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1. EIMHAUIIbI BEJINYNH B CUCTEME CH

Enuuunpl BeTHIUH

Eounuypr éeauyun, npuMeHsieMble B HayKe U TEXHUKE, 00pa3yloT
MeXIyHaponHylo cucteMy eauHull (Systeme Internationale
d’Unites), ob6o3HauaeMmyo ab6peBuatypoii CHM (SI B matuHCKOi
TpaHCKpUMUUU. — [Ipum. nepesoduuxa). YrBepxneHHas B 1960 romy
TeHepanbHOI KOH(pEpeHIIMeH o MepaM 1 BecaM, 3Ta CUCTeMa, OC-
HOBaHHasl Ha METPUYECKOI cUcTeMe, B HACTosilee BpeMsl ODUIIM-
aJbHO MPU3HAHA B OOJIBIIMHCTBE CTPaH MUpA.

Huxe nepeunciensl ocHosHbie edunuybl geauvun cucteMbl CU u
HX KpaTKoe 0003HauYeHue.

Bemmna Enunnna 0O0o3HaveHme
BEJMYMHBL | MejkmyHAPOAHOE pycckoe
Bpems CeKyHIa S c
JliHa MeTp m M
Macca KUWJIOTpaMM kg KT
CuJia 2JIeKTpHYEeCKOro TOKa amIiep A A
Komuectso BeniecTa MOJIb mol MOJTb
Cua cBeta KaHjena cd K1
TepMonuHamMuuecKas TeMIeparypa KeJbBUH K K
Ilpucmaexu

Enunuiel BenmuuuH cucteMbl CHM MOXHO yBEIWYMBATh WA
YMEHBIATh C IIOMOILBIO PUCTABOK, 0003HAYAIOLIMX JIMOO YMHOXKE-
HUe, J1u00 neieHue 0a30BOM €AVMHMIIBI HAa OMpPEeAeIEHHOE YUCIIO.
Huxe mnepeuyncieHbl OBEeHAOLIaTh OCHOBHBIX MHOXMWTEIEH W HX
0003HaYeHMUsI.

Cokparmiennoe 0003HavyeHe

Ipucraska MHoxutens
MeKIyHapOIHOe pycckoe
Tepa T T %1000 000 000 000, mu x10"
rura G T x1000 000 000, wu x10°
Mera M M x1 000 000, wmm x10°
KHIJIO k K x1 000, ww x10°
TeKTO h r x100, wmn x10?
nexa da 1a x10, wu x10'
netm d I x0.1, mmm x107!
CaHTH ¢ x0.01, wu x1072
MULII m M x0.001, wma x1073
MHUKPO n MK x0.000 001, wu x107
HaHO n H x0.000 000 001, mmm x10~°
MUKO p x0.000 000 000 001, wu x107"2
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Jlauna, naowads, 066ém

Jlauna — 3TO paccTosTHME MeXIy ABYMsI ToukKamu. Enmnuia
JUTMHBI — Memp [M], OJHAKO, OYeHb YaCTO MPUMEHSIOT €ro IOJb-
Hble M KpaTHbIe 3HAYEHMs: CAHTUMETP [cM|, MmwummMeTp [MM]| U
KWJIOMETD [KM].

1 cM= 10 MM.

1M =100 c™m, wm
IMm =1000mm.
1 kM= 1000 m.

Ilrowade — BenUUMHA, XapaKTepu3ylolliasi pa3Mepbl MOBEPXHOC-
Td. [liomans MOBEPXHOCTH MPSIMOYTOJbHON (UTYyphI, HANpuMmep,
BBIYMCIISIETCS] YMHOXKEHUEM JUTMHBI ONHOM CTOPOHBI Ha UIMHY APY-
roii. Eciv AIMHbBI CTOPOH NpeACTaBIeHbl B METpax, TO €AMHHULIA TUI0-
IAY B 3TOM cllydae — xeadpamubiii memp [M2].

IM=1Mx1M.

1 M? =100 cM x 100 cM, win
1 M2 =10 000 cMm?, un
1 M2 =10%cm>

1 M2 =1000 MM x 1 000 MM, w1u

1 M2 =1 000 000 Mm%, unu

1 m? = 10° mm2.
CoOTBETCTBEHHO

Lem® =1074 M2,
1 mm? =107 Mm%

O6sém — BeTMYMHA, XapaKTEePU3YIOIIAasl IPOCTPAHCTBO, 3aHNMa-
eMoe TetoM. OOBEM Tesa, OrpaHMYEHHOTO TIPSIMOYTOIBHEIMY Tpa-
HSIMU, OTIPENENsIeTCS TpeMsl OTpe3KaMH TIPSIMOi JIMHUM (IUTHHOIA,
IIMPUHON M BBICOTOI) M BBIYMCISETCS UX TepeMHOXeHUeM. Eciu
pa3Mepbl TIPENCTABICHBl B METPaxX, TO eMHHIA 0ObEMa B 3TOM CITY-
yae — kybuueckuii memp [M>].

IMi=1mx1mMx1m
1 M>=100cMm x 100 cM x 100 cM, win
1 M® = 10° c™m®.
1 M® =1000 MM x 1000 MM x 1 000 MM, v
v =10° M’
CoOTBETCTBEHHO
Lem® =107 M3,
Imv? =107 M.
CylllecTBYeT U Apyras eAuHuIa 00bEMa, YaCTO MPUMEHsIeMast ISl

XapaKTePUCTUKU 00BbEMa XMAKOCTeH. Dra enuHuua — aump [].
3a OIVH JIUTpP MPUHUMAIOT 06bEM, paBHblii 1 000 cm?.
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Macca u naomunocme éewecmea

Macca — xapakTepuCTHKa Tejla, 3aHUMAIOIIETO OIpeneIEHHBIN
00BEM U colepKalllero COOTBETCTBYIOIIEEe KOJIMYECTBO BEIECTBA.
Enununa maccel — kumorpamMm [Kr]. Ha mpaktmke yacto maccy
YIOOHO U3MEPSITh B epammax [r] unu B mounax [1].

Ikr=1000r,
lkr=0.00lT=10"31.

CoOTBETCTBEHHO
Ir =103k
It =1000«kr

Ilnomnocms — 3TO Macca B eIMHULIE 00OBEMA BEIIECTBA, TO €CTh
9Ta BeJIMYMHA 00pa3oBaHa COOTHOILIEHUEM JBYX BEIMYMH: MACChl M
u oobeMa V. E€ 0603HaualoT CMMBOJIOM p (po — OyKBa rpevyecKkoro
andasuTa).

EnuHuiia riioTHOCTH COOTBETCTBEHHO 00pa3oBaHa IBYMSI OCHOB-
HbIMU eauHuLaMu cucteMbl CU (KustorpamMm [Kr| U MeTp, BO3Be-
NEHHBII B TPETHIO CTeNeHb [M>], TO eCTh EAMHMIIA MIOTHOCTH — KH-
JIOrpaMM Ha Ky6uuecKuii MeTp [Kr/m>].

Takue enMHULIBI Ha3bIBAIOT NPOU3800HbIMU edunuyamu (CM. TIL. 2).

[TnotHOCTL = M,
00BEM

TO €CTb

OTKYy/Ia CJielyeT

rme m — macca, uaMepsiemasl B KijorpaMmmax |Krj,
V — 06bEM, U3MepsieMBblil B KyOUueckux MeTpax [M°],
p — IJIOTHOCTb, MU3MepsieMasi B KWJIOrpaMMax Ha KyOuuecKuit
metp [Kr/m%].
Hekotopble yacto BcTpevarolimecst 3Haue€HUsI TUIOTHOCTU Marte-
puYasoB:

AToMIHMIE 2700 kr/m> Cransb 7 800 xr/m’
Yyryn 7000 kr/m> BeHsun 700 kr/m*

Tpo6xa 250 kr/m? CauHen 11400 kr/m?
Menb 8900 kr/m’ Boma 1000 kr/m*
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Hanpumep, onpeaeanM mioTHOCTb 50 cm> Mean Maccoit 445 .

macca _ 445 x 10°kr _ 445 3 _
= = —x10" =

00beM 50 % 10°m° 30
= 8.9 x 10% kr/m>, wm 8 900 kr/m>.
TouyHO Tak ke MOXXHO BBIYMCIUTH 00bEM 20 KT Ba3eIMHOBOIO Macja
(B TUTPax), MIOTHOCTL KOTOporo 800 kr/m>.

Obwim = M = 20kt _ L5 L oy08en® = 25000 en®.

p 800 1<1"/M3 407 40
1 mutp = 1 000 c™?,

ILnoTHoCTB =

MO3TOMY

_ 25000 _

= 3= 22 Y —
V=25000 cm 000 25n

OmHocumenvuas nAOMHOCMb BEIIECTBA — 3TO OTHOIIEHUE TIIOT-
HOCTHU JaHHOTO B€IIECCTBA K INIOTHOCTU BOAbI, TO €CTh

IIJIOTHOCTDB BEIIECTBA
TIJIOTHOCTDH BOObI

OTHOCHUTEJIbHAs IMJIOTHOCTb =

OTHoOCUTeNbHAsI TUIOTHOCTh — Ge3pa3MepHast BeTMYMHa, TaK Kak
SIBJISIETCS] OTHOLLIEHUEM IBYX OMHOMMEHHBIX BeIMYMH. Hike npuse-
JICHbI OTHOCUTEJIbHBIE TUIOTHOCTU HEKOTOPBIX BEILECTB, BHIYMCIICH-
HBIE O BHIIIENTPUBENEHHOI hopMyIie (M3BECTHO, YTO TIIOTHOCTh BO-
ab1 1 000 kr/m?):

AmoMuHWIt 2.7 IMpobka 0.25
bensun 0.7 CsuHel 11.4
Bona 1.0 Cranb 7.8
Menp 8.9 Yyryn 7.0

Hanpumep, oTHOCUTENIBHAS TNIOTHOCTh CTAJIBHOTO OpycKa IIOT-
HocTbio 7 850 Kr/M® — 3TO OTHOLIEHME TUIOTHOCTH CTalU K ILIOT-
HOCTHU BOJIBI, TO €CTh

IUIOTHOCTB CTalln _ 7
OTHOCHTEIbHAS IIOTHOCT, = [LOTHOCTD CTATH 850 _ 7.85

TIJIOTHOCTDH BOZBI 1000

OTHOCUTENIbHASI TUIOTHOCTD KUAKOCTH WJIM ra3a MOXKeT ObITh U3-
MepeHa ¢ MOMOILIbIO apeomempa.
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2. ITPOU3BOJHBIE EAMHUIIBI BEJINYNH
B CUCTEME CH

IIpouseodusie edunuybl eauuun MPEACTABISIOT COO0N KOMOMHA-
LIMM OCHOBHBIX €AMHUII, U UX AocTaTouHO MHOTro. (Haubonee yacto
BCTpeyvarolrecst B HayKe M TeXHUKE BEJIMUYMHBI U UX €OAUHULIBI TTPU-
BEJIEHBI B I1. 6.)

Bor ToabKO nBa mpuMepa:

CKOPOCTb — METPHI B CeKyHAy [M/c],

yCKOpeHHe — MEeTphI B CEKYH/Y B KBazpate [M/c?].

DJIeKTPYECKHIi 3apsa

Enununa snexrpuueckoro 3apsina — kyaox [Kil. (1 KysnoH paBeH
cyMMapHoMy 3apsny 6.24 x 10" anekTponoB). ITocKonbKY 3apsia of-
penenéH KakK KOJIMYECTBO SJICKTPUYECTBA, MPOTEKAIOIIETO Yepe3
TMAHHYIO TOYKY 3JIEKTPUYECKOM LIETH, TO OMH KYJIOH PaBeH CUJIe TO-
Ka B OJIIH aMIIep, TIOIePXKUBAEMOM B 1IETTU B TEYCHME OTHOM CEKyH-
ITbI, TO €CTh OMUH KYJIOH — 3TO OfHA amnep-cekynoa. CienoBaTeib-
HO, 3aps0, N3MEPEHHBII B KyJIOHAX:

0=1t

rne [ — cunaToka, udMepsiemasl B amiiepax [A],
t — BpeMsi, u3MepsieMoe B CeKyHIax [c].

Cuna

Emununa cunel — weromon [H|. HploTOH ompenenéH Kak cuia,
NEHCTBYIOILAsA HAa TEJIO MAcCOM B OIMH KWJIOTPaMM, W TpUAAroIast
€My YCKOpEHHeE, paBHOE OTHOMY METPY B CEKYHAY B KBaapare, TO
€CTb OIMH HbIOTOH — 3TO KWJIOIpaMM-METp B CEKYHIY B KBaapare
[xr-M/c?]. CenoBaTebHO, CHIa, U3MEPEeHHAs B HHIOTOHAX:

F = ma

rme m — macca, u3MepsieMasl B KjiorpamMmmax [Krj,
a — YyCKOpeHMe, U3MepsieMoe B METpax B CEKyHIY
B KBanpate [M/c?].
Cuna msiycecmu — cuia, ¢ KOTOPOiA TeJIO MPUTSATUBAETCS K 3eMJie.
BOnu3u 3eMHOIl TIOBEPXHOCTM CWIa TSDKECTM paBHA mg, TAe
g=9.81m/c%

Pabora, sneprus

Envnunia u pabomut v snepeuu — oxcoyas | x]. IXKoyab onpene-
JIEH, KaK coBepLI€HHas paboTa WM MepelaHHas dHEPrusi CUJIoi
B OJIMH HBIOTOH, NEWCTBYIOIEH Ha TPOTSKCHWM OJHOTO MeETpa,
TO €CTh OJIMH JDKOYJIb — 3TO OAWH HbIOTOH-MeTp [H-M].
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CrenoBaTellbHO, paboTa, COBEPIIEHHAs Hal TEJOM U M3MEPEH-
Hasl B IKOYJISIX:

rne F — cuna, uamepsiemasi B HplotoHax [H],
§ — pacCTOsIHUE, MPEOJOJEHHOE TEJIOM B HAIIPABJIEHUU Jeiic-
TBUSI PUJIOKEHHOM CUJIBI M U3MEpsIEMOE B MeTpax [M].
OHeprust — 3T0 CIMOCOOHOCTD K BHIMOJIHEHUIO pabOThI.

MomHocTh

Enunuiia MmottHoctn — éamm | BT]. Mowrnocms onipeneneHa Kak
TEMIT BBITTOJIHEHUSI PabOThI WM Tiepefadu dHEPTUr, TO eCTh OIUH
BaTT — 9TO OIWH IKOYJIb B CEKYHY.

CnenoBaTeibHO, MOIIIHOCTh, U3MEPEHHasl B BaTTax:

rae W — coepiu€HHasi paboTa Ui repegaHHas SHEPrusi, U3Mepsie-
Mast B JpKoysx [x],
t — BpeMsi, u3MepsieMoe B CeKyHax [c].
Torna sHeprusi, UBMepeHHast B JXKOYJISIX:

DaekTpuyeckuii morenmuan u DC

Enununa snekTpuyeckoro moreHuuana — eoasm [B]. Boast om-
penesi€H Kak pa3HOCTb MOTEHIIMAIOB MEXy ABYMSI TOYKAMU B TIPO-
BOJHUKE, BBIAEISIONIEM MOIIHOCTh B OAWH BATT, MPU MPOTEKAHUU
yepe3 Hero TokKa CUJIO B OIMH aMIiep, TO €CTh OAWH BOJBT — 3TO
OJIMH JIKOYJTb Ha KYJIOH.

3Ha4uT,
sonpr = BATT  _ [DKOYJb B CKYHIY _
aMmriep amriep
_ JOKOYJTb _ [OKOyIb
amriep-ceKyHaa KYJIOH
TO €CTh
V—B— Wie _W_W.

1 I ~ It 0
M3MeHeHMe 2/1eKTpUYeCcKOro MOTeHIMala MEeX/y JABYMsI TOUKa-
MU 3JICKTPUYECKOM LIETTN HA3hIBAIOT PA3HOCHIbIO HOMEHUUAN08.
Dnexkmpodseuxncywas cusra (BJ1C) obecrieumBaeTcss ICTOYHUKAMU
SHEpPrUM, TAKUMHU, KakK Oarapess WM TeHepaTop, U M3MepsIeTCsl B
BOJIBTAX.
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3. CKAJIAPHBIE 1 BEKTOPHBIE BEJIMYNHDI

CKaJasipbl H BEKTOPbI

[MpuMeHsieMble B HayKe M TEXHUKE BEJTMYMHBI MOXHO Pa3leIuTh
Ha JIBE TPYIIIbI:

CranspHole eauyunbl (4aCTO MX HA3bIBAIOT MPOCTO CKAAADAMU)
HMMEIOT TOJIbKO YMCJICHHBIC 3HAUEHUsI, Y VTSl UX XapaKTePUCTUKHU He
TpeOyeTcsi HUKaKuX ApYrux AaHHbIX. CinenoBatenbHo, 10 caHTUMeT-
poB, 50 cexyHa, 7 TUTPoB, 3 Kunorpamma, 25°C, 250 py6aeii, 10 cm?,
10 mxoyseit, — BCE 9TO MPUMEPDI CKAJISIPHBIX BEJTUYMH.

Bexmopnvie seauyunbl (MM TIPOCTO 8eKmopbl) KPOME UMCIEHHBIX
3HAYEeHMIi, Ha3bIBaEMbIX ModyaeM 6eKmopa, UMEIOT ell€ U HarpasJie-
HUeE, Ha3bIBaeMOe JIMHUE 1eiCTBUS JaHHO! BeMunHbl. CieaoBaresib-
HO, CKOpOocTh 50 KWJIOMETPOB B CEKYHIY B BOCTOYHOM HaIpaBJIeHUU,
yckopeHue 9.81 meTpa B ceKyH/y B KBaapaTe, HalpaBIeHHOE BEpPTHU-
KaJIbHO BHU3, cuJia 15 HBIOTOH, IefCTBYIOILAs 1O YI7IoM B 30 rpaaycoB
K MOBEPXHOCTH TeJla, U CeBepO-3amnaaHblil BETep, CKOPOCTh KOTOPOTO
15 y3710B — BCE 9TO MpUMEPbI BEKTOPHBIX BEJTUYMH.

Ckopocms Tena MOXeT ObITh YCTAaHOBJIEHA M 0e3 YITOMUHAHUSI Ha-
MpaBjeHus ABWXKEHUS AaHHoro Tena. CiefnoBaTesbHO, CKOPOCTh B
9TOM cllyyae — cKayisipHasi BesinumHa. OHAKO eciv HarpaBlieHUe
JIBUXEHUS [JIST HAC BaXKHO TaK Xe, KaK ¥ YUCJIeHHOe 3HaYeHUEe CKO-
pocTU, TO Ty BEJIMYUHY OMNPEAEISIOT KaK BEKTOPHYIO CKOPOCTh (B
AHTJIMCKOM SI3bIKE JIJISl TIOHSITUST «BEKTOPHAsI CKOPOCTh» CYILIECTBY-
€T CTIeMabHbIN TepMUH — velocity. — [Ipum. nepeeoduuka).

K npumepy, gec Tena B 1BaALIaTh HBIOTOH MOXKET MOKAa3aThCsl CKa-
JISIPHOM BEJIMYMHOM; OTHAKO BeC TOXe MMeeT HarpaBJieHue, Beb Te-
JIO YyCTpeMJIEHO BHU3 (K HEHTPY 3eMiin). 3HAYUT, BeC — BEKTOpHAs
BeJINYMHA.

Korma roBopsIT, 4To yesoBeK MpOIIET 7 KM, TO HE YIIOMMHAIOT O
HanpasieHuu. CiaenoBarebHO, PACCTOSIHUE — 3TO CKaJsIpHasi Be-
srunHa. OIHAKO eC/IM YeJIOBeK MPOXOMUT 4 KM Ha 3araj, a MmoToM
3 KM Ha ceBep, Kak Imoka3aHo Ha Puc. 3.1, To OH 0OKa3bIBaeTCs B TOU-
ke C, a 3T0 B 5 KM OT ITyHKTa €ro OTIpaBjieH!sI A (B COOTBETCTBUM C
Teopemoii [Mudaropa).

0]

Puc. 3.1

Takoe U3MEHEHNE MECTOIOJIOXKEHNST Ha3bIBACTCS nepeMellyeHUeM.
3HAYUT, 7 KM — 3TO MPOMICHHOE pacCTOsTHUE — nymsb (CKalsipHast
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BEJIMUMHA), a 5 KM B HarpasjieHuM 37° Ha ceBepo-3amaj OT UCXO/-
HOI1 TOYKM — 9TO MepeMellIeHIe, TO eCTh BEKTOPHAsT BEJIMYMHA.

Wrak, BennunHa, XapaKTepU3YIOLIAsiCsl YUCICHHBIM 3HaUeHHEM
M HamnpaBJIeHUEM, Ha3bIBaeTCsI BEKTOPHOI, a BEJIMYMHA, UMEIoIIast
TOJIBKO YHCIIEHHOE 3HAUYeHNE, — CKaISIPHOM.

O003Ha4YeHNs] BEKTOPOB

BexTopHast BenMuMHa rpaduuecku MOXeT ObITh IMpeacTaBiieHa
OTPE3KOM MPSIMO# IMHUU, TPUUYEM JAJTMHA TUHUU TTPSIMO TTPOTTOPLIM-
OHaJIbHAa MOJIYJIIO 3TOM BEJIMUMHBI, a HATIPaBJICHUE JUHUHU TO XK€, YTO
M HaTIpaBJieHUE NeCTBUS 3TOM BEJTMUMHBI.

Crpenika  CBUIETEJIbCTBYET, UTO
peub UAET O BEKTOPE, U YKa3bIBAET, YTO
NeHCTBUE BEKTOpa HalpaBjJIeHO, Ha-

MpuMep, BIIPaBo, a He BieBo. CTpesKy 20m/c
CTaBSIT Ha KOHEILl BEKTOpa ¥ Ha3bIBAIOT

«Hocom» Bektopa. Ha Puc. 3.2, Ha- 45°
npuMep, Tpaduyecku uzobpaxeHa O

BEKTOpHasl CKOpOCTh, paBHas 20 m/c, Puc. 3.2

BEKTOp KOTOPOIl HampaBjieH Mo yT-
JIoM 45° K TOPM30HTAIU, U O HEll MOXHO CKa3aTh, YTO 3TO «BEKTOP
oa =20 M/c noa yriom 45° Kk ropuzoHTasIn». ([OpU30HTANIBIO PUHSI-
TO Ha3bIBaTh MPSIMYIO JIMHUIO, TTapaJUIETbHYIO IMHUYU TOPU30HTA. )
EcTh HECKOJBbKO cOCOO0B M300paKeHUS BEKTOPHBIX BEJIMYMH,
OTJIMYAIOLIMX UX OT CKAJISIPHBIX.
Hanpumep:
o xupHblit mpudT: oa wiu OA;
e JIBE 3aIyIaBHbIEe OYKBbI CO CTPEJIKON HaBepXy, 0003HAYAOIIEH BEK-

—
TOpHYI0 BenuunHy: AB , roie A — 3T0 HavaybHasl, a B — KoHeyHast
TOYKa BEKTOPa;

e JIMHUS HaJ OyKBaMU: A WJIH a

e OYKBBI CO CTPEJIKaMU1 HaBEepXy: Z, Z;

o TOOYEPKHYTHIE OYKBHI: @;

e xi +yj, Toe i U j— OCU, HAXOASIIUECS
IO IPSIMBIM YIJIOM OPYT K ApYry, Ha-
npumep, 3i + 4j o3HavyaeT 3 eAMHUILIBI 11O
OCH i M 4 eNVUHUIIBI TIO OCH j, KaK IMoKa3a-
Ho Ha Puc. 3.3;

e MaTpulia: (Z) Hanpuwmep, BekTop OA,

n300pakEéHublii Ha Puc. 3.3, MoxHO

NpeaAcTaBUTb Kak (SD .
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CrenoBatenbHO, BekTop Ha Puc. 3.3 MOXXHO M300pa3uTh Kak

SR Ax A (3
OAEOAEOAE31+4JE(4).

Hrak, OA npescTtapisieT BEKTOPHYIO BeauuuHy, a OA — Momy/b
BekTopa OA. CreyeT yu4ecTh, YTO TTOJIOXKUTETbHBIC YIJTbI OTKJIAIbIBa-
10T NPOMUE 4acogoii cmpeaku OT TOPU3OHTAIM, & OTPHUIIATETIbHBIE — HO
4acoeoil, TO €CTh BHU3 OT TOpU30HTaIN. Toraa rnpsiMasi, HaxoAs1iasicst
ron yrioM +90° K TOpM30HTaIM, — 3TO BEPTHUKAJb, HaIlpaBleHHAasI
BBEPX OT FOPU3OHTAJIM, a MPsIMasi, HAXOSLIASACS Mo yriioM —90°, —
BePTHKAJIb, HaMpaBJIEHHAasl BHU3.
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4. CTPYKTYPA 1 CBOMICTBA BEIIIECTBA

DJIEMEHTHI

CylLecTBYeT OU4eHb OOJIBIIOE KOJIMYECTBO Pa3IMUHbIX BELIECTB, U
KaXI0€e COCTOUT U3 OTHOTO WU OoJiee MPEACTABUTENSI OCHOBHbIX 6€-
wecme, Ha3bIBa€MBIX JIEMEHTAMMU.

Daemenm — 3TO CyOCTaHLIMsI, KOTOPYIO YXe HeJIb3sl pa3ae/uTh Ha
6oJiee TIPOCThIe XMMUYECKUE COCTaBIIsTIoONIMe. B ipupoae HacuuThI-
BaeTcs 92 anemMeHTa, K KOTOPBIM MOXHO 100aBuTh enlg 13, co3maH-
HBIX UCKYCCTBEHHO. KaxmoMy 3JIeMeHTY MPUCBOEH CBOM CUMBOJI,
COCTOSIIIV U3 TATUHCKNX OYKB.

Bot HekoTOpble M3 caMbIX pacIpPOCTPAHEHHBIX 3JIEMEHTOB U UX
CHMBOJIBI:

Bonopon H Marumuit Mg Kanbimit Ca Cepebpo | Ag

Temwit He Amomunuit | Al Keneso Fe Onoso Sn

Vrnepon C Kpemuuit Si Hukenb Ni 301010 Au

Azor N ®Dochop P Menb Cu Prytp Hg

Kucnopon | O Cepa S Lunk Zn Csunen, | Pb

Harpuit Na Kammit K Tepmanmii | Ge || Ypan U
AToMBI

DJIEMEHTBI COCTOSIT U3 OY€Hb MaJIEHbKMX YaCTHIl, Ha3bIBa€MbIX
amomamu. ATOM — 3TO MeJbyaiias 4acTh 3JeMeHTa, KOTopas Mo-
JKET y4acTBOBaTh B XMMUYECKOM OOMEHE M KOTOpasi COXpaHsIeT BCe
CBOICTBa TAaHHOTO 3JIEMEHTA.

Turm aroma Kaxaoro u3 3JeMEHTOB YHUKaleH. B Teopuu, paspa-
6otaHHol Pesepdopnom u bopom, Mozesb aTroma TmipectaeT B BUIe
MMHUATIOPHOM COJIHEYHOM CUCTEMBI. ATOM COCTOUT U3 LIEHTPaJib-
HOTO sI7Ipa, BOKPYT KOTOPOTO MO HEM3MEHHBIM TPAEKTOPUSM, Ha3bI-
BaeMbIM 000104Kamuy, BPalIalOTCSl OTPUIIATEIBHO 3apsDKeHHBIC
YaCTUIIBI — 31eKmpoHbl. SIPO B CBOIO OYepeh CONEPXKUT TTOIOXH-
TEJTbHO 3apsSKEHHbBIE YACTULIBI — APOMOHb — W HENTpaIbHbIE YaCTH -
1IbI, HE UMEIOIIINE 3apsiNia, — HelimpPoHbL.

DJIEKTPOH 10 CPaBHEHMIO C TIPOTOHOM U HEWTPOHOM HMeeT
OueHb HeOOMBINYI0 Maccy. B 1ielom atoM He 06J1a1aeT KaKUM-JIn60
9JICKTPUYECKUM 3apsiioM — OH HEeUTpaJieH, TaK KaK COIEpPXKUT paB-
HOE KOJIMYECTBO MPOTOHOB U 3JIEKTPOHOB. YKCIIO MPOTOHOB B aTOMe
9JIeMEHTa OTpENeNsIeT er0 amomHblil Homep. T1opsaoK paccTaHOBKHU
9JIEMEHTOB B COOTBETCTBMU C MX aTOMHBIMU HOMEpaMU M3BECTEH
Kak [lepuoduueckas cucmema snemenmog (Tabnuiia MeHneneesa).

[pocreiilunii 371eMEHT, CYIIECTBYIOLIUI B TPUPOIE, — BOIOPOL;
BOKDYT €ro siipa BpalllaeTcsi BCEro OIMH 3JIEKTPOH, a CaMO SIIPO CO-
JEPKUT Bcero ofarH nmpoToH. CiienoBaTeIbHO, aTOMHOE YMCIIO BOAO-
pona paBHo 1. Moxenbs atoMa Bomopoja nzoopaxkeHa Ha Puc. 4.1a.
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1-5 06onoyka
2-1 060noyka

finpo 3-9 060nouka

&)

__— OneKTpoH

Anpo
ATOM ATOM
Atom
BOAOPOAA renms ANOMUAHVS
a) 6) B)

Puc. 4.1

Bokpyr siapa renust Bpariaercs 2 anekTpoHa. Kak mokaszaHo Ha
Puc. 4.10, 06a 3;1eKTpoHa HaXOISATCST HAa OMHOM OpOuUTE.

IlepBast 060109Ka aTOMa MOXET COAepXKaTh He OOJIbIIIe 2 3IEKT-
poHOB, BTOpas — 1o 8, a TpeThst — no 18. Ha Puc. 4.1B okazaHo,
KaK YCTPOEH aToM aJlOMUHUSI, UMEIOIINiA 3 000J104YKU-OPOUTHI, 1O
KOTOPBIM BpaliaioTcst 13 3J1eKTpOHOB.

MoJieKyJisl

[1pu B3aMOAEWCTBUY 2JIEMEHTOB X ATOMbBI OObEIUHSIIOTCS, 00-
pa3ysl OCHOBHYIO €IWHUILy HOBOTO BellecTBAa. DTa He3aBHCHMAs
IpYIIa CBSI3aHHBIX BMECTE aTOMOB Ha3bIBAETCS MoAeKyA0t. MoieKy-
Jla — 9TO MeJIbYaifiiiasi YacTh BEIIECTBa, CIIOCOOHAsS CYIIECTBOBATh
CaMOCTOSITEJIbHO 03 M3MEHEHUI CBOMX CBOMCTB.

Bce Mosiekysnbl OQHOTO M TOTO Xe BellecTBa WUACHTUYHBI APYT
IpyTry. ATOMBI U MOJIEKYJIbI TIPEACTABIISIIOT COOOW OCHOGHbIE CMpOU-
menvHble 010KU, N3 KOTOPBIX (GOPMUPYETCS BEILIECTBO JIIOOOTO THTIA.

XumMuuecKne coeJMHEeHns

Bo BpeMsi XUMUYECKO#l peakLUy aTOMBbl JIEMEHTOB OObEIUHS-
10TCs1, 00pa3ysi HOBbIE MOJIEKYJIbI BELIECTBA, HA3bIBAEMOTO XUMu4ec-
Kum coedunenuem. XUMUYECKOE COEIMHEHUE — 3TO HOBOE BELIECT-
BO, COCTOSILIee U3 IBYX WM OoJiee 2JeMEHTOB, COENMHEHHBIX TaK,
YTO €ro CBOMCTBA CYILECTBEHHO OTJIMYAIOTCS OT CBOWCTB MOPOIUB-
LIMX €r0 3JIEMEHTOB.

Hanpumep, Bogopon M KUCIOPOJ COBCEM HE MOXOXM Ha BOLY,
KOTOPYI0 OHU 00pa3yIoT MPU B3aUMOIENUCTBUY JAPYT C APYTOM.

KomnoHeHThI, 06pasyiolue coeIMHEHMs, TIPEACTaBIEHbl B HEM
B XECTKOM TMPOIMOPLIMU OTHOCUTEIBHO IPYT Ipyra, U pa3ieuTb UX
TPYIHO.

Hanpumep:

BOJa, MOJIEKYJia KOTOPOIi 00pa3yeTcs MpU B3aMMOIEHCTBUM 2 aTO-
MOB Bozopoja ¢ | atomoMm kucnopona (H,0);

IIBYOKHCH yTiiepona (yriaeKuCIbIi ra3), MoJieKysia KOTOporo oopa-
3yeTcsl MpU B3aUMOJEICTBUY | aToMa yrieposa ¢ 2 aToMaMu KUC-
snopogna (CO,);
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o xytopu HaTpus (mmuiieBast coib, NaCl), MoJieKyJia KoToporo oopa-
3yeTcs TIPY B3aMMOIeMCTBUM 1 aToMa HaTpusi ¢ 1 aToMOM XJ1opa;

o cynbdar menu (CuSQO,), Mosekya KOTOPOTro o0pa3yeTcs Mpu B3a-
umoaeiictBuu 1 aroMa meau, 1 atoma cepbl 4 4 aTOMOB KHUCJIOPO/A.

Cmecu

Cmeco — 3TO KOMOMHALIMS BELLIECTB, HE BCTYIMAIOLIMX B XUMUYEC-
KYIO peakuuio Apyr ¢ apyrom. Cmecu 006J1aaloT TeMU Ke CBOWCTBA-
MM, UTO ¥ UX KOMITOHEHTBI, TPOTOPIIUSI KOTOPBIX B CMECHU K TOMY XK€
KECTKO He OIpeesieHa.

IIpumepsl cmeceii:

® BOJa 1 Maclio,
® caxap U COJib,

® BO3IYX, SIBJISIIOLIMICS CMECHIO KUCIOPOAA, a30Ta, IBYyOKUCH YIje-
poJia U Ipyrux ra3os;

® 3KEJIE30 M CE€pa,
® JICCOK M BOJa.

M3BecTKOBBII pacTBOP, HAIIPUMEP, — 3TO TUIIMYHASL CMECh, CO-
CTOSIIIIAst U3 U3BECTH, TIECKA U BOMBI.
CoenuHeHUs OTJIMYAIOTCSI OT CMECEii CICAYIOLIMMMU ITPU3HAKAMU:

e CBOIICTBa COeIUHEHUsI OTIMYHEI OT CBOMCTB €T0 KOMIIOHCHTOB, a
cMech 00J1agaeT TeMU Xe CBOﬁCTBaMI/I, YTO U €€ COCTaBIISIIOIINE.

o KOMITOHEHTBI CoemMHEHUsI HAXOmsITCS B XECTKOM npornopuuu, a
KOMITOHEHTBI CMECU — HET.

e ATOMBI COeIMHEHMSI OOBEAMHEHBI, a aTOMBI BEIIECTB, 00pa3yI0-
LIAX CMECh, HE3aBUCUMBI IPYT OT Apyra.

o HpI/I 06p330BaHI/II/I COCOMHEHMA BBIOCTIACTCA MJIN ITOTJIOLIACTCA
DHEPrud B BUAC TECILJIA, a B ClIy4ae CO CMEChIO BbIACJICHUE U I10T-
JIOIIeHKE TeIlIa He3HAYMTEIbHO JIN0O0 BOBCE OTCYTCTBYCT.

PactBopni

Pacmeop — 310 cMech, Tpu 0Opa30BaHUU KOTOPOI oOpasyroniue
ee BeLlEeCTBa paCTBOPSIIOTCSI.

KoMmnoHeHThI pacTBopa Heb3sl U3BJIeYb M3 €0 COCTaBa MyTEM
bunbTpauy WK oTcTauBaHUsl. TUMUYHBIMU TMPUMEpPaMU PacTBO-
POB SIBJISIIOTCSI PACTBOPEHHBIN B Uae caxap, WM pacTBOPEHHASI B BO-
i€ COJIb, WJIM PACTBOPEHHBIN B BOIE CyJIb(aT Meau, OKpallIuBaOIINi
e€ B cUHUI 1BeT. BelecTBo, KOTOpoe pacTBOPSIOT, MOXET ObITh
TBEPIBIM, XUIKUM WM ra3000pa3HbIM, €ro Ha3blBaIOT pacmeopsie-
MbIM 8euecmeoM, a XUIKOCTb, B KOTOPOI €ro pacTBOPSIIOT, Ha3bIBa-
eTcsl pacmeopumenem. 3HAYUT,

pacmeopsemoe geujecmeo + pacmeopumens = pacmeop.

Co BPEMCHEM paCTBOpP HEC MCHACT HU CBOMX Kay€CTB, HU CBOCTO
BHCIUIHETO BUIA.
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Cycnensun

CycneH3uss — 3TO CMECh XUIKOCTU M YacTHIl TBEPIOTO, HE pac-
TBOPSIEMOTO B 3TOM XUIKOCTHU BELLECTBA.

TBépmoe BeliecTBO MOXHO M3BJIeUb M3 CYCIIEH3UU IMyTEM (DUIIb-
TpalUU WA OTCTAUBAHUSI.

IIpumepsnl cycrnieH3mii:

e TIECOK B BOJIE;
e MeJl B BOJIE;
e OEH3UH U Boja.

PacTBOpUMOCTD

Ecnu marepuan pacTBopsieTcsl B KUIKOCTH, TO €ro Ha3blBalOT
pacmeopumbim. Hanpumep, caxap 1 cojib — 3TO paCTBOPUMBIE B BOJIE
BELIIECTBA.

Ecnu npu onpenenéHHoit TeMriepaType MOCTOSIHHO 100aBIISITh B
BOJy caxap, a IMOTOM €ro pa3MelllnBaTh, TO HACTAHET MOMEHT, KOr/1a
caxap nepectaHeT pacTBOPSTHLCS. Takoil pacTBOp Ha3blBAaeTCs HACHI-
wenHbiM. PacTBOp HaCBILLEH TOrna, KOTAa Mpyu HEM3MEHHON TeMIle-
paType pacTBOPMMOE BElLIEeCTBO OOJIbLIE HE PACTBOPSIETCS.

Pacmeopumocms — 3TO mapameTp, ONpPEAeIOLUIA MaKCUMallb-
HOE KOJIMYECTBO PACTBOPUMOTIO BELIECTBA, KOTOPOE CIIOCOOHO pac-
TBOpUThCs B 0.1 KT pacTBOpUTEJIsl IPU 3a1aHHOM TemrepaType.

Hanpumep, pactBopumocTs xjiopuaa kanus npu 20°C pasHa 34 r
Ha 0.1 KT BOIBI, WJTH, TTEPECUUTAB B MTPOLIEHTHI, — 34%.

e PacTBOpUMOCTb 3aBUCUT OT TeMIiepatypbl. Korna TBéproe Belie-
CTBO PAacTBOPSIIOT B XMAKOCTH, IO Mepe pOocTa TeMIlepaTypbl B
OOJIBLIMHCTBE CJIy4aeB KOJMYECTBO PACTBOPEHHOIO TBEPAOIO Be-
LecTBa Takxe yBeanuubaercs. (B ropsiuem yae caxapa pacTBOpUT-
cs1 6oJiblle, 4yeM B Xos10nHOM.) Ho ecTh MCKITIOUEHMS: pacTBOpU-
MOCTb OOBIYHOI COJIM B BOJIE TPAKTUYECKU HE 3aBUCUT OT TeMIIe-
paTypbl, a pPacTBOPUMOCTb Talll€HOW U3BECTU C POCTOM
TEMIEPATYPbl yMEHbIIAETCS.

PacTBOp cTpeMuUTCS K HACBIILIEHUIO ObICTpee, €CU BEIIeCTBO J0-
0aBJIsATh B XKUIKOCTb MaJIBIMU MTOPLIMSIMU, @ HE IOMELIATh B HEE TO
K€ KOJIMYECTBO, HO cpasy. Harpumep, KycKoOBOii caxap pacTBOpsi-
€TCsl B Uae MeJIeHHee, YeM caxapHblii MECOK.

e TBEpmoe BEIIECTBO PACTBOPSIETCS B XXUAKOCTU OBICTpee, eciu
CMECh MOMeEIIaTh WU BCTPSIXHYTh, TO €CTh PACTBOPUMOCTh 3aBH-
CHUT OT aKTUBHBIX IBUKCHUM.

Kpucraminbi

Kpucmann — 310 ynopsiioueHHO MOCTPOSHHbBIE aTOMBI WJIK MOJIe-
KYJIbI, 00Opasylolire OTYETIMBYIO, MPaBIIBLHYIO (OPMY, TO €CTh 3TO
YIOPSIIOYEHHOE CKOIJIEHHE OCHOBHBIX CTPOMTEIBHBIX OJIOKOB Be-
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1ecTBa. BONBIIMHCTBO TBEPABIX TNl MMEIOT KPUCTAJUIMYECKYIO
cTpykTypy. K KpucTaniam OTHOCSTCs, Hampumep, COjb, caxap, a
TakKXe BCe MeTa/uibl. BelecTBa He KpUCTAIIMYECKOW ITPUPOJIBI
Ha3bIBAIOT AMOPPHbIMU, B YACTHOCTH, K HUM OTHOCSITCSI CTEKJIO VU
JepeBo.

Kpucmanauzayus — 310 miporiecc, B pe3ysabrate KOTOPOTO TBEPIOE
BEIIECTBO U3 PACTBOPA BBIIEISIETCS B BUIE KPUCTAILIA. DTOTO MOXKHO
NOOUTHCS, TOOABISIST PACTBOPUMOE BEIIECTBO B PACTBOPUTENH JIO Ha-
CTYIUIEHMsI HacblleHus. Jlajiee TemrepaTypy yBEJIMYMBAIOT, TPO-
JI0JIXKast 00aBISITh PACTBOPMMOE BEIIIECTBO JO TEX IMOp, MOKa pac-
TBOD HE CTAHET JOCTATOYHO KOHLIEHTpUpoBaHHbBIM. Eciin nocie a1o-
IO ero OCTYIUTh, U3 HETO HAYHYT BBIAEJSITCS KPUCTAJLUIBI.

IpuBeneM HECKONBKO IPUMEPOB KPHUCTAUIMYECKHMX BEINECTB,
BCTpEYaloIIMXCsl B IPUpOJIe: TpaduT, KBapll, aiMa3 U Ta e OObIKHO-
BEHHAs TINILEBAst COJIb.

Kpucramibl MOryT ObITh pa3HbIX pa3MepoB, HO Bcerma 00aaaaoT
MPaBUJIBHOM TeOMETPUIECKON (POPMOIA C IUIOCKUMH TPaHIMM, POB-
HBIMHM KpasiMM U OTpPEIeNEHHBIMU yIIaMU MeXay cropoHamu. Ha
Puc. 4.2 moka3zaH#bl IBa IIKPOKO PaCIPOCTPaHEHHBIX BUAA KPUCTALIA.

a) 6)
Puc. 4.2

Yrabl Mexay rpaHsMu ob6biuHOro kpuctamia conu (Puc. 4.2a)
Bcerna paBHbl 90°, a y BEepXHUX M HMDKHMX TPaHel KpucTaia KBapla
(Puc. 4.26) Bcerna — 60°. OgHO U TO Xe BEILIECTBO BCEIa BOCIIPOU3-
BOJIUT aOCOJIOTHO OIMHAKOBYIO (hOpMY KpuCTaslia.

Ha Puc. 4.3 nokaszaHa KpHUCTaJuIM4ecKasl pelléTKa XJIopuaa Ha-
Tpus (NaCl — noBapeHHasl COJb).

b

L
7

A /’4
ol

\ ATOM HaTpus

T AToM xn10pa
Puc. 4.3
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Ona Bcerma mMmeeT ¢GopMmy Kyba M COCTOUT U3 YepemyloLIuXCs
aTOMOB HaTpus W xjopa. Ha pucyHke moka3aHo, KaK COeIMHEHbI
aTOMBI XJIOpa U HaTpusl B KpUcTajuiax xjopuiaa Hatpusi. (CTporo ro-
BOpsI, B y3/1ax kpuctamnuueckoii pemétku NaCl Haxonsrcst He aTo-
MBI, a MIOHBI XJIopa v Hatpusi. — [lpum. pedakmopa nepegoda.)

MertaJlibl M CILIABBI

Memanns — TMOMVKPUCTAITIMYECKUE BEIleCTBA. DTO O3HAYaeT,
YTO OHU COCTOSIT U3 GOJIBIIIOTO YMC/Ia KPUCTAJUIOB, COETMHEHHBIX TTO
rpaHuiaMm. Yem OoJiblile TAKUX TPAHUIL, TEM TBEPXKE METaILIT.

Kaxnprit MeTa1 B TBEPIOM COCTOSTHUM 00J1amaeT cOOCTBEHHOM
KPUCTAJLTMYECKOM CTPYKTYpOil, HO B PACILJIaBIEHHOM COCTOSTHUU
MeTaJUIbl HE UMEIOT KPUCTATMYEeCKO PeIIETKY, TO3TOMY sl 0Opa-
30BaHUS CHIA8a METAJLTbI Pa3HbIX BUIOB CHavasa IJaBsT, OC/e ye-
ro cmeirBaioT. OcThIBasi, pacIUIaBeHHBIA PACTBOP 3aTBEpIEBacT.
O6pazoBaBiiieecs TBEPAOE BEIIECTBO — CMECh KPUCTAIOB HECKOJIb-
KUX BUIOB — Ha3bIBAIOT ELIE MEEPObIM PACEOPOM.

IIpumepsl crIaBoB:

JIATYHb — CIUIaB MEIM U LINHKA,

cTaJlb — Kak MpaBWJIo, CIUIaB XeJie3a U yriepoa,

OpOH3a — CILIaB MEIU U OJIOBA.

CrutaBbl CO3MAIOT IS YAYYIIEHUs CBOMICTB METAJIJIOB, HATIPUMED
s Gosbineit TBEpaoctu. Eciiv HeGoMbIIy0 MopLuio HUKeNs (Ha-
npumep, 2...4%) 106aBUTH K KeJie3y, TO TIOTYIUTCSI OYeHD ITPOYHBII
Matepuai. U3aMeHsist Tpormopiuy HUKEs, MOXHO MOJIydaTh MaTepu-
aJibl ¢ Pa3HBIMM XapaKTepUCTUKAMU.

MeTa/l MOXHO 3aKajJMTh, HarpeBasi ero J0 BBICOKUX TeMIiepa-
Typ, a 3aTeM OBICTPO oxJIaxaas. B pesynbrate 3TOrO mpoiecca B Me-
Tajie o0pasyeTcsi 60JIblile KPUCTALJIOB, a 3HAYMT, OOJIbIIE FPAHMII.
Yewm OoJblile TpaHULl KPUCTAIIJIOB, TEM TBEPKE METaJII.

MeTajul MOXHO OTXe€4b, HarpeBasi ero J0 BHICOKMX TeMIIepaTyp,
HO oxJIaxnasi oueHb MeaieHHO. [1pu aToM 00pa3yloTcst 04eHb 00JIb-
1IMe KPUCTAUIbI. [paHUIl CTAHOBUTCSI MEHbIIIe, U METAJUT JIeIaeTCs
MsiTye.
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5. XUMMNYECKUE PEAKIINN

Xumuueckas peaxkyus — 3TO B3aUMOJEMCTBUE MEXIY BelleCTBa-
MU, aTOMBI KOTOPBIX B 3TOT MOMEHT TIepeCcTpanBaroTcsl. XuMudeckast
peakiys Bceraa BeIeT K 00pa30BaHMIO HOBOTO BEIIECTBA.

Bozdyx — 310 cMech ra3oB, B IPOLIEHTHOM OTHOIIEHUM COCTOSI-
mwast u3 78% azora u 21% xuciopoga. Ha moi10 ocTaibHBIX COCTaB-
JITIOIIMX (B TOM YMCJIe YIIEKUCIIOro ra3a) nmpuxoaurces 1%.

Kucaopog,

Kucaopod — ato anemeHT 6e3 3amaxa, 6e3 11BeTa u 6e3 BKyca. B He-
OOJTBIIINX KOJTMYECTBAX OH PACTBOPSIETCS B BOMIE (YTO HEOOXOIUMO PhI-
6am), Touka ero kureHust coctasisieT muHyc 183°C (90 K), Touka 3a-
mepsanust MuHyc 219°C (54 K). Ero mioTHOCTh mouT Takas ke, Kak y
Bozmyxa. Kucmopoa — upe3BbluaitHO aKTUBHBINM XMMUYECKU 3JIEMEHT,
BXOJISIIIMIA B peaklIMiOo CO MHOTMMU BEIIECTBAMU TP HArPEeBAHUM.

Kucnopoa npuMeHSIIOT TP MPOBeIeHUM XMMUYECKUX PeaKInid,
MpU pe3Ke U CBapkKe MeTaJJIoB (Cropast ¢ APYTMMM ra3aMu, OH JaéT
MJjamMsi ¢ OYeHb BBICOKOM Temreparypoii). UM HamojHSIOT abIxa-
TeJbHBIE ammnaparbl HbIPSUIbIIMKU, aJbIIMHUCTBI, MoxapHble. OH
TaKXe IMPOKO MCITOIb3YETCS B MEIULIMHE.

Ecnu onpenenéHHylo Maccy MEIHOTO IMOPOIIKA CHavyajaa HarpeTb
Ha BO3IyXe, a 3aTeM OCTYIUTb, TO, B3BECUB €r0 CHOBA, Mbl YBUIUM,
YTO Macca BELIECTBAa YBEJIMYMUIACh. DTO MPOU3OLLIO MOTOMY, UYTO
Melb COeIMHUIIACh C KUCIOPOAOM BO3IyXa M 00pa3oBajcsl OKCUJ
meau. [Ipu aToM coaepkaHue KMCIOPOAa B BO3AyXe YMEHbBIIUIOCH
HACTOJIbKO, HACKOJIbKO YBEJIMUMIACh Macca OKUCIEeHHOU Menu. Ta-
Kasl XMMUYecKasi peakLysi Ha3bIBACTCSl OKUCACHUEM.

Kucnopoa HeoOXoanM TakxKe JJIsi TOPeHUsT BCeX BUIOB BELECTB.
JI1o60€ BeliecTBO MpU CrOpaHMM B BO3AyXe B3aMOJEMCTBYET C KUC-
JIOpOZIOM. DTOT MPOLIECC, HA3bIBAEMbIN eopeHueM, TakxKe TIpeAcTaB-
JIIeT 000 MpUMeEpP XMMUYECKOW peaKLU MEXIY TOPIOYMM BelleC-
TBOM U KMCJIOPOJOM BO3/yXa, B pe3yJibTaTe Yero BbIAEJSIETCS TEIIo.
TopeHue — 3T0 TOXe XMMUYECKasi peaKlivsi OKUCIEHUS.

DJIEMEHT, BXOISILIMIA B peakliiIo C KUCIOPOIOM, 00pa3yeT coenu-
HEHME, COCTOsIIIee TOJbKO M3 aTOMOB 3TOTO 3JeMEHTa U aTOMOB
kucinopoaa. Takoe coeiMHEHUE Ha3bIBAETCSI OKCUAOM.

IMpumepsl okcunos: okcun meau CuO, okcun Bomopona H,O
(Boma), nmokcun yriaepona CO, (YIJIEeKUCIbIiA ra3).

Koppo3sus

Kopposus xenesa (1 xeJe30coiepKaliux MaTepuaaoB) MPOUCXo-
AT M3-3a 00pa3oBaHMs Ha €ro MOBEPXHOCTH TMAPOKCHUIA XKeje3a
(p>kaBYMHBI) B pe3yJbTaTe XMMUYECKOW peakuuu. st koppo3uu
BceT/Ia HEOOXOIMMO HATMYKE BOIBI M KUCIOPOTIA.

[Mon meiicTBueM Biaru y00ast keje3Has WIM CTalbHas KOHC-
TPYKLIMS MOABEpXKeHa KOPpo3uu. B pesynbrate 3TOro He06GpaTuMOro
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rpoiiecca KOHCTPYKLMS OCIabeBaeT, YTO MOXKET 0Ka3aTbCsl OYeHb
onacHbiM. K mpuMepam pa3pyliuTeabHOro ACMCTBUSI pXKaBUMHbBI
MOXHO OTHECTH MOBPEXICHUS CTAJIbHBIX YacTeil aBTOMOOMIBHOTO
MOTOpa, KopabeJabHOTO KopIyca, Tpy0, MOCTOB U APYTUX KOHCTPYK-
uuii. Koppo3um MoxXHO U30eKaTh C MOMOILLBIO:

® BOIOOTTAJIKUBAIOIICH KPACKH;

® rajibBaHUYECKOTO MOKPHITHS XKeJie3a APYTUM METAJLIOM;

® TUTAKMPOBAaHUS Xee3a (CM. KH. 2, T71. 42);

® MAacCJISTHOU TIJIEHKW Ha TIOBEPXHOCTHU MeTajlia.

XuMuyecKne ypaBHeHHUs

Jlnst onmcaHus XMMUYECKUX PeaKIMil MCIONb3YIOT (GOpMYIbI U
ypaBHEHMSI. DJIEeMEHTbl 0003HAYal0T CUMBOJIAMM (TaKMMU, Harpu-
Mep, kKak H mrs Bogopona, O ma kucimopona, Cu ajst Mmenu, Zn mjist
LIMHKA, ¥ T. 1.). PopMysia OMUCHIBaET COCAMHEHUE, OTPaKaeT ero
THUII U KOJIMYECTBO 3JICMEHTOB B COSAMHEHUH.

Hanpumep, oqHa Mosekyna cepHoii kucaotel H,SO,4 conepxur 2
aToMa Boaopoza, 1 atoM cepsl U 4 aToMa Kucjaopoaa. TOUHO Tak Xke
onHa MoJjiekyia metaHa CH, cogepxur 1 atoMm yriepoaa u 4 atoma
BOIOpOJIA.

IlepecTpoiika aTOMOB BO BpeMsi XUMUYECKOM peaKIiuid CUMBOJIM-
YeCKU WJUTIOCTPUPYETCSI C TMOMOILBIO XUMUUECKUX YPABHeHUll, C UC-
MoJIb30BaHUEM (HOPMYJT U CUMBOJIOB.

Hanpuwmep,

S + 0, =S0,, To ecTb 1 Mosiekyna cepbl S, nobGaBieHHas K 1 MO-
siekyine kucnopoaa O,, BbI3bIBAaET peakinio, 00pasyoliyio 1 Mojieky-
J1y iByokucu cepbl SO,.

Jlpyroii npumep:

Zn + H,SO, = ZnSO, + H,, To ecTb 1 Mosekyna uMHKa Zn, A0-
GaByieHHast K 1 MonekyJie cepHoit kucaotsl H,SO,, BbI3bIBaeT peak-
uuio, obpasytouryto 1 monekyny cyabdara uunka ZnSO4 u 1 Mone-
Kysty Bogopoaa H,.

B XHMHYECKOM ypaBHEHHH:
® KaX[blili XAMUYECKHUIi 3JIEMEHT JOJKEH MMETh OMHAKOBOE YHCIIO

aTOMOB 10 00€ CTOPOHBI OT 3HaKa paBeHcTBa. Hampumep, Bo BTo-

POM YpaBHEHUU C KaXI0i CTOPOHBI CTOUT IO 1 aToMy LIMHKA, 110 2
aToMa BOJOpOa, 1Mo 1 aToMy cepbl U 110 4 aTOMa KHCI0POa;

e eciu nepen hopMyJIoi MOJIEKYJIbl CTOUT YUCIIO, TO HA HETrO YMHO-
JKAIOTCSI BCE aTOMbI, 00pa3yIOII1e 3TY MOJIEKY.TY.

Kucaorsl n ménoun

Kucaoma — 310 copepkalliee BOAOPO. COeAUHEHNE, B KOTOPOM BO-
JIOPOJ MOXET OBbITh JIETKO 3aMeHEH MeTa/uioM. Hampumep, B Bbllle-
MPUBEAEHHOM YPaBHEHUY MOKa3aHa peakiusl LIMHKA C CEPHOW KUCIIO-
TOI1, B pe3ysibTaTe KOTOPOii 00pasytoTcs cyabdaT IMHKA U BOJOPO/I.
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Kucnora BeiBoouT MOHB Bogopoaa H* B pacTop (3apsxeHHas
4yacTula, UoH 0bpasyeTcs, KOraa aTOMbl UM MOJIEKYJIbI TEPSIOT WU
MPUOOPETAIOT SJICKTPOHBI).

TIpumepbI 4ACTO MPUMEHSAEMbIX KUCJIOT:

cepHas kuciora — H,SO,,

consiHas kuciora — HCI,

azortHas kuciaora — HNO;.

OcHogaHue — 3TO BELIECTBO, CIIOCOOHOE HENTPaIN30BaTh KUCIIO-
Ty, TO €CTh YCTPAHUTD €€ KUCIIOTHbIE CBOMCTBA.

1[éroub — 510 pacTBOpUMOE OCHOBaHMe. B pacTBope ménoun 06-
pa3yeT rugpoKcuiababie noHbI OH™.

K menoyam oTHOCATCS, HANPUMEP:

rugpokcua Hatpusd NaOH (kaycTrueckasi coga Wiv eIKWi HaTp),

ruapokcui Kanbiust Ca(OH),,

ruapokcwi ammonust NH,OH,

rugpoxkcua Kanusi KOH (enkoe kanm).

Coab — 2TO IPOAYKT HEUTpATU3allUU KUCIOTHI OCHOBAaHUEM,
TO €CTh KUCJIOTa + OCHOBaHWE = COJIb + BojA.
Hanpumep,

HCI + NaOH = NaCl + H,0,

H,SO, + 2KOH = K,SO, + 2H,0,

H,SO, + CuO = CuSO, + H,0.

K coxnam otHocsTCS, HAaNpUMep:

xsiopun Hatpust NaCl (0ObIyHas nulieBas CoJib),
cynbdat kanus K,SO,,

cynbdat meau CuSO,,

kapooHat kKaiblus CaCO; (M3BECTHSIK).

HHnoukamop — 3TO XMMUYECKOE BELIECTBO, KOTOPOE MpHU 100aB-
JIEHUU B PACTBOP U3MEHSIET €T0 LIBET B 3aBUCUMOCTH OT THUIa CPeJlbl
B pacTBOpe — KUCJIOTHOW WJIM 1IeoyHO#. Jlakmyc — 210 TpocToit
JBYXUBETHBI MHAMKATOP, CTAHOBSILLIUICS KPACHBIM B KMCJIOH cpee
Y CUHUM — B IIleJIoyHOM. EcThb emé aBa THIa MHAMKATOPOB: METUI-
opaHX (KpacHbIi — B KHACJIOTE U XKENTHIN — B 1IEN0UN) U heHond-
TajienH (OeCIBETHBIN — B KMCJIOTE U PO3OBBIN — B IIETOUN).

HlIxana pH (pH o3HauaeT «BOIOPOIHBIN TMOKa3aTeslb») XapakTe-
pU3YET YPOBEHb KUCJIOTHOCTHU WJIH 1LIEJOYHOCTH pacTBOpA M0 IlIKaje
ot 0 o 14.

0 — 2TO CUITbHAS KHCTIOTA,

7 — HeUTpalbHbII pacTBOp,

14 — cunpHas WETOYb.

HekoTtopbie npuMepbI BENIECTB ¢ Pa3IMYHbIME 3HaYeHusmMu pH:

KOHUEHTpUpoBaHHast consiHast kuciaora HCl — 1.0,

JIMMOHHBIN cOK — 3.0,

MOJIOKO — 6.6,

npecHas Bona — 7.0,

MopcKas Bona — 8.2,

KOHIIEHTPUPOBAaHHBINM ruapokcui Hatpusd NaOH — 13.0.
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OcHosnble ceolicmea Kuciom

e [louTu Bce KMCJIOTBI BXOIAT B Peakinio ¢ KapOoOHAaTaMu U OUKap-
OGoHaTtamMu (ITPUMEpPOM KapOoHaTa, TO €CTh COeANHEHNsI, BKIIIOYa-
IOLIET0 B ceOsl KUCIOPOM U YIVIEPOH, CIYKUT KapOOHAT HATpusl,
BCEM M3BECTHAs XO3SIMCTBEHHAsT COMIa).

o PazbaBiieHHbIE KUCIOTHI, OOXKUTAIONIME Ha BKYC; HAIpUMeEp, JIU-
MOHHasl KucjoTa (COAEPXUTCS B JMMOHAX), YKCyCHasi KMCJIOTa
(yKcyc) 1 MOJIoYHast KMCJI0Ta (CKUCIIee MOJIOKO).

e PacTBOpBI KUCJIOT OKPALIMBAIOT JAKMYCOBYIO OyMaxKKy U METUJI-
OpaHX B KpacHbIN 1IBET, (heHOoI(TaTIenH OCTAETCSI OECLIBETHBIM.

e BOJIBIIMHCTBO KMCIIOT BCTYMAIOT B PEaKLIMIO C 3JIEMEHTAMU, CTOSI-
IIMMHU BBILIE BOAOPOJA B BJIIEKTPOXMMHUUYECKOM PsIy (CM. KH. 2,
1J1. 42), BBICBOOOXK/1as IPU 3TOM BOAOPOI.

Ocnoenvle ceolicmea weaouell

o [1l€m104yn HENUTPAIU3YIOT KUCIOTHI, 00pa3ysi TOJbKO COJIb U BOLY.

o [Ilémoun c1ab0 BO3MECTBYIOT HA METAJUIBL.

o [I[€10un OKpalmIMBalOT JIAKMYCOBYIO OyMaxKy B CHUHMIA,
METWJIOPAHX — B XENTHIN U heHOoN(TaIeMH — B PO30OBBIi1 LIBET.

o [I[é10oynM Ha OLIYNb CKOJb3KWE, CWJIbHBIE IIETOYU — XOPOIINE
PACTBOPUTEIH IJIs1 OTPEeIeIEHHBIX TUTIOB Maces U CMa30K.
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6. CUMBOJIbHBIE OBO3HAYEHUA
BEJIMYUH 1N UX ENNHUIL

Cokpamiennoe
CumBon
B THYMHbL 0003HaYeHNe eTMHUIBI
T — BeJHYHHBI
Bemynna E -
Z | & BeJMYMHBI
- g ’§ MexIy- oTeyect-
E 2| B E HapoaHoe BEHHBII
L =
= = S &
AbcomoTHas
IIMBJIEKTPUYECKAsT € € (apan Ha MeTp F/m O/m
TIPOHUIIAEMOCTh
Ab6comoTHast
MarHUTHast IPOHU- n n TEHPU Ha METP H/m /M
11aeMOCTb
Baauvnas M M TeHpU H Tu
VHIYKTUBHOCTD
Bpewmst t t CeKyHza S c
JlaBneHue P P nackab Pa Ma
JlmiHa ! ! MeTp m M
JInvHa BOJTHBI w A MeTp m M
Emxocth C C (apan F 0]
Wmnenanc VA zZ oM W Om
WunyktuBHOCTH L L TeHpU H Tu
MunykTnBHOCTD
Ly oC M M TeHpU H Tu
B3aUMHast
Konunuectso ternna 0 0 TDKOYITh J IIx
Komnunuectso amexr-
TIOH C Kn
puyecTBa Q 0 Ky.
Koadpdurment rpanyc Llenbcust
JIMHENHOTO pacIu- a o B MUHYC MIEPBOI °c! °c!
peHust CTeneHn
Koadduumenr rpanyc Llenscus
00BEMHOT0 pacily- Y B MUHYC MEPBOii °Cc! on
peHust CTeTNeHn
Koadduumenr mo-
" MepHast — —
JIE3HOTO JEHCTBUSI n n GespasmepHa:
Koadpdument
Oe3pasmepHast — —
TPeHUsI H H pasmep
MartutHas W, [ 0e3pazmepHast — —
MOCTOSIHHAS r r
MarHuToaBUXYIIas
cia F F amIep A A
Macca m m KHJIOTpaMM kg KI
Macca, ckopocTh KyOMYeCKuii MeT|
» CKOP! 1% 14 Y p m/s w/e
MoTOKa B CEKYHIY
Mony capura (o G G nackaib Pa Ma
yJTb XECTKOCTH)
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TIpodoncenue mabauypt

Cokpamennoe
CumBon
BeJTHUHHBI 0003HAYEHHE eUHHLbI
Exmmina BeJINYHHBI
Bemuuna
- = BeJMYHHbBI
Z| g% MEXy- oreyect-
S| £ HapoaHoe BEHHbII
SE| B3
Monyb ynpyroctu
E E nackajb P n
(monynb FOHra) ackan a a
MousipHasi razoBast KWJIOIKOYJTb Ha K-
OJISIpHast ra3oBa: R R JTOJLKOYJTb Ha /(e K) | kT /(krK)
TMOCTOSIHHAsI JIorpaMM-KeJIbBIH
KWJIOTPaMM-MeTp 2 )
MomeHT unHepuuu ILJ 1J KBAZIpATHBIiE kg'm KI'M
MomeHT uHepuun
(BTOpPOif MOMEHT) I I METDp B YETBEPTOI o 4
TJIOLIAH TUTOCKO# CTeneHn M
Gurypsl
MoMeHT CuJIbl M M HBIOTOH-METpP Nm Hwm
MortHoCTb 061IIas S S BOJIBT-aMIIep VA B-A
MouHocTb peak- BOJIET-aMIIep
" var Ba
TUBHas 0 0 PeaKTUBHBIH (Bap) P
MouHocTs
W
AKTUBHAs P P BatT Br
HanpstxeHue vV 4 BOJIBT v B
HanpsikenHocTh
MATHITHOTO T H H aMIiep Ha MeTp A/m A/M
HanpstxeHHOCTD
ANEKTPUYECKOTO E E BOJIBT HA METP V/m B/™m
nonst
06BeM |4 V| xybuueckuii MeTp m’ 3
O6BeM y y Kybuyeckuit Metp m’ M3
(BMECTHMOCTb) uTp 1
O06beM, CKOPOCTh OUYECKUI MET
) P V v Kyl p m3/s M3/C
0TOKA B CEKYHILY
OtHocuTeNnbHAS
TIMBJIEKTPUYECcKas £ € tapan Ha MeTp F/m /™M
MPOHULIAEMOCTh
OtHocuTebHAS
MarHuTHast IpOHK- Ho Mo TeHPU Ha METp H/m /™M
1[aeMOCTh
THOCHTE/TbHASI
OrHocHTenbHa: d d 0e3pa3mepHast — —
TUIOTHOCTh
[Mepwon T T CeKyHIa S c
KWJIOTPaMM Ha Ky- 3 3
[TnotHOCTH o
JIOTHOC p P Ouueckuit MeTp kg/m Kr/M
[TnoTHOCTB (TIOTOKA
MATHHTHOTO) B B Tecna T Tn
[TnotHOCTb (MOTOKA KYJIOH Ha KBajipaT-
D D L 2 2
3JIEKTPUYECKOTO) Hblil MeTp C/m Ka/m
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TIpodoncenue mabauyp

Coxkpamennoe
CumBon
BeJTHUMHBE 0003HAYEHHE eTMHULBI
— BeJIHYHHBI
Bemmunna
N = BeJMUHHBI
2| g%& Mexny- oreyect-
2| B E HapoaHoe BEHHbIIH
£ 53
ITnomans A S KBaJIpaTHbIIl METp m? M2
[os:
OBCPXHOCTHOC c o nackaib Pa Ia
HAaTSKEHHE
TMonsipHbIiA MOMEHT
(BTOPOIf MOMEHT) J J METp B YeTBEPTOI m 4
TUTOIIA/IH TLTIOCKOA CTeneHn M
Gurypsi
TToTOK MarHUTHBII [} [} BeOep Wh B6
TToTok anekTpuiec-
KOTO CMeIIeHHsI v v KyJoH c Kn
TIpoBoaumocTh G G CUMEHC S Cm
PactsixeHue mpsiMoe] € € Ge3pasmepHast — —
Pacumpenne rpanyc Llenscust
(JIMHEAHBIN KO3 (- B B B MUHYC MEPBOIt °Cc! on
urment) CTerneH!
Pacumpenne rpanyc Llenscus
(0OBEMHBII KOI(]- o o B MUHYC MIEPBOii °C! °C!
unmenr) CTeTNeHU
Pacmmpenue (rmo- rpanyc Llenbcus
BEPXHOCTHBIN KO3G-| ¥ Y B MUHYC MIEPBOii °C! °C!
unmenr) CTETNeHN
Cuna HBIOTOH N H
Cuna ceta 1 1 KaHzena cd K
Cuna
3JIEKTPUIECKOTO 1 1 amrnep A A
TOKa
CKOpOoCTh v v METp B CEKYHILY m/s m/c
CKOpOCTb yToBast o pamyaH B CEKYHIY rad/s pan/c
ComnpotuBneHue oM o O
(aKkTHBHOE)
TeHpU B MUHYC Tep-
ConpoTuBieHue P ¥ p H™' wm ! wm
MATHIHTHOE S Ry BOU CTETICHH WJIN A/Wb A/B6
amriep Ha BeOep
ConpoTuneHue
X X oM Q Om
peaKkTHBHOE
ConpotuBieHue
OM-MeT Om oMM
yIeIbHOe P P p
CrerneHb CyXOCTH
(oTHOCHUTENbHAS X Oe3pa3mepHast — —
BJIAXXHOCTD)
Temneparypa Tep-
MOJIMHAMUYECKast r T Ke/bBHH K K
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TIpodoncenue mabauypt

Cokpamennoe
CumBon
Be OBossariettie eI
Enunnma
Bemmunna
2] e BeJMYHHbBI
5Z | 278 MexIy- oTevecT-
§ S| £ HapoaHoe BEHHbII
£ B3
TemnepatypHblii rpanyc Llenbcus
K03bdUIMEHT o o B MUHYC NIEPBOii °Cc! °C!
COMpPOTHBIICHHUSI CTEMeHN
TermioBast eMKOCTb, KUJIOIKOY/Tb Ha KK~
yIeJbHast ¢ ¢ JIorpaMM-KeJIbBHH KI/(kgK) | kllx/(krK)
YrioBasi ckopocTh ) o) pajiuaH B CEKyHIy rad/s pan/c
paauaH Ha CEKYHIy ) )
VI0Boe ycKopeHue | o € B KBAIpaTe rad/s pan/c
VrenbHasi TerioBas KUJIOIXKOYJTb
€MKOCTh ¢ ¢ Ha KMJIOTpaMM k/ke KIDx/kr
N KyOMuecKuit MeTp 3 3
bHBIIT 00bEM
Vien o0nbe v v Ha KIOTpaMM m’/kg M’/KT
2
VYekopeHue o o METp Ha CEKyHIy m/s”, Mm/c’,
JIMHEITHOe B KBajipate wimms— | wim mc?
2
Yckopenue METp Ha CEKyHIy m/s”, M/c’,
CWJIBI TSKECTU 8 8 B KBajipate wmms?2| wmmc?
Yacrota f f repiy Hz it
Yucno BUTKOB
npoBoma 0e3pazmepHast — —
Dnektpuyeckas
€ € k — _
HOCTOSHHAS ' . Oe3pa3MepHas
DHeprus w /4 TDKOYITh J IIx
DHeprus
E E KOYJTb X
BHYTPEHHSISI U, U Aukoy I A
DHeprust yaenbHast e ue KWJIOIXOYITh 1J/ke KIDK/KT
BHYTPEHHSISI Ha KUJIOrpaMmm
DHTAJIBITNA H H TDKOYITh J JIx
DHTANbIHS KUJIOIXOYITb K/k KIDK/KT
yaenbHast Ha KUJIOrpaMm &
KUJIOIXOYITb
DHTpOMHSt S S Ha KelbBIH kJ/K kIx/K




YacTtp BTODpAasi

Or dninveckunx
ABNEHNUMN
K TEXHUYECKUM

YyCTPOWUCTBAM
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7. CKOPOCTb: BEJIMYNHA 1 HATIPABJIEHUE

CxkopocTtb

CKopocms — 3TO TEMII, C KOTOPBIM MTPEOI0JIEBAETCS] PACCTOSIHUE.
OrnpenesnsieTcs CKOpoCTb U3 YpaBHEHUS

TIPOMAECHHBIN MTyTh
BpeMS B IyTH

CKOpPOCTb =

OOGBIYHO CKOPOCTh M3MEPSIIOT B METpax B CEKyHIy [M/c| wiu
[M-c7'], a Takxe B KusoMeTpax B yac [Km/4] mwiu [km-u~']. CnenoBa-
TEJIbHO, €CJIM YEJIOBEK MPOXOAUT 5 KUJIOMETPOB 3a OJIMH Yac, TO ero

5
CKOpOCTb paBHa = , TO €CTh 5 KM/4.

Enununa ckopoctu B cucteme CH 3anuchIBaeTcsi B BUie M-¢™' U

Ha3bIBAETCS «MHAEKCHBIM 0003HaYeHreM». OTHAKO B TEXHUKE Yallle
MpUMEHsieTcsl 0603HaUYeHUEe M/C, Ha3bIBAEMOE «HAKJIOHHBIM 00603-
HavyeHueM». B 3Toil raBe, a TakXKe B IPYIMX IJ1aBaX, MOCBAMEHHBIX
MeXaHHKe, B OCHOBHOM HCITOJIb3YETCsI BTOPO CUMBOJI.
Hanpumep, koraa yenoBek mpoxoaut 600 MeTpoB 3a 5 MUHYT,
npoiineHHbI myth _ 600 M _

€ro CKOpocTb = = =
BpeMs B ITyTH 5 MMH

_ 600MX1MI/IH
T 5muH~ 60c

=2wm/c,
nin, nepexoid Ha o0o3HauYeHNE CKOpPOCTU B KUJIOMETpPaAX B 4yac,

2w/e = 2_M>< 1 kM ><36000
T 1c 1000Mm lu
(ITpumeyaHue: M/C TIepPEeBOASTCS B KM/4 YMHOXEHUEM YMCICHHOTO
3HaYeHMs Ha 3.6.)

=2x3.6=7.2xKm/u.

Ipacduk «myTh/BpemMs»

Ipaghux — 310 OIWH U3 CITOCOOOB OTOOPAXKEHUSI MTAHHBIX O JIBVIKE-
Hug Tena. [paduk 3aBUCMMOCTH TIPOIAEHHOTO MyTH (OTMEYaeTcsl Mo
BEPTUKAIBHOI OCH KOOPAMHAT) OT BpeMEeHU (OTMEYaeTCsl 10 TOPU30H-
TaJIbHO OCH) Ha3bIBAIOT IPapKOM «ITyTh/BpeMsi». 3HAUUT, €CJIU CaMO-
JIET 3a MIepBbIi yac noJjéra npeoponenaeT S00 KUJIOMETPOB, a 3a BTOPOi
yac — 750 KUI0METpOB, TO MOCJIE ABYX YaCOB MOJIETA MPOJIETaHHbII UM
myThb cocTaBuT (500+750) kmomeTpos, To ecTh 1 250 kunomeTpos. [pa-
(UK 3aBUCUMOCTH TIyTH OT BpeMeHU 1moka3aH Ha Puc. 7.1.

Cpeonsasa ckopocms BbIYUCISIETCS KaK OTHOLUEHUE MPOMIEHHOTO
ITyTY KO BPEMEHU HaXOXIEHUS B IIYTU, TO €CTh

BECh MIPOMIECHHBIN NYTh

CPEeHSISl CKOPOCTb =
ob1iee BpeMsi B yTH
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1250 A

1000 —

MyTb [KM]

750 — B
625
500 [~

250 —

Y X
0] 1 2  Bpewmsi[y]
Puc. 7.1

CJ'ICZ[OBaTCJ'lBHO, CpeaHssA CKOPOCTb caMoJéra paBHa

(500 + 750)km _ 1250 _ g5
(I+Du 2

Ecnu coenuauts Touku O u A, Kak mmokaszaHo Ha Puc. 7.1, To ot-
pe3ok OA OyneT onpenesiTbest Kak

OA = H3MCHCHNE PaCcCTOSHUS (BepTUKaJbHAsI OCh)
M3MEHEeHUE BpeMeHU (TOpU30HTaIbHAasI OCh)

IIJIST TIOOBIX IBYX TOUEK Ha oTpe3ke OA.
J11s1 TOYKu A M3MeHeHKe paccTossHMS oT O paBHO 0Tpe3Ky AX, TO
ecthb 1 250 kM, a 3aTpayeHHOE BpeMsi — OX, To ecTb 2 yaca. Orciona

1250
CPEAHSIsl CKOPOCTD paBHa —

TouHO TaK ke B Touke B oTpe3ka OA M3MeHEHUe PaCCTOSTHUS OT
O paBHo BY, 10 ecTb 625 KusoMeTpaM, a 3aTpadyeHHOE BpeMsl paBHO
otpe3ky OY, o ecthb | gacy. OTcrona mojyvaercsi, YTO CpeIHsIst CKO-

, TO €CTh 625 KM/4.

POCTh paBHa 612 , TO €CTh 625 KM/4.

Takum obpazom, oTpe3ok OA Ha rpaduke «IyTb/BpeMsi», Ompe-
NEJISIET CPENHIOI CKOPOCTh Teja, ABMXKYIIerocs oT Touyku O K
TOuke A.

Ipadmk «ckopocTh/Bpemsi»

Ecnu rpaduk otobpaxkaeT 3aBUCMMOCTb CKOPOCTU OT BpEMEHHU,
TO TUTOIAb MOJ rpaMKOM OTpeaesiseT MpoiaeHHbIN myTh. Cieno-
BaTeJIbHO, MPOMIEHHOE TEJIOM PACCTOSTHUE 32 BPEMsI €TO IBHKCHUSI
u3 O B Touky B, kak mokazaHo Ha Puc. 7.2, — 3T0 3amTpuxoBaHHAS
00J1aCThb, TTOJ KPUBOI «CKOPOCTh/BPEeMsi».
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14 -« B
12 —
A
o) 10 E
)
o 8
5]
o
S 6
P4
o
4 -
2 -
CN D
o] 2 4 56 8 10 12
Bpewms [c]
Puc. 7.2

1
[Tnomans TpeyroapHruka OAC = 3 X OCHOBaHME X BbICOTA=

=l sex10M = 25
2 [¢

[Tnomans npsimoyronbHuka AEDC = ocHOBaHUE x BbICOTa =
=(12—=5)cx (10— 0) % =70 m.
[Tnomans TpeyroabHuka ABE = % X OCHOBaHME X BbICOTA =

x(12-5)cx (14-10) ¥ = %m <4 = 14w

1
2
OTcioJa myTh, NPOiieHHbIIi TeJoM, ABIKyIuMcs u3 O B B,

(25+70 + 14) M = 109 m.

BekTopHas cKopocTb

Bexmopnas ckopocms Teia — 3TO CKOPOCTbD TeJla, MepeMellialole-
rocsl B onpeAeaéHHOM HanpasiaeHuu. Eciy caMonér neTut Ha 1or co
ckopocThio 500 KMJIOMETPOB B Yac, TO €ro CKajisipHasi CKOPOCTb —
500 KMIOMETPOB B yac, a BeKTopHast ckopocTb — 500 KUITOMETpOB B
yac B I03KHOM HarmpajieHuu. OTcioa ciieayeT, YTo ecu Obl CaMOJIET
netel 1 9ac co ckopocThio 500 KMIOMETPOB B Yac 10 KPYroBoii Tpa-
€KTOPUM TaKKUM 00pa3oM, YTO CITYCTsI Yyac 1ocje B3JETa OH Obl CHOBa
MOJIeTeNl K a3pOTOpPTy, TO €ro CpeaHssl BEeKTOpHAasi CKOPOCTh ObLIa

051 paBHa 0.
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CpedHusisi 6ekmopHasi CKOPOCMb BBIYUCIISIETCS KaK

yTh, IIPOIIEHHDIA B ONPEAENEHHOM HAITPABIEHUN
BpEMS B ITYTH ’

Ecnu camon€r netut u3 Touku O B TOUKY A M IIPeomoJieBacT 3a
1 yac ryth B 300 KUJIOMETPOB, a TOUKA A HaXOAUTCSI B CEBEPHOM Ha-
npapieHuu ot O, To oTpe3ok OA Ha Puc. 7.3 xapakTtepusyeT nepBblit
yac noJeTa.

3aTeM caMOJIET JIETUT U3 TOYKU A B TOUKy B, mpeomoseBas 3a
BTOPOI1 yac mosiéTa myTh, paBHbIi 400 KJIoMeTpaM, MpuyeM Touka B
pacIojoXxeHa K BOCTOKY OT Touku A. BTopoii yac mosi€ra Takxe mo-
KazaH Ha Puc. 7.3.

z
g
A 400 km B E 600
¢ 3
S 400 -
300 km 3+8B o
500 km § 200 |-
Q.
[=)
10 < \ |
Macwra6 2 1 2 3
0 100 200 300 400 km
\ \ . . ] Bpewms [4]
Puc. 7.3 Puc. 7.4

CpeIIHHH BE€KTOPHasA CKOPOCTD 3a IBa yaca moJyiéta paBHa

paccrosgare OB _ 500 km

= 250 km/4 o HanpasieHuto OB.
2 yaca 24

Ipaduk oTHOIIEHUST BEKTOPHOI ckopocTu (OTMeuaeTcsl 1o Bep-
TUKaJIM) KO BpeMEeHM (OTMEYaeTcs MO TOPU3OHTAIM) Ha3bIBaeTCs
rpaKoM «BEKTOpHasi CKOpoCTh/BpeMsi». [paduk Ha Puc. 7.4 noka-
3bIBa€T, YTO CAMOJIET JIeTeJl TPU yaca € MOCTOSTHHON CKOpPOCTBIO
600 KMJIOMETPOB B Yac B OINpeaeEHHOM HarpaBIeHUH.

OuepueHHast 00JIaCTb XapaKTepU3yeT BEKTOPHYIO CKOPOCTh (Bep-
TUKAaJIb), YMHOXEHHYIO Ha BpeMsi (TOPU30HTalb), U U3MEPSIETCS B

eAMHULAX, TOJTYYSHHBIX U3 % X 4achl , TO €CTh B KUIOMET-

pax. DTa 001acTh U €CTh IMyTh, IPOMIECHHBII B ONpeneIEHHOM Ha-

npasjieHun. B naHHoM ciayuae rmytb = 600 I%/I x 34 =1 800 km.
CylLecTBYeT APYroit MeToI OnpeAeeHuUsI TPOMACHHOTO MyTH:

MPOIIEHHBIH MYTh = CPeAHsSA BEKTOPHASI CKOPOCTb X BpeMs.
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CrnenoBaTeIbHO, €CJIM CaMOJIET JIETUT Ha IOT CO CKOPOCTBHIO
600 kM/4 B TeueHue 20 MUHYT, TO NMPEOIOJIEHHOE PACCTOSIHUE CO-
CTaBUT

600 %X%‘{ =200 k™.
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8. YCKOPEHHE

Yckopenue — 3TO TeMI U3MEHEHUSI BEKTOPHOI CKOPOCTH €O Bpe-
MeHeM. CpenHsisl BeIMUMHA YCKOPEHMSI @ OTIpeessieTcsl Kak

M3MEHEHNEe BEKTOPHOU CKOPOCTH
3aTpayeHHOE BpeMs ’

a =

OOBIYHO YCKOpPEHME U3MEPSIIOT B METPaX B CEKYHIy B KBalIpaTe
[M/c?] wnu [m-c2]. Ecnu 4 — HavasbHasi BEKTOPHAst CKOPOCTb TeJa,
u3MepseMas B METpaxX B CEKYHAY, U — KOHEYHas BEKTOPHas CKO-
pOCTh, U3MepsieMasi B METPax B CEKYHIY, a  — BpeMsl B CEKyH/Iax, 3a
KOTOpPOE CKOPOCTb U3MEHWJIACH OT U [0 L, TO cpedHee yCKopeHue

U;MM/Cz

Ipadmk «BeKTOpPHAS CKOPOCTH/BpPEMS»

Ipaduk mM3MeHeHUs1 BEKTOPHOW CKOPOCTU (BEpTUKaJbHAsl OCb)
BO BpeMEHU (FOPU30HTAaJIbHAsI OCb) HA3bIBAIOT rpaKoM «BEKTOp-
Hasi CKOPOCTb/BpeMsi», Kak Obulo nokaszaHo B 1. 7. Ha Puc. 8.1 no-
KazaH rpaduK «BeKTOpHasi CKOPOCTh/BpeMsi», rie oTpe3ok OA maH
kak otHomeHne AX/OX. AX — 3T0 U3MeHeHNEe BEKTOPHOI CKOPO-
CTU OT e€ HaYaJIbHOTO 3HAYEHUS U, TO €CTh OT HYJISI, IO KOHEYHOTO —
v, TO €cTh J10 4 MeTpOB B ceKyHIy. OX — 3T0 BpeMmsl, 3aTpayeHHOE Ha
U3MEHEHUE CKOPOCTH

AX _ u3MeHeHHe BeKTOPHOM CKOPOCTU _

0X 3aTpayeHHOE BpeMsI

= YCKOpPEHMUE B MePBbIE 1BE CEKYH/IbI.

10

fes]

CkopocTb [M/c]

Bpewms [c]
Puc. 8.1
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N3 rpaduka BugHO, 4TO

AX _ 4m/c
0X 2¢

TO €CTb YCKOPEHHUE PaBHO 2 M/c2.

TouHo Tak xe orpe3ok AB Ha Puc. 8.1 nosnyyaior u3 oTHOILIEHUS
BY/AY, TO ecTb ycKOpeHUE 3a MHTEepBajl BPEeMEHU MexXay 2¢ U Sc¢
paBHO

= 2M/C2,

o]

_4

Wik

= I%M/Cz.

W
[\S}

Htak, HaKJIOH JIMHUMU Ha rpaduke «BeKTOPHAsk CKOPOCTh/BPeMsi»
onpeaessieT yCKOpeHue.

CB000IHOE Na/IeHHe H YPaBHEHNE JIBUKEHHUS

Ecnu teno, HanpuMep KaMeHb, TTafaeT ¢ BHICOTHI, TO TAKOE Majie-
HUE Ha3bIBAIOT c80000HbIM nadeHuem. YCKOpeHUE KaMHs MpU Maje-
HUMU MOCTOSIHHO M paBHO IpuMepHo 9.8 M/c’. B Bakyyme Bce Tena
00JTafaloT TaKUM HAIPaBJICHHBIM BEPTUKAJILHO BHU3 YCKOPEHUEM,
TO €CTh IEePO UMEET TO XKe YCKOPEeHHeE, YTO 1 KaMeHb. OIHaKO eclin
CBOGOJIHOE MaJeHKe TTPOUCXOIUT B BO3AYXE, TO ycKopeHue 9.8 m/c?
COXpaHSIeTCs JINIIb HAa KOPOTKUX PACCTOSTHUSIX, & €CJIU TUIOTHOCTD
TeJla MaJia, KaK B CJiydae ¢ IIepoM, TO y TAKOTO TeJla YCKOPEHHE MaJio
WJIH €TO BOOOIIIE HET.

J11s1 e, IBYKYIIMXCS C TIOCTOSTHHBIM YCKOPEHUEM, CPEIHEe YCKO-

PEHUE TAKXKE paBHO MOCTOSIHHOM BCJIMYMHEC, a 3HAUUT,
v—Uu
a = .
t

Torna
axt=v—u,

u+at

TIe u — TiepBOHavYaIbHasl BEKTOPHASI CKOPOCTh B METPAX B CEKYHIY,
U — KOHEYHas BEKTOpHasi CKOPOCTh B METPaX B CEKYH]LY,
a — TOCTOSIHHOE YCKOpEHUe B METpax B CEKyHy B KBaapare,
t — BpeMsl B CeKyHIax.

Korna «a» umeeT oTpuliaTeibHOE 3HaUeHKE, TO YCKOPEHUE Ha3bl-
BAIOT MOpMOJceHUemM U 3amedaenuem. YpaBHeHUe v = u + at Ha3bl-
BAIOT ypagHeHUemM 08UNCEHUSL.

Hanpumep, eciiu kKaMeHb COPOCUTH C OOJBILION BBICOTHI, TO OH
HA4YHET CBOOOAHOE IMajeHue, a 3HAYUT, OylIeT UMETh YCKOpeHUe a,
NprMepHO paBHOe 9.8 M/c? (pUMeM MajeHNe BHU3 33 MOTOXHUTEb-
Hoe HamnpasjieHue). Onpenearm CKOpoCTh MaJeHUsI KaMHsI uepe3 1Be
CEKYH/IbI.

IlepBoHavanbHast CKOPOCTh KaMHs u paBHa (.

OTKyza
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BekropHast CKOpOCTb v Iociie 2 ¢ MageHust
v=u+at=0+98x2=19.6 m/c,

TO €CTh BEKTOPHAsI CKOPOCTh KaMHsl, HANPABJIEHHAS BHU3, CIyCTs 2 C
npumepHo pasHa 19.6 m/c.

Jpyroii npumep. OmpeneuM YCKOpeHHME TOe3a, eCIM OH IBU-
KeTcsl co cKopocThbio 30 KM/4 U 3a 1B€ MUHYTBI €0 CKOPOCTb paBHO-
MepHO Bo3pocia 10 50 Kkm/4.

[epeBeném CKOpPOCTh M3 KWJIOMETPOB B Yac B METPBI B CEKYHITY, &
BpeMsI — M3 YaCOB B CEKYH/IbI:

u=30xkm/u= % M/c,
v=>50km/u = % Mm/c,

t=2mMuH=2x60=120c.

ITockombKy
v=u+at,

TO, MOACTABJISAS BMECTO U, L, I UX 3HAYEHUS, UMEEM

% = % +ax120.
[Ipeobpasys, moaydaem
120xa = %,
OTKYyIa
2= % =0.0463 m/c2,

TO €CTb MOCTOSHHOE YCKOpeHNe noe3na pasHo 0.0463 m/c?.
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9. CWIA, MACCA 1 YCKOPEHHE

BosaeiicTBue cuibl HA clmanqecxne TEJaa

Korna kakoe-1160 Te10o TSHYT WIK TOJIKAIOT, TOBOPSIT, UTO K He-
My NpUKIaabiBaloT cuay. Cuna B cucteme CU usmepsieTcsi B HbIOTO-
Hax [H]. CnencTBueM NpuIoKeHHS CUIIBI K Ty SIBJISIETCS:

e M3MeHEeHUe IBUXKEHUS Tea;
e M3MeHeHUe (popMBI TeIa.

Ecnu npoucxonut u3MeHeHue B IBUKEHUU Tella, TO ero BEKTOp-
Hasi CKOPOCTb U3MEHSIETCSI OT U 10 U, TO ECTh TEJIO MOJIYyYaeT yCKOpe-
Hue. CiaenoBaTe/IbHO, YCKOPEHUE — 3TO Pe3y/IbTaT AeMCTBUS Ha TEJI0
cuiibl. Eciiu K Tesy pUJIOKUIIU CUJTY, HO JBUXKEHMS HE TIPOU301LLUIO,
3TO 3HAYMUT, YTO TEJIO U3MEHUIIO (HOPMY, TO eCTh ITpousolia nedop-
Malusl Tesia Mnoj AeiictBueM cuiibl. OObIUHO U3MEeHeHUe hOPMbI Ha-
CTOJIbKO HE3HAYUTEJIbHO, YTO HEBOOPYXEHHBIM TJ1a30M 3TOTO YBU-
JeTh Helb3st. OJHAKO ¢ TTIOMOIIbIO CBEPXUYBCTBUTEIBHBIX TPUOOPOB
MOHO Y3HaTh JaXe O CAMbIX HE3HAYUTEIbHBIX U3BMEHEHUSIX pa3Me-
poB Tena.

Mexay BceMU TeJlaMu CylIecTBYyeT cuia nputsikenus. K dakro-
paM, ONpeIeNsSIIOIMM BEJIMYUHY 3TOM CUJIBl F; OTHOCSITCS Macca Tell
U PAcCTOSTHUE MEXIY UX LEHTPaMU:

my m,
F~ ~—-——-d2

Otciofa cieayert, 4TO €clii paccMaTpuUBaTh YeJOoBeKa KaK OIHO
TeJo, a 3eMJII0 — KaK BTOPOE, TO MEXIY HMMM CYyIIECTBYeT CUJia
MPUTSIKEHUS. DTy CUITY elLIE HAa3bIBAIOT CUA0U epasumayuy v cuaoil
msxcecmu, U UMEHHO Oyiarofapsi el 4yeioBek, CTOSIIUI Ha MOBEepX-
HOCTHU 3eMJId, UMeeT OonpeneaeHHbIN Bec. biaromapsi 3Toii xke cuje B
OTCYTCTBUE APYTMX CUJI MPOMCXOAUT CBOOOJHOE MaJeHUE TeJl C MOo-
CTOSIHHBIM YCKODEHUEM.

3aKoHbI npukenus Holotona

YTOoOBI TEJO CABUHYJIOCH WM U3MEHUJIO HAIlpaBlieHUE IBUXKE-
HUS, HEOOXOAMMA CUJIa, IEHCTBYIOIIAs Ha TEJIO U3BHE. DTOT MIPUH-
LIWTI, U3BECTHBIN KaK nepeuiil 3akor Hvromona, MOXHO chOpMyIUpO-
BaTh TaK:

Teao ocmaémcsa Henoo0BUNCHBIM Ul RPOO0ANCAEHT PAGHO-
MEpPHO U NPAMOAUHENHO Jgu2ambCst 0o mex nop, noka Ha
Hezo He nodelicmeyem 6HeulHsAA cCuld.

Tak xak mj1g U3MEHEHUS HarpaBJICHUA OBUXKCHUA HYXKHa CUJIa,
CJIEOOBATCJIbHO, TCIO obnamaeT HEKOTOPBLIM COIIPOTUBJIICHUEM K U3-
MEHCHHNIO €r0 COCTOAHUA. CI/IJIa, HeoOxomuMasi st TOTO, YTOOBI
npuaaTb 3agaHHOE YCKOPEHMUE IMJIOCKOJOHKE, HAMHOTI'O MEHBIIEC, YEM
cuia, HeoOXoaumast Ijist TIOJIYY€HUA TaKOTO K€ YCKOPEHUA aBTOMO-
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owieM. ConpoTUBIIeHNE K U3MEHEHUIO COCTOSIHUSI IBUKEHUST HA3bI-
BaeTcsl uHepyuell Tesa. BenmurHa MHEpLUMU 3aBUCUT OT Macchl TeJa.
Tak Kak aBTOMOOWIIb UMEET 3HAYUTETbHO OOJIBIIYIO IT0 CPABHEHUIO
€ TUIOCKOJIOHKO# Maccy, TO U €ro MHEPLIMS TOXe 3HAUUTETbHO OOJIbLIe.
DTy 3aKOHOMEPHOCTh OTpaXaeT BTOpoii 3akoH HeloToHa.
Bmopoii 3axon Horomona MoxeT ObITb chOpMYTUPOBaH TakK:

Yckopenue meaa, npueedénnozo 6 osudxcenue eHeutHel
cuA0il, NPONOPYUUOHAABLHO MO CUAe U HANPABAEHO 8 MYy
Jice Cmopony.

CnenoBaTeibHO, CHJIa TPOMOPLIMOHAIbHA YCKOPEHUIO, WU, APY-
TMMU CIIOBAMM, CHJIa = KOHCTAHTa X YCKOPEHHE, e KOHCTaHTOI
SIBJISIETCSI Macca TeJia, TO eCTh

cuaa = macca x yCKopenue
nim

F

rne F — cwuia, uamepsieMasi B HplotoHax [H],
m — Macca, u3MepsieMasl B KujiorpaMmmax [kr],
a — yCKOpeHUe, U3MepsieMoe B MeTpax B CEKYHJy B KBaJpare
[M/c?].
Enununa cunsl — wotomon [H], v onpenensiior ero uepes3 maccy u
yckopeHue. OH HBIOTOH — 3TO CUJIa, HEOOXOIMMasT IUTS TIPUIaHUS
yekopenus 1 M/c? Tey Maccoii 1 KT, To ecTh

ma

mzw,
1c

Ortcrona ciemyer, 9To 1 M/c2 = 1 H/kr. CnenoBarenbHO, TpaBUTa-
LIMOHHOE ycKopeHwe 9.8 M/c? — 3TO TO 3Ke caMoe, YTO TPaBUTALIMOH-
Hoe mosie 9.8 H/kn

Hanpumep, onpenennm cuity, HeOOXOIUMYIO JUIsS TOTO, YTOOBI He-
MOIBMKHO CTOsIIIAs sixTa Maccoii 20 ToHH, HaOpaB ycKopeHue, 3a 10
MMHYT IOCTUTJIA CKOPOCTH 21.6 KM/U.

KoHeuHast CKOpOCTb SIXThI

v=21.6 xM/u = 231—6 =6M/c,

BpEMSI IBUKECHUST SIXTBI C YCKOPEHHEM
t =10 muu = 600 c.
CrenoBaTenbHO, 3HasI, 9YTO
v=u+ at,
W TIOJCTABJIsSISI BMECTO U, L, t UX 3HAUYEHUSI, UMEEM

6=0+ax600,
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OTKyna
-6 _ 2
a= &5 0.01 m/c”.

CornacHo BTopoMy 3akoHy HproToHa F'= ma, TO eCTh
F=20000x 0.01 =200 kr-m/c? =200 H.

Jlpyroit mpumep. OrmpenesuM Maccy TOJIOBKA MEXaHWYECKOTO
CTaHKa, BVKYIIEcs co cKopocThio 30 M/MWH, 3Has YTO €€ MOXHO
OCTaHOBUTb, TPUJIOXKUB cty 1.2 H.

B cooTBeTCTBMM CO BTOPBIM 3aKOHOM HbloTOHA

F=ma,
OTKyIa
_F
m=-.
a

I[.T[H HaXO0XACHUSA YCKOPEHWA @ MOXHO MCITOJIb30BaTh 3aKOH IBU-
KCHUSA

v=u+at,
rme v =0,
_ 30 _
u=e M/mMuH = 0.5 M/c,
t =0.8c.
IMoacrapisist TM 3HAYEHUST, UMEEM
0=05+ax0.38,
OTKyzIa
_ 0.5 _ 2
= —= =_0.625 m/c?,
7708 /

TO eCTh TOPMOKeHHUE cocTasieT 0.625 M/c2.
CrenoBaTesibHO, Macca

= =1.92kr

F_ 12
a 0.625

Tpemuii 3axon Horomona MOXHO c(popMyIMpOBaTh TaK:

Jlaa kaxcooii cuavt cywecmeyem cuaa, pasnas eii no ée-
AuMUHe U NPOMUGONOA0NHCHAA NO HANDPABACHUIO,

Ui

cuaa delicmeus pasHa cu.ie npomueooelicmeusi.

CnenmoBaTeibHO, CUJIa, C KOTOpOM Tejo, Jiexallee Ha CToJe,
JIEMCTBYET Ha CTOJI, HAaIIpaBJjieHa BHU3 U PaBHA HampaBJIeHHOM BBepX
cujie, ¢ KOTOpOl CTOJ AeWCTBYeT Ha Tejio. Takas cujla Ha3bIBaeTcst
CUAOU peaKyuu UV TIPOCTO peakyueil.
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IleHTpocTpeMuTE/IbHOE YCKOPEHHE

Kornma teno aBuxeTcsl 1Mo KpyroBoii TpaeKTOPUM C MOCTOSSHHOM
CKOPOCTBIO, HallpaBJIeHUE ero IBUXEHUS MOCTOSIHHO U3MEHSIeTCsl, a
CJIeIoBaTeIbHO, MOCTOSTHHO U3MEHSIETCS M er0 BEKTOPHAs! CKOPOCTh
(3aBuUCHIIAs KaK OT YUCJIEHHOTO 3HAYEHMUsI, TAK U OT HAMPaBJICHUSs).
[lo onpenenexuio

M3MEHEHHUE BEKTOPHOI CKOPOCTH
3aTpadyeHHOEe BPEMS

YCKOpEeHHEe =

OTKY/a CJIE/IyeT, UTO B 3TOM CJIyyae TeJo MOoJIydaeT yCKOpeHUe.

JonycTtuM, Teso ABUXKETCS C MOCTOSIHHOM YIJIOBOI CKOPOCTBIO ®
U HaIpaBJIeHHOM 0 KacaTeJIbHOI BEKTOPHOI cKopocThio v. Jlomyc-
TUM TakXke, YTO U3MEHEHHEe BEKTOPHOI CKOPOCTU TPU MAaJOM YTIJje
OTKJIOHEHUs O (= wf) cooTBeTcTBYET V' (Puc. 9.1a).

v2

U1

a) 6)
Puc. 9.1

Tornma
v,— o=V

Ha Puc. 9.16 moka3aHa BeKTOpHast [uarpaMma 3TOro U3MeHEHUS
ckopocTh. Tak Kak 4YWCJIeHHbIE 3HaYEHMsI v U U, OMMHAKOBBI, TO
€CTh PaBHBI U, TO BEKTOPHAs [UarpaMma CTAaHOBUTCS paBHOOCAPECH-
HBIM TPEYTOJTBHUKOM.

IMpoBonst GUCCeKTPUCY MEXY U U U, TIOTYYaeM

sinQ=KQ=~K s
2 o 2v

TO €CTh

V= 2using. (1
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Taxk kak 0 = of, TO

=98 )

Pasnenus JieByIo ¥ IIpaByIo YacT ypaBHeHUst (1) Ha COOTBETCTBY-
fOIIIME YacTH ypaBHeHUs (2), Mojy4aem

. 0 . 0
2 9 9
vsinz  vesinz

) 0
® 2
M3BecTHO, YTO IJIsT MaJIbIX YIJIOB CMHYC yIJIa TIPUOIMKEHHO pa-
sin9
BeH ymy (B pamMaHax), MO3TOMY JJIsSI MajlbIX YIJIOB o OYEHb
2
OJIM3KO K eIUHULIE, CIEA0BATENBHO,
W3MEHEHHME BEKTOPHOM CKOPOCTH
P P = yCKOpEHHUE,

BpEMs, 3a KOTOPOEC MPOU30IIIO UIBMEHEHUE

Ho o = =, otkyna

SN Ic

c
e
1l
C
X
~c
Il
IS. ~ 1S,

To ectb YcKopenue a COOTBETCTBYET 1 HAIpaBJIEHO K LIEHTPY

Kpyra, 1o KOTOpoMy JABMXeTcs Tesio. Takoe yckopeHHe Ha3bIBaeTcsl
yenmpocmpemumenvHoim. Eciu Macca Bpalarouierocs tesia m, To B
COOTBETCTBUU CO BTOPbIM 3aKOHOM HbloTOHA yenmpocmpemumens-

muv
Has cuaa ONpenaeisAeTCsd Kak Cujia, paBHasd —— M TaKXE HaIllpaBJiC-
r

Hasl K IICHTPY KPYTOBOTO JIBVKCHUS.
Hanpumep, eciu aBroMmoOusb Maccoit 750 Kr ABUXETCS MO AyTe
paguycom 150 M Ha ckopocTu 50.4 kM/4, TO

2
. 750x (22
IEHTPOCTPEMUTEIbHAS CHJIA = ”lrL). = ——— =980 H.
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10. HEHTP TAXKECTU 1 PABHOBECHUE

IenTp TsKECTH

Llenmp maxcecmu Tena — 3TO TOYKA, K KOTOPOIl MOXET ObITh
MPUJIOKEHA CUJia, SBJSIOLIASACS PAaBHOACHCTBYIOLIEH BCEX CUJ TS-
JKECTH, AEMCTBYIOLIMX Ha OTAEbHbIE TOYKU Tela. Y TeJl OAMHAKOBOMI
TOJIIUMHBI, JIEXALIUX Ha TOPU3OHTAIBHOI MOBEPXHOCTU, LIEHTP TS-
JKECTU Y TOYKA PaBHOBECHS HAXOASITCS HA OJHON BEPTUKAIU. Y TOH-
KOTO OJHOPOIHOTrO IMpyTa, rokazaHHoro Ha Puc. 10.1a, Touka paB-
HOBECHSI U LIEHTP TSDKECTU COBMANAIOT U HAXONATCS B TOYKE, NEJIsi-
LLIeii TIPYT Ha JIBE paBHbIE YaCTH.

B)
Puc. 10.1

LleHTp TSXKECTM Yy TOHKOTO IIJIOCKOTO JIMCTA MPSIMOYTOJIbHOM
(opMbI, U3rOTOBJICHHOTO U3 OJHOPOIHOTO MaTepraa, HaXOAUTCS B
TOYKE ITepeCceUeHusI ero AuaroHaneii, Kak nokasaxo Ha Puc. 10.16.

LleHTp TsKeCcTM TOHKOM IIJIACTUHBI KPYyIIoil ¢opMblI, M300pa-
KeHHoi Ha Puc. 10.1B, HAXOOUTCSI B LIEHTPE OKPYXHOCTU, 00pa30-
BAHHOI IpaHULIEN MIACTUHBI.

PaBHoBecue

Teno HaxonuTcs B paBHOBECHHU, KOTaa )Ief;lCTBy]OH.[Me Ha HEro Cu-
JIbl TaKOBbI, YTO IPUYUH AJIs €ro NEPpECABUXKCHUSA HE CYLICCTBYCT.
Bo3moxxHBI TPU BUa paBHOBECHS TEJIA:

o Tesi0 HaXOIUTCS B COCTOSIHUU YCMOUHUB020 PABHOBECUS, U €CITH €TO
cJlerka TOJKHYTh MJIM MOTSHYTh (TO €CTh MPUJIOXHUTH BHELIHIOI
CUJTY), TO LIEHTP TSKECTH OKAXETCs BBIIIE MCXOTHOTO IMOJIOXKE-
HMsI, ¥ KOTJIa 9Ta CUJIa MTepeCTaHeT AeiiCTBOBATh, TO TEJIO BEPHETCS
Ha npexHee Mecto. CienoBaTe/ibHO, HIAPUK, JIEXKAIIMA BHYTPU
nojycdepsl, Kak nmokazaHo Ha Puc. 10.2a, HaXooUTCS B COCTOSI-
HUU YCTOMYMBOTO PABHOBECHSI.

e Tel0 HAXOOUTCS B COCTOSIHUM HEYCMOUYUBO20 PABHOBECUS, €CITN
MIPY BO3IECHCTBUM HA HETO CHJIBI €T0 LIEHTP TSKECTH OKA3hIBAETCS
HIDKE TTePBOHAYAILHOTO MOJOKEHUS ¥ TeJIO He BO3BpalllaeTcs Ha
rcXomHyo mosuinio. CienoBare/ibHO, IIApHK, JIEXKaIINii Ha Bep-
Xy nojaycdepsl, Kak ciaeayeT u3 Puc. 10.20, HaXoIUTCI B COCTOSI-
HUM HEYCTONUYMBOIO PaBHOBECHSI.
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YcTonymsoe HeycToitunsoe bespasnuyHoe
paBHoBECHE paBHOBecHe paBHOBecUe
Puc. 10.2

Temo HAXOOUTCS B COCTOSTHUM 0e3pa3AuvH020 pAéHo8ecusi, eCIv
OCJIe TIPUJIOXKEHUST K HEMY CHJIBI LIEHTP TSDKECTH OCTAETCS Ha TOM
JKE€ CaMoii BBICOTE, a TEJIO OCTAETCS HAa TOM MECTe, TIe CHIa mepe-
cTaéTr Ha Hero geiictBoBaTh. CllemoBaTeIbHO, IHAPUK, JEXKAIIMA
Ha IJIOCKOM TOPHM30HTAIbHOW TUIOCKOCTH, HAXOAWUTCS B Ge3pas-
JIMYHOM PaBHOBECHH, KaK 3TO MOXHO BuaeTh Ha Puc. 10.2B.
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11. CWJIBI, ITPUJIOKEHHDBIE
K OJHOU TOYKE

Cuiibt

Ecau Bce cuiibl AEMCTBYIOT B OMHOM IJIOCKOCTH, WX Ha3bIBAIOT
Komnaanapueimu. Korma cviisl IeiiCTBYIOT OMHOBPEMEHHO U TIPUJIO-
JKEeHBI K OTHOM 1 TOH Xe TOUYKe, X Ha3bIBAIOT CO8NAOAIOUUMIU.

Cuna — eexkmopHas eéeauyuHa v, CIeNOBaTeIbHO, XapaKTepu3yeT-
csI HE TOJIBKO BEJIMYMHOM, HO U HarpaBJieHneM. BekTop MoXeT ObITh
TpeACTaBIIeH rpapuIecKu B BUE OTpe3Ka JTMHUU, N300paXkEHHOTO B
MaciiTabe ¥ CHaOXKEHHOTO CTPETKOU, yKa3bIBalollell HarlpaBIeHUe
NeCTBUSI 9TOM CUITBI.

BextopHylo BenIMUMHY

OT CKaJIIpDHOI B TEKCTe W c

¢dopMyslax MOXKHO OTJIHU- Macuira6

YUTh HECKOJBKUMU CIIOCO- 0 5H 3 B

0aMu, Kak 3TO ONMMCAaHO B

1. 3. B oroli r1aBe BekTO- " I 10
XBocT" &———> "Hoc

pbl  OyayT 0003HauaThCsI

« » .

CKUPHBIMU» OYKBaMU Puc. 11.1

CrnenoBaTelbHO, OTpe-
30K ab, TIOKa3aHHBIM Ha
Puc. 11.1, o60o3HavyaeT CUIy B 5 HbIOTOH, JEHMCTBYIOIIYIO B BOCTOU-
HOM HaIpaBJIeHUH.

PaBHozeiicTBYIONIAs JBYX KOMILIAHAPHBIX CHJI

Ecnu K TOuKe MpUIIOXKEHbI 1BE CUJIbI, TO BOBMOXHBI TPU CIIyvast,
KaK 3TO MOXET MIPOUCXOUTb.

1. B ciyyae, Korma aBe CUJIBI
JEHCTBYIOT B OJHOM HampapieHun P =———— > F
U TIPWIOXKEHbI K OJHOI TOUYKE, TO a) Fi
WX MOXET 3aMEHNUTh OJHA CHJIa, 00-
Jlafaroniasi TaKuM Ke JeHCTBHUEM,
4To U 06€ TH cuibl. E€ HaspiBator P (Fy +F) £
pasHodeticmeyroujeil  CWIOW WU
TPOCTO PaBHOIEHCTBYIOIIEH, N OHA
paBHa apudMeTHYecKoil cymMMme
JBYX UCXOOHBIX cul. Cuitbl Fy u F,
nokazaHHbie Ha Puc. 11.2a, mpuso-
IAT K TOYHO TaKoMy ke 3¢deKTy, uTo 1 cuiia F, mpuiokeHHas K TO4-
Ke P, Kak 3T0 MOXHO BuaeTh Ha Puc. 11.26.

Cuna F= F, + F, v neiicTByeT B TOM e HallpaBJIeHUU, YTO U CU-
ael Fy v F,. 3Haunt, F — 310 paBHOAeWcTBytomas cui Fy u F,.

2.V cun, AeCTBYIOIINX B TPOTHUBOTIOIOXHBIX HATIPABICHUSIX, HO
0 OOHOM MPSIMOI, paBHOACHCTBYIOIIASI paBHA UX apuU(PMeTUIECKOM

6)

Puc. 11.2
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pazHoctu. Cwibl F| u F,, TpUoXeHHbIE K TOUKe P, Kak TToKa3aHo Ha

Puc. 11.3a, npuBOIsT K TOYHO TaKoMy ke 3(pdekTy, uro u cuia F

nokaszaHHas Ha Puc. 11.30, rne F= F, — F,. [Ipu atom cuna F Ha-

rpaBjieHa B CTOPOHY CWIIbI F), TaK KaK e€ BeJIMYMHa OOJIbIIIe BeJINIU-
Hbl F|. 3 3TOr0 cnenyer, uto F — paBHozelicTBytouias cui F u F,.

Korna nanpapneHust neict-

F, P F, BUBYX CUIT HE JIeXaT Ha OIHOM

a) TIPSO, TO BEJIMNHY U HalpaBs-

JIeHe PaBHONEHCTBYIOLIEH CH-

JIbI MOXXHO OTIpEeTUTh CIOCO-

Pe—> F OOM, Ha3bIBa€MbIM BEKMOPHbIM

(Fa-Fy) cnoncenuem cuil.  CyllecTByeT

IBa TpaduUecKUX METoma BEK-

0) TOPHOTO CJIOXEHMUSI: TPABUJIO

Puc. 11.3 mpey201bHUKA CUuA Y TIPABUIIO Na-

pansenoepamma cun.

l'[pammo TPEYroJibHUKa CHJI

[Mpouenypa ciioxxeHUsi BEKTOPOB 10 Apaguay mpeyeoabHUKa 3a-
KJII0OYAeTCs B CIICAYIOIIEeM:

1. HapucyeM B moaxojsiiieM MaciliTabe BeKTOp OJHOM U3 CUJ,
YKa3bIBAIOLLUIA HAlIpaBJIEHUE NENUCTBUS 3TOU CUIIBI.

2. OT «HOCa» 3TOro BEeKTOpa OTJIOXUM B TOM 3Ke MacilTtabe BeK-
TOP BTOPOIi CUJIbI B HAMTPABJIEHUU IEUCTBUST STOW CUJIBI.

3. Eciu Tenepb COEIMHUTD «XBOCT» MEPBOTO BEKTOpa C «<HOCOM»
BTOPOT'0 BEKTOpa OTPE3KOM MPSIMOM, TO MOJYYUTCS BEKTOP paBHO-
JEUCTBYIONIEH CHIIBI COOTBETCTBYIOIIETO HATIPABJICHUS M BETMYMHBI.

Hanpumep, onpenes MM 10 MPaBWIy TPEYToJbHUKA BEJIUYMHY U
HampaBJIeHUEe pe3YJIBTUPYIOIIET0 BEKTOpa JUISl CHMJIBI, paBHOUW 15
HBIOTOHAM, IEWCTBYIOIIEH BIPABO 1O TOPU3OHTAJIN, Y CHJIBI, pAaBHOM
20 HBIOTOHAM, TIPWIOKEHHOM K TOM e TOUKe U PaCTIOJIOXKEHHOM OT-
HOCHTEJIbHO TIepBOii bl oz yriioM 60° (Puc. 11.4).

Macwrab
0 5 10 15 20H (cuna)
I Y I

c

30.5H 20H

a 150 0

Puc. 11.4
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I[lpyMeHMB OIMCAHHYIO BBIlIE TMPOLEAYPY U, HCIOJIb3Ys
Puc. 11.4, nonyyaem:
e BeKTop ab paBeH 15 enHMIIAM TT0 TOPU30OHTAIM B 3aJaHHOM Mac-

mraoe;

e BeKTOp bc, OTIOXEHHBIN U3 TOUKU b, paBeH 20 equHUIIAM U pac-
oJI0XeH mof yriioM 60° K ab. Yron 60° oTKIIagbsIBaOT OT ab mpo-
THB YaCOBOI CTPEJIKU;
TocJjie MPOBEACHUsI U3MEPEHUIT UMeeM: BEKTOP paBHOAEUCTBYIOLIEH
cuJIbl ac paBeH 30.5 eIMHUIIBI Y paCITOIOXKEH oM yIiioM 35° K ab.

BoiBoa: paBHoneiicTBylolias cuia pasHa 30.5 H u pacrionoxeHa
nox yriioM 35° K BekTopy cuibl 15 H.

IIpaBuiio napajienorpaMmma cui

[Mpouenypa cioxeHUs] BEKTOPOB IO HPasuiy Hapainesocpamma
3aKJIIOYAETCS B CIIEAYIOLIEM:

1. B BbIOpaHHOM MacuITabe OTKJIaablBaeéM BEKTOP OAHOM U3 CUIJI.
Ero HampapiieHMe TOKHO COOTBETCTBOBATh HAIpaBJIEHUIO NEHCT-
BUS 3TOU CUJIBI.

2. OT «XBOCTa» 3TOT0 BEKTOpA B TOM K€ MacIITabe OTIOXUM BeK-
TOP BTOPOIi CUJIbI, HATIPABJIEHHBII B CTOPOHY €€ NeCTBUSI.

3. JoctpanBaeM IapajuiejiorpaMm, 1Be CTOPOHbI KOTOPOro odpa-
30BaHbl BEKTOPaMU, TOCTPOEHHBIMU paHee.

4. PaBHOmEMCTBYIONIEH CUJION, 00JIagaloeil pe3yIbTUPYIOIINMM
BEJIMYMHON U HATIpaBJIIEHUEM, SIBJISIETCS AMArOHaIb TapajuieiorpaM-
Ma, BBIXOASIIAS U3 TOYKU COTPUKOCHOBEHUSI «XBOCTOB» IBYX BEKTO-
POB CIaraeMbIX CHUJI.

Hanpumep, BEIYUCIUM TIO TIPABIITY MapajuiesiorpaMMa BeIMYUHY
¥ HaTpaBJIieHUWE PaBHOMAEWMCTBYIONIEH ABYX CUJI: OJHA U3 HUX paBHA
250 H u HanpasieHa noxn yrioMm 135° K Topu3oHTau, a Bropasi paB-
Ha 400 H u Hanpasnena nox yriom —120° (Puc. 11.5).

Macwwtab
0 100 200 300 400 500 H (cuna)
L | | | | J
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I[IpyMeHMB OMMCAHHYIO BBIIIE TPOLIEAYPY U HUCIOJb3YS
Puc. 11.5, nonyyum:

e BekTop ab paBeH 250 equHUIIAM B 3aJaHHOM MacllTabe, a yroj Ha-
KJIOHA K TOPM3OHTAIU cocTaBisieT 135°;

e BekTOp ac paseH 400 exmHMIIAM, a YTOJl HAKJIOHA K TOPU30HTAINA
cocrasisieT —120°;

e OTpe3Ku bd 1 cd MOTIOTHSIOT 3TU BEKTOPHI 10 MapajuieiorpaMmMma;

e ad — muaroHajb napajuiesiorpaMma, rpoBefaeHHas u3 a B d. zme-
PUB IMAroHaJIb U yroJi €€ HaKJIoHa K TOPU30HTAJIH, OTIpeIesIsieM, YTO
IMaroHajb paBHa 413 eqMHULIAM U pacIIONOXeHa Mo yrioM —156°.

BeiBon: paBHozeticTBytomasi cuina paBHa 413 H u HampasneHa
mof yriioM —156° K ropu3oHTaNu.

Pacuer panﬂozleﬁcmylomeﬁ JABYX KOMILTAHAPHBIX CHJI

AJpTepHaTUBOI rpadpuueckoMy METOIY OIpeAesieHUs! pe3yJIbTH-
pylolieil 1ByX KOMILIaHapHBIX CWI siBisercsl pacuém. Ero mMoxHo
TPOU3BECTU C MIOMOILBIO MpUcoHOMempul, IPUMEHSISI meopemy Kocu-
HYCO68 I meopemy Cunycos, Wi pazaoxcerue cua (CM. ¢tp. 60).

Hanpumep, ornpenesviM ¢ MOMOILIBIO TEOPEM KOCUHYCOB U CUHY-
COB BEJIMYMHY W HaIlpaBJieHUEe Pe3yIbTUPYIOLIEH ABYX CUJI, OfIHA U3
KOTOpbIX paBHa 8 KH u HanpapieHa rmox yrjiom 50° K ropu30oHTANH, a
npyrass — 5 kH u HanpaBiieHa nox yriiom —30°.

M3o6paxeénnast Ha Puc. 11.6a B nekapToBOIi cuCTeMe KOOPIUHAT
JiarpaMma COCTOUT U3 BEKTOpa 0@, OTOOPaXKalolero BEIUYUHY U
HanpaBiieHue cuibl 8 KH, 1 BekTopa ab, oTobOpaxaroniero BeJIMYUHY
W HarpasieHue cuibl S KH.

a
8 kH
50°
o 30°

b

5kH
[ieKapToBa cucTeMa KoopAnHaT BEKTOpHas AvarpaMmma
a) 6)
Puc. 11.6

BenuunHa pe3yabTupylolieil onpeneaseTcsl IJIMHON BeKTopa ob
Ha Puc. 11.66. I1o Teopeme KOCUHYCOB

(0b)? = (0a)’ + (ab)? — 2(0a)(ab) cosLoab.
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Tak xak
Zoab =180° — 50° — 30° = 100°,
TO
(0b)> =8>+ 52— 2 x 8 x 5¢cos100° =
=64+ 25— (—13.892) = 102.892.
CrenoBaTesIbHO,

ob= 102.892 =10.14 xH.

IMo TECOPEME CUHYCOB

s _ 1014
sinZaob  sin100°’
OTKyza
sinZaob = 280100° _ ) 4e56.
10.14

CnenosatenbHo, Zaob = arcsin (0.4856) =29.05°, a yron ¢ Ha
Puc. 11.66 pasen 50° — 29.05° = 20.95°.

Hrak, paBHOomeiicTByomIas npyx cui paBHa 10.14 kH u Hanpas-
JieHa noa yriom 20.95° K ropu3oHTAIIN.

PaBroneiicTByomas TpéX KOMIUIAHAPHBIX CHJ

B ciyuae xorna K oHOM TOUKe MPUJIOXKEHbI TPU CUiIbl F|, Fr u F3,
BEKTOpHasl IuMarpaMma BBIIJISIAT TakK, KaK 3TO TI0Ka3aHO Ha
Puc. 11.7. 3neck mpuMeHsieTCSI METOM, HA3BaHHBINM «HOC K XBOCTY».

E Fy

F3
Puc. 11.7

MeTo 3aKITI0YaeTCs B CIIEIYIOIIEM:

1. B 3amaHHOM MaciiTabe B COOTBETCTBUM C BEJIMYMHOM M Ha-
MpaBJIeHUEM CTPOSIT BEKTOp oa, oToOpaxatomuii cuiny F; (cm.
Puc. 11.8).

Fa
F3

c F]
o A
PaBHogeiicTByOLWas |
cuna
o}

Puc. 11.8
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2. OT «HOCa» BEKTOpa 0a OTKJIAJbIBAIOT BEKTOP ab, oToOpaxkato-
wuii cuy F,.

3. OT «HOCa» BeKTOpa ab oTKIIaabsIBalOT BeKTOp be, oTobpaxkaro-
it cuy Fi.

4. CoenmMHMB TOUKY O C TOUKOIA ¢, TIOJYYaloT BEKTOP oc, SIBJISIIO-
IIUIACS paBHOACWCTBYIOUIEH Tpex TMepBOHAYAIBHBIX BEKTOPOB
(Puc. 11.8). PaBHozeiicTByiolasi HAUMHAETCS B TOYKE Hayajga OT-
cyera, TO €CTb B TOUKE O, M 3aKaHUYMBAETCSI ¥ «HOCa» IMOCJIEIHEro
BEKTOpa, TO €CTb B TOUKe ¢. Eciiv K MCXOIHOM TOUKe MPUIOXKUTD He-
KYIO CUJTY, COBMAIAOIIIYIO C PAaBHOICICTBYIOIIEH 110 BETMIMHE U Ha-
NpaBjieHu1o, To 3 dexT oT e€ Bo3aeHCTBUS OyIeT TOUHO TaKO Xe,
KakK oT Bcex Tpéx cun F, F> u F;, Koraa oHU JefCTBYIOT OTHOBPEMEH-
Ho. BekTopHast nmarpamma, mokasanHas Ha Puc. 11.8, Ha3wiBaeTcs
MHO20Y2016bHUKOM CUA.

Hanpumep, naHbl TpM KOMIUTAHApHBIE CUJIbI, TTPUJIOXEHHbBIE K
OIHOM Touke: cwia A, paBHast 12 H u HanmpaBieHHast BIpaBo 110 TO-
pusoHTanu, cuia B, pasuag 7 H u HanpaBienHas mon yriiom 60° mo
OoTHoOIIeHUIO K cuiie A, u cuia C, paBHas 15 H u HanpaBieHHast 1iof
yriaoM 150° mo oTHOILIEHUIO K cuiie A. BeKTOphl B cucteMe KOopau-
HaT noka3aHbl Ha Puc. 11.9. Hatinem BeTuuuHy U HampaBlieHUE pe-
3yJITUPYIOLIEH CUJIBI.

Fc=15H

Fp=12H
Puc. 11.9

BekTopHasg auarpamma, uzoopaxénHas Ha Puc. 11.10, ctpoutcs
B CJIeIyIOLLEN MOCIeI0BaTeIbHOCTH:

0 Fa=12H
MacwTtab

0 4 8 12 H
Puc. 11.10
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e BEKTOp oa, paBHBIN 12 eqmHMIIaM, OTOOpaXkaeT BEJIMUYMHY M Ha-
npaiieHure cuibl 12 H;

e OT «HOCa» BEKTOpa oa 1o yrioMm 60° OTKiambiBaeM BEKTOp ab,
paBHBbIN 7 eIMHUIIAM

® OT «HOCa» BekTopa ab mox yriom 150° oTrknampiBaeM BekTOp bc,
paBHbIif 15 equHMIaM (TO ecTh 150° OT ropu30HTAIN);

® BEKTOp 0c MPEACTABISIET CO00I paBHOAecTBYIoNTyIO cuty 13.8 H,
HaIpaBJIeHHYIO MO YIJIoM ¢ = 80° K TOpM30HTaIIH.

Hrak, paBHoneiicTByomas Tpéx cua F,, Fy u F: paBHa 13.8 H u
HanpasJjieHa nox yriiom 80° K ropusoHTaIM.

KOMHJ’[aHapHBIe CHJIbI B PABHOBECHH

Korma tpu nnu 6oJiee KOMIUTAaHAPHBIE CYJIBI TTPUJIOKEHBI K Ofl-
HOI TOUKE M MX BEKTOPHAasI AMarpaMMa 3aMKHYTa, TO paBHOJENCTBY-
fo1ast orcyTcTByeT. CHITBI, NEWCTBYIOIIME B JAHHOM TOYKE, HAXOIAT-
Csl B pagHOBeCUU.

Hanpumep, Ha Teyto, HaxomsIieecss B paBHOBECHU, NEHCTBYIOT
MSITh KOMIIaHApHBIX ciil. PaccTaHoBKa cuit TakoBa: cuia 12 KH Ha-
MpaBjieHa TOPU30HTAJIBHO BIpaBo; cwia 18 kH HampasieHa moxg yr-
JoM 75° K ropusoHTanu; cwia 7 KH, HampaBneHa mon yriiom 165° K
ropusoHTanu; cuiaa 16 kH, BeKTOp KOTOpoil HauMHAETCs OT «HOCa»
BeKTOpa cwibl, paBHO# 7 KH, u, HakoHe1, cuia 15 KH, HaunHaro1ma-
s OT «HOCa» BekTopa cwibl 16 kH. OnpenennM HampaBieHUS CHIT
16 kH u 15 xH otHocurenbHO cunbl 12 kH.

Ha Puc. 11.11 BunHoO, uto cmia 12 KH — 3To BeKTOp oa MIMHOMN
12 equHUL, HATTPaBJIEHHBIN CTPOTO BIPABO IO TOPU30HTAIIH.

° 12xH ¢
Macwtab
0 4 8 12 kH
S
Puc. 11.11

W3 ToukM a OTJIOXKEH BeKTOp ab mivHoi 18 equHUIl TTOA yIIoM
75° X ropu3oHTaIM. M3 TOuku b HaumHaeTcsl BeKTOp bc mimHOMi 7
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enuHUIIL o yriioMm 165°. Hampasienue Bektopa cuiibl 16 KH Hens-
BECTHO, TIOATOMY PUCYEeM IYTY pg PagnycoM 16 eTuHUIL C LIEHTPOM B
Touke ¢. U3BECTHO, YTO CHJIbI YPaBHOBELIEHBI, CJENOBATEIbHO, OHU
TIOJDKHBI 00pa3oBaTh 3aMKHYTYIO (UTypy, a UMEHHO MHOTOYTOJIb-
HUK. Y3 TOuKM 0 TpoBoauM ayry rs paguycoM 15 enunuil. Touky ne-
pecedyeHusl IBYX YT Ha30BEM d.

M3MmepuB yriel, mosyyaeM

¢ =198°u o =291°.

HTax, no orHomeHuo K cuie, pasHoii 12 kH, cuna, pasnas 16 kH,
neiictyer nmox yriom 198° (umm —162°), a cuna 15 kH — mox yriom
291° (mmm —69°).

Pa3noxenue cui

Bexrop BeMUMHBI MOXET OBITh TIPEACTABICH €r0 20pU30HMANL-
HOU VI 6ePMUKANbHOU COCMABAIOUUMU.

Hanpumep, Ha Puc. 11.12 nokasan Bekrop cuibl 10 H, neiictBy-
fonieii mox yriaoM 60° K TOpU30HTAH.

10H

i
i
i
i
i
i
i
i
i
i
i
a

Puc. 11.12

Ecnu Ha rOpu30OHTAIBHYIO MPSIMYIO M3 TOYKU b OMYCTUTH Tiep-
TMeHAVKYJISIP, TO TIOJIyYUM OTPE30K TMPSIMOM 0a, Ha3bIBAEMBIil TOPU-
30HTaJIbHOI cocTaBisioeii cuibl 10 H, 1 oTpe3ok ab, Ha3bIBaeMBbIit
BEPTUKAJIbHOW COCTABJISIIOLLIEH 3TOU CUJIBI.

0a

ITo npaBuIaM TpPUrOHOMETPUHU COS60° = op ° b CHIelloBaATEINbHO,

TrOpU30HTaJIbHAs cocTaBsolas oa = 10 cos60°.
ab
ob’
BepTUKaTbHas cocTaistiomas ab = 10 sin60°.

DTa Tnpolenypa Ha3bIBaeTCs HaxXoxcoeHue e0pu30HmanbHoil U eep-
MUKAAbHOU COCIMABASIOWUX 8eKmopa VUIA pasnoxcenue éekmopa. Ero
MOXHO MPUMEHSITh KaK aJbTepHATUBY rpadUUyecKUM METOIaM BbI-
YUCJIEHWST pABHONEHCTBYIOIIEH IBYX UM 00JIee KOMIUTAHAPHBIX CUIT,
JIEWCTBYIOIIMX B TAHHOU TOUKE.

AHaornyHo sin60° = cJIe0BaTeIbHO,
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Hanpumep, orpenennmM paBHOIEHCTBYIONLYIO ABYX CHWJI: CHUJIBI,
pasHoii 10 H, HanpaBieHHOI#t mox yrioM 60° K TOPU30HTAIH, U CU-
Jbl, paBHo#t 20 H, HanpaBieHHoit nmoxa yriaom —30° K TOpU30OHTAIN
(Puc. 11.13).

10H »p

O R —

20H

Puc. 11.13

e OmpenenyiM TOPU3OHTAJIBHYIO M BEPTUKAJIBHYIO COCTABJISIOLINE
cuiibl, paBHoit 10 H.

Topu3oHTAIbHASI COCTABIISIIONIAS PABHA

oa =10 cos60° = 5.0 H.
BeprukanbHast cocTaBisiiolIast paBHa

ab =10 sin60° = 8.66 H.

e OmpenenvM rOpU3OHTATIBLHYIO U BEPTUKAJIBHYIO COCTaBJISIIOLIME
cuJbl, paBHoii 20 H.

TopusoHTanbHAasI COCTABISIONIAS paBHA
od =20 cos(—30°) =17.32 H.
BeprukanbHas cocrapisiioniasi paBHa
cd =20 sin(—30°) = —10.0 H.
e OmpenenuM OOIIYIO TOPU3OHTATBHYIO COCTABIISIONIYIO:
oa+od=50+17.32=2232H.
o Ompeneaum OOILIYIO BEPTUKATBbHYIO COCTABIISIONIYIO:

ab + cd = 8.66 + (—10.0) = —1.34 H.
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e M300pa3uM cyMMapHble TOPU3OHTAIbHYIO MU BEPTUKAIBHYIO CO-
CTaBJISIOLNIME, KaK ITOKa3aHo Ha Puc. 11.14.

CyMMapHasi ropu3oHTanbHas
cocTasnsiowas = 22.32
o) CymMmapHasi BepTukanbHas

PagHOAe/CTBYIOWAS cocTaenaiowan = -1.34

Puc. 11.14

Torma 3HaueHUe BEKTOpa paBHOMEUCTBYIOIIEH CUIIBI PABHO UTH-
He or, u 110 Teopeme [1udaropa umeeM

or= 22322+ 134 =22.36 H.

[MpuMeHsist mpaBUIa TPUTOHOMETPUH, TTOJTy4aeM, YTO
1.34
= arctg ——= = —3.44°.
¢TactE N
Wrak, paBHOmeiicTByomas cwi, paBHbix 10 H m 20 H, mokazaHn-
Has Ha Puc. 11.13, paBHa 22.36 H u neiictByeT mmon yriom —3.44° K
TOPU30HTAJIH.

OTOT NprMep MOKa3bIBaeT, KaK MPUMEHSTh PA3IOXKEHUE CUIT TS
MoACYETa PABHOACHCTBYIOIIEH ABYX KOMILTAaHAPHBIX CUJI, JEHCTBYIO-
11X B 3aJIJaHHOM TOYKE.

PaccMoTpuM 3amauy ¢ Tpemst KOMIUTaHAPHBIMU CUJIaMU.

Hanpumep, naHbl Tpu KOMIUIAaHApHbIE CWJIbI, AEUCTBYIOLIME B
NIaHHOW Touke: cujia, paHas 200 H, nanpasineHHast mof yriiom 20° K
ropusoHTanu; cuna, pasHas 400 H, HanpasieHHast o yriom 165° K
TOPU3OHTAJIN, W TpeThs cuiia, paBHas S00 H, HanpaBieHHas mox yr-
sioM 250° k ropuzoHTanu. [lyrem paszioxeHus! CUJl ONpenenuM UX
PaBHOJEWCTBYIOIILYIO.

C MOMOLIBIO KaIbKYJISITOPA PACCUMTAEM CIIEAYIOLIYIO TaOIUILy:

TopuzontanbHas
cocTaBsomAst
Cuna 1 200 cos20° = 187.94
Cuna 2 400 cos165° = —386.37
Cuna 3 500 cos250° = —171.01
TopusoHTanbHAsK cocTaBIsTIomast TPEX CUIT —369.44
Beprukaibnas
COCTABIISAIOWIAS
Cura 1 200sin20° = 68.40
Cuna 2 400sinl65° = —103.53
Cuna 3 500sin250° = —469.85

BepruxanbHast coctaBistiomast TpEX it —297.92
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CyMmMapHble TOPU3OHTaJbHAsE U BEPTHUKAJIbHAsl COCTABISIOIINE
nokasaHsl Ha Puc. 11.15.

-369.44

]

-297.92

Puc. 11.15
PasHozeficTBylowas r = +/369.44% + 297.927 = 474.60
W yTOJ
_ 297.92 _ .
¢ = arctg 36044 38.88°.

3Has @, HaXOUM oL
o =180° — 38.88° = 141.12°.
Hraxk, paBHoaeiicTByomas Tpéx cui pasHa 474.6 H u Hanpasiena
nox yriom —141.12° (nm +218.88°) k ropuzonTau.
JakioueHue

st onpeiesieHUst paBHOJCICTBYIOLLEN 08YX KOMNAAHADHBIX CUA,
NEUCTBYIOILMX B OMHOM TOUKE, TPUMEHSIIOTCSI YEThIPE OCHOBHBIX Me-
TonA.

METOJIOM TPEYTroJIbHUKA
[MoctpoeHue

METOJIOM MapaieiorpaMmma

C TIOMOLIIIO TEOPEM KOCUHYCOB M CHYCOB
Brruncnenue

METOIOM pPa3I0XKEHUA CUT

Jnst ompeneseHus: paBHONCUCTBYIOILEW 0Ootee 4eM O08yX cua,
NEWCTBYIONIMX B OMHOW TOYKE, TIPUMEHSIOTCS JBa OCHOBHBIX
MeToa.

nOCTpOeHVIC METOAOM MHOTOYTOJIbHUKa

Boruucnenue METOIOM Pa3I0XEHHU CUIT
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12. IPOCTBIE 3AKPEIUIEHHBIE BAJIKA

MoMeHT CHIIbI

Korna racuHbIM KJIIOUOM 3aKpY4YMBAIOT TaiiKy, TO MPUIOXEHHAS
cujia CTPEMUTCSI TOBEPHYTH €€ MO YaCOBOM CTpeJike. DTOT Bpallialo-
muii 3¢beKT Ha3BIBACTCS MOMEHMOM CUAbl VI TIPOCTO MOMEHMOM.
BenuunHa MOMeHTa, ACUCTBYIOLIETO Ha raiiKy, 3aBUCUT OT IBYX (hak-
TOPOB:

1) cuibl, ACMCTBYIOLIEH MO MPSIMBIMU YTJIAMU K CTEPXKHIO KJTI0Ya;

2) IUTMHBI TIEPIEHIUKYJISIpa MEXIY TOYKOI MPUIOXKEHMS CUITBI 1
LIEHTPOM TaiiKu.

Jns cnyvast, mokaszaHHoro Ha Puc. 12.1, MoMeHT cuiiel M, neiic-
TBYIOLIEH BOKPYT TOUKM P, paBeH cuiie, yMHOXEHHOM Ha MepreH/ I -
KYJISIp, OIYIIEHHBIA U3 TOYKU P Ha JIMHUIO AeCTBUS CUJIBI, TO €CTh

Ha paJauyc rnoBopora:

EnvnHuiia MoMeHTa cuiibl — Horomon-memp [H-M].
Hanpumep, ecnu cuna F Ha Puc. 12.1 paBHa 7 H, a neprieHauKy-
Js1p d paBeH 3 M, TO MOMeHT cwuibl M paBeH 7 H x 3 M =21 H-m.

MomeHT cunsl M

_— CuwnaF

O) I —

Papwyc nosopota d

Puc. 12.1

PaBHoBecue u PaBEHCTBO MOMEHTOB

Ecnu Ha Tesio geiicTByeT GOoJIbIiie OMHOM CHUJTBI M OHU TTPUIIOXKEHBI
K pa3HbIM TOYKaM TeJia, TO Bpallalouuii 3G GeKT 3TUX CUJl, TO eCTh
HMX MOMEHTBI, JOJKEH ObITh YUTEH.

Ha Puc. 12.2 nmoka3ansl 6ajka ¢ TOUkoii onopsl P, peakius omo-
pol Rp nelicTByioIIasi BEpTUKATBHO BBEPX, U cuiibl F| u F,, HampaB-
JIEHHbIE BEPTUKAJIBbHO BHU3 U PACIIOIOXKEHHbIE Ha PACCTOSIHUSIX CO-
OTBETCTBEHHO a U b OT Touku omnopsI P.

ToBopsiT, 4TO GanKka HAXOAUTCS B PABHOBECUM, €CJIM HE CYIIECT-
BYeT MPUYMH JIs1 e€ NBUKeHUs. PaBHOBecHe COXpaHsSIeTCs TIPU Clie-
IYIOLIUX YCIIOBUSIX:
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F a | b F

Puc. 12.2

o CyMMa cuJ1, ACMCTBYIOIIMX BEPTUKAIBHO BHU3, TOJIKHA ObITH PaB-
Ha CyMMe CWJ, ACUCTBYIOUIMX BEPTUKAJIbHO BBEPX, TO €CTb IS
Puc. 12.2

R=F +F.

o OOIMIT MOMEHT CHWJI, ACHCTBYIOLIMX Ha OAJIKY, TOJKEeH ObITh pa-
BEH HYJIIO; Ul 3TOr0 HEO0OXOJIMMO, YTOOBI CymMMa MOMEHMO8 no
4acoeoli cmpeake 80Kpyz HeKoeli mo4Ku 004X4CHa Obimb pasHa cymme
MOMEHMO08 NPOMUE 4acogoli CmpeaKu 60Kpy2 moil jce mouku.

DTO ycloBUE HA3BIBAIOT ycao8uem paseHcmea momenmog. Cieno-
BaTeJIbHO, €CJIM paccMaTpuBaTh Touky P Ha Puc. 12.2, nonyyaem:

F, x b — MOMEHT, HanpaBJIEHHBI1 10 YaCOBOU CTpesKe,

F| x a — MOMEHT, HanpaBJIeHHBII MPOTUB YaCOBOW CTPEIIKHU.

OTcioa rnoyiyyaeM ycjaoBKre paBHOBECHSI:

Fia = F,b

Hanpumep, onpeaenum BequuuHy cui Fy u F, 15 cocTosimeit us
OIHOPOIHOIO MaTepuasa U HaXOAsILeics] B COCTOSIHUM PaBHOBECUS
0aJIKM ¢ LIEHTPaJIbHOI TOUYKOM OMOpHI, MoKa3aHHO Ha Puc. 12.3.

Fi| 3m | 7™ Fa

T R=5kH
Puc. 12.3

Banka HaxoauTCsl B paBHOBECUH, €CJIU, BO-TIEPBbIX,

R=F +F,
TO €CTh
5=F+F, (1)
U, BO-BTOPBIX,
Fix3=F,xT7. 2

W3 ypaBHeHus (1) cienyer:

F,=5—F,.
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IMoacrasnss 3HaueHue F, B ypaBHeHue (2), nmoixyyaem
Fix3=05-F)x7,

TO €CTh
3F,=35-T7F,
10F, = 35,

OTKyZda

F,=3.5kH.
Tak kak

F=5-F,
TO, MTOJICTaBJIsIS 3HaYeHue F; umeem

F,=1.5kH.

CrenoBaTtenbHO, OajKa HAXOOUTCS B PaBHOBECHH, KOTIIa
F,=35kHu F, =1.5kH.

IIpocTbie 3aKpervIéHHbIe DANKH ¢ TOYEYHBIMH HATPY3KAMHU

IIpocmas 3axkpeniénnas baaka — 370 Gajka, MOKOSIIIASICS Ha JBYX
ornopax 1 CBOOOIHO MepeaBruraeMas o ropu30HTaIu.

JIBe MpocThie 3aKpeIIEHHBIEe 0AJIKU ¢ TPy3aMM, 3aKPEeIJICHHBIMU
B 3a/IaHHBIX TOUKaX OaJKu, Ha3bIBAEMbIMU /MO4EYHOL HA2PY3K O, TIO-
KasaHbl Ha Puc. 12.4.

YesoBek, CTOSIIINI Ha IEPEBSIHHOM TOCKE, MOKOSILECS Ha ABYX
OIopax Ha KOHIIaX, 6jarogapsi CBoei Macce AeiCTByeT Ha He€ ¢ CU-
Jioii F, KoTopasi HarpaBjieHa BEpPTUKaJbHO BHU3. Takasi cUTyaLusi
rnokasaHa Ha Puc. 12.4a, Maccoli 1OCKY IIpY 3TOM IIpeHeOperaioT.

Ra 6)

Puc. 12.4

Cuibl, IEUCTBYIOIINE CO CTOPOHBI OTOP, Ha KOTOPbIE ONMUPAETCsI
nocka, R, 1 Ry, HarpaBjieHbl BEpTUKaIbHO BBepX. Takylo cuiy Ha-
3bIBAIOT peakyueii Onopbi.

Korma Bce cwutbl IeliCTBYIOT B OMHOI TUIOCKOCTH, ajireOpandec-
Kasi cyMMa MOMEHTOB MOXET ObITh IOJIy4eHa B 110001 TOUKE.
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CocTtaBuM ypaBHEHMSI paBHOBecHs UisI OajKu, U300paXkEHHOM
Ha Puc. 12.4a:

e VpaBHEHME TSI CUJI, AEHCTBYIOIIMX HA OAJIKy
Ry + Rz=F.
e YpaBHEHUE [IJISI MOMEHTOB B TOUKE A
F(a) = Ryg(a + b).
(AHanornyHO A1 MOMeHTOB B Touke C Rya = Rgh.)
st 6anku, nuzodpaxeénHoi Ha Puc. 12.40, umeem:
e YpaBHEHUE IS CUJI, IEHCTBYIOIIMX Ha OaJIKy
Ry+Ry=F +F,.
e VYpaBHeHUE IIJISI MOMEHTOB B Touke B
Ry (a +b)+ Fe= Fb.

TUNMUYHBIMU TTPUMEPAMU TIPOCTHIX 3aKPETUIEHHBIX 0alloK C TO-
YeYHOW HArpy3KOM SIBJISIIOTCSI MOCTBI, OaJKM 3MaHUI U OCHOBAHUS
MeXaHU4YEeCKHX CTAHKOB.

Hanpumep, mis Ganku, nokasaHHo#t Ha Puc. 12.5, paccuutaem

1) cuny R,, neiicTByIOIyt0 Ha omopy A; 2) paccTosiHue d OT KOHIIA
0anku (CujiaMu, co3IaBaeMbIMU MacCOl OalIKM, ITpeHeOperaeM).

10H 15H 30H
| Y v |
05m AA&p, B
1.0m 40H
2.0m
25m |
d
Puc. 12.5

1. Cunbl, AeicTBYIOIIME BBEpPX, pPaBHBI CUJIaM, NEWCTBYIOIIUM
BHU3, TO €CTh
(R, +40) H= (10 +15+30) H,
oTKYy/1a
R,=10+15+30—-40=15H.
2. JIBM>KEHME 10 YaCOBOM CTPEJIKE PAaBHO IBMKEHUIO TIPOTUB Ya-
coBoIi cTpesiku. Toraga MOMEHTBI BOKPYT JIEBOTO KOHIIA Gpyca U rpa-
BWJIO MOMEHTOB JAIOT CJIeAyIoLlee:

(10 x 0.5) + (15x 2.0) + 30 x d = (15 x 1.0) + (40 x 2.5),
TO €CTh
35HM+30Hxd=115HM,

OTKYyJa MOKHO OIPEACINUTL PACCTOAHUE

115-35) H'm
= URBAM )y
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13. CWJIbl CAIBUTA
N N3TrNBAIOIINN MOMEHT

Cuibl capura

V Ganku, Haxomsllelcss B paBHOBECUU, CUJIbI CJieBa OT JII000i
ToukM, Harmpumep X Ha Puc. 13.1, 10KHBI OBITH paBHBI CUJIaM
cIIpaBa OT He€, a MOMEHT CWJI CJIeBa B palifoHe TOYKM X JOJIKeH OBITh
paBeH MOMEHTY CHJI CIIpaBa OT 3TOM TOUKH.

Harpyaka My M’y Harpyaka

/§\

| T

/

Onopa Onopa

Puc. 13.1

XoTsl MpU paBHOBECUU KaK CWJIbI, TAK 1 MOMEHTbI YpaBHUBAIOT-
csl, BEJIMYMHA U TIPUPOJIa CUJI U MOMEHTOB JOJIKHBI TPUHUMATHCS B
pacuért, Tak KaK UMEHHO OHU OMNpPEAENISIIOT Harpy3Ky B Touke X, U3-
rub 6aJKM ¥ OTKJIOHeHUe. PaBHoAelicTBYIoIIas cieBa OT X U paBHO-
JeMCTBYIONIast cripaBa (CUJIBI MM BEPTUKAJIbHBIE COCTaBJISIOLINE
cui ) HopMUPYIOT Mapy Cuil, CTPEMSILIIMXCSI PACKOJIOTh OpyC B 3TOM
ceyeHunn. Cuny cosuea ONpeAessIOT KaK CUITY, B JaHHOM CEYEeHUN Ha-
MpaBJIEHHYIO TOTEPEK GANKU U CTPEMSIIIYIOCS PaCKOJIOTh €€ B 3TOM
CEYEHMHU.

VYCI0BHO MPUHATO, YTO €CJAU HArpaBieHUe CHUJI, CTPEMSIILIMXCS
pa3IOMHTh OpYC, TAKOBO, KaK 3TO IToKa3aHo Ha Puc. 13.2a, To Takyio
CUJIy CABHMTIa CYMTAIOT TOJOXMUTEIbHON, TO ecTh +F, eclu Xe Ha-
MpaBJieHUe CWJI COOTBETCTBYET NoKazaHHoOMY Ha Puc. 13.26, To Ta-
KYIO CHJTY CYMTAIOT OTPULIATENILHOM, TO eCTh —F

F F

a) 6)
Puc. 13.2

W 3rubaromuii MOMEHT

H3zeubarowguti momenm B TAaHHOM CEYEHMU OaJKM OIpeneéH KakK
PEe3YJIBTUPYIOLINI MOMEHT BCEX CHWJI JIMOO cjieBa OT CeYeHUs, JIMOO
cripaBa.
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Ha Puc. 13.1 a0 My unu M’y. DT MOMEHTBI, HaIlpaBJIEHHbIE 11O
YacoBOW CTpeJIKe cjieBa M MPOTUB YAaCOBOI CTPEJIKU CIipaBa, 3acTa-
BAT 0ajJIKy BBITHYTHCS BBEPX. DTO SIBJICHWE HAa3bIBACTCSI HPO2UOOM.
Takoit Tporn6 MPUHSTO CYUTATh TOJOXKUTEIbHBIM, a U3TMOArOIIe
MOMEHTBI — TOJIOKHUTEIbHBIMU M3THOaoIMM MoMeHTamMu. Korna
WCKPUBJICHUE TTIPOUCXOIUT BHU3, TO TaKOE SIBJICHWE HA3bIBACTCST U3-
2ubom, a N3rNOAIOIINIT MOMEHT CUUTAETCST OTPUIIATETILHBIM.

Cwuiia caBura v U3rudaroile MOMEHTBI pa3JInYHbI 1O BCell IIMHe
opyca. JuarpaMMbl, MMOKa3blBaOIIME CUIY CABUIa U M3rudaomit
MOMEHT JUISI KaXIO0i TOYKMU Opyca, Ha3bIBAIOT Juazpammamu Cuibl
cdguea Vi useubaroujeco MomMeHma COOTBETCTBEHHO.

CuJibl cABUTA M IMAarpaMMBbl CUJIbI CIBUTA MEHEE BaskKHBI, YeM U3-
rubaroIme MOMEHTBI, HO MOTYT OKAa3aThCsl TIOJIE3HBIMU ITPU MOCTPO-
eHuu rpadukoB u3rudariiero momeHTta. K mpumepy, Tam, raue cua
CABUTA paBHA HYJII0, U3rUOAIOIINIl MOMEHT MaKCUMAJIbHBIM WX MU-
HUMAaJIbHBINI.

Hanpumep, mocTpouM 1UarpaMMy CWIbI CIBUTA U AMarpaMMy 13-
rudaroIero MoOMeHTa it 6aiku, n3oopaxkeénHoit Ha Puc. 13.3.

24 xH

Ra Rg
Puc. 13.3

CHauajia Heo6X0IUMO MOJACYUTATh PEAKILMK OMOpP B TOYKaX A U
B. PaccmoTpuM 6anky ¢ ¢pukcanmeil B 3TUX TOYKaX. DTO O3HAYAeT,
YTO Gajika OMUPAETCs B 3TUX TOYKAX Ha OTOPBI M UCIIBITHIBACT BEp-
TUKAJIbHO HAIIPABJIEHHYIO CUJTy PeaKLuK Ofop. B 0ObIYHBIX YCIOBU-
SIX JIJIS1 pABHOBECHUSI HEOOXOIMMO, YTOOBI PE3YJIBTUPYIOLINIA MOMEHT
0KOJ10 JII00OI TOUKHM ObUT paBEH HYJII0, a CyMMa CWJI, HalpaBJICHHBIX
BBEpX, PaBHSIACh CYMMeE CUJI, HampaBjieHHbIX BHU3. ClienoBaTesb-
HO, BBIYUCJISISI MOMEHTBI Y TOUKU A, MOMEHT Rp IOJKEH ypaBHOBE-
LIMBaTh MOMEHT Harpy3ku B Touke C, TO ecTb

Rgx8mM=24xH x5m =120 xH,

OTKyIa

_120kH ™
8§ M

Torma peakiivst OIOpHI B TOYKE A

Ry,=24xH - 15xH =9 xH.

Ry = 15 kH.

Cpa3y crpaBa OT TOYKM A cujia cBUTa paBHa Ry, To ectb 9 kH.
Tak Kak 3Ta cuja BJIEBO OT CEYEHUsSI CUMTAETCSl HaIpaBIEHHOM
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BBEpX, CHJIa CABUTA TTOJIOXKUTeNbHA. Cujla cIBUTAa HE U3MEHUTCS Ha
BCEM MpoTskKeHUU oT A 10 C, Tak KaK Ha 3TOM y4acTKe He eHCTBY-
10T HUKAKWe Jpyrue CUJbl.

PaccmaTpuBast mo0yto TouKy npaBee Touku C, HaIo MPUHUMATh
BO BHUMaHMe Harpy3Ky B C, a Takxke peaklinio OMopbl R, WM Xe aHa-
JIOTUYHO TOJBKO OJHY peakiuio onopbl Ry Cuiia casura paBHa
15 xH. D10 3HaYeHHE MOXHO MOJIYYUTb, JINOO 3Has1, uTo Ry = 15 kH,
11100 BBIYMTAsI U3 HATPY3KM B TouKe C peaklmIio onophl R, 4TO Takxke
paBHo 15 kH. s mo60it Touku mexay C u B cuita cripaBa 6ynet nmo-
JIOXUTEJIBHOM, a CHJla CIBUTA, CIeJ0BaTeIbHO, OTPULIATEbHOM. 3a-
METHUM, YTO CHJIa CIBUTA pe3Ko MeHsieTcs B Touke C.

H3rubaroninit MOMEHT B TOYKe A paBeH HYJIIO, TaK KakK CjieBa He
JIEMCTBYIOT HUKaKKe CUJIbl. B Touke Ha paccTosiHuM 1 M BIIpaBo OT A,
peaxiusi onopsl R4, MOMEHT €IVMHCTBEHHO! TaM CWJIbI, BIEBO OT
9TOM TOUKHU, paBeH Ry x | M = 9 kH-M. Tak Kak 3TOT MOMEHT HaIpaB-
JIEH TI0 YaCOBOI CTpeJIKe, U3rNOaIOIINii MOMEHT TOJIOXHUTENIEH U pa-
BeH +9 kH-m. B Toukax, pacnionioxeHHbIX B 2, 3, 4, 1 5 MeTpax BIIPaBo
OT A, U3rubaroMe MOMEHTbI COOTBETCTBEHHO PaBHbI:

Ryx2M=9kH x2m= 18 kxHM™,
Ryx3M=9kH x3m=27kHM,
Ryx4M=9kH x4m=36xkHM,
Ryx5M=9kH x5M=45kHM™.

Bce aTi MOMEHTBI TTOJIOKUTEbHBI.

Jnst Touek cripaBa ot C Hafo yYUTHIBATh HArPy3KY B 9TOM TOUKE,
a TakXe peaklnio Onopbl R, WK MPOCTO UCIOIb30BaTh MOMEHT Rjp.
B Toukax, HaxomsIIMxcs B 5, 6 1 7 MeTpax OT A, COOTBETCTBYIOLIUE
U3rudarolie MOMEHTBI PaBHBI:

Ryx3M=15kH x3Mm=45kHMm,
Ryx2m=15kH x2M =30 kH"™m,
Rgx1mM=15kHx 1 Mm=15kHM.

Tak Kak MOMEHTBI BIPABO OT 3TUX TOYEK OTCUMUTHIBAIOT MIPOTUB
YacoOBOW CTPEJIKM, BCE OHM SIBJISIIOTCS] TIOJIOKUTEAbHBIMU U3TH0aI0-
IMMKU MOMeHTaMu. B Touke B marubaroimnii MOMEHT paBeH HYJIIO,
TaK Kak cIlpaBa OT He€ HUKaKue CUJIbl He AeiicTBYI0T. Huxke B Tabsm-
L1e IPUBEAEH OKOHYATEIbHBIN pe3yJIbTaT.

PaccrosiHue ot Touku A [M] 0] 1 2 3 4 5 6 7 8
+9

Curna casura [kH] +9[+9| +9 | +9 | +9 —]5—15 —15[-15

UsruGaionmii moment [KH'M] | 0 | +9 [ +18 | +27 | +36 | +45| +30 | +15| 0
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Hcnosb3ys npuBeiEHHbBIE BbIIIE 3HAYEHUS, CTPOUM JUArPaMMbI
CWJI ciBUTra U uarubaromiero MoMmeHra (Puc. 13.4).

9kH
[Jvarpamma
cun casura
A c B
-15kH
45kH ™M
[Jwnarpamma i

n3rubaioLero MoMeHTa

Puc. 13.4

INourarosast iuarpamMma CHJI CIBUTA, TOJIbKO C TOPU30OHTAIbHBIMU
¥ BepTUKAJIbHBIMU JIMHUSIMU, MOJy4YaeTcsl Bceraa, Koraa 6anaka mc-
MBITBIBAET TOJBKO COCPEIOTOYEHHbIE HArpy3Ku. M3aMeHeHue CHIIBI
CIBUATa CKAYKOM TPOMCXOIUT TaM, II€ €CTh COCPEIOTOYEHHbIE Ha-
TPY3KH, B TOM YHCJI€ CWJIbI peaKkiuu onop. JIjist Takoii MpocToii 6a-
KU C HAarpy3KaMy M3rHOaoIIMii MOMEHT BCEria COCTOUT U3 MPSIMBIX
JIMHUIA, 00BIYHO MAYIIMX MOJ HAKJIOHOM. Pe3koe m3MeHeHue U3ru-
0aloLEro MOMEHTa MOXET BO3HUKHYTh TOJIbKO B HEOOBIYHBIX YCI0-
BUSIX, KOIJIa MOMEHT JI00aBJIsieTCsl K Oajike KaK yIaJ€HHbIM OT Ha-
TPY3KH.
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14. HAITPA2KEHUE ITPU U3TI'BE

Hwxe npuBeaeHO OCHOBHOE ypaBHEHUE U3rM0a OaJIKu:

;-4 2

IIe © — HampsbKeHWe, BO3HUKIIEe OT U3rnda Ha pacCTOSIHUU ) OT
HEUTpaabHOM OCH,
M — u3rubamniii MOMEHT,
I — BTOpOIf MOMEHT 00JIaCTU CE€YEHMST OaJIKi OKOJIO €ro Hel-
TPaJIbHOM OCH,
FE — monynb ynpyrocru,
R — panuyc KpUBU3HBI.
MoOMeHT COnpOTUBIIEHUS] CEUEHUST

z=-1
ymaX

Ko BTOpBEIM MOMEHTaM 006JIacTH cedeHUs Opyca, KOTOpPbIe BCTpe-
YyaloTcs HauboJjee 4acTo, OTHOCITCS (BOKPYT LIEHTpaIbHOI ocn XX):

o cnaouwHoi mHoeoyeoavruk (Puc. 14.1)

_ BD’

I ==
12

1<
>
D

B

Puc. 14.1

® MHO020Y201bHUK ¢ cummempuunbimu eviemikamu (Puc. 14.2)

3 3
;= BD -bd"
12

| ><

Puc. 14.2
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o yenvruvii npym (Puc. 14.3)

Puc. 14.3

o noavtii yuaundp (tpyda) (Puc. 14.4)

Puc. 14.4

HetitpansHast och 1000TO CEUeHUs, Te M3rU0 HE TIPON3BOIUT HU-
KaKOT0 HaTSDKEHMS, a CJIeIoBaTe/IbHO, 1 HUKAKOTO HAIPSIKEHUST, BCET-
Ila TIPOXOMUT 4Yepe3 LEHTp cedeHus. s BhIIeTiepeurCIeHHBIX CUM-
METPUYHBIX CEYEHUI 3TO O3HAYAET, YTO IS BEPTUKAIHHOI Harpy3Ku
HeUTpaibHasI OCh SIBJISIETCS TOPU3OHTAIILHOM OChIO CUMMETPUH.

Hanpumep, BBIYMCIUM MaKCUMaJIbHOE HATPSDKEHHWE B YCITOBHUSIX
caenyioliei 3agaun. JJomycTuM, MaKCUMaJbHbIM U3rHOAIOIINi MO-
MeHT Ha Oasike paBeH 120 H-M. Ecniu ceyeHue G6anku mpencraBisieT
0001 TPEYTrOJbHUK C OCHOBaHMEM 18 MM 1 BBICOTO# 36 MM, TO MaK-
CHMaJIbHOE HAIpSKeHWE MPU U3rMOe BBIYUCISICTCS B CIEAyIOLLei
MOCJIeI0BATEIbHOCTH.

BTopoit MOMEHT 00JIaCTH CeYeHMsI BOKPYT HEUTPaIbHOM OCH:

6D’ _ (18)-(36)’°

1= =6.9984 x 10* mm*.
12 2 A
MaxkcuMalibHOE pacCTOSTHUE OT HENTPaTbHOM OCH:
y= 36 _ 18 Mm.

2
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Tak Kak
c_M

y I’
TO G — MaKCUMaJIbHOC HANPAXKECHUE IIPpU I/I3FM6C IIOSAABUTCA TaM, TAe
M ny OPpUHUMAIOT MaKCUMaJIbHbIC 3HAYCHMU.

To ecTb

oo My _ 120 H-mxI8wm _ 120 Hom x 18x 107 M _

I 6.9984x10* mm*  6.9984 x 10* x 1072 m*
=30.86 MH/m2 = 30.86 MTTa.

Jlpyroii npumep. Y KoHCcoIU TpyOUYaTON KOHCTPYKLIMU BHEUTHUI 1
BHYTpeHHUIi panuycsl paBHbl 100 1 120 MM cooTBeTcTBeHHO. Ornipe-
JIeJIMM MaKCUMaJIbHYIO Harpy3ky, KOTOPYIO OHa MOXET BbIAEPXKAaTh
Ha KOHIIE NPU MaKCUMaJbHOM HampsbkeHud He Bbiie 50 MIla
(mpeanojaraercs, YTo Bec OAJKM HE YYMTBHIBAETCS), €CJIU JUITMHA
KoHcou paBHa 800 MM.

Btopoii MOMEHT 00J1acTU ceueHUsl paBeH

=T . (pt_ L 4_ 4y — 6y 4
1 64(D4 d* 64(120 100%) = 5.27 x 10° mm™.

c_ M N
U3z = = 7 MoJIlydyaeM, YTO MaKCHMaJbHO JOMYCTUMbII M3Trnbaro-
y

Ui MOMEHT M naéT MakCMMaJlbHO NOMYCTUMOE HaIpsiKeHUe Ha
MaKCUMaJIbHOM PACCTOSIHUM ¥ OT HEUTPAJIbHOM OCH, TO €CTh

ol _ 50 MMax 5.27 x 10° mv” _

M =
y 60 MM

50 x 10°H « 527 x 10° '
M

60 x 10° m

_ 50x5.27 x 10°
60
Ecnu W — narpyska (B kH) Ha ¢cBOOOIHOM KOHIIE KOHCOJIU, TO
M3rubaIIMii MOMEHT B TOUKE Ha PACCTOSIHUU X OT 3TOTO CBOOOIHO-
ro KoHuUa paBeH W,, mpu 3TOM MaKCUMaJbHOE €ro 3HaueHue, Tie
KOHCOJIb BCTPOEHA B CTEHY, OINPEeIeHO Kak

WxH x0.8m, wm 0.8WkH-Mm.

H-m =4.392 kH-m.

[pupaBHAB 3TO K MOACYUTAHHOMY PaHee MaKCUMAJIBHO JOITyC-
TUMOMY M3TUOAIOIIEMY MOMEHTY, TIOJTyIUM

0.8W=4.392 kHMm,
OTKY/Ia MAKCHMAJIbHAS HATPY3KA HA CBOOOHOM KOHIE

_ 4.392 xHm

W 0.8 M

=5.49 xH.



75

15. IPAMOJIMHENHOE U BPAIIIATEJILHOE
JBNXKEHUNE

JIuHeiiHAS ¥ yII0Bask CKOPOCTH

Paduan

Paduan [pan] — aT0 enmHUIA yer06020 cmeujenus. OMVH panuaH
pPaBeH yIIy ¢ BEPIIMHON B IIEHTPE OKPY>KHOCTU, 00pa30BaHHOMY IYy-
TOW, JUTMHA KOTOPO# paBHA paauycy 3TOi OKPYXKHOCTH, KaK 3TO IMO-

Ka3aHo Ha Puc. 15.1.
o,
/\

Puc. 15.1

Yron B panmuaHax (0), mHa Iyru () U pamuyc OKPYKHOCTH (r)
CBSI3aHBI MEXITY CO00i1 COOTHOIIIEHUEM

ro (1)

Tak Kak JJMHA AYyTU TMOJHOW OKPYXXHOCTW paBHa 27mr, a yroji C
BEPIIVHON B LIEHTPE OKPYXHOCTU paBeH 360°, TO ISl TIOJHOMN OK-
PYXHOCTU ypaBHeHUe (1) mpuHUMAaeT BUIL

2nr=ro,
WIn
0 =2n pan.
Orcrona
27 pan paBHOCHIBHO 360°. 2)

Jluneiinas cxopocmo

JIuHeliHast CKOPOCTh L OMpenesieHa, KaK CKOPOCTb MU3MEHEHUS
JINHEHHOTO NIepeMellleHHUs § B TeueHe BpeMeHH £. s ABUXKEeHUSI 1o
NpsSMOM nojyyaem:

M3MEHEHUE TTOJIOXEHUSI
3aTpayeHHOE BpeMsI

JIMHEHas CKOpPOCTb =

TO €CThb

_ S
v=7 (3)

EnuHuiia TMHeiiHOM CKOPOCTH — METpP B CeKyHOy [M/c].
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Yeaosas ckopocmo

CKOpOoCTh BpallleHHs Kojieca WIK Bajla YacToO U3MEPSIOT B 000po-
max 6 MuHymy Wi B 060pomax 6 cekyHoy, HO 3TH eAMHULIBI U3Mepe-
HUS HE BXOJISIT B COCTaB KOTEPEHTHOM CUCTEMbI €IUHULL UBMEPEHUI.
B cucteme CH yrioBasi CKOPOCTh — 3TO YroJl TOBOPOTA 3a OIHY Ce-
KYHTY.

YrioBast CKOpOCTh » OTpeesieHa Kak MU3BMEHEHHE YTIJIOBOTO CMe-
1eHus 6 3a BpeMsi 3TOro uaMeHeHwus f. [t Tejia, Bpallarollerocst
BOKDYT 3aKpeMJIEHHON OCU MPY MOCTOSIHHOM CKOPOCTH

YroJi moBOpoTa

yIJIOBasi CKOPOCTh = —————————— |
3aTpavyeHHOE BpeMsI

TO €CTb

w =

0
: C))

EnvHuua yrioBoi cKopocTu — padua 6 cekyndy [pan/cl.

Teno, Bpauiatoleecst ¢ MOCTOSIHHOW CKOPOCTbIO, PaBHO # 000-
POTOB B CEKYHILY, CMEIIAeTCsl Ha YIoJl, paBHBII 21tn panuaH 3a OIHY
CEeKyH]LY, TO €CTh €TO YIJIOBasi CKOPOCTh paBHA

3Has, uto s = 19, (ypaBHeHue (1)), a 6 = of (U3 ypaBHeHUs (4)),
rnosiydyaem
S = roft,
OTKy/1a

= r.

OIHAKO MOCKOJIBKY U = ; (ypaBHeHue (3)), TO

L= or (6)

VYpaBHeHue (6) ycTaHaBIMBAaET COOTHOLICHUE MEXIy JMHEHHOMN
CKOPOCTBIO U U YTJIOBO CKOPOCTHIO ® .

Hanpumep, kosieco nuamerpom 540 MM BpalaeTcsi CO CKOPOCThIO
1500/ o6opoToB B MUHYTY. TpebyeTcss omnpeaenuTh yriIOByIO CKO-
pOCTb KoJieca U IMHEWHYI0 CKOPOCTh TOYKU Ha 000j1e KoJjeca.

B cootBeTcTBUU C ypaBHEHMEM (5)

o =2nn,

1€ n — CKOPOCTh BpalliCHUA B OGODOTaX B CCKYHOY.
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[NepeBonuM AaHHYIO CKOPOCTD /1 B 0OOPOTHI B CEKYHILY:

_ 1500
= ——— 000pOTOB B CEKYH]IY.
607
Torna yroBasi CKOpoOCTh
1500
=p— = .
® = 2n- 50 pan/c

JIuHeliHasi CKOPOCTb TOYKM Ha 000/1¢e
L= oF,

roe r —pamuyc Kojieca.
3Has TuaMeTp, HaXOIUM Paguyc:
r=0.54/2, unu 0.27 M.
CnemoBaTeslbHO,

JimHeitHas ckopoctb v = 50 x 0.27 = 13.5m/c.

JIuneiinoe u yII0BOE YCKOpeHHe

Jluneiinoe yckopenue a onpenesieHo Kak ObICTPOTa M3MEHEHUSI JTU -
HEMHOI CKOPOCTH CO BpeMeHeM (Kak moka3aHo B IJ1. 8). JIuHeitHoe
YCKOpEHHE TeJla, CKOPOCTb KOTOPOTO YBEJIMYMBAETCS PAaBHOMEPHO,
OIpeaeeHO KakK

U3MEHEHME JIMHEMHON CKOPOCTHU

JIMHEMHOE YCKOpPEeHUe = s
3aTpayeHHOE BpeMs

TO €CTb

U,— U
a=2-- @)
t
Envnuna nuHeiiHOro ycKopeHusi — MeTp B CEKYHIy B KBalpare

[M/c?]. TIpeoGpasyst ypaBHeHue (7), ToTyyaeM

v, = v +at (8)

Yenosoe yckopenue o. oTipeieieHO Kak OBICTPOTA M3MEHEHUsI YT~
JIOBOW CKOPOCTH CO BpEMEHEM. YTIIOBOE YCKOPEHHUE Tella, Y KOTOPO-
IO YIJIOBAsi CKOPOCTD YBEJMYMBAETCSI PABHOMEPHO, OTPENEIEHO KaK

U3MEHEHME YIIIOBOU CKOPOCTU
3aTpaueHHOE BpeMs

YIJIOBOE YCKOpEeHUE =

TO €CTb

o= 222 ©)

EnuHuua yrjaoBoro ycKopeHusi — pajauaH B CEKYHIy B KBajapaTe
2
[pan/c].
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IIpeobpasyst ypaBHeHMe (9), TOTyIaeM

®, = O, +af (10)

B cootBeTcTBUMM ¢ ypaBHEHUEM (6)
L= oF
Tak KaK npu ABMXKEHUU T10 KPYTY Paguyc # MOCTOSIHEH, TO

D) = MyF

U= O

CrenoBatesbHO, ypaBHeHUe (7) MIPUMET BUL
_oyr—or _ ro,-o))
- t - r

Torna, umest B BUIy ypaBHeHue (9), nmosyyaem

a=ro (11)

Hanpumep, onpeneum yrioBoe YCKOpeHUe, eCii CKOPOCThb Bajia
yBeauuuBaeTcs: paBHoMepHO oT 300 060poToB B MUHYTY 10 800 060-
poTOB B MUHYTY 3a 10 cek.

[NepBoHauaabHast yrjioBasi CKOPOCTh

- _300 o 300x2m
®; = 300 06/MuH 0 06/c 0 pan/c;
KOHEYHa4 yriioBasd CKOpOCTb
o= 8002
2 60 p 5

a BpewmsI ¢ paBHO 10 c.
IMoncrasisist mojiydeHHbIE BhIpaXkeHUsI B ypaBHeHUe (9), Haiinem
YIJIOBOE YCKOpPEHUe

800 x 21 300 x 2w

_ 60 60 )
o= —— g pan/c
_500x2m _ 2
S0x10 5.24 pan/c”.

Ecnmu nuametp Basia paBeH 50 MM, TO B COOTBETCTBUU C ypaBHe-
HueM (11) 1MHeliHOe ycKopeHue OyIeT paBHO

50

a=ro== x 1073 % 5.24 = 0.131 m/c.
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Jlpyrue ypaBHeHUsl ABMIKEHUS

W3 ypaBHeHust (3) caemyert, 4To
S = Ut

[pu ycnoBuM, 4TO IMHEHAS CKOPOCTh U3MEHSIETCSI pPABHOMEPHO
OT v; 10 Ly,

S = Cpe/IHsIsl IMHEeHasi CKOPOCTb X BpeMs,

TO €CThb

W3 ypaBHeHus (4)
0= wt,

MO3TOMY TPU YCIOBUM, YTO YIJIOBasi CKOPOCTb U3MEHSIETCS] paBHO-
MEPHO OT ®; 10 ®,, UMEeM

0 = cpemHsIs YIJIoBasi CKOPOCTh X BpeMsl,
TO €CTh

JIBa ypaBHEHHUSI MIPSIMOJIMHEMHOTO IBUXEHUSI MOTYT OBITh TIOJTY-
YyeHbl U3 ypaBHeHui (8) u (12):

s = U,t+%at2 (14)
"
VY = U1+ 2as (15)

JIBa ypaBHEHMS BpallaTeIbHOTO IBUXKEHUS MOTYT OBITH ITOJTyde-
Hbl U3 ypaBHeHuit (10) u (13):

0= m1t+%at2 (16)

0 = 0’1 +200 17)

B Taou. 15.1 cobpaHbl Bce OCHOBHBIE YpaBHEHUSI IUTS TPSIMOJIMHE -
HOTO Y BpalllaTeJIbHOTO IBMKEHUS B YCIIOBUSIX pABHOMEPHOTO U3MEHE-
HMSI CKOPOCTHU U MOCTOSIHHOTO YCKOpeHHs1. TaM Xe JAaHbl COOTHOILIE-
HUS MEXTY IMHEWMHBIMM 1 YTJIIOBBIMY BEJTMIMHAMM.
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Ta6mmua 15.1

§ — JUTMHA TyTH [M]

r — pamuyc Kpyra [M]
6 — yrox [pan]
® — YIJIOBask CKOpOCTh [pan/c|

t — Bpems [c]

U — JNUHEHast CKopocTb [M/c]

v, — HayaIbHast CKOPOCTH [M/c] ®; — HayajbHas yIJIoBasi CKOpocTh [paz/c|

U, — KOHEYHast CKopocTb [M/c]| ®, — KOHEYHasl YIJ10Bast cKkopocThb [paz/c|

a — nuHeiiHoe yekopeHue [M/c?] oL — yrJIoBoe ycKopeHue [pan/c?

n — CKOpOCTb BparueHus [06/c]

Homep ypaBHenus JIuneiinoe aBiKkenne ’ Kpyrosoe nBikenue
(1) s=M
(2 2 pang = 360°
G)u) L= j /e o = g pan/c
5) ® =2xnpan/c
(6) v=wr M/c
8)u (10) v, = (v, tar) m/c ‘ ®, = (o, o) pan/c
(11) a=rom/c?
+®
12)u (13 - (L{If_‘ﬁ) - (‘”1_2)
(12) ) s 3 t 0 3 t
| |
(14) u (16) s = ult+§at 6 = m1t+§oct
15)u(17) Vi = vl +2as ©) = o +20s

Hanpumep, Bajt HAXOISAIIETOCS B TOKOE 3JIEKTPOMOTOPa, HAYMHA-
eT PaBHOMEPHO Das3roHAThCS ¢ ycKopeHMeM 15 pan/c? B TeueHue
0.4 c. Tpebyetcst ornpeneauTh yroj MOBOPOTa Bajia (B paavaHax) 3a
3TO BpeMs.

W3 ypaBHeHus (16)

1 2
0 = o f+zar .
2
Tak Kak BaJl HAXOAWJICS B [TOKOE, TO

;=0
M COOTBETCTBEHHO

0 =

%octz.

Tak KaK yrioBoe yckopeHue o = 15 pan/c?, a Bpemsi t = 0.4c,
TO YTOJI IOBOPOTA

0= %x 15 0.4 = 1.2 pax.
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OTHocHUTeIbHASI BEKTOPHAS CKOPOCTD

Kak mokazaHo B rjaBe 3, BeKTOpHas BeJIMYMHA M300paxkaeTcs
OTPE3KOM IPSIMONA, HAIPaBJIE€HHBIM IO JIUHUU JCUCTBUS STOM BEIU-
YUHBI U MMEIOIIMM [UIMHY, MPOMOPLMOHATIBHYIO 3TOIl BEJIMUYMHE.
CrnenoBaTeibHO, 0Tpe30K ab Ha Puc. 15.2 oTpaxkaeT BEKTOPHYIO CKO-
pocTh, paBHY10 20 M/C 1 UMEIOIIYIO HallpaBJIeHUE Ha 3araj.

MacwTtab
0 5 10 15 20 25 C
BekTopHas ckopocTb [M/C]
3 + B
ab to
b a
Puc. 15.2

ITockonbKy OyKBEI HAOpaHbI «KUPHBIM» IpU(GTOM — ab, 310 03-
HayaeT, YTO BeJMYMHA BEKTOPHAsI, a MOPSIOK OYKB MOKAa3bIBAET, YTO
JIeMCTBUE HATIPABJICHO U3 d B b.

Hanpumep, paccMOoTpuM ciyvaii, Koraa aBa camosiéTa, A u B, ne-
TST Ha MOCTOSIHHOM BhicoTe. CaMOIET A HampaBsieTCsl Ha CeBEP CO
ckopocthbio 200 M/c, a Kypc camoni€éTa B, seTsiero co ckopocTbio
300 M/c, cocraBisieT 30° Ha ceBepO-BOCTOK. DTa CUTYallUsI OTpaXKe-
Ha Ha Puc. 15.3.

MacwTtab
0 100 200 300
BekTopHas ckopocTb [M/c]
b
c
a
3 B

10 300 m/c

200 m/c

Puc. 15.3

Bexrop oa xapakTepusyeT CKOpOCTb camosiéra A, a BEKTOp 0b —
camosiéta B oTHOCHTEIBHO (PUKCUPOBAHHOM TOUKMU O.

BekTopHas ckopocTs B oTHOCHTENIBHO A (TO €CTb CKOPOCTb, NMPU
KOTOPOU ABIIKYIIUMCS TTaccaxkrpam caMoJiéTa A BUIUTCS TBUKEHUE
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camosiéta B) mpezncrapieHa BeKTopoM ab, urcieHHo paBHa 160 m/c u
nMeeT HanpasJieHue 22° Ha ceBepO-BOCTOK.

Bekropnas ckopocth A oTHocHTeNbHO B (mpu KOTOpOIi ABUXKY-
UMCS MaccaxupaM caMoJiéTa B BUOWTCS ABMXXeHUE caMoJETa A)
MpencTaBlieHa BEKTOpoM ba, yucieHHo paBHa 160 M/c u umeer Ha-
npasjenne 22° Ha 10ro-3anaj.

Jpyroii npumep. KpaH ABMXETCS 10 NMPSIMOM € TOCTOSTHHOM ropu-
30HTAJIBHOM CKOPOCTHIO 2 M/c. OMHOBPEMEHHO C 3TUM OH ITOIHUMAa-
€T Ipy3 ¢ BEPTUKAIbHOI CKOPOCThIO 5 M/c. [loacunraemM BEKTOPHYIO
CKOPOCTb Tpy3a OTHOCUTEIEHO (DMKCUPOBAHHOW TOYKM Ha MTOBEPX-
HOCTH 3eMJIU.

Ha Puc. 15.4 nokazaHa BeKTOpHas AuarpaMma, oToOpaxaiolasi
IBUXEHUE KpaHa U Tpy3a.

5.385m/c 5wm/c

2wm/c

Puc. 15.4

BexTop oa xapakTepusyeT BEKTOPHYIO CKOPOCTb KpaHa OTHOCH-
TeJIbHO (PMKCUPOBAHHOW TOUKMU Ha 3emiie, a ab XapakTepu3yeT BeK-
TOPHYIO CKOPOCTb Ipy3a OTHOCUTEJILHO KpaHa. BeKTopHasi CKOpoCcTh
rpy3a OTHOCHUTEJIbHO TOYKM Ha 3eMJie BbipaxkeHa BekTopoM ob. 1o
Teopeme ITudaropa nonyyaem

(0b)* = (0a)* + (ab)> =4+ 25 =129,
OTCroaa
ob= 29 =5.385m/c,
3 _
tgo= 5 2.5,

OTKyIa
0 = arctg 2.5 = 68.20°,

TO €CTh BEKTOPHAsA CKOPOCTb rpy3a OTHOCHUTEJIbHO (MKCHPOBAHHOI
TOYKH Ha 3emJie paBHa 5.385 m/c B HanpaBieHun 68.20° 0THOCHTEILHO
HamnpasJieHus1 ABHKEHHs KPaHa.
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16. TPEHUE

Cunia TpeHus

Ecnu B34Th Opycok aepeBa, MOJOXUTh €r0 Ha MOJI U MPUITOXUTb K
HeMy JI0BOJIbHO OOJIBIIYIO CUITY, HAITPaBJIEHHYIO MapauiebHO Opyc-
KY, TO OpYCOK HAaYHET CKOJIB3UTD I10 10y, EC/iu mpuioXeHHYI0 CUTy
yAQIUTh, OPYCOK OCTAHOBUTCS, YTO TOBOPUT O CYLIECTBOBAaHWUMU He-
KOeM CWJIbI, TIPEMSITCTBYIOLIC CKOMBXEHUI0. DTy CUJY Ha3bIBalOT
cunoil mpenus dgudicenus WM mpenus ckoavicenus. Ecnu cuna, Bo3-
NeMCTBYIOILAst Ha OPYCOK, HEIOCTaTOYHA, YTOObI €ro CIBUHYTb, TO
paBHYIO €il MPOTHBOAEHCTBYIONLYIO CUJTY Ha3bIBAIOT CUAOU ONOPHO2O
mpenus W mpenus nokos. CienoBaTesbHO, €CTh 1BE KaTeropuu, Ha
KOTOpBIE ACJTUTCS CUJIa TPEHUS:

e cuJia TPEHUST ABVKEHUSI WM TPEHUsI CKOJIbXEHMSI, BO3HUKAIOLIAst
TOT/Ia, KOTrJa MMEeT MECTO ABUXKEHME,

® CcuJjia ONIOPHOTO TPEHUS, TO €CTh CHJIA, HEJOCTaTOYHAs IJIsT Havaia
JIBHKEHUS.

Cy1iecTByeT TpH (HaKkTopa, BIUSIOIINX Ha BETMYMHY U HaIlpaBie-
HHE CHJIBI TPEHUS:

e BeJMYMHA CUJIbI TPEHUSI 3aBUCUT OT BUA MOBEPXHOCTU (IEPEBSIH-
HBI OPYCOK Jierye CKOJIb3UT IO IJIaaKOW MOBEPXHOCTHU, YeM IO
HEPOBHOII, IIepIIaBOii, HAIIPUMeED I10 OETOHY);

e BeJMYMHA CUJIbI TPEHMS 3aBUCUT OT BEJIMUMHBI CUJIbI, NEHACTBYIO-
1 MO MPSIMBIM YIJIOM K KOHTaKTUPYIOIIMM MOBepXHOCTsIM. Ta-
KYIO CWJTY Ha3bIBAIOT CUL0l HOpMaAbHo20 Oasaenus. Ecim Bec Opyc-
Ka YIBOMTb, CHJIa TPEHUSI TOXKE yaBamBaeTcs (IIPU YCIOBHM, YTO
THUII [IOBEPXHOCTH HE MEHSIETCS);

e HarpaBJieHUE CUJIbI TPEHHUsI BCEraa MPOTHUBOIOIOXHO HarpaBiie-
Huio aBuxeHus. CrenoBaTesIbHO, CWJIa TPEHUs TPEMSITCTBYET
NBUXXEHUIO, KaK 3TO TToKa3aHo Ha Puc. 16.1.

Hanpasnenue Hanpaenenue
[BUXEHMS [IBVXEHMS
— = Tonkawowiasn
Cuna cuna
TpeHus Bpyc Tﬂ:m:gag Bpyc Cuna
- | | . TpeHus
7 7.
MoBepxHOCTb MoBepxHOCTb
Puc. 16.1
Koaddunpent Tpenns

Koaghdhuyuenm mpenus p Heo6GX0qUM JUTs1 KOJTUUYECTBEHHO OLIEH-
KU TPEHUsI, CYILECTBYIOIIETO MEXIY IBYMSI TOBEPXHOCTSIMU. Mablit
K03(pDUIIMEHT TpeHUsT O3HayaeT, YTO CWJia, HeoOXomumasi ISt
CKOJIbXXEHMSI, MOXKET ObITh MEHbILIE CHUJIbI, HEOOXOIUMOI JIJIsT Havaia



84

NBUXEHUsI TIpU 0oJbiioM Koadduuuente tpeHus. KoabduumeHt
TPEHHUSI ONPEAESIOT KaK OTHOLLEHUE CUJIbI TPEHUSI K CUJIe HOpMaJlb-
HOTO aBJICHUSI, TO €CTh

cwia TpeHus F
CMJIa HODMAJILHOTO AaBieHuss N

oTKyna

CuJia TPEHUA = U X CHUJIa HOPMaJIbHOTO IaBJICHUAA,
TO €CTb

F =puN

HaHpaBIICHI/IC CWJI, JaHHBIX B 9TOM YpPaBHCHWHU, IIOKa3aHO Ha
Puc. 16.2.

Cwvna HopManbHoOro
pasnenvs N

Cuna |, MpunoxenHas
Tpeuuns F=uN cunaP

poS—

7
Puc. 16.2

KoadduieHT TpeHUsT — 3TO OTHOIIIEHWE OMHOM CHIIBI K IPYTOii
cuie, TTo3ToMy KO3 (GUIIMEHT TpeHUsI — BeJIMYMHa Oe3pa3MepHas.
Huxe maHbl THITMYHBIE 3HaYEHUST KO3 dUIIMEHTa TPEHUS TTPU BO3-
HUKHOBEHUY CKOJIbXCHUS:

I TIOJIMPOBAHHBIX, TTIOKPBITHIX CMa3Koii MeTaTIMYeCKUX HOBCpXHOCTeﬁ menee 0.1

IUTSE CTeKJIa 1O CTEKITY 0.4

UTSI PE3UHBI TI0 OETOHY okojo 1.0

Hanpumep, onpenenuM cuily HOpMaJabHOIO NABJICHUSI KUpIAYa
Ha CTaJIbHYIO TIOBEPXHOCTh, €CIv cuia TpeHus coctasisieT 0.728 kH,
a KO3(OUIIMEHT TPEHUSI CKOJIbXKEHUST MEXIY KUPIUYOM U CTAIbIO
paBeH 0.91.

Tak kak F= pN, TO cujia HOpMaJILHOTO JIaBJIeHUS

N=F_-728 _gon,
p o 091

TO €CTh CHJIa HOPMAJILHOTO JaBjeHns pasua 800 H.

Hcnoan3oBanne TpeHus

HHorna xenaTteseH MUHUMAIbHBIN KO3 GULIMEHT TpeHusI, Kak,
HanpuMep, B cliydyasx paboTbl MOAIIMITHUKOB, TOPIIHEN, WIK MpU
Oere Ha sbpkax. Ho xoraa Hago nepenath CHily ¢ IOMOILBIO PEMEH-
HOT'O MPUBOJIA WIK B TOPMO3HOI cCTeMe, HEOOXOIUM BbICOKUI KO-
3¢ duLeHT TpeHus.
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ITonoxuTEIBHBIE H OTpMIATE/IbHBIC CTOPOHBI CHJI TPEHUA

Bo MHOTUX citydasix CUIbl TPEHUST TPUHOCSAT TOJIb3Y.

o [louTu Bce KpenéxHble yCTpoiicTBa (HarpuMmep, LypyIibl, OOITHI,
TBO3IM, TaliK¥M, CKOOBI W 3aXKMMEBI) pabOTalOT 3a CUET CHIIBI Tpe-
HMSI, KOTOpasi MPOYHO yAEPXKUBAET UX HA MECTe.

o Cuia TpeHUsT 0b6ecreyrnBaeT HOPMaJbHYIO PabOTy TOPMO30B.

e B orcyrcTBue cuil TpeHUS! B GOJBLIMHCTBE CiIy4aeB HEBO3MOXHO
MPUIATH TeJTy YCKOPEHUE B TOPU3OHTAIBbHOIM M10cKOoCcTH. Hanpumep,
MPOCKAIB3bIBAIOT OOTUHKM, Y YEJIOBEK HE MOXET UATH, UM Kojeca
MPOKPYYUBAIOTCS, HE MPOBUTAsT MALLIMHY BIEPE.

C prl‘Oﬁ CTOPOHBI, CWJIbI TPEHUS YaCTO OKa3bIBAIOTCsA BPCAHBI.

e Bo Bpemsi paboThI TPUBOIOB, BAJIOB WM OCEil B MEXaHUIECKUX YC-
TPOMCTBAX SHEPIUsi TPATUTCS HA OGECIONe3HOE BbIICICHUE Tera.

¢ TpeHue NpUBOIUT K U3HOCY, HAIPUMeEpP, GOTMHOK, TOPMO3HBIX KO-
JIOJOK U Kperexa.

e BecronesHo TpaTUTCsl HEPTUST Ha MPEONOJICHUE TBUXKEHUS BO3-
nyxa (ropasmo Jjierye exaTb Ha BeJOCUIIe[e MO0 BEeTpY, YeM MPOTUB
HETO).

ITpakTHYECKOE NMpUMEHEHHE

Huxe npuBeeHbl ABa MpUMepa TOro, Kak cMa3ka MOXKeT ITOMOYb
CHM3UTb CUJTY TPEHUSI UJTU K& HA00O0POT.

o Kpenéx nmenaior U3 criaBa, Ha3bIBAaeMOTO OeJIbIM METaJIJIOM, TeM-
reparypa TUIaBJIeHusI KOTOpOro T0BOJbHO Hu3Kast. Korma Bpariia-
IOLIUICA BaJl TPETCS O KPemnéx M3 Oe0ro MeTaslia, BbIAEISICTCS
Ter10. OObIYHO 3TO MPOUCXOIUT B KAKOM-TO OTHOM MeCTe, U MO~
3TOMY 3[€Ch-TO METAJT U HAYMHAET IJIAaBUThCS, M KPETIEX OKa3bl-
BaeTcs1 Oecrioie3HbIM. [IpaBUIIbHO MOOOOpaHHasT cMa3Ka (Macjio
WIM KUP) CO3MAET MPOCIONKY MEXIY BaJOM M O€JIbIM METAJLJIOM,
COXpaHsIs HU3KUM KO3(MMULMEHT TPEHUSI U TIPETSITCTBYSI U3HOCY
kperniexa. Bo Bcex KpyMHBIX KOHCTPYKIIMSIX TAKOTO POJa Macyio K
Kpernexy momaércsl moj AaBjleHueM (K TOMY e OHO OXJIaXdaeT
MEXaHU3MBbI, IS YETO €ro B MPOLIECCe PEUUPKY/ISILIMKM 3a4acTyio
MPOMYCKAIOT Yepe3 MacsIHbIC PauaTophl).

e Bo MHOTrUX 1iexax mjisi mepeaayy SHEPruu U3 OHOTO MeCTa B Ipyroe
HCIIOJIb3YIOT IPUBOIHBIE KOJIECHBIE peMHU. KoadduimeHT TpeHus
MeXy KOJIECOM U IIPUBOJIOM JOJIKEH OBITh OOJIBILIMM, M YBEJTUUUTD
€ro rmomMoraet nérreodpaszHast 000109Ka 1l TpuBoaa. Tak Kak cuiia
TPEeHUs TPOMOPLMOHATIbHA CUJIE HOPMAJIbHOTO JABJIEHMS, MPO-
CKaJIb3BbIBAIOIINI peMeHb paboTaet 6oiiee 3P (PEeKTUBHO, €CIN €TO
CUJIbHEe HATSIHYTh. DTO MOMOTaeT YBeIMYUTh HOPMAJIbHOE JAaBJie-
HMUe, a cJIeoBaTeIbHO, M Ty TpeHus. [1pu pa3paboTke TaKUX CUC-
TeM B HUX HEOOXOAUMO BKJTIOUYATh MEXaHU3M HATSKEHUS IIPUBOJIA.
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17. BOJIHbI

BoanoBoe nBukeHne

Boanosoe deuxncenue — 3T0 pacpoCTpaHEHUE BO3MYIIEHUS B HE-
KOe cpelie WK B IPOCTPAHCTBE, [Je IHEPTUs epeaaeTcs: OT OAHOMI
TOYKM K IpYroii 6e3 mepeHoca caMoro BellecTBa.

K BosiHam oTHOCST:

e pacrnpocTpaHeHHe KojieOaHMI BOAbI, BOSHMKAIOLIMX, HAIPUMED,
MpU MaJeHUY KaMHsI B BOLOEM CO CTOSTYEit BOIOM;

e KoJeOaHMsl, PaCIIPOCTPAHSIOIINECS 11O CTPYHE TIOCIIE IIUTTKA;
® [EPUOINYECKHUE CKATUSI U PACTSIKEHUS MIPYKUHBI;

e KoOJIeOaHUS BO3IyXa, CO3alolne 3ByKH;

® pacIpoCTpaHEeHME CBeTa (CBETOBBIE BOJHBI) (CM. CTp. 96);

e pacIpcTpaHeHHe PaIrou3IydeHUs (PagrOBOIHBI);

e yHGpaKpacHOe U3JTydYeHUEe HArpeThIMU Teidamu (MHGbpaKpacHbIe
BOJIHBI);

o yiabTPaUOIETOBOE MU3JYyIeHHE CUIIBHO HarpeThIMU TEIaMH U He-
KOTOPBIMU Ta30pa3psaAHbIMU JaMIiaMu (yJabTpadruoIeTOBbIE BOJI-
HBI);

e DPEHTIeHOBCKOE U3JIyYeHHE METAJUTAMU, KOTIa UX 00JIy4aloT MOTO-
KaMU 3JIEKTPOHOB C BHICOKOI dHEPruei (pEHTTEHOBCKUE BOJIHBI);

e raMma-Jiyuum, u3jaydya€MbIC paIuOaKTUBHBIMU JICMCHTaAMU.

[lepBble YeThIpe TMpUMepa BOJIH, U3 YKCIIa TePeYNCICHHBIX BbI-
111e, OTHOCSITCS K Mexanuueckum goanam. M HeoOxoamMMa cpefa pac-
MpoCcTpaHeHMs (Takasi, Kak Boia WK Bo3ayx). Clemyromiye mpume-
DBl IMEIOT 21€KMPOMAHUMHYI0 TIPUPOLY, ¥ U HUX cpelia He 00s13a-
TeJIbHA, — OHM MOTYT PAaCIIPOCTPAHSTHCS U B BaKyyMe.

Tuns! BOJH

CyIJ_[CCTByeT JBa TUIIA BOJIH: ITOIIEPEYHBIC 1 ITPOAOJIBbHBIC.

o [lonepeunvie 60Hb! BOSHUKAIOT TOTIA, KOTIA YaCTHUIIBI CPEIbI Tie-
peMelaTcs MePHeHANKYISIPHO HAIlpaBJICHUIO TBYKEHUS BOJI-
Hbl. HanmpuMep, Korma KaMeHb TafaeT B JIyXy, psiob pacrpocTpa-
HSIETCST OT LIEHTpPA MaZeHUsI K KpasiM JIy>XKU 110 painycy, HO €CJIU Te-
JIO TUTBIBET IO TEYECHUIO, BOJA B OINpPEACIEHHON TOYKE IBUTAETCS
BBepX M BHU3. K mormepeyHbIM BOJIHAM OTHOCSITCSI TAKXKE CBETO-
BBIE U PAJIIOBOJTHBI.

o [IpodonbHble 604HbI BO3SHUKAIOT TOTIA, KOTIA YaCTULILI CPEIbl BUO-
PUPYIOT, CKXMMAsICh U Pa3kKMMasiCh IapajieJibHO HampaBICHUIO
pacrpocTpaHeHUs BOJIHBI. K TaKMM BOJIHAM OTHOCSITCSI 3ByKOBBIC
BOJIHBI M BOJIHBI, BOBHMKAIOIIYE OT IIUITKA CTPYHBI.

Ha Puc. 17.1 moka3aHo ce4yeHUe TUITMIHOM BOJIHBI.
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JlnMHa BOJIHBI, YACTOTA M CKOPOCTh PACIPOCTPAHEHUS

Jauna 60aHbl — 3TO PACCTOSTHUE MEXIY ABYMS TOCENOBATE b~
HBIMU OJMHAKOBBIMU YaCTSMU BOJHBI (HampuMep, MeXIy IBYMS
MaKCMMYMaMM, Kak rmoka3aHo Ha Puc. 17.1). [I1nHa BoIHbI 0003Ha-
YaeTcsl CUMBOJIOM A (J1sIMOJa) U U3MepSIETCS B MeTpax [M].

| JlnvHa BoNHbI |

BnaguHa

Puc. 17.1

Yacmoma — 3TO YUCIIO MOJHBIX BOJH (MU LIMKIOB), MPOXOAIS-
LIMX Yepe3 OHY TOUKY 32 OJHY ceKyHy. YacTtora 0603HauaeTcst OyK-
BOIi f 1 u3MepsieTcs B repuax [Iir].

Ckopocmb pacTipoCTpaHEHHsI BOJIHBI L ONPENesieTCs Kak Mpou3-
BeIEHNWE YaCTOTHI U IJTMHBI BOJIHBI, TO €CTh

CKOPOCTb = YacCToTa x IJJIMHA BOJIHbI,
nim

v = /i

EnuHuia cKOpocT — METp B CEKyHIy [M/c].

Hamnpumep, ecnu bu bu Cu (BBC) tpaHciupyer cBou nepenauu
Ha yactote 198 kIi1, a myirHa BotHbI paBHa 1 500 M, TO CKOpoCTb pac-
MPOCTPaHEHUs STO paJuOBOJIHBI PaBHA

v=/1= (198 x 10%)(1 500) = 2.97 x 108 m/c.

OTpaxenne u pedpakums

Ompaxcerue BOJHBI — 3TO U3MEHEHUE HATPABJICHUS ABVKEHUSI
BOJIHBI, IIOKAa OHA HAXOOUTCsI B oaHOM cpeae. CKOPOCTh OTPaKEHHOI
BOJIHBI OCTa€TCsl TAKOW Xe, Kak 10 OTpaxkeHusl. BoyiHbl Bcex TUMOB
OTpPaxXaroTcs, KOrda OHU BCTPEYAIOT MOBEPXHOCTh, CKBO3b KOTOPYIO
He MOryT Ipoiitu. Hanmpumep:
® CBETOBBIC BOJIHBI OTPAXKAIOTCS OT 3€PKaJl,;
® BOJIHBI BOJbI OTPaXaloTcs OT Kpasi BAHHBI WJIM OT BOJTHOPE3a;
® 3BYKOBBIE BOJIHBI OTPAXalOTCs OT CTEHBI (M MOTYT CO3[1aBaTh 3X0);
® BOJIHBI, IOCTUTAIOIINE KOHIIA CTPYHBI UJTU TIPYKUHBI, TOXE OTpa-

KaloTCH;
® BOJIHBI, Mepeaalolve TeJIEeBU3MOHHBIN CUTHAJ, OTPaXXaroTCsl KOC-
MUWYECKUMU CIIyTHUKAMU.
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VYBuUIeTh, Kak OTpaxaroTcs BOJIHbI, MOXHO, €CJIU B EMKOCTb C BO-
JIOY MO/ PSIMBIM YIJIOM K €€ TOBEPXHOCTU MOMECTUTh CTEKJIO.

Peghpakyus — 3TO MU3MEHEHME HANIPaBJIEHUs BOJIHBI (ITpeomJie-
HUE BOJIHBI) IpH €€ Tepexoie U3 OTHOM cpeabl B Apyrylo. [IperoM-
JISITHCSI MOTYT BOJIHBI BCEX TUTIOB.

IIpumepsr:

e CBETOBAs BOJIHA MEHSIET HaAIlpaBJIEHUE HA TPAHULIE MEXIY BO3MIy-
XOM M CTEKJIOM, KaK roka3aHo Ha Puc. 17.2;

Bo3spnyx

CBeToBas BosiHa

Crekno

MpenomnexHas

BOJIHA

Puc. 17.2

® MOpPCKas BOJIHA IIPEJIOMJISIETCA, KOrga JOXOOAUT 10 MEJIKOBOIbA,

e 3BYKOBas BOJIHA MEHSIET HaIlpaBJicHHWE, KOTIa BXOAUT B CJIOU BO3-
JTyxa c Ipyroi TeMreparypoit (CM. HIxKe).

Ha npakTuke MOXHO MoKa3aTh, YTO €CJAU C OAHOK CTOPOHBI OaK
JUTSL BOABI CAeaTh MEJIKUM, TO MOXHO YBUJIETh, YTO BOJHBI B 3TOM
MECTe paclpoCTpaHsIOTCsl MelieHHee. HampaBieHue ux takxke u3-
MEHMTCS, KaK TOJbKO OHM OKaXxyTcsl Ha MeJlKoBojbe. Yem OoJbliie
U3MEHEHUE CKOPOCTHU, TeM OOJIblle U3TUO WU MPEJOMIICHUE.

3ByKOBbIe BOJIHBI 1 UX XAPAKTEPUCTUKH

a)

JYIOIIMMU XapaKTCPUCTUKaAMU

0)
Puc. 17.3

Pa3psxeHve

Cxatune

36yK06as 604HA — 3ITO CEpUs Ye-
penylonmxcst cioés Bozayxa. Cioi,
HaxOISALLIMIACS MO JaBJIEHUEM YyTh
BbIllIE aTMOC(HEPHOro, Ha3bIBAETCS
cocamuem, A HAXONSALIUICS IO
JABJIEHWEM YyTh HUXEe aTMmocdep-
HOTO — paspsaxceruem. JIpyrumu
CJIOBaMH, 3ByK — 3TO BOJIHA CXKATOI0
Bo3ayxa. Ha Puc. 17.3a ycnoBHo 1o-
Ka3aHbl HEBO3MYIIEHHBIE CIIOM BO3-
nmyxa, a Ha Puc. 17.36 mokasaHo, 4To
MIPOMCXOAMT C BO3IYXOM, KOrma Io
HEMY pacIpOCTPaHSIOTCS 3BYKOBBIE
BOJIHBI.

3BYKOBBIE BOJIHBI 00J11AI0T CJie-

e 3BYKOBasl BOJTHA MOXET PacCIpOCTPAHITBLCS Yepe3 TBEPIbIC, KU~
KHE U ra3000pa3Hble CPe/ibl, HO HE YEPE3 BAKyyM.
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e 3ByK 00JIaaeT KOHEYHOM, TO €CTh (DUKCUPOBAHHOI, CKOPOCTHIO,
3HaY€HME KOTOPOI1 3aBUCUT OT Cpellbl PACTIPOCTPAHEHHSI, & TAKXKe
OT TeMIIepaTyphl cpeibl. BoT HeKOTOpBIe MPUMEPBI CKOPOCTH 3BY-
ka: B Bozayxe — 331 m/c ipu 0°C u 342 m/c nipu +18°C; B Bone —
1 410 m/c mpu +20°C, B kxene3e — 5 100 m/c ripu +20°C.

e 3BYKOBBIC BOJIHbI MOTYT OTpPaXaThbCsl, U CAMBbIM PacCIpOCTPaHEH-
HBIM PE3yJIbTaTOM 3TOTO CIYXUT 3XO0. Ix010Kayuio VCTOIb3YIOT
IUTSL UBMEPEHMSI MOPCKUX TITyOWH.

e 3BYKOBBIC BOJIHBI MOTYT TPEJIOMISThCS. DTO ClydaeTcs, KOria,
HarnpuMep, 3ByKOBasi BOJIHA HATaJIKUBAETCS HA BO3MYIIHBIC CJIOU
WHOM Temriepatypbl. Eciii 3ByKoBast BoJiHA IoMnanaeT B 00J1acTh C
MOBBIIIEHHON TEMIIEPATYyPOii, TO Cpela paclpoCTpaHEHMSI TaM 00-
JlalaéT UHBIMU CBOMCTBaMM, W TO3TOMY BOJIHA TPEJOMIISIETCS,
Kak 3T0 moka3aHo Ha Puc. 17.4. Takue cUTyallMy TUIMMYHBI IS
HOYHOTO BPEMEHHU CYTOK.

Hanpaenenne Cnoit Tennoro Bo3ayxa

3ByKo%

Cnoii XonoAHOro BO3Ayxa

7
Puc. 17.4

3BYKOBBIC BOJIHBI TIOSIBJISTIOTCS B PE3YJIBTATE K0.1e0aHU.

e B 1yxoBBIX MHCTpYMEHTAX, TaKUX, KaK TpyOoa 1 TPOMOOH, KJIapHET
WIM TO0OM, 3BYK M3IAETCs 3a CUET KOJeOaHUd B HUX CTOJIOUKOB
BO3IIyXa.

e CTpyHHBbIE HHCTPYMEHTHI, TAKME, KAK CKPUIIKA U TUTapa, U3Ia0T
3BYK BCJIEACTBUE KOJeOaHUI CTPYHBI, KOTOpas 3aCTaBJIsIET KOJe-
6aTtbcs Bo3nyx. IToxoxum 006pa3oM KoJieOII0TCsl HAllIM TOJI0OCOBbIE
CBSI3KM BO BpPeMsI pa3roBopa.

o KaMepToH u31a€T 3ByK Oylaronapsi KojaebaHUsIM ero MeTajuinyec-
KUX OKOHYaHU (3yObeB).

¢ B rpomMKoroBopuresie 3ByK BOZHUKAET 3a CYET KoJieOaHUIi BHYTpU
€ro KoHyca.

BbicoTa 3ByKa 3aBUCHUT OT YaCTOThI KOJIeOaHHUIA: YeM BBILIIE YaCTO-
Ta, TEM BBILLIE 3BYK.

YacTtoTa 3ByKa 3aBUCUT OT (DOpMbI UCTOYHMKA KoiebaHuit. Kia-
MaHbl TPYObl UM CKOJB3SIIIUNA 3JIEMEHT TPOMOOHA YIIMHSIOT WIN
YKOPAuMBAIOT BO3AYILIHBIN CTOJOUK BHYTPYU MHCTPYMEHTA, a B CIIy-
Yyae TUTapbl WIK CKPUIIKU POJIb PEryJsiTOpa AJIUHBI CTPYHbI BBITION-
HSIOT Naiblibl. YeM Kopoue BO3IYIIHBINA CTOJOUK WU BUOPUPYIO-
1asl CTpyHa, TeM BbIlIE YacToTa, a CJIeJOBaTeJIbHO, U BBILIE 3BYK.
AHaJIOTMYHO KaMePTOH ¢ KOPOTKHUMHU 3yObsIMU M3IAET 00JIee BhICO-
KW 3BYK, 4yeM 0oJiee JJTMHHbBIN KaMePTOH.

¥Yxo yenoBeka BocripuHuMaeT YacTothl oT 20 Iix go 20 kIir.
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18. UTHTEPOEPEHIINA U AN PPAKIINUA

Nurepdepennys

B Touke mepeceyeHus1 ABYX BOJIH OOIlee Pe3yJbTUPYIOIIee CMe-
ILICHUE OINpPENesieTCs BEKTOPHOM CYMMONM CMEIIEHUS KaXIon u3
BOJIH 10 OTHOLLEHUIO K APYTOi BOJIHE B 3TOM TOYKE.

DTO NpaBUIO HA3bIBAIOT APUHYUNOM cynepno3uyuu. BoaHbl MOTYT
OBITh JIMOO TOMEPEUYHBIMU, JTUOO MPOAOJbHBIMU — IPDEKT unmep-
epenyuu HabMogaeTCsl B 000X ciydyasix. B aToil raBe paccMoTpeH
MeXaHU3M UHTepGhEPEHIIMU ABYX BOJIH, UMEIOLIMX OMHAKOBBIE Yac-
TOTY U aMIUTUTYLY, XOTS JUIsl TIOSIBIIEHUSI UHTep(EepeHIUH 3TO COB-
ceM Heo0s13aTeNIbHO.

PaccmoTpuM mBe TomiepeyHble BOJIHBI, UMEIOIINE OINMHAKOBBIC
YacTOThl Y aMIUIUTYIbl, KOTOPBIE PACIIPOCTPAHSIIOTCS B TPOTUBOIO-
JIOKHBIX HanpapiieHUs1x. CorjlacHO TIPUHITUITY CYTIEPIIO3UIINN MEX-
Iy ABYMSI 3TUMHU BOJTHAMM UMEET MECTO MHTepdepeHIusl, 1 00pa3y-
eTCSI cmosuas, VI CMAayuoHapHas 604Ha, iokadanHas Ha Puc. 18.1.

Puc. 18.1

OTa BOJIHA HE PpacIpOCTPaHsIeTCsI HU BJIEBO, HU BIPaBO, U OMpe-
NeNIEHHBIE e€ yacTu, Ha3blBaeMble y31amu (Ha pUCYHKEe OHU 0003Ha-
4yeHbI OykBoii N), He KojieooTcst. TOUKM BOJIHBI, IMOABEPraoiecs
HauOOJIBIIIMM BO3MYILEHUSIM, Ha3bIBAIOT nyuHocmamu (0003HAYESHBI
OykBoii A). PaccTostHue MexXay COCETHUMU Y3JIaMU I HYYHOCIMAMU

A
paBHO = , Ie A — JjauHa BoJHbI. CTOs/uMe BOJTHBI MOTYT O0pa30BbI-

BaTh LIEMIOYKY, HAlpUMep, KOIJa BOJIHA OTpaXaeTcsl Ha KOHLE Lie-
MOYKM U HaXOAUTCS B CYNEPIO3ULIMU C BXOASILEH BOMHOU. B Takux
YCJIOBUSIX CTOSIYME BOJHBI BO3HMKAIOT TOJBKO Ha OMNpeneaéHHBIX
YyacToTax. Y3Jbl TAKXe MOTYT ObITb HeUIeadbHBIMU, IOTOMY YTO OT-
paxk€HHasi BOJIHA MOXKET UMETb HEMHOI'O MEHbLUIYIO aMILTUTYY.

J1Be 3ByKOBBIE (ITPOOJIbHBIE) BOJIHbBI C OAMHAKOBBIMU aMILIUTY-
JaMM M 4YacTOTaMH, PaclpoCTPaHsSIOLIMEcs] B MPOTHUBOMOJOXHBIX
HaIlpaBJIeHMSIX U HaXOASIILMecs APYT K APYTY B CYNepro3ULIUH, TaK-
ke GOpMUPYIOT CTOSIUYIO BOJHY. B 3TOM ciydyae obGpasytoTcs y3iibl
CMeEILEHUs TaM, [ie cpefia He KoleOeTCsl, U ny¥HoCmu TaM, TIe CMe-
LIeHHe MaKCUMaJbHO.

YrowmsiHyTteie Bbile 3¢ dekThl MHTepdepeHny He Bceraa orpa-
HUYEHBI TIPSIMOI MeXIy ABYMsI BOJTHOBBIMU UCTOUHMKaMu. Hampu-
Mep, ABYXMEPHYIO MHTephEPEHIIMI0 MOXHO Ha0II01aTh Ha TIOBEPX-
HOCTH Ipya, 1Mo KOTopoit UAET psiOb. B aTOM ciyuae oT AByX MCTOY-
HUKOB, OOBIYHO CO3IAIOIIUX KojebaHus OnHON (ha3bl U YacTOThI,
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BOJIHBI 110 TIOBEPXHOCTHU PACXOISITCSI KPyraMu, U TaM, TJie OHU BCTpe-
YaloTCs APYr C APYroM, UMeeT MecTo uHTepdepeHuus. E€ pesynbrat
noka3zaH Ha Puc. 18.2. McTouHuku 0603HaYeHbI KakK S| U S,.

_. PasrHocTb xoma = 21

PasHocTb xopa = A

PasHocTb xona =0

Puc. 18.2

PaccMoTpuM nostoxxeHue BoJIH B Touke X Ha MoBepxHocTU. Pac-
crosiaue (S,X — S;X) HaseBaT pasHocmeio xoda. Ecmm (S,X —
S,X) = n\, tne n — 1eN0e YUCI0, a A — JJIMHA BOJHBI, TO BOJIHBI,
MIPUXOISIINE B TOUKY X OT UICTOYHUKOB S; U S,, TOTKHBI HAXOAUTh-
ca B ¢daze. (Ha Puc. 18.2 S,X — S;X =21.) B Touke X umeet mecTo
KoncmpykmueHas (ycuaugaiowjas) unmepgepenyus, u pe3yasTUPYIO-
1asi aMIUIMTyJa MakcuMainbHa. Bo BTopyio Touky, Y, pacroyioxXeH-

Hy10 Tak, 4to (S,Y — S|Y) = (n + %) A BOJIHBI OT UCTOYHUKOB IpU-

XOIAAT B IpoTUBOdaze. Pe3ynprupyionias aMInryna B Touke Y Mu-
HUMaJbHAa, W WMEeT MeCTO decmpykmuenas  (eacaujas)
unmepgpepenyus. (Ha Puc. 18.2 (S,Y — S;Y) =X, Toectbn =1.)

Jndpakuus

Kornma Mopckue BOJHBI HATAJIKKMBAIOTCSI HA Gapbep, KOTOPbIi Ma-
pajliesieH HanpaBJIeHUIO MX JBMXKEHUS, BO3MYLIEHUE HabIoqaeTcs
3a 6apbepoOM B TOM MeCTe, Ille, KaK MOXHO MOAyMaTh, BOJa OCTaHEeT-
Csl CIIOKOMHOM. DTO MPOUCXOIUT OT TOTO, YTO BOJHBI MOTYT OrubaTh
MPENSITCTBUSI M 0Ka3bIBAThCS TaM, TJie ObIJIO ObI TUXO, €CJI Obl HEP-
TSl pacrpoCTpaHsIach CTPOTO MO MPSIMOiA IMHUU. DTO SIBJIEHUE Ha-
3bIBacTC dugpakyueii. Bce BOIHBI, U IPOIOJIbHBIC, U TTOMIEPEYHBIE,
00Ja1a10T 3TUM CBOMCTBOM. Eciiv cBeT momagaer B y3Kyilo LUeJb,
nMmeeT Mecto nudpakiuvs. KaptuHa nudpakimm, odpasyolasicst Ha
9KpaHe 1033y IIe1, He UaealbHO Y€TKass. MHTeHCUBHOCTD U3ITy-
YeHUs pa3inyHa, Kak 9To BUAHO Ha Puc. 18.3.

[ocnencteus mudpakiuy COCTOST B TOM, YTO CBET, MAYIIUNA OT
JBYX OJIM3KO PACIOJIOKEHHBIX UCTOUHUKOB, MPOXOIUT Yepe3 ILeb
WJIV MaJICHbKOE KPYIJIOe OTBEPCTUE, U AU(DPAaKIIMOHHBIE KADTUHBI OT
JIByX UCTOYHUKOB MOTYT TaK IMEPEKPHITh APYT APYyra, YTO MOXET MO-
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NHTEHCHBHOCTL

nanyvyeHua
———

_{<~— TepBblit MUHUMYM Sin O :%

Magatowmin ceet -

LnpuHa /
wenmm b

OkpaH
Puc. 18.3

Makcnumym

KazaTbCsl, YTO UCTOYHUK onuH. Eciu ux MoxHo pas3jininuTh, TO yroj
0, nox KOTOPBIM BUIHO 3TO OTJINYME, U3MEPSIEMBIIA B paiaHax, 10JI-

A .
KeH OBITh OOJIbIIe, YeM 5’ rme A — JUIMHA CBETOBOI BOJIHEL, a b —
wupuHa wenu (Puc. 18.4).

————-
MHTEHCMBHOCTD
n3nevyeHns

MeTounnk 1
w ———————

McTOYHMK 2 ‘ ________

LWenb

Puc. 18.4

J17151 KpYTJIOro OTBEPCTUSI YCIOBUST UBMEHSIIOTCSI:

1.22
0> T

DTO HepaBEHCTBO HA3bIBAIOT Kpumepuem Pajes.

Ecnu cBeT mpoxoauT yepe3 ABe napasuie/ibHble y3KKUe LIeu ¢ Ma-
JIBIM PACCTOSIHUEM MEXIy HUMHU, TO U3-3a TUdpaKIMy B 00JACTH 3a
IJIOCKOCTBIO CO LIENSIMU BO3ZHMKAET YaCTUYHOE TMEePEKPHITHE CBETa,
TO €CTb MMEEeT MeCTO MHTepdepeHIMs], KaK 3TO IMOoKa3aHO Ha
Puc. 18.5.

B dekT nHTephePEeHIIUN CXOX C TEM, UTO OIMCaH B cliyyae psiou
Ha BoJIe.

[MpennonoxuM, 4To JIy4yu CBETa, MPOWs yepe3 06e ey, BCTpe-
4aloTCsl B TOUKE Ha yoaJEHHOM 3KpaHe. Tak Kak pacCTOsSIHUE MEXIy
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JndparnpoBaHHbilii
Mapatowmin B atoit o6nactn nposiBnsieTcst
cBeT nHTepdepeHums
—

JndparnpoBaHHblit

Puc. 18.5

LIEJIIMU HAMHOTO MEHBIIIE, YeM PACCTOSIHME OT DKpaHa JIo IIEJH,
JIBA CBETOBBIX IMydYKa OYyIyT MATH MPAKTUYECKH IMapayjiebHO, KaK
3TO MoKa3aHo Ha Puc. 18.6.

Puc. 18.6

Ecnu pazHocTb myTeii ABYX Mafaolux Jydeit paBHa nA (n — ue-
JIO€ YUCTIO0, A — JUIMHA BOJIHBI), TO Ha KpaHe MOSIBUTCS KOHCTPYK-
TUBHAsI UHTephEpPeHUsI C MaKCUMYyMaMu UHTEHCUBHOCTH.

Opmnako Ha Puc. 18.6 pasnocts myreit paBHa BC, T0 ecTb d sin6.
CnenoBaTesbHO, UISI MaKCUMaJIbHOW WMHTEHCHBHOCTM Ha 3KpaHe
JIOJIXKHO BBITIOJIHSTBCS YCIOBUE nA = d sinb, oTKyna

sinf = nh .
d
MakcuMyMBbI TTOSIBJISIIOTCS TIPY BBITTIOJTHEHUY YCIIOBUIA
. A 2 3M
sinf = —,=— W TaK jajee.

4 d’d
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HHTeHCMBHOCT MHTEPGEPEHIINN Ha SKpaHe Ha pasIMIHBIX pac-
CTOSTHMSIX OT IMOJISIPHOM ocu moka3aHa Ha Puc. 18.7. KaptuHa meHs-
€TCsl B 3aBMCUMOCTH OT TUIIa TU(PAKIIMOHHOTO M306paXeHMs, CO-
31aBAEMOT'0 OJIHOIA IIEJIBIO.

sin@

Puc. 18.7

JndpakiimoHHas peléTka rmoxoxa Ha yCTPOWCTBO C ABYMs Iie-
JISIMU, C TOH JIUIIIb Pa3HULIEH, YTO Iesieil o4eHb MHOTO. B 3TOM Cy-
Yyae ObIBAIOT OYEHb pe3KKe 3HAaUeHUSI MaKCUMaJIbHOW MHTEHCUBHOC-
Tu. Ecnu paccrosiHue Mex Ty 1eissMU PaBHO d, a HalpaBJieHUe CBeTa
TEePIIeHANKYJISIPHO TIOCKOCTH PEMIETKM, TO TOJOXEHUE MaKCUMY-
MOB ONPENENSIOT U3 YCIIOBUS

nh =dsin 6.

Korma n =0, To sin® = 0, 1 cBeT UAET NEPIEHANKYISIPHO TLIOC-
KOCTU PeLIETKHU, daBasi MaKCUMyM HyJeBoro mopsaka (Ha Puc. 18.7
9710 0).

Mpun=1 sin® = = , 9TO OmpemeIsieT MAaKCHUMYM TIEPBOTO IO~

[QUI>

psIiKa, ¥ Pa3HOCTB MyTei OT COCEAHMX IIeJIe 10 MaKCMMyMa NepBo-
0 MOPSAIKA, PABHYIO A.

: 20
AHaJIOTMYHO Npu 1 =2 sinf = i M COOTBETCTBEHHO [UISI MAK~

CHMyMa BTOPOro MOPSAKA PA3HOCTh MyTeil paBHa 2.

Ecnu Ha audpakliMOHHYIO peLIETKY MafaeT AHEBHOI CBET, TO
BO3HUMKAET HEMPEPBIBHBIIN CIEKTP, TaK KaK YroJi, Mpu KOTOPOM BO3-
HMKaeT MaKCUMYM IE€PBOrO MOPsIIKA, 3aBUCUT OT IJIMHBI BOJHBI.
CnenoBatebHO, NUGPAKIMOHHYIO PEUIETKY MOXHO HCITOJIb30BaTh
II71S1 ONPEeIEHUs] IJTMH BOJIH, MPUCYTCTBYIOLMX B UCTOYHUKE CBETA.

Jlugppaxuus penmeenosckozo uzayvenus

PeHTreHoBckue Jyyu, majarolive Ha aTOMbl KpUCTaJUla, Takxke
MoABEPXEeHbI Tudpakiuu, U, MPOBeIsl aHAIU3 TOJTy4YeHHON nud-
PaKIMOHHOU KapTUHBI, MOXHO U3BJIeYb MH(OPMALUIO O CTPYKTYpe
9TOro Kpucrauia. Korma peHTreHOBCKUE JIyYd BCTPEYAlOTCsl C aTo-
MaMU KpUCTaJUla, KaXAbI aTOM paccerBaeT UX BO BCEX HaIpasiie-



95

HusiX. HoO B HEKOTOPBIX HATIpaBJIEHUSIX HAOJIIOIAETCS KOHCTPYKTUB-
Hast unrepdeperius. Ha Puc. 18.8 nokasaHa monenb aToMHOI pe-
METKM, Ha KOTOPYIO MAIAIOT, a 3aTeM PacCEeUBAIOTCS PEHTTCHOBCKHUE
JIy4u.

Puc. 18.8

PaccmoTtpuM xon Jiydeit B Mpon3BOJIbHO BEHIOpAHHOM Harpasiie-
HUMU.

Ha pucyHke noka3aHbl TP aTOMHBIX YPOBHSI. JIyun, oTpaxk€HHbIe
OT BEPXHUX U CPEAHUX YPOBHEU (M JIIOOBIX IPYTMX COCETHUX YPOB-
Heli), HaXOASITCS B OMHOM (ha3e, ecIu pa3HOCTb UX ITyTell paBHA KA,
Iae n — LeJIoe YMCII0, a A — JJIMHA BOJHBI PEHTT€HOBCKOTO JIyya.

Pasnocts nyreit = AB + BC =
=dsind + dsind =
= 2dsin0,

rae d — paccTOsSIHME MEXIY YPOBHSIMU.
CnenoBatenbHO, YCIOBUS JUIsI KOHCTPYKTUBHON MHTephepeH M
BO3HMKAIOT, KOTa

n) = 2d sin0.

Yron 6 Ha3BIBAIOT y210M CKOAbIICEHUs, 2 YPABHEHUE U3BECTHO KaK
3axoH bpaeea.
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19. CBETOBBIE JIYYH

CBeT — 3TO 3JIEKTPOMarHuTHast BoJiHa (CM. CTp. 86), a IpSIMOJTH-
HEeHbIE TPAEKTOPHUH, TI0 KOTOPBIM CJIEAYIOT OYeHb Y3KHUE CBETOBBIE
My4YKH, TEPEHOCSIINE SHEPTUIO CBETOBOTO M3JIyYeHUSsI, Ha3bIBAIOT
AYHaMU.

[ToBeseHe CBETOBBIX JIydeil MOXKHO M3y4aTbh C TIOMOIIbIO JlaM-
TTbI, TIOMENIEHHO! B KOPOOKY C Y3KOU IIEJbI0, Yepe3 KOTOPYIO pac-
MPOCTPAHSIIOTCSI CBETOBBIE JIYYH.

CseT Bcerzma pacrnpoCcTpaHsieTCsT MO MPSIMOiA, XOTsl HarpasJie-
HHE XOoHda JIydel MOXET HW3MEHUTBHCS W3-3a OTPaXCHUs WJIN
pedpakmu.

OTpa)KeHne CBE€Ta

Ha Puc. 19.1 moka3aH 1y4 cBeTa,
Ha3bIBaEMbII MaJalOIIUM JIy4OM, KO-
TOPBIA JOCTUTAET TUIOCKOCTU 3epKajia B
Touke O, oOpa3ys ¢ HOpMaJblo, BOC-
CTaHOBJIEHHOM B Touke O Mo MPsSIMbIM
YIJIOM K 3epKaity, yroJ o.

Yron o Ha3bIBAIOT yeaoM naodenust,
yron B — yeaom ompasxcenus. Cyluect-
BYET J1Ba 3aKOHA OMPANCEHUS.

3epkano

Mapaiowwmn nyy

Hopmanb

Y

OTpaxeHHbI ny4

N
1. Yron orpaxeHus paBeH yIiy na- Puc. 19.1
neHus (Ha Puc. 19.1 Zao = £p).
2. Mapatommii ay4, HOpMaJib B TOYKE MaJCHUS] U OTPakEHHBIM
JIyY JiexaT B OHOM TUIOCKOCTH.

IIpocreiimmii nepuckon

YcTpoticTBO mpocTeero nepuckona okasaso Ha Puc. 19.2.

| P

B 3epkano

a
|
K D

na3
3epkano

Puc. 19.2
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Jlyu cBeta, uaymmit u3 Touku O, MamaeT Ha MI0CKOe 3¢PKaJIo MO/
yriioMm 45° B Touke P. Tak Kak 1o 3aKOHaM OTpaxkKeHMSI YroJl MaaeHUS
oL PaBeH yrly oTpaxeHust 3, To Lo = £ = 45°. CiienoBaTesibHO, YTroJ
OPQ = 90°, 1 cBeTOBOI1 JIy4 TTOCIe OTpaXkeHUs UAET oz yriioMm 90° K
TepBOHAYAILHOMY HaTlpaBJICHUIO. 3aTeM JIyd TaJaeT Ha Ipyroe 3ep-
Kajio mox yrioMm 45° B Touke Q. CrieioBaTeIbHO, CUTYallMsI TIOBTOPS -
ercsa, U Za= £b=45°, a yron PQR =90°, u cBeTOBOI1 JIyd CHOBa
yxomuT oz yriioM 90°. B pesynbraTe cBeT 3 Touku O pacripocTpaHsi-
ercst B HanpasiieHuu QR, napasutenbHoM OP, 1 oTKIIOHSIETCS OT Ha-
npasienust PQ. Takast KOHCTPYKLIMS ¥ JIEKUT B OCHOBE MEPUCKOIIA.

Pedpakuus cBera

JIyu cBeta, mepexofst U3 OTHOM Cpelbl B APYTYIO, U3MEHSIET Ha-
MpaBJeHre. DTO CMEIEHNE CBETOBBIX JIydeil Ha3bIBAIOT pedhpaKuue.

Ha Puc. 19.3 mokasaHa TpaeKTopus Jy4a CBeTa, IPOXOISIIEro
Yyepe3 CTEKJISTHHBIN MapajlieemuIne]l.

A JTanaownit ooyan,
Nyd \

Boapyx

MpenoMnéxHbIn
nyy

Crekno

Bo3sayx C

=

Puc. 19.3

Jlya AB najaeT Ha BEpXHIOIO IJIOCKOCTh TapaiiesieNnureaa B TOUKe
B non yriiom a.. Ero Hanpasienue meHsiercst Ha BC, tak, urto yrou 3
OKa3bIBAaeTCs MEHbILIE YIJI1a .. YTOJ 3 HAa3bIBAIOT yeaom pedhpakyuu. Y3
CTEKJITHHOTO 0JIOKA JTyd BBIXOAUT B Touke C, M ero HalipaBJIeHUE eIe
pa3 meHsieTcs. Terepb ero Hanpapienue — CD, a yroi B’ 6ombiie, yem
yroi o’. B urore iyd CD oka3zbiBaeTcsl apasuiesibHbIM J1ydy AB.

JIuH3BI

Kaxk nipaBuio, jiy4, BXOASIIIMI U3 MeHee IJIOTHOM cpenbl B 6oJjiee
IJIOTHYIO, TIPEJIOMJISIETCSI, TPUOIMXKAsICh K HOPMaJId, a BBIXOIS U3
6oJiee TUIOTHOM Cpefibl B MEHee MJIOTHYI0, OTKJIOHSIETCSI OT HOPMaJlu.
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Jlun3er — 310 parMeHThI CTeKJ1a WIK APYToro Mpo3payHoro MaTepu-
ajia co chepryecKoil MOBEpXHOCTbIO C ONHOM MM C 00EUX CTOPOH.
Korna cBet mpoxoauT cKBO3b JIMH3Y, OH MojBepraeTcs pedpakiinu.

JIMH3BI UCTIONB3YIOT JUISl U3TOTOBJIEHUSI OUKOB, JIYI, MUKPOCKO-
OB, TeJIECKOIOB, (OTOANNapaToB, MPOEKTOPOB U IPYTUX ONTUYEC-
KUX TpUOOPOB.

JIvH3BI MOTYT MMETh pa3iuyHyio GopMy, 1 Be Haubosee YacTo
BCTpevarolrecst pa3HOBUIHOCTH MOKa3aHbl Ha Puc. 19.4.

[naBHas ocb

Puc. 19.4

Ha Puc. 19.4a nokazaHa dgoskogsinykaas AuH3a, Ha3BaHHasl Tak
MOTOMY, YTO 00€ e€ MoBepXHOCTH BhiNyKibie. Ha Puc. 19.46 nmokasa-
Ha 0805K06802HYMAs AUH3A, HA3BaHHAsI TaK MOTOMY, UTO €€ TMOBepX-
HOCTH BOTHYTHI.

JIvHMIO, MPOXOASIIYI0 4Yepe3 LIEHTP KPUBU3HBI TMOBEPXHOCTU
JIMH3bI, Ha3bIBAIOT 21A8HOU 0CHIO.

Ha Puc. 19.5 nokasaHsbl napajuieibHbIe Ty4r CBEeTa, IPOXOISIINe
yepe3 BBINMYKIYIO0 JUH3Y. Kak BUIHO, OHM cxoasTcsl B Touke F Ha
TJIABHOM OCH.

J1BOsIKOBbINyKNas MMH3a

MapannenbHble ny4u ceeTa
\CXO@MGCR nyuu
= _F

dokycHoe

paccTosHue

naBHas ocb

Puc. 19.5

Ha Puc. 19.6 noka3aHbl mapajjieJibHbIe JIy4M CBETa, MPOXOIsILNE
yepes3 BOTHYTYIO JIUH3Y.

Kak BugHO, OHU pacxonasiTcs TaK, YTO KaxXeTcs, OYITO OHU BBIXO-
9T U3 Touku F nexanieit Mexxay UCTOYHMKOM CBeTa U JIMH30M, Ha
TJIABHOM OCH.

Ha o6oux pucyHnkax Touka F Ha3biBaeTcsl esaenbim gokycom, a
pacctosiHue oT F 10 LieHTpa TUH3bl — QOKYCHbIM pACCMOSHUEM AUH3bI.
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[IBOSIKOBOTHYTas MH3a
NapannensHele /Aacxoﬂﬂmmew
Tly4n cBETA 2 nysmn

[nasHas ocb

\\:,‘ N

dokycHoe
paccrosHue

Puc. 19.6

M306paxeHne — 3T0 TOYKA, U3 KOTOPOil, KAK HaM KaxXeTCs, UC-
XOJISIT OTpaXkeHHbIE JIydd, TIoTianasi B r1a3. Eciu myun nefictButenb-
HO TIPOXOAAT 4Yepe3 3TY TOUKY, TO (hOPMUPYETCS OeicmeumenbHoe
uzobpaxcenue. Takoe n300pakeHNe MOXHO OTOOPA3UTh Ha dKpaHE.

Ha Puc. 19.7 nokasaHo, Kak 1j1a3 coOMpaeTr Jiydu OT MpeaMeTa
IOCJIE OTPAXXEHMS OT IUIOCKOIO 3epKaJa.

r
Mpeamet Hopmanb b

j
i . Mnockoe
' e 3epkano

MN306paxeHne
npeameTa

Puc. 19.7

Ha6:momaresio Kaxercsi, 4To JIy4d MAYT C APYTOM CTOPOHBI 3ep-
KaJla ¥ [IpeIMET HaXOIMUTCsI 0 Ty CTOPOHY 3epKajla Ha TAKOM e pac-
CTOSIHMM, Ha KAaKOM OH B I€/ICTBUTEIBHOCTI CTOUT IEPEN 3€PKAIOM.
Takoe U300pakeHre Ha3bIBAIOT MHUMbIM, U €TO HEBO3MOXKHO TOKa-
3aTh Ha 9KpaHe.

Boinykavie aunzvt u ux npumenenue

JInH3Bl hopMUPYIOT M300pakeHNE B 3aBUCUMOCTUA OT TOTO, Ha
KaKOM PacCTOSTHUU OT JIMH3bI HAXOIUTCS TIPEAMET.

Ha Puc. 19.8 mokazan npenqmer O (MCTOYHUK CBETa), HAXOMS-
IIAIICS OT JIMH3bI HAa pacCTOSTHUU OoJiee yeM 1Ba e€ (hOKYCHBIX pac-
CTOSIHUS.

OrnpenesuM MeCTOMOJIOXKEeHNE U pa3Mep M300paXkeHUs! IO IBYM
JIy4aM, OJIMH U3 KOTOPBIX MapasUie/ieH TIIaBHOM OCH JIMH3BI, @ BTOPOii
npoxonut uyepe3 e€ ueHtp. [lomydyaemoe m3odpaxenue I, neiicTBu-
TeIbHOE, MePeBEPHYTOE, MEHBIIIE TI0 pa3Mepy, YeM caM IPEAMET, TO
€CTb YMEHBIIEHHOe, U HaXOAMUTCS Ha PaCCTOSIHUM He TMPEeBbILIAIO-
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Puc. 19.8

1IeM ABYX IJTMH (DOKYCHOTO PACCTOSTHUS OT JIMH3BI. Takast ycTaHOBKa
HCTIONB3YETCs B homokamepax.

Ha Puc. 19.9 nokaszan npeamet O, OTCTOSIIIIMI OT JIMH3BI HA pac-
CTOSIHUU JIBYX €€ (DOKYCHBIX PACCTOSIHUM.

Puc. 19.9

B 3TOoM ciydae pazmep M300pakeHMsT paBeH pa3Mepy MpeaMeTa.
Takasi ycTaHOBKa UCITOJIB3YETCS B (hOMOKONUPOBALLHOM YCIMPOLICMEe.

Ha Puc. 19.10 noka3zan npenmet O, HaAXOASAIIUICS OT JIUH3BI HA
paccToSTHUHU He 6oJiee OBYX €€ (POKYCHBIX PACCTOSTHUIA.

Puc. 19.10

B pesynbrare nzo0paxeHue nojyyaeTcsl AeCTBUTENIbHbBIM, Tepe-
BEPHYTBIM, YBEJIMYEHHBIM U PACIIONIOXKEHHBIM Ha PacCTOSIHUM OoJiee
yeM JiBa €€ hOKYCHBIX pacCTOsiHUSI. Takast ycTaHOBKA MPUMEHSIETCS B
npoeKmopax.

Ha Puc. 19.11 nokazan npeametr O, OTCTOSIUIUI OT JMH3bI HA €€
(okycHoe paccTosHue.

Jlyuu mociie MpOXoKIeHMS Yepe3 TUH3Y CTAHOBSITCS Tapajliesb-
HbIMU. CrieoBaTeibHO, MOXHO CUMTaTh, YTO U300paxeHue | mos-
BUTCS TJe-TO B OECKOHEYHOCTH, OYIeT AeUCTBUTENbHBIM, TIEpeBEP-
HYTBIM 1 OYeHb CHJIBHO YBEIMYCHHBIM. TaKas ycTaHOBKA UCTIONB3Y-
€TCSL B NPOAHCEKMOPAX.
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Puc. 19.11

Ha Puc. 19.12 nokasan npeamer O, HaxONAILIUICS B Mpenenax
(oKyCHOTO pacCTOSTHUST IMH3HI.

Puc. 19.12

M3zobpaxenue I monydyaeTcsi MHUMBIM, TaK KakK TOJbKO KaXeTcs,
YTO JIy4M CBETa WAYT OT mpeameta. M3o0paxkeHue, yBeIMUYEHHOE U
He TepeBEPHYTOE, HAXOAUTCS MO Ty Xe CTOPOHY OT JIMH3bI, YTO U
caMm mpeaMmeT. Takas ycTaHOBKA TPUMEHSIETCS B )8eAUudUMenbHbiX
cmékaax.

Boenymuie aunzot

Kak nokasano Ha Puc. 19.13, B ciiyyae BOTHYTO# JIMH3BI MTPEAMET
MOXKET HaXOIUThCS Ha JIIOOOM pacCTOSTHUM OT JIMH3bI, BCE paBHO N300~
pakeHue MoyyaeTcss MHUMBIM, He TTepeBEPHYTHIM, YMEHBIIIEHHBIM U
BUIMMBIM Ha TO#1 )€ CTOPOHE JIMH3BI, YTO U CaM TPEIMET.

Puc. 19.13

Takas YCTaHOBKaA INPUMECHSCTCA B 0¥KaX HEKOTOPBIX BUAOB.
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Mukpockon

Mukpockon naét Gonbliioe yBenanueHue oaaronapsi ABym (wiu 60-
nee) ntuH3aM. Kak rmokasaHo Ha Puc. 19.14, npeamet O HaxoauTcs 3a
npenenaMu (pokycHoro pacctosinust F, BBITYyKJIOM JIMH3bI, Ha3bIBae-
MOl TMH301 obsexmuea (TaK KakK OHa pacIiojioxkeHa OJmkKe BCEro K
00BEKTY).

Jlnnsa
00ObekTMBa

Puc. 19.14

Takast mocTaHOBKa AAET IEMCTBUTEIbHOE, IEPEBEPHYTOE, YBEIU-
YeHHoe u3oopaxeHue ;.

st TMH3BI 0KYAApa, TO €CTh IMH3bI, KOTOpasi OJIMXKe BCero K rijia-
3y, 3TO U300pakeHue Mog0OHO MpeaAMETY, KOTOPbIN MoMnagaeT B Ipe-
nenel pokycHoro pacctosinusi F, mun3bl. JInH3a okynsipa 1aér yse-
JIMYEHHOE, MHUMOE, MepeBEPHYTOE U300paxkeHue I,, Kak 370 BUTHO
Ha pUCYHKe.

IIpocTeiimmii npoekTop

YerpoiicTBo npocmeiiuezo npoekmopa nokazaHo Ha Puc. 19.15.

KonaeHcopHas MpoeKuroHHast SkpaH
nMH3a AvHaa c
N Al A :
LI/ l" Mpeavet | N3oGpaxeHue
\ "‘ S
7\
8 D

Puc. 19.15
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OH COCTOWMT M3 MCTOYHMKA OYeHb SIPKOTO cBeTa L, Hampumep
BOJIb(PAMOBOI HUTK Hakala, U CUCTeMbI ABYX JuH3. [lepBas cucre-
Ma JINH3, Ha3blBaeMasi koHOeHcopom (KaK TIPaBUIIO, COCTOSIINAST W3
JIBYX COOMpATEIbHBIX JIMH3), UCTIOIb3YeTCs VISl UHTEHCUBHOM MO -
CBETKM TIpeaiMeTa AB, Ha TIpaKTHKe SBJISIOMIETOCS TUATO3UTHBOM
WM KUHOIIEHKON. BTopast TnH3a, Ha3bIBaeMasl npoeKkyuoHHoI, c-
TOJIb3yeTCs Uit (POPMUPOBAHUS YBEJIMICHHOTO, JICUCTBUTEILHOTO,
MepeBEPHYTOro U300paxkeHUs MpeaMeTa Ha yaan€HHoM akpaHe CD.
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20. PABOTA, DHEPTUA 1 MOIITHOCTDb

Pa6ora

Ecnu Teno nBuxercs B pe3ysibTate NEeHMCTBUSI HA HErO CWJIbI, TO
TOBODSIT, UTO CUJIa coBeplIaeT padboty ¢ TeaoM. KoamuecTBo coBep-
LIEHHOUN pabombl — 3TO TMPOU3BEAEHNE MTPUIOKEHHOUN CUJBI U pac-
CTOSIHUSI, TO €CTh

.. _ ( paccTosinue, npoiiieHHoe )
coBepméHHas padoTa = cuia x L .
B HANPABJICHNH JEHCTBUS CUJIBI

Enunuiia paboTsel — dacoyasb [[1K], KOTOPLI onpeae/iéH Kak KO-
JINYECTBO pabOThI, COBEPILIEHHOI 32 BpeMsl, B TEUEHUE KOTOPOIO CH-
Jla B OfIMH HBIOTOH IEMCTBYET HA PacCTOSIHUM B | M B HarpaBlIeHUU
neiictBus cribl. CiiemoBaresbHo, 1 Ik = 1 H-Mm.

Ecnmu mo BepTukanbHON oCHU
KOOPIMHAT OTJIOXUTh TOJYyYeH-
HbI€ OINBITHBIM IYTEM 3HAYEHMUS
CUJIBI, @ IO TOPU3OHTATIBHOU —
paccTosiHue, TO B pesyibrare Oy-
JIET MOCTPOeH rpaduK 3aBUCUMOC-
THU CWJIbI OT PACCTOSIHUSL WU Jua-
rpamMma pabotel. O6nacth TON
TIOCTPOEHHOW KPUBOM XapaKTepu-
3yeT COBEPLUEHHYIO padoTy.

Hanpumep, rpy3 mnonHMMaOT
Ha BBICOTY 8 M, NpUKIIaIbIBasI
500 nocrosHuylo  cuty 20 H. Drto
JNEWCTBHE MOXHO W300pa3uTh C
TMoMoIblo rpaduka «cuia/pac-
crostnue» (Puc. 20.1).

3areMHEHHag o0OsacThb TOJ

20

Cuna [H]
=)
T

!
0 4 8

PaccrosHue [Mm]
Puc. 20.1

Cwuna [H]

0 20 KPUBOW OTpEIeNsieT COBEPIIEH-
Pactsixenme [Mm] Hy10 pabory. [Tonyyaem:
Puc. 20.2 coBepménnas padora =20 H x

x 8 M =160 JIx.

Jlpyroit mpumep. Cuna, pactaruparomniasi IpyXuHy, MPOIOPIHAO-
HaJlbHA BeJIMYMHE PACTSKEHUsI MPYXUHBI (3akoH [yka), rmoatomy
paboTy MPYXKWHBI, pacTsiHyTol Ha 20 MM mpu rmomorinu cusl 500 H,
MOXHO OXapaKTepu30BaTh AMarpaMMoii , mokasaHHoi Ha Puc. 20.2.

3mech

coBepIIéHHas padoTa = 3aTeMHEHHast 001acTh =

1
= 5 X OCHOBAHME X BHICOTA =

% (20 x 10 M) x 500 H = 5 JIxk.

N I—
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B rnaBe 9 nokasaHo, 4TO cuiia = Macca x YCKOPeHUeE U 4TO TeJo,
COpOIIEHHOE C HEKOTOPOI BBICOTHI, UMEET MOCTOSTHHOE YCKOPEHUE
oko0 9.81 m/c?.

Hanpumep, eciu Teno maccoil 8 KT MOMHSATH BEPTUKAJIBHO Ha
4 M, TO COBEPIIEHHYIO PAaOOTY OIpPEENSIIOT B COOTBETCTBUM C YpaB-
HEHUEM

COBepIméHHas padoTa = cuja x pacCTOsSIHUE =
= (Macca X YCKOPEHHE) X PaCCTOSTHIE =
=(8x9.81) x4 =1313.92 Ix.

PaGorty, coBeplI€HHYI0 IEpeMEHHOM CUIOM, MOXHO BHIYUCIIUTD,

€CJIM OMPENETUTh 00JIaCTh, OTPAHMUYEHHYI0 KPUBOM Ha rpadmKe «CHu-

J1a/pacCTosiHUE», METOIOM MPUOJIVKEHUS (HaprUMep, ¢ TOMOIIbIO
MpaBWIa CPeIHE OPAUHATHI).

OHeprus

DHepeuss — 3TO CMIOCOOHOCTb WJIM BO3MOXHOCTb BBIMOJIHUTb pa-
6oty. EmnHuiia sHepruM — KOYJIb, Ta Xe, YTO eAMHUIA PaGOTHI.
DHeprus 3aTpauuBaeTcsl B MPOLEcce BBIMOJHEHUS PadOThI, TIepexo-
ISl TIPU 3TOM U3 OIHOM (dopMBbI B Ipyryio. Huske mokazaHbl hopMbI
CYIIIECTBOBAHUS SHEPTHH.

o MexaHuyeckasi oHeprusi e TeruioBas (TepMuYecKasi) 9Heprust
o DjieKTpuyecKasi SHeprusi o XWMUYecKast SHEpPTUst
o SnepHasi sHeprus o CBeToBast SHeprust

e DHeprus 3ByKa

3axon COXpAHeHUs 3Hepeuu TJIacuT, 4YTO IpHU HpeO6pa3OBaHHﬂX
TIOJTHOC€ KOJIMYECTBO S9HEPIUU OCTACTCA HEUBMEHHBIM, TO €CTh SHEP-
THUIO HEJIb34 CO30aTh UJIM YHUYTOXMUTbD.

Hexomopote npumeput npeobpasoeanus snepeuu

e [eHeparop TpeoGpasyeT MEXaHWYECKYI0 SHEPTUIO B 3JIEKTpUYEC-
Kylo.

e DJIEKTPOMOTOP MpeodpasyeT JeKTPUIECKYIO SHEPTUIO B MEXaHH -
YeCKYIo.

e [lapoBoii nBuratens npeodpasyeT TEMIOBYIO IHEPTUIO B MEXaHU-
YecKylo.

¢ TpeHue mpeoGpasyeT MeXaHNUECKYIO SHEPTHIO B TEIIOBYIO.

e ConHevHas Gatapest peoOpasyeT SHEPTUIO CBETa B JIEKTPUYEC-
KYyI10.

e DJICKTpOHArpeBareib IpeodpasyeT 3JIEKTPUYECKYI0O SHEPTHIO B
TETLIOBYIO.

e PacrteHust TpeoGpasyioT TEIIOBYIO SHEPTHIO B XUMUYECKYIO.
o Jopsiiiee TOMIMBO Mpeodpa3yeT XUMUIECKYIO SHEPTHIO B TEIIOBYIO.
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¢ Tepmornapa nmpeodpasyeT TEeIJIOBYIO SHEPTUIO B DJIEKTPUUYECKYIO.
e barapest mpeo0Opa3yeT XUMUYECKYIO SHEPTIUIO B 3JIEKTPUUYECKYIO.
o Jlammouka nmpeodpa3syeT 3JIeKTPUIECKYIO SHEPTUIO B CBETOBYIO.
e MukpodhoH npeobpasyeT 3BYKOBYIO IHEPTUIO B JIEKTPUIECKYIO.
e DJIEKTPOJIM3 MpeodpasyeT 3IEKTPUUECKYI0 SHEPIUi0 B XUMHUUEC-
KYI0.
Kosgppuyuenm noaesznoeo deiicmeuss onpenesiioT Kak OTHOIIEHWE
MOJIE3HO 3aTpauyeHHOM HEPIUU KO BCEil 3aTpaueHHOU SHEpruu U
0003HaYaIOT CUMBOJIOM 1| (TpeuecKast OyKBa «3Ta»).

I1o onpenenenuto

_ TI0JIC3HO 3aTpay€HHas1 SHCPIUsI
BCA 3aTpavyC€HHas SHEPTUA

KoadhpuumeHT nose3Horo aeiicTBus — Oe3pa3MepHasl BEIU4Yn-
Ha, ¥ 4acTo TMpeacTaBjieHa B BUAE MPOLEHTOB. MaeanbHasi MalmHa
uMmeeT Koa(dduuueHT moje3Horo aeicteus 100%, omHako u3-3a
TPEHUS U APYTHX MOTEPh HU OfIHA MAllIMHA TaKUM KO3bdOULIMeHTOM
He 00naiaer.

Hanpumep, eciu sHeprus, 3aTpayeHHasi MOTOPOM, paBHa
1000 Ik, a moyie3HO UCIOIb30BaHO TOJIbKO 800 JIX, To KOs duim-
€HT MOJIE3HOTO NEUCTBUS

_ 800
= 1000

x 100% = 80%.

Jpyroii npumep. HaiinéM KoabGUIMEeHT oIe3HOTo NeiiCTBUS Ma-
LIMHBI, KOTOpas mpukiaasBaet cury 200 H ajis momHsATHS Tesa Ha
BBICOTY 6 M, TTPH YCJIOBUH, YTO K Hell momaeTcst 2 KX SHepruu.

PaGora, coBepi€HHasi aj1s1 MOTHSTUS TeJla =
= cuJia X TIPOMIEHHOE PACCTOSTHUE =
= Bec TeJla X MIPOIEHHOE PACCTOSIHUE =
=200H x 6 m= 1200 Ix.

[TonesHast 3HEprust Ha BHIXOAE =
= coBepméHHas paborta = 1 200 JIx.

OHeprus Ha Bxoae = 2 kJIxx = 2 000 [Ix.
_ TIoJIe3HAasl SHEPrUsl Ha BbIXOIE _

B QHEPrus Ha BXO/EC

_ 1200 _
3000 0.6, it 60%.
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MomHocTh

Mownocms, P — 3T0 TeMI, B KOTOPOM BBIMOJIHSETCSI paboTa Ui
SHEPTuUs U3 ofHOI hopMbl epexonut B apyryto. [1To onpeneneHuto

WCIIOJb30BaHHasA SHEPIUs
3aTpa4y€HHOEC BPEMsI

MOIIHOCTb =

nim

coBepLIEHHAs1 paboTa
3aTpayeHHOEe BPEMSI

MOIIHOCTb =

Enununa momHoct — eamm [Bt]. OguH BaTT paBeH OTHOMY
JDKOYITIO B CeKYHY. BaTt — He oueHb KpyIHast eMHMIIA, XOTS HaX0-
OUT TIPUMEHEeHUue BO MHOTUX ciydasix. st Opyrux ueiei ecThb
u Oojee KpylHas eIVMHMIA MOIIHOCTM — KwioBaTT [KBT].
1 kBt = 1000 BT.

Hanpumep, BbIX0Hasi MOLITHOCTb MOTOPA, COBEpLIAIOIIEro pabo-
Ty 120 kI 3a 30 ¢, paBHa

p = 12001 _ 4 B
30c

(O6 371eKTPUYECKOI MOLITHOCTH CM. KH. 2, 1. 40.)
Tax kak coBepiI€HHast paboTa = cujia X pacCTOSTHUE, TO
COBepLIEHHAs paboTa _
3aTpadyeHHOE BpeMsI

MOIIHOCTb =

_ CUJIA X PACCTOSIHUE _
3aTpayeHHOe BpeMsi

paccTostHie
= cpia X —————————
3aTpayeHHOE BpPEMs
OpHako
ACCTOSTHUE
___paccroaHune - _ CKOPOCTb.
3aTpayeHHOE BpeMs
Orciona

MOIIIHOCTDb = CHJIA X CKOPOCTb.

Hanpumep, eciu TpPy30BUK €IeT C IOCTOSSHHOM CKOPOCTBIO
72 KM/4, a MpOTUBOAEHCTBYIONIas ABMXeHUIo cuita pasHa 800 H, To
HeoOxonuMast IUIsl IBMKEHUST TPY30BUKa Ha JaHHON CKOPOCTH TSITO-
Bast MOIITHOCTh paBHA

MOIIHOCTB = c1Ia x ckopocThb = (800 H) (57—26 M/C) =

=16 000 H-m/c = 16 000 Tx/c =
=16 000 Bt, uu 16 kBT,
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21. IOTEHIIVAJIbHAA U KUHETUYECKAA
OHEPTUA

MexaHnKa B OCHOBHOM HMEET JIeJIO C IBYMsI BUAAMU SHEPTUM:
MOTEHUMAJTbHOU U KUHETUYECKOM.

IloTeHnmanbHas JHEeprusa

Tlomenyuanvras snepeus — 3TO IHEPTUSI, ONIPEAEIIIEMAasT MTOJIOXKE-
HueM Tena. Cuita, MPUIOKEHHAs K TeJTy MacCOi m KUJIOrpaMM, paBHa
mg HBIOTOH (rzie g = 9.8 M/c? — ycKOpeHue, BO3HUKAIOILEe U3-3a CH-
JTBI TIPUTSDKeHUsT). Koraa Tesio TOAHMMAIOT Ha BBICOTY /2 METPOB, BbI-
1116 HEKOTOPOTO 3aaHHOTO YPOBHSI, COBepIIEHHAsK paboTa paBHa

cuiia x pacctostHue = (mg) (h) JIx.

DTa coBepIIEHHAsA CUJION paboTa COXpaHSIETCS B BUIE MTOTCHIIMAb-
HOW 3HEPruu Tea.
Orcrona

TOTeHIIMaAIbHAS SHeprust = mgh JIx

(lMoTeHMATbHYIO HEPTUIO HAa 3aIaHHOM YPOBHE CUMTAIOT paBHOI 0.)

Hanpumep, mammHa maccoit 800 kr enet B ropy mop yriaom 10° k
ropusoHTaau. OnpeaeauM yBeJWYeHUe MOTeHIMAJIbHOW BHEPTUU
MallIWHBI, MPOILeALIei paccTosiHue 50 M .

SOM

10°

Puc. 21.1

W3 Puc. 21.1 BugHO, 4TO

sin]0° — TPOTMBONIEXAIII KATeT _
TUTIOTEHY3a 50°

OTKyZa
h=350sin10° = 8.682 M.

CrenoBaTeNlbHO,

yBeJIMUeHHe NOTEHIHAILHOI dHepruM = mgh =
=800 Kr x 9.81 M/c? x 8.682 M =
= 68 140 JIx, niu 68.14 kJIxk.
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KuneTnueckas sHeprus

Kunemuueckasn snepeuss — 3TO 3HEPrusi, KOTOPOil ob1agaeT IBU-
Kyuieecs Teno. [Ipeamnonoxum, 4yto cuia F neiicTByeT Ha TeJI0 Mac-
COl m, Haxoslleecsl B MOKoe, TO ecTh # = (), U pa3roHsIeT ero ¢ yc-
KOPEHHUEM a JI0 CKOPOCTH L Ha PACCTOSIHUU S.

Ecnu HeT motepb 3HEPIUH, TO

COBepIIEHHAS paboTa = CHJIa X PACCTOSTHUE =

= Fs = (ma)(s),
IIe a — YCKOpEHHUe.
Tak xak
V=u*+2as(cm. . 15)uu=0,
TO
U? = 2as.
Otkyna
2
a=2.
2s

2
.. v 1 2
Torna, coBepiiéHHas pabota = (ma)(s) = (m) (2—)(s) = im v,
s
Cuna, coBeplIuB paboTy, mpuaaia TeJly SHepruio, Ha3bIBaeMyIo
KMHETUYECKOU SHEPTrUe Tea Maccoii m, TO €CTh

1 2
KHHETHUECKast SHEPTUs = 5m v Jx

Hamnpumep, eciu B MOMEHT yaapa MoJsioT Maccoit 30 Kr obsiagaer
ckopocThio 15 M/c, TO

KWHEeTUYecKasi 3Heprust = %m V= %(30 Kkr)(15 M/c)2 = 3375 Ix.

3aKoH coXpaHeHus SHePruu

DHeprusi MOXeT TTePeXOIUTh U3 OTHON (hOPMBI B APYTYIO. 3aKoH
COXpaHeHusi dHepeuy TJIACUT, YTO TMPU TaKUX MPeoOpa3oBaHUSIX TOJI-
HOE KOJIMYECTBO SHEPIMM OCTACTCsSl HEU3MEHHbBIM, TO €CTh HEPTUIO
HEJIb3sl CO3/1aTh UJIM YHUUYTOXUTD.

B MexaHMKe MOTeHLMAIbHAsI SHEPTHUsI, KOTOPOiIl 00JIamaeT TeJjo,
O0OBIYHO MEPEXOIUT B KWHETUUYECKYI0, M1 Hao6opoT. Korna Tejio cBo-
0OIHO MaIaeT BHU3, €r0 MOTEHIMAIbHASI 9HEPT Sl yMEHbBIIAETCS, TAK
Kak TeJIO TepsieT BbICOTY, a KWHETUYECKasl BO3PACTaeT, TaK KaK yBe-
JIMYMBAETCS €ro CKOpocTh. be3 yuyeTta morepb OT TPEHMsI O BO3IYX
HMeeM:

NOTCHIUAJIbHAA SHEPrust + KMHeTHYecKas JHEPrua = KOHCTAHTA.
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Ecnu TpeHMe TIprUCyTCTBYET , TO YIUTHIBAeTCS paboTa 1o IMpeoio-
JICHUIO CUJIbI TPEHUSI, B Pe3yJIbTaTe Yero BhIIECISIETCS TEILIO.
Torna,

HAYaIbHAS _ (Koneqnaﬂ) + (paGOTa no npeouonenmo)
JHeprus JHeprus CHJIbI TPEHUS

KwuHetnueckast sHeprusi Ipy yaape COXpaHsieTcsl He Bcerna. Yia-
PBI, TIPH KOTOPHIX KHHETUYECKAst IHEPTUST COXpaHseTcs (TO eCTh He
U3MEHSIETCSI), Ha3bIBAIOT ynpyeuMu, a yIaphl, IPU KOTOPBIX SHEPTUS
pacxofyeTcs (TO eCTb TPUHUMAET APYTYIO (hOpMY), Ha3bIBAIOT Heyn-
pyeumu.

KuneTnueckas sHeprus BpameHusi

VY yacTuiIbl Maccoii m, IBUXKYIIEUCS MO OKPYXKHOCTH PagilyCcoM 7
meTpoB (Puc. 21.2) c yrioBoii CKOpOCThIO ® paj/c, CKOPOCTh MO Ka-
careIbHOM v paBHA

L= orpan/c.

Puc. 21.2

Kunetuueckast OHEPTUA YaCTULbI Maccoi m paBHa

1 2 1 2 1 22
KHUHETHYECKAS SHEPrus = Fmu- = Em(mr) = ymo’r Tk,

IMonHast KUHeTUYECKasT SHEPTUsI CUCTEMBI TeJl, BpalllalolINXCsI
0 OKPYXXHOCTSIM C Pa3HBIMHM pagnycaMiy BOKPYT (DMKCUPOBAHHOM
OCH, HO C OJIHOM YIJIOBOM CKOpPOCThIO ®, KakK II0Ka3aHO Ha
Puc. 21.3, paBHa

1 22 1 22 1 22
MOJTHAs KUHETUYIECKAs SHEPTUsT = S + M0 s+ M0 =

_ 2 2 ENO)
= (myri + myry + m3r3)? .



111

my

Puc. 21.3

B o61iem ciryuae
2 2
_ 2, ® ®
MOJTHASI KHHETHYECKAS SHEPTHs = (Zmr 5 = I? ,
2
roe I (= Zmr ) Ha3bIBAIOT MOMEHMOM UHepYUuu CUCTEMBbI OTHOCH-

TEJIbHO OCH BpAlLlEHUSI.

MoOMEHT MHEepLUU CUCTEMBl TMOKa3bIBaeT, Kakas pabora ObLia
BBITIOJIHEHA, YTOObI CUCTEMa MOJTyYIia YITIOBYIO CKOPOCTh ( pafiuaH
B CEKYHIY, WJIK KaKasl paboTa coBepllieHa CUCTeMOIi, Bpalllaloleiics
€O CKOPOCTBIO (® PaliaH B CEKYHY.

B o611ieM ciyyae rnonydaem

2
MoJIHAsA KMHEeTUYecKasl dHeprust = [ % = Mkz% s
rne M (= Zm) — cymMMapHas Macca, a k — paduyc epaujeHus Cuc-
TEMBI BOKPYT TaHHOU OCH.

Ecnu Macchl Bcex Tesl CUCTeMbl CKOHLEHTPUPOBATh Ha paauyce
BpAIIEHUsI, TO MOMEHT UHEPLIMU OKaXETCS] TAKUM Ke, KaK U y UC-
XOIHOM CUCTEMBI.

Hanpumep, ornpenennmM KUHETUYECKYIO SHEPIUI0 CUCTEMBI, CO-
cTosIIeH U3 TPEX HEOOJBIINX TeJl, BPAIIAIOIIMXCS C OMHOM CKOPO-
cThlo, paBHOIl 1 250 060POTOB B MUHYTY, BOKPYTI (PMKCUPOBAHHOM
ocu. Macchl Tes1 ¥ paiuychl UX BpAILIEHUS CIIEAyIONINe:

1.16 T, panuyc 256 mm; 2.23 1, paauyc 192 mm; 3.31 1, paaunyc 176 Mmm.

2
MoMeHT HHePIUH CUCTEMBI = Zmr =

=161 x(0.256 M)> + 231 x (0.192 M)?> + 311 x (0.176 M)> =
=1.0486 -M> + 0.8479 -M> + 0.9603 r-M> =

=2.857 iM%, wn 2 857 KrMm>.

DTo TO Xe caMmoe, 4To M Mk* tme M=16+23+31=70T, a
k — obmmit paguyc BpameHus. CiieoBaTeabHo,

70T x k*>=2.857 r'M?,
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OTKY/Ia paJinyc BpalleHUsI
_ 2.857) _ _
k = (—70 0.202 M = 202 Mmm.

3Hasi MOMEHT UHEPIMU, MOXHO HATH KMHETUYECKYIO SHEPTUIO
CHUCTEMBI.
KuHeTtunueckasi s3Heprusi CUCTEMbl =

1250 x 2x 2
2 0 Pae
= 1“’7 = (2.857 x 107 (kM) 5 =24.48 JIx.
MaxoBuku

DyHKLUMS Max08uKa 3aKJIIOYAETCsl B OTPaHUUYEHUM KojeGaHUs
CKOPOCTH 32 CUET MOIJIOLIEHUSI UJIM BBICBOOOXKIEHUSI OOJIBILIOTO KO-
JInYecTBa KUHETUYECKOM SHEPTUM BO BpeMsl HEOOJIbILIMX UBMEHEHU I
CKOPOCTH.

J71s1 3TOro MaXxoBUKM JOJDKHBI 00J1afaTh OOJNBIIMM MOMEHTOM
WHEPIMU, He 00J1amasi MpKU 3TOM Ype3MepHoi Maccoit. Takoe ycio-
BKME MOXHO BBITIOJTHUTh, 00eCTIeunBast KaKk MOXHO OoJIbLIUI paguyc
BpaieHust. OGBIYHO GOJIBIIIAst YaCTh MacChl COCPEIOTOYCHA B 000/1e
MaxoBHKa.

Hanpumep, omnpenenvM IMMPUHY 000[a YYTYHHOTO MaxOBMKa,
BbeIcBoOOXatoniero 2.10 xJI)k KWHETUYEeCKO 3HEpPTUM, KOTrIa ero
ckopoctb mangaet ¢ 3 020 o 3 010 06/mMuH. CuuTaercsi, 4TO MOMEHT
WHEPIIMA MaXOBUKa CKOHIICHTPUPOBAH B €ro 000/1e, KOTOPHIf UMEET
MPSIMOYTOJIHOE CEYEHUE C BHEIIHWUM M BHYTPEHHUM AMaMETpaMu
670 u 600 MM cooTBeTCTBEHHO. Pamuyc BpalleHusi 00012 MOXHO
MPUHSATH PaBHBIM YCpeTHEHHOMY paaunycy. [LIoTHOCTh 4yyryHa paBHa
7 800 kT/M°.

CHauasia ornpeneJ MM MOMEHT MHEPLIMM MaxOBUKa.

M3MeHeHMe  KUHETUYECKOW  JHEPrMM  OMpelnesieHO  Kak

I(0;- o))
2
cjlyyae, paBeH
7= (M3MEHEHUE KMHETUYECKOM SHEPTUHU) X 2 _

, IO3TOMY MOMEHT UHepLUUHU [, HEOOXOAUMBI B TaHHOM

2 2
(0 - 0))

) 2100 JIx x 2 = 6.3515 kr-M’
(3020><2n 2 (3010 x2n
—————pag/c| —-|————

2
60 g0 b/ C)

Temepb ompene MM Maccy MaxoBUKa.

MOMEHT MHepLMY OIpeesieTcs Takke, Kak Mk2, rne M — mac-
ca obona, a k — panuyc BpallleHusI, KOTOPbIA B JaHHOM CIy4ae Mpu-
HST KaK YCpeaqHEHHBIN panuyc 0601a, TO eCTh
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670 MM + 600 MM
2

5 = 317.5 mm, wnm 0.3175 m.

Tax xak I = Mk?, To
2
M= i2 - M = 63.007 kr.

k (0.3175 m)

3Has Maccy, BBIYMCINM 00BEM MaxoBUKa. Macca MaxoBMKa xa-
pakTepusyeTcsl BEIMYMHOMN ero 00béMa V 1 TIIOTHOCTBIO YyTyHa p.
Tak xak M =V X p, T0

_ M _  63.007 kxr

P 7800 kr-m
HaxkoHen, onpenennm mypuHy 06o1a.
O6bem V 3amaH Kak

V=220,

rme b — mupuHa obona,
Dwud — ero BHeNIHWIA 1 BHYTPEHHUIA TMaMETPhI COOTBETCTBEHHO.
OTcrona mpuHa odona

4V _ 4x0.00800778 m’
(D’ -d)  m(0.67°-0.60")m’

b = =0.1157 m = 115.7 mm.
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22. ITPOCTBIE MAIIINHbI

Mammnbl

Mawuna — ycTpoiCTBO ISt U3MEHEHUsI BEJIMYMHBI WJIM HaIlpaB-
JIEHUsI OEUCTBUSI CWIbl WJIM U TOrO, W APYrOro OZHOBPEMEHHO.
OGBIYHO MPOCTasl MalllMHA YBeJIMYMBAECT CHIy Ha BXOJIE, Ha3bIBac-
MYIO ycuauem, 9TOObI Ha BBIXOJE MOJYYUTh OOJIBIIYIO CUITY, KOTOPYIO
Ha3bIBAIOT Haepy3koi. K mpocThIM MalllMHaM OTHOCSIT CUCTEMBI 0J10-
KOB, BUHTOBBIE TOMKPATHI, 3yOUaThie Mepeaayr U CUCTEMY PbIUaroB.

OTHoueHne CHJ1, OTHOIIEHUE ABIKeHUs 1 Kod(umment
N0JIE3HOTO JeiCTBUS

OmHowenue cun, Ui nepe&amowoe OmHouieHue, OnpeacsAoT Kak
OTHOLLIEHKE HArpy3KU K BO3IEWCTBUIO, TO €CTh

Harpyska )
ycuine

OTHOLICHUE CUJT =

Tak Kak Harpy3ky v ycuine U3MepsioT B HbIOTOHAX, OTHOLIEHUE
CWJI PaBHO OTHOUIEHUIO OHUX M T€X X€ BEJIMYMH, a 3HAYNT, HE UMe-
€T €AMHULBI U3MEPEHHUS.

Omuowenue dguxcenuil, OTIPEAENSIOT, KaK OTHOILEHUE PACCTOSIHUS,
MPOMACHHOIO TOYKOM, K KOTOPOIi MPUIOXEHO YCUIIHE, K PACCTOSIHUIO,
MPOMICHHOMY Harpy3Ko, TO €CTh

OTHOLLUEHWE _ PacCTOSIHUE, MPOIIEHHOE YCUITUEM )

IBUKCHUN  paccTosiHue, MPOMIEHHOE HArPy3KOi

Tak Kak ¥ YMCJIUTENb, U 3HAMEHATEJb U3MEPSIIOT B METPAX, UX OT-
HOIIIEHUE, TO €CTh OTHOILIEHUE JABIMKECHMIA, HE UMEET CAMHMIIBI 13-
MepeHusl.

Kosgppuyuenm noneznoeo deticmeus (K1) IpoCTEMIIIen MaIIMHBI
OTIPENEJISTIOT KaK OTHOIIIEHNE KOA(DMHUIIMEeHTa CUIT K TIepeIaTOTHOMY
OTHOILLEHUIO, TO €CTh

KoodGULMEHT OTHOIIIEHUE CHJT

T10JIE3HOTO NENCTBUSA OTHOLLIEHUE TBUXEHUMN

Tak kak u YUCJIUTECJIb, 1 3BHAMCHATEJIb HEC UMCIOT €IMHUIIBI U3ME-
peHuUs, KOB(l)(bI/ILU/IeHT MOJIE3HOTO JCHCTBUS TOXE HE UMEET eNMHM-
bl UBMCPECHMUA. OOBIYHO €T0 TIpEACTaBJIAIOT B IIPOLCHTAX, U TOTAa

KO3 GOULIMEHT _ OTHOIIIEHUE CUJT x100% |(3)

MOJIE3HOTO IEUCTBUS OTHOLLIEHUE IBUXEHUI
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W3-3a BIUSTHUSA CWJIBI TPEHUS W WHEPLWU, BOSHMKAIOIIWX TPH
JBWXXEHUU TeJjla, HEKOTOpasl 4YacTb SHEPruM, MOCTYIAkOLIEi Ha BXOL
MalllMHBI, TpeodpasyeTcs B TEIUIO, co3aanas notepu. M3-3a atux no-
Tepb SHEPTUs Ha BHIXOJC MAIIMHBI MEHBIIIE, YeM SHEPTUs Ha BXOJE,
cJleloBaTeNIbHO, HU OJIHA MAlllMHA He MOXET MMeTh KO3hdUIIMeHT
oJie3HOTO AeicTBUs paBHBIM 100%.

Hanpumep, orpenesM K TPOCTOM MalIMHBI, TiepeMelaroneit
Harpysky Maccoii 160 kr Ha pacctosiHue 1.6 M. [IputoxkxeHHoe K Ma-
mmHe yeuue 200 H meiictByet Ha paccTostHUM 16 M.

W3 ypaBHeHus (1) nmeeM

narpyska _ 160 kr x 9.8 M/c
ycuime 200 H
W3 ypaBHeHus (2) umeeM

OTHOLIEHHE CHJI = = 7.84.

TMPOVIEHHOE YCUIINEM
OTHOILIEHHE _ paccTosiHue _l6wm _ 10
JBUKEHHUI MPOWIEHHOE HAarpy3Koi 1.6 M
paccTosiHue

W3 ypaBHeHus (3) umeeMm

K03 dunuenT _ OTHOILLUEHWE CUT % 100% =
I0JIE3HOTO IleﬁcTBHﬂ OTHOIIEHWE NBUKEHUN

_ 784
10

I[IIH TIPOCTBIX MallIMH 3aBUCUMOCTb MEXKIY YCUIIUEM U HanySKOﬁ
NMECT BUJ

x 100 = 78.4% .

F,=aF+b,
rne F, — ycuiue,
F — Harpy3ka,
aub — KOHCTaHTHI.
W3 ypaBHeHus (1) umeem

F, F,
OTHOWeHMe cun = HorPySKa _ —1 !

yewnue  F, aF,+b
Pa3nenuB yucnutens U 3HaMeHaTeNb Ha F, mojy4aem
Fo 1
aFi+b . b
F,

b
Korna Harpyska 6osnbiiasi, F; Toxe 6osblioe, a 7 Mo no
/

1
CpaBHCHHUIO C a. OTHOILIIEHHWE CUJT CTAHOBUTCS NPpUMEPHO paBHbIM —

M Ha3bIBACTCA npeéeﬂbﬂbm OmHouenuem cun, To €CTb

1
npeacjibHOC OTHOLIECHUE = —
a
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[Ipedenvhuiil Ko3ghuyuenm noses3noeo deilcmeus TIPOCTEMIIIEeH Ma-
LIMHBI OTNPEACISIOT KaK OTHOLICHHWE MPeaebHOTO OTHOIICHUS CUIT
K OTHOLLIEHUIO IBUXEHU, TO €CTh

npeaebHbIi 1

Ko3(dumment = - x 100% ,
N0/Ie3HOTO feficTeus @ X OTHOIIEHNE JIBIKeHMii

o€ a — KOHCTaHTa M3 3aKOHa IIPOCThIX MAIlIMH:

F,=aF,+b.

3a cuer TpeHUs U UHEPLMU MPpeaeabHbIN KOMDOULIMEHT MoJie3-
HOTO JICMCTBUS MPOCTHIX MAIIMH MpakThuyecku Beerna Huxe 100%.

Hanpumep, rpaduk «ycwine/Harpy3ka» Ajasi IPOCTON MaIIMHBI
MOpeacTaBIsieT co0O0il TpsSMYyI0 JIMHUIO, BBIpaXXEHHYIO (hOpMYJIoit
F,= aF,+ b, c iByMsl mapamMmu TOYEK:

npu F,=10H — F,=30 H,

anpu F,=74H — F,= 350 H.

OTHOLICHKE ABUXKEHUI MaIIMHBI paBHO 17.

OrnpenenvM npeaeabHbli KO3(hOUIIMEHT MOJIE3HOTO AeCTBUS.

VYpaBueuue F,=aF,+b wumeer dopmy y=mx+c, rIC
m — HaKJIOH KpuBOi. HakloHHast TMHMSI, MPOXOASIIAsl Yepe3 TOUKU
(x, uy)) ¥ (x, M y,) Tpahuka y = mx + ¢, 3aJjaHa B BUJIe

_ )
Xy =X

m

CnenoBartenbHo, aist F, = aF + b HaKJIOH KpUBOi
74-10 _ 64

= —=—=0.2.
350-30 320
1 1
IIpenenbHoe OTHOLIEHHE CHJI PABHO - » TO €CTb o 5.
IIpenenbHblii 1
K03 dunmenT = x 100 =

a x OTHOIIIEHWE TBUXEHU I

=1 100=29.4%.

0.2x17

M0JIE3HOT0 JAEeHCTBUS

Baoku

Cucrema 610Kk08 — 3TO TOXe MpocTas MaiiuHa. Cuctema U3 Of-
Horo 0JioKa, moka3aHHasi Ha Puc.22.1a, u3MeHsieT HampaBlIeHUE
NEACTBUST YCUITUSI, HO HE MEHSIET €r0 BEJIMUUHY .

Cucrtema U3 AByX 0JI0KOB, IOKa3aHHas Ha Puc. 22.10, usmeHsiet
Kak HarpaBJieHUe IeHCTBUSI, TaK U BEJIMUNHY CUIIBI.

Teopetnuecku Kaxnast 3 BepEBOK, 0003HaYeHHBIX (1) u (2), me-
JIUT Harpy3Ky MOPOBHY, CJeN0BATEIbHO, YCUIIUE PABHO BCETO MOJIO-
BMHE Harpy3Kku, TO €CTb TEOPETMUECKOE OTHOLLIEHUE CUJT paBHO 2. Ha
MpaKTHUKE €ro 3HaYeHHe MEHbBIIIE U3-3a MOTEPD.
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Cucrema u3 Tpéx 6JI0KOB TToKa3aHa Ha Puc. 22.1s.

% % %
n
|é}nwe Ycunve m Ycunune
(1) (2)
H
arpyska @) (2)

Harpyska Harpyska .

a) 6) B)

Puc. 22.1

Kaxnas u3 BepéBoxk (1), (2) u (3) HeceT omHy TpeTh OT O0IIIeit Ha-
IPY3KH, CJIeIOBATEbHO, TEOPETMYECKM OTHOIIEHWE CUJI PaBHO 3.
B o01ieM ciydae y CUCTEMBI, COCTOsIEH U3 # GJIOKOB, OTHOLICHUE
cua paBHO n. Tak Kak TeopeTHMYeCKHit KOA(MOUIIMEHT IMOJIe3HOTO
NECTBUSI CUCTEMBI 0JI0KOB (IoTepsiMu npeHebperaeM) paseH 100%,
TO U3 ypaBHeHUs (3)

OTHOIICHUEC CUJT
Ko3bdUIUEHT - x 100%

MOJIE3HOTO AeCTBUS OTHOIIEHME IBVXKEHUN

CJIe[yeT, YTO KOTrJa OTHOILLEHHE CHJI PABHO /1, TO €CTh
n
100,

100 = — X
OTHOILEHUE ABKEHNIA

OTHOILIEHWE TBUXXEHU I TOXe PaBHO 7.
Hanpumep, oripenesuM KIT CUCTEMBI U3 TPEX OJIOKOB, TTOAHUMA-
fotiieit Harpy3ky 80 KT, eciu mpuKIaasiBaeMoe yewire pasHo 392 H.
W3 ypaBHeHus (1) numeeM

2
Harpyska .
otHOmenme cun = HAIPY3KA _ 80krx 9.8 M/ct _ 5

ycunue 392 H

OTHolenne ABWKeHUId =3 (TaKk KaK cUCTeMa COCTOMUT M3 TPEX
0JIOKOB).
W3 ypaBHeHus (3) umeeM

OTHOLLIEHUE CUJT
KO:-)d)(bl(l[ll/lueHT - % 100% =
MOJIE3HOI0 1eMCTBUA OTHOLICHHNE IBUXECHUN

x 100 = 66.67% .

wibN
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BunToBOi#i 1OMKpaT

[pocreiimit 6unmosoii domkpam nokasaH Ha Puc. 22.2.
DTo TOXe MpOCTasi MalllMHA, KOTOpasi U3MEHSIET KaK BEJUYMHY,
TaK ¥ HampaBJeHUe OeUCTBUS CUIIBI.
Harpyska

A PeKTMBHBIN paguyc
r

[ Onuta [

PykosiTka

LWar
pe3b0bl

CraHuHa

Puc. 22.2

BuHT ¢ nminTol JOMKpaTta pacroioXXeH Ha 3aKperjéHHON MydTe
B TeJie ycTpoiicTBa (Ha craHuHe). Korna Mty moBopaumBaloT ¢ rmo-
MOIIBIO PYKOSITKH, TOMKPAT BMECTE C TUTUTOW MOMHUMAET UJTU OITyC-
KaeT HaXoIsLIUics Ha Heil rpy3. it BAHTOBOM pe3bObl, Kak MoKa-
3aHo Ha Puc. 22.2, 3a moHbIi 000pOT BUHTA ycuiue (TO €CThb MpU-
KJIaJlplBaeMasi Cuila) epeMelaeTcsl Ha pacCTosiHue 2mr, a Harpyska
MTOJHUMAETCS Ha pacCTOSIHKME, PABHOE LLIATy Pe3bObl /.

OTHoIeHne ABMKEHU = 2—7’ . 4)

Hanpumep, ornpenenuM K AOMKpaTa, MOIIEPXUBAIOIIETO OCh
apromoOwst (Harpy3ka 2.4 kH). YUToObl MOIHSITh OCh aBTOMOOWIIS,
Tpebyercst IpUIoXUTh yeuaue 60 H. DddekTuBHbIi paguyc aeict-
Bust ycwuinst — 200 MM, a Iar BUHTOBOM pe3bObl — 5 MM.

N3 ypaBHeHus (1) umeem

Otnomenue cun = SAIPYSKa 2400H _ 40 .

ycuime 60 H

W3 ypaBHeHus (4) uMeeM
OTHOILIEHHE IBMKEeHHIi = 2nr _ 2m(200) MM _ 251.3.
/ 5 MM

Orcrona

OTHOLLIEHUE CUJT
K03 dunuent _ 100 =

X
MOJIE3HOro A1€UCTBUA OTHOLICHUEC NBUXKCHUUN

- 40 -
= 5573 100 = 15.9%.
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3ybuaras nepenaya

Ipocreiias 3y6uamas nepedaya TIpUMEHsIETCSl [UISL Tepeqadn
BpanaTeJbHOro ABMXKeHus. [1oCKONbKY ¢ €€ MOMOIIbI0O MOXKHO M3-
MEHSITh KaK BEJIMYMHY, TAK U HampaBJIeHUE NEHUCTBUSI CUJIbI, TO €€
MOXHO OTHECTH K Kjaccy mpocthix MaminH. Ha Puc. 22.3 nmokasana
3y0Ouarasi mepeiava, coOCcTosiasi U3 MpsIMO3YObIX LIMJIMHAPUYECKUX
KOJIEC, K OMHOMY M3 KOTOPBIX, Ha3bIBAEMOMY deudcumenem (npusod),
MPUKIIAABIBAETCS YCUIIME, KOTOpOe TepeaaéTcsl Apyromy, Ha3biBae-
MOMY 6€00MblM 36€HOM VI 8e00OMbIM KOAECOM.

/—\

N

T 7

Oeuxutens Bepomoe koneco
Puc. 22.3

B 31001 cucteMe 3yObst KOJIEC pa3MellieHbl TaK, YTO IIPY B3aMMO-
NEeNUCTBUM KONEC 3yObsl OMHOTO KoJjieca COBMANAlOT C BHAIWHAMU
MeXay 3yObsIMU BTOPOTO KoJieca, U O3TOMY KoJiéca BpallaioTcs 6e3
noMex. [1py Takux yCIOBUSIX KOJTMUECTBO 3yObeB IBUKUTENSI U BEO-
MOTrO KoJjieca MpsiMO MPONOPLUUOHAIBHO JUTMHE OKPYXXHOCTEH 3THUX
KOJIEC, TO €CTh

YHCII0 3y0beB
JBWKMTEIA JIJIMHA OKPYXKHOCTH JBMKUTEJIS 5)

unCII0 3y0beB  J1IMHA OKPYKHOCTH BeJOMOI0 KoJeca
BEJIOMOI0 KoJieca

Ecnu y nBuxutenst ectb, aonyctum, 40 3yObeB, a y BEIOMOTO
Kojieca — 20, TO BeIOMOe KOJIECO COBepIaeT 1Ba 060poTa 3a BpeMsl,
MTOKa JIBVKUTEb COBEPIIIaeT OIWH 060poT. B 061iieM ciryvae

YHCJI0 3y0beB

YHUCJIO 060])0TOB JBH2KUTEJIA _ BeaoMOro Ko.jeca ( 6)
YUCJI0 OGODOTOB BEIOMOr0 KoJieca YUCJI0 3y61>eB
JBHKUATEIA

W3 ypaBHeHus (6) ciaeayer, YTo CKOpOCTH (YriIoBbie) KOJEC 3y0-
4yaToi rnepegayyd o0paTHO MPOMOPLIMOHATbHBI YKCy 3yobeB. OTHO-
LIEHWEe CKOPOCTHU JBMXKHUTEJNSI K CKOPOCTH BEAOMOTO KoJieca PaBHO
OTHOILLEHHUIO IBUXEHUI, TO €CTh

CKOPOCTb YHCII0 3y0beB
OtHowmeHne _  JABHKHMTENA BEIOMOr0 KoJjeca %)
JBHXKEHHUH CKOpOCTb YHCJIO 3y0beB IBIZKUTES
BEIOMOr0

ycTpoiicTBa



120

Korma HeobXoaumo, 4yTOOBI 00a KoJieca BpalaJuCb B OJHOM Ha-

MpaBJIeHUH, WCIOJb3YIOT X040CMOlU poAuK, KakK II0Ka3aHO Ha
Puc. 22.4.

[uxuntens Xonoctoli Benomoe
ponuk Koneco

Puc. 22.4

HazoBéM aBUKUTENB, XOJIOCTOM POJIUK U BemoMoe Kojeco A, B u
C cootBercTBeHHO. Eciiu N — yrioBasi CKOpocTh BpaiueHust, a T —
YUCIIO 3yObeB, TO B COOTBETCTBUU C ypaBHeHUEM (7) Toydyaem

No o TayNe o 1o
Ny Ty Ny Tc

CrnenoBaTeJIbHO,

Ty
N —
ckopoctb A _ Ny _ Br. T Tc Tc

— X = .
ckopoctb C  N¢ Ty Thn Ty T,
Ng=
Tc
Orcioa cieyeT, YTo OTHOIUEHHE ABUXEHUIl He 3aBUCUT OT XO-

JIOCTOI'O pOJIMKa. H3meHsieTcs Tuilb HaIrpaBJC€HUE BpalllCHUS BEOO-
MOTO KoJieca.

Ha Puc. 22.5 nokasaHa caooxchas 3ybuamas nepeda4a, Tae Kojieca
B u C 3akpernieHbl Ha OHOM BaJly, U T03TOMY N = N.
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OTKyIa
T,
Ng = Ny x Ti
AHaJOTUYHO
Ny, _ Tc
Ne Tp
OTKyIa
Tc
Np = Nex == T
Ho Tak kak Ng = N, T0
Iy Ic
Np = Ny x ®
D A X TB TD

JInst CIOXHBIX 3yO4aThX Iepenad, MMEIOIIMX B OOIEeM clyvae
P xonéc,

Ty Tc Tg To
Np= Ny\X = X=X X ... X=,
P ACTy T Tk T,
OTKYy/Ia
oM _ L Iy T
OTHOLICHHUE NBWIKeHUIA = ﬁp =T, Tc To )

Hanpumep, cioxHas 3youaTas riepenaya COCTOUT U3 ABUKUTEIS
A, nmeroiiero 40 3y0beB 1 COeAUHSIONIEr0cs ¢ KojecoMm B co 160 3y-
obsiMu. [IprcoeqMHEHHBIN K TOMY Xe Baiy, uto 1 B, Ban C nmeer 48
3yObeB M COCIUHSETCS C MOCHeNHUM BasioM D ¢ 96 3yObsiMu.
W3 ypaBHeHus (9)

OTHOmeHHe _ CKOPOCTb A TB Tp _ 160 96

= ———— = — = ——x=—==38.
JABMXKeHHWH  ckopocTb D TA Te 40 18
Ecnu oTHO1IEHKE CUIT paBHO 6, TO
KO3()(pUIIMEHT NOJIe3HOr0 AeHCTBUSI = g x 100 = 75% .

Poraarn

Poiuge MoxeT M3MEHSITh KaK BEJMYMHY, TaK M HallpaBieHUe
JENCTBUSI CUJIbI X TIO9TOMY TOXE SIBJISIETCSI TPOCTOi MalIMHOM. EcTh
TPU THUIIA, WIKX YPOBHSI, pblUaroB, rokazaHHbix Ha Puc. 22.6.

V poiuaea nepeoco poda TOUYKa OMOPHI PACIIONIOXEHA MEXAY YCU-
JINeM U Harpy3Koii, Kak rmokasaHo Ha Puc. 22.6a.

Y pviuaea emopoeo poda Harpy3ka pacroloXeHa MexXIy YCUINeM
U TOYKOU OTIOPBI, KaK MOKa3aHo Ha Puc. 22.60.

VY poimaea mpemveeo poda ycuiaue NMPUKIANBIBACTCS MEXIY Ha-
Ipy3KOI ¥ TOUKOI OMopbI, KaK Moka3aHo Ha Puc. 22.68.
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a b Yeunve Fo

Harpyska F; _|

7
Touka onopsl
a)
Yeunue Fg Yeunue Fg
Harpyaka F T T Harpyska F;

[ [4]
| | | |

Touka onopsl Touka onopsl
0) B)

Puc. 22.6

3amauM, peliaeMble ¢ TOMOIIIbIO PbIYAroB, B OCHOBHOM MCIIOJIb-
3yI0T MPaBUJIO MOMEHTOB ¢yl (cM. T71. 12). CiemoBaTebHO, IS Phl-
yara, mokasaHHoro Ha Puc. 22.6a, Koraa peluar HaXOQUTCSI B paBHO-
BeCHUH,

MOMCHT IIPOTUB 4acoBoit CTPECJIKU = MOMEHTY I10 YyacoBoit CTpECJIKE,

TO €CTh
axFi=bxF,.
CrnenoBaTesbHO,

PACCTOSIHME OT YCHJIHS

F,
OTHOILEHHE CHJI = F’ oy . A0 TOTKM ONOPHI

" @ paccTosHHe OT HATPY3KH
J10 TOYKH OIOPbI

Hanpumep, Harpy3ka Ha peryar repBoro poaa pasHa 1.2 kH, pac-
CTOSIHME MEXY TOYKOM OMOpbl M Harpy3koit paBHo 0.5 M, a paccTosi-
HME MEXIy TOYKOH OMopbl U yeuauem — 1.5 m.

[IpyMeHsIst TpaBUI0O MOMEHTOB MPY PABHOBECHH, TTOJTy4aeM:

MOMCHT IIPOTUB 4acoBOK CTPCJIKU = MOMEHTY I10 4acoBOu CTpEJIKE,

TO €CTb

1200 H x 0.5 M = ycunue x 1.5 M,
OTKyJZa

yeuime = % = 400 H.

3Has Harpy3Ky Y yCUJIMe, MOXHO HaiiTU OTHOLUEHUE CHUJL.
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AHaJIOTUYHO OTHOLUEHME CUJIbl HAaXOMAST, 3HAsl PACCTOSIHUSI MEXIY
TOYKOM OIMOPBI U HATPY3KOM, TOUKOU OMOPHI U YCUITUEM.

OTHoOWeHne CUI = b_oLs_ 3.
a 05
DTOT pe3y/bTaT MOKa3bIBaeT, YTO JIST MOAHSATUSI HArpy3KH, 10-
nyctuM, B 300 H tpedyercs ycunue paBHoe 100 H.

B cootBetcTBUU ¢ ypaBHEHMEM (3)

OTHOILEHUE CUJT
Koo buImeHT _ x 100% ,

TOJIE3HOTO AEHCTBUS OTHOLLEHUE IBUXEHUMN

OTKYyJa I1ojiydyacM

OTHOmeHME _ _ oTHoWeHmecun o0 3 00 4
JBYKEHWI KO3(GUUUEHT 100 '

TOJIE3HOTO NEUCTBUS

DTOT pe3yJbTaT MOKa3bIBaeT, YTO /IS MOAbEMA HarPy3KHU, JOITYyC-
TiM, Ha 100 MM ycwime cieayeT NPUKJIAAbIBaThb Ha PaCCTOSHHUU
300 Mm.
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23. MEXAHUYECKOE BO3JIEVICTBUE CUJIbI
HA TBEPJIOE TEJIO

Buapl MeXaHHYECKOro BO3ICICTBIA HA TEJIO

[MpusnoxeHHast K TeJly cujla MOXET BbI3bIBaTh U3MEHEHUE JIMOO
ero ¢bopMbl, IMOO HaMpaBJieHUsI ero ABvxXxeHusl. EnnHuna cuibsl —
noromon [H].

Her Hu ogHoro uzneanbHo TBEpHoro tena. M Koraa k teiy npu-
KJIafbIBAIOT CUJTY, U3MEHSIOTCS €ro pa3Mmepbl. DTU M3MEHEHUsl He
BCET/Ia 3aMETHBI HEBOOPYXKEHHBIM IJIa30M, TaK KaK OHU OYECHb MaJIbI.
Hanpumep, npon€r MmocTa npocenaet moJ BECOM Tpy30BUKa, a raeu-
HBIl KIIOY CcJierKa WM3rubaercs, 3aTsaruBas raiiky. HxXeHepam U
KOHCTPYKTOpaM OY€Hb BaXXHO IIOMHUTD O BIMSIHUY CUJI HA MaTepua-
JIbI, U3 KOTOPBIX CO3/IAIOTCS YCTPOMCTBA, a TaKXkKe O MEXaHUIECKUX
CBOICTBaX 3TUX MaTePUAJIOB.

K TpeM oCHOBHBIM BHIaM MEXaHUYECKOTO BO3ICHCTBUS Ha TEJIO
OTHOCSITCS:
® pacTsSKEHMUE;
® CcXaTue;

e CIBUL

Pacrskenne

Pacmsancenue — 3T0 ACCTBUE CUJI, CTPEMSIIIIMXCS PACTSIHYTh Ma-
TepuaJj, 13 KOTOPOro CAeJaHo TeJI0, KaK 3TO oKa3aHo Ha Puc. 23.1.

—

Cuna Cuna

Puc. 23.1

IIpumepni:
® pacTsITMBaeTCs BepéBKa WIKM TPOC y KpaHa, MepeHOCSIIero rpy3;
® B HATSDKEHUM HAXOIUTCSI PACTSIHYTasi pe3MHOBAsI JICHTA;
® pacTSHYT OOJIT, KOTa raiika 3aKpyueHa.

CI/IIIa, pacTdaruBaroiias T€j10, YBEJINYUBACT €ro JJIMHY B HaIllpaB-
JIEHUU CBOETO JCHCTBUS.

Cxarue

Corcamue — 3TO IEWCTBUE CHJI, CTPEMSIIIUXCS CAaBUTh MM CXKATb
MaTtepua, U3 KOTOPOro CAeIaHo TejIo, KaK 3TO IoKa3aHo Ha Puc. 23.2.

——L 0

Cuna Cwvina
Puc. 23.2



125

IIpumepnr:
® [10[ AaBJIE€HUEM HaXOAUTCS OIOpa MOCTa;
® CXMMAETCs MOIOIIBa GOTUHKA;
e [10[ 1aBJIE€HMEM HAaXOAMTCS CTpeJla KpaHa.

Cuia cxkatusi, TO €CTh CUJla, CKMMAIOIasl TeJI0, YMEHbIIAeT ero
JUTMHY B HAIIPaBJIeHUU CBOETO ICCTBUSI.

Casur

Cdsue — 31O cuia, KOTOpasi CTPEMUTCS] CIBUHYTDh MapauleIbHO
yacTh MaTepHasa Tejla OTHOCUTENILHO IPYTOi €ro 4acTH.

ITpumepni:
e 3aKIENKa, CKPEIUIAIoNIas ABe IUIUTBI, CIBUIAETCS, €CIU MEXIy

IJIMTAMM TIPUKJIAIBIBAETCSI CUJIa PACTSIKEHMSI, KaK 3TO MOKa3aHO
Ha Puc. 23.3;

_ 3aknenka
Cwvna
Cuna

Puc. 23.3

e MalllMHa, pexyliasi JMCT MeTajlla, WM CaoBble HOXHUIIBI, BbI-
TOJIHSISI CBOIO PAbOTY, UCIIOJIB3YIOT CUITY CIBUTA;

® TOPU3OHTAIBHO JIEXAIIUNA 6pyc MOXHO CMECTUTh CUJION CIBUTA;
® Yy3JIbl TDAHCMUCCHUHU B aBTOMOOWJIE MOXKHO CMECTUTD CUJIOM CIBUTA.

Cuna casura MoxeT aeopMuUpoBaTh MaTepuajl: COTHYTb, MPO-
JBUHYTb OJIHY YacTb TeJia TI0 OTHOLICHUIO K PYTOi WK MePeKPYTUTh.

Hanpskenue

Cuibl, ACUCTBYIOLIME HA TEJIO, BbI3bIBAIOT M3MEHEHUE MapaMeT-
pOB MaTepuasa u3 KOTOpOro OHO C/IEIaHO, U B 9TOM CJIyyae rOBODSIT,
YTO MaTepuas Hanpspk€H. Hanpscenue — 3TO OTHOILICHUE MPUIIO-
KEHHOU cuibl F K IJIOIIAAM TIONEePeyHOro ceuyeHusi mMaTepuana S.
st 0003HaYeHUs] HAMpSKEHUs] TIPU PACTSIKEHUW U CXaTUM UC-
MOJIb3YIOT CUMBOJI G (Tpedeckast OykBa curma). EmvHuiia mexaHu-
4eCKOTo HanpsbKeHUs1 — nackans [T1a)]. 1 Tla = 1 H/M>.

Otciona

czgl_la

rne F — cwia, uamepsieMasi B HptotoHax [H],
A — miolaab rMonepevyHoro ceueHusl, u3MepsieMasl B KBaJpar-
HBIX MeTpax [M%].
(YcoBHO cyMTaeTcsl, YTO TPU PACTSKEHMM © — TIOJIOXKUTENBHO, a
MPU CKaTUU — OTPpULIATEIbHO.— [Ipum. pedakmopa nepeeooa.)
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st cuut pacTsKeHUsl M CKaTusl TUTOIIAb MOMEPEYHOT0 CeYeHUs
Takas Xe, Kak Uil CUJI, HallpaBJIEHHbIX MO MPSIMBIM YIJIOM K Ha-
MIPABJIEHUIO NECTBUS.

Hanpumep, Ha MpsSIMOYTOJIbHBIN OPYCOK, TUIOLIAAb MOMEPEYHOTO
CeueHMs! KOTOPOTo paBHa 75 MM, IelCTBYeT CUIa PacTsSKeHUs, paB-
Has 15 kH. Torna nanpszkeHue B Opycke

3
o=L o xXIOH _ o5,0100=200 MITa.
A 75x10° M
JIuneiinas nedopmanusa

M3MmeHeHne mapaMeTpoB Tejia MO ACCTBUEM CWJIBI Ha3bIBAIOT
AUHelHoU deghopmayueit. A CUIT pacTSIKEHUS U CXKaTUsl TUHEHHAs
nedopmals €CTh OTHOIIEHWE W3MEHEHWS JJIMHBI K HavaJbHOU
nnune marepuana. (TepMuH «wimHelHas gecopmaiysi» MMEET CUHO-
HUM <«OTHOCUTEJIbHOE yIIMHeHue».— [lpum. pedakmopa nepesoda.)
[nst o6o3HaYeHUs IMHEHHOM nedopManiiy (OTHOCUTENIBHOE YT~
HEHUE) UCIONb3YIOT CUMBOJ ¢ (rpeveckas OykBa 3TcuioH). st
npeaMeTa JUINHOM / METPOB, JUIMHA KOTOPOTO U3MEHSIETCSI Ha X MET-
POB B pe3yJibTaTe HaTIPSIKEHMS,

8 = 'E
/
(YCIIOBHO CUMTAETCs, YTO TIPU PACTSDKEHMM 3HAYEHUST X, a CIeqoBa-
TeJIbHO, U & — TIOJIOKUTENbHBI, a TIPU CXKaTUW — OTpPULATETbHBI. —
Ipum. pedaxmopa nepesooa.)
JIuneitHas nedopMariis He UMeEET eIMHULIBI U3MEPEHUST ¥ 3a9ac-

TYIO BbIpaXa€TCd B ITPOLUCHTAaX, TO €CTh

" X
JIMHelHas qecdopManus (B IpOLEHTaX) = 7% 100 .

Hanpumep, Korna kK najuke miMHow 1.60 M MpUKIaabIBaeTCS CXKU-
Malolast Harpy3ka, e€ IInHa yMeHbIaetcs Ha 0.1 Mm.
Orcrona

JIMHeliHasa cxKatue 0.1 Mm 0.1 .
= = = = 0.0000625;
nedopMAMMA ~ payanbHad |6 x 107 mm | 600
IUTMHA

JmHeiiHas aedopmanus B mpouentax = 0.0000625 x 100 = 0.00625%.

Hanpmkemle caBura u ned)opmaum[ caBura

Jisi cubl cOBUTa HAMpsDKEHWE COBUTAa PABHO OTHOILEHUIO
cuia
omab ’
niel. HampsixeHue cnBrra 0003HavaeTcst rpeueckoil OyKBoii T (Tay).

T TUIomanb rnapajiejibHa HallpaBJI€HUIO NEeUCTBUS CU-
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CrenoBaTenbHO, KaK BUIHO U3 Puc. 23.4, HanpszkeHue casura

T = =

bd
(TepMUH «HampsKeHUE CIOBUTa» UMEET CHHOHMM «KacaTeJIbHOE
HanpsokeHue».— [lpum. pedakmopa nepegoda.)

F (peakums)

Puc. 23.4

Ueghopmayus cosuea (cosueosas deghopmayus) 0603HaYAETCS Tpe-
yeckoil OykBoii y (raMMma), u Ha Puc. 23.4 BuaHoO, uto nedopmarius

caBura y =

~I>

MonyieM cIBUATa Ha3bIBAIOT OTHOLICHUE HATPSDKEHUSI CABUTA K
nedopMaiu ciBura, To €CTh
_ HamnpsKeHUe CIBHra
"~ mecdopmargis casura

WIn
G=1
Y
(J1nsa moboro MeTajuta MOAyJb caBura G IpuOIM3uTeIbHO paBeH 0.4
MonmyJist ynipyroctu E.)

Hanpsikenue kpydenud u aedopManusi KpydeHust

W3 Puc. 23.5 caenyert, 9to

rae T — HamnpspKeHUWe MpU CABUTE Ha paauyce 7,
M — KpyTs1IMii MOMEHT BaJia,
J — TIONSIpHBI MOMEHT WHEPIIMK CEYCHHUSI BaJia,
G — MOIyJb CABUTA,
0 — yrout 3akpyunBaHus (B paariaHax) Ha JUTMHe / Baja.
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KpyTawwmii
MOMeHT (M)

KpyTawmi
MOMeHT (M)

~

[IvameTp (D) L/

Puc. 23.5

[TonsipHBIi MOMEHT MHEPLIMM CEUEHUSI LIeTbHOTO BaJjla paBeH
4
J= nD
327
rne D — nuamerp.
[MonsipHbIii MOMEHT CeYeHUsI TOJIOTO Bajla paBeH

T 4
J= 5D -d,

rae D — BHEIIHUI 1MaMeTp,
d — BHYTpPEHHUI TUameTp.

Hanpumep, onpenevM yrosi 3aKpydyrMBaHUsI MOJIOTO Bajla JUIMHOM
2.4 M, UMEIOLLEr0 BHEUIHUI U BHYTpeHHUI nuameTpbl 80 u 10 MM
COOTBETCTBEHHO. Bay MoXeT nepeaaBaTh Bpalllalolii MOMEHT, €C-
JIM MAKCHMAJIbHO JOITYCTUMOE HaIpsDKeHMe caBura paBHo 45 MIla.

W3BecTHO, 4TO

T M_GH

roJ [’
OTKy/Ia

KPYTAIUIA MOMEHT M = Er'—,=
6 n 4 4 12 4
10 na)(ﬁ(loo - 80%)x 1077 o)

= 5 =5.217 kH-m.
50 x 107 M

Ecnu monynb casura paseH 80 I'Tla, To yron 3akpyunBaHust MeX-
Ity KOHLAMU OTIpeNesisieTCsl U3 ypaBHEHUSI

v _ GO

1= 2
OTKYy/1a yroJ 3aKpy4yMBaHUs PaBCH
oo Tl _(45x% 10°Ta)(2.4 M) _
Gr (80 x 10°TTa)(50 x 107m)

=0.027 pax = 0.027 x % — 1.547°.
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VnpyrocTts u npeest ynpyroctu

Ynpyeocms — 3TO CHOCOOHOCTH MaTepuania MPUHUMATh CBOIO
MepBOHaYaIbHYI0 GOpMy U pa3Mmep, Koraa JIeiicTBUE BHEIIHUX CUIT
MpekpauniaeTcs.

Thacmuunocms — 3T0 CBOMCTBO MaTepuaa rnoj AeUCTBUEM CUIIbL
U3MEHATh hopMy 6e3 HapyleHUs CTPYKTYpbl. Clie10BaTe/IbHO, €ClIU
MaTepual He IPUHUMAET CBOIO NIepBOHaYaIbHYI0 hOpMY Mocye BO3-
JeiicTBUS BHELTHUX CUJI, TO TOBODSIT, YTO OH IJIACTUYEH.

[Ipu orpaHMyYeHHBIX Harpyskax Msrkasi cTajib, Melb, MOJUITU-
JIEH Y pe3uHa OTHOCATCS K YIIPYTMM MaTepuaiaM; CBUHELL U TJIaCTU-
JIMH — K IUTACTUYHBIM.

Ecnu cuny pactsikeHMs!, IPUTOXKEHHYIO K OTHOPOIHOMY OpYCKy
MSTKOI cTajli, MOCTENEHHO YBEeJIMYMBATh U U3MEPSITh COOTBETCTBY-
jollee yAJTMHeHUe Opycka, TO MpHU YCIOBUM, YTO CHUJIA HE CIUIIKOM
BEJIMKA, 1O TMOJyYeHHBIM pe3yjibTaTaM MOXHO MOCTPOUTH rpacduk,
TMOXOXUIA Ha TOT, YTO U300paxkeH Ha Puc. 23.6.

Cuna F
Hanpsixenve ¢

JlnHeliHaa pedopmaums €

YonuHenve x
Puc. 23.6 Puc. 23.7

Tak Kak rpacdvK UMeeT BUI MPSMOU, YIJTMHEHNE TPSIMO TTPOIOp-
IIMOHATBHO MPWJIOXEHHOW CUJIe.

Ecnu npuioxkeHHast cujia 1OCTaTOYHO BEJIMKa, BBISICHSETCS, YTO
HacTymaeT MOMEHT, KOTJa Mocjie MpeKpalleH s BO3ACHCTBUS CHUJIbI
Martepuas 6oJiblile He BOCCTAHABIMBAETCS O TEPBOHAYATIBHOM TN -
HbI. B TakoM citydyae roBopsIT, YTo MaTepuasl IOCTUT hpedeaa ynpy2oc-
muu, v TpaduK «Cuia/yIUIMHeHUe» 0OJIbllie He MPEACTaBsIeT COO0M
MPSIMYIO.

F
Hanpstkenne o = 1 M TaK Kak IS OIpeAesIeHHOro Opycka
romanb A mocrossHHa, To F ~ o .

. X
JluneiiHasa nedopmanus € = 7 M TaK Kak JUIsl OINpenaeJeHHOro

Opycka / — KoHCTaHTa, TO X ~ & . ClleioBaTeIbHO, €CJIM HATIPSIKEHHE
MaTepualia HXe Irpezesa yrpyrocTH, rpaduk «HanpspKeHre /TMHe -
Hast» nedopManus OyleT TakuM, Kak rmokazaHo Ha Puc. 23.7, a rpa-
UK «cuia/yUIMHEHUe» TaAKUM, KaK IToKa3aHo Ha Puc. 23.6.
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3akon I'yka
3akon Tyka rnacur:

Ecau npedea ynpyzocmu ne npesvtuiern, mo yoaurnenue
Mamepuaia nPonopyUOHAALHO NPUKAAObIEACMOT K HEMY
cuae.

W3 atoro CJICOYET, YTO

Ecau npedea ynpyeocmu e npegviuien, mo 03HuKuiee
Hanpsicenue npsmMo nPonopuUOHAIbHO 0A6.AeHUIO, 6bl-
36asuemy ezo.

Moodyas FOnea

Ecmm npeaeca ynpyroctu HE NpeBLILMICH, TO HAIIPSAKEHNUE G PaBHO

HaIpsKEHUE = KOHCTAHTa X JIMHEWHas ,E[e(I)OpMaLII/IH.

OTOT KOd(PHULIMEHT TPONOPLUHUOHATBHOCTH Ha3bIBAETCSI MOOYAeM
FOnea vinmm modyaem ynpyeocmu v o0603Hadaetcss cuMmBoJioM E. 3Haue-
HUe E MOXHO OTpeNenTh U3 rpafieHTa HayalbHOM YacTu TIPSIMOi
rpadvika «HanpspkeHue/nuHelHas aedopmauusi». Enununa E—
nackany (COBMamaeT C COVHUIEH HAMPSKEHUS, TTOCKOJIbKY
JNMHelHas neopManus — BeIMIMHA OTHOCUTETbHAS).

E=2T
e

Huxe npuBenens! 3HaueHust moayJist FOHra E st HauGosee yac-
TO BCTpeyarolMxcsi MatepuaioB (3HayeHust nanbl B [Tla, To ecThb
YUCIIEHHOE 3HAUEHUE CliefyeT yMHOXuUTb Ha 107 ITa):

AmOMUHUI 70 Cranb 210
JlatyHb 90 CBuHeIl 18
Menpb 96 Bonbdpam 410
Anmas 1200 Yyryn 110
Lunk 85

XKécTtkocTb

Ecnu monynb FOHra naHHOrO Marepuasna BeJuK, TOBOPSIT, YUTO OH
H“MeeT OOJIBLIYIO JHCéCmKOCMb, OTIPENIe/IIEMYI0O OTHOLIEHUEM CUJIBL K
JIMHeHoi nedopmanuu.

cuiIa _
AuHeiinas gepopmanua x|

I~

KéctrocTh =

Hanpumep, Msirkasi cTaib HAMHOTO KECTYe CBUHIIA.
Tak kak

ne=

5

c
F==,0-=
€

Y

X
/
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TO

TO €CTb

E = (kécTKoCTh) X (fl) .

.. F
XKéctkocth | = — |, Tak ke Kak 1 Monyib KOHra, siBIsIeTCsT Tpa-
X

JIMEHTOM 3aBUCUMOCTH «CWIa/IMHeHas 1ehopMaLusi», TO3TOMY

. /
E = (TpaameHT 3aBHCHMOCTH «CHJIA/THHEiHAs nedopManus» ) 1

Tak Kak [/ 1 A nj1s1 onpeaeIeHHOro 00pasiia MOCTOSIHHbBI, TO YeM
6outbliie Momayiib FOHTa, TeM 60JIbIle KECTKOCTD.

Hanpumep, 1 ompeneicHUs MOMYJS YIPYrocTd parMeHTa
MSITKOI CTaJli HarpykatoT npoBo. [1p1 3ToM BO3HUKAeT COOTBETCT-
BylOIsIs JInHelHas nedopmanms. [1o pesyinbraraMm sKcrepuMeHTa
COCTaBJISIIOT Ta0JIMILY.

Harpyska [H] 0 40 | 110 | 160 | 200 250 290 340
Pactsxenue [Mm] | 0 12 ] 33 | 438 6.0 7.5 10.0 16.2

CpennHuii tnamMeTp IpoBoaa paBeH 1.3 MM, a ero IiuHa — 8 M.
Ha Puc. 23.8 nokazaH rpacuk 3aBUCUMOCTU «HArpy3Ka/JTuHei-
Has gedopmalms».

360 [
320
280
240
200~ 5
160 —
120~
80
40 —
A [ S R !

[
0 2 4 6 8 10 12 14 16 18
JnHeliHaa pedopmaums [Mm]

Harpyska [H]

Puc. 23.8
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H3BecTHO, 9YTO

e (5)8)

F . .
rae — — rpajreHT NpPsSIMOii IMHUY, SIBJISIIOLIecs YacTblo rpaduka.
X

W3 rpacduka rpagueHT F_BC_ _200H = 33.33x 10° H/m.

x AC 6x107wm
Mopnynb ynipyroctu = (TpamgueHT rpaduka) ( ﬁ) s

nMHa obpasua /= 8 M,
a IJomaab nNonepeyHoro CCYCHMUs
4 = =’ _ 71(0.0013)’

= e = 1327 107 m?.

CrieioBaTeIbHO, MOJY/Ib YNPYTOCTH

E = (3333 10")—22— )= 201 T'ha.

1.327 x 10~
Ha Puc. 23.8 BumHO, uYTO Mpenen YIPYyrocTA HAaXOOUTCS B

Touke D, roe rpaduk Oosblie He SBISIETCS MpsiMoil nuHUei. Kak

BUIHO 13 PUCYHKA, 3Ta TOYKA COOTBETCTBYeT Harpy3ke 250 H.

HanpsokeHue B TOUKe Ne/ieia YIpyrocTn = ——oc— =
p p ynpy ~ momans
= 20 _ 1884 10°MTa = 188.4 MIla.
1.327 x 10~

BsaszkocTb, XpynkocTb 1 KOBKOCTb

Bsaszkocms — 3TO CIOCOOHOCTh MaTepHajla MIACTUYHO AehOpMU-
poBatbcsl Garojapsi BBITSTMBaHMIO 0e3 pa3pbiBOB. MIMEHHO 3TO
CBOICTBO MO3BOJISIET BBITSTMBATh MaTepyall B MPOBOJIOKY. Y THOKUX
MaTepualioB, TAKMX, KaK MsITKasl CTajlb, Mellb M 30JI0TO, MOXHO J10-
OUTHCSI 3HAUUTENBLHOTO YJTMHEHUST, HE JOBOJISI MaTepuaJl 10 pa3pbiBa.
Y rubKuUx MaTepuaIoB YIUIMHEHUE 00bIYHO nocTuraet 15% u Gonee.

Xpynkocms — 9T0 CBOMCTBO MaTepuasia MojiBepraTbcsl pa3pbiBam
0e3 Kakoi-110b0 3HAaYMMOW TUTACTUYECKOM nedopMaiy BHavale.
XpyINKOCTb — 3TO OTCYTCTBME BSI3KOCTU. Takue Xpynkue marepua-
JIbI, KaK YyTYH, CTE€KJIO, OETOH, KUPIUY U KepaMUKa, MPaKTUUECKU
HE MIPOXOJSIT CTANMIO BHITSATMBAHUSI, a 3a CTaJAMEN YIIPYrocTu cpasy
Ke cieayeT pa3pbiB. Bo BpeMst UCTIbITaHUS HA YIIPYTOCTh HA MaTepu-
aje He o0pa3yeTrcsl MPaKTUYeCKHM HUKAKOTO «CyXXEHUsI» Tepel TeM,
KakK MPOUCXOIUT pa3phiB.

Tseyvyecms (KOBKOCTh) — 3TO CBOWCTBO MaTepuasia, Oiaromapst
KOTOPOMY C TMOMOILIbIO MOJIOTA WJIM KaTKa MaTepualy MOXHO IIpuaa-
BaTh (hopMy, He HarpeBas ero. Tdarydyre MaTepuaibl MOTYT MOABEP-
ratbcsi racTuueckom necopmannu 6e3 paspoiBa. K takum marepua-
JIaM OTHOCSITCSI CBUHEII, 30JI0TO, IITMAKJIEBKA, MSITKast CTaJlb U JIp.
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24. UCIIBITAHME HA ITPOYHOCTD

Bo Bpemst Takoii MpoBepKHU K 00pa3ily MaTepualla MpuKIaabIBalOT
HarpysKy U IOCTeleHHo e€ yBeauuuBaloT. [1pu sTom Habmonaercs
COOTBETCTBYIOILlEE YUIMHEHHWE MaTepuaia. DTOT MPOLECC MOXHO
MPOIOJIKATh 10 TeX MOp, oKa 00pa3ell He pa3opBETCS Ha [1BE YACTHU.
Takoe ucnblTaHUe Ha3bIBAIOT paspyuiarowum. VcnibiTaHue OOBIYHO
BBITIOJIHSIIOT HA YHUBEPCAJIbHOM HCIIBITaTeIbHOM CTeHIIe-aBTOMATe,
KOTOPBIA MOXET MPUKJIAAbIBATh JUOO pacTsIrupaollee, JU00 CxXu-
Malollee ycuine K o0pasily B HEOOJIbLINX, TOUHO OTMEPEHHBIX J10-
3ax. B bpumanckom cmandapme 18 (British Standard 18) onucanbt
CTaHIapTU30BaHHbIE MPOLEAYPHl AJIs1 Takoil mpoBepku. HcmnbiTye-
Mble 00paslbl MaTepuasa M3rOTOBJICHBI 1O CTAHIAPTHBIM 11a6JI0-

HaM. [Ba TMIIMYHBIX 0Opa3iia, TOTOBBIX K MCIIBITAHUSAM, ITOKa3aHbI
Ha Puc. 24.1.

A-A
TTTTT— A B s
A Ounametp
N3mepuTenbHas
a) Gasa
LnpuHa B-B
L B oeeed %
TonwmHa
6) ”*
Puc. 24.1

Pe3ynbraThl HCIIBITAHKS HA IPOYHOCTh MOTYT OBITH MIPENCTABIIC-
HBI B BUjIe rpadvKa «HarpysKa/yaauHeHne». THMUIHbIA rpaduK st
00pa3iia MSITKOI cTayiM IoKa3aH Ha Puc. 24.2.

Harpyska

i
OcTatouyHoe yaMHeHve |/
/

0 YanvHeHve
Puc. 24.2
o Mexny Toukamu A 1 B HaxoauTcs 001acTh, re MpUMEHUM 3aKOH

[yka, U HanpsokeHue MPSIMO MPONOPLMOHAIBHO JIMHENHHOM ne-
dbopmaruu. HampskeHue ompenesioT KaK OTHOIIEHUE MPHIIO-
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JKEHHOM CHJTBI K TUTOIIAIH ITOTIEPEYHOT0 CEYEHUSI U3MEPUTETbHOM
6aspl. IpagueHT AB wHcronb3yercsi mpy ONpeAeJeHUU MOIYJIst
IOHra (cwm. . 23).

e Touka B — aro npedea nponopyuonarsrocmu, tie HampskeHUe
0o0JIbllIe HE TTPOITOPLIMOHAIBHO JUHEWHON AedopMaliu, IpU yc-
JIOBUH, YTO CUJIA IIPOJOJIKAET AEHCTBOBATD.

e Touka C — 3T0 npeden ynpyeocmu, v eciii o0pasel; Harpy3uTh 10
3TOTO TIpefeNa, TO PH YIAICHUU HarPy3KN OH MIPUMET CBOIO TIep-
BOHAYAJIBHYIO [UIMHY, TO €CThb OCTATOYHOE YIUIMHEHWE HE3HAYM-
TEJBHO.

o Touky D HazbIBatoT npedesom mexyyecmu. B 310t Touke HabIItOMa-
eTcs pe3Koe YIUTMHEHre 00pasiia, IPUTOM 4TO Harpy3ka He YBeJTH-
yuBaeTcs. [Ipenen TekyyecTu 3amaeTcs Kak OTHOIIEHWE HATPY3KH,
MpU KOTOPOM HAYMHAETCsl pacTsKeHWe, K HavaJlbHOM TUIOIIaan
MOTNEPEYHOr0 CeYeHUs1 00pasiia,

TO €CTh
mpemesa  _ Harpyska, Ipu KOTOPOM HAYMHAETCS PACTSKEHUE
TCKYy4eCTH HayaJibHas IUIOLIAAb ITOTIEPEYHOTO CEYEH U

Ipenen TeKydecTH SIBISICTCS MHIMKATOPOM BSI3BKOCTHM MaTepuajia
(c™. 1. 23).

e Mexny Toukamu D u E yiuimHeHUe TIPOMCXOIUT 110 BCEH MIPOTS-
JKEHHOCTH M3MEPUTEIHHOI 6a3bl 00pasia.

e Touka E xapakrepusyeT MaKCHUMaJIbHYIO HArPy3KY, KOTOPYIO MOX-
HO TIPWJIOXUTb K 00pasily, U HCITOJb3YeTCS UIsl OIpene/ieHUs
OKOHUAMeAbH020 npedesa npounocmu obpasiia (Jaiie ee Ha3bIBalOT
TIPOCTO 1pedesom NPOYHOCIU),

TO €CTh

OKOHYATEJIbHbIA  _ MAKCHMMAJIbHAA Harpy3ska

npefiea NpovYHOCTH  gayaJibHAsA ILUIOIAAbL NONEPEYHOro CeYEHUs ’

e Mexny roukamu E u F nepen tem kak nmpousoiizer pa3psiB, 00pa-
3yeTCs cysceHue UK eopaviuiko. TLmomans mornepeyHoro ceyeHust
YMEHBIIAeTCs, KaK MPaBUIIO, 0 MIOJOBUHBI HAYaTbHOM TIOLIAMIMN,

TO €CTh
COKpaiienue miomanu (B mpoleHTax) =

_ HavaJjibHas IJiomaab CEYCHUs — KOHEUHAsA IIoaab CeYeHus
HAaYaJIbHAA IJIOIHAAb CEYCHUS

x100%.

[IpolieHTHOE COKpallleHHWEe TUIOIIAAM ONpeAeisieT KOBKOCTh Ma-
Tepuaia (cM. 1. 23).

Benuuuna HamnpsokeHust B Touke F Gosbine, yem B Touke E, Tak
KaK, HECMOTpsI Ha TO, YTO Harpy3ka Ha oOpa3sell YMeHbIIIaeTCs o
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MEpE pocCTa YAJIMHEHMA, TUIOLIAAb ITOIMEPEYHOTO CEYEHUA TaKXE CO-
KpaulaeTcs.

e B Touke F mpoucxoaut pa3pbiB 00pasiia.

o Paccrosinnie GH HasbiBaeTcst ocmamounsim yoaunenuem v onpene-
JISIeTCST OTHOLLIEHWEM YBEJIUUEHHUsI [UTMHBI 00pasiia, TpOon3oLie/-
IETO BO BPeMsl MCIIBITAHUSI, K HauaIbHOM JJIMHE o6pa3iua (B Mpo-
LIEHTaXx),

TO €CTh

0CTATOYHOE YIJIMHEHHE =

_ yBeJauuyeHue NJIMHBI, pou3ouennee B0 BpeMs HCIbITAHUSA
HaYyaJIbHaA JJIMHA

x 100%.

Hanpumep, HuXe NpUBEAEHBI JaHHbBIE UCTIBITAHUSI Ha pa3pbiB 00-
paslia ¢ ceyeHUeM IMPSIMOYTOJIbHOM (POPMBbI, M3rOTOBJIEHHOTO W3
muHKa. [InuHa ob6pasna — 40 MM; mmpuHa obpasua — 2.5 MM; u3-
MepuTebHas 6aza — 120 mm.

Harpyska [kH] 10 | 17 | 25 | 30 | 35 |37.5|385| 37 | 34 | 32
Yumnenue [mm] | 0.15 | 0.25 | 0.35 | 0.55 | 1.00 | 1.50 | 2.50 | 3.50 | 4.50 | 5.50

Pa3peiB npoucxoaut, Korna yaauHeHue JOCTUraeT S MM, a Mak-
cuMaJibHasl Harpy3ka paBHa 38.5 kH.
Ipaduk «Harpyska/yanuHeHue» nokasaH Ha Puc. 24.3.

40
30 /
T |/
) B
2
2 20
3]
I
10
C
0 1.0 2.0 3.0 4.0 5.0
YpnuHenve [mMm]
Puc. 24.3

[Ipenen npornopLMOHaILHOCTH HaXoAUTCs B Touke P. 3xnech Ha-
YaJIbHBIN TPAIUEHT KPUBOII HAUMHAET U3MEHSITBCS, a Harpy3ka Jo-
cturaet 26.5 kH.
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Hanpstxkenue B Touke P 3amaercst OTHOIIEHUEM TPUIOXEHHOM
CUJIBI B TOYKE P K MJIOILaau MornepeyHoro ce4eHus u3MepUTEIbHOM
6asbl, TO €CTh

3
o= _cwa_ _ 265x10°H  _ 265 x 10° Tla = 265 MIla.
WIomamb 40 x 2.5 x 107 m’

IpanueHT mpsiMmoro ydyactka rpaduka 3amaeTcsl OTHOIIEHHEM
MaKCUMaJIbHOW Harpy3Ku Ha JMHEWHOM y4yacTKe K YAJTMHEHUIO 00-
pasiia, mpor3olIeaIeMy Py 3TOi Harpyske,

TO €CTh

BC - 200H _ _ 7143 10° H/u.
AC  035x107m

Monyns FOnra = (rpaaiveHT 3aBUCUMOCTH) ( fl) =

120 x 10°°

= (71.43x 10°
¢ )(mox 107

) = 85.72x 10° Ia = 85.72 I'a.

Ipenen npoynocTn _ _ MakKCHMajlbHasl Harpyska

NpH PaCTSKEeHUH HaydaJibHad ruiomaab CCYEHUA

3
= 383x 10 H _ 585, 10° Ma = 385 MIla .

100 x 107 m?

YIUIMHEHWE B TOYKE pa3pbiBa _
HayaJIbHasl JIMHA

Pacrskenue (B mpoueHTax) =

_ 5.0 MM
~ 120 Mm

x 100 = 4.17%.
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25. UCTIBITAHUE HA TBEPIOCTD
N YJAPHYIO BA3KOCTb

TeépaocTb

TBépmocTh MaTepuaga MOXET OBITh OIpeaesieHa HECKOJbKUMM
cnocobamu:

® [10 CIIOCOOHOCTH Llapanarhb Apyrue MaTepuabl;

® [10 CIIOCOOHOCTY COTIPOTUBIIATHLCS LlaparaHbio;

® 10 CIIOCOOHOCTU COIPOTHUBJISITHCSI TUIACTUYECKOMY DPacrpocTpa-
HEHUIO OTTIeYaTKa;

® 10 CIIOCOOHOCTH COMPOTUBJISITHCS MACTUYHOMN AedopMaliuy Moa
OTIEYaTKOM;

® 10 CITOCOOHOCTH COIIPOTUBJIATLHCA [[erOpMaHI/II/I IIyTEM CKaThbIBa-
HUA.

HcnbiTanusa Ha TBEPAOCTH

Bo BpeMst ucnoimanuii Ha meépoocms Ha UCIIBITYEMbIii MaTepua
OKa3bIBaIOT [IaBJIeHUE KaKUM-HUOYAb TBEPABIM 00pa3LOM, HaIlpu-
MEp aJiMa30M WK CTaJIbHBIM IIAPUKOM OIpPENEJIEHHBIX Pa3MEpOB.
Toraa TBEPIOCTb MOXHO OINPENETUTH MO pa3Mepy OTIevyarka, ocTa-
IOLLErocsl OT ornpeneséHHoN Harpy3ku. CyliecTByeT TP OCHOBHBIX
METO/1a OLIEHKHU TBEPIOCTHU:

e wmeton bpunens;
e MmeTon Bukkepca;

e Metoa Poksena.

Memoo bpuneaas

[lo cranmapTHOMY Memody bpunenns mapuk U3 3aKajJ€HHOM cTa-
qu pasmepoM 10 MM BIaBIMBalOT B MaTepuall IOA Harpy3Koii
3000 k. ilnamMeTp MOJYIMBIIETOCS OTIeYaTKa U3MEPSIOT IO MUK-
pockonom. Yucno tBEproctu no bpunennio Hy 3anaercst Kak

Harpyska _ F

cdepuyeckas riowanb ornevyatka  nlD 7
—|D-4D" -d
TP

Hy =

rne F — Harpy3ka, u3mepsieMasi B KusiorpamMmmax (06sraHo 3 000 kr),
D — nuameTp CTaJbHOTO IlIapa, U3MepseMblii B MUJLUTUMETpaX
(006b19HO 10 MM),

d — nuaMeTp oTIevaTka, U3MepsieMbIil B MUJLTUMETpaX.
st Gojiee MSATKMX MaTepUaOB CTaHAAPTHOE WMCIbITAHUE Tpe-
JyCMaTpUBaeT MEHbIIME HArpy3KH U 1apbl Pa3HbIX TUaMETPOB (Kak
paBWIIO, pa3MepoM 1, 2 1 5 MM), a TIpU UCIIBITAHUSX OYEHb TBEPIBIX
MaTepuasIoB IIapbl MHOTAA 3aMEHSIIOT HAKOHEYHMKOM M3 KapOuaa
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BoJibGpaMa. 3HaUYeHUsT Yucia TBEPAOCTH 1Mo bprHeTI0 HaxoasTCs B

nuariazoHe npumepHo ot 900 mwist TBEPABIX MaTepuasoB (C MpeaesioMm

MPOYHOCTH Ha Pa3pbiB, SKBUBAJTECHTHBIM Mpeaey TPOYHOCTH CTalH,

paBHomy 3 000 MITa) no mpumepHo 100 (y MaTepHralioB ¢ MpeaesioM

MPOYHOCTH Ha Pa3pbIB, SKBUBAJCHTHBIM Mpeey MTPOYHOCTH CTalH,

paBHomy 350 MITa).

[Ipu ucneiTaHusIX M0 MeToAy bpuHeNIs1 He06X0aUMO coOII0ATh

MepbI TIPETOCTOPOKHOCTH.

e OOpa3sel] MaTepraia I0JIKEeH ObITh 1OCTATOYHO IIUPOKUM M TOJ-
cTeiM. LIeHTp OTTHCKa AOKEH HaXOOUThbCS OT Kpas oOpaslia Ha
pacCcTOSIHMM, HE MEHbILIEM, YeM JiBa C MOJIOBUHOM auameTpa ca-
Moro oTrtucka. TosiuHa A0KHA ObITh, KAK MUHUMYM, B JECITh

F
pa3 [ FIIy6I/IHI)I OTII€4yaTKa 1 BhIYUCIIACTCA KaK W[ ,
T

rne H — moacunMTaHHOE YMCiIo TBEpIocTy 1o bpunesntio.

e [loBepxHOCTh MaTepuaia MOJDKHA OBITh MO Mepe BO3MOXHOCTH
a0COJIIOTHO MJIOCKOM U OTITOJIMPOBAHHOIA.

e Harpy3ska gojkKHa yaepKuBaThes S C.

o [lox mpsAMBIMM yrjlaMU JOJDKHBI pa3indaThcs IBa AMaMeETpa OT-
TUCKA, W TIPY BBIYUCIICHUM YKCJIa TBEPIOCTHU CIIEAYET MCITOTbh30-
BaTh UX CpelHee 3HaYeHUeE.

o [Ipu 3amucu pe3ysbrata UCIBITAHUI HEOOXOAMMO YKa3bIBaTh 3HA-
YeHUs1 JAMaMeTpa Ilapa M BeJIMYMHY Harpysku (Hampumep,
H 10/3 000 = 410).

Ornepalinio U3MepeHUsI BBITMOJIHSIOT Ha CIIeIMaIbHBIX aBTOMATax,
HO B OOJIBIIIMHCTBE CJIy4yaeB MPUTOAHBI U YHUBEPCAIbHbIE UCIIbITA-
TeJIbHbIE CTEH/IbI-aBTOMATBI.

Jns1 MaTepuasioB ¢ OMHAKOBBIMYM CBOWCTBAMU W IUISI CEMEMCTB
MOXOXMX MaTepraIoB CYLIECTBYET MPSIMO MIPONMOPLIMOHATbHAS 3aBU-
CHMOCTb MEXJY MPeaesIoM MPOYHOCTU Ha Pa3pbiB U YUCIIOM TBEPIO-
ctu o bpunenmo. [Ipenen MpoYHOCTU Ha pa3pbiB = k X TBEPIOCTD.
Hanpumep, npeaen mpoyHOCTU HUKEIEBO-XPOMOBOI CTalu, KOTO-
PYIO CHayasa 3aKkajisid, a TOTOM OTITYCKaIu MPU Pa3IMuHOM TeMIie-
patype, kosebaercs ot 1 900 no 1 070 MIla, a yrcio TBepAOCTH IO
Bpunemtio — ot 530 no 300. KoadduimeHT nponopluruoHaIbHOCTA
k B 3TOM Cityyae paBeH 3.57 mist 1000i Temmeparypshl otirycka. [lo-
XOXUM 00pa3oM y ceMeiCTBa yriepoaMCTON CTaIN TIPEeIesT MPOYHOC-
TH Ha pa3pbIB pacteT oT 380 1o 790 MIla no Mepe yBeJUYeHUs CO-
nepxaHus yriepona. Yucio TBepmocty no bpuHemmo Konebiaercs
ot 115 10 230 B TakOM ke AMara3oHe KOHLIEHTPAllMK yrjiepoaa, a KO-
3G @GUIMEHT TTPONOPIIMOHAIBHOCT B 3TOM Ciydae paBeH 3.35.
M3-3a o0u1ero xapakrepa COOTHOUIEHU I MEXITY MPeeIoM MPOYHOC-
TA U TBEPIOCTBIO CYILECTBYIOT TaOJULBI TMlepecyeTa 3TUX BEJTUUYMH.
OOBIYHO B OCHOBE 3TUX TaOJMII JIEXKUT KOIGDMUILIMEHT IMPOITOPIINO-
HasibHOCTH 3.35.
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Memoo Bukkepca

[To memody Bukkepca TBEpAOCTb U3MEPSIIOT C TTIOMOUIBIO ajiMa3a,
uMelolero (popmy nmupamMuabl. DTOT ajiMa3 ¢ KBaJpaTHBIM OCHOBA-
HUEM BIaBJIMBAIOT B MCCIEAyeMbIii oOpa3ell. YToa MeXay MpOTUBO-
MOJIOXKHBIMU TUTOCKOCTSIMU ajiMa3a paBeH 136°, a mpuKiagbiBaeMast
Harpy3ka pasHa 5, 10, 30, 50 uim 120 Kr — B 3aBUCHUMOCTHU OT TBEP-
nocTtu marepuaia. Yucio TBEpaoctu no Bukkepcey Hy, 3aaaHO Kak

Ho = Harpyska __F
M cepuueckast TuioaabL OTIeYaTKa a3
1.854

rae F— Harpyska B Kujorpammax,
d — 1MHA [uaroHaau KBajpara oOTIeyaTka, u3MepsieMasl B
MWUTUMETpaX.

Memoo Pokeeana

Memood Pokeeanra Ha TBEPOOCTb B OCHOBHOM IIPUMEHSIOT IJIST
OBICTPOI TTPOBEPKM KOHEUHOI TpaHCchopMauuu Matepuaia. Yuciao
TBEPIOCTH OTOOPAXKAETCs HEMOCPEACTBEHHO Ha LIKaje M3MepeHUs.
[IpUHIIMI TECTUPOBAHUSI OCHOBAH Ha MPSIMOM U3MEPEHUH TTyOUHbI
oTrnevyaTka Jubo0 OT CTaJIbHOTO 1apa, IN00 OT uHdeHmopa — aamasa B
¢dopMe KoHyca co chepruiecKu 3aKpYTrJIEHHBIM KOHIIOM. BeiOop 1ma-
pa WIM KOHYCa 3aBUCHUT OT TBEPIOCTH TECTUPYEMOro MaTepuaa
(CTaJIbHOM 1Iap UCMOJB3YETCs IS MAaTepUAIOB, TBEPAOCTh KOTOPBIX
coM3MepHrMa ¢ TBEPAOCThIO CPeIHEN YIJIEPOAUCTOM CTaH).

Ha nmaHenu nmpubopa pacnoyiokeHO HeCKOJIbKO IIKaJl, CPeIu KO-
TOPBIX MOIYT OBbITh KakK IuKajabl PokBesna or A no H, Tak u 1iKabl
Poksesna K, N u T. Bor HeKoTOpble mpuMepbl LIKaJ:

e IIKaya A: UCTIOJIb3YeTCS C MHAEHTOPOM U HArpy3Kkoii 60 Kr;
o 1mkasa b: ucnosnb3yercs ¢ MHIEHTOPOM U Harpy3koi 150 Kr;

e mkana C: UCIONB3YETCS CO CTAIbHBIM LIAPOM IMAMETPOM
1/16 mroitma u Harpy3koi 100 Kr, v T.I1.

Bosbioe npenmyiectBo Metona PokBeia B OTIMUME OT METOIOB
Bpunennsa u Bukkepca — ornepatuBHOCTB eTo TipoBeneHus. Kpome To-
ro, YTO Ha TIOKAa3aHWsl He BIUSIET COCTOSIHUE MOBEPXHOCTH, METOJ
OUYeHb XOPOIIO MOJAXOMUT [UIsI KOHBEepHOro TecTupoBaHus. OQHaKo
Bpuranckue CraHmapThl TpeOYIOT, YTOOBI YMCIIO TBEPAOCTH 0a3UPOBa-
JIOCh Ha TUTOLLAIY TTOBEPXHOCTH JII0OOOTO MOJYYeHHOTO OTIevaTKa.

Jlpyeue memodst ucnsimanuii ha meépoocmo

Metoabl bpunenns, Bukkepca u PokBesia — 3To mpuMephbl cTa-
TUYECKUX UCTIBITAHUI Ha TBEpAOCTD. ElE oMHUM MpuMepoM oa00-
HBIX UCIIBITAHUIA SIBIIIETCS TTpo06a Ha meepdomepe Pepma. OH OYEHB
MOXO0X Ha UCTIbITaHKUe 0 MeTony Bukkepca.

K ayHamMuyeckum MeToiaM OTHOCSITCSI, HampuMep, U3MepeHue
TBEPIOCTU mecmepom ¢ masmuuxom lepbepma, a TaKXKe CKAEPOCKONOM
Illopa. B nepBoM NMpUMEHSIETCSI KOPOMBICIIO B BUE apKH, Jiexallee
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Ha CTaJIbHOM WJIM aJIMa3HOM CTepXKHeE; TBEPIOCTb MOXKHO OIlpelie-
JINTh MO BPEMEHU, 3aTpayeHHOMY Ha IeCsTh KOJeOaHWi, WIM IO
Pa3HOCTU MEXY IMepBOHAYATBLHBIM YIJIOBBIM CMEIIIEHUEM U TTEPBBIM
KoJieOaHUEM.

CKJIEpOCKOIT — 3TO MEPEHOCHOI aIlapar, B KOTOPOM MOJIOTOYEeK
C aJIMa3HBIM HAKOHEYHMKOM TIaJiaeT Ha TECTUPYEMBIl Marepual.
BricoTa oTcKOKa HaeT YMciIo TBEPIAOCTH.

Hepaspywarowue memoowt

TpelvHy B OTJIMTOM M3IEIUU MOXHO OOHApyXXUTh METOAAMU C
HCIOIb30BAHUEM PEHTTEHOBCKOTO U3MyYeHUusl. [1oBepXHOCTHBIE
TPEIIMHBI MOXHO BBISIBUTH 3JIEKTPOMAarHUTHBIMU METOIAMMU, a TaK-
K€ METOAaMM C MCIOJb30BaHUEM YJIbTPa(rOIETOBOTO U3JTyUeHHUs.
[lepBolii cIOCOO MPUMEHUM TOJBKO K UYEpHBIM MeTajulaM, a IMOoCcIe-
HUMU MOXHO TIPOBEPSITh IPYyrue METaIbl U TaKUe MaTepuaibl, Kak
MjacTMacca 1 Kepammuka.

HcnbiTanusa Ha YAapHy10 BA3KOCTb

HcnbiTanust Ha yIapHYIO BS3KOCTb BBITOJHSIIOTCS TS TOJTyYe-
HMsI MTHGOPMALIMK O TIPOYHOCTH MaTepualia, TO eCTh IS Onpeaesic-
HMsI SHEPTUU, HEOOXOAMMOM T ero paspeiBa. K TakuMm MeTomam
HCTIBITAHUI OTHOCATCSI MCTIBITAHKWE MO Memody M300a, KOTOPBIA B
OCHOBHOM MPUMEHSIIOT B bputanuu, v mo memody lllapnu, ipoKo
pacrnpocTpaHeHHOMY B KOHTMHEHTaJIbHOU EBporte.

Memoo Hzo0a
B wucnwbitaHusix 1O
Metony M3ona ucrnbiTye- Cropoxa ynapa
MBIIi 00pasel; MMeeT B MasiTHUKOBBIA KONEP

CeYeHWM KBampaT Cco
cropoHoii 10 MM 1 Tpey-
FOJIbHBIA Hampes o yr-  O6paged,
JioM 45° K OTHO# U3 CTO-
poH. QOO0pa3zenr Kpemko
3aXaT B TUCKM armapara
H3oma y TpeyrompHOTO
Hanpesa (Puc. 25.1). Tsa-
KEMBIA  MasTHUKOBBIT
KOMEP C pa3maxa OIyc-
KaeTcs, yaapsieT mo oo-
paslly U pacKaJbIBaeT
ero. Pa3HOCTb MEXITY yT- Obpased ¢ Hanpesom

JIOM K BEpTUKaIM, TOMA Puc. 25.1

KOTOPBIM OTITyILIEH Ma-

SITHUK, U YIJIOM TiepexJiecTa nmocje Toro, Kak oopasel] TpecHyJ, po-
MopIlMOHaIbHA SHEPTUH, 3aTPauyeHHOM Ha packoj oopasua. E€ Mox-
HO OLIEHUTb I10 11IKaJIe, YCTAHOBJIEHHOUW Ha TECTUPYIOILEM arlrapare.

—||
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B ocHoBHOM MeTox M30[a — 9TO IPUEMOYHBIIA TECT, TO €CTh 3HAYE-
HMe TIOTJIONICHHOM TPY yaape SHepTuu Jubo MpueMoYHoe, JT1ubo He
MpUEMOYHOE. Pe3yiibrarthl 3TOr0 MCIBITAHUS MOXHO HCIIOJIb30BaTh
IUIS OTIPEIENIEHYSI CHJIBI yIapa B IPYTuX YCIOBHSIX.

Memoo Illapnu

Merton llapnu moxox Ha MeToxn M3ona, pa3nuane TOJIBKO B TOM,
YTO MHA4Ye KPEemuTcs o0pasell v eCTh BOBMOXHOCTb U3MEHSTh Maccy
magTHuka. B Mmetone M3oma obpaserr 3axkaT Ha OMHOM KOHIIE U TTOI-
JepKUBaeTCsl, Kak KOHCOJb, a B MeToze Lllapriu o6paser moamepxu-
BaeTCs C KaXI0ro KOHIIA, Kak 6ayka. Ellle omHO pasnuune 3aKkiova-
eTCsl B TOM, UTO Haape3 HAXOAUTCS B LIEHTPE MOAIepXKUBaeMOi Oa-
KU ¥ CMOTPUT B IPOTUBOTOJIOXHYIO CTOPOHY OT ynapa (Puc. 25.2).

O6paseL,

MasTHVKOBBIN

ni

OcHoBaHwe onopsbl

Puc. 25.2
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26. UBMEPEHUE HAITPAXKEHWA

HeobxonumMoe TpeboBaHUE K MHXEHEPHOMY MPOEKTY — 3TO TOY-
Hasl ollcHKa HaIlpsSDKEHWI M TMHEHHBIX nedopManuii B KOMIIOHEH-
Tax COOpPYXEHMS B pabounx ycioBusix. «CONMpoTHUBIIEHUE MaTepua-
JIOB» — 3TO BOIPOC, OTHOCSIIMICS K (PU3NIECKUM CBOMCTBAM Be-
IIECTB M BO3HUKAIOIIMIA KaX/Iblii pa3 MpU BO3ACWCTBUM BHEIIHEU
cwibl. Hu ogHo TBEpHmoe Teno He obsiamaeT abCONIOTHOUM TBEPHO-
CTBIO, U TIOJ] BO3IEMCTBUEM CHUJI €T0 TTapaMeTphl U3MEHSIOTCS. Takue
W3MEHEHUsI HE BCerna 3aMETHBI HEBOOPYXEHHOMY TIJIa3y, TaK Kak
OHM BeCcbMa He3HAYUTeJIbHBI. Hampumep, raeuHblii KJItoU cierka Bbl-
rubaeTcsi, Korja UM 3aKpy4rBaroOT TaiiKy, a Ormopa MOCTa TpocenaeT
O/ BECOM MAIllMHBI.

JIuneiinas nedopmanus

M3MeHeHre BeTMYMHBI JIMHEWHOTO pa3Mepa Teja, paBHOE X, OT-
HeCEHHOE K MepBOHAYaIbHOMY 3HAYEHUIO DTOI BeJIMUYUHBI /, JaéT
OYeHb MHOTO MH(OpPMAIUK O TOM, YTO IMPOU3OIILJIO C CAMUM MaTe-
puasioM. DTo OTHOIIICHHE Ge3pa3MepHO U HA3bIBACTCS IUHElIHOl Je-
gopmayueii €, TO eCTh

g:)_C
1.

Hamnpsixenue

Cuna F neiicTByrolasi Ha IUIOIIAAb Tesa A, Ha3bIBaIOT HAnpsice-
HUeM G, eIUHULIA U3MEPEHUsT KoToporo nackaib [[1a], win HblOTOH
Ha KBagpaTHblit MeTp [H/M?], To ecTb

(B dopmynax 310t KHUTM UCTIONIB30BATUCH MEXIYHAPOAHBIE 0003~
HayeHus BeJIMYuH. COOTBETCTBHE MEXIY MEXIYHapOIHBIMU U OTe-
YeCTBEHHBIMU 0003HAYEHUSIMM TIPUBEICHBI B IN1. 6. — [Ipum. pedak-
mopa nepesooa.)

Moayns ynpyroctu IOnra

Ecnu TBEpIOE TENIO MoABEpraeTcsi MOCTENeHHO YBEIMUMBAIOIIEMY-
Cs1 IaBJICHUIO U €CJIM U3MEPSITh pacTylliee HanpsokKeHUe U BOZHUKAIO-
LIYIO TIPY 3TOM JIMHEIHYI0 Ae(opMalinio, TO MOXHO MOCTPOUTH Ipa-
¢bUK 3aBUCUMOCTH JIMHEHOI nedopmMauru oT HampstkeHus. 1o or-
penen&HHO BeIMUYMHBI HAMTPSKEHMsI, KOTOPYIO Ha3bIBaIOT MPeae oM
MPONMOPLIMOHAIIBHOCTU U KOTOpAasl 3aBUCUT OT CBOMCTB KOHKPETHOTO
BelllecTBa, TIpaduK mOpeacrapiaseT coboil Tmpsmyto. IpagueHT
MpsIMOil — KOHCTaHTa, Ha3biBaeMasi modysem ynpyeocmu E (MOIysb
IOnra).
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=< Ma (1)

HaIpspKeHHe (I0 Ipefiesia PONOPLUOHATBHOCTH)

E = -
JNUHeiHas nedopmanus

~1% I

Kaxnaplit MaTepuan umeeT CBOIO BeluMuuHy moayist FOura. Ha-
puMep, Moayib FOHra Msrkoii cranu paseH npuMmepHo 210 x 10° TTa
(nmm 210 T'T1a).

Ipemen ynpyroctu

Ecnu cuna npekpaiiaer cBo€ AeiicTBUE U TeJIO MPUHUMAET Mep-
BOHAYaJIbHYIO (HOpPMY U pas3Mmep, FOBOPST, YTO MaTepual YIpyrHid.
Ecnu Teno He MpMHMMAaeT TepBOHAYATIbHYIO (hOPMY, TOBOPST, YTO
Martepual IJacTUYHbII. Meb, cTajlb U pe3rHa OTHOCSTCS K YIIpy-
MM MaTepurajiaM, a CBUHeIl ¥ TUTACTUJIMH — K IIaCTUYHBIM. OTHAKO
Jaxe ISl YIPYTMX MaTepuasioB CYIIECTBYET Mpeei HarpsDKeHUs,
Mocjie KOTOPOTO OHM MOTYT BEPHYTHCSI K MCXOIHBIM IapaMeTpaM.
DTOT Tpenes HasbIBalOT npedeiom ynpyeocmu Matepuana. [lpenen
YIPYTOCTH U MPeIesT MPONOPLUOHATBHOCTH )i BCEX MAIlIMHOCTPO-
WUTEJIbHBIX MaTEPUAJIOB TIPAKTUUECKU OAMH U TOT Xe. Ecnu teno uc-
MBITBIBAET HATPSIKEHUE, TIPEBBIIIAOLIEE MPEIET YIIPYTOCTH, TO BO3-
HUKaeT ocmamoyHas degpopmayus. (ITompodbHee o momyne KOHra n
npezaesie ynpyroct cm. ctp. 129, 130.)

Heo0xoaumMocTh M3MepeHHs HATIPSIKEHUSt

Ipu pa3paboTKe KOHCTPYKIINI, TAKKX, KaK OIOPBI IMHUHN 3JIEKT-
poriepeaayn, OIMOPHbIE KOJOHHBI WJIH IIPOJIETH MOCTOB, IIPOEKTUPOB-
LMK YIEeIseT 0c000e BHUMaHNe MEXaHMIECKMM CBOMCTBaM MaTtepua-
JIOB, MICTIOJIb3YeMBIX B paboTe. [IJIst MOaydeHNsI JaHHBIX O MaTepragax
pa3paboTaHO MHOXKECTBO METOIOB UCIIBITAHUIA, TPOBOINMBIX B JIa00-
patopHbIX yciaoBusix. Cpenu HUX WCIBITAHUS Ha paspbiB, CXKaTHE,
KpydJeHHe, YIapHYyIO BSI3KOCTb, IOJI3YYECTh U yCTanmocTh. Kaxmoe u3
HMX JaeT MHGOPMAILIHIO O MIOBEICHUN MaTepUaioB B pabOYHX YCIOBH-
sx. (TunoBoit MeTO UCIBbITAHUI HAa Pa3phIB OMKUCaH B 1. 24.)

CHpoeKTUPOBaTh KOHCTPYKIIMIO, TOCTATOYHO YCTONYUBYIO, UTO-
OBl BBIIEPKATh HArPy3KH, BO3HMKAIOLIUE MPHU SKCIUTyaTallid, BO3-
MOXHO, HO HET CMbIC/]A M3-3a KOJMUYEeCTBa YIPYroil nedopmariuu.
OnHako MpPOBOAMMBIE Ha MaTepuajiax WCIBbITAaHWs, KOraa Mpeaes
YIPYTOCTH HE MPEBBIIIAETCS, MMEIOT OYeHb 60JIbIlIoe 3HaYeHHe. [0-
BODST, YTO MaTepuajl, MMEIONINI OTHOCUTEIBHO BBICOKOE 3HaYECHME
monyisi FOHra, mmeer u BbICOKOE 3HaueHuUe acécmkocmu. Kect-
KOCTh — 3TO OTHOILICHWE CHJIbI K OTHOCHUTEIbHOMY YIUIMHEHUIO,

TO ecTh F/x.
W3 ypaBHeHwust (1)
= HANp:DKCHME = (f) (l) = XECTKOCTh X (1)
JMHeiHas gedopMams b A
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CrenoBaTesibHO, Koraa Tpedyercst onpeneanuts Moayab FOHra, He-
006X0IMMO MOCTPOUTD rpadUK 3aBUCUMOCTH «HANPsDKEHUE/TMHeHas
nedopMmaliusi» win rpaduk «Harpyska/yaiuHeHue». Ha npakrtuke Ha-
MPsSIKEHUE 3a4acTYIO OYeHb MaJlo, a 9TO 3HAYUT, UYTO OYeHb MaJIble Y-
JIMHEHUSI TOJDKHBI UBMEPSTHCS C BICOKOM CTEMEHbIO TOUHOCTH.

H3MepeHus yanuHeHUsI MaTepuaia, a cjeqoBaTe/IbHO, U HaTpsI-
>KEHUsI BBIMOJIHSIIOTCSI B JIAOOPATOPHBIX YCJIOBUSIX C TTIOMOIIbIO MHC-
TPYMEHTA, Ha3bIBAEMOT'0 MeH30Mempom. XOTsl HEKOTOPbIE TEH30MET-
PbI MOXXHO MCITO0JIb30BaTh B YCIOBUSIX IKCIUTyaTallMu MaTepuaia, Ha-
MpUMep ISl KpaHa C Harpy3Koii, daiie B PEaTbHBIX YCIOBUSIX
TPUMEHSETCS] NEKTPUYECKUIA PUOOP Mo Ha3BaHUEM damuuk de-
gopmayuu.

3HaHUe O HAMPSDKEHUU U JIMHEWHOM aedopMaliuu JIeXUT B OC-
HOBe o0OecrieueHus1 6e30MacHOCTU M TMPaBWJIBHOTO pacrpeieieHust
CPEJICTB MPU MTPOCKTUPOBAHUU.

TensomeTpnl

Tenzomemp — 3TO MHCTPYMEHT JJIsSi TOUHOTO M3MEpEeHHUsI OYeHb
MaJibIX YIPYruxX YUIMHEHUI MaTepuaia, JJisi TOTO 4TOObI MpeicKa-
3aTh €ro MOoBeACHKUE PU IKCIUTyaTaluu. ECTh HECKOIBKO BApUAHTOB
TEeH30METPOB, CPear KOTOPhIX TeH3oMeTphl JInHmes, [yrenoepra u
XoyHchunpaa.

Tenzomemp Jlunoaesn

Tenzomemp Jlunones, BOSMOXHO, CaMblii paCIIpOCTPaAaHEHHBIN TUIT
TEH30METpa, MPUMEHSIEMBbI 111 U3MepeHusl Aedopmalium pacTsixe-
HUsI. DTO YCTPOMCTBO COCTOMT U3 ABYX Iuied, A u B, coequHEHHBIX
MOJIOCKOM MPY>XKMHHOM CTaJIM, NEUCTBYIOIIEN KaK mapHup. UcrbiTy-
eMBblii obpa3elr 3akuMaroT B Toukax C 1 D 3aToOYeHHBIMU IITypyITaMHu.
Paccrostnue mexay C u D 06b19H0 paBHO 50 MM. D1i 50 MM mojy4u-
JIM Ha3BaHUWE «M3MepuTeNibHasl 6a3a». MHaukaTop ¢ mudepbiaTom
ToMeIaeTcs Mexmy ruiedamMu A u B, kak rmokazaHo Ha Puc. 26.1, roe
MU300pakKeHO TUITMYHOE YCTPOUCTBO TeH30oMeTpa JInHmes.

\ MpumepHo 20 cm

LinpepbnatHbiii

NHOMKaTOP MNpumepHo

10cm

—— L

Yach /\E]/ LapHup n3

MPYXUHHON
ucnbiryemoro o6pasua ¥ cpna cTanu

Puc. 26.1
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Touka D pacrnosioxeHa Ha MOJITYTH MEXIy NIapHUPOM W WHIM-
KaToOpOM; CJIeJOBaTeIbHO, IBUXKEHUE CTPEJIKMA Ha MUHAMKATOpe OyleT
MTOKa3bIBaTh YIBOCHHOE 3HAYCHKNE PEATBHOTO YITMHEHUSI TECTUPYe-
Moro obpasua. OgHaKoO MHIUKATOP OOBIYHO OTrpagyupoBaH Tak,
YTOOBI €ro MOKa3aHMsI COOTBETCTBOBAIM MCTUHHOMY 3HAUCHUIO Y-
nuHeHUs. Kaxoe meeHre XapakTepusyeT YIUTMHeHre B | MUKpPO-
MeTp, To ectb 1075 m, mmu 0.001 mm. Ha Tenzomerpe JIMHITed yuTH-
HEHUE MOXET U3MepPSIThCS C TOYHOCTHIO 710 0.0001 MM.

Tenzomemp Iyzenbepea

Tenzomemp [yeenbepea — TIPOCTOI, U3HOCOCTOWKUIT Y TOYHBIN
WHCTPYMEHT, KOTOPBINI MOXHO WCIIOJIb30BaTh IS U3MEPEHUS Jie-
dopmaiu pacTsKEHUST UK cXaTusi. B ero ocHOBe HaxoAUTCS yBe-
JINYMBAIOIAsl pblyar CUCTEMa, CIIOCOOHAS MOJy4yaTh YCUJIEHUE TO-
psaka 2 000. Ha Puc. 26.2 moka3aHo yIpoOILIEHHOE YCTPOMCTBO IIPU-
Oopa (BUL criepean).

| MpumepHo 5 cm

MpumepHO
17cm
OTrpapyvpoBaHHas
d Y
Cuna Cwvna
/ YacTtb mgmepﬂemoro
3axum oopasua
Puc. 26.2

Tenszomerp [yreHOepra MpHXKKMMAIOT K TECTUPYEeMOMY 0OpasiLy.
Qu R — aBa pexyinux Kpasi, OTCTOSIIIMX APYT OT Apyra OObIMHO Ha
10 wim Ha 20 mM. JIto6oe HampskKeHre, KOTOPOe UCTIBIThIBaeT 00pa-
3ell, M3MEeHUT u3MeputenbHyto 6a3sy QR. Ha Puc. 26.2 mokazan 00-
pasell Moj AeCTBUEM MPUIOKEHHOM K HEMY CHJIBI, U, CJIeI0BATE b~
Ho, mmHa QR momkHa yBenmuuthbes. isMeHeHNe MIMHEI TTIepeaaéT-
cs1 o cTepXHIM (0603HaueHHbIM P) 1 1o peruaram S u T K cTpenke,
KOTOpasi OKaXxeT Ha IIKaje BeJIMYMHY YJIMHEHWS] B COOTBETCTBUU C
Ko duureHToM ycuiaeHus. [locTaBIIMK, KalvOpYIOIINN Kaxkaoe
TaKoe YCTPOMCTBO MOCJE €ro M3rOTOBJCHUS, MPEIOCTABISIET ITOT
ko3 dunmenT (pasHbiit mpuMepHo 2 000) moTpedbuTenio.

Takoii TMI TeH30MeTpa IMO3BOJISIET (DUKCHUPOBATH YIUIMHEHUS C
TOYHOCTbIO, CPABHUMOI C TOUHOCTbIO TeH30MeTpa JInHIes, U Mo-
JKET UCIOJIb30BaThCs U B JJADOPAaTOPHHU, U Ha MPOM3BOJCTBE.
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Tenzomemp Xoyncguavoa

Tenzometp [yreHbGepra MOXXHO MCTIOJIB30BaTh COBMECTHO C MeH-
30mempom XoyHcghuavOa, KOTOPBIA TIPENCTaBISIET COOOIl YHWBEp-
cajJibHOE TIEPEeHOCHOE U3MEPUTETbHOE YCTPOMCTBO, CIIOCOOHOE MPU-
KJIafblBaTh CHUJIbI CXATUS WM PACTSDKEHMS] K METAUIMYECKUM U
MJIACTMACCOBBIM M3/IEJIUSAM, TKaHSIM, IpeBeCUHe, Oymare U T. . WK
C JIIOOBIM IPYTUM HU3MEPHUTENIbHBIM YCTPOCTBOM. TeH30MeTp — 3TO
TOYHBIN TPUOOP I U3MEPEHUS YITMHEHNsT UCTIBITYEeMOTo o0pasiia
6osee yem Ha 50 MM M3MEPUTEIbHOM 0a3bl, KOTAA UCIIBITYeMbII 00-
pasell MoABepraeTcsl Harpy3ke B U3MEPUTEIbHOM YCTPOUCTBE. DTOT
MHCTPYMEHT MOXHO MPUCOCIUHATh K 00pa3iaM Kpyrioi ¢hopMbl ¢
IMaMeTPOM BILIOTH J0 25 MM WJIM K MPSIMOYTOJbHBIM (hparMeHTaM
MaTepuana ¢ IUIOIAAbIO CeYeHUs BIUIOTh 0 25 MM> MPU M3MepH-
TeJbHOI 0a3ze 50 MM 0e3 mpeaBapUTEIbHOI MapKMPOBKM 0Opasia.
Ha Puc. 26.3 moka3aH TUIMUYHBIA TeH30MeTp XOYyHCHUIbIA C IBYX
TOYEK OCMOTpA.

MpumepHo
10cm

OnopHas nnactTuHa

MoaBwxHoM
3aXUM

Koneco
MUKpOMETpa
C AeNeHnsaMm

Koppektnpyembiii
LieHTP

CTepxeHb Menbityemblii dukcrpyembiii
N3MepUTENbHON 6asbl obpasze, LieHTp

JNlamnouka

O6pasel,

MnatnHoBble LleHTpanmayiowas
KOHTaKTbl nnactuHa

MpnmepHo 10 cm !

Puc. 26.3

CrepXeHb M3MEPUTEJbHOU 6a3bl MPUBEPHYT B OMpPEACIEHHOM
MTOJIOKEHHUH, 0OeCTIieYrBast pacCTOSTHIE MEXIY 3aUMKCUPOBAHHBIMU
LIeHTpaM¥ poBHO 50 MM. 3aTeM TEH30METp MPYKUMAIOT K TeCTUPYe-
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MoMy (hparMeHTy, HO IO TOTO, KaK OTBEPHYTh CTePXXEHb U3MEPUTEIIb-
Holi 6a3bl. @parMeHT Mo-npexHeMy ocTaéTcsi 6e3 Harpy3Ku, a MUK-
POMETp 3aKPYYMBAIOT J0 TEX MOP, TTOKa HE BCTPETITCS IUIATUHOBBIC
KOHTaKThI, TEM CaMbIM 3aMbIKasl 3JIEKTPUIECKYIO LIETTh (0 YEM CBUIIE-
TEJIbCTBYET 3aropalolasicst JJaMIouka). 3aTeM CHUMAIOT MMOKa3aHUs
MMKPOMETpA, U €ro rojoBKy packpyuuBaloT. [Tocyie Toro kak K 00-
Ppa3sily IpUIOKMIN HArpy3Ky, rojloBKa MUKPOMETpa CHOBA 3aKpyyu-
BaeTcsl, W TP 3arOpPaHWU JIaMITbl CHMUMAIOTCSI HOBBIE ITOKa3aHUs.
PazHocTh MeXXy NIBYMSI TOKa3aHUSIMU MUKPOMETPA — 3TO KOHEYHOE
YIUTMHEHUE WCIBITYEeMOTro o0paslia Tpu OIpeAe€HHON HarpyskKe.
Kaxnoe nmenenue kojeca mukpomerpa paBHo 0.002 mm. TouHOCTH
TeH30MeTpa XOyHChWIbJa CpaBHUMA C TOYHOCTBIO JPYTMX TEH30-
METPOB, a TIPEUMYIIIECTBOM 3TOTO YCTPOMCTBA, B ONIPENEIEHHBIX 00-
CTOSITEJTLCTBAX, SIBJISTFOTCS €70 HEOOJIbIIIE TA0aPUTHBIE pa3MepHhI.

JlaTuuku nedopmanuu

Jlamuuk degpopmayuu — 3T0 3NEKTPUIECKUI TPUOOD, UCTIONb3Ye-
MBIii U1 U3MEPEHMS] MEXaHUYeCKOi AedopMaluu, TO €CTb ISl U3-
MEHEHUS JJIMHBI BCJEICTBUE MPUIOXKEHUS CUITBL.

Jatyuk necdopMaldy COCTOUT MO CYLIECTBY M3 OYeHb TOHKOTO
MpoBOJA, ILIOTHO MPUKPEIJIEHHOIO K TOI YacTU 00beKTa, Iae Tpeoy-
eTcsl u3MepuTh aedopmanuio. Korna B pesynsrate HaTsKeHUs [UTMHA
MPOBOJA MEHSIETCS, BOSHUKAET U3MEHEHHUE €ro JIEeKTPUYECKOro Co-
MPOTUBJIEHHUS, U 3TO U3MEHEHME COMPOTUBIEHUS! IPONOPLIMOHATIBHO
M3MEHEHUIO JUTMHBI poBoa. CiieoBaTeIbHO, KOTIa IIPOBO PUMBbI-
KaeT K 4acTH, IOoJBEPXEeHHOH 1echopMaLiuu, U3MEHEHHE JIeKTprUYec-
KOTO COTIPOTHBJICHUST TPOBOJIa BOZHUKAET M3-3a U3MEHEHUS €T0 JTH-
HBI. 3aMepUB U3MEHEHUE COMTPOTUBIICHUS, MOXKHO OTPEICTTUTh BETH-
yyHy aedopmaimu. BriepBbie natynk aedopMaiiviu ObLT MPUMEHEH B
1939 . B CLLIA u c Tex mop MoJyuyus LIMPOKOE PacrpoCTpaHEHUe,
0cobeHHO B aBracTpoeHUM. Celiuac OH SIBJISIETCS] OCHOBOW OHOM U3
HauboJee 3pheKTUBHBIX METOAUK aHau3a AehopMauu. TUTHYHBIN
MPOCTOi NaTYuK nedopmannu nokasaH Ha Puc. 26.4.

ToHkwi1 npoBop,

—————————
Tnbkuit
K namepwutensHoin 3a[HWA NUCT
uenu (0Bb1uHO
6ymara)
B e |

Puc. 26.4

B ocHoOBe co3naHust COBpeMEHHOTO naTyuKa aeopMaiuu JexXuT
npoiiecc popMUpoOBaHUSI TOHKOM (HOJIBI'M PE3UCTHBHOIO MaTepuasa
C TIOCJIEAYIOINM yAaJleHUEM HEHYXHbIX YacTeil (hOJIbIU C MOMOILBIO
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npolecca (hoTorpaBUPOBKH, co3marolneil TpebyeMyto KoHdurypa-
LIMI0 PE3MCTUBHOTO 3JieMeHTa. Takoil mpubop HasbIBaeTCsl Poabeo-
8blll damuuk degopmayuu, TAITMIHOE YCTPOMCTBO KOTOPOTO TTOKa3a-
Ho Ha Puc. 26.5.

PeancTuBHbIN
mMatepwuan

\

Puc. 26.5

DobroBoIit JaTYnuK Z[C(I)OpMaHI/II/I UMECT pAld NMPEUMYUICCTB IO
CPaBHCHMUIO C NPCAbIAYIIVUMU METOOaMU. Arto0:

e JTyylllee CLETIJIEHUE MeXIy TPOBOIHUKOM M MaTE€PUATIOM MOTOXKKH,
o JIyYIlIMU TETJIOOTBO/,;

e TIpOCTasi ¥ MPOYHast KOHCTPYKIIUS;

® €ro Jierye NPUKpPEIIsiTh K MCCiieyeMoMy o0pasily;

® TOYHOE BOCIIPOM3BOJICTBO MOKA3aHUIA;

® BO3MOXXHOCTb YMEHBIIIEHUST Pa3MEpOB.

Jlnst Toro 4toObl cTpesika raibBaHoMeTpa G OTKIIOHWJIACH MPO-
MOPILMOHAILHO BO3HUKINEH Aedopmaluy, AaTYMK AOJDKEH OBITh
MOICOEIMHEH K OTHOMY IJIeuyy MOCTMKA CONPOTHBJICHUM, KaK MoKa-
3aHo Ha Puc. 26.6.

CG) Jatumk
nedopmauum

Puc. 26.6

HCHL MOCTUKaA COHpOTI/IBJTCHI/Iﬁ C ABYMA OJWHAKOBBIMU COITPO-
TUBJICHUAMMU B IJICHaX, UMECT HYJIEBOC OTKIIOHCHUEC CTPCJIKU TaJlb-
BaHOMETpa, HO, KOorjga COIIPOTUBIICHUE OOHOTO ILJICYa USMCHACTCA,
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CTpesiKa rajbBaHOMETpa OTKJIOHSIETCS OT HYJIEBOTO TOJOXEHUS] U
BeJIMYMHA OTKJIOHEHUS XapaKTepu3yeT U3MEHEHUE CONPOTUBIICHUSI.
Ecnu B pesysbraTe NpUIoKeHHON CUJIBI B JaTYMKE BOZHUKAET U3Me-
HEHME COMPOTUBJIEHUS, TO BeIMUMHA U3MEHEHUsT TTOKA3aHUI rajib-
BaHOMETpa M eCTh BeJIMuMHa aedopmauuu. st 6ojee TOUHBIX U3-
MepeHuil aedopMaluu CyIIeCTBYeT HECKOJIBKO BO3ZMOXHBIX CIIOCO-
0OB YCJIOXHEHMs] JaTyvka. B 92Toil m1aBe OHU TOAPOOHO He
OMNUCAHBI, HO BOT UX NEPEYEHb:

e BBeJIEHUE JIOTMOJHUTEIBHOIO JaTYMKa, KOMIIEHCUPYIOLIETo Koje-
O6aHust TemnepaTypbl. OH HEOOXOAMM IS TOTO, YTOOBI BBIXOM
MOCTHMKA He 3aBHUCEJ OT TEMIEPATYPbI, TAK KaK TeMrepaTypa BIu-
sIeT Ha COOCTBEHHOE COIMPOTUBJICEHUE NAaTYMKa, U U3MEHEHNE CO-
MPOTUBJICHUSI MOXET ObITh OLUMOOYHO MPUHSITO 3a AedhopMaLIMIO
MaTepuana;

e BBEICHUE [OMOJHUTEIBHOTO MOCTUKA, YPaBHOBEIIWBAIOIIETO
LIeMb ISl TTOJIyYeHUsl HYJIeBOrO OTKJIOHEHMSI Ha rajibBAaHOMETpe
MpU HYyJIeBOM nedopmalinu;

e 100aBJIeHUE YCWINMTENS ISl YCWIEHUWS BBIXOAHOTO CUTHaJa OT
MOCTHMKA B TeX CJIy4asiX, KOria ypoBeHb aedopmaliiuu Takou, 4To
OTKJIOHEHUE COTPOTUBJICHUSI CIUIITKOM MaJlo, YTOOBI OTPA3UThCS
Ha TIOKa3aHUSX raJlbBAaHOMETPA;

TunuuaHbIe PUMEPbI KCITOJIb30BAaHUS TaTIMKOB e(hopMalliin:
e KOPITyC 1 OOIIIMBKA CaMOJIETAa BO BpeMsl T0JIeTa;

® OIOPBI JIMHUIA 3JIEKTpOIepeaadu, KpaHbl, OMOPbI U MPOJIETHI MOC-
TOB HOBBIX KOHCTPYKIIUIA, Koraa uHdopMaluio o aedopmarmsix
HEOOXOIMMO MPOBEPSATD [Tl YTBEPXKIACHUS TTPOEKTA;

e ynaJ€HHbIE YYACTKU WM XECTKME BHELIHNE YCJIOBUSI, HAIIpUMeED,
BHYTPM SIIEPHOIA YCTAHOBKM (KOTJIa), Ha JlonaTkax TypOuH, B IBU-
rareyisix aBTOMOOMJIEN, Ha BEPTOJETHBIX BUHTAX BO BpeMs MOJIETA,
oJ1 BOJO# Ha onopax HedTeno0bIBaOIIUX M1aTGOPM, U B IPYTUX
ciyyasix, Koraa HeoOXOoIMMBbI JaHHBIE O CTeTNeHU NedopMalinu.
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27. KOJIMYECTBO ABV2KEHUA
N NUMITYJIbC CIJIbI

KoamyecTso aBizkeHns (MMIYJIbC TeJa)

Koauuecmeo deudsicenus, VM umnyavc meaa, OTIPEENSIOT Kak
MPOU3BEACHKE €r0 MacChl U CKOPOCTH, TO €CTh

KOJIMYECTBO ABUXKEHUA = mu,

roe m — macca [Kr],
L — CKOpOCTh [M/c].

EnunHuua konuyectBa ABMXKEHUS] — KIr-Mm/c, wiu H-c.

Tak KaK CKOpOCTh — BEKTOpHasl BEJIMYMHA, KOJMYECTBO JIBUXKE-
HUS TaKXe BEKTOpPHAsl BEJIMUYMHA, UMEIOLIasi He TOJbKO YMCIEHHOE
3HaYeHUe, HO U HaIpaBJIeHUE.

Hanpumep, KOJIMYECTBO IBYKEHUS (MMITYJIbC TeJla) CBacOOHOTO
Mojiota Maccoir 400 KT, KOTOpbIii ABUKETCS BHHU3 CO CKOPOCTHIO
12 M/c, 3a1aeTcs Kak

KOJIMYECTBO JABMXKEHHA = Macca X CKopocTh = 400 kxr x 12 M/c =
= 4 800 Kr-mM/c, HanpaBJeHHbIE BHU3.

Ilepeviii 3axon Hvtomona rnacur:

Teao ocmaémes HenooBUNCHBIM UAU RPOOOANCACHT PAGHO-
MEPHO U NPAMOAUHEIIHO 08U2aMbCs 00 meX nop, NoKa Ha
Hezo He noodelicmeyem 6HeWHAA culd.

CnenoBaTebHO, KOJTMYECTBO JABVXKEHUSI TeJla (MM ero UMITYJIbC)
OCTaeTCsl HEM3MEHHBIM TIPU YCJIOBUU, YTO Ha TeJIO He NeiCTBYIOT
BHEILHUE CUJIBI.

3aKoH coxpaHeHusi UMNYAbCa U 3aMKHYTOM cHUCTeMbl (TO eCTh
CHCTEMBI. Ha KOTOPYIO HE ICWCTBYIOT BHELITHKE CUJIbI) MOXKHO cop-
MYJIMPOBaTh TaK:

CymmapHoe Koauuecmeo 0euiiceHuss 3aMKHYmoil cucme-
Mbl ROCMOAHHO.

CyMMapHO€e KOJIMYECTBO ABMXKEHUSI CUCTEMBI MEPE CTOJIKHOBE-
HMEM B 3aJaHHOM HarpaBJeHUU PaBHO CYyMMapHOMY KOJIMYECTBY
JIBUKEHUST CUCTEMBI TOCJIE€ CTOJIKHOBEHHUSI B TOM XK€ HarpaBJIeHUHU.
Ha Puc. 27.1 n3o0paxeHbl 1Ba Tejia, MaCChl KOTOPBIX, M| U M, , IBU-
KYTCSI B OTHOM HAIIPaBJICHUM CO CKOPOCTSIMU U;>U,.
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Teno 2

Teno 1
Puc. 27.1

[TpoucXomuT CTONKHOBEHUE, W, TIPUMEHSIST TIPUHIIMIT COXpaHe-

HUST UMITYJIbCA, TIOJTyYaeM:
(cyMMapﬂoe KOJIMYECTBO ) _ (CyMMapHOC KOHI/I‘i@CTBO)
JBUKEHUSI TIEpe yIapoM NBUXKEHUSI TIocTie yaapa )’
TO €CTh
myuy + myu, = myv + myv,,
Iae v; U L, — CKOPOCTH Tena | 1 Tena 2 mocie yaapa.

Hanpumep, BaroH maccoii 10 T ABIKETCSI CO CKOPOCThIO 6 M/C 1
CTAJIKUBAETCSI C IPYTMM BarOHOM Maccoi 15 T, CTOSIIKUM HETOIBUXK-
Ho. [Tocne ynapa BaroHsl IBUXKYyTcsl BMecTe. OTpeaeanM ux o0LIyo
CKOPOCTb MOCJIe yaapa.

CyMMapHOC KOJIMYCCTBO ABUXECHU IEPE YIapOM =
= myu, + myu, = (10 000 x 6) + (15000 x 0) = 60 000 Kr-m/c.

[TycTh 061Iast CKOPOCTh BATOHOB TOCIIE yaapa OyaeT U M/c.
Tak Kak CyMMapHOe KOJIMYECTBO ABMXKEHUS Mepe]l yIapoM paBHO
CYyMMapHOMY KOJIMYECTBY IBMKEHUS TTOCTIE yaapa, TO
60 000 = m,;v; + myv, = v(m, + my) = v(25 000),
oTKYyIa

TO €CTh 00Iast CKOPOCTh MOCJe yaapa paBHa 2.4 M/C B HANPABJIEHUH,
COBNAJAIONIEM C HATIPaBJIEHNEM JBHXKeHNs BaroHa maccoii 10 T 1o ero
CTOJIKHOBEHHS.

I/IMIIyJIbC CIJIbl M UMITYJIbCHBIC CHJIbI
Bmopoii 3akon Hotomona B OTHOM U3 pelaklMil [1acuT:

Ckopocmb uzmeHeHuUA K0AUUeCmea 08U CeHUA NPAMO
HpONOPUUOHANbHA NPUNONHCEHHOU cuae, npueeduieli K u3-
MeHeHuUI0, U cognadaem ¢ HanpagieHuem Mol cubl.

[MpunoxeHHast cuiia = CKOPOCTh UBMEHEHHUS KOJIMUECTBA ABUKCHUS,
WIn
MPUJIOXKEHHAsT _ U3MEHEHME UMITyJIbca (1
cuia 3aTpayeHHOE BpeMs
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Korna Ha Tes1o BHE3arnHO HaUMHAeT IeMCTBOBATh CUJIA, B PE3YJib-
TaTe CTOJIKHOBEHMUSI C IPYTUM TEJIOM WM OT yaapa Apyroro teja, Ha-
MpUMep MOJIOTa, 3aTpadeHHOe BpeMs B (popmyie (1) oueHb Masio u
€ro TPyAHO M3MepUTh. B Takux ciyvasix cymMMapHbIid 3(PheKT CrTbl
omnpeensieTcs: Mo  TPOU3BEAEHHOMY M3MEHEHMIO KOJIMYecTBa
TIBUXKCHUS.

Cuutbl, IefCTBYIONINE B TEYEHUE OYeHb KOPOTKOTO TTeproia Bpe-
MEHU, Ha3bIBAIOT UMHYAbCHbIMU cusamu. [lpousBeneHre WMITYJIb-
CHOW CWJTBI U BpEMEHM, B TeUeHNE KOTOPOTO OHA JIeiCTBOBaJIa Ha Te-
JI0, Ha3bIBAIOT UMNYABCOM CUANBL.

WmMrtynbe crutbl paBeH U3MEHEHMIO KOJIMYECTBA IBWKEHUS B pe-
3yJIbTaTe ACVCTBUS UMITYJIbCHOM CWIIBI, TO €CTh

UMITYJIbC CWJIbl = MNPUWJI0KEHHAA CUJIax BpeMsa =
= U3MCHECHME KOJINYEeCTBA IBUKCHUA.

(Cnenyer pasiuuaTb UMAYALC MeAd, TO €CTb KOJUYECTBO IBU-
KEHUsI, W UMHYAbC CUAbl,, TO €CTb W3MEHEHUE KOJIMYECTBa
nBuxeHus. — Ilpum. pedakmopa nepesooa.)

Hanpumep, cpeqHsisi cuia pecca, AefcTByollasi Ha 00padbaTbiBa-
eMylo JeTallb BO BpeMsl omnepauuu mpeccoBaHusi, paBHa 150 kH, a
MPECC HAXOAUTCSI B KOHTAKTE C IeTalblo B TeueHue 50 Mc.

M3 BbIlIECKAa3aHHOTO U3BECTHO, YTO

U3MEHEHUE TIPUJIOXKEHHAS MMITYJIBC
= x (Bpems) =
KOJINYECTBA IBUKEHUSI cuiia CUJIBL

Tornma

HMITYJIbC CHJTBI ieTam = 150 x 10°Hx50x103¢c=
=7500 kr-m/c (Tak kak | H= 1 kr-m/c?).

K ciygasm, xorma BO3HMKAIOT WUMITYJIbCHBIE CHJIBI, OTHOCSITCS,
HarpuMep, OTHECTPEJIbHOE OpYXKe, Jalolee oOTaady, Wik CBOOOIHO
Mmajaroliee Tejao, yaapsioliieecs o 3emio. s penteHus mpooaeMbl
BO3HMKHOBEHUSI CUJI B TAKMX CIydasx OOBIYHO MOXHO MPUMEHUTh
ypaBHEHHUe ABUXEHUS: U* = u’ + 2as, pacCMOTpeHHOe B I7L. 15.

Hanpumep, MoJIOT cBaliHOTO Komiépa Maccoit 1 T 1o ynapa 1o cBae
peoaosieBaeT paccTosiHue 1.5 M. Ynap HacTymaer yepe3 25 Mc, ¥ MO-
JIOT TIPY 3TOM He oTcKakuBaeT. OmnpenesuM CUIy yaapa CBalHOTO
KoIépa.

Hcnosb3yst ypaBHEHUE IBUKCHUST

U= u? + 2gs,
moJTyJyaem
UV =0%+2(9.81)(1.5),

OTKyIa CKOPOCTh MOJIOTa B MOMEHT yIapa,

v = J(2)(981)(1.5) = 5.425 m/c.
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IIpeHeOperasd MalbIM PacCTOSTHUEM MEXIY MOJIOTOM M CBaeii
rmocJjie ynapa, moiyJyaem

KOJIMYECTBO ABUXEHUSI, IOTEPSTHHOTO MOJIOTOM =
= U3MEHEHME KOJNYECTBA ABMXKEHUA =
=mov=1000xKr x 5.425 m/c;

CKOPOCTb UIBMCHCHUSI _ M3MCHCHMEC KOJIMYCCTBA IBMXKCHUA _

KOJIMYECTBa ABUXKCHMUA UHTEPBaJI BpEMEHU
_ 10005425 _ 517000
25% 107

Tak Kak MMITyJIbCHAsI CHJIa paBHa CKOPOCTU M3MEHEHUST KOJIU-
YecTBa JIBMXKEHUsI, CpelHee 3HAYEHHE CHJIbI, NeCTBYIOMEl HA CBAIO,
pasno 217 kH.

Korna ¢ nmomoiipio MoJjioTa cBalo 3a0MBaIOT B TIOYBY, MOYBA CO-
MPOTUBJsIETCSl (MTPOTUBOIEUCTBYET) MPOABUXEHUIO CBaW, M TaKoe
CONPOTUBJICHUE HA3BIBAIOT CUAOU PeaKyuu.

Tpemuii 3axkon Hotomona MOXHO TpaKTOBaTh Tak:

|| Cuaa delicmeus pagna cu.ie npomueooeiicmeus.

CuJia MpOTUBOAEUCTBYS, MPUIOXKEHHAs K CBag, — 3TO CUJIa CO-
MPOTUBJIEHUS 3EMJIM: CBasl AEUCTBYET Ha 3€MJIIO C PAaBHOM, HO IpO-
TUBOITIOJIOXXHO HAIlPaBJI€HHOW CUJION.

Ha npakrtuke, Korgja BO3HUKAKOT UMITYJbCHBIE CWUJIbI, SHEPTUs
COXpaHsIeTCsl He TMOJHOCTBIO, YacTb €€ MpeodpasyeTcss B TEIUIO, B
1IyM U B apyrue pusndeckue 3 dexTsl.
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28. MOMEHT CHWJIbI

Hapa CHJI U MOMEHT CIJIbI

Korna Ha Tesio AelicTBYIOT IBe OJJMHAKOBbIE CUJIbI, KaK 3TO MOKa-
3aHO Ha Puc. 28.1, oHM 3aCTaBISIOT TEJIO MOBOPAYMBATLCS, U TaKast
CUCTeMa CUJT Ha3bIBACTCS napoii Cu.

F d
Puc. 28.1

MOMEHT BpallleHUs TTapbl Ha3bIBAIOT MOMeHmoM cuavt M wiin épa-
warouwum momenmom. V13 mokazanHoro Ha Puc. 28.1 pacnonoxeHust
CHUJI CIIEIYET YTO

YUCJICHHOE 3Ha‘-I€HI/I€) ( NEPNEHOUKYJISAP )
)

MOMECHT CHIIBL = ( J060M U3 3TUX CHJT MEeXIy BEKTOPaMU CH.

TO €CTh
M = Fd

Enunuiia MoMeHTa cuiibl — HbIOTOH-MeTp [H-M].

Korna cuna, paBHast F HbIOTOH, IPUKJIAIbIBAETCS] HA PACCTOSIHUU
F METPOB, TIPEATOJIOXUM, OT OCH raiiku, Kak rokazaHo Ha Puc. 28.2,
MOMEHT CUJIbI M, TPUJIOXEHHBIN K raiike, paBeH

M= Fr Hwm.

MomeHT cunsl M

_— Cuna F

P}
Paguyc nosopota r

Puc. 28.2

Hanpumep, Bpamiarmomnmii MOMeHT, co3maHHbiil cunmoit 80 H u
MPUJIOKEHHBIN K 0001y MTPUBOIHOTO PEMEHHOTO IIKKBA AMaMETPOM
300 MM, paBeH

300

M= Fr= (80)(T y 103) —12Hwm.
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Cosepiiénnas padoTa ¥ MOIIHOCTD,
nepegasaeMast nOCTOAHHBIM MOMEHTOM CHJIBI
Ha Puc. 28.3a nokazaH npyBOIHOI peMEHHBII IIKUB, HANETHIN

Ha BaJI pagrycoM » MeTpoB. Cuiia, paBHast F HBIOTOHOB, MPUJIOXeHA
K obomy B Touke P,

[ @) P
s
P
F
a) F 6)
Puc. 28.3

Ha Puc. 28.36 rmoka3aH IpMBOAHON PEMEHHbIN LIKUB, ITOBEPHY-
Tl Ha yToJ1 0 panuaH B pe3yabTaTe NelCTBUSI MPUIOXKEHHON CUTbL F
Cuuia geiicTByeT Ha pacCTOSIHUU § ([Oe JUIMHA IYTU § = 10).

MPEOOJICHHOE ) _
e

CogepiréHHas pabota = cuia x ( -
CUJION PacCTOSTHU

=Fxr=FroHwMm=FroIx.

OnHako Fr — 9TO MOMEHT CUJIbl M,
CJIeI0BaTeNIbHO,

coBepiéHHas pabota = MO JIxx

JIJ1s1 TOCTOSTHHOTO MOMEHTA CYUThI M

cpemHsis (COBepLHéHHaH pa60Ta) _ Mo
MOIIIHOCTh 3aTpayeHHOE BpeMs

B

t
OIHAaKO

g = o pan/c (ymioBast CKOPOCTb) ,

u, CJIea0BaTCJIbHO, MOLIIHOCTL paBHa

P = Mo Br

VYrioBast CKOpOCTh, ® = 271th paj/c, Te n — CKOpPOCTh [06/c].
[ToaTomy

P = 2nnM Br
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Hanpumep, ornpeneiM MOMEHT CUJIBI, CO3aBa€MbIii MOTOPOM,
0Cbh KOTOpPOTO Bpaiaercst co ckopoctbio 1 000 06/MUH 1 pa3BUBaeT
MoIiHocTh 2.50 KBT. MomHocTh

P=2mnM,

OTKY/1a MOMEHT CUJIbI
-
2nn

2500 _ 2500 x 60

2{%} " 2mx 1000

=23.87 H-m.

Briie 6b110 TTOKa3aHO, YTO COBepIlIEéHHas1 paboTta paBHa MO, u,
eCJIM 9Ta paboTa YBeJIMIUT KUHETUUECKYIO SHEPTUIO BPaIalOIIerocst
TeJla ¢ MOMEHTOM MHepLuHu I, Toraa

2
Wy, —®
MO = 1(2—%) ,
2
Toe ®; U 0, — Ha4YaJlbHad U KOHEYHas1 CKOPOCTH,
TO €CTh
(05} + (OF]
Mo = I(T (0, - ©)).

O, + O, 0
OnHako —=5—) — CpenHss yroBasi CKOPOCTE, TO €CTb

rae t — Bpems,
(0, — ®;) — U3MEHEHUE YIJIOBOW CKOpOCTU (TO ecTb af, rue
o, — YIJIOBOE YCKOpPEHUe).
Torna

o = 1(%) e,

OTKYy/la MOMEHT CHJIbI

la |,

rne [ — MOMEHT MHepuuy [Kr-Mm?],
o — yIIIoBoe ycKopeHue [pan/c?],
M — momeHT cuitel [H-M].
Hanpumep, eciy MOMEHT HMHEpPUMU CHCTEMbI BaJlOB pPaBEeH
37.5 KI"M?%, TO MOMEHT CHJIbI, HEOOXOIUMBII II1 IPUAAHUS €l YIIIO-
Boro yckopenus 5.0 pan/c?, paBeH

M= Io.= (37.5)(5.0) = 187.5 H-m.
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ITepenaya MOLIHOCTH C OMOIIBIO PEMEHHOTO MPUBOIA

CaMblif TIPOCTOM CIIOCO0 nepedauu MOWHOCMU OT OTHOTO Bajia K
JPYTOMY Peau3yeTcsi C IOMOILbIO peMHsl, HATSIHYTOTO MOBEpX 06oaa
LIKMBOB, HAIETHIX HA BaJibl, KaK MokKa3aHo Ha Puc. 28.4.

Bpavuarowwini npusogHomn Bpaliaemeliii NpuBOAHOW
PEMEHHBII LIK1B Fy PemeHb F PEMEHHbIN LIKNB

(%

Fg F2

Puc. 28.4

Takue cucTeMbl OOBIYHO TPUMEHSIIOT B 3JIEKTPOMOTOPAX, MPUBO-
JSIIIMX B IBMXKEHHE TOKAPHbIE CTAHKW WM OPEv, U B IBUTATEIISX,
paboTAaIOLIMX C HACOCOM WJIM TEHEPATOPOM.

YTo0Obl peMeHb NepeiaBal SHEPTUIO OT OJTHOTO LIKKBA K JAPYTOMY,
JOJIXKHA CYILIECTBOBATh PA3HOCTh HATSKEHUSI PEMHSI JIMOO CO CTOPO-
HbI Bpallalollerocsi K1Ba, JM60 CO CTOPOHBI paCKPYYMBaeMOro.

Paccmotpum ciyuait, korna F, > F, (Puc. 28.4).

MowmeHT cuiibl M, TpeOyeMblii 17151 BBITOJHEHUST pabOThl Bpallia-
IOLLIMM KOJIECOM, paBeH

M = (F,-F)r, Hw™

a TpeGyemasi MOIIHOCTb P paBHa

P=Mo = (F,-F)ro,Br

Kak mokazano B 1. 15, 1uHeliHast CKOPOCTh TOYKM Ha BEIyIeM
KoJece
Uy =T @y .
IMomo6HBIM 00pa30M JTIMHEHASI CKOPOCTh TOYKH Ha BEIOMOM KO-
Jiece paBHa
U, = 1,0, .
IMonarast, YTO CKOJbXEHNE OTCYTCTBYET, MMEEM

U, = U, WK Iy Oy = 1y, O, WK Iy (27n,) = 1, (21iny,).
Otkyna
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KoadhduineHT moae3Horo aeiicTBus (B MPOLIEHTax) =

_ (1moJe3Has paboTa Ha BbIXOJE % 100
- DHEPrugd Ha BXOAEe >

nIn

BBIXOJHAsI MOIIIHOCTh
Koa(b(bnunuem _ ( 1 ) % 100%.
MTOJIE3HOTO ICCTBUS BXOIlHas MOIITHOCTb

Hanpumep, onpeaennm Ko3hGUIIMEHT MTOJIE3HOTO NEWCTBUS MO-
TOpa MOIIHOCTBIO 15 KBT, ¢ MOMOIIbIO TPUBOAHBIX PEMEHHBIX IKH -
BOB Bpalfaromniero Baj co ckopoctbio 1 150 06/mMuH. Harsokenue
peMHs Ha KaXxI0il U3 CTOPOH BeAyIIEero KoJieca (TO eCTh MPUKIIaIb-
BaeMas cuia) paBHo 400 H u 50 H. Imametp 3TOrO KOjieca paBeH
500 MM, a BpaiiaeMoro kojeca — 750 Mm.

BbixomHast MOIIIHOCTb MOTOPA PaBHA

BBIXOJHAsI MOIIHOCTb = (F, — F))r,o, =

= (400 - 50)(500 1073)(1 150><27E)=

60
=10.54 xBT.
Ortcrona
KO3(h(UUMEHT NOJIE3HOrO AedCTBUA _ BBIXOAHAS MOLIHOCTD _
MoTopa BXOJHAasi MOIITHOCTb
= 1054, 100 = 70.27%.
15
CKOpOCTh BpalllaeMoT0 IIKKWBAa HAXOAUM U3 COOTHOILICHUST
rX nX
R
ry ny

OTKY/Ia CKOPOCTb BPalIaeMoro NPMBOJIHOTO PeMEHHOr0 HIKUBA

IInockue u V-00pa3nbie peMHI

OTHOIIIEHNE HATSKEHUI TIOCKOTO PEMHA, KOrga OH HaXoauTCA
B TOYKE KaCcaHud, paBHO

rme | — Ko3(hGOUIMEHT TPeHHs MEXIY PEMHEM U IKWUBOM,
0 — yros moBopoTa B panuaHax (cMm. Puc. 28.5),
e ~2.718 (ocHOBaHUE HaTypaJbHBIX JIOTapr(PMOB).
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Jnsa V-obpazHoro peMmHs1, ImokazaHHoro Ha Puc. 28.6, oTHole-
HMe HaTSKEHUI paBHO

F /\
o o

AN Ry

F A

Puc. 28.5 Puc. 28.6

OTO OTHOLUEHHE CYLIECTBEHHO OOJblIe, YeM OTHOLUEHUE IS
cily4as IJIOCKOTo peMHsl. V-00pa3Hblil peMeHb BaBJIeH B I1a3, 1103-
TOMY BEpPOSITHOCTb €r0 CKOJIbXeHUsI MeHblle. 3 Puc. 28.6 BuaHo,
YTO CUJla TPEHMSI Ha KaxJoil CTOpoHe peMHsI paBHa WRy, TIe
Ry — HOpMaUTb (MEPHEHIUKYIISIP) CUIIBI peakIIMM Ha KaxI0# cTopo-
He. Y3 TpeyrosbHUKa CUJI BUIHO, YTO

Ny

Ry = s’
rae R — paBHOIEHCTBYIOIIAS CUJT peakLUU.
Cuia TpeHusl, ycuvBalolasl pasHuiy mexny M, u M,, paBHa,
CJIeI0BATEIILHO,

Ry= ( B ) R
H N sinao
CoOTBETCTBYIOIIAs CUJIa TPEHUs 1 TTIOCKOTO peMHsl paBHa UR.

CpaBHUBasg CUJy TpeHUS ISl TUIOCKOTO W V-00pa3HOro peMHs,
MOXHO CKa3aTh, YTO V-00pa3Hblii peMeHb SIBJISIETCS] aJIbTepHATUBOM

TJIOCKOMY PEMHIO ¢ KO3(D(hULIMEHTOM TPEHUSI pABHBIM -
sina

PaBHozeiicTByIOIIAs cUJla, IEHCTBYIOIAsA HA peMEHb CO CTOPOHBI
BpAalllalolllero IIKMBAa WIM Ha PeMEHb BpalllaeMOro IIKWBa, paBHA
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F, — F,. CnenoBarenbHO, NepegaBaemasi peMHEM MOIIHOCTb paBHA
(F, — Fy)v, tne v — ckopocTb peMHs. Eciu (F, — F,) uamepsietrcs B
HBIOTOHAX, a U — B MeTpax B CEKYHAY, TO €IVMHUIA MOIIHOCTA —
H-m/c, To ectb BatThI [ BT].

CKOpOoCTh peMHsI 3a1aeTcsl B M/C (TakK KaK v = ®F), TIe ® — YIJIO-
Basl CKOPOCTh IIKUBA [pan/c], a r — ero pamuyc [M].

HamomHuwuMm, 4To yriioBast cCKopocTs [pai/c| — 3To

_ 2nN
60

rae N — cKOpOCTb IIKUBa [06/MUH].
Crenyer 3aMETUTh, YTO
® CKOJIbXEHME B MIePBYIO OYepe/ib MPOSIBUTCS Ha IIKUBE C MEHBIITUM
yIjoM 000poTa;

® Ha TpaKTUKe, YTOOBI M30eXaThb CKOJbXEHUs, HEOOXOIMMO pery-
JISIPHO MPOBOIUTH TPOMPUITAKTHKY.

Hanpumep, IKuB, ckopocTb KoToporo paBHa 1 920 06/MuH, nume-
eT V-o0pa3Hbie nasbl 1j1s1 obecredeHus1 paboThl IIECTU peMHe, KO-
TOPBIM HeoOXoanMoO mepenaTh 125 KBT OT 3TOro mKkuBa. Yo na3on
cocTaBsieT 45°, yron nmopopota paBeH 175°, a 3(hheKTUBHBIN aua-
MeTp IIKKBa paBeH 265 mM. Eciiu koapduiireHT tpenus paseH 0.32,
MHUHUMAJIbHOE M3 BO3MOXKHBIX 3HAYEHUI HATSKEHWS] Ha Bemyllei
YaCTH KaXJI0T0 PEMHSI TIOJCUMTHIBAETCS CEIYIOLUIMM 00pa3oM:

repenaBaeMasi IeCTbI0 PEMHSIMH MOIITHOCTh paBHa 6 (F; — Fy)v,

rae Fy v F, — HaTsDKEHUsT COOTBETCTBEHHO Ha Belyllleil M BETOMOM
4aCcTH KaXI0ro U3 peMHEI,
L (= F®) — CKOPOCTh PEMHSI,

TO €CTb
125000 = 6(F, - F. )(1 9200>< 2rr)(0 265)

125000 Bt

% pan/c x 0.1325 w/c

(F\-F) = =782.01 H.

6 x

Harsxenue F; nmeet camoe MeHbLIEE U3 BOBMOXHBIX 3HAUEHUH,
KOTJIa PEMHU HaXOISITCSl B TOUKE CKOJIbxXeHust. [1pu Takom ycioBuu

o225

ﬂ — esina = e sin25.5° — 12859,

To ecTb F; =12.859 F,,
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OTKyza
F
F=—1_.
27 12.859
Torna
Fi—F=F1 _ﬁ-lg@) = 0.92223F,.

Torna Benuuuna F; — F, pasHa 782.01 H.
Camoe MeHbllIee U3 BO3MOXHBIX 3HaUeHUH Wis1 F; paBHO

782.01

09223 848.0 H.
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29. TEINIOBAS DHEPT'UA

Tensiora u Temneparypa

Tenaoma — 3T0 oHA U3 MHOTUX (hOPM DHEPTUU, UIMEPSIEMOI B
JUKOYJISIX.

Temnepamypa — 3TO CTeleHb HarpeBa WU OXJIAXACHUS Be-
wecrsa. CienoBare/ibHO, TEIJIOTa U TeMIlepaTypa — pa3Hble Be-
JIMYMHBL. Hampumep, Wist TOro, 4To0bl BCKUMSITUTh MOJHYIO EM-
KOCTb BOJIbI, HY>KHO B 2 pa3a 00Jibllie TeIIOBOM 9HEPTUM, YeM IS
MOJIOBUHBI EMKOCTU. ToO €CTh B cllyyae OIMHAKOBOT'O BELIECTBA, HO
pa3Horo oobeéMa Il CO3JaHUsl ONMHAKOBOM TeMIlepaTypbl 3TOrO
BellleCTBa HEOOXOIMMO 3aTPATUTh Pa3HOE KOJIMYECTBO SHEPTUU.

Temmnepatypy MOXHO U3MEPUTH JTUOO 1O wkane Lleavcus (eqUHA-
ua — epadyc Ileavcus [°C]|), roe TeMnepartypa TasHUs JbIa, TO €CTh
TOYKa 3aMep3aHus Bombl, cyutaercss 0°C, a TouyKa KUTICHUSI BOIBI
Mpu HOpMaJbHOM aTtMocdepHoM napieHuu paBHa 100°C, nubo mo
MepMOOUHAMUYECKOll WKane memnepamyp, Tae eAMHULENR U3MEPEHUS
cyxuT keavsun [K]. TepMonrHaMUUYECKyIO IKaTy TEMIIEPATyp UMe-
HYIOT TaKXe a0coatomHoil wKaioli memnepamyp Wiu wkasoi Keavgu-
Ha. B cucteme Temriepatyp KenbBrHa cobirogaeTcsi TOT e TeMIiepa-
TYpHBII WHTEpBaJl, KaK U B cucteMe Temmeparyp Llenbcusi, Ho 3a
HOJIb TPUHUMAETCS «a0COIIOTHBII HOMIb», TO ecTh —273°C.

Otcrona

Temrneparypa o KenbsBuny = remneparypa o Lenabcuto +273,

TO €CTh
Hamnpumep,

e 0°C=273K;

e 25°C =298 K;

e 100°C =373 K.

Temnieparypa — equHCTBeHHas1 (pusznyeckass BeIUYMHA, MUMEIO-
wast n1Ba obosHaueHusi (T — Aiasl KeJbBUHOB M ¢ — IS TPaaycoB
Lenbcust). Ecin 06a 0603HaYeHUsI BCTPEYaloTCsl B OMHOM ypaBHeE-
HMU, TO COKpAILIaTh UX HEJb3sl.

M3mepenne TemmepaTrypbl

IpuGopoM I UBMEPEHUST TEMIIEPATYPHI CIIYXKUT MepMoMemp.
JI1060e BellecTBO, 00IaJaolee OMHUM M 00jiee CBOMCTBAMU, W3-
MEHSIIOIIMMUCS C TEMITEPaTypOii, MOXHO UCIOJb30BaTh IS U3Me-
peHust TemnepaTypbl. K TakuM CBOCTBAM OTHOCSTCS M3MEHEHUS
JUTMHBI, TIOMAAA WIM 00beMa, 3JIeKTPUYECKOTrO COMPOTUBIICHUS
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Wi 1Beta. B KauecTBe nmprMepoB MpUOOPOB, U3MEPSIOIINX TEMITE-

paTypy, MOXHO MPUBECTH:

® CMEKAAHHbIL HCUOKOCMHBII mepmMoMemp, KOTOPBI MCMOJIb3yeT
CBOMCTBO XXUAKOCTH PACIIUPSITHCS C YBEJIMYSHUEM TeMIepaTyphl;

o mepmonapsl, yIuThIBalolIMe Bo3HUKawinylo BJC mpu Harpese
COEeIMHEHMUS ABYX Pa3HOPOIHBIX METALIOB;

® De3UCMUGHbIIL mepmMomemp, YIUTHIBAIOIIMI U3MEHEHUE 3JIEKTPU-
YECKOTo COMPOTUBJIEHNSI, BBI3BAHHOTO MU3MEHEHUEM TemIiepaTy-
PHI;

o nupomemps, — TIPUOOPDI U1 U3MEPEHHUsI OUEHb BBICOKMX TeMIIe-
paTyp, UCTIOJIb3YIOLIUE TO 0OCTOSATENBCTBO, YTO BCE BEILIECTBA MTPU
HarpeBe MCIyCKAIOT JYYUCTYIO DHEPIUI0 M YTO CWJIa U3JTydyeHUs
3aBUCUT OT TEMITIEPATYPHI.

Kaxmplit 3 3TUX UBMEPUTETbHBIX TPUOOPOB, a TAKXKE U HEKOTO-
phble Ipyrue onucaHbl B IJ1. 31.

YiesbHas TENI0EMKOCTD

Yoenvnasn menaoémkocms BeuiecTBa — 3TO KOJIUYECTBO TEIJIOBOM
9HEPTUU, HEOOXOAUMOE IJISI TOTO, YTOOBI TMOBBICUTH TEMIIEPATYpy
OJTHOTO KMJIOTpamMMa 3TOTO BeIleCTBa Ha OIMH TPayc.

VnenbHas TETUIOEMKOCTh 0003HAYAETCSI CUMBOJIOM ¢ U UBMEPSIET-
ca B JIx/(xr-°C) nnu JIx/(kr-K). (3amMeTum, 4To 3T¥ eAMHULBI MOTYT
TaxcKe 3amceBathest Kak Joxkr'-°C~! wm kak Jxcxr K1)

Hekotopble TUMUYHBIE 3HAYEHHUs YOEIbHOW TEIIOEMKOCTH B
nuara3oHe teMnepaTyp oT 0 mo 100°C mpuBeneHbI B TaOIMIIE.

Bona 4190 Ix/(xr°C) JIén 2100 Ox/(xr-°C)

AmOMUHUIR 950 Tx/(xr-°C) Menb 390 Ix/(xr-°C)

Keneszo 500 Ix/(xr-°C) CBHHeII 130 Ix/(xr-°C)
CnenmoBaTesbHO,

YTOOBI ITOBBICUTH TeMIIepaTypy 1 Krkese3a Ha 1°C, TpebyeTcs 3a-
Tpatuth 500 [IX;

YTOOBI MOBBICUTh TeMIepaTypy S KT xkene3a Ha 1°C, TpebyeTcst
(500 x 5) JIx;

YyTOOBI MOBLICUTH TeMITepaTypy 5 KT xeyie3a Ha 40°C, TpebyeTcst
(500 x 5 x 40) Ix, To ecth 100 KJIX.

B o06meM cinyyae konumyecTBo Teria @, HeoOXoauMoe ISt
MOBBIILICHMS TEMIIEPATYPHI T€JIa MACCO M KT, C yACIbHOU TEIUIOEM-
koctbio ¢ JIx/(kr-°C), oT TeMmnepaTypsl #; 1O TeMIEPaTyphl f,, BbI-
YyucsieTes o popmye

0 = mc(t,- 1)) Ax
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Hanpumep, omnpenes MM KOJUYECTBO Tellia, HEOOXOAMMOTO LISt
MOBBILIEHUS TeMIlepaTypbl Boabl Maccoii S Kr oT 0 1o 100°C, yuuTsI-
Basl, YTO yJeJbHas TeIJI0eMKOCThb Boabl paBHa 4 200 [Ix/(xr-°C).

Konuuectso temnoBoit sHepruun Q = mc (t, — 1)) =
=5 kr x 4 200 Ix/(xr-°C) x (100 — 0)°C =
=5x4200x100=
=2100 000 dx, vt 2 100 kIx, wiu 2.1 MJIx.

H3menenune cocTogHus

BeliecTBO MOXET HaXOOUTBHCSI B OMHOM M3 TPEX COCTOSIHUN —
TBEPIOM, KMIKOM MU Ta3000pa3HoM. Eciin K KycKy Jiba, Hadyallb-
Has TeMIepaTypa KoToporo 0buta, Hanmpumep, —30°C, ¢ TOCTOSIHHOM
CKOPOCTBIO MOCTYIAET TEIJIO, TO €ro TeMIlepatypa OyleT pacTH Tak,
Kak rmokasaHo Ha Puc. 29.1.

120 /
100 D E

80|
60 |-
40 -
20
[0) T

Temnepartypa [‘C]

-30
A Bpemsi
Puc. 29.1

CHauana teMmneparypa pactét oT —30 go 0°C, 4To oTpaxaet Ipsi-
Mast AB. 3ateM HeKOTOpOe BpeMsl OHa OCTAeTCsl MOCTOSIHHOM U paB-
Hoit 0°C, — POBHO CTOJIbKO, CKOJIbKO HEOOXOAMMO ISl TOTO, YTOOBI
BECh JIEN MPEeBPATUIICS B BOLy. DTO oTpaxkeHo Ha yuyacTke BC rpacuka.

Korna n€n HaYmHaeT TasiTh, SHEPTUSI, MOJTYyYeHHas: OT HelpeKpa-
LIAIONIErocsl HarpeBa, KOMIIEHCUPYETCsl dHeprueil, HeoOXoauMOou
JUTSE UBMEHEHUsI COCTOSIHUS BEILeCTBA, U TI03TOMY TeMIiepaTypa oc-
TaeTcsl MOCTOSIHHOM, HECMOTPSI Ha TO, YTO HArpeB MPOAOJIKAEeTCs.
Korna n€a moaHocThIo MpeBpaTUIICS B BOAY, MPOJOJIKAIOLIMIACS Ha-
rpeB noxHuMaeT Temreparypy a0 100°C, kak 3To BUIHO Ha y4yacTKe
CD rpaduka. 3atem nipu 100°C Boga HaYMHAET KUIIETh, U TeMIIepa-
Typa CHOBa TIepecTaeT pacTH, IO TeX Iop, IToKa BCS BOJIa He McMa-
purcs, 4yTo oTpaxaeT yyactok DE.

JlanbHeiiliee HarpeBaHWe TTOAHMMAET TeMIlepaTypy Tapa, Kak
BunHO Ha otpe3ke EF; B aT0if 061acTHl Map Ha3bIBAIOT nepespemsim.

[Tepexonbl U3 TBEPAOTO COCTOSTHUS B KUAKOE WU U3 KUIKOTO B
razoo0pa3Hoe IPOUCXOIT Oe3 U3MEHEHUSI TeMIIepaTyphl, U 3TH TIPO-
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eccol obpatumble. Korma TterioBasi 3Heprust «IepeTekaeT» B
BELIECTBO WM U3 HETO, BbI3bIBasi ©3BMEHEHME TEMIIEPATyphl, KaK, Ha-
npuMep, Ha yyactkax AB, CD u EF Ha Puc. 29.1, To e€ Ha3bIBaioT
@usuueckoii menaomoi (Tak Kak U3BMEHEHHE MOXHO 3aMETUTh C IO~
MOIIBIO TEPMOMETpA).

TenioBylo 3HEprulo, «IepeTeKkarolllylo» B BELIeCTBO WIN U3 HEro
B TIEpUOJ, KOTJa TeMIIepaTypa ero MmocTosiHHa, KaK, HalpuMep, Ha
yuyactkax BC u DE nHa Puc. 29.1, Ha3bIBaIOT ckpbimoli menaomoi
(Tak Kak TepMOMETp He MOKa3bIBaeT YBEJMYCHUE WIM YMEHBIIICHNE
KOJTMYeCTBA TETUIOTHI).

CKpbITas TENIOTA IJIABJIEHUS ¥ TAPOOOPA30OBAHUS

VnenvHas ckpvimas menaoma naagaeHuss — 3TO TEIJIOTa, HE0OX0-
JIMasi IS TOTO, YTOOBI BEIIECTBO MAaccoii 1 KT mepenuio u3 TBEPAOTO
COCTOSTHHE B XXUAKOE (MJIM HA000POT) MPU ITOCTOSTHHOM TeMIlepaType.

VYnenvHast ckpeimas menaoma napoodpazoéarus — 3TO TEILIOTA,
HeoOXxomumMasl 711 TOro, YToObl BEIlleCTBO Maccoi 1 KT Iepelilio u3
KUAKOTO COCTOSIHMS B ra3000pa3Hoe (MJIM Ha000pOT) IpU MOCTOSIH-
HOW Temreparype.

Envnuiieit yaenbHOM CKPHITON TEILIOTHI IJIaBJICHUS M Tapoobdpa-
30BaHMs sIBJsieTCs [IK/KT, HO Ha IPAaKTUKe 3HAYMTEbHO Yallle Mpu-
MeHsI0T KJIX/Kr. HekoTopble TUMTMYHbIE 3HAUEHUSI STOW BEJTUYMHBI
JUISI pa3IMuHbIX MaTepuaioB naHbl B Tada. 29.1.

Tabsmmua 29.1

Marepuan m:;l;?::;;: EEE[J;?/T:T] Touka niasnenns [°C]
Pryth 11.8 -39
CBuHeII 22 327
Cepebpo 100 957
JIén 335 0
ATOMUHMI 387 660

C .

Marepuan - cnl;l;)):l;:: f:ﬁj;l?/T:r] Touka kunenus [°C]
Kucnopon 214 —183
Pryts 286 357
DTUIOBBII CIIUPT 857 79
Bona 2257 100

KomuuecTBo TeTI0ThI Q, Hocryna}omeﬁ K BCIICCTBY UJIN UCXOOA-
11I€ii OT HETO BO BpEMA UBMEHEHUSA COCTOAHMSA, paBHO

roe m — Macca, u3MepsieMasi B Kuwiorpammax,

0 =mL

L — ynenbHasi cCKpbITasi TEIJIoTa.



166

Hanpumep, Teriora, HeobxommmMast ik TipeodpaszoBanust 10 KT
snpaa npu 0°C B Bomy IpU TOM XKe TeMITepaType, BHIYUCIISIETCS KaK

10 kr x 335 kAx/kr = 3 350 kX, uam 3.35 MIxX.

KpoMme u3MeHEeHMsI TeMIepaTypbl B DPe3ysbTaTe MMOCTYIUICHUS
TEIUIOTHI K BEIIECTBY, MOXET MPOMCXOIUTb U3MEHEHHE Pa3MepOB, a
TaKkke M3MEHEHHUE 1[BETa, COCTOSTHUS U JIEKTPUYECKOTO COMPOTUB-
JieHusi. B GobLIMHCTBE ciyyaeB BElECTBa PacIIUPSIIOTCS MPU Ha-
TPEeBE U CKUMAIOTCS TIPU OXJIAXKICHUU, U 3TH TepMO3(DHEKTH Haxo-
ZIT MHOXECTBO MPAKTUYECKUX TpUMEeHEeHU (cM. 1. 30).

ITpuHmun paGoThl NPOCTEAIIEr0 X0JIOANILHAKA

Temniepatypa KureHUsI GOJIBIIMHCTBA XUAKOCTEH MOXET ObITh
MOHMXEeHA, €CIM TOHU3WUTh AaBiieHue. B xoaodusvruke pabouast
XKHUAKOCTh (aMMMaK uian ¢ppeoH) MMeeT AaBjieHue, paboTaloliee Ha
e€ cHmkeHue. B pesynbraTe TemmepaTypa KUIIEHUs TOHMXAETCS,
YTO BbI3bIBAET UCMApeHue XuakocTu. [Ipu McrapeHun XUIKOCTh
«BOMpaeT» HEOOXOAMMYIO CKPBITYIO TETUIOTY M3 OKPYXXAIOIIEero Mpo-
CTPAaHCTBA, TO €CTh M3 XOJOAMJIbHUKA, Tlle CTAHOBUTCS XOJIOMHEE.
ITap TyT Xe ynajusieTcsi ¢ TOMOIIbIO Hacoca B KOHAEHCATOP, Haxo/Is1-
LIUIiCA 3a MpeielaMu eMKOCTH. TaM OH cxkuMaeTcst 1 BHOBb ITpeBpa-
LIAeTCsl B XKUIKOCTb, BBIAENSSI CKPBITYIO TETUIOTY, U LIMKJI MTOBTOPSI-
€TCsl, KOTJIa XXUIKOCTh 3aKa4YMBaeTCsi 0OpaTHO B XOJIOAMJIbHUK, YTO-
Obl TAM BHOBb MCITAPUTHCSI.

HpOBO,I[I/[MOCTl), KOHBEKIUA U U3JTyYCHHUE

TernoTy MOXHO TepeaaBaTh OT TOpsYero Teja K XOJOMHOMY Of-
HUM WJIA HECKOJIbKUMU W3 CIICAYIOIINUX TPEX ITyTEU: menaonposoo-
HOCMbi0, KOHGEKUUell VI U3AYHEeHUEeM.

Tenaonpoeoonocmo

TenonpoBOAHOCTE — 3TO CHOCOOHOCTH Tepefayu TEeIUIOBOM
SHEPTUY OT OJIHOM YacTH TeJsia K IPYToil (MJIM OT OTHOTO Teja K ApY-
romy) 6e3 mepeaBIKeHYS YaCTHIL TeIa.

TerutommpoBOTHOCTL CBsI3aHA € TBEPHBIMU Tedamu. Hampumep,
€CJIM OIMH KOHEI[ METATMYECKOTO CTEPXKHSI HarpeTh, TO IPYTOi €Tro
KOHEIl CTaHEeT TOPSIYMM OJIarofapsi TeIUIONPOBOAHOCTU. MeTaluibl U
CIUIaBbl METAJUIOB — XOPOIIIME TIPOBOIHUKY TeTlIa, a BO3IYX, IpeBe-
CUHA, IPOOKa, CTEKJIO U Ta3bl CYMTAIOTCS TUIOXUMHU MTPOBOTHUKAMHU,
TO €CTh OHM SIBJISIIOTCSI M30JISITOPaMU TeTLIa.

Hpalcmlmecrcoe npumeHernue meimonpoeodnocmu

CyllecTBYeT MHOXECTBO TPUMEPOB MCIIOJIb30BaHUsI CBOWCTB Be-
LIECTB TMepeaaBarh Terio. Huxke npuBeseHbl TUIIb ABA HATJISAHBIX
MpUMepa UCTTIOJIb30BaHUSI TETUIONTPOBOIHOCTH.
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e OOBIYHAsE CKOBOPOA WJIM TapeJiKa ITPOBOISIT TEIUIO OT MCTOYHHMKA
K UX copepxkuMoMy. Tak Kak IpeBecrHa U MJIACTUK IJI0XO MPOBO-
TIAT TETUI0, TO U3 HUX JEJIAI0T PYYKH IS CKOBOPOI.

e Merann pamgaTtopa CHCTEMbI LIEHTPAJIBbHOIO OTOILIEHMS MepenaeT
TEIJI0 OT Topsiueli BObI, HAXOASIIEICS B TpyOax, BO BHEIIIHIOIO CPELLy.

Koneexuus

KonBek111s1 — 310 nepeaya TenaoBOi 3HEPIrUU Yepe3 BeLLeCTBO
HETOCPECTBEHHBIM TIepeMellleHeM caMoro BeliecTBa. KoHBek-
LIMs BO3HMKAET B KMIKOCTAX M razax, HO He B TBepAbIX Tenax. [Ipu
HarpeBaHWM XUAKOCTh (MJIM Ta3) CTAHOBUTCS MeHee muioTHoi. Ha-
rpeTasi MOpLHUs XKUAKOCTH (WU ra3a) MOJHUMAETCs, U Ha e€ MeCTo
MPUXOMUT HOBasi, Gojiee XOJIOAHAas, M Tpolecc MoBTopsietcsi. Ha-
MpUMep, Topsiyasi Bola B 3JIEKTPUYSCKUX YalHUKAX WIM B OTOMM-
TeJIbHBIX OaTapesix BCETIa MOIHUMAETCSI HaBEPX.

Ilpumepot koneexyuu

IMprMepbl KOHBEKIIMU MOXHO HATH B OKPY3KalOIIeil HaC TPUPO-
ne. E€ mmpoko UCIoib3yloT BO MHOTUX TEXHUIECKUX YCTPOMCTBAX.

o KOHBEKIIMOHHbIE ITOTOKU BO3/yXa MepeMelaloTcst B atMocdepe,
dopmupys MOroay Ha IUIaHeTe.

e CucTeMbl OTOIJICHUSI, OCHOBAaHHbIE Ha €CTECTBEHHON LIMPKYJIsi-
LIMM TOpsTYEil BOABI: Oyarofapsi KOHBEKLIMM Topsiyasi Boia MOJHM-
MaeTcsl Ha BepXHUE BTaXW JIoMa, a 3aTeM CIyckaeTcsl BHU3. Tem
caMbIM BBICBOOOXKIa€TCs TETUI0, KOTOPhIM 00OTPEeBaeTCs AOM.

e Pamuatop HarpeBaeT BO3IyX BOKPYT cebsl; Giaromapsi KOHBEKIIMU
HarpeThlii BO3AyX MOIHMMAETCSI BBEPX, a XOJIOMHBINA OMycKaeTcs
BHU3 Ha €ro MeCTO.

e Ha npuHLMIIe KOHBEKIIMM OCHOBAaHA CHCTEMA OXJIAXIEHUST aBTO-
MOOWIIS.

e Bosblnue aiaekTpuyeckre TpaHc(hopMaTophbl pacCeUBaIOT U3JIMII-
KM Teruia B MacisiHoM 6ake. biaronapst KOHBeKLIMM HAarpeToe Mac-
JIO TIOMHUMAETCSl HaBepX, 3aTeM IMPOXOIUT Yepe3 OXJIaxIaroliue
pedpa U, OCTBIHYB, OITyCKaeTCsl.

o B xononuiabHUKe OXJIaXIarOIIMi GJIOK HAXOMUTCST B BEPXHE yac-
TH KaMmepbl. Bo3ayX BOKDYT XOJIOIHBIX TPYO YTSDKEIsieTCsl MpU
cXaTWM U OmycKaeTcsi BHU3. bojiee Teruiblii U MeHee TUIOTHBIM
BO3/yX BBITAJIKMBAETCSI HABEPX HAa MECTO OCTHIBILEro. TakuM 00-
pa3oM, Co30aeTCst XOJOAHbI KOHBEKIIMOHHBI TTOTOK.

H3ayuenue

HanydyeHue — 310 nepeaava TerIOBOM SHEPITMK OT TOPSTYEro Teia
K 6oJiee XOJ0MHOMY MTOCPEICTBOM 3JIEKTPOMAarHUTHBIX BOJIH. Teruto-
BOC M3JIy4eHHE MO (UBMYECKOW MPUPOIEC CXOMHO CO CBETOBBIMHU
BoJHAMU (CM. TJ1. 19) — OHO pacrpoCTpaHsIeTCs C TAKOM XKe CKOPO-
CThIO M MOXET MPOXOIUTh Yepe3 BaKyyM, — pasinyre 3aKII0YeHO
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JIVIITL B YaCTOTaX BOJIH. BoHBI, M3TydaeMble HarpeTbIM TEJIOM, Tie-
penaloTcsl B MPOCTpaHCTBe (axe B BaKyyMe), U MX HEBO3MOXHO 3a-
ceub, [T0Ka OHU He IOCTUTHYT Apyroro Tena. ManyueHue orpaxaercst
OT CBEpKAalOIINX, OTIIOJTMPOBAHHBIX MOBEPXHOCTEH M TTOTJIOIIACTCS
TYCKJIBIMM, Y€PHBIMU TTOBEPXHOCTSIMH.

Ilpumepor menaoeo2o uzayuenus

o CoJiHEYHOE TeILI0, AolIealee 10 3eMJIu.

o Teruto, unyuiee ot orxsl.

o CylIWIbHBIN IKa( B KYXOHHOM ILJIUTE.

o [IpombIIUTeHHBIE TTEYN.

o UnppakpacHble GaTapen.

Bakyymublii TepMoc

Ha Puc. 29.2 nokasaH BaKyyMHBII TEpMOC B pa3pese.
Kak BuiHO, 3T0 €MKOCTb C IBOWHBIMY CTEHKAMM, MEXITY KOTOPBIMU
HaxoAUTCs BakyyM. Bc€ 9To 3aKITI0ueHO B 3aILMTHbII BHELTHUI KOPITYC.

Mpobka

Bakyym

BHyTpeHHsis =
nocepebpéHHas
NOBEPXHOCTb
TOHKMX CTEKSIHHbIX
CTEHOK

Knpgkoctb ——|

BHewHwii
Kopnyc

Puc. 29.2

M3-3a HamM4usl Bakyyma M HaTypaJibHOM MPOOKM TMOTepsl Teruia
M3-3a KOHBEKIIMY OYeHb Majia (MpobKa — IJI0XO0i MPOBOAHUK TeT-
sa). Bakyym Takke INpenoTBpalllaeT MOTeplo TeIula U3-3a KOHBEK-
uuu. M3nydyeHue xe CBeIeHO K MUHUMYMY Oyarogapsi mocepeopeH-
HBIM CTEKJITHHBIM BHYTPEHHUM MOBEPXHOCTSIM KOJIObI (OJecTsinue
TMOBEPXHOCTHU OTPAXAIOT U3JTyYeHHE).
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CrnenoBaTelbHO, BaKYYMHBII TEPMOC — 3TO XOPOIIWI MpUMEp
MpeIoTBPAIleHUsT BceX TPEX BUIOB Mepeaadyr Teruia, 6aroaaps 4emy
TEPMOC MOXKET COXPAHATh TOPSTYME XXKUIKOCTH TOPSTIMMHU, a XOJIOMI-
HBIe — XOJIOTHBIMHU.

IIpumenenne W30 ISIMH
IS COXPAHEHHS TeIUIa B TOMENMIEHNAX

TOHJ'H/IBO, UCIIOJIb3YyEMOC 1A o6orpeBa 3[1aHUI, CTAHOBUTCS Bcé
Oosee OOPOroCTOAILIMM. HpaBI/IJ'I])HOG TNPUMEHCHUEC UBOJIALMU I10-
MOracT yacp>KunBaThb TCIJIO B 3JaHUAX Ha 0oJiee JIUTEIbHBIA nepuon,
YMEHbIIaA TEM CaMbIM CTOUMOCTDb OTOITJICHUA.

e Tak Kak KOHBEKLHMs 3acTaBjsieT TOpsSYMid BO3MYyX MOAHUMATHCS,
OYEHb BaXXHO 00ECIEYUTh U3OJISILMIO KPBILIU, KOTOpasi, BEPOSIT-
HO, SIBJISIETCSI OCHOBHBIM UCTOYHUKOM IOTEPb TeIUIa B JoMe. DTO-
IO MOXHO JOOUTBCS, TIOJOKUB CTEKJIOBOJIOKHO MEXIY JAEePEeBSIH-
HBIMU OaJIKaMU, OJAEPXKUBAIOIIMMU KPBILIY.

o CTekJ10 — IUIOXOl MPOBOAHMK TeIlla, OAHAKO TOHKOE OKOHHOE
CTEKJIO MOXET SIBUThCSI MPUYMHOMN OGOJIBIIMX TEIUIOBBIX MOTEPb.
Takue moTepu MOXXHO COKPATUTh IBOMHBIM OCTEKJICHUEM, JIJISI Ye-
rO MCHOJIBb3YIOT IBa CTEKJISIHHBIX JIMCTA, MEXAY KOTOPBIMU HaXo-
IUTCS BO3AyX. Bo3myx — Xopoliuit u30Ja4Top, OAHAKO BO3AYIIHAS
MPOCJIOiKa He AOJKHA OBbITh CIMIIKOM OOJIbIION, MHAUe MEXIY
CTEKJIAaMU MOTYT BO3HUKHYTh KOHBEKIIMOHHBIE TOTOKU, CHUXKAI0-
e Teruiocoeperatoniue 3¢GeKThI.

e baku ¢ ropsiueit BOIOM CliefyeT YTeIIsATh CHAPYXU, YTOOBI ITPeI0-
TBPATUTb MOTEPU U3-3a TIPOBOAMMOCTH M KOHBEKLIMM TeIlIa B OK-
pyXxatoliee BO3IyLIHOE MTPOCTPAHCTBO.

e Kupruy, 6eToH, IITyKaTypka W JApeBeCMHa — BCE 3TO TUIOXHE
MPOBOAHUKU Teria. TeM He MeHee IUIsl HAaAEXHOM TErou30si-
LMK CTEHBI IOMa JOJIKHBI OBbITh IBOMHBIMU, C BO3AYILIHOW MPO-
cJI0MKOM Mexay HUMU. Bo3nyx Takxke 11oxoii MpoBOAHUK, U 103~
TOMY Takasl NMpocjoiika MUHUMU3UPYET TEIJIOBbIE MOTEPU Yepe3
creHbl. OHAKO Jaxe TaKUX MOTePb MOXHO U30eXaTh IpakTuiyec-
KU TIOJIHOCTBIO, €CJIM 3aIOJHATh MPOCTPAHCTBO MEXIY CTEeHaMU
M30JISIIIUOHHON MEeHO.

M3meHeHne TeMIiepaTypbl U COOTBETCTBYIOLIEE BIUSIHUE MOCTY-
Marouiero K Marepuaiy Tersa MOIYyT CKa3aThCsl Ha pa3Mepax, a Takxke
Ha LBETE, COCTOSTHUM U 3JIEKTPUYECKOM CONPOTUBJIEHUM 3TOTO Ma-
Tepuana.

3a HeOOJIBLIIMM MCKIIIOUEHUEM, BEIIeCTBA PACILIUPSIIOTCS TIPU Ha-
IPEBAaHUM U CKUMAIOTCS NMPU oxJIaxaeHUU. CylIecTByeT MHOXECTBO
BapMaHTOB TMPAKTUIECKOTO TMPUMEHEHUs] TepMO3(P(hEeKToB, 0 4EM
peyb MOMUAET B CAeMYIOLIEH I1aBe.



170

30. TEPMHNYECKOE PACHIMPEHUE

[1pu Bo3meiicTBUM Tera oObEM OGOJNBIIMHCTBA BELIECTB yBEIU-
YUBaeTCs BO BCeX HampaBieHUsX. M oOpaTHoO: eciu TeTioBast 3Hep-
THsI He TTOCTYTAeT K BEIIeCTBY (TO €CTh OHO OCTHIBAET), MPOUCXOIUT
€ro cxarue BO BceX HarnpasiieHUsIX. DPheKTsl pacliupeHust U cxa-
TUS BEUIECTB 3aBUCST OT U3MEHEHUST TEMIIEPATyPhl U MPOSIBIISIOTCS
JUTST KaXJI0TO BEILIEeCTBA [10-CBOEMY.

IIpakTHYEeCKO€E NpUMeHeHHne
TEPMUYECKOTO PACIIMPEHNS

Hwuxe TIPUBEACHBI HEKOTOPBLIC IIPUMEDPBI U3 ITPAKTUKU, KOrga HE-
00X0TUMO YUYUTBIBATH PAaCIIMPEHUEC U CXKATUEC TBEPIAbIX MaTCPHUAJIOB.

e [IpoBoma JMHUI 2JeKTpoIepenauyn 3aKpervisiioT Tak, YTOObl OHU
HEMHOTO MPOBUCAIN B JICTHUI MEPUO, UHAUE U3-3a CXKATHUSI 3U-
MO OHU MOTYT pa3opBaThCsl U MOBAIUTH HECYLLIKE OTIOPBI.

e MexXny Xelne3HOOOPOXHBIMU pejibcaMid HEeOOXOIMMO OCTaBJISITh
3a30pbl, YTOOBI MPEIOTBPATUTh UX BBITMOAHKME B XXapKYlO MOTOMY
(uckioyasl ciiyyad, KOTraa OHU 00pa3yloT MOHOJUTHBIN MyTh Ha
BCEM IPOTSLKEHUM JIMHUM).

o KOHIIBI OOJBIIMX MOCTOB 3a4acCTyl0 yCTaHaBJIMBalOT Ha pOJIMKax,
YTOOBI MOCTBI MMEJIM BO3MOXHOCTH CBOOOIHO paciimpsaTbeCa U
CXKHMMAaTbCA.

e MeTtajsinuyeckue BTYJIKU WIK CTATbHbIE IIWHBI TIEPe YCTAaHOBKOMN
HarpeBaloT, YTOOBI paCIIMPUTh, YCTAHABIMBAIOT Ha BaJl MJIU Ha KO-
JIECO COOTBETCTBEHHO, a IMOTOM OXJIaXIAIOT, YTOOBI MPU CXKATUU
OHM TUTOTO BCTaJIM Ha MECTO; TaKOW MPUEM Ha3BIBAIOT «ITOCAMI-
Kot». [ToX0X1M CITOCOOOM MCITOJIB3YIOT HAarpeThie 3aKIENKU IS
CBSI3KM METaJUIMYECKUX JINCTOB.

e Bce MaTtepuansl paciuupsitorces mo-pasHomy. Ha Puc. 30.1a moka-
3aHa OMMeTaJUIMYecKasl MoJocKa MPU KOMHATHOM TeMIiepatype
(TO ecTb JBE MeTaUIMYEeCKUeE MOJIOCKM U3 pa3IMYHOro MaTepuaia
CKJIEMaHbl BMECTE).

BpoH3aa 7§ — Cramb

a) 6)
Puc. 30.1
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[pu HarpeBaHUM GPOH3a PaCIIMPSIETCS B OOJBIIIEH CTETIEHU, YeM
CTajlb, @ TaK KaK MeTaJUIbl O0beIMHEHbl, OMMeTaIMyecKas Moa0cKa
«BBIHYX/IEHa» MU30THYTbCSI, KaK noka3aHo Ha Puc. 30.16. Takoe no-
BeJlcHUEe MeTa/ula MOXKHO WCIIOIb30BaTh ISl 3aMbIKAHUS WIN pa3-
MBIKaHUST 3JIEKTPUUYECKOIA 1enr. buMmerajuimyeckue MoJIOCKU 0CO-
GEHHO YacTO WCIIONB3YIOT B TepMOCTaTax (MepeKmoyaTesiu, TeucT-
ByIOIIME TIpM M3MEHEHUs TEeMIIEPaTyphbl) ULl  yIIpaBICHUS
LIEHTPAJILHBIMU CUCTEMaMU OTOTIJICHHMSI, HATPEBATEIISIMU, XOJIOIMITb-
HHMKaM¥, TOCTEpaMH, YTIOTAMHU, CHCTEMaMH HarpeBa BOIbI W IS
BKJIIOUEHUST CUTHAJTU3AIU Y.

o [lopiieHb B IBUTATENIsIX BHYTPEHHETO CTrOpaHUsI MPUBOAUTCS B
neiicTBre 61aronapst ObICTPOMY PaclIMPEHUIO HATPeTOro rasa.

o [IpoeKTUPOBIIMKUA 00sI3aHbI MPEABUAETh U YYECTh paciliupeHue
3aBOACKHUX CTATbHBIX TPYO, BBIBOASIIIIMX TOPSIUMIiA TIAp, YTOOBI MTpe-
JIOTBPATUTD yILlepd M M30eXaTh PUCKA JUISl 3M0POBbSI OKpYXKaro-
LIUX.

Pacmmpenue u cxkaTuie BOJbI M IPYTHX KHIKOCTENH

Bona — XuakocTh, KOTOpO# MpW HU3KUX TemIepaTypax CBOM-
CTBEHHO HEOObIUHOE MoBeieHue. [1pu oxtaxxaeHuu cxarue npoaos-
KaeTcs 10 TeMItepaTypbl mpuMepHo +4 °C, Korna 00bEM CTaHOBUTCS
MMHUMAaJTbHBIM. [1py najbHeIIeM MOHMXEHUH TeMIIepaTyphl oT +4
1o 0 °C Boma pacimpsieTcsi, To eCTh €€ 00beM yBemunBaetcs. [1ocie
00pa3oBaHUsl Jibla €ro pacliMpeHue MpPoI0JIKAETCs, YTO 3a4acTylo
MPUBOINUT K Pa3pbIBy TPYO ¢ 3aMep3lleii BOLOWA.

Pacmmpenue XUAKOCTH HAXOOWUT MPUMEHEHHWE B TEPMOMETpAX,
e pacillipeHue TaKUX BEUIECTB, KaK PTYTh WIK CIIUPT, UCIOJIb3YIOT
JUTSI U3MEPEHUsI TEMIIepaTyphl.

Koaddunment auHeitHoro pacmmpeHust

BenuuuHy, Ha KOTOpPYIO pacivpsieTcsl eAMHULIA ITMHBI MaTepra-
Jla TIpY pOCTe TeMIepaTypbl Ha OIMH Tpaayc, Ha3bIBAIOT K03gpuiyu-
eHMOM AUHElHO20 pacuuperys MaTtepuaia 1 0003HaYaloT rPeuecKoi
OyKBoOI1 o (anbgda).

KoabduuueHTt nuHeitHoro paciiupeHust uamepsitiot B M/(m-K),
XOTSI TaKyIo 3aIich 4acTo cokpaiaior 1o 1/K mmm K~'.

Hanpumep, Ko3bHULIMEHT TMHEHHOTO pacIIMPEHUs] MEIU paBeH
17 x 107 K~'. D10 03HauaeT, yTo 1 M MEIHOTO CTEP:KHS YBEINYMBA-
ercsa Ha 0.000017 M, eciu ero Temmneparypa yBeiauuuBaercst Ha 1 K
(umm 1°C).

Eciu MemHbIl cTepXeHb JIMHOM 6 M HarpeTh Ha 25 K, To crep-
XeHb yummHUTCS Ha (6 x 0.000017 x 25) M, 1o ectb 0.00255 M mim
2.55 mm. (Tak kak 1mkana KeabBMHA MCMOJB3YeT TOT XX TeMIIepa-
TYPHBIIl UHTEpBaJ, 4YTO W 1Kana Llenbcusi, uU3MeHeHUe TeMIiepary-
pb1, mormyctuM, Ha 50°C paBHO U3MeHeHMIO TeMmeparypsl Ha 50 K.)
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Ecnu HavanbHast IUIMHA MaTepyall paBHa /| IPU TeMIIepatype f,, a
K02Gb(MUUMEHT TMHEHHOTO PaCIIMPEHHUS ¢, TO C POCTOM TeMIIepaTy-
PBI 10 3HAYEHUSI £, €TO JUTMHA [, CTAHET paBHOM

L= L[1+a(t-1)] (1)

Hwxe mpuBeneHbl 3HaueHUs Ko3(h@UIIMEHTA JTUHEIHOTO pac-
IIUPEHUS U1 HEKOTOPBIX MaTePUaIOB.

AmoMuHuit 23x10°K™! JlatyHb 18x 10 KT

Beton 12x 107K Menb 17x 107°K™!
v

3onot0 14x10° K Wnsap (crinas

Keneso (11 .. 12) x 10 K" || Hwxenp-crans) 0.9x107°K™!

Craib (15...16) x 10° K" || Heitnon 100 x 10 K

Lunk 31x10°K™! Bonbghpam 45x10°K!

Hanpumep, nmiuHa MenHbIX TpyO B Ooitnepe paBHa 4.20 M mipu
temrieparype 20°C. Ecim MX OKpYXWTb TOJIBKO IUTHEBOM BOIO,
Temmneparypa kotopoit 10°C, To myiuHa Tpyo6 /5, COCTaBUT

L=Hh[1+a(t—#)] =4.20[1+ (17 x 1076)(10 — 20)] =
=4.20[1—0.00017] = 4.1993 m,

TO €CTb NPU yMeHbleHUU Temreparypsl oT 20 no 10°C Tpyba co-
XKMércsa Ha 0.7 mMm.

Korma 6oitiep HaxonuTcst B paboTe, CpemaHssl TeMIeparypa Tpyo
cocrapJsieT, gomyctum, 320°C, Torga mivHa Tpyo /, oKaxercs pas-
HOM

=11+ oty — ;)] = 4.20 [1 + (17 x 10-6)(320 — 20)] =
=4.20[1+0.0051] = 4.2214 m,

TO ecTb ¢ pocToM Temreparypbl oT 20 10 320°C Tpyda yAIMHMTCA HA
21.4 Mm.

KoaddunueHT noBepXHOCTHOTO pacuIMpeHus

BenuuunHy, Ha KOTOPYIO yBETMYMBACTCS eMUHUIIA TUTOIIAAN MaTe-
puasia Ipu pocTe TeMIepaTypbl Ha OJUH TPajyc, Ha3blBAIOT K0dggu-
YUEHMOM NOBEPXHOCMHO020 pacuiuperus (TO ecTb KoabULMeHT yBe-
JIMYEeHUsI TUIOUIaau) U 0003HAYAIOT rpevyeckoii OykBoit P (6eTa).

Ecnu npu HavanbHOU TeMmepatype ¢, MaTepual UMeeT IJIONIaab
A, 1 ero Ko3(pOULMEHT MOBEPXHOCTHOTO PACUIMPEHMS paBeH 3, TO
TIPY TIOBBIIIEHUY TEMTIEPATYPhI 0 #, YBEINIMBIIASICS TUIOIIANb Ma-
Tepuana A, COCTaBUT

A, = A[1+B(,-1))] (2)
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MOXHO TI0Ka3aTh, YTO KOI(POUIIMEHT TOBEPXHOCTHOTO PACILIHN-
peHust B 2 pasa GoJjblie K03 bUllMeHTa JUHEHHOTO PacuIMpeHUs],
TO €CTb B = 20, C OYEHD XOPOILEil TOUHOCTHIO.

Koaddumment 06bémMHOr0 pacumpenus

BenmuuuHy, Ha KOTOpYyI0 YBEJIMYMBAeTCs eAUMHUIIA OObEMa
BeleCTBa MIPU POCTE TeMIIepaTypbl Ha OJUH TPaayc, Ha3bIBalOT KO-
aghuyuenmom 006séMHO20 pacuiupenus W OOO3HAYAIOT TPEUYECKOM
OyKBO¥i y (ramma).

Ecnu npu HavanpHOW TeMIiepaType f, BeIeCTBO UMeeT 00bEM V)
U ero KoapduureHT 06bEMHOTO paclliupeHusl paBeH Y, TO ¢ POCTOM
TEeMIIepaTyphl 10 f, yBEIUUUBLIUICSI 00BEM V, cocTaBUT

Vy = Vil +y(,-1)] 3)

MokHO MoKa3atk, 4To Ko3bdULMEHT 00bEMHOTO pacliupeHus B
3 paza Oojblie Ko3dduilMeHTa JUHEHHOro pacliupeHusi, TO eCTh
v = 30, C OUeHb OJIM3KUM MPUOIMKEHUEM.

XKunkocts He obagaeT onpeaeaeHHoM GopMoii, moaTOMy HE00-
XOIMMO YYUTHIBaTh TOJBKO €€ 00bEMHOe paciuupenue. CremoBa-
TEJIbHO, TIPU PACILIMPEHUH XUAKOCTEN UCTIOIB3YIOT ypaBHeHUE (3).

Huxe npuBeneHbl HEKOTOPbIE TUMMYHbIE 3HAYEHUST KO3(hDUIIU-
eHTta 00bEMHOTO pacupenus npu 20°C (to ectb 293 K).

DTUIIOBBII CITUPT 1.1 X 103K~ || Pryms 1.82 X 11074 K™

Mapacdunosoe Maco 9.0 X 11072K™" || Boga 2.10 X 11074 K"

KoadduireHT 00bEMHOTO pacliUpeHus Y — 3TO MOCTOSIHHAs
BEJIMYMHA CBBIILIE 3aJAaHHOTO A1ana3oHa TeMIepaTyp.

Hanpumep, pTyTh B TepMOMeTpe MMeeT 00bEM 476 mm® ripu 15°C.
Haitném, nmpu kakoit TeMrepatype 00bEM 3TON PTYTH YBEIUUUTCS 1O
478 Mm°.

W3 ypaBHeHus (3) KoHeuHbli 00beM V, = V[l +y(f, — 1))].
OTtkyna

Vi-Vi _ 478476
Viy (476)(1.82 x 107"

(t-1) = = 23.09°C.

CrenoBaTesIbHO, 1, =23.09 + 15 =38.09°C.

Takum oOpa3oM, TeMmmepaTypa, IIpU KOTOPOil 00BEM PTYTH I0-
crurHet 478 mm®, paBHa 38.09°C.



174

31. ISMEPEHUE TEMIIEPATYPbI

M3MeHeHMe TeMIepaTyphbl BellleCTBa MOXKET 3a4acTyi0 MPUBECTH
K U3MEHEHUIO OJHOTO MJIM HECKOJIBKUX (DU3MIECKUX CBOMCTB JaH-
Horo BemiectBa. CliemoBaTeIbHO, XOTs TeMIIepaTypy Helb3sl U3Me-
PUThH HETTOCPEACTBEHHO, MOKHO M3MEPUTh COIYTCTBYIOLIME €l 3-
dekrol. [Iy1s1 orpeiesieHrsT TEeMITEPATYPHBIX M3MEHEHUI MCITIOJIb3YIOT
TaKWe CBOWCTBA BEIIECTB, KAK U3MEHCHUE Pa3MEpPOB, JEKTPUIEC-
KOTO COTIPOTHUBJIEHUSI, COCTOSIHUSI, TUTIA ¥ BEJIMIMHBI U3TyYEHUS, a
TaKKe I[BeTa.

CylIecTBYET MHOXECTBO TUITOB IPHUOOPOB, U3MEPSIIOIINX TEMITE-
parypy. Te, 4TO paccMOTpeHBI B CiIenyIoNINX nMaparpadax, Hanbomree
4acTO MPUMEHSIIOTCS B HayKe W IIPOMBIIIJIEHHOCTH.

CTeKJISIHHDII XKUIKOCTHBI TEPMOMET]

[MpuHLIMN AeWCTBYS CTEKISTHHOTO XXMIKOCTHOTO TEPMOMETPA CO-
CTOWUT B UCITOJIb30BAHUM CBOWCTBA XUAKOCTH PACIIUPSITHCSI C POC-
TOM TeMIIepaTyphI.

Yempoiicmeo

TunuYHBIA CTEKJISIHHBINM XMIKOCTHBIA TEPMOMETpP MOKa3aH Ha
Puc. 31.1.

KanunnapHas JononHnTensHas
Xunakoctb Tpy6ka E8MKOCTb

\
(@————————— O )

0 10 20 30 40 50 60 70 80 90 100

Mpywa
LLkana

Puc. 31.1

TepMOMeTp 3TOTO TUIIA COCTOMT W3 3alassHHOW OJHOPOMHOM
CTEKJITHHOW TPYyOKM MaJioro JMaMeTpa, Ha3bIBAEMOW KanuiispHol
mpy0OKoil, Ha OTHOM KOHIIE KOTOPOW 00pa30BaHO CTEKJISTHHOE yTOJ-
meHue B hopMe rpymid. [pyia 1 9acTh Kamuisipa 3aroTHEHBI KU~
KOCTBIO, HAlpUMEp PTYThIO WJIM CIUPTOM, a B OCTAJIBHOI YacTu
TpyOKM — BakyyM. Ha BHelrHelt ctopoHe TpyOKM HaHeceHa rpanyu-
POBKa, KOTopasi U SIBJISIETCS] M3MEPUTEIBHOM IIKaioil. O6bIYHO TIpe-
JIyCMOTpPEHA TOMOJHUTEIbHAsE EMKOCTh, YTOOBI B CJIy4yae IpeBbIlle-
HUSI MAaKCHMAJIBHON OTMETKU Ha IIKajie KUIKOCTh MMesia OBl BO3-
MOXHOCTb PacCUIMPSThCA, TaK KaK B TPOTMBHOM cjydae TpyOKa
MOXET JIOITHYTb.
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Ilpunuun oeiicmeus

Pabota cTeKJISTHHOTO KMAKOCTHOTO TEpPMOMETpa 3aBUCUT OT pac-
LIUPEHUST XXKUAKOCTHA C POCTOM TEMITEPaTyphl M OT €€ CKaTHsI — C Ma-
JeHUEM TemrepaTypbl. TaM, riie 3aKaHYMBAEeTCSI CTOJIOUK XUAKOCTU
B TpyOKe, (GUKCUPYETCsl 3HAYSHUE TEMITepaTyphl KUIKOCTH B TPpYyIIIe
(Ha Puc. 31.1 ato 15°C, 4yTO IpUMEPHO COOTBETCTBYET KOMHATHOI
TeMreparype).

JI1s1 KanmnOpOBKM TepMOMETPa HEOOXOIMMO BBIOpATh IBa 3HAYE-
HUSI TeMIepaTypbl, MEXIy KOTOPBIMU CJIEAYeT MIPOCTABUTh «IPay-
cbl». B mepBoM TepMoMmeTpe, U3roToBleHHOM llenbcuem, BBIOpaH-
HBIMU 3HAYeHUSIMU (pENepHBIMA TOYKAMM) OBLIM TOYKA TasHUS
npga (0°C) ¥ Touyka KHUIIEHUSI BOABI IIPU OOBIYHOM aTMOC(hepHOM
nasienuu (+100°C). B kaxnoii U3 ToueK Ha YUCTOM CTEPXKHE OTMeE-
YaJIuCh YPOBHU XUAKOCTHU. PaccTostHUue MeXIy 9STUMU ABYMSI TOUKa-
MU, Ha3bIBAEMOE OCHOBHbIM UHmMepsaiom, ObUIo monenreHo Ha 100
PaBHBIX YacTeil, KaXayl U3 KOTopbix mpupaBHsiu 1°C. Tak Obuia
noJiyyeHa 1mkana Lleabcust.

Meduyurnckuii mepmomemp (pa3MeUYeHHbIM ¢ YI4ETOM AMaIia3oHa
M3MEHEHHsI TeMIIepaTypbl XXMBOTO OPraHU3Ma); mepmMoMemp MaKcu-
myma u/uau munumyma (PUKCUPYIOLINI MAKCUMaTbHYIO THEBHYIO U
MMHUMAaJIbHYIO HOUHYIO TeMIepatypy); mepmomemp bexmana (nipu-
MEHSIEMBII TOJIBKO [JIs TOYHBIX U3MEPEHUI TeMIIepaTypPHBIX U3Me-
HEHUI U He UMeloLnii (PUKCUPOBAHHOTO IUara3oHa) — BCE 3TO OM-
pelesieHHble BUbI CTEKJISTHHOTO XKUAKOCTHOTO TepMOMETpa, pado-
TaloLIKe 110 eAMHOMY TPUHILIUITY.

ITlpeumywecmea

CTeKJISTHHBIN XUAKOCTHBI TEPMOMETP TIPOCT B YCTPOMCTBE U B
TMPUMEHEHUH, IIOPTATUBEH U OTHOCUTENIbHO NEmeB. OH MpencTaBisi-
eT HanboJiee LMPOKO UCTIONb3YEeMblii METO U3MEPEHUSI TeMIIepaTy-
PBI ¥ IPUMEHSIETCS B TPOMBIIIZICHHOCTH, METUIIUHE, B XUMUUECKUX
J1JabopaTopUsIX U B METEOPOJIOTUH.

Hedocmamxu

CTeKJITHHBIE XUIKOCTHBIE TEPMOMETPBI, KaK MPaBUJIO, XPYIIKU
M, CJIEOBATENIbHO, JIETKO ObIOTCSI. OHU UMEIOT Y3KYIO CIielanmn3a-
LIMIO (MCMOJIB3YIOTCS TOJIBKO B 3aJlaHHOM JIMAaIa3oHe TeMIepaTyp);
MX HeJIb3s1 IPUMEHSITh IS UBMEPEHUS TeMITEPaTyphl TOBEPXHOCTEN;
MX TMOKa3aHUsI HeJIb3s1 CYMTHIBATD Ha PACCTOSIHUM, U, HAKOHELl, OHU
He TIPUTOHBI JIS UBMEPEHUST BBICOKMX TeMIIepaTyp.

Jlocmouncmea u nedocmamiu pmymu u cnupma

Hcnone3oBaHue pTYTU B TEPMOMETPE HMMEET MHOIO MPEUMY-
LIECTB:
® ¢¢ XOPOIIIO BUIHO;
e OHa 00J1a/1aeT OTHOCUTEJIbHO OTHOPOJAHBIM TEMITOM PaCIIUPEHUSI;
® ¢¢ JIErKO MOJYYUTh B YUCTOM BUIE;
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e OHa HEe CMauMBaeT CTEKJIO;
e OHa XOPOLIUI MPOBOJHUK TEIUIA.

Touka 3amep3anust prytu —39°C. [1pu 6ojee HU3KUX TeMIIepaTy-
pax ee IpUMEHsTh Hesb3sl. Touka kurneHust prytu +357°C, Ho eciu
BBILIIE HAJ PTYTHIO HAXOMUTCS BaKyyM, TO TIPU MIPUOIDKEHUU 3TOM
TEMIIEPaTyphl B PTYTU HAYMHAETCS TTPOLIECC AMCTUILIALMU. JIst mipe-
MOTBpAIICHUS] 3TOTO W ISl YBEJTWYCHUSI BEPXHETO TeMIIEpaTypHOTO
npenena 1o +500°C ocraBiIascst He 3alIOJTHEHHOM PTYTHIO YacThb
TPYOKM TOJ AaBJIEHUEM 3aIlOJIHSIETCS] MHEPTHBIM ra30M, HalpuMep
a30TOM.

Crupr, 3a4acTylo OKpallleHHbI B KPACHBI LIBET, YTOOBI €ro ObI-
JIO BUIHO B TPyOKe, ropas3ao IelieBiie PTyTU, U ero Touka 3amep3a-
HUs paBHa —113°C, 94TO 3HAUNTEIHLHO HIKE TOYKU 3aMEP3aHUST PTY-
Td. OIHAKO TOYKAa KMIEHUSI CIMpTa HUXeE, YeM Y PTYyTH, U paBHa
+79°C.

Owubku usmepenus

TunmuYHbIe OMMOKU B TMOKA3aHUSIX CTEKJISTHHOTO XHUAKOCTHOTO
TepMOMeETpa MOTYT BO3HUKATh U3-3a:

® MeJICHHOM CKOPOCTHU OCTbIBAHWM CTEKIIA,
® HCIIPaBUJIBHOI'O paCIlOJIOKEHUA TECPpMOMETPaA;

® HEKOTOPO MHEPLIMOHHOCTH XUIKOCTU B TEPMOMETPE (TO €CTh 3a-
MeJIEHHOE BpPeMsl OTKIINKA);

e HEepaBHOMEPHOIO AUaMeTpa KaWLUIIpHON TpyOKHU. DTO O3HAYAET,
YTO paBHbIC MHTEPBAJIbI Ha IIKaJie B OQHOM YacTU TEPMOMETpaA He
COBINAMAIOT ¢ TAKUMU XK€ TeMIIepaTypHBIMM WHTEpBaJIaMU B IPY-
roii 4yacTu.

Tepmonapbl

H3mepeHre TemmepaTypbl ¢ TOMOIIbIO TepMOIap BO3MOXHO
Gnaromapst BosHUKHoBeHUI0 BJ1C nipu Harpese crast IBYX pa3HOPOI-
HBIX METAJLIOB.

Ilpunyun oeiicmeus

Ha cTbike ABYX pa3HOPOAHBIX METAJIOB, HAIIPUMEP MEIU U KOH-
CTaHTaHa, CYIIECTBYET Pa3HOCTh AJCKTPUICCKUX MOTECHIINATIOB, W3-
MEHSTIOIIASICS C UBMEHEHNEM TeMITepaTyphl. DTO sIBJICHE Ha3bIBAIOT
mepmoanekmpuveckum 3¢gpgexmom. Ecnu Lienmb 3aMKHYTh Ha MecCTe
BTOPOTO CITasi, HaXOASIIETOCs TIPU APYToi TeMIIepaType, TO IO LIEIH
MOTeYeT TOK. DTa 0COOEHHOCTb TEPMOIIAPhI UCITOIb3YETCS IS U3Me-
penust temniepatypbl. Ha Puc. 31.2 moka3aHbl 1Ba pa3HOPOIHBIX Me-
TAJUIMYECKUX TTPOBOJHMKA CO CKPYUYEHHBIMU M CITATHHBIMU KOHIIA-
mu. Eciu mBa cniast MMEIOT pa3HbIe TeMITepaTyphbl, TO T10 LIETTH TeUeT
TOK 1.

OTKIIOHEHUE CTpeKMU TaibBaHOMeTpa G 3aBUCUT OT Pa3HOCTHU
TeMriepatyp mMexnay craeM X u craeM Y. OHa BbI3BaHa pa3indyueM
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Metann A Metann B

Puc. 31.2

Mexny HanpsokeHusmu V, u V. Cnait ¢ Gosiee BBICOKO#A TeMriepary-
pOYi Ha3bIBAIOT 20PAUUM Cnaem,a c boJiee HU3KOM — X0100HbIM cnaem.
Ecnu teMmeparypy XOJOQHOTO criasi HE MEHSITh, TO TaJIbBAHOMETP
MOXHO OTKaJIMOPOBAaTh TaK, YTOOBI IT0 HEMY MOXHO OBLIO OIpele-
JIATh TEMIIepaTypy Topsyero cras. B 3ToM ciyyae XOJMOMHBIN criait
Ha3BIBAIOT CB0O00HBIM CNAEM.

Bo MHOrux ciaydasx HeoOXOAMMO, YTOOBI M3MEPUTEIbHBIN IIPHU-
0Op HAXOOWJICS OAJEKO OT TOYKHM, IJI€ HYKHO IPOM3BECTU U3MEpPEe-
Hus. Torma MpUXOOUTCS MCIIOJNB30BaTh YIJIMHUTEIbHBIE MPOBOJA,
KOTOpBIE, KaK MPaBUIO, AEJAI0T U3 TOrO Xe MaTepuasa, 4To U Tep-
MoIapa, HO MeHblieil TomuuHbl. CBOOOMHBIN CIIail 3aTeM Iepexo-
JIUAT HA UX KOHIIbL. JIJ1s1 paboThI TEpMOIIaphl TOPSYMiA Criail pa3melia-
0T TaM, Ie HEOOXOAUMO 3aMEPUTh TeMmIlepaTypy. M3aMepuTenbHbIin
nprbOp MOKaxXeT TeMIIepaTypy TOpsidero crasi, Korga CBOOOMXHBII
crnaii HaxoauTcs rmpu tremreparype 0°C:

( TeMIeparypa ) _ 0°C+( Pa3HOCTh )
ropsiyero crasi / TemIieparyp /-

B n1aGopaTtopHBIX yCIOBUSX CBOOOJHBIN CIIaii 3a4acTylo MoMela-
10T Ha TAlOUIUii JIEA, HO B MPOMBIIIEHHBIX YCIOBUSIX €T0, KaK Tpa-
BWJIO, KJIaAyT B PEryJUPyeMYIO C TTOMOIIIbIO TEpMOpeJIe TIeYb C HEU3-
MEHHOI TeMIIepaTypoil WJIM 3apbiBAalOT B 3€MJIIO, TI€ TeMIlepaTypa
nocrosiHHa. Toroa

“ TeMreparypa ) _( TeMIieparypa ) ( Ppa3HOCTh )
(TOPSYETO CIMast /  \ XOJOMTHOTO cras TeMmIeparyp /-

Yempoiicmeo

Cnaii TepMonapsbl npeacTaBisieT co0oi 1Ba CKPyYEHHBIX ITPOBO-
Jla U3 Pa3HOPOIMHBIX METAJUIOB, KOTOPBIE 3aTEM CBApUBAIOT BMECTE.
Ha Puc. 31.3 nokazaHo ycTpONCTBO TUITMYHOI TepMOIIapbl U3 MeIU
U KOHCTaHTaHa, IPUMEHSIEMON B IPOMBIIIITIEHHBIX YCTIOBUSIX.

BHe pabGouero cmasi MCIONb3yeMble OBa MPOBOAHMKA TOJDKHBI
OBITH SJIEKTPUIECKU M30JTMPOBAHBI IPYT OT JAPYra ¢ MOMOIIBIO MO~
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. . XonopHsbli
[opsuuii cnan cnan

1 Menb /

<

M3onaums
(Hanpumep, Tpybka
13 NONMBUHUNXIIOPUAA,
CTEKIOBOJIOKHA,
) acbecta U kepamuki)  YannHeHHble
npoBsofa

KoHcTaHTaH  3aluTHbIi

bytnsip
(Hanpumep,

keapLi, papdop
WIn Msrkas CTalb

Puc. 31.3

XOISIIEro U3osiiinoHHoro matepuana. Ha Puc. 31.3 ato TpyOKM C
MapaMK ONMHAKOBBIX oTBepcTuil. [IpoBoaa 1 Tpy6Ka OGBIMHO BBO-
TS B QYTIISp MUTS 3AIIMATH MX OT BO3IEHCTBUS OKPYXKAMOIIEH cpe-
IIbI, B KOTOPOI OHU MOTYT OBITh TIOBPEXICHBI MEXaHMUECKHU MJTH MO-
I'YT MOABEPTHYTHCS KOPPO3HH.

Ilpumenenue

Tepmorapoii Melb-KOHCTaHTaH MOXHO U3MEPSITh TeMIIepaTypy B
nuanaszone ot —250°C go npumepHo +400°C. Kak npaBuiio, Takyio
TEPMOIIapy UCIOJIb3YIOT IUIsl KOHTPOJISI TEMITepaTyphl ra30B B XKapo-
BbIX Tpy0ax MapoBbIX KOTJIOB, MPY MPOU3BOACTBE MUILEBBIX MPOIYK-
TOB, U B YCJIOBMSIX CBEPXHU3KHUX TEMITEPATyp.

Tepmomnapa Xkejie30-KOHCTaHTaH pabOTaeT B Auana3oHe OT
—200°C mo +850°C. OObIUHO 3Ty TepMoOmapy HPUMEHSIOT Ha
LIEJUTIONIO3HO-0YMaXKHbIX (habpukax, B Iedax ISl OTKUra U B
peakLMOHHBIX anraparax.

XpoMmenb-ajoMesieBasi TepMorapa AeHCTBYeT B Juana3oHe
ot —200°C mo +1 100°C. Ee 0OBIYHO MCITOJB3YIOT IJISI U3Mepe-
HUSI TEMIIepaTyphl ra30B B JOMHAaX, B Mevax JAJisi 00XKura Kuprnu-
Yya U Mpu MPOU3BOJCTBE CTEKIIA.

st usmepenust remnepatyp csbiie 1 100°C, kak npaBuio, mpu-
MEHSIIOT TUPOMETPHI TTOJHOTO M3MydeHUs. OTHAKO MOXHO BOCTIOJb-
30BaThCsI TEPMOTIAPOI TUTATMHA-TIIATUHA,/POINIA, TaK KaK OHa pabo-
TaeT Mpu Temreparypax, nocruraoimux 1400°C, win tepmornapoii
BOJIb(PaM-MOJIMOIEH, PUTOAHOM 10 TemmepaTyp 2 600°C.

Ilpeumywecmea
Tepmomnapa:
e IMeeT 0YeHB IIPOCTYI0 KOHCTPYKIIUIO;
e MOXET ObITh OUEHb MAJIOr0 pa3Mepa;
® TIpOYHA M COOTBETCTBEHHO HAJEXHA B AKCILTyaTalllM;
® JICTKO YIAJISIETCSI TIPU TOBPEXACHUH,
e IMEET MaJloe BpeMsI OTKIIMKA;



179

® MOXET INPUMEHATHCA HAa HEKOTOPOM paCcCTOAHUU OT USMEPUTEIIb-
HOTrO an60pa 1 UaCaJIbHO IMMOAXOAMT )i MCII0Jb30BaHUSA B aBTO-
MaTUYCCKHUX U JUCTAHIIMOHHO YIIPAaBJIACMbBIX CUCTEMAX,

® OTHOCHUTEJILHO NIEIIeBa.

Hcemounuku omubox

K vicToyHMKaM OIIMGOK, OT KOTOPBIX TPYIHO U30aBUThCS, OTHO-
cATCS:

® TIaJCHUEC HAIIPS2KCHUA B IMTPOBOAAX U CITAsIX,
® BO3MOXHBIC UBMECHCHUS TEMIIEPATYPhI B XOJIOJAHOM KOHTAKTE,

e OJyXIaIoIIKe TePMO3JICKTPUUYCCKIE TOKM, BhI3BaHHbIC N00OaBiie-
HUEM «JIUIIHUX» METaJUIOB B Ielb TepMonaphl. (JlomoaHurenb-
HbIe MPOBOJA MPUXOAUTCS 4aCTO MCIIOJIb30BaTh JJIsI YBEIUUCHMS
PAacCTOSTHUS 0 M3MEPUTETbHBIX IPUOOPOB WM 1T 00eCTIeUeHMST
KOHTAKTOB C BOJIETMETPOM.)

TepMonapy MOXHO MPUMEHSITh BMECTE C 3JIEKTPOHHBIM TEPMO-
METpPOM C OaTapeiiHbIM WJIM CETEeBbIM IMUTAHUEM, 3aMEHSIOLIUM
MUJUIMBOJBTMETP. DTU MpUOOPHI yecuauBaloT Manyio DJ1C tepmona-
pBI ITepel] TeM, Kak MoJaTh UMITYJIbCbl HA MHOTOITPEAeAbHbII BOJIBT-
METp, OTKaTMOPOBAHHBIN B IPSIMOM COOTBETCTBMM CO LIKAJION TEM-
rneparyp. OTU MPUOOPHI OTINYAIOTCSI BBICOKOW TOYHOCTBIO, M Ha HUX
TMOYTH He CKa3bIBaeTcs MaJieHue HATPSKEHUS B TPOBOJaX U Ha KOH-
TaKTax.

Pe3ucTuBHbIE TEPMOMETPBI

PaGora pe3uCTHBHBIX TEPMOMETPOB OCHOBaHAa Ha M3MEHEHUU
9JIEKTPUYECKOTO COMTPOTUBIIEHMUS, BBI3BAHHOTO U3MEHEHUEM TEMITE-
paTtypsbl.
Yempoiicmeo

Pe3ucTrBHBIE TEPMOMETPBI MOTYT OBITH Pa3HOTO pa3mepa 1 hop-
MBI B 3aBUCMMOCTH OT MX Ha3HayeHUs. TUMUYHBIA MpUMEp KOHC-
TPYKIIUM PE3UCTUBHOTO TEpMOMeETpa rokasaH Ha Puc. 31.4.

3aLLUMTHBINA KOXYX KaTtywka
(CTEKNAHHbIN, KBAPLIEBLIN, (nnatunHoBas,
o Kapkac
dapdoposbii nnn HuKenesas KaTyLLKu
BannactHble METanInM4eckuin) \ Wim MefHas) (Kepamuseckuii
MefaHble AN 13 cntoabl)
nposoaa
yoyd A
7/
v &
4
MepnHble AN
YOMHUTENbHbIE
nposoaa M30n9umnoHHbIE NPOKNaaKN

(Tpy6Ka 13 cnoabl
VNN KEpaMUKK)

Puc. 31.4
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CaMbIM pacrpoCTpaHEHHBIM METAJUIOM JUISI U3TOTOBJIEHUS Ka-
TYIIKA B TAKOM TEPMOMETPE SIBJISIETCSI TUIATUHA, XOTSI €€ YYBCTBU-
TEJILHOCTh He TaK BeJIMKa, KaK y MeId I HuKeJis. OgHaKo TiaThHa
OYeHb CTAOMIBHBIN MeTaul, 00eCIeYrnBaloNIuii BOCIIPOM3BOIUMBIE
pe3yJIbTaThl pe3UCTUBHOTO TepMoMeTpa. [1JTaTMHOBBIN pe3UCTUBHBIIN
TEPMOMETP 3a4acTyI0 MCTIOJb3YyeTCs KaK KaMOPOBOYHBINM TTPUOOP.
Tak Kak TIaTMHa — MeTaJlT TOPOTOM, TSl COeMMHEHUSI TepMOMeTpa
C U3MEPUTETLHBIM KOHTYPOM HCTIOJNIB3YIOT ITPOBOMA U3 IPYTOTO Me-
Tayijia, o0br9HO 13 Meau. Ha Puc. 31.4 ruiaTMiHOBBIE ¥ COETUHUTEIb-
Hble TIPOBOJIA TTOKAa3aHbl COEAMHEHHBIMU B Toukax A u B. MHorma
9TOT KOHTAKT MOXET OBITh BBIBEIEH 3a Tpeneibl Koxyxa. OmHako
MPOBOJIa YAaCTO HAXOIATCS B OJM3KOM KOHTAKTE C UCTOYHMKOM TeIl-
Jla, 9YTO MOXET IMPUBECTH K OIIMOKAM M3MEpeHMs. DTOT (haKTop
MOXHO MCKJTIOYUTh BHEIPEHWEM Taphl MACHTUIHBIX ITPOBOMIOB, Ha-
3bIBAEMBIX OAJIJIACTHBIMU, UCIIBITHIBAIOLIMHU TO XK€ U3MEHEHHUE TEM-
MepaTtypbl, YTO U YUIMHUTEIbHBIE IIPOBO/A.

Ilpunuun pabomut

JI71s1 GONIBIIIMHCTBA METAJIJIOB POCT TeMIIepaTyphbl O3HA4YaeT POCT
3JICKTPUUYECKOTO COMPOTUBIICHUS, a TaK KaK COIMPOTUBICHUE MOXHO
M3MEPUTD C BBICOKOW TOYHOCTBIO, TO 3TO CBOMCTBO MOXKHO UCIIOJIb-
30BaTh U UIS1 UBMEPEHUSI TEMIIEPATYPhI.

Ecnu compoTuBieHue mpoBoaa omnpeaenéHHoi mvHbl npu 0°C
paBHO R, a ero conporusieHue npu 6°C paBHO R, TO

Ry=Ry (1 +60),

rae o — TeMIepaTypHblid KOd(POULIMEHT CONPOTUBIEHUS MaTepua-
na (cM. . 41).
Tornma Temnepatypa

Ry - Ry
0= ——
aR,

3HaueHusT Ry ¥ o MOTYT OMPENesTbCA IKCIEPUMEHTAIBHO VTN
OBITh TIOJYYEHbI U3 CIIPABOYHBIX JaHHbBIX. CJIe0BaTEIbHO, €CIIU 13-
MepUTh Ry, TO MOXHO paccuuTtath 0. DTO 0OCTOSITEILCTBO U JIEXKUT B
OCHOBE PabOThI PE3UCTUBHOTO TEPMOMETpA. XOTs Ui U3MepeHus R,
MOXHO HCIIOJIb30BaTh YYBCTBMTEIbHBI OMMETp, IS IMOJyYeHUSsI
00Jice TOYHBIX PE3YJIbTATOB TMPUMEHSIIOT 3JIEKTPUYECKYIO CXEeMYy,
HasbIBaeMylo mocmom Yumcmona W TIOKazaHHyio Ha Puc. 31.5
(cM. KH. 2, 171. 50).

DTa 2JIeKTpUYecKasi CxeMa CpaBHMUBAET BEJIMUMHY HEU3BECTHOTO
CONPOTUBJIEHUS] Ry C U3BECTHBIMU (DUKCUPOBAHHBIMU BeJIMYMHAMU
COMPOTUBJIEHUI Pe3UcTOpOB R; U R, ¥ MepeMEeHHbIM PE3UCTOPOM R;.
lanbBaHOMeTp G — 3TO YYBCTBUTEIbHBIN MUKPOAMIIEPMETP, ¥ KO-
TOPOro OTMETKA HYJEBOTO COMPOTUBJICHUS HAXOAUTCS B CepelrHe
wikanbl. ConpoTuBieHUEe pe3ucTopa R; MOACTpanMBalOT 10 TeX MOD,
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Ry

Ra

BannactHble
nposoaa

Puc. 31.5

MoKa CTpeJika rajbBaHOMETpa HE JOCTUTHET IMOJIOXKEHUS HYJISI, TO
€CTb Korja uepes raibBaHoMeTp G He Oy/IeT Teub TOK, U MOCTHK, KaK
TOBOPUTCSI, OYJET «yPaBHOBEIIEH».

B paBHOBecuu

R,Ry = R\R;,
OTKyOa
&, = Rk
R,

Ecnu conporusnenust R, u R, paBHbl, TO Ry = R;.

M3o06paxennsiit Ha Puc. 31.5 pe3ucTUBHBIN TEPMOMETP MOXHO
MOICOSIMHUTD MEXIy TouKaMu A U B 1 u3MepuTh TOUHOE 3HAUCHUE
€ro compoTuBiieHus R,y ripu 110001 Temmeparype 6.

BannactHble npoBoaa, nmoacoeaMHeHHbIe B mieue BC, momoratot
HMCKJIIOYUTh OIIMOKY, BbI3BAaHHbIE YIJIMHMUTEIbHBIMU TPOBOJAMU
TEPMOMETPA; UX MPUCYTCTBUE, KaK MPABUJIO, B TAKOM TEPMOMETpPE
HEo0XOIUMO.

Ocepanuvenus

B pe3uctuBHOM TepMOMETpE, paCCUMTAaHHOM Ha paboTy B 1Mara-
30He Temrepatyp or —100 mo +300°C, nmpuMeHsIeTCSI B OCHOBHOM
HUKeJIeBas KaTyllKa.

[naTMHOBBIE PE3UCTUBHBIE TEPMOMETPHI CIIOCOOHBI U3MEPSThH
TeMIeparypy ¢ OOJbIION TOYHOCThIO B amamnazoHe or —200 mo
+800°C. DToT BepXHUI1 Mpeaest MOXeT ObITh yBeaudeH 1o +1 500°C,
€CJIM JUIsSl U3TOTOBJICHUSI KOXYXa U KaTyLIKU MTPUMEHSITh MaTepuaibl
C BBICOKOW TeMITepaTypoii TUTaBJIeHUsI.

ﬂocmouﬂcmea u HedOCMamKu NAAMUHOBOU Kamyuwku

[1naTHa OYeHb YaCTO MPUMEHSIETCS AJ151 U3TOTOBJICHUS PE3UCTUB-
HBIX TEPMOMETPOB, TaK KaK OHa XMMHUYECKM WHEPTHA, TO €CTh He
Y4JacTBYeT B XUMUUECKUX PeakLUsIX, He ToBepKeHa KOPPO3UH, a TaK-
Ke MMEET BBICOKYIO TOUKY TutaBieHus (+1 769°C). K e€ HenoctaTkam
OTHOCHUTCSI 3aMEJICHHBII OTKIIMK Ha M3MEHEHUE TEMIIEPATyPhI.
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Ilpumenenue

[MnaTHOBBIE PE3UCTUBHBIE TEPMOMETPBI MOXKHO UCIOJIb30BaTh B
KayecTBe KaauOpYIOUIMX MPUOOPOB WM B TaKHUX BBICOKOTEMIIEpa-
TYPHBIX ITpOLIeccax, Kak OTKUT U TepMooOpaboTka. Mx jierko BcTpo-
WUTh B aBTOMAaTUYECKME CUCTEMbI KOHTPOJISI M YIpaBICHUS TPOLeC-
caMy. DTU TEPMOMETPbI TOBOJILHO XPYIKKE, M UX JIETKO TOBPEIUTD,
0COOCHHO TPU ylape Uiu Ype3MepHOil BUOpaliuu.

TepmucTopni

Tepmucmop — 3TO TOJYNIPOBOAHUKOBBIN MaTepuas (Harpumep,
CMeCh OKCUIIOB MEJI1, MapraHiia, Kodasasra 1 T.11.), UMeoLunii opmy
OIUIaBJIEHHOTO BaJlMKa C AByMsI BbiBogamMu. C pocTOM TeMIiepaTyphbl
€ro COIPOTUBJIEHUE PE3KO YMEHBIIIAETCS.

Ha Puc. 31.6 nokazaHbl TUIIMYHbIE KPUBbIE, WITIOCTPUPYIOILINE
3aBUCUMOCTb OT TeMIIepaTypbl COMPOTUBIIEHUS TEPMUCTOPA, a TaK-
K€ aHAIOTMYHYIO 3aBUCUMOCTb JUIsl HauboJiee YacTo UCIOJIb3yeMbIX
METaJJIOB.

Hukenb
MnaTtuHa

Menb

ConpoTuBneHne

MonynpoBoaHMK
(TepmucTop)

Temnepatypa
Puc. 31.6

CornpoTuBeHUe TUTMYHOTO TEPMUCTOPA MOXET KOJIeOaThCsl OT
400 OM ipu 0°C mo 100 Om mipu +140°C.

IIpeumywecmea

OCHOBHOE TMPEUMYIIECTBO TEPMUCTOpPAa — BBICOKASI YYBCTBU-
TeJIbHOCTb Y HeOOJIblIKe TabapUThl. DTO HEAOPOIOil METOI U3Mepe-
HUS TEMIIEPATYPbl U OTIPEIEICHUS €€ He3HAYNTEIbHbIX U3MEHEHMUIA.

ITupomeTpsi

[lupomemp — 310 IPUOOP [UISI U3MEPEHUSI OUEHDb BBICOKMX TeM-
neparyp. B ocHoBe ero paGoOThl JIEXXUT UCMOIb30BAHUE TEILIOBOTO
MU3JTyYeHUs] BEILECTBA B HArpPETOM COCTOSIHMU, TaK KaK WHTEHCHUB-
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HOCTb M3JIyYeHUs] 3aBUCUT OT TeMIiepaTyphl BeulectBa. MamepeHue
TEIUIOBOTO U3JIyY€HUs — 3TO yAOOHbII METOA ONpeleIeHUs TeMIIe-
paTypbl UICTOYHHUKA TEIUIA, YTO OCOOEHHO MOAXOAUT ISl IPOU3BOJIC-
TBEHHBIX MpoueccoB. CylecTBYeT 1Ba OCHOBHBIX TUTIA ITUPOMETPOB:
nupomemp o0ue20 uny4eHus i ONMU4ecKuil nupomemp.

[MupoMeTpsl 0OUeHb YTOGHBI TEM, YTO C HUMU MOXHO paboTaTh Ha
06e30MacHOM PAcCTOSIHUU OT MCTOYHMKA Terula. OTU MpUOOphl UC-
MOJB3YIOT JIs1 U3MEPEHUS TeMIIepaTyphbl pacTlaBJIeHHBIX METAJUIOB,
BHYTPEHHOCTE! Teueil Uin CKIOHOB JeHCTBYIOIUX ByJIKaHOB. [Tu-
POMETPHI OOIIETO U3NTYYEHUST MOXHO TAaKXKe TMPUMEHSITH COBMECTHO
¢ IpubOpaMu, MOCTOSTHHO PETMCTPUPYIOITUMK U KOHTPOJIUPYIOIH-
MU TeMIIepaTypy.

Ilupomemp obwezo uzayvenus

Ha Puc. 31.7 noka3zaHo yCTpPOICTBO TUITMYHOTO MTUPOMETpPA 00-
LLETO U3JTyYCHMSI.

3epkano

Oxynsp ons

OkpaH  Tepmonapa HaboneHUN

ﬁ X Z

WN3anyvenvne
OT UCTOYHUKA
Tenna

1=

a3

McToYHMK
Tenna

Puc. 31.7

Jlyuucras sHeprusi OT UCTOYHUKA TeIjia, HAllpMMep OT TeYu,
Tocjie OTPaXXEeHUsI OT BOTHYTOTO 3epKajia COCPeIOTOUYMBAETCS Ha Ha-
TPETOM KOHTaKTe TepMorapbl. PocT TemmepaTypsl, (puUKCUpyeMBbIit
TEPMONAPO, 3aBUCUT OT KOJIMUYECTBA MOJYYEHHOU JTyUUCTOU 3HEP-
MUY, KOTOPasi B CBOIO OYEPEb 3aBUCUT OT TeMIIEpaTypbl UICTOUHUKA
Teruia.

TanpBaHoMeTp G, CO€OMHEHHBIN C TEPMOMApOil, PerucTpUpyeT
TOK, HOJIydeHHbIN oT Bo3HuKIIei DJ1C TepMomnapsl. DTOT rajibBaHO-
METp MOXHO OTKaJauOpoBaThb TaK, 4YTOObI OH ITOKa3bIBaj
HETOCPEJCTBEHHOE 3HaUeHUE TeMIlepaTypbl UCTOYHMKA Teruia. Kak
BUJIHO M3 PUCYHKa, TepMoOIiapa 3allylIeHa OT MPSIMOTO BO3IEHCTBUS
WU3JTy4E€HUsI 3KPAaHOM, a UCTOUYHUK Terjla MOXHO YBUIETh Yepe3 OI-
TUYECKYI0 TpyOy. /111 O0Jblieil YyBCTBUTEIbHOCTU MOXHO CO31aTh
TepMobaTapero, COCTOSIIYI0 U3 HECKOJIbKUX TMOCIeI0BaTeNIbHO CO-
€MHEHHBIX TepMOTap.

[MTupomeTpbl 00IIETO M3TYYEHUSI MCIOJB3YIOT Ul U3MEPEHUS
TeMmreparyp B quamnaszoHe oT +700 go +2 000°C.
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Onmuueckue nupomempot

Kornma temmiepartypa Tejia 3HaUMTEJbHO MOBBIIIAETCS, TO BO3HU-
KaeT IBa BU3YAIbHBIX 3(PeKTa: NCITyCKAEMBII TEIOM CBET, BO-TIEP-
BBIX, CTAHOBHTCS SIpUE U, BO-BTOPBIX, MEHSIET CBOIO OKPACKY. B or-
TUYECKUX IIMPOMETPAX MCITOIB3YIOT 3TH 3(DMEKTHI, TPOBOI CpaBHE-
HME MEXIY SIPKOCTBIO PACKaJEHHOro H00eja MCTOYHHMKA M CBETOM
HHTHU HaKajia U3BECTHOM TeMITEPaTyPBI.

HauGosnbliree pacrpocTpaHeHHe IIONYYMI ONTHUYECKUN ITHPO-
METp, Ha3bIBAEMBIil nupomemp ucve3arouell Humu Haxkaid. YCTPOUCT-
BO TaKOro MMPOMeTpa mokasaHo Ha Puc. 31.8.

Nawna L Kpachi
HaKaMBaHWs / dunLTP OtBEpCTHE ANA
HabnopeHnii

McTouHmnk
Tenna

MepeMeHHbiIi
pesucTop
WNanyyexue ot
MCTOYHMKA Tenna Il

(Takoro, kak
MeTannypruyeckas nevb)

Puc. 31.8

B teneckonuueckyio TpyOy, Kyla MOCTyHaeT M3JIydeHue OT UC-
TOYHMKA Terlla, BCTpOeHa JiaMIla HaKaluBaHus. M3mydeHue ot 3To-
IO MUCTOYHMKA MOXHO YBUAETb 4epe3 OoKyjsap. st 3aliuThl a3 B
pudope CTOUT KPaCHBIN (DUIIBTP.

INepeMeHHBIIT pe3ucTOp 3adaéT TOK, TEKYIIMI Yepe3 HUTh JiaM-
nbl. Kak ToIbKO BeJIMUMHA TOKA YBEJINYUBACTCS, TEMIIEpaTypa HUTU
HakaJjia TOXe pacTeéT, U e€ LBeT MeHsieTcs. Ecliu cMOTpeTh B OKYJISIp,
TO HUTbH HakKaJla JIAMITbl OKa3bIBAaeTCsl HAJIOXEHHOM Ha U3JyuyeHue,
MOCTyMallee OT UCTOYHUKA Teria. ToK yBeJMYMBAIOT IO TeX Mop,
MOKa HUTb HaKajla He pacKaJUTCs A0 TaKOM CTeIeH!, 4To e€ u3obpa-
KeHue colbeTcs ¢ poHoM. B aToM citydae OymeT KasaTbCsl, UYTO OHA
ucuesna. Tok, obecreurBalomuii 3¢ GEeKT Kaxylerocss KC4Ye3HOBe-
HUSI HUTH, SIBJISIETCS TMapaMeTpoOM, OMNPENeSIIOIIMM TeMIepaTypy
HMCTOYHHUKA Teria. AMIIEPMETP, KOHTPOJIUPYIOLIUI TOK, MOXHO OT-
KaJIMOpoBaTh TaK, YTOObI OH MOKa3bIBaJl HEMOCPEACTBEHHYIO TeMITe-
paTypy uctoyHuka. ONTUYECKUE TUPOMETPHI MOKHO MCIOJIb30BaTh
n1st u3MepeHust temmnepatyp a0 +3 000°C u maxke BbILIE.

Jlocmouncmea nupomempos

o [IpakTUyecKu MUPOMETPOM MOXKHO U3MEPUTD JIIOOYIO TEMITepaTypy.

e HeTr HeoOXOmMMOCTM MOMeEIIaTh MUPOMETP HEMOCPEACTBEHHO B
HarpeTyio 30HY, ClieIoBaTeJIbHO, OH He MOABEPKeH BIUSIHUIO BbI-



185

COKOIi TeMIIepaTypbl ¥ XMMHWUYECKOA KOPPO3UHU, KOTOPBIE MOTJIA
Obl TOBPEIUTh IPYTUe U3MEPUTENbHBIC PUOOPHI.

o [TupoMeTp MOXET OTCJICAUTD IaXKe OYE€Hb BHICOKYIO CKOPOCTh U3-
MEHEHMSI TeMIIePaTyphl.

o C MOMOIIBIO MUPOMETPA MOKHO U3MEPSITh CKOPOCTh TBUKYIIIMX~-
cs Tell.

o Cucrema JIMH3 JeaeT MOoKa3aHUs nUpoMETpa NMPakKTUYCCKN HE3a-
BUCHUMBIMU OT paCCTOAHMA 1O UCTOYHHMKA TEILIA.

Hedocmamku nupomempos

e 3ayacTyio MMPOMETPhI OKa3bIBAIOTCS IOPOXKE, YeM Jpyrue mpubo-
DBI, U3MEPSIIOIIE TEMIIEPATYPY.

e 3a MpoLECCOM HarpeBa HUTU Hakaja HEOOXOAMMO HETOoCpencT-
BEHHOE HalJIoeH e,

o HeobOxonuMma pyyHasi KOppeKTUPOBKA.

o JIns1 KamnOpOBKY MMPOMETpa U PabOThI C HUM HYXKHBI OTIpeeIEH-
Hble HaBBIKU M OCTOPOXHOCTb. JIJIsl KaXa0ro ciyyasi u3MepeHust
MMUPOMETP Hallo KaTnOpoBaTh 3aHOBO.

e Ha moka3aHusi TMpoOMeTpa MOXET MOBJIUSITH TeMIepaTypa OKpy-
JKaIoIei cpelbl, M TaKWe OIMOKN MCKITIOYUTh TPYIHO.

Kpacku 1 MeJIKH, 0TOOpaKAIOMIME TEMITEPATYPY

Omobpadcaroujue memnepamypy Kpacku CoIepxaT BelllecTBa, U3-
MEHSIIOIIVE LIBET ITPU HAarpeBaHUU J0 ONpeAeeHHON TeMITepaTyphl.
OOBIYHO 3TO MPOUCXOIUT U3-3a XUMUYECKOM PeaKIuy pa3ioXeHHs,
HampuMep notepu Boabl. [locie MOCTHXEHUsI ONpenelEHHONW TeM-
rnmepatypbel OKpacka 0oJjbllle He MeHsieTcsl. OIHaKO eCThb U TaKue
KpacKu, MepBOHAYAIbHBIN 1IBET KOTOPBIX BOCCTAHABIMBAETCS MOCIIE
oxnaxnaeHus. Kpacku, u3MeHsolye BET B 3aBUCUMOCTH OT TeMIIe-
paTypbl, UCIIOJB3YIOT TaM, Tle HeOOXOAMMO 3HATh TeMITepaTypy He-
JOCTYITHBIX YacTeil yCTpOMCTB U MexaHu3MOB. OCOOEHHO 4acTo MX
HCIOB3YIOT B Mpolieccax TepMOOOPabOTKH, KOrna TpeOyeTcsl 3HaTh
TeMIlepaTypy 0O Hauaja rpoiiecca oxjaxaeHust. Ha npakTuke rnpu-
MEHSIIOT HECKOJIBKO TUIIOB TaKOM Kpacku, M 'y OOJIBIIMHCTBA U3 HUX
TEeMITEPaTyPHbIii TUANa30H HEBEJIUK, TO3TOMY ISl pa3HbBIX TeMIlepa-
TYyp yNoTpebIsioT pa3Hble Kpacku. OGbIYHBIN AMaNa30H TeMIepaTyp
1151 HUX Kogneouetcst ot +30 no +700°C.

Omobpaxcarowue memnepamypy mMeaKu COCTOSIT U3 TUIaBKUX TBEP-
JIbIX BEILIECTB, CIIPECCOBAHHBIX B (hopMe nanouku. [TnaBneHue Takux
MEJIKOB SIBJISIETCSI MHAMKATOPOM JOCTUXKEHMSI HEOOXOIUMOI TeMIie-
paTypbl. MeKu MpocThl B TPUMEHEHUH, HO OHU OTOOPaXKaloT TOJIb-
KO OJIHO 3HaYeHUE TeMIIePaTyphbl, TO €CTh TOUKY IJIaBJIEHMS COCTaB-
nsronux ux BemiecTB. CymecTByer 6osee 100 pa3iMyuHBIX TUITOB
MeJIKOB [1st Temrepatyp oT +50 no +1 400°C, 1 KaxIblii U3 HUX CO-
OTBETCTBYET OMpEACIEHHOMY Y3KOMY TeMIepaTypHOMY JMAMa30HY.
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Takoit cmocob M3MepeHUsl TeMITepaTypbl IPUMEHSIOT B METaJUTyp-
WY, HalpUMep, BO BPeMs MPEIBAPUTEIbHOTO Harpesa MeTauia, BO
BpeMsl 3aKaJIKi, OTXKUTa M OTITycKa. MeJKu HaXoIsT IMpUMeHEeHUe
TaKKe TPy HaOJTIOJEHUU 3a TeMITepaTypoii BaXKHEMIINX YacTell arpe-
raToB WM IJISI KOHTPOJS TeMmIepaTrypbl (hOpMbl B TPOU3BOICTBE
TUTACTMACCOBBIX M PE3UHOBBIX U3NETUN.

Bumerainueckue TepMoMeTPhI

B bumemanauueckux mepmomempax ucnob3yeTcst 3aBUCUMOCTh
pacuIMpeHus MeTaJUIMYeCKUX TOJIOC, YIMPAaBISIONIMX CTPEJIKON
yKasaTesisi, OT TeMIeparyphbl. [lBe TOHKHE MeTaNInYeCKue MoJioc-
KW C Pa3JIMYHOM CTEINEHbIO TEIJIOBOTO PACIIMPEHUST TPUBAPEHbI
WIY TIPUKJIENaHbl oaHa K apyroil. CTerneHb u3ruba InoiyquBIIeii-
csl OMMETAJUTMYeCKOM MOJOCKM yKa3biBaeT Ha U3MEHEHUE TeMIIe-
paTypbl. 1151 GOJbILIEl YyBCTBUTEIBHOCTH MOJOCKU MOXHO CKpY-
TUTh B IUIOCKYIO CIIMpajb (WJIM BUTOK), OAWMH Kpalli KOTOpPOM 3a-
KpenuTh, a ApYyroi IMPUCIIOCOOMTh TaK, YTOObI OH Bpallal
yKazaTeJib 1o 1Kajie. bumerauimueckue TepMOMETPbI UCIOJb3Y-
0T B CHCTeMaX CUTHaJIM3allMy B cllyvyae reperpeBa, KOTaa TOY-
HOCTh IIOKa3aHWil mpuOOpOB HE TakK BaxHa. IlomMecTUB 3TO
YCTPOMCTBO B KOXYX, MOXHO OOE€CHeuMTb 3alluTy npudopa OT
BPEIHOTO BO3ACHCTBUSI OKPYXAIOIIeH Cpeabl, OAHAKO 4YBCTBU-
TEJILHOCTb MIPU 9TOM CHUBUTCS.

OOBbIYHO BepXHUIi TIpeaes TeMIepaTypHOro Axana3zoHa npuoopa
cocrasJsieT okosio +200°C, XoTst TpUMeHeHNe CIIelIMaIbHBIX METaJl-
JIOB TIO3BOJISICT PACIIMPUTh Arana3oH a0 +400°C.

MeTaanm4ecKkuii pTYTHbIA TEPMOMETP

Memanauueckuii pmymHoiii mepmomemp — 3TO NajbHelIee pas-
BUTHE TIPUHIIMIIA, UCIIOIb3YEMOIO B CTEKJIIHHOM PTYTHOM TEPMO-
Mmetpe. Haxonsmasics B CTeKJISHHOM HabalJallHUKE PTYTh PACIIPO-
CTpaHsSIETCsT Yepe3 KaMWUIIPHYIO TPYOKY ¢ HEGOJIBIINM KaHAIOM U
[omnajgaer B Npudop, GUKCUPYIOLIUI BeIUYUHY AaBIEHMsI, HAIIPU-
Mep B MaHOMeTp Bypmona. ITojoxXeHME CTPENKM MOKA3bIBAET, Ha-
CKOJIbKO DacCLIMPUIACh PTYTh, a CJENOBATEIbHO, U YBEIUYUIACDH
TeMIleparypa.

IpeuMyLIECTBO 3TOr0 NPUOOPA COCTOUT B €0 IIPOYHOCTH, 1 IIPU
YAJIMHEHUY KAIWUIIPHOM TPYOKM MAHOMETD MOXHO pa3MeCTUTh Ha
HEKOTOPOM PACCTOSIHMM OT HabajlmallHMKa, a CJIeI0BaTeIbHO, 3a
M3MEHEHUEM TEMIIEPATYPhl MOXHO HAOIIOAATh C MO3ULIMIA, HENPU-
€MJIEMBIX B CIIyYae MCIIOJIb30BAHUSI CTEKJISIHHOTO PTYTHOTO TEPMO-
MeTpa.

MeTaliM4ecKUii pPTYTHbIA TEPMOMETP IIPUMEHSETCS IIPU TEMITE-
parypax He Bbiie +600°C.
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I'a3oBbie TepMOMeETPBI

Ta3oBbIit TepMOMETp COCTOUT U3 MoABUKHON U-006pa3Hoii TpyO-
KM C PTYTbIO, COEIMHEHHOI ¢ MOMOIIIbIO KaMJUISIPHOI TPYOKHM C CO-
CyIoM, coaepxamuM ras. M3MmeHeHue o00bEMa (UKCUPOBAHHOMN
Macchl ra3a Mpu MOCTOSIHHOM JAaBJI€HUU WY U3MEHEHUE NaBJIeHUS
(UKCUPOBAaHHOI MaccChl ra3a IpU MOCTOSIHHOM 00beME MOXHO UC-
MOJIb30BaTh ISl U3MEPEHUsT TeMIepaTypbl. Takoil TepMOMETp Ipo-
MO3/IOK, Y €r0 PEeKO MPUMEHSIIOT HEMOCPEICTBEHHO /11 UBMEPEHUS
TEMIIEPaTyphbl, HO Yallle OH BBICTYIAET B POJIU 3TAJIOHA MPU Kaiuo-
pPOBKE TEPMOMETPOB IPYrux BUIOB. Eciiv mpubop HamonaHeH 4yuc-
TBHIM BOJOPOJOM, TO €ro pabouyuil AMAna3oH JIEXKUT B Tpeaeax
(—240...+1 500)°C, 1103BOJISAS TIPU 3TOM OIPENEISATh 3HAYCHUE TEM-
reparypsbl C BICOKOI TOYHOCTBIO.
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32. JABJIEHUE B TEKYYUX CPEJAX

JlaBienne

Jlasaenue, NefCTBYOILEE HA MIOBEPXHOCTD TeJla, OMPEACSIOT Kak
CHJTy, HAaIlIpaBJISHHYIO IEPIIEHAMKYISIPHO K eIMHMIIE MJIOLIAa1 TOBEp-
xHoctu. EnuHuia napneHus — nackaas [I1a]. OauH mackanb paBeH
OJIHOMY HBIOTOHY Ha KBaapaTHbIii MeTp. ClieqoBaTe/bHO, 1aBJIeHMe

ngfla

rone F — cuna, udMmepsieMasi B HbloToHax [H]| u meiicTByromas mof
MPSIMBIM YIJIOM K TUIOIIAIM TMTOBEPXHOCTU A, U3MepsieMoit
B KBaJIPaTHbIX MeTpax [M?].
Hanpumep, korna cuia 20 H neiicTByeT paBHOMEpPHO U HarpasJie-
Ha MepreHANKYJISIPHO K TUIOIAAN, paBHOI 4 M2, TO AaBleHMeE p, OKa-
3bIBaEMOE Ha 3Ty IUIOIA/b, PABHO

JlaBneHne B TeKy4nx cpeaax

Texyueii cpedoii Ha3bIBAIOT KaK KUIKOCTb, TaK U ra3. CyllecTByeT
YeThIPe OCHOBHBIX CBOMCTBA JAaBJICHUS B TEKYUUX Cpelax.

1. laBneHue Ha 3aIaHHOM TIyOMHE B TeKy4ell cpeie OMMHAKOBO
BO BCEX HAIIpaBJIEHMSIX, KaK IToKa3aHo Ha Puc. 32.1a.

a) 6)
{r
A F f 5
B E A |- —1 C
B
B) o] D r) \J_/
Puc. 32.1

2. JlaByieHue Ha 3alaHHOI TIyOMHE B TeKy4el cpejie He 3aBUCUT
oT hopMbI EMKOCTH, KOTOPYIO 3aroiHseT 3ta cpeaa. Ha Puc. 32.16
MTOKa3aHo, UTO JaBJieHUe B TOUYKe X TOYHO TaKoe Ke, KaK U JaBJIeHIe
B Touke Y.
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3. JaBieHuWe HarpaBleHO TMepIEeHIUKYJISPHO K TOBEPXHOCTH,
cozmepxartuei xkunkoctb. Ha Puc. 32.1B naBneHue Bo Bcex TOYKax OT
A 1o F HampapieHO Ha BHYTPCHHIOIO TOBEPXHOCTh EMKOCTH Tep-
TIEHAUKYJISIPHO K KacaTeJIbHBIM B 9TUX TOYKaX.

4. JlaBneHue TeKyueil cpe/ibl BO BCeX HANpaBICHUSIX MepenaeTcs
onuHakoBo. Ha Puc. 32.1r nmoka3zaHo, 4To eciiv rpeHedpeub Maccoi
cpenbl, TO AaBJieHKE BO BceX TouKax oT A 1o D onnHakoBo (6e3 yuéra
CUJTBI TPaBUTAIINH).

MlaBneHue p B 11000I TOYKE TEKyUEei Cpelibl 3aBUCUT OT TpeX (hak-
TOPOB:

® [UIOTHOCTH TeKy4eil cpeabl p [xr/™M%;

® YCKOPEHUSI CBOOOMHOTO TAaJeHUs g, PABHOTO MPUOIM3UTEIBHO
9.81 M/c? (UM cuIbI FpaBUTALMOHHOTO 1oJist [H/Kr]);

e BBICOTHI 4 [M] — cTOJIOa TeKydeil cpelbl Hall TOYKON M3MEPEHHMS
TABJICHUST.

Huxe npuBeneHo ypaBHeHMe, 00beIUHSOIIEE 3TU TPU (hakTopa

p = pghlla

Hanpuwmep, onpenenuM naBieHUe B TOUKE, HAXOIsILecst Ha TTy-
6une 0.03 M OT MMOBEPXHOCTH BOJBI, 3aIlIOJIHEHHOTO BOIOW KOHTEM-
Hepa, ec/IM MIOTHOCTb Boabl — 1 000 Kr/M>, yckopeHue cBOGOIHOro
naneHust — 9.81 m/c? (Puc. 32.2).

=1000x9.81x0.03=

p=pgh= 0.03Mm [
=294.3 I1a. -

Puc. 32.2

ArmocdepHoe naBieHne

Bo3nyx Hax moBepXHOCTbIO 3eMIIU MIPECTABIISIET COOOM TEKYyUylo
cpey, IIOTHOCTb KOTOPOii M3MEHsETCsl IIPUMepHO oT 1.225 kr/m° Ha
YPOBHE MODSI JI0 HYJIsI B KOCMUYECKOM TpocTpaHcTBe. Bosayx oka-
3bIBAET JIaBJIEHUE Ha KaXIyI0 TOYKY 3€MHOI IMOBEPXHOCTH, TaK KakK
p = pgh, TIe BBICOTA /i COCTABJISIET HECKOJIBKO THICSY METPOB. DTO
NaBJIeHUe, Ha3bIBAEMOE ammocephbim 0agaeHuem, UMEEeT BeTUINHY
npumepHo 101 Kkutonackanb.

[Ipu n3MepeHun naBieHUs1 OOBIYHO UCTIOIB3YIOT ABA TEPMUHA:

abconromuoe dagaenue, UMesl B BULLY, UTO JaBI€HUE OTCUMTHIBAIOT
OT abCOIOTHOTO BaKyyMa (TO €CTh OT HYJIEBOTO AaBJICHHUS);

MaHomempu4eckoe dasaenue, UMes B BUJLY, UTO 3TO OObIYHOE J1aB-
JIeHWe, OTCUYUTHIBAEMOE OT IaBJICHUSI, CO3aBaeMOT0 aTMOC(EpOii.
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B Takom ciryuae

abcooTHOE _ (aTM()cd)epﬂoe) (ManomeTpuqecxoe)
JaBjieHue JlaBJieHHe JaBJieHue

CrnenoBarenbHo, MaHoMeTpudeckoe nasinenue 50 kIla skBuBa-
JIeHTHO abcomoTHoMy nasieHuto (100 + 50) xI1a, To ects 150 kI1a,
TaK Kak aTMocdepHoe aaBieHue npuMmepHo pasHo 100 kI1a.

Hanpumep, orpeneninM abCoMOTHOE JaBJIeHUE Ha JIIOOYIO TOUKY
MOIBOMHOM JIOAKU, HAXOASIIeHcs o Boaoi Ha riyouHe 30 M, rpu
yclioBuHd, 4To atMocdepHoe maBieHue paBHo 101 kIla, mioTHOCTB
MopcKkoit Bomsl — 1 030 Kr/M°, a yckopeHWe cBOGOIHOTO MafeHNs —
9.81 m/c?.

CHauaJia HaiiiéM MaHOMETpUYECKOe NaBleHue Ha IIyouHe 30 M:

p=pgh=1030x9.81x30=2303129 I1a = 303.13 kIla.
Tenepb MOXHO HaiiTi aGCOIOTHOE AABJICHME!

AGcomoTHOe _ (aTMOC(epHOe MaHOMETPUYECKOE) _
IaBleHue naBJieHUE naBJieHUE

= (101 + 303.13) xI1a = 404.13 I1a,

TO €CTh a0COJII0THOE IaBJieHne Ha riyouHe 30 m pasHo 404.13 xI1a.

Jpyrumu enuHULIAMU, He BXomsimumu B cucreMy CHU, omHako
YacTo MCIOJIb3YeMbIMU [UISI M3MEPEHUsI aTMOC(EepHOTO HaBieHUs,
SIBJISIIOTCSL 6ap VI MUAAUMemp pmymHo2o cmoaba [MM pT. CT.]. DTH enu-
HUIIBI CBSI3aHBI C TTACKaJIeM CIEIYIOIIMMUA COOTHOIIEHUSIMMU:

1 6ap = 10° H/m? = 100 xITa.
1 MM pT. cT. = 133.322 Ia.

Bonee monpobHyo mHboOpManio 06 atMochepHOM, abCONIOT-
HOM M MAaHOMETPUYECKOM JaBJICHUM MOXHO HAWTH B 1. 33, MOCBSI-
LIEHHOM U3MEPEHMIO AaBJICHUS.

3akon Apxumena
3aKoH ApxuMea IrjacurT:

Ha ecakoe meao, no2pysHceHHoe 6 Hcudxocms uau 2as,
6elicmeyem HanpaeaeHHasA ééepx eblmanKuearouiasn cu-
Jada, pasnas eecy 6bIMECHEHHOU UM HcuoKocmu u npuio-
HCEHHAA K UeHmpy masadjcecmu meada.

JpyrumMu cjioBaMu, €CJIM TBEPIOE TeJO MOTrPYXEHO B XUAKOCTb
(ra3), Kaxymascs moTepst Beca paBHa BeCY BBITECHEHHOM XXUIKOCTH.
Ecnu V — 06beM Testa o MOBEepXHOCThIO XKUIKOCTH, TO KaxyIlasicst
rmoTepsi Beca (TO €CTh BHITAJIKMBAlOILast cuia) W paBHa
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W= W= Vpg,

Iae w — yIeJbHBIN Bec, TO eCTh BeC B eIMHULE 00beMa,
p — IUIOTHOCTb XUJIKOCTH.

Ecnu Teno nnaBaeT Ha MOBEPXHOCTU, TO KaXETCS, UTO BECh €rO
Bec MmoTepsH. B aTom ciyyae Bec BBITECHEHHO XXUIKOCTA PaBEH Be-
Cy TUIaBaloLIero Tea.

Hanpumep, HalinéM MIOTHOCTH Tesia, eciu OoHO Becut 2.760 H,
HaxoJsICh B Bo3ayxe, 1 1.925 H, xorma oHO OJTHOCTHIO MTOTPYKEHO B
BOMY, TUIOTHOCTB KoTopoii 1 000 kr/m°. (HamoMHNM, 4TO Bec paBeH
CHJIE TSIKECTH U COOTBETCTBeHHO B cucteMe CU nu3mepsieTcst B HblO-
toHax [H]. — Ilpum. pedaxmopa nepesooa.)

CHayvasia HaiiIéM BeC BBITECHEHHOM BOJIBI.

Kaxyiasicst motepst Beca paBHa

2.760 H—1.925 H=0.835 H.

DTO U ecTh BeC BHITECHEHHOU BOIIBI, TO €CTh Vpg,
rae V — o0béM Tena,
p — TJIOTHOCTb BOABI.
Tenepp HafimEM 00BEM BHITECHEHHOI BOIBI (PaBHBIM OO0BEMY
Tena):

0.835 H = (V)(1 000 kr/m*)(9.81 m/c?),

OTKyza
0.835 5 3
= ———= = 8.512x1 .
v 9310 8.512x 10" m
IlnoTHoeTs Teta = Macea _ BEC _
obbem gV
2.760 H

T (9.81 M/cD)(8.512x 107 w)
= 3305 kr/m> = 3.305 /™’

TIJTOTHOCTD TeJ1a __
IIJIOTHOCTDb BO/IbI

OTtHocHuTEIbHAS IIOTHOCTD TEJa =

_ 3305 kr/m’

=3.305.
1000 kr/m’

I/IsMepeHne JABJICHUA

CylLEeCTBYIOT pa3IMyHble BO3MOXKXHOCTHU U3MEPEHUSI TaBICHMUSI, B
TOM YUCJIE C TOMOLIBIO:

® 0AapOMETPOB;

® KHMIKOCTHBIX MAHOMETPOB;
® MPYXUHHBIX MAHOMETPOB;
® BaKyyMHBIX MAHOMETPOB.
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VYCTpoiicTBO M MPUHLIMIT pabOThI KaxkI0ro U3 3TUX TPUOOPOB pac-
CMOTpPEHBI B 1. 33.

KopoTko o3HakoMUMCSI ¢ OZHUM
YCTPOWCTBOM — MaHOMETpoM. MaHo-

Mongoasias METp — 3TO MPUOOP, KOTOPBIA UCTIOb-
Tpybka

3YIOT U U3MEPEHUsI OTHOCHUTETbHO
HEBBICOKHMX JaBJIE€HUIA: HEMHOTO BBIIIE
6o Huxe atMocdepHoro. IpocTteii-
muit MmaHoMeTp ¢ U-obpasHoit TpyO-
Kol moKka3aH Ha Puc. 32.3.
Puc. 32.3 JlaBieHue p, neiCTByIOIEE B MMOJI-
BOISIIEN TPYOKe, BBITAJTKABACT KU~
kocTh B U-00pasHyio TpyOKy 0 TeX IOp, MMOKa He HACTYITUT PaBHO-
Becue. B paBHOBeCHU HaBiIeHNE B TOABOAAIIEH TPYOKe

p = (arMocdepHoe AaBiieHue p,) + (1aBieHue cToaba XXUIKoCcTu pgh),

TO €CTh
P =p,+ pgh.

Hanpumep, HaiinéM abCcoTIOTHOE 1 MAHOMETPUYECKOE J1aBJIeHUE
rasa, eciau atmocdepHoe nasieHue p, paBHo 101 klla, xuakocts B
U-06pa3Hoii TpybKe — Bojia, TNIOTHOCTb KoTopoit 1 000 kr/m?, a BbI-
cota h paBHa 300 MM.

A6comoTHoe nasieHue raza = (101 000 + 1 000 x 9.81 x 0.3) I[Ma =
= (101 000 + 2 943)ITa =103 943T1a =

=103.94 kI1a.
Manomerpuyeckoe _ (aOCOMIOTHOE atMochepHoe
NaBJieHUE =\ nmaBneHue )\ [naBiIeHWe >

TO eCTb MaHoMeTpuyeckoe napienne = 103.94 — 101 = 2.94 kIla.

Ecnu BeicOTa 4 He M3MeHWIACh ITocie Toro, Kak U-oOpa3Hyio
TPYOKY 3aMOJTHUIIN KUAKOCTBIO C OOJIbIIIel TIIOTHOCTBIO, TOMYCTUM,
PTYTBIO, TIOTHOCTB KOTOPoii 13 600 Kr/M?°, 9T0 03HauaeT, uTo JaBie-
HHE B pe3epByape Bo3pociio B 13.6 pa3za.

IToapoOHee 0 TMAPOCTATHIECKOM HAMOPE

JlaBneHue p B OCHOBaHMM pe3epByapa, IIOKa3aHHOTO Ha
Puc. 32.4a (pe3epByap moKa3aH B IByX ITPOCKIIUSX), PABHO

P =pgh=wh,

e w — yAenbHBIii BeC, TO eCTh Bec B eanHMIIe obbema [H/M?].

1o 2TOi1 BeIMUMHBI JaBJICHUE YBEIUYMBAETCS PAaBHOMEPHO, Ha-
YUHAasl C HYJIsl Ha TTOBEPXHOCTU XUIAKOCTU. MI3MeHeHue naBieHus ¢
r1yOMHOI MoKa3aHo Ha Puc. 32.46.

Ha n1060i1 rnyOuHe x 1aBjaeHUE paBHO

Py = PgX = Wx.
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MoOXHO T0Ka3aTh, YTO CpelIHee IaBJIeHWe IpU Jio6oi dopme
MJIOCKOM MOBEPXHOCTH XKUIKOCTH B Pe3epByape paBHO NAaBJICHUIO B
LIEHTPE TSAKECTH, LIEHTPE TIOLIAIN.

b
\ y _
o
Fi  F Fa Fa x
h | —»1h K Py
P
‘ | \ N3meHeHne
' b ' ' | ' [iaBneHus
a) 6)

Puc. 32.4

IlokaTbie GOKOBbIE CTEHKU pe3epByapa, KaK B5TO BHUIHO Ha
Puc. 32.4, o6pa3yloT Tpamneuuio, a 3Ha4uT, CpelHee NaBJieHWe Ha
HUX — 3TO JaBJIeHHE Ha yPOBHE MOJIOBUHBI IJTYOMHBI EMKOCTH:

p _ pgh _ wh

2 2 2

CI/I)Ia, neﬁcmy}omaﬂ Ha HaKJIOHHBLIC CTCHKHU, OIIPEACTIACTCA IIPO-
MU3BECOACHUEM CPECOHETO JAaBJICHHUA U IUIOIIAAN 9TUX CTCHOK:

Fo= B8Ry o whih
2 2
rne h’ — BbICOTa HAKJIOHHOM CTEHKU.
JlaBieHue, a caeqoBaTeNIbHO, U cuiia F| HarpaBJieHbI MO/ MPSIMbI-
MM yIJIAMH K TIOJIOTMM CT€HKaM, KaK 3TO MoKa3aHo Ha Puc. 32.4a.
CpenHee naBjieHME Ha BEpTUKAIbHbIC TpanelMeBUIHbIE CTEHKH
€MKOCTU HE PaBHO JABJEHMIO Ha MOJOBUHE €€ TTTyOMHBbI: OHO BBIIIIE.
[ybrHa pacroyiokeHusl LeHTPa TSKECTU ONPeae/sieTCsl Bl paXkeHUeM

Q(M) (cm. Puc. 32.4).

3\p+b
CpeﬂHee JaBJICHUEC HA CTCHKY, CJICA0BATCJIbHO, PABHO

pgh(2b+b) _ w_h(2b+b)
3 3%b+b

Cuitbl Fz Ha BCPTUKAJIbHBIC TpancuueBUIAHBIC CTCHKU €MKOCTH
HalrpaBJ€Hbl TOPU30OHTAJIbHO, TaK KaK OHUW BO3HMKIIHN 6)'[3.1"0[[8[)51
CpE€IHEMY NaBJICHUIO U TJIOLIaAU Tpaleuuu, TO €CTb

(52

Cuiia, IefCTBYIOIIast HAa OCHOBaHME pe3epByapa paBHa

(pgh) x (TutolaaL OCHOBaHUS) = pghlb = whib.

B cJiydyae pe3cpByapa C BEpTUKaJIbHBIMU CTEHKaMU 3TO U €CTb BEC
HaxXoNMIIEeHCs B HEM XUIKOCTU.
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B moboM cocyne, comepxkaiiem of-
HOPOAHYIO XWIKOCTb, HaxOISILYIOCs B
COCTOSTHMM TIOKOSI M B HEMPEPHIBHOM
KOHTaKTe, JaBJIeHUE TOJIKHO OBITh OIM-
HaKOBBIM BO BCEX TOYKAX OIHOTO ypOB-
Ha. B U-obOpa3zHoit TpyOke, Tme XWi-
KOCTb B HMKHEM 4aCcTU HAXOIUTCS B T0-
Koe, KaK 3TO ToKa3aHo Ha Puc. 32.5,
NaBJieHUe B 00EMX 4YacTsxX TPyOKu, 3a-

Puc. 32.5 MOJIHEHHBIX XHUIKOCTbIO, JOJKHO OBITh
OIMHAKOBBIM Ha BCEX YPOBHSIX BILJIOTh
10 X, X,.

JlaBeHue B Touke X;, OHAKO, OOJIbIIIE, YEM TaBJIeHNE B TOUKE Y/,

Ha BEJIMYUHY

pr=wh=pgh,
Ie W; U p; — COOTBETCTBEHHO YIEIbHBII BEC U IJIOTHOCTb XUAKO-
ctu (WK ra3a), Haxosiencs Mexay X, u Y.
CxoxuM 00pa3oMm JaBjieHue B TOUKe X, OoJblile, YeM aBIeHUE B
TouKe Y,, Ha BEJTUUMHY

P2 =woh = pygh,
IJIe W, U p; — COOTBETCTBEHHO YIEJIbHbBIN BEC U MJIOTHOCTb KUAKOCTH
(unu raza), Haxopselcs B HxkKHeil yactu U-00pa3s-
HOI TPyOKMU.
[lo ompeneneHHBIM MPUYMHAM p; JOJDKHA OBITH OOJIBIIE pP,, a
JaBJIeHUe B TOUKe Y| — BbIlIE 1aBJICHUS B TOUKE Y, HA BEJTUUUHY

Pr—p1= W, —wp)h=(p,—py) gh.

Ecnu B ob6nactsax 6avxe K Bepxy U-00pa3Hoil TpyOKM HaxXoaUTCs
BO3/yX WIM JIPYTOii ra3 WM ra3oBasi CMeCb, TO W U p; MOXHO Ipe-
HeOpeyb.

Torma

P — D1 = wyh = pygh.
Ecnu B BepxHUX 00J1aCTSIX TPYOKM HAXOMUTCSI OOJIee JIerKast XKuI -
KOCTb, TO Pa3HOCTb ,E[aBJ'[CHPIfI MO2KHO BBIPpa3uTh KakK

pr—pi=pi(d—1)gh=(d—1)wh,
rae
d="2
P1
Jonyctum, B U-o0pa3Hoii TpyOKe HaxomsTcs pTyTh U Bola, U B

TaKoM ciiydae d — DTO OTHOCHMTEJbHasl IJIOTHOCTh PTYTH, paBHast
npubm3uTensHo 13.6. Torma

P — Py = 12.6pgh = 12.6wh,

roe p 1 w — COOTBETCTBEHHO IIJIOTHOCTb U y)le]'[beH?I BEC BOJHI.
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PasHocTh naBieHuit Ha ypoBHe Z,Z, Ta Xe, YTO U Ha YpPOBHE
Y,Y,, eciiu oba cerMeHTa colepkKar OfHY U TY Xe XUIKOCTb MEXIy
9TUMU YPOBHSIMU. DTO BBITEKaeT U3 TOro (akra, 4To HapacTaHUe
JABJIEHUsI OT TOYKU Z; 10 TOYKU Y| HE MEHsIeTCsI, TaK Xe KaK U Ha-
pactaHue OT TOYKHU Z, 10 TOYKH Y, .

Hanpumep, pa3HOCTh JaBJICHUI MEXIY IByMS TOUKaMU B TOpU-
30HTaJIbLHOM TPYOOIIPOBO/IE, MOJTHOCTHIO 3aMIOTHEHHOM TeKYLIei BO-
IOH, TOKHA OBITh TTokazaHa Ha U-o0Opa3Hoil TpyOKe HIKe Tpy6o-
npoBoxa. Ha gHe U-06pa3Hoii TpyOBl €CTh PTYTh; OCTAIBHOE TPO-
CTPAaHCTBO 3alOJHEHO BOJOW. YUWTBIBasl, YTO IUIOTHOCTb BOIBI
pasHa 1 000 xr/M°, a oTHOCUTeNBHAS TUIOTHOCTH PTYTH paBHa 13.6,
pa3HOCTh HaBJICHU, MPOSIBISIONIASICS, KOTAa Pa3HOCTb YPOBHEM
prytu B U-00pa3Hoit TpyoKe paBHa 310 MM, ompeaessieTcsl Caeayio-
1AM 00pa3oM.

PasnocTb gaBiaeHmit Ha ypoBHe XX',
Kak BUAHO Ha Puc. 32.6, paBHa pa3HOCTH
JaBJICHUI MEXITY IBYMSI TOYKaMU B TpyOe.

OgHako Ha ypoBHe YY' pa3HOCTh
JABJICHUIl OTCYTCTBYET, TaK KaK HUXe
9TOTO YPOBHSI €CTb PTYThb B BUjE OYKBBI
U, Haxonsasics B mokoe. Pa3HocTb naB-
JIeHU# Ha ypoBHe XX', a clienoBaTe/ibHO,
M MEXIY TOUKaMu B TpyOe eCTb Pa3HOCTb
JABJICHWI MEXIy TOUKaMu U3-3a CTOJI0a Puc. 32.6
ptytu Beicotoit 310 MM (1o ecth X'Y') 1
TOYKOI M3-3a ¢T0s10a Boabl BbIcOTOM 310 MM (TO ecTh XY).

Tornma pa3HOCTb IaBleHUI paBHA

PTyTb

310 MM x w,, — 310 MM x w,, = 310 MM (W,,, — W,,) =

=310 MM (g — pu) =
=310 MM gp,, (dm - l)a

TIE W,, — YIEJIbHbIN BEC PTYTH,
W,, — YI€JIbHBII BEC BOIBI,
P — TUIOTHOCTb PTYTH,
P, — TUIOTHOCTb BOJIBI,
d,, — OTHOCUTEJIbHAS IUIOTHOCTD PTYTHU.
CiienoBaTeNibHO,

pasunocTh aapenmii = 0.31 M x 1 000 kr/m° x 9.81 m/c? (13.6 — 1) =
=0.31 x1000x9.81 x 12.6 = 38.32 kIla.
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33. ISMEPEHUE JABJIEHUA

Bsenenune

Kak yTBepxknanoch B IJ1. 32, faBjlIeHUe — 3TO CHUJIa, C KOTOPOIi Te-
Kydas cpeia NeMCTBYeT Ha eAMHUMLY IJlowand. Tekydast cpena (To
€CTh XUIKOCTb, I'a3 WM Map) UMeeT HE3HAYUTEIbHOE COMPOTUBIIE-
HHUE K MOIMNEPEYHOM CUJIe, OITOMY CUJIA, C KOTOPOM AEWUCTBYET Cpe-
Jla, Bceraa HarpasjieHa MoJ MPsSMbIM YIJIOM K MOBEPXHOCTU EMKOC-
TH, colepxkalleil naHHyto cpeny. B cucreme CU nasneHue usmepsi-
ercst B nackanax [I1a], yTo o3HavyaeT €AMHUILY CWIbI Ha €IUHUILLY
nowanu, To ects 1 IMa =1 H/M?. OnuH nackaab — 3TO OYeHb Ma-
JIEHbKasl BeJIMUMHA, U TTO3TOMY, KaK MPaBUJIO, MOJIb3YIOTCS IPYTOiA,
GoJblieit, equHuLIEH, Ha3bIBaeMoii 6apon. 1 6ap = 10° IMa.

Ammocgeproe dasnenue CylleCTBYeT Ojarogapsi Macce BO3/yXa,
HaXoJSIIIecsl Hall TTOBEPXHOCThIO 3eMii. ATMOChepHOe TaBJIeHUE
MOCTOSIHHO MeHsIeTcsl. 3a cTaHAapTHOe 3HaueHue aTMochepHOro
JIaBJIEHUSsI, HA3bIBAEMOE «HOPMAJIBHBIM aTMOC(EPHBIM JaBJIeHUEM,
yacto mpuHuMaloT 3HaueHue 101325 Tla wnm 1.01325 Gap wim
1 013.25 munnubap (M6ap). [locnenHsst enuHuua — MUUIMOap —
OOBIYHO WCTIOJIB3YETCs MPU 3aMepax METeOPOJIOTMYECKOTO NaBlie-
Hus. (3aMeTHM, YTO, KOTa aTMOC(hepHOe aBJIeHNE OTKJIOHSIETCS OT
3HaueHust 101 325 I1a, oHO GoJibllle HE CYMTAETCS] HOPMAJIbHBIM. )

[Ipubopsl, perucTpupyolIre AaBIeHUE, MOTYT UMETh Pa3iiny-
Hy10 (hopMy, orpeiesisieMyI0 KOHKPETHBIMU CITy4asiMy IPUMEHEHUSI.
KpoMme 0ObIYHBIX KpUTEpUEB, TAKUX, KaK TUANa30H AaBJICHUs, TOU-
HOCTb M MHEPLIMOHHOCTb, BO MHOTMX CJIydasix CJedayeT oOpaliaTh
ocoboe BHUMaHMWe Ha MaTepuall, U3 KOTOPOTO U3rOTOBJIEH MPUOOp,
€ro repMeTUYHOCTb M YCTOMYMBOCTh K KOJIEOAHUSIM TeMIIEPaTyphl,
MOCKOJIbKY TeKyuasi cpelia, JaBlieHre KOTOPOW Haao U3MepsTh, MO-
XeT ObITh arpeCcCUBHOM WJIM UMETh BHICOKYIO TeMIIEpaTypy.

K npubopam, perucTpupyooinmumM aaBjieHue, KOTOPbIe UCTIOIb3Y-
I0TCSI B HayKe U MPOMBILIIEHHOCTU, OTHOCSITCSI:

e 0apoMETpHI;

® >KMJIKOCTHbIE MAHOMETPHI;

e TPYXMHHBIE MAHOMETPHI ByproHa;

e BakyyMHble MaHOMeTpbl Makiieona u [Mupanu.

BapomeTpsi

bapomemp — 310 IpUGOP ISt UBMEPEHUsT aTMOCHEPHOTO naBiie-
HUSI, HE3aMEHUMBI MPY TPOrHO3UPOBAHUM MOTObI. ATMOC(hepHOe
JaBJIeHUe KOJIeOIeTCsl B 3aBUCUMOCTH OT KJIMMAaTUYECKUX YCIOBUIA,
M, XOTs1 OTKJIIOHEHHUe, KakK IpaBuiio, He cocrapiser 6osnee 10% ot
HOPMaJIbHOTO aTMOC(EpPHOro NaBjleHMs, GAPOMETPHI MOABEPKEHBI
BJIUSTHUIO CE30HHBIX KOJiebaHuil TemmepaTypbl. bBapomMeTpsl UCofb-
3YIOT TaKXe ISl U3MEPEHMI BBICOTBI HAJl YPOBHEM MODSI.
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Yempoiicmeo u npunyun pabomot

[Ipocreiinmii 6GapoMeTp COCTOUT U3 CTEKJISTHHON TpyOKH, He OoJiee
I M B WIMHY, 3alasHHOW C OJHOTO KOHIIA W 3allOJIHEHHOW PTYThHIO.
TpyOKy mepeBOpayMBalOT M TMTOMEIAIOT B BAHHOUKY, TakXKe comaepxka-
IIyI0 pTyTh. BaskHO, 4TOOBI BO BpeMst 3TOTO Tpoiiecca B TPYOKyY He TIo-
maJ Bo3ayx. Takoii 6apomeTp moka3aH Ha Puc. 33.1.

VYpoBeHb CTOJIOUKA PTYTH, BapomeTpuieckas
TMOMEIIEHHOTO B BaHHOUKY, . Bakyym  BHCOTan
OITyCKaeTcs, OCTaBJIsIsl TIOCIie N
cebsi IycToe MPOCTPaHCTBO,
Ha3bIBAEMOE 8aKYYMOM.

Kak mokazaHo Ha pUCYH-
Ke, aTMoctepHOoe aaBieHUE —
Ha MOBEPXHOCTH PTYTU B BaH-
HOYKEe PaBHO JaBJIEHUIO B OC-
HOBaHUU CTOJOUKA PTYTU B
nepeBEPHYTON  TpyOKe, TO
eCTh JaBJIeHHEe aTMochepsl
noaaepXuBaeT cTo0UuK pTyTH. Eciin atMocdhepHoe naBieHue naaaer,
GapoMeTpuuecKasl BbIcOTa /i yMeHbIaeTcsi. M1 Hao6opoT, BeIcOTa A
BO3pAcCTET, eciIM yBEeJIUMUUTCS aTMocepHoe napieHue. CienoBarelib-
HO, aTMocdepHOe AaBJICHUE MOXHO M3MEpsITh, OMpPEAessis BbICOTY
cTojiouKa pTyTi. MOXHO MoKa3aTh, YTO MPU HOPMaJILHOM atMochep-
HOM [IIaBJICHMM BBICOTA CTOJIOMKA PTYTU A cOCTaBUT 760 MM, TO eCTh
BEPTUKAIBHBINA CTOJOUK PTYTH BBICOTOM 760 MM co3maeT maBjicHHE,
paBHOE HOpPMaJILHOMY aTMOC(HEPHOMY JaBJIEHUIO.

EcTb HeckoJbKO crioco00B BbIpaXXeHUS BETUUMHBI aTMOC(epHO-
IO JaBJICHMUS.

Hanpumep, HopmasibHOe aTMOChepHOe AaBiieHHe — 3TO
101 327 ITa = 101.327 kIla,

i 101 327 TTa= 101 327 H/m?> = 101.327 kH/™m?,
uiu 101 327 IMa = 1.01 327 6ap = 1 013.27 m0ap,

win 101 327 Tla = 760 mm pr. cT.

Jpyroe ycTpOCTBO TUIIMYHOTO 6ApO-  ArmocdepHoe
MeTpa nnokasaHo Ha Puc. 33.2, roe BMecTo Aasnenne
MepeBEPHYTON TPYOKM M BaHHOUKHU HC-
nojb3yercs U-obpa3Has TpyOKa, HO B OC-
HOBE JISKUT TOT K& TIPUHLIUII.

Ecnu BMecTo pTyTH 6apoMeTp HamoJI-
HUTb BOIOK, TO GapOMeTpUUecKast BbICO-
Ta h Tpu HOpMaJabHOM aTMOchepHOM o E—
JaBJIeHUM OKaxeTcs B 13.6 pasa Bbliie,
4yeM B Cllydyae C PTYThbiO, TO €CTb OKOJIO
10.4 M, 4TO COBCEM He MPAKTUYHO B ITPU- Puc. 33.2
MeHeHnu. HeGosbliuas BeicoTa cTonbrka
PTYTH OOBSICHSIETCSI €€ 3HAUMTENIbHOM MIOTHOCTBIO. (OTHOCHUTETbHASI
IJIOTHOCTD PTYTH paBHa 13.6.)

AtmocdepHoe
[aBsneHve

Puc. 33.1
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Tunot 6apomempos

bapomemp Dopmuna — 310 NIpUMEP PTYTHOTO GapoMeTpa, KOTOPbIi
obecrieynBaeT 0OYeHb BHICOKYIO TOUHOCTh M3MEpPEHUsT GapoMeTpruiec-
KO BBICOTHI (ITOPsIAKA OMHOM IeCSITON MUJIJTMMETpa UK e1l€ TOUHee).
Ero ycrpoiicTBo mpencrapisieT co00il ycoBepllIeHCTBOBAHHBINM Bapu-
aHT OapoMeTpa B BUE MEPeBEPHYTOI TPYOKM M BAHHOYKM, MOKa3aH-
Horo Ha Puc. 33.1. YcoBeplilieHCTBOBaHUEM SIBNIIeTCS uikana Bepnepa
IUISE BBICOKOTOYHOTO M3MEpeHMsI GapoMeTpuueckoii BeicoThl. Hemo-
CTaTOK 3TOro GapoMeTpa B TOM, UTO €TI0 HeJIb3s1 IEPEHOCUTD.

i OcHoBHas
LLkana Lukana

BepHepa

BapomeTtpuyeckas
BbiCOTa
B MM pT. CT.

Cocyn
C PTYTbO

Puc. 33.3

Takoii 6apomeTp cocTo-
WUT OOBIYHO U3 OKPYIJIO-
ro TOJIOTO 3arnasiHHOTrO
cocyna S v UBTOTOBJISIET-
cs, Kak TpaBujo, U3
MsirKoro mertaia. [le-
pen TeM Kak 3amnasiTb co-
Cyq, IaBJIEHUE BO3IyXa B
HEeM TIOHMXAIOT TOYTH
IO HyJIsI, YTOOBI U3MEHEe-
HUe aTMOCGhEPHOTO AaB-
JIEHUsI BBI3bIBAJIO pac-
IMpeHne WU CcXaTue
cocyna. OTU He3HA4YM-

Bapomerp @PopTuHa TOKa3aH Ha
Puc. 33.3.

PTyTh conmepxXuTCS B KOXaHOM Me-
LIOYKE B HMXHEW 4acTh €MKOCTH ISt
prytu. Beicota prytu H B éMKOCTH MO-
KET KOPPEKTUPOBATHCS C TOMOLIbIO
BUHTa y OCHOBaHUs OapoMeTpa, KOTO-
PBIM MOXHO OCJIA0UTb UM YCUJIUTD JaB-
JIEHWE Ha KOXaHblil meiouek. s u3-
MepeHUst aTMOCHEPHOTO NaBJIeHUs] BUHT
y H noakpyuyuBaloT 10 TeX Iop, MokKa
yKasaresib He JOCTUTHET TOBEPXHOCTU
prytu. BpIicoTy cTONOMKa pTYyTHM 3aTeM
CUMTBHIBAIOT, UCTIOJIb3Ysl OCHOBHYIO ILIKa-
gy  mKary BepHepa. M3mepeHust at-
MochepHOTo aBJIeHUs! C TOMOLIbIO Oa-
pometpa DopTrHA TOpa3no TOYHEe, YeM
C MIOMOIIIbIO TTpOCTeiilero 6apomerpa.

bapomemp-anepoud oTHOCUTCS K Tie-
pEHOCHBIM TuUIlaM ©OapomeTpoB. Ha
Puc. 33.4 mokazaHO TUITUYHOE YCTPOIi-
CTBO GapoMeTpa-aHepouaa.

Monbi
3anasiHHbIN
cocyn S

LLikana

REN

®* Ocb
BpaLLeHus

AtmocdepHoe
[aBnexve

BN

Puc. 33.4
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TeJIbHbIE U3MEHEHMSI MOXKHO YCWJIUTh C TIOMOIIIBIO pblyara Wiu 6Jia-
rozapst IBUXEHUIO CTPEJIKU MO TPafyupOBaHHOI 1LIKaJe.

[Ixany (06bIYHO KPYTOBYI0) KATMOPYIOT B MUJUTUMETPAX PTYTHOTO
ctonba. Takue 6apoMeTphl TPEOYIOT OUYEHB TIATEILHON KATMOPOBKH.

A0COIIOTHOE 1 MAHOMETPHYECKOE JABJICHHE

BapomeTp u3MepsieT A€UCTBUTENIbHOE, WU aOCOA0OMHOe AMMOC-
heproe daenenue. TepMUH «aOCOIOTHOE NABJIEHUWE» O3HAUYAET, UYTO
JaBJIEHUE OTCUYUTBIBAETCS OT aOCOIIOTHOTO BaKyyMa (TO €CTh OT Hy-
neBoro aapneHust). Ha Puc. 33.5 mokasaHa mikana AaBieHWi, rae
npsimasi AB o603HavyaeT aOCOIOTHOE HYJIEBOE HaBIeHME (TO €CTh Ba-
KyyM), a ipsimasi CD cooTBeTCTBYeT ammocghepromy dagaeHuro.

F
MonoxwuTensHoe
MaHomeTpudeckoe  ATMOCOepHoe
[naBnexme HaBneHve

C OTpuuatenbHoe D
MaHOMeTpUYeckoe
[aBneHve

LLkana
[aBneHni

A6CcontoTHOE —
AasneHune G H

A6conoTHOE
AaBneHune

A Honb abcontoTHoro naeneHns B
(NONHbIA BaKyym)

Puc. 33.5

BonbmiMHCTBO TIPUOOPOB, M3MEPSIOIIMX NaBJICHUE, YCTPOEHO
TaK, 4YTO Ha Ty UX 9acTh, Ha KOTOPYIO NEMCTBYET M3MepsieMoe TaBie-
HUe, neicTBYeT U aTMoc(epHoe napneHue. CienoBarebHO, UCIIONb-
3yeMble Ha TMPaKTUKe MPUOOPHI B NEHCTBUTEIHLHOCTU OTIPEIEIISIIOT
pa3HMILY MEXIy U3MepsieMbIM M aTMOCGhEpHBIM AaBieHueM. JlaBie-
HUE, KOTOPOE U3MepsieT TpUOOop, Ha3bIBAIOT MAHOMEMPUYECKUM 0a6-
nenuem. Ha Puc. 33.5 mpssmasa EF o0o3HauaeT aOCOIOTHOE OaBiie-
HUE, 3HaYeHUEe KOTOPOro Gosiblie, 4eM aTMOC(epHOEe IaBlIeHKE, TO
€CTh MAaHOMETPUYECKOE JaBIEHUE TOIOXUTEIBHO.

CrnenoBaTesIbHO,

a@comorHoe _ (aTtmocdepnoe MaHOMETPHYECKOE
IaBjende ~— \ JlaBlieHue JiaBJieHHe

OTcro[la MAaHOMETPUYECKOE JaBlieHueE, fonyctuM, 60 kIla, pukcu-
pyeMoe Ha mpubope, Koraa atMocdepHoe nasieHue pasHo 101 kIla,
paBHO abcomoTHOMY naBieHuio 60 kITa + 101 kITa, wiu 161 xI1a.

[TpuGopsl, u3MepsIoLIMe JaBlIeHe, OOBIYHO HA3bIBAIOTCS MAHO-
mempamu (TO €CTb OHU U3MEPSIIOT MAaHOMETPUUYECKOE IaBJIeHUE).

KoHeyHo, BO3MOXeH cily4ail, Korma MaHOMeTp OyaeT Mmokasbl-
BaTh, YTO JaBJIeHUE HUXe aTMOC(EpHOro, TO €CTh OTpULIATEIbHOE
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MaHOMeTpuYeckoe naBieHue. Takoe MaBleHWe OOBIYHO HA3bIBAIOT
BAKYYMOM, XOTSI OHO He 00s13aTeJIbHO JOCTUTaeT MOJHOrO BaKyyMa.
IMpsmas GH na Puc. 30.5 nmokasbiBaeT Takoe maBieHue. [1pubop,
MPUMEHSIEMBII TSI U3MEPEHHsI TAKOTO JIaBJICHUsI, Ha3bIBAETCS 8AKY-
VMHbIM MAHOMEMPOM WIIA 8AKYYMEMpPOoM.

Korma rmokazaHue BaKyyMHOTO  MaHOMETpa  JOCTHTAEeT
0.4 6apa — 3TO 03HauaeT, 4To napjaeHue Ha 0.4 6apa MeHbIIIE aTMOC-
depHoro. Ecitm atMocdhepHoe paBieHue paBHO 1 6apy, To abcooT-
Hoe nasieHue paBHsiercs (1 — 0.4), uau 0.6 Gapa.

ManomeTp

MaHoMeTp — 3TO npuUGOp AJIsT UBMEPEHUST WIIM CPAaBHEHUS TaB-
JneHuit Tekyuux cpea. OH obecreunBaeT caMblii TPOCTO CIIOCcO0 U3-
MEpEeHUSs TAKUX JaBJICHUA.

Manomemp ¢ eude U-ob6pasnoii mpyoxu

Takoii MaHOMETP COCTOUT M3 COTHYTOM CTEKJISHHON TpyOKu
U-006pa3Hoii ¢opMBbI, B KOTOPOIl COAEPXKUTCS XKUIKOCTb, HAIIpUMEP
pTyTh. ManomeTp B Bune U-o6pa3Hoii TpyOKH Imoka3aH Ha Puc. 33.6a.

N3amepuTensHas

Puc. 33.6
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Ecnu otBoz A coeMHEH ¢ EMKOCTBIO C ra3oM, AaBJieHUE KOTOPO-
ro Bblllle aTMOC(HEPHOro, TO JaBJeHUE raza BbI30BET TAKOE IBMXKE-
HME YPOBHSI PTYTH, UTO PA3HOCTb BLICOT OYIET paBHA A, KaK 3TO IM0-
kazaHo Ha Puc. 33.60.

M3MepuTenbHyIO 1IKaTy MOXHO YCTAHOBUTH TaK, YTOOBl MaHO-
METPUYECKOE JIaBJIieHUE ra3a XapakTepru30BajoCh BBICOTOM PTYTH ;.

Ecnu otBoz A coeMHEH ¢ EMKOCTBIO C ra3oM, AaBJieHUE KOTOPO-
TO HUXKE aTMOC(EepHOTo, TO YPOBHU PTYTU CABUHYTCS TaK, KaK MoKa-
3aHo Ha Puc. 33.6B, 1 pa3HOCTb NaBJIEHUI COCTABUT BEJIUUUHY A, MM
PTYTHOTO cTOJ10A.

C nomomibio U-006pa3HOro MaHOMETpa MOXHO CPaBHUBATH /1Ba
nasieHusi, nonycrtuMm, P, u Pp. Ha Puc. 33.6r nokazaHo takoe ycr-
poiicTBo MaHoMeTpa, tae (P — P,) paBHO A MM PTYTHOTO CTOJIOA.

OnHO U3 BO3MOXHBIX TPUMEHEHU 3TOT0 U3MEPUTETHHOTO MPU-
6opa, paboTalolllero Ha OCHOBe Tiepernana JaBJIeHUs, WCIIONb3YIOT
IUTS OTIpEieSIEHUST CKOPOCTH TTOTOKA XXUIKOCTU B TpyOax (cM. T1. 38).

st u3MepeHust HU3KUX JaBieHui BMecTo pTytu B U-00pa3Hoit
TpyOKe MOXHO HCIIOJIb30BaTh BOAY WJIM IapachuH, YTOOLI /1 UMEIIO
CpPaBHUTEJILHO OOJIbLIIME 3HAYEHUS], a 3HAUUT, YyBCTBUTEJIbHOCTb
npubopa Bo3pacraa.

Haxaonnvie manomemput

JIy1st u3MepeHusi OYeHb HU3KUX JABJICHU HEOO0XOAMMO, YTOOBI
YYBCTBUTEILHOCTh MpUOOpa Gbl1a 60JIee BICOKOI. DTO JOCTUTACTCS
Osiarofapsi IPUMEHEHUIO HAKAOHHO20 MaHoMempd, HAIIOJHEHHOTO
BOJION, KaK Mmoka3aHo Ha Puc. 33.7.

a3 nop naBneHvem

/

Pesepsyap
Bopa HaknoHHbI MaHOMETP

Puc. 33.7

LlIkana KkpenuTcst K HAKIOHHOMN TPyOKe M KaluOpyeTcss OTHOCU-
TeJIbHO BEPTUKAIBLHON TPYOKM BbicOTOI h. CiemoBarenbHO, KOraa
cocyJl, cooepxKallliii ra3 Moj, JaBIeHUEM, COEIUHEH C Pe3epByapoM,
BO3HUKAET JIBVKEHUE YPOBHS XUIKOCTU MaHOMeTpa. Tak Kak uc-
MoJIb3YeTcsl TpyOKa ¢ HEOOJbIIMM OTBEPCTUEM, TO U3MEHEHUE KU -
KOCTH B €MKOCTU OYEHb MAJIO 10 CPAaBHEHUIO C JBUXEHHUEM B Ha-
KJIOHHOM TpyOKe, a 3HauUUT, UM MOXHO TNpeHeOpeub. Lllkana maHo-
MeTpa OObIYHO pa3MmeuaeTcs B quarnasoHe ot 0.2 1o 2 moap.
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JnHa TpyOKM eCTECTBEHHBIM 00pa30M OrpaHUYMBACT JaBJIEHUE
rasa, KOTOpoe MaHOMETD B COCTOSIHUM WM3MEPHUTh. BOJBIIMHCTBO
TPyOOK MaHOMETPOB B JUIMHY COCTaBJISIIOT MeHee 2 M, U 3T0 (B CITy-
yae MCIOJb30BaHUsI PTYTH) OrpaHUYMBAET MAaKCHUMaJbHOE TMOKa3a-
HUeE TaBJIeHUs BeIMYMHOM 2.5 6apa (naum 250 kI1a).

Mamnowmetp bypnona

JlaBieHue, Bo MHOTO pa3 Oosibliee, 4eM atMochepHOoe, MOXHO
U3MepSTb MaHomempom bypoona, KOTOPBIN sIBIIsIeTCS HAMbOJIee yac-
TO KCITOJIb3YeMbIM MTPUOOPOM Cpelld BCeX YCTPOMCTB, U3MEPSIIOIIMX
IaBiaeHUE. DTO OYeHb HAIEXHBIN B 9KCILTyaTanuu mpuodop. OcHOB-
HBIM €r0 KOMIIOHEHTOM SIBJIsIETCSl hparMeHT MEeTaJLJTMYeCKOM TPYOKU
(Ha3bIBaeMoii TpyOKoii BypnoHa) ¢ cedeHreM B BUIE OoBaja WU BJI-
JIMIIca, KOTOPYI0O OOBIYHO AenaioT u3 (ochopuctoit OpoH3bI WU
CTaJIbHOTO CIUIaBa. TpyOKa 3amasiHa ¢ OMHOI CTOPOHBI U COTHYTa B
Buae apku. MHorma TpyOKy crubaioT B BUIE CIIMpPaIM ISl OOJbIIeit
YYBCTBUTEIBHOCTU TpUOOpa. TUIIMYHOE YCTPOHUCTBO TAaKOTO MaHO-
MeTpa rnokaszaHo Ha Puc. 33.8a.

OnuH koHel MaHoMmetpa (E) 3adukcupoBaH, U Tekyyas cpena,
JIaBJIeHUEe KOTOPOM HYXHO U3MEPUTb, MOJABEICHA K 3TOMY KOHILY.
JlaBieHue AEHCTBYET MO/ MPSIMbIM YIJIOM K CTEHKE METaUInYeCKO
TPYOKM, KakK 3TO MOKa3aHO Ha TMOIMEPeYyHOM CEYEeHUM TPYOKM Ha
Puc. 33.86. M3-3a smmuntuyeckoit popMbl CTAHOBUTCSI MOHSTHO,
YTO CyMMa COCTABJISIOIIMX JABJICHUS, TO €CTh PaBHOACKCTBYIOLIAS,
nefcTByoniast Ha cteHkU A u C, mpeBbIllIaeT CyMMY COCTaBJISIIOLIMX
JaBJIeHUs1, NeCTBYIOIIMX Ha cTeHKu B u D. B pesynbrate cTopoHbI
A n C «1bITaloTcsl» ABUTaThCsl HapyXxy, a B u D — BHYTpb, «cTapa-
sick» c(OpPMUPOBaTh TOIepeyHoe ceyeHre B ¢opme Kpyra. Korma
JlaBJieHue B TPYOKE HApacTaeT, OHa CTPEMUTCS] PacIPSIMUTBCS, a ec-
JIV JaBJICHWE TIalaeT, TO 3aKpydyMBaeTcsl CwibHee. JIBIKeHHME CBO-
0OIHOTO KOHIIA TPYOKHM IPOITOPIIMOHAIILHO TTPUIOKEHHOMY K TPYO-
K€ TaBJIEHUIO. DTO MaBJIcHUE KOHEYHO Xe SBIIICTCS MaHOMETpUIeC-
KAM JOaBlieHWeM (TO €CThb pa3HOCThI0 MEXIY aTMochepHBIM
MaBJICHUEM, NEWCTBYIOIIMM C BHEIIHEH CTOPOHBI, U TIPYIIOKEHHBIM
JaBJIeHUEM, IEHCTBYIOIMM BHYTpY Tpyoku). [Ipy moMoLu mapHu-
pa, 6oiTa 1 3y64aToro cerMeHTa, Kak rmokasaHo Ha Puc. 33.8a, sato
JIBUXXEHNE MOXHO TepEeBECTH B KPYTOBOE BpallleHNe CTPETKH 10 Ka-
JIMOPOBAHHOM 1IKajie mpudopa.

MaHomeTrpoM bBypmoHa MOXHO M3MepsITb BBICOKOE HaBJieHUE
BILIOTH 710 10* 6ap (7 600 MM pT. CT.), HO COGTIONASI TIPH 3TOM OCOBbIE
MepbI TIPEAOCTOPOKHOCTH.

MaHoMeTp HOKeH OBbITh OTKAJIMOPOBAaH, U 3TO IeIaeTcs 00 ¢
MOMOILIBI0O MaHOMETpa [T 60Jiee HU3KOTO JaBJIeHMs, TMOO C TTOMO-
LIBI0 YCTPOMCTBA, HA3bIBAEMOTO 2PY30NOPUIHEGbIM MAHOMEMPOM.
DTOT MAHOMETP COCTOUT M3 MOPILHS, KOTOPIA XOAUT B HATIOJIHEH-
HOM MacJIOM LIWJIMHIPE U3BECTHOTO KaJMOpa U BbIAEPXKUBAET TOUHO
OTMEPEHHYIO Harpy3Ky, Kak 3To BugHo Ha Puc. 33.9.
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OTrpapyvpoBaHHas
Lkana
Crpenka o
P 4 3y6uathlii
7 X cerMeHTt
WapHup
Bont

Tpybka
Byppora l
MN3mepsiembli NOTOK rasa
a)
A
D{(~— Jasnexune B
C
6)
Puc. 33.8
Harpyska
Kannbpyembiit
MaHoMeTp
Macno B umnmHape MopLueHb
Puc. 33.9

Kanubpyemblit MaHOMETp MPUKPEILISIOT K TECTUPYIOLIEMY YCT-
POMCTBY, U BKpYYMBAeMblii MOPILIEHb WK 000 MOAHUMAET Tpedye-
Moe JaBJieHHe 0 TeX Top, MoKa riaTdopMa ¢ Harpy3Koil XoTh He-
MHOTO He mogHuMeTcsl. [Toka cCUuThIBAalOTCS OKa3aHKUsSI MAHOMETpA,
Harpy3Ky MoBOpPauMBaloT, YTOObl YMEHBIIUTb 3 OEKT CUIBI TPEHUSI.
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BakyymHbie MAaHOMETPBI

BakyymHble MaHOMETPbI — TIPUOOPHI, TTO3BOJISIONINE HATJISIAHO
(Gmaromapst CTpeJike) YBUIETh, HACKOJIbKO AaBJIeHUE TeKy4eil Cpebl,
MPUIOXKEHHOE K MAHOMETPY, MEHbIIIe, YeM JdaBlieHUe OKpyXKarollei
aTMocdepsl.

K 1ByM pa3HOBMIHOCTSM BaKyyMHBIX MaHOMETPOB OTHOCSITCS
MaHoMeTp Makieona u maHomeTp IlupaHu.

Manomemp Maxaeoda

[Mokazanust manomempa Makaeoda, KaxK NpaBuiio, IPUHUMAIOT 3a
CTaHIAPTHBIC, Y C €T0 TTOMOIIIbIO KaJTMOPYIOT BAKYYMHBIE MaHOMET-
pbI 1pyrux TUIOB. OCHOBHOI MPUHIIMIT €0 pabOThl COCTOUT B TOM,
YTO OH 3a0MpaeT KaKoi-TO U3BECTHBIM O0OBEM rasa Imoj TaKuM Ma-
JICHBKUM JIaBJICHUEM, YTO €TO JaXe HeJIb3sT U3MEPUTh, U TIOTOM CXU-
MaeT ra3 B U3BECTHOM OTHOIICHWUM 10 TeX IOp, IOKa NaBJieHUe He
CTAHOBUTCS TOCTATOYHO OOJIBIIIMM, YTOOBI €r0 MOXHO OBLIIO M3Me-
PUTHh OOBIYHBIM MAaHOMETPOM. DTOT MPUOOP UCTIONB3YIOT I M3Me-
peHMsl HU3KWX NaBJIeHWil, OObYHO B auamasoHe ot 107° 1o
1.0 mm pT. ct. Henocrarok MmaHomerpa Makjieona B TOM, UTO OH He
MMO3BOJISIET HETIPEPBHIBHO CHUMAThH TMOKA3aHUS W HE TTOMXOAWT IS
(UKCUPOBaHUS OBICTPHIX U3MEHEHUH TaBJIEHUSI.

Manomemp Ilupanu

Manomemp [lupanu wm3MepsieT CONMPOTUBJICHUE, a CJIeI0BaTEb-
HO, ¥ TeMIIepaTypy NpoBojJa, o KOTOPOMY Te4€T TOK. B nmuarnasoHe
ot 107! 1o 10™*MM pT. CT. C JaBIEHMEM YMEHbIIAETCS TEIUIOIPOBOI-
HOCTb, U ITO3TOMY GJiaroapsi pocTy CONPOTUBJICHUS B 3TOM Juana-
30HE MOXHO U3MepsITh AaBjaeHue. MaHomeTp [lupaHu Kanubpyercst
10 MoKa3aHUsIM MaHoOMeTpa Makiieona.
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34. 3AKOHbI TIEAJIbHOTI'O I'A3A

Hoeanvnuiii 2a3 — 3T0 Ta3, KOTOPHIN MOJHOCTBIO TOAYMUHSIETCS
MPUBEAEHHBIM Jajiee ypaBHEHUSIM COCTOsIHUSI ra3a. Ha mpakTuke
HUKaKOW ra3 Hesib3s Ha3BaTh WACAIBHBIM, XOTS BO3AyX MO CBOMM
CBOICTBaM OYEHb 0JIM30K K 3TOMY. JLIsT ymoOCTBa pacYETOB pa3iniu-
€M MEXIy UJIeaJIbHBIM U PeabHBIM Ta30M YacTo MpeHeOperaloT.

CBs131, CYLIECTBYIOLIME MEXIY NaBJIeHUEM, 00BEMOM U TeMIiepa-
Typoll MIeaJbHOTO Ta3a, 3aDMKCUPOBAHbBI B 3aKOHAX, Ha3bIBAEMBbIX
VPABHEHUAMU COCMOSAHUS 2A3d.

3akon boitna—Mapuorta
3axon boiins—Mapuomma tnacur:

Beauuuna o6séma V dannoii maccot udeaavnozo 2asa 06-
PaAMHO NPONOPUUOHAALHA €20 AGCONOMHOMY OA6ACHUIO P
npu noCMoAHHOI memnepamype,

TO €CTb IIpU TMOCTOSIHHOW TEMIIEpaType

1
V’

NIn
_k
p=7
nin
pV=k,

rme p — abcomoTHOoe AaBieHue B mackasx [[la],
V — 06BEM B KyGMUecKuX MeTpax [Mm],
k — KOHCTaHTA.
M3MeHeHUs cocTosiHUS Ta3a, MPOUCXOSILUIMe TTPU TTOCTOSTHHOM
TeMIiepaType, Ha3bIBAIOT U30MEPMUYECKUMU NPOUECCAMU.
Kornma cocrosinne mMacchl Ta3a, HaXOASIIEHCS TTPU TTOCTOSTHHOM
TeMIeparype, U3MEHsIETCS OT NaBjieHUs p; U o0bEMa V) mo naBieHus

P> obbéMa Vs, TO
V=V,

Hanpumep, ras anumaet o6bsém 0.10 M> pu nasiaenun 1.8 MITa.
OrnpefenyM JaBieHUe MPU YyMeHbIIeHUH obbéMa o 0.06 M3 mpu
MOCTOSTHHOI TeMIepaType.

W3BecTHO, 4TO

Vi =V
Torna
(1.8)(0.10) = p,(0.06),
OTKYy/Ia IaBJieHHe
_ 1.8x0.10

= 3 MITa.
2 0.06 3 Mila
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3akon Ieii-JIroccaka
3akon Ieii-Jlioccaka rnacur:

Beauuuna o6séma V dannoii maccot udearvnozo 2aza npu
NOCMOSIHHOM 0agAeHUU NPAMO NPONOPUUOHAALHA €20
memnepamype T,

TO €CTb ITPU IMOCTOAHHOM JaBJICHUU

V~T
I

V=kT,
I

v_

T - b

rae T — TepMoaMHaMuUyecKas TeMrepaTypa B KeJabBuHax [K].
[pouecc, nporcxonsiuuii IpU MOCTOSTHHOM J1aBJI€HUH, Ha3blBa-
0T U300apu4ecKum npoueccom.
Cas3b MexIy wkanoit temneparyp Lleabcust 1 TepMoaMHAMU-
YeCKOM, U abCOIOTHOM, IIIKaJI0 BhIpaXkaeTcsl COOTHOLIEHUEM

kenbBUH = rpanyc Lenbcus + 273,
TO €CThb

K =°C+273|mmu| °'C = K-273

(cMm. 171. 29).
Ecnu naHHast Macca rasa rnpu MOCTOSIHHOM JaBJI€HUM 3aHUMaeT
00beM V| ipu remnieparype T, u 06bEM V, ipu Temnepatype 75, TO

vi_hn

I T

Hanpumep, ra3 3anumMaet 00beM 1.2 nutpa ipu 20°C. Ecnu naB-
JIEHME OCTa&TCsl MOCTOSIHHBIM, TO 00BbEM, 3aHMMAaeMblil Ta30M TMpU
130°C, ompenensieTcs o hopMyJie

n_oh
T, T,
OTKyza
T, 130 + 273 403
Vz = Vl('j:l) = (]2)(m) = (12)('2'53) = 1.65 JiuTpa.

3akon [lapas

3akon Illapas rnacur:

Jlasaenue p 0annoil maccot udearbHo20 2a3a NPAMo
NPONOPUUOHANBHO €20 MePMOOUHAMUHECKO memnepa-
mype T npu nocmosnnom ooséme,
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TO €CTb ITPU IMOCTOAHHOM 00BEME

pV~T
NIn

p=kT,
NIn

L o_ k.

T

Ipouecc, MpoUCXOAILNIA TTPU MTOCTOSIHHOM 00bEME, Ha3bIBAIOT
UBOXOPUHECKUM.
Kornma naHHast Macca ra3a npu rocTossHHOM 00bEMe U3MEHSIeTCsI

OT JaBlieHus p; U TeMnepartypbl T; 10 JaBIeHUs p, U TEMIIepaTyphl
Tz, TO

po_

I T

Hanpumep, ra3 uzHavyaabHO UMeeT TeMriepatypy 17°C u maBie-
Hue 150 xIla. 3ateM ero HarpeBaloT MpU MOCTOSSHHOM O0BEME 10
Temmepartypsl 124°C. Tlonarast, 9To He MPOU3OIIIO0 HUKAKUX TTOTePh
rasa, ero OKOH4aTeJbHOE NaBJI€HKUE OMPEAESSIIOT B COOTBETCTBUM C
dopMyIoit

P
T, T,
OTKYy/Ia
_ T, (150)(397) _

= (150)397) _ 5953 k11
T, 290 B

3aKOH napuuaIbLHOrO IaBJIEHUS
(3akon /lanbroHa)

3akon napyuanibHoco daenenus TIACUT:

Cymmapnoe daeaernue cmecu 2a3o6 6 0aHHOM 006éme npu
NOCMOAHHOU memnepamype pagHo cymme 0aeAeHul
Kanc0o2o0 2asza, ecau paccMampueamy Kaxcovti 2az

6 omoeasHOCU.

JlaBjeHue KaxIo0ro ra3a B OTAEIbHOCTH B TaHHOM 00bEME Ha3bl-
BAaIOT NapyuUanbHbiM 0agleHuem TaHHOTO Tasa.

Hanpumep, Haxomsmuiicas B €MKocTu ra3 R mmeer maBieHue
200 xI1a pu Temmeparype +18°C. B €éMKocTh m1o0aBsioT ra3 Q, u
naBineHue yBenuumBaercss mo 320 kIla mpwm Toit ke Temrmeparype.
JlaBjieHue, TPy KOTOPOM HaxoauTcst ra3 Q (Ipu MOCTOSTHHOM TeMITe-
patype), OnpeaessiioT, UCTIOJIb3Ysl 3aKOH MaplMalIbHOTO TaBICHUS:

Pq =P —pr= 320 — 200 = 120 kIIa.
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XapakTepucTHYECKOE YPaBHEHHE
COCTOSIHHSI HIEAJTBHOTO Ta3a

3a‘{aCTy}0 6LIBaCT, 4YTO, KOoraa ra3 rnmpereprieBacT Kakue-T1o uaMe-
HCHUSA, OTHOBPEMEHHO U3MEHAIOTCA U OaBJIEHUE, U TEMIICpaTypa, u
00béM. Eci Mmacca raza He U3MEHUJIaChb, TO HpI/IBCHéHHbIC BBILIC 3a-
KOHBI MOKHO OG’I)CIII/IHI/ITI), " TOTIa ITOJIy4YuM

Vi _pVs k
T 5

rme k — KOHCTaHTa.

Jlns umeanbHOTO Ta3a KOHCTaHTa k = mR, Toe m — Macca rasa B
KUJiorpaMMax, a R — MoaapHas 2azo08as NOCMOSHHAS.

B Takom ciyuae

<

p

PV _ mR
7 -

NN

pV =mRT

DT0 ypaBHEHUE HA3bIBAIOT XAPAKMEPUCIMUHECKUM YPAGHEHUEM CO-
CMOAHUS UOeaNbHOR0 2a3a, TAe p — abCONIOTHOE NaBJIeHWe B MacKa-
J51X, V' — 00bE€M B KyOMYECKUX MeTpax, /1 — Macca raza B KUJIorpam-
Max, R — MoispHas ra3oBas IOCTOSIHHasi, u3MepsieMas B
Ix/(xr-K), a T — TepmoauHaMuyeckasi TeMreparypa B KeJlbBUHaX.

BoT HeKoTOpbIe TUMTUYHBIC 3HAYSHMSI MOJISIPHOI Ia30BOI MOCTOSIH-
HOH R:

Bo3nyx — 287 Ix/(kr-K),

Bogopon — 4 160 JIx/(krK),

kucnopon — 260 Ix/(xr-K),

yraekucbii ra3 — 184 JIxx/(kr-K).

Hanpumep, HeKOTOpoe KOJMYECTBO BO3AyXa MpU TeMIIepaType
40°C u naBneHuu 4 Gapa 3anuMaet o6bEM 0.05 M>. Macca Bosnyxa,
MpU YCIOBUM, UTO MOJISIDHASI Tra30Basi MOCTOSTHHASI BO3/yXa paBHa
287 Ix/(xr-K), onpenesnsiercst U3 ypaBHEHUs!

pV=mRT,

OTKYyJla Macca Bo3ayxa:

5 3
m = Y _ (4 x 10" ITa)(0.05 m°) = 0.223 kr, wm 223 r.

RT ~ 287 Ix/(xr - K)(40 + 273) K

Tepmun cmandapmuas memnepamypa u dasaerue (CT/) oTHOCUT-
cs1 k remneparype 0°C, to ectb 273 K, 1 HopMmabHOMY atMocdep-
HOMY AaBiieHuto, To ecTh 101.325 kI1a.
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Kunernueckas Teopus ra3oB

KuHeTtnyeckast Teopus ra30B MPEANosaraet, 4To ra3bl COCTOAT U3
JBYKYIIUXCS YacTUll. B pesynbrate MOCTOSIHHOTO CTOJIKHOBEHUS
9TUX YaCTHUIl C BHYTPEHHEW MOBEPXHOCTHIO CTEHOK EMKOCTH, Kyaa
MOMEIIEH Ta3, BO3HUKAET AaBieHue. YeM OoJibllie MIOTHOCTD rasa,
TeM 0oJiee 4acTO MPOMCXOAST CTOJKHOBEHHs MOJIEKYJl Trasza ¢
MOBEPXHOCTHIO, a 3HAUUT, TeM OOJIblliee JaBlieHUE B EMKOCTU C Ta-
30M. CliefjoBaTeIbHO, JaBJICHUE PACTET, IM0O0 Korga oObEM orpeae-
JIEHHOI Macchl raza yMeHbIIaeTcsl, JIMOO KOT/Ia B COCY/l C HEM3MEH -
HbIM 00BbEMOM 3aKauyuBaeTcsl 00Jble raza. Kormga Temmneparypa raza
YBEJIMUMBAETCSI, CKOPOCTh MOJIEKYJT PACTET, BBI3bIBAsi POCT KaK yucia
CaMUX CTOJIKHOBEHUH, TaK U UMITYJIbCOB, BOBHUKAIOLIUX B pe3yJIbTa-
T€ 3TUX CTOJKHOBEHUI. DTO OOBSICHSIET POCT JAaBJIEHUSI ra3a ¢ poc-
TOM TeMIIePaTypHI.

B 1860 . MakcBei1 orncali HEKOTOPbIE CBOICTBA ra3oB, MPeJIo-
JIOXKMB, YTO MOJIEKYJIBI T'a3a COBEpIIAIOT YIpPYrue CTOJKHOBEHUS,
MPU 3TOM BPEMSI CaMOTO CTOJIKHOBEHUSI HUYTOXHO MaJlo, a caMu
9TH MOJIEKYJIbI 3aHWMAOT HMUYTOXHO Majylo 4acTb OObEMa Trasa.
Kpome Toro, cuiia mpuUTSDKEHUST MOJIEKYJT CUMTaIach TOXE COBCEM
HE3HAUYUTETLHOM.

MoxHo BeIBecTH (DOpMYJTY IUTSI Ta3a, 3aHUMAoIIero ooseM V mpu
JABJIEHUU p U COAEPXKALIETO # MOJIEKYJI, Macca KaxI0i U3 KOTOPbIX
M ¥ KOTOPBIE IBUXYTCSI CO CPENHE CKOPOCTHIO C:

pV= %mnc2 .

KuHetnueckast aHeprusi MoJIeKyJ raza, KpoMe TOro, IpornopLmro-
HaJlbHa €€ TEpMOAMHAMUYECKOU TeMIepaType.

Korma XuakocTb McIapsieTcsl, MOJIEKYJbl, O0Janarliue A0cTa-
TOYHOM KMHETUYECKOM SHEeprueii, MOKMUAAoT MOBEPXHOCTD XXKUIKOC-
TU. YeM BbllIE TeMIiepaTypa XXMIKOCTH, TeM OOJIbIlIe CPEaHSIsSI KUHE-
THYECKast SHEPTUsI MOJIEKYJT M TeM OOJIbIIE YUCIIO MOJIEKYJI, CITOCO0-
HBIX OTOPBAThCSI OT MOBEPXHOCTU. TaK KaK MOKUAAIOT MOBEPXHOCTh
MOJIEKYJIbl C HAaMOOJIbIIE KUHETUYECKOM 9HEPIUeld, CpeHee 3Haue-
HUE KUHETUYECKOI SHEPruy OCTaBIIMXCS MOJIEKYJT YMEHbILIAeTCs, a
3HAYUT, XKUIKOCTh OCTHIBACT.

[Ipu ucrapeHnn XunkocTu obpasyercs rap. Korma map cyiecr-
BYET B MPUCYTCTBUM CBOEH K€ XMIAKOCTH, BOSHUKAET HACBIIIIEHHBII
nap. Eciu ucnapsiercst Bcst XKUAKOCTb, TO Map CTAHOBUTCS HEHAChI-
meHHbIM. YeM BbIllle Temmeparypa, TeM OoJiblliee YMCIIO0 MOJIEKYJT
OTPBIBAETCS OT TMTOBEPXHOCTH XUIAKOCTH, 00pasyst map. T MOJIeKy-
JIBI «0OMOSIT» CTEHKW EMKOCTU U TEM CaMbIM TTIOMHUMAIOT JIaBJICHUE.

Jlasaenue HacvluyeHHO20 NApa 3aBUCUT TOJIBKO OT TEMIIEPaTyph
mapa. B Ta6a. 34.1 npuBeneHbl 3HAYCHKS JaBJICHUST HACBHIILIEHHOIO
BOJISTHOTO T1apa MpH pa3iMuyHoi TeMrepartype. 2KMIKOCTh 3aKUIAeT
MpU TakoW TeMmIieparype, KOTaa AaBjieHue €€ HACHIIIEHHOTO Tapa
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paBHO atMocdhepHoMy aaBiaeHuto. CienoBaresbHO, eciii aTMochep-
HOE JlaBJIeHue pacTeT, BoJa OyIeT 3aKUMaTh MPU TeMIiepaTtype 60Jb-
mre 100°C. Ha 3ToM IIpuHITMIIE OCHOBaHA paboTa cKopogapku.

Tab6mmua 34.1

l[asneﬂne HACBILIEHHOr0 I[anneﬂue HACBILIEHHOr0
TeMn[g%aiTypa BOJIIHOTO Napa TeM“[?%Typa BOJIIHOTO Napa
[10° Ma] [10° Ma]

0 0.61 70 31.2

10 1.23 80 474

20 2.33 90 70.2

30 423 100 101
40 7.35 150 476
50 123 200 1550
60 19.9

HacpliieHHbIN n1ap He MOIYMHSIETCS 3aKOHAM COCTOSIHUS Tasa,
TaK Kak ero JaBJeHUe 3aBUCHUT TOJIbKO OT TemrepaTyphl. [loBeaeHue
HEHACBIIIIEHHOTO Tapa COOTBETCTBYET 3TUM 3aKOHaM JIOBOJIbHO XO-
POLLIO [0 TeX MOP, MOKA OH OCTAETCSI HEHACBILLIEHHBIM.

Ecnu HeHachllleHHBIN Map Tpu OMNpelaeJéHHON TemmepaTtype
yMeHbIIAeTCsl B 00bEME, TO €ro JaBjieHWe BO3pacTaeT B COOTBETCT-
BUU ¢ 3aKOHOM boiinsi—Mapuotra 1o Tex nop, noka He JOCTUTHET
JaBJIEHUST HACBILIEHHOTO Tapa 11t 3Toil Temnepatypsl ( Puc. 34.1).
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Korna paBnenne mnapa mnpu 40°C  gocTuraeT BEIMYMHBI
7.35 x 10° Ia, nap cTaHOBUTCS HACHIILIEHHBIM, TOCKOJIBKY HAUMHACT
MPEeBPAIIATLCS B XKUIKOCTb.
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35. CBOVICTBA BOJIbI M TTAPA

3aKoH coXpaHeHus SHePruH

Korma TeMneparypa aByX CUCTEM pasjiMyHa, repeaadyy dHEepruu
OT OJTHOI CUCTEMBI K NPYTOil Ha3bIBAIOT menioobmenom. Hampumep,
TETUTO OT TOPSTYETO METalla, OCTHIBAIOIIETO Ha BO3MyXe, IepeagTcs
OT TOPSIYETO METaJlIa K XOJIOTHOMY BO3MTYXY.

3akon coxparerus sHepeuy MOXHO chOPMYTPOBATH TaK:

|| 3Hepeuﬂ He ucvesaem u ne 603HUKaem.

Tak Kak TeII0 — 3TO OAWH M3 BUIOB IHEPTUU, TO ITOT 3aKOH
MPUMEHHMM M K TIpolieccaM TerIoo0MeHa.

Bonee yno6Hast popma oTpaxkeHHs 3TOTO 3aKOHa JIST TIPOIIeCCOB
TETI00OMEHA 3aKJTI0YAeTCs B CIIEMYIOIINX COOTHOIICHMSIX:

(Ha‘Ia.J'[])Haﬂ 3Heprm{) ( SHEPIus, ) _
CHUCTEMBI ITOCTYIMBINAS B CUCTEMY
_ (KOHC'IHaH SHepl‘I/I}I) +( SHEprusl, )
CHUCTEMBI BbIIEJEHHAS U3 CUCTEMBI /’
imt
SHEprH, U3MEHEeHue SHEPrus,
NOCTYNUBILIAA = | SHEPTUU | + | BblAENEHHas |-
B CHCTEMY B CHCTEMeE M3 CUCTEMBbI

BHyTpeHHss 3HEprUsS

Tekyuue cpembl COCTOSIT U3 OUEHb OOJBILIOTO YMCIIA MOJIEKYJI, Xa0-
TUYECKM OBMXKYIIUXCS B 3TOH cpene. Korma cpemy HarpeBaroT, cKo-
POCTh MOJIEKYJT PAcTET, U TEM CaMbIM PACTET MX KUHETUYECKast SHEP-
rusi. M3-3a yBenMYEHMSI CPEAHETO PACCTOSTHUS MEXIy MOJIEKyJaMu
00BEM, comepKalllnii Cpey, YBEJIMUUBAETCS, YTO MPUBOIUT K POCTY
TMOTEHIMAIbHOIN SHEepruu Tekydeit cpenbl. Buympennss snepeus U Te-
Kyuei cpe/ibl paBHa CyMME BHYTPEHHEW KUHETUYECKOMN U MOTeHLUAb-
HOW 9HEepruii MoJIeKyJ, U3MepsieMbIX B JxKOYJIsIx. Kak mpasuio, B 3a1a-
Yyax o Tervionepeaaye HET HEOOXOAMMOCTH 3HAaHUSI BCEil BETWYMHBI
BHYTpPEHHE! 3Hepruu, Tak Kak MMeeT 3HaUeHUe JIUIIb €€ U3BMEHEHUE.

KonnuecTBo BHYTpEeHHEM 9HEepruy TeKy4Yeld cpeabl 3aBUCHUT OT:

e THIIa Cpelbl (B ra3ax MOJIEKYJIbI CPABHUTEIBHO JAJIEKO HAXOMSATCS
JIPYT OT ApYyra M MepeMelnaloTcsi ¢ OOJbIIONA CKOPOCThIO, COOT-
BETCTBEHHO BHYTPEHHSISI 9HEPTHSI ra30B OO0JIbliIe, YeM BHYTPEHHSIS
SHEPrust KUIKOCTEi);

e Macchl TeKyJel cpensl (deM GoJblre Macca, TeM OOJIbIle MOJIEKYJ,
a cJIeIoBaTeNIbHO, TeM GOJIbIIIe BHYTPEHHSST 9HEPTUST

e TeMIeparypbl (YeM BbIlIEe TeMIlepaTypa, TeM O0OoJblle CKOPOCThb
MOJIEKYJI).
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DHTANBIUA U YaejabHass SHTAJIbIIAA

CyMMapHy10 BHyTPEHHIOIO 9HEPTUIO M SHEPTUIO NaBJICHUS TEKydei
cpelbl Ha3bIBAIOT IHMAAbhUell Cpelbl U 0003HavyaloT O0ykBoit H. Enu-
HULA SHTAIBIUU — TXKOYib. [IpousBeneHue naBieHus p u oobema V'
onpeessieT SHEPIUIO JaBJICHUST WU COBEPILIEHHYIO paboTYy, TO €CTh

sHeprus aaBieHus = pV JIx.

CnenoBaresibHO, SHTAJIBIUSL = BHYTPEHHSISI SHEPIUsl + SHEPrus AaB-
JieHust (Wi coBeplI€HHas paboTa), TO eCTh

Kak u B ciiyyae BHyTpeHHE dHEPTuu, NEHUCTBUTEIbHOE 3Haue-
HU€ 3HTAJIbIINU OOBIYHO HE UTPaeT OOJIBIION POJIv, a BOT €€ U3MeHe-
HUe, KaK MpaBuWJio, He0oOXoauMo 3HaTh. B 3amayax o Teruionepenaue,
rae purypupyior nap u BoJa, CUUTAETCs, UTO MOCIEAHss 001agaeTr
HYJIEBOM DHTaJbIIMEN MpU cTaHAapTHBIX gaBieHuu 101 xIla u Tem-
nepatype 0°C.

C10BO «yIeJbHbI» aCCOLIMMPYETCS C BETMUMHAMM, KOTOPbIE OI-
penensiioTcsl «<Ha eNMHUIYY MacChl». AHAJIOTUUHO Y0eabHy0 IHMANb-
nuko TIOJTYYalOT MYTEM IeJIeHUS] SHTAIBIIMKU Ha Maccy, 1 0003HAYaloT
OykBoii 4. CienoBaTesibHO, yaeJibHast SQHTAIbITHS

j = QHTATBIU _ H

Mmacca m

EnuHuna ymenbHOM OSHTANBIIMM — JIKOYJIb Ha KHUJIOTpaMM
[Ax/xr].

Hanpumep, B 3aMKHYTO# CHCTeMe, TO €CTh B CUCTEME, Il Macca
TeKyuell cpelbl OCTa&TCs MOCTOSIHHOM, BHYTPEHHSIsSI SHEPTUST MEHSI -
ercsa oT 25 mo 50 kX, a coBeplI€¢HHass cCUCTeMOli paboTa paBHa
55 x/Ixx. Terio, nepenaHHOE B CUCTEMY [IJISI TOTO, YTOOBI MHULIMUPO-
BaTh 9TO U3MEHEHUE, 3a0aETCsl COOTHOILIEHUEM

H=U+pV=[(50 — 25) + 55] klIx =
= (25 + 55) kJIx = 80 KIIx.

To ecTb nmepenanHoe cucteme Temio cocrasiaseT 80 k/[x.

VienabHas SHTANBINSA BObI

VYienbHast SHTaNIbIUA BOABL /i, 1ipy TeMIiepatype 0°C — 310 Konu-
YeCTBO TEIJIOThI, HEOOXOAMMOE, YTOObI OJHSTH TEMIIEPATypy BOJbI
maccoii 1 kr ot 0°C mo 0°C. DTy BeIMYUHY Ha3bIBAIOT TaKXe (usu-
Yeckoll menaomoil BOIbI 1 OTIPENEISIIOT KaK MPOU3BeIeHUE yAeIbHOMI
TETIOEMKOCTH BOJIBI M UBMEHEHUS TEMITEPaTyphl OT HYJIsI 110 6,

TO €CTh
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XoTs ynesibHasl TEIIOEMKOCTb BOIBI M3MEHSIETCS C TeMIlepary-
poil W JjaBieHUEM, KaK MpaBuio, €€ TMPUHUMAIOT pPaBHOM
4.2 xIx/(xr-K), cinemoBaTesbHO,

h,= 4.20 x]JIx/xr.

Hacsblmennsiii nap

[Tpu paBHOMEpPHOM HarpeBaHMU Boabl HacTynaeT MoMeHT (100°C
Opu HOPMaJIbHOM aTMOC(hEpHOM [aBJIeHMH), KOIJIa AaJlbHEHIIUii
HarpeB He MPUBOIUT K POCTY TEMIepaTyphbl. DTa «3aCThIBIIAsI» TEM-
reparypa sBJISIETCSl MOUKOU KUneHus BOAbI Ly, (sat — OT aHIJIMIACKOTO
saturation — Hacwllienue. — [lpum. nepesoduura). 1o Mepe nob6aB-
JIEHUsI TEIJIOThl K KUISIIEN NP TMOCTOSIHHOM TemrepaType Boae
MOCJIeAHSS MpeBpallaeTcsl B Map, Ha3biBAMbI HACbIUeHHbIM WU
saaxcubim. KonmuecTBo Teria, TpedyeMoro sl HarpeBa OIHOTO K-
JIoTpaMMa BOJIbI IO TOUYKU KUTIEHUsI, Ha3bIBAIOT YOeAbHOU mMeniomoti
napoobpazoeanus WIn ckpoimoii menaomoit hy,. EnuHuua ynenbHoi
TEIJIOTHl MapooOpa3oBaHus OAMHAKOBA C €IWHMIICH YIeTbHON IH-
TaJILITU, TO €CTh JI3K/KT.

IMonnas ynenbHass SHTANbIUA BOAbI /i, B TOUKE KUIIEHUSI paBHA
CyMMe (PM3UYECKOH TEIUIOThI /iy M YAENbHOM TEMIOTH Mapooopa3o-
BaHusl Ay, TO €CTh

hy = he+hy,

Koaddumment BaaxHocTi

Ecnu onpenenéHHOro KoJMYecTBa TEIUIOTHI B CUCTEME «BOa —
HACBIIICHHBII TTap» He XBaTaeT Il TOT0, YTOObI IPEBPATUTh BCIO BO-
NIy B TIap, TO OTHOILIEHUE

Macca HaChILEHHOTO Iapa

o01ast Macca rmapa v BoJbl
HA3bIBAIOT K03P@uylenmom 61ajcHocmu rapa 1 0003Ha4aT OyKBOI
q. Takoii map Ha3bIBAIOT GAANCHBIM NAPOM, U €TO TIOJTHASI SHTAIBINUS /A
paBHa cymMMe (HU3UYECKOI TETIIOTHI /i, M YIEIbHOM TETIOTHI Peobpa-
30BaHMsl, yMHOXEHHON Ha KOIGbOUUMEHT BIaXHOCTH Napa qhy,
TO €CTh

h = he+qhy,.

Henacpimennslii map

Korna onpenenéHHOe KOJUYECTBO TEILJIOThI, J0OABIEHHOE K K1~
Tsiiiei Boae, JOCTAaTOUHO ISl TOTO, YTOOBI MPEBPATUTh BCIO BOIY B
Map, TO TAaKOM Map Ha3bIBAIOT JIMOO HeHACbiueHHbIM, TUOO CyXuMm na-
pom. [lanpHeiiee 100aBIeHUE TETUIOTHI IPUBOAUT K POCTY TeMIle-
paTypbl, U TaKOE COCTOSIHME HA3bIBAIOT Hepecpembvim Napom. Yaeab-
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Hasl 9HTAJIBITUS COOCTBEHHO TIEpErpeToro rnapa BLILIC yz[em,Hoﬁ OH-
TaJIbIIMU CYyXOro Iapa 1 paBHa

C(tsup - tsat)3

rae ¢ — yaeJabHas TeIJI0EMKOCTD Mmapa,

t5,p — TEMIIEPATYPA IIEPErPETOro Napa
(uHIeKc sup oT aHmmiickoro superheated — meperpersiit. — IIpum.
nepeeoouuxa).

[MonHast yaenbHast SHTAJIBIMS IEPErpeToro napa paBHa

hyt e+ c(fgup — far)

i

hg + c(tsup - tsat)'

Ipadmk «Temneparypa,/yne/ibHas SHTAIbINA»

B3auMocCBsA3b MeXxay TeMmIepaTtypoid M yaedbHON SHTalbIuei
MOXHO IoKa3aTh rpacduuecku. Ha Puc. 35.1 npuBenéH TUMMYHBII
rpaduK 3aBUCUMOCTH «TeMIlepaTypa/yaeabHasi 9HTAJIbIUST».

tsup
2 O6nactb
< rneperpeToro
Q
£ ot B ¢ napa
5]
g hfg = hg = hf
i O6nacTb
0 Bopa BNIAXHOro napa
A hy hg
YaenbHas aHTanbnus [KOx/kr]
Puc. 35.1

Ha pucyHke otpe3ok AB xapakTepusyeT o0jacTb (hU3MYECKON
TEIUIOTHI, [Je JII000e YBeTMYeHUE SIHTATbITUM BbI3bIBAET COOTBETCTBY-
o1mii poct TeMmnepaTtypbl. OTpe3ok BC Ha3bIBalOT NMpsIMOii UcCIIape-
HUSI, a TOYKK oTpe3ka B u C xapakTepu3yloT 00J1aCTh BIAXKHOTO Mapa
(1nu 00J1aCTh CKPBITOM 9Heprun), Touka C xapakTepu3yeT CyXoil map.
Touku crnipaBa oT C XapakTepu3yloT 00JacThb MeperpeToro napa.

TaGamipI napaMeTpoB Napooopa3oBaHus

Touka KWIEHUSI BOMABI fsar M PA3IMYHbIC YICTbHBIC SHTAIBITUH,
acCOLIMMPYIOLINECH C BOTOW U NapoM [Ag, g, 1 c(ly,, - fyy)], 3MeHs-
J0TCSI ¢ U3MEHEHUEM JIaBJICHUs. DTU 3HAYCHUS TIPU Pa3HBIX JaBlie-
HUSIX OBbITM O0BETUHEHBI B mabauust o0pazoearnus napos. Hekotopbie
BBIICPXKH U3 HUX npeactasiaeHb! B Tadm. 35.1 u Taga. 35.2.
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Tabmmua 35.1

JlaBnenne Touka Vaeavbnas suranbmms [kJDK/kr]

Gl | 3] | r[Cl | S | e | Hachmemd

1 100 99.6 417 2258 2675

1.5 150 111.4 467 2226 2693

2 200 120.2 505 2202 2707

3 300 133.5 561 2164 2725

4 400 143.6 605 2134 2739

5 500 151.8 640 2109 2749

6 600 158.8 670 2087 2757

7 700 165.0 697 2067 2764

8 800 170.4 721 2048 2769

9 900 175.4 743 2031 2774

10 1000 179.9 763 2015 2778

15 1500 198.3 845 1947 2792

20 2000 2124 909 1890 2799

30 3000 233.8 1008 1795 2803

40 4000 250.3 1087 1714 2801

Ta6smua 35.2
Toseme | e, e
[6ap] | [kIMa] | fsar[C] hy 200°C | 250°C | 300°C | 350°C | 400°C

1 100 99.6 2675 2876 | 2975 | 3075 | 3176 | 3278
1.5 150 111.4 2693 2873 12973 | 3073 | 3175 | 3277
2 200 120.2 2707 2871 12971 | 3072 | 3174 | 3277
3 300 133.5 2725 2866 | 2968 | 3070 | 3172 | 3275
4 400 143.6 2739 2862 | 2965 | 3067 | 3170 | 3274
5 500 151.8 2749 2857 12962 | 3065 | 3168 | 3272
6 600 158.8 2757 2851 | 2958 | 3062 | 3166 | 3270
7 700 165.0 2764 2846 | 2955 | 3060 | 3164 | 3269
8 800 170.4 2769 2840 | 2951 | 3057 | 3162 | 3267
9 900 175.4 2774 28352948 | 3055 | 3160 | 3266
10 | 1000 179.9 2778 2829 | 2944 | 3052 | 3158 | 3264
15 | 1500 198.3 2792 2796 | 2925 | 3039 | 3148 | 3256
20 | 2000 2124 2799 — 12904 | 3025 [3138 | 3248
30 | 3000 233.8 2803 — [ 2858 | 2995 | 3117 | 3231
40 | 4000 250.3 2801 — — 2963 | 3094 | 3214
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B Ta6a. 35.1 B cTonbuax cieBa noka3aHo JaBjieHue B 6apax U Ku-
JlonacKassiX M TouKa KUMeHus: Boabl. B cTonbLax crpasa gaHbl COOT-
BETCTBYIOILME 3HAYEHUsI YAEIbHBIX SHTAIBIMIA BOIbI (A1) U CyXOro
napa (h,), a TakXe yIe/bHas SHTaJbIUs CKPBITOM TEMIOTH apo0b-
pasoBanus (hy). B Taba. 35.2 cronGupl cnipaBa JalOT 3HAYEHUS SH-
TaJbIIUiA CyXoro mnapa (h,) ¥ TIEPErPETOrO Mapa Mpy pasiMYHbIX TEM-
reparypax

YcraHOBIEHHBIE 3HAYEHUsI OTHOCSITCSI K HYJIEBOW SHTAJIBITUU.
OnHaKo eciiv cTerneHb reperpena 3aaHa, To 3T0 OTHOCUTCSI U K TeM-
neparype HacbleHusi. CienosarenbHo, nipu aasiaeHun 100 kIla, B
cTOJIOLIe AJIs1 YAENbHOW SHTANBINU, K puMepy, 250°C crout 3Haue-
Hue crerieHu neperpesa (250 — 99.6)°C, uro cootBetcTByeT 150.4°C.

Hanpumep, 1omycTM, 9T0 HEKOTOPOE KOJMYECTBO HACHIIIEHHO-
ro napa npu nasieHuu 1.0 MITa ocTbIBaeT npu MOCTOSIHHOM J1aBJie-
HUH JIO TeX TIOP, TIOKa eT0 OTHOCUTEITbHASI BIaXKHOCTh He OY/IeT paB-
Ha 0.6. VI3MeHeHue yeabHON SHTANBIUY Mapa OTpeessieTcsl clie-
IYIOLIUM 00pa3oM.

M3 Taoan. 35.1 onpeaensieM, 4To yaeJibHast SHTAIBITUS CYyXOTO Ta-
pa h, npu pnasnenuu 1.0 MIla (to ects 1000 xIla) pasna
2 778 kIx/kr. Kak roBopujioch paHee, yaelbHasl SHTATbITUST BIaX-
HOro mnapa paBHa hy+ gh, Ilpu pasnenuu 1.0 MIla h, paBHa
763 xAx/xr, a hg, — 2 015 kJIx/KL.

CrenoBaTe/IbHO, YAeIbHAS SHTAIBITUS BIAXHOTO Mapa paBHa

763 + (0.6 x 2 015) = 1 972 xJIx/kT.
W3menenue yneapHoi saTansmn = 2 778 — 1 972 = 806 k1K /kr.

Jlpyroii npumep. [lomnycTuM, nap BBIXOIUT U3 Ooitiepa Npu JaBie-
Huu 3.0 MIla u remneparype 400°C. CrerneHb IeperpeBa MOKHO OIT-
peaenutsb no Tada. 35.2. Ipu nasiaenun 3.0 MIla (uau 3 000 kI1a),
Touka KuneHust paBHa 233.8°C, cienoBaresibHO, CTETNIEHb Mieperpesa
paBHsietcs (400 — 233.8) = 166.2°C.

VaenbHast SHTaIBIKS TieperpeToro napa npu gasienuu 3.0 MIla
u temmneparype 400°C mana B Tadua. 32.2, u 3To 3HaYEHHE PABHO
3231 kAx/Kr

Ileperpetblii map Ben€T cedsl Tak, KaK eciau Obl OH ObUT Maeallb-
HbIM ra3oM. [To3ToMy ypaBHEHUSI COCTOSTHUS Ta3a, MPUBEIEHHbIE B
1. 34, MOXHO MCITOJIb30BAaTh IJIs1 OTIPE/ICTICHUS] B3aUMOCBSI3ei MeX-
Iy TaBJIeHUEM, 0O BEMOM 1 TEMITEPATyPOIi TIeperpeToro mapa.
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36. IOBEPXHOCTHOE HATAXKEHUE
1N BA3KOCTb

IToBepxHOCTHOE HATSIKEHUE

Cuna TIpUTSDKEHMSI MEXIY MOJIEKYJIaMU SKUIKOCTU BbI3bIBACT
3G deKT, Ha3bIBAEMBIN H08EPXHOCMHbIM HAMSICCHUEM.

[ToBepxXHOCTHOE HATSKEHUE KUAKOCTU Y — 3TO CUJIa HA eAMHULLY
IUTUHBI, JEeHCTBYIOIIAs] Ha TTOBEPXHOCTh MEPIICHANKYJISIPHO K OTHOMI
CTOPOHE MPSIMOI HA 3TON TOBEPXHOCTH.

Ce0600Has sHepeusi nogepxHOCMU G — BTO SHEPTUS, HEOOXoaUMast
IUIST CO3MaHUS TOTIOTHUTETbHON €MWHUIIBI TIIONIa B MPOTUBOBEC
cujiaM NpUTSKeHUs MosieKyil. [ToBepXHOCTHOe HaTsKeHUE Y U CBO-
OomHAas HEPTUS TIOBEPXHOCTU G YMCJIEHHO PaBHBI, KaK MOKAa3aHO
HUXe.

Paccmotpum mpoBosnounyo pamky (Puc. 36.1), Ha xkoTOpoil Ha-
XOJUTCS MbUIbHAS TIIEHKA.

Puc. 36.1

XY — 3710 ckonb3silas mpoBojoka. JInMHa MbUTbHON TIIEHKU,
conpuKacalolleicsi co CKOb3siel MpoBoJIoKOi, paBHa /. Cuna F
BO3HUMKAIOILAsA M3-32 MOBEPXHOCTHOTO HATSIXKEHUSI Ha IPOBOJIOKE
XY, paBHa 2y/, a yucio 2 MosBASIeTCS U3-3a TOTO, YTO Y MbUIbHOMI
MJAEHKU [BE TOBEPXHOCTU. Y — 93TO TOBEPXHOCTHOE HATSKEHUE
MBUIbHOW TIEHKU. Eciu ckosb3siiiasi mpoBoJioKa repeMeniaeTcs Ha
paccTosiHMe X BIIpaBO, COBEPIIEHHAsI padoTa MPOTUB CUJIbI TTOBEPX-
HOCTHOTO HaTSIXXEeHUs paBHa 2ylx.

CnenoBaTelbHO, POCT MOBEPXHOCTHOTO HATSIKEHMSI paBeH 2/x.
Otcioga 2Heprusi, HeoOXoAuMasi 1Uisi CO3AaHUSI TOTMOJHUTEIbHON
€MHULBI TUTOLIAAN TUIEHKHU, paBHA

2ylx _
2ix

Ho 310 — ompenesneHre CBOOOAHOII SHEPTUM ITOBEPXHOCTU .
CrnenoBaTeIbHO, G YUCICHHO paBHa v.

W3-3a pa3HOCTU MeXKIy KOTe€3MOHHOM CUJION MEXIy MOJIEKyJIaMu
KUAKOCTU W aAre3MOHHON CHJION MEXIy MOJIEeKYIaMH XUIKOCTU U
MOJIEKYJIaMU TBEPJBIX TEJI TOBEPXHOCTD XKUAKOCTA OOBIYHO UCKPUB-
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JIeHa TaM, TJIe OHa CONPMKACaeTcs ¢ TBEPABIM TeJioM. Harpumep, Kak
BUIHO Ha Puc. 36.2, MOBEPXHOCTh BOIBI B CTCKJISIHHOW TPyOKe BOT-
HYTa, a [IOBEPXHOCTh PTYTH B CTEKJITHHOM TPYOKE BBIMTYKJIA.

Bopa PTyTb

AnreavoHHas cuna Gonblue  KoreauoHHas cuna 6onblue
KOre3MOHHOW CUbI afre3noHHO CUsbl

Puc. 36.2
YroJ conpruKOCHOBEHUST O onpeneIsieTCsT Kak YroJl MeXIy TToBep-
XHOCTBIO TBEPIOTO Tejla M KacaTeJbHOU K ITOBEPXHOCTHU KUIAKOCTHU B

TOYKE CONMPUKOCHOBEHHsI. YToJl O OTKJIaAbIBaIOT CO CTOPOHBI XKUJI-
KOCTH, KaK TToKa3zaHo Ha Puc. 36.3.

7

N

£ 2
=9 %9 Xunpkoctb
Sx g%
R \ Xupkocte @ &
=3 L\ =3
c 6 2
a) 6)

Puc. 36.3

Ecnu 6 <90°, TO TOBOPSIT, YTO XUAKOCTb «YBJIAXHSIET» TBEPLYIO
TOBEPXHOCTb.

Kunkoctu, y kotopsix 6 < 90°, mogHu-
\ r / MaloTcsl B TpyOKe ¢ HEOOJBIIUM BHYTPEH-

HUM JIUAMETPOM (HaIrlpuMep, B KamuIsap-
Hoit TpyOke). Ha Puc. 36.4 nsobpaxeHa
KUIKOCTb, IOTHUMAIOIIAsICS Ha BBICOTY /1 B
j, KanuuIspHOM TpyOKe paauyca r.

Cuta, BO3HHMKAIOIIAS M3-32 TIOBEPXHOC-
THOTO HATSIKEHMsI, AEUCTBYIOLIasl Ha Me-
HUCK, 3aBUCUT OT JUIMHBI OKPY>KHOCTU Me-
HUCKa ¥ TIOBEPXHOCTHOTO HATSKEHUS .
Puc. 36.4 HanpasneHnHast BBepX BepTUKaJbHasI CO-

CTaBJISIIONIAS CUJTBI, BOSHUKAIOIIEH B PE3yJTb-
TaTe MOBEPXHOCTHOTO HATSKEHUS, paBHA

Y X JUIMHA OKPYXXHOCTU X c0sO = y(27r) cosh.
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BepTI/IKaﬂbHaﬂ Cua, HarpaBJICHHass BHU3 Ha CTOJIO KUJIKOCTH,
— BEC XKMIAKOCTU:

TpaBUTAaUMOHHOC _

BEC XXUJIKOCTU = OOBEM X MIOTHOCTH X oJte 3eMIr

= (nr’h)pg.
DT IBE CHIIbI PABHBI, TAK KaK
y(2rr) cos® = (nr *h)pg.

Torma BeIcOTa TOAHUMAIOIIEHCS XKUIKOCTH paBHa

ho= 2ycosO
rpg

Hanpumep, eciu moBepXHOCTHOE HaTskeHue prytu mpu 20°C
paBHO 0.465 H/M 1 yron e€ cCONpMKOCHOBEHUSI CO CTEKJIOM paBeH
140°, To KanWUIApHBIN TTOIBEM (BBICOTA) /i PTYTU B KAMWJUISIPHOM
TpyOKe BHYTPEHHETO paauyca 2 MM paBeH

b= 2ycosf _ 2(0.465)(-0.766) _
rpg (2 x 107)(13.6 x 10°)(9.81)
=-2.67 MMm.

(OTpuuaTeNbHbII 3HaK O3HAYaeT, YTO YPOBEHb PTYTU B KaMWUISIP-
HOI TpyOKe Ha TpaHuUlIe COMPUKOCHOBEHUSI CO CTEKIIOM CHUXAETCS. )

N30bITOYHOE AaBIEHNE

MOXHO I0Ka3aTh, YTO BHYTPU KaIUIM XUIKOCTH ChHEepUUECKOn
(opMbI cyliecTByeT naBieHue, MpeBbIllalolIee AaBIeHUE OKpYyXKalo-

1IETo BO3ayXa Ha BEJIMYUHY, paBHYIO %/ , TIE R— paaunyc Karuiu. Ta-

KO€ JaBJIeHUE HA3bIBACTCS U30bIMOYHBIM 0aGACHUEM.
L4 HJIH C(i)epPI‘ICCKOﬁ Karuii XKUIKOCTU B BO3IYXC M30BITOYHOE TaB-

2y
JIEeHHE paBHO -

e JIyisi my3bIpbKa Tasa B XUIKOCTY M30OBITOYHOE AABIEHME TAKXKe
2y
aAaBHO .
P R

e /I MBLJIBHOTO Iy3bIpsd B BO3AYyX€E U30BITOYHOE ABJIEHUE paBHO

4
7?, , TaK KaK 'y MbIJIbHOTO ITY3bIPA ABE ITIOBEPXHOCTU.
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DHeprus pa3pbiBa MEKMOJIEKYJIAPHBIX CBsA3ei

3Hass CBOOOAHYIO BHEPIUIO MOBEPXHOCTU KUIAKOCTHU, MOXKHO
HaNTU BeJIMYMHY SHEPIrun, HEOOXOAUMYIO AJIst pa3pbiBa MEKMOJIEKY-
JISIPHBIX CBsI3eil. Moutekyia, OBMXYIIAsICS K MOBEPXHOCTU XKUIKOC-
TH, 00JIaaeT ONpeaeIEHHbIM YUCIOM OJIMKAMIIMX coceneil, cokpa-
TUBIIMMCS Y TIOBEPXHOCTHU C AeCATH 10 nATU. Eciu n — uuciio MoJe-

S5n .
KyJl Ha €IWHUILY TUIOLIAA MOBEPXHOCTU, TOTAA 5 cBsI3elt OymyT
pa30opBaHbl Ha KaXI0U €AMHMIIE TIOLIAAN CO3JaHHOK MOBEPXHOC-
Sne
™, a -5 9Heprusi, HeoOXoauMasl B TAKOM ciiyuyae (¢ — sHepeus,

Heobxo0umas 045 paspwlea 00Hol Moaekyaaprol cea3u). CnemnoBareib-
HO, TaK Kak G (CUJIOBasl MOBEPXHOCTHAsl SHEPTUSI) — 3TO IHEPIUsl,
HeoOXOAUMAs TSI CO3IaHUS MHUIIBI TUIONIAIN TIOBEPXHOCTHU, TO

_ Sne
==
OTKy/Ia
e = 20
S5n

MoadnsipHasi CKpbITAsI SHEPTUS UCTIAPEHUS

Monspras ckpvimas sHepeus VCTIapEHUS BEIECTBA — 3TO SHEP-
rUst, HeO6XOAUMAsI 1151 UCTIAPEHMSI OTHOTO MOJIS BEILIECTBA [P HOP-
MaJbHOM [aBJICHMU. B TBEPIOM BellecTBE ¢ KPUCTALTMYECKOI
CTPYKTYPOIA, KPHCTAJITB KOTOPOTO MMEIOT IIECTUYTONBHYIO (hopMy
UIOTHO CTPYIIUPOBAHbI, KAX/Iblil AaTOM UMEET JABEHAAATh OIIKaii-
mUX coceneil. B KMIKOCTH y KakIOTO aTtoMa ecTh OKOJO AECSTH
Gnuxaitmmx coceneil. Korma TBEpmoe BEIECTBO MpeBpallacTcs B
KUIKOE, MOJIEKYISIPHbIE CBSI3M TOJKHBI pa30pBaThCsl, M KaXKIbIil €ro
aTOM TOTepsIeT BE CBSI3M. B Mapoo6pasHOM COCTOSTHUY Y aTOMa Be-
IecTBa HET coceleil, ¥, CIeIoBaTebHO, TIPU UCMAPeHUN KaKIbIil
aTOM JXHIKOCTH TepSeT IeCsTh CBSI3Eil.

B oaHoM Morte conepxutcs 6 x 102 aToMoB, a 3TO 3HAYUT, 4TO
eCJIM KaXJIblil aTOM MMeeT HEeCsITh GIIKAMIINX coceleil, TO BCero

10 x 6 x 10% )
Haao pasopBaThb T CBSI3CU.

HenmuTensb 2 MOSBISETCS U3-3a TOTO, YTO KaX/asi CBA3b COCAMHSI-
eT nBa atoma. CreqoBaTeIbHO, MOJSIpHASI CKPBITasi SHEPTUS — 3TO
5N e, tne N, — 4ucio aTOMOB B OJJHOM MOJI€, TO CTh

2N
MOJISIpHASI CKpbITas 3Heprust = SN, A(2_c) =20
n

Sn

CHCZI.OBaTCJ'IbHO, KUOKOCTU C BBICOKMMU 3HAYCHUSAMU G JOJI2KHBI

MMETb BBICOKME 3HAYEHUST MOJISIPHOM CKPBITOM SHEPIUU UCTIApEHUS,
YTO MMOATBEPKIAAETCH SKCIIEPUMEHTAILHO.
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Bsaskoctb

Kunkoctu (M rasel) Mpu B3aMMOACHCTBUU C TBEPIABIM BEIIECT-
BOM MPWJIMUIIAIOT K €ro MOBEpXHOCTU. Eclu XUAKOCTb Pa3iuTh MO
MOBEPXHOCTU TBEPIOIrO BellleCTBA, TO €€ MOXHO paccMaTpUBaTh
nocioiiHo. CaMbIil HUXKHUI CI0M HaXOAMUTCSI BO B3aMMOJACUCTBUU C
TBEPIBIM BELLIECTBOM U MPeObIBAECT B COCTOSIHUU MOKOs1. OcTalibHbIe
CJIOM CKOJIB3SIT APYT MO IPYTY U MOTYT MepeMelaThCsl CO CKOPOCTSI-
MM, YBEJIMYUBAIOUIMMUCS B 3aBUCUMOCTU OT PACCTOSIHUSI TaHHOTO
CJI0s1 10 MIOBEPXHOCTU TBEPAOTO BelllecTBa. Takoe ABUXKEHUE, HA3bI-
BaeMoe AAMUHAPHBIM NOMOKOM, TTIOKa3aHo Ha Puc. 36.5.

Ay i

Puc. 36.5

Ecau ckopocTh BO3pacTaeT M MPEBBIIAET HEKOTOPOE NOIYCTH-
MOE 3HaYeHHeE, CJIOM TIEPEMEITNBAIOTCS, U TIOTOK CTAHOBUTCS mypoy-
JAeHMHbIM, U €TO TIOCTIOMHOE OMMCaHUEe B TAKOM cilydyae OoJibllie He-
npaBoMmepHo. Ha Puc. 36.5 crpeikamMu 0603Ha4YeHbI CKOPOCTH pa3-
JIMYHBIX CJIIOEB. DTO COCTOSIHUE CYLIECTBYET 10 TeX IMOp, MoKa Ha
KUIKOCTbh IEUCTBYET yCcHiIne caBura. [1poTUBOMONOXHOE COCTOSTHIE
Ha3bIBAETCS 8A3KOCMbIO XUIKOCTU.

PaccmoTpuM nBa mapasuieTbHBIX CJIOS XKUIKOCTH, Pa3meEHHBIX
pacctossHUEM Ay M JIBUXYLIMXCS CO CKOPOCTBIO v U U+ Av, TIe
Av— TipupainieHue CKopocTu. Hurkenexamniuii cioil TpernsTCTBYeT
TEUEHUIO BEPXHETO CJIOST W IEUCTBYET HA TIOCIEIHUM C TOPMO3SIIIEH
cwioit F, mpuuéM caM OH UCTIBITBIBAET CUJTY YCKOpeHUs F, ¢ KOTOpoit
Ha HEro JEUCTBYET BEPXHUIA CJTOM.

KacarenpbHoe (TaHTEHIIMATBHOE) HAMPSDKEHUE MEXIY ABYMS
CIIOSIMU PaBHO

F
1
rme A — KOHTaKTHasl TUTONIalb MEXIY CJIOSIMMU.
Av
OTHoOLIEHHE A_y Ha3bIBAIOT 2padUeHmoM CKOpOCHmu.

ﬂl'lﬂ HEKOTOPBIX KUIKOCTEN

F_ Av

A nAy’

rae m — MOCTOsSIHHAsI, Ha3blBaeMasl Ko @uyueHmom 6a3Kocmu.
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CnenoBateibHO, KOO(GOUIIMEHT BA3KOCTU

_ KacaTeJIbHOe HaIpsiKeHue
rPagueHT CKOPOCTH

KoabduumeHT BA3KOCTU XKUAKOCTU 1| OOBIYHO YMEHBIIAETCS C
pPOCTOM TeMIepaTypbl, XOTsl «BSI3KOCTaTUYECKHE» Macjia IMOYTH He
MOBEPXKEHBI BAUSHUIO TeMIlepaTypbl. EquHuiia usMepeHus: Koad-
¢dumenTa Baskoctn — H-c/m, mmu kr/m-c (Tak kak | H = 1 kr-m/c?).

®opmyaa Ilyaseiins

Dopmyaa [lyaseiins 1jisi TaMAHAPHOTO TTOTOKA OIMpPeAeIiieT 00bEM
KUIKOCTH V, Tipoxoasiieid o Tpybe Kpyrjaoro ce4eHus 3a OHY Ce-
KYHIY, TO €CTh

y = mor

raoe r — paguyc TpyoObl,
p — Pa3HOCTb JaBJIEHUI HAa KOHLIAX TPYOBI,
| — nnvHa TpyOHI,
N — K03(DOUIMEHT BA3KOCTU XUAKOCTH.
Hanpumep, Ha Puc. 36.6 moka3aH MOTOK BOJIbI, TEKYIIEH U3 EM-
KOCTU B pe3epByap 1o TpyOe AIMHON | M ¢ BHYTPEHHUM PaguycoM
2 MM.

4LI e |

im
Pesepsyap

Puc. 36.6

OrnpeneauM CKOPOCTb, C KOTOPOi Boaa cobupaercsi B HEOOJIb-
IIOM pe3epByape, eci BA3KOCTb BOAHI paBHa | x 1073 kr/m-c.

B cootBeTcTBUM ¢ hopMmyioii [Tyaseiinsg o0béM Boasl V, momana-
IO B pe3epByap 3a OJIHY CEKYH/IY, paBeH

4
npr

8ni’

IJie pa3HOCTb JaBJICHMI Ha KOHLIAX TPYObI

p=hpg= (0.5 x 10°)(9.81).
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Orcrona
_3. 4

y - m(05x 101(9.81)(2x 107)" _

8(1x 107 (1)
=3.08 x10-5 m*/c.

OTta CKOpPOCTb HE GYHGT TNOLNEPXKUBATECS MTOCTOSSHHOM, TTOTOMY
YTO YPOBEHb BOAbI B €MKOCTH MaJaeT U JaBjieHue P paCTéT.

3akon Crokca

Saxon Cmokca omnpeneysieT CUy COMPOTUBIEHUSI cpeibl F
JIEMCTBYIOIIYIO Ha Teo chepuueckoit hopMbl, TiepeMelaoleecs
B JIaMUHApHOM IIOTOKE KUIKOCTU OIpeAeJEHHON BI3KOCTH,
TO €CTh

F = 6pnro

roe r — paauyc cepsl,
L — CKOPOCTh ChEephI.

Hanpumep, onpeaeauM KOHEUHYI0 CKOPOCTb X CTaJIbHOTO LIapy-
Ka paguycoM 1 MM, majarouniero B JaMMHApHbBIA MOTOK BOAbBI, TEKY-
1Ie#i ¢ TOCTOSIHHO CKOPOCTbIO (BA3KOCTb Boabl — 1 x 107> kr/(M-c),
TJIOTHOCTh Bombl — 1 x 103 kr/M™, TJIOTHOCTh cTaiv —
7.8 x 10% xr/Mm).

.. 4
O0BEM chepsl paBeH 3 TP, CIeNOBaTENbHO,

_4
BeC MIapHKa =3 nr pg,

rae p — IUIOTHOCTL CTaJlu,
&g — YCKOPCHUC CBOOOIHOTO MaJeHUS.

.. .. . 4
O0BEM NEPEMEIIEHHOU KUIKOCTU paBEH 3 TEIJ, CJI€10BaTEJIbHO,

.. . 4
BBIOpOC (TO €CTh BeC TIepeMeIIEHHOM XKUIKOCTH ) =§ e Pog,

Toe py — IJIOTHOCTDL XKUAKOCTH.

Korma xonewHas CKOpPOCTb OOCTUTHYTA, paBHOHCﬁCTByK)U.[aH
BCEX CUJI, HCﬁCTBy}OLHI/IX Ha T€JI0, CTAHOBUTCS paBHaA HYIJIIO. Creno-
BaT€JIbHO,

BEC = CONPOTUBJICHHE CPeIbl + BBIOPOC,

TO €CTb

4 3 4 3
3PE = 6nnro+ 37 P8 s
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OTKyIa
4
6nnro = 31 (p—p)g-
Torna
‘—‘Tcr3( - Po) 2
37 PTPJE 2 e(p—py) _

KOHEYHast CKOPOCTh U = =
6nnr I

2

_2(1x107)° (9.81)(7.8x 10° ~ 1 x 10%) _

3 14.8 m/c.
9(1x107)
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37. TEKYYME CPEJIbI B IBUXKEHHUN

‘VpaBnenue beprynim

Ypaenenue bepnyisu — 310 ypaBHEHME, OTpaxkalollee TMPUHIIUIT
COXpaHEHUsT SHEPTUU B TPUMEHEHUU K MEKyHUM cpedam B IBUXKEHUU:

2
2,Y 7= const (1)
w 2g
W
2
LY 4 Zg = const 2)
p 2

Bce BennuMHBI ciieBa OT 3HaKa paBeHCTBA KaXXA0TO ypaBHEHUS MPU-
MEHHMMBI K 3aIaHHOM TOYKE ABUKYILIEUCS TEKYUYEN CPEIbI:
p — laBjieHue (MaHOMETPUYECKOE JABJIEHUE, €CJIU HE YKa3aHO
Ipyroro),
W — yIeNabHBIi Bec (Bec B eIMHULE 00BEMA),
U — CKOPOCTb,
g — YCKOpeHHe CBOOOAHOTO MaJeHMUs,
Z — BbICOTA HaJl 3aJaHHBIM YPOBHEM OTCUETA,
p — IUIOTHOCTb (Macca B eJUHULE 00bEMA).
J1Ba CyILLIECTBEHHBIX pa3InuMsl MEXIY MPUMEHEHUEM 3aKOHA COXpa-
HEHUSsI HEPIUHU B TPUBEAEHHOM BUJIE U €TI0 TPUMEHEHNEM B OTHOLUEHUU
TOBEICHUST ABVXKYLIMXCS TBEPIBIX TEJT 3aKJIIOYAIOTCS B CIIEIYIOLIEM:

e JJaHHOE NMPUMEHEHUE MPUTOAHO ISl HomoKa maccyl (V1A Beca) yc-
TOMYMBOTrO IMpoliecca B CEKYHIY, a He 1Jis1 (GMKCUPOBaHHON 3a1aH-
HOW MaccChl UM BECa;

e TpeThbsl (hOpMa SHEPTUH, TO €CTh IHEPTUSI TaBIECHHUs, TOJDKHA TTPU-
HMMAaTbCS B pacy€T (COOTBETCTBYIOIIAs (hOpMa IHEPTUU B IPUME-
HEHMU K TBEPOBIM TeslaM (3Heprus Aedopmalniu) BCTpedyaeTcs
JIMIIDb U3peaKa).

Kaxnas cocrasnstomast B hopmyse (1) xapakrepusyeT I3HEPTHIO
Ha eIMHUIy Beca Tekyueil cpenbl. OCHOBHOM eQMHULIEN BCeX CO-
CTaBJISIIOIIMX SIBJISIETCSI METP, TO €CTh

H-Mm JIx
T

OcHOBHas eMHULIA JaBJIEHUS TaKasi Xe, KaK U 1JIs1 HaIpsDKeHU s, —
H/m? unu nackans [ITa]. Kaxaas cocTapisiolas ypaBHeH1sl Ha3blBaeT-
Cs1 HANOPOM.

2
ﬁ — 3TO eudpocmamu4eckuii Hanop (H/ M = [M]) .

H/m®

2

2,2
v . . M/cC
— — 9TO CKOPOCTHOI, WIIU OUHAMUYECK UL HANOp ( / = [M]) .
28 m/c’

Z — 9TO NOMeHYUanbHblll Hanop [M].
CymMa 9TUX TpEX HATIOPOB HA3bIBAETCSI CYMMAapHuim Hanopom H.
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VYpaBHeHUe (2) XapaKTepu3yeT SJHePrUio Ha eIWHUILY MacCHI.

Ha npakrtuke, Kak u B ciyyae ¢ TBEPAbIMU TeJIaMU, UMEET MeC-
TO HEKOTOpasl TIoTepsi SHEPTMM B pe3yJbTaTe BbIIEICHUs TEIUia.
Bopnba ¢ TaKUMU TOTEPSIMU — BaXKHBIN aCMEKT MEXaHUKH TEKY-
YUX Ccpeql.

Ecnu Tpyba HamojiHeHa TeKylel XKUAKOCTBIO, TO OOBEMHBIN
pacxof nmotoka ¥, To ecTb 00BEM XUAKOCTU, MPOXOASIICH 32 CEKYH-
Iy, TOJIKEH OBITh PAaBHBIM Ha BCEX Y4acTKax TPYObl: V= A v, = A,v,,
rne A, ¥ v; — COOTBETCTBEHHO TUIOIIAAb MOTEPEYHOrO CeYCHUS U
CKOpOCTb Ha BBIOPAaHHOM OTpe3Ke, A, U v, — TUIOIIAAb U CKOPOCTh
Ha BTOPOM y4acTKe. YpaBHEHUE

Ao = A,0,

Ha3bIBAlOT YPAGHEHUEM HeNnpepbiGHOCHU.

OcHoBHas eauHMIIA OOBEMHOTO pacxoja MoToka V — Kybuuec-
KHMif METp B CeKyHAy [M°/c]. DTO JOCTATOUHO KPYIHAS BENMYMHA.
MeHbLias 1 yaile npuMeHsieMast eIMHULA — JIUTP B CEKYHAY [J1/c].

[MoToku ¢ 0YeHD MaJIBIM PACXOJOM M3MEPSIOT B JIUTPAaX B MUHYTY
[1/MuH].

11n/c=1000cm?/c=1x 1073 m’/c.

1 1/mun = 0.017 n/c.

Hanpumep, oripenieTiM cyMMapHBIi HAImop TTOTOKA BOIBI B TpyOe
nuaMeTpoM 32 MM B TOUYKe, TAe masineHue paBHO 28.4 xIla. Pacxonm
MOTOKA BOJIbI B TPyOe paBeH 2.8 J1/c, UCXOMHBIM YpoBeHb — 1.84 M.

vV _28x10°(m/c) _
2(32)2 x 10° m?

CKOpOCTh IOTOKA U = 3.4815 m/c.

2 2
JlMHaMuYecKuii Harop 2~ = (3.4815)

= GA815) _ 6178 u.
2¢ ~ 2(981) M

VnenbHblit Bec w = pg = (1 000 kr/m>)(9.81 M/c?) = 9.81 kH /M.

Tuapocratuueckuii Hamop Lo le—[az = 2895 M.
w o 9.81 kH/™m
IMoreHumanbHbIil Hanop Z = 1.84 M.

Taxum 06pa3om, cyMMapHbIii HAIOP

2
H=24+Y% 17=2895+0.6178 + 1.84 =5.353 m.
w 2g
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IToTok yepe3 oTBepcTHSA

Bona, BbITeKkaloliasi M3 pe3epByapa B BHUIE TOPU3OHTAJIbHOM
CTpyH, Kak noka3zaHo Ha Puc. 37.1, uMeeT ToJIbKO ckopocmHoi (au-
HaMMYECKHi1) HAIop, €CJIM 32 UCXOAHBIN YPOBEHb MPUHST YPOBEHD
OTBEPCTUSI.

Cprﬂ/ j

Puc. 37.1

Bona, xoTopasi B KOHIIe KOHIIOB 00pa3yeT CTpylo, HAaUMHAEeT CBOM
MyTh OT BepXHeil MOBEPXHOCTHU pe3epByapa ¢ MOTeHIIMATbHBIM HaIlo-
POM, PaBHBIM /. Beraucisiem 1mo ¢popmysie Ha9aIbHBI TOTEHIIUATb-
HBIIl HATIOP Y 3aKJTFOYUTENIbHBII CKOPOCTHOM HAIop.

vy
20
OTKy/a

v = J2gh.

Ha npakTuke uMeeT MeCTO HEKOTOpast OTePsl SHEPTUU.
peajibHasi CKOPOCTb CTPYH
TeopeTHyecKasi CKOpoCTb CTPyH
duyuenmom cxkopocmu C, oTBepcTUsi. JeCTBUTENBHYIO CKOPOCThb
MOHO TOJTyYUTh GJIarofgapsi TOUHOMY OTpeaeIeHUI0 KOOPAUHAT TO-

YeK X U y Ha TPAeKTOPUU CTPYHU.
JuameTp cTpyu, KaK BBISICHSIETCS Ha MPAaKTUKE, MEHbIIE TUaMeT-
pa otBepcTusi. OTHOLLIEHUE {LIoMaAb MOTICPCTHOTO CCHCHMA Hasbi-
MJI0LIaAb OTBEPCTHUS

Baetcs koagpuyuenmom cyucernus C, OTBepCTHS.

OTHo1IeHne Ha3bIBACTCS KO-

pcajibHasd CKOPOCTb UCTCUCHMUS
OTHoOLIEHNE Ha3bIBacTCA
TEOPETUYECKAA CKOPOCTb UCTCUYCHUA

Koagpduyuenmom ucmeuenus C; OTBEPCTHUS.

OngHako
peajbHast peajibHast CKOPOCTb CTPYH X
CKOPOCTb UCTEUEHUS _ XILUTOIIAIh ITOMIEPEYHOTO CEYeHUs CTPYH
TeopeThYecKast TeopeTHUYeCcKast CKOPOCTb CTPYH X

CKOPOCTb UCTCYEHUA X Ij1o11anab OTBEPCTUSA
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TO €CTb

Hanpumep, ompeneiimM TONIIWHY CJIOST BOIBI B pe3epByape ¢ OT-
BepcTheM auameTpom 12.3 MM B JHe, NMPU KOTOPOH CKOPOCTb MCTe-
YeHUST BOMBI Yepe3 3TO oTBepcTre Obuta OBl paBHa (.25 nuTpa B ce-
KyHAy (KO3(h®OUIIMEHTBI Cy>XXeHHUs CTPYM U CKOpPOCTU paBHbI 0.64 u
0.96 COOTBETCTBEHHO).

TeopeTuueckast CKOPOCTb BHITEKAHMS U3 pe3epByapa

2 2
V= Adv= (Ef—]@ - @@A/(z)(9.81) -

= 0.00054357.Jh M’ Jc

V = 0.54357 J/h matp/c
rae A u3MepsieTcsl B MeTpax.
Koadbduuument ucreuenust C,= C, x C, = 0.96 x 0.64 = 0.6144.
OnHako
peaibHasi CKOPOCTh UCTEUSHUSI
"~ TeopeTuuecKast CKOPOCTb UCTCUCHHS

CJIeIOBATENIbHO,
(peasibHast CKOPOCTh UCTEUCHUST) =
= (C,) x (TeopeTnyeckasi CKOPOCTb UCTEUCHUS) =

= (0.6144)(0.54357 /h) =
= 0.33397./h mutp/c .
ITockobKy peasibHasi CKOPOCTh McTedeHusl paBHa 0.25 11, TO

0.25 = 0.33397./h ,
OTKYy/Ia TOJIIMHA COS

(025 V2 ~
- (0.33397) = 0.5604 M= 560.4 Mm .

Ynap cTpyn

Cuia, ¢ KOTOpOI#i CTpys BOABI AEMCTBYET Ha MIaTGOpPMY COTIaCHO
TpeTbeMy 3aKOHY HbioTOHA, paBHa M MPOTHBOIOJIOXHA 1O HAMpaB-
JIEHMIO CUJIe, C KOTOPOH riaThopMa IeiicTByeT Ha cTpyio. [1o Bropomy
3aKoHY HbIOTOHA 3TO paBHO CKOPOCTH U3MEHEHUST UMITYJIbCA BOBI.

Macca X M3MEHEHUE CKOPOCTH
BpeEMS '

CKOpOCTb U3MEHCHUA UMITYJIbCA =

B ciay4dae TBép[[OI‘O TEJIa 9TO YTBEPXKIACHUE COOTBETCTBYET ypaB-
HCHUIO
N3MEHCHUEC CKOPOCTU

Macca x = Macca X yCKOpeHUe .
BpeMsi
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B ciyyae ke miporiecca, e IOTOK XXMIKOCTHA HENPEPHIBEH, 3TO
ypaBHEHME MPUHUMAECT BUIL:
Macca
———— x U3MEHEHUE CKOPOCTU =
BpeMsI
= MacCOBBIl PacXo/1 OTOKA X U3MEHEHHE CKOPOCTH = M.

B cnydae xoraa cTpys yaapsieT 1o rjiocKoii rmiatgopme o mpsi-
MBIM YTJIOM, KaK moka3aHo Ha Puc. 37.2, okoHUYaTeIbHAast CKOPOCTh B
HavyaJIbHOM HarpaBJeHUW paBHA HYJIO, U TIO3TOMY U — 3TO U3MEHe-
HME CKOPOCTHU B 3TOM HaIpaBJIeHUU.

Cuna

Crpysi

Puc. 37.2

Ecnu d — nuamerp cTpyu, TO
2

M = Vp:AUp:Eﬁi—up.

Cura, IeficTByIOIIast Ha TUIaTGOPMY, paBHA

2
F= Mu:%uzp.

Ecnu nuameTp cTpyu JaH B METpax, CKOPOCTb CTPYU — B METpax
B CEKyHIy, TJIOTHOCTb — B KWJIOTpaMMax Ha KyOWYEeCKUil MeTp, a
CKOPOCTb MaccChl MOTOKa M — B KWJIOrpaMMax B CEKYHIY, TO CUJa,
NEeACTBYOIIAs Ha MIaT(OopMy, BEIPA3UTCS B HbIOTOHAX.

Hanpumep, ycTh cTpys BOAbl AMaMeTpoM 12.5 MM U CKOPOCTHIO
40 M/c ObET B HEMOABMXKHYIO IJIOCKYIO TIATGOPMY MO MPSIMbIM yT-
som. Torna

MacCOBBIU pacxo/ IoTokKa

2 2

M = Avp = %up = 7WMO)(I 000) = 4.9087 kr/c .

Torna

CIJIa, JeiCTBYIOIAs Ha IIaTdopmy, paBHa

F = Mo = (4.9087 kr/c)(40 m/c) = 196.3 krm/c> = 196.3 H.
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38. UIBMEPEHUE ITOTOKOB XWUJIKOCTEM
N TA30B

M3MepeHue MOTOKOB XUAKOCTEN 1 Ta30B (TO €CTh TEKYUHX CPEe/)
HEOOXOIMMO BO MHOTMX IMPOMBIIUIEHHBIX Ipoleccax, Harpumep:
JUTSE KOHTPOJIS 3@ BO3AYIIHBIMM MMOTOKAMU B BEHTWJISILIMOHHBIX Ka-
HajlaX YroJIbHOM ILIAXThl, 3a PAcXOlOM BOJIbI B KOHAEHCATOpe Ha
9JICKTPOCTAHIIMH, 332 PACXOAOM XUAKOCTU B XMMHUYECKHUX TPOLEC-
cax; Uisl yripaBJIeHUsI 3alPaBKOM rOPIOYMM U MACJIOM; OXJIaKIeHUEM
TeKy4MX BEIIECTB B ABUTATE/ISIX Kopabeil u caMoi€ToB U T. A. [loa-
CYET pacxoa XUAKOCTH — 3TO OIMH U3 HamboJsee CJIOXHBIX BUIOB
M3MEpPEeHM Ha TPOU3BOACTBE, TaK KaK MOBEJACHKME MOTOKA 3aBUCUT
OT OYeHb MHOTHUX NEPEMEHHBIX, BKIII0Uast GU3MUECKUEe CBOMCTBA Te-
KYYUX Cpell.

CyllecTByeT 0O0JbIIOE KOJUYECTBO IMPUOOPOB, H3MEPSIIOLINX
pacxof xuakoctu. OGbIYHO UX Ha3bIBAIOT pacxodomepamu. OHU MO-
IYT U3MEPATH PACXOJ KUAKOCTH (B M>/C) UM YAENbHBII MacCOBBIit
pacxof ra3o00pa3HbIX cpel (B Kr/c). Bce pacxomomepbl AessiTcs Ha
JIBe OCHOBHBIC IPYIIIbL: dughgheperyuanvrbie pacxodomepsl N MEXAHU-
ueckue pacxodomepol.

JinddepenuuaibHbie pacxoaoMepbl

Korna B Tpy0onpoBo/ yCTaHABIMBAIOT PACXOA0OMEPHI OTIpeAeIEH-
HBIX BUJIOB, OHM 3a4aCTyl0 MEILIAIOT MPOABUXKEHUIO TEKy4eil Cpebl
M3-3a TOTO, YTO YMEHBIIAIOT TUTOIIA b TTOTIEPEYHOTO CEYeHUST TPYOBI.
DTO BbI3bIBAET M3MEHEHUE CKOPOCTH TeKy4eil Cpelibl, YTO CKa3bIBa-
ercs Ha nasienuu. Ha Puc. 38.1 mokasan cerMeHT TpyOBbI C yCTaHOB-
JICHHBIM B HEM PacXOJOMEPOM.

Pacxopomep,
MeELLIAIOLLIMI NOTOKY TEKy4er cpep

-!/

Beepx no tevenuio & BHM3 no TeyeHnio

[«

-

\
Hanpasnexue notoka
XNOKOCTU UK rasa

L

C

" Maromerp

Puc. 38.1
Pacxon raza miam XUIKOCTH MOXHO OInpencinTb, USMCPUB pa3-
HOCTb JABJICHU HA CTEHKU pr61>1 Ha OHpe}Z[eJTéHHOM pacCToOsAHUU OT

pacxogomMepa BBepX M BHM3 110 TedeHU10. Takue nmpuOopsl Ha3bIBAIOT
dugpghepenyuansHoimu pacxooomepamu.
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PasHocTh naBneHMit B cerMeHTe TpyObl, M300pak€HHOI Ha
Puc. 38.1, u3mepsiercsi ¢ MoMoLIbIO MAHOMETpPa, MOJCOSAMHEHHOTO B
TOYKaXx, IJie TPeOyeTcsl ONpeAeTuTb BeIMUMHY naBieHus. M3 pucyHka
CJIEIYeT, UTO BBEPX MO TEYEHUIO OTHOCUTEIBLHO pacXoioMepa AaBiie-
HUe Bblllle. Pa3HOCTH 1aBieHUit MToKa3aHa Kak BbIcOTa cToJ0a A.

Kanubposka MaHOMeTpa 10JKHA yIUTHIBATH (DOPMBI TIPETPaIbl, 1M0-
JIOXKEHUE TOUYEK KOHTPOJIS IaBJieHUs! U (pU3NUecKre CBOMCTBA CPEIbl.

B npoMBbIILIIEHHOCTH pa3HOCTh TABJICHUI OMpenessieTcsi ¢ MoMo-
bio AU bepeHIIMaTbHOTO AMHAMOMETPUYECKOTO 2JIEMEHTA, Ha BHIXO-
Jie KOTOPOTO MOJIyYaloT 3HaYeHKe JIM0O0 B BUE YCUJIEHHO MaHOMETPHU-
YyecKol BeJIMYMHBI AaBJIEHUSs, JIMOO B BUAE SJIEKTPUUECKOTO CUTHAJIA.

K naubonee pacripoctpaH€éHHBIM nuddepeHITnaTbHBIM PACXOI0-
MepaM OTHOCSITCS:

e U3MepuTebHas nuadparma;
o TpyOKa BeHTypu;

® MEpHOE COILJIO;

e Tpyba BO3AYIIHOIO JaBJICHMUSI.

BpuraHckuii cripaBouyHuk ctaHmaptoB BS 1042: Yacts 1: 1964 u
Yactb 2A: 1973 «MeToabl u3MepeHus pacxoaa XKUIKOCTH WM Ta3a B
TpyOomnpoBogax» Ma€T crienuuKauuy sl U3MEPEeHUs, TPOU3BOI-
CTBa, JOIYyCKa, TOYHOCTH, pa3Mepa, U MPOoYUX MapaMeTpoB pa3iny-
HBIX PACXOJIOMEPOB.

N3mepurenabHas auagparma

Yempoiicmeo

H3zmepumenvras duaghpaema cOCTOUT U3 KPYIJIOW TOHKOM TLJIOC-
KO TUIMTBI C OTBEPCTHEM B LieHTpe. JIMaMeTp OTBEPCTHSI MEHbIIIE
TpyOOIIpOBOIa, B KOTOPBIN YCTAaHABIMBAETCS 3Ta TUIATA. TUIMMYHOE
CceyeHNe TaKoi yCTaHOBKM TToKa3aHo Ha Puc. 38.2a.

MnuTa ¢ oTBEpCTUEM

: B .

Hanpaenexvie notoka i
N T
a) I N 4
[laBneHune, BO3HuKLLEE
B peaysbrate
Hannuns guadparmbl
6)

Puc. 38.2
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H3meputenbHble tuadparMbl Uit pabOThI B MPOMBILIUIEHHBIX YC-
JIOBMSIX M3TOTABIMBAIOT U3 HEPKaBelolllell cTajli, MeAHO-HUKEJIeBO-
ro CIulaBa, NMoJUM3(GUPHOro CTEKJIOBOJIOKHA, a ISl 0OJbLUIMX TPYO,
TaKuX, KaK KaHaJM3allMOHHbIE CUCTEMbI U ra30Bble TPyOOIPOBOIbI,
W3 KUpnuya v 6eToHa.

Ilpunyunst pabomot

Korna ra3 mam XUIKOCTh TEKYT Yepe3 CykeHHue B Tpyde, mo-
TOK YCKOPSIETCSI, U TPOUCXOAUT TOHVMXKEHWE NaBJICHUsI, 3HaJe-
HUE KOTOPOTO CBSI3aHO C PacXoIoM TeKydeil cpenbl. M3meHeHue
NaBJICHUsI PSIOM C M3MEpUTEIbHOUM auadparMoii moka3aHo Ha
Puc. 38.26. MuHuManbHOe JaBjieHUE TPUXOIUTCS Ha TOUKY, pac-
MOJIOXKEHHYIO BHU3 MO0 TEYEHUIO0 OTHOCUTEIbHO AuadparMsl, TaMm,
rae MOTOK Cpeabl caMblii y3KUil. DTO TOYKAa MUHUMAaJbHON ILIO-
1IAaY TIONEePEYHOro CeUeHUs CTPYU, Ha3bIBaeMasl «cacamoe ceye-
Hue» (MECTHOE CyKeHMe IMOTOKA). 3a 3TOM TOYKOM JTaBJIeHUE pac-
TET, HO HUKE MO TEUEHUIO TaK W He JOCTUTaeT MepBOHAYaIbHOTO
3HaueHus1. UMeeT MecTo mocTosiHHasl OTepsl AaBJIeHUs. DTa Mmo-
Tepsi 3aBUCUT OT pa3Mmepa W Tuna auacdparmbl, TOUEK KOHTPOJIS
JaBJICHUs BbILIE WM HUXE MO TEUEHMIO, a TakKe OT U3MEHEHUs
CKOPOCTH Cpelibl MEXAY TOUKaMUM KOHTPOJIsI, KOTOpasi 3aBUCUT OT
pacxoja XXUAKOCTU WIM rasza, a TakKe OT pa3MepOB U3MEPUTEb-
HOM nuadparmaol.

Ha Puc. 38.2a yriioBbie naTpyOKM 11 KOHTPOJISI JaBJIeHUS MOKa-
3aHbl B Toukax A u B. Eciu nuadparma yctaHoB/IeHa B TpyOOIIPOBOI
JNIMaMETPOM d, TaTpyOKHU /IS KOHTPOJISI JaBJIeHUSI 3a4acTyIO pa3Melia-
10T Ha paccTosiHUSIX d ¥ d/2 oT nuadparMbl — COOTBETCTBEHHO, BBEPX
M1 BHU3 1O TeueHuto. CTPyKTypa MOTOKa Ha pacCTOSIHUM d OT Aua-
¢ parmbl He MoaBepkeHa BO3IEWCTBUIO YCTAHOBJIEHHOM AuadparMsbl,
a Ha pacCTOSIHUU d/2 BO3HUKAET MECTHOE CY>KEHUE TTOTOKA.

Jlocmouncmea usmepumeashoix duagpazm
K noctoMHCTBaM M3MePUTEIbHBIX TUadparM ciieyeT OTHECTH:
® OTHOCHTEJIbHYIO JACLIEBU3HY;

® BO3MOXHOCTb BCTPOMTb MX MEXIY CYILIECTBYIOLIEH Mapoil duiaH-
1LIeB TPYOBI BBUILY MaJIOi TOTILUHBI UadparMbl.

Hedocmamxu usmepumenvnuix ouagppaem
K HenocraTkaM U3MepUTEIbHBIX quadparM cienyeT OTHECTH:

e OCTpble Kpasi auadparMbl, KOTOPbIe MOTYT CO BpeMEeHEeM OOBET-
1IaTh, BBI3bIBAsI OLIMOKYU TPaTyMpPOBKH;

® BO3MOXHO€ CKOIUIEHHE MTOCTOPOHHUX BEILECTB B MECTE CYXKEHMS
MOTOKa;

e 3HAUYMTE/IbHBIE TTOTEPU JABJICHMSI HUXKE 1O TEYSHUIO MOTOKA OT-
HOCUTEJIbHO AuadparmMbl.
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Ilpumenenue

N3meputenbHbie nuadparMbl OOBIMHO WCIIONB3YIOT B TpyGax
CPEIHMX U OOJNBIINX Pa3MEepPOB, U JIydllle BCETO OHU TOAXOIAT IS
HaOMIONeHUST M KOHTPOJIS Haj MOCTOSHHBIM PACXOIOM KHUIKOCTH
v Ta3a. IX MpUMEHSIIOT B OCHOBHBIX OTPACIISIX TPOMBIIITICHHOCTH.

Tpyoka Bentypu

Yempoiicmeo

Tpybka Benmypu — 3T0 puOOP AJIs1 TOUHBIX UBMEPEHUI pacxona
TeKyuei cpenbl B TpyobornpoBoaax. TUMMYHOE YCTPOMCTBO CErMeHTa
Takoro npudopa nokazaHo Ha Puc. 38.3.

Bepxnuit  Topno- Konyc
‘ Bxog, | KOHYC | BWMHa | BOCCTaHOBNIEHMS Boixon,
HanpasneHve )
notoka
ol B/ ol e |
O o
e}
i e B A B -1
Kamepsl
v faBneHns
{h
MaHomeTp
Puc. 38.3

OH COCTOUT U3 KOPOTKOM cyxXkalolleiicss Tpyobl KOHYCOOOpa3HOit
dopMbl, HasbiBaeMoOl odonpuémHukom (BITYCKHOM MaTpyOoK) WIv
BEPXHUM KOHYCOM, KOTOPBIil BeAET K LMWJIMHIPUYECKOI YacTH, Ha-
3bIBAEMOI 20p108UHOLI.

3aTeM ciiefyeT CeKIusl MpeJoMJieHus (paccerBaHusl), Ha3blBae-
Masl @blMYCKOM WIIA KOHYCOM 60CCMaHoséAeHus. JluaMeTpbl BXoaa U
BbIXOJa pPaBHbI MEXIy COOOi M OMHAKOBBI C TMAMETPOM TPYOBI, B
KOTOPYIO BCTaBJIEHO YCTPOMCTBO. Yron [} OOBIYHO HE MPEBBILLIAET
21°, npu 3TOM cyxxeHue /2 paHo 10.5°. JITMHY TOpJIOBUHBI E1aI0T
pPaBHOM AUaMeTpy TPYObl. YTOJI oL COCTABJISIET OT 5 10 7°, C TEM YTOOBI
MOTePU SHEPTUU ObUIM MUHUMAJIbHBI, HO TaM, TA€ 3TO HE UMEeT
OOJIBIIIOTO 3HAYEHMS, YTOJI oL MOXKET JOCTUTaTh 14 mmun 15°.

[MaTpyOKu 111 KOHTPOJIST JaBJICHUSI CTaBAT Ha BXoje (Touyka A) u
B ropsioBuHe (Touka B). PazHOCTb naBieHuit 4, usmepsieMass MaHO-
MeTpoM, AuddepeHInaTbHBIM ANHAMOMETPUYECKUM 3JIEMEHTOM
WJIA CXOXXWM MaHOMETPOM, 3aBUCHUT OT pacxoja MoToKa yepe3 MpHr-
60p. OOBIYHO KaMephl NABJICHUS! YCTAHABJIMBAIOT BOKPYT BXOIHOM
TpPYOBI, a TOPIIOBUHY OKPYXKaIOT HECKOJIBKMMU OTBEPCTUSIMU, TIPOPE-
3aHHBIMM B Kamepe, K KOTOpPO# IMOACOCIMHEH MaHOMETp. DTO Ta-
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PaHTHUPYET PETHUCTPAIMIO CPEIHEro 3HayeHWs aaBieHus. [lotepu
SHEPruu U3-3a TYpOYJIECHTHOCTH, BO3HUKAIOIIEH HIXE MO TEYCHUIO
MPY UCTIOJIh30BAaHUY U3MEPUTENIbHOI MuadparMbl, B TaHHOM CITyJae
ynaércst u3bexarhb Graronapst MOCTETIIEHHON TUBEPTEHITNH 3a TOPIIO-
BuHOU. Kak npaBuiio, Tpy6Ky BeHTypy M3roTaBiIMBaioT U3 HepKaBe-
IoNIel CTalnu, 4YyTyHa, MEIHO-HUKEJICBOTO CIIaBa MM MOJUAUp-
HOTO CTEKJIOBOJIOKHA U BCTPAaUBAIOT B TPYOOIIPOBO/ CTAIIMOHAPHO.

Jlocmouncmea mpyoxu Benmypu
K mocrouHcTBaM TpyOKu BeHTypu clieayeT OTHECTH:
® BBICOKYIO TOUHOCTb TTOKa3aHUI;

e HeGOJIBIIYIO MOTEPIO AaBjieHus (B MPaBUIbHO CKOHCTPYMPOBAH-
HOI1 TpyOKe 0OBIYHO OT 2 110 3%);

® MPAKTUYECKOE OTCYTCTBME CKOTUICHMI MOOOUHBIX BEIIECTB, TIPH-
CYTCTBYIOLIMX B TEKy4eii cpere.
Hedocmamxu mpyoxu Benmypu
K HemocraTtkaMm Tpyoku BeHTypu ciiemyeT OTHECTH:
® CPaBHUTEIHHO BHICOKYIO CTOMMOCTb;

® CpaBHUTEIbHO OOJIblIME rabapuThl (00bIMHO 120 MM ISt TPYOBI C
BHYTPEHHUM auaMeTpom S50 MM).

Pacxoaomepnoe comnio

ITo cBOMM XapaKTepHUCTUKAM U CTOUMOCTH pACcX000MepHOe CONAO
HaXOMMUTCSI MEXIY U3MEPUTENbHOM quadparMoil u Tpyokoii Benry-
pu. TUITMYHOE CeYeHUe TAaKOro COIUIa OTHOCUTEIBHO TTOTOKA MOKa-
3aHO Ha Puc. 38.4.

Hanpasnenue
— noToka

MepHoe conno
Puc. 38.4

[MaTtpyOKu a5t KOHTPOJISI JaBJICHMS PACTIOIOXKEHBI cpasy Ke psi-
JIOM C TMOBEPXHOCTSIMM COILJIa BBEPX M BHU3 IO TeUEHUIO (TO €CTh B
Toukax A u B). [1oTok, mociie Toro Kak Corio ocTaéTcsl mo3aau, He
CyXaeTcsl, U BO3HUKAIOLAsl MOTEPS] IHEPTUM 3HAYUTEIbHO MEHbIIIE
10 CPAaBHEHMIO C U3MEPUTENIbHBIMU auadparMaMu. MepHble coruia
TMOAXOJST AJIsl peain3allii B BLICOKOCKOPOCTHBIX MOTOKAaX, MOCKOJIb-
KY OHM He M3HAILIMBAIOTCS, YTO YACTO CIIy4aeTcsl C KpassMu U3MEpU-
TeJIbHBIX AuadparM, ecjiu UX IOMECTUTh B TIOTOK TaKOM Xe CUJIbI.
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TpyOKa BO3XYIIHBIX TABJIECHHUIA
(Inddepenmmansuas Tpyoka [Turo—IIpanamis)

TpyOka BO3MyIIHBIX AABICHUN — 3TO MPUOOP IJIST U3MEPEHUS
CKOPOCTHU IBWXYIIEHCS TeKydeld Cpeabl U CKOPOCTH TEJ, BIXKY-
muxcs B cpenax. [1pubop coctout u3 Tpyoku, Ha3bIBaeMoii mpyoKoii
6030YUWIHbIX 0a8aeHUl, Y KOTOPOI OTKPHITHIN KOHEI] CMOTPUT B CTOPO-
Hy IBDKeHus notoka (Ha Puc. 38.5 ona moka3zaHa kak Tpyoka R), u
BTOPOI1 TPyOKU, Ha3bIBAEMOW mpyOKoil nbe30Mempa, OTKPHITOM K TTO-
Toky nof yriiom 90° (Ha Puc. 38.5 ona o6o3HavyeHa oyksotii T).

Hanpasnenvne
noToka

sl

Puc. 38.5

JlaBeHue, peTuCTPpUPYeMOe MAaHOMETPOM, IBHXKYIIMMCS C TIOTO-
KOM, TO €CTh CTATUYHBIM WJIM CTALlMOHAPHBIM OTHOCUTEILHO CPE/Ibl,
Ha3bIBAeTCs JaBJIEHUEM B CBOOOIHOM TMOTOKE.

CoenMHeHUe MaHOMETpa C HeOOJbIIMM OTBEPCTUEM B CTEHKE
TpyOBl, Kak B Touke T Ha Puc. 38.5, — 3T0 cambIii IIpocTOii CITOCO0
peructpauuu aasieHusi. Pa3HocTh nqaBieHuil (pr — pr), MoKa3aHHAS
Kak /& Ha MAaHOMETpe, SABJISETCSI MHAUKALIMEN CKOPOCTU TeKy4el cpe-
Dbl B TpyOe.

Ha Puc. 38.6 nmoka3aHa nmpuMeHsieMasl Ha IIpakTUKe TPyOKa BO3-
JYIIHBIX JaBJICHUI, COCTOSILAS U3 TTapbl KOHUEHTPUYECKUX TPYOOK.

Hanpasnenue A
noToka %\
B

Puc. 38.6
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LleHTpanbHast TpyOka — 3TO 30HI, Y KOTOPOTO €CTh OTKPBITHII
KOHeLl, CMOTpSILMI MPsIMO B MOTOK. BHewIHsst TpyOka MMeeT He-
CKOJIbKO OTBEPCTHUI TI0 KPYTY, PACTIOJIOXKEHHbIX IO/ MPSIMBIMU yTJ1a-
MM K HaIlpaBJIEHUIO ITOTOKAa, KaK 3T0O oTpakeHo Ha Puc. 38.6 (oTBep-
ctusi A u B). MaHoMmeTp, mokasbIBalOUIMil pa3HOCTb JaBJIeHUi #,
MOXeET ObITh NMPOKaTUOPOBAH TaK, YTOObI HEMOCPEACTBEHHO MOKa-
3bIBaTh CKOPOCTH IMOTOKA.

Ilpumenenue

TpyOKy BO3MYLIHBIX NaBJEHWI MOXHO MCITOJIb30BaTh KakK B TYp-
OYJIEHTHBIX, TaK Y B JJAMMHAPHBIX TTOTOKAX. DTHU TPYOKU MOXKHO Je-
JIaTh OY€Hb MAJICHbKUMMU 10 CPAaBHEHUIO C pa3MePOM TpyOOIpoBoa.
K TOMY Xe MOXHO TIpOBOAUTH HAOGIIOACHUE 32 CKOPOCTHIO MOTOKA B
onpeneaEHHbIX TOYKAaX MOMEePeYyHOro ceueHus TpyoornpoBoaa. DToT
Mpuoop, Kak MpaBuIo, He TOIUTCS ISl TOBCETHEBHBIX U3MEPEHUI U
B IMPOMBIIIIEHHOCTH OOBIYHO MTPUMEHSIETCSI TIPU MPOBEACHUH TIPEI-
BapUTEIbHBIX UCIIBITAHWI HA PACXOJI KUIKOCTHU UJIU ra3a, YTOObI OTl-
peneNuThesl ¢ 000pYIOBaHUEM ISl TIOCTOSIHHOM YCTAHOBKU B JaH-
HbII TpyOoTpoBoa. OCHOBHOE Ha3HaYeHUE TPYOOK BO3AYLIHBIX TaB-
JICHWI — 3TO M3MepeHUe CKOPOCTHM TBEDABIX TeJ, ABVIKYIIUXCS B
TeKyuell cpene, HallpuMep CKOpPOCTU Kopabieil. B Takux ciaydasx
TPYOKY MOACOSAUHSIIOT K MAHOMETpY BypioHa, KOTOpbIii MOXKHO OT-
KaJMOpoBaTh TakK, YTOObl OH TMOKa3bIBaJll HEMOCPEACTBEHHO CKO-
pOCTb.

JlpyruMm HampaBlieHUEM pealu3aluy TpyOOK BO3LYLIHOTO AABJie-
HUS SIBIISIETCSI numomep, KOTOPbIA TECTUPYET MOTOK BOIbI B BOIO-
MPOBOAHBIX CUCTEMaX U BBISIBJISIET YTEUKY BOJIbI.

Jlocmouncmea mpy6ok 6030yuinbix dasaenuil

K nocTonHcTBaM TpyOOK BO3AYIIHbBIX IaBJICHUH CIIeAyeT OTHECTH:
® HEOOJIBIITYI0 CTOUMOCTb;
® JIETKOCTb MOHTaXa;
e He3HAUYMTEIbHBIC MOTEPU JABICHMUS;
® TIPaKTUYECKOE OTCYTCTBUE BIUSTHUS Ha TIOTOK TEKYIUX CPEI.

Hedocmamxu mpyb6ok 6030ymnsix dasaenuil

K HemocTaTkam TpyOOK BO3MYIIHBIX JaBJICHUI CIIEAyeT OTHECTHU:
® [PUTOAHOCTD JUIUb IJIs1 CUJIbHBIX TIOTOKOB M3-3a MaJIEHbKOM pas-
HOCTHU JIaBJICHUM;
® BO3MOXHOCTb M3MEPEHUI pacxoma Cpeabl TOJBKO B OIpPEaesI€H-
HOI TOUKE ITOMEePEeYHOT0 CEUCHUS TPYOhI;
® BO3MOXHOCTbH OJIOKMPOBKM TPYOKM TOCTOPOHHUMM YacTUIIAMMU,
HaxXOMSIIIUMUCS B TEKYUYEl cperie.
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MexaHu4yecKHe pacxoaoMepbl

[MpuHIMI PabOThI Mexanuueckux pacxo0omepod OCHOBAH Ha BO3-
MOXHOCTH TOTOKA XMUAKOCTH WM raza CMellaTh YyBCTBUTEIbHbBIN
3JIEMEHT, YCTAaHOBJICHHBII B TpyOe.

K naunbonee pacnmpocTpaHEHHBIM MEXaHUYECKUM pacxoJoMepaM
OTHOCSTCS:

o u3rubaroIuiics (CMeIaloIMiCcsT) pacxoaoMep ¢ TOBOPOTHOM JI0-
acThIO;

e TYpOMHHBIE U3MEPUTEU.

Pacxodomep c nosopomnoii aonacmoro

Pacxodomep ¢ nosopomHnoit nonacmvo COCTOUT B OCHOBHOM U3 OT-
KUTHOW JIOTIACTH, TIOJBEIIEHHOU B IMIOTOKE, PacXo] KOTOPOTO HE00-
XOIMMO paccunTaTh. DTO IToKa3aHo Ha Puc. 38.7.

Uikana Crpenka

OTkmpHas nonacTtb

N

HanpasneHve - - m-
rnotoka  --me—

~

Puc. 38.7

Korna ctpys XkuakocTu uim rasa ynapsieT B JI0NacTb, Ta OTKJIOHS-
€TCsI OT CBOETO HOPMAIBHOTO TOJIOKEHUSI Ha BETMIHMHY, TTPOTIOPIIH-
OHAJILHYIO PACXO/y Ta3a WM XUAKOCTH. J{BUXKeHUe JIOTacT oTpa-
JKaeTcs Ha IIIKajie, KOTOPYI0 MOXHO OTKaJIMOPOBaTh B €IMHUIIAX TT0-
TOKa. DTOT TUI MpUOOpa, KakK MPaBUIIO, IPUMEHSIOT [Tl U3MEPEHUS
pacxona XUIKOCTU B OTKPBITBIX KaHajaX WJIW IS U3MEPEHUsT CKO-
POCTHU BO3ayXa B BEHTUJISILIMOHHBIX axTax. OCHOBHOM €ro HeaocTa-
TOK B TOM, YTO OH OTpaHUYMBAET PACXO U €ro HeOOXOIUMO 3aHOBO
KaJIMGpOBaTh /IS TEKYUHX CPEJl C Pa3HO# MJIOTHOCTBIO.

Typbunnvie uzmepumeau

Pacxomomepbl Ha OCHOBE TYPOUH, mMypOuHHble usmepument, — 3TO
npubopbl, B KOTOPBIX IIPUMEHSIETCS olnpeaeaéHHas GopmMa MHOIO-
JjonactHoro poropa. OHU MPUBOASITCS B ABUXKEHUE CPENOM, pacXo
KOTOPOI1 HEOOXOAMMO U3MEPUTb.

K tpéM Takum mpubopaM OTHOCSITCS YallleYHbIIl aHEMOMETP, JIO-
MacTHBIN OOBEMHBIN pacXogoMep U TYpOMHHBIN pacXxoaoMep.

Yaweunviii anemomemp. AHEMOMETP — 3TO YCTPOMCTBO, U3MEPSI-
[o11Iee CKOPOCTh ABVKEeHUSI Ta30B. Hanbosee yacTo ero ucnoib3yioT
JUIS1 U3MEPEHUSI CKOPOCTH BeTpa. YalieuHblii aHEMOMETp UMEET TpU
WY YeThIpe Yalliky B popMe Mosylapusi, MpUKPerIEHHbIX K KOH-
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1IaM TUTeY, PacXOASIIUXCS JIydaMd B TOPU3OHTAIBHOM HarpaBlie-
HUM U3 3aKperui€éHHoM Touku. CrucTemMa M3 YalleK BpallaeTcsl BOK-
PYT BEpPTHKAJIBHOM OCH CO CKOPOCTBIO, TPUMEPHO MPOTIOPIIMOHAIb-
Hoil ckopoct BeTpa. C TOMOIIBIO MEXaHWYECKOTO U/Win
3JIEKTPUYECKOTO CYETYMKA MOXKHO ONpENesIUTh CKOPOCTh BETpa.
DTOT MPUGOP JIETKO MPUCTIOCOOUTD [T aBTOMATUIECKON perucTpa-
1IMU TOKAa3aHUM.

Jlonacmmubtii 006éMHbII pacxodomep W3MEPSIET PACXOMd TEKydei
cpeibl, TIOKa3biBasi KOJMYECTBO XUIKOCTH, TMPOTEKalolleil uepes
nmpubop 3a ornpeaes€HHOe BpeMs. TUIIMYHOE YCTPOMCTBO TaKOro
npubopa 1aHo B pa3pese Ha Puc. 38.8.

Puc. 38.8

IMpubop cocTout n3 Kamepbl HIJIMHAPUIECKON (HOPMBI, B KOTO-
pYyIo IOMEIIEH pOTOP, CoMEpKAIINil HECKOJIBKO JIOTAcTei (B MpuBe-
NEHHOM TmpuMepe — 1ecth). 2KUIKOCTh, TMOMaaaolias B KaMepy,
MOBOPAaYMBAET POTOP U 3aT€M IMEPEHOCUTCSI K BBIXOMHOMY OTBEpC-
Tr10. Ecii x — 3T0 00BEM KMIKOCTH, YIAIEHHBIN U3 TIOTOKA OTHOM
JIONAcThio, TO JUISI TIOJHOTO MOBOPOTa pPOTOpa, MOKAa3aHHOTO Ha
Puc. 38.8, cymmapHbIii 0ObEM BBITECHEHHOMN XMUAKOCTU PaBeH 6x.
Ocb poTopa MOXET OBbITh 00beANMHEHA ¢ MEXaHUYECKUM CUYETIMKOM
U BJIEKTPUYECKUMU TTpUOOpaMM, KaIMOpPOBAaHHBIMU TaK, YTOOBI T10-
Ka3bIBaTh 00BbEM MTOTOKA. Takoil TUII TprOopa B pa3IMUHbIX BapraH-
Tax LIMPOKO MPUMEHSIOT ISl U3MEPEHUI OTPeOIeHMSI BOIBI B 10-
MallHUX M MPOMBILUICHHBIX YCJIOBUSIX, U TOUHBIX U3MEpEHUI
OcH3MHA B TOIUIMBHBIX HAacocax W sl UBMEPEHUN MOTpeOIeHusT U
yIpaBJieHUs] MePUOJUYECKUMU MPOoLecCaMU B MUILEBO MPOMBILL-
JIEHHOCTH, a TaKXe I 3aMePOB TaKUX MOTOKOB, KaK PACTBOPUTEIIH,
TYOPOH, BsI3Kasl MaToKa.

Typ6unnbtii pacxodomep UMEET B CBOEM COCTaBE POTOP, K KOTOPOMY
MPUKPETLISIIOTCS JIONACTH, BpalllalolIMecs: CO CKOPOCTbIO, MPOMOpLM-
OHAJIBHOM CKOPOCTH MOTOKA, MpoTeKarllero yepe3 npuodop. Tunuya-
HbII TYpOMHHBIN pacxogoMep npencrasieH Ha Puc. 38.9 B paspese.

Yucao o60poTOB TYpPOMHHBIX JIOMACTE MOXKHO OINpPENeJUuTh C
TMOMOILBI0O MEXaHUYECKOTO MJIU JIEKTPUUECKOro CUETYMKA, MTO3BO-
JISIIOIIETO ONPEACNIUTD PACXOJ Fa3a WUIM KUAKOCTU U TIOJTHBIN TTOTOK.

K nmpeumyiecTBamM TypOMHHOTO pacxoioMepa OTHOCSIT €T0 KOM-
MaKTHYIO U TIPOYHYIO KOHCTPYKIIMIO, BBICOKYIO TOYHOCTbh U3Mepe-
HUM, IIMPOKWIA TUAara30H TeMITepaTyp M HaBJICHUI, a TaKXKe YETKIE
BBIXO/IHBIE XapaKTepUCTUKU. [IpUMeHSIOT Takol npubop 1j1st u3Me-
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Potop
L % \
HanpaBnexue
notoka y
—_—
L a
Puc. 38.9

peHUil 00bEMa KaK CBIPBIX, TaK U OYUIIIEHHBIX HE(PTEIIPOIYKTOB B
Tpy6orpoBoaax Kamuopom a0 600 MM, a TakKe B Mpolieccax, peaiu-
3yeMBIX B TUIPOTEXHUIECKUX U DJIEKTPOTEXHUIECKUX COOPYKEHUSX,
B aBMAIMK, B KOCMOCE U B MUIIEBOI TPOMBIIIIEHHOCTH. C HEKOTO-
PBIMU MOIUGUKAIIMSIME 3TH YCTPOUCTBA MOXHO MCTIOTBH30BATH IS
M3MEPEeHMIA CXIKEHHOTO ra3a. TypOMHHBIE PacXOMOMephl TpeOyIoT
MePUOANIECKOr0 OCMOTPA M YUCTKU PabOYNX YACTEIA.

ITonaBKoBBIii pacxomoMep ¢ KOHUYECKOi TPyOKoi

IIpunyun pabomu:

B ciyyae usmepurenbHoit nuadparmMbl 1 Tpyoku BeHTypu 1uio-
11aJb ITOTOKAa B MeCTe U3MepeHusi (GUKCUPOBaHa, 1 JII00Oe N3MeHe-
HUE B pacxoJie TeKy4eii cpeibl IPOU3BOAUT COOTBETCTBYIOIIEE U3ME-
HeHMe naBieHus. B ciydae nonaasxosoeo pacxodomepa 1iomiaab 3a-
Mepa MOXeT KosiebaTbesl TaK, YTOObI MOJIEPKUBATh MOCTOSIHHYIO
pa3HOCTh AaBjieHUi. TUIMWYHBIA MpUOOp 3TOro BUAA ITOKa3aH Ha
Puc. 38.10.

45

LLikana

MonnaBok

KoHycoobpaaHast
Tpy6Kka

HanpasneHvie notoka

Puc. 38.10
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B BepTuKaIbHOI KOHYCOOOPa3HOM TpyOKE HAXOMUTCS TOTIIaBOK,
IJIOTHOCTb KOTOPOTO OOJIbLIE MJIOTHOCTU CPE/IbI.

[MorutaBok B TpyOKe OrpaHWUYMBAET PACXOMd KUIKOCTU, KOTOPAast
MOXET IMPOITH JIUILb B TIPOMEXYTKE MEXIY MOTUIABKOM M CTEHKaAMU
Tpy6oKku. Takoe cokpallleHWe IO BhI3BIBACT YBEJIMUCHUE CKO-
pocTu, a ciea0BaTesIbHO, U Pa3HOCTHU AaBJIEHUI, KOTOpast 3acTaBJIs -
€T TIOTITABOK TIOTHSITHCS BBEPX.

YeM GoJibilie pacXojl XXUAKOCTH WY ra3a, TEM BBIIIE TOTHUMETCS
MOIUIaBOK, U HaoO6opoT. [TonoxeHue noriaBka — 3To Mepa pacxoja
TeKyuel cpeabl. DTO MOJOXKEHUE OTPaKeHO Ha BEPTUKAJIBLHOM IIIKa-
Jie, HAHECEHHO Ha TpyOKY M3 IPO3pauHOro cTeKJyia Wiu riactuka. B
cjlyyae BO3MYIHOTO MOTOKA B KayeCTBE MOIUIaBKa MCITONb3YIOT He-
OOJIBIIION HIAPWK, a B CIIy4yae KUAKOCTHU, SIBJISIIOIICICS MeHee cTa-
OWIJIBHOW Cpeoi, MOTUIABOK JAEJIAlOT C JIOMACTIMMU, 3aCTaB/ISIOIIUMU
ero KpyTUTBCS M, CJIeN0BaTeIbHO, CTAOMIM3UPOBATh CeOsl B TTIOTOKE
kuakoctu. Takue mpuOOpbl YacTO Ha3bIBAIOT pomamempamu. Ka-
JIMOPOBKY PAacXOIOMEpOB C TMPO3payHOi TPYOKOW U TOILUIABKOM
MOXHO TTPOBECTU € TOMOIIbIO TPYOKU [THTO MM, yTO OBIBACT Yallle,
C TIOMOIIIbIO BECOB B YCJIOBUSIX PEMOHTA.

Jlocmouncmea nonaaexoeozo pacxodomepa
K mocronHCTBaM MOIMJIaBKOBOIO PacXomoMepa CleayeT OTHECTH:
e IIPOCTYIO KOHCTPYKIIHIO;
® BO3MOXHOCTh CHUMAaTh HETIOCPEACTBEHHBIC TTOKa3aHUSI;
® BO3MOKHOCTh U3MEPEHUS OUeHb MEUTEHHBIX TTOTOKOB.

Hedocmamxku nonaaexosozo pacxodomepa

K HemocTaTkaM MOIIaBKOBOTO PacXoI0oMepa CIeayeT OTHECTH:
e BO3MOXKHOCTh OIIMOOK, BBI3BAHHBIX, HAIPUMEpP, KOJEOAHMSIMU
TEeMIIEPATYPHI;
e HEOOXOAMMOCTb YCTAHOBKHU B TPYOOIPOBO/IE TOJbKO B BEPTUKATb-
HOM TIOJIOXKEHUH;

® HEBO3MOXHOCTb PabOThI C XXKUAKOCTSIMU, COAEPKAIIMMU OOJIbIIOE
YUCJI0 TBEPIBIX TEJ B BUIE B3BECH,

e HEOOXOAMMOCTh KaJTMOPOBKU 3aHOBO JISI CPEN C PA3HBIMU IUIOT-
HOCTSIMU.

Ilpumenenue

[MpakTHyeckoe NpUMEHEHUe TaKUe PacXOIOMEPbl HAXOIST B Me-
JMULIMHE, TTPU TIPOIYBKE YCTPOMCTB, HAa UCIIBITATEIbHBIX CTEHIAX U B
YCJIOBUSIX TMPOCTBIX TpoleccoB. MX Takxke NMPUMEHSIOT B cliyyae
OueHb cJ1aboro pacxoaa TeKydero BeuiectBa. C MOMOIIBIO 9TUX MTPU-
00poB 0e3 KaKMX-JIMOO OCIOXHEHUI MOXHO paboTaTh CO MHOTMMM
arpecCUBHBIMU CpeaMu.
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DIeKTPOMATHUTHDII pacxoaomep

Pacxon TeKy4yux cpell, MPOBOISIIMX 3JCKTPUIECTBO, TAKUX, KaK
BOJA WJIM XUIKUN METaJI, MOXKHO U3MEPATh C TIOMOIIBIO 94eKmpo-
MAZHUMHO020 pacxo0omepa, TPUHIINII IeCTBUSI KOTOPOTO OCHOBAH Ha
3aKOHaX 3JIEKTPOMAarHUTHOM MHAyKIKK. Kormna npoBOAHKMK UIMHOK
| IBUKETCS CO CKOPOCTBIO L MOJ MPSIMBIM YIJIOM K MArHUTHOMY I10-
JII0 ¢ IUIOTHOCTBIO MOTOKa B, BeipabathiBaeTcsa DJIC e, npu 3TOM
e = Blv (cM. KH. 2, 111. 48).

YCTpOICTBO 3JICKTPOMAarHUTHOTO pacxoloMepa IOKa3aHO Ha

Puc. 38.11.
MarnuTHoe none . HemarHuTHas
C MNIOTHOCTBIO MoTOKa B ~ TpyGka
> ,

Puc. 38.11

DJIeKTPOIPOBOIHAS TeKy4asl cpea — 3TO MpoBOAHUK, U DJAC
ONpEEISIIOT C IOMOILBIO ABYX 2JIEKTPOAOB, Pa3MEIIEHHBIX MEPIEeH-
NMUKYJISIPHO K HATIPBJICHUIO TPYOBI U3 HEMarHUTHOTO MaTepuara.

W3 ypaBHEHUS

e= Blv
MoJiy4yaem
e
V= =.
Bl

CrenoBatenbHO, TTpy U3BeCTHBIX B 1 [ 1 u3mepus D1 C e, MOXHO
BBIYUCITUTH CKOPOCTh TIOTOKA.

OcHog6Hble 00CMOUHCMEA IAEKMPOMAZHUNIHBIX PACX000MePO8

e B omiMyme OT OCTaJIbHBIX CITIOCOOOB U3MEPEHHUsI 31eCh OTCYTCTBY-
0T MPSIMbIE TTOMEXH MOTOKY TEKy4eil CpeIbl.

o CyliecTByeT JMHEWHAs 3aBUCUMOCTb MEXIY MMOTOKOM U BEJIUYM-
Holi BeipabateiBaeMoii DJ1C.

e [IOTOK MOXHO M3MEPSTH B JIOOOM HampaBIeHUU, TPUMEHSIST U3-
MepuUTeIbHbIe MPUOOPHI, PUKCUPYIOLIKE TOISIPHOCTh CUTHAA.
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Ilpumenenue

SHCKTPOMaI‘HI/ITHHe pacxoaoMEPbI HaXOIAT TMPUMEHEHUE IIpU
U3MEPCHUN CKOPOCTHU FHL[DOCMCCCPJI, HaCTOOGpaSHLIX BCIICCTB U
BSI3KUX XKUJIKOCTEN. K]I)OMG TOTO, UX IINPOKO MUCIIOJIL3YIOT B CUCTC-
MaX BOIOCHAOXEHUS U HCDGDaGOTKI/I BOI.

TepMoaHeMOMETp MPOBOJIOYHbII

[pocreiimii npososounsiii mepmoanemomemp COCTOUT U3 He-
0OJIBILIOrO OTPe3Ka MPOBOJIOKH, HATPEBAEMOIO JIEKTPUUYECKUM TO-
KOM U MOMEILEHHOTO B OTOK BO3yXa WM raza, CKOpoCTb KOTOPOTO
Heo0XxonuMo 1u3MepuTh. [Ipoxonsiuii MOTOK oxjiaXaaeT MPOBOJIO-
KY, 1 CKOPOCTb OCTBIBAaHMSI OTpPE3Ka 3aBUCUT OT CKOPOCTH TOTOKA.
Ha npakTuke cyliecTByeT HeCKOJIbKO CIIOCOO0B peau3aluu u3me-
peHUsI TPOBOJIOYHBIM TEPMOAHEMOMETPOM.

e Eciu yepe3 MpoBoj MPOXOAUT MOCTOSIHHBINA TOK, TO KOJieOaHMs
MOTOKA MPUBOAST K U3MEHEHMIO TEMIIEPaTyphbl MPOBOJA, a CJIeI0-
BaTeJIbHO, K U3MEHEHUIO COMPOTUBJICHUS, KOTOPOE MOXHO M3Me-
PUTh C TOMOILIbIO MOCTHKA CONTPOTUBJICHMIA.

e Eciu conpoTrupieHue NpoBoja, a caefoBaTeIbHO, U TeMIepaTypa
OCTalOTCSI TOCTOSIHHBIMU, U3MEHEHUE TIOTOKA TeKYy4eid Cpeibl BbI-
JINBAETCS B COOTBETCTBYIOIIEE M3MEHEHNE TOKa, YTO MOKXHO OTKa-
JIMGPOBATh TaK, YTOOBI TTOJYYUTh PACXOJ TEKYYeil CPeIbl.

e MOXHO COCAMHUTD B Psil TepMONapy IUTsl HAGMIONEHUS 32 Harpe-
TBIM TIPOBOJIOM WM PETHCTPALINN TEMITEPATYPHI, YTO TAKKE SABIIAET-
CsT MHIVKALEN CKOPOCTH BO3IyXa MJIU APYTHX Ta30B.

ﬂocmouncmea npo60104H020 mepmoanemomempa

HOCTOI/IHCTBa ITPOBOJIOYHOI'0O TCPMOAHEMOMETPA 3aK/II0O4YaI0TCA B
€r0 MaJIbIX pasMepax n BBICOKOI YYBCTBUTECJIBbHOCTH.
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39.ITPOCTOE TAPMOHMNYECKOE IBUXKEHHUE
N COBCTBEHHBIE KOJIEBAHUA

IIpocToe rapMoHMYeCKOe ABIKEHNE

[Mpoctoe eapmonuueckoe dsuxncenue ONPenesIOT KaK MEPUOIN-
YecKoe JBMXEHHME TOYKU BIOJb OTpe3Ka MPSIMOil TaKUM 00Opa3oM,
4TO €€ yCKOpeHMe BCeria HampaBieHO K HeKoed (MKCMpOBaHHOM
TOYKE Ha 3TOM OTpe3Ke M MPOMOPLIMOHAIBLHO PACCTOSIHUIO IO 3TOM
TOYKHU.

IIpoctoe rapmonmyeckoe asvxenue (I1I]) moxHO paccmar-
pYBaTh KaK MPOEKIMIO TOYKH, ABUXKYIIEHCS C MMOCTOSIHHOM CKO-
POCTBIO MO TePUMETPY Kpyra (TO €CThb IO OKPYKHOCTH), Ha €ro
NaMeTp.

Ha Puc. 39.1 Touka P ABMXETCSI ¢ MOCTOSIHHOM CKOPOCTBIO L
(= or) IO Kpyry paauycoM #, a ABMXKEHME TOYKHU X, SIBJISIOLIEHCS
npoexkuueit P Ha nuametrp AB, peanusyeT mpocToe rapMOHMYECKOE
NBUKECHUE.

Puc. 39.1

YckopeHue TOYKU P — 3TO LIEHTPOCTPEMUTENILHOE YCKOpEeHUe
o’

CwmenieHue (MU3MEpPeHHOE OT IIeHTPaIbHOM Touku O), CKOPOCTh U
yCKOpeHue TOYKUA X ONpPEeAessioTCsSl COOTBETCTBEHHO CIICAYIOIIMMU
YpaBHEHMSIMU:

cMmeneHue, x = OX = rcosd = r coswt,

roe ¢ — BpeMmsi, U3MepeHHOe ¢ MOMeHTa, korna P u X HaxoasTcs B
Touke A, 1 yron 6 = 0;

CKOPOCTb, U= @ sind = —or sinwt;

2

YCKOpEHHe, a = —0’r cosd = —w’

¥ cos®t = — (,02X.
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BoipaxeHust U1 CKOPOCTU U YCKOPEHUSI MOTYT OBITh ITOJTyYEHbBI
U3 BbIpaKEeHUsI 1151 cMelleHust AuddepeHUrPOBaHUEM 10 BpEMEHU.
MuHyc niepe/i BEIMYMHAMU B BBIPAXKEHUSIX TSI CKOPOCTH M YCKOPE-
HUSI TTOKA3bIBAET, YTO IS TIOJIOXKEeHUs Touku X Ha Puc. 36.1 HarmpaB-
JIEHWE CKOPOCTH, M HaTpaBJeHUE YCKOPEHUST TPOTUBOIOIOXHbI Ha-
MpaBJIEHUIO CMEIIEHMUSI.

[MponoXnuTeIbHOCTD 1IUKJIA NBVIKECHMS, Ha3biBaeMasi nepuo-
dom T, — 310 BpeMs, 3aTpaueHHOE Ha TOJTHOE 3aBepIIeHHUE INKJIa,
MpoJieIaHHOEe TOYKOU X, TO €CTh BO3BpAIllcHWE €€ B MCXOMHYIO
Touky O.

3a 970 BpeMs oTpe3ok OP menaeT oquH MOJIHBIM 000POT, U, Clle-
JIOBaTEIbHO, TEPUOJ PaBeH

T=21

Tak KaK a = w’x, T0

CJIeA0BaTeCJIbHO,

X CMeELIeEHNE
T=2n //: =2z // L .
a COOTBETCTBYIOLIEE YCKOPEHUE

Yacmoma n — 3TO YMCJIO MOJTHBIX IIUKJIOB 32 OIHY CEKYHAY, TO €CTh

n:lzﬂziﬁ
T 2n 2mNx’

EnvHuna uamepeHust # — OAMH LMK B CEKYHILYy — Ha3blBaeTCsl
eepuyem [Ii1].

MakcuMaibHOM CKOPOCTH TOYKa X TOCTUTAeT B LIEHTPE, IIe OHa
CTaHOBUTCSI PaBHOM CKOPOCTHU TOUKU P, TO ecTh

Upnax = OF.

MakcuMallbHBIM YCKOPEHUE TOUYKU X CTAHOBUTCS B KPAIHUX TTO-
JIOXKEHMSIX, TO €CTh B TOUKax A 1 B, Tie 0HO paBHO YCKOPEHUIO TOY-
ku P, To ecTb

-2
Aoy = OF.

CkopocTh TOUKM X paBHa Hy/IIO B ToukKax A u B, a yckopeHue
paBHO HyJIO B Touke O.

AMIuntyga kKonebaHuii paBHa r. PacctosHue AB, TO ecth 2r,
MHOTJAa Ha3bIBAIOT paA3MaxXoM.

Hanpumep, Teno nBukercs no 3akoHaM IIIJl ¢ ammurtymoit
45 MM 1 yacroroit 2.5 Iir.

ITockonbKy

yactota = 2 = 2.5 I,
2n

TO
o = (21)(2.5) = 51 = 15.708 pan/c.
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MaxkcumainbpHasi CKOpOCThb
Umax = ©F = 15.708 x 45 =706.9 mm/c,

¥ TOYKa JOCTUTAET e€ B cepearHe oTpe3ka AB, To ecThb B Touke O.
MakcumanbHOE YCKOPEHUE
Ay = ©°r = (15.708)% x 45 = 11.10 mm?/c,

¥ TOYKa JOCTUTAET €T0 BO BCEX KPaTHMX ITOJIOKEHMSIX, TO €CTh B TOU-
kax Au B.
[Ipu cMemeHn TOYKH, TOITYCTUM, Ha 25 MM, TO €CTb X = 25 MM,

cosO = ‘21—2 (cM. Puc. 39.1),

OTKyna
0 =56.25".

CKOpPOCTb TOYKU MPU CMELIEHUH Ha 25 MM OT CPEIHETO MOJIoXKe-
HUSI paBHA

orsin 0 = (15.708)(45) sin 56.25° = 587.7 mm/c.

YcKopeHHe TOYKU MPU CMEIIEHUH Ha 25 MM OT CpPeIHEero IoJjo-
JKEHUsI PaBHO

®2rcosd = w’x = (15.708)%(25) = 6 169 mm/c?, wu 6.169 m/c?.
Koe0anus BUTOI NPYKUHBI

JBuxeHue, 6u3Koe 1o popme K TpoCToOMy rapMOHUYECKOMY JIBU -
JKEHUIO, BOSHUKAET IIPU COOCMBEHHbIX Uau c80000HbIX Konebanusx. Yac-
TO 3TO SIBJICHWE BCTpevaeTcsl MpY KoJeOaHMsIX MO AeWCTBUEM CUII,
MOTYMHSIIOIIMXCS 3aKOHY [yKa (Harpumep, B ciiydae CKaTusi U pacTsi-
JKEHUSI MPYKUHbI), WX CUJI TPaBUTALUM (MasITHUK).

PaccMoTpuM BUTYIO MPYXHUHY, MTOKa3aHHYIO

/7
Ha Puc. 39.2. Z
Ecnu Teno maccoit M, monBellieHHOE Ha BU-
TOM NpPYKMHE U HAXOASIIeeCs B COCTOSIHUM T0-
KOsI, OTTSIHYTb BHU3 Ha PAcCTOSIHME /, a 3aTeM

OTIYCTUTb, TO OHO OyIEeT KOJeOaThCsl B BEPTH-
KaJIbHOM HampaBJeHUU. | |

B cocTrossHMUM TOKOSI cujia YIpyrocTd Mpy- i
JKWHBI HAXOAUTCSI B PABHOBECHUU C CUJION TpaBU- ‘ ‘

TalluU, IEHUCTBYIOLIEH Ha TeJO.
Ecnu s — 3T0 XXK€CTKOCTb MPYXUHBI, TO €CTh
cwia Ha €IUHUIY U3MEHEHHUS JUIMHBI, TO IS

CMELIEHUST X M3 COCTOSIHUSI TIOKOSI UBMEHEHUE

CWJIBI TIPY>KUHBI COCTABUT SX. DTO U3MEHEHUE

CWJTBI €CTh HecOaTaHCUpPOBaHHAs!, UK YCKOPSI-

fomasi, cuia F, fAeiicTBylolasi Ha Teslo, Macca L

KOTOpOro paBHa M, To ecTb F = sx. T
Puc. 39.2
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YCKOPCHI/IG B OTOM cCJiyyac

a= F_ 5=
M M
M3 ypaBHEHMSI BUTHO, YTO YCKOPEHUE MPSIMO MPONOPLHUOHATBHO
CMEUICHUIO OT TMOJIOXEHHUsI COCTOSIHUS MOKosl. ClenoBaTeibHO, 3TO
MPOCTOE TAPMOHUYECKOE ABMXKEHUE.
[lepuon Takoro ABMKEHUS

T=2nﬁ=2nf=2nﬁ.
a sX s
M

Hanpumep, rpy3 maccoii 10 Kr noasellieH K BepTUKAJIbHOU BUTOM
OpyXuHe U pactsaruBaeT €€ Ha 15 mM. I[IpyXuHy OTTSITMBaOT BHU3
1o 18 MM, a 3aTeM OTIYCKAIOT.

OrnpenenuM napaMeTpbl CBOOOTHBIX KOJEOAHUIA MPYKUHBDI.

Bec rpy3a
W= Mg=10x9.81=98.1 H.
2KECTKOCTb MPYKUHBI

cmna__ _ 981 H _ ¢ 54 /v = 6.54 kH/m.

pacTskeHue 15 Mmm

Yacrora KoJiedaHmii
P Js o J6.54 xH/M _

T 2TEJI/I - 2n/M - 2m./10 KT
s

6541<r~M/c2
= % = 4.07 I'.
T

AmnmTyaa Kosedanuii, r = 18 MM (110 ycioBMIO 3a1aun).
MakcumajbHas CKOPOCTb Ipy3a
or= 2nn)(r) = (2r)(4.07)(18) = 460.3 mm/c.
MakcuMasibHoe YCKOPeHHe Tpy3a
o’r=[(2n)(4.07)1*(18) = 11 771 Mmm/c? = 11.771 m/c%.

MakcumanbHas cuia _ (MaKCI/IMa.HBHOC

paCTSIKEHHsl NPYXKMHBI — \  PacTSDKEHUe ) x (KECTKOCTB) =

=(15mm + 18 mm)(6.54 H/mm) = 215.8 H.
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KoJie0anusa MmasgTHHKA

Jlpyroii pacripoCcTpaHEHHBII TUM KOJeOaHUi, TIPUOJMXKEHHBIN K
MO, co3naér npocmeiiwui masmuuk. OH NpeacTaBiseT coboii Teo
He3HAUYMTEJIbHBIX pa3MepoB (LIapyMK) Ha KOHIE HUTHU WU CTePXKHSI
npeHeopexumo Majoi Maccel. [Ipu MajgoM cMmellleHuU X 1apuka A
OT ero cpeaHero noyoxeHus C, Kak mokasaHo Ha Puc. 39.3, yckopsi-
omas cuia F, neficTBylolliasi Ha mapuk Becom W, paBHa W'sin6, uyto
oyeHb 613K0 K WO, ecau 6 uMmeeT majioe 3HaUeHUE U U3MEPSIETCS B
panuanax. (MasiTHUK C IPUBEAEHHBIMU 371€Ch AOMYIIEHUSIMU Ha3bl-
BaIOT MaTeMaThuuecKuM. — [lpum. pedakmopa nepesoda.)

Puc. 39.3

CrenoBaTeIbHO, YCKOPEHHE IIaprKa

&x

a:gezl

M3 monydeHHBIX COOTHOIIEHUI CIIEYeT, YTO YCKOPEHKE IMPOITOP-
LIMOHAJIHO CMEIIEHUIO, YTO YIOBJIETBOPSIET ONPEIETEHHUIO TPOCTO-
IO TapMOHWYECKOTO IBIXECHHS, Y KOTOPOTO TMPONOIKUTEIBHOCTh
LIMKJIA, TO €CTh IIEPUOJI KOJIeOaHU i, paBHa:

T:2nﬁ:2nf:2nﬁ.
a gx g
/
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Hanpumep, ipocTelInii MasITHUK C JUTMHOM 780 MM MMeeT nepu-
0] KoJieOaHuii

T = 2nf1=2n | OIM 772,
g 9.81 M/c

MaxkcHMabHasi CKOPOCTb HIAPUKa:
_ 27
Unax = OF = ‘"f r,
rae r — aMIlUIdTyaa.

Torma, eciii aMIUIMTY/Ia KoJiebaHUii MasgTHUKA, ITPEAIIONOXNM, paB-
Ha 80 MM, TO

MaKCHMAJIbHASA CKOPOCTh = 2)(80) =283.7 mm/c,

(1 77

) (80) =

2
MaKCHMAJIbHOE YCKOPEeHHe = o F = ( ) (r) = (

=1006 mm/c?, uau 1.006 m/c%.

Vrii0Boe IBMXKEHNE MasgTHUKA HEIb3S IIyTaTh C YIJIOBBIM IBIKE-
HMEM OTpe3Ka NMPSMOIi, KCITOJIb3YeMOTO B aHAIM3€e MTPOCTOTO TapMO-
Huyeckoro nBrxeHusi. Ecim orpe3ok Bpemenu (Ha Puc.39.1
a1o OP) BpalmaeTcs ¢ IOCTOSTHHOI CKOPOCTBIO, TO YIJIOBask CKOPOCTh
MasITHMKa MEHsIeTCsl, IPUHKMMasi MaKCMMaJbHOE 3HauyeHue, Korma
MasiITHUK MPOXOAUT Yepe3 BepTHKaIbHOE MojioXeHue. [Ipu ckopo-
CTH IIapHKa v yIJI0Basi CKOPOCTh MasiTHUKA paBHA

VYrioBoe yckopeHue MasiTHUKa MPUHUMAeT MaKCUMaJIbHOE 3Ha-
YeHue B KpallHUX MosioxXeHusiX. [1py yckopeHuM 1mapuka a yriioBoe
YCKOpEeHUE MassTHUKA PaBHO

(UHpexc p y CMMBOJIOB YTIJIOBO CKOPOCTU Y YIJIOBOTO YCKOPEHUST
03HAYaeT, YTO 3TU BEJIMYMHBI OTHOCSTCSI UMEHHO K MassTHUKY (aHTII.
pendulum). — Ilpum. nepegoduuxa.)
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MPEAMETHBIN YKA3ATE/Ib

A
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— 199
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196, 199
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Gap — 190, 196
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209
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JeicTBUTENbHOE M300paxkenne — 99
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nuadparma usmepurenbHas — 231
JIMHAMIYECKUIA Hatiop — 225
nudpakimst — 91
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E
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koaduument ckopoctu — 227
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HeycToNYnBOe paBHOBeCHE — 51
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HbloToH — 18, 124

HbiotoHa Bropoii 3akon — 47, 151
HeloToHa nepBsblii 3akoH — 46, 150
HbplotoHa tpetmii 3akoH — 153
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cBOGOHBII criail — 177

cosur — 125

caBurosasi fedopmarust — 127
cxatne — 88, 124

cxaroe ceyenne — 232

cuna — 46
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COeIMHEHME XUMIIecKoe — 24
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coruio MepHoe — 234

cnaii ropstunit — 177

cmaii ceodomHbii — 177

craii xononaueii — 177

cruiap — 28

CIUTOLIHON MHOTOYTOJIBHUK — 7.2
cpenHee yckopeHue — 43
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crerneHb cyxocT napa — 213
Croxkca 3akoH — 223

crostyast BonHa — 90

CyMMapHblif Hariop — 225
cycrieHsuss — 26

CyX0if HaCHIIIEHHBI map — 213

T

TabIIbl 06pa3oBaHust mapop — 214
tBepaomep Pepra — 139
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TpyOKa BO3MYIIHBIX TaBIeHU — 235

TpybKa KanuwisipHas — 174
TpyOKa mbe3oMeTpa — 235
TypOUHHbII u3MepuTes — 237
TypOUHHBIN pacxogomep — 237
TypOyJIeHTHBII oTOK — 221
TypOy/IeHTHbII pacxomomep — 238
Tarydects — 132

Y

yBeJMuuTelbHoe crekio — 101
yIII0BOE ycKopeHue — 77

yroj orpaxexust — 96

yron nagenus — 96

YION CKOMbXeHuss — 95

yaap Heynpyruii — 110

ynap ynpyruit — 110

ylesbHas TeroéMKocts — 163,
213

yaeJibHas sHTanbnsg — 212
VIUIMHEHHE ocTaTouHoe — 135
y3en — 90

Yurcrona moct — 180

ynpyruii ynap — 110

ynpyrocts — 129

ypaBHeHue beprym — 225
ypaBHEHHUE ABIXEHUS — 44
ypaBHEHHE HempepbiBHOCTH — 226
ypaBHEHUE COCTOSIHHUSI MAEATBHOTO
rasa xapakrepucruyeckoe — 208
ypaBHeHHEe XuMuueckoe — 30
ypaBHEHHUS COCTOsIHMs raza — 205
yckopenne — 43, 50

YCKOpeHWe JTuHeiiHoe — 77
yckopeHue cpentee — 43, 89
yCcKOpeHue yriuosoe — 77
YCKOPEHHE LIEHTPOCTPEMHUTETBHOE —
50

yCTOUMBOE paBHOBeCcHE — 5/
YCTPOWCTBO (POTOKOMMPOBATLHOE —

100

)

®epra tBepaomep — 139
(usnyeckas teruiora — 165, 212
(hOKYCHOE pacCTOsTHUE JTMH3E — 98
(osIbroBblil JaTUKK AehopMalum —
148

hopmyna Iyaseiing — 222
®opruna 6apomerp — 198
dorokamepa — 100
(HOTOKOMMPOBAIILHOE YCTPOHCTBO —

100



255

X

XapaKTePUCTUYECKOE YPABHEHHE
COCTOSHNSA uaeanbHoro raza — 208
Xumuyeckas peakius — 29
XMMUYECKOE coeqrHenne — 24
XMMUYECKOe ypaBHeHe — 30
XOJIOIHBIN criait — 177

X0J0CTOM poiuk — 120
XoyHchuibaa rensomerp — 146
xpynkocts — 132

II

LeJIbHBIA IpyT — 73

Lenscus rpanyc — 162

Lenbcusa mkana — 162

LEeHTp TskecTd — 51
LEHTPOCTpEMUTETbHAs cita — 50
LIEHTPOCTPEMUTEbHOE YCKOPEHHE —
50

q

vacrota — &7, 244
yaleyHslil aneMometp — 237

111

[lapsa 3akon — 206

[lapru metox — 140

mkana pH — 317

kana Beprepa — 198

mkaia Kenbsuna — 162

LIKaJia TeMreparyp abcotoTHas —

162

IIKAJIa TEMIIEPATYp
TepMoIMHamuyeckas — 162
mikana Leasens — 162
[llopa cknepockon — 139

11

ménoup — 31

C]

QNEKTPUUECKUiA 3apan — 18
9NIEKTPOIBUKYIIas cuaa — 19
9JIEKTPOMATHUTHbII pacxofomep —
241

9NeKTpoH — 23

anemeHT — 23

suepruss — 18, 105

SHeprusi BHyTpeHHsss — 211
9Heprusi KuHernyeckas — 109
SHEPTHsl MOJISIPHAS JIATEHTHAS —
220

9HEPIHUsl TOBEPXHOCTH CBOOOIHAS —
217

SHeprusi oteHuuatbHas — 108
SHEPTHUs Pa3pbiBa MOJIEKYIPHON
cesizu — 220

sHTanbmus — 212

SHTAJIBINS yaeabHas — 212

9 EKT TePMONEKTPUYECKUIT —
176

sxonoKauus — 89

I0

[Onra monysis yripyroctu — 130,
142



bépn Ixon

OU3BUKA.
OT TEOPUMH K ITPAKTUKE

KapmaHHBI cipaBOYHUK

Kuura 1
Mexanunka, ONTHKA, TEPMOANHAMUKA

OrtBetrcTBeHHBIN penakTop M. A. Cennukos
[MepeBomuvik 7. U. Cennukosa
Texuuueckuit pegakrop B. U. Mameeesa
Ipaduk H. M. Xaeboconrosa
Bepcranbuiuk H. B. Kpyenosa
Koppekrop I. P. Abydeesa

®opmar 84x108/32.
Bymara Tunorpacdckast Ne 2.
TapauTtypa «NewtonC». I[leyats ocdceTHas.
O6beM 8,0 1. 1. Yeu. nieu. 1. 13,44, Tupax 2000 3k3. M3m. Ne 91.
3aka3 Ne587.
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E-mail: books@dodeca.ru; red@dodeca.ru
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