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IIpuBeseHbl pe3yabTrarTbl SKCIEPUMEHTAJIbHBIX UCCJICIOBAHUN BIUSHUA ITeHepaTopoB Buxpeil nuddy3opHoro tumna Ha aspo-
JQUHAMUYECKHE XapaKTepUCTUKU mozesu camosiera "Asponpakr A-20" B 3aBUCUMOCTH OT UX Pa3MELIEHUsI BJOJb XOPIbI
KPBLJIa TPU OTKJIOHEHWH 3aKPbLTKa Ha 10°. DKCIepuMeHTHI BLITOJTHEHBI B adpoanHaMudeckoit Tpybe TAJI-2.I1pu HeoTK0-
HEHHOM M OTKJIOHEHHOM 3aKpbLIKE yBeJnYeHne KoddduuuenTa noaqbeMHON CUIbl 0OHAPYKEHO IIPU MaKCHUMAaJIbHBIX yrjax
araku. IIpu OTKJIOHEHHOM 3aKpblike HanboJbinuil 3ddexkT 3aduKCUpoBal IpU Pa3MeIeHUU IeHEePATOPOB BUXpPeil Ha pac-
crosuuu 20% xopabl Kpbuia. B aToM ciyuae kKo3bdUIIMEHTBl CONPOTUBJIECHUS U MPOJOJILHOTO MOMEHTa NPAKTUYECKU He
U3MEHSJIUC.

Haseneno pesysnbraTu €KCIEPUMEHTAJILHUX JOCIIIYKEHb BILIUBY I€HEpPaTOPiB BUXOPIB Audy30pHOrO THUILy Ha aepOLMHA-
MiuHi XapakTepucTuku Mognesi Jitaka "AspounpakTA-20" B 3asexkHOCTI BiJ IX pO3MILIEHHS IO3J0BXK XOPAU KpUJIa IIPU
Bigxunenni sakpuika na 10°. ExkcnepuMeHTHn BHKOHaHO B aepojuHamiuniit Tpy6i TAJI-2. Ilpu He BimxmmeHomy Ta Bi-
XUJIEHOMY 3aKPHUJIKY 3picT KoedilmieHTy Biff’€MHOI CHJIM BUSIBJIEHO NPU MAKCHUMaJbHUX KyTax aTaku. Ilpum BiaxuieHomy
3aKpuJiKy Haiibinbmuii edekT 3adikcoBaHo Tpu po3MilleHHI reHepaTopiB BUXopiB Ha Bigctani 20% xopau kpuna. [Ipu
uboMy KoedilieHTH onopy Ta IPOLOIBHOIO MOMEHTY HNPAKTUYHO HE 3MIHIOBAJIUCD.

Results of experimental researches of influence of diffuser type vortex’s generators on aerodynamic characteristics of plane
model "Aeroprakt A-20" are resulted depending on their accommodation along a chord of a wing at a deviation of a flap
on 10°. Experiments are executed in wind tunnel TAD-2. At not rejected and rejected flap the increase of elevating force
coefficient is revealed at the maximal corners of attack. At the rejected flap the greatest effect is fixed at accommodation
of vortex generators on distance of 20% of awing chord. In this case coeflicients of resistance and the longitudinal moment

practically did not change.
BBEJEHUE

B nociieiaee BpeMsi FHTEHCUBHO UCCJIEIYIOTCS Pa3-
JINYHBIE BUJIbI KOTEPEHTHBIX BUXPEBBIX CTPYKTYP
(KBC), BoO3HHKAIOMUX HpU OOTEKAHUM DPEAbHBIX
rest. B [1-4] HaMu paccMOTpEHBI U CHCTEMATH3UPO-
Baubl 12 ocHoBHBIX BumoB KBC, Bo3HuKamux mnpu
B3aMMOJIEHCTBUM TEJI C IOTOKOM, U METO/IbI UX YIIPAB-
nenust. B pabore [5] paspaborans makers: KBC me-
pexonuoro norpanunanoro cios (IIC) u TypGysen-
tHOTrO niorparnyHoro cios (TTIC). O6uapykeH pe3o-
HAHCHBI MeXaHU3M B3alMOJICHCTBUYA BO3MYIICHUNA B
TIC. IMonyuenst Ge3pasMepHbIe TAPAMETPHI, CBA3bIBA-
IOIe TEOMETPUIECKYIO CTPYKTYPY BHOCHMBIX BO-
3MyIeHuil 1 KuHemarudeckne xapakrepucruku [1C.
IIpesncrasiena meromosiorust BzauMoeiicreust KBC,
Bozaukatonmx B I[IC B mporecce ecTecTBEHHOrO Tie-
pexosia, ¢ BHOCHMBIMU MAJIBIMA TPEXMEPHBIMU BO-
3MYIIEHUSIMA B BHJIE MPOJOJbHBIX BUXPEBBIX TIap,
mo00HbIX BuXpsaAM [eptiiepa. 3roToBjeHbI pasmd-
HBIE BUJIBI MEXaHUIEeCKUX TeHepaTopos suxpeii (I'B),
yCTaHABJINBAEMbBIX HA IJIACTUHE. DKCIEPUMEHTHI IIPO-
BEJIEHBI HA YKECTKOHN IJIACTUHE B 3aMKHYTOH THIAPOJIU-
HAMHUYECKO# Tpybe U B pa3OMKHYTOIN adpouHaMude-
CKOil TpyOe pu MO I0OHBIX YCIOBUSIX IKCIIEPUMEHTOB.

B aBumanuu JaBHO TPUMEHSIOT Pa3JINYHbIE KOH-
crpykuuu reaeparopos suxpeit (I'B), ycranaBiusae-
MBIX Ha 00TEeKaeMOit IIOBEPXHOCTH JIJIsT IPE0TBPAIIle-
Hust orpeiBa [1C Ha npoduisX KpbLIbeB IPHU B3JIETE
u mocajike. BriepBble pe3ysibTaThl 3KCHEPUMEHTAJb-
HBIX MCCJIEIOBAHUIN BJIUSTHUS KOHCTPYKIUK Takux ['B
na xapakrepucruku [1C omy6iukosanst B 1960 r. [6].
Ha nmpotsixkennn 1mTebHOTO BpeMeHn Ha Kadepe
aspomuaamuku KMNT'A nox pykosojgcrBoM Mxura-
psaa A.M. BBIIOJHSJINCH TEOPETUIECKUE U IKCIIEPHU-
MEHTAJIbHBIE UCC/ICIOBAHNS BJIMSIHUS PA3IUIHBIX BU-
noB I'B Ha aspomHaMuyeckre XapaKTepPUCTUKU TPO-
dbueit xpputa [7]. B uccienoBaHusix €ro yueHUKOB
Tpy6enok B. II., ®@engpukosa . A., ®puiiania
B. 4., JIykamyk C. A., Yuapuesa E. II. u ap. pac-
CMOTPEHBI Pa3JINYHbIE ACIEKTHI 3TOIO HAIPABJICHUS.
B wactHOCTH, OBLIM IKCIEPUMEHTATHLHO HUCCIIEI0BA-
wbl xapakrepuctuku [1C wa mpodwuie Kpblaa mpu
paecenuu B IIC pa3iuyHbIX BUJIOB BO3MYyIlleHuii. B
HOCOBOI YacTu Tpoduiis KPblIa BIOJb €ro pa3Maxa
YCTaHABJIMBAJIACH CUCTEMA TIOMEPEYHBIX TPAMOYTOJIb-
HBIX YIVIyOJIeHUl, TeHEPUPYIONINX TPAHCBEPCAIBHBIE
KBC, koTopble JH0KHBI ObLIM BAUATH HA Pa3BUTHE
BostH Tosmmuna-IIlnuxTuHra UM yCTPAHATH OTPBIB
B HOCOBOH YacTu mpoduiisd mIpu OOJIBINNX yIIax aTa-
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ku. [Ipu napyrom crmocobe B HOCOBOIT dacTu mpodu-
JIL B TPAHCBEPCAJIbHOM HAIIPABJIEHIH CBEPJIMIIICH KO-
Cble OTBEPCTHS, Yepe3 KOTOPBIE BBIIYyBaJUCh 3aKPY-
YeHHBbIE CTPYU, CHOCHMBIE ITIOTOKOM HA IIOBEPXHOCTH
npoduiis. B pe3ysibrare B HOCOBOII 9acTu TeHEpUPO-
BaJIaCh CHCTEMa TPOJIOJbHBIX Buxpeit. B xBocToBOI
YaCcTU Ha IIOBEPXHOCTH IIPOdUIIs B TPAHCBEPCAIBHOM
HaIIPaBJIEHUH YCTaHABJIMBAJIACH CUCTEMA ITapaJliIesb-
weix nap I'B. Kaxnwrit I'B cocrosin u3 napsr BepTu-
KAJIbHBIX IJIACTUH TaK, 9TO MOOYEPETHO KAXKIAs -
pa mnactun dopmupoBasa auddy3op u KoHDY30D.
Otu napel I'B dopMupoBaium BHU3 1O [TOTOKY CHC-
TeMBbI TIPOJIOJILHBIX Buxpeit. Bomusu stux I'B pacro-
JraraJjicsl 3aKpbIJIOK KPbLIa, B HOCOBOI YaCTH KOTOPO-
ro B TPAHCBEPCAJBLHOM HAIPABJIEHUN OBLIU BBITIOJ-
HEHBI BJIOJIb pa3Maxa 3aKPbLIKA PSbl IMOMEPETHBIX
JIByMepPHBIX yriybiiennit. Paccrosinue mexkny psigaMu
9THUX yrayOJieHnit B HOCOBOIt YacTu MpOoMUIst 3aKPhLI-
Ka ObLIO CYNIECTBEHHO MEHbIIE, YeM B OCTAJIbHOMH 2/3
qacTu Tpodus 3aKphLIKa. BanmozeiicTBue reaepu-
PYEMbBIX TAKUM 00PA30M IIPOIOJIbHBIX U ITOTIEPEIHBIX
KBC ycrpassijio OTphIB Ha 3aKPBLIKE IPU OOJIbIINX
yIJIaX OTKJIOHEHUS 3aKPBLIKA.

B 1997 r. momobubie pe3yabTaThbl OBLIN TOBTOPE-
HBI B ucciieoBannsax baxepra, ['punbiaarra, Tunan-
na, Ipk u zp. [8]. B paborax Baxepra na crabuinsa-
Tope ycranasiauBauch ['B mogobubiM 00pa3om, Kak u
B uccaenosanun Jloruuosa [9]. B pabore I'punbaar-
Ta B HOCOBOi 4acTu HpOdUIs KPbLIa yCTAaHABINBA-
JIach IepoxoBaTocTb. B pabore Tunamnma B HOCOBOIA
YaCTHU 3aKPBLIKA YCTAHABIMBAJIOCH OHO yIiTyOJIeHuE,
gepe3 KOTOPOe TOJABAJIOCH IIYIbCAPYIOIIEee BO3MYIIe-
nue. BapbupoBasiach Macca n 9acTOTa KOJIEOAHUS M-
IyJibCca, TeHepupyeMoro depes 31y mejb. Orpeis [1C
Ha 3aKPBLIKE YCTPAHSJICH JlayKe [IPU OTKJIOHEHUH! 3a-
KpbLIKa Ha yroJ 35° +45°. [lonobubie nccienoBanust
BBITIOJTHIJT JPK Ha HOCOBO#T 1actu npodumiist. [Ipeso-
JKEHHBII UM HOBBII METOJI YCTPAHEHUs OTPbIBA 3a-
KJIIOYAJICS B TOM, 9TO OTPBIBHOII ITy3bIPh Ha 1poduire
CLyBaJICd IPUCTEHOYHON CTpyeil, 1101aBaeMoil BJIOJIb
repeiHeil KpOMKY B TPAHCBEPCAJIHHOM HAIIPABJICHUN.

B [10] uccnenosana KBC, posunkaronux 3a I'B,
pAacIoIoKeHHOM Ha, ITpoduse Kpbuia. B orutine ot
TpagumoHHbix ['B ucciaenosana kouncrpykimsa ['B,
BBIIIOJIHEHHOTO B Bujie wishbone (nmonepeunstii peraar
aBTOMOOIIIBHOM TosBeckn). Ilpemoxkennsiit I'B co-
CTOSIT U3 JIBYX M3OTHYTHIX IIacTUHOK. B madane I'B
pPacCCTOSHUE MEXK/Ty TLIACTUHKAME COCTABJISIO 68 MM,
IIPX 9TOM BBICOTA MX OT HyJs IOBBIINIAJIACH II0 IIO-
TOKY JIO BBICOTBI 25 MM II0 KPHUBOH C pPaJdyCcoOM
152 mm. Bmosb moToka IIaCTUHKE M3rHOAJINCh HAB-
CTpedy JIpyT ApyTy mo paauycy 79 mMm. B paitone co-
€JINHEHNUS] STUX ILUIACTUHOK PAJNYC UCKPUBJIEHUS WX
HaPY2KHOI CTOPOHBI IIJIABHO U3MEHSJICH Ha IIPOTHBO-
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MTOJIOZKHBIN U cocTaBistyi 65 MMm. M3mepenust rmokasa-
s, ato 3a ['B Takoii cioxHOI KOHCTPYKIUU (hOpMU-
pyercs napa MpOJIOJbHBIX BUXPEi, BPAIAIONUXCS B
[IPOTUBOIIOJIOKHBIE cTOpoHbI. B [11] npusenenst dop-
MBI BBIPE30B Ha TepejHell KPOMKE KpbLia, TPUBO-
Jsrye K GOPMUPOBAHUIO HHTEHCUBHBIX IIPOIOIHHBIX
KBC. B [1, 3-6] npusenens! npyrue koncrpykuuu I'B
U MPEeJJIOYKEHA CUCTEMATH3AIMS MEeTOJ0B (DOPMUPO-
Bauust KBC B IIC.

B [12, 13] upuBoagrcs pasyuunbie BapuanTel ['B,
BBIIIOJIHEHHBIX B BHJIE OJUHOYHBIX BEPTHKAJBHBIX
IUIACTUHOK M BAPUAHTHI KOMIIOHOBKH CHCTEM TaKUX
IUIACTUHOK, & TaK»Ke MX PACIOJIOXKEeHUsT Ha Ipodu-
JISIX KPBLIBEB CAMOJIETOB U B HEKOTOPBIX MecCTaxX Ha
drozessizkax, a TaKXKe B TypOMHAX JBUTATEJIEH.

B [14] unpuBeneHnbl pe3yabTaThl  IKCIEPUMEH-
TAJIbHBIX HUCCJEIOBAHWIT BJIMSHUS T€HEPATOPOB BU-
Xpeil, yCTAHOBJIEHHBIX Ha Mojenn Kpblia RSG-36,
B PA30MKHYTOI aspoauHaMudeckoit Tpyoe. Ucciemo-
BaHbl BJIUSHUE KOHCTPYKIIUU U PA3JINIHBIX BAPUAH-
TOB pa3MeIeHs] TeHEPATOPOB BUXPell, a Tak:Ke UX
B3aMMHOTO PACIOJIOYKEHUsI B IIPOJIOJIBHOM U TPAHC-
BEPCAJLHOM HAIPABJICHUAX HA A3POIUHAMUIECKIE
XapaKTepUCTUKU MOJIEJIA Kpblyia. BbIsiBIeHbI Tapame-
TPBI PEHEPATOPOB BUXPEli, TIPU KOTOPLIX OOHAPYIKe-
HO HauOOJIbINee BJIMSHUE HA adPOJUHAMUIECKUE Xa-
PAKTEPUCTUKY YKA3AHHON MOJIEN KPbLa.

Hpyroit meros ¢opmupoBanust B 11C 1posmosib-
HBIX BUXPEBBIX CTPYKTYD Ipeiioxkun Bisksesiep u
Tay-31-Xak [15]. OH 3aKI09a€TCs B TOM, YTO [OBEPX-
HOCTBH (DIO3eJIsIzKa, CAMOJIETA U €10 KPBLIHEB BBIIOJIHE-
Ha B BUJIE TIPOJIOJILHOrO rodpa. Brepsbie Takyio KOH-
CTPYKIMIO TIPUMEHUJ HA CAMOJIETaX ABHAKOHCTDY-
krop TynoseB A. H. B 30— rojax mpomunioro cro-
sgernst. Ormane B [15] cocTouT B TOM, 9TO IIAr ro-
dpa mpeanosaraeTcs IKBUIUCTAHTHBIM IIATY TPO-
nonsabix KBC TIC. Bo Buajmuax m BepmimHax 9THX
pubJIETOB UMEIOTCSI OTBEPCTUSI, COSIMHEHHBIE MEXKTy
co0Ooll KaHAJIAMU TaK, YTO ABTOMATUIECKU YIIPABIIs-
eTCsl TPOIECC WHYKEKIIMU U OTCOCA B COOTBETCTBUU
C MECTHBIMU TpajieHTaMu JaBjeHus. Kpome Toro,
B BBICTyHax pUOJIETOB MOIYT pa3MelaThCcsl Harpe-
BaTeJIbHbIE JIEMEHTBI, a DU OOTEKAHWH BOJOI |e-
pe3 OTBepCTHsl B BBICTYIAX MOXKET IOJIABATHCS pa-
CTBOD IOJINMEPOB UJIM BEPXYIIKH BBICTYIIOB MOLYT
OBITH CJIEJIAHBI U3 JIACTOMEDA.

IIpu nccnenosanun Bimanug 1'B, ycranoBiaeHHBIX
Ha JierarespbHoM anmapare (JIA), ma ero aspomuna-
MUYECKHEe XapaKTEPUCTUKN HEOOXOJNMO yUHUTHIBATH
He To1bK0 KBC norpasuHoro c¢Jjiosi, HO U Apyrue Bu-
161 KBC, Bosaukatomux npu gsuxkernnu JIA [1-4]. B
YACTHOCTH, TIPU JIBUKEHUY PEAJIHLHBIX TEJ B YIJIOBBIX
MeCTax COWICHEHUs X KOHCTPYKTUBHBIX JIETAJIEH BO-
3HUKAIOT KPYIHBIE [IPOJIOJIbHBIE BUXPEBBIE CTPYKTY-

Abbas F Mahmood, B. B. Ba6euko, C. A. Nmenko



ISSN 1561 -9087 Ilpuknasgra rinpomexanika. 2012. Tom 14, N 4. C. 47—-58

) 3\@‘ + /O‘\
I 78 /7/_7777';‘7'773—,..,

CUAG

N\

Puc. 1. Konusa dororpadpun popMupoBaHust CUCTEMBI
KPYTIHBIX TIPOJIOJBHBIX BUXPEH P JBUKEHUH
caMoJieTa — BEPXHEIJIaHA:

1 — nonepeuHoe ceuenne drozensKa, 2 — Kpbuia, 3 —
BepXHE nmapbl BUXpeil, 4 — HuKHEH mapbl Buxpeii [16]

pBI, KOTOpbIe OKa3biBaioT Biaustane Kak Ha [1C, Tak
U Ha nocJyeyonme seMeHTsl JIA, B wacrHOCTH, HA
onepenne win apuxkuresn. Ha puc.l nmpusemena Ko-
sl KApTUHBI BU3yau3aruun (pOPMUPOBAHUST TAKHUX
BUXpeil Ipr 0OTEKAHNN CAMOJIETOB C BEPXHUM PACIIO-
noxkerneM Kpbuta [16]. MssecTHO, uTO TIpM mMCCIIE-
JIOBAHUU TIPOJIOJLHOTO OOTEKAHUU IPSIMOYTOJIHHOTO
yria hopMuUpyeTcs mapa KPYIHBIX MTPOJIOJIbHBIX BH-
xpeit [1-4]. IIpu onpejeneHHBIX yCI0BUAX BOIU3H 06-
TEKaeMbIX CTEHOK yIJjIa MOYXKeT (POPMUPOBATHCS Mapa
BTOPUYHBIX IIPOJIOJILHBIX BUXpeil. B peasibHBIX yciio-
BUSX YTJIOBBIE KOHCTDPYKIIMA COCTOSIT U3 IIOBEPXHO-
cTeil CI0KHOI POPMBI. DTO MPUBOIUT K (HOPMUPO-
BAHUIO IIPOJIOJIBHBIX BUXPEIl CJIO2KHON KOHMUTY paIriun
(puc. 1). B [16] noxkasano TakxKe, ITO IPH IBIZKE-
oun JIA npu HeHyseBOM yrjle aTakKu BO3HUKAET pa-
CcTeKaHue MOTOKa BJOJb MMOBEPXHOCTU KpblLia. Hyite-
Basl TOYKA [IE€PEMEIAETC HA HUYKHIOID TOBEPXHOCTH
npocdmitsi. [IoTok aBMKETCsT OT HYJIEBOI TOYKH Ya-
CTUYHO ITPOTUB IIOTOKA, [TEPETEKas Ha BEPXHIOIO ILJI0-
CKOCTB IPOMUIIS KPbLIA. DTO MIPUBOJIUT K TOMY, ITO Y
caMoJieTa ¢ BEPXHUM PACIIOJIOKEHNEM KPbLIa OJTHOB-
PEMEHHO Ha BepxHel IMOBEPXHOCTH KPbLIA BO3HUKA-
€T JIOTIOJIHUTE/IbHAS TTapa KPYIHBIX ITPOJIOIHHBIX BU-
Xpeii.

B macrosimee BpeMsa pa3sBUBaeTCsI TaK:Ke OHOHIIE-
CKUI1 TIOJIXOJ] JIJIsl OIIPEJIeJICHIs] ONTUMAIbHBIX METO-
0B ynpasiyenuss KBC, BosHukammux mnpu obreka-
mmm JIA. OcHOBHBIE TTOJIOXKEHI OMOHUYECKOTO ITOJ-
XOJla MIPUBEJIEHBI, B dacTHOCTH, B [3, 17, 18]. B [1]
npuBesneHa ¢ororpadus CTPOEHUsT OIEPEHUs IITHUIL.
Bupno, cTpyKTypa 1mepbeB uMeeT Te XKe TeHICHIINN U
dusnvueckoe 3HAYEHNE, YTO U YENIyAIaTHI TIOKPOB y
BOJIHBIX YKUBOTHBIX. A3pojuHamMuk Bosbdranr Jlube
[cM. B 19] B 1938 0OHApYKIJI y OTHIBI TOMOPHHKA
unTepecHyio ocobennocts (puc. 2). Ilpu puckosan-
HBIX MaHEBpaXxX MOJIeTa ITHUI| Ha BepXHeH OBEPXHO-
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Puc. 2. CTpoeHne TTIOKPOBHBIX TIEPHEB y TITUIL TOMOPHUK
(Stercoraiidae) [19]

Puc. 3. Ob6rekanue mpoduiisi coO MUATKAMUA,
nemudupyomuyu orpbis 1IC [19]

CTH KPBLIHEB (POPMUPYETCS OTPHIB U OOPATHOE Tede-
HU€ IIOrPAHUYIHOrO CJI0f (HA PUC. 2 MOKA3aHO CTPEJ-
KOit). BBICOKO9/IACTHIHBIE HAPYZKHBIE PSIIBI TIOKPOB-
HOTO Tiepa KPBUIbEB IMOJHUMAIOTCS y IITHIIBI CaMO-
CTOSITEJILHO U OTPHIB aBTOMATUIECKHU IIPEIOTBPAIIAE-
Tcs. [lokpoBHBIE TEpbst MPUHUMAKOT (DYHKITUIO Tacu-
TeJist OTPBIBHOTO MTOTOKA. BaskHO OTMETHTH, 9TO CTPO-
€HIe KPBLJIbEB IITUI[ UMeeT 0COOEHHOCTD: OTPBIB ITPOU-
CXOJIUT TOJIBKO B OIIPEJICJIEHHBIX MECTaX 10 pasMaxy
KpBbLIA.

Ha puc. 3 mpusemena cxema oOTeKaHUsT TPOMUITA
pu 6€30TPHIBHOM 00Tekanuu (HeGOIbIINE YIJIbl aTa-
KHM) — a; [pU OTPBIBE IOTOKA HA BEPXHEH ILIOCKO-
¢ty Kpbuia (6oJsibIIne yriibl aTaku) — b; TIpH OTKJIO-
HEHHBIX IMUTKAaX, JAeMIpUpyomux oTpblB — c¢. Ha
puc. 4 IpuUBeIEHbBI IPEIBAPUTEIbHBIE PE3YIBTATHI K-
CIIEPUMEHTAJIBHBIX uccienoBannii Giannino Patone
u Werner Miiller obrekanust mpoduiisi Kpblia, CHa-
6°KEeHHOTO TIUTKAME JIJIsi [IPEJIOTBPAIEHUST OTPbIBA
[IC. DKcrepuMeHTHI BBIOJIHEHBI B a3POMHAMITIE-
ckoit TpyGe [cMm. B 19]. B KauecTBe MOj€IM HOKPOB-
wbix KpbutbeB G. Patone mw W. Miiller ucnonbzosa-
s tepdosieHTsl. [logbeMHaast crita OIHOTO U TOTO Ke
poduIIst KPbLIa ¢ KCKYCCTBEHHBIME TOKPOBHBIMU I1€-
pPbsIMI COXpaHsieT 6e30TPBIBHOE OOTEKaHHE JIO yTIJia
ataku 40°, B TO BpeMsi KaK Ha YUCTOM Ipoduie yxe
npu 18° oTueTyinBO (pUKCUPYETCS OTPHIB.

B aBmamun mumpoko TpUMEHSIOTCS OTKJIOHSEMbIE
IUTKH, YCTAHABINBAEMbIE B 33JIHEHl YaCTH KDPbBLIA.
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Puc. 4. 3aBucumocts K03 durinenTa moqbEMHON CHITBI
OT yIUIa aTaku st Hpoduist, CHAOKEHHOI'O IUTKAMMU
(1), n pst aucroro npoduis (2) [19)

DT MUTKA HA OOJIBINX YIyIax aTaku OTKJIOHAIOTCS
Ha yroJi, Ompeje/isieMblil 3apaHee MU MPOLYBKaxX B
aspormHaMuaeckoir Tpyoe. lns mpoBepkm obHApy-
xxerroro G. Patone u W. Miiller siBjienust Baxept
U JIp. BBIMOJHIIN SKCIEPUMEHTAJIbHBIE WCCJIEI0Ba-
Hus Ha npoduie Kpouia. [Ipu npoBegennn skcnepu-
MEHTAJIbHBIX UCCJIeJ0BaHMi BaxepT ycTaHaBIuBaJI HA
KpBbLJIe [IIUTKU Ha CBOOOIHBIX IMAPHAPAX. YCTaHABJIN-
BaJsics ofmH psi muTkoB (20, 21]. B [22, 23] npuseze-
Ha ¢ororpadus HATYPHBIX UCIBITAHUN Ha TJIaHEpe
¢ JIBUTATEJIEM U PEe3YJIbTaTbl HATYPHBIX HCIBITAHUI.
UcnbIThbiBaIMCh J1Ba BUJIA TPAMEIUEBUIHBIX IIIUTKOB
- HENPOHUIAEMbIE U C TPOHUIAEMON MOBEPXHOCTHIO.
IITurky ObLINM He CIUIOIIHBIE, 8 COCTOSIJIM U3 OTejIb-
HBIX CEKIHil, 9TOObI pearupoBarh Ha, JIIOOYIO0 00J1aCTh
OTpbIBa BJIOJIL pa3maxa kKpbuia. [Ilutku ObLtH cre-
JIAHBI TPANEIUEBUIHBIMI W TPOHUIAEMBIMU, YTOOBI
YCTPaHSTh HE TOJHKO OTPBIB HA KPbLIE, HO U OTPBIB
3a IMUTKOM BO BpeMs ero orkyionenus . [Ilurku 66110
sbdexrusnbl 10 yrios ataku 20°. B [24] uccnenosa-
Ha, 3O PEKTUBHOCTD TPOHUIAEMBIX IIIATKOB, YCTAHOB-
JIEHHBIX BJIOJIb pa3Maxa KpbLia B JBa psja. ducien-
Hble uccaenoBanus Schatz M. u ap. [25] onpenenuin
3¢ HEKTUBHOCTH OTKJIOHEHUSI IMUTKOB 70 yria 52°.
Buonnueckue uccaenopanus Kazea (em. B [23])
KPbLIHEB CTPEKO3bI 0OHAPY KU OCOOEHHOCTHU CTPOe-
HUsI MX 33/0Hel KpoMku. B [26] BbImosHEHBI 9KCTIEpH-
MEHTAJIbHBIE UCCJIEIOBAHUS HECYIIIUX XapPAKTEPUCTUK
mozeseil kpouia ¢ npoduaamu CAST 10-2/DOA2
(Re = 2.7-10% u HQ17 (Re = 10%). Boum uccie-
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JIOBAHBI Pa3JIMYHbIE BAPUAHTHI KOHCTPYKIUU MUHU-
[IIUTKOB, IIPUKPEIIEHHBIX HEIO/IBUZKHO CHU3Y K KOH-
1eBoit gactu TpodUIs U OTKJIOHEHHBIX 07 yIJIOM
90°. DddEKTUBHOCTS ITUX IMUTKOB 3aUKCHPOBa-
Ha J10 yrioB ataku 15°. Baxepr mccimemoBast Ha TOM
ke aspojuHaMudeckoM rnpoduie HQ17 Biusinue Ha
a3pPOJIMHAMUYIECKIE XaPAKTEPUCTUKY KPbLIa Pa3JInd-
HbIX GOpM 3a7HeNH KpoMKn [23].

B macrosimieit pabore OymeT paccMOTPEHO BIIUSI-
une tpexmepubix KBC, remepupyemsix B IIC ¢ mo-
MOIIbIO TeHepaTopoB Buxpeil muddy30pHOro BUIA,
HA a3POJMHAMUYIECKNE XaPAKTEPUCTUKH MOJIEJIH Ca-
moJieTa "Aspompakr A-20".

1. SKCIIEPUMEHTAJIBHA I YCTAHOBKA 1
OBOPYAOBAHUE OJI4 IITPOBEJEHN A
NCCJIEJOBAHNU

DKCIEPUMEHTAJIbHBIE UCCJICJIOBAHUST BIIUSTHUS Te€HE-
paTopoB BHUXpell, Pa3MEINEHHBIX Ha [TOBEPXHOCTU
KPBLIa, HA a3POJINHAMUIECKIE XaPAKTEPUCTUKHU MO-
gesn camosiera "AsporpakT A-20" BBIIOJIHEHBI B
aspouaamuyueckoir Tpybe TAJI-2 HarnumonasibHOro
ABUAIIMOHHOTO yHUBepcuTeTa, r. Kues, (puc. 5). k-
CIIEpUMEHTAJIbHBIE WCCJIeI0OBaHns BausHus |'B Ha
a9POIUHAMUIECKIE XAPAKTEPUCTUKU MOJEIN CaMO-
JieTa, TIPOBOJIMJINCH HA, MOJIEJA CAMOJIETa ODOIIero Ha-
3HadeHus: "Asponpakt A-20", BBIIOJIHEHHO B Mac-
mrrabe 1/4. Mogess camodiera nMesia reoMeTprIecKre
mapaMeTphl:

pa3Max Kpblia — 2.5 M;

aymHa, dbrozenska — 3.0 M;

10T b Kpbliaa — 1.25 M2,

JJHa XOPpAbl Kpblaa — 0.5 M;

9KBUBAJIEHTHDIN JuameTp drozerska — 0.35 M;

KOODIMHATA HAUOOJIBINEN OTHOCUTEHHOW TOJIIIHU-
ubl tpodus kpbuia X .=0.25.

"Asponpakt A-20"— aByxmectHbiii JIA, BBICOKO-
IJIAH HOPMAaJIbHOI a3pOJMHAMUYECKONA CXEeMbl C Ka-
OUHOI 3aKPLITOTO THUIA, HEYOUPAIOIIUMCS IMACCH U
¢ XBoCTOBO# omopoit. Ha camosere yctanoBien aBu-
raresb Rotax—503 ¢ ToJKaiomuM BUHTOM H3MEHS-
emoro mara. Camojier mpemgHa3HAYEH JJIsi BBIOJI-
HEHUs II0JIETOB JIHEM IIPU XOPOIIUX METEOYCJIOBH-
sax. KoHcTpyKIus 1maccu u TaroBoOOpyKeHHOCTH 00e-
CIIEYNBAIOT €0 IKCILIyATAIMIO Ha ILIOMAIKAX C Oe-
TOHHBIMU U TPYHTOBBIMU B3JIETHO-IIOCAJOYHBIMUA 10~
socamu. KpBLIO caMojieTa OCHAIEHO MeXaHW3aIlu-
eff — 1mesieBbIME (IrannepoHaMy, OTKJIOHAEMBIMU
[IPU B3JIETHO-TIOCAIOTHOM IIOJIOXKEeHUH. A3pomHaMu-
yeckasi Tpy6a TA JI-2 umeer 3aKpbIThINi paboumii yua-
CTOK BOCHBMUTDAHHOIO CedYeHUsi ¢ pa3dmepamu 4 X
2.5 M. MakcnmasabHast CKOPOCTh IOTOKA B pabodeit
gacru 40 m/c. TAJI-2 cHabKeHa a3pONHAMITIECKUMI
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Puc. 5. Mogens camosera "Aspompakt A-20" , ycraHoB/IeHHast B aspoauHaMudeckoit Tpybe TA JI-2

MMECTUKOMIIOHEHTHBIMU 3JIEKTPOTEH30METPUIECKUMUI
Becamu 6K9TB, npegHaszHadeHHbBIMU ISl K3MEPEHUsI
CIJT I MOMEHTOB IIPU UCIBITAHUY a3POINHAMUIECKIAX
mozesneit. Beckr obecrieunBaroT (DUKCAIUIO U U3MEHEe-
HU€ yTJIOB ATAKW U CKOJIbXKEHUsI UCIIBITYEeMON MOIeIn
B paboveil 9acTu adpPOAMHAMIIECKON TPYOBDI.
Mogesib yCcTaHABIMBAETCS B TOPU30HTAJIBHOM I10-
JIOXKEHUU HA BECAX C MOMOIIBIO JIEHTOYHON I0/IBECKU,
COEIMHEHHOI C M3MEPUTEIbHBIM YCTPONCTBOM, U 3a-
KPEIUISIETCS B JIBYX OCHOBHBIX IEPEJIHUX TOYKAX, Pa-
CIOJIO’KEHHBIX BOJIM3U MepeHell KPOMKY KPbLIa, U B
3aaHel (mm nepe,uHefI) TOYKe, JIeKallleii B BepTU-
KaJIbHOM TIOCKOCTH MOjesn. VI3MeHeHwe yriia ara-
K (@) MOJEIM NPOU3BOJUTCS C IOMOIIBI0 MEXAHU-
3Ma IyTeM IObeMa WJIM OIyCKaHWs 3ajHero (umiu
[iepeiHero) y3jia KPeIUIeHUsT MOJIEJIU ¥ II0BOPOTa MO-
JIeJIN OTHOCUTEJILHO TOPU30HTAJIBHOM OCH, IPOXO/Is-
1meit depe3 MEHTPhl OCHOBHBIX IIEPEHUX Y3JI0B Kpe-
wreHusi. Beckbl obecreunBaoT uCIbITAHNE MOJEseH B
JMana3oHe yrja aTakd « B npeaenax or +15° mo -25°
(1-it BapuaHT KOMIIOHOBKH DblUara MeXaHU3Ma) U OT
+40° mo -6° (2-# BapmanT KOMIoOHOBKH). IIpu yrie
CKOJIbKeHust Moyienn 3 = () KOHCTPYKIIHsI TTO/IBECKU
obecrieunBaeT pa3jioyKeHNe BCEX adPOINHAMUIECKUX
CIJI, JefICTBYIONUX HA MOJIEJIb, HA MIECTh KOMIIOHEH-
ToB cuia. Maremarudeckasi 00paboTKa pe3yJbTaToB
U3MepEHuil JJaeT BO3MOXKHOCTH OIPEJIEJUTD BEJIMIN-
Hbl Xy — JJ0O0BOTO COIIPOTUBJIEHUST MOJIE/N, Yy, — ITO-
JbeMHoit cunel, M, — MomenTa kpena, M, — MoMenTa
poickanust u M, — mpomosibHOro MoMmenTa. Cucrema
U3MEPEHUs HArPY30K Ha MOJIEJIb BKJIIOYAET TEH30Me-
TpUYECKHe IpeodPa30BaTeIN BECOB U TEH30METPUIe-
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ckue ycuauresin SCAIME-8MJ. MakcumaJibHbIe 3HA-
genus u3mepennit kommounent X; — 200N, a Y; u Z;
- 400N. Cucrema m3MepeHHUs yrjia YCTAHOBKH MOJIE-
Jsm peanmsoBaHa Ha ammaparype ®-5071. Cucrema
M3MEpEeHUsi CKOPOCTHOTO HAIOpPa, BKJIIOYAIOIIAs J1a-
Tunk Motorola MPXVY-5004DP, numeer nuamnason Ka-
smbposku 0 < 1150 Ila.

V3mepenne BBIXOIHBIX CUTHAJIOB MATIYUKOB IIPOBO-
mmwitock twiartoit pacmupenus PCLabCard-711 dup-
Mbl Advantech, CIITA, Berpoennoit 8 [I9BM na 6a-
3e mporieccopa Pentium-233 MMX. Ilnarta pacrupe-
HUS COJIEPXKUT 8—KaHAJbHBIA MYJIbTHUILJIEKCOD U 12—
paspsiaubiii 25-mre AIIII. Bee arrecramum, rpagyu-
POBKU U KAJMOPOBKU CHCTEMbI M3MEPEHUsT OCYIIECTB-
JISUITACH )T U3MEPUTEIFHOTO TPAKTA IIyTeM I0J1a-
Yl Ha BXOJl JATYMKOB ITAJOHHBIX HAIPY30K U IIO-
siyuenune B II9BM 3sHadveHMiT BBIXOJIHBIX CUIHAJIOB.
Ilepes HagasioM SKCIIEpUMEHTAJBHBIX HUCCIIEI0BAHUN
ObLIa BBINOJIHEHA FOCTHPOBKA CHCTEMbBI PA3JIOXKEHUsT
cuwt. I'paynpoBKa adpoiMHAMAIECKUX IECTHKOMIIO-
HEHTHBIX TeH3oMeTpudeckux BecoB 6KITB mposoau-
JIACh COTVIACHO MeTozuke [27].

O6paboTka pe3y/IbTaTOB BECOBBIX HCIIBITAHUN Ha
BCEX 3ITalax WCCIEIOBAHUS BBIMOJIHSIACH COTVIACHO
npunsToii B HAY meromuke. IIpu BecoBbIX ucmbITa-
HUX B aspoauHamudeckoit rpyde TAJI-2 HAY npu-
HAT METOJ, MHOTOKPATHBIX CTATHUCTUYECKUX H3Mepe-
uuit. Ha nporsizkernn 8 ¢ aBTOMaTH3UPOBAHHAS CHC-
TeMa u3MepeHuil 1o yupapjeruem [19BM Bbimosi-
ageT 250 mociie/IoBaTeTbHBIX U3MEPEHMI 3HATYeHUit
BBIXO/IHBIX CUTHAJIOB TEH30METPUIECKUX BECOB U CKO-
poctrHoro Hamopa. JlanbHeitmas 06paboTKa BKIIIOUA-
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eT udpoBYI0 PUILTPAINIO U BBIYUCICHUE OIECHKU
U3MepPSEMOro napaMeTpa B BHJIE CpeJHero apudme-
THIECKOTO.

Meromuka ucnerranuit Ha Becax 6K9TB B aspo-
nunamuaeckoit Tpybe TAJI-2 npepycMmaTpuBaer stain
U3MEepPEeHUsT Harpy30K HA KOMIIOHEHTHI BECOB IIPU
OTCYTCTBUHU IIOTOKA BO BCEM JIMAIa30HE M3MEHEHUS
VIJIOB YCTAHOBKH MOJIeJA. YKa3aHHbIE HAIDY3KU all-
MMPOKCUMUPYIOT MOJIMHOMAMU TpeTheil crenenu. [Ipu
HCIIBITAHUSX B IIOTOKE U3 PE3yJIbTaTOB HAOJIIONEHUN
HCKJIIOYAIOTCS BBIYUCJIEHHBIE [IJIsi KOHKPETHOI'O yIJla
YCTAHOBKU MOJENIN 3HA4YeHUsI HArPY30K HA Bechl Oe3
[I0TOKa, 9TO ODEeCIeYMBaeT IIOJIy4YeHUEe B pe3yJIbTa-
Te HaOJIIOIEHUIT 3HAYEHUIT A9POIMHAMAIECKUX HATPY-
30K. VI3 moJTy YeHHBIX PE3yJIbTATOB UCKIIFOYAITCS 10~
MIPaBKU HA BJIMSIHUE MOABECKHU, T€OMETPUIECKIIT U MH-
JIYKTUBHBIH CKOCBHI II0TOKA B BEPTUKAJBHON ILIOCKO-
ctu. Binsinue mogBecku OBLIO OMpEJIE/IEHO B CITEIIH-
aJIbHOM 9KCIIEPUMEHTE, BKJIIOUABIIEM IIPOIYBKY H30-
JINPOBAaHHOW MO/BecKn B mycToit Tpybe. [lompaBku
Ha TE€OMETPUYECKUIl U WHIYKTUBHBIA CKOCHI IIOTOKA
PaCCUUTHIBAJIMCH IO PE3yJIbTaTaM aTTECTAIUU [IOTO-
Ka aspoumHamudeckoii Tpyosr TAI-2. Bce ykazan-
HbIE [IOIIPABKU BBOJMJINCH B IIPOTPAMMY IIPOBEIEHUS
BECOBOTO 9KCIIEPUMEHTA.

Lt uccnenopanus sausgaud ['B Ha maTerpabuble
XapaKTepUCTUKK Mojesu JIA 6bLia ucnojib30BaHa Ta
ke KoHcTpykius I'B (puc. 6), 9ro u npu nposeeHnn
UCCJIeIOBAHNUI Ha TUIOCKOH miacture [5| m Ha Mome-
s kpblia [14]. TlogpoGroe onmcanune nanaoro I'B u
IPUHIKIA ero (DYHKIMOHUPOBAHUSI IIPUBE/IEHDI B [5].
Tl'eomerpmaeckue mapamerpsl I'B auddysoproro tu-
& COCTABJISLIIN:

h = 3 MM — BeIcOTa cTeHKH ['B,

b = 18.2 mm — jytmaa pabodeit yactu I'B,

[ = 16.5° — yrous packpbitusi creHku ['B,

d = 16.3 MM — cpejiHee PACCTOSHIE MEXK/Iy CTEHKA-
mu I'B.

SHaueHne 3TUX apaMeTpos s I'B, ycranosien-
HBIX Ha IJIACTHHE, HUMEIOT OIpeJeJIeHHbIe COOTHO-
menus [28 u ap.]: h/§d = 0.3 + 1.1, tae Tommu-
ua [IC § usmepeHa B MecTe PaCIOJIOKEHUs MeHEepa-
topa Buxpeit; b/h = 2.5 + 7.0; b/d = 0.5 + 1.5;
0 = 10° + 25°. Jljist onpejesieHns: ONTUMAJIBHOTO I10-
snoxkenust I'B BaxKHBIM sIBJIsieTCs Takke rmapamerp D
— paccrosune Mexkay asyms I'B. Iapamerp D mpu-
HATO PACCUYATHIBATH OTHOCUTEJIBHO JJIMHBI T€HEepa-
TopoB Buxpeit, D = D/b. Ananms pesyabTaToB mc-
cnenosannit Biustaus I'B wa I1C [6] cBugerenscrBy-
€T, 9TO HauboJiee IPUEMJIIEMBIM SBJISIETCS COOTHOIIIE-
me D=4. B macroamux skcrepumentax b/h = 6.1;
b/d = 1.12; D=4.4. Kax nokazano B [5, 14], BaskabM
sABJsteTcs Oe3pa3MepHast BeJmdnHa pas3merienns ['B
BIOJIb XOpAbl Kpblia — Lg, = Xi/Xcnora, T X; —
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HanpaegaeHHe
B noToKa

Puc. 6. Cxema obrekanusi OMHOYHOTO T'€HEPATOPA
Buxpeit quddysopHoro Tuna [5]

TEeKyIlee PACCTOSHIE BJOJb XOP/bl KPbLIa, a Xchord
— pa3Mep XOp/ibl KPbLIA.

2. BJIUSIHUE TEHEPATOPOB BUXPEN
HA ASPOINMHAMMWYECKUE
XAPAKTEPNCTUKNU MOAEJIN
CAMOJIETA "ASPOITPAKT A-20"

IIpu npoBeieHIN SKCIIEPUMEHTAIBHBIX UCCIIEI0BAHNN
Ha Mojesu JIA ObLIM ydTeHBI IIOJIyYEeHHBIE paHee
pesysbrarbl [5, 14]. B Hacrosimux 3IKCIEpUMEHTAX
BaXKHO ompelenuTh Bausgaue ['B ma aspommmammrde-
CKHE XapaKTepUCTHKH Mojeau JIA ¢ ybOpaHHO#l u
OTKJIOHEHHOI1 MexaHu3aIueil Kpbuia. Cienyer ydecrsb
TaK>Ke CIeNUMUKY MTPOCTPAHCTBEHHOTO OOTEKAHUSI
MMOBEPXHOCTH KPBLJIAa KOHEYHOTO pa3Maxa, yCTaHOB-
JeHHoro Ha Mozesmn peasbHoro JIA. Kak u B [14],
OBLIN TPOBEEHBI YKCIIEPUMEHTAIbHBIE UCCIIEI0BAHUS
10 OTIPEJICTIEHUIO BJIUSAHUS MECTa pacrosioxkenus ['B
BJIOJIb XOPJBI Kpblia. [Ipu sTom cienayer yuuToiBaTh
reOMEeTPUIECKHEe OCOOEHHOCTH TPOMUIS KPhLIa MO-
Jemn camosiera A-20 ¢ MAKCUMAaJIbHO TOJIIIUHON MPO-
unst KpbLIa, pacnooKeHHOW Ha 25% IJIMHBI XOp-
Jibl. DBLIn BBIIOJHEHBI U3MEPEHUS adpPOIUHAMUIE-
CcKuX xapakrepuctuk mojenan JIA npu ycranoeke I'B
ua paccrosauun Ly, = 10%, 20% u 30% xopap! KpbLia.

Pesynbrarsr BecoBbIx ucnbiTanmii Mogean JIA A-20
C YCTAaHOBJIEHHBIMU Ha MMOBepPXHOCTH Kpbuia ['B mpu
yOpaHHOM 3aKPBIJIKE IPEJCTaBJIEHB HA pUC. 7, 8 B
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Puc. 7. Cpasuenne 3aBucumocreii Cy = f(a) Momenn
JIA A-20 npu ybpaHHOM 3aKpBLIKE:
1-6e3I'B; 2- Ly, =10%; 3-20%; 4 - 30%

BHJI€ 3aBHCUMOCTEN MHTErPAJIbHBIX KOI(DDUIMEHTOB
noxbeMHuoit cuibl Cy, # IPOJOJILHOIO MOMEHTA 11, OT
yria araku «. Corsmacuo puc. 7, Bausaue ['B mposis-
JisieTcsl B 00JIaCTH KPUTHIECKUX YIJIOB aTaKW B JIHA-
mazone o = 15° + 28°. I'B, ycranoB/ienHnble Ha KPbLIE
JIA mpu Ly, = 20%, ysemuumio kosbduiment C,
ua 0.1 B quanazone o = 23° + 27°. Ilpu sTom makcu-
MagbHOe 3Hadenne Cy 3adUKCHIPOBAHO IPH GOIbITEM
yrute araku « = 25° (6e3 I'B o = 21°). IToo6uble pe-
3yJIBTATHI IPUBOJIATCS B UCCJIEI0BaHUSIX Baxepra, HO
[IPU MEHBIIUX yTJIaX aTAKU. BbLIN BBIIIOTHEHBI TAKXKE
n3MepeHust conporusienust mogeau JIA A-20 u mo-
crpoensl 3asucumoct Cy = () IpU TeX XKe yCIo-
BUSX, YTO MPHUBEJEHBI HA PHUC. 7. 3aBUCUMOCTHU KO-
s durnmenros C, OT yria araku « ¢ yOpaHHBIM 3a-
KPBIIKOM HE3HAYUTEILHO BBIIIE STAJJOHHO KPUBOIT B
JMana3oHe yIyoB ataku @ = 4° + 22°, He npeBbIIas
Besimanny AC,=0.01. ITpu ycranoske I'B na paccro-
aaun 20% xopawr kpbuta AC, = 0.02 B amamasone
yIJIoB aTaku o = 17° + 21°.

MowmenTHBIE XapakTepucTuku Mogesu JIA A-20
(puc. 8) mokasanu, 410 TOABKO Hpu Ly, = 20% Mo-
MEHTHBIE XaPAKTEPUCTUKHU MPAKTUIECKN HE U3MEHU-
juch. Ilpu pacnonoxenuu I'B na kpouie npu Lg, =
10% u 30% w npm HyJeBOM yriie aTakm 3a(uKCUpO-
BAHO yBeJIMYEHHUE MMOJI0KUTEIHHOTO IIPOIOIHBHOIO MO-
MeHTa coorBercTBeHHO Ha Am, = 0.15 u 0.1. Ilpu
BO3PACTAHUU YIJIOB aTAaKN KPbLIA MOMEHTHBIE Xapa-
KTEPUCTUKU YXYIIIUINCh, a BeJuduta Am, IIaBHO
YMEHBIIMJIACH TI0 CPABHEHUIO C ITAJOHOM 10 Am,

=0.04.
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Puc. 8. Cpasrenue 3aBucumocreii m. = 1(a) Mozmenn
JIA A-20 npu yOpaHHOM 3aKpPbLIKE:
1-6e31B; 2- Ly, =10%; 3—20%; 4—30%

Pesynbrarer BecoBbix mcnbrTanuii mojeaun JIA A-
20 c ycTaHOBJIEGHHBIMU Ha TOBEPXHOCTU Kpblna ['B
IIpU OTKJIOHEHUN 3aKpbLika Ha 10° mpeacTaBiieHbl HA
puc. 9 — 11 B Buze 3aBUCHUMOCTEN HHTErPATBHBIX KO-
sddureHToB oxbeMHO# cuibl Cyy, 1060BOr0O COIIPO-
tuBsienust C, W IPOJOJIHLHOIO MOMEHTa M, OT yIJia
atakn «. [Ipum OTKIIOHEHHOM 3aKPBLIKE MaKCAMAJIb-
Hoe 3HadeHne Besmanasl Cy Bospocso ¢ 1.4 1o 1.7. B
TO K€ BpEMsi, COXPAHUJIUCH Te Ke 3aKOHOMEPHOCTH,
KOTOpBbIE IIPEJCTABJIEHbl HA PUC. 7 IPH Pa3MeNeHuN
I'B ma pasmuaHOM PacCTOSTHUM BIOJIb XOPbI KPBLIA.
IIpu orkonenun 3akpblika Biausuue ['B mnpossis-
ercss B 00JIACTH KPUTHUIECKUX YIJIOB ATAKU MPAKTH-
JeCcKH B TOM ke amamaszone « = 16° + 28°. Ilpm
Ly, = 20% makcumasbaoe 3uadenne Cy He H3MEHH-
JIOCh II0 CpaBHEHHIO ¢ drajioHoM. lIpm sTom makcu-
MaJsibHOe 3HaveHne C)y 3adUKCHPOBAHO IIPK GOJIbIIIEM
Jala3oHe yrioB atakn — a = 21° + 25° (6e3 I'B —
a = 21°).

Kosddurmentsr conporusiennsi C, mIpu OTKJIO-
HEHHOM 3aKDbLIKE JJjIs BCEX CJIy4aeB PACIIOJIOXKe-
nus ['B B1o/ib XOp/Iibl Kpbljla BO3POC/U B JIMAIIa30HE
AC, = 0.02 = 0.035. D10 coBnaJaeT ¢ pe3yabraTaMu
monorpaduu [29], B KOTOPOii HOKA3aHO, YTO ¢ yBEJIH-
YEeHUEM TOJIIUHBI MTPOMUIA KPbLIA U €r0 KPUBU3HBI
COIIPOTHUBJIEHUE BO3PACTAET.

MowmenTHBIE XapakTepucTuku Mogeaun JIA A-20
[PU OTKJIOHEHHOM 3aKpbUIKe (puc. 11) msmennsn 3a-
KOHOMEPHOCTH IIPH [MOJIOKUTEIbHBIX YIJIAX ATAKA 110
CPABHEHUIO C 3aKOHOMEPHOCTSIMH MOJIE/IA KPhLIa [IPU
HEOTKJIOHEHHOM 3akpblike (puc. 8). [Ipu oTkioHeH-
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Puc. 9. Cpasuenne 3asucumocreit Cyy, = f(a) monenn

JIA A-20 nipu oTKJIOHEHHOM 3aKpbLIKe Ha 10°:
1-6e31B; 2— Ly, =10%; 3—20%; 4 —30%

HOM 3aKpBbLIKEe BapuUaHThl pasmemienust 1'B Bmosn
XOP/IbI KPBLJIA MPAKTHIECKHU He M3MEHUIH MOMEHTHBIE
xapakrepuctuku Kpbuia JIA. Kpuas 2 ma puc. 11

mpu Ly, = 10% CBHOETEIbCTBYET O HE3HATUTENb-
HOM YXYIIIEHUN MOMEHTHBIX XapaKTEPUCTUK MOJIEIN
KpBbLIA.

AHayiu3 pe3ysIbTaToB 3TOr0 MAPAMETPHIECKOTO UC-
CJIeIOBaHNs, BBIIOJAHEHHOTO Ha Mozenau JIA A-20 c
yOpaHHBIM U OTKJIOHEHHBIM 3aKpbLIKOM Ha 10°, 1mo-
3BOJISIET ONPEE/IUThH HANDOJIee BBINOTHOE MECTO YCTa-
HOBKHU T€HEPATOPOB BUXPEH € TOYKHU 3PEHUS YIIy-
YIIeHNs] HECYIUX CBOHCTB KpbLia. [lomydennsie pe-
3yJbTATHL JJIs [IPOBEMEHUST aHAJIN3a YJI00HO BBIpa-
3UTH B BUJIE 3aBUCUMOCTEH pupaliennit koahuim-
enToB HoxbeMuoii cuibl ACy, 1060BOr0 COLPOTUBIIE-
uust AC,, ¥ poI0JIbHOrO MOMeHTa Am,, OT yria ara-
KH Q

Acygu - Cygv - C’UU’
ACLI)QU = Lay, = L
Am,, = m;, — M, rae uagexkcs gv u 0 o6o-

3HAYAIOT COOTBETCTBEHHO KO PUIMEHTHI ¢ reHepa-
TopaMu Buxpeit m 6e3 Hmx. Ilpupamenus ko3pdpu-
IIIeHTOB 1o beMHOi cuibl AC,,, 1060BOrO COIPOTHUB-
sietust AC,, ¥ IIPOJOJIBLHOrO MOMeHTa Am,, BbI3BAH-
HbIe YCTAHOBKOI I'eHEpaTOPOB BUXPEH IIpU pazjind-
HBIX Lg, C yOpPaHHBIM 3aKPBIIKOM, TPEICTaBICHBI
Ha puc.12-14 B BHIe 3aBHCHMOCTEH OT yIja aTakKd
«. IlpuBejieHHbIEe HA 9TUX PUCYHKAX PE3YJILTATHI CO-
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Puc. 10. Cpasrenne 3asucumocreit Cy = (o) Momenn

JIA A-20 npu OTKJIOHEHHOM 3aKpbLike Ha 10°:
1-6e3I'B; 2- Ly, =10%; 3-20%; 4— 30%

DJIACYIOTCS ¢ BBIBOJAMU, TIOJIYY€HHBIMUA IPH AHAJII3E
puc. 7, 8.

IIpupamenns ko3P OUITUEHTOB MOIBEMHONR CHJIBI
AC,, nobosoro counporussernst AC; ¥ IPOIOILHOIO
MoMeHTa Am, BLI3BAHHBIE YCTAHOBKOI MeHEpATOPOB
BUXpeli IpK Pa3IMYHbIX KOOpAUHATAX ycTaHoBKu ['B
na kpbute JIA A-20 ¢ orkyionenubiM Ha 10° 3aKpbLI-
KOM, IIPeJICTaBJIEHBI HA puc. 15-17 B Bulie 3aBUCUMO-
creil oT yria .

3. OBCY2KAYHUE IIOJIVIHEHHBIX
PE3VYJIBTATOB

UccaeroBanus npoBoauiuck upu ckopocru 20 M/c
U cTerneHd TypOYJIEHTHOCTH OCHOBHOIO IIOTOKA £ =%
2%. Yucqo PeitHONb/ICA, BBIMUCIECHHOE TI0 JIJTAHE XOP-
161 KpeLTa Momems JIA A-20, cocrasmio Re = 6.7-10°.
Tommuua sramunapaoro IIC B KOHIE XOpJbl KpbLIa

Abbas F Mahmood, B. B. Ba6enxo, C. A. Nmenko
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Puc. 11. Cpasuenue 3aBucumocreit m, = () Momenn

JIA A-20 npu oTKJIOHEHHOM 3aKkpbuike Ha 10°:
1-6e3'B; 2— Loy =10%; 3—20%; 4 - 30%

.
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Puc. 12. Cpasuenue 3asucumocreit ACy = f(a) momenn
JIA A-20 npu yGpaHHOM 3aKpBLIKE:
1- Lgy =10%; 2-20%; 38— 30%

cocraBmia § = 2.64 MM, cOOTBETCTBEHHO IPU Ly =
10% — 0.84 mm; npm 20% — 1.2 mm; mpm 30% —
1.44 vm. C ygyerom kpuBusnb! npodus Tommaa [1C
OyzeT HEe3HAUUTEILHO OTINIaThCA. Tosmuna TypOy-
stenTHOro I1C B KOHIE XOP/Ibl KPbLjIa COCTaBUJIa § =
2.0 em. Corutacho [30], Touka MUHUMYMa JIABJIEHUS Y
00OBIYHBIX TTpOodUIIEil PACIIOIATaeTCsl HA BEpXHEl CTOo-
pOHE HEJAJIEKO 33 IepeHedl KPOMKO. ITO CIocob-
cTByeT panneMy nepexouy Jamunapuoro 1IC B Typ-

Abbas F Mahmood, B. B. Ba6euko, C. A. Nmenko
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Puc. 13. Cpasuenne 3asucumocreit AC; = ¢(«) Moznenn
JIA A-20 npu yGpaHHOM 3aKpBLIKE:
1- Loy = 10%; 2-20%; 3 30%

Am
Z
0.2
Uz
nlaf- 1
o -
v ~ |-
‘N o ~.
[ =ty
2 i
i < } N
1 - = ~Am— - ~ 2
H 3 T > A
od
0.1
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Puc. 14. Cpasuenne 3aBucumocreit Am, = (o) Mozxenn
JIA A-20 npu yGpaHHOM 3aKpBLIKE:
1- Lgy =10%; 2-20%; 3-30%

OyJIEHTHBIN, & IPU yBEJIUYCHUHN YTJIOB ATAKWA IIPUBO-
JIAT K [ePEepPACIIPEIeSICHIIO TABIeHUs BJI0JIb Ipodu-
Jist KpblIa. B pe3ysbrare TOUKA IMPUIIOXKEHHUsT PABHO-
neficTBytomeit KoaddurrenTa gaBaeHus OyIeT mepe-
MEIATHCA K TepeHell KPOMKE MPOMUIsi. DTO CIeLy-
€T yYUTHIBATH IPU AHAJIN3E MOJYyYEHHBIX PE3yIbTa-
TOB. Y YUTBIBas, 9T0 BbicoTa cTeHkr I'B h = 3 MM, 110-
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Puc. 15. Cpasuenue 3asucumocreit ACy = f(a) Monenn

JIA A-20 npu oTkJIOHEHHOM 3aKpbLike Ha 10°:
1 Lgy =10%; 2-20%; 8- 30%

10034
0.024

1001+

Puc. 16. Cpasnenue 3apucumocreit AC, = ¢(a) Monenn

JIA A-20 npu oTKJIOHEHHOM 3aKpbLIKe Ha 10°:
1— Lgy = 10%; 2-20%; & 30%

sgyanm s gamuaapaoro 11C coorBercTByIomume co-
orHomenust — h/d = 1.14 (B KOHIE XOpJBI KPBLIA),
upu Lg, = 10% — 3.6; upu 20% — 2.5; upu 30%
— 2.08. 9TO CBUIETENBCTBYET, 9TO BO BCEX CJIYUASX
npu jgavmuaapHoMm 1IC I'B pacmosaratorcst Boite To-
sunuabl [1C. B ciryuae nepexoHoro u TypoyJieHTHOrO

56
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Puc. 17. CpasHaenue 3aBucumocreit Am. = 1(a) Momenn

JIA A-20 npu OTKJIOHEHHOM 3aKpbLike Ha 10°:
1 Lgy =10%; 2-20%; 8- 30%

IIC, a raxxe npu yrosmenun [1C npu Bozpacranuun
yryioB araku Tosnmaa [1C MoxkeT BO3pacTd Ha I0-
psinok. Torna I'B 6ymayT pacnosiararses sayTpu 11C.
B sToMm cityuae jijist ydera uxX BJIMSTHHUS Ha adPOJINHA-
MUYECKHEe XapaKTepucTuku Kpouia JIA cienyer yau-
THIBATH 3aKOHOMEPHOCTH TPODBJIEMBI BOCITPUUMYIUBO-
cru IIC, npusenennnie B [5]. Coriacuo pesyibraram
UCCIIeIOBAHU, IPUBEJIEHHBIM B [5], Ipn yKasaHHBIX
Benuunnax Re n ¢ B paboueM ydacTKe adpomHAMU-
yeckoit Tpyosl B IIC kpbuia momenu JIA A-20 mpu
nyJsieBoM yrie araku ToJinuaa [IC Moxker ObITH He-
ckoJibKOo 6osbie, u B I1C 6ynyT cymecrBoBars KBC,
B 3aBHCUMOCTH OT L. Hanpumep, 1o Ly, = 30% B
IIC 6yayr cymecreoars KBC I — IV sramnos nepe-
xoguoro IIC [5]. Ilpu ysesnuennn yraa araku B [1C
Oy/yT BO3HUKATDH IMOCJEIYIONIUE ITAalbl MEPEX0JIa B
COOTBETCTBHU ¢ MakeToM nepexossoro I1C [5].
DKCIIepUMEHTAJILHO NOKA3aHO [5], 9ro 1y ycie-
IITHOTO  B3aUMOJEHCTBUSI BHOCHUMBIX TPEXMEPHBIX
KBC c¢ ecrecrBennbiMu Bo3MmyIeHusimu [1C HeoO-
xoaumo BHOCHTH TpexmepHbie KBC BhIe mo moro-
Ky. Torna renepupyembie 3a I'B BuxpeBbie cucteMbr
YCIEIOT Pa3BUTHCS U C(POPMUPOBATHCSI B CUMMETPH-
YHBIE TpexMepHble Bo3Mmyinenusi (puc.6). Cormacuo
pesysibTaTaM ucciaenoBanus BocupunMuausoctu 11C,
JUIsl YCIIEIITHOTO B3aUMO/IEHICTBUSI BHOCUMBIX W3BHE
KBC c ecrecrBennpivu KBC T1C meo6xoamnmMo BHITION-
HUTH OCHOBHBIE TPU YCJOBUS: BHOCUMBIE U €CTECTBEH-
uble KBC 10/2KHBI UMETDH 11000HYI0 (popMy, pasme-

Abbas F Mahmood, B. B. Ba6euko, C. A. Nmenko
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pbI 1 3Hepruio. ToIbKO PN BO3PACTAHUHU YIJIOB aTa-
ku B [IC mozenu Kpbuia MoryT ¢popmupoarbest KBC
IV — V sramnos nepexomnoro I1C: Ha sTux sTamax me-
pexosa MOryT (hOPMUPOBATHCS MMPOJIOJIBHBIE BUXPE-
Bble cuCTEeMBbI. [Ipu 3TOM ecTecTBEeHHbIE TPEXMEPHBIE
KBC IIC umeroT mpeainochblIKiu B3aUMOIAEHCTBOBATH
¢ BHOCUMBIME ¢ nomonibio ['B Tpexmepusivu KBC.
DT0 U OTparkeHO Ha puc. 7, Korja BiausHue I'B mpo-
ABJISIETCS B Auamnazone o = 15° + 28°. Makcumasib-
Hblit 3¢ dexT moyyen mpu Ly, = 20%, xorma AC, =
0.1 B nuanazone o = 23° +27°. [IpoTsizkeHHOCTH XOP-
JIbl KPBLIIA MaJia, I09TOMY BHOCHMBIE M €CTECTBEHHBIE
KBC He ycrieBaroT olnTuMaJIbHO B3aUMOIEHCTBOBATD.
OTuM U OOBICHIETCSA, YTO Ha BCEX MPUBEICHHBIX
Bbime rpadukax Biausaue ['B mposiisieTcss TOIHKO
BOJIM3M KPUTHYECKUX YIVIOB aTaku. MakcuMajbHOe
3HaueHne koaddurmenta Cy IpoCcTOro Kpbiia 6e3 Me-
XaHU3aIUH CocTaBisieT 1.4, MUHUMAJbHOE 3HAYEHUE
upu « = 0 koaddunuenra C,, cocrasiser 0.01 [29]. B
HACTOAIIUX UCCJICJOBAHUAX TIOJIYIE€HbI AHAJIOIHIHBIE
namnaele q1a Cy, npu atom C, = 0.04. Ormmane co-
CTOUT TaKKe B TOM, UTO JIJIsI H30JIMPOBAHHOTO KPBLITA
KPUTHYeCKuii yros araku cocrasiser 17° [29], a B Ha-
CTOSIIIKX IKCIEPUMEHTaxX — 21°.

[Tpu oTKJIOHEHNY 3aKPBLJIKA [TPU HYJIEBOM YIJIe aTa-
KU COOTBETCTBYIOIIUE JaHHBIE, COrJIacHO [29], cocran-
as110T Cy min, = 0.19; Cy maxr = 2.15, KpurHueckuit
YTOJI aTaKM Qe = 14°. Ilo maHHbIM U3MEpeHusIM aHa-
JIoru4Hble JaHHble COCTABUIL: Oy min = 0.04; Cy max
= 1.7, kpurudeckuit yros araku o = 20°. Kadge-
CTBEHHO B HAIIEM 3KCIEPUMEHTE 0JTy YeHbI AHAJIOTH-
qHble naHHble. B pabore [30] 6e3 OTKIOHEHHs U IIpU
OTKJIOHEHWH IIATKA HOJIy YeHbI MAKCUMAJIbHBIE 3HAYE-
Hue Kosddurnenta Cy, Takue XKe, KaK U B HACTOSIIIIUX
9KCIIEPUMEHTAX.

Be3 orkjOHEHUs IMUTKA—3aKPbLIKA W IIPU €0
OTKJIOHeHUH ycTanoBKa I'B mpusomuT K yBemaeHuio
MaKCHMAJIbHBIX 3Ha4eHuit koaddunnenra Cy, 1 3Ha-
YeHUs KPUTUIECKOro yrira ataku. CpaBHEHIE Pe3yJIb-
TATOB, IOJIydeHHBIX Ha Mojeian Kpblia (Cy max
0.65, Cy min = 0.05) [14], ¢ upuBeeHHbIMY BbIIIE Pe-
syabraTaMi (Cy maez = 1.4, Cy min = 0.04) mokazanm,
41TO 3Ha4eHne Koddduimentos C, ornmyatorcs. Bos-
MOYKHO, 9TO 00YyCJIOBJIEHO MACIITAOHBIM 3(PHEKTOM U
OTJIMYUEM 3HAYEHUS UHIYKTUBHOTO COTPOTUBJICHUS B
oboux ciaydasx. [Ipu uccieoBannu MOIeIN U30JIUPO-
BAHHOIO KPBLJIa €ro yIAJTHHEeHHe ObIJI0 MEeHbIIe. Y I1u-
HEHUE KPbLJIA MOXKHO PaCCUYUTATH 10 (hOPMYyJIaM:

A = 12/Suma\ = 1/b,

rie A — yIJIMHeHne Kpbljia, [ — pa3Max, S — ILIOIalb,
b — BeIMYUHA XOPAbI KpbLIa. JJIs IPAMOYTOJILHOTO
KpbLIa 00e (bOPMYJILI JIAI0T aHAJOTUYHbIC PE3YJIbTa-
TBL: JJIst MOJIesn Kpbliaa A = 3.75 [14], a g monenn

Abbas F Mahmood, B. B. Ba6euko, C. A. Nmenko

JIA A-20 A = 5.

BBIBO/IbI

1. BadurcupoBano mosioxkurTeabHoe Biausgame ['B
Ha Hecyle cpoiicrBa Mozenn JIA A-20 B oGua-
CTU KPUTHYECKHUX YIVIOB arTaku. [lpupamienne wma-
KCUMAaJILHOTO KO3 DUIMEHTA TTOIbEMHON CUJIBI TIPU
yOpPAHHOM 3aKPBIIKE MPOSIBJIAETCS B 00/IACTH KPUTH-
JeCKUX YTJIOB aTakKW B Juana3oHe o = 15° < 28°.
Kosdbdbumment C, ysemmumica Ha 0.1 B amamazone
a = 23° + 27°. Ilpu sToM MakcUMaJbHOE 3HAYEHUE
Cy maz 3adHUKCHPOBAHO HpU OOJbIIEM yIJIe ATaKH
aer = 25° (6e3 IT'B — agr = 21°). Ilpu oTKIOHEHHOM
3aKPBUIKe MaKCUMaJIbHOE 3HaUeHne BeananHbl Cy BO-
3pocio ¢ 1.4 no 1.7.

2. Pasmemenune I'B na xpoure mozemm JIA A-20
[PAKTUYECKH He BJIMSIET HA COIMPOTHUBJIEHUE MO/IEJIH
Ipu yOPAHHOM 3aKPBLIKE.

3. MomenTHbIe XapakTepucTuku Mozenun JIA A-20
HoKa3aju, 9To IpH Lg, = 20% MoOMeHTHBIE XapaKTe-
PUCTUKU MPAKTUYECKH He U3MEHWIUCh. [Ipu pacno-
noxernu I'B Ha kpbute upu Ly, = 10% u 30% npu
HYJIEBOM yTJIe aTaKu 3aDUKCHPOBAHO YBEJIUICHHE 1O~
JIOXKUTEJILHOTO MIPOJIOJIBHOIO MOMEHTa COOTBETCTBEH-
wo ua Am, = 0.15 u 0.1. IIpu BozpacTanuu yrjioB
aTaky KpbLIa MOMEHTHBIE XapPAKTEPUCTUKU YXY/IIIIH-
JINCh, a BeJuunHa Am, IUIABHO YMEHBIIWIACH 10
CpaBHEHUIO € 3TajioHoM 10 Am, = 0.04.

4. Koacpunuentsl conporusiienusi C,, IpU OTKJIO-
HEHHOM 3aKpBLJIKE IJIs BCEX CJIYy9YaeB PaCIIOJIOXKe-
uust I'B BoJIb XOPJIbI KpbLIa BO3POC/U B JHANa30He
AC, = 0.02+0.035. Yesuuenue 3naderns Koahhu-
IHEHTa, JIOOOBOI'O COITPOTUBJICHUST HA MTOJIETHBIX YIJIaX
aTaKW P yCTAHOBKE IeHepaTOPOB BUXPEN HA KPbLIe
camostera cocraniger AC, = 0.01. g ymerbrienust
9TOM BEJUYMHBI 1eJIeCO00PA3HO BBITIOJIHATL T'eéHepa-
TOPBI BUXPEH yOUPAIOTITUMUCS.

5. UccireoBanus mokasaJsm, 9TO JIsl JTAHHON MO-
JIeJTU CaMOJIeTa HanboJIee BBITOIHBIM U1l YBEJIUIeHUsT
HECYIIUX CBOMCTB KPbLIa siBJseTcs yctaHoBka ['B Ha

Lgy = 20%.
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