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IIpeguciaoBue nepeBogUYHKA

IIpepnaraeMana BHUMAHHIO MHTATEA KHUIA NPUHATLICHKUT MEpy OJHO-
ro U3 BUAHEHIIHX 3apyGeatHbIX THAPOMEXalHMKoB H MpeCTaBIfseT cobolo
IHPOKKHA 0030 COBPeMeHHOro COCTOAHHA THApoa’poMeXaHHKM U ee IpH-
JOKEHUI B CaMbIX PasJHuHbIX 061aCTAX TeXHUKH.

CocTapnAafs KHHTy, aBTop HMeJl B BHIy, K4k OH YKasbiBaeT B CBOEM
IpefHCeIOBUM, JaTh CBOCOOPA3HBIN «IyTEBOIMTENbY MO THIPOa’pPOMEXaHU-
Ke, MO3BOJHIONIMA YUTATEN0 HauGolgee ObICTPHIM M JIECRUM MYyTeM M0OJ-
TOTOBUTbCA K AeTATbHOMY W3YUCHHIO OTICAbHBIX o6macTell 3Toll HayRH.
A focTUsKeHUA 3TOH [eNH aBTOP HCTOAb3YET Pe3yIbTaThl MAOTOYHCIEH-
HEIX CNelHalbHLEIX HCcleoRaHHH, 0JHaKo MPU 3TOM 00XoAUT MojdaHHeM
MHOIOUYHC/ICHHbIC U BaHble pafoTbl COBETCKHUX YYCHbIX B 00JacTH IHA-
POHIPOMEXAHUKH U He H3aaraer paboT pame OCHOBOHJIONSHHKOB COBpe-
MEHHO!l a’poIMHaAMHUEM — BEIMKUX pycckux ydueHsix H.E, #lyrobcroro
u C. A Yanabiruda (TodbKo B JABYX MECTAX OH BCKOIb3b YIOMHHAET
o H.E. fiyroeckom). C menblo xoTA 6kl YAaCTHUHOTO HCIIPABIEHUA TaKOro
MOIOKENHA MBI JOMONIHIN B PAJIE MecT Gufruorpathuyeckie cCLITKA aBTo-
pa ykaszaHHAMH Ha HaufGoJee Ba:kHble padoThl COBETCKHX YUeHBIX.



W3 npeaucioBud aBTopa K NepBoMy H3JaHUIO

IIpu cocTapmeHHH HACTOALEH KHUI'H H BRIIOUWI B Hee DA BONPOCOB,
00BIYHO OCTABJIAEMLIX BHE IIOJA JPeHHA NMpH TPpagHIHOHHOM H3J0MMCHHH
rugpoaspomexaHuku. HaseiBag Kuury «Fiithrer durch die Stromungslehrey
{(«llyrepogurels [0 IHAPOAIPOMEXAHMEES), 5 HMEN B BHAY IHOAUCPKHYTh
HTHUM CBO€ JRelaHHe IPOBECTU MHTATENA 0 HAHGOTEE JETKOMY H GLICTPOMY
OYyTH Yepe3 pasTuvHbie 06JaCTH FHAPOA3POMEXaHHKH.

H.ﬂﬂ Jydimero JOCTHMEeHHA 3TOH el TeRCT KHHUT'HA Haﬁpan JBYMH
mMpUOTAMU — KPYIHbIM H MeakuM. IIpy mepBoM UTCHHM MOMHO OCpaHH-
YUTHCH U3YUYEHHEM TOJIbKO TeRCTA, HADPAHHOTr) RPYNHLIM mpudTom. Terer,
HabpaHHbI METRHM MPUGTOM, U YRA3AHUA HA JUTepaTypy NMpeIHazHaAYeHbI
NI GUTATEIA, YHKe OBJIafeBliero OCHoBaMH npegMera. QOHAKO 1A HOHM-
MaHud OoJaee TPYAHBIX I'JiaB, I\’r H -V‘, HeOﬁXO,.‘jPIMO YCBOUTB TaKkMe Te 4acTH
OpeABIOYIIHX [MaB, KOTOpbIe HaOpaHbl MEARHM mpudToM. Ilo noBogy MHo-
I''O4YHUCJIEHHbBIX GHf).'lHOl‘pa[I)M‘{eCHHX CCBUIOK H X0OUY ocobeHHo HNOAYEeprHY Th,
4UTO, JaBafd YRa3aHHA Ha NTHTepaTypy. A He CTpeMHIICA K HC‘-lepH]:IBﬂ}OH.leﬁ
MOJHOTE, KpOMe Toro, B 3THUX 5H63HOFp8(1)M‘IBCEHX CCLITKAX UCTOPHYECKan
TOYRKA 3peHHA JoJd:HKHa ObLTA OTOWTH Ha Eaﬂﬂﬁﬁ nian (3& HCKRIIOYeHHeM ClTy-
4acB, OTHOCANIUXCH K GyHIAMCHTAMLHLIM pesyibTaTtaM). OTeeL1an uuTaTe-
JH K L‘.IIBL[_HH.HI:HOFI Jqureparype, 1 CTPpeMW/ICH YKa3blBaTh I'VlABHbBIM 06}]3301\«1
Te pahoThl, KOTOPEIC HAHHOICE MPUTOIHLI LIA AAAbHCHIICT0 W3YUYCHUA 3a-
TPOHYTOIO BOIIPOCA.

B rnaee V u3io:eHsl pa3indvHEBIe ClleHaJbHBEIE BOIPOCEI: RaBUTAIlUA,
IruJpapiIndecEuii yoap, JBHMCHHE CMECeH U3 BOIbl M BO3AYXd, [IHCBMATH-
yeckhHH TpaHCnopT, ABHKeHHe HAHOCOB, CHJILI THAPOIHHAMHYECKOT 0 Jalb-
HOACHCTBUA, 3AKOHBI IBHMKCHHA RUAKOCTEH Bo BpallalIeMCH IPOCTPAHCT-
Be, IPUJIOKEeHHe 3THUX 3aH0HOB K ' JpaBIHY4YeCHM MallMHaM H K TEYEeHHHM
B aTMOChepe U MOpAX Ha Bpamamwieiics 3emMiae, 3aKOHbl IBUKCHUA YCTOH-
HYHUBO pPaCClIOoeHHBIX MAcCC BO3AYXda H, HAKOHEI, Telllonepeiadya B NMOTOKRax
MHUJTROCTH. B Pa3iuvgHBIX MecTax 3TOW I7aBbl YUTATelhb, ye 3HAKOMBIH
¢ NpeaMeToM, 00HAPYMUT HEKOTOPbIe MBICIH aBTOpa, Ny0JHKyeMble Blep-
Bble.

FerTunren, 1942 . Hpandmas



N3 npeaucioBud aBTopa KO BTOPOMY
U3JaHUIO

le/l NOAIOTOBKE KHHIH KO BTOPOMY H3JaHHWIO A BBIHYMIEH ObLI
B IE&JAAX HCNOJABb3I0OBAHHA COXPaHHBIICTOCH H&ﬁDp& — OpaHHYHTbCA TOJb-
KO BRJIOYCHHCM Gﬂﬁ.'morpaq;m{ectmx yHaaHHMH Ha HOBbIC HCCICHIOBAHUH,
DHyﬁJ‘II/IHOBaHHbIO nociae BbiXoja B CBeT NCPBOro H3JaHUA KHHUI'H, H J0BOJb-
HO MHOIOYHCICHHBIMH Y/JIYHITCHHWAMH H JONOIHCHHAMNE TCKRCTAa.

Cerrunren, 1944 JA. Hpandmas



[1aBA 1
CBoiicTBa uaKocTeil 1 razoB. CtaTuka

§ 1. CpoficTBa muaxocTeii. HUIKOCTH OTIMYAIOTCH OT TBCPALIX
Teln Jerkom MNOOBHMHOCTBIO CBOUX YACTHL. ,Z[JIH H3MeHeHH A FbUprI TBEpOO-
ro Tela K HeMy HeoOXOQMMO NPHIOHKHMThE CHIBI KOHEYHOH, HHOrAa BecbMa
3HAYMTENbHON BelduuHbl. Memay TeM miA MeTJeHHOH nedopMaluuy skuI-
KOCTH JJOCTATOYHEI CAMBIC HUYTOMHBIC CHIBI, KOTOPLIC B MpeAcIbHOM CIYy-
yae fecroHeyHo Manoit fedopManuy JeaaoTced paBabpIMY Hy110. O1HaRo Ipu
ﬁbICTprfi J_[e(l)DpMiiLIHI/I HMUATROCTD. [[DL[OﬁHD TBEPAOMY Telly, ORa3biBaeT CO-
npotuBacHue gedopmanuu. Ho Kar ToAbKo IBHREHHE ;KMIKOCTH MpeKpa-
maeTcH, 3TO CONMPOTHRIEHNHE DYEHDb ﬁBICTpU ncyesaert. CBUI':ICTBU }H'H,?[KDCTEI';T
OKa3blBaTh CONPOTHBJAcHHe JedopMalHK HasblBaeTcA eazkocmbio. Iloapob-
HO 2T0 cBoiicTBo Gyner pacemorpeno B §1 . ITI. Kpome o6biuHbBIX Jerko
NOABHMKHBIX H{I/I,JI{OCTGI"'I CYHmecTBYI0T 04eHb BA3KHE JAJIKOCTH, COIPOTHUB-
JleHHe KOTODPBIX gedopMalui BecbMa 3HAYMUTEIbHO, HO B COCTOAHHU I0KOA
No-lpemHeMy paBHO HYIIO. Mo Mepe YBeJIHYEHHA BASKOCTH KHUIKOCTh CTa-
HOBUTcA Bce Donee noxosell Ha TBeploe Telo, OJHAKO Helb3d MPOBECTH
pE:jI{[Jﬁ rpaHHNbLI Mema1y HHAROCTbhIO € OYENL HONLIIOH BAZKOCTLIO H TBEp-
JBIM TCIOM: HEKOTopble BellecTBa NpH OeicTpoii gedopManuy senyT cebdA
KaK TBCpAbLIC Tela, a IPH MeIIeHHOH — Kak skugkocTud. K Takum Belect-
BaM MpUHAJJICHHT, HATPUMED, acdatsTt. Ecau onpokuHy Th HouRy ¢ acdans-
TOM, TO B 3aBHCUMOCTH OT TCMICPATYPLI BO3AyXa Bech acdalpT BhITCKRACT
13 DOYKHM B TeYEeHHEe HeCKOIbKHX JJ.HBI‘/'I HJIH Heleldlb W IpHHUMaeT (llﬂpMy
nnockoll aenemku. C TeucHHeM BpeMCHH Tarad acthalbTOBaA JCHellKa Bee
Bonee 1 Hojce pacTeHRACTCH, HO, HECMOTPA Ha 370, 110 HCH MORHO XOUUTh, HE
OCTaRJAA HA ec MOBCPXHOCTH 3aMETHEIX Cle/IoB; TOJLKO B TOM ¢iyuae, eclii
MNOCTOATHL HA Hell HEKOTOPOC BpeMA, Takue ciaeisl noasasioTcA. [lpu yaape
MOJOTKOM pasJHBIIadAcA Macca acdaibTa pasfeTaeTcA HA KYCKH M0A0OHO
CTCRIY.

B cratuke, T.e. B TeopHH paBHOBecHA :RUAKoOCTell, paccMaTpUBalOTCA
TOJNBKO COCTOAHHE MOKOA HIH OYeHb MeIJEHHbBIC NBHMEHHA, CledoBaTeNbLHO,
37CCH MbI JOJKHEL IPHHATL CONPOTUBICHUC AchopMaliK paBHbIM HyJio. Ha
OCHOBaHUH BTOr0 Mbl MOteM JaTh TAKOE OlpejelleHHue RUJKOCTH: HUdKoc-
MbI0 HAIBIEACTICA IMAKOE MEL0, 6 KOMOPOM 6 COCIMOAHUY PAGHOBECUA GCRKOE
conpomusaenue dedopMayul pasmno LY.



Ceotlecmea xudkocmetl u 2ajos. Cmamuka 11

CoriracHO KHHeTHYecKOH TeOPHH MaTepHH MelbYaillie YacTHIbI BCeX Tel
(aTOMBL M MOJEKYJBI) HAXOAATCA B HENPECTAHHOM [BHMMEHHM; KMHETHUECKAR
SHeprHuA 3TOT0 JBH:;KeHHA TpoABAfAeTcA B Tem1oTe. C TOUKH 3peHHA 3Toil Teo-
PHH HHAKOCTH OTIHMYEIOTCA 0T TBEPABLX Tel TeM, UT0 B HUX OTJAe/IbHble YaCTHIIbL
Golee HIH MeHee YaCTO MeHAIOTCA MECTAMH ¢ COCeJJHUMH YacTHIIAMH, B TO BpeMs
Kak B TBepALIX Telax Kaximada JacTHIa 3aHHMaeT B MpOCTpalHcTRE BIOIHE ONpee-
JIeHHOC I10JI0KcHHE, IIpaBia, COBCpIIaA OKoJo Hero Heboablnne kolcbanud. llocte-
neHHOe pasMATYeHWe aMopHBIX Tel TIpY MOBBIIIEHHH TeMTepaTyphl 00bACHACTCH
cleIyOMWMM 00pa3oM: eciaH Telo HarpeBaeTcH, T. €. €cJIH YBCIHYHBACTCH SHEPrHA
MOJIEKY/JIAPHOTO JABW:ReHHA, TO cHadala MCHAKTCA MecTaMM YacTHIBI TaM, rie
cary4aliHo BOSHMKIH oco0eHHOo Goabline KoaeOaHNuA; MpH JanbHeiimeM HarpeBaHHU
TAKafA lepeMeHa MecT cOBepLIdeTes Bee yalle, IpHYeM OHa PaclpocTPAHACTCA Ha
Bce Teldo. B KpHeTauamUecKHX TBepAbIX TelaX Mepexoj M3 TBepHoro B HIKoe
COCTOANME NMPOMCXOAUT BHE3AMHO, B pe3ydbTaTe paclulaBAeTHA, T. €. BCACACTBHE
pa3pymenua NpaBHALHON aTOMHON CTPYKTYDLI BemecTRa.

JdpyruM CBOMCTBOM MMAKOCTCH ABIACTCA HX GOJIBLIOC CONPOTHBICHHE
WaMeHeHHI0 oOneMa. HURakuUM chnocoBoM HEBO3MOMHO CHMATH OJUH JTHTP
BOZbI TAK, YTOGBI OH MOMECTHICH B COCYIEC eMKOCTBIO B Noa-1uTpa. O6paT-
HO, €ClIM HAJIIUTL JUTP BOJIbI B COC‘,y,[[ EMROCTBIO B JBa JUTPa U BbIKAYATL
U3 TOCIe HEro BO3AYX, TO BOJA Mo-NpetHeMy GyIeT 3aHHMATE TOALKO MO-
JoBUHY cocyna. OHaKko B HEROTOPOH Mepe Boja npu OOJLIIUX JaRTeHu X
ciKEMaeTCA; IpH JaBleHHH oHoao 1000 amal 3To cikaTue TocturaeTr 5%
[NePBOHAYANBHOIO 00BeMa. AHaJIOCHUHBIM ofGpazoM BegyT celd MU gpyrue
JAMUIKROCTH.

§ 2. Teopus HanpsameHHOro coctogHud. Pacemorpum nanps-
JeerHoe cocmonnlie MUIKOCTH, Haxofaielica B papHoBecuu. Ilpemme ueM
OnpejgejuThb 3TO MOHATHE, 3aMETHM, UTO Dﬁﬂ.[lde TeopeMbl 0 pAaBHOBECHH CHII
MPUMEHHMbI TARME K MHIKMM TeraM. ITo CIeyeT H3 Tak HA3bIBAEMO-
ro NPUHYUNG omeepiesanusn, CYIIHOCTh KOTOPOro 3aKIHUacTCA B ClIedyHo-
IemM. ECJIH B Kakoii-1ubdo llD,E[Bl/l]'l{HDﬁ CHCTCeME, HHXU,[I‘H]J_[BHCH B paBHOBEe-
CHH, CAeJaTh OTHAelbHbIe €€ YaCTH HeMONBHMHBEIMH, TO OT 9TOCO PABHOBE-
cHie BCeil cucTeMbl He HAPYUIIUTCH. CJIB,I[DBc’:lT‘:).]'[]_vll[)j B cay4dae @HIKOCTH,
HAXOjAlleficA B pABHOBECHH, MOHO BCerja BOOOPA3UTh, UTO HEKOTOpaA
e¢ 4acTh OTBepiela; 0T 3TOT0 paBHOBecHe BCCH MHAKOCTH He HApPYILHT-
¢f, K OTBepJIeEmell #e YyacTH MO:KHO MPUMENHTb TEopeMbl 0 paBHOBEeCHH
TBepabix Tea?. OJHaKo 1A HecTeJoBaHHA paBHOBECHA ANIKOCTH He ofifA3a-

10 eguuMuax OaA H3MepeHMA AaBieHUA cM. § 3.

2JlpuMenAn NPHUIIHI OTBEpAEBAIAA, CAEAYET HMETL B BHAY, RoHedHo, He QHaNTeCHoe
OTBEp/IeBaAHMEe, CRASbIBAGMOE € W3MeHeHHeM ofbheMma, KpHeTalnuzanueif w T.m., a Boob-
pamaemMoe, HleallbHoe oTBepaeBaHHe (e3 BCAKOrO NepeMelleHHA YacTHL H H3MeHeHHA
obrema.
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TenbHO TpuberaTh K NpejcTapienuio od oTBepaepanuu. Teopembl 0 paBHO-
BeCHH OﬁH_IEVI MeXaHHKH, XOTH U BbBIBOIATCH Ha lIpUMeEpe abCoIOTHO TBEpP-
IbIX Tell, IPUMEHUME] TaK:Ke K CHCTeMaM MaTepHalbHbIX TOYCK, eClld TONb-
KO BHYTpPEHHHE NBHKEHHUH, BDUﬁlTle BO3MOMHEIE B TAKHUX CACTeMax, BCJle/-
CTBHUC paBHOBCCHA OTCYTCTBYHOT. B cnyuyaax jaeficTBHTENbHOTO NoKoA oba
crnocofa paccMOTpeHUA COBeplleHHO papHonpaBHbl. Ho B sapagax, cBH3aH-
HBIX C [BHEeHHEM ?KH,;[HDCTBI‘/‘I, HOrjda B [IOCJHEJHHX 10 CyLIeCTBY He MOMET
OLITL HHYEro OTBCPACBIICT0, MTPHINIUI OTBEPACBAHUA NMPUBOIUT K 3aTpPya-
HEHHWHM. HO'.«)TDMy, HMeH B BUIY ,[[aﬂhHeﬁLHI{e NpUI0MEeHHA K JMHAMHKE, MbL
H3J0EKKMM 31ech BKpaTle 0CHOBHOE cojepskaHue o0leil TeOpHH paBHOBECHA
necdopMupyeMoii ¢penbl, e3pasinuyHo-RUIKOR UAK yIPYIo.

[Ipesae Bcero HANOMHUM, UTo JHOGBIC CHIABI TPCACTABIAIOT coBol0 B3a-
nMoaelicTBHe MemRIY mMaccamd. Eeau, Hanpumep, Macca m; OPUTACUBACT
K cebe ApyTylo Maccy ms ¢ cuidoft I?, To ¢ Takolt #e cuIolt Macca me NpU-
TATUBaeT K cebe Maccy my. CiaegosaTenbHo, ofe cHlbl HANPABICHbI OpHA-
MO MPOTHBOIOJOMHO ApPYT Apyry (38HOH TIBH)T[)HH O paBeHCTEe ﬂeﬁCTBHH
¥ npoTHBOaciicTBuA). B cncteme Mace, KaRMM-HUGY I 06pa3oM BeIgeICHHOMN
cpeld OpyrHx Macc, clejyel pasiuyarh JBa BHIA CHIL: GHYMPEHHUE CUIbL,
,ﬂeﬁCTByI()UlHE MeMigy mMaccaMiu, NNpuHalle;xdailHMi K CUCTEMEe, U GHEULHIE
cuant, JeicrByomne Me;Iy Kanigoid Maccod cueTeMbl H MacCaMH, HaXO0dfA-
HMKHMHCHA BHe CHUCTeMBbI. Bo Beeii COBORYTIHOCTH CHIJI, J]eﬁCTByIﬂLL[HX B pac-
CcMaTpUBacMoH CHCTeMe Mace, BHYTPCHIHC CUILI BXOAAT Beeraa nonapio
B BH/ie paBHLIX A MPAMO MTPOTHBOMOJIOMKHBIX CHJI, 8 BHEIIIHWE CHIbI — BCET-
na B edunouky. llpn cyMMupoBaHHH (BEKTOPHOM HIH KoOp/HHATHOM) BCEX
CHJI BHY TPCHHUEC CHJIbI BCer Ja [0IIapHO YHHYTOKAIOTCH, U 0CTAIOTCH TOALKO
BHCIIHHEC CHILL.

lIna paBHOBECHA CHCTeMbI HeoBX0oOIHMo, UTOOLI CYMMa CHJI, IPUA0ARCH-
HBbIX K Hﬂ}li,uﬂﬁ OTAENbHOH Macce CHCTEMbI, ObLIa pacid HYyAW0 (HpPI BeER-
TOPHOM paccMOTPEHHU [0J#Ha ObITE PpaBHA HYII0 BEKTOpPHA#d cyMMa Bcex
CHJI, NpA KOOpJAMHATHOM pPacCMOTPEeHHH — CYMMbI I'I[)Uel{lll'lf"l CHJT Ha TpH
KoopAuHATHRIE ocH). IlpH clomeHUN TAKUX CyMM JMA BCEX MACC CHCTEMBI
OCTACTCA, COTIACHO CKAJAHIOMY BBLIIIC, TOALKO CyMMd BCCX BHCIIHHX CHJ,
a TaKk Kak Kamjad oTJelbHAaA H3 CI0MEHHBIX CyMM MpH paBHOBECHH paBHAa
HYJO, TO PAGHA HYAI UL CYMMA BCET GHEWHUX ¢l ITA TCOPCMA, IPH BLIBOAC
KOTOPOH 0 cUCTEME Mace He JlelaeTceAl HUKAKUX HHBIX TPeanoiokeHuiA, Kpo-
Me TOr0, 4YTO OHa HaXoJUTCA B PABHOBECCHH, HAXOJHUT WIHPOKOe NIpHMCHCHHE
B CaMbIX pasiMyHbIX ciyuanx. Eciu BLIuMCIcHMA BeldyTcA B ROOpIUHATAX,
TO 3Ta Teopema 3allMchblBaeTeA B BH€ TpeX YpaBHEHHIl:

ZX:[), ZY:U, Zz:o,
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Pue. 1 1 2. Meroy cedeHHid.

rae X,Y,Z cyTb NpocKIHH BHCIIHHX CHN Ha OCH , Y, 2.

CoBeplieHHo aHalorM4Had TeopeMa cyliecTByeT U A MOMEHTOB
BHCIIHUX CUJI: CYMMQ 8CET DIMMUT MOMEHNMO8 NPU PUBHOBECUU PABHA HYAIO.

Kak paa yopyrux TBepabix, Tak H JJA RHOKHX TeJd BajkHO 3HATDL Ha-
NPANCEHHOE COCIMOAHLUE SHYMPU meaa, T. . BHYTPCHHHC CHIbI, ACHCTBYIO-
HHe Me:Ray MelbyaiyuMH JacTHIlaM{ Teja BO BCEX HANMPABIeHHAX H Bo
Becex Toukax Tema. Oamako B ofImeM chaydae MPHXOAHTCA OrpaHHYHBaTE-
cH yKazanueMm TONbKO cpejlero HampaAKeNnnoro cocToAHuA. B camom fene,
Kak Gbl HU ObLTA Mana BhljeleHHaA o6JacTh oKolo paccMaTpUBaeMoll ToURH
Tena, B Helf Bee sRe CoJePsRUTCA 0UCHD G0IbIIoe YHEIO YaCcTUI Teaa, HaXona-
LIMXCH K TOMY ¢ B ONSHMBIGHHOM TEIIOBOM /BUIKEHHH, U II0ITOMY KapTH-
Ha paclpeleleHUA CHJ B3aUMOIeHCTBHA MEHAY 3THMH YacTHLUAMU MMeeT
04YeHb 3amyTaHHbli BHA. Ho Kak e Booflle MORHO TONyYUTh OpejcTaBie-
HHe 0 BHYTDeHHHX CHIAX, eclIM HaIlH TeOpeMbl 00 YCJIOBUAX paBHOBecHA
FOBOPAT TOAbKO 0 BHeWHHX cuiaax? A »Toro, Kak Mbl cefiyac yBHIHM,
Heofrodumo clenanis eHymperHie Cilibl 6HelHtal. ITO BIIOIHE BO3MOKHO
cIeayomuM odpazoM. BoodpazHM HCROTOPOE Tel0, K KOTOPOMY NPUJIOAKRCHBI
BHemHue cuinl (Ha puc. 1 onn ofognadensr crpenkanu). Mbrerenmo paspe-
3HeM ero Ha jBe YacTH M OjHY W3 uacTefl, Hanpumep, uacTb I, nmpuMeM
3a namy cucremy mace. Torga Bee cMilbl, ¢ KOTOPRIMHU YacTuibl vacty 11
IelicTBOBANM Ha YacTHOHI 4acTH I ¥ KoTopble paHblie OBLIM BHYTPEHHU-
MU CHJIAMHM, Tellepb OyIyT BHCLIHMMM CHJAAMU. JTH CHILI ONIpeAciIcHHBIM
00pasoM pacipege/ieHbl 10 IGIATM CEYCHUH, H CYMMA MX J0J#HA ObITh
TaKkoBa, YTOOBI BBIJGJICHHAA YacTh Tejla NpPOA0LAKaNa oCTAaBaTbCA B PABHO-
Becuu. CrnefoBaTelbHO, pPe3yIbTHPYIOMAA 3THX CUI JodskHA OLITL paBHa
U TPAMO NPOTHBOMOIOKHIA Pe3yIbTHPYIOmE BHEIIHUX CHT, JeiflcTBYIOmHX
Ha BBIIEIeHHYI0 YacTh Tena (puc. 2). Takum o0fpazoM, Mbl OXYYHIH BIOTHE
oTnpejeleHHoe U 0 HO3HAYHOE TIpecTaBleHle 0 pesyAbTHPYIOMeit BHy TpeH-
HUX CHJI B [IPOBEACHHOM CEUCHHH Teaal.

Takas pesyibTUPYIOI@H BHY TPCHHUX CHIL, OTHECEHHAA K e IMHULE 1110~
wamy ceueHHUA, HABBIBAETCA Hanpaxcenues. B TOIbKO 4T0 paccMOTpeHHOM

IMur monyuuan 6Bl coBepmeHHo Takolt #e pe3ylbTaT, eclAH GbI BMeCTO 4acTH I Te-
na paccmoTpenH uacTs 11, TonubkKo Tenmeps pesylLTHPYIOMAA BHYTPEHHAX CHA GLina 6L
npuaoseHa K dacTu II u HanpaBieHa B OpPAMO NPOTHBONOAOMHYIO CTOPOHY.
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npuUMepe, pasfgeldB HafIeHHYI0 pesylIbTHPYIONIYIO BHYTPEHHMX CHI Ha
nomajge ce4eHWHd, Mbl NOAYYHM, OYEBHAHO, CpejHee HAllpAMEHHE B ceye-
Huu. Boofuwe ke Ha pasnuYHBIX IUIOWIAJKAX CCUEHHA HANDAMKCHUE MOMET
ObITH pasHbIM. IIHHPHH{EHI/IE Ha 1omajre, UOHOF)HU CHJIEe, HB/IHETCH BEKTO-
poOM.
TaruM 00paszoM, MBICIEHHO PaCCeras Tello Ha
IBe 4HacTH, MbI [IpeBpalmiaeM BHYTPEHHHE CHJBL,
IeHCTBYIOMNE B MPOBEICHHOM CEYEHUM, BO BHEII-
Hie. Takoii cmocod onpejelleHMA BHYTPEHHHX CHII
HasbIBacTCA €NocofoM cedeHHA. ITOT cnocob Ho-
IYCKACT MIMPOKOE NPUMEHCHUE BO BCEX CILyYafXx,
Korja TpefyeTcA HCCAeloBaTh HANpAMEHHOE CO-
CTOfIHHE BHYTpH Tena. dnn 3Toll mead BHYTpH Te-
Jla BEIpe3aeTcA TPH MOMOIIH HEROTOPOro YHcia ce-
YeHUi HeGOoALIIanA YacTHIa, HAIPUMED, Tapajiene-
Puc. 3. PaBHoBecHe TeT- MHUIE/], MpU3Ma., TeTpasjap, U UCCIeJyeTCA €€ paB-
pasapa HoBecHe. 113 MHOTrOUMCAEHHBIX H Ba#HBIX TEOpPEM
0 HANPAKCHHOM COCTOAHHM, KOTOPbIC MOI'YT ObITh
BbhIBeJI€Hbl U3 PACCMOTPEHUA paBHOBECHHA TAKHMX 4YaCTHIL, IPDHBedeM Clely-
IOLIYIO: ecaun 6 mper cevenusr, ofpasywowur dpye ¢ dpyzom mpexzpanusiil
2o, HanpAXCeUR U3BECITLIbL, MO HANPAKXCENUR 60 BCEX preu.r CeYeHURAT MO-
2ym Ovimoy onpedeensl. 1aA I0KRA3ATEALCTRA MOCTYIUM CACAYIOMUM obpa-
30M. HEPBCEI{BM TpeXF})aHHIJII"‘I yroa '-IB'TBB[}TI’J[:'I THIOCKROCTbhIO, HMEHHD TOH
MI0CKOCThIO, B KOTOpoH TpefyeTcA onpefleNUTh HanpsA:weHHe. JTa Mioc-
KoCTh ofpasyer BMeCTe ¢ NepBbIMH TpeMmsa TeTpasnp (puc. 3). Cuann 1,2, 3,
AeliCTBYIOIHE HA TPAHH, HANMPAMEHHA HA KOTOPbIX H3BECTHBI, MbI TOIY-
YMM, YMHO/UB 3aJaHHbIC HATIPAKCHUA Ha TLIOMATH COOTBCTCTBY IOIIUX Ipa-
Heit. IMeeTcA moavke odia cuna 4, KoTopad ypaBHOBENIHBAET CYMMY CHI
1+ 2+ 3. 9ta cuia, pajicicHHaAA Ha IVOANL COOTBETCTBYOHICH I'paHH,
H laeT HCROMOE HallpaikeHue. I[I[ﬂ BLITIONIHEHH A BBIYHCIEH UH y}'{U(JHBB BCEro
COBMECTHUTD 3a/aHHBIC CCUEHHA ¢ KoOPMHATHRIMH MI0CKOCTAME (puc. 3).
Tenepp, mocae Toro Kak Mbl PAa3bACHWIM TMOHATHE HAMPAMKCHUA, MbI
Mo#eM 7aTh Ooflee ToUHoe oNpeelieHde HANpAHREHHOMY COCTOAHHIO: Ha-
NPANCEHHBLM COCTMOAHUEM 8 RAKOU-AUGO MOYKe HAIb6AemCa COGOKYNHOCMb
HanpaxXcenuil 80 scex celenur, nporodawux Yepes sadannyw moiky. e Bna-
BafAch B NOAPOGHOCTH TEOPHH HANPAMKEHHOT0 COCTOAHUA, YIOMAHEM TOIbKO,
YTO HAlPHMCHHOC COCTOAHUE B TOUKE MOKET ObITb CBA3AHO ¢ HCKOTOPBIM
AIUINCOMJOM, TAK HA3BIBAEMEBIM 3.aatncoudom nanpamcenui. CiegoBaTennb-
HO, HAUPAKCHHOC COCTOIHUE npeacTaBifeT coboft Tensop. CoraacHo npu-
BeleHHOI Bblllle TeOpeMe HANPReHHOe COCTOAHHME B TOUKe (8 Takike COOT-
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BeTCTBYIOLIIIL eMy SIIUICON]) U3BECTHO, €ClIH 3aJaHbl HAIIPHKEHUH B TPEX
cedeHHAX, 00pa3yOMWKX IpyT ¢ IPYroM TPexTPaHHbIi yroda. B kamaoom ai-
JHICOMIE HMEIOTCA TPH B3aUMHO NepHeHIHKYIAPHbIC OCU. ITHM OCAM 91-
JUTICOU/IA, Ha3bIBAEMBIM MNIABHBIMH OCAMH, COOTBETCTBYIOT B HaNPAHKEeHHOM
Tele TAKWe TPH B3aUMHO TEPNEHANKYIAPHBIX CEYCHHMA, B KOTOPBIX HampA-
JREHHA HOPMalbHbl K CeYeHUAM. ITH HAlPHMEHHH HA3bIBAIOTCH 2AQ6HBLMU
HANPANEHUAMU, @ COOTBETCTBYIOIIME HANIDABICHUA — 2AQ6HbBIMU HANpAEie-
HUAMU HATIPANCEHHO20 COCMOANUA.

§ 3. JlaBaeHue MUjKRoCTH. HanpmieHHoe COCTOAHUE B RUTKOCTH,
HaxopAumeficA B paBHOBECUH, 0co0eHHO mpocToe. COMpOTHURISHUE RUTKOC-
TH jepopMaluu, T.e. NepeMelleHH10 ee YACTel OTHOCUMTEAbHO APyl [Ipyra,
HMeeT HEKOTOPOE CXO/JCTBO ¢ TpeHHeM. Eciu npy CONPHROCHOBEHUH ABYX
TBepJBIX Tell TpeHue OrcyTCTByeT, T0 JaBleHHe oJHOI0 Tellda Ha Jpylroe
B INIOCKOCTH HUX CONPHKOCHOBEHUA AOM#HO GbITh 00A3aTEelbHO IMepHeHan-
KYJMAPHO K 5TOM [VIOCKOCTH; CIeJ0BATENbHO, IIPU CROJIbIKEHHY BIOIb II0C-
KOCTH COTPHKOCHOBEHHA He J0T#HO COBEpPIMAaThbeA HUKaKoil padoTel. CoBep-
LICHHO AHANOTUYHO NPOABIACT CeBH U OTCYTCTBHE B ;RMIKOCTU COMPOTUB-
JeHus IehOpMAIUU: 8 MOM CAyLde HATLPANEHIe BHYMPU HUOKOCTIL, WIH,
KaK OPUHATO FOBOPHUTh, dasieHlie MUudkocmu, doaxcHo fvims ee3de nepnei-
QUKYAAPHO K NOBEPIHOCIII NOZO CeYenud, Wi Komopoe oie detcmeyem. ITo
CBOMCTBO JIARTEHUA KHAKOCTH MOMKET PaccCMaTpPHBATHCA Kak onpedeieHle
HUGKOCU, COBCPIICHHO SKBUBAICHTHOC TOMY OLPEICICHHIO, KoTopoe GbL10
crenano B § 1.

3
2 2
1
3
1
Pue. 4. Cuupr, nefiersytomue Ha Go- Puc. 5. TpeyrodsHUR cull, felcTBY-
KORbIE I'DEHH IPU3MbL IOWHUX HA OOKOBLIE IPAHH [IPHAMLL

IIpu momomu mpoceTrIX coobpaskeHuit U3 YHa3aHHOTO CBOHCTBA JaBle-
HUA MOAKHO BLIBECTH APYT0€ BARHOE CBOHCTBO. MBICHCHHO BRIJCIUM B #LH/I-
KOCTH HeOoMBIMYI0 TPEeXTPaHHYIO TPU3MY C OCHOBAHUAMH, MeprnenIHEYIfp-
HBIMH K pefpaM NpH3Mbl (KOHEUHO, MbI MOTJIM (bl TAK:Ke BOOOPAsUTh, UTO
BBIJI/IeHHAA BHYTPH RHJIKOCTH TIpH3Ma OTBepJega; B TAKOM clydae HaM
Hazno 6bL10 Obl MCCIeJoBaTh paBHOBeCHEe CHJ, NEHCTBYIOIUHX Ha NPHU3MYy CO
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CTOPOHBI OCTAABHON UAKOCTH). CUIBI JABACHHUA HA OCHOBAHWUA TIPU3MBI
PaBHBI OpYT APYTY N0 a6COMOTHOMY 3HAYEHHIO, HO MPAMO MPOTHBOIONOK-
HBI [0 HANpaBJIeHHIO; CJeJ0BaTeILHO, OHH YPABHOBEIIHBAIOT ApPYL ApYyTa,
M T03TOMY B JajJbHeHIlleM Mbl MOA€M HX He paccMarpuBaTh. CHIbI jJaB-
JcHUA Ha GOKOBBIC T'pAHH NepNcHIMKYIAPHBI K I'PpAHAM M MO3TOMY JCHKAT
B IVIOCKOCTH, NEPHEHIMKYIAPHOH K pebpaM npusmbl. Ha puc. 4 noxasado
NonepeyHoe ceyeHHe MPH3MBI BMECTE € CHIAMH TaBIeHHA, NefCTBYIOMIMU
11a ec GOKOBLIE TPAHMU, & HA PHC. 5 TOCTPOEH TPEYTOAbHHE, KOTOPLIA HOM#AHbI
06pa3oBaTh CHIbI JABIEHHA [JIA TOTO, YTOGBI HMeNo MecTo paBHoBecHe. Tak
KaK CTOPOHBI TPEYTroJibHHKA HA pHC. 5 NepNeHAMKYIAPHBI K COOTBETCTBY-
IOIMM CTOPOHAM TPEYyroJbHHKa HA puc. 4, To oba TpeyrodbHHMKA HMEIoT
COOTBETCTBEHHO paBHBIC yTIbl H N0dToMY MofoGHE. OTCloga cliefyeT, 4To
CHUIbI faBieHud 1, 2, 3 oTHOCATCA OPYT K APYTY, KAK CTOPOHBI TPEeYToJdbHUKA
Ha puc. 4, T.e. Kak YHCIa, H3aMepAIOMHe MUPUHY rpaHeil NpHusMbl. 14 Toro
yTo6bI MepefiTy OT MOAHLIX AABACHMIH HA TpaHb R JABJICHHUAM HA €QUHHIY
TUTOMAAM, MLI JOJN/KHBT paseduTL Kamyo cuny jgapnenud 1, 2, 3 na mio-
majb coOTBeTCTBYoMmel rpadd. Ho Bee rpaHd HMeoT 0IHHAKOBYHO BEICOTY,
CIeJ0BATEILHO, MX INIOWATA OTHOCHATCH APYI K IPYyIly TAK JRe, KAK CTOPOHLI
TpeyroibHUKAa Ha puc. 4, T.e. Tak e, Kax W cuiabl 1, 2, 3. Takum oGpasom,
NABICHUE HA CIHHUIY INIOWANH, KOTOPoe Mbl Oy M HA3LIBATDL [POCTO JaB-
JNeHUEeM, OJIHHAKOBO HA Beex Tpex rpaHfax. Tak kak npuama Geina BeiOpaHa
HaMM BO BCEM OCTAILHOM COBEPILEHHO MPOM3BOALHO, TO W3 MOIYUECHHOTO
PE3YNLTATA CIEAYET, YN0 Jdasichue 6 odnold u mod xe moike Hudxocmu
00uHAKOB0 B0 8Cer HANPUSAEHUAT (TOoUHee TOROpPA, 0JIMHAKOBO BO BCEX Ce-
YeHHMAX, IPOBEJCHHbIX Yepes paccMarpuBaeMmyio Touky). [ostomy siiaun-
COHJ] HaNpHMEHUN B MHAKOCTH, HaXoJdweica B papHOBCCHH, NpHHAMACT
tdbopmy mapa. And onpegeleHnaA TAKOTO HANPAMEHHOTO COCTOAHUA, KOTOpPOE
HPUHATO HAZBIBATD 2UAPOCTIAIMUYECRUM HONPANCEILIBIM COCTRORTLLEM, NOCTA-
TOYHO YKa3aHHA OJHOTO — eJUHCTBEHHOT 0 uucia — pabieHud p. CoriaacHo
CKA3AHHOMY BLIIIE 3TQ YHCIO O3HAYAET CHAY, AEHCTRYIOMYIO HA EJHHUIY
miomany ceueHuA. B saBHCUMOCTH oT BbeIGopa eTHHHIBI CHIBI B ETHHUIILI
N0MIAAH BO3MOMHBI CAMBIC Pa3lHUHbIC €IWHMILI IJA MU3MEPEHUA AaBJC-
HuA. B TeXHUKe vame Bero NpUMCEHACTCA CIMHUNA K2/cH?, 8 Takme Ke/M2,
OpUYCM ke 03HAYACT KUTorpaMM — Bec. O HEKOTOPLIX APYTUX CAMHUIAX
AJAA U3MEPEeHUA Janienufi — cM. §8 u 9.

§4. Pacnpe,ﬂeneﬂne JaBJIeHHA B HEeBEeCOMO KUIKOCTH. Kask-
Jlafl IUJKOCTL 06Ja8eT BecoM. O,t:[Hal'iD BO MHOTHX CIIy4dafax, ocofenno Kor-
Ja B JRHIKOCTH UMCCT MCCTO BLICOKOC JaBJACHHC, HET HUKAKOMH HYMOIbI Y4H-
ThIBATh JIEHCTBHUE CHIIbI THHECTH, CleloBaTellbHo, B 3THX CIy4YaaX MOMKHO
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CUHTATL FRUJROCTb HeBecoMoll. Ilpu Ta- . (7

KOM JONYIIeHUH Bce pacyeThl 3HAYM- ¥ > P
TeJbHO YNpowmaioTcA. Beigenum B #uI-

KOCTH [UTMHHYIO Y3KYIO NpusMy ¢ oc- Puc. 6. PapHoBecne npuaMel ¢ ro-
HOBaHHAMHU, ICPNCHIHKYIAPHBIMY K OCH ~ PH3OHTaILHOH 0ChIO

npuzamsl (puc. 6), 1 paccMoTpUM ee pap-

HOBecHe OTHOCHUTEJBHO NepeMelleHni Bi1oab ocH. IIpeinonosum cHavana,
4TO JABACHHUC B JRHAKOCTH H3MCHACTCA NPH Iepexole oT oAIoll TOYKH Ipo-
crpaHcTBa K apyroii. Ilonepeynoe ceueHne npusmMbl BO3bMeM HACTOJIBKO
MalbIM, YTO HIMCHCHHCM JaBICHHA Ha €ro INIOIAJH MO#HO IpcHebpeus.
Ecan Ha ogHOM KOHLE LPH3Mbl HMeeT MeCTO JaBjeHHe P, 4 Ha IpyIom
KOHIle — JaBjleHHEe p3, TO HA TepBoe OCHOBAHME NMPU3MEI JeHCTBYET CH-
Ja F'py, napanieibHas ocd MPU3MEL, @ Ha BTOPOE OCHOBaHHe cuna Fps,
Take NapallelbHasd ocd NMPHU3MBI, Ho DpoTHBoNodo#HaA culde F'pi. Uto
KacaeTcsa DOKOBLIX MOBEPXIOCTEH MPH3MbI, TO Bee CUALL JABJCHHA, TeHCT-
BYIOIHE HA 3TH NMOBEPXHOCTH, HANPABIEHbI, COTJACHO HAlleMy OCHOBHOMY
JONYIMEHHIO, MePIeHIUKYNAPHO K HHM, Clel0BaTe/bHO, NepneHAHuKYIAPHO
H K ocy npusmbl. HoaroMy, Kakoso 6bl HH ObL10 paclupeleleHde TaBIeHUA Ha
OOKOBBIX NMOBEPXHOCTAX, CUJABI jJaBjleHHd, 1eificTBYIOmKe HA HHX, He JaiT
COCTaBIAIOWNX B HAPABICHHH OCH npusMbl. Tanum obpasoM, LA paBHO-
BeCHH IPHU3MBbI HE00X01HUMO, YTO0BI

Fpy = Fps,
OTKYJa
p1 = pa2.
Tar Kag OoJoHeHHE NPH3MEBI BHYTPH HHIKOCTH OBLIO BbIﬁpﬂHO HaMH CO-
BEPLWICHHO I[IPOHU3BOJBHO, TO M3 [I0JYUYCHHOI'O pe3dyibTarta cjegyer, 410 npu
OMCYMCMeUN ClLibl 8€Ca (M JAPYIUX nopofHOro poja akTHBHBIX cuil) dasae-
HUe 60 6Cer MOYKAr Mudkocmu 00UHAKOSO.

Ecau suAKOCTL 3anolHAET Y3Koe H H3BHIMCTOE NMPOCTPAHCTEO H MO3TOMY
HEBO3MOMHO BRIIETUTL MPUaMY MeTy ABYMA TPOM3BOIBHBIMHA TOUYKRAMH M-
KOCTH, To AJA J0Ka3aTCILCTBA PAaBCHCTRA JABICHHA B0 BCEX TOYKHaX KHUAKOCTH
MOHHO HOCTYUMTh cleayowum obpazom. CHavasa BosbMeM Be (JH3KHE MEHLLY
coboit ToukH 1 1 2, 3aTeM oT TOUKM 2 nepeiiieM B ApYI'OM HANPABIeHHH K TOYKe 3
H T. 1., I0Ka He JoiigeM po TpeGyemoii KoHeuHOH To4YkM n. Torga u3 paBeHCTB

PL=p2, Pp2=p3, ...,

MBI TIOJLYYHM ONATh, YTO
P1=Pn.
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Opyroe, Golee M3AmHOe JOKA3aTeJbLCTEO OCHOBAHO Ha NPHHLUMIIEC O0TBepleBaHuA
(§2). llomecTHM MBICIEHHO HAWl Y3KMH M M3BHIMCTBIA cocyd B APYrof cocyn
Goapmero ofbeMa H HaMOAHUM MOCAeTHHE HMHUIKOCThIO. 3aTeM, MOCIEe TOTO Kak
YCTAaHOBUTCA PABHOBECHE, BOOOPA3UM, YT0 B GOABLIOM COCY /1€ OTBEDLENE BCA AU -
KOCTBb, KpOMe Toji, KOTOpaA 3aHMMaeT IePBOHAYalbHO 3afaHHOE Y3K0e M H3BHIHC-
Toe npocTpancTio. 0T 3Toro, corlacio NpPUHITHIY OTBEpAeRannsa, paBioBecke He
HM3MCHHTCH, CINeI0BaTeAbHO, B HCBCCOMON #MIKOCTH, 3all0IHAOMEH M000e yaKoe
WU U3BHUIIKUCTOE HpUCTpaHCTBO.’ ,J'[HF].TIEHHQ ﬂpl/[ paBHOBECHH HBB}IE DHHHHHUBD.

Ecnu sHUAKOCTD 38I0IHACT 0UCHb Y3K0OC NPOCTPAHCTEO, TO IOC/C H3MCHCHUA
J@BJ€HHA RHIKOCTH, HANPUMeEp, BCACACTBHC BHENIHCH HAarpysKW, MOMKCT TPOATH
BecbMa 3HaUHTeILHOEe BpeMA, IpeAiJe YeM yCTaHOBHTCA paBHoBecHe. B miacthu-
HOH IopweYHo NIHHe, coCToAned M3 0YeHb MEeJIKUX TBEePAbLX YaCTHIL, IPOMEHYT-
KH MeJTy KOTOpPLIMHM 3aMOJHEHBI BOA0H, YRa3dHHOe BpeMA M3MEpAETCH IelbIMH
MIAMH, @ B MIacTax TIHHBI B MoYBe — maise HedbiMM rogamu’. B Tewenue storo
BpeMeHH Bojla MepeTeRaeT H3 MecT ¢ Gojlee BRICOKHM JaBilelHeM B MecTa ¢ Golee
HHIKHM NaBJIeHHEM.

Utakr, MBI YCTAHOBHIU, UTO 8 Hudkocml, Haxodawelica & pasHosecul,
das.aeniie 80 8CET MOYKAT HATPABACHO NEPREHOURYIAPHO K NOGEPIHOCT, Hil
Komopyio ono dellcmeyemnt, 1 — NpU OMCYMCMBUL CiLAbl MANecmY U dpyzux
MACCOBBIT CUA — Be30¢ U 80 8CET HATPABACHUAT O0JUHAKOBO.

Bee crasaHHoe oTHoCHTEIRHO JaBJeHHA BHYTpPH
FMUIKOCTH IPUMEHHMO U K JABJICHUIO HA CTEHKHU COCyIa,
BARIIOUATONEro MUAKOCTE. 1A Toro 4Tofel B aToM yhe-
OUTbCA, NpoBeneM BHYTPH HMHIRKOCTH BIIOTHYH OROJI0O
CTEHKH WM HAa HebOIbIIOM PaACCTOAHHH OT Hee ILIOCKOR
ce4yeHHEe H MMOCTPOHM Ha 3TOM CeYeHHH HeDoNkIIoN 1TH-
JUHAP ¢ obpasylouci, MePOCHAHKYIAPHOH K CCUYCHMIO
(puc. 7). Mz paBHOBeCMA LWJAMHApA cleuyer, 4TO Ha
YYacTOR CTCHRKHM B HaOpabBJACHHH, NCPICHAMKYIHAPHOM H
NpoOBEeAeHHOMY CeUYeHHIO, AeliCTRYeT cUula p, paeHan Fp?
[Ipn Tawmom paccy#ieHUH, KaR NerKo BHIEThH, HEPORHOCTH CTeHRH, jJame
60!11:].].1?]0, He BJIMAIOT Ha IIUJ]y‘ICHHbll‘;I pesyiabprar.

Puc. 7

§ 5. CpoiicTBa rasoB. ['asbl OTAMYAIOTCH OT KMAKOCTEH TeM, UTO
npyd NoMOoWMK JoCTaTo4HO 00Jb1IOIO JaBJAeHHUH OHHM MOI'YT ObITH CHATHL 0
OUeHb Manoro o6LeEMAa; ¢ Apyroit CTOPOHE], eCId IPeJoCTABUTh JI000MY razy
Gonbilee NpPOCTPAaHCTBO, YeM TO, KOTOPOe OH 3aHMMAaeT, TO MPOUCXOAUT pac-
MmupeHKe raza: ol paBHOMepHO 3aloNHAEeT BCe TpejocTaBleHHoe eMy Mpo-

'Terzaghi, Erdbaumechanik, Wien, 1924.

2Ha pue. 7 nokasama cana p, ¢ KoTopoli CTeHka AeficTBYeT Ha paccMaTpUBAaeMHEIH
MUARKE quavaap. Cuna faBleHds MUAKOCTH HA CTEHKY HanpaBleHa B MPAMO MPOTUBO-
NOMOMHYIO CTOPOHY.
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CTPaHCTBO, HO JABJIE€HHE eT0 MpPHU HTOM yMeHbInaeTcA. B ocTalbHOM moBe-
JeHHe Ta30B OYeHb CXOJHO ¢ [TOBEJEeHHMeM MKHIKOCTEeH: B COCTOAHHH MOKOA
OHM, NOJOOHO AHMITKOCTAM, He 0KA3BIBAIOT HUKAKOTO CONPOTHRIEHUA nedop-
MaliH, a NpH BHYTPEHHHX TNMEepeMemeHuAX B HHUX, KAK H B KHJKOCTAX,
NpoABAACTCA BA3KocTh!. ClefoBaTeabHO, 10 TCX MOpP, MOKA HE MPOHCXOIHT
us3MeHeHUA ofbeMa, MOBeJIeHHe I'a3a B KAUeCTBEHHOM OTHOIIEHMY HUYeM He
OTIMYAETCH OT [OBEJeHHA MU IKOCTH, 3aHMMal0Iel cniaome — He3 ofpaso-
BaHHUA ¢BOOOOHOH MOBEPXHOCTH — TaKoe ke IPOCTPAaHCTBO, RAK U raa.

1 TexHUKHM Haubojlee BamHbIM I'a30M HBIHETCHA aTMocgepHbIil BO3-
Jyx. Hpyrue rassl B OCHOBHOM BelAyT celiA Tak #e, KAK U BO3AYX. AT-
MochepHbIH BO3IYX HaXOOUTCA HA IOBEPXHOCTH 3¢MIAM NPHOAM3MTEALHO
N0/l TIOCTOAHHBIM [IABJICHHUCM, PABHBIM KPYrabiM uucioM 1 ke/cu?. llosTo-
My masienue B 1 H:a/(:m2 HA3LIBACTCH mernuveckot ammocgepoti. OT Tex-
HHYecKo#t aTMochephl cleyeT oTIHYaTh @usudeckyro ammocdepy. cooT-
BeTCTBYIOUIYIO CpeJHeMy JaBACHHUIO BO3IyXa Ha ypoBHe MOPA U PABHYIO
1.0332 HZ/C.M2 (naBnenuio cTonda pryTH BeicoToit 760 mat). C yBennuennem
BBICOTEI HAJJ IOBCPXHOCThIO 3CMIIM JJaBICHHC BO3AyXa MOHH#AacTeA (eM. § 7).

llas usmepeHus ITaBleHUsd Bo3nyxa (rasa) caysmar pasiudHble npubo-
PbI, KOTOPBIE HAZBIBAIOTCH MAHOMETPAMU, €CAH OHU MOKA3BIBAIOT PA3HOCTH
JaBjicHUil, U 6apomemparit, ¢cild OHH IOKA3bIBAIOT abeolioTHOe NaBicHHe
okpyalomed cpegnt. Te u apyrue npudoper ObIBAIOT JAKO0 FHIKOCTHBIE,
Jaubo mpyskunnnie. B JRUAROCTHBIX MaHoOMeTpax M GapoMeTpax AaBiacHue
feficTByeT Ha cToab MKUIKOCTH, NAXOJANEHCH B y3kol TpyOke (em. §8
W 9); B NpYHUHHBEIX MaHOMETpax U GapoMeTpax JarACHHE BoCIpPHHUMACT-
cA Karoit-nmu6o npysmuuoi. Hanpumep, tar HasbiBaemblit GapoMeTp-aHepoUs
I1A HaMepeHUA abColioTHOrO TaBIeHHA BO3iyXa OpejcTtasaser coboil Me-
TAIIMICCRY 0 KOPOBRY ¢ YIPYToi KPBIMIKOHA, COSTHHEHHOH ¢ CUALHOH Ipy-
JMHHOM, NpUYeM K3 KOpOOKH BhIKAYAH BO3AyX. IIpH M3MeHeHHH JaBJIEHUHA
BHEIIHEr0 BO3ayXa yIpyrad KpblliKa Golee HIM MeHee CHALHO [IporubaeTca
W JIeHCTBYET Ha MPY#KHHY; CTPelka, CoeJUeHHan ¢ MpYRUIoi, MokasniBaeT
Ha TapHpoBaHHOH TTKaje JaBJeHHe Bo3TyXa.

JaKroH, CBA3LIBAIOWINA MemRAY cofolt JaBAcHHE H 06BCM rasa, BOCpBbIC
OBIT OTKPBIT cHauada B 1612 r. P.Boiiaem (R. Boyle), a zarem HeszaBu-
cuMo oT Boina eme pas B 1679 r. MapuorTom (Mariotte). llosTomy ero
HA3LIBAIOT 3axonom Bolaa— Mapuomma. CorlacHo 3TOMY 38KOHY JABIEHHA
OJHOTO H TOTO #e KOJIHYecTBa rasa IpH HEM3MeHHOI TemnepaType oOpaTHO
NPONOPUUOHAIBLHEI 00beMaM, 3aHUMACMbIM THM KOAH4YecTBOM rasa. Ha-
MPHUMED, ECIH HEKOTOPOEe KOJHYEeCTBO rasa ciKHMaeTcA J0 I0N0BUHBI CEOEro

1Cm. no sTomy noeony 3aMeuanue B monue §4 ra. 11
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nepeBoHavYanbuoro ofnemMa, To JaBieHUe B rase yBeJIUUUBAETCH B JBa pasa,
M HaoGopoT, ecid HEKOTOPOMY KOJHYECTBY Iasd PeloCTaBIAETCH ABOHHON
o0beM, TO HaBjieHHe yMeHbIIaeTcs B IBa pasa. MareMaTHUecKU 3TOT 3aKOH
BhIpakaeTcAd ypaBHeHUeM:

pV =piVi, (1)
rie p; ecTb HavyalbHoe JaBleHue, V) — HavalbHbIi o0beM, a p U V ¢cyThb
COOTBETCTBEHHEIC 3HAUCHUA NaBICHUA U o6BbeMa MpH AdoM JpyroM cocTo-
AHUHK Tasa.

OGbeM rasa CHIbHO 38BHCHT Takme or Temunepatypel. [eii-llioccak
(Gay—Lussak) B 1816 r. namen, 4To noBbIeHHe TeMnepaTypsl Ha 1°C Bie-
yeT 3a coboil yReanyenne o6LeMa rasa na Yy-, Toro ofmema, KOTopLIi 3TOT
ras sanuMaeT npu (°C, ofHAKO NpU YCIOBHH, UTO JaBlICHHUEC rasa NpH U3Me-
HEHHHU TEMIEPaTYPbl OCTACTCA NOCTOAHHBIM. Takasa ¢BA3L MEMAy HU3MCHC-
HHEM TeMTepaTypbl H H3MeHeHHeM oGbeMa, eClTH OTRBIACYLCA 0T TOHKOCTEH,
0 KOTOPBIX OylUeT YHNOMAHYTO HUKE, OJHHAKOBA I/JA BCEX I'd30B U [IPH BCex
temnepartypax. Jaxon let-Jwccare MaTeMaTHYeCKH BBIPANKAETCH YPaBHe-
HHEM:

V =70(1 + av),

rae Vp ectsb ofbem rasa upu 0°C, v — Temnepatypa B rpagycax Ileancun
M & = Yyrs — KO3DDUIMEHT pACIIUpENHA.

B ypaBHcHue (2) naBicHHEe He BXOOUT, TAK KAK OHO IpH oOOMX cpab-
HMBACMLIX COCTOAHHAX I'asa OJHHAKOBO. JTO AT BO3MO:KHOCTL CBA3ATH
mempuy coboi ypaerenud (1) u (2), 4T0 IPUBOAKT K YpPABHEHHIO

pV = poVo(l + af), (3)

CIpaBeAIUBOMY A BeeX gaBicHuil W Temnepatyp. B ypasnennum (3) po
0O3Ha4daeT BD()f)LL[e NpOrU3BOJAbBHOE, HO [TJIH CpaBHHUBAEMbBIX COCTOAHMIA CIJI/IH-
CUPOBAHHOE Ha4YalbHOE jaBleHKe, a Vp 00BEM, COOTBETCTBYHOIIHN Ha-
yalLHOMY JaBIenHio py U Temnepatype (0°C. 3axon, BLIpamkaeMslil ypas-
HeHHeM (3), o6BIYHO HasbIBaloT sakoHoM Mapuosmma — leti-/loccara. Ypap-
HeHHe (3) HA3BIBAIOT TAKMKE YpAsSHeHUeM COCMOAHUA UACATLHLIX Fa30B, TaKk
KaK OHO CBAILIBAET ADPYT C APYTOM TPH BENMYMHBI, ONpeAeNdl0nHe CoCTo-
AHMC rasa: gaBicHue, o6beM W TemnepaTypy. PeanbHbie rasel BenyT celn
HECROJbBRO MHAYE, OJHARO MTPpHA ODBIYHBIX MIOTHOCTAX OTHJIOHEHHMA OT ypaB-
HeHHA (3) OYEHb HE3HAUMTENBHBL. ITH OTKIOHEHUA AENAIOTCA 3aMETHBIMH
TONLKO [IPH CHILHOM C3RATHM I'a3a U B 0cOGCHHOCTH TOrjd, Korja TeMiepa-
Typa rasa HACTONLKO MOHHAEHA, MTo HATHHAETCA CiHUMEHHE.

YKa3aHHBIE OTKJIOHEHHA N0AP0OHO H3YUAKTCA B TePMOIMHAMUKE. 3eCh Mbl
KOPOTKO YNOMAHEM IHIIL 06 0ZHOM H3 TAaKMX OTKIoHcHuil. M3 ypanmenwn (1)
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clefyeT, 4TO NpPU Ype3BblYaiHO G0JbMOM JaBIeHHH 00BbeM rasa MO#HO clelaThb
CKOIb YI'0JHO MaibIM; M03KH0 6b110 6bl, HAIPHMep, MOACYUTaTh, YTO MPH OIIpene-
IeHHOM JaBlIeHHH MI0THOCTh Tajza celaeTcA paBHONH MI0THOCTH BOJLI, IJIOTHOCTH
3o0;0Ta U T. A. Onnako sTo HeBepHo, CylmecTByeT HeKOTOPLI Ipedelbiblit 06LeM,
0 KOTOPOTO MO#eT ObITh CKAT ra3; B JalbHeHIIeM, CKOILKO OLI HU YBeAHMUUBaTh
nanpienHe, ofiLeM rasza ne ygeT yMellbUIaThed, cletoBaTelblio, B 3ToM Mpejaelb-
HOM ofheMe HMeeT MecTo caMoe TeCHOE H3 BO3MOMHBIX pacloloieHHH JacTHI
rasza. 1o 06CTOHTEILCTBO MOAHO yYeCTh, eCTH Nepentcars ypaBHenue (3) B cie-
IyHOLWEeM, HeCKOJIbKO H3MeHeHHOM BUJE:

p(V = V') = po(Vo = V') (1 +af),

rge V' ozgavdeT ynoMAHYThiH OpeneabHblii ofibeM. BLIUMCIsn U3 3T0r0 ypasHe-
HUA 00A 1106010 JaBleHHA P cOOTBETCTBYIOWMHA eMy o6heM V', Mbl Beeraa Gy nem-
Tody4aTh anavenud, Gornmue V' . Ognako b Tex eayuanx, Korja odhem V penu
o cpapuenuio ¢ V', peayanTaThl Nogcyera no ypasueduny (3) u (4) npakruyecku
He 0TIHYalOTeA IpyT 0T ApyTa.

IIpu cxaruu rasza Bolgedderca Temiora. [Hosromy saron Boiina—Ma-
PHOTTA, BLIBEEHHLIE B MPeaMoIoMeN U MOCTOANHON TeMTepaTypnl, Oy/IeT
BBIIOIHATHCA B ACHCTBUTCILHOCTH TOIBKO B TOM ClIyvae, ¢CIU MPH CHa-
TUM W/H, [10 KpailHeld mepe, nocle CmaTud rasy Gyiaer npelocraBieno 1o-
CTATOUHOC BPCMA AJA TOCO, YTOOBI OTAAThH BLIASIMBIICCCA TCIJIO M CHOBA
NPUHHATL TeMHepaTypy okpymaiomeil cpeasl. HaoGopoT, npu pacmiupenun,
KOTJa NPOUCXOAHT OXJIaMelHe raza, eMy JOHKEO O6ITh NPeJoCcTaRIeHo J0-
CTATOUHOC BPCMA JJIA TOTO, UT00I BOZMCCTHTH IOTCPAHHOC TelLio. Ecau
He ras ne 6yﬂel‘ HMETb HY¥HOI'O BPEMECHH [JIH BBIPpABHUBAHHUH pPAa3HOCTH
TCMICPATYP, TO NPHU CHMATHU YBCIUTCHHUC TABICHHUA GYICT NPOMCXOIUTD,
OYEeBHIIHO, B OouIbLIeM OTHOLWEHHH, YeM YMEHbIIEeHHe oObemMa. B TepMOIn-
HaAMHKC J0KA3LIBACTCA, UTO B TCX CAYUafAX, Koroa OpH CHMAaTHH HIH paclii-
PEHMH T'a3d He NPOMCXOAHT HURAKOTO TemigobMena ¢ OKpyaloneid cpeoi,
YTo UMEEeT MecTo, OUeBUANo, MPH Oouell OGLICTPOM CMATHH WIH paciiupe-
HUM, ypaBHCHHC (1) JONMHO GBITH 38MCHCHO CICTYOLIHM:

pV™ =p V77,

T/le > PaBHo OTHOUENHIO YeALHOH TeMI0eMKEOCTH ¢, MPH MOCTOANIIOM aB-
JEeHHH K yAeTbHOH TEINIOEMRKOCTH ¢, NPH MOCTOAHHOM 0BBeMe, T. €.

Cp

T

Han cyxoro arMocheproro soaayxa > = 1,405, CikaTHe H paclIMpeHUEC ra-
38, IPOUCXOAALINE COrVIaCHO yPaBHennio {5), HaspIBalOTCH aduabamuieckun
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B OTAMYHE OT UIOMEPMULECKO20 CIRATHA MIH DACIIMPEHUA, TPOUCXOAIISr0
coraacuo ypassennio (1).

TakuM oGpaszoM, agHabaTHYECKOe CiaTHe CBA3AHO ¢ HarpeBaHHeM ra-
3a, a ajMabaTHYeCcKoe paclidpenHe — ¢ oxJamjaeHneM raza. Hamenenue
TeMIepaTypbl MOMET GbITh MoJACUHTaHO U3 ypaBHeHui (3) u (5).

CBojicTBa razos, Halo#eHHbIe B 9ToM Naparpade, MOTyT GBITE 0UeHb Xo-
PoWo OGBACHEHE!, eCIM NPeLUOI0KUTE, Y10 Melbuaiiliie YacTHLbl ragza Haxo-
AATCA B 0UeHb GBICTPOM HellpecTaHHOM JBHKEHHH, IPHUEM Bce BpeMdA IpoHeXo-
OAT cTONKHOBeHHA HacTHU MemIy cofoil U co cTeHKoil cocyla, 3aKIOMaiOLIEro
ras. llpu TakoM HpegnonoskeHHH AaBleHUe ecTh He UTo HHoe, KAK cyMMapHoe
feitcTBHe yapoB UacTHI, 8 TeMllepaTypa dKBHBANEHTHA KMHeTHUecKol aHepruu
vactuil. B camom fede, TeMmepaTypa TpH CHATHH MNBLIACTCA TOTOMY, UTO CKO-
pocTh YacTHIL raza, yAApAIOMAXCA o ABHIATONLyI0cA HM HapeTpeyy cTelky, Mocle
OTpaBeHA MACTHI YBeTHUHBAETCA.

§ 6. PaBHoBecue BecoMoil muaroeTH. [elicTBHe Mols cHIL TA-
MCCTU HE RAKYIO-HUGYIb Maccy m COCTOMT B TOM, UTO 3Td MACCA UCHLITLI-
BaeT CHIY NPUTHFRCHMA K UEHTpy 3eman®, paBHyio mg, rjle g ecrTh yerope-
Hie cBOGOLHOTO TaJeHHA; b CPeJIHUX MIHPOTaX BeIHYHHa g paBHa KPYTILIM
uncaom 9,81 m/cex®. Cuia mmg HA3LIBAETCH BECOM MACCLI 172.

Tak wak H3MepeHHe KOIHUecTRBa MHAKOCTH YacTO NPOH3BOOHTCA MO
00beMY, TO LA MACCH eFUHUUB 00Bema LEICCO00Pa3HO BBCCTH 0c060C HAM-
MeHoRaHHe: ee HA3LIBAIOT NAeMHoCcMBI0 U odo3znavaloT depes p. Chenona-
TCALHO, CCJIH HCROTOPOC KOIMUCCTBO #MUAKOCTH 3aHUMaeT o6beM V' 1 uMe-
eT MIOTHOCTL p, TG Macca 3TOro KoNMYeCTRa MKMAKOCTH paBHa pV, a mec
paren gpV . Ilpouarenenue gp ecTh He UTO HHOE, KAR Bec eJUHUIEI 0(beMa;
4acTo, ocofenno B TEXHHYECKOH THTepaType, 010 ofoznadaercd ool Oy K-
BOIt ¥ M HA3BIBAETCA ydeabHbis HIH ofvesHbim secom. Uucientoe 3HaueHHe
YHEIBHOIO BeCd 3aBHCUT 0T BbIBOPE OCHOBHBIX €AMHUL, A JUIMHBL H CUJbL;
eciiy [OCIeHHEe U3MEPHTh COOTBETCTBEHHO B METPAX W KHJIOIPAMMAX, TO
YACABHBIM BECOM, HAaIpUMep, Bodsl ByaeT y=1000 R?./.MS.

Tak Kak HANPHAIKCHHOCT L TPUTANSEIUA 3eMIM B PA3HBIX MyHETAX JeM-
MM He COBCEM OJHMNAKOBA, TO BEIWUYHNA VAEILIOr0 Beca Takmke U3MeNnAeTCA
npu mepexoie oT oaHore Mecta & Apyromy. [HoaToMy ¢MavkmM B cBoMX pac-
yeTax MpeANoUHTAIOT NoIL30BATLCA BMeCTo YIelLIoro Beca MIOTHOCTLIO,

ICT])DFG roBop#, 9TO HEe COBCEM BepHO. B neficTBUTEALHOCTH AWHHA AEHCTBHA CHILI
[PUTHMEHHWH, T. €. BEPTUKAJB, [IEPECEHKECT OCb BENIJH/[ HE B LUCHTpe, @ HECKOJBHO HMHHeC
A mUTegel CeBepHOro NOoMymapHAa, U cepeplee — UIA HHUTeNeH HKHOTO noxyuapua.
BepTHHaHL npoxonuaa 6Ll TOUIHO Hepes LHelHTp JeMIH TOALKO B TOM ciaydae, ecian GLI
Semian He HLiaa COJKMIIeHA M He Bpamamidach.
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BEIUUMHA KOTOPOH He 3aBHCTH OT HampsmennocTd Jemau. Ognako B rua-
pocTaTHUYECKHX pacueTax yJoOHO UMETH Hel0 ¢ YAelILHBIM BECOM 7.

OcHosHotl sadayell zudpocmamukt, T. . YUCHHA 0 PABHOBECHU BECOMEIX
MMUKOCTEl, A6AAeMeA soiuuciente pacnpedeienun dasaeHua («NoIA naBie-
HUAY) 8 00HOpodHol secomoll HeudkocmiL.

OnATh BBIIEIMM B HUAKOCTH HeBOIbIIYIO NPU3MY, IpHUYeM cHauajla
C FOPHIOHTANLHON ochio (pHe. 6), M PACCMOTPHM ee paBHOBECHe OTHOCH-
TeILHO HepeMenieHnil B nanpapienud ocd. Tak Kak och NPH3MLI HepIeHan-
KyJfipHa K BEPTHUKANH, T.e. K HalpaBileHHIO CHIbl TAXECTH, TO Bec NMPH3-
MBI He JacT COCTARIAIONICH B HANPABICHHH ocH NpH3MBL. [loaTomy MBI MO-
JHEM B PAcCMAaTpPUBACMOM ClIydac HOBTOPUTH BCe paccyiiacHua §4 u no-
npe#HeMy HaligeM, 4To

= pa.
T. €. J@BJCHHe HA 0BGOMX KOHLUAX NPH3MbI ofuHaKkoBoe, [IpuMenns 310T pe-
3yALTAT K NPOU3BOJILHON MTOCIeN0BATENBHOCTH IPUMBIKAIOIKX APYT K ApY-
ry OPH3M € FOPH3OHTANABHOH OCbIO, MBI HaiiicM, 4TO JaBJCcHHC BeCcOMOMR
HMUTKOCTH BO BCeX ToYKAX OJHOH M ToH e TopH30HTAILHOH TIOCKOCTH
OJHHAKOBOE,

HLna Toro UToOLI HAHTH CBA3L Me:idy DaBlICHHAMU Be- mF
COMOH HUIROCTH B PA3/MUHBIX FOPH30HTANLHEIX IJI0CKOC-
TAX, BLIACAMM B JKMAKOCTH NPH3MY MM HWIMHIP C BEp- 1
THRATBHON 0c¢hbio (pHc. 8) U paceMOTPHM paBHOBecHe B3fi- G b
TOr0 TeJ1a OTHOCUTEIBHO NepeMelleHU B HallpaBJICHHH ero r
ocu, Tellepb BeC LMIHMHIPA OKA3LIBACT CYLIECTBEHHOE BJM- J
HHUC Ha cro paBHoBecHe. Ha BepxHee ocHoBaHUC UWIHHADE
JeHCTBYeT cuia NanBicHuA pi P, Hanpapiaeniand BHH3, @ 1a poF
HU#Hee ocloBalie cuna namsneHUA p. [, nanpanienuan
BBepx. Kpome Toro, Ha mMaccy HuiuHapa AeiictByeT cuna Pue. 8. Pasuo-
TmmeeTd G = vV = vFL, nanpaniennaa pnus. Clefjopa- BecHe IPH3MBL
TeIbHO, JJIA PEBHOBECUA LMJIKHHAPA HEOOX0LHMO, UTOOBL ¢ HBEPT“M%'

HoH o¢blO
YEh+ p1 = pao I,

OTKYla clegyer, 4To

p2—p1 =7h. (6)
Tarum o06pazoM, pazHOCTL Menily AaBIeHHAMH Ha B3ATHIX FOPU30HTAIb-
HBIX MIOCKOCTAX, HAXOAANMXCA APYr OT ApPYyra Ha paccToAHUM h, paBHa
BeCY BepTHRAILIOT ¢ ¢To10a MUJKOCTH, 3aK/II0UeHOr0 Mesi Ay STHMH ILI0C-
KOCTAMHU M HMEIOMEero nonepeqyHoe ceyeHue ¢ MI0Naabio, paBHoi equHHLe.
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[IpuMeHAA 3TOT pe3ynbTaT K PALY TPUMBIRAIOMMUX OpYT K IPYTY BEpTHU-
KalbHEIX NPH3M, MBI HafileM, UTO dasaerite 8 6ecoMoll yudkocmu sospac-
maem ¢ yeeaitteHueMm 2ayluHbl, nputem yseaudeHiio 2AyOuUHb HA eduHuyy
JdauHbl coomeemcmeyemn yseauieHue dasieHus Ha eeauyuny <. Jasienue
8 Kaxdoll 20pUIOHMAAbHOL NAOCKOCTU 0CMACIMCA NOCTOAHHBLM.

BBejem npAMOyroibHYH CHCTEMY KOOPIMHAT I, Y, z U HAIPABUM OCh 2
BEPTHKAIbHO BRepX. Torga, ecin JaBleHHe B FOPH3IOHTAILHONH NIOCKOCTH
z = () 060311a4YUTL Yepe3 pg, JdBJICHKe B RKakoM-1IMOy 1L ApyroM MecTe 6yaeT
parHO

P =po — Yz (7)

Wa npununna orpepaesanua (§4) cneaver, uto cooTHomenne (7) cnpapes-
JIMBO HE TOJLKO MJIA GOIBIIMX IPOCTPAHCTB, CIUIOML HAMOIHCHHBIX MUIKOC-
ThIO, HO TAKHE A cOODMAIONIMXCA COCY 0B, JIA N106oH cueTeMsl TpyO, naa
NOp MCMAY 3CPHAMU TPYHTA U T. 4. HeoGXoIMMBIME yCAOBUHMH MUIA OpPH-
MEHeHHUA ypaBHEeHHUH (7) HBJIAIOTCA OMHOPOAHOCTEL H PABHOBECHE IHUJIKOCTH,

a TakMme CBA3HOCTL 3aHHMaeMoro el o0heMa.
2 Ecan muixocTh HeOJHOPOJIHAA, HAIpPH-

Mep, BaiaecTBhe IIEO,‘JHHHHUBUI’I reMnepary-

PBI MM PABHOTO COACPMKAHHA COJNM B PAZHBIX
pz MeCTax #HHUIAKOCTH, TO BCe pAaCCyiICeHUH OT-
HOCHTEeJIBLHO MIPH3MBI C rOpHBOHTaJ’IbHOﬁ OCLKD
MOTYT OLITEL TMOBTOPECHbI 663 BCHEKMUX M3Mene-
nufi. CreforaTenswo, B HeoAHOPOIHOH Beco-
MOM #HIKOCTH MPH PABHOBCCHH JABICHUC BO
BCeX TOYRAX ]-’ia}[UlDIL/'[ l‘DpHEOIITa.ﬂLlIDFI ILMIOCKROCTH OQMHAKOBOE. I[Jlﬂ BblHCHE-
HHA YCJIOBHA PABHOBCCHA B BCPTHRAILHOM HANPAaBJIeHHU NMPOBCACM B MHI-
KOCTH HIBe ropu3onTtailbible INIOCROCTHA Ha 1neH0ILIIoM PACCTOHHHUHA h apyr
ot apyra (puc. 9). IlyeTn na mepxneil IIOCKOCTH HamBJIerHe PaBHO pi, & Ha
HUHEH — po. BolgeuM Memay NPOBCICHHBIMU ILIOCKOCTAMH IBE Y3KHE
BEPTHRaILHbIE MPU3MBI. [IyeTh cpeHA yIelbHBIA Bec #HIKOCTH B NeBoif
NpU3ME PABEH “yq, & B NpaBoii Mpu3Me — ~o. 4 paBHOBeCHA HE0OX0AUMOD,
qyT0o0bl ClleBa l‘.UﬁJ[ID,ﬂHJlDCb paBeHCTBO

h yih 117

Puc. 9. PaBHoBecme nBYX
MpH3M ¢ BepTHEAILHON 0ChiOo
B HCOJHOPOJHON HHIKOCTH

pL—p2 =1l
a cnpaBa — PaBCHCTBO
Pz—p1 = ’Yzh-

0ba aTH TpCﬁOBaHHH COBMCCTHMELL ApYT € ApY¥ToM TOJALRO B TOM clly4ae, ec-
IH Y1 = Y2-. B MPOTHBHOM Clydae paBHoBecUe e Morio [1]81 YCTalnOBHTLCAH,
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U HUMJKOCTL NpUIuaa Obl B ABMeHnHe. Mil MomeM YTOUHMTL Ualld pac-
cy#IeHHA, ecli BO3bMeM pacCcTOAHHe fi Me#Iy NIOCKOCTAMH OUeHb Ma-
JIbIM M MOBTOPUM paccy#iIeHHA AJA M10060r0 G0MBLIOro YUCaa nap coceHUuxX
TOPH30HTANBLHEIX MIockoeTeidl. TakuM MyTeM MBI MpPHAEM K BHIBOIY: 8 He-
odHopodHoll secomoll wudkocmu pasHoseclte 603MOMCHO MOALKO 8 MOM C.Aalf-
Yae, ecau 8 Kajcdom 20PUIOHIMAABHOM CA0€ MAOMHOCIb ge3de NOCMoSHHAA.
Otciona, B YacTHOCTH, ¢leJyeT, UTO MPH PaABHOBECHH ABYX HaCIOEHHBIX
APYT 1d Apyra M Menily coboil Ile CMeIIMBAIOMMXCH JHHAROCTEH pasinyunoi
IZIOTHOCTH NOBEPXHOCTBIO pasjesida MomeT GbITh TONbKO INOPH30HTalLHEH
IIOCKOCTh. 9TO CICACTBUC MOMHO BLIBCCTH H HCIOCPCACTBCHHO M3 HAIIMX
paccyuiIeHud, oTHOCHIIMXCH K pue. Y. B cavom gede, npeanoionsus ciava-
Ja, 4To MOBEPXHOCTH paziena o6eHX OAHOPOIHBIX MHUAKOCTEH, HACTOCHHBIX
ApYT & ApyTd, NPOXOIUT NPOU3BO/JALILIM 00Pa30M MeiIY IPOBCACHILIMHU
Ha pHC. 9 TOPU3OHTATRHBIMH MIOCKOCTAMH, Mbl YBUIHM, UTO PABHOBCCHC
BO3MOJKIIO TOJALKO B TOM CIy4Yde, CC/IHM NOBCPXHOCTL pasjciia pacno/o:scia
FOpPU30HTAILHO.

3aMeTHUM, UTO A1A YCTOHUNBOCTH TAKOrO HACIOCHUA MHJKOCTel HCOO-
X0AMMO, 4T0BLL MeHee [JIOTHAA AMIKOCTb Bhlia pacnodoena oba3aredbio
naj Gogee mwioTHoH. [Ipu ofpaTHoM pacnoiomendn paBHoBecue OyleT He-
YCTOHUYMBLIM: Madeiliee BO3MY LIEHHE HEeMELIIeHHO IPUBOAUT K ONPOKHIbLI-
Baluio caoeB. [liA JOKA3aTenbCTBA MOMHO OMATH BOCHOJb30BATHCA puc. 9.
BoabmeM Raroe-uuby b BO3MYLICHHOE, HAIPHMED, HECKOILKO HAKJIOHEHHOE,
Moa0Menre MOREPXHOCTH paz/iena Mexsty o0eMMHW ropH30HTalLHBIMH TI0C-
KOCTAMH M BBEIYHMCINM PazHOCTH JaBACHHIL, BOZHHRAIOIHE MPU TAKOM BO3-
MYWEHUH., Mbl YBUAMM, 4YTO IPH YCTOHYMBOM PAaCHOIOACHHM CIOEB 9TH
pasHocTH JaBleHHI cTPpeMATCA YMCHBIINATE HAKIOH MOBCPXHOCTH pasneia,
a IpH HEYCTOMYMUBOM PACOOIOMEHUU OHH CTPEMATCA, HA0B0POT, YBEIHUHTD
ATOT HAKJOH.

Ecnu nnoTHocTh #HAKOCTH HIMCHACTCA HCNPEPHIBHO, TO YCTOHUHBOC
paBHOBECHE No-TIped#iHeMy Oy/1eT MMeTh MecTo B TOM ¢JlydJae, Korja TaoT-
HOCTBb Be3/¢ YMCHbINAcTeA CHU3Y BBepX. PaBHOBecHe ofHOPoAHOH MHKoC-
TH B OTJIHYMC 0T PABHOBCCUA PACCIOCHHON HCoAHOPOAHOH MHUAKOCTH Beeria
ApIAcTcA OGespasnHuHBIM. B caMom fene, kak Ob1 HH mepeMellath I0bIe
YaCTH 0JHOPOAHOH MHUIKOCTH, HAXOJALICHCA B PABHOBCCHH, BO3IMYLIAIOUING
CHJILI, HAapyIalonHe paBHoBecHe, BO3HUKATL He OYIyT.

Y1o KacacTcA pacnpelcicHHA AaBIcHHA B HCOJHOPOJHOH MHIKOCTH,
TO LA Kauaoro ¢jod, B KOTOPOM IVIOTHOCTD MOGKHO ¢CHUHTATD PUGIHKCHHO
OJHIAKOBOH, HMeeT MecTo ypasieHue (7) B nupepeHnHanbHOR Popme:

dp = —~dz. (8)
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Ecin yaennHbli Bec 4 3afal Kak (QyHKIUA BBICOTEI Z, TO HHTErPHPOBAHNE
ypasHenua (8) IPHBOAUT K COOTHOLIEHHIO:

%

P=po— /vdZ- (9)
0

§ 7. PaBHoBecue BecOMOro rasa. YCJIOBHA PABHOBECHA BECOMOI0
rasa B OCHOBHOM COBNAAAIOT ¢ YCAORUAME PAaBHOBECHA BECOMOH MUAKOCTH.
[loaTomy ypaBHenuA, BBIBEEHHbIE B MPEABITYIEeM naparpade, BloJne TpH-
MCHHUMBI M 414 raza. Bo MHoOrux cily4asax, HaopHMep, ¢ClH NPOCTPaHCTBO,
3aHHMaeMoe I'asoM, UMeeT YMEPEeHHYIO BbICOTY, MOHO CUHTAThL yAeALHLIH
BeC I'a3a MNOCTOAHHLIM BO BCEM NpocTpaHeTBe. Torjga MosHO NOIb30BAThCA
ypasuenuamu (6) u (7) npeapigyero naparpada, T, e, IPHHUMATL ras 3a
OJHOPOANYIO KUIKOCTEL. Ho €CIH NpoCTPpaHCTRO, 3aHUMAEMOE Ta30M, HMEET
GOMbIIYIO BHICOTY., HCUMCAACMYO KHIOMCTPaMM, TO TOrJa NPpUHHUMATh rald
38 OHOPOANYIO RUJKOCTE yilke HefonyeTHMo. B »3ToM ciyuae paznocTH nap-
JACHWH HA PA3HBIX BLICOTAX CTOJIb BCIAMEM, UTO BCICACTBUC CHHMACMOCTH
rasa INoTHOCTE €r0 BBEPXY U BHU3Y HMeeT 3HaY€HHA, CHAbHO OTIHYalonue-
cA ApYT oT apyra. boasmyio pons HrpaloT TaKKe PA3HOCTH TeMIepaTyp Ha
pasnbix BuicoTax. ClegoBaTelLo, Teneph Bee PACYETHI HA/l0 BECTH, HCXOAA
13 ypapHenuA (8) MIA HeogUOPOSHON MHAROCTH. 3aBHCHMOCTE YASILHOLO
BCCA < OT BBICOTHL Z 3APAHCC HCH3IBCCTHA, 38BHCUMOCTB MC CI'0 0T JaBie-
HUA p MOikeT OLITEL HaliJieHa 11d OCHOBE OlIPEeIedeHHOI0 IOy lIeHHA 0 pacipe-
OcleHUW TeMmocpaTypsl no Beicote. [loaTomy, mpemae MeM HHTCCPUPOBATH
ypaBHeHue (8), pas/ieliM €re Ha <y; T0CIe HHTEIPHPOBAHMA MBI TTOAYUHM:

ﬁgd
P _
¥ = (10)

P

Beruuenum aToT MuTerpan UM npocTedllero ciyvan, Koria mesnepamypa
nocmosHKa Na n060i BLICOTe MPOCTPANCTRA, 3a1UMaeMOro razoM. Yiaeln-
bl Bec v, T. €. Bec e¢AMIUILI obbema rasa, o0paTHo nponopuHonanen oon-
eMy oTnpejlellelloro BLIJeNeNnoro ROMHYeCcTRa T'as3a; B To ke BpeMA yaell-
HBIit Bec, HA OCHOBAHUU 3aKoHA boiing - MapHoTTa, NpAMO NponopluoHalieH
nasienuto. Hosromy

-
7_'}01)0‘
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HU,}ICTaBl’IB 3TO 3Ha4vYeHHe ¥ B NpaByYlo 4a4CThL ypaBHeHUA (10) 1 BBLIYHUC/IHB
UHTerpali, Mbl IOJTYYHM:
Po Po

dp _po [dp  po L B0
f ’m P WP ()

Kaw nerwo BuneTs u3 ypasHenus (7), BeJdHYHHA % ecTh HE UTO HHOE, KaK
BbICOTA CTOI68 MUTKOCTH IOCTOAHHOIO YACARHOrO Beca vy, IPHYCM Ha HHM-
HeM KOHIle BTOro cTolfa jaBleHie paBHO Py, @ HA BEPXHEM KOHIle — HYJFO.
ITy BRICOTY Ha3BIRAIOT BBICOTOH odHopodnoll ammocdieps.. Hukakroro peans-
HOI'O 3HAYMCHMA M IeHCTBUTENbHOH arMocdepnl 9Ta BeMYMHa ¢ MMECT,
OHA BBOAMTCH TONbBKO IIH ynoGerea pacueron. Jlnd npumepa Haiigem ee
YHCICHHOC 3HaucHUe. 1A 3Toro HeoGX0AMMO cHavala ONpPeIeiHTh YHCICH-
HOe 3HaveHHe 7, YTO MOMKHO BRINOAHHTH clegyromumM odpasoM. U3 cocyaa,
B KOTOPOM HMCCTCA KPaH, BBIKauacM BO3AYX U B3IBCCHM COCY] HA UYBCTBU-
TEALHLIX BECAX. JATCM, OTKDPbLIB KPaH, JaIHM COCY1Y HAIOIHUTLCH BO31LY-
xoM. IIpu sToM Bo3ayX, BXoAdAmuil B cocyi, HarpepacTcA 3a cUcT padoThl,
coBepliaeMoil BHemHe# aTMochepoii. Obomnas HeKoTopoe BpeMA, MoKa He
BLIPABHAETECA PA3HoCThL TEMNEPATY], B3RECHM cocy/l emme pas. PasnocTn mo-
JYUCHHLIX BecoB gacT uaMm Bec ( Bosgyxa B cocyne. Hawonern, onpenenum
o6nem V cocyna. Jlna aToro eme paz oTEavaeMm M3 cocyaa BO3AYX M, Ha-
MOJHUB €0 BOJOH dcped KpaH, OTKPHITHII 04 BoOOH, OOATE B3IBCCHM €rO
Ha Becax. JHafA Bec U 00beM BO3YXd, 3aK/JAI0YCHHOI0 B COCYIe, Mbl HalaeM
ero y/eibHbIl Bec:
G
Yo =37

ITo 3HAUCHUC 7Yy COOTBCTCTBYCT JABJICHHUIO YV MOBEPXHOCTH 3CMJH, PABHO-
MY pg. Jdas ApYroro 3HaueHuH 9TOr0 NABICHHUA YICALHLIA Bec vy Gyuer
HMeTh HHOE 3Hauenlie, KOTOpOe Jerko NoJCUUTATE U3 npocrou IPONOPLKH,.

Jl1A DpOCTOTHI BEINHCICHH IPHMeM, 9To py = lue/cat”. Torna 118 Bo3Ly-
Xa cpefineil BIam)IoCTH NMPU TeMmnepaType € Mbl HafiieM, uTo

1,245
1+ a8
(Eciiu 661 MBI IPUHAIY JaBICHUE Py PABHBIM OJHOI pH3HYeCKOl aTMocdepe,
T.e. 1,0332 ne/cmz, To B ydennuTene pMecTo 1,245 mer noayuunn 6u1 1,286

IJA BO3AyXa cpefHel BramHocTH ¥ 1,293 1A HCKYCCTBEHHO BBICYHIEHHOTO
BO3/IYXa.)

Yo = Ke/ud.
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TEI'IEPI-., Onpenennn %o, MBI MOMEM TIOACYHTATE BGHH‘IHTI‘\] A }I.Tlf[ aTo-

r'o Hajo BLIPA3UTL JABJCHHC Py B TOH e CHCTEME CAUIIHIL, HdH u . Mbl
umeeM: 1xz/ca?=10 000 rz/#*, cnefoBaTelbHo,

Po _ 10000 _
%o = 1,245 (L T o) = 8030(1 + af) .

Ilo sToit popMyne MBI MOKEM HaMTH BBICOTY OZHOPOAHON aTMochepsl NIpH
moboii TeMnepaType y nopepxHocTH 3eMaH. Ilpu Temnepatype 0°C ona pas-
na 8030 .
Bepuemen ® ypasuenuio (10), KoTopoe Teneps MbI MOMEM MEPENHCATE
B clelyrioueM BHIe:
i

= P20
unu, obo3HaYaA NIA KPATHOCTH BBICOTY % oJHOPOJHOH aTMochephl Ye-
pes Iy,
Po
z=Hyln=—
0 p

lefIMQHHH 3TO ypaBHCHHC K IBYM BbICOTAM Z) H Z2, MBI IOJAY'IHM:

Po 0
21 =Hgll‘l§:Tl Hgln[

OTKYJa HaiijeMm:
m—@:mm%. (12)

JTa Popmyna HazbiRaeTcA Gupomempureckoll fopmyaoli OAa UIMEPCHUR Ebl-
com (Takoe HA3BaHHE OHA MOMYUHIA MOTOMY, UTO OHA 16T BO3MOMHOCTH
U3MEpPATE BLICOTHI IPH MOMOIIH U3Mepenus 1apiaenuii 6apomMeTpom, em. § ).
N3 ¢opmyar: (12) Ml noaydyaeM CIeyIOMYIO 3aBUCHMOCTL T&BIEHHA OT
BBICOTBI:

22—z

p=pe Ho | (13)

Brigennm B atMochepe BCPTURAILHBIH ¢ToA6 Bo3ayXa ¢ MOMCPCUHBIM CCHC-
HnuemM F, HpOCT]’IpaIOH_[HHCH 0T BLICOTHI 2 BBEPX BILIOTL J0O TPAHWANLI ATMO-
ciepsl. Ilpu nomomu paccy s IeHuni, aHaTOTHIHBIX TeM, KOTOPBIE MEI IPORE-
A4 B IpeaplayeM naparpade B ¢BA3SH ¢ puc. 8, MBI HAal1eM, UTO BEC BhLAC-
neHHoro ctonba Boslyxa paseH I'p. CnefoBaTenbHo, BEIUUKUHA p €CTh HE UTO
uHoe, Kak Bec cToaba BO3AYXa, NPOCTHPAMEr0CH 0T BBICOTRL Z 10 BEPX-
Hel rpamuibl HTMDC[I)GPLI H AMEHEero nmomnepevyHoe ceyenne ¢ aomaibio,
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paBuoii enunune. Ha puc. 10 dopmyna (13) uzoGpase-
Ha rpadudeckd. Mbl BHAMM, YTO ¢ yBelHYeHHEM BbI-
COTHI JaBlleHHE HENPEephIBHO YMeHbLIaeTcHd, HO NocTe-
nmeHHo Bee MedienHee. [la GeckoHeuHo GoabIToH BhICOTE
JaBlcHUE JlelacTCA PaBHBIM Hy.Il. YMEHbIICHHE 8B~  _
JEeHUA 110 Mepe YBeJIHUYeHUA BbICOTHI JIErKO NPOCIeIUTE
B cBOGOAHO aTMocdepe IpH NogbeMe ¢ HapoMeTpoM Ha Hy
Balnio Wik ropy. Ero MoniHo 0BHADYIKUTL Jame B MHO- i
roaramHomM jgome. Ecniy ogHOBpeMeEHHO ¢ OTCUETOM pas- o)
HOCTH JaBlCHUN U3MEPHTh TaKkKe TeMIepaTypy Boady-
Xd B IyHKTaX OTCYeTd, TO NpH noMouu dopmyint (12)
MO#HO ¢ GonbUIoH TOUHOCTHIO ONMpPEeeNUTh PasHoCTH X
arMocdepe ¢ noc-
BLICOT 06OUX MYHKTOB. ITOT CHOCOS OMPEACHCHUA BbI-  poo bl oTe
COTBI MCTONB3YCTCA HC TONBKO B TCOAC3HH, HO M MPH  remmepaTypoit
nojete camo/eToB. HaobopoT, ecin U3BecTHE PA3HOCTD
BLICOT, TO 3TOT CMoCo0 26T BOIMOMIOCTEL ONPEIeIUTEL CPeauil yaennuniit
BeC NPOMEKYTOUHOrO ClI0A BO3AyXa.

Ecnu remneparypa Bo3ayxa e OTMHAKOBA HA PA3HBLX BbICOTAX, TO dop-
Myzn0it (12) nee me MOMKIO NOALIOBATLCH, PA3OHRAH JUIA 3TOCO BCH) BBICOTY
Ha PAL TAKKX OTPE3KOB, BAY TPH KOTOPLIX PA3HOCTU TEMIEPaTy Pl HE 0YCHB
BenukM. [Ipy 3TOM JUIA KEH[0T0 OTPE3KE BbICOTHI HEOOX0JUMO MOJCUYHTATh
COOTBCTCTBYIOWEe eMy 3Hauenue Hy, UCX0OA M3 cpeJHETo 3HAUYCHUA TeM-
nMepaTypbl B pacCMaTPUBAEMOM CJ0E.

OcTacTcA HceneoBaTh BONPoOC 0 TOM, KOT/la PABHOBCCHE pacclocHHOM
Macchl raza ycroiiyuBoe M Korpa Heycroituusoe. B oramuwme or coorser-
C¢TBYIOLIETD clyuad PAaBHOBECHA #HMIKOCTH TellePh HelOCTATOUHO, HUTOOLI
BepXHUe ol Ob1H Jerye Humaux. B camMomM feie, Ipy nodbeMe HJIH omyc-
KAHUHW Macchl Taza Ha JpyTryIo BLICOTY M3MeHAeTCHA IaBlieHHe, 8 3T BileveT
3a coBOoi U3IMCHCHHC INIOTHOCTH. I109TOMY YCTOHUHBOCTE PAaBHOBCCHA DY ICT
ONpefedfAThLCA COOTHOIIENHEM MeHily TMIOTHOCTLID Macchl rasa, U3MeHuB-
1ieil CBOIO BBICOTY, U MIOTHOCTHLIO OKPY#Katolilell Macchl Taza, 8 HMeHHo, paB-
HoBecHe OydeT ycToHUMBBLIM, ¢CIM NMPH MOALEMC MACCHI Ma3a MIOTHOCTE e¢
TMpH HOBOM JlaBJeHHH OyaeT 6o/bllle NIOTHOCTH OKpY#alIlell cpefibl, a mpu
OMyCKAHUK, Ha00OPOT, MCHLIIC MIOTHOCTH ORpY:alomcit cpeast. B camom
Jelle, B KamaoM U3 9THX CIydaeB Macca rasa, Moman B HOBoe NMoloikenie,
OyaeT CTPCMHTBCA BCPHYThCA B CBoe NpciHee NonoxcHue. llpu onpeae-
JCHHOM PAaCHpeAC/ICHHH TeMICPATYPhI CYLECTBYCT TAKOC PABHOBECHOE pac-
cloelye Macchl raza, KOTopoe B OTHOLIEHHH YeTOHUHBOCTU COOTBETCTBYET
OMHOPOAHOR MRUAKOCTH, T.C. ABIACTCA GC3PA3IUYHBIM paBHoBecHeM. Ouc-
BUJHO, 3T0 6yJeT UMeThk MecTO B TOM cllydae, Korja aiodas Macca raza npu
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Puc. 10. Pacnpene-
JTeHHe [JaBlIeHHUA B
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nepeMelenu B HOBOE TMOJ0MKEHHe, CNeJOBATeNLHO, TPH HOBOM JaBleHHH,
NpUODpeTaeT TAaKoe #e B TOUHOCTH COCTOHHHE, KAaK H OKpYmarollad cpeja.
Ho, rark MbI 3HaeM, H3MeHeHHe COCTOAHUA ra3a [IPH 0TCYTCTBHU TEII006Me-
Ha MPOKUCXOUT o anuabaTudeckomy 3akony (4 5). lloaTomy, eciu naBnenve
1 MIOTHOCTh U3MCHAKOTCA B COOTBETCTRUU ¢ aquadaTHYCCKUM ypaBHCHIEM
cocToAaHuA (5), T. e. HdBACHHE p U3MEHHETCH 11PONOPIUOHAIBLHO ¥ (3T0 Cie-
AYeT M3 TOro, 4TC -y GOPATHO NPONOPLUOHANBHA 0fhLeMy ). TO M00ad Macca
rasa nocje MoALEMa WIM OMYCKAHUA TONaI1acT B CpeAy ¢ TaKkoH ke Temie-
paTypoi, KaKyl0 camMa Macca rasza npuopena BeiaejcTBHe a1MabaTHUecKoro
H3MEcHEHHA cBoero cocToAHKA. ClefoBaTelbHO, B HOBOM INOJOMCHHH pac-
CMaTPUBAcMOil Macchl I'aza HCKII0UYCHA BOZMOMHOCTb KAKOI'0 6bI TO HU BbI-
1o TennoobMeHa. MoxHo MoKaszaTh, YTo Takoe afuadaTHUYeCKoe pacciocHUe
rasa Bo3HUKAeT U3 KaRoro-audo Ipyroro paccioeHuf B Pe3yALTATe CHILHO-
ro nepeMeluBaHuA, COBEpIleHHo MoJobHO TOMY, Kak ofHOpOIHaA #MUKOCTh
HOJAYUACTCH U3 HCOATOPOANOTO PACTBOPE, HANPUMED, COJNCBOT0, IOCIC pas-
GanTbIBAHMA.

B atmocdepHOoM Bo3ayxe npH aiualaTHUECKOM PacclIOcHHH TeMIepa-
Typa nonumacTea na 1 °C npu yBelMyenud BuicoThl npuMepno ua 100 w. Ec-
IIM MOHHUEHNE TEMIIEPATY PLI MENBIIE YKA3AHHOI0 3HAYEHHH, TO 3TO 0310aYa-
eT, 4To natiiojgacMoe paceiaocHue yerodunpoe. llopoienue reMueparypol
[pH YBEIHYEHUH BhICOTHI 03HaYaeT elfe GoJbIy I YeToORYABoCTEL. [loHu me-
HUA TeMnepaTypsl 6oubime deM Ha 1 °C na 100 4 BbIcoTHI B ¢cBOBOAHOH aT-
Mochepe Boodime ne OpIBAET, TAK KAk TAaKOMY PaclpeelenHio TeMIepaTy-
PBI COOTBETCTBYET HeycToHUHBOE COCTOAHME paBHobBecHA. OaHako BOIH3H
HOBEPXHOCTH 3¢MJIM, KOIIE [0UBA TCINICE, YeM BO3IYX, 4acTo HablioaacTeH
NoHUHeHHe TeMaeparyphl, Ooabiiee 1 °C Ha 100 4 Bhicorbi. Ho B TakoM cny-
yae BO3AYX He HAXOAWTCH B PABHOBECHH, HANPOTHB, OTISILHLIC €M0 YaCTH
COBEPIIAIOT BEPTHHANLILIE BOCXOIAI[HE U NHCXOALIHE TBANEHHA.

§ 8. U3smepenue naBiaenusa. #AHAKoCTHbIE MaHOMeTpbl. Leiu
pasHoCThb ,L]aBJIeIIMFI BO3YXa B cocyjle U BO BHeIIel a'rMoc.{bepe He O4YeHL
BelHUKa, TO €€ 1erK0 H3MepUTh NpH noMomu U-ofpazHoll cTeRIARHONR TpyoH-
KM, 48CTHYHO HanonieHHoll muakocersio (pue. 11). [Ipenebperas cobersen-
HBIM BECOM BO3/1YXa, MhI HOIYUHM CIeAYIomue cooTHoweHnA. B cevennn A
NEBICHUEC KUAKOCTH PABHO TOMY [AABICHUIO Py, [0 KOTOPBIM HAXOUMTCH
BO3yX B cocyfde. B npyrom Konene U-ofpasHolt TpyORH Ha Tolf e BBICOTE,
T.¢. B CCYCHUHW B, maBicuue Tarme paBHo py (coobmaromuecs cocyasl!) Ha
(‘.BDf)O,[EIIO[:i NOBEPXHOCTH MHIAKOCTH, T.€. B CEYEHHH C., JddaBlIeHHEe MUAK0C-
TH paBHO aTMochepHOMY IJaBJICHHUIO po. U603HavaA LPCBLILIEHHE YPOBHA
HMHJROCTH B NpaBoM RolleHe HajJ YpPoBHEeM B JI€BOM RoO/IEHe 4Yepes H, MbI
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moJdy4yruM Ha OCHOBAHHMH YpaBHeHHA (6). 4TO
P1r ="M -+ ’Yh

Tarum oGpaszom, U-obpasian TpyGra, HamolHeHHad KUAKOCTRIO, TO3BOIAET
BecbMa NPOCTO M3MEpATL Pa3HOCTH AaBIeHHH BO3IyXa, OKA 3TH PasHOC-
TH He 0YCHb BCAMEH. B DasHbIX BUIOMBMCHCHHAX OHA ABJIACTCH OCHOBHOM
YacThi0 MHOMMX MaHoMeTpoB. 1A Toro 4To6bl He Hago GBLIO OTCUMTEHI-
BaTh YPOBCHb MU/KOCTH B ABYX CCUCHHUAX TPYO6KU (B ccucHuax A u C Ha
puc. 11), 0oaHo K3 ee KOJeH 4acTO BBIIOAHAETCA B BHIE LIHPOKOro cocyja
(puc. 12); Torga KonebaHus ypoBHA B 9TOM COCYIE HOIYUAIOTCH CTONb Ma-
NBIMU, YTO UMH MOHKHO npenedperarnh. Jud oTMeTru na TpyOke HyneBoi
TOYKH HeoGX0JIHMO COeTHMHHThL ¢ aTMocdepoil oba oTBEepCTHA MaHOMeTpa.
[l14 M3MePCHHA 0UCHD HeGOBIIMX PABHOCTCH JABICHUA JHG0 IPUMCHAIOTCA
YTOYHEHHBIE CNOCOOHI OTCUETa yPOBHA KHAKOCTH B TpyOke, Mubo TpyOka
MaHOMETPa JellacTeA HAKIOHHOM. Boee TOMHBIA 0TCUeT YPOBHA JOCTHIECT-
CH 1IPY IOMOLIH HEPEABHIHOI0 MUKPOCKOIE WK IPOCKTUPOBAHUA Ha SKPAH
LIKaIBI, NIaBalouell B TpyOKe MaHOMETpa, B YBeIHUeHHOM MacmTabe (cno-
cof Betua).

Pue. 11. 'unpocraTtnyec- Puec. 12, uaroeTnoii
KO€ M3Mepelne OaBlenus MAallOMeTp
(U-ofipaznan Tpy6ka)

ITpumepamMu MaHOMeTpa ¢ HAKJIOHHON TpyOKOH MOTYT CIy#HUThH MaHO-
Merpudecknit ypoenp Tewiepa (puc.13 u 15) u muspomadomerp Kpen-
na (puc. 14). B ofoux »Tux mpubopax NepeMelleHHIO CTolfa MUJKOCTH
B TpyGKC HA PACCTOAHMC & COOTBCTCTBYCT M3MCHCHMC BbICOTLI YPOBHA HA
Benuuuny h = xsin q; caejoBaTenbHo, PA3NOCTL JaBJeini Oyjler pasna

P2 — p1 = yrsino.

Oanako TouHoe U3MepeHHe MAlOro Hak/IoHA « TPYOKU IpeicTaBifdeT He-
KOTOpble TPYAHOCTH; KPOME TOI'0, 6e3 TmaTe]bHoH IPOBEPKH Helb3A ObITh
VBEpEeHHBIM B TOM, UTO TpyOKa corepuiento npamad. [loaToMy onf TOUHBIX
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Puc. 15. ManoMmerpuyuecrkuii ypoeenb Temnepa

U3MEPECHUN DU NOMOUM TAKUX IPUBOPOB NPOU3BOAUTCHA UX NPEABAPUTEIL-
HaAd TapUpoBKa.

TapupoBra MukpoMmaHomerpa Kperia NpoH3BoIUTCA CIEIYIOWAM 00pa3oM.
HamepAOT guamerp o WHPOKOro UWHIHHAPHYECKOTo cocyAa (9TOT cocyl AOHeH
6LITE BBITOUEH 0ueHb TOYHO). 3aTeM, NoAb3yfAch YPOBHEM, TIATEAbIO BblPaBHH-
BalOT [IpHOOP, llocTe 4el'o HauMHAalT [10JIMBATh B IMHPOKHIA cocyd DanemeHHble
MOpUHK HHAJKOCTH M Kas L pas 0TCUHTLIBAKOT N MKAale ModoKeHne HUIKNCTH
B y3Ko0it TpyOre. Ramoan mopuuaA MUAKNCTH, HATUTAA B MUPOKUH Cocy/l, HATPY-
JKaeT MepBoHavalblbiil YPOBCHL M MPUBOJUT K YBCIHYEHHIO NaBlIeHus Ha Beld-
UHHY, PABHYIO BGCY TIOPIHMH, NeleHHoH HA TAOMANL MOMCPEYUHNTO CeUCHHH IMH-
POEOro cocyza %
HolydvaeTcA coBeplleHHO TAKHM e, KaK ecllH Gbl cO0TBeTC¢TBylOMee yBeluUeHHe
JaBleHHA GBLI0 BEIZBaHO BoagyxoM. To of6cToATelbeTBo, UTO JOJHUTAfA B COCYS
MHUIKOCTh B JeHcTBHTeNbHOCTH ¢MellBaeTesl ¢ 0cTalbHoll HHIKOCTRIO, I Ha-
IMUX paccy#genuit snavenusn He uMeeT. [lonyyennnle conTBeTCTBEHHLIE 3HAYEHHA
OABICHHA U IOM0KEHUA MHUIKOCTH B YaKol TpyGKe NO3BOIAIOT NOCTPOUTE Heob-
X0AUMYIO JIIfl 0TCYETOB IMKaTy MIH cneTaBUThL TafIuuny.

MaHomeTpudeckut yposedh Tenidepa ABIAeTCA B BhICHIeH CTENMeHU YYBCT-
BHTeAbLHEIM [PHOOPOM 048 H3MEPEeHHHA caMbIX HefoIblIuX pazHocTel HapaeHHi,
eclId TolbKo OpH padoTe ¢ HHM ¢oGMIOJAThL THIATelbHbIE Mephkl MpenocTOporK-
HocTH, ykaszaHusle camum Tenmepom'. GcnobHas wacTh npudopa Ipencrapiser
co6oif M30IHYTYH) [OCPEIHHE CTeKIHHHYI Tpybry (pue. 13), BHyTIpH KoTopoi
HAXOZWUTCA CTONBHMK HeleTy4dell, Nerko MoibH#HoH muakoeTn (kKeunon). lnuua

. HDH 9TOM paBHOBECHE nepBoHaqaanoﬁ CHCTeMbl AMHIKOCTH

"Wiedem. Ann., T. 34 (1888), cTp. 790; T. 56 (1895), cTp. 609.
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3TOro cTOJAGHKA paBHA oKono 25 cu. Tpybka npoXoIUT Yepe3 HANOJHEHHEIN Bo-
goii cocyn w (puc. 15) co cTEKIAHHBIME CTEHKAMM, MPHYEM HEIOCPEICTBEHHO
nozaiy TpyOKHM YRpEIAeTeA MKala ¢ MIZUIMMETPOBLIMH JeleHHAMH (Ha pHe. 15
u3rub Tpy6ku He mokasam). CocyZ ¢ BoJoil CTOMT Ha MeTalnIH4ecKol Jocke p,
HAKIOH KOTOPOH MOMET perylupoBATheA MpH MOMOINH BUHTA §. YTod MOBOPOTA
BHITA 0TCYHUTLIBAETeA Mo auMAy. Tak Kak mmar BHNTa H3BecTel, To, 3Hafd yrol
€ro IoBOPOTA, MOMHO ONPEACINThL HakaoH nocku p. Mukpockon M, ykpenneHHbIA
Ha OOCKe p, MozBolsaer HaGalonaTh NepeMewmenie MeHUCKa MUIKOCTH B TIpaBoM
KoHue Tpy6ku rr'. QouHaKoBOMY IABAEHUIO HA 000UX KOHLAX TpyOku rr’ coot-
BeTCTBYET ollpefielleHHOe HYIeBoe IoJ0oMeHHe MaHOMeTpHYeckoro ypoBHA. JHasA
3T0 MoJoAseHHe, MOMHO oNpeseldTh HalIlogaeMyl0 pasHocTh JaBleHMI IHG0 Io
nepeMellennio MeHUCKA RIOK0CTH B TpyGie r1', 1160 mo yriy, Ha KoTopblil Hago
TMOBEpHYTh BUHT §, UTo(LI BepHYTEH MeHHCK B IpexHee HoldoxeHne. J[na tapupo-
BaHH#A, Heob6XoAUMor0 NpH MepBoM cllocnfie, HabIIOOAIOT NMepeMelN(ele MeHHeKa,
TMpOMEXoIfAlee TnILKO BeleeTRHE BpAlMellua BHIITA §, T. €. IpH nT¢YTCTBHH pas-
HOCTH faBleHHH Ha 0B0MX KOHIAX TPYOKH vr’, ¥ CTPOAT KPHBYI WIH TaBIHIY,
CBH3BIBAIOIIYIO 3TO mepeMelmeHne ¢ yII0M H0BopoTa ¢ BUHTa. YeM mMeHbme yrox
nepenoMa ¢ TPyGKH 77, TeM, 0UeBUIHO, UyBCTBUTeNLHEe MAHOMETPHYECKHH ypo-
BeHb. [Ipu ouenk MaizoM yriae o TeHoepy yaaBaadock H3MEPATh pazHoCTH JaBaeHHH
NopsaKa lU_SH’Z/CM2 10 ke /2.

A uamMepeHHA odeHb MalblX pasHocTell AaBleHHA
CYymecTBYIOT TakKe MaHOMeTpbl 6e3 kuarocTtu. Ogun ua
TaKkUX [IpEOOPOB, CKOHCTPYUPOBaHIILIi PeﬁxapnToMl, ob-
AamaeT nCOREHHN GOMbIINH UYBCTBUTETbHNCThKY: (H O3B~
JACT MAMepATL pagziocTH ganrenuit b 107* su poganoroe
cToiafa ¥ fame MeHbmue, OH npeacTapiaAeT cofoil Kopofi-
Ry (pue. 16), pasgenenHyro Ha ppe noxocrs I u 1. Itu
NoJN0CTH COEIHHEHBbl Pe3UHOBBIMH TPyGRaMH ¢ TeMH Hpo-
cTpaHeTBAMH, B KOTOPBIX HAI0 H3MEPHThb pasHocTL OaB-
nenuit. B meperoponke MeIy Holo¢TAMHE HMeeTed IMelh,
yepea KOTOpylo NpoxonuT ¢ 3a3opoM B 0, 1ms H3aorHyThI
no Ayre Kpyra 1erkuii mopment K. 9ToT mopmenh BMec-
Te ¢ NpHcoegMHeHHoH K HeMy cTpelkoff Z moABellleH B
TouKe ' Ha NIAaTHHOBOH MpoBoJdoKe HanloJoduHe ralbBaHo-
MeTpa. PeamHOBEIe TpYGKY, ToOBONAIMe B TpHbop game- Puc. 16. llpeunsuon-

HUA p1 U P2, O0IHHBI OBITh MHPOKMMH, TAK KaK HHaYe HblH mMaHomerp Peii-
HenzlemHOe TeUeHHe Ia3za UIH BO3IyXa Uepes 3azop Mex- XapiTa
1y ¢TeHKaMM lIeTH M [OpLIHeM, MOeT BLI3BATE B TpyOKaX 3aMeTHOe [I0HH:eHle
JaBaein.

IIpumeneue RUAKOCTHLIX MaHOMETPOB IPUBCIOC K Y CTAHOBIACHUIO 0CO-
foro poja efuHUl A4 JABIeHHA, [IHPOKO pPaclpOCTPAHUBLIUXCA B Ipak-
Tuke. B camoM Heie, JaBICHHC MMUAKOCTH MONKHO YCIOBHTLCH H3MCPATD

1Reichardt R., Zeitschr. f. Instrumentenkunde, 55 (1935) ctp. 24; 7. 79 (1935),
cerp. 1503.
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HEMOCPeCTBEeHHO BLICOTOM TOTO CTOAOA HMIKOCTH, KOTOPLIH YpaBHOBEIIU-
BaeTCH 3THM jaBleHHeM. Tak KaKk MUAKOCTHBIE MAHOMETPLI MOIYT HaIOJ-
HATBLCA PasHBIMU KUIKOCTAMY € PA3HBIMEK YAelbHBIMH BecaMu, TO [IpH Ta-
KOM crocofe M3MepeHHUA JaBleHHA HeoOXoAMMO HKaMIbli pas yKasbiBaTh
HazBaHHue MHUAKOCTH. Tak, HanNpHMep, FOBOPAT 0 MUINHMETpax BOAAHOTO
cronba, pryTHOro croaba (CORpaleHto: Bod. cT., pr. c¢r.). Kak aerko nog-
CUYHTATH, 1 mm BOA. T. =1 ;cz/mz =107* n:e/cmz (B camom gene, cToa6 BobI
¢ mIomannio ocuonaua B 1 4% u BpicoToit 1 s umeeT 06Tem B 1 4 1 pe-
cur 1 xz). Meproe coorHowenue (1 am Bon. cr. =1 RE/.M,2) 0COOEHHO JIerko
3aNoMHHACTCA. ITO NPUBECIO K TOMY, YTO CAMHMUA AaBicHuA 1 kz/m® no-
JyUHIa OYEHD IINPOKOE PACPOCTPEHEHHE B TeXHHUKe (B aBHAlMOHHOM, BeH-
TUAANHOHHON ¥ T. 1.). B Tex cnyuasax, Koriga TpeGyeTcA BRICORAA TOYHOCTH
OTCYETd BLICOTHI CTO10a MUTKOCTH, BOJE KAK MMAKOCTL TIA M3MCPCHUA
JAaBICHHA Mallo MPUTOAHA, Tak KAK OHA JETKO U HepaBHOMEpPHO MpHAXMacT
K CTCHKAM CTCKIANNON TPpyOLM. 3HaUUTeNLHO yA06Hee JHAROCTH, PACTBO-
PAIOIEE HHP (ATKONOAL, TONYOl, KCHIOI H T.A.). JAA H3MEpeHHa anay-
TEeNbHLIX pasHocTell JapneHUil ynoGHee BCero NpUMeHATh PTYTh, KoTopad
B UMCTOM BHIC JaCT B HE CAMIIKOM Y3EMX TPYOKAX 04eHL ynoOublid ais or-
cuera MenucK. YeabHblil nec pryTi pased 13,6 2/cu’ (Tounee 13,595 2/ca®
upu 0°C), noaromy 1 mam pr. cr. =13,6 Re/mz =0,00136 RE/C.MIZ. Qdparuo,
1 we/em?=735.5 mm pr. cr. Equnuueit aannenns B 1 s pr. cr. 061410
moJAL3YIOTCA B dusnke. B nocieance BpeMA MU Hee MPCIIONKCHO Ha3Bane
mop (B yeeTh Topuuemnn, eM. §9).

§9. daBneHue, MeHbinee aTMocpepHoro. Bapomerp. Ecuu unz
cocyfaa, Haohpanennoro na puc. 11, BeIkavuaThL HeMHOro BO3AyXa, TO Aanie-
HHE B HEM cTaHeT MeHhblle aTMoc{epHOT 0, BeJeACTRHE UeT0 YPOBEHE HMHA-
kocrd B Koaene A U-ofpaznei TpyOKM NOJHMMETCA BbINE YPOBHA M-
KocTH B KoideHe B. IlpouzofiieT, kaKk TOBOPAT, BcackIBAHHC MHAKOCTH Ha
BbricoTy. Ha puc. 17 nzobpameH Takol ke OOLIT B HECKOILKO HU3MCHCHHOM
BHjIE.

BoaHuKaeT rompoc, 10 KaKol BBICOTHL BO3MOMHO BCachIBAHHUE MUAKOC-
TH. B CTaprHy BCaCbIiBAHHE 00 LACHANINA TeM, 4TO HHIAKOCTDb abouTCH nyc-
TOTBI» U NO3ITOMY MNOJHHUMAaeETCA, eclH JamleHHe HaJ Hel YMeHhllaeTcA.
B neficTBUTENBHOCTY 3TH CIOBA, KOHEYHO, HUUCTO He 00BLACHAIHU, & TONLKO
ycTaHaBIHBaIu onpefaeleHublil ¢anT. HradeTca mH «GoA3HL MyCcTOTERD Hea-
TPaHUYHON WJH e UMCCT KaKUC-TO MPegeisl — 00 3TOM He 3Halu., ITUM
Bonpocom Bruepshie sansaca Nanuaeid (Galilei). K atomy ero nobynuana ne-
yaaua QIopeHTUACKUX MACTEPOB, [I0CTABUBIUMX B 0AHOM M3 BOAAHLIX HACO-
COB B(‘.aCbIBHIDH_[_l/Iﬁ KJanal Ha BbICOoTEe CBLINIEe 10 J HaJ YpoBHEM BO/JbI. He-
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CMOTPA Ha BCE CTAPAHUA MACTEPOB, HACOC He MOT MOJHATL BOAY HA TAKYIO
BeicoTy. IIprunny 3Toro BOepBble OOBLACHWI Toabko y4eHHE [aaunes To-
puyennu (Toricelli) Ha ocHOBe ONBITOB ¢ PTYTHIO, IPOU3BEACHHBIX B 1643 r.
o ero modyxAenuto ero ApyroM Bupnann (Viviani).
IlpaBuinHoe 06bACHEHUE BcacklBaHUA B HACTOAIICE
BPEMH He MPeICTABIAET HUKAKUX 3arpynHenuii. Beaco-
BaHHE BO3HHKEET BCerja B TOM Clyyae, Rorlla Ha CcTOID
JEUAKOCTH AefCTBYeT gaBieHue, Mennlee atMochepno-
ro. Ho pasmenue p; B cocyne, naoOpaskeHHoM Ha puc. 17,
HCAB3A cOcdaTh MCHBIIC HYJICBOrO 3HAUCHHA, KOTOpPOC
HOMYYaeTCH IPU IOAIOM BhIKaunBanuu Bosayxa. Cieno-
BATCILHO, HUJKOCTb B TPYOKC MOMCT MOJHAThCA caMoc
Boiblice Ha TAKYIO BbICOTY fi, KOTOpPAA COOTBETCTBYCT
NMOJAHOMY TABACHHUIO BoalyXa py, T.C. HA BHICOTY, PABHY IO

b=

7 Pue. 17.  Beacwr-
YHoMAHYTHIH BeIlTe oNBIT BUBHARK COCTOAN B CIEAYI: BaHHe JRUIKOCTH

weM. CTeknAHHaA TpyOKa AMUHol B nBa NoKTA (120 cat) Ha BbicoTy

CO CTCHJAHHHLIM WAPOM HA OAHOM KOHLUC LCJIMKOM HANOIHALACD UCPE3 O1-
KPRITBIH KOHEIl /10 BEpXY PTYThIO U 3aKphiBalack nalblleM. JaTeM TpyOka
NEPEBEPTLIBANACE [MAPOM BBEPX M OMYCKA/Lach APYTHM KOHIOM, OCTABafiCh
3EKPLITOH MaJALIEM, B YallKy €O pTYTLI. [lak ToanKo manen oTHHMAJCH,
PTYTh ceffuac e omyckanach A0 BeICOThI 1 Y, nokta (75 cat) Hag yposHeM
PTYTH B uyamke. TopHYeld NPaBHILIO IAKATOYAI OTCIO/E, YTO MoAyua-
OMUuACA cTonG PTYTH ypaBHOBENIHBACTCA faBleHHEeM Hapy#HOTO BO3AY-
Xd MIM, KaK MOKHO CHa3aTh, BCCOM CToA0A BO3IyXd, NPOCTHPAIOWECIOCH
[0 TpaHul arMochepbl H HMEIere Takoe me TNolepeyHoe ceveHHe, Kak
u ¢cToa6 pryTH. TopHuciM 3aMETHI TAKMKE, YTO CTOI0 PTYTH UMEET He
BCET/18 OJMIEAKOBY IO BBICOTY, M BbIBEN OTCIONd, YT /IABIEHHE BO3AY XA MOJ-
Bep#eHo onpeleleHHBIM KoNeOaHHAM. JT0T (aKT orazalcA Upe3BbIUaiiHO
BaRHLIM MJIA pasBUTUA MeTcopodaorud. Hakoneu, Topuycain ykasail, 4ro
JaBleHHe BoajlyXa Ha BepLIMHe Fophl JOI#HO GBITH MEHbIIE, UYeM Y [MoTHO-
JMUA, H L0ITOMY HA BCPIUMHC NOPBL ¢T0J6 Pry T LONMCH GblTb HUIKC, YCM
y nognosua. ITo 6ue okaszaHo cnyerd neckoasko get eppee (Perrier),
KoTopbIft mo npemiomennio llackana (Pascal) namepun BeicoTy cToi6a pTy-
TH Y MOAHOMKHA M Ha pepinrne Tophl [ou-1e- ToM, uMelorei BuicoTy 975 s
Orazanoch, YTo BEICOTA CToI08 PTYTH Ha BEPITHHE TOpkI GblJa MeHbITe, UeM
y noanoxud, na 3 moiima. Illo npeanomxenuio ke [Mackana npubop, BuepsLie
npuMeHeHHRH Bupuann, OL1n HasBaH faposempon. ITo HazgaHue (0T Tpe-
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yecroro barus — TAmeIbIl) 03HAYAET, YTO MpUOOP H3MepAeT Bec cTorba
BO3/lyXa, PAaclOJIOKeHHOT 0 HaJ MecToM HabOMlomeHHA.

Ha npumeHeHuu GapomeTpa OCHOBaHa ¢IMHHIA JABJICHUA, Ha3blBae-
Maf gusuyecroll ammocgepori. Cpennsaa BeIcoTa cTonba pTyTH B BapoMeTpe
Ha YPOBHC MOPA COCTABJIACT KPYTILIM uncioM 760 mm. /laBicHue Boznyxa,
COOTBETCTBYIOLIEE 3TOMY IIOKA3aHUIO BAPOMETpa 1IPU TeMIepaType pryTH
B (0°C, yenorunuckr cYuTaTh HOPMAaXbHBIM H Jald eMy HazBaHHe (QH3MUec-
roil atMocdepsl. lIpuiaraTenninoe «pusnveckany 1o6apieno 1A TOTO, YTO-
Ohl yCTPaHUThL CMeEIIHBaHUe ¢ TeXHHUYecKoii aTmocdepoii, papHoit 1 RZ/C.MZ
K OGBIUHO NpUMeHACMON B TeXHHKe. YelbHbl Bec pryTH npu 0°C pasen
13,595 2 /(:m3, caepoBareanio, 1 em® pryru seeur 13,595 2 Hosromy croaby
PTYTH BbicoTol 76 cat COOTBCTCTBYCT JABICHHC BO3AyXa, PABHOC

76 - 13,595 = 1033,2 2/ca’ = 1,0332 e/ ca’.

Ecan nanonnuTh 6apoMeTp BMeCTO PTYTH BogoH, To BblcoTa cTounba, ypan-
HOBelMBaomero ganienue, papnoe 1,0332 xe/cu®, 1.e. oo Grauyeckoi
aTMocdepe, 6yaeT cocTaBlATk 10,332 &, CnepoeaTelbHO, NpelcibHan BbICO-
Td, Ha KOTOPYIO MOMET NoJHUMATEL BOJTY BCHCHIBSH)]_[IHﬁ Hacoc, ﬁyneT BCer-
Aa MCHBIIC 9TOr0 3HAYCHUA (MPARTHYUCCKM BCICACTBHC HATHUHA BPCAHBIX
NPOCTPAHCTB M 3a30pOB OHA He npeBblnaer 6—7 a).

U3z ompeacacHua dusHuccKoil aTMochepbl CACAYCT, UTO ¢C BCAHIHHA
B U3BeCTHOH Mepe 3aBUCUT OT NpHTAMenuA JemiH. Tar Raw nocieniee He
O/JUHAKOBO BO BCeX MecTaX 3eMHOTo [apa, To HeohX0IHMOo yCIOBUTLCA, Ra-
KOC 3HAUCHHC YCKOPCHHUA CBOOOOHOIO NafcHHUA ABIACTCA HOPMAalbHbIM NPH
onpegeiacauun busuueckoil armMocdepepl. TakUM 3HaYCHUMEM HPHHATO CUM-
TaTh sHaucHHe g = 980,665 cau/cex?, KoTopoe uMeeT MeeTo Ha mupoTe 45°
Ha ypoBHe Mopd. IIpn BCHKOM APYroM 3HAYEHHMH YCKOPEHUA CBOBOIHOIO
nageHud g pusnvecras arMocdepa HyleT panHa

1.0332 - 980,665

B
OpUYeM, KOHCYHO, MMECIOTCH B BHAY KMIOTPAMMEl B PaccMaTpPHUBACMOM
NYyHKTc HabmogeHUA. 1A Toro 4TodOh 0CBOBOJHTBCA OT HTHX HCCKOALKO
NPOU3BOJbLHLIX TpeboBaHMi, B MocieaHee BPeMA BBeACHA HOBAAd €IHHUIA
NaBIeHuA, caAzannan ¢ cucreMol equnuy CGS u papnaa 108 duwn/ca’. Ira
¢JHHULA JaBICHHA NOIYUHIa HaipaHHe 6ap. OgHOMY OGapy NpH HOpMalb-
HOH THMCCTH COOTBCTCTBYCT PTYTHBIA crond poicorolt 750,06 s, Mui-
aubap, paBHbIi 1/1000 fapa, B HacTOAllee BpeMA cTal o6LIYHON efUHULEH
A UBMCPCHHA JaBlcHHA B MeTcopoioruu. Pusuucckan armocdepa panHa
1013,25 Mmuaaubapa, a TexHHYeckad aTMocdepa papHa 980,66 munnudapa.

wejeam’,
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§ 10. PaBHOBecHe MMUAKOCTH B [PYTHX CHIOBBIX MOIAX.
B §6-9 MpI npeanonaraiu, 4To MUAKOCTH WM A3 HAXOJUTCH B OJHOPOJ-
HOM IIOJle THMECTH, T.€. B TAKOM I0Je, B KOTOPOM YCKOPEHHe CBOBGOLHOrO
Ma/IeHHA Be3Je 0MHAKOBO 110 BENMUMHE H HANPABISHHIO. IT0o NpPenoioke-
HHUC JOCTATOYHO XOPOIIO ONPABILIBAETCA B Mpefclax HebBolnbuiol obaacTu
U [03TOMY BIONHE JONYCTUMO AAH GOIbLIMHCTBA npuAoxenuii. Ho ecnu
paccMaTpHBAIOTCA GONLIINE OBIACTH, NMHEHHbIE PA3MEPBI KOTOPBIX HEllb-
3fl CUMTATH MAalIbIMM [0 CPABHEHHMIO ¢ PAAHYCOM 3eMId, TO HeoDOXOAUMO
YUHMTHLIBATh, UTO YCKOPEHHE CROGOJHOIO A1eHHA HE 0CTAETCH MOCTOAHHBIM
[0 BCJAVUKMHC M HANPARICHHUIO BO Beel o6aacTi. JpyrumM npuMepom, Korja
110JIe CHJL HEllb3H CYAUTATH DUHODPOIHBIM, ABIHETCH PABHOMEPHOE BpElIEHHe
MUIKOCTH BMCCTC € 3aKIIOUYAION[HAM e CoCYiloM. B aToM ciyuac ®UIKOCTh
HOKOUTCA OTHOCHTEILIO COCYA, HO 1A TOro, YT00LI PACCMATPUBATL 3ada-
Uy KaK cTaTHUCCKYH), HEOOXOMUMO B Ka# 10l TOUKE 38HHMacMoro ®MHIKoC-
TLIO HPOCTPAHCTBA NPUGABUTEL R YCKOPCHHIO CBOGOINOr0 NajeHusl yCKope-
e, cooTBETCTRyIOmee fenTpobemnoid cune. TloaToMy paceMoTpHM B 0f-
wel opMe BOMPOC 0 PABHOBCCHH OJHOPOSHON MIH HCOAHOPOAHOM MUIKOC
TH B HPOUIBOJALIHOM CHIOBOM II0J1¢, B KOTOPOM CHJIA Ha CAHHHLY MACCHI,
T. €. YCKOpEHUEe, HAMENHETCH 0T MECTA K MECTY KaK [10 BelHYHIe, Tak H 10
HALPABICHHIO,
BLigeaum © #HIKOCTH MaXeHLEYH) NPU3MY € 0ChIO, NEPNeHAHKYIAD-
HOH K HANPABJICHUIO CHILI, U PACCMOTPHM YC/IOBHC €€ DABHOBCCHA OTHOCH-
TeNLIo TepeMenenyii, TanpanienneiX napannensio ocu. Ilpn noMomu Ta-
KHUX e paccysfleHUH, kak H B §6, MBI JIerko yCT@HOBHM, UTO B TH0GOM
HALPARICHUH, NEPHCHIUKYIAPHOM K HANDPABICHUIO DACCMATPUBAEMON CU-
ToBoll MMHUW, JaBleHHe HC MOMCT MaMeHAThCA. Jlance Ua paccMoTpEHUA
PABLHOBCCHA MAICHLEOR NPU3MLL ¢ 0CLIO, NAPALICALIOH HANPABICHUIO CH-
ALI, MbI TI@H/IEM, YTO N&BJENHE B HaNPABJIENUH CHALI A0 BO3PAcTaTh
Ha BEAMYHHY
dp = gpdh, (14)

rac dh ecTh BRICOTA MPU3MBI, &8 £ — HANPAMCHHOCTE CHIOBOr0 modd. Ee-
JM B3ATh BCH COBOKYIHOCTH HAIPABIEHWIH, epleH/IUKYIHPHBIX K CHIOBOH
JUHUKU B KakKoli-HUOYOb €€ TOUKe, TO OHA BBIJCIMT OK0OJI0O paccMaTpUBaHe-
MO TOYKHM 3JeMeHTapHYIO IIOIaAKy, HOpMalbhHYyI0 K cHI0BoH AuHud. U3
NepROro Halero 3akIiOUeHMA clelyeT, UTO Ha KamJgoH Tawoil nmiomanke
JaBleHHE HMeeT MOCTOAHHOe 3HaueHue. B Tom ciyuae, Korjga Takue mio-
Wajku, IPUMbIKAIOIWKE APYL K APYLY, 00pa3yiorT LOBEPXHOCTh KOHEUYHbIX
pasMepoB, T.e. KOrjJd CuiloBoe mojde 001agdeT Tak Ha3blBACMBIMH OPTOrO-
HAILHBIMU NOBEPXHOCTHAMM, U3 [IPEALIAYLIErO CledyeT, YT0 JdBIeHHe HMeeT
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NOCTOAIHHOE 3HauyeHue BO BeeX TOUKAX KamJoll opToroHaiaLHo# LHoBepXHOC-
TH. Ecau se cuinoBoe noile He MMeeT OPTOTOHANBHLIX [OBEPXHOCTEH, TO
PAaBHOBECHE MUJIKOCTH B HEM HEBO3MOMHO' .

IIpeanonoxuM, YTo CHIOBOE Nole obGnana-
€T OPTOroHa/IbHBIMH MOBCPXHOCTAMM, H pac-
CMOTPHM /IB€ TaKKe IIOBepXHOCTH, 1aB/]eHHe Ha
KOTOPBIX MYCTh PABHO p U p+dp (puc. 18). Bui-
fepeM I1a NepBoi opTOrolalnlol NoBePXHOCTH
nBe TOUKH 1 U 2, yepes KOTOpbIe NPOXOAAT CH-
J0BbIC THHHH g1 U g2. llyeTe B Toukax 1 u 2
IIOTHOCTB paBHa p; U ps. Coruaacho dopmy-
ne (14) MBI HMeeM:

Puc. 18. IleogHopoamoe cH-
JT0BoO€ moJe

dp = g1 p1dhy,
dp = gapadhy.

Ecau mb1 umeem OIMHOPOOHYH MIHIARKOCTB (§ 6}, TO IIOTHOCTE p NOCTOANIIIA
BO BCell MMUAKOCTH H U3 000UX PaBeHCTB cliegyeT:

£ dh] =gy dhq .

Ecau me mbl nMeeMm ogHoponustii raz (§7), To mwioTHoCTh p ecTh GyHKLHA
OaBlIelHA p; HO TAK KaK HA OPTOrOHANBHON MOBEPXHOCTH p; = po = const,
TO HeOOX0AUMMO o0 OLITL, YTO HE 3TOH HOBEPXIOCTH p; = p2 = const,

MO3TOMY MBI OTATEL MOLYYHM, YTO
Zidhy = godha.

llpoussegenue gdh ecTr He 4To HHOE, KAk paboTa, coBepIIacMan CHILoH TolA
NpH TepeXofe oT 0fHoH opToroHanbHoil MoBepXHoeTH K Apyroff. CornacHo
[OJYUeHHOMY HaMH peadylbrary 3Ta pabora MMeeT OQHUHAKOBOE 3HAUCHHE
B J000M MecTe Mexly 0GeHMHU HOBEPXHOCTHMHU YPOBHH. JTO N0KA3bIBEET,

IB ATOM chiydde HETHEO@DBBHEH JHHWA, TTPOBEAEHHAA TEPNeHAWKYIAPHO K CHJIAOBHIM
JAUHHUAM, [1PU BO3BpPATE K ML'XDJ_]HOITS CUA0OBOA JAUHUK norgafndgeT He B Ty TOYWKY., K3 KDTU})DH
oHa bbLaa HayaTd, 4@ HH#e HJIH Bbllle ee, B 3dBHCHMOCTH OT HallpaBJeHHA obxona. Taxoe
CHA0BOE [10J1¢ MOMHO NOCTPOUTh, HANPUMEpP, CelyOWnM ofpa3oM: NPpUBeLeM ABe Lapai-
JdeJbLHLIe MexRay cof0ol NI0CKOCTH H COETHHHM HX Opy¥r ¢ ApyToM MpH NDOMOITH ceMeficTBa
NPAMDLIX, NePOellTHRYJAPHLIX K ofeum IIOCKOCTAM, CAeJOBaTEALIIO MeAIY cobofl napan-
AeJbLHEBEIX, 3aTeM HEMHOLO [OBepHeM O0JHY H3 MmIocKoCcTel 0THOCUTENLHO npyrm‘»‘l BOKPYT
ool u3 NnpoBeJeHHLIX MPAMLIX. Torga Bee ocTaaLHLIE NpAMLIE OPHMYT BHI[TODﬁpBBI[Ge
pacnoinoxeHne. PHCC]\‘E&TPHBHH HUX KK CHMIOBHIE JUHUH, Jerko yﬁe}IHThCﬂ. UTO O0JayYeH-
HOe CHJIoBOe [MoJe He UMEeeT 0PTOTroHalbHLIX HOBBpXHOCTeﬁ.
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4YTO paccMaTpHBaeMoe HaMH CHI0BOe Moje oblajaeT NOTeHLHAIoM, claelo-
BaTeJILHO, OPTOrCHANBHBIE NOBEPXHOCTH ABJIAITCA IOBEPXHOCTAMH PABHOI O
noreHnuana. OG03HAUHB NOTEHIUAN B KaKoH-HUHOYab Touke A yepes U, MHI
fyaeM MMeTh:

dU = —gdh. (15)

3HaK MHHYC B3AIT IOTOMY, UYT0 B ypapHeHUH (14) MBI NpHHATH dh DOJ0MU-
TeNLIbIM B HANpanienuu g. Jamensn gdh B ypasrenuu (14) ero anaveniem
13 ypapHenud (15), MBI NOMy YUM:

dp = —pdU,

HIH
_dp
dU = ——, (16)

OTKyJa Moc/le HHTerPHPOBAHHA CIeIYeT, YTo
B
; dy
Us—Up = f Fp (17)
A

B oBoux paccMaTPHBACMBIX ClIyUaAX (0ZHOPORHAH MUAKOCTL U OJHO-
POIILIH ras) IpaByio 9acTh ypaBHenus (17) MOMHO BbIUHCIMTD, M Mbl HOJY-
IUM JapieHie HelocpeacTRenHo Kak ¢yHKruuo norennuaia. [logpona uror
MOIY YEHITLIM PE3YILTATAM, MbI MONSCM CRA3ETh:

Odnopodnas seudrocmo wal odHopoduwll 2a3 Moxcem Haxrodumecs 6 pas-
HOBECUN TMOALKO 8 MAKOM CUAGB0M NOAE, KOTROPOEe 06.4000eTn NOMeHYUAI0M.
loseprHocmy pasHoO20 NOMEHYILAAL, OPMOZOHAABHBE K CUA0BbIM AUHUAM NLO-
Afl, OOHOGPEMEHHO ABAAIOTNCA NOGEPIHOCMAMYU pasHo20 dusaeHua. Hasienue
603PUCIMACIN 6 MOM HURPEBAEHUY, 68 Kommopos deldicmeyem cuaq nois, npu-
Yem yeeautenue dasierua pasio dp = —pdlU.

B HeogHOpomHOH FKHUAKOCTH BO3MOMCH TAKOH clIydail, korga gidhy #
# gadha, Ho 33To MIOTHOCTL pacnpejieleHa Tak, UYTo Be3fle HMeeT MecTo
PaBeHCTBO

pg1dhy = pagadhs.

Oanako nerko BUAEThL, UTO TAKoE PaBNoBecHe ABIAETCA NHeyCTOWUHBLIM.
B camom zede, zocTaTouHO HEHOMBIIOro NepeMelleHHA KUAKOCTH BIOAb Op-
TOI'OHANLHON MOBCPXHOCTH (TaKoe NCpeMCLICHHE He TpedyeT 3aTpaThl pa-
60TBI), YTOGLI ceiiuac #e M3MEHHTL pacipejelenHe IIOTHOCTH, H CAel10Ba-
TeIbHO, HAPYWHTh paBHoBecHe, VA YCTONYHBOro paBHOBECHA HEOLHOPOI-
HOIH RHIKOCTH HO-NPeMHeMy Heob6Xogumo, utod gidhy = gudhe, T.e. mug-
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KOCThL J0J#HA HAXOIUTHLCA B CUJIOBOM [oie, umMeromenM notenguan. Ho ec-
au gidhy = gadhe, To 1A cobmoJeHNA paBHOReCHA TpedyeTcH, YTo0bI Co-
Gaioganock TakMe paBeHCTBO p; = po. CledgoBaTennHo, HeodHopoduan wud-
Kocimbo Joxcern HLlJ?OaumbCﬂ & ycmori'meom pasHoseciul MmMoabKO 8 CUL0B0M
noJe, umewies nomenyua. Hoseprhocmu pasHozo nomeHyuala ABAAIOMCA
00HOBPEMEHHO NOGEPIHOCTNAMY PABHO20 JABACHUA U PABHOUT NAOMHOCTL.

Takum ofipazom, paseHerna (16) 1 (17) npuMeHEMBI M K HEOHOPOAHOI
MUIKROCTH. YCIOBHA PABHOBECHS OCTAIOTCA TARMMH i€, KAKUMU OHU BbLIK
BbIBEJEHBI B %6 H 7 AJAH 0JHOPOOHOI'O II0JA THHEeCTH.

[louTH Bce cUAOBRIC NOJA, BCTpcUalomiecd B PHU3NKe, 38 HCKIIYCHHCM
MarHUTHBIX [10/1¢H, BbI3BAHHBIX ICKTPHYCCKUM TOKOM, UMEHYT OTCHUKAL,
No3TOMY NMPUBCACHHOC BhIlle yCIOBHC 0 CYNICCTBOBAHHH MOTCHIIMANA TIPaK-
THYCCKHU HE BHOCUT HUKaKoTo orpanuduenus. Ho apyroe yciosBue — mocTo-
AHCTBO TJIOTHOCTH Ha KamJoH MOBCPXHOCTU pPaBHOIO MOTCHIHAIA — TpPaK-
THYCCKU BechbMa BamHo. UHO MOMET HO CcoGNIONaTLCA, HANPUMED, B TOM
cliy4dae, sorja #uJRoCTh HJIHA T'ad B HHKUM-HHﬁyH}: MEeCTe HarpenpaeTCH. 3TEJ
NPUBOJHT K YMCHBIICHHIO INIOTHOCTH B 3TOM MCCTC, BCICOCTBHC UCTO pap-
HOBECHE CTAHOBUTCH HEBO3MOMKHBIM, TAK KAK HAlDOTaH RMAKOCTb HPUX0-
OHUT B [IBAMEHHE W YBJeraeT 3a coboi coceiHHe YaCTH FHHUIKOCTH. Toanko
LOCJIE TO0, KaK Hauboaee HAPEThIC HaCTH MMUIKOCTH PACIONOMKATCH BLILIEC

APYIrHUXxX ‘-[aCTEf/‘l, YCTAaHABIWBAETCH COCTOAHHKE NTOKOH.
| Cpofoamas NOBEPXHOCTDL JHUAROCTH WM MO-
| BEPXHOCTL pasjiea NIByX Memjay coboli necMemuBa-
IMHIXCA HUAROCTEH pasHolt NMoTHOCTH Beerja cob-
najaer ¢ HoBepXHOCTLIO paBHOro norernuaia. os-
TOMY NOBCPXHOCTH paBHOT 0 NoTeHHala HazblBalT-
cA Tarme neseprrocmamu yposua. B reomeaun mo-
BEPXHOCTh MOpH ABIHETCH OCHOBHOH MOBEPXHOCTHIO
YPOBHA; OTHOCHTCIBHO 3TOH NOBCPXHOCTH NPOUIBO-
AUTCH OTCYET BCeX BBICOT.

[loAcHHM TNPUMCHCHHEC YCTAHOBACHHBIX BBIIIC
Puc. 19. MuasneTs Bn  38KOHOB HA NPOCTOM npumepe. PaceMoTpuM pasHo-
BpallalomeMcd cocyne  BCCHE BECOMOIl oJHOPOIHON MHIKOCTH, MOKoAIeHCA

OTHOCUTE/ILHO COCYId, PABHOMCPHO BPAIMAOMCTOCH
BOKPYT BepTHKaaLioi ocH (puc. 19). [pempe Beero naiifeM noTennuan
cHA0BOTO NnoaA. OH, 0UCBUIHO, CRIANLIBACTCA U3 ABYX NOTCHINAA0OB: IOTCH-
uuata NodA THMECTH M IOTCHUNANA 1oJIA UCHTPOBCKHON CHilbL.

b
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Bo3nmem OUIMHIpHUYeCkhide RoopouHaTol T, Z, IPpUYeM OCh 2 HalpaBHM
BepTUKRAaNLHO BEBepX. TDF}IS MoTeHUHUaJ IOJIA TAMEeCTH 6y,ueT paBeH

Ui =0 +gz,

rie g ecTh yckopemune ceofognoro najemus, a Uy — NpouaBonbiioe Havalb-
Hoe 3HaveHHe noTeHuuada. IloreHnuan noad neHTpobenHOl CHILI ompele-
nfeTcA ychopenneM w’r Tie w ecTh yrioBad CKOPOCTL Bpallenusa, obmadn
anfa cocyfa H auakocTH. llofeTapaad 3To 3HaYeHHe YCKOPEHHA B COOTHOLIe-
Hue (15) ¥ MHTerpupyA B HAllpaBIeHHH YCKOpeHHA, T.€. B HAllpaBIeHUH T,
MBI HaligeM MoTeHuMan HolA NeHTpolekHoN CHILL:

o
U, = —fwz-rd'r' = —w;

2

CrnepoBaTeldLHo, MOMULIA MoTeHIHAT paben

2.2

U=Ur+Us=Us+gz= —“’2"” ; (18)

HOBBPXHDCTH paBHoro norenpdala Mbl NoJdYHYHMM, NoJgarad u Dr = const:
wz,rﬁ
Do

=]

z = const +

.

Tarum OGIJQSOM, ceoboanan NOBepXHnoCTh U BCEe MOBCPXHOCTH paBHoro jap-

JeHHdA npelcTaBIAKOT cobof napaﬁrmon;[m BpaleHHudA ¢ 0B UM napamet-

g
oM .
p o

HHTerpupys cooTHOLIEHHE
dp = —pdU,

MBI HafileM ZaBleHHe p B II0O0H TOUKe MUAKOCTH Kak GYHRIHIO MOTeHLH-
aja U
p—po = —pU, (19)

rje po ecTb gandeine na coobogioi nosepxnoctu U7 = 0. llogctasnssa o pa-
BeHcTBO (19) BMecTo U ero BeipameHue U3 paBeHcTBa (18) u 3ameHsas pg
yepes -y, MLI MOTYYHM:

w2,r2)-

p = const +y(—z + 5%
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§11. IloBepxHOocTHOe HaTAMeHUe (KanWMIApHocTh). HRax mo-
Ka3hIBAIOT HaDJIHOJeHHA, CBODOJHAH MOBEPXHOCTb MHAKOCTH CTPEMHTCH
YMEeHLIIUTE CBOK Miomaib. ITO CBOMCTBO OGBACHAETCA TeM, UTo ¢cBolol-
Haf MOBEPXHOCTb HAXOAHTCA B HAMPAMEHHOM COCTOAHMH, MO0OHOM TOMY,
B KOTOPOM HaXOOMTCA paBHOMepHo HATAHYTaA ToHKaA niedka. Ilpuunnoit
TAKOI'0 COCTOAHIA ABTAETCH CIeAyIOlee: RaMmIasa YacTHLa }MHIKOCTH, HAX0-
pnAmAafAcA BOAM3K cROGOJHOM NOBEPXHOCTH, IPUTATHBAETCA COCEIHUME Yac-
THIAMH; PE3yIbTHPYIOUIAA BCEX 3TUX CHI NPUTHMKEHNH HaNpaBiela BOy TPh
HHAKOCTH, BCIEJCTRHE Yelro HA IIOBEPXHOCTH OCTAETCH POBHO CTOALKO Yac-
THUI], CKONBKO Ge3ycloBHO HeoOXoZuMo 414 ofpazoBaHuda cBofogHON NoBepX-
nocrTH. Takoe e ABnenue HAOMIOAAETCA H HA MOBEPXUOCTH COLUPUKOCHOBE-
HUA ABYX HecMellMBalOMMUXCcA Memay coboll mugxocTelt. YKazaHHoe BHI-
e HAMpPHAMKEHNoe COCTOMHUE Ha3LIBAETCH NOGEPIHOCIIbLM HAMANCEHUEM,
& UHOTOa — KANUAIAPHBLM HAIMANCE-
wuem. llocmenee nazpamnue oGyCIoB-
TeHo TeM, YTo MoBepXHoCTHoe HATH-
MeHHe ocoleHHO pesko HabloJaeTcA
B TOHRHUX, TAK HA3LIBAEMBIX BOJOCHLIX
HIM KAOWIJAPHLIX TpyOKax.

Ha nuockux 1OBEpXHOCTHX co-
NPUKOCHOBEHHA MOBEPXUOCTHOE Ha-
TAMeHUEe He HaGNOmaeTcA, Tak Kak
Ha TAKUX MOBEPXHOCTAX BCe CH-
ILl HATAMEHHA caMH Io cebe ob-
PasyT YPaBHOBELEHHYK) CHCTEMY
cul. Ho Ha HeKpHBIeHHOH mNoBepx-
HOCTH CHILI HATHMEHHA caMH MO ce-
fie He MOI'YT ypaBHOBEIIMBATLCH, Clle-
JuBaTelbHO, JOd}KHAa CYmecTBOBaTh
Kakafi-To CHMd, KOTopadA, ypaBloBe-
MHUBAA CHIRLI HAaTA#eHHA, ofecleunBa-
eT paBHoBecHe. Takoll cunoil ABnAET-
pods ds, CA PasHOCTL JaBlIeHHH P — pa, o obe

CTOPOHBI OT MOBEPXHOCTH COMPHUKOC-
Puc. 20. Paproecue siemeHTapHOH popenus. DoipeseM Ha NMoBepXHOCTH
IIoMANKM Ha TIOBEPXHOCTH CONPHROL™  compurocHOBeHHA HeGObIIOH KpUBO-
HOBEHUH ABYX BECOMBIX MUAROCTER  yyedtyifi IpAMOYTOABHUR CO ¢TOPO-
namu ds; 1 dsy (pue. 20). Toraa BereAcTBHe pas3loCcTH JaBISHHI p; — Py
Ha Ilomaib IpAMOyTrodbHHKa OydeT NeiicTBoBaTh cuna (p; — pa2)ds;dss.
TloBepxnocTHoe HATAMEHHe TPUBOAUT K TOMY, UTO Ha KamAYIO CTOPOHY
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NpPAMOYTOILHUKA NefCTBYET CHNa HATAMEHUH, HAIPABIeHHAA HAPYHY OT
NpPAMOYTOTEHHKA,

IIycTs BenuuuHa NOBEPXHOCTHOTO HATAMKEHUA HA eJMHULY AJUHEI PaB-
na C' (Tak HAsLIBAEMAA KARUALAPHAA TLocmorHHaa). Toraa Ha cTopoHsl npA-
MoYroidbHHKa GynyT felficTBoBaTh jaBe culbl C'dgq, 00pasyloliie Memy co-
Goit yron df, u ase cuabl C'dss, obpasywiue Memy coboil yron da. Uz
puc. 20 MBI HMeeM:

dSl dSQ
do= —, df=-—==.
R’ A Ry
CnegoBaTenbHo, paBHogeiicTBYomas Byx cui Cds, paBna
Cdsids:
Cds df = ———2,
R,
a paBHojeiicTeyoman apyx cua Cdss pabna
Cdssds
Cdssday = ————.
2 R

U3 ycmoBusA paBHOBecHA BeeX cHi, JeHcTBYIOIMUX Ha IPAMOYTONbHHK, MBI
HMeeM:

ST S
P1—D2 = C(Rl + Rz)' (20]

W3 pmamux paccysgeHuil cnenyert, uTo pennuuunl Iy u IRy cyTh He
YTO MHOE, KaK pajguyCchl KPHUBH3HLI KPHBBIX, obpa3yeMLIX NpH Iepecede-
HHHU cBoGogHON NOBEPXHOCTH ¢ ABYMA MAOCKOCTAMH, MepneHHKYIAPHEIME
APyl R ApYry U K RacaTelbHoH IUIOCKOCTH B UeHTpe B3HTOi 3MeMeHTapHOH
IJaowannm 1 .

laBnenue B BecoMoil MMUIKOCTH ¢ YIETIbHLIM BECOM <y ONpelelfeTcA
chopmymnoit (7). pumensas sty QopMyy K HOBEPXHOCTH COHIPHKOCHOBEHHA
IBYX BecOMBIX MUAKOCTeH ¢ yAelbHHIMHU BecaMH <y U s, (Ha puc. 21 n3-
o0pasieHbl 1A IPUMepa ABe TakMe [OBEePXHOCTH), Mbl ByieM UMeThb

PL=P2— 112, P2="Vo— 2%
MoncTapasa »Ty a3HadeHHdA Py U P B ypaBHeHue (20), MbI noayuuM:

1 1 Y2 — 71
1.1 _m—-%n 21
B T - (1)

1¥a parencrra (20) ciejyerT WaBeCTHAA TEOMeTPUYECKAA TEOPEMa, COTIACHO KOTOPOH

. 1 1 -
A obor IOBEPXHOCTH CYyMMa }]’— + o 2ABHCHT OT HallpaB/eHUH, B KOTOPbLX IPpOBE-
11

R
7IeHBI CTOPOHBI IIPAMOYTONLHAKA ds] U dsa. B camMom fene, lesaf yacTh aTOro paBeHcTBa
633yf.:IDBHO Hé 3aBUCHT OT YHa3aHHBIX HﬂnpaBﬂeHHﬁ, Clen0oBaTEIAbHO, HE MOMET OT HHX
3aBUCETsL H UPBBBH YacTh.
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JTa dopMyna No3BoIHAET IIPH MOMOIIM U3MepPeHUA PajiuyCcoB KPUBU3HLI Ha-
ﬁn}o,qaelxmﬁ NNOBEPXHOCTH COIIPpHKOCHOBEHHA ollpeje]dTh BeJIHUUHHY KallWJ-
aapuoit noctoaunoi C. Ognako cymecTByeT Godee YOoOHBIM cocob onpe-
nenenud C, o KoTopoM OyneT ckazaHo HHHe.

Uz popmyinnt (21) cregyeT, 94To ecll PA3HOCTL
VACNLHBIX BecoB 0Genx MHIKOCTeH oYeHb Mana, To
Yz —

C
3a c000i reoMeTpHYeCKH N0J06HOe YBeIHYEHHE Be-

maunn Ry, Ra W 2z, oNIpeienAICIIIX NOBEPXHOCTE Co-
MpUKOCHOREHUA, B n paa. lIpi 2 = 1 BIMAHMe TH-
o ) 3 MCCTH HCYE3ACT: COOTBCTCTBYIOMNCG IOBEPXHOCTH
e SEWSN CoMpUKOCHOBEHUA MPEICTaBIAIOT Coboi Tak Hasbl-
‘ paeMble MHUHMMAILHEIE NoBepXHocTu. Ecam opHo-
... BpeMEeHHO C IpHOIHAEHHEM PA3HOCTH y2 — Vi K Hy-
ST 110 OTONBHTATE INIOCKOCTD z = () B GECKOHEYHOCTD,
1

1
Puc. 21. HOBB[)XHUCT‘H co- TOo CyMMa R_l =+ E NMpPpUHUMAaeT TMOCTOAHHOE 3Ha-

HPUKOCHOBEHHA ABYX Beco- UeHHe, UTO faeT MHHMMAILHYIO [OBEPXHOCTE C 3a-
MBIX RHIKOCTEL JAMHBIM 00LeMOM, TMPOCTEHIIHM TPHMEPOM ROTO-

poilt ABIAeTCA WAPORAA TMOBEPXHOCTE. TaKue MH-
HHMAalIbHble TOREPXHOCTH OYeHb JNerko BOCTPOW3BOIATCH MPH MOMOMH MBIILHBIX
nneHok. B chepruyeckoM MBIIBHOM MY3bIPC JaBileHHC BHYTPH GOJbIIe HAPYHHOTO
JABNTEeHHA HA BEIUYHHY

YMeHbIIeHrne BeJIVMYHHBI B 712 pas3 sileuer

Pt
v

L 40
P —p2= "
MHommuTenb 4 B yHCIHTEE LHoJdy4daercH 1loromMy, 1rTo B MblLIIBHOM 11y3blpe HMerT-
CHA [Be HOBEPXH{)CTH COHPHKOCHOBBHHH MBUIBHOH ILJIEHKH ¢ BO3OYyXO0M, MO3ITOMY
B popmyny (20) cregyer nmogeraButh 2C Bmecto C.

Ecnu tpu smugroct 1, 2 u 3 co-
NnpuKkacaloTca Memay coboll BaoiL ob-
mefi TUHUH, To paBHOBECHE BO3MOMHO
TOTLRO MPH YCIOBHM, YTO CHILI HOBEPX-
HOCTIOrO0 HATAMeNHA o6pa3sylT ypab-
HoBelleHnyw cucteMmy. ClemoraTelLHo,
BCE TPH MMOBEPXIOCTH CONPHKOCIOBEe-
HMA LOJHHLl IepeceraTbcH Memay co-
0ol Toj BlOAHE olpeleJeHHbIMHU YINa-
MH (pHc. 22). ITH YIibl JerkKo HaiTH,
Puc, 22, PaBHoBecHe Tpex CHi 00-  [ocTpouB TpeyTolLHHR U3 CHI MOBEpX-
BEPXHOCTHOTO HATHAEHHHA HocTHoro Hatamenua (g, Oy, Coz. Ec-

JIH BelIMYHHa C]_g BolbIile CYMMEI Be-
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nuuun Cyp 1 Chz , 4TO UMeeT MecTo, HaNpHMep, TOTa, KOrja BelecT-
BOM 1 HABIAeTCH BO34YX. BellleCTBOM 2 MHUHepaJlbHOE MAaclo U Be-
IecTBOM 3 — BoJa, TO paBHOBecHe HeBO3MOKHO. B 3ToM ciydae Be-
1mecTBoO 2, T.e. MHHepalbHOe Maclo, pacTeraeTcA B BHOe OUYeHb TOHKON
MIeHKH Mo Bcell MOBEpXHOCTH BoAbl, YTo MO#HO HaBIIOIaThb, HampuMmep,
Ha MOKpPbLIX achailbTOBLIX MOCTOBBIX, RO N3 MoTopa aBTOMOOWIA Ha
MOCTOBYHK) IllafaeT HeCHOJbKO RKallelb CMa3oudHoOro Mac.la. Ecan xe Be-
MEeCTBOM 2 ABIAETCA pacOiaBlenibif Up, To MeKIy BoJodl U Bozly-
XOM OHO IpuHUMaeT (opMy IIoCKod TuHakl (raasku #upa B cyne). Io-
CcTpoeHHe Ha pUC. 22 coOTBeTCTBYeT HUMeHHO 3ToMy ciayuaio. Ecmu oa-
HIAM M3 COIPHKACAIOWMXCH BELecTs ABIAETCH TBepjioe Telo, TO mepeme-
NeHHA BO3MOMHEI TONbKO B HaMpaBleHWH, NapanlelbHoM MOBepXHOCTH
TBEPJOTO Tela, M NOITOMY JOCTATOUHO PACCMOTDPETL PABHOBECHE COOT-
BETCTEYIOIHX COCTABIAKINNX CHI HOBEPXHOCTHOMD HATA#eHHA (puc. 23).

_4_._‘: 7 G 13
D s e .
23

Puc. 23. Rpaenoit yroa okollo MoBEPXHOCTH TREPIOTo Tela
Cnenopareiblo, yc/loBHeM paBHoBecHs ByleT:
Chracosa + Cog = Cy3,
rje (v eCTh TaK Ha3bIBaeMEbIil kpaeeoil yeoa. OTcloga MbI HMeeM:

013 - 023 .

o (22)

CoSx =

[enn wamuAnApHad MocToAHHAA AIA MOBEPXHOCTH CONPHKOCHOBENHUA obe-
X #MuUgKocTedl 1 M 2 HM3BecTHa, a yrol ¢ H3MepeH MyTeM HalIIOIeHUA,
To M3 paBeHcTBa (22) MomHo onpenelHTh pasHoeTh (g — Chg, Ho Kam-
nad uz eenmuuuH C'3 u (3 ocTaeTca HeonpepeneHHoil. PasHocTs Chg — Chas
MoO#eT OLITb W MOJOMHTENbHOH H OTpHIJ,ﬂTEJ]LllOﬁ. B noc.eineM c.ay4dae

yroa o > E UTOo UMeeT MeCcTO IIPpH CONpHKROCHOBeHHUH, HAIIpHMep, BO3OYXa,

2
PTYTH H cTeRIa (M. HH#HIOW yacTh puc. 21, rje naobpamena Ranng pryTu

Ha cTerne). Hakonen, pasHocTh Ci3 — (a3 MomeT okaszaTbed Gonbine Cs.
B Tarom ciyuae #HIKOCTE 2 IIOKPBIBAST TOHKOH MJIEHKO BCIO I0BEPXHOCTD
TBepAoro Tena 3. Tak BefleT ceff, HalpHMep, KepocKH.
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Eciu B #HAKOCTh OMYCTHTL Y3KYIO
TpYDOUKY, TO B 3aBUCHMOCTH OT Belu-
YMHBl KPaeBOro Yria ¢ ypoBeub KUI-
KOCTU B TpyOouke OymeT nubo BHINe,
U0 HIKe YPOBHA KUJIKOCTH BHe TpY-
ooukn (puc. 24). [Ipumem ans ynpome-
HMA pacuera, UTO MOBEPXHOCTh HEM/I-
KocTH B TpyOouke uMeeT QopMmy Iua-
POBOIO CerMeHTa; Takoe [ONyLIeHHe
TéM TOUHee, YeM MeHblle paiuyc Tpy-
O0UKH 7 110 CpPaBHEHHID ¢ BbicoToil h
MmogkeMa KUAKocTH. Torfa, coraacHo
puc, 24, MbI TOAYYUM IJIA paguyca Iua-
POBOTO CerMeHTa BelHTUHY

Puc. 24. MlonbeM MHUAKOCTH B Ka-
MHIIAPHOR TpyOEe R=-T_

i cosa”
MoacTasnAas aTo 3navenue I B pagencTRoO (2] ), MBI Ha JeM BLICOTY NoJhLeMa
AMHUIKOCTH B TpyOGouke:

b — 202 cosa (23)
Yz
Uz sToil QopMynbl cleiyeT, 4To B TpyHoUKaAX ¢ oUeHb ManbiM pagHycoM r
BLICOTA MoAbeMa fi MOMKEeT ObITh oveHb Goldblloil {BeacklBaolmee AeficTBHE
npoMokaTenLIoi ByMaru, MelrkonopacToll TIRNLT 1 T. 11.). TlogcTasnan & pa-
BeHCTBO (23) BMecTo cos o ero sHaueHue 13 GopMynel {22) u yMHomasa obe
YacTH paBeHcTBa Ha mr2, Mbl oAy YUM odelb HarIAAHoe ypaBHeHHe

(72 — 71)7r'.r'2h = (C13 — Cag) « 2mr,

coracHo KOTOROMY Bec cTol0a AHIKOCTH B TPpyOoUYRe 3a BLIYETOM NOTEpPH
BelegCTBHUe Ho,u,]epmuBalomeﬁ CHILI Boanyxa paBen pEByHLTprIO]lleI"JI CHII
NOBEPXHOCTHOTO HATAMEHUA Ha CTEHKAX TPYyOOUKH.

Ecan noBepxmocrTh TpyGOUYKHM [peABapHTENLHO CMOYeHa FKHIKOC-
ThblO, To MOPH COCTABIEHUH ypABHEHMA PABHOBECHA Hamo 3aMEHHMTb pas-
HocTh (13 — (93 uepes (o, UTO OPUBOJHUT K PABEHCTBY

cosax = 1.

CJIEJ]OBS‘T‘BJ'[LI—IO, B 2TOM clIy4ae ¢ — 0, ¥ BLIcoTa MoAT.eMa NpHHHUMaeT Hau-
Oonbllee 3HaUeHHE, paBHoOe

Ca = %(’Yz — 1) .
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Hamepana h 1 r, MLl MOMeM ONpeeluTh IPH MOMOMH 3ToH (HOPMYILI Be-
auunny Ch2. 0 apyrom crnocofe onpejeleHnA RamWIIAPHOH NOCTOAHHOM,
OCHOBAHHOM H&a M3MepeHMH KalWLIAPHLIX BOJH, GyieT ckaszano B § 16 ru. IL

HJ’IH MpuMepa npHeeneM HeKoTopble 3HAYEeHHA HaananHoﬁ NMoCTOHAH-
Holt € npu 20°C:

Boma oTHocuTenanHo Bozayxa ' =72,5 r?uH./cM
Macno b » C =25+ 30 dun/em
PryTh » » C =472 gun/em.



['1ABA 2

KuHemMaTHKa #UJKOCTEHH. JduHamMuka
MUOKOCTEN, JUIIEHHbIX TPEeHUA

§1. IllpensapuTeabHbie 3aMedyaHUA. [BUAeNUA #UAKOCTER U ABU-
HeHHUA ra3oB UMelT ¢Tolb MHOI0 oBIUX cBoieTB, UTO HedecoobpasHo U3-
y4arh Te u apyrue copMmecTio. [IpaBaa, rasnt ofinagaior snaunTennio 6onn-
el CHUMaEMOCTLIO, YeM #unkocTH. Onuaro mpy ABHMEHUH raza BOIpoc
3aK/I04aeTCA He B TOM, B Kakoii Mepe raa pooblle Mo;eT CKHMAaTbCH,
a B TOM, HACKOJLKO OH B JelcTBHTENbHOCTH CUMAETCA MpH paccMaTpu-
BaeMOM [ABU#EHUH. [1nA 3HAUHUTEIbHOT0 CHATHA rasza HeoOXoIUMO 3HAUH-
TeNLHoe U3Melellde JaBlenud. Memay TeM npH HeGolLIIHX H yMepeHHLIX
CHOPOCTAX, 8 TaK#e [IPH yMepeHHOM NMpoTAMeHHU NBUMYMelica Macchl raza
B BLICOTY jAaBieHnde H3MeHfeTCfl o CpaBleHHIO Co CBOHM CpeqlHM 3Hade-
HUeM o'UeHb HeMHOIo, H [M03TOMY COOTBETCTEYIONIHe M3MeHeHUA obhbeMa
HacTOALKO MaiLl, YTO HMH B OOJILITHHCTBE ¢TIy Uaed Moo 418 YIPOeHHA
pacueToB NpellebperaTk. Toraa Tevyenus raza HUueM He 6YAYT 0TIMYATBCA
OT TeyeHHI HeC:KHUMaeMoil MHIKOCTH.

B camom pede, ak Mbl YBULHM e, B §5, [pU ABHIKEIIHAX aTMO-
cpepHOro BO3AyXa co cKopoeThlo Jo 50 ./cer U OpPH ycAoBHH, YTO Mpo-
THMKeNHe BO3YLIHOr0 MOTOKA B BLIcOTY He mpernimwaet 100 a, uamenenus
ofbeMa NpH obLIunoi TemnepaType e npestimawT 1%. Toabko npu cko-
poctu 150 a/cerx onn gocturaor xpyraniM uuciom 10%. Ho npu cropoc-
TAX, BIM3KHX K cKopocTH 3Byra (okomno 340 #t/cex), nuaMenenna obLema
JocTUralT GoNbIIoi BeJHYMHbLl U NOTOMY 3aMeTHO BAHHIOT Ha XapaKTep
TeUYeHHH.

HaroHel, npy cKopocTAX, GOABIINX CKOPOCTH 3BYKa, XapaKkTep Tede-
HUA CTAHOBHTCH COBEPLIEHHO HHLIM 10 CPABHEHHIO ¢ 00bLIYHLIM T0BeJeHHeM
Hec:KUMaeMLIX UIEOCTel,

B HacToAmeit ¥ clejywledi rinase Mbl Oy eM paccMaTpUBATE, INIABHBIM
ofipazoM, TedellUA 0e3 zaMeTHolro H3Mellellid o0TL.eMa. /1A Toro UTobLI MpU
3TOM He TOBOPUTEL KasJbIf pasz, UTo BCe CKaszaHHoe OTHOCHTCH B paBHOMH
Mepe M K HHAROCTAM, U K razam, Mol GyleM OPHMeHATb BO Beex clyua-
AX TONbBKO CIOBO MUOKOCb RAK coDUpaTenbHoe NOHATHE H AMA AMUIKOCTE,
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U 71l Ta30B. B 3TOM cMbIcie rasnl clieiyeT cCUMTATL CHUMAEMBIMU HUIROC-
TAMHU. OcobeHHOCTH ,I[BI/IH{EHI/Iﬁ CO 3HAYMTEIbHBIMH H3MeHeHHAMH oDbema
ByayT paccMmoTpensl B . IV,

§ 2. MeToabl KMHeMaTHYeCcKOr0 HMcCIeJOBAHUA TedeHHUA KHUJ-
KOCTHU. z[J'[H Mmooy yeHHu d I’ICHE['JHI:IBHIOH.[EI?I RapTHUHLI TeUeHHH, IIE(}F)XU,E{H-
MO IJA Ka#Ioil YacTHIEL MUIKOCTH 3HAThL ee MoJ0AeHNe B IPOCTpaHCTRe
B Kﬂ}l{,[[hlﬁ MOMEeHT BpeMeHH; B caMOM jlelie, olipegellid M3MeHeHUe [10I10-
JMeHUA YaCTHILI B MPOCTPAHCTBE MPU U3MeHEeHUH BpeMeHM, MbI HAILIH OLI
ee CROpoCThL H yCI{Dpe}Il/IB. ,]IHH CoCTaBJIeHHUHA ’[‘ﬂ}‘ioﬁ HApPTHHEL HBOf)XOL[I/IMO
npeskge Beero KAaKk-To oD03HAYUTL oTHENLHBIE YAaCTHUBI SKHIKOCTH, YTOOL
OTIMYATE UX APYI OT APyra. IT0 MOMHO cIeIaTh CAelYHIUM ofpazoM.
B npousponbubiii MoMenT BpeMenu ¢ = £y 0THeCeM paccMaTpUBaeMoOe Te-
YeHHe MUIKOCTH K DPOU3BOIBLHON cUcTeMe KOOPAMHAT, HAIPUMEp, MPAMO-
yr(mbuoﬁ. TOFJ]H I{ﬂ?ﬂ,[[()l‘r‘l acTHoe HHJKOCTH 6yneT COOTBEeTCTBOBATL BITOJI-
He ollpeJelennasa TpolKra uHcen a, b, ¢. ITa Tpoiika yncel U 6yIeT CIYKUTh
A paccmanHBaeMoﬁ HacTHIEI ee DﬁDSHa‘IBIIHEM npu HcclneJoBaHHuHU Te-
yeHud. [lycTs B noGolt Apyrofi MoMeHT BpeMeHH f, He coBNafammui ¢ fg,
KOOPAMHATHI paccMaTpUBaeMol YacTHIBI MHUIROCTH OYAVT &, ¥, 2. ITH Ko-
OpPAMHATLI BYAYT, 04eBHAH0, QYHKIUAMU He TOJBKD BpeMeHH [, HO U Tpoii-
KU 4Hcen a, b, ¢, oboanauaomux yactuny. CregjopaTennio, 1A CoCTaBICHIA
KRAPTHHEI TeUYeHUA MHIOKOCTHA IIeDﬁXOﬂI/IMO 30aThL EpyHIH];I'II’I

x = Fi(a,b,et),
y = Fa(a.b.c.t), (1)
z = Fy(a.b, e, t).

,HIIH MoAHOH XapanhTePHCTHIRHY COCTOAHHA ,J]BI/Ii‘i’{yH.lEEI‘/JlL‘.H MHUIROCTH HeobXo-
AWMO 3HATH elle nasienve p, a 118 HHIKOCTH nepe.\nelmoﬁ MJIOTHOCTH ) —
TaRKke H IocIe JHIOHO.

O,LlHaKD JoBelelHe Tarol'o MeTolda HCC/eloBamud Te4YenuA HMHIKOCTH
A0 KOHeYHOoTo YHCIeHHoTo pe3ylbTaTa ygaeTcAda TONEKRO B HEMHOTHX, ocobeH-
HO IMPOCTLIX CIYyUYaHXx. IIDSTOMy OOLITHO NpeanoyuTaloT IMOJL30BATLCH IpYy-
THM, fonee NpoCcThIM MeToaoM, NO3BOJNAKIIAM YKazaThb, YTO NMPOUCXOOHT
B Kamaoi Touke NnpocTpaHcTBa B Kam bt MoMeHT BpeMeIl. CIIE,E[OBaTeJIb-
o, IpH 2TOM MeTode HCCleJoBallfA HIauBUAaAyalLIlasa Cy)’[bﬁa OTOeNLIILIX
JacTHI[ ocTapideTcA Ge3 BHHMaHUA. Ecam paccMaTpHBaenMoe TeueHHe
Yc¢TaHoBHBLIeeCH, T.e. He H3MeHAOUeeCA BO BpeMeHH, TO AJA MoJYdYeHHA
KRAapTHILI ABHMEIHA J0CTATO4YNO YRaiaTh BeJWUHIY M HallpaBielnne CRO-
poCcTH B RaMIoH ToUKe [IpocTpalncTBa, 3aHATOI0O IIOTOKOM, KpoMe Tol'o, 4J1A
MOJHOr0 ONUCAHHUA COCTOANHA ABUMCHHUA HeoDXOoJHUMO olnpelelliTbh Talme
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nasileHue, a ripAa nepemennoﬁ INIOTHOCTH — H HocheHiow. Ecan me Teuenue
HeycTaHoBHBLIeeCH, T.e. H3MeHAIIeeCH BO BpeMeHH, TO CRKOPOCTh M JaB-
JIeHHe (B HeoOXoIUMOM cilydae H HHOTHOCTB) NOMHBI OLITH YRasaHbl AJA
KRassgoro MoMeHTa BpeMeHH. MatemMaTHyeCcKH 3TH YHKazaHuda nalTcHa o0b1Y-
HO B BH]e 3EBHCHMOCTEﬁ, CEBA3BIBAIOIMIHKX TPH NpoeRIHH CKOPOCTH ., ¥, W Ha
NpPAMOYT'OJILHLBIE OCH KoopouHaT (B HeoBXoIHMOoM Clly4dae TaKkme JaB/leHlue p
U INIOTHOCTBH p) C IPOCTPAHCTBeHHBIMH KOOPAUHATAMHA I, If, 2 U BpeMeHeM f,,
T.€. B BHOE y]JaBHEHHﬁI:

u= fi(@,y,z.1),
v = fale,y. 2. 1), (2)
w = fz(x,y,z,1).

Cuctemy ypapHenuft (1) HasBIBAIOT ypasnenuamu Jaepanind, a cHCTeMy
ypaBHeHHil (2) — ypasHenuasnu Filaepa, xotd Jiinepy ObITH HIBECTHHI 06
CUCTEMBI.
Ecau senatelbHo OpocieJUTh TpaeRTOPHIO KaKoif-HUOYAbL YacTHOCTH,
TO HeoOXOJUMO NPOMHTEl PUPOBATL CHCTeMY M3 Tpex LudrpepeHIHalbHbIX
ypaBHeH Ui
de =udt, dy=vdt, dz=wdlt.

Tar Kak TpH NOCTOAHHLIE MHTEr PHPOBANNA MOAKIIO PACCMATPHBATh Kak KO-
OPAHHATEI YaCTUILI AHAKOCTH B HEROTOPBIH HadalbHLIH MOMEHT BpeMeHH,
To MUl ONATL MPUXoAHM K ypasienuam Jlarpamma (1).

HarnapHoe npefcTapneHe 0 MrHOBeHHoH KapTHHe TeYeHHA MUAKOCTH
[alOT TaK Ha3bIBaeMble AUHUU MoKd, KacaTe/bHble K KOTOPLIM YKa3bIBalOT
HanpaeJeHHe BeKTopa CKOPOCTH B ToUKax KacaHud. JIHHHH Toka coBeprieH-
HO aHa/loI HYHbL CHJOBLIM JIHHHAM CHIOBBIX [oneil, JIJHHMH Toka onpeiens-
I0TCA cHCTeMoil fudepelnualLULIX YpaBlenni

dix d_U:d_z

ETREET w

[Ipy yeTaHoBMBIIEMCH TeUeHMH THHHM TOKA COBOAJAIOT ¢ TPaeKTOPHAMH
yacTHII. HPI’I HeyCTaHOBHUBIIEMCH TeUYCHHH TaKoe CoBllajenne ne HMeeT Mec-
ta. B camMoM gnede, KacaTedbHLle K JUHUH TOKA NAIOT HalpaBleHHA CKOpOC-
TH Pa3HBLIX UaCTHL HMIKOCTH B NoC]eloBalelbHbIX TOUKAX NPOCTPaHCTBa
B Unpet?ejlennbu'i MOMeNm epeMenu, B TO BpeMHd Kak KRacaTellbHble K Tpa-
eKTOPHH AT HampaBleHUH CKOPOCTH olpefleleHHLIX YacTHI B nociedoea-
meabHble MOMEHITIbL GPpEeMENU.
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Heobxogumo 3amMeTHTL, 4To opMa THHHIA Toka OQHOTO M TOTO iKe I10-
TOKa, a Tak#e popMa TpaeKTopHil 3aBHCAT OT cHCTeMhl oTcueTa. Tak, Ha-
NpHUMep, NPH IBUMEHHN Tella B KUAKOCTH 114 HaGIoaaTeld, NOKOAErocs
OTHOCHTENLHO HeBO3MYIIEHHOH HMHIKOCTH, THHUH TOKA H TpaeKkTopuUM Oy-
IyT coBCeM UHBIMH, YeM ANdA HaOnlomaTeld, TBUMKYNErocA BMecTe ¢ TeloM.

Junuu ToKa MOMHO CeNaTh BUAMMBIMHE, /1 MOBEPXHOCTD AKIIKOCTH
NoChNaTh MeJKHMH YacTUIIAMM TAKOI'0 HepacTBOPHMOIO BellecTBa, KOTO-
poe MoiieT ABUraTLCH BMecTe ¢ MMJKocThio. Moo TaKkiie BBecTH TalkHe
qacTHILI BHYTph #uUJKocTH. [Ipu cbemKe ¢ KopoTKOI BhIep#KoH Kamkjas
BBe/leHHad B UIKOCTh HacTHlla ocTaBJdAeT Ha (oTorpaduveckoll niacTuH-
Ke KopoTkyto ueproury. lIpu poctarouno 6oILINOM YHC/Ie YacTHL YepTou-
KH TecHo MPUMBIKAKT APyl K ApPYTry M Jal0T KapTHHY NHHUHA Toka. /lna
Holy4eHUA TpaekTopHi HeoOXoJMMoO YMeHLIIUTL KOJAMYECTBO BBOJUMBIX
B H/JKOCTb HNOCTOPOHHHMX YacTULl U NPOH3BOAUTEL CHEMHKY € OIHTeIbHOH
BLIAepKKOH.

Ha puc. 25 u 26 uzofipamensl boTorpadpuueckie CHHMKH TIACTHHKH,
IBUMYIelicA B HeloABUAHOH muAKOCTH. 0O6a cHHMKa clelaHEl 0JHOBpe-
MEHHO, HO B pazHbIX cHeTeMax olcHueTa, a HMeHHO, CHHMOK Ha pHc. 25 1o-
Jdydel NPH MOMOIH KaMepLl, HeloBU#H0H 0THOCUTeNbHO HeBO3MY Leloki
JRUAKOCTH, M CHHMOK Ha pHc, 26 — 11pH MOMOIIH [iaMepLl, HeloBHKIIoN oT1-
HOCHTe/bH0 JBUI'aBIlelCH B AU JKOCTH INaCTHHKY, T. e. ABUIaBlleiicH BMec-
Te ¢ MNacTHHROH. Jnf monyueHnHsA CHEMKOB NOBEPXHOCTDL JMHIKOCTH Onlna
nocLInana JUKOMo HeM.

Puc. 25. Teuerne 0K010 ABUAYIEHCA WIACTHHEY, CHUMOK CielaH HelloABUAHON
dororamepoit. IlyTs, nposeraHHbIil MIacTHHKOH, 3aMETEH 110 ciedaM €e GOKOBbIX
Kpaen
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Puc. 26. Teuenne orono Apumyelicd nracTHHEW. CHUMOR egenaH doToKaMepoit,
JBUT'dBIICHCA BMeCTe ¢ IIacTUHRKON

Ecuan npoBectu JHHHH TOKa 4Yepes3 Bce TOUKH KaKol'o-HNGY!Ib HEGOMb-
moro aaMEHyToro KouTypa, To IIpH YCIOBUHM, YTO IoJe CI{OPOCTEﬁ Be3je
HeNpeprIBHO, 3TH JTHHHH 00PasyIOT HA CHOML YTOOHO GOJBIIOM IpPOTHHE-
HHH TAK HA3LIBAEMY mpyory mord. Taran TpyOra ofnagaer ToH ocoben-
HOCTBIO, UTO AMUJKOCTE BHYTPH Hee B paccMaTpHBaeMbIl MOMEHT BpeMeHH
TeyeT, KaK B prﬁ[ﬁe C TBepJAbIMH CTeHKaAMH. B caMoM gelie, CoriIacHo olipe-
AeNeHHID, AHAKOCTE TeueT MapallelbHo AHHUAM TOKa; eClM Obl JUIKOCTh
OpoXoJuia Yepes CTeHRY TPYGKH TORA, To 9T 03HAYUATO0 ObI, ITO CYIECTBY-
e7T COCTABNHIIAR CROPOCTH, NeplelHIURYIHpHad K JUHUAM TORKa, 4TOo [Ipo-
THBOPEYHUT ONpelelneHHi0 nocieguux. SAugKkocTh, TeRyuada BHYTpPH Tpy0-
KM ToKa, HazniBaeTca yudkot cmpyiro. TIpy yeTalOBHBIMKUXCA TEUEHHAX
TpYOKH ToOKa COXPaHAKTCA HEH3MEHHRIMH BCe BPEeMA M RHUJIKOCTb TedeT
B HUX Bce BpeMA Kak B TpyORax ¢ TBepAblMM cTenkaMmu. Ilpu neycranoBus-
MUXCA TeUeHHAX B TPY(Kax ToKa B Kam b clemyomii MoMeHT BpeMeHH
TeKYT MHBIE YacTHILI, YeM B Opeguiaymuil MmoMenT. Muicaenno paséuBasn
BCe NpOoCTpPaNCTBO, 3aHATOoE HHUAKOCTLIO, Ha prﬁ]{ﬂ ToR&A, MOMHO IMOJIy-
YUTh OYeHb HANIALHOE TPeICTaBIeHEe 0 TeueHuH MuakocTu. llpu pemennn
MHOI'dX INpPOCTBLIX 3aga4, HanpumMep, npyu A3ydelnldd OBUMi€HHWH PI{H,E[I{OCTGIL;I
B Tpy0OKax U KaHalIaX, JoNyCTHMo PacCMaTpHUBaThL BCe NIPOCTPaHCTBO, 3aHA-
TO€ NOTOKOM FKRUJKOCTH, Kak 0JHY eIHHCTBEHHYIO #UAKYI0 cTpyiry. [Ipu
TakoM cliocobe ucciieJosalnd HeoJUMHakoBOCThL cmopoc*rei’l B nomnepedynomM
ceueHHH TpyObl UAN KaHana ocTaBIAeTCA 663 BHHMaHUA U BeCh pacieT CBo-
OUTCA K IIOJAYYEeHHH) HEeROTOPLIX 3BIEOIIDMEPIIOCTeﬁ HJIA cpe,[l,neﬁ CHROPOCTH
TeUeHHA.
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§ 3. HepaspbiBHOCTE. B jeficTBUTENLHO CYIECTBYIOMUX IOTORAX
}'KH,]IH()CTEFI U razoB MaTepuf HUI'le He HCYe3aeT U HUI'Jle BHOBb He co3llaeT-
cA. lloaToMy MbI MOsKeM paccMaTpHBaThb TOILKO TakUe CKOPOCTHLIE MO,
KoToOphle yOOBJIeTBOPAIOT TpeﬁOBﬂHl/ll-ﬂ CoXpaHeHHA MaTepHMH HJH MAacCCHI.

IIpome Beero mMaTeMaTH4eckH copMyIHpoBaTh 3To TpefoBaHHe anA
YCTAHOBUBLIMXCH IBHMKEHHH, ANH KOTOPBIX (opMa THHHUE TOKa I0CTATOYHO
u3BecTHa. B TakoMm clyvyae o4eBHIHO, YTO 4Yeped Hailoe lIolepedyHoe ce-
yenue TPyOKHM ToKka JoMKIA NPOTEKAThL B €IUHHIY BpPEMEHH ofHa U Ta ke
Maceca HUJROCTH. B camom leje, ecl ORI 3Ta Macca ANMA NBYX Iollepey-
HBIX cedeHUi He OblIa OJHHAKOBA, TO MaCCa KUOKROH cTpyHKH Memxay obou-
MH I0IEePeYHLIME CEeMeHUAMH jJ10/Ha Onia 6bl Heol' paHH YeHHO0 BO3pacTarhb
UIH yObIBATH, YTO NPOTHBOPEYUT YCAOBHK YCTAHOBUBIIEroCA COCTOAHHA
Teyenud. llycts F' ecTh momepednoe cedenue TPYGKH ToKa B KakoM-THGO
MecTe, w — CpeJHAA CKOPOCThL B 3TOM CeUeHHH!. p — MIOTHOCTL B 3TOM ce-
YEHHH; TOrJa ofheM MUAKOCTH, IPOTERAIOMUN B eIMHUIY BPEMEHH Uepes
paccMaTpHuBaeMoe cevyenue, ﬁyﬂeT paBen F'w, da Macca Hu/JIkoCTH, NpoTera-
WIasg depes 3To #e ceveHHe, Oyjer paBHa pF'w. Takum obpaszoM, Tpebo-
Ballie coXpaleHHf MAacchl CBOAHTCH K TOMY, UYToDLI BO BeeX MONepedibix
CeUyeHHu X D,]lHOﬁ H TOH Ke prﬁﬁl‘l TOKA BellN4YHHAa [JF'{U HnMela I[ocrTodunoe
3HAYEHHE, T.e, UTOOLL cobijaloch ypaBHeHe

pFw = const, (3)
OTciona cnenyer, YTo BHYTPH yCTaHOBMBIIErocA NoToKa MUAKAfd CTpyHKa
HUTJe He MoMeT 3aRoHUnTheA. OHa nubo JoNKHA DPOCTHPATLCA OT OJHOM
rpalHiubLl paccMaTpHUBaeMoro NpocTpalcTBa Ao Apyroi, nubo jon#ina 6nITh
3aMRHYTOM.

JInd noToKOB, B KOTOPBLIX He MPOMCXOAUT U3Menelui ofhema, T.e. aaa
MOTOKOB HecHUMaeMoll MHAKOCTH, Bee TPUBEEHNLIe BLIMe coofpamenun
0 Macce paclpocTPaHAKTCH U Ha ofbeMm. Ho Tar Kar Temepb uepes pac-
cMaTpUBaemMoe MnomnepevyHoe cevenue prﬁl{l/l TOHA 3a JaHnHoe BpeMH He MO-
KeT npoiTu Gonbluiuit o6beM, UeM Uepes Kakoe-HUOY AL IPYToe NolepeuHoe
ceyeHve, To BCe MNpeabiyIlnue CODﬁpaHiEIlHH MOTYT OBITE INpUMeHeHnsl e
TOABKO K YCTAHOBHBUIMMCH, HO H K HeYCTAHOBMBIIMMCA NMOTOKaM. TakuM
Oﬁpﬂ:&ol\’[, OJIH HECHCUMAEMBLT NOMOKOG, ﬁe3pﬂ3HH‘IHO, YCTAaHOBUBIIHUXCH WK

IMer npumeHAenM AMA ofo3HAUEHMA CKOPOCTH TeueHHA GYKBY w BMecTo v Mo cleay-
Klell NPUUMHE: PH PAcUeTaX a30BbIX [0TOKOB CO 3HAMHUTEIbHBIMHA M3MEHEHWAMHU 0fi'b-
emMa, Korjaa Hapajay ¢ TuiapodHaMuYdeCKHMK COOTHOIMMeHUAMH HEGﬁXD}]Hi\,‘ID NoJib30BaATh-
CA TAKME TepPMOJMHAMHUYECKHMH COOTHOWEHUAMH, IPUX0AUTCA OIlEPUPOBaTh ¢ obbeM-
OM €JJWHUIBI MAacChl, LA KOTOROIO B TepMOJAHHAMUKE YCTaHOBHJALOCH obo3HaveHue yepes
GyKBY €.
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HEYCTAHOBUBILIUXCH, BCEra UMeeT MeCTO ypaBHeHHe:
Fw = const. (4)

CormacHo 3TOMYy YpPaABHEHHIO CKOPOCTE MUJAKONH cTPYHEH o6paTHO Oponop-
NHoHanLHa ee MolMepedyHoOMy ceueHWI0. Pazgenium Bce MpocTpaHCTRO, 3aHH-
MaeMoe OTOKOM RKUKOCTH, Ha TakHe TPyOKU ToKa, YTOOHI Yepes Rammaylo
M3 HHUX B eUMHUIY BpeMeHM NPOTEKAald paBHble KOJAHYeCTBA MMHIKOCTH.
Torga B Tex MecTax NoToka, Ie CKOPOCTE Golbllle |, clefoBaTelbHo, MoMle-
peuHLble ceueHMA TPYyOOR Toka MeHblle, TPYOKH Toka 6YIYT pPacloloMHeHEI
ryuie 4, Hao0OpoOT, B TeX MeCTaX MOTOKA, I/e CROPOCTL MeHblle, TPpYOKH To-
Ka 6yayT pacnodosieHbl pese. Ynedo TpySok Toka, NPOHUILIBAIONIUX elH-
HUIY [IOMATH B KAKOM-HUGYIL MecTe MOTOKA, MPONOPIHOHATLEHO CKOPOCTH
TeUyeHHUA B 3TOM MecTe. CleaoBaTelbHO, KapTHHA TpyOOKR TOKa HecKHMae-
MOI'0 I0TOKA JaeT lpelcTaBleHne o 3TOM ILTOKe He THILKO HalpaBleHHeM
IMHUHA ToKa B KamIoM MecTe, Ho M TyCToTolf paclolodeHHA TpyOoK.

Ypaeuenue (4) npuobperaeT ocoGeHHO MPOCTOH U HAMAATHBIA CMBICI
B TOM clyd4ae, KOT/a Bech MOTOK MOMKHO PACCMATPHRATEL KAK OIHY eMHCT-
BEHHYIO UIKYI0 cTpyiRy. B 3ToM ciIyuae nonepeunble ceUeHHA MRUIROH
cTpyilKH 3apaHee H3BEeCTHEL, H CPeJHHA CKOPOCTh B Ka#iJoil TOUKe TAKOI'0
HeCHUMaeMoro noToKa olpejelAeTcA U3 ypaBHeHHA

Fuw = Q,

rie @ ecThb Tak HAaLIBAEMBIN ofvesnnill pacrod muiKrocTH (WM MouHOCTIY
nomoka), T.e. o0beM, NPOTERAINHHA Tepes MolepetHoe ceueHHe MOTOKA
B EJMHHILY BPEMEHH.

Jl1s 10TOKOB, B KOTOPBIX IPOHCXOAAT H3MCHEHHA 00beMa, UMeeT MeCTO aHa-
NOTHYHOE YVpaBHeHHe

pFw =M,

rge M ecrb macca, IPOTERAKNAA Yeped LOllePeYHoe cedeHHe [I0TORA B eHHHULY
ppeMerid. Ho T4k Rak B ¢iKMMaeMLIX TOTOKAX IIOTHOCTh p 3aBUCHT OT JABIEHMA,
TO Temeph AAA onpejeleHHH CROPOCTH 0JHOTO TONLKO MpHEEJeHHoro ypanHenud
HejocTaTouHo (eM. Mo aToMy Torogy ria. IV).

Ecmun nmoton yCTaHDBHBIHHﬁcH H HECPHHMQEMIJI]:'I, To IPpA yKalaHHOM
ynpolllellHoM MpeJcTaBAellHH MoToka 47 ero ollHcCallHA JOCTaTOYIo ToJL-
KO OJHOH He3aBUCHUMOH HGPENIEHHOﬂ, a4 HMeHHO, paccTOAHHA paccMaTpuBa-
eMoI'o I1ollepe4yHol'o ceYeHHA OT HﬂHOH—HHGyﬂ.b Haya/lbLHOH TOYKH, HaMepeH-
nmoro BJoJL I_IEIIT[)aJIbIIOl:'I JHHHAHI prﬁHH ToKa. B Takom cllyuae roBbopAatT
o OaHOMepHOM npeldcTaBlleHHHd NIoTOKa B OTIHYHe OT TpeXMepHol'o lped-
cTaBJdelndA, korjga MnojlHoCThIO YUHTLIBAETCH IIpoCTpalcTBelllloe HaMelel e
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CKOPOCTH M Apyrux Benuuud. COBOKYNHOCTL 3a7a4 O ABHMEHHH HUIROC-
TH, paccMaTrpuBaeMblX [IyTeM OJHOMepHOIO IpeiacTaBleHHA. IPDUHATO Ha-
3bIBAThb 2udpasaukol. 3ajauu e, paccMaTpUBaeMble IyTeM TpPeXMepHOTo
(MMM EByXMepHOro) NpejicTaBleHHA, COCTABIAIOT NMpejMeT T'M/pojlHHAMH-
k. HaroHen, coBoKYIHOCTE 38744 o JBHMEHHU BOzIYNIHBIX MOTOKOB YacTo
Ha3bIBAIOT a2poduHaMuKol.

IIpn TpexmepHOM paccMOTpeHHH Te- %
YeHHil MaTeMaTHYecKoe BbhIpayieHHe YCIo-
BMA COXPAHEHHH MAacChl [POIE BCEro MoJy- ! /’J
YUTh, €CIH BEIYUCIUTh KOJAHYECTBA HHIKOC- I dz B
TH, BTeKalomeil 1 BuiTekatowmeid b nebonnuoi = : /,.//———d»
napannenenunen co cTopoHaMu dx, dy u dz Li: i qu(Tf dx
(puc. 27), W OPUPABHATL 3TH KOJNXYECTBA il dy
ApyT apyTy. BeImonHUM 3TH BEIYMHCIEHHA IIA ax ’

HecmuMaeMoli muakoctu. O6ozmauum mpo-
EKI[MH CKROpOCTH HA OCH KoopoMHaT 4vepesd .,
v, w. Torja B HanpaeJeHUH OCH ¥ B Napai-

JdeJIelIHIIC] BTeKaeT ¢/leBa B 04Ny CeRyHnAy ROJUYeCTBO AHHAROCTH dy dz - U,

a clipaBa, rje CROpocThb u y-He H3MeHUJachk H cTala paBHOﬂ i+ (()l d.’)’,‘, BEI-

D
TeraeT KolWvyecTBo MUAKoeTH dy dz(u + (?—udw . CnefgoBaTentuo, B ogHY
b dJ' )

CeRYHIY H3 napa/uielenuieja BrlTeKael B HénpﬂBﬂEHHH OCH xr MHIRKOCTH
f)OJlbLLIE, HeM prenaeT, Ha BelMyHdiy

Puc. 27. K BrIBOAY YpaBHEHHA
HEPa3PBIBHOCTH

du
dr
Analoruunnle BLIpamKenud NolyYaloTed H A Hanpasienul y u z. Yelobue
coxXpaHeHnA Macchl TpefyeT, UToObl CyMMa TpeX MoJYUeHHBIX MpHpameHuit
fLlla paBia 1yl1o, cleloBaTelbllo, Mbl Dy YaeM ypanlienue:

ou , dv , Ow _

3w+8y+32_

da dy dz -

0. (5)

JTo ypaBHeHHe HA3KIBAETCA YPUGHEHLCM HePUIpuiGHOCTIL.

IllyeTs smiuprocTs rae-nufo rpaHUHMUT ¢ TBepABIM TeloM HIM ¢ JpYy-
roif muaAKocTL0. H3 yeloBHA Hepa3pLIBHOCTH MOTOKA CleJyeT, YTo HUT/e
He JOJ:KHO BO3HMRAThL HH PasphlBOB #MHUIKOCTH, HH B3aHMHOTO NPOHHUKHO-
penusa oboux peulecTs, AaA »Toro, ouenuano, Heobxogumo, dTobul cocTan-
JAAIONIHE CROPOCTH, NepNeHANKYNAPILIE K MOBEPXHOCTH CONPHKEOCHOBENUA
0b6ouX BemecTB, OLIIE 0AHHAKOBLL ¢ 00eHX CTopoH 3ToH HopepxHocTH., Ec-
JIH paccMaTpUBaeTCH HENOABHMKIIOe Telo WM TBepjad cTelka, obTeraeMan
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FAMHUIKOCTLHO, TO COCTABIAKIMEA CHROPOCTH HMHUIAKOCTH, NepleHJnKYIAPHaA
K MOBEpXHOCTH Teda WIH K CTeHKe, JOJHHAa ObITL 3j€ech pa@BHa HYIIO. Ha
COCTapMAKMYK CROPOCTH, NapallelbHYD CcTeHKe, YCIOBHe HepaspbIBHOC-
TH He HalaraeT HUKarHuXx E)I‘pa[—[l/lLIE!HI/II'7I7 clenoBaTelbHO, 3Ta COCTaBIAIOIIAA
Mo#eT UMeTh Jo0hle 3HaYeHHA.

§4. Cunbl B aBumyleiica smUJK0cTH. YpaBHeHHe Bepuynau.
Kar Mu1 Bugenu B ra. I, B nokogmeficA MUIKoCcTH AelicTEYIOT U 0aI0T YPaB-
HOBEMeHHY 0 CUCTeMY [IBa PoOa CHI: ciawt maxcecmi (M J[pyTHe MaccoBhie
CHIIBI) H pasHocmi daeieHuil. ITH Ke cUIbl neficTBYIOT H B jJBHmyIell-
cA MHIKOCTH, HO 376Ch K HUM OPHCOSIMHAETCA €Nl mpeHue HUSKocmIL,
KOTOpOe cleflyeT paccMAaTpHBaTL Kak colpoTuBienue aethopmanuu. Tpe-
HEe }KUJKROCTU NoipobHo OyeT paceMOTpeHo B clefylomeil riaBe, B 3ToH
e 1NaBe Mbl OyjleM UM npedebperars. unkocTy, HauGolee BamKHble LA
TeXHUKU (Boda, BO3AYX M Ip.), 06Iagal0T OUeHL Maloil BA3ZKOCTLIO, U MO
3TOMY BO MHOI'MX CIYYafX CONpOTHB/EHHe, BO3HHKAWILEe B HUX Beilel-
CTBHE TpeHHA, CTOIL Maln, YTo IpeHefpemeHHe UM BIOJHE OIpapiaHo.
Kpome Toro, Taxkoe npenetpeeHUe TpeHUeM HBJIAETCA U HeoOXOTHMEIM,
TAK KaK TONLKO B HTOM Clyuyae COOTHOUIEHHA Mejy CHIaMH Holy4aloT-
cA JocTaTOUYHO [MPOCTBIMU AMA TOro, YToGLl MOAHO OLINMO BLIBECTH M3 HUX
Haraagneie sakonoMepiocTi. MMoaromMy 00LIYH0 NIPUHATO OCHOBHLIE 3AKOHEI
NBUMEHUA HUIKocTeil BEIBOAUTE Ha 0CHOBE Hjeall3H poBaHHOTO Npe/icTaB-
JIeHHA 0 HCudrocmu, AuUeHHod MpeHua, U TONBKO NOCIe 3TO0 YUNTLIBATD,
KaKWe U3MeHeHHWH BHOCHT HATWUYHEe TPeHHA B Hiealbiioe NOBeleHHe HiH -
rocTH. Mol Takme OyaeM cledoBaTh 3TOMY NYTH, NpHUeM NPeINONOHUM,
YTO paccMATpUBAEMAA HAMH HJlealblad MHIK0oCTL oflagaeT Tak:ke cRoii-
CTBOM Hec:KUMaeMoOCTH, clleJoBaTelbHO, HHKAKHX H3MeHeHHH obbeMa IpH
Kpome Toro, Takoe npenefpemenie TpeHUEM HBIAETCA M HeoOXOZUMBIM,
TAK KAK TOABKO B 3TOM CIy4dae COOTHOINEHUA Mey CHIaMH NolydarT-
Cfl JOCTATOYHO MPOCTHIMHA AAA TOro, YTOOLI MOKHO ObITO BLIBECTH M3 HUX
HarJaAgnLle 3akonoMepHocTi. [oaToMy 0OLIYHO TPHHATO OCHOBHBIE 3AKOHLI
JBUMEHHA #HHAKocTell BEIBOAUTE Ha OCHOBE HealU3UMPOBAHHOTO NpeJcTaB-
NeHHA 0 MUSKOCTIY, AUUIeHHOT MPeHUA, H TOIBKO T0CTe 3TOI0 YUYHTLIBATD,
Kakle U3MeHeHUA BHOCHT HalWuuHe TPEeHUA B HAealbHOE NOBeJeHHe HHI-
kocTH. Mbl Takke OyHeM cjleJoBaThb ITOMY IIyTH, NpUUeM TPeINONIOHNM,
4YTo paccMaTpUBaeMafd HaMH HjealbHaAd MHAKOCTE oflagaeT Tax#e cBofi-
CTBOM HeC}HMaeMoCTH, ¢lefoBaTelbHo, HUKAKUX H3MeHeHHil ofbeMa npu
IBUHEHHH e NPOUCXOJUT.

aa toro utobbl HAHTH COOTHONIeHHe Me#Iy JaB/deHHeM H MaccoBOH
CUIIOi, ¢ oHOH CTOpPOHLI, H KHHEeMATHUYECKMMY ReNUYHHAMH — ¢ JIpyToi,
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OyJeM HCXOOMThL H3 OCHOBHOIO 3aK0HA NMHAMHRKH: CHJA paBHA Macce, YMHO-
KeHHoH Ha yc;{opeHHe. BLI,[[GHHM B )Z[BH}HyLL[BﬁCH AMUTRKOCTH qaCTHHy B BHU-
Je HeGOJBIIOrO LHAMHApPA C OCbLIO, pacloloeHHOW BAONL AHHHM TORa §
(puc. 28). IlycTb BRIcOTa UMIMHApPA paBHA ds, a MoNepevyHoe ceYeHHe paB-
Ho dF'. Torjga Macca uunuHapa Gyaet pdF ds.
Ecian B #MMIKOCTH TpeHHe OTCYTCTBYET,

TO HA BbIJIeNeHHBIH HHIHHAD AeHCcTByeT Nper-
[e Bcero pasHocTh gaBiennii. IlycTs naBnenne
HA OCHOBaHHe L[l/IHHHL[pa, pﬂCHU.‘IDJ‘HEHHOe BLhI-
Lle 0 TeUeHHIO PaBHO p, TOrJa cUla, AeHcT-
BylOWlAs# Ha »To oclopaiue, pasua pdF. Ha
OCHOB&HHHM UMIMHAPA, NemaneM HUMe o Te-
YeHHIO, JaBIeHIe HEMHOTO OTIHUUAETCA 0T P U

dp
paBHo p + Ds dS' COOTBETCTRYIOWAA cia mo Pue. 28. K sumoay ypashe-
P nua Bepuynau
BelHU'MHe paBHa (}J + d_p de) dF, Ho Hanmpag/ieHa oHa B CTOPOHY, MPOTHBO-

ﬂOHOi‘ﬂIly]D CHJle pdp CHeJIOBﬂTEJIL:HO, BCliegCcTBHe pazHOCTH ,HHBJ]EIIHH Ha
UUTHHAP #elicTBYeT CHIA

pdbF — (p+ @ds) dF = —?gdde.
s s

Janee, Ha KUAKOCTL JeficTByeT MaccoBasd cHia (HampUMep, CHIa THMHec-
TH), BeTUUYHHA KOTOPOi, OTHEeCeHHaA K eJUHHIE Macchl, MycTh 6yaeT g. Ha
BLIIENEHNLIA NANAD AeHcTByeT B HalpaBJeldd TedYeHHd COCTaRMAINAan
3TOH CHJLI, paBHAaA
pdF ds - geos o,
rje (¢ eCTh YroJl Mexily TUHHed NelicTBUA MaccoBoi CUILI U NTUHHEeH ToKa.
Teneps HaM ocTaeTcA ONpegeNlUTh COCTABIAAKMIYI) YCKOpPeHHA B Ha-

NpaBleHUN TeUeHHHA, T. . KacaTelbHoe yckoperue, [lyeTk cKOpocTh UacTH-
bl paBHa w. BeJinuwna w 3aBMCHT OT MOJ0MEHUH YACTHILI HA NUHUHA TOKA
U oT BpeMeHH, clejoBaTelbHo, oHa ABAAETCA GYHRIUEH oT § U ¢ Oo3TOMY
[ KacaTeJbHOro YCKopeHud Mbl OyjJeM HMeThb BhipameHnue:

du _ dwds | dw

ot 0s 0t o’

WK, IpHHUMAad BO BHUMaHHe, UYTO d—f = u,

= + = =

dw _ Ow  dw _ 0 w’ dw
da Vos ot ds( )* (©)
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Jw
Js
BOZHHMKAET BCJIEJCTBHE NepeMellleHHHA YACTHILI B TOYKY [0TOKA C Apyroi
CROPOCTBIO TeYeHHA, a BeJlHUHHAa % — T¥ 4YacTb YCKOpeHHHA, KoTopad 3a-

BHCHUT OT U3MEeHeHUA COCTOAHUA MoToKA B JaHHOH Touke Bo BpeMeHH. llpH
ycTanoBHBlIIeMcA TeuellMH BTopafd 4acTh, oUeBHAHO, paBHa HyIllo. HDI/IME-
HAA OCHOBHON 3aKOH AHHAMHKH, MBI NONYHIHM:

B aToM paBeHcTBe BellMUYMHA w BhIpajkaeT TY 4acTh YCKopeHMs, koTopas

dp d (w2, 3

w w
——dsdF + pdFdsgcosa=pdF ds | = | +— | + =1 .
ds i : o 95 \ 2 ot
Tak Kak Bce 4NeHhl yPABHEHUA cogepkaT obmuit Muomurtens dF ds, To ero
MOKHO OTOPOCHTE (9TO 03HAUAET, UTO KOHEUHLIH pe3ylbTaT Hallero BLIBO-
j1a He 3AaBHCHT OT IPOH3BOJILHO BLIOPAHHOIO 00'beMa YaCTULBl AUAKROCTH).
Pasfenus ofe YacTH YpaBHEHHA Ha p Mbl OKOHUATENLHO GYieM MMeThb:

7 2 )
l(p-i-gcosa'zﬁ(w )+Bu (7)

Pos ds \ 2 ot

MaccoBoil cHiioi 06LIYHO ABIHETCA TOALKO oIHa cHIa

—dz{— ds TAMecTH. Torja BeIUUHHY g MOMHO CUUTATE NOCTO-
i HIIIOH 110 MOAYTIO U Hanpasienuio. BoegeM cucreMmy
KOOpJAHHAT C ocbio 2z, HampaBleHHoil BepTHKaNbHO

z peepx. H3 puc. 29 nerxo BUAeTL, UTO B 3TOM CIy-
yae
0z
cosx = — ==,
Os
nosroMy ypaplenue {7) Mosslio lepelHcaTh B BUJE:
Puc. 29. K BrBOay 1 Bp 3 9 " 3
ypaBHenuA Bepuyaiu kgl ey B PHU 4 g OU 8
pos  ©os ds(z Ot ®

Ecnn pacemaTpuBaeMoe IBMMeHHe — YCTaHOBMBIIeecH, cleJoBaTelb-
e
ot
NpeAcTaBIAlnT cofoi MPOM3BONLIE N0 §, H II03TOMY €0 MO0 HHTerpupo-
BaTL BOOAL JHHUH TOKA, YTO NIPUBOIUT K clelYIONleMy TaK Ha3hIBAeMOMY

ypasnenuio Bepuyaau:

no, = 0, d IJI0THOCTh 2 — NOCTOHAHHAadA, TO BCe YWielbl YpaBluenud (8)

P w?
Iz 2
JTo ypaBHelHe ABIAETCA OCHOBHGLIM YPaBHeHHeM IIPH OJHNOMEpPHOM pac-
CMOTPeHHH 3alad 0 ABHMEHHH sKMAKocTell, HO B TO ke BpPeMH OHO HMe-
eT dyHIaMeNTalLHOe 3Uauelie A8 Beell rumpoMexannkn. OHo BLIpamaeT

+ gz + = const. (N
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cofoii 3aK0H coXpaHeHMs 3HePTHH ABHAKYIIelcA muUikocTH. B camoMm ge-
e, Kam/blil U3 €ro 4ieHOoB NpejcTaBIAeT cofoii 3Hepruio, 3aKIIYeHHYO
B eJMHHOe Macchl KUJKOCTH, a UMeHHO: NepBLlil Wwiel ecThb He YTO HHOe,
Kak padoTa CHJI AaBTeHHA, BToPoil — NoTeHIHaTLHAA SHepPTHA CHIH THMKec-
TH H TPeTHHl — KMHeTHUecKad SHepTHA.

PazjeanM Bce ufensl ypasienus (9) Ha g; Torna sce oM ByayT UMeTh
pasMepHOCTb JIHHBLI M MOTYT OBITh HCTOJRKOBAHLI KK BLICOTLL Ec/iu BBecTH
B ypabienue (9) yIenLILll Bec v = pg, TO OO IPHMeT BHS:

P w?

5Tzt %% = const. (10)

B stom ypaBIlellll BelHYnla g o3layaeT, corinacio § 6 ru. I, BBICOTY cToaba
HMHAKOCTH, co3fgamouiero CBoOMM BeCcOoM JaBlieHde p W NOo3TOMY HAa3bIBaeTCH
nbeSOMEmp!t‘tBCIfOli goicomotl. Beruuunia z ecTh BLICOTA pachanuBaeMQﬁ
TOYHKH TIOTOKA Han }iﬂI’iO]ﬁ—HI’IG_Y}U: HavyanbHoi FOPHBOHTSJI]:HDﬁ IINOCKROCTBLIO

w2

1 No3ToOMY Ha3bIBaeTCH ZEOMEIRPMEBCHOIE gulcomol. HBHOHEH, BelIHYHHa 2—g

€CThL BLICOTA, C KOTOPOH Telo JIOMHKI0 YyIACTh, 4T00LI Npu cBobogHOM 1ajie-
HUH OPHOGPECTH CROPOCTh w. U TTO3TOMY HA3BIBASTCA CKOPOCHHOUE sblcomoil.
TakuMm oOpazoM, cornacHo ypasHenuio GepHynnH, cymma nwesomempiuiec-
rotl, seomempureckoll U cKOPOCMHOL SHCOM HE 6CeM NPOTMAMECHUL AUHUU
moka ocmaemca nocmoannoll. llpu 3ToM 3Havenne NOCTOANHON Ha pa3nuti-
HELIX JHHUAX TOKA MOMET OLITL paznuyiuniM. OgHaro, ecau Bee TUOHH TOKA
HauMHAalTcA B 001acTHH NPAMOAMHeNHo, To NOCTOAHHAA oJMHAaKOBa A4
Beex Jaunuit Tora. CrejopaTenbio, B »ToM clyuae ypabienue Bepiynnu
NPUMEHHMO KO BCEMY NOTORY B I[€I0M.

B §6 npeabiayuieil IaBbl Mbl HMENH IA NOKOAMEHCH MUIKOCTH Ypas-
HeHue (7) KOTopoe MOMHO NepenucaTh B CIeayomeM Bige:

p

~ + z = const.
'Y+ 0

Kawr zerko Bupers, oHO HonyuaeTcs U3 ypaeHenus Bepuynam (10), ecnu
B nocJejneM IMOJOMHTb W = U HIH W = const.

3aMeTHM, UT0 PAacCMOTPEeHHBIH HAMH YacTHBIM clIyuail TeueHUA UIeH-
THYeH C yCTaHoBHBIIEMCH NOTEHIHAILHBLIM TeUeHHeM, HCCIeJoBaHHeM KO-
TOPOTO MLI 3afiMeMCH HHKe.

Huterpuposanne ypaBHeHu# (7T) BO3MOMHO U B TOM CIydae, KO8 MACCOBOMH

CHJIOH ABJIAETCA He CHla TAMECTH, a RaHaH-HHﬁyL{b Apyrada cHida, HO OpH ycCio-
BHH, 910 OH4 obnagaer noredymaiom U. B camom deje, B TdROM cilyydydae MOAKHO
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HOJI0HUTh, YTO
_au
ds’
Eelu #ugKocTh cikUMaeMas, To WHTeTpHpoRaHHe VpasHeHHA (7) BO3ZMOMHO TIPH
YCIOBUM, YTO AMIKOCTH OJHOPONHAHA, CICHOBATEILHO, INIOTHOCTh ¢CTh GYHKIHA

ronsko gaBiaenus. Torpa
13
[ 7=

19p _ 9P

Pas  Os’
HuTerpupyd Teneps no s, Mbl NOAY9IHM YPABHCHHE BepHYIIH A4 YCTAHOBUBLIMX -
cA TeueHHI B ero obieM BHie:

gCosSa =

M MO3TOMY MOMHO HanHcaTh:

P+U+ 1;—2 = counst. (11)

MaTtemaTH4ecKoe OonoaHeHue. lIpy TpexmepHoM paccMoTpeHHM 3afau

0 LABMA#EHUH ARUAKOCTEN BMeCTO 04HOTO Au((epeHINATEHOTO YPABHENHH ABUHe-
nusA (7) wan (8) noaydarTed TpH Mg depennHaILULIX ypanHennd. Buinegem atu
YpaBHEHHA, To-TIpeAHeMY MCXoaA W3 oCHOBHOMO 3akoHa AMHAMMKM: CHIa paBHa
Macce, VMHOMEHHOH Ha yeropeHHe. BoiIenuM B ABHAYIIEHACH #MUIKOCTH MATCHB-
KU mapanneienunen ¢ peGpavu dax. dy, dz, TapanienbHBIMH OCAM MPAMOYTOIh-
HOU CHCTEeMbl KOOPLHHAT , ¥, z. 00beM atoro napanreienunesa pased dz dy dz,
a macca paeHa pdz dydz. B HanpaBleHHH ocM @ pa3HOCTh JaBJIeHHIl Ha I'DaHH,

dp
NEPICHANKYIAPHBIE K OCH &, daeT CHIY fapd:r, dy dz; apanoruyudeiM o6pasom
dp dp
JTA HATPABISHUH § ¥ 2 MBI MOXYUUM CHIBI — @pdy dodzn —Epdz dedy. Npo-

eRIMH MaccOBOH CHIbI, OTHECEHHOH K eJHHHIe Macchl, 0003HaUHM uepe3 X, Y,
7, cnefonaTelbHo, TTPOERIHY MaccoBoi cUiIbl, JeHcTBYIOMe Ha napalielenynes,
OVAYT paBHEI

Xpdedydz, Ypdadydz, Zpdzdyd:z.

HanoHen, mpoesuH CROPOCTH Ha OCW ROOPAWHAT mycTh OVAYT 4, v, w. Toraa
NpoekNuA yeKkopelHa Ha och x Oy/eT parHa
du _ Ou | Oudr  Oudy | dudz

& Of T Ondt T Oydt  Dmat’

de _ Ay dz_
W, UMeA B BULY, 9TO - =1, —5 = v, o = 1,

IP ecTs nponucHas rpeveckas ByEBa <pod.
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HPHI\*IEHHH OCHOBHOI 3aK0H AMHaAMHKEU 1A Harnpap/IeHHdA OCH &, Mbl HOJTYYHUM!:

du

—@dmdydz—O-Xpdmdydz =pdedydz g

dz
AHalorHJYHBIC YpaBHEHHA MBI IIOIYYHM H 144 oceit y U z. Coxpaman ua dx dy dz,
MbI 6yomeM HMeTh:

du _ - @
Pat =P~ oz’
dv dp
=pV — £, 1
P g =P 3y’ (13)
du dp
=pZ - =,
P dt P oz’
Cdu dv  dw .
TpUtIeM BMeCTo 5, “p M - CleflyeT NOJCTABUTL HX pASBepHYTHIe BHpazkeHnA

cornacHo paeeHcTBY (12). Yparuenus (13) HasbiBamoTcA ypasnenuamu Jiieepa.
JInf Toro 4ToOLI MOKA3aTh, RAK OHH MoOTYT ObIThH NpHMeHeHbl, BLIBeIeM H3 HHUX
ypaBHeHHe BepHynau anA Kakod-HHOYIb IHHHH TOKA.

YmuorUM ypasuenus {13) coorBercTBenno na dx, dy, dz, pasgendM Kamaoe
M3 HAX HA p U 3aTeM CI0AHM. MBI OTy9IuM

du dv dw , NETR L dp 9p
d!d +dtd1+d£ dz = Xde+Y dy+Z dz P(d d‘T+d dr+d dz ). (14)

Jlanee, npumen, uTo Beauyunsl dx, dy, dz YIOBIETBOPIIOT COOTIOWEINAM
deidy:dz=wu:v:w. (15)

ITo 03HAYAET, UTO BeAHINHEI dx, dy, dz ABIAIOTCA NpeeKIHAME 3MeMeHTa THHUH
Toka ds Ha ocd koopaunaT. Ha ocropanun papenctsa (12) mepnuiii uien deBoi
yacTH ypapHeHHA (11) MomHO mepenucarh B CleLyIOLIeM BHIe:

du du du ,Ou Ju
cifd = ')td —0—ud dx +wd dx +,3d

H7H, Ha ocHOBAHHH cooTHomenuid (15), B Buze:

d,"u.d Budf_'_u(

Hu Bu
at pr dy + dz)

dz dy ddz

Bblpamelme B CKOOKax ecTh He 4YTO HHoe, KaK H3MeHellHe BeIHYHIbl ¥ IIPpH Ie-
peMemetud BAGIL JUHHUHW TORa: OHO paBHO du. HOaTOMy npegslaynes paBeHcTBO
NpUHHMaeT BUO:

du _ du
gy e AR o Wil



62 Iaesa 2

AHanoruuHselil BUI GYAYT HMeThk U BTOPOH U TpeTHH YIeHE JeBoil YacTH ypaBHe-
mus (14). [lpeanonomsumM M IPoCTOTHl, YTO paccMaTPHBaeMoe TedeHne — yeTa-
Ou dv  Ow
at’ ot ot

HoBHBIIeecd. Torga dieHbl ¢ IPpOU3IBOAHBIMHA —— OTHagyT, 1 Mbl 53«'L{E‘M

HMeThb:

du dv dw ;. _ u® +v? +w?
dtd +dtd +dtn’z vwdu+vdv +wdw = d( 5 .

Ecnn maccoBaa cuna HMeer InoTeHOHalml LT, clegoBaTel]lbHO, eClId

_ _ou . ou _ _ou
X= dz’ ¥== By’ a= dz°

TO ¢yMMa IIepBbIX TpeX WIeHoB B NpaBoil yacTH ypasuenun (14) 6yger panna

Oy g . 00\ g
(am dr + By dy + 5 d'z) drl.

Haxonen, poipasente B cko6kax B npapoli yacTH ypapHeHua 14 MokHo TpejcTa-

BHTE B BUTE:
1(op,  Op,  Op,\_1
» (amd.b+ 8y(iy+ —dz | = pdp.

a3z

TakumM o6pazoM, ypagHenue (14) MIPpHHUMACT CAeAYIONMHA OROHUATENBHBIR BHI:

2 2 2 1
d(w)+dU Z =0

=

9To ypaBHeHHe paBHOCHILHO YpaBHeHUo (11) ¥ mo-mpexsieMy OPUMeHHMO TOIb-
KO K ONpegeleHHo| THHHA TOKA.

§5. CnegeTBHA U3 ypaBHeHHA BepHyn-
A - au. llpy momomm ypabnenua bepHyinu oueHb
MnmpocTo pemawnTcd MHOrde 3ajadd o0 IBHMEHWH
smugrocTH. [IpusegeM TpH ocoBeHHO Ba#HbIX IPH-

k Mepa.

a) Hemewenue us omepoimozo cocydad nod detl-
cmeuem cuavt maxcecmu. B BeIXoZHOM OTBep-
c¢THH B (puc. 30) THHHY ToKa HampaBleHL] NepreH-
JHEYAAIPHO K BeIXOJZHOMY MOMEePedHOMY CeHeHHIO.
BHyTpH ke cocyda pBce NHIWH TOKA HAYHHAIOT-
Puc. 30. Herevenue us  cA, 04eBHIHO, Ha cBOOOIHONA NOBEPXHOCTH MUAKOC-
OTHPLITOr'0 CoCyna TH A, YpoBeHL KOTOPOI 110 MCPE BLITEKAHHA M-

KOCTH MOCTENEHHO MOHHMaeTcA. YacTHubl Mui-
KOCTH Ha cBOOOJAHON NoBepxHocTH A HaXONATCA NOJ aTMoc(epHbIM jaB-
nexueM py. Ilog TaruM ke JaBieHHeM HAXOAATCA UACTHULL MUIKOCTH H
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B cBoBopHoil cTpye B.! Ecnu cBoBogHan nosepXHocTh A BenHka mo cpab-
HEHWHO ¢ INomaibio I’ BRIX0JAHOO oTBepcTHA B, TO CKOPOCTb w4 YacTHI]
MUAKOCTH Ha cBoGOJHOI NOBepXHOCTH CTOdb Mala, uTo KBajpaT ee Oy-
JeT HHYTO#HO MAal M0 CPABHEHHIO C KBAAPaTOM CKOPOCTH g B BHIXOJHOM
otBepcTuu. CleoBaTenbHO, 0003HAYAA Yepes 24 U 2 TEOMETPHUUYECKUE BoI-
corbl B A u B, MBI I0Iy4YMM Ha OCHOBaHWW ypaBHeHus Bepuyiuin:

2
Po Wy Do
o T8+ 5 =5 T8 +0,
OTKYy/a Haijem:
2
wl,
3z za—2g = h,

WK
wp = +/2gh. (16)

Tarum obpaszoM, CKOPOCTh MHAKOCTH B BbIXOAHOM OTBCPCTHH TAaKOBa, Kak
ecau DbI BBITEKAMOIINE YACTHIBI MHAKOCTH CROOOIHO Majald ¢ BbICOTHI .
PaBenctro (16) BripamaeT coBoil Tak HaszelBaeMylo meopeny Topuuerau.

//

Puc. 31. Heteuenne us Puc. 32. Hereyenue u3 Kpyr-
KPYIJ0r0 OTBEPCTHA B I0I'0 OTBEPCTHA ¢ 3aKpylileH-
TOHKOH cTeHKe HBIMH CTeHKaMH

ITonepeynoe cedyeHue ¢TpyH, BbITeRaei U3 cocyaa, Booblle He CoBIla-
JaeT ¢ MoIepedHbIM ceYeHHeM BBIXOJHOI0 oTBepcThA. Tar, HanpuMep, opu
HCTEYCHHUH 4Yepes KpyIrio¢ OTBCPCTHe B TOHKOH ¢TeHKe Iaomalb loleped-
HOro cedeHudA cTpyu coctasader ot 0,61 mo 0,64 miomann orsepeTHA. ITo
fIBNIeHHe, HasblBaeMoe cicdinitem cmpiyil, Bo3HHKaeT BCIedCTBHe Toro, 4To
HMHAKOCTD BHYTPH COCYd NPATEKAeT K OTBEPCTHIO B pajlalbioM Hanpan-
nenuu (puc. 31) H, TOCTHIHYB KpaA OTBepPCTHA, He MOKeT 3/1eCh BHezallHO

13"[‘{) MPABHALHO TOABKO TIPH YCIOBHH, YTO MOMHO lT]}EHeﬁ[]E‘{h BeCOM BO3AYXa, UTO
BIIOJHE NONYCTHMO, eclIi pacyeT BeleTcH ¢ TOYHOCThE) N0 BToOporo JECATHYHOI'O 3Haka.
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M3MeHHUTh CBO€ HanpapieHHe. OTHOIIEHHE ILIOMAAH OIEPEYHOr0 CeUeHUA
CTPYM K NIOIAAH NONEPEYHOI0 CeueHHA OTBEPCTHA HasblBaeTcA koadidi-
yuenmoa cxcamust CTpyu M obosHauaeTcda Oykpoll «. Eciu Kpas orBepcTHsa
3aKPYyTIeHnl, Kak Ha puc. 32, To IMHHI TOKa Nlepe]l HCTeUYeHHEM HMEHT BO3-
MOAHOCTb MOCTENEHHO H3MEHHUTh CBOe HAaTpaBleHHe Ha NapalielbHoe 0CH
orBepcTus. Jusd Takoro orBepeTHA KO3 UIMEHT ¢aTHA paBeH npubiansu-
TelbHo eguHMe. O0bem #MUAKOCTH (J, BoITEKAKOIEH B OJIHY CEKYH/Y 4Yepes
OTBEpCTHE MIomaabio F (Tak HazbIBaeMbIH o6semubtii pacrod), papeH

Q = akb'\/2gh.

IIpu wcTeyeHMH M3 HEKPYTIOro OTBEPCTUA B TOHKOH cTeHke ko3dduiuedT
czKaTHA Mallo oTaMYaeTcA 0T CBOero 3Ha4deHWA IJA KPYrJoro oTBepeTHA,
Ho 3aTo QopMa cTpyH NonydaeTcA, Kak IpaBHIo, JOBOILHO caoxHoi. Tak,
HallpymMmep, Npyd UCTeYeHUH U3 KBapaTHoOIo OTBEPCTHA MolydaeTcA CTPYHA
¢ [10llepeUHbIM ¢eYCHHUEM B BHJle TOHKOI'O KpecTa, a CIPYH, BelTCKaOWan us
NpAMOYTOABHOTO OTBEpPCTHA, MPUHUMaeT BWJ JeHThI, MepleHIUKYIAPHOR
K ONHMHHOH CTOpOHe MPAMOYTOIBHHUKA.

b) Hemevenue us sarpwimozo cocyda nod deii-
cmeuem sHympeHnezo dasaenun. llyers B 3aKphI-
ToM cocysie (puc. 33) uMeeT MecTo naBlieHue pi,
a BO BHellIHEM [IpOCTPaHCTRe — aTMocqiepHoe JaB-
TEeHHe pg, IPHYEM p; > py. Iis nuuun Toka, uuy-
el ropM3oHTalbHO, 24 = zp. CHOPOCTBIO OKOIO
CTEHRH B Touke A BelaeIcTBHe ee MANOCTH MOMHO
Puc. 33. Hcreuenne us npeHedpedn, W Ha OCHOBANWH ypaBieHusn bBepmyi-

3aKpLITOI0 cocyna oo  ni MbI MOAYIUM:
JeficTRUeM BIIy Tpelie-

ro Janfiemnusn Po  w*_ P
I + 7 = p + 0.
CaegoBaTedbHO,
o J2(pr—pe) [ 28(p1 — po) (17
w = 3 = o ; 7)
(O603HaYMM BEICOTY u, T. €. BEICOTY CTOA6A IMUTKOCTH ¢ YIeNbHBIM Be-

~
COM 4, CO3/IAI0LIEro Ha CBOEM HIMHEeM OCHORAHHH JaBleHne p; —py, Yepes h.
Torpa popmyaa (17) npumMer BHA:

w = +/2gh.
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Gopmyaa (17) nozBonfeT BHIYUCIMTh TO HauboJbIlee 3HAUEHHE CRO-
POCTH, IPH ABHMEHUH ¢ KOTOPOH a3 MOMHO paccMaTpHBATH IPaKTHYECKH
KaK HeCMHUMaeMyl0 #uiKocTh. OueBHOHO, 3Ta OpefenbHad CKOPOCTb wy
3aBHCUT OT TOTO, KAKOe W3MeHeHHEe TIOTHOCTH MPUHUMAETCA 38 JONMYCTH-
MOe TpPU OlleHKe HeCHUMAaeMOCTH Tasa; cleJoBaTelbHo, CKOPOCTh wy TeM
MeHbIlle, ueM Bbliie TpefoBaHuA K TouHocTH. [[puMem 2a JonycrumMoe us-

Ap
MeHeHHEe MIOTHOCTH BETHYHHY TI = 1%, r.e. 0,01. Tlpu agnadarnyecKom

H3MeHeHHH cocToAHMA (¢M. §5 ri. I) nnoTnocTs cpA3ana ¢ gaBleHHeM IpH
INOMOIIH COOTHOIIEeHWA
pv** = const,

WIH, TaK Kak YAeNLHBI 06heM ¢ 00paTHO TPONOPHHOHATEH MOTHOCTH p,
p = constp™.
H3ameHnenuio nnoTHocTH Ap COOTEETCTBYET U3MeHeHHe JaBleHUA
Ap # constsep™ tAp,

OTKYJa TOayJaeM:

Ap Ap
o B
WIH
Ap
Ap =~ xp—-.
P = xp D
loacranun cioma p = 10332 xe/m® (mopvannioe naBieHHe BO3AyXa),
A
x=1,4mu Tp = 0,01, mbr Hail gem:

Ap=1,4-10332-0,01 = 144, 5x2/ 4.
Bhecem 310 3Hadenue B Gopmyay (17), 1pudeM QJH IIOTHOCTH [pUMeEM

cpenHee sHauenue p = 0,125 reeex”® /m?; Mbl noayuMM:

2A
wy = Tp = V2312 ~ 418.m/ cek.

CJ'IEI[OBBTBIII:HO, IpHA CROPOCTAX OBHMEeHHA BO3AYXd, He IIPeRbIIarmnx
48 M/CBH, BO3YX MOMHO CUHTaTh NPaKkTHYCCKH HeCHHMaeMbIM IIPH YCIO0-
BHHU, YTO JOIIYCRaeTCA H3MeHeHHe IINIOTHOCTH Ha 1%. Ecnn OONYyCRaeTCA
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H3MeHeHHe IIJTIOTHOCTH Ha 10%, TO, IOBTOpPAA BbIMHUCIEHHUA, MbI HaligeM JJA
H[)EI[GJ]I:HDﬁ CHOPOCTH 3Ha4vyeHHe

wy &2 150 4t/ cex.

Takum obpasom, geficTBHC M3MCHEHHA ILNIOTHOCTH NPOABJIAETCA OBOA-
KMM 00pa3oM: KHHeMaTH4YeCKH OHO U3MEHAET [IOIEePEeYHOE CeYeHNe HUIKHX
CTPYeK, a JUHaMHYeCKH BCIUUMHY JaBIeHHA.

¢) flodnop scudrocmu neped npensmemeuent.
Rorga papHOMepHBIN MOTOK MUAKOCTH BCTpedYaeT HA
CBOEM MYTH Kakoe-HUOyAb mpenATcTBHe (puc. 34),
OH PACXOINTCA BO BCe CTOPOHBI M 00TeKaeT NpenAT-
crBie. llpu 3TOM HemocpeilcTReHHO Mepej MpPenAaT-
¢TBHEM IIPOHCXO0IUT nodnrop, T. €. 3aMellJIeHle [10TOKA,
B nentpe ofnacTtu noanopa, B Tak HazbIBaeMoil Kpu-
Puc. 34. O6TeraHue jnuyeckotl moyike, NOTOK MOIHOCTELIO OCTANABIHBACT-
IPEINITECTRIA CH, CKOPOCTh €ro 31eck paBHa Hynto. [lycTh ckopocTh
NOTOKa BJald oT NpenATCTEHA papHa wy. PaceMoTpuM TUHKUIO ToKa, IpoXo-
MAMYIO Yepes KPUTHYeCKY o Touky. OG03HAUMM JaBleHWe B KPUTHYECKOH
TOUKe 4epes Py, @ JiaBleHHe B HeBO3IMYIIEeHHOH #MMIKOCTH, T.e. BAAAW OT
HPeHATCTBHA, HAa OJMHAKOBOH BBICOTE ¢ KPHTHYECKOH TOYKOMH, — Yepes pg.
Torna, npuMeHAA ypaBHeHHe DepHYINH K paccMaTpHBaeMoil THHHM TOKa,
MBI TOTYYHM:

2
1 _Po Wy
pH0=%+3
OTKRYy Ha
2
1w,
PL=po+py- (18)

Hpupameﬁue MapleHnd, BO3HHKAIEE B KPUTUUECKOH ToUuke W paBHoe

2
P —p2 = puyg2,

HajbiBaeTCH 8uuam1mecmm¢, HIHW CROPOCITIHDIM dasaentem. 3nasn AWMHaMH-
decRoe JabBleHHe, MO#HO OllpeleJHTh CROPOCTE TeYeHHA.

Ecau reno ABHMRETCH CO CROPOCTLIO ¢ B NIOKOAIIEMCH BO3AY Xe (I/IHI/I B BO-
,'18), TO B CHCTeMe OTCHeTa, HeMmoABUHHON OTHOCHTENLHO Telna, T.e. IBHHY-
wefca BMecTe ¢ HHM, TeJo ﬁleeT NOKOMTBCH, a8 MHIKOCTb — HaberaTb Ha
TeHno Co CKOpPoOCTBIO Uy, paBHOﬁ, HO [lpO'l‘HBOIlOJlDH’{HDﬁ CROpPOCTH 0. IToaTo-

MY H B 3TOM ClIy4dae 6yneT MNPpOMCXOIUTDh NMOANOP MUIKOCTH C IpHpallleHueM

pr’

2

NaBlleHHUA B H[)HTH‘IECHUI‘;I TO'YKe, DaBHEIM
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Ecou B I‘ipHTPl'-IeCHOﬁ TO4YRKe Tela, oCy- —_—

LEeCTRAAIMWErD IPENATCTBHE, POCBEpIe  ___, ——
HO OTBEPCTHE, TO JaBleHHEe p; NepelaeTcA
BHYTPh Tela H MO#eT OhITh OTCIOa Mol
BeJIleHO K M3MepHTelnHOMY Tpubopy. Ber-
IONHHAH NPeNATCTBHE B BUIE H30MHYTOH 1104
NPAMBIM yIJoM TpyOKHM, oOpalleHHOH of-
HMM KOHIOM MNPOTHE TEYEeHWs, MLI MONY-
YAM [poCcToi MpUBop ANA M3MEpPEeHHA [JaR- Puc. 35. Tpy6ra [luro

2
W
TeHufl Py = Py + pT JToT npubOp HABLIBAETCH, M0 UMeNH H3obperaTens,

mpyorod Mumo (puc. 35).

IIycrs saBneHme B Kako#-Tubo0 TOUKE IOTOKA #MMIAKOCTH PaBHO p. ITo
eCTh TO JaBleHHe MMIKOCTH, KOTOpoe NoKazal Ovbl Npubop NIA H3Mepe-
HUA [aBNeHUsdA, IBUMYWUNcH BMecTe ¢ MuarocThio. [laBienue p npunaTo
HAa3bIBATh cMAMUYeckim dasientest. ECJ’IH MBI IOMECTHM B paccMarpruBae-
MYIO TOUKY moToka TpyOKy [IuTo, To 31eck npousoiigeT moanop RUIKOCTH,
W JlaBlieHUe CTAHET PaBHbIM Py, KoTopoe OyfeT oGHapyseHo TpyOko# Tuto.
NaBneHne p; NPUHATO Ha3bIBaTh noaubli JaeaeHuesm. TakuMm obpasom, u3
topmynbr (18) cnenyer, uro noinoe dusieHue pasHo cymme cmamuieckozo
U ounamudeckoz0 dasaenull. 3aMeHAa B ypaBHeHUH DepHynnu

% + 824+ “_; = const

¢rarnyecroe JaBieHne p ero 3HadyeHHeM coraacHo dgopmyne (18), Mbl noay-

HHAM:

)
% + gz = const,

HITH
1 + vz = const.

JT0 paBeHCTBO IIOKA3LIBACT, YTO [I0JHOE JABIEHHC P H3MEHHEeTCH B [I0TOKe
MHUAKOCTH MO CTaTHYeCKOMY 3aKOHY, CcleloBaTelbHO, B TOM clyuae, Korja
MOCTOAHHAA B YpaBHeHHH bepHynaIn oaunakoBa QA BceX TMHUH ToKa, OHO
MOCTOAHHO B KaMAo# TOPU30HTAILHOH NIOCKOCTH.

llna Toro yToGbl MCMOAb30BATH (opmyny (18) mis onpeneneHuA CKo-
poOCTH TedenHA, HeoOX0JUMO, KpoMe H3MepeHHA MONHOTO aBleHUA Py, W3-
MepHTb TaKk#e cTaTHUecKRoe JapideHue p. llociaeHAA 3ajavya 3HaUYMTeENLHO
TpyLHCC [CPBOi, TaKk Kak BBEJCHUC 30HAA B [OTOK HCCKOALKO M3MCHHCT
CTATUUYECKOE [aBIeHHe p UMEHHO B TOH TOYKe, [Je ero MelaTelbHo H3Me-
puTh. O ToM, KaKk UBMCPACTCH cTaTUYCCKoe JaBlcHue, OyleT chasaHo HUMHKE,
B §8.
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§ 6. MaapHeiililie BbLIBOObLI 0 OaBJHUMU MUAKocTH. Hanarae-
MbI€ HUME 3aMeYaHHA KACAIOTCH HE TONbKO HIEATbHOH HHIKOCTH, HO
¢ HeOOMbIMMMH U3MeHEHUAMNH — M MHIK0CTell ¢ YMEpeHHOH BA3KOCTLIO.
OnHako neppoe 3aMevyaHWe OTHOCHTCH TOJNLKO K HEC/HMMAEEMOH MHIKOCTH
€ MOCTOAHHON MIOTHOCTBIO.

a) B HecmmMaeMmoil MUIKOCTH ¢ NOCTOAHHON IUIOTHOCTLIO laBleHHe
MOMHO Pas/io#HuTh HA [ABa cJaraeMbiX, M3 KOTOPbIX HepBOe IpejcTaBiqieT
TO JaBleHHe, KOTOPOE CYUECTBOBaNo 6Ll B MUAKOCTH, €ClIH Obl OHA Obl-
aa B nokoe. OBO3HAYMM 3TO paeHOGECHOe, WIN gecosoe 1aBiedue vepes p'.
OueBUOHO, YTO

P’ = const — yz.

Btopoe cnaraeMoe ofo3HauuMm uepes p*, cllejoBaTelbHo, JeficTBUTeIbHOE
JaBleHHEe B JBUMKYIEHcH HUAKOCTH Oy eT
) *
p=p +p.

Benvuwna p* npepcrapiseT cofoil pa3HOCTE MEMY JaBI€HHEM MPH IBHHE-
HMHM W JaBleHHeM B IoKoe. [lycTb K paccMaTpHBaeMOMY IBHMEHHIO NPH-
MEeHHMO ypaBHeHue Bepuy.uin:

2
W _
5 = const.

P+yz+p
Bﬂl\erHHH P ero 3Ha4yeHuem
P = const — vz +p*,

MBI IIOJYUHM:
2

P+ P?— = const. (19)
CiaepoBareabHo, JaBicHue p* pacipelcisercA B KHAKOCTH TaK, KAk eciH
GBI OHa ObITa HeBecoMoil W 06Iajana TONLKO UHepPTHoil Maccoii; reoMeT pu-
yecKan BLICOTA He OKA3LIBACT Ha p* HUKAKOro BIHAHHA. ITo ofbLACHASTCA
TeM, UTO KamJafd vacTUla MHU/KOCTH Kak ObI BHCHT B MOTOKe Moj AefiCTRU-
eM MoAfepMUBalOieli CUILI OKpYMalomuX YacTHl. QuyeBU N0, TONY YeHHLIH
pesylILTAT TPUMeHHM U K RHAKOCTAM, o6IafJamllHM TpeHHeM. [loaTomy
B danbHEHIIEM Bo BCeX CIydasX McClenoBaHHA ABUMCHUA M0J BOAOH HIM
B BOBAYXE Mbl He By AeM YUYHTHLIBATL JeficTBUA CHILL TAMECTH, Clle]oBaTelb
HO, BMeCTO laBleHus p GyleM Beerja paccMaTpPHBaTh AaBjleHHe p*, oQHAKO
VIS cOKpallleHMA NHcbMa OyaeM OHMcaTh BMecTo p* npocto p. JaBicHue p*
GylleM HA3BIBATb KUHEMUYeCKUM dacaenie.
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IIycTe maBleHMe U NOTOKe BO3AYyXd HIH BOAbl U3MepHAeTCH NPU IOMOLWU He-
noABUAkHOro npudopa, HaXodANerocA BHe DOTOKAa U coeIHHeHHOI o TpyOKaMHu ¢ 1o~
OBHMHBIM 30HJAOM, BCTaBIeHHbIM B MOTOK. B TakoM cayvae Bec HAKOCTH B TpyG6-
Kax jJeficrByeT Talk, 4To JaB/leHHe, lloKasblBaeMoe [IpUGOpOM, He 3dBHCHT OT I'e0-
MeTpHYeCKoif BBICOTHI MecTa HaMepeHusa. CnejoRaTelnbHo, IpHOOP NOKAa3bIBaeT
gaBiIellMe TaKoTo ke BHia, kak U p*. Ecin B KadecTBe 3oliga BafaTa TpyOka IuTo,
TO HellOJBHMHBIH NpHlop NoKaMeT 0JJHHAK0BOe JaBICHHC BI0AL Beell IMHHMY TOKA.,
B cnyuae, korja ona rcex TUAUI TORA NOCTOAHHAA B ypaeHenun Bepnyllin umeer
OJIMHAKOBOE 3HAaYeHHe, NpHOop JacT oJUMHAKOBOe MOKa3aHHe BO BCCM IOTOKe,

h) ypaBHEHHE Bep]-lyﬂﬂld [IOKa3bIBAET, KAK U3MEHHAETCH JaBlieHHe B10/b
JUHHHA TOHRA. I[J'IH TOr0 YTOBLI IMOJYYHUTL MMpeacTaBienie o TOM, Kak U3MEHHA-
€TCH /laBlieHe B Hallpabliedul, NepreHjiHRYTApHoOM K JHUHHH TOKAa, cle/lyeT
paccMoTpeTb BMeCTO KacaTe/bHOT'O HOpMa/lbHOe YCROpeHHe. Jto YCHROpCHHe

2
Harnpasleno, Kan U3BecTHoO, 110 riaaBHoi HOPMAJH TpaeKRTOpUH W paBHO 11';" 3

r7e 7 eCTh pajuyc KPUBHU3HEI TpaeKTopiu. BhIgenuM B MHUAKOCTH HebGONb-
1IYIO MIPHU3MY, 0Ch KOTOpOi HampaBiena BAOIL riabHoil HopMmanu. Jlaa aToit
NPU3Mbl YPaBHEHHE [BHMEHHH, COCTABJIEHHOE JI/IA HANPABIEHHA T, 18€T:

w _10p
r Pos’

(20)

rjaie 63" €CTh 3MeMeHT AYyTHW 110 HAlpapieHHuH rIaBHoH HOpMAanu, a Belln-
YMHY p clelyeT MOHHMAThL B ¢MLICHe fAaBneHusA p*. YpamHeHue (20) mo-
Ka3bIBaeT, UTO NMPH KPUBOIMHEHOM TeUeHHH JaBleHHe YBelU4YMBAETCH 10
HAIpaBplieHH oT BbIHyHHDﬁ CTOPOHBI TMHHH TOKA K BOFHyTOI‘/‘I, npruyeM 3To
pw®
2
Hue (2() ycTaHaBIMBAeT CBA3b MeMmAY COCeTHMMH IMHUAMHE Toka. M3 sToro
yPaBHEHHA BHJIHO, YTO Npu npamorunetinom mevenun (r = o) dasienue He
MOMNCEIN. UIMEHAINLER 8 HANPABACHIU, NePReHIURYAAPHOM K CROPOCTIL Mede-
HUA.

MIpu KpUBONHNEHNOM TeUYeHHH 0COGEHHO TPOCTON PesynbTaT Moayda-
eTCA B TOM Clyuae, Korja MOCTOAHHAd B ypaBHeHHH BepHynnu umeer onu-
HAKOBOE 3HAYeHMe JJA BeeX JuHMi Toka. B »rom cnyuae, quddeperuupyn
ypaBHenue (19) mo s’, Mbl moayunM:

YBeIniyenve coCTapifaeT Ha ¢IUHHUIY OIHHBI. Tarum oﬁpaaom, YpaBue-

10p _ _,,0w
£ ds' ds'’

OTKY /8, CPABHWBAH ¢ ypaBHenuem {2(}), Haiipem:

O . ¥~ (21)
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Huxe, B §9, MuI yBUAHM, 4TO paBeHcTBO (21) BripamaeT co0ol yciloBHe,
IIPU KOTOPOM TaK HasbIBaeMaf IMPKYIALNHA BI0Ab NPAMOYTONbHUKE, 00pa-
30BAHHOTO OYTaMH ABYX COCEJHHX IHHUI ToKa K oTpeskamu ds’ ABYX panu-
YCOB KPUBH3HEI, paBHa Hymo. Tam #e Mbl YBHIUM, 4TO TPH HHPKYTIAINH,
PaBHO HYIIO, OTJelbHBIE YacTHIBI MUIKOCTH ABMMKYTCA Ge3 BpallleHHA.
CaepoBarenbHo, paBeHeTBO (21) oKasbiBaeT, YTo NPH HAlleM KPUBOIHHE-
HOM TeYeHHH YacTHIbl #HIKOCTH He COBEPIIANT BpAlLleHNA.

Jlna npuMepa paccMOTpHM IBHKEHHE B CIMpaTbHOH
Kamepe, u3obpameHHoil Ha puc. 36. Bce anEMN ToKa Ha-
YHHAIOTCA B NapallelbHOM MOToKe B 061acTH A, B Ko-
TOPOA CKOPOCTb W JlaBleHHe Bellle OJQMHAKOBBI, CJel0-
BaTelhHO, NOCTOAHHAA B ypaBHeHUH BepHynmu, cocrap-
JeHHOr0 1JAl TIOTOKA B CNHMpaTbHOH KaMepe, 0IHHAKOBA
Ha BceX NMHHUAX TOKA. Paguychl KPUBHIHBI OTIETbHBIX
Puc. 36. Teuenne ‘TAHHI TOKA MORHO CUMTATL IPHOMMIKEHHO PABHLIMY Pa-
B cnupabHoii Ka- AYCY 7: IPOBEENIOMY K3 IEHTPA KaMephl (O, noatomy
Mepe MOMHO NPHHATE, UTo ds’ = dr. Torna yparnerue (21)

ILpHMeT BHL:

dw | w

— 4+ = =0,

dr r ’
HIH

dw _ dr

w7

OTKRyHa noclie HHTer pApoBaHHA Mbl NOMYYHM:
Inw=InC—1Inr,

W
_C
u = T
rjae C ecTb nocTofAHHAaA HHTer pipoBaHHA. GJ'IGJIOBE[TBJ'IIJHO, CHOpPOCTL Teue-
HHUA 1o Mepe npﬁﬁﬂl/l?“e"”ﬂ H NeHTpy KaMepbl CHILHO BG:}paCTﬂeTl. HO}I'
CTaBUB HailjeHHoe BEIpaMieHe CKOPOCTH w B YpaBHeHHe BepHyHnH (19),

MBI llﬂﬁHEM AdBlIeHHe:
2

» = const — )
5 272

1H})I/I NOCTOAHHOH DBICOTE KaMepbl pagHalbHaA cOCTABIAKMOAA CKOPOCTH BCAeJCTBHE
HEepPas3pPbLIBHOCTH TIOTOKA TaHKiKe DﬁI)BTHD TMpOMoOpIHOHalABHA pagunycy 1, N0dToMY Yrol,
nﬁpa:%yervu:lﬁ JAHHWAMH TOKa ¢ paadycaMu, Beije fl,']VIHEIHOHI:Iﬁ, cilefl0BaTeibHO, JHHHAMH
TORAa HABJAHKYTCH JTO[‘B])HEIJMHUGCHHG CIIHPAaJdH.
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Ecau notok BHYTpHM Kamepbl, JOCTUTHYB pajHyca ri, BEIXOTUT 4Yepes cle-
JaHHoOe 3[ech 0TBEPCTHE B CROﬁ()j]HyIO ﬂTM()CCpepy, T'lle JaBlleHWe paBHO Py,
TO 3Jech Npelblayliee ypapHeHHe JaeT HaM:
Crz
Po = const —

e
2ry

Hermoynp ua 060UX ypapHEHHIT MOCTOANNYIO (const), MBI MOSYYHM

_, c:f1 1
pP=pot+pr5 q——Q

CJ'IBI[OB&TEHLIIO, GCJIH BLIXOAHOC OTREPCTHEe BHYTPH KaMephl Malo, TO INpH
BXoJe B RaMepy OaBleHHe MoMeT CcIeNaTbCAd OUeHb BONBIIKNM.

C) HpH HCYCTaHOBHBIIMXCA OABHMeHHMAX A1A MNOJYUYeHHA CBA3SH Memay
JdaBlleHHeM W CROPOCTBH) BAGIE NTHHHH TOHa CcllelyeT NMPOHHTerpHpoBarh

ypaBHcHHe (8), He orOpacbiBag 4ieHa i);f . lloaToMy BMecTo ypaBHeHH:A
Bepuynnu (9) Mbr moayuuM:
A
p w? w g 9
ptTEEt 5 +/ ot ds = const. (22)

0

B cnyuae npu#eHHA B TpyOe ¢ NOCTOAHHBIM Mo~
NCPCYHBIM CEYCHUCM CKROPOCTh TCYEHHA B KaMi-
JIbIi OIpejeNeHHbIil MOMEHT BpeMeHH OHHaKO- ]
Ba BO BCeX CeYeHUAX; KpoMe TOro, oHa oguHa- |_— 7t~ ix -
KOBa TaKMe BO BCeX TOYKAX Kamj10ro CeYeHud, g ‘*— A P
NMOCKOJAbKY MBI IpeinojaraemM, UTo #MUIKOCTh ‘—‘;L 5 B C “"’ﬂ:g«
He Dﬁﬂa)’lﬁeT TpPEeHHEeM. B TAHROM Cliy4yae Nnmpous- re— | —

s, PP

~

.

dp
BOAHAA 5 HC DABHCHT OT §, H MHTeIPAl BIC Pyc, 37, Herevenue u3 wa-
dw canra

BOI yacTH ypaBHeHuA (22) GyaeTr paBeH 0

Ilaa npuMepa paccMOTpUM HauadbHYIO CTafHI) HCTEMEeHHA U3 cocyna
uepes Hacajok aauHoit [ (pue. 37). llpumennn ypashenue (22) K ropuson-
TalLHOM NTUHWH TOKa, CORMAfAIoNiell ¢ oCLI0 Hacaaka, MLI MOIy4YuM JIIA
TouKH B, HaxousllelicH Ha PaccTOHHUN § OT BXOJ4 B HAcalOK, Y paBHeHMe

P, ow? | dw

ﬁ+ 2 +dt

s = consl,
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a 11g ToukM A oKoIo0 BXoia B Hacagok (s = 0) — ypaBHeHHe

+ %—T -0 = const.

—
pa Wi
p 2

IIpupaBHUBas NeBble YacTH YpaBHEeHWA U UMeA B BUIY, UTO BeJHUHHOM -u,r'j’l
MOMHO leCHeﬁpG'—lb KaKk BecbMa Maloil 1o CpaBHCHHKD C 'w2 H 4YTO
P4 = po + gph,

rie pg eCTb JaBleHHe Ha cBoBOIHOH NOBEPXHOCTH, MbI NONYHIHM:

2
% w dw _ Po + gh.

Tt atT e

o Tex nop. Nnora % He paBHO HY./IHK, HaBlleHHWe yYMeHbIIAcTCA BIOJbL Ha-

cajika NpOoHOPLUHUOHATLHO paccToAHHK 3. IIA KOHLEeBOI'D CeYCHHMA Hacal-
Ka (s = [), B KOTOPOM AaBICHHE PaBHO Py, ypabueHue (22) naer:

M w? | dw
pt ot g

dw _ 1 _w?
t _I(gh’ z)

B l'lepﬂl::lﬁ MOMEHT HCTeUYeHHA 1 = [], clleJOBATElbHO,

_m
I_P

+ gh,

OTKRy a8

dw h

g~ E (&)
To Mepe YBellHHeHH A w NPpOH3BOIHAA % Bce OoJdee U Dodee YMeHbIIACTCH,

NOKAa He JelaeTcHd paBHOﬁ HYIH). B aToT MoMeHT TeueHMe IpeBpalllaeTCA
B yCTaHOBUBIUEECH, U CHKOPOCTh MCTEYEHHA IIpUHUMaeT 3HadeHue

w = +/2gh.

Hepr,an BBIBECTH TOUHBIA 3aKOH M3MeHeHWA CKOPOCTH w B 3aBUCH-
MOCTH 0T BPCMCHH, 0JHAKO MBI 9THM 3aHHMAaTLCHA He ﬁy,[[CM. HJIH OLCHRKH
BpeMeHH, KOTOpoe T[)eﬁye’]‘(lﬂ JIA TOro, YToOLI TeUueHWe cenanochk ]'Il“.ll/IGJTH-
SHTeJNbHO YCTaHOBHBITHMCH, CACIyeT IPHHATL 4TO YCROPCHHC % ocTacTcA
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Puc. 38. Konefauua ctonfa MUIKOCTH

J0 MOMEHTa AOCTHKEHHA CKOPOCTH wy = +/2gh noctoasHeiM. Torga, noa-

gay W W
¢TaBifAd B paBeHCTBO (23) Tl BMeCTO %, MBI IOV IHM:
7= wyl _ 2
oh wy”

=]

dpyruM npocTbiM pAMEPOM HeYCTaHOBHBILIET OCH [IBHKEHUA MUIKOCTH HB-
nfgercA KonebaHue cTonba MHUAKOCTH B M30CHYTOH TpyOe mol JefcTBHEM
CHIIbI THMECTH (pHC. 38). IIycT TpybBa mMeeT NoCTOAHHOE HONEpedHoe ce-
yeHHe W NYCTh ANWHA cTonba MUIKOCTH, W3MepeHHasa BAOJIL OCH TpyORI,
paBHa l. Oﬁoanaun OTHKIOIEHHEe CTonba MHIAKROCTH OT MONOKENHA paBHO-
BECUA, U3MepeHHoe B HanpaBlelHHd ocH TpyOsl, B Kakoi-mudo MOMEHT Bpe-
MeHH uepes  (BCACACTBUC HCPA3PBIBHOCTH 3T0 OTHIOHCHUC OJIMHAKOBO Ha
oboux ROHLax CTDJlf)a, da TanMie BO BleX [IpOMEHYTOYHBIX ’l‘DL[H&X). Cro-

pPOCTh Bezjle OJWNAKOBA H PaBHA W = ‘f]—f; cJel0BaTeIRLI0, B pasencTre (6)
crnenyeT MONOMKHUTL ”
dw
w= ===,
s :
M N03TOMY YCKOPEHHE PaBHO
dw _ P
dt A2

Mpu orrJAoHeHWHH cToJ0A HMUAROCTH M3 [OT0KEHUA PABHOBECHH HA X OJMH
ero KoHell TIOHMMaeTcA Ha BEICOTY /iy = #sina, a ApyToil KOHell onycka-
eTcA Ha BLICOTY fiz = xsin/3, clefoBaTelbHo, PasHOCTh EOMETPHYECKHX
BBICOT paBma

h1 4+ he = z(sin e + sin 3).



74 Taasa 2

JlaBneHne Ha 06OUX KOHIAX OJMHAKOBOe; 0003HAUHM €ro uepes pg. Ilpume-
HAA ypasHeHre (22) K 000MM KOHIEM cTol0a MHAKOCTH, Mbl HOXYYHM:

p( &z 0= +grqma+[l+d‘;l

sin 404+ =—=
i dt? it

HITH

2,
gr(sing +sin8) + ld_; — 0.

Pemenue storo gudpdepeHnuansHoro ypasHeHu, copnaaiero ¢ audde-
peHIHalbHbIM YPaBHEHUEM ynpyrux roaeGanuil, uMmeer Bui:

(1wt + ),

rme

g(sina + sin 3)
g

Otcroga paa neproga koaebanuit T' noayvaem BelWUHHY

mw =

l
glsine + sin3)

_ 27
o

=27,
Ina BepruraibHoii U-obpasHoil Tpybru singe = sin@ = 1, # no»romy Ie-
pHOA KoneGaHHH paBeH
_ l
T =2, =,
2g

T.€. COBNAgaeT ¢ MepuoJoM KonefaHuit MaAsTHUKA, JIMHA KOTOPOro paBHa
MONOBHHE JIUHLI cTonba HHIKOCTH.

§ 7. Cnuanve By X notokob. IloBepxHoceTu pasnena. Bozunk-
HoBeHHe BUXpeil. [Eciu ABa NoToKa MHUIKOCTH PasNUYHOTO TPOHCXOMHK-
OeHHMA CIUBAIOTCH B OJMH NMOTOK MO3adH OCTPOro pebpa ofTeKkaeMoro Tena
{puc. 39), To B 0OMeM cayUae NOCTOAHHAA B Y paBHenuaxX Beprynnn ana obo-
HX TIOTOKOB MMeeT paszHble 3HaueHud. JTO 03HAYaeT, UTO MO 06€ CTOPOHLI
OT TIOBEPXHOCTH pasjiena oGoMX MOTOKOR, HA KOTOPOH JaBleHHe, OUEBHIHO,
OOMMHO GEITE OOZWHAKOBBIM, CKOPOCTH HMEWT pazHble 3HaueHWA. Ho paxe
B TOM clyuae, Korja nocTofHHas B ypaBHeHUAX BepHynau puig oboux noro-
KOB HMeeT 0/JHHAKOBRIe 3HAYeHHWA, CKOPOCTH HaJ U NoJ TOREpPXHOCTLIO pas-
Aena MOryT oTJAuYaThed ApYr oT Ipyra CBOMMM HanpaejaeHUAMH. TakuMm of-
PA30M, B PACCMATPHBAEMbIX CIy4YaHX HA IIOBEPXHOCTH PA3JIea HPOUCXOUHT
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IpepLIBHOE U3MeHeHHe CROpocTH. B nepBoM ciiy-  ~—

qae [poucxodnuT l'[p(),“l()ﬂhl-[hlﬁ CKa4Yo0K CKOpPOCTH, & '
a BO BTOpoM — NonepedHblii ckavok. Ilomepx- N
HOCTH pasjlella yacTo HabaroaanTca B JelfcTBH- / oo n .
TenbHocTH. OJHAaKo BCleNCTBUE HEYCTOHUYMBOC- F

TH OHU HEJOII'0 COXPAHAIT CEOK) NepBOHAYANL- e '
Hy0 dopmy. JoctaTouHo HeBonbimoro crydai- /\

HOT'0 BO3MYIIIEHHA, YTOOBI BLI3BBATL GBICTPOE HEC-

KpURJEHHE IOBEepPXHOCTH pasiena, HapacTaHWue Puc. 39. Cruanue ABy X Mo~
pa3HocTell cKopocTell B OJHHX MecTax M, Ha- TOKOB

o6opoT, yMCHbIIEHHe ITUX pasHocTed B ApYyrHX MecTax. 3To HpPUBOIAT
K GBICTPOMY, 0OBIYHO GeCHopAIOYHOMY paclaeHHI0 MOBEPXHOCTH pasjena
Ha Gonblloe YHCIO BUXPEil.

Puc. 40. Bosuuknoeenne Boill Ha MOBEPXHOCTH pasieila

Brugy Gonbmoil Ba®HOCTH 3TOT0 ABIEHHA INA NOHUMAaHHA OeHCTBH-
TelNbHbIX IBHKCHUA #MUAKOCTH paccMoTpuM ero nojgpobuee. lycrs Bedaen-
CTBHe KaKUX-HUGYAb KoTeGaHWH B MPUTOKE ;XWIKOCTH NMOBEPXHOCTH pas-
Iena Ha puc. 39 mpuHAna crerka BoaHooOpasuyw dopmy (puc. 40). Bos-
HHRIIWE BOMHbI PaclpocTpPaHATCA CO CKOPOCThIO, PABHON cpeHeMY 3Ha-
YeHHK) MepBOHAYANLHBIX CKOPOCTEH Ham W MoI MOBEPXHOCTHIO pasiena (Ha
puc. 39 aTa cpeinAd CROPOCTL 0TMedeHa myHeTHpoM). Ma puc. 40 Banara
Takafd CHCTEMa 0TCUeTa, KoTopad JBHMKETCA C 3TOH cpeJHeill CKOPOCTHIO.
CnenoBare/bHo, B 9T0A cUCTEMe oTcYeTa IPefHH M BIAUMHBI BOJH 0CTAaT-
CH HENOJABHHHBIMHA, BEPXHHUH OTOK IBHMETCH BIPAB0, 8 HUAHWI — BIeBo.
[Ipenmonaras, 4To 5TO TeYeHUe — YCTAHOBUBIIEECH, MPUMEHHM K HEMY pe-
3yAbTATHI NpeAblay X naparpadon, Ha ypanaenns Bepuynnn (19), a Tar-
e us ypasHenus (20) cnegyeT, 4To Ha rpeGHAX BONH KaI0ro oTAeILHOTO
MOTOKA JaBleHle MOBBIMIEHO, 4 BO BNAIUNax, MaobopoT, OHO MOMHMeHo (Ha
pue. 40 »To oTMe4eHO TPH MOMONH 3HaKoOB + M —). Takoe pacnpefene-
HUE NaBleHHA 0Ka3bIBaeT, YT0 paccMaTpUBacMoe TOUeHHE He MoMeT ObITh
ycTaHOBUBIIUMCA. B caMoM fene, M3 TeX MecCT, Ile aBjieHHe MOBbIIIEeHO,
KHAKOCTL BydeT mepeTekaTh B Te MecTa, rje JaBleHHe MOHHIKEHO, HO BTO
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Puc. 41. Bosuuk- Puc. 42, O6Teranue Puc. 43. BosHukno-
HOBeHHE BUXpei ocTporo pedpa BeHHe BHXPA TpH
Wz BoAH Ha Mo- obTeKallii oCTpoTo
BCPXHOCTH pas- peGpa

neia

03HavyaeT, YTO BO3HHMKIINE paHee BOMHBLI HAUHYT YBeluuuBaThed. JanbHed-
mas cyb0a MoBepXHOCTH pasiena MoKasaHa Ha puc. 411. B KoHlle KoHIOB oHa
pacnagaercA Ha orTaelbHbIe BUXPH. B geftcTBUTeIbHOCTH epROHAYAlbHbIE
Hebonblne BO3MYNIEHHA HCKa#aT TOBEPXHOCTh pa3fiena ofbIUHO HE B BU-
Ae paBlIOMEpHo CIeIyIONIHX APYT 3a APYroM BOII, a COBepHIeHHo Gecnops-
OOYHO, H NO3TOMY B KOHeUHoH cTaJuu pacliaga ofpaszyeTcA B 0ONbIIHHCTRE
clnyuacB BeclopAnOUHAA NI0CICI0BATEILHOCTh BONLIIHX H Ma/blX BUXpeiil.

Hapaay ¢ Tonbko 4rTo paccMOTPEHHBIM BHAOM IIOBEDXHOCTEH pasieia
CYIeCTBYET ellle APYTroi BH], NPU BO3HHKHOBEHHH KOTOPOTO 0JHOBPEMEHHO
obpasyercH Buxpb. [Iyers noTOK #MHAKOCTH BCTpevaer Ha CBOEM LYTH 0CT-
poe pedpo. B mepeblil MOMeHT Bo3HURaeT o6TekaHue pebpa (puc. 12), npu-
4eM CROpoCThb Ha peﬁpe 0U€Hb BEIHWRKA, TCOPETHYECCRH JMA l/l,E[BH.HbHDﬁ M-
KOCTH OHA Jlaxe paBHa OeckonedyHocTH. ONHaKo, Rak MOKa3LIBAIOT HadI0-
HCHUA, IPH TaKkoM O0TeRaHHH OUYCHb DLICTPO BOBHUKaCT BUXpb (pHe. 43),
W CROPOCTD o0 TeKaHWH 3HAYHTEJAbLHO YMEeHbIIACTCH. J]JIH o0'bACHEHHHA TaKo-
ro ABIEHMA MOMHO BBECTHU NIPUHIIUI, COTITACHO KOTOPOMY AMUAKOCTh CTpe-
MUTCH H3berars HecKkoHedHo BOABITUX CKOpOC'I‘Eﬁ K BMeCTO aToro oﬁpaayer
HNOBEPXHOCTH pa3zfena. B ganwbHeilleM MBI YBHIWM, YTO 38 3THM NPHHIH-
MNoM CHPLIBAETCH TpPeHHe MUJKROCTH, ROTOpOE, KaR ObLI OHO HH DBIIO Mamno,
BCerja npoApideT ceda BOAU3U TRepABIX cTenoK. [Hanuume BUXpA nozagn
ocTporo pedpa BbI3bIBAET 31eCh KPYTOBOE JABUMEHNE, BCASACTBUE KOTOPO-
To :KUAKOCTEL TPUTeKaeT K pelipy Takimke CO CTOPOHEBI, TPOTHRBOMOIOMKHON
HanpaBleHHK) OCHOBHOro moToka. (nejoBaTelbHo, okolo pedpa BO3HHUKa-
10T YCIOBHH, OGBLTHBLEHBHK)U_[HB BOJHMKHOBEHHUE 3/eCb NMOBEpPXHOCTH pas-

13ameTnm, uTo aHazor muHOH npuunHoil o6sAcHAeTCA Komebanne daaros TMpH BeTpe.
Pacnpepenenue napneHua Ha puc. 40 He M3MEHHMTCH, eclM HanpapleHHe HMKHErO NOTO-
Ka ¢TaHeT NPOTHRONOIOMHEIM, T.e. HyNeT CoBNaJaTh ¢ HANPaBIEHHEM BEPXHAro NOTOHA.
CaenosaTeanno, nefonhmo# warub noasorHuma ¢aara secerga OyaeT CTPEMHThLCH YBeaH-
yuTheA. Tak Kak «BOJHLI» HA TOJOTHHLIE HEeCKOJLKO YBJAeKalTCA BeTPOM, To AeHcTBu-
TeJAbHAA KapTHHA ABJACHHUA Noady4daeTcA ojce ClOASHORA.



g

Runemamuxra. ﬂuna.ﬂuh‘a chu&u‘ocmed, AUULEHHBLL TNPERUA 7(
nena (puc. 43). Ilog jeficTBMEM BHXpPH 5Ta NOBEPXHOCTH 3aKpPY4YHBAETCH
U TeM CaMbIM YCHIMBEET BUXPb, KOTOPbIA BCIeACTBAE 3TON0 HAUYHHAET pac-
TU. B JeficTBUTENbHOCTH BUXPhL U HOBEPXHOCTb pasdfelda COCTABIAT OJHO
melnoe U pacTyT BMecTe W3 HHYTOMHOr 0 HavYalbHOro Bo3MylleHnA (puc. 44).
B paneHeiimeM «HavanbHbI#» BUXPE YIIBIBAET BMECTE C MOTOKOM, a MOBEPX-
HOCTB pazjlena, HOBble KYCKH KOTOpOi Bee BpeMH 06pa3yrTCcH 0Koo pebpa,
pacnajaeTcA Ha OT/ellbHble BUXPH.

)

»

>
/ N
L)

o ﬁ'\
N N
7R

Puc. 44. BosnugHoBenne M pacuamg Puc. 45, BosnHKHOBeHue CTpYH
MOBEPXHOCTH pasmena

CoBepimieHHO aHalOTHYHAH RapTHHA HablIOgaeTcf M NpPH HCTEYeHUH
HHAKOCTH Yepe3 KPYTioe OTBEPCTHE ¢ OCTPLIMH KPAHAMH B IIOCKOH CTen-
Ke (puc. 45). BosHukaeT N0BepXHOCTL pasjeda, KOTOpag HaYUHAaeT 3aKpy-
YUBATLCH W 00DpPasyeT BUXPEBOE KONLIO, YBIEKAEMOe CTPyel HiMIKOCTH.
Rpacuprie BUXpeBble KOTbLA MOMHO NOIYUHTE CACIYVIOLIHM IPOCTHIM CHO-
coboM. B c¢renke Hefo/lbIIoro ALIMKA BbIPC3AeTCH KPYII0e OTBEPCTHE ¢ 0CT-
PBIMH KPAHMU; IPOTHBOIOIOMHAA CTEHKA jledaeTcA yupyroi. fumk Hanon-
HAETCA ABIMOM, HanpuMep, TabayuwiM. Eenu Temeph yaapHTb mo ynpyroi
CTEeHKE AININKA, TO U3 KPYTI0ro OTBEPCTHA BLIIETHT BHXPeBoe Konbio. Tak
KaKk McTcueHHe BO3AYXa M3 KOpoBKH oueHb GbICTpO NpeKkpamaeTcd, To ob-
pa3oOBAHHA CTPYH He MPOMCXOJNT, W BhLIETEBINEE KONbIO ABHIKETCA CAMO-
cToATenhHo. [1pH cBoeM BOZHHKHOBEHMHN BHXpPEeBOE KONBIIO 3aXBaTHIBAET Ta-
HayHblil IbIM M [OITOMY PE3KO BbLISIHETCH CPEAH OKPYHKAaKIIero Bo3lyXa.
Takue BHXpPeBbIe KOAbIA 0YEHb YCTOHYHBBL U PACHANEIOTCH TONBKO MOCIE
TOTr0, KaKk UX SHCPruA NOUTH HeIMKOM NOrIolacTcA TPeHHEM.

Tonepeunslii chayok cKOpoCTEd NOMYYAETCH, HANPHUMEpP, IPH 00TeKa-
HWM MNacTHHHEU, HaKJIOHCHHOH o HeGOMLIIHM YIIOM K HalparBlIcHHWIO Mo-
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TORA. HpH TakoM 00TeRaHWH HAa HUKHel CTOpOHE IINTaCTHHRH JaBjlIeHue I10-
BBIIIAETCAH, BCJIEACTBHE YEero JHWHWH TOKa pacxXxoJATCH 30eChb BIIPABO U Blle-
Bo. Ha BEIJXHCI‘:[ CTOpOHE NITACTHHKH, Haoﬁopcrr. JaBlIcHHE NNIOHUMaeTCA, 4YTo
NPABOJHWT 3/1eCh K 3arubaHuIo THHWA TOKa 1o HanmpaplIeHHI) K IIeHTpy Iiac-
THHEKH. ”UBTOMY OROJIO 3a]Hero peﬁpa NIacTHHRH MOTOR IOJ H.’TaCTHHHOﬁ,
€CJIH CMOoTpeTb U3 LeHTpa, IBHMETCH K O0KOBBIM peﬁpaM, a Haj InacTHuh-
I-'iﬂl.;l: Hﬂﬂﬁl’)pDT: K cepejliHe IIJIaCTHHKH. CI[B,I[()BSTEJI]:HU: 3ech JOJIHHAE
OﬁpaBOBaTBCH MOBEpPXHOCTL pasaena. HpH YCTAanoOBUBIIEMCA TEYCHHUH abco-
JIOTHAA BeJWYHHa CKOPOCTH OJHHAROBA Ha obenx CTOpPOHax NOBepXHOCTH
pasncna, Tak RaKk JaBleHHe H3IMeHACTCA HellpepblBHO H BCC TWHHH TORAa Oc-
PY¥T CBO¢ Ha4allo H3 HeBOZiMyLL[eHHOﬁ ofinacTH jpailero nepen [lilaC'l‘PlHROﬁ;
CleqoBaTelbHO, NOCTOAHHAA B YPDaBHeHHH BepHmeH OIJUHaRoBa [OANA BCeX
ITMHHIA TORA. HDSTOMy CHa4YoK CHOPOCTH Ha MOBEPXHOCTH pasiaelia uMeeT

YUCTO HUHBpe‘IHblﬁ XapanTep. Kak nokazwisaloT Habnw-

M ACHHUA, TARKEe MOBCPXIIOCTH paszaelna CBepThIBalOTCA OKO-
10 HOROBBIX peﬁep MIacTHHRW W Jal0T jIBa BAXPA, KO-

. TOpPBIC MOMKHO IPOCACIHTE Ha BCEM IPOTAMCHUH IYTH,
u IpoijeHHOro IIacTHHKOH.

Ha puc. 46 nokaszana dopMa NoBepXHOCTH pasie-

71a B PasTHYHBIX CEYeHHHAX No3aid wiaactuHiu. Hecne-

U JIOBaHHE NoN0OHOI0 poaa ABIEeHNI NMEeeT OYeHb Ba#HOe

3HAYeHHe A NOHUMAHUA JefiCTBHA KPLLILEB caMonera

Puc. 46. Tlomepx- (cm. §16 w 17 ra. TTT). MoBepxHoeTw pasznena paccMoT-

HOCTh Pasfiena 0o~ peygoro BHAA MOMHO ClelaTb BUIHMBIMH, eClH 0CTo-

3aQM HARIOHEHHON | oucpo prinyeTHTh B BOSAYX TabauHblil UbIM B Yepes

€ro CROIeHHe HLICTPO NPOBECTH KOHIOM IIHHHON TH-

HefKH, yCTAHOBICHHON K HANpPABIeHHIO IBUMKEHHA M0 HeOoMLIINM YTIOM.

IMIaCTHHRH

§ 8. IloBepxHocTU paspnena (npogoaxenuve). Hamepenue nas-
aeHuAd. M3 ckasannoro B mpeaninyiieM naparpade cieayer, YTO B iKHI-
HOCTH C YMEPEHHbIM TpeHWueM, KOTOPbIM B [NEepPBOM leHﬁHHJ’HBHHH MOMHO
npeHebpeyb, NpH 0OTEKAHHH BCAKOTO OCTPOro pebpa Beerga obpasyercA
NOBEPXHOCTEL paijedaa. EC.‘II’I Tanoe pef)po npejgcraninfaeT coboi Kpad oT-
BEPCTHA, Yepe3 KoTopoe MUAKOCTE NPOXOTHT. HANpPHMep, IPH BHE3AIHOM
pacimupeHuy TPyYObl, [IPM UCTCYEHHH BOJAbL YEPe3 OTBCPCTHE cocyda I0J
BOAOH W T. M., To 00pasyeTcA Takaf e CTpyA, Kak MPH UCTeUeHHH B CBO-
fogHy arMocidepy U3 OTBEpCTHA B cTeHke cocynaa (§5). [IlpaBaa, B Tom
c¢liydae, norjja CTpyf #iuJROCTH mornajaeT B NMpoCTPAHCTBO C TolH iKke KU A-
KocThi0 (Boja B BOAY MAM BO3AYX B BO3JYX), BUXPH, BO3HHKaOUMNE H3
NMOBEPXHOCTH pasfelia, MPUBOJAAT K TOMY, 4TO CTPYA ObICTPO CMelIMBAeT-
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CH ¢ OKpY:Rawolleil suakocToio. HakoHeln, eciu ocTpoe pebpo npeIcTaBiseT
coboii KpaHd INIacCTHHEH, [ocTaBIeHHOH Ioreper 1NOToka, To 1o3ajgn 1nacTHH-
K1 obpa3yeTcA o61acTb CpaBHUTENBHO CHOKOHHON BOALI, TaK Ha3blBaeMoe
MepTBOe NMpOCTPaHCTBO. JTo MpoCTPaHCcTBO follee WIU MeHee 3aAIMOIHEHO
BUXPAMH (CM. puc. 26), M CKOPOCTL TeUeHHA B HEM 3HAYUTENLHO MeHble,
YeM B OKDPYKAKILEM [OTOKE.

HEPBBIE TeopeTHYECKHe HCClIeJOBAHHA ,[[BH]'HSHHfI HMHUJKOCTH C Oﬁpﬂ—
30BaHVeM TMoBepXHocTell pasmena npunamiekat 'erbmroneny (Helmholtz).
B YaCcTHOCTH, OH HCCIIeJoBaJl (p()pMy CTpyH, RhITeHSH)IJ_[Eﬁ H3 melln B 1Joc-
KOI1 CTCHHKe, Npcinonarasd Ipd 3TOM, YTO CHJIa TAXKECTH OTCYTCTBYeT, IpH-
4yeM [LJIH MCCICI0BaHUA [IPUMCHII MeTod KOHGOpMHOIo orofpameHs (M.
§10). O pacueTte, BainoanensoM Kupxroddpom (Kirchhofl) ana notora c o6-
pazopaHiHeM MepTBoii 3onbl, 6yieT crasano B § 14 ra. 111

[Ipu HeKoTOPHIX YCIOBHAX MOBEPX-

HOCTH pasfena oGpa3yloTcAl Taksmke NpH g
0O6TeKannun oK !)yFHBHHbIX Tel (CM. o 3T0- ._\ ——=
My noeoxy §6 ra. I1I). IloatoMmy Bo MHO- \ﬂ/’;
rUX cIy4afx Xapakrep ofTeraHHA cria- A 7 7 i 7
HMEeHHbIX peﬁep HOYTH TAKOH He, Rah H /%/f / ;//;///;
npu ofreKaHuy ocTpbIx pebep.

Ocoforo MHTepeca 3acCIyHHUBAET CIy-
yait ofTekanun yranyGIenuf B CTeHKe, 13-
obpamennrrit Ha puc. 47. B nepBbIil MOMeHT 00TeKaHHA THHUW TOKa HMe-
0T dopMy, HzoOpameHHYIO Ha puc. 47, a. Ha ocTpuix kpasax yroydneHus
cHavaja ofpasylOTcs BUXPH M IOBCPXHOCTH pasiena. Ho nocae Toro xaw
BUXPH YILIbIBAIOT BMecTe ¢ HNOTOKOM, IMHMHM TOKa IPHHMMalwT BHI, No-
Kasanunifi Ha puc. A7, b, mpaBga, IpH YCNOBHM, YTO LIHPHHA YTIyGneHns
Hﬂﬁnﬂb]}.lﬁ)% TAK KaK HMHade BOEHHHH}DH_[HI“‘I NOTOR MNoay4vaeTCcH He}’CTUI‘:l‘-iH-
BbIM. B yray6icHHH MUAKOCTb NpaKTHYICCKH HAXOJUTCA B IOKOC, MOITOMY
AaBlieHne 3/1eCh BO BCEX TOHRAX OJHMHAK0OBOE€ W TaKoe (e, Kdlk B TNOTORe,
npoTeKameM Haa yrayoaenweM. B camom fene, ecnmu OBI mpH Nepexofe
Yyepes MOBEPXHOCTL pa3ziela JaBlieHHe W3MEHATOCh, TO BOBHHKIO GLI co-
OTBETCTEYHOIEE ABHMEHHE MUAROCTH, HO, KaK TIOKAa3bIBAIOT HabIIOdeHNU4,
9TOr0 He mpoucxonuT. Eenu coeiunuTh Takoe yriayGieHue MpH MOMOIIH
TPYOEH ¢ KaKHM-HHOYJb TpUGOpPOM ATH U3MepeHHf JaBNeHHfl, TO TaKHM
NyTeM MOMHO H3MCPUTHL JaBlIcHUC B TeRylell MuiKocTH. BMecTo yray6-
JeHHA MOMHO clleaTb B CTeHKe IIpocTo OTBCpCTHe, HAIlpUMep, ¢ KPYIbIM
nonepevHsIM ceveHnneM. Kpad oTBepeTHa UK yTrnyGaeHUA JOIAHBL ObITh CO-
BCPLIEHHO POBHLIMH, 6¢3 BCAKKX 3ayCCHUL, Tak Kak HaJlH4yue XoTA Obl 04HOM
3ayCeHHWLE] IPUBOAUT K U3rUOAHUIO OBEPXHOCTH pasjela H. ClefoBaTelb-

NN

N

e

Puc. 47. O6Texanue yrayGleHuHa
B CTEHKE
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Puc. 48. OTBepeTHe Puc. 49. Ilaii- Puc. 50. 301 1A U3MepeHHUA
B CTeHKe MiA H3Me- 6a Cepa CTATHYECKOI0 HaBileHua (Hu-
pelHa CcTaTUYecKo- tbep)

ro gapjielllif

HO, K pe3KoMYy HU3MCHeHHIO faBleHudA. [JolycTHMO yMepeHHoOC OKpYyTieHHe
kpaen oTRepeThd. [IpapnabHoe yeTpolcTRO 0TBEpPCTHA 1A HaMepeHWd /laB-
NMeHUA B CTeHKe Tpy0hl oKazaHo Ha pHc. 48.

Paccmorpennan nges MosseT ObITh IPIMeHeHa B [AJA H3MepeHHH cTaTh-
YeCKOTO JaBleHUA BHYTPH ABMMYMIecH MUAKocTH. 18 3Toil Heqn B MHI-
KOCTb BBOAMTCA 0Y€Hb TOHKMH JHCK, HMCHOIIHH MaleHbKoe 0TBEPCTHE [0~
cpeaMHe M TPUNAAHHBIH K KOHI[y TOHKOH TpyOru (puc. 49). Onnako Takoi
npubop, HasblRaeMBbIil wetifold Cepe, oYeHb UYBCTBUTENCH K OTKIOHCHHIO
TUIOCKOCTH JIMCKA OT HalpapleHUdA NMOToKa. SHAaUYUTeNbHO NyYIile Tak Hasbl-
BaeMBIf nudep, UzoOpaseHHelil Ha pyuc. H0. IToT npudop naer Golee UIH
MeHee TouHble NoKaszaHuA jJas;e IpH OTKIOHeHHH oCH TPYOKH OT Halpabie-
HuA notoka Ha 5°. Ilpyu 60IbIIKHX yTriaX OTKIOHEHWA IOKA3aHHA [0y YAl TCH
3aHHMEeHHBIMH.

Ecmu Takoe maMepeHHe CTATHYECKOro JaBlIeHHA TPOH3BECTH OIHO-

BpeMeHHO ¢ H3MCPCHHCM IIOJHOI'O JaBJICHHA NpH IIOMOIIHA prﬁHH ITuro

2
g ur
{pue. 35), ToO MOMKHO ONpeeNiTh THHAMHYECKOE aBIeHHe iy = ,oT, pab-

HOE€ PasHOCTH NOJMHOIO ¥ CTATHYECKOro JaBieHHH, J3HAA #e IMHAMHYeCKoe
JaBleHHe W MAOTHOCTE p, MOMKHO BEIYHCIMTE CKOPOCTh TeveHuda w. B Tex-
HUYECKO cHcTeMe eluHUN {M, K2, cek) MIOTHOCTL aTMOC(hEpHOro BO3AY Xa
paBHa JI0B0ABHO ToMHO Yy kecer” /m', 109TOMY LA CBH3M Mem 1y IMHAMY-
YeCRHM AaBlIeHueM M CKOPOCTLIO MbI TONYyvaeM cledyIoliue Terko 3anoMiu-
naeMblie OPMYIhI:

N
Py = _Ib,n:z/m (24)

w = 44/pam/cen. (25)
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llaa Boabl mioTHocTL paBha p = 102 xzcex’® /m?. Omnako aaa Boabl 0BLIY-
HO NpPeJNoYHTAIT YKa3blBATh He JaBJeHHe, 8 BHICOTY, COOTBETCTBY MY 0
Japiaenuo. 06o3HauYas 3Ty BBICOTY uepes b (B MeTpax), Mbl IO-IPERHEMY
MOy YMM:

e

w = +/2ghm/cei. =
Hudep a1a usmepeHua cTaTUYeCKo- _—_
ro maBleHMA, W3o06pakeHHbIl Ha puc. 50,
MOKHO COCAMHHTEL ¢ Tpy6Kol Iluto
o.0]

B 0JMH UedbHbIH npubop, MHO3BOJAIOMIKI

cpasy onpejelATh AUHAMHYECKOe JaBie-

HHUC, & BMCCTC ¢ HHM M CKOPOCTB TCUC- Py 51, Tpy6ma llpanaras ana
nua. Ha puc. 51 wzoBpasena ogna us KO- yaMepeHHA CROPOCTH

CTPYHKUHI Takoro npubopa, oTIHYAOIA-

fCA Mad0H YYBCTBUTCIbHOCTBIO K OTKIOHEHHIO CBOEl OoCH OT HallpaBlIeHUA
noToka. [Ipy MaMepeHHH CROPOCTH BO3OYXa TaKolt MpHGop MpHcocIMHACTCA
o6bI4HO K MUKpoMaHoMeTpy (§ 8 ra. I).

HaMepenne cTATHYECKOrO JABIENHA YEPE3 OTBEPCTHE B CTEHKE MPH-
MECHACTCA HE TOAbKO AIA MIMEPCHHA CKOPOCTH, HO M AIA MHOIMX APYTHX
neneii. Tak, nanpumep, 4acTo TpefyeTcA 3MaTh paclpeneneliie JaBIelns
BIO/Ib TNOBEPXHOCTH o6TeKaeMoro Tena. i 2Tol neaiu B Mogeau Teia (au-
puAabisa, Kpblia caMoaera) JeaacTC PAd 0TBePCTHH, KOTOPLIC 0CJAeA0Ba-
TEBII0 CORMIIAIOTCA C OITHM KOJEoM ManoMeTpa (pH 3ToM IPOTHUBO1aR-
JACHHC B APYTOM KOICHE, KOHEYHO, JOMMHO OLITL BCC BPEMA 0JHHAKOBLIM).
Mosciio TaKk#ie Bee OTBEPCTHA NPHCOEIHIHTEL OJHOBPEMENHO K TaK HasbiRa-
eMoMy Gamapeiinomy marnosmempy, NpeIcTARIAOMEMY coboll pax coobuia-
omuxea TpyGok. Pacnonomenie yposHeill MUIKOCTH B TAKOM MaloMeTpe
cpaszy JacT HarlAJHo¢ TpcAcTaBICHHE o paclpeiclIcHUM JaBAcHUA BAOIb
noBpepxHocTH Tedaa, Ha puc, 52 usofpameH Xopolwo M3BECTHbIE OOBIT, MO-
ACHAONKI ypabnenue Bepuyaan 1aa Tevyenua B Tpyfe, cHavala cymuBa-
welicA, a 3aTeM ONATh pacmupAatomeiica. JpoccelbHBIH KpaH NO3BOAACT
PeryJupoBaThk CEOpPOCTh, clefoBaTeNbio, H JaBleiine b TpybHe. Kean wpan
OTKPBITh IOJIHOCTBHI), TO B caMOM Y3KOM ceueHHH b JaBleHHE€ HacTOAbRO
MOHWKAETCAl, YTO CTANOBUTCA MeHLIne aTMochepioro. To Ierko npoje-
MOHCTPHPOBEATh, CAENAR OTBEPCTHE B HMMHEH 4acTH ceueHUA b W BCTEBUR
Tyaa TpyORY, olYUICHHYIO B YaIIKY ¢0 PTYThIO (puc. 53). 3aMeTuM, UTo Ipu
TAKOM OILITE AaBIelHe B PACIIUPAKLIEicA YyacTH TPYOh] NOIy YaeTCA MeHb-
1ie, YeM 3To cleayeT U3 ypaBHeHHA BepHynu, 4To 06 bACHACTCA HEKOTOP O
nmoTepeii aueprun na tpenune. B cymupaomeiica yacTH, eclid TolbKo Cyaie-
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HHe MPOMCXOIUT ITAaBHO (MHaue 06pasyIOTCA BUXPH), COBIATEHHE C TEOPH-
eif monyyaerca ovyeHb Xopoiuee, M3Mepenue pasHocTH JABIeHHA B MPOKOH
W Y3KOH 4acTAX TPyObl DEPEMEHHOr0 ceueHUA MOoKeT OBITh HCHONbL30BAHO
O7A onpejlelleHA KollMYecTBa NpoTekamied no Tpyde muakocth (cM. §12
ra. 1I1). llpumepsl pacnpenelcHUA AABIEHHUA BAoIb MOBEPXHOCTH Mogenei
Koplyca JUpH#ab/ia M Kpblila caMoleTa [IoKasaHsel Ha puc. 151 u 162.

Y
Puc. 52. Pacnpeneaernuie Puc. 53. TloHHUmKeHHE naB-
naBlenua B TpyOke C Mepe- JeHHA B CaMoM YaKkom ce-
MEeHHBIM ceUeHHeM YBHUU TPY6BI

§9. Bonee ToyHoe HccnefoBAHNE JBUKEHHH 0JIHOPOJAHON #H -
KocTH Oe3 TpeHuA. IloTeHnnanbHoe TeueHHe. Jo cuXx nop Mbl yA0B-
NeTBOPANHCL B GONLIIHICTRE CIYYaeR oNpelenellieM TONLKO cPeIHUX 3Ha-
YCHHH CKOPOCTH TEYCHUA KUJKOCTU. Memray TeM 1elbio MaTeMaTHUYeCKoH
I'MAPOIUHAMHKY ABIACTCA OlPefedeH e CKOPOCTH TeUEHUA B KamIoh Tou-
Ke [POCTPAHCTBA, MMEHHO TaK, Kak 00 3ToM Gb1I0 ckazaHo B § 2. lna ogHo-
pofHolt MHIKOCTH, THIICHHOH TPEHHA, B 3TOM HaOpaBleHUN JOCTHIYThI
HOBOALHO GOMbIIMeE YCNeXH, 0qHaKo ¢ TOMOMLIO CHOMHBIX MaTeMaTHIeCKUX
METOO0B, 3HAHUA KOTOPLIX MBI HE MOKEM MPeNolaraTb Y YHTATENA HAaCTOA-
weit kuury. loaToMy MLT or paHH4YHMCA 31€Ch TOTbKO HEKOTOPLIMH OOIIHMHE
paccyCHHAMH 0 CBOHCTBAX ABHACHHA OQHOPOJHOH MUAKOCTH GC3 TPCHUA
M HCKOTOPBIMU [IPOCTHIMYU npuMepami. Ilpeskae Beero Mbl ocTanoBUMes Ha
reopeme B. Tomeona [W. Thomson (Lord Kelvin})]. fokazaTenbeTno KoTo-
poil OTJIOHHMM [0 KoHla naparpagpa. llpeapapuTelbHo BBeAeM H 0OBACHHM
HEKOTOpLIE MOHATHAL

1. Rudkumnu AURUAMY U HUTKUML NOBEPTHOCTRAMU HABLIBAIOTCA TAKHC
JAMHMYM M HOBEPXHOCTH, KOTOPLIC BCC BPEMS COCTOSIT M3 OJHMX H TCX IKe
4acTUIl MHUIKOCTH.

2. Kpusoaunelinvim unmezpasosm cropocmu BIONEL 3ajJaHHOW KpHBoi
Mexgy ToukamMu A u B Ha3bIBaeTcsl HHTerpan OT NPOHM3BeleHMA JHHell-
HOro 3MCMCHTA d8 KPUBOK Ha COCTABIAIIYI CKOPOCTH B HANPaBICHUU ds,



Runemamuna, Juuemura sudnocmeti, AULLEHHBLT MPERUR 83

cJIeI0BaTelbHo,
B B
A:fwcosr.xdsz/w-ds,
A A
rae & ecTh Yrol Memay w u ds, a w - ds — cKranfiploe NpoU3Begelue

BCKTOPOR W U d8.

3. Beanuuna HDMDOHHIIeﬁIIOFO HHTEerpaJ/da CRopoCcTH, B3AATOr0 BAOJADb 3a-
MEHYTol KpHUBOil, Ha3blBaeTcfl yupryiauuetl u obosnavyaerca Oykpoit I'.
HpHMeHHH AJIA HITerpalna BOOMb SEMHIIYTOI:'I HpHBDﬁ JHan ‘f, MBI MOMEM
HamnncaTh:

I’:f'w-d.s. (26)

Mocne aTux npegpapuTeNLHBIX OGBACHEHHHA MBI MO#eM copMyIHpoBaTh
TeopeMy Tomcona: B odnopodnoil wudroecmu, auiieHHoll mpeHun, yupryLa-
Yus 800Ab ICMEHYIMOL HUOKOT AuHUY ocmaemen sce spems nocmoannot. Ma
3TOH TeopeMbl MOFHO BLIBECTH MHOI0 BamHBIX ciedcTBHi. [lepBoe U3 Hux
3aKII04YaeTCA B CAeHyIONeM.

Feny gpusienve HAYMHAETCA W3 COCTOANWA MOKOA, TO BHAYANE, T. €. JI0
BO3HHKHOBCHHUA ABUMCHUA, NUPRYIANUA BIoNb Kaxcdoll 3aMKHY Toll #tUaRoft
JTUHWW 3aBeJloMo PaBHA HYJI0, To3ToMY U B JanbHelilleM olla ocTaeTcA Bee
BpeMA paBHoil Hym1o. Ho ecau B Kakoii-HUOY Ab 06MacTH KpUBOIWHEAHBIH HH-
Terpan BAoAb N000H 3aMRIYTOH KPUBOH paBeH Hyl, TO KPUBONHHEHHbIH
HHTerpai, B3fIThIH OT ofinoH ToYKN A Ao KakoH-uubyae apyroil Tourn B
paccMaTpuBaeMoHl obiacTH, He 3aBHCHT OT IYTH, [0 KOTOPOMY NPOH3BO-
JUTCA WHOTerpupoRanue. B camoMm fene, mpoiiga w3 Touku A B Toury B
[0 KaKoMy-HHOYIb MyTH, BCPHEMCA [0 9TOMY e IYTH Haszajg B Toury A,
a saTeM mpoitaeM onfaThb B Touky D no nopomy myTu. Mbl nonyuum cymmy
TpeX KPMBONHHEHHBIX HHTerpanoe Ay + Az + Az, KoTopas mycTh paBHa a.
H3 3TuX HHTerpaloB NepBLIe OBAa B3aWMMHO YHHUTOMANTCHA, TAk Kak OPU
NPOXOMIEIHH B paslible cTOPOILL 10 OJUOMY W TOMY ke OYTH Halpabie-
HUA BCCX 9MCMCHTOB (8 U3MCHAIOTCA HA NPOTHBONMIOHKHBIC, CCA0BATCILHO,
wuTerpan Az, BIATLIH Mo HoBoMy nyTH us A B B, papen ¢. C npyroit ctopo-
HBI cyMMa uHTerpanoB A, + A3 paBHa HYIIO, Tak KaK OHA cocTaBicHa AJIA
3aMKIYTOH KPHUBOH, MO3TOMY [CPBLIA UHTETPa/, B3ATLIA 10 cTapoMy IyTH
ot A & B, papen A; = a. Caegopatensiio, Ay = A3, 4To u TpeGopaioch
JOKA3aTh.

ByneM paceMaTpuBaTh Touky A Rak HeMoJBHKIIYIO 1A MHIKOH THIHN
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W BBIYMUCIHM I{pHBOJHIIeﬁIIbIﬂ HHTerpal

B

/w-ds

A

nnA pasHeix Touek B. Tem caMbIM MBI npunumemM Kamgoll Touke B onpepe-
nenHoe yKcedo. OBo3HauyuM ero uepea ¢ M HA30BCM NOMEHUUAAOM B ToUKe B.

[Tepeitgem Tenepb oT ToukHM B Kk Touke (', HaxogAmefica oT B Ha paccTo-
c

AHKUY d$, W BBIYHCAWM RpUBOTHHeHHbIA wnTerpan [ w - ds. Tax kak npu

A
CoCTaBlIICHWH BTOT0 HHTerpala Mbl, oYeBHIHO, MoHieM CclieJoBaTh OT ToOY-
ki A k Toure (U, npoXoaa depes Touky B, To MBI GyieM HMeTh:

o)

B
fw-d.s:fw-ds+w-ds,
A

A

¢ =& +weosads. (27)

Oboanauas MpoeKUHTIO BIeMeNTa ds Ha Hanpapiende cKopocTH uepes dh,
MEI MOA€M NpeCcTapHTh paBeHcTBo (27) B BUge:

b =g + wdh. (28)
Ona a = 90° Mbl uMeeM: cos a = (), U No3ITOMY
o = dp.

O6parHo, ccau ¢ = ®p, To oTpeaok ds = BC Beeraa LEPICHAMKYIA-
pen K HanpaBientio ckopocTd w. COBOKYIHOCThL BCEX TOYEK, AMA KOTOPbIX
noteniuan ¢ papen ¢, T. €. UMEET HEKOTOPOE IOCTOAHHOE 3HAUCHUE, 00pa-
3yeT MoBEepXNoCcTh, MPOXOIANIYIO Yepes Todky I3 M oTAenAionyio obaacTh,
B KoTopolt & > &g, or obaacTu, roe & > ¢ p. MnockocTs, HacaTeabnasn
K 9ToH NOBEPXHOCTH B TOYKe I3, coriacHoO TOALKO YTO CHEa3aHHOMY, IEp-
NeHURYNAPHa K BeKTopy CHopocTH w B Touke B. OTciofa cneayer, umo
AUHUA MOKA, HANPABACHIUE KOMOPHLT 8 Kaxcooll moike cosnadaem ¢ HANPAS-
AeHUeM BERIMOPA CKOPOCIMUL, 6e30e OPIMO20HAAbHbL K TOGEPIHOCTILAM PAGHOZ0
nomenyuaia ¢ — const.
O6osnauan $g — Pp uepes dP, Mbl nodyuum M3 ypasuenun (27) ann
NPOM3BONBHEIX 3HAYEHUI yria ¢ cooTHOIIeHHE
oo
ds

= 1w Cos (29)
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a u3 ypaBuenus (28) — cooTHomenue

% = w, (30)
npHUcM oTpeaok dh, corllacHo cKasaHHOMY BhILIC, HCPICHAMKYIAPCH K To-
Bepxuoctd ¢ = const. Ha pasencrsa (29) caegyer, uto HauGoabiiee H3-
MeHeHMe noTenirana ® NpoHeXoauT B HANPABICHHA HOPMAalH K MOBEPXHOC-
™1 ® = const. ITo HanBonbIlee H3MeHenNe, paBHoe % HaabIBaeTCA 2padu-
enmom nomenyuara P u obosnavaerca yepes grad . Cpaguent npeacran-
nAeT coboll BEKToPHYIO BeMHYUHY. TaK Kak BeKTop CKopocTH w, corlacto
CKa3aHHOMY BBIIIE, MePICHAMKYNApPeH K HoBepxHocTH ¢ = const, To U3
paBerictBa (30) cregyer, YTo CKOPOCTH TEUENHA [0 BEIHUUIE W HAlpaBle-
HWIO papla rpagHenty norennuaia . B perTopuoi popme pasenctso (30)
3aMHCHIBAETCA CASAYIONHM 00pazoM:

w = grad &, (31)

BBE,IIEIIIIDE HAMH reoMeTpUHYeCcKiM nyTeM MoHATHE NoTeHnHana coBna-
JacT ¢ NOHATHEM IIOTCHOWana cHi, ¢ TOH TONBKO paBHHHeﬁ, 4YTO I'pagHcHT
nmoreHurana CHUl paBpCH HAallPAMCHHOCTH CH/JIOBOrO IIOJIA, a I'paJHCHT Hallcro
NnoTeHIIMalna paBpCcH CROPOCTH TCYCHHA. HOBTOMY BBCJCHHBLIH HaMH TIOTCH-
nHaJj Ha3blBalwT, B OTIHYHUC OT IIOTCHUHMAIA CHJ/L, nomenyuaion cn‘apacmetf,
WIH nomeHyuaIom mederud. BBMETHM._ HTO Meray 000HMM NOTeHlMana-
MH MMe€TCH ¢lIc OJHa, YHCTO YCIOBHaA pasHuua: 0OBIUHO NpHHUMAaKT, YTO
HATIPpAMEHHOCTh CHIOBOIO TIOJfA pabBHa

g = —grad U,
& CKOPOCThL TeUYeHHA papla
w = +grad ®.

MosiHo 6blm0 651 eped grad ¢ B3ATE 3HAR MUHYC H TeM caMBIM ofecneduTh
foice DOMHYI aHaNoruio ¢ noreHyuaroM cui. Tak wHorga u genacref, o-
HAKO A THIPOJUHAMHYECKUX pacdeTon yaobnee Gpars nepes grad ® auan
NIKC, YTO MBI B ganbHelimeM u ymeM genaThb.

Ha mcero ckasannoro caeayer, 4To Npu GCAKGM deuncenur oduopod-
Holl H¥cudrocmu o3 mpeHun, 603HURAIOWeEM U3 COCTNORHUAR NOKORA, cyulecmsy-
em @GynrUUA, NAFBLEAeMAA NOMENYLAA0M U 00440aI0WaAA MeM CBOlCMmEoM,
4mo ee zpaduenin onpedenfern CROpocmy mederila 6 Aol moike nomoxd.
Heuncenua sudrocmu, odaadaiowite NOMEHUNAAOM cropocmell, HAIbLEAIOm-
CA NOMEHYUAALHbLMY mevenuamy. [IpH MOTeHNnuanbHeIX TeUeHHAX JacTu-
bl MHUOKOCTH HC COBCPHIAIOT BpamCHHA, YTo H ABIACTCA OTIHYHUTCILHBIM
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cBolicTBOM TaruX Teuenuit. B camom gene, mepoil BpameHua 4acTHUBI MO-
FKEeT CIOY#HHTh OUPKRVIALUA BIONb HeOoAbIIOH 3aMKHYTOH KPHBOH, HO 3Ta
LUPKYIAUMA B TeUEHUAX 0JHOPOAHBIX sKUJKocTel Ge3 TpeHUA, BO3HUKAaI0-
WX U3 COCTOAHWA [IOKOA, COTNACHO CKa3aHHOMY BRBINIE, pABHA HYIIO.

B kauecTBe mpoTHBONOIOAKHOTD MpUMeEpPa paccMOTPHUM #HUAKOCTh, Ko-
TOPafA BPALIAETCA KAK TBEPIOE TENo ¢ YIVIOBOH CKOPOCTBH) BOKDYT HEKO-
Topoii oc. BosbMeM B miockocTH, NMepneHIWKYTAPHON K OCH BpalleHWA,
mIomagky B BHAE OKDY;KHOCTH pajHyca r ¢ HEHTPoOM Ha OCH BpalleHHf
W BBRIYMCIHM LUWPKYIANWIO BAONb 3TOH OKpysHocTH. Tak Kak nuHelinas
CKOPOCThb T€YeHUA B TOUKaX OKPYMHHOCTH paBHa wr H HalpaBJCcHa N0 Kaca-
TCNbLHOE K OKPY#KHOCTH, TO

l":fw-ds :f{wrord:p:w?'2[cp}ﬁ”:2ﬁr2'w.

ECJ’IH, RpoMe BpaljaTeJbHOI'0 IBHACHUA, AKUIROCTD obnajgaeT TaK:ke IocTy-
HaTeJdbHbIM IBHMCHUEM, TO IMOCJICIHCC HC HAI0 YUHTEIBATL, TAK KaKk OHO HC
BIHACT Ha MUPKYIAIWIO. PaS,ELe.T[l/lB HMUPKYIATWK) Ha IIollanbk OKPYHHOC-

i F = 7r?, MBIl DodydnM:
T
= = 2w.
F
CaeaoBaTelbHO, BCTHUHHOL % y106HO NONL3IOBATLCA B KAaUCCTBC MEPhI Bpa-
WEHHA AHAKOCTH.
Eeny niomaaka pacholoscHa B MA0CKOCTH, odpasyiomeli ¢ ocklo Bpa-
MeHHA Yrol @, To, KaKk HeTpyaHo BUACTD,
I

5= 2w sin q. (32)

Tarum Gﬁpﬂi’iOM, MakcHMalIhLHoe 3navenne % nolyyJaeTcA B IIoCROCTH, Tep-

NeHAMKY/APHON K 0cU BpalleHkr.

Wrak, 0py noTeHOHaJALHOM TedelHH LHPKYIANHA BAOIbL 11060 3aME-
HyTOH AMHHM, NTPOBEACHI0N BHY TPU #UJKOCTH, paBHa HYII0, clejoBaredb-
HO, YacTHILBL KUAKOCTH ABUYTcA He3 BpamenuAa. B npemuee Bpema oT-
CHOfla NBITATUCh BLIBECTH KAk CJICICTBUE, YTO IPH ABUKCHHUAX OJHOPOIHOI,
MUIIEHHOW TPeHUA HUIKOCTH, BOZHHUKEIINX H3 COCTOAHNA TIOKOA, HUKOria He
MOTYT BO3HMKHYTb BUXPH. 0JHaRo, ecal MBI §0l€e BHUMATENbHO PaccMoT-
PUM Ipolece ABHHeHWA NpU obpazoBaHUM [oBepxHocTH pazmena (§7), To
OKaMKeTCA, YTO BCe KUIKUE TUHUHM, NPOBCJCHHBIC BHYTPH MUIKOCTH B CO-
CTOAHUW MOKOA, IBHMAYTCA U AedopMHMPYIOTCH TaK, UTO HM OJHA U3 HUX He
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nmepeceraeT NOBEPXHOCTH pasnena. ffoomomy meopema Tomcona ne nozso-
afem cden@nms HUKARUT 3aKAI0YEHUL 0 830UMOOMHOULEHUY MeXcOY Yacmamu
muamocmu, ACHAUMU NO PAIHbLE CMOPOHBL OM LOBEPLHOCTIU pasae,m. Cne-
JoBaTeNbHO, BOSHWKHOBEHHE B AMAKOCTH, TPAKTHYECKH JHIIEHHOH TPeHUA,
NOBEpXHOCTEN pasiela, a BMCCTC ¢ HUMH H BHXPCi, HUCKOMBKO HC MPOTH-
BopeunT Teopeme Tomcona.

B peanbHBIX MUAROCTAX, KOTOPbIE BCerfla 064aal0T BA3KOCTBIO, BMECTO I0-
BepxHocTel pasfena 06pasyoOTCA CIoH pasjeia, npapja, 00bMHO 0UeHb TOHKHE.
Cinoit pasgena Beerga ofpasyercd U3 YacTHI, NBUTaONHXCA B HEMOCPEICTBEHHOI
GAM30CTH OT TIOBEPXHOCTH TBEpA0r0 Teda, rfe BIMAHWEeM TPeHHA Heldb3A mpe-
HeOperaThb Jame NpPH OYeHb Maloil BA3KocTH. [o3ToMy ToUYHBIH aHAMU3 ABICHUM,
MPOHCXOAAMKMX BHYTPH ClI0A pazjena, BO3MOMKEH TOALKO Ha OCHOBe y4eTa BA3-
KoCTH. [InA HayUeHUA ARICHUI, MPOHCXOIANHX BHe ¢T0A pa3sfiella, HO CBASAHHEIX
C €ro cymecTBOBaHMEM, 00bIYHO JIOCTATOYHO pacCMaTPUBATL BMECTO Ci0A pasjie-
ifla MOBEPXHOCTH paafeda. BavAnKe TpeHHa 6yeT moapo6Ho paccMoTpeHo B § 1-6
ra. II1.

Pacematpupan B § 6 Tedenue, B RoTopoM Ho-

CTOAHHAA BCPHYIIH A4 BeeX MTHHHHA ToKa oJHHa- EM_@ e
KoBa, Mbl HAlIIK, YTO B HANPABJICHHH, [IeplIeHIu- ds’ 1s'
KYJAPHOM K JHHUW TOK&a, CKOPOCThL H3MeHfAeTcd &
corilacHo ypapHnenuio § d;f)

ds !

rje © ecTh pajuyC KpHUBH3NBI TUNUH ToKa. BeI-
YUCIUM HHPKYIALHI0 BIOAb HEBGONBIIOro YCThI-
pexyroibiinka, o0pazonanioro Jyramu ABYX co-
CCOHUX TUHHI TOKA U OTPE3RAMH IBYX CMCHHBIX
HopMmaneil (puc. 54). Mbl oy umm:

Puc. 54. Yersipexyromas-
HUE, B/I0Jb KOTOPOTO BhI-
UHCAAETCA WUPRYIALUA

I'=w-rdp+0-ds' — (w + gujds) (r+ds)dp —0-ds' =

= —ds' -(!p( % 4w+ %ds’) :

Mocneqmnuti unen b cKoBKAX Mosklo OTOPOCHTD KAk BETHUHIY GoJlee BhICOKo-
To NOpAJKA Maloc¢TH [0 CPABHEHMIO ¢ IEPBLIM WICHOM, CYMMa e HepBhIX
IBYX WICHOB paBHa HY/ colvlacHo IPUBCICHHOMY Bblle paBciHceTBy. Ta-
KHM 00pa3oM, MPH PACCMOTPEHHOM OBHKEeHHH NHPRYIAIUA BIONbL AH060R
3aMRKHyTOH Ma/loit KpHBOI paBHa HYJIO, CICIAOBATCIbLHO, ITO IBHKCHHC TO-
Tennuanbioe. 06paTio, MOMKIO A0KA3aTh (CM. HHME), YTO €CiH Teuelue
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noTeHNHaNbHOe, TO ANA Hero obfzaTensHo cobiogaercsl ypaBHenune Bep-
HYJLIH.

MaremaTnyeckoe nononaHenue. lonawnem Teopemy Tomcona. Rpupoau-
HefHbIi1 HHTErpal CKOPOCTH MOZSHO NPeCTaBUTh Take B CAelYlOlleM BHJe:

/w -ds = ](1¢dm+trdg;—|—wdz),

rae u, v, w ¢yTh NPOEKOHH CKOPOCTH W HAa OCH KOODAWHAT &, y, z, a dx, dy,
dz — NPOCKILHMH Ha TC MC 0CH JIHHeiiHOro vaemcHTa ds. Haiiem npouzsoanyio
OT 3TOr'0 MHTErpala mo BpeMeHH B IpPeANoI0seHHH, UTO KPpHBadA, BA0JIbL KOTopoii
IPOU3BOAUTCHA UHTEr PUPOBaHUE, COCTOUT BCe BPeMA M3 OfIHHX W TeX e 4acTur

d
mHugRocTH. Bynem o6o3nadaTh Takoe qUdepeHnupoBauie CHMBOIOM e {wHOT A
D
B IMTepaType BeTpedaeTcA Talkie ofoaHayvyeHe D_) Cnavajia BLIYHCIHM MPOH3-

BOAHYIO fudrr ROTOPYIO MOWHO TPECTAaBUTL CileIYIONNHM 06pasoM:

d du
da‘_/ uds = / —dz +[ (dJ:

llepnLifi uied npaBoii YacTH Ha OCHOBaHWUM YpaBHeuwd Jiinepa [§4, ypanme-
auna (13)] paBen

du _  _10p
dt P iw
Yto gacaeTcA BTOPOTO YiAeHA, TO, OYCBUAHO, I1A GUKCHPOBAHHONH YaCTHIIbI
dz _
dt

Ho B Takom cayuae
d
— (& +dz) = u + du,
4o+ do) = u + du,
cle0BaTEALHD,

d

—(dx) = du,

4 (dr) = du,
npuueM Tof du cieyeT [OHMMATh PAzHOCTL 0HOBPEMEHIEIX 3HaveHuit cocran-
nAOMel CKOpoCTH w JUIA JIBYX UYACTHI] AHAK0H AMHHH, HAXOJANHXCA B TOUKAaX
¢ KoopAHHaTaMHU « + du ¥ x. [locrynas ananoruyieaeiM o6pasoM ¢ 0CTAAbHBIMHU
ABYMA UleHaMH KpHBOJAMHCAHOT0 HHTerpaia, Mbl TOAYydHM:

c(ljt (vde +vdy +wdz) = f(Xd:r—l—Ydy—b—Zdz)—

dp ap dp - ;
f,r) (3 dx + 3ydy+ (,)zdz) + /(udu—%v dv +wdw). (33)

-



Runemamuna, Juuemura sudnocmeti, AULLEHHBLT MPERUR 89

[Ipeamono#uM Tenepn, YTo MaccoBafd cuaa 06iagaeT noTeHnuaioM U, caeno-
BaTelbHO,
7 J f
dx

dy’ dz'

)Iancc OpeanoNoM# UM, UTO IMIOTHOCTE 3ABHCHT TOJABKO OT JAaBACHHWA, HHBIMM CI0-

BaMH, 4YTO KUAKOCTH OJHOpo/iHaA. B TaroMm ciyuae Bce TpU HOJUHTerpaibHBIX
BBIPAMEHHUA B NpaBoii 9acTH paBeHCTBa (33) MOryT GBITL NPOMHTErPHPOBAHEL.
CrenoBaTenbHo, NPOH3BO/IHAA 0T KPHBOMHHEHHOr0 HHTErpata BAOML HHUAKOM T1-
HUH MeM Iy ToUkamu A u B, KoTopble Bee BpeMA JOIMHEI COBOATATE ¢ COOTBET-
CTBYKOMUMH HacTHUaMH #UIKOCTH, paBHa

B
d%[(uda:+vdy—t—wdz) =Us—Ug+P,y—Pgp+
A

+(uz+v;+w2) 7('u.2+v;+*wz) . (34)
B A

riac, kak U B §4, BBeaeHo ofiosHadYCHHC:

dp
T_P'

Eciau uaTerpHposadie poUM3BOIHTCH B0Jb 3aMKHYTOH KpHEOH, To Tousu A
¥ B copnagalor, U mpaBan UacTh papencrsa (34) neaaerca paBHoil mymo. Takum
ofpazom, Teopema ToMcoHa Aokazana. [lo moBogy NoMymienwil, cleTalHbIX IPA ee
I0KA3ATEABCTRE, 3aMETHM cieayiomee. 0 TOM, YT0 CH0OBOEC TOJC OI#H0 UMETh
NoTeHIMal, MBI He YIOMAHYAW B TIpHBEIEHHON BBITE GOPMYTHPOBKE TeOpeMBl,
Tak Kak HCXOJUITH U3 NpeINoloKeHHA, YT0 MAcCOBbIe CHILI He TPOABIAIT CBOET0
acieTeuA. Bropoe, Gonce BaiHoe A0TYmeHHE 06 OTHOPOHOCTH HHKOCTH
6p110 YEaszaHo B GopMyIHPOBKE Teopemsl. A HEoTHOPOOHOH #UIKOCTH TeopemMa
TomMcoHa He HMeeT MecTa.

lloxkamem Temepb, YTO €ClIM YCTAHOBHBHIEECH TeUeHHEe MOTEHIHANLHOE, TO
IIA Hero obazaTelbno cobtmwaaerca ypasnenle Bepuyanid. TlyeTs vacruua #uj-
KOCTH JTBHMKCTCA €O CKOPOCTHIO, COCTABIAIOIIHE KOTOPO paBHubl w, v, w. CocTan-
AAIONIME YTAOROH CROPOCTH 1 BPalleHWA CBA3AHLI CO CKOPOCTAMMU U, ¥, W CIeTy-
IOMAMHI COOTHOMeHHAMHI:

o L(ow_ 9\ o _1(0u_ow\ L _1(de_ou) .
“’172(81; Bz)“ Wy, 2(82 81‘) Wy 2(33’: ay). (35)

llIIF[ TOIo 4Yrolbl BCe TPU cocTaBIfKLIIHE YITOBOH CROPOCTH ObLIH paBHblL HYI1O,
JOJIMHEL cofaonaTbea YCIOBHA:

de Sy~ 8z Oz O Oy Dz

Ov _Ju_o du_ dw _, dw v _ (36)
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Ho ecaun Tedenue ImoTeHlHa jbHOE, T. €. of61ajgaeT MOTEHUHAI0M CHO[)OCTOH q), TO

o g 0%
oz’ U_(')y’ R

u =

llogcTaBaan TH BbIpaskeHHd B paseHcTBa (36), MBL DoAy4HM:

o (08\ _ 0 (0% _
a.-n(ay) (')y(@m)'—o e

Crepoparenbio, paBeHcTBa (36) TOMIECTBeHHO BBINOJAHAIOTCH, TAaK Kak, eciad @
ecrhb hYHKIUA KOOPIHHAT, T0 Beerja

o (98N _ o (89
331(311)73’9(52”) nhA

YmMuomuM Temepb ypasienun Jinepa (13) coorBeTcrrenno na dx, dy, dz W
CHOHHM; MBI TIOAYIHM:

du’i +dudy+dudz = XrLL-i—Ydy-l—ddz—— (@dw+ @dy+ @dz), (37)

dt Ow dy dz
rjae ana % %, % caenyeT BanTh WX Beipazsenua {12). UMen B Buay ycao-
[/
nus (36), nuipamenns (12) Mo#cH0 Tpeo6pasoRaTh CAeYIONHM 06pasoM:
du _ du du _ )
il R ikt v
_ du du v dw _
—atJrua +’U6$ ’”837
_ou 0 (we?tw? ,
=%t T8 ( 3 ) 7 (38)
dr;:{}l_l_ﬂ u? + o’ + '’
dt 3 Oy 2 !
du*:8w+{‘) u® +v? + w?
di o 9z 2 T

lipegnonarasA, 4TO MaccoBad cHla HMeeT NoTeHIHal U/ M uTo NIOTHOCThL 3aBH-
CUT TOJIBLKO OT JaBI€HMA, W MOJCTABIAA 3HadeHuA (38) B ypaeHeHue (37), MbI
HOIY UM M:

du duv dw 8 (v +v+w’
[ dx +de y + dtdz] [8$ (72 dr+

a u® +v® 4 w? K3 u? 4?4+ w?
Fg By (72 dy + ;7 G dz| +

+[%U %Dd. +‘?)Ud]+[gpd +gpd7+ipd7]—ﬂ
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Bee Bolpasienns B KBaJpaTHBIX CKOBKAX MOMKHO IIPOMHTErPUPOBATL, He Hajaras
HURAKHUX OrpaHdueHd Ha nyTh UHTerpupopanua. B pesyabrare Mbl HoiyddM:
9% uwlt+ottw?
ot 2
Tak Kak HHTerpUpOBAHHE BLINOIHEHO HAMM [UIA ONpeleleHHOro MOMeHTa BpeMe-
HH, TO MOCTOAHHAA B MpaBoii YacTH ypasHenud (39) B pasHble MOMeHTHI BpeMeHH
MosKeT IPHHHMAaTL, Boo6ie FOBOPA, pasnuble 3Ha4ents (HalpuMep, B TOM ciy4ae,
KOT/la JlaRieHWe B MPOCTPAHCTRE, 3AHHUMAGMOM HHROCTLIO, HAMEHABTCA MyTeM
BHelHero BoageiicTeuA). [losToMy npaBWiabHee B npasoii yacTH Hanlcatb f(f)
oe
at

+ P + U = const. (39)

BmecTo const. Eciu JBUMEHHE yCTAHOBUBILGECH, TO = 0, u ypasHcHUe (39)

nepexoUT B ypaRHeHHe BepHynin.

§ 10. IMorennuaabHoe Tedenue (npogomsenue). llonaras B ypas-
nenuu (29) ds mocnepoBaTensio papurIM dir, dy B dz, MBI Hafilem cOOTHO-
LICHHA, CBA3BIBAIONIHE COCTABAAIONHE CKOPOCTH U, ¥, w ¢ MOTEHIHANOM
cKkopocTeit $:

_0¢ _oe  _ 00
dx’ dy’ dz’
IloacTaBnAA 9TH BbIPaMEHHA U, ¥, @ B YPaBHCHHEC HEPa3PbIBHOCTH

du + dv | dw _ 0,

u (40)

: T =
dx Oy Oz
MBI IOy YUM Tak HasbipaeMoe ypasHenue Janaaca:

e e I
= — — = 41
Ox? * dy? * 8z (1)

JTo ypaBUeHHe BCTPEUYAETCH TAKME B APYTHX obiaacTAX GUIHKK, B YACTHOC-
TH, B 2JEKTPOCTaTHKE — B YUCHWH 00 3MEKTpocTaTHUECKOM NOTeHLHAale,
I'ZIC OHO BBIMOJHACTCA B TAKHX MCCTaX ILINA, B KOTOPBIX OTCYTCTBYIOT 3aps-
bl H JWANEKTPHYECKaA NocToAHHAA HMeeT MocToAHHoe sHaueHue. [loaTomy
IpH PCHICHUHM THAPOAMHAMHYCCKHMX 3agad MoTYT ObITb HCMOCPCICTBCHHO
WCIONbI0OBAHLI PEIICHHA YpaBHeHHA (41), HaBeCTHBIC W3 ANCKTPOCTATHRH,
HaAMpUMCP, PCHICHUA A TOYCHUHOT0 3apaga, A0A IUNoda 1 T. 4. Ana nparTu-
JeCcKUX MpHMoMeNuil Baiiloe sladeliie HMeeT cleqyIomee cBolicTBo ypan-
HeHWA Jlanaaca: cyMMa UIH pasHOCTb ABYX €ro pelleHMi TakMe ABIACTCA
PCLICHHUCM, YTO HCIOCPCICTBCHHO CACAYCT M3 NUHCHHOCTH HTOro ypabHe-
nus. [Ipu TakoM «HaNoMKeHHHy IBYX HOTEHIHAJ0B CROPOCTH CKIAAIBIBAIOTCA
Mo 3aKk0HY lapaniejorpaMa. JaMeTHM, uTo vpaBHeHue Jlamiaca BblIodHA-
eTcA TakKe [IJA TeUelUA BA3KON MUIKOCTH MEHAY ABYMA MapaiieilblbIMH
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[IACTUHKAMH, [I0CTABISHHLIMHI BM1U3K0 ApYT OT Apyra. Takoe TeuyeHnue yac-
TO HCIIOJAb3YETCA LJ1A JeMOHCTpaurun JWHWUHA TOKA NNoTeHIWanbHOI'O TEYEHHUA
{eM. §9 ra. III). Xota B melcTBUTENLHOCTH 00a TedeHHA GOPMHUDYIOTCA
pa3HbIMHK CHNIAMH, TeM HE MeEHEe JHHWHW ToKa TOoro M npyroro Te4eHHd NpH
HaAnemanmux yeloBHAX oMbITa BECbMa TOYHO COBMAAIOT.

PaccMmoTpuM HECKOAbKO MPHMEPOE MTOTEHLHANLHOI0 TeUeHHS.

a) Tpexmepuwid nomox neped nacernunrott. OIHAM W3 CAMBIX IPOCTBIX
BLIpaKelnil AMA MoTeHnana cropocTell 6yner cierylomee:

1 2
@:ﬂMKMy+w% (42)
[oacTasana sTo BeIpamenue ¢ B ypaBHenue Jlannaca {(41), MBI nomyunm:
at+b+c=0 (43)
CrnegoBaTenkio, A Toro 4ToBLl GyHKIHA (42) yIORIeTROpPIA YPARHETHIO
Jlannaca, ko OUNHEHTE! ¢, b W ¢ TOXMHB YAOBIETBOPATE yeloBHio (43).
ATo YCJI0BUC MOMKHO BBIIOAHUTE, IPUHAR
b=a, c=-2a.
Toraga MLI DOTYYHM:
& = (o +y* - 2%), (14)
OTKYJa UaiijenM COCTABIAIOIIHE CKOPOCTH TeYeHHA:

u=ar, v=ay. w=—2az.

OueBuamno, 4TO MOTOR, OOPCICAACMBEIN ITHM MOTCHIMATIOM, CUMMCTPHUCH
OTHOCHTENbIHO 0CH Bpallenis, COBNaanuei B ockio z. JIMIHH ToKa B Ioc-
KOCTH Yz, rae x = (), onpegenaioTea audepeHnyanbibIM YPaBHCHHEM

dz _w _ 2z
dy vy’
WHTEerprupyfa ROTOPOE, Mbl HNOIYYHM:

Inz = const —21lny,

Hnu

;t;2z = const.
Jro ypaBHeHHe H3o6paskaeT Tak HasblBacMylo KyBHuccKyw napaboay
(puc. 55), 1A KoTopolt ocH z M y ABIAIOTCA acHMNToTaMi. TakuM obpa-
30M, MOTCHUMANL ckopocTell (44) ompedenseT TpexMepHbIH, CHMMETPHYHEILH
OTHOCHUTENbHO OCH, OTOK Tepej IJIacTHHKOM.
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Ecau ABHKEeHHEe YCTaHOBUBIICECSA, T.e€. €CJIHu KO-
B(I)EIWI]_[VIEHT 4 He 3aBHMCHT OT BpeMeHW, TO JaBlieHHe
B IIOTORE paBHO

p = consi — g(uz +vi 4 u?) =

2
= const — %(qﬁ + 4 + 42%).

CncpoBaTelbHO, MAKCHMYM JaBICHMA TOJdYUYacIcA

B Touke £ = y = z = (), T.e. B Havyane woopiu- Pue. 55. Tpexmep-
HaT. [loBepXHoeTH paBHoro JaBICHHUA NpeAcCTABIAIOT HbI  CHMMeTpHY-
cofoll INIUMCOMABI C OCAMU, MBI KOTOPLIX OTHOCAT- HbIA  OTHOCHTENLIIO
e ka 1:2: Y, (puc. 55). OCH TOTOR nepeq

b) Hemownur u cmox. OyHruua TIACTHHKON
_ .t e
¢ = iF. (40)

roe v = /a2 + y? + 2z? osnauaer paccTofIIKME OT Hadala KOOPIMHAT, Y I0B-
JCTBOPACT ypaBHcHHIO Jlannaca (11), a noToMy ollpeaenAcT NoTCHIHATLHOC
reyenue, Tar Kak mosepxHocTH ¢ = const npeacTapBiAwT coboil KOHUEHT-
puYecKre cepsl M TAK KAK CKOPOCTh TEUYEHNf W NEPIHeHJHKYIApHE K Mo-
BepxHocTAM ¢ = const, To B NOTOKE, ONPEICIACMOM MOTEHIIHATIOM CKOPOC-
Teif (45), ckopocTh Bo BeeX ToYKAaX Halpapnela Baolb paguyca H pabna

72

ToToK, onpefenAeMblii NOTEHNWATOM CROpocTell & = + £, HasbIBaeTCA uC-
mounurom, a moTon, OﬂpeﬂeHﬂEMLlﬁ HoTenianomM ¢ = —g, — CIMOKoM.
JIMHHAMY ToKa HCTOYHMKA ABIAIOTCA NpAMBIE, HCXOLANIME U3 Havdama Ko-
OpPAMHAT, a IUHUAMH TOKAa CTOKA OpPAMBIC, CXOOALINCCA B HavYalC KO-
opaunar. I’I B HCTOYHHEKE W B CTOKE CHKOPOCTh B Iadale KoopIHuHaT paBHa
BCCROHCYHOCTH.

I{DJ’IH‘{BCTBO MUIKOCTH, [IpOTERAOIIee B HCTOYHHKE MW CTOKE B €11~
HALY BpeMeHU ueped cdepy pagdyca v, NOBEPXHOCTb KOTOPOH MMeeT ILIo-

wanp 47r?, pasno

C
Q = 4t 5 = dme. (46)

i
B ucrounMKe 3TO KOMMUYCCTBO BO3HMKACT B UCHTPC, a B ¢TOKC, HaoBopor,
ucuesaeT B HenTpe. Benuunia () naseiBaeTcA MOUMHOCMbIO HCTOUIHKA WIH
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croka. Koneuno, ocymecTBUThE Takoe TevyeHHe (pU3MUecKH HelbsAa. OnHako
ecly B KakyHO-HMOyIb Touky () oObema, 3a8HATOrO :UIAKOCTbIO, IOJBECTH
V3KYIO TpYGOUKY M oTcachlBaTh Uepes Hee :HUJKOCTh, TO B OKPEcTHOCTH
TOYKH () BO3HHKHET TIOTOK, HpMﬁHVlH{eHHO COB]’IB,[[aIOL[lHﬁ CO CTOKOM.

HeTouHMKN M C€TOKH HIpamwT
Ba;KHYI) BCIOMOI'aTENLHYH pPolb
IpH ruapogiHaMi4veckX pacyerax.
Hanpumep, eciu B #UAKOCTH ABU-
HeTCH YIANMWHeHHoe TeJo B Ha-
IpaBleHUH cBoel NpofolbHOH ocH
(puc. 56), To ero nepegumii Ho-
HEl BBEITCCHACT mepen coboll HuUa-
KOCTL, K 3aJIICMY e Koy, 10 Me-
pe cro NpoABHACHHUA BICPCH, MU~
KoCThb npuTekaeT. CneJoBaTelbHo, OKONO KOHLOB TENAa JABHMEHHE #UIKOCTH
Taknoe, Karn ecl ObI OKOIIO nepejnero konuma OBII HCTOYHHR, a OROIIO 3agHero
KOHLla — cToK. B caMom Jene, noTeHMan cKopocTeit

v=e(d-1)

Moay4yaeMmbplit HamomeHWeM HCTOYHHKA M CTOR&, 18T HMEHHO TaRY0 Kap-
THHY TEUCHHS MUFROCTH, NpaBga NpH YCIOBMM, YTO KOHUBI Tela HMEIOT
onpeeneninyio, Xopolo okpyTaennyo ¢opmy. 0anako ykazanmeiii noren-
nual gaeT A0cTaTOUHO Xopollee NPUOIHMEHNAE U IpH IpyToil dopme KOHIOB
Tena. lenw Teno ABHMHETCH CO CROPOCTBIO ]:,r, 4 [olagb ero mnonepe4vynoro
ceueHHA paBHa F', TO KONHYECTBO BLITECHAEMOH TEIOM W BHOBb IPHUTCKa-
oel K TeTy RUAKOCTH MOFKIO N010:8MTh paBibiM {J = F'V. [loactaBnan
5To 3HavucHue () B gpopMyny (46), MBI HafigeM NoCTOAHHYIO c:

Puc. 56. lloreHnHaabHBIN OTOK OKOI0
JABMKYMET0CA Tena

ry
47’

pi=

PﬂC(‘.MﬂT])lJlBHEMLIFI IIOTOK HHAKOCTH, DUEBHIHO, IIeyCTﬂIIOBHBLHHI‘/Jl(‘.H, Tan
KaK BMecTe C [IepeMellleHeM Tella [lepeMelllacTCA H IToJie CHOpOCTEﬁI B KU~
kocTu. Ho ecliH 3T0 TeucHHe paccMaTpuBalTlk B CHCTCME oTCHCTa, OTHO-
CHTelbHO HDTOPOﬁ' Telo [IOKOWTCA, T.e. B CHCTEMe oTCYeTa, ,ElBI/I?HyII[eﬁCH
BMCCTC ¢ TCJIOM, TO B TaKkoil cHCTeMe OTcUeTa MMHAKOCTh 00TeKRaeT TEeNno,
U IIOTOK ﬁyﬂﬁT YCTAaHOBUBILIMMCH. Matemaruyecrn Taroii y(‘.'l‘ﬂIIOBl/lBLLII/lﬁCH
NOTOK onpeiellAeTCcA NOTEeHIHaloM CHU[)OCTEFI

¢ =d+ V.
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= _ 1 __>=
= v e —

Puc. 57. TloTor orono aABMKYIerocd Tema. Puc. 58. ToTeHIUMaAbHEIN N0-
CHcTeMa oTcYeTa JIBHFETCA BMECTE ¢ TeloM  TOK 0KOJ0 mMapa

Ero aunuu Tora muzobpamensl Ha puc. 57. KpupBaa BHH3Y pHCYHKA IOKA3BI-
BACT paclpeAcicHHe JaBICHUA HA MOBCPXHOCTH, HANACHHOC HA OCHOBAHUH
ypapuelua HepHymniu.

Bygem conumars Memay coboii HCTOUHHK M CTOK, IPHYCM OLHOBpPEC-
MEHHO 6y,£l€l\'[ YREJHYHUBATE HX MOIIHOCTh B TAKOM € OTHOMCHHWH, B KAKOM
YMCHBUIACTCA UX PaCCTOAHUC APYT oT Apyra. B mpegenc Mbl monyuum mo-
TOK, HajbIBaeMbIH (}HROJIQM. lefl TAROM CONMMENUH HCTOYHHEA W CTOKA M0-
TOR, H300paReHHbIA Ha puc. 57, HepeXoaHT B I0ToR oKolo Inapa {puc. 58).
HOTEIIL[HBI[ CIE{JpDCTBﬁ JAJH TAKOI'0 IMoToka papel

3
¢=w1+“),
( 253

rie @ ecTh paguyc mapa. Rapruna geficTBUTeNbHOro o0TeKaHUA Wapa HMe-
eT Be/eJCcTBHE BAWAHHA TPEHWA HECKOMLKO HHOH BUI.

¢) [laockoe deuncenue. Eciy IpH JBUMCHHHA HUJKOCTH BCE MHHHU TO-
Ka peicTariAoT coboil IIocKHe KPHBLIe, pacnollo/KeHHEIe B TapalielbHbIX
IJIOCKOCTAX, H CKOPOCTE TCYCHHUA BO BCEX TOUKaX KamJol npaAMoil, neprceH-
IURYIApHoA K ceMelcTBY mMapalnelLHBIX TNockocTeld, ogMHaKkoBas, To Ta-
KOC JBHMCHHC MUJKOCTH HA3bIBACTCA NAOCKONAPAAAEAbHLIM, UIH NAOCKUM
(?BH.’HCQHHEM. Ecnn coBMecTUTh OHy M3 napaljelbHbIX nnockocTel ¢ nioc-
KOCTBIO &Y, TO U3 TpeX COCTAaBJIAIUINX CKOPOCTH %, ¥, W NoclejHAA OygeT
paBHa Hyl10, a nepsble 1Be 6yayT QYHKIHAMU TollbKO OT & U y. B marema-
THYecKoll rUJpoaulaMiKke TeopHA TIIOCKUX [IoTokoB paspafioTana ocobello
MOMIHO, TAK KaKk CyLIecTBYeT MOLIHBIA MaTeMaTHueckHii MeTogd, obieryato-
]_L{HFI Hecelaegopaome TahMX I[IOTOROB. OKﬂShlBﬂETCH, 4TO W BeleCTBeHHAasd.
U MHHMAasA YacTH N1000H aHaluTHYeCKoH QYHRINH KOMIJICKCHOH IepeMeH-
Holl & -+ 4y Beerga yAoBIeTBopAIOT ypasuenuio Jlannaca (11) u mostomy
MOTYT paccMaTpPUBAaTheAl Kak NoTenunaitnl. B camom gene, nycTh GQyHKRLHA

F(z) =& +i®
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ecTh aHaTUTHUecKaa (PYyHKnHA KOMILIEKCHOTO IepeMeHHOro z = & + i,
npuyem $ ecThb BemecTBeHHAaA YacTh pyHEUMW, 8 ¥ — MHWMad YacTb., Mbl

HMeeM: _
OF _0F 9z OF _
dr 0z dx’  dy

Ho )

dz _ 1 dz

d ody
HO3TOMY

dF _ OF _1

dz de &

OF 03
dz Oy’

MoacTasann cioga F' = & 4+ ¢ P, mb1 noayanm:

o 0¥ 19 , 0¥

+1 ===
ox dr  idy

oy’

,HJIH TOro YToOBL 3TO paBeHCcTBO CUﬁH]’O)IﬁIIUCb, JOJMAHEBL COBIIATATE MeRIY
coboll oTHENbHO €ro BeMeCTBEHHbIe YACTH U oT/IeIbH0 MHUMbIE YACTH. Cne-

noBaTelbHO, €CIH Y4UeCTh, 4YTO

T:*’l‘:,
1

TO ACIMIHBI CoDIOIaThCA YCIOBUEA

3¢ _ 9T Pk av .
== —), Yo=Y (=w). 47
O dy( ) o 9g (= Y) (47)
Cocrapnns  ypapmenue Jannaca (41), woTopoe BCAeACTBME pABEHCTBA
92
%%z() COCTOWT Telepb TOALKO H3 ABYX WICHOB, Mbl [0J1Yy UHM:
52

Pe | PPe _ 9P

Pv Py _ 90

*v

9a? T o Dydx  dwdy

9’

dx? oyt Oyox

dx dy =0,

T.¢€. obe yHKIuM ¢ 1 ¥ ZeflcTBHTENbHO YIOBICTBOPAKT YpaBHeHHIO Jlan-
Jaca ¥, ¢lIeJoBaTeNbHO, MOIYT paccMaTpHBaTbhCH Kak MOTEHLUAIbI CKOpOC-

Tell HEeKOTOPBIX IBYX IIOTOKODB.

U3 coornowenuti (47) JAerko BUACTL, YTO 0Da 3TH NOTOKA B Ka# Aol
TOYKE OPTOrOHANBHEI APYT K APYTY H HMEIOT 3[eCh PABHbIE M0 aBCOMI0THON
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BeInuuHe cKopocTH. B caMoM gene, ckopocTh IepBoro HoToka ofpasyeT
C OChIO & YTod «, VIl KOTOPOTO

a¢

dy .
tga = —— =
g 9P U

oz

CKOPOCTh BTOPOro MOTOKA o0pasyeT ¢ OChbi0 & yroda /3, IjifA KoToporo

av
. dy i
tg B = @ =—5
dx
ciaefoBaTenbHo,
_ 1
tgf = tga’

AGcomoTiana BenWYHMNA CKOPOCTH M B TIEPBOM H BO BTOPOM TIOTOKE pan-
Ha v u? + v2. BeaencTBHe opTOroHaIbHOCTH 060HX MOTOKOB NHHHM PABHOIO
noTennuana ofloro NoToKa ARIAITCA THHHAMHK Toka ApyTorae (CKopocTb
BCCT/1a HalpaBlcHA Mo HOPMald K HoBEpXHOCTH paBHOTo MoTeHIWana).

@OYyHRUHA, 3HAUCHHA KOTOPOH 0CTAOTCA MOCTOAHHLIMHK Ha THUHHUAX TO-
Ka, nasbiBaerca giynryuet mord. Cregopatensio, ecnu pynrknua ¢ peiopana
B KauecTBe NMOoTeHLWana cKopocTell, To ¥ OygeT ¢yHHOMell Toka. DyHH-
LHA TOKA HMCeT ell¢ APYroc HalviAgHOe 3aYCHHe: PasHoCTh ec 3HaYCHHM
B IBYX TOUKaxX paBHa o0BCMY MHIKOCTH. IPOTCKAIOIICMY B CAHHULY Bpe-
MCHH MC#AY 00CHMH TOYKAMH B ¢I0C ¢ TOIWHHOHA, paBHO| CIHUHHLC,

PaceMoTpuM HecKolbRo MPHMEPOB IIOCKHX MoToKoB. [laockufl moTok
nepel cTeHkoll onpegenaerca GyHRIUCH

= %zz.

B camom fgene, MBI MMEEM:
b+ il = %(mz + 2izy — y°),

ClIefoBaTENbHO,
.2 2 o
@:5(3; -y), U =axy.
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[Mocnennee YpaBHenHe Nora3plBaeT, UYTO JHHUAMH TORKa ¥ = const sABIA-
HTCH paBHOﬁO‘[HbIe FWHepF)OJIhI, aCHMITOTaAMH KOTOPBIX CIAYHAT OCH T« H .
CocTarndmwigme CROpPOCTH paBHbI

?)T =ar, ©= g

i = —ay.

dy *

[LiocKuil HCTOYHUE olpenenfdeTcH GyHKIHeH
F=>blnz.

Tan rkax
z=1x+iy =r(cosp +sinp) = re'?,

rJe r U (¢ CYyTh NONAPHbIE KOOPAWHATE], TO
Inz =Inr+ip,

cleJoBaTeNbHo,
¢ =bhlnr, ¥=bp

Tarxum ofpazom, THHUAMHA Toka W = const ZeHcTBUTENLHO ABISAIOTCA MPA-
MEIE @, WCXOLAIWE M3 Havala RoopAWHAT. JIMHWAMH PaBHOro MOTeHLIHa-
na ¢ = const ABIANTCA OKPYHHOCTH 7 = const.

B KauecTRe TpeThero MpUMepa PaccMoTPHM NOTOK BOoJIb JBYX TMepe-
CeRAOMUXCA Me# Iy coboft cTeHok. Takoll DOTOR, eIl ToYKa ICPeCceUeH
CTEHOR pacliolodena B nayale RoopaunarT, a oCb & Halpapaena BAolb O,E[HDITI
M3 CTEHOK, ONpeJeNfAeTcA (yHRIHeH

_a _n
I = 4
rme n —= g; ¢ ECTh YI'OJd MEMIY nfeMMH CTEeHHKAMH. B camMom jJelie, BBeIf

NOJAPHLIE KOOPAWHATHL, ML IIOIY YMM:
a . e ENGR AT
e = 7 [r(cosp + ising)]”,
WIU, Ha ocHoBaHuu dhopMynbl Myaspa,
a.n _ 4, n . - —
n?" = " (cosnp + isin nep).

CaenoBareibsno, GyHElLHed Toka Gyger

a. .n
P L .
Il ni oSy
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Ona npunuMaeT Hylepoe 3Havenne U = (), T. €. cOBNajgaeT co CTEHKOH, OpH
CAeAYIOIMX 3HAYEHHAX (:

2
90:09%: 7_7;9"'7

HiIH, eClNd 3aMEHUTE 7 YKa3aHHbIM BBIMIE €10 3HaYCHHUEeM, [IPA

w=0,a,2q...

Tarum oﬁpasr_wl, IIPHU pa3nblX 3HAYCHHAX N = g Mbl 6)",3[(:‘.1\-'[ HMECTL IOTO-

KH BJOJE ABYX CTEHOK, [lepeceKalluxcA Mexay coboll mog yraamu «. Ha
puc. 59 naobpasiennl TMIHH Toka TakHX NOTOROB, Noly4alOMmuXcA AAA 31a-
%, % m, g'.'r u 2. Rak Jerko BUAeTh, LA YIYIOB (¢ < T CKOPOCTh

TeuyeHUfl B Havalle KoopauHaT paBHa HYIIO, 8 A VIIIOB ¢ > T 0Ha paBHa
fecKoNe4YHOCTH,

YCHHA o =

a b &

o:::% JF=A-z

- SE,F_A.fE? a=2r F=Az

Puc. 59. TloToxwu, onpefeanemMere pynknneii F = Az" npu pasHbIX 3HaYeHUAX 1

[ToTor okolo KEpyrioro NMIHHAPA pagHyca o B HaNmpaBleHUH, NepleH-
JUEYIAPHOM K OCH MMIWIADPA, olpegenferca GynKinen

F—V(z—i-a;).

Brruncnas ¢yurunio Toka ¥, MBI nOLy 4AM:

2
U =Vsing (1‘— ”,—)

Ona pamHa Hyno Ha ocH x, rie sing = 0, ¥ Ha oKpy:KHOCTH pagnyca r,
2
rae r — % = 0. KapTusa 1MHMA ToRKa NONY4aCTCA OUCHBL MOXOMCH Ha Kap-

THHY MTUHMH ToKa 0pu ofTekanuu mapa (cm. pue. 58).

Mos#io 6610 GBI IPUBECTH ELIE MIOI0 APYTHX NPHMEDOB NIOCKHX II0-
TOKOB, OlIPCACIACMbIX PYHKUUAMU KOMILUICKCIHOH NepeMeliiodl, Ho Mbl orpa-
HUYUMCA pazobpanubiMu. B Teopuu (yHEIHI KOMILIEKCHOH epemenHoi
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CYMEeCTBYeT MeTo[, MO3BOLAIONINI 13 M3BECTHOTO NIOTOKA OKOIO KaKOTo-
Hﬂﬁy,}lh Teda 1noly4dalb HOBBIE [IOTOKH OKOJO OPYVIHUX TeEIN. Byﬂem paccemar-
pUBaThb ABe KOMILICKCHBIE NepeMeHHble 2 = x + iy U { = £ + i7). Hamgolt
nape sHayeHUH ¥, y COOTBETCTBYET TOYKA B IJIOCKOCTH Ty, a Kammoi nape
3HauyeHult £, ) — TouKa B MockocTH &n). BeAkasa dyHRuuA

z= f(C)

YCTAHABIHBAET MEKIAY Z U  COOTBETCTBHE TAKOTO pola, YTo Kajigasa napa
3HavYeHri {, 7} CBA3bIBAETCH C l'lﬂp()ﬁ 3HavYenui &, Y, cnegoBaTedlibHO, Ram Jad
TOUKA MAOCKOCTH £7j CBA3LIBACTCA ¢ TOUKOH IIOCKOCTH &Y. Takoe cooTBeT-
CTBHE MEKAY IOCKOCTAMH £n M zy HasblBalOT oToOpaskernuem. llpu oro-
GpamecHUN Ram/ad MUHKUA MIOCKROCTH Ty MEPEX0IUT B HEKOTOPYH THHHIO
HIocKoeTH £73, TOYKA TMEPECCYCHHUA ABYX JAHHHIN IIOCKOCTH Xy — B TOY-
Ky TepeceucHHA COOTBETCTRYIOIUX NHHUHA B niaockoctH £7). llpousBogHbe
OT BEHIeCTBEHHOH M MHUMoH uacTedl pyukuun f({) yaoBIeTBOPAIOT CooT-
HOIIEHWAM TAKOTO #e BUOa, Kak W pasenctna (47). MipaMoyronnias cerka
OOHOH IMOCKOCTH 0ToDpaskacTcA TaKMke B NPAMOYTONBHYIO, HO B OBIEM
cIydae KPHBOJAMHEHIYIO CeTKY IPYro# INIOCKOCTH, IPHYEeM MaclTab oTo-
OpameHHA B 000WX HallpaBleHUAX NOJIY4YaeTcA OAHHaKOBLIM. JTO 03HAYAET,
4T0 B BECKONEUII0 MAILIX YACTAX OTOBPAMCIHE TPOMCXOINT ¢ COBIIOICIIHEeM
nogo6ud. [MoaTomy Takoro poga oToOpamelns Ha3bIRAKOTCA KoHfopmiibimu
omobpaxcenuamuy. lIpuMepsl NIOCKKUX NOTOKOB, Pa3odpaHHLIC BLIMIE, OJHO-
BpeMeHHO ARNAIOTCA U NMPUMepaMH KoH(opMHEIX aTofpameHnil, eciu Tolb-
ko BMccTo @ u ¥ Hanucath ¢ u 1. [locnegHuit M3 MPUMCEPOB HOKA3BIBACT,

yTo hYHKUHA
— 7 a’z
F=VI]z+ 5

oTobpazkaeT HonymiockoeTb P Ha 061ac¢Th DINOCKOCTH oY, OrPAHHUECHHYIO
IBYMA OTPE3KAMU OCH &, IPOCTHPAKIHMUACA OT — 00 40 —a U 0T +a6 10 +00,
M MONOBWHON OKPY#HOCTH pajuyca g.

Basxmoe 3HaueHue KoHGOPMHDBIX 0ToOpa#eHHN 41A THAPOIMHAMURH Co-
CTOMT B caepytomieM. Fean F ectbh aHanuTHYecKkasa GYHKIHA oT 2, 8 2 €CTh
aHamdTH4CcCKan GYHKIUA oT {, To F ccTh ananuTHyeckas GYHRIUA TaKKe
H 0T (. ITo 031UAYAeT, UTo B INocKkoeTH { dyvurnua ' = & | T Taxue onpe-
JenfeT HEKOTopbli NoTok. ClefoBaTelbHo, €CIi B INOCKOCTH XY UMeETCA
HaKoH-HUBYIb [IOTOK, YTO BCAKOC KOHPOPMHOC 0TOOPaMCHHE IITOCKOCTH XY
Ha II0CKOCTh &) AaeT HEKOTOphINH HOBHI HoToK. Taxoil cmocod momayue-
HHA HOBBIX I[IOTOKOB U3 3aIaHHOI'0 [OTOKA MOMCT ObITh HOBTOPCH CKONLKO
YrofHo pas.
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CymecTBYIOT paznuyHble MeToILI, IO3BONAWLIHe KRoHGopMHO oTodpa-
3HTh 061acTh IMOCKOCTH £7), Jeamylo BHe KOHTypa, OAH3KOIo no gopme
K IpodUIAM cOBPeMeHHLIX KPBLILeB caMolleTa, Ha oflacTh MIOCKOCTH Ty,
TeMkamyo BHe okpy#HocTH. RapTuHa nuHuii Toka H JUHAMWYecKHe CooT-
HOIlleHUA NMpU ofTeRaHUH ORPY#HHOCTH M3BECTHEI, MO3TOMY, 3Had BUA 0To-
Opamatowell GyHKRUMH, MOAKHO M3 3T0H KapTHHBL JerKo NOIYYHThL BCe, UTO

OTHOCUTCH K 00TeKaHUIO NpodMias KpbLial.

H])DH3B0,E[IIaﬂ (i"—F, KaR Jerko BHUaeTh, panlia
¥4

% =u—iv.

JTa BelHUHIa, CONPAMKEINAn ¢ BeIHIH-
Holt u + fv, Ha3LIBAETCA KOMNACKCHOL
ckopocimeiy N obo3HauaercA tUepes .
OuernaHoO, YTo W ABNAETCA aHATHTHYEC-
Kol QyHKOMeN oT z wiu oT F, ciaeno-
BaTenLlo, oTofpamenue nuockoctn PW
Ha IJ0CKOCTh v TaKike ABIAETCHA KO-
dopMHBIM. CyIIecTBYIOT Takne cnytau,
KoT[a, He 31uad gyurunu F{z), onpegenfmome IOTOK B IIOCKOCTH Xy, MOMK-
HO TeM He MeHee 3apaHee, HA OCHOBAHMM 38JaHHBIX I'PAHHYHBIX U APYIHX
y(’.JlOBIf[PI, NOCTPOHUTL HApPTHHY paclpeielieddd KOMIIJIeKCHOoM CHROpPOCTH w
B IIOCKOCTH uv. Tawr, HampuMep, MPH MCTeUeHUM MHUAKOCTH Uepe: melb
Memay JABYMH CTeHRaMH (pH(‘.. bOﬂ) 3apanee M3BeCTHLI HANpaBlIenrua CKRo-
pocTu Ha cTeHKaX eb U cd; 7anee u3BecTHo, YTO Ha TpaHUNaX cRoboIHol
CTPYH CHOPOCTE NOCTOHAHHA (BTD clelyel U3 ypaBpHeHHusa BEpHyHJ’JH, TdaR RaK
Ha TpaHHIax cTPyH maRJeHHe ofHHAKOBOE); HAaKOHeNl, HaM M3BeCTHLI Mpe-
NONOKHUTeNbHble HAIPABJIEHUA JHHHUI TOKA 10 HCTeUeHUA U3 IIe/H, 8 TaKHe
npello/iouTelbHoe Halupapiedaue CTPyYH [ocle HCTedeluH. Hﬂ OCHOBaHHH
STHX JAHHBIX MLI MOiKeM NOCTPOHTE B INIOCKOCTH 4t KAPTUHY paclpeme-
nenusl ckopocTeil (puc. 60.6) M pacemMaTpuBaTh ee Kak HEKOTOPLIH MOTOK.
Ecnu ana aToro notoka GyuEQUA

Puc. 60. Hereyenne depes weib

F = F(w},

ero onpejelfAlOmasn, H3BeCTHa, TO MOMHO NYyTeM ofpamenud naiTH hyHk-

loapo6HOCTH M yKAsaHUA Ha TUTepaTYPY MO#HO HafiTh B kHurax: Schmidt TI.,
Aerodynamik des Fluges, Berlin, 1929; Miiller W., Mathematische Stromungslehre,
Berlin, 1928. [Cm. Tak#e Jarpenrweer M. A., KondopmHuie oTofpamennsa ¢ NPHIo-
FKCHMAMH K HCKOTOPBIM BompocaM mexaduin. Mocksa, 1947, (Tpus. nepes.)]
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MHIO -
w = w(F).

Torga, NpoUHTErpPHPOBAB ypaBHeHnue

dF
dz

= | oty

Hakonen, oTIeIMB BelECTBEHHYH) M MHUMYH UaCTH KOMIUIEKCHOH mHepe-
MeHHOH Z, MBI [Iaﬁ,[[eM A1A Kax/Joro 3HavyeHHH b uw COOTBeTCTBYHOIIHe
UM 3HAUEHUA &, §, T.e. NOCTPOUM KapTHHY JHHHUI ToKa.

HprIBEJ]eIIIIhTX NpHMepoB J10CTATOYHO, YToObLI JaTh IpejcTaBlieHHe
0 MpUMeHeHHH MeToJ0R TeopHH (GyHKIINE KoMILIeKcHol nepeMenHoll B ruj-
poAMHAMUKE.

=

- wW(F),

¥

MBI NOTYYUM:

=

§11. IloreHualbHOe TeueHHe ¢ HUpRYyJAALHeii. [logbemHan
cuaa Kpblia. dddewt Marayca. XorTd 0pH BeeX MOTeHUUATBHBIX Te-
YeHHMHX UHPKYJAALHA B awboi Manoi obracTH NoTOKA panua ny.Jaw., TeM He
MéeHee CYIeCTBYOT Takue II0TeHUna/lbHble IOTOKH, B KOTOPLIX UMPKYAALHAA
IIH BCero NoToRa B 0eloM e papHna my. JaH. Hpanua, IIEOﬁXO,H,I‘IMhIM ycldoBu-
eM 1A 3Toro ABIAeTCA MHOTOCBAZHOCTE 00NacTH, B ROTOPOl IpOMCXOIUT
Teuenue. 061acTn npoCcTpaucTBa UiK MJIOCKOCTH HA3LIBACTCH M?LGZDCGEJJEOﬁ,
eclId B Hell Mo#HO NPoBeCTH TakMe 3aMKHYThIe KPHBLIe, KOTopble Helb3fA
CTHAHYTb B TOUKY, He Pa3pblRad WX, T.e. He BbIXOJH 3a [pejensl ofracTH.
IIpumepamu ARYXCBA3HOH 06acTH MoTYT CIVHKHUThE KOMHaTa ¢ KoloHHOH
nocpeinHe UMK 061aCTh BORPYT Kodbla. [IlyeTh DoTok 3aHHMAaeT MHOTOCBHS-
HYH OﬁJla(‘.Tb, B KHP{ULOFI DllIIOCBHSIIOﬁ HacTH H(‘l'l‘OpOﬁ HacTulbl ABURYTCH
Oe3 Bpamenud, clelopaTelblo, B KamJof Taroft YacTH nUpKyJIALMA pap-
Ha Hynw. Janee, nycTbs B paccMaTpUBaeMoii ofaacTH UHPKYIALMA BAOAb
KaKoli-HUOY b KPHROH, KOTOPYIO Helhi3d cTAHYTL B TouRy, parua ['. Torga,
KaK Jerko [JoKa3alb, UMPKYIHUHA BAOAb JAW060H Ipyroil KPHBOH, KOTOPYIO
HeNL3A CTAUYTL B TOUYRY M KoTopad NolyudaeTcs U3 MepRofl HenmpepLiBHoff
nedopmanueii, Takxke paeHa ['. B § 10 M1 onpenenuny noTeHuan B 3a1aH-
HOl ToUKe KaKk 3HadYeHuUe HpHBOHHlleﬁHDFO waTerpala npu MHTerpipoBaHuM
Mex Iy (GUKcHpoBaHNoN Toukoil M 3ajaunnoil Touroil. [TocKolbry Teneps
B [I0OTOKe CYIecTBYH)YT 3aMKHYThble KPHUBEIe, BAONbL KOTOPbIX LUMPHKYIALNUA
He paBHa HyIIO, a MMeeT HeKoTopoe 3HaueHHe I', To 3To ozHauaeT, UTo
noTeHUHal TaKor'o [I0TOKa He HABJAseTcH GoJjblie 0JHO3HAUHEIM; HaolopoT,
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Puc. 61. ITorernnancHeil Puc. 62. [loawni Buxpb
MoTOR C IUPRYIANHeH

Tenepb OH ABJAETCH MHOZOIHAYHLIM, YBEIUYUBAACh NPH Ka#JI0M nﬁxn,ue
HecTATHMBaeMoOl B TOUKY KPHMBOiT Ha Beanuuny T
TTpocTeitmuii nnockuif MoToOR Takoro poja onpepeldeTcd MOTEHITHATOM
CROpoCTeit
¢ =cop,

rjie ¢ ecTh HeHTpanbibiii yron (pue. 61). dror norennuan, ynosieTBops-
IOmMMH, KaK J1eTKo BUZeTh, ypaBHenuio (41), BospacTaeT OpH KamIoM HOI-
HOM 00X0[e 3aMKHYTOH HecTAIHBAeMOH B TOUKY KPHBOH (ps = ¢y + 27)
Ha BeIMUUHy 2me, ROTOPasd, ¢lenoBaTelbHo, U ABIAETCA MUpKynAnuen I
[loBepXHOCTAMHU pPABHOIO [OTeHLHANE ABIAWTCH IUIOCKOCTH, MPOXOLAIIMe
qJeped Hayvalo rRoopiuHar, a THHMHMH TOKAa — OKPYKHOCTH. CHOpDCTh Te-
uyeHMA, cornacHo gopmyne (29), paBHa

m=@=ﬂ=g=L. (18)
ds rdp T 2mr

Han r = 0 ckopocTb HmodyvaeTcsA paBHoH GecKOHEUHOCTH; MOdTOMY (H3IHU-
JeCcKH TaKoll MoToOK BoaMo#eH TolhKo BHe HeKoToporo AApa KoHeYHoTo
nuaMeTpa (Ha puc. 61 oHo 3amTpuxoBaHo). Hopo MoeT GBHITH ohpasoBa-
HO TBepJALIM TeloM HIH Bpamal{)meﬁcs HAHUTKROCTBHY (HBHH{EIIHE HDTO]JO]‘/J[
He ABIfAeTCA NOTEHUHAILHLIM ), HAKOHEL, OHO MOMET COCTOATE H3 IDYTOH,
Bodee Terkoil #MHUOKOCTH, He NpUHUMAalOmell yuacTud B JpuaeHun. [Ipume-
pPOM HocledHero cayyvag ABIAeTCH NONLIH BOIAHOR BHXPb, B KOTOPOM Boda
coBeplliaeT KpyloBoe JABM;KeHMe BOKDPYID AApa u3 posgyxa. llog neficrBuem
CHIILI THHeCTH CBOf)Dj]llaH NnoBepxnocTh TAKOIO NOJOra BUXpPH NMpHHUMAaeT
dopMy, HzobpaieHHYI0 Ha puc. 62, YpaBHeHHe 3Tofl DOBePXHOCTH NoJy-
44eTCH My TeM INpUMeHnennAd ypaBHelH EepHmeH K ABYM JIHHHUAM TOHa U

HMeeT BHIO:
2 2

w- -
Z2=20 " 5 =20~ —>-
2g 2gr?
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Puc. 63. lotok okoao Epel- PHe. 64. O6erubbid norted- Puc. 65. [upkyaaudon-
1a OHaABHBIH IHOTOK  OKOIO HelH HOTOK BOKPYD KpPbl-
KpsL1d aa

Hoao6ioro poja BopoHKW YacTo HaGMIOJaldTCA B peRax, B BaHmax (mpu
CITyche ED,[[E:I) H T. . BO BCceX TaKHUX ClIy4dYaax MblI UMeeM Jelio ¢ NMoToKaMH,
B KOTOPLIX MUPKYIALKNA Yike CYUIECTBYET U BLI3Balla KARUMH-TO TTOCTOPOI-
HUMH IPHYHUHEAMH.

IIpyruM npuMepoM MOTeHIHAaNbHOr0 NOTOKA ¢ UHPKYIALHEH ABIAETCA
NOTOK OKOJIO Kpblia caModaera (puc. 63). IToT noTok nodydarcd U3 0fbiv-
HOro NOTEHNHANBHOr0 N0ToKa 0e3 NMUPKYIANMK (puc. 64) myTem nanose-
HUA Ha Mocnefuui NUPKYAALHOHHOTO NMOTOKAa, M306pamkellro ua puc. 65,
BClegCTBUe Yero IpHU OBTEeRANUH KpLLla TaKMe BOo3HHKAeT LHMPRYIALMA.
C pupkynAnuell TecHO CBA3AHO BO3HHKHOBEHHe nodsemHOl cuabl Kpbiad.
BGes BeAKoro pacueTa JNerko BHAETE, UTo MPH HaNokReHHH THPKYAATHONHOTO
NOTOKA Ha oOBIMHEIN MOTeHNHanbHbIi noTok (pue. 64) ckopocTh nochneHe-
I'o Haj KpPLUTOM YBEJIMYUBAETCH, a 0] KPLIIOM, 11a060poT, YMeHbIAeTCH.
Coraacuo ypasuenuio GepHyiiH 3T0 030a4aeT, UTO Haj KPbLIOM HapleHue
yMeHbIaeTcda, a 1o KpbLIOM yBelHW4YHBaeTCA, cleloBaTelbHo. BO3HHEaeT
cuila, JefcTBYIOmWAA A KPLLIo CHH3Y BBEpX, T.e. MofbeMmuas cuna. IyT-
ta (Kutta) u H. E. JRyroBckuil HezaBucuMo Apyr oT Apyral Hawin myrem
Teopernyeckiux pacderoB, UTo riod'beMHafd CHJIa HA e MMHALY AJMUHLBI KpbLida
paBHa

A= pl'V,

I'je p ecTh MAOTHOCTE mUAKocTH, I' — nupkynaoua, a V — orHocurencHan
CEOPOCTh KPLINA | sk gKocTH. (NegoBaTensio, Mo LeMHana cuia NPAMO Npo-
HopIHoHaNbHA NHPKYIANNH. BeiBoa yRazaHHoH (hopMYIL 6y neT gaH HH#e,
B §13.

Ecaun ABrdieHre Ha4YyuHaeTcH M3 COCTOHHHA IIOKOH, TO, COorllacHO Teope-
Me TomcoHa, B NonyUHBIIEMCH TOTOKE UHPKYIALHUA He MOMET BOSHUKHYTh
name B ToM clydae, horja ABisienue NPorucxXoJuT B MHOTOCBA3H0H ofJacTH.

1CM. 1o sToMy nosogy cHocky Ha erp. 107,
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B camom gene, B COCTOAHUM TOKOA UUPKYIHNHA BA0NEL BCAKONH 3aMKHYTOMH
HpHBOﬁ paBHa HYJIO, NIO3TOMY OHa JOJ#HA OCTATbBCH pﬂBHOﬁ HYJ/JIH H IOC-
Je Hayajla OBU:eHUA. B nelicTBUTENLHOCTH ke HHPKYIALNA, KaKk IPaBHIO,
BO3HHEKaeT, 1 HpH‘{l/lHOﬁ 3Toro ABIAeTCH 06[)33OBHHPIG NOBEepXHOCTH pas-
nena. Tak, HanmpuMep, B cnUpanlbHofl KaMepe, H3o0paseHHOl Ha puc. 36,
B IepBLIfi MOMEHT Hauajla ABMMeHHA obpasyercHd Ha ocTpoM pebpe k mo-
BepXHOCTBh paziend, U3 KOTDI)()FI BO3HHKaeT BUXPb TAKOI'O Me BU 14, KAK Ha
puc. 43. B panbHefimem BUXPL OTPLIBaeTCH oT pefpa M YIILIBAET BMEC-
Te ¢ I[IOTOKOM, HO BbI3BAHHAH MM IHPKYJHALKA 0CcTaeTCHA B IIOTOKe Ha Bee
BpemA. CoBeplleHHO aHaloTHYHaA KapTHHa HalnioJaeTcA U NPU IBHMKEHUU
Kpbiia. B mavane UBMEHMA TOTOK IO KDBLIOM or'HGaer 3alHIMO KPOM-
Ky Kpblla cHH3y BBepX (puc. 64), BeclencTBHe dero zflech ofipasyeTcd Mo-
BEPXHOCTH pazjena, MpeBpallammanci B BUXpb (puc. 66). B nanbuedimem
BUXDb OTPHIBAETCA 0T KPbLla U yIIEIBAET BMecTe ¢ MOTOKOM, HO OCTaBIAeT
B HEM HUPEYIAALNI, PABHYIO 10 a6Co H0THOH BEMHYNHE CBOEH MUPKYIALNY,
HO NIPOTHBOIOJONTHO HalpaBIeHHy . le/l 3TOM BAOJIL KHARHX I[HHI/!ﬁ.} 3a-
KIIYAIMUX BHYTPH ceDA KPbLIO U BUXPb BMecTe, DUPKYIALUA OcTaeTcA
paBHoii nymto, Kak sroro U Tpefyer Teopema Tomcona.

Puc. 66. Buxps, ofipa- Puc. 67. Bpamarwomuiica
3ywomuiica npu pasro- HUIUHAD
HE KpbLId

Maa Tore 4yTobbl OT OPHCYTCTBHA Kpblia 06JaCTh MPOCTPAHCTBA C/leNanach
JIBY XCBFIQHOH, He0OX0JHMO0, 4T00kl KPLIIO ¢ GOKOB OblI0 OTPAHHYCHO JABYMA Ha-
panneibHLIMKE CTEHRAMH MIH 4To6LI KPLUIO MpocTHpatoch B ofe CTOPOHLI JIo Gec-
KOHeUHOCTH. JIaA gefiCTBHTEILHBIX KPBITLER HU 0JHO M3 3THX YCIOBHH He cobmio-
paercd. l'eM He MeHee HHPKYIANHA, 0€3 KOTOPOH HE MOMET HOMYUYHTBCA HO1b-
eMHas clila, Bo3gHHKaeT W B 3ToM ciydyae. OHa BosHHMKaeT RcAegcTBHe OTphIBa
BUXpell, 00pasyONHUXCA U3 NOBepXHOCTH pas/iedd ¢ MolepedHLIM CRAYKOM CLo-
poctu (puc. 46). logpo6ree 06 atoM Oyler crazado B § 15 ra. II1.

Feny #a Bpamawmuiicds KpyTabiii NHAMHADP HaleraeT NOTOK BO3AyXa
B HANpaBIeHHH, MePIeHIURYIAPHOM K ocl nMIMHIpa (puc. 67). TO BOKpyT
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HETO BO3HUKAET LUPKYIALMUA TAKOTO ke BUIA, KAK U BOKPYT KpLlta. B ganb-
Hejimem, B § 7 riu. IT1, MBI yBHAMM, 9TO IPHYHHOH BOBHUKHOBEHUA 3TOH HHUP-
KyJaauuu ApnfercA TpeHue. IUPHYIALMA BOKPYT UHIHHIpa co3gaeT cUIy,
ﬂ@ﬁCTByIOLL[yH) Ha NTHJIHHJADP B HAaNpaBlleHHH, MepledJHRYIAPHOM K Hallpas-
NeHHID NMOTOKA, U HazblBaeMYIo M03ToMy MolepedHoit cuioil. Ha epuHuny
INIMHEL OCH UMIHHPA 3Ta CU/a PaBHa, KaK U NPU UMPRY/IANNY BOKPYT KPbI-
14, pr Taras e cHia BOZGHHKaeT | npH HaderaHnud NoToKa Ha TpexrpaH-
OV UIH YeTLIPEXTPaHHYIO MPU3MY, BPAaloNyIOCca BOKPYT OPOJONLHOH
OCH, HA Bpamﬂlﬂmﬂﬁcﬂ map H T. 4. HHHPBBHEHS nolepevyHad cHla Bcerja
K Toll cTOpOHe Bpamamwierocs Tela, Ha KOTOpoil HanpaBleHUe BpaimeHHA H
HanpasleHye I0TOKa CoBlaizaroT. Bo3nuKHOBenUe IPU YKA3aHHLIX YCJIOBH-
AX MollepeyHoll CHUMbI HA3bIBAETCA, Mo UMeHH y4deHoro Marnyca (Magnus),
BIEPBbIe oTKpbIBIero (B 1852 r.) aTo Apnenue, s@ddexmon Maznyea.

llo H3006peTeHUA HAaPe3HBIX APTHINePHACKIAX opy IHH YacTo ciyualoch,
YTO MAapoBble CHApPALI MOCTE BLINETA M3 CTBONA 3HAYMUTENbLHO OTKIOHA-
JHCh B CTOPOHY OT TOH TPaEeKTOPHH, Mo KOTOPOH OHH HONHHLI OLIMA OLI
AeTeTb. Marayc nokasal, UTo NPpHYHHOA Takoro NoBeJeHUA cHapAda ClIy-
FRMJI0 BpalleHyne BOKPYI I0ONepeyvHoi 0CH, KOTOPOe IIAPoBOH CHApAN MOJLy-
yaln BclelcTBUe CJ'Ey'-[aFIHLIX NpUYKHH, Ha ocHoBannu ckazaHHoro BhILIe 3TO
CO3JaBale yCIOBHA, HeoOXOAUMEBIe J1NH BO3SHUKHOBEHHA [OLEPEYHOH CHIbL,
KROTOpaA W DbI3bLIBA/lda HemeldaTe/JbHoe OTHJAOHenHe cuapajga oT HaMedeHnoi
TpaekTopud. Tarue jre GOKOBLIE OTRIOHEHHUA, YACTO OYUEHb 3HAYHUTENLHLIE,
Haﬁﬂ}{)}]ﬂIDTCﬂ H IIpHU NMojleTe <cpe3aHinoror MAYa OpHU WTpe B TeHHuc WA
roned. Heckonbko neT ToMmy Hazaa A. Pnettaep (Fletiner) ucnonkzopan
abdent Marmyca a1 npubejenvs B jABHaenne Kopabas sHuepruedl Berpa,
npuveM BMecTo NapycoB oH yCTAHOBUI BepTHKAThHbIE OBICTPO BPANAIONHe-
¢A UAMHAPS (poTopsl). Ha KoHOaX NUANHAPOB TOMENalnch BEICTY AIIHE
Kpyrible guckd (puc. 67), TaK Kak HHa4Ye BO3JYX, PACIIONOMEHHBIH BhIIIE U
HUMe NWIHHIpa, 3acackiBalicA B 061acTb NOTOKA ¢ TOHHKEHHBIM JaBleHHeM
H, BO3MYIIaA MOTOK, YMEHLINAI ToNepevylny CHIY. Hennrranuda moKaaaln
TeXHHYecKyl0 NPUroJHOCTh TAKOro POTOPHOTO Kopabld, Ho B 9KoHOMHYec-
KOM OTHOMIEHHH OH OKa3alcA MeHee BBITOJHLIM 0ObLIYHLIX MOTOPHLIX CYIOB
H Mo3ToMy He MoNy4YH] ganbHefillero NpHMeHeHHA.

Jdpdert Maruyea MomHo NpoIeMOHCTPUPOBATL NPH MOMOIIH Cleay-
10miero onuiTa. [[oCcTAaBHM 1A PeNnLCLl TeTRYH Teleikky ¢ BePTHKANLHLIM
UHAMHAPOM, NPHBOJHMBIM BO BpanieHHe MaleHbKUM 3MeKTPOMOTOPTHKOM,
W HayHeM o04yBaTb 3T0T LHAHHAD NOTOKOM BO3[YyXa, HallpaB/eHHbIM lolle-
PeK pebCcoB (A MONYUelHA TAKOrO IOTOKA MOKIO BOCHONb30BATLCA Ha-
CTONBHBIM BeHTH/AATOpoM). Lenexika ceftuac jke HayHeT ABHIATHCH BLOIb
PeNbCOR. YeTAHABIHBAA BeHTHIATOP TAK, UTOOLI [IOTOK Bo3AyXa laberan
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Ha [UIMHADP N0 HENpAMBIM YTJIOM K HAlpaBlIeHHI0 PelhcoB, MOMKHO HC-
cleloBaThk ABH#eHHe LHH/JAMHIpAa-IIApyca Ha pasHbIX Kypcax. Momuo Jdame
38CTABUTH TelNedKy KaTUTheA MPOTHB BeTPa Mo ocTpbIiM yriaom. [Ipu me-
peMeHe HAllpaBJeHHA BpalmeHHA [MHJIHHApa Teledka KaTHTCHA B oﬁpﬂTHym
CTOPOHY.

Moxno npousBecTH Takie CIeAYIOMHNA ONBIT.
llpuBeneM B OnicTpoe BpamieHHe JerKHI NIJIHHAP,
PACHoONORUB IPH TOM €ro 0Chb MOPU3VHTANBHO, U TIPe-
JocTaBiUM NWJIHHIAPY NalaTh. Mer YBHIHM, 4TO BMecC-
TO TOr0, YTOOBI YIACTh BePTHKAILHO BHU3, [UIHHAD
Ha4yHeT IMIaHUpPOBaTh 110 NOBOILIO HOJOTIoH TpaeKrTo-
puu. Ilpu TaroMm peumenuu (puc. 68) Ha nUAMHAP,
KpoMe NogneMiolt (nonepedniolt) cunnt A, nepnenou-
KynApHOo! K HAaNPaBIeHHIO NBUAeHUHA, nelicTByeT emle
conpoTuBIenue W, HanpaBieHHoe IPOTUB JBUREHNA,
HOoToOpoe, ogHaKo, B CllyYae JMIWMHOHOTro U Y3KOro [U-
JAMHIpa U NPH HATHIUH GOROBBIX JUCKOB 3HATHTENb-
HO MeHblle, 9eM IHojbeMHas cuia. PapnogeicTBym-
1iad 3THX ofenx cun ypaBHoBellMBaeT Bec NUJIunipa
M TeM caMbIM 3aMeJHET ero najemnue.

Puc. 68. CHuel, geii-
CTBYIOMME Ha Iafd-
IOWHA  BpalWAWuii-
cA MHIANHAP

§12. JIpumeHHe MUIKOCTH, JUIIeHHON TpPeHHA, ¢ BpalleHU-
eM uacTull. Buxpepsie HuTH. [nd u3yueHuA IBHKEHUH OJHOPOIHOM,
JNHIIeHT 0 TPeHUH #MHUIHOCTH C BpaleHueM YaCTHI BOCIHOMIbB3YEMCH OIIATh
TeopeMoil ToMeoHa 0 MOCTOAHCTBE HHUPRYIALINH M0 3aMKHYTOMY HUIKO-
My HKOHTYpy. M3 5Toif TeopeMbl M M3 reoMeTPHYECKHX CBOHCTB pOTaluH
CKOPOCTH (Ha3bIBaeMoH TakKe BHXPEBLIM BEKTOPOM) MOKHO BEIBECTH H3-
BeCTHbLIe TeopeMbl Te.‘]bMFOJIbLIﬂ 0 BHUXPEeBLIX OBUMeHHAX. ITH TeopeMbl,
KacaloimHecA BecbMa BamHBIX TeoMeTpHYecKHMX KM MeXaHHUYeCKHX COOTHO-
meHUH, UMeIOmMHUX MeCcTOo NPH OBHREHMH JRUJKOCTH ¢ BpameHHeM 4dacTull,
ObLIH BLiBe/jelbl CaMMM PeJlel’OﬂbueAﬂ HECHOAbKO WILIM NyTeM, 8 UMEeH-
HO Ha OCHOBe 2MeKTPoJMHAMHYeCKHX NpedcTaplenuit’. OgHako cregcT-
BHAH, BLITERAKOIIHE U3 3THX TeopeM, NWIYYaloTCH MPpOCTLIMHA TOIbBHO B TOM
clIydae, Korja 4acTULb] #HIKOCTH, HaXoddmueca Bo BpameHHd, 3aHUManT
ofjiacTb B BHJe HUTH, U BHe 3Toi ofiacTH ABM#eHHe Mpoucxolur Ge3 Bpa-
meHud JacTui. B TakoM cnydae roBopAT o suipessir Humar. Bamuefmue
TeopeMbl 0 BHUXPEeBBIX HHTAX MOJRHO BBLIBECTH M3 CBOWHCTB OKpY:Ralouero
HUX MoTeHNHAIbHOI 0 TEYEHHAH, HE yFHyﬁHHHCL Nnpu 3ToM B JjeTallk IBUReHnH
MUIKOCTU ¢ BpameHHeM dacTHL. TakuM ofpazoM, MBI JOT#HEI BePHY TheA

lHelmholtz H., Crelles Journ., T. 55 (1858), cTp. 25.
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K NOTeHIHATbHOMY IBHKEHHIO C [HPKYIALUEi, 0 KOTOpoM
mbl rogopunu B §11. Hanomuum, uTo obaactb, B KOTO-
poH NOPOMCXOOUT TaKoe NoTeHNUanbHoe [BHKeHHUe, ABIA-
eTCH MHOTOCBAZHON 1 YTO NMPKYIALNHA 0 BCEM KPHBBLIM,
KOTOpbI& MORHO TepeBecTH Npyr B Apyra, He INepecerad
rpanun obaacty, ojuHakoBad. Orcroja, Kak Mbl ceifdac
VBHIHM, CleAyeT, BO-TEePBLIX, YTO BHXPEBAA HUTb [OJH-
Puc. 69. Bux- 1a 6o HMeTL copMy Kolblla, T.e. 6LITh 3aMRIY Tol, 11udo
peBas HAThb JOXOJUTh CROMMH KOHIAMHM [0 PAHUI HMHJKOCTH, H, BO-

BTOPBIX, YTO UMPKYIALKUA BOKPYT BUXpeBOH HUTH B OJUH
1 TOT 7K€ MOMEHT BPeMEHM BO BeeX MecTax [IoJkHa OblTh ogunakosoi. B ca-
MOM fiefle, IpoBefieM B NoTokKe 3aMRHY TYI0 THHUIO, COCTOAIYIO U3 JIBYX Me-
Tenb A 1 B BoRpyT BUXpeBoil HUTU M ABYX oTpeskos AB u BA (puc. 69).
IJTy IHHHIO Mo&HO NYTeM HelpepblBHol nedopMaliH cTAHYTh B TOUKY,
He NepecerasA BHXpeBod HUTH. CleloBaTenbHo, MUPRYIALHA BAONb 3TOH
nunuu papna uymo. Ho a3Ta QMPKYIANMA CKIaALIBAETCA M3 YeThIpex Yac-
Teil, JBe U3 KOTODLIX MOAYYaOTCA NPH HHTerPHPOBAHHMN BIOOMb OTPE3KOB
ADB n BA, a ape gpyrue — mpu MHTerpHPOBANUM BAoIb merTedb A u B.
Hupkyasnuu BIoAb IPUMBIKAIOIIUAX ApYyT K Apyry orpeskoB ADB u B A Baa-
HMHO YHHYTOMKAWTCA, TaK KaK 9TH 0TPe3KH IPH HHTeIPUPOBAHHH 00X0UAT-
cA B NPOTHBOIMIOMKIILIX Hanpasienuax. CrenoBareibio, JOMMILI B3AUMIO
YUHYTORATLCA U UUPKYIALNM BAoib nerent A u B, Tak Kak unade mon-
Haf MUPKYJIANAA M0 Beel MUIKOH THHMM He 6onia 6Ll paBoa nyno. JTo
03HAUAET, UTo NHPRYIAIMH Baolb NeTelb A U B paBHEI Mo abcoloTHOH Be-
JAHYHHe, HO NPOTHBOIONORHLI 10 3Haky. Ho npoBejiennan 3aMKuyTan TUHUA
orubaer BUXPeRYIO HUTh 0K0od0 A H oKolo B B IpoTUBONONOMKHEEIX Hanpae-
MeHHUAX, NOITOMY HUPRYIANMA okolo A u B, B3ATag B ONHOM H TOM JKe
HalpaBIennH, Joiia ObITh oaHHakoBad. Ecnu Gl BUXpepasd HUTh OKAHYH-
BaJachk rge-1u00 BHYTPH HHJKOCTH, TO MBI MOLIH Gbl OJHY H3 eTelb CHATh
¢ BUXpeBOH HWTH, B TO BpPeMH KAK BTOpafd Npo/loikana Obl 0CTABATHLCH
Ha BHXpekoli HUTHA. Toraa nepeasd NMeTIA MoTepAna Obl CBOK MUPKYJIANUIO,
a BTopaa — coxpanuna. CregoBaTenbHo, H3MeHHIach Gbl MOMHAA LUPRYIA-
IHUA BROTb NPoReJeHHOH 3aMEHyToll TUHHH NIPH NepeMelleHHH MoclenHel
B npegenax oGAacTH MOTEHIHATLHOTO ABHKEHHA, YTO, 0AHAKO, HEBO3ZMOKHO.
TaruMm oBpazoM, MLI IPUXOAMM K clenylomeil Teopeme: Buxpesasa nums ie
JMONCEM OKAHYUBAMbCA HU2de gHYMPU HUJKOCMU U uMeem ge3de odUHAKoBYIO
uyupryaayuio. R aToMy, uuero reoMerputieckoMy cBOHCTBY BUXpeBoil HUTH
NPUCOEIUNAETCH ellle JHHAMHYECKOE CBOHCTBO, BLITEKAOIIEe H3 TeOpeMbl
Tomcona: Hupryaauua eoxpye surpesoll HUMuU He UIMEHAETNCA ¢ MeYeHUeM
8peMeH.
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PaceMoTpHM Tenmeph, UTO NPOHCXOTUT ¢ OUYEHb MaleHbKAMH 3aMKHY-
TBIMU MUJKUMM THHUAMHK. Ecly 3TH NHHHH deaT B 001aCTH NOTeHLHaNb-
HOTO JBH:teHHA, TO UUPKYIALHA BOKPYT HUX paBia uymo. Ecap e onu na-
XO0OATCA BHYTPH BUXPeBOH HUTH, To B 00LIeM clAyuae MUPKYAANNA BOKPYT
HUX He paBHa HYTH, NpHUeM, cornacHo TeopeMe ToMcoHa, oHA Bee BpeMsA
ocTaercH MocTOAHHONH. OQTCHaa HENOCPeNCTBEHHO CleLyer, UTo GUIPEsdd
HUIMb COCIMOUIM 6Ce BPeMA U3 0dnruT U mex xe wacmuy wudkocmu. Tak kak
KOTHYECTBO ABIKENNUA U 31epPTHA caMoll BUXpeBoil HUTH Malbl Mo cpaBie-
HUIO ¢ KOJIMUECTBOM [IBHMEHNA U SHePrHell OKPYMAOMero noTeHHalbHoro
HOTOKA, TO ABMMEeHHe BHXPEBOil HUTH B OCHOBHOM VIPABIAETCA ABUMKEHU-
€M noTeHUHalbHoro nmorToka (cM. Hume, npumMep neppolil). llpasia, reomer-
pPUYECKU NMoTeHIHANTbHOE NBHAEHHE MOMHO CBECTH K UPKYAAIHA BOKPYT
OCH BUXPEBOH HUTH, UTO OAA pacueToB oGbiuno yaoduee. llpu Tarom npen-
CTaBIeHNY JBHMEHHe Ka# qoro 3eMeHTa BHXPEeRoi HUTH 06yCIoBIHBAETCA
BIHAHMEM BCeX OCTAILHLIX 3JEeMEeHTOR HUTH, a8 BCe MOTEHI[HANbIOe ABHRe-
HHe BLI3LIBAETCA BUXPeBol HHTLI0. OaKo Takoe NpeIcTapielNye clejlyeT
paccMaTpUBATh TONLKO Kak reoMeTpuueckoe. ( TOUKH 3peHHA SHEpreTH-
yecKoil npeotnajawilee BIMAHKE HA JABUREHHE BUXPEBOH HATH OKa3blBaeT
BHEINee [[BHAeNHe.

DopMy bl WIA pacyera NosA CKopocTeil BOKPY! BUXPEBbIX HUTEH, olpe-
JeenILIM 06pa3zoM pacloloiienbiX, IONI0CThI) COBNAAdIT ¢ 3AeKTPOAH-
HaMH4YeckUMH opmyraMu, BoipamalonaMu sarol buo—Casapa. Buxpenoie
HUTH COOTBETCTRYIOT ANEKTPHUESCKHM MPOBOIHHEAM, [[UPEYIAINUA — CH-
Ne ToKa, Iole CKopocTel — MATHHTHOMY HOMK U YTI0BaA CKOPOCTE Bpa-
WeHUA — IoTHOCTH Toka. Cmia Toka, 110400H0 UHPHYIAUHMM, OJQMHAKO-
Ba BJ0/db BCelo NPOBOAHHKA, 8 INOTHOCTH TOKA 00paTHO OpolopiHoHalnHa
IIOMAAY ero Nonepednoro cedeHu. [[na Buxpesol HUTH, cornacio Gopmy-
ae (32) §9, opu sina = 1 quprynanudA papna

I''=2wk.

CrnepoRaTenbHO, B TeX MecTaX, Ile ModepedHoe ceueHHe BHXDeBOH HUTH
MeHbllle, YTJI0BaA CKOPOCTh Bpamenus Godbine, U naofiopot. Tarad ke cBfab
Meway F ¥ w cymecTByeT U BO BPeMeHM: eclH KaKkoi-I1100 0TPe30K BHX-
peBoit HUTH BLITATHBAETCH, TO YTIOBAA CROPOCTL BpAaIleHHfA BO3pacTaeT
ofpaTHO NpPoNoOpXIOHaNbHO MolepeuHoMy cedeHnw. Ilpu atom pnuna ot-
pe3ka BUXpeBolf HUTH yBelMUUBAeTCA Takie ofpaTHo OPoMoplHHoHalbHO
HOMepeyloMy ceuellii, TAk Kak o6beM HUTH ocTaeTcA neusMerinniM. Cre-
J0BaTelbHO, Y2r08ad CKOPOCING BPAUEHUR HUMU UIMEHACTCA 8 MOYNOCIU
NPONOPUUONAALIO UIMENENUID Jauitsl oMmpesna NUMmU.
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Yrazannble (GaKTbl M COCTABIAKOT OCHOBHOE CcONep#ande TeopeM
reﬂhMTﬂHhua. PHCCMUTPHM HeCKOJIBKO IIPHMepOB IBHUMeHHA BUXPeBbIX HH-
Teit.

a) Ilpamoaunetinvie napastedvHsle 6UIPesvle HUMU 6 MNcudkocmu,
6 OCMAAbHLT Mecmar ceofodnoll om epauenus. Rar y#e Gbllo cKazaHo
B §11, BuXpeBas HUTb ¢ UMPEYNAUUed (MiaM Hanpsmennoctsbio) T cozna-
eT ROKpPYT ceff moie ckopocTedl. B Kamaol Touyke 3Toro mojd cKOpocTh
NepHelinky/IAPIA K oCH BEXPA H K PAJUYCY T, COSIHIAIOMEMY 0ChL BUXPA
C pSCCMSTpHBﬂeMOﬁ TOYKOM IIOJIH, a 110 abconTHOH BelH4yKHe, COrTacHO
dbopMmyne (48), paBHa

T

T 2mr’

w

Ecny MMeeTcd HecKONBKO BUXPeBLIX HHTell, To 0TAelbHEIE NONA cKopocTeil
HajnaratoTcd ApyT Ha Apyra, M Kasgas BAXpeBafg HUThL NPHHUMEeT yJacTHe
B TOM JBH#EeHHH, KoTopoe Bo3HHKAeT B 3aHUMaeMoM €l MecTe Mojl JefcT-
BueM Apyrux HUTell. Tak, HaOpHMep, B clytuae JBYX lapallelbHblX BHX-
pPeBLIX HMTel ofie 0HM BPAIAKTCH BOKPYTD OCH, Napa/ielbloid ocAM ofeux
HUTell. [nA ompefeneHnd MONoMeHHA 3Toll ocH clegyeT OTIOHUTH BIoib
ocell ofenx HUTeH OTPe3kH, NMpoloplUUoHaNbLILIe UX HanpamenuocTam I,
1, paccMaTpuBaf 3TH OTPe3KM KaK CHIBL, ClIOHHTh HX. JIHHMA AelficTBuUA
paBHogelcTBYOMmeH gacT nojoakende UckoMol ocd. OTpeszru, nponopyuo-
HalbHBle Hanps;keHHocTAM [, elelyeT oTHo:UTh B 0fIHY CTOPOHY, ecld
ofa BUXPA UMeIOT HHPKYIALMA oJHOTo 3HaKa, U B pasHble CTOPOHBI, €ClId
NUPKYIANMH BUXped nporuBonoiominnl. B nepsom ciyuae ock Bpamenus
paclio/losteHa Mei#k Iy BUXPAMHM, @ BO BTOPOM cydae — II0 0JHY cTOPOHY 0T
HKX.

IIBe napanienbHble NPAMONTHHelHble BUXPeBble HHTH DaBHOR M Opo-
THBOIOJIOAHON M0 3HAKY UUPKYIALUU 06pazyloT napy BUXpeil (Takoe Ha-
3BaHHe JaHo Mo aHaloruyu c mapoff cun). [lapa Buxpeii coBepmaeT npaAMo-
NHHeliHoe NmocTylaTelbHOe IBUKeHHe B HalpaBleHUH, NepIeHIUKYIAPHOM
K KpaTruaiimeil npAMoi, coeguuAwmeid o6a BUXPA, NPpHYEM CKOPOCTh JIBH-
JReHUA paBHa

w = L,

2md

rae d ecTh paccToAHHe Me:kJgy ocAMH Buxpeil. B cucreme oTcuera, noxo-
AmedcA OTHOCUTEBHO HEeBO3MYMIEHHOH MHIKOCTH, KapTHHA JUHUIA ToOKa
BUXPeRolf mapLl HMeeT BHJ, Haofipamentniii na pue. 70. Ha pue. 71 nora-
38Ha TA e KapTUHA THHUH ToKa B CHCTeMe oTcueTa, ABUMYyleiicd BMecTe
¢ BuxpeBbiMu HATAMHA. YacTh mugrocTH, oTMedeHHaA Ha puc. 71 wrpnxa-
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Puc. 70. JIluHuu Toka na- Puc. 71. JIuHuM TOKa napsl BUXpei
PEI BUXpeH B HeoaBUM- B cUcTeMe oTcueTa, ABHMiymeiics
HOH cHcTeMe oTcUeTa BMECTE C BHXPEBBIMH AapaMH

MH, DCTAETCA BCE BPeMA OKON0 BUXPEBLIX HHTeH. ITo Jerko HabInJaTh,
eclH OKpPacHTh MUIKOCTE B TOM MecTe, [le BO3HHKaeT llapa BUXpell.

IL1a Toro 4robsl BaaMMo/leCTBHE MPAMOAMHEAHBIX DapaiIcibHbIX BHXPEBbIX
HHTEH IPOUCXOIHIO B TOUYHOCTH TAK, KAl YRAE38HO BBIILE, 3TH HUTH TE0PeTHYEeCKH
TOJMHBI IPOCTHPATLCA B 00 CTOPOHELI /10 O€CKOHEUHOCTH MIH Me OHU TOJASHEI
OBITh OCPAaHUYEHBI JBYMSA apa/ulelbHBIMH cTeHKaMH. OJHAKO B HOCIeJHEM CiIy-
Yae Ha JIBWHEHHEe BUXPEBLIX HUTeH BIMAeT TpeHHe, BO3HHRAIONEe Ha CTeNKaX.
O/1Ha U3 napalieNbHbLIX CTCHOR MOsKeT HBITH 3aMeHeHa ¢BOGOTHON OBEPXHOCTLIO
MUAKOCTH (ceioBaTekLITo, BTopan cTellka AoAAcHa OLITE AIOM cocyfa).

b) Kpyeosve surpesnie koavya. Takne BUXpeBhie HATH BCAICTBHE CBO-
el KpUBHU3HEI IOAYYAI0T NOCTYIATENbHY0 CKOPOCTE BIOWIL OCH KOJIbLA, KO-
TOpad TeM Golbllie, 4YeM TOUbILIE BUXPEROe Hipo. JTo ABJIEHHEe MOMeT ObITh
06BACHEHO Ha OCHOBAHHH TeopeM [elbMrofblia Kak pe3ynbTaT BzaHMogeii-
CTBHUA COCE/THMX 3IEeMeNTOB BUXperoi nuTH. 0/1Hako ero Moo o6LACHUTE
TaK#e TUHAMHYECKH KaKk cleJcTBHE NolepevyHbIX CHJl, KOTOpble BORHAKAIOT
Hod geficTBHeM oKpY#RAIOMeld Kolbllo Bpamaiomeiica RUAKOCTH (¢p. ¢ pac-
cyaennaMHy B § 11 no nosoay o6rexanus kpblaa). Tak Kak BUXpeBoe KoNb-
1[0 IBHKETCA ¢ HOBOJABHO O0BLLIOH CKOPOCTBIO, TO YBIekaeMad UM M-
KOCTEL 4acTo Tak#ke UMeeT hopMy Kolblla (Kolbla Tabavioro isiMal), a ne
CIIOMIHOTO TeNa, Kak NoKasaHo Ha pHe. 71. IBa BUXPeBEIX Kolbna ¢ obmelt
0CbK), ABHJRYIIMXCHA B 0JHOM HanpaBleHWH, B3aUMOLeHCTBYHOT TaK, UTo Ie-
pefHee Kolbllo paclTHpAeTCA, a 3ajHee, HA0OOPOT, CyH UBaeTCA; BeleicTRIe
3TOrO NOCTyNarelbHasd CROPOCTh NepeIHero Koldblia YMeHblIaeTcA, a 3a1He-
ro — YBeIHYHBAETCA. ITO IPHBOJHT K TOMY, UTD 3ajliee KOILIO JOrOHfeT
nmepefHee U NPOCKAKUBAET CKBO3b HETO, MOC/E Hero poslb UX MEHAETCA, U UT-
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pa HaunHaetca cHoBa. JIBa ogMHAKOBLIX BUXpPeBbIX KOJbLLA ¢ obuieil ochbio,
ABHMKYIIHXCH HABCTPeUY Py APYTY, o Mepe cOIHeHNA Bce Dodblie H
Gonblle VBEIHYUBAIOTCA B JAHaMeTpe, HO B TO ke BpeMsf 3aMellAIOT CBOe
NocTynaTeNbHOe JIBU#eHHe HACTONbKO, UYTO JIPYT A0 Apyra Tak ¥ He J0Xo-
nAT. TakuM oGpasoM, HeHTpalkhHafA INIOCKOCTh Mewmay 0D0MMH KolbllaMH
Beyler cebs nogobHO HenpoHunaeMoll TBeploit creHke. [lo 3Toil npuunne
BHXPEBOE KOlblo, NpUGIHAKAIOIIeeCH K TBeploi cTeHKe, HHKOria ee He jlo-
CTUTAeT.

¢) TloBepXxHOCTH pazjlena, 0 KOTOPLIX LLIA pedb
B §7, MOMHO paccMaTPUBaTh KaK CHCTEMY BHX-
peBLIX HUTel, pacnpeeleHnblX BIOIbL OBEPXHOC-
TH, TpHYeM oCH BHXPEBLIX HHTel paclolosKeHbI
NepneHAUKYIAPHO K HAOPaBIeHHIO CRauka CKopoc-
TH. B caMoM pene, U3 cxeMbl, H3oOpameHHOH Ha
puc. 72, BUANO, UTO CHCTEMa MapajlelbHLIX BHX-
Puc. 72. Buxpesoii cloft  peprix nuTeil hopMHUpyeT NOTOK, KOTOPLIH 1A He-
KOTOPOM paccTOAHUM 0T BUXPEBLIX HHTell UMeeT TaKoe #e [IoNe CKopocTei,
KaKk U MOTOK ¢ [I0BepXHocTbio pazjena. HaoBopor, moBepxuocTH pasjeia, 6y-
OYYH HeYyCTOHYHBBIMH, TErKO PACHAJAKTCH HA OT/elbHble BHXPH, KAK 3TO
nokazano Ha puc. 41,

d) Burpu u ceasgnioe ¢ HUMU YUPKYAAUUOHHOE TOMERYULIbHOE Mete-
Hue BO3HUKAIOT Beerja B peayibTaTe ofpasoBalua MoBepXHocTell pasgena.
Bce noTennuanninie TedendA ABIAIOTCH PE3yIbTATOM JaBIeHUA, NMepea-
BaeMoro Ha #UJKOCTh orpaHHUHBaOmel ee cTeHKoll HAM HaXogAmHMCA
BHYTPHM Hee TeroM. LIHpKy/JAAUMHOHIOE TedueHde BO3HHKAET IMaBHLIM 06pa-
30M B TOM clydvae, Kolda BHYTPH HHIKOCTH HMeeTcHA NOBepPXHoCTh, 0gHA
JacTh ROTOPOH HCILITLIBAET HEKOTOPOE BPeMA JaBieHHe, a Apyraf, cocem-
IHA, YACTh e mojBepraercd Aasienutn. [I[puMepoM mMomeT Ciay#uTh o0pa-
30BaHHe BHXPEBOT0 KoJblla OKOJI0 OTBEPCTHA B cTeHKe (puc. 45); cTeHKa
HCILITEIBAET AaBIeHHe clieBa H 0TBEYAET PAaBHLIM NMPOTHUROAeHCTRHEM, B TO
BpeMA KaKk oTBepcTHe He MoaBepraeTcA AaBleHHio. [[pyrUM BamHBIM NMpPH-
MepPOM ABIAETCH IBUREHHE KPLIa caMoleTa, KoTaa NIolanh, HaXo HIanac
HeMocpeacTBeHHO Mo KPBIIoM, HeKoTopoe BpeMA Harpy#ieHa BecoM caMo-
JeTa, a npogoJ:keHHe 3Toll NIomWAaIN 3a NpegelaMy Kpblila He NoABepraeTca
B 3T0 BpeMfl HHKAKoMY AaBlenuio. B Koune § 7 MLI yIOMAIYAH, YTo H3 o~
BePXHOCTH pasjiela, BO3HUKalmel nosagy Kpblia, 00pasyOTcA IBa BUXDA,
cOeralomue ¢ KOHUOB Kpblaa (cM. puc. 46). Kpome Toro, B HauanbHbIH Mo-
MeHT IBHMEeNHA, TIPH pasrole KpLina, odpasyeTcA BUXPb, HU300pamenLIi
Ha puc. 66, ITorT HauanbHLIH BUXpPb BMecTe ¢ GOKOBLIMM BHXPAMH 0Gpa-
3yeT oJny OBy, 00LIYIO HeCKOAbKO PA3MBITYIO BUXPEBYIO HUTh. CaMo
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KPLLIO ¢ MPOMCXOAANEHl BOKPYT Hero UHUPEYIANUENd, B TOUHOCTH PaBHOM
quHy.‘]HHHI/I BDprF BI/IXPE‘.BOﬁ HWUTH, 3aMbIKaeT BCH) CHCTEI\Jy, BclelCTBHe
yero ofpaszyeTcA cBoero poja BUXPeBoe Kolblo, YacTh KOTOPOro, npaBja,
COCTOUT H3 TBepﬂOFD Tena (E})LIHS). C EHI—IE]\{STH‘IBCKOI‘:T TOURH BPEHHH 3To
Hajo NOHUMATh TaK, YTo YacTh BUXPEBON HUTH MPoXOAUT BHYTPH TBepAoro
Tella, BbIZbIBAH CHAPYMU €0 N0TeHHalbHOe TeueHue ¢ UMpKyadAnuei. Oa-
HAaKo JUHaMHU4YecHad TEDPEMS T‘eI[h]\"[FOI[bL]ﬂ AJIA 3TOH 4acTH BI/IXpeBDﬁ HUTHU
He MMeeT MecTa; 9To BIOMHEe MOHATHO, TAR KAk 9Ta YacTh BUXpeBoil HUTH
ABHMEeTCHA BMecTe ¢ TelloM, H C KOHLOB €€ K OOKOBLIM BI/IXpeBbIM HHUTHM
NpHTeKaeT Bce BpeMA HOBaA MHAKocTh. KoaHuecTBeHHOe H3yUeHHe TAKUX
BUXPEeBLIX JBUJREHHH J1al0 BO3MOMIIOCTb [OAYUMTh BaJKIDbIE BLIBOIDLI, Ka-
caouiec NoBefleHUA KPblNa B NoToke muAKRocTH (cM. § 16 u 17 ro. I11).

§13. TeopeMa 0 KOJTHUeCTHe OBHUKEeHUA H TeopeMa 0 MOMeHTe
KOJMYecTBa IBUMKEHUA AJA YCTAHOBHBINMXcA OBUmeHUI. Teope-
MBI 0 KOIMYecTBe OBUAGHHA U 0 MOMeHTe KONWYeCTBa IBUMKEHUH, XOpo-
10 U3BecTHHIe M3 Oo0meH MeXaHHKH, HaXOJAT cBoeolpaiHoe NpHMeHeHHe
K YCTAHOBUBLWIMMCH IBMMREHMAM jRUUKOCTEH, a Tarke K TakuM Heycra-
HOBHBIIMMCH [BUKEHMAM, KOTOPLIE BO BPEMEHH MOI'YT PaCCMATPHBATHCH
B cpefHeM Kak ycTaHoBHBIIHecH. [[eHHoCTb 3THX TeopeM COCTOUT B TOM,
4TO [JIA MX NPUMeHenud TpedyTCA TONBKO Jallibie 0 COCTOHNWH NOTOKA Ha
IrPAHUYHBIX TOBEPXHOCTHX PACCMAaTPHUBAEMO 061acTH, HO He BHYVTPH o6nac-
TH; 3TO MO3BOAAET MOMYUYATh H3 HHX BLIBOALI 0 TAKMX THAPOIHHAMUIECKHUX
ABNEHHAX, HeTall KOTopPbIX He MOTyT ObITh MOAHOCThIO YUTEHLI.

RonuuecrBoM ABHmeHMA Maccbl, Kak M3BecTHO M3 obieil Mexanuuk,
HA3LIBAETCH MPOM3BEJEIMe MACCHI A CKOPOCTh (KOJMYECTBO [IBHIKENHA
eCTb BEKTOPHAA BEIUUMHA U UMEET, Rak U BCARUIT BERTOD, TPH COCTABIAIO-
wux). Coeracno meopeme o Koautecmee OBUNCCHUA UIMEHEHUE KOAUYECTBA
J6UNCEHUA 60 BPEMERU, M. €. €20 NPOUICOTHAA 110 BPeMEHU PAGHA PE3YLbIniL-
pywuell 8cer cu., npusoicenusr k macce. Coraacio TeopeMe 0 MOMeHTe
KoJMHYecTBa JBHMKEHUA NPouicodHaf no epeMenit om MOMEHMa KoAltecm-
680 JBUIMEHUA OMHOCUMEALHO KAKOU-1U60 MOYKN PAGHA 2AA8HOMY MOMEHMY
OMHOCUMEABHO MOU He MOYKU BCET BHELHUT CUd, RPUAOHEHHbLT K Mac-
ce. lIpuMeHAA TH TeopeMbl K cHCTeMe MaTepHalbHBIX ToUeK, HeoOX0IHUMO
umeTh B BHAY (§2 ru. T), 4yTo BHyTpeNIHe cHILI, JeHCTBYIOMME RIYTPH
MeXaHHYeCKoil CHcTeMEI, NPH CYMMHpPOBaHHM IO BCeM MaccaM CHCTeMbl
HAa OCHOBAHUM 3aK0OHA O PABEHCTBE Jeli¢TBUA U NPOTHBOASHCTBUA B3aUMHO
VHUUTOATCA M UTo 0CTAIOTCA ToAbK0o CHALI, 06ycloBleHHBIe MaccaMu,
He MpUHaglesallUMi K CHCTeMe, T.€. BHelIHHEe CHILL

Tpu yemanosueuiemcs IBUMEHHH KAKOH-aMB0 Orpannyeninoil MAacchl
MUIKOCTH H3MeHeHHe ee KoMHUeCcTBa IBHAKEHHA BO3HHKAET HCKRIIOUHTENDL-
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HO BCIEeACTBHe NMepeMellleHWA ee rpauuil. B camom mene, mpu ycTaHOBUB-
meMCcH JBU#eHHUH Rafigad yacTHia #AHIAKOCTH BHyTpI/I BhI,I[EHEHIJOﬁ Macchl
3aMeHAeTCA Ha cBoeM MecTe Apyroit uyacTuueit, IpHHUMaOmel aleck CRo-
pDCTh neme?l YacTHILI. ﬂnaTomy oA OHPEI[BJTBHHH H3MeHeHHA KRolnyecTRa
OBU#EHUA J0CTATOUHO BBEIACHUThH ToABKO To, UTo HPOMCXOAMT HA T'PAHU-
1ax BblAe/eHHONH Macchl skMAKocTH. A 3Tol LeiM paccMOTpUM MHAKYIO
cTpyiiRy, u3oOpaskeHHY 0 Ha puc. 73. IIpewne Bcero 3aMeTnM, 4TO HWHAKAH
cTpyiiKa JonkRHa coCToATh BCe BPeMH U3
OJHUX M TeX Me JyacTHhUl MUIKOCTH, Tak
- Kak HHaYe Helb3A 0yJeT OCHOBBIBATH-
w, A B w; c# ua reopeme obmeidl MexanuKH 0O Ko-
THYeCcTBe ABU#eHUA cucTeMbl. (nefoba-
Puec. 73. Tlosicenne i TeopeMe 0 Telblo, BO BCE BPEMA IBMIKEHMSA YACTH-
ROIUYeCTBe BHREHA IbI #HUAKOCTH, TPUHAJIeHKaNHe K KHI-
Kol cTpyfike, He DOM/KHLI €e NOKHUJAATD,
a 4JacTUIbl KHU/IR0CTH, He TTpUuHaiemRanie K HEI?I., He JOoJMHLBI B Hee Ipo-
HHKaTk. JTO 03HayvaeT, UTO MNOBEPXHOCTH, Or PAHHUHBAIOMNE BblIeNeHHYIO
MAacCy MHUIAKOCTH, AOJMHDBL IepeMeIlaThCH BMECTe ¢ MUJKOCThIO, T. . OHU
HOJKHbI OLITh HHIKUMH IIOBEPXHOCTHAMHA. THHHM Oﬁpa.'-}(]M, B Halei WWH -
Koft cTpylKke ee KOHUEBhIE INONEPeYHEBIE CEYEHHMA JIOMMHLI lIepeMellaThCH
BMecTe € dRAOROCThHY, NepBOHAYANBHO 3aKJIIOYEeHHoH B ?HH,EI,H(]I‘/‘I CprﬁHe.
llepememenne nesoro cedenua A cTpyiku OPUBOIUT K NEPeHOCY MacChl

dmy, = pFawadl,
a nepeMellenye Ipaporo ceuelns B — K mepemnocy macchbl
dma = pFpwgdt.

B npaBblX YAaCTHX 3THX paBeHcTB FA H FB obo3auaoT ILIoman RoHieBblx
HONepevHLIX ceYeHHH MHIKOH CTPYHKH, a w4 U wg — CKOPOCTH TeUeHUA
B 3THUX cCedeHHAX. BCHB}]CTBHB HePA3PLIBHOCTH IIOTOKA MLI HMeeM:

dmy = dms = dm.

[lonHoe u3MeHeHHe KolHYecTRa ABH#EHHA 3a BpeMA df okolo cedeHuda B
paBHO din - wg, cleloBaTelbHO, B eUHUIY BPeMeHH 0HO PABHO

dm
dt

HaupaBneHue JToro HaMeHeHHA KoJlHYeCTBa JBHHEHHA CoBlladaeT ¢ Halpap-
JdelHHeM CROpPOCTH wWg. HaMenenue KonuuyecTBa OBHMENHA B eJUIIALY DBpe-

wg = pFBwﬁ-,..
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MeHH 0RO ceuenna A papno

%wﬁl = pFAwi

¥ 10 HANPABIENHI} [POTHBONONMMIO CKOPOCTH wW4. BEKTOPHYID cyMMYy
3THX U3MeHeHHH KolMHYecTB NBH#EHHUA, oTHECeHHLIX K eJUHHIlE BpeMeHH,
clegyeT NPUPABUATL Pe3yAbTHPYIOUeH BceX BHEMINNX CHJ, JeHCTBYIOMHX
Ha BblflelleHHYIO Maccey #RUJKOCTH. BMecTo UaMeHeHMI KolUYecTB fABH#e-
HUA MOKIO paccMaTpHUBaThL COOTBETCTBYIOMIHe UM «peanlMu», T.e€. CHILI
Takoll e abcoNOTHON BeNHYHHBI, HO NPOTHBONOJIOWHOrO HAaNpaBlIeHUA.
BerTopHas cymMMa 3THX peakuiii, 01leBHAHO, YpaBHOBellMBaeTcA BHEIIHHMU
CHUaMM, NPHUIOKEHHBIMH K BhliedeHHoll Macce suikocTH. CiegoparenbHo,
B cliyyae RUAKOH cTPYHEM, H300pamennoi Ha pHc. 73, peakllMd B cede-
nun A manpapnena B CTOPOHY CKODOCTH w4, @ B ceveliid B — B cTopoly,
00paTHYH CKOPOCTH Wg.

Ina npaBUibLIOrO NPHMEHEHHA TeopeM o KoIH4YecTBe ABHREHHA H
0 MOMeHTe KolIHYecTRa ABHMeNHA llelecoobpasno orpaHidyUBaThL paccMaT-
pHBaeMYyI0 Maccy #HIKOCTH 3aMKHYToH, Tak HasbiBaeMoll KOHMpoabHOU
noseprrocmbw (Ha CAEAYIOMUX HHUHe puc. 77 U 78 3Ta 10BEPXHOCTH OT-
Me'ueHa MyHKTHpoM). BekTopHas cyMMa BeeX BHEIIHHX CHI, JeHCTBYIONTHX
Ha JFRUAROCTDL, 3aRIIOUEeHNYI0 BHYTPH KOHTPOJILHOH NOBepPXHOCTH, DO~
Ha, COIVIAcHO CKa3alHnoMy Bbllle, YPaBlHOBellHBAThCA ¢ BEKTOPHOH cyMMOit
pearHii, BEIYHCIEHHBIX MA BCeX MHIKUX CTPYeK, NPOXoJANUX Yepe3 Bhl-
dedeHHyw ofnacrb., CjlefoparedbHo, NOT#HBL ObITh PaBHbL HYyAH) CYMMEL
MpoeKIHl BeeX ¢ M ¢yMMbI MOMEHTOB BCeX CHI /1A BeeX KoopJAHHATHBIX
oceil. OuHaKo oueHb YacTo MOKRHO OIPAHMYHTECA cocTaB/leHleM ypaBHeHUH
paBHoBecHA TolbKo 14 ofHoC0 KoopJAHHATHoro HalpabBleHHA.

Ilpu HeycTaHOBMBIEMCA /IBHAKEHHH HM3MeHeHHe ROJIHYecTBa IBHMREHHA BLI-
OEeJeHHOH Macchl MMAKOCTH NpPOHCXOAHT HE TOAbKO BCIeAcTBHE IepeMemeHHs
IPEHHUI], HO M BCleACTBHE M3MEHEHHUA CKOpPOCTeH BHYTDM BhIJeileHHOH mulKoc-
TH. Eean, kRak aTo YacTo 6LIBaeT NpH TypOYACHTHBIX JBHUMKCHUAX, CKOPOCTL He-
YCTaHOBHBIIErOCA LOTOKA B CPeHEM He HU3MeHAETCA, TO CyMMa M3MeHeHHH KO-
IMYecTB ABHHseHUA BHYTPH BLIJleleTHOTe 001LeMa B cpe/ieM nmolyydaeTca pasioit
HYAI0, U TOTga MO#HO TIpHMEHATEL K HEYCTAaHOBHBIIHMCA MOTOKAM TEOpeMbl o Ko-
IMYecTBe JBMMKEHHA H MOMEHTE KOAHYeCcTBa JBIKCHHA TaKMe, KaK H K yCTaHO-
puBmuMcA. [IpaBja, B TaKHX cIydaax HeoGXoQHMO cOBII0IaTh 0CTOPOKHOCTD MPH
COCTAB/ICHUH CPEeJIHHX 3HaYeHHIl Ha KOHTPOAbHOH moBepxHooTH (cM. §14).

Pa(‘.CMOTpl/IM HeCROJBRO IIPHMepPoB MPpHUHMeHeHHHA TeopeM 0 KoJH4YeCTBe
ABH:KeHHA U MOoMellTe KoJIHYeCcTBa IBHKelHA.
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a) Cuaa, ¢ xomopotl yeudkocms, meky-
UaA NO UI0ZHYMOMY KaAHARY, delicmeyem Ha
ezo cmenru. IlyeTh MUAKOCTE BXOAMT B Ka-
Hal co cKopocThio wq (pHe. 74) npu nas-
JeHHH P M BBIXOJUT M3 KaHala co CKopoc-
TBIO we [pPH jgaBieHuH ps. Ilycres nanee,
F} ecTe nuomajib BXOAHOTO MONEPEUHOIO ce-
UeHHA, a F» — mAomagb BLIXOAHOTO Mome-
peunoro ceveHud. Torja naMeHeHHe KOJH-
Puc. 74. J[puseHHe MIAKOCTH UeCTBa JBUAEHHA BO BXOOHOM IOIepeYHOM
B U30IHYTOM KaHalc ceueHUM OylleT paBHO pFlwf H Halpab.le-

HO OPOTUB CKOPOCTH 4. ITOMY HIMEeHeHHIO
Kolu4decTBa ABHMKEHMA COOTBETCTBYeT paBHasfi Mo BelHvHHe, Ho NPOTHBO-
NoJoAHO HANpAaBlIeHHad CUNd, ¢ KoTopold TeKymasa sHUIKocTh JedcTByeT
Ha CTeHKH KaHana, K aToil cuie npudaBndeTcH emle cuia JaBleHHA, paB-
nana p1 Fy} w nanpaBnennad B Ty e cTopouy. (lefoBaTelbHo, #HKOCTD,
BCTyNaonad B KaHal, AefcTByeT Ha ero cTeHKH ¢ CHIIOH Fl(pw% + m).
AnajorvuneiM ofpaszoM, FRUAKOCTb MPH BbIX0Je H3 KaHala idelcTByeT Ha
ero CTEeHKH C CUI0H Fg(pwg -+ p9), HanpaBJIennoil NPOTHBR CKOPOCTH s,
T.€. OIATh BHYTPb KOHTPOAbHOH NIoBepXxuocTH., l'eomMerpHuyeckad cyMma
CHUa F‘l(pmf +p1) U FQ([)’HJ% + p2) OpedcraBafeT coGol NONHYH peaklHIO
RUAKOCTH, TeKylled Mo M3ornyToMy Kamany, Ha ero CTeHKH.

b) Peanuua ewmernawuwer; cmpyu. IlycTh cTpyn BLITeRaeT 4epea oT-
BepcTHe B cTeHKe U3 oflacTH, AaBlIeHHe B KoTopoH pPaBHo pp. B o0JacTh,
napieHne B KOTOPOil paBHO Py, KonuuecTBo IBHMEHHA, MePEHOCHMOE CTPY-
eii, paBHO

J = pEFa’,

IJie W eCTh CKOPOCTb HCTEYeHHUA CTPYH, a F, — MIomaih MoNepedloro ce-
ueHus cTpyu. llogeTapnas BMecTo w ero 3HadeHHe cornacHo gopmyre (17),
MLT TOSy YHM:

J=2F(p1 — po).

CrnepnoBaTenhHo, KOTHUYECTBO JBHHKEeHHA, NepeHOCHMoe cTpyelf, paBHo yaBo-
eHHOI cule JaBlneHHHA Py — pp Ha MIowaib MONEPEHHOTO CeUeHHH CTPYH,
IpuYeM HaNpaBIelo 010 B CTOPOLUY CKOPOCTH HCTEUENHA. ITOMY MepeHocy
KONTHYeCcTBa JABHMEHHA COOTBETCTBYeT PeaKlHA BLITeKarouell cTPYH, paB-
Haf 10 BeJUYHIe, HO IPOTHRBONON0I0 HAllpaBleHHas. YIBoeHHas BeIUYHHA
naBaeHuA oOBACHASTCH TeM, UTO B OTBEPCTHH, KPOME HCUYe3HOBeHHA H30LI-
TOYHOI'O CTATUUECKOr0 JaBileHus Fg(p1 — p2), IPOHCX0JUT JONOTHHTE/IbHOE
yMellblllelllie JaBIeHHA HA TAKYIO e BeIHUHIY BCaeJCTBHE NPUTEKalnA
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MHUAKOCTH K OTBepcTHIO. Peakniio BLITeKatomlell CTPYH Nerko ofHAPY#MHTh,
eclIH NOMecTUTh COCyf, U3 KOTOPOro IPOHCXOIHT HcTevyeHHe, Ha JIETKYHO
Teqesky. Torga relexka BMecTe ¢ cocyioM OyaeT OIBUraThbes B Halpabie-
HHH, TPOTHRONOJI0AKHOM HampaBleHU10 HeTedeHHdA cTpyn. Ia peakuyun BoI-
TeKalomell cTPyH ocHoBaHo nelicTBHe Tak HazblBaeMolo cezHeposd Ko.deca
(puc. 75). C moMoLbI TAKOI'O Kouleca MOKHO LIOJHHMATL Ha BbICOTY I'DY3,
K4aK 3T0 II0KA3aHO Ha puc. 75, HIH BEINOJIHATh JpYyryto paboty. B npexune
BpeMeHa CerHepoBLl Kolleca CTPOUIHCh YacTo GoALIIMX PasMepoB.

Pue. 75. Koaeco Cernepa Pue. 76. Hacamor Bopoa

B ognoM UacTHOM cayyvae, a HMeHHo IPH HCTeUeHHH Uepe3 Tak HasbIBa-
eMLlil nacador Bopda (puc. 76), TeopeMa o KoTHYeCTRe IBH:KeHHA 03RO
eT BhIUMCIHTE Ko3hdHUHEHT caTHA cTPYH, T.e. 0THolleHHe NollepevyHoro
cevennn cTpyH F, K monepednoMmy cedenrio oTpeperia F (em. §5). B ca-
MoM [Jelle, TP HCTeUeHUH Yepes Hacafnok bopaa Ha M06yl0 4acTh CTeHOK
cocyla AeficrByel B HanpaB/deHUH HCeTeUeHHA CTPYU No/dHoe H36LIToYHOE
Aanjaenue p; — pa HoaToMy Konudectno apsenud 2F(py — ps), nepeno-
CHMOe eTpyeil, JOM#HO YPaBHOBELINBATbeA cHIoil gapaenud F'(p; — po) Bo
BXOJ1I0M MoNepedloM ceYelllH, clejoBaTelLllo, JOMKI0 codaojaTLeH pa-
BeHCTBO

F(p1 — p2) = 2Fs(p1 — p2).
DTHyI[& HaxogHM:

Fél: F-,

1
2

T.e. KoadhdULUeHT caraTud paBeH 1/2.
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¢) Bnesannoe pacwupenue mpy-
ovt. Eenn NoToK #HAKOCTH, TeKY I
Mo MUIHHIpHYecKoll TpyOe co cKopoc-
TRIO w1y (pMc. 77), BHe3anHo nepexo-
OIUT B Oollee IHPOKYIO, TaKke IU-
Puc. 77. DBuesanHoe pacmupenue JIMHAPHYECKYHD TpyGy, To obpasyeTcs
TPY6BI CTPYH, 0TelleHHaA 0T OCTalbHON U/~
KOCTH MOBEPXHOCTHIO pazaena. Bemen-
CTBHE HEeYCTOHYHBOCTH 3TOH moBepxHocTH (§7), cTpyA GhICTPO, HA KOPOT-
KOM y4acTHKe, cMelllBaeTcH ¢ oKpyMalomell #UAKOCTEIO, U B JalbHelimeM
IBU/REHHE JRMAKOCTH IPOMCXOUMT HIPUOIM3HTENLHO PABHOMEDIIO CO CpeiaHeit
CKOPOCTBIO wy, MeHbllelt wq. CKOPOCTH w3 COOTBETCTBYET JaBleHHe pa,
Gonblllee HaBJeHUA Pp, OTBEYAIOIEro CKOPOCTH Wy . 1A BEIYUCIEHUA TOBLI-
MeHUA AaBleHUA s — py TeopeMa BepHyInH Tenepb HeNpUMeHHMa, TaK Kak
MBI Il 31aeM JeTalell ABMIReHUA CTPYHU B 00JacTH, B KOTOPOH MPOUCXOOUT
cMemenve. OHaKo NpA MOMOIIH TEOPEMBI 0 KoAHUeCTBe ABHKEHHA 3T0 Mo-
BhIlleHHe JaBJeHHUA MO#HO BRIMHCINHTL, He 3HaA yKaszaHHBIX geTaneflt. llpo-
BejleM KOHTPOIbHYIO MOBEPXHOCTh, OrPAHHYMBAKOMYI0 06/1acTh, B KOTOPOH
NPOUCXOAUT CMEIIeNe TaK, KAk NoKasalo ua puc. 77. Buemnue cunnr geii-
CTBYKT TOIbKO HA OCHOBAHWA 3TOH UWIMHIPHYECHKOH NOBEPXHOCTH, U HX
pasiogeiicteyromas pasna Fa{ps — p1), e Iy ecTh Iomanb nofepednoro
ceueHHA MUPokoil Tpyonl. CornacHo TeopeMe 0 KOIHYECTBE ABHMREHHA MELI
HMeeM:

dmun  dmas
dt dt
HsMenennn KoIMYECTBA JBUMEHHA Ha OG0HX OCHOBAIHAX KOUTPONLION M0~
BEPXHOCTH PABHEI COOTBETCTBEHHO

= Fa(p2 — p1)-

dman
dt
clIe0BaTelbLHO,

dmaws

= pFowy - ws,
di pLaws - wa,

=pFws -wy, u
Fa(pa — ) = pFawa(wy — wa),
oTKYyla
P —pL = %p(mf — wl).
Ecnn 6b1 Tpy6a paciiUpaiach He Blezalllo, 4 NocTeleHHo, To U3MeHelHe

JABIeHHA MpH TMepexome oT Y3KOro K HHPOROMY MollepedlnoMy Cederuio
onpefenanock 6wl ypaBHeHHeM bBepHyniu u Gblno Gl paBHO

ph—p1 = %p(wf — wj).
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CJ'IEI[OBHTEJ]LIIO, BHe3allnoe pacllMpeHHe TIJyﬁLI [IPpUBOONT K TOMY. UTO IIpO-
HCXOIHUT IoTepd JaBleHHA, paBHaAA, KaK JIeTKO BEIYUCIHTE,

Py —p2 = %p(wl — wa)?.

W3 obureit MexallMKH M3BECTHO, UTo Takol ke dopMylnoil BoipassaeTcs Mo-
TepA KWHeTHUeCKOi SHePr UM NPH HeyNpyroM yiape TBepanix Ted. [losaToMmy
npes:ife 4acTo TOBOPUIH, UTO IPH Ble3allloM pacUIHpelHd MoToka MpoHC-
XOOWUT NMOoTepH AaBJIeHHA Ha yaap, XoTHA B 1efcTBUTENbHOCTH [P cMellleHHH
ABYX TMOTOKOB #MIKOCTH He NPOHMCXOAHT HUKakoro ylnapa. EauHcTBeHHas
obiad yepra 3TUX ABYX ABIeHUH COCTOUT B TOM, YTO IPH 000UX ABAEHHAX
MPOMCXOAHT HeKoTopad NoTepA CKOPOCTH.

d) {lapenue masceaoeo meaa 8 sosdyre. [[nsa Toro 4To6Ll TAImEN0E Te-
J10 TapHI0 B HeOBHAHOM BO3IYXe, HeoOXoAHMOo, YTolbl 0HO 0TOPachIBAJIO
BHU3 Bce BpeMA HOBLIe Macchl Bo3AyXa, coodlian UM ollpeleleldylo CKo-
pocTh w. IIpumem 1A NMpocToTLl pacdeTa, YTo B MoToke RO3AYXAa, KOTO-
PBIii Temo oTOpackiBaeT BHU3, YCTAHABAHBAETCH HAa HEKOTOPOM PAacCTOAHUH
OT TeJla NOCTOAHHAA cKopocThk. Macca BosiyXa, IPUBOJUMAA B IBHMEHHE
B eIMHHLY BpeMell, papua pl'w, rge I’ ecThb Niomaib NoNepeyHoro ceye-
nusA ordpaceipaemoro noroxa. Oboanaunm Ty maccy uepea M. Jlanee npen-
MONOMHM, YTO PA3HOCTBLIO JaBlelMil B ABHMKYIIEeMCH BHU3 IOTOKE MOMKHO
npenedpeus. Torga, cornacHo TeopeMe 0 KOMHUeCTBe JBHMEHHA, MBI ByaeM
HMeTh:

P=pFw-w=Muw,

rie P ecTh Bec Tena. PeakpuA Bo3Ayxa 11a MOKOAmeecA Telo Pabia
P = —Muw,

clefoBaTelbHo, HAOpaBlieHa BBepX, T.e. aeT NogbeMuylo cuay. M3 mo-
Jdy4dYeHHoro COoOTHOIWEHNHA MOMHO OIpelJediTh CROPOCTh ., IIeDﬁXD,ﬂHMyiO
INA NOIJePMAHUA THMKEIOTo Tela B HENOJBHMHMHOM BO3IYXe B HEMOIBHM-
HOM COCTOSIHHH. B'I‘DT pacydeT C O0JBIIOH CTeNelbld TOJYIOCTH NpUMenrnmMm
1A cBOGOIHOrO [eIMKONTEPHOTO BUHTA NPH YCIOBHHM, YTO BUHT HaXxogHT-
¢ Ha JOCTAaTOUYHOM PACCTOAHHH OT IOBEPXHOCTH 3eMIH. B TakoM ciyuae
ofipasyeTcA HampaBleHHad BepTHKalbHO BHH3 CTPYA Bo3lyXa, MepeHocH-
masg Komu4yecTBo ABMwmenua Mw. JTa cTpyA, CMEMIHBaACh Ha JOCTATOYHO
HolLIIoM OYTH C OKRpPYRAWIKM €€ HelOJABH!RILIM BO3gYXoM, 3daMenlidaeT
CBOK CKOPOCTE, OAHARO IIEPEHOCHUMOEe €10 ROJAMYECTBO IBUMKEHUA 0CTaeTCA
HeM3MEHHbLIM, TdK HAR o Mepe YMelLIIenIHA CROoPoCTH CTPYHW NPOUCXOOUT



120 Thasa 2

YBeluyeHHe YBIeKaeMoil €10 Macckl Bo3ayxa. B KoHne KOHIOB CTPYH N0CTU-
raerT NnoBepxHocTH 3eMJIH H, TepHAA IIPDH 3TOM CBO€e KOJHYeCTBO IBHMEeHHUH,
nepejaeT Bec BUHTA Ha NOBEPXHOCTh 3€MJH B BHJE CHILI AaBIeHHA.

HpH OBUMEHHH caMolieTa JIBURYIIHeCA BHH3 MACChl BO3OyXa Co3gakT-
cA BUXPeBoll cHCTeMoll, ocTaBnAeMoll Nozagn cefa kpblioM (§ 12). Ognako
Telepb, B OTIHUME 0T ClyUad IeJIMKOITepHOro BUHTA, PA3HOCThIO JaB/leHui
B HUCXOJHIIEM [IOTOKEe BO3NY XA H})EHeﬁpBI‘ﬂTh HeJlb3A, U IIO3TOMY IoJy4a-
10TcA Golee caoikible cooTHomenud. CnefoBaTenblo, peakliua Bo3ayXa Ha
KpbLIO, T. €. IOOJBeMHEA CHJIa KPBLIA f)y,[[e'l" OIIpelelATECH He TOJOBKO H3Me-
HeHHeM KolHvecTBa ABU#eHHA oTOpacklBaeMol Macchl BO3AYyXa, HO TaKie
Pa3loCThO JaBleHlH B cTPye, U N03TOMY 0T OpMbl KOHTPOJILHOH 10BEpX-
HOCTH fygeT 3aBHCeTh, Kakaf Jojf NoJbeMHoA cHIbl 6yAeT BO3HUKAThH 3a
cueT M3MEeHeHHA KoJluvyecTBa IBH/KEHHA U Kakasa JolfA — 38 cUeT JaBleHus.
Hucxonauuit BHU3 NOTOK BOo3MyXa co3aaeT Ha NOEREPXHOCTH 3eMIH YBelnie-
HMe JaBJeldA U TeM CaMbIM MepefaeT Bec caMoleTa [a MoBepXHoCThL 3eMITH
B BHU/le CHILI JaBJIeHHA.

e) Pewemua us gpoiives. Teopema iRy-
roeckozo. Hna toro uToBbl M3yUUThL B3a-
[flMO,Z[EﬁCTBHe JIOIIATOR Typﬁl/IHLi H/IHX N0o-
nacref Bo3AyLWHOIO BHHTA ¢ 0D TeKalOUIuM
HX BO3AYXOM, ue.ﬂeconﬁpamm cHayvalila pac-
CMOTpPeTL fonee MpocTod cayuail ofTenra-
HHA pelleTHH W3 0OUHAKO0BLIX HecKolleuno
JAMHHBIX KPBLIBER MIH MoNaToK, YCTaHOB-
JEHHbIX HA PABHOM PAacCTOAHMHM U Iapai-
NedbHo Apyr apyry (pue. 78). IlpuMeHsns
K 3TOMY cCIy4vaw) TeopeMy o KoludecT-
Be JHBHMelHA H npuﬁeraﬂ olHOBpeMelIo
K MOMONA YpaBHeHHA bepHynau u ypab-
HeHuA Hepa3poiBIHOCTH, MOdHO NOJIYYHTH
0UeHb BaiHble COOTHOIEHUA MemIy cula-
MH, AeHCTBYIOIWHXMH Ha KPLIIbA, H CKOpoc-
Thio TeueHUA. Ha puc. 78, KpoMe Kphlabes,
H3odpaskeHbl TakMe B cXeMaTHUeCKOM BUje
JNHIUYU ToKA B cCTeMe oTcUeTa, HelloIBH K-
HOH OTHOCHTeIBHO KpBLIBeB., Pacnodome-

Puc. 78. Pemerra ua kpuiabes  HHE KPbLTbeB, [lOKasaHHoe Ha 9TOM PUCYH-

Ke, COOTBeTCTBYeT cIyualw BHUHTA; B TYp-
OuHe MomaThU odpaleHbl cBoeH BLIMYK/IOCTLIO B 00paTHY CTOPOHY, H Co-
CTABIAION[He PeaKIUH RUAKOCTH Ha JoNaTHy MMelOT MPOTHBOION0KIbIE
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HarnpaBnenusa. OgHako TPpUBOIUMEIN HIKe pacueT OJHHAKOBO MPUMEHUM U
K BHHTY M K Typﬁl/lHB. Teopemy 0 ROJIHMYecTBe IBHMEeHHA Tellepb CclleyeT
IpUMEHUTb AAA ABYX HampaBleHHN — [OApalielbHOro U NepneHIURYIAp-
Horo K IINMIOCKOCTH, HPOXO,[[HIIIGFI yepe3 CoOOTBeTCTBeHHEIe TOYKH KphLIbEB
(6yZeM Ha3bIBATH HTY IIOCKOCTh ANA KPATKOCTH MIOCKOCTBI) PelleTHH).
CocraBnsitonie CKOPOCTH B HANPAB/JIGHUAX, NAPALISTLHOM U HeplHeHInKYy-
JAPHOM K IINIOCKOCTH pelleTKH, o003HaunM yepesz U H UV, 8 COOTBETCTBYH)-
IIHe COCTABIAOIMKIE CUILI PeaklMi [[a eIUHHUIY AANILI KpLina — depe3 X
48 1’,, CUHTAaH MoclejHue I0JodHTeIbHBIMH B HAIIPpaABJeHHAX, YRA3aHHBIX Ha
puc. 78. Hugercom 1 6ydeM oTMedaTh CKOPOCTH U JaBIeHUA Iepe] pelleT-
KoM, a HHAEKCOM 2 — mo3ail pelleTRH.

Ilpeanonomum, 4To ABHMEHHE HHIKOCTH NIPOMCXOIUT Ge3 MoTeph aHep-
rud. Torga Mol 6yjgeM HMeTh NOTEeHLHaNLbHOE ABHIREHHE ¢ UUPKYIANMei
BOKpPYT KpbinheB pemeTkH. llpu TakoM IBH#eHUHM CRoOpoCTb TeUeHHA Ha
HEKOTOPOM PacCTOHHUH BHepeld M No3adH PelleTKH NpakTHYeCKH oJuHa-
KhoBaf. BTD 00CTOATENLCTBO H MO3BOIAET NpUMEeHHTL TeopeMy o RoJIHu4YecT-
Be JBHXeHUA K BHIACHEHHIO CBA3H MeMIY peaklHeil IOTOKA U CKOPOCTLIO
TeueHnt, He npuberas NpH 3TOM I aHalu3y TeX ABIeHHH, KOTopLIe IPOoHC-
XO04AT B IpOMEeMYTREX Mexily KPLLIbAMH, MIpaBaa, IIPpH YCJA0BUH, 4TO 34€eCh
He BOZHUKANT OonbliMe BUXPHU (9T0 MOMET HMMEThb MECTO IPH HeyaaudHoi
¢dopme npoduiiA KpbLIbeB). YpaBUelne Hepa3phiBHOCTH JaeT HaM:

Q = via = vaa,

TIe a ecTh PACCTOANHEe MEIY COCeIHMMH KPLUILAMH U () — ceryiaHoe
KOMUYECTBO RUJKOCTH, MPOTeKAIOIee Me;/Iy KaziJol mapoil KpPLIILEB B
cloe, MapajienblioM NpoJolblIod ocH KpLIIbeB U UMeloleM TollHILy, pab-
nyio egunune. OTeioga cieayet, 4To

v = U2.

[losToMy B JZanbHeHIIHX BHIYHCIeHHAX Mbl OydeMm obe cocTaBAAWIHE 1
u v2 ofo3navaTnL npocTo Yepes v. Tan Kak pe3yILTHUPYIONIHE CROPOCTH U
U ws Mepel H Mo3agM Kpblia paBHBI COOTBETCTBEHHO

w1 =/l +v2 m w® = ud 402,

To U3 ypaBHeHUA BepHyaau cregyert:

P+ g(uf + ?:2) =py + %(ug + -1:2),
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WK
Py —p1 = g(uf - 'u,g). (49)

Jlaa mpHMeHeHHA TeopeMbl 0 KOIHYecTBe JBHMEHHA NpOBedeM KOHT-
POJIbHY 10 IOBEPXHOCTh, IepeceKkalmyo NI0CKoCTh puc. 78 o ABYM THHH-
fAM ToOK&a, MPOXOZANIMM HAT W Mo KPBIIOM U OTCTOANMMM IPYyT oT Opyra
Ha pacCTosAHUH @, PABHOM PacCToAHUIO MedAY KPbUIBAMY, U Mo ABYM IMPH-
MBIM IJIMHOH @, NAPaNTIegblbIM IIOCKOCTH pelleTikH (0CHOBAHUA 3TOH mo-
BepXHocTH ofpa3oBaHbl AByMA NapallelbHBIMH MM0CKOCTAMH, paccToAHUe
Mesay KoTopLIMH paBlo efunuie). CixBoab ofe fokoBLIe YacTH KOHTPOIb-
HOil noBepXHoCTH, oOpa3oBaHHble JHHHAMU ToKa, MHIKOCTh He NIPOTEKaeT,
clejoBaTelbHO, 3TH MOBEPXHOCTH He JalOT COCTAaBIAIONINX H3MeHeHHA KO-
auvecTB apukenud. Jajiee, Tak Kak ®TH NOBEPXHOCTH COBEpPILIEHHO OAHHA-
KOBble, TO pacnpeeleHHe JaBJeHHA Ha HUX TaKiKe COBeplIeHHO 0JHHAKOBOR,
a Mo3TOMY OHH Ile BIMAIOT HA Pe3yIbTHPYIOLYI0 cHI gaBjaennd. Takum ob-
pasoM, HeoOX0AUMO BEIYHCIUTE TOABKO H3MeHeHd KolUYecTB IBMKeHHA U
CHIBIL JaBlJieHUA, BosHURKRAWOMMNe Ha YaCTHAX IﬂDIITpOHLIIOfI NnoBepxXHoCcTH, Ina-
palnenbHLIX MIOCKOCTH pellleThU. Macca sHHIROCTH, NPOTeRAMan CKBO3b
3TH 4YacTH B OJHY CeKyHIY, paBHa

pQ = pav.
IpuMenAa Tenepb TeopeMy o KOIHYECTBE NBHMEHUA K HANpaBleHuaM, a-
palIenbHbIM OCAM & U §j, MBI TOIYUHM:
X =0+ paviug — u2), (50)

Y =a(ps —p1) +0. (51)

Bresem B aTu (GopMyiibl UUPKYITALHK BORPYD KpbLia. [[nd ee BoluMciaenus
BOCNONB3YEMCA ONAThE NYUKTHpHo#R aunuueil na puc. 78. Tan ran mepxufas
W HHMHAA JTHHMH TOKA CoBeplieHHo oAMHAKOBLIE W IIPA BLIUHCISHHH LHp-
Ry IANUU oHH 00X0OATCA B IPOTHUBONON0AHLIX HalpaRIeluiX, To KPUBOIU-
HefiHble HHTerpanbl BA0Ab HUX B3aUMHO YHHUUToxawTed. [IpAavble yuacTri
KOHTypa IPH COCTARNEHUN MUPKYIANNN Jal0T 3HaYeHHA U, U —0ug, cle-
noBaTe