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AHHoTanusi. B ctaThe naHo omucaHue SBIEHUS BUXpeoOpazoBaHUs B aTMoc(hepHOH
cpele, a TakKe MPOBEACH aHalu3 MCCIEAOBaHUM IO JAHHOW Teme. BBIABIEHBI OCHOBHBIE
IPOTUBOPEUMs U POOIEMbI B HCCIIE0BaHUM BUXpeoOpa3oBaHus. PaccMoTpen pabouwmii mporiecce
peoOpa3oBaHus UCXOAHOIO MOTEHIUAIBHOIO TEUEHHUs pabdoyero Tejga MCCiaeayeMoM cpelbl B
TE€YEHUE BUXPEBOE C ONMCAHHUEM OCHOBHBIX (DaKTOpOB, BIMUSIONIMX Ha JaHHBIM Mpolecc.
BrisiBneHs! mpoTHBOpEUHs B Ipoliecce GOpMUPOBaHUS BUXPEBOM TPYOKH, 7Sl pEeLIEHHs] KOTOPBIX
ObLJT BEIOpaH HOBBIN OOBEKT UCCIEAOBAHUS — YAeIbHas OTOHHAS JIOTHOCTh IIUPKYIISIIIMH BUXpe
ra3oBbIX (KHJKUX) €CTECTBEHHBIX M TEXHOI'€HHBIX cpell. /laHa oleHKa COCTOSIHHMS U MpoOseM
yJeNbHOM TOrOHHOW TIJIOTHOCTH IMPKYJISALUM BUXpEHl HCCIenyeMoro BUXpeoOpa3oBaHMUSL.
IIpencraBneHo omnpeneneHue yAEIbHOW IOTOHHOM IIOTHOCTH ILUPKYJSAIMM Ha OCHOBE €€
pabouero mpolecca. YCTaHOBJIEHAa B3aUMOCBSA3b IIOTOHHOM IUIOTHOCTH IMPKYJSALUH €
TaHTEHIIMAJFHON CKOPOCTBIO CpEellbl Ha BHEITHEH MOBEPXHOCTH BUXpEBOM TpyOku. JlaHo
OlpesielIeHne TEOpPEeMbl O IMOTOHHOM IUIOTHOCTH LMPKYJISLMH BuUxpeBoi TpyOku. IIpuBeneno
JI0KAa3aTeIbCTBO TEOPEMbI U MaTeMaTH4ecKas B3aUMOCBSI3b IMOTOHHOM TUIOTHOCTH LUPKYJISALNN
BUXpPEBOW TpPYOKHM Cpeabl C TaHT€HIUAJbHOW CKOPOCTBIO Ha €€ BHEIIHEH IMOBEPXHOCTH.
[IpencraBieHsl CAEACTBUS TEOPEMBI U 00JIACTH UX MPUMEHEHHSI.

KiroueBble cijioBa: BuxpeoOpa3oBanue, (akTopel TeHepauuu, pabouuii mpoliecc,
orpezeneHue, TeopeMa, Kiaccuukaius, MoroHHas MIOTHOCTh LUPKYIIALNU, BUXpeBast TpyOKa,
BUXPHU BO3TyX03a00PHUKOB aBHAIIMOHHBIX JIBUTATENEH, CMEPYH.
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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.

Bsenenne

HccnenoBanust BUXpEBOUM aKTUBHOCTH €CTECTBEHHOM aTMOCc(epHO# cpenbl, a
TaKk)Ke BUXpPEoOpa3oBaHMsI TEXHOTCHHBIX Cpell, MX Ta30JMHAMHUYECKHX BUXPEBBIX
0COOEHHOCTEH (BUXPEH U BUXPEBBIX TPYOOK) U MHBIX BUOB BUXPEBOI aKTUBHOCTH,
BKJIIOYasi SPKO BBIPAKEHHBIE «XO00TOM» M BEPTUKAIBHO OPUEHTHUPOBAHHBIC
HWIMHIPUYECKUE BUXPHU, TO3BOJIMIIM YCTAHOBUTH psil MPoOJIEM U MPOTUBOPEUUH,
HE PELIEHHBIX COBPEMEHHOM a3pOJMHAMUYECKON U METEOPOJIOTMYECKON HayKaMH.

K npoTuBopeuunsiMm BUXpeil OTHOCHT:

— ONpejesieHus, MOCTPOCHHbIE MO CYIHOCTH paboyero mpouecca (PII)
BUXPEBOT'0 NPOAYKTA U €r0 BUXPEBOW aKTUBHOCTH, JJIA:

1) Buxpeii (puc. 1 a) 1 UX BUXPEBBIX LIHYPOB;

2) BUXpEBBIX TPYOOK YyMepeHHbIX pazmepoB (puc. 1 0);
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3) cmepueii (topuano B CILIA) u BomoBopoToB (puc. 1 a, 6);

4) UMKIOHMYECKUX BHUXPEBBIX 00pa30BaHM, MPEACTABISEMBIX IHUKIOHAMHU
CpPEeIHUX MIUPOT U TallhyHAMH TPOIIMYECKUX aKBATOPHI MOTyIIapuil 3eMIu;

5) TEXHOTEHHBIX BHUXpeW CTOKOBOro Tuma (puc.lB), 3aMKHYTBIX Ha
MOJICTUJIAOILYIO TOBEPXHOCTB;

6) TEXHOTEHHBIX BUXpeWd WHOW mnpupoAbl (nAuddepeHnanbHbIX BUXPEH,
BUXPEBBIX KOJIEI] PEaKTUBHBIX COIUT U IP.);

— OIpelesieHue NOTOHHOW IUIOTHOCTH LUPKYJBILUU ), KaK XapakTEpHOTO
napameTpa BUXPEBOM aKTUBHOCTU UCCIEAYEMOM CPEIbI;

— pabounii mpolecc BUXPEBOM TPyOKH, KaK ra3oJMHAMHUYECKON BUXPEBOM
0COOEHHOCTH (BUXPEBOT'O Teja), B CUIIy MHOTOJIMKOCTH UX paboyero mpoiiecca;

— TIOTOHHAs IUIOTHOCTh LUPKYJAIMM U €€ CBSI3b C KUHEMATHYECKUMU
napamMeTpaMH Tra3oBOM (KUAKON) cpelbl Ha BHEIIHEW MOBEPXHOCTH BHUXPEBOM
TPYOKH;

— XapaKTEPUCTUKU U CIIEJICTBUS MIOTOHHOW MIIOTHOCTH LUPKYJISALHUU U JP.

PucyHok 1— Buxpu y nojctunaronieii HOBEpXHOCTH: a — CMEpY C MPU3HAKOM
BUXpeBoi TpyOku, Memounux: https:// klike.net/uploads/posts/2023-
03/1679976725_3-57.jpg; 0 — TopHAI0 ¢ aKTUBHOW BUXPEBOM TpyOKO#, Mcmounux:
https://stihi.ru/pics/ 2021/05/19/ 4292.jpg; B — TEXHOT€HHBII BUXPh CTOKOBOT'O THIIA
nepen padoraromuM ['T/] Ha 3emne, Ucmounux:
https://i.pinimg.com/originals/10/bd/3a/10bd3a3f62027ca5bbcd403d8ada41fl.jpg

[TonHoUEeHHOE HCcNeAOoBaHUE BHUXpPEH W CBSI3aHHBIX C HUMH  SBJICHUU
HEBO3MOXKHO 0€3 pelIeHUsl BBILICIEPEUYUCICHHBIX MPOTUBOPEUUid, YTO B CBOIO
ouepenb TPeOyeT OMpPENeIUThCS C METOJAaMU HaXOXKJEHHUS pPEUICHUN Ha OCHOBE
aHaIKM3a UMEIOILIET0Cs MaTeprana o JaHHOU TeMe.

MarepuaJibl 1 METOABI, HCIIOJIb3yeMble [JIs pa3pelieHus IPOTHBOPeYH il
BUXpel

HccnenoBanue BHXpeoOpa3oBaHUS HEBO3MOXKHO 0O€3 IMOHMMAaHUS OCHOB
TEOpUU BUXpEH, KOTOpble OBLIM CHOPMUPOBAHBI paHEE APYTUMU YUEHBIMH,
paboTarolMU Ha/l U3y4YE€HUEM JaHHOM MPOOJIEMBI.



[lnonepoM B mMO3HaHUU (PU3NYECKOM CYIIHOCTH W paboyero Impoiiecca
€CTECTBEHHOTO BUXPE0oOpa30BaHMsI U €ro BUXpel (TopHamo) ctan meteoposior CIIIA
Ocmu 1. T1. Im mpenyoxkena teopusi Oypb, B OCHOBY KOTOPOW Obljia 3aJ0XKEHA
UKJIOHWYECKasi aKTUBHOCTh aTMocdepbl 3emiu. Ero Teopuss HUKIOHHYECKOTO
XapakTepa BUXPEBBIX Oyph Obuia ogo0peHa yuéasivu CIIA, @paniun u AHTINN.
Ho B cumy cymectBoBanusi Ha Tepputopur CIHIA TOpHANO M LUKIOHOB Kak
LIUKJIOHUYECKOTO, TaK W HE ONO3HAHHOIO AHTHULHKJIOHWYECKOIO HaIpaBJICHUS
BpAILIEHUSI, OHA HE MOJy4rIa CBOEro pa3Butud. Tpynasl Ocnu [. I1. moTepsinm cBoro
aKTyaJbHOCTh U HbIHE He BocTpeOoBaHbl [ESpie, 1841].

Cpenn OTEYEeCTBEHHBIX YYEHBIX AKTHBHBIM HCCIIEOBATEIEM CMEpPYEN H
topHago cran akagemuk Hamuskun JI. B. [HamuBkun, 1969]. Ero monorpadus
«Yparansl, Oypu U cMepuu», uzfanHas B 1969 romy, craiga HacTOIBHOM KHHUTOM
MHOTHX HCCIEAOBaTENIed 3TOr0 3araJodHoro spieHus. [lo3HaHue cymHoOCTH
cmepueid Obuto mpopokxeHo HamuekuubiM B. JI. B moHorpagum «Cmepum»,
omyonnkoBaHHOU B 1984 rony [HanuekuH, 1984].

Hanuune yka3zaHHbIX MOHOTpauii O cMepYax MOCIYKHJIO OCHOBAaHUEM IS
MPOJIOJKEHUS HAYaTOT0 HAYYHOT'O HAIIPaBJICHUS APYTUMHU POCCUUCKUMU YUEHBIMU
Y YCTaHOBJICHUSI €ro padouero npoiiecca. [IlepBblil mar B yCTaHOBJICHUH CYIITHOCTH
pabouero mpoiiecca cmepya ObLI ciaelaH yd€HbIM-aToMmiukoMm Kymmabeim B. B.
[Kymmn, 1993]. A MMEHHO, OH TEOPETHYECKM YCTAHOBWJI HMCTOYHHMK IHEPTHUH
cMepya B BUJI€ BO3BpAIlaeMOM CKPBITOM TEIIOTHI Tapo0Opa30BaHUsl.

ba3oBble OCHOBBI Teopuu 00pa3zoBaHUS CMEpYEH M LIMKIOHOB M3BECTHBI C
MOMEHTa OTKpbITUS JIoMOHOCOBBIM M. B. 3aKOHOB COXpaHEHUsI SHEPTUU U MAaCChI
($u3MYECKOro BEUIECTBa, B MOCIEAYIOLIEM MTEPEIIEAIINX B 3aKOHbI TEPMOJUHAMUKH,
TEOPUIO JBIKEHUS Ta3a ((kuaKocTH). Ha nX oCHOBE MOSIBUIIMCH MAPOBOW JBUTATEIb
[Ton3yHOBa, MOPUIHEBBIE TEIJIOBBIE JBUTATEIN, BO3YIIIHO-PEAKTUBHBIEC U PAKETHBIC
JIBUTATENIN U UX HOCHUTEIHU, TEHEPUPYIOIIUE 3aMETHOE Pa3HOOOpa3re TEXHONEHHBIX
Buxpen. OCHOBBI 3TUX BUXPEW 3aJI0KeHBI B TepMoanHaMuke [Heuaes u ap., 2005]
n adpoauHamuke [Jlonugackui, 1970; Humr, 1994] a takxke B Ap. HCTOUYHHUKAX.
Hanpumep, B 0cCHOBY paboyero mnpoiiecca ¥ IUKJIa TEMJIOBOM MAIMHBI 3aJI05KEHO
ypaBHeHue Maitepa «pv = R-T» — paboTa paciiupeHus raza B MoJje Mo BeIeHHON
TEIJIOTH. A BUXpH — paboTa raza Ha pa3pbIiBe TAHTCHIIMAIBHON CKOPOCTH U (WJIN)
CWJIOBOTO U TEIJIOBOTO BO3JEHCTBUSA Ha BHEIIHIO Cpeay, OmpelessieMble
KpUTEpHEM yriioBoii ckopocth (@ # 0).

CBoiicTBa BUXpEW BHEIIHEW CPEbl, JOCTYITHBIE K UX UCCIIEI0BAHUSM, MOTYT
OBITh pacIIMpeHbl TeopeThdeckoil Mexanukou [Tapr, 1974], yuuThiBas, 4TO
opurmanpHas Hayka TMPU3HAET BUXPH Ta30BBIMU TeJaMH, OO0JIaJar0IIMMHU
MOBEPXHOCTHIO, MAacCOM, YNPYrocTblo, H30BITOUYHBIM JIaBIICHUEM U JPYTUMU
cBoiictBaMu. CTOUT OTMETHUTb, YTO MCCIEHOBAHUS SIBJIICHUS BHXpPEoOpa30BaHUS
aKTUBHO MPOBOJISATCS U B HAIIM JIHU KaK C IEJIbI0 U3YUEHUS TEXHOTCHHBIX BUXPEH
Bo31yxo03a00opuukoB ['TJ[ u mMeromoB OoprObl ¢ HUMHU [KupenueB u ap., 2022;
Komog, 2020], Tak u ¢ 11ept0 TTO3HaHUS pabovero mnpoiecca BUXpeoopa3zoBaHus 1
CO3[IaHUs AJCKBAaTHBIX MAaTEMAaTHUYECKUX MOJENEH ISl HUCCIEIOBAHUS JTAHHOTO
npouecca [boictpait u ap., 2012; Jlanunenko u ap., 2018].
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OCHOBBIBasICh Ha OIIBITE PAHHUX UCCIEAOBAHUNA, MOXKHO CYIUTh O TOM, YTO
pa3penieHue COBOKYITHOCTH MPOTUBOPEUUI HANPSKEHUsI BUXPEBOl TpyOku I ¢ eé
NOTOHHOM TUIOTHOCTBIO IUPKYJSIIUU ). TpeOyeT psga oOmpeneieHu u
UCCIIEOBaHUM BUXpel. Bocmnone3dyeMcsi HW3BECTHBIMH M3 a3pOAUHAMHKU
ompeneneHusiMi  BuxpeBot  TpyOokum (BT) ¢ €€ rasoauHaMHUYECKHMH,
KMHEMAaTUYECKUMH U T€OMETPUYECKUMU MTapaMETPaAMH.

BuxpeBasg JuHHS — COBOKYIHOCTHb IOCIEIOBATEIbHO PACIIOIOKEHHBIX
OECKOHEUHO MajbIX BUXPEBBIX OTPE3KOB (TOYEK), B KaXJ0M (Oil) U3 KOTOPHIX B
JTAHHBIII MOMEHT BPEMEHHU BEKTOP €€ YIJIOBOM CKOPOCTH BPAILLECHUS YACTHIL] CPEIbI
( @# 0) HanpaBJieH 1Mo KacaTelbHOM K HUM [Humrr, 1994].

BuxpeBasg T1pyOka — paguaibHO 3aMKHyTas Ha ce0si TOBEPXHOCTD,
oOpa30oBaHHAas MOCJIEJOBATENBHO PACIOJIOKEHHBIMU IO HCCIETYEMOMY KOHTYPY
IPOJIOJIbHBIMUA BUXPEBBIMU JIMHUSIM [TaM ke|.

BuxpeBoii mHyp (BUXpb) — ra3 WIH XHUAKOCTb, 3aK/IIOUEHHBIE BHYTpPU
BUXPEBOI TpyOKH [TaMm xe].

OnpeneneHue cMmepya U TOPHAIO0 HE OJHO3HAYHO M OKOHYATEIbHO HE
ycTtaHoBjeHo [Jlanuienko u ap., 2018].

TopHano (cMepu) — armMoc(epHbIi BUXpPb, BO3HHMKAIOIIMNA B Ky4eBO-
JOXKIEBOM (TpO30BOM) oOJaKe M pacHpOCTPAHSAIOMIMNCA BHHM3, 4acTO JI0 caMoOM
MOBEPXHOCTH 3€MJIM, B BUJI€ 00JIAYHOIO pyKaBa WK X000Ta TUaMETPOM B JIECITKH
Y COTHU METPOB [TaM xke].

Kax Buaum, onpeiesieHue TOpHaI0 U CMEpPYa IPOTUBOPEUNBBI U HE COJEPKAT
ONopsl HAa OCHOBHbIE ypaBHeHus (1) nBmxenus raza [Korosckuii, 2015; HeuaeB u
ap., 2005]:

> Tk
i+ +|-B +Q,, = +2Kr (1)

CrnenoBaTenbHO, H€O6XOI[I/IMO JaTh HOBOE OIPEJEICHHE, OCHOBAHHOE Ha
CYIIHOCTH pabodvero mporecca BUXpeoopa3zoBaHus, I 4ero He0OX0JUMO OIKCaTh
O0COOEHHOCTH TOCJIETHETO.

JlucKkyccusi 0 CyHIHOCTH padoyero mnpoiecca BUXPeoOpa3oBaHUsl M
HEe0O0XOMMOCTH BBEJE€HUSI TeopeMbl IOTOHHOW IUIOTHOCTH IUPKYJISIIUH
BUXPEBOH TPYOKH

[To mMHeHuto aBTOpOB HacTosmiel ctaThu, PII mpeoOpa3oBaHust UCXOTHOTO
MOTCHITMAIBHOTO TEYCHHS padOoUero Tena NCCASAyeMOM Cpe/ibl B TCUCHUE BUXPEBOE
(TOpHAII0 W JIp.) AOJKEH CoAepkKaTh (PaKTOPhl IHEPTOOOMEHA ¢ BHEIIHEH cpenoi
TTOCPEJICTBOM:

— DJHEpProoOMEHa pecypcoM TEPMOJIUHAMUYCCKAX IapaMeTpOB B BHJC
BHEIIIHEH MeXaHU4YeCKOU paboThI Ly # 0 1 BHemHel TenaoThl Qg # 0;

— HWCIOJIL30BaHMS 3araca BHyTpeHHe# sneprun (Al = 0);

— IONOJHEHHS 3armacoM BHemmHe sHepruu (A(r?a?y | 2)yy # 0) oT BpameHus
pabouero Tena;

— SHEPIruy I'PaJMEHTHOIO pa3pbiBa TaHTeHIMAIbHOU ckopoctH (dc / dl = 0)
Ha TpaHulIe CYIIECTBYIOIIMX MMOBEPXHOCTEN paszeina cpea (MOTOKOB);

— DHEpruy NPUTOKA BHEIIHEH BUXPEBOM aKTUBHOCTH (Aafy, [ 2 = 0).
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O1U (HaKThl YACTUYHO OTOOPAXKEHBI B ONIPEICIICHUN CMepU-6UXpsl, HATIPUMED,
JIOKQJIBHBIM IPUTOKOM COJTHEYHOH 3HepruH [ lanunenko u ap., 2018].

Crnemyer OTMETUTB, YTO OMPEICICHHUS TOPHAIAO W BHXpeoOpa3OBaHUS II0
cymiHoctd PII ¢ wucHnonb30BaHHMEM BHEIIHETO HJHEProoOMEHa IOCPEICTBOM
ra3oJJMHaAMHUYCCKON pabOThl OTKJIOHSIONMEro AckcTBus cruitbl Kopronuca Ly, > 0 1
TEIJI000MEHa B BUJIE CKPBITOM TEIJIOTHI Mapoodpa3zoBanus Qo > 0 yKe N3BECTHBI
[danunenxo, 2004; Kymun, 1993; HanuBkun, 1984]. JleiicTBUTEIbHO, B OCHOBY
pabouero mporecca CTOKOBOTO BUXPEOOpa30BaHUS TOPHAJO Y 3€MIIM TOJIOKEHA
pabota Lo, uHTEpPEpEeHIIMOHHON criibl Koproauca B 1oJjie CyTOYHOTO BpalllEHUs
3emiid ¢ peanu3alMeil BO3BpaTa CKpPBITOM TEIJIOTHI MapooOpa30BaHMs Ha 3Tamax
¢dazoBoro nepexoja napa B BOAY M BOJABI B 1€ B pabouel MojI0CTU MaTePUHCKOTO
o0Jaka ¢ mpeBpalleHueM MOCIEIHETO B BUXPEIUIIONH CO CTOKOM OT TOJICTUJIAIOIEH
MOBEPXHOCTH 3eMid. JTOT PII He nOpOTUBOPEUYUT OCHOBHBIM 3aKOHAM
tepMmoauHamuku [Kotosckuii, 2015] u paboueMy mpoiieccy TOpHAIO.

Pabounii poriecc BKIIOYAET:

1) momorpeB TOJCTHIIAIONICH IMOBEPXHOCTH 3eMJIH (BOJBI) MPUTOKOM
CONHEUHOM paguanuyu Ha (asze MakcuMmyma eé akTuBHOCTH (mpumepHo ¢ 12% no
16%);

2) aKTUBHBIA ITOJOTPEB IOBEPXHOCTHOTO CJIOS 3E€MJIM M BJIarM, B HEH
coAepKaIIencs;

3) wucmapeHue BIard u €€ nepexoj B CBOOOTHOE COCTOSIHUE,

4) pabora moOABEMHOW CHIIBI ApXWMe[a [0 BCIUIBITHIO CBOOOHO
MOAOTPETOTO Mapa Ha BHICOTY PABHOBECHOIO MOJIOKEHUS,

5) wuHBepcHs mapa ¢ BbIICICHHEM CKPBITOH TEIJIOThI MapooOpa3oBaHUs Ha
JTarne nepexoja napa B MUKpOKAIIA BOJIbI (TYMaH) U BOJIbI B MUKPOKPHUCTAJLITBI JIbA
(rpam) Ha ctaguu (GOPMUPOBAHUS MATEPUHCKOTO 00JIaKa, MEPEXOISAIIETO B PEKUM
TEIJIOBOM ra30IMHAMUYECKOU «MALUUHbl TUTIA TEPMUKA C BBLIOPOCOM JIETKOM CpeIb
Ha 0oJiee BBICOKMI YPOBEHb U OCBOOOXKIEHHEM paboyero o0ObéMa BHYTpH oOsaka
JU1s1 3a00pa HOBBIX MOPIUN BIAXKHOTO BO3TyXa;

6) CTOKOBBIM 3a00p HOBBIX MOPIMH CBOOOJHO BCIUIBIBAIONICH K padodYci
YaCTU MATEPUHCKOTO o00j1aka BIAXHOW Cpelbl CO CTOPOHBI TOACTHIIAIOLIEH
MOBEPXHOCTH 3€MJIM B T0JI€ ICUCTBUS CUIIBI U pabOThl ApXumesa;

7) reHepanus y MOJCTHIIAIONICH MOBEPXHOCTH (3€MJIM, adpOJPOMa, BOIHOM
aKBaTOpPHM) BUXPEBOM AKTUBHOCTH CTOKOBOTO IOTEHUHUAJIBHOTO TOTOKA,
HaBeJIEHHOU CYTOYHBIM BPAILIEHUEM 3€MJIM TOCPEACTBOM OTKJIOHSIOLIETO JEUCTBUS
(pabotel TO OKpyxkHOCTH) cuibl Kopuommca ¢ (opmMupoBaHHEM MOMEHTHOTO
BUXPEBOTO TOJIs, KAK HOCUTEJISI BUXPEBOW aKTUBHOCTHU OYyIIEro TOPHAJIO;

8) dopmupoBaHHEe YIHUTKH BHUXPEBOH TPYOKH THIIEPOOIMUYCCKOTO THIIA C
MO/PKaTHeM TIOTOKa MO0 MEpe ero MPHUOJIMKEHUsS K CTOKOBOMY BXOZy B pabodyro
4acTh MAaTEPUHCKOTO oOJjlaka U ¢ (HOPMUPOBAHMEM HMHBEPCUOHHO BHUIUMOM
BUXPEBOU TPyOKH;

Q) HaKoIUICHHE W aKKyMYJSAIUs HUPKYJISAuu | BuxpeBoi TpyOku [Hwumr,
1994] ¢ mnocneaywmMM IEPEeX0J0M MATEPUHCKOTO oO00Jlaka B TEIJIOBOM
BUXPEIUIOJb HUKIOHUYECKOTO HAMPAaBIICHUS BpallleHHs] ¢ 3a00pOM BCILIBIBIIETO
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BJIQKHOTO BO3[yXa OT TMOJACTHJIAIONIEH TOBEPXHOCTH 3€MJM B TOJIOCTh
MaTEpPUHCKOIo 00JI1aKa;

10) popmupoBaHuEe BUXPEBOH AKTUBHOCTH BJIAXKHOTO CTOKOBOI'O ITOTOKA
BO3/yXa y 3KpaHa (MOACTUIIAIONICH TOBEPXHOCTH 3eMJIM) PabOTON OTKIOHSIONIETO
nerctBus cuibl Kopronnca nyTém nepexoaa NOTEHIMAIBHOIO TEUEHHS B TEUECHUE
BHUXPEBOE 110 HAIIPABJICHUIO BOCXOSIIUX CIIUpaieil Apxumena;

11) yckopeHHe BHUXPEBOIO CTOKOBOTO IIOTOKa B paboO4yl0 TMOJOCTh
MaTEpPUHCKOIro O0JIaka ¢ MOJPKATHEM €ro BHEIIHEH MOBEPXHOCTH 1O COCTOSHUS
aKTUBHOTO BUXPEBOI'0O KI'yTa, OTPAHUYEHHOT'O0 BUXPEBOM TPYOKOH, 3aMbIKAIOIIEHCS
M0 CJEACTBUIO TeOpeMbl ['ebMroiblia Ha MOACTHIIAIONIYI0 TTOBEPXHOCTh (IKpaH)
[Humr, 1994].

[TosiBnieHne B MOJIE BOCXOJAIIETO CTOKOBOTO TEUYEHUS HaJ BJIAXKHOU U
MOJIOTPETON COTHEUHOM pajualiueil MoBepXHOCThIO AKpaHa BUXPEBOM TPYOKH (CM.
puc. 1) TpeOyeT ycTaHOBIEHUS €€ CBOMCTB. B HEKOTOpOI CTEIEHN OHM OYCBU/IHBI,
HO W MPOTUBOpPEUYUBHI. BuxpeBas TpyOka Qopmupyercss MO HU3BECTHOMY €&
onpeaenaeHuro (cM. Beiie). OHa omnpeeneHa 3aMKHYTBIM KOHTYPOM C MHOYKECTBOM
IJIOTHO MPUMBIKAIONIMX APYT K APYTry BUXpeBbiX HUTEH. [loBEepXHOCTH BUXPEBOM
TpyOKM TMOCTpoeHa Ha OajaHce CWJI H30BITOYHOTO BHEIIHErO [aBJICHUS U
BHYTPEHHETO pa3pexeHus u IeHTpoOexxkHou cuibl. Buytpu BT pacnonokena
MOJIOCTh Pa3peKEeHUsI, KOTOPOM OHA 3aMBIKAETCS Ha MOJICTUIIAOIIYIO TOBEPXHOCTb.
Ha nosepxnoctu BT peanmnsyercs ycnoBue HenporekaHus. Clie1oBaTelbHO,
abCOJIOTHAsE CKOPOCTh TOTOKAa «C» OPHUEHTHPOBAaHA TAHTEHIMAIBHO, T. €.
HOpMaJIbHasi COCTAaBIIAIONIAS ATOM CKOpPOCTHM paBHa HYyIO (cn =0). Ho B cumiy
ra3oIMHAMUYECKH 00pa30BaHHONW KOHCTPYKIIMM BUXPEBOW TPYOKH, KOJIMYECTBO
BUXpEH, €€ 00pa3yromux, JODKHO OBITH OoJblie TpEX, MCXOAHO OO0pa3yroImX
BHYTPEHHIOI HE T€pPMETUYHYIO MOJOCTh. OYEBUIIHO, CYIIECTBYET KpPUTHYECKAas
MOTOHHAs TUIOTHOCTh LIMPKYJSIMU ¥ BUXPEBBIX HUTEH MO KOHTYpPY BUXPEBOU
TpyOKH ¢ ux HampspkeHueMm [ # 0, mpu KOTOPOM OCYILECTBIISAECTCA 3aMKHYTOCTh €€
IIOBEPXHOCTH, T. €. PEAIN3YETCS I'PaHUYHOE YCIOBHE HENpoTeKaHus ch = 0. OHO
npuaaéT BUXpPEBOM TpyOke (GopMy MOKa HE MPU3HAHHOTO O(PUIIMAIBHONW HAyKOM
«eazoeoeoy» Tena. Takue Tena OTKPOIOT BO3MOXXKHOCTb IMPUMEHSTh K HUM 3aKOHBI
TEOPETUYECKON MEXaHWKH W TEOPUU MEXaHW3MOB U MaliuH. VIMEHHO Mpu TakoM
MOJXO/IE «TENo» ILMKJIOHA MpHU ero uHrepdepeHuuu ¢ 3eMnéd npuodperaeT
3amajiHblil MEePeHoC, MoKa He MMEIOUIUMH ONpEeAesIeHHs] MO CYIIHOCTH padoyvero
nporiecca. Torga Takke MOXHO yTBepkaarh, uro ComHile OumnomnspHo. B HEM
CYILIECTBYIOT TeJIa BCTPEYHOM U MPOTUBOMOJIONKHOW MUPKYJIALMHU C UX MOJIOCAMHU,
JAIOIIMMU TUKJINYHYIO UX cMeHY noJispHocTy CoJHIIA.

[TosBuBmeecs: mpotuBopeune BT cmepua (TopHamo) TpeOyeT BBEICHUS
OMpENICJICHUs] TOTOHHOW IUIOTHOCTH ¥ 1upkyiasiuuu | (Hanpsokenust 1) u eé
3aBUCUMOCTH OT KMHEMATHYECKUX U T'€OMETPUYECKHX MapaMeTPOB Ha BHEITHEH
MMOBEPXHOCTH BUXPEBOM TPYOKH.

[loroHHas MJIOTHOCTb HUPKYJSIMU BUXPEBOU TPYOKH % r — OTHOUIEHUE
mupkysiun [T e€ BuxpeBoro mmHypa K JumHe |y 5 ¢ HOPMAJIBHOTO CEUCHUS
3aMKHYTOT'O €ro KOHTYypa.
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[lo ompeneneHHIO MOTOHHOM IMIOTHOCTU UUPKYJSIIMU BUXPEBOH TpPYyOKH
MMEEM €ro MaTeMaTUYECKOE BhIPAKECHHUE:

_ _ BT
7/ B.T I ) c ' (2)
CJ'ICI[CTBI/IH OIpCACICHHUA MOTOHHOM TIJIOTHOCTH MUPKYJIATOUN:

— IIOrOHHAs IUVIOTHOCTh LIUPKYJIALUY SBJIETCSA Pa3MEPHBIM apaMETPOM;
— IpPH TOCTOSHHOM 3HA4Y€HWM LUPKyJIAuuu I° = | moroHHas IJIOTHOCTh

IUPKYJIALIT HMeeT THIIepOOIHYECKyI0 3aBUCHMOCTh ¥, . = f(const/I ) ;

— MOJENb LUPKYJISuMU [° Mo KpyroBoMy KOHTYpPY BHXPEBOH TpyOKH
MOJy4eHa METOJIOM JUCKPETHBIX BUXped [benouepkoBckuit u nap., 1978] u B
AKCTIIEPUMEHTE MPEJCTABIICHA HA PUCYHKE 2.
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Pucynok 2 — Mojenu KUHEMaTUYeCKOTo T0JIsl BUXPEBOM TPYOKH:
a — [0 JIMHUSIM TOKa; O — IO MOJIK0 CKOPOCTEN; B — IO pe3yJIbTaTaM KCIIEPUMEHTA

DKCHEPUMEHT KaYECTBEHHO MOJTBEPKAACT pEe3yJbTaThl pacyéTa BUXPEBOM
TPYOKH U MOJISI CKOPOCTEH.

Pe3yabTaThl — TeopeMa NMOTOHHON IJIOTHOCTH LMPKYJIALUUM BUXPEBOH
TPYOKH
N3noxxeHune onpeneneHus TEOPEMbI U €€ JoKa3aTelbCTBa TPeOyeT BBEACHUS
JOMYIIEHUN K padodeMy Teldy M pabodeMy Mpolleccy BHUXpeoOpa3oBaHUSI U €T0
aKTHBHBIX BUXPEH C IBHO BBIpaKEHHON BUXPEBOU TPyOKO# (cM. puc. 1).
Jlomytienust kK pabouemMy Teny v paboueMy MpoIeccy BUXpeoOpa3oBaHUs:

1) pabouee Temo, 3aMEHSONICE BO3AYX — HCadbHAas HEC)KUMaeMas W
HEBA3Kas KUJIKOCTB;

2) TeueHHe pabOYEro Teja YyCTaHOBHBIIICECS

3) mupkyssius | (Hanpspkenue ') BUXpeBoit TpyOKH 10 €€ JUTMHE COTJIacHO
teopeme ['eapmronbna (I = I' = const) — mocrosiHHAas;

4) BuxpeBas TpyOka HempoTekaemas (cn = 0) U OrpaHUYCHA MOBEPXHOCTHIO
3€MJIM U IIJIOCKOCTBIO OCHOBAHUSI MAaTEPUHCKOI0 00JIaKa;
5) ornocurensHas mmmHa lsr =1, /d ~ Buxpesoit TpyOkm 3maumTensHO

npesbimaeT e auametp d , .. CiaemoBareabHO, IPHU pacuyére MOTOHHOMW TIOTHOCTH

LUPKYJSILIUA 5 r MOXHO NHPUMEHSTh 3aKoH buo-CaBapa s TaHreHUUAIbHOU
CKOPOCTH ¢: OECKOHEUHO JJIMHHOIO BUXPSI:
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I M

T_ZE-FnB.T’:' (3)

3nech 7 U Iy ¢ — TPUTOHOMETPUUECKAsE KOHCTAHTA U PAJUyC HOPMaJIbHOTO
CEUEHMS BUXPEBOU TPYOKH.

Omnpenenenue TeopeMbl OYAET CIETYIOITIM:

B 6e3BeTpeHHOil CIUIOIHOM cpejie MPpU YCTaHOBUBILIEMCSI YTIIOBOM BpallleHUH
TeJa BUXPEBOM TPYOKH MOTOHHAS IUIOTHOCTb €€ LUPKYJSALUUU J 1, ONpeaesseMast
OTHOIIICHHEM HampspkeHus: [, BuxpeBod TpyOkm k mmuHe |y 4 , KOHTYpa
LHUPKYJISILUA B HOPMAJIBHOM CEUYEHUH PaBHA TAHT€HLHUAJIBHON CKOPOCTH BHEIIHETO
MOTOKA C; Ha HAPYKHOM I'paHULIE BUXPEBOU TPYOKH B HCCIEAYEMOM HOPMAJILHOM
CCUCHMH.

JloKa3arenbCTBO TEOPEMBI IIOCTPOUM Ha THUIIOBOM OIIPENEIEHUN NOTOHHOM
IUIOTHOCTU LUPKYJISIUHN, 0003HaYaeMo Irpedeckoil OyKBoil y.

[loroHHasg MJIOTHOCTh LMPKYJISLUUMU ¥ — J0JI UUPKYJISIIUU ckopocTtH I,
NPUXOSAINAs Ha SAMHHUILY JUIMHBI KOHTYpa HUPKYJIAIUH |,

Hcxonnblie TaHHbIE 1151 JOKA3aTEIbCTBA:

— BUXpb JuHEHHBIN, akTuBHBIN ([T = 0 = const) B Buae BUXpEeBON TpyOKu
(puc. 3);

— TIOBEPXHOCTh BUXPEBOU TPYOKH — TOHKOCTEHHAs, [IMJIMHIPUYECKAs;

— HampsDKEHWE  BUXpA  ONPEACNICHO  LUpKyJsiqued  ckopoctu [,
pacnpenenéHHON Mo KOHTYpPY BUXPEBOU TPYOKH;

— JJIMHA BUXPS — 0ECKOHEYHO JIJIMHHAS 1O MPOAOJIBHON OCH BpallleHUS;

— MaTeMatuyeckoe obecrnedueHue — 3akoH buo-CaBapa, ycTaHaBIMBaIOLIUN
B3aHUMOCBSI3b LUPKYJHLUMUA CKOPOCTH [ € TaHreHUMaabHOM CKOPOCTBIO Cr,
WHIYIIUPYEMOU BUXPEM Ha TPaHUIIC BUXPEBOIM TPYOKH U 3a €€ mpeneaMu;

ls. 1 — PAINYC BUXPEBOM TPYOKH — yJajeHHE JOOOHW TOYKH €€ CTECHKH OT
IIPOJOJIBHOM OCH BpPAIlCHUS;

| — mIMHA KOHTYpa HUPKYJISAIUH — YCIOBHO OTPAHUYCHHOM JTHHBI.

C

Pucynok 3 — @parmeHT uccieayemMoil BUXpeBol TpyOKu
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[Ipu nmocTostHCTBE pajguyca I BUXpEeBOW TPyOKHU MO JUIMHE MOJHOTO KOHTYypa
e€ Kpyra, OnpeaeasieMoro N3BECTHBIM BhIPAXKECHUEM:

| =27xr. (4)
Torna, mo onpeeeHIIO TOTOHHOM TIOTHOCTH MUPKYJIISAIUN ¥ HAXOIHUM:
I
V= |_ (5)

Bocnonb3yemcs onpeaeneHueM MUPKYJISIUA CKOpocTH I
Hupkynsiuu ckopoct I' — paboTa BeKTopa TaHreHIIMAIbHOM CKOPOCTH Cr TIO
KPYroBOMY 3aMKHYTOMY KOHTYPY, MpecTaBisgeMas (popMymIou:

r =Cﬁ| Crdl' (6)

Torma mist KpyroBoro 3aMKHYTOr0 KOHTYpa HUPKYJSIKs ckopoctu [ mpumer
BUJI:
I'=2c 7xr. (7)
CrenaB IOJICTAHOBKY HAMIEHHLIX BEIMYMH B BLIPOKEHHE IOIOHHOM
IUIOTHOCTH LUPKYJISIUHA CKOPOCTH, TOIYUUM:
I  c2nr

= = =c.
4 2rr  2xr ’ (8)

CrnencTBust TEOpPEMBL:

1. TloroHHas MJIOTHOCTh LMPKYJSIIMHM y — CKaJsipHas BEJIIMYMHA, PaBHas
MOJIYJIIO TAHTCHITUAIBHONU CKOPOCTH |c:| Ha TOBEPXHOCTH BUXPEBOM TPYOKHU.

2. PoCT MOroHHOW TMJIOTHOCTH IUPKYJAINH y BUXPEBOU TPYOKH CHIIKAET
3¢ deKT MpoHUIAeMOCTH €€ MOBEPXHOCTH U JeNlaeT €€ HempoTeKaeMoil, TO eCTh
ynpyroid. Ha mnoBepxHOCTH BHUXPEBOM TPYOKH CBEPXKPUTUYECKON IIOTHOCTH
BEKTOP HOPMaJIbHOU CKOPOCTH ¢y = 0.

3. VYwmenblieHue  aOCOMIOTHOTO  3HAYEHHS  TMOTOHHOW  TUIOTHOCTH
HUAPKYJSLUM y HWKE KPUTHYECKOTO 3HAYCHMS CONPOBOXKAACTCSA IMOTEper €€
TEPMETUYHOCTH, 3aNOJIHEHUEM IIOJIOCTH HU3KOTO JABJIECHUS BHEIIHHUM ITOTOKOM,
YBEIMYECHHEM TUaMeTpa BUXPEBOM TPYyOKH ¢ IEPEXOAOM BUXPEBOIO IIHYpPa B BUXPb
pPa3MbITON MHTEHCUBHOCTH, YTO CBOMCTBEHHO HBIHE BUXPSM BO31yX03a00pPHUKOB
CUJIOBBIX YCTAHOBOK BO3IYLIHBIX CYZOB, HU3KO PACIOJIOKEHHBIX HaJl 3€MJIEN.

4. Kpurnueckoe 3Ha4Y€HHE NOTOHHOW IUIOTHOCTH LMPKYJSLUUA CIETYET
ONPENEIIUTh, UCTIOJIBb3YsI METOABI COBPEMEHHOTO MOJAEITUPOBAHUS.

5. OOnacTh MNPAKTUYECKOTO TPUMEHEHHUS] TEOPEMbI B METEOPOJIOTHH
LIUKJIOHOB ITO3BOJIAET 110 BEKTOPY TAHI€HIIMAIIbLHOM CKOPOCTH B UCCIIEAYEMOU TOUKE
BUXPEBOM TPYyOKHM LIMKJIOHA YCTAHOBHUTH €r0 HUPKYJSIUIO U KIACCHUPHUIMPOBATH
LUKJIOHBI 110 KPUTEPUIO €r0 BUXPEBOM aKTUBHOCTH (Pa3pyIIUTEIbHON CUIIbI).

3akiioueHue

Teopema O TIOrOHHOM IUIOTHOCTH LMPKYJISILMU U €€  CIEICTBHUS,
IIPEUIOKEHHBIE aBTOPAMU CTAaTbH, IO3BOJAIOT HE TOJIBKO PELIUTb OJHO U3
OCHOBHBIX IPOTUBOPEUUI IpOLIECCa UCCIEA0BaHUs BUXPEOOpa30BaHusl, HO TaKXkKe
001aal0T MPaKTUYECKOW 3HAYMMOCTBIO B c(epe OmpeneseHus ONTHUMAaJIbHOM
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BBICOTBHI BO3/IyX03a00pPHUKOB CHJIOBBIX YCTaHOBOK BO3JYIIHBIX CYJOB Haj
MOBEPXHOCTBIO  a3poJpoMa (MATEpUHCKOTO 00JIaka), KOTOpas Ompenesser
KPUTHYECKHI SHEProoOMeH BUXPs (LIMKIIOHA) B ECTECTBEHHOM cpejie.
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