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BBEOEHUE

[lo3nanpne OMONOTHYECKHX ABEHHH B HacTOJAMIEE BpeMs [IpeJcTaBiiieT coboi
OUEHE CJIOKHAIH Mpolece, BIMTaBIIMHA JIyYiie JOCTKEHHS MHOIHX Hay4YHBIX AHC-
UHIUIHH, OCOOEHHO B YCIOBHAX HAYYHO-TCXHHMYECKOH peBoouud. JTO MO3HAHUC
H3MEHACTCS H IBOJFOIMOHHPYET IT0 Mepe pa3sBuTHA OHONOrUYecKoH HayKH.

[TpuMeHeHHE MPOCTEHIIErO «MHCTPYMEHTA» — HOXKA — MO3BOMIMIIO 3HAYHMTENb-
HO MPOABHHYTECS B XAPAKTEPHUCTHKE JKMBOI'O M HEPEHTH K M3YHEHHIO aHAaTOMMUe-
CKOTO CTPOEHHS 00BEKTOB. PasBuTHe MMKDOCKONMYECKOH TEXHHKU H YCOBEPLIEHCT-
BOB2HHE MMKPOCKONA J1a/I0 BO3MOKHOCTE NMepeiTH K OHONOrHYSCKHM HCCTIeNOBAHH-
M Ha YPOBHE KIieTKd. BHeIpeHre XUMUYECKHX H (H3HYECKHX METOOB HCCIE0Ba-
HUA I03BOIHAAC Slue TIYOXe IPOHHKHYTE B TRHHE KISTKY.

Hcnomb3oBanne pasHOOOPa3HbIX TOHKUX (QHIMKO-XMMHYECKHX METOLOB NpH-
BeJIO K [Iepexoay Hecel0BaHKH Ha MONEKYIAPHELH YpOBeHb.

HaGnionenne ocTaBaioch OCHOBHBIM METOA0M B OMONOrHH O9YeHb JONTOE
spems. Tonpko ¢ Hayana XX BeKa CTall PacipOoCTPAHATCA IKCTIEPUMENT. Ero mpHMe-
HCHUE Pe3KO PaclIMpHIO IpaHuubl OHONOTMYECKOTO [03HAHHA. DKCHEePHMENTANTE-
HEIH MeToA COBpeMEeHHOIro DHOIOrMIecKoT0 MCCIe[0BaHMA HMEET CIIOMKHYIO CTPYK-
TYPY: OH HOAPA3AENASTCH HA HECKOILKO TECHO CBA3AHHBIX MEXy coDOi THIIOB.

Pazpurne QH3MKO-XUMHYECKOrO dKCIepuMeHTa B OHOIIOrHE MMEET TEHIEH-
A0 K OPraHu4cCKOMY CHHTC3Y [IJHSH‘{GCKHX H XMMHMYCCKHX NOAXONM0B B CIHHOM
KOMILICKCe. JTa TEHICHIHS YiKe IpHBeNa K IMKRUAALMA (apeepa MeHIy OHoxumu-
e ¥ OHodH3HMKOH, KOTOPLIE PAHO Pa3sBHBANMCE B HEKOTOPOM OTpHIBE APYT OT ApYyra.

Wsydenne cyOMHEKPOCKOIHYECKUX CTPYKTYP H IIPOUECCOB BHYTPH KIETKH CY-
HIECTBEHHO NMPOJIBHHYJIOCH BOEPE] ¢ MOMOLUBIO KCINEPHMEHTOB, CBA3AHHBIX C pas-
PYUICHHEM TENOT0 B MOCHENYIOINM eF0 BOCCTAHOBICHUEM, HCXO/S H3 CBOHCTB Bbl-
LEMeHHBIX (PAKIMH. ITO CTANO BO3MOXKHEIM B PE3YNLTaTe OYpHOrO pasBHTHA TEX-
HHKH JHQQEPEHIIMPOBAHHOTO LEHTPH(YTHPOBAHHA, INEKTPOHHOH MHKPOCKOIINH,
XpoMaTorpadiH, COeKTPOCKOIHAH,

HccnemoBanue CTpyKrypsl B QyHKIMH cyOKneTouHEX 00pa3oBaHuii (uX mpu-
HHU3ZHCHHOE H3YYCHHUE) TECHO CRA3EHO C yClexaMu SAepHoi Gr3uKy, AaBileil B pyKa
OHONOTOB-3KCHEPAMEHTATOPOR METOA MOTONHHIX WHIMKATOpOR. B 3TOM e Ha-
fpaBleHry WAET pa3paboTka W APYrHX cnocoOOB NPHKH3HEHHOIO M3y4eHHs (mapa-
MarHWTHBIH PE30HAHC, MONEKYIIAPHAS ClIEKTPOCKOIHA W T.1. ).

Buonorudecknil 3kcriepyMenT B 00IEeM MOYTH He OTIHYaeTcs OT CXeMbl (M-
3MKO-XHMHYECKOro JKcrepumMeHTa. OCHOBHOE OTAWUYME OMONIOTHYECKOTO 3KCIEpH-
MeHTa OT (U3HYECKOro 3aK/IHaeTCs B CJONKHOCTH MCCIeAyeMOH CHCTEMEI, €e Mo-
AaTIIMBOCTH OTHOCHTC/IBHO NIperpan,.

Bospnioe mpakTHYeckoe 3HaYeHne Ui OHOIOTHH MMeeT NpHKIagHas fuodu-
3MKa, KOTOpasd OXBATHIBAET IIMPOKMH KPYT BONPOCOB, CBA3AHHEIX ¢ (PH3HYECKHMH
SABNCHHAMY, JTEXAHMMH B OCHOBE ycrpof—icma pAAd OpraHoOB H CHCTEM opraHnimMa,
Harp¥iMep OPTaHOR 3pEHNS ¥ coyxa. 1043 JKe OTHOCATCH BONPOCH CTPOSHUS W Me-
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XaHUYECKUX CBOMCTB ONOPHBIX 3JIEMEHTOB OPraHH3Ma, KHHEMATHKA M JHHAMHAKA
JABHIaTellbHOr0 anmnapara, raIpoidHaMMKa KpoeooOpalenus, sHepreTuyeckuii Ga-
JIAHC M TEPMOpEryLus, OHOIEKTPHYECKHE ABJEHUS B TKAHAX H OPTaHax.

3agaun PU3NYECKOro NPpakTuKyma

@Ou3MKa — HayKa 3KCIIEpUMEeHTaTbEHaA. JTO 03HA4aeT, YTO (GH3HYECKHE 3AKOHEI
YCTAHABJIMBAIOTCS H NPOBEPAIOTCA MyTeM HAKOIUIEHHA M COMOCTABICHHA 3KCIEPH-
MEHTAITGHEIX AAHHEIX. Pe3ysieTaTel QU3MHecKHX SKCIEPHMEHTOB NPENCTABIIOTCS
yame Beero HabopoM HEKOTOPHIX 4Hcell. BriBeAeHHblE B De3ynbTaTe HCCIeROBaHMH
dusiueckre 3aK0Hb! (GOPMYIHPYIOTCS B BHIE MaTeMaTHYECKHX (OPMYI, CBA3HIBAIO-
IMX MEXIY COOON YUC/IOBbIE 3HAYEHUS (MH3HIECKHX BEITHYHH.

Lleny ¢usuveckozo npaxmuxkyma — HAYYHTH CTY[IEHTAa H3MEPATh YHCIIOBBIE
3HaYeHHs QHIMIECKIX BEHYMH H [IPABUIIBHO COTIOCTARNATE MX ¢ hopMymaMH.

Jina GoneiurHCTBa Nabopatopusix pabor o0keM HHQOpPMAUMH, CHUMAEMOH ¢
YCTAaHOBKH, HEBEJIMK M, KAK MPABUIO, He NPEBLINIAET HECKOMBKMX JECATKOB YHCEN.
Dp3nyecKre BHIBOAB! M3 NPONENAHHOIO DKCIEPHMEHTA — PE3YNLTAT COOTBETCTBYIO-
el MarematHieckol obpaboTky 5ToH MHGOPMALMH, KOTOPas CleUM(pHIHA ANd Ka-
# 07 nabopatopHo# paboTel.

T'nasnas 3anada obumero GH3HUECKOro NPakTHKyMa ~ HayYHTh CTYNEHTOB MO~
AYYATL M3 Pe3yNETATOB Na0OpaTOPHOTO SKCHEPUMEHTa HeoOXOMuMYyIo vH(pOpMa-
1HIO.

Pabora B naboparopHu, aHANH3 TEOPETHYECKOTO MATEPHANa M JIEKIMOHHBIX
IKCIEPUMEHTOB, H3YYCHHE IUTEPATYPH!, IOHMMAaHHE POIM SKCTIEPHMEHTA B (PH3HKE,
H3yueHHe QH3UKM ABIIEHUSA, TAKUM 00pa3soM, COCTaBAAIOT HEKOTOPYI MOJEAb Mpo-
necca HAYYHOrO MO3HAHM.

Hens paboratomero B GH3MUECKOM NPAKTHKYME 3aKNI0YaETCS B TOM, 4TOOH
Ha OMbITE M3YYHTH OCHOBHEBIC (DH3MYCCKHE SABIEHMSA, BOCIPOM3BECTH MX CAMOMY H
HAYYHTLCS NPAaBHITEHO aHANM3HPOBATS.

Heobx0aMMEIM YCIOBHEM YCIIEIIHOIO NPoBeacHNS QUIHYECKOro OILITA ABJIA-
eTCS CO3HATeNbHOE Ero BHIIIONHEHNE, BKIIOYatomee B ce0sl BHMMATelbHOCTh, COCPe-
JOTOUEHHOCTE Ha TIpoliecce H3MepeHni, GepexHoe OTHOMIEHHE K Tpubopam.

Duzryecknii NPaKTHKYM TIPU3BaH MOMOYE CTYAEHTaM riiybie MOHATL OCHOB-
Hble (PU3HYECKHE 3aKOHOMEPHOCTH H NPHOOPECTH 2/1EMEHTAPHEIE HABBIKH B IIPOBE-
JeHUM (DH3MYECKMX OMNbITOB W m3MepeHHd. IIpy BhnoiHenuH paboT npakTHKyMa
TPENIIOIAraeTcs UCIIONB30BATH COBPEMEHHYH0 (U3HYECKYIO Alaparypy, uro Oyaer
cnocoOcTBOBATE NydIIeH NOATOTOBKE CTYIEHTOB.

O06paboTka pe3yNsTATOB IKCHEPHMEHTA U [IPOBENCHHE HEOOXONHMEIX pacue-
TOB OCYINECTBIAIOTCA ¢ NMPHUMEHEHHEM BRIMHCINTENLHOH TexHukH. B naGoparopnx
«MexaHHka» HCHOMB3YIOTCA NpOrpaMMmHupyeMble Mukpokanbkynstopsr (ITMK) u
«AOC-mexannka» Ha 6aze DBM.

Mex iy CPOKaMH BBITTONHEHHA paboT M NPOCAYUIMBAHHEM COOTBETCTBYOLIETO
pasjiena NeKIMOHHOTO KYPCa MMEeTCs PasphiB, YTO BEIZBIBAET Y CTYNEHTOR OHpele-
NeHHble TPYAHOCTH. YUTOOR NOMOYS MPEOLONCHHIO uX, niepen paoToll jJaeTcd He-
Gonpinoe Teopernueckoe BeeneHne. OHO ABNAETCH CBOCOOPAsHOH KaHBOM, MO3BO-
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AM0ImeH CTyAeHTaM JydIle OPHeHTHpPOBAThCA B yyebHol maTeparype. Onuako nos-
rOTOBKa K KaKIoMy saGopaTopHoMy 3anaduio Tpebyer ot Hux GONBIUOH caMocTos-
TenpHOH pabotel. s obecnedeHMs CamMOKOHTDOIS CTYJEHTOB 3a HMOATOTOBKOM K
BBIMOAHEHHIO PaDOTH M NPOBEJEHHs PacyeToB, a Takke njs bonee rayGokoro yc-
BOEHHS MaTepHasa NMpe/TaraloTes KOHTPOIbHEIE BOIIPOCHL.

CoBeTbi N0 NOQroTOBKE K BbINOMIHEHUIO PabOT B NpaKTUKyMe

Ilepen BemonHeHueM paboTel CTYAEHT OOKEH NOJNYYHTE JONYCK K HeH y
fpenoiaBaTens, BeAYIEero 3aHaATA B nabopaTopHu.

Ilpu nmoaroToBKe K NpPOBENEHHI0 (DHU3HYECKOTO 3KCHEPHMEHTA CTYIECHT A0JM-
#KEeH HamucaTh B OTYETE HOMEP M Ha3BaHHe PabOTHI, ATy €e BBINOTHEHHS, IPHBECTH
OCHOBHBIE TEOPETHYECKHE CBeJeHHs M (HOPMYyIIBI, H300pa3UTh MPHHIMIHATLHYIO
cxemy nabopaTopHOH yCTaHOBKH, YKa3arh MepedeHk HCIONL30BAHHOTO 0DOpYNOBa-
HH#, COCTABUTE TAONULBI ¢ JAHHRIMH H3MePEHHBIX BENHYHH H pe3ysibTaTamu WX 00-
paboTKH.

He cienyerT HauuHATh BBIIOJHEHHE OTBITA, TIOKA He OyIyT YACHEHBI IOIHO-
CTBIO €10 1Ie/Ib, METOJ, ¥ HE COCTABJIEH ILIaH IIPOBEAEHM OILITA.

ITopadox nodzomoeku K onblmy:

1. HpounTaiite pyKOBOACTBO K paboTe, BRIACHUTE, Kakie DUSHYECKHE 3aKOHBL
HACTIONE3YIOTCS NPH PELICHUH dKCIIEPHMEHTAIBHOH 3a/1a4H ¥ Kakie 3aKOHOMEPHOCTH
JIEKAT B OCHOBE pacueTHbIX QopMyn. OnpeleiuTe, KAKOBO 3HAYEHHEe H Pa3sMEPHOCTh
HCCieAyeMbiX (PH3MYECKUK BelnyMH. O3HAKOMBTECH CO CIIMCKOM PEKOMEHIOBAHHOMN
JHTEPaTyPhl.

2. Ilpopaboraiite peKOMeHIOBAHHYIO JHUTEPATYPY, KOHCHEKTEl nekumi. [lpu
5ToM obpaTHTe BHWMANWE HA (HOPMYIHPOBKH YCHOBYHM, B KOTOPHIX MPAMEHEHE! du-
3MYECKHE 33KOHBI M pacueTHBIE (OPMYIbI, JEKAIME B OCHOBE PELIEHHA OITBITHOH
3a0a9K.

3. CaMOCTONTENLHO WK ¢ HOMOWIBIO yueOHBX nocoChl BoiBeuTe GOPMYNEL,
KOTOPBIE HCHOJIB3YIOTCS IJIs Pacderos B paboTe.

4. O3HAKOMBTECE ¢ IPHHIMTIOM JIeHCTBHs 1ab0paToOpHOro MakeTa | TeX yClo-
B, HPH KOTOPHIX CTIPABE/JMBEI 33KOHB! ¥ (OPMYibl, HCHONB3YEMBIE B 3aaue. Pas-
OepuTech C NPUHIMIOM feiicTBUA padoTel M3MepHTENLHBIX npubopos. Emie pas
HPOYHTAHTE PYKOBOICTBO K pabore.

5. CocrasyTe TUIaH OfbiTa ¥ COTHACYHTE ero ¢ IPeNoJaBaTeheMm.

6. Ho nposenenus JsaGopatopHoil paboTel noArorossTe B pabouei TeTpamn
tabmunsr HabmogeHuii H pacderHsle GOPMYJbl, MHUIAMETPOBKY AJIA MOCTPOSHHA
TPAPUKOB.

7. Mocne oxoHyaHua onbita paboyee MecTo B J1a0OPaTOPHM NMPHBEAHMTE B 10-
PAIOK.

8. Oruer no KakAoH paboTe HOMKeH CORALPKATE OCHOBHBIC BRIBOLL.

9. OOpaborka pe3yNnbTaTOB JOJDKHA OBITH 3aKOHYEHA JO Havaia cleaylomeit
paboTEL

Crenyer uMers B BUAY, YT BHIMMCHEHUA HeOOXOAMMO MPORQIMTE TONBKO B
MEXAYHapoAHoH cucteme enuunn (CH).



NABOPATOPHbI MPAKTUKYM
Mo U3MEPUTENbHbLIM MPUBOPAM

Pa6orta Ne 1. O6paborka pe3ynsTaros npAMbIX U3MepeHnit
ANWHbI TENa

lene paSomei:

1. Mzyuenwue TeopuH cTaTHyeckol oGpaboTkH pesylbTaToR IPSMBEIX M3Mepe-
HHl ¥ IPeJCTABNEHHE IKCTIEPUMEHTAILHBIX JAHHBIX.

2. OnpesiencEne JOBEPUTEIHHOTO MHTEPBANA METOOM CpEeITHETO apH(MeTH-
9ECKOTO M CTATHCTHYECKHM CIIOCOBOM.

O6opydoeaHue: wusmepseMoe Telo, MaciuTabHas THHeHKa.

Codepxanue U Memod eninoJiHeHus pabomsl

Duzuneckue ennuuNnbl B HX UIMEPERUA,

Du3nKa — HKCTIEPUMEHTAIRHAS HAyKa. B OCHOBE SKCIEPUMEHTA Jiexar QH3Hye-
CKre MeTOoIB! M3MepeHuil. 1IeNbio 3KCITepAMEHTa SBASeTCS MMOMCK TAKUX [IAPAMETPOB
GF3HEECKHX ABJICHHI, KOTOPBIE MOXKHO H3MEDHTS, HOTYTHB THC/ICHHBIC SHAYCHAL,

Croiictea Qusnueckux o6BLEKTOB M NPOUECCOB, KOTOPHIE MOKHO IPAMO HIH
KOCBEHHO H3MEDHTE, HA3BIBAIOT (PH3MYECKUMH BennuHHAME. PH3HYecKHe BEIMYHHEL
MOHO Pa3IeNUTE Ha IBE KATErOPHH: BEJIHYHHBI, XapaKTePH3YIOIIHE CBOHCTBA U CO-
crosiHie Ten (Macca, 00beM, TUIOTHOCTE, 3IEKTPHYECKOE CONPOTUBICHHE, 1aBIeHHE
W JL.p.), ¥ BENWYHHE], XapaKTepH3yIOIHe ABICHHSA W NPOLECChl, NPOTEKAKNINE BO
BpeMeHH (MHHEHHag CKOPOCTE, CHAa ToKa, pabora u T.1.). YTo6H MMeTh npeacTas-
JeHHe O (H3IMYECKOl BeIMurHE ¢ KONIMYECTBEHHOM TOUKY 3penus, HeoOX0IuMO BhI-
Pa3uTh ¢e YHCIOM, T.6. WIMEPHTS.

Hzmepums ¢usuieckyio eeiuyuHy — 3T0 3HAYUT HAHTH ONBITHEIM TTYTEM 3Ha-
yeHHe PU3MHECKOM BEIIMYMHEL, HCIOB3YA CEIHANLHBIE TEXHHYECKHE CPENICTRA.

Hamepenuem xaxod-mubo ¢usnyeckoll BenmquHABl HA3BIBACTCA HAXOXJICHHE
(bu3HYECKOH BETMYUCHL ¢ NOMOMIBI0 CIIEIHATBHEIX TEXHUYECKAX CPEICTB, B PE3YIib-
TaTe yero onpenensercs, BO CKONBKO pas M3MepseMast Benu4HHa Gonblne (MeHbIne)
COOTBETCTBYIOIIEH BETHIHHBI, NPHHATOH 3a ITAJIOH.

[Ipy m3Mepedun QU3MUECKOH BENHIHHBI € 3HAYEHNE CPABHUBAIOT C €IUHH-
ueH usmepenns. Yuciio, KOTOPOE NOAydaeTcs NpH W3MEPEHMAX, Ha3bIBaIOT TUCIIO-
BbIM 3HadeHHeM ¢(uzrdeckoi Benwunnsl. TakuMm obpasom, nobas dusmaeckas Benu-
YYHA paBHA HPOW3BESHUIO YHCIICHHOTO 3HAYEHUA U eJUHHIIBI M3MEPEHHU.

DuINgecKas BETHYHHA H ¢¢ Pa3sMEPHOCTs — 3TO HE OJHO U TO ke, OauHako-
BYIO PasMEpHOCTH MOTYT HMEThL COBEPUIEHHO pasHbie TIO CBOeH npupone ¢mzmde-
CKME BEJIHYMHBI, HanpuMep paboTta W Bpawarlmii MoMeHT. PazMepHOCTB HE cojep-
AT UHOOPMAITAHE O TOM, ABIAETCH M JAHHAs (PH3HYECKas BeIHIHHA CKATIpPOM,



7

BEKTOPOM HJIH TeH30poM. OHako BeHYHHA PA3MEPHOCTH BaXKHA IS IIPOBEPKH
NMPaBUIBHOCTH COOTHOLIEHMI MEXIY GH3HYECKMMU BETHYMHAMH.

Heobxomumo Hay9IuUThCA HE TONBKO H3MEPATH paliMuHele QH3HYECKHE BEITH-
YHHBL, HO M HPOREPATE H HAXOJMTH CBA3h MEXK/AY HHMH, COIIOCTABIATE PE3YIILTATE
IKCOEPHMEHTa C BRIBOJAMH TEOpHH. PesyneTaThl moGOro (pH3HYECKOTO 3KCIEpH-
MEHTa HeOOX0IMMO YMETE IPOaHANIM3HPOBATE.

Hzmepenua OCHOBAHBL HA CPABHEHWH OJMHAKOBEIX CBOWCTB MATEPHANBHEIX
00bexToR. Mepoii /11 KONMYECTBEHHOTO CPAaBHEHHS OJUHAKOBEIX CBOHCTB 00BEKTOB
CHYXKHT €IHHALE QR3HIECKON BEIHMIMHEL.

3navenud PU3KUSCKHX BCNHUYMH HAXONNT ONBITHEIM IyTeM, HOITOMY OHM CO-
Jeprkat TIOrpenrHocTs H3MepeHHH. B ¢BA3M ¢ 3TAM pa3iMyaloT HCTHHHOE H IeHcTBH-
TEIBHOE 3HaYeHNe QUINIECKHX BCITHIHH.

Hemunnoe 3nauenue Hu3HYecKol Bemmuwnbl X, vaeansHbiv obpasom oTpa-
JKaeT B KOJIMYECTBEHHOM H KayeCTBEHHOM OTHOIIEHHSX COOTBETCTBYIONIEE CBOMCTRBO
obnekra. OHO ABJIAETCA MpENENoM, K KOTOpOMY TpHOIMKaeTcs 3HadeHHe (Guznde-
CKOH BETHYHHE! C TIOBBIIICHHEM TOUHOCTH H3MEPEHHA.

Heiicmeumenvroe 3Havenue — 3uavenve X; GU3MISCKOH BETMYMHBL, HalaeH-
HOE IKCAEPUMEHTANBHLIM ITyTEM H HACTONBKO npHOmmkalomeecs K ACTHHHOMY 3Ha-
YEHMIO, 9TO MOXKET ObITE HCITONR30BAHO BMECTo Hero. HUKakue M3MEpEeHHA He MOTYT
ObITH BRINTONHEHB! a0COMIOTHO TOYHO. MX pe3ynabTaTsl BCETa COdepikar HEKOTOPYIO
omubky AX , o3TOMY B 3a/1a4y H3MEpEHHH BXOIHT He TONBKO HAaXO0XKICHHE TOYHOH
BEITHYHHBI, HO TAKXKE W OLIEHKA JOMYINEHHOM TIPH 3TOM IIOrPEIIHOCTH.

Hozpewnocmos usmepenus eCTh OTKJIOHEHHE Pe3YJIbTaTa M3MEPEHHS OT IpH-
HHMAaeMOTo (OUEHHMBAEMOTO) MCTHHHOIO 3HAYEHHA M3MepsieMolt BenuanHbl. Kagect-
BO Pe3YJbTATOB M3MEPCHHH XapaKTepu3yHT abCONIOTHOH NOTPELIHOCTRIO H3MEpe-
Bua AX, BRIp@KEHHOH B €MHMAAX M3MEPAEMOH BENMYMHEL, H ANA OJHOIO H3MEpe-
HMs OHE PaBHA:

AX =X pn-X, 7k X > X,, T0o MX=X-X,, (1)

rae X, ~ HCTHHHOE 3HaYeHHe H3MEPSEMON BETHYMHEI.
Omuocumensvras ROZPEUHOCHTe — OTHOIEHWE aGCOMOTHOM NMOrpelHOCTH H3-
MEpEHRA K HCTHHHOMY 3Ba4eHHIO QH3HYECKOH BETHIHHE

E=AX/X,. (2)

OTHOCHTENBHAR TIOTPEIHOCTE MOXeT GhITh BRIpaXKeHa B NPOLEHTAX, OHa ABILACTCH
MEpOii COBEpPIIEHCTRBA METOA H3MEPEHHA.

flozpewnocmu uzmeperull u Ux oyeHka

Cucmemamuueckan nozpewnocns OCTaeTCH TOCTOAHKOK WIH 3aKOHOMEPHO
H3MEHAETCH TIPH MOBTOPHBIX H3MEPCHHUAX OTHOH H TOH Xe BETMYHHEL

CucreMaridecKkas NOIrpeniHocTh A3MEPEHHs BO3HHKAeT B PE3yINBTATE HAllO-
HEHH FNCMEHTAPHbBIX HOTPEIIHOCTSH, BHI3HBASMBIX PasHbBIMK IPAYHHAMHE.



Bunp! norpeiuHocTei H3aMepeHHs:

a) UHCMPYMEHMAIbHAA HOZPEUIHOCMb ONIPEJIENAETCH TIOrPEIHOCTHIO pHMe-
HAEMEBIX CPEACTB M3MEPEHHA — W3MEPHUTEIILHLIX TPHOOPOB H MeD;

G} rozpewHOCMB OMCYUINBIEARKA BOSHHKAST BEHIY HEAJCTATOMHO TOYHOrO
OTCYMTEIBAHKSA NOKasaHHi npubopa;

B} HozpewHOCMmy UHMEPNOAyuy TP OTCYHTHIBAHMH CBA3aHA C HEMOCTATOYHO
TOYHOM OUEHKOH Ha Va3 JOMH JeleHWd 1UKaNbl, COOTBETCTBYIOLIEH MOMOKEHHIO
yKasarenas,

r) Hozpewnocms Om AAPALIaKca BO3HUKAET BC/IENCTBHE BH3HPOBAHHA CTpes-
KH, PaciojioKEHHON HA HEKOTOPOM DPACCTOSHHH OT IUKAJIbI;

I} nozpewHocms 0m nepexoca BHI3BAHA TeM, YTO JIHHHSA H3MEPEeHHS JOJDKHA
ABNATLCA NPOJODKEHHEM JTHHUN [IKAIIbL, .

C) ROZPEULHOCING BHEUIHAR BO3HHKACT BCICACTBHE OTKIIOHEHHs OT HOpMalb-
HBIX YCIIOBHM H3MepeHuil.

Cryuaiinas hozpewinocib — COCTABILIIOMIAN MOTPEINHOCTH H3MEPEHHA, M3-
MEHSIOINAsCH ClydaifHeIM 00pa3oM NPH HDOBTOPHBIX H3MEPEHHsX OQHOH W TOH e
peayyrEs. Cryyaiinble NOrpellHOCTY Helb3s HCKIHUNTE M3 PE3YNbTAT0B HaMepe-
HHH, HO HX BIIMAHHE MOYKHO YMEHBLIMTE MyT€M MHOTOKPATHLIX NOBTOPHBIX H3Mepe-
HHUH OAHOH BeTHYHHE 1 0OpabOoTKH ONBLITHBIX JAHHEIX.

Hpomaxu — rpy6as MOrpelIHOCTL M3MEPEHHS, CYLHECTBEHHO NPEBHIINIAIOIIAS
TIpH JHHBIX YCHOBHSX MOTPEIHOCTh. Pe3ysTarsl usMepeHuii, cofepxalue rpyonie
TIOTPENIHOCTH, MCKTIOYAIOT KaK HEJOCTOBEpHbIE. [{ns ycTpaHeHHs IIPOMaxoB HYXHO
cobmonars akKypaTHOCTb ¥ TIUATENNBHOCTD B paboTe W 3amucaX pe3ylIbTaToB B Yep-
HOBHKH.

Onpedenexue abcomomHyol enuYuHbl cryyaliHoll owubku
u dosepumensHO20 UHMepsana

Jl1s OLEHKM BO3MOXKHOH MOTPEITHOCTH M3MepeHHH HeoGXOAMMO 3HATh 3aKO-
HOMEPHOCTH HOABIIEHHA CIy4aiHMX norpemrHocreil, [Ipi HaaWIuy CiTydaiHslx no-
IPEIHOCTEH NOABNCHUE TOTO WIM WHOTO 3Ha4cuus X B IPOIECCe M3MEepenus — 3710
caydaiiHoe coOprrie. CylIECcTBYET HEKOTOPAs BEPOATHOCTH BOZHHKHOBEHMS 3TOrO
3Ha4yenus X; B MHTEpBAIe (Y -AX )< X < (f +AX ) OHo yacTo, KaK [I0Ka3aHo B Teo-

PMH BEPOATHOCTEH, ONPENENAETCA 3aKOHOM HOPMATBHOTO pacnpenenenns [aycea:
g _[ix. ~EF]
2o7
e , 3
oN2r

Y=

TAE G — AUCIIEPCHs PACTTpeleNeHNA.

B nopasnsomeM GONBITMHCTBE NPOCTBIX W3MEpEHMH ClydaiiHEe OWHMOKH
NOAUHHAIOTCS CNSAYIOMINAM 3aK0OHOMEPHOCTAM!

1. Ommbxa namepenwii AX; MOTYT MPHHMMATH HEPEPHIBHEIHA DSl 3HAUEHHIL.

2. Ilpu GonmeinoM uwcie HaGMOASHHH OmubKd OJHHAKOBOM BeJHUMHEL, HO
Pa3HOr0 3HaKa BCTPEYaloTCs OJIMHAKORO YACTO.

3. Yacrorz nospaepns omMOOK YMEHBINAETCS C YBEJTHYEHHEM BEIHYHHE!
omnOku. Muaue ropops, 6onsiuue omuOKky HabMIONAOTCS pexe, YeM Malibie.



"

ol S

X %

Puc. 1

Hopmansuoe pacmpeselicHMe XapakTepH3yercs JBYMS MapamMeTpaMH: Cpel-
HHM 3HaYEeHHEM CTy4aiHOH BEIHYHHBL X , KOTOPOE IPH OONBIIOM YHCHE H3MEPEHRM
( n— ) coBNANaeT ¢ ee HCTHHHHM 3HAYEHHEM Y JHCIIepCHel o
= 1 _ 1
X=X, +X,+..+X,), ¥==) x,. (4)
n L)

B cnyuae Gonpmioro 9hcna U3MepeHud QUCIIEPCHA G, BXOOMAIEas B 3akcH (3),
OKa3BIBAETCH PABHOH CPEHHEKBAJPATHYHOM IOTPEIIHOCTH, T.€. S, — o.

Bennunna o xapaktepHsyer CTeneHb BIHAHMs COy4alHBIX MOTPEMIHOCTEH Ha pe-
3yAbTaTbl HM3MEPEHHA. YEM MCHBIIE G, TEM TOYHCE IIPOBEASHO H3MEPCHHE (CM.
pHc. 2).

Puc. 2
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Yem Gonbhre JOBEpUTENbHBIN HMHTEpBAN, T. €, TeM OONbile 3a1aBaeMas mo-
TPELHOCTE pe3yisTaTa uimepenns AX, TeM ¢ fonpuieii HaIeKHOCTHI0 UCKOMas Be-
nuurHa X NomajaeT B 3TOT HHTepBal. ECTECTBEHHO, YTO BENHYMHA O 3aBHCHT OT
HCTA It H3IMEPEHHH, a Tatoke OT 3a7aBacMoi norpemnoctH AX.

CryuaitHeIMH HA3LIBAIOTCH TaKHe COOBITHA, O NOABIECHHH KOTOPBLIX HE MOJKeT
OBITE CAENAHO TOYHOTO TpencKasaHuA. XapaKTepHCTHKON YacTOThI [IOABIEHHS CITy-
qalHOTO COOBITHA ABNIETCA €ro BEPOATHOCTL. Eciy Bo3MokHO n GIIATONPHATHEIX K
m HeONaronpHATHEIX COORITHH, TO BEPOATHOCTE ONaronpusTHOTO COOBITHA paBHA

n
P(n) = e (a)
a HeOnaroIpuATHOrO
P(m)=1-P(n)= ~"—. (b)
m+n

O6paboTka pe3yILTATOB CEPHM U3MEPEHHH CBOAMTEA K BO3MOXKHO Oonee Toy-
HOMY Haxoxeswio X u S, Ecnd npd u3Mepennu alcoiioTHas Torperl-
HocTE AXp, > 38, , TO 3TO H3MEPEHHE CICAYET OTHECTH K rpyOBIM HOTPEIIHOCTAM,
wie npomaxam, Bemmunny AX,, = 35, 00bIMHO MPHHAMAIOT 32 NpeneisHyo abco-
JIOTHYIO NOTPEIHOCTE OTJAENBHOIO H3MEPEHHA.

Tpenmnonoxum, 9T0 HCTHHHOE 3HAYEHHE M3MepseMoil BenuauHbl X,. Ee cpen-
Heapu(pMeTHIeCKOe 3HAYCHUE, TIONYYEHHOE B Pe3ynbTaTe M3MEPEHUH, PaBHO X, a
HOTPEIHOCTL W3MEpeHHs dToH BelHuuHbl — AX;. TlycTh 0 03Ha4aeT BEpOATHOCTH
TOTrO, YTO PE3YNBTAT H3MEPEHHH OTJIIMYAETCA OT MCTHHHOIO 3HAUYEHHA HA BEIHYHHY,
He Gonblayio, yeM AX;. DTo 3anuchiBacTCA B BHIIE

PlE-Ax)<x<(F+Ax)|=a. 5)

BeposaTHOCTE of HOCHT HazpaHHe JOBepUTeNsHOH BeposTHOCTH. MHTepBan
3HaYEHHH OT (¥ — AX) o (F + AX) Ha3bIBACTCA 008EPUMENLHBIM UHMEPBANOM, B KO-
TOPBIH MO ONpPEETeHHIO [ONAaeT HCTHHHOE 3HaueHHe X, H3MepAeMOi BEITHIHHEI C
3afaHHOH BEPOATHOCTRIO L. Hem Gosblle JOBEPUTETRHBIN HHTEPBAT, T.€. 9¢M Oouib-
1Ie 3a/laBaeMas [IOrPEeLIHOCTh pe3ysIbTaTa H3MepeHui AX; , TeM ¢ Sonbulel Hagex-
HOCTBIO MCKOMasl BeJIMYMHA [TONANaeT B 3TOT WHTepBal. EcTecTBEHHO, BENHUHHA O
33BHCHT OT YHMCNA N MPOM3BENSHHBLIX U3MEPEHHH, a TAaKXKe OT 334aHHOH MOTPEeHIHO-
cti AX. Jing mob6oit BenmuMHBl AOBEPHTENLHOTO WHTepBana mo ¢opmyie Iaycca
MOKeT OBITH PacCUMTaHa COOTBETCTBYIOINAS JOBEPHTENbHAA BEPOATHOCT. Pe3yib-
TaTkl 3THX BRIYHCASHMI CBENCHE! B Tabmay 1.

Tak, npy n = 30, BeiOupag AX paBHbM S,, MBI noTyyuM 3Hauenue o = 0.68,
npu AX = 28, a = 0.95, AX =38, a = 0.997 (puc. 3).

TIpu GonsiroM yHclIe U3MEPEHHH BenMUMHa abCoMOTHON ommMbKN onpenens-
€TCS H3 YCIOBHI HOPMAJIBHOTO 3aKOHa PacIpeIeICHH:

Ax = faaSn (6)

i
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Az=S;, =068
Ax=28y =095

Ax=35n a=0,%97

38, % T 3s, x

Puc. 3
Benuumsa t, , , HOCAI24 Ha3pague koydunmenta CThIOAEHTA, BEIYUCIEHA VIS pas-
NWYHBIX 3HAYEHWH N H O, KOTOPHIE NpuBeneHs B Tabnume 2, TAe N — YHCI0 H3Mepe-
HH, 00 — JOBEPHTENBHAS BEPOATHOCTE.
Hcnonssys koodduument CThioaeHTa t,; , PaBEHCTBO (5) MOMKHO 3aIHCATh B
BHIE

Pl(7-ten J (54002 )|-a 0

Mopsadok o6pabomku pe3ynbmamos NpPAMbIX U3IMepPeHU il

3adanue. amepernie nHeHHBIX pa3MepoOB Tena.
1. BBIMONHATE N H3MepeHwH JUTHHBL Tena H 3armucaTh HX pe3ynsTaT B Talin-
iy 1. (n momxHo OBITE He Medee 201).
Tabmuna 1

X

AX,'

|
I
&
bl
Il
4
I
Bl
i
=
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2. OmpenenyTs cpelBee apiadMeTHIecKoe 3HAYEHHE HIMEPAEMOH BeTHIHHEL:
_ 1
F=—(x, 42, +x,+.tx,).
n
3. HaiiTyt aGcomoTHBIe TOrPENHOCTH OTIETEHEIX H3MEPEHHH:
A%:F*%L
4. BEIMHCIUTE CPEHIOI0 aOCOMOTHYO MOrPENIHOCTE OTAENBHEX H3MEPEHHMIA:
— 1
A% = =(Ax, +Ax, +...+ Ax, ).
"
4a. 3anHcaTh BEIMYHHY HHTCDBAIA 110 GOpMyIIe
X=TTAX.

5. BEIYHCITHTE CPETHIO0 KBAAPATHYHYIO ITIOTPEHIHOCTL M3MEPCHUH:

6. M3 n u3mepenuit oTOpOCHTh NMpOMAaxwW, T. €. H3MEPeHHS, JIS KOTODBIX
Ax; > 38,. Tlpu HamHYUM MPOMAXOB, MX HANO OTOPOCHTH H MOBTOPHTE IMYHKTHL 1 - 6
CHOBA.

7. Onpenenurs A N HaOMoACHHHE U BRIOPaHHOH BEPOATHOCTH o IO Tabmw-
ue 2 KO3 PUIMEHT ty .

8. 3anucarh BENMYMHY JOBEPHTENBHOIO UHTEPBANA Mo hopmyTie (6):

Ay {a.n'sn
e

9. PesyabTaT n M3MepeHHH 3anucarh B BUAE
fanSa

Nn

310 03HAYaCT, YTO HCTHHHOC 3HAYCHHEC HSMB})HEMOFI BEIIHYHHBI HAXOHUTCA B

HHTEpBase
(f—%”J<x<[i+%”J (8)
Jn Jn
© HaJIeXKHOCTRIO O

Mepoit TOYHOCTH Pe3yNBTATOB U3MEPEHHH ABIAETCS OTHOCHTENBHAS TTOTpELI-
HocTh E, BEIp@KEHHAS B IPOLIEHTAX:

X=X+

E = (Ax/x)100%.

Henonesys Tabmany xos¢duumentos CThIOAEHTa, 9aCTO peIuaioT H 00paTHyIo 3a-
Jady: 00 H3BECTHOH Be/H4MHE aOCOMIOTHOM NOIPELIHOCTH H3MEPHTEABHOT0 Ipubo-
pa W 3a/1aHHOMN BENTYHHE HATEKHOCTH ONMPEACNsIOT HeoOX0AMMOE YHCIO H3MEPEHHH
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HeoGxomumoe uucio azmepenuit Haxoaar no tadmuue 3 (cM. [Ipunoxenne).

KonmponsHbie onpocki

1. Yro Ha3pBaeTcs abCOMOTHOR MOrpeliHOCTRIO H3MepeHH:A?

2. [epeuucnyre OCHOBHBIE THITHL MOTPEITHOCTEH, YKDKHTE WX NPHYMHEL A Xa-
paKTep BIUAHKA Ha PE3yJIbTATE H3MEPEHHI.

3. B uem 3axmouaercsd HOPMATbHbIA 38KOH PaClpeleNeHds ClydaiHbX IMo-
rpemHocTeR? HauepTure rpaHK 3TOTO PacHpeAeneH s, BLIPa3HTe 1o MareMaTHye-
CKH, MOSCHUTE CMBIC BXOASIMX B HEI'O BENWYHH.

4. Ha Kakux OCHOBHEIX MpENIONOKCHMSAX O CBONCTBAX CIOyYaiHBIX IOTperi-
HOCTEH OCHOBAH 3aKOH HOpMAJIBHOTO pacnpejencHus [aycea?

5. Uto HasbIBacTCA CPeAHEKBAlPATHYHOH norpelHocteio? Kak OHa onpene-
asgercd Ans AaHHOTO MaccHea?

6. Uto Ha3piBacTCs HOBEpUTEILHBIM HHETEpBANOM? OT Yero 3aBHCHT €ro BeJIH-
ypHa?

7. YT0 HA3BIBAETCH HANEXKHOCTLIO H3MepeHnii o?

8. Yro Takoe ko3¢ duipeHT CThIOASHTA, Y6M OIIPEILISETCH €ro BeTHYKHA?

9. Kak olpeie/lMTh JOBEPUTEILHAIH HHTEPBAN IIPH HANESIKHOCTH L7

MMpunoxeHus
Tabnnua 1
Hosepumensnan sepoamiocms
€ a i € Q ’ £ o
0 0 12 0.77 2.6 0.990
0.05 0.04 1.3 0.80 2.7 0.993
0.1 0.08 14 0.84 28 0.995
G.15 0.12 1.5 0.87 2.9 0.996
02 0.16 1.6 0.89 3.0 0.997
03 0.24 L7 091 3.1 0.9981
0.4 0.31 1.8 0.93 32 0.9986
0.5 0.38 1.9 0.94 3.3 0.9990
0.6 045 20 095 34 0.9993
0.7 0.51 21 0.964 3.5 0.9995
0.8 0.57 22 0.972 3.6 0.9997
0.9 0.63 23 0.978 3.0 0.9998
1.0 0.68 2.4 0.984 3.8 0.999806
1.1 0.73 25 0.988 39 0.99990
L 40 0.99993




o " Ax
HOTO B 10aAX CPCAHEH KBaAPAaTHYHOH OIIHOKH £ = —S— 3
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,D;OBepPlTeﬂbeIC BEPOATHOCTHA O Ui JOBEPUTEJILHOIO UHTEPBANA, BBHIPAMEH-

Dynryus Jannaca 20(g) =

Koapduyuenmor Cmerodenma .,

2
2z

IR
Ier 2hr=a.
9

Tabnuna 2

n o
0.2 0.4 0.6 0.8 0.95 0.99
2 0.33 0.73 1.38 34 12¢H + BT
3 0.29 0.63 1.06 1.8 4.3 9.9
4 0.28 0.58 0.98 1.6 3.18 58
5 0.27 .57 0.94 15 237 4.6
6 0.27 0.56 0.92 1.5 257 4.0
74 0:27 055 0.90 1.4 245 37
8 0.26 0.55 0.90 1.4 236 3.5
) 0.26 0.54 0.90 1.4 231 34
10 0.26 0.54 0.88 1.4 2.26 33
11 0.26 0.54 0.88 14 203 32
12 0.26 0.54 0.87 1.4 220 3.
13 0.26 0.54 0.87 1.4 2.18 3.1
14 0.26 0.54 0.87 14 2.16 3.0
15 0.26 0.54 0.87 1.3 2.14 3.0
16 0.26 0.54 0.87 13 213 29
17 0.26 0.54 0.86 1.3 2.2 29
18 0.26 0.53 (.86 13 211 29
19 0.26 0.53 0.86 1.3 2.10 29
20 0.26 0.53 0.86 1:d8 2.09 25
22 0.26 0.53 0.86 1.3 21 2.8
24 0.26 0.53 0.86 13 o 2.8
26 0.26 0.53 0.86 L3 24 2.8
28 0.26 0.53 0.86 L3 20 2.8
30 0.26 0.53 0.85 1.3 20 2.8
40 0.26 0.53 0.85 1.3 2.0 29
60 0.25 .53 0.85 1ed 2.0 24
120 0.25 0.53 0.85 13 20 2.6
s 0.25 0.52 0.84 13 1.960 2.6
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Tabmana 3
Heobxodumoe wucno uimepenuii
01 ROSIYHEHUA CAVHAUROI OuulOKY & HAOEHCHOCHIbIO O
. a
g 0:5 0.7 0.9 0.95 099 0.999

1.0 2 3 3 7 11 17
05 3 6 13 18 31 50
04 B 8 19 27 46 74
0.3 6 13 32 46 78 127
02 13 29 70 99 171 23
0.1 47 169 273 387 668 1089
0.05 183 431 1084 1540 2659 4338
0.01 4543 10732 27161 38416 66358 108307

PaGora Ne 2. QuenKa TOUHOGTM KOCBEHHbLIX U3MEepeHUiA

YAenLHOoro CONPOTUENEeHUs! NPOBOAHUKE

L{ens pabomei:

I. O3HakoMmneHwWe ¢ METolJaMH OLEHKH TOYHOCTH Pe3y/IETaTOB KOCBEHHEIX
W3MEPEHMH H pacdeTa NOrPenHoCTeH.
2. Ompenenenye yANEHOIO CONMPOTHBIGHAA TMTPOBOANKKA H MOCTPOCHHE Ipa-

(uKa 3aBUCHMOCTH p 0T L.

O6opydogaHue: ycTaHOBKA JUI ONPEAEICHHS YAETBHOTO CONPOTHBICHNUS
[POBONOKH, LITAHIEHIMPKY.Ib, MHKPOMETP, IPOBOJIOKA.

Codepxarue u memod eninonHerHus pabomst

Hozpewinocmu KOCGEHHBIX UIMEPERILI
B 6onpummHCTBE cnyyaee HeKOTOpas GU3WYECKas BENHYHHA X H3MEDAECTCH HE
NIPAMEIM H3MEPEHHEM, 2 KOCBEHHBIM, 10 pe3y/IbTaTaM U3MEPEeHHs APYTHX BENHYHH V

uz 1.e.x=[f({ 2).

[ycrs HEODXOAMMO ONPEAETUTH IIOTHOCTE BEMEecTRa p=m/V.
31eck TOYHOCTh ONpPENEISHHS O 3aBUCHT OT MOTPEIIHOCTH ONpeNeIeHHs Mac-
cbl m ¥ 00BeMa Tena V, T.e. 0T BX NOrPemHOCTeH Am 1 AV,
B 3TOM ciyuae abCoIOTHYIO FOTPEWHOCTs AP KOCBEHHOTO H3MEPEHHA HAX0-
JAT depe3 OImMOKH TIPAMBIX H3MEPeHHit o npaBwty nHddepeHMpopanya GyHKIHH.
YacTo 3T0H OLIEHKH OKa3bIBaeTCA JOCTATOTHO.
Tlycre X ABAAETCA HEKOTOPOH QyHKUMER ¥ ¥ Z, T.€. X = [ (1.2).
Torja HaWTy4Iliee 3HAUEHHE [IPH OLIEHKE ¥ PaBHO X = f(¥,Z).
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ITepsuiii cnocob.
TorpemnocTH KOCBEHHBIX HM3MEPEeHHH AX OMpefe/ioT KaK NpHpameHue

dynrwe f (3.2):

M:%Ay-r%Az‘ (1)

bonee TOYHBEIM ABIIAETCH BbIpAKECHHUE!

2 2
Avs (—%J Ayz-o-[%c-] Az

Bmopoii cnocob. ; .

Ha npaxruxe npy BEYHCICHHH NOrPEITHOCTEH KOCBEHHEIX M3MEpeHHH ynos-
Hee Cpaty BHMMWCHWTL OTHOCHTEABHYIC ROPeIHOCT: NO mpasuny auddeperupo-
BaHHA HATYPAILHOrO Jorapudma QyHKIrH:

ecnn g:i;é,Ezgz(lng) L )
7 g L 4

CrnepgopaTensHo, Ag=gFE.

BeiuyucneHue no2pewHoCu nNpuU KOC8EHHBIX UIMEPeHUSIX
yBensHO20 conpomuesieHus npoeodHuKa

Hyc*rl, DNIEKTPHYCCKOE CONPOTHBICHHE YYACTKa OJAHOPOIHOIO JHHEHHOIO
NpoBOJIHHKA

L
R=p—, 3)

5
rre R — conpoTueienne oTpe3ka NMpoBoaHHKA, L — ero anuna, S — nnomane nome-

PEYHOTO CEYCHHA, P — YASTBEHOE CONPOTHBICHHE NPOBONIOKH. OTCK).ELB.
S
=R-. )
e -

Jis W3sMepeHus CONPOTHBIAEHHS ¢ HCIOB30BaHMeM 3akoHa Oma coGuparor
MEKTPAYECKYIO Lenb (cM. puc. 1). Yuactok neny AB — oTpe3sok npoBosiok, E — He-
TOYH:IK TOK4, A — aMIepMeTp, V — BOJILTMETP.

Yrobel onpenenuts p, HEOOXOIMMO H3MEPHTE JIEKTPUYECKOE CONPOTHBICHHE
R orpe3xa nposonoku AB, INHHY 3TOr0 OTPE3Ka M ONPEIeNHTE TUIOMAAs cedeHns S.



Puc. 1

Hanpsoxenue U, crny Toka I, mmaHy nposonoku L u ee quametp d waMepsioT
COOTBETCTBYIOMMME RpHOOpami © CIIPERENCHROHR TOUHOCTBIO

=T )

MNopsdok esinonHeHus pabombi

1. OnpenenuTs ¢ TOMOIIBI0 MUKPOMETPA JHaMeTp d; IPOBONOKH 110 Beel ec
JutMHe B 5-6 Toukax. PaccunTaTs AMAMETD IPOBONIOKH 10 opMyie:

d=d A d

¥ OIIPENEIATE OTHOCHTENEHYIO TorpemocTs £, = A d/ d.

2. Bribpare 3navenne yaactka AB 5 pas L; nopanxa (0.9 = 0.2) Ly u onpege-
muTh AL | T.e.

L=L+AL nE=AL/l;.

3. JIns yyacrka L; npoussectd 5 mamepennit U u 1. OnpeneliTs MOrpemHocTs
AU 1 Al mo x1accy TOYHOCTH BONBTMETPA M aMIepMeTpa. PesynbTaT H3IMEpeHUH 3a-
nucarth B Tabauuer 1 u 2.
4. Bor4ucauTh cpeHee 3Ha4eHHE YAEIBHOrO COPOTHRNEHHSA 1o (opmyne (4)
PPt Oyt ps
5

o= NIpH JaHHOH L; .

5. OTHOCHTENBHAS TIOIPELIAOCTD OMPEEIAETCS KaK

Sop 80 A8 ot A (5)

PesyneTaTr H3MEpeHHs 3alMCLIBaeTCA B BUIE
S i A
pspiAp=b{li—§J. (6)

6. IToctpouTs rpadMk 3aBMCHMOCTH p; OT L; ¢ ykazanmem abconroTHOH no-
IPELIHOCTH.

AV A0



Tabmuna 1

Himepernue Juamempa nposoda

d; d | Ad | E%
WITaH-
reHIHp-
KyJab

MHKpPO-
MeTp

Tabnua 2

H3mepenue nanpacenun u moxe oan pazruinsix L,

L(m) U(B) I(A) R(OM) | p(Om*M) | p(On*n) | Ap

0.15

0.2

0.3

0.4

0.5




19
KowmponbHbie eonpochbi

. Ha xakux rinaBasblX NpeanoNoKeHUsIX O CBOMCTBAX CMy4YalHBIX MOTPeLIHo-
CTel OCEOBaH 3aKOH HOpMAaIbHOroO pacnpeneneus Iaycca?

2. Yo HasbIBaeTCs NOBEPHTEILHEIM HHTepBaioM? OT Yero 3aBHCHUT €ro BElH-
qyHa?

3. Kak onpeaenuTs JOBEPUTEIbHBIA HHTEPBAN IIPH HaJeKHOCTH (?

4. Kak onpemennuts abcomoTHYRO OMMOKY KOCBEHHBIX H3MEpeHMH uepes
omuOKA NPSAMBIX W3MepeHuii?

5. Kax onpefeiuTs BeJMYHHY OTHOCHTENBHOH OMMOKH KOCBEHHBIX M3MEpe-
Hui? ‘

6. Ha ycTaHOBKe BO3MOXKHBI JIBC CXeMBbl BKJIIOYEHHS aMITepMeTpa H BOTBTMET-
pa. Kakas cuctemarudeckas NOTPEHIHOCTb M3MEPEHUS YIENBHOTO COIIPOTHBIEHHA
TS KOKIOH HX cxeM?

PaGora Ne 3. UameputensHbie npuGopsl

Lene pabomsbi:

1. M3yunts mTHHEHHBIH HOHUYC.

2. HayuuThcs HONB30BATECA M3MEPHTENLHBIMH PUOOpaMH.

3. Hayuuthes onpeaensTs NOrpeiliHOCTb H3MEPEHUH H3MEPHTENBHLIX npubo-
pos.

O6opydosaHue: TaHTEHUHPKYIb, MUKPOMETD, MEKPOCKOII,
macmTabHas JMHEHKa.

CodepikaHue u MemoObi ebinosiHeHus1 pabomabl

Honuyc.

B skchiepuMeHTATHOH NPAKTHKE, KAk MPaBHIO, ML COMOCTaBICHHS MPOTHA-
JEHHOCTH PA3MEPOB TEN MX NPOCTO NMPHKIAABIBAIT APYT K Apyry. Bee npubops i
H3MepeHni cHaOXKeHB! THHeHHBIME 1wkanamu. Yem OOMBINAS TOYHOCTH M3MEDEHHS
Tpebyerca, TeM Meabue HOJDKHBI ObITh AeneHHA mKanbl. OQHAKO OTCHET MO MIKAIe ¢
OueHb MENKHMH JefieHHsIMH 3arpyAHHTeneHd. IlosTomMy MIf yBenHYEHHA TOYHOCTH
orcuera ynobHee HCNOIB30BaTE MIKANY ¢ AOCTATOYHO KPYITHEIMH JENCHHSIMH, CHa0-
JINB €€ HOHHYCOM.

Honuye — NOTMOMHATENBHAN MIKANAa K OCHOBHOMY MacmiTaly, MO3BONSIOMIAN
MOBBICHTE TOYHOCTE W3MEPEHHS ¢ MaHHBIM Macimtabom B 10 - 20 u Gonee pas.
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Honuyc npencraensier cobolf HeOonbuIyo MMHEHKY (IIKamy), CKOMb3ALLYO
BA10Jb OCHOBHOTO Macmrratia (puc. 1).

1] 5 10

L i dakiond g g £

0 o T o 0 O
0 5

10

Puc. 1

VYeTpoHcTBO HOHMYCA OCHOBAHO HA CHOCOOHOCTH YENOBEe4ecKoro riasa pas-
JIMYaTh, COCTABIMIOT NM JIBA LITPHXA NPOJOKECHUE OfHH APYroro wiH e OHH He-
CKOJIBKO CABHHYTEL

Ha »To# nuHelKe HadeceHA MalleHBKas IKANa, COCTOAIAs H3 M ACJICHMH.
CyMMmapaas JiHHA BCEX M eNeHUH HoHMYyca paBHa (m - 1) HauMEHBIIAM ACIEHHAM
OCHOBHOTrO Maciurabda, T.e.

mx ={m- 1)y,
e X — IJTHHA [eNeHiHs HOHMYCa, ¥ — [UINHA HAUMEHbIIETO AC/ieHHs MacimTada.

Taxum 0Opa3oM, OAHC LENOE /IeNCHHe HOHUYCa KOPOUe OJHOIO LEJOoTo Jele-
HHsI HAUMEHBIIEro MaciuTaba Ha Ax

Ax=|y-x|=ym.

Dr1a BeNUYMHA Y/m, SBNAIIAIACA PAa3HOCTRIO JAMHH JeleHHH OCHOBHOIO mMaciraba u
HOHHYCA, HA3BIBAETCH MOYHOCIBIO HOHUYCA W UCTIONB3YETCH OPU H3MEPEHHH. TaKkuM
00pa3zom, HOHKYC, TPEAHA3HAYCHHEIA A OTCYeTa JEecATHIX jonell JeneHus OCHOB-
HOM IIKaNEI, JOIDKEH cojepiarth 10 aeneHuH; HOHMYC, NpeIHA3HAUEHHBIN ATS OT-
cyeTa ABagUaThiX nojieH — 20 neneHui, H T2

BeiBeneM Temepk NpaBMIO MONB30BAHWA HOHMYCOM ITPH M3MEPEHHH [JIHH.
JIns 3TOro NMpeacTaBiM, YTO TIPH M3MEPEHUH AMIHHbI L KaKoro-To Tehia HyJs HOHHY-
ca, COBTIJai0MKi paHee ¢ HyACM OCHOBHOH MIKanbl, CMECTIICA BRIPABO HA OTPE30OK
L u pacnonoxwncs mexcny K u (K +1) nenenwsami a1oit wkanst (cM. puc. 2).

ERERRARARL I!HIIIH[I?I|!§!FIII|
5 k ktn i
k+1

e

Puc. 2
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OquPlJl;HO, HCKOMad JIHWHa H3MEPHTEIIbHOIO YHcna
L=kY + AL, €3]

rae AL — HeM3BeCcTHad MoK elle J0MA JeIeHHs] OCHOBHOIO MacluTaba, KOTOpPYIO He-
00X0AHMO OTIPEAEAMTE ¢ MOMOLIBI0 HOHHYCA. TaK Kak JENeHHs HOHHMYCA HE PABHEI
JeNIeHUAM WIKabl, TO 00f3aTeNbHO HaleTcss Ha HEM Takoe JENeHHe M, KOTOpoe
Gmke [OAXOMHMT K COOTBETCTRYRomeMY (K + n)-My ACIECHHIO OCHOBHOH HIKAnbl.
Kax BuaHO 13 puc. 2,

AL =ny - nx =n(y - x) = nky 2
u Bes annHa L Oyner paBHa, cnenoBaTensHo,
L=ky+nk,.

3T0 MOXKHO 3aITHCATh ¥ CHOPMYIMPOBATE CACIYIOLIHM 00pa3oM:

L=kyp+nZ tne L=k, , .2 3}
m m

T.€. JUIMHA OTPE3Kd, H3MEPACMOro MPH MOMOLIH HOHHYCA, PaBHA YHCIY UEbIX Jene-
Hui Maciutaba IKOC TOYHOCTD HOHMYCA, YMHOJKEHHAR HA HOMED ACIEHMY HOHMYCA,
COBMANAIONIEr0 ¢ HEKOTOPHIM JENeHHEM OCHOBHOMH IIKATIEL.

Mozker 0Ka3zaThCs, 4TO OTKIOHeHHe AL/M He paBHO LIENIOMY YHCTY, H, ClIeHo-
BATEIBHO, HA DIKade HOHHYCAZ He HalJercs HH OJHOr0 AENEHHs, COBIANAIOIIEro ¢
KakuM-Iu00 JeieHHeM OCHOBHOM mixkansl. B Takom civdae n Gepercs paBHBIM TIO-.
PAIKOBOMY HOMEPY TOI'O ACIEHHS HOHUYCA, KOTOpoe OIMKe APYIUX PacioIoXkeHo K
OIHOMY U3 lelerui OCHOBHOH WIKankL.

MMorpemxocTs HOHMYCA, KOTOpas MOXKET BO3HHKHYTH IIPH TAKOM METOMIE OT-
CYeTa, PABHA [TOJIOBHHE €T'0 TOYHOCTH.

3adanue 1. lITaHreHUUPKY D,

Liens pabomuoi:

1. O3HaKOMUTECS © YCTPOHCTBOM ¥ paBUiaMy [IOAL30BAHMKA TARIEHIUPKY-
neM.

2. ViaMeputs nHHEHHBIE pasMepsi IPAMOYTOJNBHOTC Aapalleleluiena H -
JIHHIpA.

3. O6pabotaTs pe3ynsTaTsl M3MEPEHHUH METOJIOM CPeJHEro apHQMETHYECKO-
ro.

Ilmaneenyuprynem Hasbigaercs npuboOp NPsAMOTO JeHCTBHSA, Y KOTOPOro pas-
Mep TEna OHPGJIEJTSETCH O MOJOXKECHUK H3MepﬂTeJIbH0}‘| paMKH nepemcmammeuc;{
BAOJIE WITAHIH CO [ITPHXOBOH Hikano# (cM. puc. 3).



22

I\F e
@ 4
(. g g
] 1 2 3 4 5 [}
Lol Loyl
T 1 i

7 8 9 fo 11
IIIH‘III |IIH

L
r\3

~3

Puci'3

HITaHreHUUpKY6 NPEAHA3HAYCH JUIA W3MEPEHHA HapyKHBIX M BHYTPEHHHX
pazmepos Ten. OH COCTOMT M3 MACCHBHOH jMHEHKH - rTaHTH (1), H3MEepUTETBHBIX
BEPXHHUX H HIDKHHUX I'YOoK (2), pamxs (3), 3axnma pamxn (4), Hormyca (5). C BayT-
PEHHEH CTODOHBI HIJKHHE H3MEPHTE/bHBIC T'YOKH HMEIOT TIOCKME MOBEPXHOCTH.
ITpy COMKHYTHIX TYOKax HyJM HOHUYCA M OCHOBHOMH IIKansi coBnanaioT. [Ipu onpe-
JIeNCHNH THHEHHBIX Pa3MEPOB TENA ¢ NOMOMIBI0 MTAHTEHITMPKYIA H3MEpAEMOe TENO
3KUMACTCs MENKAY [UIOCKHMY NMOBEPXHOCTAMHA M3MepHTenbHEX rybok. Ilpu stom
HYJIb HOHHYC& CMEIIAeTCa BAOJb OCHOBHOM MIKaibl (IITaHTH) Ha IymHy L, paBHyro
ZINKMHE U3MEPAEMOro Tena.

Bennuuna pasmepa Tena L onpenensercs no Gopmyne (3). B mranrenimpky-
asx Hambonee 4acto HCHONL3YHOTC HOHHYChl ¢ noctosHHRM Ko = 0.1 MM M
K’p = 0.05 MM, OCHOBHBIMU XAPAKTEPUCTHKAME ITAHICHIHMPKYIIA SBJIAIOTCA:

1) uena neneHys OCHOBHOM LIKAIEL Y;

2) ueHa AeJICHUS HOHUYCA X;

3) mocrosnnag nonnyca Ky;

4) uHcTpyMeHTanbHas omuboka A. {

Hucrpymentansas ommdka, BHZLIBAEMas M3HOCOM HHCTPYMEHTA WM HETOYHO-
CTBIO €r0 H3FOTOBJCHHS, OMpenenieTcs caexyolum obpasom. Heobxonumo casu-
HYTh H3MEpHUTENbHEIE TYOKH IITAHTEHIMPKYIA /IO NIETKOTO CONPUKOCHOBEHHA H Jie-
JIAKT OTCYET noxasaHuil. B3areii ¢ 0OpaTHRIM 3HAKOM OTCYET NOKA3aHHH M paBeH
HHCTPYMCHTAIBHOM ommbke A.

Vnpaoscnenue 1. OnpenencHue OCHOBHBIX XapaKTEPUCTHK MITAHICHUMPKYJS
(naunbie 3aHectH B Tabmuiy 1).

Tabnuna 1

Homep u tHn y % L A
()

LITAETCHUHPKY I




3YABTATH H3MEpeHuH 3anecTy B Tabumy 2.
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Ynpascnenue 2. UsMepenue NiHeiiHbIX pasMepoB Ten u 00paboTtka pesyneTa-
TOB H3MEpEeHHH.
a) C noMowsio nuHelixu wameputs 5 paz ocuopHsie pasmepst (A, B, C) nas
MeTanInyecKOl IIacTUHEL. H3MepeHns NPOBECTH Ha pa3NHYHbIX Y9acTKax Tena. Pe-

b) C noMonpio WITAHTEHUMPKYJIA H3MEPHTh 5 pas OCHOBHEIE pasmeps! (A, B,
C) ana Merannuueckoi nnactuHel. M3MepeHus NPOBECTH HA PA3INYHBIX YYaCTKaX
Tena. Peaynyrarsl u3Mepenui sanecty B tabmuy 2.

Tabnuua 2
N A |B i AA AB AC B
1
|2
3
4
&
4 B a A=A+AZ |[B=B+AF C=C+AC
ey | .

Hsmepurs 5 pas puamerp ¢ Beicory inumsbapa D, h mTaHrenumpkysreM. Pe-
3YNBETATH 3aHECTH B Tabnuiy 3.

Tabmuna 3

D

o]

Eall

&

D

.

UTP-SLJJM'—'Z

MEPAEMOEC TEJO 3KUMACTCd MUKPOMETPHYCCKHM BUHTOM.

3aoanue 2. Muxpomerp.

Lens pabomer:

1. O3HaKOMHTCA € YCTPOHCTBOM MHKPOMETPA W TIPABHIAMHE NONIE30BaHHS HM.
2. VisMepHTh JHaMeTp LWIMBADPA, [IPOBOJA.
3. OGpalorars pezyNLTATH W3IMEPEHUI.

MukpoMerpHueckue HHCTPYMEHTh! OCHOBAHEI HAa MPUMEHEHHM MHKDOMETDH-
YeCKHX BHHTOBBIX nap. Mukpomerp (cM. puc. 4) AMeeT BHJ THCKOB, B KOTOPBIX H3-

Ha crepHe BMHTA jeCTKO yKpeiuieH Gapaban B, Ha neBoi KpoMKe KOTOpPOTO
HAHeceHa Kpyrosas lukana, comepkamas N (o6emHo 50 wmw 100) nenemmit. Tipu
BpaILEHHH MHKPOBHHTA Gapaban rmepemelnaercs BAOIb JHWHeHHOH mkams J. Tpe-
motka T MuKpoMeTpHueckod ronoBke npeobpa3yiomedl BpamaTensHoe JBHKEHHE
fapabaHa nOCTyNarenbHOE NBHXKEHHME MHKPOBHHTAZ, O0ecneuMBaeT OTrpaHHYEHHC
Bpamatoniero MoMenta. Ilpy ogroM obopoTe Hapadan H MAKDOBHHT NEPEMEHIAKTCS
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Ha OJHO JeNeHHe OCHOBHOM wkansl. Topel GapabaHa sABiseTcs yKasareieM Juid oc-
HOBHOM IIKA7bl, a MPOAOALHEIH WTPHX Ha Oapalane — yxasareneM ANd KPYroBOH
[IKAIEI.

[pu u3MepeHuH pasMepa Tella ero NoMemaT 0e3 NnepeHoca MEXIy MATKOM 1
MHUKPOBHHTOM W BpailaloT OapalaH 3a TPELIOTKY N0 TeX Mmop, I0Ka OHA He Ha4YHET
IpOROpaYMBaTLCA. Brrnkaimuii k Topiy 6apabaHa mMTPHX OCHOBHOH WIKaTkl NOKa-
3BIBAET YMCIO NENbIX W AECATHIX JONeH MHmEMerpa B pasmepe. K oTcuery mo oc-
HOBHOM MmIKalie MpUOaBIIIOT OTCYET II0 KPYTrOBOH IUKAJE, PABHLIM NPOH3BEAEHHIO
UEHB! NENCHHS O, HA HOMED JeNieHHs, KOTOpLIH HAXOMHTCS HANPOTHB MPOAOIBHOIC
wrpuxa. [IpH BpameHud MHKpoBHHTa OapabaH nepeMemiaercs BIOSE JIHHEHHOH
mxaiel, BelrMuyHa 3TOTO NepeMeleHus, COOTBETCTBY AN OaHOMY NonHoMY 06o-
pory OapabaHa, Ha3pIBaeTCA maroM MHKporpHTA. [leHa AenmeHHS KPYTOBOH IUKA/IbI
Oy M IDAr BAHTA h CBA3aHBI OYEBUAHBIM COOTHOIIEHHEM

o= W/N. )

Puc. 4

Benuuunsl h u N peerna noaGuparorces Tak, 9o oy = 0.01 mMm:

h=1mmpu N = 100,

h=0.5 mm opu N = 50.

Hpu h = 0.5 mm, Ha xopnyce mukpomerpa (/) HaHOcsTCA 2 TMHEHHBIE WIKATE:
HHKHAA JULA OTCYETA MM, 3 BEPXHAS — A OTCYETA TOJOBHHHEIX JONEH MHIIMMET-
pa.

Bo usbexcanue epybolx owiubor Npu CHAmMuY OMCHema N0 MUKPOMEmpy GHi-
MAmMeEnbHo Cclhedume 30 NORONCeHUEM Kpas 661[)(1561!{(1 OMHOCUMENBHO WIMPUXO6
sepxuetl wKant!
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[Ipr n3MepeHnsIx MEKPOMETPOM 06A3aTENBHO NONB3YHTECh TPEILOTKOH.

Jns QHKcanMH MHKpPOMETPHYECKOTO BHHTA B ONPEIENIEHHOM IONOKEHWH
CIyHT cTonop S. YTo6bl 3aCTONOPUTE BHHT, HYKHO NIOBEPHYTh CTOOP A0 OTKasa
O 4acoBO# cTpenke. YToOr 0CBOGOAHTL BUHT, HYXKHO NOBEPHYTH CTONOP A0 0TKa3a
NPOTHB YaCOBOM CTPEIIKK.

VYnpaxcnenue 3. I3MepeHHe MHKPOMETPOM JTHHCHHBIX pa3sMepoB Tel u 0Opa-
B0TKa pe3yNnbTATOB H3MEPEHHIA.

Usmepurs amamerp numuuapa (M) naTs pas w pe3yJbTaTel 3aHECTH B
Tabnuny 3.

JuameTp MemHOTO [IPOBOJA W3MEPHTh MMKPOMETPOM, [POBEIs H3MEpeHHs B
HECKONBKHX TouKax (nopsuka 10 paz).

3arem onpenemuts D, AD .

CpasunTh Bemuuny A, AD 1 AD.,

Pezynbrathl 3ammAcaTs:

Dy =T E AL

3adanue 3. VisMepuTenbHLIi MUKPOCKOIL.

Mukpockon npeactasifseT coboli komMOWHAIMIO ABYX ONTHYECKHX CHCTEM:
o0BeKTHRA H OKY/IApA, MO3BOAAIOIINX [IONYYaTh JeHCTBUTENEHEIC B MHHMEIC YBEITA-
HeHHEIE H300paKeHus WKan W 00BEKTOB M3MepeHus. M3MepeHHs Ha MHKPOCKOIIAX
MOXKHO IIPOU3BOIMTL TEHEBBIM METOAOM B MPOUCXOASUIEM CBETE, KOHTYPHBIM METO- .
JIOM B OTpaXeHHOM cBete. [Ipoliece H3MepeHuil 3aK09aeTes B COBMEIUEHUH HITPH-
XOBBIX TMHUH OKYJIAPHOH WIKAbI (CETKH) ¢ NUHMAME KOHTYpa W3Je/us, OrpaHHTH-
BaIOIHMH TPOBEPAEMBIN pasMep. TOUHOCTL COBMELIEHHS IITPHXOBLIX JMHMH 3HA-
YHUTEJBHO BRIUIC, YEM CILTOMIHbIX.

ITpx 1paKTHUECKOM HM3MEPEHHMH pasMepoOB pacCMaTPHBAEMOIO B MUKPOCKOI
IpeaMeTa HyKHO HENOCPeACTBEHHO CPaBHHUTEL €0 ¢ HEKOTOpHIM Mmacmrabom, pac-
TIONOKEHHBIM B OHOR M3 miockocTel nzobpaxenus npenMera. [Ipy TakoM usmepe-
HHM ¢ MaclTaboM CpPaBHHBAETCS HE caM TMpPEeAMET, a ero yBelHUucHHoe usobpaxe-
Hee. s nollydeHuss MpaBHIBHOIO pesyibTard HYKHO B APYTOM OMNBITE, HE HCpe-
CTpaMBas MMKPOCKONA, CPABHUTE C HAIAM MaciuTabomM apyroH macmral — oOheKT-
HyH mKary. IIpu rpagydpoBke MHKPOCKONA COBMEIUANT MPOU3BOJBHBIE JETCHHS
0OBEKTHOH IKAJIBI U OKYJISPHOH IKAIB! (CM. pHC. 5).

||\||||||||||1f![l||||‘||

Puc. 5
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Tak KaKk paccTOSHHE MEXIY INTPHXaMH OKYTISPHON KAkl H H300p@KeHHEM
00BEKTHBHOH IIKATEl HE PaBHLI APYF APYTY, TO BCErAa HaXOOHUTCHA Takoe (n)-e mene-
Hye 00BEKTHBHOH NTKansl, Kotopoe coBnanaet ¢ (k)-M aeneHreM OKYIAPHOH MIKaibL.
liena menmenus OKyNApHOM IMKaNhl (IpUBEJeHHOE K OOBEKTMBY M BBIPAKEHHOEC B
MUILTHMETPaX PacCTOAHHE MeXIy mTpuxamiu) [, paBHa IpH 3TOM

n
1 OK Toer I of » (5 )
m
rae Jos — 1ena nesienus o0LEKTHBHOM KA [, — [IeHa JeNeHUs OKYJISPHOH 1KAIB!
B MM.

Eo e T e i o i
[
o

c'd / 0 Lo T} 0, f
e
%_/:.4_~—7/_‘£‘_ é
LL/,/’ = & \
3

Puc. 6

Vnpascuenue 4. Viamvepenue jpaMeTpa NMpOBOZAa H3MEPHTENBHBEIM MHKPOCKO-
IOM. :

IIpexae Bcero HEOOXOAMMO OTHIOCTHPOBATE MHKPOCKON (pHc. 6). DTO Hera-
€TCA B CEYIOIIEM MOPSHIKE:

1. Ilepemeras OKYJSp OTHOCHTENLHO OKYJSIPHOH LIKATEL, HIOMY4aT pe3koe
H300paKeHHe MKANE.

2. Habmojas B OKyJIsIp, MEJICHHO TOAHUMAIOT TyOyc BUHTOM Ipy0oil HaBos-
KH [0 TEX 1op, IOKa B II0JIE 3peHAs He MensKHeT H3o0paxkeHue npeamera. Buarom
TOYHOH HABOJAKH DErYIHPYIOT MHMKDOCKOI OO MONYYEHHS PE3KOro W300paKeHHs.
Taxum obpazom, B IOf€ 3peHHS MHKPOCKONA OJHOBPEMEHHO H OIMHAKOBO PE3Ko
BHIHBI 00BEKT U OKYJ/IsApHasA Kaia.

Yrobb1 onpenemdTs pasmMepsl NpeaMeTa 110 OKyJApHOH Ikane, ee HeoOXoqu-
MO MpOrpajyHpoBaTh. Jisf rpagynpoBKH OKY/ADHOH HIKAZEl CIYXKHT OOLEKTHAst
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LIKANa, HaHeceHHas Ha crekne. llena menenms mkansl — 0.01 mm. IMomewas sty
MIKATY BMECTO 0DBEKTa M coBMellas MEpBHYHOe H300pajkeHHe MIKak! 06BeKTHBA C
OKYNSAPHOM 1IKaNoH, MOYKHO OTIpefeuTh HeHy AeNCHHs OKYJIAPHOR MIKansl 1o (op-
myne (5).

Cnepmyer 3aMeTHTh, 4TO ONpeETICHHE LIEHB! JeNeHHs OKYIAPHOH ITKAIBl UMe-
eT CMBICH JUIA JaHHOTO OKyJsipa, JaHHOTO 00BEeKTHBa H JaHHOH [UTHHEL TPYOKH MHK-
pockona.

BmecTo OKynsApHOH 1UKANEl IS ONpedeNeHHs pasMepoB INpeMeTa MOXHO
BOCITOJIE30BATRCS BHHTOBBIM OKYJIIPHEIM MHKPOMETPOM.

Huty, BHAMMEBIS B NI0Jie 3PEHMS OKYNSPHOTO MMKPOMETpA, TIepEBUTAkOTCS C©
NOMOIIBEI MEUKPOMETPHYECKOrO BHHETA TaK, YTOOk! CKpEIEHHE HUTEH COBMECTHIIOCH
CHadala ¢ OfiHO# rpanuiiel uzobpaxernns o0kexTa, a 3arem: ¢ qpyroii. I'pagyapyror
MMKPOCKOIMMIECKHH BUHT ¢ OMOMIBIO 00beKTHOH mKaisl [locne 31oro muHeHHbIi
pasmep o0peKTa d MOKHO BHIMHCIMTE B MILTHMETPax 1o popmyne

d = (Nz + 5n) ], ©)

rje N — 4neno no/HsIX 000pOTOB BHHTA OKYJLIPHOIO MUKPOMETPA; Z — Lidr BHHTA 34
OJMH HOJHBIA 060POT BUHTAa MUKPOMETDE; & — LieHA JeileHus wxans: (Ha Gapabane)
OKYJISIPHOTO MHKPOMETPA; 1L — HOMEp JleJIcHHs Ha 1Kaie Gapabana.

C nomoupro 0OReKTHOM WIKAIBE OHPEIEIHTD UEHY JENeHHs OKYJLIPHOH LiKa-
JIBI HUIH OKYJSIDHOTO MHKPOMeETpPa. 3aTeM NPHCTYNHTE K H3MEPeHHIo JTHaMeTpa 1po-
BOJIOKM, TIOMECTHB €€ HA CTONMK MMKPOCKONA {MpeiBapWTeisHO CHAB OOBEKTHYIO
HIKANY). YCTaHOBHTH, CKOILKO MEIKHX JeNeHHH OKYIApHOH WIKAJBI NOMEILAEeTCs Ha
H300paKeHHH TPOBOJIOKH. ONpeAeIHTh JHaMETP HPOBOIOKH U3 IIATH H3MEPEHHH.

JlaTe cpaBHHTENRHBIH aHATH3 3aMEpPOB JHAMETPa IIPOBOJIOKH IITAHTeHIHPKY-
JiEM, MEKPOMETPOM H MHKPOCKOIIOM.

KoumponbHbie 60npock

1. Yro Takoe Honuyc? Kakos oOUIMH IPHALEN TOCTPOCHHSA HOHHYCOB?

2. Uro Ha3LiBASTCH MOCTOAKHOR HOHUYCA, UeM ONPEZICHASTCH 68 BEMHIHHAT

3. Kax ¢ moMOIIBI0 HOHMYCA OTCUMTEIBAIOTCA JOJIH AENCHHA OCHOBHOH mIKa-
au1? OBocHYHTE 3T0 NpaBUIo.

4. YeM onpeaensercs NOTPEMHOCTE 0TCHeTa ¢ IOMOLIBIO HOHHYca?

5. Yro Takoe HHCTPYMEHTaIbHad MOTrPEUIHOCTh, YeM OHA BBISHIBAETCH, Kak €e
OlpeAeTHTb?

6. OOBACHHUTE YCTPOHCTBO M NPHHLMI H3MEPEHHS MITAHTEHLMPKYJIEM.

7. OGBACHUTD YCTPORCTBO W NPUHLMN AeiCTBHA MEKPOMETDA.

8. Uro HaspiBaeTCs MAaroM MUKPOMETPHYECKOTO BUHTA?

9. Kak cBs3aHa 1ieHa JeieH s KpyroBo# IKanibl ¢ IIAT0M MHKPOBHHTA?

10. Kak onpezenurh UeHY [EIeHHs OKYIAPHOH IMTKaIbl H3MEPHTENBHOTO MHK-
pockorna?

11. OT 4ero 3aBHCHT JIeHa JeNeHMs OKyISpHO# uiKans?

12. KakoBpl TIpefienibl M3MEPEHHA UTHHEI Tela P MOMOLIH MEKPOCKora?
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Pa6oTta Ne 4. MeToabl TOYHOIO B3BelLMBAHUA

Llens pabombi:

1. Onpesienenue CHIIBI TSOKCCTH H BeCa TeNa.
2. O3HaKOMJIEHHE ¢ NPHUHIMIAMHU JIEHCTBHA TEXHHICCKHX BECOR.
3. MayueHne METOIOB TOUHOTO B3BEIIHBAHHML

O6opydoeaHue: TeXHUYECKHE BECH], BIBEINMBAEMOE TENO.

CodepxaHue U Memods! ebIrnofHeHuss pabomai

Bec mena.

Cpenu Bcex BHIOB CHJI, CYHIECTBYIOINMX B NPHPOJE, HMESTCA OfHA, KOTopas
urpaer 0co0yx0 posib, — cuna Tskectd. Ha Teno, Haxopsmieecs Ha MOBEPXHOCTH
3emnn, NeficTByeT cuna THXecTH (BeC Tena — NPUTSKeHME K 3eMiie), nponopimo-
HabHas KOIMMYECTBY BelIEecTBa 3TOr0 Tena m. Macca TAroTeHMs TOXICCTBEHHA
HHEepPTHOH Macce, KoTopas BXoauT B (hopmyiy BToporo 3akona HerwoToHa.

CaMBble TOYHEIE HCCTENOBaHHS ITOKa3allH, YTO YCKOpPEHHE NAaNaloulux Tel B
BAKYYME OJIHHAKOBO M HE 3aBUCHT OT MX MAaCCBI:

p=mg . (1)
HemocpencreeHHo cunma, ¢ KOTOpOH JaHHOE TENO TPUTATHMBAETCA K 3emne,

MozkeT OBITh ONpeeNieHa ¢ MOMOMIBIO PYKUHHEIX BECOB. ABCONIOTHOE yATHHCHHES
NPYXKUHBL AX, 10 3akoHyY I'yka, paBHO

Ax =aF, 2)

rae F — pedopmupyromas cuna, o — Ko3(GpUIHMenT nponopuHoHaNbLHOCTH.
B cayqae B3pemmBanus aedoPMUPYIOMEH CHITON ABIAETCS BEC Tela, TOrIa

Ax =aP=amg . (3)
Benvunaa AX npoTIOpIHOHANBEHA BECY TENa.
Ly 0 Ly

7 . :
pl

IFRRRRERRRL

g Pt

Puc.1

IpyxuHa cHaOxaercs ykazaTeneM, CKOJB3AWMM BIOJL IIKATEl, [IPOrPALyH-
pPOBaHHOM B JHHHIIAX Beca.
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PaccMOTpuM TpUHUMN AEHCTBHA PLIYKHBIX BecoB. OQHH NpeACTAaBIAIOT CO-
6oif peryar nepeoro poga (puc. 1). Ha OCHOBaHHM NPABMIA MOMEHTOR CHIT

JE el 14 4

Tak xax pechl paBmONNeYHE, T0 L; =L, ¥ npu passosecun F;=F, Ho
Fi =P, =mg, aF; = P; = mpg , 3uauur m; = m,. Takum 00pa3oM, OpH BIBEIIMBAHHH
TeJl Ha PEIYEXKHEIX BECAX MbI CPABHHBACM MACCY TE/1a My C STATOHHON Maccoi m;.

o JANSZAN

QIHD

P, 2

Yempoiicmeo mexnuueckux eecos.

Becs! cocroar u3 paBHOIUIEYHOTO phldara BB, Ha3pIBaeMOro KOpPOMBICIOM,
OIIOPOI0 KOTOPOro CAYXKHT pedpo cTanbHOM 3aKameHHOH NPH3MEL A, BCTABIEHHOH B
CEpe/IHHY KOPOMBICIA HEPHEeHIMKYIAPHO K ero miockocTH (cM. puc. 2). Pebpo
[PU3MBI OTTAPAETCH HA araTOBYIO MOAMPOBAHHYIO [UIACTHHKY (TIOMYIIKY), YKPETLICH-
HYK Ha Bepxy komonkd [I. Ha KoHIAX KOPOMEICIA Ha PaBHEIX PACCTOSHHUAX OT
cpenHell npu3Mbl MMEIOTCA mpHcHocoGnenus A noasemuBanusa yamek CC, 06bIk-
HOBEHHO npu3mel BB. Pebpa cpennmx ¥ kpalHuX npusmM ROKHB OBITE NAPaietb-
HbI Mexy ¢oboi. Ecnu Ha yamKax HET rpy30B, TO KOPOMBICIO AODKHO YCTaHaBIIH-
BATECA I'OPU3OHTAIBHO WJIM MOYTH FOPH3OHTANBHO. JUiA ONpeieNieH:s TTONOKeHHs
KOpOMBIC/IA CIIY?KHT JUTHHHAM cTpelika L, nmpHKpernsicHHas K ero cepefdHe NCpIIcH-
THKYJUPHO K JTHHYH, COeMHsI0IEN 8¢ Kpaifnue mpusMel. Konell cTpeikn apHxKeT-
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¢ mepel MKanoH n, HaXOAAIEHCA Y OCHOBaHHMsA KONOHKH. IIpH ropH3OHTaImbHOM
NOJOKEHUH KOpOMBICiIa CTPE/IKa AOKHA YKa3biBaTh Ha CpelHee NeliCHHEe NIKAILL.
Korna pecsl Haxomares B pabote, HX HEOOXOMHMO appPeTHPOBATE, 3TO MPOU3BOAMTCA
neiictereM ocoforo mpucnocobieHns BHYTPH KOJOHKH BECOB, TIPH ITOMOINHA KOTO-
POro KOPOMBICIO H YaIIKa HECKOAbKO TIPHTIOJHMMAIOTCH KBEPXY, BCACACTBHE HCTO
HX NpH3MEL 0cBOOOXKIAIOTCA OT JABIEHMs Ha [UIOCKOCTL ONOPH M HeH30exHo npH
3TOM HAIIPACHO HE M3HAIUMBAIOTCs. Y CTPOHCTBO appeTHPOR Y PasHBIX BECOB ObIBaeT
pasimuao. OOLMHO appeTHpoBaHue W 0cBODOMKIEHNE KOPOMEICIA NPOH3BOLMTCS
MOCPEJCTBOM TO/OBKY, IOMEIIAIONIeiics B HIDKHEH YacTh BECOB, BPAIICHHEM €€ B Ty
HIH HHYIO CTOPOHY.

YyscmeumerbHOCING 6€CO6.

Pa3iuqaroT ABa BUJA YYBCTBHTENBHOCTH BECOR: YIIOBYIO M NHWHEHHY0. Yano-
8011 YyBCMEUMENbHOCHbI0 BECOB HA3BIBAIOT OTHOIIEHHE TAHI'EHCA Yria OTKJIOHEHHMS
CTpPEJIKH K BECY TOI'0 MEPErpy3Ka, KOTOPhIH BEI3BAN 3TO OTKJIOHEHHE!

rie Pp — Bec neperpyska ¥ @ — yrof OTKJIOHCHHS. o ¥ Py TIpe/IONaraoTes MambiMH.

o @
Py
L
A
1 = e, | T

\
L ook

4

¥
e
23 o & 2
of |\
P+B
‘.

Puc. 3

Jhuneimas “YyscmeumeavHocntb BECOB ONPEACHACTCA OTHOMCHWEM YMCha Ac-
neHHH (gg - a;), HA KOTOpHIE NepeMenIaeTcs CTPeNKa 110 IKaie, K 1o6aBoYHOMY ITe-
pErpy3Ky:

o — ag|

7, &)

@ =
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M3 ycoBHS paBHOBECHS BECOB CJIEAYET, UTO (CM. pHC. 3)
P L cosa + Py L cosae =P L cosa + P, h sina .
Orcrona Py L cosa = P, h sina, win
By ©
a
YyBCTBHTENLHOCTE BECOB TPOIMOPLMOHANBLHA JUTHHE KOPOMBICTAa H 06paTHO
NPONOPIHOHAIBHA €70 BECY M PACCTOSHHIO CT LEHTPa TsUKECTH KOpoMBIcaa Ao pebpa
OMOPHOH IPU3MEI M 3aBHCHT OT HX Harpy3ku. Kpome Toro, Ha 9yBCTBHTENHHOCTD Be-
COB BINAET pifl HaKTOPOB — 3arouKa pedep NPu3Msl, CKOIbKEHNE pebep NpusMpl 110
MOBEPXHOCTH ATATOBKIX ILIaCTHHOK.

Ilpasuna oGpawenun ¢ gecami.

[Tpu obpamennn ¢ BecaMyt HeoOXOIUMO COOMIOATE CNeAYIONIHE IpaBHa:

1. Tloka Beckl He apPETUPOBAKLL, HEAL3A KIACTh HA YAILKK HIH CHHMATh C HHX
rpy3sl (HE CIeYET Nake MPUKACATECS K YanrKaMm).

2. I'py3s! HaknanwiBaTh ciaeayeT Tak, 9To0bl OOIMH LEHTP TSOKECTH NPHXO-
JTUJICS, TIO BOSMOXKHOCTH, Ha [ICHTP YallKH.

3. Hens3s GpaTh pykaMH MeNKHE pa3zHOBECKH IIOCKOH (QOpMEl (IOJH rpam-
Ma), ux OepyT NMHIETOM 32 3aTHYTEIE YTONKH.

4. CHHMas pa3HOBECKd C BECOB, CINEAYET KIACTh KAMKIYK HEIPEMEHHC B
npeAHasHadYeHHoC el MecTo.

5. He crenyer ocBoDOXIars KOPOMBICHO, MOKA HAIIKH €IUe Mano YPaBHOBE-
HIEeHBL, €r0 OCBOOMKIAIOT JHMIIE HA CTOABKO, YTOOB! MOKHO OBIIO CYAUTh, Kakas W3
YallieK jere, 3ameyas, KyAa OTKNOHASTCA CTPENKa, HOCIE 3TOTO TOTHAC ApPeTUpPYIOT
KOPOMBICTIO M NpHOABISIOT Pa3HOBECKA (IIpH MayoH pasHMIE MEXIY BEcaMH B3Be-
[MWBAEMOTO TEJA B PA3HOBECOR KOPOMBICIO HAMHHAST MASTHUKOOODA3HO KauaTLEeR).

6. OcBobOXIaTh U APPETHPOBATH KOPOMBICIO CIENYET BCErJa MEINEHHO H
[IJIABHO B TO BpeMH, Koraa CTpenka npoxXognuT gepes NOMOKEeHHE DABHOBECHA, HHAYEC
KOPOMUBIC/IO OTY9aeT TOMYKH.

7. Ecnu "almky KavaroTcs MasTHUKO00pasHO, TO HX ClEmyeT HpexIe BCEro
YCTIOKOHTE IIPHKOCHOBEHHEM JIHCTa OYMArd M TONBKO MOCHE 3TOrO BIOJHE 0cBOOO-
JIATE KOPOMBICITO,

8. Ilpr BabirofeHHH Ka'laHHS BECOB ABEPIH MX CIEAYCT HENPEMEHHO 3a-
KPBIT.

9. He cnexyer HAZONTO OCTaBIATh Ipy3bl HAa JallKaX, B 0COOEHAOCTH, KOraa
BecHl appeTuposansl. Korna B3semmMBanne OKOHYIEHO, Bechl HafO appeTHpoBaTh, Ha-
I’py3KH CHATL H OTKPEITL ABCPLLI.

3adanue 1. Bapemiipanue Ha TEXHUYECKMX BeCax.

st Toro 4To0BI IPOM3BECTH TOYHOE B3BEIMBAHKE, HEOOXO0MMO:
1. Onpeaenuts HyIEBYIO TOYKY BECOR.

2. OnpenenuTs UX 9yBCTBUTENLHOCTD,

3. Ilpom3pecTy camMO B3RCIUMBAHHE.
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Onpedenenue nyneeoti MOYKY 6eCOE.

Iepex HayamoM KaKOOTO B3BCHIMBAHKA HEOOXOAHMO OTIPENESIUTh NOJIOKEHHE
PaBHOBECHS He3arpy KeHHBIX BECOB, T.C. JIENEHHE IIKaJIbl, IPOTHB KOTOPOro OCTaHO-
BHJIACk OBl CIPENKa IPH OTCYTCTBUH TPEHUS. B LeIAX MCKIO9EHNAS BIMAHUS TPEHHA
Hy/eBad TOYKA ONPEAEHAETC 10 METOLY KaYyaHus.

Ilpn xauaHuu KOPOMBIC/A YKasaTenb BECOB KoleOiercs NOJ0OHO MasTHHKY.
[onoxuM, 4To Npy pasMaxe BACBO KOHEL YKA3aTeli AOXONWT JO YePThi ) WKL,
CYMTAN OT KpakHe#d NneBOM 4epThl, a IIPH CHENYIOIEM pa3Maxe BIpPaBO AOXOAMT HO
HONOXKEHHA & mKamel. Eciu Opl ykasarenb COBEpLUAN OAMHAKOBBIE [0 BEIMUMHE
pa3sMaxH B TY M JPYTYIO CTODOHBI OT CBOETO MOJIOKEHHS, TO OHO OHpeaensinock Okl
KaK MOACYMMa BEIMYHAHBL ; M d;. B HeHCTBUTEIBHOCTH pa3Maxy yKa3areld ¢ Teue-
HMeM BpeMeHH ymeHsnatoTcs. [epsrii pasmax Bnero Gonmplle CHeRyIOmero pasma-
Xd BJIEBO H T.[I., IO3TOMY MOMYCYMMa BENHYHMH He Jlana 6bl HCTHHHOTO HOJIOMEHHUS
HYJISl BECOB.

PaccmoTpHM Tenepb TpH MOCIeNOBATENBHEIX Pa3MaXa YKa3aTens a), da, d3, U3
KOTOPBIX @) Y @3 — B JIEBYIO CTOPOHY, &y — B NpaBylo. B34 roycyMMy BEIMYHH a; H
a3, MBI NIOJTYYHM YHCI0, KOTOPOE OTHOCHTENLHO & Oynet Gosiee YIOBIETBOPATE YC-
JIOBHI) DABCHCTBA pa3MaXa B TY HIH JIPYTYIO CTOPOHY OT MOJOMEHHS paBHOBECHS,
4eM OJHO a; MnH a;. ClefoBaTeNnbHO, HyJIh BECOB, BEIYHCISHHBIH Kak:

1 +a
% :5[_“_'?&+G2J : @

Byner yike OmnKe K JeHCTBUTEIBHOMY MONOKCHHIO €ro.

M3menenne aMuiATY B! IPOMCXOOUT HE IPOH3BONLHO BO BPEMEHH, a 110 3KC-
MOHEHUHANBHOMY 3aKOHY. B3#B, HanpHMep, IsiTh MOCHEGIHUX pa3sMaxoB —
i, az 4z a4, ds , TPH — 4y, A3, ds — B OIHY CTOPOHY W JBa — @3 4 — B JAPYTYIO M BEI-
BE CPEIHEE W3 PA3MaxOB B KAMAYIO CTOPOHY, Mbi, ONEBHIAHO, HAMACM YKCIO, elle
Boniee YAORTETBOPSIOMES YCIOBHI PABEHCTBA PA3MAXOB OT IONOXKCHHA B Ty HIH
JPYTYI0 CTOPOHY; HYJIB BECOB BBIYHCIICH HE TAK, Kak Oymer euie OIIDKe K MOJIOXkKE-
HHIO HCTHHHOTO PaBEHCTBA.

o et ne). ®

B cnyuae, ecnu pasmaxu OyayT OTCUMTaHBI HE OT KpailHEro feBOro, a4 OT
CpeAHero JENeHMs MKanbl, TO caMo coboi pasyMeercs, 4To OTCUETaM, NPOH3BeIeH-
HbIM B pa3sHele CTODOHEL, CNEAyeT IPHITUCHIBATG PasHBIE 3HAKH, OOBIMHO OTpUNA-
TCALHBIMH CUHTAIOTCS OTCYETHL, IPOU3BEINCHHBIE B JIEBYIO CTOPOHY.

OGEBIKHOBEHHO MPH ONPEJIEIEHUH Hy/ 14 BECOB OTPaHHHBAKTCH HAOIOMEHHEM
IIATH IOCHeAoBaTeNbHEIX Kadauni. I1py sarmiceiBaniy HabIIONAEMBIX Pa3MaxoB Jie-
BBIE PA3MaXH MANUIYT B JIEBOM CTOJIOLE, npaBhle — B npasom. Beerga Gepercs ogHum
kadaHHeM Oofble B Ty CTOPOHY, € KOTOPOH Ha9anH HaOmogeHHs EPBOTO KAYaHH,
Ecnn mo oceoboxmenny appetnpa pasmax KoneOaHHil BECOB OYMEHb Majbl, TO HX
YBENWYHBAIOT, IPOM3BOMA HAT OZHOH HX YAINEK BECOB clabble pasMaxy JAHCTOM Oy-
Mar, TOC/E Yero OIyCKAKT HECKONBKO KojebanHit Becop Oe3 HaOMIONEHHS H 3aTEM
y¥ke HauMHaloT HabnoaaTk.
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UacTu feneHust [WKALLE [IPH KONeOaHWd YKa3aTells OUEHMBAIOT HA [Na3 a0 Je-
CATHIX JOJEH AencHHs.

OnsHM onpeleneHueM HyJIs BECOB HeNb3sA YAOBIETBOPDHTRCA, & Hal0 CAelaTh
€Il¢ OBA W B3ATL 34 HYJIb BECOB CPEHEE apH(QMETHYECKOE M3 BCEX OTPELETICHHI.
3Hasi TOUKY BECOB, MOMKHO MPHCTYHATE K OLPEJIENCHHIO MX 1yBCTBHTEIBHOCTH.

Onpedenenue 4yecmeymenbHOCHU ecoE.

Ecmu na oppy wamky (Tparyr0) HEHArPYKEHHBIX BECOB MBI TIONOMHUM PazHO-
pecky 300 mr (npu apperdpOBaHHBIX Becax) H OMPElENuM Teleph H3 KadaHuit mo-
JIOXEHHe PaBHOBeCHS (MM OCTAHOBKY) BECOB TaK, KAK MBI TOJBLKO 9TO ONpefeIiny
HYJIE BECOB, TO NOMYYUM YK€ HE IIPEXKHEe THCIT0, a HECKONBKO HHOE, HampuMep a’,,
KOTOpOE YKaKEeT HaM Ha MepeMeIleHHe 110I0KeH A PaBHOBECHS BECOR Ha (a', - a,)
felieHuit Ukansl. AGCOMOTHAN BeJHIHHA 3TOTC NEpeMelneHHs | OyaeT Bhipakars
YYBCTBHTENBHOCTE HEHAIPYMEHHBIX BECOB HpH neperpyzke B 300 mr. Onpenenus
TOYKY HYJI BECOB H HX UyBCTBHUTENBHOCTH 110 hopmMyIie

i
_ iao = ao‘
£ 2
300
HpHCWHaEM K B3BCLIMBAHHI HA TeXHHYECKHX BECax.

Bzsewueanue.

Beerna MoKHO NyTeM HOCHEHOBATENLHOIO HAKIAALIBAHAS PASHOBECOK HAMTH
gBa yuena Py m P, rpaMMoB, Mexxy KOTOpHIMH 3aKJFOYaeTca BEC B3BEIIHBAEMOTO
TEIa, eCIId OH He MOXET OBITh BEIPAKEH E/IBIM YHCIOM IPaMMOB.

HeobxoauMo 3aMeTHTB, YT0 MpH GOJIBINEH pasHHLE B BECE TEJA M IOJIOMKEH-
HBIX PA3HOBECOB [EpPEBeC ONHOH H3 Yalek HabawgaeTcs Jerko: KOpOMLICTIO BECOB
IpH 0CcBODOIKIEHHH apPETHPA TOTYAC HAKPEHAETCA B KaKylo-HHOYIb CTOPOHY H He
kosetneres. [lpy Manol pasHULe B BeCe KOPOMEICHIO MPOJIO/DKAET KoleOaThCs, i ec-
JM Helb3f BO BpeM:A KauaHuA 3aMeTHTh, 9TO pasMax YKa3aTend B OAHY CTOPOHY OT
HAMACHHOW HyNeBOH TOYKH BECOB DOTBIIE, 4EM B APYTYIO, TO HEOOXOLAMO onpese-
JIUTH B TAKOM CITYYae H3 KadaHHH TOYKY PaBHOBECHS BECOB, T.€. TO JENCHHE WKL,
Ha KOTOpOe yKazwiBaia Obl NPH OTCYTCTBHM TPEHHs CTPENKA, KOTAa NPEeKpaTHIHCh
koneGanus Kopomelcna. OnpenencHUe TOYKH PABHOBECHA BCJAETCH Taxk XKe, Kak Ofl-
penenenye Hyas BECoB.

Ha npakruke yrobHee MOITb30BaThCs BEIHYHHOH, 00paTHOH YyBCTBHTENEHO-
CTH BECOB, Ha3bIBacMO NocTOSHHOH npubopa.

[ToCTOAHHOW BECOB HA3BLIBASTCH HATPY3KA, OTKIOHAIOIAN CTPENKY BECOB HA
QAHO IOCICHHE!

e=t=to_
9 lao—al

9)

Vnpaxcrenue 1. Tounoe p3peniBanue 10 cocoby KomeGanuii.
Jns onpenenenua TOUHOTO Beca no cnocoby koneCannli NponeNbBacM cie-

AyIomee:
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1. Haxopym Hynesyio TOUKY TEXHMMECKHX BECOB IO crnocoly konebanw#i Ko-

pomeicna (13 3 koneSanHit):
fay+ay
y = 2[ 5 az) =

2, IlpouspomumM B3Bemusanue Tena. Ero KiamyT Ha NeBYIO YamIKy BECOB, pas-
HOBeCKH — Ha npaByio. HaknanesiBaeM cHauana pasHOBECKM B MMOCIENOBATENBHOM HX
YMEHBLIEHHH, 8 38TeM — MULUIMCPAMMBI [0 IPUMEPHOTO PaBHOBECHSA BECOB.

3, Onpenensem Touky xonebanus a'’y ypaBHOBEHICHHEBIX BECOB, CTPENKa Wpw
ITOM He JIOJDKHA BBIXOIATH 38 NPEIEbI HIKAIbL!

o 1{a;+a,
alg=—| ——>—a, | -
0 2( 5 2}

4, OmpepenseM HckoMblil Bec Tena P =P, + AP, raoe P, — Bec pazHoBecox, &
AP - nobaBounplii Bec.

3nas nocToAHHYH BecoB C W BeNHUMHY OTKIOHEHHUS CTPETIKH BECOB OT INONO-
JeHMs paBHOBeCHs An = (2] - ag), ONPEAENACM BEIWIMHY

P
o e [} ”
AP_cAn_ﬁ—‘ _ \(au &) ; (10)
%o — o
Touka xauaHus VPaBHOBEUICHHBIX BCCOB MOXeT OBITE JTeBee MU Ipasece TOU-
KU @y, cnieaorartentno, AP W ee 3HaK 2aBucarT OT 3TOro.

Vnpascnenue 2. Ocobnic METOIBI B3BSIIHBAHHIL,

MBI ye MO3HAKOMHIKCE CO B3BEIIMBAHAEM TeNd, KOTOPOE JaeT YHCIo, TOH-
HOE B Ipe/ieiaX YYBCTBATE/BHOCTH M JOCTOAHCTBA BECOB, KOraa AnvHa oboux mneq
KOPOMBICIA opuHakoBa. Eciu ainHbl 1Y KOpOMBIC/A Pa3iMyHEL, TO BEC pa3HOBC-
COK, MOMEUIEHHBIX HA OJHOM Jallke Becos, He Oyaer BeIpaxaTh co00I0 Beca B3Be-
[IMBAEMOTO TeNd, IOMEUICHHOT0 Ha ApYTOH damke. B mociaexdeM ciydae yrorped-
JIAXOTCS JPYTHE METOB! B3BEIIWBAHMSA, B YACTHEIX NOAPODHOCTAX BIIOJHE CXOKHE C
TIPOCTHIM BIBCHIMBAHUWCM. T2KMX METOAOB M3BECTHO TPH: TApDHMPOBAHWA, ABOHHOTO
B3BCIIHBAHNA; TIOCTOSHHON HArpY3KH.

1. Memoo mapupoearus (bopoa) (puc. 4A, 4B).

Ha ripaBy10 4aliKy BECOB MOMENIZIOT B3BEIIHBAEMOE TENO, 4 HA NEBYIO KAaIyT
Tapy (Tapo Ha3bIBAETCA NPEAMET, UMEIIIMH OJHHAKOBBIH BeC CO B3IBCINHMBAEMBIM
TENOM, B KA4ecTRE Taphl YacTo WCHONEIYIOT MENKYIo 1pols) ¥ npubasnsior K 3Toi
Tape i OKOHYATENHLHOTO YPaBHOBEIIHBAHHS KYCOUYKH JIMCTOBOTO ONOBA A0 TEX
Nop, MOKa FOA0KEHHE PABHOBECHS, HAHIEHHOE M3 KaYaHW KOPOMBICHA, He Dyner
OIMHAKOBLIM ¢ ONPEAENCHHEIM NEPE] HAYaIOM B3BEIWBaHws Hynem Becos. [locne
3TOrC CHHMAKT TEI0 M Ha ero MEecTO KIaAyT TAKOS KOJMHYECTBO THPh, KAaKoe HeoD-
XOAUMO [T YpaBHOBENIMBAHKA TApEl, YTO CHOBA ONpefeNnsercd M3 Ka4aHHS BECOB.
Bec rupp GyzeT paBeH B TaKoM CIydae Becy Tend. I1pH 3TOM MeTofie B3BEINHBAHHS
BIIMSHHE HEPABEHCTEa TUIeY Oy/IeT YCTAHOBNEHO, 2 TOYHOCTH B3BEINMBAHMA OyIeT
JIEXKATh B IPEAENax 1yBCTBHUTCIEHOCTH BECOB.
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2. Memoo deotinozo eseemusarnus (Taycca) (puc. 5A, 5B).

fipn 310M MeTOne HepaBeHCTBO IEY KOPDOMBICTA HUCKOIBKO HE BIMAET HA
NONYYEHHBIH Pe3yILTAT B3BEIIHUBAHHL.

O603HauuM INHHEI IPaBOro ¥ JIEBOrO IUIeY KOPOMBICNTA COOTBETCTBEHHO Ye-
pes Ly 1 Lo, Kmasem B3BemlnBaeMoe TENO Ha JEeBYIO YAINKY BECOB W YPaBHOBEITHBA-
€M €I'0 Ha NpaBOH YalllKe O BceH BOSMOXHOH TOYHOCTBIO BEca pasHOBeCcOK Py, mpo-
HM3BOJs B3BEUIMBAHME 1O BCEM Npapuiiam coo0LIeHHBIM Boime. BeaencrBue nepa-
BeHeTBa Bec Tejla P He 6yvoer pasen P. Ha ocHoBaHHM TeOpeMBl 0 MOMEHTE CHI,
IPHAOKEHHBIX K TOYKAM ITOBECA YAHIEK, HMEEM:

PL-;=P1L;. . (1 I)

Ipouspogum 1o crnocofy xonebaHWH HOBOE B3BEIIMBAHHE, NMPHYEM KIALEM
reno P Ha NpaByr0 4allKy, 4 PA3HOBECKH — Ha JieBY10. Bec mociennux, Heobxonu-
MBI 1711 ypaBHOBemdBanus Tena P, mycts Oynet P;.

ITo Teopeme MOMEHTOB CHII HMEEM B 3TOM C1ydae:

PL,=P,L;.
W3 nocnenqux ypaBHEHHM HAXOIUM
PeyBP

(ec Tena paReH KOPHK KBAJPaTHOMY H3 POH3BEICHUA 0BOMX BECOB PA3HOBECOK).
Hix Tex we ypasHeHHH MOXHO HalTH YpaBHEHHEe JUTHH TUled KOPOMBICHa:

ﬁ\/f__
L, A

Ho Tak xax senyumssl P u P, o9eHE Mano OTIHYArOTCSI APYD OT APYyTd, TO, 0003Ha-
yus (P2 — Py) uepes 2g, uMeeM:

P=\RB, =|R(B +28) =B’ +2gR ~[B? + 2R +g° ;
P=(B+af =R+g wmp=122 (12)

L _ fg_Jﬁ-+2g_\fl+2£~ ;
L V& \ A A ;
| A L
C- W E T o ek MRS, BRI o ) (13)
1y A A L, 2R

DTOT METOX B3BEIIMBAHHS HEODXOAMMO MPHMEHATH NPH [IPOBEPKE PA3HOBE-
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Puc. 44 | Puc. 4B
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Puc 54 uc. 5B
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Puc. 6A Puc. 6B

3. Memoo nocmosnnot nazpysxu (Mendeneesa) (puc. 6A, 6B).

IIpu aToM MeToze Ha JEBYIO YamIKy BECOB KIaJETCA THps MPENeNbHOro Beca,
YKa3aHHOTO Ul B3BEHIMBaHMA Ha JaHHBIX BecaX, Ha NIPABYH YalIKy — Tapa, TOYHO
YPaBHOBEIIMBAIOMAA 3Ty THPK. PaBROBECHH CTAparOTCA JOCTHIHYTH ¢ BO3MOMHOMN
TINATENEHOCTEIO, B3BEIIHBAA N0 Cocoby KoseOanui.

Ipw B3BemHBaHuHK TEI0 NOMEMANT Ha JIEBYIO YAIIKY, ¥ Ha 9TY YallKy KIalyT
Pa3HOBECKH JI0 TeX IOp, IIOKA HE YPAaBHOBECAT Tapy, JIEKAINYIO Ha IPaBOH yamke.
Bec 152 ¥ pa3sHOBECOK, MONOKEHHBIX jUlsi PABHOBECHS Ha JIEBYIO 4allky, OyIer pa-
BEH BECY TOH MpH, KOTOPAs NEPBOHAHAILHO JIEXKANa Ha Hel, CIeJOBaTelbHO, BEC
TeNa PaBeH Becy TMpH 0e3 TeX Pa3HOBECOK, KOTOPbie OBUTH HOMOKEeHs! T YPaBHO-
BELIMBAHMSA. JTOT CHOCOD OTIHYACTCA MOCTOSHCTBOM HYBCTBHTEIBHOCTU H Tpefyer
KKOBIA pa3 TONBKO OJHOTO B3BEIIHBAHHS, YTO COKpalllaeT 3aTpaThl BPEMEHH |

YMEHBIIAET IMOTPEITHOCTD, KOTOpAad MOXET IPCHCXOJNTL OT MHOPOKPATHOIO B3Be-
ITABaHKA.

KonmponesHbie sonpocsi

1. Yro HassiBaercs BECOM Tena?
2. Kax dopmysmpyercs yCI0BHe paBHOBeCHs peidara?
3. Yro TaKkoe uyBCTBATETEHOCTE BecoB? OT 4E€ro OHa 3aBHCHT?
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4. Kak onpeenurh LeHy JeJeHUs BecoB?

5. Kak onpenennth HyJI€BYK) TOUKY BecOB?

6. Kak M3MeHHMTCH pesyNbTaT B3BEUIMBAHMA HA PHIYDKHLIX BECAX IPH [epe-
MEMIEHHH ¢ IT0JI10ca Ha 2KBaTop 3eMin? _

7. Kaxue MeToasl TOUHOro B3BemMBanyA Bhl 3HaeTe? Kakue BU/BI cHCTEMATH-
YECKHX OITHO0K YCTPaHsMiOTCS UX NPHMEHEHHEM? '

8. MckmioyarT ¢ MeToas! 0co00ro B3BSMIHBAHMS OLIHOKY, 00YCIOBICHHYO
BBITAIKHBAIOWIEH CHIIOH CC CTOPOHEL BO3AyXa?

9. HasoBuTe 1 060CHYHTE NpaBuila B3BELIMBAHMA HA TEXHUIECKHX Becax.

10. 3aBUCHT M TOYHOCTH B3BEIIMBAHMA OT TIOJOKCHHA Ipy3a HA YaUIKE Be-
coB?

PaGora Ne 5. OnpepgeneHune macckl Tena
C NOMOLULIKO B3BeWMBAHWUA HA aHanUTUYeCKHUX BeCax

Lens paGombi:

1. Onpenenerne YyBCTBHTENBHOCTH BECOB.
2. OnpeneneHue UCTHHHOTO BECA Tela.

Ob6opydosanue: aHANKTHYESCKHE BECH], HaBOp Pa3HOBECOK,
B3BCINHMBACMOC TEIO.

Codepxarue u Memods! ebInoHeHUsA pabomes

Ananumuyeckue éecsl. .

AHaNHTHYECKHE BEChl YNOTpeOIsioTCs ULl TOYHOrO B3Beluupanua. OObIKHO-
BEHHO OHH 3aAK/IIOYEHBI B AIIHK ¢ NOJBHKXHAIMU CTEK/AHHBIMH CTEHKaMM. Hmuk
TPENOXPAHSeT BECH OT HLLIM M BOSKYHIHBIX TONMKOB M A2ET BOSMOMBOCTL PAEEHO-
MEPHO M JOCTATOYHO TOUHO ypaBHOBECHTH M. OCHOBHOH YacThi0 BECOB fABASIOTCH
peI4ar (KopoMbICHO), OImHpatomuiica Ha mpu3My K. Ha xonuax persara, Ha npusMax
KK, Bucar gamku CC. Pebpa npusm K; u KK HaxogsTcd B 0fHOH ropH30HTAIEHOH
TLIOCKOCTH {CM. puc. 1).

st onpefienenys TOMOKEHHS KOPOMBICTA CITYKUT JNHHHAs cTpenka L, npu-
KPEIUISHHAs B €0 cepeiiHe HepneHIMKYISIPHO K IUHMM, COSIHHSIOMEH fBe Kpaii-
mue npesMel. Koren crpenks geuxercs nepefl mkanoii NN, naxoxsmelca y ocHo-
BaHMs KonoHKH. Ecny Ha yallkax HET I'pys30B, TO KOPOMBICIO NOJLKHO YCTaHABIH-
BaThCA MOPU3CHTANBLHO, CTPETKA JO/DKHA YKa3LIBATE HA CPEAHEE ACNCHHUE MIKANbL.

Korna Becsl we Haxonarca B pabote, #X HeoOXOJHMO appeTupoBaTh. ITO
MPOHM3BOAHTCA ¢ OMOIIBEY 0C000ro NpHCIocoOIeH s BHYTPE KONOHKH BECOB, IPH
3TOM KOPOMBICTIA M HAIIKHM HECKOIBKO IPHIIOIHMMAIOTCHS KBEPXY, BCIEICTBHE Y€ro
HMX [pPH3MbI OCBODOKIAKOTCA OT JABIEHMS HA TUTOCKOCTER OTIOPH M HEH30EXHOro B
3TOM ClIyyae HanpacHoro M3HammpaHps, OcpoboXneHwe M appeTHpPOBAaHHE KOPO-
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MbICTa TPOM3BOAMTCA MTOCPENCTBOM BPALIEHHS B Ty WIH HHYXO CTOPOHY I'ONOBKH,
ToMenalouIeics B HikHe# qactu Becos (Z).

T

Puc. 1

Ynpascnenue 1. Onpepenenne TyBCTBUTENbHOCTH BCCOB.

OCHOBHOHM BENHUHHOH, XapaKTepu3yrIeH BEchl, ABIAETCA MX UyBCTBHTEIb-
HOCTh, HyBCTBHTENBHOCTLIO BECOB HA3LIBACTCS OTHOLIEHHE TAHTEHCA yTila, Ha KOTO-
PpBI oTKIOHsETCA cTpenka D, k npubasounoMy rpy3y Pp, CO3/2I0MEMY 3TO OTKIO-
HEHME.

Ecnu pebpa npusm Ky 1 KK Haxopsres Kk 0HOM rOpH30HTaNbHOH [UIOCKOCTH
(r-€. eciiM KOPOMBICHIO He riporudaercs), To

yger s L

P TIRR

rae L — wmHa mied Kopomsicia, Py — ero Bec, h — paccTosiHHe LEHTpa TOKECTH KO-
pOMBICIia OT HIKHEro pedpa cpeHei Ipu3MbL.

Ilpy HEBBINOJIHEHHH 3TOT0 YCNOBHA (npornboM npeHeOpeds Henb3s) 4yBCT-
BHTENBHOCTE eme OyJer 3aBHceTh 00paTHO OPONOPLHOHANEHO OT CYMMBI Beca da-
IIEK BECOB H HAIDY3KH,
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Ha npaxraxe ynoOGHee NoNb30BaThCs BEAMUHHON, 0OPATHON Y4YBCTBHTEILHO-
CTH, Ha3bIBAEMOI MOCTOAHHOM Tipubopa. [locmosnnoll secoe HA3LIBAETCA HAIDY3Ka,
OTKJIOHSIONIAA CIPENIKY BECOB HA OJIHO NETEHHE.

Hexenarensso ynorpebaarts npH B3BEIUMBAHHM Pa3HOBeCKH Mexpule 10 mr,
TpencTapnAromue 60apmoe HEYA00CTRO.

Yncno eruHHIl U AECATRIX JI0eH MHUIMIPAMMOB OTCYHTRIBACTCS 110 OITHYE-
CKOM 1mKarne,

Jns onpeneneHus MOCTOAHHOH aHATHTHYECKAX BECOB HA IPAKTHKE HEOOXO-
JHUMO CHa4ajla ONPeNeNHTE HYNEBYIO TOUKY 2g , T.€. TO JIeNeHHe IKAILL, [IPOTHE KO-
TOPOT'0 OCTAHOBU/IACH CTPEJIKA BECOB IIPH IOJIOXKEHHH PABHOBECHS HEHArpyIKEHHBIX
secor. OnpenencHue HyNeROH TOUKU NPOM3BOAMTCA TPU paza, U B pezynsrare Oe-
- peTcs CpeliHee ee 3HaYcHMe. 3aTeM B3BCiIMBaeTCs pasHoBecka 10 Mr M onpenenser-
€51 TTONIOMEHHUE CTPEJIKH d; TAKMM e criocoboM, Kak ¥ HYJNIECBOH TOYKH.

OnpenensicM NOCTOAHHYIO BECOB 110 (opMyme:

Py

C e T
lay ‘aol

rae Pp — neperpy3ok B 10 Mr, KOTOpPbii 3aCTaBIAeT OTKICHATCS CTPEJIKY OT HOJOMKe-
HUsl PABHOBECHS B MIPEAENax OT ag JIO a;.

Harpysue 0be waniku Becor mo 100 r, onpesenseM TOCTOSHHYIO BECOB NpH
MakCcHManbHOM Harpyske. CpaBHHBas 3Ha9eHHA YYBCTRHTENBHOCTH B IIEPBOM M BO
BTOPOM CIydae, MOKHO YOEOHThCH, YTO YYBCTBHTENRHOCTH BECOB YMEHBLUACTCH H ¢
YBENU4YEHHEM Harpy3KkH.

Ynpasicuenue 2. Onpenenenye HCTHHHOTO Beca Tela.

IIpu TouHoM B3BELIMBAHHM HYXNHO HMETh B BHAY, UTO TeJO, HaXOMOb B BO3-
JyXe, TEPSIET B CBOEM BECC CTOJIBKO, CKOJIBKO BECHT BHITECHEHHBIH MM BO3OyX. Uro-
OBl y3HATE MCTHHHBIA Bec Tena, HeolxoAMMO BHECTH NONpaBkd. PasHocTs Memay
HCTHHHBIM BECOM TeNd H BRITAIKHBAIOMEH CHIOH HA3BIBACTCA KANCVIYUMCH 6ECOM
tena. ECnm mioTHOCTE B3BENMBAEMOIo T€NA P, M PASHOBECOK P, PasiH4HEL, TO Oy-
YT pa3snuyHsl ¥ COOTBETCTBYIOUIHE UM IOTEPH Beca, Benenersue 9ero npu pasBHo-
BeCHH BecoB OYIYT PaBHBI HE MCTHHHEIE BECA TeNa M I'HPb, @ MX KRXKYIIHECs Beca.
Jnsa HaxodueRHs MCTHHHOrO BEca Tela B Pe3yNbTATE B3BCIUHBAHUI HeoOXO0AHMMO
BHECTH IOTIPABKY.

ITycre P — HCTHHHBIH BeC TeNa,

* o * * *

P, — ucTHHHRIA Bec YPABHOREIIUBAIOIIMX €r0 THPL, (P =F, £AP),

Om — TNIOTHOCTH TeNa, g, — INICTHOCT T'Upb, V' — 06beM Tena,

V" — o6beM THpE, 2, — IIOTHOCTH BO3AYXA.

[Tpu pagHOBECHHM PABHOILIEYHOIO KOPOMEICTA PE3YIBTHPYIOUIME CHIBIL, Aefi-
CTEYIOIIHNE Ha €r0 TPAB0E K JIEBOE TIEH0, NOIKHE GHITh OMHAKOBbI:

* *
P-F,=P -F,. (1)

[Moncrasus B dopmyiy (1) BIpasKeHHE [U1s BEITANKHRAIOMMEX CHIT
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P . P
FAZVTpsgz;;ps H FA“Vpp8g=;6p8 »

-23r(-2)
£r Pp

-1
P= }’,‘[1 —&J[I —f—’“—] : @
Pp Pr
V3 nonyuennoil GOpMyIbl BHIAHO: BEC TEllA TeM CHITBHEE OTIIMYAETCA OT Beca
YPaBHOBEIIHBAIIHUX €TI0 THPb, YEM BoNnsUIe OTIMYAOTCH TUIOTHOCTH TEA H T HPb.

IIPOHBBC,[[H JACIICHHUC YHCIHMTECIA Ha 3HaAMCHATENb IO IIpaBijiaM AC/ICHHA MHO-
FOWICHOB, IOJY4YHM:

NOMYIHM

OTKyJa

2 2
-2y _(_Pe P Pu Po
I-pfor Pr Pr P P

’

TAK KAK BEJHYHHBI Dy/Pp, M Py/pr BCEDAZ BEChbMa Mallbl, TO MOMHO OTOPOCHTH BCe
“WICHB, HAYMHA C Py /Py M JaNIce.
CitepoBaTesbHO, ITOIYTaeM, 970 HCTHHHEIH Bec Tena

Papiinfe L Fe Y 3)
pp Pr
HIH
+ N 1 1
P=P +P 00012 ———|. (3a)
Pr  Pp

BemuuMua p, 3aBHCHT OT JaBICHAS, TEMIIEPATYPB! M BIDKHOCTH BO3XYXa, HO 00bu-
HO €¢ CYHTAIOT MOCTOSHHOM M papHOH 1.2 Kr/m’. Pa3sHOBECKH NpHIOTOBISNTCS
0OBIYHO M3 JIATYHH, NS KOTOPOH

pp= 8.4 r/cm’ = 8.4 10° kr/mt’ .

KormponbHble 60npocs!

1. Ommyre yeTpolcTBO aHANMMTHYECKHX BECOB M HasHaYeHHe gemndepa.

2. Chopmynupylite OCHOBHBIE IPABHIIA B3BEIIMBAHHS Ha aHATHTHYECKHX Be-
cax.

3. Yro Ha3biBaeTCH UYBCTBUTENBHOCTRIO Becor? Kak ee onpeensTs?

4. OT xaKuX KOHCTPYKTHBHEIX [JADAMETPOR BECOB 3ABHCHMT WX YyBCTBHTENL-
HocTs?
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5. TloyeMy NpH B3BEIUMBAHHME B BO3AYXE BEC TEJa HE PABEH BECY ypaBHOBE-
THHE2IONAX eT0 THPLT7

6. Kax paccHuThIBACTCS HCTHHHBIHA Bec Tena?

7. VCKIIO4AFOT JTH MeTObl 0c000ro B3BemHBanus omubKy, 06YCnoBIeHHy0
BEITAIKMBAIOIIEH CHJIOK CO CTOPOHBI BO3AyXa?

Pabora Ne 6. OnpefeneHue NNOTHOCTU UCCrieayeMOro Tena

Lene paGomsbi:

1. MizyyeHne MeTo/IOB OPENENEHNS IOTHOCTH XKUAKMX ¥ TBEpABIX BEIIECTB.
2. Ouenka pe3ynsTaTOB U3MEPEHHH W pacyeT NOrpelIHOCTH.

O6opydoeaHue: aHanUTHYECKHE BECHI, THKHOMETD,
HCCIEIyeMAS HKHIKOCTS, TBEPIOE TENO.

CodepxaHue u MemoOb! 6bITONHEHUA pabombi

ITnomuocms u yoenonuiii gec.

ITnoTHOCTRIO TeNa Ha3zpIBaeTcsk MM3MYECKas BeMYHHA, PaBHAS OTHOWIEHHIO
Macchl Tena K ero obmemy:

\ m
P=3 ey
r7e m 1 V — COOTBETCTBEHHO Macca 1 00bem Tena.

Bripasxenne (1) cnpaBe/UiHBO NHIUL JUI OJHOPOAHBIX Tesl. B HeomHOPOAHBIX
Tenax MICTHOCTE PA3NHYHBIX YYACTKOB pasnkina. B sToM crywae BRIGHPAIOT Manbll
obneM AV, BHYTpH KOTOPOTO TENO MOKHO CYHTATh OJHOPOIHBIM. TOrAa MIOTHOCTH
Tena B JaHHOM MeCTe Ha3bIBalOT BETHYHHY

_Am
P=ar
WM, TIEPEXOJIA K Npeeny,
dm
s

Yoenvnoim gecom Tei1a HA3BIBACTCH (H3HYECKAdA BETHYMHA, YHCICHHO paBHasd
OTHOLIEHHIO BECa TE/A B BAKYYME K €ro 00neMy:

d=i

3

v

rze P — Bec Tena B BaKyyMe.
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B obuiem ciyuae
dapP
d=—.
dv
Tak kak P = mg, TO IUIOTHOCTE W YIEIBHBIM BEC CBA3AHBI MEXIy ¢000H COOTHOMIE-
HHeM d = pg.

[InOTHOCTL W YHENBHBIA BeC TEN HIparoT OONBIIYIO POIb B HAYKE H TEXHHKE,
TaK KaK 3TH QH3HYCCKUE BEIMYHHEI ONpeleNsioT MHOIHE BaXHbBIe CBOHMCTBA (QH3H-
YecKHX TeN Kak TBepHABIX, TAK M JKHIKHX H Ta3000pasHEIX.

3adanue 1. Onpencnenne WIOTHOCTH KHIKOCTH ¢ IIOMOINBI) MHKHOMETPA.

Mertox onpeeneHds TIOTHOCTH TeNl ¢ MOMONBK) THKHOMETPA SBJIAETCH OJ-
HAM ¥u3 Haubolee TOUHRIX. [TuxHomemp — DTO CTEKISHHBIX COCYI ONpeneleHHOH
emiocTH (06smHO 25 - 50 mu). Ha pucynke 1 uzobpaxensr Haubomee pacopocTpa-
HEHHLIE THITEI THKHOMETPOB.

Puc. la Puc. 16

Onmun w3 Hux (6) mmeer nmpuTepTyio mpobKy € KamHIISpoOM BHYTpH. Ecmi
MTHKHOMETP, HAMOIHEHHBIH 0 KPaeB MHAKOCTBI), 3aKPLITE TPOOKOH, TO H3IHIIEK
FKHUAKOCTH BRITECHACTCH depes Kamuwap. B pesynprare nukaoMeTp OyaeT HATOMHEH
JI0 BEpXHEro Kpas Kanwuspa. B muxksoMerpe apyroro THIa (a) »KHAKOCTE HAlIMBA-
€TCH TMHIIETKOH 10 OTMETKH Ha ropisimike. Tak Kak NpH NOCAeA0BATEILHOM HANON-
HEHMH €T0 00BEMBI HCCHAENYEMOH HAKOCTH H HIKOCTh ¢ H3BECTHOM IIOTHOCTBIO
(HanpuMep, ¢ JHCTHITMPOBAHHOH BOAOH) O/IMHAKOBLL, 3 BEC XKHUIKOCTH MOXKHO OTI-
PEENHTE ¢ OONBIIOH TOYHOCTBIO HA AHATUTHYECKUX BECaX, TO HCKOMYIO TUIOTHOCTH
TAKKE MOMKHO ONPEACITUTE JOBOILHO TOYHO.

B cneumaneHbix n1abopaToOpHLIX HCCTENOBaHUAX H3 XKHAKOCTEH TpeaBapH-
TENbHO YJALSMIOT PACTBOPEHHBIH BO3AYX, M3MEHSIOMMHA MX TnoTHOCTh. Jins 3Toro
JKHIIKOCTh B CTAKAHE MOMEWIAIOT B CNEUMANLHEIR COCy, H3 KOTOPOIO OTKaYHBAETCH
Bo3yX. Yepes HebOIbINOH MPOMEXKYTOK BPEMEHH H3 JXMIKOCTH HAYMHANT BEIjE-
JIATCA My3BIPEKH, H OHa ocrobOXKaaeTcs OT Bo3ayxa. [locne 31oro kuaKocTs GpICTpO
[EPEMBAIOT B MHKHOMETp. IIpH TOYHBIX ONPEHENEHMAX IUIOTHOCTH TEeMIepaTypa
JKHIKOCTH JO/DKHE OCTaBATRCS CTPOr0 IMOCTOAHHOMH, UTO JOCTHTAETCs TePMOCTATH-
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posaHyeM. B JaHHOM yIpaKHEHHH MJIOTHOCTL MCCHEOYEMOH MHUIKOCTH ONPEIENs-
£TCA ¢ [IOMOUIBIO TPEX NOCIEA0BATENLHBIX B3BCIIHBAHMH.

1. TloctaBuM Ha JIEBYH0 9YALIKY AHATUTHYECKHX BECOB NYCTOH [MHKHOMETD H
YPaBHOBCCHM €10 I'MPAMH. B Cly4ac paBHOBECHA BECOB CHIIBL, ,E[CﬁCrByIOH.IHE Ha Je-
BYI0 W OPABYIO Yallku, paeHsl. CHila, 1eHCTBYIOIAs HA NEBYIO YauIKy, paBHA

Fl:Ps

rae P — Bec NHKHOMETPA B BO3LYXC.
Ha npasyio gawky aeficTsyer cuia

Fr=P-Vapg,

rae Vypg — BorTankMBaomad Apximenosa cuia (V, — 06beM ruph, g — IIOTHOCT

f
po3ayxa); P; — sec rupe B mycrote. Ho ¥, = , [IIE P2 — MNOTHOCTE THPB. Toraa
28

Fzzﬂ[l-pﬂz}.

Yenosue PABHOBECHA 3alHIICTCA B BUJC

P:P{l—ﬂ]. (1)

£

2. HamonuuMm IMKHOMETp MACTHIUIMPOBAHHOH BOAOH W B3BeCHM. YCAOBHE
PABHOBECHA UMEET BHI

Vpsg—Vplg+P:F’z[I—£‘*), 2)
2
rac Vpyg — Bec Bomae! B myctote (V — 00BeM BOABL, Py — MIOTHOCTS [IPH JaHHOH TeM-
repatype); Vpg — BRITANKHMBAIONas CHIIA, JEHCTBYIOIAA CO CTOPOHBI BO3AYXa Ha
BOAY B 00LeMe V.,

3. HamonuuM DUKHOMETP HCCIedyeMOH XXHAKOCTBIO 10 PHCKH M B3BeCHM. Y-
JIOBHE PAaBHOBECHA HMEET BUJL

Vp},(ngplg+P=P3[ —f’—‘}, 3)
P2
roe Vo,g — Bec kuIKoctd B nycrote (¥ u g, — 00beM H JUIOTHOCTh 3UAKOCTH);
V012 — BRITATKHBAKOMIAS CHIIA.
Breuurtag smpaxenne (1) u3 (2) u (3) u A€l noryYeHHble PE3YABTaThl ApYyT
HA Apyra, IMeeM:
Px—pA _HB-H
2ampy B

OTKyA2
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PR
pm=——*Pz_P1(ﬂs—pl)+ﬂ1- 4)

Hi3mepenus.

1. [IpoMBIBaeM MHKHOMETP AMCTHILIMPOBAHHOHW BOAOHM M TINATENBHO MpOCY-
HIMBaeM, MOMeIasd ero B CymMAsHEIA mkad. 3arem s3BewnBaeM ero (Py).

2. Hanonnsgem MUKHOMETP AMCTHLIMPOBaHHOH BOXOH, HE comepxamied pac-
TBOPEHHBIX T'a30B, H [IOMEMIaeM €ro B TEPMOCTaT TaK, YTOOBI TOPJBIIKO 9yTh BEI-
CTYDAIO Hal, TIOBEPXHOCTHIO BOALL. ¥ CTAHABIMBANT B TEPMOCTATE TEMIIEPaTypy Ha
2 - 3°C prime komuaTHOMN. Yepes 5 MUMHYT 3aKpHIBAIOT MMKHOMETD NMPOOKOH U Mo-
MEIIAIT ero Ha OoMbnIyo, rryOHHY Tak, 4ToOH Hal HOBEPXHOCTBIO BOBI BRICTYTIANA
TOJIBKO BEPXHsisi 4acTh Npodxu. OCTapsiOT NMUKHOMETP B TepMocTare Ha 25 - 30
MHHYT. 3a 3T0 BpEMs BOJa [IPHMET TeMIePaTypy TePMOCTATHPYIOLIEH KHIKOCTH t,
BCJICACTBHE PACIIHPEHHS JACTE €€ BhIANET U3 IMKHOMETPA Yepe3 KAMHUILP TpoOKH.

BEIHYB IIMKHOMETP H3 TEPMOCTaTa, OCTOPOXKHO BBITHUPAIOT €0 M YCTaHABIM-
BAIOT HA YallKy BECOB. Y DABHOBEIIMBAIOT €r0 PA3HOBECAMH M OCTaB/LIIOT Ha 25 - 30
MHHYT, IOCJIE Yero OKOHYATEeNLHO ONpenendoT sec. Macca RuAKOCTH, HaxXoAamed-
cf B NHKHOMETpE, 3aHHMaga NPH TEMITEPAType TEPMOCTATHpOBamms t o6beM
V.=V, rae V, — obnem makaoMeTpa. [ToaTomy, HecMOTps Ha H3MEHEHHE XKHIAKOCTH
B TUKHOMETPE, BCHEICTBME HEMOCTOSHCTBA KOMHATHOM TCMIICPATyphi, YKA3aHHBIM
METOIOM MOXHO OIPE/IENTHTh [II0THOCTD XMAKOCTH IIPH TeMIIeparype to.

3. BpumMBaOT BOLY, NPOCYIIMBAIOT NMHKHOMETP M ONOIAaCKMBAIOT €0 HCclie-
NYEeMOi KHIKOCTHI.

4. HamonuAoT MHKHOMETP MCCHENYEMON JKUIKOCTBIO, HE COoJepkalled pac-
TBOPEHHBIX Ta30B, H HOBTOPAIOT ONLIT, ONACAHHKIA B NyukTe 2. Bapemmsanus npo-
W3BOJAT MeTOOM Menneneesa (cM. nabopaTtopryo paboty Ne 4).

5. BHMUCIHAHOT IUIOTHOCTE MCCIEAYEMOH SKHIKOCTH NpH Temmeparype t°.
[MnoTHOCTE BOABI OpH PasiHUHAIX TEMNEPATYpPax M TUIOTHOCTH BO3ayxa Oepyr u3
tabirue: 1 ¥ pucyHKa 2.

3adanue 2. Onpeenenye NIOTHOCTA TBEPALIX TEN ¢ NOMOUIBI0 MTHKHOMETPA.

C nmoMomEBio MHKHOMETPa MOXKHO ONPENCIHTE HE TONBKO IUIOTHOCTD XKMAKO-
CTH, HO M TUIOTHOCTS TBepAbIX TeN. Mccnenyemoe teno o6semom 0.5 ~ 1 cM’ morpy-
KAKT B MHKHOMETP ¢ JUCTHIIMPOBAHHOK BOMOH, HE comepsKalled pacTBOPEHHBIX
razoB. Ilpu 3ToM oH BEITeCHHT 00BeM BOIHI, pasHEl 00BeMy Tena. TnoTHOCTE Mc-
C/IElyEMOro TEla ONpeendeTcs ¢ NOMOWIBIC TPEeX MOC/IeIOBaTe/IbHEIX B3BEIIMBA-
HHH.

1. TToMOMHMM HA JIECRBYIO YallKy BECOB MCCISAYEMOE TENO H YPaBHOBECHM BEChI.
3ammimneM yCIoBUE paBHOBECHS

Veporg —Vepg = P{l - ;&) ; &)
3
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rne Vopo.g ~ Bec Tena B mycrote (V, u g, — 00beM H WIoTHOCTE Tena); ¥,og — BHI-
TANKHBAIONIAA CHAA BO3AyXa, P — BeC THPh B IIYCTOTE.

2. HanoJiHAM MHKHOMETP RUCTHIUTHPOBAHHOH BOJOH 40 METKM M B3BECHM €TO0.
YenoBHe paBHOBECHS HMEET BH:

B

Vosg Vg +P =Pz[ —ELJ ; (6)
2

rae P — Bec mycToro NUKHOMETpPa, Vg — BEC BOABI B NycToTe, Voyg — BBITAIKH-

BarOHlas CUia, NeACTBYIOMmAN CO CTOPOHBI BO3/lYXa Ha BOIy B oObeme V.

3. IlorpyssM B IHMKHOMETP HCcleyeMoe Teno. 1IpH morpy:KeHu! Tena B [IHK-
HOMETP YPOBEHb KHMAKOCTH MOTHHMAETCS, €ro JOBOIAT 10 METKH, OTKAUHBAas »KUJI-
KOCTb NMUneTKoH. BapecuM. VenoBue paBHOBECHS HMECT BHJL;

V-vy)e,g+Vrprg-Vpg+P= Ps[] *%} > )

rae (V- V., ) pg — Bec BOARI B NyCTOTE, V,,00g — BeC Tena B nycTote, Vg — BerTai-
KMBAIOIAA CHITA BO3AYXA, TeHCTRYIONMAS HA BOAY C MOTPYKEHHEIM B HEE TEIOM.
Petnast COBMECTHO ypaBHEHHS (5), (6) u (7), momyaHM:

8
orE P+PZ (P Pl)*ﬂx (8)

TInoTHOCTE BO3ZYXa NPH NAHHOM JABICHHUM M TEMIIEPATYpPe ONpeleNsercs 3
HOMorpamme!. O6btan0 p, = 0.0012 kr/en’.

4. Ilponssect 00paboTKy Pe3yAbTATOB HU3MEPEHMS IUIOTHOCTH XKMIKOCTH H
IUIOTHOCTE TBEPIBIX TEL.

et~ G - o
760 E=1.3 0=
— TRy g
= m E TS
— 210 =11 W=

Puc. 2
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KonmponbHbie 60rpochl

1. Yro Takoe IIOTHOCTL U YOCILHBIHA Bec Tena?

2. [NokaxuTe, 9TO IDIOTHOCTL M YIENbHBIA BEC 9UCTEHHO MOTYT OBITh paBHEI
BpPYT Opyry.

3. Kax onpeenuTs MIIOTHOCT KUIKOCTH ¢ TIOMOIIBIO THKHOMETPa?

4. KaxkoBpl HCTOYHHKH NOrPEIIHOCTEH NpH OﬂpeﬂE:HeHHPl TIIOTHOCTH JKUJIKO-
CTH C MOMOIIBIO THKHOMETpa?

5. KaxoBs! HCTOYHHKH MOTPENIHOCTEH MPH ONpPEACHCHHH ITIOTHOCTH TBEPAOTO
Tesa ¢ NOMOIIBIO THKHOMETpa?

6. JIna yero B 1aHHOM paboTe HeoOxonuMa Aerasalis KHIKOCTH B TEpMOCTa-
THPOBaHMA?

" 7. Kak onpenendth abcoMoTHYI0 NOTPemHocTs Ap 7
8. Kakme cyllecTBYIOT METOABI ONpee/ieH s IUIOTHOCTH Ten?

Tabmua 1
Inomnocme go3dyxa

t'c p, Kr/m’ t'c p, Kr/m® te P, Kr/M®
0 999,841 g 20 998,203 40 DO2.24,
1 999,900 24| 997,992 50 988,04
2 999,941 22 997,770 60 983,21
3 999,965 23 997,538 70 977,78
4 990 975 24 997,296 80 971,80
5 999,965 25 997,044 90 965,31
6 999,941 26 996,783 100 958,35
10 999,700 27 996,512

17 998,774 28 996,232

18 998,595 29 995,944

19 998,405 30 995,646




NPAKTUKYM MO KYPCY OBLLEK GU3UKM

Pa6ota Ne 1(06). ayyerne 3aKOHOB QBWXEHNR Ten
Ha npubope ATByaa

Lens paGombi:

1. M3ydenne fMHAMHKH MOCTYTIATENBHOTO ABIKEHHS CBS3aHHONH CHCTEMEI TeN
€ YIETOM CHIbI TPEHHS.,
2. OnpejeneHye CHCTEMAaTHYECKOH OuOKH,

Ob6opydoearue: npudop ATeyna.

CodepxaHue u Memodbl 8bINTONIHEHUs1 pabombl

Onucanue npubopa.

[Npubop ATByaa mpemHa3sHAauYeH JNif MPOBCPKH 3aKOHOB PaBHOYCKOPEHHOIO
JBHEHHS Tell. Meranmuueckuil cTepikeHs Z €O MIKaNo#, pasleneHHod Ha caHTH-
METDBl, IPUKPEILIEH BEPTHKANEHO K CTOHKE; HA BEPXHEM KOHUE &T'0 HMESTCH Jerkuti
anoMuHEHeBHH 010k B, Bpamaromuiics ¢ BeckMa MalibiM TpeHHEM (cM. puc. 1).

e Sk

Z
(m " Mermya
e s .
m,
ety e i
TIepeK L. = W
e[ 06452
cbpoe myex _—
£ =3 =23
X Mm g

Puc. | Puc. 2
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Uepes (0K mepeKkHHyTa TOHKAas HMTE C JABYMS OXHHAKOBBIMM IDY3aMH Ha
KOHIIaX TaK, YTO BCA CHCTEMA HaXOAWICH B PaBHOBECHH. I'Pys m BHYTPH MMEeT Xe-
JIE3HYK [UIACTHHKY M [IOTOMY MOKET VAEPHKMBATBCH IEKTPOMArHATOM. Macca rpy-
30B m; ¥ M MOKeT OBITH yBenuueHa nqodaBouHsiMM Tpysamu JI 1 E. Ecim Ha rpya m
TIONOKHUTE N0OaBOYHBIH TPy3 J§ MAccsl m; ¥ PA3OMKHYThH (Ielh MEKTPOMATHHTE, TO,
KaK M3BECTHO, CHCTEMA NPHIET B PAaBHOYCKOPEHHOE JBHIKEHUE C YCKOPEHHEM, OTIpe-
JETACMbIM 31eMEHTAapHOH GOpMYTIOi:

P ) (1)
my +my +m

Ecnu e rpys m, BO BpeMms YCKOPEHHOrO ABYOKeHHA OyeT CHAT, TO CHCTEMA
HayHeT TePeMeIlaTeCH PABHOMEPHO ¢ TOH CKOPOCTBIO, KOTOPYH) OHAa HMela B MO-
MEHT CHATHS IePerpy3KH.

Ha crepxne Z umerorcs aBe miatdopMe: F — konbnesas n K — cinomuas;
obe ara mnatdopMbl MOTYT GBITH VKPEUJIEHBI NPH TOMOUIM 32KHMHBIX BHHTOB B
TMOBOM MECTE CTEPIHKHIL.

WsmMepenne BpeMeHH TIpOM3BOIHTCA TIPH NIOMOIIH CeKyHIOMEpa.

3aoanue 1. TIpoBepka 3axoHa ITyTH.

Konsuesyw nnatopMy oTBOAST B cTopony. Ha nesmill rpy3 m; xiapyt aoba-
BOYHBI meperpy3ok (2 + 6) r. 3aMBLIKAaI0T TOK B LIEIH 3JICKTPOMArHMTa, YCTaHABIN-
BaIOT TPY3bi ‘B HAYATHHOE TIONOXEHHE, TPH KOTOPOM I'PY3 M HaxoguTcsd BHU3Y. O1-
CUMTHIBAIOT TC HiKANe 7 TONOWEHHE HIDKHETO OCHOBAaHMSA IPY3a M) U NOAOKeHus
crnonrao# mnargopMel. PazHocTe Mexay HHMH HaéT myTh S, npoHOeHHBIH cHcTe-
MOH.

Pa3MBIKIOT LEDh MIEKTPOMArHMTA, ONHOBPEMEHHO NYCKad B XO4 CEKYHAO-
Mep, HabmroaloT ABMKEHUE IPy3a M;; OCTAHABAMBANOT CEKyHIOMED B MOMEHT, KO-
I'/1a TPy3 KOCHeTCs CIUTOIIHO# TutaTgopMel. ONpelessioT BpeMs ABWKCHHS IPY3a 1.
Hamepenus npoeoast (3 + 5) pas | OepyT cpeanee 3HaAYCHKE,

MeHRAI0T HaYaIsHOe TONKEHUE CTUIoHIHOM 1wiathopmset Ha 20 - 30 oM u on-
PENETSIOT MYTh Sz, MPOXOAUMELH CUCTEMOH, W BpeMS BBIDKEHHS t;.

Ilposepka 3axcua nymuy. 11pM NOCTOSHHOM YCKODEHHM g, T.€. IpW OJHOH W
Tol JKe Macce, meperpysKa my, MyTh, NPoiIeHHBIH TENOM, IPONIOPIHOHANCH KBaipa-~
TY BPEMEHHU:

A
SprSxr SJ:I;Z e 132 z sz, WA —;:%:comr % (2)
i n

BrerancnaoT no gopmyne (1) npubnukenAoe TEOPeTHIECKOE 3HAYEHHE €10 M
CPaBHHMBAIOT C YCKOPEHHEM, TTOJTYHEHHBIM H3 JAHHBIX OIBITA.

Bce u3Mepenss MOBTOPAIOT € APYTHM NEPETrpy3KOM H CHOBA TIPOBEPSIOT 3aKOH
nyTH. Bee nannse 3asocaTea B Tabmay 1.
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Tabnuna 1
Ne . m — Macca o £ 1 S/,
neperpyska. | - £
I
2 [
[ 3
{ 4 B
t 5 i

3aoanue 2. [IpoBepka 3aKOHA CKOPOCTEN.

Ilonoxue Ha rpy3 m, Neperpy3oK m; ¥ 3aMKHYB 3JIEKTPOMArHuT, YCTaHABIH-
BAIOT I'PY3bl B Ha4albHOe ronoxesnne. CTABAT HA IIyTH IPy3a KOIbLUEBYIO IuiaThop-
My F 1aK, 91006 py ABWKEHHH BHH3 IPY3a M) OH ¢BOOONHO mpoxoqui Obl CKBO3b
Heg, 4 Neperpy30K cuumancs Oul nmathopmoit.

Onpegesior no mkane 7 HOJOKEHHE Ipy3a m; ¥ NonoxKeHue 0OcHxX mnar-
hopM. OTCUMTHIBAIOT NIYTh S|, MPOAACHHLIH I'PY30M IIPH PABHOYCKOPEHHOM JBHXKE-
HHH (T.€. OT BEPXHETO IMOJIOKEHHS 10 KOIBIEBOI IIAThOPMEI), B yTh Sy, POHAEH-
HBI [IPY PABHOMEPHOM JBHIKEHHH (T.€. OT KOJLIEBOH A0 CIUIOMHON 1MaTdopMEl).
ITpu 3TOM YUHTEIBAIOT, YTO NEPETPY30K CHMMAETCA ¢ BEPXHEH 4acTH rpy3a my, U OH
yHapfietcs 0 CIUTOIHYIO IaT(opMYy CBoeH HibkHeH YacTsio. .

C noMoWELK CEKyHAOMEPA ONPEACASIOT:

1) BpeMst paBHOY CKOPEHHOTO ABHKEHMS I'PY3a JO KOJNblCBOR Iiaropmel i1

2) BpeMs PaBHOMEpHOrO NBHXKEHUS I'Dy3a Mexay iaT(opMamH t,. Torma
CKOPOCTL CHCTEMBi [IPH PABHOMCPHOM ABHIKEHHHM, PaBHasg CKOPOCTU PaBHOYCKOPEH-
HOTO ABIDKEHHA B MOMEHT CHATHSA NIeperpyska, Gy/er papna:

V] o S,"/tfl.

MeHSIOT MONOMKEHHe CIUIOMHON M KONBUECBOH NNarQopMel H OHpEeesioT
aHANOTHIHO ITyTh S; H Sz, BPEMA I H {; M CKOPOCTh

Vz 2 Sz;/fg' .

TpoBepsAIOT 3aKOH CKOPOCTEH: MPH PaBHOYCKODEHHOM JABMKEHHH CKODOCTh
Tejla NPAMO NPONIOPLIHOHANIEHO BPEMEHH, T.6.

V;/Vg = f}/fz HITH V;/t; = Vz/{z = const . (3)

Bce u3MepeHHss NPOM3BOAAT HECKONBKO pa3 M ¢ Pa3HEIMH IIEPErpy3KamH.
IIpoBepKy 3aKOHA AeNAIOT N0 CPeAHMM 3HaYeHusM V H &

m=nmy.

Bee pesynbrarst 3anocares B Tabmmnty 2.
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Tabmuna 2

Ne .o m-—Macca | S t V S, tp V2
TEPErPY3K &

(U - LS § R T

3adanue 3. TIpoeepka sToporo 3akona HeioToHa.

F="— wm F=ma .
At
Ecnu nepexnanbisate go6aBoyHble TPY3El C OQHOW CTOPOHBI Ha APYIYH, TO
Macca Bceil CHCTEMB! HE H3MEHHTCH, HO Pe3yNbTHPYIOIIAS BHEIHAA CHia, TPHIIO-
JKEHHas K cucreMe, OYICT MEHATLCS, a C Heli M YCKOpEeHHE JBHXKEHHA cHeTeMBl. [l
JBYX pasmi4HLIX CTy4daeB Oynem UMeTs:

Fi=ma; F,=ma;

2 2
ayf d-t5
Sl —~ 1’1 : S.. i, T v ’
2 s
eJIeHUEeM 3THX BEIDAKCHHH COOTBETCTBEHHO ITOIYUMM:
p
4 d
5 _a S, _aff g o S
=i Ml - erete [ HIQERE U=,

F a Sy ast; oS4

3T0 BBHIpAXKEHHE H MOICKHT TIPOBEPKE, TPOBONHMOH TaK K€, KaK M B 3a/a-
A 1.

Cravana Ha TPy3 m; KIagyT, HanpuMep, 3 I, a Ha I'py3 m — | r, yTo naér
F, =2 r. Ilpy Takom pacloNoxeHuy Neperpy3koB ONpeaensoT HECKONLKO 3HAUCHHH
Sy ¥ 1 (IIpH pa3snUYHbIX NOJOKEHKAX CONCMHOH Taatdopmer). [Tocne storo Bee 4 T
HAKIaABIBAOT HA IPYy3 my, 4to Aaét F, = 4 r (Macca Beell cHCTEMEI IPH 3T0M OCTagT-
C5i HCM3MEHHOM), M CHOBA ONpEJENIioT HECKOMLKO 3HaYeHuH S; H ;.

2
1

St -
Bce BhIpayKeHUA THTIA (:g—’z} JOTOKHBI GBITE IPUMEPHO DABHEL MENIY CODOH U
{

251
B JJAHHOM YacTHOM cydae Gnu3ku K 1/2, 9T0 u sBAsACTCS MPOBEPKOH BTOPOro 3aKOHa
HetoTona. Bee pe3ynbTarsl 3anocaTed B Tabmuiy 3.
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Tabmuua 3
Ne F, Sy 4 F; Sz t 5.3 A
S,2] £,

LT A O

KonmponbHbie eonpocs!

1. Kakue 3aKOHBI MEXAHHKH NPOBEPAIOTCS Ha pubope Ateyaa?

2. Kaxk KOMIeHCHPOBATL CHITY TPEHHMS B O10Ke?

3. Ha 9T0 BuseT BeIMYMHA MOMEHTA HHEpLMH Onoka?

4. VKamuTe YCIOBMA, IIPH KOTOPEIX CHCTEMA TPY30B JBKETCS PABHOMEPHO.

5. Kax onpepenuts YCKOPeHHe IBHKEHUS TPY30B7

6. Kak sKCTIepHMEHTATEHO TOKA3aTh, YTO IPY3bI ABHKYTCS paBHOYCKOPEHHO?

7. B Kak¥X eIHHHIAX M3MEPSIOT Maccy M BeC Tena, ero IyTh, CKOPOCTE H yo-
KopeHue?

PaBora N2 2 (08). Onpepenerue mopyns lOHra

Hens pabombi:

1. Oupenenenne Moy KOHra NpH pacTsKEHHH CTEPAKHER.
2. Ouenka pe3yapTaToB U3MEPEHHH H pacdeT NOTPelHOCTEHN.

O6opydoeaHue: cranscnas MpoBOIIoKa, Habop IPy30B, 1asep,
H3MEPHTENBHOE 3EPKANO.

CodepmaHue u memods! ebiNONHeHUs pabombi

Teopun e¢onpoca.

Mesxmy MOnEKynaM¥ HITH aTOMAaMH TBEDJOTO TeNa CYNIECTBYIOT CHIIbl NIPHTS-
JKeHMs M oTTankuBanus, [1py cONwKeHNY YacTHLl YBEIHIHBAKTCA CHIbI OTTANKHBA-
HH, H TeM Gounpilie, yem GHke 4acTHLB! ApyT K Apyry. [IpH pacTskeHMuM Tena mo-
AYYAFOT MEPEBeC CHITE! TIPUTIKEHNS, ACHCTBYIOMEN MOXKTY JacTHIAMH.

Beskoe MexaHHYeCKOC BO3AeHCTBME HAa KPHCTA/UT HAPYINaeT paBHOBECHOE CO-
CTOSIHHE KpHCTAJUIHYecKoi peeTky. OHO Co31aeT BHYTPH KPHCTaJlIa EpeMeleHHe
YACTHLI, YTO MPHUBOJUT K H3MeHeHHIO QOpMbl WM 00keMa Tena. Mamenenne dGopMsl
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wiIH obveMa Tena HaseBaeTcs degopmayued. Jedopmartun, nedesaromel B Tene 1no-
cile peKpallleH#s AeHCTRAS CIl, HA3BIBAKOTCA YHPY2UMIUL.

PaznuyaroT ueTslpe OCHOBHBIX BWAa ynpyrux AedopManuid: pacmaxcenue,
cogue, KDYHEeHUE U U3eu.

Voupyree aehopMaups noNYMHAIOTCA 3akoHaM [yka. Tlpome Beero paccMoT-
peth 3akos ['yka Ha npuMepe nedopMalliK pacTsHKeHHA (CM. pHC. 1).

TTycts Ly — nepeonauansHas AnyHa poBoitoky; L — numea 1poRoNioku mocke
JgedopMauyi; S — MIOMANE MONEPEYHOro cedeHus nporoiokd; F — gedopmapyio-
imasg cuna. PazHoCThL MeXIy INHHOH Tena nocie gedopManud W NnepBOHAvalbHOM
anuHOM HazeiBaeTcd abcomoTHbM yumHHeHueM. OOosznaunm abcomoTHOE VIUIMHE-
uue AL, Torga AL = L - L, — abcomoThoe yaiuHerue. Pasnenus abconwTHoe yiim-
HEeHMe HA TIEpBOHAYATEHYI0 MY Tesa, MOMydAM OTHOCHTENbHOE Y ATTHHEHHE:

B L—s
L e

OTHoUIeHye BeTHIHHEL JeOpMUPYIOLIeH CHITbI K IIIOMIANH TOTEPeYHOro ce-
YeHHA TeJla Ha3pIBAeTC HanpsokeHHeM 1 00o3naqaercs 6YKBoi o:

F
o=—.
S
1
T Lo
= AL
F
Puc. ]

3axon T'yka ycTaHaBITHBAET 3aBHCMMOCTL MEXKAY BENHYHHON nedopManu M
BENTHYHHOH Ae(QOPMHpYIOIEH CUIlbl U MOXeET ObiTh chOpMYIHPOBaH B OOIIEM BUIE
cieayiomeM obpasom: «B npedenax ynpyzocmu eenununa degopmayuy npsimo npo-
NOPYUOHWIbHA U UHE OCHOPMUPYIOWEH CUBLY.
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C yuerom Hammx 00o3Ha4eHNiH 3aK0H I'yKa MOXKHO 3amucats ¥ Anis gedopma-
[MH PacTHKeHuUM:

ot
L

Ou Oyner rnacuts: «OmHocumenvHoe yOnuHeHue 8 npedendax YyupyzoCmi Hponop-
HUGHQILHO HORPINCEHUION.

=ao . )

F
Ho ao= a-§ M 3aKoH I'yka MOXHO 3anucaTh:

AL F
—=a— (2)
-4 N
Ero MoxHO copMyIMpoBaTh TaK: « OniHocumenbHoe YOIuHeHue npsime NPonopyuo-
HanbHO dehopmupyiowelt cure u 06PamHO NPONOPYUOHATLHO NAOWAOY ONEPEYHOZO
CeYeHusl).

Benuvuuda o HaszpiBaeTcA koag@uyuenmon aunennozo pacmaxcenus. B dop-
F 2 AL "
Myne (2) noneKum o = I = lkr/mM’, Torna @ = =N T.e. KoaburenT nMEACHEOrO

pacTsKeHus O AMeeT caeay oy GU3MYecKrH CMBICI OH YACTICHHO pPaBeH OTHOCH-
TEABHOMY V/UTHHCHKIO NPH HaNPOKCHHA, PARHOM euHHLE.

B texnmxe HpUHITO BECTH pacyeTs! He MO KoahOUILHMEHTY pacTsmKeHus, a 1o
penmunne E = o', rie E — MOAyIh YIPYrocTH, AMA Momy/s HOHra.

Toraa 3axon I'yka MOYKHO 3aIMCaTh TAK:

%:f—, FITH ALr:ml--fiL. 3)
L ES ES
s gopmynsi (3) nafinem suavenue B:
£ L
=——. 4
S AL o

[lycts AL = L, 1.e. NepBONaYIGHAS UIMHA TeNa YBEeTHYHIACE BABOC, TOrIa
E = g= F/S. U3 1oro, yro £ = o; cnenyer dmznueckuii embicn Moxynd 0ma: «Mo-
ayne [0n2a o6o3nauaem HanpadCerUe, KOMOpoe HA00 NPULOXCUMb K MERY, 4mobbl
€20 NepEoHayaNLHas OAUHA Yeenuuuiace ¢ 2 pazay.

Mopyne [OHra ABIAETCA BAHYHUHON TOCTOSHHOM [UTs JaHHOr0 MATEpHANA.

Onucastue ycrmanosKi.

Jlns onpenenenns Moxyns [Oura 8 ot pabote wcnones3yercs npubop, cxema
KOTOpOro n3odpaxesa Ha PACYHKE 2.

Bepxnuii koHeI IPOBOIOKH IPHKPEIUIeH K KpoHITeiny K, a HIKHEE — K uu-
THHAPY (P), KOTOPEIM OKaHRHMBAaeTCA MapHHpHBEH kpoHmTein (O). Ha aTor ke nu-
nuHAp onHpaetcs priyar (R), cessanHbii ¢ sepkanbueM (3). Mexons us aToro yanm-
HEHME NPOBOIOKH MOKHO W3MEPHTh 110 YIUly MOBOPOTA 3epKAIIbIA.
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Vnpaoicnenue 1. iaMepeHye 3aBHCHMOCTH YJUIMHEHHS MPOBOJIOKH OT HArpY3-
KH.

1. Hanpasbte niyu nasepa na 3epxansuc 3. [Ipy 310M Ha mikane J{OUKHO OBITH
YETKO BUAHO OTPaXKeHHe OT 3epKana 3aiiumxa.

2. Ompepenute ceyeHHE MPOBOIOKH. JINs 3TOTO MaMepeTe RHAMETP MHKpPO-
METpOM B TISITH MECTAX M BO B3aMMHO IEPNEHANKYIAPHALIX HapaBleHusaX B KaKAOM
MecTe.

M

Puc. 2

3. MizsMepbTe QHHY TPCBOIOKH.

4. OrenuTe MaKCHMaNbHYI0 BERHYHHY HArpyskd (00acTs NPONOPLHOHANE-
HOCTH), 4T00H B Iponiecce 3KCHepHMenTa He 00OPBaTh MPOBO/L.

5. CauMuTE 3aBHCHMOCTb YIIHHEHHs NMPOBONoKH AL oT ee HanpsoxeHus npu
BO3pacTatomledl ¥ YMEHbMAIIEHCS HaTPy3Ke, UL KAXKA0I0 3HAaTCHUN HAIPY3KH Of-
PEIEIHTE CPEAHION BeMMUMHY Moayns JOura E.

6. OueHuTe MOrpPeIAOCTE B ONIpelceHME 3Hayerus E.

CMelenya CBETOBOTO 3aifdiKa OT 3epKana 3 MOXKHO CB3aTh C YIUIHHEHAEM
npoponoku AL. TTpiHuMan Bo BHHMAaHKE MANOCTE YTIIA 0. [IOBOPOTA 3EPKANE, UMEEM

La= s 5
2L
rae An — CMEleHHe CBeTOBOrO 3aifunka (cMm), L — paccrosnne ot 3epKajia a0 IKaJbL.
B ceoro ouepens

rae AL — ynnenenme npoBonokH (Mm), R — momua peryara. CneposarenbHo,
AL = AnR(2LY.
JlaHHBIe H3MepeHuit 3aHecTH B Tabmany 1.
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Tabauna I

Ne R L F; Any Al E; E E

Ch | L0 B |

KoumponbHsbie eonpockl

1. Chopmynupyiite 3axoH ['yka.

2. Hanumure dopmymny 3akoH I'yka.

3. Kaxoii usnueckuit cMbIC1 HMEET OTHOCUTENBHOE YanuueHue AL/L?

4. Kakoii dbusnueckuii cMpicn umeer Mmoayns FOnra E?

5. JlaiiTe onpeenenye yNpyrocTy ¥ IIACTUHECKOH nedopMaLiii.

6. Kakue pedopmanuu otHocaTes k aehopMalaM pacTsDKeHun?

7. Beieemute GopMyny Aid onpeneneHus abcooTHOTO YATHHEHAA MPOBOIO-
KH B 3aBUCHMOCTH OT IICpEMEIEHHS CBETOBOIO 3aHYHKa Ha HIKATE.

PaBota Ne 3(09). OnpegeneHue MOAYrist CABUra CTEPHKHA
CTaTUYECKMM METOAOM

Ljens pabomei:

1. Onpenenenue MOIYJs CABHIA IPY Ne(QOPMALIMHE KPYUCHHEM.
2. OueHka pesyIbTATOB H3IMEPEHHH U pacyeT NorpemHocTel.

Ob6opydoeaHue: necneyeMBlil CTEPIKEHE, Jla3ep, Py/IeTKa, MHKPOMETD,
Habop rpy3o08.

CodepxaHue U Memod ebinofIHeHus1 pabombi
C,D.Bl/{l" OpOHCXOOAT mox ,HCFICTBPEM Haphl CHI H HpOﬂBIIEeTC)I B H3MECHEHHH
yraay (eM. puc. ).

B cootercteuu ¢ 3akoHoM I'yka kodd@HUHEHT ¥ MPONOPUHOHANCH TaHI€H-
CANBHOMY HaNPKEHHIO T:

}/:Ev

rae G — moayne casura. Ecnu OfAMH M3 KOHLOB JUTHHHOTO OAHOPOIHOrO CTEPIKHS
33KPEeNHTh, a K APYTOMY NMPUIOKHTL 3aKPYUHBAIOIHA MOMEHT clil M, TO 3TOT KO-
Hell OBEPHETCS HA Yron @, IPHYeM, COrIacHO 3aKoHy I'yka:

M=fg.
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Puc. 1

[ocrosiauas penuauna f Hocur Hazsanue mModyar kpyuenud. Mogyne KpyyeHus cBs-
3dH ¢ MOJTYJIEM CHBHTA MaTepuaia crepxusa G COOTHOILEHHEM
zGrt

L 2

I = ey
IIe ¥ — paiyc CTEpXHS, L — INHHa CTEpHHS.

CrnenoBaTenbHO, TONHBIA KPYTANIHHACS MOMENT, JeHCTBYROIIKA HAa CeueHHe,
Oyzer pasen

7Grd
I3 @

Ilpu 2TOM yros ¢ HAZLIBAKOT YITIOM 3aXPYUBANHNA 1 ONPEIENAIOT B SKCICPH-
MEHTE ¢ HOMOILbLIO 3CpKana, 3AKPEITICHHOTO Ha OKCKE.

DxcnepEMeHTaNbHAS YCTaHOBKA H300paKeHa Ha puc. 2.

Bepxuuii KOHEN BEPTHKAILHOTO cTepiHa C XKeCTKO 3aKpeIlieH Ha KPOHLITEH-
HE, a4 HIOKHHH coe/lunen ¢ nuckom D. MomenT M, 3akpyuuBaionmii cTepiieHs, co3-
JIaloT JB€ HHTH, HABUTHIE HA JHCK M flepeKHHyTHEe uepes O1oku (6). K koHuaM HUTH
NOBEIUMBAIOTCA BA OJMHAKOBLIX IPy3a ~ My ¥ My. Juex cuabmken sepransiem 3.
Vron 3aKpy4HBaHUA HHXKHEFO KOHIIA CTEPXKHN OTHOCHTENBHO 3aKPEIEHHOTO Onpe-
JENSeM Mo OTKJIOHEHHIO CBETOBOTO 3aiHKa HA LIKane,

Bemmiuba yrna noBopoTa 3epkana (p CBA3aHA ¢ OTKIOHEHHEM JIyda Jasepa
tdopmynoi

M=

An
Lp==",
R

rae An — QTKIOHEHHE JIyya Ha mKkaie (M), L — paccTosHue oT 3epKana 10 mKais (M),
M3 Gopmyisl (1) BEIBEREM MONY/IB CABMIA YEPE3 HEPAMETPEI SKCTIEPHMEHTA:

s M2L s mygd2L2] - )

g 2 An
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Puc. 2
MomeHT napsl cun, BPAIlAKMMX JHCK, OTIPEACIAETCS
M =mgd,

rae m — macca rpysa, d — AHaMeTp JHCKa.

Vnpascnenue 1. Onpenencaye cTaTHCTHISCKMM METOIOM MOZYJIS CABHIA.

1. Hanpasute 1y nasepa Ha 3epkano 3 takuM obpazom, 4tobbl cBETOBOI 3aii-
YHK OBLI 4€TKO BHACH HA WIKaIEe.

2. YBenu4nBasg Harpy3ky Ha HUTHX, CHATE 3aBUCHMOCTb YIiIa 3aKpY4YHBAHHS
OT Bpamalomero MomenTa cui. [lpojenars JKCTepHMEHT W B 00pPaTHOM IOpAIKE,
HOCTENEHHO YMEHBIIAS BEIWIHHY IDY30B m; ¥ M.

3. TlposecTn H3MepeHHE HEOOXOIUMBIX TIAPAMETPOB YCTAHOBKH H JAHHEIE 3a-
nucath B Tabimuy 1.

Tabnuuna 1

L[ d [« ] 1T N[ M a | £ G

]
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4. Hcnonbsys dopmynst (1) # (2), BEMHCIMTE MOXYIE Kpyderus f U Momysis
capura G. [Tonydennsie nagHbie CPaBHKATH ¢ TaGMIYHBIMA.

KoHmponsHbie eoripochi

1. Cpopmynupyiire 3axon I'yka.

2. Hanmmmare gopmyny 3axoHa I'yka.

3. Kakoii gusmaeckuit cMsich umeer o 7

4. Kaxoit Qusnueckuii cMeicil uMeer moaynk FOrra E?

5. Ot yero 3aBucaT BeNMYMHEL Mongyhas FOHra, Moayns KpydedHs ¥ MOIYJS
casura?

6. Kax ce3aH MOIyNE KPYYEHHA H MOLYIE COBHIa?

7. Kakasi cBi3b CyWIeCTBYET MEXCAY MOMYJEM KPYYEHHS M MOAYAEM CIBHTa
MaTepHajla CTepxKHA?

8. Kak onenuts omubKy H3MepeHwii?

9. 3auem HYKHO IHAHHE MOZYNH KPYUeHUs MaTepharon?
10. I'ne ucnone3yroTes PasnHyYHEIe BHJLI AedopMarinn?
11. OcHoBHEIE NONOXEHUS TEOPHH CTPOSHHA KPHCTAILIOB,

Pa6oTa Ne 4 (07). MayyeHre OCHOBHOTO 3aKOHa AMHAMMKM
BpawaTtensbHOro ABMKeHUA Ha maaTHuKe OGepGexa

Lenb pabomei:

1. MsyucHue nuHaMHKH BPAIATENLHOTO JBHIKCHHS.

2 OHpC,IlCJIeHHC MOTPCITHOCTH BBHIMTOJHCHHA 3aKOHA BPALIATENBHOIO ABHKE-
HH C YYETOM BIHAHHA TPEHHA.

O6opydoeanue: mastHuk O6epbeka, CeKyHAOMEp, INTaNTeHIIAPKY.TE,
pyneTka, Habop IrpysoB.

CodepaHue u Memod ebINONHeHUs Patome!

Maamuux Qbepéexa.
Bpamenve TBepioro Tela NOCTOSHHON MAcChl BOKPYT HEMOJBHXKHOH OCH
OTHMCBLIBAETCS YPABHEHHEM MOMEHTOB
dw
M=J— ey
dt
KOTOpOE YHTAETCA TaK: MOMEAT CHJ, JeHCTBYIOMMX HA TENO, B3ATHIH OTHOCHTEILHO
HEKOTOPOH OCH, PaBeH MPOW3BENCHHI0 MOMEHTAa HHEPLHH Teld OTHOCHTEILHO TOMH
e ocH ] Ha YITIoBOe yCKopeHHe

E=— . 2)
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3necs M — MOMEHT cHI, ASHCTBYIOIMX HA TENO, J — MOMEHT HHEpHHH Tena, € — yr-
JNIOBOE YCKOPEHHME, (@ — YTIIOBas CKOPOCTL. MoMeHT chnrsl — M = Fr, a MOMeHT uHep-
LM TEIa

J=4mR* +J,. 3)

DKcnepaMeHTanpHas YCTAHOBKA NpecTanisieT coboil Mastauk O6epbeka (cM.
puc. 1). Yetsipe crans! (1) yKperneHsl Ha BTYJIKE IO MPAMBIM YITIOM JAPYT K ApyTY.

O
"

cbpoc myex
o ==

Puc. 1

Ha a1y sKke BTYIKy mocaKeHBl JBa MKHBA PA3NMYHEIX pajHycoB (T; H I7). Bes
3Ta CHCTEMAa MOMeT CBODOJHO BpAalAThCA BOKPYT TOPU3OHTANBHON ocH. MomeHT
HHEPIMH CHCTEMBI MOYKHO MEHATD, IEPSABUTAS IPY3BI M CHMMETPUYHO BOJE CITMIL.
MowmenT cun M cosmaerca TPy3oM Mg , IPHBA3aHHEIM K HHTH, KOTOpas HaBMTa Ha
OIMH U3 MKUBOB. [Tox NEHCTBHEM IPY3a HUTh, PA3MATEIBAACH, IPHBOAT. MAATHHK B
PaBHOYCKOPEHHOE BpallaTeIbHOE JBHIKCHHUE.,

C KakuM YCKOpEHHEM NaJaeT I'Py3 My, ¢ TAKHM K€ YCKOPEHHEM ABHIaoTCs
TOYKHA HA NOBEPXHOCTH BANMKa, TaK KAK HUTh H BAIMK MMCIOT OJMHAKOBBIE MIHO-
BEHHBIC THHCHHBIE CKOPOCTH B MOMEHT oTphiBa. Ecnn Bercota manenss rpysa—h, a
BpeMs NajeHus — t , To THHEHHOE YCKOPEHHE

1!\.1
™|

a=
t

HiaMepus pamuyc BajiAKa r, MOXKHO HAHTH YINOBOE YCKOPEHHE BAITHKA:
_dw _a

E=—=—.
dr r
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Ha MaATHHK IIPH €0 BPAILEHHH JeHCTBYeT BpaInaromini MOMEHT

Td
M=—, 4
> (4)

rae d — quaMeTp mKusa, T — HaTaKeHHe HUTH.
YroOel BeIBECTH GOPMYITY AJIs BHIYUCICHHS MOMEHTA CHIIB! T, 3alHmiemM BTo-
poii 3akoH HeroToHa 114 rpy3a my ©

myd = P+T.
2h
TMockoneky a = —5» HAXOIUM, YTO
r &
T:P—ma:mo[g—%]. (5
t
Tloacrasus nocieanee BeipakerHe (4) B GopMyny AT BPALIAIOIETO MOMEHTa, M0-
ydaeM
2h\d .
M= —— . 6
mﬁ(g !2 ) 9 ( )

Ha¥ina sxcriepMMEHTaNbHOE YCKOPEHHE € H MOMEHT CHIB M, onpenenteM MOMEHT
MHEPLMH MasTHHKA:

MeHATE MOMEHT CHiibt TPH HEWSMEHHOM MOMEHTS HHCPIIMHE MOXHO, WIMCHAA BCIM-
YHHBI IICABEIIEHHOrO K [MKHBY I'PY3a g, M3MEHATE MOMEHT MHEPDITHH CHCTEMBI 11PH
HEU3MEHHOM MOMEHTE CHIIBI — NYTEM NCPEMCINCHMA I'PY30B M HaA CITHLAX MasTHHKA.

Vapascrenue 1. Ycranopnenue npaMQ TPOMOPUACHANBHOH 33aBHCHMOCTH
MEXAY YIJIOBHIM YCKOPEHHEM H BpAmAOIMMCS MOMEHTOM [IPH MOCTOAHHOM MO-
MeHTe uHepuHd. ChanaHcHpyeM MasTHHK NpH R, T.€. TIPHBEIEM €T0 B COCTOAHHE
0e3pasIHYHOr0 paBHOBECH:A, IIEPEMElas IPy3bl m. 3aTeM [OABECHM IpY3 M, Ha
MKHBE ¢ pajEycoM 1y 1 Oyaem oppenessite M ¥ g nipy J = const.

Taxum o0pazom noydaem, 41o

iﬁ,_ ml(g_al) i‘{z,:i . Q)
M, mz(g—ﬂz) M, t22

Ecnun nonoxuTs Mo, = 0, To MOKHO yOenurbes, 4To pe3yiIbTaThl ObITa Oy IyT OTIH-
qaThCs oT 3apHcHMocTH (7). HeoOxonumo aKCHepuMeHTANBHO ONpeaenuTh My, [l
3TOrO, yBENHUHBaA MacCy I'pY30B, HaliAuTe MUHHMAaILHOE 3HAUMEHHE MacChl Mg, IPH
KOTOPOM MasTHHK HaYHHACT BpawlaTees. J{aHHbIC 3anHecHTe B Tabnuny 1.
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Ta6aumna 1
Ne T my h t M € £ M,
& M,

L R RV RS

Ynpasxcuenue 2. YcranopneHne 00paTHO NPONOPLMOHAILHOW 3aBHCHMOCTH
MEKIY YTIOBHIM YCKOPEHHEM M MOMEHTOM HHEPLMHM Tena (TIPH MOCTOSHHOM MOMEH-
Te cun M = const):

Af’h:tﬁ.]; u M2 =£§,J1.

Torna g /e, = Ji/J> .
Hsmepenne € u J 3aKi04aeTcsa B CHEMYIOMEM: YITIOBOE YCKODEHHE ONMpeelisieTcs
KakK

E=—=, (8)

Oupenencrre MOMEHTA HHEPLME HPOH3BOIAM 10 Gopmye
J=1Jy+4mR}>, )

rae Jo — MOMEHT HHepIHK KPECTOBHHBI, M — Macca Ipy3a Ha couue, R, — paccrosnue
OT OCH BpallleHHs A0 LEHTpPa rpy3a.
Cuavana onpepensem Jp = Myg,', T.e. ZemaeM OfHO H3MEpEHHE MOMEHTA

HHEPUHH KPeCTOBHHBL

B Ka)MOM HONOKEHHH I'Py30B M HA CIMIAX, B3SB NOCTOSHHYIO Maccy Ipysa
m > M, , BpeMs NaJcHus t Ipysa ¢ BHICOTH h onpenensere TpH pasa. Pesynbrare!
H3MepeHni 3aHecuTe B Tabmuiy 2.

Tabmunua 2
No | mg | my T R h t g Jo J < b
£ 1

(USRI SR

Konmponbhbie eonpoch!

1. Yro HaseiBaeTCs MOMEHTOM CHII?
2. Yro HazEIBACTCA MOMEHTOM MHEPITHH?
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3. Cea3p MEXly MOMEHTOM CHJIbI © MOMEHTOM HHEpPLIHH.

4. YpapHenue JHHAMUKH BPAllaTENbHOIO IBHAKCHMS.

5. B xakux equHMIAX U3MEPAETCS YINIOBOE MEPEMEIeHHE, YIII0Bas CKOPOCTh,
YTJIOBOE YCKOPEHHE, MOMEHT CHJIBI, MOMEHT HHEPLUH Tesa?

6. [TowemMy Henb3sa AOIYCKATH PACKAYUMBAHHE IpY3a, OABECINCHHOIO HA HHTH,
TIPH €T0 JBWKEHHH BHU3?

7. Kak onpeaenuTs MOMEHT HHEPUMH KPECTOBHHEIL, HE CHUMAs ¢ Hee rpysa’?

8. Kax npakTH9IecK# ONpefenHTs CHAY TPCHHS IPH ABHIKCHUH MAasTHHUKA?

9. loyemy naHHAasA yCTaHOBKA HasbiBaeTcsa MaaTHuKOM O6epbexa?

PaGora Ne 5 (019). OnpegeneHue YCKOPEHUA CUITbI THAKECTH

Lens pabombi:

1. Mzyuerme coboaukx konebanuii MaaTHHKA.
2. Onpegenernue ycKopeHHA ¢BoOOAHOIO MageHus.
3. Onenka pe3ynpTaToR M3MEpEHHii ¥ pacyeT NorpenTHoCTelH.

O6opydogaHue: MaTeMaTHYECKHH MagTHHK, CEKYHIOMED,
WITAHI €HLHPKY 5.

Codepxanue u Memogd enInosIHeHUA pabomabl

Mamemamuueckuii Maamnux.

Mamemamuueckum masmuuxoym HazbiBaeTcad KolebarenpHas cHcTeMa, CoO-
CTOAILAA U3 MaTEPHATEHOM TOYKH, MPHKPENJIeHHOH K KOHIY HIaeansHO THOKoH, He-
PacTsKHMOH H HEBECOMOM HUTH, BTOPOH KOHEI[ KOTOPO#H 3aKpeTUIeH HETIOABKHO.

Bau3kpM K MaTeMaTH4ecKoMy MasTHHKY MOKHO CYMTaTh TSOKENBIH IIapHK,
NOABEINEHHDIH Ha AMHHHOH HATH (cM. pHC. 1).

3
K

Puc. 1
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3anuiIeM ypaBHeHHe JBIKCHHA B HATPABICHHH KAaCATENbHOH K TPASKTOPHH JIBHMKE-
HHA

mS =—F, = —mgsing (Bo3Bpallarollas CHNa).
Ecma yros ¢ o4eHb Maji, T0 B HEPBOM MPHOTIDKSHHH MOXKHO HANHCATH, 9TC NpH

[@] =pan

4 X L m,
sing=g, p=7, Sxx, mi=-=E. )

Torma i+%x=0, rae a)x‘/% ;

CrnénoBaTensHo, JUTS MalbIX YITIOB OTKIOHEHHS IEPHOJ KoNneGaHuA paBeH

T:M\Fu. @
g

TloppeuierHbH Ha OuQUIIpHOM IIOABECE IIAPHK COBEpINaeT KoyeOaHWs CTPOro B
omHoi mnockoctH (cMm. puc. 2). JnHHa moABeca MOXKET MONYUMTRECA B IIPEAEIax 0
3 m. Tlepuoa konebanuii ¢ BrICOKOH (10 107°C) TOTHOCTEIO H3MEPAETCS ¢ TIOMOIIBIO
3NEKTPOHHOI'O CEKYHAOMEPA.

LLLLLLEL LS

L2

Puc. 2

Ecmu Henocpencreenso onpenendTs NpHBEACHHYIO IIHHY MasTHHKA L croxHO, TO
MOXHO onpegenuTs nepuos konebanus T; Ha Burd Ly u T, na pumm L, Orciona
CIEAYET, 9T0

T12=4x2%, £ =4x2%; 3)

2 —
1*12_1'22=4ig‘1_l?), Ho (Li-Ly)=AL.
g
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Orcroaa
= 47°AL

. (4
L -I )

Takum o8pasoM, g onpefeNcHUs g HyXHO H3MEPHTE JIMIIh Pa3HOCTE JIIMH HATEH
AL u neprogst Ty u Ta. B JapHoii paboTe MpOBOAMUTCA KCIICPHMEHTAIBHAS NIPOBED-
Ka COOTHOMEHHS (2) B cnydac, KOria MasTHHK MOMKHO NpUGMIDKEHHO cUMTaTh MaTe-
MaTHIECKHM.

Ipu w3Mepenusx aMIATYAa koneGauuid fomkHa OHITE ManoH, T.€. HaXOAUTE-
Cs B IAATIA30HE H30XPOHHOCTA. Pe3yibTaThl H3MepeHni 3aHecuTe B Tabmmy 1.

Tabmna 1

No AL N t T; ity i Ag

1

2 L, Ll
3

4

1

2 L,

3

d [

KonmponsHsie eonpocst

1. Kaxoft MadTHAK Ha3LIBACTCA MATEMATHICCKYM?

2. Kak 3amiceIBaeTes ypaBHeHHE ABIKCHHUS MaTeMaTHYECKOro MasTHiKa?

3. Ot 4ero 3aBHCHT Nepron KoneOHaHna MaTeMaTHYeCKOro MasTHHKa?

4. Tlogemy nepuon konebaHHa MasgTHMKA ONpeAesercd U3 GONbIIOro YHCia
konebaHHi?

5. Kaxue npuOmMMKeHHsS HCNIONR3YIOTCS B JaHHOH paboTe MpH ONpeeneHHH
YCKOPEHHMS CHITH TSKECTH?

6. OGBACHUTE 3aBHCHMOCTE g OT IIMPOTH] MECTHOCTH.

7. MasTHHK OTBOJIAT U3 MOJI0XKEHHs PaBHOBECHS Ha YTON ¢ = 90° u Ge3 Tomu-
Ka ormyckaer. OUEHHTE CHITy HATSKEHHS HHTEH B TOT MOMEHT, KOTJa OH MpPOXOIHT
HonoXkeHHe paBHoBecs. muna auTH 40 oM., nHameTp mwapa 2.2 ¢M. H IUIOTHOCTE
cram 7.8 r/om’.

8. OueHnTe NOrpellHOCTL U3MEPEHHA Ag.
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Pa6ota Ne 6 (001). Onpenenenue koaddpuumneHTa BA3KOCTH
¥ AnuHb1 ceobogHoro npobera Monekyn Bo3ayxa

Lene pabomsi:

1. H3zyyenwue gBienns 0epeHoca B ra3ax.

2. Omnpenenesye dKCICPUMERTANEHO KOIO(HIMEHTa BHYTPEHHETO TPEHHS H
JUTHHET CBOBOIHOTO Npobera MomeKyl BO3yXa.

3. OueHxa pe3yTbTaTOB H3MEPEHHH M PacdeT MOTPEITHOCTH.

O6opydoeaHue: cTeKIAHHETH COCY/I, KAHIIAD, MHKPOMaHOMETD,
MEH3ypPKa, CeKyHJIOMED, H3MEPHTENbHEI MEKPOCKOII,
MacmTalnas nunelixa.

Codepixarue u mMemod ebinonHeHus1 pabomsi

3aMeTHOE OTKIOHEHHE MOJNEKYJI OT NPAMOIMHEHHBIX TPAEKTOPHE NpPU TEWIO-
BOM JIBHKCHHH IPOMCXOIUT TOJILKO MPH MX AOCTATOYHOM cOmmkerud. Takoe B3an-
MOJEHCTBHE MEKILY MONEKyINaMH HasblBaeTcs cmoakHosenuem. IIpoiece CTOIKHO-
BEHHS MOJICKYJ]l YI0OHO XapakTepH30BaTh BENHYMHON 3QQEKTHBHOIO JHaMeTpa Mo-
mexyner. [ox HuM moHMMaeTcs MHHEMAILHOE PACCTOAHHUE, HAa KOTOpoe MoryT cBmu-
3UTHCHA LEHTPEL ABYX MOICKY] TIPH UX CTOIKHOBEHWH.

PaccrosHue, K0TOpOE MPOXOAMT MOJEKYNIA MEXAY ABYMS MOCHEN0BATEIbHEL-
MM CTOJIKHOBEHHAMH, Ha3LIBACTICA OnuHOU c60600H020 npobeea monekyinsl. B nan-
Ho#t pafoTe oupenensercs CpefHAs ANUWHA ¢BOGoaHOTe npobera, TaK Kak [UTHHED
TIpoGETOB OTAE/ILHEIX MONEKY/ H3-3a CTATHCTMYECKOrO XapakTepa [poileccoB B ra-
3aX €CTECTBEHHO JOIKHLI OTIHHATHCA.

MornekyipHo-KUHETHYECKas TSPy NO3BoMNIA NOAYIHTE (OPMYHisi, B KO-
TOPBIX MaKPOCKONHYECKHE MapaMeTpsl rasa (JaBienue, o0beM, TEMNEparypa) CBs-
3aHBI C €70 MEKpOnapaMeTpaMy (pa3Mephl MOJICKYJIBL, €€ Macea, CKopocTs). [lons3y-
ACH 3THMA (OPMYNaMH, MOKHO TIPH TIOMOIIM JIETKO W3MEPHMBIX MakpOIapaMeTpoB
— JIABAEHHS, TEMIIEPaTYPhl, KO3(OHIMEHTA BHYTPEHHENO TPEHKA — [IOIYYHTE HHTE-
PecyOLHe HaC MEKpPOTIAPaMeTPhI: pasMepsl MOJIEKYI, IUTHHY ee cBOGOIHOro rnpobe-
rau 7.

H3 MonekynsapHO-KHHETHYECKOH TEOpHH BEITEKAET (DOPMYNd, CBA3BIBAIONIAL
BSI3KOCTb CO CpeiHed [UIHHOM CBOO0AHOT0 pobera MOTEKyIbL:

vz%(pvi), )

e 1 -~ ko3QGHUMEHT BRYTPEHHEro TpeHMA (JHHAMHYECKas BAKOCTH), P -
IIOTHOCTE rasa, A — cpeHsAs JuHHa cBoboanoro npodera, v — cpeausas apudMeTH-
gecKasd CKOPOCTh MOJIEKYI, T.€. Cpe/lHee 3HaueHHe abCOOTHOH BeIMUAHEL CKOPOCTH
MOJIEKYJL.
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W3 dopmynsl (1) nomygaem

= )
o
BS3KOCTE MOXKHO OMPENeNHTh, BOCHOJIB3OBABLIACL HM3BECTHOH (QopMyIoH
Tlyaseiins, Buipaskaromeil BA3KocTh uepe3 obbeM V rasa, NpoTEKalOIIEro depes ce-
genpe TPYOKH 3a ONpeeneHHoe BpeMs t IpM oripefieleHHOH pasHOCTH AaBneHHH Ap
Ha KOHIAX TPYOKH:

4

ar
f!:é‘l;iﬂpf , 3)

TAe T — panuyc, L — muna tpyoxu, AP = gl sine.
[Ipu emiBoAe GopMmynm (3) npeHeOperad KpPUBH3HOH Kammd BeITEKarowIeH

MKHIKOCTH (3Ta NONpaBka B NaHHOH 3aja4e cOCTaBnseT MeHee 3%).
CpenHss CKOPOCTH TA30BEIX MONEKyI Moker OHITH HafileHa W3 3aKkoHa pac-

npepeneHua Makcsesuia:
V = Jﬁ‘g 3 (4)
H

rae R — MonspHas razoead mocrosHHas, T — abcomoTHAS TeMIeparypa, L — MoJsp-
Hasl Macca rasa.
TInoTHOCTB ra3a MOXKHO HaliTH M3 ypasHenus Kianelipona - Mcuneneesa:

m _ uP
= e—— = — 5
Py R ()
rie P — maBnenue rasa.
Toncrasnas (3), (4), (5) B dopmyny (2), nomyuum
4
gl 3" APt~ iRT 6)

16VLP 21

D PexTHBHBIH HAMETD MONEKY/bl MOXKHO BBLIYMCIHTH M3 (OPMYIibl, BBIPa-
Kaloleli ero ¢BA3b C UIHHOH cBoboAHOrO Npobera:

- ]
FEo 7
;'ZHDZ‘JE ’ ( )

TIe N — YHCHO MOJEKYJ B eJlHHHIe 00BbEMa NPH AaHHBIX YCrnoBHsax, [ — agdexTHs-
HBM IMaMETP MONEKY L
Yucmo Monexkys1 B elMHHLE 00bEMa TIpH AaHHBIX YCIOBUAX BRIpaXkaeTcA dop-
MYJIOH
Y
0
n="ng 5 (8)
BT
rae np — gueno Jlommunra — YKucno MONeKyn B enunHule obbéMa TIp¥ HOPMaibHBIX
ycnosusax (Po, T ).
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Henoneays gopmynsl (7) u (8), momydaeM Beipaxenue mna aqdexrusHoro

JHaMEeTpa MOJICKYJIBI ra3a:
[T~
D= j——2— 9
mPT A2~ ©)

Jns Bermenenust anudsl ceoboauoro npodera o gopmyne (6) H 3hdexTHs-
Horo auamerpa D no dopmyne (9) HeobX0aHMO 3HATE PATUYC W JUTHHY TPYOKH, ue-
pe3 KOTOPYIO TIPOTEKaeT ra3, PasHOCTh JABNEHH Ha €8 KOHUAX, TEMIEPATYPY U AaB-
JieHyie OKpYXaromeH cpenbl W 00BEM rasa, MpoTeKImero 4epes TpyOKy 3a onpene-
JIE€HHOE BpeMs.

Onucanue ycmaHoaKy.

Jna onpeneneHus BS3KOCTH CMOHTHPOBAHA YCTAHOBKA, H300paKEHHAs Ha
puc.l. Cocyn (b) Ha Tpu 4YeTBepru 3amonHAeTcA BogoH. CBepxXy B COCYNl BCTABIICH
xamwnap (K). Ecnu orxperrs xpan (Ki) B HEKHe# yacta cocyna, To Boga Oyner Bbi-
TEKaTh U3 HEro, H 4epes Kanuuup B cocyi Oyjer 3acachiBaThes Bozayx. Io npome-
CTBMH HEKOTOPOTrO BpPEMEHH, HEOOXOIMMOTO JUIS CO3JaHWs HA KOHIEAX KAALIApa
MOCTOSHHOH PasHOCTH JaBJEHWI, TEIEHHE BO3JlyXa Yepes KalHIUIsp YCTAHOBUTCH H
MoxHO Oyner BocnonezoBarees (opmynoit (3) um onpenenenus xosbduumenta
BA3KOCTH BO3fyxa. Jisi 3T0ro ¢ mOMOIMEBIO CEKYHIOMEPA 3aCEKAI0T BPEMs, 38 KOTO-
POE Yepes KarmuuBIp HpoiaéT onpefAeNeHHbH 00b8M BO3ayXa. 3TOT 00BEM UHCIeH-
HO paBeH 0o0BEMY BRITEKINEH W3 COCYIa BOAbL PasHOCTH HaBiIcHMI Ha KOHUAX Ka-
MHITAPA U3MEPAETCA MUKpOoMaHoMeTpoM (M). '

) P

Ay

Puc. 1. Cxema ycmanosku Ons onpeoenenus

Kosghdhuyuenma ea3K0CMU 8030YXA
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B pabore npumMenacTes MukpoMaHoMmeTp tHna MMH, koropeli nossonser
H3MEPATE PA3HOCTE AaBieHnH A0 250 MM BogsiHOTO cTo0a. s MOBRINEHHS 1yBCT-
BUTENBHOCTH TPYyOKe MaHOMeTpa NPHAAHO HaxkiIOHHOE nonoxenne. Ludpsr 0.2, 0.4,
0.6, 0.8, Hanecénnrle Ha CTOHKe, 0003HAYAOT KOXDPHIMEHT, Ha KOTOPBIA NOJDKHBL
OBITE YMHOMEHE! TOKA3AHUS MAHOMETpa UpH gaduoM HaknoHe. lllkana MukpoMano-
METpPa NPOTPAAyHPOBAHA B MM BOASHOIO cronba. YeTaHOBKa MEHHCKA XKUJIKOCTH Ha
HYHb 1HKANB MPOW3BOMUTCS MyTEM H3MEHEHHS YPOBHS KHIKOCTH BHYTPH MAHOMET-
pa npu nomomy muauHapa 1. TnyGuHa norpy:eHus UMARHApa B BOAY PEryaHpyeT-
c BUHTOM 2.

MukpoManoMerp cHaKEH HBYMA YPOBHAMH, PacioONOKEHHBIMH Ha TUIATE
npubopa NEPNeHAMKYISPHO OAHH APYTOMY. Y CTAaHOBKA Hpuﬁopa 10 YPOBHSAM TIPO-
H3BOJIATES ABYMSA PeryNIHPOBOYHEIMEI HOXKKaAMH.

Hsmepenue.

1. ITonroToBHTH YCTAaHOBKY K pafoTe: HANONHATH COCYJ, BOAOH, yCTAHOBHTH
MEHHCK MHKpOMaHoMeTpa Ha HyJb (hy).

2. Mennenro otkpsiBas kpaH K, NOHU3WTHL JaBieHHe B cocyne Ha 20 mm
BOJ. CT. N0 cpaBHeHHIO ¢ atMocdeprnm. [Tonoxkaars, noka Meruck B TpyOKke MaHo-
MeTpa 3aiMET YCTOHYHBOC IOJOKEHHE.

3. IMocraBuTs MOX KpaH cOCYZa MEH3YPKY, OAHOBPEMEHHO BKIIOYNTL CEKYH-
Jomep. Korna B Mensypke 6yaer okouto (10 - 30) M Bozsl, OCTAHOBUTE CEKYHIOMED.
3anucats 00BEM BHITEKUIEH BOJBL, BpEMs HCTEHEHHS XUIKOCTH H NMOKA3aHHA MaHO-
MeTpa.

4. Mensaa cKOPOCTh MCTEYEHHS BOIEBl B3 COCY/Ia, IPOM3BECTH eI HECKONLKO
W3MEpEHHH I pa3iMyHEBIX IEPEnagoB JaBNCHMS Ha KOHIAX KamwUispa, HallpuMep,
s P = 40, 60, 80, 100 MM BogHoro cronba. ITo pesynpraram uamepeHuii HOCTPOHTE
rpaduk 3asucumoctd Q or P (Q = V / t). U3 bopmynst (3) BHHO, YTO Npu Namu-
HAapPHOM ITOTOKE 3aBUCHMOCTE P o1 Q HOJDKHA HOCHTEL TUHEIHBIN XapaKTep.

5. Mo xoadduupenTy Haxkinona rpagHKa ONPENeTHTh KO3DHHLNEHT BAZKOCTH
BO3ayxa. Pagmyc kankuiapa H3MepaeTcs MHKPOCKONOM, JTHHA KarHiUiapa — TMHe-
KOH.

6. QOuennts ¢ noMowpio BhIpakeHUH (5), (6) BO3MOMKHOCT TpPHMEHEHHS
dopmynsl (4) B HameM ciyyac. B kagecTse ckopocTH rasa B gopmyne (2) s3are ¥,

7. Ilo dopmyne (3) valiTn cpenpiol0 MMHMHY cBoboaHoro 1pofera MOIeKys
BO3/yxd. Temmeparypa OINpefenseTca N0 KOMHATHOMY TCPMOMETPY, arMoc(epHoe
Jaenenue — no SapoMeTpy. MomeKyIapHEIH BEC BO3AyXa M yHHBEpCAIbHAS ra3oBas
nocrosanas faiorcs: M = 28.96 r/Moms, R = 8.31 ik /(rpam.monb). Beruucienus
nposoauTh B crcTeme CH.,

KonmponbsHbie 80npock!

1. ObBacHATE BHYTPEHHEE TPEHHE B ra3ax € MOJNEKYJADHO KHHETHYEeCKOi
TOYKH 3PEHHA.

2. Kax 3aBHCHT BS3KOCTh B 434X OT JaBICHHS ¥ TeMneparyprl?

3. Bouster nu AaBnenne Ha KO3 GUUMEHT BHY TPEHHENO TPEHHA 123087
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Jlumepamypa

1. Capenrer W.B. Kypc obmeit puzaxn. T. 1. M., 1970.
2. Yynanoeckas M.B. Kype dwuznxn ana 6uwonoros. JL.: Hsp-so JII'V, 1972,
L5kl

PaGota Ne 7 (002). Uamepenue noctoaHHOW bonkLumana
{yHuBepcanbHOW ra3oBoi NOCTOAHHOM)

Lens pabombi:

1. Onpegnenenne nocTosHHON BonklMaHa o apUHaNkHOMY JABIEHHEO ra3a.
2. H3zydenue npyHUMIIA NEACTBHS MHKPOMaHOMETPE U €10 YCTpoHCTEA.
3. Ouenka pe3yJBTATOB M3MEpPeHHH B pacdeT IO PelHOCTEH.

ObopydoeaHue: CTeRISTHHEBIH COCY, MEIHLMHCKWH IITPHLL,
MHKPOMAHOMETD, KOMHATHBIHA TEPMOMETP.

CodepikaHue u Memod eblnonHeHUs pabombl

Jarnerne rasa, 3aKIOYEHHOro B cocyn o6nEMom V npu temnepatype T, oni-
penessiercs popMyJIoi
N
P=—kT , (1)
14
rae: N — 4pcno MONeKyN raza B cogyae, V — 06wéM cocyaa, k — nocrosuuas bonbn-
Mana, T — abconroTHas TeMneparypa.
Ecnm B cocyne 06bp8MoM V HaxOAMTCA CMECh PA3IHYHBIX ra3oB, XHMHYCCKH
HE PearrpyoIuX IPYT ¢ APYTOM, TO AJA TAKOH CMEeCH YPaBHCHME COCTOSHHS TIpH-
MET B

pV=(N, +Ny+ .. ) kT,

rae Ny, N, 5 .. — YUCJA MOJICKYJI COOTBETCTBYHIIHX KOMIIOHECHTOB CMECH, TaK KaK
Nx + N2+ s =N, TO

p:-N—‘kT+&kT+...+N” kT & (2)
|4 V V
JlaHHOe BEIp2OKEHME MOKA3hIBAET, YTO KAKIAd TPYNNa MOACKYJ OKashiBaeT Ha
CTEHKH COCY[a JaBIeHHE, KOTOPOE HE 3aBUCHT OT TOTO, KAKOC NARIEHHE OKa3bIBAIOT
Ha CTEHKH JIPYTHE TPYIIILI MOJEKYI. D10 00yCIOBIEHO TEM, YTO B MAEANbHOM rase
HET B3aHMOJICHCTRUA MEXKIY MOJCKYIaMH.
Bripakenns

N, N,
LT R AR e
=5k, pr=p
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npencTaensoT cobol aBieHHs KOMIIOHEHTOB CMECH, KOTOpEIE OKazanH Obl 3TH
KOMIIOHEHTHI, €C/IH OBl HAXOIWITHCE B COCYIE KKIAA 10 OTASNBLHOCTH. Takne nas-
JICHWS Ha3BIBAIOTCS NADYUATbHBIMU.

H3 (2) cnepyer, 4To AaBNeHHE CMECH HIEATLHEIX T430B PABHO CYMME HapliH-
ANLHEIX JaBJIEHHH ee KOMIOHEHTOB

pP=Ep1 TPt o F By
9TO ABIAETCH CoAcpikaHueM 3akoua Janwtoda. B pansoii paGore 3akon Janerona
WCTIONBIYETCA A4 ONpeALHeHUa NocTOanHoM bonbiMana.

Ecmu B cocy ¢ YCTaHOBHBIIHMCSH AABICHHEM BHECTH HEKOTOPYIO MOPLHIO ra-
3a AN, He pearHpyroIUEro ¢ rasom, IIEPBOHAYaNbHO HaXONHMBUIMMCH B COCYAC, TO
Ji@aB/leHHEe B COCYE BO3PACTAcT Ha BEIMYHMHY NapUHalIbHOIrO AaBlNeHHI BBEAEHHOIO
raza AP.

Bociions30BaRINUCH YPABHEHWEM, COCTONIMS, IOy UM

O, APV
ANT °
Hsmepenne V, T ve cocTasnseT Tpyaa, AN onpenensercs ne Gopmyne
Pty
i,

THe Am — Macca BBOSUMOro rasa (3¢gmpa), i — Macca MOJS TOTO e 1'aza.
[lapumansaoe nasneaue AP BEMHCHSeTCA 0 BHICOTE h NOAHATHS XKHAKOCTH B
TpyOKe MaHOMeTpa:

dp = pogh, h=Lsin a,

rAe po — IVIOTHOCTE KHOKOCTH B MaHOMETDE.

M = 74 r/monb
Px = 0.713 riem’
V=223n

po = 0.8 t/em’® —

TUIOTHOCTb CHMpPTa
B MaHoMerpe

Puc. 2. Cxema yemarnosxu 0as onpedenenus nocmoaunol Borsymana
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Takum ofpaszoM, nonydaem pabouyio hopMymy:

o PEVE B o
N, AmT

B kauecrse BBOIMMOH KOMITOHEHTHI MOMKHO Hcrions3osathk 3¢up. Ilpu xom-
HATHOH TeMIiepaType oH OBICTPO HCHApseTCcs, M, /M BBOAMMAN Macca Mana, To B
cocyne OvicTpo oOpasyercs rasoofpasznbii oQup, K KOTOPOMY MPHMEHHMEI H3II0-
JeHHbIe BEIMIe coobpaxerus. [Ipu 3ToM Maccy BBOIHMOTO 3Hpa M MOXKHO OmHpe-
HEHTE KaK Am=V 0.4, TOE V3 — 00BEM BBOTHMOTO0 2QHPA, Pag — ETO IIOTHOCTE.

Xo0 pabompi.

1. YcTaHapmHBalOT YPOBEHE XUAKOCTH B MAHOMETPE Ha HYJlb.

2. Habupator mnpunem 1 cv’ 2upa H BOPEHICKUBAIOT €10 B COCY/L ¢ HOMOIHIO
HI'OJIKH, BCTaBIEHHOH B MpoOKy cocyaa. Ilpu sToM naBlenue B MaHOMETpHYECKOH
TpybKe 6yner Bospacrars. Korja AaBlicHEE YCTaHOBHTCS, IPOU3BO/ST OTCYET BHICO-
o1 h. ITo ¢opmyne (3) BerucisoT nocrosHHyo boneimana k.

3. OnbIT OPOHEIIBIBAKOT HE MEHEE TPEX Pas, BEMHCIIAIOT OIIHOKY H3MEPEHHIH.

4. ITo okoHYaHUH pabOTHI LIOPHEL YIOKHTE B KOPOBGOUKY.

KoumponbHble 60npochki

1. OcHoBHOE YpaBHEHHE MOJEKYIHIPHO-KHHETHYECKOH TEOPHH.

2. Uto HaspBaETCS MApPUMANLHEIM AaBIeHHEM?

3. TlonsTHe TEMIEPaTypHl ¢ MONEKYIAPHO-KHHETHIECKOH TOUKH 3peHHs.
4. Ou3MYecKHii CMBICI TTIOCTOSHHOH bonpiMana.

5. OT 9ero 3aBHCHT TOYHOCTE PE3YILTATOB JaHHOH paGoTeI?

JNumepamypa

1. ®pum C.3., Tumopera A.B. Kypc dummxn. T. 1. M.: Hayxa, 1977. C. 46,
47.

2. Kuxoun A K., Kukous O.K. Monexynspaas dusuka, M.: Hayka, 1976.
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Pa6ota Ne 8 {003). Onpegenenue nokasatenn aanabarsi
metoaom Knemana u [lezopma

Lenw pabombli:

L. HMayyenwe metoaa Kiemana v Jlezopma s SKCOEPHMEHTATRHOTQ OTIpese-
nenus Cp/C, Bo3myxa.
2. OueHKa pe3yIbTaTOB H3MEPEHHs M PACYEeT NOTPEIHOCTEH.

O6opydogaHue: crex/STHHEIH cocy/1, MAkpoManoMmerp MMH,
PEe3MHOBas IPYILA, ABYXXOLOBOH KpaH.

CodepxaHue U Memood ebinonHeHus pabomei

OTHOIEHHE YICIBHEIX TEMIOSMKOCTeH IPH TOCTOSHHOM NABJICHHH H 1IPH T10-
croauHoM obnéMe ¥ = C,/C, urpaet B TepMOIHHAMMKE BECEMA BAKHYIO ponk. B ua-
CTHOCTH, OHO BXOAWT B ypasnenue Ilyaccoma, KoTopoe OMMCHIBaeT agrabaTHoe
pacliupeHse Tasa:

Vi =p2Vy wm pVY = const .

Puc. 1. Yemanosxa ons onpedenenusn C/C,
Mmemodom Knemana - Hezopma

Omm¥M M3 caMBIX NPOCTHIX MeToto onpepenenns C,/C, apnserca meron KineMana n
Jezopma.

JKCIepUMEHTANbHAS YCTaHOBKA (PHC. 1) COCTOMT M3 CTEKISHHOTO cocyaa A
(eMKoCTBIO OKOMO 20 1), K KOTOpOMY noaseaeHa Tpybka [, CoeTMHAIAs YCTAHOB-
Ky ¢ HacocoM. Ha mro Gannowa A s yaaneHus W3 BO3JyXa MapoB BOAB! [IOMemma-
FOTCS TPAHY bl CHIMKArelIs HIH HATHBACTCA TOHKHE CI0H KOHLEHTPHPOBAHHOH Ccep-
HOH KHCJIOTHI.
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[Tycts B 3aKpHITOM CTEKIAHHOM COCYJE A HAXOMWTCH MCCIEAYEMEIH Tas Npu
KOMHATHOH Temmnepatype T ¥ gapneHrH P, HeCKOTBbKO IpeBBIIIAIOMEM arMochepHoe
pgasnenue Py. Mzboirounoe naenende cO3NAETCHd B pe3ynbTaTe 3akadykk B COCYl A
JIOTIONHHTEILRON Macchl BO3Ayxa u3 aTMoceps npu momonw Hacoca H. Otkpoem
kpan I1, 9epes kortopeiii 6annon A coobmaercs ¢ arMocdepoi. [lasnenne raza Hau-
HeT CPaBHHBATHCH C aTMOC(EPHEIM, a €0 TeMIepaTypa CHAYANa HECKOJIBKO HOHH-
3UTCS H3-3a OBICTPOro pacmMpeHus, a 3aTeM CHOBA HAYHET NPHOAMNKATLCH K KOM-
HATHOH.

Ecnu TeruionpoBoaHOCTE cTeHOK cocyna mana (crexio obnanaer, Kak H3BECT-
HO, HH3KOH TEIIONPOBOAHOCTEIO), OTBEPCTHE Kpana Tl J0CTaTONHO BETHKO, TC paB-
HOBecHe N0 JABJICHUIO YCTaHABNHBAETCA 3HAUMTeNbHO OBICTpEe, YeM Mo TeMIepary-
e, T: €.

A%<3:Ahg

rae yepes Aty , Aty 0603HaYEHEI COOTBETCTBEHHO BPEMEHA BEIDABHMBAHMS AABJICHMS
H TEMIIEPATYPhI.
ITyers Kpau IT 66U OTKPHIT B TEYEHUE NIPOMEIKYTKA BPEMEHH At TAKOTO, 4TO

Aty >> At>> At

B sTom cmyuae TemnooOMeHOM, TPOMCXOAAIIMM 32 BpeMs! At uepe3 CTeHKH CO-
Cyla, MOXKHO TipeHeOpeus, W npoHece pacliMpeHns OkasbiBaeTcs agmnabatHbiM. C
MOMOUIEK) ypaBHeHus: Menneneesa - Knanelpona u nepementsrx P, T wafizem, 9ro
g aguabatHoro mpoiecca

| =1
- T o r
PV =poV, umu _T7 = ———T"

1 2

B koHne anuabarHOro pacmmpeHus jaBnenue P paBHO armochepHOMY Aap-
nenunio Py, a remneparypa To 0kazbIBaeTCA HECKOJIBKO HIKE KOMHATHOH TeMIiepary-
pei T (Temneparypa rasa HOHHKAETCA, TaK Kak pabora pacilMpenns coBepIIaeTcs 3a
cYeT BHYTPEHHEH 3ueprHH rasza). OTMeTHM, 4T0 HCCIenoBaHue annabaTHOTC pac-
HIHpeHHs Tasza ynobHo MpoBoAMTh B nepemerubix P, T, a e P, V, notomy 4TO npo-
LECC MPOUCXOMMT NPH NepeMenHoM Macce rasa, ocraiomerocs B 6annone. H3mene-
HME MAaCCHI TA3a HHKAK He cKaspiBaeTcs B mepemeHHEX P, T Ha BEIYHCIEHHAX, HO
Kpaiue HeYAOOHO NP UCMIOIE30BAHMN B KAYECTRE HE3ABUCHMOH nepeMenHol obb-
eMa, 3aHHMAEMOTO Ta30M.

ITocne toro Tax kpan K oTkmio9aer cocyn ot arMocqeps!, NPOHCXORAT Mel-
JIEHHOE M30X0PHOE HArPEBAHNE ra3a cO CKOPOCTRIO, ONPEAEIAEMOH TETLIOHPOBOIHO-
CTBIO CTEKIAHHLIX CTeHOK. BMecTe ¢ pocTOM TeMIepaTyphl PACTET H JABJICHHE Iasa.
3a Bpems Aty cucTeMa JOCTHTACT PaBHOBECHS H YCTaHaB/IMBACTCH TEMIIEPATYPA rasa
T, , paBHasi KOMHaTHOH Temnepatype T).

Tlepexos U3 BTOPOTO COCTOSHMA B TIEPBOE NPOMCKONHUT 0€3 M3MeHeHHs 00be-
Ma (M30xopuadeckuit nponecc). s Here MOXKHO OpHMEHATH 3aKko I el - Jioccaka:

2. B 2
7T, 2)
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Hewmoyns w3 ypassenn#t (1) 1 (2) Ty 1 Ty, nomyunm:

i
. Py (3)
TN
143 Q
Jlorapudmupys ypapHeHne (3), HaxoaumM:
:lgpl _Igpﬂ (4)
lep—lgp,

rae pi = po + pghy; p2 = po + pEh.
Paznoxum Ig p; u 1g p2 B pan Telnopa 4 orpanHYMMCs €ro JBYMA NCPBHIMH
uJIEHAMH TaK KaK hy # h, 3HaunTensuo Meusuie Py /(pg).

h
lg py = lg(po + o2 )= 18 1o + &0
Po
h
lgp; =lg(po + o&hy) = lg po + 22
(i
IMoacrarss 311 3HaYeHus B (4), MOayYuM
h
Pot 20 Po
y= 2o = )
h B hy—hy
R TR - L T
Po Po

Kax cnenyer u3 (5), nna onpenenenus y = C,/C, HeobxomumMo 3HATL H30EITOY-
Hoe (Han armociepHbIM) JaBieHHE B COCYLE MO aauabaTHOro PACHIHPEHHS raza M
€r0 M3ONTOUHOS JARNEHUE TIOCHE U30XOPHOTO HATPEBAHMA.
Crepyer NOAYEPKHYTH, YTO 00€ BeJHIMHEL JODKHBI H3MEPATECA B COCTONHHH
TEPMOIMHAMHUECKOIO PABHOBECHH, T.€. IOCTE MPEKPAEHHS TEMI000MeHa.
YienbHas TEMIOEMKOCTL PA30B NPHHHMACT PA3MHYHBIC 3HAYEHHS B 3aBHCH-
MOCTH OT YCNOBMH HarpesaHHsa. Ecny HarpepaThb ra3 npH NOCTOAHHOM 00beMe, TO
TEIUI0Ta B 3TOM CIIydae HAET TONLKO Ha YBEIHUEHHe eTO BHYTpeHHel! sHepTruy. Ecnn
e I'a3 HarpeBsaTk NPH HOCTOAHHOM NARIEHHH, TO OH OyIeT paCLUMpPATRCS U TENI0Ta
IpH 3TOM PacXolyercs HE TONbKO Ha YBeJHYEeHMEe BHYTDEHHEH 3Hepruu rasa, HO
Ha padoTy MPOTHB CHI BHEIIHETO Nasnen¥sa. CrefoBarebHO, TEINOEMKOCTh Tasa
OpH MOCTOAHHOM 00BeMe C, MeHbILE, YeM YIENEHAS TeILIOEMKOCTL NPH [IOCTOSH-
HOM pagienv C,.
OrHomenne 3ITUX TENNOEMKOCTeH pagHo:
E‘E =g 1+ E s
Cy i
rze i — KOJNM4ecTBo creneneil cBoBOIE MONIEKYII Ta3a.

Ilopadox svinonnenus padomo.
1. Tlepen navanom paboTsl yOemutecs, 910 KpaH | MecTa cowieHeHus TpyOox
JA0CTaTOYHO repMeTH4HBL. U 5TOTO HamonHuTe GANNOH BO3AYXOM [0 JaBICHUA,
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npeBHInamero atMocdepHoe Ha 10 - 25 ¢M BoJ. cr., u 3akpoiite kpan K. Vean-
yeHHE JABJIECHUS B OanIoHe COMPOBOKAACTCs LOBBIULEHHEM TeMIIepaTypel. Beneact-
BHE TETIIIOTIPOBOIHOCTH CTEHOK C TEUEHHEM BPEMCHHM IPOHCXOOHUT IMOHIKEHHE TEM-
neparypsl BO3AyXa B COCYJIE M BMECTE C TeM [IOHMKEHHEe JaBleHHs (H30XOpHOoe OX-
JIaXkIeHHE).

ITo MuKpOMaHOMETPY MOCTENUTE 32 TEM, KAK H3MEHSETCA AasieHue h B cocy-
Iy ¢ TeYEHHEM BPEMEHH fr ¥ nlocTpoliTe rpaduk

h=f ().

Ecnu ycraHOBKa J0CTATOMHO FEPMETHYHA, TO N0 HCTEYEHUH HEKOTOPOro Bpe-
MeHH At , HeoBXOIHMOro IULd YCTAHOBIEGHHA TEPMOJMHAMHYECKOrO PaBHOBCCHS,
JIABJICHHE B COCYJe IIepecTaHeT MOHWXKAThCS. B NpoTwBHOM ciydae HeoOXOmMMO
HAHTH ¥ YCTPAHHTH TEYE.

W3 rpaduxa onpenennre BpemMs YCTAHOBIEHHA TEPMOAHHAMHYECKOTO PaBHO-
Becus Atr. CrabunbHoe H30BITOYHOE JIABRTEHHME BO3AYXa h B cocyde Aomxio OBITH
TOIATEIBHO H3MEPEHO.

2. Onpepgenye 3Hauenne h;, noBopoToM kpawa IT COeMHAT BO3AYX, HAaxO-
IsKAcs B OaJuloHe A, ¢ HapyKHbIM BO3TYXOM W OBICTPO BO3BPAIIAIOT KpaH B
[IPEIHEE NOTIOKEHHE.

B aroMm ciydae HeoOxonumo 00ECIEYMTR YCIOBMA, IPH KOTODPHEIX MpOUECC
PACIIMPEHUS RO3AYXa MOXKHO CIMTATE afnadaTHRIM, a KOHEYHOE JaBIeHHe €ro — ar-
mocdepHbIM. PekoMerayeTcs Bo3Bpamarhk kpad Il B mpexHee IONOKEHHE HEMEN-
AEHHO TOCTIe NPeKPAILCHAS 3BYKa, BO3HHKAIONIEro IPH BBIXOJE BO3IYXa Yepe3 OT-
BEpCTHE KpaHa.

3. Korzna Temneparypa Bo3ayXa B 6amioHe A CTaHeT paBHOH KOMHATHOH, H3-
MEpEeHHE YPOBHS B MHKPOMAHOMEIPE LPEKPATHTCA M YpoBeHe h; cTaHeT mocTosn-
HbIM.

4. Ilopropure onert 10 pas. Beraucmare cpepsee 3Ha4eHWe y W OLEHHTE
omubky usMeperuit. [poananu3upyHre pesynsTaThl M3MEPEHnH ¥; -

KoHmponeHbie eonpochl

1. TTouemy Tipu HanoJHeHUH OAIIOHA A BO3AYX B HEM HarpeBaercs?

2. JloyeMy B YCTAHOBKE TIPUHATHL MEPHI NPEIOCTOPOXKHOCTH JUIA YANSHHAST
mapoB Boar? Yro GyaeT, ecH 3THX Mep HE NPUHATE?

3. MzobpasuTe rpaduuecky MPOIECCH, IPOTEKAIOIHE B YCTAHOBKE ITPH TIPO-
BEJIEHHH H3MEpeHHH.

4. TTouemy B aHHOH paboTe HE UCITONB3YIOT PTYTHEIH MaHoMeTp?

5. TTouemy C, 6onbue, uem C,?
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JNumepamypa
1. Yynauorckas M.B. Kypc dmzuxu nns Omonoros. JI.: Man-eo JITVY, 1972,

2. Cagenses M.B. Kypc obuieit uzuin. T. 1. M.: Hayka, 1970.
3. PyxoBozcTRO K 1a00paToOpHEIM 3aHaTEAM 1o dusuke / [Tox pea. JIJL Toms-
ouHa. M., 1973.

PaBorta Ne § {004). OnpegeneHue nokasarens aguabarbl
MEeTOAOM CTOSMMX 3BYKOBLIX BOSTH

Lenb pabomei:

1. Onpezenennie ANAHEL CTOAYEH BOMHE B BO3AYXE H CKODOCTH 3BYKA.
2. Ounpepenenue Cp/Cv Bozayxa.
3. Ouenka pe3ylbTaTOB H3MEPEHHUIT H PacveT MOrpeHiHOCTEH.

O6opydoeariue: 3ByKOBOH reHepaTop, MUIUTHBOJIBTMETD, TENe(OH,
MHKPODHOH, TpYDa ¢ peryTHpyeMbIM YPOBHEM KHIAKOCTH.

CodepmxaHue u Memod ebiToNHeHUs pabombl

Omis w3 cnocoboB onpesieieHks Mokasarens aguatdare! ¥ = Cy/C, B razax oc-
HOBaH Ha M3MEPEHHH CKOPOCTH 3BYKa. Kak H3BECTHO, CKOPOCTH 3BYKA B razax onpe-
Jenserca GopMyNoiH

V= lr—, )

rae R — razosas nocrosauas, T — Temueparypa rasa, L — ero MoJICKYJIAPHELH Bec.
[peobpasys oty Popmyy, nafizem

r=2p2, @
RT

Taxum obpasom, 118 ONpENENeHN ¥ IOCTaTOYHO H3MEPHTh TEMIIEpaTypy rasa
¥ CKOPOCTH PACTIPOCTPAHEHMS 3BYKa B HeM (MOMeKy PHBIA Bet Ta3a NpeAnoaraes-
€1 H3BECTHEIM). [ H3MepeHHa CKOPOCTH 3BYKA CIIYXKHT YCTAHOBKA, H300paKeHHAs
Ha puc. 1.

YeTanosKka COCTOMT W3 BePTHKaNbHOM creknsHHoH TpyObl K, cHabwkeHnoi
MH/UIEMeTpoBoH mkanoi 111 u HanonwexHo# Bono#. B mukHel yacTH TpyOb! mMe-
erca cocy C ¥ MaXOBUK A, ITP¥ TIOMOINH KOTOPOTO MOMHO MEHATh YPOBEHD BOXEI B
Tpybe. Haj BepXauM OTKPHITEIM KOHIOM TpyOBl yeTanoBneHs! Tesiepon T 1 MHKpO-
o M, obpaiensble MembOpanaMu BHYTpb Tpy6si. Tenedon ciayxuT Aui Bo3Oyx-



i

JeHus B TpyOe 3BYKOBBIX BOJIH, MHKpOGOH A1 MX yiaBnueanda. MemOpana Tene-
(ona npHBOAMTCS B ABHKCHHC MEPEMEHHBIM TOKOM 3BYKOBOI 4aCTOTHI, B KAaUecTBe
HCTOYHMKA nepemensoi DJC Mcnonssyercd 3ByKoBo# reneparop 3I°. Bosuukaro-
IHH B MUKpO(OHE CHTHAN MepefaeTcs Ha MUIIHBOIRTMETp MB.

Tlpu otpaxennn Gerymieit ot Tenedona BONHLL OT IOBEPXHOCTH BOIH B TpyGe
BO3HHKAET CTOs4as BONHA. [IpH 3TOM Ha MOBEPXHOCTH BOJB 06pazyeTcs y3em Boji-
Hel [losToMy pacnipesenenue JapneHus B TpyOe onvcsBaetcs gopMynoi

27x
Ap = 2Ap,, CQS_A_ cos2mut 3)
e Ap — OTKJIOHCHHE AABJICHHA OT arMocdepHoro, Apy — aMnamuTyisa konebanwmit

Napnenns B Oerymielf BoIHe, X — PACCTOSHHE OT HOBEPXHOCTH BOJIBL, A — JAAKHA BOI-
HEI, V — uacToTa Konedanni.

Puc. 1. Yemanoska Ons usmepenus ckopocmy 36yKd 6 6030yxe

]

E

PRI T R TSR RS R R R FRRTAR TR AT RN IR AR

3T

Mukpodon # TenedOH YacTHYHO MepEropaXKHBAIOT OTBEPCTHE TPYOLI # Tem
CaMbIM BO3MYIIAKOT CTOSYYIO BONHY B Heil. OfHAKO 310 BO3MylleHHe Oyjger Mano,
€CJIH IIEpEropoXKeHHas IUIoIaas OTBepeTHs OyJeT Majia 1o CPaBHEHHIO C ero OT-
KpPBITOH IIOMIANEI0,

AMINHTYA 3BYKOBEIX KoneGanuil Ha BepxHeM Konue TpyOsl X = H 3aBHCHT

OT COOTHOIIEHMS MEXKAY JUIMHOH BONHH A, H BBICOTOH H BOosmymHoro cronda B TpY-
Oe.
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Ecmu H = kA/2, rae k = 1,2,..., TO Ha BepxHeM KoHIE TpyOn! obpasyercs y3en
M aMIIMTY/a 3BYKOBEIX konebanuii obpamaercs B HyJIb.

B stoM cnydae memOGpaHa MHKpO(QOHa He JOIDKHA KonebaTees H CTpenka
MHAILIHBONLTMETPA AODKHA YIIACTE HA HyNieBoe JeneHue mwxanbl. Ha onerre crpeska
MHILIHBOJIETMETPA HE OMyCKAeTC IO Hy1d (OGBACHHTE, NOYeEMY?).

Ecma H = (k+0.5)A/2, roe k = 0,1,2,..., To Ha BepxHHH KoHell TpyObl IPHX0-
ZIMTCS TTYYHOCTE CTOSYEH BOIHEI M aMILTHTYAa KoseOaHui CTaHOBHTCA MaKCHMAanb-
HOi. B 2ToM ¢ilydae MH/UTMBOJBTMETP LO/DKEH NOKA3hBaTh OONBIIYIO BETHYHHY
CHrHAJIa, O4EBHAHO, 9TQ Pa3sHOCTh BBICOT BO3JAYIIHOTO cronba, COOTBETCTBYIONIHX
IBYM TIOCHEJHMM MAKCHMyMaM CHTHANla Ha MHIUIMBOTRTMeTpe Oyier pasHa A/2.
HamepHB TaxkuM 00pazoM JUTMHY BOIHBI A, MOJKHO ONIPENEIHTs CKOPOCTh 3BYKA [0

dhopmyne:
V=A1v,
rae v 3agaerca Ha GapabaHe 3BYKOBOIO I€HEPATOPA.

Hopnodoex estnonnenus pabomoi,

1. BKiaw4uTe B CeTh 3BYKOBOHM T'eHEpaTop W MHJLUIHBONBETMETD W JaiTe HM
MPOTPETHCSL.

2. Mcxoms M3 NpAMEPHOro 3HAYeHUs CKOPOCTH 3ByKa B Bozmyxe ( 300 m/c ),
paccuHTaiTe, B KAKOM JHANIa30HE JacTOT CilelyeT BECTH H3MEPEHH, ITOOB NPHU H3-
MEpeHHH YPOBHS BOAHL B TpyO€ MOKHO OpUI0 HabM0AATE 4 ~ 5 MaKCHMYMOB CHIHANa
#a MB. YpoBess BoJsl B TpyOE MOXKHO H3MeHUTH He Oonee e Ha 70 cM (fipumep-
HBIH qAanasoH gactoT aexuat Mexxay 1000 »u 2000 o).

3. BeicraBus Ha 31" OfHY M3 4acTOT YKA3aHHOTO AHANA30HA M IIABHO MEHAA
YpoBeHB BOIBI B TPYOe, OCHEeNOBaTeNpHO [IpoHanTe Yepes Bee JOCTYIHbIE IS Ha-
OmoneHNs MaKCUMyMBbl curdana. s KaKZoro MakcWMyMa OTNpenelHTe BHCOTY
ypoBad BoJH by, k = 1, 2, 3 ... Tlpoeeanre nzMepenns, cHayana NoqHUMas YPOBEHE
BOZBI B TPYOE, @ 3aTeM orycKas ero.

4. TMoBTOpHTE M3MEpeHHUA NpH ApYrux uactorax (Beero 2 - 3). Pesynbrarel
H3MepeHUH 3aHecHTe B TaOIHLY:

l’l(CM) h| hz h3 h4 hS
v(I')

1000

2000

B kaXTy10 KIETKY BOMCHBAKOTCA ABA 3HAYCHHA BHICOTHI by , MOy4eHABIE MIPH
OpAMOM H 00pATHOM XO[€ M3MEPEHHH.

5. Hcrnomeays dopmyny Ay = 2(hys - hy), BEIUACTHTE TS KAXKIOH 4aCTOTHI V
cpellHee 3HaYeHHe MIMHBL BOJHBI J, CKOPOCTH 3BYKA ¥ H HX NOTPEHIHOGTH T3

oy - PesynsTare! BEMUCHCHHI 3aHecHTe B TaOmuiy:
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() A Ay A Mg F] AZ 7 A7 |
1000
2000 ‘ 1
T T

6. Yarure JOrpelrHOCTH YacToTel v (OMHOKA B rpalyHpOBKe IIKalbl 3BYKORO-
ro reHepaTopa HE NPEBOCXONMT MOJOBHHLI UEHBI JENCHHA) H BBIYHCIHTE CyMMap-
Hy10 ommbKy it F . ConocTaBbTe 3HaYeHHs CKOPOCTH 3BYKA, H3IMEPEHHBIX Ha pas-
HBIX YacToTax. 3aBHCHT N ¥ or v? ECIH Her, TO HalAWTe HaWlTydllee 3HAYECHHE
CKOPOCTH 3BYKa, HCTIONB3Ysl BCE PE3YNBTAThl MIMEPEHME, W yKOKuTE €€ morpem-
HOCTE.

7. o dopmynam (2) u (4) BeuKCaMTE NOKA3ATEND a1HMabaThl ¥ H ONpeAeiaTe
OmHUOKY W3MEPEHHH.

KoHmponbHbie €onpocki

1. Beieecti dopmyay (1).

2. TloyemMy NPOLECE PacPOCTPAHEHNS 38YKa B rase ABnseTcs anuabarnuim?

3. Brpemure dopmyny (3). Iodenmy crosuad ronna OyeT HMETE y3en y 110-
BEPXHOCTH BOJBI?

4. ByzieT JIM 3aBHCETH Y OT TEMIEpaTyphl, €C/TH € W3MEHATh OT OYEHb MalbIX
Temmneparyp no 1000°C?

Jlutnepamypa

1. Crpenxos C.I1. Mexanuka. M.: Hayka, 1965.
2, Xaitkna C.3. Orspgeckue ocHopr Mexasuky, M.: Hayxka, 1971.
3. Knkonn UK., Kukorn A.K. Monexynspras ¢usuka. M.: Hayka, 1976.

Pa6ota Ne 10 (005). MamepeHue koadpuLiMeHTa BA3IKOCTH KNAKOCTH
metToriom CTokca

Lens pabomei:

1. VisyueHue IMHAMEKH TOCTYTIATENBHOTO ABHKEHHS APHKA B HHIKOCTH.
2. Onpenenenne koddGUIMEHTA BIBKOCTH XKUIKOCTH MeTofom Crokea.
3. OueHKa pe3yIbTaToB M3MEPEHHH H PacteT NOrpeliHOCTe .

O6opydoeaHue: cTeXISHHEIE LHTHHIPHICCKHE COCYIbI C HCCHEeNyeMOoit
WKHLKOCTBIO, MEKHe ITAPHKH, H3MEPUTENBHBH MUKPO-
CKOII, aHAJATHYECKHE BECHI, MUKHOMETP, CEKYHIOMED,
MactyrabHast TUHCHKA.
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CodepixaHue u Memod ebinosiHeHusi pabomeol

DTOT METOA IUMPOKO TPHMEHSETCs s OnpeaeneHHsA Ko3(QOHIMeHTa BHYT-
PEHHEr0 TPEHHs CHIILHO BA3KHX >KHJIKOCTEH, TAKAX Kak TIHIEPHH W Pa3iHYHbIC
Macna. [Ipy gBiKeHHE HIAPHKA B BA3KOH SKHMAKOCTY BO3HHKACT CHJI4 TPCHHA, BE/H-
YHHA KOTOPOH 3aBHCHT OT KOI(Q(UIHEHTA BHYTPEHHErO TPEHHA XHAKOCTH. PopMy-
714 JUBL BBIMMCIICHHMS 3TOM CHITBI Obina peBeneHa CTOKCOM, II09TOMY HAHHEIH METOJ
4acTo HaseBarT MeTogoM CTokca.

Ha mapuk, nanaloniyii B BA3KOH MKUIKOCTH, JeHCTBYIOT TpH cuiasl (puc. 1).

1. HanpasnenHas BHH3 CHIIA TAKECTH

4 3
p=mg=_mprg,

A€ I — PaffycC WAPUKa, { — ILIOTHOCTE BEIECTRA, H3 KOTOPOTO CAE/NAH HIAPHK.
2. HanpapnenHas BBEpX BBEITAJIKMBANONIAA CHIA (aDXHMEN0BA CHNA), paBHas
BECY JKHIKOCTH B 00BeMe MIapHKa

4
Fy=mg=2m"pug,

FI€ T — Pafiyc LApHKA, Oy — ILIOTHOCTD KHIKOCTH.
3. Cuna tpenus Fop. OTa cuma Taxoke HanpaBjeHa BBEpX, a €€ UMCIEHHOE 3Ha-
YeHHe HaxoauTes o dopmyne Crokea:

Fop= 6y,

TAE T — pajuyc mapuxa, 1 — ko3QduuueHT BHYTPEHHETO TPEHUA HHIKACTH, & V —
CKOpOCTb ABwkeHHs mapuka. Popmyna Crokca clpaBeinuBa TOALKO OIS MATEHb-
KHX IIAPHKOB, ABMKYIIMXCA ¢ HeOONbmOoH ckopocThio. IIpH yBenHYeHHH pazMepoB
IIAPMKOB H IIPH BO3PACTAHMM CKOPOCTH MX JBHXKCHMSE BO3MOXHO ofpazoBanme 3a-
BHXpeHui. B 3ToM ciiyyae CHlla TPEHUS CTAHOBUTCS NPOTOPHHOHATBHONH Gonee Bh-
COKOH CTENCHH CKOPOCTH.

TN

Hl!'
|

n

Efll|i|f|

&y
T

f
l”
|

||!||H||1|I|
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[Tpu nproxennu mapuka cwisl P u Fu BCE BpeMst 0CTAlOTCA NOCTOAHHBIMY, 4
CHJIA TPEHWI BO3PACTAET [0 MEpe YBENHYEHHs CKOPOCTH. B Hauane ABMXKeHMs CHIa
Fip OYeHD Majia, ¥ [ApHK SBHKETCH [10L ACHCTRHEM CHITEI, PABHOMN

Houm el b, ma F oFel + B,
C yBenwueHueM CKOPOCTH yBemuuMBaercs i cuia F, , M HacTynaer Takoi MOMEHT,

YTO HANPABICHHEIE BEEPX CHIE! F,, W F, ypaBHOBECST HANDABIEHHYI0 BHM3 CHITY
TKeCTH P!

P =FA + Fmp )
HIIH
4 4 ~
§m3pmg= §m3 P8+ b1 (1)

Tlocne Toro ABMKCHHE CTAHET PABHOMEPHBLIM, H CKOPOCTE V MOJKHO HAMTH,
pazneny® nyTh L | npoligeHHEI MAapHKoM, Ha BpeMs t ero paBHOMEPHOTO IBIDKe-
s, M3 dopmyisr (1) Haxoaum, 4to

2 - 2 -
ﬂ:"é“rzg_(‘gL;Mzsrzg(DT p:x:)t ) (2)

L

Dopmyna (2) saensercs He COBceM TOYHOH, Tak Kak JpH €€ BriBOAc He ObUIO
YYTEHO TO 00CTOSTENBCTRO, YTO IAPHK, NaNad BHHU3, BRITECHAET XunkocTh. Benen-
CTBHE TOTO CO3MAETCH MOTOK JKHAKOCTH BBEPX M BO3HMKAeT HOTIONHMTENBHAA CHIIA.
Tlpu yuére stoit crst hopmyna (2) 1is IFAMHAPAHMECKOrO COCY a8 IPUHEMAeT BRI

2 2 (or=pu)t
= — e - 3
=9 Els24r/R)L ©)

rae R — paguyc cocyzna. Bonpoc o Tom, kakoit dopMyioil moms3oBaThes nMpyA pacué-
Te, PELIAETCA B 3aBUCHMOCTH OT BEIMYMHbL cooTHOMmEHUA 1I/R. [Ipu OBIDKeHMH mia-
PHKA TI0 OCH [HAMHAPA ¥ MpH cootHowenny /R = 1/10 pasnnuus B 33a4eHMAX KO-
adrnpenTa BHYTPEHHEro TPEHHs, HOMY4eHHBIX 10 Gopmynam (2) u (3), cocTapna-
10T okoao 25%. B peaneHeiX yenosusix cootHomenue /R oBbluno konebnercs B
npenenax or 1/10 go 1/20 , mosToMy nyyille nonbs30BaThes Gopmynoi (3).

Tpu srieone opmysibt Crokca F,,,=671Vv 7 NPeIONaranocs, yro o0TeKaHHe
HIAPHKA JKHAKOCTRIO MMeeT NaMHHapHEIH xapakrep. Kak uiasecTHo, xapaktep o6re-
KaHHA oNpefesiercs 3HadcHieM uncna Pefinoasica

Re =P
B

OOTtekanue ABNSETCS NAMMHAPHBIM JIHIIE TP HE OYeHb OONBIIMX 3HAUCHUAX
0.5<Re<10.
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Yxazanus x pabome.

B kauecTBe MeTOK B paboTe HCMONBL3YIOTCA KOAbLA B3 HUTH, OXBaTHIBAXOLHE
CTEKNSHHBIE LMITHHAPH C HCCIENyeMOH HKHAKOCTBIO (TEXHHYECKHH INIMIEPHH, BO-
na). Koxbua MOXHO mepeMeniaTs BONb IHITHHAPOB, pacionaras HX Ha TpeOyemoi
BLICOTE: BEPXHEE — HHKE YPOBHH AKUIKOCTH HACTONLKD, YTOOE K MOMECHTY €r0 Npo-
XOXKIEHUs. CKOPOCTh IIAPHMKA YCIIeBaga YCTAHOBHMTHCS; MMMKHEE — Ha BO3MOXHO
GonpuieM paccTOAHUM OT BEPXHEro, yToOBl YMEHBIINTH OMIMOKY H3MEPCHHS BelH-
yuH L u 1. [Ipi dMKCcHMpOBAHAM MOMEHTA TIPOXOKISHMA METKA MapHKOM Iias Ha-
6I1r0/1aTeNs JOIDKEH HaXOMWTHCA Ha TaKOM YPOBHE, YT0OLl KONBIO CIHBAJIOCE B OT-
PE30K NPAMOi.

‘ Panuychl WaprKOR ONPEASIAITCA C TIOMOIIBIO H3MEPHTEIBHOTD MUKPOCKOTIA.
PekoMenayercs NpoBepHTh ChepHYHOCTh IIAPHKOB, H3MEPAA UX Juamerp d 1o pas-
HEIM HanpaneHHsM. [IpH ee HapyleHHH B KadecTse T Hafo Opate 0.5 dep.

TLTOTHOCTS KHUAKOCTH P, OMPENENACTCs C IIOMONIBIO IIMKHOMETpa uiaK Geperca
u3 crnpaBoYHHKA. [ITOTHOCTE MWAPHUKOB HAXOMMTCH MO HX Macce H 00BEMY WM Oe¢-
petcs M3 TabIull, KaK, HanpHMep, [UTS CBHHLOBBIX TPOOHHOK.

Haunas meTonuka onpeaenenns koxh@HIKenTa BA3KOCTH DCHOBAHA Ha (op-
Myie Croxca (2) H BepHa ITMIIL NPH ycnosud Re > 0.5

[IposepuTh MOC/IEAHES MOXKHO, TOIBKO ONPEJETHE U3 ONBITA BEMHIHHY T).

Onnako ecTe HHOH cnocob NpoBEPUTh MPHEMAEMOCTD OMHCAHHON METOIMKH.
Hy:xHO mpoBeCTH OMEITHI C Pa3zHBEIMH MO DaAMyCy INapekamu. Eciu paccuuTaHHBIE
o bopmyne (5) 3HadeHHs 1 He 0OHAPYKHMBAIOT CHCTEMATHYECKOH 3aBHCHMOCTH OT
T, 3HAYHT METOAMKA CTIpaBelNinBa. B MPOTHBHOM CIydYae YCIOBHA OIBITa Hajgo mo-
MEHATh. _

Paszymeercs, mpH 3ToM HauanbHelH ywactox mytH AL (a0 Bepxvell MerTkH)
JoKeH OBITh J0CTATOYHBIM I YCTAHOBJIEHUS CKOPOCTH apukoB. Kpome Toro, Bo
u3bexxaHne BIMSHUS CTEHOK cOCY/a Ha Pe3yJBTATH OMITOBR, HeoOXoaumo Gpocarhb
[ap#KH BOIH3H OCERBOH JIMHHH IHITHHAPOB.

Hopadox estnonnenus pabomot

1. OrbepuTe 2-3 rpynisl TOKEIBIX HIAPUKOB (CBHHLOBBIX APOOHHOK), IpH-
MEpHO MO 5 0AMHAKOBBIX IIAPUKOB B IPYNTIE, TAK, YTOOH MIAPHKH H3 PasHBIX TPyIL
3aMETHO OTJIMYANMCE 110 JuamMeTpy. MsMepbre AMamerpsl WIAapHKOB. JInA Kaxaoi
TPYNNbl BEIYHCIHTE cpelHee 3HAYCHHE DPajuyca M ero CpeaHeapu(MeTHUYECKyIo
OwHOKy.

2. Bpocas mapuky B COCYJ, C TEXHHYECKHM TIIHLIEPHHOM, W3MEPbTe BpeMs na-
JEHUS MEXY ABYMS MeTKaMH. JIns KaknoH rpyniibl BEIYACIHTE CPENHEe BPEMs 112~
[ICHHS H €ro cpeqHeapH{PMEeTHIeCKY10 OUTHOKY.

3. Io dopmyne (3) 118 KAKI0H rPYINB! LIAPHKOB HAlIHUTE Cpeltee 3HAYCHHE
koa(uunenTa paskocTd. Ero ommbky paccunraiite no gpopmyne

Af]:Zﬂ_
n
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TlpoBepiTe, MEXKHUT H PACXOXJICHHE B 3HAYEHHAX 1) [N PAsHBIX [PYON B ApENeax
OITHOKH.

4. INo nafizendomy ko3QOHUHEHTY 1| ¥ CKOPOCTH ¥ IS K&KAOH IPYIIILI ma-
PHUKOB paccuuTaiite yucno Re u nyTh ycranosnenus ckopoctd S. [Iposepbre BhI-
ITOJIHEHHE YCIIOBHHA

Re=2Poe y AL> 377,
7

2p. r°
THE T= —f;ic— — XapakTepHOe BpeMs YCTAHOBJIEHHA CKOPOCTH.
7

KonmponsHbie eonpock!

1. Kakos Qusuueckuil cMBICT KOPOHIIHMEHTA BA3KOCTH JKHAKOCTH H Kak OH
3ABHCHT OT TeMIleparyphi?

2. Yro nassBaeTcs rPajideHTOM CKOPOCTH H KaK OH HAIIPABNEH B YCIOBUAX
onwiTa’?

3. BuiBeaure dopmyny (2) wis pacuera Koa(puIMenTa BA3KOCTH MO0 METORY
Crokca

fNumepamypa
1. CazesneB U.B. Kypc obueit gusuxn. T. 1. M.: Hayka, 1973.

Pa6ota Ne 11 (007). OnpeneneHue Ko3gduLMEeHTa NOBEPXHOCTHOTO
HATAMEHWUSA KMOKOCTM METOLOM OTPbIBa KOMNbLa

Uens pabomsi:

1. MzyueHue ABIEHHS IIOBEPXHOCTHOTO HATKEANA.

2. Onpegenenne K0IQGUIMEHTA NOBEPXHOCTHOIO HATAXKEHMA KHIKOCTH ME-
TOJIOM OTPHIBA KOJIBITA.

3. Onpejenenue CUCTEMATUYECKOI OMMAOKH.

ObopydoeaHue: naboparopHEIC BEChl, TOHKOE ATOMHHHERBOE KOMBLIO Ha
TpUbUIAPHOH NOJBEcKe, CTAHWHA ¢ BEPTHKANBHO
nepemeniaeMBIM CTONHKOM H YaCOBBIM HRIHKATOPOM
MepeMelneH i, CTeKINHHAS KIOBETa, PA3HORECKH, MENKHHA
NECOK, MerkHe KopobOoUuKH.
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Puc. 1. [lonepeunoe cevene cmenKu KOTbya u NPUNOOHAMOIL HCUOKOCmu

Codepwanue U Memod bINOIHEHUA pabombt

Konbno, npuBeleHHOE B CONPUKOCHOBEHHE CO CMA4HBAMOINEH €ro >KUIKO-
CTBIO, IIPH NOABEME YBICKACT 33 COOOH HEKOTOPYIO 4aCTh JKMIKOCTH, KOTOpas Oia-
rogaps MOBEPXHOCTHBIM CHJIAM OKa3bIBACTCH B MOJBEIUCHHOM COCTOSHMH. JTO siB-
neunue m300paxeHo Ha puc. 1, rae yHKIMPOM [OKa3daH ypoBeHb cBOOOAHOH mno-
BEPXHOCTH #HAKOCTH BIATH OT CTEHKH KOJbIIA.

Iycre d — muameTp Xonbiia, © — €0 WMpHHA IO HIDKHEMY Kpale AA', [ -
TONMIHHA nepemeiyky BB' B camMoM y3KOM MecTe, ¢ — Yrojl MEXKIY MOBEPXHOCTEIO
AKHIAKOCTH M HIDKHHM KpaeM KOSbIla B TOUKaxX Kacanus A, A'.

Yron ¢ He cnenyeT MyTaTh ¢ KPAEBLIM YTIIOM, KOTOPLIH ONMpe/eNsieTcs crerne-
HEBIO CMAYMBAHKA TBEPAOH MOBEPXHOCTH KHAKOCTHIO.

PaccmoTpum ycioBus paBHOBECHS XHIKOCTH, COMPHKACAIOEHCI ¢ TBEpIOH
CTeHKoi (puc. 2).

Puc. 2. Yenosusn pasroeecus scudrkocmu

B ofuiem ciyyae NPy HETONHOM CMAYMBAHWM KHAKOCTHIO TBEPAOTO TeNa CH-
na Fy; Hanpaw/ieHa noji HEKOTOPBIM YIZIOM [ K TOBEPXHOCTH TBEDIOrO TENa; 3TOT
yroil [} HA3BBAKOT KPAEBbIM YIJIOM.
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JKuakocTs, rpaHMuanias ¢ TBEPILIM TedoM, GyeT HaXOAUTLCS B PARHOBECHH
B TOM CIy4ae, ecriu

Fy cos =I5 = Fy;.

Kpaeroii yron, mox KOTOPHIM TpH PaBHOBECHH CBOOONHAA MOBEPXHOCTh AKHAKOCTH
BCTpeYaeT MOBEPXHOCTh TBEP/IOTO Tela, onpeielserces GopMyoi:

cos f=(Fs; ~F31 )/ Fis.

Ilpu monHOM cMauuBaHuK Kpaepoii yron f# = 0, a npu HOJHOM OTCYTCTBHM
cmaumsanus fF = 7z KpaeBoH yrosl 3aBHCHT OT IIDHPOABLI CONPUKACAIOIMXCH Be-
MECTE H OT TeMrepatypsl. B ciydae paBHOBECHA MOZHATOTO KONBIOM CTONOA KHI-
Koct @ 2> G BB 20 -

Jns Tonxoro koneia (C<<d) Moxuo mpeHedpeds KPHBM3HOH €ro CTEHKH, W
OTPHIB TIOBEPXHOCTH TpH ¢ > B , B pe3yabTaTe HCUE3HOBEHHS nepeMbrukn BB, T.e.
npu D =0.

[Ipu atom C < (1.066 }0/ng . 3aeck ¢ — KOAO(QULHEHT NOBEPXHOCTHOTO Ha-

TSUKENHSA, P — MJIOTHOCTE XKKAKOCTH, g — YeKopeHue cBoboaHore nagedus. s se-
maaussl h B F ¢ yraoM AeicTBEA CHNI MOBEPXHOCTHOTO HaTsvkenus F (puc. 1) copa-
BEJUTHBBI (DOPMYJTET

h=2 i(:osf?-, I :ZC‘,;’pgaoos£+20'sin¢:, (1)
e s 2 2
IAC YroJ (¢ YAOBIETBOPAET TPAHCUEHICHTHOMY YPaBHEHHIO
s 1+sin2
¢ [: 1.066 - psinZ + n——2 | . )
Ve Z 1-sin?

JUIs HOCTATOYHO TOHKOrO KOJBLLA OTPHIB NOBEPXHOCTH IPOHCXOOUT MO A0C-
TIKEHHHM YIJIOM (p 3HAYEHHs Kpaesoro yrna p.

Ilpu stom C > (1.066 ﬂ% ] MaKCHMAIbHAS BETWYHHA MONHATOrO cronba

KHAKOCTH h 1 cuabl oTpsiea F, mpuxoisiixecs Ha ¢AHHMILY JUTMHBI KOIBIA Oe3 yué-
T4 €r0 BCCA, PAaBHEL

2=2/% u F=2CJmo . 3)
72

B gactHOCTH, B3 ypapHenu#t (1) u (2) cnexyert, uto
ﬁ— 2y 4)
Logh
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IZie 3HAK «PABHO» COOTBETCTBYET [EPBOMY CIIYYaK) OTPhIBA, a 3HAK «Oonpme» —
BTopomy. Ilockonsky Benuuuna C TakKe NOAJACTCA MIMEPEHHI0, cooTHOmEHHE (4)
sBMNseTcs YAOOHBIM KPWTSPHEM JUiA BHICHEHHS BONPOCA O TOM, Kako# ciyyail or-
PBIBA HMEET MECTO B KOHKPDETHOM OIIBITE.

Ocranosumes 6Gonee noapobHO HA BTOPOM Cllydae OTphiBa. PaspelluB ypas-
Henud (3) OTHOCHTENBHO BEIHYHH © ¥ cos((/2) , nMeem

a—=—?i(k2+h2), cos§=—h—— (5)

Nl
£
rae k= parg C. Ecnu 3payenne C U3BECTHO, TO GOpMYITEI (5) NO3BOIAIOT PacCUH-

TaTh BENHYMHEI G, ¢ . Ecnu 3gadenve C ve 1aHo, TO ABHBIX BBIPAKEHUH JUIA pacdera
BENHYHHH G, @, C MONYHMTE HENB3d U CHeAyeT pewars cucremy (2), (3) Mertomom
TIOCHEN0OBATENBHEIX MPHGTHKEHHH,

MOXKHO MPEANIOAKHTE JIBa BEIMHCIHTEILHbIX IPOLECCA TAKOTO POJIA:

1. Mo npuGmuxennomy 3Havernto C w3 dopmyins! (5) HalTH npuOIMIKEHHbIE
3HaY€HHs O, () , KOTOPHIE 3aTEM MCIIOIb30BATh JUIS YTOUHEHUS ¢ noMompio (3) 3Ha-
qenus C, ¥ T.4. :

2. Mckmouur u3 (2) , (3) enuumesl C, 6, DOTYyYHM TPaHCUEHAEHTHOE YpPAaB-
HEeHHE

@
1+sin*
2F :
——chos%:l.066g25m§+ln——-——2—. (6)
Peh 1fsin§

H3 Hero HaliTu @ , KOTOpOE 3aTeM MCTIONB30BATH AIA OTHICKAHMS 3HadeHui C,
O.

Cxema 3KCICpMMEHTAIBHOM YCTaHOBKY [is M3MepeHHs pemudmH h, F uzo-
6paxcena Ha puc. 3.

Puc. 3. Cxema sxcnepumenmanvnoti yemanoexu
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ToHkoe amOMHHHEBOE KONBIO A MOABEIIEHO HA OEO M3 rieq KOpPOMEBICTA
1abopaTOPHLIX BECOB BMECTO yamiky. TpubuispHas NoJBecka KOAblA OCYIECTRILI-
ercst TaKHM 00pa3oM, 4TOOkI [LIOCKOCTE HIDKHErO Kpasi KONblLa GBLIA NOPH3OHTANb-
HoH. CTEKIHHAA KIOBETA ¢ MCCIEAYEMOH MKMIKOCTHI) CTABUTCA HA BEPTHKAIHHO
nepemeniaempiit cTomuk C , no3BonsAoUMH IPHBOIUTE KONBIO B COMPHKOCHOBCHHE
C KMIKOCTBEO H 00ECTIeYMBATL YCIOBHS OIBITA. [lepeMelleHHs CTONHMKA PerHCTpH-
PYIOTCS MHAMKaTOpoM vacosoro Tuna M mozenn MY 10 MH c neHo#t nenenms
0.01 MM ¥ xomom 10 MM.

MeTomuka A3MepeHnii TpebyeT NpeABApPHTENBHOIO YPABHOBEIMHBAHUS CYX0I0
KOJIBIIA HA BO3IyXe, IPH KOTOPOM CTPENKY BECOB KENaTeNbHO YCTAHOBHTE HA HYJe-
poe neigende mkanst 1. Torna mpy B3auMoAeHCTBHH KOMbUA ¢ HKHAKOCTRK pPaBHO-
Becue OyaeT HapyiueHo. It ero BOCCTAHOBIEHHA HA OCTABLIVIOCA YallKy- BecoB B
CHEAYET TOJIOKHAThL JOTIONHUTENBHBIH [PY3 P — KOpoGOYKY ¢ meckoM — W rmepemec-
THTE KIOBETY IO BEPTHKANH. Y CIOBHE PABHOBECHS B 3TOM cirydae OyleT MMeTh BHA
F =P +nCy, rae F — cuna, feffcTByiolmas Ha KOMBLO CO CTOPOHEI XUAKOCTH, Cy — 1e-
Ha JIC/ICHKA IIKAIbL BECOB, N — YMCIO AEICHH, HA KOTOPOE OTKIOHIETCA CTpelKa OT
TIOMOMKEHUS PARHOBECHA (HyneBoe aeieHue mkansl). IIpu stom n < 0 0pH oTKIOHE-
HHM BAEBO, B CTOPOHY KoO/IbIa; n > ( NpH OTKIOHEHHH B IPOTHBOMONOKHYIO CTOPO-
HY.

Benuuynna F 3aBHCHT OT MOMOKEHUS HIXKHETO Kpas KOHLA TIO OTHOLISHUIO K
cBobOMHON NOBEPXHOCTH KUAKOCTH. B MOMeHT oTphiBa F = fzdchl, roe d, — cpen-

HuiT AHaMeTp Koasla, Fi — cHna oTpbiBa, HIPHXOAAAACA HA AHHALY JUTHHB KONBLA,
KOTOpas OPH NOJHOM CMauMBauuy onpeaensercs bopmymamu (1), (2).

Iodzomoexa IKCREPUMEHMATBHO YCIMAHOSKI K U3MEPEHUAM.

Ocmorpure nadopatopueie Becbl. ONOpHBIE NMPHIMBEL W NOYIIKH JOMDKHLI
OBITH OMHLUEHB! OT 3arpA3HeHHH M NPOTEPTH! CIMPTOM, YTO MOXXET IPOH3BOAMTLCS
JIMIIG B ADPETHPOBAHHOM COCTOSIHHHM BECOB.

TlopeTarka BecOB HOMKHA ObITh [IPUBEACHA B NOPH3OHTAIPHOE MONOKEHUE,
(1A YET0 CIYXKAT YCTAHOBOYHBIE BHHTHI H OTBEC Ha KOJIOHKE BECOB.

OcBofokIeHHOe OT appeTHpd KOPOMBICIO JO/DKHO TIABHO KAyaThes OKONO
MONOKEHHS PaBHOBECHS, KOTOPOE MOXKET HE COBIANATh C HYJIEBLIM NCICHHEM HIKa-
gt BecoB. COBMECTHTS TI0JIOKEHHE PABHOBCCHA C HYTEBBIM TEICHHEM WKambl MOK-
HO MPU [OMOIIH FaeHeK, [IepeMellaeMblX Ha KOHIIaX KOPOMLICIa.

OnpenenuTe UgHY JefeHHs UIKANBL, TOMECTHB HA 9aIIKy BECOB PA3HOBECKY B
20 Mr ¥ M3MepHB BEMHYHUHY OTKJIQHEHHS CTPENIKH OT MOJIOMEHHs PABHOBECHS!

p
Co=—"——.
! (ny ~m)

HOJ].FOTOBI;T& HHIHKATOp HCpGMB[LLBHP!ﬁ K HU3MCPCHHAM BbICOTHI TIOABHUKHOIO
cronuka. Muaukarop Tpebyer ocropokuoro obpawenya. Heobxomumo creauts 3a
TeM, 9T0Dbl ero CTepeRE nepeMemmancs 6es yapos B koune xoxa. Hensas nosopa-
YHBATH KOPNYC HHAHKATOPA, KOFAAa OH 3AKPETUICH B IEPXAIKE 32 THIB3Y.
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O6paboralite cOMPTOM MW >PHPOM aMOMMHMEBOS KONBUO M BHYTPSHHIOW
NOBEPXHOCTEL KiOBeTH. B naidbHelimeMm He NpuKacalfTeck K HEM nanbuamu. [Tocne
BBICBIXAHHS KIOBETHI HAIOJIHUTE ee Ha 2/3 IUCTHIUIHPOBAHHON BOLOH.

Apperupyiite Becsl. OMyCTHTE MOABIDKHBEIA CTONHMK B HIDKHEE IOJIOXEHHE.
[TocTaBETE HA HETO KIOBETY C AKHIKOCTEIO.

Hsmepenute MaKCUMAIBHOU GBICOMBI  CHIONOA  HCHOKOCMU, HOOHAMON
KOMbYOM.

[InaBHO NOAHHMASA CTOMHK ¢ KIOBETOH, MPHBENHUTE KOIBLO B CONPHKOCHOBE-
HME C MOBEpXHOCTHIO BozH. (Tlorpyikenue KONBUA B KMAKOCTE NPH 3TOM HE NPO-
H30MIET, TAK KaK BeCHl appeTHpoBaHsl. ) MsmepsTe BEICOTY CTONHKA h;.

Me/TeHHO OTTYCTHTE CTOJMK JI0 OTPEIBA KONBLA OT )HAKOCTH. MameprTe BBI-
COTY CTOJIMKA hy, COOTBETCTRYIONIYE0 MOMEHTY OTpPhIBA.

Haiiaure MakcHMansHyH0 BBICOTY cTONOA KHAKOCTH h = hy — hy.

HOBTOPHB OIIBIT HECKOJIBKO pas, ONpPEACIUTC CPCOHCC 3HAYCHHC h u ero
ourbKy.

Himepenue ciutel 0mMpslea Konbya 0m 3HeudKocm.

IMTogHHMATE CTOMHMK ¢ KIOBCTOH JO CONPHKOCHOBEHHS KOMBLA C JKHIKOCTHIO.
TonoxuTe Ha HalIKy BECOB MYCTYIO KopoGodiy H OCBOBOAHTE KOPOMBICTO OT appe-
THpAa. Eciin npu 3TOM NPOM30HAET OTPHIB KOMBIA OT KUAKOCTH, MOJHHMHTE CTOJIHK
BEIIIE MM 3aMenuTe KopoboyKy Ha Goree Nerkyro Tak, 4ToOwi OTpbiBa He NPOMCKO-
0. Omyckas CTONMK C KFOBETOH MM MOJCHINAA MENKHH Mecok B KOpoGouKy, 0To-
PBHTE KOJILLIO OT KHIAKocTH. O0paTiTe BHUMAHHE HA TONOMKEHHE CTPENTKH BECOR HE-
[OCPENCTBEHHO nepe oTpbiBoM. JobeiiTeck TOro, 4To6B B MOMEHT OTpBIBA CTpeIKa
He 3alUKaNKBana i Oblna BO3MOMXHO GIIDKe K TONOXKEHHIO PABHOBECHS.

Ipx nomomy araNMTHYECKUX BECOR ONpeNemnTe Bec KopoGoyki ¢ meckom P.
H3 dopmyne: (7) Hadiowre cumy oTpriBa F.

IlopTOpHB ONLIT HECKONALKO pas, ONpejeNuTe cpefaHes 3Hadenwe F u ero
owubKy.

Paspeiratouiee yeumue euipaxaerca Gopmynoi

F = (2mo +2my0)=210(n +1,).

Ecmu cTenky Konbila JOCTATOYHO TOHKH, TO MOMKHO IIOJIOXKHTB, YTO

K+
A2y, re. d=2r

B rakom cnyuae

F=4mlc, vin a':—Ii—,
4l
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Pacuem xodppuyuenma noeepXHoCHHOZ0 HAMANCEHUA.

Paccumraiite cainy F; ,npuxonsurytocs Ha eIHHHLY JIHHEI Konbla. [lonssy-
SCh KpHTEpHEM (4), ONpeaenuTe, Kakoi ciydai OTphIBA HME/ MECTO Ha OIIBITE.

Hcnonk3ys nony4yeHHble B OIBITe 3Hadenus h u Fy, mns nannoro a paccawraii-
TE BEMTMYMHY G M ce OIIHOKY.

[Mpuremyre yTOUHAONME PaCHeTh, YMEHBIIAKIME CHCTEMaTHYECKYI0 ommb-
Ky, CBS3AHHYIO ¢ 3ajanueM Beauduun C.

Konmponbnb:e 80npochLI

1. Korna i xax MOMKET [OBIHSTE HA PE3YJIBTATHL ONBITOR HETIOIHOE CMAYHBa-
HHE KOJbLA XKHIKOCTEIO?

2. Kak BOMSIOT HA BENWYMHY NMOBEPXHOCTHOTO HATSHKEHHA BOJEI HeGOIBIIHE
IIpEMECH cniupTa | 3¢upa?

3. Kax nanpasjieHa cHMla HOBEPXHOCTHOTO HATSHKEHMA B MOMEHT OTPHIBA
KoJbua?

4. Hajigute paauyc Kaild BOZBI, OTPHIBAIOMIEHCA OT TBEPIOH TOPH3OHTANIb-
HOM TIOBEPXHOCTH TIPH €€ ITOTHOM CMauHBaHHH.

5. QuennTe cpeRluMi paauyc Kaliid BOAEL, OTPHIBAIOMIEHCA OT TBEpAOH TOpH-
30HTANBHOM IMOBEPXHOCTH IIPH €€ TIOTHOM CMaYHBAHHH,

6. OuennTe CHIY NMOBEPXHOCTHOTO HATSKEHWA, ASHCTBYIOHIYIO Ha JJaNKy BO-
JIOMEPKH, ¥ TTyOHHY €€ TOTPYKEHHI B BOAY.

7. Ouennre MaKCHMATBHEI Bec HACEKOMBIX, CITOCOOHBLIX MepeMenaTrses Mo
CcBOOOHOIH TOBEPXHOCTH BOJBI.

NMumepamypa

1. CuByxus JI.B. O6mnii kype puzuxa. T. 2. M., 1990.
2. Casenses U.B. Kypc obmei#i dmmar. T. 1. M., 1973,
3. Marseer A.H. MonekyisipHas dusuxa. M., 1981.

Pa6oTta Ne 12 (0010). OnpeneneHve pasMepos
MOneKynbi ONEeUHOBOW KUCNOTLI

Lens pabombi:

I. M3yvueHnwue sBICHUs ITOBEPXHOCTHONO HATSHKEHHMS HA IPAHMIIE TPEX CPeNl.

2. OnpenencHue JHAMETPA U BEICOTH MOJEKYJbI OJIEHHOBOH KHCIOTEI METO-
JIOM MOHOMOJIEKYJISIPHOTO CITOS.

3. Ouenka pe3yJbTATOB H3MEPEHHS H PAcyeT NOrPeIIHOCTEH,
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ObopydogaHue: pacTBOp ONCHHORBOH KHACIOTHL B CIHPTE, KIOBETA, THHEHKA,
anAIMTHHECKHE BeChl, TPOCKOBHIE OTIMIKH, MHTCTKE.

Codepmarue u memod esinofHerus paboms!

PaccMoTpuM YCNOBMs, BOSHHKAIOIIHE HA IPAHHNE CONPHKOCHOBEHHS IBYX HE
CMEMIMBAIOMIAXCA APYT ¢ ApYTOM sunkocteil. [IycTh Karuis *uIKoCTH 2 TTIOMEIEeHa
Ha TIOBEPXHOCTH Apyrod xuikoctu 1. Bec kanmu 3actapnseT ee HECKONBKO YIy-
GuThea B KHAKOCTE 1, oBpasys yedeBHLy. OnHAKO Jasek0 HE BCerha Kalld OZHOH
MHAKOCTH HA NMOBEPXHOCTH APYro# obpasylor ueyesuiy. Tak, HanpHMep, GeH3MH U
KEepPOCHH Ha MOBEPXHOCTH BOALI 00pa3yOT TOHKHE ILIEHKH.

PaccMoTplM, TPH KaKUX YCIOBHAX 00pa3yercs JYeueBHLa U MPH KaKuxX — TOH-
Kas MJeHKa.

Puc. 1. Popma vevesuyvi

M3 pucyHka BUIHO, 9TO B PACCMATPHBAEMOM CIIy4ae APYT ¢ APYTOM IpaHHdaT
CHEAYIONHE CPENEL: XKHUAKOCTE | MPaHHYHT ¢ KHAKOCTRIO 3 KHAKocTH 1 M 3 rpanu-
4aT ¢o cpenoi 2 (cMechk mMapoB KUAKOCTER 1 1 3 — ¢ BO3AYXOM , €CAM OIbIT MPOBO-
JHTCA Ha Bo3xyxe). I'panumell cOnprKOCHOBEHAA TPEX CpPE ABIACTCH OKPYKHOCTE,
orpaHu4dBarmas dedesuiyy. Ha sneMeHT qinab!l L 3TOH OKPYKHOCTH NEHCTRYIOT
TPH CHJIbI MOBEPXHOCTHOIO HATSDKEHHA:

Fi; = opdl — Mexay siuakocrsve 1 1 2;

Fi3 = o3dl — Mexny suakocTsio 1 u razoBoii dasoi ;

Fa3 = 053dl — Mexny »KHIKOCTLIO 2 M ra3oBoi (da3oit.

Kaxias ¥3 5TuX CHN HaANpaBliena no KacaTeibHol K NOBEPXHOCT CONpHKOC-
HOBEHHS COOTBETCTBYIOIMX ABYX CPEl; Gj2, O3 M O23 — COOTBETCTBYICIME KOIDH-
[HUEHTHI NOBEPXHOCTHOTO HATSKEHMs,

Yro6hl KHAKOCTE 2 HAXORWIACH B PABHOBECHH, HeOOXOOMMO, Y4TODBI CyMMa
ITPOEKIMMH BCEX TpeX CHNl Ha OCH KOOPOHMHAT PABHANACE HYJIKO, T.€.

Fia= F2300591+F1200392, 0 = F;35in0,-F,51n6, (I)

HITA

0 13=023¢050,+652c080;, 0=0,35in0,-0251n0, . (2)
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BozBoas oba pasencrea (2) B KBAAPAT, CIOXKHM KX, TTONYIHM:
7 2 2
013 = O3 + 0 + 209307, c0s(6) + 6 ).
OGo3ragme 0,1 0, uepes O, momyunm
D e .
Oj3 = 093 + G + 2030, cos 4. 3)

Vrael 8, v 0; HaseBaoTC Kpaeasivu yenamy. Kpaesele yriisl (IpH paBHOBe-
CHH) ONPENENAIOTCS COOTHOIIEHHEM TpeX KOaDGHIMEHTOB Gy, G13 U O3 HA IpaHu-
1€ CONPHKOCHOBEHHA XKHUAKOCTEH, T.€. COOTHOMWEHHEM MOJIEKYJIPHEIX CHJI B3aHMO-
JIeHCTBHA BHYTPH KaXI0H KHAKOCTH M MEXAY KHUAKOCTAMH. B wacTHOCTH, COOTHO-
TIEHHE MEXKIY Oz, Oj3 K O3 MOXKET ORITE TakuM, 4to cos® = 1 u, 3pagur 6 = 0. To-
IJla FUIKOCTh 2 pacTeKaeTest TOHKHM CIOeM IO MOBEPXHOCTH XUAKocTH 1. B sToMm
CIIy4ae rOBOPAT, YTO JKUAKOCTL | TOMHOCTRI0 CMAYWBAETCS JKMAKOCTBIO 2, WITH Ha-
000poT. PH3MYECKH ITO 03HAYAET, 4yTO chia F 3 No BeiMyiHe Gonbiie paBHOASHCT-
Bytowiei cun ( Fiz+ Fopz ):

Fi3>Fp+ Fa. C))]

M3 prc. 1 BHOHO, YTO PE3yILTHPYIOLUAS CHIA B 9TOM ClIy4ae HAlpagieHa T4k,
9TO OHA pacTArMBaeT kawmo. Eciu xe Fi; < Fy; + Fp, To xuakocts Oyaer crsaru-
BaThCA N0 TeX nop, noka I3 ve craner pasHo# Fi; + Foi. D10 1 ectb yenosue obpa-
30BAHNA YEYUEBHULIbL:

Fraa iy F.P5. (5

MHorse opraHuyeckue KMIKOCTH, HampuUMep 3(Hp, pacTekaeTcs Ha MOBEPX-
HOCTH BOABI B MOHOCHOH. [Inst Takux XuAKoCTedH, Kak GeH3uH, KepOCHH, OMeHHOBasA
KHCIIOTa M Ap., pPacTexanue HabmoqaeTca TOMLKO i MEPBEIX Kamens, MoKa moBepx-
HOCTE He 3arpsa3HeHa. JTo 00bsACHAETCA TeM, HTO MEPBBIE KaTlIH, pacTeKasich Ha Io-
BEPXHOCTH BOJBI, H3MEHSAIOT €€ MOBEPXHOCTHOE HATHKEHHE HACTOJBKO, YTO A1d HO-
BBIX KaImedb BO3MOMKHO BHITIONHEHHE yCioBus (5).

B nannoi pabote vecnenyercs spleHHe pacTeKaHus NEPBOH Karlld pacTBopa
oneunosoi kucaote CisH340; B cnupre no nosepxuoctu BoAsl. M3Mepenna ceoaat-
CS K ONpeIeIeHHI0 Macchl Kaluld M IUIOLIAM, 3aHATOH 3T0H Kane# Ha MOBEpXHOCTH
BOJIEL.

CrpykTypa MOTEeKyIbl QIeHHOBONH KUCTOTH:

CH;3(CH,); CH = CH(CH,); COOH.

Pasupie 9acTH MONEKYJILI KHCIOTH 001agaioT pasinuuHbIMM CBOHCTBAMH: Da-
padunosas nenouka (CHi-CH,-CH,...) rHepTHa M BRITANKHBAETCA M3 BOMBL, 4 THJ-
poxcunbHas yacts (COOH) nputarueaercs k Bofe. B pesyabTaTe rHAPOKCHIBHBIMU
CKOHLAMH» MOJICKYJIbl OKA3BIBAIOTCs 00paleHHBIMH K BOJIE M HAJ BOOH BO3BBILIA-
FOTCS HECMAYHBAEMBIC «Mapa(HHOBbBIE XBOCTED.

Eciin Ha NOBEPXHOCTL BOAL KATIHYTE PAacTBOP ONEHHOBOM KHCIOTH B CITHPTE,
TO CIIHPT YaCTHYHO MCMAPHTCA, & OJEHHOBAs KHCIO0TA ITOKPOET MOBEPXHOCTE MOHO-
MOJIEKYISpHOH ruenkoi. Jna HabmoxeHus Takoi TUIGHKH M H3MEpeHMA €€ Iomani
[OBEPXHOCTD BOJBI NOCHINAOT TankKoM (Wnu aukononneM). [lierka onenHoBOH KH-
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CJIOThl YMEHBIIAET TOBEPXHOCTHOE HATAKEHHA BOABL, IMO3TOMY IUIABAIONIHE HacTH-
1Bl TAJIbKA OTOJIBHTAIOTCA 38 Kpasl [UICHKH.
C noMOMmBIO MHIIETKH KAllalT Ha MOBEPXHOCTE BOJB], NOCHIIAHHYIO TATLKOM,
OIIHY KAIUTI0 PAacTBOPa OJIEMHOBOM KucnoTsl. Kanns, pactexasch B MOHOMOJIEKYIAP-
BEIH croit, o0pasyer Kpyr, no juamerpy [ KoToporo MOXHO paccudTaTh TTOLIanb
S, 3aHHMAaEMYI0 OOHOH MONEKYI0H OJeMHOBOH KHCIOTEL:
2
5.2, ®
4N
rae N — 4ue/io MOTIEKY/ OJIEHHOBOM KHMCIOTHI B 0HOH Kamne. Ecny M3BecTHa mMacca
Karm m, % CoAepaHuA KHCIOTH B pactBope (6%) U Monﬂpnasl Macca OJIeHHOBOH
kucnorel { CigHs40: ), TO -

4] mN 4 a% )
u 100%
rae Ny —uneno Aeoraapo, U= 282 r/Monb.
Orcrona
2 0,
D* 1 100% . ®)

" 4mN, a%
T'OpH3OHTANbHLIH M BEPTHKATLHEIH pasMepsl MoneKyasl (d u L) oneruM kak

d=.5,, L=VIS. 9)

Bripaxas o0sem MoHocnos V, 00pa3oBaHHOro Karviei, | ero mwiomams S, mno-
JIYYHM
dm a%

Lo = 10
aD? p 100% ke

e p — IUIOTHOCTE OJIEHHOBOH KHCIOTH, paBHas p = 0.898 r/en’.

Iopadok evinonnenus paGombl.

1. Hato/H|TE KIOBETY BOJOH M MOCHIATE YCTOKOMBINYHICH [TOBEPXHOCTE €€
NpoOKOBBIMH ONMHMIKAMH FITH TAJTEKOM.

2. B ManeHbKHM# CTaKaHYHMK ¢ NOMOLIBIO MUIETKH Hakanate 20 kanens pac-
TBOPa OJIEMHOBOM KHMCJIOTH H ONPENENHTh HAa aHANWTHYECKMX BECAX MAaccy OOHOH
KaruTH.,

3. BeillyCTuTh M3 MUOETKH, ¢ HeBOMBIIOH BEICOTH], OJJHY KATUTIO PacTBOpA KH-
CIOTHI HA TIOBEPXHOCTE BOMLL.

4. ViaMepuTh AHamMeTp 00pa30BaBIIErocs KPYra B HECKONEKMX HAIIPABITEHHAX
H HalTH cpe/iHee 3HAYEHHE.

5. Tome3ysick hopmynamu (8) — (10), paccautars d ¥ L MONEKy B ONEHHOBOR
KHCIOTEL CPaBHHTE MOMYYCHHBIC 3HAYCHHSA.
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KonmponbHbie eonpocei

1. OO®ACHHTE ABNEHHE CMAYHBAHHA.

2. Yro Takoe Kpacpoi yron u 4em oM onpeensercs?

3. Yro npencTapnsioT cofoii TOPH30OHTANBHEIN H BEPTHKATBHELLH pa3sMepsi Mo-
NeKyibl B JanHoif paborte?

Jlumepamypa

1. Knxonn UK, Kuxonn A K. Mosnexynapuas ¢pusuka. M.: Hayka, 1976,
2. Martsece A.H. MonexynsapHas ¢usika. M., 1981,

Pabora N2 13 (0015). Onpegenexue yaen-HON TENNOThI
napooGpasoBaHus Npyu TemnepaType KUNeHus Boabl

Hens pabomsi:

1. Msyuenne aslenus napoobpazoBaHus IIPH KIISHHH BOJBL.

2. Onpenenerye ynenpHoH TEIOTH Napoobpa3oBaHns NMPH TEMIIEPAType Kiu-
TIEHUS.

3. OueHka pe3yIETATOB H3MEPEHHA H PacyeT TIOrpenHOCTEH.

O6opydoeaHue: fuCTWIIATOP, BOIBTMETP, ABTOTPAHC()OPMATOP,
CeKyH/IOMep, BeChl, crakaH Juis cOopa KoHIeHcaTa.

Codepxanue u Mmemod enionHeHUs pabomii

Hcnapenne xujkoctH nporcxonut npu no6oi remneparype. C Toukyu 3pe-
HUA MONEKYAPHO-KHHETHUECKOH TEOPHH 3T0 CBAZAHO ¢ TEM, 4TO 1pu MoBoH Ten-
nepaType B MOBEPXHOCTHOM CIOE YKHIIKOCTH MMEIOTCA TAKHE MOJEKYJIBI, KOTOpPhIE
00naAl0T KHHETUYECKOH IHepruei, MOCTATOUHOM ANA TOTO, YTOOK NOKHHYTH XKUA-
KOCTb H nepeiiTu B rasoobpasyo cpeny. Mojexyna NOKMHET XHAKOCTL B TOM Cly-
yag, eclu

my 5

Ayen < o

rjie v ~ HOPMAIbHAS K NOBEPXHOCTH XKHAKOCTH COCTABTIONAI CKOPOCTH MOJEKY-
B, M — Macca MONEKYJEI, A,., — TAK HaspBaeMas padoTa UCIIApeHHS MOICKYTEL.

PaBoTa McmapeHHs MOJIEKYJBI Claraercs M3 paboThl, COBEPIIAEMOH MPOTHB

CHJT MOJIEKYIAPHOrO MPHUTKEHHS CO CTOPOHBI MOACKY/T MOBEPXHOCTHOIO CHOK HHT-

KOCTH, H paboTel IIPOTHB BHEWHEro JaBieHus, Pabora 4, , cosepillaeMas IPOTHB

¥
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CHJI MOJIEKYJIIPHOIO CLICIUICHHS TIPM HCIAPEHHH ENHHHIbI MACChl, YHCIEHHO pagHa
PA3HOCTH yenbHBIX BHYTPEHHHX JHEPruil Iapa H MHAKOCTH:

Ai e U,,‘U_-m,

rae U, 1 U, = COOTBETCTBEHHO YAETbHbIE BHYTPEHHHE 3HEPIHH 1apa B KHIKOCTH.
Pabora A; , coBepmaemas NMPOTHB BHEINHETO NABIEHMSA NPA HACTIADSHHMH EIHHHUBI
MACCHI KHIKOCTH, JaeTcs GopMy10k:

A= P(V,- V),

rie P — BHewHee gapnenue, V, — yHeasHBIA 00BEM mapa, V, — yensupii obuéM
KUAKOCTH. ECITM NPH HCIAPEHHH K XKHIKOCTH HE TONBOMUTCS TEMNOTA, TO TEMIlepa-
TYPa KMAKOCTH MOHWXKACTCA BCMEACTBME YMEHBINEHHA CPEOHEH KMHETHYECKOH
IHEPTHM €8 MONEKY, BBI3BAHHOTO YXO[OM H3 KUKOCTH Hamboee GLICTPRIX H3 HHX.
IToaromy ans Toro, 9700l MCMApPEHME XHIKOCTH TIPOMCXOMHIIO [PH MOCTOAHHOMH
TeMNeparype, K JKHAKOCTH He0OX0MMO NOIBOIHTE OMPEIENICHHOE KOTHIECTBO Tell-
JIOTBI.

Benuuwga A , 4HCIEHHO paBHAas KOIMYECTBY TEIUIOTHL, KOTOpOE HeoOXOuHMO
TIOBECTH K eRHHULE MACCH TAHHOR WHIKOCTH NS NpEBpamenns e B nap npu no-
CTOSAHHOH TeMIepaType, HazplBaeTcs yoeavhou meniomoi napoobpasosanus. B cuc-
Teme CH A uamepsercs B [lx/kr. Tennora, nogposumast K KUIKOCTH [IPU U30TEPMH-
YeCKOM HCIapeHHH, WAET Ha paboTy Mo IIPeofONEeHHI0 CHIl MOJIEKYIAPHOTO CUEILIe-
1M (BHYTPEHHAA TeIUIoTa rnapoobpasopanua) H Ha paboTy MPOTHB BHEINHETO JaB-
JIeHHA (BHEIH#A TervioTa napoobpaszosanms). [TosToMy Ais yAENbHOH TEIUIOTHL Na-
poobpazoBaHus MOTyYaeMm

A=A+ Ay=Uy- Uy + P(Vy- Vo).

VY ensHas TeIoTa napoobpazoBaHis 3aBHCHT OT XHUIKOCTH, a sl JAaHHOH
KHAKOCTH sensercs Qyukuueii temneparypsl. C yBellWu€HHEM TEMOEPATYph
yASNbLHAY BENWYMHA TEILIOTH NapooOpazopanus yORIBACT, & ¢ YMEHLIUISHUEM —
BO3pAacTaeT. B KPUTHYECKOM COCTOSHHMH PasNHYHe MEKIY KHAKOCTBIO H €€ Ha-
CEIIIEHHBIM TIAPOM HMCYE34eT, ¥ yJelbHad TennoTa nmapoobpazoBanus obpamaer-
CH B HYJb.

Jlia onpenenedus yaenbHOH TennoThl napooOpa30BaHUs BOIBI NPH TEM-
nepaType KUneHHs IOJ atMOC(EpHBIM JaBIeHHEM Holonb3yercs npubop — auc-
THILIATOP. Juecmunnamop coOCTOUT U3 KoNOBI ¢ BONOH, B KOTOPYIO MOTPYHKEHA Ha-
rpeBaTenbHas CHpaih, W COSAHHEHHOrO ¢ Kondo#i kxouaeHcatopa. [[ng Harpesa-
HHs CMHPANH HCTONB3YETCA MEpEMEHHBIH TOK, d)QEKTHBHYIO CHIYy KOTOPOro
MOXHO H3MEHATh, MeHAA 3QQeKTHBHOE HaUpsKeHue Ha KOHIAX CITHpajH ¢ Io-
MOILEBI0 aBToTpaHc(opMaTopa. DddekruBHOe HanpsKeHHe Ha KOHLAX CIUpani
H3MEPAETCA BOALTMETPOM.

Ecnu narpets Bomy B KonOe 10 TeMIeparypbl KUIECHHS ¥ A4Th €A NOKMIETH
MHHYT 15 - 20, To 3a 370 Bpems NpHOOp MPOrpeeTcs HAacTOJIbKO, 9TO MPOLECCH,
NPOHCXO/ANIAE B HEM, MOMXHO CIHTATH CTAUHMOHAPHBIMU (He 3aBUCHLIMMH OT Bpeme-
ax). 210 Oymer 038aYATE, YTO YCTAHOBWICH B CPEAHEM MOCTOSHHAA PasHOCTh TEM-
nepatyp ko6l M OKpykatome# cpeisl. Kpome Toro, npH J0CTATOYHO HHTEHCHEHOM
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OXJAKICHAH CTEHOK KOHIECHCOPA Bech 00pasyoLIMiics 3a HEKOTOPOe BPeMs [ap NpH
MPOXOKICHAM Yepes KonaeHcop OyIer Npeppamarhkes B KMAKOCTE 33 TO Ke camoe
BpEMS.
Cornacro sakony Jhxoyns - JieHna IUig nepeMeHHbIX TOKOB, KOJHYECTBO TeM-
2
Ust
J1a, BBIJICNIHBIIEEC B CITMPATH 3a BpeMs t, paBHO wjie%’ rne U, ~ a¢dekTuBHOE Ha-

NPsDKEHHE HA KOHNAX ClHpalH, R — conpoTueiaerne cimpanm. Briienusineecs Terio
HIeT Ha IPERpaIleHHE BOJEI B NIap MpH TEMIEPATYPE KMMCHAS M HA HATPEBaHKe OK-
PY>KaIOWEH Cpensl BenencTare TennoodMena Mexny Heit u xonboi. Otciona umeem:

R

rae m; — Macca BOARI, NpeBpaTHBIneiica B nap 3a BpeMA {, g — TENJIOBLIE MOTEPH 32
TO e caMoe BpeMsA. [IpH CTAlMOHAPHOM peXHMe Macca m paBHa Macce BOJIBL, NOILY-
4enHOH 32 BpeMs { TIPH KOHJIEHCALMH rTapa.

Tennopbie NOTEPH ONPENEIHTE HKCIICPAMEHTANBHO TPYaHO. [TodTomy s
HMCHTIOYEHNS UM% ¥3 YPaBHEHHS ONHIT HOBTOPLIOT HpH APYTOH MOMHOCTH 3EK-
TpudeckoTo Toka. IIpu »TOM CHOBa COOMpPAlOT KOHOEHCAT B YCJIOBHAX CTALMO-
HApHOT'O PEXHMa 3a TO K¢ caMmoe Bpemsi. Bo Bropom ciydae macca napa, obpa-
3YIOIUErOCA B EQHHHIY BpeMeHH Gyner APYToi, To s 00ecIedeH s €0 NOIHOoM
KOHACHCALMK HeoOXO0NMMO M3MEHUTh CKOPOCTh IOTOKA OXNAKAAMIIEH BOAH B
KonaeHcope. TelloBsle [IOTEPH BO BTOPOM OIBITE NMpH COOJOACHHH BhILEyKa-
3aHHBIX YCIOBHH MOXHO [PUHATL PABHBIMH TEILUIOBEIM MOTEPHM B NEPRBOM OIlbI-
Te. Torma uMeem:

=md+g, : (1

t
——=mA+g, (2)
roe mp — Macca KoHaencara, cobpanHoro 3a spems t Bo BTopom onkite, Us — sddex-

THEHOC HANPSOKEHUE Ha KoHuax crmpany. Mcwmoyas uz ypasdenuii (1), (2) Hers-
BECTHYIO 2, HAXOAUM:

(3)

OCHOBHBIM HEAOCTATKOM 3TOrO METOHA SBIAETCA TPYAHOCTE TMOJYYESHHS
CYXOro napa. B maMHoH YCTAHOBKE HMCETCA BEPOATHOCTH YHOCA MapOM KaleaeK
KHNanieH XMIKOCTH, YTO IPHBOAMT K ourmOKe Mpu onpejeneHuu A. Bonsimoe
3HaueHHe Ana obecreneHHs HEoOXOIMMON TOYHOCTM M3MEPEHMH HMEeT TaKKe
CTAIHOHAPHOCTh PEXHMA. B YCIOBHAX HECTAIMOHAPHOTO DEXHMMa BO3HMKAET
3HAYUTENLHAA OHUOKA 33 CYeT pasiMyMsi TEMIOBBIX MOTEPh H HEMONHOR KOHAEH-
CaIWH.
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Himepenun.

1. 3anefire B konOy BOAY Tak, 4ToOB! CrMpals OblIA MOMHOCTHIO NOIPY)KEHA.
CoevHHMB ¢ BOMONPOROIHBIM KPAHOM KOHJEHCOD, ITyCKAlOT B HEro BOAY, IUIAaBHO
MOBOpaYMBasg KpaH. YCTaHaBIHBAIOT HEOOXOIHMYH CKOpPOCTE MOTOKA Bogsl. C no-
MOIIBK aBTOTpaHC(OPMATOpA MOAAIOT HA KOHLBI cupand Hanpskenue U, = 25B
(50 memenmit no mKane BonbTMerpa). Yepes 15 - 20 MuHyT mocie TOTO, KaK BOAA B
KONGe 3aKMHIMT, IPUCTYNAIOT K H3IMEPEHUAM.

2. B3pemyBaloT cTaKaH. 3ateM coOMpaloT B HErO KOHOEHCAT B TEYCHUM 5 Mu-
HYT ¥ CHOBa B3BEIIHBaIOT. Maccy CKOHAEHCHPOBABIIEHCA BOIE HAXOJAT 110 Pa3HO-
CTH IBYX H3MepeHui. B npouecce cbopa koHIeHcaTa HeoOXOMMMO CHElHTh, YTOGH!
HanpsOKEHME, TOKa3bIBAEMOE BONBTMETpPOM, ObUI0 NocToAHHBM. Henbas momyckats
OypHOTO KHIIeHHA BOABI B KoJIOe. Y MeHbIIHB HanpsDKkenue Ha cnupaiy o Uz = 20 B,
NPOBOIAT AHANOTHYHO BTOPOH OIIbIT.

3. 3Has conpotusneHue cnupanu R = U / I (Om), naiigure A B Ja/kr. Cpas-
HMTE TIOJyYeHHOE 3HaueHWe ¢ TabnuunbiM. OueHuTe abCOMOTHYIO M OTHOCHTE/b-
HYIO MOTPENIHOCTE H3MEPEHHI,

4. PaccauraiiTe BHEIIHIOW YAEHBHYIO TEILIOTY NapooOpa3OBaHHs IIPH TEMIIe-
paType KWNEHHA, Mofaras, 9To map B Kouide ABNAeTcs HACHLILIEHHBIM. Ui pacuera
BOCMONE3YHTech TabnHiElH 3aBHCHMOCTH TEMIICPATYPEI KHITeHHsA OT AaBieHus. Jlis
onpezeIeH s JaBIeHHA HCMOTB3YiiTe GapoMerp.

5. Hakigure BHYTPEHHIOIO YAENBHYH TEII0TY rnapoobpa3osaHus. Beraucnnte
paboty, COBEpIIACMYIO IIPOTHE CAJT MOJIEKYILPHOIO CLEIUICHISA YI PH TIEPEX0/E OX-
HOH MONEKYNbI BOABI M3 XHAKOH (hassl B razoobpasHyio.

[TnoTHoCcTE HackieHHOro napa npu t =100° C u armochepHoM nasieHun P =
760 MM pT. cT. paBHa p, = 598 F/M’ .

Puc. 1. Cxema yemanoexu



oy
KonmponbHikie eonpocs!

1. Kak 00bACHHTE © TOYKH 3PEHHS MONEKYIAPHO-KHHCTHIECKOH Teopuy yOBI-
BAHME VAENLHOH TEII0TE! Iapo0Gpa30BaAHUA NIPH BO3PACTAHUE TEMIIEpaTypEI?

2. Kakas W3 COCTABNAIOIIMX YJASNBHOH TemnoTsl napoobpasopanus Gonbiie:
BHYTPEHHSS UK BHERIHAA U NOYeMy?

3. Yro nasuBaercs cybaumManmei?

4, Kak ckaXKeTcs Ha BeTMUMHE A NIOTIaJJaHre Kanesjiek BOAH B map?

Numepamypa

1. Tenecuun P.B. MonexymnspHast Qusuka. M., 1973,
2. Kuxoun UK., Kukoun A.K. Mosekynspras Qu3snxa. M., 1963.
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