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MO/IEJIMPOBAHHE 30HbI CMEIIEHUS, OBPA30BAHHOM
B3AMMO/IECTBHEM /IBYX BCTPEYHBIX, CMELUEHHBIX B
FOPH3OHTAJBHON IMJIOCKOCTH 3AKPYUEHHBIX CTPY#

JaiiueB O.H. (Odecckasn cocyoapcmeennas akaoemus. cmpoumeaibcmea u
apxumexnaypsi, 2. Joecca)

IpuBeaeHbl pe3yabTaThl TEOPETHYECKHX HCCIAEAOBAHMEH mMoas CKOPo-
CTH NPH B3aUMOJCHCTBHH BCTPEYHBIX, CMEIIEHHbIX 3AKpYyUYEeHHbIX ra-
30BbIX CTPYH, MOKA3aBIIME HECTAOHIBHOCTL MOJy4aemoil CTPYKTYPbI
BCJIEACTBHE BO3ACHCTBUS NPEUECCHPYIOLIEro BUXPEBOro sapa, a TAKKe
onpeaeieHo ONTHMAIBLHOE COOTHOIIEHHE MEXIY BeJHYNHOIN cMeleHus
H PACCTOSIHHEM MEKAY narpyoxamu,

AHanu3 COBPEMEHHOI'O COCTOAHMA TEOPHMN 3aKPYUYEHHbIX B3aUMOAEHCT-
BYIOUIMX 3aKPyY€HHBIX NMOTOKOB [OKA3bIBAET, YTO CBOOOMHBIE OMHOUHbIE
3aKpPy4€HHbIe TOTOKU NPUMEHSIOTCS PEIKO, B OCHOBHOM B Tenio3HEepPreTu-
K€ MCTIONBb3YHTCS B3aMMOIEHCTBYIOLINE 3aKPYYCHHBIE IIOTOKH, PH 3TOM B
HacTosALIECE BpeMs HCCACNOBAJIMCh OAHOMMCHHO M TIPOTUBONOJIOXKHO 3aKpy-
YEHHbIE TOTOKU MPY KOAKCUAJILHOM, NapajyieibHOM U BCTPEYHOM B3aHMO-
nevicreum / 1/.

MaTemaTH4ecKOe ONMCaHNE PE3YIbTUPYIOLIErO ABMKEHHS B yKA3aHHbIX
MCCJIEIOBAHUAX OCHOBLIBAJIOCh Ha ypaBHEHMsX Hosbe-Crokca M Teopuw
[TpaHaTns O MyTH CMEIUEHUs, OJHAKO MPU 3TOM HE YYMTBLIBAJIOCH BIHSIHME
Ha OOpa3yiomMecs NPU TAKOM B3aUMOICHCTBHM CTPYKTYpbl NpeLeccum
BUXPEBBIX. silep 3aKPYYEHHBIX IMOTOKOB, TO €CTh oﬁnacrb CYLI€CTBOBAHUs
MBS, onpenensiemas unuciaamu Peitnonsaca (Re>1,8'10%) /1 ,2/, Koraa rnoTok
HecTaOMIEH, MPAKTUYECKH HE M3yueHa U TpeOyer Teopernueckux MCCHEno-
BaHMii B JaHHON 0OMacCTH Ul BCTPEUYHbLIX, NAPANIENbHbIX, BCTPEYHBIX,
CMELIEHHBIX B TOPU3OHTAJBHOM TJIOCKOCTH B3aUMOMICHCTRYIOIMX 3aKPY-
YEHHBIX MOTOKOB.

Kpome Toro, yyutbiBasi AaHHBIE, NOJY4€HHbIE B /3/, cBHAeTeNbCTBYIO-
e O 3HAa4YMTENbHOM BiMsHMM [1TBA Ha yCcTOWYHMBOCTE 0nHMHOYHOIO 3aKDy-
4EHHOI'O IMOTOKA M TNMPEMIOKEHHYIO KOHLEMUMI TIOSBIEHHs, Pa3BUTHS U
pa3pylieH sk BUXPEBOrO AApa B HEM TPH PAa3BUTOH 30HE 0OpaTHBIX TOKOB,
HeOOX0IM MO PacCMOTPETh BONPOCHI, CBA3aHHBIE C C HAIOXEHHEM Koneﬁamm
BUXPEBbLIX ANCP MMPH B3aUMMOJAEHCTBUH 3dKPYYECHHbIX CT]Jyn U BbISIBUTH yC-
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JIOBUSI BO3HUKHOBEHHMS PE3OHAHCHBIX ABJICHHH, a TaKXke obecnedeHus yc-

TOIYMBOCT) BUXPEBbLIX CTPYKTYP B ciy4yasx HyTauuu [1BA.

Jnst nionyyeHus mosist CKOPOCTEH NpPHU B3aUMOAEUCTBHUM JIBYX BCTpEY-
HbIX, CMELIEHHbIX, B TOPH3OHTAILHOMN MJIOCKOCTH CBOOOIHbBIX 3aKPy4EHHBbIX

CTPYH LeHrp xoOpAMHAT PACTONarajics Ha PaBHOM PACCTOSHUU OT OCeH
CTPYH, CX€MaTuyHO NpeACTaBICHHBIX Ha PUCYHKe 1.

Pacuer ocymecTnisngs COracHO airopuTMa NPUBEAEHOrO B /3/.

ITpu pacuerax nocneaOBaTeNbHO BapbupoBanuce = 1....1700 c,,

f“—O. ) [”]_1, KoopﬂHHa'be x,FO. iy b M, n=1... 18.
[Monyuennble pe3ynbTaThl MPEACTABIEHBl B BUAE rPAQUYECKHX 3aBHUCH-

MOCTEH BappbupyeMbIX MaPaMeTPOB OT Pe3yNbTUPYIOLIEH CKOPOCTH.

Puc 1. Cxema pacilOJOXKEHHS KOOPAUHAT NPH B3aHMOJEHCTBUH
BCTPEYHBIX, CMELIeHHbIX B TOPH30HTAIbHOM MJIOCKOCTH 3aKPYYEHHbBIX
CTpPVil

Tak, mpenctTapiaeHHbIE Ha PUCYHKAX 2—-3 rpaduKku U3MEHEHHUS CKOPOCTH
10 MoNepeyHOMY cedeHHMIO NPH YBEJIHYEHUH PACCTOSHMS OT Havasa CTpyH,
U CMELEeHUM Oceil BCTPEYHBIX 3aKPYYE€HHBIX MOTOKOB B TOPHU30HTAJIbHOU
rockocty ot 0,1 go 0,4 M, TIOKa3ajM, YTO IOJIE PE3YJbTHPYIOLEH CKOPO-
CTH B TOYKAaX MCTeyeHds CTPYH AHAJOrMYHO IOJK OAUHOYHOH CTPYH 10
paccTosiiiust 0,5 (o cpe3y), najee npoduiib COOTBETCTBYET B3aWMOICHCT-
BHIO BCTPIEUHBIX 3aKpy4€HHBIX MOTOKOB. Habnropaemblii npu 3TOM MUK CKO-
POCTH HE 33BUCUT OT CMEUICHHUA OCEU CTPYH H, OYCBUIHO, BbI3BaH npeuec-
CUPYIOILMIM BUXPEBLIM SAPOM, MPH 3TOM B OTJIUYHE OT BCTPEHHBIX NOTOKOB,
oH OoJiee 3uauuTesnieH ¥ UMEET Ha CBOUX IPaAHMLIAX MPOBAJbl CKOPOCTH, 4TO
MO3BOJIAET cnenaTh BHIBOA O BKJIAAE B CKOPOCTh BCTPEYHOW, CMELIEHHOU
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cTpyM (KOTOpasi Ha 3TOM PacCTOAHUM UMeEET OoJiee HUPOKHE IPaHMLIBI, HO
MEHBLOYIO CKOpOoCTh). OaHako, NpU yAaJNE€HUHM OT Hadana CTPYM roJje CKO-
pocTeit paccnauBaercs Ha pacctosHuM 0,35 1O «cpesy, B 3aBUCHMOCTH OT
BEJIUYMHBI CMELIEHUS, YTO OOBACHAETCS H3MEHEeHHeM 001acTH B3auMOneii-
CTBMSl CTPYH, MPH 3TOM M3MEHEHHE YKa3aHHOI'O MMMKA CKOPOCTH SIBHO YKa-
3bIBAET HA OMNpeENeNsioniee BIUsHUE B €ero QOPMMPOBAHUH TOJIs CKOpPOCTH
BTOPOH CTPYH, 4TO 103BOJIS€T OLEHUTb LUIMPUHY B3aUMOJEHCTBHS BCTpPEY-
HBbIX, CMEIEHHbIX B IOPU3OHTAJLHOH ILJIOCKOCTH 3aKpPY4YEHHbIX CTPYH —
0,35 — 0,65 B nonepe4yHOM ceueHUU. B ocTanbhoii obnacTu NPOC/IeK1Ba-
€TCsA aHAJOrUsi C BCTPEYHBIMU 3aKPYUYEHHBIMH MOTOKaMKU. B uenom MoxHo
KOHCTaTUPOBATh, YTO YBENHUYEHHE CKOPOCTU NPOMCXOAMT B Doslee mmpokoii
00nacT M Ha BCEM PACCTOSIHUM MEX]Y B3aMMOJIEHCTBYIOLUIMMHU CTPYSAMH,
MO0 CPaBHEHHIO C PACCMOTPEHHBIMHU PaHEe BUAAMHU B3aUMOJAEHCTBUS 3aKpy-
YEHHBIX CTPYH, @ BIMSIHUE TMPELECCUH BUXPEBBIX siiep 3HAYUTENLHO TOJNBKO
Ha pacCTOsSHMAX, ONMU3KMX K MEecTaM MCTedeHus crpyid. Taike, ucxons M3
aHa/mn3a HBOJIIOLMM NHMKa CKOPOCTH, BBI3BAHHOIO CJIOXXEHHEM CKOpOCTei
B3aMMO/IEMCTBYIOLIUX CTPYH, OMNPEAENCHO ONTHMAJLHOE COOTHOUIEHHE
MEXXIy BEJIMYMHOM CMEIIEHHUsI CTPYH B FOPU3OHTANBLHON TUIOCKOCTH M pac-
CTOSTHMEM MEXy TOUKaMH MX ucteueHus — o/, =0,25.

Puc.2. UsmeneHue pe3ybTUPYIOMIEA CKOPOCTH MO CEYEHUIO
npu y=0,00001m:
¢ — cmemenue 0,1Mm; m — 0,2 M; A —03 M;Xx —04 M.
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Puc.3. U3meHeHue pe3ynbTHPYIOLLEN CKOPOCTH MO CEYEHHIO
npu y=0,2m:
¢ — cmemenHne 0,1m; m — 0,2 M; A — 0.3 M, x— 0,4 M.

HM3meHeHue pe3yJbTUPYIOIEN CKOPOCTH IPH B3aMMOJEHCTBHUM JBYX
BCTPEYHBIX, CMEIIEHHbIX 3aKPYYEHHBIX CTPYH BO BPEMEHH, MPEACTABIEHHOE
Ha PUCYHKAX 4 -— 5, NMO3BOJISET CAEJATh BBIBOJ, YTO O HAJUYHUM JABYX BUJOB
Kosie0aHui — rneproe, uMerouiee yactoty 60 €., C HE3HAUUTENBHOW aMILIN-
TYAOH, UMEETCSI BO BCEX PACCMOTPEHHBIM paHee B3aUMOJCHCTBUSIM 3aKpy-
YEHHBIX NIOTOKOB, Bbi3BAHO UX TYPOYJIEHTHBIM XapaKTEPOM ABHKEHMS, BTO-
poe — umermee amrumutyay 400 C., BBI3BAHO, OYE€BUAHO, CIIOKEHHUEM KO-
ne0aHul, MHAYUMPYEMBbIX NPELUeCCUPYIOMMU BUXpeBbiMU siapamMu. [lpu
3TOM HEOOXOAUMO OTMETUTb, YTO BTOPOM BUI KOJE€OAHUN MMEET aMIUJIUTY-
1y, CPaBHUMYIKO C PE3YJLTUPYIOUIEH CKOPOCTHIO B IAHHOW TOYKE, YE€ro He
HaOMoAaeTcs B PaCCMOTPEHHBIX paHee Ciy4asX (KpoMe BCTPEYHEBIX 3aKpy-
YEHHBIX CTPYiH). MakcuMabHas BEJIMYHHA NEPBOro BUaa aMILIATY/Abl HMEET
AHAJIOTUYHYIO MAapaJUIEIIbHBIM CTPYSM 3aBUCHUMOCTB OT CMEULIEHUsI CTPYH B
FOPU3OHTAJIBHON MIIOCKOCTH — nipu cMenienuu 0,1 u 0,3 — ammuuryaa
meHbwie, yem npu 0,2 u 0,4. B ciiydae Broporo, bosee «1oaroro» koneoda-
HUsi HaOsroaaercst oOpaTHasi 3aBUCUMOCTb (MaKCUMaJIbHast aMIIMTYa TIPH
cmewedun 0,1 u 0,3 npesocxonuT aHanoruyHyro npu cmewenuu 0,2 u 0,4).
To ecTte npu KUCHOJB30BAHUM BCTPEYHBIX, CMEIIEHHbIX B FOPU3OHTAJIbHOMU
MJIOCKOCTH 3aKPYHYE€HHBIX CTPYH B TEXHHYECKHUX YCTPOHCTBAX HEOOXOAMMO
MPeayCMaTPUBAaTh MEXAHU3M TOJABJECHUSA BTOPOrO TUMA KOJIEOAHMM, Kak
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Haubosiee oracHoro s crabuiibHOro nmpOTEKaHUA rpouecca B3auMoeicr-
BHS ITOTOKOB.
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Puc.4. U3meHenne pe3ynbTupyroLiel CKOPOCTH 10 BpEMeHu
npu }EO,Z, x=0,05 m:

¢ — cmemenue 0,1m; m — 0,2 M; A — 0,3 M; X — 0,4 m.

Puc.5. U3MeHenue pe3yabTHPYIOLIENH CKOPOCTH IO BPEMEHM
npu y=0,2, x=0,05 m:

¢ — cmemenve 0, 1m; m — 0,2 M; A —03M;x— 0,4 m.
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Takum oOpa3oM, aHanu3 pe3yJIbTATOB MOAECIUPOBAHHUA I10JIsI CKOPOCTH
ABYX BCTPEYHBIX, CMELEHHBIX B NOPU3OHTAIBHOM IJIOCKOCTH, 3aKPYy4EHHbBIX
CTPYH C NPELECCUPYIOLIUMUA BUXPEBLIMHU SAPaMH MOKa3aJl, 4To.

- YBEJIMYEHUE CKOPOCTH MPOUCXOAMT B Oojee LIHUpOKOH 00sacTu v Ha
BCEM PACCTOSIHUHM MEXy B3aMMOICHCTBYIOIIUMH CTPYSIMH, 110 CPAaBHEHUIO
C PACCMOTPEHHBIMM paHee BHIaMH B3aMMOAECHCTBUS 3aKPYyYEHHBIX CTPYH,

- 3BOJIKOLIUS MTUKA CKOPOCTHU, BbI3BAHHOIO CIOXEHHMEM CKOPOCTEN B3au-
MOIEHCTBYKOLIUX CTPYH, OINpPEaeiasier ONTUMAIbHOE COOTHOLICHUE MEXIY
BEJIMYHHON CMELIECHMSA CTPYH B FrOPU30OHTAIBHOM IUIOCKOCTH H PACCTOSTHUEM
MEXIY TOYKAMH HX UCTEUeHUs paBHbIM /o /[, =0,25;

- MakCHMMyM CKOPOCTU MPH YBEJIHYEHUHU CMELUEHHUSA MEXAY CTPYSIMHU
CMELIAeTCs K MOPU3OHTANLHON OCH, ¥ MMEs MEHBLIYIO BEJIUYHHY, MPEBOC-
XOAUT APYryUe NMUKH 10 WHPHUHE, YTO MPOUCXOAUT BCJIEICTBUE BOBJICUCHUS
B IBW)KEHHUE IMOKOALIErocsi BO3AyXa MEXAY CTPYSAMH, NMPUA 3TOM Takas e
NPOCNOWKa C HYJEBOW TaHI€HLHAJbHON CKOPOCTBIO OyaeT BO3HUKATh 3a
CYET UIMPHUHBI 3TOI0 B3aUMOJEHCTBUS U INPH NPOHUKHOBEHUHU CTPYH APYr B
Apyra,

- U3MEHEHHE PEe3YJIbTUPYIOLIENH CKOPOCTH BO BPEMEHU MMEET JBa KOJjie-
OaTeyibHbIX KOHTYpa — ¢ nepuoaoM B 60 ¢, © HE3HAYUTEJIbHON aMIUINTY-
noit, Bropout — 400 c., pu 3TOM BTOPOH BHA KOJIeOaHMI HMEET aMILIU-
TYZly, CPABHUMYIO C PE€3YJbTHPYIOLUEH CKOPOCTBIO B JAHHON TOYKE, YTO MpH
UCIIONb30BAHUU BCTPEYHBIX, CMELICHHbIX B TOPU30OHTANbHON TJIOCKOCTH
3aKPY4YEHHBIX CTPYH B TEXHUYECKMX YCTPOHWCTBax Tpelyer npeaycmarpu-
BaTb MEXaHM3M MMOMABJIEHUsS] BTOPOro Tuna Kojebanui, kak Haubosee onac-
HOT'O IJIst CTaOMILHOIO MPOTEKaHUs NMPOLecCa B3aUMOAEHCTBUS MTOTOKOB.
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