UTO MPEOOJIETh PACCTOSAHUS MEXKY KaTOJIOM U aHOJIOM
JMOoJa MOTYT JIMIb T€ 3JIEKTPOHBI, KOTOPbIE MPEOJI0JIEBAIOT HEKOTOPBIA MOTEHIHU-
TBHBIA Oapbep BBICOTOM E. DTO 3HaYWT, 4TO A0 aHOMA JOJIETAIOT TOJBKO TE AJICK-
TPOHBI, HaYaJIbHAsI KHHETUYECKAs! SHEPTUSI KOTOPBIX HE MEHbIIIE 3TOro 3HaueHus E.

Bo3HukHOBEHHE TTOTEHITMAIBHOTO Oaphepa 00yCIOBICHO HATMYHUEM 00BEM-
HOT'O OTPHUIATENIHOTO 3apsjia JBHXKYIIUXCA B MEXKAIJIEKTPOJHOM IPOCTPAHCTBE
AIEKTPOHOB, aJCOPOLIMOHHBIMU TPOIIECCAMU HAa KaTOJE U aHOJAE, CBOMCTBaAMHU U
reoMeTprel KaToJa M aHoJIa, a TAKXKE IPYTUMH (paKTopamm.

Crnenyer, oqHako, 0OpaTUTh BHUMaHUE Ha BecbMa IpyOyl0 MOJENb MOCTO-
SHHOTO TMOTEHIMAIBLHOrO Oapbepa, UCMOJIb3yeMyl0 B JaHHOU pabote. Ha camom
Jiesie U3MEHEHUe MOTeHIaNa B AUOJIE HOCUT ropa3fo 0oJiee CIOKHBIN XapakTep.
[Ipn U3MEHEHUU HANPSHKEHHMST MEXKIY KAaToJOM M aHOJOM M3MEHseTcs 00JacTh
00BEMHOT0 OTPULIATETLHOTO 3apsi/ia, YTO MPUBOJUT K BO3SHUKHOBEHHUIO U3MEHSIO-
Ierocsi MOTeHIUANbHOTO Oaprepa. OHAKO ISl OIEHOYHBIX PAcueTOB Takash MO-
J€b SIBIISIETCS] BEChbMa MPUBJIEKATEIHONW U, HECMOTPSI HA HEJOCTATKH, MOXKET Ja-
BaTh KAUE€CTBEHHYIO KApTUHY pacHpeiciCHUsT TEPMOAJICKTPOHOB IO SHEPTUSIM U
CKOPOCTSIM.

Takum 00pa3oM, Ha aHOJ MOMNAJAIOT TOJBKO T€ JICKTPOHBI, KWHETHYECKAS
SHEPrusi KOTOPBIX HE MEHbIIE E:

mv 2 L E
2 T (3)
rae V — HauanbHasi CKOPOCTh BbUIETA 3JIEKTPOHOB C MOBEPXHOCTH KaTOIA.

Ecnu na aHon monath yckopsitomiee Hampspkenue U,, To mona aeicTBHEM
AIEKTPUUYECKOTO TOJISI MEXIY KaTOAOM M aHOJOM dJIEKTPOHBI MPUOOpETaroT A0-
MOJTHUTEIBHYI0O KUHETUUYECKYIO dHEPTHIO0, paBHYI0 eU,. IIpu 3ToM cymmapHasi ku-

HCTHYCCKasl 9HCPIusd 3JICKTPOHOB, DOMUTUPYEMBIX KAaTOJAOM, IIPH IMOAXOAC K aHOAY
2

CTaHEeT paBHOMU +eU,, u 10 aHo/a JOJIETAT TOJNBKO TE DICKTPOHBI, CyMMap-

Hast SHEPTUS KOTOPBIX TaKkKe OyaeT He MeHbIe E:
mv 2

+eU, 2E (4)

AHOAHBIN TOK BO3pacTaeT NMpU YBEIWYEHUU aHOAHOTO Hanpspkenus U,. [lpu
HarnpspkeHuu Hacklenuss Uy 10 aHo/a JTOJIETaloT BCE DJIEKTPOHBI, SMUTHPYEMbIC
KaTOJIOM, B TOM YHCJIE€ U T€, CKOPOCTh KOTOPBIX B MOMEHT BbLJIETAa U3 KAaTOJa PaBHA
HYJIO (WK OY€Hb Maia). OTO JAET BO3MOKHOCTb ONPEACIICHUS] BEIUYUHBI MOTEH-
1uansHOTo O6apbepa E mo popmyne (4) nmpu Hanpspkernn HacwieHus. [lpu V =0 u
HarnpspkeHun HackimeHnus U, cooTHotienue (4) OyaeT uMeTh BUT

eU,=E. (5)
[Toacrasnsis Beipaxkenue (5) B ypaBHeHuE (4), NOTy4uM
mV?
T+eUa:eUH_ (6)

YpaBaeHue (6) MOXKET OBITh MCIOJIB30BAHO JIJISI ONPEACIICHUS MUHHMAab-
HOM HA4YaJIbHOW CKOPOCTH 3JEKTPOHOB, SMHUTHUPOBAHHBIX KATOJOM BaKyyMHOIO
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AJuoJa U AJOCTUTIINX aHOAA II0J ,HGfICTBI/I@M YCKOPSAIOUWICTO JICKTPHUYCCKOI'O II0JIA
I[P AaHOAHOM HaIIPS2KCHUH Ua

y :\/Ze(uﬂ -U.) @
m
OKCNEpUMEHTAIBHO YCTAHOBJIEHO, YTO U3 KaTOJa SMUTHPYIOTCS 3JIEKTPOHBI
C pa3IMYHBIMU Ha4aJbHBIMU CKOPOCTSIMH, pacpeieIeHHe KOTOPhIX MPUOIHUKEHHO
OINKCBHIBAETCS KJIACCHUECKUM PACIpPEACICHUEM MOJEKYJ WIEaIbHOrO ras3a 1o cKo-
poctsiMm MakcBenna (pucyHok 3). IIpu aTom ckopocTsim 35ekTpoHoB Vi 1V cooT-
BETCTBYIOT HanpsbKeHUs Ha aHoze aAnoaa U, u Uy,
Ecnu Hanpspxkenue Ha aHojzie paBHO Uy, TO Ha aHOA TOMAAYT TOJIBKO TE AJIEK-
TPOHBI, HAYAJIbHAS! CKOPOCTh KOTOPBIX HE MEHbIIIE V7. AHOJIHBIN TOK MPU ITOM paBEH
N.,e
lo=— (8)
OTHOCHUTENIBHOE YHCIIO TAaKUX AJIEKTPOHOB OMNPENETUTCS KaK IUIOAAb 3a-
HITPUXOBAHHON (DUTYypbl Ha KPUBOH pacmpenesieHus: 3JIEKTPOHOB IO CKOPOCTIM
(puc. 3), T.€.

% - [Fv)av, )
V2

rac N2 — YHCJIO 3JICKTPOHOB, IIOIIABIINX 34 BPCM:A t Ha aHOI ITpXM aHOAHOM HaIIps-

KCHUU Ua2 N HAaYaJIbHBIX CKOPOCTAX, HC MCHBIIIUX V2, NH — YHUCJIO BCCX JJICKTPO-

HOB, NOIABIIMX HA AHOJ IIPU AHOAHOM HampspkeHuu HachimeHus U, F(V) —

dbyHkuus pacnpenenenus Makcsena.

H

[ ]
T 61 . 3
o5 2 d
= o Vv
32 4- 1
INJO)
2 =
ez 2] ¢
7 2 Vv,
X
hy
§ v
0 T T T 1
0 0,1 02 03 04

Cropocms, V', Mm/c
Puc. 3. DkcriepuMeHTATEHO MOTyYeHHAs (QYHKITUS pacipeesieHUs JICKTPOHOB

o ckopoctsm i quoja 41[14C npu Toke Hakana katona l.= 1,8 A

[Tpu anognom HampstkeHun U, < U, OTHOCHUTENIbHOE YKCIIO 3JIEKTPOHOB,
MOMaBUIMX Ha aHOJ, ONIPEIECTUTCS U3 YPABHEHUS

N 0
N FVav (10)
AHOJHBIN TOK NTpy HanpspkeHUsIX U, u Uy onpenenutcs o ¢popmysiam
N, e N.e
Lo =——; lo=—" (11)

t t
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HpI/I O9TOM OTHOCHUTCIBbHOC U3BMCHCHHEC aHOJHOI'O TOKa MOXECT OBITH Haﬁ,IIGHO
N3 COOTHOIICHUA

Al'a = 'azl_  _ NZN_ N _ TF(\/)dV —TF(\/)dV =—fF(V)dV =
. " 1 ’ (12)
= [F(V)adv + [F(V)av = [ f(v)dv

Ecnu untepsan (Vi...V2) Man, To GyHKIUSA pacnpeaesIieHUs] Ha 3TOM HHTEp-
Bajie U3MCHSICTCS] HE3HAUNTEIBHO M €€ MOXKHO BBIHECTH 3a 3HAK MHTErpajiga CooT-
HomeHus (12). B 3ToMm ciaydae OTHOCUTENIBHOE U3MEHEHHUE aHOJHOTO TOKa Ofpe-
aenutcs o opmyiie

Al K
L=FV)[dV =F(V)(V,-V,) = F(V)AV (13)

aH V1

rae AV =V,—- V.
N3 cootnomenus (13) cienyer, 4To
Al
F(V)=—

V) AV (14)

Takum oOpa3omM, M3yueHHE paclpeneieHHUs] TEPMOIIEKTPOHOB MO CKOPO-
CTSIM CBOJUTCS K aHAJIM3y BOJIbTAMIIEPHBIX XapaKTEPUCTHK BaKyyMHOI'O JIMOJa,
MOJTyUYEHHBIX TIPHU Pa3INMYHBIX TEMIEpaTypax Hakajla Karoaa Auoja, T.. IPH pas-
JMYHBIX TOKaX Hakaja KaTofa ly.

[Tpumep ananuza uccie0BaHUs paclpeesieHuss TEPMOIEKTPOHOB MO CKO-
pocTsM A HccleayeMoro nuoia mpu Ttoke Hakana | = 1,8 A (Uy = 30 B,
I, = 18,8 MA, cMm. puc. 2, 3) mpuBeneH B Tadu. 1.

Tadonuma 1

Uas, B | ls,MA | V,Mm/c | AU, B | Ala, MA | AV, Mm/c | F(V), c/MMm
-6 0 0,356 - - - -
-4 0,2 0,346 2 0,2 0,010 1,061
-2 0,6 0,335 2 0,4 0,010 2,061
0 1,5 0,325 2 0,9 0,011 4,494
2 2,8 0,314 2 1,3 0,011 6,279
4 3,9 0,302 2 11 0,011 5,126
6 5,3 0,291 2 1,4 0,012 6,278
8 6,8 0,278 2 1,5 0,012 6,451
10 8,2 0,265 2 1,4 0,013 5,753
12 9,4 0,252 2 1,2 0,014 4,690
14 11 0,237 2 1,6 0,014 5,915
16 12,5 0,222 2 1,5 0,015 5,208
18 13,9 0,205 2 1,4 —0,016 4,524
20 15,2 0,188 2 1,3 —0,018 3,863
22 16,3 0,168 2 11 0,020 2,955
24 17,4 0,145 2 11 —0,022 2,604
26 18,2 0,119 2 0,8 —0,027 1,596
28 18,7 0,084 2 0,5 —0,035 0,766
30 18,8 0,000 2 0,1 —0,084 0,063
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4. IOPAOK BbBIIIOJIHEHUSA PABOTBI

1. Cobepute cxemy B COOTBETCTBHM C puc. 1. Bximiounte yHuBepcanabHbBIN
WMCTOYHUK MUTAHUA U MOJAaNTe HAa KaTO/ MEPEMEHHOE HaIpsKeHue, paBHoe 6,3 B.

2. YcraHoBuTe TOK Hakaia B mpeaenax 1,9...2,2 A. CHumuTe BoJabTaMmmep-
HYI0 XapaKTEPUCTUKY HCCIEAYEMOr0 BaKyyMHOTO HUOAA HPU NPAMOM CMEUjeHUlU.
Jlns 3TOr0 momanTe Ha aHOJ JIEKTPOHHOM JIAMITBI ITOJIOKUTENIBHBIA, & HA KaTOJ —
OTpULATEIbHBIA MOTEeHIMAN. MI3MEHsAsI ¢ MOMOIIbI NOTeHIHoMeTpa R, aHoaHOE
Hanpspkenue U, ot 0 1o 50 B uepes kaxasie AU, = (1...2) B, onpenenure mo Muk-
poamnepmeTpy A, aHOAHBIN TOK |,. Pesynbrarsl u3mepenuii 3anumure B Ta0m. 2
(cM. B KadecTBe IpuMepa T1adi. 1).

3. CHUMUTE BOJBTAMIIEPHYIO XapAKTEPUCTUKY HCCIEAYEMOT0 BAKYYMHOTO
noaa npu oopamuom cmeujeHuu. J{is 3Toro nmoaaiTe Ha aHO AJIECKTPOHHOM JIaM-
bl OTPULATEIbHBIN, a HAa KaTOJ — MOJIOKUTENbHBIN MoTeHnuan. M3menss ¢ nomo-
nipio noreHmometpa Ry anonnoe nanpsixenue U, ot 0 1o —(6...8) B, onpenenure
o MUKpoaMmiepMmeTpy A, aHOIHBIA TOK l,. Pe3ynbpTaThl M3MepeHHil 3anuiuTe B
TabI. 2.

TaoOnuma 2
U, B | I, MxA | V, Mm/c | AU, B | Al,, MkA |AV, MMm/c|  F(V)

4. PaccunTaiiTe HauaJibHbIe CKOPOCTHU V 3J1eKTpoHOB 10 hopmyiie (7), ompe-
JIeIUTEe U3MEHEHUE aHOJHOTO Toka Al, 11 COOTBETCTBYIOIIMX (COCEHUX) 3HAUE-
HUN aHOAHBIX HanpspkeHUU U,, BBIUMCIUTE COOTBETCTBYIOIIMN HMHTEPBAJ CKOPO-
cteii AV m paccuutaiite ¢pynkuuio pacrnpenencuus F(V) no dopmyne (14). Pe-
3yJbTAThl pacyeTa 3aluiInTe B Ta0I. 2.

5. Ilo pe3ynpraTaM pacueToB IOCTPOWTE BOJIBTAMIIEPHYIO XapAKTEPUCTUKY
UCCIIEyEMOTr0 IMO0Ja U 3aBUCUMOCTh (DYHKIIMH PacIpe/ieIeHUsI OT CKOPOCTH dJIEK-
TPOHOB.

6. Ilo 3amaHnro mpenojaBarens U3MEHUTE TOK Hakaja Karofa U MOBTOPUTE
U3MEPEHUS U pacyeThl B COOTBETCTBUU C ILIL. | - .

7. Onpenenute 1o rpaduky HauboJee BEPOATHYIO CKOPOCTh TEPMOIIEKTPO-
2

o mV
HOB Vs U pacCUMTaiTe ANEKTPOHHYIO Temnepatypy 7, = 2;‘3 IpHU Pa3JIMYHBIX TO-

kax katoza l, (M — macca anextpona, V,; — HauboJIee BEpOsSTHAs CKOPOCTh, K — 1mo-
crosiHHast bonbiMana).
8. CnenaiiTe KpaTKKe BHIBOJIBI 11O BHITIOJHEHHOM paboTe.

5. KOHTPOJIBHBIE BOITPOCBI

1. 3anummre QyHKUUIO pacrpeaelieHus MoJekyn (pachpenenenue Makc-
BEJIJIA) 10 CKOPOCTSM ISl MI€aJIbHOTO ra3a.
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2. Onpenenute CpeaHIo, Hauboee BEPOSTHYIO U CPEIHEKBAPATUUYECKYIO
CKOPOCTH.

3. [losicaute puznueckuii cMbICT GYyHKIIUN paCIpeeICHHUS.

4. Omnpenenute MO rpauKy OTHOCUTEIHHOE YHCIIO MOJIEKYJN, CKOPOCTH KO-
TOPBIX OOJIBIIIE WM MEHBIIIE OMPeIeICHHON CKOPOCTH.

5. PaccunraiiTe OTHOCHUTEIBHOE YUCIO MOJIEKYJ, CKOPOCTH KOTOPBIX Haxo-
IATCSL B MHTEpBAJIE CKOpocTen oT 0 10 oo.

6. O0bsICHUTE METOAMKY MCCIEAOBAHUS PACHPEICICHUS TEPMOIIEKTPOHOB
10 CKOPOCTSIM.

7. 300pa3uTte BONBTAMIIEPHYIO XapaKTEPUCTUKY BaKYyMHOTO JUOJIa, MOsiC-
HUTE OCHOBHBIE OCOOEHHOCTU 3TOW XapaKTEPUCTUKU U OOBACHUTE CMBICI 3aKOHA
borycnaBckoro - JleHrmiopa (3akOHa «TpeX BTOPBIX»), CYIIHOCTb (OpPMYJIbI
Puuapacona - [Ipmimana.

8. [losicHuTe HEAOCTATKU UCIIONIB3YyEMOM B pab0OTe METOIMKH UCCIIETOBAHMUS
pacnpenesneHus: TEPMOIJIEKTPOHOB 110 CKOPOCTSM.

9. TlosicHUTE CMBICI OTHOMEPHOU U TpeXxMepHOW (QYHKIMN pacmpeneneHus
MOJIEKYJI IO CKOPOCTSIM.

10. [IpuBeauTe HOKa3aTENbCTBO (DYHKIIMH PACTIPEICICHUS MOJIEKYIN MO CKO-
pocTsaM (pacnipeaeneHue Makcseia).
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JABOPATOPHASA PABOTA N30

INPOBEPKA YPABHEHHWA BEPHYJIJIM U ®OPMYJIbl TOPPUYEJLJIN
NP CTAHUOHAPHOM N JIAMUHAPHOM TEYEHUU UJEAJIBHOU
AKUAKOCTHU

1. HEJIb PABOTHBI

1. U3yunts ypaBHeHune bepHyum u ciaeacTBus U3 ypaBHeHus: bepHyim.

2. IIpoBepUTh OCHOBHBIE 3aKOHBI MCTEUEHHS HACATbHOU KUAKOCTU U3 OT-
BEPCTHM, PACIIOJIOKEHHBIX HA PA3JIMYHBIX PACCTOSHUAX OT BEPXHErO YPOBHS JKH/-
KOCTH.

2. BUBJIMOTPA®UYECKHNIN CIIUCOK

1. CaBenweB U.B. Kypc o6mieii ¢pusuku: yued. mocodbue aiisi CTyACHTOB BTY-
30B.- 2-¢ U31., iepepad. - M.: Hayka, 1982. - T.1.: Mexanuka. - 432 c.

2. CaenveB U.B. Kypc ¢usuku: yue6. mocoOue st CTYIACHTOB BTY30B.-
M.: Hayxka, 1989. - T.1.: Mexanuka. MonekymnspHas ¢usuka. - 350 c.

3. CuByxun J[.B. Mexanuka. TepMmoaumHamMuka v MOJEKyJsipHas (uU3HKa:
y4eb. mocoOue g By30B.- 3-€ M31., UCIp. U Jom. - M.: I'n. pea. ¢uz.-mat. JurT,
1990. c. - (O6mmit kype pusuku; T. 1, 2).

4. Tpodumona T.U. Kypc ¢usuku: yued. mocodbue ajis By30B. - 2-€ U3., e-
pepab u nporm. - M.: Beicur. mik., 1990. - 478 c.

5. Jletnad A.A., SABopckuit b.M. Kypc duzuku: yued. mocobue st BTY30B.
- M.: Beicm. mik., 1989. - 608 c.

3. TEOPETUYECKOE BBEJIEHHME

PaccMoTpuM ABMKEHHE )KHUIKOCTH B COCY/IE TIEpeMEHHOro ceueHus (puc. 1).
[Ipu 5TOM CaenaeM HECKOJIBKO MPEANOJIOKECHUI:
— KUJKOCTh HealbHasA, T.€. MEXIY CIOSMU JBUXKYIIECUCS MKUIKOCTU OT-
CYTCTBYIOT CHJIBI TPEHUS (OTCYTCTBYET BA3KOCTH);

— JKMJKOCTh HECO)KMMaeMasl, T.€. INIOTHOCTh KUJIKOCTH OCTACTCS BEITMYMHON
MMOCTOSIHHOM;

— TEYEHHUE KUJKOCTU CTallMOHApPHOE, T.€. CKOPOCTh U JABJICHUE OCTAIOTCS
BEJIMYMHAMU TTOCTOSIHHBIMU B JIFOOOW TOYKE PACCMOTPEHHOM KUJKOCTH;

— JIBIDKCHUE KUIKOCTU SABJISICTCSA JJAMUHAPHBIM, T.€. NIPU CBOEM JIBUKEHUU
Pa3IMYHBIE CJIOU KUJKOCTH HE CMEIIUBAIOTCS.

[Tpu ABMKEHUU HECKUMAEMOU KMIKOCTH C INIOTHOCTBIO p MO IEPEMEHHOMY
cedeHuto S (puc. 1) COOTHOIIECHUS MEXKITY CKOPOCThIO TeUeHUS V, TaBlieHUEM P U
CEYCHHEM S TpyOKM TOKa OIMMCHIBAIOTCS ypaBHeHUEM bepHymm u ypaBHEHHEM
HEPa3pbIBHOCTH (HETPEPHIBHOCTH)

V> V.2
,021 + pgh, = p, + /022

p, + + pgh, = const (1)

V1S1 = stz . (2)
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v v

Puc. 1. HBI/I)KGHI/IC KHUOKOCTU B COCYAC NEPEMEHHOI'O CCYCHUA

PaccMoTpuM HCTEUeHHE KHUIKOCTH W3 OTBEPCTHS S HEKOTOPOro cocyia
(puc.2).

A

Puc. 2. VcTedenue >KUIKOCTH U3 OTBEPCTHS S

3anuimem ypaBHeHue beprymnu s ceuenuii S u So:

2 2
ol 4 pV
Dot :p0+pgh1+7- 3)
Tak kak S, >>S, T0 V, <<V u ypaBHeHuUe (3) OyaeT uMeTh CIeAYIOMUN BU/L:
PV’
Ak

Otcrofia HETPYAHO OMPENETUTh CKOPOCTh MCTEUCHHUS KUIAKOCTH U3 OTBEP-
cTus S.
V=\2gh . 4
[TonyuenHoe cootHomieHue (4) HaszbiBaeTcs Qgopmyioit Toppuuenau s
MOAYJISl CKOPOCTH V', ¢ KOTOPOH HeC)KUMaeMasl )KUJIKOCTh BBITEKACT M3 Majloro OT-
BEPCTHS, PACTIONOKEHHOTO B COCY/I€ HA TUIyOMHE / OT MOBEPXHOCTH KUIKOCTH.



187

4. OIMCAHME YCTAHOBKHN JJIs1 IPOBEPKU YPABHEHMUSA
BEPHYJUIA, ®OPMYJbI TOPPUYEJIJIM U METOAUKA
HNPOBEJEHUSA DOKCIIEPUMEHTA
4.1 Yupaxunenue 1
OKcnepUMeHTAIbHASI YCTAHOBKA ISl IPOBEPKU 3aKOHOB MCTEUEHUS HECHKU-
MaeMoOM KUAKOCTH U3 OTBEPCTUS IPEACTaBIECHA Ha puUC. 3.

J

|
L
(=]
o

hl _L/

A

> A
Y !

Puc. 3. Cxema skcniepuMeHTaIbHON YCTaHOBKU

YcTaHOBKA COCTOUT U3 cOoCcyna |, B HUKHEN 4acTH KOTOPOTO HAXOJIUTCS He-
Oo0JIBIIIOE OTBEPCTHE, PACIIONOKEHHOE Ha TITyOHHE N OT MOBEPXHOCTH JKUAKOCTH 2.
Cocyn 1 ykpemyieH Ha BEPTUKAIBHOM KPOHINTEHHE 3, YCTAHOBJIEHHOM Ha TOpH-
30HTaIbHOU TuIaTgopMme 4. CTpyst UCCIEoyeMON KUIKOCTU (BOJBI) U3 OTBEPCTHS
S C TOPU30HTAJIBHOW CKOPOCTBIO V BBUIMBAETCS M3 COCYyJa M NOMNAJaeT Ha ycTa-
HOBJIEHHBIN MTOJAHOC B TOYKY A, pacCTOSIHUE OT KOTOPOM J0 OCH Y COOTBETCTBYET
JAJIbHOCTH IOJICTA CTPYH L.

OnpenenuM JanbHOCTH moJjieta cTpyu L. HayanbHas ropu3oHTanbHas CKO-
pPOCTh V' BBITEKAIOLIEH CTPYH MOKET ObITh ompeseneHa no gopmyie Toppuuemnn
(4). BpeMs nBM>KeHMs CTPYU ¢ TMPU MONAJaHUU €€ B T. A MOXKET ObITh HAIEHO U3

2h
= (5)
[Tpu 5TOM JaNbHOCTH MOJIETA CTPYU PACCUUTHIBAETCS O (hopMyIie
L=Vt. (6)
[Toacrasnss ypaBuenus (4) u (5) B cooTHowIeHUE (6), MOTyUUM:
L=2Jhh, . 7)
Ecmu cocyn 1 ycraHOBIIEH Ha MOCTOSIHHOM BBICOTE h, OT FOPU30HTAJIbHOM

2
COOTHOMLIEHHUS h, =& 4 .

w1aT(opmbl, TO AATBHOCTD MOJIETA CTPYH L 3aBUCHUT OT BBICOTHI YPOBHSI KUIKOCTU
B cocyze h . Bo3Bons cooTHomeHue (7) B KBaipat, MOJTYYUM:
2
L =2h. h,. (8)
N3 cooTHOlIEeHUs (8) BUIHO, UTO KBaJpaT AAJBHOCTH IOJIETa CTPYH MPSIMO
MPOMOPIIMOHANIEH TPOU3BEACHUIO k. h,. DTO BbIpaK€HHWE B JAHHOW padOTEe HC-
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MOJIb3YETCS JJIs1 SKCIIEPUMEHTAIbHON MPOBEPKHU ypaBHEHUs bepHyiu u Gpopmyisl
Toppuuen.

4.2 Ynupa:xxHenue 2

Ucnions3ys hopmyny Toppudemnu (4), onpeaeanM BpeMsl UCTCUCHHS KU
KOCTH H3 cocyna (puc. 4).

e A e e e N e e R

/] s
hi r

XXX XKXRAXAXXAX -

X

Puc. 4. DxcniepuMeHTallbHas ycTaHOBKa JUIsl TpoBepku popmyiiel Toppuuemun: 1. Cocyn
CeueHHeM So, 3aIIOTHEHHBIN MCCIIeyeMOH KUIKOCThIO; 2. OTBepCcTHE CEYCHHEM S B HIDKHEH ya-
ctu cocyna; 3. Konba, B KOTOpyIo cTeKaeT *KUAKOCTh; 4. ['opu3oHTanbHas miardopma

v

1. Cocyn ceuenueM Sy, 3aMOTHEHHBIN UCCIEAYEMOMN KUIAKOCTHIO;

2. OTBepcTHE CEUYSHUEM S B HIDKHEH 4acTH COCY/Ia;

3. Konba, B KOTOPYIO CTEKaET KHUIAKOCTD;

4. I'opusoHTanpHas miaTdopma.

B cootBercTBUU ¢ hopmynoil Toppuuemin CKOpoCTb UCTEUEHUS KUIKOCTH
M3 MaJIOrO OTBEPCTHSI OMNpeessieTcss BbIpakeHueM (4). DieMeHTapHbI 00bheM
KUIKOCTH, BBITEKAIOIINI U3 COCy/Ia CEUYCHUEM S, B CAMHUIYY BPEMEHU paBeH 00b-

€MY KUJIKOCTH BBITEKAIOIIEH B €IMHUIY BDEMEHH U3 CEYEHUs S, T.€.
S,dx _ Sdl | ©)
dt dt

Tak kak %: V (ckopocth Toppuueniu (4)), To ypaBHeHHE (9) MOXKET OBITH

IPEICTABICHO B CIICIYIONIEM BUJIE:
Sodx

=5,2gx
i gx . (10)
Pemras ypaBaenue (10) oTHOCUTEIEHO BpEMEHHU, MOJTYIUM
di = S (11)
S./2gx

Wurerpupys nuddepennumansHoe ypasHenue (10), Halizem Bpemsi ucTeue-
HUS KUIKOCTH U3 OTBEPCTUSI pACCMOTPEHHOTO COCY/Ia’
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Iy

= [ D D 12 (12)
0 Sy2gex S\ g
Bo3Bogs Beipaxkenue (12) B kBajapar, Moaydyum
2
2= E(S—j . (13)
g\ S

N3 cootHowmenus (13) BUIHO, 4TO KBaJApaT BPEMEHHU UCTEUEHUS KUIKOCTU
U3 COCyZa MpsIMO IPONOPLUOHANIEH BBICOTE h,. TakuMm o0pa3oMm, 3Has IUIOLIAAN

CEUeHMI cocyaa S, ¥ OTBEpCTUS S, IEPBOHAYAIIbHYIO BHICOTY YPOBHS KHJIKOCTH B

PACCMOTPEHHOM COCYAE h,, MOXKHO OIPEICIIUTh BPEMSI BBITEKAHUS KUIKOCTH W3

cocyna. Beipaxenus (12) u (13) B maHHOM paboTe HCMOIB3YIOTCS ISl SKCIIEPHU-
MEHTAJIBHOU MpoBepkH Gopmyisl Toppuueriu.

5. HOPAAOK BBIIIOJHEHUSA PABOTHI U OBPABOTKA
PE3YJIbTATOB U3BMEPEHUIA

5.1 Ynpaxnenue 1. OnpenesieHue 1ajbHOCTH M0JIETA CTPYH KUJTKOCTH
1. YcranoBute cocyn (1) Takum odpasom, uroOsr orBepcTre O (cM. puc. 3)
HaXOJUJIOCh HAa BBICOTE MPHUMEPHO h, =15 cu OT TOBEPXHOCTH TOPH3OHTAIBHOU

atdopMel (4), 3akpoitte kpaH y orBepcTusi O u HanelTe B cocyq 1 BOAYy 10 BbI-
COTBI A, = (17 +20)cm.

2. OTKpoO#TE KpaH U ¢ IOMOIIBIO JIMHEUKH ONPEACIUTE aTbHOCTh MoJeTa L,
CTPYH BOJBI TIPHU PA3JIMYHBIX BBICOTAX A, , OTIMYAIOIINXCS APYT OT Apyra Ha 1 - 2
cM (Hampumep, h =20, 19, 18, 17, 16, 15 cu ). Pe3ynbrarsl 3KCriepuMEHTaIbHBIX W3-

MEpEeHHU 3anuimnTe B Tabs. 1.
3. Beimoanute MYyHKTHI 1, 2 I pa3auyHbIX BBICOT h, =15, 14, 13, 12, 11, cm.

Pe3ynbpTaThl SKCIEpUMEHTANIBHBIX U3MEPEHUH 3anuiuTe B Taou. 1.

4. Paccuwnraiite o ¢opmyse (7) qanbHOCTh MOJIETa CTPYU BOJBI B paccMmart-
pUBAaEMOiIl yCTAaHOBKE, CPABHUTE PACCUUTAHHBIE 3HAYEHUS C IKCIIEPUMEHTAIbHBIMU
JnaHHbIMU. PaccuuTaiiTe BETMUYMHBI OTKJIOHEHUS DKCIIEPUMEHTAILHBIX 3HAUCHHUM OT
TeopeTudyeckux. Pe3ynbrarel pacdera 3anumute B Ta0a. 1. OObSICHUTE NPUUUHY
OTJINYUSI IKCIIEPUMEHTAIBHBIX 3HAYECHUN OT TEOPETUUECKUX.

5. [locTpoiiTe MO JaHHBIM SKCHEpUMEHTa rpadUKu 3aBUCUMOCTH KBajpara
JaJTbHOCTU TI0JIETa CTPYHM OT BBICOTHI h, TPHU PA3TUYHBIX BbICOTax h,. CpaBHUTE
3THU JAHHBIE C TEOPETHUYECKUMHU PACUECTaAMMU.

6. CnenaiiTe KpaTKUe BBIBOJIBI 1O yrpaxHeHU 0 No 1.

5.2 Ynpaxuenue 2. [Iposepka popmy.inl Toppuuesin

1. Onpenenute ¢ MOMOIIBIO JIUHEMKA U OTCUETHOTO MUKPOCKONA JUAMETP
cocyna 1 u orBepctusi O, HAXOAIIETOCS B HUYKHEHN Y4aCcTH MCCIIEyEMOI0 COCY/a.
Pe3ynbpTaThl ©13MEpeHUH 3anuiuuTe B TaoI. 2.

2. YcranoBute cocyn (1) Takum 00pa3oM, 4TOObI OTBEPCTHE S HAXOIMIOCH HA
BBICOTE TIPUMEPHO /4, =15 cu OT IOBEPXHOCTU TOPU3OHTAIBLHOM matdopmsl (4), 3a-

KpOiTe KpaH y OTBepcTus S, Hajeiite B cocyd | Boay A0 BBICOTHI 4 =(17+20)cm.
[Tomectute non orBepcteM O Koyly, B KOTOPYIO OyET CIMBATHCS BOAA.
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3. OTkpoiite KpaH, BKIIOUYUTE CEKYHIOMEDP U ONPEEIUTE BPpeMsl UCTEUEHUS
AKUJKOCTH MPU YMEHBIIEHUH BBICOTHI 4, Ha 2, 4, 6, 8 u 10 cm. Pe3ynbraThl nzme-
peHul 3anmumuTe B Ta0JI. 2.

4. Onpenenute IJIOMIAAL CEYEHU cocyaa S, , IUIOIMAAb OTBEPCTUS S U C

HOMOIIIbIO COOTHOIIEHUs (12) paccunTaiiTe BpeMsi BBITEKAHUS )KUJIKOCTH U3 COCY-
Jla TIPU YMEHBIIICHUH BBICOTHI /#, Ha 2, 4, 6, 8 u 10 cm. Pe3ynbTaThl pacuera 3amnu-
muTe B TaoI. 2.

5. BeimonHuTe nyHKTH 1-4 15 pa3auyHbIX [0 BEIWYUHE ceyeHuil S. Pe-
3yJbTaThl HKCIIEPUMEHTAIbHBIX U3MEPEHUN 3anuimuTe B Ta0d. 2. OOBsACHUTE NpH-
YUHY OTJINYMS SKCIEPUMEHTAIBHBIX 3HAUEHHUI OT TEOPETUYECKHUX.

6. [locTpoiiTe MO AaHHBIM KCHEepUMEHTa TpaduKy 3aBUCUMOCTH KBajpaTa
BPEMEHM HUCTEUYEHHUS KUAKOCTU #OT BBICOTHI A, IPU PA3NUYHBIX CEUEHUSX OTBEP-
ctus S . CpaBHUTE 3T JTaHHBIE C TEOPETUUECKUMU PACUECTAMH.

7. CnenaiiTe KpaTKue BbIBOJIbI 110 YIIpakHEHUI0 Ne 2.

Taonuma 1

h, =15 cm O1neHka TOYHOCTH
IKCIIEPUMEHTA
2 2 L -
h, cun L,. ) meop L eop AL=|\L,. -L,.,, o= AL
meop
h2 =14 cm OlieHKa TOYHOCTH
9KCIIEpUMEHTA
h, =13 cu O1rieHKa TOYHOCTH
IKCIEPUMEHTA
h,=12 cm OrneHKa TOYHOCTH DKCITEe-
pUMeHTa
h,=11 cm OrieHKa TOYHOCTH
SKCIIEpUMEHTA
h, =10 cm O1eHKa TOYHOCTH
JKCIIEpUMEHTA
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TaOnwuma 2

S, = S = Ouenka TOYHOCTH
SKCHEPUMEHTa
hy, cn L. 12 e Lcop £2 meop A=l o= AL
meop
1 2 3 4 S 6 I
20
19
18
17
16
S, = S = Onenka TOYHOCTH
SKCIEPUMEHTa
h, cm toe £ Lrcop 2 meop A=t 1ty co AL
Lyeop
1 2 3 4 S 6 Il
20
19
18
17
16
S, = S = Ouenka TOYHOCTH
SKCIEPUMEHTa
hy, cu tye £ e Lneop 2 meop A=t =ty e AL
meop
1 2 3 4 o) 6 I
20
19
18
17
16

6. KOHTPOJIBHBIE BOITPOCBI

1. BeiBeaute ypaBHeHue bepHymin. OObSICHUTE CMBICI CTAaTUYECKOTO, TU/I-
POCTATHYECKOr0 U JUHAMUYECKOIO JaBJICHUM.

2. Tlonmyunte hopmyny Toppuuemnu.

3. OOBsicCHUTE METOJMKY MPOBEACHUS HKCIIEPUMEHTA MO MPOBEPKE ypaBHE-
Huit bepuynnu u dopmynsl Toppudernu.

4. OOBsSICHUTE YCTPOUCTBO M MPUHIUI pabOThl BOAOCTPYIHOTO Hacoca.

5. Ouenute JanbHOCTh MOJIETa CTPYH «BOASHOTO MUCTOJNETa» (MPU CHKATUU
OJIHOM JIAJIOHBIO PYKH TIIACTMAcCOBOU 1,5-TUTPOBOM OYTHUIKM MUHEPATBHOU BOJIbI
C OTBEPCTUEM B NMPOOKE, paBHBIM 2 MM).
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JABOPATOPHASA PABOTA Ne 31

3HAKOMCTBO C YCTPOUCTBOM U NPUHILUIIOM
PABOTBI AYIUOMETPA ATK S (BEHI'PUS)

CHATHUE CIIEKTPAJIbHOM XAPAKTEPUCTUKHA
YEJIOBEYECKOI'O YXA HA ITIOPOT'E CJbIIINMOCTH

1. HEJIb PABOTbI
N3y4uTh OCHOBHBIE XapaKTEPUCTUKU 3BYKOBBIX KOJI€OaHUW (YUCTBHIA TOH,
TeMOp, aKKOpJI, BbICOTAa 3BYKa), UCCIEAOBATh CHEKTPAIbHYIO XapaKTEPUCTUKY Ye-
JIOBEYECKOTO yXa U 0O3HAKOMHUTHCS C OCHOBAMU ayTHOMETPHH.
2. BUBJIMOT PAOUYECKHI CIIMCOK
1. DccaynoBa U.A. u np. PykoBoncTBo k 1abopatopHbIM paboTaM Mo Meau-
IIUHCKOM M Omosorndyeckor (usuke: yued. mocodue s measys3os / M.A. Dccay-
noBa u [ap.]; mox pen. A.H. Pemeszosa. — Beicmi. mik., 1987. - 271 c.: w.
2. Poccenp XKan. OOmas ¢usuka: nep. ¢ ¢panirysckoro / ITox pen. K.II.
SxoBnesa. - M.: Mup, 1964. - 507 c.
3. CaenseB U.B. Kypc ¢usuku: y4ued. mocoOue Ay CTYJIEHTOB BTY30B. -
M.: Hayka, 1989. - T.1.: Mexanuka. MonekymnspHas ¢usuka. - 350 c.
4. Tpobumona T.U. Kypc dusuku: yued. mocodbuie aist By30B. - 2-€ U3/, Ie-
pepad u jgor. - M.: Beicmr. k., 1990. - 478 c.
5. Hetnad A.A., SABopckuit b.M. Kypc dusuku: yue6. mocobue /yisi BTy30B.
— M.: Bricmr. mk., 1989. - 608 c.
6. ®i3uka s IHKCHEPHHUX cremiabHOCcTe. KpenuTHO-MoMymbHasT CHCTe-
Mma: HaB4. [lociOHuk. - y 2 u. - U.1./ B.B. Kynum, A.M. Conosiios, O.4. Kymimie-
HKo. - K.: HAY, 2004. - 456 c.
3. TEOPETHYECKOE BBEJIEHUE
3.1 3ByKoBbI€¢ BOJIHBI 1 HEKOTOPbIE XapaAKTePUCTHKH
Bounbl, pacnipoctpanstoniuecs B Bo3ayxe ¢ yacroramu ot 20 go 20000 I,
JIOCTUTHYB Y€JIOBEYECKOTO yXa, BBHI3BIBAIOT OIYIICHHE 3ByKa. BOMHBI ¢ yacToTOM
Mmenbied 20 [', Ha3pBaOT HHGPaA3BYKOM, BOJIHBI ¢ yacToTou Oombiieit 20000 Iy
— ynbTpa3BykoM. MHGpa- U ynbTpa3ByKHd YEIOBEUECKOE YXO HE BOCIPUHUMAET.
CKOpOCTh pacnpoCTpaHEeHMsI 3ByKa B YIPYTUX Cpeliax ornpeaensercs no hopmyse
V=yE / P (1)
rae E —monayib FOHra, p — INIOTHOCTH MaTepuara.
CKopoCTh pacmnpoCTpaHEHMs] 3ByKa B razax MOXET OBbITh paccyuTaHa IO
bopmyre
V =\RT |IM , (2)
ric y — IOoKa3aTeib agna0atel, T — TeMIueparypa, K , M — MoOJIsIpHas Macca.

3.2 UncThlid TOH
YHUCThIM TOHOM (3BYKOM) Ha3bIBAIOT CIIYXOBOE OIIYIIEHHE, MOJTy4aeMOe OT
POCTOro (CHHYCOUAIbHOr0) Kostebanus S = Asinat (puc. 1).
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P D O
Puc. 1. Criektp yucToro ToHa

Ha puc. 2 npencrasnen rpaduk 3aBUCUMOCTH OT BPEMEHHM CMEIICHUS KO-
J€OIIOUINXCS TOYEK U3 MOJIOKEHUS PAaBHOBECHS JUIsl YUCTOTO TOHA.

S A

>

, /

\

Puc. 2. 3aBUCUMOCTH CMEIIEHUS KOJIEOIIOMUXCS TOYEK OT BPEMEHHU.
(Tax BBITTSIUT YUCTHIA TOH Ha dKpaHe ocuuiuiorpada)

3.3 TemOp 3ByKa U «BBICOTA)» 3BYKA
Bce 3Byku SIBISIFOTCS pE3yJIbTaTOM HAJIOKEHUSI YUCTHIX TOHOB C YAaCTOTaMH
v,, 2v,, 3V,,......nv,, TII€ v, —OCHOBHAs 4acTOTa, ONPEAEIISIONIAs «BbICOTY» 3ByKa. Ya-

CTOTBL 2v,, 3v,,......nV, SIBISKOTCA TAPMOHUYECKUMH COCTABJISAIOIIMMU 3BYKa, CO3/a-

IONUMU €r0 TEeMOp, KOTOpbIE HAa3bIBAIOT O00EpTOHAMU. AMIUIUTYIBI OOEPTOHOB
MEHBIIIE aMIUTUTY/Ibl OCHOBHOTO TOHA, a (a3bl 00€PTOHOB MOTYT OBITH MPOU3BOIb-
HbIMH. YenoBeueckoe yXo He YyBCTBUTENBHO K (haze koneOanuii. TemOp u BbicoTa
3BYKOB Pa3IUYHBIX MY3BIKAIGHBIX HHCTPYMEHTOB OTJIWMYAIOTCS APYr OT JApyra
(ckpurmka, BUOJIOHYENb, GOPTENBIHO, TPyOa, cakcooH, rutapa u Ap.). Y posis ca-
MBI HU3KHUI 3BYK COOTBETCTBYET 27 KOJEOAHUSIM CTPYHBI B CEKYH]y, @ CAMbIi BbI-
cokuil — 4184 I'u. T'onoca meBHOB XapaKTEPU3YIOTCS CIAEAYIOIIMMH JTAANa30HAMU
94acTOT U COOTBETCTBYIOIIMMHU JYTAHAMHU BOJIH OCHOBHBIX TOHOB (Ta0. 1).
Tabnuma 1

YacToThl 4 AJMHBI BOJIH I'0JI0COB IEBIIOB

XapakTepuCTHUKa Yacrora, [' JInvHa BOIHBI B BO3yX€
npu 15 °C, m

bac 90 — 340 3,80 —1,00
baputon 110 — 440 3,10-0,77
Tenop 130 — 520 2,60 — 0,65
Kontpanbto 200 — 780 1,70-0,44
Mero-conpaHo 220 — 880 1,55-0,38
Cormpano 260 — 1050 1,30-0,32
KonopaTtypHoe conpaHo 10 1390 10 0,25
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JUIsl OEHKH BBICOTHI 3ByKa BECh IMANa30H TOHOB, BOCIIPUHUMAEMBIX yXOM,
pasziereH Ha MHTEpBalbl, Ha3plBacMble OKTaBaMu. OKTaBa — 3TO MHTEPBaAJ BBICOT
TOHA, B KOTOPBIX OTHOIIIEHUE KPalHUX 4acTOT paBHO ABYM. B Tabxa. 2 npeacrasme-
HBI OKTaBbI 3ByKOBBIX 4aCTOT.

Tadbnuma 2

OkTraBa 1 2 3 4 5 6 7 8 9 10
16 32 64 128 256 512 | 1024 | 2048 | 4096 | 8192

YacTOTBI = = -+ = = =+ = =+ =+ -+
32 64 | 128 | 256 | 512 | 1024 | 2048 | 4096 | 8192 | 16384

3.4 Akxkopa
AKKOpPJT — 3TO OTHOBPEMEHHOE 3BYYaHHE TPEX WM HECKOJIBKHX 3BYKOB (pHC. 3).
A

A

o, 20, 30, 4o,

v

Puc. 3. Cxema o0pazoBaHus akkopaa

HaunbGonee Omaro3By4HbI aKKOpA — Ma)XOpPHOE TPE3By4YHE — TMOJTydaeTcs,

KOTJ]Ja YaCTOThl OCHOBHBIX TOHOB YAOBJIETBOPSIOT OTHOLIEHUIO 4:5:6. [loHm*keHue
3ByKa Ha IMOJyTOH HOCHT Ha3BaHue Oemoss (3Hak O6emons — b). [ToBsieHne 3Byka

Ha MOJYyTOH 0003HavYaeTcsl 3HaKOM Oues - # (perieTka).

3.5 lllymbl

[IIymoM Ha3bIBaeTCs CJIOKHAsI CMECh 3BYKOB, CHEKTP KOTOPOTO B HEKOTOPOM

MHTEPBAJIE YaCTOT SIBJISIETCS HEMPEPBIBHBIM (pHC. 4).

A

(2 « 5

Puc. 4. Cnektp myma
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50
N
S 40 -
8302\
>
S 20 \
<
0 ‘
0 2 4 6 8

Yacmoma, kly

Puc. 5. Cniektp myma npu pasroBope OOJIBIIOTO YHCIIa JTFOACH

n
o

o

o

= N W b
o
.

Amnnumyda, 0b

o O

o
N

4 6 8
Yacmoma, kl'y

Puc. 6. Criektp myma B 3anax

(&)
o

]
|

o

= N O
o

o O

Amnnumyda, 06

o
N

4 6 8
Yacmoma, Kl'y

Puc. 7. Cnektp Genoro myma

[Ilym MOX€T MMETh HEKOTOPYIO TOHAJIBHOCTh, ONPEIACIIEMYI0 YacTOTOM,
KOTOpasi COOTBETCTBYET MAaKCHMAaJIbHOW aMIUIATYJE €ro cnekrpa. CnekTp uryma
MOXET OBITh paBHOMEPHBIM. Takoil IIyM OKa3bIBa€TCS JUIIEHHBIM BCSIKOW TO-
HaJBHOCTU (HANpUMeEp, TEIJIOBBIE IIYMbI, aTOHAJIBHBIM IIyM BoOjoMajaa, Jieca U
T.1.). Ha puc. 5 - 7 npeacraBiieH CHEKTp IIyMa MpU Pa3roBOpe OOJBIIOrO Yuciia
JIOJIEH, CIIEKTp IIyMa B 3aJ1aX, ATOHAJBHBIN CIIEKTpP «OeIoroy Iryma.

3.6 Cniia (MHTeHCUBHOCTBD) 3BYKa, CJIYyX, 3aK0H BebGepa - ®exnepa
Cuna 3ByKa (CpeaHss TUIOTHOCTh MOTOKA HEPTUH) — 3TO (pu3udecKkas Beu-
YUMHA YHCJIICHHO PaBHAasl CPEAHEN SHEPTuu, MIEPEHOCUMON 3ByKOBBIMH BOJTHAMU Ye-
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pe3 eAUHUIly MOBEPXHOCTH, MEPIECHIUKYISIPHO PACHOJOKEHHOW K HaIpaBiICHUIO
pacnpocTpaHEHUs: BOJIHBI B €IMHUILY BPEMEHHU.

O4eBUIHO, YTO CHJIA 3BYKa OIPEAEISIETCS MPOU3BEICHUEM CPEAHEH IIOT-
HOCTH SHEpPTHH 3BYKOBOH BOJHBI (w)HAa CKOPOCTb PAclpOCTPaHEHHMs 3ByKa B pac-

cCMaTpuBaeMoOu cpejie V .
I = <W>V , (3)
rae (w) — CpeaHss IJIOTHOCTh SHEPTUM 3BYKOBOH BOJIHBI, /' — CKOPOCTh PacIpo-

CTpaHEHUS BOJIHBI.

MOo>KHO MTOKa3aTh, YTO CHJIa 3ByKa YUCTOT'O TOHA MTPOITOPIIMOHAIEHA CKOPOCTH
pacripoCTpaHeHUsT BOJHBI M KBaApaTy aMIUTHTYAbI. [Ipu 3TOM cria 3ByKa ompee-
nsieTcs o hopmyiie

I:%p(Aa))zV:%(Aa))z\/E_, (4)

re p — IUIOTHOCTh CPeIbl; @ — Kpyromas 4acrora; E — moxynb MOHra; 4 —
aMIUTUTY/A 3BYKOBBIX KOJIeOaHUA.

Oprassl ciyxa yCTaHaBJIMBAIOT CBSA3b MEXKAY aKyCTUYECKHM BO30YKICHUEM
cpenpl U (HU3HOIIOTHYECKUM oOlIylneHueM. Hamboree 4yBCTBUTEIIFHO YeEIOBEYE-
ckoe yxo K yactotam oT 1 kI'it 1o 4 k['u. B 10l 061acTH mOpor CIBIIIMMOCTH CO-
cTaBysieT mpuMepHO 10° —107'? Br/M?. Ha wactore 1 k['Il MOPOr CIBIIMMOCTH pa-
BeH /, =10"2B1/M? . IIpu 10cTaTtouHo GONBIIMX YPOBHAX UHTEHCHMBHOCTH 10° —10°*

BT1/M? BOJIHA IIEpECTAET BOCIIPUHUMATLCS KaK 3BYK, BEI3bIBAsA B yX€ OLIyLIEHHE 0O-
71 (TIOpor GOJIEBOTO OIIYIICHHUS).

CyObeKTUBHOM (HHU3HOTOTUYECKON XapaKTEPUCTUKON 3BYKa SIBJISIETCS TPOM-
KocTh L . [Ipu 3TOM OlleHHBaeMasi TpOMKOCTb BO3PACTAET ropas/io MeJIEHHEE, YEM
MHTEHCUBHOCTH 3BYKOBBIX BOJIH. B cooTBeTcTBUU ¢ 3akoHOM BebOepa — dexHepa
MPU BO3pacTaHUU MHTEHCUBHOCTH B T€OMETPUUECKOM MPOTPECCUH TPOMKOCTh YBE-
JUYUBAETCS TPUMEPHO B apU(PMETUUECKON TPOTPECCUH, T.€. TUHEHHO.

MoOXHO TIPEANOIOKUTh, YTO U3MEHEHUE TPOMKOCTH dL TPOMOPIHOHAIIEHO
OTHOCUTEJIbHOMY U3MEHEHUIO CUJIBI 3BYKA, T.€

ar =i L, (5)
1
riae k HEKOTOphIH KOA((UIIMEHT, 3aBUCAIIMA OT YacTOTHl M BBIOOpA CHUCTEMBI
enunuil. B cucreme CU ko3 duiineHT & momnaraetcs paBHbIM equHMIe (k =1).

WNHuTterpupys naHHoe BbIpaKeHUE B mpeenax oT [, (HayajabHbIA ypOBEHb
WHTEHCUBHOCTH 3BYKa) 110 [ , TOJIy4UM

L= loqi. (6)
10

VYpoBens rpoMkoctu u3Mepsiercs B Oemax (b). 3a 1 5 npuHumaercs ypo-
BEHb MHTEHCHBHOCTH 3BYyKa, MHTEHCHUBHOCTH KoToporo B 10 pa3 Oosbmie /.
OO6bIYHO MOJIB3YIOTCA eauHuIIaMu B 10 pa3 MeHbiMMuU. Takasi eIUHKIIA HAa3bIBACT-
cs geruoennamu (nb). CootHomenue (6) mpu ToM OyIeT UMETh CIASAYIOIIUA BUI:

L =10 quIL. (7)

o
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CootHomenue (7) MOKeT ObITh TaKXK€ MCIIOIb30BAHO JJII OLEHKH CTETeHU
3aTyXaHUsl BOJH WJIM JJIsl ONpPEAENICHUs] OTHOLIEHUSI MOIIHOCTEH (B pauOTEXHHU-
ke). Tak, Hanpumep, 3aryxanue B -20 1b 03Ha4yaeT, YTO UHTEHCUBHOCTh YMEHbIIIA-
etcst B 100 pas. Pagnoycunurens obmagaet ycunenuem 50 nb, eciim ero MOIIIHOCTH
Ha BeIXOZE B 10° pa3z Goiblle MOIIHOCTH, IIOTIONIAEMOM Ha  BXOJE

5005 =10log 100
0,00

b

J. Ha mpakTuke yacTto BeAyT OTCUET OT YCJIOBHO BbIOMpaeMOM

MOCTOSIHHOM MOITHOCTH, HAIPSDKEHUs, MOIIHOCTU U T.J. COrjlacHO MEeXAyHapo-
HOW KOHBEHIIUH, JJIsl TeIe(POHUN YCTAaHOBJICHO HaYaJIbHOE 3HAUCHHE MOIIHOCTH B
1 MBT, B pannoBemanuu, a Takke B aKyCTUKE 4acTO MCHOJIB3YIOT Ui Ha4aJIbHOU
MOITHOCTH 12,5 MBT. YCIOBHBII ypOBEHb SHEPrMM MPH 3TOM COOTBETCTBYET
moutnoctu 1012 Br/M? (mopor casimmmocty 1ipu yactote 1000 I').

Becp auana3oH MHTEHCUBHOCTEW, MPU KOTOPOM BOJIHA BBI3BIBAET B YEJIOBE-
YECKOM yX€ 3BYKOBOE OIIYIIEHHE, COOTBETCTBYET YPOBHSAM I'POMKOCTH OT 0 110
130 nb. B Tabn. 3 mpuBeaeHbl OPUEHTUPOBOYHBIE 3HAUEHUS YPOBHS T'POMKOCTH
JUISL HEKOTOPBIX TUITMYHBIX 3BYKOB.

HccnenoBanue ocTpOTHI 3ByKa Ha3bIBAIOT aynuoMerpueid. [Ipu aynnomerpun
Ha CIIEIUAILHOM MTpUoOOpe (ayTMOMETPE) ONPEACIISAIOT OPOT CIIyXOBOI'O OITYIIECHUS
IPU Pa3IMYHBIX YacTOTax. AyIHOMETpP NPEJCTaBiIsieT cOO0il 3BYKOBOM reHepaTop
HU3KOM YacCTOTHI C HE3aBUCUMOW M TOHKOM PEryJMPOBKOM YacTOTHI U YPOBHS MH-
TEHCUBHOCTH 3BYyKa. Anmapart o00pyA0BaH TelaepOHaMHU JIJIsl BO3AYIIHOW U KOCTHOM
MMPOBOAUMOCTH Y CUTHAJIBHOW KHOMNKOW, C TIOMOILBI) KOTOPOW MCCIETyEMBIA OTME-
YaeT HaJIM4Yue 3ByKOBOTO olylueHus. [lomyuenHas kpuBasi Ha3bIBa€TCsl CIIEKTPaslb-
HOM XapaKTEpUCTUKOMN yXa Ha OPOre CIBIIMMOCTH WU ayAUOTPaMMOM.

Taonuma 3

YPpOBHHM rPOMKOCTH HEKOTOPBIX 3BYKOB

XapakTepucTuka YpoBeHb IPOMKOCTH, | NHTEHCUBHOCTB 3BYKa,
3ByKa b Bt/m?

Cepeunble TOHBI (CTETOCKOII) 10 101!
Tuxanbe 4acoB 20 10710
IllenoT Ha paccTostHuu | M 30 10°
Tuxwuii pa3sroBop 40 108
Peur cpenHell IPOMKOCTH 60 10°
['pomKkas pedb 70 10°
Kpuk 80 10+
I1lyM caMOJIETHOTO JBUTATEI:

- Ha PACCTOSIHUU 5 M 120 1

- Ha pacCTOSIHUU 3 M 130 10

4. TIPUBOPBHI U TIPUHAJIJIEXKHOCTH
1. Aynunomerp ATK 5.
2. TenedoHbI AJI1 M3YUCHUS CIIEKTPAIBHON XapaKTEPUCTUKU YEITIOBEYECKOTO
yXa Ha IOpOre CIBIIIUMOCTH.
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3. CurHanpHOE YCTPOWCTBO IIJISI OTMETKH HAJIWYHUS 3BYKOBOTO BOCIIPHSITHS
(OTMETKHM MOpOTa CIBIIIIUMOCTH).

5. OIMCAHUE AYJIUOMETPA ATK 5
Buemnwmii Bun aynunomerpa ATK 5 npuBenen nva pororpadusx (puc. 8 u 9).

Y proesi wi -+
2 g

Puc. 8. a) Buemnwmii Bug aynuomerpa ATK 5;
6) BHemnuit Bux ropuzoHTanbHOM nanenu ayauomerpa ATK 5

Yactp 6JI0K-CXeMbI TOPU3OHTAIBHOM MaHeIn ayIuoOMeTpa MpeCTaBlIeHa Ha
puc. 9.

| Kanan 1 I
4 Yucrplii 3By
I Pasr. mym e
I lym y3koii BLIXO,E[ 5
noockt | |
M YacToTra 4HCTOro Buumanmne!
nkpodon .
’ 3ByKa ! 7 B JAaHHOU
Maruuntopon
padore KaHaj
-10
,’ 0dB 2 He
4 10 HCIOJIb3YyeTCH.
20
30
40
50 CETh
60
70
80
90
100 N
110 Y
125 250 500 Txcl, 5 2 31¢ dxc 61 8k 10k Tt |

Puc. 9. YacTh 0510K-CXeMbI TOPU30HTAITBHOM MmaHe u ayaunomeTpa ATK 5

OCHOBHBIM y3JIOM ayJIMOMETpa SIBJIIETCSI T€HEpaTOp 3BYKOBOW 4acTOThL. B
JAHHOM paboTe MCTMOJB3YeTCS TOJBKO YUCTHIM 3BYK, KOTOPBIM BKIIFOYACTCS TyM-
omepom 4 (aucterit 3ByK). [lepeximtouarens 3 (4acToTa 4uCTOTO 3BYyKa) reHepaTopa
peaHa3Ha4YeH I YCTaHOBKHM (pukcupoBaHHBIX "acToT 125 I'm, 500 I'm, 1 kI,
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1,5,2,3,4, 6,8 u 10 x['. Bkimtouyenue tenedoHOB Ha MPaBOe WK JIEBOE yXO MPO-
BOJUTCS HA 3aJHEH MAaHEIN ayJuoMeTpa.

VYPOBEHb MHTEHCHBHOCTH MOPOra 3BYKOBOI'O OIIYIIEHHS U3MEHSETCS IMpHU
noMon perynsitopa 1 (ypoBenb kanana 1) B auanaszone ot -10 go 110 ab. Ilpu
BBIIIOJIHEHUH Pa0OThI UCHIOJIb3yeTCs TOJIbKO KaHal 1. Ilepenaya 3BykoBOro curHa-
Ja kaHana | Ha HAYITHUKY IPOBOAMUTCS BKIItOUeHUEM Tymbiepa 5 (Brixon).

6. HOPAJOK BBIIIOJTHEHUS PABOTbI

1. ITogroroBeTe aynuomMerp K padore. [loakirounte HAYITHUKN K KIIEMMaM
«BbIXO/l» na 3aaneit nanenu ayauoMerpa u Bkitounte Tymoiep 6 «CETby. I1o-
CJI€ BKJIFOUEHUS ayJUOMETPa B CETh 3ar0paeTCsl CUTHAIbHAS JJAMIIOYKa 7.

2. HayienpTe HAYNIHWKY, TOAANUTE CUTHAJT YMCTOTO 3BYKa. JlJisl 3TOro BKIIIO-
yute TyMOsep 4 (4ucThIil 3ByK), TymOep S5 (BbIX0OA) Ha OJMH U3 HAYIIHUKOB.

3. YcraHoBUTE ¢ MOMOIIBIO TyMOJepa 3 (4acToTa YMCTOrO 3BYKa) 4acTOTY
kosiebanuii «125 'y, ypoBenb kanama 1 TymOmepom 1 B monoxenue «0 dBy» wu,
yBEIIMYMBasi TPOMKOCTh (MHTEHCUBHOCTD) 3BYKa, 3a)UKCUPYUTE BU3YaAJIbHO WIIU C
MOMOII[BI0O CUTHAJIBHOTO YCTPONCTBAa HAWMEHBIIUN YpPOBEHb MHTEHCUBHOCTH L B
nenudeniax, Mpu KOTOPOM CIIBIIIEH YUCThIN 3BYK. MI3MepeHus mOBTOPUTE TPU pa-
3a. Pe3ynbTaThl u3MepeHuit 3anuiure B Taoi. 4.

4. IlpoBenuTe aHANOTMYHBIE U3MEPEHUS ISl CIENyOMUX 4acToT: 125 I'm,
500 I'u, 1 kI, 1,5, 2, 3,4, 6, 8 u 10 xk['u. Pe3ynbTaThl U3BMEpEHUN U pacUyeTOB 3a-
MUIIUTE B TabuUIy 4.

5. [lopaiiTe curHan Ha Apyroi HAYNIHUK (MM HAJCHBTE HAYIIHUK Ha JAPYToe
yX0) ¥ MOBTOPUTE aHAJIIOTUYHbBIE U3MEPEHUS 110 TyHKTaM 3 -5.

6. Paccumraiite cpejHee 3HaUEHHE MTOPOTOBOTO YPOBHS MHTEHCHUBHOCTHU (L )

JUTSL ICCIIETyEMBIX 4acTOT, aOCOTIOTHYIO U OTHOCUTEIBHYIO TOTPEITHOCTH.
7. IlocTpoiiTe ayauorpaMMmsl JUIs JIEBOTO U IPABOTO yXa.
8. CrenaiiTe KpaTKue BBIBOBI IO padboTe.

7. KOHTPOJIBHBIE BOITPOCHI

1. Vkaxure Qpusnueckne XapakTepucTUKH 3ByKa. [losicHUTE OHSATHE YUCTO-
ro ToHa, TeMOpa, akKop/ia, uryma.

2. JlaiiTe ompeneneHne HHTEHCUBHOCTU 3ByKa. Kak MHTEHCHMBHOCTDH CBS3aHA
C 4YaCTOTOW, aMIUIUTYIOM ¥ TIIIOTHOCTBIO CPELBI.

3. Chopmynupyiite 3akoH Bebepa - DexHepa.

4. YKaxuTe eIUHUII U3MEPEHUS TPOMKOCTH 3BYKa (0eu1, Aenudernn).

5. [osicHuTe MPUHIUIN AyAUOMETPUU U OOBSICHUTE HA3HAUCHHUE OCHOBHBIX
PYKOSITOK TOPU30HTAJIbHON U BepTUKaIbHOM nanenu ayauomerpa ATK 5.

6. [Tosicaute cymHocTh dddexra Jomnepa mans 3BykoBbIx BoiH. [lomyuute
BBIpAKEHUE JJIs1 YACTOT MPU ABUKEHUU NMPUEMHUKA U UCTOYHHKA 3BYKOBBIX KOJIE-
OaHwMii.

/. IlonyuuTe BBIpaOKEHHE ISl ONPEIEIEHUS CKOPOCTH PacHpOCTPaHEHUs
3ByKa B TBEP/BIX TEIaX U raszax.
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TaOonuma 4

YacrorTa,
Kl'11

e, %

1

7

0,125

0,250

1,000

1,500

2,000

3,000

4,000

6,000

8,000

10,00
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JABOPATOPHASA PABOTA 32(1B)

U3YUYEHUE IMHAMUKHU JIBUKEHUS TEJ C IEPEMEHHOM
MACCOU

1. HEJIb PABOTbBI

1. U3yunTh AMHAMUKY JBUKEHUS TEJ C IEPEMEHHON MacCOi.

2. Onpenenutsb 3amac TOIUIMBA B paKkeTe Uil JOCTHXKEHUSI IEPBON M BTOPOM
KOCMUYECKHUX CKOPOCTEH.

3. 3yuuTh HEKOTOpbIE KHHEMATHYECKUE XaPAKTEPUCTUKH JIBIKEHUSI PAKET.

2. BUBJINOTPAOUYECKUMN CIIMCOK

1. Tpodpumona T.U. Kypc ¢usuku: yded. mnocobue 11 By30B /
T.M. Tpodumosa. - 2-e uzn. - M. : Beicur. mik., 1990. - 478 c.

2. CasenbeB U.B. Kypc o0uiel ¢pusuku: yued. mocodue sl CTyIeHTOB BTY-
30B. B 3 1. T.1: Mexanuka. Monekynsapaasa ¢usuka / .B. Casenbes. - M.: Hayka,
1989. — 350 c.

3. Hetnad A.A. Kypc dusuku: yued. mocodue st BTy30B / A.A. [letnad,
b.M. fABopckuit. - M.: Beicu. mik., 1989. - 608 c.

3. OIIMCAHME YCTAHOBKHM U METO/IUKA ITPOBEJIEHUA
IKCIIEPUMEHTA

3.1 IBUKEHUE PAKETHI C IEPEMEHHOHN MACCOH

PaccMotpum aBmxkenue paketsl (puc. 1).

[IycTh K HEKOTOPOMY MOMEHTY BpeMeHH t macca
paKeThl C TOIUIMBOM paBHA M, CKOPOCTH €€ JBHKCHUS OT-
HOCUTEBHO 3eMiin V, CKOpPOCTh BBUIETA MPOAYKTOB CIrO-
paHus TOIUIMBA OTHOCUTENBHO pakeTsl U. Torma ummymbce

[lonesHbli rpy3

paKeThl B JAHHBI MOMEHT BPEMEHH paBeH P = mV. K
MOMeEHTY Bpemenu t+ dt B mporiecce cropaHus TOILUIMBA
Maccoit dm CKOpOCTh pakeThl YBEIWYMIACh U CTajla PaB-
Hoii V + dV, a macca pakeTbl yMeHbIMIach Ha dM u crana
paBHO# M - dm.

Kamepa
cropaHus

NMnynbc pakeTsl U TOIUIMBA K TAHHOMY MOMEHTY
BpEMEHU MOXKET ObITh oOmpelnesaeH 1o QopMynam 1‘_(:0””0
w .

P, =(m—dm)( +dV), P, =dm(V +U). IIpu sTom ab-
COJIFOTHasE CKOPOCTh JBFOKCHHS TOILIMBA, T.€. CKOPOCTH llu_}
BbLJICTA MPOJYKTOB CrOPAHHs TOIUIMBA M3 PaKeThl OTHO- U

cutensHo 3emmn (V +U).

Puc. 1. Cxema pakeTsl

V3MeHeHre uMITyJIbca 3a MPOMEXKyTOK BpeMeHu dt paBHO
dP =(m—dm)(V +dV) +dm(/ +U) —mV =mdV +Udm. (1)
(BemuunHOM BTOpOro mopsiaka Manoctr dmdV nperebperaem).
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IIo BTOPOMY 3dKOHY AMHAMHKH ,HeﬁCTBYIOHIaH CuJjia paBHa CKOPOCTH HU3MC-
HCHH UMITYJIbCa

- dP
F="—. 2
m (2)
IToncrasisis (2) B (1), momyunm
g 0P_ 0V gdm 3)

dt dt dt
JI7is M30IMpOBAaHHON CHUCTEMBI BHEIIHSS CHJIa PaBHA HYIIO, IOATOMY YpaB-
HeHue (3) OyaeT UMeTh CIICTYIOIIUMA BU/T:
mdV +Udm =0. (4)
PemuM monyuennoe auddepeHimansHoe YPaBHEHHE METOJIOM pa3IeieHUs
MePEMEHHBIX.

dv =-U d_m (5)
m
[IpounTerpupyem COOTHOIHCHI/IC (5).
j v = j _gdm (6)
My m

rae Mo — HayanbHas Macca MOJIHOCTBhIO CHapsKEHHOM TOIUIMBOM pakeThl (Macca
pakeThl BMecTe ¢ ToruBoM); Mo = M7+ M, (tne M, — noje3Hass Macca pakeThl,
Macca pakeTsl 0e3 TormBa), M — Tekymias (B JaHHBIE MOMEHT BPEMEHM) Macca
PAKEThI C OCTABIIEICS MacCOU TOILJIUBA.

YuuteiBas, uto dM — BeIMYMHA OTpPHUIIATEIbHAS, YUCICHHOE 3HAUYCHHUE CKO-
POCTH ABUKEHHUS PAKETHI OMPENEIIUTCS MOCe UHTErpupoBanus (6).

vwm%. )

[Tonyuennoe ypaBueHue (7) Ha3piBaeTcs ypaBHeHUEM L{HMOIKOBCKOTO.
Macca ToriMBa CropeBlIero Npu JBMKEHUHM PAKEThl MOXKET ObITh Ompese-
JieHa 1o hopmyie
M, =M,-M. (8)
W3 pgaHHBIX KOMIBIOTEPHOTO SKCIEPUMEHTA, MOYKHO IMOCTPOUTH 3aBUCH-
Mocth M = m(t) (puc. 2).
CkopocTtsh pacxoaa (cropanus) TOmmBa Urgy:
Ui =0 ©
At
CremoBatesbHO, IO TAHI'CHCY yIia HakJIoOHA 3aBucumoct M = m(t), (yua-
cTOK rpaduka 1o fc, rae tc — BpeMsi Cropanus TOIUIMBA) MOXHO ONPEAEIUTh CKO-
pPOCTb CrOpaHHUsI TOILIUBA.
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> ¢

Puc. 2. 3aBHCHMOCTB MacChl pakeThl OT BPEMEHU

Ecnu cKkOpoCTh JBMKEHUS PAKEThl OTHOCUTENBHO 3€MJIM JOCTUTHET 3Haye-
HUS NpUMeEpHO 7,9 kM/c, To pakera OyneT IBUraThCsl IO KPyroBoil opoute. OTa
CKOpPOCTb Ha3bIBAETCs MEPBOM KOCMUUECKOW. Eciu ckopocTh pakeTsl OyeT paBHa
win 6ombie 11,2 km/c, TO pakeTa MOXET MPEO0JeTh IPaBUTAIIMOHHOE MPUTSIKE-
Hue 3eMiM U cTtath cnyTHUKOM CosHna (BTopasi KOCMHYECKasi CKOpOCTh). B ToM
cily4dae, Korja CKOPOCTh PaKeThl JOCTUTHET 16,7 Km/C (TpeThs KOCMHUYECKAsl CKO-
pOCTBh), pakera, npeojoieas nputsbkeHne ConHia, nokuHeT COJTHEUHYIO CUCTEMY.

[TyTb S, KOTOPBII MPOXOIUT paKeTa MOKHO OIPENETUTH 1O GopMyIie

S= jv (t)dt. (10)
0

3.2 KOMIBIOTEPHBIN SKCIIEPUMEHT

KoMIbIOTEpHBIN SKCHEPUMEHT MO3BOJSET U3MEHSITh KOJMYECTBO TOILIMBA,
MIOMEIIEHHOTO B PAKETY, OMPEAEIATh MAKCUMAJIBHYIO CKOPOCTh pakeThl. KoMribro-
TepHas MporpaMma MnpeaycMaTpuBaeT rpauyeckuil BbIBOJ Ha MOHUTOpP 3aBUCH-
MOCTH CKOPOCTH JBMOKCHHUs pakeThl oT BpeMenu V = f(t), a Taxxke 3HaueHHE Mak-
CUMAaJIbHOM CKOPOCTH pakeTbl. KpoMe 3TOro B momaroBoM peXUME Ha SKpaH BbI-
BOAUTCS MHGOPMAIIHS O MacCe PaKeThl B JAHHBIA MOMEHT BPEMEHHU.

4. MIPUBOPBI U TIPUHA JVIEZKHOCTHU
1. KomnsroTep.
2. Ilporpamma «OTtkpsiTas ¢puznka 1.1» OO0 «Pu3uKoH».

5. HOPAJOK BBIITIOJIHEHUSA PABOTBI. OBPABOTKA
PE3YJbTATOB U3MEPEHUI

1. YcranoBute mporpammy «OTkpbITas ¢pusuka 1.1» Ha KoMIbIOTED.

2. 3amycTUTE YCTaHOBJIEHHYIO POrpaMMy, B pazaene — «Coaep:kaHue», oT-
KpoiTe BKIAAKy «MeXaHHnKay, BEHIOEpUTE KOMIBIOTEPHYIO MOJielh — «PeakTuBHOE
JBHDKCHHUEY, PUC. 3.

3. BxirouuTe HENpepbIBHBIA PEXHUM KOMIBIOTEPHOTO HKCIIEPUMEHTA.
Haxxmute «Ctapt» 1 «Bbei6op». YcranoBuTe HadanbHyto Maccy (Mo = 10 1) pake-
Thl BMECTE C TOIJIMBOM B COOTBETCTBHUM C TalJ. 1 /i MepBOro SKCIepUMEHTA.

4. IIpoBenute nepselil skcniepumenT. Haxxmure «Crapt» U Ha SKpaHe MOHHU-
TOpa HaOJIIOIalTe ABMKEHUE pakeThl B mpocTpaHcTBe. [Ipoananusupyiite nocrpo-
€HHBIN TpaduK 3aBUCUMOCTH CKOPOCTH JABUKEHHUSI pakeThl OT BpeMeHu. Omnpene-
auTe U3 rpaduka MaKCUMAJIbHYIO CKOPOCTh PAKEThl IPHU MOJHOM CIrOPAaHUU TOIUIH-
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Ba, KOTJIa paKeTa JBIKETCS PAaBHOMEPHO, 0€3 YCKOpeHHS. Pe3ynbpraTel n3MepeHus
3arumnmre B Tao. 1.

/ PeakTnsHOE gBIDKeHne = 0] %|
C) |7
Y. km/cC
0]
J
J“
l’v'
y
' 4
7
// t
»
0 L o ' G
1 1 | || T 1 T ] 1 1
0 100 200 300 400 500 800 700 800 00 1000

M__ s 25.000°%r L2030 Vv = 83km/c
Torm t"‘_(";_;; U = 3.0kw/c
: — m = 10°kr
CTapT Britop:
J (2bI00D; M= 1.510°kr

Puc. 3. Monenp «PeakTuBHOE IBUKEHUEY

Tabnuma 1
Pe3yabTaThl n3MepeHui
Howmep skcnepumenTa 112 13| 4]5]6]7]8]9

IlepBoHauanbHas mMacca pPaKeThl 10115 1201 25130 | 35 | 40 | 45 | 50
u ToruBa, Mo, T

MakcumanbHas CKOpOCThb
JBYOKCHUS PaKeThl, Vmax, M/C

5. IloBTOpHUTE MOJIENIBHBIN SKCIIEPUMEHT 1O MyHKTaM 3 U 4 115 BCEX JICBATU
onbITOB. Pe3ynbTaThl H3MepeHuil 3anummuTe B Ta0m. 1.

6. Jly11 HayanbHOW Macchl pakeThl C TOIUIMBOM (IO YKAa3aHHUIO MpenoiaBare-
ns1) yepes kaxabie 100 cexyH 3apuKCUpyiTe CKOPOCTh PAKETHI U €€ MAacCy BMECTE
C TOIUIMBOM. /{151 3TOTO, MOCIE yCTAaHOBJIEHHUS 3aJaHHOW MAacChl TOIUIMBA, HYKHO
BOCITOJIb30BATHCS MOIIATOBBIM PEKUMOM PaOOThI MPOTPAMMBI.

Ha nanenu MHCTpYMEHTOB Ha)KMHUTE KHOINKY — «OCTaHOBUTH BCE» — Il |, na-

nee Haxmure — «Crapm» — _=PT | 10c71e wero, HaKMMAs HEOOXOAUMOE UHCIIO

pa3, Ha KHOMKY — «BBITTONHATE MO maram» — |ﬂ IIPOBEINTE DKCIIEPUMEHT. Pe-
3yJIbTaThl U3MEPECHHUS 3AMUIITUTE B TA0II. 2.
7. Ilo manabiM Taba. 1, moctpoiite rpaduk 3aBUCUMOCTU Vmax 0T Mo. Tlo

rpaduky omnpeaenuTe HeoOXOAMMBINA 3amac TOIUIMBA I JTOCTHKEHUS TIEPBOM U
BTOPOU KOCMHYECKUX CKOPOCTEM.
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8. Ilo maHHBIM Tabj. 2 mocTpoiTe rpaduku 3aBucUMocTH ckopoctu V(I) u

macchl pakeTsl M = m(t) ot BpemeHH.

9. IMo rpadpuxy M = m(t) onpeaenure ckopocTh pacxoaa TormuBa Uqop.
10. ITo manubIM TaOi. 2 paccumraiite 3HadeHus In Mo/M, u mocrpoiite rpa-

¢uxk 3aBucumoctu V(t) ot In M/M. Ilo rpaduky onpenenute CKOPOCTh HCTCUCHHUS

razos U.
TanreHc yria HakjIOHA 3aBUCHUMOCTH XapaKTEPU3YeT CKOPOCTh HCTCUCHUS
ra3os:
/4o
U=AV({t)/Aln——.
m(t)
Tabauma 2
Pe3yabTarsl u3mepenuii
Ho-
Mep | My, xr | Mr, kr | Mo, kr t,C V(t), m/c | M, xr In Mo/M
OIIbITA
1 0
2 100
3 200
4 300
5 400
6 1000 500
7 600
8 700
9 800
10 900
11 1000

6. KOHTPOJIBHBIE BOITPOCHI

1. IMonmyuute Gpopmyy Mermiepckoro u ¢popmyiy [{nonkoBckoro.

2. ChopmynupyiTe 3aKOH COXPaHEHUS UMITYJIbCA.

3. Paccuuraiite nepByto U BTOPYIO KOCMHYECKHE CKOPOCTH.

4. O0BsicHUTE TIpeIHA3HAUYCHHE U OCOOCHHOCTH JBUKEHUSI MHOTOCTYyIeUa-

TBIX PaKeT.
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JABOPATOPHASA PABOTA 33(2B)

MN3YYEHUME 3AKOHOB PEAJIBHOI'O I'A3A

1. HEJIb PABOTbI

1. M3yunTth noBeJieHNE peanbHOro raza. MccienoBars ypaBHEHHUE COCTOSTHUS
peaIbHOTO rasa.

2. N3yuuts uzorepmbl Ban-aep-Baansca u npoaHaau3upoBaTh YCIOBUS I0-
JYYEHUS] KPUTUYECKOTO COCTOSHUA.

3. 1o KCHEpUMEHTAILHBIM JTaHHBIM ONPEACIUTh KPUTHUYECKUE MapaMeTpbl
HCCIIElyeMOT0 Tra3a M pPacCYUTaTh IOCTOSIHHBIE & W D ypaBHeHHMs Ban-nmep-
Baannbca.

4. OnpenenuTh, KAKOW ra3 IPUMEHSIICS B OKCIIEPUMEHTE, U HATH €ro Maccy.

2. BUBJINOTPA®UYECKUN CITUCOK

1. Tpopumosa T.U. Kypc ¢usuku: yuebd. mnocobue mis By30B /
T.. Tpodumosa. - 2-e uzna. - M. : Beicm. mk., 1990. - 478 c.

2. CagenbeB U.B. Kypc obmieli ¢pusuku: yued. mocodue Jjsi CTyI€HTOB BTY-
30B. B 3 1. T.1: Mexanuka. Monekynspuas ¢usuka / 11.B. CaBenbes. - M.: Hayka,
1989. - 350 c.

3. Hetnad A.A. Kypc ¢usuku: yued. mocodue s BTy30B / A.A. lletnad,
b.M. ABopckuii. - M.: Beicur. mik., 1989. - 608 c.

3. TEOPETUYECKOE BBEJAEHHUE

3.1 H3orepmbl Ban-nep-Baanbca. CBsi3pb KpUTHYECKHX NapaMeTpPoOB
¢ nmonpaBkamu a u b B ypaBuennu Bau-nep-Baajnnbca

3aKOHBI WJEATBHOTO Tra3a SIBISIOTCS NPUOIMKEHHBIMHU, & OTCTYIUIEHUS OT
ATUX 3aKOHOB 00YCIIOBJIEHBI CYIIECTBEHHBIM OTJIMYMEM CBOMCTB UACAIBHOIO U pe-
aJbHOTO ra3oB. B oTinune OT HaeasbHOro ra3a Mex1y MOJIEKYJIaMU PEaJIbHOTO ra-
3a CyLIECTBYIOT CHJIBI B3aMMOJECUCTBHUSA, KOTOPBIE HA MaJIbIX PACCTOSHUIX MEXKIY
MOJIEKYJIaMHU HOCSIT XapakTep OTTAJIKWBAHUS, a HA JOCTATOYHO OOJBIIMX PacCTOs-
HUSX MEXKIY MOJIEKYJIaMHU JEHUCTBYIOT CUIIbI NpUTsKeHud. Kpome 3toro, moseky-
JIbl peaibHOTO ra3a He MOTYT OBITh MPEACTaBIEHbI KaK MaTepHalibHble TOUKU. Mo-
JIEKYJbl PEANbHOTO Ta3a MMEIOT OTIWYHBIA OT HYJs COOCTBEHHBIM 00BEM. Yuer
COOCTBEHHOT0 00bEMa U CUJT B3aUMOJICHCTBHS TO3BOJINI MOJIYYUTh YpaBHEHUE CO-
CTOSIHUSA JUIS PEAJIbHOTO ra3a.

p+v2\%(V—v-b):vRT, (1)

rae a u b — mompaBku Ha BHyTpeHHEE JaBJICHHE U COOCTBEHHBIH 00BEM MOJICKYJ
pEAIBLHOIO ras3a, v — YUCJIO MOJIEH.

Teopetnuecku nojydeHHoe ypaBHeHue (1) HaszbiBaeTcs ypaBHeHHEM Ban-
nep-Baanbca.

PaccMmoTpum skcniepuMeHTaIbHbIE W30TEPMBI )KUIKOCTH, Mapa U Mepexona
KUJKOCTh — map. Ha puc. 1 nmokazan TeopeTudeckuii rpaduk 3aBUCUMOCTH J1aBJie-
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HHS OT 00beMa AJI1 pC€aJIbHOT'O rasa, KOTOpBIﬁ CTPOUTCA HAa OCHOBC aHaJIM3a ypaB-
HCHUA BaH—nep—Baanbca IMpu TIOMOIIH KOMHBIOTepHOfI MOACIIN.

PA

Kuakocts

Puc. 1. U30TepMsl peasibHOTO raza

KpuBas AK cooTBeTcTByeT TOUKaM Hadajia KuneHus, kpuBas KB — toukam
KOHIIa kuneHus1. Jluauss AKB, KkoTopast OTAENSET 30HbI COCYIIECTBOBAHMS Tapa U
KUJKOCTH, Ha3bIBAETCSl OMHO1ab0. TOUKM MOJi OMHOAIbI0 COOTBETCTBYIOT paB-
HOBECHIO KUAKOCTH U mapa. B obmactu AKBA nap siBnisieTcst HachIleHHbIM. PaB-
HOBECHBIC YYaCTKH U30TEPM B ATOM 00JIaCcTU SABJSIOTCS M300apamu. BuaHo Takxke,
YTO C POCTOM TEMIIepaTypbl TOYKHM Hauyajga M KOHIA KUIICHHs COJMXKAIOTCS U B
touke K oHM coBnagaroT. B 3TO# TOUYKe MCUE3aET pasinuue MEXIY KUJIKOCTBIO U
napoMm. B touke K pe3ko BozpacTaeT k03(p(UUIMEHT MOTJOLIEHUS CBETa. DTOT
IIPOLIECC IMOJYYMJI HAa3BaHUE KPUTHYECKOW omnajecueHuuu. CocTossHHE TEpMOIH-
HAaMUYECKOM cuctembl B Touke K HasbiBaeTcs kputnueckuM. Kputmueckomy co-
CTOSIHUIO COOTBETCTBYET KPUTHUECKOE JNABICHUE Pyp , KPUTHUECKAS TEMIIEpaTypa
T« 1 kpuTHUECKUii 006eM V. [Ipu 3TOM KpuTHUECKast n30TEpMa B Touke K nmeer
neperuo.

Mexay mnonpaBkamMu ypaBHeHusi Ban-mep-Baanbca a u b, kputnueckum
JaBICHUEM Pyp, KPUTHUECKON TeMIepaTypou T, U KPUTHUYECKUM MOJISIPHBIM 00b-
eMOM V0 B KPUTHYECKOM COCTOSIHUM CYIIECTBYET CIICAYIOIasl CBA3b:

a7, =98 )
270% ¥ 27hR

JelictBuTensHO, B Touke mepernba K kpuTudeckodl M30TEpMBbI MepBasi H

BTOpasi MPOU3BOJIHBIE OT AABJICHUS MO0 00bEMY PaBHBI HYJIIO, T.€.

2
(—dpj —ou| 9P| o, 3)
AV ) av

KP
Jns nokas3aTenbcTBa COOTHOWIEHWH 2 MpOaHaIU3UpyeM ypaBHeHue Ban-
nep-Baansca 1 omHOro Mosts rasa.

VKpO = 3b’ pr =

p+\%(\/ _b)=RT . (a)

N3 ypaBHeHus (4) onpenenuMm JaBlieHUE.

_RT _a -
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Jlanee HaiiieM NEPBYIO U BTOPYIO MPOU3BOJHBIE OT JIABJICHUS MO 00bEMY U
NPUPABHIEM MOJYYECHHbIE 3HAYEHUS JUIsl KPUTHUECKOTO COCTOSHUS K HYIIIO.

(&) 0. ©)
dv KP (VI(PO - b) VKPO
2
(d 5] __2RT, - 6a4:O. o
dv KP (VKPO —b) Viro
N3 ypaBHenuii (6) u (7) nory4um:
RT 2a
w2 ®)
Vip =b)" Vi
RT 3a
—— ©)

3 4"
Vir —D)" Vi
Paznenus nowienHo coorHomeHus (8) Ha (9), HalileM KPUTUUYECKUN 00bEM:

2
Vipo =D = §VKP0 -

Orcrona
Vipo =30. (10)
[Toncrapnss ypaBaenue (10) B cootHomeHue (8), onpeaeauM KpUTHIECKYIO

TeMIICpaTypy:
8a

T, =——.

? 27bR

N, nakonen, noxacrapnss cooTHomenus (10) u (11) B ypaBHenue (5) s
KPUTHUYECKOTO COCTOSIHUS, HAIeM KPUTUUYECKOE JaBJICHUE:

(11)

a
= _ 12
P = 0702 (12)
3.2 CBoiicTBa KPUTHYECKHX IAPAMETPOB PeajbHOI0 ra3a
[Tounenno nepemuoxxuM ypapHeHus (10) u (12). Torga nomyunm:
a 3a
Vo= 3p=—"" | 13

PaznenuB cootHomenue (13) na (11), ycTaHOBUM CBSI3b MEXIY KpHUTHUE-
CKHMMHU IIapaMeTpaMM PEAJIbHOTO rasa.

PirViro _ 38 27 DR _3
T,  27b8a 8

Orcrona,

3
PxrVipo = 5 RTxp, (14)

rie Vipo — KPUTHYECKUI 00BEM OHOTO MOJIS UCCIIEAYEMOTrO Tas3a.

Omnpenenum u3 ypaBuenus (14) kputudeckuit 00beM OJHOTO MOJIS Ta3a.

3RT
VKPO = K2 (15)

8Pxp
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4. MTIPUBOPHI U ITPUHAIVIE2KHOCTHU

1. ©BM Ttuna Pentium, Windows 95/98/2000/XP.
2. CD-ROM «OrtkpsiTast usuka», Bepcust 1.1 wim 2.5, mon penaxiuei
npodeccopa MOTU C.M. Kozena.

5. OMUCAHUE JJABOPATOPHOM YCTAHOBKH U MOPSIIOK
BBIITIOJIHEHUA PABOTbDI

1. YcranoBute Ha komnbioTep CD «OTtkpriTas ¢usuka» u B pasaene «Tep-
MOJIMHAMUKA U MOJEKyJsipHas Qu3uka» paccMoTpuTe Mojaeib «M30TepMbl peanb-
Horo rasza». Ha skpane monutopa OBM nosiButcs nanens «M30TepMbl peagbHOro
ra3ay, n300paxeHHas Ha puc. 2.

il usorepmni peanbuoro raza : = =101 x1

: P,10°Ma
300

200 L

100

0.

'Il A R 3
ol 1} | YoM

T T

0.0 01 02

P =64-10°Na T =530K
¥V =0.20aM°

T = const

| crapr §| Begop

Puc. 2. Monaens «M30TepMbl peanbHOTO ra3a

2. BuzyanbHO 03HAKOMBTECH C OCOOEHHOCTSIMU U30TEPM peanbHOro rasa. Jmus
ATOrO BKJIIOUMTE KiaBuily «BbiOop», ycTaHOBUTE TeMIepaTypy TepMOJUHAMUYE-
CKOM cHCTEMbl MEHBLIYIO KpUTHUUYECKON To<T,, u BKItouuTe KiaBuiry «CrapT».
[Tpu >TOM HaOIIOAAETCS BHAYalle YMEHBIICHHE, a 3aT€M YBEJIUUYEeHHE 00beMa Tep-
MOJIMHAMUYECKOW CHCTEMBbI, yKa3aTellbHas TOYKa OyJeT ABUIAThCA MO HU30TEPME.
B HmxHe#l yacTu maHenu yka3bIBaeTcsl 00bEeM, JaBJICHHE U TeMIepaTypa U30Tep-
MHUYECKOT0 Mpolecca YKa3aHHOTO KOMIBbIOTEPHOTO 3kcnepumenTa. Cuumure 7-10
TOYEK 3TOW M30TEPMBI U PE3YNIbTATHI HIKCIIEPUMEHTA 3aHecuTe B Ta0. 1.

3. TloBTOpUTE MYHKT 2 JJIs1 TEMIIEpaTypbl OOJIbIIEH U pPaBHOW KPUTHUECKOU
T1>Tp, T1=Typ. Pe3ynpTaThl sKCIIEpUMEHTA 3aHECUTE B Ta0. 1.

4. Onpenenure napaMmeTpbl KPUTHUECKOTO COCTOSIHUSA Pip, wp, Vip. KpuTHUE-
CKH€ MapaMeTphbl 3anuiurTe B Tadi. 3.
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TaOonwuma 1

T=T
p
V

T1>TKp
p
V

T2<TKp
p
V

6. OBPABOTKA PE3YJIbTATOB U3MEPEHUI

1. IToctpoiite B koopauHatax P(V) mo maHHbsIM Tab. 1 U30TepMBbI rasa.

2. Paccuuraiite o ¢popmye (15) kputudeckuii 00beM OJHOTO MOJIS ra3a.

3. Paccuwuraiite no gpopmye (10) mapametp b ypaBuenust Ban-nep-Baanbca.

4. Paccumutaiite no gopmynam (11) unm (12) mapamerp a ypaBHeHus Ban-
nep-Baanbca.

5. Onpenenure BHUJ ra3a 1o Tadi. 2 U HAWAUTE €ro MOJIIPHYIO Maccy.

Tadnuuma 2

BemecTBo H, N> Ar 0O, CO, ITaper H,O
a, [Ta-M°/Momb 0,024 0,136 0,136 0,136 0,364 0,556
b, 10° m%/momnb 2,63 3,85 3,22 3,16 4,26 3,06
6. PaccuuTaiiTe yncio mMojieit raza no gpopmye
y = Viw. : (16)
VKPO
7. PaccumTaiiTe Maccy rasa no gopmysie.
m=v M. (17)

8. Pe3ynbTaThl pacyeToB 3anmuiiuTe B TaoII. 3.

Taonuma 3

Hapawer- 3uade- [TapameTpbl | 3HaueHUs Hapawer- 3HayeHus
pbI HHUS pbI
1 2 3 4 5 6
Pxp Vipo M, KI/MOJTh
Txp b, 10° m3/Moub v, MOJIb ™!
Vip a, [Ta-M3/Mob m, K&
BemecTBo
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7. KOHTPOJIBHBIE BOITPOCHI

1. [Mosicaute ypaBHeHnus Ban-nep-Baanbca.

2. [losicuute, kakue (QPU3NYECKHE TMPOIECChl OMPENESIOT MOMPaBKUA Ha
BHYTPCHHEE JIaBJICHHE U COOCTBEHHBIN 00bEM MOJICKYJI pealibHOTO ra3a a u b.

3. YcraHoBUTE CBSI3b MEXKIY KPUTHUECKMMH MapaMeTpaMy U MOCTOSHHBIMU
ypaBHeHUs BaH-nep-Baansca.

4. OObACHUTE CBOICTBA raza B KPpUTHUYECKOM cocTossHuU. [loscHuTte cymi-
HOCTb SIBJICHUSI KPUTHYECKOUN OMaeCIECHIIUH.

5. Pemmute 3amauy (Ne 2.212. UpomoB W.E. 3agauum mo obmeit dusmke,
1988 r.). Beruucnutes noctosinubie Ban-nep-Baanbsca ajist yriekucioro rasa, eciiv
ero kpuruueckas temneparypa Ixp = 304 K u kpuruueckoe aaBJicHUE
Pkp = 73 aT™m.

6. Pemmute 3amauy (Ne 2.213. UpomoB W.E. 3amaum mo oOmiei ¢usuke,
1988 r.). Haiitu yaenbubiit 00bem 6eH301a (CgHg) B KpUTUUECKOM COCTOSTHUH, €C-
T ero Kputuueckas temreparypa Txp = 562 K u KpUTHYECKOE JaBIICHHE
Pxp =73 aTMm.
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[Tpunoxenue A

Kox¢ppuunents CThionenTa

n 0,90 0,95 0,98 0,99 0,999
2 6.31 12,7 31,8 63,7 636,6
3 2,92 4,30 6,96 9,92 31,6
4 2,35 3,18 4,54 5,84 12,9
5 2,13 2,18 3,75 4,60 8,61
6 2,02 2,57 3,36 4,03 6,87
7 1,94 2,45 3,14 3,71 5,96
8 1,89 2,36 3,00 3,50 5,41
9 1,86 2,31 2,90 3,36 5,04
10 1,83 2,26 2,82 3,25 4,78
11 1,81 2,23 2,76 3,17 4,59
12 1,80 2,20 2,72 3,11 4,44
13 1,78 2,18 2,68 3,05 4,32
14 1,77 2,16 2,65 3,01 4,22
15 1.76 2,14 2,62 2,98 4,14
16 1,75 2,13 2,60 2,95 4,07
17 1,75 2,12 2,58 2,92 4,02
18 1,74 2,11 2,57 2,90 3,97
19 1,73 2,10 2,55 2,88 3,92
20 1,73 2,09 2,54 2,86 3,88
21 1,72 2,09 2,53 2,85 3,85
22 1,72 2,08 2,52 2,83 3,82
23 1,72 2,07 2,51 2,82 3,79
24 1,71 2,07 2,50 2,81 3,77
25 1,71 2,06 2,49 2,80 3,75
26 1,71 2,06 2,49 2,79 3,73
27 1,71 2,06 2,48 2,18 3,71
28 1,70 2,05 2,47 2,77 3,69
29 1,70 2,05 2,47 2,76 3,67
31 1,70 2,05 2,46 2,76 3,66
33 1,70 2,04 2,46 2,75 3,65
35 1,69 2,04 2,45 2,74 3,62
37 1,69 2,03 2,44 2,73 3,60
39 1,69 2,03 2,43 2,12 3,58
41 1,69 2,02 2,43 2,71 3,97
43 1,68 2,02 2,42 2,70 3,95
45 1,68 2,02 2,42 2,70 3,94
50 1,68 2,01 2,40 2,68 3,50
100 1,66 1,98 2,36 2,63 3,39
0 1,60 1,96 2,30 2,60 3,30
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[Ipunoxenue b

Boruuciienne norpemHocTeil HeKOTOPbIX (PYHKIM I

Ne Bun ¢pynxiun [TorpemnocTs
AOcomoTHas OTHOCHTEIIbHAS
1 2 3
1 N=A+B+C + (AA+ AB + AC) +AA+AB+AC
~ A+B+C
2 N=AB + (A-AB + B-AA) +(AA AB)
| —+—
A B
3 N=An +nA"1-AA AA
+n-—
A
4 N =+A i_l AA iEA_A
2JA 2 A
5 N:é iB-AA+2A-AB N A_A+A_B
B B A B
6 N=sinA + cos A-AA + ctg A-AA
7 N = cos A +sin A-AA + tg A-AA
8 N=tgA N AA 4 2AA
cos’ A sin 2A
9 N=ctgA AA + 2AA
~sin? A sin2A
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[Ipunoxenue B

dusnyeckue NOCTOSIHHbIE

IToctostHHas ABoraapo Na = 6,022045:10% mons™

ITocrosiHHas boabivana K = 1,3807:102 JTx/K
YHuBepcaiabHas razopas rnocrosiuaas R = 8,31441 Jx/(moinpb K)
DnieMeHTapHbIi 2eKTpudecknii 3apsan e = 1,6021892:101° Kn
DneKkTpuuecKkas MOCTOsHHas € = 8,85418782:10712 d/m
CkopocTb cBeTa B BakyyMe ¢ = 299 792 458 m/c

[MocrosiuHas [Tnanka h = 6,626176:103* ixxc = 4,136'10° B¢
MaruautHas nocrosHHag po = 4107 T'a/m

[Mocrosunas Crepana-Bonbimana ¢ = 5,67032:10% Br/(M*K*)
HopmanbsHoe yckoperue cBo6oaHoro naaenns g = 9,81 m/c?
['paBuTanMOHHAs HOCTOsIHHASA ¥ = 6,67 1071 M%/(kr-c?)
CkopocTh 3ByKa B BO3/yXe IIPU HOpMaIbHBIX ycioBusax V = 331,6 m/c

TenJoBbLIe CBOWCTBA BeHIeCTB

Teepable Tesa

BemectBo VY ienbHas TEIoeM- Temneparypa VY nenbHas Temnio-
KocTh, KJIx/(kr-K) m1aBieHus, °C Ta TJIABJICHMS,
kJK/KT
ATIOMUHUN 0,88 660 380
Bonbdpam 0,13 3387 185
Keneso 0,46 1535 270
Jlen 2,1 0 330
Menb 0,38 1083 180
CauHel 0,13 327 25
Cranb 0,46 1400 82
AKuakocTu
BeumectBo VY ienbHas TEm0eM- Temneparypa VY nenbHas Temiora
KocTh, KJ[x/(krK) kunenus, °C napooOpa3oBaHus,
M/JIx/kr
Bona 4,2 100 2,3
Crmpt 2,4 78 0,85
I'a3bl (MpY MOCTOSIHHOM J1aBJIEHUH)

BemectBo VY nenpHas TemioeMKocTh, KJx/(kr-K)
Bopopon 14,3
Bosgyx 1,01
Kucnopon 0,91
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ILnoTHOCTH p MeTas10B (mpu t =20 °C)

Meraiun p, Kr/M° MeTan p, Kr/M° Meraiun p, Kr/M°
ATIOMHHMIA 2698,9 KobGanbT 8900 [Tnyronuit 19860
bepunnmii 1847,7 | Jlutuii 534 PtyTh 13546,2
bop 2340 Maruui 1738 CBuHelg 11350
Bananuii 6110 Mapranen 7440 Cepebpo 10500
Bucmyt 9800 Menb 8900 TanTan 16600
Boasdpam 19350 Monubnex 10200 Turan 4500
["'epmanmii 5323 Hatpuit 968,4 Topuit 11720
Keneso 7874 Hukenp 8900 Ypan 18950
30J10TO 19320 Huobwii 8570 XpoMm 7190
Nunni 7310 OmnoBo 7298 Le3uit 1870
40020107078 22400 OcMmuit 22570 Huuk 7140
Kanuit 862 [1naTtuna 21450 [upxonuit 6510

I[aBJ'leHI/Ie H INIOTHOCTDb HACHIIIAKIIEIro BOAAHOTO0 IMapa npu pasijinaHbIX

TeMIiepaTrypax (1aBjeHHe B MM. PT. CT., INIOTHOCThH B r/cm®)

T,°C P 0 T,°C P N T,°C P N
-18 | 094 | 1,05 | +9 | 861 88 | +36 | 4456 | 418
-17 | 1,03 | 1,15 | +10 | 9,21 904 | +37 | 47,07 | 440
-16 | 1,13 | 1,27 | +11 | 9,84 | 100 | +38 | 49,69 | 463
-15 | 124 | 1,38 | +12 | 1052 | 10,7 | +39 | 52,44 | 487
-14 | 136 | 151 | +13 | 1123 | 114 | +40 | 5532 | 512
-13 | 149 | 165 | +14 | 11,99 | 121 | +45 | 71,88 | 654
-12 | 163 | 1,80 | +15 | 12,79 | 128 | +50 | 9250 | 83,
-11 | 1,78 | 1,96 | +16 | 1363 | 136 | +55 | 118,0 | 1043
~10 | 1,95 | 2,14 | +17 | 1453 | 145 | +60 | 1494 | 130
-9 213 | 233 | +18 | 1548 | 154 | +65 | 1875 | 161
-8 232 | 254 | +19 | 1648 | 163 | +70 | 233,7 | 198
-7 253 | 2,76 | +20 | 1754 | 173 | +75 | 289,1 | 242
-6 276 | 2,99 | +21 | 1864 | 183 | +80 | 3551 | 293
-5 301 | 324 | +22 | 1983 | 194 | +85 | 4336 | 354
-4 328 | 351 | +23 | 2107 | 206 | +90 | 525,8 | 424
-3 357 | 381 | +23 | 2238 | 218 | +95 | 633,9 | 505
-2 3,88 | 413 | +25 | 23,76 | 230 | +100 | 760,0 | 598
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ITokas. BiIaXxkH.

Pa3zHoCTh NOKa3aHuid CyXoro v BJIaXXHOTO TEPMOMETPOB

TepMoM., °C 0 1 2 3 4 5 6 7 8 9 10
0 100 | 81 | 64 | 50 | 36 | 26 | 16 7
1 100 | 82 | 66 | 52 | 39 | 29 | 19 | 11
2 100 | 83 | 67 | 54 | 42 | 31 | 23 | 14
3 100 | 83 | 69 | 56 | 44 | 34 | 26 | 17 | 10
4 100 | 84 | 70 | 57 | 46 | 36 | 28 | 20 | 14
5 100 | 85 | 71 | 59 | 48 | 39 | 30 | 23 | 17 | 10
6 100 | 85 | 72 | 61 | 50 | 41 | 33 | 26 | 19 | 13
7 100 | 86 | 73 | 62 | 52 | 43 | 35 | 28 | 22 | 15 | 11
8 100 | 86 | 74 | 63 | 54 | 45 | 37 | 30 | 25 | 18 | 14
9 100 | 86 | 75 | 65 | 55 | 47 | 39 | 32 | 27 | 21 | 17
10 100 | 87 | 76 | 66 | 57 | 48 | 41 | 34 | 28 | 23 | 19
11 100 | 88 | 77 | 67 | 58 | 50 | 43 | 36 | 30 | 25 | 20
12 100 | 88 | 78 | 68 | 59 | 52 | 44 | 38 | 32 | 27 | 22
13 100 | 89 | 78 | 69 | 61 | 53 | 46 | 40 | 34 | 29 | 24
14 100 | 89 | 79 | 70 | 62 | 54 | 47 | 41 | 36 | 31 | 26
15 100 | 89 | 80 | 71 | 63 | 55 | 49 | 43 | 37 | 33 | 28
16 100 | 90 | 80 | 72 | 64 | 57 | 50 | 44 | 39 | 34 | 30
17 100 | 90 | 81 | 73 | 65 | 58 | 52 | 46 | 40 | 36 | 31
18 100 | 90 | 81 | 74 | 66 | 59 | 53 | 47 | 42 | 37 | 33
19 100 | 91 | 82 | 74 | 66 | 60 | 54 | 48 | 43 | 39 | 34
20 100 | 91 | 82 | 75 | 67 | 61 | 55 | 49 | 44 | 40 | 36
21 100 | 91 | 83 | 75 | 69 | 62 | 56 | 51 | 46 | 41 | 37
22 100 | 91 | 83 | 76 | 68 | 63 | 57 | 52 | 47 | 42 | 38
23 100 | 91 | 83 | 76 | 69 | 63 | 58 | 53 | 48 | 43 | 39
24 100 | 92 | 84 | 77 | 70 | 64 | 59 | 53 | 49 | 44 | 40
25 100 | 92 | 84 | 77 | 70 | 65 | 59 | 54 | 50 | 45 | 42
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IocTosiHHBIEC TA30B

I'a3 (oT- Temno- | Bsaskocrts, | uametp ITocTosinubie Ban-
HOCH- nmpoBoA- | M, Mklla-c | Momeky- nep-Baanbca
TeNpHas B & HOCTB, ¥, 161 d, HM a, b, x10°,
MOJIEKY- r= Cy MBm Ia - u® e
TUIpHa m-K Mony° MOTb
Macca)
He (4) 1,67 141,5 18,9 0,20 - -
Ar (40) 1,67 16,2 22,1 0,35 0,132 32
H. (2) 1,41 168,4 8,4 0,27 0,024 27
N, (28) 1,40 24,3 16,7 0,37 0,137 39
0, (32) 1,40 24,4 19,2 0,35 0,137 32
CO; (44) 1,30 23,2 14,0 0,40 0,367 43
H,O (18) 1,32 15,8 9,0 0,30 0,554 30
Boznyx 1,40 24,1 17,2 0,35 - -
(29)

IIpumeuanue: 3naueHus y, Y U 1| — IPYU HOPMAILHBIX YCIOBHIX

HOBCpXHOCTHOG HaATHAKCHUE 6 BOAbI HA 'PaAaHUIE C BO3AYXOM

NPH pa3JIn4HoON Temueparype t
t, °C o, MH/m t, °C o, MH/m t, °C o, MH/Mm

0 75,62 15 73,48 24 72,12
9) 74,90 16 73,34 25 71,96
6 74,76 17 73,20 30 71,15
8 74,48 18 73,05 40 69,55
10 74,20 19 72,89 50 67,90
11 74,07 20 72,75 60 66,17
12 73,92 21 72,60 70 64,41
13 73,78 22 72,44 80 62,60
14 73,64 23 72,28 90 60,74

100 58,84
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JlnHaMnYecKas BA3KOCTD L U TEKY4eCTh G BOJbI IIPH PA3JIMYHON TeMmepartype t

t, °C u, Mxlla-c | o, IMat-c? t, °C u, Mxlla-c | o, IMat-c?
0 1788,0 559,2 50 549,4 1820,0
5 1518,8 658,4 60 468,8 3133,3
10 1307,7 764.,4 70 406,1 2462,6
15 1140,4 876,9 80 356,5 2805,3
18 1055,9 947,1 90 316,5 3159,2
19 1029,9 971,0 100 283,8 3523,0
20 1004,0 996,0 150 186,3 5367,7
21 981,0 1019,4 200 136,3 7336,7
22 957,9 1044,0 250 109,8 9107,5
23 935,8 1068,6 300 91,2 10964,9
24 914,2 1093,8 350 72,6 13774,1
25 893,7 1119,1 370 57 17544
30 800,7 1248,9 374,15 4 2,50-10°
40 656,0 15245

CkopocTh 3ByKa B BO3yXe NMPH Pa3jndHoii Temmeparype t
t, °C Cc t, °C c
M/c KM/4 M/c KM/4

-100 263,7 949,2 60 365,8 1316,9
-90 271,2 976,2 70 371,2 1336,5
-80 278,5 1002,5 80 376,6 1355,8
-70 285,6 1028,2 90 381,9 13749
-60 292,6 1053,2 100 387,1 1393,7
-50 299,3 1077,6 150 412,3 1484,2
-40 306,0 1101,5 200 436,0 1569,5
-30 312,5 11249 250 458,4 1650,3
-20 318,8 1147,8 300 479,8 1727,4
-10 325,1 1170,3 400 520,0 1872,1

0 331,5 1193,4 500 557,3 2006,4

10 337,3 12141 600 592,3 2132,2
20 343,1 1235,2 700 625,3 2251,0
30 348,9 1256,2 800 656,6 2363,9
40 354,6 1276,7 900 686,5 2471,6
50 360,3 1296,9 1000 715,2 2574,8
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CKOpOCTI/I ABUKCHHUSA MOJICKYJI ra3oB

B TaGaune npuBeneHbl 3HaUeHUs HanOosiee BeposATHOU V,, cpenHeit apud-
METU4ECKON V., U CpeHEeN KBaIpaTUUHOU V,, CKOPOCTEN IBHIKEHUS MOJIEKYII pas3-
JUYHBIX Ta30B [IPU HOPMAJbHBIX yciaoBusaX. [IpuBenens! Taxxke 3HaueHus V., npu
HOPMAaJIBHOM JIaBJICHUH, HO JUISI Pa3JIMYHBIX TEMIIEPaTyp

l"a3 Ve, Vp, M/c, IpU TEMTIEpaType Vs, M/C
m/c 0°C 15°C 20 °C 25 °C
A3zoT 398 454 467 471 474 492
AmMMuak 517 583 597 604 609 632
Apron 338 381 391 395 398 414
Bonopon 1487 | 1693 1740 1755 1770 1838
BonsHoit map 502 566 582 587 592 613
Bozmyx 394 447 459 463 647 485
['enuii 1064 | 1201 1230 1252 1256 1310
Kucnopon 377 425 437 440 444 461
Kpunron 233 263 271 2172 275 285
Kcenon 195 210 216 218 219 228
Metan 536 601 613 619 627 651
Heon 474 535 550 557 559 580
Oxcup yriepona (I1) 402 454 463 471 475 492
Oxcun yriepona (1V) 318 362 372 376 379 392
[Tape! pryTH 151 170 174 176 177 184
Cpennsist AJiMHA CBOOOXHOIO Npodera MoJIeKyJ BO3ayXa
h, M I, M h, m I, M
0 6,633-108 4000 9,917-108
50 6,665-10® 5000 1,103-107
100 6,697-10® 10000 1,965-107
200 6,762-10® 20000 9,139-107
300 6,827:108 30000 4,413-10°
400 6,894-108 40000 2,034-10°
500 6,961:108 50000 7,913-107
1000 7,309-10® 70000 9,801-10
2000 8,072-108 90000 2,377-10
3000 8,936-10 100000 1,439-101
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['a3 v map Temmnepa- | Ckopocth | TemmepaTypHbIil K03(]-
Typa, °C | 3ByKa, M/C | (DUIIMEHT CKOPOCTH 3BY-
ka’, M/(c-°C)
Aot 0 333,6 0,6
Apron 0 319 0,56
AneruieH 0 327
bensun 90 200
Bonopon 0 1284 2,2
Bozmyx 0 3315 0,59
BojasHoit nap 0 401
BoisiHOIM map HachIIEHHBIN 110 413
[ennit 0 965 0,8
Kucnopon 0 316 0,56
Heon 0 435 0,8
Oxwucs azota (1V) 0 324 0,6
Oxwucs yriepona (11) 0 338 0,6
Oxwucs yriepona (1V) 0 259 0,4
XJ1op 0 206

“ CKOpOCTb 3ByKa B Ta3ax U Mapax yBEIMYMBAETCS C IOBLILIEHHEM TEMIIEPATYPHI.
M3MeHeHne CKOPOCTH 3ByKa MPH U3MEHEHUU TEMIIepaTyphl raza win mapa Ha 1 °C
OTIPEJICIISIETCS] TEMIEPATYPHBIM KOI(PPUITMEHTOM CKOPOCTH 3BYKA.

CkopocThb 3ByKa B JKHJIAKOCTSX

Kunkoctp Temneparypa, °C Ckopoctb 3ByKa, | TemmeparypHblil
Mm/c K03 puieHT
CKOpPOCTH 3BYyKa
M/(c-°C)

Aszor — 203 929 —10,0

Apron — 186 837 - 8,7

AueToH 20 1192 -5,

bensun 17 1166 ...

Bona 25 1497 2,5

Boga mopckas 20 1490 ...

Bona Tsokenas 25 1399 2,8

Bonopon — 253 1127

["enuit — 269 180 -215

* CKOpOCTb 3ByKa B JKHIKOCTSAX H3MEHSETCS C U3MEHEHHEM TeMiepaTypbl. Jlius
MOJIABJISIFONIETO OOJIBIIMHCTBA KUAKOCTEH OHA YMEHBIIIAETCS C YBEIUYEHUEM TEM-
nepatypbl. I3MeHeHHe CKOPOCTH 3BYKa NMPU U3MEHEHUU TEMIIEPATYPHI KUIKOCTH
Ha 1 °C ompenensiercs TemMneparypHbIM KO3()@QHUIIMEHTOM CKOpPOCTH 3ByKa. B
IIPECHOM BOJE CKOPOCTh 3ByKa MMEET MaKCHUMAaJbHOE 3HAYCHHE NPU TEMIIEPATYpE

74 °C.
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Mopnyas ynpyroctu (moayas FOnra) E paznuunbix matepuasos (mpu t =20 °C)

Marepuan E
I'Tla KIc/MM?

ATFOMUHMI 70-71 70000 — 71000
beron 14,6 — 23,2 14600 — 23200
bop 450 450000
bpoH3za onoBsiHHAs 75—124 75000 — 124000
Bununnact 4 4000
Bonbdpam 415 415000
I'eTunakc 10-18 10000 — 18000
['panut 49 49000
JropantoMuHu 71 71000
Kenezo 190 — 210 190000 — 210000
30J10TO 79 79000
WNuBap 140 140000
Wpuuii 528 528000
Kanpon 14-20 1400 — 2000
KBapiieBast HUTh TIaBIeHas 73 73000
Kuprimunas kimagka 2,7-3,0 2700 — 3000
KobGanbT 208 208000
Koncrantan 163 163000
JlaTyHp amoMuHueBas 100 — 105 100000 — 105000
Jlen (mpu t = -4 °C) 10 10000
Maruuii 44 3 44300
Menp 458 458000
MomuOnen 5673 56000 — 73000
Mpamop 458 458000
Hukenn 205 205000
OpraHndeckoe CTEKIIO 29-41 2900 — 4100
ITnaTuna 170 170000
[TonuxmopBUHIIT 04-10 400 — 1000
Pe3una 0,9 900
CBuHel 16 — 17 16000 — 17000
Cepebpo 70— 82 70000 — 82000
Cranp nerupoBaHHAs 210 — 220 210000 — 220000
Cranp yrnepoaucTas 200 — 210 200000 — 210000
Crexo 50 -60 50000 — 60000
Texcronut 6,0 — 10,0 6000 — 10000
Turtan 112 112000
Ypan 208 208000
dToporutact — 4 0,46 — 0,83 460 — 830
XpoMm 240 - 250 240000 — 250000




