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BBE]IEHAE
§ 1. PABBHTHE BETPOHCIIOIL30BAHRA

B nameli cTpade sHepTHs BeTpa LINPOKO MCIOABL3OBALACk
W31aBHA, [NI4BHHIM 00PAa30M, B CeTBCKOM MYKOMOJILHOM IIpO-
napojgcree. Uncao peTpAHKX MeabHNL gocturanzo 200 000; B
HEKOTOPHIX GOMBMINX céaax nMesaocsh 5o 80 meapuuI. D10 OBian
fepeBAHHKE MEJBHULE MECTHOIO KPECTBAHCKOI'O IIPOH3BOJI
¢TBA, CpPeMHEIl MOIHOCTHIO, KAK NPaBHIO, OKOJIO D I. c.;
BCTPEYININCEL M3peaKa N GOJEBIINe BETPAHLHE MeIBHHOH C
ANaMeTpoM BeTpokodeca B 20—24 M, MOLIHOCTBIO B 15—20
a. c¢. Takuwm oOpasom, KycTapHEe MCIBHIIL BMEIAH CPeXHION
yeraHoBsIeHHYI0 MomiocTh B 1 sn. a. c. Cpeguaa ropopas
BEIpA0OTKA OMHOI TAKOH MEJBHAIE COCTABIAIA OKOJIO
8 500 1. c. wacos, ¢acIOBATEIBHO, BCe MMEBIINMECH MeJLHAIE
morau paBarh 1 700 man. . ¢. wacos B rog. Cunraa ygeab-
HY©0 NMpOM3BORUTENbHOCTD Menbuuuer 20 r/m. c. [ac, Ha-
XOJMM, 4TO BeTpAHHIE MeJBHHIE B Poccnu nepeMaisiBain B
rojl OKOJIO 34 MIH. T., UM 2 MIJLINApIA NYOB 3epHA.

Hompoﬁma BeTpOABUTATENEli OCHOBBIBAJAach JHNIOL HA
MHOTOJIeTHEeM np aKTHyecKoM omsITe. Macrepa yuman nocaeny-
10T1ie IIOROJIEHNA He N0 KHNTAM, a Ha IIpaxTudecKoii pabore,

Passurne MammMHOCTPOEHAA HO3BOJMIO CO3A3Th K KOHIY
X1IX Bera HOBBII THII BETPOZBHIATENA ¢ aBTOMATHYCCKHM
yCTAoBOM Ha BeTep 0 peTyJIHpOBAaHMEM udnciaa OGOpOTOB.
Haunzaer pasBUBaTBCA MACCOBOE NIPOM3BOACTBO MHOTOJO-
MACTHEIX BOTPAKOB METANNMYCCKON KOHCTPYRI[MH,

Pasputne apmammi, OTPOMHEI YCHeX KOTOpOil 0GA3aH
HCTHHHOMY TBOPIy COBpEeMEHHON a’pOojuHAMUKA 3HAMEHH-
reitmemy pyccromy yuéuomy H. E. HHyroscwomy, cosmano
YCIOBUA 1A paspelieHuA 10-HOBOMY TeOPeTHYeCKHX BOIPO-
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COB HCIIOJAB30BAHMA dHepram perpa. B 1914—1918 rr.
H.E. l{yxoBcruM n ero ydeHuKaMu, KOTOpHEe ceiiyac ABIA-
1ea BupHeiimuyn yyéanma CCCP, — B. I1. Berungxnaeiy,
I'. X, Catununumy, T'. O. Ilpockvpa 1n uapyrumy, — coas-
Aagérca BIepBHe TeopuA BeTp ofBUraTeseil,

Teopua M MCHEITAHUA KPBIIA N BHHTA CAMONETa IPUMCHA-
I0TCA I K H3Y4YeHHIo ABIEHHIl, MPOUCXONAAIINX IIPH IIPOXOK-
JeHNn BO3TYUIHOIO ITOTOKA 4epe3 BeTpoBoe Koueco. B CCCP
B lleHTpanbHOM a3pOrMIpOAMHAMIIYECKOM NHCTUTYTe, B 0.
IleHTpaabHOM BeTpO-DHEPTETUYECKOM HHCTHTYTe M BO Bcee-
COI03HOM MHCTHTYTe MEeXaHHM3AMUM M IEKTPHPHKAINMK Celb-
CKOTO XOBHMCTBA CO3MAH PAJ OPUIMHAIBHHX TEOPETHYECKHX
U oKCIePUMEHTANBHHX pafoT IO BeTpPOjBHTATEJNAM X BETPO-
CUIOBHIM YCTAHOBKAM, COCTABISIOMHUX ceildac OCHOBY paa-
BUTHA COBCTCKOI BETPOTeXHHUEII,

BuecTe ¢ THM pacupaeTcA 1 06IacTh IPUMEHEHNA BET-
poxsurateseii B mHapoguom xosaficrse. Kpome mykomoxba
n BopocHAGKEHNA, OHH MCHOOJB3YIOTCA AJA OoJlee MINpOKOI
MeXaHU3AMIN B CEJBCKOM XO3fMicTBe, KAK-TO! jA IOATOTOB-~
KH KOpPMOB B JRUBOTHOBONYCCKUX XO3AMCTBAX, OpOIMIEHUA
CanoB M OTOPOJHBIX KYJILTYP, IJIA OCBelleHUA cCeJeHHnIt
Im 7. I.

B Cosercrom Coio3e BeTPOYCTAHOBKH HAILIM IMHPOKOE
npuMeHeHue M UpHOCpeTAanT Bcé BO3pacTaminee 3HAYCHHE,
BaaronpuartHue perpoBeie yeaosua IOra, xapaxrepusyio-
IMHecH BRICOKAMH CPeJICTOTOBLIMH CROPOCTAME BCTPa, IO~
3BOJIAIOT peryaupymomeMyca perponsuraremio Ttmna J[-12
1AaBaTh BIOJHe paBHOMepHOe HANpA:XKCHUE TOKA U ofec-
[eYnBaTh NOTPEOHOCTH B OJICRTPOIHEPIHII,

DHepruA BeTpPa MOMET IICNMOJB3OBATHCA TMOYTH BCIOAY;
MO3TOMY OHA M HMeeT 0co0oe 3HadeHHe cpeau gpyTrHx NeToy-
HNKOB 9HEPTIU,

Berpoucnoaszosanne 8 CCCP paccMaTpnBaeTcd Kak Bask-
waa rocyapcersentas npobaeva, Emé 8 1918 r. B. 1. Jlennn
cunTan HeoOXOJMMEIM IIOPYVYRTE AKaJeMHN HAVK BRINIUTH B
IJ1aH peopraHu3alnid NPOMBIIIIEHHOCTH M SKOHOMHUYECKOIO
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nogséMa Poccun, HapAgy ¢ ApyraMu IpofieMaMu, BOJHHe
CHJIKl M BeTpAHbIe ABATaTeAM BOOOIle W B IpUMEHEHHH K
3eMiIegeano .

XVIII cwesy BRIL(G) B pesomonum 0o JowIagy TOB.
B. M. Moxotosa yrasweal: «B memAx skoHOMHE TOMIHBA
MWPOKO PA3BUTH CTPONTEIBCTBO HeGOMBOIMX BETPOBIACKTPO-
cTaHmuii».

«lfuporo pa3BepHYTh CTPOMTEIBCTBO METKHMX KONXOIHBEIX
rIApOoCTaHni, BeTPOCHIOBKIX M I'a30reHep ATOPHEIX DICKTPO-
YCTAHOBOK Ha MECTHOM TOILIMBE».

«Opra"m3oBaTh MAaccOBOe NPOM3BOACTBO BeTPOJBHIATe-
neii»?

3aKOH 0 DATHIETHEM IJIaHe BOCCTAHOBJICHHA M pPa3BHTHA
uapopHoro xoagitcrea CCCP ma 1946—1950 rr. raacur:
«OGecneynTh MACCOBOC CTPOMTENBCTBO B CEJIBCKAX MECTHO-
CTAX HeSOMBIIHX TMPOTEKTPOCTAHIMIT, BETPOCTAHIHIT 1 Te-
NAOBHX 9JEKTPOCTAHINIT ¢ JTOKOMOOUIBLHHME U I'a3oreHepa-
TOPHBINH J{BITATEJAMU».

§ 2. MPUMEHEHNE BETPOJIBUTATEJEN
B CEJIB(KOM XO03SINCTBE

DHepIUA BeTPa MCIOJIb3yeTcd B pA3MMYHHX OTPACIAX Ha-
POAHOrO XO3AHCTBA, ONHAKO MACCOBOE Pa3BUTHE BETPOYCTa-
HOBRI IIONYYMJIH B CeIBCKOM XO03AficTae.

BogocHadxenne npexpcTaBasger 1y o6aacTs, rae Haubosee
VI00HO W BRITOXHO HpUMeHeHWe serpopsuratereit. Ilpm ma-
TUYHH BOJOHAMOpHOIl Gamuu ¢ GaxoM 1A 3amaca BOJH Ha
O;1HHM-1BO® CYTOK, MOJKHO IIOJHOCTBIG 00eCIeYHuTh XO3AHCTBO
BOJ0I0 33 cusT dHepTHH seTpa. Hakaunmsaa Bogy B pesep BHRIIL
6ax, BeTPONBUTrATEdb AKKYMYJANpyeT dHepTHI0 BeTpa B BH[e
HOAHATOI BOJH.

Takum 06pasoM, IpepcTaBIATCA BO3MOKHOCTD [IOTHOCTBIO
0CBOSOAUTH RUBYIO cHITY, KOTOpad BO MHOrHX Mecrax CCCP

1B. II. Jeunn Coumnegua, tom XXII, 1931 r., ctp. 232,
«Habpocok ni1aHa naywiro-TeXHM4eCKHX pabors,

2 «BRII(C) B pesolonmaAXx H pemenuaX ¢ve3goB, Koudepennmid m
mwienymoB 1iky, 4. 11, 1941 r., cTp. 735 m 739,
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ellé NIMPOKO NpHMeHAeTCA AJIA TpaHCIopra Bopsl. Ocobenno
Gonbiioe 3HayeHNe BeTPOBHIATEMI HPpUOOPeTAIOT B BOFOCHAG-
AMOHUN JKHBOTHOBOAYECKHNX XO3AHCTB CTENHHX pailoHOB,
rie BOAY IIOYy4aioT, [MIaBHEIM 00pa3oM, 13 INTy(OKAX CKBa-
UH 1 wonoxgneB. IlpryeHeHye 37ech BETPOHACOCHRIX YCTAHO-
BOK AIBJIAETCA HauGoJee JOCTYIHHM CIOCOGOM MOXAHH3ALHI
NogbEMa BOJEI.

Opomenne npencTaBiIAer OJHY M3 OCHOBHBRIX Hacreil HOM-
IeKca MeponpuaTHii no Gopsbe 3a BEcoruil yposxaii. Mexa-
HH3aNMA DOAHEMA BONH B OpOCHTEJbHBIE CHCTEMEI BCTpedaeTces
¢ CepbE3HeHIIMMH TPYAHOCTAMH M3-33 HCZOCTATHA MecCT-
HBIX DHEPIeTHYECKHX PpecypcoR.

Ucnonb3oBanme aHepIrHIl BeTPA MO#MeT AATh B HOKOTOPHIX
CJIYYaAX BIIOJIHE YAOBICTBOPHTEABHOE pellleHue 3adaql MeXa-
HH3aIHMA OPOMIeHN A, 0cOGeHHO HeOOMBIINX YYacTKOB OBOI-
HEIX KYJABTYD U C4J0B, e CPOKH IOINBA He CTOJNDb #MECTHM.
OsomHsle KyJIBTYypH TPeOyOT HCKYCCTBCHHOIO OpOMICHMA
IIOYTH IIOBCIONY 11 He TONBKO B 3ACYILIMBEE TOREl. 3/1eCh Be-
TPOABAraTean MOIrYT OBITH BEITOAHO MCHOOJIBL3OBAHEL 1A
oxbEMa BOJKL HA BRICOTY oT 4 10 20 M. BeTpogsurateab moni-
mocThio B 15 1. c. mMomer opocuth 3a cesoH o 15—20 ra c
nmogsémMom Bomur Ao 10 m. Iemecoobpasuo paGory serpomsu-
rareJii IO OpOLIGHHIO COBMECTHTH C KAKOH-1MO0 Apyroii
paboToif, Hampumep, 8 3AEKTPOOCBELICHUEC WM IOMOX B
nepuo, KOrga opolleHMe He Tpebyercs.

Ocymenue 3a60I04eHHKX 3eMeNb NpECTABIACT HAMBHI-
FOJHeHIIMN cay4ail IpUMeHeHMA BeTpOABHUTATENCd B celb-
CKOM X03difcTBe. 3/1ech He TpefyeTcA HH aKKYMYJIUD VIOLIAX
YCTpOIiCTB, HM TOBCEJHEBHOTO NPUCYTCTBUA 4eJOBeKa A
IyCKA M OCTAHOBA BeTPOJBHIATENA; OH MOmeT paboraTs It
OTKAYMBATDL BOXY M3 OCYILINTE]bHOI CHCTeMBI BCE BpeMH, KOL-
na ecrb seTep. Ceabckoe x03saiicTBo ['oMaaHAMI OyeHBb MHO-
ruy 06A3aHO MMeHHO pabore BerpojiBHraTeneit, NpespaTHs-
mux 3a60T09eHHkIe 3eMIN B IIOROPOAHEIE IIOJA.

ITomon 3epHa Ha BETPAHHIX MeJBHMIAX He CAYYAIHO UMeeT
CBOI0 MHOTOBEKOBYIO McTOpuio. l3gasna MenbHUIE UIpamm
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BaKHOHUIIYIO POb B CeABCKOM MYKOMOJBHOM IIPOM3BOLCTBE.
dror BHg paboTh, OTINYAACH OONBIMONH TPYAOEMKOCTHIO,
nMeeT BechMa rufkuii rpaduk "Harpysru. Hpome roro, Bos-
MOYKHOCTH IIPOHN3BOJUTL TOMOJ B 3allaC IO3BOJAET BETPO-
ngBMraredio paborars Beé Bpems, worna ecth Betep. Heobxo-
MUMOCTL CO37aBaTh AKKYMYJNATOPH OHEPTUH 3jech IIOJHO-
CTHIO OTIAJaeT; PHCPIHA AKKYMYJINpPYeTcA B CaMOM IPOZYK-
Te MYKOMOIBHOI'O IPOU3BOgCTBA. Takum o6pa3oM, MeIbHH-
UK /80T BecbMa IIOJHONEHHOe HCIOJL30BAaHME BETPOBOH
sHeprud. Berpanme wmensaune 8 CCCP B cpemHeM moryr
HepeMaiBIBaTh B Ioj OROIO 2,5 Mapa. nyaos depHa, Ecan me
BRIIOJAHATE BTOT MOMOJ HA TeILIOBHIX JBHTAaTeJAX, TO IO-
tpebyeTcA 3arTpadnBarh emeronHo oxkono 1,3 muH.t yeaos-
#soro 7 000-wamopuitnoro romaua. llpumeneHmeMm Ha3TOM
suge paboT BeTPONBUraTeNd BKOHOMHTCHA OIPOMHOE KOJIH-
9eCTBO TONMNBA W OCBOGOMKIAETCH *KeJAe3HONOPOKHHIN U
I'yKeBOHl TPAHCIOPT OT IIePeBO3OK OTOrO TOILIMBA.

IlpnroroBaeHne KOPMOB B #{HBOTHOBOJYECKHNX XO3MICTBAX,
KaK-TO: ApoOjeHMe 3epHA M MKMHXA, pe3Ka CHIOCA U MBITHE
KOPHeIIJIONOB, NpejcTaBlideT BecbMa TPYAOEMKMII Tporece
OpOM3BOJACTEA, KOTOPHIL CiIeflyeT CTpeMIThCA BCeMEPHO MeXa-
nusnposarh, IIpumeHenne 3gech BerpojgBuUrareseil He BcTpe-
JaeT IPeNATCTBRIf, TaK KaK IepepaloTHY 3epHS, KMHXa I
COMOMH MOKHO IIPOM3BOSUTL B 3amac, OclomHeRHmH MOTYT
BO3HHKHYTH JINIIB ¢ IIOATOTOBKO KOPHEILIONOB B INITHJIEBHE
nun, OgHaKO, UMeA B pe3epBe KOHHHI IIPHBOJ, MOKHO BCET-
73 ofecnednTs padoTy MAIMIMH IO HMOATOTOBKE KOPHEILIOLOB.

3apAxKa AKKYMYJIATOPHHEIX Garapell jia sIeKTpoocBeme-
HOf, pajuo W AaBTOTPAHCIOPTA MOMKET NPOM3BOJUTHCA B
awboe BpeMa cyTox. CiegoBaTeldbHO, IpnMeHeHHe BETPO-
ABHTraresaeir magaoil momHocet, or 100 go 1 000 Br, B KayecTe
BeTPO3apAJHEIX arperaToB He BCTpedaeT HUKAKMX HpPemAT-
CTBHII N3-3a HeMOCTOAHCTBA BeTpa I10 BpeMeHNU I JOMMHO Haif-
TH UIHPOKOe IpHMeHeHHe,

DnerTpuduKRALAA CETBCKOrO XO3HHCTEA ¢ IOMOIBIO BeTPO-
ABHraTesel IpexcraBageT HacyWHYW 3apagy. PaGora Ber-
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POABUTATENA ¢ I'eHepaTOpOM [03BOIACT HCIIOIb30BATHL BHEp-
CAI0 BeTpa HOYTH BO BCeX BHAAX CEIBCKOXOIAHCTBEHHBIX
pabor M gNA OCBEICHHS.

OnHaxo cep bE3HRIM MPEIATCTBACM K [1CHOJH30BAHUIO DHCP-
Imn BeTpa AJNA dIerTpudUKAIIKY, ocobeHHO B pafiolax, Ie
CpepHeTOMOBEIe CKOPOCTH BeTpa HIKe D M/ceR., ApaAercs
HeoOXOXMMOCTDh AKKYMYJIHPORAHUA SHEPTUM [JIA TOTO, 4TO-
OBl IOAYUMTH TOK C MOCTOAHHLM HAIpAKeHNeM U 00ecIevliTh
IHOTpeSHTeNAA JIAeKTPOIHCPIUell B IUTHIEBBIE JHII,

Kpynnsie BeTpoaieKTpocTaHMM, OYeBHIHO, MOTYT OLITH
odeKTUBHO HCIIOT B30 BAHH PN MaPaIedbHOI padoTe ¢ Apy-
I'MMI 9JIeKTPOCTAHOUAMI: TEILIOBRIMII H IHADABIAXICCKUM,

puseaéHHMIl TepedeHH OCHOBHBRIX OTpacieil ceabCKOXO-
3AICTBe HHOI'O IPOM3BOJICTBA, I4e HIMPOKO U ¢ YCIeXO0M AMOTYT
OpAMEeHATBCA BCTPOBEIE JBUTATENH, IOKA3KIBAGT BARHOCTH
¥ 3HAYMMOCTHL Pa3BUTHA BeTPOMCIOJB30BAUMA B HalUeM CO-

. HAQJMCTHYCCKOM XO3fiicTBe.

Mexanuaanua cebCKOXO3ANCTBEHHEIX PAdOT IIPH TIOMOILIT
BeTpOJBHIaTedell BecbMa MPOCTa U JOCTYNMHA K OCYLICCTBIE-
1A CHJIAMA M cpeJcTBaMA KONX030B. B palionax, rac cpex-
HerojfloBafd CKOPOCTh BeTpa Buie 4 M/ceK., CTOMMOCTH Bhi-
padoTKH BeTpOBUTATENss Ha JTHX padoTax obxopures ac-
{IeBJIe CTOUMOCTH BHLIPaOOTKHM TCIIOBOTO ABUrATeNd NpH
paBHbix yeaoBuax. CTOMMOCTD sie DKCHIOATAUMA BeTpoCi-
JIOBLIX arperaroB He BBILE, 9eM CTOHUMOCTH DKCINIOATANNH
TeIJIOBBIX M BOAANLIX jBUraTeneil u mpumepro B 10 pa3 1c-
meBae, 4cM padota KOHHOIO NPUBOJIA,

BerpoycTaHOBKM 34 l'paHnueil IPUMEHAIOTCH Ha PAZTIUY-
HbIX PadoTaxX B CebCHOM XO3AICTBe; HAMGOIbLIee Ke pacIpo-
cTpaHelve MMEIOT BeTpONacoCHsie ycTauosku, Berponsura-
TeAH AAA OTOH HeMH BLNYCHRAMOTCA MHOIOJONACTHOTO TUNA,
¢ HpHBOAOM K HOPIIHeBOMY HAacocy,



YACTH ITEPBAA

BETPOIBHUIATEJH



BerpoBwmM#d pgBUTAaTeJdAMU, HIA, KPAaTHKO,
BeTpPORBUTATEJAMEH, HASHBAWTCA  JBATATEIM,
npeobpasywmue SHepTHI0 BeTpa B MeXaHHYecKywo pabory.
Henocroancreo M paspemeHHOCTE 8TOi dHeprun obycaoBau-
BAIOT KOHCTPYKTHBHEE OcOBellIocTn Berpogsurareseii: 1) na-
apgne npncrocofnennii, 0GeCIeUHBAIOMUX  BO3MOMHOCTD
paboTs BeTpOBUTraTedNA Ha BHCOKHX CKODOCTAX BETPA, C
HEKOTOpO#, MPMMEPHO MOCTOAHHOIl, MOIHOCTHIO, W OIpa-
HM4UBAIOMMX 4ncJao 06OpOTOB; 2) IpOMO3JKOCTH BETPOXBU-
rarexeil mpn CKOJBKO-HUOYIb BHAYATEIBHON WX MOIIHOCTH.

HoMmnaeke HayyHBIX M IPAKTUYECKHX BOIPOCOB UCIIOIB30-
BAHUA SHEPTHH BeTpa ¢ IIOMOIIBLI0 BeTPOjBHIaTelNeil cocTas-
JfAeT B HACTOAIEE BPeMA TeXHUYECKYIO JMCIUIIUHY —B € T -
poTexXHHUKY.

OcHoBHAA 33248 BETPOTeXHHKH COCTOMT B CO3JaHMAH BeT-
poaBuraTeNeil u BeTpPOYCTAHOBOK, CIIOCOOHEIX JaBAaTh YHOO-
HYIO 1A NPUMeHeHHA [BIKYINYI0 CHIY M paboTarth ¢ BHICO-
KUM HKOD()MIHMEHTOM HCIOJIbL30BAHMA DSHEPTHH BeTpa.

BeTporexHnka MosweT OHTH pasjgeseHa Ha caegyomue ya-
ctu: 1) Teopnsa M SrCICpMMeHTAAbHEE UCCAROBAHUA BETPO-
RBUTaTenell; 2) KOHcrpyHpoBaHue 3(PQeRTHBHHIX BETpOXBU-
rareieii; 3) m3yyeHne BeTpa B 9HepPTeTHYECKOM OTHOLICHMUH;
4) wOHCTPYKOHMU BeTpPOYCTAHOBOK M pAaIUMOHAABHAA DBHKC-
O70aTaONA HX.

Basknellmnm pa3jgenoM BeTPOTCXHHKNA ABIAETCA TEOPHA H
IKCIIepMMeNTAJbHEIE MCCJAeOBAHHA BeTpojgBUraTeldeii, 6a-
3UpYyIOmHeCA Ha a9pOJUHAMIKEe — HAYKe, M3yyalomlen gBu-
JHeHHMe BO3XYXA M Mecheqylomeit geiicTBMe BO3nyxa Ha colpa-
Kacalolueca ¢ HOM TeJja,

AspojmHAaMuKa pa3gelfAeTCA Ha TEOPeTUYeCKYIO W dKcMe-
puMeHTanbHylo, Teopernueckas adpoJAUHAMHKA OCHOBAHA
Ha 33KOHAX MEXAHMKH, IPHMEHAEMEHIX K I'a3006pa3HuIM Te-
J1aM; 9KCIIePUMEHTATbHAA — HA HCOHTAHBAX B adpogunHaAMU-
9eCKAX TpyGax W B IPAPOIHHEIX YCIOBHAX.

Mu 6ynem wacaTecAd adpOAMHAMUKE JHIIB IIO BOIPOCAM,
AMeIOHIAM HeIIoCPejCTBeHHOe OTHOMIECHAe K U3Y4yeHUI0 BETPO-
I BUTAaTeIeH,
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INI4ABA I
KPATKHE (BEJEHHA H3 ASPOIHHAMHKH (55]
§ 3. BOJIYX I Er0 (BOHCTBA

Bosgyuayio 000M04Ky, MOKPHBAIOIMYIO 3eMHOil Iiap, Ha-
3uBaloT atMocepoit semau. BricoTa nepxHero mpeaensa aTMo-
cPepHl He YCTaHOBIEHA, OXHAKO H3BECTHO, 9TO METeOpUTEHl
saropatorca Ha BoicoTe B 200—300 KM, a cepepHHe CHAHMH
Ha0mogaoTea Ha emé Soasumx Beicotax: ot 300 po 750 M.
OTH ABIeHUA CBHAETEILCTBYIOT O TOM, 9TO arMocdepa 3emil
uMeeT BepXHUIT rmpejena He meHee 300 kM.

Tponocdepa. Hmwanil cmoit arMocdepsl, MpocTHparOUIMIi-
¢ 10 BelcOTH Orono 11 ®M, HaswBaercs Tpomoc §e-
p o it. C maMcHeHWeM NIHPOTH MeCTa CPefHAA TOJOBag BHI-
cota Tpomocepr U3MeHaeTcH oT 8 KM Ha noxaioce, fo 17 rm
Ha skBatope. Jlaa mmport or 50° pgo 60° mpmHATO €& cun-
TaTh paBHOi B cpegHem 11 rv. Pexsed u renmaosele namere-
HUS 3eMJdId, a TAKAKe cOJHeYHAS paguanusd BINSIOT HA CO-
croaHMe Tponocdepsl. B Heil HPOMCXOZAT Bep TMKAIBHEE
Te4eHUA BO3NYXA, 00pasylorcs OOJAKA, BHITAJZAIOT OCAXKM,
nyior Betpel. Tamum odpasom, Tpomocdepa HaXORHUTCA B
COCTOAHNN NOCTOAHHOIO IepeMelIMBAHUA e€ CI0EB, BCJIe[-
CTBUE 9ero cocTap BO3jyxa Tponocdepsl Bechma ONHOPOMEH.
B npoueHTrax mo ob6séMy CYXO BO3XYX COJIepHKHT:

azora , . . . N, 78,03 vraexncaors , CO,0,03
rucJiaopoza ., . 0, 20,99 Heona , . . , Ne 0,0012
aproma . ., . A, 0,94 reama . . . . He 0,0004

N B He3HAYHMTOABHOM ROJNYECTBe (CJAeHBl) KPHMOTOH M RCCHOH,

Ilo BecoBoMy cocTaBy BO3AY X COAEPRUT 23,29, KucI0poOja
n 76,89, ocraapHHX rasos,

Crparocdepa. Crou Bo3gyxa, JeKamme BeiTe Tponocdeps,
ofpasywr cTtpatoc §epy. Cocroanne crparocPepr xa-
paKTepu3yeTcH TeM, YTO TaM NOYTH HeT BepTHKATBHOIO ITe-
peMeUleHUA CJOEB; BCTPH OTIMYATCA DOJBLIINM MOCTOAH-
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cTBOM: O0JIAKOB U TYMaHOB He OwIBaeT; TeMIepaTypa Io4TH
MOCTOAHHAA W paBHa —H6,5°,

U3syyerne cTpatocepsl NPOM3BOAAT ¢ IOMOIIBIO IHAPOB-
30H0B, NMOMHUMAIONINX CAMOMUIIYINHE MeTeOpOJOTHYecKile
npudoprr. B CCCP crpartocdepa nsyyaerces ¢ moMomeio pa-
n1030HA0B Npod. MoauaHOBA, aBTOMATHYLCKU MepeRalouux
MIOKA3aHIA NPHGOPOB HA 3eMII0 IO pajlIo.

Jlo HacToAlEIo BpeMeHHM H3y4eH cJOil BO3AyXa TOJMIH-
yomo 10 20 kM, Hauboasimaa Bricora, 1ocTHIHYTAA HECKOIb-
KHAMH HIApAMH-30HAAMM, cocTaBiaseT 37 KM, a BEICOTA, 10-
CTUTHYTAd 9el0BeKoM, pasHa 22 rM. Tarum oGpazom, Bepx-
HHe caoMu arMocephl emwé He H3YYeHH, U Te HAW HUHHE 3a-
KTI09eHIsA 0 e COCTOSTHHU JAI0TCA Pa’MNYHEIMI HCCTIea0BaTe-
AAMA Ha OCHOBe TEOPeTHYeCKHX IIpeplloNoieHHii, B como-
cTaBJICHUY ¢ HAOIIOKaeMEIMA A BJIEHNAMI TP HPOH, HAIpuvep,
0 APKOCTH cyMepeK. XHUMHYeCKUII cOCTAB BO3AYXA CTpa-
TocPepsl [0 CHUX NOp emé He ONpegedéH. HUMEOTCA JAniub
upegnogosxennsa. Taxk, Hampumep, no Iendpn, ba Bu-
cote B 100 KM, B IpoHeHTAX IO 0dBéMYy: asora N, — 2,95,
BopaHex 1apos H,0 —0,04, xacropoga O,— 0,11, Bogopo-
na Hy— 95,58, rernsa He— 1,31, o6mee nasnenne 0,0067 mv
pT. c1., a Ha BEIcoTe 140 rar: azora—0,01, BonsHEIX HapoB—o0,
rxucaopopa — 0, sogopona—99,15, reaua—0,84 n obuee
nasaerue 0,0040 mum pT. oT.

J10 BEICOTHL IPHMEPHO B 22 KM COCTaB BO3AYXA OCTABTCA He-
M3MEHHEIM, T. €. TAKMM /Ke, KAK ¥ caMoii TOBEepXHOCTH 3eMIU.

JaBirenfme Bo3gyxa. YIpYrocTh BO3XYXA INPOSBIAETCH B
MaBIeHUN HA cONpUKAcaollyecs ¢ HuM Texa. [lasiesye Bo3-
Iy Xa Ha TeJ0 HOPpMAJIBHO K er0 HOBePXHOCTH U HpefcTaBiIfeT
npepge’ OTHOHUIEHNS CHJIB JaBleHudg A P r nmomagm A F
NOBEPXHOCTH Teda:

i AP _dp
P=1M3F=aF"

B aspopnHamure gaprenie TpUHATO U3MEPATE B RIJIOTpaM-
Max Ha KsajgparHmii MeTp (xr/m%). llpm wm3mepenun
NaBIeHHA BO3YXA 110 GapoOMeTpy BeJINUIHY JABJICHHUA BHI-
PaKAKT B MILLTHMETPAX PTYTHOTO ¢T0a0a.

Hopmaasnoe napieiite atmocdepsl 1o 6apomerpy Ha ypos-
He MOpA paBHO:

Po =760 MM pr. cT.

B rexHugeckoii cucTeMe M3MepeHHA BTO faBIeHHe PABHO:
po=10333 rr/m2=1,0333 xr,cm2,
13



ITpn TexHMYeCKUX pacyérax, B KAYCCTBe eJMHUUE XA BJIC-
HUA neas3ywTea armocdepoit, paHoii 1 mr/em®. Comocras-
A BTy eANHUIYy M3MepeHUs ¢ HOpPMAJBHBHIM Oapomertpu-
YeCRIM HAABJEHHEM, TOJYYaeM:

760 .
1 kr/im?= 1—8—33_— 735,6 MM pT. cT.;
oTCIONA:
s P MM DPT. CT.
? wrjem?= B3

Yacro B pacyéTax NMONB3YIOTCA HO a0CONIOTHHIM NaBISHTEM
BO3[YyXa, a M3OBITOUYHRIM HajJ aTMocQepHHIM:

p'=Pp— Do
Ije p,— aTMocepHoe maBieHHe.

Temneparypa Bosgyxa. Temmeparypy Bo3sayxa OOH9HO
usvepsior B rpanycax Heabens. Ilpn Tenmosmix pacuérax
HPpUHUMAIOT TeMilepatrypy B a0coMIOTHHX Ipajgycax, Koropas
Ha3RIBaeTCA abCcoMIOTHOH Temmeparypoil. Hymns aGcomtorHoi
TeMIlepaTypHl HaXOauTcA Ha 273° HuKe HyJIS IIKAIH Tpany-
coB llearcun,

Obo3HagnB aGCOMIOTHYIO TeMIepaTypy depes 7', moaygum:

T=—=273-+1t.

Hopmansrylo Temueparypy ¢ Bosxyxa B CCCP npunnmaior
paeHoif 15°C; B apyrux crpaHax, KAk CTANJAPT, IPUHATa
revieparypa B 20°C.

Temneparypa na Boicorax, menpmmux 11 kM B Tponocdepe:

tp=15°—6,5H, (1)
rae 6,5 — cpepntiee rogoBoe u3meHeHHe TeMIepaTyPH TPOIO-

cheprl Ha Kaskperil KuIOMETp HOABEMA 10 BoicoTH H—11 &RM.
AaBienne ma BeicoTax, mennmux 11 kM, pasHo:

H \5,256
pT:p0<1—‘—~—44’3) .
Maccosas miaoTHOCTH BO3yxa BOIN3H 3emid:
___ % Er-cex2
Po="%"wm
rae | — yMeABHHIT Bec Bo3pyxa, g =9,81 — ycropeHHe cauns
TAMRECTH.
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Tipu temmeparype ¢=15°C u mammenmu B,==760 mm prT.
¢T., BeANYMHA ILIOTHOCTH BO3AyXa § 3eMIM paBHa:

6o =5 =025,
Jas mpyrux ycJaoBHil IIJTOTHOCTH paBHA:
_, B Ty __ B 288 _
e=tog, 7 = 0125 % Y EER (3)

MaccoBag mIoTHOCTH B Tpomocdepe Ha Bricote H < 11 km
onpenedsercs no Qopmyne:

H 4,256

pT:90(1—44,3) . (&)

Jna GrcTpix OgcYéTOBR MAcCOBON ILIOTHOCTH B 00AACTH
Tponochepr MOKHO N0JB30BATHCA TPUOIMRERHON Hop My oA+
(20— H>

Pr="~00 204+H/’

rae H — BrcOTa B RKMIOMETpAx.
Hasrenue m MaccOBYI0 IJIOTHOCTH BOSLYXa Ha BHICOTAX,
6ompmmux 11 kv, mopcumrtBaloT mo Qopmyae Iamien:
H—11 -
_ gl )
P __ o __ &350 )
pr fr ?
rie H — BuicoTa B RHIOMETpaXx.

(41}

§ 4. YPABHEHHAE HEPA3PHIBHOCTH. YPABHEHHE
BEPHYJIJIU

CropocrHoe noxe okodo oOTeraemMoro Teia. Ilpm usyde-
HUU 00TeKaHNd TeJ PACCMATPHBAIOT JBHReHUe He3aBHCUMO:
OT TOro, ABAMRETCH M TeJO B BO3AYXe UJIN ke HBWKETCH
BO3JyX, 00TeRadg HEMOJABUKHOe Tell0, TAK KAK CUJIE, BO3HU-
KawIIile IpH 9TOM B 00OUX CAYYaAX, ONUHAROBHL.

ITpn ofreraHMn Tesa BOBXYUIHEIM IIOTOKOM, CKOPOCTH ero
9aCcTUI[ BN OT Tesqd OYHYT Be3Ne ONHHAKOBH BOJI3N e B
PasHBIX TOYKAX HOTOKA CKOPOCTH RaMm0Il 9acTH Oy YT pas-
JAMYHE KAK [0 BeIHYMHe, TAK 1 IIO Hamlpasienumio. Borpyr
Tena o0pas3yeTcA C KO POCTHO e II O J e; OHO HpecTaB-
JIAeT KApTAHY CKOPOCTeil B NAHHBI MOMEeHT BpeMEHH B Ipo-
CTpPAHCTBe, 3aMOJHEHHOM RUJIKOCTBIO.

ITpn wuayveHun CKOpPOCTHOIO NOJS HCXOpAT M3 IOHA-
THA #AnHUE TOKA RUIROCTH, HaxonfumleiicA B [BIKeHIN

15



dnHwuweil To K a Ha3pBAETCA OUHIA, B RAKIOI TOYKe RO-
TOPOii B JAHHHII MOMEHT BERTOpP CROPGCTH JKHAROCTH Kaca-
TeJleH K OToll TUHOH,

COBOKYMHOCTH BCeX JIMHUIL TOKA HHOTAA HA3BIBAIOT II O-
JTexM TOKA,

JIMHUM TOKA JRIIKOCTH HpU OO0TeRAHMII TejJa MOMKHO BOC-
IPOM3BECTH, ecJU Ha II0BePXNOCTD KUAKOCTH HacHNaTh Me-
RILT MOpoIrOR, Haskias yacTHma MOpPOIIKA, ILIABANINASL HA
HOBEPXHOCTH FRUAKOCTH, HpH (OTOrpagmpoBaHmil gact Ha
IIACTHHKE cjel B BHje 9épTodrn. COBOKYNHOCTH BCOX 4Yép-
TOYeK MPeCcTABUT KAPTUNY JIUHUII TOKA; 9aCTOTA X XapaKTe-
pHU3yeT BeIMUYUHY CROPOCTH B JAHHOM MecTe I0J.

Ecaw mnpu asmieHnn SRIIKOCTU B T0060I TOYKe 3aImIMae-
MOT0 €10 IPOCTPAHCTBA CKOPOC Th, JABJIECHUE, INIOTHOCTH I T, Ji.
OCTAITCA IOCTOAHHEMHN BO BpPEMeHM, TO OCTaéTcA IMOCTOSAH-
HOIl 1 KapTHHA JUHHIT TOKA. Takoe ABNkeHHUe HARLHIBAETCA
yecTaHOBHN B UMC A, [[BIMicHNe, IpH KOTOPOM CKO-
pOCTh BO BCEM 3aHATOM el0 HpOCTPAaHCTBC (MU B YACTH 3TOTO
HpPOCTPAHCTBA) U3MEHACTCH ¢ TedeHeM BPeMcHU, Ha3H BaeTes
leycTAHOBH B uMc A YacTh MUAKOCTH, oOrpa-
HINYeHHAA JHHHAMI TOKAa, NPOBEJSHIBINMII Yepe3 BCe TOYKH
MaJIOr0 HpOCTOr0 3aMKHYTOrO KOHTYpAa, HAXONALIETOCHd B
ofaacTn, 3aNATOH AKUJKOCTHIO , HA3KIBAGTCSI DJl e Me H T A -
Hoit TpyOKoOil ToKaAa.

Tar RarR IMHUM TOKA BO BCeX TOYKAX IIMCIOT IIANIpABICHUE
CKOpOCTeil, TO 4Yepe3d BOOGpPa;RACMEIE CTeHKHN TPYORI JRIJ-
KOCTB He MO?ieT HI BOIITH, HI BHUATH, ¥, IPH YCTAHOBY BIIEMC I
IBIKEHIN, TPYORY TOKa MOJKHO HpeJcTaBHTh KAk OH #é-
cTroit, HRugKOCTH, IpoTeRAOWAA B 3TOIl TPYOKC, HA3KIBACTCA
¢ TPpYyilkoOIil, KOTOpag He MOKeT CMEIIATHCH € COcepHeli
crpyitroit. Takmy o0pazoM, RAKAYI0 TARYI0 CTPYHKY MOsk-
HO HpecTaBiThb KAk OBl 130JUPOBAHHOIL OT 00 1[elf AlaceHl Ruj-
KOCTH, 1, CJI€Z0BATEIBHO, BeC b ITOTOR MOXHO PACCMATPUBATH
KaK COCTABIEHHHI H3 OTIEIBHLIX CTPYEK.

YpapHeH¥e Hepa3psIBHOCTH. Brijgexuy B motoke TpyOry
1oka AB n nporexéy asa cegeHna I n 11, HOpMaXBHEIX K OCH
1pyorn (puc. 1). Yepes ceyenne I 3a 1 cer. Boiiaér macca
AMIRKOCTH, paBHAA

Kr-ceni.
my =g F,Vy :

M
Uepea cegenne 11 3a To se BpeMA BRIgET MACCA KATKOCTH,
BEIMYNHA KOTOPOH paBHA:
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rje: m — Maccea,
p — ILIOTHOCTB,
F — nnomans ceuenna TpyGru TOKA,
V — cropocTs B ceveHnm.

ITpn yceTaHOBUBIICMCA ABMKEHHMI Macca B paccMaTpHBae-
mom orpesre I u 1] He MOMeT HI HAKAIAMBATHCA, HI YOHIBATD,
B 11poTnBHOM ciIy4ae B 9TOM OTpe3Ke MEHAIOCH O gaBleHne,
IVIOTHOCTH M CKOPOCTL HAXOAAULMXCA B Heil 4acTUI[ HHAIKO-
ctu. ITosTOMy MOKeM IIaNCATD:

my =, =m = Const,
nian

(6)

Pue. 1. Tpylra Toxa.

BrpameHnne (6) HassBaeTcs ypaBHelHlleM HEPa3pPHBHOCTA
CTPYitKN, WIHN ypaBHeHNeM HeilpepsBHOCTI,

Jas Hec:KUMaeMoll (RHJIKOCTH 5,=p,, U ypasHeHHe (6)
MOKHO HamHcaTh B BUe:

WV, =F,V,==Const. (7)

JTO BhipaskeHHe NpefcTaBisgeT o0BEMHEII pacxon TpyOrm
0 IOKA3LIBAET, YTO 00HEM IpHTeRaWUIeit 3a 1 cer. B TpyOry
MUNKOCTH ROJMKeH paBHATECA 00DBEMY BHITeKAlomel 3a TO
e BpeMs JKUJKOCTH.,

Ypapoenne Bepuyinin. Ypasueune Bepuyman mpemcras-
AdeT 3aKOH COXpaHeHWA DHepTIHH, IpHMe-
HEHHLIA K CTPYIiiKe *KIJKOCTI B YCTAHOBMBIIOMCH [ BUKEHHU.
Haa cewenrnit I n 11 (prc. 1) Obisto mosydeHo ypasHeHUe He-
PAa3PHBHOCTH:

o F\WVi=pF,V,-=m.

2 B M. Pareen 17



3a Bpema dt¢ uepes ceueHue I mpoiigér crTonOmMK K-
roctu V., dt, 05wy ororo crombura Oymer pasen [,V d¢;
YMHO:KHB STOT 00BEM 113 MACCOBYI0 IJIOTHOCTD, MOdYyYHM
Macey, NpoXogAmyio yepe3 cegeHne I 3a Bpems di.

(. FV dt =mdt.

3a aT0 e Bpemsa depesd cedenne I npoiiaér cToabUR MU~
rocta Vydt, 06péM wotoporo pascH FgV.dt m macca:

p. I,V ,dt =mdt.

Macca srugKocTH, BOiinA B ceucHne I, BHecaa 3amac oHep-
TUWA, KOTOPHIl, N0 33aKOHY COXpPAHeHNd OHeprdM, ROIKeH
6eiTh OCTOAHHEIM Merkny cedeHnsamu I m 11, 3anac snepruy,
BHECBHHON B TpyOKRY TOKa 4epe3 ceueHue [, claraeTca ma:

KNHEeTHIeCKON 9HepTHH MBCCH IKUAKOCTH,
HEBEKYyLIeiicA ¢0 ckopocthio V, B paBHOIL:

mdt V'
—

o

NMOTEHNAAJLHON B3Heprum HRABJIEeHHA HUAKO-
cTy, pasHoil pabore, NMPOU3EEAEHHON YAaCTHUAMH KHAKOCTH
HA TyTn caesa jo ceuenuA /. Ira paGora pasHa:

nlV,dt, ()

rae p,FFy — parmenue Ha CTONOHMK KAAKCCTY cevenueM F, a
V,dt — nyTh, HA KOTOpHIT IPOABMRYJICA OTOT CTOAOHK B
momoxseriny [, YMuomup m pasneius BHpPameHue (a) na
g1, TOTyHIIM:

Db P
BBy Vidi="2ma,

rge: p; — AaBlIeHue,
£; — TJIOTACCTE JKMAKOCTH, HAXOAAMIEHCA CiIeBa cede-
nua [

NoOTeHNMUAaJXbpHOI DHCPIrHHA Beca, KOTOpas
paBHa BO3MOWHOH padoTe Beca KUAKOCTH, Hpoulenuleif ge-
pes cegenue /. JTa RUAKOCTE HAXOLUTCH HA BLICOTE Zy, CUH-
Tafg OT Karoro-immbo yposus, Hampumep, 0—O0. Brcora Z,;
Ha3bBaeTCA HUBEJIHPHOIM BLCOTOIT, MJIU BHICOTON ypOBHH,

IMorennuanbuas oHeprus Beca OyjgeT paBHA:

Z,Gdt;
TaK Kak Bec mugroctH G = mg, ToO
Z,Gdt = Z mgdt,;
18



BHYTpeHHell dllepTluIl, JIA YOPYroil HHIKO-
¢TH, T. €. I'a3a, HeoOXOAUMO yYecTh U By TPeHHIOI0 TeIIOBY IO
BHEPIMI0, KOTOPYIO BHecda Macca mdt uepas ceveline I B
TpyOKY. W3 TCpMORMHAMUKI W3BeCTHO, YTO BHYTpeHHAA
DHEPTUA ra3a U Brarpamactest 00BIYHO B GO BIINX RAJ0pNAX
Ha 1 Kr Beca rasa. Beaumuuxa eé 3aBUCHT OT TeMIlepaTyphl
rasa ", cJIe[l0BaTeabHO, OyneT PaauUuvHA B pa3HEIX CEYEHMAX
TpyOKU TOKA.

BuyTtpeHHaa sHeprus, npomepmada yepo3 ceueHue I, 6y-
AeT paBHA:

U mgdt.

Tar Kax McxalmgecKnii SKBUBAJIEHT TenJja

1 gkaa.
A= 7 m

TO BHYTPeHH:LI Dleprus B KI'M GymeT paBHa
U
—Imgdt.

Taxum me nyTém Haliéy sHeprAI0 KULKOCTA, MPOTERAD-
meil yepe3 ceueHue [I, a umeHHoO:
Hunetnueckyo oHeprumio:
mdtv;
5

IToreHnmansnyo DHeprUi0 JAaBICHHSA:

P2 mit,

2
ITorennnansiryio sHepriio Beca: Z mgdt,
Horennuanbiyio TCIIOBYI0 OHepruio:

U,
<mgit.

B cayuse mporeramiia munroeTn Ged nNOTepb HA TPEHES N
Ges 1moTeps TEMNIOTHI Yeped CTEURM TPYOKM cyMMa bHepruif
TOKa B cegeHun I josia PAaBHATHCA TAKOIL JKC CyMMe BHEp-
ruit B cevexun 17,

Ecam e ma yuactre mesny cegenunmu I u I1 nponsotigyr
MeXaHWyeckde (TpeHMe) ¥ TeIJIOBHIE NOTepH HHepTHH, KOTO-
PHe MOKHO yuecTh BeruumHow K, TO BOmemwiag DHePrus
6yner pasHa BeuneflIcii mmioc morepn K.
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Baas cymmy suepruii aaa cesennit I /], moayyum ypas-
HeHue OamaHca BIePrII:

' dl—{———m 1t 4 Z,mgdt —i—A mgdt =
I&; )s U,
=2Ear - ’? mdt - Z,mgdt 4~ mgdt K.
X .

Paspgenns Bce wiIeHH 5TOr0 ypaBncnusa Ha mgdl — Bec
npOTeKalomei'x SKRUIKOCTH, nonyqﬂ\x:

v? v, v U, K
___——AZ_J_ S AT
2g + + _| T 2T go, + 2,4 A +mgdt

B orom paseHcTBe gp==Y;; gj,==Yy; O0O3HAYUM MOTepH

gcpes §, T. e.:

K

C:k";
mgdi

no '[y'mM OKOI{aneJILnO'
I’v

gn oz R D g, ot (®)

Bmpamefme (8) upepcraBifer oOmIMII BHR VpaBHEHUSA
Bepuynnn pgna ao60ii sKUIKOCTH, B TOM 9Hcle U JJId rasa.

ITocore menmenusa 4neHOB ganHOTO ypaBHEeHMA Ha Bec mgdt
MHE TIOAYYNIN JMHEHHYI0 pa3mMepHOCTh B MeTpax.

VYpasnenue Bepuyimu juist Hec/kMMaeMoil sKUAROCTH OTY-
gaeTen U3 o0uiero ypasHeHus (8). Tar Kax Jiin HeciRuMaeMmott
HAPKOCTH

h=r.=78nU,=U,

TO ypaBHeuue (8) MOkeM Hepemucath B cJAeqyiolUIeM BUpe:

|4 ? p

V2 P2
| __ 2 2 P
Z?T7+Zl—§g—+7+zz+s- )
BOJILHI“HCTBO HpaKTquCKHX 3amaqy pemaIOTCﬂ ¢ oMo bio
STOrO ypaBHeHHH.

Bcee unenm, Bxogguiie B ypasHelinte (9), NMelOT INHeRHYIO
PaNIEPIOCTH, MO3TOMY HX HA3RIBAIOT BHICOTAMU:
2

—— CHOPOCTHAA BLICOTA WM CROPOCTHO Hamop;

Pra

o
J;— —— MbE3OMETPHYCCKAA BLICOTA;
Z, — HUBEIMDHAA BHICOTA;

{ — BHICOTA 1IOTEPB.
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Ecam ypasHeHue Ganasca orHectw ue K 1 wr, a k 1 mM®
AHKOCTH, 9TO MOMHO Ce1aTh yMHO'KCHHEM Ha | ypasle-
gua (9), TO moiy4IM;

g a5
FV% ! ! v7 _FV‘S 7 L.y (9;
T2 =+ P14 13 (9a)
[Ips 9TOM WICHBL DTOTO YPABHCHMS IIOIyYalOT pasMep-

HOCTH [ABICIIIA [—;';l II HABLIBAKTCA!
V2 ODOCTIHON 1t
5~ CKODOCTHOIl nAIlOp, MU JMITAMIT4CCKOC 18 BIGHIC;
p— [IABICHUE CTATHYCCKOC, IJI THIPOAMHAMHYECKOe;
{Z— TUApPOCTATHYCCKOE HABJIellie;
Y{— moTepAHIBIA IIamop.

Cymma Bcex 4iICHOB ypaBuenna DepHynim HasmBaetcs
DOMXTHHEM HamopoM.

Ecau ypanHeHHe Bepuyiin MpIMOHseTCA K BO3NYXY, TO
OOBHYHO paccMaTpABAOTCA TedeHNns, OJU3KNE K TOPH3OH-
TaJBHHM, M, CIEOBATENEHO, Z OUeHE MAJIO.

CpaBHHBaFE MAJIble HHBEJIMpPHBIE BLICOTH Z W IoTepn §

€ WIeHaMH -, ROTOPHC A cOBPeMEHHHX CAMOJIETOB OYeHD
BEJIMRI, MOREM OTOPOCHTH M Z 4 § BCJIGNCTBUE HX MAAOCTH;
OpH 9TOM IOJYIHM MpPOCTOe BhipaneHUWe ypasHenma DBep-
HYJUIH, TOCTOAHHO I[IPUMCHAEMOe B TeopeTUYecKoil aspo-
ANHAMUKE:

ev? V3
5 p1 =~ —+ py==Const. (10)

JdaBiennme B KpHTHYecKoii Touke. JomycTum, HA HeKOTOpOR
TeJa0 HaberaeT HOTOK cO cropocthio V. OueprnB GeckoOHEUHO

Puc. 2. O0tekanue teja.

MaTHIE KOHTYp abe B cedenun I (puce., 2), Ml TOJYYUM CTP VIIRY
0ecKOHeYHO MaJIOTO cedeHus, KOTOpag, NPH NPUOTHKEHHH
K Teay, Bcd Gosee m Gosdee pacluMpsercd i, pacTekadch 1o
HeMy, HOy4HT KOHeYHOe CeueHIe, TAK KAK TeIO HMeeT KO-
Heylue pa3Mepsl.
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Ha ocnosammm ypasHeHus HepaspuBHOCTH cTpyHn (7)
nas cegen#it I n Il MosreM HANUCATD:

Ve __dFy_ .

Tak Kar Iy, no cpasHenuo ¢ dF |, o4eH b BeJINKO, TO OTIOME-
ne dfy k F, crpemurest K HYJO, Cle)0OBaTedbHO,V , Tome
CTPEMHTCA K HYJO,

Touwa K, rne V,=0, Ha3siBaerca KpHTHIEC KO
To4ykoil. o ypasuenuio Bepuynun, Haiinéy papiaense
B oToil Toure, uaa cewenuis I u 11 umeem:

-2 2
eV Vs .
=" ps
OTCIOAA:
v ie
P2="9" - p— o7
Tak rkak B KpuTHYecKoit Touke Vy=0, 10!
p)
¢V
p2= 5 +Pi (11)

&

Tarum 06pa3oM, gapieHNe B KPHTHYCCKOI TOUKe ABIACTCH
Han0oxbuIMM, KOTOpOe MOXeT GHTH npn ofTexaHmn Teaa,

Kapmranma. Paspes B TORYIIei »KULKCCTH, CONPOBOAN-
muiica 06pa3soBaHneM IIYCTOT, 3aNOJHEHHHX HApaMHU O ra-
3aMA, HAXOAALUMMUACA B KAJKOCTH, HABHBAIT KA BU T a -
n ¥ e if. Pa3spus cTpyil NpoMCXONNT, KOTAA JAaBICHUE 3RUN-
KOCTH JIeJIaeTCA OTPHIATeNBHEIM; B 2TOT MOMEHT jaBJIcHAe
nepeXoAuT B HanpasxeHue pacTamennd. OOHYHNe HATKOCTH
HUKAKOTO HalpAKeHNA Ha PacTAKeHWe He BEJEPIKNBAIOT U
pPa3pHBaTCA.

Hannwem ypasnemne Bepmymam pan Goabmoro pesep-
Byapa, U3 KOTOPOI'0 OTCAcHBAeTCA BOAA ¢ NOMOIIBIO TpyGO-
OpoBoja, B MOCMOTPUM, NIPH KAKOI CKOPOCTH BORH B Tpyle
Hpousoinér Kasatanua. lHpwHAB mIOCKOCTH, NPOXOAAULYIO
yepes cedeHWe TpyOnl, paclodOKeHHOi HUme YPOBHA BOAH
B pesepByape, OyxeM HMeTs:

Z,=0 u p, =p,, T. e. armocdHepHomy.

CropocTh fBMeHUA BORH B GOABWIOM pesepByape, Tpu
cpaBHeHNN e€ co cropocThio V', B TpyGonposoe ¢ MaauIM ce-
ucHueM, OymeT O9eHb Maya, U eé MOMHO NPMHATHL paBHOW
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gyao, T. e. Vl——O ITorepaMu { Ha Tpenue B PesepPByape
MOKHO IIPCHCOpeub BBHLY X MATOCTH; NPU DTOM IOTYIAM:

_ 2 P
25+T’

Po

OTCIOZIA
<72
[
P=Po— o, 4 V21

Do ypaBHCHIC NOKA3BIBaeT, uro 4eM Oosblie V,, TCM MeHB-
me pasaende p,. Haudoawunia ckopocts V', OyiaeT Ta, npu
RKOTOpOH pasiende p,—=0; mpa 9TOM HueeM pABEHCTBO:
'VZ
Po— gy 1=

OTciopa mpegenbiiad CKOPOCTh BOJH B TpyGonpoBoae Gyger
pasHa:

Vo=V 2%(2z 1 2). (12)

dT1a ckopocTs OyAeT MUHAMANBHOH, ROT/[8 BHICACEH BAOIIMIE
BOIy TpyGonposoj HAXOATCA BIJAW3U YPOBHA BOJHI B peaep-
Byape, T. e. korma Z,=0.

B sToM cayyae:

v, = szg%. (12a)

HAxa sogst y=1 000 ®r/m?; p,=10330 wr/u® n g=
=9,81 m/cer.

HOILCT&BJIHH oTW 3HayeHMA B ypabHeHue (12a), momyuum:

10 330

V, = V 2.9,81. Tooo = 14,15 m/cex.

IIpn 970it cROPOCTH MBILKEHAA BHITEKAWOWIEH BOXH MOMKET
HACTYNUTh KaBATANUA,

®opmyara (12) DpuMeHAMA JHITL TPU HEeBBHICOKUX TeMIIepa-
Typax. [Ipu BrlcOKAX TeMIIepaTypax pa3phBy KHAKOCTH CIO-
co0cTByeT yIpyroeTh e Mapos, N KaBUTALNA HACTYHAeT IIpH
BHAYNTEABHO MEHBIICH CKOPOCTH.

Ypapuenne Bepnyaan paa rasa. Ilpm Goabumx ckopo-
ctAx, sume 100 mM/cex., B ypaBHeHun BepHyman HCAb3A
npeHeGperaTh WIeHAMH, COISDIKAUMMU 3HA4eHWe BHyTpPeH-
Helt sReprum rasa, u CJelyeT MOJIb30BATHCA ypaBHeHNeM (8).
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B JoxpmMHCTBe CAy4aeB aBUAIIIOHHON NpPaKTUKA HpUXO-
RUTCA MMeTH Jed0 ¢ GOXBIINMA CKOPOCTAMH, KOIJa BO3AYX
He yCTeBaeT BCTYITH B OOMeH TEIIOM ¢ 00TeKaeMbIM TeJIoM,
CJIe[OBATENABHO, mpollece OYLeT OPOTeKaTe IO ajpuadare,
T. e.:

p Vi =p, V= pV¥=Const,

rpe k — mowasarexpb amuadaTH.
Ha ocuosanum storo saxonHa ypasuenne Gopiryman (8)
NIpUBOAMUTCA K cleaylomemy BuAay [55j:
k1
2 A

== A nfi—(2) e @y

I]

Has sospyxa k=1,41, caregoBatennno, MoskeM HAaONACATh:

2 V% P 0,29 p
+ 21:2?4—22—3,457[1—( )" ]+H (14)
Jlasaenne raza B kpuTHYeckoii Touke. Obpaimasgce Kk pucyH-
Ky 2, rie uzobpaskeHa cTpyiika, NOAXONAMAA K TelLy B KPH-
THYecKkoit Toure k, Hanmmiem ypasHenune (13) pna sToit TOY-
kn. Tax rak B Rpumqecnoix roare V,=0; Z2,—Z,, a noreps-
MA { y CTpY#RM MOKHO mpeHeSpeun, TO bTO ypaBHeHuUe Ha-
numerTca B clAefyoleM BHje:
h—1

V%_ k P1 14 TR .
f?g“_k—i'Z[i (pl) ] ()

Pa3zgeruB sTo paseHcTBO HA kp, m ymHO:unB Ha k—1 n ¥,
IOy YnM:

I/"z h’_—_i‘
U (=g (P2
A ©
U3 $uankm ussecTHa opmyma cxopoctd 3sywa 1, crp.
113;:
e B
OTCIONA
aZ_:g—Ii[—’, nan 1—,,
1 a? g/\p

Beeas a B paselicTso (6), moaydum:
Rt

(%)2'&“—‘:—1%—(“) - (16)



OtHomeHne ckopocTd rasa V B waxoi-EWOYAB TOURe K
CKOpOCTM 3BYKa ¢ B TOif ke TOYKe HABHBAETCH YWCIOM
Maxa—Ma.

Ma= 2 .
a

Ilogcrasaaa sTo umcao B paseHerso (16) u pemag ero

OTHOCIITCIA BHO i [IOyYn M:

= (-5 Mad ) ™ = (1 4-0,205Ma})s.05.  (17)
1
Tanum o0pa3om, masaenNe ra3a B KPUTHIECKON TOUKe 3a-
BUCHT JUMIUE OT HAYAJALHOIO JABJIeHUT M uuciaa Maxa,
Jlng pemeHud pompoca, IPH KAKMX CKOPOCTAX HAJLO BBO-
JMUTh IOOPAaBKy HAa CRIMAeMOCTE BOBRYXa, CHeTaeM ciaelylo-
ue npeobpazoBanua ypasHeHus (17):

= (eHs ) T =[] T @

Pa3anomuM [pasyl 4acTh 9TOT0 paseHCTBA B PAX mo Ou-
Homy Hpiotona, orGpaceiBag WieHH BhHICLIETO HOPAAKA B

1 vy
OTHOWIEHMN | IpPeANoJIaras, 4To a < 1, nomyunm:
1

Eotp g (D) b (D) ©)

Curenaem mpeo6pa30BaHuAg DpaBoil YacTN 9TOro paBeHCTBA,
BOCIIOJ b30BaBIIUC b paBHeHHe\I (15) cxopocm'n B8BYKa M

»

DOJCTABIAA BMECTO df, eTo 3Havenue k2l s ypasuenue ()
l

HonyyuM:
OI 72 A I V? 2
Ps___ 4 kt“_l ]:_. L(Vl P1 1 [ 1(V1
;1-—1+_? kp J{_S ]\p ‘) 1+2p1 8[;1 \ ’
OTKYLa:

r'/xviy ?1;"%«;'1 2 FlV% Ve
A w) = e (R as

Cpasmnsag nTo ypasHeHnne ¢ ypabHeHuem (11) maa Heciku-
MaeMOll JKUIROCTHM, BHAUM, YTO OHM OTINTAOTCA Jpyr

o V2 2
ary 1 /V, 2
3 'T;(ﬁ)
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ypasueuna (18). Orciona ciexyer, 4T0 4eM MeHBIle CHO-
pPOCThL HOTOKA 110 CPABHCHMIO ¢O CKOPOCTHIO 3BYRA, TeM MEUb-
e OTINYATCA Mexly co6Clo fAaBlellnsa B Bb.OpaRHOM TOYKe
JUIA CARMMAEMOTO H HOCIKIMEeMOr0 IOTOKOB, 3ajaBadch pHa-
nom cropocTeit V,, MOCMOTPHM, B KAKOM COOTHOLICHHH Ha-
XORATCH NABICHHSA HCCIKRMAeMOIl H cAilumMaeMoil KMIKOCTCIH,

Tabnnmpa 1

Cxopostn notoxa Vi — D) 100 150 200
Ypcno Maxa Ma, =— Z—‘ == 0,151 0,333 0,436 0,606

*

NPH CKOTO3TH 3BVKA @, — 33) M'cei.

{p:— p) necwmM. 1 _

(p2— py) commm. A { ;'&>20»994 0,977 0,95 0,913
4 \ ay

(p>—p,;) Hezx AM.
of — g TR TR R
B %=1 (ps ) i, 100--0,6 2,3 5,0 8,7

Tie OTHOHICHUE (P2 — pu) mecH . ooJayuyeHo JeneHNeM ypas-
(P, — py) ca .
Henna (11) wa ypassenze (18).
Ipusen8HAand MORCUET NMOKABLIBAET, YTO IIPH CHOPOCTAX
IIOTOKA MJIM TejJa B  CIOKONHOM IOTOKe, MeHLIINX
100 m/cer., BaMAHIe C/KMMaeMOCTM BO3AyXa Ha J1aBICHHO

B pa(‘,CManHBaeMOﬁ TOYKe O4YeHb He3HAYNTeJIbHO,

§ 6. IOHATAE 0 BUXPEBOM [ABUMEHHH

BuxpesuM pBHReHHeM HA3KIBAIOT JABMKeHHe MUAKOCTH B
©o0nacTu, CUIOMb 3aNOJHEHHONA BHXpAMH, DTO [ BHKEHUE
MOKHO HaGa01aTh B NMpUpORe B BHUAe BUXPEBEIX CTOJAGOB
UBLIH, BOBHHUKAUWIMNX WHOTAA Jaske B TUXYIO HOTORY, WK B
BIj(e MOUIHKIX BUXpeo{pa30Baiilil, Ha3LIBAEMHIX CMepuaMH,
noy rafidysamu (puc. 3). Buxpu HOoABIAIOTCA TaKke B BHAE
KoJen, KOTOpHE MOKRHO HAGHIOAATH Ha BHIXJIONE ABUTATeNH
BHYTpEHHEr'o CropaHng mim Haj TpyOoil mapososa.

HanGonee wHTeHcWBHOe BHXpeBOe NBUieHMe 00pasyerTca
M033l KaKOTO-HNUGYh Tesa, (BUKYILETOCA B KUIKOCTM, Ha-
npuMep, MapoOX0[a WM MOTOpHOH JOxKm (pHuc. 4).

Jemorcrpanus suxpeik m mx epoiierB. Ecawm B cocyn, Ha-
IOJHeHHEIA BOXOW, OIYCTATHL HA TOHKOII OCH BEPTYIIKY U
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OpnBOAUTE e B CHCTPOE BpallieHne, TO BAYTPHA COCYAA IOXY-
yuTCcHA BUXpeBoil ¢Toa6, a ORpy:RAoMAan ero sRURKOCTh Ipl-
nET B obmee qurAMyecKoe gsuskete. OnuT 0o 06pas3oBAHUIO
BUXDA MOIKHO IIPOU3BECTH ¢ LHOMOW B0 Hpudopa, n3obpakén-

Puc. 3. Taidyn, nanm cvepu.

Horo Ha puc, 5. IMoxit MKNB ¢ HECKOTPKUMU IIIOCKAME pa-
AVANBHHIMH TIePErOpONKAMHU, He HOXONAIUMH, OJXHAKO, HAO
ocl, IpUBORUTCA B GHICTpPOe BpameHue mMammuqii, [Tox mxn-
BOM Ha PAcCTOAHUN 3 M ¢TOUT 4aH ¢ BOmo#. YToOW onmt

Puc. 4. BaxpeoSpasopaBHe 33 BHHTOM MOTOPHOR JIOZKM.

ayqmie ypmalacsa, Boxy caexyer Hemuoro mogorperb. Iluup
upM ¢BO8M BpaleHUH 3aKpyu@BaeT cToad Bospyxa. Bemen-
CTBUe IOHIKeHHOr0 HaBJIeHAS B cePeguHe 00pa3oBaBllerocs
BAXPA BOJ& HAUMHAET NOXHMMATBhCA W €aMa INIPUXOMUT BO
BpamaTenabHOe jBuzenue. Yepes Herotopoe Bpema ofpa-
3yercs BRICOKMIt BOJAHOH cTONG B BUje TOHKOrO MIYpA,
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TAHYUIErocs OT YPOBHA BOXH K neHTpy mkmsa. Ilox caMemm
IIKMBOM BUXPEBOIT IHYP COCTOMT U3 OYCHD MOJIKAX Kalleliex,
KOTOpHE Pa3bpackBalIcAa Mepero-
poaramu mensa (8]

Emé uHrepecisiii onsir no ofpa-
30BaHUIO BHXpeBBIX ROJel MOKHO
npope’aaTh ¢ TNOMOmBI0 Hpudopa,
nzofpa:kédHOr0 Ha puc. 6 U mpen-
cTaBagIomero cofolo mepeBAHHEIT
AU, SaAlsag cTeHKa AmUKa 3a-
TAHYTA YNOPYIoll InepenoHkoi, a
nepe/HAsA WMeeT KpYyIvoe OTBEp-
ctue. Ecan HamoxHUTH DTOT AmMEK
IBIMOM, TO, TIPH YAAPAaX MaleHBKUM
MOJIOTOYKOM IO 3afHell cTeHke, U3
nepefHeit 6yayT BLIJIeTaThL BUXpe-
Brle KoJAbua. HexoTopeie Rypuan-
IUKRH YMeI0T BEIDYCKATh M30 pPTa
AKM B BUe NOAO0HLIX Mie KoJell,
Jum m3 TpyOnt mapoBo3a HHOLKA
BRLIETaeT Koabnamu. B nemogsums-
HOM BO3[yXe BUXpeBOe KOIbLO J[BU-
Pac. 5. putop i ofpa-  HETCA CAMO.

30BaHms BHXpeii. V13 Teopmir BAXpeBOro jBUIKeHOA
N3BecTHO, YTO M BAXPh M CHOPO-

cTHOe Tojde 00yCIOBIMBAIOT XPYT APYLA, NOITOMY B OIBITE
mo O0PA30BAHHMI0 BUXDPEBHX KOIell MH BUIUM, YTO cocel-

Yopyroe ano

. -

Buxpesoe kosLuQ

Puc. 6. [Tpa6op a1s ofpasoBadEsA BAXPOBHX KOJICHL.

HUe 4YacTH KOJBIA [JeHCTBYIOT HA KGKIYIO ero TOUKY
n oHo GeicTpo JeTuT B Bodayxe. IIpm srom moxydaercs BO3-
RYIWHH{ TOTOK, N306paskéHHHII Ha pucyHke b, clipasa:
BO3JYX BHYTPHU KOJBI& 1BUKETCH BIEPEx, B pe3yasTaTe Y4ero
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BUXpeBOe KOJbIO Hec8T ¢ c000Il HeROTOpHIT 00BEM BO3IYXA.
Iror 00BéM Bo3gyxa o0pasyeT armocdepy ROTBIA.

Ecan n3 nmpuGopa (puc. 6) BHIycTHTh HOXPAS ABA BUXpe-
BHIX KOJBUA, TO 3aiiee KOJABOO NOJcOCETCA Hepeqlinm, cOK-
MéTcA IT mpoitaér BHYTpU nepsoro. /lagee oHO pacmmpuTea B
Gymer OeraTh BIepenu MEpBOTO, MOCAe YoTO OHM ONATHIIOMe-
HAKTCA MECTAMU. JTOT HpUMEp KeMOHCTPHDPYeT 4pe3BHYaii-
HYI0 CJI0IRHOCThL BUXPEBOIO JBHIKEHUA,

Bpamenue senrocTh cymiecTseHHO OTINIaeTCA OT Bpaile-
nuA TBEpHOro Teaa. YacTHys Bpalaloueroca TBEPROTO Texa
AMeIOT JIMHeH B 3aKOH M3MeHeHIIss CROPOCTH ¢ u3MEeHeHUeM
pajguyca, 4TO BuipamaeTca Gopymyaoii:

V =or,

Ijie ©® — yIVIoBasg CrOPOCTh BpameHuda, 7 — paguyc.

YacTHUH RAJKOCTH MOTYT BPAaIaTheA ¢ Pa3HRIMM YIVIO-
BEIMIT cKOpOCTAMU. PagnycH maske y ogHoil mugKoN 9acTUn
MOTYT BPAl&ThCA He TOJLKO ¢ PA3HEIMHA 110 BeJNYUHe, HO U ¢
PasHEIMA TIO0 BHaKYy YPJI0BHMU ckopocTAmu. Ilo ompepene-
010 e bMroba, MU KAA YACTHIA [ABIKETCH NOCTYIATEN b
HO ¢O CKOPOCTBIO CBOErO IeHTpa TAmecTH, KeopMUpyeTcd n
Bpamaercs.,

Usmaraa ocHOBHLe IOHATHA a3pPOrMAPOAMHAMAKM JIHIID
¢ TOMRW 3peHNA NPUMCHENNA UX OPH ONHTAaX, ME OyXeM c1Iu-
TaTh OYTU BCErga pac-
CMaTpUBaeMYyIO L
KOCTL HecRUMaeMoOil U
He WMeIeill TpeHnd.
Taxag mUIKOCTH HABHI-
BaeTca M Je aJ b1l Ol
HecHUMaeMoIt.,

JLasa n3ydyeHNs jBH:e-
HAA SKUUKOCTH BBOJAT
PAX 0cOOBIX BedaywH I
HOHATHIT, COOTIIOMEHHA MeAAy KOTOPBIMUI U JaRT TEOPEMB
ADPOHMHAMITKY,

Teuenne cropoeTn. IIposendy B TeRyImell MpeasbHOM KU~
rocTH mpou3sospiryo anamo OABC (puc. 7). B moboii Touke
A oTol muHUM ME GymeM DMeTh HEKOTOPYIO CKOpPOCTD JKHJ-
roctn V. Toury A MBI MOeM 3amaTh paccToAHHeM S IO
Rpusoit ot Havansuoii Toukn O. Beauunry § 6yneM cadTath
B HallpaBJeHHM CTPEJKN IOJOMTICIBHOWM, a B NPOTHBOIO-
JIORHOM — OTPUNATEI hHO.

Pue. 7. llOpEVAALAA CKOPOCTH
IO KOHTYDY.
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Buigeans ua o70it kpusoii dievent d.S ¢ Touroit A u cnpc-
eKTHUpyeM CKOPOCTh NMOTOKA V¥ Ha HanpaBleHNe KicaTeldbHOM
B 910il Touke. [lomudmns npoernuro V. aroit criipoctn Ha
aneveHT dS, moayuum TedeHHno cxopoctn dIf
BJOIb IO DTOMY O3JeMEeHTy, T. e.:

A=V ds. (19)

TIpocymMMuPOBAB BCe DIEMEIITAPHBIC TCUGHAS CKOPOCTH IO
zunnm OALC, noxyyusM TeyeHHe CKOPOCTI BJO1b HO OTOH
KpHBOIL:

Fuc: SVst‘ (19&)

oc

Pa3MepHOCTh TedeHUA CKOPOCTH paBHA M2ceK.™!
Iupryasnus ckojoeTA. TeueHnme crOpocTH HO 3aMKHY-
TOMY KOHTYpY HA3HIBAOT UM pPKyaZALUeld cKOp O -
crTa. Bemeanw B Texy-
A Vs el MNIKOCTA 3aMKIIY ThIK
) KONTYp miaumoio S (puc, 8).
B mwoboit Touke DTOr0 KOH-
Typa 6ymeM MMCTh HEKOTO-
g PYI0 CKROpOCTS ucHpgcocT V',
Ilpoexnna cxopoctm V B
Touke A wnemenra dS Ha
KacaTo ThHYIO KpUBOM B 3TOI
TOYKe, VMHOKeHIIaA Ha aJe-
MenT ¢S, muér dacMeHTAp-

1I0e TeycHte:

Pnrc. 8. [{apkvaanua crorocrn
0 33aMKHYTOMY KOIT)YpY. df:Vst,
TAe V' — TaHreHUUAJpHAA (RACATEABHAT) COCTABIAIOMAA
CROPOCTE MOTOKA.
HpO(‘,yMM!’[pOBaB BCC :)nene}{TapHme TeuclIng C[(OpOCTI/I 1o
3aMRHYTOMY KOITIYpY, [NOJYYAM HUPKY.IANLIO CKODOCTH:

r=¢vds; (20)

3}100b§——- 3IIaRr HITErpasjga 1o 3AMKHYTONY KHOHTYDY.

Ecan o0xox koHTYpa jenaTh B OGPaTHOM HANpaBIeHNN,
TO B 3HAKR MAMEHUTCA Ha NMPOTHBONOJOAHLIA,
OGo3HAUNB YTOJ MeKAY IOJO/KUTEIBHEIM HallpaBlieHAEM
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RACaTeNbHOW W CKOpOCTHI0 depe3 o (pHc. 8), OpoARIyINyIo
$opMyay MOIKHO IepeillicaTh B APYyTOM Bije:

r—=¢vdS=¢Vosus,

rpe  Veosw=V_— npoexnus cropocTH sEmKOCTH  HR
KacaTeJabHyl0 B Touko A siemeHra d.S,

Ws ypasreunsa (19) BuAMM, 4TO NOMATHE LUPKYIANAN AHA-
JOTMYHO MOHATAIO PAGOTH CUIH HA HEKETOPOM nyTH d.S.

PasmepHOCTh NADKYIANAM M3cer,—1

Yorernuaa ckopocTa. IloreHpuMamoM CKOpPOCTA IIa3EIBAET-
cAd Taxasa QYHKUUA TPOCTPaHsSTBA o (Z,¥,2), HPOM3BORHAA
KOTOPOR mo mofoMy HanpaBiaeHW0 paéT MPOCKIMIO CIio-
poctit V Ha 9T0 HampaBieHue:

as
V,= a5 (a)

B ypasuenum (a) pmama vacTHaA NPOW3BOJHAA, TAR KaK
$yHKUUA @ 33BUCAT OT TPEX KOOPAMHAT NPOCTPaHCTBA H
Bpesmenn. [Torox, nMelomuit mOTeH{N AN CKOPOCTel, HAa3K BAIOT
NOTEeHIHATbHBH M.

Ecan B mpocTpaHcTBe JaH 3a@MKCUPOBAHHEIA RONTYD, 10
BMeCTO 9aCTHOM IIPOM3BOJHON NAIIYT MOTHYI0 IDOM3BOMLYIO:

ds
Vs = ‘TS‘ ’ (6)
OTRyjAa:
de=V dS. (8)

Unrerpupya oguu pas 8 npeperax of Touru 4 no Touxu B
(puc. 7) w ppyro#t pa3 IO BceMy BaMRHYT(MY KOUTypy
(pmc. 8), mosyuus ciegylomue gBa paBeHCTBA:

A
04— 0=V, dS =T, (1)
B

T. e. Pa3HOCTH MOTCHIUAJIOB JIJIA ABYX TOYCR PABHA TCUCHHIO
CKOopceTn MmO  Jaolcll JdMHMM, cceguHAKWE OTH  ToYKI:

A
9p—24= P VA5 =0, (21a)

T. e. B CiIy4yac CYIICCTBOBAHUA Y HOTOKA OQIO3HAWIOND II0-
TeHI1a;1a CKOpOCTelf HUPKVIALUA CKOPOCTU IO J1060MYy
3AMKHYTOMY KOHTYpY paBla HyJo.

CreposatensHo, yrodLl pelIuTh BONPOC, WMeeTcA JIN B
KAagoM-HROyQb 4ACTHOM CIOy4ae NOTCHUMANBHBEIA MOTOK,
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JOCTAaTOYHO JOKA3aTh, 4TO IMPKyasamusa I’ mo J060oMy KoH-
TYpPY PAaBHA NIu He PaBHA HYJIWO.

OcHoBHbIe Teopemp 0 Baxpax. Ilpn pacemorperun spama-
TeJLHOIO JBMKEHHUA YacTHIL B KAKOH-IU00 NMIOCKOCTH, TIPO-
XOAsAmWel yepes eé IEHTD TAMECTH, TOJB3YIOTCH NOHATHEM
O cpefHell yruoBOif CKOPOCTH Bpaulewns. g onpejerenus
J CKOPOCTH Bp AIICHU ST )KUJ[KOCTH
w B rouxe 4 (puc. 9), mposogar
yepe3 BTy TOYKY JIOCKOCTS P,
Oepyr Ha wHell KOHTYp k M
ONPeRENAIOT BeAUYIHY HUDKY -
aauun I' mo aroMy KoHTypY.
ITpn aroM 3a mMpoeruuo cpea-
Hell CKOpOCTH BpalNeHUud K-

—
A KOCTH B Touke A OTHOCUTEND-
HO HOpMAaJIl X NJOMAAKe IpU-

K p HIMAIOT BEJHIIY:
< r
- = 9
Pre. 9. Bextop cpexmei O=3,- (22)

YILJIOBOd CROPOCTH.
Yem menplile B3ATHIH KOHTYD,
TeM ToYHee 6yjeT 9T0 BHIpa;keHHe, It B NPERENe Ml ITONYIAM:

w=1, (22a)
nim Al = 2wds. (226)

Ilponssegenne ©ds Na3skBaOT IOTOKOM BUXpA Yepes
naomanky ds; OHO aHaJOTMYHO pacxoay Vds,

Horopaunsaa naomagxky mo BCeM HaIlpaBIeHUAM BOKDPYT
Touykn A, MOKHO HalHTH TaKoe IOJNOKeHHe, OPH KOTOPOM
© OymeT uMeTh MaKCHMAJbIOC 3HadyeHHe.

Beanauna o u eé HampasieuHe ONpefedsloT 3aBUXPEH-
HOCTH MUAKOCTE B Todre A. BerTop ® ABAAeTCS BEKTODO:M
BHXDA.

JAd u3yJgeHUS BUXPEeBHX ABHKCHNII BBOZAT PAR NMOHATIN
0 COCTaBHEIX 3JI€MEHTAX BIXPEBOTo JABMeHMS, obJerdaio-
mux GOpMYJIUPOBRY €TI0 3aKOHOR.

Jlunua, B Kan0# TOo9Ke KOTOPOIl B NAHHHIT MOMEHT BeK-
TOP BUXDEBOH CKOPOCTH jRUIKOCTII KACATEJICH K 9TOH JUHUH,
HaspiBaeTcd BM X peBoif amunueidr (puc, 10).

IlosepxHOCTH, B KamaOl TOYKe KOTOPOIT B JaHHEIH MOMEHT
BERTOD BHXDPeROIl CKOpPOCTH FKHAKOCTH KacaTeneH K 9Toif
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MOBePXHOCTH, HA3HLIBACTCA BI X PE BOI HOBEpXHO-
¢Tbio (puc. 10).

qaCTB HRHUJIKOCTIT, or‘pammexmaﬂ BI’IX]’JE}BU.MH JANHAIMI,
MPOBCJASHHLIAIM  Yepe3 Bce TOYKH KaKOIO-Hubyjpb MAjoro

(U]

w, Juuna pyxpg
w3
wo Jlunus anxpa
W
/ Buxpepaa
J TpyGka
A
Kouryp ~Kontyp
Burxpesas
NOREPXHOCTD

Puc. 10. Jlmuus Buxpa,Biuxpesas H03epXnOCTs I BIxpenas Tpylka.

OPOCTOTO 3aMKHYTOrO KOHTYpAa, HaxouAmeroca B obgacrta,
BAHATON MUJKOCTHIO, HAALIBACTCA BU X P e BOIO TPy G-
ko . MHujakcers, 3BarialouéHHAA B BUXpeBoil TpyOke,
Ha3LIB3eTCd BHU XPeBOil HUTBLIO.

Ecau cuurath @ 38 ¢KOpocTh, TO BHXPEBYI TpyOKy
MOKIO ynonodutTh cTpyitlke MIKOCTH, ¢ cedcHueM 43,
IIpousgenenite wds Ha3bIBAIOT, Kak GBLIO CKABAIID BLiE, IIO-
TOKOM BUXpPA 4epe3 [NIouiaj-
Ky dz. Tauum of@pasowm, dop-
Myna (220) nowaseiBacrt, uTo
DU PKYISHAA CKOPOCTH 110 Jec-
KOHEYHO MAaJIOMY KOHTYDY pas-
Ha YA BOCIHHOMY HOTORY BUXpA
4epe3 IIIOMANKY, OXBaueIIHO-
My stim kourypou. Haio sa-
MeTuTh, 4ro [eapuroasn Ha-
BHBaeT Ipou3BejeHle A3
HanpsamoeHuey Bixpe- Poc. 11. Kouryp nosepxuocra.
BOil HuTn [8.

Teopema Crorca. Pasdns npon3soapHyI0 NOBepXHOCTE S,
orpanugennyio Kourypoym I{ (puc. 11) nHa GecroHeyHo mMamke
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IIOMAJIKE, KOTOPBIG MOKHO CUATATH INIOCKUMH, MH MOKEM
HaIICcaTh AJIA Ka/KJoH U3 HHX:

' =2 wds.

CyvMmpysa 9TH BEIpaskeHHA JJIA BCEX dAeMEHTAapHHX MiIo-
MagoK, MOJIyInm: S \ dr=2 g\ sods. 113 pucyura 11 sugnm,
Y Ju S

9TO0 HA BCAKOH BHYTPEHHEH CTOPOHE IPAMOYTOJALHAKOB
OymeM HUMeTh IO Be LMPRYAALMH B IPOTHBOMONOKHEIX Ha-
OpaBneHNAX, KOTOPHE B3aNMHO YHWYTO:RaOTCA. B pesyms-
TaTe CYMMHPOBAHMA OCTAHYTCA B JIEBOH YacTH IIOCIE COKPa-
menus Jubs npoussepeHua VdS, orHocsmueca K die-
MeHTaM KoHTypa K. 3rm npomssefenus B cyMMe W RagyT
NUPKYJAANA ckopocrn no woHTypy K,

r=2{{ wis, 123)

T.©, MOPRYIANUA CKOPOCTA IO MOOOMY KOH-
TYPY pAaBHAa YABOEHHOMY HOJHOMY HOTOKY
BUXDA dYepes no0yw HDOBEepPXHOCTH, OrCpaHU-
9eHHYI0 9TUM KHOHTYpOM.

CornacHo Qopmyne (20), mMoseM TAKIKe HANUCATH:

P ,ds =2({ eds. (24)

B {opmyae (24) B npasoit wacTH cTONT MHTErpai 1o mno-
BEepXHOCTM, a B JCBCH 10 KOHTYPY. S3aMeTdy, 49ro Kak
[OBEPXHOCTH, TAaR M KoHTyp H moryr OGurthb mpm aroM He
MJIOCKHMH,

Teopema I'eapMroasna,. Ecan Myl BeiesuM HA NOBCPXHOCTH
BUXPA 3aMKHYTHI KOHTYp (pme. 12), To B awboit eé Toure
6ynem nmers 0=0. Dro BugHO M3 TCrO, 4TO FEKICP ® Kaca-
Tejell K JAHHOW NMOBepXHOCTH (OHA MO:KCT ObITb OOKOBOI IIO-
BCPXHOCTBIO BHXDEBOIi TPYSKM) M IOTOK PBUXpA vepe3 Heé
paseH Hyalo, 410, 1m0 teopeme Crokea, gaér I'=0, 1. e. nap-
KYJANNA CKOPOCTH IO KOHTYPY, Jeamemy Ha BHXpeBoii
MOBePXHOCTH, PAaBHA HYJIO,

Ecan na mosepxHOCTH BRXPeBOII TPYOKH IpOBeCTH KOH-
Typ, Kak II0Ka3aHo Ha puc. 12, cnpasa, ¢ GECKOHeYHO MATLI-
mu paceroganavn 1—4u5-—8, To mUPKYAAUMA CKROPOCTH
IO 9TOMy KOHTYPY, Kak QOKa3aHo eeuue (puc. 12, ciesa),
pasHa Hynwo. Dupkyxamma e Ha yvuacTHe KOHTypa
1—2—3—4 paema I', n Ha y4gactke 5—6—7—8 pasHa
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I'y, a pa yaacTrax 5—1 u 4—8 mMeeM paBHEHe, HO IPOTHBO-~
HOJIOKHEe TeyeHUsa ckopoctd. CiuegoBaTesqsHO, 0603HAYNR
LUAPRYyAALN0 B HanpasgeHus nadp 1—2—3—4-—8—T7—6—
5—1 wepes I'y, B Hanpasaeuun 1—2—3—4—1 uepes I',,
B HanpaBnennu 8—7—6—5—8 uepes Iy n B HampasiaeHAN
8—5—6—7—8 yepes I'g, moxyunm:
Iy=0=1TI,+41T;,
OTKYyzA

FA:_FE:FG‘

Puc. 12. 3aMOyTHil KOHTYP Ha 1OBEPXHMOCTH
BAXDA ¥ KONTYP Ha HOBEPXHOCTH BHXpeRoil TpyOxm.

Taxum o6pazoyM, NUPKYAANUA CKOPOCTH IO KOHTYDY, OX-~
BAaTHWBAKIIEMY BUXPEBYI0 TpyOKy, IOCTOAHHA IO Beed ed
AanHe.

CoraacHo ypasueHmIO (22):

0=
CleX0BATeN IO, ccan I’ OCTOAIHA, TO M BEKTOP ® NOJMMKeH
GEITH HeIpepHIBHLIM BO BCEM IPOCTPAHCTBE TeYeHMS HAKKO-
CTH, eCil OTOPOCHTL 0CoBHIC caydan 6=0 u o==wn.

Orcroga noayuaem teopemy I'espyronsna: BuxpeBsie HITH
He MCILYT B IRUAKOCTH OKAHYMBATLCA BHE3ANHO, OHH WK
OpOCTAPAITCA KOHIAMH B GECHOHEYHOCTH, HMIW 3aMHKa-
I0TcA B KOABNA, MM 7Ke ONMPAIOTCA HA TpaHMULI KMAKOCTA
(puc. 13).

Bnxpessie mnypst. Ecan B moTORe ¢ He3aBEUXPeHHOMN Kuj-
KocThio ofpasyeTcs BUXpeBas o0macTh, OrpaHMYeHHAA BHX-
PeBOi HOBEPXHOCTBHIO B BUje TPYOKN KOHOYHON TOMIIAHE,
TO Taras TPYOKA HABKIBAETCA BM X PEe BHIM LIHY P O M,
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Ha6monaemle B OpUpofe cMepYW NPENCTAaBIAT OXUH A3
DUJ(0B BUXPEEBHX IHYPOB OLPOMHEIX pasuepos. IIpocTeiinmm

THIIOM BHXpeBBIX WiypoB (puc. 14) /

ABIAIOTCA PAaBHOMEPHO 3aBlIXpeH-

Hble WOHYphI, Yy KOTOPEIX BHYTPU /5
KAIKAOro cedeHHA © TMOCTOAHMUI; 1/

B IPYIrOM i€ HX CEYCHUU ® MOAeT - 4
UMEeTH ¥ ApYylylo Beduduuy. C

Puc. 13. ®opma Buxpeil.

IloTor BHyTpH LIHYpa 3aBUXpeH, cHapysu — Her. Jho-
6oii KONTYp BHYTPW BUXPHA AaéT nuprysAnuio I’, pasuyio, no
Teopeme (TOKca, YABCEHIOMY BUXPCBOMY IIOTORY 4yepe3
OXBayelHy0 KOHTypOM maomaiury. Koutyp, nemaumit sie
BIXPCBOIO [IHYpa, HMMeeT UUPKYI-
M0 CKOPOCTH, paBHYIo HYJIO, TakK
KJK HIIKAKOTO IIOTOKA BUXPHA depes
ero nporexatp He Oyger. CorsacHo
ypasHeHuio (21a), ycaosue I'=0 yxa-
3nBaeT, 4TO B IOTOKE CYUIGCTEYeT IO-
tennnax ckopocreii ». CiaeiopareasHo,
MOTOR, TCKYMUHA BHe BUXPEBOrO IIHY-
pa, mMeeT HOTeHRHAX CKOpocTeit, a
MOTOK, TCKYWHIl BHYTPH IMHYpPa, He
iaeer norerguata. Orcoga B adpond-
HAMIKe JIMeeT MCcTO BpIpasKelle «IIo-
Puc. 14. Braxpesoi  TeHUNAJBHLIA HDOTOK» — BTO  3HAYUT

Iy p. HeBUXpPpeBOi DOTOK.
Tak Kak MOTOK BIXpA wdsHe PaBeH
HYJIIO U CyIecTByeT INLIb BHY TP IIHYPa, & CHAPYIKU OH pa-
BEeH HYIIO, TO KaKOM Gu Gonbuioil KoHTYD a1000i1 fcpyMu MK
Hi IIpoBeau, BcG PaBHO HOTOK BUXPHA OYjeT paBeH IOTOKY,
payweyMy sHyTpn mHypa. CnegoBaTedbHD, 34 Mepy CHJIH BAX-
peBoro LIHypa MBI MOMeM HPUHHMATEL HMMEIOIYIOCA BOKPYE

36




gero nmpryaanao I'. Hpr srom mmpryaanis cropoerm
oo J0GOMY KOITYPY, OXBaThinalomeMmy BUXpeBoll IIHYp,
OOCTOAHHA I He 3aBUCHUT OT BeJILUUHL M GOPME KOHTYpA. ITC
BHIHO U3 TOTO, 4TO KK ORI Mbl HU HPOBOXHINI TAKOH KOHTYD,
gepe3 HeTo BEE BpeMA OYAeT NPOXOAHTD OJIH H TOT e HOTUK
BUXPH, PaBHLIT, COrIACHO TeOpe-
me Crokca: 'O r
=2\ de: = Const. (241) g
CxopocTHOe MOJIC, BOBIUKEIOLLICO
OKOJ0 BHXpOB()FO miIypa, ¢Br3a-
HO ¢ ero uupryasuneil. Haiipéa
CHOPOCTHOE IIOJEC Yy upocTeiimero Q v
GeCHOHCYHOrO  NPAMOJUHEHOTO Q
mHypa ¢ umpryasuncit I’ (puc. p_B
15). IIpoBexa HopMaabHOE K OcU
HIHypa ceyeilne TLIOCKOCTLIO P,
3aMeTUM, YTO CKOPOCTA MOTOKA Y
9aCTAI FIIKOCTH, HAXOMALIN XCSA
Ha OIMIAKOBLX PACCTOANHAX OT
oci, Gyayr opnuaxosel. M3 weH- Pnc. 15. Cwopoctuoe mone
TPAa Ha OCH HIHypa oOucpTIUM y BUXPEBOrO iulypa.
OKPY/KHOCTB, HPOXOIAMYIO yepes
Toury A. Brriazsannaa mypom ckopocts V B Toure A Gyger
MOCTOAUHOH M KAaCcATCABHON K OKPYHHOCTH, CHCGHOBATENBHO,
IPOCKIHUA cKOpOocTH CyAeT pasHA caMoil CKOPOCTH, T. e.:

Vs: 4 :Cmst.

O

Iupryasauus ckopocTH mo o1oit ORpykHOCTA DyHNeT paBHA:
I=¢vas=vgas =V,

Omyna: r

Tarum 0o6pa3oM, UACTHUHN KIIKOCTH, OKpYKAKWAE BAX-
PeROl mHyp, NBUAIYTCH CO CKOPOCTAMIU, H3MEHAWUIAMACH
06paTiO MpoHOPWIOHATBIUO HX PACCTOAHMI OT OCH IUHypa.
Hanpagaenue srux CROpOCTCIl cuBHYAaeT ¢ HanpaBiacHUeMm
Bpamenug mIiypa.

Buytpn upocTeiinero srxpesoro maypa w=Const u MWHYp
Bpamaetca rak TBEpACC Teao. Ilpm sTOM CKROpPOCTH Ha
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paanyce r MOmeT GRTPH HomydeHa 1o oOwaHON Qopmyde:
V =—or,

7. e. V Gygmer maMeHATHCA IO auueliiomy saxony. HanGomn-
Wag CKOPOCTh MONYYATCSH HA NODepXHOCTH mEypa. Jlnnnm
TOKA B CHADYMN @ BHYTDH IUHYPA NPEJCTABAT OKPYHHOCTH.
Ilpm srom crapy:xm OyxeT MMeThCs NOTECHIMAN CKOpoOcTed
Ge3 BpamAOMAXCsl YaCTHL, 4 BHYTpA (€3 NOTeHnHana CKO-
pocTell, HO ¢ BpaIalUUMHACA WaCTALAMM.

§ 6. BABKOCTH

Brisonut, cedaunne B § 5, OTHOCHANCE, IXABHEIM 00pa3oM,
¥ HAeaJBHOM KUTKOCTH, He MMEIOmelf BHYTPeHHHX CHII Tpe-
HAsA. B geficTBUTENBHOCTA e BCe pead bHHE M H -
kocTn o6XagawT cHAAaMI BHYTpDEHHETO
TpeHNMH, KOTOpHe HA3ZHBAaOTCA BAI3IKO-
¢ T b I0. IlosTomMy mourn pce npEBexéHHME BHIG QOPMYIH
A AKEAABHOM RUMKOCTH ABAAIOTCS NpUOINKEHHRIME A
JKAJKOCTH BA3KOH. Puanyeckad CyMHOCTH BASKOCTE COCTONT
8 NpOABICHNHE CHJ BHYTpeHHET'O TPEHMA MeHHY CJIOAMA B
TCKYUleH KHIKOCTA, BH3HIBAeMHX 0eclOpANOYHEIM JIBHKe-
HAeM e MOJEHYJ.

Guas BASKOCTH CTPEMATCA 3aTOPMO3UTH OGHCTPO MBHIKY-
muecA 4acTH MUAKOCcTH, B mA3KOM UAKOCTH BHXPH mOCTE-
NeHHO pacCacKBATCA B Hcde3al0T. OMHAKO BABKOCTE MOKET
Taroe m cosnasath Buxpn. Hamboxee cmasnoe Buxpeolpa-
30BaHme HAGIION3ETCA BO3NMG CAMON IIOBepXHOCTH Tea, obre-
waeMux nmorokoM. Ha camoit moBepXHOCTH TeJa KHXKOCTH
HEeIOXBAMKHA: OHAa mpumampaeT K Hemy. [lo mepe yrawenma
OT Tela yxe Ha MaJIOM PaccTOAHNM KAXKOCTHL mprnobperaer
{OnBINYI0 CKOPOCTH, PABHYI0 CKOPOCTH OOTEKAHHA.

Tonsruit caoii, OpUIeralWnid K I[OBEPXHOCTH TeNa, rie
OPONCXORAT HAPACTAHAEC CKOPOCTA OT HYIA JO CKOPOCTH OT-
agdamomeiica #a 19, or cKopocTH HMOTEBUMANBHOTO IIOTOKA,
06TeKaIOmMero TeNo, HA3WBaeTCd NOTPAaHHAIHE M
¢ o0emM Bexegcrpe saskocrd, o0ycaOBINBAKOMER Ha-
angde TANPEHHMANBHEIX COHRJ, KAQKOCTL B 9TOM CJEOe
C¢MIBHO 3ABMXpEHA, MO3TOMY €ro MHOrJa Ha3WBAT CI0eM
SOBepPpXHOCTHOTO 3aBHXpeHNH

KoadpunuenT BA3KOCTH. Ecam B morpaHuYHOM €JI0E BH-
NeJNTH ABe daeMeHTapHuX naowmangku dS (pue. 16) ¢ pac-
cTOAHMeM Mexay HuMH 8y, TO HApacTaHWe CKOPOCTH INpH
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nepexofie OF ONHON IJIOWANKA K ApYyroii 6yxeT paBHO 356_1/.
Pazpenns ary Beqmumny Ha Oy, moua LA

, yaum 5o . Ty Beadmdn-
HY Ha3HBAOT I'DAAMEHTOM CKODOCTH II0 HOpMaJan K IOBEpX-
HOCTH Teja.

Tar rax cropocTn Memay nmomagkamn dS pasinYHM, TO
MEIRJly HUMH HOSIBATCA CIJIA, KACATEABHAA K OTHM IJAOL{AJ-
KaM, BLI3BAHHAA Bf3-

HOCTBIO MATKOCTH, JTa av
cama OymeT 3aBHCETH e V" ay ©
OT TpagueHTd CHOpC- i // — v
CTH W OT BEeJMYUHH

IJIOMIA KA dS:

dz—

Y

vor 4S. D) s

B arom paseHcTBE M Puc. 16. JleiicrBae ¢j10¢B Apyr Ha Apyra
Ha3eBaeTCd KO D (I) n- BCJIEACTBHAE BsI3KOCTH,
HMEeHTOM BA3KOCTH.

Pasgenns cmary dr Ha mxomagky dS, mosydmm Hanpa-
MeHNe CHMJIN BA3KOCTH T, paBHOe:

dz__ 17)4
PRt i

8’1‘0 Hanpﬁmemie neﬁcTByeT BXOJ Db IO OJIOINAXKAM M1 HAZW~
BaeTCs TAHIeHIINaJgbHAIM HanpﬂmelmeM.
Paamepnoc'rb KOB@HHHGHT& BA3KOCTA U NOJNy9aeM N3

Popmyanr (27):

Kr
2
w== 5;7 = —MM—{- = [xr-M~2cer.].
oy ce. M

Jast ynoGersa coMocTaBaeN CHJ BA3KOCTH, 3aBACAIMNX
OT J, ¢ CHJIaMH HHEpPUHUM, KOTODHE 3ABACAT OT MACCOBOHN
NJO0THOCTH p, BBORAT NOHATHAEC K M H eEMATHYIECECHOTIO
KospunumeHTa BABKOCTH V.

v=% [m2.cer-—1]. (28)

OTrciona BEAMM, 4YTO PasMepHOCTE Yy TaKas #e, Kak 0 y
OQUPDKYJIAUNEA WA TEYyeHNsT CKOpOCTH.
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Bexnauna woopunuenrtos it u v gas Bo3ayxa mpn ¢=15°
u B =760 »my prT. ¢T. EMecT sHAyeHNS:

o= 1,82' 10--¢,
yo—= 0 —1 45.10~5n% cex.— 1,
° fa

wm v,=0,145 cnm?/cexr.

Knrevatnyecrnil KooOPHUIICHT BAZKOCTH Y JIA APYTUX
arMOCPepHsIX  YCJAOBHI  AMOMIO  HAXOAHTH 1O Fpadury
o8]

RARYA 700
vieud (("K‘ L
5
Lo,z 2225277
’ | X T 740
760
H . OO H.
INISSS 1 pgbgy » 780
| T T
1 » 1 ] :
oih Ay 2achnsatoiaseiatate 5
W I r ] =
L1 Lohal CH:’:/jf’:’J:/:V’:’A 2
41 A AN AN A 2
L?‘Df .«,1 A 2
Loy 5
Sasacirzy 5.
] = t o
bl o2 L s
0° -5° 5% 1p° 15° 20° 25° 39p° 33°

Pnc. 17. 'padur gan onpeneicnun KoaduumcHTa
KIHEMATHYECH01 BA3KOLT BO3(yXa.

J1. Upaugraa, npneegéarony Ha puc. 17, e no ocu adenmee

OTIIOkeHH TeMrnepaTyLsl B rpanycax Hexpcus, mo ocu oppa-

HAT KODPUUMEHTH KMHEMATUYEeCKOiI BABKOCTH B cM2[cek.
Kooduannenr ruHemaTnyecKoil BABKOCTH AINA BOJWM XIpH

15°:

g pg  1,164-10—4.9,81

P 1000

—0,1145-10-5 M?/cer.

OTHOIIEeHNe KIHCMATAYCCKNAX BSISKOCTEI BOBNYX2 U BOTH
paBHO:
vy EOCT. 1,45-10—3
YROR S — 12,7,
¥ LO bl

0, 1145 109

§ 7. 3ARKDOI IoJ0OBIsI. KPIITEPHH ITO0BHA

HogofnumMu HABLBAKTCA TaKnMe 5B
TeHNABAIPOLUHAMUKC, YKOTODPHX BCE
XapaKTepHU3YMmMuUue HX ORHMOpPOZHHE

40



fpusnmgecre peAAYUHH HAXOKATCA RIAA
aioboiftl TOYKHN mpoOCTpaHCTBA B ONHHaAI-
KoBoM OTHomenunn [55, 56,

Ha ocHopasiun 3310Ha aspoguHaMIIMecROro noRobus jena-
10T 3aKAI0YeHN A 0 IETHRIX cBOolicTBAX cavoadra, o6 ofpexrrns-
HOCTH ECTPOKOJIECA IO MCIHITAHUAM B  adpOjHHaMUYeCKOK
TpyOe MajdbIX Mogesieil HTHX MAlLIH B IeJ0M, JJu00 10 4aCTAM,

Honxobne mogensr HaType BEIPAsKACTCH B IPONOPHOHANBHO-
CTU BCEX JIMHEITIILIX Pa3MepOB MOJCIN M HATYpH W B PaBeH-
CTBE UX COOTBETCTBCHHEIX VINVIOB.

OrtromeHue ¢XONCTBEHHLIX Pa3MepoB MOJeln K HaType Ha-
3uBaeTCA MacmTaboM MOJEeAH M BHPA/KAGTCE
OTHOLICHHAEM:

JTO 3HAYUT, ecay y HATypW OTpe3ok Gymer pamen /, To
CXOACTBEHHHIT OTPe3oK y Mojean €yaer paseH:

-y

AHanorngno onpegesaeM DOHATUA I O APYTrAxX mMacmrabax:
CHIO0BOM, BpeveHu, miaoTHocTn u jap. Haupumep, otHowe-
HOe ILIOTHOCTEH B JABYX CXOACTBEHHNKX TOYKAX CpaBHABAG+
MEIX ABJEHHI cIpejensdel MmacliTad IIOTHOCTeIl:

&1
kp-—~—,
P
aHATOTMYHO MacmTal BASKOCTell, CKOpOCTeHt M cui:
L R A ' e '
k, = L ky=3 u ky=%.

BenuunHal ¢ umniercoM OTHOCATCA K MOJesId,

Jluneiinpie macurady — k,, cuiaopoii — k, n Bpemern —
k, HA3LIBAIOTCA OCHOBHEIMH MACINITa0aMd ABISHMII.

OcHoBHOE ¢BJIICTBO DTUX MacmTaloB 3aKII043eTCA B TOM,
9T0 1Ipu cobawiennn 005 NOCTOAHCTBY UX Dy AeT BO BeéM
HpOCTPAaHCTBe, IMle NPOMCXONAT cPaBHUBACMEIe ABICHAA,

IMonyuyus nouarne o macuradax Ap;IeHNiT, Mu MomeM cop-
MYJIUPOBaTh cIejiylomee ONpCIeJeHHe 3aKOHA AavpOAUHAMM-
9eCKOro IONOUH: A BEa ABAeHUA Ha3HBAKWTCHA
monoGuwmMi, ecaIU y HAX BCHOAY B CXOf-
CTBCHHBRX TOYKAaX NOJYy4YaowTCHA OQUHa-
KOBoe MacmTalWw a9 OQHODPOJZHKEX Be-
AAYUH,
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Ecam He Bce MacIiTalnl OTBEYal0T 9TOMY YCIAOBHIO, TO FO-
BOPAT O DpAOAMKEHHOM, HIH YACTHYHOM, mopobum,

IIpm DOMB30BAHMM AJPOAMHAMHYECKMMHM KODPURMEHTa-
MH [JI pelIeHnA MHOIHX NPaKTHYECKMX 33aad, a TAKke H
TpH DOXYYEHAH BTHX KOBPHIHEHTOB, OCTATOUHO cOdIIORE-
HAE TONBKO HPROXHKEHHOTO, MIH YacTHUHOTO, HOMOOHA.
DTO 3HAYAT B JBYX ABICHNAX, CKAKEM, B adPOANHAMHYECKOH
tpyGe ¥ B [eifcTBATeAbHOM MOJETE, HOCTATOYHO coOm0CTA
MOCTOAHCTBO MAcIITA0OB He AXA BceX (H3MYeCKAX BEJIMUNH,
a TOABKO AIA HEKOTOPHIX, HapuMeD, BASKOCTA MIA yOpy-
rocTH CpeAn, AIH CHJB Beca W T. J., AFPAOMAX B KaKIOM
OTRENBHOM c¢iy4ae HanGoJee BAMKHYI0 pOIb.

Hogpetiiune wmccaegoBaHAA NOKa3and, 4YTO ASpPOXMHAMH-
veckne KOIPHHHACHTH 3aBUCAT HEe TOXBKO OT PopMH Texa H
YyII0B OPMEHTMPOBKA, HO H OT PAXA OTBIEYEHHEIX YMceld,
VCTAHOBJIEHHHX PAa3NNYHHMA YYSHHIMH. OTH YACHA HA3H-
BAOTCA KPETEepPpNAMHEH NO0x006RKA U obosHadawTeA
HavanbsHsiMn OGykBamm Qammauit mx asropos. Hammpoe n3
BTAX 9Hced YYATHBAET ONUH KaroH-HnOyxb Parrop, BARAI-
w4t Ha ofrexaHnme,

Cofaoasa paBeHCTBO KaKOro-1a6o gncia KpATEpHA Y MO-
Jieln | HATYPH, MOKHO HONYYATb NprbamxénHoe noxobne.

B cospemeHHmO# BerpoTeXHMKE NOAb3YIOTCH KPHTEPHAAMA
o oHpobus:

Peiinonspca (Re) — oneHmBalOmMAM BA3KOCTh KHAKOCTH,
Maxa (Ma) — OneHHBAIOMHAM YHOPYrocTh KANKOCTH, OJTH
4neia WMEIOT CIefyIouide BRHIP AjKCHAA:

Re:m:g::Const, (29)

v

Ma:‘—;—‘:K:Const, (30)

a

tne: V n V, — cropoctn noroxos;
! m l,— nuHeiiHme pasMepH HaTYpW N MONGIN;
Y # v, —KOS{MUMEHTH KAHEMATHYECKON BA3KOCTH,
Uncano Peitnonbnca (Re) onennBaer cmin BA3KOCTH, TOp-
MO3AIAe [BHAKEHAE JKMIKOCTH. OTa BeJIW4UUHA HIpaeT 4pes-
BEIYAHO BazHYI0 POJb IIpM pelieHMn 3afad adspo- W THAPO-
NUHAMHAKH,
Jasd po3xyxXa OpH HOPMAXBHHIX YCIOBHAX ItMHeMarnde-
CHKAaA BABKOCTD:

y=1,45-10-5,
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CAEROBATEABHO, YMCIO PeliHOMBACA NIA BO3RYyXa:

v : v
B rex CaAYyYaAX, KOTRA B Y MOAEJHA N y HATYpH KHAHEMATR-
YeCKMil KOS(HUMEHT BABKOCTA OXAHAKOB, HMeeM paBeHCTBO:

Vi, =VL. (31)

Ilpomasepenne VI HaswBacTcA xXapaKTepHCTH-
KON OHOHTa, KOropoe nmpumeHserca syMecro Re npn opn-
HAKOBOM Y JIA MOJeJM U HATYPH.

Taknm oGpa3oM, puA MonydeHMs NONOOHA DpH HaXHYMA
cuI BABKOCTA HEOOXORMMO cOOMIOCTA CHERyIOUime YCAOBHA:

1) Momean W HaTypa HOMHE GHTHL T'eOMETPHYECKA NOROG-
HEMI; 2) OpHEHTHPOBKA MOAENN A HATYPH HO OTHOMICHMIO K
OOTORY MONKHA ORITh ONMHAKOBOH; 3) MOAenb MW HATypa
AOIKHEL MMETHh OITHHAKOBHE umcxa PefiHonbica.

Ilepexon or Mofean K Hatype. Wa pasencrsa V,/,=Vi=
==Const umeen:

v, 1 __ 1
2 R "
re — k= % — nHHelHb| MacmTad,

TaraM 06pasoM npm HCHEITAHMH MOJEAM B A5pOXHHAMH-
"gecKOil TpyGe, rae MOMHO NIPHHEMATD py==p A J,—=}t, nogobne
6ynmer cobmiojeHo, ecan B3ATH CKOPOCTh B TPyOe papHOl:

1 4
V]':F] V:Tl V,

T. €. CKOpOCTh V; Y Mojenn poaskHA OLITH BO CTONBKO pas
Gonpme cKOpOCTH V' HaTypsl, BO CKOIBKO pa3 AHHeHHHE pas-
MepEl MOJeji¥® MeHbIe HATYpH .

Bunonnenne arnx TpeGoBaHmMiT pAA HCNHTAHAA MOfelel
CaMONETOB, CKOPOCTDH NONETa KOTOPHIX B HACTOAIlee BpeMs
npesocxonnt 100 M/cer., cocrapaser Gonbmne 3aTpyaHEHRA,
B camom pene, urobu momyuurs nomobue ABIeHMIA mpm Mo-
flend, BHIONHEHHOH B Mmacmrrabe !/, Hago Gwpro 6w moxy-
YATL Y MOJEedH CKOpPOCTh mOTOKa pasHo# 1 000 m/cek.
Takyo cKOPOCTH ZOCTATHYTH B TpYGe HEBO3MOMIHO, TAK KaK
AxA aroro norpedoBanach 6K MOIRHOCTE AAA CO3HAHMA IOTO-
Ka B HECKONBKO COT THcsd jJom. cux. Kpome roro, mpm ra-
KAX CKOpOCTAX nopobme 6yner HApYWATHCA YOPYTOCTHI0 BO3-
AyXa, KOTOpasd CMIBHO BIAAET HA O0TeKaHHe Tead YiKe IpH
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ckopoctm 3BykKa — 330 m/cer. B panHOM cayuae Oyner
npeobaagars BanAHne wncaa Maxa:

Ma =71,
a

YToGH MONYYNTH YAOBIETBODUTETBHEI pe3yJAbTaT JKCIO~
pHAMEHTa ¢ MOJEIAMA CAMOJETOB, CTPOAT TPYOH BLICOKOTO
AABIEHAA MIA TAPAHTCKAX Pa3MepoB; HOCJe/iHie H03BOIAIT
OpON3BOANTL MNPOXYBKY CAaMOJETOB B HATYPAJBHYIO Be-
JNYHIY.,

ORCICPUMEHTAN BHEIMH MCCIE0BAHIAMI YCTAHOBIEHO, YTO
[P MalbIX vuciaax PefiHoabnca KOOPAUAEHT COTPOTH BISHNA

Cx
0,5 3\ X ————Tpy6a T=1 c peweTKod
A\

N

N

0.4 A — - —Tpyba T-IIl sakpuras
\ weee----Tpy6a HK=1
0,3 \

0'12

> — — —Tpy6a T-| Ge3 pemeTxs

-,

0,1

Re

0

1 2 3 4 3 6 ] 8 105

Puc. 18. Usmenenne noaduunenta conporusnenns €, mapa
B 3aBUCHMOCTE OT uuc.a Peuno.pica.

Ten Goabme, a ¢ ysemudeHuem V7, compornpieHne magaer
B Ipi HeROTOpOM 3HaveHny V', /) conpoTU BIeHNC TP ARTHYCCKY
0cTe€ress MOCTOAHHLIM.

WUnrepecnsie onurel 6nimn npogeqanu 8 IIAT'U B pasumx
Tpybax ¢ mapamu pasumx pas3vepos. Ilomydcunne kpnese
CONPOTUBIOHUIT, B 33BICUMOCTH OT CKOPOCTN MOTOKY, OLIAA
nepecTpoeHn B 3aBHCHMOCTH OT 4ncia Peiinoasica u opes-
CTABJEHHl B BHjIe AHArpaMMhl, HoxasalHoil ma puc. 18. Jra
pHarpaMma HoKa3plBaeT, YTO0 KOaQuIuelT conporuniennsa C,
POSKO HM3MeHAETCA A BceX KPUBHIX OOBITA IpH 9nciax
Peitnonbaca Re<<3-10°; npm Re>3.10° xooduimpienr co-
OPOTHBJICHAS NPAKTUYCCKA OCTAETCA HOCTOAHHLIM.

44



Orciofa MOKeM 3aRIIOYATH, YTO NPH McOHTAHAA MOAereit
HeofXOouMO NoAYyuHTh 4nncao Peiinoanaca gua mogean 60ab-
muM HeKOTOPOii ompeneatnHoii peamuunn. Hanmpumep, pas
KpPHIAa HYMKHO, YTOOHI

Vi
H> e

oo rpafury pwc. 18 BumiM, uTO HamMmeHbmiee cOHpO-
THBAEHNC Modyvaercd mpu uncnax Peiimoargca or 300 000
n spnue. [Ipussas ¢ 3amacom Re=440 000, moxyunm:

Re 440000
7.~ e~ 440000
Vilh > 2> 5000
OTRY/A:
M2
Vil; >3 .

CEeK.

§ 8. HOPPAHAYHELIA CIO0 U TYPEYJIEATHOCTH

ITpn oOTeraHMM Teqa BO3NYHIHEIM IIOTOKOM CJIOM BO3AYyXa
B HellocpefcTBeNHHoii GIM30CTH K HOBePpXHOCTH Teja, BeJen-
CTBHE B3KOCTHA JKIAKOCTA, 33TOPMAKMBAOTCH, B B HUX BO3-
HMKAIOT BAXpH. OTH BUXPH YBICKAOTCA OOLIMM HOTOKOM,
BHTAIMBAIOTCA B G(eCHOpANOYHO  33BAXPEHHBICE  XBOCThE
(pmc. 19). 3aBuxpeHHHiT ¢TOK BO3YHIHOTO HOTOKA, HEITOCPEA-
CTBEHHO NPHIETRIOMAN K 06TeKaeMOMY Telny, Kar GOm0 Cra-
3aHO B § 6, HA3LIBaCTCH HOTPAHUYHEM CI0EM, UAH CIOeM 110-
BEPXHOCTHOTO 3aBUXpEHIIf,

Jnsa poxasarenkcTBa 3aBIXPEHHOCTH STOTO CIIOA BO3HMEM
KOHTyp abed (pnc. 19, BAU3Y) M BRUTCANM 110 HEMY HBPKYIA-
urio ckopoct. Cropous al u be HADPABAM MO CROPOCTH MO-
TOKa, a croponnl c¢d u ab — mepmeHankyaapHo R Hum. Tar
Kak be—=ad, yuprynauna OyneT pasHA:

Fatela=Vyc—V,ad=ad(V,—V)).

Ho V, 6onswe V, u I' ne pasua 0, cncaopareabHo, HOTOK
BABAXpCII.

ITorok, meamuil BHE BUXPEBOTO CHIOfA, MOKHO CYMTATH
HOTeHHuAaApHEM 'cM. ypasucHua (21) n (21a).. B morpaxuay-
HOM cJ10oe IiIaBHYIO pOJb ITPAIOT CHIBL BA3KOCTU ¥ OTYACTH
CAABl HHepuMd. Bcedaejactsuc BA3KOCTH, YacTHHL KU KOCTH
3aKpydYuBAIOTCA B BUXPOBBIY ROJIBUA U yliocsATcA, olpasys
no3aam  Testa  BUXPEBOI  XBJCT, [Ife CHJIKL  BA3IKROCTH
HI'PAaIOT MeHBIIYIO pPOJb.
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Yérroro paspesna Memxxy MOTPAHMYHKM CIOeM B BHEMIHIM
DOTOKOM HeT: CKOPOCTh OT HyJA Ha IOBEPXHOCTH Telxa y BeJli-
quBaeTcA [0 CKOPOCTH MOTOKA BJAJHM OT Hero. 3a TOMUIMHY
OOIPAaHUYIIOr0 CJIOA MOMHO IPUHATH TO paccrosHme ¢ OT
MOBEPXHOCTA 06TEKAEMOT'0 Tea, I'1e CKOPOCTh OTIIMYAeTCH OT
CHOPOCTH moTeHuuanpHOro moroxa Ha 19,. Teopernyeckn
TOJIOMHA CJIO0SA ¢ B 3aBHCHMOCTH OoT X MeHsAeTcH 110 nmapa6oxu-
wecroMy 3aKoHy (punc. 19, Bau3y), rze X — paccrosnue name-
PAEMO# TONHHN OT IepefHeil KPOMKH ODTCKAeMOTO BO3AY-
XOM Tesa.

L

— A TR

.-—\L /
V4
florpankynuy
a
Ca0 v,

8 ¢ V2

/r" [:E:Vl
< 8 d

TPl 777777777777

——k ]

Puc. 19. IMTorpaumunslil cnoi.

HnprocTs B HOrpaHNYHOM ¢JI0€e PN MAaXHX wucaax Peii-
HONBACA TEUET B BAAC HECMEHMIMBAIOMIMXCA CA0$B. TaKoil mo-
TOK HA3HBAaeTCA M aMWHAaPpHHM.

HccaenopannamMm ycTaHOBIEHO, YTO JAMHHAPHUHIL IOTOK
Opn ofTeKaHNN INIACTUHRMA, JJINHOI {, pacliolOxeHHOIl na-
palIeabH0 HOTORY, HOJIYy4uaeTed JNUIIB JIA MAJKX vUced
Peitnonsaca. Ilpn yseanuyeHnnm ducia Ha HEKOTOPOil JaNHe
{, NOTOR ocTaércA JaMUHAPHEIM, 8 Jalee MepexoguT B CHIAb-
HO 3aBUXpPEHHOC COCTOAHNE, KOTOpPoe Ha3mBaeTca T Y p-
6ynentHHM (puc. 20).

IamHa, Ha KOTOpOW moTok OyHeT ellé JaMMHAPHKM, onpe-
JedfeTcA KPUTHYECKHM YUCIOM:

Re = 485 000 = L,
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Orcropa nanHa JaMmHAapHOH vacTi GypeT paBHA:
v
lk_485000_70.

Jia HOpMANBHOTO BO3RYXA MHONYYUM:

;. 485000.1,43.10~5 7,05
kT VO - VO :

Havanpnas Typ6yiaedTHOCTh IOTOKA PE3KO H3MCHAET Be-
AUIAHY HOXYYaeMbIX B TpyGax KOOQMUHMCHTOB. JTO IIpOMCXO~
AAT BCIEACTBIE TOIO, YTO TypOYICHTHOCTS CHIIBHO JRHCTBYOT
HA [OTpaumyHbIii Va
cnoif oOTeKaeMuIxX 1 ey
morokom Tea. Ha- |
npuMep, ecam Om  ——w
[IACTUHRY, IOKa-
BaHHYIO Ha puc. 20,
o6TeRalN He Jamm- !
HapHBIl [OTOK, &  Ppye, 20. [lepexoq JAVHEAPHOrO NOTOKA B
MHOTOK ¢ HAa4aJI LHOIR TypOyileHTHRIA.

PypOyReH THOCTHIO,

TO, KAK M3BECTHO M3 ONHITOB, JAMHHAPHAA YaCTh 3HAUUTENE-
Ho corpatanack 0w, [Ipm Gonpmoit HavanpHOU TypOyment-
HOCTM JIaMUHAPHAA YacTh HOIPAHAYHOLO CJOA MOMKET CcOo-
BepUICHHO OTCyTcTBOBaTh. Ilpm sTOM compormeneHme mua-
CTUHKHE MOBHMIAeTCH, TAR KAK KOIPHEIMENT cONpOTMBICHISA
IIACTHHKYA Y TypOy.IeHTHOro ci10a 6odbine, YeM y JaMAHAp-
HOTO.

OpHaro yBeanyenme TYpOYyACHTHOCTH yBENHMYHBAEeT KOI-
QUIYICHT CONMpOTHEACHUA UMb Yy TAKAX TeJd, I'xe T'TABHOM
YacThI0 CONPOTHBICHUA ABIAETCA Tpeline, a He AaBleHHe.
K rakum resam orTHocaTcsa: miIacTWHKA, PacHoJOKeHHAA
BOX b IOTOKA, KPEIBA, AMpH/KAbaM m RPyTHE Tejxa ¢ Xopo-
meft Gopmoit o6Tekanusa (puc. 21, a). Ilpm o6pysre e rex,
Y KOTODHIX CONPOTHBIEH!e 3aBHCAT, TaBHeIM o0pasom, or
AABNeHHMA (INAp, TIACTUHKA, NEPLEeIIUKYIAPHAA IOTOKY,
Aupws:kaGis, IOCTABICHHBII NoMepéR [OTOKa, M up.)
(pmc. 21,6, B), compornsnenye B TypOyACHTHOM HOTORE MOsKET
OKazarhCHd MeHbme, YeM B jaMunapHoM. IIpH srom mapgenme
BeJMYHHK KODPHIAEHTA CONPOTHBICHAA IPOMCXOLNT OJHO-
BpeMenHo ¢ IepexcioM HOTPAaHHYHOTO CIOA ImIapa M3 JaMnd-
HapHoro B TVPOyJeHTHOE.

Ha pue. 22. a, 6, B, npnBensd pAX NOCAEKOBATEABHEIX CTA~
Rulii oOpasoBanmAa BUXpell posagu Imapa, ofTeraemoro
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BO3QYMIHHM DOTOKOM. Pric, 22, a, m3o6pamxaer obrexanne ma-
pa HemocpejicTBe IO TI0CAC BOBHAKHO BEHAA I BHHEHUA U3 CO-
crosuus nokos, B oror sMoment Teuenue nposncxogut 0e3 cph-
Ba; CHepeid M ¢3ajll IOJyYaeTcs NMOBHIICHICE AaBielue, a

f\

— =3

Pue. 21. Odpanos e puxpeii nosaT Ted € PA3THUIRM
L0 .0 KClIeM HX B Noloke.

po 60rkaM — orpnnartensHoe, B caexyioulttit MoMeHT morpa-
HAYHBIT Cnoil wauniiaeT Teyb H3 30HBI C MOBLILIEeHHBIM H[AaB-
JeHMeM B 30HY € HOHMKEeHHBIM; BCJE/CTBHE ITOr0 OHROJO
MIJENeBOT0 CCYCHHA MPONCXOTUT CTONKHOECHIIE 3TOrO Te-
9eHMUA CO caoeM,rekyium cepenn (puce. 22, 6). B pesynsrare
CTOJKHOBEHHA IIOTOK CPHIBAETCA C MIOBEPXHOCTH 1HApaA B BHJE
BAxpeli (pHc. 22, B); MpU DTOM gaBAEHUE 33 HIAPOM AeHaeTcH

48



Tabawoa 2
KoafmmedTs! 3060B0ro cOOpoTHBICHHA C, AJA HEEOTOPEIX TeX

b LB |
23| 55 |ix
a Q®opMa Tema M HATpaBle- g-g| S8 & 3
g HasBagHe Tella 2sg| 83 |58
° HEE DOTOKA 234 ES é;
- %Eg Bz |82
4 EEE| S8 {mEO
1 | Kpyrnaa maacrmn- — a’% rd? 1
Ka & - 11
2
2 | Komye . é:{q 1% R
3 | Honye ¢ saxpyr- — @} rd? — 1o
N8HHOH  BepmIm- A '
HOH
4 | Bnaanconn Bpame- , = nd?
w - np- — O~ | T | - |oou
Habas : ;
5 | NpamoyroasHas i it 11‘ ‘i,i
HJ13CTHHEA a A
< aXb |23 10| 1.8
w 1,83
6 HIap —— @ nd?
v = | = o
— @
rd?
7 | Homuit nonymap e A — 1934
8 | wmonp %‘%
Td?
— %‘ﬁi N e
d — 0,23
rog |2f 1] 08
9 | Upapn, — ~ Xd 1—< 5] 0,74
» 4\ 40 1,2
4 E. M. Dareen 49



OTPHRATeAbHRIM, YTO BRI3KIBAET ol § 510 (012 CONIPpOTH BIHEHHAE,

?

rosPuument comporusiaenna pgocraraer C,=— 0,48,

Ecim  ofTekaHue
mapa IpOMCXO/ AT
npa GonbHIAX YyHcAAX
Peitnonsaca, 10 10-
FpaHAYHAEIT cXOH 1e-
pexoput B TypOynent-
Hoe cocTostHue, B sTom
caydYae OTPHB MOTpa-
HAYHOTO CIOA HpPOHC-
XOAHT B TOYKE, JeKa-
Hieit Ha 6oiee galéroM
PACCTOAHAA, dYeM vy
JaMOHAPHOTO  CJOA,
Braropapsa sromy mne-
penapn paBIeHnl 10-
aydaercAd  MEHBHIWII,
2 xosdrumeHT H0GO-
BOTO COIpPOTHBAEHIS
najgaer RO BENMYHHKL
C,=0,10, wHecmoTpn
Ha TO, YTO TpeHHe o
MNOBEPXHOCTH HIAPA B
rypOyaeHTHOM cmoe
6onee Bmcoroe. Cpe-
f1aB Ha mepegHeld cTo-
pOHe HIapa HKOJBIO
A3 IPOBOJIOKH, MOMKHO
BRI3BATH TYpOyIeHT-
HOe TeYeHHMe @Orpa-
HUYHOTO cJOd, 4TO
CHIMKAET KOPUINEeHT
conpoTuBieRNd Ipn-
MepHO B JBa paza.

B ra6auue 2 npuse-
JeHH  KO3QNIHEeHTH
1060BOTO  CONpPOTHB-

“5/44q

22. Obpasobannme BHXpeit TO3agd

nrapa.

aenna C, anA HeKOTOPHIX Tell, HOXYYEHHHE Pa3IMIHEIMK
8BTOpAaMH NpH MCCISAOBAHMN OGTeKaHAA.



riaAB4 IT

OCHOBHBIE MOHATHSA SKCIEPHMEHTAJIBHOMN
ASPOIHHAMHIKH

§ 9. OCH KOOPTHHAT M ASPOTOHAMHAYECKAE
KO0D®AIAEHTHI

B skcmepuMeHTanbHOI a%poMHAMIKE MOIB3YIOTCA TpeMA
CHCTeMaMl KOOPIMHAT: 3e MHOii. TOTOYHOI A CBA-
3aHHOI.

B zewnoii cmeTeMe RoODIHHAT oxHa u3 oceif, odwuno OY ,
HanpasJfAeTcA 10 BePTUHKAIN BBepX, Ase npyrue, OX | u 0Z,
pacmonaralwTca B TOPH3OHTANBHOI MIOCKOCTH, DTOH cmcre-
MOil KOOpPAMHAT HONB3YIOTCH, INTABHHM 00pasoM, IpH yCTa-
HOBKe ADPOJHHAMHICCKHX TPyO M HEKOTOPHX MORedeli B8
HHX,

B morounoii cmereme roopiaHAT ochk OX HampasIAwT 1o
BeKTOPY HeBO3MYMEHHON cropoct moroka V; ocs OY —
B IIJIOCKOCTH CHMMETPHM MOJEJI; OHA ABIAETCH OChI0 MOXBEM-
HOIt cnuter; och OZ (60K0OBas) pacmonaraeTcs NepHeHIARyIAp-
HO & ocaq OX u OY.

Il10ckocTU, OGpasyeMue ocAMA KOOPIMHAT, HA3BKBAOTCA:
XY — nmaockoctei0 morowa; XZ — MIOCKOCTRIO CRONb3e-
HUAg U 0a0cKocTh YZ — 71000BOii MIOCKOCTHIO.

Ilpn BuBepKe MOTOKOB B a9pOAMHAMMYECKAX TPYOax, mo-
TOYHHIE OCIl KOOpIMHAT NPHBOXAT B TIOMHOe COBHAmeHHE C
3eMHEIMM OCAMHI TpYOHL

Hawano roopausar morouHwx oceit Ans Mogexeit camonaé-
TOB Il gMpUAad:Teli BHGAPAOT B TOUKe, I[e HAXORUTCHA LEHTP
TAKecTH ¥ NpeJCTABIAEMEHY HMA MAIINH: XA A30IRPOBAH-
HOr0 KpHLTa — ¥ €T0 IepejHeil KpOMEH.

Ocm KoOpANHAT, KOTOpHE CYNTAIOTCA BO BpeMsA OIIKITOB
FKECTHO COeTUHEIIHBIMM ¢ MO biO, HAa3bLIBAIOTCA ¢ B A 3 a H-
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HHM#Z OCAMA KOOpDJZHHAT, AIA PAa3MeTOHU-
HE M H.

Hagamo sTix Oceit KOOPAMHAT MOMEIIAIOT OOKIHO B TOUYKe,
COOTBETCTBYIOLICH LEHTPY TAKECTH HATYPAIBHOIO CaMOIETA
WIn B Kakroif-an0o ycaosHOIl Toure, Och OX|, HasuBaeMyl
HPOZOABHON O¢ b0, HAIPABIAIT B INIOCKOCTH CHM-
METPUM MOJEJH: y caMOJETa — MApaICAbHO LeHTPATbHON

Vo IV 4y,
- %0
—
S~
I R .
Hanpapaeue -
—
goTOKE . \

/ \ s A

Prc. 23. CmereMn noopimaar.

XOpje BEPXHEIO KPHUIA, Y MUPMRabIA — mapajlaeabHO ero
ocn, Ocs OY; HasslBaWT HOPMAA BHON OCBI N
IIPOBOJAT B ILTOCKOCTH CHMMETPIH MOJEIH HePIeHANKYIAp-
10 K oct 0X;. Och OZ Ha3HIBAIOT IIONEPEYHOL OCHIO H HATIPA G-
AT uepneHgHKyaApHo k ocAM OX; n OY,.

Maockoers XY, Ha3HBAOT IUIOCKOCTHIO CHMMETPHH,
MI0cKOcTE X Z — INIABHOIl IJIOCKOCTHIO U MAOCKOCTD Y | Z —
MONEPeYHO IITOCKOCTERIO.

Ilax pacmonaraioTcs Bcé TPH CHCTEMHI KOOPANHAT OTHO-
CHTEJIBbHO MOfeNd, IOKA3aHO Ha puc. 23, rue Bexrop V mpea-
CTaBAAET CKOPOCTDH MOTOKA, IYHKTHPHAS OpAMAS — HAIpas-
JieHHe XOPHBl KPHLUIA.

Ilpn mposopaunsanun kparia oxoao ocw OZ Gymer mame-
HATHCA YTOJA MEKLY BEKTOPOM CKOPOCTH mOTOKA V 1 miaocko-
¢ThI0 KpHIa X Z . OTOT Yroa HA3HBAOT MCTHHHEIM YIJIOM
aTakA U 0GO3HAYAIT 4.

Canossle m MOMEHTHEIC A3DOIHIAMAYeCKA® KODQUIUOHTHI.
llpn pewennu ODpaxTHYECKUX 3aAa4 MEpeXOAAT OT MOHeau
K HaType ¢ TOMOIM(BI0O AadBpOJHMHAMHUYECHMUX
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KO3PMuUumeHTOB OTH KOMAMECHTH BHPAKAITCA
OTBICYSHHLIMH YIICIAMI,

IMoxnyro aspoxuHamiryeckyo cuay R, feiicTBYOWy0 HA
ofTeraeMce MOTOKOM T€JO, M COOTBETCTBYIOUIMII €fi Koddnr-
nneHT Cp [ NIPAaKTHYCCRIX TPHIOKeHHI YHOOHO P a3I0HUTS
HA KOMIIOHEHTH II0 MOTOYHHIM OCAM KoopauHar. Ilpm pasmo-
eHHN moayuum (puc. 24):

y

CR

Cx| X x

Cz

z Z

Pumc. 24. Paanowennme koadunmenta Cp 00 TOTOY-
HBeIM 0CAM KOOPRZHAT.

JloGosoe comporneaeHue:
X=G,Sq=C,S . )

HMopsémHEyi0  cnay:
Y =CSq=C,S&" I (32)

Boxosyro cnay:

z2—=CSq=C8 .

Bnecs wooduunentu C,, C,, C, o3naqaor:
C — woouUIEHT XOGOBOIO CONIpOTHBICHHAL,
C,— KOXUUNEHT MOABEMHOI CHITHI,
C,— rooduuuenT GOROBOH CHJIEL.
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W3 puc. 24 supuwy, ur0 coaa R n koddunuent G, ABIAOTCA
paBHONEHCTBYOLIIMI COOTBETCTBYIOIAX ROMIIOHEHTOB, T. €.:

R=V XY FZ )
Co=V Ccitciict. )

Pasnaras raxske U MOMEHTH IO 0CAM KOOpAMHAT, IOy ML

(33)

MowmeHT KpeHa:

v ] (Ve
M,=C, SqL=C, , SL5 .
MowmeHT puIcCKAHNA: %)
¥ ¥ 2 : v
‘VVIy:‘(/nlySqL:(’myéL T . (
MowmeHT TaHTasRA:
, — e
M,=C,SqL=C,SL 5.

PapHogeiicTBYIOIINIT WM TOJHHN MOMEHT:
2 2 2
M=V Mi+Mi+ M2\ (35
2 2 2
Cm fromt chx + Cmy —lr C:m

me C,,, C,, 1 C, ,— KO3PUUUEHTH MOMEHTOB, ABTAIOLINECH
fe3pa3MepHLIMA YHCTAMI,

C,, HasbBaeTcA KO3QMUMEHTOM IOJHOTO avpojuHaMuYe-
ckoro momeHTa. Takunm oGpasoM, ocHOBHaa ¢opmyaa aspo-
AHHAMUKH JIA MOMEHTOB HAIMUIETCA B CIAERYIOIeM BHC:

oy §V2 .
M=cC,SL%, (36)

rpe: § —IIOmMaghk KpHIBEB AAA ApYyrasd XapaKkTepHas
ONOIAfb Teda;
L — ycaosHaa pauHa,

§ 10. ONPENAEJAEHAE ASPOJHHAMAYECENX ROSPHIMEATOR.
IOJIAPA JTHJAHEHTANSA

B pesyabrate skcnepuMeHTaTBHEX HCCJIEA0BAHHI 00Te-
KAaHAA TeJl BOBAYUIHRIM ITOTOKOM B a3PORMHAMMYECKHX TPY-
6ax mosTyyamT a’3pogHHAMHYECKHE KODQUIMEHTH, BLHIPAKAI0-
muecd CACAYIMUEME QopMyIamMu:
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HKoadunmenr curnr compoTnpiaeHns:

XI
C,=

T T I2‘
e S.PV

KoadpunueHrr mognéMHOI cHANL:

Cy_ /Vla .

, 0V "2
S 2
Kos¢uunenr 60koBo#t cnnt:
ZI
ogelV
2

CoOTBETCTBEHHO KOBQHIEHTH MOMEHTOB:

. 2
ne T v'e:
e S'L! t‘V

’
My

IV2

m
y F

e
e PV
soLr B

C =

mz

r (37)

(38)

Uugexrcrs mocTasleHH Y BeIMUAH, OTHCCAINAXCH K MOj€IIH,
Cusl, geiicTBYIOLINe HA TY NIN HHYK KOHCTPYROMIO, MOJ-
CYMTHIBAIOT, HOJB3YACH STUMI KOBUIUCHTAMHA:

Crira compoTuBIeHHA:

X=C,S$ FV” .
INogpéMuana cmaa:
Y —= CyS ¢V
5 -
Boxosaa cuaa:
Z=CS5".
MomenTrr;
1” '-meSL VV‘)
M,=C,,SL.

my

V2
M,=¢,,SL%.

(39)

} (40)
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JeiicTBre CHNH Ha TeJO HOPOH3BOABHONK (OPMEI OGHIIHO
ONPEAeNANT ¢ MOMOIIBIO YpaBHEHWA:

Ve ,
P,=C,F %, (41)

I‘IIQF—HOBerHOGTb MopgeaxaesBoro ceyqe-
HoAa Tedaa, T € IpOoCKIAN IJIOLIIAAM TeJa HA NJIOCKOCTD,
NEePOeHAHRYIAPHYI0 HanmpasBAeHUIO BO3XYUIHOI'O IIOTOKA,

r:)'|
Cm
Cx
1
120
N
. 1 0 T
N ? l ‘ v g ,,
5 A \
A\ ?O £
b 60 /\\ Cm <\ Y
T INe =Y ,
NEF IR N TN
T N NERAVEEAN
‘71 £ h W
\\y 3 N A
3000 3309/ 30° 60° 909 120v_13Q° \ 30° 210° 2400
& -'?!f) \ a
AN -40 3z, i
60, N, BETENS
(N Y
-80 1\

Puc. 25. Napakrepacroru Kod(rumenTos C),,Cx n C,, Kpuia, NoTy4en-
Hple OPH KPYrosoit odAyBke.

Kax usyensaoTca aspoguHammyecKne kOIPUUHEHTH Cy,
C,un C, B 3aBHCAMOCTH OT yIiMa aTaKd ¢ Opd KPYLOBOI
00ayBKe mpodmiIa KPHIIAa KOHEYHOTO pasMaxa, IOKA3aHO HA
pue. 25.

Moxapa JImamentana. Hpuseie, XaparTepu3yoInie aspo-
AMHAMHYECKNE CcBOMCTBA KPHJIA BOOOINe, HA3KBAT adpo-
AUHaMHYecKOll Xapaxrepucrukoii. Hpusasa, msobpamkanman
sasucumocts C,, o1 €, B IPAMOYTOABHON cHCTEME KOOPAMHAT
¢ PasMeTHOIl Ha KPUBOH YIJIOB aTakM, IpA KOTOPHX Onlin
HOJY4YeHKl OTH KOPQUUUEHTH, HA3KBAETCA KPUBOL, MM II O-
aapoi, Jluanesranaa (Do mMeHNM HccaegoBaTend,
NPEJIO/KUBLIETO CIOCO0 M300PAMEHUA ITOIl 3aBHCAMOCTH).,
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IMocTpoeHne moaApsl MPON3BOAUTCA clAeHyomuAM 06pasomM,
Ilo xapaxtepucruxam C,=f(2) n C,==f(a) Gepyr pas
KayiIoTo yIvia aTaKkd @ cOOTBeTeTBYomue ny 3Hawenna C, u C,

M HAHOCAT HX B CHUCTEME
OPAMOYTOABILIX  KOOP- Cyp
nanar C,—C . ¥V wampoit ,2 e
TOYKH HAQIMCHIBAKT Be- /40/ 160
AUYUHY yraa aTard B ol ¢,
rpaaycax (puc. 26). Be- ___7/\4
auunfa C, B HECKOIBKO 0,8r !
pas meupime C,, moaTOMY /5?
OpUHATO Macwral mifd g ;
C, mpuanvaTs B D pas { I Cy
Goanime, wem gas C,. 0,4]

JInuna, nposeaénHasd (
m3 Havama kooppuHar O 0,2 |
K JsoGoit Touke M kpn- 0150:
Boit Jlmamenransa, Ha- M

0 0,1 CX

Yep4eHHOi1 B OANHAKO-
BuIX Macmradax C, u C_, Puc. 26. Ioaspa JIAanentand.
RacT OTPE3OR oM, pas-

HEI C'R KOJIPHINEHTY paBHOneI}'IC’l‘ByIOlHefI CHJI HOBEMHOIL
n compoTnBieHnd, PasMepHsie BENUUNHBI CHJI MBI IOJIYYNM
n3 mpuBoit Jluanenrads, yMHOMMB €8 KROdQUUMEHTH HA

. V2
miIomagek HaTypH Sn CROpPOCTHOII Hamop F—z——, a HMEeHHO;

_ eV, _ eV, . L&
X=CS8, Y=0,80-; R=CpST".

Bexrop C, cocrasaser ¢ oceio adcucc yroa f, ranrenc
KOTOpOTo paBeH
C
tgh= L =K. (42)

e

C

Ornomenne ;¥ HasuBalY Kad € cTBOM KPHIa.
@€

O6patHoe oOTHOIeHMe:

Co— == (43)

HajpBalorT OGpPATHHM KAaYeCTBOM KPHIA.
KavecTBO ay4mux CcOBpPEMEHHHIX KpPHLIBEB [JOCTHTAET
K=22,
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IeaTp pasiaenna. [lonaTne neHTpa masIeHNsA, A IO Ipem-
Hell TepMHHOJOTHHA — UEHTpa IapyCcHOCTN, BOBHUKIO B ¢ BA3U
€ HM3yYCHIIeM YCTOIYUBOCTH NpN CUMMETPHYHOII Mpoxyskre

tea. Iloaoikenue nenrpa pa-
y R BIGHUA OIpeAeIAeTcd HKOOp-
AUIIATOl Z; M HAXOOUTCA Ha
mepeceveHN MOJTHOIl aspomu-
HAMIYeCKOII cltel A ¢ 0chio
OX (puc. 27). osromy 1 e -

0 7 . TPOM MaBleHN s HA3N-
. . LA BAKT TOYKY, B KOTOPOIl mOJ-
~ 1 8 HafA adpojnHaMHYecKad cuUJa

HepeceKaeT CBA3AHHYI C Te-
Puc. 27. Onpege:tense 1eurpa  jgoym och OX, IleHrp pasmeHus
AaBTeHUH. BEIp ;K0T Ge3pasMepHOR Be-
AUYNHO{I, KaK OTHOmeHNe X,
K XOpAe KphLIa WIH BOOOWIe AJTHHE Teaa:
X,
— At 4
Co=" (44)
BTO OTHONIEHNe HA3HBAKNT KO3 P U UM e HTOM [ CHT-
pa maBmIeHINA,
Haa xperta C, BHPAKAOT B IPOLEHTAX OT SOPAN KpEUIA
b, 1. e.:
, T e

x,
C, =32 100.

Ecan Hayaxo KoopmuHat B3ATO B TOUKe O § HOCKA KphLIa
(puc. 27), 10 C, u C_ MPOXONAT 4epes HAYAIO KOOPHMHAT.
Honrnan pasHOAeiicTByIOmMAA NMPOXOXUT Yepe3 LEHTP HaBie-
HHA, CJIe0BATENBHO, IIP PABHOBECHH MOMEHT adpOxMHAaMu-
9eCKUX CH:I OTHOCHTCTIBHO NENTpA FABICHUA HKOIAKEH pab-

HATHCA HYIO:

OTHY Za
b '
Cm - CU Xl.;
nian
Cm J— & —
¢, b Ca:
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’
Ias maanx yraos araxn go @ =20° Cy=C,; caregosatens-
HO. 3TO YpaBHeHHe MOKHO nepenncam B APYroM BHfe:
C,= CL” (44a)
y
Bennuunu C,, u C, n3BecTHH U3 IPOAYBOK, CIEXOBATE BHO,
¢ IOMOULIO ox Mo dopmyae (442a) MOKHO OHmpeRedHTH
roapunuent C,.
hoaq)ﬂunem‘m momenra C, u neurpa gasmennsn C,
HAaHOCAT B BUe KPUBLIX HA rpadur ¢ kpusoit JInanenraan:

C,, xax gynkunio C, a C, max Qymrumio a, T. e.:

Cm:f (C,'/); Cg:f(a)
§ 11. UHAY KTUBHOE COIIPOTUBJIEHUE EPBIJIA

Crna conpOTHBICHUA KPHI2 G€CKOHEYHOr O pa3Maxa BO3-
HIKAET BCJIECTBHE TPeHHA BO3AYyXa O MOBEpPXHOCTH H CPHIBA
crpyil. Beanunna cuast
CONMPOTHBICHHA 3aBHCUT
OT CCCTOAHHA IIOBEpXHO-
cru ® $opmpr npoduas
KpHIa. ITy CIIy Ha3H-
BAIOT NPOQHIBHEIM CO-
IIpOTU BICHUEM.

IIpu oG reKaHnn KPHILA
HKOHEYHOTO pasmaxa, Io-
MUMO TIpOQHABHEIX CO-
OPOTHURIEHHT, BO3HHKA-
10T TOIOJHNTEBHHE CO-
IPOTUBIEHUA, BEI3BaH-
HBl¢ BUXPeBHIMH IIHypa- Pac. 28. Buxpn, cleraioline ¢ KPsiia
MI/I, 0691‘310111“;\’114 c Kpbl‘ KOUHEeYHOro pas3Maxa, 06p33y10'l‘ O33N
aa. Bpoas pasvaxa Kper- KPBL1a BAXDEBYIO 11€7ICHY.

Ja OpOXOANT BUXpPeBAsA

JHHU WA Ueaas cHCTeMd BEXPEBHIX JHHAI, Ha3HBAeMEX
OpPUCOERANMHEHHMME BUXDAMA, JTH BHXpH
VBIEKAOTCA TOTOKOM M MO33AH KpHJIa 00pasylor B m X-
PeBYyK HDejgeHY. JTa HelIeHA HEYyCTOHYIMBA H BCKOpe
nocye ¢GeraHnd ¢ KpPHJIA ¢BOPAYMBACTCA B IBA BUXPEBHIX
muypa (puc. 28).

Bemejgersue MOHMKEHHOTO flaBiaeHnA Hay KPBIIOM H IO-
BRIIIGHHOTO IOX HIM, Y KPLITAa KOHEYHOTO pasmMaxa Macca
BO3TyXa y TOPLOB KpHIa Oyzer CTPeMHThCA BBep‘{ 3aKpy-
4nBafgch B BOXPHU. OTH BUXPH, He Oy Ay4n ¢cBA3AHH ¢ KPBHIIOM
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Ha ero KOHIAX, IOAXBAaTHBATCA OOIIAM TeYeHHeM MOTOKA I
BRITATHBAIOTCA B BAJe BHXPeBHX HIHYpOB, HAYIIUX B GecKO-
HeyHOCTh (puc, 29). B BA3KOIl /RUXKOCTA BTH ITHYPHI BCIEA-

Prc. 29. Baxpessle mHypH, ¢Ge-
rajomae ¢ KOHUOB KP4 KOHEeY-
HOro pasmaxa.

¢TBHE TPEHNA HA HEKOTOPOM
paccTOAHAM OT KpHIA BaTy-
Xai0T 1 ABIAKTCA KOHEUHEIMH.

Buxpesnie mayps, cberaio-
e ¢ KPLIJIA, BEISHIBAIOT BEp-
THKAABHY ckopocTs W, Ko-
TOpasa peficTByer Ha IOTOR M
OTKJIOHAET ero HampaBlIeHHe
B CTOPOHY yMeHsUIeHNA yIaa
aTakl & Ha BeauauHy A7,
DTOT Yroa HASHIBAIOT Y TJIO M
¢ K 0ca, a ckopocThb W —
CKOPOCTBHIO C K OGC A
(puc. 30). Ilogwémmaa crma
KPEIIA P TOM OTKIOHHAETCA
HA BeJMYHHY YIaa CKOCA IIO-
Toka Az OT TOro Haupasie-
HUA, KOTOpOe OHA 3aHMMAIA

Ob OpH OTCYTCTBHH BepTHKANbHON cropoctu W. C usmeHe-
HileM HANpPaBIeHHA HOOXBEMHON CHJIK BOZHHKAET JOIMOIHHU-

1
R=Py coslAa

w

Pmc. 30. Ipadmueckoe m300paskeHme CILTBI HHAYKTEBHOIO
COILPOTHB.IEHI.

TeJIbHAA CHJIA CONPOTHBAGHNA (), HA3HBAEMAA ®W H Iy K-
TUBHBRM CONPOTHBIAEHNEM,
Yroa ckoca IpegcTaBIAeT HeGOMBIIYI BOAMYHHY, MO-
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9TOMY pe3yABTUPYIOMy0 CKOPOCTh Vy, MOMHO NpHHUMATH
PaBHOI cKOPOCTH IOTOKa V, T. e.:
V1=V}

a yroa ¢croca MOTOKA MOKHO BBRIYACIATEL B pagHaHax mo (I)Op-

Myae:
W 5
tga:.\a:v, (45)
OpUHAMAA, IO MAJOCTH, YO I TAHTEHC €r0 PaBHRIMIU.
Us Teopu AHAYKUMH M3BECTHO, 4TO CPENHAH CKOPOCTH
CKOCA MOTOKA ONpexeddeTcA ¢ MOMOIbI0 $OpMyIH:

Cy
W=—=u"Y, (46)

Iieé ) ecThb OTHONIGHHe AJMHE Kphiia ! K ero mmnpuHe b,

T. e.!
l
M HAa3KBAeTCA OTHOCHTEJUBHHBM pPaszMaxoM
KPpHJIa WA ero yaIHHeHHeM.
Mopcrasaas sHavenume W B paseHcTBO (45), momyumm, B
papHaHax :

C
ba=_, (48)
HIW B Ipagycax:
da® =2 A0 = 57,3 0. (49)

CiegoBaTeabHO, YIOA CKOCA IIOTOKA Y KpELIa GyAer nMeTs
BeIMYNHY, B Ipagycax:

C C
Aa° =57,34a=57,3 - =18,23 . (50)

OTrcioga BHRAM, 4YT0 d9eM OOAbUIe A — YIJIHUHEHHE KpPHI-
73, TeM MeHBIIe YroJ cKOoca HOTOKA U TeM 5O0Jabllie ACTHHHEL
yron araku a mopu mansoM G,

Tarny 06pa3oM, ecan Ha KPEVIO KOHEYHOTr'0 paszmaxa Hase-
raeT MOTOK IO YIVIOM ATAaKM &, TO HA CAMOM Jeie ACTHHHHIT
yroa GygeT MeHBIIe 2, T, e.!

,.:a—Aa. (51)

Has xpeaa GecKROHEYHOTO pas3Maxa A PaBHO GECKOHEYHO-
¢t u, caegosatearno, Az=0, 1. e.:
a,=a.
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BeanunHy ¢HIN AHIYKTHBHOTO CONPOTABIEHHA HAXOXAM
n3 pnc. 30.

Q, =Y tglda="Ylq; (52
i g
TaK KaK:
c
ba=—,
TO!
C,
Q,=Y2, (52a)
HO
Y
Y_—_—CyS 5
CJIeT0BaTeIbHO!
05 pV2 .
Qz_za-S-z—. (53)

Us ypasnenna (53) BugnAM, 410 KO3PHUMEHT UHIYKTAB-
HOTO COIPOTHBIGHAA pAaBeH:

2
c, =

= (54)

Taxny 00pa3oM, npH HAGeraHUA BOZXYIIHOTO ITOTOKA HA
KPHIO 6ECKOHEYHOT'O pa3dMaxa, OHO MCIIHTH BaeT J060Boe Co-
npornsreHne X, KOTOpoe CHIAKIBACTCH:

1) m3 npodrasHoro compornsienus X ,, 3aBUCAMEr0 TOMb-
KO OT HpOPMIA KpEIIA M TpeHmsA BO3XYXA O IOBEPXHOCTH,

n 2) HHIYKTMBHOTO CONpPOTHBICHAA (J,, 3aBUCAMEro OT
gopMBI M Pa3MEpPOB KpHIA B IIJAHE:

V2 V2
X=X, +Q,=(C,+C)Ss-=C, 5.

Kpuas C, MHIYKTHBHOTO CONPOTABICHAS HA KPABOM
JInimeHtasma m3obpas3urcA B BHAe mapaboxsl ¢ B2pHIEHOL
B HAYaJe KOOpPAHHAT M Ha3mBaeTcA mapabomoit uH-
AYKTABHOTO CcONpOTRABAEeHNA Jaa momy-
YeHNA IOJHO KApPTHHHE, XapakTepuayomed KAHHHI Mpo-
(¢mab KPRUTA, HA BTY e FAArpaMvy HaHocAT KpEBYWO C, mO

@ B KPUBYIO H:(%’ KavecTBa KpHIa (cu. § 13, pme. 35).
X
§ 12. TEOPEMA H. E. HHVKOBCROT0 0 HOXBEMHOMH
(HJIE KPBIIA

[Ipu ofTexaHAM KPHIA BO3TYIIHHM ITOTOKOM, HAJ KPHIIOM
MOJy4aeTca MOHMKREHHOe JaBleHne, a 110 HIIM [OBHUICHHOE,
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CxeMa pacupejes eHAsA AABJAHAIl HAZ U MOJ KPHJIOM IIOKA-
3aHa Ha pnc. 3la.

Ha ocnoBannm teopemu BepHyaam B cayuae HecskmMae-
MO JRUIKOCTH 9TO O3HAYAET, YTO CKOPOCTh CTPYEK, TEKYIIIX
HE[OCPeICTBeHHO HAj KPHJIOM, Oymer O0JbIe CKOPOCTH
BAJIM OT KPHLIA, & 107 HAM MeHbIIe, Ecan ouepTuTh BOKpYT
KpPHJIA KOHTYp (puc. 316),T0 Ha y4acTKe KOHTYpa HAJ KPHIOM
TeyeHNe cKopocTH OyaeT (oablle, YeM OTPHNATEIBHOE Teue-
HIe HA YYaCTKE IMOJ KPHUIOM. JTO YKa3wBaeT HA TO, 4TO
BOKPYT KpHIa, Aamo-
mero MmogpéMHYI0 cH-
Iy, CymecTByeT Iup-
RYJIAQAA cKopocTa, A
TAK KK QUPKYIAUAA

(n

Prc. 3ia. Pacopezerenme pasienmit Hax Pme. 310, IjHpryTAnAA
B MO KPELIOM. CKOPOCTH BOKPYI IKphLIa.

CKOpPOCTH CVIIeCTBYeT M BOKpPYI BHXpPEBOro IIHYpa, TO
H. E. HyroBcrmil ¥ 0pegnoRAI 3aMEeHATH NPH PAa3IHIHKEX
HOACYETAX KPRIZIO MYYKOM BUXpeil, HA3BAHHLIX UM LIPHCOEIA-
HOHHBIMHM BAXDAMIL,

®opmyna H. E. Hyrxosckoro mompémmoit caasl KpHIIA
OecKOHEYIIOr0 Pa3Maxa HAXOJAMT IIMPOKOe IPUMEeHEeHHe IPR
JaabopaTOPHBIX UCCIEHOBAHUAX, PACYCTAX BIHTOB U KDHIBEB
caMOI8TOB, BEHTILIATOPOB M BeTPOABAIaTeNdeil.

Ona uMeeT NMPOCTOE BHIPAsKEHNE!

Y =TV, (55)

rae Y —cwaa, nepmeHguRyaApHAs K cropoctm V, m pgeit-
CTBYOIIAA HA OTPE30K KPELIA JIHHOWL [;
p —MaccoBafd ILIITHOCTD,
I' — quprynaqua cCKOpocTA I
V,— CROpPOCTH HeBH3MYUIGHHOTO MOTOKA.

Hanpasienne ciiet Y mosdydaercss md ciaeAyomeMy mpa-
BIUIy: HAagXO B3ATh BEKTODP CKOPOCTH W HOBEp-
HYTh €ro 1a OpPAMON YyroJx B CTOPOHY, OUPOTH-
BONOJOMKHY ONPKYJIANARN.
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B. H. I0Opres mpeamoskna  caegylomee AOKa3aTeALCTBO
9Tolf TeOpeMbl. 3aMeHUM KDHIO NpPHCOCAUHEHHBIM BUXpe-
BRIM IIHYPOM ¢ NAPKyJAnuei r, paBHOII HHPRYIALMN
O0KOJIO KPHIA, 0 OYEPTHM HA OCH BTOTO BAXPA WHJIAHAP
mnHOI0 [ ¥ BecbMa OOJBIIOr0 IO CPABHEHHIO ¢ pa3Mepa-
MH KpRTa pagmyca R (puc. 32).

HajouM HA CKOPOCTHOE HOJIe, BLI3KIBAGMOE 9TUM BHX-
peBEIM IIHYPOM, WOCTYNATEAbHBI ITOTOK, TOrja CyMMap-
HBIIl IIOTOK [IAf JAIERuX
TOYeK OyHeT SKBUBAJGHTEH
HNOTORY, 00TEKAOIEMY KpHI-
a0, Cuna, gelicTByoOmAa na
KpHBIJIO, PABHA cuJe, JeifcT-
Bywomeil Ha BBEIIEJeHHHI
Hamn qaanaap. Haiigém sty
cnny., Ona cocraBurcss us
CHJ pgaBjJeHuf, HeHcTBYIO-
I#X HA MOBEPXHOCTb BTOIO
OMINHAPA, W 13 pPe3yianIn-
pyomeil KoJINYEeCTB JBRHIKE-
HHA, BUECEHHEIX MA3BHE B
Puc. 32. Hreopeme H. E. Hykop- TOT e NaIAagp U BelHe-

CKOTO. CeHHLIX N3 Hero 3a 1 ce-
KYHRY.

Haitgém Temepb, KaKue HABIEHWA MOAYyY4aTcA HA IHOBEPX-
HOCTA IMJIUHIDA.

Mpumenaa TeopeMy Depmymm w mo6ol crpyiike Bos-
Ayxa, Mepeceralomell NUIMHAD, MOMHO HAMUCATh CIenyio-
mee ypaBHEHRe:

V2
P+ =P+ wan Py—P=E(V:—V] (a)

Cropocrs V Oyner reomerpmueckoil cyMMolf ckopoctn
mocTynarelIpHOro moroka V, m ckopoctu V,, BH3BaHHOH
BHXpeM. Cropocrs V, Bclony mocrcauna, a V,—raxke
MOCTOAHHA H, OyAydYm HampasIeHa 1o KacaTelbHol K -
JuHppy, ABIAETCA IEPeMeHHOW MO HANpPAaBJICHWIO U PaBHA!

T
kT 2R

Ecan 33aBaTh MOMOKEHAE DIEMEHTA HA IOBEPXHOCTH LA~
JumEpa yTAOM ¢, TO Pe3yIBTAPYIOWAA CKOPOCTh Oyier:

Vi=Vi-LVi—2V V,cos (90 ¢);
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TaR Kar
o8 (90 -+ v) = —sin 3,
TO MOMKCM HAIMCATEH:
7 -2 [ A FA
VE=T 0L V5217V sing.
Ioncranus snadenme V' B ypasuennc (a), moxydmM:

Py— P=E(F3 4 VE4- 20 I sing — V) =

= L (VF-2V T, sing). (6)

Isio

ITepeiinéM K BLIUCICHHIO MOABEMHOI CLILI, pa3BABAeMOL
BIEMENTOM LHJINHApa AIMHCI 110 obpasywomell / 0 ORpYK-
uHoll parnoll Rdy; ero miomwajs:

dS=I[Rd:.
Jdasiaenme na oror 3i1emeur pasuo (P, — P).
ITpoerrupysa jeiteTByIOmMYI0 Ha DTOT DAEMEHT CHAY IIa
ocy OY, mepueHguUKyIAPHYIO K CROPOCTH V), IOIydmM:
dY p==(P,~— P)dS cus (90 -~ 3) = (P, — P)Rsin pdg,
A

dY,= ;— (Ti+4-2T 7, sin) [R sin vdp =

=pl RV V', sin 2pdp - £ 1 RT { sin gdyg.

IHonnyo mogb8MAYI CHIAY IOIYYAM, CYMMHPYd BCe 3ie-
MeHTapHHe CINIBL, T. €.

o= or
Y, =l RV V,\ sin 2%y - £ LRV} {sin pdg.
0 0
Ilepserii wnTerpat pased m, BTOpPO HYII.
CremoBareanHo:
Y,=¢lRV V m.
Tar rax
r
Vi=sg>
TO
VI
Yp — zl —

Kpome cua gasaenna, Ha umaneap Oyayr ems aelicTso-
BaTL H!\IHB’.HLCHB}IBIG CILIbI, M4 yqé'ra KOTO})LIX HYHHO

5 E. M. ®atcen 65



HANTA [ONHOE MPHPAIILHIC KOMIYECTBA [BIKEHAA RUTKOCTH
B HampaBjennu ocu OY,

Haxogam cHaZana ROJIMYECTBO JABUKEHUs, BHECBHHOE de-
Pe3 TOT ke DIAEMEHT NWIMHAPA [IIOMWANLI0

HaxoamM ceryuanyo Macey. TaHrennnalsaas caaralo-
masg cKopocTs V, He OyieT JaBaTh NPOGKUMA HA HOPMATH
K DJeMEHTY IIOajH; HopMadbHas cKopocts V, Gyger mno-
Ay4aThcA JIMIIB 32 c4eT cropoctn Vo u Oyger pasua Vjcosy
CremoBarensHo, sreMentapuasd CeKYHIHAA Macca:

dm =gV, dS =l RV ;cos ¢dp.

Koangecrso maBmikeHnms, HecoMmoe DTOH Maccoil B HAITPaB-
aeann ocu OY, OGyaer paBHO 37eMEHTAPHOH HMOYJIBCABHOI
unoxséunoit cmre dY,. Craramomas ckopocru ¥V, me Gvuer
RABATH HPOEKIMH B HTOM HAIPABISHAH — IIPOCKIAA 6vner
NONyd4arTsCa JWMb OT ckopoctu ¥V, i Gyger paBma ¥ cos s
CaegoBareanpHo:

dY,, =dmV, cos 2 =pl RV |V, cos 2pd.

Ilonnaa uMOyascHBHAA CHIA ONIYYATCA B Pe3YJLTATe
CYMMUPOBAHAA BCEX DJIEMEHTAPIHIX CHAJM, T. e,

Y, = \ s 2od9 =plRV V,m.

r
3amenan V, ee zmagennem ‘R » IOy auN:

_ Vil
Y=

m

Hoxnaa peamumua mopbémuoil cmasl Gymer paBma:
Y=Y, +¥, =V (55)

Mu BagaM, 49TO mod0BMNA CAJIH MOAYYMAACH 33 cHdr
MaBJEHAH M MOJTOBMHA 334 CYOGT MMIYJABCA, T. €. CO3NAHAA B
AATKOCTA KOJIMYECTBA NBHKEHUA.

Hamo samermts, uro cuima compoTmBieHAs B cayyae Ta-
KOI'0 NOTOKA pAaBHA HYyJK0. OTO BUAHO M3 TOr'0, 4TO CKO-
pOCTh y JIGBOTO U IIPABOTO BICMEHTOB OTHOCHTETBHO ocn OY
NAJIMHAPA OvieT OQMHAKOBOI, CJEOBATENBLHO M JABNEHHSA
OyIyT OXMHAKOBEHL.
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IMosroMy HMEaKCIi cnapl or AaBaenud o ocm ON o e
moay4uM. TOYHO TAKRe U KOJAWYECTBA JBIFKEHHII Y BTrera-
omeil I yXogAmeil 9epe3 HTH  DICMEHTH ILIMHIADA RUI-
rocrn Oymyr B Hanpasmennu ocu OX omurarosbiym. Coe-
[OBATENTBHO, CHIA J00OBOTO COIPOTHBACHNA X ¥ KpPGLLIA
B UIeATBHOI MKMJIKOCTH paBHa IYJIIO.

H. E. Kyxopernit tar copMyanposald c¢Bo0 TeopeMy:
NOGBEMBAA CHIA, Aelfi¢cTBYIOIIAaA HA KPLIJTO dec-
KOHEYHOTrO passa-
Xa, paBHa HOIOTHO-
CTH MUJZKOCTH, ¥M-
HOKEeHHOU Ha 1uup-
KyIAUMK0, HA CKO-
pocTh NHOTOKA B
GecKOMEYHOCTN N
Ha QIAMHY BHeJdeu-
HOTO RKYCKa KpPBLIA.

HanpaBuenue cu-
Il DOJAy9aeTcs IIo-
BOPOTOM BeEKTOpa
CKOPOCTH HA 1pd-
Moil Yroax B cTOPpoO-
HY, o6paTHy0 UIp-
KYyJIdauun.

Hasa  wpsiza  wormew-
HOr0 pasMaxa ¢ BHUXpe-
BHIMH ILIHypaMmm I03a-
Il BHIBOJ 92TOii Teope-
MB[, KaK [PeAIOKII
H. E. IKyrosckuif, pye 33, HUHAYKTHBHME CKOPOCTH—
MORIIO ¢cAejaTh npusan- OT BHXpeil 32 KPELIOM.
*REHHEM  crmocoGoy |56].

IIpoBeaéy ga1eK0 32 KPBHLIOM IIOCKOCTD, IICPIEHIMKYIAP-
HYI0 K HAIPABTEHII CKOPOCTH [IOTOKA; 9T IMIIOCKOCTH Ilepe-
ceuér Buxpesnle muypst (I—I1), u Mu moayuus waprumy,
n300pakEHAYI0 HA pue, 33. TN BHXPH BOKpYr ceds co3-
HAIOT CKOPOCTI, KOTOpHIE MOFKHO BLIYHCIATE ¢ ITOMOI[BIO
dopyyam (25): r

V= R* (25)

Buxpesuie
wnyps

I

~

1

Mesnsiqy BAXpAMA KIAKOCTD IOAYYAET OT NX JAEHCTBITL CRO-
pocTn, HampasieHHHe BHI3. BcJeicTERe 3TOTO 9acTh HURKO-
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CTH, JIGKAMAA Me:KIy BAXPAMH, IOTIYYNT B OTOM ike Hanpas-
Jenin INpApaIleHile KojaImdecTsa asmkenusg, Yrto Kacaercd
qacTi GMAKOCTH, Jeskalleil Bile Buxpeii, TO OTHOCHTEIBHO
€8 MOKHO ITOKA3aTh, 4TO B OOMIeM OHNA NMOJYYACT B BEPTH-
KaJBIIOM HAIPABICHHA OT OMM3IC/ALIEr0 BIXPA KOIIYECTBO
IBIGRCHUA, PABINOS KOMIYCCTRY ABIGECHUA, MOIYICHIOrO OT
JAAJIbIICTO BUXPA, HO HanpawJIedHOe B IIPOTHBOIIOJNOKRHYIO
cropory. CmegoBaTembHO, 00LICe IPHPALICHIC KOJIMUECTBA
JUBUKEHNA A DTOIt 4acTM ;KUARCCTH Oymer pasiio IIyaio.
Hrar, geficrBme KpbisIa KOHEYIIOTO pa3Maxa Ha O5TeKAIOMMIi
CTO IMOTOK FRUIKOCTH COCTOIT B TOM, 9TO YacTh HTOI KO-
¢, 3AKTI0UEHHAA MEAKAY BHXPAMH, IOIYYACT B BePTHKAJ b-
1OM HAIpaBIeHUIl IpilpameHile KOJIIYeCTBA JBHHEHIH,

Pa3 meroropas macca Bo3gyxa m 0TOPacHBACTCA KPHIIOM
BIII3, TO KPRIJIO AaBUT HA He€ cBepXy BHM3, 4 JKMAKOCTH I1a
KPBIIO CHU3Y BBEPX, BHI3HBAA IHOABEMIIYIO CIUIY KPHLIA, KO-
TOpas paBHa IPUPAIIEHIIO KOJN4ecTBa JBH;REHUA B ell-
HUIY BpeMeH! DTOfl 0T6p0me}moi’1 MACCHL.

TlocyoTpam, dYesy paBHO KOJUYECTBO [BUMGEHHA, CO314-
BAaCMOC OMUAM BHXpeM B OGCKOHEYHO Y3KOIi IOJOCKe ¢ IIT-
PUIHOIO T JIINIOI0, PAaBHOM ¢IIHMIC ITO ITAIIPAaBJICHUIO 1T0JETA.

BepTuraipHasg cOCTABIAIINAA CKOPOCTH, BBI3BAIHO{ B
Touke A (pme. 33) deBwM BuXpem, Gyier paBia:

e ‘
——— 7 0 3 7 — o
V,=1 COS w == cOS

-3

b

TaC ¥ — VvIoad, OJ03HAYeHIILIT 1A pitc., 33.
3aveuas, 4rT0:

IOy HAeM:

RoauuecTBo gBIIRCHUA, INCHOIECCH B MapaTaesTerinese
JUTUHOIT IO ManpasIcHUi0 MOTETa, pasiofi el HUNC, BBICOTOIT
dy n mupnnoit dz Mosmer SHTb Hamucailo B DUIe:

V. dm=173dZ1y.

3aech dim — yMacca HTOr0 mapaTiaeICnmuneld I

f — Maccosadg IIOTHOCTh BOBIYXA.
N3 pmeymka BuaHo, 4TO:
rd ¢ Zd e
dl = - -

cosg  coste’
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IToacrasIas 910 BHIpAKElNe B IPeAHAYIIVIO GOPMY.TY,
TOIyYHaeM:

Vdm=p3-.dzds.

OGosnauny vepes dJ KoaudecTBO JBUKEHHS 1O BCEH IMO-
mocke wWnpriHoit dZ; rorpa:

++ ++
il = \ Vim—=sL.az | do="L.raz
) Ty T J TP R
__2__ ._T'z-

JT0 BHpaskeHNe MoKa3uBaer, 4ro d}M He 3aBHcAT OT KO-
opauHara Y. CireoBaTenbno, aiuA BceX IIOJOCOK OFUHAKOBOIL
MMpHHL dZ KOIMYECTBO JBHKOHUA Oy/AeT OJHHM M TeM He.
Tar wak y HaC HMEIOTCA JBA BUXPA, T0 B O0JACTH MOV
HUMH UX jeficTBHe CYMMUPYETCH, i KOJIMYeCTBO JIBUIKEHHST
RaML0fl MOI0CKM yABAamMBaeTCA U pPaBHO \01’ dZ; cHapymn,
I7ic BUXpPU AeHCTBYIOT B IIPOTUBOMOIORHEE CTOPOHK, KO TiI-
Y4eCTBO JBUMGHWA II0 BCPTHRAJR pasHo Hynw. Caeposa-
TEIBHO, JIA NMOJTYYSHUA MOIHOTO KOJIMYECTBA ABHKEHHA HaM
NpPHUAETCH CYMMMPOBATH JMINb IOJOCKM, JEsKAUIMe ME/KAy
BH XD MY,

Vrax, maxomin:

I !
2M = \24M =T \dz =T,
] 0

JT0 BBIpaskeHHe JalT KOJTUYECTBO ABILKEHHUA IO BEPTII-
KaJn Bceil OJOCKN MMpIHOI0 [ N AaMHOI, paBlIoil equHMLe,
no HampasmeHnio moaéra. Ilogpémuan ke cnia KpHIA pan-
Ha CORYHAIIOMY KOJANMYecTBY ABIGKeHud. Ueped paccmar-
pABaeMYyI0 ILTOCKOCTh B CEKYHAY OyjeT IPOXOAUTh BO3AYII-
Hafdg KOJONHA JIUHON, paBHOIl He eguHHIE, a V. Hoacras-
aAa VB mnpeauiaylliee paBeHCTBO, IIOXYYAM BHPKEHAC
treopemur H. E. J{yrosckoro:

l'Vi=Y.
¥YpaBaenne ¢Bas®, Ilpu pemcuull mpaxTHuecKHMX 3afad,
CBA3aHHHX C BbIIMCICHUHEeM MIPDKRYJIAUMN CKROPOCTH BOKDPYI

KpPHIA, NPUXOAUTCA IOJB30OBATHCA ABYMA ypaBHEHHAMI:
TeopeTuuccroil gopmyrxoit (55) H. E. Hyrosckoro:

Y =T4Vi,
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I QOpMYJIOil BKCHCPUMEHTAT bHOIE anp Oj U LIAMIKIL

al ;71/: Y ‘
Y:(/ys "_-)"‘:C!/Sq. (32)
Y npsavoyroasHOTO KpeIa S=b/, rae b — mupuna KpBLTA
n [ — pasyax. [loxcrasasas snasenune S n vpasuenue (32),
N0y 4nM:

v
Y = Cy - bl.
1logpésmitag cuma, DOJCUMTANHAA ¢ I10MOUIBIO YPaBHCHASN
(55) (TeopeTmyuecKanm), qOJKHA ORITH PaBHA NOABEMUOIL cllde,
HONYYeHIION IO DJKCHepHMeHTAIBHON (opMyte, t. c.:

rvi=c,% b,
OTHYAQ IIMecM:
.
r—=toy. (56)

Vpasuenue (56) Ha3WBAIOT Ypa BHeHAEeM CBA3H,
TuK KAK OHO HAéT CBA3L MEMAY BKCIepUMEHTANBHON BedIl-
ynnott C, n Teopermyeckoir I'.

§ 18. IEPEX0J C OJJHOI'0 PA3MAXA KPLLIILEB HA ;IPYTOR

B npaxruke BcTpeuaeTcs HeOOXOAHMOCThH IEpeCTPAHBATH
HOJAYy4YeHHYH IPOAYBKOIl B aspopmHAMmYecKoit rpyfe mo-
aapy Jlunnentand miIa KpwJa ¢ YAJIAHeHHeM ), Hy APYTYIO
NOAAPY KPHIIA ¢ HOBHM YAIMHEHUEM ), WJI JIA KpLLIA ¢
UeCKOHEUHEIM Pa3MaxoM.

B avpogmHamAdecKOM pacyéTe BerpojBArare.eil IMmoab-
3¥I0TCA NPOAYBKAMA, MepecIM TAHHEIMA HA O6CKOHEYHLIA pas-
Max, I B Iponecce pacuéra VUNTHBAKT HIAYKTHBHOC CO-
NpoTHBICHNIE.

Tax rar xapakTepucTurn nponieli, moaydcHuble B avpo-
JULIAMITecKOil TpyGe, CTPOATCA HIA KPHIBEB KOHNCHYHOIO
pasMaxa, TO IPU MCIOJIB30BAHIN NX I8 KPHIBEB DeTpAKA
JI0IA10T mepecdyéT moaspH JIMIneHTamg ¢ KOHEYHOLO pas-
Maxa Ha 0eCKOHEWHHIl, JTOT IepecdyéT HeaalT Ipa@uyecku.

Honycrnm, MH umeem moaspy JInaneHTans AaA KpHLIa ¢
VAINHEHAEM h==D, KOTOPYI HY/KHO IIEpPecTPOHTH Ha (ecKO-
HeuHH pa3Max b—u>. Tak KaK WHIYKTHBHOE CONPOTHBIeHRe
KpHLIA ¢ GECROHEYHRIM PA3MAaXOM paBHO IyJI0, TO, BEIYHTAs
naIyKTaBioe compotupreHne (; IAHHOTO KphIIa N3 a00o-

N



Boro C,, ME moxydum mpoguisHoe comporubaerue Cp. ITO
BLIUMTALME felaeTcA ¢ MOMOILBI0 NMapaldo T AHAYKTHBHOTO
conpoTHBIEHNA A L=D, MMOCTPOEHHOL B 3aBACAMOCTH
or ', mo gopumyae (54). OrriaisBag HA ARATpamMme (puc. 34)
pe3YIBTAT BRYMTAIMA, T. €. NpOQuUasHOe COMPOTHBIE-
aie Cp B 3aBiecuMoctH Or ('), MBI HOJYYAM KPUBYIO IIPO-
¢uasroro comporuBacHus, HparTaiecka oT0 HOCTpOGHNE
MOJKIIO JIeTaTh TAK: PACTBOPOM IIPKYJAA GepyT paccrosiiue

C
y A Cy

Mapatona RHZYKTKBHOTO
conpoTHBIeRu® =5

fioagpa
Jlnaucktand

CompO_ [
| ai=al-4ay
| =cd
‘I a‘s'=¢/g’
|
I
]
|
t = Y1 °
0 -a 0 a% aq, L

Puc. 34. Tlepectpoiira Auarpamssl JJHIHCHTAIN € OJHOrO Pp a3Maxa
KpPETla A =3 HA APYroid rn=un,

Meskpy  moasapoit JImmuenrtads h==0 u napaGomoit HHAYK-
THBHOI'O COIPOTHBICHHA A==D U CABHrAKT 3TO Dac CTOAHAE
B.IeBO ;10 OcH opauHaT. COegMIMB HOTYYeHHRE TOUYMM MYHK-
THpHOII Kpupoil (pnc. 34, caesa), MOTYYalOT XapaK TePHUCTH-
Ky HpOPWIBHOTO CONPOTHBIEHNH, KOTOPAA ONRHOBPEMEHHO
ABngerca noaApoi JImameHraaA Jas KpHIA GECK-OHEYHOrO
pasyaxa. Ha momygernofi nosoii moaspe Jluaner rams el
AOJHHK HPOM3BECTH paszbupxy YIVIOB ATaKH &, 9T) I BH-
HoaHAKT rpagnaeckn. Pagoyu ¢ moaspcit Jlunnenrans ans Gec-
KOHEYHOTO pasMaxa crtpoar kpisyw C, mo a pas )}=5
upnuaroro npofmas (puc. 34). Jdamee mo dopmyae croca
[OTOKA:
Az ==57,3
Az ==57,3 = (50)
71
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SIAHOCAT HA I'padn  ApaBa BEINYAHY CKOCA MOTORA, KOTO-
PHII DOZCHMTLI®: & AIA ~aKOIO-HHOYAB OFHOIO 3HAYEMHIIH,
manpavep, U, =1,..

Croc mOTOK ™ mavipasutea npsamoit auxueit O—.d4, mo-
CTPOEHIOH B TOM 7.6 MacliTafe, B RAKOM OTIOReHBl YITHI
aTaKu mo ocwt vie yue. Jaaee erpoar kpusyo C, npu k=,
A7IH YeTO CLLL T KamAylo Beauunny €y BIeBO HA COOTBET-
CTBYIOULNET (it ovp 230K ab; a’d’ 1 1. X., KOTOpHE COOTBCT-
CTBYIOT CKUCY ¥IL: aTarm a2 (puc. 34). Jaaee ¢ momouisio
HOTy4YeHHc TAET . olpasoym kpusoif €y mo @ aag L=
IpOM3BOAAYT Pa3di kKY VIJIOB aTAKM Ha noaAape Jlmanenta-
I, MOCTPv2I' ., DaHbLIe cleBa. XOX OnpefesdeHHA YIIOB
H& KPHUBC.I '{MI-¥iITAJA NOKA3aH IyHKTUpHOH JgMHHUEIT cO
cTpearolt {puc. 7).

IIpm mepjev rie or OANION0 KOHEYHOTO Pa3MaXa KpPHIA ¢ Y-
NBHEHMe: 4  ApyTOMY KOHEUHOMY PasMaxy k,, xpusyio C,
710 @ cMt ULAK: * L' HA MOJHYI BEINYHHY CKROCA MOTOKA, KaK
p# }==C", 1°¥4 11a3HO0CTH CKOca NOTOKA B O0OUX CNy4aAX,
T, €., Ha o2uldiiay:

1 1 “ -
Az, — Az, =C, (r_ﬂ~7)57a (57)

B orow crvac uma wpuBoit JImmmeHTamag BelamraoT He
IOJIHOE * (IXYK"i:RHOC COMPOTWBIGHHNE, & PAsHOCTh MHAYKTIIB-
HEIX COLIPOTHE. ¢ /il JFIA KPLUIBEB ¢ YIIMHEHIAMI Ly 1 1,

v 2/ 1 1
i, —Ci, =0y (;);-:r) (58)

Otcr, & a0, 4TO NepecudT KPHIA ¢ OXIIOrO pa3saxa i

HPYTroil GEoa:nd'fATCA NpPH INOMOWM gBYX KPHBBEIX XapakTe-
PHCTHKI 11PO: 4 KPBLTa — KPHUBOIL JIMunenTanA 0 KpuUBOit
¢, mo . '
B 1u0i e % npuBegeds UUQPOBEe 3HAYEHAA ADPOIIHA-
MAYECKIT.  XAPAXTOPHCTHR Hpofureil, KOTOPHO MOTYT OHTh
MCTION 7,30 . 300! A4 KPHLIBEB BeTpofgsurateaeiil. ['paduueckoe
M300p1#* HOe XAaparTepucTUR dTuX npoduaeil gaéred Ha pu-
cyire 22— 1, L, III u IV, Opaunars upoduaeit gaworcs B
tabais. 4 {<4!. Tor maa uHOM npoduiab BLIOMPAIT B 3aBu-
CHMO: i )T KROHCTPYRIUN BeTpokodeca. B 1aba. 3 u 4 ir Ha
puc. ©.> & ppoduneir cooTBeTCTBYIOT Ne cepIil HCHBTAUMIT B
JaHHOlf . GopaTopnm,

Tag nar: IEIYKTHBHOE CONPOTUBICHME RPHIIA MPH 2dPO-
AMHEMI-Ce5C.L PacdéTe BeTPUKOIeca YIHTLIBAETCHA pacyér-
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HEtMU GOpMYJTaMu, TO IPH MCIIOJ B30 BAHUM BHIIIE NPHBejEH-
HHX NpoQuiIeii JiA BeTPOKOTEca HeOOXOAMO XapaKTepyCTIl-
Ky BLIOPAHHOIO NpOQUIA NepecTPOUTh HA XAPAKTEPHCTIRY
OecKOHeYHOro pasvaxa, JTy HepecTpoliKy HAZO JedaTh -
raacHo puc. 34.

Hpavep. Cgenaen mepecudT xaparkTepHCTHRN, TPUBCALH-
Hoit Ha puc. 35—IV npoduna 796 ¢ ynanneHuem 1 =5 Ha
GecroneuHunt pasmax A=—uw>, llepecudt gemaem, MOIL3yACH
M3]10/KeHHLIM BHILIE METOTOM.

C nowmomibio ypasrennsa (54) momcuutmBaem C,; mis pas-
AuuHpX 3Havenutt C,, BeANINITEI KOTOPHIX JaHK B Tabaune J.

cy 2
C,=— =0,0637Cy.

a=0° ¢C; =0,0337-0,2052 =0,002685 macturaGe rpapunra

C,=0,200
a=2°% C(;,—=0,0637.0,3362 =0,00715 » » »
C;=0,715
a=23°% C;, =0,05337-0,4652=0,01370 » » »
C;=1,370
a=14 C; ,=0,0637-1,104> =0,07800 » » »
C.=17.800
Cy C
140 ]
120 '\‘__‘_,_
100 N
80) ]
60 3.657 |

40

20,

il ol Y
= L

70 45 & 10°12° 16°9 20° go
/

Prc. 36. I'pagmueckoe MOCTPOSHAe xAPaKTepHCTHKA KpuLla feclkoued-
HOro pasmaxa {(upnuep).
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TaGanmna 4

Opaunarel I HoeTPOeHHd upodniecii

Ne mp o @ u e i

Adewscen| 1 — 909 |10 — 910 | mI — 730 | IV — 796
(,Tm{‘uﬁ,r | OPXIHNTH (B % 0T ASHHBL X)Daby)
X0 panl |
mpogn) HICJI)X; i n;](\}!{(- e n:,[;f,- HILEEAA | pepxiann | witwn
i
U 2,90 2,95 ) 2,50 2,50 0 0 3,50 3,50
1,251 5,85 1,44} 4,70]1,00] — -= 5,10 1 40
2.5 6,60] 0,60 5,631 0,51 §2,22{—0,70| 7,21 O,7b
5,0 8,260,201 7,001 0,17 } 3,19 | —1,03 | 8,85 0,03
7.5 9,50 0, ,051 8,33] 0,05 — -— 10,01 —0,50
10 10,51 0 8,901 — 4,42 1 —1,43 110,89 | —0,87
9 11,861 0 10,5 0 — — 12,17 | —1,38
20 12,601 0 (10,66 O 5,651 —1,85] 12,96 | —1,57
30 13,000 0 11,0 0 6,00} —2,20 1 13,35 | —1,65
4i) 12,501 0 |10,56| O 5,64 1 =221 143,00 | —1,69
50 11,300 O 9,53 0 9,25 3,03 11,95 | —1,48
60 ;9730 0 8,221 O 446 1 —1,84 110,44 | —1,29
70 t7730 0 | 6356 0 [3,46!0 —1,55) 8,39 | —1,04
80 v 3,430 0 4,691 0 2,34y —1,191 5,95 | —0,73
90 P28 0 2,42; 0 1,17 | —0,75 | 3,20 | —0,40
93 P 1,47 O 1,251 0 — — 1,7 | —0.25
100 i 0, 00 0 0,00 0O 0,00 0,00 0,14 | —0,01
]

Hoayueniuie Touxn piasa C; HaHOCUM HA I'paguk puc. 36,
cJeBa, U NPOBOANM IO HHM KpUBYI0 C, — mapaboay MHIyK-
THBHOLO conporuBiennd. Ha ator swe rpaq)m{ HAHOCHM KpU-
By10 Jlminenraas, 1. e. C, u € 1pu cOOTBETCTBYOMIUX YIIAX
a, KOTOpLIe JaHH Ha pnc uC)—IV C moyowmBpl0 9THX ABYX
HPUBLIX CTPOMM KPHBYI0O NPOYMIBHOLO CONpPOTHBICHUA
C h=w).

"oc TPOEINC TOYER jJelaes JHG0 Hepecy€ToM ¢ IIOMONBIO
ypaBuenus C,=C,—C,, mpu »TOM Cm i C, HeodxomnMo
dparh npn LOOTBG‘TLTBVIO[II@\I C,, Mmoo CMeweHIeN oTpes-
KOB Ha rpadnke, B3ATHX Memay kpuesivmu C; u wL pactso-
pOM LHpPKYJIA, O OCH OPAHHAT. JTO nocrpoerme CAeIaHO
Ha rpaduke ciaesa NMyHKTHPHON Kpupoit C,(k=uwn).

Hance wnanoemy Ha rpadure cmpasa rpusyio C,(1=>5)
B 3aBUCHMOCTH OT &, KOTopag jgaHa ma puc, 39—IV, n
CTPOIM YTOT CKOCA HOTOKA AZ.
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Beamunna sroro yraa upu C,—1,0 pasna

1,0
A2 =57,3 y_ﬂ 3 5 T L —3,65°,

Otpesox B wMacmrade YIio0B Ha abcmucce JaA  yrila
A2==3,65° paBen: 1,62X3,65=5,92 M. 10T OTpPE3OK OTKIA-
REIBAEM Ha FOPH3OLTAIN OT OCH C Bieso nporns C,==100 u
yepes ero KOHEI[ NPOBORMM U3 J HAKJIOHHY IO npm»qxo da.

CnBuraa RpuBy (i==5) BIeBo Ha BeJMYNAY OTPE3KOB
Ay, @, a3 W T. 1., noayunMm kpusylo C,(A—=wn), KoTOpad
IMOoKa3ala ITYHKTAPHOH KPHBOIi,

Pa3fnBra yriaoB ia KPMBOl JluiameHrands, IOCTPOEINIVI]
nas GecxoHeyHoro pasmaxa C,(h=wo), moxazaHa Ha Ipa-
$uie IMHUAMI NYUKTAD C TOYROI.

[lepecuéT APYIUX XaPAKTePUCTHK, IPNBEAEHHEIX 11a pHC. 35
Ha OGeCKOHEUHHI! Pa3MaX KpuIIa, NpegaaraeTcA caeiaThb
B TOpARKE YUPAaKHeHU.



I'TABA 11T
CHCTEMBI BETPOABHTATEJERN

§ 14, IWIACCHONULANNAA BETPOABATATEIEN IO IIPHHOHNTTY
X PABOTbHI

CywmecTBylomue cucTeMpl BeTpOXBHTATeNIeH 110 cXeMme
YCTpOiicTBA BCTPOKOMECA T €0 IIOJOWeHHI0 B TIOTOKE BETpa
pPa3leIAnTcs Ha TpH RIacca.

Purc. 37. CxeMnl BeTponoléc KPEITBYATLIX BETPOIBHraTe/Ieil:

I — MHOTO.I0MACTHOE BeTponosaeco; /1, 111 m 1V — MaJ0N0NaCTHHE
BETpOlOALCA.

IlepBRtii RIaCC BrIIOYaeT BETPOJBHIATENH, YV ROTOPHIX
BETPOBOE KOJECO PACHOJATAeTCA B BEPTHKAIG HOH ILJIOCKO-
CTH; NpPH DTOM IJIOCKOCTb BpALICHUA IePHeHMNKYIApHA
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HaNpapIeHUIO BeTpa, U, CIeJ0BaTe/]bHO, OCh BCTPOKOICCA
Mapajaaeabda MoToky. Takxne BeTpONBHIaTe N HA3LIBAWTCHA
KPR BYATRIMIT,

Kpuasaarue perpoasararenn, coraacHo I'OCT 2656-44,
B 3aBIUCMMOCTN OT TIIIA BCTPOKOIeca N OBICTPOXOXHOCTH. Pa3-
MCIAITCA HA TP Ipyh-
net (puc. 37).

Bucrpoxono-
C T b Ha3HBACTCA OT-
HOIIleHUle OKPYIRHOII C1RO-
pocTH KOHUA JOMACTII
R CKO])OCTI'I B()Tpai

oR .
Z = —V— . (-)9)

I'pyuna 1 — setpo-
ABHIATEJIH MHOI'OJIOMACT-
Hbie, TAXOXOMHBIC, ¢ OLI-
CTPOXOAIIOCTRIO Z, < 2.

I'pynna 2—serpoasit-
TaTeldn MaJloIonac THEE,
TUXOXORHHe, NpocTeii-
et gepeBOMEeTa LInyec~
KOl KOHCTPYKIIID, B TOM
YACTe BETP AHHBE Met bI-
eI, ¢ OBICTPOXOATOCTHIO

{ Ipynma 3 — nerpo-

Prc. 38. Cxeua wkapyceaslioro ABUIATENN MaI0I0MACT-
BETPAKA. Hule, OBICTPOXOTH R,
n =

Ko BTOpOMY KiIaCey OTHOCATCA CHCTEMB BEeTDOXBNIa-
TeJqell € BePTURANBHOII OCHI0 BpallleHHs BETPOBOTO KO-
geca. Ilo KoHCTpYHTHBHOII cxeMe oOHU pasbuBawTca Ha
TPYNIA:

KapyceapHpl e Yy KOTOPHX Hepajouyue J0MacTi
J100 NPUKPHIBAITCA P MOIi, IGO0 pacrnojgaraoTes pedpos
npoTur BeTpa (puc. 38);

poTopHLIe BerpogBurarean cmeremel  Casonmyca
(puc. 39).

K TpeTbesy Kiacey oTmocATca BeTpoaBHTATedN, PaloTAIO-
mpie 10 IPHHNHANY BOAAUOTO MCIBHIIYHOTO KOJeca # Ha3n-
paeMne Gapabadmnmyu. YV srux BerpomgBHraTencii
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Och BpALIGHUHA T'OPU3OH-
TAJIbHA W IepneHmARYy-
JIApHA Hanp aBIeHNI0
serpa (pme. 40).

Ects m gpyrne cucre-
MEL BETpOjBATraTesael, He
OOJyYMBIIIE, OXHAKO,
HOpPaKTUYEeCKOr0 OcyIle-
CTBJIGHUA M ABIAWIIHE-
¢ JAUb Hpennomemm-
MM pARa n3obperaredeil.

IIpuMeHUTENBHO K HU3-
JOKeHHON! Kaaccmpura-
A pPAacCMOTPHUM OCHOB-
HHe DPUHIUNHE padoTh
CHJI BeTpa, mpeodpasye-
MOl BeTPOLBUTATEIAMH,

Palora mnosepxuoCTH
npu felicTBAWM Ha Hee
ena geTpa. IloTor Berpa
¢ IONepedYHLIM cedeHneM
F o6xapaer RuHeTude-
CKOI BHeprueil, onpege-
JIAeMOIl BHIpa/KeHMeM:

my:
5 (60)

Macca Bo31yxa, mpo-
TeKaUaAg 4Ycpe3 MOme-
peuHoe ceyeHne F co

il
\s& "1- Y

N

Pac. 40. Cxema Berpokoieca GapaSanHoro

6 E. M. ®areen

THANIA.
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cxopocThio V, paBHa:
m=pFV. (61)

TlogcTaBie B BHpameHHe KHReTAYeCKol oHeprmm pFV
BMOCTO M, IOIYIAM:

me_en (62)

OTKyZAa CJexyeT, YT0O 3HePrHuUAg BeTpa M3 MeHAE T-
¢cA DpPpODOPHHOHAaXBHO KYyO0y ero ¢EkoO-
pocrTH,

ITocMoTpuM, CKONBKO NMPONEHTOB DHEPIAM BETPA MOMKET
OpeBPaTATh B IOJE3HYI0 paboTy HOBepXHOCTH, IOCTABJIEH-
Had NepIeHgVKYJIAPHO K HaIpaBIeHNIO BeTPa ! IepeMenian-
HIasAcA B BTOM KC HANPABJNeHAM, 9TO MMeeT MecTO, HAaIpH-

Mep, y BeTpogBUrareixei
ar KapycelbHOr0 THIA.

Ceryngnana pa6ora, uan
momHuocTs T, ompepenser-
¢ mpousseneHuem cnau P
Ha CKOpocTh V:

T=PrV.

Onuy m Ty ke paGory
MOJKHO DOJYYUTE JTUGO 32
c9éT GONBINONE CUJIH, IpH
MaJoit CHOpPOCTH IIepeme-
meHNA pabodedl moBepx-
HOCTH, TG0, HaobopoT, 3a
C96éT Manoi cumiau, a cie-
JOBaTeIBHO, U MAJIOIT IIO-
BepXHOCTH, HO IOpPH CO-
Prc. 41. Heﬁcmne CHIEl BE€Tpa Ha OTBEeTCTBCHHO y}gennqen_

NOBEpXHOCTE. HOIi CKOpOCTH eé mepeme-
meHnd.

JlonycTum, ML IMeeM IOBEpXHOCTh F, MOCTABICHAYIO IIep-
NeHIUKYIAPHO K HaIpaBleHN0 Berpa. BoagymHmil moTok
BCJIEJCTBAE TOPMOMCHUA €r0 HOBEPXHOCTHI0 IOJYyIUT IIOK-
nop u OymeT 0o6TeKATh €€ M POM3BOJUTEL AABJIEHMe CHUIOIf
P,. Bexepcteume neiicTBUA 3TOji CUJH IOBEPXHOCTH GyneT
nepevMellaTecA B HaIPABJIEHMH IOTOKA ¢ HEKOTODPOII CKOPO-
cteio U (puc. 41); paGora npu sToM GyjgeT paBHA IpoU3Be-
HDeHUI0 CHJAB HA crOpocThk U, ¢ KOTOpOil HepemeuaeTcs
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TOBePXHOCTE F, 1. e.:
r=~JU, (a)

rye P,—cuma cONpPOTHBIGHNA, KOTOPAsA, COIMIACHO ypaBHe-
Hmio (41), paeHa:

P,=C,JF &V —Up (6)

B arom cryuae Betep HaGeraer Ha IOBEPXHOCTBH ¢ OTHOCH-
TeJBHOII CKOPOCTBIO, PAaBHOIL :

W=V —U. (8)

Hopcrasup sHagenne P, u3 ypasnennsa (6) B ypasHeHue (a),
MOJy 9N M:

T=CFE&(V—U)?U. (r)

OHepruA BeTPOBOrO IOTOKA, HaGerawuero Ha 3Ty MOBepX-
HOCTh, KAk GKJIO ODpejeseHO ypaeHenuem (62), pamma:
Fovs
2
Onpejennm OTHOWmEHUE pPabOTH, pPa3BABAEMO IBILKY-~
melicA TMOBePXHOCTBI0O W BHPAKEHHON ypaBHeHumeM (T), K
9HEPTUM BeTPOBOTO IOTOKA, NMEIOLIEro onepedHoe cedeHne,
pPaBHOe BTOH MOBEPXHOCTHA, 8 HMEHHO:

CxF%(V—U)zU -
£ — —7 =C,(V—U) 3.

9
o

ITocie npeoGpa3oBaHuii mOXYIAM:

U\2U

t=c, (1—-2)' 2. (63)
Beamanay & HasuwBawT KOBPUINMEHTOM HcC-

HNOXB30BAaHNA BdHEPruUuU BeTDa.

3 ypasreHus (63) M BAAUM, 9TO & 3aBHCAT OT CKOPOCTH
nepeMelleHNA DOBEpXHOCTH B HanparmeHun serpa. [lpu He-
KoTopoM 3HadeHmnm ckopoctH U woodnmumeHT § moaywaer
MAQKCHMAJbHOE 3HAYeHUE, KOTOPOe M OIpejennM.

v
OGosnaune OTHOWeHUe ;7epel ¢ U MOACTABME B ypaEBHe-

Hue (63), momyqum:
§=C,(1 —e)e. (63a)
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Yrobu mHaliTé e, mpu KotopoMm & OymeT MaKCHMAIBHHM,
NpupaBHsAeM HepPBY¥0 IPOM3BORHYI0 ypapHeHud (63a) Hymo:
E=C,(1 —e)2e=C,e—2C*1-C_ ¢

di -
E—_—Cx—/ijeﬂ— 3C 2 =0.
Orryna:
3e2 —4e-1=0.
Peluag 510 ypaBHeHNe OTHOCHTEIBHO €, IIONYIMM ABA KOP-
aa: e;='/; u e;,—=1, np;m e=1 §=0. CaegoparearHo, Haxo
[PUHATE: .

7 ="

[ I

(=]

Taxuv oGpasom, 4To-
& OW DOAYYIUTH MaKcH-
— MaJbHOe §, DOBEPXHOCTH
Cx ROMKHA IepeMelnarThes
%15 = CO CROPOCTHIO:

U=1,V. (€4)

i Taroit me pesyasrar
/ N\ JONyYNM HA OCHOBAHAM
[ ‘\ CTEAYIOLMX Ppaccyse-

5 o
9’00/ \\ Huii. Ecau ckopocTh me-
S peMeleHna  IIOBEePXHO-
] Y cru pasna mymo U =0,

0 02 0.4 06 08 1,07y

TO paGoTa BeTpa TamKe
Puc. 42. XapaxTepucToxa MeanpHoro  papHAa HYIIO. Ecom
K034)HLIHBHT8 NCOO.Ib30BAHHsI IHEPrHa U:V, 1. e, HOBerHOCTB
BETpA OOBEPXHOCTEIO, nepeMeHtan-
mieficA B HAmpaBIeHHH BeTpa. IepeMeIaeTes Co CKOpo-
CTHIO BeTpa, pafoTa Tak-
me OypeT paBHa HyJdio,
TAR KAK HET CHJH CONPOTARIEHUA, 32 CIET KOTOPOIl cOBEp-
waerca padora. OTcloma ciaegyeT, YTo 3HAYEHHE CKOPOCTH
U sawmogeno B npegenax mempy U=0 n U=V, Urobn
HAITH BeaNdInHy ckopocT U, Ipn KOTOPOit mOXydaeTcd MaK-
camyM &, 6ypeM paBaTh pasiiMyHEE 3HAYEHNA OTHOLICHUIO
CKOpOCTH IepeMelLIeHU s NI0BepXHOCTH K CKOpOCTH Berpa ot 0
mo | m, noxcraBnAA »TH 3HAa4YeHNA B ypaBHeHuUaA (63a), Haii-
1éM, OPH KAKOM omomemm% HONXY9aeTCA BTOT MAKCAMYM.
Ilepeneca momcyuTaHHeie nudps HA Trpadur, DOAYIAM
XapaRTePNCTHICCKYI0 KPUBYIO MOMHOCTH JJA IOBEpXHOCTH
F, paGoranueit cnIoif conporuBaeHnsa (puc. 42).
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PaCCManHBaH KpHUBYI0, BIAUM, 9TO MAKCHMAaJBHOC 3HA-

qgeHne £

HoxydaeTcd, KOTNA CKOPOCTh IepeMelleHNs IOBepXHOCTR
cocTaBIAeT !f, CKOPOCTH BETpA, T. €. KOIZA

U=0,33V,
£=—0,148C,.

Koadunnent moGosoro compormenenns C, AIA NOBepx-
HOCTell, IOCTABJEHHHX NepHeHNUKYIAPHO IOTOKY BOTpAa,

~

N
\

|
L |
P =
‘ /

,

[}
N

1

Py \ ! /

Prc. 43. KoucTpyKkTnBHasA cxeMa KPRIEIATOro BeTpoKomeca.

cortacHo Tabxamue 1, pasen oxoxmo 1,30, cmemomatexsro,
MOKeM HAMNCATE:

emax_—_o,148'1,30:0,192,

T. €. MAKCHMAJBHHI KOPHUNEHT HMCIONB30BAHAA BHEprum
BeTpa OpH paGoTe IOBEPXHOCTH CHJIOH CONPOTUBICHHA He
MO;eT ORIThH QOJBIUe:

£—=0,192.

Padora BeTPOBOro KoleCa KPHIZBIATOIO BETPONBHIATENA.
Hpuaruatoe BeTporonéca paboTalOT 3a c4éT KOCOTO yaapa
TIpHA JBI/KEHNN JomacTell HepUOEHINKYJIAPHO K Halpasie-
HAI0O CKOPOCTA BETpa B MNPOTHEOMOJOMHOCTE K NPAMOMY
YAapy, paccMOTPEHHOMY B MPeALAYIeM cxydae. Y CTpOicTBO
TAKOTO KOJeca IOKA3aHO Ha pHc. 43.

Ha ropusoHTaxsHOM Bany B3aKpeIUIeHK KPRUIBA, 9UCIO
KOTOPHX y cOBpeMeHHHX BoTpOJBHrarefeit GHBaer OoT 2 10
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24, a BooOme MomeT OHTH 1 Goxbime 24. Kpuao eerporoneca
COCTOMT U3 MaXa a u jJodacta 6, 3aKpenyAeMoii HA MaXe TaK,
9TO OHA 00pasyeT ¢ INIOCKOCTBIO BpallleHNA HeKOTOPHI yroda
@. OTOT yroJ HA3HBAIOT YIJIOM 3a KIUHEeHU A J O-
pacrtu (puc. 43). Ilpn arom Ha e smemeHTH HAGeraer
BOBIYIUHKI IOTOK C OTHOCHTedBHOi cropocThio W mox yr-
JIOM 2, KOTOPHIf HA3WBAWT yraI oM aTaKH®, N Jeicr-

Hanpasaenne
8palleHUs

Yl

T slow
Y
<S4
3 oY
o= (?:COI'ISI
x v,
o™
6

Prc. 44. a — cxeMa [efiCTBNsI CHNX BO3XYITHOrO MOTOKA HA BIEMEHT JIo-

macTH; 6 — rpagaueckoe m3o0paskeHNe OTHOCHTENLHOIO NOTOKA, Hafe-

Tamero Ha 3JIeMeHTHl JJOMACTH, PACIOJI0MKEeHHEe Ha Pa3HHX pagmycax
BETPOKOJIECA.

ByeT ¢ cunoit R. Vrasm ¢ u o B 3HAYUTETBHOIl Mepe ompe-
penaoT aQperTnBHOCTH KpakeB. Cnaxy R packiaguBaior
Ha cuast Py m P (pme. 44a). Ciutet P, IpON3BONAT TaBieHme
B HANIIPABJICHHUH BeTPAa, KOTOPOE HABWBAETCH JOGOBHIM XaB-
menmeM. Crnnt P, 5eftcTBYIOT B INIOCKOCTIL Y—Y BpalmeHus
BETPOKOJNECA W CO3AAIOT KPYTAIINIT MOMEHT,
MaxcnyaxbHEE CHIIBI, DPUBOJAIINE KOJECO BO BpameHnme,
DOXY9Yal0TCA HPHU HEKOTOPOM 3HAYEHHN yIJIA aTawku a, T, e.
yria HawiOHA OTHOCHTeNBHOTO IOTOKA K IIOBEPXHOCTH
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Jomacti. BEHRy TOro 410 OKpY#KHAA CKOPOCTE IO JIUHE KPH-
Ja He OMHAKOBA, a BO3pacTaeT IO Mepe yAaJeHUA ero ajue-
MEHTOB OT OCH BpPAleHHUA BeTPOKOIeca, OTHOCHTeNBHAA CKO-
pocts W HaGeraHusa mOTOKa Ha JONAcTh TaKike BO3DAcTaer.
BumecTe ¢ sTHM yOBIBAaET YroX aTaku ¢, U IpPH HEKOTOPOiL
OKPYKHOIL crOpocTH ®f, rme @ YIIOBasA CKOPOCTH, JTOT
yroa craHer oTpunatensHuM (puc. 44,6). CiegomarensHO,
He Bce 9JeMeHTH KpHaa OyAyT UMeTh MAKCUMAIBHYIO IOLb-
éMHYI0 cHIy.

Ecam Mu OypmeM yMeHBIIATBE YOI § KAMKEOTO SIEMEHTA
JOIAcTH [0 Mepe YAaJeHNd erd OT OocH BpamleHAA Tak,
4TOOR HaNBLITOjHEMIUMiT yroX aTakm ¢ IPHUMEPHO cOXpa-
HAJCA IIOCTOAHHHIM, TO MK IOXY-
9HIM YCJIOBHUE, IPH KOTOPOM IIpH-
6aU3nTeIBHO Bce BIEMEHTH JIO-
nactn GyayT paGoTaTh cO cBoeii
MAKCHMAJNBHOI DONBEMHOIT cH-
aoii. JlomacTe ¢ mDepeMeHHHIM
YIJIOM B3aKIMHEHHA ¢ IOxyvaer
q)opMy BIIHTOBOI HOBerHOCTI/I. Pmc. 45. Cxema HaGeranmsa

IIpasnasume yram sawianHe- ﬁgﬁg’?”}gio’;’;&gﬁﬂﬂz o
HIA JOIACTU NPA XOPOIIEeM adpo- Hoe.
JUHAMAYECKOM KadecTBe HpOJH-
a7, a TawKe WHApPHUHE, COOTBETCTBYMIOINEl 33 aHHOM GBICTpO-
XOgHOCTH, 0GeCIeYNBAI0T BRCOKUIT KOOGUUAEHT NCIONXB30Ba-
HuA 9Heprum Berpa. Hanmpumep, y XOpOWIO BHIIONHCHHLIX
Mojenelt o pocturaer 469;.

0 mojpéMHOIl cule Bpamarmeroca nmampapa. Hpome
OOMCAHHHX JBYX DPUHIUIIOB paboTH BeTpa NpU JelicTBUA
ero Ha MOBepXHOCTh, HEIL3A HE YNOMAHYTEH O cHIe, BO3-
HUKAIONIell Ha IIAHApe, BpallaiomeMcsa B BO3JYWIHOM IIO-
Toke. Padora Berpa B 8TOM c/Iy9ae MOKOT COBEpLIATHCA 32
CYeT 9TOIl CHJHIL.

Ecan mosectuTh gUANHAP B HOTOKE MALATBLHOI MHUIKOCTH
NepHeHINKYAAPHO ero HalpaBleHuo, TO cTpyiika, Haberaiwo-
nag Ha UMJIRHAD, pasgexdercd, 00TeraeT HINIAHAD N CHOBA
CMHKaeTCsI 3a HUM. Boepenu u mosaju miiaggpa y ero mo-
BePXHOCTH I[OJNYYAlOTCA jBe KpUTHYeckme Touku A m B,
B KOTOPHIX CKOPOCTH paBHH HyIw (puc. 45), Torja xak B
roykaX C u 0 cKOpOCTH HANJOIbIUMEe M DPABHE MEKAY cO-
Goit.

Ecan e nuanHzp, moMeln8HHEIT R DOTOKE BO3Xyxa, Gy-
JeT BpAaIaThCA OKOJO CBOeit OCH, To OH 0OYyeT YBIEeKATh
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3a co0oif 6am;Kaiimne K CTeHKAM IMUINHIPA 9aCTUIH KHATKO-
¢TH, TedeHAe KOTOPHX OYAeT cOBNAZaTh ¢ HANpPAaBICHUEM
ppauwlennsa wmanHApa., MTak, M DoxydaeM JgBa NIOTOXRA:
OH — OCHOBHOI NOTOK, O0TeRAOWIUIl TATUEAD, KPyroi —
BHI3LIBAe MBI BpalleHAEeM HUAMHAPA, aHaJOTHYHEII HOTOKY
BOKpYr Bnxpesoro mmypa. CkopocTm 8TOro morora yOmI-
BAIOT MO Mepe YAAJeHMA OT IMInHgpa (cM. § 8).
ITpu Bpamenun nuanHapa Ho 9acOBOll CTpenke N JBMIKC-
HHN OCHOBHOTO NOTOKA CJI6Ba HANPABO, BBEPXY (prc. 46)
CKOPOCTA OGOUX IIOTOKOB
\ CKJIAJMBAOTCA H  JaloT
GOJBUIYI0O COCTABIANILIYIO
\ CKOPOCTh, B TO BpPeMA KAk
_ BHA3Y CKOPOCTH JBYX TIO-
TOKOB BHIYUTAKYICA H JAIOT
CPaBHUTEIBHO MAaIYI CO-
;:\\ CTABAANIIYI0 CKOPOCTE.
| PacemarpuBaa  coekrp
Puc. 46. Cxema BO3HEKHOBEHNA MUHUY TOKA BOKPYr I}~
noAséMHOR cWIn Ha pwimAgpe, IAHIpA (puc. 46), mugum,
BpamarmmeMcsa 0 Bos3dywHoM ©Ho- YTO JUHIN TOKA Hag LU-
Toxe. JUHIPOM  PACIONAranTCA
0d9eHb TECHO; BHARY, HA060-
pOT, OHA PacIoJOskelsl 0O9eHb pefgro. Ilpumenas ypasuenue
Bepuynan paa Bceil 06IacTH TedeHHA BHE NOIPAaHUYHOTO
CJI0f, IOMYIUM, 4TO HAJ [AIAHIPOM UMEeT MECTO MOHMMKEHIE
AaBIeHNA, a BHU3Yy DOBHIIEHWe, OTO fBJIEHUE BEI3H-
Baer cmiay P, melicTBYOWyI0 Ha LUIMHAD BBEPX, IepIeH-
JAKYJIAPHO IOTOKY.
Besquunua aToit CHNBI, KAK 9DACTHHIT cay?alt TeopeMu
H. E. #Hywxoscroro (ypaBHeHne 55), pabHa:

P=¢IV,L.

Vo
o g

| @

Tan Kax DOFBEMHAA CUNA IPOMOPIUOBATBEA NUPKYIALNH
I', 10 oHa B GONBLION CTEIEHN 3aBHCHAT OT OTHOINEHNA OKPYH-
HOH cxopoctt muanHApa U K CKOPOCTH OCHOBHOLO IIOTOKA

U

V TeOTI-/,—.

0
Ha puc. 47—43 npuBefeHsl osKCIePNMEHTaIbHEE KPHUBHE,
nokasnBaomue 3apucEMOcTh C, KOIPUIMEHTA HOXBEMHOIlL
cnan 1 C,, koadunnenta T0G0BOTO CONPOTABIEHUA OT OTHO-

mreHung
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IUIRHAPA, V — CKOPOCTE HO-
roxa; C, u C, 9TAX KpPUBHX
BRIYACHEHH IO $opMymam:

y::—jgﬁ 44 Cw—— f;,,
2 V2
F2 F2

rpe F=dl; d — pnamerp mu-
auHApa, ! — ero pummua.

IIpoaysBaessie EUANHAPH HA
KOHIIAX MMeNd JHCKM, Ha3H-
BaeMmule wmaitGamm. Hammune
y IMINHZDOB IUAil B3HA9U-
TEJABHO I[OBHIIAN0 MOXBEM-
HyI0 CUy.

Bnepsrie geuratesm ¢ Bpa-
A0 IMUCA N NITMHAP aMHI BMe-

Cy / Lo
e Y (2,0d)
; /

/, 6ey uxlaﬁd
= et ) =4,72

(et

0 1 2 3 4

u
v

Puc. 47. XapaxTtepueTnra poTopa

U
Cy ==j<—17> 00 HPOJYBRAM.

cTO somacreil Gnirm mpeanoxens B 1925 r., ogHako mpo-
Be[lCHHEIe OIKITH HE XN HOJOHUTETBHHX PEe3yJIBTAaTOB.
Tak kak cmaa CONPOTHBIEHWA NUIXHAPOB YPE3BLIYAHHO

CPABHEHUI0 € IOXBOMHOILL

CUWJIOH, TO KA4ecTBO

UX o4YeHb Hu3Koe. M3 omel~
TOB N3BECTHO, YTO B AyYIleM

cIydae KAYecTBO IUJINH[-
POB IIpH HEKOTOPOM TOJLKG

OJHOM OTHOUIEHUI ORPpyA-
HOIl CROPOCTH UHJINHApPA K

BeJINKA O
Cy
: //
Q
7 @y
égr
6 3

CKOPOCTH BO3AYIIHOTO IO~
TOKA IOJYYaeT MAKCUMAalb-
HOe 3Hadenlle OKONO 7,

T. €. B 3 pas3a MeHklle, 9eM
y upmaa. Ho oxpymuan

CKOPOCTE TI@PEMELIeHNA I~
JUHAPOB B INIOCKOCTH Bpa-~

IeHUA BETPOKOJIeca MH3Me-
HAETCA  HIPOIOPIHOHAJBLHO

€ro pPajguycy, CJIeJ0BaTeIh-
HO, HaWBHIOAHEIillee OTHO-

\

menne Oymer TOABKO Ha

OAHOM HEROTOPOM paccTOA-

.

0 i 2 3 4 Cx
Puc. 48. Iloaapa poropa  pHce. 47.

HAW CEYOHHHA IIMIMHAPOB OT
ocu BeTpoKoJeca. B pe3yas-
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TaTe OHO B IeJIOM He MOMeT JaTh Hajgtemauwero asddexra.
Mexny TeM KOHCTPYKIUA BeTPOKOJeca ¢ BPalalOlAMUCH L[H-
JNHApPAMA OKOJO Oceil MaXoB Kpaiitie CIOMHA II0 CPABHACHUIO
€ KDBLIBTATEIM BETPOKOJIECOM.

§ 16. OPEUMYMWECTBA 1 HEJOCTATKN PA3JTHYHLIX
CHCTEM BETPOJBUTATEJIEN

Berpoxsuratenn wapycelnHee m GapaGaHHHe (BTOPOrO
#1 TPeTEerO KJACCOB) OTIMYAMTCA BEChMa IPOCTOIl CXeMOIl
paborer BeTporomeca. ¥ KAPYCENBHHX BETPOXBUrAaTeNeil
BO3AYIIHHIT IOTOK, Haberad Ha BETPOKOJECO, JABAT HA JO-
TacTU ¢ OJHOI CTOPOHH OCYU BpalleHUdA, ¢ ZPYroi ke BCTpe-
9aeT nub60 IMPMY, NPUKPHIBAIIYI JONACTH, WEyMUe
NpoTUB BeTpa, IuGo pébpa momacTeii, ecau OHE MOBOPOTHHE,
BCHEICTBUE Yer0 NABIEHUE IIOTOKA HA HUX OKAa3HBaeTcA
BechkMa MalkM. B pesyxbrarte momydaeTcs cmaa B IIIOCKOCTH
BpaleHHA, KOTOPAA CO3AAET KPYTAWMAN MOMEHT BETpPOKOJIe-
ca. AHaJOrmuHOe ABICHMEe HMMeeT MecTO M y GapabaHHEX
BeTposxBurateseif. OfHaKO ¥ KapyceJbHHX BETPAKOB IOJO-
AteHNe BeTPOKONECA B IOTOKE BeTpa GoJlee BHITOJHO: OHO Beer-
Ja HAaXORUTCA B paboyeM IOJOKEHNU, ¢ KAKOW OH CTOPOHE
HU gyn seTep. Y GapaGaHHHX e BeTpORBHraTeneil, paBHO
KaK U Y KPHIBYATHX (HePBHIi Kxacc), TpeOyeTcA cHenuaab-
HOEe YCTPOMCTBO JNA yCTAHOBKA BeTPOKOJeca HA BeTEp IpH
KQRI0M M3MEeHEHUN ero HanpaBIeHHA.

OcnoBHHE HEZOCTATKA KapycedbHHX I GapabaHHHX BeT-
poABMraTesieil BHTORAKT U3 cAMOr0 NPAHINIIA PACIONOKEHIA
paGodmx HOBEPXHOCTell BeTpOKONeca B IIOTOKE BETpA, &
NMEHHO:

1. Tar rak pabodme mODacTH KoJeca MEPeMEIaATCA B
HanpapIeHUN BO3LYWHOIO IOTOKA, BETPOBAd HAarpy3Ka jeli-
CTBYeT ¢ OJHOBPeMeHHO Ha Bce JONACTH, & IOOYEepERHO.
B pesyxrrare wamgad JomacTb MCHEITHIBAET IPEPHBHYIO
HAarpysKy, BeJHYAHA KOTOPOIl AXA JOmacTd, uaywei mo
HafpaBJICHIIO BeTpa, pPaBHA:

P=CxF £ (V—U),

Tje: CR— roduIMeHT cuan P, AelicTBylOmeil B Halpasie-
HIN BpPaUICHUA;
U — ckopocTs nepesMeuieHns JONacTert.
JlomacTn mpOTHMBOMONOKHOI CTOPOHH BETPOKONECA, eciu
OHH NPHKDHTH mWApMOiE (pHc. 38), NCHHTHBAKT COOPOTUE-
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JeHle NABNKEHUI0, PaBHOE:
pU2
Poony =C F*-

7.
Ecan sxe onu nxyr peGpoM K BeTpy:

Plong = Cr Y00

agech F,— GOKOBaA MOBEPXHOCTEL CONPOTURICHHA pébep:
p P P peoep

(x— KORQUIMEHT CHIK CONPOTHBICHIHA),

Bpamamomuii MOMEHT BeTpOKOJeca IONydaeTCA KAk pas-
HOCTE MOMEHTOB 9THX cHMI.B pesynbpTaTe KODPUIUEOHT NCOOT b=
30BaHUA DHEPIHA BeTpa
MOJYyYaeTcA BEChMA HA3-
KUM 0 IpU caMHX Oxa-
TOOPAATHHX  YCIOBUAX
He npeenimaet 10%, 410
YCTaHOBIEHO  9KCIepIH-
MeHTAJNBHRIMUI HCCJeqo-
BaHNAMIL.

HospuuneHT wHcmoms-
30BaHNA DHOPIHU BETPAa
K3DYCENBHLIME  BeTpO-
ABUTATENAMI MOMHO HO-
BRHICHTE IIyTéM ycOBep-
UICHCTBOBAaHUA IIOBEpPX-
HOcTell M koMOUHanmeit Pmc. 49. CxeMa JBIKEHHA BETPOROTO
MONOMEHNA NX B MOTOKe NOTOKa mpm oftexanuu poropa Caso-
Berpa. OHAKO IpU KOH- Hayca.
CTPYKTUBHOM odopmie-

HUI TaKO{ BeTPAK IOIYyYaeTcH CIOMHEee KPHIBYATOTO,

2. [l Bmxenne noBepxXHOCTell BeTPOKOIECA B HAIPABICHIN
BETpA He IO3BOJAET pa3BiTh 60JbIMe 060OPOTH, TAK KAK IIO-
BEePXHOCTH He MOTYT JBUraThcA OnicTpec BeTpa.

3. Pasvepsl mcmoxb3yemoit 9acTH BO3JYUIHOIO IOTOKA
(ometaesman MOBePXHOCTSH) MailHl IO cPaBHEHUIO ¢ pa3Mepa-
M CaMOI0 KOJeca, YTO BHAYMTeJBHO yBeaMyHBaeT ero Bec,
OTHEeCEHHHIT K eUHNIE YCTaHOBIGHHOI MOIIHOCTH BETPO-
JBUTATeaA,

¥ poTopHHX BeTpOjBATaTe ei] cHeTeMH CaroHMyca (prc.39)
BETPOKOJECO TAK/KE BPALAeTCA B TOPU3OHTAJBHON MII0-
CKOCTH, 110 DPOTEeKAHWe IOTOKA Uepe3 OMeTaeMyl IOBEpX-
HOCTH IPOMCXOJUT COBEpLIEHHO HHAYe, 9eM y KapycelBHOro
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n GapabaHHOIrO BeTpAKOB, B NaHHOM caydgae BerpoKoJeco
cO31a8T MEHBUINIl NMOANOP BO3AYWHOMY NOTOKY.

ITotox Berpa, HanpasBiIAACh, KAK MOKA3aHO Ha pmc. 49,
CROJB3UT 110 BHINYKIOH MOBEPXHOCTH @ U HEiiCTBYET IOJHOI
CHUJI01 HA M30UHYTYI0 NMOBEpXHOCTH b, ormbaer eé, co3napag
AOIOTHUTEIbHYIO CHIY, BPAlaoIiyi0 poTop. Tex comporns-
JeHuif, KOTOpRe HMMeIu MecTO y KapycedbHHX BETPAKOB,
B gaHHOM cay4ae neT. IlootomMy m KooduumeHT ncmoasso-
BaHMg YHEepPTHH BeTpa BeTpAroB cncTemn CaBoHmyca mpu-
MEepHO B [Ba pa3a Bhllle, YeM y KapyceabHnx. Ilpogysramu
mojean poropa Caponmyca B aspORMHAMHYECKO#l TpyGe
onpegenéH HanGox LI KOPPUIHOHT UCTIOAb30BAHIIA BHEPIHI
metpa =18,

Rpsuipuateie BeTpomBAraTenan, xaK TO NOATBEPIUIH U
TEOpPHA ¥ NPaKTMKA, CBOOOAHH B 3HAYUTEJNBHON Mepe OT
1lepeyucaeHHBX BHIIIe HEJOCTAaTKOB KAapYyCeIbHRIX I Gapa-
0aHHLIX BETpOJBHraTeneil.

Xopomne aspoguHaMuYecKde Ka4cCTBA KPBIIBYATHIX BET-
poaBHrareseii, KOHCTPYKTUBHASA BO3MOMHOCTEL H3IOTOBIATH
ux Ha Gonpyw MomHOCTH (cBuie 1 000 &, ¢. BoxHOM arpe-
rarte), OTHOCUTEJBHO JErkMi Bec HA eqUHUNY MOUIHOCTH —
BOT OCHOBHHIE IpeUMyllecTBa BeTP O BAraTeIeli STOI0 Kaacca.
Unenno mostoMy oHE moayumam cefidac Takoe IIHpPOKOe
pacnpocrpanenue. 3asoget CCCP n gapyrux crpaH uaroras-
JNUBAOT Telepb UCKIOYATENBHO KPHIIBYATHE BETPOpBUra-
TeqH,



ITABA I'V
TEOPHSI HAEAJBHOTO BETPSIKA

Teopuio ugeadbHOTO BeTPSAKa BIepPBHE paspaforam B
1914 r. B, II. BerunErkud Ha OCHOBE TEOPHU UZCATBLHOTO
rpeSHoro BuHTa. B 5T0if paGoTe OH yCTAaHOBWJI NOHATHE KO-
5OANMEHTa UCHONB30BAHNA DHEPrBH BeTPA MAEATBLHEIM BOT-
PAKOM.

B 1920 r. npod. H. E. Kywroscrmii usmomua Teopuio
«Betpanoit Measrunm HEMK», rxe cmeaan smBog wosdu-
IOUeHTa HCIOIB30BAHNA YHEPIMU BeTpa NOEANBHHM BETpA-
woM [7].

AHanmorngdsie Teopun OeiiM paspaboTaHnu NMO3gHee TaKHe
B Hameit ctpade npod. I'. X, Cadurnuny 1 arag. I'. @. ITpo-
CKypa.

Teopua npeambHoro setpaxa npody, H. E. Hyroscroro
HOCHT HA3BaHHE KIACCHYCCKOIL TEOPHN; OHA yCTaHABINBaeT,
9T0 MAKCHMANBHHEIL KODPUIHEHT HCNOTB3OBAHUA DHepPTUN
BeTpa HMueadbHHM BeTpAroM pasen 0,593

HauGomee monHo, ¢ TOYKH 3peHUSA MPAKTHIECKOTO NpH-
MeHeHHs, TeOpUA WAeANBHOI'O BeTpAKA M3IO#eHa npof.
I'. X. CabMHUHNM, COTJIacHO KOTOPOil KODYMIUEHT HCHOMb-
B0BAHHA YHepruH BeTpa UAEATBHHM BeTpArROM paseH 0,687,

MogeanspEHM BeTpAKOM HasHBAOT BeTPO-
ROJIECO, § KOTOpOIro:

1) och BpawmeHNa mapaiiedbHa CKOPOCTH BETpA;

2) GecroHedHO GOMBIIOe YUCAO Jgomacreil OYeHb MAaoif
M PUHH;

3) HpoMibHOE CONpOTUBICHME KPHLIbEB pPAaBHO HYJIO,
1 NOPRYJIAINA BJOJIb JONACTH TOCTOSHHA;

4) moTepsHHAs CKOPOCTH BOBMYWIHOTO NOTOKA HA BETPO-
KOJece MOCTOAHHA HO BCCIT 0METAeMOH NOBePXHOCTYH BeTPAKA;

5)yraosad CKOPOCTH CTPEMUTCA K (ecKOHEYHOCTH,
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§ 16. KTACCHYECKAA TEOPHA HIEAJBHOI'O BETPAKA

ITpegcTaBuM pasHOMEDHHIT IIOTOK BeTpa, Halerawmunit
HA Upea’bHOe BeTPOKOJEcO ¢O CROPOCTHIO V' B cedeHnu A4 A’
(puc. 50). B ceuennu BB’ ma BeTporogece CKOpocTh Gyaer
V,=V—v,, a Ha HEROTOPOM PACCTOARMUI MO3aXU BETPAKA B
cedennu CC’ cwkopocts Gyner V,=V—u,.

IIpu sTOoM BpamamIeecd BeTPOROJIECO CO3JACT HOINOP,
BCJE[CTBAEe 9ero CKOPOCTh MOTOKA, IO Mepe NpUuOIIKeHnA
K BETPAKRY M HEKOTOpOe BpeMs 3a BEeTPAKOM, MAafaeT, KaK

C
B
A
V=-v
-J—-—2
Fo
] V-1g
CI
Po
11}
Py
Pac. 50. XapaxkTepHCTHEKA BO3AYIIHOre NOTOKA, NPOTEKAIOMIEro Yepes
BeTPOKKO.1€CO.

nokaszano kpusoi#f I ma puc. 50. Bmecre ¢ sTuM gaBmenne
BO3AyXa p, O Mepe NpUOIMKEeRNA K BeTPAKRY, NOBHMIIAeTCH
(vpuBag II), ® mpu IPOXOMIEHHUN gYepe3 OMeTaeMyl mo-
BEePXHOCTH OHO De3KO HmagaeT. 3a BeTPAKOM o0pasyercs He-
KOTOpOe pajspesseHue pi—p,, KOTOpoe, MO Mepe YAadeHusd
0T BeTPAKA, ACCUMTOTHYeCKH NpmOaMmKaeTcA K HYIIO, T. €.
BOCCTAHABAUBAGTCA HOpMajdbHoe gaBmeHue (wpmsasg I[11),

[loTepio cKOpPOCTH 3a HAeaILHEM BETPAKOM MOKHO yCTa-
HOBUTH NpPH NOMOUM ypaBHeHuda BepHyaau:

v v

P2 +T—p0+ 9
Tar kar p,<p,, 10 V>V,
94




Kunetngeckas »sHeprug Berpa Ieped BETPAKOM paBHA
my? m(V — v,)?
—5~» 2 33 BETPAKOM ———5———
3aTpadeHa HAa BeTpOkKOjece W, B ¢jIydae OTCYTCTBHUA
MoTepb, MOKeT OHWTH NOAyYeHA KAk NoaesHasa pafoTa:

my: m(V —u,)?

=ty -t 8

IIpeoGpasosaB npaByi0 4acTh ypaBHEHHA (a), IOIyYAM:

PV (V)] = T @V 0, v2) vy V — %),

. PasrocTs prux sHeprui

CaegoBaTeabHO!
0 -4
T, -:mvg( ——72) ()

duepruo T, BOCOPHHATYIO BETPOKOJECOM, MOACHO BHIPa-
BUTH KaK NpPOM3BeJeHUe U3 CIIH NABIeHU# BeTpa P Ha CKoO-
pocThb B IaockocTu BerpAra (V—u ), 1. e.:

T, =PV —u). ()

Jlo6oBoe paBmerume P paBHO NpPUPAMEHNIO KONUIECTBA
NBUWHEHUS] CTPYH, NPOXOfAmeill Yepe3 OMeTaeMyK MOBepX-
HOCTB, T. €.:

P =nmv,.

Iopgcrapaas sHavenue P B ypaBHeHHe (B), MOIYYUM
Ty =mv, (V—u). (r)
CpasHmBas ypasReHua (0) u (r) HaXopuMm, 94TO:

nwg(V -~ 323> =mv, (V —v,).

OTKypa:
=12
uin:
v, ==27,. (65)

Pagencro (65) mokasmBalOT, 9TO IIOTepA CKOPOCTH BO3-
RAYUWIHOr0 IOTOKA HPOMCXOJUT He TOABKO B CeYeHHU BETPO-
KOJleca, HO Tak/ke U HA HEKOTOPOM PACCTOAHUH 33 BETPAKOM,
OpHYEM MOAHAA MOTepPA CKOPOCTH B [Ba pa3a Goablle moTepu
Ha BeTpoKoJece.

Uepe3s oMeTaeMyIo MOBEPXROCTh I BETpOKOIeca MPOTEKAST
Macca BO3AyXa M, KOJM4ecTBO KOTOpoil 3a 1 cexyuny 6ymeT
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PaBHO:
m=pFV. (61)

IogcTapasas 3HadeHMe MACCH BO3XYXQ B BRIParKeHNO KUHe-
THYeCKONl SHEPTMU BeTpa Iepep BeTPOKONeCOM, MOTydm:
my:__ pFVV: _ oFV3
2 T2 T T

410 copnagaeT ¢ ypasHeHueM (62) B § 14,
B3ap oTHOUIeHWe CeRYHAHON pafoTH, BOCHPHUHATON Hje-
aNbHEIM BETPOKOIECOM:
T,=P{V —uv)

# TOIt BHePTUH BETPA, KOTOpas NpoTekalda OH depes cede-
Hue, paBHOe OMETaeMOif II0BepXHOCTH BETPAKA:

pEVS

MOy YNM AReaNbHHIT KODPUIMUERT MCHOAB30BAHUA PHOPTHM
serpa &,

_ PV —r)
=7 (66)
Fr’
2
[IpeoGpasyem 5T0 ypaBHEHHe:
PV —v)__og P V—u
AN e
2
Bripamenue szz HA3HBAIOT ROYQUIUEHTOM Harpya3Kd Ha

OMeTaeMy0 IIOMaznb, WIN KOIPUIMEHTOM T060BOro paBie-
aug, u o6osHagalor OykBoit B, T. e.:

ZP

TlogcrasnB B 31‘0 ypasHerue P=aF(V —v,)v,—p F(V—v,)20,
n 0G03HAYINB ;Tl ==¢€, N0CJe COKPALICHHIl NONYYNM:

2PV —rv) 20y AV —up)
B — IGFVZI 1 ( Vzv)“ :46(1———8). (68)

Mocrynasa Ttak ke ¢ ypasHenmem (60), pasa & moayumu:
= Fo(V —wp2ry 4V —v)iny 4V —2v) (V—1) 1,
= .

PRA R 7 VooV =
2

= le (1 —e)2. (69)
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L))
Orromenue 7 =€ Ha3HBalT KO3PHUMEHTOM TOPMO-

MeHNA.

Onpepenny 3sHageHue e, mpH KoropoM § Oymer uMets
MaKCUMAIbHYK Beanquny. J[a1a pTOro BO3bMEM IlepBYIO NMpO-
N3BOOHYIO M MpHUpaBHAeM €8 HYIIO, T. e.:

Z’ff—‘——‘% [de (1 —e)?]= Zid7,= (4e — 862+ 4e3) =0,
Hn: _
i 4 1604122 =0,
OTKya:

3e? —4e +-1==0.

Pemas 5To papencTeo, HaXOjuM, 4TO § TpUHUMAET MaK-

CUMaJlpHOE 3Ha4YeHue, KOorjga € =— §, npa 3TOM
1 1\2 16
=4 g(1—4) =5 =093

U3 ypasHernsa (66) naxogum B kosuumeHT Harpysku Ha
OMeTaeMyI0 IJIONAgb NP MAKCIMAIBHOM G
141 8
B=4{1— )3 =+ =0,888.
b1—5 )43 =75=0,888
TakuM ofpas3oM, B3 KiIacCcHMYecKOli TeOPUM MIEAJIBHOIO
BETPAKA BHTERAOT CIeAYIIle OCHOBHHE NOJOMKeHUA,
1. MakcHMAXbHEI KO(QHIHMEHT HCIOAB30BAKUA 9HEPIAN
BeTpa ujeanbHOro Berporoneca paseH §=0,593.
2. Ilorepa crOpOCTM B WJIOCKOCTH BeTPOKOJECa PaBHA
OHOIl TpeTH CKOPOCTH BeTpa:

V.

ws] i~

(%

3. Hoanaa moTepA CKOPOCTH BeTpa 33 RETPOROIECOM B
ABa pasa Goxablle HOTePU CHOPOCTI B INTOCKOCTH BeTPOKO-
Jeca:

2 1,
v, =%V,

Tarmy 06pasoy, CKOPOCThL BETPA 32 BETPOKOJIECOM B TPH
pasa MeHbUIe CKOPOCTH BeTpa Iepex BeTPOROIECOM.

4. KosduumeHT Harpysku Ha oMeTaeMyl0 HOBEpXHOCTH
BeTpoxoseca pasen B=0,888.
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v
3agaBasgch ROPPUUMEHTOM TOPMOMEHUA e::71 B Ipe-

neaax ot 0 g0 1 u mojicanTeIBasA ¢ MOMONIBI0 YpaBHeHui (66)
u (68), MOTyyuM ciIeyIOMMe 3HaYCHNA KODPULIICHTOB 3; U B:

b !
Y 9, qn 3
e= v 0,1 ! 0,2 !0.du3 0,4 . 0 0,6 0,17 0,8 0,9 Il,O
| S I
£ 10,32410,51210,593 0.57610,500 0,384 10,232 10 12810,03¢} 0
0,360)0,640 0,888‘10 960%1,000 0,960 0,840 (0 6400,360{ 0
| ) !

§ 17. TEOPUSI HIAEAILDHOTO BETPAKA
HnPOo®. I'. X. CABIITHHHA

Oraname 9TOH TEOPHH OT NPCHKHUX TEOPHIl SAKIIOUISTCH
B TOM, YTO IIPHU ONpegeNeHHu OceBOIl CUABl JaBICHHA MOTORA
HA BETPOKOIECO HMITYIbC CHI IIOACIMTHIBACTCH 10 BUXPEBOMY
COJIEHOWAY B TOM MecTe, IJle OH NPHHMAM Y€ YCTAHOBHB-
WY0CA MUAUHAPUISCKYIO JOPMY, a He B MOMEHT ero 0Opaso-
BaHIA, KAK NPAHUMAIOCh TPeAUNMI TeOPUAMH, T aKk KakK co-
JeHOMJ B LNAIMIIPHYECKOIl uacTh mmeeT MIIOMIANDL CEYCHUH
00apIIyI0, d4eM NAOmaxb, OMETaeMasg BETPOROIECOM, TO
oceBag cHJa H KOB(MIWEHT UCHOIH30OBAHUA HHEpPIMU BeTpa,
no teopnu I'. X. CaduHnHA, NOMyYo10TCH HECKOABKO GOIb-
WIAMA,

Kax crexcTsue IpuUnATHX yeJoBHil JIA OIpeAeIcHUA nje-
anpHOro BerpaAKa (§ 16) mosygaen ciegylouiee: 0ceBre CKO-
POCTH TMOCTOAHHH IO BCEMY CCYEHWMI0 CTPYH, YTO BHTCKAET
13 Baxpesoii teopum rpeduoro suHta H. E. JHywroscroro:
HUPRYIANUA MO0 TOGOMY 3aMEHYTOMY KOHTYPY BHYTPI yXO-
AAmeii cTpyM pasia HyJIo, H, ¢IeJ0BATeABHO, NOTOK Fe 3a-
BUXpEH Il TauTeHUNaJbHEe cKOpocTH paBHH nymo. upky-
JIAUUA B ILIOCKOCTH Bpamiellng BeTpAKa peBHA HYIl0, U
2CTh TOIBHO CKa4oR AaBleHua. KoHuesme moropH Tamie
paBHEl HYJIIO, TAK KAK OHI OOPATHO NPOMOPLIIOHA I BHEl YHCILY
JONACTeH M YIVIOBOH CKOpPOCTH BpPAICHHA.

Hycts pasrOMepHEI HOTOR, 00Ja3al0WHIl CKOPOCTRIO V)
HaferaeT Ha BeTpAK, Kak OHJIO nmokazaHo Ha puc. 50. Ilpo-
BeI6M Jepe3 OKPYHOCTE, ONMCHBAEMYI0 KOHIAMH JOTIAcTel,
JUHUY TOKa, obpasyomue OyTeIe00pasHYI NOBEPXHOCTH
AA’BB’CC’, xoTopyn HAa30BEM «OIpaHMYNBAKOIEl HOBEPX-
HOCTBIO»,
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[lo Mepe yjpaneHHA OT BeTPsKA, OrPAHUYUBAIOMIAA NO-

BePXHOCTh TOCTEIIeHHO MEepeXOJHT B NUWINHIPHIECKYIO IO-
sepxHOCTh, YacTe mOTOKA, 33KWINIOYEHHAF BHYTpHM OIpAHHM-
YU BaKOIieii MOBepXHOCTH, HA3BIBACTCAH padouin IIOTOKOM,
OrpaHn4nBaomasg MOBEPXHOCTH BB'CC’, nemamas mosza-
AN BeTpsika, mpegcTaBadcT co0oit MOBCPXHOCTH paapedna,
06pa30BaHHYI0 (eCKOHEYIIO TOHRIM BUXPEBEIM C10eM, COCTOA-
WM U3 psAga BAXPEBHX IIHYpOR GCCKOHEUHO MAIOil MHTeH-
CUBIOCTH, CXOIIM{HX ¢ KOHIOB JOMAacTell 1 HaBITHIX B BUJe
COIpaian ¢ GeCKOHEUHO MAJLIM INATOM HA NMOBEPXHOCTH pas-
pexa (puc. 51). Ta-
KIIM 05pason, noBepx-
HOCTB pa3gera Cyner
npefcTaRIATL  cobOIl
BHUXpEBOIl COJEHOUN.
Buxpesoit caoit coxe-
HOmga Moo  cebe
cXeMaTH4YeCKI mnpej-
CTaBUTH  COCTOSIIIM
M3 pAga  BHXPEBHIX
IIHYPOB, AMaMeTp Ko-
TOPBIX PABEH TOJLIN-
He BHXPEBOIO CJI0A.  pye, 5(. OGpasoanue BHXPeBOro Co.e-
OrpysHaA CKOPOCTH HOB/la 3& BETDOXO.ICCOM.
HapYsKIBIX 9aCTHI] TA-
KOrO BUXpA O0IM3KA K CKOPOCTIl IPUICTAIOMEro K Heuy He-
gaBuxpeHHoro c:xaosa. CROpocTH K LeHTpY BuXpsa yOelBAWOT,
n60 MBI MOMREM TMPEICTaBUTH, YTO BUXPH BpallaeTcA, KAK
TBEpOE TeJ10,

Taxoit GecKOHEYHO TOHKMIT BUXDeBOIl cioit He Tpebyer
Ha ¢BOE o0pasopalue IHEepPIrHU, TAK KAR ero jKUBAs CHJIQ
OCCKONEYHO MaJa BCJACICTBIIE OECKOHEYHO MAaJoii MACCH
CJOA, B TO BpeMA KAK MAKCHMAJIbHLIC €r0 CKOPOCTH KO-
HeYyHHI.

IIpeanmoaaras, 410 BUXPEBOIl COIEHOWJ IPH 0CTATOYHOM
YMAACHIN OT BETpAKA NPHIIMaeT UWINHIpUYeckylo Gopmy
U B TAKOM BHAC YXOIUT B §ECROHEYHOCTH, MOJYYAEM, 4TO
CTPYH KAK BHYTPH COJEHOHTA, TAR Il BHE ero HAYT Hapas-
JeNbHO M JaBIeHHA BO BCeX TOYKAX INOTOKA, JOCTATOYHN
YAadéHHUEIX OT BeTpPAKA, NOCTOSHUSL.

Hedopmanus HOTORA, MPOH3BOIUMAA UJEAJLHHM BeTpd-
ROM, 6ygeT CBOJHTBCH K HAJO/KEHHIO CKOPOCTEil, BHI3HBAE-
MHIX BUXPEBHIM COJCHOMOM HA PaBHOMEDHHI MOTOK, NpHYEM
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CKOpPOCTH, BHI3BaHH&IE COJEHOMAOM, OYAYT HANPABIGHH B
0o0paTHYI0 CTOPOHY IO OTHOWIENMI0 K CKOPOCTH HOTOKA.

[Ipupamerue KoaMdecTBA JBM;KEHUA HMIKOCTH, IPOM3BO-
JuMOe BeTPAKOM, GyXeT paBHO KOJMYECTBY [ABUKEHNA, BH-
BHIBAEMOr0 BHOBB 00pa3yeMoil NMAMHAPMIECKONl dacTbio
comelouga.

Ha puc. 52 mpupenena cxema NpoOXO0#AeHNA BO3AYIIHOTO
OTOKA 4epe3 BeTpokoiaeco, B cedennnm A—A’, GecroHeuHO
HATeKO Nepeji BETPAKOM, OTOK HMECT cxopocTh V 1 mosepx-

% B’ c’
Frc. 52. Cxema NPOXO:KACHAA BO3IYIUHOIO MOTOXA Yeped BETPOKO:Ieco.

HocTh F. B cewemmu B—B’, B mIOCKOCTH BeTpOKOdeca,
oceBasg CROPOCTh MOTOKA paBHa V—uv,, rge ©;— CKOpPOCTH,
BEI3BIBAEMAA BUXPEBHIM COJEHONIOM HA ero KOHIe, OMe-
TaeMad MOBEpXHOCTh — K.

B ceuenun C—C’, GecKOHEYIHO JATEKO 33 BETPAKOM, CHO-
pOCTh B MIJINHAPHUYECKOH 4YacTH COJEHOMAA COCTaBadgeT
V—wv,, rge v, — cKOpOCTH, BH3HBAEMAS COJEHOMIOM, B
KOCTATOYHOM yRaJeHuir or BeTpAka, CKOpOCTH MOTOKA BHE
IMIAHAPHYECKOT dacTu codenoupga Gymer ¥V, rax xax couae-
HOMJ BO BHEIIHEM NOTOKe He BHIBHBAET HHKAKIX CKOpOCTeii.

CropocTh mBUAGEHIA €AMOTr0 (eCKOHEwHO NIMHHOTO BAX-
peBoro cojgeHouga orHocareasro morora mnpod, I'. X. Ca-
OMHUH MPUHHMAET PaBHOI NOJOBHHE CKOPOCTH, BEI3BAHHOI
COJIeHOU0M BHYTPH €0, HMeHHO paBHON % Tax rar cone-
HOUJT YIOCHTCA HOTOKOM €O CKOpOcThI0 V', TO, cileoBaTenbHo,
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- = V Ug . - N
aGCOMIOTHAS ero CKOpOCTh GypeT — V -— 5, 8T0 dymer cko-

pOCTh 00pa30BaHNT BHXPEBOT'O COJEHOMAA,

Onpeneans IMpKYJAANNIO CKOPOCTH BHXPEBOIO COJEHO-
MOA HA eqUIUNY ero [IUHH, AJIA 9ero ONUImeM MPAMOYIrodb-
HHIT KOHTYp abcd Tak, 9TOOH ero cTopoHul ab n cd 6 ma-
pATIENBHE OCH CTPYH, & CTOPOKLL b¢ u da nepHeHINKyIAPHEI
K Heit (puc. 52), O6X0oxA KOATYp IO HanpaBleHHI YaCOBOI
CTPe/KH, nMeeM: LHUPKYIANWA IO CTOpOHe ab, coraacHo
ypasrennio (19), 6ymer ab (V—v;), Tak Kak CKOpOCTH
V--v, napamneasma ab, Hupwyasnua no c¢d Gymer cdV;
UMPRYAANUA 0 CTOPpORaM be i da paBHA HYMO, TAK KAk DTU
CTOPOHH IePHeHRAKRYJISPHH K cxopocraMm V m V—o,; mup-
RyJIANAA e B TOM MecTe, Ile BTH CTOPOHH IePeCceralnT BUX-
peBoii COJIEHOH;, TaK:Ke paBHA HyJl, TAaK KAK BUXPEBOI
cioli GecKOmeYHO TOHOK, & OKPYKHAA CKOPOCTH BpAallleHUA
4acTIL BHXPEBOro ca0A KoHeuHa, llmpxynanua mo scemy
KOHTYpy Oyner:

ab(V —w,) —cdV,

TaK Kax ab=cd,
TO NUPRYIAANAA M0 KOHTYpy abed paHa:
—ab -v,.

Unpryaauua Ha eguHHNY AMHHE COJEHOAAA:

= ==V, (a)

[Mogcuutaem UMOYAbC CHIN, NOTPeGHON maA 06pa30BaHUA
BUXPEBOTO COJNEHONAA, AJA 9er0 BOCHOJb3yeMcA clexylomei
teopemoit, Ummyasc cmam PAt, HeoOXopumnlit 114 0Gpaso-
BAHAA BUXPEBOI'O KOABIA, PaBeH ILIOM{AgH BUXPEBOr'0 KOMb-
na F, ymMHOKeHHO Ha HApRyaIAnuo0 cxopoctd I' BOKpyT
BUXPSA I YMHOKEHHO[I HA MJAOTHOCTH MUJKOCTH f:

P\t =FTl, (6)
BHQCL X/IMﬂyJILC CHJIHL HaﬂpaBHeH no HOpMaJIH K NJIOCKO-
CTH BHXPEBOT'O KOJBIA.

Ecau paszbuts comeHoupy Ha dAeMeHTapHEe KOIbLA ¢ TpO-
TAREHIEeM IO OCH cOJeHOHAa dz, TO HA egMHHUNY JAJIMHEL CO-

" 7
JdE€HOna NpHpercA (EBHXPQBHX KoJien.
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Umnyase cmawi AJMA 0Gpas3soBaHHsA OAHOTO BHXpPEBOTO
KOJBLA CONECHOHMIA COCTABIACT:

oF.drl, (8)

rie dI' — UAPKYIANNA CKOPOCTH OJHOLO KOMAbIA;
Fy— naomanb CeUeHHA NIIMHAPNYECKOil TacTu co-
JeHOUQ.
Tarx kar 3a ppema df JIUHA cONEHONAA Yy BEAMIUBACTCH

HA BEIUIUHY
/

K V— %‘} dt,

T0 3@ 9TOT NMPOMEKYTOK BpeMEHHN ofpasyercA UHCI0 KOUelU:
, o\ dt

— s r

( 5 )as (r)

Mnyare cnam Ha BeTpAK 3a Bpema di Gymer YucIeHHO
paBeH CyMMe HMIyIbCOB, HEOOXOQMMBIX NIA 06Pa30BAHMA
BUXPEBEIX KOJel, NOABUBIINXCA B TO 3e€ BpeMA, JTa cyMMa
Ha OCHOBAHNH ypapHeHNiT (B) U (T) COCTABUT:

Plt =g F I ( —%> a@. ()

HepemlmeM aTO ypaBHe}me B TAKOM BHJe:
ar Vs
Pdt=gF, % <V—— 7) dt, (&)

HO 3—{.—_1’—- QUPKYIANUA CHODOCTH Ha eIUHHUY [AJIWHB

colleHonga, KOTOpad, cOrAACHO YpaBHEHHIO (a), paBHa — o2,
IlosroMy, cokpamad ypaBHeHme (e) Ha d¢ M NOACTABIAA B
Hero BMecro I' ero 3HayeHHE — V,, MOJTYINM:

p:—gF.zUz( ——1:2—2>

IIpeoGpasyeM »T0 ypaBHeHHe, NpencTaBHB €ro B BHE
ABYX CJIaraeMbX:

— P[PV — ;)] v, Py . (70)

'\"’ W

BhipaieHne, crofmlee B KBaApaTHHX CKOOKAX II€pBOTO
YIeHA MpaBoOif YAcTH ypABHEHNHA, €CTh MAcCCAa BO3LYXA, Mpo-
XOHAMAA 4epe3 OMeTaeMyK IIOUIaxb B €IMHUIY BpPEeMeHH,
a Bech nepBeif wieH, 1. e. [¢F,(V—uv,]r,, ecrp npupaue-
HUe KOJMYecTBA ABW/KEHNA BTOH MACCH , KOTOPYI0 0G03HAYNM
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uepes my. Bropoil uien mo cBoeil pa3mepHOCTH €CThb TO ke
npHpalleHne KoanmdecTsa ABILKEHNA B egnHUNy Bpemenu. Oy
He MomeT OHTh Pa30uT HA ABA MIO;KUTENA TaK, YTOOH OxHO-
MY MHOMKITEN0 COOTBETCTBOBAJIA ONPEAeIEHHAA MAcCCA KHI-
KOCTH, a ApYroMy HEKOTOpAaf CKOPOCTh, OQUHAKOBAA A
BCEX YACTHUI] ITON MACCH, TAK KAK HaM ITOKA HEM3BeCTeH TOT
npomecc, B KOTOPOM NPOMCXOANT ofpasoBaHHe KOIUIECTBA

v
2
ABUKEHNA, MMEKIIIero BHIPa;KCHUC 0F,— .

HOasa ymoGcwBa JAJdBHEHIIAX paCCY/AACHMIT yMIOKUM M
pasmeaMM BTO BHpAXNieHHMe, T. €. BTOpOif 4IeH paBeHCTBA
70), HA W,:

2

2
s
PFz'TZ

— P=[F,(V —v)lug | — 2 o (700)

Apobp, ¢ToAWaA B KBaApATHHX CKOOKAX, HE MOMeET OHITbH
COKpalleHa HA »,, TAK KaK YHCINTEdb 9TOi Ap0obH mO CcBoelf
dusngeckoil CYUHOCTH MpEICTABIACT MHTErpa:

v
oFy 5 = dmvy,
Iie 3aKOH 05pasoBaHna QYHKIUN M 1 v HaM He N3BECTEH.
2

t2
FF’—2_HaP,I,IB.';ieTcﬂ NpHCcoeTUHEHHONH Maccoi
ts
¥ o003HavaeTcA depes M, 3aMETHUM, 9TO

pF, (V —uv)=m,.

Bripayrenne

Iocae gero yparuenue (70a) Moo nmepemmeaTsh Tak:
— P=(my -+ m,) v,. (71)

Cymma (m,+m,) HaswBaeTcs Yy BaAedY€HHOH Mac-
C 0 If, a CKOPOCTb ¥, HA3HBAETEA CKOPOCTHI0 BIO -
ue Hn A, Taxum obpasons, ypasHenne (71) momuo dopmy-
AUPOBATH TAK: 10 0O BOE JABIEeHUE,MPONBBO -
XuUMOe DOTOKOM HAa BeTpAK 6yxeT pasb-
HO MPOM3BEeNEeHNI yBIAGUYEHHON MaccH
Ha CKOPOCTh BIEYEeHIH, ¢ OGpPAaTHH M 3H a-
koM, (xema o0OpasopaHua NPHCOCTUHEHHONE MACCH M,
noxasana Ha puc. 53. Hacrnusl BO3IYLIHOTO IIOTOKA, JEHAB-
liMe B HAaYaJbHEIA MOMEHT B IIOCKOCTH BpAMEHUA BETPAKA
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AA 1 pacnosionseHHble BHO BIHAHUA BEeTPAKA, 33 HEKOTOPHLI
IpPOMERYTOK BpeMeHN Af MepeABNMHYTCHA HAa paccToaHie VAt
n 3alimyT nomomenune A'A’, Yacruup Bo3yxa, gemauiue B
HavaJbHEIT MOMEHT BHYTPH OMETaeMOIl INIOLA/H 1T IPeACTaB-
aAlmue HAYAT0 CTPYM, MpoIuejlleii yepe3 BETPAK, 32 Bpe-
MA A npoitayr paccroamme (V—wv,)At n 3aiimyr mozo-
menne C'C. Buxpesoil ke comeHOu B 9Ty MuHyTy Gyaer npo-

v,
CTHPATHCA OT BETPAKA [0 CCYSIIHA 66, IMOHA [ITHHY (V — 72 At.
\

Pac. 53, Ofpasosaune npacoe; anéHHON MaCCH.

Taxum obpasom, AANHA coJeHOHja, o6pasoBaBLIErocA 3a
(X P
Bpemsa At, Oyner Ha E—ZM 0oablle NANHH KOJOHHEL RUIKO-

CTH, TNpoIUefIleil yepes BerpaAk. YacThb comeHOUma cc — g6
fyner 3amoaHeHa BO3TYXOM, 33 COCAHHKM COMCHONTOM ¢ KOHI[A
66. OTa Macca BO3AYXa M OVAeT MpuUCOe AU HEHHOI
Maccoii

HeficTBuTen bHO, IPApanEHNEe KOJINYECTBA IBUKEHHA Mac-
CH 33 BpeMf Al MH MOKeM BHPA3NTH TAK:

?;
oF; 5 Atv,.
OTHeca K eMHMIE BpeMeHH, IOXYYHM:
[es ]

T/e BHpaseHne B KBaIPAaTHHX CKOGKAX ecTh Macca BO3LY-
Xa, 3aKII0YEHHAA B OTpe3e COJEHOMpA CC. 68 I v,— IpHpa-
MieHNe CKOPOCTH 3TOIl MaccH, WIU CKOPOCTH BJI€YCHUA,
Caroff #HXKOCTU ¢ KOXBIEOOpa3HHM ceYeHNeM, 3aKI0Y8H-
HBIE MeKAY IOBePXHCCTAMN OMINCCAN U @@ 48, BALITPUXO-
BaHHEI KOCHMHA JIMHIAMU M 06pasylouluii kKax OH CTeHKI
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Oymelim, ugér Ha oOpasoBaHue INPHCOCANHEHHON MACCHI,
B nmeficTBUTEIBHOCTH ABjIEHHe MPONCXORUT HE TaK MPOCTO:
COJICHOU NpHU CBOEM JBHiKeNnd OyAeT pacOagaThcA Ha OT-
AeJbHble BHXPeBHIE KOJIBLA, KOTOPHE IOCTENICHHO OGYAYT
TacHYTh, O KOIUYECTBO ABUMEHUA, BLI3BAHIIOE UMH, OymeT
COXpaHAThCA.

Hannmey Ganase sHeprnu Bo3ayXa, NIpOTeKAOIIEro 9epe3
BETPOROJIECO 32 ORHY CEeKYHAY. OHeprus, NOgBOJUMAS IO-
TOKOM, paBHa:
¥

732
E‘ .

(my - my)
OHeprus BOCHPHHATAA BETPAKOM:

PV —u)).
OHeprusg, YHOCHMAA MMOTOKOM B BNje AKWBOI CHIHL:

(my 4-my) Q’_—2_vz)- .

ITorepn, cpAsaHHbpe ¢ 06GpasoBaHmMeM INPHUCOETUHBHHOM
Macchl, MONCYMTAHHEE IO CKOPOCTH BiIedenns [52]:

&9

’l‘,
2

e

my

YpapHeHue Gamanca JHepruii Hoxydaer claegyoOmuil BAL:
mywd

(my +my) =P (V) A (g 4 mg) VS BE LT ()

[MopcraBus B ypasHenne (a) 3Hagenue P=(ny -+ my)v,
M pasneauB Ha (m - m,), HOTyYUM:
’ngvg

re N 7 — 2 P
VeV oo (V=) b - (6)
Wcenawounm us ypassedns (6) m; n m,, MOICTABUB UX 3HA-
JoHUA!
v
my=oF, (V —uvy) u my= ?Fz‘zj;

VE=2(V — o)y (V — o)+

2
pF e g

2 eFs <V—1'2+-g—2>] ’

l'z'l/'%

V2:2(V—-?‘1)’2)2+(V~—272>2+2V——;—“. (B)
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Peurad ypaBHeHpe (B) OTHOCHTEJIBHO Uy, HAJEM:

0y = 0 (72)
R

IT0 mepBasg CKOPOCTHAA 3ABHCHMOCTH, OTIANYAOMAACH OT
aHAJOTMYHOH B RIACCUIECKON Teopmm,

Hamumes ypasHeHue pacxopa, npeguoiaaras, 410 Ha
BeTpAK, cTOAmMUIT Ha OHOM MecTe, HaGeraer IIOTOK CO CKO-
pocteio V' (pmec. 50):

FV=F (V—v)=TF,(V—uy),

OTKYHA:
F__ 1
=1y
u | h
62’ V‘_ll V
Fro V—v ™ 0
Vv
IlopcraBadaa ckopna M3 ypasHeHuA (72) sHayeHne %, noxay-
4nM:
4 4 5
R =% (=93
B o T D,
p A I+ v iy
v
14 2
WM, 1O CORPAIICHMH:
r, v
P 14 T’L . (73)
CriIajuBasg Brpaskenus (a) m (6), moayamm:
F+F
Fo=211 (74)

T.e.O0MeTaeMaa MAOMAaLb €eCTbCPEeAHASA
apnmMeTHUecKAandA U3 magomageu paobo-
Jeil cTpyW Mepexg M mMmoO3ajgnm BOTp AK A,
OnpegeacHne BedM4UHLE YBICYCHHON MaceH (my - my)
HA8TCA TeopeMoil: yBIedéHHAA BeTpAKOM WIN PEIIETKOH Mac-
ca FRUJKOCTN He 3aBUCUT OT PerKIIMA BETPAKA'U IPOHULIAEMO-
CTH pelléTKYU U PaBHA 00bEMY, OMICHBAEMOMY B ITOTOKe OMe-
TAaeMoll MIOIAT RO, YMHOMOHHOMY HA NAOTHOCTL 'KUZKOCTH.
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Bocnoassyemcs ypasuennem (71), neas ero ofe gacTn Ha
vy, U 3AMEHHM M; U M, NX 3HAYCHHEM:

7721+7’12— [;’Fz(V—Q'z)]‘{‘[PFz%}:PFz(V_v2>'

HoncTaBnﬂﬂ clofa 3tlavenne ¢, U3 ypaBHeHusa (72) um F,
u3 ypashenusa (73), nouaydim:

my 4 m, = ,F, <1+ \< o >:

)(V + vy —11)
1+;71

‘1

_—_9F1< i

1

0 COKpAIEHHUN IONYYaeM:
my ~+m,=pF,V =Const, (75)

JloGoBoe maBieHme Ha BEeTPAK INOJYYaeM N3 YpaBHEHNs
{71), nomcraBnB B HETO 3HAYEHIIE M, ~+ My N3 ypapHeHus (75):

P=(m; 4+my)v,=oF Vr,. (76)
Harpyska na oMeTaeMyio IIOIAib:
BI - PV-)‘ _— PFII;U; , (77)
Fy; 5 Fio )
nin:
r__ols
B =2 7
Hogerasaaa coga v, u3 ypasuwenna (72), nomywaem:
"
4 2
B — V@ ,
14
1+ %
rae
2 -
v =
Cl1e[0BATEJBHO:
r__ ¢ -
B'=4 1 e’ (77a)

Ilpunnman B0 BHuMaHme ypasserue (77), moxyqnm xoGo-
BOe gapieHue P paBHBI\i‘

, & 4
P=y FIB =u5 F”;f’e. (78)
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MomHocTs Ha BAXy BETPAKA, COraacHo ypasHeHHO (B § 16),
papHa:
T =PV -— vy )

Ilogcraens coxa sHageuue P u3 paseucrsa (78), noxyanm:

3
T =P, e

|l —e

t+4e’
HooQunneRT mCNOIB30BAHUA SHEPIMIl BeTpA pAaBEH:
V3 1—e
o7 Tegle
ST TTys — V3 '
Fye 5 Fip 5
110 COKpAILeHHN
l—e -
Hin
E=D"(1—e). (79a)

[Ipupasuas nHyxo neppyo npousBOgHy BHp AkeHua (79),
HOJIY 9uM:

di_df, 1—e]  ,(A—2e)(lde)—(e—e) (+1)
%‘“8@[4"14-6’]”4 A Fep =0,

OTKyHA: _
e=—1-1V2=0,4l4,

T. €. MAKCHIMYM g NOJIY4aeTCA, Kormga

e=t=0414,

a He 0,333, xax 5T0 GHIO HOMYYeHO B KIACCHIECKOI Teopuw,
Hopcrapnsaa sHaveHwe ¢ B ypasHenne (79), moxyumm:

- 1—0,414
nax = 4- 0,414 1577 = 0,687. (80)
Ilpu sroM Harpyska zHa oMeTaemyio DOBEPXHOCTh COCTAB-

JAeT.
' 0,414
Bmax - 4 m

=1,172. (81)

B rabaume 5 mpmBefieHsI [aA CPABHEHWA XApaKTepHbIE
BEJINYMHEL  HMJEANBHOTO BETPOKOZECA, INONYUIOHHHE [0
xiaaccndeckoit Teopnu H. E. JRyxoscxoro m no reopnm
I'. X. CabunnHa,
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Tabnmna b

Kood.ana-
eHT -
IToanad mo- Momggﬁg MaKcuManb-
TepPHHHAA Koa¢ mstenT BO3NYI- H-r- | nuil noag:r-
CHOPOCTE HATPYBKH HA | yorg qro- | PY3KA (IEHT HCNOAB-
BeTpa 3a OMETAEM VIO TOKA B npu [30BaHUA 8HED~
BeTPOKQJIe~ niomans B! v . Tl BeTpa
coM = max Emax
i v
| IPI By x
Knaccuue-
¢Kan Teo- ’ »
N “‘('*1;) 0,333 (0,888 0,593
vy ty
Teopma I, X, % 4 A
Cabusmna | vy—=—""1 - 0,414 11,172 0,687
(&1 5
) 4—2
14 7 14 7

Haa cpapHeHus obenx Teopnit Ha pmc. H4 HOKa3aHa 3a-

BOCUMOCTE 5 B QYyHRIUN

3

vy

T

0.7

%\

0.6

b Y

-, 4
7/

0,5

0.4

0,3
0,2

0,1

/

Y
\

)
\f v1

01 0.2 0.3 0,4 05 0.6 0.7 0,8 0.9 10V

Puc. 54. llaveHeHnme ko3fanmenta HCIHOTR30BAHUA SHEPruu BeTpa

)

1
B 3aBHCNIMOCTH OT "-V .

B sarawvuenne nppsendM OCHOBHMHE IONOMEHHMA KIACCH-
deckoit Teopunt u Teopun npod. I'. X. Cabunnua,
1. llo xnaccugeckoll Teopnm HOTEPH CKOPOCTH BETpa 3a

BeTPAKOM paBHa yABOEHIOI

noTepe  CKOPOCTH

BeTpa B
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IIIOCKOCTH BETpPAKA, T. €.
2’2:201'

ITo reopun I'. X, Caduinuua, 910 ske yMeHbIIeHIE CKOPOCTH
BETPA 32 BETPAKOM BHPAKAGTCA COOTHOINGHUEM:

2y

vy == "
43

2. OceBoe pgaBlIeHMe IO KIACCHYCCKOIt Teopmd:
P=mp,,

rae
my=F5(V—o).

Mo reopuu mpod. Cabunmna, KpoMe MACCH BO3TYXA, MpO-
TeKapulell depe3 OMETaeMyI0 NOBEPXHOCTh BeTPOKoOIeca,
OpUHNMAETes: BO BHIMAHME MAacca BO3MYXA My, 3acOCAHHAsH
BHYTp 5 BUXPEBOTO COIEHOMAA N3 OKPYMMAILEro ero noToKa.
OceBoe namaeHHEe PABIO:

P =(m;4-m,) v,
OpA OTOM yBIeyéHHad BETPHKOM Macca paBHA:
my - m,==F 5V == Const.

[lpaxTuyecku Heab3A IOCTPOUTH BETPAK C OeCKOHEUNO
OO BIINN UACJOM JONacTell, neaanniny 6eCKOHedHO GOabII0e
YHeI0 00OPOTOB I pafoTamwINuyM 63 MOTepb, KAk 3TO ORIO
CKa3al0 B ONpe;ielleHid MAeaTbIIOT0 BeTpsaKa. B gefictBuTtens-
HOCTU HAM IPUXOAUTCA IIMETh Jfe10 ¢ Ppe AT b HE M Be T -

A K O M, ROTOpHIT HMEeT KOHeYHOe wuico fomacteil (0T
1 nmo 24), memaer roHeuHoe ymcIO 0OOPOTOB It PAGOTAET ¢ HO-
TepAMU,



I\"TABA T
TEOPIISI PEATBHOTO BETPAKA
ITPO®D. I. X. CAGHHHHA

§ 18. PAGOTA J3JIEMEHTAPHBIX JIOTIACTEN BETPOKOJIECA.
IIEPBOE YPABHEHHME CBA3H

BeygennM u3 momacreif BeTpoRomeca ABYMA KOHIEHTpH-
YECKUMU OKPYAHOCTAME ¢ paguycayMy r 1 r-Hdr xoap-
IeBYI NMOBepXHOCTh dF = 2mrdr. 910 KOJIBIO HA KPHLIABAX
BHpPEKET OTpPEe3KN [IH-
HOIO dr, KOTOpEE Ha3bl-
BaKTCA 3.TIQMQHTHPHLIMH
aonmacraAME (puc. 5HY, Ye-
pes3 Bce 1T0YKHN ofeHx
OKpY:RHOCTell MpOBCAEM
aIuHHKM TOKa, ofpasylo-
nine paBe IOBEPXHOCTH
ABC, A'B'C" Gyrouieot-
pasuoil Gopusr (puc. 56).
Hungrocrn, saririouéH-
HYI0 MEKAY  BTHMH
TMOBEPXHOCTAMI,  Ha30-
BEM BIeMeHTAPHOIl KOIb-
LeBOil cTpyéit,

Cmestaen npe ano:1osre-

Hie, oOHYHO NMpHHIIMae-
MO€ B AHAMOTUIHEIX Puc. 55. BelteTenne 31eMEHTAPHHIX
TGOPI/IHX, 9To pa3HOCTI) JToacTed HA BeTpPOKo.lece.
Has;aeHnit mo obe cropo-
HEl BeTPOBOT'O KOJeca, AelicTBYWIad Ha IIOmI3Tb KOJbNA,
HNOJYYaIOUIerocA OT IepecevyeHHA O0MeTaeMON IIOCKOCThIO
SJEMEHTAPHOH CTPYil, BOCHpPUHIMAETCA BIeMEHTAPHBIMU
JI0nacTAMM.
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Ha ocHOBAHAE HTOro COCTAB/IAEM IEPBOE YpABHEHHE CBA3M:
2nrdr (py — py) =1(dY -cos B 4 dX sin f), (82)

rge: Y — nognéMuasg ¢MIIa KPHIA, HANPABIeHHAH NepHOH-

AURYIAPHO IIOTOKY,

X — cuma COUPOTHBJIEHMSA KpHIa (000BOE COUNpPOTH-
BIGHHe KpblId), HampapJeHHas IO IOTOKY.

B — yrox Memmy MIOCKOCTBIO BPALICHMA BETPOKOJdecA
1 HanpaBleHAEeM BO3AYUIHOTO MOTOKA, Haleraio-
mWero Ha KphIIo;

[ — 9nca0 JomacTeil BeTpoKomeca,

Ve

cl
Pac. 56. daemenrapHas KosjplieBasg CTPYS.

Jag onpemencHWs NApaBAeHHA CINVI, AeliCTBYIONINX HA
DIEMEHTAPHYIO JIONACTh, N306pasuM eé ceueHne Ha PHCYHKe
57, Tme OCb Z NAIPABIEHA IO OCHM BETPOKOIeCA M OChb X — &
B IJIOCKOCTM €r0 BpameHud; V — HaopaBlIeHWe CKOPOCTH
peTpa; W — HarnpaBJIeHHE CKOPOCTH OTHOCHTEIBHOTO JIOTOKA,
Haferamomero Ha YIeMeHT JIOWACTH.

Pasnomuy cuay dR, pelicTsyomylo Ha 5IeMEHTapHYIO
nomacTh, Ha [Be cuas: dX, peficTBylomylo 10 IOTORY,
n dY, HampaBaeHHYI0 HepueHanryadpHo norory. Cnaa dX
BEIBHIBaeT CONpPOTHBICHWe dIeMeHTa KphiIa; dY BhI3BIBaEeT
ORPYKHOE VCHING 2JeMeHTAa KpPHIA U Ha3HBAeTCA HOXBEM-
HOIt cumuoit,

Beaexcrsue Bpamenus BeTPOKOJECA B IMIOCKOCTH I—X
BO3IYIIHBIT IOTOK Haleraer Ha BeTPOKOIECO HE €O CKOPOCTHIO
perpa V, a ¢ OTHOCHTeABHOI cKOpocThio W, roTopad caa-
raeTcs reOMETPHYECKHM M3 CKOPOCTH BeTpa V H OKpY/KHOI
CKOPOCTH @F, TI6 ® YII0oBasg CKOPOCThL M F — pPACCTOAHHE
9JI6MOHTA JIONACTU OT OCH BpPAWEHHA BeTpPOKOIECA.
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Cropocrs mOTOKa, Haferamollero Ha 3JeMEHT TOMAcTH,
B OTHOCHTEIBHOM jBM:ReHHUH OyaeT paBHA:

W—_—_‘/V'f—{—(——mr~ul)2, (83

rac V==V —v; — cropocTb BCTPA B IIOCKOCTH BETpAKA.

dR
AN Ocb BeTpokoneca
//
. rd
gy
]
Niockocrs \\
epaulenys \
\ AN
\ Hanpasaesne L ydx /(
B A ULCHHA (P
————Gamng N
X \' T S | i X
Vo S
\ ] A
v
)
/\0
v 1
/4

Pme. 57. Tloai ckopocrell BO3XYLIHOrO HOTOKA
npu naferafiid ero Ha JEMCIT J101acCTil.

Cropocts u; mOITyuaeTcd KaK peakUus OT KpPYTALIEro
MOMEHTa, Pa2lBHBacMOTO JI0NACTAMU, JTA CKOpPOCThH MMeer
HanpaBieHHe, 00paTHOe MOMEHTY; eé BennunHa GepéTcA Kaw
cpemuas aas Bceil 30HHI, B KOTOPOIt paboTalor sonactH, B
ACiICTBUTEIBHOCTH 9TAa CKOPOCTH IEepefl BeTpOKOIeCOM paBHa
HYJII0 U HemocpeACTBEHHO 33 BETPAKOM paBla u,. Tak Kar
SaKOH M3MCHEHMA 3TOH CHOPOCTH HEHM3BECTeH, TO, Kar Hep-
BOe npudanzreHne, 68 MPUHIMAIOT PaBHoii:

iU,

9

1S

T

(84)

u]_:
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Cnaur dY u dX, coraacuo ypasaenmio (39) § 10, mosrHo
BHIpAs3uTh TAK:

dY =C,bdr & W2, (83)
AN =Chdr £ W?, (86)

rae b— mupnHA dIeMeHTa JOIACTH MO XOPHe.
Kpome Toro, Ha ocHoBaHHH ypapHeHus (76) MoeM Ha-
NUCATH:

P . -
pl—pZ:Tl:pT/ v, (87)

Honcrasaas smecrodY ,dX u p, — p, ux sHawenns s ypan-
HeHne (82), mOmydHAM:

2urdroV v, =i (bdrcy £ W2 cos g+ bdrC, & W?sin 5); (88)
nocae COKI)'(]U{QHHH HOTIy!HI‘\vI'

2nrV v, :sz’ W2 cos 8 ( L tg B) s (88a)

Q”}

AN

bV o, = ibC W cos § (1T"xw 5).
Ha ocuomanmm puc. 57 MoskHO BBecTm 00O3Hagenme

g ordu
g § = v —n “w (89)
KOTOPO@ HA3BIBAKT YHCJIOM OTHOGCHTEJ bHE X
MOJZYIeHn,
N3 ypasHenua (89) uvees:

—or—uy=—12z,(V—vy),
tIn
(—or—u)?=z

u, 3HadA, 910 V=V -—1,, ypaBHeHle (83) MOMKEeM IEpenicarhb
) 1] 1 1 ,p p
TaK:

W=V (V=) 4 (V — 2=V —vy))/ 125 (90)
3aMeHuM:
0V =1 V—u 1
$in § == = = , 91)
W vVt Vit (
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CcOs ;‘ﬂ — E‘)r—ﬁ‘;l—l — or —+/_l(1 5 u =) ( 2)
V—rpV 12 Vids]
1
te3=1, ©%)
i
C ,
ZZ—1 — 0GpaTHOe RAYCCTBO KPHLIA (V%)

Cy
M NOfCTaBIIM 01X B vpaBHeuue (88):

barV v, =(bC, (V — )2 (1 4 32) —2% (1+ kY
i ¢ Vi—{—z‘ 2

2
u

)

2
Bsonsa B oro ypasicune e=_!

u3 paseHcTBa (72), momyduiL:

i 3aMCHHB ¥y €0 3HaYeHIICM

(bC, = 8rr i : L o)
It (—ef GutnVitz

IJTO ypaBHeHHe HA3WBACTCH ypaBHCeHUMeM ¢ nA-
3 B; OHO CBA3HBAET WHNPUHY JONACTH M KODQULHEHT NMOTHE M-
HOH cnaw ¢ gedopiamnueil MOTOKa, XapaKrepl3yeMoil Be.r-
YHHOII e.

Baas cyvyy mpoekuuii CH BICMEHTA IOTACTI Ha KACA-
TEJABHYI0 K OKPYMKHOCTH, 10 KOTOPOIT OH JBHKETCH, IOy HIIM
ORpYIKHOE ycUINe, pa3BUBACMOe 3JICMEHTAP HEIMH JTOTacTAMI!

dQ =ibdr £ W2 (Cysin §—C, cos §).

IlopcraBiaa cioga aHavenme I, sin3 1m cos3 m BEOIA
C,= pC,, nomywn

dQ =ibdr & (V —r)2 (1 23y C, =t . (9))

Mopcrasiaa cioga 3HaueHue (bCy u3 ypasHenns (95)
U ¢JedaB CORpACHNA, WOJYIHM:

e “
dQ =4m GFaga—em
1 ST o8
———dry(V—e )2 V122 (1 —puz
><(3¢L+P)V1—{—z?‘ (‘( ) + ( ! )
4Q = brdrp (5 V2 Lt 97)

I+e Syt
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Moxeur OTHOCIITCIBIIO OCU BETpARA paneu:

Al — . ol — 1= By
dil =dQr= drpi+eV T (98)
Cexyngnaa paforTa DICMEHTAPHEX JomacTeli:
dT =dM o =4rnrdr 1—_? o3 tu ﬁ”u"z. (99)

Cexynanas oeprua JaleKO mepef BeTPHAKOM, 3aKTIOUEH-
Hag B MOTOKE, WIOWAAb CedeHirA KOTOPOLO ONpegedsiercH
TLIOMIA/IBI0 KOMBIA , OMETACMOL'O 3ICMEeHTaPHLIMI JOMACTAMH,
paBHa:

13
dTy=2rrdr; 5
Ilogenus cexyHmHyI0 pajory dIeMCHTAapHEIX JIonacTreil Ha

8Ty OHEPIHIO, MOAYYMM d I € MEHNTApPpHHNN KO DI u-
M e HT HCIOOJIb30BAHNA :-mepmu BeTpa:

1 —uz
durdr 0—— V3 — "tz
edar " 1+e Z b
dT 2-rdr'v~'-3 ’
wrdrs
OTKY(a:
. 4e 1 —pz,
[— . — "0z, (100
14+e zy+p t )

Yuuomnp n pasgeans supaskenne (100) a (1—e) moayumnn:

1—e 1 —ye z
__4 P ek { -- .
¢ 1+e *u‘f‘}l 1T—e

—e
Tar kar BupamkeHue A4e T IPeICTABIACT [ICAT %

#plit KOBQUIUEHT HCNOJB30BAHUA BHEPIII BETpa, TO MO-
Hi€M HalldcarThb:

1—ur, 2
=N e (101)
rie:
-z, z 109
n_z,,+;; e (LO_)

ITa3EBAIOT OTHOCUTEIBHHIM KODQIIIENTOM MNO0Je3HOI0 jeii-
CTBHSI BIGMOHTapHOTO BeTPAKA,

Ilpn Gompmom wneiae MOAYIEH MOMHO NPHOIN3HTCTBEHO
CHUTATD:

”
K9

1—e w

!
3]
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H Torja:
A (102a)

ITanoyiny, uto yuca0M MOIYIei, NI GHCTPOXORHOCTBIO
BCTPOABHTATE 1A, HA3BIBAIOT OTH JIOere Oﬂpymuoﬁ CHOPOCTH
KOHOa JomacTll K CKOpOCTH Berpa:

(UR

Yueu1o aogyacit pjeyeHToB JI0MacTeil Ha pagnyce 7 pagHo:

i=. (103)

Uneao MojyIeit AuA J0J0T0 paguyca r BeTpAKA ¢ H3BECT-
HOH GRICTPOXOJIHOCTBI0 Z MOReT OBITh BHPaMEHO Tak:

=275, (10%)

rae R — pagunyc BeTpokromeca.

§ 19. BTOPOE YPABIEHHE CBA3HA

MoxeHT OTHOCHIEBH) OCHM BerpsKa alpOoIAHAMMYECKHX
CHJ, AEliCTBYIOINX Ha dIeMEUTAPHHE JONACTH, paBeH IO
BETMYIIHE If IPOTUBOLOTORCH 110 3HAKY MOMEHTY KOJHMYCCTBA
OBIRRHAA, NOJYYaCMOTO dJIeMeHTAapHOil cTpyeéid, ysBieuéH-
HO{f BETPAMUKM KOJECOM. 31ech MPeAnogaraeTca, 9r0 B 3TOM
nponecce NPUHMMAeT y4acTHe U TPHCOSINHEHHAA Maccea,
TaKk Kag B IPOTHBIOM ciaydae redpeva leapvroasna o co-
XpaHenuu BUXpA He Onna OH BmuOmHeHa (puc. 13).

Bropoe ypasueHue cBsS3u BLIBOIHM H3 puc. 57,

i(dY sin § —dX ces 3) r=d (my -+ m;,) 2uyr.  (109)
Ho
d(m, - m,) = 2nrdryl’. (75)

Hogcrasass 3xadeniin dY 11 dX mzypasrennii (85) u (86),
a u3 ypasHenna (75) — sHatuenne d (m, - my) B ypasHe-
Hue (105), moayuu:

ibdr (C,sin § — Cc0s 8) & 120 = 2nrdr ﬁ&f_ 2u,r. (103a)

ur



JdaveHUB B DTOM ypaBHeNuu sin 3 M cos § UX 3HAYCHUAMM M3
ypasHeruii (91) u (92) u cmesaB cOKpameHusa, MMOJKYYHM:

/ 1 3
b (C, —C, ¢ 12 ==8wrVu
( Vit V1L ) a

IlopcTaBnsasa cioga p__g 3 ypasueHns (94) n W? =
=WV —v)* 14322) 3 ypl;m}{emm (90), moayunm:

itc, .11*1—% (V — )2 (14 22) =8wVu,.

uy

I3 5T0r0 paBeHcTBA HAXORUM OTHOWEHNE 7, A Vero
pasgeaiiy npasyio u JdeByio yacTi Ha 87V % n gamMeHUM OTHO-
v
HICHHE —V‘ ero 3HauCHUeM c.

4O (e (t— e ) VT 22 (106
Vv~ 8ar ( p“u) 2 )

iy ihCy
MMopcranaas u3 ypapHeHnsa (95) sHaveHMe ——¥ moayumw:

v 8xr

; Y

n_ . (1—ep( —uws) V1432

(1+¢€)( 1—02 (Su—{—}t)Vi—}—Zg
ITo corpalleHNH OOXy4HV:
wy e 1—~',s.z”
14 ’_ﬂe RN
IpeoGpasya ypasucHne (8%), HaxogmM COOTHOUIEHHE MC-
ALY 2, M 2

(ur—{—uI wr
TV —ry

(107)

—_F W
1—e+V(1—e)'

u
IlopcTaBun 3HaueHme -V‘ u3 ypasgenna (106):

_Ql

z e 1— o,
Zu:1__e+1_ez' T (108)

1—pay
Z:Z"(l“))-i—f—e'?—{f} . (109)

Pentaed 9TO ypaBHEHNE OTHOCHTENBHO Z,:

»uu Bz e e AL
L, e, T, e T et =0
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2 __ TR T . A T . Sy | |
%4 z“(i—e * 1—6‘2"'L> 1—e? p'l—e 0;

1 [ =z e
2, =5 [T:‘e—#(i r_‘;zﬂ =+
1 z e 2 e 2
V/Z[i_e—%<y+l—ﬁ>]+]%%f+ub—f (110)
Tak Rak M OOHYHO MMEET MAJYIO BeJIMYUHY, TO, NIPHHAR
u=0, ypasneuns (109) n (110) »omxHO yopocTuTh:
z=12,(1 —€) — ——; (109a)

T (l—e)’

e i — S
ey ey
2= =i —9 (

i 2(1—e)

I+

110a)

Vparsrenusa (95), (103) n (110) mossonanT cgeaars mos-
HHIf a0pOguHaMUYecKHul pacuéT BeTPOKOICCa MJA 3aJaHHBIX
oR uV, artawne dopvu npodnas Kpuaa. Ipa sTom noas-
3YIOTCS  pUarpammoil Cy u C,, NOCTPOEHHOIl JJIA TAHHOTO
npodu:ia.

3anasasch e B upesacaax 0,28 xo 0,35 u manGoaee BrIog-
HEIM YIJIOM 4TAaKW, IO 1arpaie Cy un C, A JanHOro npo-
$uaa maxopaT: p= 7

’

loacrasuas suauenus z, ¢ u p B ypasnenue (110), na-
XOAT YIICIO0 OTHOCHTEIBHHX MOnyaeii z,. [lasgee, moawaysch
ypasHeHnem (95), HaxogAT cyMMAapHYIO WIHNPHHY Jomacreii
ib:

__ 8ar e 1

th = . e
Cy (e (l—ep? (310+P)L(1+;3

(111)

II, HakoHeI[, OUpeAead0T Yrod 3AKIMHEHUs JOHacTH 9
Ha pajuyce 7:
g=—arc-.ctgz,—a. (112)

C, Haxogar no guarpayye C, 00 &, TOCTPOEHHON HA OCHOBa-
HUII JKCHEepPUMEHTAJbHHX JAHHHEX.

§ 20. MOMEHT H MOHIHOCTDL BCET'0 BETPARKA

MowmeHT Bcero BeTpsAKa NOJYYUM, TPOMHTETPHPOBAB ypas-
Henne (98) B mpepeaax ot r, 10 R, rpe r,— paccromnne ot
Ocd BeTpAKa 10 Hadaja domactu u R — paccTosgHue or ocu
BeTPAKA 70 KOHUA JIOMACTH:
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R R
[ _ \ J 5 .2 2 L —pz, 2
M= \ dM ___.\/41; pr VT e, (1Y)

'y Ta

JTOT MOMENT OGHYHO BHPAKAOT B OTBICYEHHHX BEIUYH-
nax n oGosnavawr depes M c¢ weproii Beepxy. IIpu orom

2
IpaByio o JCBYI0 4acTH pasencTsa (113) jenar na TrRsEg-

r

" BBOJAT 0003MayeHne r—, Ha3KRBAaCMO€ OTHOCHUTEIb-

R s
HHM paguycoM:
M R 1
T M (g e A—pnags 1
1-.1?391%2 v e Gutk (e
To

Vpasaerne (114) sapiadercd OCHOBHEIM JJS BHYOCJICHUA
XapaKTepUCTUKN MOMeHTOB, VM MOHO IOXB30BAaTHCA IpII
NepeMOHHEIX B3HAYeHMAX € BIOIb 7, CCIil IPEANOJOKUTH.
49T0 DIeMeHTapHHe CTpPYM He BANAIOT ApPYF Ia jgpyra, €ro
NMpaKTHYeCKH RONYCTUMO INPH IIABHHX M3MCHEHHAX €,

Jasg BeTpAKa ¢ MOCTOAHHEIM € IO PagUycy MBI MOREM Bhi-
HecTH e 3a 3HaK MHTerpaJa:

=l
=

A — € W3y ey o
M =8y | = e, (115)

s

JTOT MHTErpal MOKNO PelIdTh, eCIH IpeleSpeds Lpyue-
HH6M CTpyH, KOTOpOe Y OHICTPOXOMHHX BETPAKOB E3HAYH-
TEJIBHO,

CiegoBaTeaBHO, MH MOKEM NPHHATH U; =0 U OTHOCHTCTL-
HOe Y’cI0 Mopyiaeil z, u3 ypasHeHnsa (89) aoikeM BLIpa3HTh
TaK:

:(\)l—+—u1,_\_ wr or 0z (116)

WY T oy (= T—e”

JJIA KOHIa JIOImacTH HMeeM:
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Paspennus ypasuenue (116) na (117), moaygaum:

r Sy
d dzy
F= (119)

Cnenas psag npeobpasosanmii ypasrenus (115) m npe-

U

~,
HeOperasg ManbKIMH BeaHInHamn g2 u Pl MOAYHUAM:
U

=t (=) -2 (54 A

Mopcrasaan snavenue z, us ypasuenna (116), moxyqaum:

[ 9 ( {__Te 1_L6\
i be 1—el, nl_9,12 R RZ)]_ ;
M=, 1% (1“Tzz‘> S\G g — /a2

MoutiocTs, passnBaemMas BeTpaKoOM, paBHa Mo, a Tak Kak
n3 ypasuenns (114) momenr pasen:

M=TmRe?”, (1141)

TO MOIIHOCTDH, Pa3BUBAaeMyl0 BETPAKOM, MOMKHO HamnmcaTh
TAK:
— oy
T=Mo=MnR?; = o: (122

; wR ZV
Noncrapus crofa L Z=— 7 BMECTO =%,  mOTyqHM:

—_ 173
T =MnR% = Z. (122a)
BamenuB M ero swayenues n3 ypasienna (121), noxyauu:
2\ / y T
1 rs (Z R
—_— 2 Wl
7= 41—{—(3[1 ) — 2\ Z,
I ‘1;0\ }
—_— IS (123)

Pa3,’18JIHB MOIIHOCTh BeTpAKA ifa CEKYHAHYIO ODHCPTHIO
NOoTOKRA, NHOJIYYUM I(O:)’I)IIIIHGHT IrOWIE30BaAdUA  DHEPTHH
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BeTpa:

_ I 1_2‘)\
__2F<§.%_7£E___Tﬁﬁ]. (124)

Tark HKak:
4 1’_‘9__5 ~ ~
-W‘é——-i I s=37%
TO:
9
ra (z ”}r'z“‘ 1‘"}er>
. 0 , xR
=1 — 2\ 5—/ - (125)

[Ipu BLiBoJE DTOrO ypapHeHHA He ORI NPUHATHL BO BHU-
MaHWe NOTepH, NPOMCXOAAIMMe BCAEACTRUE 00pa30BaAHAA
BUXDejl, cXOAALWINX ¢ KOHUOB JONACTCI, & TaKKe NPUHATO
KpyuyeHue yxojgwmeil cTpyd paBHBIM HY.10, YTO JOIYCTHMO
y ORICTPOXOJQHHEIX BeTpPAKOB,

Cae1oBaTeIbHO, KOBPUIMEHT UCIOJb30BAHNSA DHEPIUH BC-
Tpa, moacuMTaHHeli 1o Qopmyae (124), GymeT 3mauuTEABHO
BHIINC BO3MORHOI'O K NoayteHuio Bupakrtare. O nmonpaerax
Ha norepu 6yaeT ckaszaHo paasnre (§ 21).

§ 21. HOTEPU BETPAHBIX ABATATEIEN

ITorepn BeTpAHHX ZEUTATeIell PasuedAwTCs Ha YeTHPO
rpynnst [35),

1. Komessle noTepy, NpoMlCXOAAMMe 33 CYET 0Opa3osa-
HUA BHXpeif, cXOAsfIIUX ¢ KOHIOB JIOMACTel. 9T 1noTepHu
onpepeadlTcA HAa OCHORAHUNY TEOPHH HMHIYKTHBHOIO CONPO-
ruBaeHud. YacTe ®THX nOTeps OIA yuTeHA NPH BHIBOjAE
HMIeaTBHOro KODQHUIMeHTA HCII0AB30BAHUA BHEPIMH BeTpa &
HeYUYTEHHAsA 4acTh KOHIeBEX NOTephb BEparkaeTcA HopMyaoii

(136):
- — T
T~ Y ) ! . (126)
2

i 1T=e (1+e)iZ _]/1+< 7
ef1-¢
(1 2))J

!




2. llpodnasHbie noTepu, KOTOPHE BHIBLIBAIOTCH TPEHHEM
C¢TpYIl BO3AYXa O NMOBCPXHOCTh KPHIIA H 3aBUCAT TOABKO OT
npoduasa gonacreit,

MomwHocTs, noraomaemMas TPOoQHIbHAIM CONPOTHABICHICM
DaeMCHTAPHHX JONAcTeH AMMHO dr, Ha pajiuyce I BETPAKA
papHa:

AT, = iCpbdrs 2 W, (127)

rae () — KOIPUUMEHT NPOPHABHOIO CONPOTUBICHNA, KROTO-
pHlil 1A Kpuaa GecKOHeYHOro pasmaxa pasen O, T. e.:

C,=¢C
Tax raxr (ﬁ:p, wm C,=pC, 10 Cp=uC,.
Cy

x*

Hoactapasan swavenue Cy, pasnoe pC, u W= (V—e )y 1+4+2 2
B ypasueruc (127), moayumw:

dT,=ibCudr § (V — ;) (1422 VT2

Mo craBases sHaycHHR L'bCU n3 ypasHenuda (95) u gemaem
npeo(pa30BaHliA DTOTO YPAaBHCHUA:

e

dT, =4 — 1+ o) (i 7e)'1><
K= PP U2 Vg2l
(Fu 1) 1 1‘{_
4rrdre —{—z
=G =ep oV —v)° ;=
opcrapaae:
v,
r:;(vj ’
dr :de,
W
2y = 1 ;e ’

n orpackBaeM B 3HaMeHaTele §, KaK MaJyl0 BeludmHy,

IO CPABHEHUIO C Z,
+
V3 (1 —e) (1“"’) M,

1—e

v | & e
d]p:{nmz Z(Tt{_—e)(—{—_—_-e)—

Vs e(l—e)2 22
dTp= 4’y S0 +§) " [1 1 (1:;)2] dz.
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Hiurerpupys B npegetax or 0 no Z poaydmm:

VP e(l—ep

A s”[l* S| 4

ITpopunsupie morepn raMm, rje y:ke KOHYMIACH JOMACTH,
CYHI2CTBYHOT B BUJe CONPOTHUBICHHMA MaxXa, KAKOBOC, TAKHM
00pa3doyM, yuuteBacTcA Hpudausarenxsno. B peayawsrate nim-
TErpAPOBAHMAA MOAyYaeM NPOPUIBHEIE IOTepPH BCeTO BOT-

pAKA:
Ve he(l —e)2 |2

Ty ml 5 =y o 20 [Z+3 {-Tep ]’

T,

)

41

AN
(5]

)

v

rje p,':(/%v €CTh CpeAHdAA BeJAWYHHA MO0 BCeif J0uacTil.
¥

Tax rag 0= . V1 :

4K KAk e % U g =z » T0, NOJCTABIAA 3HaUeC-

HHA DTUX BhIpasKeHIHI B JaHHOe ypaBHEHHC M pasgelans cro
9 3
E] TrHZr;I%E,.. HOJIYYAM  OROHYATeIBbHYI (OopMyav mpo-

QHIBHEX TIOTEpH B 0e3pa3MepHOM 3HAYerl:

To Tt —ow |10 2ol (128)

3. ITorepu Ha KpyvUeHHE CTPYM 3a BETPAKOM PaBHBI :KUBOI
CHJIe TAHUTCHNMANBHBIX CKOpOcTell yxopduel crpyn. Bemn-
UMHY 9THX UOTEPH MMOJNy4YAM, IPOUHTEIPHPOBAB FKUBYIO CHIY
OT TAHTeHEHANBHEIX CKOPOCTEH BCEX pAEMEHTApHLIX CTpyii
B npededaax or ry ao [, a mMeHno:

R

- o ,
T, =\ @ardrgV) 5. (129

To

3aMCHUM B JaHHOM BHIDAKCHUH L, €TO 3iaycluev, KOTOPOE
pasi 2u,.
Taw wax Ha ocHOoBaHNI ypanneHmit (106) n (102)
y e l—pz, e f —upz,

Vi Gidw T Te] (1%__&\;_“

~w
~u/
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OV UHM:

— e 1—e s
= 1+ e W
CJCIOBATCIBHO!
Wo=— 20, > ,a!.._——eTV
g —— =t = k”l-{—e [y
OTRY 14!
| 2
”z - 95 : :ZT“
N
V R 5
w=a, e (130)
Ilopcrapnas sHaveHme u, B vpaeuemnue (129), momyunwm:
r
. yal? a2
Py =\ mrdroV¥s - 2 -

Boitiocss HOCTOAHHEIE 34 3HAK nurerpasa MU 3aMEHHB 1)
HCROTOPBIM €I'0 3HAUCHIIeM 71y, CPEHHHUM IUIA BCEI'O pajuyca
¥, TIOJVUHM:

ys &y 2Ra’ 1s e R
_ope, VP, ST fdr - Refrl . ittt
Ty ==mRory - g \p =l oy I

ry

Hoaemup o0e yacTl DTOrO PABEHCTBA Hd MOLIHOCTH MJI€2d b-
HOIO BETPAKA:

2 5V3 -

T . —nR2u_"

i D

HOJYy4uM OTBICYEHUYO BeINYHHY NOTep b Ha KPYYCHHE cTpYH
33 BETPHKOM:

2’2‘3 mE, (131)

4. TloTepu, nponcxoAmue BCAEICTEEE HETIOIHOIO HCIOM b~
30BaHUA Beeil OMETAeMOIll MIOUIaN, yYHTHIBAIOTCA OTHOUIE-

HIICM:
ro\ 2
(%)

[Toaesuyio MOUIHOCTH, Pa3BIBACMYK) BETPAKOM, IOAYUHM,
BLIYTA BCC TIOTEPH M3 MOMHOCTH WeaNbIOT0 BeTPAKA:

., / s
r=1,l1 - R) T Ty —T

T

m*
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Pazzeans ma T, noayumw:

1_1_r3_TJ_T1’_Tﬂ
T TR T,TT, T
OTKyAA:
B s :
r=r1,(t— ) ~T,—T,-T, (132)

Pasteans nmpaByio u JeByI0 yacTH 3TOr0 YpPAaBHEHHA Ha
1744
BBIpAsReHUE - SHEPIUH BeTpa nRzg? , ToaydmM  KOupi-

MenT NCnoJgb30BANA SHePTUN BETpa PeEadbHOro BeTpHLla:
9

ras _ — —
E__~ —_k_O . . R
H_,i(l w) —T,—T,—T,,. (133)
Tar rar, corhaacuo ypaswennio (101), &=¢§y, Haxo-
MM, YTO OTHOCHTeJNBHBIT KON HUHEHT MOJe3HOr0 AelicTBIA
T, BeTPAKA pAaBeH:
T

r,—71,~-T

1=l— 1,1,

m*

§ 22, ABPOTUHAMUYECKUH PACYET BETPORO.IECA

Koncrpywrrusnasg cxeya 4-T0MaCTHOrO BeTpOKOIEcA jlaHa
1na puc. b8, Jnsa pacuéra nodmHbl ObITH 33JaHH:

1) somxocts N B J0DI. ciTax, KOTOPYIO HEOHXOHHMO
HOJIVYHATE OT BeTPO;IBHIATEIA;

2) ckopocTh BeTpa V', npu KOTOPOIl BETPOABHUIATEN L [O.I-
JKCH PA3BUBATh DTV MOLIHOCTH;

3) uucT0 MOAyeit uad OLICTPOXOZHOCTh Z BETpAKA NpH
MaRcUMaIbiOM KOAPUUIICHTEe UCN0Tb30BAHUA BHEPIIH BETpa
JAHHOTO THIIA BETPsIKA;

4) ROPUIMEHT HCTOIB30BAHUA DHEPTUN BeTpa &,

Pacuér nauuxamot ¢ ompejeleHNa gHAMETPa BETPOKOICCA
D, vicxona U3 ypapHeHHA MOUIHOCTY BeTPOABHIATEMA B JOUL.
CAAAY, KOTOPYIO MOIy4YMM, paszgesdus VpapHeHme (62) 1a
75 1 yMHOMKHB Ha KO3)UUNEHT HCNOAB30BAHMA DHEPTIH BOT-
pa 3, T. e.

b

e

o

‘I/?‘

N=t

, (1-5)

T

(BN

n—0125 Rr. cor.? . o )
e p—=0,125 i MaccOBas TLIOTHOCTH BO3

AVXa TpUHAMAETCH HpH Temmeparype t==15° C u axasie-
Hun atyocepur By=760 mu pr. cT.
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Mogcrasnaa suauwenne §—=—0,12>5 B ypasnenue (135),
TMOJYYMM MOIIHOCTE BETPOABHIATENf, BHPAKEHHYI B 3a-
BHCHMOCTH OT OMETaeMOlf MOBEPXHOCTH BeTpOKOTeca MO0
cueTeMbr gas yeaosnit t=15° u By=760 mm pT. cT.

N=tE 0BTV 0000833 V3L (136)

fonacts

F-oMeTaeman
MOBEPXHOCTH

Puc. 38. Cxema perponoieca.

Tan kar 1A KPHLTHYATOrO BETPAKA OMETA€MAaf NOBEPXHOCTH
F (pume. 58) pasua:

-N2 _
F="2-0,785 12,

TO MOsKeM BHIpA3HUTB MOIMHOCTD RPBLIBYATOIO BeTpAKA B
3aBHCUMOCTH OT ero guaverpa D.

& =0,000833-0,785 D*1'3:=0,000654 D?V3} u. ¢. (137)
i

Dy

N-=PT
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MomHocTs BeTpOABHUTaTeNA B KUAOBATTAX HANMIIETCH TAK:
N =0,000481 D?V3: kar. (138)

JduameTp BeTpokro:eca 3aTaHHON MOLIHOCTH B JIOMIal-
HEX CHIaX 6y11~eT paeell:

1530V .
]/0 00063A T — 1/ per - (19)

s gpyroit TemuepaTypsl ¢ n gapaeHns B MOmHOCT b HAj0
OMPCIeANTH NpH COOTBETCTEYIOLICH MAccOBOIl MIOTHOCTH £,
KOTOpasg omnpegeaserca Qoparyaaoii (3).

Buocss 9Ty nonpasky B ypapHeHme MOIHOCTH, IOTYHIM:

N o NB@B415) _ NB2ss
=AY B, 2151 T 160 @73 1),
# COOTBETCTBEHHO RMAMETp BETPOKOJeca Oymer paBeH:
/1530 N V760 "73—{—! )
V33 B280

D= V (1<9a)
Cropoctb BeTpa vV, mpn KOTOPOIf BETPOKOIECO XOMKHO Pas-
BiIBATH 3aJaHHY AJA pacqua MOU.UIOCTB O0BLIYHO IpHHIL-
MaloT pasHoii or 8 1o 14 M/cex. (eMm. T ]X)
Uueao moxyneit Z aubo 3agaércs, InbO onpegeaseTcH,
ecJH 3afalnl 0G0pOTHl # BETpOKOJIeca:

oR  =nR
2= =g
OTCHNA:
30ZV
n-— " i (1 40)

Hanee, Ha OCHOBAHNI KOHCTPYKTIBHHEIX COOGParKEHMit 1f
ONKTHBIX JAHHBIX IPOJ(YBOK, BHIOHPAIOT TOMIIUHY npodnast
aonactn, Ha woHue momactm Gepyr mpodusns rommuHoi
2=0,1 b g0 0,15 b, rae b — mupuna xonacra. K Bryake 1o:1-
uMEa Opodnasg ¢ ypeanunBaeTcs, MOCTHIAA y BETPAKOB
¢ 1I0BOPOTHBEIMII JIONACTAMHA OKOIO ocn Maxa or 0,2 b po
0,35 b.

Jasa pellenns ypapHeHwmil, ompegeasdomux $opmy do-
nacTeii, 4MCIO HX M KOIQHMIUEHT MCIOMB3OBAHUA BHepIUH
BETpa, 3aalOTCA HECKOJBKHMH 3HAYCHHAMH KOBQUIUEHTA
TOpMOKeHHA e, HanphMep, e = 0,3; 0,35; 0,40, u onpepe-
JAI0T UZeadbHHIT KODPULMEHT UCIOAb30BAHMS BHEPIHH BC-
1—e

Tpa §=4e iTe dareM ¢ momoumblo ypasneHnii (126),
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(128), (131) u (133) ompegeralT & 1 CTPOAT KPUBYIO 3ABH-
cuMocT & OT € M BHIOMPAIOT €, COOTBETCTBYIOIEe &, ..
Mocae »Toro eTpoAT pacdérHylo Tabruuy 6, rae B BepXHeit
gacta TabaMyel NpUBeJEeHRl OCHOBHBIE (OPMyJH pacyéTa.

0O 1 2 3 4 5 o 1 8 9 10

Nop-| B€p= [HHX-
gun.| xu. |ned 7 i
0 [ 57 |57 / /% 7 7
1 [11,5 [ 7,0 //// % %
3 (23,0 ] 0,2 o
3 11881 00 1Cy pcupasaeno na kocuany notoka |
4 14,0 { 0,2 14 0,14
1381 L2 4 yras aTTaKm
6 j13,0] 2,0 0.13
7 12,0} 3,0 ’
8 10,534 |lo 0,12
9 8,5 | 4,3
10 | 55 |55 . ol
%ffa 0T xopAbl /, 9
10 Cy{ 0,10
/ 0,09
\ 0.8 ) 0,08
\ // / 0,07
0.6 0,06

0,05

\16’4 / 0,04

/ 0,0

3

/ / ’

/ 0.2, 4 0,02
/ N A

0,01

) 0,0
8° 69 4° 90 - 27 4% O §7 10°12° 147 16° 187 20°¢g
Pnc. 59. KpaBue p1a onpegereunia €, H ¢ B 3RBACAMOCTH OT .

B rpade 1 npnsejeisl pagRycH CeUCIIIIl JONACTH B OTHOCH-
r

TeABHHX BeaMquHax -5 | Hakpag ropusoHraasHas cTpoka

Tabaumel ¢ gUPpaMu cOOTBETCTBYET TAHHOMY CEYEHUIO 0-

- r
NacTH Ha paguyce 7 =z .

9 m. oM. Darren 129



Pacaér wmojeam Berpak;

R 0,30 %,=0,656
i==he
‘ .
.. V2 Tl 3=0,646 (1—=9,4—0,113—0,073—1,034)
‘:"‘L \,{/} ~T,=Ty— m} =0,476
F (1*8
S / Uy Q" -
" 1 Ty l/i‘r "1 0—3
TJ*I—P T+e) iz 0,3 ' —
L T = 10,3 (140, 5) 43,0
1 |
- 7 l;————jz 1 _ 1 . P
L 2RI =T
" ‘2’) ] ‘ [ﬂi~(7,-5)
= 1—e z "1-9,3 3.5 .
4 |, ——m . . D) 1 . — r
Tyl [ z +3(1—~e)] 30’(;'—[ 3.5 +3(1—u,3)] 007
_ .12 R G2
. L spE R 0,646-0, 1 5 ae
<L 2 1 o o 2,31g Fz’»—o,()o’f
b r e
i= | AT X - R {TFe (1o
z 1 == = =
o= ZLR Xl:1+l/1~{— l; ] 7 (zyt+n) V1+22,
2] s | 4 EREEEERE 5 P oe o
|
r /‘ »y e o ;
{ ’ i i
B 21—+ ]/ 1+~' Zy l~/ cHE ey (1—e)2 ) 1424 W,
| a, |
5
1 13,5‘ 1,3 2,026 |5,46]25,08,5,48]  0,61% 5,55 10,508
0,823 1,3 2,042 |4.401200104.42] 0,614 4,52 |0)618
0,62,4) 1,3 2072 |3.35115,08|3.37| 0,614 3,50 0,788
0,414 1,3 2160 12.33[10,0612.35] 0,614 2,53 [1,046
0,2‘0,71 1,3 2,540 |1,37] 5,0211,39| 0,614 1,70 |1.304




=4

D=0,36;, Z=3,5;

Tadipnab

e=0,35 3,=0,674 e=0.40 £=9,687
£=0,674 (1—0,04—0,135—9,079—0,026) = | =637 (1—0,04—0,085—
=0,478 —,158--0,036) =0,467
[ o/ o (1035
035 | 2V ”’( 3.5 ) B
0,35 (14+0,35)4:3,5
AHaJIOTWYHO HAXOAEM
T,=0,158
1 I/
— _ 1 0,135
/ 4-3,5
} ”[ 1:(1—0,175)] J
] 1—0,35 3,5 AHAJIOTHUUO BAXOIHM
’ LA 3 A
2:0 02[ 5,5 T 3020, 35)] 9,07 T =0,085
0,6 4.0,9% 1 . Auamoriiuo HaXomuM
—rggy - 2,318 5y =0,036 T 036
_RI70,]
b. Cy t
R[il?Cy] p==arc ctg s, —a
iC,
1 12| 3 | o | os | 6 Y
| ]
c, i Ne mpogaan b a [|3=arectgs,| ¢=3—a
0,654 0,016 |[1upepcwms sanm-| 0,035 [ 0°30/ 10°23’ 995357
ca TOJLEHA
0,696 0,016 1/5 0,04010°54’ 12°487 11°54"
0,788 0,017 1/5 0,045} 2°06° 16°39/ 14733’
0,942 0,025 1/5 0,050 3°557 23°20 19°257
1,066 0,047 1/5 0,055 6°03" 36°087 e
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B nepnoit cTpOKe BBEpXY MOMEMIEHH YaCTHHE HOPMYJH,
FIO KOTOPHIM BEAETCH PpAcyYer.

B nepspix rpadax 2—5 BuuMcaAsA0OT 2, ¢ HOMOMBIO Pop-
myaer (110a); ecan srenaTenpua GospHIaA TOYHOCTE, TO HAA0
MOnB30BaTseA ypasHenuem (110). B rpagax 6—10 wmogcyn-

2 'h Y "
THBAOT BEpamenne tb-f ¢ nmomomsio gopmyan (95).

B rpadax 11—14 Ha ocHOBAaHNN OCTPOCHHOI ANA ZAHHOTO
npamMepa gaarpammsl suavennit C, u y B $ynxnnn a (puc. 59)
BHOCAT 3HaveHnss C,, uu b. B rpapax 15—17 sanocar a
U BHYNCIAOT YrOX 38KINHCHNA JONAcTA @==B—a.

ITocae Toro Kax BHOpaH NpOYuAs, ¢ MOMOUIBIO AMATPAMMEL
(puc. 59), ycTaHaBAUBAIOT YTOJ ATAKH, COOTBOTCTBYIOMMIA
HauMeHbIUIEMY ), ¥ HaXOpAT Cy.

3agaBadch YACJIOM JIONACTeH I, HAXOAAT WIHPHHY JONa-
cta b,

[[I;C y]

b=—5

R: (141)
4

Halipss 3gavenme b, BLIGACIAIOT OKOHYATEJBHOE B3HAYE-
mme C,;:

[C,y1
C,=—5"~ R (142)

ITo pmarpamme (puc. 59) maxopsaT 1 m @, COOTBETCTBYIO-
nme 3nadenmio Cy, B 3aHOCAT BX B rpadu 11, 12 n 15 raban-
nm 6.

Tague ke MORCYETH NpONEJWBAIOTCA ARAA COYCHUS IO-
pnacta r==0,2. B aTom ceyenmm B IeJAX NMPOYHOCTH Maxa

npusaMaT Gosee rTomcrwii mpopmas ¢ 4 =or 0,3  mo

0,35, W B s1oM caywae C, pmupanT Takwe GoasuAM,
TAK KAK B NPOTHBHOM ¢Jyd9ae HIUPHNA JOHACTH IOJYYHT
upesmepHO Goabiume pasvepnl. llupuna monactu y pryaxu
Gepétcsa paBHOIL:

by,=1,3 no 2,05, (143)

Onpenenns WUpHHY JONACTH HA KOHLE M YV BTVJIKI, Ha-
XORAT WIAPUHY JONACTH Aidf MOGOT0 cedeHUss, NpHHAMAsA eé
dopMy B BUfe TpaneUuH:
bn,'z - bx

1

b= b, + (k—1), (144)

132



rge: N — YHCJI0 Ce9eHM JOMacTH,
k — MOpPAJKOBHIL 1IOMEp CEYEHHsA, CIUTAA OT KOHIA JIO-
HacTi.
Omnpepenns b, naxomar C, ¢ noMomeo ypaslieHus (142),
a saTeM p u a no rpaduxy (puc. 59) u, marounen, ¢. Ecam
B pesyanTare KOHCTPYKTUBHOI MpOpaGOTKH OKaikeTcH
TONMMHA JOMACTH HeJOCTATOYHON, T. €. MaX KpHIa He IO-
MemaeTcA B KOHType npouid, TO, YBeIM4UBAA TOJIUHY,
HeoOXOAUMO MpOBECTN pacuyéT BHOBL, HayuHaa ¢ 11-it rpa-
4prr tabannu 6.
B oroit Taaune npuecaéH AJNA OpUMepa PacuéT MOmeIn
4-ponactHoro perpoxoseca D=0,36 M 1 ¢ uncxoM mopymei
Z=3.

§ 23. PACUET XAPARTEPHCTHERN BETPOKOJIECA

XapakTepucTAROM BeTPAKA HA3HBAIOT 3aBHCHMOCTH OTHO-

CHTEABHOTO MOMEIITa BeTporogeca M 1 KODPUIMeHTa BCIION b-
30BAHYUA DHEPTUN BeTpa § OT 4Mcia MOxYJeif Z, JTH Xapak-
TePUCTUKYN HCOOXOQMMEI 1A BHABACHNA OCHOBHEIX TapaMer-
pos Betporoacca. bomee uoppobuo o nux ckasano B § 26,
27 u 29; 3mech e MPHBOJUM METOJ HOACYETA TEOPETUISCKOM
XapakTepUCTUKHE BeTpOKoOJeca.

XapaKTepUCTHKI BBIYACIAANT RIS KAKAOrO CEYeHUs JIO-
MacTu OTAEABHO, NpHMep NpNBOUTCA B Tabamue 7, rae B
FOPUBOHTATBHAX CTPOKAX BHIYHCIAAKTCA XapaKTepUCTHEH
Kauaoro cedenns jomnacta. B rpade 1 semucadm pagaycu
ceyennit, B rpafie 2 — yrin 3aKAUHEHUsA JONacTd, B rpade
3 — cyMmaplias UIMpUHA JOIACTell B OTBIGYSHHOM BULE, B
rpade & — yrae aTakW, KAK HE3ABMCHMHE aprymefr. Ilis
ynpo0cTBa BHYUCIHGHMIT 33MAOTCA BHAYCHUAMH YITIOB, BHI-
PamCHHHIX B IeJHX rpagycax. DopMysasl, ¢ DOMOWBIO KO-
TOPHIX MpOU3BOJNTCH PAcUBT, MPUBENEHB! B 2TOH ke Tabiu-
e B COOTBETCTBYWUMX rpadax, BoCpXY.

YroOwl MOJTYYUTH MOJNHYI0 XAapaKTCpHCTHKY, HAL0 B3ATH
YTALL 2, Ha4uHAsg OT yria, NpH KOTOpoM €, BeCbMAa MAJO
WIM paBHO HYI0, 1 10 a—=90—7y. OnHaKo 1e Becerna MMeOT-
ca guarpaywvel C, M 1 ACIBITAHUA Npouell JiA BeeX yraos
ATAKHW; B HTOM CJIy4Yae OrpPAHMYHMBAIOTCH MOCTPOSHUEM YacTH
XApaKTEepUCTUKN, JOXOJf IO YIIOB ATaku, COOTBETCTBYIO-
wux C,~=maz. ITa 4acTh XAPAKTEPHCTUKY (yACT KAK pa3
paboueil e€ 4acTrio, KOTOpafA ABIAETCA HAUGOIee HHTEpEC-
HOIf,
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XapaETepuCTHES BCTPARQ

¢ = (Zl"‘T—.u') }ﬂ1 i—i’f:
(LLe)(l—e)? b4 é.;,—'
ib
1 34 ] -;\‘75 4 noloe
! — _
R N
L LRl Yy, EE
L9 ~ 3
— 5% 6,219,211 [0,10940,150 9,2'63 0,2 -s.» 03:)
4] T2 19 000 0250 796 8% 0279
L — 2| 92/6:17(0.029]0,440] - 25 10482 0,292
t 0,670 ' 21132 4.2 [0.0te| 0780 <70 4728 10401 [0,270
6 [17.23.23 10,037 1,040 239 0,243 (0,288
8 19,2 287 l0.058] 0110 304 |0.262 {0,201
— 6° $,117,0310,2020 0,056 (17.33/7.00 0,107 0,096
— 4101|581 [00580.250 5.0 10,296 8,3;{]
— 21211467 10,024} 0440 477 |0, 54
0,814,10,74y 1 5115711346 [0.016] 0 750| 27+20 360 |0.359 {0251
6 | 2011]2.73 10,027} 1080 291 10,315 (0,230
8 | 22,11 2,4710/058f 1110 2,66 |0.275 | 0,209
' 6° 12,3 4,59 10,262} 0,036 4,68 10,068 |0,00"
— 4 143]3/92]0,058}0.250 g04 8§é§ 0172
. — 21163]542(0.020| 0’240 56 ,
0,618,5 0,814 11751 99’3157 10/016] 0,750] 18:6% 288 10,329 0,237
6 2431 221 0,037] 1,060 2,42 0,311 |0,227
10 128,3 1,85 10,089 1120 9412141 0,246 | 0,161
— 6°17,23,2310,292[ 0,036 3,38 10,059 {0,036
— 41921987 [0.05%] 0250 304 0,197 10,160
w2320 89) |— 21202 258 poz¢| 0adol |, 40 2,77 (0281 [0,212
0,423, 210,89 1 519571 212 [notel0.780| b 235 | 0,347 10,265
6 129°211.7910,037| 1.060 2,05 10352 0.2
10 {33,2/1,53 10.08¢} 1120 183 0,295 (07219
(1= 6°27,911,89 0.29200,056 2,44 (0,046 {0,045
— 41299] 17410058 0250 201 {0150 | 0436
0,235 0 so) |— 2319 1,61 0029 0n0] o 1,90 {0,252 |0,189
U R ] + 235,9/1,3810,016]0.780] 4011,70 10,329 0236
6 1 39.911.20 10.037] 1.060 31156 0360 | 0,252
(1 10]43)9]1.04(0,089 1’120 V4% 0,323 | 0,234




Talbaana 7
D=0,26; i=4, Z=3

A= 8 e B
e Syrn =z, (1-¢) — _L'T Z:T
e L Lo
T
|- 2 ) | . o
ot ] 7o 19 | %) ! 2| 22
, ' !
i !
L Lte | o v
Sr2 e L—pzy 13,41 Wi i _ i-re 3 Z
i :“, T
i 2
542 [ —0,004 | 9,32 1 ~0,0006 |6,970] 0,021 {6,950] 6,95
4,09 0,540 | 7,97 | 0,118% 5,700, 0,028 |5,670| 5,67
go00d | 442 0,821 16,20} 0,2400 }4,360; 0,037 |4,320} 4,32
, 4,701 0,932 | 4,42 | 0,3590 |3,110] 0,050 |[3,0601 3.06
5,40 | 0,880 [3,28| 0,398 [2,500! 0,057 [2,4401} 2,44
98 | 0,833 2,931 0,3810 2290 0,058 |2,230} 2;23
11,44 | —1,050 | 7,33 |—0.0640 {6,370 0,012 [6,360] 7,9
5.55 | 0.674 | 5.67 | 0,1100 |4.380 0,032 43501 543
5 1od | 495 | 0.865 | 4,70 | 0,1910 13,485 0,043 3440 4,30
' 498 | 0.945 | 3048 | 0,2800 |2.390| 0.038 [2,530] 4,30
5,34 | 0,829 | 2,77 | 0,3110 {2,100 0,089 |2,030] 2,54
5,70 | 0,857 | 2,531 0,3000 {1,954] 0,070 |1,884] 2.35
16,60 | —0,340 | 4,88 | 0,0121 |4,300 0,013 |4,200] 7,15
6.81 | 0,773 | 3.97 | 0,0823 {3.240| 0.037 [3,200] 5,33
5 83 5631 0,901 | 3.44 | 0.1340 [2.685] 1.052 |[2,633] 4,38
- 5.20 | 0,957 | 272 0,1940 | 2,064 0,07t [1,993] 3,92
540 | 0,98 | 2.25| 0,2170 | 1,708] 0,084 {1,622 2,70
623 | 0,835 | 1,94 0,199 [1.500] 0,086 [1,4t4| 2,36
18,9 0,057 | 3.53 | 0,0011 3,030 0.016 |3,030] 7,57
725 0.833 12°95] 0,0503 |2.415] 0,048 2,367{ 5,92
1,983 |3.70] 0,925 {261 0.0795 2,030 0,068 |1,962[ 4,90
’ 5000 0,956 {214 ] 0.1140 [1,605( 0,092 [1.513( 3,78
504 0,93 | 1,83 0.1300 {1,347, 0,111 11,2361 3,09
557 | 0,864 | 1,62 ] 0,1230 [1,195] 0,117 [1,078] 2,69
2350 [ 0,448 | 2,19 0,0028 {1,800 0,023 [1,777]8.88
836 | 0.809 | 1.80 | 0.0192 |1 ,504| 0,089 |1,435] 7,18
0.32) | 6,30 0,953 | 1,64 0,0295]1,305| 0,099 |1,205] 6,03
' 5.23 | 0.978 (1,40 | 0,0426 {1,054 0.138 {0,916 4,58
496 0.956 |1.23 | 0,0501 {0.895] 0.168 [0.727{ 3.63
5.28 | 0,907 | 1,13 | 0,0487 | 0,796| 0,182 {0,614} 3,07
135



Tlepenie Tpu rpadsl cOfepraT MCXOAMe TAHHbBIE, XapaK-
tepuayrouue fopmy serpaxa. B rpadax 4—8 noacauTH-
BAIOTCH YIAB ATAKH Q, YIJIW TPUTCKAHAA CTPYH o-}-a,
YICJI0 OTHOCHTEIBHEX MOXymeii u Beaaynis Cy A 1, KOTO-
pHle HAXOAAT HO KPABHM, MOCTPOCHHHM JJIA RAHHOIO Xpo-

e
Punais. B rpadax 9—13 BuluncamoT BupameHud (EBNE=E
n3-Qopmyant (95) U ONpPEAeNAIOT BEJMIMHHI €. AT0 memaioT
rpagudecKn IO KpUBOIT, BHpaKaomeir QyHKIIOUATIBHYIO

e
uen b 710 MOSK TPOUThH

BABUCHAMOCTS (i oy OT €, KOTOPYIO MOSRHO IIOCTP

AM

JnemenrTapuple xapakTe-
0,35 DRCTHKH MOMEH10B
T=0, BeTpaka i=4;Z=3
0,30 A N\EN0
0,25 }

| RN
0,10 AN R
0,60 o \t‘*ﬁ 2

Prc. 60. XapakTePHCTHIA OTBJIPUCHULIX MOMEHTOB
KQ/KOr0 Ce4CHHH KpPhlIa.

1o HeGoaboMy 4ncay Touck. B rpadax 14—18 suapeasior
VAenbHbIH MOMEHT B OTBIEYEHHON (opMe ¢ MOMOMLIO ypas-
HeHMA: 1

Fv LA Sl TN R /
AT =8¢, -y, (145)

B nocaenuux 4eTeipéx rpadgax 19—23 mogcYATHBAOT 9H-
cJI0 MOfyJielt, OTHECEIHHX K KOHLY J0macTH.
Ilo manupM pacuéra CTPOAT XAPAKTEPUCTHKM OTBIEIEH-
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HEIX MOMCHTOB KaRgOTo cedeHus (puc. 60); 3mecrs ma ocm
aGenuec OTIHOKEeHBl 4mMciaa moxyseit n3 rpadm 22 (raba. 7),
a [0 OCH OpRUHAT — OTBJCYEHHEIC MOMEHTH [JIf KaMKporo
aaemeHTa Jomactu n3 rpader 18,

Ilocse 310T0 CTPOAT FUArpaMMy pacOpeneaeHnss MOMEHTOR
BJLOJI b JIOMACTN, AJIA KAKOBOII tican Ha puc. 60 npoBogAT opau-
HaTy RAA JAHHOTO 4YUCJAA MOAyJeil, mepeceyeHue KOTOPOIL
C KPUBLIMUA JAaCT BeAMYMHLE MOMEHTOB A BeeX cedenuit. Ile-
PEHOCA 9TU BeAUYUHE

Ha rpaduk (pnc.‘ 61), am Pacnpegetenne Momenta ronac-
TOJYTAI0T BEIUUMHBL () 4o on BeTpaKa i=4;Z=3 7=3
MOMEHTOB BHOJAL JO- !
na}c{m. ‘ 0,30
ajKaaA  KpHBai 4
(pmc. 61) COOTBET- o / /*2-4
CTBYeT OLpejeséHHO-
My 9uCIAy MOpyaed Z. ., )
Taxum ofpasonm, rpa- 4
0,1695] 7 5
¢uxr (pmc. 61) open- 0,15 //// // 3
CTaBJIAET pEeUIeHNe HH- DAV A AT
TeTpana  ypaBHEHUA ¢ o y/ T
(115). 77 070856} 7 -
Z=6
[lromans, orpanu- 0.05 r ;/—Oouﬁ
geHgasa ocuw abcmuce st
W KpUBOIl MOMCHTOB,
6yner pasua nurerpa- 000 = 0,005 7=7
0 62 04 06 087 10
ay, B3ATOMY B Ipeje-

aax or r=0,210 r == Puc. 51. HaveucHne oTRIEUEHIIHIX MOMEH -
—1,0=R. Ecaut 3ame-  T0B BJOIb NOUACTA B 3uBHCHMOCTI 0T Z.
HHUTH JAAHHYIO 1LJ0-

ajaL paBHOBESJIHKAM MNPAMOVIOJIBLHUKOM, OCHOBaHUE KOTO-

poro Gynper pasuo r—1, To BLIcOTa ero, B3ATAsA B MacIOTaGe
opauHat, OyneT Bepamarh BeAUYHHY MOMEHTA.

OrraaapiBasg 1Mo OCH OpJUHAT BHICOTHL OPAMOYTOJBHAKOR,
B3ATHX Ha puc. 61, a o ocm abcumee — YncAA MOpyIeit,
MOTYy4MM adPONUHAMUYECKYI0 XapRKTEpUCTHKY BCEro BeT-
pAKA, MOKA3aHIYyoL Ha puc. 62,

XapaxTepUCTITKA MOMEHTA HA pic. 62 mOCTpOeHA HA OCHO-
saHuUN ypasHeHns (11D), xkOoTopoe He y4UTHIBAET KOHIEBRIX
noteps. Bripamas 5Tu morepnm uepes MOMEHTH IIOTEpb, MEI
MOMEM UX OTHATEH W3 TEOPETUYCCKOIO MOMEHTa M HCIpa-
BUTHL XAapaKTepHCTHRY.

Paspenus momnocts T'; KOHUEBBIX MOTEPh HA YIIOBYIO
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CHOPOCTH, NOJYYIIM MOMCHT ROHIICBHIX MOTepPB:

M=, (146)
Tar war

T'—-TTB J f~':"T

-

TO
73
—_ =R? ? E-T i
J[j:?j——_m — .
M| XapakTepuCTHKH MOEHFOB LeTpAka 1
0.18 : i=4;2=3
6 I} Teopernueckas 6es
0,106 - \‘\ F34CT2 HOHDEBHX
0,14 4 le‘*\\\\\[k noreps
|
0.12H0 6 ——4 ;
I

0.10} 0,5-+—~ M ‘i\\

S
0,08] Oyd—bi 2"
P -

A0 1T
0,06 4'013 T i T
4 dkcnepumen a.ura;;x
0,04} 0,2
0,02 0,1
.0.00 z
0 1 2 3 4 9 8

Puc. 62, PaculTnan &3poamdasuyeckans Xapaxre-
PHCTHRA BCEIO BeTPOROICCA.

2
Paspeann »sroT Moment na Bmpasnenue nR3; -,
MOJIYYHM er0 B OTBICUEHHOM BIIE:
p T v ¢,
‘,]T___M_/*_T_/‘K._ﬁ g 147
= =g =Ti3 (147)
~R3; 5

[logcrapaad cioga 3HageHIle T u3 ypasHeHmsa (126) n
& mz ypasueuus (79), noaydi:

o [V ()

(1+ (Tt e iz

MJ-
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— _ . (148)

Ilo;1cueT Mj MOMEHTA KOHIEBHEIX MOTepP® ITOTO BETPAKA Cjle-
gad B tadauue 8. OTRIA(MBAT B MacTade MOMEHTa KOHie-
BRIX TMOTEPh BHO3 OT KpHeoil [, mocrpoenmnoir Hapune, 62,
noayumM KpuByw JI XapawTepin THEKIL MOMEHTOB, KROTOpasn
VYUTLIBAOT KOHIEREIE I[OTCPH 1 ABIACTCA, TAKMAM 006pazc,
CHORUATEALHOIT XapanTePICTURO MOMCHTOB.

Tab6axoma 8
IojfcuéT MOMEHETNB KOHEEBKIX MOTeps {\ pasHende 148)

o2 )8 | 4 '

-1

B

L i

l _2 '——_7 — — !
?l/“'(‘_’p\l T A g
/

I

{ LA N an ——— sV Thaga 4 T

{ AED) l/ 1(1*_2*) /| | |
i

0,426 30,068&0,0:87

250,23 0,684 0,248 .

30,26 0,545 0,222 0.323 10,072 10,0231
40,285 0,397 0. 16% 0,231 (0,063 10,0145
b (0,28 0.315 0,134 0,181 10,049 10,0089
6 10,27 0,265 0,112 0,153 |0,036310,0059
7 [0.26 0,228 0,008 ( 0,430 10,0302]0. 0040

Vunomad 3Hagenna MoMentor M Ha cOOTBeTCTBYIOUL e Be-
JEYMHBL YuCes MORyJdell Z, HOJIYYIM KOB(UIHeHTbl MCHOdb-
30BaNUA dHePraM BeTpa 5= M Z. Itn Ro>PuLNEHTH, § VY IR
HAHECeHB! HA JTOT e Ipadur, RaixyT XapaKTepHCTHRY MCI-
HOCTI1 BETPAIKA, NMOKA38HHYIO MYHKTUPHOM Kpupecil (puc. 62).

§ 24. IPODILIN «ICIIEPO» I ITOCTPOEHHE RBX

[Ipoduas xpoura urpaer pamnelilyio poas B HOdydeynn
BBICOROI odderTuBHOCTIE BeTpOKOIeca, (ymecTByer MHOro-
WICIEHHBIT pAN NPOdiTeil KPHIILEB, IPAMEOHACMEIX B IIPAK-
THRe;Cpell HUX BAHMIMAIOT JOTBIIOE MECTO HPOYPIAN «Demepon.
Jror npoduas Gt paspaboran B LATH num, B. B. Ko-
pocreaeBplM, KOTOPBII 1 A&JI MY VCIOBHOC Ha3BaHIIe «Jcne-
po». Cepus nTiax npodmmaeil OLITA MCIBITAHA B a3 OJIMHAMII-
yeckoit Tpybe LIAI'M npu cropocrax sosmyminoro morowa
0K0.:10 30 M/cer. ¥Yrinl aTtar!n OpHHIMATHCH OT Q& =—14
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no a==90°. Pasmep my:em 750150 mm. IlosayueHHLIe pe-
3YJIBTATH MICPECUNUTAHBl HA GecKOHeYHblk Pa3Max M IPELCTAB-
JIeHH B BHfie rpaduKoB, moKa3aBHLX HA puc, 63, 64.

Ha puc. 63 nalotea BeamuHst C, B dyurinn q =—14°
no a=10°, a ma puc. 64 — gaa yraos a=10° go a=—=90°.
1o ocu aBeumce OTmoMMeHHl TOMUMHHL Npoduas B JOIHX

XOpAbI, a 1o OcH Opiu-
C—S/B-Ol\ mar - KODPULMEe HTH
=9, =~ nojn#MIOi CUJIBI KPALIA

Cl/:'—};ﬁ. K
N Y 5, Y% Rampaa rox-
O/s=0,2 Z
cTas KpuUBasg COOTBeT-
CTBYeT OMNpeAeIeHHOMY
yray araku a JTaHHOIf
cepnu. Yrasi o obo3ua-
5/*,:0,3 YCHH HA KOHIAX COOT-
BeTCTBYIOIMX KPHUBHIX.
Bomee romkme kpusbe,
nepeceraouine TOJICTHE,
TPeHCTARIAT KPHABHO
npu p=Const, T. c. KaK-
HAaA KPUBAS COOTBET-
CTBYET [AHHOMY [ CePUH.
3madeHuss M TOCTABICHH TOCPOXMHC KpuBLHIX. HKpmsue

Puc. 65. Ilpopnns «Icnepor Torwm-

Hoit %—.:0,1, 0,2 1 0,3.

~ . )
C, W p MOCTPOSHH JUIA TOMMUHE npodnieit or - = 0,1 no
0,5.

Opumep [. Haitru €, m 1 maa npoduns «Jenepo» Toaum-
unoit 0,21 wpm yrae artakm g=——1°,

Pemenne., Ilo ocm aGeumecec HBaxosum TOuKY
: . "
?:0,21, uaém 0T Ile¢ MO BEPTUMKAJM 10 TlepecedeHHd ¢
TOJICTOIt KpMBOiT, 0603HaveH O —1° U OTCuuTH BaGM TIO Je-
BOii LIKaJe BeJMIMHY Op/uHATH; OHa 6yner pasna C,—=0,827.

Bennunny p HaxojUM, MHTEpHONUPYHA IAIIA3 PaccTOs-

o

HHe TOYRH ?:0,21‘; C,=0,827) or Gammaiiuiux TOH-
rux wpussrx p=0,01 u p=0,015. Hcromywo pu moxydaem
pasuoit p=0,012.

IIpa moxe3oBaHumM rpadmmoM 64 clepyCT MMCTH B BHUAY,
a10 06AaCTh, 3aKM04EHIIasd Mex1y KpuBLIMu a=—=10 n ¢==28,
paér graveHna C, ¥ L BechbMa HETOYUIO, TAaK KAaK dTa 06macThb
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COOTBETCTBYET YIiaM ATaKH, MPH KOTOPHX HACTYHAeT CPhIB
CTPYit B 00pa3yoTcd BHXPIH,
- ]

Ha pme. 65 naun nmpoduan «Jemepoy TOMMIIHOK0 5 ¢ 0,1
0,2 1 0,3, a na puc. 60 npusezeHst 1va rpaduka, ¢ HOMOILbIO
KOTOPHIX MOYKHO HOCTPOUTH ONpodirib «Jcnepoy aodoil 1oa-

vi :

8 289

| RN

0d 0,5 0,6 o0, 0,8 090,975 «x

010,05 0,1
=0,0125 0,025
Puc. 67. Iloctpoeume npofiig ¢Jcnepos.

0.2

vianet. o ocn aGenumee oTno/eRM TOAMMMEA POPIIA, BH-
paneilbie B JOJNAX XOpAM 1ad abcymceen npodusis, ofosHa-
YenHoit Ha KOHUaX Kampoii kpusoil. Jeswil rpajuk —a gaér
opamHATEL TONOBKM mpodnas masa aGeunce or O go 0,3;
npaselii rpadur —6 a8t OPAMIIATH XBOCTHRA I a0CHICC OT
0.4 no 1,0. locrpoeune nmpodura gexaroT caeayomum odpa-
3oM (puc. 67). CTposAT ocH KOOPAUHAT M OTKIAAJLEAIOT IO
ocu adcumCe BEIMYRNE A0CHIICe, TOMYYalomuecH Iy M epe-
MHMKeHAA JAANHN XOPAB NpOPHIA NPOCKTUPYEMOT'0 RPHIAS
Ha YucJO, CTOANlee IO KOHIaM KpHBOi (puc. 66).
Upzmep 2. Haiitu opanuatsr mpoduias mpoerTApyeMoii

=0,3

annacta ¢ xopaoil pasmoii 1 000 am ¢ Toamuuolo

o] o

nas abenmee 0,2,

Pemenne Wmem peamunHn OopanHAT 1Mo KpHBLIY,
Ha KoHnax KoTopuix croAr wicna 0,2, Tawkux xKpuemx Ha
seBol quarpamue (puc. 66) aBe: BepXHAA, OPANHATA KOTOPOIT
RO€T BeJINYUHY ODAMHATH CIUHKN mpodusid, pasHyio 0,289,
1 HIDRIAA, OpAMHEAaTa KoTopoii ==(,0272,1aéT BesuunBy opau-
HATL! HIVIRHCH YacTH Ip o uiaa. ¥V MHORAH MOy Ye HHEI® KOOPAN-
HATH HA JJIMHY XOp/H, TOJYUNM JUIA abcIEce MpOeKTHpye-
moro mpoduas z==0,2-1 000=200 my wuw paxg opnuHaT
y==0,289-1 000=289 mux u y,=0,0272-1 000=27,2 mm.

HonoOusm 06pasoM ONMpeAsiIAIOT OCTaIbHble KOOPAWHATEL
¥ [0 HUM CTPOAT TOYKI, KOTOPHIE CONNHAIOT IIPH WOMOIH
Jlexana NA3BHON KPHBOIl M TOKYyYalOT NpOPUIb KPLLIA,



ITABA VI

DKCIIEPHMENTAJLHBIE XAPARTEPHCTHLH
BETPOBHIATEIEN

§ 25, METO1 MOJIYUYEHMS dRTTTEPHMEHTAILHBIX
XAPARTEPHCTUR

OKCIMePUMEHTANBHEIE XaPAKTEPHUCTIIKY  BOTPO;(BUTATE.TCIE
MOJYYAIOT ANG0 B A0pOMHaMHYecKOil Tpyle, rae coslaéren
MCRYCCTBEIHET BOJPY LT TOTOK, TTHU0 B IIPUPOAHBIX YeI0~
BUAX B BeTPCCRIOBOIT mabopaTopun ¢ HamHelt, 0GopyROBIH-
HOi1 CTenuaspHLIMII IPHOUPANMH,

Ha puc. 68 mprpeaena cxena aspojiHaMudeckoit tpyGal
amamerpom B 1,6 M B oxmoit u3 madoparopuit CCCP.

OcHoBHBIMI TIPUJOpaMH AIA NMCIMTALAA MOjelell BeTpo-
AHUraTenel B aspoguHAMUYeCKONl TpySe cay#iar:

1) muspomanomerp cunprosoii ¢ tpy6roit I[ATH ;e
U3MEPeHUA CKODOCTHOTO HAmopa BO34AYIIHOTO IIOTOKA B
TpyGe;

2) casomnucen ¢ xpoHorpadoM LIA 3anucu 05OpOTOB MO (il
BeTPOKOJICCA;

3) GapomeTp RIA onpefexeHNA aTMoc(epHOTO paBIeHNd;

4) TepvoMeTp IJIA ONIpeJeJeHHA TeMIepaTyphl B MOMEHT
OHLITOB,

JKCIePUMEHTANbHEE XApaKTePUCTUKHE BETPOABHMTATCIEN
NMOJIYYalT 10 HHEPUUOHHOMY MCTOAY ABDOAMHAMRYCCKOTO
Hucruryra B Kyunno, 9101 Me10;1 OcCHOBaH Ha 3aKOHE HHe P HM
Bpamapmuxcsa Macce. Urodu cooduure BpaulalomeMycd Bo-
KDPYT cBOeii OcH Teay H3BecTHOE YIVIOBOe YCKOpeHHe, Heo(Xo-
AUMO pmeficTBHe HA DTO TENO BPAULAIOIICI0 MOMCHTA, BEIUYUHA
KOTOpOr0 papHA MOMEHTY HMHEpLUH TeJa, B JARHHOM ciaydae
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BETPOBOI'0 KOJeca, OTHOCHTCABHO oclt ero ppameRud, yMHO-
AeHHOMY HA YIJI0OBOe YCKOpeHmne, T. e.:

dw
M=I T (149)
rge: M — BpaaOUWni MOMCHT;
I — moveHT HHepIMM BpallaOLIErOcA Teaa;
dw
g — YDIOBOC yCKOpeHne.

Takav oGpa3sosM, 3Had YyII0BOe ycKOpPeHNe B KaxkibIill naH-
HEiT MOMCHT BpeMeHH U MOMEHT HHEpIHUW MOjejM BPaulalo-
merocsd BETPOKOJECA, MBI MOYREM OIPeNeldTh KpyTAmuMii
momerT M —=M,., MojCHM, BLI3BAHHLI BHEIIHUIMH CHIIAMHU,
T, €. BO3AYIIHHIM NOTOKOM B Aa3pOIHHAMHMYecKOll TpyGe.

OnpepneanB 1A Kama0ro MOMeHTa BpeMeHH 3HadeHWe YI-
JOBOIl CKOPOCTH ), HAXONAT 9YHUCIO MOJyIeit Z:%g y
KOTOpOe COOTBETCTBYET IOJNYYSHHOMY KPYTAILEMY MOMEHTY
BeTpAKA Mg.p, 3aTeM crTpoAT XapakrrepucTur¥ M qp—f(Z)
n &=f(Z). Cxema nCHEITAHHA BETPOKOJIECA B ABPORUHA-
Mmueckoif TpyGe mpejcraBieHa Ha puc. 69,

Mogexs BeTpAka I oMemalT B adpORNHAMBIECKYI0 TPpyOy
2, rge BeHTRIATOPOM 3 c031a6TcA BO3XyMIHLIT moTox, Ha Bany
MOJeIN HMEEeTCA DIeKTPUUCCKUN ROHTAKT 9, ROTOPHI 3a-
MHKaeTcs OJMH pa3 B TCYeHHe OXHOro 0GOpOTa Bala € KOH-
TAKTOM LeIN DICKTPOMAarHuTa 4, IpUBOJAWEro B peiicTeie
nepo 10 xponorpada 6. Bapaban xponorpaga mpueoaurcs
BO Bpame}me oT CI)IHXPOHHOI‘O QHQKTPOMOTOP'{HKH 7 qepea
TpagcMnccnio 8. JloA 3amHcH IOKa3aHuWii NMOJNB3YIOTCA 3a-
KOITYEHIION Ha KepOCMHOBOIL JaMIle GyMaroif, HABEPHYTON Ha
6apadGan xponorpada 6. 3annce nveeT BHJI 0EIBIX YEPTOUCK
Ha yépHoM (one. Bapadan ;10/7KeH MMETDH MOCTOANHOE YACIO
060poTOB.

CropocTh BO3IYUIHOTO MOTOKA, CO3NABAEMOrO BeHTHJIA-
TopoM, pomsuna Omre 10—12 m/cex. Kax toxsko B TpyGe
YCTaHOBHUTCA PaBHOMEDHBI IOTOK, Pe3R0 OTTATMBAIOT YIIOp,
YIOep:KuBaomuif MOJeIb BeTPAKA B HOTIOIBUKHOM COCTOSAHNN.
flon peiicTeuem BO3IYIIHOTO TIOTOKA BETPAK Tporaercd ¢
MecTa m pa3feraercd ¢ yCKOpeHUeM; mocie HeKOTOPOro Mmpo-
MEMYTKA BpEeMeHHU OH JOCTHTHET MARCHMAIBHLHIX 0GOPOTOB,
HasplBaeMux cugxpounsimn, [Ipm ycraHOBHBmIEeMcA mnoToke
YMCx0 0HOPOTOB AamblIe He M3MeHAeTcd,

B momenr pasGera serpsara gsa mepa 10 n 11 npoussouAr
Ha 3aromuémHofi Gymare xpoHorpada uwépTourm: mepo 10

10 E. M. ®arcen 145



grratfow wuneLrMnod udn 1o
-Ad1 mowoonuwennrodee aodogudn
puoxoronsgd BWOX) ‘g9 dHd




HenaaeT OTMETKH [TOCIe Kam/0ro 050poTa BAJIa MOMEIM BETPSH-
K4, Apyroe mepo 11 genaeT OTMETKH BpeMeHU depes RAIKIYIO
CeKyHIy. 9TO Iepo cBA3aHO ¢ YaCOBHM MeXaHM3MOM CJe-
mytoniuM o6pa3oM: MAaATHUK 12 4acoB, NPOX0xA HAWHH3IIee
[oJIOsKeHNe, KacaeTcd CBOMM OCTpMEM KameJbku pryTn 1.3
M yepe3 KOHTAKT 3aMBIKAeT IeNb BIeKTPOMATHATA §, IPUBO-
pAmero B jeiicTene cexyRiHoe mepo 11.

OnHOBpeMeHHO ¢ DTHM C IIOMOW[BI0 MHKpOMamomerpa 15,
npucoeguaéHHoro K Tpyoke 16, nmemamwTr 3aMepH CROpOCT-
HOT'O HAmopa BOJRYIIHOrO MOTOKA B TpyOe, 4roGH 3aTem
onpemeautrs ckopocts. HKaperka ¢ mnepeamm 10 m 1/

Bpema a A
t=1
3—-——— cek —————-1/‘4 5a)

0 Al A2

CunxpoHHue

Ang 4
33 Anyg 060pOTOR Oboporul 060poTH
Wan W &V an W W

SR sy VNSNS 4 \ S/ —/
1 2 3

— o —
331 B60poi "

Puc. 70. Cxema sanucnm 000poToB H BpeMeHH,

mepemelnaercd HapasieabHO ocu Gapabama xpororpada
BurToM I7. IlpuGopu mosyyaloT 5iaeRTPOTOK OT AKKYMYJIA-
TOpHoil Garapen I4,

OneiT 0cTAaHABJIMBAIOT IIOCIC TOrO, KAK BETPOKOIIeco Nepeii-
D8T Ha CHHXpOHHBIE 000pOTH, HA 4TO TpedyeTcA He (ojaee
15 cexyusz.

Ilocae ommra cuimalor 6ymary ¢ xpouorpada m morpy-
AT e6 B PAcTBOD MIeJLIaKa, KOTODPHII, BAICHXAfA, 3aKper-
JAAeT KOHOTH HA OyMare W IpejoXpaHAeT 3ammAch OT CTHPA-
Husa, Cxeva sanmcu mowxasana Ha puc. 70.

0GpadoTra pe3yanTaToB ONBITA. Ha Gymare, cHATOit ¢ Xpo-
Horpada, HaXOIAT, 4ycpe3 CKOJIBKO CeKYH[ ty, OT 1agaja Bpa-
DIeHUA BeTpAK MOCTUT CUHXPOHHHYX oboporoB. CeRyHAul
Ha cxeMe ofosHaveHH nqudpamu: 0, 1,2, 3, 4,5 u 1. 1. BBED-
Xy. Cumxpondsle 0GOpPOTH XapaKTepU3ylOTcA pPaBHHMA

ATHHAMH OTPE3KOBAN BaMUCH MeMJAY IBYMA CMEMHBIMH
10* 147



orMeTramMm 0boporoB. Ha cxeMe 9Tu orMerrnm oGo3HaAYeHHs
nuppama 0, 1, 2, 3 BuH3y.

Viamepnp gamasr OTpe3KOB KaskI0# CeKyH/Ibl 32 BpeMs pas3-
Gera, HAXOMAT CPENHIOI WINRY [, HagepHYeHHYIO MepoM 3a
OAHY CEeKyHIY.

p |
@,
re t, — GUCITO CCKYH)L, B TeYeHHe KOTOPWX BOTPAK pasde-
raicd,

JAaa ompepeseHds yraosoil ckopocTw pasfera MoAenwn
¥3MCPHIOT JAUHY OTPE3KOB A7 MeIy OTMETKAaMU IepBoro,
BTOPOTO, TPETHEI'O 11 T. /I, A0 II€CTOTO ILIH BOC BMOro o{opo-
ra. J{asee n3MepdAOT OTPE30OK cpa’dy ABYX oGOpOTOB, 3aTCM
TPEX K T. [., MOCTEIIEHHO yBCAMYNBAA M3MEpAEMBIl yYaCcTOK
Arn 3aAn oboporoB. Yem MeHbUIe pas3HHNAa OTPE3KOB J(BYX
coceHNX 060poToB, TeM Ouauike OGOPOTH IOZXONAT R CIN-
XPOHIIBIM,

Bpema At,, BTedenue KOTOPOIo BEeTPAK fAenad AN obopo-
TOB I3 BHRIAEACHHOM Y4ACTKe An,, AOM#HO OLITH PaBHO:

___ Ay [Mm]
M= )’

rje: k — mopAAKOBHIA HOMep yyacrka An,, Ha KOTOpOM OBLIO
cxenaio zn oGoporos (pue. 70);
l— mauHa oTpe3ra, cooTeeTCTBYMOWAA 1 cek.
Cpepnniolo YJTIOBYSO CHOPOCTH, KOTOPYIO PA3BUBAN BETPAK,
Rexas AR, O0GOpOTOB, COOTBETCTBYIOWNX JAHHOMY AN, oTpes-
Ky, HaXogMM IO ypaBHeHWIO:

2z3ny [ paxmau
u)k = —y— |
Aty ceK.

[IpuHATO CUNTATH, 9TO CPENHION YIIOBYIO CKOPOCTH O, BET-
pAK UMeeT B cepejnHe MpoMe:kyTka spemenn Af,. Ciepo-
BATENbHO, CPEHION YIIOBYI0 CKOPOCTH O, BeTPAK pAa3BH-
BAEeT 32 BpeMA:

My, .
— VA—| =tk i
=27+ [eex.]

Onpenmenus 3HAYSHNA @, U {; JIA BCeX BHIAGISHHHIX yUa-
CTKOB An, cyHTag OT HAyaJa JABMKEeHNd U IO HACTYINIEHUA
CUHXDPOHHHX O050DOTOB, CTPOAT KpHMBYI pasbera o=f{(t)
(puc. 71).
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CaepyeT 3aMeTHTh, YTO BaJ BeTPAKA O MOMEHTa I BOLO
3aMHIKQHUA KOHTaKTa 9, AelicTBywoinero Ha nepo I0, mpoxo-
1T OPOMEMYTOK BPEMEHH Af, BeAMYMHA KOTOPOIO 3aBHCHT
OT NEepPBOHAYAIBHOIO B3AUMHOI'O MOJIOKEHHA BPAIAIOMETocH
KOHTaKTa 9 Bala H KOHUTaKTa I3 4acOBOrO MeXaHM3Ma (puc.
69). Ilostomy B mMomeHnT BpeMenn t—0 (Hauaga KOOpJMHAT)
YIJIOBAafg CKOPOCTh MOKET YiKe HMeTh HeKOTOpOe 3HAYeHMe,
KAK 9TO MMOKA3aHO Ha puc. /1. BeanunHa yraoBoil ckopocTH
32 BTOT NPOMEKYTOK BPEMEHN OmpefesIAeTcss Ha OCH OpjH-
HAT XO[OM J€BOIf YacTH KpPUBOil pasdbera, KOTOpam IOMHA
NPOXOANTh HECKOIBKO BEINE HYyXs Oceidl KOOPAWHAT, lie Ha-
pyllasg cBOEro MAABHOIO XOja,

ITo kpuBoil pasbera mmeerca BO3MOMKHOCTH TrpaduyecKy
dw

OIPelcINTh YIJIOBGE YCKODEeHHe COCTBETCTBYIOMCC  BhI-

dt’
GpaHHEBIM 3HAYCHIAM BDCMEHN ¢ M yTaoBoll ckopocty 0. Jas
. e wR dw
yRoGcrBa MONCuETa wmCAa MOAyAell Z=—=-; Beanumuy 5-

ON PeIeIIAI0T AJA KPYTAKX 3uaved nit =10, 20, 30, 40 n . x.

Ilpuvep rpaduyeckoro ompejgeaeHuss yraoBOrO yCKOpeHAd
no KpuBoi pasbera o=f(¢) npusepés Ha puc. 71.
Budnpaem na xpusoii pap Touek I, 2,... 7, yepe3 KOTOpHe
uposopumM racarenshne I, I, ... VII. Ha npopoxskenun ro-
PU3OHTAJIBHOI OCH BIEBO OTKAAJmBACM OTpe3ox OP=H,
KOTOpHIi HA3LIBAIOT NOJIOCHHM DaccTOAHHEM, a TOUKy P —
nomocom. U3 toukn P mposogum ayun P—J1, P—2... P—7,
napasIeabHo OpoBefeHHEM Kacareashum I, 11... VII. s
rpaduxa (puc. 71) pagum, uro orpesun 01, 02,03,04 n . a.

o ocu o OyAyT HpONOPUMOHAIBHE YIVIOBHM YCKOPEHUAM
B Toykax rpafuxa I, 2, ..7, Tak KAk U3 NOCTPOeHHA BHUJHO,
4TO BCE OHU NPONOPLNOHATBHE TAHIeHCY VIJIOB P HAKIOHA
KacareNbHLIX, HMEHHO:

OI=Htgyo,; 02=Htgy, nT. ;.

Hpome TOro, HcTHHHEE YTIAOBHE YCKOpPEHUA TAK:Ke IIpoO-
NOPUMOHANBHE TAHIeHcaM YIVIOB HAKIAOHA KacATelbHEIX HA
rpafuke yraosoif ckopocTn.

ITosromy MBI MOskeM HpUHATH Orpe3wn 07, 02... n r. 1. 33
macuirabable 3HAYEHHA YIJOBLIX YCKOPEHM B COOTBETCTBYIO-
wux royxax, CBRA3L MEKAY UCTHITHOI YINIOBOIl CKOPOCTBHIO U

MacwTabHOI © OMpefenACTCA 3aBHCHMOCTHIO;
w=Fko,
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AHAJOTNYHO

IlpopudepennmpoBas T BHPAMKOHHA, NOXYIEM:
do =k do,
dt =kydt,

rie do dreMeHTapHOe MacmTalHOe mepeMemeHue, a di—
paeMeHTapHoe Macurrabnoe BpeMs, k, n k, — macmrabu
YII0BO#l CKOPOCTH ¥ BpeMeHHN.

Tar rax %—_—bg:p (puc. 71), To n

do _k,do kg
= gt — K, B

Onpegeanm Macmrad AaA YIIOBOTO YCKOPEHHA.
W3 nmocrpoennsa rpaduka (puc. 71) pas macmraGHOrO yriao-
BOTO YCKOpEeHMs, Hamphmep, B TOuke I:

do

—_ :Ht Q0 a

7 g Y1, (a)
TAK Kak:

do _ k, ,

a =k 87 (6)
u —

do do

a =k Frk ()

TO, peulad ypaBHeHuA (a), (6) u (B) orHOCHTEABHO &, , mOAy-
YUM UCKOMBIA MaciiTad:
k
kezﬁ-—t ‘ (I‘)

Yrobu mepeiité K OHNpefelaeHNI0 a3POAWHAMMYECKOTO MO-
MeHTa BEeTPOKOJeca, HEOOXOXMMO 3HATHL [0 MOMEHT UHEPIU]
OTHOCHTEJIBLHO OCH BpalIeHHA.

9TOT MOMEHT ONpejeadioT Ha TPOXHUTAHOM IMOJBeCE IO
crmocofy, npepnoxensomy npod. B. Il. Beruunrunsv. Iog-
BeC HpeJCTaBIafAeT TPEXAANUaTYo CUMMETPUYHYIO AepeBAH-
HYI0 3B83JOYKY, NOJBEIIeHHYID Ha Tpéx HATAX (puc. 72),
Touru OpHKpenIeHns HaTell K 3BE3nouke 06pasyoT pasHO-
CTOPOHHUI1 TPEYIOJBHUK; TAKUM OGpasOM, HMTH mOjBECA
ecTh Ofpasymwiiie KPYrOBOI0 HMIKHAPA ¢ BEPTHMKAILHOI
Ochio, B menTpe 3BE3J0YKM BMeeTCH OTBepCTHE, B KOTOpOE
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BCTaBIAETCA BAI ¢ 3aKPEIIEHHON Ha HEM MO/JE/BI0 BETPOKO-
aJeca; Och Baxa cOBIagaer ¢ Ochplo uuauagpa. Hago umers
B BHIY,YTO MOfeIb IOCHe IPOAYBKU HA BaJy Npubopa He niepe-
ABATAETCA M YTOI ¥, _; He MeHAeTca. CucTemy nnogseca (HUTH—
MORens — 3BéygouKa)  ynogoGasior
Tely, UUOABCUICHHOMY HA YUPYIOM
cTepiHe, H OCTOPOKHO MOBOpaYl-
BAIOT 3BE3I0YKY OKROJO €€ BePTHKAIb-
HO{ OCH HA MaJinlii yroJd M OTHYCKAIWoT.
Ilpu 31OM cHCTeMa MCIBITHIBAET KOJIE-
0aHMA OKOJO0 BEPTHKAILHON OCH B FO-
PHU3OHTAJABHOII NAOCKOCTH, [OEePHOA
KOTODLIX OMpefelAnwT N0 ¢opmye:

rae 2{, — BpeMA, B TeueHHe KOTO-
poro cmereMa CcAciada N, MHOMHHX
KomebaHuit,

[Mocae BTOro OTKIOHAIOT CHCTEMY HA
MaJji0e PaccTOAHME B ¢TOPOHY Ha He-
f0nBINONH YrOa M OTNYCKAIOT, 3BE3K0Y-
K& HauyHér OMMCHBATH IJOCKHAE KOIe-
Sanwnsn. Ileprog sTux KoaeGanmit, ana-
NOrVYHO mpeapyiiemMy, 6yaeT paBeH:

2

ﬂe

Homxyuns nepnoxns koneGaumi, onpe-
REeNAT Paguyc HNHEPLUH ¢ HOMOU[BIO
YPaBHCHHEA:

Pac. 72. TpexHRTAHOR

moaRec. rge r— paceTOfAHNe OT LCHTPA 3BE3-
AOYKH O TOYKN KPEIVIGHUA HHUTell,

OTo BHIpAJREHHME MOJYYEHO HA OCHOBAHKHM CJefyIouiero
soiBoga. B. Il. Berumukum B cpocit paGore «Meros akcme-
PUMEHTAJbHOIO OHNPENeTeHHA MUMEHTOB HIepIUH TBEPbIX
TeJ MMPH IOMOUM MHOTOHHUTHOTO IojBecar Jaér gopMmMyay om-
peneleuna mepuofa KoaMe0AHMA IONBELIEHHOM CHCTeMBI JIA
Caydad, KOTJAa BCe HHUTH PACITOMUKEHH Ha  00pasyouux
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1 pyYTGOr) LMMAMHApPA ¢ BePTHKAMBLHCA OCLIO, HapalIendpHol
ocil, NpuXOAAIel Yepe3 LEHTDP TAMKeCTH:

T"“Z”“/Mg ) (a)

rpe r— paguyce ummigpa, o0pasymomime KoTGporo — HATH
mogBeca gANHOW /;
€ — PACCTOAHNE MesIy ICHTPOM TAMKECTH Tella B OChIo
QUIMHPA.
Ecau ueHTp TAKecTH Tela PACHOTOKEH Ha OCH HHATeif,
1o ¢=0, YTO MMeeT MeCTO AJA HANIErO CAyYas ¢ I-HHATIHIM
HCABECOM, [ ypaBHelue (a) mpuAMMaeT BUJ:

Il
TG:.%‘/ wg",,; ©)

OTCO/la MOMEHT UHepIULL

0
T;Mgr?
10: —ﬁr 4 (B)
Mgr?
IIpeobpasyem B paseHcTBe (B) BBIpasKeHHE —=-— , Hald-

4r2l
caB €ro B CIEAYIOWEM BHje:

M %
f@LMzG.‘/Tj.
/

Ho poipamenne B ckolrax ecThb eQUHNLA, XEACHHAA HA
nepuox KodeOaHua MareMaTudecKoro Mamrmxa, T. €.:

1 I3 2
1/ -
2-
cJaenoBaredbLHO
Mgr? 1re 1
i Mr 3

2

Iloncrasre mpaByo 9acTh 3TOTO PABEHCTBA B YPaBHeHHe (B),
HOyYuM:

. Te
IO: Mr? T—'E' (I‘)
Kpome rouro:
[0: ]l[pz, (m)

rae p — papuyc mHepuuu,
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M3 pasencrs (r) u (1) maxommm:

nan

MomenT unepmuu cucTeMs IOgBeca paBeH:
T 2
oo o9 = (M =) g2 = (M +-m) (r> )
e
rie: M — macca mogennm;

M — Macca 3BE3ZOUKM,
r—0,0801 m gnA 3BE3J0YKN ABPOAMHAMMYECKOM J1a-
6oparopun B Hyumno.
MoMCHT NHepLWH MOAeAN XOJKeH OHTH PaBEH MOMEHTY
VHEePIHK CHCTEMH NOJBEca ¢ MOJEJbI0 33 BHIYETOM MOMEHTa
nHepunw 3BE3JIOYKH, T. e.:

IMod ———IﬁtooT’aa—“Iaa-
I, pusn ai—)pOlIPIHaMH‘{eCKOﬁ .na6oparop1m B H}"{PIHO n3Be-
cTel If paBe:
I1,,=—0,0000269 xr. ». cer?

Tax wak OTHOCUTebHBEI adPOANHAMEYECKII] MOMEHT BET-
pAxa, cordacHo ypasHenuio (114), pasen:

- M do
I ap .
A.{——-_Iz';_ﬁ’ Ma;p-——la?‘,
TO:
I da
—= Tl di —de
= em=la
’ 2
= I
e I'—= —"‘%2 — OTHOCHUTeJbHAI MOMEHT MHEpPLHH MOfle-
=R I~

1A BETPAKA,
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do
HepeMﬂomnB BCe 3HayeHNsA &2— Ha BeJquYNNYy I, no-

AYUUM PHIK 3HAYeHHUII OTHOCUTEIBHOTO A3POAUHAMHIYECKOTO
momeHTa M,

Hpn onpejeJieHNd CROPOCTH BO3LYUIHOTO MOTOK& HA OCHO-
BaHUM OKA3aHWII MHKPOMAHOMETpa HeoO X0 IMO NpUHATD
BO BHUMAaHHe aTMocq)epﬂoe JaBleHHe # TeMmeparypy BO3-
AyXa, a Taxkke MOIIPABOYHHIE KO ULNEHThI MHKPOMAHOMET-

pa:
AC”
. “/QL—TZ)—CE
v=V = (150)
Po

rge: C — nompaBOYHHI 1£03QUIINIeHT TaHHOTO MUKPOMaHO-
merpa=0,106;
0,=0,132 — maccoBag maoTHOCTH BO3AYXa npu 0° 1 760 mm
gaBiIeHnsa aTMocQepH;
AC, — mOIpapBoOyYHEIE KODPUIMEHT HA CHOUPT;
Ab — mompasounmit KosQuULMEHT 2 TeMIeparypy H
arMocepHOC HaBJIeHHC:

273 B
760 T
¢ — koapuuuenT TpyOKU MUKpomanoMerpa — 1,02;
L — BrCOTA KUAKOCTH B MHKDPOMAHOMETpE cBepX
HYNeBOTO €€ TNO0JIOIKEeHUHA;

L=L—L,

rge: L'— BricoTa cTOnGa IRMAKOCTI MIKPOMAHOMETDPA B MO-
MeHT pasbera:
L, — Bricota crTomba KNAKOCTH B MUKDOMAHOMETpe 10
CO3IAHHA Hamopa.
OnpepesnB ¢ckOpOCTH BO3AYIIHOTO IOTOKA, HAXOMAT YHCIO
Momyaeil Z A Kamgoll 3aAaHHOIl @, COOTBeTCTBYWILIEH
YCKOPCHH® do , Haiigennomy mo rpagury 71:

dt
(I)R
7 — — -
¥
Umes M n coorsercTyloume eMy Z, 5eI<0 HOCTPOMTH Xa-
pakrepuetury M=—=f(z) u panee, mNOAB3YACH pPaBEHCTBOM
§==MZ, nocTpouth XapaxTepHCTAKY:

t=1 (2).



Ucnonranus mMpoOM3BONAT NBYKPATHO W AR MOCTPOEHMs
XapaKTePUCTHKYM JBHHOIl MOmedu HOPUHEMAIOT CPejHue Be-
JUYMHE B3 JIBYX ONpeaeNncHuii,

§ 26. ADPOJMHAMHYECLRIOE XAPARTEPHUCTREN
BETPO/IBUTATEJIENR

KpuBue 3aBUCHMOCTH OTBIXEYEHHOIO MOMEHTa H KODPii-
IOUEeHT HCNOMb30BAaHNA BHEPTHY BeTpa OT 4Mcaa MOAYyJIcli Ha-
BHBAT AaPPOJUHAMAYCCKOI XapanTepHCTHKONE Berpojsl-
rarexad.

OcunopHmEME  BeJIU-
4UHaMHA, XxaparTepu-
3YIOIUME  BETPAK ¢
A3POINHAMAYECKO
TOYKYM  3peCHHMA, 0o
onpepeneru [. X.
CabnHuna, ABIAWTCH
(puc. 73):

Z,—HOpPMaIBHAA CKU-
poCcTh WM HOPMAJL-
—_— Hoe WHCIO MOAyJIeii,
Z Zg V g
n 0 IpH KOTOPOM &= max.
Puc. 73. Iloctpoenne aspogaHaMAYECKO:d Benuuuna Zn, Haxo-
XApaKTepACTAKM BETPORO/IeCa. JUTCA Ha OCH adcnuce,
OpOTHB TOYKHM Kaca-
HHA TOPHU3IOHTANBHOII NPAMON ¢ XApaKTePHMCTRKOM &

M"——- HOPMaNBHEI OTHOCHTENBHEIT KPYTAMIMII MOMEHT, paz-
BIBACMHIIl BeTPAKOM PN HOPMAJIBHOM Hiicle MOAyJelf,

ZVO— HAY3JBHRI OTHOCHTENLHHEI MOMEIT WIN MOMEHT TpoO-
raHua ¢ secra; mpu srom Z-==0.

Ei,,‘ax —MAKCHMaJbHBIl OTHOCATCJAbHKII  MOMEHT, KOTODBIL

M oz
MOMCT pa3BUTh BETP AL, OTtHomweHue M,‘ Ha3BeIBAIOT I1e-

perpy3Koil BeTpAaKa.
Z,— CUHXDOHHAS CROPOCT® ecTh TO YMCIO MOAydei, npit
rotopom M==0.

AbpoguHavudecKiie XapaKTepHCTHKH BETPOKOJeCA U3Me-
HAKTCA B 3aBLCUMOCTH OT 4ifca 0 YOPMEL AomacTeif, a rawie
HNOJOReHUA JUMlavT¥ B IMOTOKE Berpa.

MN3mencHne XapawTepUCTHKH BeTPOKOJecd INpH PAaBHBIX
Yraax p 3aRJIMHEHNA BHHTOBOH NOMACTH MOHIHO BHIETH Ha
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PopMa KpHAbEB TaK#e CHABHO BAWSET Ha BeJANYAHY 3.
OdrexaeMuil HpOPUIbL KPHAbEeB BETPOKOJECA MOBHIIACT
B Jonbmeil Mepe, 4eM IepeMEHHHHT YIOn 3aRAMHEHNAA.

Ha pue. 76 npnsenena XxapawTepuCTUKA YeTHIPEXJIOMACT-
HOTO BeTPAKA, KMEIOUEer0 NMJIOCKAEe JIOMacTH ¢ O0TeRAeMEIM
npodnaem npu DOCTOAHHOM YIvie 3akIuHeHHa ¢=—=14°, mno-
Jy4eHHAA OPOJAYBKOH MOJEJW B aspOAHIIaMHYecKOk TpyOe.
CpasunBasg 0Ty XapaKTCPUCTAKY ¢ XapaKTePHCTHAKRON 4YCTHI-

e

0 0.5 1.0 T3 20 T N23 Y Z 30

Pac. 74. AapoamHamuueckas XapaxtepMcTHxa 18-JomactHoro
BETPOK0/1eCa.

Tabamna (kK pacyHRY 74)

OnEITH
I :
IaaBaHne napaMetrpon I ‘ n ‘ .
MarcHMANTbEMA KOBQHIWEHT HCUOTh- ‘
30Bannf BHEPTEN Betpa § . . . . 0,35 0,35 0,33
Yucao monyaet Z, . . . . . . 1,30 1,20 1,05
HayadbHKi KPYTAMAR MOMEHT M 0,48 0,50 0,54
CuaxpoliHaf OHCTPOXOAHOCTE Z, . . 2,69 2,40 2,10
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puc. 74, rae npHBeeHa xapaxTepucruka mogenn 18-zonacr-
HOT'O BETPOKOJeCa, NONyYeHHAA IPK TPEX ONHTAX €O CIAeLYI0-
IAMH yIJAMA @ 3AKINHeHNA JIONmacTeil:

— r
PaccroAdie ot ocn r=§_

Nt OTILITa
.0 | e | 0,33
|
P 17° | 26° 45°
1 TS 20° 29° 48°
111 . . e e e e 25° 34° 53°

r . b
Mogens BeTpokoxeca mmena %:0,33 n 52:0,62.

CrnmomHpiMa JAVWHEAME Ha puc. 74 M306paeHBl KpUBLIe
M, a TyHRTHDHEIMI — KpHUBHE &, IJT TPEX ONHITOB, COOTBET-
creenno I, 1T u I11.

Hannyumme nokaszareJu XapaKTePHCTMKA IONYYeHH C
MCeHBLIIAMH yIJaMy 3aKianHeHuA (cM. Kpubae M u § puc. 74
a rabaniy).

Bausnue opMH KPELIa Ha XaPAKTEDPUCTHKY BeTpOKOIeca
MOKA3aHO KPABHIMH HA pHC. 75, NOXYy4YeHHHIMH B ajpOjpUHa-
MUdeckoit TpyGe s ABYyX MOjelell BETPOKOTeCAa 4-Kphuroi
berpsiHoit Meashimpl. | MOmensr Hmena maOCKWe JomacTH
¢ mocrosuuoit mupuHow b=0,283 R u ¢ mOCTOAHHHM
YIIOM 3aKIHINCHHA:

—14° npu arom °=0,2;
P p R )

IT Mopexns ¢ BEHTOBHIME TOTACTAMA, mupnia nx b=0,357 R—=
:COnsb, YIAE 33RJAMHEHUA TPUBEJAEHH B caenywoueii Tal-
Jaume.

CrononrdeiMd JHHUAMA HA piic. 75 m300paskeHH KPUBHE
M, a nyHRTUPHEIMH — KPUBEe &.

I Berporoseco naér MAaKCHMAIBHHIT KOSPUIMEHT HEmOIdb-
3oBanua vHeprmm Berpa &=10,17; Il Berporomeco paér
¢=0,316.

CraegoBaTenbHo, JomacTn ¢ NCPEMEHHBIM YIVIOM B3aKJIITHe-
HUA M ¢ UBOTHYTHM npoduaed HMEoT § MOouTH BABoe §OTb-
mnii, yeM MAOCKUE NONACTH BETPAHO MEIBHUIE ¢ NOCTOAH-
HHM YrJa0M 3aKJIAHEeHUA,
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péXJIONACTHO!  BeTPAHOI MENBHULH, y KOTOpOH Jsonactn
Tarike MMET MNOCTOAHHHIT Yroa sanrauHeHns ¢—14° (cMm.
xpussie I Ha puc. 75), HAXOgUM, 4TO KODPHIMEHT WHC-
MOJNB30BAHAA OHEPIUM BeTPA BETPOKONECA ¢ OGTEKAEMBIM

| —P—
3
vt e ]
0.25) 05
0,20} 2

01523 /*’_-'&

’

0. tof %2 N &

4 -

LT e \\
0.051 /,/ 2! B\
e // /.f'E \\\

s 47 \ \ '
0.0LZ ~
0 05 10 L5 20 2,5 3.0 Z

Puc. 75. XapanTepacTaKa 4-JTONACTHRIX BeTpoxoidc:

1 —C TLIOCKIMI JJONACTSAMY 1P YIAe ParAHNeHUA =140 = Const;
1l — ¢ BUHTOBWMH JNONACTAMH.

Tabawna (g pacyuxy 75)

- r
PaccrofiHite oT OCH r=

0603HaTenan R
0,2 | 0.4 0.6 | o8 | 10
Yrawe . . . . .| 20°15” 25°577 | 22°23” 18°11* 15°15”

Crpensr npormba

%. e .. ..| 0,053 | 0,037 | 0,0268 | 0,0214 | 0,0168

npodunem KpuAbeB B 2,3 pasa BbIlIe, YeM Y TAKOTO K€ BET-
pAKa, HO ¢ JOMACTAMM B BHUAE IJIACTUH, 3AKPENISHHHX Ha
TOJICTOM Maxe,

Uennranna mogeneit BeTpOKOMeCA KPECTHAHCKOM Meb-
HUOH ¢ TPeMA Pas3INYHEMHA OPOPUIAMYE KPHILEB OKA3aIM,
YTO KPHJIO 3TON MeABLHUIH ¢ O0TeKaeMHIM MpodBaeM, XOTH Gnl
C OJHOH JANMB 3a3jHelf CTOPOHH, HOBHIIAeT &' IIOYTH B [Ba
pasa (puc. 77). O6bsacHAETCA 3TO TeM, YTO, 4eM Jayqute 0ofTe-
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Nl
.14

012 TN
/AN 3
O‘IO / 0,54
/- 0.4
0,08 / C P Q=130 1
0,06 S M | 03]
F N\
0,04 / = 0:2-
¥ |
, N\
0 , N 01
0,04 /r \
o 0,0
0,00 ke
o ' 5 6 7

Puc. 76. XapakTepucTHKa 4--T0MACTHOrO BeTpPoROIe-
ca ¢ 00TeKaeMBIMA ILIOCKHMHA JONACTAMHA. Yrox 3a-
waanesnd ¢=14° =Const.

-2,5° 21
B3 == 155 ——— 155
AT ®
N0l EY .
. NV
85
187
& JA_"T‘ S
'B-‘-—‘
"W‘Lc- B
f ’\\
0.2 / A \ \
yavmwsl BN S
W ENY//EEN '
J AL |
VAV W i
10 2,0 30 | 40V ,1-13 g5 U

Pnc. 77. XapaxkrepacTHKA BeTPOKO.1eCa KPeCThTHCKON BCTPSHOH
MeJbHHIB C Pa3NIAYHLIMA OPOPHIAMA Jonacrell KpuIIa:

A — C ILIOCKUMU JIONACTAMU; B — ¢ 00TEeKAaeMLIM HOCKOM;
— ¢ 0o0TerAeMOil COMHKO JoHacTH.




KAeMOCTH Telld, TeM MeHbIIe CHIH CONPOTHBICHNA, ROTOpPHE
3aTOPMa’KIBAIOT BpalleHMe BeTpoKodeca, Kpome roro, xo-
polIag OGTEeRaeMOCTh KPENIA ¢ 3ajHell CTOPOHAl NO3BOJAET
HOTOKY B 9TOIl 4aCTH IPOTEKATH ¢ §0Jee BRICOKHMII CKOPOCTH-~
Mi Gez 33BUXpEHNIT, BH3BBag 007e¢ BRCORYI0 MOJBEMHYIO
CILTY .

VeTaHOBNM fadee BANAHIE 112 XAaPAKTCPUCTURY 4lIcda JI0-
nacreii 1 KoaQmuMeHTa 3amoaHeHNA k;. ITOT ROIPUIHEHT
npejcTaBIAeT OTHOMIEHWe NAOUAAM Jjomacreil K oMeTaeMoil
[OBepXHOCTH BeTporodeca. J503HAYNB KOIPUIHMEHT 3amom-
HeHUA yepe3 ky, II0M[a/(b JOMacTCil yepes S, oMeraeMy mo-
BEPXHOCTH 4epe3 F, moayyu:

by ==
3T F ¢

. X. CabnHnHE npoussél SKCHepUMENTATBHHC HCCileno-
BAHNA YeTHPEX MOJeJefl ¢ Pa3IN4YHEM 4HCIOM JOomactreii u ¢
PasIUYHLEIMI KOPPMUUEHTAMH 3AIOIHeHUA OMETAeMEIX JiO-
BepXHOCTEll, a IMeHHO:

Yucao Jemacteit I 2 4

0,295

s

l 1 |
. l i !
Roafunment sanoanerms ky | 0,098 i 0,15 l 0 !

i \ {

Ilpoguan denmmrannmx Jomracreit moxasauml ua puc. 80.
ORCIepUMEHTaAbHble XapaKTePHCTHRU JAIA BTHX BETDHKOB
npuBegenkl Ha puc. 78 u 7Y.

PaccmarpuBasa momyvennsic XapaKTE€PUCTHRYM, BUAUM, YTO
9HCHO JOMACTel 0YeHh Mado BIMAeT HA KOD(HIIUEAT HUCIIOJb-
30BaHMA DHEPTUU BeTpa. 3aMETHO HEKOTOpoe IoBbUIeHHe §
aAINE Y WecInloNacTHoro seTpaka. OmiraKo 3To IOBMINenUe
Ienp3A OTHEeCTH 33 cI6T GonpLIOro Ymeds jgouacreif. dromy
HOBBUIIGHI0 Moran 0bITh DpudnHoil gpyrue ofcrosrenncrBa,
KOTOphle TPYRHO YYeCTs B OKCIHEPUMEHTHPYEMOH Mojenn.
Orcioma caegyer, 4YT0 MOU[HOCTHL BeTPOXBHUT a-
TeaAsd He B3ABUCHT OT 9GHCAA JOMDacTel
BeTpOKOJecCa, OHA 3aBMCIT TONBKO OT Auaverpa Bet-
poKoneca, HOPME JomacTell N DOJOAEHIA NX B HOTOKe BCTpA.
Usmenenne uncaa nomacreil CINILHO OTpamaercq Ha GICTPO-
XOHHOCTH M HadaJdpHOM MOMEHTe Berpokojeca. Hampnmep,
cormacHO puc. 78, mecTuIOnacTHR BerpAr obiamaer HOp-
MANBHOL ORICTPOXOHOCTRIO Z, = 2,7 1l HAYaTTBHEIM MOMEHTOM

My=0,067, a gpyxaomacTHHII umeer GricTpOXOAHOCTE Z,==

11 E. M. ¢areen 161
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Puc. 78. XapakTepucTHKa BETPOKOJEC € PA3TTIHHINM
YHCI0M jlonacTeit.

M |
[
0,15 ,I
[ATAN,
/
0,10 }/ )
VAR NER
JINanyi O
A1/ \\}\‘
0,05 / \\:\\‘\
o // // i':6‘\ N \\
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Prc. 79. XapaKkTepHCTURA MOMEUTOB BCTPOKOIEC ¢ PASIAIIIBIM
YHCJ0M JI0TacTei.



=5 (pme. 79) u M ,=0,01. Taxum o6pazom, mecTHIONACTHEIA
BEeTPHAK HMeeT GRCTPOXOAHOCTH HoYTH B 2,5 pasa MeHbe,
8 HAYaJbHEIT MOMEHT B 6,7 pasa GOJbIIe, YeM 9TU ke BeJIMIH-
HH Y ABYXJONI&CTHOTO BeTpoxoneca. Ecau MEI GpaBHﬂM Hpﬂ-
8MHCTOCTH STAX BETPAKOB, KOTOPAaS IPERCTABIAET OTHOMEHHUE

HAayaJbHOI'O0O MOMEHTA K HOpMaJIBHO'\Iy JVIO , TO HOHy‘Il/IM y
po— n
M, 0,087
NIeCTHIONACTHOTO »ﬁ—zm:O,B% a YV JABYXJIONAcTHOTO
n !

115" 0, g; 0,11. Takum oOpasoM, NMpHEMACTOCTH y IUe-
crmiIonacTHOro BerpAra B 3,3 pasa Goablme, UeM y ABYX-
JIOTIACTHOTO.

Emé Gomee oTanyaeTcs HAYaJIbHHEA MOMEHT MHOTOJOIACT-
HeIX BETPOABATATeNEHf OT HAYATIBHONO MOMEHTA MAJIOJIOMACT-
Hox. Hanpmmep, y 48-momacrmoro serpara M =05, ¥
asyxmnonacraoro M =0,01, 1. e. 850 pas MmeHBIIe, YeM Y MHO-
roIOIacTHOTO, 3HaA aspoRUHAMUYeCKNe XapaKTePHCTHKH
4 BANSAHHE PA3NUIHHX (AKTOPOB HA OCHOBHHE BEJINTIHE
AX, MH MOXeM IPAaBHJIBHO pelllaTh BOIPOCH Ipm paspalorie
KOHCTPYRIAA BETPOKONECA [JIA° ONPeReJEHHHX YCaoBRi pa-
6otsl BeTpogBurareasn. Hanpumep, grapaborw creneparopom,
KOTOPHI TPOTAeTCHA € MECTa ¢ MANHIM MOMEHTOM, & padoraer
¢ GONBIIMM YUCIOM OOOpOTOB, JNyWile COOTBETCTBYET MAjo-
TOMACTHHI BETPAK, OTIHYANINNICA GOABINOK OHCTPOXOR-
HOCTBIO M MAJIKM MOMEHTOM Tporamus. [Jag paborTw ixe ¢
NOpIIHEBHIM HACOCOM, HATPY#RAIOUIHM JBATATENb O{OIBIINM
MOMEHTOM NPU TPOraHUM ¢ MecTa M TpebyomaM MAaJHX 06o0-
POTOB, Jay4IIC COOTBETCTBYeT MHOTONONACTHHIA BeTpPAK.

§ 27. DKCHEPUMEHTAJIBHAA HPOBEPEA
TEOPHH BETPOJBHUTATEIEH

IIposepra Teopum BeTponsmrareeil Gua nposefsHa mpod.
I'' X. Caborramm [36]. IlpensapnTenbHo GBI IPOBEREH
ABPORMHAMITICCKMIT pacuéT cepui BETPAKOB € YHCIOM JO-
nacreit i=2, 3, 4 1 6 10 KJIaCCHYECKOIl TEOPAU W IO TEOPHA
I'. X. Cabnensa. Mogenn Gnan CHpOeKTHPOBAHH ¢ npodm-
TeM jomacTeit «dcmepoy ¢ ysennfnmaxomencﬂ 'rommmou 10~

facTH OT KOHMA KO BTYAKe OT _0 12 nmo ——~,0 24.
Rospunuent ropmosenus pna 2-nonacmoro BeTpHRa Onin

11* 163
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Puc. 80. MoJeay BeTporioI€c ¢ PasviHYHRIM YHCIOM J1QUACTEH.
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Pac. 81. XapaxTepucTHKYE MOMEHTOB TeOPeTHYECKHE W DK CIepAMEH-
TWTRHBIE O 2-JIONACTHOH MOJIenH BeTpPOKoJdeca.
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Puc. 82. XapaKTepACTHKH MOMEHTOB [iA 3-JIOTACTHOR
MOJesIH BeTpoKoeca.




. . .
;71- =0,3, maa ocranbhmx 3 =0,55. Jua xamgoro

»
9JIEMCHTA 1O JJIMHE JOMACTA OHIIO HPUHATO f:Const.

OPUHAT

Koucerpyrnua wmopeleit m pasMepsl NX TNpUBefeHH HA
puc. 80. B peaynnraTe DpOAYBOK MOReleit GRLIM mMONydeHH
xapaxkTepucTAKN, HpABeAéHHbre Ha puc. 81, 82, 83 n 84,
i€ TOJCTHIE JUHNN 3 IPeRCTABIAIOT ONKTHEE XapaKTepucTH-

M
015,
\ 1
\§ B
iRy —
4 \\ 1
AT
0.0 L \//
AN
/ NNY
N
0,05 / \ QY
(]
0 | 2 3 4 5 6 7 8 Z

Puc. 83. XapakTePHCTHKH MOMEHTOB AT 4-JofldcTiod
MOIeJIH BEeTPOKOTIEcA.

KM MOMEHTOB, TOHKNMe I MOTY4YeHH pacyéTOM IO Kiacchye-
CKOWt TeOpNM W TOHKNe 2 NMOIY4YeHRI pACUYETOM IO TEOpHm
I'. X. CaOnnnna,

Ipu paceMOTpeHHH NPHBEXEHHAIX XaPARTEPHCTHK BHIMM,
4TO0 KpHBHe, noaydennre no reopnu I'. X. Cadnrnna,so scex

R
CIy4Yasx Opu (’)724 T. ¢, B mpaBofl yacTd rpadura HAyT

BHIIIe BKCIIEPUMEHTAXBHEIX, & KPUBKe, OIYUeHHEIE 110 KiIac-
cHuJecKolt TeopHu, HAYT HUHE, 38 NCKIGUCHEOM ABYXIONACT-
HOTO BCTPAKA, ¥ KOTOPOTO IIPU 4HCIe MOmyJelf, GIN3KOM K
CHHXDOHHBIM, 00e TeopeTudecKye KPHBhC MAYT HILRe DKCIe-
PpUMeHTaIBHOL.

Hanee sameyaem, 4T0 TEOPETHYECKUE XAPARTEPICTHRI KaK
mo reopun I'. X. Caduanua, Tak 0 IIO KIACCHYECKOL TeOpUdH
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Puc. 83. D<cnepuvienTtadpiasg M TEOPPTIIIECKAA X 1ParTe-
pucTHiia BeTpika D=:25 m; Zn =7; t=3.



pacxogaTca ¢ 9mnepuwemanm{ou BECHMA HE3HAUHTEdb-
Ho. ONHTHAA KPHUBAA MpH ——> 4 ABIAETCA KAk OBl cpei-

Hell KpHUBOIi, NpPOBENEHHOIl MeKRAY KpPUBRIMH, pacCUHTaN-
HEIMH [TO BTAM JBYM TEOPHM,
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Puc. 86. 9xcnepmMeHTaTpHASI H Teopemqecr\aﬂ XapaKTepPUCTHKA
peTpAka D=22; Zn =4,5;

oR
PaccmaTpnBas KpHssie Ipu ~—<4 T. e. B JeBOfi yacTd

rpaduxa, BIANM COBepLIeHHO nHYyI0 Kapruuy., OGe TeopeTu-
qecKHe KPUBEIE IOYTH COBNAZA0T, HO NPH BTOM NAYT 3HAUM-
TEJBHO HIHKe ONBITHOMH.

AuanornyHnie ONWTH OBUIM NMpOBeAeHH. B a3pOoMHAMMITe-
croif Tpy6e D=6 M ¢ ABYMA MOJ@IAMHA BEeTPAKOB §0Jee KPyII-
HWX pasMepoB: OfHA MOJeNb TPEXJOMACTHOIO BeTPOROJeca
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nvena D=2,2 m uZ,=4,5; npyras — r1oue TpéXJOmACTHASA,
HO ¢ Y3RIMU JONACTAMH M Oodee CRICTPOXONHASA, NMeIa
D=25mu Z,=7. D11 ONLTH WHTEPECHE TeM, 4T0, IIOMHIMO
XapaAKTepPUCTHKM MOMEHTOB, OBLJIM HOJYYEHH ONKITHHIE Xa-
PAKTepUCTHKE OCeBOTO MaBJeHHUA HOTOKA HA BETpOKOIECO.
OKCIepHMEeHTATBHEE I TeOpeTHYecKIle XapaKTepICTHRI 9THX
BeTPAKOB IpnBedeHH Ha puc. 85 n 86, rjme TOMKME KpHBHe
nonyueHs pacgéroMm no reopuu I'. X, Cabnunua, a Tomcree
¢ TOUKAMH NOAyUeHHl OkcmepuMeHToM. Ha pne. 86 naneceHn
KPY/KRH  DKCIIEDUMEHTAIBHON  XapaKTepPUCTHRI  MOJEXN
D=0,5, romnio KOTOpOIt mpexgcrTasadeT momeas D=2,2 .
JTH TOYKH IOKA3LIBAIOT, 9TO DKCIEPHMEHTATbHIE XapaKTe-
pACTHKHM OGenx Mogexell B mpaBoif 9acTH pacXOgATcH OYeHb
He3HAUNTeOBHO H OJaN3KO NONXOAAT K TEOPETHUeCKOil, B
BepXHel I B 1eBOIf yacTH IpaduKa KpHUBHe CHIBHO pacXOAAT-
cs1i. To e cavoe 3amevaeM H ¢ KpHBHMH KodQunueHToB B,
2P
=R%V2’
cuJIa 0CeBOTO NaBICHMA; BTy BEJIMIHHY,KpOMe TOr0, Hashi-
BalOT JO0OBHIM AaBleHMeM, a B — koduUIMeHTOM Harpys-
wu. lHTepec aTUX ONLITOB 3aKXI0OYAETCA B TOM, YTO OHHU IO~
TBep/KAAKT npasnakiocrs rak teopnu I'. X. (Cabumnumna,
TaK N RiJaccuyeckoii Teopmm. Pacxosxmenus skcmepmmenra
C OMEITOM Ha OTNEeJbHHX YYACTRAX XapaKTePHCTHK He MOTYY
BHI3LIBATHL COMHEHNIf B IpaBNJABHOCTH BTAX TEOPUIl, TAK KAK
BTH PaCXOKIeHUA HACTOJIBKO HE3HAUMTENBHE, YTO IIpAaKTH-
YeCKH UMHI MOMHO npeHeGpeuh.

XapaRTepH3yIIUX OceBoe gaBieHne, B = rge P—



I'TABA VII

SKCIHEPIMEHTAJBHAA IIPOBEPKA
BETPO/ABUTATEJIEH

JRCHEPUMEHTANbHEIe MCHHTAHMA PpeallbHEIX BeTpPOKOJIEC
Ha GallHe B eCTeCTBEHHOM BCTPOBOM HOTOKE INeHHH N HeOGXO-
IAME, TIOTOMY 9TO MOJYYaeMEe IIPU 3TOM Pe3yIbTAaTsl B HAW-
Goanmelf Mepe OTpasKAIOT paboTy BeTPOABATATENEIH B BRCILIOA -
tagmyu. BosgymHell noTOK B aspOAMHAMAYECKOH TpyGe
HeifcTByeT Ha MOFEIb ¢ MOCTOAHHON IO BeJHYMHEe N HaIpaB-
JIGHUIO CKOPOCTRIO, B TO BpeMA KAK BETPOBOM NOTOR, Habe-
raloImii Ha BeTPOKOJECO B PEANBHAIX YCIOBUAX, N3MEHACTCHA
M 110 CKOPOCTH M 110 HanpasreHno. Kpoae Toro, serpokonéca
AMeI0T pAa3JINYHEE AEeT3JIM Ha KPHJIBAX, HNOCTABICHHEE C
LeJ B0 PETyJINApOBaHNA 9icaa 000pOTOB, H KPEeIIeHud, KOTO-
phe He BCEINA MOKHO BHIIOJHATHL HA MOJENH.

§ 28. OBOPYAOBAHHE BAIIHA NJA WCHIBITAHNA
BETPOABHI'ATEJIEHR

UcnniTanne BeTpOABHTATEOl BIPHPOHLIX YCIOBUAX HPO-
H3BOGUTICA HA Oa3mHAX, OGOPYROBAHHEIX CIEIBAJBHEIMI
opuGopaMu M HPHUCIIOCOGICHAAMM.

Ha puc. 87 norasaHa BepXHAA YaCTh ONHTHOH GauiHn
Berpocuxonoit magoparopum HATU, ¢ pacnonomennem ocu
BeTpOKOIeca Ha BeicoTe B 45 m [D2].

IlogoGHEE ONHTHEC GAlIHM NMEIT BETPORBUIATENb, CO-
CTOSIIIAIL B3 TOIOBKI (JepMEHHO ROHCTPYKIIM, a TAK/Ke Pas-
JITYHOE IEKTPOCIIIOBOS, H3MEPITeIbHOe I PEeTHCTPHD YIolIee
06OpYHEOBAHHE.

Ha puc. 88 nmorasama cXeMma bIeKTPHYECKOTO 0GOPYAOBA-
HHA ONEITHON Gamuu. [ImHamomamrya [ DOCTOAHHOTO TOKA
momuoctTeo ot 1,75 o 4,75 ket npn 900 go 1275 o6/muH.
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Prc. 87. O6mAR Buj BepXHeii YACTH 3K CIEPAMeHTaNpHOMA GamHy.

NpH HaNpAKeHNU 230 BOJBT NMEET JONOIHUTENBLHEE IOTI0CA
¢ He3aBHCUMEIM BO30YMEEHHEM M ¢ DPOTHBOKOMIIAYHIHOL
obmorroit K, noropam MOmeT
OHTH HEpEeKIIuCHA HAa KOMIA-
yaaHy0. MoTop-reHepaTop MOLI-
HocThio 5,5 mBr, upm 1425
06 /MUH,, COCTOMT M3 ATHAMOMA-
WIMHE IOCTOAHHOI'O TOKa ¢ He-
3apHcUMEIM  BO3GymaeHnem 230
BOJIBT U M3 3-PA3HOr0 acHHXPON-
HOoro moropa 220 BOJBT, TpHU-
COGIUHSHHOINO K JIEKTpPOCceTH.
Berpogpuratrens B mpupomur B
aemkenme aunamo D. Ilomyuae-
MEHI DJIGKTPOTOK 4Yepe3 pacipe-
ReMUTeNBHEIT IUT NAST B MOTOD
MoTop-TrerepaTopa M. JTa MALIL-
Ha pafoTaeT, KAK MOTOp, I IIpH-
BOJQUT B A BU:REHUE aCUHXpPOHHLIT

Puc. 88. Cxena nileKTpHve-
ckoro ofopysoBaHms.
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remepatop I', KOTOpHIT N OTHaéT TOK B ceThb. Tarad
cXeMa IO03BOJAET PEryJIMpOBATH MOUIHOCTH I YICIO 000-
POTOB BETPOKOAECA B HpefeIax OT HyAA [0 JOOLX 3Ha-
yeHnii. PeryaupoBanue NPOM3BOJUTCA PEOCTATAMH BO3OY -
NeHNUsT JUHAMO BeTpAKA Ry I MOTOpP MOTOp-TeHepatopa R,.

HUsmepnreannaa au-
maparypa  sKclepi-
MeHTauIBHOfI  OamHn
mogobpamna ¢ TaRMAM
pacuéron, uroOH IHO-
JTYYHUTH IMOTHYIO adpo-
KUHAMIYECKYID  Xa-
PAKTepHCTHRY BeTpA-
ra. llpn nenuranmax
Tpebyercs H3MEPATH:
MTHOBEHHBIE U CDej-
HUE CKOpOCTH BeTpa,
KpyTAUlle MOMEHTH U
9ucI0 0GOpOTOB BET-
pAKA.

Cropoctn BeTpa ns-
MepSAITCSA ¢ TIOMOIT bKY
ABYX DIeKTPOAaHe-
MOMETPOB  CHCTEMBI
npod. Cabmunua, mo-
CTPOGHHEIX HAa IIPHH-
Iume  {MHAMOMALIM-
Puc. 89. 3/IeKTpOIHCMOMCTR CM.ZeMEl  HE [OCTOSHHOTO TOKA

npog. Cabmumua. (puc. 89). 3auncs cxo-
pocTeil IPOM3BOAMTCA Ha CAMONMIIylleM BOJABTMeTpe. Bo
n30e;kaHAe BIMAHMA BETPOKOJECA HA IIOKAB3AHNA aHeMO-
METPOB OHHM YCTAHABIMBAIOTCHA HA MAYTax B ILIOCKOCTII
BeTpOKOJeca, Ha paccrogHum 20 M gpyr or apyra, mo ofe
CTOpPOHHI OCH BETPOKOIECA HA PaBHOM PACCTOAHIN,

CxeMa M3MepeHHA CKOPOCTH BETpPa JABYMSA 3JEKTpOAHeMo-
MeTpaMu mokasaHa Ha puc, 90. Ofa mpnéopa mociaegoBa-
TeIBHO BKJIOYEHH HA OUH camomncer. HoHTpoabHOe MOKa-
3aHUe caMomucer NUMeT IPH CHATHIX § 3ICKTPOAHEMOMETPOB
aomacTax. Boabrmerp V cayssuT mas onpepemenms Hamps-
#eHnA arrymyaaropa. Ilpm BuwmoueHun somsrMerpa V
U IpU DOJIOKEeHNN MeperTnYaTens Ha RieMve P ofa aHevo-
mMeTpa OYAYT NepexaBaTh CYMMApHYIO HICKTPORBHKYIIYIO
CUIy Ha CcaMOmIcem.
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WarMepenne cKOpOCTH Berpa B ABYX TOYKAX KaéT Gomee
HajS8mHbEe pe3yabTaTL. Tak Kak dHepIrud BeTPa IPOImOpIHO-
HalXbHA Ky0y €TI0 CKOpOCTIt, TO N OmubKa B OINpejereHui
MOIMIHOCTI BOBpaCTéT B DTOI1 DN eKTPCaHeMOMETEH
me crenenn. Jaa Oomxbrrefi
TOYHOCTH CiAeJ0BAJNO0 GBI 3aM€-
pPATH CHOPOCTH BeTpa He B
KBYX, 2 BO MHOTHX TOYKAX,
OJIHAKO 3ajMep 9Ype3BHYAIHO
CJIOIKEH.

Jna u3MepeHns KpyTALEeTy
MOMEHTA IIPHMEHEH 3JIEKTpO-
manamomerp (puc. 91). Grarop
RUHAMO 1 Kaprep Mpeacras- J
JAAI0T OJ(HO 14606 i MOI'yT Bpa-
maTtees B mogumnmankrax. Hz
KapTepe VRPeIUIEH IaJien, Ko-
TOpHil IMaiiéaMu COEOUHEH ¢
npysmunamn P; m P, Kpome &xuywyrarop
TOTO, K JITHAMOMETPY HA CTOfi-

KaxX NpUKpernieHa mérouxa C, .
CHOMBBAMAN MO 0GMOTHE peo- P(I)ICC,T.HQg.eTL‘xeA\xaInanepeu‘;m CKRO-
crata peomerpa R;. Ilop mefi- ph‘io_\l,l:%;\;?m?aem})o‘me'
CTBUEM MaTUUTHOTO MOJSI CTa-
TOD CTPEMHTCA ONPOKUHYTHCA H HATBIEM CIHUMAET NP YVIKIIY
mbo P; mbo P, B 3aBHCHMOCTH OT TOro, B KaKYI0 CTOPOHY
OTRJIOHHTCA cTaTop. B
BTOT MOMEHT IEeTOYKS
C mepevemiaerca 1o
peoMerpy R,, ® ®oro-
POMY 4Yepe3 BarRUME
a u b nposenéu TOK OT
Garapen A. Muamnau-
21 mepMeTp B ¢ caMonmce-
meM OHOIl KieMMolt
IPHCOCARHEN K KileMMe
P Sores apen HPYTOR
Pe3 perymupyommii
A peoctat R, M Irepexiio-
Prc. 91. Cxema sierrpopumamomerpa. 4arenas £ K mérre C.
IIpn ycranoBre mepe-
KiI049aTens Ha KiaemMMy ] caMOITHCel| IOKaKeT HeKOTOPOe HAll-
psmenne. Hem Goubllle GypeT C/HATHE HPY/EAHE, TeM Gosplie
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OTRIOHUTCA INETOYKA, TeM {oabliee noKka3aHne GyfeT Ha camo-
nuche. Y CTaHOBRY IepeRI0YaTeNd Ha KIeMMY 2 FedaioT AJis
IIPOBEPKH KOHTPOJBHOTO MOKA3AHAA CaMONACHA U IeIH.

Jaa cMATYEHHA YHAAPOB M IOJy4eHHA Gollee IJIABHHX
3amuceil caMOMHUCI(a, K CTATOPY NPHCTPOEH MACHAHBIA JOMII-
dep ¢ nepernyckunm BeHTHIeM. Tapnposka npysxuau Py u P,
NPOM3BOIUTCA ¢ MOMOUIBI0 BECOBON YAUIKM, MOABCUIOHHON K
pHYary, 3akpema8HHOMY Ha crarope. Ilmedo pwraara pasHo
1,385 M, Bec rupb — OT 1 Kr go 45 K.

Yuemo 060pOTOB BETPOROJIECA 33IUCHBACTCA ¢ TIOMOMIBIO
TaXOMETPMYECKOll MAUIAHE, cXeMa KOTopoil faHa ua puc. 92.

Taxomerpnuecraa MamnHa I pemén-
2 HOI nepepgayecii coefHEHa d9epe3s OfML
W3 IOPOMEMKYTOYHEX BAIOB PEXYKTOpA
¢ BamoM Berpsara, Gamonmcery 4 pe-
ructpupyer ofoporn. Barapea 2 n
peocTaT 3 cIysKaT QA KOHTPOJBHEIX
IIp OBEPOK.

Taxnm ofpasoM, IpH HCOHTAHHUAX
IPOMBBONSTCA 3allUCH CKOPOCTEN BeT-
pa, HKPYTAIHUX MOMEHTOB M YHCI2
0GOpPOTOB OJHOBPEMEHHO HA CAMOIIHC-
IaX BJIEKTPOaHeMOMEeTpAa, HJAeKTPOxRn-
HaMOMeTpa M TaXOMeTPHYecKONl Ma-
HIVHE.

OGpa6oTrra 3annceit Tpéx HaGmomae-
MEIX BEJIMYMH BEETCSA 33 KAMKAYIO MI-
Pme. 92. Cxema Tta- HYTY. CpepHme sHageRHMA IMOKAa3aHMI
XoMeTpHYecKoit Ma- IPHGOPOB ONpPERENAIT ¢ IOMOIIBIO

QIAHbL. IJIaHAMETPa M BHOCAT B ONAHRKH ¢

pabounmu (QOpMyITaMH, IO KOTOPHIM

o MONCYMTHIBAIOT HcKOMEe BequunHu M m &, Jr1a obpaor-
Ka HA8T ONHY TOYKY XapaKTCPHCTHURH,

Ilpnm Gonmblunx KoJCOaHUAX BpAIleHAA BETPAKa 38 MAHYTY
ISl KPYTAMEro MOMeHTa BBOAWTCA NMONPAaBKA Ha IpHpame-
Hie RUBOH CHIIE BPAmAIOMAXCA Mace, ONpeaendeMas MO
dopMmyme:

1

Ie w%—w%

AM = 5 e (151)
rae: [o — MOMEHT HHeEpOUM BeTpOKOJIeca;
©, I ©, — YIJIOBHE CHOPOCTH BpauleHNA B HadYale M KOHIE

NAHHOH MUHYTEHI,
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® — CpefHAA yIIOBaA CKOPOCTH BeTPAKA 328 Ty ke MUHYTY;
{ — BpeMs ONHTA B MHHYTaX.

[Ipupaiienue momenta A M ecTb cpefHMH# MOMEHT aspo-
JMHAMAYECKAX CHJI 33 MAHYTY, NOTPadYeHHN# Ha yBeTHYCHHE
JKABOH CHJL BPaUIAIOIIErocs BeTpOKOIeca.

Ilpm odpaboTre RAGMIOKEHNI ¥ HOXCUETE XAPAKTEPACTHRN
YYMTHBAKT GapoMeTpudeckoe MaBiIeHMe U TeMmepaTypy, OT
KOTOPHX B3aBHCHT MacCOBAA ILIOTHOCTH BO3AYyXa.

§ 29. COOTBETCTBHE XAPAKTEPHCTHE BETPOIBUI'ATEA
U Ero MOJEJEH

[IpoBepra TeopeTHYECKON XapaKTEPHCTHKU BETPOJBHATra-~
TenA fesaeTcd MyTéM MCIHTAaHNA BETPOKONIECa B IPMPOXHEIX
VCAOBUAX U €T0 MOJeaU B adpompuHaMmyeckolf TpyGe. Cpas-
HMBAA TEOPETHYCCKYIO XAapPaKTEPUCTHRY BETPONBATraTedd C
OKCIEPMMEHTAIBHEIMHA, BHABIAIOT CTENeHb PacXOMmIeHNA
3THX XAapAaKTEePHCTAK.

[lpaBunbHO paccYnTaHHOE BETPOKOJIECO IPH TOYHHIX
NCHEITAHUAX FOMMHO JaBaTh dKCIIEPHMEHTAIBHEE XapaKTe-
pucTHEU, GaM3KAC K TeOpeTHYeCKUM.

Pacxompenne Meswny STHMH XADAKTEPHCTAKAMH MOMET
OHITH BEI3BAHO B TEPBYI0 OdYepeXb TeM, 4TO BeTPOKONECO,
paboTtapmee B NMPUPORHHEX YCJIOBAAX, OTINYAeTCH OT MO-
Reau, HCIHITHBAEMOH B a’poamHamMmudyeckofi Tpy6e. Ha
KPHUIbAX PEAJIbLHOTO BETPAKA MMEITCA PAa3lIMdYHEE YCTpPOii-
CTBA JUIA PETyAMPOBAHMA UMCaa OGOPOTOB M MOIIHOCTH, a
TaK/Kke BRICTYIAIOT KPOILICHNA, 00ecneynBaKulme MpOYHOCT b
BOTPOJBUIATENSA; OOKYHO ITH JETAIH He BOCIPOU3BOAATCA
Ha MOJEJAX.

OpHO U3 TAaKWX CpPABHATENBHHIX MCIKITAHM IPOBEXOHO B
IJATHl. Brao mocTpoeHO 3-I0mMacTHOE BETPOKOIECO KHa-~
MeTpoM D=8 M ¢ yncnom Mopyaed Z, =4, 5 M ¢ yIIoOM 3aKIn-
HeHHMs Y=— 6° Ha BHeIIHEM KOHIE JONACTH.

[Ipodmab kpuina GBI paccYMTaH JIIS IECTH CedeHui ¢ pac-
MOJIOKEeHAeM HX 110 BHHTOBOH JHHHA M §e3 KakuX OM TO HH
GELIO OPTAaHOB YHpAaBIeHUA Ha JIONACTH.

KoHerpyruusa kpruaa nmoxazana na puc. 93, u Ha pue. 94
RaHEL €70 COBMEIIEHHEE CeYeHNST; OHM JAIOT KAPTUHY IIOJ0Re-
HAA ceyeHNIl mOmacTH OTHOCMTENBHO APYT HOpyra.

B mmxecnenyomeir rabanue 9 npunpexeHH OCHOBHEE JaH-
Hule 23POMHAMHYECKOTO PAacYéTa BeTPAKA (pacyéT mponsse-~
aéx no reopuu I'. X, Cabunnna).
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