IIpakTHyeckasi a3poAMHAMUKA

Tema Ne 1. OcHOBHBIE CBOIiCTBAa BO3/IyXa

Bonpocsr:

ATMocdepa 3emin.

dusnvecKre XapaKTePUCTHKH aTMOC(HEPDI U UX BIIMSHHE Ha TOJIET.
Temmeparypa Bo3ayxa.

ATMoc(hepHOe TaBiIeHHE.

ITInotHOCTH BO3MYyXA.

MexayHapoaHas CTaHaapTHas aTMocdepa.

WHepTHOCTD, BA3KOCTh U CKMMAEMOCTh BO3/IyXa.

CKOpOCTb 3BYKa U CKaYKH YIUTOTHEHHSL.

OCHOBHBIE 3aKOHBI IBHKEHHUS Ta30B: 3aKOH HEPA3PBHIBHOCTH CTPYH M YPaBHEHHE IMOCTOSHCTBA PACcXo/a rasa;
3akon bepHyiu 111 CTpyH HEC)KUMAEMOT'O rasa.
AsponunaMudeckue Tpyobl. THUIIBI TPYO M IPUHIIKI UX pabOTHI

Tema Ne 2. AspoaiMHaMu4ecKue CHJIbI

Bonpocsr:

OOTekaHue Tell BO3AYIIHBIM IIOTOKOM.

OCHOBHOIi 3aKOH COIIPOTHBIICHNUSI BO3/1yXa.

KprL10 1 ero Ha3Ha4yeHue.

OCHOBHBIE FeOMETPHIECKHE XaPaKTEPUCTHKH KpbLTa: pa3Max, Xop/a, Iuiommas, GopMa B IiiaHe, yIInHeHHUe,
OCHOBHBIE ITPO(HIH U TONIIMHA KPbLIA.

OcHOBHBIE CBEJICHUS 00 YIIax aTaKy U CKOJIBKECHHUS.

AdpOANHAMHUYECKHIT CIIEKTD KPbUIA.

B03HUKHOBEHHE TOABEMHOMN CHJIBI M IOOOBOTO COMPOTHBIICHHUS KpbLa.

AdpoANHAMUYECKOE KaYeCTBO KPhLIa.

[TocTpoeHne a3poANHAMUYECKHX XapaKTEePUCTHK KPbUIa U CaMOJIeTa: Ioysipa caMoJieTa, Ka4ecTBO 110 YIIly aTaku;,
olpeieNieHHe 110 3TUM Ipadukam Bcex HEOOXOIUMBIX JaHHBIX CaMOIIeTa.

[Mpyunnb! nageHus Ko3pduureHTa NoXbEMHON CUIIBI HA 3aKPUTHYECKUX YITIaX aTaKH.

Cnoco0b! yBennueHus KO3 GUIMeHTa NOABEMHOM CHITBI X 0OCOOEHHOCTH a9POANHAMHUKH MEXaHU3UPOBAaHHOTO
KpbLIa.

INonsATHE O pacupeneneHny JaBIeHUs 110 XOpAe U pa3Maxy KpbLia.

[Nepemerenue LeHTpa JaBIeHHS KPbUIa U CaMOJIeTa.

Tema Neo 3. CnyioBasi YCTAHOBKA CaMOJIETA

Bonpocsr:

Ha3znauenne u BUIbI aBUAITMOHHBIX CHJIOBBIX YCTAHOBOK.

Knaccudukarms BO3ayIIHBIX BUHTOB.

['eomeTpuueckre XapaKTepUCTUKU BUHTA: JUaMeTp, popMa Jonactu, popma mpoduiis, 3JeMeHT JIONACTH, XopAa
CedeHUsI JIOTIACTH U yTOoJI HAaKIIOHA, TeOMETPUIECKHIA II1ar.

CKOpOCTh ABIKEHHS U YTOJI aTaK 3JeMEHTa JIONACTH BUHTA. ASPOAMHAMUYECKIE CHIIBI BUHTA, BIUSIONINE HA
BEJIMYUHY CHUJIBI TSTH BHHTA.

I'paduk pacnonaraemoii TAru camolieTa B 3aBUCMMOCTH OT CKOPOCTH TOJIETA.

MomniHocTh BUHTA.

Koa¢d¢unment monesHoro aelicTBys BUHTA.

I'paduk pacronaraemMoii MOIIHOCTY BHHTA B 3aBUCUMOCTH OT CKOPOCTH TOJIETA.

[ToHsATHE O BIUSHUM BBICOTHI ITOJIETa HA PACHONIATaeMyI0 MOIIHOCTb.

OcobeHHoCTH paOdOTHl BUHTA C M3MEHSIOMINMCS IIIaTrOM.

Tema Ne 4. 'opu3oHTANbHBIN 10JIET caMoJIeTa

Bonpocsr:

l'opu3oHTaNBHEIH MOTNIET (OIIpeIeieHIe).

Cxema 1 COOTHOIIEHHE CHJI B YCTAHOBHBIIEMCSI TOPU30HTAIBLHOM TOJIETE.

CkopocTh, ToTpedHast A1 TOPH30HTAIBHOTO TIOJIETa.

[ToTpeOHast Tra ¥ MOIIHOCTH ISl TOPU30HTAIBHOTO TIOJIETA.

Kpussie XKyKkoBcKOro HOTpEOHBIX M pacIioiaraeMbIX TST.

Junana3oH ckopocTeil TOPU30HTAIBHOIO MOJIETA.

[lepBrIit 1 BTOPOI pEKUMBI TOPU30HTAIFHOTO MOJIETa U KX OCOOCHHOCTH. DBOIIOTUBHASI CKOPOCTh
TOPU30HTAIILHOTO TI0JIeTa (OIpe/IeTIeHNe).
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3amac CKOpPOCTH M €ro 3Ha4eHHE B JIETHOH pabore.

BuusiHUE BBICOTBI Ha TIOTPEOHBIE CKOPOCTH FTOPU30HTAIBHOIO MONETA.
BunusiHue Macchbl camMosieTa Ha IoTpeOHbIe CKOPOCTH.

TexHUKA BBITIOTHEHHUS MPSMOIIMHEHHOr 0 MoJieTa; TpeOOBaHUS K HEMY.
BuusiHue pa3invHbIX (GAKTOPOB HA CKOPOMOABEMHOCTh CAMOJIETA.

Tema Ne 5. IlogbeM camoJieTa

Bonpocsr:

VYcaoBus ycTaHOBUBIIETOCS MOIbeMa CaMOJIETa.

YpaBHeHUE JBUKEHUSI IPU TIOIbEME.

CBsi3b MEXIy YIJIaMU HAaKJIOHA TPAEKTOPUHU MOIBEMA, YIJIOM aTaKH M YIJIOM HAKJIOHA MPOAOJIBHON OCH caMoJIeTa.
[TorpeOHast CKOpOCTh AJIS TIOIBEMA.

YkazaTenbHUIA TPAEKTOPUH TOTbEMa CaMOJIeTa U TI0JIb30BaHUE €10.

[1epBBIit 1 BTOpOI pEXUMBI ITObEMa U MX OCOOCHHOCTH.

Baporpamma noasema.

TeopeTnueckuii, MPaKTUUECKUNA U JUHAMUYECKUH MOTOJKHU CaMOJIETa.

Tema Ne 6. [lnanupoBaHue camoJiera

Bonpocsr:

Cuisbl, IefcTByIOIME HA CaMOJIeT NPU IUTaHUPOBAHUU.
YpaBHeHUE ABWKEHMUS.

[ToTpeOHast CKOPOCTH IJIAHUPOBAHHSL.

Yron maHupOBaHuUs.

BepTukanbHas CKOPOCTb TUITAHUPOBAHMUS.

JlanbHOCTh IIIaHUPOBAHUS.

BnusiHue pa3nnyHbiX (JaKTOpOB HA AajbHOCTH TNIAHUPOBAHUSI.
VYka3arenbHUIA TPAEKTOPUNA TNIAHUPOBAHUS.

[TepBblit U BTOPOI pe)KUMBI TUIAHUPOBAHUS M UX OCOOCHHOCTH.
IloHATHE O CKOJIBXKEHUH.

BiusiHME IUTKOB HA YOI U AAJIbHOCTD INIAHUPOBAHMUS.

Tema Ne 7. B3Jjier camoJera

Bonpocsi:

Omnpenenenue B3JeTa.

IMpoduis 1 aneMeHTH! B3JeTa.

Cubl, IeiicTByOIIME Ha CaMOJIeT IIPH B3JIeTe.

CKOpOCTb OTpBIBa CaMOJIeTa OT 3EMJIH.

W3menenne cuil, JefCTBYIONIMX Ha CaMOJIET B Ipoliecce pa3oera.
BrusiHue ocHOBHBIX (haKTOpPOB Ha JUTUHY pasbera.

[TpuunHb! pa3BopoTa camoneTa Ha paz0ere: IeHCTBHE PeaKIK BUHTA, IIPELIECCHOHHOTO MOMEHTA, 3aKPyTKH CTPYH
BUHTOM.

BrusiHue BeTpa Ha TEXHUKY BBIOTHEHHUS B3JIETa.

Otambl B3eTa. B3nerHas qucTaHIusL.

TexHUKa BBIIIOJIHEHHUS B3JIEeTa.

Tema Ne 8. Ilocaaka camoJieTa

Bonpocsr:

DJeMEHTBI OCAIKH.

Cuuibl, ICHCTBYIOIIUE HA CAMOJIET Ha Pa3UYHbBIX 3TAaX MOCAKH.
[Mocamounas ckOpoCTh U (PaKTOPbI, BIHSIOIINE HA 3TY CKOPOCTb.

[IpoGer camosera u GakTopbl, BAUSIONINE HA [UIMHY Mpobera.

ITocagouHast mUCTaHINS.

@dakTopbI, BAUSIONINE HA TEXHUKY BBIMOIHECHHSI MOCAIKU: COCTOSHHE TI0CAI0UHOM MOIOCHI; PEKUM PabOThI
JIBUTATEIls; CXeMa I1ACCH; BBIMYCK IMUTKOB; HAMPABICHUE U CKOPOCTh BETpa.
TexXHUKA BBIIOIHEHHUS [TOCAIKH.

OmmbKH MpH BEITIOTHEHAH TTOCAIKH.

OC0oOEHHOCTH TEXHUKH BBIMOJIHEHUS BHIHYKIACHHOM MOCAIKU.

Tema Ne 9. YeTolUnBOCTh H VIIPABJISIEMOCTH CAMOJIETA
Bonpocsi:
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PaBHOBecHe CHJI 1 MOMEHTOB.

OcHu BpallIeHUs caMoJIeTa.

Bunel paBHOBeECHS.

IentpoBka camornera.

Buel neHTpOBKH.

[IpononbHOE paBHOBECHE CaMoOIeTa.

CyIHOCTh MPOIOJIBHON YCTOHYMBOCTH CaMoJIeTa U YCIIOBHUS €€ 00eCTIeUeHHS.

OcHoBHBIE (PaKTOPBI, BIAMSIONINE HA MTPOJIOIBHYIO YCTOHYMBOCTD CaMoJIeTa: IIEHTPOBKA, TUIOIAlb CTA0MIN3aTopa,
JutMHa (hro3erspka, paboTa BUHTA.

[IpononbHas yrpaBiseMocTb camorera (OIpeeieHue).

CyIHOCTb MPOIOIBHON YIPABISIEMOCTH M OCHOBHBIE (DAaKTOPHI, BIMSIOIINE Ha ATY YIIPABISIEMOCTh CaMOJIeTa.
PaGota pysnst BEICOTHI.

Pa6ora Tpummepa.

BokoBoe paBHOBecue camoneTa (onpeeneHue).

YcnoBust 60KOBOTrO paBHOBECHS CaAMOJIETa.

dakropsl, BiusONINE Ha OOKOBOE pPaBHOBECHE caMolIeTa: Kocasi 00/JyBKa CaMoJieTa OT BUHTA, BIUSIHUE OTKIIOHEHHS
9JIEPOHOB W PYJIsl HAIIPABJICHHS, TIPELIECCHOHHOE JICHCTBHE BHHTA.

BokoBast ycTOHYMBOCTh caMojieTa (OnpeIecHHE).

dakropsl, odecnieyrBaromye GIOrepHyIo U ONEPEYHYI0 YCTOWIHBOCTb.

[IposiBnenue B nosnere OOKOBOW yCTOHYMBOCTH CaMoJIeTa.

[ToHsATHE O MyTEBOI YCTONUMBOCTU CaMoJIeTA.

Bokosas ynpasnsiemocTs camornera (onpenenenue). [lyreBast yrpaBisieMoCTh caMoJIeTa.

PaboTa n Ha3HaueHUE PYJIsl IOBOPOTA.

[Tonepeynas ynpasisieMOCTh CaMOJIETA.

Pabota u HazHadeHue 3epoHoB. [IpocTeie u nuddepenimanbHbie 31epoHbl. [1leneBbie U 37epoHBI ¢
a’pPOJIMHAMUYECKUM TOPMO30M.

Cnioco0Osl, oberyaroriue 60KOBOE YIIPaBICHUE CAMOJIETOM.

Bubparms camorera.

Tema Ne 10. IllTonop (npsiMoii, 00paTHBIIT)

Bonpocsi:

Onpenernenue, TpacKTOpHs ABHKEHUSI CaMOJIETa Ha IITOIOPE U BUBI LITOIOPA.

Kpatkast uctopust oBiaieHus IITONOPOM. 3HAUCHUE OBIIAJICHUS ITONOPOM ISl TEXHUKU MIOTUPOBAHUSL.
ITprunHbI BO3HUKHOBEHUS MITONOpa. OCHOBHBIE IPU3HAKK U XapaKTEPUCTUKU KPYTOTO, INIOCKOTrO IITOMOPa
IIpu3naku cTpeMieHus caMoJIeTa K epexoy U3 KPyTOoro IITOMOopa B INIOCKUH.

[TonsiTvie 0 B3aMMOAEHCTBUN CUJI IIPU IUTOIIOpE. BiusHue LEHTPOBKY, YAEIbHON HArPY3KU U Pa3HOCa IPy30B Ha
BBOJI B LLITOINOP, XapaKTep IUTONOPa U BbIBOJ U3 HETO.

IleHTpOBKa, IPU KOTOPOH 3aIIPELAETCs] BHIIIOJHEHUE IITONOPA.

[Mpuunnb! ocnabiaeHus AeUCTBUS pyJael Ha MTONOpE: 3aTeHeHNE BEPTHKAJIBHOTO U TOPU30HTAIBHOIO OIIEPEHUSL.
Oco0eHHOCTH ASHCTBHUIT 2JIEPOHOB Ha IITONOpe. BinsHue nayun ra3za Ha BRIBOJ caMoJieTa U3 IITONOpa B
3aBHCHMOCTH OT JICIIEHTPALlMY BUHTA M HAlpaBJICHUsI BPAIlleHUs BUHTa U camonera. [lotepst ckopocTu u
HETIPOM3BOJIBHBIN CPBIB CaMOJIETa B ILTONOpP, CKOPOCTH CPBIBA.

XapakTepHUCTHKa IITOIOpa caMoJIeTa.

[Tpu3Haky nepeBepHyTOro MITOIOpPa U OCOOEHHOCTH BBIBOAA CaMoJIeTa U3 TAKOT0 IITOIOpa.

Tema Ne 11. @urypbl npocToro nuaoTaxa

Bonpocsr:

Haznauenue GpurypHoro mumoraxa.

ITonsiTre o meperpyskax.

I'mpockonuvecknii MOMEHT | €ro NpOSBIIEHUE MIPU BBHITOTHEHNH MTITOTaXa.

Bupax. Cxema cui 1 ypaBHEHHUE JBIDKEHUSI IIPU BBITIOTHEHUH NIPABUIIBHOTO BUPAXa.

[ToTpedHBIE CKOPOCTH U MOIIHOCTH JUTS BHIIIOIHEHHS BHpaka.

Ieperpy3ka Ha BHpaske U BIMSIHAE TPCHUPOBKH Ha CONMPOTHUBIIIEMOCTh OPTaHU3Ma JICTYHKA ACHCTBHIO MEPETPY30K.
Panuyc u Bpems Bupaxa.

IIpenenbHble BUpAXH.

BrmsiHue pacrmonaraeMoi MOITHOCTH, TTOJIETHON MAcChl M BBICOTHI ITOJIETa HA XapaKTEPUCTUKH BHPaXKa.
Bo3HHKHOBEHHE CKOJIBXKEHHS Ha BUPAXKE.

OmmbKu Ha BUPaXe U UX YCTPAHEHHE.

Crmpans. TpeOoBaHUS K BBHITIOHEHHUIO CITUPATIH.

Cxema cuJT IpH CIIMPAJIH U UX B3aUMOJICHCTBHE.

CKOpOCTb Ha CHHPATIH.

[ar cnimpany, HaUBBITOJHEHIIIAS CIIUPAITD.
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OwmmOKY 1Y BHIIOIHEHUH CITUPAJIN X METOABI UX MUCIIPABICHHS.

[MuxupoBanue u TopkH ¢ yriaamu 110 45°. CriocoObl BBO/IA ¥ BBIBOJA CaMOJIeTa U3 (pUTYpHI.
Cxema cuJT ¥ UX U3MEHEHUsI B TIPOLIECCE BHITOIHEHUSI (PUTYPHI.

CKopoCTb Ha BBIBOJIE U3 MUKUPOBAHMS.

Tema Ne 12. @uUrypsbl CJ10:KHOTQ MHI0TAMKA

Bonpocsr:

BoeBoii pa3BopoT (ompeiesicHue).

TpeboBaHUs K BBIMOIHEHUIO 6OCBOr0 Pa3BOPOTA.

BuiusiHue BeTMYMHBI yIIa KPeHA U HAYaJIbHON CKOPOCTH Ha BPEMsI BBIONHECHHS M BEIMYMHY HAOOpa BBICOTHI MPU
00EBOM pa3BoOpoOTE.

OunOKH MpH BBIMONTHEHUH GOSBOI0 Pa3BOPOTA M METOJIBI X HUCIIPABIICHUS.

Bouka (ompenenenue). YnpasiseMble U ITONOPHbIE O0ukK. HauambHasi CKOPOCTh, MeperpysKa, yriibl aTakd MpH
BBITIOJTHEHHUH YIIPABJISAEMbIX U ITOMOPHBIX OOUEK, BPEMsI BBHIIOIHCHHUSL.

IMony6ouka (onpenenenue). OMMUOKH MPU BHIMOJHESHUN O0YEK U TIOTYOOUEK U METOJIbI UX YCTPAHCHUS.
[epeBopor, mepeBOpoOT Ha TOpKe (OmpeieNicHne). YpaBiseMble U MTOMOPHBIE epeBopoThl. CKOPOCTh BBOJA U
BBIBO/IA, TIOTEPSI BBICOTHI. TpeOoBaHuUs K BoIMOMHEHHIO. OIIMOKH H METO/IBI HX YCTPAHCHHUSL.

Ietns Hecrepora (ompeneneHue).

Cxema ¥ B3aMMOJICHCTBUE CHJI B PA3IMYHBIX TOUKAX METIIH, HaYadbHasi CKOPOCTh, HEOOX OZIUMast TSl BBITIOTHEHHSI
nernu. [leperpy3ku. OmMOKH MPH BHIMOTHEHHUH MIETIIA U METO/IBI HX YCTPAHCHHUS.

ITetnst B HAKITOHHOM TIOCKOCTH.

[onynerns (onpenenenue). HauanbHast ckopocTs, neperpy3ka. TpeOoBaHUs K BHIITOITHEHUIO.

[TukupoBaHue U TOPKH C yriiamu Oonee 45°.

[ToBopor Ha ropke (onpezenenue). CriocoObl BBIIOIHEHNS B 3aBUCHMOCTH OT YIJla TOPKH.

Tema Ne 13. @uUrypsbl BhICHIEr0 MUJI0TAXKA

Bonpocsr:

IlepeBepHyTHIM NONET.

Otinyne mepeBepHyTOro Mojera OT HOPMaIbHOro nojiera. OCOOEHHOCTH MEPEBEPHYTOr0 MOJIeTa.
AbspoanHaMHYecKHe XapaKTEepPUCTUKY Kpblla B IEPEBEPHYTOM IIOJIETE.

Kpussie XKykoBcKoro ajist mepeBepHyTOro Imonera.

VY CcToHYMBOCTD U YHPABIIIEMOCTh CaMOJIETa B IIEPEBEPHYTOM IIOJIETE.

Cxema cuil B TOPU30HTAIIBHOM [IEPEBEPHYTOM IOJIETE.

Cxema cuil IpH NOABEME B IIEPEBEPHYTOM MOJIETE.

Cxema cui1 IpH IUIAHUPOBAHUY B IIEPEBEPHYTOM IIOJIETE.

OOpaTHbIi THII0TaX (ONpeeeHHe).

Cxema cuJl Ha IPaBUJIBHOM OOpaTHOM BHpaKe.

CpaBHeHHe TapaMeTpoB 00PaTHOI'O BHpaXa ¢ IapaMeTpaMH IPsIMOTO BUpaKa.

TexHUKa BBIIOJIHEHUS 00OpaTHOTO BUpaXka Ha CaMoJIeTe.

Cxema cui Ha 00paTHOM TeTIe.

Pacuer paguyca netiau, CKOpOCTH IT0JI€Ta 110 TPAEKTOPHH Ha IeTNIe, U3MEHEHHS MIeperpy3Ku.

Pacuer HauanbHOM CKOPOCTU BBOAA B IETIIIO.

TexHuKa BBINOIHEHUS] OOPATHOM METIH.

YrpaBisgeMble U ITOHNOPHBIE OOYKH M MOTYyOOUKH B BEPTUKAIBHOM INTIOCKOCTH U TEXHUKA MX BBIIOIHEHUSL.
Meps! 0€3011aCHOCTH TIPH BBIMOTHEHHH HUCXOSIINX, BOCXOSIIMX OOYEK U IITOMOPHOW OOYKM HAa HUCXOASIIEH
BEPTHUKAJIHN. XapaKTEePHBIC OTKJIOHEHHUS U OIINOKH.

Komnokon ¢ npsimoro n obpartHoro nosiera. Cxema 1 B3aUMOJECHCTBHE CHJI B PA3IMIHBIX TOYKAX KOJIOKOJIA.
HauanpHas ckopocTh, HEOOX0ANMAsT 17151 BHITIOTHEHHS KOTOKOMa. TeXHUKa BBITOIHEHHS KOJIOKOJIA.
IToBopot Ha BepTrkanu. Cxema cul Ha BBOJE B BEPTHKAJb U Ha MOBOPOTE (B pa3IMUHBIX TOUKax). HauanpHas
CKOPOCTb IIOBOPOTA Ha BEPTUKAIIH.

TexHHKa BBIMOJIHEHUS TIOBOPOTA HA BEPTHUKAIIH.

Tema Ne 14. JaabHOCTL M IPOJOJIKUTEILHOCTD M0JIETA

Bonpocsi:

OCHOBHLIC IIOHATHUA U OHpCI[CJ'ICHI/IﬂI JAJIBHOCTDh U HpO,Z[OJDKI/ITeJIBHOCTL mojeTa caMoJjie€Ta, TCXHUYCCKas JaJIbHOCTh
noJera, HpaKTI/I‘IeCKa}I JAJIBbHOCTH IT0JICTA, IIE].COBOI‘/JI pacxon TOIIJINBA, KPIJ'IOMCTpOBLIfI pacxo;l TOINIMBA.

BJ'II/ISIHI/IC Ha JAaJIBHOCTH U HpOI[OJI)KI/ITeJILHOCTL I10JIeTa CKOpOCTI/I I10JICTAa U aC-)pO,I[I/IHaMI/IKI/I caMoJICTa, y,HCJ'IbHOI‘O
pacxopa TorrBa u Ko3(h(UIrenTa moIe3HOTo JEWCTBUS BIHTA, BRICOTHI ITOJIETA, TOJIETHOW MACCHI, TEMIIEPaTyPHI
HapyKHOT'0 BO3yXa, BBIIIOJIHEHHS IIOJIETa CTPOEM, BETPA.

HpaKTI/I‘IGCKOG BBITIOJTHCHUE pacqua JaJIbHOCTHU U HpO,Z[OJ'DKI/ITCJ'IbHOCTI/I II0JIETAa caMOJI€Ta MJIA BBIIIOJIHCHUA
repeneTa ¥ MapIIpyTHOro MoJIeTa.
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OCHOBHBIE CBOMCTBA BO3/1YXA
ATMOCODEPA 3EMJIN

HoHoCRepa

Crmpamocpepa
16 18Kkm 1 S Tponocpepa

Puc. 1 Cmpoenue ammocghepol

Ammocgepoi HazpIBaeTCs Ta30Bast 000J04UKa, OKpYy>KaroIias 3eMHou map. ['a3, coctaBstonuit
9Ty 000JI0UKY, Ha3bIBAETCS BO3IYXOM

BricoTa ra3oBoit o6omouku 3emun Bennka u coctapisiet 6onee 2000 kM. TouHo onpeaenutsb
rpaHuIly aTMOC(hEephl TPYIHO, TaK KaK MEePeXo] OT 3eMHOU aTMOC(hEphl K MEXIUIAHETHOMY
MPOCTPAHCTBY COBEPIIACTCS TIABHO U HA OOJIBIITNX BHICOTAX INIOTHOCTH BO3yXa OYCHH MaJia.
MOKHO TOJILKO OTMETHUTDB, YTO B MPECACTIAX OKOJO3EMHOI0 MpOCTpaHCTBa 10 BEICOTEI 20 kM
HaxoJuTCcsa 0KoJio 95% Bcel Macchl aTMOC(HEPHOTO BO3IyXa

ATtMmocdepa pazaensiercst Ha Tponocgepy, crparocdepy u uonochepy. Takoe pa3aenenue
OCHOBAHO Ha (PM3MUYECKUX CBOMCTBAX 3TUX CJIOEB U XapaKTepe X U3MEHEHUS C MOJbEMOM Ha
BbICOTY. JlaBiieHHE U TUIOTHOCTh BO3/yXa C YBEITUUEHHEM BBICOTHI BO BCEX TPEX CIOSAX
arMocheps! ymenbinaercs (Puc. 1)
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Puc. 2 Himenenue memnepamypol 6030yxa no blCOmMam 0 CHIAHOAPMHBIX YCI0GUTL CPEOHE Wuponbl

Tponocghepon HazpIBaeTCs HIDKHUH clloil atMocdepbl. ToniuHa ee Haj MmoarocamMu 7 - 8 KM, Hajl
9KBAaTOPOM 16 - 18 KM, BbICOTA BEpXHEN TPAaHULIBI U3MEHSETCS B 3aBUCUMOCTH OT XapakTepa
MOBEPXHOCTH 3eMJIH, aTMOC(EPHBIX MTPOIIECCOB, TEINIOBOTO COCTOSIHUS BO3/1yXa, a TAK)XKe OT
CYTOYHBIX U TOI0BBIX U3MeHeHUH. Temreparypa Bo3yxa B Tponocepe ¢ Mo J-eMOM Ha BBICOTY
nazaet (6,5° na kaxabie 1000 M), Tak Kak HarpeB Bo3ayXa 00YyCIOBIMBAETCS OCHOBHOM
OTPaXXEHHBIMH OT 3€MHOM IMOBEPXHOCTH COJIHEYHBIMU JIydaMu. VI3MeHeHne TeMnepaTypsl
BO3JlyXa C BBICOTOM IIPUBOJUT K MEPEMEILEHUIO BO3IYLIHBIX MaccC, X0JOIHbIE BEPXHUE CIIOU



OITyCKAIOTCS, a TEIUIbIe MOHUMAIOTCs. BeneacTBue atoro 06pasyrorcst o0iaka, BBIAAAI0T
OCaJIKH, TYIOT BeTphl. 13-3a mepemenieHns BO3AYIIHBIX MacC COCTaB BO3yXa TPONoCcQepsl
IIPaKTUYECKU NTOCTOsIHEH. B Hem coaepxutcs 78% a3ora, 21% kucjaopoaa u okoso 1%
APYTHX ra3oB (aproH, yriieKucjablii ra3, Bo10opoj, HeoH, rejmii). Kpome yka3aHHBIX ra30B B
Tporocdepe CoOCPeOTOUCH OUYTH BECh BOISHON Tap, HAXOSAIIHICS B HEIPEPHIBHOM
Kpyroo6opoTe (McrapeHue - KOHACHCANs U KPUCTAJUIN3aLus ¢ 00J1aK000pa30BaHNUEM - OCAJIKH).
B HIOKHUX CITOSX Tponochepbl MHOKECTBO PA3IMYHBIX MPUMECEH B BHJIE MEITbYANIIINX TBEPIBIX
gactull (mel1h). Conepkanue B BO3AyXe TPOroc(epsl BOASHOTO Mapa M MbLUTH MPUBOINT K
YXYIIEHUIO BUAUMOCTH.

Cmpamocghepa - cnoii Bo3tyxa, J€XKaluil HEMOCPEACTBEHHO HaJ| BO3AYLIHBIMH CJIOSIMU
Tporocdepsl. B Hell Ha0ro1aeTCs MOJTHOE OTCYTCTBHE 00JIAKOB M HATMYKE CUITHHBIX BETPOB,
IYIOMIUX ¢ OOJIBIION CKOPOCTHIO U B OJJHOM HAIlpaBICHUH. BepTHKaNbHbBIE IEpeMEIIeHUs
BO3/IYIIIHBIX MacC OTCYTCTBYIOT. B cTpaTocdepe ¢ BRICOTHI: Ha 3kBaTope - 17 kM, moJjoce - 8
KM, cpeaHeil muporte - 11 kM u 710 BBICOTHI B cpeiHeM 25...30 kM TemiiepaTtypa MOCTOsSIHHA U
coctarsieT -56°C. C BbIcoThI 30 KM M 10 55 KM TeMIiepaTypa Bo3ayxa nosbiaercs 40 +75°C
BCJIE/ICTBHE MOBBIILIEHHOTO COJIEP>KaHUS 030Ha, KOTOPBIM 00J1aaeT CIOCOOHOCTHIO NOTJIONIATh
yinbTpaduoseroBoe uznyderue. C BbicoThl 55 kM u 10 80 kM TemmnepaTypa Bo3ayxa
noHmxaetcsi B cpeaneM Ha 4°C Ha kaxxkabie 1000 m 13-3a yMEHBIIICHHS TPOIIEHTHOTO
cozepkaHud 030Ha B Bo3ayxe. Ha Bricote 82...83 kM Temnieparypa Bo3ayxa cocrapisieT -35°C
(puc. 2).

Honocgpepa - croit Bo3ayxa, JexKalinil HEMOCPEACTBEHHO HaJl BO3IYIITHBIM CJIOEM CTpaToChepsbl.
BricoTer nonochepst ot 85 10 500 kM. M3-3a Hammumst B HOHOC(Eepe OTPOMHOTO KOJTMYECTBA
MOHOB (3apsHKEHHBIX MOJIEKYJT 1 aTOMOB aTMOC(EPHBIX T'a30B, IBHKYIIMXCS ¢ OOJIBITUMHU
CKOPOCTSIMH) €€ BO3/lyX CUJIbHO HarpeBaercs. Bo3ayx noHocdepsl Takke XapaKkTepu3yeTcs
BBICOKOH ITPOBOIMMOCTBIO, MPEIOMIICHHEM, OTPaKEHUEM, TTOTIIOIIEHUEM U TIOJISIpU3aIen
paanoBosiH. B nonocgepe n3-3a BhlllieyKa3aHHBIX CBOMCTB HAOMIOJAIOTCS CBEUEHUS HOYHOTO
He0a, TOJIAPHBIE CUSTHUS, MAarHUTHBIC OypH.

TEMIIEPATYPA BO3/1YXA

Temnepamypa - Ben1UrHAa, XapaKTEPU3YIOIIas CTEIIEHb TEIUIOBOTO COCTOSIHUA Tena (Ta3a) Win
CKOPOCTh XaOTHUYECKOTO JIBH)KEHHUSI MOJIEKYJI (4eM BbIIIE TeMIIEpaTypa, TeM OOJIbIIE CKOPOCTh
UX IBUXKEHUS, U HAa000poT). Temmneparypy Bo3ayxa MOKHO U3MEPSITh 10 IBYM ILIKaJlaM:
Henwscus u abcomoTHOM mikane KenbpuHa. 3a Hy/Ib rpaaycoB mo mkaine Lleabcus npuHsaTo
CUMTATh TEMIEpPaTypy TassHU JibJa, a 3a 100° - Temneparypy KMIIEHUS BOJIBI IPH aTMOC(HEPHOM
JIABJICHUH, paBHOM 760 MM PT. CT.

Ecnu u3BectHa Temmneparypa BO3yxa Y 3¢MJIH, TO MOXKHO ONPEAETUTh TeMIIepaTypy BO31yxa B
Tponocdepe Ha 1000 BeICOTE 10 hopMyIe:

tH:to-6,5H ,
rae tH - TEMIIEpaTypa BO3yXa Ha onpez(enﬂeMoﬁ BBICOTC,

to- Temmeparypa BO3Iyxa y 3eMIIH;
H - 3a1aHHast BHICOTA, KM.

3aoaua Temnepamypa 6o3dyxa y zemmu +10°C. Onpederums memnepamypy 6030yxXa HAO OGHHbIM YUACMIKOM 3eMAU HA
vicome 7 km. Pewenue Tn= 10-6,5*7= - 355" T, emnepamypa 6030yxa Ha gvicome 7 km pagha -35,5°C.

ABCOJIIOTHAA TEMIIEPATYPA

Temnepatypa, oTcunThIBaeMasi OT aOCONIOTHOTO HYyJs 1o IiKkane KenbBuHa, Ha3bIBaeTCs
adconomHuol memnepamypoil.

3a nyns KenpBruHOB (K) npuHsTa TeMmepaTypa, pu KOTOPOi MpeKpamiaeTcs TerioBoe
MepeIBIKEHUE MOJIEKYJ, OHa cocTaBisieT-273° mo mkane Lenscus (°C). Ecnu nzBectHa



Temreparypa Bo3ayxa t mo mkase L{enbcusi, To aOCOMIOTHYIO TEMIIepaTypy MOXKHO HAaUTH
o gopmyie:

T=t+T,,

rae To=-273K;

t - remnepaTypa Bo3ayxa 1o mkaie [eabcus.

3Hast TeMIepaTypy BO3yXa y 3eMJIH 1Mo mikaie L{enbcust, MOKHO HAlTH TeMIiepaTypy Bo3ayxa
Ha Pa3JIMYHBIX BBICOTAX MO (hopmyIie:

T=273K+t-6,5H,

rae T - remneparypa Ha Beicote H, K;
t - Temneparypa Bo3ayxa y 3emi, °C;
H - BBICOTA, KM.

3aoaua Temnepamypa eo3dyxa no wxane Llenvcusi pasna -7° Onpederums memnepamypy 6030yxa Ha evicome 4 K.
Pewenue: T=273+(-7)-6,5-4=240 K. Temnepamypa 6030yxa Ha eévicome 4 km pasra 240 K.

JABJIEHUE BO31YXA

/Jlaenenue - 310 cuna, AEUCTBYIONIAS HA IUHUILY IUIONIAIM TIEPICHIUKYIISIPHO K Hel. Besikoe
TEJI0, HAXO/ISIIeecs: B HETOIBUKHOM BO3/TyX€e, HCITBITHIBAECT CO CTOPOHBI TIOCTICTHETO JaBJICHNUE,
OJIMHAKOBOE CO BCEX CTOPOH (3akon Ilackansa). AtmochepHoe naBieHHe OOBSICHIETCS TEM, YTO
BO3/yX M0I00HO BCEM JIPYTHM BEIIECTBAM 00JIaIaeT BECOM U NPUTITUBACTCS 3EMIICH.
Ammocehepnvim 0asnenuem Ha3bIBaCTCS TaBICHUE, BEI3BIBAEMOE BECOM BBIIIEIIEKAIINX CIIOCB
BO3JIyXa M yJapaMH €r0 XaOTHUSCKU JBVKYIIMXCS MOJICKYII. 32 eIMHUILY JIaBJICHUS TIPUHSTA
TEeXHUYeCcKas aTMocdepa (amm.) - NaBJIeHUE, paBHOE OJTHOMY KUJIOTPaMMY CHUJIbI Ha OJIMH
KBaJPaTHBI CAHTUMETP (KZC/CMZ). JlaBnenue o6o3HavaeTcsi OykBo# P, Ha ypoBHE MOps - P,.
ITo mexxaynapoanoit cucreme CHU naBnenue usmepsiercsa B [lackansix, T. €. HbIOTOHAX Ha
KBajpaTHslil Metp (H/°).

Bapomempuueckoe oasnenue - 5170 naBieHre, U3MEPEHHOE B MIJUTUMETPaxX PTYTHOTO CTOJI0a
(mm pm. cm.). Ob603Ha4yaeTcst OyKBOM B, Ha ypoBHE MODS - B,,.

CrangapTHbIM 0apOMETPUYECKUM JAaBJIEHUEM Ha3bIBaeTCs JaBJICHHE HA YPOBHE MODSI B MM PT.
c1. OHO B 3aBUCHMOCTH OT TeMIIepaTyphl U BiIakHOCTH KoJieonercst oT 700 o 800 MM pT. CcT. 1
B CpeIHEM paBHO 760 MM. pT. CT.

JlaBnenue o MexayHapoaHoit cucteme equaul] CU onpenensemcs mo gopmysie:

p=P
s

2.
rae P - naBiaeHue, Krc/cM”;
o 3
p - cHJia, ¢ KOTOPOW JaBUT 1 M° BO3ayXa;
2
S - momaas, cM.

Puc. 3 Manomemp



2 .
HaBnenue B 1 Krc/cM” paBHO3HAYHO CTOJIOY PTYTH BBICOTON 735,6 MM M Ha3bIBaeTCs
N . 2
TeXHUUECKO# armochepoit. [lepeBoa naBiieHUs U3 pa3MEPHOCTH MM PT. CT. B KI'C/CM
MIPOU3BOIUTCS 1O (hOpMYIIE:
B

P=—"",

735,6
rae B - 6apoMeTpuyecKoe aBICHHE.
B ¢uzuke nox 6apomerpudeckuM aaBieHreM 1 aTM. oapa3zyMeBaeTcs JaBlieHUE BO3IyXa,
pasHoe 1,0332 Kre/cM? MM CTaHAAPTHOMY GAPOMETPHYCCKOMY IaBICHHIO 760 MM PT. CT.
[Ipu aspomHAMUYECKUX UCCIEA0BAHMIX YaCTO MPUXOAUTCSA U3MEPATh PA3HOCTh AaBiieHUH. [l
3TOTO UCIIOJIB3YIOTCS PTYTHBIE IPHOOPHI - MaHoMeTpsl (Puc. 3). [lyist onpeneneHust 04eHb MallbIx
pa3HOCTEN JaBiIeHUN IPUMEHSIETCS YyBCTBUTEIbHBINA TPUOOP - MUKPOMAHOMETP, B KOTOPOM
HCIOJIb3YETCs JKUJKOCTh OoJiee jerkas, 4eMm pTyTh. [IpuHiunm paboTel cieayoniuii: 0uH KOHell
TpyOKH (HampuMep, MpaBblif) NOJICOETUHAETCS K IPOCTPAHCTBY ¢ aTMOC(EPHBIM TaBICHUEM,
BTOPOM - K MIOBEPXHOCTH U3MEPSAEMOTO0 yJacTKa (Tam, re JaBjieHue OOoJIbIIe NI MEHbIIEe
aTMOC(EpHOro) JOMYCTUM, YTO MEHbILIE. Y POBEHb PTYTH B JIEBOM KOJICHE ITOBBICUTCS, TaK KaK
Ha MIOBEPXHOCTh PTYTH JaBUT MEHbIIIEE JaBieHne. Pa3HOCTh ypoBHEH U MOKaXKET pa3HOCTh
JTABJICHUSA:

tho'P]_.

IUIOTHOCTH BO3TYXA

IInomnocms 6030yxa - 3T0 KOJIWYECTBO BO3/lyXa, cojepxanierocs B 1 m°® o6bema. B buzuke
CYIIECTBYET NOHITHE BYX BUAOB IJIOTHOCTHU - BecoBas (yIelbHBIN Bec) U MaccoBasi. B
a’poIMHaMHUKe Yallle BCEro MOJIb3YIOTCSI MaCCOBOM INIOTHOCTHIO. BecoBasi IIIOTHOCTH (YAETbHBIH
BEC) BO3/IyXa - 3TO BEC BO3/lyXa B o0beme 1 M°. OGo3HauaeTcs OYyKBO .

Y=
Vv

T7€ ¥ - YIACIbHBIN BEC, KTC/MS;

G - Bec Bo3myXxa, Krc;

V - 00beM BO3/IyXa, M.

Bec Bo3nyxa G - Bemu4rHa HETIOCTOSIHHAS M U3MEHSETCS B 3aBUCUMOCTH OT reorpaduueckoi
IIUPOTHI ¥ CHJIBI MHEPIIMH, BO3HUKAIOIIIECH OT BpaIleHus 3eMJIM BOKPYT cBoei ocu. Ha mosmocax
BeC Bo3ayxa Ha 5% OoJible, 4eM Ha SKBATOPE.

VcTaHoBaeHO, 4To 1 M BO3JIyXa MPHU CTAaHAAPTHBIX aTMOC(EPHBIX YCIOBUAX (0apoMeTpruIECcKOe
nasnenue 760 mm pm. cm., t=+15°C) secum 1,225 kec, cnenoBatelibHO, BECOBas IJIOTHOCTh
(ynenwHbIii Bec) 1 M° 06BbeMa BO3JlyXa B 3TOM cilydae paBHa y=1,225 K2c/m’.

MaccoBasi IIIOTHOCTh BO3/1yXa - 3TO Macca Bo3ayxa B o0seme 1 m°. O6o3Hauaercs rpeuecKou
OykBoii p. Macca Tena - BeM4YMHA MOCTOSIHHAS. 3a €IMHUILY MacChl PUHSTA Macca THPHU U3
WPHUAKCTON MIATUHBI, XpaHslehcs B MexayHapoiHoit nmanate mep u BecoB B [lapmke.
CornacHo BTOpoMy 3akoHY HbIOTOHA ompeieiuM, 4To Macca BO3/lyXa paBHa €ro Becy,
JIeIEHHOMY Ha YCKOPEHHUE CUJIBI TSHKECTH.

G
m=—.
g
rIe M -Macca Tena, KI' ¢2/M.
MaccoBast IIOTHOCTb BO3ayXa (B K ¢°/M") paBHa
m
p=—
Vv

MaccoBas I0THOCTh U B€COBas IJIOTHOCTh (y,[[eJ'ILHLIﬁ BCC) BO31yXa CBA3aHbI 3aBHCHUMOCTBIO



\Y
p=—
g

3Has 3TO COOTHOILLEHHE, JIETKO ONPENENINUTh, YTO MACCOBAsl INIOTHOCTh BO3lyXa IIPU
CTaHJAPTHBIX aTMOC(HEPHBIX YCIOBUSAX PABHA:

,0212%20,125())'(‘2'62/]%4.
g 98

N3menenus MaccoBOM U BECOBOM TUIOTHOCTH BO3/yXa JI0 BBICOTHI 5 KM MOKa3aHbI B Ta0. 1.

Taonuya 1
Bucora H, M Heencune B. Temneparypa t, Bepesier AT,
Kre/m? Krc c2/m*
—1000 854,6 +21,50 1,3476 0,1374
— 500 806,2 18.25 1,2854 0.1311
0 760.0 15,00 1,2250 0,1250
500 715.9 11.75 1,1677 0.1191
1000 674,1 8.50 1,1110 0.1134
1500 634.,2 5,25 1.0580 0,1079
2000 596, 1 2,00 1.0060 0,1027
2500 560,0 — 1.25 0.9567 0,0976
3000 525,7 — 4,50 0,9093 0.0927
3500 2931 — 7.75 0.8630 0.0881
2000 4622 —11.00 0.8193 0.0836
4500 4328 —14.25 0,7766 0.0792
5000 405.0 —17.50 0.,7362 0,0751

JABUCUMOCTD IVIOTHOCTH BO31YXA OT ET'O
TEMIIEPATYPbBI U TABJEHUSA

HpI/I HU3MCHCHHUH OAaBJICHUA U TEMIIEPATYPbI USMCHACTCA IIJIOTHOCTE BO3yXa. IImoTHOCTE
BO3/ayXa (B KFC-C2M4) HETIOCPEICTBEHHO HE M3MEPSIETCS, a ONpeaesisieTcs mo hopmyie:

B
~0,04732,
p T

rae B - GapomeTpuyeckoe JaBjeHHe, MM PT. CT.;
T-Temneparypa Bo3ayxa no mkaie Keiabuna.
CornacHo 3axony botins-Mapuomma NIOTHOCTH BO3ayXa OyaeT TeM 0oJibliie, 4eM OoJIbIIe
JlaBJIEHUE, a coryiacHo 3aKoHy [ eii-Jlroccaka MmIOTHOCTH BO3/AyXa TeM OO0JIblle, Y4eM MEHbIIIE
TeMIiieparypa Bo3zayxa. OObeIMHUB 3TH /IBa 3aKOHA Ui ONPEICIICHUS 3aBUCUMOCTH MEXKITY
IJIOTHOCTHIO, TABJICHUEM U TEMIIEpaTypoil BO3/lyXa, OJYyYHM YpaBHEHHE COCTOSHUS r'a3a (3aKOH
boiinsa-Mapuortra - I'eii-JIroccaka)

Pv=RT,
re P - naBieHue, Kre/m;
V - YAETbHBIH 00beM, M/KT;
R - razoBas nmocrosiHHas, krc M/Kr rpag uinu Jx/krK (ans Bo3ayxa paBHas 27,3).

3aoaua 1 Onpedenumb mMaccogyio niOMHOCMb 6030yXa HA YPOSHe MOpS, eclu bapomempuyeckoe oasrenue B =800 mm pm.
cm., a memnepamypa gozdyxa t = - 23°C.

0,0473+800
273-23

Maccosass niomnocme  6onve CMAHOAPMHOU, MAK Kak Oapomempudeckoe Oasienue 0O0nbue CMAHOapmHO20, a
memnepamypa Huxce CmanoOapmHoIl.

Takum o6pa30M, MOKHO CACJIATh 3aKIIFOYCHUC, YTO YCM BBIIIC NABJICHUC U HUKC TCMIICPATYpa,
TeM OOJIbIIIe IJIOTHOCTh BO3ayXa. HOBTOMy HanOOJIbIIAs IIJIOTHOCTh BO3yXa 3UMOM B
MOPO3HYIO IIOroay, a HauMCEHbIIAsA JICTOM B TCIUIYIO ITIOTOAY. Taxoxe CJICAYCT 3aMCTUTD, UTO
IUIOTHOCTDB BJIA’KHOT'O BO3yXa MCHBIIC, YCM CYyXOTI'0O (HpI/I OJHHUX U TCX XKC YCJ'IOBI/I}IX). HOBTOMY
HHOr'Ja YIUTBIBAKOT U BJIAJKHOCTL, BBOAA TP 9TOM B PaCUCThl COOTBCTCTBYIOIIIUC N3MCHCHU .

p= 0,0473§ =0,151kec-c? | m*,

Pemrenne.



C BBICOTOM INIOTHOCTH BO3JyXa NaJacT, TakK KaK JaBJICHUC B OOJIBIIIEN CTEIIEHN magacTt, 4y€M
MOHIIKACTCS TeMIIepaTypa Bo3ayxa. B ctparocdepe (npumepro c evicomut 11 km u 0o 32 km)
TEMIIEpaTypa MOYTH MOCTOSIHHA, U TIO3TOMY ILUIOTHOCTh BO3/yXa MaJacT MPOMOPIHOHATBHO
YMCHBIICHUIO JaBJICHUA

MEXAYHAPOIHAA CTAHAAPTHASA ATMOC®EPA

N3meneHnrne 0CHOBHBIX MTapaMeTPOB BO3AyXa (JaBJIEHHUsS, TEMIIEPATYPhI U TNIOTHOCTH) BIIUSAET Ha
BEJIMYMHY CUJI, BOSHUKAIOIIUX MPU JBKCHUH CaMOJieTa B BO3IYIIHOM noToke. [loatomy npu
MOJIETaxX B Pa3HBIX METEOPOJIOTHUECKUX U KIIMMATUUYECKUX YCIOBUSIX U3MEHSIOTCS JICTHBIC U
a’pOIMHAMUYECKUE XapAKTEPUCTUKU CaMOJIETOB.

UToOBI OXapaKTepU30BaTh JIETHBIC U a9POIMHAMUYECKHE TaHHBIE CAMOJIETOB MPU OMHAKOBBIX
rapamMeTpax BO3AyXa, BCEMU CTpaHAMU MPUHSTA eauHas MexyHapo Hasi CTaHaapTHas
atmocgepa (MCA). Tabnunia MCA cocraBiieHa Ha OCHOBaHUM CPETHET0/I0OBBIX YCIOBHI
CPEeIHUX MIHUPOT (LIMpOTa 0K0JIO 45°) Ha ypOBHE MOPS IPU BIAXKHOCTH HYJIb IPOLIEHTOB U
CIIEYIOIIMX MapaMeTpax BO3ayXa:

O6apomerpuyeckoe gasienne B =760 mwm prt. cT. (P,= 10330 KFC/MZ);

temmeparypa t=+15°C (T,=288 K);

MaccoBasl INIOTHOCTh P,=0,125 krc CM4;

yAENbHBIN BeC - ¥ =1,225 Kre/em’.

Cornacao MCA temmneparypa Bo3ayxa B Tponochepe nagaet Ha 6,5°C na kaxasie 1000 m. B
JTAaHHOM y4eOHHMKEe MPUBOIUTCS 9acTh Ta0IuIibl MCA 110 BBICOTHI 5 KM.

MexnyHapoaHas cTaHAapTHas aTMocepa UCIOJIb3YeTCsl PU TPagyupOBAHUN MUIOTAXKHO-
HaBUTAIMOHHBIX U IPYTUX MPUOOPOB, TPU HHXKEHEPHBIX U KOHCTPYKTOPCKUX pacueTax.

®U3NYECKUE CBOMCTBA BO3JIYXA

Ha xapakrep oOTekaHus caMmoJieTa BO3/YIIHbIM TOTOKOM U HA BEJIMYMHY CUJI, BOZHUKAIOIIHUX
IIPU B3aUMOJICHICTBUM YacTeH caMoJIeTa M BO3YIIIHOIO MOTOKA, CYILIECTBEHHOE BIIUSHUE
OKa3bIBAIOT (PU3NYECKUE CBOMCTBA BO3yXa: HHEPTHOCTh, BA3KOCTh, CAMUMAEMOCTb.
Hnepmnocms - CBOWCTBO BO3/yXa CONPOTHUBIIATHCS U3MEHEHUIO COCTOSHUS ITOKOSI WIIH
PaBHOMEPHOTO MPSIMOJIMHEHHOTO JIBH>KEHUs (BTOpoH 3akoH HbroToHAa). Mepoil nHepTHOCTH
ABJIICTCS. MACCOBasl INIOTHOCTh Bo3ayxa. YeM 6osibliie MaccoBasi INIOTHOCTh BO3/yXa, TEM
OO0JIBIIYIO CHITY HEOOXOAUMO MPHUIIOKUTH K BO3/yXY, YTOOBI BBIBECTH €I0 U3 COCTOSIHUS IIOKOS
WA PAaBHOMEPHOTO NPAMOJUMHEHHOro IBM>KeHus. ClieioBaTenbHO, 4eM 00JIbllIe CHIla CaMoJIeTa,
JEWCTBYIOLIETr0 Ha BO3/YX, TeEM OOJIblIe cHila, AEHCTBYIOIIAs CO CTOPOHBI BO3AyXa Ha CaMOJIeT
(Tpertnii 3akon HbroToHa).

Bazkocmp-cBONUCTBO BO3/yXa CONPOTHUBIIATHCS B3aMMHOMY C/IBUT'Y YacTHLl. MOJIEKyIbl BO31yXa
001aJat0T ONpPEeAEICHHOM CKOPOCThIO OECIIOPAJOYHOIO Xa0TUYECKOTO JIBUKEHUS, 3aBUCSIIETO
OT TeMIIEpaTyphl, a TAKKE CKOPOCTHIO OOLIEro MnocTynaTeabHoro Apkenus. [lonanas u3
OBICTPO JBMIKYLIETOCS €05 B MEJUIEHHBIN, MOJIEKYJIbl YCKOPSIIOT IBUKEHUE MEAJICHHO
JBIDKYLIUXCS MOJIEKYII, U HA000POT - MEJIEHHO JBMDKYILMECS MOJIEKYJIb, IOaaast B ObICTPO
JBIDKYLIUICS CI0H BO3/1yXa, IPUTOPMAKUBAIOT OBICTPO ABMKYIIIMECS MOJICKYJIbI.

IIpu nBUKEHUM caMoJIeTa B BO3AYIIIHOM IIOTOKE BO3HUKAET CONPOTHUBIIEHUE TPEHUS, KOTOPOE
OTIpEeEIsAeT BA3KOCTh BO3/lyXa. BA3KOCTh BO3yXa TaKkKe ONpENesieT JMHAMUUECKUN

ko3 uureHT Bs3kocTu Yem Oosbllie TeMIiepaTypa Bo3ayxa, TeM 0oJble Ko3hGUIHMEHT
BSA3KOCTH, 00YCIOBJICHHBIN YBETUUEHUEM Xa0THUYECKOTO JBM)KEHUS MOJIEKY]l U POCTOM
3pPEKTUBHOCTH BO3JIEHCTBUS OJJHOTO CIIOS BO3yXa Ha JIPYroil.

Corcumaemocms - CBOMCTBO BO3/lyXa U3MEHATH CBOKO TUIOTHOCTD IIPU U3MEHEHUH JIaBIICHUS.
Camounernl SIk-52 u SIk-55 seraror Ha ckopocTsax MmeHee 450 kKM/4, TpU KOTOPBIX
CYIIECTBEHHOI'O U3MEHEHHs IaBJIeHUs TP OOTEKaHUN CaMoJIeTa BO3IyIIHBIM IIOTOKOM He



MMPOUCXOAUT U COKUMACMOCTL BO3J1yXa Ha a3pOANHAMUYCCKUEC XaPAKTCPHUCTHUKU U JICTHBIC
AaHHBIC CaMOJICTOB BJIUAHUA MTPAKTUYCCKU HEC OKA3BIBACT.

CAKUMAEMOCTDB BO3AYXA U CKOPOCTD 3BYKA

[ToMuMO cTanmoHapHBIX ABMKEHHUH ra30BbIX TOTOKOB B a3POAMHAMUKE U3Y4alOTCA U HEKOTOPHIE
HeCTallMOHAPHBIE MPOIIECCHI, HAIIpUMEp 00pa30BaHNUE U PACIIPOCTPAHEHUE 3BYKOBBIX BOJIH.
CriocoOHOCTh BO3/1yXa CKUMATHCS! 00BSICHSETCS] OONBIIMMHU PACCTOSHUSIME MEXKAY MoJeKylamMu. Tak kKak y

JIF000ro rasa (a CJICAOBATCIIbHO, U B03]IYXa) MECKMOJICKYIAPHBIC CUJIbI CHCIUICHUA MaJlbl, TO I'a3, BCCraa CTPEMsACH
paclipuThCd, 3aHUMACT BECh HpeZ[OCTaBJIeHHBIﬁ eEMy 00BEM.
Takum oOpa3om, BO3IyX MPU U3MEHEHUH 00beMa WITH CKUMAETCS WU paciupsiercs. [Ipu atom
COOTBETCTBEHHO M3MEHSIETCS M €T0 IIOTHOCTh: MPH YBEJIIMUEHUHU 00heMa OHA YMEHBIIIAETCs, a
MIPU YMEHBIIICHUH yBeTudnBaeTcs. KolmyecTBEeHHO CKMMaeMOCTh OIIEHUBAETCS OTHOIIEHUEM
W3MEHEHUS INIOTHOCTU AP K U3MEHEHUIO JIaBieHust AP, T. €. X OTHOCUTEIbHON

Ap
BEITMYUHOMN. AP .JT0 OTHOIIEHHE OYJET SIBISThCS MEpoi cxxumaemocTu. Uem Oosibiie

Ap
otHomenne AP ' Tem GOJIbIIE CKMMAEM ITOT Ta3 (W BO31IyX).
Co CcKUMaeMOCTBIO CBSI3aHA CKOPOCTh PACIIPOCTPAHEHUS B BO3/IyX€ 3BYKOBBIX BOJIH.
[Ton 3ByKOBBIMH BOJTHAMU CJIEAYET TOHUMATh BCAKHE MaJIble BOSMYIIICHUS TIJIOTHOCTH U
JABJICHUS, PACIIPOCTPAHSIONINECS B BO3/yX€, a MOJ CKOPOCTHIO 3ByKa - CKOPOCTh
pacnpoCTpaHEHUs TUX BO3MYILICHUH.

CKAYKU YIIVIOTHEHUA

PaccmoTpuM kapTHHY pactpoCTpaHEHHUs 3BYKOBBIX BOJIH (MajlbIX BO3MYIICHUH ) TPH JBIKECHUH
HMCTOYHHMKA BO3MYIIICHUH (MCTOYHHKA 3BYKA).

V=0 V<a =0

Puc. 4 Pacnpocmpanenue 601H c1a0bIX 603MYWEHUI U2 UCHOYHUKOE GOZMYU{CHUTL, OBUINCYULUXCA C
PA3IUYHBIMU CKOPOCMAMU

Ecnu ncTo4HNK BO3MYIIEHHH HETIOABUYKEH, TO BOJIHBI OYIyT paclpOCTPaHATHCS C OJJMHAKOBOI
CKOPOCTBIO BO BCE CTOPOHBI B BU/I€ KOHIEHTPUYECKUX c(ep, B IIEHTPE KOTOPHIX HAXOIUTCS
UCTOYHHK Bo3MyIeHus. Kaxxoe Bo3MylieHue (3ByKoBast BOJIHA) MPEICTaBIIeT cOO0H MECTHOE
YIUIOTHEHHE MOJIEKYJ BO3/lyXa, KOTOPOE MepeaaeTcs OT OJJHOTO CJIOSI MOJIEKYI K IpYrOMY,
yIajisisch OT UCTOYHUKA Bo3mylieHus (Puc. 4, a).

[Tpu 1BMKEHHH TOYEYHOTO UCTOYHHKA BOSMYLICHHUS CO CKOPOCTBIO, MEHBLIEH CKOPOCTH 3BYKA,
3BYKOBBIE BOJIHBI HIYT Kak BIepe[, Tak u Ha3ax (Puc. 4, 0). B pe3ynbraTe cheprudeckre BOJIHBI
OyayT CMEIEHBl B CTOPOHY, OOpaTHYIO IBUKEHHUIO HCTOYHHUKA BO3MYIIIEHUH, OJJHAKO HCTOUHHUK
OCTaHeTCcsl BHYTpU cdep.

Ecnu ckopocTh IBHKEHUS TOYEYHOTO HCTOUYHUKA BO3MYILEHUI CPaBHSIETCS CO CKOPOCTHIO
3BYKa, TO BO3MYILEHHSI, BbI3BAaHHbIE HICTOYHUKOM, HE YCIIEBAIOT YWTH OT UCTOUHUKA U B MECTE
HaXO0KJCHUS UCTOYHHUKA BO3MYILEHUH B KaXK/IbIi TaHHBIH MOMEHT IPOUCXOIUT HAJIOKEHHE
BO3MYIIEHUH Apyr Ha Apyra. OOpa3oBaBILascs B pe3yabTaTe 3TUX HAJIOXKEHUH (ppOHTaTIbHAS
MOBEPXHOCTh pa3/ieNsieT MPOCTPAHCTBO Ha JIBE 00JIACTH: BO3MYIIEHHYIO (€331 UCTOYHHUKA) U
HEBO3MYILIEHHYIO (TIepe/l ICTOYHUKOM), KaK Moka3aHo Ha Puc. 4, B.



IIpy nBUXKEHUU TOYEYHOIO UCTOYHUKA BO3MYILEHUM CO CKOPOCTBIO, IIPEBBIIAIONIEN CKOPOCTh
JBUKEHMSI 3ByKOBOM BOJIHBI (CKOPOCTB 3BYKA), BOSMYIIEHUSI, UM CO3aBacMble, 10JIKHBI
ocrtaBaThCs MMo3aau ucrounuka (Puc. 4, r). O6macts, B KOTOPOH pacpoOCTPaHSIOTCS MaJlble
BO3MYIICHHUS OT TOYEUYHOTO UCTOYHHKA BO3MYILEHUH, Ha3bIBACTCS KOHYCOM CIIa0bIX
BO3MYIICHUH. BHYTpH KOHYyca cpesja BO3MyIleHa, BHE KOHYCa HAXOIUTCS 0071acTh, Te
BO3MYILIEHUN OT JAHHOI'O UCTOYHHUKA HET. [I0BEpXHOCTh KOHYyCA CIIy’)KUT €CTECTBEHHOM
IpaHuLEH, pa3JieNsitollel cpely Ha ABE 00JIacTH - BO3MYIIEHHYIO U HEBO3MYLIEHHYIO. OTY
MMOBEPXHOCTh HA3BIBAIOT TPAHUYHON BOJHOM CTa0BIX BO3MYIICHUH HIIA TPAHUIICH BO3MYIIICHUN.
['pannyHbIE BOJIHBI c1a0bIX BO3MYILEHUN 00pa3yloTCs IPU ABUKEHUU CO CKOPOCTHIO,
IIPEBBILIAIONIEN CKOPOCTh 3ByKa HE TOJBKO MATEPUAIIbHOW TOYKH, HO U TOHKHX TEJI C OCTPOH
nepeaHel KpOMKOH, a TaKkKe IMpu 00TEKaHWU CBEPX3BYKOBBIM ITOTOKOM MOBEPXHOCTEH KpbLIIa,
¢bro3emspka ¥ Ipyrux 4acteil camosiera. YToJl ¢ MKy IpaHUIeH BO3MYIICHUH 1 HAlIPaBJICHUEM
JBAKEHHSI HCTOYHUKA BO3MYIIEHUIN Ha3bIBACTCS YIJIOM MAJIbIX BO3MYIIICHUH.

OCHOBHBIE 3AKOHBI IBUKEHUS BO3Y XA

OCHOBbBI MOJIEKY /JIIPHO-KMHETUYECKOH TEOPUU

Bce BemecTBa (TBEpAbIE, )KUIKNE, Ta3000pa3HbIe) COCTOAT U3 MOJIEKyI. Mosekyna - 3To
yacTula, o0naaronias CBOMCTBaMH BEIECTBA.

YcTaHoBIIE€HO, YTO MPU TEMITEpaType HYJIb TPaycoB U aTMOCHEPHOM naBiieHnd 760 MM PT. CT. B
kaxaoM 1 em® coneprures 2,7-10™ Momekyin, a THHEHHBII pasMep MOJIEKYIIBI COCTABIISET
(umeer nmopsok) 1* 10 M.

CocrosiHuE BenlecTBa (TBEPIOE, KUIKOE, Ta3000pa3HOE) XapaKTePU3YeTCs PACCTOSHUEM MEXY
MoJIeKyJaMH. Bce MOJIeKyITbl HIMEIOT CBOWCTBO B3aMMHOTO TIPUTSDKEHUS H OTTAKHBAHMS,
3aBUCSALIEE OT PACCTOSHUS MEXKAY HUMHU.

VY TBepABIX Te PaCCTOSHUS MEX/y MOJIEKYJIaMH OUY€Hb MaJIbl M CHJIbI B3aUMHOTO NMPHUTKEHUS
MOJIEKYJI BEJTUKU. MOJIeKy bl COBEPILAIOT HE3HAUUTEIbHbBIE KOJIeOaTeIbHbIE IBUKEHUSA. Y
AKHJIKAX BELIECTB PACCTOSHUS MEKIY MOJIEKYJIaMu OOJIbIIE, OHU ABUXKYTCS B pa3HBIX
HanpasieHusAX. Ho cuibl MpUTSXKEeHHUs ellle J0CTaTOYHO BEIUKH U MOJIEKYJIbl HE OTPBIBAIOTCS
Apyr OT Apyra.

VY razo00pa3HbIX BEIIECTB PACCTOSIHUSA MEX/y MOJIEKYJIaMU 3HAYUTEJIBHO OOJIbILIE CAaMUX
MOJIEKYJ1, B3aMHOE€ IIPUTSHKEHUE OUYEHb MaJI0, MOJIEKYJIbI IBUXKYTCS B pa3IMUHBIX
HaIpaBJICHUAX U C PA3IMYHON CKOPOCThIO. [IpH NBMIKEHUHN MOJIEKYIbl UCTIBITHIBAIOT OKOJIO
HECKOJIbKUX MUJIMAPOB CTOJIKHOBEHHUH B CEKYHAY, MEHSS IIPU 3TOM HAIPaBJICHUE U CKOPOCTb.
Kaxas Mosiekyna npu nocTynaTelbHOM JBM)KEHUH 00J1a1aeT KUHETHYECKOW SHepruei

_m V2

KUuH !

E

rae Ey,, - KHHETUYeCcKasi JHePI sl MOJIeKybl, JIx;
M - Macca MOJIEKYJIbl, KT}
V - cKOpOCTh ABMKEHUS MOJIEKYIIBI, M/C.

Ecmu B ypaBuenune Knaysmyca (1.1) (ocHOBHOE ypaBHEHHE MOJCKYISPHO-KHHETHUECKOW TEOPHH Ta30B)
MIOJICTaBUTh 3HAUEHUs ypaBHeHHs boitnsa-Mapuotra - ['eit-JIroccaka (1.2)

PV = g Emm 1
3 (1.1)
PV=RT, (1
E._, = § RT,
TO MOJY4YHM: 2 (1.3)

rae E-KuHeTnueckas sueprus, [Jx;



R-ra3oBas nocrostanas, Jlx/kr K (wnm kre M/KT Tpan);

T - remneparypa, K;

V-yJIeNnbHbIH 06BEM BO3IYXa, M KT.

Pa3znenuB R Ha N, (uncno ABorazipo, HoKa3bIBaroIIee YUCI0 MOJIEKYJ B TpaMM-MOJIEKYJIE Ta3a U
paBHOE ~6,02410% 1/M011b), MONYIUM OTHOLICHHUE, KOTOPOE HA3BIBACTCS [IOCTOSHHOM
bonsumana K, paBnas 5,67 23K

[ToacraBum K B ypaBHenue (1.3), nonydum ypaBHEHHE KUHETUYECKOM SHEPTUU OJTHOM
MOJIEKYJIBI Ta3a.

E., =—KT.
2 (1.4)

DHeprus Bcex MOJIEKYJI BMECTE pacCMaTpUBAETCsl KaKk BHYTpEHHss sHeprus Beuiectna. [Ipu
MOHI)KEHUU TeMIIepaTyphbl BellecTBa (ra3a) 3HEpPrus Xa0TUYECKH JIBIKYITUXCS MOJIEKYI
noHmxkaercs. 13 YPaBHCHUA MOXXHO CJACJIAaTh BBIBOA, YTO KHHCTUUCCKAA SOHCPIUA MOJICKYII
3aBHUCHUT TOJIBKO OT TCMIICPATYPEI Ira3a U HC 3aBUCUT OT U3MCHCHU A O6”I)€Ma, B KOTOpBII;'I ras
3aKJTFOYCH.
CornacHO MOJIEKYJISIPHO-KHHETHYECKOI TEOPHUHU BO3IYX paCCMaTPUBAETCS KAK COBOKYITHOCTb
00JbIIOr0 KOoJIMYecTBa MOJIeKyl. CBOOOAHBIN MpoOer MOJIEeKYI 0 CPABHEHUIO C pa3MepaMHu
JacTel caMoJieTa HUYTOKHO MaJjl, IOATOMY BO3IyX pPacCMaTPHBAIOT KaK CIUIOIIHYIO CPENy, B
KOTOPOH OTAEIbHBIE YaCTHI[BI COIPHKACAIOTCS APYT ¢ ApyroM. YacTuma Bo3ayxa - 3TO OTPOMHOE
CKOIIJICHHUE MOJICKYJI, KOTOPBEIC HAXOAATCA B XaOTHYCCKOM ABHKCHWHN HE3aBUCUMO OT TOTO,
HaxXoauTCs JIM 4aCTulla B ABMXXECHUU HUJIU B ITIOKOE€. CpGHH?ISI CKOpPOCTb MOJICKYJI, COCTaBJIAIOIINX
YaCTHILYy, OTIIMYAETCS OT CPEHEH CKOPOCTH XaOTHYECKOTO JBIKEHHS HA BEIMYUHY CKOPOCTH
JABMOKCHUA YaCTUIIBI B JIaHHOﬁ Cp€ac U B JaHHOM HaIlpaBJICHUU.

YCTAHOBUBIIHICA BO3AYIIIHbIA MOTOK

Yemanosueuwumcen 6030yuinvim nomoxom Ha3pIBaeTcs Takoe TEUEHUE BO3AyXa, IPU KOTOPOM
CKOPOCTh TIOTOKA B JIF00OH TOUKE, a TAKXKE OCHOBHBIE TapaMeTphl (IaBlIeHUE, TeMIepaTypa 1
IJIOTHOCTD) HE U3MEHSIOTCS C TeYEHHEM BpeMeHU. To ecTh, eciiu 4epe3 Onpe/IesieHHbIe
MIPOMEXYTKHA BPEMEHU MbI B OJIHOM U TOM e Touke OyaeM U3MepsATh CKOPOCTh U Jpyrue
napaMeTpsl BO3/lyXa U MPHU BCEX U3MEPEHUSIX BEIIMYMHBI TAPaMETPOB OJAMHAKOBBI, TO 3TOT
BO3JIYILIHBIN MOTOK ycTaHOBUBIIUICS. Eciu jxe u3amepsieMmble BETMUNHBI MEHSIOTCS, TO MOTOK -
HeycTaHOBUBLIMIICS. B aspomHamMuke paccMaTpUBatOT TOJIBKO YCTaHOBUBIIUICS BO3AYILIHbII
OTOK. OCHOBHBIM MOHATHEM a3POJAUHAMUKH SBJIIETCS TIOHATHE JIEMEHTAPHON CTPYUKHU
BO3JIyXa.

dnemenmapuas cmpyiiKa - 370 MbICJICHHO BBIJICJIIEHHBIHN MOTOK (HEOOIBIION 3aMKHYTHII
KOHTYp B BUJIE TPYOKH), uepe3 OOKOBYIO MOBEPXHOCTh KOTOPOTO BO3AYyX MPOTEKATh HE MOXKET HU

BOBHYTPb, HU HAPYXKY.

JIAMUHAPHBIN U TYPBYJIEHTHBIN BO3AYIIHbIN IOTOK

Jlamunapuutii - 370 BO3AYIIHBINA OTOK, B KOTOPOM CTPYHKH BO3/1yXa JBMXKYTCS B OJIHOM
HaMpaBJICHUHU U apaiesbHbl Apyr Apyry. [Ipu yBenndeHnn cCKopocTH 10 ONpeieeHHOM
BEJIMYUHBI CTPYHKHU BO3AYLIHOIO NOTOKA KPOME MOCTYNATEIbHONH CKOPOCTH TaKXkKe MPHOOpEeTaroT
OBICTPO MEHSIOIIUECS CKOPOCTH, NEPIIEHIUKYIISIPHbIE K HAIIPABJICHUIO MTOCTYATENLHOTO
nBrkeHus. O0pa3yercsi MOTOK, KOTOPBIN Ha3bIBACTCS MYypoOy1eHmHbIM, T. €. OECTIOPAJOUHBIM.

MOrPAHUYHBIHN CJI0M

IHozpanuunsiit cnou - 310 10U, B KOTOPOM CKOPOCTh BO3yXa U3MEHSETCS OT HYJIS 10
BEJIMYUHBI, OJIM3KOH K MECTHOM CKOPOCTH BO3/IyLIHOTO MOTOKA.

ITpu oOTexanuu Tena BO3AYLUIHBIM MOTOKOM (Puc. 5) yacTulel Bo3ayxa He CKOJIB3ST MO
MIOBEPXHOCTH TEJIA, @ TOPMO3SITCA, U CKOPOCTh BO3yXa Yy IOBEPXHOCTHU TeJIa CTAHOBUTCS PAaBHOM



Hymo. [Ipu ynaneHun ot HOBEPXHOCTH Tella CKOPOCTh BO3/1yXa BO3pPAacTaeT OT HYJIS 10 CKOPOCTH
TEYEHHUs BO3JYLIHOTO ITOTOKA.

TonmuHa NOrpaHUYHOTO CJI0SI U3MEPSAETCS B MUJIMMETPAX U 3aBUCHUT OT BSI3KOCTH U JJaBJICHUS
BO3/yXa, OT MPOQUIIS Tea, COCTOSHUS €r0 MOBEPXHOCTHU U MOJIOKEHHS TeJIa B BO3IYIITHOM
notoke. ToJuHa NorpaHM4HOrO CJI0s OCTEIICHHO YBEJINYUBAETCS OT IIEPEAHEN K 3aIHEH
KpoMKe. B morpaHnyHoOM cioe XxapakTep JBUKEHHs YaCTHIl BO3/1yXa OTJIMYAETCSA OT XapakTepa
JBUKEHUS BHE €T0.

PaccmoTrpum vactuiy Bozayxa A (Puc. 6), koTopas HAXOJUTCs MEXy CTpyHKaMU BO3AyXa CO
ckopocTsmu Ui u Uy, 3a cueT pa3HOCTH 3TUX CKOPOCTEH, MPUIIOKEHHBIX K TPOTUBOTIOIOKHBIM
TOYKaM YaCTHIIbI, OHA BPAIIAETCs M TeM OOJIbIIIe, 4eM OJNIKe HaXOAUTCS 3Ta YaCTHIA K
MOBEPXHOCTH TeJa (TIe pa3HOCTh CKOpPOCTeH Hanboubias). [Ipu ynaneHun oT moBEpXHOCTH
TeJa BpallaTeIbHOE JBUKEHUE YACTHUIIbl 3aMEII€TCSl 1 CTAHOBUTCS PaBHBIM HYJIIO BBUAY
paBeHCTBA CKOPOCTH BO3IYLIIHOTO MOTOKA U CKOPOCTH BO3AyXa NOTPAHUYHOTO CIIOSL.

[To3anm Tena norpaHUYHBIN CIOW MEPEXOIUT B CIYTHYIO CTPYIO, KOTOPAsl 10 MEpe YAAICHHS OT
TeJa pa3MbIBAETCS M UCUE3aeT. 3aBUXPEHUS B CIIyTHOM CTpye MOMaJaloT Ha XBOCTOBOE ONIEPEHUE
camoJieTa U CHIXKaroT ero 3(p(eKTUBHOCTD, BBI3BIBAIOT TPSCKY (siBNeHUe badTunra).
[TorpannuHsbIil cioi pa3fesnsoT Ha JaMUHapHbINA U TypOyneHTHbIN (Puc. 7). Ilpu
YCTaHOBMBILIEMCS JJAMUHAPHOM T€UEHUU NOTPAHUYHOTO CJIOS IPOSBIIAIOTCS TOJBKO CHIIBI
BHYTPEHHETO TPEHHUs, 00YCIOBIIEHHBIE BI3KOCTHIO BO3/yXa, IOATOMY COTIPOTHBIIEHHE BO3/yXa B
JJAMHUHAPHOM CJIO€ MaJIo.

‘ floeparuyrold
P cnod

Puc. 5 Himenenue ckopocmu meuenus 6030yxa 6 HOZPAHULHOM Cl0e

Nloeporiynbiu

Puc. 6 Oomexanue mena 3030ymelM ROMOKOM - mMOpMOIHcenue nOmoKa 6 NOCPpanHuiiHom ciroe

Samuraproe  Joska ompbiba
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TypbynenmHoe

Puc. 7 Jlanunapnoe u mypoynenmnoe meuenue

B mypﬁyﬂeumnom ROZpanRuUYHOM CJI0C Ha6n10z[aeTc51 HETIPEPBIBHOC ICPEMCILICHUEC CTPYCK
BO3yXa BO BCEX HANIPABJICHUSAX, YTO Tpe6yeT OOJIBIIIETO KOJIMYECTBA SHEPTUU I
MOAACPKUBAHU A 6CCHOpHI[0‘lHOFO BUXPCBOI'0 ABMKCHHUA U, KaK CIICACTBUC 2TOI0, CO3AACTCA
0OJIBIIICE TI0 BEIUYUHE COIIPOTUBJICHUC BO3AYITHOI'O IIOTOKA ABUKYIIECMYCH TCITY.



Jyis onpeieNieHust XxapakTepa MOTPaHuIHOTO CII0s CIIyKUT KodduimeHt Cr. Temo
oTpesieNIeHHON KOH(UTrypanuu uMeeT cBoit ko3 durment. Tak, Hanpumep, UIs TUIOCKON
TUTACTUHBI KO3()(OUIIUEHT COMTPOTHBIICHHS IJAMUHAPHOTO MOTPAHUYHOTO CIIOS PABEH:

1328

C, =",
R s
TS TYpOYJICHTHOTO CIIOS
C, = 0,074

R e

rac Re - YHUCJIO PeﬁHOHBﬂca, BbIpaXaromee OTHOCHUC MHEPIHOHHBIX CHUJI K CUJIaM TPCHUSA U
OTIPEIEIISAIONIEe OTHOILIEHUE IBYX COCTABIISIIOIIUX - MPO(PUIBHOE COMPOTUBIICHNE
(compoTtuBnenue Gopmbl) U cONpoTUBICHUE TpeHus. Yucno Peltnonbaca Re onpenensiercs no

dbopmyme:

rzae V - CKopocTh BO3/YIIHOIO MIOTOKA,

| - xapakTep pa3mepa Tena,

¥ - KHHETUYECKUN KOA(PPHUIIMEHT BSI3ZKOCTH CHJI TPEHUS BO3IyXa.

[Ipu oO6Tekanuu Teaa BO3AYIIHBIM IOTOKOM B ONPEAETICHHON TOUKe MPOUCXOIUT MEPEX0]
MIOTPAHUYHOTO CJIOS U3 JIAMUHAPHOTO B TypOyJIEHTHBIN. DTa TOUKa HAa3bIBAETCS] TOUKOM
nepexo/ia. PacnosnoxkeHue ee Ha MOBEPXHOCTU MPOGIIIL Tela 3aBUCUT OT BA3KOCTHU M JIaBJICHUS
BO3JlyXa, CKOPOCTU CTPYEK BO3ayxa, POPMBI TeNa U €ro MOJI0KEHHS B BO3IYIIHOM MOTOKE, a
TaKXe OT LIepOXOBATOCTU NMOoBepXHOCTH. [Ipu co3nanuu nmpoduiielt KpbliIbeB KOHCTPYKTOPbI
CTPEMSTCS OTHECTH 3TY TOUKY KaK MOKHO JaJIbllle OT NepeaHel KpOMKHU MPo(UIs, yem
JOCTUTaeTCsl yMEHBIIEHUE COIPOTUBIICHUS TpeHUs. [l 3TOH Lienu NPUMEHSIOT ClIelallbHbIe
JJAMMHU3UPOBAaHHbIE MPO(UIIH, YBEIUUUBAIOT IJ1aJKOCTh IOBEPXHOCTHU KPbUIa U s APYrUX
MEPONPUSITUH.

IIpu yBenrueHNH CKOPOCTH BO3AYLIHOTO TOTOKA WM YBEJIIMYEHUH YIJla MOJIO0XKEHUS Tea
OTHOCHTEJIEHO BO3/YILIHOTO ITOTOKA /10 ONPEEICHHON BEIMUYNHBI B HEKOTOPOH TOUKE
IIPOUCXOUT OTPBIB MOTPAHUYHOTO CJI0S OT MOBEPXHOCTH, IIPU ATOM PE3KO YMEHBIIAETCS
JaBJICHUE 3a DTOH TOUKOH.

B pesynbrate TOro, 4ro y 3aiHeil KpOMKU Teja JaBieHue OoJIblIe YeM 3a TOUKOH OTpbIBa,
IIPOMCXOIUT 0OpaTHOE TEYEHUE BO3IyXa U3 30HbI OOJIBLIETO JaBJICHUS B 30HY MEHBIIETO
JIaBJICHHsI K TOUKE OTPbIBA, KOTOPOE BJIEYET 32 COOOH OTPHIB BO3YLIHOIO IIOTOKA OT
noBepxHoctu Tena (Puc. 8).

JIaMHHapHBIM NOrPaHUYHBIN CJIOM OTPBIBAETCS Jerye OT MOBEPXHOCTH Teja, YeM TypOYIeHTHBIM.

YPABHEHME HEPA3PbBIBHOCTHU CTPYHU BO3AYIIHOT O IIOTOKA

YPaBHeHI/IC HEPa3pbIBHOCTH CTPYU BO3AYHIHOI'O ITIOTOKA (HOCTO?IHCTBa pacxoaa BO3)IYX8_) - OTO
YPaBHCHUC a3pOJUHAMUKH, BBITCKAIOMICC N3 OCHOBHBIX 3aKOHOB (I)I/I3I/IKI/I - COXpaHCHU MaCChbl U
HHCPpLUUHA - U YCTAHABJIMBAKOIICE B3aNMOCBA3b MCKAY IJIIOTHOCTBIO, CKOPOCTHIO U INIOIIAABIO
MOMEPEHYHOI0 CCYCHUA CTPYHU BO3AYIIHOT'O IOTOKA.



Toyxa ompbiba
Ymenswenue dabresus

Puc. 9 Ilosacnenue K 3aKoHy HepA3PbIEHOCMU CIIPYU 6030YUIHO20 ROMOKA

[Ipu paccMoTpeHUH €ro MPUHUMAIOT YCIIOBUE, UTO U3y4aeMbIi BO3AYyX HE 00J1a/1aeT CBOMCTBOM
cxumaemoctH (Puc. 9).

B crpyiike nepeMeHHOro ceueHus uepe3 ceueHue | mpoTekaeT 3a onpeieeHHbI TPOMEKYTOK
BpEMEHH CEKYHIHBI 00BEM BO3yXa, 3TOT 00BEM paBEH MPOU3BEIEHUIO CKOPOCTH BO3AYILIHOTO
MOTOKA Ha mornepevHoe ceueHue F.

CexyHIHBI MacCOBBIN pacxo/l BO3ayXa M paBeH MPOU3BEICHHUIO CEKYHIHOTO Pacxo/1a BO3ayXa
Ha TUIOTHOCTH p BO3JIYLIHOTO MOTOKA CcTpyHKU. COrylacHO 3aKOHY COXpaHEHUS SHEPTHH, Macca
BO3JIyIITHOTO MOTOKA CTPYHKHU My, mpoTekatoriero uepe3 cedenue | (F1), paBaa macce m;
JaHHOTO MOTOKAa, mpoTtekaroriero yepes ceuenue |l (F7), mpu ycimoBuu, eciu BO3AYIIHBIN TOTOK
YCTaHOBUBILHICS:

m;=m,=const, (1.7)
m1F1Vi=moF,Vo=const. (1.8)
3T0 BBIpaXKEHHE U HA3BIBACTCS YPABHEHHEM HEPa3pPHIBHOCTH CTPYH BO3MYIIHOTO TIOTOKA CTPYHKH.

Tak xak MBI paccMmaTpruBacm HEC)KMMaeMbIi BOS,HYH_IHHﬁ IIOTOK, I'A€ MJIIOTHOCTh CTPYH 01
cedyeHus Fi paBHaA INIOTHOCTH CTPYyH 0, ceueHus Fz, p1=0,=CONSt, To ypaBHEHHE MOYKHO
3aIucaThb B CJICAYIOIICM BUIC:
F1Vi=F,;V,=const. (1.9)
Urak, u3 GpopMynsl BUAHO, YTO Yepe3 pasiMyHbIe CEUSHHs CTPYHKH B OINPENENeHHYIO eINHUIY BPEeMEHH
(cexyHIy) IPOXOIUT ONWHAKOBEIM 00BEM BO3yXa, HO C PA3HBIMU CKOPOCTSIMH.

3anuimem ypasHenue (1.9) B cneaytomiem Buje:

El = \\;2 = const.

2 1
%] (l)OpMyJ'IBI BUJHO, YTO CKOPOCTH BO3AYIIHOI'O ITIOTOKA CTPYU 06paTHO MponopuruoOHaJIbHa
IJIoMaau morepeuyHoro CCUCHuA CTpyu u HaO60pOT.
Tem caMbIM YPaBHCHUC HCPA3PBIBHOCTU CTPYHU BO3AYIIHOT'O IIOTOKA YCTAHABJIIMBACT
B3aMMOCBA3b MCKAY CCUHCHUCM CTPYHU U CKOPOCTBIO IIPHU YCIIOBHUHU, YTO BO3I[YLHHBII>1 INIOTOK CTPpYH
YCTaHOBHBMHﬁCH.



CTATUYECKOE JABJIEHUE U CKOPOCTHOH HAIIOP YPABHEHUE BEPHYJI/IU

Camouer, HaxoAALUICSA B HEMOABM)KHOM WIIM IIOJIBUKHOM OTHOCUTEJIBHO HETO BO3/YLIHOM
IIOTOKE, UCIBITHIBAET CO CTOPOHBI ITOCJIETHETO IaBICHUE, B IEPBOM CiIydae (KOrja BO3IYyIIHbIN
IIOTOK HEIO/IBMYKEH) - 3TO CTaTUYECKOE JaBJICHUE U BO BTOPOM CiIydae (KOI/Aa BO3IYIIHbIN
IIOTOK IOJABMKEH) - 3TO JUHAMHYECKOE JAaBJIEHUE, OHO Yallle Ha3bIBAETCSI CKOPOCTHBIM HAIIOPOM.
CraTuueckoe JaBJIeHUE B CTPYWKE aHAJOTUYHO JIaBJICHUIO MOKOSIIEHCs KUAKOCTHU (BOJIa, ra3).
Hanpuwmep: Boia B TpyOe, OHa MOXKET HAXOJAUTHCS B COCTOSIHMM TIOKOS MJTH JIBUYKECHUS, B 000MX
ClIydasiX CTEHKH TPyObl HCIIBITHIBAIOT JAaBJICHUE CO CTOPOHBI BOJbL. B ciryyae 1BUKEHUS BOJIbI
JaBiieHHE OyAeT HECKOJIBKO MEHbIINE, TaK KaK IMOSBHJICS CKOPOCTHOM HAIIOP.
CoracHO 3aKOHY COXpaHEHHS SHEPTUH, SHEPT U CTPYUKU BO3YILIHOTO IOTOKA B PA3INYHBIX
CEUYEHHUSX CTPYMKH BO3JyXa €CTh CyMMa KMHETUYECKON SHEPTUH MOTOKA, TOTEHIHAIBHOMN
SHEpPruM CUJI 1aBJIEHUS, BHYTPEHHEN SHEPrUU MOTOKA U SHEPTUU MOJI0KEHHS Tesla. JTa cymma -
BEJIMYMHA [TOCTOSHHAS:

EwntEy+Eq+E,=const (1.10)

Kunernueckas sueprusi (E,,,) - CHOCOOHOCTH IBHKYILETOCS BO3AYIITHOTO MOTOKA COBEPIIATH
paborty. OHa paBHa

w2 (1.11)
rjie M - Macca BO3yxa, KIc C2M; V-CKOpOCTh BO3JIYIITHOTO IMOTOKa, M/c. Eciii BMecTo Macchl m
MOJICTAaBUTh MACCOBYIO TUIOTHOCTH BO3IyXa p, TO MOJYYUM (HOPMYITY JIJIsl OTIpEACIICHUS
CKOPOCTHOTO Haropa q (B Kre/m?)

pV?
2 . (1.12)
HorenunanbHas 3neprus E, - ciocoOOHOCTh BO3AYIIHOTO IIOTOKA COBEPILATH PAOOTY MO
JEMCTBUEM CTaTUYECKHUX CUJI aBiieHUsl. OHa paBHa (B KIc-M)
E,=PFS, (1.13)
rae P - naBieHue Bo3ayxa, kre/m?; F - miomans MOTIEPEYHOTO CEYEHUST CTPYHKH BO3YITHOTO
MOTOKa, MZ; S - myTh, IPOMICHHBIN | KT BO3AyXa uepe3 JaHHOE CeueHue, M; mpousBeneHue SF
Ha3bIBACTCS yJACIbHBIM 00BEMOM M 0003HAYAETCS V, TIOJICTABIISASI 3HAYCHUE YICIBHOTO 00BheMa
Bo3ayxa B hopmyny (1.13), momyuum
E,=Pv. (1.14)

Buyrpennsisi 3neprus E, - 3TO clIoCOOHOCTB T'a3a COBEPIIATh padOTy NPH U3MEHEHUH €T0
TEeMIIepaTyphI:

q:

CvT
EBH = )
A (1.15)

rae CV - TCIINIOEMKOCTDb BO3IIYX8. IIp1 HCU3MCHHOM 061,eMe, KaJ’I/Kl"-Fpa,I[; T-TeMnepaTypa I10
mkane KenbBuna, K; 4 - TepMUUecKuii SKBUBAJICHT MEXaHHUYECKOM pabOThI (KajI-Kr-Mm).

W3 ypaBHEHUS BUIHO, YTO BHYTPEHHSASA JHEPIWs BO3AYLIHOTO IIOTOKA NPAMO IIPONOPIHMOHAIbHA €ro
TeMIIEpATYPE.
3Hepzu}l ROJI0JICEHUA En - CHOCO6HOCTL BOSI[}’XEI COBCpHIATH pa60Ty IIpu USMCHCHUU
ITOJIOKCHU HCHTPA TAXKCCTHU ,Z[aHHOﬁ MacCChI BOSI[YXEI IIpHu MOABEMEC Ha onpez[eneHHon BBICOTy nu

paBHa
En=mh (1.16)
rac h - IBMCHCHUC BBICOTHI, M.

BBuay Mm3epHO MamnbIX 3HAYEHWH pa3HOCA IEHTPOB TSKECTH MAacc BO3IyXa IO BHICOTE B CTpyHKe
BO3/IYILIIHOI'O TIOTOKA 3TOH SHEPrHel B a3pOTMHAMUKE PEeHEOpeTaroT.



PaccmarpuBast Bo B3aMMOCBSI31 BCE BHJIbI SHEPTUU IIPUMEHUTEIIBHO K OTIPE/ICTICHHBIM YCIOBUSIM,
MOKHO c(OpMYITHPOBATh 3aKOH BepHYIIIH, KOTOPBIN YCTaHABIMBAET CBS3b MEK/Y CTATHUECKUM
JaBJICHUEM B CTPYHKE BO3YIIHOTO IMMOTOKA M CKOPOCTHBIM HAIOPOM.

Paccmorpum TpyOy (Puc. 10) nepemennoro auamerpa (1, 2, 3), B KOTOpOii ABHIKETCS
BO3/YIIHBIA MOTOK. J[J1s1 m3MepeHus 1aBiIeHUs B paCCMaTPUBAEMBIX CEUEHUSIX UCTIOIB3YIOT
MaHOMETPbIL. AHATU3UPYS MOKa3aHUSI MAHOMETPOB, MOXKHO CJIeNIaTh 3aKJIFOYCHHE, YTO
HaMMEHbIIee JMHAMUYECKOE TAaBJICHUE MTOKA3bIBAET MAaHOMETp cedeHus 3-3. 3HauuT, npu
CY)KCHUU TPYOBl YBEITHMUUBACTCS CKOPOCTH BO3AYIIHOTO MTOTOKA U JJABJICHHUE Ma/1aeT.

I

Puc. 10 Oovsacnenue 3axona bepuynnu

[TpuunHO MafgeHns JaBJICHUS SABJISIETCA TO, YTO BO3IYIIHBINA MOTOK HE MPOU3BOJUT HUKAKOM
paboTHI (TPEHHE HE YUUTHIBAEM) U TTOATOMY TIOJIHASL SHEPTHS BO3IYIITHOTO MTOTOKA OCTACTCSA
nocrositHHOW. Ecnu cuntath TemMneparypy, IIIOTHOCTh M 00BEM BO3IYITHOTO MOTOKA B
Pa3IUYHBIX CeueHUAX NOCTOSHHBIME (T1=T2=T3;p1=p2=p3, V1=V2=V3), T0 BHYTPECHHIOIO
SHEPTHUI0 MOKHO HE pPacCMaTpHUBAaTh.

3HA4MT, B JaHHOM CJIy4ae BO3MOXKEH NEPEX0] KHHETUYECKON PHEPTUU BO3IYIIHOTO ITOTOKA B
MOTEHITUATIBLHYIO M HA000POT.

Korga ckopocTh BO3AYIIHOTO MOTOKA YBEIMYHUBAETCS, TO YBEIMUYUBACTCS U CKOPOCTHOW HAIOp U
COOTBETCTBEHHO KMHETUYECKAsI SHEPTUsl JAHHOTO BO3YLIHOTO MTOTOKA.

[ToncraBum 3HaueHus u3 hopmyn (1.11), (1.12), (1.13), (1.14), (1.15) B bopmyny (1.10),
YUYUTBIBAsI, YTO BHYTPEHHEH 3HEpruen u sHeprueil moJio>KeHus: Mbl peHedperaem, npeoodpaszys
ypaBHenue (1.10), momyuum

2 2 2
PAA AL =P+ PVs .
2 2 (117

DTO0 ypaBHEHHE IS IIOOOTO CeYeHHs CTPYHKU BO3yXa MUILETCS CIETYIOIUM 00pa3oMm:

P+ =P+

2
P+ Al = const.

Taxoii Bua ypaBHEHHUs SABJSIETCS CaMbIM ITPOCTHIM MaTeMaTUYECKUM ypaBHeHHEM bepHyuiu u
IIOKa3bIBAET, YTO CyMMa CTATUYECKOI'0 ¥ TMHAMUYECKOIO JaBJICHUN IS JIF0OOr0 CeUeHHUsI
CTpYHKH yCTaHOBMBIIETOCS BO3AYILHOTO MOTOKA €CTh BEIMYMHA NOCTOsIHHAS. CKUMaeMOCTh B
JAHHOM cily4ae He yuuTbiBaeTcs. [Ipu yyere cxuMaeMOCTH BHOCSTCS COOTBETCTBYIOLIHE
MIOTIPaBKH.

JU1st HarJIsITHOCTH 3aKOHA bepHysin MOYKHO IPOBECTH OMBIT. B3sTh 1Ba incTka Oymaru, aepxa
napajiesIbHO JPYT APYr'Y Ha HEOOJIBIIOM PAcCTOSIHUY, NTOAYTh B IPOMEKYTOK MEXKIYy HUMHU.
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Puc. 11 H3mepenue ckopocmu 8030yutHo20 NOMOKa

JIuctel commxkarotest. [IpuunHoi ux cOMMKEeHUs SBISETCS TO, UTO C BHELIHEW CTOPOHBI JIUCTOB
JlaBJIeHHE aTMOC(epHOe, a B MPOMEXKYTKE MEK/y HUMHU BCJIEICTBUE HAJIMUNS CKOPOCTHOTO
Haropa BO3/yXa JaBJICHHE YMEHBIINIIOCh U CTaJI0 MeHbIle aTMocdepHoro. [loa nelictBuem
Pa3HOCTH JIaBJICHUM JUCTKU OymMaru mporu0aroTcsi BOBHYTPb.

AIPOANUHAMUYECKUE TPYbBbI

DKcrepuMeHTalIbHAsL YCTAaHOBKA ISl CCIIEIOBAHMS SIBJICHUN U MPOIIECCOB, COMTPOBOKIAIOLIUX
oOTekaHue TeJl IOTOKOM ra3a Ha3bIBaeTCs a3poiuHaMuueckoit TpyOoil. [lpuniun neficTBus
a’pOIMHAMUYECKUX TPYO OCHOBAH Ha MPHUHIIMIIE OTHOCUTENILHOCTH ["anues: BMECTO ABMXKEHUS
TeJa B HEMOABI)KHOM cpezie n3ydaercsi 00TeKaHne HEMOIBUKHOTO Tejla MOTOKOM raza B
a’POIMHAMUYECKHIX TPYOax dKCIIEPUMEHTAIBHO ONPEETSIOTCS elCcTByomue Ha JIA
a’pOMHAMHUYECKHUE CUIIBI 1 MOMEHTBI UCCIIEAYIOTCS paclpeAesIeHNs 1aBJICHUS U TEMIIEPATYPhI
IO €ro MOBEPXHOCTH, HAOIIOAaeTCs KapTHHA O0TeKaHUs Tella, U3ydaeTcs adpoyNnpyrocTb U T 1.
AspouHaMHYECKHE TPYObl 3aBUCUMOCTH OT rarna3oHa yucen Maxa M pa3fensroTcst Ha
no3BykoBbie (M=0,15-0,7), Tpanc3BykoBbie (M=0,7-1 3), cBepx3BykoBbIie (M=1,3-5) u
runep3BykoBble (M=5-25), mo npuHIMITY ACHCTBUS - HA KOMIIPeCCOPHbIE (HEMPEPHIBHOTO
JAeMCTBUA), B KOTOPBIX MOTOK BO3/IyXa CO3JAETCA CIEl] KOMIPECCOPOM, U OAJLIIOHHBbIE ¢
NOBBIICHHBIM /IaBJICHHEM, 10 KOMIIOHOBKE KOHTYpPA - HA 3aAMKHYTbIe M He3aMKHYTbIe.
Kommpeccophbie TpyObl IMEIOT BHICOKHUH KIIJ, OHU YAOOHBI B paboTe, HO TpeOyIOT co3/1aHus
YHHUKAJIbHBIX KOMIIPECCOPOB € OOJIBIIMMHU PAcX0JIaMU raza U 00JbIION MOITHOCTHU. bannonHbie
a’pOoIMHAMUYECKUE TPYOBI 110 CPAaBHEHUIO C KOMIIPECCOPHBIMU MEHEE SKOHOMUYHBI, IIOCKOJIBKY
IIPH IPOCCEIMPOBAHUM ra3a 4acTh SHEPruu Tepserca. Kpome Toro, mpoaoKuTeIbHOCTh paboThI
0aJUIOHHBIX a3POAMHAMUYECKUX TPYO OrpaHHYeHa 3a11acoM ras3a B OaJIJIOHaX M COCTABIISIET AJIst
Pa3IMYHBIX a9POAMHAMUYECKUX TPYO OT AECATKOB CEKYHJI JO HECKOJbKO MHUHYT.

[Iupokoe pacrpocTpaHeHre OAITIOHHBIX a3POAMHAMUYECKHX TPYO 00YCIOBIEHO TE€M, UTO OHU
MPOIIE MO KOHCTPYKIIMH a MOIIIHOCTH KOMIIPECCOPOB, HEOOXO0UMbIE IJIs1 HAMIOJTHEHUS
0aJUIOHOB, OTHOCUTENBHO Mabl. B a’poanHaMudeckux Tpydax ¢ 3aMKHYTHIM KOHTYPOM
HCIIOJIb3YETCs 3HAaYUTENbHAs YaCTh KUHETUUECKOW SHEPT UM, OCTABUICHCS B Ta30BOM MTOTOKE
MOCJIE ero MpoX0XKAeHus yepe3 padouyro o0nacth, uro nosbimaet KII/ TpyOst. [Ipu aTom,
OJIHAKO, MPUXOJUTCS YBEIUYUBATH OOIINE pa3Mephbl YCTAHO BKU.

B 103BYyKOBBIX a3poIMHAMUYECKUX TPyOax UCCIEAYIOTCS adpOAMHAMUYECKUE XapaKTePUCTUKU
JI03BYKOBBIX CaMOJIETOB BEPTOJIETOB a TAK)KE XapaKTEPUCTUKU CBEPX3BYKOBBIX CAMOJIETOB Ha
B3JIETHO-TIOCAIOYHBIX peknMax. Kpome Toro, OHM UCTIONB3YIOTCS IS M3y4eHUs] 00TeKaHus
aBTOMOOMIIEH U Ip. Ha3eMHBIX TPAHCIIOPTHBIX CPEJICTB, 3aHHil, MOHYMEHTOB, MOCTOB U JIp.
o0wvexToB Ha puc nmokazana cxema 103BYKOBOM adpoJMHAMUYECKON TPYOBI ¢ 3aMKHYTHIM
KOHTYPOM.
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Puc. 12 Cxema 0036yK060it KoMnpeccopHoil a3poouHamuyiecKkor mpyool.

1- xoneiakomo 2 - cemku 3 - hopxamepa 4 - konghysop 5 - nanpagnenue nomoka 6 - padouas uacme ¢ MooebIo
7 - oughghysop, 8 - koneno ¢ nosopomuvimu 1onamkamu, 9 - komnpeccop 10 - 6030yxooxnaoumens
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Puc. 13 Cxema 6anionnoit mpanc3eyKkoeoll 31ceKmopHoll a3poouHamMuiecKou mpyowt

1 - xoneixomo 2 - cemku 3 - hopxkamepa 4 xoughysop 5 nepgpopuposannasn pavouas uacmo c mooenvio 6
ncekmop 7 ougpgpyzop 8 koneno c nanpagnarougumu ionamxkamu 9 ewviopoc éo3oyxa 10 - nodeoo eo3dyxa om
oannonoe

Puc. 14 Cxema ceepx36yKo60ii 6ANINOHHON AIPOOUHAMUYECKOT MPY bl

1 - 6annon co corcamoim 6030yxom 2 - mpy6onpoeod 3 - pezynupyrowiuii opocceis 4 - evipasnusarouiue cemku 5 -
XoHeikomo 6 - oemypoynusupyroujue cemxu 7 - gpopkamepa 8 - konghyzop 9 - céepxzeyxosoe conno 10 - pabouan
yacmo c mooenwio 11 - ceepx3eykosoit ougpghyzop 12 - 0o3eykosoii oughghyzop 13 - éviopoc 6 ammocgpepy

IHHIE-

Puc. 15 Cxema b6annonnoii zunep3gykoeoil aspoouHamuieckol mpyoot

1 - 6annon c évicokum oasnenuem 2 - mpyoonposoo 3 - pezynupyrouiuit opoccens 4 - nooozpesameins 5 -
dopramepa c xoneiikombom u cemkamu 6 - 2unep3gyKo8oe OCeCUMMEMPULHOE CONI0 7 - padouas 4acmsy ¢
MoOdenvio 8 - 2unep38yKoeoil ocecummempuunlii ougghyszop 9 - éo3oyxooxnaoumens 10 - nanpaenenue nomoka
11 - nooeoo eo30yxa 6 3xcekmoput 12 - roicekmoput 13 - 3ameoput 14 - éakyymuan emxocms 15 - 0038yKosoii

ouggpysop



ADPOJUHAMMUNYECKHUE CUJIbI

OBTEKAHME TEJI BO31YIIHbBIM IIOTOKOM

[Tpu oOTexannu TBEPAOTO Tela BO3AYIIHBII MOTOK NOABEpraeTcs AeopMalfu, 9To MPUBOAUT K
M3MEHEHUIO CKOPOCTH, JIaBJICHUS, TEMIIEPATYPHI U IIJIOTHOCTHU B CTpyHKax noToka. Takum
00pa3oM, OKOJIO TIOBEPXHOCTH 00TEKaeMOro Tejla CO3/1aeTCsl 00IaCTh IEPEMEHHBIX CKOPOCTEN U
naBJIeHUH Bo3ayxa. Hanuune pa3nuuHbIX 10 BEJITUUMHE AABJICHUH Y HIOBEPXHOCTHU TBEPJOTO Tela
MIPUBOJUT K BOZHUKHOBEHUIO a3pOIMHAMUYECKUX CUJI U MOMEHTOB. Pacripesenenue 3Tux cui
3aBUCHT OT XapakTepa 0OTeKaHUs Tella, ero MoJI0KEHUs B IOTOKE, KoHpurypauuu tena. s
n3yudeHus PU3MUECKON KapTUHBI OOTEKaHHS TBEPIBIX TEJI MPUMEHSIOTCS Pa3InYHbBIE CIIOCOOBI
[I0Ka3a BUJUMOM KapTUHBI 00TeKaHus Tena. Bugumyro kapTuHy 00TeKaHus Tel BO3IYIIHBIM
MIOTOKOM IIPUHSATO Ha3bIBATh AIPOOUHAMUYECKUM CHEKMPOM.

Jlyig nostydeHus: adpoAMHAMUYECKUX CIIEKTPOB MPUMEHSIOT TaKue MPUOOPHI, KaK JIbIMKaHAIIbI
(Puc. 16), MCrONB3YIOT MISTKOBUHKH, ONITHYECKHE MEPBI HCCIICAOBAHUS (U151 CBEPX3BYKOBBIX
MIOTOKOB) U JIp.

1 2 3 4
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Puc. 16 /Teimkanan

1 - ucmounux ovima; 2 - cmpyiku ovima; 3 - oomexaemoe meno; 4 - eenmunamop

B JObIMKaHaJIC aBpOJII/IHaMI/I‘IeCKI/Iﬁ CHeKTp co3gacTcAd CprﬁKaMH JAbIMa, BLIHyCKaeMBIMH n3
CIEIUATIFHOTO ABIMAPS B MIOTOK BO3TyXa, 0OTEKAIONTUI TEJO.

CyU.lHOCTL cnoco6a C HCIIOJIB30BAHUECM WICIIKOBHMHOK COCTOUT B TOM, 4YTO B I/IHTCpeCy}OH.lI/IX MeCTax Ha
HOBerHOCTL O6TeKa€MOFO TCJIa HAKICUBAIOTCA CICHHAJIBHBIC MICIIKOBUHKH, KOTOpLIe HpI/I 06/:[yBe TEl1a
pacrionararorcsi BOOJIb OOTEKAIOMUX Teldo cTpyek. [1o MoJoKeHHIO MICNIKOBHHOK CYIST O XapaKTepe IIBHKCHHS
IIOTOKa B6J'II/ISI/I HOBerHOCTI/I TEia.

PaccmotpuM aspoauHaMHUUecKHe CIIEKTPBI HEKOTOPHIX TEJl.

ITnockaa naacmunka (Puc. 17), momenieHHas B HOTOK o yriiom 90°, co3aeT J0BOIBHO
pe3Koe U3MEHEHHE HAMPABIICHUS JIBIYKCHUS IMOTOKA, OOTEKAIOIEro €e: TOPMOIKEHHUE MTOTOKa
nepes Hel, MopKaTHe CTPYEK y ee KpaeB M 00pa30BaHUEe HEIIOCPEACTBEHHO 3a KpaeM IUIACTHHKHU
paspexeHus 1 OOJIBIINX BUXPEH, KOTOPBIE 3aMOTHIIOT BCIO 001aCTh 3a MIacTUHKOM. [lo3aau
IJIACTUHKHA MOYKHO HAOJII0/IaTh XOPOIIIO 3aMETHYIO CIYTHYIO CTpyro. [lepen miacTuHKom
naBjeHue OyaeT OOJIbIe YeM B HEBO3MYILICHHOM IOTOKE, a 3a IUTACTHHKOM BCJICICTBUE
pa3pexeHus 1aBICHUE YMECHBIITUTCS.
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Puc. 17 Aapoounamuyeckuit cnekmp niocKoii RaACMUHKYU U wapa

Cummempuunoe yoooooomerkaemoe (kanneoodpasnoe) meno umeet 6oee MIaBHbINA XapakTep
oOTeKaHMs KaK B MepeaHel, Tak U B XBOCTOBOW YacTsIX.

B ceuenun A - B (HanOouibIias BeIMYMHA TOMEPEYHOTO CEYECHUS a3POJMHAMUYECKUNA CIIEKTP
MOKa3bIBaeT HANOOJIBIIYIO AehopMaluio CTpyeK, HauboJbIlee X nojaxkarue. B xsocroBoit
4acTH 00pazyloTcsi HeOOJIbIINE 3aBUXPEHHSI TOTOKA, KOTOPBIE CO3JAI0T CIIYTHYIO CTPYIO U
YHOCSTCSI IOTOKOM, MOCTeneHHo 3aryxas (Puc. 18).
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Puc. 18 Aspoounamuueckuii cnekmp y0o60oomexaemozo mena

Yoo6oo6mexaemoe necummempuunoe meno no xapakrepy o0TekaHus OJIU3KO K
y100000TeKaeMOMY CHMMETPUYHOMY, M OTJIHYASTCS BEIMIMHON AeopManyu CTpyeK B BEpXHEH
W HIDKHEH yacTsax tena (cm. Puc. 19).

Puc. 19 Aspoounamuueckuii cnekmp y0o0000mexaemozo HeCuMmempudHozo meaa (npoguis Kpviia)

Haubonpmras nepopmanius crpyek HaOII01aeTCs TaM, T/€ TeJI0 UMEET HAaMOOIBIIYIO BEIMUNHY
HCKPUBJICHHS TIOBEpXHOCTH Tena (Touka K). B paiioHe 3Toi TOYKH CTPYHKH MO HKUMAIOTCS,
MOTNIEPEeYHOEe CeUueHne UX yMeHblaeTcs. HkHss1, MeHee HCKPUBJICHHAS TIOBEPXHOCTH MaJIo
BIIUSICT Ha XapakTep oO0TeKaHus. 3/1eCh UIMEET MECTO TaK Ha3bIBa€MO€ HECUMMETPUYHOE
ob6rekanue. [Ipu o0TeKaHUM BO3AYIIHBIM IIOTOKOM CUMMETPUYHBIX (M HECHMMETPHYHBIX )
y106000TeKaeMbIX TeJ, TOMEIIEHHBIX O]l HEKOTOPBIM YIJIOM ¢ K BEKTOPY CKOPOCTH
HeBo3MyIeHHOTO noToka (Puc. 20), Takxke OyaemM UMETh KapTHUHY HECUMMETPUIHOTO
0o0TeKaHus U NOJYyYUM a3pOIMHAMUYECKHI CIIEKTp, aHAJIOTUYHBIN TOMY, YTO MOJy4aeTcs Mpu
00TEKaHMK HECHMMETPUYHOTO y1o0oo0Tekaemoro tena (cm. Puc. 19).
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Puc. 20 Aapoounamuueckuii cnekmp yoobooomexaemozo mena (npoghuis Kpovlia), RHOMEWEHHOZ0 8 NOMOK NOO
yanom o

Ha BerHeﬁ IMOBCPXHOCTHU TCJIa, B MECTC HauOOJIBIIIErO noKaTusl CTPYCK, COTJIaCHO 3aKOHY
HEPa3pbIBHOCTHU Cpr1>i 6YI[CT Ha6J'IIOJIaTI:> MCCTHOC YBCIIMUCHUC CKOPOCTH IIOTOKA U,
CJICA0OBATCIIbHO, YMCHBIIICHUC JaABJICHH. Ha nmxaen MMOBEPXHOCTU I[e(i)OpMaLII/I}I IIOTOKa 6y')leT
MCHbBIIC U, CJIICAOBATCIIBHO, MCHBIIIC UBMCHCHUC CKOPOCTHU U NABJICHUS.

HeprI[HO 3aMCTUTh, UTO CTCIICHDb ,Z[e(l)OpMaI_[I/II/I CTPYCK B IIOTOKE 6YI[CT 3aBUCCTH OT
KOH(bHpraHHH TeNa 1 €ro IOJ0KCHHUS B IOTOKE. 3Has CIICKTP 00TeKaHUS TCIa, MOXHO IJIA
Ka)XJOM €ro TOYKH I10CYUTATh BCJIIMYNHY JaBJICHUA BO3AyXa U TAKUM O6p830M CYAUTH O
BCIIMYMNHAX U XAPaAKTCPC JeicTBUs AOPOANMHAMUNYCCKUX CHUJIL. Tak xak Ha Pa3JINYHBIC TOYKU
MOBEPXHOCTU 00TekaeMoro Teia (HpO(l)I/IHH Kpmna) HeﬁCTByIOT Pa3HbIC 10 BEJIMYNHC CUJIbI



TaBIICHUS, PE3YIbTUPYIOIIAsl UX OyA€T OTIMYHA OT HYJIsI. DTO pa3inyue JaBJICHUH B pa3HbIX
TOYKaX MOBEPXHOCTHU JABHKYIIETOCS KPbLja ABJSETCS OCHOBHBIM (PAKTOPOM, 00YCIIOBIMBAIOIIUM
IIOSIBJICHUE a3POIMHAMMYECKUX CHUJL.

BennuuHbl gaBIeHM HA MOBEPXHOCTD IS PA3TUYHBIX TEJ OMPEACISIOT B Ta00paTOPHSX IIyTeM
MPOIYBKHU B a3pOJMHAMUYECKUX TpyOax. [lomydeHHble 3HaUCHUS AABICHUM IS KQXKIOU TOUKH
HAHOCAT Ha crienuaibubie rpaduku (Puc. 21)

Kpowme cun gaBneHust, Ha HOBEPXHOCTh KpbLjla MO KACATEIbHOM K HEN JEHUCTBYIOT CHUJIbI TPEHUS,
KOTOpbIE 00YCIIOBJIEHBI BA3KOCTHIO BO3/1yXa U LIEJIMKOM OINPEAEIAIOTCS IPoLeccamH,
IIPOUCXOJAIIMMY B IOTPAHUYHOM CJIOE.

Cymmupyst pacupe/ielieHHbIE TI0 TOBEPXHOCTU KPbLIa CUJIbI JABJICHUS U TPEHUS, OITYYUM
PaBHOJIEHCTBYIOLIYIO CHUILY, KOTOPasi Ha3bIBACTCS HOSIHOU AIPOOUHAMUYECKOU CUTIOM.

Touka npu0KeHUs NOJHOW a’pOAMHAMUYECKON CUJIBI HA XOp/ie NPouIIsl KpblUla HAa3bIBACTCS
UYeHmpom 0ae61eHusl.

P oL =2°
T BEPXHRA NOBEPXHOCTL
11K

TN

'T .
’rzn/l’?’yya y X
IR

HANCHAA NOBEPXHOCTH

R

(D)

22
'll.---,
Puc. 21 Pacnpedenenue daesnenuii no npoguiio Kpviia

KPbIJIO U ET'O HASHAYEHHUE

Kpbuio camoseTa npenHa3Ha4eHO JUIsl CO3/IaHUS IO TbEMHOM CHIIBI, HEOOXOIUMOM IS
MOJJIEP>KKH CaMOJIeTa B BO3YXE.

AdpOIMHAMHYECKOE KaYeCTBO KpbLaa TEM OO0JIbIIe, YeM OOJIbIIe O IbEMHAS CHJIa U MEHBIIIE
J1000BO€ COTIPOTHUBIICHHUE.

[TogbeMHas cuna u 1060BOE€ COMMPOTUBIICHHUE KPbLIIA 3aBUCAT OT T€OMETPUUYECKHUX
XapaKTepUCTHUK Kpblia. ['eoMeTprueckre XapaKTepUCTUKH KpbLila B OCHOBHOM CBOJISTCS K
XapaKTepUCTUKAaM KpbUIa B IJIaHE U XapaKTePUCTUKAM MPOQHIIS KpbLIa.

IFTEOMETPUYECKHE XAPAKTEPUCTUKH KPbIJIA

FCOMeTpI/I‘-ICCKI/Ie XapaKTCPpUCTUKHU KpblIa CBOAATCA B OCHOBHOM K XapaKTCPpUCTUKaAM CI)OpMBI
KpblJIa B IIJIaHC U K XapaKTCPUCTHUKAM HpO(I)I/IJ'ISI KphbLiia. KpLIJ'ILfI COBpPCMCHHBIX CAMOJICTOB 110



dopme B mane Moryt ObITh (Puc. 22): anruncosuonsie (a), npamoyzonvhote (6),
mpaneyuesuonvle (8), cmpenosuonsle (2) u mpeyeonvhsie (0)

Hanﬂqueﬁ B A3pOJAMHAMHUYCCKOM OTHOUICHUU SABJIACTCA JJIJIMIICOBUAHAA (1)0pMa, HO Tako€
KPBUIO CJIOKHO B MIPOU3BOJCTBE, OATOMY PEAKO puMeHsieTcs. [IpsMoyrojibHOE KpbUIO MEHee
BBII'OJHO C TOYKH 3PCHUA AOPOANHAMHKHU, HO 3HAYUTCIIbHO IIPOLIC B U3IrOTOBJICHHUU.
TpaHeHI/ICBI/IIIHOC KPBLJIO IO a3pOJUHAMHUYCCKUM XapPAKTCPUCTUKAM JTYyUIIC NIPAMOYTOJIbHOI'0, HO
HECKOJIBKO CII0KHEE B M3TOTOBJICHUH.

CTpeJIOBI/IIIHI)IC N TPCYT'OJIBHBIC B IIJIAHC KPbLIbA B aOpOAMHAMNWYCCKOM OTHOIICHWU HaA
AO3BYKOBBIX CKOPOCTAX YCTYIIAIOT TPAICOUCBHUIHBIM U MMPSAMOYTIOJIbHBIM, HO Ha OKOJIO3BYKOBBIX
1 CBEPX3BYKOBBIX UMCIOT 3HAYUTCIIbHBIC IIPCUMYLICCTBA. HOBTOMy TAKUC KPbUIb MIPUMCHAIOTCA
TOJIBKO HA CaMOJIETAaX, JIETAIOIINX HA OKOJIO3BYKOBBIX M CBEPX3BYKOBBIX CKOPOCTSIX.

Puc. 22 @opmot KpoLives 6 naane

<0

Puc. 23 Yzon nonepeunozo V kpvina

B
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Puc. 24 I'eomempuueckue xapaKkmepucmuxku Kpulia

dopma Kpbljia B TUIAHE XapaKTEPU3YETCsl pa3MaxoM, IJIONIAIbI0 YUTHHECHUEM, CY>)KEHUEM,
crpenoBuaHOCTHIO (Puc. 24) u monepeunsim V (Puc. 23)

Pazmaxom Kpwvina L Ha3pIBaeTCs pacCcTOSTHUE MEXKAY KOHIIAMH KPbLIA MO MPSMOU JTUHHH.
ITnowyaow Kkpvina B nnase Sy, orpaHuueHa KOHTYPaMU KpbLIa.

[Tnomans TparmenueBUIHOTO U CTPEIOBUIHOTO KPBUTHEB BRIYHCIIACT KaK TUIOMIA N IBYX TpaNeui

S, :zm.lﬂ.bc [le
v 2 2 i 2.1)

rne by - kopHeBas xopaa, m;



b,- KoHIIEBast XOpa, M;
b b, + b,
2 - cpemHsAs XOpaa KpbLIa, M.
Yonunenuem Kpoina A Ha3plBacTCs OTHOIIEHHE Pa3Maxa Kpblla K CpeIHEN Xope

p (2.2)
Ecnm BMecTo b, moACTaBUTE ero 3HaueHHe U3 paBeHCTBa (2.1), TO yUIMHEHHE Kpblia OyaeT
oTpeNeIAThCs 1o hopmyrre

I 2

A=—m.

SKP (2.3)
JlJ11 COBpEMEHHBIX CBEPX3BYKOBBIX U OKOJIO3BYKOBBIX CAMOJIETOB Y/UIMHEHUE KPbla HE
npeBbIIaeT 2- 5. J{7s caMoseToB MajbIX CKOPOCTEN BEIMUMHA YAJIUHEHUS MOXKET JOCTUraTh 12-
15, a it mmanepos 110 25.
Cysrcenuem Kpolna 1 Ha3bIBACTCSI OTHOLIEHHE OCEBOW XOP/AbI K KOHIIEBOM XOp/e

by (2.4)
JI71st TO3BYKOBBIX CAMOJIETOB CY)KEHUE KPhbLJIa 0OBIYHO HE MPEBBINIACT 3, a /17151 OKOJIO3BYKOBBIX U
CBEPX3BYKOBBIX OHO MOYKET U3MEHATHCSI B IIUPOKUX MpeEIeax.
Yenom cmpenoeuonocmu y nazpiBaetcs yron Mexay JIMHUEH NepeTHel KpOMKU Kpblila U
MOTIEPEYHON OChI0 camoJieTa. CTPEeOBUIHOCTh TAKKE MOXKET OBITh 3aMepeHa 10 JTUHUHU
¢boxycoB (mpoxofsiel Ha paccTostHUU 1/4 XOpabl OT pedpa aTaku) WK 1O APYroi JINHUU
Kpblia. /{15 0K0J03BYKOBBIX CAMOJIETOB OHA AOCTUTAET 45°, a 1711 CBEPX3BYKOBBIX - 10 60°.
Yenom nonepeunozo V kpwina nazpiBaeTCs YroJl MEXIy MOMEPEYHON OChIO CAMOJIETa U HIKHEHN
MMOBEPXHOCTHIO Kpbliia (Puc. 23). Y coBpeMeHHBIX caMOJIETOB yroJI monepeyHoro V koyeonercs
oT +5° o -15°.

Ilpogpunem Kpoina nazpiBaercs popma ero nomnepedHoro ceyenus. [Ipoduau Moryt ObTh (Puc. 25): cuMMeTpUYHBIME
U HECUMMETPUYHBIMU. HGCI/IMMGTpI/I'{HLIe B CBOIO OYepeAb MOryr OBITH JABOSIKOBBIITYKJIBIMH,  INIOCKOBBIITYKJIBIMHU,

BOI'HYTOBBIIIYKJIBIMU 1 .S-06pa3HI>IMI/I. LIe‘-IeBI/II.[€06p3.3HbIC U KIMHOBUAHBIE MOI'YT NPUMEHATHCA JI1 CBEPX3BYKOBBLIX
CaMOJICTOB.

Ha coBpeMEHHBIX CaMoJieTax MPUMEHSIOTCS B OCHOBHOM CHMMETPHYHBIC M ABOSIKOBBINYKIbIE HECHMMETPHYHbIC
npoduin.

OCHOBHBIMU XapaKTE€PUCTHKaMH MPOMIIS SBISIOTCSA: XOpAa IPOQUIs, OTHOCHTEIbHAS TONIMHA, OTHOCHUTEIbHAs
kpuBu3Ha (Puc. 26).

Xopooit npogpuns b HazpiBaeTCS OTPE30K MPSIMOIL, COSIUHSIIONINIT IBe HanOOJIee yaaleHHbIe TOYKH TPOQHIISL.

Puc. 25 @opmut npoghuneii kpvina

1 - cummempuunbsiii; 2 - e cummempuunblil; 3 - R10CKOGBINYKbLIL; 4 - 0860AK0GBINYKIbLIL; 5 - S-00pa3Hblil;6 -
JAMUHUUPOBARHDLIL 7 - ueuesuueoopasmulii; 8 - pomoosuonstii; 9 - A euonwtit



Caare famauc  CPEAHSS AVIHUR
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Puc. 26 I'eomempuueckue xapakmepucmuxku npouns:

b - xopoa npogpuns; C,, .. - HaubonbWas MONWMUNG; [0y - CIIPENA KDUGU3HDBL; X - KOOPOUHAMA HAUDOIbULET
mMoauwUHbL

XOPAA NPOPUNT
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Puc. 28 Ilonnaa aapo:)uuamuuecxaﬂ CUjla U mov4Ka ee npujosricenus

R - ROJIHAA aapo:)unamuuecxaﬂ cujaa; Y- I'lOo’be.MHa}l cuunas Q -cuia Il0606020 conpomueiienun; a- yeon
amaxku, 9'_}120./! Kauecmea
OmuocumenvHoll MOIWUHONI RPOGUIA C HA3BIBACTCS OTHOIIICHUE MAKCUMAIIBHON TOJIITUHBI
Chuaxe K XOPJI€, BRIPQKEHHOE B MPOIICHTAX:

= e 10006,
b (25)

ITonoxxenue MakCUMaJIbHOM TOJNIIMHBI HpO(I)I/IJ'ISI Xc BBIPAXXACTCsA B IIPOLCHTAX OT JJIMHBI XOPAbI
1 OTCUHUTBIBACTCA OT HOCKaA

. = %< .100%.
b (2.6)

VY coBpeMEHHBIX CaMOJIETOB OTHOCUTENbHAS TOJIIMHA MPO(UIIs HAXOAUTCSA B Ipeaenax 4-16%.
OmmnocumensHoii Kpususnoi npoguns f Ha3pIBaeTCS OTHOIIEHNE MAaKCUMAIBHON KPUBHU3HEI f K

XO0pAEC, BBIPA’)KCHHOC B IMTPOLICHTAX.



MakcuMaabHOE PACCTOSHUE OT CPEIHEH JTMHUHU MPOMUIIS 10 XOP/IbI ONPEACIISICT KPUBU3HY
npoduist. CpeaHsist TUHUS TPOGHUIIS IPOBOUTCS HA PABHOM PACCTOSIHUU OT BEPXHETO U
HUKHETO 00BOJIOB TIPO UL,

f
f = 2 .100%.
b @.7)
Y CI/IMMCTpI/I‘IHI)IX Hqu)PIJ’IefI OTHOCUTCIIbHAA KpI/IBI/I3Ha paBHa Hy.HIO, JUUISA HeCI/IMMCTpI/ILIHI)IX Xe

9Ta BEJTMYMHA OTIMYHA OT HYJIS U HE npeBbIaeT 4%.

CPEAHAA ASPOANHAMUYECKAA XOPJA KPbIJIA

Bcesikoe BpaiarenpHOe JBUKEHHE CaMOJIETA B MIOJIETE€ COBEPIIAETCSI BOKPYT €0 LIEHTPa TSHKECTH.
[TosTOMy BasKHO yMeTh OBICTPO ompenensaTs noyioxxeHue LT u 3naTh, kak OyAeT U3MEHATHCS
OamaHCHpPOBKa IPU U3MEHEHHUH €ro noJiokeHus. [lonoxenue neHTpa TsuKecTH, Kak IpaBuIlo,
OPUEHTHPYETCS OTHOCUTENIBHO CPEeHEN a3pOIMHAMUYECKON XOP/Ibl KpbLIa.

Cpeaneii a3poamnamMu4deckoi xopaoil kpblia (CAX) Ha3bpIBaeTCs XOP/ia TAKOTO
MPSIMOYTOJIBHOTO KPbLJIa, KOTOPOE UMEET OJINHAKOBBIE C JAaHHBIM KPBLJIOM IJI0LIa/1b, BEIUUUHY
MIOJIHOM a3pOoIMHAMUYECKOM CHIIBI U MoJIoKeHue 1eHTpa Aasnenus (LIJ]) npu paBHBIX yriax
araku (Puc. 29).

Puc. 29 Cpeonue aspoounamuuecxkue xopovt Kpoliibes

Bennunna n koopauHatel CAX U1sl KaKI0TO CaMoJieTa ONPEEsOTCS B IPOLIECCE
MIPOEKTUPOBAHUS U YKA3bIBAKOTCS B TEXHHUECKOM OTICAHHH.

Ecin BenmmunHa u nosioxkeHre CAX 1aHHOTO caMmoJieTa HEU3BECTHBI, TO UX MOXKHO OTIPE/ICITHTh
npuOIMKeHHo. 1 TpanenueBuaIHOTO He3aKpydeHHOTO Kpbuia CAX onpenessieTcs: nymem
2eomMempuuecKko20 nocmpoenus. J{jist 5Toro Kpbuio caMmoJieTa BEIYepYMBACTCS B IUIaHE (M B
omnpeneneHHoM Macitade). Ha mpo1omkeHur KOpHEBO# XOPAbl OTKIIAIBIBAETCS OTPE30K,
paBHBIN 10 BenumunHe KoHIeBoi xope (Puc. 30), a Ha mpoaomKeHHM KOHIIEBOHM XOP/abl (BIIEpe)
OTKJIA/IBIBACTCSI OTPE30K, PABHBIN KOPHEBOM X0p/e. KOHIIBI OTPE3KOB COCIMHSIOT MPSIMOM
TUHUEH. 3aTeM MPOBOIAT CPEIHIO0 JIMHHIO KPbLUIa, COSIUHSIS IPSIMOI cepeIMHbI KOPHEBOH U
KOHIICBOH Xop/. Uepes TOuKy nepeceueHus TUX JABYX JHHUN U MPOUACT CPEIHSS
a’poauHaMuyeckas xopaa (CAX).
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Puc. 30 I'eomempuueckoe onpedenenue CAX

3Has BeIMYuHY U nojoxxenne CAX Ha camoJieTe ¥ IPUHSB €€ Kak 0a30BYIO JIMHUIO, OIIPEJIENISIIOT
OTHOCHUTEJIBHO HEE IOJIOKEHUE LIEHTPA TSDKECTH CaMOJIETa, IEHTPa AAaBJICHUS KPbLia U T. .
AdpoarHaMHuyYecKas CUIa CaMoJIETa CO3AaeTCs KPBIIIOM U IIPUJIOKEHA B LICHTPE aBIICHUS.
LlenTp naBieHus U LEHTP TSHKECTH, KaK MPABUJIO, HE COBIIAJAIOT U MO3TOMY 00pa3yeTcsi MOMEHT
cwi1. BennunHa 3TOro MOMEHTA 3aBUCHUT OT BEJIMYHUHBI CHIIBI U paccTostHUA Mexay LT u
LEHTPOM JABJICHUS], TIOJI0KEHNE KOTOPBIX OMpPEJENAeTcs Kak paccTosiHUE OT Hauasna CAX,
BBIPAQ)KEHHOE B JINHEWHBIX BEJIMYNHAX WIH B MpOUEHTaX JIuHbl CAX.

P

—+ T

6=6+AG
Puc. 31 Ilonoscenue yenmpa maxcecmu camonema

Puc. 32 Pacuem UCHMPOBGKU npuU UIMEHeHUuu eéeca camoiema

JIOBOBOE COINPOTHUBJIEHUE KPbIJIA

Jloboeoe conpomuenenue - 5170 CONPOTUBIICHUE IBUKEHUIO Kpblla caMoJjieTa B Bo3ayxe. OHO
CKJIQZIBIBACTCS U3 MPOGUIBLHOTO, HHAYKTHBHOTO ¥ BOJIHOBOTO COTIPOTHBIICHUH:
XKp:an+XuH()+XB- (2.8)
Bonanosoe conpomuesnenue paccmatpuBatbes He Oy/IeT, TaK Kak BOSHHKAET Ha CKOPOCTSIX
moJieTa cBuime 450 kM/4.
Ilpogunvnoe conpomuenenue cnaraetcsi U3 CONPOTUBJICHUS JJABJICHUS U COMTPOTUBIICHUS
TPEHUS:
an:XZZ+Xn1p -(2-9)
Conpomuenenue 0agnenus - 370 pa3HOCTh IaBJICHUI Mepe U 3a KpbUIoM. Yem Gosbliie 3Ta
Pa3HOCTh, TeM OO0JIbIIIE COMMPOTUBIICHUE aBNeHHs. Pa3HOCTh AaBneHuil 3aBUCUT OT (OPMBI

npouiIs, ero OTHOCUTENbHOM TOMIMHBI U KpuBU3HBI (Puc. 33, Ha pucyHke o603HaueHo Cy -
K03 GuImeHT NpoUIBHOTO COMTPOTHUBICHHS).
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Puc. 33 I'paghux 3asucumocmu npoghunvrozo conpomusienus om moauwunsl npoguisn

Yem Gostbliie OTHOCUTENBHAS TOJIIUHA ¢ TPOGUIIS, TEM OOJIBIIE MOBBIIIACTCS JTAaBICHUE TIEpeT
KPBLIJIOM U 0OJIbIIIE YMEHBIIACTCS 33 KPBIJIOM, Ha €To 3aHei KpoMke. B pesynbrare
YBEJIMYUBAETCS Pa3HOCTh JAABJICHUN U, KaK CJIEJICTBUE, YBEIMYMBAETCS CONIPOTUBIICHHE
nasieHus. O0TekaHue BO31YIIHBIM IOTOKOM KpbUIbEB caMoJieToB SIk-52 u fIk-55 B pabouem
JMara3oHe YriIoB aTaku (JIMHEHHBIH ydacTok xapaktepuctuku Cy=f( @) nponcxoaut 6e3 oTpsiBa
MIOTPAHUYHOTO CJIOS CO BCEH MOBEPXHOCTH MPOQUIIS Kpbljia, B pe3yabTaTe 3TOT0 CONPOTUBIICHHE
JIABJICHUS BO3HUKAET M3-3a PA3HOCTH JIaBJICHUH IEPEAHEN YacTh Kpblia U 3aaHeil. Bennunna
COMPOTHBIICHUS AaBJICHUS HEBENMKAa. BO3HUKHOBEHNE CONPOTHUBIICHUS AAaBIICHUS
COTMPOBOXKIAaeTCs 00pa30BaHUEM CIIAObIX BUXPEW B CITYyTHOM CTpye, oOpa3yrolencs u3
MTOTPAaHUYHOTO CJIOSL.

[Ipu oO6Texanuu npoduiig Kpbljla BO3AYIIHBIM IOTOKOM Ha yIJlax aTaku, OJIM3KUX K
KPUTHYECKOMY, COITPOTUBJICHHE JIaBJICHUS 3HAUUTENbHO Bo3pacTaeT. [Ipu 3Tom pasmepsl
3aBUXPEHHOMU CITYTHOU CTPYH U CAMHUX BUXPEU PE3KO YBEJINYUBAKOTCS.

Conpomuenenue mpenusa BO3SHUKAET BCIEJCTBUE MPOSIBIICHUS BA3KOCTU BO3IyXa B
MOTPAaHUYHOM cJIoe 00TeKaroIero npoduis Kpbiia. Benmuunnaa cui TpeHus 3aBUCUT OT
CTPYKTYpBI IOTPAHUYHOTO CJIOSL M COCTOSIHUS 00TEKaeMOM IOBEPXHOCTH KpbLiIa (€ro
IIEpOXOBATOCTH). B TaMUHApHOM MOrpaHUYHOM CIIO€ BO3lyXa CONPOTUBJICHNE TPEHUS MEHbIIIE,
4yeM B TypOyJE€HTHOM NOTpaHnYHOM cioe. CliejoBaTeIbHO, 4YeM OO0JIBIIYIO YacTh TOBEPXHOCTH
KpbLUTa 00TEKaeT JJTaMUHAPHBIN MMOTPAHUYHBIHN CJIOW BO3IYITHOTO IMOTOKA, TEM MEHBIIIE
CONPOTHBIICHUE TPEHUSL.

Ha BennunHy CONPOTUBICHUS TPEHUS BIUAIOT: CKOPOCTh CAMOJIETA; IIEPOXOBATOCTh
MOBEPXHOCTH; (hopMa Kpblia. Hem OoJiblIe CKOPOCTh MOJIETa, C XYAIKUM KadecTBOM 00paboTaHa
MOBEPXHOCTb KPbLJIA U TOJIIE PO(UIb KPbLIa, TEM OOJIbIIE CONPOTUBICHUE TPEHHUSL.

weym

. BuxpeBas
nenewa

Puc. 34 Oomexanue KpvLia KOHeuH020 pasmaxa

Z[J'ISI YMCHBIICHUA COITPOTUBJICHUA TPCHUA ITPU IMTOATOTOBKE CAMOJICTOB K IOJICTY HGO6XO)II/IMO
COXPAHATH I'NTaAKOCThb MOBCPXHOCTU KPbLIA U JacTen caMoJICTa, 0COOEHHO HOCKA KpblJIa.
H3menenue YIJIOB aTaKW Ha BCIIMYUHY COIIPOTHUBJICHUA TPCHUA MPAKTUYCCKU HE BIUACT.



CooTHoIlIeHHE MCXKAY COIMPOTHUBJICHUCM TPCHUA U COIIPOTUBJICHUCM NABJICHUS B 6OJILH_IOI71
CTETICHH 3aBUCHT OT TOIIUHBI Tpoduis (cM. Puc. 33). Ha pucyHke BUAHO, UTO C pOCTOM
OTHOCHUTEIBHOU TOJIIUHBI HpO(I)I/IJISI YBCIIMYUBACTCA OOJIA, MPUXOAAIIAACA HAa COITPOTHUBIICHUC
JABJICHUS. DTO K€ MOKHO CKa3aTh, AHATTU3UPYS U COMOCTABIISIS poduiiu camoneToB Sk-52 u
Ax-55.

Huoykmuenoe conpomuegnenue - 310 IpupocT JJ000BOT0 COPOTUBIICHHUS], CBA3AHHBIH C
o0pa3oBaHUEM IMOIEMHOM CHITbI Kpblia [Ipr 0O0TeKkaHnH Kpblja HEBO3MYIIIEHHBIM BO3AYIITHBIM
IIOTOKOM BO3HHKACT Pa3HOCTH I[aBJIGHI/Iﬁ Haa KPbBLJIOM U IO HUM B PE3YJILTATEC YaCTh BO31yXa
Ha KOHIaxX KPbIJIBECB MICPETCKACT U3 30HbL OOJIBIIIETO JAaBJICHUS B 30HY MCHBIICTO AABJICHUS (PI/IC
34).

IToTok BO3yXa IIEPETCKACT C HIDKHEHN IMOBEPXHOCTH KPbLId HAa BEPXHIOIO U HAKIIAABIBACTCA HA
BO3JIYLIHBIN NTOTOK, HAOETAIONINI Ha BEPXHIOIO YaCTh KpbLjia, YTO IPUBOJUT K 00Opa30BaHUIO
3aBUXPEHUM MacChl BO3/IyXa 3a 3aJJHEH KPOMKOH, T. €. 00pazyercsi BUXpeBOH KTryT. Bo3myx B
BUXPEBOM XKryTe Bpaiaercs. CKOpoCTh BpallleHUs] BUXPEBOTO JKI'yTa pa3jinyHa, B LIEHTPE OHa
HauOOJIBINAs, a TI0 MEPE YIAJICHHSI OT OCH BUXPS - YMEHBIIACTCS.

Puc. 35 Omrnonenue 6030yuin0z20 HOMOKA 6HU3, 8bI36AHHOE GUXPEGBIM UULHYPOM

Taxk kak Bo31tyX 00J1a/IaeT BSI3KOCTBIO, TO BPAILAIOIIMICS BO3/IYX B )KI'yTe YBIIEKAeT 3a COO0M OKpYKaIOIMINI
BO3yX. BUXpeBbIe KI'YThI JIEBOI'O U NPABOro MOIYKPBUILEB BPAIAIOTCS B Pa3HbIE CTOPOHBI TAKMM 00pa3oM, 4YTO B
IpeziesiaX Kpbula ABMKEHHE BO3AYIIHBIX MAcC HAIPABJICHO CBEPXY BHU3.
Takoe nBMXEHHE BO3MYIIHBIX MacC COOOIIAET BO3AYITHOMY OTOKY, OOTEKaIOIIEeMy KPbLIO,
JOTIOJTHUTEIBHYIO CKOPOCTh, HallpaBlieHHYI0 BHU3. [Ipu 3TOM J1F06ast 4acTh BO3ayXa,
oOTeKaromas Kpbuio Co CKOPOCThIO V, OTKIIOHSETCSI BHU3 cO ckopocThio U. Benmnuuna stoi
CKOPOCTH 00paTHO MPOTOPIIMOHAIEHA PACCTOSIHUIO TOYKH OT OCH BUXPEBOTO XKI'yTa, T. €. B
KOHEYHOM CYETE OT y/UIMHEHHS KPbLIa, OT Pa3HOCTU JABJICHUW HAJ U TTOJ] KPHLIOM U OT (POPMBI
Kpbljia B IIJIAHEC.
Yros Aa, Ha KOTOPBIN OTKJIIOHSAETCS MOTOK BO3/IyXa, 00TEKAIONIUN KPBIJIO CO CKOPOCTHIO V,
HaBEJIECHHOM BEPTUKAIBHOM CKOpOCThIO U, Hazbleaemcs yenom ckoca nomoka (Puc. 35).
Benmuunna ero 3aBHCUT OT 3HAYCHUS BepTHKaHBHOﬁ CKOpPOCTH, HHHYKTHPOBaHHOﬁ BUXPEBBIM
KTYTOM, H CKOPOCTH Ha6era101uero noroka V.

U
tgAa =~ Aa =—.
\ (2.10)
[To3ToMy Giiaroapsi CKOCy MOTOKa UCTUHHBIN YTOJI ATAKH Qe KPBUIA B KOKIOM €T0 CEYCHUHU

OyzeT OTIMYATHCSA OT TEOMETPUICCKOTO HITH KaXKYIIErOCs yIila aTaKH gy HAa BEIHYUHY Ac
(Puc. 36):

Ag — U
aucm ~ akawc —Ax= aKaZ)fC IRVE

\ (2.11)
Kak n3BecTHO, ogbeMHast cuja Kpblia Y Beerza neprneHauKyiIsipHa HaberamomemMy IoToKy, ero
HanpasieHuto. [103ToMy BeKTOp MOABEMHON CHUITBI KpbLIa OTKJIOHAETCS Ha yroi Aa u
NEePIEHANKYIISPEH K HAPaBJISHUIO BO3YIIHOTO MMOTOKa V.
[TonbemHuoit cunoit Oyner He Best cuta Y' a ee cocTapisitomas Y, HallpaBieHHas
NEePIEHIUKYIIIPHO Ha0erarouemy noToky:



Puc. 36 Obpazosanue uHOYKMUBHO20 CONPOMUBIEHUS

b Ox
Ax =52
———— Ax-55

Ox =7(d) 4
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Puc. 37 3asucumocmso korgppuyuenma 10606020 conpomusenenusn Cy om y2na amaxu camonemos fIx-52 u

Ax-55
Y =Y'cosAa=Y'. (2.12)

BBusy mManocty BenuuuHbl Ao cuntaem COSAa ~ 1. [ipyras cocrapisromas cuna Y' Gyner paBHa

DTa COCTABIAIONIAs HAMTPABIEHA M0 OTOKY U HA3BIBACTCA UHOYKIMUBHBIM CONPOMUBIEHUEM
(Puc. 36).

YT100BI HAWTH BEJMYNHY MHIYKTHBHOTO COMPOTUBIEHHS, HEOOXOMMO BBIYUCIHTE CKOPOCcTh U 1
yroJI CKoca MOTOKa.

3aBHCHMOCTB yIila CKOCa IIOTOKA OT YUIMHEHHS KPhLIa, KO3 duImeHTa 1o 1seMHoi cuitsl Cy, 1
(GOpMBI KpbLjIa B IIaHE BhIpaKaeTcst GopMyIIon

C
Aa=A4=—L.
A (2.14)

rae A - ko3huIueHT, yUuThIBAIONINI popMy Kpblja B IJIaHE.
Jl11g KpblIbeB caMoJIeTOB K03(uineHT A paBeH

A= . @+ 9).
T Mg (2.15)
rae A,g - yIIMHEHHUE Kpblila 0e3 yueTa miomaau (ro3ensika, 3aHIMaloNIEei 4acTh Kphblia;
O - BEJIMYMHA, 3aBUCHINAs OT (OPMBI KPbLIIa B IIJIAHE.
[ToacraBum 3HaueHus popmyin (2.14), (2.15) B dopmyny (2.13), mpeobpasys ee, morydum
AVE
X; =C, ’078,
2 (2.16)

rae Cyj -kodpdUIUEHT UHIYKTUBHOTO COTIPOTHBIICHUSI.
2
Xl "
OH onpexensiercs no popmyie 7+ A W3 Gpopmyssl BUaHO, uTo Cy MIPAMO

PONOpIHOHANIEH KOA(PPHUIIMEHTY MOJbEMHON CHIIBI U 0OpAaTHO MPOMOPIUOHANIEH YATHHEHUIO
KpbLa.




[Ipu yriie araku HyJIeBOW MOJBEMHON CHIIBI (@, MHIYKTUBHOE CONPOTUBIICHHUE OyIET paBHO
HYJIIO.

Ha 3akpuTnyeckux yriax aTaky Hapyuiaercs iiaBHoe o0Tekanue npoduiis Kpbuia U,
clieioBaTeNbHO, opmyia onpenenenust Cy1 He mpuemiieMa sl ONpeeseHUs ero BeTUYNHBL

Tax xak Benuunaa C, 00paTHO MPONOPITMOHATIFHA YATUHEHHUIO KPbLJa, IIOATOMY CaMOJICTHI,
MpeTHa3HAYCHHBIC IS TTOJICTOB Ha OOJIBIIME PACCTOSHUS, HMCIOT OOJIBIIOE YNIMHEHUE KPbhLja:
A=14...15.

AIPOAUHAMMNYECKOE KAYECTBO KPbIJIA

C TOuKM 3peHus adpOAMHAMHUKH Hanbojiee BBITOTHBIM OyIET TaKoe KPhLIo, KOTOpoe 00amaer
CIOCOOHOCTBIO CO3/1aBaTh BO3MOYKHO OOJIBIICIO MMOIHEMHYIO CHITY TIPH BO3MOXKHO MEHBIIIEM
71000BOM CONPOTHUBIICHUH. J{JIsl OLIEHKH a’pOJMHAMUYECKOTO COBEPIICHCTBA KPbLJIa BBOJAUTCS
MOHATHE a3POJMHAMMUYECKOTO KauecTBa Kpbla.

A3poounamuueckum Kauecmeom Kpvlia HA3bleaemcs OMHouleHue noOvEMHOIL CUbL K cule
710006020 cONPOMUGIEHUA KPbINA HA OAHHOM y2ile AmaKu

<Y

Q (2.17)
rae Y - moabeMHas cuia, KT
Q - cua moboBoro conpoTuBieHws, Kr. [ToncTaBuB B hopmyiny 3HaueHus Y u Q, MOIydnm

K=,

C. (i
Yewm OoJtbIlie a3poIMHAMHYECKOE Ka4eCTBO KpbLJIa, TEM OHO COBEpIIICHHee. BenmnmunHa kayecTBa
JUTSE COBPEMEHHBIX CaMOJIETOB MOXeT focturath 14-15, a ps uranepos 45-50. Oto o3Hagaer,
YTO KPBLJIO CaMOJIeTa MOYKET CO3/IaBaTh MOIbEMHYIO CHITY, MPEBBIMIAIONTYI0 T000BOE
conpoTtusiieHue B 14-15 pa3, a y rurtanepoB naxe B 50 pas.

AsporHAMHYecKoe KauecTBO Xxapakrepusyercs yriom & (cm. Puc. 28).

Q
tgf =—.
9 Y
UIIn
1
tgd = —.
J K (2.19)

VYron 0 Mexay BeKTOpaMu TIOXBEMHOM M HOIHON a3pOIMHAMHYECKON CHIT HAa3bIBAETCS YTIIOM
kadecTBa. Yem OoJIbIlie a3poAMHAMUYECKOE Ka4eCTBO, TEM MEHBIIIE YroJl KauecTBa, U Ha000pOoT.
AdpoIMHAMHYECKOE Ka4eCTBO KpbLia, KaK BUHO U3 Gopmylsl (2.18), 3aBUCUT OT TeX ke
(baxropos, uro u kod3pduuuents! C, u Cy, T. €. OT yria aTaku, GopMbl Ipoduist, GopMbl KpbLia
B IUIaHe, ykciia M mosiera 1 oT 00pabOTKH MOBEPXHOCTH.

B/IMAHUE HA ADPOANMHAMUWYECKOE KAYECTBO YI'JIA ATAKH.

ITo n3BECTHBIM 3HAYEHMAM adpoguHaMudecKuX Kodduuuentos Cy, u Cy Ul pa3InyHbIX YIJIOB
araku ctposT rpadpuk K = f (o) (Puc. 38).

W3 rpaduka BUIHO, YTO ¢ YBEJIMYEHHUEM YIJIa aTaKH 10 ONPEIEICHHOM BEIMYMHBI
a’poAMHAMHYECKOE Ka4eCTBO Bo3pacTtaeT. [Ipr HEKOTOPOM yriie aTaKh Ka4eCTBO JOCTUTAET
MaKCUMAJIbHON BENUYUHBI K, 4. DTOT YTOJ HA3bIBACHICA HAUBLICOOHEILLUUM Y2TIOM AMAKU,

anaue.

Ha yrne ataku HyJaeBOH NOXBEMHOM CUIIbI @, Ta€ C),=0 adpoaMHaAMUYIECKOE Ka4eCTBO OyIeT
PaBHO HYIIIO.

Bnusiaue Ha aspoarHaMHUEcKoe KauecTBO (pOpMbI MPO(UIIS CBA3aHO C OTHOCUTENLHBIMU
TOJIIIMHOM M KpUBU3HOM mpo¢uis. Ilpu 3Tom Gosbiioe BIMSHUE OKa3bIBAIOT (opMa 0OBOIOB



npoduiis, opMa HOCKA U TIOJIOKEHNE MAaKCUMATBHOMN TOJIIUHBI TPOQHIIs BAOIL X0op sl (Puc.

39).

6 -4-2 24 6 8101214

Puc. 38 I'paghux 3a6ucumocmu apoounamuueckozo Kawecmea om y2ia amaxu

Puc. 39 3aeucumocmep aapoduua.uuuecxozo Kauecmea om y2ia amaxku U moaujunsl npoqbwm

Fmane
12
8 _x._
JAYA)
1,0
Kmaue
12
8 _\.-
4
M
1,0

Puc. 40. Obpaszosanue noocacwiearoueii cunl

Puc. 41 H3menenue aapoduna.uuuecxozo Kauecmea Kpbolia 6 3asucumocmu om 4ucia M

[Tpu o6Tekanuu npoduieit ¢ 3aKpyrieHHbIMHA U YTOMIIEHHBIMA HOCKAMH Ha HOCKE PO
oOpa3zyercs MmoicachIBaroIias Cuiia, KOTopas MOKET 3HAYUTEIbHO YMEHBIIUTH JI000BOE

conpotuBiieHne. HanbomnpIeil BeMYnHbI OHA JOCTUTaeT Ha YIlaX aTaku, OJIU3KUX K Qygye
KOT/Ia MOJICAChIBAIOINAs CHJIa MOXKET MpeBbIaTh cuity Tpenus (Puc. 40).

Jlist ostydeHust O0JbIINX 3HAUCHHUH K4 BBIOUPAIOTCS ONTHMAJIBHBIC TOJIIIMHA ¥ KPUBU3HA
npoduis, GopMbl 00BOJOB U YUTMHEHHUE KPbLIA.

dopma Kpblja B IJIaHe TAK)Ke OKa3bIBACT BIUSHUE HA a9POJMHAMHYECKOE KauecTBO Kpbina. [ls
MOJTy4eHUs] HanOOoJIBbIINX 3HAUeHUH KauecTBa Hauiy4iel (opMoil KpbLia SIBISETCS
AITUTICOBHU/IHAS C 3aKPYTJICHHOM MepeHei KpoMKkoi. Takoe KpbljIo MEeT HauMEeHbIIIee
WHIYKTUBHOE COMPOTHUBIICHUE. YBEIUYCHHUE YUIMHEHUS KpPbLlIa YMEHBIIIAET €ro HHAYKTUBHOE
L.

AR
5 $

COIIPOTHUBJICHUC (BCHOMHI/IM / / ) CJICAOBATCIIbHO, YBCIIMIYMNBACT A9POANHAMUYICCKOC
Ka4deCTBO.



[Tpu yBenmmuenun unciaa M mosiera A0 MOSIBICHUS BOJHOBOTO KPHU3HCA KAUYECTBO OyIeT
HE3HAYMUTEJIbHO BO3pACTaTh (U1l JAHHOTO yrja aTaku), TaK KaK MPOSIBICHUE CKUMAEMOCTH
Bo31yxa yBenuuuBaeT C,. C HaCTYIUIEHUEM BOJIHOBOIO KPU3HCA KAYECTBO PE3KO YMEHBIIAETCH,
OTOMY 4TO KO3 PUIIUEHT MOTbEMHOM Crilbl yMeHbIaetces, a Cy yBenuuuBaetcs (Puc. 41).
CocTosiHEE TOBEPXHOCTH KpbUla (IIEpOXOBATOCTb, BOIHHCTOCTh, OTCTYILICHHE OT 3aJaHHOH (OpPMBI)

BJIMACT HAa BCIWYUHY HpO(i)I/IJ'ILHOl"O COIIPOTUBJICHHUS. HOSTOMy, yiyduiasgd COCTOSHUEC IMOBEPXHOCTU KpbLia (I/IJ'II/I
noAACPIKMBaAs €€ B XOpOLIEM COCTOHHI/II/I), MOXHO I[06I/ITI)C$I TMOBBIIICHUA a3pOAUHAMUYICCKOTI'0O KaUCCTBa CaMOJICTa.

INOCTPOEHHUE ADPOANHAMMUNYECKUX
XAPAKTEPUCTUK KPBIJIA U CAMOJIETA

I10JI1PA KPbBLIJIA

JIjig pa3inuyuHbIX PACYETOB JIETHBIX XapaKTEPUCTUK Kpblia 0COOEHHO BayKHO 3HATh
onHOBpeMeHHOoe n3MeHeHue C, u Cy B AUana3oHe JIETHBIX YIVIOB aTaku. JlJis oTo 1enu
crpoutcs rpaguk 3aBucuMoctu kodppunuenrta C, ot Cy, Ha3bIBAEMbIH MOJISPOH.

JIj1s ToCTpOEeHMsI MOJISIPBI [Tl JAHHOTO KpbLila, KPbUIO (MJIM €ro MOJIEIb) IPOIYBAEeTCs B
a’pOIMHaMUYECKOM TpyOe Mpu pa3InyHbIX yriax aTtaku. [Ipu mpoayBke 1S KaXI0To yria
aTaKy a’poJIMHaMUYECKUMU BECAMH 3aMEPSAIOTCS BETMYMHBI IO IHEMHON CHIIBI Y U CHIIBI
no6oBoro conporusierus Q. Onpenenus BenuauHbI ¢yl Y # Q 171st TaHHOTO Tpo I,
BBIYHCIISIOT UX adpoJuHaMuueckue KodphuueHTsl. 13 hopMysbl oAbEMHOM CUITBI U CHITBI
JI000BOTO COMTPOTHBJICHHS HAXOMM:

. Q
Cy=—m— Gz
PV PU o
2 2 (2.20)
Takoil pacuet NpoOU3BOIUTCS AJISI KaXKJI0TO yriia araku. Pe3ynbTaThl 3aMepOB M BEIYUCICHUN
3aHOCSTCS B TaOJHILY.
JJ1s mocTpoeHust MOJISIPhI MPOBOSATCS IBE B3aUMHO NEpIIeHIUKYIspHbIe ocH. Ha BepTHuKanbHOM
OCH OTKJIabIBAIOT 3HaYeHus Cy, a Ha ropu3oHTanbHON - Cyx. MacmTabsl 11 C, 1 C, 00BIYHO
OepyTcs pa3HbIE.
[Mpunsro s Cy, 6pare Macitad B 5 pa3 kpynHee, yeM s Cy, Tak Kak B IIpeiesax JIETHBIX
YIJIOB aTakH Auana3oH u3MeHeHus: Cy B HECKOJIBbKO pa3 OoJblle, 4yeM auana3zoH usmeHeHus Cy.
Kaxxnas Touka nosydeHHOro rpadrka COOTBETCTBYET ONPEICIIEHHOMY YIIIy aTakH.
Haszeanue «nonapa» oObACHACTCS TEM, YTO 3Ty KPUBYIO MOKHO paccMaTpUBaTh KakK MOJSPHYIO
IyarpamMmy, HOCTPOCHHYIO Ha KOOpIuHATaX KO3 UIIMEHTA MTOJHOM a3poIMHaMHUYeCKON CHIIbI
Cr ¥ @, TIIC @- YroJl HAKJIOHA MOJIHOM a’dpOoAMHAMMYECKOM cuiibl R K HampaBiIeHUIO CKOPOCTH
Ha0erarolero notoka (mpu yciaosuy, eciau Macitadbl Cy, u Cy B3ATb OIMHAKOBBIMH).

R




Puc. 42 ITpunyun nocmpoenus noasapsl Kpvlia

Puc. 43 Honsapa kpoira

Ecmu u3 Havana xoopauHat (Puc. 42), COBMEIIEHHOTO € IEHTPOM JaBJICHUS MPOQUITSL, TPOBECTH
BEKTOD K JIFOOOM TOUKE Ha MOJIsIpe, TO OH OyIET MPEACTABISATH COO0M AMaroHa b
IPSIMOYTOJIbHUKA, CTOPOHBI KOTOPOro cOOTBETCTBEHHO paBHbI Cy U Cy. 1000BOTO
COTIPOTHUBJICHUS M KOA(PPHUIIMEHTA MTOITHEMHOM CHITBI OT YIJIOB aTaKH - TaK Ha3bIBaeMas MmoJisipa
KpBbLJa.

Tak kak k03¢ ¢unmentsr Cy u C, TPONOPINOHANBHBI A3POANHAMUYECKIM CHIIaM, TO HETPYIHO
yOeauThCs, 4TO yroJl, 3aK/IF0OYeHHbIN Mex 1y Bektopamu Cr m Cy, IpescTaBisieT co0oil yroi
KadecTBa 0. YTou kKadecTBa 6 MOKHO HEMOCPECTBEHHO 3aMePSTh Ha MOJISIPE, IOCTPOSHHOH B
paBHbIX MacmuTabax Cy u Cy, a TOCKOJIBKY TOJISAPHI TOCTPOCHBI, KaK MPaBHiIo, HA
pasHoMaciTaObHbIX ko3 dunuenrax Cy u Cy, TO yroj KauecTBa ONPEAEIeTCs U3 OTHOIICHUS

0 0
2 _O ' (2.21)

[Tonsipa cTpowTcst A7l BIIOJIHE OMPEICIICHHOTO KPbLIa C 3aJaHHBIMH T€OMETPUICCKUMHU
pasmepamu 1 popmoit ipoduiis (Puc. 43). [1o monsipe Kpbljza MOKHO OTPEIETUTH PSIT
XapaKTePHBIX YIIIOB aTaKH.

Yeon nynesoit noovemnoii cunvl @, nHaxonutcs Ha niepece4eHuu noJiApsl ¢ ocbio Cy. [Ipu aTOM
yrie aTaku ko3 HIUEeHT o 1beMHON critbl paBeH Hyio (Cy = 0).

IEi

o LA

J1J1s KpbUIbEB COBPEMEHHBIX CaMOJIETOB OOBIYHO @, =
VYrou ataku, Ha KOTOPOM Cy UIMEET HAUMEHBIIYIO BEIUYUHY QCy.yun- HAXOUTCS IPOBEICHUEM
KacaTeJIbHOU K HoJusipe, napamienbHoil ocu Cy. /11 COBpeMEHHBIX KPbUIBEBBIX MPpoduiIen 3ToT
yTOJI 3aKJIF04eH B auara3one ot 0 o 1°.

Hauegvicooneniumuii yeon amaxu Oyq,e. Tak Kak Ha HAUBBITOJTHEWILIEM YTJIE aTaKu
a’pOIMHAMHUYECKOE Ka4eCTBO KpblIa MAaKCUMAJILHOE, TO YIOJI MEKIY 0Cbl0 Cy M KacaTelIbHOM,
IPOBEIEHHOI U3 Hauajla KOOPJAMHAT, T. €. YOl KadecTBa ¢, Ha 3TOM yrile aTaku, cOraacHo
dopmyne (2.19), Oyaer munuManbHbIM. [lo3TOMY /U1 ONIPENENEeHUS Qyqye HY’)KHO IPOBECTH U3
Hayajia KOOpAMHAT KacaTeNbHYIO K moJisgpe. Touka kacaHus OyJIeT COOTBETCTBOBATh Qyque. 14
COBPEMEHHBIX KPBIITBEB Qyuqyq JIEKUT B Tpeaenax 4 - 6°.

Kpumuueckuii y2on amaxu Oigpyp. 1151 ONIpENENEHUs KPUTHIECKOTO YIIla aTakKu HEOOXOAUMO
IIPOBECTH KacaTeJIbHYIO K NOJIsipe, napauienbHyto ocu C. Touka kacanus u Oyaer
COOTBETCTBOBATD Cpum- 711 KPbLILEB COBPEMEHHBIX CAMOJIETOB Qypum = 16-30°.

VYTIIBl aTaky ¢ OIMHAKOBBIM a3pOJMHAMHUYECKUM KauyeCTBOM HAaXOATCs MPOBEIECHUEM U3 Hadala
KOOPJIMHAT CEKyIIeH K mospe. B Toukax mepeceueHus HaiieM yribl ataku (o U ar) npu
MoJIeTe, Ha KOTOPBIX a3POIMHAMHYECKOE KaueCTBO OYy/IEeT OJIMHAKOBO M 0053aTEIbHO MEHbIIIE

KMaKC'



I10JIAPA CAMOJIETA

OnHO¥ U3 OCHOBHBIX a3POIMHAMHYECKHX XapaKTEPUCTUK CaMOJIeTa SBJISIETCS MOJIsipa cCaMoJIeTa.
Panee ObLIO YCTaHOBIIEHO, YTO KO3((HUIMEHT OJbeMHOM critbl Kpbuia Cy paBeH K03 (ULIHUEHTY
MOTbEMHOM CHJIBI BCETO CaMoJieTa, a KOIPPHUIIMESHT J000BOTO COMPOTHBIICHUS CaMOJIeTa JIs
Kax10ro yria ataku 0oisbuie Cy Kpbia Ha BeMUUUHY Cy qp, T. €.

CX,py, = CX o a CX eanon = CX,, +CX,,-
[ToaTOoMy mossIpy caMmosieTa MOKHO IOJIy4HUTh ITyTeM IpuOaBieHus BeTUUUHbI Cy 4y K Cy KpblIa
Ha TOJIIpe KpPbLIa JUII COOTBETCTBYIOIUX YIIOB ataku. [lossipa camosiera OyaeT nmpu 3ToM
CIIBHHYTA BIIPABO OT MOJIAPHI Kpblla Ha BeMMunHy Cy 4, (Puc. 44). O0pr4HO NOJISIPY CaMmoiera
CTposT, HCToub3ys nanuble 3aBucumocreii Cy=f(a) n C,=f(q), moxydeHHBIX KCIIEPUMEHTAIBHO
ITyTEM TPOJTYBOK MOJIENICH B a9pOAMHAMHYECKUX TpyOaxX. YTJIbl aTaku Ha MOJISIpe camoJeTa
MIPOCTABIISIOTCS IyTEM TIEPEHOCa 110 TOPU3OHTAIH YTJIOB aTakd, pa3MEUYEeHHBIX Ha MOJISIPe KPhLia.
Omnpenenenne a3poIMHAMUYECKUX XapaKTEPUCTHK M XapaKTEPHBIX YTIIOB aTaKH 10 TOJISIpe
camoJieTa IMPOU3BOJUTCS TaK JKe, KaK 3TO JAETaioCh Ha MOJISIpe KPhLja.
Yeon amaxu nyneeoit nodvemnoii cunsl @ camoneTa NpakTHUECKH HE OTIMYAETCS OT yriia
aTaKu HYJIEBOM MOJBEMHON CHIIBI KpbLa. Tak Kak Ha yIjie ap IoJbEMHAs CUJla paBHA HYJIO, TO
Ha 3TOM YTJIe aTaKH BO3MOKHO TOJIBKO BEPTUKAIBHOE JIBIKEHHUE CAMOJIETa BHH3, HA3bIBAEMOE

OTBECHBIM TMKHPOBAHUEM, WM BEPTUKAIbHAS TOpKa oA yriaom 90°.
Cy

NOASPA KPbINA NOATPA CAMOAETA

002 006 qf

Puc. 44 Ilonapwt Kpvina u camonema

Puc. 45 Ilonapvl camonema c 6bInyuieHHbIMU 3AKPLUIKAMU

Vron aTaKu, IIpyu KOTOPpOM KOB(I)(i)I/II_II/IeHT J1000BOTO COIMMPOTHUBJICHUA UMCCT MUHHUMAJIbHYIO

Benuunny (%evun) HAX0MTCA TIPOBEIEHNEM MapasLIeNbHO ocu C, KacaTelbHol K nosspe. [lpu
0JIETE Ha 3TOM yrJjie aTaku OyIyT HaMMEHBIIUE MOTEPU Ha conpoTuBieHue. Ha atom yrie
aTaku (WK OJTU3KOM K HEMY) COBEPIIAETCS MOJIET C MAaKCUMAIBHON CKOPOCTHIO.

Hauevizooneiimuii y2on amaxu (0yqyg) COOTBETCTBYET HAUOOJIBIIEMY 3HAYEHHIO
a’pOIMHAMUYECKOTO KadyecTBa camolieta. [ paduuecku 3TOT yrou, Tak ke, Kak 1 JUid KpbLa,
oTpeieNsieTcs MyTeM MPOBEACHUS KacaTeIbHO! K MoJisipe U3 Havaia koopauHat. M3 rpaduxka
BHJTHO, YTO HAKJIOH KacaTelIbHOH K MOJIsipe caMoJlieTa OoJblie, 4eM KacaTelbHOM K moJsipe
KpblIa. A Tak Kak

Y k=gl

Cx 99’ (2.22)



TO MO’KHO CZEJaTh BHIBOJ], YTO MaKCUMaJIbHOE KaueCTBO CAMOJIETA B [EJIOM BCET/Ia MEHBIIIE
MaKCHUMAaJIbHOTO a3pOIMHAMUYECKOTO KaueCTBa OT/IENIbHO B3STOrO KphLIa.
W3 sToro xe rpaduka BUIHO, YTO HAMBBITOAHEHIINI YTOJI aTaKu caMmoJieTa 0oJIbIie
HAUBBITOJAHEHIIETO YIJla aTaku Kpbula Ha 2 - 3°.

Cy

1

Cx

Puc. 46 Ionsapol camonema onsn paziuunvix wucen M

KpuTnueckuii yron aTaku camoseTa (Oipyr) MO CBOEH BETMUMHE HE OTIUYAETCS OT BETUYHHEI
3TOTO e yria JAJs Kpbljia.

Ha Puc. 44 u3o0paskeHbl OJISIpbl caMoJIeTa B TPEX BapUaHTax:

- 3aKpbLIKU YOpaHbl,

- 3aKPbLIKU 8bINYUEHBL 80 83]1emHOoe noaodcerue (03= 20°);

- 3aKPbLIKU 8bINYUWEHbL 8 NOCAOOUHOE NoodceHue (03 = 45°).

Brimyck 3akpblIKOB BO B3JIE€THOE MOJI0XKEHUE (O3 = 15-25°) mo3BoIISIET yBEIUYHUTh
MaKCUMaJIbHBIM KO3 (UIIUEHT MoAbeMHOMN CUITBI CYyaxe TPU CPABHUTEIHHO HEOOJIBIIIOM
yYBEJIMUYEHUH KOIPPUIHEHTa J0O0BOr0 COMPOTUBIIEHUS. DTO MO3BOJIIET YMEHBUIUTH MOTPEOHYIO
MHUHHMAaJbHYIO CKOPOCTh NOJIETa, KOTOpask MPaKTUYECKH OTNPEAETseT CKOPOCTh OTPhIBA
camoJieTa rpu B3Jete. biarogaps BITyCKy 3aKpbUIKOB (MM IIUTKOB) BO B3JIETHOE TOJIOKEHUE
JUTHHA pazbera cokparmaercs 10 25%.

[Ipu BBIyCKE 3aKPBUTKOB (MJIM IIMTKOB) B IMOCAI0YHOE TIoJIokeHueE (O3 = 45 - 60°)
MaKCUMaJIbHBIM KOA((UIHUEHT MOJbeMHOMN CHITBI MOKET Bo3pacTu 10 80%, 4TO pe3KO CHUKAET
MOCAI0YHYI0 CKOPOCTh U JUIMHY npobera. O1HaKko 1000BO€ COMPOTUBIICHHE MPU 3TOM
BO3pacTaeT MHTEHCUBHEE, YEM MOAbEMHAs CUJIa, TO3TOMY a3pOIMHAMUYECKOE KaueCTBO
3HAYUTENbHO YMeHbIIaeTcsa. Ho 3To 006CcTOSTENbCTBO UCTIONB3YETCSl KaK MOJI0KUTENbHBIH
AKCIUTYaTAIl[MOHHBIN (aKTOp - YBEIMYUBACTCS KPYTU3HA TPACKTOPHUH MPU INIAHUPOBAHUU TIepe]
MOCAJIKOM U, CIIeZI0BAaTEIbHO, CAMOJIET CTAHOBUTCS MEHee TpeOOoBaTesIeH K KaueCTBY MOJX0/I0B B
CTBOPE MOCAJOYHOM MOJIOCHI.

Panee Hamu ObLIM PacCMOTPEHBI MOJISIPHI KPbLIIa U caMoJIeTa JUIsl TaKUX CKOPOCTEH moJiera
(uucen M), korna BAUSHHEM CKUMAEMOCTH MOXHO ObLIO npeHeOpeub. OAHAKO MpU AOCTHKEHUN
TakuX yrcen M, mpu KOTOPBIX CKUMAEMOCTBIO YiKe Hellb3s peneopeus (M > 0,6 - 0,7)

K03 GUIIMEHTHI TOABEMHOM CHITBI M IOOOBOTO COMPOTHUBIICHUS HY>KHO OINPEACTATh C Y4eTOM
MOTPaBKH HA CKUMAEMOCTb.

Cy — Cy Hecotc ,

cofe

2
1-M, (2.23)
rae Cyex - KOOQPUIHMEHT NOABEMHON CUIIBI C YIETOM CKUMAEMOCTH;

CVueox - KOOPPHUIIUCHT MOTHEMHON CHUIIBI HECKUMAEMOT'O OTOKA TSl TOTO YK€ yIjia aTakd, 4To
Cyex-

Jlo uncen M ~ 0,6-0,7 pee MOJISIPBI TPAKTUYECKH COBMAJAIOT, HO MPH OOJIBIINX YKcIax M OHU
HAUYMHAIOT CMEIIAThCS BIPABO U OJJHOBPEMEHHO YBEIMUMBAIOT HAKJIOH K ocH Cy. CMelieHue
noJisip Bipaso (Ha 6ombire Cy) 00yCIOBICHO pOCTOM KO dHUIHEeHTa MPOPHIBHOTO
COIIPOTHUBIIEHUS 3a CUET BIMSIHUSA C)KUMAEMOCTH BO3/yXa, a IPU JAajJbHEeHIIeM yBeIHUEeHUH
gucia (M > 0,75 - 0,8) 3a cueT mosiBICHUS BOJTHOBOTO conpotuBieHus (Puc. 46).



VYBenn4yeHrne HaKkJIOHA MOJISIP OOBSICHACTCS pOCTOM KO3 pULIMeHTa HHIYKTUBHOTO

COIIPOTHUBJICHUS, TaK KaK IIPHU OJJHOM H TOM KC YI'JIC aTaKU Cvxl B IO3BBYKOBOM IIOTOKE

2
KD.
C)KMMAEeMOT'0 Ta3a YBEJIMYUTCS IPONOPLUUOHATIBHO Coxp AdpoaMHAMHUYECKOE Ka4eCTBO
caMmoJieTa C MOMEHTa 3aMETHOTO IpOosBIeHUs 3 (eKTa CKUMAaeMOCTH HAYMHACT YMEHBIIAThCS.

MEXAHU3AIUSA KPBIJIA

Ha COBPEMCHHBIX CaMOJICTax € LECJIbIO MOJTYUYCHUSA BBICOKUX JICTHO-TAKTUYCCKUX XapaKTCPHUCTUK,
B HaCTHOCTH MJII JOCTUXCHUA 6OJII>HII/IX CKOpOCTeI\/JI I1OJICTA, 3BHAYUTCIIbHO YMCHBIICHBI U
IJIOIIA b KPbUIa U €T0 YAJUHEHHE. A 3TO OTPUIIATEIILHO CKa3bIBACTCS HA a3POAMHAMUYECKOM
KauecTBE caMoJieTa U 0OCOOEHHO Ha B3JIETHO-TIOCAIOYHBIX XapaKTePUCTUKAX.

Jns ynepkaHusi camoJieTa B BO3yX€ B MPSAMOJIMHEMHOM IOJIETE C TOCTOSTHHON CKOPOCTHIO
HE00X0IMMO, YTOOBI TIOTheMHas CHJia ObUTa paBHa Becy camodiera - Y = G. Ho Tak kak

2
Yy=yPY s,
2
TO U

2

G=c,?% s

2 (2.24)
N3 dopmymnet (2.24) cnexyer, 9To IS yASp>KaHUS caMoJIeTa B BO3yXe Ha HAMMEHBIIICH
CKOpOCTH (IIpH MOCaAKe, HAIPUMEP) HYKHO, 4YTOOBI KO3 duuneHT noabeMHoi cuibsl Cy ObLI
HanboapmKuM. OHako Cy MOKHO YBEJIMYMBATh ITyTEM yBEJIMYEHHS YIJIa aTaKU TOIBKO J10 Clxpum.
YBenuueHue yria ataku 00JbIle KpUTHUYECKOTO MPUBOIUT K CPhIBY IIOTOKA HA BEpXHEH
MIOBEPXHOCTHU KpbUIa U K pe3koMy yMeHbleHHto Cy, 4to HegonmycTuMo. CiieoBaTeNbHO, AT
obecrnieueHrs paBeHCTBA MOJbEMHOM CHIIBI U Beca caMoJieTa He0OX0IMMO YBEIUYUTh CKOPOCTh
noiera U.
BcenenctBue ykazaHHBIX TPUUMH MOCAJOYHBIE CKOPOCTH COBPEMEHHBIX CAMOJIETOB JI0BOJIHO
BEJIMKU. DTO CUJIBHO YCJIOKHSET B3JIET U MMOCA/IKY M YBEIMYUBAET JJIUHY Mpodera caMmoJiera.
C uenbio yny4ieHus: B3JIETHO-MIOCAA0YHBIX XapaKTePUCTHK U o0ecrieueHus: 6e30MacHOCTH Ha
B3JIETE U 0COOEHHO MOCaJAKe HEOOX0AUMO MOCATOYHYIO CKOPOCTh IO BO3MOYKHOCTH YMEHBIIIUTb.
Jl1s1 3T0r0 HYKHO, 4T00BI Cy OBLIT BO3MOKHO OoJible. OtHaKO MpOoGHIN KpblUla, UMEIOIINE
607b1110€ CYpaxe, 00IATAIOT, KAK MPABUIIO, OOJIBIIUMU 3HAYSHHUSIMHU JTIOOOBOTO CONIPOTUBIICHUS
CX,un, TAK KaK y HUX OOJIBIIINE OTHOCUTEJIbHBIE TOJIIINHA U KpUBU3HA. A yBenuueHUE CXopyp,
MPEMSTCTBYET YBEIMUEHUI0O MAaKCUMAIIbHOM cKopocTH nojieta. 3roroButh nmpoduib Kpbuia,
YIOBJIETBOPSAIOLINI OJTHOBPEMEHHO JBYM TPeOOBaHUSAM: MOIYYEHUIO OOJIBIINX MAaKCUMAJIbHBIX
CKOPOCTEH 1 MaJbIX MOCAJA0YHBIX - MPAKTHYECKH HEBO3MOKHO.
[ToaTomMy mpu mpoeKTHUPOBaHUH MpoduUIIeH Kpbliia cCaMOJIeTa CTPEMSITCA B IIEPBYIO OUYepeb
obecneunTh MaKCUMaJIbHYI0 CKOPOCTD, a JIJIsl YMEHBIICHHUS [TOCAI0YHON CKOPOCTH MPUMEHSIOT
Ha KPBUIbSX CIIEIUATbHBIE YCTPONCTBA, HA3bIBaeMble MeXaHU3allel Kpblia.
[Ipumensist MEXaHU3UPOBAHHOE KPBLJIO, 3HAYUTEIHHO YBENTUYUBAIOT BETHUUHY CYyaxe, YTO AAET
BO3MOHOCTh YMEHBIIUTH MMOCAJI0YHYI0 CKOPOCTh U JUIMHY Ipobera caMmoiera nocie mocaakH,
YMEHBIIIUTh CKOPOCTh CAMOJIETa B MOMEHT OTPBIBA U COKPATUTH JAJUHY pa3dera mpu B3JeTe.
[IpumeHeHre MeXaHU3aIlH YIIy4IIaeT YCTOMUNBOCTh M YIIPABISEMOCTh caMoJieTa Ha OOJIBIITNX
yriax ataku. KpoMe Toro, yMeHbIIeHHEe CKOPOCTH IIPU OTPHIBE HA B3JIETE U MPU MOCATKE
yBEJIMYMBAET 0€30MaCHOCTh WX BBIMIOJHEHUS M COKPAILIAET PACcX0/Ibl Ha CTPOUTEIHCTBO B3JIETHO-
MOCAI0YHBIX TOJIOC.
Wtak, MexaHu3amus KpbUTa CIIY)KHUT [Tl YIYUIISHUS B3JIETHO-TIOCAI0YHBIX XapaKTEPUCTUK
camoJieTa IMmyTeM YBEIUYEHHUS MaKCUMAIbHOTO 3HaYeHHs KOd(pPHUIIMEeHTa TOIHEMHON CHITBI
Kpbuta CYaake-



CyTh MEeXaHHM3aIUU KPbLJIa COCTOUT B TOM, YTO C IIOMOIILIO CIIEIHAIBHBIX MTPHUCIIOCOOTCHHIA
YBEIIMYMBACTCS] KpUBU3HA IPOGUIIS (B HEKOTOPBIX CIydasX U IJIOMIAAb KPbLIa), BCICICTBUE
Yero M3MEHSETCsl KapTuHa 00Tekanus. B pe3ynbTaTe nosiydyaercs yBeIu4eHHE MaKCUMaJIbHOTO
3HaueHUs KOd(PPHUIHCHTA TOTHEMHOM CHITBI.

OTH IPHUCTIOCOOICHHUSI, KaK MPABUIIO, BBITIOJHSIOTCS YIIPABISEMBIMH B ITOJIETE: TIPU MOJIETE HA
MaJIbIX yriax aTtaku (Mmpu OOJIBIIUX CKOPOCTAX MOJIETA) OHU HE UCTIONB3YIOTCS, a TPUMEHSIOTCS
JIUIIB Ha B3JIETE, HA TIOCAJIKE, KOT/Ia yBEJIMUEHHUE yIila aTakKu HE 00€CTICUnBACT MOJTyYCHUS
HYXKHOW BEJIMYUHBI I10TbEMHOUN CUJIBL.

Cy1liecTBYIOT CIIeIYIONIME BUIBI MEXaHU3ALUN KPbUTA: WUMKU, 3AKPbLIKU, RPEOKPbLIKU,
OMKIOHAEMblE HOCKU KPbllld, YNPAGIeHUEe NOZPAHUYHBIM CTI0EM, PEAKMUBHbLE 3AKPbLIKU .
IJumok tipencTaBisieT cOO0H OTKIOHSIONIYIOCS TTIOBEPXHOCTh, KOTOPAsi B YOPAaHHOM ITOJIOKCHUN
MIPUMBIKAET K HIDKHEH, 3a/IHeH MOBEPXHOCTH Kpbuta. LLIUTOK sSBIIsieTCS OTHUM U3 CaMbIX
MPOCTHIX M HAaOO0JIee paCIPOCTPAHEHHBIX CPEACTB MOBBIICHUS CY e

VYeenuueHue Cyyke TPU OTKIOHEHUH TUTKA OOBIICHIETCS U3MEHEHHEM (HOPMBI TPOQHITST KpbLa,
KOTOPO€ MOHO YCIIOBHO CBECTH K YBETMUYEHUIO d(PPEKTUBHOTO YIIia aTaKh U BOTHYTOCTH
(KpuBHU3HBI) TPODUIIS.

[Ipu oTKIOHEHUM MKUTKA 00pa3yeTcss BUXpEBasi 30Ha MOJICACHIBAHUS MEXKTY KPBIJIOM U IIUTKOM.
[ToHmxeHHOE AaBICHUE B 3TOM 30HE PACTIPOCTPAHIETCS YACTUYHO HA BEPXHIOI MTOBEPXHOCTH
npoduIs y 3aIHed KPOMKH U BBI3BIBAET OTCOC IOTPAHUYHOTO CJIOSI C TIOBEPXHOCTH, JIeXKAIICH
BBIIIIE TIO TEYEHUIO. 3a CYET OTCACHIBAIOIIETO JEHCTBUS MIUTKA MPEIOTBPAIIAETCS CPHIB TIOTOKA
Ha OOJIBIIIKX YTJIax aTakd, CKOPOCTh MOTOKA HAJl KPHLJIOM BO3PACTAET, a JIAaBJICHUE YMEHBIIIACTCS.
Kpome Toro, OTKJIIOHEHHE ITUTKA MOBBIIIACT JABJICHUE M0 KPBIJIOM 3a CUET YBEIIMUCHUS

3¢ deKTUBHON KPUBU3HBI MPOPUIIS Fop 1 3(P(HEKTUBHOTO YIila aTaKH Chg.

brarogapst 5ToMy BBIITYCK IIIUTKOB YBEIIMYUBAET PA3HOCTh OTHOCUTEIBHBIX JIABJICHUI HAT
KPBUIOM U OJ KPBLIOM, a CJI€I0BaTeNbHO, U KOAPPHUIIMEHT MoaAbeMHOM cuiibl Cy.

Ha Puc. 50 nokazan rpaduk 3aBucuMoctu Cy OT yIJla aTaku Ui KpbUla C pa3IuyHbIM
TOJIOXKEHHUEM IITUTKA: YOpaHHOE, B3JIETHOE Oy = 15°, mocagounoe oy, = 40°.

[Mpu otknonenuu muTKa Best kpusasi Cyy, = f(@) cMmeraercst BBepx MoUYTH SKBHUIUCTAHTHO
kpuBoit Cy = f (@) 0OCHOBHOTO PO QHIISL.

N3 rpaduka BUIHO, 4TO MPU OTKIOHEHUH IIUTKA B TIOCAI0YHOE MOJI0KEeHHE (O = 40°)
npupaiuenue Cy cocrasiseT 50-60%, a KpUTUUYECKU yroj aTaky Py 3TOM yMEHbIIaeTcs Ha 1-
3°.

g yBenuueHus 23pPEeKTUBHOCTH UIUTKA KOHCTPYKTUBHO €r0 BBIMOIHIIOT TAKUM 00pa3oM, 4To
IIPU OTKJIOHEHUHU OH OJIHOBPEMEHHO CMEILlaeTCs Ha3a/, K 3aiHel KpoMKe Kpbuia. Tem caMbIiM
yBEJIUYUBAIOTCS APPEKTUBHOCTH OTCOCA MMOTPAHUYHOTO CJIOS C BEpXHEW MOBEPXHOCTHU Kpblila U
MPOTSHKEHHOCTH 30HBI MOBBIIIEHHOTO JABJICHUS MO]T KPHLJIOM.

[Ipy OTKJIOHEHUH MIUTKA OJHOBPEMEHHO C YBEIMUEHUEM KOd(PPUIIMEHTA OIBEMHOM CUITBI
yBEJIUYUBAETCS U KOA(D(ULIMEHT JI0O0BOTO COMPOTUBIICHUS, a9POJMHAMHUECKOE Ka4eCTBO Kpbljia
MIPH 3TOM YMEHbIIIAETCSI.

3akpuinok. 3aKpbUIOK NMPEACTaBISAET COOON OTKIOHSIONIYIOCSA YacTh 3aIHEH KPOMKH Kpbljia 100
MMOBEPXHOCTD, BBIIBUTAEMYIO (C OJTHOBPEMEHHBIM OTKJIOHEHHWEM BHU3) Ha3aa u3-noJ kpbuia. [1o
KOHCTPYKIUU 3aKPBUIKU JICNATCA HAa npocmule (Heujeiesvle), 00Houe1eble U MHO20uellegble.

R N



Puc. 47 Ilpoghuns Kpvina co wiumkom, CMewarouyuMcs Hazao

Puc. 48 3akpovinku: a - Hewenesoil; 6 - wienesoii

Heuweneeoit 3akpiiok yBenuunBaeT KOAPPUIHUEHT MOAeMHON cuibl Cy 3a CUET YBEJINYECHUS
KpuBHU3HBI Tpoduist. [Ipy HamMUIMKU MEX Ty HOCKOM 3aKpbUIKa M KPBIJIOM CIICIIHAIBHO
cpomIrpoBaHHOM 1IeH 3 (HEKTUBHOCTD 3aKPhIIKA YBETMYMBAETCS, TAK KaK BO3/YX,
MPOXOJSIHI C OOJIBIION CKOPOCTHIO YepPe3 CYKAIOIIYIOCS IIENb, MPETSITCTBYET HA0OYXaHUIO U
CPBIBY IOTPAHUYHOTO cios. st manpHekero ypenuaeHus 3pPeKTHBHOCTH 3aKPBUIKOB HHOT/IA
MPUMEHSIOT ABYXIIIEJIEBBIC 3aKPBUIKH, KOTOPBIE TAIOT MPUPOCT KodDPHITeHTa TOTHEMHON CUITBI
Cy npoduiis 1o 80%.

VYeennueHne Cyyake KpbUIa MPU BBITTYCKE 3aKPBUIKOB WX IIIUTKOB 3aBUCUT OT psifa PaKTOPOB:
WX OTHOCHUTETHHBIX Pa3MEpOB, yIJia OTKIOHEHU, yTIila CTPEJIOBUAHOCTH Kpbuta. Ha
CTPEJIOBUIHBIX KPBUIbAX d3((HDEKTHBHOCTh MEXaHHU3AIINH, KaK IMPABUJIO, MEHBIIIE, 9eM Y TIPSIMBIX
KpbUIbeB. OTKIOHEHUE 3aKPBUTKOB, TaK )K€ KaK U IUTKOB, COITPOBOXK/IAETCS HE TOJIBKO
nosbliieHueM Cy, HO B enle 60sbiei ctenenn npupoctoM Cy, HOITOMY a3pOIMHAMHUYECKOE
KauyeCTBO MPH BBIMYIIEHHON MEXaHU3aI[UN YMEHbBIIIAETCS.

KpuTtnueckuii yrosi araku mpH BbIMTYIICHHBIX 3aKPhLIKaX HE3HAUNUTEIBHO YMEHBIIAETCS, YTO
103BOJISACT NOTYIUTH Cyyaxe TIPH MEHBIIIEM TIOIbeMe Hoca camoutera (Puc. 51).

< "/l/l{/{/’@
T R
\‘*\Q\Gg
NG
\

PAJPEMNKEHMKSA
~ 30HA PAJPEMNKEH

Cy

2,04 83=40°
18] N
1,61 ™N3°
14 8=0
1,21

1,0

0,81

0,6

04
02 Ayp | | Lup

/
AKX, 2468001 <
Puc. 49 Ilpogpuns kpovira ¢ wygumxom

Puc. 50 Bausnue évinycka wgumkos na kpugyio Cy=f{(o.)
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Puc. 51 onapa camonema ¢ yopannsimu u 6bINYUEHHLIMU WAUIMKAMU

[Ipeaxpsutok npeacTasiasieT co00i HEOOIBIIOE KPBUIBIIIKO, HaXo sIIeecs Briepean kpbiia (Puc.
52).

[Ipeaxpsuiku ObIBaOT (PUKCUPOBAHHBIE M ABTOMATHYECKHE.

DuKCHUPOBAaHHBIE TTPEAKPHIIKA HA CIIEIIMAIBHBIX CTOMKAaX MOCTOSTHHO 3aKPEIUICHBI HA HEKOTOPOM
yAQJICHUH OT HOCKA MPOGuIIs Kpbljia. ABTOMAaTHYECKUE TIPEIKPBUIKH MIPH TOJIETE HA MaJIbIX
yrJlax aTaky MJI0THO MPUXKAThl K KPHUTY BO3AYIIHBIM MOTOKOM. [Ipu mosieTe Ha O0bIIKMX yriax
aTaky MPOUCXOJANUT U3MEHEHNE KapTUHBI paclipe/ieIeHHsl IaBJIeHUs 110 TpoHII0, B pe3yJabTaTe
Yero MpeAKPHIIOK Kak Obl oTcachiBaeTcs. [[pOMCXOIUT aBTOMAaTHYECKOE BBIIBIDKCHHE
npeakpsuika (Puc. 53).

[Ipu BEIABUHYTOM MPEIKPHUIKE MEXKTY KPHLJIOM U TIPEIKPHUIKOM 00pa3yeTCsl CyKHUBAIOIIasICst
1IeJb. YBEIMYUBAIOTCA CKOPOCTh BO3AyXa, MPOXOISIIEro Yepes 3Ty IIelb, U €ro KHHeTHYecKas
sHeprus. [lens Mexay NpeAKpbUIKOM U KPbUIOM CIIPO(QHIMPOBAaHA TaKUM 00pa3oM, YTO
BO3JIYLIHBIN MOTOK, BBIXOS U3 LIEIH, C OOJIBIION CKOPOCTHIO HAIIPaBIISIETCS BJIOJIb BEpXHEH
MMOBEPXHOCTHU Kphliia. BeieacTBue 3Toro CKOpocTh MOTPaAaHUYHOTO CIIOS YBEJIMYMBAETCS, OH
CTAHOBHUTCS 00Jiee YCTOMYMBBIM Ha OOJBIITUX YIaX aTaKd U OTPHIB €ro OTOJIBUTAETCS Ha
Oombiive yribl ataku. Kputnueckuit yron atraku npo@uiis Ipu 3TOM 3HAYUTEIHHO
yBenuumBaetcs (Ha 10°-15°), a Cyyaxe yBeTHuHBaeTcs B cpeaneM Ha 50% (Puc. 54).

OOBIYHO MPEIKPBUIKYA YCTaHABIMBAIOTCS HE 0 BCEMY pa3Maxy, a TOJIbKO Ha €ro KOHIax. 1o
00BSACHSETCS TEM, YTO, KpoMe yBeIrueHus: Ko ULIMEHTa MOJbEMHOMN CHIIbI, YBETUUUBACTCS
3¢ GEKTUBHOCTD AIIEPOHOB, a 3TO YAYUIIAeT MONEPEYHYIO0 YCTOWYMBOCTD U YIPABISIEMOCTb.
YcTaHoBKa NpeaKpbIIKa 0 BCEMY pa3Maxy 3HaUUTENbHO YBEIUYMIA Obl KPUTHUECKHUM yro
aTaky Kpblja B LIEJIOM, U JJISl €r0 peaiu3aliy Ha M0CaKe MPUIIOCh Obl CTOWKH OCHOBHBIX HOT
IIaCCH JIEJIaTh OUYEHb BHICOKUMHU.

Puc. 52 Ilpeokpuinox



Puc. 53 Ilpunyun Oeiicmeusn agmomamuuecKozo nPeoOKPuUIKA: a - Majble y2ibl Aamaxu; 6 — oonvuiue y2ivl
amaxu

QDuxcuposannvie NPeOKPbLLIKU YCTAHABIMBAIOTCS, KaK IPABUIIO, HA HECKOPOCTHBIX CaMOJIETaX,
TaK KaK TaKhe MPEeIKPbUIKH 3HAYUTEIHHO YBEINUUBAIOT JJOOOBOE COMPOTUBIICHUE, YTO SIBIISIETCS
MTOMEXOM JIJIsl AOCTHKEHHUS OOJIBIINX CKOPOCTEH ToJIeTa.

Omknounsiemsiii Hocox (Puc. 55) nmpuMeHsieTcst Ha KPbUIbSIX ¢ TOHKUM IPOQUIEM B OCTPOi
nepeaHel KpPOMKOM IS MPEJOTBPAILEHUS CPhIBA TIOTOKA 32 MIEpeIHEN KPOMKOW Ha OOJIBIIUX
yriax aTaku.

W3mMeHsist yros HakJIoOHa IOIBHYKHOTO HOCKA, MOKHO TSI JTFOOOTO yIita aTaku 1mojao0parh Takoe
MOJIOKEHHE, Koraa o0Tekanue nmpoduiist OyneT 0e30TPHIBHBIM. JTO MO3BOJIHT YITYYIIUTh
a’pOIMHAMUYECKUE XapAKTEPUCTUKN TOHKUX KPbUIbEB HA OOJIBIINX yIiIaxX aTaku.
AbdpoarHaMHUecKOoe Ka4eCTBO IPU TOM MOKET BO3PACTaTh.

Wckpusnenue npouiis OTKIOHEHUEM HOCKA NOBBIIAET CYyare Kpblia 0€3 CyIECTBEHHOTO
M3MEHEHUSI KpUTUYECKOTO yIJla aTakKu.
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Puc. 54 Kpueaa Cy =f (Q) ona Kpwina ¢ npeoKkpulikamu

Puc. 55 Omxnouaemulii HOCOK Kpblia

Ynpaenenue nozpanuunvim croem (Puc. 56) siBnsercs oauuM u3 Hanbosee 3QHEKTUBHBIX
BUJIOB MEXaHHU3AIMK KPbLJIa U CBOJUTCS K TOMY, YTO IOTPAHUYHBIN CJIOH JINOO OTCAChIBACTCS
BHYTPb KpbLJIa, TUOO CyBACTCS C €r0 BEpXHEH MOBEPXHOCTH.

Jl1st 0TCOCa MOTPAaHUYHOTO CJIOSI MJIH JUISL €r0 CyBaHUS MPUMEHSIIOT CIICIUATBbHBIC BEHTHIISTOPHI
100 MCTIIOIB3YIOT KOMIIPECCOPBI CAMOJICTHBIX T'a30TYPOMHHBIX JBUTATEIICH.

OTcacpiBaHH€ 3aTOPMOKEHHBIX YaCTHUI] U3 TOTPAHUYHOTO CIIOSI BHYTPb KPbLJIa YMEHBIIIAET
TOJIIIUHY CIIOSI, YBEIMUYUBAET €r0 CKOPOCTH BOTU3M MOBEPXHOCTHU KpbhLjia U CIIOCOOCTBYET
0€30TPHIBHOMY OOTEKaHHIO BEPXHEH MOBEPXHOCTH KpbLIa Ha OONBIINX yriaX aTaku.
CnyBaHKe MOTPAHUYHOTO CJIOS YBEJIMUHUBAET CKOPOCTH JIBIKEHUS YaCTHUIl BO3IyXa B
MOTPAaHUYHOM CIIO€, TEM CaAMbIM IPEIOTBPAIIAeT CPHIB MOTOKA.

YnpapiieHne NOrpaHUYHBIM CI0EM JIaeT XOPOIINe Pe3yabTaThl B COUETAHUU C ITUTKAMU WU
3aKpBUIKaMHU.
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Puc. 56 Ynpasnenue nozpanuunvim cioem

Puc. 57 PeaxmugHulii 3aKpbL10K

Peaxmuenutii 3axpoinok (Puc. 57) npeicTaBnser CTpyro ra3oB, BBITEKAMOIIYIO ¢ OOJIBIIOHN
CKOPOCTBIO MOJT HEKOTOPHIM YIJIOM BHU3 U3 CHEIUAILHOM 1IEIH, PAcToNoKEHHON BOIU3H
3ajiHel KpoMKH Kpbuta. [Ipu 3ToM cTpys ra3a Bo3AeHCTBYET Ha OTOK, OOTEKAIOIINI KPbLIO,
0I00HO OTKJIIOHEHHOMY 3aKpbUIKY, BCJIEJICTBUE YETO MEePe/ PEaKTUBHBIM 3aKPbUIKOM (TI0]T
KpBLIOM) JTaBJI€HHUE MOBBILIAETCS, a TI03a/I1 €r0 IOHUKAETCSI, BHI3bIBAS YBEIMUEHUE CKOPOCTH
JBYDKEHUS NMOTOKA HaJl KpbuloM. KpoMe Toro oOpasyercs peaktuBHas cuia P, coznaBaemas
BBITEKAIOIIEH CTPYEM.

D¢ (pexTUBHOCTD ASHUCTBHSI PEAKTUBHOTO 3aKpPbLIKA 3aBUCHUT OT yIJla aTakH Kpblja, yrila BbIXo1a

ctpyn 0 u BemmumHbl cuitbl TArU P. VIX HCHONB3YIOT 71 TOHKHX, CTPEIOBU/IHBIX KPBUIHEB
MaJIoTo y/UTHHEHUE PeakTHBHBIN 3aKPHIJIOK TO3BOJISIET YBETUYUTH KOA(DOUIIMEHT MO IbEMHOM
cuibl Cyyaxc 6 5-10 pa3.

JI1st co31aHms CTPYH MCIOJIB3YIOTCS Ta3bl, BBIXOISIINAE U3 TYPOOPEAKTUBHOTO JIBUTATEIIS.

HEPEMEIEHUE HEHTPA JABJIEHUSA KPBIJIA U
CAMOJIETA

IleHTpOM IaBJIeHUs KPbLJIa HA3bIBACTCS TOUYKA MMEPECCUCHHS PAaBHOICHCTBYIOIICH

aBpOI[I/IHaMI/I"ICCKHX CHUJ1I C XOpHOﬁ KpBIJ'Ia.

HOJ'IO)KCHI/IC I_[CHTpa JaBJICHUSA OHpCI[eJ'IFIeTCFI ero KOOp,Z[PIHﬂTOfI Xﬂ' paCCTOHHI/IeM oT Hepe,uHeﬁ
Ya_x

KpOMKI/I KpBIJ'Ia, KOTOpOC MOXKET 6BITB BBIpa)KeHO B JOJIAX XOpI[LI B A

HaHpaBHCHI/IC I[CﬁCTBPIH CHUJIbI R OHpe,Z[eHHeTCH YFJ'IOM ¢, O6p33yeMBIM C HaHpaBJ'IeHI/IeM

HEBO3MYILIEHHOTO Bo3aylIHOro notoka (Puc. 58, a). U3 pucynka BugHO, 4TO

Y
tigp=—=K,
X (2.25)

rac K- A9pOAUHAMHUYCCKOC KauCCTBO HpO(i)I/IJ'I}I.



Puc. 58 llenmp oaenenusn Kpblila U USMEHEHUE €20 NOJ10)ICeHUA 6 3aeucumocmu om yzia amaxku

[Tono>xeHne 1eHTpa JaBJIeHUs 3aBUCHT OT GopMbI mpoduis u yria araku. Ha Puc. 58, 6
[TOKa3aHO, KaK U3MEHSETCS NOJIOKEHUE 1IEHTPa JIaBJICHMsI B 3aBUCUMOCTH OT yIJla aTaku AJis
npoduieit camoneroB Ak 52 u Sk-55, kpusast 1 -ons camonema Ax-55, kpusas 2-0na camonema

Ax-52.

W3 rpaduxka BuaHo, uto nonoxkenue L/l npu usmeHeHUH yria aTakul y CHMMETPUYHOTO
npoduiis camoneta Sk-55 ocraeTcs HEU3MEHHBIM M HAXOAUTCS IPUMEPHO Ha 1/4 paccTOsIHUS OT

HOCKa XOPJIbI.

[Tycroii camoner
BanerHs1ii Bec

JleTunk B miepeaHe KaOMHE
JleTuuk B 3a1HER KaOuHE
Tommmso B 6akax

Macno B 0akax

Gu

GB3.H

G

G,

Gt

Gwm

Tabnuya 2
Hazpy3ka

Obo3nauenue geca (2py3a)

[Ipu u3MeHeHnH yriia aTaku U3MEHsIeTCs paclipe/iesieHue AaBleHus Mo Mpoduiio Kpeiia, u
MOATOMY LEHTp JaBJICHHUS IEPEeMEIaeTCs BOIb XOPbl (711 HECUMMETPUYHOTO TIPOGUIIs
camoreta Sk-52), kak nmoka3zano Ha Puc. 59. Hanpumep, npu oTpuniaTeIbHOM yriie aTaku
camoreta Sk 52, mpuMepHO paBHOM -1°, CUJIBI JaBlIEHUsI B HOCOBOM M XBOCTOBOM 4acTsIX
poQuIis HApaBIeHbI B TPOTUBOTIOJIOKHBIE CTOPOHBI M PaBHBL. DTOT YrOJI aTaKd HAa3bIBAETCS
YIJIOM aTaKH HYJIEBOM MOJIBEMHOMN CHUIIBI.
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Puc. 59 Iepemewenue uenmpa oaenenus Kpolia camonema Ax-52 npu uzmenenuu yena amaxu

[Ipu HecKoIbKO OOJIBIIEM YIJIE aTaKU CUJIbI IaBJICHUS, HAIPABJICHHbIE BBEPX, O0JIbILIE CUIIBI,
HaIpaBJICHHOW BHU3, NX paBHOJIecTBYomas Y OyzaeT nexars 3a 6onpieit cuioi (I1), T. e.
LEHTP JaBJICHUS OKAXKETCs pacloJIOKEHHBIM B XBOCTOBOM yacTu npoduis. [lpu naneHeiiem
YBEJIMUEHUH YIJia aTaKu MECTOHAX0XJACHNE MAaKCUMaIbHOM pa3HOCTH JaBJICHUN NEepeBUTaeTCs
Bce OJIMKe K HOCOBOM KpOMKE Kpbljla, YTO, ECTECTBEHHO, BbI3bIBaeT nepemerienue L/l no xopre
K nepenneit kpomke kpbuia (111, IV).

Haub6onee nepennee nonoxenue L/l npu kputnueckom yrie araku akp= 18° (V).

CHUJIOBASA YCTAHOBKA CAMOJIETA

HA3HAYEHUE CUJIOBOM YCTAHOBKH U OBIIIME CBEJIEHUS O BO3AYIIIHBIX
BHUHTAX

Cunoeas ycmanoska npeonasnauena Jjisi CO31aHNs CUIIbI TSITH, HEOOXOMMOM ISt
MIPE0/I0JICHUS JIOOOBOTO COMPOTUBJICHHUS U 00ECIIEYEHUS TTOCTYMATEIHFHOTO JIBUKEHUS CaMOJIeTa.
Cuna 1sru co3aercsi yCTaHOBKO, COCTOAIIEH U3 IBUTATENs, ABMXKUTENS (BUHTA, HAIPUMED) U
cUCTeM, 00ecIeYrBaIONINX padOTy IBUraTEIbHON YCTAaHOBKH (TOIUIMBHAS CHCTEMA, CHCTEMA
CMa3KH, OXJXJICHUS U T.1I.).

B Hacrosiee BpemMs B TPAaHCIOPTHOM M BOEHHOUM aBHAIlMU MIUPOKOE PACIPOCTPAHECHUE
MOJIyYMJIH TYpOOpEeakTUBHbBIE U TYPOOBHUHTOBBIE IBUTATENIN. B CIOPTUBHOM,
CENIbCKOXO35MCTBEHHON U Pa3JIMYHOIO Ha3HAYEHMs BCIIOMOraTeIbHON aBUallMy MTOKa enle
MIPUMEHSIOTCS CHJIOBBIE YCTAHOBKHU C MIOPIIHEBBIMU aBUAIIMOHHBIMU JIBUTATEISIMU BHYTPEHHETO
CrOpaHus.

Ha camonerax Sk-52 u SAk-55 cunoBas ycTaHOBKa COCTOUT U3 MOPIIHEBOTO apurarens M-1411 u
BO3AYIIHOTO BUHTA U3MeHsiemoro mara BS30TA-J135. /Isurarens M-1411 npeoGpazyet
TEIUJIOBYIO SHEPTHIO CTOPAIOIIEr0 TOIIMBA B SHEPTUIO BPALIEHUS BO3AYIIHOTO BUHTA.
Bo3oywinwtii unm - 101IaCTHBIN arperar, BpaliaeMblid BaJIOM JIBUTATENs, CO3AAI0OUIAN TSTY B
BO3JIyXe, HEOOXOAUMYIO JIJIs IBHKEHUS CaMoJIeTa.

PaGota Bo3aylIHOro BUHTa OCHOBaHA Ha TeX K€ MPUHIIMIIAX, YTO U KPBLJIO caMoJieTa.

KJIACCU®PUKALIMA BO3AYUIHbBIX BUHTOB

BuHTHI K1accupuupyroTes:

1o uuciy ronacmeti - 08yx-, mpex-, 4emvlpex- U MHO20JIONACHHbIe;

1O Mamepuay uzeo0moeieHus - 0epPessHHble, MeMaLIUdecKue;

1O HANPABIEHUIO 8PAWEHUsL (CMOMPemb U3 KAOUHbL CAMOIema No HANPAGLEHUI0 NOema) -
718020 U NPABO20 8PAWEHUSL,

1O PACNONIONCEHUIO OMHOCUMENbHO 08UeameNs - maHywue, moaKanouue,

no ¢hopme nonacmeti - 00vluHbIE, CaAbIEGUOHBLE, TONAMOOOPAZHbLE,

1O Munam - PUKCUpOBaHHbIE, HEUBSMEHAEMO20 U USMEHAEMO20 uazd.

Bo3ayiiHblil BAHT COCTOUT U3 CTYIHIIBI, JIOTIACTEH U YKPEIUIAETCS Ha BaTy JABUTATEINs C
MOMOIIIBIO criennaibHol BTynku (Puc. 60).

Bunm neuzmensaemozo wiaza NMeeT JOMACTH, KOTOPHIE HE MOTYT BPaIIaThCsi BOKPYT CBOMX
oceii. JIomacTy co CTymHIIeH BBITIOJHEHBI KaK €IMHOE 1IEJI0E.



Bunm ¢uxcupogeannoz2o waza nMeeT 101acTy, KOTOPbIE YCTAHABIMBAKOTCA HA 3e€MIIE IIEpE]]
MIOJIETOM IO/ JTFOOBIM YIJIOM K INIOCKOCTH BpaleHus U GuKcupyrorcs. B monere yron
YCTaAaHOBKHU HC MCHACTCA.

Bunm uzmensaemozo waza iMeeT 1011aCTH, KOTOPbIE BO BPpEMs pabOThI MOTYT IIPU IIOMOIIH
TUAPABINYCCKOr0 WA SJICKTPHUYICCKOI'0 YIIPABJIICHUA WM aBTOMATUYCCKU BpalllaTbCs BOKPYT
CBOMX OCEH 1 YCTaHAaBJIUMBATLCA MO HYKHBIM YI'JIOM K IINIOCKOCTH BpallCHU A.

Cmynuga JSlonacme

Puc. 60 Bo3oywnblit 08yxnonacmuwlii GUHM HEUSMEHAEMO20 WA2A

e P T ——

Puc. 61 Bosoywinsiii gunm B530TA /135

[To nuanazoHy yrioB yCTaHOBKH JIOTIACTEH BO3YITHBIE BUHTHI ITOIPA3ICIISFOTCS:

Ha 00bIYHDBLE, Y KOMOPBIX Y20l YCMAH08KU usmensemcesi om 13 0o 50°, onu ycmanasiusaromes Ha
JIe2KOMOMOPHBIX CAMOIEMAX,

Ha ¢roeephbie - yeon ycmanosku mensiemes om () 0o 90°;

HA MOPMO3HbIe UTU PeBePCHbLE BUHMbL, UMEIOM UBMEHseMblll Y20l YycmaHosku om -15 0o +90°,
MAaKUM 8UHIMOM CO30aIOM OMPUYAENbHYIO0 MA2Y U COKpawjaiom OIuHy npobeza camonema.

K BO3aylIHBIM BUHTaM MPEABABISAIOTCS CIEIYyONe TpPeOOBaHUS:

BUHM OO0JIHCEH ObIMb NPOYHBIM U MAJIO BECUNMDb,

oodicen 061adams 8eco80U, 2e0MempUiecKoll U a3pOOUHAMUYECKOU CUMMempUel,

00J19ICeH pa38UBaAmMb He0OX0OUMYI0 MA2Y NPU PA3IUYHBIX I80IOYUAX 8 NoJleme;

00.J191CeH pabomambs ¢ HAUOOILUUM KOIDDUYUeHMOM NONEe3HO20 OeUCMBUSL.

Ha camonerax fk-52 u SIk-55 ycTaHOBIJIEH OOBIYHBIN BECIOOOPA3HBIA IEPEBIHHBIN
JIBYXJIOMACTHBINA TAHYUIUI BUHT JIEBOTO BPAILEHUS, U3MEHIEMOTrO I1ara ¢ TupaBIndecKuM
yrpasieauem B530TA-/135 (Puc. 61).

IFTEOMETPUYECKHE XAPAKTEPUCTUKHU BUHTA

Jlomactu npu BpallleHUU CO3/IAI0T TaKue K€ adpOJUHAMHYECKUE CHIIBI, YTO U KPBLIO.
I'eoMeTpuueckre XapaKTEpUCTUKHU BHHTA BIHSIOT HAa €T0 a3pPOAMHAMUKY.

PaccmoTpuM reomeTpuyecKkue XapakTepUCTUKU BUHTA.

@Dopma nonacmu 6 niaue - HauboJee pacIPOCTpaHEHHAs! CHMMETPUYHAS U cabIeBUIHASL.
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Puc. 64 Pazsepmka 6unmogoil iunuu

Ceuenust paboueil 4acTH JIOMAcTU UMEIOT KpbUIbeBbie poduiu. [Ipoduns gomnactu
XapaKTepU3yeTcss XOPAOH, OTHOCUTEIHHOM TOJNIIIMHON U OTHOCUTEIBHON KPUBU3HOM.

Jis GonbIiel MPOYHOCTH MPUMEHSIOT JIONACTH C IEPEMEHHOMN TONIIUHON - MOCTETIEHHBIM
YTOJILIEHUEM K KOPHIO. XOP/Ibl CEYCHHUI JIeKaT HE B OJHON TUIOCKOCTH, TaK KaK JIOMACTh
BBHITIOJIHEHA 3aKpYy4eHHOU. Pebpo nmomactu, paccekaroliee Bo3ayX, Ha3bIBaeTCs MepeaHen
KPOMKOI1, a 3a7Hee - 3aiHel KpoMKO#. [1mockocTh, mepreHuKyAsIpHast OCH BpallleH!s] BUHTA,
Ha3BIBACTCS TUIOCKOCTRIO BpalieHus BunTa (Puc. 62).

Jluamempom eunma Ha3bIBACTCS TUAMETP OKPYKHOCTH, OMUCHIBAEMOI KOHIIAMH JIOMIACTEH Mpu
BpaIllleHUH BUHTA. J[naMeTp COBpeMEHHBIX BUHTOB KoJiebneTcs oT 2 10 5 M. JlnameTp BUHTA
B530TA-/135 paBen 2,4 M.

TI'eomempuueckuii wiaz 6unma - 310 pacCTOSHUE, KOTOPOE JBIKYIIHICA MOCTYNATENbHO BUHT
JIOJI’KEH MPOUTH 32 OJIMH CBOM MOJIHBIN 000POT, €cii ObI OH ABUrajcs B BO3AyXe Kak B TBEpJOM
cpene (Puc. 63).



Yeon yemanosexku nonacmu éunma @ - 310 yroy HakJIOHa CEYEHMSI JIOTIACTU K IVIOCKOCTH
BpaiieHus Bunta (Puc. 64).
Jlig onpenenieHus, YeMy paBeH Liar BUHTA, IPEACTaBUM, YTO BUHT JBIKETCS B LIMIIMHJIPE,
paanyc r KOTOPOro paBEeH pacCTOSIHUIO OT LIEHTpa BpallleHUsl BUHTA /10 TOUKU b Ha onactu
BHUHTA. Torzna ceueHne BUHTA B 3TOM TOUKE ONUILIET HA IOBEPXHOCTH LIMJIMH/IPA BUHTOBYIO
nuHu. PazBepHeM 0Tpe30K HuiIMHApa, paBHbli mary BuHTa H o muauun bB. [lonyaurcs
MPSIMOYTOJIbHUK, B KOTOPOM BUHTOBAsl JIMHUS IPEBPATUIIACH B IMAroHalb 3TOI0
npsiMmoyrosibHUKa L[B. OTa quaronans HaKJIOHEHA K TUIOCKOCTH BpaieHus BuHta bl mox yrimom
@. U3 npsamoyroasHOro TpeyrojasHuka [IBb HaxoquMm, yemy paBeH 1mar BUHTA:

H=2x19¢. (3.1)
[ar BuHTa OyAeT TeM 0oJblile, YeM OOJIbIIE YroJl yCTaHOBKHU JIONIAcTU @. BUHTHI
MOAPA3IECNIAIOTCS. Ha BUHTHI C IOCTOSIHHBIM IIaroM BJI0JIb JIONACTH (BCE CEYEHMS UMEIOT
OJIMHAKOBBIH 11ar), IepeMEHHBIM IIaroM (Ce4eHMsI UMEIOT pa3HbIi 11ar).
Boznymneiit BunT BS30TA-/[35 nMmeer nepeMeHHbI 1ar BJOJIb JIONACTH, TaK KaK 3TO BBITOJHO
C a3pOJIMHAMUYECKON TOUKH 3peHus. Bce ceueHus 1onacTu BUHTa HaOEeralT Ha BO3AYIIHbIN
MOTOK I10J1 OIUHAKOBBIM YIJIOM aTaKH.
Ecnu Bce cedyeHus nonacTu BUHTa UMEIOT pa3HbIi 11ar, To 3a OOl 1ar BUHTA CYUTAETCS 111ar
CEYCHMSI, HaXOSIIETOCsA Ha PACCTOSIHUM OT IeHTpa BpaiieHus, pasaoMm 0,75R, roe R-paauyc
BHUHTA. DTOT LIar Ha3bIBACTCSI HOMUHATIbHBIM, A Y20]l YCIMAHOBKU 9MO20 CeYeHUs] -
HOMUHAIbHBIM Y2I10M YCHIAHOBKU.
I'eoMeTrpuueckuii mar BUHTa OTJIMYAETCS OT MOCTYIIM BUHTA HA BEJIMUYHMHY CKOJIb)KEHHsI BUHTA B
BO3yIIHOM cpene (cMm. Puc. 63).
Ilocmyns 6030ywinozo éunma - 5170 JeMCTBUTEIBHOE PACCTOSTHHUE, HA KOTOPOE ABMKYILIUNCS
MOCTYNATeIbHO BUHT MPOJIBUraeTCs B BO3/IyXe BMECTE C CAMOJIETOM 3a OJMH CBOM MOJIHBIN
060pot. Ecimi ckopocTh camosieTa BeIpakeHa B KM/4, @ YMCII0O 000POTOB BUHTA B CEKYHY, TO
noctynb BuHTa Hy MOXXHO HaliTh 1o opmyie

n 32

HOCTYHI) BHHTA HCCKOJIBKO MCHBIIC I'COMETPUUCCKOI'O 1Iara BUHTA. 910 00BACHACTCH TEM, YTO
BUHT KaK ObI MMPOCKAJIb3bIBACT B BO3AYXC IIPHU BPAIICHUHU BBUAY HU3KOI'O 3HAYCHHS IIJIOTHOCTHU
€ro OTHOCHUTCIIbHO TBCpHOﬁ CpE€abI.

PasHocTh MCXKIY 3HAYCHHUEM I'€COMETPUYCCKOI'O Iiara M moCTynbO BO3AYIIHOI'O BUHTA
HAa3bIBACTC CKOJlbMiCeHUeM e6uHma 1 ONPCACIIICTCA 110 (bOpMy.]'Ie

S=H-H,. (3.3)

ADPOINHAMUNYECKHUE XAPAKTEPUCTUKHA
BO3AYIIHbBIX BUHTOB

CKOPOCTb ABWKEHHUA U YTOJ1 ATAKH 3JIEMEHTA JIOITACTU BUHTA

K a’pomHaMHueCcKUM XapaKTepUCTHKaM BO3IYIIHBIX BUHTOB OTHOCSATCS YIOJl aTaku U TAra
BO3/IYIIIHOTO BUHTA.

Yenom amaku snemenmoe nonacmu eunma oL HazpIBacTCA Yroyl MeXay XOpJAOH 2JI€eMEHTa U
HAIpaBJICHUEM €ro HCTHHHOTO pe3yibTupytomniero asmwkerus W (Puc. 65).
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Puc. 65 Yeon ycmano6eKu u y2oii amaxku Jonacmeii: a - Y20/t amaKku lnemenma jionacmu, o - CKopocmu
Jjlemenma ionacmu

Kaxxae1ii 31eMEeHT 10TIacTH COBCPHIACT CJIOKHOC ABMIKCHUC, COCTOAIICC U3 BPAlaTCIIbHOTO U
MOCTYHaTCJIbHOTO. BpamaTeanaﬂ CKOPOCTH paBHa

U =2arn., (3.4)

rze Ne - 000pOTHI ABUTATENSL.

Ilocmynamensnan ckopocmu-310 CKOpoCcTh camosera V. UeM narbIiie 3JIeMeHT JIOTacTh
HAXOJUTCS OT IIEHTpPa BPAIIeHHUs BO3IYITHOTO BUHTA, TEM OOJIBIIIE BpallaTeibHast CKOpocTh U.
[Tpu BpameHnH BUHTA KaXIbI 2JIEMEHT JIOMACTH OyIET CO3/1aBaTh adpOINHAMHYECCKHIE CUITBI,
BEJIMYMHA U HAMpaBJIEHHE KOTOPHIX 3aBHCAT OT CKOPOCTH JIBMIKCHUS caMmoJIieTa (CKOpPOCTH
Haberarouiero NoToka) U yria aTaku.

PaccmatpuBas Puc. 65, a, HETpyIHO 3aMETHTB, YTO:

KOT'JIa BO3IYIITHBIN BHHT BPAI[aeTCs, a MOCTymaTelbHas CKopocTh paBHa Hymo (V=0), To
Ka)X/IbIH 2JIEMEHT JIOTIACTH BUHTA UMEET yroJl aTaKu, paBHBINA YTy YCTAHOBKH JIEMEHTA
JIOTIaCTH @,

MIPH MOCTYMATEIFHOM JABM)KEHHH BO3AYITHOTO BUHTA YTOJI aTaKH AJIEMEHTA JIONACTH BUHTA
OTIIMYAETCS OT yIJia HAKIIOHA AJIEMEHTA JIONIACTH BHHTA (CTAHOBUTCS MEHBIIIE €T0);

yroJt aTaku OyZeT TeM OoJibliie, 4eM OOJIbIIIe YroJl yCTAHOBKH 3JIEMEHTA JIOTIACTH BUHTA,
pe3yIbTHPYIONIasi CKOPOCTh BpAIllEHUs dIeMeHTa jjonacti BuHTa W paBHA T€OMETPHUECKON
CyMMe IMOCTYIIaTeIbHON U BpamaTeIbHONH CKOPOCTEeH U HAXOAUTCS TI0 TIPABUITY MPSIMOYTOJIEHOTO
TPEYroJIbHUKa

W = \/\7 +U 2 ) (3.5)
yeM OOJIbIIIE BpamareibHasaA CKOPOCTh, TEM OoJIbIIIE YroJl aTaky 3JICMCHTA JIOIIaCTU BO3AYLIHOI'O
BuHTa. 1 HaO60pOT, yeM OOJIbIIIE IMOCTYyIAaTCIIbHAA CKOPOCTh BO3AYIIHOT'O BUHTA, TEM MCHBIIIC
YToJI aTaky 3JIEMCHTA JIOIIaCTH BO3AYIIHOI'O BUHTA.

B HeﬁCTBHTeHBHOCTI/I KapTUHA MOJIy4acTCs CI0XKHEC. Tak xak BUHT 3acachbIBacT U BpalgacTt
BO3YX, OT6paCBIBaeT €ro Ha3san, COO6H_[a$I €My JOIIOJIHUTCIIBHYHO CKOPOCTDH V, KOTOPYIO
Ha3bIBAOT CKOPOCTHIO IIOACACBIBAHU . B pPE3YyIbTAaTC UCTHUHHAA CKOPOCTh W' 6YI[CT 8(0)
BCIIMYMHC 1 HAITPABJICHHUIO OTJIMYATBCA OT CKOPOCTHU MMOACAChIBAHUA, €CJIIU UX CIIOKHUTDb
ICOMCTPUYCCKU. CHC,HOB@.TCHBHO, U UCTUHHBIN YroJi aTaku a' 6yz[eT OTJINYATLCA OT yrja o (PI/IC
65, 6).

AHaJ'H/I3I/Ipy5I BBIIICCKA3aHHOC, MOXXHO CACIaTh BBIBOJBI:

npu nocmynamenvrou ckopocmu =0 yeon amaku MaxcumManibHulil U paseH yeny yCmaHoeKu
Jaonacmu eunma,

npu yeejiudeHuu nocmynameﬂbHOﬁ CKopocmu y2ojl amdaKu yYMeHbuaemcs U CmaHoeumcs Menbvuie
yeaa ycmaHO6KuU,

npu bonvuo CKopocmu nojiema y2ojl amaku Jlonacmei Moskcem cmams ompuyamelbHbIM,

yem boavue CKopocnib e6pawferusl 8030yWH020 6UHRmMaA, mem bonvue Yeolr amaku eco jonacmu,
eCcjiu CKopocnib nojiema HeUSMEeRHAa u 060p0mbl osueamenst YMeEHbULAIOMCA, MO Y20l amdaKu
YMeEHRbULAENICA U MOdHCem cmantb ompuyanielbHblM.



CZ[CJ'IaHHLIe BbIBOJIbI O6’BHCHHIOT, KaK U3MCHACTCA CUJIa TAT'M BUHTA HCU3MCHACMOI'O IIara rnpyu uSMCHCHUUN
CKOPOCTH ITOJIETAa U YUCJjIa 060p0TOB.
Cuna mazu 6unma BO3HUKAET B pe3yibTaTe ACHCTBUS a3pOAUHAMUYECKO cuiibl AR Ha 31eMeHT
JIONIACTH BUHTA NpH ero BpameHuu (Puc. 66).
PaznoxuB 3Ty cuily Ha JIB€ COCTaBIIAIOLINUE, NApAIIEIbHYIO0 OCH BPALCHUS U N1apAJUICIbHYIO
IUIOCKOCTH BpAIlEHHs, oJTydnuM cuiy JIP u cuity conpotusienus BpameHuio AX snemMeHnTa
JIOTIaCTH BUHTA.
CyMMupYS CHITY TSTH OTJIEIBHBIX SJIEMEHTOB JIONACTH BUHTA U IMPHJIOKUB €€ K OCH BPALICHHS,
MOJIyYHM CHITY TATH BHHTA P.
Tsira BUHTa 3aBUCHUT OT AMaMeTpa BUHTA J1, 4rcia 000poTOB B CEKYHIy N, TUIOTHOCTH BO3/IyXa P
U nojicuuThiBaercs no ¢popmyie (B kre uim H)

P= Ofmfﬂ4, (3.6)

rjae o - K03(GQUIHUEHT TATU BUHTA, YUUTHIBAIOUIUI (OpMY JIONACTH B I1aHe, popMy poduis u
yTjla aTaku, OIpeesseTcs SKCepuMeHTanbHOo. Koo QUuiueHT Taru Bo3aylHoro BUHTa
camosnetoB Ak-52 u Ax-55 BS30TA-J135 pasen 1,3.

Taxum oOpa3om, cuiia TATM BUHTA IPSIMO IPONOPILHOHANIbHA CBOEMY KO3 (PULIMEHTY, IIIIOTHOCTH
BO3]lyXa, KBaJpaTy 4yuciia 000pOTOB BUHTA B CEKYHAY U TMaMETPy BUHTA B YETBEPTOM CTENEHHU.
Tax xak 10mMacTu BUHTa UMEIOT FTEOMETPHUUECKYI0 CUMMETPHUIO, TO BETUYUHBI CUIT
COTPOTHBIICHUS U YAAJICHUS UX OT OCH BpalleHHs OyIyT OJMHAKOBBIE.

Cuna conpoTUBIIEHUS BPALIEHHUIO ONIPeAeseTcs o popmye

SW?
X,=Cy, —S /K,
JI
2 (3.7)
rae Cx,; - K03 (OULIKUEHT CONPOTUBIIEHHS JIONACTH, YUUTHIBAIOLIUH ee popMy B Iu1aHe, GopMy
npoduJIs, Yrojl aTaki U Ka4eCTBO 00pabOTKH MOBEPXHOCTH,
W - pesynbTupytomias CKopocTh, M/C;
Sa - momaak JIOMacTy,
K - xonn4ecTBO J0nacTei.

AX—————— AR AP - anemenmaprag
cuna mseu

AX— anemenmapras
cuna conpomubnenus

—=

P

ax

Puc. 66 Arpoounamuueckue cuvl 6030ywHOZ0 GUHMA
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Puc. 67. Pesicumsl pabomol 6030yuiHo20 6unma

Cusna conmpoTUBIICHUSI BPALIEHUIO BUHTA OTHOCUTEIBHO €0 BPAIlleHUsI CO3/1a€T MOMEHT
COITPOTHUBIICHHS BPALICHUIO BUHTA, KOTOPBIA YPABHOBEIIMBAETCS KPYTAIIUM MOMEHTOM
JIIBUTATEN:

M, p,=X,r, (3.8)
KpyTtsmuit MoMeHT, co3aaBaeMBblil IBUTaTeneM, onpeaensercs (B Krc-M) 1o gopMmyiie
N
M, =716,2—=,
n (3.9)

rie Ne-opdexkTuBHas MOIIHOCTh IBUraTeIs.

PaccMoTpeHHBIH peskuM Ha3bIBAETCS PEKUMOM MOJIOKUTEIBHON TSATY BUHTA, TaK KaK 3Ta TAra
TsiHeT camodet Briepen (Puc. 67, a). [Ipu yMeHbIIeHHH yriia aTaku JONmacTeld YMEHbBIIAIOTCS
ciibl P u X (yMeHbIIaeTcst TAra BUHTa U TOPMO3SIINI MOMEHT). MOXHO TOCTUYB TaKOTO
pexxnma, korna P=0 m X=R. Oto pexxum Hyneroit tsaru (Puc. 67, 0).

[Ipu nanbHeiIeM yMEHBIIEHUH yrila aTaKu JOCTUTaeTCsl peXKUM, KOT/1a BUHT HAUHET BpallaThCs
HE OT JIBUraTelis, a OT ASHCTBUA CHJI BO3YIIHOTO MOTOKA. TaKkoi peskrM Ha3bIBaeTCA
camoepauiernuem eunma v asmopomauueii (Puc. 67, B).

[Ipu nanbHeiIeM yMEHBIIEHUH yrila aTaky 3JIeMEHTOB JIOMACTH BUHTA MOJYYUM PEXKUM, Ha
KOTOpPOM CHJIa COMTPOTUBJICHHUS JIOTTACTU BUHTA X OyJIeT HampaBiieHa B CTOPOHY BpallleHUs
BHMHTA, U TIPU 3TOM BUHT OyJeT UMETh OTpULIATENbHYIO TAry. Ha 3TOM peskuMe BUHT BpalaeTcst
OT Ha0eraroiero Bo3AyIIHOTO OTOKA U BpalllaeT asurareins. [Ipoucxoaut packpyrka
JIBUTATEJISA, 3TOT PEKUM Ha3bIBaCTCs pexcumom eempsaka (Puc. 67, r).

Pexxumbl caMoBpalieHus: 1 BETpsika BOSMOYKHBI B TOPU30HTAIBHOM IOJIETE U HA TUKUPOBAHUU.
Ha camonerax Sk-52 u SAk-55 3Tu pexuMbl IPOSABISAIOTCS MPU BHIMOJIHEHUU BEPTUKATIBLHBIX
¢buryp BHM3 Ha MaJIOM LIare JonacTy BUHTA. [loaToMy pexoMeH1yeTcs IPH BBIOJIHEHUU
BEPTUKAIBHBIX (UTYP BHU3 (MPU pa3roHe cKopocTH 6osee 250 KM/4) BUHT 3aTsDKEIATh Ha 1/3
X0JIa ppluara yrnpapJeHHEM Il1ara BUHTA.

3ABUCUMOCTD TAT' BUHTA OT CKOPOCTH I10OJIETA. BIMAHUE BbICOTbI
IIOJIETA HA TATY BUHTA

C yBennueHreM CKOPOCTH HOJIeTa YIiibl aTaKH JIONIACTH BUHTA, HEM3MEHSIEMOro 11ara u
(UKCUPOBAHHOTO, OBICTPO YMEHBLIAIOTCS, TSra BUHTA NajaeT. Hanbonbiumit yron ataku
JIOTIaCTH BUHTA OyJIeT Ha CKOPOCTH I10JIETa, PABHOW HYIIIO, IIPU MOJHBIX 000pOTaX JBUTATEIIS.
CoOOTBETCTBEHHO YMEHBIIIAETCS TATA BO3IYLIIHOTO BUHTA JI0 HYJEBOTO 3HAYEHUS U Jaliee
CTaHOBUTCS OTpHLIATeIbHOM. PackpyunBaercs Ban asurateins. YToObl penynpeIuTb pacKpyTKy
BHHTA, YMEHBINAIOT 000POTHI ABUraTens. Eciu aBuraresns He ApoccenpoBaTh, TO MOXKET
IIPOU30MTH €T0 pa3pyLICHHE.

3aBucumocts Taru BUHTa B530TA-J[35 0T ckopocTH nosieta n3obpaxeHa Ha rpaduke Puc. 68.
Jlj1 ero NoCTpOEHUs 3aMePSIOT TATY BO3AYIIHOIO BUHTA IPU Pa3HbIX cKOpocTsX. [lomydeHHbIiI
rpaduK Ha3bIBAETCS XapaKTEPUCTUKON CUIIOBOI YCTaHOBKH I10 TATE.



B/IMAHUE BbICOTbI IIOJIETA HA TAT'Y BUHTA.

BEISICHSIS 3aBHCHMOCTB TATH OT CKOPOCTH TI0JIETA, PACCMATPHUBaJIach paboTa BUHTA HAa HEM3MEHHOH BBICOTE TIPH
MIOCTOSHHOM IJIOTHOCTH Bo3Ayxa. Ho mpu moerax Ha pa3HBIX BEICOTAaX IUIOTHOCTH BO3yXa BIIHSCT HA TSTY BO3AYIIHOTO BHHTA.
C yBenm4YeHHEM BBICOTHI TI0JIETa INIOTHOCTH BO3/[yXa I1AaeT, COOTBETCTBEHHO IPOIOPINOHAIBHO OyAeT MaaaTh U Tsra BUHTA
(Ipu HEM3MEHHBIX 000POTaX ABHUTATENsT). DTO BUAHO MpH aHamm3e Gpopmyis! (3.6).

Pure
400

Joo
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150

50 100 200 300 Vmpa

Puc. 68 Xapaxmepucmuxa cunoeoit ycmanoexu M-14I1 no maze (0ns H=500 m) camonemos Ax-52 u Ak-55 ¢
6030yuiHbIM eunmom B530TA-/135
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Puc. 69 Topmo3zausuii momenm 030yuIHO20 UHMA U KPYMAUWUIL MOMEHM 08UZAMENs

TOPMO3SAIIANA MOMEHT BUHTA U KPYTAIIIMA MOMEHT JIBUTATEJIA.

Kaxk panee paccmaTpuBaioch, TOpMO3SIIIUNA MOMEHT BUHTA IPOTUBOJACHCTBYET KPYTSIIEMY
MOMEHTY JIBUTaTEJI.
J1y1s Toro uTOOBI BUHT BpAIIAJICS C TOCTOSHHBIMU 000pOTaMu, HEOOX0AUMO, YTOOBI TOPMO3SAIIUI

MOMEHT M, paBHBIi IIPOM3BEACHHIO X * €, GbLI PaBEH KPYTALIEMY MOMEHTY JBHraTes My,

paBHOMY npousBeneHuIo Fq,.1.€. M=My, uin X -e=Fq (Puc. 69). Eci1 3T0 paBeHCTBO OyzeT
HapYIIEHO, TO JABUTATEbh OYJEeT YMEHBIIATh 00OPOTHI WM YBEINIHBATb.

VYBenuuenne 000pOTOB ABUraTeNs NPUBOIUT K yBEIMYEHUIO My, u Haobopot. HoBoe
paBHOBECHE YCTaHABIMBAETCSl HA HOBBIX 000pOTaX ABUTaTENsl.

MOIIHOCTD, IOTPEBHAA HA BPAIIEHUE BO3YIIIHOI'O BUHTA

Ota MOIOIHOCTDB 3aTpa4yruBaCTCA Ha IMPCOAO0JICHUC CUJI COIIPOTHUBJIICHUS BPAlICHHUIO BUHTA.
CDopMyna UL OMPEACIICHUS MOIMHOCTH BO3AYIIIHOT'O BUHTA (B JI. C.) HUMCCT BUA:

_p 3 45
Ny =——-pm. 1°,
75 (3.10)
rae ﬁ - K03 QHUIMEHT MOIIHOCTH, 3aBUCAIINIA OT (JOPMBI BO3AYIIHOIO BHHTA, YHCNA JIONACTEH, yria yCTAaHOBKH,
AV
A= ).
(OpMBI JIONACTH B TUIAHE, OT YCIOBHUSI pAOOTHI BO3AYIIHOIO BUHTA (OTHOCHTEILHOM MOCTYITH) Ne ﬂ

U3 dopmynst (3.10) BumHO, 9TO MOTpeOHAS MOIIHOCTH JJISl BPAIICHHS BO3AYIIHOTO BHHTA 3aBHUCHT OT
K03((HUIMEHTa MOIITHOCTH, OT CKOPOCTH M BBICOTHI ITOJIETa, 00OPOTOB M AMAMETPa BO3AYIIHOTO BUHTA.



C yBennueHneM CKOPOCTH I0JI€Ta YMEHBIIACTCS YrOJl aTaKU AJIEMEHTA JIONACTH BO3LYILIHOIO
BHHTA, KOJINYECTBO OTOPACBIBAEMOTO HA3aJ] BO3/lyXa U €r0 CKOPOCTb, I09TOMY YMEHBILAETCS U
HOTpe6HaSI MOIIHOCTH Ha BpalllCHUEC BO3AYIIHOI'O BUHTA. C YBCIMYCHHUEM BBICOTHI ITOJICTA
IIOTHOCTD BO31yXa YMCHBIIACTCA U HOTpGGHaSI Ha Bpalll€HUC BO3AYIIHOI'O BUHTA MOIIIHOCTD
TaK)K€ YMEHBIIAETC.

C yBennueHnreM 00OpOTOB JIBUTATEINs YBEIMUUBAETCS CONPOTUBIICHUE BPAILIEHUIO BO3yLIIHOTO
BHHTA U HOTpe6Ha$I MOIITHOCTH Ha BpallICHUEC BO3AYIIHOT'O BUHTA YBCIIMYUBACTCH.

Bo3nyiiHelil BUHT, BpalllaeMblii IBUTaTEIEM, Pa3BUBAET TATY U IIPEO0I0JIEBAET J000BOE
COIIPOTHBIICHUE CAMOJIETA, CAMOJIET IBHXKETCS.

PaboTta, mpou3BoauMasi CUJIOHN TATH BO3AYIIHOTO BUHTA 32 | C IpH JBIKEHUH CaMOJIeTa,
Ha3BIBACTCS TATOM WM MOJIC3HOM MOIIHOCTBIO BO3AYIIHOI'O BUHTA.

TsiroBast MOIITHOCTH BO3IYIITHOTO BUHTA OTIPENENISIETCS 10 PopMyIie

— I:)BV

G (3.11)

rae Py - Tara, pasBuBaemasi BO3YyIIHBIM BUHTOM; V-CKOPOCTh CaMOJIETa.

C yBenn4yeHHeM BBICOTHI U CKOPOCTH MOJIETa TATOBasi MOIITHOCTh BO3AYIIIHOIO BUHTA
ymenbInaercs. [Ipu paboTe BO31yllIHOTO BUHTA, KOT'/Ia CAaMOJIET HE JIBUXKETCSI, pa3BUBAETCS
MaKCHUMaJbHas Tsra, HO TATOBas MOIIHOCTb ITPH 3TOM paBHA HYIIO, TaK KaK CKOPOCTh JIBH)KEHUS
paBHa HYIIO.

KO3®PUINHUEHT ITOJIE3BHOTI'O AEﬂCTBHH BO3YIIHOI'O BUHTA.
3ABUCHUMOCTD KIIJA OT BBICOTBI U CKOPOCTH ITOJIETA

qaCTB 3HepFI/II/I BpaH_[eHI/Iﬂ ABUTaTCIIsA Bana‘II/IBaeTCSI Ha BpaH_[eHI/Ie BOS}IYHIHOFO BUHTA U
HaIpaBJICHAa Ha MPEOJI0JICHUE CONTPOTUBIICHHS BO3JIyXa, 3aKPYTKY OTOpAachIBaeMO# CTpyH U JIp.
[TosTomy monie3Has cekyHaHasi paboTa, WK MoJIe3Has TSAroBas MOITHOCTh BUHTA, Np, Oyzaer

MeHblIe MOITHOCTH aABHraTens Ng, 3aTpadyeHHON Ha BpallleHHe BO3IyITHOTO BUHTA.

OTHOIICHUE MOJE3HON TATOBOM MOITHOCTH K TIOTPEOJIIEMOM BO3AYIITHBIM BUHTOM MOIITHOCTH
(3 deKTUBHOY MOIIIHOCTH JABUTATENIS) HA3bIBACTCS KOAPGUIIMEHTOM TOJIE3HOTO ACHCTBUS (KII/T)
BO3IyLITHOTO BUHTA U 00o3Havaercs 7. OH onpezensercs no Gopmyre

_ N B
TN,
e (3.12)
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Puc. 70 Xapakmepucmuxu no mowgnocmu osuzamens M-14I1 camonemos fAx-52 u Ax-55
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Puc. 71 Ilpumepnulii 6ud Kpueoii U3sMeHeHUs PACROIAACMOU MOUHOCIU 8 3A8UCUMOCHIU OM CKOPOCIU
nonema
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Puc. 72 Boicomnasn xapakmepucmuka osuzamensa M-141I1 na pexcumax 1 - 3nemmuutit, 2- nomunanvhuiii 1, 3 -
Homunanvuwlil 2, 4 - Kpeiicepckuii 1; 5 - kpeiicepckuit 2

Benuuunna KI1J] BO3ayrHOTO BUHTA 3aBUCUT OT TeX e (DAKTOPOB, UTO U TATOBAS MOIIIHOCTh
BO3/YIIIHOTO BUHTA.
KII] Bcerna MeHble €IUHUALIBI M IOCTUTAET Y JIYYIIUX BO3AYIIHBIX BUHTOB Bean4uHsI 0,8...0,9.
I'paduk 3aBucMOCTH pacnonaraemMoit 3PEeKTUBHOM MOIITHOCTH OT CKOPOCTH TOJIETA IS
camounetoB Ak-52 u Ak-55 m3ob6paxen Ha Puc. 70.
I'pacduk Puc. 71 Ha3pBaeTCs XapaKTEPUCTUKOM CUJIOBON YCTAHOBKHU MO MOIIHOCTH.
ITpu V=0, Np=0; npu ckopoctu nosiera V=300 km/4, Np= =275 n.c. (ana camonera Sk-52) u
V=320 km/4, Np=275 n. c. (mns camoneta Sk-55), rae Np - moTpeOHast MOIITHOCTb.
C yBenuyeHHeM BBICOTHI A3PPEKTUBHAS MOIIIHOCTb MAJAET BCIEACTBUE YMEHbIIECHUS TNIOTHOCTH
BO3/yXa. XapaKTEPUCTUKA U3MEHEHUS €€ ISl caMoJieToB Sk-52 u SAk-55 ot BeicoThI nosieta H
n3o0OpaxeHa Ha Puc. 72.
J11s1 yMEHbIIIEHHs] CKOPOCTH BpalleHUs BO3IYILIHOI'O BUHTA B JABUTATElIe IPUMEHSETCSA PEAYKTOP.
CreneHp peayKuu noadupaercs TakuM 00pazoM, 4TOObI HA HOMHUHAIILHOM PEKUME KOHIIBI
nonactel 00TeKaIUCh JO3BYKOBBIM ITIOTOKOM BO3/AyXa.

BUHTDBI UBMEHAEMOTI'O HIAT A

Jlnist ycTpaHeHHs HeI0CTATKOB BO3AYLIHBIX BUHTOB HEU3MEHSAEMOT0 1ara i (PUKCUPOBAHHOTO
IpUMEHseTCS BO3AYIIHBIM BUHT u3MeHsemoro mara (BUII). OcHOBOMOI0)XHUKOM TEOPHH
BUIII sBiserca BeTynHKUH.

TPEBOBAHHA K BUIL:

BHIII nomxeH ycTaHaBIMBATH HA BCEX PEXKMMAX I10JIETA HAUBBITOIHEUIIINE YIJIbl ATaKU
JIOTIaCTeM;

CHUMATh C JBUTATENs HOMUHATBHYIO MOIIIHOCTh Ha BceM paboueM Juana3oHe CKOpOCTeH u
BBICOT;



COXpaHATh MAaKCUMAJIbHOE 3HaYeHHE KO (PHUIIMEHTA TTOJIE3HOTO IEHCTBHS HAa BO3ZMOKHO
00JIbIIIEM THAMa30HE CKOPOCTEH.

Jlomactu BUII n160 ympaBisitoTcs CEUAIBHBIM MEXaHU3MOM, JIN0O YCTAaHABIMBAIOTCS B
HY)KHOE I10JI0KEHUE M0/ BIMSHUEM CHJI, IEUCTBYIOIIMX HAa BO3AYLIHBIN BUHT. B nepBoM ciydae
9TO 'MIPABIMYECKUE U 3JIEKTPUUECKNE BO3IYLIIHbIE BUHTHI, BO BTOPOM - a3pOJUHAMUYECKUE.
T'uopasnuueckuii 6unm - BO3YIIHBIA BUHT, Y KOTOPOTO U3MEHEHUE YIJIa YCTAHOBKH JIONIACTEN
IIPOM3BOJIUTCS AABJIEHUEM Macjia [0JaBaeMOro B MEXaHNU3M, HAXOIALIUICS BO BTYJIKE BUHTA.
Inexmpuueckuil guHm - BO3AYIIHbINA BUHT, Y KOTOPOI'O U3MEHEHUE YIila YCTAHOBKHU JIONIACTEN
IIPOU3BOIUTCS AJIEKTPOABUTATENIEM, COEIMHEHHBIM C JIONACTAMU MEXaHNUECKOU Nepeauei.
A3pomexanuueckuil guHm - BO3IYIIHbINA BUHT, Yy KOTOPOIO U3MEHEHUE YIJla YCTAaHOBKU
JonacTel IpOU3BOAUTCS aBTOMATHUECKU - a3POAUHAMUYECKUMU U LIEHTPOOESKHBIMU CUIIAMHU.
HauGonsimee pacnpocrpaneHue moydwin ruapasindeckue BUII. ABromatudeckoe
YCTPOICTBO B BUHTAX U3MEHSIEMOTI0 I1ara npeJHa3HaueHo Uil COXPAHEHUS TOCTOSHHBIMU
3aJJaHHBIX 00OPOTOB BO3AYIIHOTO BUHTA (ABUraTeNsl) MyTeM CUHXPOHHOTO U3MEHEHMS yria
HaKJIOHA JIOTIacTel NPy U3MEHEHUU peXXrMa IoJieTa (CKOPOCTH, BBICOTHI) M Ha3bIBAETCS
perynsaropoM nocrosinctsa o6opotos (PI10).

Vmare

Puc. 73 Paboma 6030ymnozo eunma uzmensemozo waza B530TA-/135 npu pazuvix ckopocmsnax nonema

PITO coBMecTHO ¢ MEXaHU3MOM MOBOPOTA JIOMACTEH H3MEHSIET IIar BUHTA (YroJ HakJoHa
JIOTIacTeH) TaKUM 00pa3oM, YTOOBI 000POTHI, 3a/IaHHBIC JIETYUKOM C TIOMOIIBIO phluara
yrpasiienus: BUILL, npu n3aMeHeHnn pexxrMa 1oJjiera 0CTaBalIuCh HEM3MEHHBIMHU (33JaHHBIMH).
[Tpu 3TOM CriemyeT HOMHUTB, YTO 000POTHI OYIYT COXPAHATHCS JI0 TEX MOP, TIOKa d3PPEeKTUBHAS
MOIITHOCTh Ha Baiy nBuraresisi Ne OymeT 0oJibliie MOITHOCTH, IOTPEOHOH JIJIsl BpaIleHus
BO3/IYIIIHOTO BUHTA MPH YCTAHOBKE JIOTIACTEH HA CaMblil MAJIbIA yroJl HAKJIOHA (MaJbli mar).
Ha Puc. 73 noka3ana cxema pa6otsr BUILI.

[Tpu u3MEHEHUH CKOPOCTH T0JIeTa OT B3JIETHOM JI0 MAKCUMAJIBHOM B TOPU30HTAILHOM TI0JIETE
yroJl YCTAHOBKH JIOTIACTEH @ BO3PACTaeT OT CBOCTO MHHUMAIBHOTO 3HAYCHUS @yyy 110
MaKCUMAIIBHOTO @yqxe (00IIBINOI mar). biaromapst 5ToMy yriibl aTaky JIONACTH U3MEHSOTCS
MaJIO ¥ COXPAHSIOTCS OJIM3KUMH K HAUBBITOTHEHUIIIAM.

PaGora BUIII Ha B3jeTe XapaKTepHA TEM, YTO HA B3JICTE UCIIOJIB3YETCSI BCS MOILIHOCTD
JIBUTATENS - pa3BUBAETCA HauOOJbIlas TATa. ITO BO3MOXKHO MPH YCIOBUH, UTO IBUTATEITH
pa3BHBaeT MaKCUMallbHbIE 000POTHI, @ KaXK/1asl 4acTh JIOMACTH BUHTA Pa3BUBAET HAMOOIBIIYIO
TATY, IMes] HAUMEHBIIIEE COMTPOTUBJICHHE BPAIICHHUIO.

J171s 5TOTO0 HEOOXO0IMMO, YTOOBI KAXKBIN AIEMEHT JIOTIACTH BO3AYIITHOTO BUHTA paboTal Ha
yriax aTaku, OJU3KHX K KpUTHUYECKOMY, HO 0e3 cpbiBa Bo3aylIHoro notoka. Ha Puc. 73, a
BUJIHO, YTO yroJI ataku JiornactH repen B3ieroMm (V=0) 3a cueT nmepeTekaHus Bo3ayxa co
CKOPOCTBIO AV HEMHOTO OTIMYAETCS OT yrila HaKJIOHA JIOTIACTH Ha BEMMYUHY (MUH. YTOJ aTaku
JIOTIACTU COOTBETCTBYET BEIMUMHE MAKCUMAIBHOM MO TbEMHOM CHIIBI.



ConpoTuBieHNE BPAIICHUIO JOCTUTAET B 3TOM Cl1y4yae BEJIMYMHBI, IIPU KOTOPOU MOIIIHOCTb,
pacxojyemas Ha BpalleHHe BUHTA, ¥ 3((HEeKTUBHAS MOIIHOCTh ABUTATENs] CPABHUBAIOTCS U
000poThI OyayT Hem3MeHHBIMU. C yBETMUEHUEM CKOPOCTH YroJl aTaKy JIOTACTE BO3IYIIIHOTO
BUHTa yMeHb1iaercs (Puc. 73, 6). YMeHbIaeTcst COMPOTUBIICHNE BPAIICHUIO M BO3YIIHBIA BUHT
Kak Obl oOerdaercs. O60pOTHI IBUTATENS IOJDKHBI Bo3pacTaTh, HO PI1O yaepkuBaeT ux 3a cyer
M3MEHEHHUs yIJla aTaky jomnacrei noctostHHbIMU. [1o Mepe yBenuueHus CKopocTu noJjiera
JIOTIaCTH Pa3BOPAUYMBAIOTCS HA OOJIBIIMN YroOJl @p.

[Ipu BeINOJIHEHNH TOJIETa HA MakcuManbHO ckopocTu BUIII Taxoke noymkeH odbecriednBaTh
MaKCUMaJIbHOE 3HaueHue Tsru. [Ipu nojgere Ha MaKCUMaNbHON CKOPOCTH YTOJ1 HaKJIOHA
JoTacTel uMeeT npeaenabHoe 3HaueHne pmakce (Puc. 73, B). CienoBarenbHO, pU U3MEHEHUN
CKOPOCTH I0JIETA IPOUCXOJUT U3MEHEHHUE YIJla aTaKu JIONACTH, IPU YMEHBIIEHUH CKOPOCTU
I10JIETA YTOJI aTaKU YBEJIMUYUBAETCS - BUHT 3aTSDKEISETCS, IPU YBEJIMUEHUH CKOPOCTH I10JIETa
YToJ1 aTaku yMeHbIaeTcs - BUHT obieryaercs. PIIO apromaTHuecku nepeBoIUT JIOMAcTH BUHTA
Ha COOTBETCTBYIOLIUE YTJIBI.

[Ipu yBennueHUM BBICOTHI M10JIETa MOUTHOCTh ABUTaTens ymensiiaercsa u PI1O ymensiiaer yron
HaKJIOHA JIOMACTeH, YTOObI 00IeruynuTh padboTy nBurarens, 1 Haobopot. CnenosatensHo, PITO
yAEpKUBAET 000POTHI IBUTATENSI C U3MEHEHHEM BBICOTHI 110JIETA MOCTOSHHBIMU.

IIpu 3axo/€e Ha Moca Ky BO3AYIIHbII BUHT YCTaHABIMBAETCS HA MaJIbIH I1ar, YTO COOTBETCTBYET
000pOTaM B3JIETHOTO peXUMa. ITO Aae€T BOZMOKHOCTH JIETYUKY TIPU BBITIOJIHEHUT
BCEBO3MOYHBIX MAHEBPOB Ha IIMCCAJE MOCAAKH MOIYYUTh B3JIETHYIO MOLHOCTD JABUTATENs MPU
yBEJIMYEHUH 000POTOB JJ0 MAaKCUMAJIbHBIX.

JJEMCTBUE HA JIOIACTh BUHTA COBCTBEHHBIX
HEHTPOBEKHbBIX CHUJI

[Tpu paccMoTpeHHH IEHCTBHSI HA JIOTTACTH BO3IYIITHOIO BUHTA COOCTBEHHBIX IIEHTPOOESKHBIX CHII
BBIJICIMM B TIONIEPEYHOM CEUCHHH JICMEHTA JIOTIACTH J[BA HEOOJBITUX 00BhEMa, PACTIOI0KEHHBIX
B IepeHel U 3aaHei yacTax ceuenus (Puc. 75).

Bo Bpemst BpalieHnst BO3AYITHOTO BUHTA HA MACCHI, 3aKJIFOUYECHHBIE B 3TUX 00beMax, JCHCTBYIOT

1eHTpoOexkHbIe cuibl Pyp 1 Pyyp, NpUIoXeHHbIE K MX HEHTPAaM TSOKECTH M HAIIPABJICHHBIE 110

paaunycam BpalleHus r{ U ry.
PacknaapiBast 3TH LIeHTPOOEKHBIE CHIIBI Ha COCTABIISIOLINE, HAIIPABJICHHbIE MApaJICIBLHO U
MEPIEeHIUKYIIPHO OCU MIOBOPOTA JIOMACTH, IPOAHAIM3UPYEM UX B3aUMOICHCTBUE.
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Puc. 74 Xapaxmep Oeiicmeus Ha 10nacnib 6030YUIHO20 UHMA COOCMBEHHBIX UEHMPODOEIHCHBIX CU

[IpononbHas cuna X, HanpaBJeHHas! apajljieIbHO OCU MIOBOPOTA JIOTIACTH, CTPEMUTCS BBIPBATh
JIOTIacTh U3 JIOMIACTHOTO CTaKaHa, BhI3bIBasl pacTsbkeHue onactu. [lonepeunast cuna T,
HaIpaBJIeHHas MEPIEHINKYISIPHO OCH MOBOPOTA JIOMACTH, CTPEMUTCS IMOBEPHYTH JIONACTh B

CTOpPOHY yMeHbIIeHus yria yctaHoBkU @ (ITonepeunsie cunbl T1 u T2 coznator MOMeHTHI M1 1
M, nonactu, KOTOpbIE 3aBUCSAT OT UX MacChl, YUClia 000POTOB BO3IYIIHOTO BUHTA U
YCTAaHOBOYHOTO YyIJIa JIOTACTH @, a TAKXKE OT PacCTOSHKUS 00bEMOB OT OCH MOBOPOTA JionacTu hy
u hy MakcumanbsHoe 3HaueHHe ero cootBeTcTByeT 0 mam 90°.

PaccMoTpuM JeiicTBHE Ha JIONACTh BUHTA IIEHTPOOESKHBIX CHIT poTuBoBeca (Puc. 74).

IlenTpoOexHble CHIIbl NPOTHBOBECOB JIONACTEH PHp NPUIOKEHBI B IIEHTPE TSDKECTH MPOTHBOBECOB U HAIPABJICHBI 110
panuycaM UX BpaleHHs.

Ipu ananu3e MEWCTBUS LEHTPOOSIKHOW CHIIBI MPOTHBOBECA PHp packiaapiBaeM ee Ha JBe cocTaBistonme: cuty K,

HAaIpaBJIECHHYIO MapauIeIbHO OCH JIONACTh, KOTOpPasi CTPEMUTCSI H30THYTh KPOHINTEHH NMPOTHBOBECA, U cHIy N, HalmpaBIeHHYIO
MEPIEHANKYISIPHO OCH IOBOPOTA JIONACTH, KOTOpasi CTPEMUTCS TOBEPHYTH JIONACTh B CTOPOHY YBEJIMUYEHUs €€ YIJla yCTAaHOBKH

2

Mowment nporusoBeca Mpp=Np(KrC) 3aBucut or BenuuuHBI Macchl POTHBOBECA, PaJuyca €ro BPALICHHS, YHCIa

000pOTOB BO3AYILIHOIO BUHTA, YIJIa YCTAHOBKH JIONACTH U YTJIa YCTAaHOBKU MPOTHBOBECA Prp:
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a

Puc. 75 a - xapakmep Oeilicmeus Ha 10RACMb 6030YULHO20 GUHMA UEHMPOOEHCHBIX CUL IOnACHU, b -
apoounamuuecKue Cuibl, 0elcmeyoujue Ha 6UHM

Aspoaunamuueckas cuia R (Puc. 75, 6), mpuioskeHHas B IEHTPE JaBJICHUS MPO(UIs, CO31aeT
MOMEHT, IOBOPAYUBAIOIINI JIOTIACTh B CTOPOHY YBEIIMYCHHUS I11ara.

[Tpu yBenuueHnH yrita yCTaHOBKH JIOTIACTH () YBEJIMYMBACTCS U MOMEHT a3pOIMHAMUYECKOMN
CHJIBI, HO €ro a0COJIFOTHOE 3HAYCHHE B JIMana3oHe pabovMX YriioB MOBOPOTa paboUuX JionacTei
HeOOJIBIIOE TI0 CPABHEHHIO C BEJIMYMHAMH adPOJAUMHAMUYCCKUX [IEHTPOOSIKHBIX MOMEHTOB
JomnacTel ¥ MPOTHUBOBECOB.

ABTOMaTHYECKHE BO3YIITHBIC BUHTHI C THAPABIMYECKUM YIIPaBICHHEM PabOTAIOT MO MPSIMOH,
oOpaTHO# WK ABYCTOPOHHEH cXeMe.

Jlomactu BUHTOB, pabOTAIOIIKX 110 MPSIMOM CXeMe, Ha MaJlbli IIar MepeBOASITCS JEHCTBUEM
JABJICHUS Macja U HEHTPOOEKHBIX CHII JIOTIacTel, Ha OOMBIION IIar - EHTPOOESKHBIMH CUTIAMU
MIPOTHUBOBECOB JIOTACTEN U a3POIMHAMUYECKIMH CHUJIAMH JIOTIACTEH.



Bo3snyiiHble BUHTBI, paOOTaIONIME 110 IBYCTOPOHHEH CXEME, IIEPEBOASTCS Ha MaJIbIi 11ar
JaBJICHHUEM Maclia, IEHTPOOSKHBIMH CHUIIAMU JIOTIACTEH, Ha OOJIBIION IIar - JaBIeHUEM Macia,
HEHTPOOSKHBIMU CHJIAMH ITPOTHBOBECOB U a3POIMHAMUYECKUMHU CHIIAMH JIOTIACTEH.

B3AMMHOE BJIMAHUE BO3AYHIHOI'O BUHTA U
CAMOJIETA

Bo3nyiiHblil BUHT, yCTaHOBJIEHHBIN Ha camosieTax fAk-52 u Sk-55, npu paboTe nCHBITHIBAET
BIIMSIHUE OT PACIIOJIOKEHHBIX BOJIM3M HETO YacTe caMoJIeTa, IPU STOM YMEHbIIAETCS] CKOPOCTh
BO3/YIIHOTO NIOTOKA B INIOCKOCTH BPAILlCHNs BUHTA, YTO YBEJIIMUMUBAET TAT'Y BO3yIIHOIO BUHTA.
Takoe U3MeHEeHHE TATH XapaKTepU3yeTcs BEIMUMHON €, Ha3bIBaeMoil ko3 duurenrom
TOPMOKEHHS CKOPOCTH, U BXOJUT B BHJIE IIOIIPABKU B OTHOCUTEJIBHYIO ITOCTYIIb

A=2,1+¢), (3.13)

r7€ Ag - TOCTYIb U30JIMPOBAHHOTO BO3IYIIIHOTO BHUHTA.

BenuunHa e Bcerna 60sbIiie HyIsl, TO3TOMY A>4A ¢ JIPYTOW CTOPOHBI, BO3AYIIHBIN BUHT
oTOpackIBaeT 3a cOO0M Maccy BO3/IyXa, CKOPOCTh KOTOPOTO OOJIBIIIE CKOPOCTH TIOJIETA,
YBEIMYUBAET TEM CaMbIM JIOOOBOE COTIPOTHUBIICHHE YaCTEeH caMOJIeTa, HaXO SIIUXCS B CTPYe 3a
BO3/YIIIHBIM BUHTOM. Y BEJIMUEHHE COTIPOTUBIICHHUS CaMOJIETa MPEBBIIIACT 10 CBOEH BETMUUHE
MPHUPOCT TATH. B uTore - BIMsHUE 00JyBKH CamMOJIeTa BBIpaKaeTcst OOIMIMM OHM)KEHUEM TATH
JBUTATEIILHOW YCTAHOBKH.

Kpome Toro, 3a c4er Toro, 4To CKOPOCTh OTOPACKHIBAEMOT0 BO3AYITHOTO MOTOKA BO3IYITHBIM
BUHTOM OOJIBIIIE CKOPOCTH TIOJIETa, MPH OOTEKAaHWH YacTel caMoJieTa CO31aeTCsI
JOTIOTHUTENBHBIA IPUPOCT MOIBEMHON CUIIbl. BennynHa ee 3aBUCUT OT IIJIONIaIN KphLia,
CKOPOCTH T0JIETA, MOLITHOCTH CHJIOBOM YCTaHOBKH.

Cg\
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Puc. 76. Ilonapa camonema c yuemom 000y8Ku 6030yUiHbIM GUHIOM

1- 6e3 060ysKu, 2- paboma oeuzamens 6 HOMUHANE 3- padGOmMa 08Uzamens HA 631EMHOM Pexcume

VYBenrueHue CKOpOCTH 10JIETa yMEHBUIAET IPUPOCT a3POJIUHAMUYECKUX CHIL.

Yem 6osibliie MOIIHOCTh CUJIOBOM YCTAaHOBKH, T€M OOJIbIIIE IPUPOCT a3POAMHAMHUYECKUX CHJL.
Jlns ydera BIMSHUSA OOAYBKM BO3/IYLIHOIO BUHTA HA a9POAMHAMUYECKUE CUIIBI M UX

KO3 PUIIMEHTH! MPOBOJUTCS UX MepepacueT JUIsd Hauboee XapakTepHbIX PeXKUMOB CHIIOBOM
YCTaHOBKHU

W3 Puc. 76 BuaHo, uyTo 006/1yBKa Kpblila yBenuunBaeT 3HadeHus Cy u Cx, npuuem Cy
yBeIuuuBaeTcs Oosbie, yem Cx.

Yem Gostbliie yriibl aTaku Kpbuia, TeM 6osblie npupoct Cy. Tak, 1 camonero Sk-52 u SIk-55
Ha B3JIETHOM peXHUMe padoThl JBUraTelsl Ha yriie aTaku o, paBHOM 14°, mpupoct Cy cocTaBiisieT
npumepHo 0,4.



VBenuuenue Cx 3a cueT yBEIMYEHUS MECTHOM CKOPOCTH BO3YIIHOIO IOTOKA HA KPbLIE
IIPOMCXOJUT B MEeHbIIEH cTreneny, ueM Cy. Ha yrie araku o, paBHoM 16°, Cx Bo3pacTaer Ha
0,046 nmm Ha 22% MOTOMY, YTO MHIYKTUBHOE COTIPOTUBJICHHE 00 JyBaeMOii 4acTu OyeT
MEHBIIE, YEM €T0 BEJIMYMHA [yl KPblJIa BHE CTPYU OT BUHTA.

Vaydiienue a3pogMHAMUYECKUX XapaKTepUCTUK camoieToB Sk-52 u SAk-55 3a cuer 0061yBKH OT
BO3/IyLIHOTO BUHTA KOPPEKTUPYET HEKOTOPBIE TapaMeTPbl CaMOJIETOB, HAIPUMEP: CKOPOCTb
oTpbIBa yMeHbIaeTcs Ha 15...20%, a jyimnHa pasbera - Ha 25...30%.

(IIpunoscenue. Onucanue pabomot eunma B530-TA-/[35)

BO3AYIIIHBIA BUHT B530TA-J135

ABromaTtnueckuil Bo3ayuiHblii BUHT B530TA-J135 camoneroB Sk-52 u Sk-55 aByxyionacTHbIH,
paboTaeT COBMECTHO C pPeryasTopom o0opoToB P-2 mo mpsimoii cxeme. Ha manbrii miar BUHT
MIEPEBOJIUTCS IaBJIEHUEM Macjia U LIEHTPOOESKHBIMH CUJIaMU JioTlacTel, Ha OOJIbIION miar -
LEHTPOOEKHBIMH CUJIaMH MPOTHBOBECOB M a3pOIMHAMHYECKUMHU CHUJIaAMHU JIOMIACTeH.

ABTOMaruueckas paboTa BO3IYIIHOI'O BHHTa C PETYISITOPOM OOOPOTOB OOECIEeUMBAET MOJAEPKaHNUE
TIOCTOSIHHBIX 000POTOB, 33JaHHBIX JIETYUKOM, ITyTEM ITOBOPOTA JIONACTEH B CTOPOHY YBEIMUYCHUS MM YMEHBIICHHUS
YCTAaHOBOYHOT'O YIJIa JJIsl U3BMEHEHHsI Harpy3KH Ha JBHUTaTellb M CHATHS ¢ BUHTA HanbOomnbmero KI1/.

ITpu oTkase peryasropa 000pOTOB LIEHTPOOEKHBIE CUIIBI M a3POIMHAMHYECKUE CUJIBI JIOTIACTEeN
MIEPEeBOJIAT BUHT Ha OOJIBIION I11ar, coxpaHsisi 6e30MacHOCTb MOJIETa.

OCHOBHBIE JAHHBIE BO3AYIIHOI'O BUHTA B530TA-235

Tun BuHTa Tanymumii, aBTOMaTUYECKUI, U3MEHSIEMOTO 11ara
Cxema paboThI [Tpsimast

[TpuHnum paboTh ['uaponeHTpoOSKHBIN

Hanpasnenue BpaiieHus JleBoe

JlnameTp BUHTA, M 2,4

Yyucio nonacTed aBe

Marepuan CocHa, nenpra-apeBecrHa, ¢paHepa u cTajabHas OKOBKa
®dopwma jonacrten Becnoobpasnas

VYron ycranoBku Jionacteit Ha 1000 mm:

MHUHUMAaJIbHBINA 14°30' + 10'

MaKCUMaJIbHbIN 34°30+ 30'

Junamna3oH yctaHOBKHM npoTuBoBeca 2(0°+40'

Yroa ycTaHOBKM IPOTHUBOBECA 25°

Macca BuHTA, KT 40+2%

COBMECTHAA PABOTA BO31YIIHOI'O BUHTA B530TA-/135 U PETYJIATOPA
OBOPOTOB P2

CoBMecTHast paboTa BO3AYIIHOTO BUHTA U PETYIATOpPa 000POTOB 0OECIeunBaeT aBTOMAaTUYECKOE
M3MEHEHHUE I1ara BUHTa U COXpaHEHUe 3aJJaHHOM YacTOTHI BpallleHUsI KOJICHYaTOro Baja
JBUTATES.

PaGora perynsitopa 000poTOB OCHOBaHA Ha TUAPOIIEHTPOOEKHOM MpuHIMIEe. HeoOxomumas
4acTOTa BPAILEHUS KOJIEHYATOrO Baja IBUTaTeNs 3aJa€TCsl U3BMEHEHUEM CUJIbI CKATHUs
30JI0OTHMKA BHHU3 U MOJIBOJIOM Maclja B LIMJIMHJIP AJIs IEPEBOAA BUHTA HA MaJIbIi 1Iar.
enTtpobexunie I' - 00pa3Hble Tpy3uKku Ha Malbix 00opoTax (48% uiau 1400 06/MuH) co3maroT
LEHTPOOEIKHBIE CUITBI, HEIOCTATOUYHBIE JIJIsl TIEPEMEIICHHUS 30JI0THUKA BBEPX JaKe MPH MaJoM
CKaTUU NPYKUHBI, T. €. IPU MOJOKEHUHU pbluara yrnpapiieHus BUHTOM «boJib1oii mar.



BcnencrBue 3TOro HEBO3MOKHO MEPEBECTH BUHT Ha OOJIBIION IIar npu HaaayBe Hike 400 Mm
PT. CT., 4TO COOTBETCTBYET YaCTOTE BpaIeHUs KoJieHdaToro Baa 1300 o6/MuH ipu MajaoM
niare.

Taxum 06pa3oM, peryasiTop 000poTOB aBTOMAaTHUECKH pa3rpyKaeT JBUTATENb MIPH JTF000M
MIOJIOKEHHUH phlYara yrpaBJeHHsI BAHTOM, TIepeBe/Is BUHT HA MaJIbIi IIar BO BpeMsl MOCAIKU
camoJieTa U IPU OCTAaHOBKE JIBUraTels. DTO MPOUCXOJUT MOTOMY, YTO 3yOuaTasi peiika He UMeeT
KHHEMATHYECKOU CBSI3U C 30JI0THUKOM M HE MOXKET YACP)KUBATh €TO B BEPXHEM ITOJI0KECHUH.
[TepemerneHue 30JI0THHKA BBEPX OCYIIECTBIISICTCS IEHTPOOSKHBIMU CrIaMu [ '-00pa3HbIX
I'PY3MKOB, 3HAYEHHE KOTOPBIX 3aBHUCHUT OT YMCIIa 000POTOB KOJIEHYATOTO Baja JBUTATEIIS.
Konnueckas npyxnHa nepeMeniaer 30J0THUK BHU3 BO BCEX YCIOBUSX, CIydasX, KOI/la Cuila ee
yOPYrocTH 0osible EHTPOOSKHBIX cril ['-00pa3HbIX IPY3UKOB.

PABOTA BO3AYIIHOTO BUHTA U PETYJIATOPA OBOPOTOB HA
PABHOBECHOM PEXHWME

[Ipu pabote Ha paBHOBECHBIX pexxuMax (oboporax) (Puc. 77), korna MOITHOCTD ABUTATENS,
CKOPOCTb TOJIETA U BBICOTA HE MEHSAIOTCS, LIEHTPOOEkKHbIE CUIIbI I -00pa3HbIX IPY3UKOB
YpaBHOBEIIMBAIOT CUIIY YIPYTOCTH KOHUYECKON NPYKUHBI U YAEP)KUBAIOT 30JI0OTHUK B
HENUTpaJIbHOM MoJiokeHuu. [1pu 3TOM Macio, Haxosmieecs B MOJIOCTH HMJIMHAPA BO3AYIIIHOTO
BHMHTA, OKa3bIBaeTCs 3aKPbITHIM B Hell. JlomacTu BO3yIIHOTO BUHTA MO/ AEHCTBUEM
a’pOIMHAMUYECKUX U HEHTPOOEKHBIX CHJI IPOTUBOBECOB CTPEMSITCS TOBEPHYTHCS B CTOPOHY
YBEJIMYEHUS 111ara ¥ MepeMEeCTUTh MOPIIEHb BO3IYIIHOTO BUHTA BIIEPE/, a 3aKPHITOE B LIMIIMHAPE
MacJo yJIep>KUBAeT NOPIIEHb, SABJSACH U1 HETO THAPABINYECKUM YIOPOM. DTO yIEPKUBAET
JIOTIACTH OT MOBOPOTA, COXPaHss LIar BUHTA U 000POTHI IBUraTelisl MOCTOSHHBIMU.

Macio, HarHeTaeMoe HacOCOM Peryyaropa, pu paboTe Ha paBHOBECHBIX 000pOTaxX HE
pacxoyeTcsl U HalpaBJysieTCsl 4epe3 peAyKIMOHHBIN Ki1allaH Ha BXOJ B HACOC C AaBJICHUEM He
BhImTe 15 Kre/em?.

Ecnu B nmonere yBenn4uBaeTCs 4acTOTa BPAIllEHHUs KOJIEHYATOro Bajia IBUTATENs B pe3yJbTaTe
MOBBIIIEHUS HAJ1yBa WIM YBEJIMYEHUSI CKOPOCTH I0JIETa, PACTYT LIEHTPOOEKHbIE CUIIbI -
00pa3HbIX I'PY30B, KOTOPBIE, IPEOJ0JIEBAsI CUITY CKATHU KOHUUYECKON MPYKHUHBI, IEPEMEIIAIOT
30JIOTHHMK BBEpX, OTKPBIBAsl KaHaJl CJIMBA Macja U3 IMIMHAPA BUHTA B KapTep Asuraress. Macio
U3 HarHeTaTelbHOM M0JIOCTH HAacoca MOCTYNaeT Yepe3 PeAyKIMOHHBIHN KIIaaH Ha BXOJl B HACOC €
naBnenneM 15 kre/cm” JIONacTH BUHTA MO/ JCHCTBUEM 43P0 IHHAMUYECKUX H [EHTPOOEKHBIX
CHJI IIPOTUBOBECOB IIOBOPAYMBAIOTCS B CTOPOHY yBesndeHus mara (Puc. 78), moBsimast
Harpysky Ha JaBurareinb. [Ipu 3ToM ymeHbIaeTcs 4iciao 000pOTOB ABUTATEINs, CHUKAKOTCS
LEeHTpoOeXHbIe CHIIbl [-00pa3HbIX I'Py3UKOB U KOHWYECKas IPYKUHA IIepeMelaeT 30JI0THUK B
HelTpalibHOE MOJIOKEHHUE IIPU 000POTaX, PaBHBIX 3aJaHHBIM, IIPU KOTOPHIX LIECHTPOOEKHBIE
CHJIBI TPY3MKOB YPaBHOBELINBAKOTCS CHIION YIIPYrOCTH KOHUYECKOH MPY>KHUHBI
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Puc. 77 Cxema pabomel 6030ywH020 6UHMA HA PAGHOBECHBIX 0DOpOmax

1- kopnyc eunma 2- yununop 3- nopuiens 4- wimyuyep nepexoonuxka 5-

npomueoeec, 6-10nacmey 7-cmakan

aonacmu 8-naney 9-cyxaps 10-noeodok 11-cmynuua 12- konvya macnoyniomuumensuvie 13-ean eunma 14-
KaHa1 nooeooa macna K pe2yaamopy ovopomoe P=2 15 - kanan noosooa macna x eunmy, 16 - konuueckasn
npyscuna 17- zpy3uk pezynamopa, 18 - 3onomnux 19 - macnonacoc pezynamopa 20 - pedyKyuoHHblIl K1anan

YBenuuerue
obopomo8

waea
0835
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Puc. 78 Cxema padomel 6030ymnozo eunma npu nepegooe j1onacmei
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na «Bonvuwoi wazy (cm. Puc. 77)

Ecnu B nonere uncio O60pOTOB ABUTaTCIIsl YMCHBIUIACTCA B PE3YJIbTATC CHUKCHUA HAAAYyBa UJIN
CKOPOCTH IIOJICTA, YMCHBIIAIOTCA HeHTpO6e)I(HLIe CHIJIbI F'O6p33HBIX T'PY3UKOB U KOHHUYCCKAsA
IpYyXHUHa nepeMemacT 30JI0THUK BHU3, OTKPbIBAA KaHaJl IMOABO/JAa MacCijia B HUJIMHAP BUHTA JJIA

NEPEMCIICHUA IMOPIIHA Ha3al U 110 BOpOTa JIOIIacTeu B CTOpPOHY

yMmeHbienus mara (Puc. 79)

HpI/I 9TOM YBCINYHBAIOTCA O60p0TBI ABUT'AaTCIId, PaCTyT I_[CHTp06e)KHBIe CHJIBI F'O6pa3HBIX
T'PY3UKOB, KOTOPbIC, IPCOA0JICBAA YIIPYT'OCTb C)KaTOM KOHHYECKOM IIPYKUHBI, ICPEMCIIAIOT
30JIOTHHUK B HeﬁTpaanoe MOJIOKCHUC TTpU O60pOTaX, PaBHBIX 3aIaHHBIM, obOecrieunBas

BOCCTAHOBJICHHUC PABHOBCCUA MCIKAY 1953 (0 YIIpyroctu C)KaToMH
HeHTpO6C)KHBIMI/I CUJIaMH BpallCHUs I'PY3UKOB.

KOHMUYECKOW NPYKUHBI U
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Puc. 79 Cxema pabomel 6030ymnozo eunma npu nepeeode nonacmeii na «Manvtit wazy

NNPUHYAUTE/IbHOE UBMEHEHHME HIATA BO3AYIIHOI'O BUHTA

Bo Bpemst onpo6oBanust 1BUTaTeNs I MPOBEPKU PabOTHI BO3AYIITHOTO BUHTA U PETYIATOPA
000pOTOB ycTaHABIMBAIOT phryarom raza 2050 o6/mun (70%), a 3aTeM, TUIaBHO TepeMenias
pBIUar yrnpaJjaeHUs PEryIsTOPOM 000POTOB B MOJI0kKEHHE «bOobIIo mar», mpoBepsoT
W3MEHEHHUE PeKUMa pabOThI JBUTATEIS.

Uucno 060poTOB KOJIEHYATOTO BaJIa IBUTATENS TIPHU 3TOM JOKHO CHU3UTHCA 10 1450 06/MuH
(50%).

3yb6uaras peiika perynsropa 000poToOB IEpeMeNIaeTcsi BBEpX, YMEHBIIAETCS CKaTHe
KOHHYECKOU MPYKUHBI, U [ -00pa3HbIie IPY3UKH MO IEHCTBHEM IIEHTPOOSKHBIX CHIT
MepPEeMEIAIOT 30JI0THUK B BEpXHEE MOJI0KEHUE, 0OecreunBas CIMB Macia U3 HUJIMHIpa BUHTA B
KapTep ABUTATeNs U MOBOPOT JionacTeld Ha OOJIBLION 1Iar moJ AeWCTBUEM HEHTPOOEKHBIX CHIT
MIPOTUBOBECOB M a3pOIMHAMHUYECKUX CUJI JionacTeld. Maciio, HarHeTaeMoe HacocoM, OyzeT
MePerycKaThCs PEIYKIIMOHHBIM KJIallaHOM Ha BXOJl B HACOC PEryJsTopa.

Bo Bpems nepemelieHus pplyara yrnpaBieHUs peryisaropa 000poToB B mojoxeHue «Mablii
miar» 3y0uaras peiika nepeBUraeTcsi B HIKHee MMOJI0OKEHUE, YBeTNYUBAs CKaThe KOHUYECKOU
MPYXUHBI, KOTOpas MepeMelIaeT 30JI0THUK B HIDKHEE MOJI0KeHue, ooecreynBas o 1B0/1 Macia B
UWIMHAP BUHTA U IOBOPOT JIoNacTei Ha Manblii mar. [Ipu 3ToMm 060poThl BOCCTaHABINBAIOTCS
1o nepBoHavyasbHbIX 2050 06/mMuH (70%), yka3biBasi Ha MOJHBINA JUaNa30H MOBOPOTA JOMACTEH U
HOPMaJIbHYIO PaboTy perynsaropa 060poToB.

[TonHoe 3aTsKeNeHUe BUHTA CO B3JIETHOTO PeKMMa BBI3BbIBAET YMEHbIIeHHE 000poToB 110 2050
00/MuH, T. €. Ha 850 00/MuUH, U cCHWKEeHHE HajIyBa Ha 50 MM pT. cT. 1 MotHoCTH Ha 120 1. c.
CrnenoBarenbHO, B3JIET CAMOJIETa U YXOJ] Ha BTOPOM KPYT MpH OOJIBILIOM IIare BUHTA
3aTpyIHSIOTCS.

TOPU3OHTAJIBHBIN MOJIET CAMOJIETA

Iloner camozeTra OT B3JIeTa 10 MOCAAKU IMPEACTABIISICT co00¥ coueTaHune Pa3JINYHBIX BUIOB
JABHIKCHMUA. HawnGonee MMPpOAOJIZKUTCIIBHBIM BUJAOM OBHIKCHUS ABJISICTCS Hp}IMOJ'II/IHeI\/'IHBII\/’I IOJICT.
YcranoBuBIIMMCH HpﬂMOHHHeﬁHbIM MOJIETOM HA3BIBAC€TCsA TaKOE ABMKXCHHUE CaMOJICTa, IIPHU
KOTOPOM CKOPOCTb ABHKCHUA C TCHCHUCM BPCMCHU HC U3MCHSCTCA 110 BEIIMUUHC U
HaITpaBJICHUIO.



K ycranoBumemycst mnpsiMOIMHEHHOMY MOJIETY OTHOCATCSI TOPU30HTAJIbHBIN TOJIET, IOIBEM U
CHUXEHHUE caMoJieTa (TIJIaHUPOBAHHUE).

OrnpenenuM xapakTepHbIE PEKUMBI U XapaKTEPUCTUKUA TOPU30HTAIIBHOTO T0JIETa, TOAbeMa U
IJITAHUPOBAHUS IPUMEHUTEIBHO K camotietaM Sk-52 u Sk-55, ux 3aBUCUMOCTb OT BBICOTHI
T0JIeTa, TIOJICTHOTO BECa M PeKUMa PabOTHI ABUTATEIIS.

YCTAHOBHUBIIUICA TOPU3OHTA/IbHBIN IMOJIET

Yemanoeueuwiumcen zopuzonmanvuvim nosemom Ha3pIBaCTCS MPSIMOIMHEWHBIN TIOJIET C
MIOCTOSIHHOM CKOPOCTBIO 0€3 Habopa BHICOTHI M CHUKEHMUSL.

Ha Puc. 80 mokazansl CHIIBI, AEHCTBYIOMIME HA CAMOJIET B TOPU30HTAILHOM TIOJIeTe 03
CKOJIBXXEHUA, I'AC

Y - moabeMHas CUJa;

X - 1060BO€ COMPOTUBIICHUE;

G - Bec camoIera;

P - cuna tarn ABUTATECIIA.

Bce >t criel HCO6XOI[I/IMO CUHUTATDb MMPUJTIOKCHHBIMHU K HCHTPY TSAXKECTU CaMOJICTA, TaK KaK €ro
pr[MOJ'II/IHGI\/’IHI)II\/'I MOJICT BOSMOXKCH JIMIIb ITPU YCIIOBHUH, YTO CyMMa MOMCHTOB BCEX CHUJT
OTHOCHTEIIFHO IIEHTpA TSHKECTH paBHA HYITIO.

Heo0xommMoe paBHOBECHE MOMEHTOB JIETYHK CO3/1a€T COOTBETCTBYIOIIMM OTKJIOHEHUEM PYIICH
YIIpaBJIECHUA.

W3 pucyHka BUIHO, 4TO Bec camoiieTa G ypaBHOBEIIMBAET MOABEMHAsI CHita camosera Y, a
n060Boe conmpoTuBiieHne X - cuna Tsru P.

JI71s1 yCTaHOBUBIIETOCS TOPU30OHTAIBLHOTO TT0JIETa HEOOXO MBI JIBA YCIIOBUSI:

Y-G=0 (ycnoBue nocrostucTBa BeicoThl H=conNst); (4.1)

P-X=0 (ycnoBue noctossHCTBA cKopocT V=const). (4.2)

OTH paBEeHCTBA HA3BIBAIOTCS YPAGHEHUAMU OBUIHCEHUA ONLAA YCHIAHOBUBULEZOCA
20pU30HMANbHO20 noema. 11py HapyIIEHNH YTUX PAaBEHCTB JABMKCHUE CaMOJIETa CTAHET
KPHBOJIMHEHHBIM M HEPaBHOMEPHBIM.

[Tonp3ysach STUMHU paBEHCTBAMH, MOYKHO OTIPEICIIUTH CKOPOCTh, KO3 (HUIMEHT HOABEMHOM

CHJIBI, TATY U MOIIHOCTbD, l'IOTpe6HBIe JJIA TOPU30HTAJIBHOT'O ITOJIETA.
Y

&

Puc. 80 Cxema deiicmayouyux cun Ha camonen 8 yCmaHo8UEUIEMCA noleme

CKOPOCTbD, IOTPEBHAA AJiA TOPU30HTAJIbHOTO IIOJIETA

J11s TOro 4TOOBI KPBUIO CaMOJIETa MOTJIO CO3AaTh MOABEMHYIO CUJTY, PABHYIO BECY CaMOJIEeTa,
HY>KHO, YTOOBI OHO JIBUTAJIOCH C ONPEAETIEHHON CKOPOCTHIO OTHOCUTEIBHO BO3IYIIIHBIX MacC.
CkopocTtb, HeoOXoAuMast sl CO3/IaHuUs TIOTLEMHOM CHIIbI, paBHOM BeCy caMoJieTa IIpH TMoJieTe
camoJlieTa Ha JaHHOM YTJIe aTaKu U JIaHHOM BBICOTE IM0JIeTa, Ha3bIBAETCS MOTPEOHON CKOPOCTHIO
TOPU30HTAIBHOIO TOJIETA.

[To ompeneneHno ropu30HTAIBHOTO TOJIETa IOJDKHO OBITH BHIMOJIHEHO yCioBHe Y=G.
H3BecTHO, uTO

2
y=cy”% s,
2 (4.3)



CJIeI0BaTEIbHO,

2
19
y=G=Cy’’s.
2 (4.4)
PemmB 310 ypaBHEHUE, HaliIeM CKOPOCTh, MOTPEOHYIO VISl BBITIOJIHEHUS! TOPU30HTAIBHOTO
I1oJIcTa

2G

v —
Bennunna moTpeOHOI CKOPOCTH 3aBUCHUT OT BECa CaMOJIeTa, TUIOUIAIN €0 KPbLja, OT BHICOTHI
noJieTa (BBIpayKEHHOH uepe3 MacCOBYIO IJIOTHOCTH p) U ko3 duimenta noapeMHoi cuiibl Cy.
N3 dopmyet (4.5) BUIHO, YTO C YBEIMUEHUEM BECa CaMOJIETa CKOPOCTh, MOTPEOHAsT IJIst
TOPU30HTAJIBHOTO IMOJIETA, TAKIKE YBCINYNBACTCA, TAK KaK IJId YPAaBHOBCIIVBAHUS 00JIBIIETO
Beca TpeOyeTcs 0oJbIIast Mo ILEMHAsS CHJIA, YTO JIOCTUTACTCS (IIPU MPOYMX PABHBIX YCIOBHUSX)
YBEITUYCHUEM CKOPOCTH MoJjeTa (cM. hopmyny 6.4). YBenuueHnue mionaan Kpbijia, HAOOOPOT,
YMEHBIIAeT NOTPEOHYIO CKOPOCTh. [t pacdeToB Ha MPaKTHKE OOBIYHO MPUMEHSFOT OTHOIIICHHE

c_p

S (4.6)
Ha3bIBAEMOE YJIETbHOW HAarpy3Koi Ha KPbLJIO.
VY COBpeMEHHBIX CaMOJIETOB y/ICIbHAS Harpyska Ha KpEUIo KOJIEONIETCS B IMPOKHX TPeNeNax: OT
100 kr/M? y nerkux camoneros 10 800 Kr/M* i GoJiee y TSKEIBIX CAMOJIETOB H CAMOJIETOB
OOJIBIITUX CKOPOCTEH ToJIeTA.
C yBenmueHHEM BBICOTHI TI0JIETa MacCOBasl IIOTHOCTh BO3/TyXa yMeHbIIaercsi. CoriiacHoO
dbopmyre (6.5) ymeHbIIIEHHE NIOTHOCTH P MPUBOIUT K YBEIIMUCHUIO TIOTPEOHOM CKOPOCTH
noJiera.
Ecnu u3MeHsTh yros ataku, TO IpONOPIUOHATIBLHO OyAeT U3MEHATHCS U KO OUIIUEHT
noabemMHOM critbl Cy. A m3ameHenue Cy oTpa)kaeTcsi Ha BEIMYMHE TOTPEOHOM CKOPOCTH
TOPU30HTAIBHOTO TosieTa. Yem menbIne Cy (M yrol aTaku COOTBETCTBEHHO ), TEM OOJIbIIIE
JOJIKHA OBITH CKOPOCTH MOJIeTa, U Ha000poT. M3 3TOr0 ciienyeT BaKHBIM BHIBOA: KaKJIOMY YTy
aTaKy Ha JaHHOM BBICOTE MOJIETa COOTBETCTBYET BIIOJIHE OMpE/ENIEHHAs! CKOPOCTh
TOPU30HTANIBHOTO noseTa V.

TATA U MOIIHOCTD, IIOTPEBHBIE /11 TOPU30HTAJIBHOTO IIOJIETA

Ilompeonoit mazoi 17151 TOpU30HTAIBHOTO MOJIETAa HA3BIBACTCS TAra, HEOOX0AUMas JUIs
YCTaHOBUBILETOCS TOPU3OHTAIBLHOTO IOJIETA, T. €. /U YPaBHOBEIIMBAHUS JIOOOBOTO
COMPOTHBIICHUS camMoJjieTa Ha JaHHOM yriie aTaku (P=X).

B ropusonTansHOM mojeTe noabeMHas Cuiia paBHa Becy camosiera Y=G, Toraa, pa3ieianB
MepBOE PABEHCTBO HA BTOPOE, MOTYyIHUM

i:E:K; P, G.
X P, K @.7)

®dopmyra MoKa3bpIBaeT, YTO Y€M MEHbIIIE BeC caMojieTa U yeM Ooublie ero kadectBo K, Tem
MeHbII1as Tsra NoTpedyercs Uis TOPU30HTAIBHOTO nojieTa. Ho kauecTBO camoiera 3aBUCHUT OT
yria aTaku, CJeI0BaTEeNbHO, IPU H3MEHEHHUH yIiia aTaku MEeHsieTcs U oTpebHas Tsara. [loatomy
JUIS OTIpEJIeNIeHUs TOTPEOHOM TATH TIPH 3aJaHHOM YTJIE aTakh HEOOXOAMMO MPEIBAPUTETHHO
HAaWTH COOTBETCTBYIOIIIEE €1 KAUECTBO CaMOJIETA.

Uto06p! HaliTH 3aBUCUMOCTE P 0T Vi, moacTaBuM B hopmyiy (4.7) pa3BepHyTOE BhIpaKEHUE

P, = Cy Vv ?

MIOABEMHOU CHJIBI, TIOJTYYUM 2K U3 dpopmyssl BuaHO, 4TO MOTpeOHas Tsra
TOPU30HTAJIBHOTO I10JIETA 3aBUCUT OT KBaJpaTa CKOPOCTH.



Ha Puc. 81 mpuBeneHsl KpHBBIE 3aBUCUMOCTH Pr; oT Vi ckopoctu momera Ha Bbicore H=500 M mns
camorneros Sk-52 u Sk-55.

B
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Puc. 81 Kpuevie nompeonvix msz 015 20pu3oHmanbHozo noiema camonemos Ax-52 u Ax-55

3aoaua 1. Onpederumv ms2y, nompebHylo Onsl 20pU3OHMANLHO20 nolema «camorema Axk-55 npu yene amaxu 5° u
nonemuom gece 870 kec

Pewenue. Ilo nonspe camonrema Axk-55 naxooum, umo npu yene amaxu 5° kosppuyuenmor umerom snauenus. Cy=0,39,
Cx=0,045, cnedoeamenvho, Kauecmso pagHo

Gy 039 oo
Cx O 045
Tozoa nompebdnas msea 6ydem umemsb 3HAYEHUE
P, = G_8n =100xzc
K 8 66

3aoaua 2. Onpedenumv mscy, nompebuyio Ol 20pU3OHmMAaIbHO20 noiema scamonema Ax-52 npu yene amaxu 7° u
nonemuom eece 1290 kec

Pewenue. Ha nonsipe camonema Ax-52 naxooum, umo npu yene amaxu 7° xoagpuyuenmor pasuvi. Cy =0,67, Cx= 0,056,
C1e008amenbHo,

_Cy_ 067 41
Cx 0,056
Toeoa nompebnas msiza 6ydem pasna
) _G 120, =108kec
K 1196

B 3ajauax He ykazaHa BBICOTA MOJIETA, TAK KaK BHICOTA MPU PABHBIX yriax aTakKu U OTCYTCTBUU
C)KMMAEeMOCTH BO3/lyXa HE BIUSCT HA OTPEOHYIO TATY.

KauecTBo camosera 3aBUCUT TOJBKO OT BeanuuHbI ko3 dunmentoB Cy u Cx, a Ha HUX BBICOTA
roJjieTa Ha ckopocTsax 10 700 km/4 He BamseT. Takum oOpazom, it camosieToB Sk-52 u Sk-55
MOXHO CUHTaTh, YTO NMOTPEOHAS TATA OT BHICOTHI HE 3aBUCHT.

Ilompeonasa mowgpocme. {15 TOPU30HTAIBHOTO MOJIETA TOTPEOHOM MOITHOCTHIO HA3BIBACTCS
MOIIIHOCTh, He0OX01uMast 171 00ecreueHns YCTaHOBUBILETOCS TOPU30HTAIBLHOTO M0JIeTa Ha
JTAHHOM YTJIe aTaku U o0o3Havaercs Ni.

Ecnu npu nonere co ckopocthio Vrp TpedyeTcs 1sra P, To moTpedHast MOIIHOCTh
omnpenensercs no Gopmyine

PHVFH
75 (4.8)
3Ta (bOpMyJ'Ia IIOKa3bIBACT, YTO HOTpe6Ha$I MOIIIHOCTB 3aBHUCHUT OT TEX XKEC (I)aI(TOpOB, oT KOTOpLIX

3aBUCAT NOTpeOHas Tsra U ckopocTs nojera. [loacrasus B popmyiny (4.8) BMecto P Vi ux
pa3BepHYTHIE BBIPAKEHHUS, TIOIYUYUM Pa3BEPHYTYIO (HopMyTy HOTpeOHOM MOITHOCTH

N, =



G | 2G

K\ CypS
B (4.9)

W3 hopmynbl BUAHO, YTO MOTPEOHASI MOIIIHOCTH 3aBUCHUT: OT BBICOTHI TI0JIETa CaMOJIeTa
(TIOTHOCTH BO3/1yXa); OT Beca caMoJieTa U YAETbHOU Harpy3Ku Ha KPbUIO; OT
a’pPOIMHAMHUYECKOT0 Ka4ecTBa caMoJieTa U KO3 UIIMeHTa TIOAbEMHON CHIIBI.

CrnenoBarenbHO, TOTpeOHAS MOITHOCTH TEM OOJIBIIE, YeM OOJIBIIE BEC CAMOJICTa, MEHBIIIC
IUIOTHOCTH BO3yXa U XyXK€ KaueCTBO CAMOJIETA.

IIpu ycnoBuu G=const m H=const norpedHast MOIIIHOCTb 3aBUCUT TOJBKO OT YIJIa aTaKH U, KaK
CIIEZICTBUE, OT CKOPOCTH MOJIETA.

B ropusoHTansHOM n0JIeTe TOTPEeOHAs TATa paBHA JIOOOBOMY compoTuBiIeHuto Pp=X, Toraa
dhopmyra noTpeOHOI MOIIHOCTH OYAET UMETh CIETYIOUTUNA BHUI:

N, =

N, ==Y
75 (4.10)
Ecnu B hopmyny moACcTaBuTh pa3BEpPHYTOE BRIPAKEHUE JIOOOBOTO COMPOTUBIICHUS, TO TTOJTYIUM
AVA
cx” >
N ——5—.
75 (4.12)

®opmyna MoKa3bIBaeT, YTO MOUTHOCTh, MOTPEeOHAs /171l TOPU30HTAIBHOIO TOJIETa,
MPOIMOPLHOHANIbHA KyOy CKOPOCTH (IOTpeOHas TAra MponopliroHaibHa KBaapaTy ckopoctu). Ha
Puc. 82 nmpuBoasTcst kpuBbie 3aBucuMocTd N1t oT V, ckopocTu nojiera Ha Beicotax H=500 M n
H=1000 m myst camoneroB SAk-52 u Sk-55.

Taxum 06pa3om, 4TOOBI YBEIUYUTH CKOPOCTH TOJIETa B 2 pa3a, MOITHOCTh HEOOX0TUMO
YBEJIMUUTH B & pas.

N,

e ‘ K- _

300 =1000m  H=500m
Hx-52
Ax-55

200 -

1490

100 200 300V amry

Puc. 82 Kpuevie mowinocmeii, nompeonix 0Jist 20pu30HmMa1bHO20 nojema

3aodaua. Onpedenums MOWHOCMb, ROMPEOHYIO OJisl 20PU30HMANLHO20 Nolema y 3emiu, eciu gec camonema Ax-52 G=1200
kec, koogguyuenmor Cy =0,4 u Cx=0,044, S=15 BT

Pewenue. 1. Onpedenum ckopocms norema

V = 2G 21200 =~ 203,7xm/ u.
CypS\0,4-0125-15

Pewenue. 2. Kauecmso camonema
_Cy_ 04 _
Cx 0,044

Pewenue. 3 Illompebnas msaza



P, _G 1200 =133kec
K 9

Pewenue. 4. [lompebnas mowrocms
_P,-V,, 133.54,2
75

75=96 = 70,6xBm.

NH

3ABUCUMOCTb IOTPEBHOM TATY U MOIITHOCTH JI/I1 TOPU30HTAJILHOTO
IIOJIETA OT CKOPOCTHU 'OPU3OHTAJIBHOTI'O IIOJIETA. KPUBBIE H. E.
KYKOBCKOIo

JIJ1st IOJTHOM XapaKTEPUCTUKHA TOPU3OHTAIBHOIO II0JIETa U ONPEACIICHHUS JIETHBIX JaHHBIX
CaMOJIETOB BOCIIOJIb3yeMCs TpaoaHATTUTUYECKUM METOI0M, npeyioxkeHHbM H. E. KykoBckum.
Hano>xum Ha kpuBble TOTPEOHBIX TAT U MolHOCTeH P v N1 KpuBble pacniojiaraeéMslX TSI U
motHocTeit Pp u Np. IlonydenHble Takum 00pa3oM KpUBbIE HOCSAT Ha3BaHUE KPUBBIX
MOTPEOHBIX U pacHoiaraeMbIX TAT U MoImHocTeH, nin kpuBbix H. E. XKykosckoro (Puc. 83, Puc.
84).

Joi A
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Puc. 83 Kpuevie pacnonazaemuix u nompeonvix mse camonemos fAx-52 u fAx-55 (kpuswvie H. E. JKykoeckoz0)
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Puc. 84 Kpuevie pacnonazaemuix u nompedonvix mougpocmeii camonemos Axk-52 u Sx-55 (kpuswvie H. E.
Kykoeckozo)



Ha pucynkax npusenens! kpusbie Pry, N, Pp u Np camonetoB SAk-52 u Ax-55 (H=500 m u
H=1000 m).

Pacnonazaemoii mazoii (MoOwHOCMb10) IPUHATO HA3BIBATH HAMOOJIBINYIO TATY (MOIIIHOCTH),
KOTOPYIO MOYKET Pa3BUTh CUJIOBAsl yCTAHOBKA HA JJAHHOW BBICOTE M CKOPOCTH TIOJIETa
Pacrnioaraemas Tsra 3aBUCUT OT BBICOTBI, TO3TOMY KPUBYIO HEOOXOAUMO OpaTh ISl TOH
BBICOTHI, Ha KOTOPOU 33JJaHO OTIPEICIIUTh JICTHBIC KaUYeCTBA CaMOJIeTa

Touka nepecedeHusI KPUBBIX COOTBETCTBYET IOJIETY C HAUMEHBIIIM BO3MOKHBIM B
TOPU30HTAIEHOM IIOJIETE YIJIOM aTaKH, TO €CTh MOJIETy Ha MAaKCUMAIBHON CKOPOCTH
TOPU30HTAILHOTO ToJIeTa ([t camosera Sk 52 - Vrm =300 km/d, st SAk-55 - Vi vaxe)-

C yMeHBIIIEHHEM CKOPOCTH I0JIETa ¥ YBEIIMUSCHUEM YIJIa aTaKu OTPEOHAS TATa U MOIIHOCTh
YMEHBIIIAIOTCS, MUHUMAJIbHASI MOTPeOHAs Tra HaXOUTCS IPOBEICHUEM KacaTeIbHOW K KPUBOH
Pr mapannensHo ocu ckopoctu. Touka KacaHus 0003HAYaeT yroj aTaku, Mpu KOTOPOM
TpeOyeTcsi MUHMMaJIbHAs Tsra Ui TOPU30HTAIBHOIO noJiera (Juist camosnera fAk-52 npu H=500
M P =103 xrc, nns Ax-55 nmpu H=500 M Py =87 kre)

N3 popmyitbl TOTPEOHOH TSTH ClIeyeT, 9TO MUHUMAJIbHAS TSra JJIs1 TOPH30HTAIHHOTO 0JIeTa
MoTpeOyeTCs MPU MaKCUMAITLHOM KaueCTBE camoJieTa

P, =2

Kvawe (4.12)
MakcumanbHOE Ka4eCTBO camoJieTa JOCTUTAETCS TPH HAaUBBITOAHEHIIEM yriie aTaku CKOpPOCTh,
COOTBETCTBYIOIIAS Oy, HA3BIBAETCS] HAMBBITOTHEHIIIEH CKOPOCTHIO TOPU30HTAIBHOTO TOJIETa
Vg (ms camosera Ax-52 VaB=162 km/4, st AAk-55 VaB=137 xkm/u).
[Ipu HauBbITOHEHIIIEM yTIIe aTaku TpeOyeTcss MUHUMallbHAas oTpeOHas Tara PmuH.
CrnenoBaTenbHO, pacXo/] TOIUIMBA HA OJMH KUJIOMETP MyTH Oy/IeT MUHHUMAIbHBIM U JTATHHOCTH
oJIeTa MAaKCUMAaJIbHOM.
Ho pacxon ToruBa 011 O MUHUMAIIBHBIM, €CJTH OBl IBUTATENh paboTan 6e3 moreps. [losTomy
JUIS. KOMIIEHCAIMH MOTEph TpeOyeTcsl AOMOTHUTEIbHAs TAra ABUrareis u oomas tsra P, Oyaer
00JIbIIIe HA 3TY BEIMYMHY. MUHMMAabHBIA KHJIOMETPOBBIN pacXo/] TOIUIMBA MOTy4aeTcs Ha
HECKOJIBKO OOJIBIIIEH CKOPOCTH, Y€M HaWBBITOTHEUIIIAs
Hanee, ananusupys rpaduk Ha Puc. 83, BuaHO, 4TO NpH JanbHEHIIIEM YMEHBIIEHUH CKOPOCTH
(Tocie HauBBITOTHEHITIEH ) ¥ YBETTMUCHUH yIJla aTaku MOTpeOHas Tara pacTeT. ITO 0ObSICHAETCS
YXYILIEHUEM KauyecTBa CaMOJIeTa.
CKopoCTh MOKET ObITh YMEHBIIEHA O MUHUMaJIbHOU, COOTBETCTBYIOLIEH KPUTHUECKOMY YTy
ataku. KacarenbHas Kk KpUBOW, napajjiebHOM ocu P, oTMedaer yron araku u
COOTBETCTBYIOIIYIO €EMY MUHUMAJIBHYIO CKOPOCTh TOPU30HTAJIBHOTO TOJIETA.
J1j1s Toro 4TOOBI YCTAHOBUTH TY WJIM UHYIO CKOPOCTH TOPU30HTAIBHOTO TOJIETa CaMOJIeTa,
JIETYUKY HEOOXOJMMO CO3/aTh YCIOBUS (M3MEHSS TATY IBUTATENs1) paBeHCTBA paciojaraeMoi u
notpebHoi Tsaru (Pp=Pp). [losToMy Ha CKOPOCTAX, MEHBIINX MAKCUMAJILHOM, JTETUYHUKY
HEO0OXO0IMMO YMEHBIIUTD TATY JIBUTATEINS IO ONPEACICHHON BETNYHHBI, U TOUKA [TepeCceUeHMs
pacrnojiaraeMoi u moTpeOHOM TATH OyJeT Ha MEHBIIIeH, BHIOPAaHHOW JIETYUKOM CKOPOCTH.
Ecnu pacnonaraemas Tsra 6yzaert 0ombliie moTpeOHOM, TO caMOJIeT HAYHET MOJHUMATHCS, €CIIU
MEHBIIIE - CHIDKAaThea. B 000X cimydasx camomneT He OyIeT JeTeTh TOPU30HTAIBHO.
Ananusupys rpadpuk Puc. 83, MOXKHO caienaTh BBIBOJ, YTO Ha BCEX CKOPOCTSX, KpOMeE
MaKCUMAJbHOM, TSATa CUIOBOM YCTAHOBKH Ppyaxe 00IbIIIE TOTPEOHOM TSTH Pry.

JIMANIA30H CKOPOCTEW TOPU30HTAJIBHOTO MOJIETA

ﬂuamwonom cxopocmeit 20PpU30OHMAIbHO20 noJjiema HA3bIBACTCA PA3HOCTb MCIKIAY
MaKCHUMaJILHOU U HpaKTquCKOﬁ MHHUMAaJIbHOU CKOPOCTSAMHU Ha OJIHOM M TOH K€ BBICOTE MOJIETA.
CJ'IGI[OB&TCJ'H)HO, JArara3oH CKOpOCTeﬁ TOPU3OHTAJIBHOTO IIOJICTA 6y,ueT paBCH

A :VMAKC _V31<' (4.13)



Jl1s cpaBHEHMSI Pa3HbIX CaMOJIETOB MOJIb3YIOTCS IOHITUEM OMHOCUMEIbHbLIL OUANA30H
ckopocmeii. OTHOCUTENBHBIM JUANIa30HOM CKOPOCTEH HA3bIBAECTCS OTHOLICHUE MANa30Ha
CKOpOCTEH K MaKCUMAJIbHOM CKOpOCTH NojieTa. YeM OoJblie OTHOCUTEIBHBIN rana3oH
CKOPOCTEM, TEM JIydllle CaMOJIET B JIETHOM OTHOILIEHUU. B OTHOCUTENBHOM Juana3oHe
CKOPOCTEN caMoJieTa HaXOAATCs TaKKe XapaKTEPHbIE CKOPOCTH, KaK IKOHOMUYECKas,
HElI/IBBII‘OIIHCfIHIﬁ?[ 1 MaKCHUMaJIbHasl.

INIEPBBIE U BTOPBIE PEXKUMbI TOPU30HTAJIBHOT O ITOJIETA

B ycraHoBHBIIEMCS TOPH30HTAIHHOM TOJIETE TATA CHJIOBOM YCTAHOBKU JOJDKHA
YpaBHOBEIINBATH JJOOOBOE COMPOTUBJICHUE. JTO 3HAYHT, UYTO B JIIOOOM PEXHUME T0JIETa, KpOoMe
VY yaxe, JTIETUUKY HEOOXOAMMO 3apOCCEIUPOBATH IBUTATENh (YMEHBIIUTH 000POTHI KOJIEHYATOTO
Bajia), TO €CTh YMEHBIIUTbh MOIIHOCT /10 TAKOW CTENEHH, YTOOBI OHA CPaBHSIIACH C NOTPEOHOM
MOIITHOCTBIO.
Ecnu mocite ypaBHOBEIIMBAHUS CaMOJIETa B OJTHOM U3 PEKUMOB YCTAHOBHUBIIIETOCS
TOPU30HTAIEHOTO MOJIETa CKOPOCTH 10 KaKOW-THO0 MPUIMHE U3MEHUTCS, TO TIOBEICHUE
camoJieta B 0OJIBIIEH cTereHn Oy/IeT 3aBUCETh OT COOTHOIICHUS IPUPAIICHUS TOTPEOHON
MOIIHOCTH M PacoIaraéMoi MOIHOCTH 3aAPOCCEIMPOBAHHOTO ABUTaTeNs Ny,
WHTepBal IEPBBIX PEKUMOB - 3TO BCE CKOPOCTH OT Vyaxe 10 Vo, VTSI KOTOPBIX TPOU3BOTHBIC
MOIITHOCTH OT CKOPOCTH T0JIeTa 00JIbIIE TTPOU3BOJHOM MOIITHOCTH 33/ IPOCCETMPOBAHHOTO
dN, S dN, .
nsurarens ot ckopoctu dV  dV | MHTepBan BTOPBIX PEeKUMOB - 9TO BCe CKOPOCTH OT V3K
dN, - dN, .
1o Vmun, s kotopeix dV - dV
DTO0 3HAYUT, YTO YBEJIUYEHUE CKOPOCTH TOPU3OHTAILHOTO MOJIETa Ha TIEPBhIX PEKUMAX
COIMPOBOXKIAECTCS YMEHbIIEHUEM H30bITKa MOIIIHOCTH, @ Ha BTOPBIX PEKUMaX - YBEIMUECHUEM
n30bITKa MOITHOCTH. ["paHuiiell mepBBIX U BTOPHIX PEKUMOB TOPU30HTAIBHOTO TIOJIETA SIBJIAETCS
HKOHOMMYECKAsi CKOPOCTh TOPU30HTAIBHOTO MOJIETa, IPU KOTOPOH YCTaHABIUBAETCS PABEHCTBO

dN, AN,

dv dV  (Puc. 85).
Ilonem camonema na nepevix pexcumax BHITIOTHICTCS HA MAJIBIX YIilaX aTaKH, KOTJa KPbLIO
o0TeKaeTcsl yCTAHOBUBIIMMCS JITAMUHAPHBIM BO3IYITHBIM TIOTOKOM, CAMOJIET XOPOIIO YCTOHYNB
u ynpasisieM. [103ToMy 0OBIYHO MOJIB3YFOTCSI IEPBBIMH PEKUMAMH.
Jl1st yCTaHOBUBIIETOCS TOPU30HTAIBHOTO 1OJIETa Ha HEKOTOPOW CKOPOCTH V1 B 00JIaCTH MEPBBIX
pexumoB (Puc. 85) apurareins noikeH ObITh 3apOCCETMPOBAH 10 XapaKTePUCTUKU M 1. [Ipu
CIIy4aifHOM YBEJIMYCHHUU CKOPOCTH TOPU30HTAIBHOTO IOJIETa BOSHUKAET OTPUIIATEIIBHBIH
M30BITOK MOIIHOCTH, CAMOJIET OY/IeT JIBUTaThCS C TOPMOIKEHUEM U BEPHETCSI K UCXOIHOM
ckopoctu. [Ipy yMEHBIIIEHHH CKOPOCTH U30BITOK MOIIHOCTH OY/JIET HAIPABJICH BIIEPE] U
CaMoJIET TAK)KE BOCCTAHOBUT CKOPOCTh UCXOJAHOTO pekuMa. [t cCOXpaHeHHs CKOPOCTH Ha
MEPBBIX PEXKUMAX OT JIETUMKA TPEOYETCS OJTHO - BBIICPIKUBATh TOPU3OHTAIBHBIN TOJIET MTPU
MOMOIIIX PYJIsl BBICOTHI. ECIIN JIETUHKY 1O YCIOBHSIM IM0JIETa HEOOXOAUMO MEPEUTH Ha HOBYIO,
OO0JIBIITYI0 CKOPOCTD, B MPEJIENIax MEPBBIX PSIKUMOB Ha TOH K€ BBICOTE, TO, COXPAHSISI
TOPH30HTAIBHBIN TIOJIET, OH JIOJDKCH YBEIIMYUTh MOIIHOCTh JBHUTATEIs, a JIjIs Iepexo/ia Ha
MEHBIIYI0 CKOPOCTh TOPU30HTAIBHOTO TMOJIETa - YMEHBIIUTH MOIITHOCTh CUJIOBOM YCTaHOBKHU
(YMEHBIIUTH YaCTOTY BpPAIICHHs KOJIEHYATOTO BaJa).
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Puc. 85 Ilepesvie u eémopule pexcumsl u OuanazoHsl CKOPOCmell 20pU30HMaIbHOZ0 Nojlema

Ilonem na emopuix pexcumax 20pu3oHmMaaIbHO20 NOAEMa NPOUCXOUT Ha OOJBIINX YIiax
aTaky ¥ Ha CKOPOCTSAX TOPU30HTAJILHOTO M0JIETa, MEHBIINX, YeEM S3KOHOMHUYECKasi CKOPOCTb, YTO
CBSI3aHO C YXYZALIEHHEM 00TEeKaHUs Kpblila ¥ MOHWKEHUEM 3(()EKTUBHOCTH pyJieil, U TEM caMbIM
YXYALIEHUEM YCTOMUMBOCTH U YIIPABISEMOCTH caMoJieTa, 0coOeHHO nonepeyHoil. [lostomy
JIeTaTh Ha BTOPBIX peKUMax He pekoMmeHyercs. K HuM npulerarot Juiib Npy HEKOTOPBIX
TPEHUPOBOUHBIX MOJIETaX U NP BHIMOIHEHHUH MTOCAJIKH.
PaccmoTpuM BiMsiHHE U3MEHEHUS CKOPOCTHU Ha BBITIOJHEHHE TOPU30HTAIBHOTO MOJIeTa Ha
BTOPBIX pexumMax. [lycTh camoJIeT BBITOJIHSIET TOPU30HTAIBHBIN MOJIET HAa CKOPOCTH V. C
YBEJIMYEHUEM CKOPOCTH BO3HUKAET MOJIOKUTEIbHBIN N30BITOK MOIITHOCTH, M €CIIU JIETYUK HE
M3MEHUT PEKUM pabOThI ABUraTeNsl U Oy/A€T BbIIAEPKUBATH TOPU30HTAIBHBIN MOJIET, TO
yBEJIMYEHUE CKOPOCTH OYJET MPOJA0JKATHCS, IOKA HE HACTYIUT PaBHOBECHE Ha HOBOW CKOPOCTH
Vi, nexarieit B 001acT IEpBBIX peKUMOB. [Ipu ciiydaiiHOM yMEHBIIEHUH CKOPOCTH H30BITOK
71000BOTO CONIPOTHUBIICHUSI HAJl TSTOM BBI3BIBAET TOPMOKEHHE CaMOJIeTa 10 MUHUMAaIbHOM
CKOPOCTH (CaMOJIET MOYKET COPBATHCS B IIITOIIOP).
Takum oOpa3om, Ha BTOPBIX peXUMaXxX BbIIEP)KMBAHHUE MMOCTOSHCTBA BBICOTHI MOJIETa HE
obecreunBaeT COXpaHEHUE CKOPOCTH.
[Ipu BBIMOJIHEHUH ATUTENBHOTO MOJIETa Ha BTOPBIX peKUMax JUIsl BOCCTAHOBIICHUS UCXOAHOU
CKOPOCTH JIETYMKY HEOOXO0MMO MO0 U3MEHEHUEM pekiMa paboThl ABUTATENs (IIpU
YBEJIMYEHUH CKOPOCTH TATY HEOOXOMMO YMEHBIIUTD, a IPU YMEHBIIICHUN CKOPOCTH -
YBEJIMYUTH), THO0 N3MEHEHUEM yrila HAKJIIOHA TPAeKTOPUHU MOJIETa BOCCTAHOBUTD 32 JAHHYIO
CKOPOCTh TOPU30HTAIBHOTO TIoJieTa. Bo BTOpoM ciydae TpaekTopus nosera OyneT He
MPSMOJIMHEHHOM, a BOJTHOOOPa3HOA.
B o6nacTi BTOpBIX peKUMOB Ui YBEIMYEHHS] CKOPOCTH FTOPU30HTAIBHOTO M0JIeTa He00X0MMO
CHauaja yBEJIMYUTh MOIIHOCTb JIBUTATENIS, a 3aT€M, KOTJIa CKOPOCTh HAUHET BO3PACTaTh,
YMEHBIIUTH €. /{7151 yMeHbIlIeHNsI CKOPOCTH TOPU30HTAIBHOTO MOJIETa CIeIyeT HECKOIBKO
3aJIpOCCeNNPOBaTh ABUraTelNb (YMEHBIIUTh YACTOTY BpAILlEHUs KOJIEHYATOTO Balia), YTOOBI
CKOPOCTh Hauajia Mnajarhb, OCIe Yero YBEIUYUTh MOIITHOCTE 10 TOTPEOHOIA.
To ecTs Ha BTOPBIX pEKUMAaX TOPU30HTAIBHOTO MOJIETa TpeOyeTcs JBOMHOE BMKEHHUE PhlYarom
yIpaBJIeHHs IPOCCEIbHON 3aCIOHKON KapOropaTopa.
Hcxons u3 BhIlIeCKa3aHHOTO, MOYKHO CIENIaTh BBIBO/I, UTO JIOMYCKAaTh YMEHBIIEHHE CKOPOCTH
HUKE DKOHOMHUYECKO# He cneayeT. Hade roBops, it camoneToB Sk-52 u Sk-55
YKOHOMMUECKAsI CKOPOCTH SIBJISIETCS MPAKTUYECKH MUHUMAJIbHON CKOPOCTBIO TOPU30HTAIBHOTO
T0JIETA.
Pa3HocTh MEXy CKOPOCTBIO V1, KOTOPYIO JIETYMK BBIAEPKUBAET B TOPU30HTAIBHOM II0OJIETE, U
HKOHOMUYECKOW CKOPOCTBIO HA3bIBACTCS 3anacom ckopocmu AV:

AV=Vrp-Vxx. (4.14)
B noniere Ha Masoit BeICOTE pEKOMEHIyeTCs UMETh 3arac CKOpocTH (A1 camouieta Sk-52
Vmun=170 km/4), paBubiii npumepHo 20...30% 3KOHOMHYECKOH CKOPOCTH FOPU30HTAIBLHOTO
oJIETA.



W3 ckazaHHOIO SICHO, YTO B JICTHOM ITPAKTHUKE 3aI1aC CKOPOCTU UMECT OoubIioe 3HaueHue. Mmes
I[OCT&TO‘IHHFI 3arac CKOpPOCTH, JICTYUK IrapaHTUPOBAH OT HCOXKXKUAAHHOI'O IIOITaIaHUA B UHTCPBAJI
BTOPBIX PEIKUMOB, CJICA0BATCIIBHO, 1 OT OITIACHOCTH IIOTCPU CKOPOCTH.

3BOJIOTUBHAA CKOPOCTD ITOJIETA

DBOJIIOTUBHASL CKOPOCTb JIETATEIBHOTO alllapara - MUHUMallbHasi CKOPOCTh, Ha KOTOPOM
camoJIeT UMEET BO3MOKHOCTh BBIIIOJIHATH HEKOTOPbIE MUHUMAaJIbHBIE 3BOJIIOIMU (MaHEBPbI) [l
HEMaHEBPEHHBIX CaAMOJIETOB Pa3InYaloT MUHUMAJIbHYIO SBOJIIOTUBHYIO CKOPOCTh: IIpU pa3oere,
B3JIETE, IOCAKE U MPHU YXOJI€ Ha BTOPOH KPYT.

B/IMAHUE BbICOTbI HA IOTPEBHBIE CKOPOCTU T'OPU30HTAJIBHOTO
ITOJIETA.

TPA®UK IOTPEBHbBIX U PACIIOJIATAEMBIX MOILIIHOCTE!M /I/151 PA3/JIMYHBIX BBICOT

Bocnons3oBasmmcs hopmynoii (4.11), HaiiieM 3aBUCUMOCTh TOTPEOHOM MOIITHOCTH OT BBICOTHI
nosiera. [locie npeoOpa3oBaHuii MoIydum

N, =N, |22,
Pu (4.15)

I'me Nz - motpebGHasi MOIITHOCTH TOPU3OHTAIILHOTO TI0JIETa Ha 3a1aHHOU BbICOTE H,
No- moTpebHast MOIIIHOCTh TOPHU3OHTAIBLHOTO ToJieTa y 3emuid. Y3 hopMyIibl BUIHO, YTO TIPH
HEU3MEHHOM YTJIe aTaku NoTpeOHas 1Jis TOPU30HTAIBHOTO M0JIETa MOILITHOCTh OyAeT

Po
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Puc. 86 Kpusvie nompeousix u pacnonazaemuvlx MOuHoCmeu 0Jist pa3iu4HbIX 6bICON NOJlema
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Puc. 87 H3menenue xapakmepnwlx cKOpoCcmelii 20pUu3oHmMaibHO20 NOJIEMA ¢ HOOLEMOM HA BbICOMY CAMOIEmd ¢
ROPULHEBOIL CUI0801L YCIAHOBKOTL

[Toster Ha HAaUBBITOIHEWIIIEM YIJI€ ATAKU U COOTBETCTBYIOIIUX €EMY MAaKCUMAJIbBHOM KaueCTBE
Kymakc M HAaMBBITOIHEHIIIEH CKOPOCTH MPH YBEHMUEHUH BBHICOTHI M0JIETA TIOTPEOYET YBETUUCHUS
MOTPEOHON MOIIIHOCTH, TaK KaK HAaWBBITOTHENIIIAsE CKOPOCThH C MOJHSATHEM Ha BBICOTY pacTeT

FPo
IPONOPLUHOHAIBHO Pu
Ny
O,ZIHaKO OTHOIICHHWE U JId BCEX BBICOT COXpaHUTCA IMMOCTOAHHBIM, IIOTOMY 4YTO
Po
HO
pu Np
tg p=—1t= =—2 = const.
0 Lo Y,
UIT
0
P (4.16)

W3 atoro cneayeT, 4To KpUBbIE ISl pa3IMYHbIX BBICOT MoJieTa OyIyT UMETh OOLIYIO
KacaTeJIbHYI0, POBEJCHHYIO U3 Hadana koopauHaT (Puc. 86). Kpusbie pacmonaraemsix
MOIIHOCTEW CHUMAIOTCS C XapaKTEPUCTUK JIBUTATEIbHBIX YCTAaHOBOK ¢ yueTom KITJ]
BO3JIyLITHOTO BUHTA.

VY camoJeToB ¢ BBICOTHBIMU MOPIIHEBBIMU ABUTATEISIMH pacrojiaraeMas MOIIHOCTb
YBEJIMYUBAETCS 10 PACUETHON BBICOTHI, BCIEICTBUE 3TOTO YBEIMUMUBACTCA U MaKCUMaJIbHas
CKOPOCTH MoJjieTa. Bhlllie pacueTHOM BHICOTHI pacnojiaraéMasi MOIHOCTh YMEHbIIIAeTCH,
YMEHbBIIACTCS M Lyare (PHC. 87). C yBenuyeHneM BbICOTHI MOJIETA 10 PACUCTHOM yBEINIUBACTCS
1 U30BITOK MOIIHOCTHU. J[anpHellliee yBeTM4eHre BBICOTHI MOJIETa COTPOBOKAACTCS
yMEHbIlIeHHEeM U30bITKa MOITHOCTU AN, KOTOPBIH Ha MOTOJIKE camojieTa 0Opaliaercs B HyJIb.

B/IMAAHUE MACCbI CAMOJIETA HA IIOTPEBHBIE CKOPOCTH.

VY aenpHas Harpy3Ka Ha KpbUIO B MOJIETE MEHSETCS B 3aBUCUMOCTH OT KOJIMYECTBa FOPIOYEro (ero
pacxoja).

PaccMoTpuM ropu3oHTaIBHBIN MOJIET camodieTa SIk-52 nmpu U3MEHEHUU HArpy3KH, HO TPH
OJIMHAKOBOM YTJI€ aTaKH U Ha OJJHOH BBICOTE.

[TycTh MONETHBIN BeC yMEHBIIAETCS, HO YCIOBHE TOPU30HTANILHOTO mosieTa coxpansercs (Y=G),
MO3TOMY COOTBETCTBEHHO HEOOXOIMMO YMEHBIIUTh MOIBEMHYIO CHUITY. DTO MOKHO BBIIOJTHHUTH
00 yMEHBIIEHUEM YTIIa aTaKH, IM00 MyTeM YMEHBIIIEHUSI CKOPOCTU JI0 BETMUUHBI V1.

Ecnu uzBectHa nmotpebHas ckopocTh V npu pacueTHOM Bece G, TO BBIYMCIUTH TOTPEOHYIO
CKOPOCTH TPX HOBOM BeCE€ MOXHO T0 Gopmyre

V = ﬁ u Vl = ZGl y
CypS CypS

pasaciiiB BTOPOC BBIPAKCHUEC HA IICPBOC U COKPATUB, MMOJIYUUM
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W3 hopmynsl BUAHO, YTO MPU YMEHBUICHUH TIOJIETHOTO Beca MOTPeOHAasi CKOPOCTh YMEHBIIACTCS
IIPONOPLIMOHAIIBHO KBAJPAaTHOMY KOPHIO OTHOUIEHHSI BECOB (IUIOTHOCTh BO3yXa HEU3MEHHA).
[Tpu ymenbIieHnn Beca Ha camosierax Sk-52 u Sk-55 moTpeGHast CKOPOCTh TOPUZOHTATIBLHOTO
I10JICTa YMCHBIIIACTCH.

3aoaua. Jlemyux evinonusiem neperem na svicome 500 m. Ilepsonauanvruiii nonemuwiil gec cocmagnsn 1240 kec Ckopocms

nonrema V=240 xm/u. K ronyy neperema uspacxodosano 80 kec coproueeo. Kakoea eenuuuna neob6Xooumou ckopocmu
20PU3OHMANLHO20 NOJlema HpU MOM Jice yeiie amakKu U Mot Jice blcome noaemd.

Pewenue 1 Onpedenum sec camonema 6e3 uzpacxo0osanto2o copiouezo. On cocmasasiem 1160 kec.

2 Onpedenum HeoOX0OUMYIO CKOPOCHb O/l COXPAHEHUS 20PU3OHMATbHO20 nofema no gopmyne (725)

V, =240 1160 =225,6xm/ u.
1240

Hompebnas cxopocmuv 0111 COXpAHEHUsT 2OPUBOHMATLHO20 NOAEMA NPU MOM Jce Yele amaxku u npu mou dce Gblcome
nonema cocmasnsiem 225,6 km/u.

N3menenune moiaeTHOro Beca BIMSIET TaKXKe M Ha JIPYTHeE JICTHBIE KaueCcTBa CaMoJieTa.
PaccmarpuBast kpuBbIe TOTPEOHBIX MOIITHOCTEH /TSl pa3HOTO BEca CaMoJIeTa, MOYKHO CJIeNIaTh
BBIBOBI:

IIpH YBCJINMYCHHUU BE€CA CaMOJIETa €0 MUHUMAJIbHAsA MMocaJ0ovHasd, SKOHOMHUYECKasd U
HaI/IBI)IFOJIHeI\/'IHIaSI CKOPOCTH YBCIIMYUBAIOTCA, MaKCUMaJIbHAasA CKOPOCTh YMCHBIIACTCS 10
MPUYMHE YBETWYEHUS yrila aTakd, HeOOXOAMMOTO JIJIsl TTO/Iep KaHus Beca CaMoJIeTa B
TOPU30HTAIIEHOM TIOJIETE;

C YBEJIMYEHHEM IOJIETHOTO Beca JUarna3oH CKOPOCTEe yMEeHbIIaeTCsl BCIEICTBUE YMEHbBIICHUS
MAaKCUMaJIbHON CKOPOCTU U YBEIUYEHUS] SKOHOMHUYECKOI;

C YBEJIMUYEHHEM MOJIETHOTO BECa YMEHBIIAETCS MTOTOJIOK CaMOJIeTa BCJIEACTBHE YMEHbBIICHUS
N30BITKA MOIITHOCTH.

AHanu3upys BhIIIECKa3aHHOE, MOXHO CAENaTh BBIBOJI, UTO C YBEJIIMYEHHEM MOJIETHOTO Beca
camoJieTa ero JICTHbIE XapaKTepUCTUKU YXYILIAIOTCS, a C yMEHbILIEHHEM Beca CaMoJIeTa -
YIIy4IIaIoTC.

IHOABEM CAMOJIETA

HOI[’LCM SABJIACTCA OJHHUM U3 BUJAOB YCTAHOBHUBIICTOCA ABHXKCHUSA CaMOJICTA, IIPHU KOTOPOM
CaMOJICT Ha6HpaeT BBICOTY IIO TPACKTOPUH, COCTaBJ'IHIOH_[eﬁ C JIMHHUEH TOPHU30HTa HCKOTOpBIfI

yroJ1.
Yemanoeuewuiica noovem - 310 npsIMONMHEHHBIN 10JIET caMoJjieTa ¢ HA0OPOM BBICOTHI €

MOCTOSIHHOM CKOPOCTBIO. Pexxum nogbema XapaKTCpU3yeTCsd CICAYIOIMINUMU IMMapaMEeTpaMHU:
- CKOPOCTBIO II0 TPACKTOPHH - CKOPOCTH IIOABEMA L),
- YIJIOM HAKJIOHA TPACKTOPHUH ITOABbEMA K TOPU3OHTY - YI'OJI HO)I’bCMae ;

- BepTHKaHLHOﬁ COCTB.BJISIIOH_ICI)'I CKOPOCTH IMOABbEMA - BEPTHUKAJIbHAA CKOPOCTbH Uy.

CXEMA CHJI, AEMCTBYIOIIIUX HA CAMOJIET HA IO BEME
PaccMoTpuM npsAMONMHEHHBIN YCTaHOBUBIIHUIICS TIOABEM CaMOJIETa, TPAEKTOPHSI KOTOPOTO

HAKJIOHEHA K TOPU30HTY T10]] HEKOTOPBIM yriioM & | Ha3bIBaeMBIM YIIIOM HOIbEMA.
ITpu moabeMe Ha caMoJieT AeHCTBYIOT cienyroriue cuibl (Puc. 88):

- cunia Tsru P - B HanpaBlieHUU ABMKCHUS;

-cuiia JJ0O0BOTO conpoTuBieHus Q - B HANpaBJICHUH, OOPATHOM JIBIKEHUIO;

- cocTaBisironias cuia Beca Gy B HampaBlieHUH, 00paTHOM HAaIPaBIEHUIO JIBU)KCHHUS,



- B HAIPaBJICHUHU, IEPIICHIUKYIIPHOM K TPACKTOPHHU I10JIETA, AEHCTBYIOT NIOJbEMHAsA cuia Y U
cocrasJisgromas crisl Beca G,

TaK KaK IIOABEM SABJIACTCA IIJIOCKUM HOCTyTIaTeHBHBIM yCTaHOBI/IBH_II/IMCSI JABMOXKCHUEM, TO BCC
CWJIBI, ICHCTBYIONIME HA CAMOJIET, IPHUIIOKEHBI B €r0 IEHTPE TSKECTH.

JIy1s1 BBINOJIHEHUS YCIIOBHSI PABHOMEPHOCTH M NPSAMOJIMHENHOCTH IOIBEMA CaMOJIETA BCE
HeﬁCTBYIOMHC Ha HETO CUJIbI JOJI?KHBI 6I>ITI) B3aNMHO ypaBHOBCI_HCHBI. CH@I{OB&TCHBHO,
YCIIOBHEM MPSIMOJIMHEHHOCTH JIBFKEHUS MIPH MOIbeMeE SBIsIeTCsl paBeHCTBO cuil Y u Gj.

Y =G, =G-cosé. (5.1)

YcioBueM paBHOMEPHOCTH JABHKEHHUS camoJieTa OyJ1eT paBeHCTBO CHJI, IEHCTBYIOIUX BA0JIb
TPaeKTOpUHU:

P=Q+G,=Q+G-sind. 5,

[Ipu HapyieHuH 0JJHOTO U3 3TUX PABEHCTB JIBUYKEHHE HE OyJeT NPSMOJIMHEHHBIM U
pPaBHOMEPHBIM, TaK KaK MOSBUBILINECS HEYPABHOBEILIEHHBIE CUJIbI OYAYT UCKPUBIIATH
TPAEKTOPHIO B IIEPBOM CIIy4ae U YCKOPATh WM 3aMEJIATh IBHKEHHUE CaMOJIETa BO BTOPOM.

GsinB=0,

6,-Gcos ©
8-yron nOABLEMA

Puc. 88 Cxema cun na nooveme
y=Gcos 0 - ycnogue npamMonuHenHocmu

P=Q=Gsin 0- ycnosue pagHomepHocmu

W3 ananuza ypaBHeHHI;'I CHJI IIPpU IOABEME MOKHO CACIaTh CICAYIOIMINME BHIBOABI:

- IOABEMHAA CuJia IIpHU IOABEME MCHBIIC, YEM B T'OPU30HTAJIBHOM IIOJIETC HA TOM XK€ YI'JIC aTaKu,
TaK KaK OHa YPaBHOBCIINBACT TOJIBKO 9aCTh BECa CaMOJICTA,

- HOTpe6Haﬂ CuJia TAT'YW IIPH IIOABEME 60]'[]5]].[6, YCM B 'OPU3OHTAJIBHOM IIOJICTC HA TOM K€ YyI'JIC
aTaKu, [IOTOMY 4YTO KpOME J1000BOTrO COIIPOTUBJICHUS OHA YPAaBHOBCIHINBACT COCTABJIAIOIIYIO BECa
CcaMoOJICTa Gz. Takum o6pa30M, MoABbEM COBEPIIACTCA HEC 34 CHCT YBCIIMYCHUSA MOJJbEMHOM CUJIBI

KpblJIa, 4 3a CUCT YBCJIMUCHUA CUJIBI TATH. C YBCIMYCHHUECM yI'JIa [IOAbEMA 0 COCTaBJIAIOIIasa B€Ca
G, HaIlpaBJICHHAA NEPICHAUKYIIIPHO K TPACKTOPHU IIOAbEMA, YMCHBIIACTCS, CIICAOBATCIIBHO,
JO0JIKHaA OBITh MEHBIIIC YpaBHOBCUINBAKOLIIasA €€ MoAbEMHAsA CUJIa Y, HpI/I 9TOM COCTaBJIATOIIAA
BCCa Gz YBCIIMYUBACTCS, UTO TpeGyeT YBCIUUYCHUSA TATU CHIIOBOM YCTAHOBKH. YBenuueHue xe
CHJIBI TATHU MPU MOABEME BO3MOXKHO TOJIBKO ITPHU HAJIMYNHU €C M30BITKA.

Baxwnoit XapaKTepHCTHKOﬁ CcaMoJICTa ABJIICTCA €ro TArOBOOPYKCHHOCTD - OTHOIICHUC
MaKCHMaJIbHOM pacnonaraeMofI TATU Yy 3EMJIK K BECY CAMOJICTA.

Y (5.3)



VY coBpeMeHHbIX caM051eTOB ¢ TP/l TATOBOOPYKEHHOCTh JOCTATOYHO BBICOKASI U MOYKET

JIOCTUTATH €IUHUILBI U OOJIEE:

- y camosnera MUI'-17 ¢ =0,52,

- y camonera JI-29 ¢ =0,34.

Ecnum Ob1 critoBast ycraHoBKa o0Jiajiana TSAroi, MpeBbIIAONIel CyMMY Beca caMoJjIeTa U €ro
7000BOTO CONPOTHUBIICHHS, TO CAMOJIET MOT OBl BBIITOJIHATH YCTAHOBHBIIHUICS BEPTUKAIBHBIN

noaseM (€ = 90°).

CKOPOCTD, IOTPEBHAA AJ14 ITIOABEMA

Cropocmbio, nompeoHoll 07151 NOObEMA CAMONEMA Uypp, HA3BIBAETCS CKOPOCTh, HEOOXOAMMAs
JUTSL CO3JIaHUsI TIOTbEMHOM CHITBI, YPaBHOBEIIIMBAIOIIECH COCTABIIAIONIYIO Beca,
MEePIEHIUKYISIPHYIO TPAEKTOPUH MOAbEMAa Ha IAHHOM YIJI€ aTaKu.

N3 ycnoBus npsMOIMHEHHOCTH JBIKEHUSI MOYKHO OTIPECIIUTh BEIMUMHY MOTPEOHOM ISt

Mo TbeMa CKOPOCTH.

Y =G cos 9.
HO}]CTaBI/IB B OTO ypaBHeHI/Ie 3HAYCHHUC HO)I’I)CMHOf/i CHIJIBI, HOJ'Iy‘—II/IM

2
cyPP "% g ~G.cosé.
2 (5.4)

N3 ypaBHenus (5.4) Haxoaum

i-cos6?.

Cyp-S (5.5)

Vnog =

2G

Tak kak BeIpakeHHE CYP-S - ects uncnennas peuunna noTpeOHON CKOPOCTH
TOPU30HTAIIBHOTO T0JIeTa Ly TO hopmysna (5.5) mpumer BUn

Vpon = Uy VCOSO. (5.6)

Bemuunna VCosO pcerna menbie €AMHUIIBI, TOATOMY MOKHO CJEJIaTh BBIBO/I, UTO JJIS
BBITIOJTHEHHS TIOTbEMa caMoJieTa TpeOyeTCss MEHbIIIasi CKOPOCTh, YEM MPH TOPHU30HTATBHOM

10JIeTe Ha TOM e yriie aTaku. Jlis HeGonbux yriioB nogsema (10 & = 20°) norpebuas
CKOPOCTH JJISl IOJJbeMa CaMoJieTa HE3HAUUTEIbHO OTINYAETCS OT MOTPEOHON CKOPOCTU

rOpM30HTAIBHOTO TI0JIETA HAa TOM e yrie aTaku. [loaTomy npu nogseme ¢ yriom & | ue
npeBsimaoummM 20 - 25°, MOKHO IPUHUMATh, YTO CKOPOCTh, MOTpeOHAas AJs MOIbeMa, paBHa
CKOPOCTH, MOTPEOHOM AJIi TOPU3OHTAIBLHOTO IOJIETA.

TATA U MOIDHOCTD, IIOTPEBHBIE ITPU IO BEME

Tsra, HeoOxoauMast 17151 TOTO, 4TOOBI YpaBHOBECUTH CHITY I0OOBOTO CONIPOTUBIICHHUS U
cocTaBIsONIy0 Beca Gg Mpu MmoapeMe caMoieTa Ha IaHHOM YTJIe aTakH, Ha3bIBaeTCs
MOTPeOHOM TATOH A TOIbEMA.

W3 ycrnoBus paBHOMEPHOCTH ABMKEHUS MOKHO ONPECUTh BETMUUHY TATH, TOTPEOHOM s
nojbeMa.

Py =Q+G-sing. 5.7)



Ecnu coBepiiaTh nojabeM camosieTa Ha TeX e YIiiax aTakd, YTO U TOPU30HTAIbHBIN MOJIET, TO
71000BOE COMIPOTHBIICHUE TIPH MOIbeME OyIeT YUCICHHO PAaBHO MOTPEOHOH Tsre
TOPU3OHTAJIBHOTO T0JIeTa. YpaBHeHue (5.7) B 3TOM cilydae MOKHO 3alKCcaTh TaK:

Pron :Pm+G-sm9_ (5.8)
N3 popmyibl ciieqyer, 9To AJisi COBEPIICHHUS IO AbeMa TpeOyeTcst O0JIbIIas TsTa, YeM IS
TOPU30HTAIIBHOTO TOJIETA HAa TOM K€ yIiie aTaKd, TaK Kak OHA HY)KHA HE TOJBKO JJIsi
MIPEO0/I0JICHUS JIOOOBOTO CONMPOTUBIICHUS, HO U JUIsl YpAaBHOBEUIUBAHUS COCTABIISIONICH CHUITBI
Beca 10 TPACKTOPHH.
Ha Bcex ckopoCTsiX TOpU30HTAILHOTO T0JIETa, KPOME MAaKCUMAJIbHOU, UMEETCS U30BITOK TATH
AP. 3TOT N30BITOK IIPH MOABEME UCTIONB3YETCS TSl YPABHOBEITUBAHUS COCTABIISIONICH CHITBI
Beca Gy. [ToaTomy Tara nmpu noaseme ¢ HebospmMu (110 30°) yriaamu moabemMa paBHa

Poy =Py +AP. (5.9)
Ecnu u30bITOK TSIrU paBeH HyIO (HampuMep, Ha MaKCUMaIIbHON CKOPOCTH), TO YCTAHOBUBIIUHCS
MOJTHEM CaMOoJIeTa HEBO3MOKEH.
JInst camosieToB ¢ mopumHeBbIMU ABUrateasiMu U TB/] xapaktepucTrku noabeMa CBSI3aHbl ¢
MOTPEOHOM U pacmoiaraeMoi MOITHOCTSIMHU.
MomHoCTh, HEOOXOAMMAS I 0OECTICUCHHS TIOThbeMa CaMOJIeTa Ha TAHHOM YTJI€ aTakH,
Ha3bIBAETCS TOTPEOHOI MOITHOCTBIO MO AbEMA.

N o7 =N +AN. (5.10)

N36p1TOK MOTITHOCTH AN, TIpeACTABISAIONINNA COO0H Pa3HOCTH MEXKIY pacrojaracMou u
MOTPeOHON MOIITHOCTSIMH, JUIS Pa3IMYHBIX CKOPOCTEN U BBICOT MOJIETa OMpEeNsieTcs Ha
rpaduke MoTpeOHBIX U pacloaraéMbIX MOIIHOCTEH.

MOJIAPA CKOPOCTEM MO BEMA CAMOJIETA. IEPBBIE U BTOPBIE PEXKXUMBI
INOA'BEMA

W3 kpuBBIX MOTPEOHBIX U pacroiaraéMbIX MOLUTHOCTEH BUIHO, UTO MPH MOJIETE Ha
MaKCHUMaJIbHOM CKOPOCTH M30BITOK MOLTHOCTH PAaBEH HYIIO U, CJIEA0BATEIbHO, BEPTUKAIbHAS
CKOPOCTH Takke paBHa HyJ0. C yMEHbILIEHHEM CKOPOCTH OT MaKCUMaJIbHON U30BITOK
MOIITHOCTH BO3PacTaeT U MPU CKOPOCTHU ToJieTa, paBHON V=162 km/4 (s camostera Ak 52) u
V=137 xm/u (mns camonera Sk-55) (mpu o6oportax nsurareins N=100%, Ha BbICOTE MojeTa
H=500 M, ntocTuraer MakcCuMaabLHOTO 3HaUYCHHUs). BepTukaabHas CKOPOCTh MOAbEMA MPU ATOM
TaK)Ke YBEJIMYUBACTCS 10 MAKCUMAIBHOTO 3HaueHUs. C TanbHEUITUM YMEHBIIIEHUEM CKOPOCTH
oT Vp =162 KM/Y (s camoneta Sk-52) u Vnp=137 xm/a (my1st camoneta Sk-55) no
MHUHUMAJIBHOU CKOPOCTH Vyup U30bITOK MOTITHOCTH AN 1 BepTHKaJIbHAs CKOPOCTh Habopa Vy
YMEHBILAIOTCS.

3aBHCHUMOCTB MEX]Iy CKOPOCTBIO M0 TPAEKTOPUHU, BEPTUKAILHON CKOPOCTHIO MOAbEMA U YTIIOM
MoAbeMa MO>KHO MPEACTABUThH B BUJIE OJJHOTO Tpadrka, KOTOPBIM HOCUT HAa3BaHUE HOJIAPbL
CKopocmeil noovema uiu yKazameabHUubl mpaeKkmopuu noovema.
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Puc. 89 Ilonsaput ckopocmeii noovema camonemos Ax-52 u Ax-55

[Tonsipa ckopocTteit moabeMa camoseToB SAk-52 u Sk-55 Ha BeicoTe 500 M 1 MaKCUMATEHOM
pekuMe paboThI CHIIOBOHM YCTAaHOBKH TOKa3aHa Ha Puc. 89.

Kaxxias Touka mossipel CKOpocTel MogbeMa HarjsAHO MTOKA3bIBAET CKOPOCTH IO TPACKTOPHUH
Vo (OTpe30K MpsIMOM, MPOBEACHHON U3 Hayajla KOOPAUHAT B JAHHYIO TOUKY MOJIAPHI),
BEPTUKAIBHYIO CKOPOCTh NoJIbeMa Vy (0OTpe30K MpsIMOii, TPOBECHHON Yepe3 JaHHYIO TOUKY
MOJISIPBI CKOPOCTEN MEPIEHIUKYIISIPHO K OCH CKOPOCTEeW V U yrosi noabsema - yrod,
3aKJIFOUEHHBIN MEXy BEKTOPOM CKOPOCTH Yo U OChIO CKOPOCTH TOJIETA).

Onyckasich U3 110001 TOUKH KPUBOW Ha TOPU30HTAIBHYIO OCh I10 1yTre OKPY>KHOCTH C LIEHTPOM B
Hayajie KOOpJAUHAT, MOYKHO OTCYUTATh CKOPOCTH IOJIETA [0 TPACKTOPHUHU MTOJbEMA.

ITonspa ckopocTel moabeMa MO3BOJISAET ONMPENEIUTH XapaKTEPHbIE PEKUMBI YCTAHOBHUBILIETOCA
IIOABEMA U COOTBETCTBYIOIIIME MAKCHUMAJILHBIM YTOJI MOAbEMA U MAKCUMAJIBHYIO BEPTUKAIBHYIO
CKOPOCTb MOJbEMA.

PEXKUM HAUBOJIEE BBICTPOI'O IOA'BEMA (HABOPA BbICOTbI).

OnpenensieTcss TPOBEICHUEM KacaTeIbHOM K MOJISIPE CKOPOCTEN MO IbEMA MapaJIeTIbHO OCH
CKOPOCTH.

Jiia camonera SIk-52 npu o6opotax asurarens N= 100%, na Beicote nojera H=500 m
npudopHas ckopocTb VNP=162 km/4, Vymakc =10 m/c, o =8°.

Jlns camonera fk-55 mpu yacToTe BpallleHHs KOJIEHYaTOro Baja apurareis, pasHoil n=100%, Ha
BbIicoTe mosiera H=500 M Vnp-= 137 xm/4, VYmakc=15 M/c, a=9°.

DTOT peXHUM MoJAbeMa IPUMEHSETCS B Cllydae He0OXOAUMOCTH OBICTPO HAOpaTh 3a/1aHHYIO
BBICOTY.

PEXUM HAUBOJIEE KPYTOTI'O IIOABEMA.

Omnpenensiercst IPOBEACHUEM KacaTelIbHOU K TOJISIpe CKOPOCTEH M3 Havaia koopauHat. Jlis
camoreta Sk-52 npu oboporax asurarens n=100%, na Beicote nmoxera H=500 m u Vnp=140

kM/u- 0 make=12°. J{na camoneta SIk-55 npu o6oportax asuraress n=100%, Ha BLICOTE MoNeTa

H=500 M u Vnp=115 xm/u- € maxc=22°.

DTOT peXXUM MOoAbEeMa MPUMEHSIETCS, KOTJa HEOOXO0IUMO «IEPETSAHYThY» CaMoJIeT uepe3 OJIM3KO
PAcCIIOJIOKEHHOE TPEIISITCTBUE.

Ha nossipe ckopocTeit nogbema TakKe MOKHO HAUTH PEKUM MAKCUMAIBHOM TEOPETUYECKOU
CKOPOCTH ToJbeMa (OTpeaensieTcsl MPOBEACHUEM KacaTelbHOM JIyTH K MOJIAPE CKOpOCTen
MoJbeMa C IIEHTPOM B Hayalie KOOPAUHAT).

['panunieii nepBBIX U BTOPBIX PEKUMOB IOIbEMA, KAK U B TOPU30HTAJILHOM IOJIETE, VIS
camoneToB Ak-52 u SAk-55 sBisieTcst 3KOHOMHYECKasi CKOPOCTb.
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Pexxumbl mogpeMa B Tuarna3oHe CKOpocTeit ot , Juist Kotopeix dV >0,
Ha3bIBAIOTCS BTOPBIMH.
[TepBbie pesxUMBbI MOIbEMa KMEIOT MECTO B AMAIa30He CKOpocTer oT Vak 10 Vmakc, IS

deo
kotopeix dV <0.
Kpome ocobeHHOCTEH, paCCMOTPEHHBIX BBIIIEC TPUMEHUTEIBHO K TOPU3OHTAILHOMY TOJIETY, IS
BTOPBIX PEKUMOB YCTAHOBHBIIETOCS 1OIbEMa XapaKTePHO TaK Ha3bIBAEMOE 0OpaTHOE JCHCTBHE
PYJIsl BBICOTBI, OTKJIOHEHHE PYJIsi BRICOTHI BBEPX (B3ATHE PYUKH YIIPABJICHHS CaMOJICTOM Ha ce0sl)
B KOHEYHOM CUETEe IPUBOJIUT HE K YBEIMUCHHUIO, KaK B IEPBOM PEKHUME, & K YMEHBIIICHHIO yriia
Haksiona Tpaekropuu (Puc. 90).
[Tpu B3THH pyYKH YIIPABICHUS HA ce0s YroJl aTakk YBEJIMYMBACTCS, TIOAbEMHAs cruia Y
BO3pacTaeT U TPACKTOPUS CHaYaIa HCKPUBIIETCS BBEPX, T. €. YIOJI HOABEMa YBEITNINBACTCH.
OnHako caMoJIeT He MMeeT BO3MOKHOCTH YPaBHOBECHTHCS Ha 00Jiee KPYTOil TPaeKTOPHH, TaK
Kak U30BITOK TArH AP1, IMEBIIHUIICS B HCXOHOM PEKUME I0JIETA U YPaBHOBEIIMBAIOIIN I

cocTaisronryto Beca G sin 0 1, OKQXKETCS HEJOCTATOYHBIM JIJIsI YPAaBHOBCIINBAHUS
1 1
BO3pacTaiolleil cocTaBomeli crbl Beca camonera O "SI py nosom ysenmuennom yrie

noxsema & > 6,

CKOpOCTb, a 3HAUUT, U TIOABbEMHAS CHJIa HAUMHAIOT YMEHBIIIATHCS, a TPACKTOPHS, CTaBIIAs Cpa3y
IOCJIe B3STHS PYUYKH yIIpaBieHHs Ha ceOs Oosiee KpyToH, Oy/leT MOCTENEeHHO (110 Mepe MaeHus
CKOpPOCTH) OTKJIOHSTHCS BHU3. Tak Kak Ha BTOPBIX peXKUMax U30BITOK TATH C YMEHBIIICHHEM

CKOPOCTH yMEHBIIAETCs, TO paBeHcTBO AP,=GSsin @ Gyner 10CTHrHYTO JIHUILIL IPH HOBOM YTJIe

HaKJIOHA TPAEKTOPHUHU 0, <0

Ha nepBbIx pexxumax noabema B3ATHE PyUKH YIPaBJICHUS CaMOJIETOM Ha ce0si COMPOBOKIACTCS

YBEJIMUYEHUEM YTJIa MOAbEMA, TaK KaK YMEHBIICHHE CKOPOCTH (TIOCIIE B3SATHS PYYKU YIIPaBICHUS

Ha ce0s1) BBI3bIBACT yBEIMUEHUE N30BITKA TATH, a OOJIBIIIEMY U30BITKY TSATH COOTBETCTBYET OoJiee
KpYTOM MOJBEM CaMOJIETA.
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Puc. 90 1-e u 2-e pesrcumvt noovema
BAPOTPAMMA IIOABEMA

BaxxHo# XapakTepUCTHUKOM CKOPOTIOABbEMHOCTH caMoJieTa sIBJIsieTcs Oaporpamma rnojabema,
KOTOpast peJICTaBIsAeT co00i rpaduk, MoKa3pIBarOIIUi BpeMs, 3aTpauuBaeMoe Ha Habop Toi
WA UHOHM BBICOTHI HA peXKMME MaKCUMAaJIbHON BEPTUKAIBHOM CKOPOCTH MObeMa.

Bbaporpammy nobeMa MOXKHO MOJIYYUTh IPAKTUYECKH B MOJIETE ¢ TIOMOLIbI0 Oaporpada
(Gapocnuorpada) uaM myrem 3anucy NOKa3aHui BHICOTOMEpa Yepes3 OIpe/ie/ieHHbIe
IIPOMEXYTKH BpeMeHU. baporpamMMy MOKHO MOCTPOUTH U pacU€THBIM ITYTEM, UCHOJIb3Ys I'paduK
WU3MEHEHHS BEPTUKAIBHON CKOPOCTH MOJABEMA TI0 BBICOTE.

C nomortipro 6aporpaMmsl IObeMa MOKHO OIPEAEIISATh BpeMst Habopa 1000 BBICOTHI.



J11s IoCTpoeHUsE 6aporpaMMbl IO IbeMa PACUCTHBIM IyTeM HYXHO uMeTh rpaduk vy = f(H)
(Puc. 91). Pacuet nmpoBOUTCS B CIICAYIOIIEM MOPSIKE.

1. Pa3nensiem BCro HaOMpaAEMyIO BBICOTY (10 TEOPETUYECKOTO MOTOJIKA) HA PsiJ] YUaCTKOB
(H1,H2,H3,Hs m T. 11.) ¢ Takum pacueTrom, 4TOObI BEPTUKAJIbHBIE CKOPOCTH B HaYaje U KOHIIE
y4JacTKa OTJIMYaJIKCh N0 BeIMYMHE He Oojiee yeM B 1,5 pasa.

2. Io rpaduky vy = f{H} Haxoaum 3Ha4CHUS BEPTUKAIBLHON CKOPOCTH Ha TPAHHIIE KAXKIOTO
yuactka. [lonyueHHble JaHHBIE 3aHOCSTCS B TAOIHILLY.

H, » AH, ™ oy, M/e Uyepr MIC A, ¢ Z At o t
0 20 — 0

1000 19

1000 18 52,7 52,7 0 muu 53 ¢
1000 17

2000 16 59 11,7 I mun 52 ¢
1500 14,5

3500 13 69 180,7 3 mun 01 ¢
1500 11,5

5000 10 80 260,7 4 Mun 2] ¢

3. JIns KaKI0ro y4acTka HaxOJUM Lycp - CPEAHIOI0 CKOPOCTh BEPTUKAIBHOIO MOJbEMA.
4. BerauciseM mpoI0/KUTEIbHOCT TIOIbeMa Ha KaXKI0M ydacTKe 1Mo Gopmyrie

_an

L
Vo (5.11)

t

5. CxuiazpiBasi HApacTAIOIIKUM UTOTOM BENTMYHMHBI Al, morydnM Bpemsi Habopa TOH UM UHOMN
BBICOTHI.

Jlnig yno6cTBa 1mosib30BaHUsI BpeMs BbIpaXKaeM B MUHYTaX.

I[To noyueHHBIM JaHHBIM Ci pouTCcsi GaporpamMma MmoabemMa.

N3 Puc. 92 BunHO, 9TO, 4eM ONIDKE K MOTOJIKY, TeM OOJIbIlIe BpeMEHH TpedyeTcs st Habopa
OJMHAKOBOU BEICOTHI.

Puc. 91 K pacuemy bapozpammel noovema
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Puc. 92 Bapozpamma noovema

Kpusas H = f(t) acumnroTH4yeckn MpHOIMKACTCS K TEOPETHYECKOMY MTOTOJIKY CaAMOJIETa, HO IS
€ro JOCTIKEHHS TpeOyeTcs OECKOHEUHO OOJIBIIOE BpEeMS.

INOTOJIOK CAMOJIETA

C IMOABEMOM Ha BBICOTY N30BITOK TITH YMCHBIIACTCA 1 Ha KaKOU-TO OHpeJIeHeHHOﬁ BBICOTEC
CTaHOBHUTCA paBHBIM HYIIIO. A s10 3HAQYUT, YTO U BEPTUKAJTIbHAA CKOPOCTh YCTAHOBUBIICTOCA
nmoanrEMa TOXKE YMCHBIIUTCA 10 HYJIA. Ha »To#1 BEICOTE U BEIIIE CAMOJIET HE UMEET BO3MOKHOCTH
COBCPUIATH YCTaHOBHBMHﬁCH IIOABEM.

Beicota monera, Ha KOTOpPOM BEPTUKAJIBHAS CKOPOCTh YCTAHOBUBILErOCS IIOAbEMA paBHA HYIIIO,
Ha3bIBAETCS TEOPETUYECKUM (MJIM CTATMYECKIM ) TOTOJIKOM CaMoJeTa.
Ha TeopetndeckoM MoToJIKe U30BITKA TATH HET, MO3TOMY BO3MOKEH TOJIEKO TOPU30HTATBHBIH
MIOJIET ¥ TOJIPKO Ha HAaWBBITOTHEHIIIEM yIJIe aTaku (M TOJIBKO Ha HAMBBITOJAHEHIIICH CKOPOCTH ), Ha
KOTOPOM HaMMeHbINas MoTpeOHas Tsara. J(nama3on ckopocTeii mpu 3ToM paBe Hyiio (Puc. 93).

HM1 PKf'A
___ TEOPETUYECKAA_NOTONOK
! NPAKTUYECKMA NOTONOK
i 12001
11000+
8001 Poore
4004 &:—4
PPACH
Vi n/c VM
052 4 6 8 1012 14 Vymu 200 400 600 5
a

Puc. 93 K onpedenenuro nomonka camonema: a - zpagux 3agucumocmu \'y om vicomul nonemas 6 - Kpugsle
ROMPEOHBIX U PACNONAZAEMBIX MAZ HA MEOPEMUYecKOM NOmoKe

HpI/I YCTAHOBUBIICMCS IOABEME CAMOJICT IIPAKTUYCCKHU HC MOXKET JOCTUTHYTh TCOPECTUUCCKOT'O
IIOTOJIKA, TaK KaK I10 MCPEC HpI/I6J'II/I)KeHI/I$I K HEMY HU30BITOK TATH CTAHOBHUTCS HACTOJIHKO Mall, 4ToO
HJIA Ha6opa OCTaBIICHCS BEICOTHI HOTpe6yeTCH 3aTPAaTUTh CIIMIIIKOM MHOTI'O BpEMCHHU U TOIUIMBA.
H3-3a OTCYTCTBHA M30BITKA TATH IOJICT Ha TCOPCTHUICCKOM ITOTOJIKC IMTPAKTUYCCKU HEBO3MOXKCH,
IMOTOMY 4YTO T00bIe HapyHaieHUus peKruMa I10JICTa 0e3 M30BITKA TATH HEIIb3S YCTPAHUTL.
HaanMep, npu cnyqaﬁHo 06pa30BaBmeMc;1 Jaxe HEOO0IbIIOM KpCHE CaMOJICT TCPSCT
SHAYUTCIBbHYIO BBICOTY (HpOBaHI/IBaeTCH). HO3TOMy KpOMEC MMOHATUS TCOPECTUUCCKOT'O
(CTaTI/I‘-IeCKOFO) IIOTOJIKA BBCIACHO MMOHATUE TaK HA3bIBAEMOI'O0 MPAKTHYECKOI'0 MOTOJKA.
YcinoBHO CUHUTAIOT, YTO HpaKTI/ILICCKI/Iﬁ IIOTOJIOK CaMOJI€Ta €CTh BbICOTA, HA KOTOpOﬁ
MaKCUMaJIbHasgd BEPTHUKAJIIbHAA CKOPOCTh MOABEMA PABHA 0,5 M/C.



Pa3zHuna Mexay TEOpEeTUYECKUM U IIPAKTUUECKUM IIOTOJIKOM Y COBPEMEHHBIX CaMOJIETOB

HeBenuka U He npesbimaeT 200 M. TeopeTudeckuil ¥ MpaKTUUECKUN MOTOIKU MOYKHO

omnpenenuts 1o rpaduky (cMm. Puc. 93).

CoBpeMeHHBIE CaMOJICTHI PH TOJIETE ¢ OOJIBIIMMHU CKOPOCTSAMHU I0JIeTa 00J1a1al0T HACTOIBKO
Gv®

GOIBIIIIM 3a11ACOM KHHETHUECKOH SHEepPril  2€  9TO MOTYT HCIIOJIB30BATh €ro s Habopa

BbICOTHI. [Ipuuem eciu caMoJieT JIETUT BOJIU3U IPAKTUUECKOTO MOTOJIKA, TO OH 34 CUET

HCII0JIb30BAHNUS 3araca KHHETUYECKOW SHEPTUH, COXPAHSIs YIPaBIIEMOCTb, MOXKET MOJAHATHCS Ha

BBICOTY, OOJIBLIYIO €0 TEOPETUUYECKOIO MOTOJIKA, JAXKE IPU OTCYTCTBUU M30BITKA TSTH.

HAMHAM

VYNPABAREMBIR
NOAET

H NPAKTIY

Puc. 94 IToovem camonema na OuHaAMUYECKUT HOMONOK

MaxkcumanbHas BbICOTa, Habrpaemasi CaMOJIETOM 3a CUET 3araca KUHETUYEeCKOW SHEpruM, Ha
KOTOPOIl MOXHO CO3AaTh CKOPOCTHON HAIop, HEOOXOAUMBIH /711 COXpaHEHUs YIIPaBIIIEMOCTH,
Ha3bIBACTCS OUHAMUYECKUM NOMOTKOM.

Ec/u B rOpU30HTaILHOM HOJIeTe BOIU3M NPAKTHUECKOTO OTOJIKA Hyaq CAMOIIET HMEET CKOPOCTH
2
G-,y
Uyay 1 00J1QTa€T KHHETHYECKOMN dHEPTHEH 2g , TO TIPH JIOTIOJTHUTEILHOM Ha00pe BHICOTHI

AH CKOPOCTb CaMOJIETa YMEHBIIHUTCS JI0 Lyon = Lrp (MUHMMAIbHAS SBOIIOTUBHAS CKOPOCTb,
HpH KOTOPOHA elle COXPaHsAeTCs YIPaBIseMOCTh) H er0 KHHETHYECKas SHEPIHsl CTAHET PABHOM
2
G - Vyon
b

2¢  Ho 3aTO camoIIeT IPHOGPETET IOMOTHUTEbHYIO OTEHLHAIbHYIO SHepruio G - AH.
2 2
G- Vg G- Uy

2n 28 1)

G-AH =

[Tocne npeoOpazoBaHui OTYIHM

AH = Wiy + Vo) Oy _UI(OH).
2g

nimn

AH:UCP~AU

)
g (719

/i€ LCP - CPEAHSS CKOPOCTh;

Av - oTepsi CKOPOCTH Ha TOPKe.

Kak Buaum u3 popmyibl, IpUPOCT BBICOTHI 32 CYET YMEHBIIIEHUSI CKOPOCTH Ha BEJTMUUHY AL TEM

0o0JIbIIIe, YeM BBIIIE CPEIHSS CKOPOCTh CaMOJIeTa.

JlocTnyb TMHAMUYECKOTO MOTOJIKA MOYKHO CIEAYIOIINM 00pa3oM: Ha HEKOTOPO BHICOTE

CaMOJIET pa3roHsAETCS JO MAKCUMAJILHOM CKOPOCTH M BBINOJIHAET TOpKY. IlepeBoa camonera Ha

TOPKY JIOCTUTAeTCs YBEIHUEHUEM MO IEMHOM CUITBI Y.

ManeBp Hy>)KHO HAUMHATh C TAKOW BBICOTHI, HA KOTOPOH MOYKHO MOJIYYUTh JOCTATOUYHYIO JUIS

WCKPUBJICHHS TPACKTOPUHU MOIBEMHYIO CHTy. Ha mpakTudeckoM MoTOJIKe M3-3a MajIon

IUIOTHOCTH BO3/yXa MOJIET caMoJieTa COBepIaeTcss Ha O0nbmuX yriax ataku (Oomnpmux Cy) u



3anac ais ysesnueHust Cy 10 Cy yaxe OJIydaeTcss oueHb MajbiM. [1oaTOMy Ha IpakTHYECKOM
MOTOJIKE MaHEBP HA TOPKY OYJET BBITIOJHSITHCS C OUYEHB OOJIBIIUM PATUYCOM KPUBU3HBI
TPACKTOPUH. DTO IPUBOANT K MEUICHHOMY HaOOPY BBICOTHI, & 3aTE€M M3-3a HEJOCTaTKa
MObEMHOU CHUJIBI TPACKTOPHSI HAYHET HCKPUBIISATHCS BHU3. [l Habopa HauOoIbIIeH BHICOTHI
YIPaBJISIEMOTO T0JIeTa (JMHAMUYECKOTO TIOTOJIKA) pa3rOH caMoJjIeTa U Hauajio MaHeBpa
1enecooOpa3Ho MepeHeCTH Ha MEHbBINNE, YeM Hnp, BEICOTHI. Ha camoserax O0JbIIuX CKOpocTei
PasroH M MaHEBP BBIXOJA HA JUHAMWYECKUN NIOTOJOK HAYUHAIOT Ipu M = M,,.) Ha BBICOTE,
MeHblIel npakTudeckoro notosika Ha 2000 - 4000 m (Puc. 94).

B/INMAHUE BETPA HA IIOA'EM CAMOJIETA

[TpoBeneHHbIC pacueThl ¥ OCTPOCHUE TPAdUKOB OAPOTPaMMBI M TPACKTOPUH TIOIheMa ObLITH
BBIMNOJIHEHBI JIJIS1 IITUJIEBBIX YCIOBUM. B I€ICTBUTENRHOCTH IBUKEHUE CaMOJIETa
OCYIIECTBJIISICTCS TIPU HAJTMYHUU BETPA U MPEJICTABIIIET COOOM CIIOKHOE JBIKEHHUE, COCTOSIIEE U3
OTHOCHUTEILHOTO JIBMKEHHS CAMOJIETA C BO3JAYIIHON CKOPOCTHIO U IMTEPEHOCHOTO JIBUKECHHUS
camoJieTa BMECTe C Maccoi Bo3ayxa co ckopocthio Berpa W (Puc. 95).

nonyTHbIA BETEP W BCTPEYHLIN BETEP
R ————

=

R,

Puc. 95 Brusnue eempa na noovem camonema

CKOpOCTh caMOJIeTa OTHOCUTEIIFHO 3€MJIH, TaK Ha3bIBaeMasi Hymeads CKOpoCcms, paBHa
T€OMETPUUECKOM CyMME OTHOCHUTEILHOM (BO3/YIITHON) U MIEPEHOCHOM (CKOPOCTH BETPA)

ckopocTel. Ecin camoner eTuT B 6€3BETPHE, TO Lpyr= L, ECIIM NPOTUB BETPA, TO Lyyr= L—W,
TIPH TIOMYTHOM BETPE Lpyr= LW

B cBA3M ¢ 3TUM H3MeHseTcs yron Habopa BeicoThl & (cM. Puc. 95). Bennunna ske BepTUKAIBHOM
CKOPOCTH TIOJ/beMa OCTaeTCsl Hen3MeHHOH. [Ipy morbeMe co BCTPEYHBIM BETPOM YTOJI IO TbeMa
0oJtbIIIe, a IPOXOIUMBIH ITyTh MEHBIIIE, YeM NpH Oe3BeTpuu. [loabeM MpH MomyTHOM BETpe
Oy/IeT MPOXOIUTh C MEHBIITUM YIJIOM TOJbeMa, T. €. 00JIee IMOJIOTO, U CAMOJIET OYJEeT IPOXOAUTh
OoJibIIIce pacCTOSIHUE.

IINTAHUPOBAHUE CAMOJIETA

HpﬂMOJ’IHHCﬁHOC U PaBHOMCPHOC ABHIKCHUEC CaMOJICTA I10 HaKJIOHHOM BHM3 TPaCKTOPHUH
HAa3bIBACTCS HAAHUPOBAHUEM UIIU YCHMAHOBUBUIUMCA CHUINCCHUEM.
erH, O6p830B8.HHBIfI TpaeKTOpHeﬁ IIJIAHUPOBAHHA U JMHUuEH rOprU30HTA, HA3BIBACTCA y2i10M

naanuposanusn 0 ;.

CHuXeHUE MOXKET MPOU3BOIUTHCS KaK MMPU HATTMYUU TATH, TaK U MPU €€ OTCYTCTBUU.
[InanupoBaHue eCTh YACTHBIN ClTy4ail CHHIKEHUS CaMOJIeTa, PH KOTOPOM CaMOJIET CHUKAETCS C
BBIKITIOYCHHBIM JIBUTATEIEM WJIH IBUTATENEM, paObOTaAIONIIM Ha MaJbIX 000pOTax, ¢ TATOi,
MPaKTUYECKHU paBHOU HyM10. [maHnpoBanne caMoeToOB MPOU3BOIUTCS € LEIbI0 YMEHBIICHUS
BBICOTHI MOJIETA U JUIS TIOJIETA K MECTY MOCAJIKH.

Jl7ig naHepoB MIIAHUPOBAHUE SBJISIETCSI OCHOBHBIM PEeXUMOM MoJieta. [InanupoBanue ¢ yrmamu

0 ., npeBblaroumMu 30°, Ha3pIBAETCS MTUKUPOBAHUEM.



CUJIBI, IEMCTBYIOIIUE HA CAMOJIET ITPH IIJIAHUPOBAHUU

[Tpu muraHupoBaHUM Ha CaMOJIET JCUCTBYIOT CHJla Beca camodieta G, v mojHast
a’poauHaMuueckas cmiia R. Tak kak ABM)KEHHE caMoJIeTa OCYIIECTBIISICTCS IO HAKIIOHHOW BHU3
TPAaeKTOPUH, TO CHJIbI IEUCTBYIOT CIEIYIOUINM 00pa3oM.

1. Cuna Beca G HampaByieHa BEPTUKAIBHO BHU3 U PACKIIA/IBIBAECTCS HA JIBE COCTABIISIONINE: B

HaIpaBJICHUH, IEPIICHANKYISIPHOM TPACKTOPUU JTBUIKEHHUS - G, =G-cosb,,,
nBWKeRHs camosiera - Oz = C SN0y,

2. Ilonnas aspoauHaMuueckas cuiia R packiapiBaeTcs Ha:

- TIOJILEMHYIO CHITY Y, ypaBHOBEIMIMBAIOIIYIO crity (G1, 4eM o0ecredynBaeTcs NpsMOTMHEHHOCTD
TIBUKCHUS;

- CHUTY JIOOOBOTO COTIPOTHBIICHUS, YPaBHOBEIIUBAIOIIYIO crily G2, UTO 0OecTeunBaeT
MMOCTOSTHCTBO CKOPOCTH JBUKEHUS 110 TPACKTOPHH.

[TockopKy TUTAaHUPOBAHKUE PACCMATPUBAETCS KaK MJIOCKOE MOCTYMATEIbHOE YCTAHOBUBIIIEECS
JBIDKEHUE CaMOJIeTa, TO JIMHUM JIEWCTBUSI BCEX CUJI, JICMCTBYIOIIUX HA CAMOJIET, TIEPECEKAIOTCS B
€ro LIEHTPE TIKECTH.

Tak kak Mpu TUIAHUPOBAHUU CAMOJIET IBMDXKETCS MPSMOJIMHENHO U paBHOMEPHO, TO BCE CHITBI
JIOJDKHBI OBITh B3aUMHO YPaBHOBEIIEHBI, U CAMOJIET B 3TOM CiIydae OyJeT IBUTaThCs 10
WHEPITUN.

J71st TOrO 9YTOOBI ABMKEHUE CaMOJIeTa ObLIIO TIPSIMOJIUHEHHBIM, HEO0OX0ITUMO PaBHOBECHE CHII,
JEHCTBYIOIIUX MEPIICHIUKYISIPHO TPACKTOPUHN JBUKEHUS.

VYcnoBueM npsSMOTMHEMHOCTH JBMKEHUS SBIISIETCSI paBeHCTBO cull Y u G

Y=G,=G-cosb,,

, 1 B HAlIpaBJICHUHA

(6.1)

A

Gsin 8=6.

8- Vron nAAHUPOBAHS

Y=6c0s0 — VCAOBHE NPIMOAMHEAHOCTH
Q=651n O— yCAOBHE PABHOMEPHOCTH

Puc. 96 Cxema cun, deiicmayoujux na camonem npu nIAHUPOSAHUU

J151s Toro 4TOOBI CAMOJIET ABUTAJICS PABHOMEPHO, HEOOXOIMMO CHJIBI, ACHCTBYIOIIHNE B/IOJIb
TPAeKTOPHUH, B3aUMHO YPAaBHOBECUTH. Y CJIOBHEM PAaBHOMEPHOCTHU ABM)KCHHUS SBISETCS
paBeHcTBO crit Go 1 Q

Q=G,=G-sing,,. 62)

CnenoBarenbHO, IPU OTCYTCTBUHU TATH YPABHEHHUS IBUYKEHUS LIEHTPA TSHKECTH CaMOJIETa IIPU
IUTAHUPOBAHUU OYAYT UMETh BU]L

Y= G-cos@,, |
Q= Gssinby, (g3

OTH J1Ba ypaBHEHUS TECHO CBA3aHbI MEX/1y co00 1 IpU HAPYIIEHUU OJTHOTO U3 HUX
Hapylaercs u Apyroe.



PaBnopeiictByromas cuit Y u Q, T. €. osiHas a’poArHaMUYecKas cwia R, Ipy IIaHUpOBaHUU
BCErJla HaIlpaBJIeHA BBEPX U pPaBHA [10JIETHOMY BECY CaAMOJIETA.

R=G. (64)

W3 ypaBHEeHUI JBMKEHMS TP INIAHUPOBAHUU MOXKHO CJIENaTh CIEIYIOIINE BHIBOBI:

1. IlogpeMHas cuia npu JIaHUPOBAHUM MEHBLIE, YEM B TOPU30HTAIBHOM IOJIETE HA TOM K€
yIJIe aTaku, TaK KaKk OHa ypaBHOBEIIMBAET TOJILKO YacTh cHilbl Beca G1. C yBelnYeHUEM yria
IJIAaHUPOBAHUS COCTaBJIsIOIIAst cuiibl Beca (31 yMEHbIIAETCs, CIIEJ0BATENbHO, TOJDKHA
YMEHbBIIATHCA U NOIbeMHas! cuiia Y.

2. CocraBaustouias cuiisl Beca Gz Mpu INIAHUPOBAHUU BBINOJIHAET poJib TSArU. Eciu yron
IJIAaHUPOBAHUS YBEIMUYUBAETCs, TO cuia G TOXKE YBEITMUUBAETCS, YTO BBI3bIBAET YBEJIUUYCHUE
CKOPOCTH JIBUYKEHUS 10 TPAEKTOPHHU, a 3TO B CBOIO OUEPE/Ib BBI30OBET YBEINUEHHUE CUJIIbI
n00oBoro conpotusieHus Q, koropast ypaBHoBecUT G2, U ABUKEHUE CHOBA CTAHET
PaBHOMEPHBIM.

INIOTPEGHAA CKOPOCTD IIV/TIAHUPOBAHMUA.

NNPEAEJIBHAA CKOPOCTb CAMOJIETA
Ilompeonoil ckopocmuio n1aHUPOEaHUA Ha3bIBAECTCS CKOPOCTH 10 TPAEKTOPHUU, HEOOX0AUMAsT

JUIS CO3JIaHKs TIOBEMHOM CHJIBI, paBHOM HOpMaJIbHOI cocTaBstomeil Beca camonera G cos ¢
Ha JIaHHOM YIJI€ aTaKu:

2
GeosO =Y = CypVTmS,

OTKyJa

Vg = 2G cos@ =V, \cosé.
CypS (6.5)

MaxkcuMainbHasi CKOpOCTb INTAHUPOBAHUS MOJKET MPEBBIIIATh MAKCUMAIBHYIO CKOPOCTh
TOPU30HTAIBHOTO MOJIETA.
Tak, Hanpumep, IpU KPYTOM M OTBECHOM MUKUPOBAHUU, KOT/Ia CAMOJIET JIETUT HA OYCHb
MaJbIX YIJlax aTak, MOXKHO IOJYy4UTh OOJIBIINE CKOPOCTH IO CPABHEHHIO C TOPU3OHTAIbHBIM
HOJIETOM.
IIpedenvnaa ckopocms nonema camonema Ha NAAHUPOSAHUU - FTO CKOPOCTb
YCTaHOBUBILETOCS MMKUPOBAHUS Ha yIJIe aTaKu HYJIEBOH MOABEMHON CHIIBI. DTa CKOPOCTh
ompenensercs u3 paencrsa X=G. [loacraBuB 3HaueHUE pa3BepHYTOH HOPMyYIbl 1000BOTO

COIIPOTHUBJICHUA U PEIINB YPABHCHUEC OTHOCHUTCIIBHO Vznpeﬂ, IOJIYy4YHUM (B M/C)
2G

IpenenbHas CKOPOCTH MJIAHUPOBAHMS IIPU OTBECHOM ITMKUPOBAHMK caMoJIeTOB SIk-52 u SIK-55 mpeBbilaeT MaKCHMaJIbHYIO CKOPOCTh
TOPHU30HTAILHOTO TI0JIETa TOYTH B 3 pa3a. Ha mpakTrke ee 10CTHYb HEBO3MOXKHO H3-32 OTPAHHYCHHS IPOYHOCTH CaMOJICTOB.

Vipeg =

YroJi IJIAHUPOBAHHUA CAMOJIETA

HJ'ISI OIIPCACIICHUS YTJIA IINIAaHUPOBAHUSA 3alTUIIEM YPABHCHUC JIBUIKCHUA CaMOJIETA B CICAYIOIIEM
BUJIC

Gsin =X,
GCOS 0 =Y.
Pa3,[[e.]-H/IB MEpBOC paBCHCTBO Ha BTOPOC, INOJTYUIUM
X 1

go="-1,
Y Tk 6.7)



W3 monydeHHo# hopMysIbl BUIHO, YTO YroJl TUTAHUPOBAHUSI 3aBUCUT TOJIBKO OT
a’pOAMHAMUYECKOro KauecTBa_camouiera. Cle10BaTeNbHoO,

1
180, = K .
MAKC
MHHHMaJIBHBIﬁ yFOH HJIaHI/IpOBaHI/ISI JOCTHUTACTCA HpI/I HEII/IBBIFOI[HGIZLHGM yF.He aTakKku, Koraa

A3pOJMHAMHUYCCKOC Ka4CCTBO CaMOJICTA JOCTUTaCT MAKCUMAJIbHOTO 3HAUYCHU A

st camonera Sk-52 - 0w =5° (¢ yOpaHHBIMM LIACCH M TIOCAJOYHBIMU IUTKAMM [IPU
HYJIEBOH Tsre ABUraTes).

st camonera Sk-55 - 0\ = 6°.(TIpU HyJIEBOIA TATE BUrATENs).
[Tpu muraHupoBaHUM ¢ pabOTAIOIIUM JIBUTATEIEM YTOJ IJIAHUPOBAHUS MOKHO TOJICYUATATH T10
dbopmyie

1g0 = 1 £

K G (6.8)

[Ipu BeIMTyCKe 1IACCH M MOCAJA0YHBIX LIUTKOB Ha camoiiere Sk-52 aspomHaMHuecKoe Ka4ecTBO
YMEHBIIIAETCS, a YTOJ1 INIAHUPOBAHUS YBEIMUNBAETCS.
VYT0J maHupoBaHus MOKHO OIIPENENUTh IpaUUecKy Mo Mosipe camosieTa (€ciIu oHa
MOCTpoeHa B 0AMHaKOBbIX MaciiTabax i Cy u Cx), mpoBes U3 Hauana KOOpAUHAT BEKTOP K
COOTBETCTBYMOMIEH Touke KpuBoii (Puc. 97, a, 6). Yron, oOpazoBaHHBIN BEeKTOpOM U ockio Cy,
MOKAXET BEJIMYHMHY yTJ1a TUIAHUPOBAHHSL.

Oy
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Puc. 97 Ilpumepnptii 6ud nonsapel camonema é 00uHaKoswvix macwmaodax ons Cy u Cx

MUHUMAJIBHBIH YT MIaHUPOBAHUS &y HOTyUMM, POBE/A KacaTelbHyIo K KPUBO 13
Hayajia KOOpAUHAT.

W3 pucynka BUIHO, 4TO KaXKIasl mpsiMasi, KpOMe KacaTelbHOM, IPOBEACHHAS K KPUBOW M3 Hadaja
KOOpJIMHAT, MepeceKaeT 3Ty KPUBYIO B ABYX TOUYKaX, OTMeUas JBa yria ¢ OJMHAKOBBIM
kauecTBoM. ClieZIoBaTeNnbHO, OJIUH U TOT K€ YrOJl INTAHUPOBAHUS MOKET OBITh MPU MAJIOM YTJIe
aTaky ¥ OOJIBIION CKOPOCTH, U MIPH OOJIBIIIOM YIJjI€ aTaKu U MPU MaJOM CKOPOCTH.

Tak kak KauecTBO camoJIeTa 3aBUCHUT TOJIbKO OT yIJia aTaku, TO, CJIE0BATEIbHO, YroJl
TUTAHUPOBAHUS OT BBICOTHI MOJIETA M BEca caMoJIeTa, P YCIOBUH, UTO BEC CaMOJIeTa YBEIHUEH
6e3 npupocra Cx, HE 3aBHUCHUT.

MOJIAPA CKOPOCTEM NJIAHUPOBAHUS

Fpa(bm(, MMOKa3bIBAIOIIUN 3aBUCHUMOCTh BepTHKaHLHOﬁ CKOPOCTHU CHHUIXCHUS OT HOCTYHaTeHLHOﬁ
CKOPOCTH Ha pa3INYHBIX yIJIaX aTaKh, Ha3bIBACTCA I10.7'l}lp0ﬁ cxopocmeﬁ naanupoeanus uiu
yKa3ameJleuueﬁ 2nuccao nianupoeanus.

Z[J'ISI MMOCTPOCHUS ITOJIAPBI CKOpOCTeﬁ IJIaHUPOBAHU A HeO6XO,Z[I/IMO HUMCTD MOJIAIPY CaMOJICTa
(r[JlaHepa). Pacuer MOJIAAPBI CKOpOCTeﬁ IIAaHUPOBAHUA TPOU3BOJAAT C IOMOIIBIO TaGJ’II/ILU:I JJIA
HCCKOJIBKMX BBICOT IIOJICTA.



3a1aBIIKMCh PAIOM 3HAYEHUH YTIIOB aTakH, OTPEAeIsieM BeIMYUHBI KOA((OUIIMEHTOB M0 IbEMHOMN
CWJIBI ¥ IOOOBOTO COTIPOTHUBIICHHUSL.

OmnpenenuB Cy u Cx 1 3Hasi OJIETHBIN Bec caMoJieTa (TJIaHepa) U BBICOTY T0JIETa,
PacCUMTHIBAIOT, KaK IMOKA3aHO B TaOIMIIe, 3HAYCHUS a3POTMHAMUYECKOTO KauecTBa, yria
IJIAHUPOBAHUS, CKOPOCTHU IUIAHUPOBAHUS, CKOPOCTH CHIKEHUS JJIS1 KaXA0T0 YIJla aTaKy.

[To pacueTHBIM TAaHHBIM CTPOST MOJISIPY cKopocTeit ranupoBanus (Puc. 98). [o momsipe
CKOPOCTEH IJIAHUPOBAHUS MOYXKHO ONPEIEIIUTD PsiJl XapaKTEPHbIX CKOPOCTEN U PEKUMOB
IJIAaHUPOBAHUSL.

1.OxoHOMHYECKAsI CKOPOCTh IJIAHUPOBAHUS M COOTBETCTBYIOIINN €l SKOHOMUYECKUI Yo
aTaKy ONpPEAENAI0TCs IPOBEJCHUEM MMAPAIJIEIBHO OCH a0CIUCC KacaTelIbHOM K HOJIspe
ckopocTeil. B Touke kacaHMsi HAXOIUTCS] SKOHOMUUYECKUN YroJl aTaky, a epHIeHIUKYIIIp,
BOCCTaHOBJICHHBIN M3 TOUKU KaCaHUsl HA OCh CKOPOCTEH IJIaHUPOBaHUs, 0003HAUUT
SKOHOMMUYECKYIO CKOPOCTb IJIaHUpoBaHus. [nannpoBaHre Ha 3JKOHOMUYECKON CKOPOCTH OyaeT
MIPOUCXOJUTH C HAUMEHBIIIEH CKOPOCTHIO CHIXKEHHUS Ly.

2. HauBbIroqHeHIyo CKOpoCTh MJIaHUPOBAHUS U HAUBBITOAHEUIITNI YOl aTaKU Olyays MOYKHO
HaWTH MPOBEJECHNEM KacaTelIbHON U3 Hayajda KOOpIUHAT K HoJsipe ckopocTeil. B Touke kacanus
HaXOJMM YTOJI aTaKH, B TOUKE [epeceyeHus MepreHANKYIsIpa, BOCCTAHOBIEHHOTO U3 TOUKH
KacaHHs C OChIO CKOPOCTH, - HAUBBITOJHENIIYI0 cKOopocTh. Ha 3Toit ckopocT yron cHimkenus ¢
MUHUMAaJbHbBIN, a JAIbHOCTH IJIAHUPOBAHUS - MaKCUMaJlbHasl.

3. JIBa yrna ataku (0 U O2) IPU OJAMHAKOBOM YTIJI€ CHUKEHMSI HaXOIATCS, €CIIU U3 Hadasia
KOOPJMHAT IMPOBECTH CEKYIIYIO K MoJisipe ckopocteit. Tak jke kak Ha mosisipe camoera (Cy = f
(CX, o)), Ha moJIsipe CKOPOCTEH MTAHUPOBAHHSI OTIPEICIISIFOTCS 1Ba peskuMa rutanupoBanst I u 11,
IpaHuLe pa3ziena KOTOPhIX SBIISETCS HAaUBBITOIHEHIIAs CKOPOCTh MOJIeTa.
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Puc. 98 Ilonsapa ckopocmeit nnanuposanus

Haubombmee IMPpUMCHCHUC I10JIsIpa CKOpOCTeﬁ IJIaHUPOBAHHA UMCECT B IIJIAHCPHU3MCEC, OHA bonee
y,Z[O6Ha AJI IPAKTUYCCKOI'0 UCIIOJIb30BaHUA, YEM OOBIYHAS II0JIsIpa II1aHepa, TaK KaK Ha Hel
HaHCCCHBI XapaKTCPUCTUKHU, HCIIOCPCACTBCHHO U3MEPSACMBIC B IIOJICTC. I[JIH IJIAHCPUCTA BAXKHO!:
3Hasa (baKTI/I‘IeCKI/Iﬁ Juaria3oH CKOpOCTeﬁ I10JICTa IIaHEpa, BH6paTb TaKUC 3HAa4YCHU A
TOPHU3OHTAJIBHBIX CKOpOCTGfI, KOTOPBIC YIOBJICTBOPAIA OBl 3aIaHHOMY PCKUMY CHUIKCHUSA (UyCH)-

AAJIBHOCTDb IIV/IAHUPOBAHUA

Paccmosnnue, npoxooumoe camoiemom (nianepom) OMHOCUMENIbHO 3EMIIU 34 6PEM
NIAHUPOBAHUS C OGHHOU 8bICOMBL, HA3BIBACTCS TATBHOCTHIO TUTaHupoBaHus. OHa sSBIsSETCS
OJTHOW M3 BAXKHEHIIINX XapaKTePUCTUK CaMOJIeTa U OCOOCHHO IJIaHepa.

Haiinem, kakoe pacCTOSIHUE MPOJICTUT CAMOJIET C BBICOTHI H, €CJIM YTroJl IJIAaHUPOBAHUS €r0

pasen 0 .
W3 Puc. 99 BugHO, uT0 L)1 - 3TO paccTosiHue, MPOXOIUMOE CAMOJIETOM OTHOCUTEIHHO 3€MITH,
KOTOPO€ Ha3bIBAETCS AATIbHOCTHIO IJIAHUPOBAHUSI.



W3 Puc. 99 onpenenum

120, =—.
w1 (6.9)
Ho Tak kak npu miaHupoBaHuu
g0 =—,

TO MOJIY4YUM

7 _1

Ly, K (6.10)
OTKYJla HAXOJIUM

Lpg =H k. (6.11)

N3 popmyel (6.11) ciemyet, 9To 1aTbHOCTh TUIAHUPOBAHUS YBEIIMIHBACTCS C YBEIIMUCHUEM
BBICOTHI MOJIETA U a9POIMHAMHYECKOTO KadecTBa camosieTa. Hanbonbimas 1aabHOCTh MOKET
OBITH IOCTUTHYTA MPH MOJIETE HA HAMBBITOHEHIIIEM yTJIe aTaKU, TaK KaKk B 3TOM CITy4ae
a’POIMHAMUYECKOE KaueCTBO UMEET MAaKCUMATbHYIO BETUUYHHY.

CxopocTh, IPH KOTOPOM TIOCTUTAETCSI HAMOOIbINAs aTbHOCTh TUIAHUPOBAHUS, HA3bIBACTCS
CKOPOCTHIO HauOOJIbIIIEH JATBHOCTHU TJIAHUPOBAHMS. ITa CKOPOCTH MO CBOCH BEIMYMHE OJIM3Ka K
HAWBBITOJIHEHUIIIEN CKOPOCTH TOPU30HTATIBLHOTO MOJIETA.
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Puc. 100 Bausnue éempa na 0aibHOCHb RIAHUPOBAHUA

PaccmoTpuM ¢akTopsl, BIUSIONINE Ha JaTbHOCTh MJIAHUPOBAHUS.

1. Bec camoutera, Kak MOKHO 3aKJIIOYUTh U3 popMyisl (6.11), Ha JaTbHOCTH MIAHUPOBAHUS
BIIMSIHMS HE OKa3bIBaeT. MI3MeHeHue Beca caMoJieTa CKa3bIBAaeTCs TOJIBKO HA CKOPOCTH
IUTAHUPOBAHUS. DTH BBIBO/IbI BEPHBI IIPH MOJIETE B IITUIIb.

2. IIpu Hanm4uu BeTpa JAIbHOCTb MOJIETa U3MEHSIETCS TaK, Kak U3MEHSeTCs yTeBast CKOPOCTb.
JIBI>KEHUE caMoJjieTa Py HaJTMYMHU BeTpa COCTOMT U3 IBWKEHUS €ro OTHOCUTEIBHO BO3/1yXa U
HEPEMELICHUS €r0 BO3yXOM OTHOCUTEIBHO 3€MIIA CO CKOPOCTBIO BETpA.



JlanbHOCTh IUIAHKPOBAHUS B 3TOM ClIydae onpezensercs no Gopmysiam:
Lizz=HX + Wt — ipu nmomytHOM BeTpe
(6.12)
Lr=Hk - Wt — nnpu BcTpeuHOM BeTpe

rzae t - BpeMs IJIaHupOBaHUs, €3
W - ckopocTs BeTpa, M/c.
[Ipu Hanumuuu BeTpa BeC camoJieTa OKa3bIBA€T HEKOTOPOE BIHSHUE HA aJTbHOCTh TUIAHUPOBAHMS,
TaK KakK C yBEJIMYCHHEM Beca CaMOJIeT IUTAHUPYET ¢ OOJIbIIeH CKOPOCTHIO (Ha TOM K€ YTJe
aTaku), BpeMs Ha IJIaHUPOBAHKE 3aTPAUYMBACTCS MEHBIIIEE, [IOITOMY ITyTh, HA KOTOPBIM OH
otHocutcs BeTpoM (W 1), okaxkeTcst To)e MEHbIIIE, a, CIIEIOBATEIbHO, U JATHHOCTh TaKkKe OyneT
MEHbIIIE, YeM B O€3BETpHE.
3. Baustnue MEXaHU3alluu Kphblja. OTKJIOHEHU E 3aKPBIJIKOB HWJIH IMTOCAJOYHBIX IIIUTKOB BCErJia CONMMPOBOXKAACTCSA YMEHbILICHUEM
a’3pOIMHAMHUYECCKOro Ka4€CTBa, BCICACTBUEC YE€T0 YXYAIIAIOTCA XapaKTEPUCTUKH CHHUIKCHUS: YBEJIMUNBAKOTCA BEP TUKAJIbHAsA CKOPOCTh U yIroJi
TJTAaHUPOBAHUS, YMEHbBIIACTCA NAJIbHOCTD IJIAaHUPOBAHUS.
Kak cnenyer u3 popmyist (6.5), TOMUMO adpoJMHAMHYECKOTO Ka4eCTBa, HA BEPTUKATLHYIO
¢
CKOPOCTh CHIDKEHUS OKa3bIBACT BIUSHUE YACTbHAS HATPy3Ka Ha KPBUIO S .
JI71s1 COBpEMEHHBIX CaMOJIETOB, JaKE P OTHOCUTEIHLHO XOPOIIUX 3HAYCHUSIX
a’pOIMHaMUYECKOT0 KaueCTBa, N3-3a OOJBIION YJeIbHON HAarpy3KH Ha KPbLIO CKOPOCTH
CHDKCHHSI TIOCTUTAFOT OOJIBITHX BETHYMH.
[Tnaneps! npegHa3HAYEHBI IJ1s1 TTAPSIIUX MOJIETOB, T. €. TAKUX MOJIETOB, B KOTOPBIX
BEepPTUKAIbHASI CKOPOCTh CH)KCHHSI TIaHEpa JOHKHA OBITh MEHBIIIE BEPTUKAIBHONH CKOPOCTH
BO3/IyXa B BOCXOAIINX MOTOKaX. [loTomMy mimaHepsl, UMest 3HAYUTEIILHO MEHBITYIO YIETbHYIO
Harpy3Ky Ha KpbUIO ¥ OOJIbIIINE 3HAUEHUS adpOAMHAMUYECKOTO KadyecTBa (10xoauT 110 50),
MOTYT B BOCXOJISIIIMX OTOKAX COBEPILAThH MOJETHI 0€3 MOTEPH BHICOTHI U JJaXKE YBEJIIMYUBAThH €€,
T. €. COBEpILIATh MapsIIUi MOJIET.

B/IMSAHUE BETPA HA IIV/TAHUPOBAHUE

Tak ke, kak 1 B Habope BBICOTHI, HAa IJITAHUPOBAHUM BETEP HE BIUSET HA CKOPOCTh U YIOJI aTaku.
JleTHble KayecTBa CaMoJIeTa OCTAIOTCSI HEM3MEHHBIMU OTHOCUTEIBHO BO3/IyLIHON CpEJIbl,
U3MEHSETCS TOJIBKO JAbHOCTh IJIAHUPOBAHUS.
PaccmoTpuM miiaHMpoBaHue caMoieTa pyu 0e3BEeTpUH, BCTPEYHOM U nonyTHOM BeTpe. Ilycts
caMmoJIeT IUIaHUpyeT ¢ BhICOTHI H B HEKOTOpyto TouKy A Ha onpeneneHHoM pexume (Puc. 101,
a). IIpu BcTpeyHOM BeTpe camouieT OyIeT CHOCUTh BETpOM Haszaj co ckopocTbto U. Croxus
CKOPOCTb IUTAHUPOBAHUS U CKOPOCTb BETPA IO IPAaBUILY TPEYTOJIbHUKA, IIOJIYYUM CKOPOCTh
10JIETa CaMOJIeTa OTHOCUTEIBHO 36éMHON MOBEPXHOCTH V 3¢y OTHOCUTEIBHO 3€MHOM
MIOBEPXHOCTHU YroJI IJIAHUPOBAHUS YBEJIIMUUBAETCS, @ OTHOCUTENILHO BO3YILIHOM Cpe/ibl OCTaeTcs
npexkauM (Puc. 101, 6). Jletunky Oyzaer ka3aThbCsl, 4TO OH IUIAHUPYET B TOUKY A, a2 HA CaMOM
nene B Touky M. JlanbHOCTb IUIaHUPOBaHUS yMEHbIAaeTCs U Oy/eT paBHa (B M)

Li=L-Ut,
rze t - Bpemst INTaHUPOBAHMSI C BBICOTHI, C.
[Ipu nomyTHOM BeTpe caMOJIeT CHOCUT BETPOM BIiepe]] co ckopocThio U. B aToMm ciydae yron
IUTAHUPOBAHUS OTHOCUTEIBHO 36MHOI MOBEPXHOCTU YMEHBILACTCS, & OTHOCUTEIBHO BO3IYLIHON
cpenbl ocraercs Hem3MeHHbIM (Puc. 101, B). JlanbHOCTH MIaHUPOBAHUS YBEITUUNBACTCS:

Lo=L+Ut.
[ToxncraBus 3Hauenne L=HK, nomyunm

L1,,.=HK=+Ut (613)

Bpewmst minaHupoBaHus OT BeTpa He 3aBUCUT (TIPH YCIOBUH, YTO BETEp TOPU3OHTAJIEH), TaK KaK
CKOPOCTh Vy 0CTAETCsl MOCTOSIHHOM BETMYHHOM.
M3meHeHue Beca caMoJieTa BIMsIET Ha JalbHOCTh IJITAHUPOBAHUS clieayromuM oopazom. [Ipu
YBEJIMUEHHUH MT0JIETHOTO BEca CaMOJIeTa YBEIMYMBACTCS CKOPOCTh TNIAHUPOBAHUS V.



CnenoBarenbHO, BEpTUKAJIbHASL CKOPOCTH INIAHUPOBAHUS Vy yBEIUUYUBAETCS, BpEMs
TUTAHUPOBAHUS try yMeHbInaercs. [Ipu yMeHbIIeHnn Beca camoJjieTa Halmogaercst oOpaTHas
KapTHHA.

JI1st IoJry4eHnss MaKCUMAJIbHOM JAJIBHOCTY IUIAHUPOBAHMS IIPA CHIIBHOM BCTPEYHOM BETpE
TUTAHUPOBAHUE HEOOXOIMMO OCYIIECTBIIATH CO CKOPOCTHIO, OOJIBIICH HAUBBITOAHEHIIEH V.
HomnyctuM, 4to camoJieT SIk-55 Ha pexume, COOTBETCTBYIOILEM HAanOO0JIee M0JIOTOMY
IUTAaHUPOBAHUIO NPpU OE3BETPUH, IUTAHUPYET MPOTUB CUIILHOTO BETPA, CKOPOCTh KOTOPOTO paBHA
U=25 m/c (Puc. 102, a), y camonera Sk-55 MUHUMAIBHBIA yroJl INITAHKPOBAHUS COCTABIISIET

0 MHHZGO; IIPY 3TOM HAWBBITOHEHINAsT CKOPOCTH moJjiera paBHa Vyp=137 xM/4.
V3MeHUB yroJ miIaHupoBaHus TaK, 9YTOOBI OH COOTBETCTBOBAJ OOJIBIIEH CKOPOCTH

IJIAHUPOBAHUS NIPK OE3BETPHH, HAIIPUMED, TIPH yIJle IIaHUpOBaHus, paBHoM 0 '=10°, 4o y
camoseta SIk-55 COOTBETCTBYET CKOPOCTHU TIJIAHUPOBAHUS, paBHOU V=164 KM/4, BUIHO, YTO
JTATLHOCTH ItaHupoBanus yBennunbaercs (Li>L) (Puc. 102, 6).

[Ipu naHupOBaHUU C MOMYTHBIM BETPOM HEOOXOIMMO BBIJEPKUBATH CKOPOCTD M0JIETa HEMHOTO
MEHbIIIe HAWBBITOIHEHIIIEH, HO M HE MEHBIIIE SKOHOMUYECKOH, TSI TOTO YTOOBI MOJTyIHTh
MaKCHMAaJIbHYIO TAIbHOCTb.

Opnnako Ha manoi BeicoTe (mprumMepHO 500...600 M) CKOPOCTh MIIAHUPOBAHUS HU MPU KAKUX
YCIIOBUSIX HE JIOJDKHA OBITh MEHEE HAMBBITOJHEHINEH, C 1IeTbI0 0€30MaCHOCTH MOJIETa.

1 BempeyHbIl
Bemep

NonymHbii
8emep

Puc. 101 Bruanue eempa Ha OabHOCHb NJIAGHUpOBARUA U HA )20/l NIAHUPOGAHUA OMHOCUME/IbHO 3eM/lU

PaccmotpuM mmaHupoBaHKE P HUCXOAAIIEM U BocxousmieM moToke Berpa (Puc. 103). [Tycts
CaMoJIeT TUIAHUPYET CO CKOPOCTBIO Yy MPH HUCXOASIIEM BEPTHKAILHOM TEUCHHH, CKOPOCTh
kotoporo U. BeprukanbsHast ckopocTh cHKeHHs Vy Bo3pacrtaet (Puc. 103, a), Bpems u
JaTbHOCTh IUIAHUPOBAHUS YMEHbIIAOTCs. CleIoBaTeIbHO, IPH BEPTHKAILHOM TIOTOKE BETPA,
HaIPaBJICHHOTO BBEPX, NAIBHOCTh U BpEeMsl TUIAHUPOBAHHS YBEIMUUBAIOTCS, TaK KaK
BEpPTHUKaIbHAsI CKOPOCTh CHIKeHHs ymeHbinaetcs (Puc. 103, 6).
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Puc. 102 Ilonyuenue makcumanbHoil 0a1bHOCHU NIAHUPOBAHUA HPU CUTBHOM 6CHIPEUHOM 6empe
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Puc. 103 Bausanue Hucxo0auux u 60CX00AuuUX 6030yWIHBIX HOMOKOE HA 6EPMUKATILHYIO CKOPOCHb
OMHOCUMENBHO 3eMAU

BEPTUKAJ/IbHAA CKOPOCTb IIVJTAHUPOBAHUA

BricoTa, KOTOpYIO caMoJIeT TepseT MpH IJIaHUPOBAHUHU 3a €UHUILY BPEMEHU, HAa3bIBAETCS
BEPTUKAIbHON CKOPOCTHIO IIaHupoBaHus. [ HeOonbmux (10 15°) yrioB miaHupoBaHUS
MO>KHO CUHUTaTh, YTO

Vg = VPry-
N3 Puc. 104 MOXHO OTpeeTUTh, 4TO
v
\4
— =190,
Ufﬂ

OTCIOJTa HaliAeM
Uy =U; 180
Ecmu packpsite popmyny (6.5), To momyuanm
2G 1
vy = |— ——.
\4
PS k,Cy
Ananus GpopMyIbl IOKa3bIBAET, YTO MUHUMAaIbHAsi CKOPOCTh CHI)KEHUS ITPH IIJIaH UPOBAHUU

MO>KET OBITh MOJTyYeHa MPH TIAaHWPOBAHUU camoJieTa (IUlaHepa) Ha SJKOHOMUYECKONH CKOPOCTH,
1

TaK KakK IIPpH 3TOM BEJIMYWHA k\/C_y HUMECT MAaKCUMAJIBHOC 3HAYCHUC

HpI/I YBCJIMYCHHHU ITOJIETHOT'O BECAa CaMOJIETa YBEIIMYUBACTCA HOTpe6HaH CKOpPOCTb
IIaHUPOBAHUS, IIO3TOMY BEPTHUKAJIbHAA CKOPOCTh INIAHUPOBAHUA TAKKE YBEINYHUBACTCA.
VBenuueHue BLICOTHI MTOJIETA COIIPOBOXAACTCA YMCHBILICHUEM MacCOBOM INIOTHOCTH BO3ayXa,
CKOPOCTH INTAaHUPOBAHUS YBCIUUYNBACTCA, BCICACTBHUEC YETO BO3PACTACT U BEPTUKAIIbHAA
CKOPOCTb CHHIKCHUS.

Vx

7 77 Z

Puc. 104 lanvnocmo nranuposanus (npu 6e3eempuu) mem 6onvute, uem 60abuLe 6bICOMA U YeM MEHbIUUE Y20l
naaHUpPOBanUA

IIEPBBIE U BTOPBIE PEXKXUMbI IIJ/TAHUPOBAHHUA

I/Iumepeafl nepeésvlx peyncumos niaanupoearnus - 310 IJIaHUPOBAHUEC CO CKOPOCTAMHU,
COOTBCTCTBYIOIIMMHU YI'JIaM aTAKW MCHBIIC HaAWBBITOIHEHUIIIETO.



Humepean 6mopbix pexrcumos nianupo6anus, - 310 INIaHUPOBAHUE CO CKOPOCTIMH,
COOTBETCTBYIOLIUMH YIJIaM aTakH OOJIbIlIe HAUBBITOHEHINIETO.

I'panuieit Mexay IEPBBIM U BTOPBIM PEKUMAMH SIBJISICTCSI HAUBBITOJHEHIIINHT YTOJl aTaKU OLHB. B,
TO €CTh PEKUM HauboJiee NOJIOroro MIaHUPOBAHUS.

BropbiM pexxumam IIaHupOBaHMSI CBOMCTBEHHBI T€ )K€ 0COOEHHOCTH, YTO U BTOPBIM PEXKHMaM
noabeMa:

YXYALIEHUE YCTOMUYMBOCTH U YIIPABJISIEMOCTH CaMoJieTa, 0COOEHHO IPpU MPUOIMKEHNUHN K
KPUTHUYECKOMY YIJy aTaki; U3MEHEHHE YIPABICHUS CAMOJIETOM - IIPU B3SITUU PYUYKH
yhpaBiieHUs Ha ce0sl yroJi INIaHUPOBAHMSI HE YMEHbILIAETCs, a YBEINUUBACTCSL.

Korpa yrous ataku npubnuskaercsi K KpUTHUECKOMY, caMOJIeT npoBanuBaercs. C nepexoaom Ha
3aKpPUTHUYECKHUE YIJIbI aTaKH 3TO SIBJICHUE YCHIIMBaeTCs. Takoe IIIaHUpOBaHUE HA3bIBAETCS
napawiiomupoganuem. 11py HaTMYNKU MAJIOrO CKOJIBKEHHUS CaMOJIET NP NapalltoTUPOBAHUU
MOXKET copBaThcs B mronop. CnenosatensHo, Ha Maniol BeicoTe 500...600 M 1 HuKe
IJIAaHUPOBATh HAa BTOPHIX PEKUMax He 0e30MacHO (Ha CKOPOCTAX MJIaHUPOBAHUS, MEHBIIUX
HaWBBITOTHEUIIIEH CKOPOCTH TOPU30HTAIBHOTO TOJIETA).

B3JIET CAMOJIETA

Kaxxapiii mosier HaunHaeTcst co B3neTa. Baner camosnera MoxeT ObITh ¢ pa30eroM miu
BEPTUKAITBHBIM. BOJTBITMHCTBO COBPEMEHHBIX CAMOJIETOB CITIOCOOHO COBEPIIATH B3JIET JIUIIH C
pasberoMm. B ciyuae BepTUKaJIbHOTO B3JIeTa CaMOJIET JOJDKEH UMETh CHIIOBYIO YCTaHOBKY,

KOTOpasi co3aaBaia Obl TATY (BEpTUKAIBHYIO CHITY), TPEBBINIAIONIYIO BEC CaMOJIETa.
BaneroM Ha3bIBaeTCsl yCKOpPEHHOE ABMIKEHHE CaMoJieTa OT MOMEHTa Havaiia pa3dera 0 Habopa BBICOTHI 25
= BO3AYWHBIA Y4ACTOK

H=25m TOUKA OTPLIBA PAJBEr

-

Lgoaa Lpass

Puc. 105 Cxema é31ema camonema

HopmanbHblii B371eT cocTouT U3 Tpex 3tanoB (Puc. 105): pasbera, oTpbiBa 1 pa3roHa ¢
MoIbEeMOM (BO3YIIHOTO yyacTka). Baner npencrasnser co0oii 0JIMH U3 BUIOB
HEYCTaHOBHUBIIETOCS TOJICTA.

MNPO®NJIb U DJIEMEHTDI B3JIETA

PA3BEI' CAMOJIETA

Paszoez - 5T0 HaYATBHBIN IEPUOJT B3JIETA, TIPEACTABIISIONINN CO00# YCKOPEHHOE JIBUKCHUE
camoJieTa 1o 3emiie, He0OX0MMOe JUTsS TPUOOPETEHUS TAKOH CKOPOCTH, TIPU KOTOPOH KPBLIO
CO3JIaeT MOJBEMHYIO CHITY, CIIOCOOHYIO OTOPBATh CAMOJIET OT 3EMJIH.

Ha coBpeMeHHBIX caMOJIeTax ¢ TPEXKOJIECHBIM IIACCH Pa30er BBITIOIHICTCS CICAYIOIINM
obpazom.



[epen pa3derom, yaep:kuBas caMoJIeT Ha MECTE C IIOMOIIbI0 TOPMO30B TJIaBHBIX KOJIEC IIACCH,
JICTYHMK IUIAaBHO YBCIIMYUBACT TATY I[BI/IFaTGHef/’I a0 MaKCHMaHbHOﬁ, 3aTCM OTITYCKACT TOpMO3a, U
caMoJIeT HauYMHAeT JABIKEHHE Ha BceX Kojecax maccu. Korma ckopocTs camosieTa JOCTUTHET
TaKOW BEJIMYUHBI, IPH KOTOPOH PYyJIb BHICOTHI CTAHOBUTCS JOCTAaTOYHO 3()(EKTUBHBIM, JIETUUK
B3STHEM PY4YKHU Ha ce0s yBeTMUMBACT YTOJI aTaKH KPbLJIa U OTPBIBAET OT 3eMJIM HOCOBOE KOJIECO.
JlanbHeliee TBIKSHUE caMOJIeTa 0 OTPhIBA IMTPOUCXOINT Ha TJIABHBIX KOJIECAX MIACCH.

OTpBIB HOCOBOTO KOJIeCa HEOOXOIMM JUIsl IPUIAHUS CAaMOJIETY B3JIETHOTO yria aTaku. B
nporiecce pazdera CKOpoCTh caMoJieTa yBenuanBaeTcst oT 0 10 CKOPOCTH OTpPHIBA.
CrnenoBaTenbHO, pa30er npecTaBisieT cO00H MPSAMOJIMHEMHOE YCKOPEHHOE TBUKEHUE O]
HeﬁCTBHeM BHCHIHUX HCYPABHOBCHICHHBIX CHUJI.

S R R T FAT T AT

SRR 1Y
Puc. 106 Cxema cun, deiicmgyrouwux Ha camonem na pasoeze

Texnuka B371€Ta HA CaMOJIETE C XBOCTOBBIM KOJIECOM OTJIMYAETCS OT TEXHUKHU B3JIeTa caMoJieTa ¢
3-X KOJIECHBIM IIaCCHU TEM, YTO B Ha4daJi€ pa36era JICTYUK ITPU JOCTHXXCHUU CKOPOCTH, HA
KOTOPOi1 pyiib BBICOTBI CTAHOBUTCS 3 (HEKTUBHBIM, OTIaUEH PYUKH OT ceOs OMyCKaeT KaroT JI0
JIMHUW TOPU30HTA U B TAKOM TIOJIO’KEHUHU coBepIraeT paszder. Kak Toiapko CKOPOCTh caMoieTa
AOCTUTHET CKOPOCTHU OTPHIBA, JICTUYNK HESHAYHUTCIBHBIM JIBUKCHHUEM PYUKHU YIIPABJICHUA HaA cebs
OTPBIBAET CaMOJIET OT 3€MJIM U Ha BbIcoTe 1 - 1,5 M coBepiiaeT pasroH CKOpOCTH CaMmoJIeTa 10
ckopocTH nogabema. [locie 3Toro camoner nepeBoAUTCsS B HA0OP BBICOTHI.

Ha camoutet npu pasbere aeiictByror cieayromiue cuibl (Puc. 106):

- cuJia TSTW ABUTaTeIbHON ycTaHOBKHU P; B Hauase pa3z0era ee BeIMUMHA MaKCUMAaIbHA, a 3aTeM
10 Mepe YBEIMYEHHUsI CKOPOCTH MOCTENEHHO YMEHBIIAETCS; Y CAMOJIETOB C MOPIIHEBBIMU
JIBUTATEIISIMUA YMEHBIIICHHE TTH Ha paz0ere Oosiee 3HAYUTEIBHO, YeM Yy camoJieToB ¢ TP/I;

- cujia Beca camouiera Q; 1o BenMuMHE HEM3MEHHA, HAIlPaBJIeHA BHU3;

- MoJbeMHas cuiia Y; B Hauaje pa30era paBHa HYIIO, a B KOHIIE pa30era, Mpu OTPhIBE, TOCTUTAET
BEJTMYMHBI BECa CAMOJIETA;

- cuJia JI060BOTO conpoTuBiIeHust Q; Bo3pacTaeTr o Mepe paz0era oT HyJisl IO HEKOTOPOTO
3HauYeHUs (B 3aBUCUMOCTHU OT yIJia aTaKu, CKOPOCTH, BHICOTHI MOJIETA);

- HopMaJibHas cuiia peakuuu 3emiid N; B Hayale pa30Oera paBHa Becy caMoJIeTa, a [0 Mepe
HapacTaHus CKOPOCTHU U YBEIWYCHHUSI IOJTbEMHOMN CUITbI YMEHbBILIAETCS 10 HYJS IIPU OTPHIBE;

- cUJia TPEHUS! MTHEBMATUKOB O TPYHT F; 3aBUCHUT OT KO3 PUIIEHTA TPEHUS KOJIEC O 3€MIII0 U OT
cuibl N.

F=N -f,
ypaBHeHI/IH JABHIKCHUA HECHTPA TAKCCTU CaMOJICTA ITPU pa36ere 6y,HYT HUMCTb BHU!
G
P-Q-F= 9 I (7.1)
Y-G+N=0,

do
re ly= dt YCKOPEHHE JIBUKEHHUS.

W3 ypaBHEHHUs ciaenyeT, 4YTO B HAIIPABJICHUH JIBWKEHUS EHCTBYET HEYPAaBHOBEIIIEHHAS CUIIA,
paBHas pazHoctu cun P - (Q + F) u BeI3bIBaromas yckopeHue aBmxenus. Hapacranue ckopoctu



Ha pazbere OyIeT MPOUCXOAUTH TEM OBICTpee, YeM OO0JIbIle BETHYNHA ITON HEYpaBHOBEIICHHON
CHJIBI.
Cuuia TpeHUs KOJIeC O 3eMJTIO paBHA

F=f - N=f(G-Y) (7.2)
W3 popmyibl BUIHO, 9TO CHJIa TPEHUS B KOHIIE Mpobera oopaniaercs B HyJb, TaK KakK MpH
otrpeiBe G=V.
YckopeHue mipu pa3zdere coriacHo ypaBHEHHIO (7.1) MOXeET ObITh BEIpaKEHO (HOPMYITOi
P-[Q+f(G-Y)]
Iy =0
G (73)

NI

i = P-(Q+F)c
G (7.4)

BBy TOr0 4TO CHJIa TATH B Ipoliecce pazdera M3MEHAETCS He3HAYUTENBHO, a CHjIa JI000 BOTO
cornpoTuBiieHust Q Mpu yBeIHMUECHUH CKOPOCTH YBEIMUUBACTCS TPUMEPHO B TAKOH ke Mepe, B
KaKOW YMEHBIIAeTCs CHIla P, yCKOpSIoIas Crujia Ha pa30ere H3MEHIETCS Tak)Ke HE3HAYMTEIIBHO.
U3 cka3aHHOTO CIEIyeT, UTO YCKOPEHHE TPU pa3bere coXxpaHseTcs MOCTOSHHBIM (ix = const), T.
€. pa30er SIBIIIETCS PaBHOYCKOPEHHBIM JIBH)KEHHEM CaMOJIeTa.

B peanbHBIX YCIOBHSIX CpeIHEe YCKOPEHHE CHITBHO 3aBHCUT OT BETHUMHBI KO3 (DHUIIHEHTA

TPECHUA, KOTOpBIfI W3MEHSETCS B 3aBUCUMOCTH OT COCTOSIHHS B3JICTHOM ITOJIOCHI.

Jj1s pacueToB MOXKHO MPUHSTD

1o (Q+F)cp
G (7.5)

e f' - ocpeHenHas BenmunHa K03(G(GHUIMEHTA TPEHNS, 3aBUCSIIASL OT COCTOSHIS TOBEPXHOCTH
BIIII.
B tabnuue npuBeneHbl BeTUYUHBI KOY()PUIIMEHTa TPEHUs I Pa3IMYHbIX B3JIETHBIX MOJIOC.

But B3JIEeTHOM MOJIOCHI f ft
Beron 0,03-0,04 0,06
TBepablii rpyHT 0,05-0,06 0,06
MsIrkuii necyaHslid FPYHT 0,02-r- 0,11-0,23
ChIpoii BA3KHIA TPyHT 0,30 0,25-| 0,20-0,26

r-0,35

OTPbIB CAMOJIETA

B koH1e pa3bera camoseT npuoOpeTaeT Takyto CKOPOCTh, KOTJIa €0 HECYIUe TOBEPXHOCTH
CO3/1aI0T MOABEMHYIO CUITY, PAaBHYIO BECY CaMOJIeTa, U CaMOJIET OTACIACTCS OT 3EMIIH.
Momenm omoenenusa camonema om 3emnu Hazvlgaemcsa ompwigom. IlogbeMHuas cuna
caMmoJieTa CTAaHOBHUTCSl HECKOJIBKO OOJIbIIIE CHIIBI BECa, M CaMOJIET, OTOPBABILUCH OT 3EMJIH,
MIPOJIOJKAET PA3rOH CKOPOCTU U NMEPEXOIUT B HAOOP BBICOTHI.

CkopocTb camoJieTa, pu KOTOPOM OH OTPBIBAETCA OT 3€MJIM, HA3BIBAETCS CKOPOCTHIO OTPHIBA U
omnpenensercs no Gopmyine

2G
CYorppS’ (7.6)

Dorp =



B nemsax 6e3onacHocTr K03QOUIHEHT NoabeMHOM cUibl Cyorp TPENYCMATPUBACTCS HECKOJIBKO

YMEHBILIEHHBIM 110 OTHOWIEHUIO Cyyaxc ¥ IpU 0TpbIBE cocTaBiisieT 0,8 - 0,85 Cyyake-

G
U3 Gpopmyisl (7.6) BUAHO, YTO CKOPOCTH OTPhIBA 3aBUCUT OT YEIbHOM HATPY3KH Ha KPBLIO S
IUIOTHOCTH BO3JyXa P.
Ha BennunHy ckopocTy OTphIBa OKa3bIBAET BIMSIHUE TEXHUKA BBINIOJIHEHUS B3JieTa. C LebIo

YMEHBIIEHUS JUIMHBI pa30era NHOT1a NpuOerarT K OTPhIBY CaMoJIeTa Ha MEHbLIEH CKOPOCTH,
IUIs 4ero B KOHILE pa30era, Korjaa camosieT HabepeT ONpeeICHHYI0 CKOPOCTh

n

(cooTBeTCTBYIOMIYIO V), TIETYHK PE3KO BHIBOJIUT CaMOJIET Ha YIJIbl aTaKH, OU3KHE K
KPUTHUYECKOMY (TaK Ha3bIBa€MbIi B3JIE€T ¢ OApbIBOM). [lorbeMHas cuiia Bo3pacTaeT U CaMoJIeT
oTpeiBaeTca. OHAKO MPH 3TOM CKOPOCTh YMEHbIIAETCS 10 VMUH U yXYALIAIOTCS
XapaKTEPUCTUKH YCTOMUYMBOCTH U YIPABISIEMOCTH, MOJIET CTAHOBUTCSI HEOE30TIaCHBIM.

JAJINHA PA3BETA

Jnunoi pazoeza nazvieaemcs nymao, nPOX0OUMDbLIL CAMOIEHOM OM CIAPmMa 00 moYKu
ompuiea om 3emau. J{nnHa pasodera sSBIsSETCS OAHON U3 TJIABHBIX XapaKTEPUCTUK CaMOJIETa, 110
KOTOPOil OIpesIeNIsIFoT HEOOX0AUMBIH pa3Mep B3JIETHO-TIOCAJOUHOM MOJIOCHI.

PaccmarpuBas pazoer camosieTa Kak paBHOYCKOPEHHOE JIBUIKEHHE C YCKOPEeHHEM |, MOxeM
3amucaTh (pu OTCYTCTBHH BETpa): CpeaHee BpeMs paszdera

tep =22,
lep (7.7)
Cp€aHssa CKOPOCTh
Oep = Yorp
2 (78)
HO TaK KaK
Lpiss =Ucp -t
TO IMOJIYUUM
Lpiss = U-gTP
2cp- (7.9)

Kak cnenyet u3 popmynel (7.9), mmnHa pa3zdera 3aBUCUT B OCHOBHOM OT CKOPOCTH OTPhIBA U
BEJIMYMHBI CPETHETO YCKOPEHHMsI Ha pa3oere.

Jlst mpuOIMKEHHOM OIEHKH BIIMSIHUS OTICIBHBIX TAPaAMETPOB MOXKHO BOCTIOJIB30BAThCS
cienyromei GopMynoii:

U(Z)TP
Per _;
G (7.10)

LPA 3k T

29

rne Pcp - TATOBOOPY)KEHHOCTH CaMOJIETa;

f - koo punmenT TpeHwus.

BbIsicHUM BiMsSIHUE pa3IMyYHBIX SKCIUTYaTAal[MOHHBIX U KOHCTPYKTHBHBIX (DaKTOPOB Ha JJIHHY
pazbera camouiera.

Bnuanue eenuuunst cunvt mazu cunoBoi yctaHoBKU. C yBeJIMYeHHUEM CUJIbI TSTU P
yBenuuuBaeTcs yekopsitomas cuna P-(Q+F), BeneacTBue uero yBenMuMBaeTcsl yCKOPEHUE U
caMmoJieT ObicTpee (Ha MEHbIIEM OTPEe3Ke MyTH) HabUpaeT CKOPOCTh, PAaBHYIO CKOPOCTHU OTpPHIBA.
C >TUM CBS3aHO UCHOJIb30BAHUE TOTO UM MHOTO peXuMa paboTsl Apuratens. Kak npaswuio,
B3JIET MPOU3BOIAT Ha B3JIETHOM PEXHME, T. €. PEKUME HauOobIIeH TATH (MOILHOCTH).



YBenuuenue Taru Ha 25% (3a cUeT mepexoja Ha B3JIETHBIM UITH (POPCAKHBIN PEXKIM) COKPAIIIACT
JUIMHY pasdera ¢ TBepaoro rpyHTa Ha 20 - 25%. Jlns cokpamieHus ITHHBI pa3dera Ha HEKOTOPBIX
THUIAaX CaMOJIETOB MIPU B3JIETE€ IPUMEHSIOTCS CTAPTOBbIE YCKOPUTEINH, MIPEICTABISIONINE COO0H
nsurarenu tuna XXPJI wim nopoxosie pakeTsl. OHU KpaTKOBpeMEHHO (B TeueHue 10 - 15 cek)
CO3/A0T JIONOJHUTEIbHYIO 3HAUNTEIbHON BEIMUUHBI TATY U TEM CaMbIM COKPAILAIOT JUIMHY U
Bpems pazdera. CKopocTh OTpbiBa camolieToB ¢ TP/l oT pexxnma paboThl peaK THBHBIX
JIBUTaTeJIeil He 3aBUCHUT, @ Y CAMOJIETOB C IIOPIIHEBBIMU ABUTaTENSIMU (M C TYPOOBHUHTOBBIMHU)
OHAa MOKET YMEHBIIATHCS 32 CYET yBEIHMUUBatomencs 23ppekTuBHOCTH 00YBKH HECYIITUX

MOBEPXHOCTEH CTPYEH OT BUHTOB, BCIENCTBHE Yero yBenmununBaercs Cymakc.

Bnusanue 63n1emnozo eeca Ha nnHe pa30era CKa3pIBaeTCs ABOSKO. YBEINYECHUE €TO MOBHIIIACT
CKOpOCTB OTpbIBA (HY)KHA 0OJIbINAs IIOABEMHAS CHJIA) U YMEHBINAETCS YCKOPEHUE (CaMoJieT
CTaHOBHUTCS WHEPTHEE U HECKOJIBKO TOBBIMIACTCS CONMPOTHBIIEHHUE). M TO U Ipyroe yBenn4nBaeT
JUTUHY pa3oera.

Bauanue cocmoanus nosepxnocmu apoopoma CBA3aHO C HATMUUEM CUIIBI TPEHUS KOJIEC O
MOBEPXHOCTD B3JIETHOM MOJIOCHL. [IpH phIXJIOM, MATKOM TPyHTE CHJIa TPEHUS BO3PACTAET, a
yckopsitomast cuna [P - (Q + P)] yMeHbIIIaeTcsi, B pe3y/ibTaTe Yero YMEHbBIIACTCS YCKOPEHHE, a
JHa pazoera yBennduBaetTcs. Cuiia TpeHus, BeipaxeHHas koddduimenTom Tpenus f, 3aBucur
OT Harpy3Kd Ha KOJIeca U COCTOSTHHSI TOBEPXHOCTH adpOpoMa.

Yem MeHblIe K0O3()PUIMEHT TPEHUS, TEM MEHbIIE cuiia TpeHus F, a yckopstomas cuia
BO3pAcTaeT, 4YTo0 COKpaliaeT JIHy pa3oera. [lo3ToMy nprMeHeHHe B3JIETHBIX MOJIOC C TBEPABIM
MOKPBITHEM SIBJIIETCS] OJHAM M3 CIIOCOO0B YMEHBIIIEHUS [UTHHBI pa3oera.

Bnuanue mexanuzayuu Kkpoina. llepen B3neToM Ha OOJIBITMHCTBE COBPEMEHHBIX CaMOJIETOB
BBIITYCKAIOTCS IIUTKH (MIJIM 3aKPBUIKH) BO B3JIETHOE TTOJIOKEHHUE, YTOOBI YBEITHUNTh
MaKCUMaJbHOE 3HaYeHue Kod(PHImeHTa mor-eMHOM CHIIBI cCaMoJIeTa.

Puc. 107 Bziem camonema c naxnonnou BITIT

[Ipu 3TOM mobeMHas cuiia, HeoOXoauMast ISl OTPbIBa, BO3HUKAET Ha MEHbIIeH ckopocTu. J{is
JOCTHKEHHS MEHbIIIEH CKOPOCTH TpeOyeTcsi M MeHbIlas JUIMHA pa3oera.

Bnuanue nanpasnenun u ckopocmu eempa. CKopoCTb, P KOTOPOH co31aeTcsi HE0OXoauMast
MOJAbEMHAs CHJIA, IPEJCTABIIAET COOOM CKOPOCTh camMoJieTa OTHOCUTEIHHO BO3AYIIHONW MAacCHI.
[Ipu BCcTpeyHOM BeTpe CKOPOCTh OTPBIBA CKIIAJBIBAETCS U3 CKOPOCTH CaMOJIeTa OTHOCUTEIHHO

3EMIJIN Vnyr U CKOPOCTH BETPaA .

V=V, +o. (7.11)
CrnenoBarenbHO, pa30er BHITOJHO COBEPIIATH MPOTUB BETPA, TAK KAaK B TOM ClIydae CKOPOCTh
BO3JlyXa OTHOCHUTENLHO caMoJieTa OyaeT O0Jblile, 4eM CKOPOCTh CaMOJIeTa OTHOCUTENILHO 3EMITH.
W oTphIB MPpOU30MJIET paHBIIIE.
[Ipu B3neTe Mo BeTpy AJMHA pa3dera yBeNTUYHBAETCS BBUIY TOTO, YTO BO3AYIIIHAS CKOPOCTh
CaMOJIETa B 3TOM CJIy4ac paBHA Pa3HOCTU MEK/Yy IIyTEBOKW CKOPOCTHIO U CKOPOCTBIO BETPA:

U=V, —O. (7.12)

[ToaToMy ¢ 11eNBI0 COKpaIeHUsl JUIMHBI pa30era camolieTa cTapT pa30uBarOT TakuM o0pa3oMm,
9TOOBI B3JIET COBEPIIIAJICS TIPOTUB BETPA.

Bauanue oaenenus u memnepamyput 6030yxa. OT BEIMUMHBI JABJICHUS U TEMIIEPATYPHI
aTMOoc(epHOTo BO3/ayXa 3aBUCAT CKOPOCTh OTPHIBA U CHJIA TSTU ABUTATENbHON ycTaHOBKHU. C
YMEHBIIEHUEM JIaBJICHUS YBEIIMUMBAETCSI CKOPOCTh OTPHIBA, a CUJIA TSATU YMEHBIIAETCS, YTO



BEJIET K YBEIMUCHUIO JUTMHBI pa3zoera. [Ipu yBennueHnn temreparypsl Hapy>KHOTO BO3/yXa
JUTMHA pa3dera yBeITU4MBACTCs, TaK KaK YBEITHMUMBACTCS CKOPOCTh OTPBIBA M YMEHBIIIAETCS CHUIIa
TATH. DTO IPOUCXOANUT U3-3a YMEHBILIEHUSI MAaCCOBOM IUIOTHOCTH P IIPU MOBBILIEHUN
temmneparypsl. s camoneroB ¢ TP/] MoxHO mpHOIMKEHHO CUMTATh, YTO MIPU OTKJIOHEHUH Ha
1° remnepaTypbl u3mensiercst Ha 1% umHa pasoera.

Haxkon B3setHo# nosocel. Eciu B3iteTHast mojioca uMeeT yrout HakiioHa O (Puc. 1074), To
yCKOpeHue Ha paz0ere OyJIeT OTIMYaThCs OT YCKOPEHUS IPU TOPU30HTAIBHOM pa30ere Ha

BCIIMYUHY g-sin 0, TOorga

lcp =lep,, £9-SINO. (713)

VYT0J1 HaKJIOHA TI0JIOCHI HA CKOPOCTh OTPBIBA HE BIMSIET M CKa3bIBACTCS TOJIBKO HA YCKOPEHUH,
CJIeIOBATENbHO, M Ha JITTUHE pa3oera.

BbIJEP’)KUBAHUE CAMOJIETA

Butoepircusanue. JxoHOMIUECKAs CKOPOCTh HE 1aeT ObICTPOro MOJbeMa, KpPOME TOTO, OHA
ABJISICTCSA FpaHHHCﬁ MCKY UHTEPBAJIaMU IIEPBLIX U BTOPBIX PEKUMOB, U ITO3TOMY IMOABEM C
3TOM CKOPOCTBIO Ha MaJloil BbicoTe onaceH. Ciie10BaTeNbHO, Cpasy ke MOocie OTPbIBA OT 3EMJIU
HAa4YMHATH [IOIbEM HE CIIEAYET, a HE0OXO0UMO MPeIBAPUTENBLHO HAOpaTh CKOPOCTb, T. €.
HEO00XOIMMO BBIICPKUBAHUE TSI TalTbHEUIIEro pa3roHa ckopocTu. C 3To 1enbio mociie OTphIBa
JIETYMK BBIJIEPKUBACT CAMOJIET HaJ 3€MJIEH C MEJICHHBIM OTX0JIOM OT HEe.

INOABEM CAMOJIETA

Iloovem. Kax yxe TOBOPHIIOCH BBIIIIE, BBIICPKUBAHUE CAMOJIETA HAJ 3€MJIE UMEET 1IENb
YBEJIMYEHHUSI CKOPOCTH T0JIETa J0 BEIMUMHBI, HE0OXO0UMOM /U1 6€301acHOro U ObICTPOTO
MoabeEMA.

[Toapem camosieTa HEOOXOAMMO OCYIIECTBIISATH Ha CKOPOCTH He MeHee 170 km/4 a1 camoseTa
SIx-52 u 150 km/4 - mia camoltera Sk-55.

B neTtHoi1 mpakTHKe MHOTA BBIAECPKUBAIOT CAMOJIET HAJI 3€MJIEH 0 HECKOJIBKO MEHBIIIEH
CKOPOCTH MOIhEMa, YMEHBIIIAs PX 3TOM 3Tall BBIACPKUBAHUS, U TIEPEBOISAT CAMOJIET Ha
MOJIOTUH TIOIBEM, BO BPEMsI KOTOPOTO CKOPOCTh BO3PACTAET JI0 B3JIETHOM, M TOJIHKO TOCIIE ATOTO
JIETYMK YCTAaHABJIMBACT HOPMAJIBHBIN YTrOJI MOJbeMa.

OnHako cieayeT HOMHHUTB, 4TO, TIEPEBOIS CAMOJIET HA MOIBEM IIPH CKOPOCTH 3HAYUTEIIHHO
MEHBIIICH, YEM B3JICTHAs, JICTUUK 3aMEIJISIET PA3roH U, TJIaBHOE, OyAeT yIpaBisTh CAaMOJIETOM Ha
pexuMe, OJIM3KOM K IPaHHIIe BTOPHIX P&KUMOB. [109TOMY B mepBbIe CEKYH/IBI ITOThEMa 3arac
CKOPOCTH MaJl, YTO MOTPEOyeT OT JETYUKA YCUIICHHOTO BHUMAaHUS U O€3yIIPEYHOTO
MMAJIOTUPOBAHMSL.

B3JIETHAA JUCTAHLIUA

[IyTs, mpoxomuMBIii caMOJIeTOM OT Havaja pazbera /10 Mecta Habopa BBICOTHI 25 M, Ha3bIBa€TCSA B3JIETHOU
JVCTAHIUEH.
Banernas JUCTAaHIOMUA BKIIFOYACT B cebs AJINHY pasGera n BO3,I[y1HHBII71 Y4aCTOK IIYTH OT MCECTa
OTpbIBa JI0 MecTa HAbOpa BHICOTHI 25 M.
Z[J'II/IHa BO3AYHIHOI'O Y49aCTKa 3aBUCUT OT CPCAHCTO YyI'jla HAKJIOHA 3TOr'0 y4aCTKa

3
R 7 (7.14)

Uewm MeHbIIIE YTOJI MObeMa, TeM OOJIbIIE BO3AYIIHBIN Y4acTOK, TEM OOJIbIIE U B3JIE€THAS
MUACTAHIIUA.

[Tocne otpriBa Ha camosierax ¢ TP/l Ha BO3AyIIHOM ydacTKe IPOU3BOAUTCS BBIICPKUBAHUE C
MOCTETIEHHBIM OTXOJ0M OT 3eMJIU B pa3rOHOM ckopocTh. HabpaB HY»XHYIO CKOPOCTb, JTETUUK
MIEPEBOJIUT CAMOJIET B HA0OP BBICOTHI, KOTOPBIN OTIIMYAETCS OT BBIAEPIKUBAHUS O0JIee KpyToi

L



TpaekTopueil. Bece nBmxenne ot Hayana pas0era npeacTaBisieT cOOOH pa3roH, KOTOPBIA TpedyeT
n30BITKA TSTH, T. €. YCKOpstoUIel cuiibl. Ha BO3IyIITHOM y4acTKe 3Ta cujla OnpeesseTcs mno
dbopmyie

Ryck =P—-Q—G-sing, (7.15)

rae 0 - yron nabopa.

B3JIET C BOKOBbIM BETPOM

Hanudre 60KOBOTO BeTpa yXy/IMIAET B3ICTHBIC XapPAKTEPUCTUKU CAMOJIETA M YCIOKHSIET
TEXHUKY €T0 BBIIOJHCHUS, TAK KaK HECHMMETPHYHOE 0OTEKaHNE KPbLIa CO3/1aeT Pa3HOCTD B
BEJIMYMHE TI0TbEMHBIX CHJI TPABOTO U JICBOTO TIOJIy KPBUIbEB. B pesynbrare moydaercs
HaKpeHeHHe camoJieTa Ha pa3bere M CHOC M0 BETPY MOCIe OTPbIBa OT 3eMin. HecummeTpuuHoe
e 00TeKaHNe BEPTUKAIBLHOTO OTEpeHusI U (Dro3ersika co3aeT pa3BOpayHBarONIil MOMEHT
npotus Betpa (Puc. 108).

MX KPEHRL,.

| Y AT AT T BT
Na

Ny

Puc. 108 Bzrem camonema c 60Ko6vim 6empom

[Tpu pazbere KpeHSIMI MOMEHT OT OOKOBOTO BeTpa Oy/IeT CO3/1aBaTh pa3HYIO Harpy3Ky Ha
KoJieca maccH. Y 0oJiee Harpy>keHHOTO KoJjieca Ooblineit OyeT U cujia TPeHHsI, KoTopasi HAYHET
pa3BOpavYMBaTH CAMOJIET 10 BETPY.

OnHako pa3BOPaYMBAIONINI MOMEHT OT OOKOBBIX CHJI (DFO3EJISDKA M OTIEPSHHUS TI0 BEINYHHE
3HAYUTEIBHO MPEBOCXOINT PA3BOPAYMBAIOIINNA MOMEHT OT Pa3HOCTH B TIOJJbEMHBIX CHIIAX
KpBbLJIa, B Pe3yJIbTaTe 4Yero caMoJieT Oy/IeT pa3BOpaYuBaThCsl MPOTUB BeTpa. [ ycTpaHeHHs
pa3BopoTa camosieTa MpH pa3dere JETYNK MCIIOJIb3YeT 3JICPOHBI U PYIIb HarnpasieHus. OxHaKo
uX d3QPEKTUBHOCTH B Havaje pazdera Majia U BO3PacTaeT C YBEIUYCHUEM CKOPOCTH, TIOATOMY B
Havasie pa30dera nmapupoBaTh pa3BopoT TpyaHee. OUeBHIHO, YTO U BEIMYMHA OTKIOHCHHS PyJIei
IUTsL IPEAYTIPEXICHHS pa3BopoTa OyneT OoJibllie B Havaie pa30era, a 3aTeM 1o Mepe Habopa
CaMOJIETOM CKOPOCTH OTKJIOHEHHE PYJICH YMEHBIIAIOT, TaK KaK OHH CTAHOBSATCS (P (PEKTHBHEE.
[TosToMy mpu B3ieTe ¢ GOKOBBIM BETPOM OCHOBHOE BHUMAaHHE JICTUYMKA JIOJHKHO OBITH
COCPEIOTOYCHO Ha HEJIOMYIICHUU KPEHOB M COOIOJICHUH MTPSIMOJIMHEHHOCTH pasoera. Jlis
ATOTO HEOOXOJMMO:

- JUISl yMEHBIIICHUS KPEHSIIIEr0 MOMEHTA BO BpeMs pa30era OTKIOHSATh PYYKY YIIPaBJICHUS
MIPOTHB HAIIPABIICHHS BETPA, a IS MPEAYIPEKICHHS Pa3BOPOTA CAMOJIETa OTKIIOHHUTD PYJIb
HaIpaBJICHUs 110 BETPY (BETEp ClipaBa - JaTh JIEBYIO HOTY);

- 110 Mepe YBEIMUEHHS CKOPOCTH Ha pa30ere v MoBbIIeHUS 3()(HEKTUBHOCTH JICPOHOB U PYJIsI
HATPABJICHUS YrOJl UX OTKIOHCHHUS CJICAYET MOCTEIICHHO YMEHBIIATh C TAKMM PacyeToOM, YTOOBI
COXPaHUTH 3aJIaHHOE HaNpaBlIEHUE B3JIETa U TPOU3BECTH OTPBIB caMoJlieTa 0e3 KpeHa;

- OTPBIB caMoJIeTa MPOU3BOIUTH HA HECKOJIBKO YBEIHMUEHHOUM cKopocTH (Ha 5-10 kM/u), HE
JIOTTyCcKasi MOBTOPHOTO KacaHUs caMoJieTa KoJiecaMH 3eMJIM BO U30ekaHne O0KOBOTO yaapa
IIIACCH O 3EMITIO;

- mocie oTpeiBa camosiera ot BIIIT 6opb0y co cHocoM A0 BEICOTHI S0 M BECTH CO3/ITaHUEM KpEeHa
MIPOTUB BETPa U OTKIOHEHUEM PYJIsl HAMPaBIEHUS 110 BETPY; € BBICOTH 50 M 60pb0y CO CHOCOM
BECTH YIJIOM YIIPEKICHUSI.



B3JIET ASPOIIOE3A

B3sner asponoesna, cocrosimiero u3 camoseTa-0ykCHpOBIIMKa U TUIaHepa (WK TIJIaHEPOB),
XapaKTCpU3yeTCda TCM, YTO U3 ABYX WA 60.]166 JICTATCIIbHBIX allllapaToB, B3JICTAOIIHNX B OATHOM
a’porioe3ie, TOJbKO OJNH U3 HUX UMEET JIBUTAaTeIbHYIO0 YCTaHOBKY, co3aatoilyto Tiary (Puc.
109). IIporiecc B3eTa adpOTNOE3/1a YCIOKHSICTCS TEM, YTO YMEHBIIACTCS 00IIast
TATOBOOPYKEHHOCTb, YBEITMUUBACTCSI CYMMapPHOE COMPOTHUBJICHHE, B PE3YJIHTATE YETO
YCKOpEHHUE Ha pa30ere yMeHbIaeTCsl.

CocraBuM ypaBHEHHUE JIBIKEHHS a3poToe3/ia BJOIb OCH X.

G, .
Px-Qc-Fc-Q,, - F,, =—*i,
g9

riae Ga=GCc+G,yy - cyMMapHBI BeC adporoe3a;
Fc Frr - cuna Tpenust konec camolieTa U IUIaHepa O 3eMITIO;

Qc, Qnx - 10OOBOE COMPOTHBIICHUE CAMOJIETa U TUTAHEPA,
Px - Tara, pa3BuBaemas IBUraTesIbHON YCTAaHOBKOW caMoJieTa-0yKCHPOBILIUKA

(7.16)

Puc. 109 Bznem asponoesoa

W3 ypaBuenus (7.3) Haliiem yckopeHue Ha pazoere
Py _(Q+ F)c _(Q"' F)Hﬂ

Iy = :
G, (7.17)

N3 ananmu3a GopMysbl MOXKHO ClIeaTh CIEIYIOIINE BHIBOIBI:
- TATOBOOPY)KCHHOCTh a3pOTIOe3/1a MEHBIIIE BCIICICTBUE YBEIUUCHHUS CYMMapHOTO Beca IIPH
HEN3MEHHOM CHIIE TATH,
- YCKOPSIOIIasi CHIIa JOTIOTHUTEILHO yMeHbIaeTcst Ha Benuuuny (Q+F),,,.
Bce 310 mpuBOAMT K TOMY, YTO a3pOIOE3/] [0 CPABHEHUIO C OJJMHOYHBIM CaMOJIETOM OyJIeT
MMETh MCHbIIIEE YCKOPEHHUE Ha pa3dere. Y MEHbIIICHNE YCKOPEHHS OTPA3UTCS Ha JUTMHE pa3oera,
KOTOpas coriacHo Gopmyiie

, OyneTt Bo3pacTath.
JleTunk CaMOJ'IeTa-6YKCI/IpOBH_[I/IKa JOJI’KCH 3HaThb 0COOEHHOCTH B3JIETA adpoIioc3ga U yUIuTbIiBaTb
HUX IIPH I10JICTAX.

CKOPOCTb OTPbIBA

CKOpOCTh, KOTOPYIO CaMOIleT AODKEH MMETh Ui oOecreueHrs 0e30macHOro OTAEICHUS caMojeTra OT
3€MJIM, Ha3bIBA€TCS CKOPOCTBIO OTPEBIBA.
CkopocTb, IpU KOTOPOM CaMOJIET YK€ MOXKET JIETeTh, €CTh MUHUMAJIbHAs! CKOPOCTb,
COOTBETCTBYIOIIAsi KPUTHUECKOMY YTJIy aTakH, Korjga KodhGUIHeHT noabeMHon cuiibl Cy
JTOCTUTHET MaKCHMyMa.
Bcnencrsue Toro, 4to 3/1€Ch CaMoJIeT HEYCTOWYMB U TUIOXO YIPaBIIsIeM, OTPBIB TPOU3BOIUTCS HA
CKOPOCTH 00JIbIIIE MUHUMAaNbHOU Npuban3uTensHo Ha 15% (Votp==1,15 VMun). [{ns camonera
Sx-52 VmMun==104 km/4, ckopocTb oTpbiBa VoTp=—=120 km/4, a5 Sk-55 VMuu==80 xm/4,
ckopocTh oTpbiBa VoTp==100 km/4.
B MOMEHT oTpbIBa HOpMaJIbHAs peakiys 3eMJIM paBHa HYJIIO0, [I0ATOMY YCIIOBHE OTpbIBa OyaeT
UMETh BUJ
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U3 popmyast (7.19) BUIHO, 4TO CKOPOCTH OTPHIBA TEM OOJIBIIE, S YeM GOJIBINE yAEIbHAS
Harpyska Ha KpbUIO - ¥ Y€M MEHBIIIE TUIOTHOCTh BO3AyXa M KOA(M(GHUIIMEHT TOIbEMHON CHIIBI IPU
OTpBIBE.

[InoTHOCTH BO3/1yXa onpezensercss aTMOC()EepHBIMU YCIOBHUSIMHU U 3aBUCHUT OT BBICOTHI
PacMoJIOKEHUs a3pOIPOMa HaJl YypPOBHEM MOPAI.

JleToM IJIOTHOCTH BO3/yXa MEHbIIE, CIIEA0BATEIBHO, 1 CKOPOCTh OTPhIBA OOJIBIIE, YEM 3UMOM.
Ha BbICOKOTOpHOM a’3poipoMe MIOTHOCTh BO3/lyXa MEHbIIIE, IO3TOMY CKOPOCTh OTPhIBA 3/1€Ch
00JIbIIIe, YEM Ha a3pOJIPOME, PACIIONIOKEHHOM Ha YPOBHE MODAL.

Bennunna Cyorp onpeziensieTcsi 1o 3HaY€HHUIO B3JIETHOTO yrjla aTaky, Ha KOTOPOM IMPOUCXOAUT
OTPBIB, C YYETOM BIUSHUS OJU30CTH 3eMJIM. Tak Kak B3JIETHBINA yroJl aTaku MEHbIIIE
kputuaeckoro, To Cyorp < Cy,makc IpuMepHO Ha 15%.

[Ipu B3neTHOM yrile aTaku KOA(POUIUEHT MOABEMHOM CHUJIBI C YIETOM BIIMSIHUS 36MHON
MOBEPXHOCTHU COCTABIIAIOT AJis camodieta - SAk-52 Cyorp = 1,26 npu ckopoctu oTpbiBa Vorp=120
KM/4 1 aiis camodieta - AAk-55 Cyorp = 1,3 npu ckopoctu oTpbiBa Votp = 100 km/u.

B/IMSAHUE BETPA HA B3JIET CAMOJIETA

Baner camouera, kak mpaBUIIO, BBITIOJIHSETCS MPOTUB BETPA, TaK KaK BCTPEUHBIN BETEP
COKpaIaeT paz0er 1 B3JIETHYIO JUCTAHILIUIO U 00JIeryaeT yIpaBiIeHUE CAaMOJIETOM.

Cxkopocts oTpbiBa camoseta Ak-55 cocraBnser Vorp = 100 km/4, a camosera k-52 = 120 km/4.
DTO0 3HAYUT, YTO KPbUIbsSI CAMOJIETOB OyyT 00AyBaThCSl BCTPEUHBIM ITOTOKOM C
COOTBETCTBYIOIIMMHU CKOPOCTSIMHU, Ha 3THUX CKOPOCTSIX OIbEMHAs CHJIa YPaBHOBECHUT BEC
caMoJieTa, KOTOPbIN B JaHHBIA MOMEHT OTOPBETCS OT 3€MJIH.

PaccmoTpumM B3neT camoseta npu BctpeuHoM Betpe U=36 km/4. DT0 3HAUUT, UTO KOTJa CaMOJIET
CTOUT Ha CTapTe, TO OH YK€ 00/lyBaeTCsl BCTPEYHBIM TOTOKOM BO3JlyXa CO CKOPOCTHIO 36 KM/u.
Tak kak /U1 OTpBIBA camMoJieTa OT 3eMJIM HeoO0xouma ckopocTh VoTp = 100 km/g (Ak-55)
Vorp =120 xm/4 (SIk-52), T0, CiieroBaTeIbLHO, HE XBATA€T CKOPOCTH IS camoJieTa Sk-55,
paBHoii paznoctu (100-36=64 km/4), nus SIk-52-(120-36=84 km/4). Takum 0Opazom, rpu
pazbere MpOTUB BETpa caMoJIET OTOPBETCA YK€ B TOT MOMEHT, KOTJIa €r0 CKOPOCTh
OTHOCHUTEINILHO 3eMJIU OYAET COCTaBIATh 64 kKM/4 Ams camouieta SIk-55 u 84 km/9 - ans Sk 52.
[Ipu B37EeTE C MOMYTHBIM BETPOM KapTHHA Oyner oOpaTHas. Korjga camoieT JOCTUTHET CKOPOCTH
36 KM/4 OTHOCHTETBHO 3€MJIM, TO OTHOCUTEILHO BO3YIITHOTO IMOTOKA €r0 CKOPOCTh Oy/IeT paBHA
nynio (V=0). A Tak kak s oTpbIiBa HeoOxoauma ckopoctb VOTPp = 100 km/u (Sk-52) u Votp =
120 xm/4a (SIk-55), TO caMOJIeT IOJDKEH YBEIHMUHUBATH CKOPOCTh, M MO3TOMY €r0 CKOPOCTh
OTHOCHUTeNbHO 3emun OyzaeT paBHa (100+36=136 km/4) ans camoneta Ak-55 u (120+36=156
Km/9) -1t SIk-52.

dopmyna UTMHBI pa3dera ¢ yueToM MOMyTHOTO WM BCTPEYHOTO BETpa OyAeT UMETh BUT

(VOTP iU )

2MX cp (7.20)

LOTP -

TAC 3HAK MUHYC TOBOPUT O TOM, UTO B3JICT IIPOU3BOAUTCA IIPOTUB BETPA.



Kak BugHO U3 3a1a4m, JyinHa pa3dera MpoTHB BETpa MEHbIIE, YeM 110 BeTpy. ymHa 1pyrux
9TAIlOB B3JICTHOM JUCTAHLUU IIPU B3JIETE IIPOTUB BETPA TOKE YMEHBIAET IIyTEBYIO0 CKOPOCTh

CaMoJICTa, a BO BTOPOM - YBCJIIMYHMBACT.

[Tpu B31I€TE IPOTHB BETPA CAMOJIET JIyUllle YIIPABISAETCS, YeM IIpU OE3BETPHH, TaK KaK y)Ke B
caMOM HayaJie pa3dera 001yBaeTCsl BCTPEUHBIM BO3AYIIHBIM [TOTOKOM.

[Tpu B31IETE MO BETpY, HAOOOPOT, B HAUaje pa3dera caMoJIeT IJIOXO CIYIIAETCs PyJIeH, Tak KakK
00yB BCTPEYHBIM MOTOKOM HAaUYWHAETCS JIUIIH CIYCTSI HEKOTOPOE BpeMs TIOciIe Hadana pasbera
(Kor/1a CKOPOCTH IBIYKEHHS CaMOJIeTa 110 3€MJIE CTAaHET PaBHOM MITM 0OJIbIIIE CKOPOCTH BETPA).
Kpome toro, nomyTHsIi BeTep ocnabdiseT 3 ekt 00MyBKH pynei cTpyEil OT BO3AYIITHOTO BUHTA
710 TeX TOP, IOKAa CKOPOCTh CaMoJIeTa IOCTATOYHO HE BO3PACTET. ITO 0OCTOSATENBCTBO, a
TJIaBHBIM 00pa3oM yBEJIMYEHHUE JUTHHBI pa3z0era, MPUBOAUT K HETIPUTOTHOCTH B3JIETA 110 BETPY, a
WHOT/Ia ¥ onacHbIM. [109TOMY B3IIeT HEOOXOAMMO OCYIIECTBIISITH POTUB BETPA, OCOOCHHO €CIH
BETEP CUJIbHBIM.



B3JIET CAMOJIETA k-52 ITPU BOKOBOM BETPE

Ha camonere SIx-52 B3ner mpu 00KOBO# cocTaBistonieli Berpa 6onee 6 mM/c (ox yrimom 90°) 3amperiaercst.

BokoBoii BeTep 2 M/C He BBI3BIBACT OCJIOKHEHUI B TEXHUKE BBIMOIHEHUS B3ieTa. [Ipu 6oxoBoM
BeTpe OoJiee 2 M/C BBITIOJIHEHUE B3JIE€Ta HIMEET HEKOTOPBIE OCOOCHHOCTH U TpedyeT
MOBBIIIEHHOTO BHUMAHHUS, CBOEBPEMEHHBIX U MPABUIIbHBIX IEHCTBUI CO CTOPOHBI JIETUHKA.

[Tpu 6okoBOM BeTpe BO BpeMsi pa3dera caMoJIeT UCTIBITHIBAET OOKOBOE AAaBIICHHE, T. €. JBUXKETCS

OTHOCHTEJIBHO BO3YLIHOTO IIOTOKA CO CKOJIBXEHHEM. YTOJI CKOJIbKeHUs 00o3Havdaercs 3 (Puc.
110).
B pesynbraTe neficTBus OOKOBOIO JaBJIEHUS HA CAaMOJIET JEMCTBYeT OOKOBask a’poiMHaAMUYecKas

cuna Zg n kpeHsumit MoMmeHT Myp(Mxp).
Boxogas cuna Zg nmpuiioskeHa B 00KOBOM (pokyce camorieTa mo3aau neHrpa tsoxectu. OHa
CTPEMUTCSI HCKPUBUTH TPAEKTOPHIO IBUKEHUS (TI0 BETPY) U CO3/1AET MyTeBOW MOMEHT My,

Pa3BOPAYMBAIOIINI CAMOJIET HABCTPEUY BETPY.

PazHble cuibl TpeHUs JIEBOTO U IIPABOTO KOJIEC CO3AAI0T MyTeBo MOMEHT My,. B nanHOM
ciaydae Frp >Frpy, 3a cuer MomenTa kpena Mxg. MomenT MYy, HarmpaBiieH B
IPOTUBOMIOJIOKHYIO CTOpOHY MOMeHTY Mxp. IIpu pasbere Mxg > My, ipuueM nmpu
YBEIMYEHUH CKOPOCTH Mxp pacteT, @ Myr, YMEHBIIAETCS M CaMOJIET BCE CUJIbHEE CTPEMUTCS
pa3BEPHYTHCS MPOTUB BETPA.

Crpemienue caMoJieTa pa3BEpPHYThHCS IPOTUB BETPaA JIETUUK ITAPUPYET B NIEPBOY MTOJIOBUHE
pasbera pa3aebHBIM TOPMOKEHUEM
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Puc. 110 Cxema cun, deiicmeyrouwgux na camonem Ak-52 npu pazoeze ¢ 60K06bim 6empom



Puc. 111 Cxema cun, delicmeyloujux Ha camonem npu YyCMPaHeHuu CHOCA CKObICEHUEM KOJ1eC, d 80 6MOPOIL
nonogune pazoeza - OMKIOHEHUEM PYJisi HANPABIEHUA

Kpensimiee Bo3neiicTBue O0KOBOro BeTpa JIETUYMK NapupyeT OTKIIOHEHHEM PYUKH YIIPaBJICHUS
(271€pOHOB) B Ty CTOPOHY, OTKYZa yeT BeTep. OTKIOHEHHE 3JI€POHOB CO3/aeT MMyTeBOH MOMEHT
3a CYET pa3HbIX JOOOBBIX COMPOTUBICHUN NOTYKPHUILEB, KOTOPBIM MOMOTaeT MOMEHTY OT PYJIs
HanpasiieHus. [1o Mepe yBennyeHusi CKOpOCTH U NOBBILIEHUS 3()()EKTUBHOCTHU AIIEPOHOB pyUKa
yIpaBieHUs BO3BpAIaeTCsl K HEUTPaIbHOMY MOJI0KEHUIO (BO n30exkaHne 0T3bIBa CaMOJIETa C
OJTHOTO KoJieca).

bokosaa aspoounamuueckan cuna Zg Ha pazdere 4aCTUYHO ypaBHOBEUINBAETCS OOKOBOM
CHJIOM peakluu TpeHust Kosec ZN, .a IpU OTKIOHEHUH JIETYMKOM PYJIsl HAIIPaBJICHUS JUIs

MaprpOBaHUS Pa3BOPOTa caMoJieTa enle u cuiior Zk. [1o Mepe yBenmndeHHus CKopocTh Zg pacTer,
a Zk ymenbmaetcs (Zx. =Zi+Zp)-

JIBrKeHHE caMoJieTa TIpy pa3dere OyIeT COXpaHAThCS MPAMOJUHEHHBIM 70 TEX TOp, MOKa ¢
POCTOM CKOPOCTH OOKOBasi a9pOIMHAMHYECKAs CHJIa HE JJOCTUTHET MAaKCHUMAJIbHOTO 3HAYCHUS
OOKOBOM CHJIBI KOJIEC.

Ckopoctb pa3dera, COOTBETCTBYIOIIAsl paBEHCTBY Zg = ZKmakc HA3bIBACTCS CKOPOCHIbIO
cKkonvacenusn. [ s pazdera 6e3 cHOca CKOPOCTbh CKOJILKEHUS JOJDKHA OBITH 00JIbIIIE CKOPOCTH
OTpBIBA, TaK KaK MPHU MOIbEME MEPEIHEr0o Kojleca U YBEJIMUYEHUH yIila aTaki CKOPOCTh
CKOJIbXKEHUS pe3ko nanaeT. [1pu 3HaunTennbHOM 60KOBOM BeTpe (3...5 M/c) 11enecoodpa3Ho
nepeaHee KoJieco MoAHUMaTh He Ha ckopocTu 90 kM/4, a Ha ckopocTt 105...110 km/4.

[Tocne oTppiBa CHOC caMoJIeTa YCTPAHIETCS CO3JaHHEM CKOJIbKEHUS B CTOPOHY, OTKY/a IyeT

Betep (Puc. 111). Kpen Boiep:KuBaeTCs TaKuM, 4TOObI moracuth cHoc (YSiny +Zy-Z 5 = 0).
CtpemiieHHE caMoJieTa K pa3BOpOTy MapupoOBaTh HAKMMOM Ha TIe/Ia)Ib, IPOTUBOTIOIO0KHBIM
kpeny (My p-My, = 0).

Ilocne y6opku maccu (¢ BeicoThl 30 M) CHOC camolsieTa KOMIIEHCHPYETCsl BBEJCHHEM IIONPAaBKH HA KypcC, pPaBHON
BEJIMYMHE yIJla CHOCA.

CXEMA CUJI U YPABHEHUSA IBU/KEHUA HA
PA3/IMYHBIX DOTAIIAX B3JIETA

[Ipu pazbere Ha caMOJET NEHCTBYIOT adPOJUHAMHYECKUE CUIIBL:
- MOJJbeMHas CUJIa Kpblia Y,

- cuJia JI0O0BOTO COMPOTUBIEHHS X;

- Bec camoutera G;

- CUJIa TATY CUJIOBOM YCTaHOBKH P;



- HopManbHas peakuust 3eMiau N=N;+Ny;

- CHJIa TPEHHS KOJieC 0 3eMHYI0 moBepxHocTh F=F;1+F; (Puc. 112).

Kak yxe roBopuiiock panee, B a3poIMHAMUKE U JMHAMUKE MOJIETa CaMOJIETa PacCCMAaTPUBACTCS
JBUKCHHE [IEHTPA TSHKECTH OTHOCUTENIBHO BHEIIHEH Cpe/Ibl U JBM)KCHHUE YacTel caMosieTa
BOKpYT IICHTpA TSDKECTU. B TaHHOM cilydae pacCMOTPUM JABIKECHHUE IICHTPA TSHKECTH.
YpaBHCHHSI IBIKEHUS IICHTPA TSDKECTU CaMoJjIeTa IpH pa30ere UMEIOT BUL:

Ycnosue pasrona

Puc. 112 Cxema cun, oeiicmeyrouwux na camonem Ak-55 (a) u camonem Ak-52 (6) na e3neme

YCJIOBHE TIPSIMOJIMHEWHOTO pa3roHa
Y+N-G=0. (7.22)
B ypaBuenuu (7.21) cuna Taru g0mkHA OBITH OOJIBIIIE IOOOBOTO COMTPOTHUBIICHUS M CHITBI TPEHUS
G

KOJIeC BMECTE B3AThIX MJIM MPOM3BEIEHHE Macchl - 9 - Ha IPUPOCT CKOPOCTH JIOJIKHO OBITH
oospie Hy 5. B ypaBHenuu (7.22) Bec camoieTa J0/DKEH ObITh paBEH CyMME IO THEMHOM CHITBI
1 peakiuy 3emii. CHITy TSTH CIIEAYET CUNTATh HAIIPaBJICHHOM 10 CKOpOCTH ABMKeHHs. Criry
TPEHUsI OTIPEIICIIAIOT Yepe3 HopMasbHYI0 peakiiio N u kodddurment tperus f

F=Nf. (7.23)

Kosddunuent tpenus f mpu paszdere na kosecax o 6eronnoit BIIII pasen 0,03...0,05, a mo
TpaBssHUCTOMY TpyHTY - 0,1...0,12.

[To Mepe yBenMueHHsI CKOPOCTH TIOJIETa TIOITbEMHAsI CHJIa PAcTEeT, & HOPMallbHAsl PEaKIIUs 3eMIIU
yMeHbIaercs. Korna nmoabemMHast cuiia CTAaHOBUTCS PABHOM BeCy caMoJIeTa, TO OH OTPBIBACTCS OT
3EMJTH.

Ha stamax pa3roHa u rmojabemMa Ha caMoJIeT JCUCTBYIOT CIIEAYIOIINE CHIIBL: MTOIbeMHas chiia Y,
Bec camouteta G; cua Tsru P (Puc. 112).

YpaBHEHHUsI IBIKEHUS [IEHTPA TSHKECTH caMoJjieTa IPU pa3roHe ¢ NOIbeMOM UMEIOT BUJI:
yCJIOBHE Pa3roHa

P-X —Gsinezgd—v>0;
g dt (7.24):
YCJ'IOBI/IC HpﬂMOJ’IHHCﬁHOCTH I10JICTAa

Y-Gcos & =0. (7.25)
B ypaBHenuu (7.24) tsra apurartens P jomkHa ObITh 00JIbIe CyMMBI JOOOBOTO CONPOTUBIICHUS
U COCTaBJISAIOLIECH CHIIBI Beca caMoJieTa, a B ypaBHeHHH (7.25) -nobeMHas cuiia Y JOJDKHA ObITh

paBHa cocTapJsonleii Beca camonera G cos 0.
VYpasuenus nmwxeHus (7.24) u (7.25) moka3pIBaroOT, YTO CAMOJIET IBUKETCS MPSIMOIMHEHHO

(Y=Gcos?) u ¢ yckopernem. YckopeHue paBHO
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I[EP'ICTBI/I}I JETUYUUKA II1PU B3JIETE HA CAMOJIETE
Ax-52

[lepen BEIpyIMBaHUEM CO CTOSIHKH ITPOBEPUTH pabOTY ABUTATENSI U 000PYAOBAaHUS CAMOJIETA.
3anpocuTh paspelieHue Ha BeipynuBaHue. [lonyuus ero, mpoBepuTh paboTy TOPMO30B H,
yOeaMBIINCH, YTO PYJICHUIO HUYTO HE MEIIAET, OTIYCTHTh TOPMO3a M YBEITMIUTH 00OOPOTHI
JIBUTATENsl HACTOJIBKO, YTOOBI CaMOJIET Havyall JBIKEeHHE. Bo Bpems pysieHust TopMo3aMHu
CJIEIyeT T0JIb30BAThCS MJIaBHO, HAXKUMAs Ha TallleTKy TOPMO30B UMITYJIbCUBHBIMU JIBUKEHUSIMH.
[Ipu pyneHun caMojeT CTpPEMUTCS Pa3BEPHYTHCS BIIPABO 3a CUET AEHCTBUS peakLuu
BO3JIyLIIHOTO BUHTA. DTO CTPEMIIEHUE TapupyeTCsl OTKIIOHEHUEM PYJIsl HallpaBJIEHUS BIIEBO.
[lepen BbIpy/IMBaHUEM Ha JIMHUIO MIPEIBAPUTEIIHLHOTO CTaApTa OCMOTPETh MPOCTPAHCTBO BIIEPEH,
CJIeBa U CIIpaBa. 3alpOCHUTh Y PyKOBOJIUTEIS MOJIETOB pa3pelieHne 3aHATh IPeIBapUTENbHBIN
cTapT. Jlagee ocMOTpeTh MPOCTPAHCTBO B TOM e MOCIIEI0BATENLHOCTH, 3alIPOCUTh pa3pellieHue,
3aHSTh UCIIOJIHUTENbHBIN cTapT. [lonyunB paspenieHue, BRIPYIUTh Ha B3JIETHYIO MOJIOCY,
npopysath 10...15 M 17151 ycTaHOBIIEHHS IEPEHETO KOJIeca N0 JUHUM B3siera. HaxaTe Ha
rameTKy TopmMo30B. [IpoBepuTh MPaBUILHOCTh YCTAHOBKH TPUMMEPA PYJIsl BRICOTHI, TOKAa3aHUS
AT'U-1K, pagnoxommaca APK-15M u no 'MK - kypc (kypc n07KeH COOTBETCTBOBATh
B3JICTHOMY).

[TIpoBeputh cTOOPEHNE MPUBSI3HBIX PEMHEN. 3alIPOCUTh pa3pelieHue Ha B3jeT. [lomyuus
paspellieHre Ha B3JIET, IUIABHO YBEITUYUTH 000POTHI JBUTATENS U OTIYCTUTh TOPMO3a, HA4aTh
pasoer.

B nepBoii monoBuHe pazbera, korna 3hHEKTUBHOCTD Py HAIpaBJICHUS MaJa,
MPSIMOJIMHEHHOCTD ABM)KEHHUS CaMOJIeTa BBIJEPKUBAThH C TOMOIIBI0 TOPMO30B OCHOBHBIX KOJIEC
(KOPOTKHUMU UMITYJIbCAMH), BO BTOPOH MOJIOBUHE (IO TOCTHKEHUIO CKOPOCTH 60 KM/4) - ¢
MTOMOIIBIO PYJIS HAIIPaBJICHHUS.

Pyuky ynpaBneHus 10 Hauana mojabeMa NepeHero KoJjieca AepKaTh B HEHTpaIbHOM
MOJIOKEHUH.

[Ipu noctmwxkenuun ckopoct 90 KM/4 IUIaBHBIM JIBHXKEHUEM PYYKH YIpPaBJIEeHUS Ha ceOsl MOIHATh
nepeHee KoJyieco /10 B3aeTHOTo nojosxkeHus (10...15 cMm oT 3eMin) 1 COXpaHATh 3TO MOJOKEHUE
JI0 OTpPbIBA CaMOJIETa OT 3eMJIU.

Camouter Ha pa30ere cTpeMHUTCS OTKJIOHUTHCS BIIPABO, UTO MAPUPYETCS OTKIOHEHHUEM JIEBOU
neaany.

OTpBIB camoJieTa MTPOUCXOIUT IIJIABHO IIPH CKOPOCTH ToJieTa, papHoU 120 km/4 o mpubopy.
[Tocne oTppiBa caMoIeT HE UMEET TEHICHIIMU K B3MBIBAHUIO U CBAJIMBAHUIO HA KPBLJIO, PYJIU U
3epoHbI 3PPEKTUBHBI.

[Tocne oTpeiBa MepeBECTH B3IIIA HAa 3eMITIO (BJIEBO OT MPOJIOJILHOM OCH CaMOJIeTa MOJT yIiIoM
15...20° u Buepen Ha 30...40 m). BeinepkuBanue u HAOOpP CKOPOCTH MPOU3BOIUTCS C
MIOCTETEHHBIM yAaJIeHHEeM caMoJieTa OT 3eMJId. B mpoliecce pasrona ¢ moIbeMOM CIEeIUTh 3a
HaOOPOM BBICOTHI M HAIIPaBIIEHUEM Ha BHIOPAHHBIM OPUEHTHUD.

Ha BricoTe 20...25 M IpoBepHUTH CKOPOCTh, KOTOPas J0JbkHA ObITh paBHa 170 kM/4, yopaTh
IIACCH U TIEPEBECTU CaMOJIET B HA0OP BBICOTHI.

XAPAKTEPHBIE OIINBKU ITPU B3JIETE HA
CAMOVJIETE SIk-52

Bbriire ObL1n PacCMOTPCHBI 3Tallbl HOPMAJIbHOTO B3JICTA CaMOJICTAa SIk-52. OIIHaKO I1pu B3JICTEC
MOT'YT BOBHUKHYTH CJICAYIOIIUC OIIINOKH B TEXHUKE MUJIOTUPOBAHUA:



YKJIOHEHHE camMoJieTa OT Kypca B3JIETa;
HECBOEBPEMEHHBIN MMObEM MEPETHEr0 KOJIeca;

OTPBIB CaMOJIETa Ha MaJION CKOPOCTH.

Camonem yKnonsemcsa om HAnpaeieHusn e3nema npu pazoeze. IIpuuanHbl: HE YCTaHOBIICHO
KoJIeco (mepeaHee) mo Kypcy B3jeTa; JICTYMK HENPABUIIBHO MOJIb3YETCS TOPMO3aAMU;
HEJI0OCTATOYHOE OTKJIOHEHHUE PYJIsl HAIIPABJICHUS BJIEBO (/17151 KOMIIEHCAIIUM MOMEHTA PEakluu
BO3/IYIITHOTO BUHTA); HEMPABUJILHOE PACTIPE/ICIICHUE BHUMAHUSL.

Ilpu omknonenuu camonema om 3a0aHHO20 HANPAGIEHUA B MOMEHT Hauaja pa3oera cieayeT
HCII0JIb30BaTh TOPMO3a KOJIEC, YCTAHOBHUTH CaMOJIET I10 JIMHUH B3JIETa M MPOJI0JKATh pa3oer.
[Ipu 3HAUUTENTFHOM OTKJIOHEHUHU OT 33JaHHOTO HAIPABJICHUS B MOMEHT Havaia pazoera
MIPEKPATUTH B3JIET.

Heceoespemennwlii no0vem nepeonezo Koeca. JIeTunk paHo U pe3KUM JABUKECHUEM WIIU
MO3/THO ¥ OYEHb OCTOPOKHBIM JIBIXKEHUEM PYUKH YIIPABJICHUS MOJHUMAET MepeIHee KOJIECOo.
Oco06eHHO omaceH Pe3KUil U M3JIHUIIHUM MObEM TIEPETHEr0 KoJieca, YTO MOXKET IPUBECTH K
MPEXACBPEMEHHOMY OTPBIBY CaMOJIeTa OT 3€MJIM M CBAIMBAHUIO HA KPBLIO.

Ompuieé camonema na manou ckopocmu. Eciu 3T0 mpou30naeT, TO HE0OOX0AUMO HE JOTYCKATh
PE3KUX KPEHOB M PE3KOTO MEepPEeBOIa caMojieTa B HabOp BBICOTHI. [Ipy MOBTOPHOM KacaHUU 3eMITH
HEO00XO0MMO CO3aTh HOPMAIBHBIM B3JIETHBIN YTo1 aTaku (YroJi mojabemMa mepeIHero Kojieca) 10
Habopa CKOpOCTH OTphIBa. [Ipu OTpBIBE caMosieTa Ha MaJIOW CKOPOCTH U TIPH PE3KOM Tepexoie B
Ha0O0p BBICOTHI YMEHBIITUTH yroJ1 Habopa /10 3aJaHHOTO, HE IOTTyCKasi KPEHOB.

MOCAJIKA CAMOJIETA

[Tocanka siBJISIETCS 3aBEPIIAIONTAM ATANIOM MOJIETA U MIPEJICTABIISIET COO0M 3aMeIJIEHHOE
JBIKEHHUE CaMOJIeTa C BBICOTHI 25 M JI0 TIOJIHOM OCTaHOBKH Tociie mpodera mo 3emute. [locaaka

camoJieTa, Kak MpaBUIIo, COCTOMT M3 cieayronux 3tamnos (Puc. 113):
- TUTAHUPOBAHUSI (CHIKEHUSA );

- BBIPaBHUBAHUS;
- BBIJICP>KUBAHUSI;
- Ipu3eMJIeHUS (TTapalIfOTHPOBAHNUS ),
- mpobera.
|
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Puc. 113 Cxema nocaoxku camonema
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Puc. 114 Cxema "kpyza'"' nao aapodpomom neped nocaokoii
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ITocanka - CIOKHBIN U OTBETCTBEHHBIM MaHEBP, 3aBEpLIAOLIUi 10JIeT. EMy IIpeamecTByoT
BBIXOJI K a3pOJIpOMY M 3aX0]l Ha NOCAIKY.

ManeBp 3axo0/1a Ha IOCaAKy IIPOU3BOAUTCS B HENIOCPEACTBEHHOH OJIM30CTH K a3pOApoMy U
HMEET 1IJIbIO [TOATOTOBKY CAMOJIETA K BBIIIOJIHEHUIO NIocaAku. [1pu BU3yanbHOM 3axojie Ha
[10Ca/IKy HOPMaJIbHBIM SIBJISIETCS IBUKEHHE CaMOJIETa 110 MIPSIMOYTOJIbBHOMY MapLIpyTy,
MIPEJICTABJISIOIIEMY COUETaHUE OTPE3KOB MPSMBIX U Pa3BOPOTOB Ha 90~ - Tak Ha3bIBaEMbIii
“kpyr” (“kopoOouka”). “Kpyr” nepen nmocaakoi BIIOJIHIETCS HA ONPENEICHHON IS KaXI0Tr0o
THIIA JITaTeNbHBIX anmnapaToB Beicote (Puc. 114).

PacuetrnbiMu siBisit0TCS 3-i1 M 4-11 pa3BOPOTHI, BBINIOJIHSS KOTOPBIE HA ONPE/IEICHHON BBICOTE U
TOYKE MapUIpyTa, JIETYUK IPOU3BOIUT NPEABAPUTENIbHBIN pacyeT Ha NOCaJKy. Y TOUHEHUE
pacuera Ha 10CaJIKy, y4eT BEeTpa IPOU3BOIATCS Ha ydyacTke oT 3-T0 U 4-ro pas3Boporta. [locie 4-
ro pa3BopoTa caMoJIET JOJDKEH JBUTAThCS BJOJIb OCU B3JI€THO-TI0canoyHoM noJiockl (BIIII). o
BBICOTHI 50 M JIOJIKHBI OBITh BBINTYILEHBI 3aKPBUIKHU (ILIUTKH), IACCH, YCTAHOBJIEHA HE0OX01uMast
CKOPOCTh IO TPAEKTOPUH CHUKEHUSI U JIETUYUK JJOJDKEH ObITh yOeXk/IeH B TOUHOCTH pacueTa. C
BbICOTHI 30 M JIETUMK NEPEHOCUT B3IUISA Ha 3eMilt0. HaunHaeTcs BbINOJHEHNE MEPBOTO 3Tana
MIOCAJIKM - TUIAaHUPOBAHUE.

IIVIAHUPOBAHHUE CAMOJIETA ITPU ITIOCAZKE

[Tocaaka camoiieTa HAUMHASTCS CO CHIDKEHUS CaMoJieTa. YTOJ YCTaHOBHUBIIETOCS IJIAHUPOBAHUS
omnpenensiercs mo popmyIie

tgf = E.
k (8.1)

[IpenmocamovyHOE TUTAHUPOBAHUE BBITIOTHSICTCS C BBITYIIEHHBIMY IIIACCH M 3aKPBUTKAMHU
(mMTKaMu), TO3TOMY a3POIMHAMHYECKOE Ka4eCTBO HEBEIMKO. YTOJI MJIAHUPOBAHUS U
BEPTUKAIbHAS CKOPOCTh MPH ITOM 3HAYMTEIILHO YBEIIMUNBAIOTCS, YTO YCIOKHSIET TEXHUKY
BBITIOJTHEHUS BhIpaBHUBaHUs. [Ipy HAMWMYMK TATH YroJl MJIaHUPOBAHUS M BEPTHKAIbHAS CKOPOCTh
YMEHBIIAIOTCS, TTOPTOMY Ha COBPEMEHHBIX CKOPOCTHBIX CaMOJIETaX TUIAaHUPOBAHHE
OCYIIIECTBJISIETCS, KaK TIPABUJIO, C HEKOTOPOH TATOM, TeM 0oJiee YTO B 3TOM CiIydae 00erdaercs
YXOJ1 Ha BTOPOU KpYT.
[Ipu mmaHUpOBaHKUM JIETYMK PACCUUTHIBAECT MECTO TIpu3eMiieHus. JIJ1st 5TOTO cpa3y ke Mmocie
YETBEPTOrO Pa3BOPOTA JIETUUK YCTAHABIMBACT 3aJaHHYIO CKOPOCTh IJIAHWPOBAHUS U HAKIIOH
TpaeKTOpuH TutaHupoBanus. [IpsMoarHeiHOe CHIDKEHHE BBIBOJIUT CaMOJIET B TOUKY Havasa
BbhIpaBHUBaHUs (Touka 4 Ha Puc. 113), Haxomsmryrocs Ha BeicoTe 6 - 10 M. [lonoxxenue npsmoit
A B (TpaeKTOpHH CHIKEHHS ) OTHOCUTEIBHO MOCAJI0YHOM MOJIOCHI 33JIa€TCSl PACCTOSTHUEM X,
ONPEICIISIONINM YIaJIeHHOCTh TOUKU B oT Kpast BIIII. [l kaxxaoro Tuna camosieTa, riaHepa
BEJIMYMHA X CBS3aHA C MX a9POJIMHAMHYECKMMH XapaKTePUCTUKAMH U B TIEPBYIO OUEPEb C
a’pOIMHAMUYECKUM KadecTBOM. Ha miiaHupoBaHuu mepe1 Mocaakom )KenaTeabHO, YTOObI
CKOPOCTb 10 TPACKTOPHUH U BEPTUKAIbHAS CKOPOCTh CHUKEHUS OBLIU 110 BO3MOKHOCTH
yMeHbleHbl. C 9TOH 1ebI0 TPUMEHSIOTCS 3aKPbUIKH, IIUTKU WK APYTrUe BUABI MEXaHU3alUH
KpBbLIIa, KOTOPbIE YBEIHMUMBAIOT KOA(D(DUIIMEHT MOIBEMHON CHJIBI M YMEHBILAIOT MOTPEOHYIO
CKOPOCTH INTaHUPOBaHUs. TeM caMbIM YIPOIIAETCs TEXHUKA BBITIOJHEHHUS TOCATKU U
MOBBIIIACTCS €€ 0€30MMacCHOCTb.
[Ipu yBenuueHun Beca caMojieTa yBeTUUUBACTCS €T0 CKOPOCTh MO TPACKTOPHH. YTOI
TUTAHUPOBAHUS TPU 3TOM MPAKTUYECKU OCTAETCS HEU3MEHHBIM.
[TnanupoBaHue camoneTa A0 BHICOTHI Havalla BEIPABHUBAHUS SBISETCS OJTHUM U3
OTBETCTBEHHBIX ATANOB B 00€CMIEYEHUN HOPMATBFHOU MOCAIKH.
[IpakTuKoO# yCTaHOBIIEHO, YTO HANOOIbIIIEE KOJIUYECTBO OMIMOOK B TEXHUKE MHJIOTUPOBAHUS
COBEPIIIEHO Ha 3Tare MpeanocagoyHOro MIaHUPOBAHUS U MPHU BhIX01e U3 Hero. OCHOBHOM
MIPUYMHOM STUX OMIHUOOK SBISETCS TO 0OCTOSATENBCTBO, UTO JIETUUK, OTBIIEKAass BHUIMAHHUE OT
MUJIOTUPOBAHUS caMoJieTa /sl HaOMIoAeHU 3a 3eMJIed, yTOUHEHUS pacdyeTa Ha TIOCaJKy U
MPaBUJIBHOCTH 3aX0Ja M0 OCU MOCaJ0YHOM MOJIOCHI, TEPSET CKOPOCTh U HAPYIIAET
KOOPIUHAITNIO OTKIIOHSHHUS PYJICH.



BbIPABHUBAHUE

BripaBHuBaHue mpeacTasiseT co0oii mporecce nepexo/ia OT MPSMOIMHEHHOTO PABHOMEPHOTO
CHIDKEHHS K TPAEKTOPUHU TOPU30HTAIBHOTO I0JIeTa B KOHIIE BhIpaBHUBaHUSA. [Ipu moaxoae k
BBICOTE Hayajia BBIPAaBHUBAHUS (KOTOPAst ONPEEIAETCs BU3YalIbHO U cocTaBiisieT 8-10 m)
JIETYHK, OTKJIOHSISI PyUKy yIPaBJICHUS Ha ce0sl, yBEIIMIMBACT Yrojl aTaKu CaMoJIeTa, CO3/1aBast
TEM CaMbIM JIOTIOJTHUTEIBHYIO MOABEMHYIO CHITy AY, KOTOpasi UCKPHUBIIET TPACKTOPHUIO.
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Puc. 115 Cxema cun, deiicmeyroujux Ha camonem npu ebIPAGHUBAHUY U blOEPIHCUBAHUU

VBenn4eHune yria aTaku COIpOBOKAAETCS YBEIIMYEHUEM CHJIbI JIOOOBOIO COIIPOTHUBIICHHUS,
BCJIEJICTBHE YETO NMPOUCXOAUT YMEHBIIEHNE MTOCTYNATEIBHON CKOPOCTH. {pyroi npuanHOu
YMEHBIICHHS MTOCTYNATeILHOW CKOPOCTH SIBJIIETCSI YMEHBIIIEHUE COCTABIISIONIECH CHIThI Beca Gy

¥3-32 yMEHbIIEHNS YITIa HaknoHa Tpaektopun & (Puc. 115).
BripaBHuBaHue 3akanunBaercs Ha Beicote 0,75-1,0 M. Tpaekropus 3T0ro MaHeBpa 1npu
MMOCTOSTHHOM Mo IbeMHOM cuite (V + AY) npeacraBisieT co0oit KpUBYIO, OJU3KYIO K OKPY>KHOCTH.

BbIIEP2KMBAHHE

Briaep:xuBanue npou3BOAUTCA JI1 YMEHBIIEHUS! CKOPOCTH JI0 MTOCAI0YHOM U MPEICTaBIsET
co00i TOPMOKEHHE CaMOJIeTa B TOPU30HTAILHOM IoJIeTe (CXeMa CHJI mokaszaHa Ha Puc. 115).
[Ipu BIIEp)KUBAHUU CAMOJIET JIETUT TOPU3OHTAIBHO, TaK Kak ¥V = G, a cKopocTh nojieTa
YMEHBIIIAETCS U3-3a TOTO, YTO CHJIa JOOOBOTO COMPOTHUBIICHNS HUYEM HE ypaBHOBEIICHA U
TOPMO3HUT ABMKeHue. i moaaep kanust 3alaHHOM BBICOTHI HaJl TOBEPXHOCTHIO a3pojpoma 1o
Mepe MaJeHus] CKOPOCTU JIETUUK COPa3MEPHO, B3SITUEM PYUKH Ha ce0sl, yBEIMUMBAET yroJl aTaku
(1. e. Cy), 4TO MO3BOJIAET COXPAHUTH MOJIBEMHYIO CUITY, a CJIEI0BATEIbHO, U MPSIMOJIUHEHHOCTD
TPaeKTOPHUHU.

B MoMeHT, Kora yroJ aTaku OKakeTcs paBHbIM MOCAJJOUYHOMY (Ol=0lyoc), JaJIbHEHIIIEE €r0o
yBeJNIMuYeHHue npekpaarT. CKopoCThb MoJieTa Npy BbIAEP)KUBAaHUH, COOTBETCTBYIOIIASI ATOMY
MOMEHTY, Ha3bIBaeTCA MOCAI0UHO. B mpoiiecce BelIep>KUBaHUS CAMOJIET CHHXKAETCS JI0
BbICOTHI 0,25-0,30 M. Tlocie 3Toro HauMHaeTCs MapalrroTHpoBaHue, Mpu KoTopoM V < G, a
CKOPOCTh MPAKTUYECKU HE YCIIEBAET U3MEHHUTHCS, TaK KaK OHO JUIUTCS Majoe BPeMsl U CaMOJIeT
MpU3EMJISIETCS Ha TTOCAJOYHYIO MOJIOCY.

B koH11e BbIAEp)KUBaHMS TIEpe]] TPU3EMIICHHEM MIOITbeMHAs CHJIa paBHa BeCy caMoJeTa, T. €. ¥ =
G, a yrox araku paBeH MOCaJI0YHOMY, TOTJa
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HpI/I HpI/I6J'II/I)KeHI/II/I K ITOBCPXHOCTHU 3C€MJIN HAUUHACT CKA3bIBATHCS 3(1)(1)eKT ((BO3)1y1_HHOI71
MOAYIIKN), BCICACTBUC YCTO MMPOUCXOJUT KaK OBI YBCJIMNYCHHUC IIJIOTHOCTU BO3YyXaA. C y4eToOM
9TOI'0 ABJICHHA MOXKHO 3aIICaTh
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rae G - Bec camolieTa npu Mocajke;

CVnoc - K03((HUIMEHT TOIBEMHON CHIIBI IPU TIOCAI0OYHOM YTJIE aTaKu;

0,94 - xo3punreHT, yIUTHIBAIOIINUNA OJIM30CTh 3EMITH.

[TocagouHO# CKOPOCTHIO HA3BIBACTCS CKOPOCTh B MOMEHT Ipu3emiieHus. OHa y BCEX CaMOJIETOB
MEHBLIE CKOPOCTH OTPBIBA. DTO OOBSICHIIETCS TEM, YTO [IOCAI0OUHBII BEC caMoJieTa MEHbIIIE Beca
B3JIeTHOT0, & Cyyoc > Cyorp, HOCKOIBKY UCIONB3YETCA OOIBIINI YOl OTKIOHEHUS 3aKPBUIKOB
(IUTKOB), a, KPOME TOTO, TIEPE] CAMBIM IIPU3EMIICHUEM HET HEOOXOAMMOCTH UMETH 3arac yria
aTakH, KaK Mocje OTPHIBA.

N3 dhopmymsl (8.2) crnemyeT, 4TO 3aBUCUMOCTH ITOCAJJOYHON CKOPOCTH OT Beca caMoJieTa,
aTMOC(EepHBIX YCIOBHHA U K03 (HUIIMEeHTa TTOAREMHON CHIIBI TaKast e, KaK U CKOPOCTH OTPBIBA.

ITPOBET CAMOJIETA

[Tpober camoneTa SABISIETCS 3aKIIOUUTEIBHBIM dTanoM nocaaku. [locie kacaHus 3eMIu camoJieT
COBEpIIAaeT MpoOer Ha OCHOBHBIX KOJIECAX MIACCH (VIS CAMOJIETOB C HOCOBBIM KOJIECOM ), TIOCTIE
YEro JIETYMK TUTABHO OIMTyCKAET HOCOBOE KOJIECO M HAYMHAET TOPMOKEHHUE OCHOBHBIX KoJjieC. Y
CaMOJICTOB ¢ XBOCTOBBIM KOJIECOM TI0CAJIKa COBEPIIACTCS Ha BCE TPH TOYKH M TOPMOKCHHE
OCHOBHBIX KOJIEC TTPOU3BOTUTCS C TAKHM PAcueTOM, YTOOBI He ObLIO KallOTHPOBAHUS CaMOJIeTa.
['maBHOM XapakTepUCTHUKOM TTpodera siBsieTcs ero auHa. [muHoi npobera Lyp Ha3pIBaeTCs
paccTosiHue, TPOXOIUMOE CaMOJIETOM 10 3€MJIe OT MOMEHTA MPU3EMJICHHUS JI0 TIOJTHOU
OCTaHOBKH.

JIBMKeHHE caMoJieTa Ha IPoOere SBIIIETCS paBHO3aMEUICHHBIM ¢ HEKOTOPBIM CPEITHUM
3aMeUICHUEM Y cp.

Ha npo6Gere kpoMe HenmpephIBHO YMEHBIIAIOMIMUXCS a3poAuHaMuyeckux cuil Y u Q Ha camoser
JEWCTBYET CHJla TPEHHS KoJteca o 3emitto F=F;+F; (Puc. 116).

[To Mepe ymeHbIIeHHs] CKOPOCTH MOIbEMHAS CHUJIa U cuJjia JIOOOBOTO COMTPOTHBIICHHUS
YMEHbIIAI0TCA, a CHIIbl peakuuu 3eMiau N1 u Ny yBeanuuBaroTcs.

VYpaBHEHHE IBUKEHHS cCaMOJIeTa IPpU MpoOere MOKHO 3amucarh

Eim, =Q+F,
g (8.3)
rae F =f(N; + Ny) - cuna tpenust.

Puc. 116 Cxema cun, deiicmeyloujux Ha camonen npu npooeze

Cunamu, 3aMeISIOIMMY JBUKEHUE Ha TIpo0ere, Kak cieayeT u3 Gpopmysisl (8.3), ApisroTcs
CHJIa TpeHI/I}I KOJIEC O 3€MJIKO F " CHUJia HO6OBOFO COHpOTI/IBHeHI/IH Q ﬂHI/IHa Hp06era
onpeensercs no Gpopmyie
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W3 ananuza ¢popmyn BUJHO, YTO JJIsl YMEHBIICHHS JJTMHBI IpoOera HeoOX0IMMO yMEHbIIATh
MOCaJI0UHYI0 CKOpOCTh (VIOC) miK yBeauuuBaTh Topmossiue cuibl Q u F. YBenuuenue
MOCJICTHEH MPOU3BOIUTCS 33 CUET IPUMEHEHHUSI TOPMO3HBIX YCTPOIMCTB Ha KOJIECaX MIACCH.
VYBenu4yeHune CHiIbI Q OCYIICCTBJIACTCA MPUMCHCHUEM TOPMO3HBIX MMOCAJOYHBIX IMapalItOTOB.

YCTOUMYUBOCTD U YIIPABJISIEMOCTb CAMOJIETA

JIro60#i camoJieT, MOAHSIBIIUNCS B BO3yX, KPOME BBICOKUX JIETHO-TAKTUUECKUX JTAHHBIX JIOJKEH
OBITH XOPOIIIO YPAaBHOBEIIEH, ObITh YCTOWYMBBIM U OJHOBPEMEHHO XOPOLIO YIIPABISIEMbBIM.
BrinosiHenue 3Tux TpeboBaHUM - CI0KHAs KOHCTPYKTUBHAS 3a7aya.

[Toner camoneTa onpeensercs ero B3auMOJEHCTBUEM € JPYTUMU TeJIaMU U TJIaBHBIM 00pa3oMm ¢
BO3JIyXOM, 00TEKAIOIIUM KPbLIIO, (PrO3eNsiK, TOPU30HTAIbHOE onepeHue u T. 1. [lpu
B3aUMO/JICHCTBUH C BO3yXOM BO3HHMKAIOT BHEIIHHE a3pOAUMHAMUYECKUE CUIIbI, KOTOpBIE
Harpy’>karT CaMoJIET U CO3/Ial0T MOMEHTHI CUJIL. [[J1s OCyIIeCTBIEHNS pa3IMUHbIX PEXUMOB
roJieta TpedyeTcs MOJHOE WM YaCTUYHOE PagHOGecue BHEITHUX CUII U MOMEHTOB,
JEMCTBYIOIIMX HA CAMOJIET.

VYcioBus paBHOBECHS 3aMCBIBAIOTCS CIIEIYIOIIUM 00pa3oMm:

X =0 Mx = 0
SV =0 My =0 (9.)
5Z=0 Mz = 0.

W3 ypaBHeHMi1 cieayeT, 4TO B yCTAHOBUBIIEMCSI MIPOJIETE MPOEKIIMU BHEIIHUX CHII Ha ocu X, Y,
Z, a TaKk’)Ke€ MOMEHTBI OTHOCHTEJIBHO 3TUX OCEH JOJKHBI OBITH PaBHBI HYJIIO.

Yemoiiuusocme xapakrepusyeT CiocOOHOCTh caMoJieTa 03 BMEIIaTeNbCTBA JICTINKA
COXpaHSTh 3aJJAHHBIN PEKUM TI0JIETA.

Ynpaensemocmsp - 3170 CIOCOOHOCTH CaMOJIETa JOJDKHBIM 00pa30M pearupoBaTh Ha OTKIOHCHHE
JIETYUKOM pYyJIeH ynpaBieHus (pyJei BBICOTBI, TOBOPOTA U 3JICPOHOB). MeX 1y paBHOBECHEM,
YCTOMYMBOCTBIO U YIPABISIEMOCTBIO CYLIECTBYET ONPEICTICHHAsI B3aUMOCBsI3b. B 001iem ciryyae
JIBIDKEHUE CaMOJIETa OKa3bIBACTCSl BEChbMa CIIOXKHBIM, ITOITOMY JUIsl yI0OCTBA aHAIM3a €ro
pasiararoT Ha MPOCTEHIIINE BUIIBI: TIPOIOJILHOE U OOKOBOE.

COOTBETCTBEHHO C MPOJIOIBHBIM U OOKOBBIM JIBIDKEHHEM CaMOJIeTa paCCMaTPHUBAIOT:

- MPOJI0JIBHOE U OOKOBOE PaBHOBECHE;

- IPOJIOJIBHYIO U OOKOBYIO YCTOMUUBOCTB;

- POJIOJIBHYIO U OOKOBYIO YIIPABJIIEMOCTb.

JIroOoe BpailieHre caMoJIeTa BOKPYT €ro EeHTpa TSHKECTH MOXHO Pa3JioKHUTh Ha BpaIllCHUE
BOKPYT TPEX B3aMMHO MEPICHINKYISIPHBIX ocelt X, Y, Z, IpoXosiuX 4epe3 IMEHTP TSHKECTH.
[Tpu n3yueHHn yCTOMYUBOCTHU M YIIPABIISEMOCTH OOBIYHO UCIIOJIB3YIOT CBSI3aHHYIO CHCTEMY
koopauHat (Puc. 117). B cBsi3aHHO# cUCTEME KOOPJUHAT OCh X1 CBsA3aHa C CAMOJIETOM,
napajuieNibHa OCH CaMoJIeTa WM XOPJIe Kpblja U HAXOAUTCA B IMIIOCKOCTH cuMMeTpuu. Och Y3
HAXOJHUTCS TaK)Ke B TUIOCKOCTH CUMMETPHH, IEPIIEHANKYISIPHA OCH X1 M HaIllpaBJIeHa BBEPX.
Ochb Z nepneHauKynsapHa ocsiM X U ¥V 1 HampaBlieHa BJOJb MPaBOU MIOCKOCTH.
CoOOTBETCTBEHHO TPEM OCSAM Ha CaAMOJIET JEHCTBYIOT CIAEAYIOIINE MOMEHTHI.

1. IIpooonsuoiit momenm Wi MOMEHT TaHTaxa Mz cTpeMsiuiics TOBEpHYTh CaMOJIET BOKPYT
ocu 7.

[Tpo10bHBI MOMEHT MOXKET OBITh KaOPUPYIOIIUM, CTPEMSIIIUMCS YBEIHUUTh YrOJI TAaHTaXa,
WM MAKUPYIOIIUM, CTPEMSIIIUMCSI YMEHBIITUTH YTOJI TaHTaXa.



2. Ilonepeunwiit Momenm W1 MOMEHT KpeHa MX, CTpeMALINIACS TOBEPHYTh CaMOJIET BOKPYT
ocu X1

3. Ilymeeoii momenm Vi MOMEHT PBICKaHbsl MY, CTpeMSIIUICS TOBEPHYTH CAMOJIET BOKPYT
OCH Y1 T. €. U3BMEHUTh KypC CaMOJIETA.

il

k, z
M ! My
X' M~ MOMEHT KPEHA
Mz~ MOMERT TAHFANAA
My~ MOMEHT PLICKAHUS

Puc. 117 Ocu spawenus camonema

MPUHLIUI AEMCTBUA PYJIEN

Jlnist 6amaHCUPOBKH CaMoJIeTa OTHOCUTEIBHO €To IEHTPA TSHKECTH B YCTAHOBUBIIIEMCS TTOJIETE, a
TaKKe IS YIPABJICHHUS CaMOJIETOM MPUMEHSIOTCS pa3InIHbIe adpoIMHaMUYecKue pyau. Ha
caMmoJieTax ¢ OOBIYHOM CXeMOHl yIpaBJIeHUS TIOBOPOT U OaTaHCUPOBKA €T0 OTHOCHTEIBHO
MOTIEPEYHOM OCH Z OCYIIECTBIISIOTCS PYASIMH BBICOTHI (FITH YIIPABISIEMbIM CTAOUIH3aTOPOM).
OTHOCHUTENBHO MPOIOJIBHON OcH X caMOJIeT OATaHCUPYETCS U TTIOBOPAYMBACTCS C IIOMOIIIBIO
AJIEPOHOB, PACIOJIOKEHHBIX B 33/IHUX YaCTAX KOHCOJICH KPbUIa U OTKJIOHSIOMIMXCS HA IIPAaBOM U
JICBOM KpBLJI€ B IPOTHBOTIOJIOXKHBIE CTOPOHBI. B TOMOIIIE 37IepOHaM Ha CKOPOCTHBIX CaMoJIeTax
MPUMEHSIOTCSI HHTEPIEITOPHI, KOTOPbIE KaK Obl yBETHUUBAIOT 3()(HEKTHUBHOCTH 3JICPOHOB.
OTHOCHUTEIBHO OCH Y caMoJieT OaaHCUPyeTCsl U TOBOPAUMBACTCS C TIOMOIIBIO PYJISI TOBOPOTA
(MM TIOBOPOTHBIM KHJIEM).

3a MoJIOXKUTENFHOE HAlpaBlICHUE TPUHUMACTCSI TAKOE OTKIIOHEHHE PYJICH, KOTOPOE CO3/IaeT
OTPHIIATEIILHBIA MOMEHT OTHOCHTEIBHO COOTBETCTBYIOIIUX OCEH camosieTa (Pyiib BHICOTHI -
BHU3, PYJIb TIOBOPOTA - BIICBO, JICBBII JIEPOH - BBEPX).

A3poounamuueckuii pyab PEICTABISIET COOOH OTKIIOHSIONIYIOCS 3aIHIOK0 YacTh KpPbLIa,
TOPU30HTAIILHOTO OTIEPEeHHMS (CTa0MIM3aTopa), BEPTUKAILHOTO ONEPeHUS (KUJIs). 3a CUEeT
OTKJIOHEHUSI PYJisi 00pa3yeTcsl IOTIOJIHUTENIbHAS adpOoAMHAMUYECKas criia (TOJ0XKHUTEIbHAS WIN
OTPHIIATEIIbHAS ) HA YYACTKE HECYIICH MOBEPXHOCTH KpbLa, CTAOMIIN3aTOpa WK KUJIsl, KOTOpast
pacIoyiokeHa Ha COOTBETCTBYIOIIEM PACCTOSIHUM JI0 IIEHTPA TSHKECTH CaMOJIeTa M CO3/1aeT
MOMEHT, HeOOXOAUMBIH /Tl OaTaHCUPOBKU U YIIPABJICHUS CAMOJIETOM OTHOCUTEIIBHO €ro
LEHTpa TSHKECTH.
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Puc. 118 /leiicmeue pyns evicomut

JlelicTBUE pyseit Ha JO3BYKOBBIX CKOPOCTSX MoJieTa OOBACHIETCS TEM, YTO BO3MYIICHUS,
BBI3BaHHbIE OTKJIOHEHHUEM DPYJIeH, paclipOCTPaHIIOTCS BO BCEX HAMPABICHUIX: MO MOTOKY U
HaBCTpeuy MOTOKY. BeneacTBre 3Toro NpoucxoauT rnepepacipe/iesieHue JaBJIeHus 1o Bcel
JUIMHE XOP/ibl PO(MIIs, B TOM YHCII€ U HA HETIOABMKHBIX HECYIIMX MOBEPXHOCTAX, CHA0XKEHHBIX
pyniem. Eciu, HanpuMep, OTKIIOHUTH PYJIb BBICOTBI BHH3 Ha HEKOTOPBIH yroi o (Puc. 118), To
3TO BBI3OBET JIONIOJHUTENIBHOE Pa3peKeHNE CBEPXY CTaOUIN3aTOPa 1 MOBBILICHUE JaBICHUS
BHM3Y, UTO U MPUBEJET K CO3/IaHUIO JOMOJHUTEIBHOMN MOJbEMHOMN CUIIbI Ha TOPU30HTAILHOM
OTIEPEHHH B 11€JIOM (TIOJIBHIKHOM M HETMOABM)KHOM ero yacTtei). JlonosHuTepHas o /beMHast
cuwiia AYr o Ha rOpU30HTAIBHOM ONEPEHUH CO3JaeT JOTOTHUTEIbHBI MOMEHT OTHOCUTENBHO
LIEHTPA TAKECTH, KOTOPBIA MPETBOPUT B MPAKTUUYECKOE JEHCTBHE 3aMbICE JIETUHKA.

IEHTP TAKECTHU CAMOJIETA

Bec camoutera ckianpiBaeTcst U3 Beca IMycTOro camoJiera (IjiaHep, IBUraTesiu, HECheMHOe
000pyI0BaHue), Beca TOIUINBA, OOCTPHUIAcCOB (Ha BOGHHBIX CaMOJIETax), TPy30B, IKUIIaXa U T. II.
Ecnu HaitTh paBHOIEHCTBYIONIYIO CHJI BECa BCEX YaCTEW caMoJIeTa, TO OHA MPOUJET Yepes
HEKOTOPYIO TOUKY BHYTPHU CaMoJIeTa, Ha3bIBAEMYIO YEHMPOM MAHCECHLU.

Puc. 119 Onpeoenenue uenmpa msasxicecmu camoyiema Memooom 636EUBAHUA

[Tonoxenue neHTpa TsxKecTH (11. T.) Ha caMoJieTe OOBIYHO OTPEEIIAETCS METOIOM JIBOMHOTO
B3BemmBaHusa. CaMoJIeT yCTaHaBIMBAETCS Ha BECHI B ABYX MOJIOKEHHIX, Kak IMoKa3aHo Ha Puc.
119. IIpu kax10M B3BELIMBAHUH 3aMEPSIOT MMOKA3aHUs MEPETHUX U 3aJHUX BECOB. 3Has
paccTosiHUe MEX/1y BeCaMU U MOKa3aHUs EPeTHUX U 33JHUX BECOB B 000UX CIydasx, Mo
IIPaBUIIAM MEXAaHUKH OMPEEISIOT Ul KaKI0T0 U3 3TUX MOJOXKEHUH caMoJieTa BETMUUHY
PaBHOACHCTBYIOIIEH CUIIBI U JINHUIO €€ NeUCTBUA. TouKka nepeceueHus TuHUU Oellcmeus
pasnooeiicmeyrouwjux 1-1 u 2-2 oyoem yenmpom maxcecmu camoiema.

B nporiecce nozera no Mmepe BbIpabOTKU TOILUIMBA cOpoca rpy30B (IapallroTHCTOB) MOJI0KEHUE
LEHTpa TAKECTU MOXKET MEHSTHCS, UTO HEXKENATEIBHO C TOYKH 3peHHs OalaHCUPOBKH caMOJIeTa
B nojiete. [10aToMy KOHCTPYKTOPBI CTPEMSATCS TaK pa3MECTUTh TPY3bl B caMOJIeTe, YTOObI
M3MEHEHHE UX Beca He OTPaXaJloCh Ha MOJIOKEHHH I1. T



IHEHTPOBKA CAMOJIETA

Paccrosiane ot mentpa Tspkectd A0 Hadasna CAX, BeIpa)KEHHOE B TPOIEHTaX €€ JUIMHBI, Ha3bIBaeTCs
HeHTpoBKoit camorneta (Puc. 120).
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Puc. 120 Ilonoscenue yenmpa mszcecmu camoiema

Beu

6=G+AG

Puc. 121 Pacuem uyenmposKu npu usmeHeHuu eeca camoiema

Xr

-100,
cax (9.2)

0% —
x, %=

rae Xt - pacCTOSIHME LIEHTpa TsKecTH oT Hocka CAX;

besx - mmuaa CAX.

[Ipu u3mMeHeHnH BapuaHTOB 3arpy3KH caMoJieTa WK MPU U3MEHEHHUH MTOJIETHOTO Beca caMoJieTa
B pe3yJabTaTe BHITOPAHUS TOIUIMBA, COpOCca rPy30B MEHSETCS MOJI0KEHHUE LIEHTPA TAKECTH,
clieJoBaTeNIbHO, MEHSAETCS M LICHTPOBKA camosieta. [lepemerienre rpy308 BHYTpU caMoJIeTa B
TMOJIETE TAK)KE CKAa3bIBaeTCs Ha MOJIOKEHUU IIeHTpa TskecTu. [Ipu pa3menieHuu rpy3oB B
HOCOBOM 4acTH caMmoJIeTa LIEHTPOBKA CTAHOBUTCA OoJiee mepeaHe, 1 Ha000poT, pa3MelleHue
IPy30B B XBOCTOBOW YacTH CMEIIAET IEHTPOBKY Ha3ajl, T. €. OHa CTAHOBUTCSA OoJjiee 3aHEH.
IleHTpPOBKA ABJISAAETCS BeCbMAa BAaKHOM XapaKTePUCTUKOM caMoJieTa, CBSI3aHHOM € ero
0aJIAHCUPOBKOIi, YCTOHYHUBOCTHIO U YNIPaBJsieMOCThbI0. [l0oTOMY 1eTUnK 00s13aH TOYHO 3HATH
pa3pelieHHbIi Tuana3oH LEHTPOBOK CaMOJIeTa C TeM, YTOObI He BHINTH 3a €T0 MPEIeIbl.

B cnyyae u3meHeHus pa3MelleHus TPY30B, SKUIaXa U T. . HEOOXOAUMO MPOU3BOAUTH pacueT
M3MEHEHHUS IEHTPOBKU, KOTOPBIM MOYKHO BBITIOJHUTH CJIEIYIOLIUM 00pa3oMm.

Ecnu Ha camonere Becom G ¢ ieHTpoBKO XT 1006aBiieH rpy3 BecoM (G1 ¥ MOMEIIEH 0331
[ICHTPA TSDKECTH Ha paccTosiHuM |, To Touka npusokeHus paBHoaencTByomiei G u G u ecth
HOBOE T0JI0KeHue 1enTpa Tsokectu (Puc. 121).

CymMMa MOMEHTOB OTHOCHUTEIBHO ToUkH O ITOHKHA OBITH paBHA HYIIO, TOITOMY
G-Ax=G, (- AXx),
OTCHO/1a
G, I
AX=—2—,
G+G, 9.3)

riae Ax - cMellleHue LHEHTpA TAKECTHU.
JInHeliHOe cMelleHne LOCHTpa TSKECTU AX MOXXHO BBIPA3UTH B ITPOLICHTAX CAX:

X = G .100.
(G+Gy) beyy (9.4)



Ecnu ¢ camonera cHUMaeTcs Tpy3 MO3aJH 11. T. WK 100aBIIseTCs TPy3 BIEPEH II. T., TO
(dbopmMyna IpuMeT BH]T

X = G .100.
(G - Gl) bCAX (9.5)

Jl06GaBHB MOJIy4CHHYIO BEIMYUHY U3MEHEHHS LIEHTPOBKHU AX; K MPEKHEH IEHTPOBKE, MOITYyIHM
HOBOE 3HAYEHHE LIEHTPOBKHU

Xr,0n = X1 + Ax. 9.6)

HyxHo crneauth, 4T00BI HOBast IEHTPOBKA HE BBHIXOIMJIA U3 JUANA30HA IKCILTyaTallHOHHBIX
LIEHTPOBOK, IPEAYCMOTPEHHBIX HHCTPYKIIUEHN 1O SKCIUTyaTaALNH.

IMPEAEJIBHO NNEPEAHAA U IIPEAE/IBHO 3A/JHAA HEHTPOBKH CAMOJIETA
Panee ObLT0O BBISICHEHO, UTO MPOJIO0JIbHAS CTATUYECKAs! YCTOMUMBOCTh CAMOJIETA ONPEAEIAeTCS
MIOJIOKEHUEM €ro IIEHTpa TSHKECTH OTHOCUTENBHO (hokyca. Uem Ommke K HOCKY Kpblila CABUHYT
LEHTP TSHKECTH, TeM 00Jiee MPOJAOTHLHO YCTOMYHUB CaMOJIET.
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Puc. 122 K onpeodenenuio npedenvno nepeoHeli yeHmpoeKu

OTKIIOHEHHE PYJIsl BBICOTHI Ha ONPEICIICHHBIN YTOJI COOTBETCTBYET BIIOJHE OTIPE/ICTICHHOMY
3Ha4YCHUI0 Kod(duimeHTa norbeMHo# criibl Cy (MM COOTBETCTBYIOIIEMY MY YIITy aTaku
camosiera o).

YcTaHOBUM, U3 KaKUX YCIOBHI HEOOXOIMMO OTPaHUYUTh HaNOOJIee NIepe/IHEe TOJI0KECHUE
[EHTpa TSHKECTH.

N3 Puc. 122 cnenyer, 4To €ciiv IPU HEKOTOPOM TIOJIOKEHUH IIEHTPA TSHKECTH (XT3.) CaMOJIeT
OTKJIOHCHUEM PYJIsl BBIBE/ICH Ha MaKCUMAaIbHBIN Yot aTaku (CYyaxc), TO Y PYJISl BBICOTHI €IIIe
MUMEETCsl HEUCIIOJIb30BaHHBIH 3arac OTKJIOHEHHS, a IIPH [IEHTPOBKE, COOTBETCTBYIOMICH
MOJIOYKEHHIO IIEHTPA TSHKECTU X7; (LIGHTP TSHKECTH CHIIBHO CIBUHYT BIIEPE), OTKIOHEHHS PYJIs
BBICOTBI HEJIOCTATOYHO ISl TOTO, YTOOBI BEIBECTH CAMOJIET HA TIOCA0YHBIC YIJIbI ATAKH.
[To3TOMy MOAOHPAIOT TAKOE COUYETAHKE OTKIOHEHHS PYJISi BRICOTBI U TIEPEIHETO MOJIOKEHUS
[EHTpa TSHKECTU CaMoJIeTa, YTOOBI IPH B3STHU PYYKHU yIpaBiieHus Ha ceOs Ha 75-80% mosHoTo
€e X0J1a caMoJIETy OBLJIO CO3/IaHO MOCAI0YHOE MOJIOKEHHE, T. €. CAMOJICT ObLJT BRIBE/ICH HA
MOCAJIOYHBIC YIJIbI aTaku. MaKCUMaIbHOE OTKIIOHEHUE PYJISL BRICOTBI BBEPX MPUMEPHO
COOTBETCTBYET BhIX0y caMoeTa Ha Cyyaxe (KPUTUIECKHM YTOJ aTakH).

[IpenenbHO MepenHei IEHTPOBKOM HAa3bIBAETCS IIEHTPOBKA, IPU KOTOPOU CaMOJIET eIlle MOKET

BBIMTH Ha CYHOC C JaHHBIM OTKJIOHCHUECM PYIISI BBICOTHI.

vy COBPEMCHHBIX CaMOJICTOB NIPCACIBbHO NEPECAHASA IEHTPOBKA OOBIYHO JIC)KUT B npeaciax 10-
20% CAX.

Cpe,[[CTBOM, MO3BOJIAIOMIUM IMTPUMCHSATDH Oonee NEpECAHIO0 ICHTPOBKY (I/I3 COO6pa)KCHI/II71

yCTOMYUBOCTH) MTpH JAHHOM Cypyoc, MOKET CITY)KUTh YIPABJISIEMBIH B MoJIeTe cTabuimu3arop.



[IpenenpHO 3a1HsS IEHTPOBKA OMPEIEISAETCA U3 COOOpaKeHUI YCTOMYMBOCTH CaMOJIETA.
[Ipenenom 3TOMy CIIY>KUT MOJIOKEHUE POKyca camoJIeTa.

LleHTp TsDKECTH AOJDKEH pacroiarathes Bepean ¢poxyca. B Tom ciyudae, eciny HEHTP TSHKECTH U
(boKyc HaxOoATCA HA OJHOM yzaajieHuu ot Hadana CAX, To HeHTpoBKa Oy/JeT Ha3bIBaThCS 3aAHEH
KPUTHYECKOH.

Ha npaxtuxe 115 1:000r0 camosieTa npeaycMOTPEHO, YTOObI B IIPOLIECCE IKCIUTYaTalluy LIEHTP
TSODKECTH He MOT cMeCTUThes fainee pokyca. C 3Toil Henbro MpeesbHO 3aJHee MOJI0KEHHE
[EHTpa THKECTH HAXOIUTCS HAa HEKOTOPOM yAaieHuu oT ¢pokyca. PoKyc camolieTa JODKEH
OBITh M3BECTEH SKUIAXKY CaMOJIETa C TeM, YTOOBI CITy4aifHO He MOT OBITh nepeiiieH. Y
COBPEMEHHBIX CaMOJIETOB MIPEEIbHO-3a/IHsA LIEHTPOBKA U3MEHSIETCS B IIMPOKUX MpeAeIax: OT
0,25 CAX - y caMOJIETOB C NPSMBIMH U TpaneuueBuIHbIMU KpblibsiMu 10 0,5 CAX - y camoneroB
CO CTPEJIOBUAHBIMH U TPEYTOJIbHBIMU KPBUIbAMU. Pa3HOCTH MeX Ay NpeaenbHo 3aHEN 1
IIpesiebHO NepeIHel [IEHTPOBKAaMU Ha3bIBA€TCs UAa30HOM IIEHTPOBOK. Pa3HOCTH Mexay
3a/IHeM KPUTHYECKOU IIEHTPOBKOH (TI0JI0KeHHEM (oKyca camoJieTa) U TIpeIebHO 3aHei
Ha3bIBAETCS 3allaCOM LIEHTPOBKH.

®OKYC KPbIJIA CAMOJIETA

@DoKycom Kpbijia Ha3bIBACTCA TOUKA, OTHOCUTEIBHO KOTOPOH MOMEHT a3pOIMHAMHUYECKUX CHII
He 3aBHCHT OT yriia ataku (Puc. 123). AspoanHaMudeckuii GOKyC MpUHATO 0003HAYATh OYKBOM
F, a ero xoopmHaTy OTHOCUTENILHO HOCUKA PO uIIst Kpbuta OykBoi XF.

p’z=Y1+4Y
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Puc. 123 K onpedenenuio azpoounamuueckozo poxkyca Kpvina
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Puc. 124 Be3paznuunoe nonoscenue Kpovuld: a - CUMMEMPUYHLLIL Bpohuns Kpovlia camonema Sk-55; o -
N0CKOBBINYKABLIL NPOduny Kpvlna camonema Axk-52

@DOoKyC Kpblia - IOCTOSIHHAS TOUYKa I caMoJieToB Sk-52 u SIk-55 1 y KpblIIbEB ATHX CaMOJIETOB
HaXOJUTCS MPUOTU3UTENHHO Ha 1/4 AMUHBI XOpAbI OT epeaHeit kpomku (22...25% CAX, tam
XKe, TJIe ¥ LIEHTP JIaBJICHHUS).

Jlnst 0OBsICHEHHS BO3bMEM KpbUIO camoJieTa Sk-55 ¢ cummerpuunbiM mpoduiieM. Kak n3BectHo,
LEHTP JIaBJICHUS ABJISIETCS MOYTH IOCTOSHHONW TOYKOM M HAXOAUTCS OT MepeiHel KpOMKH
NpUOIM3UTENBHO Ha 14 paccTosiHUS XOPJIbl KpbLia, T. €. Ha 25% CAX (Puc. 124). Ilomectum
KPBLJIO Ha OCh BpallleHHsI, COBMEIICHHYIO ¢ IIeHTpoM aaBienus (25% CAX) (Puc. 124, a).



CoanancupyeM Kpbuio Tak, yTo0b! L[T Taxke Haxomwics tam ke rae u L1, Torma momeHT
MOTbEMHOM CHIJIBI © MOMEHT CHJIBI Beca OylyT paBHBI HYJIO U KPbUIO OyJIeT B PAaBHOBECHH.

A Tak KaK y CHMMETpU4HOTO npoduiast kpeuia 1/ moutu He u3MEHSeT CBOETO MOJI0KEHHUS, TO
101 KaKUM OBl YIJIOM aTakyd HU CTaBHJIM KPBLUIO, OHO BCE PaBHO Oy/IE€T B paBHOBECUH
(cbamancupoBaHo), T. €. paBHOBECHE OyaeT Oe3pazmuvHoe.

Bo3bMeM KpbuIO MII0CKOBBINYKIIOE (TIpodHiIh Kpblia camoiieta SIk-52), Takke IOMECTUM OCh
Bpamenus Ha 25% CAX ot nepeaneit kpomku (Puc. 124, 6). Céanancupyem ero, yro6sr LT
HaxoJuics Ha ocu BpaieHus. [Ipu oO0Trekannu Kpbljia BO3AYIIHBIM IOTOKOM C IOCTOSIHHOM
CKOPOCTBIO V IOABEMHAsI CWJIa Y PACTET C YBEIMYECHHUEM YIUIA aTaKH, U IIPHA 3TOM LIEHTP
JaBIICHUsI TIEPEMEIIAeTCs 110 XOpAE BIepe, Mpuommxasch K 1/4 xopae Kpbiia.

AYcam=4A Yrp+A Y20 V2.0
k .

Puc. 125 K onpeoenenuio poxyca camonema

MOMEHT OAbEMHOM CHUJIBI 3/IECH HE PABEH HYJIIO, & CTPEMUTCS IOBEPHYTH KPBIJIO BOKPYT OCH
BpaiieHus (yMEHbUINTH Yo ataku). Ha Bcex yriax ataku (€cim CKOpocTh MOCTOSTHHA) 3TOT
MOMCEHT OJIJMHAKOB

Yia:=Yoa,=Yzasz=..., 9.7)
rae ai, g U T. 1. - paccrosiuud L1 ot IIT.
Ecnu ypaBHOBeCHTH KPbLJIO HA OJTHOM YIJIe aTaku, TO KpblIO Oy/IeT B paBHOBECUU U HA JPYTUX
yriax aTaku, T. €. B 0e3pa3InyHOM PaBHOBECHH.
B asponunamuke BBeneHO noHsTHE (GOKYca KaK TOYKU MPUIIOKEHUS IPUpaIlleHns 0 Ibe MHO
CHWJIBI KpblJla PU U3MEHEHUH yria ataku. C U3MEHEHHEM yIJla aTaky MoJAbEeMHas CUIIa
U3MEHSIETCS, a €6 MOMEHT OTHOCUTENBHO (POKYCa OCTAETCS MOCTOSHHBIM. JTO BO3MOXHO JIMILb
[IPH YCIIOBUH, YTO JIOTIOJHUTEIbHAS MOJbEMHAs CUJIa, BO3HUKAIOIAS [TPU U3MEHEHUH yTJia
aTaky, MPUJIOKEHA B a3pOIMHAMUYEeCKOM (hoKyce.
[Tonoxenue doxyca kppuia 0oTHOCUTENEHO CAX MOXKET CYIIECTBEHHO OTINYAThCS OT
MOJIOKEHUSI IEHTPA JaBJICHUS. DTO OOBICHIETCS TEM, UTO MOJIOKEHHE [IEHTPa AaBIICHUS
OTIpEIeIIIeTCS 3aKOHOM paclpeiesieHUs] a3pOAMHAMUYECKON Harpy3Ky BJIOJIb XOP/AbI KPbLa, a
noJiokeHue (hokyca - 3aKOHOM pacipe/iesieHus PUpaIIeHNUs a3pOAMHAMUYECKON Harpy3Ku Mpu
W3MEHEHUH yIJIa aTaKu.
[Tonoxenue okyca kpbliia onpesensercs ero GopMoii B IIaHe U HE 3aBUCUT OT yIJia aTaku (B
MpeJienax JETHBIX YIJIOB) U CKOPOCTH IOJIETA.
[Tonsitue gpoxyc camonema ananornyno noHATUIO hokyca kpeuia. [lomoxxenue poxyca
camoJieTa onpeenseTcs nojxokeHneM (hokycoB ero yacte (Kpblia, onepeHus, Gprozensxa) u
BEITMYMHOM MpUpaIleHus TOIBEMHBIX cuil 3TuX yacTtei (Puc. 125). O6b1yHO (hokyc camoiera
pacnomnosxeH nozaau ¢poxkyca kpsiia Ha 30...40% CAX (ans caMoJIETOB € MPSAMBIM KPBLIOM).
®oxkyc camonera Sk-55 pacnonoxen Ha 30,3% CAX, camoueta Ax-52 - Ha 30% CAX.

BAJTAHCUPOBKA CAMOJIETA

IMPOAOJIbHAA BAJJAHCUPOBKA CAMOJIETA

C6aHaHCI/IpOBaTB CaMOJICT B YCTAHOBUBILICMCS HpHMOHHHCfIHOM IOJICTEC - 3TO 3HAYUT
YPaBHOBCCUTH BCC IMPOAOJIBHBIC CTATHYCCKUEC MOMCHTBI OTHOCUTCIBHO OCHU Z, XMz =0.



Camornets! Sk-52 u Sk-55 B npoJ0JbHOM OTHOIIEHUU OAJIaHCUPYIOTCSI BO BCEM JIMAIa30HE
JOIYCTUMBIX CKOPOCTEH MOJIETA U BBICOT.

Jnist oObsicHeH!s OaJIaHCHPOBKH JIOIYCTHM, YTO camoJjieT SIk-52 coBepIaeT yCTaHOBUBIIHUICS
ropusoHTaNbHEIN moJieT (Puc. 126). Ha camoneT neiicTByroT: cuna tspkectd G, moapeMHasi Cuiia
Y, cuna 1060BOr0 CONMPOTUBIICHUS X, CHJIA TSATU CUIIOBOM yCTaHOBKH P.

Puc. 126 Ycnosus npooonvhozo pagnogecus camonema é 20pu30HmMaibHOM noieme

Bec nmpuiio’keH K LEHTpPY TSKECTH, ClIe0BATEIbHO, MOMEHT €r0 OTHOCUTEIBHO OCH Z,
npoxoasuien yepe3 LT, Bcerna pasen nymo [logbeMHas cuna Y UMeeT OTHOCUTENBHO OCH Z
HEKOTOpOE IIJIEYO a, U €€ MOMEHT Y -a B JaHHOM CJIydae CTPEMUTCS MOBEPHYTh CaMOJIET B
CTOpPOHY MUKUPOBAHUS, T. €. YMEHBIINUTD yroJi ataku. CuuraeM, uro cuia Tsru P u cuna
no6oBoro conpotusieHus X npoxoaut yepes LT, T. e. ©X MOMEHT OTHOCUTENLHO HETO paBeH
Hymto. CnenoBarenbHO, A1 TOrO YTOObI camonieT Sk-52 mpo1o/bkall TOPU30HTAIBHBIN MOJIET,
HE00X0IMMO CKOMIIEHCUPOBAThH MOSIBUBIIMICS MUKUPYIOUIUH MOMEHT. J[Jis 3TOoro Heo0XoAuMo
TOPU30HTAIBHOE ONIEpEeHKE (TPUMMED) YCTAaHOBUTDH TaK, YTOOBI TOPU30OHTAILHOE OTIEpEHUE
CO3/IAJI0 HEKOTOPYIO MOJBEMHYIO CHITY Y/ o, HAIIPABJICHHYIO BHU3 MOMEHT 3TOU CHIbI B JAHHOM
ciydae OyaeT KaOpUpYIOIIUM U PaBHBIM 10 BEJIMYMHE MOMEHTY MOIBEMHON CHIIBI KpbLia.
Camouter OyzeT cOalaHCUPOBAHHBIM IPU YCIOBHH, YTO

Y-a=Y,L,,. ©8)

Panee 6buU10 onpeneneHo, 4YTo KaOpUPYIOUTNIl MOMEHT CUUTAETCS MOJOKHUTEIbHBIM, a
MUKUPYIOIIUHN - OTpULIATETbHBIM. MOMEHT MOIBEMHON CHIIBI KPbLIA CUUTACTCS MOMEHHOM
Kpblid, 2 MOMEHT TIOTbeMHOMN CHJIbI TOPU30HTAILHOTO ONIEPEHHUS - MOMEHMOM
20pU30HMANILHO20 ONEPEHUAL.

YcioBue paBHOBECHS 3aMUChIBaeTCs POpPMyInon

~Myp=Mp,
705048
MKP +MFO = 0. (99)

MomeHT KpblJlIa © MOMCHT I'OPHU30HTAJIBHOI'O OIIEPEHUSA - 3TO HauboJIee 3HAYNTEILHBIE
IpoaA0JIbHbBIC MOMCHTHEI. KpOMe HHX MOMEHT MOYKET OBITh OT CUJIbI TATH BO3YyIIHOI'O BUHTA,
KOoraa HallpaBJICHUC €€ HC IIPOXOJUT Y€PE3 HT, Korga MMECTCA ACHCHTPALUA TAT'U.
Pa6OTaIOHlI/Iﬁ BO3,HYIJ_IHBII71 BHUHT TaKX€ BBI3bIBACT MOMCHT, B03HI/IK3.I-OH_[I/II71 OT UBMCHCHHA
MOJJbEMHOM CHUJIBI TOPHU30OHTAJILHOI'O OIICPCHUA 1104 BJIMAHUEM 0T6paCLIBaeMOﬁ CTPpYH BO3JyXa
OT BHHTA.

Cusl 1000BOTO COITPOTUBJICHHA JacTeH camoJjera MOTYT CO31aBaTb MOMCHTBI, €CJIN OHU
B3aMMHO MapaJlUICJIbHbI U HAITPABJICHBI IIPOTHUB ABUKCHUS, [IPUYUCM HAIIPABJICHUSA UX MOT'YT
MMPOXOJUTH BBIIIC UJIN HUKC HT, CJICAOBATCIIbBHO, MOMCHTBI UX MOTYT IIOJIHOCTBIO UJIK YaCTUYIHO
YPaBHOBCHINBATHCA.

I/ITaK, C6aJ'IaHCI/IpOBaHHBIM CUHUTACTCA CaMOJICT, Y KOTOPOT'O anre6pa1/1quKa;I CyMMa BCCX
MOMEHTOB OTHOCHUTEIIBHO OCH Z paBHa HYJIIO:

>Mz =0.



APOJUHAMMNYECKAA KOMIIEHCALINA. TPUMMEP

AbspoarHaMuueckas cuia, BOSHUKAOIAs Ha PyJie IIPU €ro OTKIOHEHUH, CO3Ja€T OTHOCUTEIBHO
OCH BpAIllEHUs PYJIsl IIAPHUPHBII MOMEHT, KOTOPBIA CTPEMUTCS BEPHYTh PYJIb B HEUTpPAJIIbHOE
nosioxkeHue. Jiist ynepaaHus pyJis BICOTHI B OTKJIOHEHHOM I0JI0KEHUM BO3HUKAIOIIUM
LIApPHUPHBIA MOMEHT YPaBHOBEIIMBAETCSI MOMEHTOM, CO3/1aBAa€MbIM YCUJIMEM, IIPUIIOKEHHBIM K
PYUKE yIpaBICHUS U MEJATISIM.

BenuunHa mapHUpHOro MOMEHTA BO3pACTAaeT IPU YBEJIIMUEHUH YIJIa OTKIOHEHUS! PYJIsl BBICOTHI,
€ro reOMeTPUYECKUX Pa3MEPOB U CKOPOCTHOIO Hanopa. [Ipu 60bKX CKOPOCTAX MOJeTa IS
MIPEO0I0JIEHUS IIAPHUPHBIX MOMEHTOB MOTYT IOTPEOOBATHCSA HEAOMYCTUMO OOJIbIINE YCHIINS,
0COOCHHO y camoJIeTOB 00X pazMepoB. Ha camonérax Sk-52 u SIk-55 ymMeHbIICHUE yCUITUT
Ha pydKe YIpaBJIE€HUs, eJaIsIX U 3JIEPOHAX JOCTUraeTCsl IPUMEHEHUEM POrOBOM U 0CEBOM
a’poIMHaMHUYecKux KoMreHcanui (Puc. 127, a, 6)

Jco Gpawenus

Puc. 127 Buost aspoounamuueckux KOMneHcayuil: a - po2oeasi; o - oceeasn

Puc. 128 Ilpunyun oeiicmeus pozoeoil aipoounHamuyecKoii KOMnencayuu
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Jes Gpawerus

\

Hermp dabnenus pyas
Puc. 129 Ilpunyun oeiicmeusn oceeoii apoOuHAMUYeCKOll KOMNEeHCayuu

[IpuHIMIT IEHCTBUSA POTOBOM U OCEBOM a3pOAMHAMUYECKON KOMIIEHCALIMU CBOJUTCS K
MPUOTHKEHUIO LIEHTPA JaBJICHHsI PYJIsl K OCH €r0 BpallleHHsl.

Pozoeoit Komnencayueii pyisa Ha3bIBAa€TCS YacTh €T0 IUIOIIAAN B BUJE “pora’’, pacroJIOKEHHOTO
BIEPEAU OCH BpalieHus. [IpuHuun nericTBus poroBoi KOMIIEHCAMU 3aKIIFOYAETCSA B TOM, YTO
a’poJMHaMuYecKas cuia Y, AeHCTBYIOIIAs Ha ~por’”’, co3aeT OTHOCUTEIBHO OCH BpallleHus
MOMEHT, HallPaBJICHHBIH B CTOPOHY, IPOTHUBOTIOJIOKHYIO IIapHUpHOMY MOMeHTY (Puc. 128):

VB < Vppa.



MoMeHT, co31aBaeMblil pOroBOM KoMIleHcauen Yk B, yMeHbIIaeT apHUPHBIM MOMEHT, a
CJIeIOBATENIbHO, U YCUJIME, IEUCTBYIOIIEE HAa PYUKY yrpaiieHus (rnenanu). [lpu 6onpiux yriax
OTKJIOHEHUS PYJIsl pOTOBasi KOMIICHCAIUS YXY/IIAeT XapakTep 00TeKaHUs ONepeHus,
YBEJIIMYUBAET €ro0 JI000BOE conpoTHBIIEHNE. KpoMe TOro, BEICTYNAOIMUN “pOr” CIIy>KUT
MCTOYHUKOM BHXPe0oOpa3oBaHus, UTO CIIOCOOCTBYET BUOPALIMU XBOCTOBOT'O OIIEPEHUSI.

Ocegoii azpodunamuyecKkoll Komnexncayueil pyisi Ha3bIBaeTCs YacTb €ro IJIOUIaIH,
pacnoioKeHHO! Briepean ocu Bpamenus (Puc. 129).

[IpuHMn neicTBUSA 0CeBOM a3poJMHAMUYECKON KOMIIEH ALY [10100€H PUHIMITY 1EHCTBUS
pPOroBOi KOMITEHCAIIMH. AdpoJHAMHUYECKas CUila, JeMCTBYIOIAs Ha IJIOIAb KOMIIEHCAIUY,
CO3a€T OTHOCUTEJILHO OCU BPALLICHUSI MOMEHT, HallpaBJIEHHbIN B CTOPOHY, IPOTHUBOMOJIOKHYIO
LIAPHUPHOMY MOMEHTY, YMEHbIIAasi TEM CAMbIM YCUJIME Ha PyUKe yIpaBICHHUS.

OTOT BUJ KOMIIEHCALIMM HMEET HauOOoJIbLIee pacCIpOCTPaHEHUE Ha CaMOJIETaX BCEX BUI0B, BBUY
€ro IPOCTOTHI MPH T0OCTATOUHOH 3(PPEKTUBHOCTH.

OceBas a’poAHaMUYecKasi KOMIIEHCAIINS PYJIEBBIX IOBEPXHOCTEHN

Ha camoJete Sk-52 cocraBiser:

Ha pyne HamnpasieHus 4,4 %;

Ha pyne BbicoThl. 18,4 %; Ha sneponax 13 %.;

Ha camoJeTte SAk-55:

Ha pyne BbICOTHI 2,5 %; Ha pyie Hanpasierus 19,5 %; va sneponax 10 %.

PoroBas aspoamnamuueckas KomneHcanus Ha camosiete Slk-52 Ha pyiie HarpaBieHus
coctaBisieT 4%, Ha camonete Sk-55: Ha pyne HanpaBienus-9,4 %; Ha pyne BoicoTH 4,7 %; Ha
aneponax 1,3 %.

[Ipu npaBuUIBLHO NO100paHHON BETMUMHE a3POAUHAMUYECKOM KOMIIEHCAIMH PYJel mapHUPHBIHA
MOMEHT pyJieil He CTAaHOBUTCS PaBHBIM HYJIIO, & TOJIBKO yMeHbIIaeTcs. OAHAKO B JUIUTEIHHOM
MoJIeTe Ha KaKOM-JIN0O peKuMe J1aXke CPaBHUTEIbHO HEOOIbIIOE YCUIINE, PUKIIAAbIBAEMOE K
pyUKe YIpaBJeHHUs, BECbMa yTOMJISET JeTunka. [103ToMy 1ononHuTensHO Ha camornere Sk-52
YCTaHOBIIEH a3pOJANHAMUYECKUI TPUMMED, KOTOPBIN NO3BOJIAET PErYIUPOBATH JKEIAEMOE
YCHJIME Ha PYy4YKE YIPABJICHUS WIH MOJHOCTBIO CHSTB €TO0.

~
Y Oce bpaweHusa
mpummepa

Puc. 130 Ilpunyun oeiicmeus apoouHamMuyecKo20 mpummepa
a5 /) d7;
APy /d Ty = f(V)
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Puc. 131 3agucumocms 3¢pghekmuenocmu mpummepa pyna evicomoi camonema fk-52 om ckopocmu nonema



Tpummep camornera SIk-52 nmpeacrapiseT coO0 HEOOIBIIYIO IO IUIOMIAAN YaCTh PYJIs,
[IAPHUPHO YKPEIUIEHHYI0 0KoJ0 3aaHen kpomku (Puc. 130). TpumMmep umeer He3aBUCHMOE
ynpasieHue. [Ipy OTKIIOHEHNHN €r0 BO3HUKAET a3p0oIMHAMUYECKHI MOMEHT, TPOTUBOIIOJIOKHBIN
LIIAPHUPHOMY MOMEHTY PYJISL.

JleTuuk 1o CBOEMY EJIaHUIO MOXKET YMEHBIINUTD WM ITOJIHOCTHIO CHATh YCUIIUE HAa PyUYKe
yIIpaBJICHUS.

Bonpmast 3¢ exTHBHOCTS TpIMMEpa Ha camouieTe SK-52 mpu cpaBHUTEIEHO HEOOIBITNX
pa3mepax OOBSICHIETCS TEM, YTO IIPU OTKIIOHEHUH TPUMMEpPa MPOUCXOINUT NepepacpeielicHIe
JaBJICHUS TT0 BCEH IOBEPXHOCTH PYIIS MOJOOHO TOMY, KaK OTKJIOHEHHE PYJISi H3MEHSIET
pacnpezeneHue aaBiaeHus Ha crabunusarope. Ha camonere SIk-52 TpuMMep yCTaHOBIIEH TOJIBKO
Ha pyJie BBICOTHI. Ero yriibl OTKIIOHEHMSI COCTABIISIIOT BBEPX U BHU3 12°.

Ha camounere SIk-55 TpuMMep He ycTaHOBIIEH, BBHY TOTO, YTO CHMMETPUYHBINA POQHITH KpbLiia
1 cTabuIn3aTopa, a TakyKe MPUMEHEHHE POTOBOM U 0CEBOM a’pOIMHAMUYECKUX KOMIIEHC AU
MIO3BOJISIET 3HAYUTENILHO YMEHBIIUTh Harpy3Ky Ha pydKe yIpaBJiIeHUs U JIEPOHAX MPU
BBINIOJIHEHUH MMUJIOTaXa KaK MPsIMOTo, TaK ¥ 00paTHOTr0, a TaKXKe TOPU30HTAJIBHOIO M0JIETa B
JMana3oHe pabouux CKOPOCTEH.

3aBUCUMOCTb APPEKTUBHOCTH TpUMMepa camotieTa SAk-52 (T. e. ”3MEHEHUe YCUIIUN Ha pydKe
YIIPaBJICHUS TIPH OTKIOHEHUH ero Ha 1°) OT cKkopocTH moJjiera nmokasana Ha (Puc. 131).
VYnpasrenue TpuMMepoM MexaHnuuyeckoe (TpocoBoe). Koiieco ynpaBieHus: TpuMMepoM
YCTaHOBJIEHO Ha JIEBOM OOPTY nepeaHe u 3aHel KabuH. B OTKJIOHEHHOM MOJI0KEHUH TPUMMeEpP
(bukcHpyercs ¢ TOMOIIbIO MEXaHN3Ma MIEPECTaHOBKU TPUMMeEpa B CUCTEME YIIPaBIICHHUS,
KOTOPBII YCTAHOBJIEH B (DIO3EJISIKE CaMOJIETA.

BJ/IMAHUE MOMEHTA OPU30HTAJIBHOI'O OIIEPEHHA HA ITPOJOJIbBHYIO
BAJIAHCUPOBKY

I'opuzoHTanpHOE OMIEpeHNe COCTOUT U3 CTAOUIU3aTOPa U PYJIsl BBICOTHI, KOTOPBIE MPEICTABISAIOT
co00ii B 11€JI0OM HEOOJIBIIIOE KPBLIO, 00BIYHO cuMMETpraHOTro mpodus (Puc. 132).

PaccmoTpuM ropuzoHTanbHOe onepenne camoseta Ak-52. [loa neiicTBUeM BCTPEYHOTO MOTOKA
BO3/1yXa ONEpEHNE Pa3BUBAECT MOJIBEMHYIO CUITY Y 1o, KOTOpas, NEUCTBYSA Ha 1edo L, ,, co3maer
MOMEHT OTHOCUTEIBHO MONIEPEYHON OCH, paBHBIN

Meo - 'Yeo- l—eo-;

r7ie 3HaK MHHYC TTOKa3bIBACT, YTO MOMEHT MUKUPYFOIIHH.

BenuunHa 3TOro MoMeHTa 3aBHCHT IJIaBHBIM 00pa3oM OT BEJIMYMHBI IO TbEMHOMN CHITBI
OIEPEHHUs], TaK KakK M1edyo Ly, MOXXHO CUMTATh MOCTOSHHOW BEIMYMHON. BennurnHa noapeMHoi
cuIbl Yy, 3aBUCHUT OT yIJIa aTaKu TOPU30HTAIBLHOTO OTIEPEHHUS (32 KOTOPBIA MPUHUMAIOT yroJI
aTaky CTaOMiIM3aTropa) U OT MpoduIsi, KOTOPHIH MEHSETCS TIPU TIOBOPOTE PYJIsi BHICOTHI.
CrnenoBaTenbHO, MOMEHT TOPU30HTAIBFHOTO OTIEPEHUS 3aBUCHUT OT yrjla aTaKu CTa0MiIn3aTropa u
yria OTKJIOHEHHUS PYJIS BHICOTHI.

Yenom amaku cmabunuzamopa naspiBaetcs yron MeXIy XOpIoi crabunuzaTopa u
HaIpaBJIeHHEM Ha0eraroIIero Ha Hero MoToka. Xopaa craduian3aropa He napajijieibHa X0p/e
KpBLJIa ¥ COCTABJISIET C HEHM YTOJ1 YCTAHOBKH CTa0MIIU3ATOPA (. YTOI MEXKIY XOPIOH
cTabuin3aTopa ¥ HalpaBICHUEM BO3IYIITHOW CKOPOCTH caMoJieTa OyAeT paBeH CyMMe yriia

aTaKy Kpbla K ¥ yriia ycTaHoBKM cTadummsatopa Pcr u papen ¢+ %Pcr . Srot yron naseiBaercs
yenom amaxku cmaouauzamopa.

Ho 3710 eme He nonnsiil yroin. [lox aeiictBueM Kpblila BO3AYIIHBINA OTOK OTKJIOHSETCS OT CBOETO
Ha IIPABJICHUS BHU3 HA HEKOTOPBIN YroJ € , Ha3bIBAEMBI y2iom CKoca nomoka.
CrnenoBatenbHO, yroJl aTaku CTaOMIIN3aTopa, T. €. TOPU30HTAIBHOTO ONIEPEHHs], OTydaeTCsI

IIYTEM BbBIYUTAHUS YIJIa CKOCA BO3AYIIHOI'O ITOTOKA U3 yIjia a+tPcr .

Ocr =A+Per — €. (9.10)
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Puc. 132 Momenm zopu3zonmanvrozo onepenus
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Puc. 133 H3menenue momenma 2OPU3OHMAIbHO20 ONREPECHUA 6 3A6UCUMOCHIU OM Y2ia AMAKU U y2ia
OMKIIOHERUA pYJisl 6blCONbL

YuuThIBas 3HAYEHUE NOTy4eHHOTo yriia #¢T | paccMOTpHM, Kak M3MEHSETCS IOIbeMHas CHla
TOPH30HTAIEHOTO OTIEPEHHUS M €€ MOMEHT OTHOCHTEIILHO OCH Z B 3aBHCHMOCTH OT YTJIa aTaKu
CTa0MIIN3aTOpa U yIJia OTKIIOHEHUS PYJIsi BRICOTHI

Korna yrou aTaku crabuim3aropa paBeH HyJI0, TO TIPU HEUTPATHHOM ITOJIOKEHUH PYIISE BEICOTHI
(Puc. 133) mogbeMHas CHIla ONEpeHus OyAeT paBHA HYIIIO K HUKAKOTO MOMEHTA HE TIOJIYYHTCS.

Ecnu neTynk OTKIOHUT pyib BEICOTH BHU3 (Puc. 133, a) Ha HEKOTOPHIil yron O (AenbTa), TO 3TO
Oy/IeT paBHOCHIIBHO YBEJIIMYCHHUIO yIJIa aTaKu CTAOUIIM3aTOPA U BHI3OBET MOSIBJIICHHUE 10 IHEMHOM
CHJIBI, HAIPABJICHHOW BBEPX, U MOMEHT e¢ OyJleT MUKupyonrM. Eciu ke JIeTYNK OTKIIOHUT
pyab BeIcOTHI BBepX (Puc. 133, a-2), T 3TO BBI3OBET MOSBJICHHUE 11O IHEMHOM CHIIBI,
HaIpPaBJICHHOW BHU3, © MOMEHT €€ Oy/IeT KaOpHpYHOIIUM.

Korna yrou aTaku cradbuimn3aTopa MoJI0KHUTEIbHBINA, TO IPU HEUTPAIILHOM TTOJIOKESHUH PYJIs
BbICOTHI (Prc. 133, 6) mogbpemHas cuiia OyneT HampaBjeHa BBEpX 1 MOMEHT €€ OyieT
MUKUPYOMUM. ECu TeTYnK OTKIIOHUT pyJib BeICOTHI BHU3 (Puc. 133, 6-1), To 3TO BRI3OBET
YBEIMYEHHUE MTOALEMHOM CHUJIBI M €€ MIUKUPYIOIIEr0 MOMEHTA. ECIN jKe JIETYNK OTKIIOHUT PYJib
BbICOTHI BBepX (Puc. 133, 6-2), To 3T0 BBI30BET yMEHbIIIEHUE TOJHEMHON CHIIBI U MOXKET
M3MEHUThH €¢ HallpaBJICHHE U HAINPaBIICHHE €€ MOMEHTa Ha 0OpaTHOE.

PaccmoTpuM oTpuniaTeNbHBIN Yroi ataku cradbuiuzaropa. Koria pyib BBICOTBI HAXOAUTCS B
HelTpanbHOM nosioxenuu (Puc. 133, B), mogbeMHas cuiia OyeT HampaBlieHa BHU3 U MOMEHT €€
Oyznet kaOpupyromuii. Eciay neTunk oTKIOHUT pyib BicoThl BHU3 (Puc. 133, B-2), To 310
BBI30BET YMEHBIIICHHE MTOJFEMHOM CHJIBI U MOXKET U3MEHHTDH HaIlpaBlIeHHWE €€ MOMEHTA Ha
oOpartHoe. Eciu e JeTunK OTKIOHUT PyJib BICOTHI BBepX (Puc. 133, B-2), TO 3T0O BBI30BET
yBEJIMYEHHE OTPHUILIATEIHHON MO IHEMHON CHUIIBI M €€ KaOpUPYIOIIEr0 MOMEHTA.

Yron ycTaHoBKH cTabumm3aTopa camoreta Sk-52 pasen Pcr = 1°30', camonera $Ik-55 Per = Q°,



BJIMAHUE MOMEHTA CUJIOBOM YCTAHOBKHU HA ITPO/0JILHYIO
BAJIAHCHUPOBKY

PaboTaromas cuioBast ycTaHOBKa BUHTOBOTO CaMOJIeTa C MIOPIIHEBBIM U TypOOPEaKTHBHBIM
JBUTATEISIMU CO3/1a€T IPOJA0IbHBII MOMEHT CHJIbI TATH U, KPOME TOTO, IIPOJIOJIBbHBI MOMEHT OT
M3MEHEHHUS [T0IbEMHOM CUJIbI TOPU30HTAIBHOIO ONIEPEHMS B PE3YJIbTATE ACUCTBUS HA HETO
CTPYyHU BO3IYIIHOTO N0TOKA. [Io3TOMY, eciu B nojieTe caMoeT HaXOJUTCs B IIPOI0JIBHOM
PaBHOBECHUH, TO IPU BKIFOUEHUH JIBUTATENS OHO OyJeT HAapyIIEHO BCIIEICTBUE UCUC3HOBEHUS
yKa3aHHbIX MOMEHTOB. Ecin ke camosieT ObUT B paBHOBECHM Ha IUIAHUPOBAHUHU, TO IIPU
BKJIFOUEHUU JBUTATENsl OHO OYIET TaKKe HapYIIEHO BCIIEACTBUE MOSBICHUS BbIIIEYKa3aHHbIX
MOMEHTOB.

Ecnu tsra cunoBoil yCTaHOBKU IIPOXOJUT BHE LIEHTPA TAKECTU CaMOJIETA, T. €. KOI'/1a UMEETCsl
JETEHTPAIHS TATH, TO Oy/IeT co3/aBaThCs MpoAobHbI MOMeHT (Puc. 134, a). Dto xapakTepHO
g camouiera SIk-52. HampaBiieHue Cuiibl TATH Y HETO MPOXOAUT BhIIIE IIEHTpa TsbkecTu. Takast
JeLIeHTpalys Ha3bIBaeTcs gepxHeit. Cle0BaTeIbHO, UCXOS U3 BBIIIECKA3aHHOTO, MOXKHO
C/IeNaTh BBIBOJ, YTO MOMEHT OyJeT MUKUPYIOIIUM - OTPULIATEIbHBIM.

Puc. 134 Bausnue cunogoii ycmanogxu camonema Ak 52 na npodonsnoe pagnosecue

JleiicTBHE BO3AYIIHOM CTPyH OT BUHTA Ha omniepeHue Oosee cioxxHo. [Tycth camorter Sk-52
IJIAHUPYET W Ha €ro TOPU30HTAILHOE ONepeHne HaberaeT Bo3aylIHbIi MoTok (Puc. 134, 6) co
CKOPOCTBIO V, TOJT YIJIOM aTaku o.. B pe3ynbraTe 3TOro ornepeHue pa3BuBaeT MO bEMHYIO CHITY
Yo [Ipy BKIIFOUCHHH JBUTATENS K CKOPOCTH V 100aBISIETCS CKOPOCTh CTPYH BO3IYITHOTO
BHUHTA V1, IPHYEM IMOTOK HAaOeraeT Ha OIepeHHe 10 MEHBIIIMM YIJIOM aTakd o (TaK Kak
BO3IYIIIHAs CTPYsl BUHTA YBEIMYMBAET CKOC TIOTOKA y XBOCTOBOTO onepeHwsi) Benencreue
YBEITMYEHUS] CKOPOCTH MOIEMHAsI CHJIA OTIEPEHUS TOJDKHA BO3PACTH, a BCICICTBUE
YMEHBIIICHUS yTJIa aTaky J0JDKHA YMEHBIIUTHCS B uTOre BeTMunHA M0 IbEMHOM CHITBI 3aMETHO
HE U3MEHHUTCS, T €. JCUCTBUE CTPYH BO3yXa OT BO3AYIIHOTO BHHTA 3aMETHO HE HAPYILIUT
paBHOBECHE CaMOJIeTa.

Beriie paccmarpuBaiics cirydaid, KOTa MoIbeMHasi CHJla OTICpEHHsI HallpaBJIeHa BBEPX H,
CIIeZIOBATEIILHO, CO3/IaeT MUKUPYIOIUI MOMeHT. Ho COBpeMEHHBIE caMOJIeThI, KaK MPAaBHJIO,
UMEIOT MEePETHIO0 IICHTPOBKY, a MPH MEePEIHEH IEHTPOBKE IIEHTP TSHKECTH CaMOJIeTa HaXO0IUTCS
BIIEPE/IH [ICHTPA JAaBJICHUS U OKyca camoJIeTa.

[To3TOMY KpBLIJIO CO31aET MUKUPYIOIIMIA MOMEHT, CJIEJIOBATEIBHO, TOPU30HTAILHOE OIIEPEHUE
JOJI’KHO CO3/1aBaTh KaOpUPYIOMIM MOMEHT, T. €. MOAbEMHAs CHJIa TOPH30HTAIFHOTO OTIEPEHUs U
€ro yrol aTaku J0JDKHBI ObITh oTpuniaTensHbiMu (Puc. 134, B) JlomycTum, 4To B 9TOM ciydae
caMoJIeT MIIaHUPYeT cO CKOpocThio V. [Ipu BKIFOUEHNHU JBUTATENs BO3AYIIHAS CTPYS OT BUHTA
YBEJIIMYUT CKOPOCTh MOTOKA BO3yXa Y TOPU3OHTAILHOTO OMIEPEHHUS U CKOPOCTh CTaHET PaBHOM

Vj_. Bcneactrue YBCIMYCHHUA CKOCA IIOTOKA YroJI aTaKu YBCIIMUUTCA a, > a.

B pE3ybTaTC YBCIIMYCHUA CKOPOCTH U yIJIa aTaK! IIOAbEMHaAs CUJia Yro. BO3pacTacTt a0
3HA4YEHUS Y1, U Ka6p1/1py10m1/1171 MOMCHT I'OPpHU30HTAJILHOT'O OIICPCHUSA YBCIIUNIUTCA.



VY camonetoB fk-52 u Ak-55 aelicTBue CTpyH OT BO3AYIIHOIO BUHTA HA TOPU30HTAIBHOE
OIlEpEHHE CO3AeT KAOPUPYIOIUI MOMEHT.

Jlanee paccMOTpHUM JieiicTBUE ITPOIOJIBHBIX MOMEHTOB Ha OaJIaHCUPOBKY CaMoJIeTa.

Taxk, Hanpumep, camosieT SJk-52 uMeeT BEPXHIOK ACLEHTPALMIO TSI CUIIOBOM YCTaHOBKH, YTO
MPUBOAMT K CO3JAHUIO MUKUPYIOIIEr0 MOMEHTA, KOTOPBIH MO0 CBOEMY 3HAYCHUIO 0OJIbIIe
KaOpUpPYIOIIEro MOMEHTA, BO3HUKAIOIIETO OT ACHCTBHSI CTPYH BO3/YIIHOTO BHHTA HA
rOpU30HTaNIbHOE onepeHue. 1103ToMy npu BKIIIOUEHHUH JIBUraTelIsl CaMoJIeT OyIeT CTPEMUTHCS
YMEHBIINUTD YroJl aTaku. J{Jis mpoTUBOAEHCTBUS 3TOMY HEOOXOJUMO CO3JaTh PYJIEM BBICOTHI
N100aBOYHBIN KaOpUPYIOIINI MOMEHT, T. €. B3ATh Py4KY YIIPaBJICHHUS Ha ce0s U TaK JIepKaTh ee
BO BpPEMsI BCETO 0JIETA HA IaHHOM pEXUME pabOThl ABUTaTEIs.

[Ipu BBIKJIIOUEHUU IBUTATEINS MUKUPYIOLUUH MOMEHT OT TATM BO3JYLIHOTO BUHTA U
KaOpUPYIOMHUKA MOMEHT PYJIS BRICOTBI UCYE3aI0T, HO I0OABOYHBIN KaOPHPYIOUINI MOMEHT PyJIs
BBICOTBI OCTA€TCs, U MOJI ACUCTBUEM €r0 CaMOJIeT YBEJIMYUT YToJ aTaku (€Cly JETUYUK
CBOEBPEMEHHO HE OTKJIOHUT PYUKY ynpaBieHus oT ceOs). [Ipu BHe3anHOM HCU€3HOBEHUU CHIIBI
TATH (0TKA3 JBUTaTellsl), 0OCOOCHHO Ha MOABEME, MAKAA OUIUOKA IeMYUKA MOIICEm NPUGECIU K
PE3KOMY YMEHbULEHUIO CKOPOCHU U C6ATITUEAHUIO 6 WIMONOP.

YCTOMYUBOCTH CAMOJIETA

MPO/I0JIbHASA YCTOMYUBOCTE CAMOJIETA

Ilpooonvnon ycmoiiuueocmoio camonema Ha3bIBa€TCs CIOCOOHOCTH €r0 COXPaHATh 3aJJaHHbBIN
PEKHUM T0JIETa_M BO3BPAIIAThCA K HEMY MOCJIE BO3JICUCTBUS HA CAMOJIET BHEIIHUX BO3MYIIIEHU,
HapyIaKIHAX UCX0THOE PABHOBECUE CHJI © MOMEHTOB B INIOCKOCTH CUMMETPHH CaMOJIETA.
A>3pOIMHAMUYECKHE CUIIBI © MOMEHTHI B MPOJIOJIbBHOM JABUKEHUHU CaMOJIETa OTIPEAEIISIIOTCS
YIJIOM aTak U CKOPOCTBIO camoJieTa rpu nosere. [lostomy, st cyxieHust 00 n3MeHEeHUn
a’pOIMHAMUYECKUX CUJI U MOMEHTOB MIPH HapyIIEHUH OalaHCHPOBKU HEOOXOAUMO 3HATh
BEJINYMHY U3MEHEHHUS YIJIa aTaKh U CKOPOCTH IOJIETA.

[IpoionbHOE BO3MYIIIEHHOE ABH)KEHUE CAMOJIETa MOKHO MPEACTaBUTh KaK KOMOUHALIUIO
KOPOTKOIMEPHOAUUECKOTO ABIKEHNUS (BpallleHUs] BOKPYT MOTIEPEYHOM OCH) U
JUIMHHOTIEPUOAUYECKOTO IBHKEHUS (M3MeHeHHe yria ataku). CKOpocTh IPU STOM MOKHO
CUMTATh IPAKTUYECKU MTOCTOSIHHON. TOJIBKO C TEUEHUEM BPEMEHH OHA HAYHET U3MEHATHCS, IIPU
3TOM B 3aBUCHUMOCTH OT KOJIEOaHHsI CKOPOCTHU yroJl aTaKH TaKKe MOYKET U3MEHSTh CBOIO
BEJIMYMHY, HO €r0 U3MEHEHHE OyJIeT UTrpaTh YK€ MOAYUHEHHYIO POJIb.

CBoiicTBO camoseTa ObICTPO U3MEHSTH YTOJl aTaKH U CPABHUTEIBHO MEUIEHHO CKOPOCThH MOJIeTa
ITO3BOJIMJIO PACCMAaTPUBATh JBA BUJIA IPOJIOJIBHOW YCTOMYMBOCTU CaMOJIETA: YCTOMUHUBOCTD 110
neperpysKe, yCTOM4MBOCTb IO CKOPOCTH.

Yemoiiuueocmo no nepezpyszke nposiBnsiercs B Hayaue BO3MYILEHHOTO JIBHKeHHs. Kak
MOKa3bIBAET JIETHAS MPAKTHUKA, OBICTPOE BOCCTAHOBJICHHE yIila aTaky U MepPerpy3Ku
obecrnieunBaeT 0€30MaCHOCTh MOJIETa U CPABHUTEIIHHYIO OBICTPOTY YIPABICHUS CAMOJIETOM.
Oco0eHHO 3TO XapaKTepHO it caMonieToB SIk-52 u SIk-55, umeroniux 60JbIinue pyieBbie
MTOBEPXHOCTH.

Yemoituuseoems no ckopocmu nposiBisieTcst MEUIGHHO M MOYKET OBITH BHISIBJICHA H3MEHEHUEM
CKOPOCTH, €CJIU JIETUUK JUTUTEIIbHOE BPEMSI HE BMEIIMBAETCS B YIPABJICHHE CAMOJIETOM.

MPOJ0JIbHAA CTATUYECKAS YCTOMYHUBOCTD 110 NMEPETPY3KE

IIpooonvnaa cmamuueckas ycmouuugocms no nepezpy3Ke - 370 CloCOOHOCTb camMoJIeTa
CO3/1aBaTh CTAaTHYECKME MOMEHTHI, HAlPaBJICHHbIE HA BOCCTAHOBIICHUE HCXOIHOTO YIJIa aTaku
(meperpyskn).

W3 onpeneneHus cieayer, 9TO YCTOHYMBBIH 1O NIEperpy3Ke caMoJieT UMEET CTPEMIICHHE B
MIePBBI MOMEHT II0CJIE BO3MYLICHHUSI BOCCTAHOBUTD YrOJI aTaKH H MPSIMOJMHEHHOCTb TOJIeTa-
JBHKCHUSI.



BbIsicHUM yciioBust, IPU KOTOPBIX caMoJieT OyAeT ycToiuuB 1o neperpyske (Puc. 135). Ilpu
CIIy4aiiHOM YBEJIMYEHUU yIJia aTaky (HapuMmep, Ipyu BO3AEHCTBUU BEPTUKAIBHOTO MOPbIBA
BETPa) BOSHUKAET HEYpaBHOBEIICHHAs O JbeMHas cuiia AY, puiiokeHHas B (OKyce caMoJieTa.
JlanbHeliee moBeeHNe camosieTa OyIeT 3aBHCETh OT B3aUMHOTO PacIioyIoKeHus poKyca u
LIEHTPA TAKECTH.

IIpu pacnonoxennu ¢pokyca no3aau LEHTPA THKECTU CaMoJIeTa YBEIMUEHUE yIila aTaku
IIPUBOJIUT K MOSIBJIIEHUIO CTAOUIN3HUPYIOLIETO MOMEHTA (ITMKUPYIOIIETO), MOJ1 e CTBUEM
KOTOPOTO BO3HUKIIHIA BO BPEMsI BOSMYIIIEHUS JOTIOJIHUTEIbHBINA yroJl aTaku Ao yMEHbIIaeTcs U
CaMoJIET CTPEMUTCS BEPHYThCS B UCXOIHBIA pekuM. B 3TOM cityuae camolieT B Ipo101bHOM
OTHOIIEHUU CTaTUYECKU YCTONYMB 10 meperpyske. 1o xapakrepHo st Ak-52 u Sk-55.

[Tpu pacnonoxxennn (oxyca BIepean IEHTPa TSHKECTH CaMOJIeTa yBEIHUSHHE YIla aTaKH
MIPUBOJIUT K TIOSIBJICHUIO JICCTA0MIIM3UPYIONIETO (KaOpUPYIOIIEro) MOMEHTA, TI0] ICHCTBUEM
KOTOPOTO JIOMOJIHUTENIbHBIN YroJl aTaku Ao Bo3pacTtaer eme 6osbie. CamoseT Oyaer
YBEJIMYUBATH YroJl aTaKu U NMEepEerpys3Ky /10 BbIX0/1a Ha PeXHUM CBaJlMBaHuA. B 3ToM ciiyuae
CaMoJIeT B MPOJI0JIbHOM OTHOLLEHUU HEYyCMOoiuue no nepezpysKxe.

Takum 00pa3om, YCIOBHEM TIPOOJIBHON CTATUYECKON YCTOWYMBOCTHU CamMoJieTa o Meperpy3Ke
SIBJISIETCS_yCJIOBHUE PACcIoJIOKeHUs (poKyca camoJieTa M03au ero [eHTpa TSHKECTH.

AMz=AY (XF-Xm)

Puc. 135 K o6vacnenuro npooonvnoii cmamuueckoil yCmouuugoCcmu camoiiema no nepezpysKe

Kax Bunno u3 Puc. 135, BenmnurHa HEypaBHOBEIIEHHOTO CTA0MIM3UPYIONIET0 MOMEHTA
MPONIOPIIHOHAIFHA PACCTOSIHUAIO MEXTy (POKYCOM U IICHTPOM TSDKECTH CaMmoJIeTa:

Wiy B 6e3pa3sMepHbBIX KO3 uIimenTax:

—-Am, =AC, (YF —YT). (9.12)

HpI/I YMCHBIICHUHN BCIINYNHBL XE—=Xr YCTOﬁqHBOCTL CaMOJICTa IO MCPETrpy3KE YMCHBIIACTCA,

npu Xe=X1 =0, 1 ¢ xorna LEHTP TSKECTH COBIAAAET C POKYCOM, CAaMOJIET CTAHOBUTCS
HEUTpaIbHBIM.

LlenTpoBKa, MpH KOTOPOH LIEHTP TSHKECTU CaMoJieTa COBMaaeT ¢ JOKYCOM caMoJIeTa,
Ha3bIBACTCSI HEUMPAIbHOU WU KDUMUYUECKOU.

Pa3sHOCTb MeX Iy HeHTpanbHOi 1eHTPoBKOii ((GoKycoM) u (pakTHUecKoi 1eHTpoBKoit X F — X7
Ha3bIBACTCS 3ANACOM YEHMPOEKYU VIIH 3a11aCOM IPOJOJIBbHON CTaTUYECKOHN ycmouuueocmu no
nepezpyske.

Ecnu nentpoBka camosiera 60bllie HEUTPATbHOMN, TO CAMOJIET CTAHOBHUTCS HEYCTOMYHMBBIM 1O
neperpyske, yTo HeomycTuMo. [losToMy mpu Bcex BapruaHTax 3arpy3Kd HEHTP TSKECTH
camoJieTa JI0JKEH HaXOAUThCS Brepenu Gokyca, T. €. cCaMOJIeT JOJIKEH UMETh HEKOTOPBIi
MUHUMAaJbHBIN 3aac EHTPOBKU Ha YCTOWYMBOCTD, UCXOMS U3 KOTOPOTO Ha3HAYAETCs
MIpeIebHO 3aIHSS U MPEeIbHO MepeaHsIs SKCILTyaTallMOHHbBIE IICHTPOBKHU.



[IpenenpHO 3a1Hss SKCIUTyaTallMOHHAS [ICHTPOBKA BEIOMPACTCSI U3 YCIOBHUS, YTOOBI 3amac
YCTOMYUBOCTH 10 Teperpy3ke 0bu1 qoctaTouHbM (3...4 % CAX ans MaHEBPEHHBIX CAMOJIETOB, a
JUTS Y9€OHBIX M TSDKEIBIX caMoJieToB - He MeHee 10% CAX).

VY camornera Sk-52 npenenbHO JTomycTUMAas 3aQHss EHTpoBKa cocTaBisieT 25 % CAX, a
MpeAesibHO Nepeanss AomycTumas nentpoka-17% CAX. Y camonera Sk-55 npenenbHo
MepeAHss JOMyCTUMAas SKCIUTyaTallMOHHas IeHTpoBKa cocTanisieT 27% CAX, npenenbHO
3annsisi-31,5% CAX (B TpeHHpOBOUHOM BapuaHTe) U cooTBEeTCTBEHHO 25% CAX u 31,5% CAX
B [IEPETOHOYHOM BapHaHTe.

PesynpTaTaMu JI€THBIX UCIIBITAHUNA PACCMATPUBAEMBIX CAMOJIETOB YCTAaHOBJICHO, YTO
MIPOJIOJIbHASL CTATHYECKAs! YCTOWYMBOCTH IO MEPETPY3KE BO BCEM JIMATIA30HE CKOPOCTEH U BHICOT
I10JIETA, C 3aKaTOM U CBOOOAHOMN pyUKON yIpaBiIeHUsI, XOPOLLIas.

3armac cTaTH4eCcKO yCTOMYUBOCTH TI0 TEperpy3Kke npu 3ahMKCUPOBAHHOM YIIPABICHUU
COCTaBJISIET 1JIsi 000UX camMoJIeTOB B cpeaHeM He meHee 10 %.

IIpu ocB0OOKIEHHOM yrpaBiIeHUH (pyyka OpoIlleHa) 3amac CTaTHYeCKOM yCTOHYMBOCTH
camoJietoB Ak-52 u Sk-55 no neperpyske menblie (Ha 3...5 % CAX), uem npu
3a(UKCUPOBAHHOM YIPABIEHUU (pyUyKa yIpaBiIeHHs 3aXara).

3T0 0OBICHSETCS TEM, UTO MPH CIIyJaifHOM M3MEHEHUH YTila aTaKu KpblUia CBOOOTHBIN PyJIb
YIIpaBJICHUS] YCTAHABIMBACTCS TI0 IOTOKY M HE Y9aCTBYET B CO3JIaHUH MPUPAIIECHHS 110 ITHEMHOM
CHJTBI TOPH30HTAIEHOTO OTIEPEHUs], BETMUYMHA KOTOPOTO yMeHbInaeTcs. [109ToMy yMeHbIIaercs
CHIBHT ad3pOJJMHAMHUYECKOT0 (poKyca Ha3al.

[Ipu yBenuueHnn cKOpoCTH MoJieta 1o npudopy 6osiee 360 kM/4 HeHTpaIbHas LIEGHTPOBKA
(boxyc) yBennumBaercs Ha 2...3 % CAX, 4To MOBBIIIAET 3armac Mpo0IbHON CTaTUYECKOU
YCTOWYMBOCTH MO TIEPETPY3KE.

3Ot0 yBenmueHune 00bscHsIeTCs creayromuM. C pocTOM CKOPOCTH TIOJIETa 1Mo MPHOOpY MpU
ClIydaifHOM BO3PAaCTaHUU YIJla aTaku yBETUUYMBAIOTCs u3rudaroniue nedpopmannu dro3enska,
IIPU 9TOM BEPXHsS €r0 4acTh YKOPAuUMBAETCA, a TPOCA YIPABJIECHUS PYJIEM BBICOTHI CBOEH IJTMHBI
HE U3MEHSIOT. DTO IPUBOJUT K OTKIOHEHHUIO PYJIs BBICOTHI BHU3. [Ipupaliienre no beMHO I

CHJIBI TOPU30HTAJIBHOT'O ONICPCHUA AYF -0. BO3pacTacT, BLI3bIBAsA TEM CaMbIM CIBUT

a’pOIMHAMHUYECKOTO (hOKyca Ha3al.

[IpononbHas AMHAMIYECKAs] YCTOHYMBOCTh CaMOJIeTa HITH XapaKTep MPOA0JIbHOTO
KOPOTKOIIEPHOANYECCKOTO JIBHKCHHUS OTIPEIENISIETCS] COOTHOIICHUEM MEXIY CTATHUYECKUMH U
JTMHAMUYECKUMU MOMEHTAMHU.

B 3aBucumocTu oT crenenu aeGopMUpoBaHHs TPOI0JIBHOES KOPOTKOIIEPHOANIECKOE IBUKCHUE
MO>KET UMETh allePHOINICCKAN WM Yallle MepUoIuIecKuil (KkonebarenpHblil) xapakrep. [Ipu
cmaboM nehopMUpPOBAHHUH KoJIeOaHUsl caMosieTa OyIyT 3aTyXaTh MEIJICHHO U IOTPEOyeTCst
MHOTO BPEMEHH JIJIsl BOCCTAHOBIICHHS PAaBHOBECHSI.

Ho u npu upe3mepHO 60bIIoM aeMUpOBAHUN HIIK HEIOCTATOYHOM CTaTHYECKON
YCTOMYUBOCTH CaMoJIeTa BO3BPAILCHUE B COCTOSIHUE PABHOBECHS TAKXKE 3aTSTUBACTCS, XOTS
KojebaHuil He OyJeT.

[IpononbHas AMHAMHYECKAs YCTOHYMBOCTh CaMOJIeTa XapakTepu3yeT KOI(GUIIMCHT 3aTyXaHus
MPOIOJIBHBIX KOJICOAHHIA.

150 200 260 300 350
Virmsy

Puc. 136 . Xapaxkmepucmuku npodonsHoil OuHamuueckoi ycmouuusocmu camonemos fx-52 u Ax-55 ¢
3axcamoil pyuKoi ynpaeieHus



PaccmoTpuM xapakTepuCTUKU KOPOTKOTIEPUOJMUECKOTO ABUXKEHUs caMoIeToB Sk-52 u fAk-55 B
rOpU30HTAILHOM MoJieTe Ha BbicoTe H=500 M ¢ 3axaToil pyukoil ynpaBiieHUs IPU CIAEAYIOIINX
JAHHBIX CaMOJIETOB:

SAx-52 - G=1290 xrc, nuentposka 25% CAX;

SIk-55 - nenrposka 25% CAX, G=870 krc (Puc. 136).

W3 rpadukoB prCyHKa BHIHO, YTO B JHaria3oHe ckopoctei mosera ot 150 mo 360 km/4
3aTyxaHue KosjeOaHuil Ha [T0JIOBUHY YMEHbILAETCS. DTO ONPEAEIAeT JOCTATOYHO XOPOLIYIO
JUHAMHYECKYIO YCTOMYHUBOCTH camoJieToB Sk-52 u SAk-55.

[IpuBeneHHbIE XapaKTEPUCTUKU KOPOTKOIIEPUOANIECKOTO IBUKEHHUS MTO3BOJIAIOT CIENIAaTh BBIBOL
0 TOM, YTO JUIUTEIbHBIN TOPU30HTAIBHBIN MMOJIET Ha caMmoseTax SAk-52 u SAk-55 Bo Bcem
JMana3oHe CKOPOCTEN U BBICOT HE YTOMUTEIICH.

Ho BcnencTBre Manoro Beca caMoJIETOB B CHIIBHYIO “00NTaHKY  JETYHKY HPUXOIUTCS
MIPUKJIIAJBIBATh ONPEICICHHBIE YCWIINS JJIs YACPAKAHUS CAMOJIETA B 3aJaHHOM PEKHUME I10JIETA.

MPO/I0JIbHASA YCTOMYUBOCTE IO CKOPOCTH

Yemoituueocmuio no ckopocmu na3piBaetcs crnocoOHOCTh caMOJIETa BOCCTaHABINBATD
CKOPOCTb MOJIETA U YTOJl HAKJIIOHA TPAEKTOPUU UCXOJAHOTO PEKUMa.
Camortet, 001a1al0MKI YCTOMYMBOCTBIO 110 TIEPETPY3KE U YIOBIECTBOPUTEIHHBIMU
neMII(UPYIOIITUMHU CBOWCTBAMH, TIPY HAPYIIIEHUU PABHOBECHUS CPABHUTEILHO OBICTPO
MIpPEeKpaIaeT KOPOTKOTIEPUOInYecKoe KoebaTeslbHOe IBUKEHe. B npoiiecce 3Toro aBmxeHus
CaMOJIET BOCCTAHABJIMBAET YTOJI aTaKH M MePerpy3Ky (MIPsIMOTMHEHHOCTD BUKEHHS) HCXOJHOTO
pexuMa, HO He BOCCTAHABIIMBAECT MCXOAHBIA YTOJI HAKJIIOHA TPACKTOPHUH U TaHTaxa. [loaTtomy
NanbHEIIee MPOTEKaHNE BO3MYIIIEHHOTO JIBIKEHHUS HAa3bIBACTCS OOJIBIIIIM
(nTMHHOTIEPHOIUYECKUM ) BIKeHHEM. OHO CBS3aHO CO 3HAYUTEIHHBIMH OTKJIOHEHUSMH
camoJieTa OT TPaeKTOPHUH UCXOJHOTO - YCTAHOBUBILIETOCS MOJIETa M COIIPOBOKIAETCS
M3MEHEHHEM CKOPOCTH U BBICOTHI. COBEPIIIEHHO SICHO, YTO MHTEPEC MPEACTaBIsET HaYaIbHas
TEHJICHIIUS CaMOJIETa, T. €. KaK OH pearupyeT Ha U3MEHEHHE CKOPOCTH cpa3y Mocje yCTpaHeHHs
BO3MYILICHUH.
Tennenuus camosera K BOCCTAHOBJICHUIO UCXOJHBIX 3HAUEHUN CKOPOCTH U yIJla HaKJIOHA
TPAeKTOPUU HA3bIBACTCA CMIAMUYECKOU YCHOUYUBOCbIO NO CKOPOCHU.
Bcsikoe n3ameneHnue CKoOpoCTH MoJieTa u3-3a JeHCTBUS KaKOK-TH00 CITyqaiiHOM MpUYHHBI
COTMPOBOXKIAECTCA U3MEHEHHUEM a’pOIMHAMUYECKUX CHII U MOMEHTOB. Eciu nipu yBennueHuun
CKOPOCTH T0JIeTa MOAbEMHAs CUJIa YBEIMUMUBAETCS, TO MOSIBIISIETCS HEYPaBHOBEIICHHBIH
n30bITOK ee AY, TpaeKTOpHS ABHKEHUSI UCKPUBIISIETCS BBEPX. DTO BEAET K YMEHbBILICHUIO
CKOPOCTH.
YMEHbIIEHHE CKOPOCTH Y CTATUYECKU YCTOMUYMBBIX caMoJieToB SAK-52 u Sk-55 conmpoBoxkaaeTcs
YMEHbBIIIEHUEM MOIEMHON CUJIBI U, CIIeI0BATEILHO, HCKPUBIIEHUEM TPACKTOPUH €ro MoJeTa
BHU3. [Ipu CHIKEHUU CKOPOCTH 110JIeTa YBEIHMUHUBAETCS.
Takum oOpa3om, ycIOBHEM CTaTUYECKOW YCTOMYHMBOCTH CaAMOJIETa IO CKOPOCTH SIBIISIETCS
yBEJIMYEHHE MTOJbEMHOM CHIIBI IPH YBEIMUYEHUU CKOPOCTH, U HA00OPOT, T. €. KpUTeprueM

dy dy

- —>0
YCTOMYMBOCTH 110 CKOPOCTH MOKET OBbITh 3HAaK Benuuunbl oTHomenus dV IIpu dV

dy <0

camoeT ycToiuus 1o ckopoctu. Ipu dV CaMoJIET HEYCTOMYMB IO CKOPOCTH.
Crartuueckast yCTOHYHMBOCTb CaMOJI€Ta M0 CKOPOCTH SIBJII€TCSI HEOOXOAMMBIM, HO
HEJ0CTAaTOYHBIM YCIOBUEM BO3BPAILEHUS CaMOJIETa K UCXOJHOM CKOPOCTH MOJIETA, TaK KaK OHa
OTPEEIAET TOJIbKO HAYAJIbHYIO TEHICHIIMIO B IBM)KCHUH CaMOJIeTa IIPU HapyLIEHUH €T0
paBHOBeCHS.

M3MeHeHne cKOpoCTH MOJIETa, KaK IPaBUIIO, COITPOBOXKIAETCS U U3MEHEHUEM yIJla aTaKH,
MO3TOMY I10J] YCTOMYMBOCTBIO IO CKOPOCTH (PAKTUYECKU MOJIPA3yMeBAETCsl yCTOWYMBOCTh



peKuMa I1oJIeTa, T. €. CTPEMIICHHE CaMOJIeTa BOCCTAHOBUTB HE TOJILKO CKOPOCTb, HO U IOl
aTaKy UCXOJIHOTO PEKUMa IM0JIETa.

Ha ycToiiunBOM 110 CKOPOCTH CaMOJIETe YBEIIMYEHUE CKOPOCTH I10JIETa COIPOBOXKIAETCS
IIPUPOCTOM NOIBEMHOM crilbl. ClleJOBATENbHO, ECIIN JETUUK YBEIMYUT CKOPOCTD MOJIETA, TO JIJIS
COXpaHEHHUS MPSIMOJIMHEHHOTO TOPU30HTAIBHOTO TOJIETa OH OY/ET BBIHYKAEH YMEHBIIUTH YTOJ
aTaky OTKJIOHEHUEM PYYKH YIPaBJIEHUS OT ce€0sl, UTO BHI30BET YBEIMUEHUE JABSILEr0 YCUIIUS.
Takum oOpa3om, 00 ycTONYMBOCTH CaAMOJIETA [0 CKOPOCTHU JIETUMK MOKET CYJUTh 110
M3MEHEHUIO YCUJIMH Ha py4YKe YIPaBICHUS WIN IO OTKIOHEHUIO PYJIS BHICOTHI C U3MEHEHUEM
CKOPOCTH NPU COXPAaHEHUU PeXUMa MPSMOJIMHENHOTO M0JIETA.

o

BanancupoBouHas quarpamma @ B (V) (Puc. 137) mo3Bosnsiet CyuTh 0 MPOJ0IbHON CTAaTHYECKOH YCTOHYMBOCTH caMmolieTa
(PUKCHPOBAHHOM (32)KaTOM) yIPaBIICHHUH.

754 | (Bhu3)

Vo V=200 Vy
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Puc. 137 K 06vsacnenuio npoooivHoil cmamuyeckol yCmoiuugoCmu camonemos no CKOpocmu npu
3agpuxcuposannom ynpasnenuu

Ps 4 (Labums)
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Puc. 138 K o0vacnenuro npooonvnoii cmamuueckoil yCmouuugoCcmu o CKOpOCHMu npu c60000HOM ynpasienuu

JlonyctuM, cbanancupyem camosiet Sk-52 Ha ckopoctu 200 kM/4 ipu padoTte aBuratens Ha |

0_ a0

HOMUHAJIE, TTPH 3TOM 0y =3 , 3aUKCHUpYEM B 3TOM MOJIOKEHUU PYUKy yrnpasieHus. [lycts mo
KaKoM-1100 MpUYHHE CKOPOCTH TOJIETa YBeIUnYUBaeTcs 10 ckopoctu Vi. [lpu stom
MUKUPYIOIIUKA MOMEHT yMEHbIaeTcs. [ ero ycrpaHeHus: HEOOX0AUMO OTKIOHUTDH PYIlb

BbICOTBI BHU3 HA BCIIMYNHY 5031 , HO TaK KaK PYJIb BBICOTBI 38.(1)I/IKCI/IpOBaH B HeﬁTpaHLHOM
IIOJIOXKCHHUH, TO IO JEUCTBUEM YMCHBIICHUS MOMCEHTA CaMOJICT HepeﬁﬂeT Ha Ka6pI/IpOBaHI/Ie,
CKOPOCTB IIOJICTA 6y,7_'[eT YMEHBIIATBHCA, CTPEMACH K HCXOAHOMY 3HAYCHHIO. HpI/I YMCHBIUICHUU
CKOPOCTH 0 3HAYCHUA Vo nas 6aJ'IaHCI/IpOBKI/I CaMoOJICTa HCO6XOI[I/IMO ObLIO OBI OTKJIIOHHTH PYyJIb

0
BbICOTBI BBCPX Ha BCJIIMYUHY 4 B ,,» HO TaK KaK OH 3a(l)I/IKCI/IpOBaH, TO CaMOJICT MEPEXOIUT HA
CHMXCHHUC, CKOPOCTD IMOJICTAa YBEIINYHNBACTCA. CJIG,Z[OB&TCJ'IBHO, U B TOM U B IpYrom ciydac, €CJIn
HaKJIOH 6aHaHCHpOBO‘{H0ﬁ AuarpaMMmel 110 yriiaM OTKJIOHCHUA PYJIA BBICOTHI MOJIOKUTEIBHBIN



d53>0

av , CAMOJIET UMEET CTpeMIIeHUE 0e3 BMEIIaTeIbCTBA JIETYMKA BOCCTAHOBUTD 33JJaHHYIO
CKOPOCTB, T. €. OH CTATUYECKU YCTOWYHB 110 CKOPOCTH MPU (PUKCHPOBAHHOM YIIPABJICHUH.
banancuposounas nuarpamma Pg(V) (Puc. 138) nmo3BoisieT cyauTh 0 Mpo10JbHON CTaTHUECKOM
YCTOMYMBOCTHU CaMoJIeTa [0 CKOPOCTH PU OCBOOOKICHHOM YIIPaBJICHUH (PydKa yIpaBJICHUS
Oporena).
Coanancupyem camolieT Sk-52 TpuMMepOM Ha CKOPOCTH FOPU30HTATLHOTO mosieta 200 km/q
npu padore aurarens Ha | Homunane. [Ipu sTom Py = 0 ipu ocBoOox1eHHOM yripaBieHuu. [Ipu
YBEJIMYEHUH CKOPOCTH ToJieTa 10 V1 Ui OalaHCHPOBKH CamMoJIeTa HEOOXO0JMMO MPUIIOKUTH K
pyUKe ynpaBieHus naBdiiee ycuiue Pak Ho, Tak Kak pydka 0CBOOOXeHa, OHa OyAeT
IepeMEIaThCs B HAIPABICHUH K JIETYUKY - PYJIb BHICOTHI OTKIOHUTCS BBEPX, CAMOJIET
nepeiieT Ha kKabpupoBaHue, CKOPOCTh OYAET YMEHBIIATHCSA, CTPEMACH K 3a/JaHHOM.
[Ipu ymeHbIlI€HUN CKOPOCTH /17151 OaJaHCUPOBKHU camoJieTa HE0OX0IMMO MPUIIOKUTH TAHYIEE
yCcHJIue, HO TaK KaK py4yKa yrpaBJeHHs] 0CBOOOXEHa, TO OHa OyJeT epemMeIarbes B
HaIPaBJIEHUH OT JIETYUKA, PYJIb BBICOTHI OTKJIOHUTCS BHU3 CaMOJIET IEPENHJIET Ha CHU)KEHHUE,
CKOpPOCTh OyzeT yBenuuuBaThbesl. ClieJoBaTeNbHO, U3 BHIIIECKa3aHHOTO MOKHO CJI€NaTh BHIBOJ:
€cJIi caMoJIeT cOalaHCUPOBaH U HAKJIOH 0allaHCUPOBOYHOM AMArpaMMBbI 110 YCHIIMSIM Ha pydKe

dP, 20
ynpaBJ'IeHI/Iﬂ HOJ'IO)KI/ITeJ'II)HIJﬁ dV , TO CHUTACTCA, YTO CaMOJIET CTATUYCCKU YCTOI)’I‘IHB 110
CKOPOCTH TIPH OCBOOOXKJICHHOM YIIPaBIICHUH.
Takum 00pa3om, B IKCIUTyaTallMOHHOM JHarna3oHe CKOpPOoCTe mosieta caMmomeTsl SAk-52 u Sk-55
CTaTUYECKU YCTOMYMBBI [0 CKOPOCTH U TIO MEPErPY3KE.

INOIIEPEYHAS BAJTIAHCHUPOBKA.

B/IMAHUE PEAKIIMM BPAIIEHUA BO3AYIIHOT'O BUHTA HA IIONEPEYHYIO
BAJIAHCHPOBRY

Ilonepeunoii 6anancuposkoii camoiema Ha3bIBAETCS TAKOE €r0 COCTOSHUE, KOT/1a
JIEMCTBYIONIME HA CaMOJIET CUJIbI HE BBI3BIBAIOT BPAIlIEHUE CaMOJIETa BOKPYT MPOI0JIbHON och X.
Jli1a nmonepeyHoi OalaHCUPOBKH B MPSMOJIMHEITHOM T0JIeTe HEOOXOAUMO PaBHOBECHE KPEHSIIINX
MOMEHTOB, T. €. YTOObI CyMMa MOMEHTOB OTHOCHUTEIBHO OcH X Obljla paBHA HYNIO: Y BUHTOBBIX
caMoJieToB Sk-52 u Sk-55 HeT aspoauHaMuyecko cumMMeTpuu. [IporcxoauT 3To OTTOrO0, 4TO B
0JIeTe MO/ BIUSHUEM PabOThl CUIIOBOM YCTAaHOBKM BO3HMKAET MPaBblii KPEHSIIUNA MOMEHT,
KOTOPBI MPUXOAUTCS ypaBHOBEIINBATh. PacCMOTpUM yka3aHHOE BIUSHUE CUJIOBON YCTaHOBKHU.

(9.13)
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Puc. 139 Peakmuenulii MomMeHm 030YUHO20 6UHMA U YPAGHOGEUIUBAHUE €20 MEMOOOM OMKIOHEHUA INEPOHO8
Bnuanue peakyuu épawienus 6030yuiHo20 6unma Ha nonepeynyro danancuposky. Cuia Taru

paccMaTpuBACMBIX CaMOJICTOB JICKUT B IIJIOCKOCTH CUMMCTPUHU U, CIICAOBATCIIBHO, HC HAPYIIACT
NMOMEPCHYHOTO paBHOBECHUA.



Ho BciiencTBue BpamieHus BO3AyIIHOTO BUHTA BJIEBO (110 HAIPABJICHUIO MOJIETA) CAMOJIET
HaXOJUTCS MO ICHCTBUEM IPABOT0 KPEHSIIET0 MOMEHTA, HAIIPABJIEHHOTO B CTOPOHY,
00paTHYIO BPAIICHUIO BO3IYITHOTO BUHTA.

OTOT MOMEHT Ha3bIBACTCS PEAKMUBHBIM, WU PeaKyuell 6pauieHus 6030yunozo eunma - Mpg.
[Ipu BpaieHny BO31yLIHOTO BUHTA €0 JIONIACTH, OKa3bIBas JaBJICHNUE Ha BO3AYILIHBIN MOTOK,
CaMH HCIBITHIBAIOT CO CTOPOHBI MTOCIIETHETO TAKOE K€ BO3JIEHCTBUE, KOTOPOE MOMKHO
IIPEJICTaBUTh B BUJIE PEAKTUBHOM Mapsbl cuil. Tak Kak BO3YIIHBIM BUHT KOHCTPYKTHUBHO CBSI3aH C
CaMoJIETOM, TO PEAKTUBHBI MOMEHT, IIEpejaBasiCh Uepe3 ABUIaTEIb Ha CaMOJIET, 3aCTaBIISET €ro
KPEHUTHCS B CTOPOHY, 00paTHYIO BpaiieHuto. CieqoBaTeabHo, IPU JEBOM BpallleHUN
BO3/YIIIHOTO BHHTA IOJI JICWCTBUEM PEAKTUBHOTO MOMEHTA BO3IYLITHOTO BUHTA CAMOJIET OyIeT
HUMEThb CTPEMJICHUE KPEHUTHCS Ha [IPaBO€ KPbLIO.

Peakuuro BpaiieHus BO3AYILIHOTO BUHTA MOXKHO YPaBHOBECHUTD ITyTEM OTKJIOHEHMSI 3JIEPOHOB
(Puc. 139), omycTHB MpaBbIii YJICPOH M MOJIHSB JIEBbIN (py4Ka yIPaBICHUS OTKIOHSETCS BICBO).
OTHUM CaMbIM JJOCTUTAETCS PABHOBECHE.

Ha camonerax fIk-52 u SIk-55 3TOT MOMEHT KOMIIEHCUPYETCSI OTKJIOHEHUEM (PUKCUPOBAHHBIX
TPUMMEPOB, YCTAHOBJIEHHBIX Ha 3J€pOHaX. DT TPUMMEPHI IPEJCTABIIAIOT cOO0 HEOOIbIIINE
JFOpaJIeBble MJIACTHHBI, KOTOPbIE MPUKPEIUIEHBI K 0001y 351epoHOB. OTrudas TpuMMepsl B
CTOpPOHY, 0OpaTHYIO BpaIEHHUIO, TEM CaMbIM JJOCTUTAETCS OTKIOHEHHUE 3JIEPOHOB HAa pacu€THOM
peXHME U CHATUE HArpy3KU Ha pydKe yrpasieHus. Kak mpaBuiio, pacueTHbIA peXxuM
COOTBETCTBYET CKOpOCTH nosiera 250 km/4. JlaHHbIE TPUMMEpPBI Ha3bIBAIOTCS
KoMRnencupyrowumu, CHUIMAIOIINMH HIapHUPHBIA MOMEHT.

Jpyroii cnoco® ypaBHOBEIIMBAHUS PEAKTUBHOTO MOMEHTA BO3AYIIIHOI'O BUHTA COCTOUT B TOM,
YTO yroJl yCTAaHOBKH TOTO MOJIYKpPbLIa, Ha KOTOPOE CaMOJIET KPEHUTCS, AENAlOT 4yTh OOJIbIIE.
BcnencrBue 3Toro Ha Bcex pexxumax HoJjieTa yroj aTaky 3TOro MoJIyKpbuia OyJIeT paBeH

a+Aa. CrnenosatensHo, GyaeT GONbIIE U €T0 HOIbEMHAS CHIIA. 32 CUET PA3HULEI B BEJIUUNHE
MOABEMHBIX CHJI MIOJYKPBLUILEB 00pa3yeTcsi MOMEHT OTHOCUTENIBHO OCU X, KOTOPBIH 1
YpaBHOBEIIIMBAET PEaKIIUIO BpallleHHs BO3IyLITHOTo BUHTA. Ha miaHupoBaHuu, Korja peakiuuu
BpAIlleHUsI BO3IyITHOTO BUHTA HET, CAMOJIET, ECTECTBEHHO, BAJIUTCS HA TO MOJIYKPHLIO, yroJl
YCTaHOBKHM KOTOPOTO MEHbIIIE, ¥ JIETYUKY IPUXOIUTCS YPaBHOBEIINBATH CAMOJIET OTKIIOHEHHEM
anepoHoB. JlaHHbIN crtocob Ha camoseTax Sk-52 u SIk-55 He mpuMeHseTcsl.

ITYTEBAS BAJIAHCUPOBKA. BJIMAHHUE
BO3AYIIHOU CTPYHU OT BUHTA HA ITYTEBY1IO
BAJTIAHCUPOBKY

Hymesoﬁ 60]161]-!0”])06](0& camoiema Ha3bIBaCTCsA TaKOC €0 COCTOSITHUE, KOT'1a HGfICTBYIOHIHC
Ha CaMOJICT CUJIbI HC BbI3BIBAIOT BPALLICHUA CaMOJIETa BOKPYI' OCU Y. I[J'ISI HYTGBOﬁ
6aJ'IaHCI/IpOBKI/I HCO6XOI[I/IMO PaBHOBCCHC 3aBOPaYUBAOIINX MOMCHTOB, T. €. YTOOBI CymMMa
MOMEHTOB OTHOCHUTEILHO OcH Y OblLiIa paBHA HYJO:

M, =0 (9.14)

VY camoneta myreBoe paBHOBecHe caMo co0oit He co3maercs. [IporcxoauT 3To 0TTOrO, YTO B
oJieTe Mo/ BIUSTHUEM paboThl CUIIOBOM YCTAaHOBKHM BO3HHMKAET 3aBOPAYMBAIOIINI MOMEHT,
KOTOPBIN MPUXOJUTCS YPABHOBEIIMBATH ITyTEM HAPYILIECHUS adpPOJAUHAMUYECKON CUMMETPUU
camorneta. Ha miaHupoBaHuy HapylIeHHas CHMMETPUS JaeT ce0sl 3HaTh, U JIETYUKY TPUXOIUTCS
CO3/1aBaTh YPABHOBEIIMBAOIIUNA MOMEHT.

Bauanue cmpyu om 6030yuinozo eunma na nymegyro éanancupogky. B noiere caMoieT UMeet
TEH/ICHIIUIO 3aBOPAYHBATh B CTOPOHY, OOPATHYIO BPAIIEHUIO BO3IYIITHOTO BUHTA (T. €. C
BO3/1YIIHBIM BUHTOM JIEBOTO BpallleHUs caMoieThl Sk-52 u Ak-55 crpemsarcs 3aBopaunBarh
BIIPABO).



[IpnunHa BOBHUKHOBEHUS 3aBOPAYMBAIOIIET0 MOMEHTA 3aKIIF0OYAETCS B TOM, YTO BO3/yILLIHAS
CTpys, 0TOpacsiBaeMasi BO3IYIIHBIM BUHTOM U 3aKpydnBaeMast IOCJICAHUM B CTOPOHY
BpAlllEHUs1, BCTPEYAacT Ha CBOEM IIYyTH BEPTUKAJIBHOE ONEPEHUE U, OKa3bIBasi HA HETO JABIICHMUE,

CO3/Ia€T 3aBOPAYMUBAIOLINI MOMEHT Mz, (Puc. 140). Tak kaK BEpTHKAIBHOE OTICPEHHE BCETIa
PacCTOJIOKEHO BBITIIE OCH (PrO3eysHKa, TO P BO3AYIIHOM BUHTE JICBOTO BPAIICHHSI BO3IyIITHAS
CTpPYs BpallaeTcs BJIEBO, JaBJICHUE UCIIBITHIBAET MIPaBasi CTOPOHA OTIEPEHUS U CAMOJIET
CTPEMUTCS 3aBEPHYTH BIIPABO.

[Tpu BO3ayIIHOM BHHTE MPABOTO BPAIICHHUS JaBJICHNUE Oy/IET Ha JICBYIO CTOPOHY ONIEPEHUS U
camoJieT OyzeT 3aBOpaunuBaTh BIIEBO.

Bepmupansioe oneperue,

ud cadu
v
Mzao
\_/

Puc. 140 Boznuknogsenue 3a80pauusarouiezo MOMeHma cie0cmaeue 0elicmeus epamjaouieiics cmpyu
6030YUWIHO20 UHMA HA 6EPMUKATbHOE Onepenue camonemos Ak-52 u Ak-55.

YpaBHOBECHUTh yKa3aHHBIN 3aBOpAUMBAIOIINIA MOMEHT MOKHO MPHU TIOMOIIM PYJIsl HATIpaBJICHMUS,
OTKJIOHSISI €T0 B CTOPOHY, 0OpPaTHYIO TOM, B KOTOPYIO CaMOJIET CTPEMUTCS 3aBOpAYUBATh (IS
camouetoB Ak-52 u Sk-55-BneBo).

BepTukanbHoe onepeHre paboTaeT aHaJOTHYHO TOPU30HTAIBLHOMY ONIEPEHHUIO, TO3TOMY ITPH
OTKJIOHEHUH pYJIsl HapaBJIeHUS BEPTUKAIILHOE ONEPEHNE OKaXKeTcs MO AeHCTBHEM
a’POIMHAMUYECKOU CUITBI Zp 0., MOMEHT KOTOPOH OYJIET CTPEMHUTHLCS MMOBEPHYTh CaMOJIET BOKPYT
ocu Y B CTOPOHY, 0OpaTHYIO TOH, B KOTOPYIO HAPaBJICH MOMEHT OT JICUCTBUS CTPYH
BO3JIyLIIHOTO BUHTA. B mosiere netunk OyneT UCHBITHIBATh MOCTOSIHHOE IaBJICHUE Ha MeAallb, 4TO
yToMJIsieT ero. JIjisg CHATUS yCHIIMI Ha TeaisX caMoJIeTa, BO3HUKAIOIUX OT a3pOJMHAMUYECKON
CWIbI Zp 0, Ha PyJie HAIIPABJICHUS YCTAaHABIUBAIOT TPUMMED.

Ha camonerax fk-52 u SIk-55 ycraHOBIIeH PUKCUPOBAHHBIN TPUMMED, ITPEACTABIISIIONTUN COO0H
HEOOJIBIIYIO AI0paleBYIO MIIACTUHY, KOTOpas MpUKperieHa K 0004y pyJis HallpaBJICHUS.
Otrubanuem ee B CTOPOHY, 0OpaTHYIO HEOOXOAUMOTO OTKJIOHEHUS PyJisi HalpaBlIeHUs,
CHUMaEeTCs Harpy3Kka ¢ nejiajeil ynpaBieHus: camoiieToM. JIaHHBIM (PMKCUPOBAHHBIM TPUMMEPOM
ypaBHOBEUINBAETCS IIAPHUPHBIA MOMEHT pYyJid HanpasieHus. [loaTomy npaBuiibHO OyneT
Ha3bIBATh €€ KOMNEHCUpyouieil ni1acmuHou.

MONEPEYHASL, TYTEBAS 1 BOKOBASI
YCTONMUYNBOCTH CAMOJIETA

Cpenu GpakTopoB, ONpPEAEIAIOMINX 3aKOHOMEPHOCTH OOKOBOTO JIBH)KEHUS, HAUOOJIBIIYIO POJIb
UTPAOT XapaKTEPUCTUKH MTONEPEYHON U IIyTEBON YCTOWYUBOCTH.

[To3TOMy KaXka0MYy JETUMKY /75l IOHUMAaHUs BCeX 0COOEHHOCTEN MOBEEHNS caMoJieTa
HE00X0AMMO MPEACTABIATh (PAKTUYECKYIO KapTUHY OOKOBOTO JIBM)KEHUS U, B YACTHOCTH,
CYLIHOCTb KOHKPETHOT'O MTPOSBIIEHUS MONIEPEUHON U IIyTEBON YCTOWYUBOCTH.



MONMEPEYHAA YCTOMYHUBOCTh CAMOJIETA

Cnioco6HOCTB camosera 0e3 BMEIaTeNIbCTBA JIETYMKA BOCCTAHABIMBATD B TIOJIETE
[IEPBOHAYAILHOE COCTOSIHUE [TOTIEPEYHOIO PABHOBECUS HA3bIGAEM CA HONEPEUHOU
YCmMOouuugoCmuvio.

PaccmoTpuM noBeseHue camosieTa Mpy cily4aiiHOM HapyLIEHHUH [IOIIEPEYHOI0 PABHOBECHS.
Hanpumep, noa Bo3aelicTBrEM BEPTUKAIILHOTO TIOPbIBA BETPa HA OJIHO U3 MOJIYKPBLILEB
caMoJIeT HAYHET BPaLaThCsl OTHOCUTEIBHO OCH X, T. €. KPEHUTHCA.

[Ipu BpaieHuu camosiera BOKPYT MPOJI0JIbHOM OCH POUCXOAUT U3MEHEHHE YIJI0B aTaky Ha
MOJIYKPBUIbSIX: HA OITYCKAIOLIEMCS KPbLJIE YIJIbl aTaKU YBEJIMYUBAIOTCS, @ HA [TOAHUMAIOLIEMCS -
ymenbinaores (Puc. 141). B pe3ynbTrare noabeMHbIE CUIIbI OJYKPBLUIBEB TAK)KE U3MEHAT CBOU
[I€pBOHAYAJIbHBIE BEJIMYMHBI: HA MOJHUMAIOIIEMCS [TOAbeMHAas cuna Yoy OyaeT MeHble

HCXOJIHOM, a Ha OIyCKaromemMcs 00bIIe, T. €. Yo > Ynon- PesynpTupyromas mnoabeMHbIX ciit Y'

CMECTUTCSI B CTOPOHY OITyCKAIOIErocs MOIyKpblIa U, IeHCTBYs Ha IUIEYO a, CO34acT
TOPMO3SIIUH (IeMI(PUPYIOMINI) MOMEHT Mx. nevng, IPEMSTCTBYIOLINM JabHEHIIEMY
YBEJIMUYEHUIO yriia KpeHa. OHako AeMIpUpYOMUi MOMEHT JIEHCTBYET TOJBKO MPHU BpallleHUN
camoJieTa OTHOCUTENBHO OcH X U KaK TOJIbKO BpalleHue (KpeHEeHHUE) MpeKpalaeTcs,
MIpeKpalaeTcst U IeHCTBUE 3TOr0 MOMeHTa. [103ToMy BOCCTaHOBUTH HCXOJHOE MOTIEPEYHOE
paBHOBecHE J1eMII(UPYIONINIT MOMEHT HE MOXKET.

Jemndpupyromuii MOMEHT paBHOBECHSI HE BOCCTAHOBUT, OJTHAKO BPAaIllEHHE caMOJIeTa
MPEKPATUTCS, U OH OCTAHETCS HAKPEHEHHBIM Ha HEKOTOPbIi yron y (Puc. 142).

N\Azmnwpvmmuh
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Puc. 141. Cxema cun, oelicmeyoujux Ha camonem npu ezo epauieHuu OMHOCUMenbHo ocu X

Puc. 142 Boccmanosnenue nonepeuno2o pasnosecus npu CKOJibriceHuu camoiiema

Hakpenusimiics camoneT HaYMHAET CKOJIB3UTh Ha OMYIIEHHOE KPBLUIO MO BO3ACHCTBUEM CHIIBI
Zck, COCTABIISIOIIEH CHIIBI Beca U oxbeMHON cuitbl (cM. Puc. 142). ITpu nonere camosnera co
CKOJIbKEHUEM XapakTep 00TeKaHUs MOTYKPBUIHEB U pacIpeIeIeHUs JaBICHHUs Ha HUX
n3Mensiercsa. Ha omyiieHHOM MoTyKpbLIe YCIOBHUS 00TEKaHUs Jy4llle, a Ha MOJAHIATOM H3-3a
a’pOIMHAMUYECKOTO 3aTEHEHUS XYXK€e, BCIIEJICTBUE UYEro Ha OMYyIIEHHOM I0J Y KpbLIe
MMOAbEMHAs CHJIa CO3aeTCs OOJbIIEH BeTHUHUHBI, YeM Ha MOJHATOM (Y on > Vion)-



Pesynbrupyromas noapeMHas cuia Y, Kak 3To nmokazano Ha Puc. 142, cmecTurcst B CTOPOHY
OIILIEHHOTO IOJIYKpbLIA U, JEHUCTBYs HA IUIEYE a OTHOCUTEIBHO LIEHTPA TSKECTH, CO3/1aCT
BOCCTaHABJIMBAIOIINI MOMEHT (Mpocr), KOTOPBIH MOCIE MPEKPAIICHUS ICHCTBHS BHEITHUX CHJI
MIPEKPATUT CBOE JieiicTBUE. Takum 00pa3om, MmomnepevHas yCTOHIMBOCTh 00ECTICUNBACTCS CAMUM
KpPBUIOM, HO HE 3a CYET TOJILKO KPEHA, a U 3a CYET BO3ZHUKAIOLLETO IIPU TOM CKOJIbKCHHUS.
BennunHa BOCCTaHABIMBAKOLIETO MOMEHTA, CTEIIEHb CTATUYECKON MONEPEYHON YCTOMUNBOCTH
3aBUCAT OT IUIOIIAN KpbLa, yrila IONEPEYHOro V, CTPEIIOBUIHOCTH, YAJIMHEHHUS KPbLIA, OT

IIomaan BepTI/IKaJIbHOFO OHepeHI/IH nT. O
N yocer

Puc. 143 . Bausanue yena nonepeunozo V na nonepeunyio ycmouuueocms camoiema

PaccmoTpuM BiMsiHUE YIIOMSHYTBIX (PAKTOPOB Ha MOMEPEUHYI0 YCTOMUHMBOCTH CAMOJIETA.
[Tnomans Kpblula CUIIBHO BIMSIET HA BEIMUMHY AeMIpHUpyromero MmoMenTa. [Ipu nocrostHHOM
CKOPOCTH M BBICOTE TOJIETA B AUANa30HE JIETHBIX YIVIOB aTAKW BEJIUYMHA PUPOCTA IOBEMHOMN
cuibl AY 3aBUCHT TOJIBKO OT Aol ¥ TUTOTIIAAM Kpbijia S.

Hemnpupyromumii MOMEHT Mx evn¢ BOSHUKAET IPH HAJIMYUH BPAILIEHUS] CaMOJIeTa BOKPYT ocH X,
B pe3yJbTaTe YEro MOSBIISIETCS PA3HOCTh B YIIAX aTAaKH MOJYKPbUIbEB. OT BEIMYUHBI 3TON
Pa3HOCTH 3aBUCUT U3MEHEHHE B IIOJIBEMHBIX CHJIaX IIPABOTO U JIEBOTO MOJIYKPBUIBEB.

2
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W3 hopMyItbl ClieAyeT, YTO MPH MPOUYMX PABHBIX YCIOBHIX BEIUYMHA H3MCHEHUS 10 ABEMHOM
CHJIBI Ha KPBLIE, a, CIIENOBATEIBHO, U Mx evng OYZET 3aBHCETH OT IUIOIIAIH Kpblta S. Yem
60.]'[[)]]16 mIomanab KpbLia, TEM TPYAHEE CAMOJIET BBIXOJUT U3 COCTOSAHUA paBHOBECHUA, U
HA000OPOT, €CIIM CaMOJIET UMEET TIIyOOKOE HAPYIIEHHUE PABHOBECHS, TO ACMII(PHPYIOIIHIA MOMEHT
6y,HeT CACPKUBATDH 6BICTpOC BO3Bpalll€HUEC K HCXOJHOMY ITIOJIOKCHUIO.
Yeon nonepednozo VKplela UMECT 60.]'[1)]]_[06 3HAYCHUC IJIA HOHCpe‘IHOﬁ YCTOﬁqHBOCTH
camosiera. Kak BuaHo Ha Puc. 143, npu CKOJIBKEHHH KPbLjia, HMEIOIIETO YToJI IOMEPEYHOro V,
IMOJIYKPbLIIbA O6TCKaIOTCH 6OKOBBIM IIOTOKOM BO3JyXa I10J Pa3JIMYHbIMU YI'JIaAMH dATaKH. Y
OMMYHMICHHOTI'O ITOJIYKPhELIIA YI'OJI aTaKu 60.]'[]5]]_[6, 4YCeM y HOAHATOTI0, COOTBECTCTBCHHO HpOHSOﬁI{eT
YBCJIMYCHHUC HOHBCMHOﬁ CHJIbl Ha OITYIICHHOM W YMCHBIIICHUEC HA MMOAHATOM IOJYKPBUIbIX.
C YBCJIIMYCHUCM YTJIa TIOTICPEYHOI'O A\Y pa3Hula B YIijiaX aTakKu U IIOAbCMHBIX CUJIaX OIIYIICHHOTO
U NPUNIOAHATOI'O KPbIJIBEB TAKIKE YBCINYNUTCH. BCJ'IeI[CTBI/IC 3TOT'O 6y,HeT HUMETHh MCCTO
YBCJINYCHHUC BOCCTAHABJIMBAOIICT'O MOMCHTA.
Takum 06pa30M, ycMm 60.]'[};]]_[6 yroJi norepeyHoro \Y KpblJIa, TEM JIYUHIC ITOIICPCUHAA
YCTOﬁqHBOCTB camoisera. Y COBPCMCHHBIX CaMOJICTOB C IMPAMBIMHA U TPpalICHUCBUIHBIMHA
KPBUIBSIMH YTOJI IOTIEPEYHOT0 V HaxomuTes B mpezenax ot 0 mo +7°.
Cmpenoeuonocms Kpblia yBEININBACT MOTIEPEYHYIO0 YCTOWYNBOCTE camosieTa. Yem Oombiie
YroJj CTpeJIOBHIHOCTH, TCM JIYUIIC TOIICPCUYHAA YCTOﬁqHBOCTB. 3T0 06T>§ICHHCTC§I
HCOJUHAKOBBIM XaPAKTCPOM O6TeKaHI/I${ CTPCIIOBUAHBIX IMMOJIYKPBUIBEB IIPU HAPYHICHUU
MOMEPCUYHOTO PABHOBECHUA Ecimn HApyHICHO IOIIEPEIYHOC paABHOBECUEC, TO CaMOJICT COBEPIIACT
ITOJICT CO CKOJIB)KCHHUCM. HpI/I HaJIM4Ynun HpHMOﬁ CTPCIIOBUIHOCTH BCIIMUNHA HO,HBCMHOﬁ CHUJIbI
3aBHUCHUT HC OT CKOPOCTH IIOTOKA VOO , 4 OT €€ COCTAaBJIAOIIINX V]_, HalpaBJICHHBIX
NEePIEeHUKYIISIPHO MepeHUM KpoMKkaM. Tak kak addexTrBHas CKOPOCTh V1 y Kpblia,



BBIJIBUHYTOT'O BIEpPE], OOJIbIIE, a OTCTAIOLIET0 MEHBILIE, TO U IO IbEMHBIE CHJIBI ITOJIYKPHLILEB
TaKke OyAyT HEOIMHAKOBBHI.

BcnencrBue 3T0ro nosiBiaseTcs JONOJHUTEIbHBIM BOCCTAHABIMBAIOIIUNA MOMEHT 3a CUET
CTPENIOBUAHOCTU. TakuM 00pazom, mpsiMasi CTPEIOBUAHOCTD KPbLIa CIIOCOOCTBYET MOBBILICHUIO
MIONEPEYHON YCTOMUMBOCTH camosieTa. OHAKO y CaMOJIETOB C KPbUIOM IPSIMOM CTPEIOBUIHOCTU
IonepeyHasi yCTOWYMBOCTh MOKET BO3PACcTU HACTOJIBKO, UTO CTAHET U3JIULIHEH. A 3TO yXY/IIUT
YIIPaBIIEMOCTh U MOJKET BBI3BATh TaK HA3bIBAEMYIO KOJICOATEIBHYIO HEYCTOWYHBOCTS. [1o aTOM
IIPUYMHE y CaMOJIETOB CO CTPEIOBUIHBIM KPBLJIOM YTOJ1 onepeyHoro V JenaroT, Kak MpaBuio,
OTPUIATEILHBIM (70 -5°) DTHM yXyIIIAIOT MOMEPEUYHYI0 YCTOMYUBOCTD, C TEM, YTOOBI IOOUTHCS
MIPUEMJIEMBIX 3HAYEHUH YIPaBISIEMOCTH U UCKIIOUYUTH HEXENIATeNIbHbIE T0OOYHbIE SBJICHMUS B
BHJIE KOJeOaTeTbHON HEYCTOMYUBOCTH.

Yonunenue kpoina. Yem Oostblilie yaTuHEHUE KPBUIA, TEM HA OOJIBIIEM TUIeUe Oymer
JeCTBOBATh MMOJABEMHAs CHIIa YKpP, CMECTUBIIASICSI B HANIPABICHUU OIYCKAIOLIErocs Kpblia, U
TeM OoJible OyAeT BOCCTaHABIMBAIOIIMIA MOMEHT, a, CJIE0BATENIbHO, JIyUIlle ToNepeyHas
YCTOMYHMBOCTH CaAMOJIETA.

Ha nonepeunyto ycToi4MBOCTh OKa3bIBalOT BIMSIHUE OOKOBbIE MOBEPXHOCTH (Dro3ersika,
BEPTUKAIBHOIO ONIEPEHUs, MOTOTOH10J1. Ecli IEHTp AaBlieHUs STUX OBEPXHOCTEN OKaKeTCs
BBIIIIE LIEHTPA TAKECTH CaMOJIETa, TO MOMEHTHI a3pOJMHAMUYECKUX CUJI, IEHCTBYIONINX Ha
OOKOBBIE MOBEPXHOCTH (Pro3esika, BEPTUKAIBHOTO ONIEPEHHS], U MOTOTOHO0M, OyIyT
CTPEMUTHCS BOCCTAHOBUTH HapYILIEHHOE paBHOBECHE. DTO MOJIOKUTEIBHO OTPA3UTCS Ha
MONEPEYHON YCTOMUNBOCTH, OCOOEHHO y CAMOJIETOB C HUYKHUM M CPEJHUM PACIIOIOKEHUEM
KpbLJIa, U1 B MEHBLIEH CTETIEHU Y CAMOJIETOB C BEPXHUM PACIIOI0KEHHEM.

MONEPEYHAA YCTOMYHUBOCTH HA BOJIBIIIUX YIJIAX ATAKH

Puc. 144 H3zmenenue xoappuyuenma Cy npu napyuienuu nonepeunozo pagHogecus Ha PasiuydHblX y2aax
amaxu

C yBenuueHHeM yriia aTaky MolepeyHasl ycTOHUMBOCTb yXYALIAETCs U Ha yIJlax aTaku, OJM3KUX
K KpUTHYECKOMY, MOKET HAaCTOJIbKO YXYALIUTHCSA, YTO CAMOJIET TEPSET CIIOCOOHOCTh
CaMOCTOSTEJILHO BOCCTaHABIIMBATh HapyllleHHOe paBHOBecue. Kak BuaHo Ha Puc. 144, nmpu
OJIMHAKOBOM M3MEHEHUH YIJIOB aTaKH y MOJHUMAIOLIETrOCs U OIyCKAIOIIErocs NOJyKpbUIbEB
BEJIMYUHA U3MEHEHMSI [I0IbEMHOM CUIIbl AY A7 pa3IMUYHBIX HCXOAHBIX PEKUMOB MOJIETa
HeoJIMHaKkoBa. Ecim camosier jeren Ha CpaBHUTENIBHO HEOOIBIINX YriaxX aTaku (Ha 00JbIIOoif
CKOpOCTH), TO U3MEHEHHE MOABEMHOMN CHIIbI Y 000UX KPBLILEB MPUMEPHO OJIMHaKoBO. [Ipu
II0JIETE 7K€ HA OKOJIOKPUTUYECKUX YIJIaX aTaKu MOJbEMHAs CHJIA OITyCKAIOIIETr0Cs Kpblia MOXKET
OBbITh JJa’ke€ MEHbIIIE HCXOAHOM. DTO MPOU30MIET, €CIIM CyMMAapHbIN Yol aTaku Oyaer O6osblie

KPUTHYECKOTO, T.€. (Adycx +A&) > - B pe3yibTare qeMnupyoIuii MOMEHT OyaeT

O4YCHb MaJl U CaMOJICT 6YI[eT HWHTCHCHUBHO HAKpPCHATLCA.
ITomumo YMCHBIICHU A IlCMH(I)I/IpyTOH_IGFO MOMCHTA IIPH MOJICTC Ha OKOJIOKPUTUYCCKHUX yTJIaX
ATaKu IMPU HAKPCHCHHUU TMOABJIACTCA CPBIB ITOTOKA HA OITYCKAKOIICMCA KPBUJIC, YTO MOKCT



MIPUBECTH K CBAJMBAHUIO CaMOJIETa Ha KPBLIO. Y OOJIBIIMHCTBA KPbUILEBBIX MPOduiIen 30Ha
Hayajia CpbIBa pacloyiaraeTcs y 3aJHel KpOMKH KpbUIA U C YBEIMUEHUEM YIJla aTakKu OBICTPO
IIepEMEILAETCS BIEPE] 10 XOPJIE U BAOJb 110 pa3Maxy.

VY CTpenoBHUIHBIX KPBUIHEB CPHIB MOTOKA HAUMHAETCS PaHBIIIE, YeM Y HECTPEIOBUIHOTO U
COCpEA0TOUMBAETCS Ha KOHLAX Kpbula. [loaToMy cTpenoBUAHOCTb Kpblia yXyIIIAeT
MONEPEYHYIO0 YCTOMYMBOCTD Ha OOJIBLINX yIilax aTaky.

JUis yirydimeHus TIOMepedHO YCTOWYMBOCTH Ha OOJIBIINX YIilaX aTaKu MPUMEHSIOTCS
a’pOIMHAMUYECKAst ¥ TE€OMETPUIECKAsi KPYTKU KPbljia, KOHIIEBBIC MPEIKPHLUIKH,
a’pOIMHAMUYECKUE TPEOHU.

A3podunamuueckana Kpymka. Y a3poJAMHaMUYECKH 3aKPYUEHHBIX KPbUIbEB Ha KOHLIAX
MPUMEHSIOT O0Jiee Hecymue Mpom ¢ 60bIuM 3HaYeHHEM CYa.. braromaps atomy
KOHLIEBOH CpbIB Ha OOJIBIIMX YIJIaX aTaKU HACTYIAET MO3XKeE.

I'eomempuueckas KpymKa Kpbolia BbIIOIHIETCS TAKUM 00pa3oM, YTO YCTAHOBOYHBIE YTJIbI
YMEHBIIIAIOTCS 110 Mepe MPUOITIKEHUS K KOHI[aM KpblIa. DTUM JIOCTUTAETCS TO, UTO MPH TEX KE
yriiax aTaku, MPU KOTOPBIX Y HE3aKPYUEHHOTO KPbIjla BOZHUKAET KOHIIEBOM CPHIB MOTOKA, Y
3aKpPY4E€HHOT'O KpbLJIa OH HE BO3HUKAET.

Konuesvie npedkpviiku yBeIMUUBaOT KPUTUYECKUIN YroJl aTaku Kpblla, YIydlIaloT KapTUHY
00TeKaHUsl KOHIIEBOW YaCTH KPbLJIa, TEM CaMBIM YIIYUIIAIOT TOTIEPEUHYIO YCTOMUHUBOCTD Ha
00JbIIKX yriax atakd. [IpUMeHsoT uxX, KaKk IpaBUiIo, Ha HECKOPOCTHBIX CaMOJIETax.
A3poounamuyeckue cpedHuU TIPETIATCTBYIOT MEPETEKAHUIO BO3IYIITHOTO MOTOKA OT (hro3eishka K
KOHIIEBBIM CEUCHHSAM KPbIIa, 3aTATUBAs TEM CAMBIM HAYaJio Pa3BUTHS KOHIIEBOTO CPHIBA.
CrnenoBarenbHO, a3poIMHAMUYECKHE IPeOHU CIIOCOOCTBYIOT YITYUIIEHHUIO MTONEPEeYHON
YCTOWYMBOCTH caMoJieTa Ha OOJIBIIMX YIJlax aTaku.

INIOIIEPEYHAA YIIPABJIAEMOCTb CAMOJIETA

CrocoOGHOCTh camoJieTa TOBOPAYUBATHCS BOKPYT CBOEH MPOJOJIBLHON OCH MPH OTKIIOHCHHUH
AIIEPOHOB HA3bIBACHICA NONEPEYHOIL YRPAGAEMOCHbIO.

MKPEHﬁu‘Hﬁ

[
JI\EB

AYan

Puc. 145 Hakpenenue camonema npu 0mrioHeHul 31epoHos

[TpuHLMD NecTBUS 3JIEPOHOB aHAJIOTHYEH NPUHLIMIY AeHCTBUS pyineid. OcoOeHHOCTh paboThI
3JIEPOHOB COCTOUT B TOM, YTO NPU OTKIOHEHUH PYYKU YIPABJICHHS B CTOPOHY CAMOJIET MOYKET
OecrpepbIBHO BPaIIaTHCsl BOKPYT MPOJOJIBHON OCH, TaK KaK BOSHUKAIOIIUI ITPHU 3TOM
AeMI(UPYIOMNI MOMEHT OKa3bIBaeT BIMSHHUE HA YIIIOBYIO CKOPOCTh BpAIllEHHs, HO HE B
COCTOSTHMM YPaBHOBECHTH CAMOJIET Ha OTIPEJCIICHHOM YTIiie KpeHa.

Jlnist Toro 4To0Bl HAKPEHUTH CaMOJIET BIIEBO, JIETUUK OTKIJIOHSET py4Ky BieBo. IIpu 3Tom neBbiit
3JIEPOH MOJHUMETCS BBEPX, a MPaBbIil OMYCTUTCS BHU3. [IpH OTKIIOHEHUH 3JI€POHOB U3MEHSETCS
KpUBHU3HA MPO(UIISL Kpbljla HAa Y4acTKE PACIOJIOKEHHS AJIepOHa, BCIEICTBUE YeT0 U3MEHUTCS U
AeHCTBUTENBHBIN yro ataku 3Toi yactu Kpbuia (Puc. 145).

VY noiykpbUia ¢ OMYIIEHHBIM 3JIEPOHOM YTOJI aTaKH YBEJTUYUTCS, CIeI0BaTEIbHO, YBETUUUTCS U
ko3 uuneHT noasemMuoil cuibl Cy. Ha Kpbuie ¢ MOAHATBHIM 3JIEPOHOM, HA00OPOT, YMEHBLIUTCS
U YTOJI aTaku, U K03(pPUIueHT norbeMHoM cuitbl. B pesynbrate OyaeM uMeTh pa3Hble
HOIbEMHBIE CHJIBI TIOJTYKPBLIbEB, KOTOPBIE CO31ayT KPEHSIUH MOMEHT Mxypen OTHOCHTEIILHO



MIPOJIOJILHOM OCH, MO JIEHCTBHEM KOTOPOTO CaMOJIET OyIeT BpamlaThCsi B CTOPOHY OTKIOHEHHOM
PYUKH.

[Tpu monere Ha MaJIBIX yIIIax aTaku (¢ OOJBIIMMU CKOPOCTSIMH) OTKIOHEHUE 3JIEPOHOB, U3MCHSIS
MOJABEMHYIO CHUITY TIOJIYKPBUIhEB, K03 uimeHT 1060Boro conpotuBiieHus CX yBeIUINBACT

o4eHb Maio. [I03TOMY OTKIIOHEHHE 3JIEPOHOB MMPAKTUYECKU HE BBI3BIBACT Pa3BOPOTA CAMOJIETA
(Puc. 146).

Puc. 146. Bo3nuxnosenue Kpena u pazeopom camojiema npu OmKI10OHEeHUU IJIEPOHO6 HA MAIbIX CKOPOCMAX
noaema

[To Mepe yBeMUeHUs yriia aTakd MOoNepedHasl YIpaBIIeMOCTh CaMOJIeTa YXYAIIACTCS U ITPU
OHpeHeHeHHBIX YCJ'IOBI/IHX MOXET HaCTyr[I/ITB II0JTHaA €€ HOTepH. YXYJIIHCHI/Ie praBHHeMOCTI/I Ha
OOJIBIIMX YTJIaX aTakd (Majble CKOPOCTH T0JIeTa) OOBSICHSIETCS CPABHUTEITHHO MaJIBIM
M3MEHEHHEM I10,TbeMHOH CHIIBI Ha MOTYKPBIIBAX, BCIEICTBHIE YeTO KPEHIMNI MOMEHT (M yiper)
HEBEJIMK U caMoJIeT OyJIeT MEUICHHO KPESHUTHCS B CTOPOHY OTKIIOHEHHOU pydku. Kpome Toro,
Ha OOJIBIIMX YTIJIax aTakd CONMPOTHUBIIEHUE Y KPBIJIA C OMYIIEHHBIM 31epoHOM (AQ5 710 32 cUeT
I/IH)]YKTI/IBHOFO COHpOTI/IBJ'IeHI/ISI 3HAYUTCIIBHO 60J'II)IH€, gem y Kpmna C MOAHSATBIM anepo HOM
(4Qss.1m01) BenenctBue 3TOro BOHUKACT pa3BOPAYMBAIOIINI MOMEHT (Mypq56) B CTOPOHY
TTOJIYKPBLTA ¢ OMYIIICHHBIM 3JIEPOHOM.

B nmanbHelimem 3a cueT pa3BopoTa caMoJIeT HAYMHACT CKOJIB3UTh Ha TOJIYKPBIIO C MOTHATHIM
3JIepOHOM. BeieicTBrE 3TOT0 BO3HUKAIOT JOTIOJTHUTEIIBHBIE CHIIBI, KOTOPBIE CO3/Ial0T MOMEHT,
HaIPaBJICHHBIA B CTOPOHY, IPOTHBOIIOJIOKHYI0 OCHOBHOMY KPEHSIIIEMY MOMEHTY, VXY IIIIasi TeM
CaMBIM TOTICPEYHYIO YIIPaBISIEMOCTh. B cilydae paBeHCTBa MOMEHTOB, CO3JITaHHBIX OTKIIOHCHHUEM
AJICPOHOB U CKOJIBKECHUEM CaMOJIeTa, HACTYIAET MOTEePs YIPaBIAEMOCTH. Eciiim MOMEHT,
BBI3BAHHBIN CKOJIbKCHHEM, OKaXKETCsI OOJIbIIIE OCHOBHOTO KPEHSIIIETO MOMEHTA, TO 3TO
MPHUBEAET K 00paTHOW yIPABISICMOCTH: IIPH OTKIIOHCHUH PYYKH YIIPABJICHHS B OJJHY CTOPOHY
CaMOJIET KPEHUTCS U Pa3BOPAYMBACTCS B MIPOTHUBOIIOJIOKHYIO CTOPOHY. [10 Mepe npuOImKeHus K
KPUTUYECKOMY YTJIy aTakH IOIepeyHas yIpaBJIIeMOCTh eIlle O0JIbIle yXY/IIIaeTcs. ITo
OOBSACHACTCS TEM, YTO TOJYKPBLIO C OMYIIICHHBIM 3JICPOHOM IOTIa1aeT B 001aCTh
3aKPUTUYCCKUX YIJIOB aTaKH M BMECTO 0KHJIAEMOT0 YBEIIMYCHHS 1O IHEMHOM CHIIBI Ha STOM
MOJIYKPBLJIC TPOUCXOIUT €€ YMEHbBIIICHUE.

Jlnist yimyqIneHust MoTepeyHON YIpaBIsieMOCTH Ha OOJIBIINX YIilaX aTaku MPUMEHSIETCS Pl
CpE/CTB, PEAHAa3HAYCHHBIX, C OJTHOW CTOPOHBI, Ui yBeIHndeHHs () (HEKTUBHOCTHU 3JICPOHOB, C
JPYTOW - JUTsl yMEHBIIICHUS Pa3BOPOTA.

Jugppepenyuanvrnoe omxionenue 31€poH08 COCTOUT B TOM, YTO IIPU OTKJIOHEHUH PYUKU
OITYCKAFOIIUICS AJIEPOH OTKIIOHSETCS] HA MEHBIIIHIA YroJI, YeM Mo JHUMaromuiics. biaronaps
TaKOMY OTKJIOHEHHIO KOA(D(DUIIUEHT MOJbEMHOMN CUITBI KPbLIa C OMYIIEHHBIM JIEPOHOM
BO3pACTaeT Ha MEHBIIIYIO BEIMYUHY, YEM Y MPOCTHIX AIIepOHOB. [109TOMY HHIYKTHBHOE
COMPOTHBIICHUE TIOJTYKPHIJIA C OMYIIEHHBIM JIEPOHOM BO3pACTET MEHbIIIE, CIIEIOBATENHHO,
MeHbIIe OyeT ¥ pa3BOpaYUBAIOIINNA MOMEHT.

Ha xpbine ¢ mogHSITHIM 3JIEpOHOM YBENUYUBAETCS MPOGUIBHOE COMTPOTUBIICHHE, TaK KaK YacTh
AIIEpOHA BBIXOMT 3a MPEIesbl MOTPAHIUYHOTO CIOS, HapylllaeT 0e30TPhIBHOE 0OTEKaHMUE.

Takxum oOpa3om, amepoHsl ¢ TuddepeHIaTbHBIM OTKIOHEHHEM YBETHUNBAIOT KPEHSIITUI
MOMEHT B CTOPOHY KpbLja ¢ MOAHSITHIM 3JIEPOHOM U YMEHBIIAIOT Pa3BOPAYHBAIOIINI MOMEHT B
CTOPOHY KpPbLIA C OMYIIEHHBIM 3JIEPOHOM.



VY CoBpeMEHHBIX CaMOJIETOB 3JIepOHbI ¢ AU hepeHInaTbHBIM OTKIOHEHHEM MOTYT OTKIOHSATHCS
BBepx 110 30°, BHU3 Ha - 14-16°.

A3podunamuuecKkue zpedHu Ha CaMOJIETAX CO CTPEIOBUIHBIMU KPBUIbSIMU IPENATCTBYIOT
MEPEeTeKaHHIO MOTPAHUYHOTO CJIOS K KOHIIAM KpbLIa, TEM CaMbIM IPEIOTBPAIAIOT paHHEE
pa3BUTHE CpbIBA MOTOKA HA KOHIIEBBIX YACTAX KPbLJIa U YBETHMUUBAIOT 3()(HEKTUBHOCTD ACHCTBUS
3IICPOHOB.

OCOBEHHOCTH NONEPEYHOH YCTOMYUBOCTHU U
YIIPABJIAEMOCTH HA BOJIBHINX CKOPOCTAX
HHOJIETA

[Tpu TOCTIKEHUH COBPEMEHHBIMU CaMOJIETaMH OOJIBIIIMX CKOPOCTEH TOJIeTa TOSIBHIIUCH paHee
HEM3BECTHBIE SBIICHHUSI, YCIOKHSIONINE MMIOTHPOBAHNE CAMOJIETA: «BAJIEKKA», PEBEPC
AIIEPOHOB, 0OpaTHas peaKiysl Ha a4y HOT, CHIDKEHHE YPPEKTUBHOCTH SIIEPOHOB U PYJICH.
«Banesxckay 06ycnoBnuBaeTcs HapyIICHHEM a3pPOJMHAMUYECKON CHUMMETPUH, TOTOMY UTO
HCBO3MOXXHO IMOCTPOUTH CaMOJICT C UJCAJIbHO OJJMHAKOBbIMHU (CI/IMMCTpI/I‘IHI)IMI/I) I10 )KE€CTKOCTH,
reoMeTpHuecKoi opMe IpaBbIM U JIEBBIM MOy KpbulbsiMU. [Ipeanonoxum, 4To B pe3ynbTare
reOMETPUIECKOI HECUMMETPHUH YTOJI aTaK! OJHOTO MOJIYKPBIJIa 0Ka3aJCs 4yTh OOJIbIIIE, YeM
apyroro. M3-3a 0TCyTCTBHSI CHMMETPHUH B yrilaX aTaKu NOSIBUTCS KPEHSIIUM MOMEHT, IS
YCTpAaHCHHA KOTOPOI'0 JETUHNK JOJIKCH OTKIIOHUTH 2JICPOHBI B IIPOTUBOIIOJIOKHYIO CTOPOHY. Ha
OOJIBIIAX CKOPOCTSX TIOJIETA, JaXKe ITPH He3HAYUTEIILHOW PA3HOCTH YIJIOB aTaKH, KPEHSIIIHA
MOMCHT JOCTUT'AaCT 0O0JIBIIION BEIMYNHBI U JJId €ro mapupoBaHUA HY)KHO HJIU OTKIIOHATD
AIIEPOHBI Ha OOJIBIIION YroJl, MM YMEHBIIIATh CKOPOCTh Tosera. Ecnu camoner nveet
HEOIMHAKOBYIO KECTKOCTh IMOIYKPBUTLEB, TO MPH MOJIETE HA OOJIBIION MPHOOPHON CKOPOCTH
MEHEE JKECTKOE KpbLIO OyJeT uMeTh 0oJIbITyIo aedopmariio. Ecim 3To cTpenoBuaHOE KPhLIO,
TO AedopmMarius B BUJIE U3rnda BhI3IBAET YMEHBIIICHHUE YTJIOB aTaKh, 0COOCHHO OJIFKE K KOHITY
kpsiia (Puc. 147).

[Tpu pa3nu9HO# KECTKOCTH HA M3TUO U KPYUEHHE YTIIbl aTaKH MPABOTO H JICBOTO TOIYKPHLUTHEB
OyIyT U3MEHATHLCS Ha Pa3HbIC BEJTMYUHBI. DTO B CBOIO OYepe/Ib MIPUBOIUT K TOMY, UYTO
MOTbEMHBIC CHITBI KPBUTHEB OyIyT HEOAMHAKOBHL. [Ipy OONBIIIX MPUOOPHBIX CKOPOCTSIX
pa3HUIlA B TIOJbEMHBIX CHUJIAX CTAHOBHTCSI HACTOJBKO OOJIBIIION, YTO BBI3BIBACT KPCHEHHE
caMmoJieTa B CTOPOHY MEHEE KECTKOTO KpbLia.

[TombITKa GOPOTHCS C BO3HUKIIEH «BaJICKKOM» - OTKIIOHEHUEM 3JICPOHOB - OOBIYHO HE TOJIBKO HE
JaeT TOJIOKHUTEIbHBIX PE3yJIbTaTOB, a, HA00OPOT, ycyryouser ee. Takas peakiusi caMmoJieTa
CBsI3aHA C TaK Ha3bIBAEMBIM PEBEPCOM 3JICPOHOB.

Pesepc rneponos. 1o neiictBueM adpoAMHAMUYECKUX CHJI KPBUIO B ITOJIETE H3TUOACTCS U
3akpyunBaercs. KpydeHue kpbuia 0ObSICHSAETCS TEM, YTO BHEUTHSS HArpy3Ka, JCHCTBYOMIAs 110
JIMHUY [EHTPOB JIABJICHHsI KPbLIa, HE COBIMAIACT C TaK Ha3bIBAEMOM 0ChI0 skecTkoCcTH (Purc. 148).
JIMHUS 1ICHTPOB JaBJICHHS, KaK IPAaBUJIO, PACIIOJIOKEHA IT03a/I1 JIMHUH JKECTKOCTH KpPbLIa,
MO3TOMY KPBLIO 3aKpyYMBACTCSl HA YMCHBIICHHUE YIJIOB aTaku. Y NMPSIMbIX KPBUIBEB 3TO SIBIICHHUEC
BBIPXKCHO ci1alee, YeM y CTPEIOBUIHOTO KPbLIa, Y KOTOPOTO a3pOJMHAMUYCCKHUE CHITBI
BBI3BIBAIOT KPYUCHHUE U U3THO, IPUYEM TOCIICIHUN TAK)KE 3aKPYUIUBACT KPBLIO.

OTKJIOHEHHE 2IIEPOHOB CMEIIAET IICHTP JAaBICHUS Ha3a/l, YeM eIle OOJIbIIe 3aKpyIHBaeTCs
CTpenoBUAHOE KpbLTo. Kpyuenue kpbiia 3a cueT OTKIOHEHHSI SJIEPOHOB MOKET JOCTUTHYTh
TaKOTO U3MEHEeHUs (PaKTUYECKUX YIJIOB aTaky MOJYKPhLIa, YTO OIbEMHAsI CHUJia, CO3aBacMast
anepoHaMu Ay,y,, OyZIeT MEHbIIIe U3MEHEHHSI TIOAbEMHOM CHUIIbI, BRI3BAHHOTO KPYUYEHUEM KpbLia
B pesynbrate camoneT OyJaeT KpeHUTHCS He B TY CTOPOHY, Ky/a OTKJIOHEHA pydKa YIpaBleHus,
a B IPOTHBOIIONIOKHYIO. HacTynaeT Tak Ha3pIBaeMbIil peBepc 21epoHOB. PeBepcom 31epoHOB
Ha3bIBaeTCs 0OpaTHOE UX JIEHCTBUE, HACTYIAIOIIEe Ha OOJBIINX CKOPOCTSX MOJIETa BCIEACTBHE
3aKpy4MBaHUS KpbLIA.
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Puc. 147 Brusnue uzzuéa cmpenosuonozo Kpvlia Ha (hakmuyecKue y2iivl amaxu npogunei
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Puc. 148 Kpyuenue Kkpvina om newtHux Hazpy3oK u npu OMKi10HEeHUU INePOHO8

CKOpOCTb I0JIeTa, IPU KOTOPOM CaMOJIET TePSIET MOTEPEUHYIO YITPABIISEMOCTh, Ha3bIBACTCS
cKopocmuio peeepca. J11s NpeOTBPAIICHUS peBepca dJIEPOHOB HEOOXOIMMO, YTOOBI
MaKCUMaJIbHasi CKOPOCTh I0JIeTa Oblila MEHbIIIE CKOPOCTH peepca. [IoHATHO, 4To yIs
YBEIMYEHUS CKOPOCTH peBepca HEOOXOAMMO YBEIIMYHUTD )KECTKOCTh KpPbLla HA KPyUCHHE.
Oo6pammnasn peakyusn nHa 0auwy Ho2u BO3HUKACT y CAMOJICTOB CO CTPEIIOBUIHBIMH KPBUTbSIMH ITPH
T0JIETE CO CKOPOCTHIO, PEBHIIIAIONIEH KPUTUUECKYIO CKOPOCTH 10 unuciay M. CyTb 3TOTO
SIBIICHHSI COCTOMT B TOM, YTO TIPY OTKJIOHEHUH PYJIsi HANIPABJICHHS B OJTHY CTOPOHY, HallpuMep
BIIPABO, CAMOJICT HAYMHAET KPEHUTHCS BIICBO. DTO OOBSICHICTCS TEM, YTO MIPU OTKIIOHEHUH PYJIs
BIIPaBO (haKTHYECKas CTPEIOBHIHOCTH MMOIYKPhLIbEB U3MeHseTcs (M. Puc. 149).
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Puc. 149 Uzmenenue Cy 6 3asucumocmu om yucia M. nonrema u cmpenoguoHocmu Kpwlia

IIpy npeBbIIEHNN HEKOTOPOX CKOPOCTH, COOTBETCTBYIOMEN M55, N3MEHEHUE CTPEIOBUIHOCTH
TakUM 00pa3oM M3MEHSET MOJbEMHYIO CHITY, YTO y MOJIYKpbLJa ¢ MEHbIIEH (haKTHYeCKOU
CTPEJIOBUIHOCTBIO ITOJbEMHAS CUJIa YMEHBIIAETCS, a y MOJYKpPbLUIA, IEHCTBUTEIIBHAS
CTPEJIOBUIHOCTb KOTOPOTO YBEIIMUMUBAETCS, POU30UIET POCT IOABEMHOM CUIIbL. B pesynbrare
TO MOJYKPBLIO, B CTOPOHY KOTOPOTO Obljla OTKJIOHEHA Ne/1ajlb, HAUHEeT MOJHUMATHCS, T. €
CaMOJIET HAYHET BPaIlaThCs B CTOPOHY, IPOTUBOIOJIOKHYIO OTKIIOHEHUIO ITE€IAJIH.

Crnuosicenue 3¢pgpekmusnocmu pyneit OSIBISETCS MPH MOJIETE HA 3aKPUTHUECKUX CKOPOCTSIX
roJjieTa.

[Ipu nonere Ha TOKPUTHUECKUX CKOPOCTSIX OTKJIOHEHUE PYJis (3JIEPOHA) BHI3bIBAET
nepepacrpe/iesieHne AaBJIeHUui 10 BceMy MPOQUIII0 ONEPEHUs WM KpbLIa, B pe3yJIbTaTe Yero
BO3HUKAET JOTOJHUTENbHASA a3poauHaMudeckas cuia AY .

Ecnu nostet coBepiraercs Ha 3aKpUTUYECKAX CKOPOCTAX, IPU KOTOPBIX HA ONEPEHUN BOZHUKAIOT
CKa4KH YIUIOTHEHUS, TO 3 (EKTUBHOCTH pyJIeil pe3KO CHUXKAETCS B pe3yJbTaTe TOro, 4To
nepepacnpeeneHie JaBJIeHUH B10JIb XOPbl MPO(UIIS IPH OTKIOHEHUH PYIIs
PacIpOCTpaHsAETCs BIEPE] TOIBKO 10 CKayKa YIUIOTHEHHS.

OOmsicHsIETCS 3TO TEM, YTO BO3MYILEHUS, BBI3BAHHBIC OTKJIOHEHUEM PYJIS U
PacIpOCTPaHSAIOIINECS CO CKOPOCTBIO 3BYKa, HE MOTYT PaCIIPOCTPAHUTHCS HA Ty YacTh
OIEpEHHs, IJIe CKOPOCTh MOTOKA OOJIbIlIE CKOPOCTH 3BYKA. [103TOMY Npu OTKIOHEHUH PyJIs
(271€pOHOB) MPU 3aKPUTHUECKHUX YnCiIax M mosera U3MEHAETCs XapakTep 00TeKaHUs TOJIbKO TOH
YacTH OIEePEHHs, KOTOpasl PacloiokKeHa 03a1u ckauka yrutotHenus (Puc. 150).
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Puc. 150 Pacnpedenenue oasnenus 60016 X0pOobl nPohuis npu OMK1OHEeHUU pyiei npu

M <Mypyr u M>Mypy;

Takum o6pa30M, B CO3JIJaHUH JOIOJHUTEILHON aSPOI[I/IHaMI/I‘-IeCKOﬁ CHIJIBI, BBI3BAHHOM

OTKJIOHCHUECM PYIId, IPUHUMACT YHACTHUC TOJIBKO YaCTh IIOIIAAN OIICPCHUA, B PC3YIIBTATC YCTO
BEJIMYMHA ITOABEMHOM CUIIBI AV, TakKe 6y,[[eT YMCHBIIICHA. I[J'Iﬂ MOBBIIICHU S B(I)(I)CKTI/IBHOCTI/I
pyﬂeﬁ Ha 3aKPUTUYICCKUX CKOPOCTSX IOJICTA CTa6I/IJ'II/I3aTOp " KNJIb Ha6I/IpaIOTC}I nus3 HpO(I)HIICfI C



MEHbIIEH, YeM y KPbLIa, OTHOCHTEIBHOM TOJIIMHOM C, yBEIMYMBAETCS CTPEIOBUIHOCTD A0I7
XBOCTOBOTO OIIEPEHMUSL.

[Tpu nonere Ha CBEPX3BYKOBBIX CKOPOCTSX 3((HEKTUBHOCTD PyJIei MOYTH MOJHOCTHIO
BOCCTaHaBJIMBAETCA. ITO OOBACHAETCS TEM, YTO IIPU OTKJIIOHEHUH PYJIsl, HAIIPUMED, BHU3, HAJ
HUM YBEJIMYMBAETCS pa3peKEHNUE U3-3a YBEJIIMUEHHS] CKOPOCTH MIOTOKA, a 0] HUM CKOPOCTh
IIOTOKA YMEHBIIAETCS U3-3a €r0 TOPMOXKEHHUA. BeilecTBUE 3TOr0 pasHOCTh JaBJIECHUH 0] PyJIeM
U HaJ pyJIeM YBEIMUYUBAETCS, YTO MPUBOAUT K YBEIIMYEHUIO 3PPEKTUBHOCTH PYIIEH.

Ha coBpeMeHHBIX camMoIeTax, OCYLIECTBIISIFOIIMX MOJIETHl CO CBEPX3BYKOBBIMU CKOPOCTSIMHU, JUIS
YIIy4IIEHUS YIPaBIsieMOCTH IPUMEHSIOT YIIPaBJsieMble CTaA0MIN3AaTOPbI, Y KOTOPBIX PYJIH
BBICOTBI OTCYTCTBYIOT. CTaOMIM3aTOP MPU ITOM YEpe3 CUCTEMY T'HIPOYCUIIUTENEH CBSA3aH
HENOCPECTBEHHO C PyYKOH yIpaBiIeHUs B KaOWHE, U JIETUHK, YIIPaBIISIsl CAMOJIETOM, TaK K€ Kak
U 4yepe3 pyib BBICOTHI, OTTEHSET PyUKY YIIpaBJIeHUs B HY’)KHOM HanpasieHuu. [Ipu B3satun
pY4KH Ha ce0si CTabMIIN3aTOp YMEHBIIAET yroJl aTaky, IIPU 1a4e Py4KH OT ce0sl - yBEIMUUBACT.
Jlig ynyduieHus IoNepeyHo yrnpaBiasieMoCTH Ha OOJIBIIUX yrilaxX aTaKu IPUMEHSIOT TakK
Ha3bIBa€Mbl€ HHTEPLENITOPHI, KOTOPHIE MPEACTABIIAIOT COOO0M MIACTHHBI, KHHEMATHUECKU
CBSI3aHHBIE C IEPOHAMHU U PACIOJI0KEHHbIE BJIOJIb pa3Maxa Kpblia. B 3aBucuMoctu ot
KOHCTPYKIMHU camoJieTa HHTEPIIENTOPbI MOT'YT ObITh PacIOJIOKEHbI KaK Ha BEpXHEH
MOBEPXHOCTHU Kpbla, Tak U Ha HKHeH (Puc. 151). [Ipu BepxHeM pacnoio’keHUU UHTEpLENnTopa
OH BBIJBUTAETCS IPU OTKJIOHEHUH 3JIepoHa BBEpX. BhIIBMKEHIE HHTEPLIETITOPA BBI3bIBAET
WHTEHCUBHBINA CPBIB MOTOKA, BCIIEJICTBUE YETO MMPOUCXOIUT PE3KOE CHIXKEHNE MO IbEMHON CUITbI
Kpbuia. [Ipy HIKHEM pacnooKEeHUH UHTEPLIETITOP BBIBUTAETCS B IOTOK HA TOM KpbLe, Ha
KOTOPOM 3JIEPOH OTKJIOHSIETCS] BHU3. B 3TOM citydae miacTHHa HHTEpLENTOpa TOPMO3UT MOTOK,
JTABJICHHE 01 KPBLJIOM MOBBIIIAETCS U KPbUIO MOJIy4aeT JOTOJTHUTEIbHBIA IPUPOCT MO IBEMHON
CHJIBI

Puc. 151 Humepuenmoput na Kpbwiie camonema. a - 6epxnee pacnoiodicenue; 6 - Hux cHee pacnoiodceHue

Kak caMocTosTeIbHbBIN oprad Mmonepe€YHoOro yrnpaBJCHUA HHTCPUCIITOPHI HE MMOJIYYHIIN
IIPUMEHCHUS BCIICACTBUC 3HAYUTCIIBHOI'O 3aI1a3/IbIBaHNsA B CBOEM HCﬁCTBHH, IIO2TOMY
IPUMCHAKOTCS KaK IOIIOJIHCHUC K 3JICPOHAM. HpI/I HeﬁTpaHLHOM ITIOJIOKCHHUH 3JICPOHOB
HHTCPLUCIITOPLI Y6paHBI 3a110 4JIMio ¢ OOIINBKOH U BbBIABUT'AOTCH JIMIIB ITPH OTKIIOHCHHU
QJICPOHOB Ha HCKOTOpBIfI YrouJ. I[anLHeﬁmee YBCIIMYCHHUC YyI'JIa OTKIIOHCHHS 3JICPOHOB
MMPOUCXOAUT IIPHU BBIJIBUHYTOM HHTCPUCIITOPC. B PE3YIbTATC CUHXPOHU3AUU OTKJIIOHCHUS
HHTCPLCITOPA U 2JICPOHA UX Z[eﬁCTBHH KaK OpraHoB YIIPABJICHUA CYMMUPYIOTCA.

IIYTEBOE PABHOBECHE CAMOJIETA

Hymesbm paernoeecueém Ha3bIBACTCAd TaKOC COCTOAHUC CAMOJICTA B IIOJICTE, ITPU KOTOPOM OH HE
HU3MCHSACT CBOCTO ITOJIOKECHUSA OTHOCHUTCIIBHO BepTHKaHLHOﬁ ocHn (OCI/I Y)
Ycnopuem IMyTEBOT'O PaBHOBECH SBJISICTCA pPABEHCTBO MOMCHTOB PBICKAaHHH.

Mypp =My 1 (9.16)



Puc. 152 Cxema cun u momenmos, 0eiicmeyrouux Ha camoien OmHocumenbvHo ocu Y

W3 Puc. 152 BumHO, 9TO MOMEHTHI, BPAIIAIONIHE CAMOJIET BOKPYT OCH Y, CO3JIAIOTCSI B OCHOBHOM
CUJIaMU JIOOOBOTO COTIPOTHBIICHUS TOJIYKPBIILEB U CHJIAMH TATH JABUTaTENel. st coxpaHeHus
MyTEBOTO PaBHOBECUSI HEOOXOIUMO, YTOOBI CyMMa BCEX MOMEHTOB OTHOCHTEIILHO OCH Y
paBHsUIACh HYIIIO.

Hanuumne reomerpudeckoil, a3pogMHAMUYECKON M BECOBOW CUMMETPHH SIBJISIETCSI HEOOXO0IUMBIM
YCIIOBHEM ITyTE€BOTO paBHOBecHs. [Ipyu HapylIeHnH a3poAMHAMUYECKON WIIM T€OMETPUYECKON
CUMMETPHHU CaMOJIETa CHJIBI JIOOOBOTO COMTPOTUBIICHHUS MPABOTO U JIEBOTO MOJYKPBUILEB CTAaHYT
OTJIMYATHCA 110 BEJIMYMHE U PAaBHOBECUE HAPYIIUTCA. [[J11 CaMOJIETOB C HECKOJIbKUMHU
JIBUTATEISIMU, PACTIONOKEHHBIMHU BJIOJIb OCH Z (Ha KpbUIe WX B (PrO3€IIsDKE), HAPYIICHHE
MyTEBOTO PAaBHOBECUS MOXKET MIPOUCXOIUTH U3-32 HEOMHAKOBOTO PEKUMA paOOTHI IBUTATEIICH.
OTtka3 B paboTe 0JJHOTO U3 JABUTATEIIEH PE3KO HAPYIIUT ITyTeBoe paBHOBecue. [lyreBoe
paBHOBECHE MOXKET ObITh HAPYILIEHO TaKKe HEpaBHOMEPHOU BHIPAOOTKON TOIJIMBA U3
KPBUIbEBBIX (MJIM MOIBECHBIX) TOIUIMBHBIX 0AKOB, UTO MPUBEIET K U3MEHEHHUIO BEITMUUHBI CUIT
71000BOTO CONPOTHUBJICHHUSI MTOJIYKPbUIbEB. BoccTaHOBIEHNE TyTEBOTO PaBHOBECHUS
OCYIIECTBJISIETCS ITYTEM OTKJIOHEHMS PYJisl HA MIPABJIEHUS B COOTBETCTBYIOLIYIO CTOPOHY.

MYTEBASA YCTOMYUBOCTh CAMOJIETA

CrniocoOHOCTH camoJieTa 0e3 BMeIaTeNIbCTBA JIETUMKA BOCCTAHABIMBATH IEPBOHAYAIILHOE
COCTOSIHUE ITYyT€BOT'O PaBHOBECHS HA3bIBAETCS MTyTEBOU YCTOMUHUBOCTBIO.

[Ipu HapyieHn: MyTeBOTO paBHOBECHUS CAaMOJIET HAUHET Pa3BOPAYUBATHCS BOKPYT ocH Y,
HapyIIMB TEM CaMbIM CUMMETpPHIO 00TeKaHus. B pe3ynbraTe Bo3eiiCTBHSI BO3IYIIHOTO MOTOKA,
Haberarouiero o1 yriioM p Ha O0KOBYIO OBEPXHOCTH (Pro3essika U Ha BEPTUKAIbHOE ONIEPEHHUE,
MOSIBATCSL OOKOBBIE CUJIbI, KOTOPBIE CO3AalyT MOMEHT, HAalIPaBJICHHBII Ha BO3BpAIllCHHE
camoJieTa B HICXO/IHOE IMOJIOKEHHE.

[Ipu Bpaiennu camonera Ha OOKOBOM MOBEPXHOCTH (DO3EIsKa U BEPTUKAILHOTO ONEpeHUs
BOZHHUKHYT a3pOJIMHAMUYECKHE CUJIbI, TPEMATCTBYIOIINE BPAIICHUIO CaMOJIeTa BOKPYT
BEPTUKAIBHON OCH, T. €. BO3HUKHET AeMiupyomuii MoMeHT. Kak ToJbKo BpallieHue
npeKpatutcs (YrioBasi CKOPOCTh CTaHET paBHA HYJIIO), TaK MPEKPATUTCS U ACHCTBUE
nemrndupyromero MmoMeHnTa. OctaHeTcs JIMIIb BOCCTaHABIMBAIOIINI MOMEHT. Bennunna
BOCCTaHABJIMBAIOIIIETO0 MOMEHTA 3aBHCHUT OT psiAa (JaKTOPOB: MJIOIIAH BEPTUKATIHLHOTO
OTIEpeHUsl, COOTHOIICHHUS UIMH HOCOBOM M XBOCTOBOM YacTH (pro3esika, EHTPOBKU caMoJieTa u
€ro cTpenoBUAHOCTU. OCHOBHAs J0JIs1 BOCCTAHABIMBAIOIIET0 MOMEHTA MPUXOAUTCS HA
BepTUKaJIbHOE oniepeHue. Cien0BaTenbHo, MMyTeBasi yCTOMYMBOCTh 3aBUCUT B OCHOBHOM OT
IJIOLIAIM BEPTUKAIBHOTO onepeHusi. biaronaps BepTHKaTbHOMY OMEPEHUIO CaMOJIET, TIOJJOOHO
¢rorepy, CTpeMHUTCS CTaTh 10 OTOKY U TaKUM 00pa3oM caM BOCCTaHABIMBAET HApYyIIEHHOE
paBHoOBecHe. [10aToMy yTeBYIO0 YCTOWYMBOCTh YacTO HA3bIBAIOT (PIFOTEPHON YCTOMUUBOCTHIO.
B pe3ynbraTte HapyieHus: IyTeBOTO PaBHOBECHS CaMOJIET OYIET JIETETh CO CKOJIBKEHUEM.
Bo3snukHeT O0KoBast 001yBKa camolieTa ¥ adpoJMHAMUYECKHE CHIIBI HA HOCOBOW M XBOCTOBOM



qyacTu Qro3esnsoka. MOMEHT OT a3poAMHAMHUYECKON CHITBI HA HOCOBOM yacTu (ro3ensoka Oyaer
YMCHbBIIATH BOCCTaHaB.HI/IBaIOH_[I/Iﬁ MOMCHT, a4 Ha XBOCTOBOH - YBCJINYHNBATD.

Taxum 06pa3oM, BeTMUYMHA BOCCTAHABIMBAIOIIEIO MOMEHTA MOXKET OBITh 3aMucaHa CiIeIyIoIIM
obpaszom:

Mysocer =Ppo Vo Pigao 6= Proce - a- (9.18)

Bonpmas nmHa HOCOBOM YacTu (ro3eisbka COBPEMEHHBIX CaMOJIETOB YXY/IIIAET MX MTYTEBYIO
YCTOWYMBOCTb, IO3TOMY BEPTUKAJILHOE ONEPEHUE TAKUX CAMOJIETOB UMEET YBEIMUEHHBIE

LA

Puc. 154 Bruanue cmpenoguonocmu Ha nymeeyio ycmouuueocms



Puc. 155 Ilpunyun nymeeou ynpasisemocmu camoniema

YBenuueHue AIUHBI XBOCTOBOM YacTH (pro3esika yiaydllaeT MyTeBYI YCTOMYMBOCTD, TaK Kak
IIPU 3TOM YBEJIMYMBAETCS] BOCCTAHABIIMBAIOLIMI MOMEHT 3a CUET YBEIMUEHUsI OOKOBOMN CHUIIbI
Pys.¢ ¥ TIIEYA BEPTHKATBEHOTO OTIEpeHHsL. |q,. YBeEIMUCHNE CTPETOBUIHOCTH BEPTHKAIBHOTO
OTIEPEHHsI CMEIIAeT LICHTP €ro JIaBJICHUs Ha3a]l, yBEIUIUBAsi TEM CaMbIM I11eUO |,

LleHTp TsKECTH caMoJieTa SBJISIETCS LIEHTPOM BpallleHus camoJieta. CMellleHue ero Brepesa uiu
Ha3aJl yBEJIMYMUBAET WM YMEHbILAET TUIEHO, B TAKUM 00pa30M Ha IyTEBYIO YCTOMUUBOCTD.
CMmenieHne EHTPOBKH BIEPE]] PABHOCHIIBHO YBEIUYEHHUIO UTMHBI XBOCTOBOM YacTH (Dro3erisKa.
CrpenoBUIHOCTD Kpblja OKa3bIBAET MOJIOKUTEIBHOE BIMSIHUE HA MIYTEBYIO YCTOMUNBOCTh
camoJieTa - 4eM oHa 0oJIbliIe, TeM Jydllle MyTeBas yCTONYMBOCTb.

Ha Puc. 154 BugHO, 9TO IpU CKOJIBKEHUU CTPEIOBUIHOIO KpbLIa XapakTep 00TEKaHUs €ro
MTOJTYKPBUTBEB OYyIET pa3nudHbpiM. Ha BEIHECEHHOM BIiepe1 (JIEBOM) MOTYKPBLIE T0O0BOE
COIMPOTHBIIEHUE CTaHET OO0JIbILIE, YEM Ha JAPYrOM, TaK KaK y JIEBOTO Kpblja (GaKTUUECKUH yro
CTPEJIOBUAHOCTH YMEHBILAETCA, @ Y IPABOr0 YBEIMUUBACTCS; BCIEACTBHE ITOT0 JIOOOBOE
COIPOTHBJICHHE JICBOTO MOJIYKPbLIa YBEINYUBaeTCs, a mpaBoro ymenbiaercs (Q>Qp)- Llentp
JIABJICHUSI IPABOT0 MOJIYKpPbUIA IPUOIMKAETCS K TPAEKTOPUN ABUKEHMSI LIEHTPA TAKECTH, a
JIEBOTO YIAJSETCS OT Hee, YTO U3MEHSIET MOMEHTHI OT CHUJI IOOOBOTO CONPOTUBIICHHUS
MOJIYKPBIIIBEB OTHOCUTEIBHO LIEHTPA TSXKECTH.

B pe3ynbraTe BO3HHKAaeT BOCCTAaHABIMBAIOIINI MOMEHT KpbLIa

My pocer = Qs - a—Qpp -b. (9.19)
C YBCIUMYCHHUEM CTPEIIOBUIHOCTH BOCCTaHaBHI/IBaIOH_H/Iﬁ MOMCHT KpblJia BO3PACTET, IIOOTOMY
ImyreBas YCTOﬁqHBOCTB caMoOJICTa YIYyUYIIUTCA.

IIYTEBAA YIIPABJIAEMOCTb CAMOJIETA

Coco0HOCTHL caM0JIeTa H3MEHSATh CBOE M0JI0KEeHHE B 110JIeTe OTHOCHTEJILHO
BepTHKaJIbHOﬁ OCH IIPHU OTKJIOHCHHH JJETUYUKOM PYJisd HANIPABJICHUA HA3BIBACTCH HyTQBOfI
YupaBJsa€eMOCTbI0.

HpI/I OTKJIOHCHHUH JICTYUKOM PYJIA HAlIPpABJICHUSA HA YI'OJI O BO3HUKAET AOPOJMHAMHUYCCKasA CUJia

AZ o , MOMEHT KOTOPO OTHOCHUTEIILHO LIEHTPa TSHKECTH OyJeT MOBOPAuYMBaTh CAMOJIET
OTHOCHUTENBHO BEPTHKAIBHOM ocu Y. B mepBblii epro 1 moJ| JeiCTBHEM CHUJIBI HHEPIIH CaMOJIET
OyzleT mpoI0JDKATh JBIKEHNE B TPEKHEM HAIPaBICHUH, B PE3YJbTATE YETO €ro MPOJI0JIbHAS OCh
COCTaBUT C HallpaBJIEHUEM JBIKEHHs yroJl 3 - yroi ckoibxkenus (Puc. 155, a).

My, o =40, IB.o' (9.20)
C MomeHTa 00pa3oBaHUsl yIila CKOJIBKEHHUS TPOUCXOANUT Kocast 00 TyBKa caMoJieTa, BCIEICTBUE
4ero Ha OOKOBYIO TOBEPXHOCTD €ro OyJeT neiicTBoBaTh adpoauHamuydeckas cuia (Puc. 155, 6).
Touka mpunoKeHus: paBHOJACHCTBYIOIIEH 3TUX cUll Zo (LIEHTE IaBIEHUS) HAXOTUTCS, KaK
MIPaBUIIO, TT033]IU IIEHTPA TSHKECTH caMoJjieTa, TOITOMY MOMEHT, CO3/1aBaeMblil 3TOM CHUJIOH,
MPEMSITCTBYET MOBOPOTY camolieTa BOKpyr ocH Y. [To Mepe yBenu4eHus yria CKOJIbXeHHs 3 3Ta
cuia OyZeT Bo3pacTaTh JI0 TE€X MOp, MOKa HE YPAaBHOBECUT Pa3BOPAYHBAIOIINI MOMEHT,



BO3ZHUKIINI B PE3Yy/IbTATE€ OTKIOHEHUS PYyJIsl HAIIPABJICHUSA. YT0JI CKOJIBKEHUS IIPU ITOM
JOCTUTHET HEKOTOPOM BEIMYMHBI, COOTBETCTBYIOLIEH TaHHOMY OTKJIOHEHMIO PYJIsl HAIllpaBJIEHUS.
W3 sTOro ciepyer, 4To pylib HaIpaBICHUs CaMOJIETa CIYXKUT JJI U3MEHEHUS YIila CKOJIbKEHUS,
pUYEeM KKIOMY Yy OTKIIOHEHHUS pyJisi HarpaByeHust 6 OyJIeT COOTBETCTBOBATH BIIOJIHE
OIIPENETICHHBIN YTOJl CKOJIbXeHus P.

PasnocTs Mexx1y G0KOBOW adpoJHAMUYECKOi crioit (Z4), 0Opa3oBaBIIIeiics: IPH CKOJIbKEHNH,
1 a3pOAMHAMUYECKON CUIION BEPTUKAJILHOTO ornepeHust (Zg o), 00pa3oBaBIIeiics B pe3yibTare
OTKJIOHEHUS PYJIsl HAIIPABJICHUs], CO3/1a€T HEYPABHOBEIIEHHYIO CUILYy (Zy - Z o), IPHIIOKEHHYIO
B LIEHTPE TSXKECTH caMoJieTa. DTa CUJIa SIBJISIETCS HEYPABHOBEIIEHHOM LIEHTPOCTPEMUTEIBHON
CWJIOH, 1O/ IECTBUEM KOTOPOM caMoJIeT OyJeT pa3BOpaunBaThCs B CTOPOHY OTKJIOHEHUS pYIIs,
HCKPUBJISIS TEM CaMbIM TPAEKTOPUIO IBMKEHUSL. B pe3ynbpTaTe CKOJBKEHUS caMOJIET OyAeT
UMETh TEH/IEHLUIO K HAKPEHEHUIO B TY K€ CTOPOHY, Ky/Jla OTKJIIOHEH pYJib HalpaBJICHUSI.

VYTI1bl OTKJIOHEHUS PYJi HAIllpaBJICHUs Y COBPEMEHHBIX CAMOJIETOB B CpEAHEM COCTaBIISAIOT 20 -
25°.

BOKOBAS YCTOHUYUBOCTE U YIIPABJIAEMOCTb CAMOJIETA

Panee ObLIO yCTaHOBIIEHO, YTO TIPH HAPYILICHUH TTOMIEPEYHOTO PABHOBECHS 32 CUET
BO3HUKHOBEHMUSI [ICHTPOCTPEMHUTEIBHON CUJIBI IPOUCXOIUT HAPYIIIEHUE ITYTEBOTO PAaBHOBECHUS, a
MIPU HAPYIIIEHUHU ITyTEBOTO PABHOBECHS 332 CUYET HECUMMETPUYHOTO OOTEKAHUS MOTYKPHUIHEB
MIPOUCXOAUT HAPYIICHHUE MOTIEPEYHOT0 paBHOBECHs. Takoe B3aMMHOE BIIMSHHUE TIOTIEPEYHOTO U
MyTEBOTO PAaBHOBECHUS Ha COCTOSIHHE CaMOJIETa HAa3bIBACTCS HOKOBBIM PAGHOBECUEM.
[Tontepeunas u myTeBast yCTOMYMBOCTH H30JIMPOBAHHO HE MOTYT CYIIECTBOBATH, TaK KaK
MPOSIBJICHUE OJTHOTO BUJIa YCTOWYMBOCTH CKa3bIBAeTCs Ha APYroM. [103TOMy COBOKYITHOCTB
ITOIIEPEYHON U ITyTEBOM YCTOMYHMBOCTH HA3BIBACTCS HOKOBOU YCMOUYUBOCbIO.

JlomycTuM, 4TO MOJ IEHCTBUEM BHEIIHETO BO3MYIIEHHUS CaMOJIET Ha4ajl BPaIlaThCsl BOKPYT OCH
Y BrpaBo. [1o Mepe OTKIIOHEHHSI OT EPBOHAYATBHOTO MOJIOKEHUS BO3PACTAET YroJl CKOJILKEHUS
P. biiaromapsi CKOJIbKEHUIO HA JIEBOM KpPbLIE€ BO3HUKAET JOMOJHUTENbHAS a9pOJUHAMUYECKAS
CHJIa, CO3/Ia011as MOMEHT, KPEHSIIUNA cCaMOJIET B CTOPOHY, OOPaTHYIO CKOJIbKEHUIO.

[Ipu kpene camosieTa HapyiiaeTcs paBHOBecHe CiIbl Beca G u moabeMHou cuibl Y. Bo3Hukaet
LEHTPOCTPEMUTENbHAS CHIIa Z, O]l JEHCTBUEM KOTOPOM CaMOJIET HAUMHAET CKOJIB3UTh Ha
OIYIIEHHOE MOJTy KPbUIO M HCKPUBIISTH TPAEKTOPHUIO B CTOPOHY KpeHa. IIpu ckosibxeHnn Ha
OIYLIEHHOE MOJYKPBLJIO BO3HUKAET BOCCTAHABIMBAKOLIMN MOMEHT, KOTOPBII YCTPAHSET KPEH, a
MOMEHT OT CHJI Zg ¥ Zp o YCTpaHsieT ckosbxenue (Puc. 156).

[Ipu xoporiieii monepeyHor yCTOWYMBOCTH KPEH, BOSHUKIITNI MPHU CKOJBXEHUH, OBICTPO
CaMOIIPOU3BOJIBHO YCTPAHSETCA.

Puc. 156 Kpenenue camonema npu ckovicenuu



Jiis oGecriedeHusi HOpMaJbHOW OOKOBOW YCTOMYHMBOCTH HEIOCTATOYHO €IIIE TOTO, YTOOBI
caMmoJieT 00J1aaal MONepeyHo U MyTeBON YCTOHYMBOCTBIO, a HY)KHO, YTOOBI ITapaMeTphl TOH 1
JPYroil HaXOAWIKCH B ONPEENICHHOM COOTHOLIeHUH. [Ipeobnaganue oqHOTO BHIA
YCTOWYMBOCTHU HAJI JPYTUM yXyJIIIACT O00IIYyI0 OOKOBYIO YCTOMYHMBOCTH M MOKET OBITh
NPUYMHON CIIUPATIBHON MM KOJe0aTeIbHON HeYCTONYNBOCTH.

CrninpasibHasi HEyCTOMYHMBOCTh BO3HUKAET B TOM ClIydae, KOIJla CaMOJIET UMEET YpE3MEPHYIO
MYTEBYIO YCTOMUYMBOCTH U cnabyro nmonepeunyto (Puc. 157).

Puc. 157 . Cnupanvnas neycmoiiuugocmos camonema

Bo3HUKIINI KpEH U CKOJIBKEHNE B CTOPOHY KpEHa CaMoJIET YCTPaHAET MO-pa3HOMY:
CKOJIbJKEHUE YCTpaHseTCsl ObICTPO, a KPeH YacTUYHO ocTaercs. B pesynbrare camosner Oyner
MIPOJIOJIKATH IBHKEHHE 110 KPUBOW, BHAYaJle OYEHb MOJIOr0M, TaK Kak KpeH ellle Mal. Y KpbUIbeB
BO3HHUKAET Pa3HOCTh CKOPOCTEH Ha MOJIYKPBUIbSX U pPa3Hble OJbEMHBIE CHIIbI HA HUX.

B uTore kpeH nocTeneHHo pacTeT, MOTOMY 4TO Y BHEITHETO Kpbljia IMOJeMHas Criia OoJIbIe, a 'y
BHyTpeHHero MeHblie. C yBennueHrneM KpeHa (TIpy YCIIOBHH, €CITH JICTYNK HE BMEITUBACTCS B
yIIpaBJICHUE) CaMOJIET OyIET HITH CO CHUKCHUEM, KPEH ellle 0OJIbIIEe YBEIUIUTCS U B
pe3ysbTaTe cCaMoJIET MOYKET TIEPEHTH B KPYTYIO CIIUPAITh.

KonebarenbHast HEYCTOHYUBOCTh BO3HUKAET ITPH OYSHD XOPOIICH MOMEPEYHON YCTOHYUBOCTH
(6ompmoe momnepevnoe V Kpblia, O0JIbIIas CTPEIOBUIHOCTD) U C1A00M MMyTEeBON YCTOMYMBOCTH.
B sTOM ciryyae mpu HENPOW3BOJIBLHOM CKOJIBKEHHH B OJTHY CTOPOHY (JICBYIO, HAIIPUMED )
caMoJIeT O] ICHCTBUEM BOCCTAHABIMBAIOIIEIO MOMEHTA SJHEPTUYHO HAKPEHSIETCS BIPABO, YTO
BBI30BET 3aTEM IIPABOE CKOJIBKEHHUE. Y CTPaHsss BO3HUKIIIHI JICBBIH KPEH, CAaMOJIET HU3-32
MOBBIIICHHOW TIONEPEYHON YCTONYMBOCTH TIEPEIIET pAaBHOBECHOE TOJIOKCHUE U BOMIIET B
MIPOTHBOIIOJIOKHBIHN (ITPaBbIii) KpeH. B UTOTe MOIy4YrM psiJi HOBTOPHBIX KOJICOAHUH C KpbLIa HA
KPBLIO.

Jliist yMEHbBIIIEHUS MTOTICPEUYHON YCTOMYMBOCTH CaMOJIETaM CO CTPEJIOBUIHBIM KPBLIOM
YBEIMYUBAIOT TUIOIIAb BEPTUKAIBHOTO ONIEPEHUS U IPUIAOT OTPHUIIATEIIbHBIA YrOJ
nornepevHoro V.

Mesx 1y monepeyHoil U mMyTeBOM yIpaBIIeMOCTBIO CYIIIECTBYET TaKasi e CBI3b, KaK U MEXy
MOTIEPEYHBIM U MTYTEBBIM PABHOBECHEM: KPEH BBI3BIBACT CKOJIBKEHUE U PA3BOPOT CaMOJIETa, a
CKOJIbJKEHUE - KpeH. Pa3BopoT camosieTa TOJIBKO C MOMOIIBIO PYJIsl HAPABICHHS UITU TOJIBKO
AIIEPOHOB MTPOUCXOTUT CO CKONbkeHHEM. CKONbKEHHE YCKOPSET CPhIB IOTOKA C KPbLIa, YeM
CHIDKAeT 0e30MaCHOCTh MOJIETa U CO3/IAeT JIOTIOTHUTEIHHOE COMPOTHBIICHUE, KOTOPOE TpedyeT
yBeNn4YeHHs ToTpeOHOo Taru. Heo6XoauMo 3allOMHUTD, YTO CAMOJIET CKOJIB3UT B CTOPOHY
OTKJIOHEHHOW PYYKH YIPaBIECHUS U B IPOTUBOIIOIOKHYIO CTOPOHY OTHOCUTENHFHO OTKIOHEHHOM
nefany (JieBas nejalb - MpaBoe CKOJIbXKeHue). J{7st Toro 4ToObl pa3BOPOT BHIMOIHIICSA Oe3



CKOJIBXKCHHUS, HEOOXOAMMO PYJib HAIIPABJICHHS M 3JICPOHBI OTKJIOHUTH B CTOPOHY Pa3BOpOTa
TaKUM 00pa3oM, YTOObI CKOJIBKCHHUE OT KPEHA YCTPAHSUIOCh CKOJIBKCHHEM OT PYJIst
HarpasjcHUs. Pa3BopoT 0e3 CKOJIbKECHHUS Ha3bIBACTCS KOOPAMHUPOBAHHBIM.
CTaTHCTUKOM yCTAHOBIICHO, YTO JJIsi HOPMAJIBHOTO IMOBEICHUS CaMOJIETa B TIOJICTE HY)KHO
OTIPEICIICHHOE COOTHOIIICHUE MKy KPCHSIIIMMH U Pa3BOPAYMBAIOIUMH MOMEHTAMH.
JIeTHBIMU UCTIBITAHUSAMH YCTAHOBIICHO, YTO COOTHOIIIEHUE OTKIIOHCHHUS 3JICPOHOB M OTKJIIOHCHHUS
PYJIsl HANIPABJICHHUS JUTI HOPMAJIbHOTO TIOBEACHHUS caMoJieTa B 00KOBOM OTHONICHHH JIOJDKHO
OBITE
0
503” =0,3-0,5
P.II.

Takum o0Opa3om, OTKIOHEHHE 3JIEPOHOB JIOJLKHO ObITh B 2 - 3 pa3a MEHbILIE OTKIIOHEHUS PYJIs
HaITpaBJICHUA.

HITOIIOP CAMOJIETA

IlImonopom camonema Ha3bIBACTCS HEYNIPABISEMOE ABMKEHUE CAMOJIETA IO CIIMPATIBHOMN
TPAEKTOPUHU MAJIOT0 paguyca Ha 3aKPUTUYECKUX YIilaxX aTakH.

B mrronop MokeT BoiTH 110001 caMoJIeT, Kak M0 KEJIaHUIo JIETUHNKA, TaK U CAaMOIIPOU3BOIBHO
MpH OMMOKAX JIETYNKA B TEXHUKE MWIOTUPOBaHus. Tak Kak MITONOp NpeACcTaBIseT co0oi
HEyIpaBisieMoe JIBUKEHHE, TO BHIXOJ U YIIPaBIISIEMbIN MOJIET TPeOYeT TBEPbIX HABBIKOB,
XOPOIIUX 3HAHUM U IOHUMaHus ero ¢pusndeckoit cymuocTH. llItonop Beimonusercs Ha
camoJierax fAk-52 u Sk-55 xak ¢ yueOHOI 11e1bto, Il TPEHUPOBKH JIETHOTO COCTaBa, a TaKkKe
Kak (purypa COpTUBHOTO MUJIOTaXA.

il

Puc. 158 lllmonop camonema: a - npamoii; o - 06pamuwlii; a - NIOCKUIL

CyI1ecTBYIOT [IBa BH/IA LITOTIOPA: HOPMAbHbLIL (pamoil) u oopamubtii (nepesepuymutit) (Puc.
158).

[To pexuMy ycTaHOBUBIIETOCS BpAIEHUS IITOTOP MOAPA3ILNICTCS Ha KPYTOil (HAaKIIOH
¢brozenska K Topu3oHTy cocTaBisieT 50...70°) u mockuii (HakiIoH (ro3ensika coCTaBIsIeT 0KOJIO
20...30°).

Ha Bcex BbllIeyKa3aHHBIX PEKUMAaX IITOTIOPA YTOJI aTaki OOJIBIIIE KPUTHIECKOTO, U YeM TOJIOKE
HITOTOP, TeM OoJiblIe YTroia araku. Ha kpyTom mtornope yroi ataku cocrasiuseT 25...30°, Ha
miockoM - 60...65°.

[ToTeps BbICOTHI Ha KpyToM HTonope B cpenHeM cocrasisger 100...150 m 3a onun BuTok. Ha
IIJIOCKOM IITOMOPE MOTEPS BHICOTHI 3HAYUTENBHO MEHbIIIE U cocTaBiseT 50...80 m.



CkopocTh BpalleHus Ha IITOMOPE cocTaBisAeT (Ha camotierax Sk-52 u Sk-55): npu BbITOTHEHUT
Kpyrtoro mrromnopa - 4,0...4,5 ¢, a Ha iockoMm - 2,5...3,0 c.

Kak yxxe roBopusioch, 4To MITOMOP - 3TO HEYMPABIISIEMOE ABMKEHUE CaMOJIeTa U BeCbMa OMacHOE
Ha MaJIO¥ BBICOTE. HO3TOMy JICTYUK JOJDKCH YCTKO MPECACTABIIATH IIPUYMHBI IITOIIOPA, KAKUC
(baKTOpBI M KaK BJIUAKOT HAa HCTO U OCMBICIICHHO OTHOCUTBHCA K pa60Te PYy/IIMU KaK Ha BBOJC, TaK
1 0COOCHHO Ha BBIBOJIC CaMOJIeTa U3 IITOTIOPA.
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V=170-180 km/4
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Puc. 159 Illmonop: a - cxema cun u MomeHno8, Oelicmeylouwux Ha camoiem 6 npoyecce WIMonopa; o - cxema
cuil, 0elicmeyIoujUx Ha camonem npyu wmonope

CPBIB B IIITONOP HA MAJIO! BBICOTE

MoskeT IpOU30UTH MPU O JTHOBPEMEHHOM YMEHbBILIEHUU CKOPOCTH I0JIETa U YBEIMUCHUU yIiia
ataku (Puc. 160). CkopocTh moJieta najiaeT, modToMy J0JDKHA MMaaTh U MOAbEMHAs CUIa, HO
BCJIE/ICTBHE YBEIIMYCHHUSI YTJIa aTaku K03 PuireHt noabeMuoit cuibl Cy Oyzaer pactu
(kommeHcHupys NMaJieHue CKOPOCTH), B pe3yabTaTe Uero noabeMHas Ciiia HEKOTOpoe BpeMst OyIeT
pacTu U ocTaBaThbcs paBHOM Becy camosnera. Ho koadduiment Cy pacter TOJIBKO A0
KPUTHUYECKOTO yIJIa aTakd, a 3aTeM PE3KO YMEHBIIIAETCs, TaK KaK 32 KPUTUIECKUM YTIIOM PE3KO
yXyaIaeTcs 00TeKaHue - MPOUCXOUT CPBIB CTPYH C MIOBEPXHOCTH KphLIa.

[ToaToMy KOT/Ia YroJl aTaku JOCTATOYHO YBEUYHIICS, TIOITbEMHAs CHUJIa CTAHOBUTCS MEHbIIIE
BEca caMoJIeTa U OH HaYHET «POBAJMBATHCS», OMycKas KanoT. Eciu neTunk nmomnsiTaeTcs emie
YBEJIUYUTH YTOJl aTaKH, TO CAMOJIET CTAHET «IPOBATHBATHCS IUTAIIMS, T. €. MapalllOTHPOBATh.
OpHako Mpu MapamroTHPOBAHUH CaMOJIET TPYIHO YAEPKUBATh OT KPEHOB. A Tak Kak

3¢ GEeKTUBHOCTD AIIEPOHOB Ha OOJBIIHX yIIax aTaKh CUIBLHO OCliablieHa, TO COXPaHUTh
MOTIEPEeYHOE PaBHOBECHE OOBIYHO HE yJaeTCs, U CaMOJIET CBAJIMBAETCS Ha KPBLIO, CTPEMSCH
[IEPENTH B LITOIIOP.



Takum 0Opa3om, MPOUCXOJNT TaK Ha3bIBaeMasi IOTEPsI CKOPOCTH, KOTOpasi MPUBOIUT K
YXYIIICHUIO TIOTIEPEYHON yrpaBiisieMOCTH. Ecii OBl T€TUUK MOT JJTUTEIBHOE BPEMSI
yIIep)KUBATh CAMOJIET B COCTOSTHUY MMAPAIIIOTHPOBAHHUS, TO B JIFOOO MOMEHT MOKHO OBLIO OBI,
OTKJIOHUB PYUKY YIIPABJICHUS OT CeOsl, yMEHBIIIUTH YTJIbI aTaKU, HAOpaTh CKOPOCTh U NIEPEBECTH
CaMOJIET B HOpMAJIbHBIN noJieT. MHOr1a 3T0 BO3MOYXKHO, €CJIM MTOTEPS. CKOPOCTU HE MoJiHas. B
3TOM CITy4dae caMoJIeT yIaJeT Ha HOC, OBICTPO HAOEepeT CKOPOCTh M CHOBA CTAHET YIIPABIISIEMBIM.
Taxxe mpu orepe ckopocTy u najaeHnu Ha Kpouio (Puc. 160, a) Bo3MokeH BBIBOJ] caMoIeTa Ha
HOC. B mpoTuBHOM citydae Bciies] 3a CBAIMBAHUEM Ha KPBIJIO CIIEAYET IITOMOP, 7S BEIXOa U3
KOTOPOTO M U3 MOCIEAYIONIET0 MTMKUPOBAHUS TpeOyeTCs 3HAUUTENIbHAs BBICOTA.
CaenoBare/ibHO:

- Ha MaJIbIX BbIcoTax (mpumepHo 600 M) HE0OX0AMMO BCeria UMETh IOCTATOYHBIH 3arac
CKOPOCTH, T. €. BBIJIEP)KMBATh CKOPOCTh HE MEHEE HAUBBINOJHEUIIICH;

- €CJIM JIOTyIIeHa OoMmuOKa, CKOPOCTh yIaja Ha 3HAYUTEIbHYIO BEJTUYNHY, yIIpaBJICHHE,
0COOEHHO TIO AJIEPOHAM, CTAI0 HECKOJBKO BSUIBIM, CIIEYEeT HE3HAYUTEIHHO OTKJIOHUTH PYUKY
yIpaBieHUs OT ce0s U B TO K€ BPEMsI YIEP>KUBATh CAMOJIET B IMONIEPEYHOM PAaBHOBECUU
AJIEpOHAMHU U PYJIEM HaIpaBJICHUS;

- B CJIy4ae BHE3AIMTHOTO 0TKa3a JABUTATElsl, 0COOCHHO Ha B3JIET€ HEMEJICHHO OTKJIIOHUTh PYUKY
yIpaBieHUs: OT ce0sl, U €CIIM CKOPOCTh CUJIBHO yIajia, He HAYMHATh Pa3BOPOTa JI0 T€X MOp, MoKa
caMoJIeT He HabepeT CKOPOCTh IO HEOOXOMMOM BEIMUMHBI (HE MEHEE HAMBBITOTHEHIIICH ) U HE
MepeneT B HOpMadbHOE TUIAHUPOBAHKE.
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Puc. 160 Ilomepa ckopocmu 6 20pu3onmansHom noieme: a - NAOEHUE HA HOC C NEPEeX000M 6. RUKUPOsanue, o -
nadenue Ha KPulio ¢ nepexo0om 6 NUKUPOosanue unu wimonop

CAMOBPAIIIEHHME KPBIJIA HA BOJIBIIUX YTJIAX ATAKU. IPAMOM LITOIIOP

[Ipu motepe CKOPOCTH M HAKPEHEHUH CaMOJIeTa MTPOUCXOTUT YBEITMUCHHUE YIIIOB aTaKu Y
OIYCKAFOIIEroCs MOJIYKpPhLIa U YMEHBIICHUE UX Y TIOHUMaroIIerocs nojaykpbuia (Puc. 161).
Ecnu nosiet mporcXouT Ha MaJlbIX WIK CPEAHUX yIIIax aTakd, TO YKa3aHHOE U3MEHECHHUE YTJIOB
aTakd co3zaeT TopMoskenue (aemnduposanue) kpena (Puc. 163).

Ha kpuTHYeCKUX WM 3aKPUTHUECKUX yrilaX aTakH ciIy4allHOe HAaKPEHEHUE caMoJieTa (BpalieHue
BOKPYT MIPOIOJIBHOM OCH) HE TOJIBKO HE TOPMO3HTCS, a, HAOOOPOT, eIie OOJIbIIE YCUITUBACTCS,

TaK KaK YBCJIMYCHUC YI'JIOB aTdKU CBEPX KPUTHYCCKOI'O Y OITYCKAOMICTOCS IMOJTYKpPbLIa (OCOH)
COIIPOBOKAACTCA YCUIICHUCM CPbIBA ITOTOKA U IMaAICHUCM KOB(b(bI/II_[HeHTa Cy0[[; y

10 IHMMAFOILIErOCs ITOTYKPbINa, Y KOTOPOTO YIJIbl aTaKH YMEHBIIAIOTCS /707 ) | kos(duiueHT
nobeMHOM cuibl Cynoxy YMEHbIIAETCS B MEHbILEH CTENeHH WK Aaxe MokeT Bo3pactu (Puc.
162). B pe3ynbrare 3TOro nMoabeMHasi CHJIa OIMYCKAIOUIEr0Cs OMYKPhLIA, HMEIOIIETO OOJbIIHe
yTJIbl aTaKu, OKA3bIBACTCA MEHBIIIEH, YeM Y MOJHUMAIOIIETOCs MOTYKPbhLia, BCIEACTBHE YEro Ha
camoJeT OyaeT AelicTBOBaTH MOMEHT camoBpaieHust My (cm. Puc. 161), HanpaBneHHbIH B
CTOPOHY MEPBOHAYATLHOTO HAKPEHEHHS camoJjieTa JTO SIBJICHHE-CaMOBpaIlleHUe, TN
aBTOPOTAIIMS, JICKUT B OCHOBE IIITOTIOPa CaMOJIeTa.
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Puc. 164 Coomnouienue no0veMnblX Cul ONYCKAOU€20CA U ROOHUMAIOUE20CA NOTIYKPbLIbE8 NPU
YCMaHo8UGUIEMCA CAMOGDAU{EHUU

ITon neiicTBMEM yKa3aHHOTO HEYPaBHOBELIEHHOTO MOMEHTA CaMOBpAILlEHUs KpbLIO OyzieT
BpAaIllaTbCs BOKPYT MPOJOIBHON OCH C TMOJIOKUTEIBHBIM YIIOBBIM yckopeHueM. [Io mepe
YCKOPEHUs BpallleHHs OJHUMAIoLIeecs MOTYKPbIIO HAauMHAeT paboTaTh ¢ YIiaMH aTak,
3HAYUTEIbHO MEHBIIMMU KPUTUYECKOTO, T. €. B YCIOBUSX IJIABHOTO OOTEKaHMs, B TO BpeMs Kak
OITyCKaroIeecs MOJIYKPBIIO YK€ paboTaeT B YCIOBUAX MOJHOTO CPhIBa BO3YIIHOTO MOTOKA.

Ho yrnoBast ckopocTs HakpeHeHUs He OyJeT Bo3pacTaTh Oe3rpaHuyHo. IIpu HEKOTOpo#t yrioBoit
ckopocTH BpaieHus HactynaeT paBeHcTBO Cyon = Cynoyx (Puc. 164), MOMEHTBI HOpMaTbHBIX



CHII 00erX MOJTYKPBLIBEB BEIPABHUBAIOTCS, YTIIOBOE YCKOPEHUE HCUE3aeT M YCTAHABIIMBACTCS

MOCTOSIHHASL YTIIOBast CKOpocTh Px camoBpalleHust (ABTOPOTALIUH).
BennunHa yrioBoi CKOPOCTH CaMOBpAILlEHUs Kpbljla CaMOJIETa 3aBUCUT OT BEJTMYMHBI
HCXOJHOTO yIJja aTaku (Iepejl CPbIBOM B LLITOIIOP).

NEPEBEPHYTEIX IITOIOP

[lepeBepHyTbIil (0OpaTHBIN) IITONOP MOXKET OBITH MTOJIYYEH KaK IIPEIHaMEPEHHO, TaK U
HETPOM3BOJIBHO U3-3a IPyOBIX OIMIMOOK JIETYNKA B TEXHUKE MWIOTHPOBaHUs. Bpamienne
caMmoJieTa B IIePeBepHYTOM HITOTIOPE MPOUCXOIUT B OOJIACTH OTPHUIIATEIBHBIX 3aKPUTUICCKUX
YIJIOB aTaKHy.

OOpaTHBIN HITONOP MOKET BBIIOJIHATHCS KaK C MPSIMOT0, Tak U ¢ oOpatHoro nosera. [lepen
BBOJIOM CKOPOCTB TOJIETa YMEHbILIAETCS 10 MUHUMAIIbHOM, YIJIbl aTaKu IPU 3TOM CTAHOBATCS
OKOJIOKPUTUYECKUMU WIIM KPUTHUECKUMHU. JIOCTUTHYB KPUTHUYECKUX YTJIOB aTaKu, JIETUUK
CO3/a€T CKOJIbKEHUE Ha OJHO U3 MOJYKPBUILEB, U CAMOJIET BXOAUT B PEKUM aBTOPOTALIMH.

B sTom cnyuae otpunarenbHbiid yroa atakd 1 Cy 1o BeIMYMHE MEHBIIIE, YEM B IIPSMOM I0JIETE
(nns camonera Sk-52). Tak kak MaKkCUMaNbHbIN KOG (UIUEHT MO IEMHON CHIIBI UMEET

OTPULATENbHYIO BETNUUHY (_ Cy MAKc), IpU KOTOPOM 00pasyeTcs CpbIB MOTOKA U HAUMHAETCS
aBTOPOTALMS, U B OOPaTHOM TOJIETE €ro 3HaYeHHE MEHbIIIE, YEM B MPSIMOM, TO Oe30omacHast
CKOPOCTh (MUHHUMAaJbHas), IPU KOTOPOI MPOUCXOIUT CPhIB B IEPEBEPHYTHIN MITONOP, OyAET
Oobi1e, yeM B mpsiMoM mosiere, Ha 20...30 km/4. Jlns camonera Sk-52 ckopocTh CphiBa B
nepeBepHyTHIN mTonop cocrasiser 140 km/4. B mepeBepHyTOM mMITOTIOpE BpaIleHUE camoJieTa
MPOUCXOAUT TAKUM 00pa3oM, YTO KabMHA camoJieTa HaXOIMTCS Ha BHEIIHEW CTOPOHE, TTO3TOMY
JIETYMK HE MPIKUMAETCS K CHICHBIO, KaK B 0OBIYHOM LITOIOPE, a, HA000POT, OTAEISAETCS OT
CUJICHBSI U BUCHUT Ha MPUBI3HBIX PEMHSX.

HenpousBoabHbIi CpbIB B 0OpPATHBIN MITOMOP MOXKET OBITH IIPU BBIIOJHEHUH 0OPaTHOTO
MAJIOTAXKA.

XapaxkTep BparieHus: camoseta Sk-52 npu nepeBepHyTOM IITONOpe 00jiee paBHOMEPHBIN, YeM
IIPH BBITIOJIHEHUH MPSMOTO 1mITonopa. Beixoa camonera u3 nepeBepHyToro mromnopa donee
MIPOCT ¥ HAJIE)KEH, YEM U3 MPAMOTO. ITO OOBICHSIETCS TeM, 4TO 3HaueHUs Cymakc Kpblia
camoJieTa Sk-52 Ha OTpHUIIATENbHBIX yIilax aTaku, MPU KOTOPBIX TPOUCXOIUT NMEPEBEPHYTHIN
ITOTIOP, OYAYT MEHBIIIE, YeM IIPU OOBIYHOM (TIPSMOM) IIITOIIOPE, BCICACTBUE YETO U
CKJIOHHOCTH K aBTOPOTAIlMU Kpblia OyJeT MEHEee Pe3KO BhIpaXKeHa.

[Ipu nonaganuu B HENpeIHAMEPEHHBIN EPEBEPHYTHIM LITONOP JETUYUK JOJHKEH B IIEPBYIO
ouepeib yOeAUTHCS, YTO ATO ACHCTBUTEIHHO MEPEBEPHYTHIH IITOMOP, U YTOUHUTH HAIIPABIICHUE
BpaueHus. ToJIbKO MOCe 3TOro JOJIKEH NPUCTYIUTh K BBIBOJY CAMOJIETA U3 IEPEBEPHYTOrO
LITOTOpA.

IJIOCKUM IITOIIOP

CamouneT nepexoauT U3 HOPMAJIbHOTO (MPSIMOT0) HITOIIOPA B MIJIOCKUMN MPH CIIETYIOLINX
OLIMOKax B TEXHUKE MUJIOTUPOBAHUSL:

OTKJIOHEHHUE PYYKH YIPaBJICHUS IPOTUB BPAILEHUs B MOMEHT BBOJa CaMOJIeTa B HOPMAaJIbHbII
(mpsiMOIA) IITONOP MJTH B IIPOLIECCE BBITOJIHEHMS;

MI0JIHO€ OTKJIOHEHHE MeaIM U PyYKU YIPaBICHUS 10 TUaroHaau Ha ceOs U B
IIPOTUBOIOJIOKHYIO CTOPOHY JaHHOM MEAAIN B IIPOLECCE BBINIOJHEHHS MIOBOPOTA HA BEPTHKAIIY;
yBeIMUEHHE 000POTOB ABUraTENs B IPOLIECCE BBIMOJIHEHHS MPSIMOTO IITONOPA.

C ropH30HTAIBHOIO MOJIETa CAMOJIET BXOIUT B IUIOCKUH IITOMOP CTaHAAPTHBIM CIIOCOOOM Kak B
IIPSIMOM LITOIOP, HO IIPU 3TOM IEPOHBI OTKJIOHSAKOTCS Ha BBOJIE IIPOTUB BPALLEHUS.

C noBopoTa Ha BEPTUKAJIM CAaMOJIET NTONAIAET B IUNIOCKUH 1ITONIOP, HE Aoxoas 40...30° no
BEPTUKAJIM BHU3 33 CUET PE3KOT0 OTKJIOHEHHS PYUKH YIpaBJIEHHUS Ha ce0s U OTKIOHEHUS
3JIEPOHOB MPOTHUB BpalleHus (Me1aib MOJHOCTHIO OTKIOHEHA B CTOPOHY ITOBOPOTA Ha
BEPTUKAJIH).



HopmanbHblii INIOCKUK IITONIOP HOCUT YCTOWYUBBIN XapaKTep, YIIOBbIE CKOPOCTHU B IIPOLIECCE
LITOIIOPA 3HAK HE MEHSIOT U HET IPUOCTAHOBKHU BPALCHUS.

CkopocTb B ITpoLiecce BBINOJIHEHNUS IVIOCKOTO IITOOpa HE PacTeT U KOJIEOJIETCs B IIpeaesiax
100...150 xkm/u.

XapakTepUCTUKU ITONOPA OT KOJIMYECTBA BUTKOB BPAILlEHUS IPAKTUUECKU HE 3aBUCAT, OJTHAKO
C POCTOM KOJIMYECTBA BUTKOB B ILITONOPE YBEIMYMBAECTCS 3ala3/(bIBAaHE U IIOTEPS BBICOTHI HAa
BBIBO/JIE.

Ha camounerax fk-52 u SIx-55 npaBblil mockuil mronop 6ojee yCTOMYUBBIM, YEM JIEBBIH.
[TonoxeHue 31epoHOB IPU BHIOJHEHUH IJIOCKOTO LITONOPA BIUSET HA €r0 XapaKTEPUCTUKU.
[TocTaHoBKa 37€pOHOB B HEUTPAIBLHOE I0JIOKEHUE IIPU YCTAHOBUBLIEMCS IIJIOCKOM LITONOPE Ha
€ro XapakTepUCTUKU He BiauseT. [Ipu aTom BpaleHue ocraercs paBHOMEPHBIM, a YrioBast
CKOPOCTb HECKOJIBKO YMEHBILAETCS.

ITocTaHOBKA 271€POHOB IO BPAILEHHIO CIIOCOOCTBYET MEPEXOy B KPYTOM HITOOP U 3aTEM B

KpyTylo ciupaib. [Ipu 3ToM yriioBas CKOpoCTh HHTEHCUBHO YMEHBIIIAETCS (a’v ), npubopHas
CKOPOCTh YBEIMUYMBAETCS, a BpPALlIEeHHE CTAHOBUTCS HEPAaBHOMEPHBIM.

YBenuueHne 000pOTOB MPH BBIIOJHEHUH INIOCKOTO ITONOPA IPUBOJUT K YMEHBIICHUIO YIia
TaHraxka Ha 5...10°. YrioBas cKopoCTh BpallleHus1 yBEJIMUHUBAETCS, TPUOOPHAsk CKOPOCTh
Bo3pactaet ¢ 100 km/4 1o 140...150 xm/u.

Jl51g BBIBO/Ia caMoJieTa U3 TIOCKOTO IITONOPa HE0OXOAUMO OTKIOHUTH MeJlalb B CTOPOHY,
MIPOTUBOIMOJIOKHYIO BPALIEHUIO, PYYKY YIIPaBJI€HUs OTKJIOHUTH MOJHOCTHIO OT ce0s (Ha Oeyro
yepty). [locne octaHOBKY BpallleHus pyJau yIpaBJiIeHHs IOCTaBUTh HEUTPaJIbHO. 3ana3/bIBaHue
caMoJIeTa Ha BBIBOJIE COCTABIISIET: HA MPABOM LITONOPE 10 3,5 BUTKA; HA JIEBOM - 2 BUTKA.

C yBennyeHHeM KOJMYECTBAa BUTKOB HITOIOPA 3ala3/bIBaHNE Ha BBIBOJIE PACTET.

DOAKTOPDLI, BIUAIOHIUE HA IITOIIOP CAMOJIETA

OTk/10HeHHe 3J1epOHOB. XapaKTEPUCTUKH IITONOPA CUIIBHO 3aBUCAT OT CKOJIBKEHUS.
OTKJIOHEHHUE 3JIEPOHOB MPH IITOMOPE BIMUIET HA CKOJIbKeHUE. OMyIeHHbIN 31epOH
YBEJIMYUBAET a3pOAMHAMUYECKOE COMPOTHUBIIEHUE MOIYKPBLIA, CO3/1aBasi TEM CaMbIM
Pa3BOPauMBAIONINNA MOMEHT, KOTOPBIN CO3/1a€T CKOJIbKEHUE Ha MTPOTUBOTIOIOKHOE MOJIYKPHLIO.
Ecnu, nHanpumep, pu BHINOJIHEHUH JIEBOTO HITONIOPA OTKJIOHUTh PYUKY YIIPaBICHUS BIPABO
(IpOTHB WITOMOPA), TO BOZHUKAET CKOJIbKEHUE Ha MpaBoe Moykpbuio. [loatomy, kak mpasuio,
OTKJIOHEHHE 3JIEPOHOB MIPOTUB HITONIOPA HE CIIOCOOCTBYET BBIXOJly CaMOJIeTa U3 MITONOpa, a
Ha000POT, YCUIIUBAET BpallleHuUE.

CKonvorcenue camoniema Takxe MOXKET CO3/1aBaThCsl U OTKJIOHEHUEM TIe/IaH.

B/IMAHUE UBMEHEHUA, YI'JIOB ATAKH U CKOJIb’KEHHUA HA
XAPAKTEPUCTHUKH LITOIIOPA.

B nporecce mronopa camosieT BpaliaeTcst He TOIbKO BOKPYT IPOJI0JIBHON ocu caMoieTa X, HO
BOKPYT BEPTUKAJIBHOM OCH Y, B CTOPOHY HaKpeHEeHUs. BpaleHue camosera Ha IITONOPE BOKPYT
ocu Y BBI3BIBAETCS TEM, UYTO JOOOBOE COMPOTUBIIEHUE Y OIIYCKAIOLIETOCS MOJIYKphLia,
paloTarolero Ha 3aKpPUTUYECKUX YIilax aTaku B YCIOBUAX CPbIBA IIOTOKA, OOJIBLIE, YEM Y
[I0IHUMAIOLLETOCs MOJTyKphlIa, paO0TAOLIEro B YCIOBUAX IJIABHOTO OOTEKaHUsS Ha
JOKPUTHUYECKHUX YIilaX aTaKH.

Taxum 06pa3oM, caMoBpallleHHe Kpblila BOKPYT MPOJIOJIBHON OCH caMoJIeTa Ha 3aKPUTHUYECKUX
yIJIax aTaku COMPOBOKIAETCS MOSBICHUEM CIIUPATIBHOTO IyTeBOro MoMeHTa My, KOTOpBIH,
pa3BopaunBas caMoJIET B CTOPOHY HAaKpEHEHMI, BBOJUT €r0 B CIMpajibHOE ABMKeHne. Kanor
camoJieTa Ipu 3TOM oOpalieH BOBHYTPb CIIMPAIIbHON TPaeKTOPUH.
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Puc. 165 Ilapabdonuueckuii yuacmok wmonopa

Ocp cniupanu, o KOTOPOi ABUKETCS caMOJIET (€ro LEHTpP TSHKECTH ), Ha EPBbIX BUTKaX
mTonopa osmska k napadone (Puc. 165). Oto 00bsicCHAETCS TEM, YTO B MPOIIECCE BPAIICHUS
camoJieTa MoJAbeMHas CUjla B CPEIHEM 33 BUTOK HeMTpanusyercs (oJbeMHas CUjla B paBHOE
BpeMs HalpaBJieHa KaK BBEPX, TaK U BHU3) U CAMOJIET B CPEIHEM JIBUIKETCS MO/ IEHCTBUEM
CHJIBI TSDKECTH KaK TeJOo, BpPallalolleecs FrOpU30HTAIBHO.

Jli1g mapa®oIMyecKoro y4acTka TpaeKTOpUH, KOTJa OCh IITonopa O1u3Ka K TOPU30HTANIH,
XapaKTepHbI EPUOJNYECKIE U3MEHEHHUS YIJIOB aTaKU U CKOJIbYKEHUS, BhI3bIBAIOIINE
HEpPaBHOMEPHOCTh, @ UHOT'/Ia M HEYCTOMYMBOCTD IITonopa. Ha atom stane mronopa (1o mepe
HaKpEHEHMsI B MPOIIECCE CBAJIMBAHMS HA KPbUIO) BEPTUKAIbHAsI COCTABIISIIOIIAS [TObEMHOM
CHJIBI YMEHBIIIAETCS, BCIEACTBUE YETO Y CaMOJIETa BOZHUKAET CKOJIbKEHUE Ha OMYIIEHHOE
MOJIYKpPBUIO, T. €. BHyTPEHHEE, WM, BO BCSKOM CIIy4yae, yMEHBIIAETCS BHELIHEE CKOJIbKEHHE,
KoTopoe ObLIIO0 CO3/1aHO MPH CBAJIMBAaHUU, U BpallleHue caMoJieta 3ameansercs. Korjga camoner
noBepHeTcs Ha 180°, To mpu AaJIbHENIIIEM BPAIICHUU BHU3Y YK€ OKaXETCSl BHEIIHEE MOJIYKPBLIO
Y HA4YHET Pa3BUBATHCS (UM YCUIIMBATHCSI) BHELIHEE CKOJIBKEHHE, KOTOPOE YCKOPSIET BpallleHHE.
B urore BpaieHne oka3pIBacTCsl HEPAaBHOMEPHBIM.

VY camornera Sk-52, 04eHb UyBCTBUTEIBHOIO K CKOJIBKEHHIO, MOSIBIISIONIEECS] BHYTPEHHEE
CKOJIbKEHUE MOXET HE TOJIbKO 3aMeINTh BpallleHHue, HO M U3MEHHUTD €ro HalpaBlieHue. 910
BO3MOYHO B TOM CJIy4ae, KOr/ia BXOJl B IITOMOP ObLT HEAOCTATOYHO YHEPTHUUHBIM, C MAJION
YIJIOBOM CKOpPOCThIO. Tako mITOnop Ha3bIBACTCS HEYCHLOUYUBHIM.

PA3HOC MACC

HepaBHOMEpHOCTH BpallleHUs] caMoJIeTa BOKPYT HAKIIOHHON OCH IITOMOPA BBI3bIBACT
HETPEPhIBHBIC I3MEHEHUS YIila HAaKJIOHA TPOJIOJIFHON OCH caMoJieTa K TOPH30HTY: KaroT
caMmoJieTa MepruoANMYECKH TO MOJHUMAETCS, TO OIycKaeTcst BHU3. [Ipu BpameHnn camosera
MAacChl, pa3HECEHHBIC BIOJIb OCH (DIO3EIIsKA, CO3MIAI0T IIEHTPOOSIKHBIA KaOPUPYIOIIUH MOMEHT,
KOTOPBIH CTPEMHUTCS TTOIHATH KAIlOT CaMOJIETa U YBEIIMYUTh YroJl aTaku. [[MKUpyonui MOMEHT
MOJTHOW a3pOJMHAMUYECKOM CHJIBI CAMOJIETa CTPEMUTCS OITYCTUTh KarlOT ¥ YMEHBIIHUTh YTOJI
ataku (Puc. 166). B MoMeHT 3aMenieHus BpaleHUsl MUKUPYIOITUH MOMEHT OT
a’pOIMHAMUYECKUX CUJI MRnuK CTaHOBUTCS OOJIBIIMM, YeM KaOPUPYIONIUi MOMEHT OT
HEHTPOOEKHBIX CHJI KalloTa U XBOCTa camosieta MKao, BCISICTBUE YETO CaMo JIET OITyCKaeT
karoT. OmycKaHHe KaroTa COMPOBOXKIACTCS YBEIIMYCHUEM YTIIOBOH CKOPOCTH BpAILICHUS U
HapacTanueM Mkao6 ot 1ieHTpoOexHbIX cwil. Korna Mka6 cranet Goubliie, ueM Mnuk,
OITyCKaHHUE KaroTa MPEeKpalaeTcs 1 Jajiee OH MOIHUMACTCS.

[To Mepe mpuOIMKEHHUS OCHU ITONOPA K BEPTHKAIN HEPABHOMEPHOCTD BPAIIICHHS CaMOJIeTa
MOCTENEHHO YMEHBIIACTCS M MPOJI0JIbHAS OCh CAMOJIETa COCTABIISIET 00JIee IOCTOSIHHBIN YTroJI ¢
TOPH30HTOM.



Puc. 166 Cxema cun, delicmgyrowgux na camonem Puc. 167 Aapoounamuueckoe 3amenenue pyieii npu
npuU 6bINOIHEHUU WimMonopa. Bauanue unepyuonnoix wmonope
CUJI PA3HECEHHBIX ZPY308

B/IMAHUE DEHTPOBKH CAMOJIETA.

Ha nepexon camoseTta B IITONOP U Ha BHIBOJ €70 3HAYUTENILHOE BIMSHNE OKA3bIBACT LIEHTPOBKA.
Camonner SIk-52 npu nojete 0JHOTO JIETYMKA B TiepeiHel KaOuHE UMeeT 3HAaUUTEIbHYIO
nepenHio HeHTpoBKy (17,7 %), cnegoBarenbHO, KPbUIO HA OOJBIINX yriaxX aTakd CO3/1aeT
00JIBIION MUKUPYIOMINI MOMEHT, T. €. TEHACHIIUIO MepexXo/ia B MUKUPOBAHUE U YMEHBIIICHHS
yria ataku. BereacTBue 3Toro camosieT TpyAHee MePEeXoIuT U3 HOPMaIbHOTO (IPSIMOTO)
HITOTNOPA B IJIOCKUI U JIETKO BBIXOIUT U3 mITonopa. [Ipu nepemeniennu 1eHTpa TsHKECTH Ha3al
KapTHHA YXYAIIAeTcsi, 0COOCHHO MPHU OYEHb 3aHHUX LIECHTPOBKAX. DTO OOBIICHIETCS TEM, UTO
MOMEHT KpbLIa Ha OOJIBIINX yIiIaX aTaKd U3 MUKUPYIOUIEr0 CTAHOBUTCS KaOPHUPYIOIIUM, T. €.
CaMoJIeT CTPEMUTCS YBEIMUUTh YroJl aTaku (MpuMepHo HauuHas ¢ ueHTpoBkH 30 % CAX). U3
BBIIIECKA3aHHOTO CJIEAYET BBIBOJ, YTO MPU 3a/IHEH LICHTPOBKE CaMOJIET OyJET Xy»Ke€ BbIXOJAUTh
13 mTomnopa (¢ 3ana3plBaHueM), a IPH 3a/IHEH EHTPOBKE MOKET COBCEM HE BBIMTH.
A3poounamuueckoe 3amenenue pynei. DPHEKTUBHOCTH ACUCTBUS PYJICH YIIPaBICHUS B
3HAYUTENILHON Mepe BIMSIET Ha BBIBOJI camoJjieTa u3 mromnopa. [lpu BpaiieHuu Ha mTonope pyiu
yIpaBiIeHUS 3aTEHSIIOTCSA. ITO MPOUCXOIUT MOTOMY, YTO YacCTh MIOBEPXHOCTH TOPU3OHTAIILHOTO
(MJIM BEPTUKAJIBHOTO) ONEPEHHUs MOMAIAaeT B 30HY BO3MYILEHHOTO IMOTOKA - a9POJUHAMUYECKON
TEHU OT (hro3elishKa, CTaduiIn3aTopa, KIS - UK B 30HY CphIBa MOTOKA C KpbUTa. BeIeckazanHoe
pe3ko cHmkaeT 3 (EeKTUBHOCTH pyJei, BCIEICTBUE YETro BBIBOJI CAMOJIETa U3 IITONOPa
IIPOUCXOIUT ¢ 3amasapiBanueM (Puc. 167).

DddexTruBHOCTD pyneil ynpaBieHUs IPU BBIBOJIE CaMOJIETa U3 IITOOPa MOKET OBITh
JOCTUTHYTA MYTEM PallMOHAILHOTO B3aUMHOTO pa3MEeLIeHUS BEPTUKAILHOTO U TOPU30HTAILHOTO
omnepeHus Ha (ro3eisbKe U BBIOOpOoM (GOpPMBI B TIJIaHE.

Bnuanue cunosoit ycmanoeku na wimonop. ViamMenenue pexuma padboTsl ABUTATENs (CUIOBOM
YCTaHOBKH) B 3HAYUTENLHOI Mepe BIMsIET Ha XapakTep mronopa. OCOOEHHO BIHSHUE
CKasbIBaeTCs Ha camosiere SIK-52, UMeIoIero AeeHTPAINIO TSITH CHIIOBOM yCTaHOBKH. BbIBOA
camoJieTa U3 IITomopa 00JIeryaeTcs myTeM yBeInueHuss 000pOTOB JABUTATENs, TaK Kak CUJia TSITH
CO3/aeT MUKUPYIOUTUN MOMEHT, KOTOPBIN TaK)Ke YBEIMUYMUBACTCS 32 CYET MOMEHTA OT JEHCTBUS
CTPyH BO3AYIIHOTO BUHTA Ha TOPU30OHTAIILHOE OTIEPEHHE, T. €. YBEINYCHHE 000POTOB ABUTATEISI
CO3/aeT y caMoJieTa CTpEeMJICHHE YMEHBIITUTh YIOJl aTakH, YTO 00JierdaeT BhIBOJI caMoJieTa 13
ITOTIOpA.



OcHoganue deiicmeus pyaamu ynpaeienus Ha ¢vl6o0e u3 uimonopa. OCHOBHOU IPUUNHON
LITOIOPA SIBJISIETCS] CAMOBpAILIEHUE KPbljla Ha 3aKPUTUYECKUX YIJIaX aTaku, I09TOMY Ui BbIBOJA
camoJieTa U3 LIToNopa He0OOX0IMMO YMEHBILINUTD YroJl aTaKu 0 BEIUYHUHBI, MEHBLIEH OKp, IPU
KOTOPOM CaMOBpAIllEHUE HEBO3MOXKHO.

OTO0 NOCTUraeTcs OTKIOHEHUEM PYYKH yIpaBiieHUs oT ce0si. Ho BBIBOJ U3 MITOMOpA TOJIBKO
OTKJIOHEHUEM PYUKH YIPaBJICHUsSI OT ceOsl MPAKTUUECKU HEBO3MOXKEH, TaK KAK MOMEHT OT pyJisi
BBICOTHI HEJIOCTATOUYCH JJISl TIPEOI0JICHHSI IEHTPOOESIKHOTO Kabpupyromero MoMmeHTa. [Toatomy
HE00XO0AMMO MPEIBAPUTEIHHO OTKIIOHEHHUEM PYIIS HallPaBIEHHSI TPOTHB HITONIOPA CO3/1aTh
BHYTPEHHEE CKOJIbKEHHUE, TEM CaMbIM YMEHbIIIasi BEIMYMHY LIEHTPOOEKHOTO KaOpUPYIOIIEro
MoMmeHTa. [Ipu BbIBO/IE 13 MJIOCKOTO HITONOPA OTKJIIOHEHUEM PYUYKHU YIIPABJICHUS (110 3JIEpOHAM)
B CTOPOHY BpalllEHUsI YCTPAHSIETCS CKOJIbKEHHUE Ha BHEIIHEE MOJYKPbLIO, KOTOPOE BO3HUKAET B
pe3ysbTaTe 1eHCTBUS MOMEHTA, CO31aBAEMOI0 PA3HOCTHIO JJOOOBBIX CONPOTUBIEHUHN JIEBOTO U
MIPaBOTO MOJIYKPBLILEB.
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Puc. 168 Ilone 3penus u nanpasnenue 3214104 1emMuuKa npu nPAsomM wmonope

OUI'YPDBI TIPOCTOI'O ITMJIOTAKA
KPUBOJIMHEHHOE JBUKEHUE

OBnanenue GpurypaMmu mpocToro, CI0KHOTO U BBICIIETO MUJIOTaxa (MPsIMOro U 0OpaTHOTO) s
JIeTYMKa UMeeT O0JIbIIOE 3HAUCHUE, TaK KaK MUJIOTaXK BbIpa0aThIBAET y HETO CIIOCOOHOCTH
OBICTPO M MPaBUIHLHO OMPEACIATH MOJOKEHNE CaMOJIeTa B TPOCTPAHCTBE, BOCTIUTHIBAET
CMEJIOCTh, YBEPEHHOCTh B CBOUX JICHCTBHSIX.

Ilunomasicem Ha3bIBACTCS MAHEBPUPOBAHUE CAMOJIETA C LEJbIO BBIIIOJIHEHUS ONPEACIICHHBIX
¢buryp B BO3AYIIIHOM IPOCTPAHCTBE.

[MunoTtaxHbie CBOMCTBA caMoJieTa OLIEHUBAIOTCSA CIOCOOHOCTRIO €ro B KpaTuaiiinee Bpemst
W3MEHUTBH MOJIOKEHUE B IPOCTPAHCTBE, BEIMUMHY U HAINIPABIIEHUE CKOPOCTH noJjeTa. Mi3MeHneHnue
BEJINYMHBI U HAMPABIIEHUSI CKOPOCTH T0JIETA JOCTUTAETCS YBEIIMUEHUEM WM YMEHBIICHUEM
TSATH JIBUTATEIIs, CHIIBI IOOOBOTO COMPOTUBIICHHS CAMOJIETa, a TAK)KEe M3MEHEHUEM YTriia aTaKH.



[Ipu BBINOJIHEHNHU NHJIOTAXKa IPOUCXOAUT UCKPUBIIEHUE TPAEKTOPHH I10JIETA B TOPU30HTAIBHON
U BEPTUKAJIBHOMU IJIOCKOCTSIX.

o creneHu C0XKHOCTH MUIIOTAX MOAPA3AEISAETCS Ha IPOCTON, CII0KHBIN U BBICIINN (IPSIMOI 1
oOpaTHBIN).

K ¢pucypam npocmozo nunomasica 0OTHOCATCA: BUPAXK, TOPU30HTAIbHASI BOCBMEPKA, CIIUPAJIb,
IIMKUPOBAaHUE, FOpKa ¢ yriaamu 10 45°, 60eBoi pa3BopoT.

K gpucypam cnosrcnozo nunomasrca 0THOCATCS: IEPEBOPOT, METISA, MOTYNETIISA, TUKUPOBAHUE U
ropka c yriamu a0 60°, ropu3oHTaIbHas ylpasisieMasl U IITONopHas O04YKa, IEpeBOPOT HA
TOpKe, YIPaBJIsiIeMbI€ U IITONOPHBIE BpallleHHs Ha yriiax 10 60° BBepX v BHU3.

K puzypam evicuiezo npamozo u 06pamnuozo nunomarca OTHOCATCS BCE OCTAIBbHBIE (DUTYPHI
TUTH UX KOMOWHAIMH, BKIIOUEHHBIE B Kataior ¢uryp. B xatanor ¢uryp BkiItoueHo okoio 15
THICAY QUTYp U UX KoMOUHaIWmid. 13 3Tux uryp cocraBisrorcs o0s3aTenbHast, TPOU3BOJIbHAS U
TEMHas IPOrpaMMbl COPEBHOBAHUI BCEX PAHTOB MO BHICIIEMY MUJIOTAXy Ha MOPIIHEBBIX
camoJieTax.

Ha camounere Ak-52 cornmacuo KYJIII-CAO-C-86 npenycMOTpPEHO BHIIOJIHEHHE Ha MaJIbIX U
CPEIHUX BBICOTAX MPOCTOTO, CJIOKHOTO M YACTHYHO BBICIIETO MUJIOTaXa, a TAKXKe 3JIEMEHTOB
00paTHOTO MUJIOTAXA.

Ha camonere Ak-55 cornacuo KYJIII-CAO-C-86 npeaycMOTpeHO BBIIIOJHEHUE Ha MaJIbIX U
CPEIHUX BBICOTAX MPOCTOTO, CJIOKHOTO U BBICHIETO (IIPSIMOTO U OOPATHOTO) MIJIOTaXa.
Beprukanbabie MaHeBpBI Ha camouieTax Sk-52 u SIk-55 BBIOIHAIOTCS B OCHOBHOM 3a CHET
3araca CKOpPOCTH, a TAaKXKe 1 3a CYET CUJIOBOM YCTaHOBKHU.

[Ipu BBIMOJIHEHNHU NHJIOTAXKa CJIEAYeT HOMHUTD, YTO KaXK/I0M CKOPOCTH MOJIETa COOTBETCTBYET
oTpejieNieHHasl Harpy3Kka, Mpu KOTOPOW MPOUCXOAUT CBaJIUBAaHUE (CPBIB) camMoJIeTa.

[Ipu nepeTsruBaHUM PYYKH YIPABICHUS CPBIB MPOUCXOIUT O€3 MpeaynpeaAuTeIbHON TPSICKU C
SHEPrUYHbIM HAKPEHEHHEM U OITyCKaHHMEM KaroTa caMoJieTa.

B npornecce nuioraxa HEOOX0AMMO BbIIEPKUBATh PEKOMEHIYEMbIE CKOPOCTH. ITO OCOOEHHO
BaYKHO MPH BBIIOJHEHUN YYE€OHBIX IIOJETOB KypCaHTaMU U CHOPTCMEHAMHM [IEPBOTO ¥ BTOPOTrO
roJI0B 00y4eHHUsl, y KOTOPBIX OIBIT BBIMOJHEHHSI MIIOTaXa eIl MaJl.

Hns camonera Sk-52 ycTaHOBIIEHAa MUHUMAaJIbHAs! CKOPOCTh BBITIOJIHEHUS ITHJIOTa)Xa, KOTOpas
paBHa 140 xm/4.

Jlnist yckopeHus BBOJa B (PUIypbl MUJIOTAXKa Pa3roOH caMoJIeTa ClleAyeT IPOU3BOIUTh HE B
peKHMe TOPU30HTAIBHOTO I10JI€Ta, @ HA CHWKEHHUHU, YTOOBI ObICTpee HabpaTh CKOPOCTh AJIS
BBITIOJIHEHUS 04YepeHON BOCXOAIEeH (GUTypbl TUJIOTaXa U Ha HUCXOIAIIEN YacTH Mpe bl IyIien
(burypsl He 10MyCKaTh CHIXKEHUsI 000pOTOB JBUTaTesns MeHee 82%. YBenauueHue o00poToB Ha
MMUKUPOBAHUH (CHI)KCHHMH ) HEOOXOMMO HauYMHATH NpH yriie 35...45° ¢ TakuM pacyeTom, 4ToObI
BBOJ B OUEPEHYIO (PUIypy HAUMHAJICS C TOPU3OHTAIBHOTO I10JIETa 110 JOCTH)KEHUH 3aJaHHON
CKOPOCTH U ITPY MAaKCUMaJIbHBIX 000pOTax JBUTATEIIS.

IIpu BeImoNHEHUH (PUTyp NUIIOTaXka 0C000 BXKHOE 3HAYEHUE UMEET OCMOTPUTENIBHOCTD,
o0ecreunBaroIas BbICOKOE Ka4eCTBO BBIMOIHEHUS PUTYp, a TaKKe O€30I1aCHOCTb MOJIETOB.
MaHeBpeHHbIE KauecTBa CaMOJIETOB OIPEEIISIOTCS BETUUUHON CHIIBI TATH JABUraTEIs,
a’pOIMHAMHUYECKHM KauecTBOM, 3((EKTUBHOCTBIO pyJIei U BETMUYMHOMN IOMyCTUMBIX
HePerpy30K, KOTOpble BMECTE B3AThIE 3aBUCST OT CKOPOCTH U BBICOTHI nosiera. Ciie10BaTeNbHo,
MaHEBPEHHbIE KaueCTBa CaMOJIeTa U3MEHSIOTCS [IPU U3MEHEHHUHU BBICOTBI U CKOPOCTH I10JIETA.

OBIIEE IOHATUE O KPUBOJIMHEMHOM IOJIETE

PaCCMOTpeHHHe paHee FOpI/I3OHTaJIBHBII>'I OJICT, IOABEM U CHHXKCHHUEC OTHOCATCSA K
YCTAHOBUBIINMCH HpﬂMOJ’IHHGﬁHHM BUJaM II0JI€Ta, TaK KaK HeﬁCTBYTOMHe AOpPOANHAMUNYCCKHUC
CHJIbI HAXOOATCA B paBHOBCCHUU. Ot BUbI IBUKCHUSA ABJIAIOTCA YaCTHBIMU ClIy4YassMH, TaK KakK B
PCAIBHBIX YCIIOBUAX CAMOJICT MCHACT HAIIPABJICHNUC KAK B rOpHSOHTaHLHOﬁ, TaK U B
BepTHKaHLHOﬁ IIJIOCKOCTSX.

I[J'ISI BBITIOJTHCHU A KpHBOJ’IHHCﬁHOFO JABMOKCHU A HCO6XO,Z[I/IM2[ HECHTPOCTPEMUTCIIbHAA CUJIA FHC!
KOTOpas ABJIACTCA HOpMaHBHOﬁ COCTaBJISIONIEH K TPACKTOPUHU IBUKCHUA U HaHpaBHCHHOﬁ K



HEHTPY KpUBHU3HBL. OT BEJIMYMHBI 3TOW CHJIBI 3aBUCUT KPHBH3HA TpaekTtopuu noseta (Puc. 169).
LlenTpocTpemurensHas cuia Fy ¢ BbI3bIBacT HOpMabHOE yckopenue JH, onpenensemoe 1o
dbopmyre:
V 2
r (111)
rze V - CKOpoCTh MoJieTa 1Mo TPAeKTOPUH; I - pajnyc KPUBHU3HBI.

jH

Y<

Tpaexmopus
bumerus 0000 —m—m————

Puc. 169 Hckpuenenue mpaekmopuu yewmpocmpemumensvHoi cunoii Fy c

B nunamuke mosieTa camosieTa sl pacuera TpaeKTOPHHU JIBMXKEHHS UCTIONB3YIOT TPACKTOPHYIO
CHCTEMY KOOP/IMHAT, B KOTOPO Ha4Yaa0 KOOPAMHAT HAXOMUTCS B IIEHTPE TSHKECTH CaMOJIeTa, OCh
X HampasJieHa M0 BEKTOPY CKOPOCTH, OCh Y MEPICHUKYIISPHA K OCH X M HAXOIUTCS B
BEPTUKAIBLHOH IJIOCKOCTH, MPOBEACHHOM Yepe3 BEKTOP CKOPOCTH, 0Ch Z MEPICHIUKYIIIpHA
BEPTUKAILHOM MJIOCKOCTH U BCETIa 3aHUMAET TOPU30HTAILHOE MOJIOKESHUE U 00pa3yeT ¢ OCIMU
X 1 Y npsIMOYroJIbHY¥0 CHCTEMY KOOPAHMHAT.

CrefoBaTesbHO, JJIs OTIPEIC/ICHHS] OCHOBHBIX MTAPAMETPOB TPACKTOPUH KPUBOJIHHEHHOTO
JIBMDKCHHUSI CaMOJIeTa B TPACKTOPUEH MPSIMOYTOJIbHOM CHCTEME KOOPIMHAT HEOOX0MMO 3HATh
3HA4YEeHHUs YCKOPEHHH JX, ]V, JZ, Tae JX - yCKOpeHHe, HapaBICHHOE M0 KacaTeIbHOM K
TPAaEKTOPUH JBWKCHUS U Ha3bIBAEMOE MPOJIOIBHBIM YCKOopeHHeM. OHO XapaKTepu3yeT
HU3MEHEHHUE CKOPOCTH (Pa3roH, TOPMOXKEHHUE); Jy-HOPMAIbHOE YCKOPEHHE, XapaKTepH3yIoliee
HU3MEHEHHUE TPACKTOPHUH 0JIETa B TOPU30HTAIBHOM IJIOCKOCTH; jZ- DOKOBOE YCKOPEHHE,
XapaKTepU3yIoIlee N3MEHEHNE TPACKTOPUHN B BEPTHKAIILHOW TUIOCKOCTH.

Tak, HanpuMep, B yCTaHOBUBIIIEMCSI TOPU30HTAIBHOM II0JIETE, TIOTbEME M CHIDKEHUH YCKOPEHUS
pasubl Hyito (jx=0, jy=0, jz=0).

JEMCTBME PYJIEH! YIIPABJIEHUA B KPUBOJIMHEMHOM IOJIETE

OHO B OCHOBHOM HE MEHSIETCSI, HO YIIPABJICHUE CAMOJIETOM UMEET HEKOTOPBIE OCOOCHHOCTH.
Pynb ébicombl B KPUBOJIMHEHHOM TIOJIETE CITYXKHT ISl K3MEHEHHUS YTila aTakd U TEM CaMbIM -
JUTSL CO3JaHUsT KpUBU3HBI TPACKTOPHH B TUIOCKOCTH cuMMeTpuu camosieta (Puc. 170). [Tpu
paboTe pyJsieM BBICOTHI B KPUBOJIMHEHHOM IOJIETE (TaK KaK caMOJIET, IBUTAsiCh 110 KPUBOW,
OJTHOBPEMEHHO IMOBOPAYUBACTCS BOKPYT TOMEPEYHOI OCH, a 3TO MPUBOJUT K YBEIIMYCHHUIO yIiia
aTaKl TOPU30HTAILHOTO OTIEPEHMUSI) BOSHUKAET MPOTUBOICHCTBYIOIIUH MOMEHT
TOPU30HTAILHOTO OTIEPEHUSI KPUBOJIMHEHHOMY T0JIeTy (AeMIIpUpYIONIii MOMEHT), BCIICICTBHE
4ero JUisl yBEIIMUYCHHS YIJIa aTaKK caMoJieTa He00X0AMMO OTKIIOHHUTH PYJib YIIPABJICHUS Ha
OOJIBIITYIO BEJINYHHY.
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Puc. 170 Ilpomusooeiicmeue 2opu3oHmanbHozo Puc. 171 IIpomugooeiicmeue 6epmuKkaibHoz0
onepenus KpugoiuHeHOMY ROEY 6 HIIOCKOCHU onepeHus KpugouHeliHoMy Roeny 6
cummempuu camonema 20pU3OHMANBbHOU HLOCKOCHU

Pynv nanpasnenmus B XPUBOIMHEIHOM moNieTe, Kak W B MPSIMOJIMHEHHOM, YIPAaBISeT CKOJIBKEHHEM caMmoieTa. Pyib
HAaIpaBJICHUS TaK ke, KaK U PYJIb BBICOTHI, IPU BBIMOJIHCHHN KPUBOJIMHEHHOTO moieTa co3aaeT aeMidupyromuii MomeHT (Prc.
171), uro, B cBOIO 0O4Yepe/Ib, TPeOyeT OONBIIETO ero OTKIOHEHHS BO BHYTPEHHIOIO CTOPOHY KPHBOJIMHEWHOTO JIBVKCHUSL.

BJUSITHUE TUPOCKONMYECKOTO MOMEHTA
BO3IYIIHOI'O BUHTA

JlomycTuM, 4TO Macca BO3AYIIHOTO BUHTA JICBOTO BpalieHus camoieToB Ak-52 u Sk-55
cocpenoToueHa B 1ByX rpy3ax 1 u 2 (Puc. 172). B MoMeHT, KoT1a BO3IYIIHBI BUHT HAXOIUJICS
B BEPTUKAIbHOM IOJIOKEHUH, JIETYUK OTKJIOHWJI PyUYKY YIpaBiIeHHUs Ha ce0sl, 4TO MPHUBENO K
MOJHSTHUIO OTHOCUTENIBHO TOPU30HTA KanoTa camoieTa. [logHsaTue kamnoTa camosiera IpuBeIeT K
BO3HUKHOBEHHUIO CKOPOCTHU I'PY30B U OTHOCUTENILHO MOTIEPEYHON ocH Z, TOMOJHUTEIBHO K
HMMEIOIEHCS YK€ OKPYKHOM CKOPOCTH OTHOCUTENBHO MPo10abHON ocu X. Koraa rpy3sl 3aiiMyt
TOPU30HTAIIBHOE MOJI0KEHHE, TO IO MHEPLIHH OHU OYTyT CTPEMUTHCS COXPAHUTD
MPUOOPETEHHYIO CKOPOCTh U IIPU MOJHATUHN KarloTa OTHOCUTENILHO ropu3oHTa. B pesynbrarte
JEMCTBHS 3TUX CKOPOCTEH TPY30B (HAIPABJIEHHBIX B IMPOTHBOIIOJIOKHBIE CTOPOHBI-TpY3a 1'
HazaJ, rpy3a 2' Brepea) BO3HUKAeT MOMEHT, Ha3bIBAEMbIN 2UPOCKONUYECKUM MOMEHNOM

6030yut020 eurtma My ryp, TIOJ IEHCTBUEM €TI0 CaMOJIET HAYMHAET PA3BOPAYUBATHCS BIEBO
(py BO3YIIHOM BUHTE JIEBOTO BpalllEHUS).



Puc. 172 K 00vacnenuro 2upockonuueckozo 0eicmeus 6030yuHoOz0 GUHMA 1€6020 6PALUCHUS HA CAMOICIMAX
Ak-52 u Ax-55

flpu onyckanuu  flou pasBopome flpu pasbopome

flpu nodwamuu xanoma camonem camonema carmanema bnelbo

Kanoma camonem pasbopayubaem  Bnpabo nodnumaemcn  kanom

pasbopayubaem bredo dnpalo Kangm onycraemca
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Puc. 173 I'upockonuueckoe deiicmeue 6030yuH020 6UHMA 1€6020 épaujenus Ha camonemax fx-52 u Ak-55

Peakuust camosiera, BO3HUKaIOIIAs MPU OTKJIIOHEHUH PYJiel U3-3a JeMCTBUS THPOCKOMUYECKOTO
MOMEHTAa BO3JIYIIHOTO BUHTA, 3aBUCUT OT HaIlpaBJICHUS NIepeMelieHusl kanoTta camoieta (Puc.
173).

Takum oOpa3om, HampaBlieHHE MIEPEMEIICHHS KaloTa caMoJIeTa OTHOCUTEIBHO TOPU30HTA MPU
JNeUCTBUH TUPOCKOMNYECKOI0 MOMEHTA BO3IYIITHOTO BUHTA HAXOJUTCS IyTEM MEPEMEILIEHHUs €ro
Ha 90° BOKpYT OcH BO3IYIIHOTO BUHTA B CTOPOHY BpaIllCHHUSL.

Brnusinue rupocKonuyeckoro MOMEHTa BO3AYIIHOTO BUHTA B MOJIET€ KOMIIEHCUPYETCS
OTKJIOHEHHEM 3JIEPOHOB U PYJI HallpaBiieHUs (Yalle pyJisi HalpaBlIeHUs) B COOTBETCTBYIOIIYIO
CTOPOHY, CO3/1aBasi MOMEHT, IPOTHUBOIIOIOKHBIA THPOCKOITUYECKOMY.

Hamnpumep, Ha camonerax SIk-52 u SIk-55 npu B34THN pYUYKH ypaBJICHHS Ha ceOs
BO3ZHUKAIOIINI MOMEHT MapUpyeTcs OTKIOHEHUEM pyJisl HalpaBieHUs BIPaBo (HaKaTUEM Ha
MIPaBYIO MEAlb).

ADPOJNHAMMUNYECKHUE IIEPET'PY3KH

Ilepezpy3koit Ha3bIBAaETCS OTHOILLIEHHE PABHOAEHCTBYIOIIEH BCeX CUII (KpOMe Beca),
JIEWCTBYIOLIMX HA CaMOJIET, K BECY CaMOJIeTa.

B cBs13aHHOM cucTeME KOOPANHAT ONPENEIEHBI IEPErPY3KHU:

Nx - mpogonbHas neperpyska; Ny - HopMmaibHas neperpyska; Nz - 6okoBast neperpyska.
[TonHas neperpyska onpenensercs mo Gopmyse

_ 2 2 2
n=,/n; +n;+n;. 112)

Ilpooonvuas nepecpy3ka NX BO3HUKAET MPU U3MEHEHHUH TATH JIBUTATEINS U I0OOBOTO
CONIPOTHUBIICHHUSL.



Ecnu tsara nurarens 00bIie JOOOBOTO CONMPOTUBIICHHS, TO MIEPErpy3Ka MOJ0KUTENbHAs. Eciun
e BEJIMYUHA JIOOOBOTO CONPOTHUBIICHHSI OOJIBIIIEC CUJIBI TSATH JBUTATENS, TO TIEpErpy3Ka
OTpULIATEIbHAS.

[IpomonbHas meperpyska onpenesiercs mno Gopmyne
P-X
Ny =——.
G (11.3)

bokoesas nepecpyzka NZ BOZHUKAET IIPU MOJIETE CaMOJIETA CO CKOJIbKeHHeM. Ho 1o Bennunue
OoKoBas adpoarHaMHUUIecKas cuia Z oueHb Mana. [loaTomy B pacderax O0KOBYIO MEpPETpy3Ky
MIPUHUMAIOT paBHOU HYJ0. bokoBas neperpyska omnpezaensercs no Gopmyie

G (11.4)

Brimonaenune (1)I/Il"yp MUJI0Taxa B OCHOBHOM COIIPOBOXKAACTCA BOSHUKHOBCHHUEM 00JIBIINX
HOPMAaJIbHBIX MIEPETPY30K.

Hopmanwvhoiu nepezpyskoit Ny Ha3bIBAETCS OTHOIIEHUE TTOBEMHOMN CHIIBI K BECY CaMOJIeTa U
omnpenensiercs mno popmyie

G (11.5)

HopmaneHnas neperpyska, kak BUIHO U3 Gpopmyisl (11.5), coznaercst moabpeMHoit cumnoii. B
TOPU30HTAILHOM TI0JIETE MIPU CIIOKOMHOM aTMocdepe MmoapeMHasi CHla paBHa BECY CaMoJIeTa,
CJIeZIOBATEINIbHO, IIEperpy3ka OyJeT paBHa €AUHULE:

VZ
an =G :Cyrn pZFH )

OTKyJa

\ Fut

Fub =~ /

Puc. 174 Jleiicmeue yeHmpooescHoii cCunbl UHEPUUU HA JIEMYUKA A - NPU PE3KOM Y6eNUUeHUU Y2a amaKi, o -
RpU PE3KOM yMEHbUICHUY YeNa AMaKu

B kpuBosMHEHHOM MoJeTe, KOoria o JbeMHasi CUjla CTAHOBUTCS OOJIbILIE BEca caMoJIeTa,
neperpyska Oynet 6oJibllie eAUHULBI.

IIpu 1BUKEHUM caMoJIeTa IO KPUBOJIMHEWHOM TPACKTOPUU LIEHTPOCTPEMUTEIBLHOM CUIION
SBJIAETCS, KaK YK€ TOBOPHIIOCH, IOABEMHAs CHJIA, T. €. IaBJICHUE BO3/1yXa Ha KpbLibs. [Ipu 3ToM
BEJIMYMHE LIEHTPOCTPEMUTENIBHOMN CUIIBI BCETIA COMYTCTBYET paBHAasi, HO IPOTUBOIOJIOXKHAS 110
HampaBJICHUIO EHTPOOEKHAs! CHjla MHEPIUH, KOTOPasi BEIPAXKAETCs CUIION JTaBJIEHUs KPbUIbEB
Ha Bo3ayX. [Ipuuem nenTpoOexHas cuia 1eHCTByeT 1o100HO Becy (Macce), a Tak Kak oHa
BCEI/la paBHA [ICHTPOCTPEMUTEIBLHON CUJIE, TO TP YBEJIIMYEHHUH MOCIIEIHEN BO3pAcTacT BO
CTOJIBKO k€ pa3. Takum 06pa3oM, a3poJMHaMuvecKas meperpyska nojo00Ha yBeJaIuueHUIo Beca
camoJiera (JIeTYHKa).



[Ipu nosiBIeHUM NEPErpy3KH JIETUMKY KaKETCsl, UTO €T0 TEJIO CTAJIO TSKEJIEE.

HopmanpHas neperpyska AeIUTCs Ha MOJI0KUTENBHYIO U OTpuLaTenbHyto. Koraa neperpyska
IPUKUMAET JIETYUKA K CUJICHBIO, TO 3Ta IIEPETPY3KaA NOJI0HCUNEIbHAA, ECITU KE OTAEISET €0
OT CHJICHBS M YJICP’KUBACT Ha MPUBSI3HBIX PEMHSIX - ompuyamenvhasn (Puc. 174).

B nepBom ciryuae KpoBb OyJET OTJIMBATh OT FOJIOBBI K HOI'aM, BO BTOPOM CJIy4ae - IPUJINBATH K
rOJIOBE.

Kak yxe roBopuiocs, yBeIMueHUe M0 bEMHON CUIIbI B KPUBOJMHENHOM JABMKEHUU
PaBHOCWIBHO YBEIMUYEHHIO BECA CAMOJIETa Ha Ty K€ BEJIMUYUHY, TOTrJa

2
Yp =ny,G=Cy, &S’
2 (11.6)

OTKyJa

Yo Yo o Cre
G an Cyrn (11.7)

rze Ny, - pacnonaraemast neperpyska.

N3 gopmynsl (11.7) BuAHO, 4TO BEIMYMHA PACIOIaraeMou neperpy3Kku onpeaesseTcs 3anacoM

K03 (UIIMEHTOB MOABEMHO CUJIBI (3aI1acOB YIJIOB aTakM) OT MOTPEOHOTO ISl TOPU3OHTAILHOTO

noJiera J1o ero 6e3onacHoro 3Ha4deHus (Cyrp i Cygp).

MakcumanbHO BO3MOXKHAsi HOPMajibHasl Meperpy3ka MOXKeT ObITh MOJydeHa TOrza, Korja B IoJeTe Ha
JAHHOH CKOPOCTH M BBICOTE IOJIeTa OyAyT MONHOCTBIO MCIOIb30BaHBI BOSMOXHOCTU CaMoJieTa IO CO3JAaHHIO
HOIBEMHON CHIIBI. DTy HEperpy3ky MOXKHO MOIYYUTh B TOM Clydae, KOIrJa caMoieT pe3ko (0e3 3aMeTHOro
YMEHBIIEHUs CKOPOCTH 1os1eTa) BeIBOAUTCA Ha Cy=Cy v

2

V
YMAKC CyMAKC p? . S
n, = = :
G G (11.8)
OnHako A0 TakOM MEpPErpy3Ky HEKENATeIbHO JOBOJAUTH CAMOJIET, TAK KaK MPOU30MIET MOTEPS
YCTOMYMBOCTH M CPBIB B ITONIOP WK IITONOPHOE BpamieHue. [1o 3Toi mpuuune He
PEKOMEHIyeTCsl Ha OOJIBIITNX CKOPOCTSX MOJIETa, OCOOCHHO MPH BHIXOJE U3 MUKUPOBAHMS,
OTKJIOHATH PE3KO PYYKY yIpaBjieHHUs Ha ce0s. [lo3ToMy MakcuMaabHO BO3MOXKHYIO HIIH
pacroyiaraeMmyro rmeperpy3Ky NpuHUMArOT MEHBIIIEH 0 BEIMYNHE, YTOOBI IPEAYIPEANTH BBIXO/T

caMoJieTa Ha pexxuM Tpsicku. DopMyiia onpeesieHus TOM Meperpy3Ku UMEET BU/L
n,, =(0,8+085)n

ymakc * (119)

st camoneToB Sk-52 u Sk-55 rpaduyeckre 3aBUCUMOCTH pacnoiiaraeMbIxX Meperpy30Kk OT CKOPOCTH IOJIeTa MOKa3aHbl Ha
Puc. 175, Puc. 176. Ilpu BbimonHeHUH MONETOB Ha camonerax Sk-52 u fk-55 pacmomaraemas HOpMmaibHasi meperpyska B
OCHOBHOM OTIPaHMY€HA I10 IPOYHOCTHBIM XapaKTEePUCTUKAM CaMOJIeTa.

MaxkcuMaJibHO 0Ny CTUMAS IKCILIYyaTAllHOHHAS Neperpy3Ka ajs camosiera Sk-52:
¢ KOJIeCHbIM Waccu:

MOJIOKUTEIbHAS +7;
OTpHIIaTEIbHAS -5;
C JIBIXICHBIM WACCU:

MOJIOKUTEIbHAS +5;
oTpUIaTeNbHas -3.

MakcuMaJIbHO J0NyCTUMAs IKCILUIYaTallMOHHAs Neperpy3ka s camosera SAk-55:
6 MPEeHUpPoBOUHOM 6apUaAHIme:

MMOJIOKUTEIbHAS +9;
oTpHUIaTeNbHas -6;
6 nepecoHouYHOM eapuanme:
MMOJIOKUTEIbHAS +5;

oTpULlaTCIIbHAasA -3.
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Puc. 175 Pacnonazaemoie nepezpysku camonema Ax-  Puc. 176 Pacnonazaemvie nepezpysxku camonema Ak-
52 npu H=1000 m 55 npu H=1000 m

Hpesblmenue 6 nojieme ymux nepezpy3okK sanpeuiaemcs, Tak Kak MOT'YT ITOSABHUTBHCA

oCTaTouHbIe nepopManuy B KOHCTPYKITUU CaMOJIeTa.

IIpy BBINOJIHEHUU YCTAaHOBUBLIMXCS KPHUBOJIMHEMHBIX MAaHEBPOB IIEperpy3ka 3aBUCHT OT 3araca TArU
CHJIOBOM YCTaHOBKH. 3amac TAru OIPEACISICTCS U3 YCIOBUSL COXPAaHCHUA SaﬂaHHOﬁ CKOPOCTH B TCUCHHE BCETO
MaHeBpa.

IIpeoenvnoii nepezpysxoit no pacnonazaemoit maze Nypg;; Ha3bIBAETCS HANOOIbIIASL
neperpyska, mpu KOTOPOH TATa CUIOBOW YCTAHOBKH €II1¢ YPAaBHOBEIIUBAET JI0OOBOE
conpoTtusienrne. OHa onpenensieTcs o Gopmyie

NY pgn = Pt - u .
G-Cx G (11.10)
[IpenenpHas mo pacnoJsiaraemMoil Tsre neperpy3ka 3aBUCHT OT CKOPOCTH M BBICOTHI MOJIETA, TaK
KaK BBITIIEyKa3aHHbBIE (DaKTOPHI BIMSIOT HA pacrojiaraeMyro Tiary Pp u oT ckopoctu

aspoanHamuueckoe kadectBo K. [[s pacuera 3aBUCMMOCTH ﬂym,sﬂL V HE00X0IMMO UMETH
kpusbie Pp (V)i pa3nuyHbIX BEICOT U CETKY TOJISP.
JItst KaX0ro 3Ha4eHHUsT CKOPOCTH ¢ KpuBoi Pp (V) cHUMAarOT 3HaueHus pacnoiaracMoi TsITH,

Cx—&

- 1
OTIPE/ICIISIFOT 9 ¢ TIOJISIPBI JUTSI COOTBETCTBYIOIIEH CKOPOCTH V CHUMAIOT BEIIMYUHY
ko3 durmenta Cy u paccunthiBaroT 1o ¢popmysne (11.10).
[Tpu MaHEBpUPOBAHUH B TOPU30HTAIBHOM IJIOCKOCTH C IMEPETPY3KOi MEHBIIIE pacoiaracMoHu,
HO 0oJiee peeTbHOM IO TSre CaMoJIeT OyeT TePSATh CKOPOCTh HIIM BBICOTY MOJIETA.

BJIMAHUE BBICOTHI OJIETA HA BEJIMYHUHY PACIIOJIATAEMOM
HOPMAJIbHOM IEPETPY3KH.

C u3MeHeHHEM BBICOTHI [10JIETa U3MEHETCs INIOTHOCTh BO3/yXa, CIel0BaTeIbHO, U3MEHSAETCS U
noTpeOHbIN K03 durmenT norbeMHon cuiel Cy, 03TOMY, KaK CIeICTBHE, U3MEHSETCA U
pacnojiaraeMas HopMajbHas eperpyskKa.

Pacnionaraemast neperpyska y 3eMJId IpH MOJIETE CO CKOPOCThIO Vrpr paBHA

2
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2
G (11.11)
HpI/I IIOJICTC HaA I[pyl"OfI BBICOTC ITPU TOU XK€ CKOPOCTHU I'OPU30HTAJIBHOTO MOJICTA pacriojiaracmas

neperpyska Nyp Oyzaer paBHa

NYpr_o =
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Benuunna pacmonaraemoro ko3¢ duirenTa noJpeMHON CUIIBI OT BBICOTHI ITOJIETA HE 3aBUCHT,
CIJIeZIOBATENILHO, TIPU TOM K€ 1mosieTHOM Bece u3 opmyin (11.11) u (11.12) MoxkHO HaifTh
pacrionaraeMyo neperpysKky Ha BelcoTe nosera H:

ny, =

Po (11.13)

N3 popmyet (11.13) BuHO, 9TO € MOJHATHEM Ha BBICOTY pacrojaragMas eperpyska
YMCHBIIACTCA U HA IIPAKTUYCCKOM IMOTOJIKC BOSMOXKEH TOJILKO FOpI/I3OHTaJII)Hl)H\/Jl IOJICT, IMpHU

koTopoM Ny=1.

Jlnist u3MepeHus eperpy3ky Ha caMoJIeTe YCTaHaBIUBAIOT MPUOOP, TTOTyYUBIINN Ha3BaHHUE
akcejiepoMeTp. JIeTunK, pyKOBOJICTBYSCH MIOKAa3aHUSIMHU 3TOTO IPUOOPa, MOKET CBOEBPEMEHHO
YMEHBIIUTh MEPErPy3Ky, KOTJa OHA CTAHOBUTCS OTIACHOM ISl IPOYHOCTH camoJiieTa. Ha
camonetax fk-52 u Sk-55 ycranosien akcenepomerp AM-9C.

Ozpanuuenue nepezpysku Ny no npounocmu camonema. llpenenbHO TOMYCTUMBIE IS
KOHCTPYKITUH CaMOJIeTa TIEPErPy3KH 3aBUCAT OT €ro HazHaueHus. Hanbonpuryto
AKCIUTYaTAIMOHHYIO MEPErPy3Ky UMEIOT MAaHEBPEHHBIEC CAMOJIETHI, TAKHUE KaK MUJIOTAXKHBIE,
CIIOPTHBHBIEC U CAMOJICTHI-UCTPEOUTEIH.

CymiecTByIOT 0(HUIIHATIEHBIE TOCYIAPCTBEHHBIE HOPMBI TPOYHOCTH, YCTAHABIMBAOIIIHE
MpeAEIbHO JIOTYCTUMBIE (IKCIUTyaTaIlMOHHBIE) MEPErPy3KH I KaKIOTO KIacca CaMOJIETOB.
Du3uonozuueckue 0cpanuyeHus nepezpy3oK CBsI3aHbl C BO3JCHCTBUEM MEPErpy30K HA
yenoBeueckui opranusm. [loa Bo3aelcTBuEM MEperpy30K B YEIOBEYECKOM OpraHu3Me
MIPOUCXOAUT YTSKEIICHUE BCEX €r0 OpraHoB, nedopmarius ckeyera, OTJIMB KPOBH OT OJTHUX
OpraHOB W MIPHWJIKB €€ K ApyruM. BenmnunHa neperpys3ku, KOTOPYIO MOKET MTEPEHECTH YEIIOBEK,
3aBUCHUT OT HAMPaBIICHUS MEPErPY3KH, OT BPEMEHHU €€ BO3/ICUCTBHS M TeMIIa HapacTaHUs, a
TaKKe OT 00MIel U (PU3NIECKOM TOTOTOBKH.

Ha nepenocumocTh nmeperpy3Kku BIUSIOT CIEAyIONIe GakTOPhl: YI00OCTBO PACIOIOKEHUS
CUJICHBST; TEMIIepaTypa; JaBJICHUE BO3/IyXa B KAOMHE; CTENIEHb YTOMIIIEMOCTH; CyObEKTHBHBIE
0COOEHHOCTH JieTunKa. Jlerde mepeHocsITCS Neperpy3Ky B HAMPABJICHUH «CIIUHA - TPYAbY U
«TpYIb - CIIMHA» U TPYAHEE - «Ta3 - TOJ0Ba» (0COOECHHO MPH OTPHUIATEIBHBIX TIEPETPY3KaX).
[Ipu oTpuIaTenbHBIX MEperpy3kax MPUIKB KPOBU K TOJIOBE PE3KO CKa3bIBACTCS HA
paboTtocrnocobHocTH eTunka. [1oaTomMy /Ui yCIeHOTO OBIaACHHS aKpoOaTHUECKUM
MUAJIOTAXKEM Ha camoJieTe Sk-55 HeoOXoauMo 3aHUMAThCs (PU3UIECKOM TOATOTOBKOM.

BUPAXK CAMOJIETA

Bupayc camonema - 310 KpUBOJIMHEHHBIN MOJIET CaMOJIETa B TOPU30HTATIBHOM IIOCKOCTH C
pazBopoTom Ha 360°.

YacTp Bupaxa, UMeroNIas 1eJib U3MEHEHNE HANPABJICHUS JBUKEHHUS Ha Yo, MeHbIIHN 360°,
HA3bIBACTCS paA360pomom. Bupax c MOCTOSHHOM CKOPOCTHIO U YITIOM KpeHa Ha3bIBAeTCs

ycmanosusuiumcA. Y cTaHOBUBIIHICS BHUpaAXK 663 CKOJIbKCHHU A HA3BIBACTCA RPAGUIbHbIM (PI/IC
177, a).



Puc. 177 Cxemul gupasiceii: a - npAGUNbHBLIL GUPAIC; O - GUPAIC C BHYMPEHHUM CKOJIbICEHUECM; 8 - GUPAIIC C
GHEULHUM CKONbICEHUEM

Puc. 178 Cxema cun, deiicmsyrowux na camonem na supasice (6uo cnepeou)

Bupax MoxeT ObITh Heycmanosuguiumcsa, Npyu KOTOpoM OyIeT MEHITHCS CKOPOCTh U Painyc,
BHPaX CO CKOJILKEHUEM, BUPAXK ¢ HAOOPOM MIIM IOTEPEH BBICOTHI.

Ecmu camosieT nMeeT CKOTbXEHHE BO BHYTPSHHIOK CTOPOHY BHpa)ka WM BO BHEIITHIOKO, TO
HaTpaBJICHUE CKOPOCTH HE COBIAAACT C TUIOCKOCTHI0 CHMMETPHH U COCTABIISIET C HEH
HekoTopbiit yroi 3 (Puc. 177, 6, B). B mepBoM ciiyuae CKOJIbKEHHE HA3bIBACTCSI 6HYMPEHHUM,
BO BTOPOM - 6HEUIHUM.

MPABWIBHBIHA BUPAXK. CXEMA CUJ1 U YPABHEHUA ABUXKEHUSA

Ha Bupaxke Ha camosier feiicTByeT noabemMHasi cuia Y u J000BO€ CONpOTUBIIEHUE X, BEC
camoJiera G u Tsra cujI0BOM ycTaHOBKU P.

Jli1g ocymiecTBiieHUsl BUpaka He00X0[uMa HeypaBHOBEILIEHHAs CHUJIa, HallpaBJeHHAs
TOPU30HTANIBHO K LIEHTPY BUpaKa - IICHTPOCTPEMUTENbHAs cuiia. J{Jis moydeHust 3TOM CUITbI
HE0OX0IMMO HaKPEHUTh CAMOJIET AJIEPOHAMHU B CTOPOHY BUPaXKa Ha YroJ Y, KOTOPBIN
HazbIBaeTcs yrioM kpena (Cxema cui, IeHCTBYIOIIUX Ha camolieT Ha Bupaxe (Puc. 178). B
pe3yNbTaTe 3TOTO Ha TOT K€ YroJl HAKJIOHUTCS ¥ BEKTOP MOIBEMHOM CHIIBI Kpblia Y. Pa3noxus
ATy CHITY TI0 BEPTUKAIIU U TOPU3OHTAIIH, TIOJTy4MM JBE CHJIBI - YCOS ¥ 1 YSin y. U3 Hux cuia

Y COS y 10JDKHA ypaBHOBEIIMBATh CHITY Beca camoJieta G, a cuna Y Siny CIry»KuT
LEHTPOCTPEMUTEIBLHON CHUJIOMN.

3HAUUT, A7 OCYIIECTBICHUS MPABUIHHOTO BUPaXka MOIbEeMHAs CUJIA I0JDKHA YBETHUUTHCS C
TaKUM pPacueToM, YTOObI €€ BepTUKaIbHas COCTABJISIONIast Y COSy MOTJIa YpaBHOBECUTH BEC
camorneta G. D10 TOCTUTaeTCs IBYMs CIIOCOOAMU: YBETUUCHHUEM yrila aTaKu W YBETUYCHUEM
CKOPOCTH TosieTa. Eciiu He BBITIOJIHUTE 3TH YCIOBHS, TO BEPTUKAIbHAS COCTaBistomas Y Cos 7
OyZeT MeHbIIIe Beca caMoJieTa U moJ IeicTBrueM pazHoctu cul (G-Ycos 7) camonet Oyner
CHMJKAThCSI HA BUPAXKE, T. €. HOAYUUMCA HENPAGUTIbHBLIL GUPAJIC - CO CKOJIbIHCEHUEM.
YpaBHEHHUsI IBIKEHUS HA MPABUIHLHOM BUPaXKe OYAyT UMETh BHI:

YCIOBUE TIOCTOSIHCTBA CKOPOCTHU



P-X=0; (11.14)
YCJIOBHUC NTOCTOSAHCTBA BBICOTHI
Ycosy-G=0; (11.15)
YCIIOBHE HUCKPUBJICHUS TPACKTOPHUU
2
Ysiny = mv X
V (11.16)

rue I'e - pagnyc Bupaxa.

INOTPEGHAA IIEPETPY3KA HA BUPAKE

Jljig BHIOJIHEHUS BUPaXka MOJbEMHAsI CuJjla JIOJIKHA ObITh YBEJIIMUYEHA, U TEM OOJIblIIE, YEM
oosbiie kpeH. CreioBaTeNIbHO, HAa BUPAXKE CO3/1aeTCA Meperpyska, mpuieM oHa OyIeT pacTu ¢
YBEJIMUYEHUEM KpEHa.

Ha npaBuiibHOM BHpa)e BEC ypaBHOBEIIMBACTCS BEPTUKAIBHOMN COCTABIIAIOIICH 1O IBEMHOMN
cuitel. BemmostHsieTcst yenoue G=Y COSy, OTKy/ja HOpMaibHas Tieperpy3ka Ha BUpake paBHa

Y 1
ny=—=——.
G cosy (11.17)

Takum 06pa3om, Ha MPaBUILHOM BHpPaKE BEJIMUYMHA MOTPEOHOM MEPErpy3KH OMPEAESIETCs
TOJIBKO yFJ'IOM erHa.

3aBUCUMOCTb NOTPEOHOI neperpy3ku Ny oT yrioB KpeHa Ha BUpaXke MoKa3aHbl Ha rpaduke Puc.
179.
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Puc. 179 3agucumocms nepezpy3xu na eupasice om Kpena

CrnenoBaTenbHO, 4eM OOJIbIIIE TIEpPETPY3Ka, TeM OoJbIle yro kpeHna. [Ipu kpene 6omee 85°
noTpebHas neperpyska npeBblIaeT HIKCIUTyaTallMOHHYI0 camoJieta Sk-55 (+9), a npu kpeHe
Oostee 75°-3KcIutyaralMoHHy0 camoseta Sk-52 (+7)..

Benuunna npenenbHOro yria KpeHa Ha BUPa)ke OrpaHUYHMBAETCS TeMU e (DakTopamu, 4To U
BEJTMYMHA PacIojiaraeMoi U mpeaesibHOM no Tsare neperpy3ku. C moapeMoM Ha BBICOTY
BEJTMYMHA MIPEICIBHOTO yIila KpeHa B COOTBETCTBUH C YMEHBIIIEHUEM IPEEIIbHOM Meperpy3Ku
OyZeT MOHWKAThCA, BBI3BIBAsI PU 3TOM YBEJIMUEHUE Paguyca U BPEMEHH BUpaXa.
CrnenoBarenbHO, ClIeyeT IOMHUTD, YTO MPH BBHIOJHEHUU BUPAXKa HA MPEACTHHOM yIJie KpeHa
0 TPSCKE Ja’ke He3HAYUTEIbHOE YBEIIMYEHUE YIila KpeHa MOXKET MPUBECTH K CPBIBY, TaK KaK
3arac Io Meperpyske oT TPSICKH 10 CpbIBa HEBEIUK.

CKOPOCTbD, IOTPEBHAA AJi IPABUJIBHOT'O BUPAMKA

Z[J'ISI BBIIIOJIHCHH A BUPaA)Ka HCO6XO)II/IMO YBCJIIMYUTDb MOABEMHYIO CUITY IIO CPABHCHHUIO C
TOPU30HTAJIBHBIM IIOJICTOM. 9TOTO YBCIMYCHUA MOKHO NOCTHYb YBCIIMUCHUCM CKOPOCTHU ITOJICTA
IIpHU COXPAHCHUU yTI'JIa aTaK! 1100 YBCIIMYCHUCM YT'JIa aTaK! IIPU COXPAHCHNUU CKOPOCTHU
TOPU30HTAJIBHOTO IOJICTA.

Ecnu @ = const, Cys =Cy,; =0y,



2
G :Ycos;/:Cy%Scos;/

TO U3 YPAaBHCHHA MOJIy4YuM

2G 1
V, = VAN

CypS cosy B (11.18)

CkopocTtb, NoTpeOHAas Ha BUPaXe, B \/E pa3 0oJblIe, YeEM B FOPU3OHTAILHOM MoseTe. Tak Kak
neperpyska Ha BUpake Bcerjia OoJblIe eUHULBI, TO U NOTpeOHast CKOPOCTh Beerza 0oJIblie
CKOPOCTHU FOPU30HTAIBHOTO 10JIETA IIPU TOM K€ yIJIe aTaKH.

Ho 5710 He 3Ha4uT, 4TO IS BHIMOJIHEHHS BUPaXKa HEOOXOAUMO YBEIIMYUTH CKOpOcTh. Eciu 10
BBIIIOJIHEHUS BUPAXKa MOJIET BBIMOJIHAJICS Ha MAJIOM YIJie aTaky, T. €. Ha OOJIbIIONH CKOPOCTH, TO
JUI YBEJIIMUEHUS TIOJTbEMHOMN CUJIBI Ha BUPa)K€ MOYKHO YBEJIMUUTH yroJ ataku. Eciu e 1o
BBITIOJIHEHUS BUPAKa MOJIET BBIMOJHSIICS Ha OOJBIINX YIJlaX aTaky, T. €. Ha MaJloil CKOPOCTH, TO
YBEJIMYUTD Yrojl aTakKu HeLelIecoo0pa3Ho, TaK KaK BO3MOKEH CPBIB B IITONOP WU IITONOPHOE
BpallleHHE, I0ITOMY HEOOXOIMMO B 3TOM CIIy4ae YBEIUYUTh CKOPOCTb.

B nocnennem ciyyae JIeTUMK HEPEAKO TOMYCKAET OIMOKY, KOTOpasi IPUBOJUT K CPBIBY B
LITOIIOP.

W3 nonyuennoii 3aBucumoctu (11 18) cnenyer, yTo Ha BUpake CKOPOCTh CPBIBA, & TAKKE
CKOPOCTh, COOTBETCTBYIOIIIAasl HAUBBITOJHEHILIEMY YTy aTakH, OyayT OOJIbIIUMU, YEM B
TOPU30HTAIBHOM TI0JIETE, TaK KaK

2G
= Cy/"nny’

Cy -
* pV’S cosy (11.19)

IIpU YCIOBUU, YTO

VB=VFH=V.

B/IMSAHUE BBICOTBI IIOJIETA HA IIOTPEBHYI0 CKOPOCTb HA BUPAZKE

C yBennyeHHeM BBICOTHI IIOJIETa CKOPOCTh, MOTpeOHas /Ui BUpaxa, yBenndusaetcs. [Ipu atom
HY)KHO ITOMHHUTB, YTO Ha BBICOTE CKOPOCTH 10 mpruoopy Y C-450K ocraercs HeM3MEeHHOM.
[ToaToMy, BBIOJHSSL BUPaXK Ha BHICOTE, HEOOXOIUMO BBLAEPKUBATH TY K€ CKOPOCTH 110
pudopy, KOTopast He0OX0IMMa JJIsl BBIMOJIHEHUS BUpaxa y 3eMJIH (IIpU OAMHAKOBOM MOJIETHOM
BECE cCaMoJIeTa).

Bnuanue seca camonema. C ypenuiyeHueM Beca MoTpedHasi CKOPOCTh BO3pacTaeT (CMOTpH
rOpU30HTANIBHBIH 10J1eT). COOTBETCTBEHHO BO3pacTaeT U MOTpeOHasi CKOPOCTh IS BUpaxKa.
Brnusinue Beca Ha CKOPOCTh BUpPaka JIETKO MPOCIEAUTh, COTIOCTaBUB XapaKTEPUCTUKU BHpaxKa
camosieToB Sk-52 u Sk-55.

TATA U MOIDHOCTD, IIOTPEBHBIE /11 BUPAYKA

Hompeﬁnoﬁ msazou u MoulHocmblo NJI1 BUPaXKa Ha3bIBACTCA HCO6XOI[I/IM8.H Tira ujin
MOIIIHOCTb, YpaBHOBCHINBAKOIIAs J1000BOE COIIPOTHUBJICHUC CaMOJICTAa Ha ITPABHUJIIBHOM BHPAXKE
IIpU JaHHBIX 3HAYCHUAX yIJld ATAKU U YI'JIa KpCHA.

YBeaunueHue HOTpC6HOﬁ CKOPOCTH Ha BUPAXKE NTPHU HCU3MCHHOM YI'JIC aTaK WUJIN YBCIIMUCHUC
yrijia aTaku npu HEU3MEHHOM CKOPOCTH COIIPOBOKIAACTCA YBCIIMYCHUCM 71000BOTO
COIIPOTUBJICHUS 10 CPABHCHUIO C €TO BEJIUYHHOM B TOPU30HTAJIIbHOM IIOJICTC. HOBTOMy
HOTpC6HI>Ie AJI1 BUpaXka TATra U MOIITHOCTL JOJI?KHBI OBITh 6OJ'IBH_IC, 4eM IJI1 TOPU3OHTAJIBHOT'O
I10JICTA.
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Puc. 180 Ysenuuenue nompeonoii 0nsa 6uparx;ca MOuyHOCIU 8 3A46UCUMOCHII OM Y214 KpeHa

Kak u B ropu3oHTaIbHOM MOJIETE, TATA HA BUPAXKE paBHA JIOOOBOMY COIPOTHUBIICHUIO

2
oy =%, =6, s

HO MUHUMAQJIBHO JOIYCTUMas CKOPOCTH Ha BUPake paBHA Py =Vi\Ny, CJIEIOBATENILHO, IIPU
3TOM CKOPOCTH

2
P,=C, '0\2/3 n,S,
OTKy/a
Py =Ppyny. (11.20)

N3 dopmymnet (11.20) cnenyeTt, 9To ¢ yBennueHHEM KpeHa (Meperpy3kn) moTpedHas Tsra Ha
BHpaKe BO3pacTaeT YBEJIHMUCHHE TATH Ha BUPAKEe BO3MOKHO TOJIBKO 32 CUET N30BITKA TSTH

CUJI0BOM ycTaHoBKku AP.
[ToTpe6GHast MOIITHOCTH paBHA MPOU3BEIECHUIO MOTPEOHOM TATU HA CKOPOCTh

— PBVB — PFHnyVFH\/E
75 75 ’

NB

OTKy/1a

NB = NFH\/E' (11.21)

N3 dopmyiet (11.21) cneayert, 4To ¢ yBenuueHHEeM KpeHa (Ieperpy3ku) moTpeodHasi MOIHOCTh
Ha BUpPaXkKe BO3PACTACT NPOTIOPIIMOHAIFHO KOPHIO KBAIPATHOMY M3 Ky0a Meperpys3Ku.
CrnenoBarenbHO, C yBEIMYCHHEM KpPeHa IOTPeOHAst MOIITHOCTh YBEJIIMYMBACTCS CHavYala
MeUIeHHO, a oToM Bce Oouee pesko (Puc. 180). Ha rpaduke pucynka nzodpaxena

ONHoOuieHue B

3aBHCUMOCTb OTPEOHOMN MOIIHOCTH JJIsl BUPAXa, N ) or yIJla KpeHa.
Hanpumep, npu kpene 20° notpebHas A1 BUpaka MOLIHOCTb 0OJIbllIe MOTPEOHOH y1s
TOPU30HTAJIIBHOTO NOJIETa Ha MaIylo BEJIMUMHY; IpU KpeHe, paBHoM 50°,- B 1Ba pa3a OoJblie;
pu KpeHe, paBHoM 60°,- B Tpu pa3a OoJibllie, a Ipu KpeHe, paBHoM 70°,- B ATh pa3 OoJIbLIe.
Taxum 06pa3oM, /7151 BHIIOJIHEHUS BUPaXka HEOOXO0IUMO UMETh N30BITOK MOIITHOCTH.

PAINYC U BPEMA BUPAKA

Paz[I/ch H BpEMs BUpPAKaA ABJIAAKOTCA OCHOBHBIMH BCIIMYNHAMH, XapPAKTCPHU3YIOLITUMU
MaHCBPCHHBIC BO3BMOKHOCTH CaMOJICTA B rOpHSOHT&J’ILHOﬁ IIJIOCKOCTH.

Kak YK€ TOBOPUIIOCH, UIA BBIIIOJIHCHUSA BUPAKaA HeO6XO,Z[I/IMa HECHTPOCTPECMUTCIIbHAA CUJIA. To
€CThb VI YMCHBIICHUA paZinyCa BHUpaKa HeO6XO,Z[I/IMO YBCIIMYUTL TOPU30HTAJIBHYIO



COCTaBJIAIOIIYIO HOIIBGMHOﬁ CHUJIBI Ysin /4 , 4 U1 9TOTO CICAYCT YBCIMYNUTDL KPCH CaMOJICTA,
OJHOBPCMCHHO YBCIIMYMUBAA IMOAbCMHYIO CUITY YBCIIMUCHUCM YIJId aTaKU UJIM CKOPOCTH.

LleHTPOCTPEMHTEIbHAS CHIIA, ¢ OZHOMN CTOPOHBI, papHa ¥ SNY |

mvV?
acapyroii ' (U3 ycIOBHS HCKPHBICHHUS TPACKTOPHH B TOPU30HTAIBHOM MIOCKOCTH
(dopmyna 10.16). CnenoBarensHo,
: mvV?
Ysiny = ,
rB

OTKYJla paJuyc BUpaxka OyaeT paBeH
o mv 2 GV 2 V? Vv 2

fp=——=— = = ,
® Ysiny gYsiny gisin;f gty
G

(11.22)

Taxum oOpa3oM, paauyc BUpaxka OIpeIesieTcs CKOPOCTIO U HOPMaIbHOM Neperpy3Kou.
Ananusupys Belpaxkenust opmyinsl (11.22), caenaem 3akitoueHue, yTo pajguyc BUpaxa Oyaer
TEM MEHBIIIE, YEM:

5)
MEHBIIIE Ye/IbHAs HArPY3Ka Ha KPbUIo \ © / ;
0oJIBIIIE TUIOTHOCTH BO3/yXa A (C yBEIMYEHUEM BBICOTHI MOJIETa PAJNYC YBEINIUBACTCS);
6omb11e koahdunueHT noabeMHol cuiel Cy;

Gonbie kpen camodieta Y ; mpu Cy=Cyon C YMEHBIIEHHEM CKOPOCTH PAIUyC PACTET.
Bpemsa eupasica onipenensieTcsi Kak OTHOIICHNE UTMHBI OKPY>KHOCTH, KOTOPYIO OIIHCHIBAET
HEHTp TSHKECTH CaMoJieTa Ha BHpake, K CKOPOCTH caMoJIeTa:

(2 21 Voo Vv
Y Voglgy T i1
(11.23)

CIIeIOBATENILHO, BpeMs pa3Boporta Ha yron ¢

t,, =2 064V
360 n2—1.
y (11.24)

N3 dopmyiet (11.23) BuaHO, 4TO BpeMs BUpaxka (Kak U PaJnyc) ONPEaesIeTCs] CKOPOCThIO U
HOPMAaJILHOM TIeperpy3Koi. J{iist yMeHbIIIeHUsT BpeMEHH BUPaka HEOOXOJMMBI T€ JK€ YCIOBUS,
4TO | JUIsS yMEHBIIICHUS paJinyca BUpaxa, HO CJICYeT MOMHHUTh, YTO CKOPOCTH T0JIETa Ha BPeMsI
BHUPaKa OKa3bIBACT 3HAYUTEIILHO MEHBIIICE BIIMSIHUE, YEM PaINyC BHPaXKA.

OCHOBHBIE XAPAKTEPUCTUKHU BUPAYKE CAMOJIETOB AIK-52 U IK-55

B yueOnbIx nensax Ha camoserax Sk-52 u SIk-55 Bupaxku ¢ KpeHOM 70 45° BBITIOTHAIOTCS Ha
ckopoct V=190 xm/4, onpeaensiemoii no npudopy YC-450K, Bupaxu ¢ kpenom 60° - Ha
ckopoctr V=210 km/4. Bupaxu ¢ kpeHOM /10 45° MPUHATO HA3BIBATh MEJIKHMH, a C KPCHOM
6onee 45° - riryOOKUMH.

INPEJAE/IbHBIE BUPAXKH

HpI/I YBCIIMYCHUU KPCHA HAa BUPAKE HACTYIIUT MOMCHT, KOT'Id JIS1 BBIIIOJITHCHUA €TI0 (,Z[J'IH
IpEOHO0JICHUA J1000BOTO COHpOTI/IBHeHI/Iﬂ) HOTpe6yeTC$I MOIITHOCTb CHJIOBOM YCTaHOBKHU, paBHAA
MaKCHMaHbHOﬁ, CJIICAOBATCIIBHO, JalIbHEHIIIee YBCIIMYCHUC KPCHA BbI3OBECT CHUIKCHUC CaMOJICTA,
TaK KakK HpaBI/IJ'IBHHﬁ BUPAK HCBO3MOKCH. Ecau na BHPAXKC IICPETPY3Ka NPCBBICUT NMPCACIILHYIO
10 TATC, TO CaMOJICT 6YI[CT CHUXATBhCA OAXKE IIPpU IOJTHOM TATEC, TaK KaK 71000BOC COIIPOTUBJICHHUC



Oyzet OouiblIe TATH CHIIOBOW ycTaHOBKHU. ClielyeT UMeTh B BUJLY, UTO IIPU KPATKOBPEMEHHOM
pa3BOpOTE MOYKHO €O37aTh OOJILLION KPEH U MEPErPy3KY, BILUIOTH 0 pacrnojaraeMoil. OgHako
JUINTENbHBINA Pa3BOPOT € OOJIBIINM KPEHOM U NEPErPY3KOM BBI30BET 3HAUUTEIIHLHOE TOPMOKEHHE
camoJIeTa, KOTOpPOe MPUBEIET K YMEHBIICHUIO CKOPOCTH ¥ CHUKEHHUIO camoJiera. [IpenenpHas o
TAre NEepPErpy3Ka sABJISIETCS NEPErpy3KON JINTEIBHOIO pa3BoOpOTa € 3aJaHHOU CKOPOCTBIO.
Bupax, /Uit BBINOJIHEHUS KOTOPOTO HA 3aIaHHOM BBICOTE U MAKCUMAJIbHOM KPEHE MCIO0JIb30BaHa
BCSl MOIIIHOCTh CUJIOBOW YCTAHOBKH M 3KCIUTyaTallMOHHAs Meperpys3Kka (JIMMUTHPOBaHHAs
IIPOYHOCTBIO CaMOJIETA U BBIXOJIOM Ha PEKUM CBAJIMBAHMUS ), HA3bIBACTCS HPEOeTbHbIM
eupaxycom.
Ha camonerax fk-55 u fIk-52 npenenpHble 10 TSre Neperpy3ky BO BCEM JIMaIla30HE CKOPOCTEN
I10JIETa HE MPEBBIIAIOT IKCILIYaTaAlMOHHYIO IIEPErpy3Ky 110 MPOYHOCTH, IO3TOMY OCHOBHBIM
OTrpaHMUYEHUEM NPEETbHBIX BUpaxkel camonieToB fk-52 u Sk-55 sBnsercs npenenpHas
neperpyska 1o cpbiBy H 1o pacrosaraemoii tsre (Puc. 181, Puc. 182).
Ha pucynkax rpaduyecku nu3o0paxeHbl XapakKTEPUCTUKU MPEJCIbHBIX BUPAKeH camoieToB Sk-
52 u Sx-55 npu paboTe nBurarens Ha 1-M HOMuUHae.
[Toka3aHbl U3MEHEHHsI XapaKTEPUCTUK B 3aBUCUMOCTH OT U3MEHEHHUsI CKOPOCTH MOJIETa Ha
BbicoTe H=1000M.
Ananus3upys 3Ty rpaduKu, MOXKHO C/A€TIaTh BBIBOJ, YTO MPEEIIbHBIN BUPAaX C MAKCUMAJIbHBIM
YIJIOM KpPEHA MOYHO BBITIOJTHUTH TOJIBKO Ha ONPEJEICHHOM YIJI€ aTaKu U COOTBETCTBYIOIIEH
CKOPOCTH.
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Puc. 181 Xapaxmepucmuxu eupasca camonema fx-  Puc. 182 Xapaxmepucmuku supasxca camonema k-
55 (H=1000 m, Ge3-870 kzc, pearcum pabomut 52 (H=1000 m, Ge3=1290 kzc, pexsrcum paéomot
oeuzamens-1-it Homunan) odsuzamens- 1-ii HoMuHan)

Hpe,[[eJ'ILHHﬁ BHpax C MUHUMaIbHOMN CKOPOCThIO, paiyCOM U BPEMCHCM BBLIIIOJIHACTCA HaA
SKOHOMUYECKOMN CKOPOCTH.

C IMOABEMOM Ha BBICOTY HU30BITOK MOIITHOCTH CUJIOBOM YCTAHOBKHW YMCHBIIACTCH. HOBTOMy
MaKCHUMaJIbHBIN YroJl Kp€Ha TaKXKE€ YMCHBIIACTCA. ITo gocTmKeHMH MOTOIKA caMoJjeTa HU30BITOK
MOIIHOCTH CTAHOBUTCA PaBHBIM HYJIIO U BBIIIOJIHCHUC BUPaKa HCBO3MOXKHO.

YIIPABJIEHUE CAMOJIETOM U PABOTA PYJIEA HA IPABU/JIbHOM BUPAXKE

JU1st BBITIOJTHEHUSI BUpaXka caMoJIeT He00X0AMMO HaKPEHUTh, HO 3TO HeocTaTo4Ho. [Ipu
HAaKpEHEHUH CaMOJIETa CO3AAETCS LEHTPOCTPEMUTENBHAS CUJIA U CAMOJIET HAYMHAET JBIKCHHE
10 KPUBOM, HO 1eMI(UPYIOLUINI MOMEHT BEPTUKAIBHOTO OTIEPEHUs IPOTUBOACHCTBYET
pa3Boporty. [loaToMy, HakpeHss caMoJIeT AlIepOHaMu, HE00X0AUMO OJHOBPEMEHHO OTKJIOHHUTD
PY/b HAalpaBJIEHUS B CTOPOHY BUpaXa.

OTxII0HEHHE pyJIsl HAllpaBIEHHsI HEOOX0AUMO TaKXKe Uil KOMIIeHcaly JIoNOIHUTEIBHOTO
7000BOTO CONPOTUBIICHUS, CTPEMSIILIETOCS Pa3BEPHYTh CAMOJIET BO BHEIIHIOIO CTOPOHY, B



CTOpPOHY BHEIIHETO MOJIyKpbUIa. BHENTHEE MOITYKPBIIO IBMKETCS 110 BHELIHEMY paauycy (1o
BHemHen TpaekTopun) (Puc. 183), ckopocTh ero Gobiiie, 4eM BHYTPEHHETO MOJIYKphLIa, U,
CJIeZIOBATENILHO, TIOJJbEMHAs CHJIa U JIOOOBOE CONPOTHUBIICHHE OOJIbIIE.

Taxum 06pa3oM, /71 BEIIOJIHEHUS PaBUIIBHOTO BUpaxa ¢ KpeHoM 30...45° Heo0X0AUMO TIIaBHO
OTKJIOHUTb PYUYKYy YIpPaBJICHUS U 'Tiefaib (pyiib HanpaBieHUs) B CTOpoHy Bupaxka. 1o
JOCTHUKEHUH *HE00X0IMMOTr0 KpPEHa U YIIIOBOM CKOPOCTU PYUKY yIpaBiIeHHs] HEOOX0AUMO
OTKJIOHUTb CJIETKa B IPOTUBOIIOJIOKHYIO CTOPOHY, a TaKXKe CJIErkKa OTKJIOHUTH Iefalb (pyib
HaIPaBJIEHUS) B IPOTUBOIIOJIOXKHYIO CTOPOHY. DTH JAEUCTBUS PYJISIMU HEOOXOIUMBI, TaK KaK
[IOAbEMHAs CHJIa BHEIIHETO MOJIyKpbLia 0oJiblie, 4eM BHyTpeHHero. [Ipu 3ToM BO3HUKAET
MOMEHT MX OTHOCHUTEIBHO IPOJOIBHON OCH, CTPEMSIIUICS YBEIUUUTH KpeH. YTOObI
KOMIIEHCHPOBATh 3TOT MOMEHT HEOOXOAMMO OTKJIIOHEHUE PYUYKU YIIPABJICHUS B
IIPOTUBOMOJIOKHYIO CTOpOHY. HO OTKJIOHEHNE pydKH YpaBieHUS! B IPOTUBOIIOI0KHYIO
CTOpPOHY MPHUBENET K YMEHBIIEHNIO MOMEHTOB MY (71000BOTO CONTPOTUBIICHUS U
JIeMI(UPYIOIIETO), TO3TOMY HEOOXO0MMO OJTHOBPEMEHHO C PYYKOH YIPaBIIEHUS CJIETKa HaXaTh
Ha TeJainb B 0OpaTHYIO CTOPOHY.

OTKJIOHEHHE PYUKH YIPABJIEHUS U HAKHUM Ha MeJlajlb B 00paTHYIO CTOPOHY AOJKHBI OBITh TEM
MEHbIIIE, YeM dHepruyHee OblI BBOJ caMoiieTa B BUpax. [locie Toro kak BBOJ 3aKOHYEH, KPEH,
MIOJIOKEHHE KaroTa caMoJIeTa OTHOCUTEILHO TOPU30HTA U YIIIOBYIO CKOPOCTh HEOO X0 IMMO
COXPAHATbH MMOCTOSIHHBIMH.

Jl51g BBIBO/Ia U3 BUpaka HEOOXOIUMO PYUKY YIPABIIEHUS U Te/1ajdb OTKJIOHUTH B CTOPOHY,
00paTHYIO BUPAXKY.

Brinoninenue Bupaxa ¢ kpeHoM Ooiee 45° nMeeT cBOU 0COOEHHOCTH, KOTOPBhIE pACCMOTPUM
HUXeE.

lfenmp nobepoma

Puc. 183 Ypasnosewueanue npomueooeiicmayioujux eupa3cy MOMeHmos8 pyiem HanpaeieHus

CKOPOCTBb Ha BUPAKE YBCINYCHA COOTBCTCTBCHHO KPCHY;

n, u ny
OTCYTCTBHE OOKOBOI MPOJ0IBbHOI Meperpy3Ku
(OTCYTCTBHME HAKJIIOHOB BII€pE/-Ha3a/l, BIEBO-BIIPABO, JIETUMKA NPHKUMAET TOJBKO K CUACHBIO);
IIpu BbINONIHEHUH BHpa)ka HEOOXOIMMO YUUTHIBATh BIMSIHUE THPOCKONNYECKOIO MOMEHTA
BO3ylIHOTO BUHTA. Ha camonerax Sk-52 n fIk-55 ycTaHOBIIEH BO3AYIIHBII BUHT JIEBOTO
BpAlLlEHUs, TIO3TOMY IIPH BBIIIOIHEHUH IIPABOT0 BUPAKA STOT MOMEHT CTPEMUTCS IOJHATD KaIlOT
caMmoJieTa, a Ha JIEBOM - OIycTUTh. OCOOEHHO 3TO HEOOXOJMMO YUUTHIBATH IIPU BBIIIOJHEHUN
riry0okux BUpaxei. HeyueT rupockonuyeckoro MOMEHTa BO3AyIIHOTO BUHTA MOKET IPUBECTU
K «3apbIBaHUIO» CaMOJIETa Ha JIEBOM BUPA)KE U B3MBIBAHUIO HA BUPAXKE, YTO B KOHEYHOM CUYETE
MPUBEJIET K CPHIBY B IITONOP WX IITONOPHYIO OOUKY.
O npaBUJIBHOCTH BUPaXKa - OTCYTCTBUU CKOJIbKEHUS JIETUUK CYIUT 10 IPU3HAKAM!
LIapUK YKa3aTels CKOJIbKEHUS HAXOAUTCS B CEpPEUHE (Ha YKa3aHHOU METKe).



HENPABUJIbHBIA BUPAXK CO CKOJIbYKEHUEM

Bupax co ckosbkXeHreM BO3HUKAET B pe3y/IbTaTe HEKOOPAUMHUPOBAHHBIX JEHCTBUM PYIIMHU
YIIPaBIICHUS U PE3KOH pabOThI PHIYaroM JPOCCEIbHOM 3aCIIOHKM KapOropaTopa 1 I11aroM BHHTA,
T. €. SIBJIICTCS PE3YJIbTATOM OITMOOYHBIX JCHCTBUIA JIETUHKA.

PaccmoTtpuM BhITIoNIHEHHE TTyOOKOTO BUpa)xa co cKoJibkeHueM. [Ipeamnosioxum, urto Ha
riryookoM Bupaxke, Hapumep JeBoM (Puc. 184, a), kpeH yBenudeH Ha BEIHYUHY, TIPH KOTOPOI

CKOPOCTB CTAHOBHTCS HEIOCTATOUHOM JUIsl COXpaHeHus ycosust Y COSY = G re

COCTABJISIONIAS ObeMHOI ciibl ¥ COSY CTAHOBUTCS MEHBIIIE BECA CAMOJIETA, CAMOJIET HAYHET
CHHNXAThCA. I[Hf{ TOIO qTO6BI BOCCTAHOBHUTH paBHOBeCI/Ie, HGO6XOILI/IMO HaAXaThb Ha HpaByIO
neaans (OTKIOHUTH PYJib HAIPABJICHUS BIIPABO) BO BHEIIHIOK CTOPOHY, TIPH 3TOM CO3/1a€TCs
CKOJIbXKEHHUE Ha JIEBOE (BHYTPEHHEE) MOIYKPHLIO.

Y cos p Yeos )

&

o

Puc. 185 Ilnockuii eupasic ¢ 6HeWHUM CKOLbIICEHUEM

Bo3zHukaeT 00KoBasi a3poJiHaMu4eckas cuiia Z0, KoTopasi TIo0 CBOSH BEJTMYMHE 3aBHCUT OT yrila
ckoJbkeHus p. OHa co3maer 100aBoUYHYI0 BepTukanbhyto cuiny Z; (Puc. 184, 6, B). Cuna Z;,

CKJIaJIBIBAsICh C curoii Y COSY , CO3/1a€T YPAaBHOBEUIEHHYIO CHILY, PABHYIO BECY CAMOJIETA.

B pe3ynbTaTe yero camolieT NpeKkpaTUT CKoIbxeHue. [Ipu BHYTpEeHHEM CKOJIbKEHHUH JIETUYUK
OTKJIOHSIET pyJIb HAMpPaBIEHUS B CTOPOHY CKOJIbXEHHsI. TakKe B CTOPOHY BHYTPEHHEro 6opTa
OTKJIOHSIETCS OT LIEHTPAIBHOTO TOJIOKEHUS IIAPUK yKa3aTelsl CKOIbXKEeHUs mprubdopa
CKOJIL)KEHHUS.

PaccmoTpuM Bupax ¢ 6uympennum ckonbvicenuem npu manom Kpere. 1lpu nosisieHuu
CKOJIbKEHUS Ha BUpaXKe ¢ MaJIbIM KPEHOM BO3HHUKaromas 6okoBast cuia Z OyaeT
MIPOTUBOIEUCTBOBATH LIEHTPOCTPEMUTEIBHOM cuie Pric.

Ecnmu Z=Fyic., To, HECMOTps Ha KPEH, CaMOJIeT OyJeT BBIMOJIHATH MPSIMOJIMHEHHBIN MOJET O
CKOJIbKEHUEM Ha OIYILIEHHOE MOJYKPBLIO.

Takoil IpAMOJIMHENHBIN MOJIET ¢ KPEHOM M CKOJIBKEHUEM aHAJIOTUYEH MPSIMOJIMHEHHOMY
ILJIAHUPOBAHUIO C KPEHOM U CKOJIB)KEHUEM.



PaccmoTpuM Bupax ¢ 6Hewitnum ckonvicenuem. Ilpyu OTKIIOHEHUM PYIIsl HAIIPABICHUS
(HampumMmep, BIEBO) U yIJie KpEHA, pAaBHOM HYJIIO, CO3Ja€TCS BHELIHEE CKOJIbXEHUE (B JAHHOM
cllyyae Ha IIpaBoe MOJIyKPhLIO). BeneacTBue 00KOBOro 00TeKaHus caMoJieTa BO3AYIIHBIM
IIOTOKOM BO3HUKAaeT OOKOBasi cuia Z, KOTOpasi UrpaeT poJib LIEHTPOCTPEMHUTENBHOM crilbl. [lox
NEMCTBUEM €€ CaMOJIET HAUMHAET BBIIIOJIHATH IOJIET 110 KPUBOJIMHENHON TPAEKTOPUH BIIEBO B
ropu3oHTabHOU TUTockocTH (Puc. 185). Ipu aToM cuita Tsru cuiioBoit ycraHoBKH P
packiaapIBacTCs Ha iBe cocTapisironie. OHa u3 KOTopbeix Pl nqeiicTByeT Kak
LeHTpocTpeMurenbHas cuia. Cuiibl Z U P2 UIMEIOT Majyto BETMUYHUHY, [I09TOMY TPaeKTOpUs
BHUpaka UMeeT 00ubIol paauyc. Eciu pyinbs HanpaBiaeHUs OTKJIOHUTH Ha OOJIBIIYIO BEIMYUHY,
TO MOSBUTCS KPEHSAIIMI MOMEHT BO BHYTPEHHIOIO CTOPOHY (B paccMaTpUBaeMOM CIIydae BJIEBO)
3a CYET Pa3HOCTH MOJBEMHBIX CHUJI JIEBOIO U IPABOI0 NOJYKPbUIbEB. B TaHHOMN cuTyanuu npu
OTKJIOHEHUM PYYKH YIIPaBJIECHUS B CTOPOHY YMEHbILIEHUS KpeHa (B pacCMaTpUBAaEMOM cilydae
BIIPABO) YBEJIMYUBAETCSI IOOOBOE COMPOTUBICHNE BHYTPEHHETO MOJIYKPbLIa, YTO IPUBOAMT K
MOSIBJICHUIO Pa3BOPAUMBAIOIIET0 MOMEHTA, M CAMOJIET YBEJTMUUBAET KPEH U CBAIIMBAETCS Ha
BHYTpPEHHEE MOJIYKPBUIO (BJIEBO), BBHIIOIHSS IITONOP WK IITONOPHOE BpaiieHne. OCOOeHHO 3TO
XapakTepHO I camoJieta Sk-52 Ha ckopocTsx MeHnee 150 km/4.

CnenoBarenbHO, BUPAX C BHEIIHUM CKOJIKEHHUEM HE TOJILKO HE BBITOJICH, HO U HE Oe301aceH.
[Ipu BHELIHEM CKOJIbKEHUU HAa BUpPAXKe JIETUMKA IPUKUMAET K BHEIIHEW CTOPOHE KAOMHBI
camonera. lllapuk ykazatens ckonpxeHus mpuoopa JIA-30 (na camonete Sk-52) oTkimoHseTCs
BO BHEIIHIOIO CTOPOHY.

TEXHUKA BbIIIOJIHEHUA BUPAXKA C KPEHOM 35...45°

Bupax ¢ kpeHom 110 45° BeinosHsgeTcs Ha ckopoctu 190 km/4 mpu o6opoTtax nsuratens 82%.
[lepen BBOJOM camoJieTa B BUPaX OCMOTPEThH BO3AYIIHOE MPOCTPAHCTBO, 0COO0E BHUMaHUE
YAEJIUB CTOPOHE BBIMOJHEHUSI BUPaXka, HAMETUTh OPUEHTHP JUIsl BBOAA U BBIBOJA U3 BUPAXKA,
YCTaHOBUTH 000POTHI ABUTATEIISA, COOTBETCTBYIOIIKE cKopocTh 190 km/4. [Tocie 3Toro miaBHbIM
Y KOOPAMHHUPOBAHHBIM JBUKEHUEM PYUYKHU YIPABICHUS U NeAAIEl BBECTU camoJieT B BUpax. [1o
Mepe YBEIIMUCHUS KPeHa YBEITUYUTh HAIYB C TAKUM PACUeTOM, YTOOBI IMPH KpeHe 45°
coxpaHsiack CKOpocTh 190 km/4.

Kaxk TobKO KpeH TOCTUTHET 3aJaHHOTO, HEOOX0IMMO 3a(PUKCUPOBATH €TI0 HEOOIBITUM
OTKJIOHEHHEM PYUKH YIPaBJICHUS B CTOPOHY, TPOTUBOTIOJIOKHYIO KPEHY, U OCIa0UTh HAKUM Ha
BHYTPEHHIOIO M€/1aJlb, COXPaHss YIJIOBYIO CKOPOCTh, IPOJOJDKATh BBIIIOJHEHUE BUpPaXKa.

B ycraHoBuBIIEMCSs BUpake HY)KHO KOHTPOJIUPOBAThH MOJI0XKEHHE KaOWHBI caMoJieTa
OTHOCHUTEJILHO TOPU30HTA, BEIMYMHY KpeHa, ToKa3zaHusl IpuOOpoB (yKa3aTess CKOPOCTH,
MOJIOKEHHE IIapUKa yKa3aTells CKOJIbXEeHHsI, BADHOMETPA, BHICOTOMEPA U aBUArOPU30HTA).

Ecnu B mpouiecce BBITIOIHEHNS BUpaXa BO3HUKIIM U3MEHEHUS NIOJIOKEHUS! BUIUMBIX 4acTei
(doHaps kKaOUHBI U KarloTa caMoJieTa OTHOCUTEIHHO TOPU30HTA (BAPHUOMETP MOKA3hIBACT
CHIDKEHHE WJIM Ha0Op BBICOTHI), HEOOXOIMMO IJIABHBIM U COPa3MEPHBIM JBMXKEHUEM PYUKH
YIOPABJICHUS U NeAalIeld MOAHATh WM OIYCTUTh KallOT CaMOJIeTa OTHOCUTEIBLHO TOPU30HTA /10
HOPMAJILHOTO IMOJIOKEHUS, KOHTPOJIUPYS ACUCTBUS 10 MOKAa3aHUSIM aBHaropu3oHTa (Ha
camorete Sk-52), ykazarensi CKOPOCTH U BapHOMETDA.

3a 20...25° 10 HAMEUEHHOTO OPUEHTHPA KOOPIMHUPOBAHHBIM JBUKEHUEM PYUKU YIIPABJICHUS U
nezaneil B CTOPOHy, 0OpaTHYIO BpAIIEHUIO (pYyUKa YIPABJICHUS UJET C OTIEPEKEHUEM ), HAuaTh
BBIBOJI U3 BUpaxa. [1o Mepe yMeHbIIEHUS! KpEeHa IUIaBHO YMEHBIIUTh HAJIYB /10 33JIaHHOTO C
TAaKUM PacyeToM, YTOOBI BEIMTH B peXMM T'OPU30HTAIBHOTO 110JIETa Ha YCTAaHOBIEHHON CKOPOCTH
6e3 Habopa BHICOTHI.

ITocne BbIBO/IA camoOJIETa B TOPU30HTANIBHBIN MOJIET IOCTABUTh PYJIA B HEUTPAIBHOE MOJIOKEHHUE.
[Ipu BbIMONHEHNH BHpaXka HEOOXOJMMO YUUTHIBATH BIMSAHUE THPOCKOMUYECKOT0O MOMEHTA
BO3JIyIIHOTO BUHTA.

Camonerts! Sk-52 u SIk-55 Ha Bupakax yCTOMYMBBI U JIETKO NMEPEXOIAT U3 OJHOTO BUPaKa B

JIPYrOu.



TEXHHUKA BbIIIOJIHEHHUA BUPAYKA C KPEHOM 60°

Bupax ¢ kpenom 60° BeimosHsieTcs Ha ckopocTr 210 kM/4 mpu o6opoTax asurarens 82%.
[lepen BBOJOM B BUpak caM0JIeTa OCMOTPETh BO3AYILHOE MPOCTPAHCTBO, 0COO0E BHUMAaHUE
YIEIUTh CTOPOHE BBITMIOJIHEHHSI BUpaXka, cOalaHCUPOBATh CAaMOJIET TPUMMEPOM Ha ckopoctu 210
KM/4, HAMETHTh OPHUEHTHUD JJIs1 BBOJIA M BBIBOJIA U3 BUPaXKa, 3alIOMHUTH KypC BBOJIa, YCTAHOBUTH
000pOTHI IBUTATEIIS, COOTBETCTBYIOIIME cKopocTH 210 km/4. [locie 3Toro miaBHbIM
KOOPAMHUPOBAHHBIM JIBKCHUEM PYYKH YIPABJICHHUS U Tealieii BBECTH caMoJIeT B Bupax. 1o
Mepe yBEJTMUEHHsI KpeHa IJIaBHO YBEJIWYHUTH HA/ITYB, C TAKUM PacdeToOM, YTOOBI TP KPEHE
45...50° oH OBl AaH NOJHOCTHIO.

[To Mepe HaKpeHEeHHUs caMoJIeTa IEHTPOCTPEMUTENbHAS criia YSIN/ | HCKPHUBIISAIOIIAs
TPAEKTOPHUIO ABIKEHHS, BO3pacTaeT. J{Jisi coXpaHeHHsI TOCTOSHCTBA BBICOTHI IIPH BBOJIE
caMmoJieTa B BUpaX HE0OX0IMMO BOMpaHUEM PYYKH yIIpaBIICHHs Ha ceOsl yBEITMUUTH YTOJl aTaKH
ISl YBEITMUCHHS TIObEMHOM CUITBI (COXpaHseTcs paBeHCTBO YC0S/ =G). C yBenuveHueM yria
aTaKy pacTeT JIOOOBOE CONMPOTUBIICHHE, IO3TOMY B IIPOIECCE BBOJIA CAMOJIETa B BUPAXK IS
COXPAaHEHHUS CKOPOCTH HEOOXOAUMO YBEIUUUTH 000POTHI ABUTATENS (COXpaHss IpU ITOM
paBencTBo P=G).

[Tpu BBOZIE camoJieTa B BUPak HEOOXOIUMO CIIEIUTH 32 COXPAHEHUEM MPABMIIHOTO TIOJI0KESHHUS
BUJIIMBIX YacTeil poHapsi KaOWHBI U KAalloTa caMoJieTa OTHOCUTEIIEHO TOPH30HTA, 32 TUIABHBIM
o0Opa3oBaHUeM KpeHa U KOOPIMHAIIMEH OTKIIOHEHHUS pyJel (IIapuK yKa3aTellsi CKOJIbKCHHUS
JIOJDKEH HaXOUTHCS B IIEHTpe) BenmnunHy KpeHa onpenensiTb BU3yalIbHO IO MOJIOKEHHIO
nepenHux yacted poHapst KaOWHBI M KaroTa caMojieTa OTHOCUTEIBHO TOPU30HTA M Ha CaMOJIeTe
Ax-52 KOHTPOIMPOBATH [0 ABUATOPU30HTY

[Ipu manom KkpeHe NoJIo’KeHHe KaroTa caMoJieTa OTHOCUTEIHHO TOPU30HTA MOIJIEPKUBATH
pyJieM BBICOTHI, a YTIIOBOE BpAIICHUE - pyjieM HampasiaeHus. [1o noctmkennn kpeHa 45° u 6oiee
(Ipy nanbHEHIEM ero yBEIMUEHHH) COBMECTHO C JAbHEUITUM OTKIOHEHUEM PYIKU
yIpaBieHHUs Ha ce0s1 He00X0IMMO OCJIa0IATh HAKUM Ha TeIallb, OTKIOHCHHYIO B CTOPOHY
BHpaka (IIpeaynpex1aTh TEHICHIUIO CaMOJIeTa K OITyCKaHHIO KalnoTa HaXKMMOM Ha Ie/lalb
IIPOTHB KpEHa - BHEILIHIOIO Ie/1aJIb).

[Tpu BBIMOJIHEHNH TITYOOKOTO BUpa)xa Ipu KpeHe 0osiee 45° MpoOUCXOaUT NepeMeHa JeHCTBUS
pynei ynpasieHus. Pyiab BBICOTI HAUMHAET BBIIOIHATE (DYHKIUIO PyJis HalpaBlIeHUs, a pyJib
HanpaBJeHUs - pyis BICOTHL. [loaToMy a1 nmoaepxanust HEOOXOAUMOTO MOJIOKEHHS KarloTa U
BUJMMBIX YacTel (poHapst KaOUHBI camMosieTa OTHOCUTEIBHO TOPU30HTA B OOJIBLIEH CTENIEHU
OTKJIOHSIETCS PYJIb HAIIPABJICHUS U B MEHBIIEH CTENIEHH - PYJIb BBICOTHI, a YIIIOBasi CKOPOCTb
BpallleHHs cOo3/1aeTcsl B 0OJIbILEl CTENEeHH PyJIeM BBICOTHI U B MEHBLIEH CTENEHU - pyJIeM
HanpaBJeHUsA. YKa3aHHas NepeMeHa JeUCTBUS PyIsIMH NPOSBISAETCS TOJIbKO B OTHOLICHUH
IIOJIOKEHMSI CaMOJIeTa OTHOCUTENIBLHO TOPU30HTA. MI3MeHeHue yria aTaky 1o -IpexHeMy
OCYIIECTBIISICTCS PYJIEM BBICOTHI, @ YIJla CKOJIBKEHUS - PYJIEM HalpaBJiIeHUs

Kak ToJIbKO KpeH IOCTUTHET 3a/1aHHOI0, HEOOX0UMO 3a(hUKCHPOBATh €0 HEOOJIbIIUM
OTKJIOHEHUEM PYYKHU YIPABIIEHUS B CTOPOHY, IPOTHBOIIOJIOKHYIO KPEHY, U OCIa0UTh HAXKUM Ha
BHYTPEHHIOIO Neianb. CoXpaHsisl yIJIOBYIO CKOPOCTb, IPOA0JDKATh BBINOJIHEHHE BUPaXKa.

B ycranoBuBIIEMCS BUpa)ke KOHTPOJIMPOBATH MOJIOKEHUE BUJUMBIX YacTeil poHapss KaOUHBI U
KaIoTa camMoJjieTa OTHOCUTEIbHO TOPU30HTA, BEIMUMHY KPEeHa, IIOKa3aHus NpuOopoB (yKka3aTemns
CKOPOCTH, MTOJIOKEHHSI IIapUKa YKa3aTellsl CKOJIbKEHUs, BApPUOMETPA, BBICOTOMEpaA U
aBHAropu30HTA).

Heo0x011M0 MOMHHUTE, YTO B MPOLIECCE BHIMOIHEHHS YCTAHOBUBILETOCS BUpaXka BHEIIHEe
MOJIYKPBIJIO JIBMKETCS ¢ OOJIbLIEH CKOPOCThIO, YeM BHYTpeHHee. LIeHTp faBieHus U3 MiaoCcKOCTH
CUMMETPHHU NIepEeMEIAeTCs BO BHEIIHIOI CTOPOHY, B PE3yJbTaTe Yero Ha caMoJIeT eHCcTBYeT
KPEHSIUI MOMEHT B CTOPOHY BUpa)ka, KOTOPBIH MAapUPyeTCsl OTKIIOHEHUEM PYUKH YIIpaBJICHUS
BO BHELIHIOIO CTOpOHY. [IpH 3TOM ciiefyeT yuuThIBaTh BIUSHHE THPOCKOIIMYECKOIO MOMEHTA.
BeiBoz 13 BUpaka HaunHaTh 3a 30° 10 HAMEYEHHOT'0 OPUEHTUPA KOOPANHUPOBAHHBIM
JIBMDKEHUEM PYUKH YIIPaBJICHUS U MeJajeil B CTOPOHY, 0OpaTHYIO BPaIICHUIO, IIPU 3TOM PYUKY
yIIpaBJIEHUs OTKJIOHATH BIIEpe]l M0 AUAaroHalu sl yMEHBIICHUS yIila aTaku U MpeaynpeKIeHus



II0JbEMa KaroTa camoJIeTa OTHOCUTEIILHO rOpu30HTa. [I0 Mepe yMEHbIIEHHs KpeHa TUIABHO
YMEHBIIUTH 000POTHI ABUraTeNs (HaAIyB), 4TOOBI K KOHILY BBIBOJIA O0OPOTHI ABUTATENS
COOTBETCTBOBAJIM 3aJAHHOW CKOPOCTH BBIBOJA U3 BUPAXKA.

Brixon u3 Bupaxa J07KeH ObITh IPOM3BE/ICH B HAIIPABICHUH BEIOPAHHOTO OPUEHTUPA U
3alaHHOro Kypca. Ilocie BbIBOja camoiieTa B TOpU30HTANIBHBIN II0JIET PYYKY YIIPABICHUS U
IIE€JJAJIM [IOCTABUTH B HEUTPAIBHOE IIOJIOKECHUE.

XAPAKTEPHBIE OIINBKH, AOI1YCKAEMBIE IIPHU BbIIIO/IHEHHUH BUPAKA

Ilpu évinonnenuu gupasiceil hadiooaomesn ciedyroujue ouwuoKu:

- HECOOTBETCTBUEC MOIITHOCTHU CHUJIOBOM YCTaHOBKHU BCIIMYMHEC KPCHA - CAMOJICT TCPACT NI
HaOHMpaeT BHICOTY (YBEIMYMBACT WM YMCHBIIIACT CKOPOCTH);

-.TIEPETIATUBAHUE PYUKH YIIPABIECHUS HA ce€0s - YBEIMUUBACTCS NIEPErpy3Ka, CaMOJIET TepseT
CKOPOCTBb, BOSMOJKCH CPbIB B LITOIMOP UM HITOMMOPHOC BPpALICHUC,

- KaroT camoJieTa He yAEP>KUBACTCS MEJAISIMU TI0 TOPU30HTY - U3JIMITHE OTKJIOHSETCS Te1alb B
CTOPOHY BHUPa)Ka, YTO BBI3BIBAET OIMyCKAaHUE KAIOTa CaMOJIETa, YBETUIHUBACTCS CKOPOCTh U
TEPACTCA BbICOTA; MAJIOC OTKIIOHCHUC II€AaJIU B CTOPOHY BHpaKa MPHUBOJIUT K IOALEMY KalloTa
camoJieTa, yMEHbIIIAeTCs] CKOPOCTh U HAOMPaAEeTCs BBICOTA;

- HEKOOPJMHUPOBAHHBIE ICHCTBUSI PYJISIMU YIIPABJICHUS IIPU BBOJE B BUPAX M BBIBOJIE U3 HETO -
BO3HUKACT BHYTPCHHEC UJIW BHCIIHEC CKOJIBXKCHHUE U NU3MCHACTCA BBICOTA U CKOPOCTD,

pGSKI/II\/’I BBO/J] CaMOJIETA B BUPAX U pe31<1/1171 BBIBOJI U3 HET'O - HC BBIJCPIKHUBACTCA CKOPOCTh U
BBICOTA;

HETOYHBIHI BBIBO/I 110 HAITPaBJICHUTO.

[Ipu BeIMOJIHEHNHU BUpaXka HEOOXOAUMO 3HATh, UTO MPU MEPETATUBAHUH PYUKHU YIIPaBICHUS
CPBIB camMoJieTa IPOUCXOUT 03 MpeaynpeaAnTeIbHON Tpsicku. [losTomMy mipu 3aropanuu
namriouku «CpbiBy» Ha caMmoJieTe Sk-52 HeoOX0IMMO YMEHBIIIUTH TAHYIEE YCUIIUE Ha PyUKe
yIpaBieHUs, YTO MPUBEIET K YMEHBILEHUIO YTIIOBOTO BPAILIEHUS U MIEPErpy3KH.

He6omnpire oTKI0HEHUS IO KPEHY B MPOLIECCe BUpaXa ClelyeT NapupoBaTh OTKIOHEHUEM
pyuKu yrpasieHus u nefanei. [lpu omyckanuu kamoTa caMmoJieTa M1 HApaCTaHUU CKOPOCTH
HE0OX0IMMO CHayaJia BEIBECTH CaMOJIET U3 KPEHa, 3aTeM B3SITHEM PYUKHU yIIpaBJiIeHUs Ha ceOsl -
B TOPU3OHTAJIBHBIN MOJIET.

Ecnu npu BbITIOJIHEHUH BUpPaXka MPOU30IIENT CPHIB CAaMOJIETa, TO PYUKY yIpaBICHHUS HEOOXO0AUMO
OTKJIOHUTH OT ce0s1, BRIBECTH CaMOJIET B TOPU30HTANIbHBIH MOJIET, OCIIE Yero BHOBb BBECTHU B
BHUPaX.

CIIUPAJIb

Cnupansro Ha3bpIBaETCS MOJET CaMOJIeTa IO BUHTOBOW JIMHUM (TPAEKTOPHUH) C 3aJaHHBIM KPEHOM
U ckopocThio. Criupals npeacTaBisieT co00il NIUTEIbHBIN BUPaXX HA TUIAHWPOBAHUU WIIH
noaseMe. Ecnu cinpans npuMensieTcs Uit Habopa BbICOTHI, OHA HA3bIBACTCSA 80CX00AULel, €CITH
JUIS IOTEPU BBICOTHI - Hucxodaujen. Ecinu kpeH HeOObIION BETUYUHBI U PAJAUYC CIIMpald
JOBOJILHO OOJIBIION, CIIMpaib Ha3bIBaeTCs moJoroi. Ecnu kpen cnupanu Oonbiie 45°, a paauyc
MaJioi BETUYMHBI, CIIUPAIb HA3bIBACTCSI KDY OIL.

Ecnu ckopocTs, yroi KpeHa 1 yroj HakjIoHa TPaeKTOPUU C TeYCHHUEM BPEMEHHU HEe U3MEHSIOTCS,
CIIUPAJIb HA3bIBACTCS YCHAHOBUGUIEILCA.

YcTaHOBUBILIASCS CIIUPATh HA3bIBACTCS HPABUIbHOIL, €CITH OHA BBITIOJIHSACTCS 0€3 CKOIBKEHHUS.

CXEMA CHUJI U YPABHEHUA ABUKEHUA HA CIIUPAJIN

Cxema CHJ1, HeﬁCTBYIOLHHX Ha CaMOJICT IIPpU BBITIOJIHECHUHW CITUPAJIHU, ITOKAa3aHa Ha Puc. 186.
PaCCMOTpI/IM BOCXOAIIYTO CITUpAJIb. OnHa MOJKET BBIIIOJIHATHCS KaK C TATOW CHIIOBOU YCTaHOBKH,
TaK u 0e3 Hee. PaCCMOTpI/IM BBITIOJIHCHUEC CITUpAJIA C TATOM CHUIIOBOM YCTaHOBKH Ha MAJIOM rasy.



CamMoJieT CHUKAETCS C MOCTOSIHHBIM YIJIOM K TOPU30HTY MO TPACKTOPHUH, IPEICTABIISIONICH
HWIMHAPUYECKYIO BUHTOBYIO JIMHUIO.
JIBH>KEHME LHEHTPA TSHKECTU COCTOUT U3 ABYX JBHXKEHUI: BHU3 C BEPTUKAIBHOM CKOPOCTHIO

Vy=Vsin @ u B ropu3oHTaILHOl MIIOCKOCTH 110 OKPYKHOCTH €O ckopocThio VX=Vc0s. ¢
Bec camornera G packiiafpiBaeTcs Ha JBE COCTABIIAIOIINUE, JIEKAIINE B BEPTUKAIBHOMN IJIOCKOCTH:

Gcost u G sin® . Tlogbemuas cuna Y HakIOHEHa BIICPCA M B CTOPOHY U PACKIaAbIBACTCSA HA NBC
cocTapJsitomue: Y COSY - Jexalie B BEpTUKaIbHOM MIOCKOCTH U HAKJIOHEHHOM Briepen u Y

sin’ -nexarueil B ropu30HTANBHOM MIockocTH. HeypaBHoBenenHas cua Y sin€ sapnsercs
LIEHTPOCTPEMUTEIBHON CUJIOW, UCKPUBIIAIOIIEH TPACKTOPHUIO JIBHKEHUS CaMOJIETA.

Cocrasisitoras Beca Gcoséd YPaBHOBEIIMBACTCS COCTABJISIONICH O IbeMHOM CHITbl YCO0S7 | a

cocrapnsomas G sin® u Tara cuinoBoii ycraHoBKM P - ypaBHOBeIIMBAeT 1060BoE
comnpoTuBiieHne X.

Puc. 186 Cxema cun na cnupanu
VYrpapieHus IBMKEHUS caMOJIeTa Ha YCTAaHOBHUBIICHCA HUCXOIAIIECH CIUpaId UMEIOT BUI:
YCIIOBHE MMOCTOAHCTBA CKOPOCTHU
X—-P-Gsind=0; (11.25)
YCJIIOBHE MOCTOSHCTBA yIJIa HAKJIIOHA TPAEKTOPHUU
Ycosy—Gceosd=0: (11.26)
YCIIOBUE UCKPUBIIEHUS TPACKTOPUUA
mV?cos® @

Ysiny =
4 r.(11.27)

INIEPEI'PY3KA HA CITMPAJIN

[leperpyska Ha criupaiiu, AEWCTBYIOIIAS 10 HAIPABICHUIO MOILEMHON CHIIBI Y, OIIPEeIsIeTCs
U3 YCIIOBUS MOCTOSHCTBA YTJa HAaKJIOHA TpaekTopuu mnosiera (11.26):

Y cosd

G cosy (11.28)
IlomHasa NeperpyskKa Ha Criupajiv ¢ y4eToOM I_[eHTpOCTpeMI/ITCJIBHOﬁ CHUJIbI PI_IC OIIPCACIIACTCA 110
bopmyne

n, =+/1+ (tgy cos? 6)>. (11.29)

N3 dopmyn (11.28) u (11.29) cnenyer, uyto neperpyska Ha ClIMpalid MEHbLIIE, YeM Ha BUpake
IIPU TOM K€ yIJie KpeHa, IOTOMY 4TO COCTaBJIstomas Y COSy ypaBHOBEIIMBAET HE MOJHBIN Bec

camoJieTa, Kak Ha BUpasKe, a ero cocTapJsiontyto Gcosf . Uem MeHble yros HAKIOHa
TPaeKTOPUH I0JIeTa, TEM MEHbIIIEe TOTpeOHas neperpyska. [loTpebHas neperpyska Ha cipain



Beer/a 6oJIble eMHHIIBI, TaK KaK YToJl HakJIoHa TpaekTopur & MeHble yria KpeHa camoleTa
7.

CKOPOCTDb HA CIITMPAJIN

[ToTpebHas cKOpOCTh Ha CIMpay onpeensercs u3 ypasaenus (11.26) ycnoBust HoCTOSTHCTBA

yria HakioHa tpaexropun (¥ €087 =GC0S6) Tloncrasus BMecTo noxpeMuoil cribl Y ee
Pa3sBEpHYTOE BBIPAKEHUE, TTOTYUUM

2
Cy&ZCHScos;/zGcosa

2
Cy¢2C”S=G n,,

2G
V.. = |——n, =V, ./n,.
“oyCyps Y VY (11.30)

N3 gopmymnsl (11.30) cnenyer, 94TO CKOPOCTH, MOTPEOHAS ISl BHIIIOJHEHUS CIIMPAIH, OOJIbIIe
MOTPEeOHON CKOPOCTH JUIsl TOPU30HTAILHOTO TOJIETa IIPH OJMHAKOBOM YIJIe aTaKu.

[Tpu BEITIOTHEHUH CITUPATH CKOPOCThH OCTAETCsI, KaK MPABUIIO, TOCTOSIHHOM, @ U3MEHSETCS YToJI
aTaKy.

Koaddunment mogpemuoit cuibl Cy B IMana3oHe JIETHBIX YIIIOB aTakd MPSIMO MPOTIOPIIHOHAICH
yriam ataku, a Tak kak Cy omimgaercs ot Cycn Ha Benmmuuny neperpysku Ny(Cycen Cyrz Ny),
TO, CJIEZIOBATENIbHO, U YIJIbl aTaKW HAa CIHPAIN OTIMYAIOTCS OT YIJIOB aTaKu TOPU30HTAIBHOTO
MoJIeTa Ha Ty )K€ BEJIUUYUHY, T. €.

otkyna mpu Cy=const

Ccp =g Ny
(11.31)
N3 dopmymnet (11.31) cnexyeT, 9To pH BHIMOIHEHUN CITUPAIA HA TTIOCTOSTHHOW CKOPOCTH YTOJI
aTaKd YBEITMYMBACTCSI MMPOMOPIIHOHAEHO TIEpErpy3Ke.

PAANYC CITUPAJIN

Kak y»xe roBopuiock, 4To TpaeKTOpHUs CIIUPAJIH MPEACTaBISAET COO0M HUITUHAPUIECKYIO
BUHTOBYIO JIMHUIO, CJIEIOBATEIHHO, PAINyCOM CIHPAIA MOKHO CUUTATh PANYC IIMIUHIPA.
N3 ypaBuenus (11.27) - yclioBHs HCKPUBJIEHUS TPACKTOPHUH - HAXOIUM

. mV?2cos? @
Ysiny=———=
Ven ,
OTKyJla
_ GV?cos’6
T gYsing (11.32)

N3 dpopmymnsl (11.32) cnenyet, 4TO ¢ yBEIMUEHHUEM CKOPOCTH Pajldyc CIIUpai BO3PACTAET, a C
YBEJIIMYEHUEM YIJIa KPEHA U YIJIa CHUKEHUS - YMEHbBILIAETCSI.

Pajiuyc crimpany BCerjia MeHbIlle pajauyca BUpaxa, Tak kak cos6 <l

AT’ CITUPAJIN

BricoTa, KOTOpytO TepsieT camoJieT (MM HaOMpaeT) 3a OJTMH BUTOK CITUPAJIH, HA3bIBACTCS MA2OM
cnupanu.



Jlyis onpeienieHus mara Ciupaii He0OX0IMMO PACCMOTPETh MPSMOYTOJIBHBIN TPEYroJIbHUK
pa3BepTku oaHOTO BUTKA ciimpanu (Puc. 187). M3 pucynka criemyer, 4To

N, =271 1960
(11.33)
Hu
2 2 a3
he, = 22V Cosetg9=0,064v tsmel
g tgy 3
(11.34)

N3 dpopmymer (11.34) cnemyer, 9To MpH yBETMYSHUH CKOPOCTHU U YIila HAKJIOHA TPACKTOPHUU
nojera & war coupany yBeld4UBaeTCs.

Hauevizooneiimana cnupans na nnanuposanuu. Civpaib, 3a OJUH BUTOK KOTOPOM caMoJieT
TepsieT HAUMEHBUIYIO BBICOTY, Ha3bIBAETCSl HaugvlcoOHeluieil. BeptukaibHas ckopocts VY npu
BBINIOJIHEHUH HAaWBBITOJHEHIIEN CIMpaii UMEET HAMMEHbIIYI0 BETMYMHY. MUHUMabHas
BEpPTHKaJIbHAsI CKOPOCTh Ha MJIAHWPOBAHUU TOJy4YaeTcs NP BBINOJIHEHUH TI0JIETa Ha
SKOHOMMYECKOM YTJie aTaku. J[j1s1 HauBbIrogHemeit cnupanu Tpedyercs KpeH 45° U CKOpocCTb,
MIPEBBILIAIONIAS SKOHOMUYECKYIO COOTBETCTBEHHO KpeHY. DTU CUPAIU ObUIN UCCIIEJOBAHbI
COBETCKMM yueHbIM B. I1. BeTunHKkHHBIM.

[Ipu ucroTHEHNM HAMBBITOAHEHIIICH CITMPAU 3arac CKOPOCTH (PaKTUUECKH OTCYTCTBYET.
CnenoBarenbHO, OIMOKa B MUJIOTUPOBAHUM CaMOJIETa MOYKET MPUBECTH K CPHIBY caMoJieTa B
HITOTIOP.

BbInosiHATh HAaMBBITOIHEHIITYIO CLIMPaib HEOOXO0AUMO TOJIBKO Ha 0€30TIaCHOM BBICOTE.

Y=Yos & - 0

et
s iz

2xe

Puc. 187 K onpedenenuio waza cnupanu

MuHMMAaJIBHBIN [Iar CIIMPAIU MMOJIy4aeTCs Ipu KpeHe y=45°, Tak Kak Sin 27 umeer npu 3ToM
MaKCHMaJIbHOE 3Hau€HUE, T. €, BHINIOJIHEHUE CIIUPAIN ¢ KpeHOM OoJiee i MmeHee 45° BesIeT K
yBEJIMYEHHIO I1ara cnupainu. Eciu kpeH Ha criupanu MeHee 45°, Ta BpeMsi BBITIOJIHEHUS! CIIUPaIH
(0THOTO BUTKA) YBEIMYMBACTCSI, COOTBETCTBEHHO YBEJIMYUBACTCS M TOTEPS BHICOTHI 32 OJIUH
BUTOK. Ecnu kpeH Ha criupanu 6osiee 45°, To BCIIeACTBUE YBEIUUYSHUS TIEPErpy3Ku U, Kak
CJIEJICTBUE, T0OOBOTO CONMPOTUBIICHUS CKOPOCTh YMEHBIIIAETCS, TO3TOMY JJIsl COXpaHEHUs
CKOPOCTH HEOOXOIUMO YBEIMYUTH yroJl TPAEKTOPUH T0JieTa 0, YTO MPUBOIUT K YBEIMUEHUIO
BEPTUKATBHON CKOPOCTH CHUKEHHS, U IOTEPS BBICOTHI TAK)KE YBEJIMUUTCS 332 OJUH BUTOK;
yBEJIMYCHHE adPOJMHAMUYECKOr0 KauyecTBa MPUBOIUT K YMEHBIICHHIO IIara CIHpaii;

C YBEJIMUYEHUEM TMEPErpy3KH IIar CIUpPaIl yMEHbIIAETCS.

TEXHUKA BbIIIOJIHEHHUA CITUPAJIN

Cnupans BeInosHseTcs Ha ckopoctd 180 km/u u kpeHe 45°. Ilepes BHINOIHEHUEM CIIMpaTU
OCMOTPETH BO3/YIIHOE ITPOCTPAHCTBO, 0CO00€ BHUMAHUE YJIIUTh CTOPOHE, B KOTOPYIO Oy/eT
BBITNOJIHATECS CIIUPalib, CBOOOIHO JIM BO3YIIHOE IPOCTPAHCTBO. B perknme niaHupoBaHUS
YCTaHOBUTB CKOPOCTh 180 KM/4, IPH MOJI0KEHUH PHIYAroB YIIPABJIEHUS IPOCCETbHON 3aCIIOHKON
KapOropaTopa - MOJHOCTBIO Ha ce0sl, II1aroM BHHTA - MTOJIHOCTHIO OT ce0s. [ImaBHbIM 1



KOOPAMHUPOBAHHBIM JBIKEHUEM PYUYKHU YIIPABJICHUS U IEAANIEH BBECTH CAMOJIET B CIIUPAJIb.

3ananHblii yro camkenus ¢ u yroa kpeHa 7 BbIIEPKMBATH O BUAMMBIM YacTaM (GoHaps
KaOMHBI cCaMoJIeTa U KaroTa OTHOCUTENIFHO TOPU30HTA, a TaKXkKe 1Mo aBuaropusoHTy. [1o mepe
YBEJIMUEHUS YTila HEOOXO0MMO YBEJIIMYHUTDH NEPErpy3Ky C TAKUM PACcY€TOM, YTOOBI IIPH 3aJaHHOM

KPEHE COCTABJIAIONIAs [0 IbEMHOI CHIbI YCos? ypaBHOBemmBaia coctasisiomryio G cos 0.
Ilo AOCTHKCHHUH 3aJaHHOTO KPCHA HEC3HAYUTCIIbHBIM JABMIKCHUECM PYUKH YIIPABJIICHUA U nenaneﬁ
B CTOPOHY, IPOTUBOIIOJI0KHYIO CIIUPAJIN, YCTPAHUTh CTPEMJICHHE CaMOJIeTa K YBEITUUYEHHUIO
KpEHa, YIIIOBOW CKOPOCTU U CKOPOCTHU 110 TPAEKTOPHH.

Ha CIIMpPAJIF 3a CUCT PA3SHOCTH NMOABEMHBIX CHJI BHCITHCTO U BHYTPCHHCTO IMNOJTYKPBIJIILEB
CaMOJIET CTPEMUTCS YBEIMYUTH YIOJl KpeHa. Takyke Py BBIIOJHEHUHU IIPAaBOM CIIMPAIIN 33 CUET
THPOCKOIINYCCKOI'0O MOMCHTA CHJIOBOM YCTaHOBKHU CaMOJICT CTPECMUTCA YBCIUYUTD YI'OJI Kp€Ha U
TaHTaXka, a Ha JIeBOU CIUpPaii, HA00OPOT - YMEHBIINTb.

BriaepxuBanue 3aJaHHON CKOPOCTH Ha CIHMPAIU MPOU3BOAUTH U3BMEHEHUEM YIila HaKJIOHA

TPaeKTOPHH, TEM CaMbIM U3MEHSISI BEIMUMHY COCTABIISIONIEH Beca camorera GSin 0 (ne
JIOTIYCKasi CKOJIbYKEHUS - IIAPUK B LIEHTPE).

Baumanue Ha cnimpany pacupenesnsercs Tak ke, Kak IPY BBINOJHEHUN BUpaxa. B mponecce
BBITNIOJIHEHUS CIIMPAIA KOHTPOJIMPOBATh TEMIIEPATYPHBIN peXUM paObOThl IBUTATENS, HE
JIOTIyCKasi HOHKEHUS TEMIIEpaTypbl TOJOBOK LIMIMHIPOB HIKE 150° u Temneparypsl Macia
Huxke 40°.

BeIBOZ M3 crivpany npou3BOANTE KOOPAUHUPOBAHHBIMU OTKIOHEHHUSIMHU PYYKH YIIPABICHUS U
nejanei B CTOPOHY, MPOTHUBOIONOXKHYIO KpeHy. [Ipu 3ToM Bo u3bekaHne noTepu CKOpoCTH
BHayaJyie yOpaTh KpeH U YIJIOBO€ MepeMeIlleHre, a 3aTeM BBIBECTH CAMOJIET B TOPU30HTAIIbHBIN
MOJIET.

XAPAKTEPHBIE OIINBKH ITPU BbIIIOJIHEHUH CITUPAJIU:

HEKOOPIMHUPOBAHHBINA BBOJI B CITUPAJIb - CAMOJICT PAa3BOPAUYNBACTCS C BHEITHUM CKOJIBKCHUEM
WJIH BHYTPEHHUM;

HE BBIICPKUBACTCS YroJI HAKJIOHA TPACKTOPHH, ITPOJIOIBLHOM OCH CaMOJIeTa OTHOCHTEIHLHO
TOPU30HTA - YBEJIMYHUBACTCS WM YMCHBIIIACTCSA CKOPOCTh;

HE TIOJIZICPKUBACTCS KPCH 3aIaHHOM BEJTMYMHBI - CAMOJIET OITYCKAeT KaroT, YBETUIHBACTCS
CKOPOCTh M CAMOJIET BXOUT B KPYTYIO CITUPAJIb C YBEJIUYCHHEM CKOPOCTH.

[Ipu yBeTMUYEHUH TOCTYNATEIPHOW U BEPTUKAILHOM CKOPOCTH U BXOJIC B KPYTYIO CIIUPAJIh
HE00XOIUMO:

BBIBECTH CaMOJIET U3 KpEHa;

YMEHBIIUTD yroJl CHI)KCHHS,

BBIBECTH CaMOJICT B TOPU30HTAJILHBIN ITOJIET.

IHNNKUPOBAHUE

ITuxkuposanuem Ha3pIBaeTCs KPYTOE CHIKEHHE CaMOJIeTa IO MPSIMOJIMHEIHOM TPaeKTOpUH C
yriaamu HakioHa 30° u Gouee.

Ono npumensiercst A1 ObICTPOI MOTEPH BBHICOTHI M pa3roHa CKOpoCTH. IIpy BHIOIHEHUU
CJI0’KHOTO U BBICHIErO MHJIOTaXa MUKUPOBAHUE SBJISIETCS COCTABHBIM 3JIEMEHTOM OOJIBLIMHCTBA
dburyp.

[TukupoBaHue Mopa3iensercs Ha BUAbL:

II0JIOTO€ - C YIJIOM IUKUPOBAaHUS MeHee 8<45°;

KpyToe - ¢ yriom 0 =45...80°;

oTBecHoE - ¢ yrnamu 0 =80...90°;

OTpHLATENIbHOE - ¢ yriamu 0 >90°.

[TukupoBaHHe COCTOUT U3 TPEX HIEMEHTOB: BBOJIa, MPSIMOJIMHEHHOTO yyacTKa U BbIBOJa. BBoa u
BBIBO/I SIBJISIFOTCS] KPUBOJIMHEHHBIMY MaHEBPaMH.



B600 6 nuxkuposanue. C TOUKM 3peHUs BBIIIOJHEHUS HE MIPEICTABISET TpyAHOCTEN. BBOA B
MMKUPOBAHUE OCYIIECTBIIETCS C pa3BOpPOTa U ¢ npsiMoil. PaccmoTpuM o0a ciryyast.

B600 ¢ nuxkupoganue c pazeopoma. Ilpumensercs A BBIIOJHEHHS 3aX0/a 1O CTpeJe KBagpaTa
MUJIO0TaXa.

IlycTh caMoJIeT JIETUT B TOPU3OHTAIBHOMN IUNIOCKOCTH (B TOPU30OHTAIBHOM II0JIETE), BCE CHIIBI,
JNEUCTBYIOLIME HA CaMOJIET, HaXO4ATCs B paBHOBecHM. 1Ipy BBOIe caMosieTa B IMKUPOBaHUE C
pa3BOpOTa CO3AETCs LEHTPOCTPEMUTEIIbHAS CUIIA, KOTOPas UCKPUBIIAECT TPACKTOPHIO 110JIETA B
TFOPU30HTAIBHOM U BEPTUKAIBHOM IIIOCKOCTU. Cxema CcuJl, IEHCTBYIOIIMX Ha CaMOJIET IIPU BBOJIE
C mpsIMOH, okazana Ha Puc. 188.

X & sn@

Puc. 188 Cxema cun, deiicmayroujux na camonem npu RUKUPOBaAHUU

[lenTpOoCTpeMUTENBLHON CUIION, HCKPUBJISIONIEH TPAEKTOPHUIO TTOJIETA B BEPTUKAIBHOU
MJIOCKOCTH, SIBJISETCS Pa3HOCTh MEX/1y COCTABIISIIOIIEH MOILEMHON CHUJIBI M COCTABIISIIONIEH Beca
camoJiera

LleHTpOCTpEMUTETBLHOM CUIION, UCKPUBJISIONIEH TPACKTOPHUIO TOJIETa B TOPU30HTATIBHOM
IJIOCKOCTH, SIBJISIETCS HEypaBHOBEIICHHAs TOPU30HTAIbHAS MIPOEKIUS MTObEMHOMN CHIIBI

B600 6 nukuposanue ¢ npamoii uz 20pu3oHmanbHo20 noiema. BBog MOXeT ObITh pe3kum u
naagnbim. PacCMOTPHUM IIaBHBIN BBO/I.

[IycTh camoJIeT JeTUT B TOPU30HTATIBLHON TNIOCKOCTH (TOPU30HTAIBLHOM I0JIETE), CUJIbI,
JeMCTBYIOLINE HA HETO, HAXOATCS B paBHOBecHH. JIJi BBOJ]a caMoJieTa B TUKUPOBAHKE
HEO0OX0IMMO CO3/1aTh LIGHTPOCTPEMUTEIBHYIO CHITY, HCKPUBIISIONIYIO TPAEKTOPHIO MOJIETa BHU3.
Omna co3naeTcs oTaauell pydku ypaBieHusi oT ceOsi, IPH 3TOM YMEHbILIAETCS yroJl aTaku U
MoJbEeMHas cliia Y CTaHOBUTCS MEHbIIIe Beca camotieTa G, rmoj AeiicTBreM
LIEHTPOCTPEMHUTEIILHOMN CUJIBI TPACKTOPHsI MMoJjieTa HCKpuBisieTcss BHU3 (cM. Puc. 188). Ilpu
OT/Ia4ye PYYKH yIpaBjieHUs OT ceOs Ha OOJBIIYI0 BEIUYMHY CO31aeTCsl MOMEHT, KOT/1a
MOJAbEMHAs CHJIa YMEHBIIACTCS 10 HYJIS U HEHTPOCTPEMUTEIBHON CHIION SBJISIETCSA BEC caMolieTa

G, a ITpHU YBCJIMYUCHUU YTJIa TUKUPOBAHUA - COCTABJIAIOIAA BECA G Sin9 . I[pyraﬂ COCTaBJIArOIIAs1
G COSQ HallpaBJICHA I10 KacaTeJabHOM K TPACKTOPHHU I10JICTA, COCTABJIAA PA3SHOCTD C JT000BBIM

COITPOTUBIIEHUEM U CYMMY C TATOM CUIOBOM YCTAHOBKOU (G cosf+P,, —X>0 ), U ABIISIETCS
YCKOPSIOIIEN CUIION.
[To mepe yBenmnueHHs HaKJIOHA TPAEKTOPHUH T0JIETA CKOPOCTh HA MMKUPOBAHUYU BO3PACTAET, TAK

KaK COCTaBJIAIOIIasA BECa G COSQ YBCIIMYUBACTCA, 4 COCTABJIAIOIIAas BECa Gsin 0 )
HEHTPOCTPEMUTCIIbHAS CUJId, YMCHBIIACTCA, TPACKTOPUA IMMOJICTA 6y,Z[CT BBIIPAMITATBCA. C
HapaCTaHHUEM CKOPOCTH CUJIA 71000BOTO COIIPOTUBJICHUA X pacTeT, TOPMO3s IBUIKCHUC. Kak
TOJIBKO YI'OJI IMKUPOBAHUSA JOCTUTHET 3aJIaHHOM BCJIMYUHBI, pPYUYKY YIIPABIICHUA HeO6XO,Z[I/IMO
3aCPIKATh U Ha 60J'IBH.IY[O BCJIMYHHY B34Tb Ha cebs. B IPOTHBHOM CJIy4dac 3a CUCT YMCHLIICHUSA



yria aTaky 0 OTpULIATEIbHON BEIMUMHBI CAMOJIET IPOIOJDKAET YBEIMUUBATh YroJl
MIUKUPOBAHMUSL.

Pe3kuii 6600 ¢ nukupoeanue. BozHukaeT npu pe3koil oTaue pyykd ynpaBieHUs OT ceds, Ipu
3TOM yroJI aTaKu CTAHOBUTCS OTPULIATENbHBIM M BOSHUKAET OTpULIATENbHAS [T0IbEMHAs CUIa (-
Y). B 3TOM ciydae eHTPOCTPEMHUTEILHON CHIION SIBJISIETCS (IIPU MAJIOM YTJIe aTaKh U BBOJIA)
CyMMa Beca caMmoJieTa ¥ OTPHLATEIbHOM o ibeMHO# critbl (G-Y), a pu yBeTMUSHHUN yriia

Haxs10Ha Tpaektopuu - (G sin 6-Y).

Takol BBOJI yMEHBIIIAET PAAUyC KPUBU3HBI TPACKTOPHUH U IIPUMEHSAETCS IIPU BBIIIOJIHEHUH
aKpoOATUIECKOTO MUIIOTAXKA.

[Teperpy3ka npu pe3koM BBOJIE€ B TUKUPOBAHUE UMEET OTPUIIATEIbHYIO BEIUUUHY.

[Ipu mi1aBHOM BBOJIE B TUKUPOBAHUE JIETUUK YACTUYHO TEPSET olnylieHrne secomoctu. [1o mepe
YBCIIMUYCHUA HAKJIOHA TPACKTOPHUM BHN3 BO3HUKACT pa3Hulla YCKOpeHI/Iﬁ TCJa JICTYUKA U
caMoJieTa. Y CKOpeHHE caMoJieTa YMEHbBIIAETCsl BCICACTBUE POCTA JIOOOBOTO COMPOTHBIICHUS
BO3/IyXa, a YCKOPEHHE Tella JICTYMKA HEe UCTIBITHIBACT COMPOTHBIICHHUS BO3/yXa U CTPEMHUTCSI
magaTthb C 0O0JIBIINM YCKOPCHUEM (HOSTOMy Y JIE€TUHUKaA NOABJIACTCA CTPEMJICHUEC BAJIMTHCA HA
MPUOOPHYIO JOCKY).

HpI/I PE3KOM BBOAC CaMOJIETAa B MMKUPOBAHUEC JICTYUK IO/ Z[el\/'ICTBI/IeM CUJIBI NHEPLUHA
OTJEJSIETCSI OT CHICHBS

MPAMOJIMHEMHBIN YYACTOK TPAEKTOPUU MUKUPOBAHUS

OH xapakTepu3yeTcst TeM, YTO Ha HEM MTPOUCXOIUT Pa3TOH CKOPOCTH CaMoJIeTa.

yCKOpeHI/Ie Ha IMKUPOBAHWH, KaK IIpaBUJIO, ITOJOXKHUTECIBHO. CamouJteT Ha IMMKUPOBAHUU
YBCIUYNBACT CKOPOCTD. Tak xak Ha prlMOJ’IHHGﬁHOM Y4aCTKE IMUKUPOBAHUA CKOPOCTH, 4 BMECTC
C HEIO W MOABEMHAsI CHJIa BO3PACTAOT, TO ISl 00eCTIeUeHHsI IIOCTOSHCTBA IO TbEMHOM CHJIBI H
MPSIMOJIMHEHHOCTH TPAeKTOPUHU HEOOXOAUMO ITOCTENICHHO YMEHBIIATh YIJIbI aTaK OTKJIOHEHHEM
PYYKH YIIpaBJIEHUS OT ceOsl.

Bb1600 u3 nuxupoeanus. I1py BBIIIOJTHEHUH MMKUPOBAHMS ITOIHEMHAS CHJIA UMEET MaTyIo
BEJIMYUHY W OTCYTCTBYET BOOOIIIE (TIPH OTBECHOM MUKUPOBAHUH), TIOATOMY JIJISl BBIBOJA U3
MUKUPOBAHUS HEOOXOAUMO YBEITMYUTh TIOABEMHYIO CHITY, YBEJIHUUB YTOJI aTaKU OTKJIOHEHHEM
PYYKH yrpaBieHus Ha ce0st. Bo3pacras, mogbeMHast Ciila CTAHOBUTCS OOJIBIIIE COCTABIISIONICH

Beca camouteta Gcos® . Tlox neiicTBHEM [EHTPOCTPEeMUTEIbHOM critbl Pric=Y-G cost
TPaeKTOPUS MUKUPOBAHUS HCKPUBIISAETCS, TIEPEXO0/IsI B TOPU3OHTAIBHBIN MoieT. Yem OosbIire
B3sTa Py4Ka YIpaBJICHUS Ha ceOsl, TeM OoJIbllie OyIeT BETMYMHA IIEHTPOCTPEMUTEIBHOM CHIIBI -
TEM MEHBIIIE PAINYC KPUBU3HBI TPACKTOPUHU U MOTEPS BHICOTHI Ha BbIBOJIE. [IpH BhIMOJIHEHU U
BBIX0/Ia U3 MMKAPOBAHUS HEOOXOMMO MTOMHHUTB, YTO YPE3MEPHOE B3ATHE PYIKH YIIPABJICHHUS Ha
ce0st BEJIET K YpEe3MEPHOMY YBEIIMUCHHUIO TIEPETPY30K.

[Ipu BeIBOJE M3 MUKUPOBAHUS CKOPOCTD, NMEPETPY3Ka, a, CIICAOBATEIBHO, U PAINYC KPUBU3HBI
TPaeKTOPUHU-BEIIMUUHBI IEPEMEHHBIE.

Ilomeps ébicombl Ha 6b1600e U3 nukuposanusn. Ha npakTuke 00JIbIIOE 3HAYCHUE UMEET TOTEPS
BBICOTBI Ha BBIBOJIE CaMoJIeTa U3 MUKUpoBaHus. JKenareabHo, 9TOOBI MOTEPS BBICOTHI ObLTAa Kak
MOXHO MeHblIe. [loTepst BBICOTBI 3aBUCHUT OT pajinyca KPUBU3HBI TPAEKTOPUU 110JIETA, KOTOPHIH,
B CBOIO OUY€pe/b, 3aBUCUT OT CKOPOCTH I0JIETA U NEPETPY3KU

B yueOHbIx mensx Ha camouierax Sk-52 u Sk-55 nukupoBaHue BHIMOIHIETCS HA CIEIYIOIINX
MPUOOPHBIX CKOPOCTSX:

BBOJ - 140 xMm/u;

Hayayio BeiBoAa-210 kM/4;

BBIBOJI B TOPU30OHTAJBHBIN 1MoJIeT - 280 KM/u.

TEXHUKA BbIIIOJIHEHUA INKUPOBAHUA

BBoj camoriera B MMKMpOBaHUE BHIMOTHSAETCS HA ckopocTH 140 KM/4 ¢ pa3BOpoTa W C
npsIMOii, ¢ 06opoTamu ABUraTesns uim 6e3 o000poToB.



B60o0 camonema c pazeopoma. Ilepen BbIIIOIHEHNEM TUKUPOBAHUS OCMOTPETH BO3IYLITHOE
MIPOCTPAHCTBO B HAMPABJICHUU MUKUPOBAHUSI, HAMETUTh OPUECHTUP JI1 BBOJIA. Y CTAHOBUTH
ckopocth 140 km/4. KoopAMHIMPOBaHHBIM JIBMKEHHEM PYUKH YIIPABJICHUS U MeAajeil BBECTH
CaMoJIeT B Pa3BOPOT C KpeHOM 35...45° B HaNpaBJICHUH BEIOPAHHOTO OPUEHTHPA.

B mporiecce pa3BopoTa MiIaBHO yMEHBIIUTE O0OOPOTHI ABUTATEINSI, OTHOBPEMEHHO TIEpEBE/Is
caMoJIeT B MUKUpoBaHue. K MOMEHTY OKOHYAHUS pa3BOPOTA YroJl MUKUPOBAHMSI TOJDKCH OBITH
3a/laHHbIA. Benmnuuny yriia nuKupoBaHusi KOHTPOJIUPOBATH 110 BUJIMMBIM YacTsIM KaOUHBI
camoJieTa OTHOCUTEJILHO TOPU30HTA U TI0 AaBUATOPU30HTY, a TAKXKE MOJIOKEHHUIO MOTYKPhUIHEB
OTHOCHUTEILHO TOPU30HTA.

[Ipu nmukupoBaHUM MOSBIISECTCS JABSIIEE YCUIIME HA PYYKE YIIPaBJICHUS, KOTOPOE BO3PACTAET C
YBEJIUYCHUEM CKOPOCTH MoJjieTa (MUKUpOoBaHus). B TeueHrne NMUKupoBaHus HE IOMyCKaTh KPEHOB
U Pa3BOPOTOB, CIEIUTH 3a BBICOTOM, CKOPOCTbIO MOJIETA.

[To nocTmwkeHnn CKOPOCTH Havasia BbIBOJA VBBIB, paBHOM 210 KM/4, MJIaBHBIM JBHUKEHUEM
PYUKH yIIpaBlieHUs Ha ce0s HayaTh BBIBOJ CaMOJieTa B TOPU3OHTAIBHBIN mosieT. [Ipu BeIBoIE U3
MMUKUPOBAHUS O0OPOTHI IBUTATENSI YBEIIMUUTD IO MaKCUMabHBIX. [leperpyska He nomkHa
npeBblaTh 4-5 i camouiera Ak-52 u +9 s camonera fk-55. CkopocTh BbIBO/A JOTKHA
ObITh paBHOM 280 KM/u.

B60o0 camonema ¢ nuxupoeanue c npamoii. Ilepeq BBINOIHEHUEM TUKUPOBAHUSI OCMOTPETD
BO3JIYIITHOE MPOCTPAHCTBO, 0CO00E BHUMAHUE yICIUTh HAMPABIECHUIO BBOIA (TIPSMO 10
HaIpaBJICHUIO BBIMIOJHEHUS MUKUPOBAHMSI), OTIPEICINB, CBOOOHO 1 OHO. HameTuTs opueHTrp
U1 BBOJIa. Y CTaHOBUTH cKOpocTh 140 km/4. [1naBHOM oTnavei pyuku yrnpaBieHUs OT ceOs
(meanu HaxomATCS B HEUTPATLHOM TOJIOKEHUH ) BBECTH CaMOJIET B MUKUPOBaHUE. T eHICHIIUIO
camoJIeTa B IIPOIECCE OT/IaYM PYUKH YIIPABICHUS OT Ce€0s - OTKIIOHSTHCS BIPABO, TAPUPOBATH
OTKJIOHEHUEM JICBOU MENaIIH.

[Tocne ycTaHOBIEHUS 3aIaHHOTO yTila MUKUPOBAHUS HE3HAYUTEIHHO OTKIOHUTH PYUKY
yrpaBieHus Ha ceOs AJIsl MpeKpalieHus JalbHEeHIero yBeaInueHus yria MUKUPOBaHuUs.
BenuuuHy yriia nuKupoBaHHsI KOHTPOJIUPOBATH MO aBUArOPU30HTY, BUAUMBIM YacTAM KaOHHBI
camoJieTa U MOJIYKPbUIbeB OTHOCUTEILHO FOPU30HTA. B mporiecce MUKUpOBaHuUs MOSIBIIAIOIIAECS
YCUJIUS HA PYYKe YIPaBIIEHUsI KOMIIEHCUPOBATh OTKJIOHEHHEM €€ OT ceOsa. OTKIOHEHUEM PYUKH
yIpaBieHUs OT ceOsl TOCTUraeTCsl TAKKE YMEHbIIIEHUE yIila aTaku U, KaK CJIeJICTBUE, TOAbEMHOMN
CHJIBI, KOTOPAsl yBEIMYUBACTCS C YBEIIMYEHUEM CKOPOCTH.

[To moctmwxkenun ckopoctu 210 KM/4 MIaBHBIM JBHKEHHEM PYUYKHU yIIpaBJIeHUs HA ceOsl HAYaTh
BBIBOJI CaMoJIeTa B TOPU30HTAIbHBIN 1nos1eT. [Ipu BbIBOIe M3 MUKUPOBAHMUS IIJIABHO YBEIUYUTh
000pOTHI ABUTATENS 10 MAaKCUMaIbHBIX. [leperpyska mpu BbIBOJIE HE A0JKHA ObITH Ooiee +5
1t camodiera Ax-52 u +9 - s camouera Sk-55.

IIpu BbINO/HEHNH NUKHPOBAHNUS He I0NYCKATh:

PE3KOro U3MEHEHUs 000POTOB JIBUrATEIs;

MOHM)KEHUST TEMIIEPATyphl TOJOBOK HUIMHIPOB ABuratesns menee 120°C u Temmneparypbl
BXOJIAIIEr0 Macjia B 1Burareis Hwke 40°C;

HEeMpephIBHOM paboThI ABUraTenst Ha obopoTax 6onee 83% B Teuenue Oonee 1 MuH.

[Ipu BBIMOJIHEHUU TUKUPOBAHUS HEOOXOJMMO MOMHUTD, YTO HAJTMYKME KPEHOB M BPAIICHUS
camoJieTa BOKPYT MPOJOJIbHOM OCH, BHI3BAHHOE OTKIIOHEHHEM PYJIsSl HAIIPABJICHUSI WU DJIEPOHOB,
MO>KET IPUBECTH K BXOJy caMoJIeTa B KPYTYIO CHpaib. BelieacTBuie yero caMmoser ¢ TpyaoM
BBIXOJHT U3 NMUKHpoBaHus. Clie0BaTeIbHO, €CIIM CAMOJIET HE BHIXOJUT U3 MUKUPOBAHHUS,
HE0OX0IMMO MPOBEPUTH - HET JIU KPEHa, He BOIIIEN JIU CaMOJIET B KPYTYIO criupalib. KoHTpoib
MIPOU3BOJIUTH IO BUTUMBIM YacTsM (poHapst KaOWHBI caMoJieTa U MOTYKPBIIHLEB OTHOCUTENHHO
ropu3oHTa (Ha camosere SIk-52 Takke Mo aBHaropu30HTY U yKa3aTelto MOBOpOTa U
CKOJIbKEHUS ).

Jl114 BBIBO/Ia caMoJieTa U3 KPYTOl Criupalii He0OX0AUMO CHavala yopaTh KpeH, a MoTOM
BBIBOJIUTH CAMOJIET U3 MUKUPOBAHUSI.



XAPAKTEPHBIE OIINBKH! ITPU BbIIIOJTHEHUU ITIMKUPOBAHUA:

IIPY BBOJIE B MUKHPOBAHUE C Pa3BOPOTA HE COOIIIOAETCS KOOPAWHAIMS ABIDKEHUH PYIIsMU;
NEPeTATUBAHNE PYUKH YIPABJICHUS HA pa3BOPOTE MPUBOJIUT K IMOTEPE CKOPOCTH;

pe3Kasi oTava pydKd yIpaBJIeHHs OT ceOs - BBOJI IPOU3BOJUTCS C OOJIBIION OTPUIIATEIBHOM
IIepErpy3KOH;

pe3Kue IBIKEHHS PYJISIMU YIPABICHHUS BO BPEMs IMKUPOBAHUS - HE COXPAHIETCS yroJl
MTUKAPOBAHUS;

B IIpOIIeCcCe MMKUPOBAHUS HE KOHTPOIUPYETCS TOJI0KEHNUE CaMOJIeTa 10 aBUAarOPU30HTY (Ha
camorere Sk-52), 0JI0KEHHIO TIOTYKPBUIbEB U BUANMBIX YacTell KaOWHBI caMoJIeTa
OTHOCHTEIIEHO TOPH30HTA,

MUKUPOBAHKE BBIMOJHSACTCS ¢ KPEHOM MJIHM YIJIOM, HE COOTBETCTBYIOIINM 33JJaHHBIM;

HE KOHTPOJIUPYETCS BHICOTA MTPH MUKUPOBAHHUH - BBIBOJI M3 TIMKMPOBAHUS TIPOU3BOJUTCS HA
BBICOTE HIKE 3aJJaHHOI;

PE3KUii BBIBOJI N3 TMKHUPOBAHUS C TIEPETATHBAHUEM PYYKH YIPABICHHS - BO3HUKAIOT OOJIBIIINE
MePErpy3KH;

3aMeJICHHBIN BBIBOJI M3 IIMKHPOBAHUS - OOJIBIIIOE HAPACTAHNWE CKOPOCTH caMoJieTa U OOoJIbIast
MOTEPsI BEICOTHI;

BBIBO/I M3 MUKUPOBAHUS MIPOU3BOANTCS C Pa3BOPOTOM - YBEIIMYMBAETCS TIOTEPSI BEICOTHI HA
BEIBOJIE.

I'OPKA

T'opka->T0 KPaTKOBPEMEHHBIN MOBEM C IIEITbI0 OBICTPOTo HA0OPa BHICOTHI.
['opka COCTOMT M3 TPEX IEMEHTOB: BBO/I, IPSIMOJIMHEHHBINH y4acToOK, BbiBO (Puc. 189).

Puc. 189 Cxema cun, oelicmeyioujux na camoniem Ha 20pKe

BBO/] B 'OPKY

HYCTL CaMOJICT JICTUT TOPU30HTAIIBHO, IIPU 3TOM BCC CUJIBI, HeﬁCTBYEMHe Ha CaMOJICT,
HaxoIdATCd B paBHOBCCHUMU. I[J'I}I BBOJla CaMOJI€Ta U3 TOPU30HTAJIBHOTO IIOJIETA B TOPKY
HeO6XO,Z[I/IMO CO3aThb HECHTPOCTPEMUTCIIbHYIO CHUITY, HCKPHUBJIAIOIYIO TPACKTOPHIO ITOJICTA
BBEPX. I/ICKpI/IBJIeHI/Ie TPACKTOPHUHU IIOJIETA BBEPX NJOCTUT'ACTCS INIABHBIM OTKJIOHCHUCM PYYKU
YIIPpAaBJICHUA HA ce6;1, TEM CAMbIM YBCINYNBACTCA YI'OJI aTAKU U, KaK CIICACTBUC, YBCIIMYNBACTCAH

TI0IbEMHAs CHJIA, KOTOPas CTAHOBUTCS GOJIbIIE Beca camoJieTa (TIpu ManoM yrie 6) wiu ero
cocrapistonteit G cos . INox neiicTBreM leHTpocTpeMuTenbHOH cuitbl FrcY - G cosd



TPAEKTOPHS MOJIETA UCKPUBIISETCS BBEPX (B BEPTUKANBbHOU II0cKkOoCTH). ITo Mepe uckpupneHus

TPaeKTOPHHU BBEPX CyMMa TopMo3siux cun (X+Gsin @ >P) ctanoBuTcs 60IbIIe TATU CUIOBOI
YCTaHOBKH M CKOPOCTh HAYHET OBICTPO MaJaTh, YTO MPHUBEICT K MAJACHUIO [10IbEMHON CHIIBL.
[TosTOMY 1pH BBOJIE py4Ka yIpaBICHUS JIOJDKHA OTKIOHSATHCS TIOCTEIICHHO Ha ce0si, COpa3MepHO
YBEJIIMYCHUIO YIiIa TPACKTOPUU FOPKH.

Ipamonuneiinviit yuacmok 2opku. 110 TOCTIKEHNY 3aJaHHOTO YIiIa TOPKH HEOOXOMMO PYUKY
YIIPABIICHUS 3a/IePXKAaTh M OTJATh HEMHOTO OT ce0sl, C LIENBIO TPEAYIPEKICHUS JTbHEHIIIETO

yBeIMYEeHMs yriia Tanraxa 0 .

Ha npsMoIMHeHOM ydacTKe TOPKH CKOPOCTh YMEHBILAETCS, CIIEI0BATENBHO, yMEHBIIAETCS
noabeMHas cuia. [I03ToMy IpONOpLIHOHAIEHO YMEHBIIEHHIO CKOPOCTH HEOOXOJUMO YBEIHYUTh
YIJIBI ATaKH - MObEMHYIO CUILY JUISl COXPAHEHHUs YCIOBHUS MPAMOJIMHEHHOCTH ABMKeHus - Y-G

cosd=0.

BbIBO/I CAMOJIETA U3 TOPKH

Jl514 BBIBO/Ia camMoJieTa U3 TOPKH HE0OOXOIMMO CO3/IaTh LIEHTPOCTPEMUTEIBHYIO CUILY,
HCKPUBJISIONIYIO TPAEKTOPHIO M0JIETa BHU3 B BEPTUKAIbHOM MIIOCKOCTH. J[J1s1 3TOr0 He00X0AuMO
PYUKY YIpaBJIEHUS OTKJIOHUTH OT €€0sl C LEIbI0 YMEHBIIIEHH YIJI0B aTak| - OAbEMHOM CHJIBI,
YTO BBI30BET MOSBJIECHUE LIEGHTPOCTPEMUTEIHHON CHUIIbI, BEIMYMHA KOTOPOU NMeeT

oTpunarensHoe 3Hauenne (Pu.c=Y-Gcost).

BbIBOZ M3 TOPKHM B TOPU30HTAIBHBIN MTOJIET MPOU3BOIUTCA € IEpErpy3koi oT +1 1o -3 u no
BPEMEHH TMPOIODKUTENICH, YTO MOXKET MPUBECTH K TIOTEPE CKOPOCTH U CPBIBY B IITOTIOP.
YMeHbIIIeHHEe CKOPOCTH Ha BBIBOJIC MPUBOJAUT K CHIDKCHHIO A(h(PEKTUBHOCTH TIPOI0JIHHOTO
YIPABJIECHUS U YMEHBIIEHUIO ITPOIOJIBHON YII0BOM CKOpocTH. [103TOMY BBIBOJ M3 TOPKHU
JIOJDKEH OBITh SHEPTHYHBIM, HO HE PE3KUM.

Ha camonerax Sk-52 u Sk-55 BbIOTHEHHE TOPKUA KPATKOBPEMEHHO U JABMKECHUS PYUKOU
ynpasieHus (Ha ceOst 1 OT ceOsl) CICAYIOT MOYTH OJTHO 33 IPYruM (C HHTEpBaJIOM He Ooiee § ¢).
[ToaToMy HEOOXOIUMO YUUTHIBATh BIMSIHUE THPOCKOIIUYECKOTO MOMEHTA BO3AYILIHOTO BUHTA
IIPU OTKJIOHEHUSIX PYUYKHU YIIPABJICHHUS.

[Ipu BBOZIE B TOPKY TMPOCKONNYECKUM MOMEHT BO3/1YILIHOTO BUHTA CTPEMUTCS pa3BEPHYTh
CaMoJIeT BJIEBO, 3TO OTKJIOHEHHE HEOOXOAUMO apupOBaTh OTKJIOHEHUEM MPaBOM MelaH.
[Ipu BBIBOZE M3 TOPKU B €€ BEPXHEHN YaCTH, KOTJa CKOPOCTh 3HAUYNUTEILHO YMEHBIINIIACH,
BIIMSIHUE PEAKTUBHOTO MOMEHTA BO3/YIIHOIO BUHTA CKa3bIBaeTCs B OOJbIIECH cTeleHU. JTOT
MOMEHT CTPEMUTCSI HAKPEHUTh CaMOJIET BIIPABO, B 3TO BPEMSI pydKa yIPaBICHUS OTAAETCSA OT
ce0s ¥ TUPOCKOMYECKU MOMEHT CTPEMUTCS Pa3BEPHYTh CAMOJIET TOKE BIIpaBo. Takum
o0pa3oMm, B BepXHEl TOUKE FOPKU y CaMoJIeTa €CTh TEHACHIINS Pa3BEPHYTHCS U HAKPEHUTHCS
BIPABO - 3TO HAKPEHEHHE U Pa3BOPOT MAPUPYIOTCSI OTKIOHEHHEM JIEBOW MEJAIIH.

B yueOnbIx 1ensx Ha camoserax Sk-52 u SIk-55 ropka BBINOIHIETCS MIPH CISIYIOIIUX
ckopocTsx: BBoJ - 300 kM/4; Hayasio BeIBOJIa- 170 KM/4; BEIBO B TOPU30HTAIBHBIN TOJIET - HE
Menee 140 km/4.

TEXHWKA BbIIIOJIHEHHUA T'OPKH

BBon B ropky mpousBoautcs Ha ckopoctu 300 km/4.

Ilepen BBOJIOM B TOPKY OCMOTPEThH BO3/AYLIHOE IPOCTPAHCTBO, OCOOEHHO B HAIPaBJICHUU
BBITNOJIHEHUS, YOEIUTHCS, YTO OHO CBOOOAHO. B ropn30HTaILHOM MOJIETE MU CHUKEHUU
ycTaHOBUTB ckopocTh 300 kMm/4 ipu o6opoTax auratens 82% 1 MOJIHOM HaJiyBe. 3aTeM
TUTAaBHBIM JIBHDKEHUEM PYUKH YIpaBJICHHUs Ha ce0sl CO3AaTh 3alaHHbIN yrojl HakJIoHa
TPAaeKTOPUH, 3aPUKCUPOBATH €T0 HE3HAYUTEIbHBIM OTKJIOHEHUEM PYUKHU YIIpaBJIEHUS Ha ceOsl.
VYTo1 HaKJIOHa TPAEKTOPUHU KOHTPOJIMPOBATh 110 BUAMMBIM YacTsM (oHapst KaOMHBI caMoJieTa U
MOJIYKPBIJIbEB OTHOCUTEIHHO TOPU30HTA (M IO aBUArOPU30HTY Ha camosiere Sk-52). Beiog u3
TOPKH HaYMHATH 110 TOCTHKEHUU CKOpocTH 170 KM/4 oT/Haduel pyuku yrpaBlieHHUs OT ce0s, He



MeHsIs pexkuMa paboTsl aBuraress. [lepeBosa camonera B rOpH30HTANIBHBIN TOJIET JOJDKEH OBITh
3aKOHYEH Ha CKOpocTH He MeHee 140 km/4.

[Tpu BBIMOTHEHUH TOPKU HEOOXOMMO YUYUTHIBATH PEAKIIUIO M TUPOCKOMUYECKUH MOMEHT
BO3/YIIHOTO BUHTA. [Ipy BBOJIE B TOPKY pydKa yIpaBieHHs OTKJIOHIETCS Ha ceOsl, caMoeT
CTPEMHTCS Pa3BEPHYTHCS BIIEBO, ATOT Pa3BOPOT HEOOXOIMMO KOMIIEHCUPOBATh OTKIIOHEHUEM
npaBoy nejgaiy. [1o mepe ymMeHpIIEHHsI CKOPOCTH 3a CYET PEAaKIMU BUHTA CaMOJIET CTPEMUTCS
HAKPEHUTHCS BIPABO. ITO CTPEMIICHHE HEOOX0IMMO KOMIICHCHPOBATh OTKIIOHEHUEM JICBOU
MIEJAIH.

IIpu BrIBOZIE caMoJIeTa U3 TOPKU 3a CUET OTJA4U PYUKH YIpaBJIeHUs OT ceOs NOsIBIIAETCS
IIpaBbIi Pa3BOPAYUBAIOIIUN MOMEHT, KOTOPBIM NApPUPYETCs OTKIOHEHUEM JIEBOU NIEIAIIH.

XAPAKTEPHBIE OTK/IOHEHUA U OHIMBKH ITPU BbITIIOJIHEHHUHU I'OPKH:

pe3KHii mepeBo/i camoJieTa B Habop BBICOTHI - OOJIbIINE TEPErPY3KU U MPEKIEBPEMEHHAs IOTEPS
CKOPOCTH, MaJl HA0Op BBICOTHI;

HC KOHTPOJMPYETCA U HE BBIJACPIKUBACTCA YI'OJI HAKJIOHA TPACKTOPHUU I'OPKH IO BUANMBIM
gacTaM (GoHaps KaOWHBI CaMOJIeTa U MOJIYKPhLUILEB OTHOCUTEIBHO TOPU30HTA U IO
aBUArOpU30HTY:

Hayajio BbIBOJA U3 TOPKU Ha MEHBIIIEH CKOPOCTH WM MEIJICHHOE OITyCKaHHE KalloTa caMoJeTa
Ha JIMHUIO TOPHU30HTA - YMCHBIICHUEC UJIU ITOTEPSA CKOPOCTU HA BBIBOJC.

OUT'YPBI CJOXHOI'O ITNJIOTAKA

BOEBOI PA3BOPOT

boeesvim pazeopomom nazpiBaeTcs ObICTPBIN pa3zBopoT Ha 180° ¢ Habopom BeICOTHI. boeBoit
Pa3BOPOT SABJISAETCS OAHUM U3 BHIOB MaHEBpUpOBaHUs caMouieta. [IpumMensercs npu
HEO0O0XOIUMOCTH OBICTPO M3MEHUTH HampaByieHHe mojieta Ha 180° u 0 JHOBpeMEHHO HaOpaTh
BbIcOTY (Puc. 190). HaGop BBICOTHI IpH BHITIOJTHEHHH O0EBOTO Pa3BOPOTa MPOU3BOIUTCS B
OCHOBHOM 3a CUET 3amaca KHHETHUECKON SHEPTUH ABMXKEHHUS (3araca CKOPOCTH).

Jl51g BeIOSTHEHUS! 00EBOTO pa3BOpOTa HEOOXOAMMO Ha 33JaHHOM CKOPOCTH BBOJIA CO3/1aTh
LEHTPOCTPEMUTEIBHYIO CHIIY B TOPU30HTAIBHON U BEPTUKAJIBHOM MJIOCKOCTSX,
Pa3BOPAUMBAIOIIYIO CAMOJIET 0 33JaHHOM TpaeKTopuu. JJs 3T0ro He06X0AUMO OTKIIOHUTD
PYUKY YIIpaBJIeHUs Ha ceOs U B CTOPOHY pa3BOPOTa, OJHOBPEMEHHO OTKJIOHSA MEAalb B CTOPOHY
pa3BopoTa, T. €. FHEPTUYHO BBOJAUTH CaMOJIET B IITyOOKHi pa3BopoT Ha nogabeme. [1o mepe
noJbeMa KpeH yBEJIMYMBAETCs, a paJnyc pa3Boporta ymenbinaetcs. [Ipu pazsopore Ha 120° kpen
CTAaHOBUTCS MAaKCUMaJIbHBbIM. B 3TOT MOMEHT /i1 yMEHBIIICHHSI LICHTPOCTPEMUTEIHLHON CUITBI B
TOPU30HTAIBHOM U BEPTUKAIBHOM MIIOCKOCTSIX HEOOX0IMMO Ha4aTh OTKIOHATH PYyUKY
yIpaBJICHUS B CTOPOHY, 0OpaTHYIO Pa3BOPOTY, M OCIA0UTh HAKUM Ha BHYTPEHHIOIO Mealb, a
MIPH HEOOXOAUMOCTH OTKJIIOHUTH MPOTHBOIIOJIOKHYIO Te/lalb C TAKUM PacdyeToM, YTOOBI CaMOJIET
IIPH MOJIHOM YOOpKEe KpeHa BBIIIE] TOYHO HAa BHIOPAHHBIN OPUEHTHD.

[TapameTpsl 60eBOro pa3BopoTa (BbICOTA, CKOPOCTh U BPEMs) BO MHOTOM 3aBUCST OT MaHEPHI
NUJIOTUPOBAHUS U B IIEPBYIO OUEPENb OT MEPErpy3KH Ny U yria KpeHa y. Yem MeHblIe
neperpyska Ha 60€BOM pPa3BOPOTE, TEM MEHbIIIE YTIIIOBas CKOPOCTh BPAIICHUS U TeM OOJIbIIe
BpeMsI BHITIOJTHEHUS Pa3BOPOTA.

YBenuueHue KpeHa Mpu 3aaHHOM meperpy3Ke MpUBOIUT K CHIDKEHUIO TeMIla Habopa BBICOTHI. B
3aBUCHUMOCTH OT BEJIMUYMHBI KpEHA CaMOJIET BMECTO O0EBOTO pa3BOPOTA MOMKET BBIMIOJHUTH
neTo (MPU MaJioM yrile KpeHa) WK BUpax (MpH OOJBIIIOM yIiie KpeHa).

[Tepen 60eBBIM pa3BOPOTOM MOTYT CTOATH 33J]a4l: MAaKCUMAaIbHBIM HA0OP BBICOTHI WIIH
MUHUMAaJbHOE BPEMsI pa3BopoTa.

O06e 3a1a4nt OTHOBPEMEHHO BBITIONHEHBI OBITH HE MOTYT.



Ecmu nipu pazBopote Ha 120° kpen snepruuno noseneH a0 70...80°, To pazBopot Oyxaer
OBICTPBIM IO BpeMEHH (IUIOCKUM), @ HA0OP BBICOTHI OyJeT Mal. DTOT Pa3BOPOT HA3hIBACTCS
gyepes IIeyo.

3HAYUTENIbHBIA HA0OP BBICOTHI JJOCTUTAETCS MOCTOSIHHBIM YBEIMUYEHHEM KpeHa 10 60° u yria
Habopa 110 40...50°, JOCTUTAIINUX CBOETO MAaKCHUMAIBHOTO 3HAYEHUS MPHU pa3BopoTte Ha 120°.
[Tocne yero kpeH u yroj Habopa yMEHBIIAIOTCSI.

I'maBHOE TpeuMyIIecTBO 0OEBOTO pa3BOpPOTa Mepe OOBIYHBIM Pa3BOPOTOM COCTOUT B TOM, UTO
CaMoJIeT, pa3BOPAYMBAsCH, B TO K€ BpeMsI HAOMPAET BHICOTY.

Jlpyroe mpenmymiecTBo 00€BOTO pa3BOpOTa COCTOUT B TOM, YTO OH IO3BOJISIET OBICTpEE, YeM

OOBIYHBIN Pa3BOPOT, U3MEHHUTH HAINIPABIICHHE I0JIETa HAa 0OpaTHoe.

2
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Puc. 190 Cxema cun, deiicmeyrouux na camoiem npu 60e6om pazgopome

TEXHUWKA BbIIIOJIHEHHUA BOEBOTI'O PA3BOPOTA

BoeBoii pa3Bopot BeinomHseTcst Ha ckopocTd 300 kM/4, 060poThl ABUTaTens 82 %, HaaTyB
MTOJTHBIH.

[lepen BBOJIOM B 60€BOI pa3BOPOT HEOOXOUMO OCMOTPETh BO3YLITHOE TPOCTPAHCTRO,
yOenuThCesi, 4T0 OHO ¢BOOOHO. HameTuTh opueHTHp 171 BBbIBOJA. Y CTAHOBUTH CKOPOCTH 10
npubopy 300 km/4 ipu ob6opoTax asurarens 82 % u nonHom HaaayBe. [IaBHBIM IBUKEHHEM
PYUKH yIpaBieHHs Ha ce0s M B CTOPOHY O0EBOT0 pa3BOpOTa C OJHOBPEMEHHBIM JIBKEHUEM
MeJIAJIA B Ty %K€ CTOPOHY co3/1aTh yroia kadpupoBanus 10...15° u xpen 10...15°u
KOOPAMHUPOBAHHBIMU JBWKEHUSAMH PYJISIMH YIIPABJIEHUS BBECTH CAMOJIET B Pa3BOPOT €
Ha0OPOM BBICOTHI.

Tewmm BBoJ1a B 00€BOM pa3BOPOT JODKEH OBITh TAKUM, YTOOBI MOCie pa3BopoTa Ha 120° camoner
umen kpeH 60° u yron noabema 40...50°, npu nanbHERIIeEM pa3BOpoOTe yAEPKUBATH ITO
nosnoxkenue. Pazgepuysiuce Ha 150° (3a 30° 10 opueHTHpa BBIBOAA) KOOPAMHUPOBAHHBIMU
JBUKEHUSIMU PYYKH YIIPABIICHUS U N1€1ajI€il B CTOPOHY, IPOTUBOMOJIOXKHYIO Pa3BOPOTY, HaYaTh
BBIBOJI CaMoJIeTa U3 Pa3BOPOTa C TAKUM PACUe€TOM, YTOOBI CKOPOCTh IIPU BBIBOJIE Obla HE MEHEe
140 xm/4.

[Ipu BBIBOJE CNIEANUTH 32 OTHOBPEMEHHBIM YMEHBIIICHHEM yria Habopa BBICOTHI, KpEeHa U
YIII0BOM CKOPOCTH.

[Tocne BbIBosa camonieTa U3 00EBOrO pa3BOpOTa B TOPU3OHTANBHEIHN MOJET HEOOXOIUMO YOpaTh
HaJIyB J10 3aJJaHHOTO.

XAPAKTEPHBIE OIINBKH ITPU BbIIIOJIHEHUHU BOEBOI'O PA3BOPOTA:

MaJia CKOpOCTb BBOJIa B 00€BOM pa3BOpPOT - CaMOJIET OBICTPO TEPsIET CKOPOCTh;



Ha BBOJIE B 00€BOI pa3BOPOT PU MAJIOM KPEHE U3JIHIITHE OTKJIOHSIETCS pydKa yIpaBiIeHHUS Ha
ce0s1 - pa3BOPOT MPOUCXOJUT € OOJIBIINM YoM Habopa U MoTepei CKOPOCTH BO BTOPOU
MIOJIOBHHE,

B HayaJie pa3BoOpOTa U B IIEPBOM €T0 MOJOBUHE HEAOCTATOYHO OTKIIOHSETCS ME€JAJIb U MaJlo
OTKJIOHEHHUE PYYKH YIPABJICHHUS Ha ceOsl - BsUIBI BBOJ B 0OEBOI pa3BOpOT, Maja yrioBas
CKOPOCTb BpPALIEHUS CAMOJIETA;

HEKOOPIMHUPOBAHHBIC ACHCTBUS PYISIMH YIIPABJICHUS TPU pa3 BOPOTE - pa3BOPOT MPOUCXOIUT C
3aHOCOM XBOCTa MJIM CKOJIbKEHUEM Ha KPBLIIO;

BEJIMK KPEH Ha Pa3BOPOTE - MPOUCXOJUT CKOJIbKEHNE Ha KPBIJIO M MaJ HA0OP BBICOTHI;

BBIBOJI 13 00E€BOTO pa3BOPOTA MPOUCXOIHUT C OOJBIIUM YTIIOM - BO3MOXHA MOTEPSI CKOPOCTH;
MEPETIATUBAHUE PYUYKH YIIPABICHUS BO BTOPOU MOJOBUHE Pa3BOPOTA - BOBMOKEH CPBIB B
LITOIIOD;

nocJe pa3Bopota Ha 120° He KOMIIEHCUPYETCS BIUSHUAE PEAKIIUA U THPOCKOITMYECKOTO MOMEHTA
BO3/IYIITHOTO BHHTA - CAMOJIET CTPEMUTCS YBEIIUYUTH KPEH.

[Ipu BeIMOJIHEHNU OOEBOTO Pa3BOPOTA CIIEAYET YUUTHIBATh, YTO BHEIIHSS [TOJIOBUHA KpbLia
JBIKETCS OBICTpEE, YeM BHYTPEHHSS.

BCJ'IG)ICTBI/IC Pa3HOCTH MIOABEMHBIX CHJI ITIOJTYKPBIJIBEB BO3HUKACT HOHGpG‘IHBIﬁ MOMCHT,
JNEUCTBYIOUIUI B CTOPOHY YBEJIMYEHUS KPEHA, YTO MPUBOJUT K YBEJINYEHUIO KPUBU3HBI
TPAaeKTOPUU B TOPU3OHTAIBHON IIOCKOCTH YBEJIIMUEHUIO HEYPABHOBEIICHHOM
[EHTPOCTPEMUTEIIBHOM CHIIBI Y SiN Y 1 YMEHBIIICHUIO €€ B BEPTHKAIBHOM TIOCKOCTH

BCJIEJICTBHE YMEHBIIEHHs LEHTPOCTpeMuTenbHOM cuitbl Y €0S y Geosd . Takoe
nepepacnpe/iesieHne eHTPOCTPEMUTENBHBIX CUIT SIBIIIETCS OJTHOM M3 MPUYUH YMEHBbLICHUS
MIpUPALICHHS BBICOTBI. Y YUTBIBAsI 3TO, HEOOXOAUMO CIETUTH 32 U3MEHEHHEM KPEHa, J0IMycKast
€ro yBeJIMYEHHE B CTPOrOM COOTBETCTBUU C YBEJIMUEHUEM YIJIOB TaHTa)ka U pa3BopoTa camMoJjeTa
B TOPU30HTAIBHOM MJIIOCKOCTH.

[Ipu panHeM yMeHbBIIEHUH KpeHa BO BTOPOI MOJOBUHE OOEBOT0O Pa3BOPOTA, COXPAHEHUHU
00JIbIIIOTO yriTa Habopa ¥ MaJION YIIIOBOM CKOPOCTH MPOUCXOIUT ObICTpast MOTEPst CKOPOCTH. B
3TOM CJIy4ae He0OXOIMMO OTKIOHUTD JIEPOHBI, TEM CaMbIM YBEJIUYUTH KPEH.
KoopauHupoBaHHBIM JBMKEHHEM PYUKH YIIPABJICHUS U Mealiel IOIBECTH KaloT caMoJieTa K
TOPU30HTY, MOCJE YETro BBIBECTU CaMOJIET U3 KPeHa B TOPU30HTAIIBHBIN OJIET, HE JOMyCKas
nmoTepu ckopoctu meHee 140 km/4.

Jlannast omrOKa UcIpaBisieTcs TOJLKO BBIBOJIOM caMoJieTa U3 60€BOro pa3BopoTa HE3aBUCHMO
OT TOTO, Ha CKOJIKO I'PayCOB OH Pa3BEPHYJICS.

YBenuuenue kpeHa 0osiee 60° cHMKAET BOZMOKHOCTh MAKCUMAJIBHOTO HA0Opa BBICOTHI 3a
00€BOI Pa3BOPOT M 3aTPYAHACT BeJeHUE OpUCHTUPOBKH. Eciu kpeH yBenuuuics 6osee 60°, To
CJIEIyeT €ro yMEHBIIUTH U MPOJI0JIKATh BBIIIOJHEHHE 00EBOrO pa3BOPOTa.

BOYKA

Ynpaenaeman 6ouxa - burypa nunoraxa, mpy BHIIIOJHEHUN KOTOPOH CaMOJIET MOBOPAYHBACTCS
OTHOCHTEJILHO TPOJI0JIbHOM ocH Ha 360° ¢ coxpaHeHreM o0Iero HarpasieHus mnosera (Puc.
191).

VYnpasinseMble O0UKH pa3IUYaloT [0 CKOPOCTHU BpallleHUs Ha ObICTphIe U 3aMeyieHHble. boukw,
BBITIOJTHSIEMBIE HA OOJIBIINX CKOPOCTAX M OKOJOKPUTHUECKUX YTIIaX aTaku, Ha3bIBAIOT
IITOMOPHBIMHU OOYKAMH.

Bouku 1o mosioskeHuo 0CH BpalleH|s] OTHOCUTEIBHO TOPU30HTA MOAPA3IEIAIOT Ha
TOPU30HTANIbHBIE, BOCXOISIINE, HUCXOISIINE; 10 KOJUYECTBY BPAILIEHUU - 00UHAPHBbLE,
nosymopHsle, 060iiHble, MPoliHble, MHO2OKpamHble. 11py BpallleHUH yrnpaBisieMoil 00UKH
BO3MOXHa (pukcarnus B 1r00oM nosoxenuu (uepes 45°, 90°, 180°, 120°). Ynpasnsemas 60uka
BBITIOJTHSETCS 3@ CUET OTKIOHEHHUS 3JIEPOHOB, IPU MTOMOIIY KOTOPHIX JETYUK UMEET
BO3MOKHOCTb PETyJIMPOBATH YII0BOE BpalieHue. OTKIOHSS 3JIEPOHBI, JIETYUK CO3/1a€T Pa3HOCTh



MOTbEMHBIX CHJT MOJMYKpbUTheB. Co3/1aeTcst MOMEHT MX, KOTOpBII HAUMHAET BpallaTh CAMOJIET
otHocutesbHO ocu X (Puc. 192).

OCHOBHOE yCJIOBHE MPSMOJIMHEHHOCTH BBITIOJTHEHUSI OOUKH SBIISIETCS PABEHCTBO MObEMHOMN
cuiibl camosiera u ero Beca (Yg=G). [TogpemHuas cuina Y camosiera sIBISETCS CyMMO#M MPOEKITUiA
MOABEMHOM cuiibl Y1 ¥ OOKOBOM CHITBI Z, co3AaBaeMOi (hr03eIIsKEeM U BEPTUKAITLHBIM
orepeHueM Ha och Y. JIJIsi TOro 94TOOBI 3TO YCIOBUE COXPAHSIIOCH ITpH moBopoTte Ha 90° u 270°,
HE0OX0IMMO OTKJIOHEHHUEM COOTBETCTBYIOIICH ITeJaJIM OTKJIOHUTH OCh CaMOJIETa OT OCH
HaIpaBJICHUS BBIIOJIHEHUS! OOYKU HA BEJIIMUUHY P.

[Tpu 3ToM OyneT coxpaHsaThes paBeHCTBO Z=G. B mepeBepHyTOM TOJIOKEHUU HEOOXO MO
OTKJIOHUTH PYUYKY YIPABJIICHUS OT ce€0s, TEM CaMbIM COXPAHSTh paBeHCTBO Yg=G. [Ipu
pa3BopoTrax Ha 45° OTHOCUTEJIBHO OCH BBINOJIHEHUS O0UKHU HEOOXOIMMO OTKIOHUTh PYUKY
VIpaBIICHUS U TIeIaTh B COOTBETCTBYIOIIYIO CTOPOHY, COXpaHsis paBeHCTBO Y+Z=G. [leperpy3ka
TP BBITIOJIHEHUHU YIIPABIIIEMOM 00YKM UMeEeT HEOOJIbIITYI0 BEJTMYHHY, OHA 3HAKOTIEpEMEHHA.

Puc. 191 Ynpasnsemasn zopuzonmanvruas 604xka

AYnp

AYneb A Yreb

AYnp

y Yy Y, Y
A Ynel

Y,

AYnp
Y Y

Puc. 193 Cxema cun, deiicmeyouux Ha camonem npu blNOJIHEHUU 20PU3OHIMATLHOL WIMONOPHOU HOUKU

HImonopnas 6ouxa npeacTapiseT coOOH YHEPrUUHOE BpallleHUE caMoJjieTa Ha OOJIbIION
CKOPOCTH M OKOJIOKpUTHUYECKHUX yriax aTaku. [Ipu 3ToM cosnaercs 1060BO€ COMPOTHBIICHHUE



3HAYUTEJILHON BEJIMYUHBI, YTO MPUBOAUT K 3HAUUTEIBHOU NOTEPE KNHETUUECKON IHEPTUU
JBUKEHMS (CKOPOCTh PE3KO Najaer). BenencTeue 3Toro nociae MHOrOKpaTHOTO BpalleHUS
caMoJIeT MePEXOIUT U3 ITONOPHOM 00ukM B mTonop. I103ToMy CKOpOCTh BBO/IAa B IITOMOPHYIO
004Ky BBIOMpAETCs U3 yCIOBUS 0€30M1aCHOTO BBIBOJIA U3 HEE.

DHEpProBOOPYNKEHHOCTh U adpOJMHAMUYECKass KOMIIOHOBKA camoJieTa SKk-55 nmo3BoJisitor
BBITIOJIHATH B TOPU30HTE MHOTOKPATHBIE BPALLIEHUS ¢ MAJION OoTeped CKopocTu. i
COXpaHEeHHS CKOPOCTHU TOCJIE BBOa HEOOXOIMMO PYUKY YIPABICHHUS HECKOJIBKO OTIATh Ha ceOs,
TEM CaMbIM YMEHBIIUTH YIJIbl aTaKH MOIYKPBLILEB U, KaK CJIEJCTBHUE, TIOOOBOE CONPOTUBIICHUE.
CxeMa pacnoJIoXeHHs CHJI TIPY BBITIOJTHEHUH O0YKM Mokas3ana Ha Puc. 193.

Tpaektopust WTONOPHON OOUKH MPEACTABIAET COOOM BUHTOBYIO JTMHUIO, KOTOPAsi OTKIOHSAETCS
0T OcH OOYKH Ha PACCTOSHHE, 3aBUCSIIEE OT KOJTHMYECTBEHHOTO JIBIKEHUS PYUKH YIIPABICHUS Ha
ce0st M OT CKOPOCTH BBITIOJIHEHUS, @ TAKKE OT KOJIMYECTBA BPAIICHHH.

[Ipu BBIMOJIHEHNH IITONOPHBIX 00YEK MPEABABIIAIOTCS CIIEIyIOIINe TPEOOBaAHUS:
MPSIMOJIMHENHOCTh U pABHOMEPHOCTD BpalieHus. jig Toro yToObl caMoJIeT Hayajl BBIIIOJIHATh
LITOMOPHOE BpalleHHe, HE0OX0MMO BBIBECTH €r0 Ha OOJIBILINE YIJIbl aTaKH OTKJIOHEHUEM PYUKH
yrpaBiieHUs Ha ce0sl, 3aTe€M CO3/1aTh CKOJIbKEHHE OTKJIOHEHUEM COOTBETCTBYIOLIEH NeAaIl U
OTKJIOHUTb 3JIEPOHBI B CTOPOHY 3a/IaHHOTO BpalllEHUS.

B pesynbpraTe 3THX JEHCTBUI pyJIsSIMU YIIPaBICHUS CO3/1a€TCs CKOJIbKEHUE, CaMOJIET BBIXOIUT Ha
OO0JIbIINE YIJIBI aTaKH, IPOUCXOIUT PE3KOE YBEIMUEHHUE MOJbEMHOMN CUIIbI Ha BHEIITHEM
MOJIYKPBUIE U €€ PE3K0Oe YMEHbIIIEHNE Ha BHYTPEHHEM Moykpbuie. Co3/1aeTcsi MOMEHT CHII
OTHOCHTEIBHO OCH X:

Mx, = Mx,,; +Mx, +Mx,, (12.1)

riae Mxs - MOMEHT, BpalllatoIuil CaMOJIET OTHOCUTEIBHO OCH X

MX 5- MOMEHT OT 3JIEPOHOB;

MZXck - MOMEHT OT CKOJIBKCHUS

MX; - MOMEHT, co3/1aBaeMbIii TPOCKITUEH O TLEMHOMN CHIIBI Ha OCh X.

TEXHUKA BbINIOJIHEHUA YIIPABJIAEMOW BOYKH

Ynpaenaeman 60ouxa srinonusercs Ha ckopoctu 230 km/4, 000poTh! ABUratens 82 % mnpu
MIOJIHOM HaJITyBE.

[lepen BBOJIOM camoJieTa B YIPaBIIIEMYIO TOPH30HTAIbHYIO O0UKY OCMOTPETh BO3YLITHOE
MIPOCTPAHCTBO, MPOBEPUTH, CBOOOAHO JI1 OHO. HaMeTUTh OpueHTHp, OTHOCUTEIHLHO KOTOPOTO
OyJIeT BBINIOJIHATHCS 604Kka. Y CcTaHOBUTH CKOpOocTh 230 km/4. Co3aaTh yroy kabpupoBaHus
10...15° oTKIIOHEHHEM PYUYKH YIpaBJICHHS Ha ceOsl. 3aUKCUPOBaATh ITO MOJIOKEHUE
HE3HAYUTENIbHBIM OTKJIOHEHHUEM PYUKH YIpPaBIEHUS OT ceOsl. 3aTeM SHEPTUYHBIM JBUKEHUEM
PYUYKHU yIIPaBICHUS B CTOPOHY BBIMIOJIHEHUSI O0OYKU HaYaTh BpAlllEHUE CAMOJIETa BOKPYT
IIPOJIOJILHOM OCH, TIOMOTasi BPallleHUIO HE3HAYUTEIbHBIM OTKIIOHEHUEM TEJIANIH B TY KeE
CTOPOHY.

Kak Tonpko camoner JoCTUTHET KpeHa 45°, He 3aMe yiss BpallleH!sl, HayaTh ClIerka OTJaBaTh
PYUKY YIIpaBJICHUS OT ceOs AJIsl MPeIypekIeHUs yX0/la caMoJieTa B CTOPOHY (IIPpU MOJI0XKEHUN
Ha «HOe») U OIYCKaHHUs KaroTa B EPEBEPHYTOM MOJIOKEHUH.

B nonoxxernu Ha «HOke» (90 1 270°) HEOOXOAUMO OTKJIOHITH BEPXHIOKO TIEAAITb TS
yIlep:KaHUs KaroTa BbIIIE JTMHUU TOPU30HTA.

B nepeBepHyTOM MoJIeTe TIeaIl HaXOAITCS B HEUTPAIbHOM TOJIOKEHUH, YTOOBI CaMOJIET He
OTKJIOHSUJICSI OT OPUEHTHPA.

[Tocne nocTuxkeHus MepeBEPHYTOrO MONI0KEeHUs HeoOxoaumo 3a 60...50° 10 BbIXo/a B
TOPU30HTAJIBHBIN TOJIET YJEPKUBATh KAlOT CaMOJIETa OT OMYCKAaHUsI HUYKE TOPU30HTA
YBEJIIMYEHHEM HAKMMAa Ha I1€JjaJIb B CTOPOHY BpaieHus, a 3a 30...40° - OTKIOHEHUEM pydYKU
yIpaBJeHHs Ha ceOsl.

Kaxk Tonbko camosier noI0HAET K TOPU30HTAIBHOMY TOJIOKEHHUIO, PYUKY YIIPABICHHS U Mealb
HE0OX0IMMO OTKJIOHUTH B CTOPOHY, 0OpaTHYIO BPAIICHHIO, a TIOCJIE MIPEKPAIEHUs BPALICHUS -
MOCTAaBUTh B HEUTPATILHOE MOJIOKEHHE.



B npouiecce BbINOIHEHMSI OOUKH CIEANUTH 32 TEMIIOM U PaBHOMEPHOCTBIO BpallleHus,
HaIlpaBJICHUEM I10JIETA, [TOJI0’KEHUEM KalloTa OTHOCUTEIILHO TOPU30HTA HA XapaKTEepPHbIN
OPHMEHTHP U ONPEIEICHUEM MOMEHTA Ha4ajla BEIBOJA.

[Tpu mpaBUIBHOM BBITIOJIHEHUH OOUYKU CaMOJIET BPAIIAETCsl BOKPYT MPOJOJIBHOM OCH
paBHOMepHO. BeencTBue BIUsHNS peaklMy BO3IYIIIHOTO BUHTA IIpaBasi yrpasisiemas 004ka
BPAIlACTCS YHEPrUYHEE, YEM JICBAsL.

XAPAKTEPHBIE OIIIMBKHY ITPHU BBINIOJTHEHUH YITPABJIIEMOM BOYKM:

MaJl yrojl KabpupoBaHHs NEpe BBOJOM - O0OUYKa BBHITIOIHIECTCS CO CHIYKEHHEM;

OIMYCKAaHMUC KallOTa HWKEC JIMHUU I'OPU30HTA B IICPEBECPHYTOM IMOJIOKCHUHU - MAJIO OTKIIOHCHHEC
PYYKHU yIIpaBieHUs OT ceds;

MaJIO OTKJIOHSIETCS Te/Ialb B CTOPOHY BPAIICHHUS - CAMOJIET BPAIIAETCs ¢ OOJIBIINM PaIdyCOM U
CO CKOJIB)KEHUEM;

YXOJI CaMoJIeTa B CTOPOHY OT OPUEHTHPA Ha BBIBOJE - B KOHIIE BPAIICHHUS paHO MIJIK MHOTO
OTKJIOHEHA pyYKa YIpaBJeHUs Ha ceOs,

HEpaBHOMEPHOE BpAIICHUE - OTITYCKAETCS pydKa yIpaBJICHHUS B IPOIECCE BPAICHIS,
BOPOHKOOOpa3HOE BpaIleHHE - 00JIBIIOE OTKIOHEHUE TIeAIH.

I'OPU3OHTAJIBHAS IITOIMOPHASA BOYKA

T'opuszonmanvnan wumonopuasa 6ouka BoinonHsercs Ha ckopoctu 170...190 km/4 mpu 060poTax
neuratens 82 %. [lepen BeIMOTHEHUEM IITOMMOPHONW OOYKH OCMOTPETH BO3IYIITHOE
MPOCTPAHCTBO, 0CO00E BHUMAHHUE Y/ICITMB HAMPABICHUIO BHIMTOJHEHUS OOUKH. Y CTAHOBHUTH
ckopocth 170...190 xm/a ipu o6opoTax aeurarens 82 % u moaHoM HaryBe. Hebompimmm, HO
SHEPrUYHBIM OTKJIOHEHUEM PYUKH YIpaBJIeHUs Ha ce0s co31aTh yroi KabpupoBaHusi, paBHbII
10...15°, u, He PUKCUPYS ATOT YTOJI, JHEPTUIHO OTKIOHHUTH MOJTHOCTHIO MEJANIb B CTOPOHY
BpalieHust 00UKH U OJTHOBPEMEHHO OTKJIOHUTH PYUKY YIpPaBJICHHS B CTOPOHY BpallleHUs K 00pTy
KaOMHBI caMoJIeTa.

B npouiecce BpaiiieHust OTKIIOHEHHOE TMOJI0OKEHHE Mejaii U 000pOTHI ABUraTens He MeHITh. Kak
TOJIBKO CaMOJIET YCTOMYMBO 3aBpaIlaeTCs, pydka yIpaBiIeHHUsI OTKIOHsETCS Briepea (1o 6opTy)
JUIS YMEHbILIEHHUS JJOO00BOTO COMPOTHUBIICHUSI.

3a 20...30° no 3aBepiieHUss O0YKA HaYaTh BBIBOJ. DHEPTUYHO U OJHOBPEMEHHO OTKJIOHHUTH
nefanb U pydKy yIpaBjeHHs B CTOPOHY, IPOTUBOIOJIOKHYIO BpaIlleHUIO. TeMIl U BeTUYrHA
OTKJIOHEHUS pyJieil Ha BBIBOJ] 3aBUCST OT TeMIIa BpalleHus. YeM sHeprudHee BpallleHue Ha
00uKe, TeM paHbllle U SHEPTUYHEee HEOOX0AMMO OTKIOHUTH PYJIb Ha BbIBOJI. Kak ToJIbKO camoseT
MIPEKPATUT BpallleHue, IOCTaBUTh PYJIU HEUTPaIbHO.

B npouiecce BbInoaHeHHsI O0UKH CIEAUTH 32 TEMIIOM U PaBHOMEPHOCTHIO BpallleHus,
HaIpaBJICHWEM TOJIETa U OTpe/IeIeHneM MOMEHTAa Hauaia BBOJIa. B3ruisin HanpaBisaTh BAOIb OCH
camoJieTa Ha TOPU30HT, HE3HAYUTEIHHO €r0 OTKJIOHSSI B CTOPOHY BpaIleHHUS.

[IpaBas mronopHast 604Ka BBIIIOJIHSACTCS JHEPTHUHEE, YEM JIeBas, TEXHUKA BBITIOJTHEHUS
OJIMHAKOBAsl.

XAPAKTEPHBIE OIIIMEKH ITPU BbINOJIHEHUH HITOIIOPHOM BOYKU:

BAJIOE IBMKEHHME PYUKOH ynpaBieHHs Ha ce0sl P CO3AaHUU yrila KaOpUpOBaHUs HAa BBOJE - HET
CpBIBa;

00JIbIII0€ OTKJIOHEHHE PYYKH YIIPaBJICHUS Ha ceOs - BsAJOE BpaIleHUE U C OOJIBIINM PAJHyCOM;
HE MOJIHOCTBIO OTKJIOHSAETCS Meallb MOCie CO3JaHus yrila KaOpUPOBAHUS - BSUIOE BPaIllCHUE;
OTITYCKAIOTCS PYJIH B IIPOLIECCE BPAILEHUS - HEPABHOMEPHOE BPALIECHUE C 3aMEUICHUEM;
MPOJ0JDKAeTCs ABMKEHUE PYUKH YIIpaBJIeHUs Ha ce0s Mocie OTKIOHEHUS MeAaay - BsUloe
HEpaBHOMEPHOE BpallleHHE ¢ OOJIBIIUM PaJnyCcoM;



IIO3/IHsAS J1aya PYJIEH Ha BBIBOJ - BBIXOJ B TOPU30HTAJIBHBIN [IOJIET C KPEHOM B CTOPOHY
BpallEHUS.

HETJA HECTEPOBA

Ilemns Hecmepoesa - hurypa nunotaxa, mpu KOTOPOH CaMOJIET BBITIOJIHSACET TIOJIET 10
KPUBOJIMHEWHON TPACKTOPUH B BEPTUKAIBHOM INIOCKOCTH C COXPAHEHUEM HAIPABJICHUS 110JIETa
IIOCJIE BBIBOJIA.

Ietas 6b11a 06ocHoBana H. E. )KykoBckuM u BriepBble BbINOJIHeHA 9 cenTsiops 1913 roga
pycckumM Jgerunkom I1. H. HectepoBbiM, KOTOPBIH SIBJISIETCA OCHOBOIIOJI0KHUKOM (UTYP
BbICLIEI0 MUJIOTAXKA.

[Tetns mpuMeHseTCs HE TOJIBKO Kak (PUrypa MuiioTaxka, a Takyke UMEET IIUPOKOE MPUMEHEHHE
U1 00y4€HHUs YIPaBIECHUIO CAMOJIETOM B YCIOBUSX MHTEHCUBHOTO U3MEHEHHUSI yIila TaHTaxa,
Ieperpy3Ku, CKOPOCTU U BBICOTHI oJieTa. Kpome TOro, 3eMeHTsI IETIN COCTABIISIIOT OCHOBY
JIPYTUX SBOJIIOIMH B TOJIETE, a TAKXKE QUTYP MIJIOTaXka: IEPEBOPOT, BEPTUKATHHBIE BOCBMEPKHU U
zp.

[letns cunTaeTcs NpaBUIIBLHOM, €CIIM BCE TOUKH €€ TPACKTOPHUH JIEKAT B OJHOW BEPTUKAIBHOU
IIJIOCKOCTH, 4 HOpMaJlbHas neperpyska Ny Ha NpOTSHKEHUHM BCETO MaHEBPA OCTAETCS
MOJIO)KUTEILHOM, HO HE MTPEBBIIIAET MPEEIBHYIO 110 CPBIBY B IITOMOP WM MITOIOPHOE
BpallEHUE.

Ilemnsa - 370 HE YCTAaHOBHUBILIEECS IBMKEHUE CAMOJIETA IO KPUBOJIMHEWHON TPACKTOPHUH B
BEPTUKAJIIBHOM MIOCKOCTH MO ACMCTBUEM MOCTOSHHO CYILIECTBYIOIIECH EHTPOCTPEMUTEIBHOMN
cwisl. [lepBas Moja0BUHA NETIIM OCYHIECTBISETCA 3a CUET 3armaca CKOPOCTH U TATH CHIIOBOM
yCTaHOBKH. BTopas - 3a cueT Beca caMoseTa U TATY CUJIOBOW YCTAHOBKH.

CXEMA CHWJI U YPABHEHUA ABUKEHUA HA TIETJIE

Cxema cuJ, IeHCTBYIOIIUX HAa CaMOJIET B Haubosiee XapakTepHbIX TOUKaX MEeTJIM, ToKa3aHa Ha
Puc. 194.

JlommycTuM, caMOJIET JIETUT TOPU30HTAIBHO CO CKOPOCThIO, HEOOX0AUMOM AJIsl BBOJAA B METIIIO.
J51g BBOJIa B METIII0 HEOOXOAMMO OTKJIOHUTH PYUKY YIpPaBJIeHUs Ha ceOsl, yBeTUUHUBasi TEM
cambIM yrou ataku. [logpemHast cuia yBelnMuuBaeTcss U CTAHOBUTCS OOJIbllie Beca camoJieTa (Ipu

MaJioM yTile MCKPHUBJIEHHS TPAeKTOPHH) MM COCTaBIIAIONIEH cuilbl Beca camoneta G cos (mpu
OospImMX yriax Tpaekropuu). [lo neiicTBueM BO3HUKAIONICH [IEHTPOCTPEMUTEILHON CHITBI, B
Hauase oHa paBHa Y-G >0 (pu manbix yraax @) u Y-Geos€ (npu 6onpmux yraax &), camoser
WCKPHBIISIET TPACKTOPHUIO TIOJIETA BBEPX.

YpaBHeHuUsi ABM:KEHHsI IPH BBoje UMeIoT BUA (mojosxkernue 1 Puc. 194):

YCJIOBHE YMEHBIIIEHUSI CKOPOCTH

P-X —GsinH:md—V<0;
dt (12.2)

YCJIOBUC UCKPUBJICHUS TPACKTOPHUU B BepTHKaHLHOﬁ IIJIOCKOCTHU

V 2
P-X-Gcosd =m— >0;
s (12.3)
[[pyra;l COCTAaBJIAROIIIAasl CUJIbI B€Ca CaMOJICTAa G sin 9 COBMECTHO C J'IO6OBLIM COl'IpOTI/IBJ'IeHI/IeM
TOpMO3I/IT JBHXKXCHHUC, TaK KaK CTAHOBUTCSA 60J‘H>IHC CHUJIBI TATHU P CI/IJ'IOBOI71 yCTaHOBKI/I. B

PE3YyIbTATE CKOPOCTH YMCHBIIACTCA.
IIo MCPE UCKPUBJICHUA TPACKTOPUHN CAMOJICT YBCIIMYHUBACT YI'OJI HAKJIIOHA TPACKTOPHUHU, IIPU 3TOM

COCTaBJArOImasAa CUJbl BECa CaMOJICTa G COSe YMCEHBIIACTCA U HECHTPOCTPEMUTCIIbHAA CUJIA,
paBHasA R=Y-G COSQ , HOJDKHA YBCIIMUMUBATLCA, HO OHA YMCHBIIACTCA, TaK KaK CKOPOCTb MMaaacT



B Gosbmieii crenenn. CocTapisromas Beca G sin0 . yenuuupaeTcs, 4T0 IPUBOIMT K
MHTEHCUBHOMY YMEHBIIEHUIO CKOPOCTH.

B nosnoxxenunu 2 HeHTpOCTPEMUTEIHHOM CUIION SBISIETCS OAbEMHAs CHIIA.
YpaBHeHusi ABUKEHHUS B M0JIOKEHUH 2 UMEKOT BU/!

yCIIOBUE YMEHBIIEHUS CKOPOCTU

P-X-G :md—v<0;
dt (12.4)

YCJI0BHUEC UCKPUBJICHHUA TPACKTOPUHA B BepTI/IKaHLHOﬁ IIIIOCKOCTH

V 2
Y=m—>0.
r (12.5)
P X
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Puc. 194 Cxema cun, deiicmeyrouwux Ha camoiem npu bINOJIHEHUU HemLU

[Tocne mepexo/ia BEPTUKAIBHOTO MOJOKEHUS CaMOJIeT MEePEX0IUT B IepeBepHYTHIN nosnet. [1pu
3TOM cocTapJsiomas cuibl Beca Geosé coBmecTHO ¢ moabeMHOI cuitoit Y cosaror
LIEeHTPOCTPEMUTENBHYIO CHITY, MCKPHBIISIOLLYIO TpaeKTopHIo nojera: Y+ Geosé >0.

Cocrasnstomas Beca camosieta Gsin® ymenbmaercs. B camoii BepxHeil Touke NeTiIM CKOPOCTh
OyzeT HauMeHbIIIeH, TOATOMY HauMEHbIIEeH OyneT moapeMHas cuia. OHa Oyaer HarpaBieHa
BHU3 M COBMECTHO C CHJIOH BECa CaMoJIeTa CO3JaCT LIEHTPOCTPEMUTEIBHYIO CHITY, HMEIOIIYIO
Takke nojoxutenbHyto Bennuuny (Y+G>0). UToObl 00ecreynTh T0CTaTOUHYI0 YCTONYUBOCTD U
YIIPaBISIEMOCTh, CKOPOCTh B IEPEBEPHYTOM IOJI0KEHHH J0JDKHA ObITh HEe MeHee 140 km/4a. Tak
KaK BEC caMoJIeTa U I0IbeMHasi CUJIa HallpaBJICHbl BHU3, TO CAMOJIET JIETKO MEPEXOIUT B
MMUKUPOBaHUE (TTOJIOKEHHUE 3).

[Tpu nmepexoze B muKupoBaHKWE 00OPOTHI ABUTATENS YMEHBIIAIOTCS 10 M. T. Jlanee mpu
YBEIMYECHUH YIiIa 0OpaTHOTO MMKHPOBAHHS IIEHTPOCTPEMUTENbHAS CUJIA, UCKPUBIIAIONIAs

TPAeKTOPHIO, COCTOUT U3 TOAbeMHOI cuibl Y u cocTansomeii Beca Geosd (Y+ +Gcost).
Cocrapnstonias Beca camoneta G Sin€ coBMeCTHO ¢ TAroii CUITOBOI YCTAHOBKU yBEJIHUUBAIOT

ckopocTs (Pm.r + Gsind >X).
B BepTHKATBLHOM MOJIOKEHUH BHU3 HCKPHUBJISFOIICH CHIION SIBIISICTCS MO IbeMHast cuiia Y
(monoskenue 4), a BeC caMoJIeTa U TAra JABUratelisi PM T HampaBJieHbI B OJTHY CTOPOHY M OOJIbIIIE

CHJIBI JIOOOBOTO COTPOTHUBIICHUS, YTO CIIOCOOCTBYET JalibHEHeMy pa3rony ckopoct (G+Pm.r-
X>0).



YpaBHeHusi ABHKeHUS B 10JI0KeHUH 3 UMEIOT BUA:
yCIIOBUE UCKPUBIIEHUS TPAEKTOPUH

2
Y-G= mV— >0;
r (12.6)
YCIIOBHE YBCIMUCHUA CKOPOCTU
P-X= md—v >0;
dt 12.7)

VYpaBHEHUSI IBUKEHUS B TIOJI0KEHUH 4 UMEIOT BUJL
YCIIOBUE UCKPUBJIEHUS TPACKTOPUU

2

Y = mV— >0;
r (12.8)
G+P,—X= md—v.
dt (12.9)

ITo noctwkenuu 3aganHoi ckopocty nukupoBanus 200...210 kM/4. fanbHEUITUM B3ITHEM
PYUKH yrpaBieHHUs Ha ce0s He0OX0AMMO HavyaTh BBIBOJI CaMOJIETa U3 MUKUPOBAHUS B
TOPU30HTAJIBHBIN TOJIET.

TpaexTopus nojera B BEPTUKAIBHOMN INIOCKOCTU UCKPUBIIAETCS LIEHTPOCTPEMUTENIBHON CUIION

R=Y-Gcos?.
Cocrapnstomas Beca GSin coBMecTHO ¢ TAroif CUIOBOI YCTaHOBKH GOIIbIIE TJ060BOTO

COTIPOTHUBIIEHHS, UTO CIIOCOOCTBYET JanbHEHIIEMy YBEINUeH IO ckopocTn P+Gcosd >X.

J11s GBICTPOrO YBEIMYEHHSI CKOPOCTH 000POTHI CUIIOBOM YCTaHOBKH HEOOXOIUMO YBEIHUYUTH A0
MaKCHMAaJIbHBIX.

YpaBHeHus IBUKEHUS HA BbIBO/I€ (I0JI0KEeHNE 5) UMEIOT BH/L:

YCIIOBHE YBETUYECHUS CKOPOCTH

P+Gsind-X = md—v >0,
dt (12.10)

YCII0BHUE UCKPUBJICHUA TPACKTOPUHU

V2
Y -Gcos@=m—>0;
r (12.11)

CKOPOCTb HA IIETJIE

Ecnu ckopocTs B Hauase netiu Obliia HeIOCTaTOYHA, TO CaMOJIET, MPOX0/is IEPEBEPHYTOE
MTOJIOYKEHHE, 3aBUCACT M HAUMHACT MapalltoTHPOBaTh, MOIbEMHAS CHJIa CTAHOBUTCS
otpunatensHoil. [leTns momyuaercs ¢ 3aBucanueM (HerpasmwibHas). [losToMy BaskHeHITUM
YCIIOBUEM BBITOJIHEHUS METJIN ABISETCS CO3/IaHUE TOCTATOYHON CKOPOCTH.

HavanpHast ckopocTh I0JKHA OBITH HE MEHEE YeM B JIBa pasza 00JIbIIe CKOPOCTH (3BOJFOTHBHOM )
B BEPXHEH TOUKE METIIH.

[Toatomy muist camoseroB Sk-52 u SIk-55 ycraHoBieHbsl ckopocTr BBoAa 280 km/4 1 250 km/4
COOTBETCTBEHHO, a B BepxHel Touke He MeHee 140 km/4 s camoneta SAk-52 u 125 xkm/9 qis
camoneta Sx-55.

PAANYC IIET/IN

dopma et MosryyaeTcss He KpYyrJloH, a HECKOJIbKO BRITAHYTOM BBepX. OOBICHSIETCS 3TO TeM,
YTO CKOPOCTh MPHU NOJBEME U IIPU CHIKEHUH HEIIPEPBIBHO U3MEHSETCS, YTO PUBOAUT K



HM3MEHEHHIO II0JbEMHOM CHUJIBI, TAaK)KE M3MEHSCTCS BEIMUMHA COCTaBJISIONMICH CUJIBI Beca Gcos? .
Ha Bocxondiiem yqacTke CKOpOCTh NAJAET, TOATOMY PainyC KPUBU3HBI TPAEKTOPUHU
yMmeHblaeTcs. Ha HuCxoasmem yqacTke et CKOPOCTh HapacTaeT U paguyc KPUBU3HBI
yBEeIIMYMBaETCs. B BepxHell Touke KprUBU3HA TPACKTOPHUU HAUOOIbIIAS.

INEPETPY3KA HA IIETJIE

IIeperpyska Ha neTIIe - BEIMYMHA HE TIOCTOSIHHASL U U3MEHAETCS B 3aBUCUMOCTH OT TOTrO, B KAKOU
TOYKE TPACKTOPUM HAXOAMTCS camoJIeT. BennunHa neperpy3ku TakkKe 3aBUCUT OT MaHEPhI
HCIIOJIHEHUS NIETIIN.

W3meHenne neperpy3ku Mpy BBITIOJIHEHUH MTPABIJILHON METIH Mmoka3aHo Ha Puc. 194.
MakcumanbHoe 3HadeHue neperpysku Ily nocrturaercs mpu BBOJE B IETIIIO U IIPU BbIBOJE. B
BEpXHEHN TOUKE METJIN BeJMUMHA EPErpy3KH HaUMEHbIIasi ¥ Ja)Ke MOKET ObITh OTPULIATEILHON
(eciu ckopocTh MeHee 140 km/u-Ak-52 u 125 km/u-5k-55) uinm HETOCTAaTOUYHOE OTKJIOHEHUE

PYUYKH YIIPABIICHUS.

TEXHHUKA BbIIIOJIHEHUA INIET/IU HECTEPOBA

Ilemna Hecmepoega BoinionHsieTcs Ha camodere Sk-52 Ha ckopoctu 280 kM/4 U Ha camouiere Sk-
55 na ckopoctu 250 km/4. O6opoTsl nBurarens 82%.

[Tepen BeIMOTHEHWEM TIETIN CJIETYET OCMOTPETH BO3AYITHOE TPOCTPAHCTBO; YOSAUTHCS, YTO OHO
cB0001HO. B TOpH30HTaILHOM MOJIETE YCTAHOBUTH 3aJaHHYIO CKOPOCTh. Y OeIUTHCS B
OTCYTCTBUH CKOJIBKCHUSI U KPeHA. 3aTEM TUTAaBHBIM OTKJIIOHEHHUEM PYUKH YIIPaBJICHHUS Ha ceOst
BBECTH CaMOJIET B TMETIIIO.

Korpma yron kabpupoBanust gocturset 25...30°, TeMIT OTKJIOHSHHS PYYKH yIIpaBJICHUS HaA ce0s
MOCTEIMEHHO YBEITMYMBATH C TAKMM pacueToM, 4ToObI Ha yriie kabpupoBanus 40...50°
neperpyska gpocruria 4...5. JlanpHeiiee OTKJIOHEHHE PYyYKH YIPaBJICHUS JOJDKHO OBITh TaKOE,
YTOOBI YIII0Basi CKOPOCTh BpAIllEHUsI OCTaBajlach MOCTOSIHHON U CKOPOCTh K MOMEHTY
JTOCTIOKCHHS BEpXHEH TOUKM neTiu Obuta He MeHee 140 km/a most SAk-52 u 125 xm/a muis Sk-55.
CaumkoM BBICOKHI TeMIT OTKJIIOHEHHS pyYKH YIIpaBlIeHUS Ha ce0s BEAET K CO3JaHHI0 OOJIBIINX
Meperpy30K U BOZMOKHOCTH CpPbIBa CaMoJIeTa B IITOTIOP WM IITOMIOPHOE BpallleHue.

Maublii TeMn OTKIOHEHUS PYUKH YIPaBJIEHUS Ha ce0sl BEJET K U3JIMIIHEHN MOTepe CKOPOCTH B
BEpXHEH TOUKE U BO3MOKHOCTH CPBIBA B HITOIOP.

[Ipu nosiBneHNM MPU3HAKOB HEYCTOMUMBOCTH CaMOJIETa B BEpXHEH TOUKE PYUKY YIIpaBICHUS
clielyeT HE3HAYUTENIbHO OTKJIOHUTH OT ce0sl ¢ MOCIEAYIOUIUM OTKIIOHEHHEM Ha ceOsl.

Kak Tonpko camoner mpoiJeT BEpXHIO TOUKY, IUIABHO yOpaTh HaJ1yB U HEOOIbIINM, TJIABHBIM
OTKJIOHEHUEM PYUKH yIpaBJICHUs Ha ceOsl HauaTh BHIBOJ] CAMOJIETa U3 MTUKUPOBAHUS, a TI0
noctkeHn ckopoctd 200...210 kM/9 - B TOpU30HTAIILHBIN TOJIET C TAKUM PACcYETOM, YTOOBI
CKOpOCTh B KOHIIE BBIBOJIA ObLi1a 3aManHom (st camodiera SIk-52 - 280 km/u, s Sk-55 - 250).
IIpu BbINO/HEHNH MeTJIM BHUMaHUe pacnpeiessiTb IPU BBOJE:

noJioskenue 1:

Ha CKOPOCTh U PEKUM PabOTHI ABUTATENS,

Ha OTCYTCTBHUH KpPEHA;

Ha COXPaHEHUU HampaBICHUS;

NOJIOKeHHe 2:

Ha CO3/IaHUU HEOOXOMMOM YIIIOBON CKOPOCTH BpAIICHUSDY

Ha OTCYTCTBHHU KpPEHa;

Ha BEJINYMHE CKOPOCTH;

NoJiokeHue 3:

Ha COXpaHEHUU HampaBICHUS;

Ha OTCYTCTBHHU KpPEHa;

Ha BEJINYMHE CKOPOCTH;

Ha OTpeIeTICHNN MOMEHTa YMEHBIIICHUS HAJTyBa;

noJio:xeHus 4, 5:



HAa yIJjie MMKAPOBAHNUS,

Ha BEJIMYMHE CKOPOCTH;

Ha COXPAaHECHUHU HAIIPaBJICHNUS,

Ha OIIPEJIECIICHUM MOMEHTA YBEJIMYEHUs HAUIyBa, Ul IEPEX0Aa B TOPU30HTAIBHBIN MIOJIET, U1
BBITIOJTHEHUS IPYroil pUrypbl muaoTaxa.

XAPAKTEPHBIE OIIMBKHU IIPU BbIIIOJIHEHUMU IIETJ/IN:

B [IEPBOI1 MMOJIOBIHE NETIIN PYYKa YIIPABJICHUS PE3KO OTKJIOHSETCS Ha ce0s - CO3aeTCs
neperpysKa, CaMoJieT TePSET CKOPOCTh, BOZMOKEH CPHIB B IITOMOPHOE BPALICHNUE;

B [IEPBOI1 MMOJIOBIHE NETIIN PYYKa YIIPABJICHUS MEICHHO OTKJIOHIETCS Ha ce0s - MaJia yriaoBast
CKOPOCTB, TIPH MOJXO0E K BEPXHEH TOUKE BO3MOXKHA MOTEPSI CKOPOCTH M CBAJIMBAHUE B HITOTIO;
IIPH TIOJIX0/1€ K BEPXHEW TOUKE METIH PydKa yIPABICHUS SHEPTUIHO OTKIIOHSETCS Ha ceOs -
BO3MOEH CPBIB B IITOIOP;

pyYKa YIpaBJeHHUs U3JHIITHE OTKIOHIETCS OT Ce0sl TPH MOSBICHUN HEYCTOMYUBOCTH -
BO3MOJKHO 3aBHCAHHE;

KPEH Ha TIeTJIe - He COXpaHIeTCsl HalpaBJIeHNUE;

B BEpPXHEH TOUKE METIH PAaHO YOUPAIOTCss 00OPOTHI IBUTATEIS - CAMOJIET TEPSIET CKOPOCTh H
3aBHCAET;

MIPH TUKAPOBAHHUH PydKa YIIPABICHHS MEUIEHHO OTKIJIOHSETCS Ha ce0sl - 0OJIbIIas CKOPOCTh H
00JIbI11ast TOTEPS BBICOTHI;

MIPY MUKUPOBAHUY PyUKa YIIPABJICHUS PE3KO OTKIOHSETCS Ha ceOsl - BO3MOXKHO IMPEBBIIIICHUE
MEPETrPY3KH M CPBIB B MITOIMIOPHOE BPAIICHUE.

[Tpu MeaIeHHOM OTKJIOHEHUH PYJIKH yIpaBJIeHHS Ha ce0sl, TPH BBOJE B TIETIIIO, HEOOXOAMMO
YBEIMYUTH YTIIOBYIO CKOPOCTDH BpAIleHUs 00Jiee SHEPTUIHBIM OTKIIOHEHHUEM PYYKH YIIPABICHUS
Ha ce0sl, He JIOTyCKasl TPEBBIIICHHS MTEPErPY3KH U CPhIBa B ITONOPHOE BPAIICHHUE - IITOTIOPHYIO
00uKy.

[Tpu motepe ckopoctu B BepxHeit Touke metiau (Meree 140 km/4a-5k-52 u 125 km/4a-51k-55)
MOCTaBUTh MEAATH CTPOTO HEUTPAIHHO, YMEHBIIIUTH TSAHYILEE YCHIIUE HA PYUKE YIIPABICHUS H
MIEPEBECTH CaMOJIET B TUKUPOBAHHUE.

[Tpu BAIOM OTKJIOHEHUH PYYKH YIIPABIICHUS HA ceOs B TIpoIlecce BHIBOIA M3 ITMKHUPOBAHUS
(6pICTpPO HapacTaeT CKOPOCTh OOJIbINIAsK MOTEPS BHICOTHI) HEOOXOIUMO OTKIIOHEHHUEM PYIKH
yIIpaBJICHUs Ha ce0s YBETHMUUTh YTIIOBYIO CKOPOCTb.

[Tpu nosiBIieHNH KpeHa Ha MMKUPOBAHUU HEOOXOIMMO yOpaTh KpeH, a IIOTOM IPOJI0JKATh
BBITIOJTHCHUE TUKUPOBAHUSI.

[Tpu >HEPTrUYHOM OTKJIOHEHHH PYYKHU YIPABICHHS HA ceOsl Ha BBIBOJIC U3 METJIN CIICAYET
YMEHBIIUTh TSAHYIIEE YCUIIHEC.

Crnemyer MOMHHUTb, YTO B PE3yJIbTaTe ICHCTBUS THPOCKOTIMYECKOTO MOMEHTA BO3/IYIIIHOTO BHHTA
CaMoJIeT TIPU B3SATHUH PYYKH YIIPABJICHUS Ha ceOs OyIeT CTPEMHUThCS Pa3BEPHYTHCSI BIEBO, 3TO
OTKJIOHEHUE HE0OXOAMMO MapupOBaTh, HAXKKUMasl Ha IPABYIO Ie/Iallb,  HAKPECHEHUE CaMOoJIeTa
BIIPABO TPU YMEHBIICHUH CKOPOCTH (B Pe3yJIbTaTe JICHCTBUS PEAKIIMU BO3IYITHOTO BUHTA)
MapUpoOBaTh OTKIIOHCHUEM PYYKH YIPABICHHS BIICBO.

IHEPEBOPOT

ITepesopomom HazbiBaeTCs HUTypa MIUJIOTAKA, TPU BBITIOJHEHUH KOTOPOM caMOJIeT
MOBOPAYMBACTCS BOKPYT MPOI0IbHOM OcH Ha 180° ¢ mpsMOro moJieTa B epeBepHYThIi
OTHOCHUTEJIHO TOPU30HTA, C MOCIEYIOIIUM IBHKEHUEM 110 HUCXOISIICH TPAEKTOPHUH B
BEPTUKAIBHOM MIOCKOCTH U BBIXOJIOM B TOPU30HTAIBLHBIN MMOJICT B HAITPABJICHHH, 0OpaTHOM
BBoay (Puc. 195).

[TepeBOpOT MpUMEHSIETCS /151 OBICTPOTO M3MEHCHHUS HAIpaBJieHus mojera Ha 180° ¢ moTtepeit
BBICOTHI. 110 XapakTepy BBIIOJTHEHHS OTyOOUKH TIEPEBOPOT MOKET OBITH YIIPABISEMbIM 1



mTonopHbIM. [IepeBopoT ecTh coueTanrne ropu30HTAIBHOM MOTYOOUYKH C BTOPOW YaCThIO NETIH
Hecreposa.

Puc. 195 Cxema cun, deiicmeyouwjux na camosiem npu 6blNOJIHeHUU nepesopoma

B yueOHbIX 1ensx Ha camouietax Sk-52 u Sk-55 nepeBopoT BBINOIHSIETCSA Ha CIEAYIOLIUX
MPUOOPHBIX CKOPOCTSAX:

ylpasJisieMblii.

BBox - 170 km/u;

HavaJyio BbIBOJIa 3 TukupoBanus - 200...210 km/4;

BBIBO/I B TOPU3OHTAIBHBIN MOJET - 280 Km/4.

IITONOPHBII:

BBOJ- 180 xM/u;

Havayio BbIBOJIa 3 TukupoBanus-200...210 km/4;

BBIBO/I B TOPU3OHTAIBHBIN MOJET - 280 KkM/4

CXEMA CHUJI U YPABHEHUA ABUKEHUA ITPU BbIIIOJIHEHUHU TIEPEBOPOTA

[ToBOpOT camoJiieTa OTHOCHTENBHO MPOIOIBHOM OCH OCYIIECTBISIETCS OTKIIOHCHHUEM 3JIEPOHOB,
CO3JIAIOIIMX PA3HOCTH MOABEMHBIX CHII JIEBOTO M MPABOTO MOJNYKPbUTbeB. OOpaszyromuics
MOMEHT MX BpaliaeT caMoJieT BOKPYT MPOJ0JIbHOM ocu X. B mporiecce BBIMOIHEHUS MOJTyO0YKH
MOSIBJISIETCS] COCTABJISAIONIAS ITOIBEMHON Critbl Y-SINY | cTpemsiasicss pa3BepHYTh CaMoJIeT B
TOPU30HTAIBHON TUIOCKOCTH (OTKJIOHUTH OT OPUEHTHPA), TIOATOMY HEOOXOIUMO PYUKY
yIIpaBJICHUS OTKJIOHUTH OT €0 C IeIbI0 YMECHBIICHHS ATOH COCTaBIsitolIel. B mpomecce
BPAIICHUS COCTABIIAIONIAS TTOABEMHON CHJIbI Y COS/ YMEHBIIAETCS U CTAHOBUTCS MEHBIIIE Beca
camosiera G. B cBsi3u ¢ 3TUM HEOOXOAMMO OTKJIOHUTh BHEIITHIO TIEIAIb ISl YBEIIUYCHUS
OOKOBOM CHIIBI Z, YTO MPUBEAET K COXPAaHEHUIO paBHOBecHs Z-Y C0S?” =G (cMm. Puc. 195).

B nepeBepHYTOM MOJI0KEHUU CAMOJIET IOJDKEH Pa3BEPHYThCS 33 CUET OTKJIOHCHHS PYYKH
ynpaBieHus ot cedsa. B mpoTuBHOM ciydyae noabemHas cuia Y u Bec camoiieta G Oyayt
COBMECTHO HampaBJIeHbl BHU3, YTO MPUBEIET K IEPEXOy camolieTa B TMKUPOBaHUE.
OTKJIOHEHHEM PYUYKH YIPaBIIEHUsS OT ce0s CO3/1aeTCsl OTPHUIATETBHBIN yroJl aTaku Kpblia, U
obpasyrolasicst OTpulatenbHast moabeMuas cuia (-Y) ypaBHoBemuBaet Bec camotiera (G = Y).
OTKJI0HEHHE PYUKH YIPaBIEHUS B MPOIiecce BpalleHUs: 0COOCHHO HEOOXOAUMO MpHU
BBITIOJTHEHUH JIAHHOW JBOJIIOIMM Ha camorere SIk-52, Tak Kak caMoJieT UMeeT
HU3KOPACMOJIOKEHHOE KPBIIIO C MIOCKOBBIMYKIIBIM MPOQHIIEM.



IIpu BBINOJIHEHNH BpaLleHUs HA caMoJieTe SIKk-55 OTKIIOHEHUE PYUKHU YIIPaBICHUS
HE3HAYMUTEIIBHOE, TaK KAK CaMOJIET UMEET CPEIHEPACIIONOKEHHOE KPbUIO ¢ CUMMETPUYHBIM
npoguiem.

Jlns mepeBoia caMoJieTa B IMKUPOBAHUE C MOCIEAYIOIHUM BbIXOJOM B TOPU30HTAJIBHBIN 10JIET
He00X0/1MMa IIEHTPOCTPEMHTENIbHAS CHJIA, HCKPHUBIISIOIIAs TPAEKTOPHUIO TIEPEBOPOTA B
BEPTUKAIBHOU IUNIOCKOCTH. LIeHTpOCTpeMHUTENbHAS CHIIA CO3AETCSl OTKIIOHEHUEM PYYKHU
ynpasieHus Ha ce0s. [Ipu 3ToM B nepeBepHyTOM MOJI0KEHUHN UCKPUBIIEHUE TPACKTOPUU

MIPOUCXOUT MO IEHCTBUEM MOJbEMHOMN CUIIbl Y U COCTaBJISIOUICH Beca camolieTa Geos® .
Hckpusisironias cuia paBHa

Rycie =Y +G 05O =G(ny +C0s6) (1519

[ToTepst BBICOTHI 3a IEPEBOPOT 3aBUCUT OT CKOPOCTU BBOJA (OHA OOBIYHO HE BEJIMKA) U BHIBOJA
U3 HEro, a Takke neperpy3ku Ny. [loTeps BBICOTHI 3a epeBOpOT onpeesnsercs no Gopmyie

AH - 2-V i

g Nycp
(12.13)

TEXHUKA BbINIOJIHEHUSA NEPEBOPOTA YIIPABJIAEMOM IMOJIYBOYKOH

BBoj B mepeBOpOT BBIMOTHAETCS C TOPU3OHTAIBHOTO MoJieTa Ha ckopoctu 170 km/4. OG0POTHI
neuratens 82%. [lepes BeIMoTHEHHEM TIEPEBOPOTA TIPOBEPUTH BBICOTY, OCMOTPETH BO3IYIITHOE
MIPOCTPAHCTBO, 0OpaTUB 0c000€ BHUMAHNE HAa HIKHIOKO TIOJTycdepy, U, yOeIUBIIUCH, YTO OHO
CBOOOJHO, HAMETUTH OPUEHTHP IS BBIBOJIA U3 TIEPEBOPOTA. Y CTAHOBUTH CKOPOCTH 170 KM/4.
Coznarp yron kadpupoBanus 15...20° u 3adurcupoBaTh €ro HeOOJBITUM OTKIOHCHHEM PYUKH
yIpaBJIeHUS OT ceOs.

[1naBHBIM JBMKEHHEM PYUKHU YIPABJICHUS U HE3HAYUTEIbHBIM OTKJIOHEHHUEM TIe/1ajiu B
KEJlaeMyI0 CTOPOHY HayaTh BpallleHHe caMOJIeTa OTHOCUTENBHO Mpoa0iabHOM ocu. [locne
pa3BopoTa camoJieTa BOKPYT MPOI0ILHOM ocH (KpeH 45°) HeoOX0AMMO HadaTh OTKJIOHSTH PYUKY
yrpaBieHHUs OT cebsl, He AOMycKasl yXoJa caMoJjieTa OT OPUEHTUPA, & K MOMEHTY JOCTHXKEHUS
CaMoJIETOM MEPEBEPHYTOT0 MOJIOKEHUS - OMTyCKaHMsI KaroTa camoJieTa.

K MoMeHTy pocTuKeHHsI IepeBEPHYTOrO MOJIOKEHUS MeAalu NOCTaBUTh HEUTPaIbHO U
JBUKEHHEM PYUKH YIIPaBJICHUS B CTOPOHY, OOpaTHYIO BpallleHuI0, 3a(UKCHUPOBATH CAMOJIET B
nepeBepHyToOM noJioxkeHuu. [1o BuaumbiM yactam ¢poHaps KaOMHBI caMoJieTa, KarnoTa u
MOJIYKPBUIbEB YOEAUTHCSA B OTCYTCTBUU KPEHA U COXPAHEHUU HAIPaBIIEHUS MOJeTa
OTHOCHUTEJIbHO HAMEYEHHOI'0 OPUEHTHpA JJIs BBOJA U BBIBOJIA.

B npouecce BBoa B epeBOPOT B3IJIsI] 10J15KeH ObITH HANIPpaBJeH Bliepe] HA TOPU30HT,
BHUMAaHHe pacnpeeisiTh:

Ha KOOPAMHUPOBAHHOCTH OTKIIOHEHHSI PYUYKH yIIpaBICHUS U Ieajei;

Ha TOJIO’KEHUU BUAUMBIX YacTel (hoHaps kKaOWHBI U KalloTa caMoJieTa OTHOCUTEILHO TOPU30HTA;
Ha BbIICP>)KMBAHUM HAIIPABJICHUS HA OPUEHTUDP U TEMIIE BPAIlEHHUS CaMOJIeTa.

Kak Tonpko camosieT mpekpaTuT BpallleHUue, YMEHbIIUTh HaAayB Ha 2/3 (IIpy BHIMOJIHEHUH
y4eOHOTro MUI0TaXa) pplYyaroM yIpaBlieHUs APOCCENbHOM 3aCIOHKU KapOropaTopa U, MIaBHO
OTKJIOHSISL PYUKY yIpaBJeHHs Ha ce0sl, BBECTH CaMOJIeT B TUKHPOBAHUE.

[To noctmwxkenuu ckopoctu 200...210 kM/4 HaYaTh MJIABHO BHIBOJAUTH CaMOJIET U3 TUKUPOBAHUS C
TaKUM PacdyeToM, YTOOBI CKOPOCTH MPHU BBIBOJIE CaMOJIeTa B TOPU30HTANBHBIN MOJET COCTABIISANIA
280 xkM/u.

[Ipu BBIBOJE M3 MUKUPOBAHUSI BHUMAHUE PACIPEIENSTh:

Ha KOHTPOJIE CKOPOCTH;

Ha TeMIIe OTKJIOHEHUS PYYKH YIpaBleHUs Ha ceOs;

Ha OTCYTCTBHM KPEHa;

Ha HalpaBJIEHUU BBIBOJIA;



Ha OIpe/eNICHe MOMEHTA Havyajla yBeJTMUeHUs Ha/ITyBa (TIPH BBHITIOJHEHUH Y4€OHOTO
MUAJIOTAXA).

XAPAKTEPHBIE OIIIMEKHU IIPH BBINIOJIHEHHUHU ITEPEBOPOTA
YIIPABJISEMOM II0JIYEOYKOM:

MaJl yroi kabpupoBaHus NEpe]] BBIBOJIOM - 3aTPYAHEHO ONpEAEICHUE MOJI0KEHHS CaMOJIETa B
IIEPEBEPHYTOM IOJIOKEHNU;

BO3MO’KEH BBIXOJI U3 IIEPEBOPOTA HE B 33JJAHHOM HAIIPABJICHUM IIPU OTCYTCTBUH BUAUMOTO
TOPU30HTA B IIEPEBEPHYTOM IOJIOKECHHUM:

MO3/THO MJTM MaJIO OTKJIOHSIETCS PydKa YIPaBICHHS OT ce0sl MPH BHITIOJTHEHUH MOJTyOOUYKH - YXO1
caMoJIeTa B CTOPOHY OT OPUEHTHDA;

W3JIMIIHE OTKJIOHSAETCS PydKa YIpaBJIEHUs OT ce0sl B IEPEBEPHYTOM IOJIOKEHUU - TPOUCXOTUT
3aBUCAaHUE CaMOJIETa C MOSBJICHUEM OTPHULATENBHBIX MEPETPY30K;

HECBOEBPEMEHHOE OTKJIOHEHUE PyJiel yIIpaBiIeHMs Ha BBIBOJ U3 MOJIyOOUKH - B IEPEBEPHYTOM
ITOJIOKEHHUH CO3JIAETCSl KPEH U BBIBOJ M3 IEPEBOPOTA IIPOUCXOIUT HE B 3aIaHHOM HaIIPaBIICHUY;
MEPETATMBAHNUE PYUKH YIPaBJIEHUS Ha ceOs MU BBIBOJE U3 MUKUPOBAHMS - CPBIB CaMOJIETA B
IITONIOPHOE BPAILICHHUE;

MEJUIEHHBIN TEMIT OTKJIOHEHMSI pyYKHU yIIpaBJieHUs Ha ce0sl IpU BbIBOJIE U3 TUKUPOBAHHUS -
YBEIUYUBAETCSA CKOPOCTh M IPOUCXOIUT U3JIMIIHSASA TOTEPS BBICOTHI.

TEXHUKA BbINIOJIHEHUSA NEPEBOPOTA IITOIOPHOM MOJIYBOYKOH

[TepeBopot BbmonHsAeTCs Ha ckopocTd 180 kM/4. OGopoTs! ABUrarens 82%.

OcMOTpeTh BO3AYITHOE TPOCTPAHCTBO, 0OpAaTUB 0COO0E BHUMAaHUE HAa HIDKHIOKO MoTycdepy, u,
yOeIUBUINCH, YTO OHO CBOOOHO, HAMETUTH OPUEHTHP AJISl BBOJA U BBIBOJIA U3 IEPEBOPOTA.
YcranoButh ckopocTh 180 kM/4. HeOGombpImmm, HO SHEPTUYHBIM OTKJIOHEHUEM PYYKH
yIpaBJIeHUS Ha ce0sl Co3AaTh YroJl KaOpUpOBaHUS U, HE PUKCUPYS 3TOT yroJi, SHEPTUIHO
OTKJIOHUTb MOJIHOCTBIO MEAaIb B CTOPOHY BpAIICHUS U OJTHOBPEMEHHO OTKJIOHUTDH PYUKY
yIpaBieHUs B CTOPOHY BpalleHus, K O0PTY, U KaK TOJIBKO CaMOJIET 3aBpalllaeTcsl, OTKATh PYyUKY
yIpaBieHUs] HE3HAYUTEIHHO OT ceOsl.

3a 30° 10 rOpU3OHTAIBHOTO MEPEBEPHYTOTO MOJIOKEHUSI FHEPTUUHBIM OTKIIOHEHUEM PYUKH
yIpaBieHUs U Melaly B MPOTUBOIOJIOKHYIO CTOPOHY OCTAaHOBHUTH BpallleHHUE.

[Tocne mpekpaiiieHus: BpalieHUs py4yKy YIIPaBJICHUs U MeJalyd BO3BPATUTh B HEUTPaJIbHOE
nosioxkenue. [IpokoHTpoIMpPOBaTh MEPEBEPHYTOE TOPU30HTATBHOE TOJIOKEHUE CaMOJIETa I10
MOJIOKEHUIO BUIMMBIX YacTel (hoHapsi KaOMHBI U KalloTa caMoJieTa OTHOCUTEIbHO TOPU30HTA (a
TaKKe MO TMOJIOKEHUIO MONTYKpbUIbeB). [Ipy HaIM4unu KpeHa yCTpaHUTh €ro OTKIOHEHHEM
AJIEPOHOB.

[Tocne BbIMOTHEHHS TOTYOOUYKH TUIABHBIM OTKJIOHEHHWEM PYUKH YIPAaBJICHUS Ha ceOs BHIBECTH
CaMoJIeT B TOPU30HTANIBHBIH MOJIET PACCMOTPEHHBIM METOA0M Ha ckopocTu 280 km/d.

XAPAKTEPHBIE OIIUBKHU ITPU BbINIOJIHEHHUU IEPEBOPOTA IITOIIOPHOM
MMOJIYBOYKOM:

HEMOJHOE WM HEAHEPTUYHOE OTKJIIOHEHHE MeJalId Ha BBOJ B IITONOPHYIO MOJYOOUKY - BSUIBIN
CPBIB CaMOJIeTa;

HE/I0CTaTOYHOE OTKJIOHEHHE PYUKH YIIPaBJIEHUS OT ce0s B MpOLIecce BpallleHUs CaMOJIeTa - YXO
camoJieTa B CTOPOHY OT OPUEHTHUDA;

IIPOUCXOJUT OITyCKaHHE KaroTa caMOJIETa BO BPEMsI BPaLLIEHUsI OTHOCUTENIBHO TOPU30HTA - MaJl
yroJl KaOpHpoBaHU Nepe MoTyO0UKoii;

PaHO WJIM MO3IHO JaHbl PYJIM HA BBIBOJ - BBIBOJ CAMOJIETA C KDEHOM M OTKJIOHEHHUEM OT
OPHEHTHPA Ha BBIBOJIE;

PE3KO OTKJIOHSETCA pydyKa yIpaBlieHHs Ha ce0si, a IPU BBIBOJIE HE OTIAETCS - HEYCTOWYMBOE
BpAIllEHUE CaMOJIETA C 3apbIBAHUEM.



HOJYHETJIA HECTEPOBA

ITonynemanen Hecmepoea HazpiBaetcsi GUrypa nuiaoTaxa, MpH BHIIOJHEHUH KOTOPOW CaMoJIeT
OIIKMCBIBAET BOCXOAAIIYIO 4acTh et HecTepoa ¢ nmociieayomuM N0BOPOTOM OTHOCUTEIBLHO
po0bHOM ocu Ha 180° ¥ BEIBOJIOM B TOPU30HTAIBHBIH MOJIET B HAIIPABICHUMN» 00paTHOM
BBOJLY.

[Tonynerns - 310 coyeTanre NepBoOi MOJOBUHBI ETIH C MOITYOOUYKOH (yIpaBisieMoi,
IITOTIOPHOI) ¥ BBIBOJIOM U3 (PUTYpHI HA CKOPOCTH He MeHee 140 km/4.

[lonynerns npumensiercs i ObICTPOro M3MEHEHU s HallpaBiieHus noJiera Ha 180° ¢
OJIHOBPEMEHHBIM HaOOpoM BbICOTHI. [lomyneris, Tak ke kak u nerias Hecreposa, BbIOSIHSAETCS
B OCHOBHOM 3a CUET 3araca CKOpOCTH. BbINOIHEHNE NOIYNETIN aHAIOTUYHO BBIIIOJHEHUIO
nepBoi nosoBuHsI nemiv HecrepoBa, HO ¢ OOJIBIIMM 3a11acOM CKOPOCTH, C TAKUM PacyeToM,
4TOOBI B BEpXHEN TOUYKE MEpe]] yIpaBiIsieMON WM IITOMOPHOM MOITy004YKOM CKOPOCTh Oblila He
MeHee 170 km/4. 3amac CKOpOCTH HEOOXOIUM JJIsl COXPaHEHUs JOCTaTOYHOW yIpaBiIsieMOCTH
camoJieTa MpH BBINOJIHEHNHU N0iy0ouku. [1oaTomy ckopocTs BBo1a BbiOpaHa paBHOU 320 kM/4.
Jy1s Toro uTOOBI B BEpXHEH TOUKE MOJIYNETIN HOpMaJlbHas Meperpy3ka Obliia MOJIOKUTEIbHON 1

ONM3KOM K eTUHUIIE, ITeperpy3ka Ha BBOJIE N0JKHA ObITh Ny=4...5. CKOpOCTh B BEpXHEH TOUKe
MIOJIYNETIIN 0JKHA ObITh He MeHee 170 km/4 (mepes BblNoJIHEHHnEM Noayoouku) u 140 km/gq
(nmocne BoInoJIHEHUS BpaleHus). CKOpoCTh B KayKJOM TOUKE MOJIYNETIN ONpPeAeseTCs 1Mo
dhopmyre

n, —cosé,

V=V,

n, —cosé (12.14)

——
-
-

————

Puc. 196 Cxema cun, deiicmayoujux nHa camonem npu 6bInOJIHEeHUU NOTIYREMIU

Paguyc kpuBU3HBI B KaX 101 TOUKE MOTYNETIIN U3MEHSETCS MPSIMO MTPOIIO PLIMOHAIBHO CKOPOCTH
npu @ = const.

ITpu coOnroieHNH BhIIIEYKAa3aHHBIX YCIOBUH BBIIOJIHEHUS MOIYNETIN caMoJIeT Habupaer
BBICOTY HE MeHee 330 M.

Cxema cuJ, IeHCTBYIOIIMX HA CaMOJIET B HanOoJiee XapakTePHbIX TOYKaX MOJYNETIIH, ToKa3aHa
Ha Puc. 196.



TEXHHUKA BbIIIOJIHEHHUA ITIOJIYIIET/IU

Ilonynemnsa semonnsercs Ha ckopoctu 320 km/4. O0opoTh! aBUTaTens 8§2% mpu MoJIHOM
Haanyse. [lomynerss BRIMOTHACTCA TaK JKe, Kak IepBast MOJIOBUHA NETIIH, HO TEMIT OTKIIOHEHUS
PYUKH YIpaBJeHHUs Ha ce0sl TOJHKEH ObITh SHEprUYHee.

[lepen BBOJIOM clieyeT OCMOTPETh BO3IYIIIHOE MPOCTPAHCTBO, YOSIUTHCS, YTO OHO CBOOOTHO.
HametuTs OpreHTHp 1151 BBIBOIA U3 TIOJTYTICTIIH.

B ropu3oHTaIbHOM TOJIETE WM Ha CHUKCHUH YCTAaHOBUTH CKOPOCTh, paBHYIO 320 kM/4. 3aTeM
IUTABHBIM, HO SHEPTUYHBIM OTKIOHEHHUEM PYYKH YIIPAaBJICHUS Ha ceOsl IepEeBECTH caMOJIeT Ha
kaOpupoBanue. Jlocturays yria kabpupoBanus 25...30°, TeMIT OTKJIIOHEHUS PyYKH YIIPABICHUS
Ha ceOs MOCTEIICHHO YBEIMYMBATH C TAKUM PacdeToM, 4TOOkI Ipu yriie kabpuposanwms 40...45°
neperpyska Obuia paBHa 4...5. Jlanee OTKIOHATh pyuKy YIPaBJIEHUS C TAKUM pPacieToM U
TEMIIOM, YTOOBI YTrIIOBasi CKOPOCTH IO MPHOOPY MPHU BBIXOJIE B BEPXHIOK TOUYKY HOJIYHETIN
(monoskeHue camoJiera rnepeBepuyroe) onina He meHee 170 km/u.

[Tpu moIxo/1€ K BEpXHEW TOUKE MOJYIIETIIN, KOTAa KaloT caMoJIeTa He JOHIeT 10 IMHUN
ropusoHTa Ha 10...15°, HE00X0UMO KPaTKOBPEMEHHO 3a(PUKCHPOBATH ITO MOJIOKEHUE U
OTKJIOHEHUEM PYYKH YIIPABJICHUS M HE3HAYUTEIBHBIM OTKIOHEHUEM TIEAAIH B KEIAEMYIO
CTOpPOHY HauaTh BpallleHUE CaMOJIETA.

Kak Tospko camoieT 3aiiMeT rOpH30HTAIBHOE TIOJIOKEHNE, PEKPATUTH BpaIlleHUE
KOOPAMHUPOBAHHBIM OTKIIOHEHHEM PYYKH YIPABJICHHS U TIeJaJIei B CTOPOHY,
MIPOTHBOIIOJIOKHYIO BPAIICHHIO, C TIOCIICAYIOIIAM MX BO3BPAIICHHEM B HEUTpaIbHOE
MOJIOXKEHHUE.

Ecnu ckopocTh B BepxHeil Touke noiaynetiu oyaet meHee 170 km/4, moyO00UKy HE BBIOJIHSTD,
¢burypy 3akoHYUTH BTOPOH YacThio netiau Hecreposa.

PACIIPEAEJIEHUE BHUMAHMWA ITPU BbIIIOJIHEHUH NTOJIYIIETJ/IN:

NpH BBoOJE:

Ha CKOPOCTH U PeKUMe pabOThHI ABUraTENs;

Ha OTCYTCTBHUHU KpPEHa;

Ha XapakTepe U3MEHEHUS MePerpy3KH;

NPH BHINOJHEHUH MOJTYy00UKH:

Ha OTpeieICHU MOMEHTA Hayalla BBITOJIHEHHS M0JTyO0UKH;
Ha HampaBJIEHUH BBIBOJIA,

Ha CKOPOCTH BBO/JIa BO BpallleHHE.

XAPAKTEPHBIE OIIUBKH ITPU BbINOJIHEHHUHU MOJIYIIETJIM C
YIIPABJISEMOM MMOJIYEOYKOM:

MepeTArMBaHNe PYUKH YIpaBlIeHUs Ha ce0s - HOTepsi CKOPOCTH, BO3MOKHO CBAJIMBAHUE
camoJieTa B IITOMOP WU IITOMIOPHOE BPAILECHUE;

paHO OTKJIOHSIOTCA PYJIM YIPaBIEHUS Ha BBOJ B MOJTYOOUKY- CAMOJIET BBIXOIUT U3 MOJIYHETIIN C
yriaoM KaOpupoBaHus (BO3MOXHA MOTEPS CKOPOCTH);

MO3JHO OTKJIOHSIFOTCS PYJIM HA BBOJI B MOJYOOUKY - CaMOJIET BBIXOAUT U3 MOJYNETIH C YIIOM
CHIDKEHUS,

HECBOEBPEMEHHO (PaHO WJIH MO3THO) OTKIOHSIOTCS PYJIU YIIpaBieHUs (3JIEPOHBI U PYIib
HaIpaBJICHHUs) Ha BBIBOJ U3 MOJIYOOUKH - CAMOJIET BBIXOJUT C KPEHOM U3 MONYIETIIH;
HEKOOPIMHUPOBAHHO BBHITIONHSIETCS MOTYO0YKa - BBIXO]I U3 TIOJMYIETIIM HE M0 HAMPaBJICHHUIO;
HaJu4he KpeHa Ha BBOJE - MOJIYNETIs BBIIOJIHIETCS HE B BEPTUKAIBHOM MIIOCKOCTH;

B MOJIOKEHUH CaMOJIETa Ha «HOXeE» HE OTKIIOHSIETCS Py4Ka yIpaBJieHHs OT ceOs - BEIBO U3
MOJIYTIETIN MPOUCXOAUT C OTKIIOHEHHEM OT BHIOPAHHOTO HAMPABJICHHUSL.

OUI'YPDHI BBICHIET' O ITMJIOTAKA



AIPOJUHAMMUKA INEPEBEPHYTOTI'O ITOJIETA

[TepeBepHYTHIH TOJET OTIIMYACTCS OT OOBIYHOTO, HOPMAJILHOTO IOJIETa TEM, YTO Ha
YCTaHOBUBIITUXCS PEKHUMAX IMOJIETa MOJLEMHAS CHJIa HApaBJIeHa B 0OpaTHYIO CTOPOHY (OT
(oHapst KaOUHBI B CTOPOHY maccH). Kpbuto B 3ToM citydae paboTaeT B AWAa30He CPABHUTEIHLHO
OOJIBIIMX OTPHIATENIBHBIX YIIIOB aTaKH, CO3/[aBasi OTPUIATEIILHYIO MTOAbEeMHYIO cuity - V (Puc.
197).

B nepeBepHyTOM M0OJ€TE HA CAMOJIET IEUCTBYIOT TAKUE K€ CHIIBI U MOMEHTBI, YTO U B
HOpMaJIbHOM IIOJICTC, OJHAKO BCIIMYMHA U HAITPABJICHUC 3TUX CUJI U MOMCHTOB MOT'YyT
CYIIECTBEHHO OTIMYATHCS OT YCIOBUN HOPMAJIBHOTO TTOJIETA.

-J

Puc. 197 Ilonem camonema na cnune

[lepeBepHyThIi OJET UMEET PSIJI CYIIECTBEHHBIX 0COOEHHOCTEH.

1. I3MeHeHne HampaBiIeHHs ICMCTBYIOIIMX HA JIETUMKA CUJI U ITeperpy3ok. Beneacraue atoro
MeHseTcsl GU3MOJIOTMYECKOe BO3/IeHCTBIE HAa OpraHu3M JeTtunka. [lepeHocuMocTb
OTpULATENbHBIX IEPErPy30K (Ta3 - roJIoBa) 3HAYUTEIBHO HIKE, YEM MOJIOKUTENbHBIX (T0JI0Ba -
Ta3). Yxyamaercs paboToCoCOOHOCTh OpraHu3Ma.

2. YXynamaroTcs JeTHbIE XapaKTepUCTUKN CaMoJieTa BCIIEJCTBUE YMEHBIICHUS €r0
a’pOIMHaMUYECKOTO KauyecTBa.

3. HeoObruHOE TI0JIOKEHUE JIETYNKA U OOpATHBIE ABUKEHUS PYIKON U TIEAAISIMH TTPU
yIpaBlIeHUHU CAMOJIETOM TPeOYIOT OT JIeTYHMKA MOBBIILIEHHOTO0 BHUMAaHUS, OCOOCHHO B Hauase
OCBOEHHS MTEPEBEPHYTOT0 NoJieTa. Tak, A yBeTUYEHHUs yrila aTaku B IEPEBEPHYTOM I0JIETE
(oTpHIIATEIBLHOTO YIJIa) HEOOXOAMMO PYUKY YIIPaBJIEHUS OTKIOHUTH OT Ce0s, a IS
YMEHbILIEHUS - Ha ce0s. J{1s1 HaKpeHeHus: caMoJIeTa BJIEBO JIETYUK JIOJDKEH OTKJIOHUTD PYUKY
yIpaBieHUs BIPaBO, U HA0OOPOT, OTKIIOHEHHE TIEAATH BIIPABO BHI3bIBACT JIEBBIM Pa3BOPOT, a
OTKJIOHEHHE JIEBOM Mealu - MpaBblil pa3BOPOT.

4. B nepeBepHyTOM I0JIETE CYIIECTBEHHO U3MEHSETCSl paboTa OTAEIbHBIX SJIEMEHTOB
KOHCTPYKIUU camoJieTa. Bo3HukaeT He0OX0IMMOCTh CIIEUAIbHON KOMIIOHOBKY KaOWHbBI
netuuka. [IpenycmarpuBaeTcs peryianupoBKa CUJCHbs, NeJaliel, H3MEHseTCs cucTeMa
MIPUBSI3HBIX PEMHEH, oOecrieunBaeTcs KperjieHHe HOT JIeTUMKA K MeJaliiM HOKHOTO YIIPaBIICHUS
U T.IL

5. Ha camonerax, npeaHa3Hau€HHBIX JIJIs IEPEBEPHYTHIX MOJETOB, TOJKHBI IPEIyCMaTPUBATHCS
CrelHaibHble KOHCTPYKIIUU TOILTUBOMUTAHUSA, CMAa3KU U CYy(IMPOBAHUS JBUTATENS IS
obecrieueHns ero HopMajabHON PabOTHI B YCIOBHSIX AIUTEIBHOIO MOJIETA HA CIIMHE WX
BBITIOJTHEHUS TUJIOTAXKa C OTPULIATEIbHBIMU Teperpy3Kamu.

6. Y caMoJeTOB, UMEIONINX MOJOKUTENbHOE MonepeyHoe V Kpblia, B IEPEBEPHYTOM
MOJIOKEHUHU YXYAIIAETCS MOoNepeyHasi ycTOMYUBOCTh. Pysib BEICOTBI BHU3 OTKJIOHSIETCS, KaK
MPaBUJIO0, HA MEHBIIIUH YTOJI, YTO MOKET OTPA3UTHCS HA MPOJIOJILHON YIIPABIsEMOCTH CaMOJIeTa
Ha OOJIBIIUX OTPULIATEIBHBIX YTIaX aTaKu.

[Toatomy 1t obecriedeHus] yCTOMUYMBOCTH U YIIPABISIEMOCTH CaMOJIETa B IEPEBEPHYTOM TOJIETE
HE00X0IMMO MMOA00PATh TAKUE YTIIbl YCTAHOBKH KpPbLIa U CTA0OMIM3aTOPAa, YIIIbl OTKIOHEHUS
pyJeit, yToObl YCTOWYMBOCTD U YIIPABIAEMOCTh HE UMeJa PE3KUX OTINYUNA OT HOPMaJIbHOTO,
MPSIMOTO TOJIETA.



AIPOJUHAMUNYECKHUE XAPAKTEPUCTHUKHU KPbIJIA B IITEPEBEPHYTOM
INIOJIETE

AbdpoMHAMHYECKHE XapaKTEPUCTUKH KpbLja B IEPEBEPHYTOM TOJIeTe OyIyT UMETh HEKOTOPhIE
OTJINYUS OT a3POIUHAMUUECKUX XapAKTEPUCTUK KPbliIa B HOPMAJIbHOM IOJIETE. DTU OTIUUUS
00yCIIOBIICHBI pa3IMYHBIMU KapTHHAMU O0TEKaHUs POQUIIST KpbLIa U, CIIEA0BATEIBHO,
Pa3INYHBIM paclpeeIeHueM JaBICHUs BI0JIb XOpasl mpodws. [ ynoOcTBa paccyxaeHni

11€JIecO00pa3HO YIIIbI aTaKU U MOBEMHYIO CHITY KpbLJa B IEPEBEPHYTOM I0JIeTE 0003HAYATH

1

7
a u YV , 4 3HaK Tak, Kak rmokaszano Ha Puc. 198. CoorBeTcTBEHHO 0003HAYNM U

K03(bGUIIEHT 1T01beMHOiT cribl - Cy' .

Ecnu npoduis Kpblia IBOSKOBBITYKIIBIH, HECHMMETPHUYHBIN, TO, Kak BUIHO Ha Puc. 199,
KapTUHBI 00TEKaHUs Kpblila B HOPMAJIBHOM U IIEPEBEPHYTOM I0JIeTE Oy1yT OTIMYATHCS OJJHA OT
Apyroi. 3To oTIn4Me OyJEeT yMEHbIIATHCS [0 Mepe MPUOIMKEHUS POPMBI TPODUI K
JIBOSIKOBBIITYKJIOW, CHMMETPUYHOM.

,dn
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Puc. 198 O6o3nauenus yznoe amaxku u noOveMHOIL CUIbL 8 HEPEBEPHYMOM noleme

VY cTporo cMMMETpHUYHBIX IPOGHIICH KapTHHBI 00TEKaH!sS B HOPMAIBHOM U TIEPEBEPHYTOM
MOJIETaX MPAKTHYECKU MaJl0 OTIMYAIOTCS OJIHA OT IPpYroi. Mimeromiee MecTo HEKOTOpoe
paznuurie 0OBSCHSIETCS ICHCTBIEM CHII TSATOTCHUS Ha YaCTHUIIBI BO3/IyXa B MOTOKE, 00TEKAOIIeM
poduIIh KpbLIa.

Y HECUMMETPUYHBIX NMPOQUIIeH KapTUHBI O0TEKaHHS U pacIpeAeTICHUS JaBICHHUH MO XOp/Ie
npouIIs B IPSIMOM U TIEPEBEPHYTOM IOJIETe OYAyT HMETh CYIIECTBEHHBIC pa3inyus. B
pe3ysbTaTe 3TOTO U3MEHSETCS U XapaKTep 3aBUCUMOCTH KO3 HUIIMEHTA MO ITBEMHOM CHIIBI OT
yIJia aTakk B 00J1aCTH OTPULIATEIILHBIX YIIIOB aTaKH.
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Puc. 199 Kapmuna oomexanua npogpuna Kpviia 6 npamom u nepeeepHymom nojieme

Puc. 200 Kpuswie Cy = f (a) npogpuneii: a - necummempuunozo; 6 - CUMMEMPUUHOZO



Y cummerpuaHoro npoduis, kak BugHo u3 Puc. 200, koadduiimeHT mospeMHOM CHITBI B
00J1aCTH MOJIOKUTENBHBIX U B 00JIACTH OTPHUIIATEILHBIX YTIIOB aTaKH UMEET OAMHAKOBBIN
XapakTep U3MEHEHHUs IIPY U3MEHEHUH yria aTaku. [IpakTHUecKl OJJMHAKOBBI AOCOIIOTHBIC
3HAYEHUS] KPUTHUECKUX YTIIOB aTaku O gpyr U MAaKCUMAIBHBIX BETUYHH KOAPPUITUCHTA

MO TEMHOM CHIIBI (CyHMaKc).

Y HeCUMMETPUYHOTO POQHIIS B 00JIACTH OTPUIIATENILHBIX YTIIOB aTaKH a0COJIIOTHAS BEIMYHHA
kodpdunuenTa Cyyaxc 3HAYUTEITHHO MEHbIIIEe BeTMIHMHBI CyMaKc B 00JIACTH MOJOKUTETHHBIX
YIJI0B aTaku. JTa pazHuua OyneT Oosbliie y TaKux Npoguiiel, y KOTOPbIX KpUBU3HA BEPXHEH
MMOBEPXHOCTU 0OJIbIIIE, YeM KPUBU3HA HIDKHEH, T. €. Y Mpoduiieid, KOTOpbie UMEIOT OOJIBIITYIO

OTHOCHUTEJIbHYIO KPUBU3HY f
Kputnueckue yribl aTaku y HECUMMETPUUYHBIX Ipo¢uiei o adCoIIOTHON BETUYMHE, KaK

[IpaBUJIO, HEOAMHAKOBBI, IPUYEM B 00JIACTH OTPULIATENIBHBIX YIJI0OB BEIMYMHA O rur Oyzner
MEHbIIE KPUTUYECKOTO yrila aTaku & gpyr IPSIMOTO TOJIETA.

JIo6oBOE COMPOTUBIICHUE KPbLIA B JIECTHOM JIMAa30HE OTPULIATEIbHBIX YIJIOB aTaKu He OyneT
paBHO JI0OOBOMY CONPOTHUBIIEHUIO KPblla HA MOJIOKUTENbHBIX yrilaxX aTaku IpHU MOJIETe Ha
OJIHUX U Tex ke 3HaueHusax Cy. Hanpumep, npu nosere Ha CKOPOCTU ¢ B HOPMAJILHOM U
MIEPEBEPHYTOM MOJIOKEHUAX MOTpeOHas BeIUUnHa K03 PUIMeHTa Mo IbeMHON CUITbI OyIeT
OJIMHAKOBA B TOM U B JIPyrOM CJIy4ae U COCTABUT 10 a0COIIOTHOM BEIUUNHE

2G
‘Cy‘ = 2

p:S-0° (13.1)
OnHako yrisl MEKTy XOp/IOH KpbliIa M HAaITpaBJIeHUEM HAOETAOIIEero TOTOKA MPU ATOM OyIyT

OTJIMYATHCS M3-3a HAIIMYMS YITIa aTaku HyleBoi nogbemHoit cuisl %o (cM. Puc. 200).
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Puc. 201 Bauanue yzna ycmano6Ku Kpulia Ha Y20l Mexcoy RPOO0IbHOU 0CbI0 CAMONema U 20PU30HMOM

MosHo 3amucath, uto npu Cy = Cy'’ 6yxeM uMeTh

o) —a, =20, (132)
CrnenoBarenbHO, B IEPEBEPHYTOM I0JIETE YIOJ MEXKY XOpA0H MpoduiIs U HallpaBJIeHUEM
Haberarouiero NoToka Mpy MpoYMX PaBHBIX YCIOBUSAX OOJIbIIE AHATIOTUYHOTO YIila IPSIMOTO
noJsieta Ha Benu4uHy 2 & . [1o 3T0i# npuyrHe B epeBepHYTOM MOJIETE NPOPHUILHOE
COMPOTHBIICHUE KPbLJIa HAa OJIMHAKOBBIX MO abcooTHOMY 3HaueHuto Cy Oyzaet Ooiblie, 4eM B
npsiMoM moJiete. M3 3Toro cienyer, 4To mpu MoJeTe Ha OJIMHAKOBBIX CKOPOCTSIX B IEPEBEPHYTOM
roJieTe JIOOOBOE COMPOTUBJICHHE KpbLila OyAeT OOJbIIIe, YeEM B MPSMOM IOJIETE.
CamoneTsl, IpeiHa3HaYEHHbBIE IS BBIOJTHEHHSI JUTUTEIbHBIX IOJIETOB B IEPEBEPHYTOM
MOJIOKEHUH U TIJIOTaXKa C OTPULIATEIbHBIM 3HAaYCHHEM TOIbEMHOMN CHIIbI, TOJKHBI UMETh
KpBLII0, HAOpaHHOE U3 Mpoduiiel o cBoelt popme, ONU3KUX K CHMMETPUYHBIM.
JIoGoBO€ COMPOTUBIIEHUE CAMOJIETA B IEPEBEPHYTOM MOJIETE OOBIYHO UMEET OOJIBIIYIO
BEITUYMHY, YEM JIOOOBOE COMTPOTUBIICHHE B HOPMAIBHOM TOJIeTe. ITO 00yCIOBINBACTCS
O0COOCHHOCTSIMU KOHCTPYKIIMH (Pro3essika, mpelycMaTpuBaloieil MUHUMATbHOE COIPOTUBIICHUE
B OOBIYHOM TIOJIETE;
BpeAHOU nHTep(depeHIrel Kppliia U (Pro3essika, HATUYUEM TOJI0KUTEIHHOTO YCTAHOBOYHOTO
yria KpbLia.
B HOpMansHOM MoJieTe mpHu yriie aTaku Kpblia OLyCT YrOJI MEXKIY MPOJAOTIBHON OChIO (PrO3ersika
Y HaIpaBJIEHUEM HAOETaroIIero MoTOKa MEHBIIIE YTiia aTaki Ha BETUYMHY YCTAHOBOYHOTO yIiia
kpbuia. Tem caMbIM cCHUXaeTcst T000Boe compoTuBieHue Gro3ensxka. B mepeBepHyTOM
MOJIOKEHUH ATOT YTroJl, HA000pOT, OyneT OoJbIlle, YeM yroJi aTakd, Ha IBOMHYIO BETUYUHY
YCTaHOBOYHOTO yria Kpbuia. Hampumep, eciivi ycTaHOBOUHBIHN YroJ paBeH +2°, To Ipu MojeTe Ha



yrie atraku & = 5° B HOpMaJIbHOM I10JIETE YIOJl MEX]Ty IIPOJI0JIBHOM OChIO CaMoJIeTa U
HaOerarImM MOTOKOM OyJIeT COCTaBIATh +3°, a B IEPEBEPHYTOM 110 aOCOTIOTHON BETMYUHE OH

oyner pasen /7%, 1. e. %o = a" +ayer,

Bce 3T0 BBI30BET yBEIHUEHHE JTO0GOBOTO COPOTHBIEHHS CAMOJIETA B TIEPEBEPHYTOM TIOJIETE O
CPAaBHEHHIO C HOJIETOM B HOPMAILHOM HOJIOKEHHH. T10J1spa KphlIa caMoieTa IoKa3sIBaeT
3aBHCHMOCTb KO((PUIIMEHTOB MO ILEMHON CHIIBI U JJOOOBOTO COIPOTHUBIICHHUS KPbLIa OT YIila

aTaky B MOJIOKUTEIBHON U OTpHIaTeNIbHOM oOmacTsax. Ha monsipe (em. Puc. 202) BuanO, 9TO
7
BEJIMYMHA MAaKCUMAIILHOTO 3HaYeHUs K03 (DUITMEHTa TIObEMHON CHITBI / CYhaxe / B o6nacTu

7
OTPHLIATEIILHBIX YTJIOB aTaKU MEHBIIIE, YEM CYparce HOPMAJIBHOTO noieta, a Xxeur < %xpur
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Puc. 202 Ilonsapa kpvina u camonema

[Tonsipa camosieTa B 1IEJIOM CTPOUTCS C YIETOM JIOTIOJTHUTEIBHBIX BEIMYUH ITOIbEMHOMN CHITBI
7000BOTO CONPOTHBIICHHS, CO3/IaBAEMBIX (DIO3EISKEM M JPYTUMH YacTSIMHU CaMOJIeTa.

Berire 66110 yeTaHOBIIEHO, YTO TIPH TIOJIETE TIPU OJAMHAKOBBIX 3HAUCHHSX KO3 duimenTa
MOTLEMHOM CHITBI B IIPSIMOM H TIEPEBEPHYTOM II0JIETAX Y CAMOJIETOB, UMEIOIINX KPBIJIO C
HECHUMMETPHUYHBIM TpoduiieM, KodhPHUIeHTs J000BOTO COTIPOTUBIICHUS U KpbliIa U (Dro3emsiKa
OyayT OOJBIIMMU MPH TOJIETE B IEPEBEPHYTOM TTOJIOKECHUH.

W3 cka3aHHOTO MOKHO C/IeNaTh BBIBO: B IEPEBEPHYTOM TIOJIETE TPH MPOUYUX PABHBIX YCIOBHUIX
71000BO€ CONPOTUBIICHHE BCera OyAeT 00JIbIle, 4eM B HOPMAJIBHOM TIOJIETE.
AdpoIMHAMHYECKOE Ka4eCTBO CaMOJIeTa €CTh OTHOIICHHE K03 (DUITMEHTa IO JbEMHOM CHIIBI K
K03 puImeHTy 1060BOr0 CONMPOTUBIICHHS

Ho Tak xak 1000BO€ CONPOTUBIICHUE CaMOJIETa B IEPEBEPHYTOM II0JIETE BCer/ia OOJIbIIe
7000BOTO CONPOTHUBIICHHS B HOPMAJILHOM II0JIETE, TO, CIICAOBATEIHHO, a9POJHHAMUYECKOE
Ka4eCcTBO CaMOJIETa B TICPEBEPHYTOM II0JIETE BCET/Ia MEHBIIIE, YeM B HOPMAJILHOM II0JIETE.

KPHUBBIE ’)KYKOBCKOTI'O /14 ITIEPEBEPHYTOTI'O ITIOJIETA

KpuBbie moTpeOHBIX U pacniosaraeMbixX TAT (KpuBblie KyKOBCKOTO) SIBJISIOTCS OCHOBOM /ISt
OIICHKH JIETHO-TAaKTUYECKHX XapaKTEPUCTUK CaMOJIeTa.
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Puc. 203. Kpuevie ZKykoeckozo 0151 HOpMAIbHOZO U REPEBEPHYMO20 NOSICMA

[opsimok pacdera M MOCTPOCHUS KPUBBIX TIOTPEOHBIX M PACIIONIaraéMbIX TST TOPU30HTAIBHOTO
MIEPEBEPHYTOTO TI0JIETA TPOU3BOUTCS TI0 TAKOH JK€ METOAUKE, UTO U JIJIsl HOPMAJIBHOTO,
npsiMoro rnosiera. Pacnosnaraemas Tsra cuioBoil yCTaHOBKH, KaK IIPAaBHUIIO, HE 3aBUCUT OT
MTOJIOKEHUSI CaMOJIETa OTHOCUTEIBHO €ro MPOJ0JIbHON OCH, TIOATOMY KPUBBIE pacroJiaraéMbIX
TAT OyJIyT OJTHU U T€ K€ JIJI1 HOPMAJILHOTO U TIEPEBEPHYTOTO MOJIETOB. B 0cHOBY pacuera
KPUBBIX MOTPEOHBIX TAT OepeTcs MoJisipa JaHHOTO CaMoJIeTa, B KOTOPOM yUTEHBI BCe
0COOEHHOCTH, MPUCYIIHE NTEPEBEPHYTOMY IOJIETY.

Ha Puc. 203 moka3ansl kpuBble JKYKOBCKOTO JUISI HOPMAJIBHOTO U IS IEPEBEPHYTOTO TIOJIETA.
Amnanu3 rpaduka nokasbIBaeT:

1. MuHMManbHas CKOPOCTh Ty B IIEPEBEPHYTOM T0JIeTE OOJIbIIIE, YEM B HOPMAJILHOM. DTO
O0OBSCHSIETCS TEM, UTO TI0 a0COJIFOTHOM BEIMUMHE MAaKCUMaIbHOE 3HaYeHUE KOdpHUIIMeHTa
MOABEMHOM CUJIBI B IEPEBEPHYTOM MOJIOKEHUN MEHBIIIE, YeEM B HOPMAIbHOM

2. MunumanbHas moTpebHast Tira B epeBepHyTOM 1osiere PMuH 6osblilie, 4eM B HOpMaJIbHOM,
TaK KaK a’poJIMHaMUYECKOE KaueCTBO B MIEPEBEPHYTOM I10JIETE BCETJa MEHbIIIE, UEM B
HOPMaJbHOM

3. MakcuManbHasi CKOPOCTb B IIEPEBEPHYTOM MOJETE Uy MEHBIIIE, YEM B HOPMAJIBHOM, H3-32
YBEJIMUYEHUS JI0OO0OBOTO COMPOTUBIICHUSI.
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4. VI30BITOK TATH B TIepeBepHYTOM Mosiete AP™ Ha BceM Juana3oHe CKOpOCTel 1o CBOeH
BEJIMYMHE MEHBIIIE, YeM B HOPMAJILHOM I10JIETE Ha TOH K€ CKOPOCTHU

) 17
5. JluamasoH CKOPOCTEH IePEBEPHYTOTO MojieTa AV MeHbIIE, 4eM B HOPMAJILHOM IOJIETE, TaK

xak Usi YBEIUYHIIACK, Uytace YMEHBIINIACh

W3 ananu3a rpaduka cienyer, 4To B IEPEBEPHYTOM I0JIETE BCE JIETHBIE JAHHBIE CAMOJIETa IO
CPaBHEHUIO C HOPMaJbHBIM MOJIETOM YXYIIIAIOTCS.

Jiis Toro uTO0OBI 0CIA0UTH HEXKETATeNbHOE YXYALICHHE JIETHBIX XapaKTePUCTHK camoJieTa B
MIEPEBEPHYTOM MOJIETE, IPU MPOCKTUPOBAHUY MUIOTAXKHBIX CAMOJIETOB CJIEIyeT yYUTHIBATh
0COOCHHOCTH a3pOIMHAMUKHU NIEPEBEPHYTOTO MOJETa, I Yero He0OX0AUMO:

- KpbUIO HAOUpaTh U3 CUMMETPUYHBIX TpoQuiiel uiu u3 npodusieii ¢ MUHUMAIbHON

f

OTHOCHUTEJIbHOW KPUBU3HOH ' ;
- yMEHbIIATh (110 BO3MOKHOCTHU A0 0°) yCTaHOBOYHBIN Yroj Kpblia;

- YUUTBIBATh BPEHYIO MHTEP(EPEHLINIO KpbUIa U (pro3erisika B IEpeBEpHYTOM MOJIETE;

- JKeJIaTeJIbHO, YTOOBI OTKJIOHEHUS PYJIsl BHICOTHI BHU3 U BBEPX OBLIM MPUMEPHO OJJMHAKOBBI.
Kpome aspoauHaMuyeckux 0CoOOEHHOCTEN MepeBepHYTOTrO MoJIeTa, UMEET MECTO Psijl
KOHCTPYKTUBHBIX U TEXHUUECKUX TPeOOBaHUH (KaK, HalpuMep, obecreueHne JUIMTeIbHON
paloThI CUIIOBO YCTAaHOBKH B MIEPEBEPHYTOM MOJIOKEHUH, 0OecrieueHre HeoOX0IMMOn
MIPOYHOCTHU U JKECTKOCTH KOHCTPYKLIMU TPH MOJIETE ¢ OTPUIATEIbHBIMU NIeperpy3kamn), 6e3
ydyeTa KOTOPBIX MUJIOTUPOBAHUE CAMOJIETa B IEPEBEPHYTOM IOJIOKEHUH OYAET 3aTPyIHEHO.



YCTOMYUBOCTb U YIIPABJISEMOCTb CAMOJIETA B NIEPEBEPHYTOM
ITOJIETE
IlpooonvHoil ycmotiuueocmuio Ha3pIBACTCS CTIOCOOHOCTH caMmoJieTa 0e3 BMENIaTeIbCTBA

JIETYMKA COXPAHATH 3aJaHHBIM YrOJI aTaKy IIPU CIIy4aliHOM €r0 U3MEHEHHH I10]] BO3ICHCTBUEM
BHEIIHUX CHJI. DTO OIPENIETICHHUE B IIOJIHOM MEpE OTHOCUTCS U K IEPEBEPHYTOMY IIOJIETY.
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Puc. 204 I'paghux mz =f (Cyll, ) onsn nepeseprymozo noiema

Ha ycToitunBoM B mpoA0I-HOM OTHOIIEHUH CaAMOJIETE B MIEPEBEPHYTOM TOJIETE JIOJIKHBI
COXPaHATHCA T€ K€ YCIOBUS PABHOBECHUS, YTO M B HOPMAIHHOM IIOJIETE.

[Tonoxenne dokyca nmpoduiieit Kpbljza COBPEMEHHBIX CAMOJIETOB B IEPEBEPHYTOM I10JIETE B
JIETHOM JiMaria30He yIJIOB aTaky MPaKTHUECKH ocTaeTcs 6e3 u3MeHenus. OaHako (oxyc
camoJieTa B 1IeJIOM Y HEKOTOPBIX CaMOJIETOB B IEPEBEPHYTOM I10JIETE MOXKET ObITh CMELIEH
HazaJl 3a CUET yIJla YCTaHOBKH CTaOMIIN3aTOPa, PACCYMTAHHOIO Ha HOPMaJibHBIH moset. Kpome
TOTO, B TICPEBEPHYTOM ITOJIETE YMEHBIIAETCS BEIUIMHA Mzo (MOMeHT camosera ipu Cy = 0)
BCJICJICTBHE U3MEHEHHS CKOCa IMOTOKA B pailOHE TOPU30HTAILHOTO OTIEPEHH S, HATMYHS yriia
YCTaHOBKH CTaOWUIM3aTopa U pssa Apyrux GakTopos.

Bce 310 npuBOIUT K TOMY, YTO B IEPEBEPHYTOM MOJIETE MPOO0JIbHAS YCTOMUNBOCTh HECKOJIBKO
OTJINYAETCS OT MPOJIOJLHON YCTOMYMBOCTH B HOPMAJIBHOM TOJIETE.

Ha Puc. 204 nokazan rpadux nusMeHeHus: Ko3hHUIIMEHTA MPOA0JILHOTO MOMEHTA CaMOJIeTa mec
B TIEPEBEPHYTOM TI0JIETE B 3aBHCHMOCTH OT M3MEHEeHHs Kod(huImenTa moabsemMuoii cuisi (Cy")
U OT TOJIOKEHHUS PYJIS BHICOTHI.

Ilonepeunas ycmoituueocms - 3T0 CIOCOOHOCTH CaMOJIETa CaMOCTOATENbHO, 0e3
BMEIIATENIbCTBA JIETYUKA, YCTPAHATh BOSHUKIINN KPeH. Y caMOJIETOB, UMEIOUINX MpsiMoe (He
CTPEJIOBHUAHOE) KPBLIO, VIS YAYUIICHHs MOMEPEYHON YCTOMYUBOCTH B HOPMaIbHOM MOJIETE
KpBUTY MPUAAIOT MOJ0KHUTENbHBIN yroi nonepeynoro V. Ilpu nonere B nepeBepHyTOM
MOJIOKEHUH (Ha CIIMHE) MoINepeyHasl yCTOMYUBOCTh Y TAKUX CaMOJIETOB yXyauiaetcs. Takoe
YXYIIICHUE TIOTIEPEYHON YCTOHYMBOCTH HabOt01aeTes1, Harpumep, y camodiera Sk-18I1,
HMMEIOIIETO TOJIOKHUTEIIBHBIN yroJ nonepeyHoro V kpbiia, paBHbiid +7° 30'.

Ecnu camoutet sietuT 6€3 CKOJIBKEHUS, TO TPH BO3HUKHOBEHUH KPEHA, BCIICACTBUE YBEIUYCHUS
yria aTaky y OMyCKAroMIerocs Kpbljia U YMEHBIIECHUS Y TIOTHUMAIOLIETOCS, LICHTP IaBICHUS
CMECTHUTCS B CTOPOHY OIlyCKaroierocs kpouia. [losBiaseTcss MOMEHT OTHOCUTEIBHO MPO0JIBHOM
OCH, HAIIPABJICHHBIN HA YCTpaHEHUE BO3HUKAIOIIETO KpeHa. BO3HUKHOBEHHIO KpeHa
MPEMSTCTBYET TaK’K€ MOMEHT MOMEePEeYHOro AeMIpupoBanus Kpbiia. OHAKO MPU HATUYUH
CKOJIbJKEHUS, KOTOpOoe Ipu 00pa3oBaHUM KpeHa BhI3bIBACTCS COCTaBIIstoNIeH Beca (GZ, BOZHUKAET
COCTaBIISAIONIAsl CKOPOCTH, HaNpaBlieHHAs BAOJb KpPbLIA.

[Tpn HANMUYKMK MOJIOKUTETHHOTO MOTIEPEYHOTO V Kpbljia, KOTOPOE B MIEPEBEPHYTOM IMOJIOKEHUN
(haKTUYECKH CTAaHOBUTCS OTPHUIATENFHBIM, YTOJl aTaKU KPbLjia, HA KOTOPOE MPOUCXOAUT
CKOJIbYKE€HUE, YMEHBILIAETCS, a Y MPOTUBOIOJIOKHOTO - YBEIUUHBAETCS
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Puc. 205 Cronvarcenue camonema ¢ nepesepHymom noJiene

(Puc. 205). D10 NPUBOIMUT K YMEHBIIICHHIO MOMEHTOB, TIPEMSTCTBYIOIIMX 00pa30BaHUIO KPCHA
CKOJIBJKEHUS, T. €. K YXYALICHHUIO MONEPEYHON YyCTONYMBOCTH.

O4eBHIHO, UTO y TEX CAMOJIETOB, Y KOTOPBIX MomepeyHoe V Kpblla HEBEIMKO WM PAaBHO HYJIIO,
nonepeyHasi yCTOWYMBOCTb B IIEPEBEPHYTOM IOJIETE UIIU COBCEM HE OyeT U3MEHAThCS WIH
OyZeT yBelIMYMBAThCS, €CIIU KPBIJIO UMEET OTPULIATEIbHBIN yroJl MONepevyHoro V.

VYXyaieHue nonepevyHoil yCTOMYMBOCTH B IEPEBEPHYTOM MOJIETE YCIO0KHSIET MUIOTUPOBAHUE U
TpeOyeT OT JIETYNKA MOBHIIIIEHHOTO BHUMAHUSI.

Ilymegas ycmoituugocmsp - CiocCOOHOCTb CaMOJIETa CAMOCTOSITEIIBHO YCTPAHATh BO3HUKIIIEE
CKOJIbXKEHUE.

[lyreBast yCTOMYMBOCThH CaMOJI€Ta 3aBUCUT OT IUIOIIA/IM BEPTUKAIBHOTO ONEPEHMS], JUTUHBI
¢ro3ensxka, IEHTPOBKH, GOPMBI Kpblia B TU1aHe (yria cTpenoBuIHOCTH). Bee aTu mapamerpsl, a
TaK)Ke yCJIOBHUS O0TEKaHUS MPAKTUYECKU HE U3MEHSIIOTCS MPU MEPEX0/]Ie OT HOPMAIBHOTO K
nepeBepHyToMy mnosery. [103ToMy MOXKHO cuMTaTh, 4YTO MyTeBask yCTONYUBOCTh B IEPEBEPHYTOM
0JIeTe MPAKTUYECKU HE OTIMYAETCS OT MMYTEBOM YCTOWYMBOCTH TOTO K€ caMoJIeTa B
HOPMAaJIbHOM HOJIETE.

rOPH30HTAJIbHBIN MOJIET B IEPEBEPHYTOM I0JIOKEHHH (ITOJIET HA
CITVHE)

B nepeBepHYTOM TOPHU30HTAIBHOM IIOJIETE HA CAMOJIET JACHCTBYIOT T€ K€ OCHOBHBIC CHJIBI, UTO U
B HOpMaJIbHOM TOpH30HTaIbHOM mosiete (Puc. 206),

- cua Beca G, HarpaBlieHHAsi BHU3;

- CHJIa TATH CHJIOBOM YCTaHOBKH P, HampaBJIeHHas BIIEpe]l 10 POJI0JILHON ocu camouieTa. Jlis
yI00CTBa pacCMOTPEHHSI MOJIATal0T HAMPABJICHUE CHITBI P rOpH30HTAIBHBIM. [lorpenHocTh mpu
3TOM HEBEIIUKA;

- moaseMHast cuia Y”, HarpaBJieHHast BBEPX;

- cuJ1a JJ000BOTO COMPOTHRIICHUS Q, HaMpaBJIeHHAs HA3a]l.

Puc. 206 Cxema cun 6 20pu30HmMANILHOM NEPEBEPHYMOM nOJIEme

Ilocnegnue aBE CHIIBI SBISIOTCSA COCTABIIIONIUMU MOJHOM aBpOHHHaMquCKOﬁ cwibl. Tak XKE,
KaK U B HOpMAJIbHOM IIOJICTE, JIA YIIPOLICHUA IMOJIararoT, 4YTO CUJIBI, HeﬁCTBYIOIHHC Ha CaMOJICT,
IIPUIIOKCHEI B €TI0 LCHTPC TAXKCECTH.

YcaoBue PaBHOMCPHOCTHU U HpHMOHHHeﬁHOCTH B T'OPU30HTAJIBHOM NICPEBCPHYTOM ITOJICTE:



Y”=G; P=Q+G2 (13.3)

Panee ObIJI0 YCTaHOBJIEHO, YTO B IIEPEBEPHYTOM IOJIETE BCE OCHOBHBIE XapaKTEPUCTUKU
TOPU30HTAJIBHOTO M0JIETA YXYIIIAIOTCS: TEOPETUUECKAsE MUHUMAalbHAasi CKOPOCTh BO3pacTaeT, a
MaKCHMaJIbHasi YMEHbIIAETCA, a9POAMHAMUYECKOE KAUECTBO TAK YK€ YMEHBIIAETCS.
[IpakTuecku MUHUMaJIbHAs! CKOPOCTb IIEPEBEPHYTOrO M0JIETA, KAK U HOPMAJIBHOTO MOJIETA,

COOTBETCTBYET Cy" =085Cy /1\47AKC, YTO IPEBBIIIAET TEOPETUUECKU MUHUMAJIbHYIO CKOPOCTh
nosera Ha = 15%. D1a cKOpoCTh B IEPEBEPHYTOM; TOPU3OHTAIHLHOM TIOJIETE SIBIISETCA
MUHUMAaJbHO JOMYCTUMOM /J1sl 0OecrieueHus: y10BIETBOPUTENBHON YCTONYMBOCTH U
YIPaBIsEMOCTH CaMOJIETA.

TIpu 5TOM CJIe/yeT MOMHHTB, uTo abcomoTHas Bemuunna Cy' e JUTA CaMOJIETa ¢ KPbUIOM
HECUMMETPUYHOTO NMpo@uiis ObIBaeT OOBIYHO MEHBIIIE, YEM B HOPMAJIbHOM FOPU30HTAIILHOM
nosiere. BeneacTsue 3Toro BeMYMHA TEOPETUYECKON MUHUMAIBHONW CKOPOCTH NEPEBEPHYTOIO
noJsiera (a Takke ¥ MpakTUYeCKH MUHUMAJIbHOW) OyzeT OoJiblile, Y4eM B HOPMAJIbHOM
TOPU30HTAILHOM T0JIETE. DTO JOJKHO YUUTHIBATHCS JIETHBIM COCTABOM NP MHJIOTUPOBAHUU
camoJieTa B IEpEBEPHYTOM I0JIOKEHUU.

INOA'BEM CAMOJIETA B IEPEBEPHYTOM I10JI02KEHUH

Kak 1 B HOpMaapHOM MOJIETE, YCTAHOBUBIIUMCS MOIBEMOM B IIEPEBEPHYTOM TMOJIOKEHUU
HAa3bIBAETCS MOJBEM CAMOJIETA M0 MPSAMOJIUHEMHON BOCXOASIIEH TPAEKTOPUH € MTOCTOSHHOU
ckopoctbio (Puc. 207)

Puc. 207 Cxema cun npu nooveme 6 nepeeeprymom noieme

Tak xak U30BITOK MOIIIHOCTH (CJI€I0BATENILHO U TATH) B IEPEBEPHYTOM TOJIETE BCETAa MEHBIIIE,

4eM IpU HOPMAILHOM TI0JIETe HA TOM e CKOPOCTH, TO yroJl yCTaHOBUBIIErocs noabema & B
MEPEBEPHYTOM MOJIOKEHUH BCETIa MEHBIIIE yIJIa MOAbEMa MPH HOPMAILHOM IOJIOKEHUH.
OpHako B MepeBEPHYTOM MOJIOKEHUHU Y CAMOJIETOB, UMEIOIIUX KPBLIO C HECUMMETPUYHBIMU
npoQuIIsIMU, U3-3a YXYIIICHUS adpOJMHAMUKYU KpbLa, a TAKXKe U3-3a HAIWYHS MOJI0KUTEIEHOTO
YCTaHOBOYHOTO YTJIa KPbLJIa, YIOJl MEXKY IPOJOJIBLHOM OChIO CaMOJIeTa U IIOCKOCThIO
ropu3oHTa OyJeT Bcerja 0oJibliie, 4eM B HOPMAJIbHOM TOJIETEe Ha TOM e CKOPOCTU. ITO
TnoBJIeYeT 3a co00il yBeauuenue 1060BOro COMPOTHBIIEHHUS, a Yol noabeMa & u
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CKOPOIIOABEMHOCTD Ly 6y,HYT COOTBCTCTBEHHO YMCHBIIATHCA.

bonbmas pa3Hua MEXAy yriioM noabeMa 1 yriioM MExKXAy HpO,Z[OJ'ILHOfI OCBIO CaMOJICTa U
IIOCKOCTBIO T'OPHU30HTA YCJIOKHACT MMHUJIIOTUPOBAHUC CAMOJICTA, TPYAHCEC CTAHOBUTCA CYIUTDH 00
yrijie mnoabeMa I10 HaKJIOHY HpOI[OJ'IBHOﬁ OCH CaMOJI€Ta K TOPHU30HTY. HOSTOMY JICTYUK OOJIZKCH
OoublIIEe YACIIATH BHUMAHUA YKA3aTCIO CKOPOCTU, BADUOMETPY.

Mens1iie 6y,ueT " BCPTHUKAJIbHAs CKOPOCTb N3-3a YMCHBIUICHUA H30BITKA MOIIHOCTH

75- AN
G . (13.4)

W3 BeIIIECKa3aHHOTO MOXKHO CAEIaTh 3aKJIIIOYCHUEC, YTO IMPU YCTAHOBUBIICMCS IMIOABEME
CaMOJICTa B IICPECBCPHYTOM IOJIOKCHUU BCC XAPAKTCPUCTUKHU NTOABEMA YXYAIIAOTCA.

W' =

IIJTAHUPOBAHHME B IEPEBEPHYTOM I10JIO2KEHUH

Y cTaHOBUBIIMMCS IUIAHUPOBAHUEM CAMOJIETA B IIEPEBEPHYTOM I10JIOKEHUU HA3bIBACTCS
NPSIMOJIMHEHHBIH TOJIET 10 HUCXOASAICH TPACKTOPHH C MOCTOSIHHOM ckopocThio (Puc. 208).



Puc. 208 Cxema cun npu naanuposanuu 6 Puc. 209 K onpedenenuto y2na HaK1oHa npoooibHoul
nepesepHymom noi0HceHUU ocu

Ecnn nnanupoBanue ocymiecTBiseTcs 0e3 TArH, TO H3MEHEHHE CKOPOCTH OyIeT CBA3aHO C YIIIOoM
rianupoBanus 0. Uem Gostbliie yro IUIaHUPOBAHUS, TEM 00JIbIIe TOTPEOHAst CKOPOCTb.

Jlnst yBenmMueHus yria aTaky Ha IJJAHUPOBAHUU B IIEPEBEPHYTOM IOJIOKEHUH pydKa YIIPABICHUS
OTJaeTcs OT ceds, U CKOPOCTh IJIaHUPOBAHUS YMEHBIIUTCA. MUHUMAaIbHAST CKOPOCTbh MTPU
IUTAHUPOBAHUM B IEPEBEPHYTOM I0JIO)KEHUU 0OJIbIlIE, YEM B HOPMAJIbHOM.

[Tpu mIaHUpOBaHUU B IEPEBEPHYTOM IOJIOKCHUH yroJl HAKJIOHA TIPOIOJIBHOM OCH camoJieTa K
tockoctu ropu3onTa (Puc. 209) u3-3a HanM4Ms yriia yCTAaHOBKH MEHBIIE, YEM TIPH
HOPMaJIbHOM IJITAHUPOBAHUH, HA BEJIMUMHY ABOMHOTO yIila YCTAaHOBKU Kpblia (Tpu
IJTAHUPOBAHUM C OJIMHAKOBBIMU CKOpocTsiMU). 1o 3ToM npruymnHe y JeTunKa co3aaeTcs
BIICYATJICHUC, YTO CaAaMOJICT IINIAHUPYET C MAJIBIM YI'JIOM K T'OPHU30HTY, XOTA CKOPOCTh CHHXKCHHA
IIPU 3TOM MOXET OBbITh 3HAYUTEILHOM.

W3 cka3aHHOTO CIeIyeT, YTO MPU MEePEBEPHYTOM YCTAHOBHUBIIEMCS IJIAHUPOBAHUU CaMOJIET
HUMECT XyAUIUEC JICTHBIC TaHHBIC, YEM B HOPMAJIBHOM IIJIAHUPOBAHWH.

OBPATHBIN MMNJIOTAK

Manespuposanue camonema ¢ ompuyamenvrvimu nepezpyskamu (-Ny) NPUHITO HA3BIBATH
oOpaTHbIM THIIOTakeM. Bee Gpurypbl 00paTHOro MUiI0TaXka OTHOCSTCS K BBICHIEMY MHIIOTAXY.
BrimonHenue obpaTHOTO MIIOTaXa CBSA3aHO ¢ PsAIoM TpyaHocTel. [loaTroMmy mepen Hawamom
MI0JIETOB Ha 0OpaTHBINA MUJIOTaX He0OX0uMa TIATeNbHas OIrOTOBKA JIETYMKA Ha 3eMIIE.
OpHMM U3 BaXKHBIX AJIEMEHTOB 3TOH MOATOTOBKH SIBJISIETCSA M3Y4YE€HUE a3pOJAUHAMUKH U
JTUHAMHKYU KaxXa10i GUrypsl, 0COOEHHOCTEH YCTONYMBOCTH U YIPABISEMOCTH, pacueT OCHOBHBIX
napameTpoB ¢uryp. TpyaIHOCTh OCBOCHHS 0OpaTHOTO MUIOTaXa 3aKI0YAeTCs B TOM, YTO OH
OpraHMYEeCKHU JOJHKEH BBIOIHATHCS B KOMILIEKCE C MPSAMBIM MHJIOTAXKEM; 3TO Ha MEPBBIX MOpax
MOJKET JIe30pUEHTHPOBATH JIETYMKA B OTHOLIEHUU ICHCTBUIN PYIISIMHU, Pa3IMUHOM
YCTOMYHMBOCTBIO U YIIPABISIEMOCTHIO MPSIMOTO U MepeBepHyTOro nojeta. [jig npumepa
PaccMOTPUM HECKOJBKO (GUTYp 00paTHOTO MUJIOTAXA: BUPAK, METIIO.

OBPATHBIA BUPA K

Ilpasunvnbvim o6pamnubvim eupasxcom (MM BUPaKOM Ha CIIMHE) HA3bIBACTCS Pa3BOPOT caMmolieTa
Ha 360° B TOPU30OHTAILHOH IUIOCKOCTH C MOCTOSIHHOM CKOPOCTBIO 0€3 CKOJILKEHHsI, 0€3 TIOTepH U
Habopa BBICOTHI, C OTPHILIATENBHOI eperpy3koii (Puc. 210).

HpI/I BBITIOJTHCHUHA 06paTHOFO BHUpAXKa HA CaMOJICT ﬂeﬁCTBYIOT TaKHEC )K€ CHUJIbI, YTO U HaA

1
HOPMaJIbHOM BUPAKEC. HeypaBHOBeH_IeHHa}I HOCHTPOCTPEMUTCIIbHAA CUJIa "2 , HeO6XOI[I/IMa$I JJIA

HUCKPHUBJICHUA TPACKTOPHUN» MOJIYHYACTCA B PE3YJIbTATC HAKPCHCHUA CaAMOJICTa
m_N I a I
Y, =Y".siny™ (13.5)

Cuna Beca-caMoJlieTa YPaBHOBCIINBACTCA COCTaBJISIONIEH MOABEMHOM CHIIBI



(13.6)

Puc. 210 Cxema cun na npasunbHom oopamHuom supaiice

CnenaeM aHaJIM3 OCHOBHBIX ITAPaMETPOB OOPATHOTO BUPAXKa M CPAaBHUM HMX C MapaMeTpaMu
MIPSIMOTO BUPAXKaA.

1. MuHumanbHbIN paguyc 0OpaTHOTrO BUpaka 00Jiblile, 4eM HOPMaJIbHOIO, TaK KaK B
nepeBepryToM otere Cy''yixc MEHBIIIE, YeM B HOPMATHHOM.

2. Tak kak Hecynue CBOMCTBA KpbLjla B IEPEBEPHYTOM MOJIETE CHUKAIOTCSA, MAKCUMaIbHas
BEJIMYMHA MMOJLEMHON CUJIBI YMEHBIIAeTCs, T03TOMY MaKCUMaIbHBIA KPeH Ha 0OpaTHOM BUpaXke
OyZeT MeHblIIe, YeM NP HOPMAIbHOM. Y MEHbIIIEHHE KPEHA YMEHbIIAaeT MaKCUMAaJIbHO
JOCTUTaeMYI0 OTPUIATEIBHYIO TIEperpy3Ky (-ne).

3. U3-3a yBenuueHUs NpaKTUYECKH MUHUMAJIbHOM (3BOJIIOTUBHON) CKOPOCTH, @ TAKXKE U3-3a

7
YMEHBIIIEHHSI BO3MOXHOTO KpeHa /' BpeMst 0OpaTHOTO BHpaXka YBEIHMIUBACTCSL.
AHanu3 nokasblBaeT, 4YTO BCE OCHOBHbBIE TapaMeTpbl 0OpPaTHOTO BUpaXka (KpeH, meperpyska,
paaunyc, BpeMsi) 0 CPaBHEHHUIO C HOPMAaJIbHBIM BUPA)KOM 3HAUUTEIBHO XY IIIAIOTCS.

TEXHHUKA BbIIIOJIHEHHUA OBPATHOTI'O BUPAZKA

B ropuzonTanbHOM MoJieTe Ha CIMHE Ha 33JJaHHON CKOPOCTH CaMOJIET HYKHO OTPEryIMpOBaTh
TPUMMEPOM U IJIABHBIM KOOPJIMHUPOBAHHBIM JBM)KCHUEM PYUKH U MeAajicii BBECTU CAMOJIET B
BHUPAX, JUIA YETO PyUYKY YIPABJICHUS OTKJIOHUTH B CTOPOHY MOJHUMAIOIIErOCs Kpblia U
Ha)kKaTHeM Ha MIPOTHBOIOJIOKHYIO MeAalb co34aTh Bpaiienue. [1o Mmepe yBennyeHus KpeHa
PYUKY YIIpaBJICeHUS HEOOXOIMMO OT/AaBaTh OT ce0sl s yAepKUBAaHUS HOCA CaMOJIeTa OT
OIYCKaHUS M JJIs co3/1aHus BpaimieHus. [Ipu qoctmkeHnn 3a1aHHOr0 KpeHa U yriloBoi CKOpOCTH
JBUKEHHEM PYYKHU U Telali YCTPAaHUTh CTPEMIICHHE CaMOJIeTa YBEIHMUUTh KPEH U BpallleHHE.
Jlst BBIBOJIa caMoJieTa U3 00paTHOTO BUpaka HYKHO 3a 25-30° 10 HaMEUeHHOTO OPUEHTHPA
JBUKEHHEM PYYKU B CTOPOHY MPOTUB KPeHa U HAXKATHEM Ha BEPXHIOIO MeAalb YMEHbIIATh KPeH
u Bpaienue. [locie BpIxoga camosieTa u3 KpeHa v BpallleHUs TOCTaBUTh PYJIM HEUTPalIbHO,
yIIep>KUBasi CaMOJIET B TOPU30HTAILHOM MIEPEBEPHYTOM MOJIETE.

[Topsiok AelicTBUIA TETYNKA TPU BBHIIOJHEHUH 00paTHOTO BUpaxa ¢ kKpeHoM 60° Takoii ke, Kak
U BUpaxka ¢ KpeHoM 70 45°. Ho B oT/inume OT MENKOTO BUpa)ka B MIPOIECCE CO3/IaHUS KPeHa
HE0OX0IMMO IJIaBHO YBEIMYUBATh TATY ABUTaTeNs (YBEIMUMBATH HAJJIYB) 10 TIOJHON K TOMY
MOMEHTY, Korja KpeH nocturaet 45°. [Ipu nanpHelemM yBelTudeHHH KpeHa pydka yIpaBlIeHUs
3HAYUTENIBHO OTAAETCS OT ce0s sl YBEIMUEHHUs YTIOBOTO BPAIICHHUS, a PyJIeM HampaBIeHUS
BBIJIEP/KUBAETCS MOJIOKEHUE KAIlOTa OTHOCUTENBHO FOpU30HTA. JIeHCTBUS PYIsIMU Ha BBIBOJE
TaKHe K€, KaK 1 [P BBIBOJIE U3 MEJIKOTO BUpaXka, HO II0 MEpe YMEHBUIEHUS KPEHA pyUyKa
noabupaercs Ha cels Ui TOro, YTOOBI CaMOJIET He MOAHUMAJ HOC, U YOUpaeTcs HaAayB 10
HEO0OXO0IMMOTO JIJIsl TOPU30HTAIBHOTO TIOJIETa HA CIIHHE.

OBPATHAA IIETJIA



Oopammnoii nemJieil Ha3bIBA€TCs IBUYKEHUE CaAMOJIETA 110 KPUBOJIMHENHOM TPaeKTOpUH,
uMeroleit GopMy 3aMKHYTOH TETIIH, B BEPTUKATBHOM MIIOCKOCTH C OTPUIATEIILHBIMU YTIIaMU
aTaKu ¥ OTPULATEIBbHOW MEPErPy3KOM.

[epen BrIMOIHEHWEM O0OpPATHOM METJIM CO CIIMHBI HEOOXOAUMO B TOPU30HTAIILHOM
MIEPEBEPHYTOM TOJIETE Pa30THATH CAMOJIET 70 33AaHHOM cKopocTU. OOBIYHO 3Ta CKOPOCTh
OnM3Ka K MaKCUMalIbHOU. JIOCTUTHYB HY)KHOM CKOPOCTH, JIETYUK OTAACT PYyUKY OT ceOs,
YBEJIMUHMBAS TEM CAMBIM OTPHIATEIBHBI yroyT ataki @' i momsemuyio cuny Y, koTopas
cTaHeT GoJbIIe CHIIBI Beca camorera. M36brok moxsemuoit cuist (Y/-G) Gyer Toii
LCHTPOCTPEMUTEIIBHOW CHIION, KOTOPasi HCKPHUBIISIET BBEPX Tpackroputo newkenus (Puc. 211).
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Puc. 211 Cxema cun na oopamnoit nem.ie

W3menenue neperpysku -Ny, paanyca neTiv, CKOPOCTH MOJIETa [0 TPACKTOPUH Ha IMeTie
PACCUYMTBIBAIOTCS IO TEM ke popMysiaM, 4TO M JJIs IpsiMoit 0ObraHOM e, HavanpHas
CKOPOCTh BBOJIa B METJIIO JIOJIKHA OBITH OoJiee ABYX U \uu NlepeBepHyTOTO MoJieta. [Ipu BBojE B
METJII0 Ha MEHbIIEH CKOPOCTH B BEPXHEH TOUYKE METIU CaMOJIET CUIBHO TEPSET CKOPOCTh, B
pe3yiIbTaTe uero mogbeMHast cita Y craHoBuTCs MeHbIe Beca camoneta (Y <G) u BMecTo

OTpULATENLHOM Meperpy3ku - Ny MosBiIsSEeTCs MOJN0XKUTEIbHAs. JIeTUHK 3TOo MosioKeHne
OLIYLIAET 10 OMYCKaHUIO Ha cujeHke. [letns nomyuaercs HenpaBuiabHOM. [leperpy3ka Ha netiie
onpezensercs no Gopmyie:

2
v
—-n, =—+c0sé
ar , (13.7)

rie 0 - yros Mexry ropu3oHTalIbIO U KacaTelbHOM K TPACKTOPHH JIBIKEHHUS B
paccMaTpHBaeMOii TOUKe.

dopma 0OpaTHOIl meTin, Kak ¥ HOPMalIbHOM, N3-32 YMEHBILCHUS CKOPOCTH M PAANYCa KPUBH3HBI
TPACKTOPHH B BEPXHEH €€ YacTH MOJIy4aeTcs HECKOJIBKO BBITSHYTOH BBepX. B BepxHeil Touke
HETJIH CKOPOCTD TOJICTa U PAJANYC HAUMEHBIIINE.

I[pu JBHIKEHHUHU 110 KPUBOJIMHEHHON TPAeKTOPHH HA OOPATHOI TeTIie, KaK U Ha HOPMAaJIbHOM, Ha
CaMOJIeT OKa3bIBAIOT BIHMSHHE TUPOCKONMYESCKUI i PEAKTUBHBIH MOMEHTBI BO3YIIIHOTO BUHTA
(poropa TP/I).

Ha camornerax ¢ BUHTaMu JI€BOTO BpalleHus (€ciau CMOTPETh U3 KaOUHBI caMoJIieTa) Ipu
BBINTOJTHEHUH BOCXOSAIICH YacTH OOpaTHOW METIN TMPOCKOIMYECKU MOMEHT BBI3BIBACT
Pa3BOPOT BIIPABO (C TOYKH 3pEHMUS JICTUHKA). DTa TEHICHIINS K Pa3BOPOTY JIETKO IMapUpyeTCst
OTKJIOHEHHEM JieBoii nenanu. C yMEeHbIIEHHeM CKOPOCTH 3aMETHEE MPOSIBIISIETCS] PEaKTHBHBIN
MOMEHT, KOTOPBII CTPEMHTCSI HAKPEHUTh CaMoJIeT BIpaBo. [y ycTpaHeHHs 3TOTO HaKpEHEHUS
HEOOXOJMMO OTKJIOHSITh PYUYKY yIPaBJICHUS BIIPABO.



TEXHUKA BbIIIOJIHEHUSA OBPATHOH NETJIN.

JUist BBITOSTHEHHUSI 0OpAaTHOW METIN CO CIUHBI HEOOXOAMMO B TOPU30HTAIBHOM MIEPEBEPHYTOM
M0JIETE Ha TOJHOW MOITHOCTH JIBUTATEIISl C HEOOIBIINM CHIDKEHHEM pa3orHaTh CaMoJIET JI0
3aJJaHHOM CKOPOCTHU BBOJIA B METIIIO.

IIpu nocTrkeHnu 3aJaHHON CKOPOCTH BBOJIAa IJIABHBIM, HO SHEPTUYHBIM JIBH)KEHUEM PYUKH
yIpaBieHUs OT ce0sl CTPOTo IO MPOJI0JIBHON OCH CaMOJIETa YBEIMYUTh OTPULATENbHBIN yro
ataku. OTpuniaTesbHas eperpy3ka Mmpu 3TOM JIOJDKHA OBITh OKOJIO 4.

ITo mepe Bo3pacTaHus yriia Mo beMa TEMIT OTAAYH PYUYKH OT ce0sl yBEIMUUBATH A0 MOAX0a
camoJieTa K TOpU30HTaIbHOMY MOJIOKEHMIO (BepXHss Touka). Henb3s ponyckaTs u3nuiiHen
OTJIa4M PYUKH OT ce0sl, TaK KaK IIPU 3TOM TEPSIETCA CKOPOCTh U YCTOMYMBOCTh CaMOJIETa, MOYKET
HayvaThCs Tpsicka camouieTa. [1pu nmosBiIeHUN TPSCKU HEOOXOMMO 3aMEITUTh TEMIT OTJaud
PYUKH OT ce0sl.

[Ipu noaxone kK rOpU30HTATILHOMY MOJIOKEHHUIO B BEpXHEH TOUKE METJIM pydKa YIpaBJIeHUs
HECKOJIbKO Moj0upaeTcs Ha ceds Uil MpeA0TBPAILEHHs pe3KOro OIyCKaHUs HOCa caMoJIeTa
IocJIe IpoXoja BepxHel Touku netiu. [locne mpoxoxieHus: BepxHel TOUKH, Korja HOC
camoJieta onyctutcs Ha 15-20° Huke rOpu30HTa, TUIABHO YMEHBUIUTh MOITHOCTh ABUTATEINS J10
MHUHUMAJIBHOM.

Korpa camouier Oyner HaXOAUTHCS. B OTBECHOM IUKUPOBAHUM, 3a/IepKaTh PyUKy i Habopa
CKOPOCTH, a 3aTeM, IJIABHO OT/IaBasi pydky OT ce0s, C meperpy3koit 3,5-4 mepeBecTu camoJieT B
PEXHUM FOPU30HTAILHOTO MOJIETa HA CIIMHE C TAKUM PAacyeTOM, YTOObI CKOPOCTh Ha BBIBO/IE
ObLTa paBHA CKOPOCTH BBOJIa. [Ipu moixoe camosiera K TOPU30HTAILHOMY MOJI0XKEHHUIO
YBEJIMYUTH MOIITHOCTD JBUTATENS 10 HEOOXOAUMOM /17151 BBIIOJIHEHUSI TOPU30HTAIILHOTO T0JIeTa
Ha CIIMHE WJIN 7S Mepexoa B Ipyryto Gurypy nuioraxa.

OCHOBHBIE XAPAKTEPHBIE OIIIUEKHU ITPU BBINIOJIHEHUU OBPATHOM
NETJ/IN:

- MaJia CKOpOCTb Ha BBOJIE - CAaMOJIET B BEPXHEH TOUKe METIN TepsieT YCTOUYUBOCTbD,
CBAJIMBAETCS HAa KPbLIO;

- BEJIUK TEMII OTJa4U PYYKH OT ceOsl - CaMoJIET TepsieT CKOPOCTh U YCTOMYHUBOCTh, BO3MOXHO
CBaJIMBaHME Ha KPBLIO;

- HE 3aMEYaeTCsl U He YCTPAHAETCS KPEH - CAMOJIET YKIOHSAETCS OT BEPTUKAIH.

YCTOUYUBOCTD U YIIPABJISIEMOCTb CAMOJIETA
B OBPATHOM HOJIETE

Y CTOWYMBOCTE M YIIPABISIEMOCTh caMoJieTa Sk-55 npu BBIIOJIHEHUH 0OPAaTHOTO MOJIETa UMEET
T€ € XapaKTePUCTHKH, YTO U B MpsiMoM mosiete. Camoret Sk-52 umeeT cBou 0COOEHHOCTH.
®okyc camoneTa Sk-52 mpu BBIOJHEHHH 00paTHOTO MOJIETa CMEIIEH Ha3a] 3a CUeT yria
YCTaHOBKH CTaOMIIN3aTOPa, PACCYMTAHHOTO Ha MPSMOM MOJIET.

Kpome Toro, B 00paTHOM MOJIETE YMEHBINACTCS BeIMUMHa MOMeHTa camosteta ipu Cy=0 (Mzo)
BCJIE/ICTBHE U3MEHEHHUS CKOCa MOTOKA OKOJIO TOPU3OHTAIBLHOTO ONEPEHH S, HATMYUS yIiia
YCTaHOBKH CTA0HMIIN3aTOpPa U psijia APYruX (hakTopoB.

BBuay HEKOTOPOro yBeNTUYEHUS MPOJI0JILHON YCTOHYHBOCTH B 0OpaTHOM TOJIETE
YIOPABISIEMOCTh CaMOJIETa B MTPOI0OJIbHOM OTHOILICHUH YXYIIAETCS, IO3TOMY YBEIUUHBAETCS
pacxo]1 pyisi BBICOTHI JUIsl K3MEHEHHS OTPULIATENBHOM MO ITbEMHOM CHIIBI Ha ONPEACIICHHYIO
BenuunHy. CliejoBaTeNnbHO, Ui CO3JaHMsl Eperpy3ku HeOOXOAMMOMN BETHUHHBI TOTpeOHOE
OTKJIOHEHHE PYJIsl BRICOTHI OKa3bIBAETCS OOMBIINM, YeM B IpsiMOM ToJieTe. [loBbIeHHbIH
pacxo]1 pyisi BBICOTHI BBI3IBAET MOBBIIICHHBIE YCUIIUS HA pydKe yrpasiieHus. [lostomy netunk
JUISL CHSITUSL TIEPETPY30K JOJIKEH UCIOJIb30BAaTh TPUMMED.

[TonepeuHas u myreBast yCTOWYMBOCTh caMoieTa SIk-52 B 0OpaTHOM MoJieTe MPaKTUYECKU He
M3MEHsIeTCA, TaK KaK caMoJIeT UMEeT Mayko V-00pa3HOCTh KPbLIa, YTO B 3HAYUTETHLHOU Mepe



BIIHSUIO OBl HA MOTIEPEYHYI0 YCTOMUMBOCTS. [1011a16 BEpTHKAIIBHOTO OTIEPEHHUS, IITHHA
¢rozenspka, Gopma Kpblia B IUIaHe, YCIOBHs 00TEKaHHs Kpblia U (I03eJsiKa BO3AYIITHBIM
MOTOKOM MPAKTUYECKHU HE U3MEHSIOTCS MPH MEPEX0/Ie OT MPSIMOTO K 0OpaTHOMY IIOJIETY.
[To3TOMY MO’KHO CYMTATh, YTO IMYTE€BAsE YCTOMYMBOCTH B 0OpaTHOM MoJjeTe camosera Sk-52
IIPAKTUYECKH HE OTIMYAETCS OT IIyT€BOW YCTOMYUBOCTH B IPSIMOM IIOJIETE.

IHHOBOPOT HA BEPTUKAJIN

ITosopom na éepmuxanu npecTaBiseT coOO0H MOBOPOT Ha ropke ¢ yriiom 90° (Puc. 212).
Bbixos Ha BepTUKaIb BBEPX OCYILLIECTBIISETCS TaK K€, KaK IepBasi YeTBEPTh METIIU.

JlJ1 NCKpUBIIEHUS TPACKTOPUU TOJIETA B BEPTUKAIBHON IIJIOCKOCTH HEOOXO0IMMO OTKJIOHUTH
PyJb IOBOPOTA B CTOPOHY BBIIIOJIHAEMOTO TIOBOPOTA HA BEPTUKAIIH.

[Tocne BbINOTHEHMS TOBOPOTA CaMOJIET BBIMOIHIET OTBECHOE MMKMPOBAHUE C PA3TOHOM
CKOPOCTH U € TIOCJIEAYIOIINM BBIXOJIOM B TOPU30HTAJIbHBIH MOJIET.

[Ipu BBINOJIHEHNU TIOBOPOTA Ha BEPTUKAIM HAa BHEIIHEM IOJIYKPbUIE CO3/Ia€TCsl MOAbEMHAs CUIIa
00JbI1Iast [0 BEJIMYMHE, YEM Ha BHYTPEHHEM IOJIYKpBLIE, YTO MPUBOIUT K MOSIBJIIEHUIO KpEHA
camoJieTa B CTOPOHY pa3BopoTa.

[TosiBuBILIMIICS KpeH HEOOXOUMO MPEAYNPEAUTh OTKIOHEHUEM PYUKH YIPABJIEHUS MO 3JI€pOHaM
B CTOPOHY BHEIIHETO MOJIYKpPbLIA.

Tak kak cKOpoCTh IIPH M0JIETE HAa BEPTUKAIN BBEPX YMEHBIIAETCS, TO JUIS MMOAJIEP>KaHUs
paBeHcTBa Y=0 HEOOXOIMMO COpPa3MEPHO YMEHBIIEHUIO CKOPOCTH OTKJIOHATH PYUKY
yrpaBiieHUs Ha ceOs, a IPH MoJIeTe Ha BEPTUKAJIM BHU3, HA000OPOT OT celsl, 4TO 0COOEHHO
XapaKTepHO IS camoJieTa SIk-52, MMEI0Iero HECHMMETPUYHBIN TPO(HIIb KpbIa.

B pe3ynbTaTe ycuineHus peakuuu BO3AYIIHOTO BUHTA caMoJieThl Ak-52 u fk-55 ¢ yMeHbIIeHneEM
CKOPOCTH MOJIETa CTPEMSTCS PA3BEPHYTHCS OTHOCUTEIBHO MPOJ0JIBbHOM 0cH X BIPaBO. ITO
OTKJIOHEHHE HEOOX0IMMO KOMIIEHCHPOBATh OTKIIOHEHUEM PYUKH YIIPABJICHUS 10 dJIEpOHAM
BJIEBO.

Puc. 212 Cxema cun, deiicmeyoujux Ha camonem npu eblNOJIHEHUN NOBOPOMA HA 6EPMUKAU



TEXHHUKA BbIIIOJIHEHHUA IIOBOPOTA HA BEPTUKAJIN

B yueOHBIX 1emsX TOBOPOT Ha BEPTUKAIN BBIMIOJIHAETCS HA CKOPOCTH BBOJA Ha BepTHKaIb 260
kM/4. O60poThl qBUTaTENs 82 % MpU MOTHOM HAJTyBE.

Ilepen BBOJIOM B pHUTypy HEOOXOIMMO OCMOTPETH BO3/IYIIHOE ITPOCTPAHCTBO U YOSTUTHCS, UTO
OHO cB00O0HO. HameTnuTh OpreHTHp /715 BHIBOJA.

B ropu3oHTaNEHOM TOJIETE MIIM HAa CHIDKEHUH YCTAHOBUTH CKOPOCTh 260 KM/4. 3aTeM IUIaBHBIM,
HO SHEPIHMYHBIM OTKIIOHEHHEM PYUYKH yIPaBICHHS Ha ce0sl, yBeIMUMBas yroj KabpupoBaHus,
BBIBECTH caMoJIeT Ha BepTukaib (& =90°). [TonoxeHne camolieTa Ha BEPTUKAINA BBEPX
KOHTPOJIUPYETCS TI0 TI0JI0KEHUIO TIOIYKPbUIbeB U TpyOKu 1B/l oTHOCHTEIEHO TOPH30HTA
(TpyOka I1B/] mepnieHauKysipHa TOPU30HTY), @ Ha camoseTre SIk-52-Taxke Mo aBHaropu3oHTY.
[Ipu noaxone koHcosu Kpblia (Tpyoku I1B/l k BepTUKaTIbHOMY MTOJIOKEHHIO) KOPOTKUM U
SHEPrUYHBIM JIBHJKEHUEM PYUKU YIPaABIEHUS OT cedst He00X0AMMO 3a(h)MKCUPOBATh CaMOJIET Ha
BEPTUKAIH. YOEIUTHCS B BEPTUKAIBHOM MOJI0KEHUH CaAMOJIETA.

[To noctmwkenun ckopoctu 50...60 km/4 (mpu ipaBoM pazBopote) u 70...80 KM/4 IpH JIeBOM
pa3BOpOTE IIABHBIM, HO KOPOTKUM OTKJIOHEHHEM I€/1aJIi MOJHOCTHIO B KEJIAEMYIO CTOPOHY
pa3BopoTa BBECTH CAMOJIET B Pa3BOPOT.

Jlj1 KOMITEHCAIH MOSBIISIONIET0Cs KpeHa Ha pa3BOPOTE HEOOXOUMO OTKIOHATh PYUKY
yIpaBieHUs] B CTOPOHY BHEIIHETO MOJYKpblIa. BiausHue rupockonn4eckoro MOMEHTa
BO3JIyLITHOTO BUHTA, Pa3BOPAYMBAIOIIETO CAMOJIET B TOPU30HTAIBHON INIOCKOCTH, TapUPOBATh
OTKJIOHEHHEM pPYUKH yrpaBieHus oT ceds. Kak Tonbko camoiner noBepHeTcs Ha 35...40°,
ClIeTyeT YMEHBIIUTH 000OPOTHI ABUraTesl (Ha JIEBOM Pa3BOPOTE) WM 3aTSHKEIUTh BO3AYIIHBIN
BHUHT (HA MMPaBOM Pa3BOPOTE).

[Tocne BeinmosiHeHUs MoBopoTa 3a 10...15° 10 BEpTUKAIBHOIO MOJIOKEHUS BHA3 OTKJIOHEHUEM
MIPOTUBOIIOJIOKHOM Meaiy MPeKpaTuTh pa3BoOpoT, @ OTKIIOHEHUEM PYUKH YIPABIICHUS B
YKEJTAeMYI0 CTOPOHY YCTaHOBUTH yrojl MUKUPOBaHUA paBHBIN 90°. 3aTeM MPOKOHTPOJUPOBATh
YCTaHOBJICHUE BEPTUKAIN BHU3 10 MTOKa3aHUSIM aBUAaropu3oHTa (Ha camosere SAk-52) u
MOJIOXKEHUIO MONYKpbLIbeB U TpyOku [1B/] oTHOCUTENBEHO ropu30HTa U NIEepe]] BHIBOJOM B
TOPU30HTAJIBHBIN NOJIET IPOUTH TAKOE K€ PACCTOSHUE, YTO U Ha BEPTUKAIIN BBEPX.

BriBoa camosieTa B ropr30HTAIBHBIN TOJIET HEOOX0AMMO HaunHaTh Ha ckopoctr 200...210 km/4
OTKJIOHEHUEM PYUKH yIIpaBJICHUs HA ce0sl, YMEHBIIUTD yIJIbl KAOPUPOBAHUS U BHIBECTH CAMOJIET
B TOPU30HTAIBHBIN TIOJIET HAa BEIOPAHHBIA OPUECHTHD.

PACIIPEAEJIEHUE BHUMAHUA:

NP BBO/le B BEPTUKAJIb U BbIBO/IE C Hee:
Ha OTCYTCTBHUHU KpPEHA;

Ha OIpeeICHU MOMEHTAa U TOYHOCTH BBIXOJa Ha BEPTHUKAIIb;

Ha OTCYTCTBUU CMEIICHHUSI OCH;

NpH NOBOpOTE:

Ha yJep>KUBAaHUU BEPTUKAIIU:

Ha OTpeAeICHU MOMEHTAa YMEHBIICHHsSI 000POTOB HIIM IIEPEeBOa BO3AYIIHOTO BUHTA Ha
OOJIBIION 1Iar, COOTBETCTBEHHO Ha JIEBOM U ITPABOM Pa3BOPOTE;

NpH BbIBOJE:

Ha OTpeeTICHNN MOMEHTA YBEIHMUEHUSI 000POTOB JABUTATENS WM NIEPEBOJIA BO3AYIIHOTO BUHTA
Ha 00JIBIIOH mIar (B 3aBUCUMOCTH OT CTOPOHBI Pa3BOPOTA);

Ha OTCYTCTBHH KpPEHA;

Ha BBIXOJI€ Ha BBIOPAHHBII OPUEHTHUD;

Ha BEJIMYNHE CKOPOCTH U IIEPETPY3KH.

XAPAKTEPHBIE OTK/IOHEHUA U OIIUBKHU ITPU BBIIIOJIHEHHUHU ITIOBOPOTA
HA BEPTHUKAJIN:

BbIXO Ha MOJIOKUTCIIBHYIO WX OTPULATCIIbHYO BEPTUKAJIb,



CKOpOCTB BBOJIA B IIOBOPOT 00JIbIIIE MOTPEOHOM - P OTKJIOHEHUH TI€JalId Ha BBOJI - CAMOJIET
MPOJ0JDKAET HAOOP BBICOTHI C BHEIIHUM CKOJIbKEHHEM;

BO BpEMs IOBOPOTA KPEH HE MOIEP)KUBACTCSI pyYKOM YIPABIIEHHUS - CAMOJIET 3aBAIMBAETCS Ha
«CIHUHYY;

MaJiblii IPOXOJ] CaMOJIETa BHU3 110 BEPTUKAJIMN - HEPABHOMEPHBIE JIMHUU BBEPX U BHU3;

PaHO WJIM MO3IHO OTKJIOHEHA Me/lalb YIPaBJIEHUS Ha BbIBOJ- CAMOJIET BHIIIOJIHSET MOJIET BHU3
10 BEPTUKAJIIU CO CKOJIbKEHUEM.

YIHPABJIAEMAS BOYKA HA BEPTUKAJIU BBEPX
BHU3

VYrpasisieMble BpamieHus Ha BEPTUKAIN BBEPX U BHU3 SBISIFOTCS (PUTYpaMH MAJIOTaXa,
BKJTIOYAOIIIME BOCXOAIINE U HUCXOSAIINE YIacTKH et HectepoBa, BepTHKANBHBINA HA00p
BBICOTHI M OTBECHOTO MUKUPOBAHUS, U UIMEIOT Te ke xapakrepuctuku (Puc. 213, Puc. 214).

HNomnercayug
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[ &
Puc. 213 Cxema cun, delicmeylougux na camonem Puc. 214 Cxema cun, oelicmeyloujux na camosnem
RpU 6bINOIHEHUU YNPAGNAEMOU HOUKU HA RnpU 6bINOIHEHUU YIPAGNACMON OHOUKU HA

eepmuKaiu 6eepx G6epmuKaiu 6HU3

CXEMA CHUJI U YPABHEHUA ABUKEHUA

Pazmyc KPHUBU3HBI TPACKTOPUH HA BBOJC U BBIBOAC U3MCHACTCA MPAMO IMTPOTTIOPLHUOHAIIEHO
HU3MCHCHUIO CKOPOCTH.

HpI/I BBIIIOJTHEHUH OOYKH Ha BCPTUKAIN HA CAMOJICT ,ZleﬁCTByeT HECHTPOCTPEMUTCIIbHAs CUJIA,
CTPECMSIIAACA 3aBAJINTh CTO HAa «CIIUMHY», BEJIMUYNHA 3TOH CHIIBI 3aBUCUT OT CKOPOCTH BpalllCHUA
" OT HOJIOKCHUA HECYIITHUX yacTel camoJjieTa u pa3HoCa MaCC OTHOCUTCIILHO OCH BpalllCHUA.
KpOMe TOTO, OCh CaMOJICTa SIk-52 He COBITIAAACT C OCBhIO BPAIlICHUA HA BCIIMUUHY YIJIa



yCTaHOBKHM Kpbula. Taxke Ha camoniete Sk-52 umeercs IeleHTpalus TATU CUI0OBON YCTaHOBKH.
Bce BrImeykazanubie (paKTOPbI CO3IAI0T MOMEHT, CTPEMSIIHICS OTKJIOHUTh OCh CaMOJIeTa OT
OCH BpAIICHUS BO BHEIIHIOIO CTOPOHY. [103TOMY /U151 TOTO 4TOOBI CaMOJIET B MpoLecce
BpaIlleHHs He OTKJIOHSUICA OT OCH BPAIICHHUs, HEOOX0AUMO PYUKY YIPABICHHS OTKIOHSATH OT
ceos1.

B pesynbraTe neicTBus rupOCKONMYECKOIO MOMEHTA BO3AYIIIHOTO BUHTA CaMOJIET B IIPOLECCE
BpAIICHUSI CTPEMUTCS Pa3BEPHYTHCS BIEBO. DTO OTKIOHEHHE HEOOX0AUMO KOMIIEHCUPOBATh
OTKJIOHEHUEM pYJIsl YIIPABJIEHUS B IPOTUBOMOJIOXKHYIO cTOpoHy. IIpu aToM HEoOx01uMO
IIOMHHUTH, YTO BBINICYKA3aHHBI MOMEHT IIPH JIEBOM BpAIICHUHU [IOMOTaeT BPAILCHHIO, a IIPU
IIPAaBOM - IIPOTUBOJAEHCTBYET.

[Ipu BBIOJIHEHNH BPALLEHNs HA BEPTUKAIA BBEPX CKOPOCTH MOJIETAa YMEHBIIAETCA,

3P PEKTHBHOCTH 3JIEPOHOB YMEHBIIACTCS,

M03TOMY ISl TOJIEPKaHuUs IOCTOSTHCTBA YIIIOBOTO BpAIleHUsI HEOOX0IMMO 3J1€pOHBI OTKIIOHSITh
Ha OO0JIBILIYIO BEJIMYMHY COPAa3MEPHO YMEHBILIEHUIO CKOPOCTH.

BoinounHsis BpallieHus Ha BEpTUKAISAX BHU3, HA000POT, BCIIEACTBUE YBEIUYEHUS 3PPEKTUBHOCTH
3JIEPOHOB MOTPEOHBIE YIIIbI OTKJIOHEHHS yMEHbIIatoTCs. Takke BCIeICTBUE YBETUYCHHUS
CKOPOCTH MOJBEMHAS CUJIA YBEIIMYUBAETCSA, YTO MPUBOJUT K OTKJIOHEHHIO OCH CaMOJIeTa OT OCH
BpameHus. [103ToMy NpOonopIHMOHAIEHO YBEITMYEHNUIO CKOPOCTH PYYKY YIIPABIEHUS B IIPOLEcce
BpaIleHNsI HeOOXOIUMO OTKJIOHATH OT ceOsl.

[Iepexon u3 nosjera Ha BEPTUKAIb BBEPX B MOJIET HA BEPTUKAIb BHU3 ITOCJIE BPALEHHUS] MOXKHO
OCYILIECTBIIATH KaK MOBOPOTOM Ha BEPTUKAJIH, TaK U BBIXOJ0M Ha ce0s 1 OT ceOsl.

TEXHUKA BbINIOJIHEHUSA YIIPABJISAEMOM BOYKH HA BOCXOAAIIEN
BEPTHUKAJIN BBEPX

Broa B ¢purypy HeoOxoaumMo HaurMHATh Ha CKOpOCTH 320 KM/4 B y4eOHBIX 1eisiX. O00POTHI
JIBUTATENsl MaKCUMaslbHbIE PU TIOJTHOM Hazayse. [lepea BBo1oM HEOOXOIUMO OCMOTPETh
BO3JIYLITHOE MTPOCTPAHCTBO. Y OEAUTHCS B TOM, YTO OHO cBOOOAHO. HameTuTs opueHTHp AMst
BBIBOJIA U3 YIIPABJISIEMOTO BpAlllEHUs] HA BEPTUKAJIH.

B ropuzonTanbHOM MOJIETE WM HA CHHKEHUN YCTAHOBHUTH CKOPOCTh 320 KM/4 Tipu paboTe
JIBUTATENSl HA MAKCUMAJILHOM peXHUMe. 3aTeM IJIaBHbIM, HO KOPOTKHUM IO BPEMEHU JBHKEHUEM
PYUKH yIpaBJieHHs Ha ce0sl IepeBeCTH caMoJjIeT Ha KaOpUpOBaHKUE U BHIBECTH Ha BEPTUKAb.
[IpoBepuTh TOYHOCTH BHIBOJIA HA BEPTUKAJb 110 MOJI0KEHUIO NOTYKPBLUILEB U TpyOku I1B/]
OTHOCHUTEJILHO TOPU30HTA. 3aTeM YTOYHHUTH MOJI0KEHHE BHIOPAaHHOTO OPUEHTHPA ISl BBIBOJAA U3
BpAIlICHUS U OTKJIOHEHHEM PYUKH YIIPaBJICHUS B CTOPOHY BpallleHHs Havath ero. J[Bixenue
PYUYKOH yIpaBJIeHUs JOJDKHO OBITh TIaBHBIM, HO YCKOPEHHBIM. B mpoiiecce BpaiieHus pyuka
YIPAaBJICHHUS OTKJIOHSAETCS OT ce0s (BA0JIb 10 0opTy KaObuHbI). BenencTeue BIMsIHUS
TUPOCKOMHYECKOr0 MOMEHTA BO3/YIIHOIO BUHTA OCh CaMOJIeTa OTKJIOHSETCS BJIEBO, YTO
HE0OX0IMMO KOMIIEHCHPOBATH JIETKHM Ha)KaTHEeM Ha MPaByIo Neaaib (HE00X0AUMO IOMHUTD,
YTO HAa JIEBOM BPAIEHUU 3TO OTKJIOHEHHE HE3HAUYUTEIHHO, a Ha IPABOM - KUMEET OOJIBIIYIO
BEITUYHHY).

Ckopoctb camouiera 6bIcTpo nagaet. [1o3TomMy nocine BHIMOIHEHUS MTOJIHOTO BPaLeHUS
He00X0IMMO 3a(pUKCUPOBATH €r0 OCTAHOBKY M HaYaTh BBIBOJ] CAMOJIETa B TOPU30HTAIbHBIN
TOJIET, HAIPUMED, BBIXOJ0M Ha ceOsl.

[Ipu BeIXOZIE OT cebs pyuKa yIpaBiIeHUs OTKIOHSETCS OT ce0sl MIIaBHO, HO YCKOPEHHBIM
JBUKEHHEM, MIPHU STOM IO JEHCTBHEM TMPOCKOMMUYECKOTO MOMEHTA BO3YIIIHOTO BUHTA
caMoJIeT pa3BOpavMBaeTCs BIIPABO, YTO KOMIIEHCHPYETCSl OTKIIOHEHUEM JIeBOH meanu, a
JeCTBHE PEaKTUBHOTO MOMEHTA CHIIOBOW YCTAaHOBKH, CTPEMSIIETO HAKPEHUTH CaMOJIET BJIEBO,
HY>KHO MTapUPOBATh OTKIIOHEHUEM PYYKH YIIPaBJICHUSI BIIPABO.

B npouecce Boino/iHeHUs1 yIpaBJisieMoil 004KH HA BEePTHKAJIU BBEPX BHUMAaHHe
pacnpenensTh:

NPH BbIX0/le HA BEPTUKAJIb:

Ha OTCYTCTBHH KpPEHa;



Ha OTCYTCTBUM CKOJIbKCHMS;

HAa IOJIOYKEHUU IIPOJIOJIBHON OCH CaMOJIeTa OTHOCUTEIIbHO TOPU30HTA;
B IIpolecce BPALLICHUS HA BEPTHKAJIN:

Ha OTCYTCTBMM OTKJIOHEHUS OCU CaMOJIETa OT OCH BpallCHUS;
Ha OTCYTCTBUM KPEHA;

Ha OTCYTCTBUM CKOJIb)KCHHS;

Ha TEMIIE BpaIllCHNUS;

IPH BbIX0/I¢ B TOPU30HTAIbHBIH MOJIET:

Ha OTCYTCTBHMM KPEHa;

Ha OTCYTCTBUM CKOJIbKCHHS;

Ha OPUEHTUPE BBIBOJIA;

Ha CKOPOCTH.

XAPAKTEPHBIE OIINBKH ITPU BbIIIOJIHEHUMH YIIPABJIAEMOTI'O BPALIEHUA
HA BEPTHUKAJIN BBEPX:

OoJbIIast eperpyska Ha BBOJIE - OOJIbIIasi MOTEPsI CKOPOCTH, BOSMOXEH CPBIB B IITOMOPHOE
BpaIlleHHE;

MaJia reperpyska Ha BBOJI€ - 00JIbLIasi HOTEPs] CKOPOCTU U HEBO3MOXHOCTD BBITIOJTHEHHUS
BpaIllCHHUS;

B [IPOLIECCE BPALEHUS pyyKa YIpaBICHUS HE OTKIOHSETCS OT ce0sl - CaMOJIET OTKJIOHSETCS OT
OCH BpallleHHUs], BpallleHNE BBIMOIHIETCS € 3apbIBAHUEM U OOJIBIION MOTepel CKOPOCTH;
pe3K0oe OTKJIIOHEHHE 3JIEPOHOB MPH BBOJIE BO BPAIIEHUE - CAMOJIET OBICTPO TEPSIET CKOPOCTh.

TEXHUKA BbINIOJIHEHUSA YIIPABJISAEMOM EOYKH HA BEPTUKAJIU BHU3

BBon B ¢urypy Heo6xoaumo HaunHaTh Ha ckopoctu 120 km/4. O6opoTs! asurarens 70 %.
[lepen BBOJOM ciielyeT OCMOTPETh BO3IYLIHOE MPOCTPAHCTRBO.

Y6enuthces, 4To OHO cBOOOIHO. HamMeTuTh opueHTup Ui BBIBOJA U3 BEPTUKAIM U JUIS BHIBOA
U3 BpAICHHUSL.

B ropuzonTanibHOM MOJIETE YCTAaHOBUTH CKOPOCTh 120 KM/4, yOpaTh HaJyB U TUIABHBIM
OTKJIOHEHHEM PYUKH YIIpaBJICHUs OT ceOs BBECTU caMoJIeT B MUKupoBanue. [1o gnoctmxkenun
yria nukupoBadus 90° (0TBeCHOTO MUKUPOBaHUs ) 3aUKCUPOBaTh ero. HameTuTs opueHTHp Ha
3eMHOM MOBEPXHOCTHU U Ha ckopocTH 140 KM/4 HauaTh BpallleHHUE OTKJIOHEHUEM PYUKH
yIpaBJIeHHs B CTOPOHY BpalieHus. B npoiiecce BpalleHus: pyuky yrnpaBieHHs HEOOX0AUMO
OTKJIOHSTh OT ce0sl COPa3MEpPHO YBEIUUYEHUIO CKOPOCTH.

3a 20...30° 10 OKOHYAHUs BpaIlleHUs HayaTh OTKJIOHSATh PYYKY YIPABJICHHUS B 00OpaTHYIO
CTOPOHY U B TO K€ BpeMsl HEOOX0AUMO MPOA0JKATh OTKIIOHEHHE ee OT ce0sl, TOMOoraTh
BpAIICHUIO OTKJIOHEHUEM Melali B CTOPOHY BpallleHus.

[Tocne mpekpaliieHus BpaleHus Py YIpaBJIeHUs MOCTABUTh HEUTPAIBHO U B3SITHEM
(OTKIIOHEHHEM) PYUKH YIpaBlieHUs Ha ce0sl HauaTh BBIBOJI CAMOJIETa B TOPU3OHTANIBHBIN MOJIET
Ha BbIOpaHHBIN OPUEHTHP JJIS BBIBOJIA.

Pacnpenesienne BHUMAHUS NPH BHINOJHEHUH YIIPABJisieMoil 004KHM HA BEPTUKAJIM BHU3:
Ha TUIABHOCTH OTKJIOHEHHUS PYYKH YIIPaBJICHHUS,

Ha TOYHOCTH BBIXO/Ia HA BEPTUKAIIb;

Ha OTCYTCTBHUH KpPEHA;

NP BpallleHUM:

Ha [JIABHOCTU OTKJIOHEHHUS 3JIEPOHOB;

Ha OTKJIOHEHHH PYYKH yIIpaBJICHUS Ha ceOs;

Ha OTpe/IeTICHNH Hayana OCTAHOBKU BPAIICHHUS,

Ha HapacTaHUHU CKOPOCTH;

Ha OTCYTCTBHH CKOJIBKEHUS;

NpH BHIBOJIE:

Ha OTCYTCTBHH KpPEHa;



HA [IJIJABHOCTHU OTKJIOHEHHUs] PYYKH YIIPABIICHUS,
Ha OTCYTCTBHUM CKOJIbKCHHS.

XAPAKTEPHBIE OIIIMEKH IPU BBINIOJIHEHUHY YIIPABJIIEMOM BOYKH HA
BEPTHUKAJIA BHU3:

IIPYU BBOJIE CAMOJIETa C TOPU3OHTAIBHOIO 10JIETA HA BEPTUKAIb BHU3 HE YOUPAIOTCSI MOJHOCTHIO
000pOTHI - OBICTPO HAPACTAET CKOPOCTB;

MEJIJICHHOE BpAIllEHUE - OOJIbIIasi OTEPs. BHICOTHI;

pydKa YIpaBJeHHUs B IPOILIECCE BPAIICHUS HE OTIAETCS OT Ce0s - CaMOJIeT BBIXOIUT U3
BEPTUKAIBHOTO BPALIECHUS U MOXKET IIEPEUTH B KPYTYIO CIIUPAJIb;

00JIBIIIast CKOPOCTh Ha BBIBOJIC - BO3MOKHO IPEBHIIICHUE TIEPErPY3KH;

IIPpH BBIIIOJTHCHHUU BbIBOJA B TOPU3O0OHT CO30aCTCA 0O0BIIIOE CKOJbKEHHUE - BO3MOYKEH CphIB B
IITOTIOPHOE BPAILIEHHUE C OOJBIION MEePerpy3KOi.

KOJIOKOJI

Konokon - 310 urypa nmunmotaxa, Ha KOTOPOH CaMOJIET IPOXOINUT HYJIEBYIO CKOPOCTh, TO €CTh
CKOPOCTh U3MEHSETCS OT 33JJaHHOW CKOPOCTH BBOJIa JIO HYJICBOW W TIPY MAJICHUN Ha «XBOCT
MMeEeT He3HAYUTETBHYIO OTPHUIIATESIIEHYIO BEIMYUHY U JIajiee YBEIHMUNBACTCS 0 CKOPOCTH
BBIBOJIa B TOPH30HTAIILHBIN 1MOJIET. B kaTaiore Guryp nmumotaka MMEIOTCS CIICAYIONTHE BUIBI
KOJIOKOJIOB:

C NpAMO20 noiema - nadenue enepeo;

C NpsAMO20 nonema - naoeHue Ha3ao;

¢ obpamHoeo nonema - nadeHue nepeo;

¢ 0bpamHo2o nonema - nadeHue Ha3ao.

[Tagenue Briepen 1 Ha3a[ Ha KOJOKOJIE CO3JAFOTCS COOTBETCTBEHHO OTKJIOHEHHEM PYUKH
ynpaBieHus oT ceOs (MmageHue Ha3a) Wik Ha ceOs (TTaJieHre BIepe 1) IPH MPOX0JIe CaMOJIETOM
CKOpOCTH, paBHOM HYJTIO, M HaJaja MajeHusl Ha «XBOCTY.

[Tpu mageHUM camoJieTa Ha «XBOCT» M OTKIIOHEHUH PYYKH YIPABJICHUS B COOTBETCTBYIOII VIO
MaJICHUIO CTOPOHY BO3HHKAET COMPOTHBIICHHE TOPU30HTAILHOTO OTIEPEHUS, KOTOPOE CO3/IacT
MOMEHT MX, HalpaBJICHHBI B CTOPOHY, OOPaTHYIO MAJCHUI0. ITOT MOMEHT TEM OOJIbIIIE, YEM
Oosbie medo Lr.0 u yem Gosiblie 1iomap pyiist BBICOTBL. ITOT MOMEHT, JICHCTBYS
OTHOCHTEIILHO [IEHTPA TSDKECTH CaMOJIeTa, Pa3BOPAYUBACT XBOCTOBOE OIIEPEHHE B CTOPOHY,
00paTHyIO MaICHUIO.

Cxema cuil, IEHCTBYIOIIMX HA CAMOJIET TIPU BBITIOJHEHUH KOJIOKOJIA C MPSIMOTO TI0JIeTa C
MaJICHUEM BIIEpE]l M BBIXOJIOM B IIPSIMO#A MOJIET, TTOKa3aHa Ha Puc. 215.



¢

Puc. 215 Cxema cun, Oelicmeyloujux Ha camonem npu 6bINOIHEHUN KOJIOKOd C Radenuem enepeo

TEXHHUKA BbIIIOJIHEHUA KOJIOKOJIA C ITIPAMOT O IIOJIETA C NAJAEHUEM
BIIEPEZl U BbIXOOM B [IPAMOM IIOJIET

BBon B ¢urypy Heo6xoaumMo HauuHaTh Ha ckopoctu 250 km/4. OGopoTsl nBurarens 82 % mnpu
MIOJIHOM HaJITyBE.

[lepen BBOJOM HEOOXOIMMO OCMOTPETH BO3IYLIHOE MPOCTPAHCTBO U YOSIUTHCS, YTO OHO
cB0O0AHO. HameTuts opueHTup /Uid BbIBOAA U3 (PUTYPBHIL.

B ropuzoHTaNIbHOM MMOJIETE YCTAHOBUTH CKOPOCTh 250 KM/4. 3aTeM IJIaBHBIM, HO YCKOPEHHBIM
JBUKEHHEM PYUYKHU yIIpaBJiICHUs HAa ce0sl yBEIMYUTH yroJl KaOpUpPOBaHUs U BEIBECTH CaMOJIET Ha
BepTHKaib. [lonokeHne camolieta Ha BEPTUKAIHM BBEPX KOHTPOJIUPOBATH MO MOJIOKEHUIO
MOJIYKPbUIHEB OTHOCUTEILHO FTOPU30HTA U MOJI0KeHuto Tpyoku [1B/1.

[Ipu noaxonae koHcosu noiykpeuia U TpyOku [1B/] k BepTUKaIbHOMY MOJIOKEHUIO
OTHOCHUTENILHO TOPU30HTA KOPOTKUM, HO SHEPTUYHBIM JBMKEHUEM ee 3a(MKCHPOBATh
BepTHKab. CTpeMJIeHHE caMOJIeTa P BHIMIOJIHEHUU BEPTUKAIIU 3aBAIUTHCS «HA CIHHY
(xacaercsa camosera SIk-52) KOMIIEHCUPOBATh OTKIIOHEHUEM PYUKH YIIPABJICHUS OT ceOsl.
PeakTuBHBI MOMEHT BO3YIIHOTO BUHTA, CTPEMSIIETOCS Pa3BEPHYTh CaMOJIET BJIEBO,
KOMIIEHCHPOBATh OTKIIOHEHHEM PYYKH YIIPaBJICHUS BIPaBO 10 3MepoHaM. [lo goctmkenun
ckopocTH 80 KM/4 HE3HAYUTEIbHBIM JIBUYKEHUEM PYUYKHU YIIPABICHHS OT C€0S YMEHBIIUTH yroJl
Habopa ot 90° 1o 87...85° (mexanu B HEUTPAIBLHOM MOJIOKEHUN) U HA4aTh YMEHbIIATh 000POTHI
aBuratens (MIaBHO) 10 000POTOB MajIoOro rasa. B MoMeHT 3aBUcaHMs1, KOTJa CKOPOCTh OJIM3Ka K
HYJIIO, TIJIABHO B3ATh PYUYKY YIpaBJIE€HUS MOJHOCTHIO HAa ce0sl. Pynb ynpaBieHHs OTKIOHSETCS
JIETKO, U CAMOJIET HA ATO OTKJIIOHEHHE HE PEarupyer.

[Ipu majieHUN Ha «XBOCT» HA PYyIb YIIPaBICHUS ASHCTBYET OOJbIas TMHAMUYECKasi Harpy3Ka,
co3/iaBaeMasi BO3YIIHBIM TOTOKOM, HaOeraroumm Ha Hero. BeneacTue 3toro pyib
MPUKUMAETCS K CBOEMY MpeeIbHOMY NoJioxkeHuo. [lenann Heo6XoaumMo yaepKuBaTh
HelTpanpHO. [locne nageHus camosiera BIiepe]] yCTAHOBUTH OTBECHOE TMKUPOBAHUE.
[TosBUBLIMIICS B MOMEHT Na/leHUS KPEH U CKOJIBKEHUE YCTPAHUTH BO BPEMsI IMKUPOBAHUS.



BriBo1 camosieTa B TOPH30HTANIBHBIHN MOJIET HEOOX0MMO HauyrHATh Ha ckopoctu 200...210 km/4.
J1st 3T0ro He0OXOAMMO OTKIIOHEHHEM PYUYKH Ha ce0st yMEHBIIUTD YroJl IMKUPOBAHUS JI0
HYJIEBOTO 3HAYEHUS M BHIBECTH CAMOJIET B TOPU3OHTAIILHBIN TIOJIET.

XAPAKTEPHBIE OIINBKH ITPU BbIIIOJTHEHUH KOJIOKOJIA:

BBIXOJ] Ha BEPTHKAJIb C KDEHOM - CMEILIEHA OCh BEPTUKAIIU - IIa/ICHUE HAa «XBOCT» IMPOUCXOIUT C
MaJICHUEM B CTOPOHY CMEILIEHUSI OCH BEPTHKAIIH;

B [IPOLIECCE YMEHBIIEHHS] CKOPOCTU HE KOMIIEHCUPYETCS] pEaKTUBHBI MOMEHT BO3YILITHOTO
BMHTA - M1aJIEHUE HA «XBOCT» IIPOUCXOUT C BPAILIEHUEM BOKPYT IIPOJOJILHOM OCU CaMOJIeTa, 4To
3acTaBJIsieT CaMOJIET MaJaTh B CTOPOHY;

pe3Ko yOouparoTcsi 000pOTHI JBUTATEIS - CAMOJIET Pa3BOPAUYMBAETCS OTHOCHTEIBHO MPOAOTBHOM
OCH - IPOUCXOUT NaJICHUE B CTOPOHY;

0O0JIBIION YTOJ CTPAXOBKH - OTCYTCTBYET MaJIEHUE HA «XBOCT.

JAJBHOCTDB U ITPOJOJIZKUTEJBHOCTD ITOJIETA

Jlanvnocme u npodonrcumenbHocmsy nojiema SBISIOTCS BAXKHEUITUMU JIETHO-TaKTUYECKUMU
XapakTepucTukamu camoseTa. [lo JanbHOCTbHIO MMoJIeTa HOHUMAIOT PACCTOSIHUE OT MECTa
BBLIETA JI0 MECTa MOCAIKH BJIOJb MaPIIPyTa MOJIETa 1Mo 3eMHOM moBepxHoctu (Puc. 216).
Ilpooonscumenvnocms nonema - BpeMs npeObIBaHUS caMOJIETa B BO3JyXe C MOMEHTA BbLIETa
JI0 MOMEHTA MOCA/IKH.

OOBIYHO paccMaTPHUBAIOTCS CIAEAYIONTNE BUIBI JATBHOCTH: TEXHUYECKAs!, TPaAKTUUYECKast U
TaKTUYECKasl.

Texnuueckas 0anpbHOCMb U RPOOOIHCUMETLHOCHb - TATBHOCTD U NMPOJIOJIKUTEIHLHOCTD MOJIETa
OJIMHOYHOTO CaMOJIeTa JI0 MOJHOTO U3PaCcX0J0BaHUs TOIUIHBA.

Ilpakmuueckas 0anbHocmy U RPOOOSHCUMETLHOCMb - TATBHOCTH U MTPOJOJKUTENHLHOCTD
roJieTa ¢ yuetom rapantuitHoro 7 - 10% ocrarka TomimBa (OT HOJTHON 3aMpaBKH).
Takmuueckasa 0anbHOCmb - TATLHOCTD MOJIETA C YYETOM 3ariaca TOIIMBA Ha BHITIOJTHEHHE

3aJlaHusl, HE CBSI3aHHOTO C MPOJBM)KEHUEM 0 MAPLIPYTY.
Day
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Puc. 216 Tpaexkmopus nonema camonema na 0aibHOCMb

Tpaexkmopusa nonema camMoseTa Ha JaJbHOCTb COCTOUT U3 TPEX y4acTKOB: Habopa BBICOTHI,
TOPU30HTAIBHOTO MOJIETa Ha 3aJJaHHOM BBICOTE U CHMKEHUS C ITOM BBICOTHI.

anvrnocms u npodonscumenbHocmsy noaema ONpeeisitoTCs MPeXk/ie BCEro 3anacoM ToIIuBa
U PEeXHMOM I10JIeTa (BBICOTOM U CKOpOCThIO). KaxknomMy pexxumMy 1mosiera COOTBETCTBYET
OIpeIeNIeHHBIN PacXo/1 TOIJIMBA HA OJWH KWJIOMETp IyTH U 3a OJMH 4ac rnosera. Tak, Harpumep,
npu nonete camosnera JI-29 Ha Beicote 5000 M 6€3 1oABECHBIX 0AKOB € MOJIHBIM 3aMacoM
TOIIMBA 775 KI IpU HOMUHAJIBHOM peXXHMe pabOThI ABUraTessl TEXHUYECKas JajJbHOCTh paBHA
625 KM, IPOIOJDKUTENBHOCTD - 1 4 13 MuH. A nipu nosiete Ha BeicoTe 9000 M Ha pexxume
MaKCHMaJIbHOM JAJIbHOCTH TEXHUYECKasl JAJIBHOCTh paBHA 880 KM, IPOJIOJIKUTEIBHOCTD M0JIETA
- 24 04 muH.

Taxum 06pa3oM, OT TOTO, KAKOH peXUM MOJIeTa YCTAaHOBUII JIETUHK, OYAyT 3aBUCETh U
JAIBHOCTB U ITPOJOJDKUTEIBLHOCTD MOJIETA.

OCHOBHBIMU BEIMUNHAMU, ONIPEIEISAIOIUMHU JAIBHOCT U MTPOJOJKUTEIBHOCTD MIOJIETA,
SBJIIOTCS] KWIOMETPOBBIM U 4aCOBOM pacxobl TOIUIMBA. 3Hasi KWIOMETPOBBII U 4aCOBOI



pacxoJbl TOIUIMBA IPHU JAHHOM BAPHUAHTC 3allpaBKU CAMOJICTA, MOKHO PACCUUTATh AAJIbHOCTh U
MMpOAOJDKUTCIILHOCTD IIOJICTA.

YACOBOM PACXO/I TOIVIMBA
Ch A

Ch

Vim/y

Vi
Puc. 217 3asucumocms uaco6020 pacxooa monauea om cKopocmu u 6blCOnbl noNema

KommuectBo TommBa, pacxolyeMoe 3a OJIMH Yac MoJieTa, Ha3bIBAETCsl YaCOBBIM PACXOIOM.
N3mepsieTcs yacoBoi pacxoA B KujlorpaMmax Ha yac nojera Ch kr Torul./4 wnu B aurpax Chii/y.
3Has yneJ’[BHBIfI BE€C TOINUIMBA, pa3BUBACMYIO ABHUIAaTCJIEM Ha JAHHOM PCKHUME IOJIETA TATY (I/IJ'H/I
MOIIHOCTb JUIsl IOPILIHEBOTO JABUTaTelIsA) M YAEIbHBIN pacxo] TOIUIMBA, YaCOBOM pacxoJ MOXKHO
OTIPENIETUTH TI0 popMyIIe:

Ch:M;
v
Ce - Ne .

r )
rae Cp, Ce- ynenbHbIe pacxo/sl TormuBa TP/ u mopirHeBoTO ABUTATENEH;
P, Ne - tara u momnocts TP/I u T1/1;
Y - yHenbHBIN BeC TOILIMBA, T/CM .
W3 Gopmynbl BUIHO, YTO 4aCOBOM pacxo 1 TOIUIMBA MPSIMO MPOTOPIUOHATIEH YAEIbHOMY
pacxojy TOIJIMBA U pa3BUBaeMo Tsre (nau MomHocTH). [loTpebnas tsra P, cormacuo dhopmyie

Ch =

2

P, =Cy 223
2 | YBEIMYMBAETCA C YBEIMYEHUEM CKOPOCTH M YMEHBIIAETCS C MOABEMOM Ha

BBICOTY, YTO U CKa3bIBa€TCs HA YaCOBOM PacXo/Jie TOTUTUBA. Y ACIbHBIN pacXo.l TOIUINBA C
M3MEHEHHEM BBICOTHI ITOJIETA YMEHBIIIACTCS, XOTSI K HE3HAYUTENBHO, a C YBEITMUYECHHUEM CKOPOCTH
0JIETa BO3PACTACT TOXKE B HEOOJIBIIHX MpeIieiax. Y BEINYCHUE YACTbHOTO Beca TOIUIMBa
YMEHBIIIAET YaCOBOH PacXo/I, €CIIM U3MEPSITh €ro B JIUTPaX B 4ac, YTO CKa3bIBACTCS HA
MOTPEOHOM EMKOCTH TOTUIMBHBIX 0aKOB, HE OKa3bIBasi BIUSHHS HA PACXO]l TOIUIUBA, H3MEPSEMbIi
B Kujiorpammax B yac (Puc. 217).
OmnpenenuB 4aCOBBIE PAcX0Ibl TOIUIMBA JIJISl PA3IMYHBIX PEKUMOB TOJIETA, MOXKHO HAWTH TAKOM
PEKHUM, MOJIET Ha KOTOPOM OyZieT HanboJiee MPOIODKUTENICH. TeM caMbiM Oy/IeT HalJICH PeKUM
HaMOOJIBIICH MTPOIOJDKUTEIBPHOCTH TIOJIETA.
ITo xpuBbIM XKykoBckoro (cM. Puc. 216 u Puc. 219) nerpyaHo onpeaenuTs, 4T0O HAUMEHbIIas
noTpeOHas Tara JUIst BCEX BBICOT MoJieTa OyIeT COOTBETCTBOBATh HAMBBITOHEHIIICH CKOPOCTH
noJieTa (TI0JIeTy Ha HaWBBITOIHEHIIIEM YTJIe aTaKH), a JUTsl CAMOJICTOB C MOPIITHEBBIMU
JIBUTATEIIIMU HAUMEHbIIAs IIOTPEOHASI MOLITHOCTh COOTBETCTBYET SIKOHOMHUECKOMY YTy aTaku
(@ 3K) ¥ COOTBETCTBEHHO - IKOHOMUUECKOU CKOPOCMU ROlema.
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Puc. 218 3asucumocmeo Puc. 219 Kpusvie nompeonwvix Puc. 220 3asucumocms Cy,,,,, om
omnowenus PnA om evicomot u MOWHOCHEN 0151 PATUYHBIX 6bLCOMBL NOJIEMA 071 CAMOTIEM 08
cKopocmu nonema CKopocmell u vicom noiema cTPJq ulll]

W3 ananmn3a kpuBbIX JKyKOBCKOTO MOKHO CJI€NaTh BBIBOJ, YTO C IMOJHSATHEM Ha BBICOTY
noTpeOHast TAra Ha HauBBITOJHEHIIeN CKOpoCTH (7151 JaHHOM BBICOTHI) M YaCOBOW pacxo]l OyayT
3aBHCETh B OCHOBHOM OT yJeJIbHOTO pacxoja Torausa (Cp), KOTOpbIi, Kak ObUIO OTMEYEHO
paHee, ¢ MOJHATHEM Ha BBICOTY yMeHbIIaeTcs. CienoBarenbHO, 4aCOBOM pacxo 1 TOIINBA
camouietoB ¢ TP/] ¢ mogHATHEM HA BBICOTY TP NOJIETE HA HAUBBITOAHENIIEH CKOPOCTH
U3MEHSIeTCS MPOMOPLHUOHAIIEHO U3MEHEHUIO YIETIBHOTO pacxoja TOIUINBA, T. €. YMEHbIIAeTCS.
Hanpumep, MuUHMManbHBIN YacoBOM pacxo] ToruiuBa camosiera JI-29 npu nosnere 6e3
moaBecHbIX 0akoB Ha BeicoTe 500 m coctaBnser 391 kr/4, a Ha BeicoTe 8000 M oH paBeH 279
KI/4. A 3TO 03HAYaeT, 4TO MpPHU JAHHOM 3amace TOIUIMBA MPOJOKUTEILHOCTD MOJIETa C
MOJHSTHEM Ha BBICOTY YBEJIMUHUBAETCS.

KUJIOMETPOBBIA PACXO0/I TOIIJ/IUBA

KommuectBo TOILNIMBA, PAaCXOQyEMOC Ha OAMH KHJIOMETP BO3AYIIHOI'O IIYTH, HA3bIBACTCA
KHJIOMETPOBBIM pacxXoa0M TOILIMBA.

v v (14.2)

rae U - CKOpoCTb IOJIeTa, KM/4.
KwiioMeTpoBsIil pacxo/1 TOTuIMBa, Kak BUIHO U3 popmyisl (14.2), 3aBUCHT OT BETUYHHBI

Py

yAETBHOTO pacxoa TomiuBa Cp U OT COOTHOILIEHUS ( v ) . Tak Kak yJenbHbII pacxo]] TOIUIMBA
U3MEHsIeTCS He3HaYUTENbHO, TO OUEBHUIHO, YTO KMJIOMETPOBBIN pacxo OyAeT OnmpenesaThes

PIY P17

oTHOmICHHEM U . HanMeHblilee 3HAUCHUE BEIMYMHBI U MOYKHO HAWTH 110 KPHUBBIM
JKyKOBCKOTO IMyTeM MpOBEICHUS KacaTelbHOM U3 Hayaaa KOOPAWHAT K KPUBOU MOTPEOHBIX TST
(Puc. 218).

PH 7

- tgp =1L

OTHolieHHe U ecTh HE UTO MHOE, KaK U . IIpu yBenu4yeHUU BBICOTHI MIOJIETA YTOJI CP
3HAQUYUTEJIbHO YMEHBIIIAETCS], CJIEI0BATENbHO, YMEHBIIAETCS U KUJIOMETPOBBIN pacxo TOIIMBA
Ck. OCHOBHOM BBIBOJ] COCTOUT B TOM, UTO IpH noJiete camoseta ¢ TP/] Ha HauBbIroqHenein
CKOPOCTH MPH MOJHITHH HA BBICOTY KMJIIOMETPOBBIM pacxo] TOIJIMBA YMEHbBIIAETCS, a
CJIeI0BATENIbHO, JAJIbHOCTH T0JIETa yBEIMUMBaeTCs. PacueTaMu 1 MpakTUKON YCTaHOBIIEHO, YTO
yBeJIMYEHHE BBICOTHI OT 0 10 12 KM KMJIOMETPOBBIN pacxo]l yMEHbIIAETCS B 2-3 pasa.
KuiioMeTpoBBIil pacxo/1 TOIIMBA camMoJieTa ¢ MOPIIHEBBIM JABUTATENIEM ONPEIENAETCs 110

dopmyne



C, CeN, Ce N,

CK == =7,
v vy v (14.3)
rae Ne - agdexTuBHAS MOIIHOCTH HA BaTy ABUTATEIS,

M5 - ko3 HULHEHT TTOJIE3HOTO JNEHCTBYS BUHTA.
Anamms popmynsr (14.3) mokasbIBaeT, 4TO KHJIOMETPOBBIN pacXo]] TOIUTHBA OYJIET ONPEACIATHCS

NH NH

B OCHOBHOM COOTHOIIEHMEM U ¥ BeanuuHOM Ce. BenmnunHa U Ha HEM3MEHHOU BBICOTE IIPHU
YBEJIIMYEHUHU CKOPOCTH
noJera ypennuuBaercs (Puc. 219).

NH

MuHrMaIbHOE 3HaYCHHE OTHOLICHUS U = tg® OymeT HaiijieHO MPOBEICHUEM KacaTelbHOM 13
N 11

Hayaja KoopAuHAT K KpuBoi Np. CKopocTh nojieTa, COOTBETCTBYomast ( U ) MUH, Ha3bIBAETCS
Hauevl200Heliuell CKOpOCHbI0 nonema.
N 7

Kak BuaHO u3 rpaduka, BeauurHa (U ) MUH JUISL BCEX BBICOT OCTAeTCsl HEM3MEHHOM, TOATOMY
MO>KHO CUHUTaTh, YTO KHMJIOMETPOBBIN PacXo]l TOIJIMBA CAMOJIETa C TIOPIIHEBBIM JABUTATEIIEM C
MOJHSTHEM Ha BBICOTY 3aBUCUT B OCHOBHOM OT YJ€JILHOTO pacxojia Tormaa Ce.

VY nenpHbIi ke pacxon Ce npy MOJHATUH 10 PaCYETHOM BBICOTHI MOJIETa (pacyeTHasl BbICOTA
JIBUTATENs1) YMEHbBIIIAETCS, a BhIIIE €€ yBenuunBaercs. B pesynpraTe nomaydaercs, 4To
HaVMEHBIINM KUJIOMETPOBBIM pacxo/1 TOIUIMBA CaMOJIETa C OPUIHEBOM CHIIOBOM YCTaHOBKOU
OyneT BONM3M pacueTHOM BBICOTHI. ClieI0BaTENHHO, U HAUOOJIbIAs JATBHOCTD MOJIETa CaMOJieTa

c [T/l 6ymetr umeTh MeCTO BOJM3H pacueTHOM BBICOTHI TOJIETAa HA HAMBBITOJHEHIIICH CKOPOCTH
(Puc. 220).

B/IMAHUE ITOJIETHOTI'O BECA U TEMIIEPATYPbBI HAPYKHOI'O BO31YXA HA
AAJIBHOCTDb U ITPOAOJIZKUTE/IbBHOCTbD ITOJIETA

G
P,=——
r o
Tak Kak B TOpPU30HTAILHOM MOJIETE camon , To U3 opmydsl (14.1) Haitinem
C.-G
Ch=—"—
Veamon (14.4)

rae G - Bec camoneTa, KT
rc-ma - a3poOJIMHaAMHUYECKOE Ka4eCTBO CaMOJIeTa.
G

HpI/I YBCIIMYCHUU IIOJICTHOTO BECa CaMOJICTAa BEJINYNHA rCAMO/T YBEJINYHNBACTCA, CJICAOBATCIIBHO,

YBCIMYHUBAIOTCA 4acoBOH U KHHOMCTpOBHﬁ pacxoabl TOIIMBA, YTO BEACT K YMCHBIIICHUIO
JAJIbHOCTH U IMPOJOJDKUTCIbHOCTH I10JICTA.

Ecnu nmonetHeld Bec camolieTa YBCJIINYUBAKOT Hapy>KHOfI MOJBECKOM rpy3oB (HOI[B@CHBIG
TOIIJINBHBIC 68.KI/I, OOMOBI U T. l'[.), TO JAJIbHOCTH U ITPOAOJIKUTCIIBHOCTh YMCHBIIAOTCA B
OoJIbIIICH CTCIICHH, TAK KaK YBCIIMIUBACTCA 11000BOE COMMPOTHUBJICHUC CAMOJICTA, a CIro
A9pOJUHAMHUYCCKOC KaUCCTBO YMCHBIIACTCA.

Cx = ﬁ
KunomeTpoBslii pacxo]1 TOIInBa v OT TEMIICPATyphl HAPYKHOTO BO3JyXa
HpaKTI/ILIeCKI/I HC 3aBHCHT, TaK KaK HOTpe6Ha}I TiaTa OT TeMHepaTprI HC 3aBHCHUT, 4 COOTHOLICHHUEC



Cp

U IIpU U3MEHEHUU TEMIIEPATyphbl BO3AyXa OCTAETCS MOCTOAHHBIM. ClleJ0BaTENIbHO, U
JAIBHOCTB I10JIETA IIPA U3MEHEHUHU TEMIIEPaTyphl OCTACTCA IMOCTOSTHHOM.

[Ipu noBeIIEHNN TEMIIEPATYPbl HAPY>KHOI'O BO3/lyXa YAEJIbHBIN pacxo/ TOILIMBA
YBCIIMYUBAETCS, CIEA0BATEIBHO, YBEIMUMBAETCS YACOBOM Pacxo] TOIUIMBA, a

MMPOAOJDKUTCIIBHOCTD IIOJIETA YMCHBIIACTCA.



