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AHHoTauus. B craThe qaHO omnmcaHue sIBICHUS BUXpeoOpa3oBaHus B aTMoc(epHOit cpere, a
TaKXe MPOBEJCH aHaIM3 MCCIEOBAHUN MO JaHHOM TeMe. BhIABICHBI OCHOBHBIE MPOTUBOPEUUS U
poOJIeMbl B MCCIIEIOBaHUM BHUXpeoOpazoBaHus. PaccmoTpen pabouuii mporecc nmpeodpazoBaHus
MCXOJ/IHOTO MOTEHLIUAIBHOTO TEYEHUsI paboyero Teiaa UCCIeqyeMol Cpelibl B TE€UEHHE BUXPEBOE C
OIIMCaHUEM OCHOBHBIX (1)aKTOpOB, BIUAKOININX Ha )IaHHI)II\/JI mnmpomnecc. BrisBiieHbI IIPOTUBOPCUUA B
nporecce (GOpMUPOBAHUS BUXPEBOI TPYOKH, JJsl peIIeHUs] KOTOPHIX ObLT BBIOPaH HOBBIH OOBEKT
UCCIIEIOBaHUsI — YyJeNbHas IOrOHHAs IUIOTHOCTh LMPKYISIMM BHUXpPEH Ta30BbIX (GKHUIKHX)
€CTECTBEHHBIX U TEXHOTeHHBIX cpell. J[aHa oOlLleHKa COCTOSHHUSA W NpoOJjeM yAeIbHOM HMOTOHHON
IUIOTHOCTH IIMPKYJAILMN BUXpEH HCclenxyeMoro BuxpeoOpa3oBanus. IIpencraBieHo ompexneneHue
yIEJIbHOM MOTOHHOW IJIOTHOCTH LUPKYIALMKM Ha OCHOBE ee pabodero mpoiiecca. YCTaHOBJIIEHA
B3aNMMOCBSI3b TTOTOHHOMN IIJIOTHOCTH OUPKYJIALIHUA C TaHFCHHI/IaJ'IBHOI\/'I CKOPOCTBIO CPEABI HA BHEIITHEH
MOBEPXHOCTU BUXpEBOU TpyOKH. J[aHO ompesiereHrne TeOpeMbl O MOTOHHOM MIOTHOCTH LUPKYIISIIUU
BUXpeBO TpyOku. [IpuBeieHO 10Ka3aTeIBCTBO TEOPEMBI U MaTeMaTHYecKasi B3aUMOCBSI3b IOTOHHOM
IUIOTHOCTH LIMPKYJISIIUKA BUXPEBOM TPYOKH Cpesbl ¢ TAaHTCHIMAIbHON CKOPOCTBHIO HAa €€ BHEUIHEH
ITOBEPXHOCTH. Hpe}ICTaBHeHBI CJICACTBUA TCOPEMBI U 0071aCTH UX IMPUMCHCHMU.

KawueBble cjioBa: BHXpeoOpa3oBaHue, (QaxkTopbl TeHepanuu, paboduii mpoliecc,
ompeereHue, Teopema, KiacCHU(UKaIs, MOTOHHAS TUIOTHOCTh ITUPKYJISIIIUN, BUXpeBas TpyOka,
BUXPH BO3/1yX03a00pHUKOB aBUAIIMOHHBIX JBUTATENEH, CMEPUH.
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Abstract. The article describes vortex formation in the atmospheric medium and analyzes the
research on this topic. The main contradictions and problems in the study of vortex formation are
revealed. The working process of transforming the initial potential flow of working body of the
medium under study into vortex flow with the description of the main factors influencing this process
is considered. The contradictions in the process of vortex tube formation are revealed, for which a
new object of research was chosen - specific linear density of vortex circulation of gas (liquid) natural
and anthropogenic media. The state and problems of the specific linear density of vortex circulation
of the investigated vortex formation are assessed. The definition of specific linear density of
circulation on the basis of its working process is presented. The correlation between the linear
circulation density and the tangential velocity of the medium on the outer surface of the vortex tube
is established. The definition of the theorem on the linear circulation density of a vortex tube is given.
The proof of the theorem and the mathematical relationship of the linear density of medium vortex
tube circulation and the tangential velocity on its outer surface are given. Corollaries of the theorem
and their applications are presented.

Keywords: vortex formation, generation factors, working process, definition, theorem,
classification, linear density of circulation, vortex tube, aircraft engine air intake vortices, tornadoes.

Beenenue

HccnenoBanusi BUXpEeBOW aKTUBHOCTH €CTECTBEHHOM aTMochepHO# cpenbl, a
TaKkKe BUXpPeoOpa3oBaHUS TEXHOTEHHBIX CpeJll, UX Ta30JIMHAMUYECKUX BHUXPEBBIX
0COOEHHOCTEH (BUXpEH M BUXPEBBIX TPYOOK) M MHBIX BHUJOB BUXPEBOW aKTUBHOCTH,
BKJIFOYAs SPKO BBIPAKEHHBIE «XO00TOM» ¥ BEPTUKAIBHO OPUCHTUPOBAHHBIC
UJTUHAPUYECKUE BUXPH, MTO3BOJUIN YCTAHOBUTH PSAJ MPOOJIEM U MPOTUBOPEUUIA, HE
PELIEHHBIX COBPEMEHHOM a3pOAMHAMUYECKON U METEOPOJIOTUUECKON HAYKAMMU.

K npoTuBopeunsiMm BUXper OTHOCAT:

— ompenerneHus, MOCTPOCHHBbIE MO cymHocTu pabodero mporecca (PII)
BUXPEBOIO MPOAYKTA U €r0 BUXPEBOM aKTUBHOCTH, JIJIS:

1) Buxpeii (puc. 1 a) ¥ MX BUXPEBBIX IITHYPOB;

2) BUXPEBBIX TPYOOK yMEpEeHHBIX pa3meposB (puc. 1 0);

3) cmepueii (Topuazno B CIIIA) u BogoBopoToB (puc. 1 a, 0);



4) TMKIOHWUYECKUX BUXPEBBIX OOpPa30BaHWM, MPEICTABISAEMBIX IMKIOHAMH
CpeIHUX HIUPOT U TalihyHAMH TPOIIMYECKUX aKBATOPHI MOMyIIapuil 3eMiy;

5) TEeXHOTeHHBIX BUXpeHW CcTOKOBOro Ttuma (puc. | B), 3aMKHYTBIX Ha
MOJICTHJIAOILYIO TOBEPXHOCTB;

6) TEeXHOTeHHBIX BHXped WHON mpupoasl (AU HepeHINATEHBIX BUXPEH,
BHUXPEBBIX KOJIEL| PEAKTUBHBIX COIUT H JIp.);

— OIpPEJENICHHE IOTOHHOM IUIOTHOCTH LUPKYJSILIHH ), KAaK XapaKTepHOTO
rapamMeTpa BUXPEBOM aKTUBHOCTH UCCIIEYEMO CPEMBI;

— paboumii mpoiiecc BUXPEBON TPyOKH, KaK Ta30JIMHAMUYECKOW BUXPEBOU
0COOEHHOCTH (BUXPEBOIO TEJA), B CHITy MHOTOJIMKOCTH UX pabodero mpoiecca,;

— IIOTOHHAs IUIOTHOCTh LUPKYJSIIMUM U €€ CBA3b C KHHEMAaTHYECKUMHU
napameTpamu ra3oBoi (3KUJKOM) cpe/ibl Ha BHEITHEN MOBEPXHOCTH BUXPEBOM TPYOKH;

— XapaKTEPHUCTUKU U CIIEJICTBUS IOTOHHOW MJIOTHOCTH LUPKYJISALHUUA U JP.

Pucynok 1- Buxpu y noactunaromen moBepxHOCTU: a — CMEpPY C IPU3HAKOM
BUXpeBoit TpyOku, Mcmounux: https:// klike.net/uploads/posts/2023-
03/1679976725_3-57.jpg; 0 — TopHAIO ¢ aKTUBHOW BUXPEBOM TpyOKO#, Mcmounux:
https://stihi.ru/pics/ 2021/05/19/ 4292.jpg; B — TEXHOT€HHBII BUXPh CTOKOBOT'O THIIA
nepen padoraromuMm I'T/1 Ha 3emie, Hemounuxk:
https://i.pinimg.com/originals/10/bd/3a/10bd3a3f62027ca5bbcd403d8ada41fl.jpg

[lonHOLIEHHOE WCCIIENOBAaHWE BUXPEH U CBA3AHHBIX C HUMHM SIBJICHUU
HEBO3MO>KHO 0€3 PEIICHNUS BBILIEIEPEUUCIEHHBIX IPOTUBOPEUMI, UTO B CBOIO OUEPENID
TpeOyeT ONpeneNuThC C METOJaMU HAXOKIEHHUS pEIICHWH Ha OCHOBE aHalln3a
MMEIOILETOCs MaTepHalla 1o JaHHOU TeMe.

Marepuanbl U MeTO[bl, UCNIOJIb3yeMble /sl pa3pelleHUs NPOTUBOPeUni
BUXpeil

HccnenoBanue BUXpeoOpa3oBaHus HEBO3MOXKHO 0€3 MOHUMaHHsI OCHOB TEOPHU
BUXpEH, KOTOpble ObUIH COPMHUPOBAHBI paHEe IPYTMMH YUYEHBIMH, pabOTarOIIMMU
HaJ U3y4eHHEM JJaHHOU MPOOIEMBI.

[Tuonepom B mno3HaHMU (U3MUECKON CYHIHOCTH U pabodero rmpoiecca
€CTECTBEHHOTO BUXPEOOpa30oBaHus U €ro Buxpew (TopHano) cran meteoposor CIIA



Ocnu JI. [I. Um npennoxena Teopuss Oypb, B OCHOBY KOTOpOW OblIa 3aj0KEeHA
LUKJIOHUYECKass aKTUBHOCTh aTMmocdepbl 3emnu. Ero Teopusi HUKIOHUYECKOTO
XapakTepa BUXPEBBIX Oypb Obuta omoo6pena yuéasivu CIIA, @pannuu u Aarauu. Ho
B cwiy cymectBoBanusi Ha Ttepputopur CIIIA TopHago ¥ UMKIOHOB Kak
IUKJIOHUYECKOTO, TaK U HE OINO3HAHHOTO AHTUIIMKIOHUYECKOTO HalpaBiICHUS
BpalleHus, OHa HE NoJiyuymsia cBoero pasButud. Tpynel Ocnu [l. I1. moTepsun cBoro
aKTyaJIbHOCTh U HbIHE He BocTpeOoBaHbl [ESpie, 1841].

Cpenn OTEYECTBEHHBIX YYEHBIX AKTUBHBIM HCCIEIOBATEIIEM CMEpUYE U
topHano cran akagemuk Hamuskuu /1. B. [HamuBkun, 1969]. Ero monorpadus
«Yparansl, Oypu U cMepum», u3gaHHas B 1969 roxy, crana HacCTOJNbHON KHUTOU
MHOTMX MCCJIEIOBATENEH 3TOr0 3araJouHoro sisjicHus. [lo3Hanue cylmHocTu cMmepuei
ob110 iposomkeHo HanuBkunbiM B. J1. B MoHorpaduu «CMepun», omyOJIuKOBaHHON
B 1984 rony [Hamuskun, 1984].

Hanuune ykazaHHbIX MOHOrpaguil 0 cMepyax MHOCITYKUJIO OCHOBAaHUEM IS
MPOJOJIKEHNS HAYaTOTO HAYYHOT'O0 HAIPaBJICHUS JPYTUMHU POCCUUCKUMU YUYEHBIMU U
YCTaHOBJIEHHsI e€ro pabodero mporecca. [lepBblil mar B yCTaHOBJIEHUU CYUIHOCTH
pabouero mpoliecca cMmepua Obul caenaH yuéHbIM-aToMmIinukoM KymussiM B. B.
[Kymma, 1993]. A IMEHHO, OH TCOPETHYCCKH YCTAaHOBHII HCTOYHHK SHEPTHH CMepYa
B BHJIE BO3BPAILlA€MOM CKPBITON TEIIOTHI MapooOpa30BaHHUs.

ba3oBbie OCHOBBI TEOpUH OOpa30BaHUS CMEpPYEH MU IUKIOHOB HM3BECTHBI C
MOMEHTa OTKpbITUS JIOMOHOCOBBIM M. B. 3aKOHOB COXpaHEHUSI YHEPTHH U MaCChI
(M3UYECKOTO BEIIECTBA, B MOCIEAYIONIEM MEPEIeIIINX B 3aKOHBI TEPMOIUHAMUKH,
TEOPHIO JABMKEHUS Taza (kujkoctu). Ha mx ocHOBE MOSIBUIMCH MAapOBOM JBUTATEINb
[Ton3yHoBa, MOpPUIHEBBIE TEIJIOBBIE ABUTATEIN, BO3AYIIHO-PEAKTUBHBIE U PAKETHHIE
JIBUTATEIM U UX HOCUTETH, TEHEPUPYIOIIUE 3aMETHOE pa3HOooOpa3ne TeXHOTEHHBIX
Buxpeit. OCHOBBI 3TUX BUXPEH 3aj10KeHbl B TepMoanHamuke [Heuaes u ap., 2005] u
asponuHamuke [JlowmsHCckui, 1970; Hwmr, 1994] a Taxke B Ap. HMCTOYHHMKAX.
Hanpumep, B ocHOBY paboyero mporecca M LHKJIA TEIUIOBOM MAIKMHBI 3aJI0KEHO
ypaBHeHue Maiiepa «pVv = R-T» — pabota pacmupeHusi raza B 1MoJie MOABEICHHON
TEIJIOTHl. A BUXpH — paboTa ra3a Ha pa3pbiBE TaHTEHIIMAIBLHOM CKOPOCTH W (WJIN)
CUJIOBOTO U TEIJIOBOTO BO3EHCTBUS HAa BHEILIHIOKO CPely, ONpEAesieMble KpUTEpUEM
yriaoBoi ckopoctH (@ # 0).

CBoiicTBa BUXpEH BHEUIHEW Cpelibl, HOCTYIHbBIE K UX UCCIEHOBAHUSM, MOTYT
OBITh pacImMpeHbl TeopeTudeckol Mexanukou [Tapr, 1974], yuuThIBas, dYTO
opurmanpbHas Hayka MPU3HAET BUXPU TA30BBIMH TeJIaMmH, 0OJAJaIONUMU
MOBEPXHOCTHIO, MAacCCOW, YNPYrocThl0, H30BITOYHBIM JABICHHEM W JIPYTUMU
cBoiictBamu. CTOUT OTMETHTh, UYTO HCCIEIAOBAHUS SBICHUS BUXPEOOpa30BaHUS
AKTUBHO MPOBOJATCS U B HAIIW JHU KaK C IEJbI0 M3YUYCHHS TEXHOTEHHBIX BUXPEH
Bo311yx03a00pHuKOB I'T/] 1 MmeTo10B 60pBsOBI ¢ HUMU [Kupenues u np., 2022; Komos,
2020], Tak u ¢ 1eIbBI0 MO3HaHUs pabouero npoiecca BUXpeoopa3oBaHUs U CO3AaHUS
aJIeKBaTHBIX MAaTEMaTUYECKUX MOJENe i WCCelIOBaHUs JaHHOTO Ipolecca
[BeicTpaii u np., 2012; Jdanwmienko u ap., 2018].

OCHOBBIBasICh Ha OMNBITE PAHHUX HCCICAOBAHUM, MOXHO CYIUTh O TOM, YTO
pa3pelieHre COBOKYITHOCTU MPOTHUBOPEUYUN HaMpsHKeHUs: BUXpeBorl TpyOku I' ¢ eé



MOTOHHOM MJIOTHOCTBIO LIMPKYJISILIUU % TPEOYET psifia ONpeAesICHUI U UCCIIeI0BAHUN
BHUXpen. Bocrnosib3yemMess U3BECTHBIMU U3 A3POAUHAMUKHU OIPENECICHUSIMU BUXPEBOU
TpyOku (BT) c e€ razonMHaMHU4eCKUMH, KUHEMAaTHYECKUMU U T€OMETPUUECKUMU
napaMeTpaMH.

BuxpeBas JIMHHS — COBOKYIIHOCTb IIOCJIEIOBATENBHO PACTIOJIOAKEHHBIX
OCCKOHEYHO MaJIbIX BHXPEBBIX OTPE3KOB (TOYCK), B KaXIoM (0i) M3 KOTOpPHIX B
JAHHBII MOMEHT BPEMEHU BEKTOp €€ YIJIOBOW CKOPOCTH BPALIEHUS YaCTHUL CPEIIbI
( @+ 0) HamparJieH 1Mo kKacaTenbHOUM K HuM [Humrr, 1994].

BuxpeBas TpyOka — paguanbHO 3aMKHYTas Ha ce0s MOBEPXHOCTh, 00pa3oBaHHas
ITOCJIEA0BATEIBHO PACIIOJIOKEHHBIMU 0 HCCIEAYEMOMY KOHTYPY IPOAOJBbHBIMU
BUXPEBBIMU JIMHUSAM [TaM ke|.

BuxpeBoii iHyp (BUXPh) — ra3 Wid xKUIKOCTb, 3aKITIOUEHHBIC BHYTPU BUXPEBOI
TpyOKH [TaM xke].

Onpenenenue cmepya M TOPHAAO HE OJHO3HAYHO M OKOHYATENIBHO HE
ycraHoBjeHo [Jlannienko u ap., 2018].

Toprano (cmepu) — atMochepHBI BUXPh, BOSHUKAIOIINN B Ky4eBO-T0KICBOM
(rpo3oBoM) oOnake M paclpOCTPaHSIOUIUICS BHU3, 4acTO JO CaMOM MOBEPXHOCTH
3eMJIM, B BUJI€ 00JIAYHOTO pyKaBa MM X000Ta TUaMETPOM B JIECSITKU U COTHU METPOB
[Tam xe].

Kak Buaum, ornpeneneHue TOPHAA0 U CMepyYa MPOTUBOPEUYUBHI U HE COJIEPHKAT

OIOphI Ha OCHOBHBIC ypaBHeHHs (1) nBrxkenus raza [Korosckuit, 2015; Heuaes u ap.,
2005]:

. .o JIx
|1+?iLBHiQBH:|2+_'_' (1)

CnenoBatenbHO, HEOOXOJMMO JaTh HOBOE OIpEeICHHe, OCHOBAaHHOE Ha
CYIIHOCTH pabodero mpoiiecca BUXpeoOpa3oBaHus, JJIsI Yero HEoOXOAUMO OIHCATh
O0COOEHHOCTH TOCJIETHETO.

JlucKyccusi 0 CYHIHOCTH padodero mpouecca BHXpeoOpa3oBaHUSI M
HEOOXOAMMOCTH BBe/JeHHS] TeopeMbl MOTOHHOW MJIOTHOCTH WHPKYJISUUU
BHUXPeBO TPYOKH

[Io mMHeHuto aBTOpoB Hactosmed crarbu, PII mpeoOpazoBaHusi MCXOIHOTO
MOTCHITMAIBPHOTO TEUEHHUs pabdoyero Teja MUCCIeIyeMO Cpelibl B TCUCHHE BUXPEBOC
(TopHazmo u Ap.) MOHKEH cojliepkaTh (hakTOpbl dHEProoOMeHa ¢ BHEIIHEH cpeoi
MTOCPEJICTBOM:

— 3HEProoOMEeHa pecypcoM TePMOJIMHAMHYCCKUX IMapaMEeTPOB B BHJIC BHEITHCH
MEXaHU4eCKOM paboThI Ly # 0 u BHENTHEH TermoThl Qyy # 0;

— WCIIOJIB30BaHU 3amaca BHyTpeHHel sHepruu (Al = 0);

— mononHeHus 3anacoM BHemHel sHeprur (A(r2e’s | 2)s = 0) oT BpameHus
pabouero Tena;

— SHEPruM TPAJUECHTHOTO pa3pbiBa TaHreHIMaabHOU ckopocTh (dc / dl = 0) Ha
IpaHUIle CYIIECTBYIOIIMNX MOBEPXHOCTEN pazjiesia cpel (TOTOKOB);

— DHEpruu NPUTOKA BHEIIHEN BUXPEBON aKTUBHOCTH (Aaty, [ 2 = 0).

OTu (pakThl YaCTUYHO OTOOPAXKEHBI B ONPEACICHUU CMepy-8UXps, HAPUMED,
JIOKAJIbHBIM MPUTOKOM COJIHEYHOM 3Heprun [[lanunenko u ap., 2018].



Cnegyer OTMETHTb, YTO OIpPEAECICHHUs TOPHAIO0 M BHUXPEOOpa3oBaHUS I1O
cymHoctd PII ¢ wucnoiap30BaHMEM BHEIIHETO HSHEProoOMeHa MOCPEICTBOM
ra3oJMHaMHYEeCKON pabOThl OTKIIOHSIONIEro AcicTBusA crubl Kopuommca Ly, > 0 1
TEIJI000MEHa B BHUJIE CKPBITOW TEIUIOTHI TapooOpazoBaHusi Qn, > 0 yke W3BECTHBI
[danunenko, 2004; Kymmuu, 1993; Hammuekun, 1984]. JIeiicTBUTEIBLHO, B OCHOBY
pabouero mpoiecca CTOKOBOTO BHXPEOOpa30BaHUS TOPHANO Yy 3€MIIM TOJOYKEHA
paborta Ly, mHTepdepeHnnonnoit cuiapl Kopronmca B 1mojie CyTOYHOTO BpAIICHHUS
3emuin ¢ peanu3aldeld BO3BpaTa CKPBITOM TEIIOTHI MapooOpa3oBaHUs HA ATamax
(dazoBoro mepexoja napa B BOAY U BOABI B JIEN B paboyell MOJIOCTH MAaTEPUHCKOTO
oOJiaka ¢ mpeBpaiieHueM MOCIEAHET0 B BUXPEAUIONb CO CTOKOM OT MOACTHIIAOIIEH
NOBEpXHOCTH 3emuid. ITOT PII HE MPOTUBOPEUUT OCHOBHBIM 3aKOHAM TEPMOIUHAMUKH
[KoToBckuii, 2015] u pabouemy mporieccy TOPHAIO.

PaGounii nporiecc BKIIOYAET:

1) momorpeB MOJCTHIIAIONICH TOBEPXHOCTH 3eMJIM  (BOJBI) TPUTOKOM
COIHEYHOM paauanuy Ha Paze MakcuMyMma eé aktusHocTH (mpumepHo ¢ 129 1o 16%);

2) aKTUBHBIA TIOJOTPEB IOBEPXHOCTHOTO CJIOS 3E€MJM W BJIarM, B HEH
coaepKalIencs;

3) wWcmapeHue BiIard U e€ mepexoj B CBOOOHOE COCTOSIHHCE,

4) pabota MoaBEMHOM CHJIBI ApXHUMeE/Ia 10 BCIUTBITHIO CBOOOIHO TOIOTPETOTO
rapa Ha BbICOTY PaBHOBECHOTO TOJIOKEHUS,

5) wuHBepcHs Tapa ¢ BBIACIICHHEM CKPBITOW TEIIOThI MapooOpa3oBaHHs Ha
JTane nepexoja napa B MUKpPOKaruid BOJbI (TyMaH) ¥ BOABl B MUKPOKPUCTAILIBI JIb/IA
(rpax) Ha craguu (HOPMHUPOBAHUS MATEPUHCKOTO O0JIaKa, MEPEXOASIIETO B PEKUM
TETIJIOBOM Ta30AMHAMUYECKON «MauiuHbly TUMA TEPMUKA C BEIOPOCOM JIETKOU CpeIbl
Ha 0oJiee BHICOKUHN YPOBEHb U OCBOOOXKACHUEM padodero o0bEmMa BHYTpH o0IaKa Jist
3a00pa HOBBIX MOPIUI BIAKHOTO BO3/IyXa,

6) CTOKOBBII 3200p HOBBIX MOPIIKI CBOOOJHO BCIUIBIBAIOIICH K paboyei yacTu
MAaTEpUHCKOTro O0JaKka BJIAXKHOW Cpeibl CO CTOPOHBI MOJACTHIAIONIEH MOBEPXHOCTH
3eMJIM B TI0JI€ IEUCTBUS CHIIBI U PaOOThI ApXuMena,;

7) reHepanus y TOJCTHIAIONICH MMOBEPXHOCTH (3E€MIIM, a’dpojpoMa, BOIHOMN
aKBATOPHUH) BUXPEBOW aKTUBHOCTU CTOKOBOTO MOTEHIIMAIBHOTO MOTOKA, HABEAEHHOMN
CYTOUHBIM BpaIllEHUEM 3e€MJIM MOCPEIACTBOM OTKJIOHSIOMIETO AeHCTBUS (pabOThl MO
OKpYKHOCTH) cuJibl Kopromnuca ¢ popMupoBaHHEM MOMEHTHOTO BUXPEBOTO IMOJIsI, KaK
HOCHUTEJISI BAXPEBOW aKTUBHOCTH OyIyIIETO TOPHAJIO;

8) ¢opmupoBaHHEe YIMTKH BHXPEBOW TPYOKH THIEPOOIUYECKOr0 THIA C
MO/PKaTHEM MTOTOKA TI0 MEpe €ro MPUOINKEHUSI K CTOKOBOMY BXOJy B pa0OUyIO 4acTh
MaTEepUHCKOTOo o0Jaka ¥ ¢ (OpPMHUPOBAHWEM HWHBEPCHOHHO BUIUMOW BUXPEBOM
TPYOKU;

9) HaKOIUICHHE M aKKyMYJISIHs MIUPKYJsiiun | BuxpeBoit TpyOku [Hurr, 1994]
C TOCJEIYIOIMUM TEePEeX0J0M MaTEPUHCKOro oO0jaka B TEIUIOBOW BHUXPEIUIIONb
[IUKJIOHUYECKOTO HAIlpaBJICHUsI BpAIlIEeHUs ¢ 3a00POM BCILIBIBILIETO BJIAXKHOTO BO3/TyXa
OT MOJICTUJIAIOIIEH TOBEPXHOCTH 3€MJIU B MOJIOCTh MAaTEPUHCKOTO 001aKa;

10) bopmupoBaHre BHXPEBOH AaKTHBHOCTH BJIAXKHOTO CTOKOBOTO IOTOKA
BO3/lyXa y 3KpaHa (TOJICTUJIAIOIEH MOBEPXHOCTU 3eMJIM) PabOTOM OTKIIOHSIOIIETO



nericteus cuibl Kopronuca myTtéM nepexoia MOTEHUMAIBHOIO TEYEHHUSI B TEUEHUE
BUXPEBOE 0 HAMPABICHUIO BOCXOISIIIUX CIIApalie Apxumena;

11) yckopeHHe BHXpPEBOTO CTOKOBOI'O IIOTOKa B  pabodyi0  IOJIOCTh
MaTE€pUHCKOro 00Jlaka C TOJKATUEM €ro BHENIHEH IMOBEPXHOCTU A0 COCTOSHHUSA
AKTUBHOTO BUXPEBOTO JKI'yTa, OTPAHMYCHHOTO BUXPEBOU TPYOKOH, 3aMBIKAIOIIEHCS TIO
CJICJICTBUIO T€OPEMBI [ eTbMTOJIbIIa Ha TOJICTHIIAFOIIYIO TOBEPXHOCTH (3KkpaH) [HumiT,
1994].

[losiBieHME B MOJIE BOCXOMSIIETO CTOKOBOTO TEYEHUS HAJ BJIAXHOU H
MOJIOTPETON COJIHEYHOUW pajuaiuell MOBEPXHOCTHIO dKpaHa BUXPEBOU TPYOKH (CM.
puc. 1) TpeOyeT ycTaHOBICHUS €€ CBOMCTB. B HEKOTOPOIt cTENICHN OHU OYEBUJIHBI, HO
U IpOTUBOpeUnBhl. Buxpesas TpyOka (popMUpYyETCsl IO U3BECTHOMY €€ ONpEeIeTICHUIO
(cm. Beime). OHa ompeneieHa 3aMKHYTBIM KOHTYPOM C MHOXXECTBOM TUIOTHO
MPUMBIKAIONIUX JIPYT K JAPYTY BUXPEBBIX HUTEH. [I0OBEpXHOCTh BUXpEBOU TPYyOKHU
MOCTpOoeHa Ha OajaHce CWJI HM30BITOYHOIO BHEIIHETO JABJICHUS W BHYTPEHHETO
paspexkeHus 1 eHTpoOexxkHol cuibl. BHyTpu BT pacrnosoxeHna nojaocTs pa3pexeHus,
KOTOPOW OHa 3aMBIKA€TCsl Ha MOJACTUJIAIONLYI0 MOBepXxHOCTh. Ha moBepxHoctn BT
peanuzyercs ycaoBue HenpoTekanus. CiaenoBarenbHo, a0CONM0THAsS CKOPOCTh MMOTOKA
«C» OPUEHTUPOBAHA TAHT€HIMAJIBHO, T. €. HOPMAJIBHAS COCTABIISIIOIIAS TOM CKOPOCTH
paBHa Hymo (¢, =0). Ho B cuny razogumHamMuuecKd oOpa30BaHHON KOHCTPYKIIUH
BUXPEBOU TPYyOKH, KOJIMYECTBO BUXPE, €€ 00pa3yrolIux, T0IKHO ObITh OOJIbIIE TPEX,
HCXOJIHO OO0pa3yloluX BHYTPEHHIOKD HE TEePMETHUYHYIO0 M0J0CTh. (OueBHUIHO,
CYILIECTBYET KPUTHUYECKAsI IOTOHHASI INIOTHOCTh UUPKYJISIUUA ¥ BUXPEBBIX HUTEU IO
KOHTYPY BUXPEBOM TpyOKH ¢ Ux HamnpspkeHueM I # 0, mpu KOTOPOM OCYIIECTBIISIETCS
3aMKHYTOCTh €€ TOBEPXHOCTH, T. €. PEAJTU3YETCsS TPAHUYHOE YCJIOBUE HEMPOTEKaHUs
cn = 0. Ono nmpumaét BuxpeBoi Tpyoke hopmy Mmoka HEe MPU3HAHHOTO O(PHUITMATBHON
HayKOW «2a306020» Tena. Takue Tena OTKPOIOT BO3MOKHOCTh NMPUMEHSTH K HUM
3aKOHBI TEOPETHYECKON MEXAaHWKU U TEOPHUM MEXaHW3MOB U MallvH. IMEHHO mpH
TaKOM TIOJIXOJI€ «TEJI0» IUKIIOHA Mpu ero uHTepdepennun ¢ 3emnéii mpuodperaer
3amajHbIi TEePEeHOC, TMOKa HE MMEIONIMM OmpeeeHus] MO CYIIHOCTH padoyero
nporecca. Torga Takke MOXKHO yTBepxkaarh, 4to ComnHie OumnosispHo. B HEM
CYIIECTBYIOT TeJla BCTPEYHOM M MPOTUBOMOJIONKHOW LUPKYJAIUU C UX TMOJTIOCAMHU,
JAIOIIMMU ITUKJIMYHYIO0 UX cMeHY noJispHocTy CoJHIIA.

[TosiBuBIICeecss mnpoTuBopeune BT cmepua (TopHamo) TpeOyeT BBeACHUS
OMpeNeNeHus] TMOTOHHOM IUIOTHOCTH ¥ wupkyisiuud | (Hampsokenus ') u eé
3aBUCHUMOCTH OT KHMHEMAaTHYECKUX M TE€OMETPUYECKUX MapamMeTpoB Ha BHEIIHEH
MMOBEPXHOCTU BUXPEBOU TPyOKH.

[loroHHas TJIOTHOCTb IUPKYJSIMA BUXPEBOU TPYOKU % . — OTHOIICHUE
HUPKYJUU [ €€ BUXpeBOro MHypa K JUIMHE |y ; HOPMAJIBHOTO CEUEHUS 3aMKHYTOTO
€ro KOHTYypa.

[To onpeneneHuo MOrTOHHOM TIOTHOCTH MUPKYJISIIMNA BUXPEBOM TPYOKH NMEEM
€ro MaTeMaTUYECKOE BBIPAKECHUE:

I' ™M

B.T
| ¢ @)
N.B.T
CrnencTBus onpeneneHuss NOrOHHOM MIIOTHOCTH HUPKYJISILUU:

yB.T:



— HOTrOHHAasd IJIOTHOCTb HUPKYJIAIHUU ABJIACTCA PAa3MECPHBIM IIapaMETPOM;
— HIpu NOCTOAHHOM 3HAUYCHHHU HIHUPKYJIALINA I' = | moroHHas INIOTHOCTH

IUPKYIALAN HMeeT THIIEPOOIHUECKyI0 3aBHCUMOCTh ¥, . = f(const/I ) ;
— MOJeNb IUPKYJIAMU ' 10 KpyroBoMy KOHTYPY BUXPEBOI TPyOKH IOTyYeHa

METOJIOM JMCKPETHBIX BHXpel [benorepkoBckuii u ap., 1978] u B skcnepumeHTe
Ipe/iCTaBlieHa Ha PUCYHKeE 2.
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Pucynoxk 2 — Mojenu KWUHEMaTH4E€CKOTO TOJIsi BUXPEBOM TPYOKHU:
a — IO JIMHUSIM TOKa; O — 10 MO0 CKOPOCTEH; B — MO pe3yJIbTaTaM IKCIIEPUMEHTA

DKCHEpUMEHT KayeCTBEHHO MOATBEPKIAET PE3YNbTAThl pacuyéTa BUXPEBOU
TPYOKH U MOJISI CKOPOCTEH.

Pe3yabTaThl — TeopeMa NOTOHHOW IUIOTHOCTH WUPKYJISAIUAH BHUXPEBO
TPYOKH

N3noxenue omnpeneiaeHus TEOpeMbl U €€ JToKa3aTelbcTBa TpeOyeT BBEICHUS
JOMyIIeHUuN K pabouemy Teny U pabodemy Mpolieccy BHXpPEoOpa3oBaHHS U €ro
AKTUBHBIX BUXPEH C IBHO BBIPAXKEHHOW BUXPEBOM TpyOKOit (cM. puc. 1).

Jomymenust k pabouemy Teny v paboueMy MpoIeccy BUXpeoOopa3oBaHUs:

1) pabouee Tes0, 3aMEHSIONICE BO3AYX — HealbHas HCC)KUMaeMasl U HEBs3Kas
KHAIKOCTE,

2) TedeHue pabovero Tesia yCTaHOBUBIIICECS,
3) mmpkymsuus | (manpsokenue ') BUXpeBoil TpyOKH MO €€ JJIUHE COTJIacHO
teopeme ['eapmronbna (I = I' = const) — mocrosiHHas;

4) BuxpeBas TpyOka HempoTekaemas (¢, = 0) M orpaHuYeHa MOBEPXHOCTHIO
3€MJIM ¥ TUIOCKOCTHEO OCHOBAHUSI MaTEPUHCKOTO 00JIaKa;

5) oTHocHTeIbHAS JJIMHA oo =1 /d BUXPEBOU TPYOKH 3HAUYUTEIIHHO

npesbimaeT e€ mguamerp d , .. CienoBaTeNnbHO, TPU pacuéTe MOTOHHOW IUIOTHOCTH

LHUPKYJISALUA %  MOKHO HPUMEHSTH 3aKOH buo-CaBapa mjis TaHNe€HIUAILHOM
CKOpOCTH C: 6eCKOHe‘lHO JJIMHHOT'O BI/IXpH:
I M

B.T

C

T:27z-l’nB_T’c' (3)

3nech 7 U Iy 5 ¢ — TPUTOHOMETPUYECKAS] KOHCTAHTA U PaJINyC HOPMAJIBHOTO
CEUYECHHS] BUXPEBOU TPYOKH.

Ornpenenenne TeopeMbl OyIET CAeAYIONTUM:



B 6e3BeTpeHHOl CIUIOIIHOM cpezie MPU YCTAaHOBUBILEMCS YIJIOBOM BpallleHUU
TeJa BUXPEBOM TPYOKH MOTOHHAs IUIOTHOCTh €€ LUPKYJSIUU )4 1, ONpEAesseMas
OTHOIICHUEM HarnpspKeHHs [ BUXpeBOil TpyOKH K AIHHE | 4 1, KOHTYpA HUPKYIISIIUH
B HOPMaJIbHOM C€YEHUHM PaBHA TAHTCHIMAJIBHOM CKOPOCTH BHEIIHETO NOTOKA Cr HA
HapYKHOU TpaHUIIE BUXPEBOM TPYOKH B UCCIETyEMOM HOPMAIbHOM CEUEHUHU.

JloKka3aTenbCTBO TEOPEMBI MOCTPOMM Ha TUIIOBOM OIPEAEIIEHUH MOTOHHOM
IJIOTHOCTH LUPKYJIALIMK, 0003HA4aeMOl IpeuecKoi OyKBOH ¥.

[IoroHHas IUIOTHOCTh LHUPKYJLSIUU ¥ — JOJII LMPKYJIsAUUHA cKopoctu [
NPUXOSINAs Ha SAMHUITY JUIMHBI KOHTYpa IMUPKYISun |.

HcxonHble TaHHbIE IS I0KA3aTENbCTBA!

— BUXph JuHEWHbIN, akTuBHBIN (I = O = const) B Bume BUXpEBOU TPYyOKH
(puc. 3);

— TOBEPXHOCTh BUXPEBOU TPYOKH — TOHKOCTEHHAS, [IMJIMHIPUYECKAs;

— HaIpsHDKEHUE BUXPS ONPENEIICHO HUPKYJSIUEN cKopocTH I, pacnipenenéHHon
110 KOHTYPY BUXPEBOU TPYOKH;

— JIJIMHA BUXPS — OECKOHEYHO JUIMHHAS M0 MPOJI0JIbHOM OCH BpAalLCHUS;

— MareMmaruyeckoe oOecnedueHune — 3akoH buo-CaBapa, ycTraHaBIMBaIOUIMi
B3aUMOCBSI3b LUPKYJSIMUM CKOPOCTHM I € TaHTeHIMAIBHOM CKOPOCTBIO (i,
UHAYLUPYEMOU BUXPEM HA FpaHULIE BUXPEBOI TPYOKH U 3a €€ IpeesiaMu;

. + — PallyC BUXPEBOW TPYOKH — ynajeHue 000 TOYKM €€ CTEHKHU OT
ITPOJOJILHOM OCH BPAILCHHUS;

| — MHA KOHTYpa HUPKYISIMH — YCIIOBHO OTPAHUYCHHOW JJTUHBI.

Pucynok 3 — @parMeHT uccieayeMon BUXpeBoil TpyOKu

[Ipu nmocTostHCTBE paauyca I' BUXpEeBOW TPYyOKH IO JITTMHE MOJHOTO KOHTYypa eé
Kpyra, OlpeaesieMOro U3BECTHBIM BBIPAKCHUEM

| =27r. (4)
TOFI[a, I10 OIIPCACIICHUIO MMOIrOHHOM INIOTHOCTH MUPKYJIATUA ) HaxXouM.
I
A (5)

Bocnonb3yemcs onpeaeneHneM NIUPKYJIIUU CKOPOCTH [



Hupkymsiiuu ckopoctu [ — paboTa BeKTOpa TaHT€HIIMAIBHON CKOPOCTHU Cr 1O
KPyroBOMY 3aMKHYTOMY KOHTYpY, IpecTaBisgeMas (popMynoi:

r :<]‘>| Cfdl' (6)

Torma myist KpyroBoro 3aMKHYTOTO KOHTYypa LUPKYJISLUA CKOpOCTH [’ mpumer
BUII.
I'=2c rr. (7)
CI[GJIaB MMOACTAHOBKY HafII[eHHBIX BCJIMYMH B BBIPAXXCHUC IIOTOHHOM MJIOTHOCTH
LUPKYJISILAU CKOPOCTH, IOJIYYUM:

' c2nr

r= o2nr  27r - (8)

CrieicTBUS TEOPEMBI:

1. TloroHHass IJIOTHOCTh LUPKYJSALMH y — CKaJspHAas BEJIMYMHA, paBHasd
MOAYJIIO0 TAHT€HIIMATBHOW CKOPOCTH |c:| Ha IOBEPXHOCTHU BUXPEBOM TPYOKHU.

2. PocT MOTOHHOW TIOTHOCTH IUPKYJSIIIUN y BUXPEBOM TPYOKH CHHUKACT
3¢ (}exT MpOoHHMIIAEMOCTH €€ MOBEPXHOCTH M JIeNAaeT €€ HENMpOTEeKaeMoil, TO eCTh
ynpyroid. Ha moBepxHocTH BUXpEBOM TPYOKH CBEPXKPUTHUECKON MIOTHOCTU BEKTOP
HOpPMAaJIbHOM CKOPOCTH ¢p = 0.

3. YMmeHblleHHE a0COIIOTHOTO 3HAYEHUSI IOTOHHOM MJIOTHOCTH LUPKYJISILIUM ¥
HIDKE KPUTHUYECKOIO 3HAYECHUS COIPOBOXKAAETCA MOTEpEed €€ TI'epMETUYHOCTH,
3aII0JIHCHUEM II0JIOCTH HM3KOIO [JABJICHUS BHEIIHUM IIOTOKOM, YBEIWYEHUEM
JAaMeTpa BUXPEBOW TPYyOKH C MEpeXoJOM BUXPEBOTO LIHypa B BUXPb Pa3MbITOU
MHTCHCUBHOCTH, 4YTO CBOMCTBEHHO HBIHE BHUXPSAM BO3/1yX03a00pHUKOB CHJIOBBIX
YCTAHOBOK BO3JIYIIHBIX CYZOB, HU3KO PACIIOJIOAKEHHBIX HaJ 3€MJIEN.

4. Kpuruueckoe 3HAaYeHUE IMOTOHHOM IJIOTHOCTU LUPKYJSLUUUA CIEIYEeT
ONPENEIIUTh, UCTIOJIB3YSI METOABI COBPEMEHHOTO MOJEITUPOBAHUSI.

5. OO6mactb NPaKTUYECKOT0 MPUMEHEHUS TEOPEMBI B METEOPOJIOTUN LIUKIIOHOB
ITO3BOJISIET N0 BEKTOPY TAHIMCHLIHUAIBHOW CKOPOCTH B HCCIIENYEMOM TOYKE BUXPEBOU
TpYOKHM LIMKJIOHA YCTaHOBUTH €r0 IUPKYJALMIO U KIACCU(PUIMPOBATH IUKIOHBI 1O
KPUTEPHIO €r0 BUXPEBON aKTUBHOCTHU (Pa3pyLIUTENbHON CUJTIBI).

3akiroueHue

Teopema 0 TOTOHHOH MIIOTHOCTH LUPKYJSILIUK U €€ CIEICTBUS, MPEIJIOKEHHbIE
aBTOpaMU CTaThH, MO3BOJIAIOT HE TOJIBKO PEUIMTh OJTHO U3 OCHOBHBIX NMPOTHUBOPEUUI
mpolecca MCCIEIOBaHMUs BUXPEOOpa3oBaHMs, HO Takke OO0JalaroT MPaKTHUYECKOM
3HaYUMOCTBIO B c(epe ompeeneHus ONTHUMAaIbHON BBICOTHI BO31yX03a00pHUKOB
CIJIOBBIX YCTAaHOBOK BO3AYIIHBIX CYJOB HaJ TIOBEPXHOCTHIO  a’dpojpoma
(MaTepuHCKOro 00Jlaka), KOTOpasi ONpeaessieT KPUTHUYECKUH SHEProoOMEH BUXDS
(LIMKJIOHA) B €CTECCTBEHHOM Cpejie.
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