IIpakTuyeckasi a3poAMHAMHUKA

Tema Ne 1. OcHOBHBIE CBOViCTBA BO3/1YXa

Bomnpocsr:

ATtmocdepa 3emin.

dusnyeckue XapakTepPUCTUKU aTMOC(EpPBI U UX BIMSHUE HA MOJIET.
Temneparypa Bo3ayxa.

ATMocdepHoe 1aBieHHe.

[InoTHOCTH BO3yXAa.

MesxyHapoaHas CTaHAapTHAs aTMocdepa.

WHepTHOCTD, BI3KOCTh M CXKHIMAaEeMOCTh BO3yXa.

CKOpoOCTh 3ByKa U CKaYKH yIJIOTHECHHUS.

OCHOBHBIE 3aKOHbBI JIBUKEHHS Ta30B: 3aKOH HEPA3PHIBHOCTU CTPYH U YPaBHEHHE MOCTOSIHCTBA PACcXo/ia rasa;
3akon bepHysuu 1715 CTpyH HEC)KHMAEMOTO ra3a.
AbsponnHamuyeckue TpyObl. TuIbl TpyO ¥ IPUHIKIT UX PabOTHI

Tema Ne 2. AsporHaMuYecKHe CHIIbI

Bonpocher:

OOTekaHue Tell BO3AYIIHBIM TOTOKOM.

OCHOBHOI#1 3aKOH CONPOTHBIICHUS BO3IyXa.

Kpbuto u ero HazHaveHue.

OCHOBHbBIE TCOMETPHUYECKHE XapaKTePUCTUKU KPbLIa: pa3Max, Xop/a, IUIolans, GopMa B [IIaHe, yIIMHEHHE,
OCHOBHBIE MPOQHIIN U TONIIUHA KPBLIA.

OCHOBHBIC CBEICHHS 00 yIilaX aTaku M CKOJIBKCHHS.

A3pOJMHAMUYECKHII CIIEKTP KPbLIA.

BO3HHKHOBEHHE TOIBEMHOM CHIIBI U JIOOOBOTO COIPOTUBIICHHUSI KPBLIA.

A3pOMHAMUYECKOE KQYeCTBO KPhUIA.

IMocTpoenue a’spoIMHAMHIECKUX XapPAKTEPHCTUK KPbLIA U CAMOJIETa: TOJSIPa CaMOJIeTa, Ka4eCTBO 0 YIITy aTaKH;
ONPE/ICICHHUE 110 3TUM IpaduKaM BCeX HEOOXOIUMBIX JaHHBIX CaAMOJIETa.

[TpuunHb! nageHus K03 PHULIUEHTA OJbEMHON CHIIbI HA 3aKPUTUYECKUX YIJIax aTaKH.

Crioco0b! yBennueHus: K03 (GUIHEeHTa MOBEMHOM CHUJIBI B 0COOCHHOCTH adpOJAMHAMHUKH MEXaHHU3UPOBAHHOTO
KpbUIA.

[MonsTHE O paclpe/ieieHHH AABISHHs [0 XOpJIe U pa3Maxy KpbLia.

IMepemeneHre HEHTPa JaBICHHS KPbLIA H CaMOJIETa.

Tema Ne 3 CI/I.]'IOBaﬂ YCTAHOBKA CAMOJICTA

Bomnpocsr:

Haznauenune u BUAbI aBHAITMOHHBIX CHIIOBBIX YCTaHOBOK.

Knaccudukarus BO3IyIIHEIX BUHTOB.

I'eomeTpHUECKUE XapaKTEPUCTHKKM BUHTA: qraMeTp, hopma jgonactd, popma IpoQuIs, SJIEMEHT JOMacTh, XOpaa
CEUCHHUSI JIOTIACTH U YTOJI HAKJIOHA, TEOMETPUYCCKHIA II1ar.

CKOpPOCTh JBMXKEHHSI M YTOJI aTaKK 3JICMEHTA JIONIACTH BUHTA. A3POJMHAMUYECKUE CHJIbl BUHTA, BIUAIONINEG HA
BEJIMYMHY CHJIBI TSITH BHHTA.

I'paduk pacnonaraemoii TATu caMoeTa B 3aBHCUMOCTH OT CKOPOCTH TOJIETA.

MoIHOCTE BUHTA.

KoaddunmeHT mone3Horo AeWCTBUS BHHTA.

I'paduk pacnonaraemMoii MOITHOCTH BHHTA B 3aBHCUMOCTH OT CKOPOCTH TIOJIETA.

[onsiTe 0 BNUSHUH BBICOTHI ITOJIETA HA PACTIONAraeMyi0 MOIIHOCTb.

Oco0eHHOCTH pabOTHI BUHTA C H3MEHSIOIIAMCS IIIaroM.

Tema Ne 4. 'opU30HTAJIbHBIH OJET CaMOJ1eTa

Bomnpocsr:

['opuzoHTanbHBIN MOJIET (ONpEeieHne).

Cxema ¥ COOTHOIIEHNE CHJI B YCTaHOBUBUICMCS TOPU3OHTAJIBHOM ITOJICTE.

CkopocTb, TOTpeOHast AJIsl FTOPU3OHTAILHOTO MOJIETA.

[TorpebHas TsAra 1 MOIHOCTH [UISl TOPU30HTAIBHOTO T10JIETa.

Kpussie XKykoBckoro noTpeOHBIX M pacloaraeMbIX THT.

Junana3zoH ckopocTell TOPU30HTAIBHOTO MOJIETA.

[lepBblii 1 BTOPOI pe:KUMBI TOPH30HTATIBHOTO MOJIETa H KX 0COOEHHOCTH. DBOJIOTUBHAS CKOPOCTh
TOPU30HTAIILHOTO T0JIeTa (OIpeaeICHHE).




3amac CKOpOCTH M €T0 3HaUEHHUE B JIETHOU paboTe.

BrusiHue BbICOTBI Ha IOTPEOHBIE CKOPOCTU TOPH30HTAIBHOTO MOJIETA.
BimsiHre Macchl camosiera Ha MoTpeOHbIe CKOPOCTH.

TexHuKa BBINOIHEHUS MPSIMOJIMHEHHOTO 10JIeTa; TPeOOBaHUSA K HEMY.
Brnusinue paznuuHbix (pakTOpOB HA CKOPOIIOIBEMHOCTh CaMOJIETa.

Tema Ne 5. Iloabem camoJiera

Bomnpocsr:

YcnoBus yCTaHOBHUBILIETOCS MObEMA CAMOJIETA.

YpaBHEHHUE JBUKEHUS IIPH MOIBEME.

CBsI3b MEXly yIilaMH HAaKJIOHa TPAGKTOPHH NOABEMA, YTIIOM aTaKH M yIJIOM HAKJIOHA MPOJOIBHON OCH CaMoJIeTa.
ITotpebHast ckopoCTh IS MObEMA.

YKka3arelnbHULa TPAEKTOPUH MTOJIBEMA CAMOJIETA U NIOJIb30BAHUE €10.

[TepBblii ¥ BTOpO pEKUMBI IIOJbEMA U UX OCOOCHHOCTH.

baporpamma nogbsema.

TeopeTnueckuid, IPAKTUYECKUN U JUHAMUYECKUI TIOTOJIKM CaMOJIETa.

Tema Ne 6. [LnanupoBaHue camoJiera

Bomnpocsr:

Cutpl, IEHCTBYIOIINE HA CAMOJIET MPH ITAHUPOBAHHH.
YpaBHEHUE IBUKEHUSL.

IToTpeOHast CKOPOCTH ITAHUPOBAHMSL.

Yron miaHupoBaHUA.

BepTuxansHast CKOpOCTb INIAHHPOBAHUS.

JlanpHOCTh IITAaHUPOBAHUSL.

BrusiHue pa3znnuHbIX (aKTOPOB Ha JATbHOCTH IJIAHUPOBAHHUS.
YkazarenbHUIa TPACKTOPHUH ITIAHUPOBAHHSL.

[TepBblit ¥ BTOpOY peXUMBI IUTAHUPOBAHMS K UX OCOOEHHOCTH.
[TonsiTHE O CKOJBKCHHH.

BrusiHEE IUTKOB HA YTOJ U AaTbHOCTH IUTAHUPOBAHHUS.

Tema Ne 7. B3Jjer camoJieTa

Bomnpocsr:

OmnpeneneHne B3IeTA.

IIpodwiib 1 3IeMeHTHI B3JIETA.

CI/IHBI, HCﬁCTByiOH.[PIC Ha caMoJIeT HpI/I B3JICTC.

CKOpOCTh OTpbIBA CAaMOJIETa OT 3EMJIU.

V3meHeHue cuil, IeHCTBYIONMX HA CaMoJIeT B Ipoliecce pasoera.
BrusiHre 0oCHOBHBIX (hakKTOPOB Ha JUTHHY pasz0era.

HpI/I‘II/IHLI pa3Bop0Ta caMoJieTa Ha pa36ere: ,HeflCTBI/Ie peaKIII/II/I BHHTa, HpeHeCCI/IOHHOFO MOMCHTa, 3aprTKI/I CprI/I
BHUHTOM.

BJ'II/ISIHI/IC BeTpa Ha TeXHI/IKy BBIIIOJIHEHUA B3JICTA.

Oramnsl B3jIeTa. B3neTHas qucranmms.

TGXHI/IKa BBIIIOJIHCHHUS B3JICTA.

Tema Ne 8. ITocajka caMoJieTa

Bomnpocsr:

DJIeMEHTHI IOCAIKH.

Cuutbl, IEHCTBYIOIINE HA CAMOJIET Ha Pa3IMUHbBIX dTAlax MOCaIKH.
[Mocamounast CKOpOCTh U (haKTOPHI, BAMSIOIINE HA 3TY CKOPOCTh.

[TpoGer camosera u GpakTopbl, BIMSIOLINE HA [UIMHY ITpodera.

TTocamounas TUCTAHIIVS.

DakTopbl, BIAMUSIONINE HA TEXHUKY BBITTOJIHEHUS MOCAIKH: COCTOSIHUE MTOCA0YHOM MOJIOCHI; PEXKUM PabOThI
JIBUTATEJIs; CXeMa IIACCH; BBIMYCK [IUTKOB; HAMIPABJICHHE U CKOPOCTh BETPA.
TexHuKa BBIIOTHEHUS [TOCAIKH.

OmuOKY IPH BHITIOTHEHUH ITOCAIKH.

OCOOEHHOCTH TEXHUKH BBIMIOJHEHHS BBIHYKICHHOH MMOCAIKH.

Tema Ne 9. YeToHYNBOCTH M VIIPABJISIEMOCTH CAMOJIETA
Bonpocher:




PaBHOBecHE Ul 1 MOMEHTOB.

Ocu BpaieHus: camoJeTa.

Bunp! paBHOBecCHsS.

IlenTpoBka camouiera.

Buap! ueHTpoBKH.

IIpononsHOE paBHOBECHE CaMOJIETa.

CyIIHOCTb IPOAOJILHOM YCTOWYNBOCTH CaMOJIETa M yCIIOBHS €€ 00ecIIeueHusI.

OcHoOBHBIE (haKTOPHI, BIMSIOIINE HA TPOIOJILHYIO YCTOWYNBOCTh CaMOJIeTa: IIEHTPOBKa, IUIOIIA(b cTabMiIn3aTopa,
JUTrHA (Qro3erska, padoTa BHHTA.

[IpononpHas ympaBIseMOCTh caMoiieTa (onpeaeeHre).

CymHOCT IPOOTBHOMN YIPaBISIEMOCTH M OCHOBHBIE (DaKTOPHI, BIUSIOIINE HA 3Ty YIPABIIEMOCTh CAMOJIETA.
Pabora pyms BEICOTHL

PaboTta Tpummepa.

BbokoBoe paBHOBecue camorera (onpeaeneHue).

YcnoBusi 0OKOBOTO paBHOBECHSI CaMOJIETa.

dakropsl, BiMsOIINE HA OOKOBOE PaBHOBECHE CaMOJIeTa: Kocasi 00/lyBKa CaMoJieTa OT BUHTA, BIMSHHE OTKIOHEHHS
3JIEPOHOB U PYJIsl HANPABJICHUs, IPEIIECCHOHHOE JICHCTBIE BUHTA.

BokoBas ycroifunBoCTs camosieTa (onpenesieHue).

®dakropsl, oOecrieunBaronye GIOrepHyIO U MONEPEYHYI0 YCTOIHUNBOCTS.

[IposiBneHne B moeTe OOKOBOW yCTOMYMUBOCTH CaMOJIETA.

ITonsiTHE O MyTEBOM YCTOMYMBOCTH CaMOJIETA.

Bokosas ynpasisieMocTs camoineTa (onpeneneHue). [lyTeBas ypaBisieMOCTh CaMOJIETa.

Pabora u Ha3HaUEHHE Py TOBOPOTA.

[Tomepeynast ynpaBiIsieMOCTb CaMOJIETa.

Pabora u HazHaueHKE 1epOHOB. [IpocThie u quddepeHnranbabie 31epoHsl. 1lleaeBbie 1 2IEPOHBI ¢
a’pOIMHAMUYECKUM TOPMO30M.

Crioco06s1, o0s1eryaroniye 00KOBOE YIIPaBICHUE CAMOJICTOM.

Bubparms camornera.

Tema Ne 10. IllTonop (npsiMoii, 00paTHBIIH)

Bomnpocsr:

Omnpenenenne, TPACKTOPHS ABIKCHHS caMOJIeTa Ha MITOTIOPE M BUBI IITOIIOPA.

KpaTkas ucropust oBIafeHus ITOMOPOM. 3HAUEHUE OBIAJCHHUS IITOTIOPOM ISl TEXHUKH MTAIOTHPOBAHUS.
[IpruuHBl BO3HUKHOBEHHS MITOopa. OCHOBHBIE MPU3HAKH U XapaKTEPUCTHKH KPYTOTO, IUIOCKOTO IITOMOpa
[Ipu3HaKy CTpEMIIEHHUS CaMOJIeTa K IEPEX0Ay U3 KPyTOTO HITOIOPA B IUTOCKHH.

IIonsTHE O B3aMMOZEMCTBUM CUJI IIPY IITONOPE. BiinsiHME IEHTPOBKY, YEIBbHON HArPY3KU U pa3HOca Ipy30B Ha
BBOJl B LITOIIOP, XapaKTEp IITOIMOpa U BLIBOA U3 HETO.

[leHnTpoBKa, MpH KOTOPOH 3aNpPEIaeTCsl BHITOJHEHUE IITOTOPA.

[TpuunHb! ocnabiieHys AeHCTBUS pyJiei Ha IITONOpE: 3aTeHEHHE BEPTHKAIBHOTO U TOPU30HTAIBHOTO ONIEPEHUSL.
OcoOCHHOCTH JICHCTBHIA DIICPOHOB Ha IITONIOpE. BinsiHue nauum raza Ha BBIBOJ] CaMOJIeTa U3 IITOIopa B
3aBHCHAMOCTH OT JICIICHTPALIMU BHHTA W HAIIPABJICHUS BpAIllCHU BUHTA U camouera. [lotepst ckopoctu u
HENPOU3BOJIBHBINA CPBIB CAMOJIETa B LITOMOP, CKOPOCTh CPhIBA.

XapaKTepHuCcTHKA ITOIIOpa CaMOJIETa.

[Ipu3HaKy mepeBepHyTOro MTOMOpa U 0COOEHHOCTH BEIBOA CaMOJIETa M3 TAKOTO IITOMOpA.

Tema Ne 11. @urypbl NpocTOro NuJjaoTaxka

Bomnpocsr:

Haznauenune GpurypHOro nuiaoTaxa.

[TonsaTue o neperpy3skax.

FI/IpOCKOHI/l‘leCKI/Iﬁ MOMCHT U €I'0 IMPOSABJICHUC ITPH BBINIOJHEHUU MAJIOTAXKa.

Bupax. Cxema cun u ypaBHEHHE JBM)KEHUS NIPH BBITIOIHEHUH [TPABUIBHOTO BHPAXa.

[ToTpeOHBIE CKOPOCTH M MOITHOCTH TSI BHIITOJTHCHUS BUPaXKa.

[Teperpy3ka Ha BUpaXe U BIUSHUEC TPSHUPOBKH Ha COMPOTUBIIIEMOCTh OpPraHM3Ma JICTYHKA JICHCTBUIO TIEPETPY30K.
Panuyc u Bpems Bupaxa.

IIpenenvHble BUpAXH.

BrusHEE pacmonaraeMoii MOIIIHOCTH, ITOJIETHOM MacChl M BEICOTHI TIOJIETa Ha XapaKTePHCTUKH BHUPaXKa.
Bo3HuKHOBEHHE CKOJIBKEHHS HAa BUPAXKeE.

OmmbKy Ha BUpaXe U X YCTpaHEHHE.

Crmpanb. TpeGoBaHMS K BBITOJHEHUIO CITHPAIIH.

CxeMa CWJI TIpH CIIUpaid U UX B3aUMOJCHCTBUE.

CKOpOCTh Ha CIIUPATIH.

Iar cnupanu, HaUBBITOJHENIIIAS CITUPATb.




O1uOKY MPH BBIOJIHEHUN CITUPAIIA U METOJIbI UX UCTIPABJICHUSL.

[MukupoBaHue 1 ropku ¢ yriamu 10 45°. CriocoObl BBOZA M BBIBOJIA CAMOJIETa U3 (PUTYPBIL.
CxeMa cuJI M UX U3MEHEHUS B [IPOLIECCE BBIOIHEHUST (PUTYPBL.

CKOpOCTh Ha BBIBOJIE M3 TUKUPOBAHUS.

Tema Ne 12. @urypsbl C/10KHOT0 MUI0TAKA

Bomnpocsr:

Boesoii pa3Bopor (onpenenenue).

TpeGoBaHMs K BEIIOHEHIIO 00EBOTO Pa3BOPOTA.

BrnusiHue BENMYMHBI yIiIa KPEHa U HA4albHON CKOPOCTH Ha BPEMsI BBIMOIHECHUSI U BEMYMHY HA0Opa BBICOTHI MPH
00eBOM pa3BOpPOTE.

OmuOKH MpH BBIMOJTHEHUH OOEBOTO Pa3BOPOTA U METOJIBI X UCIIPABJICHUS.

bouka (ompeznenenue). YnpapisieMbie 1 MITONOPHbIE 00uku. HayanbHas cCkOpocTh, eperpy3Ka, yriibl aTak [pu
BBITIOJTHEHHUH YHPABJIAEMbIX U HITOMTOPHBIX 60'-161(, BPEMs BBITTIOJITHECHU .

[Mony6ouka (ompenenenue). OMUOKK MPH BHIMOJHEHUHA OOYEK U MOTyO0UEK U METOJIbI X YCTPAHCHHUS.
[TepeBopoT, IEPEBOPOT HA rOpKe (OmpeseneHue). YpaBiseMble U ITOMOPHbIE epeBopoThl. CKOPOCTh BBOJA U
BBIBOJIA, TIOTEPsI BBICOTHIL. TpeOoBaHus K BEITONHEHIIO. OMIMOKU 1 METOIBI HX YCTPAHCHUS.

[Tetns Hectepora (omnpeneneHuce).

Cxema 1 B3aUMOJCHCTBHUE CHII B Pa3IIMYHBIX TOYKAX IIETIIN, HAYadbHAs CKOPOCTh, HEOOXOAMMAs! ISl BEITIOTHEHUS
neriu. [leperpysku. OmnMOKY MPH BHITOIHEHUU TIETJIM U METO/Ibl UX YCTPAHCHHUSL.

Ilerns B HAKIIOHHOM MJIOCKOCTH.

[omymerna (onpenenenne). HauanpHas ckopocTs, meperpys3ka. TpeGoBaHUS K BHIIOTHEHUIO.

[TukupoBanue u Topku ¢ yriaamu 6omee 45°.

IToBopoT Ha ropke (onpenenerue). CriocoObI BEIIOTHEHUS B 3aBUCHMOCTH OT yTJIa TOPKH.

Tema Ne 13. @urypsbl BbICHIEr0 NUJI0TAKA

Bonpochsr:

IlepeBepHyTHIN NOJIET.

OTnrure NepeBepHyTOrO 10JIETa OT HOPMAJIBHOTO T10ieTa. OCOOEHHOCTH ITePEBEPHYTOrO MOJIETa.
AdpoMHAMHYECKHE XapaKTEPUCTUKHU KPbUIa B IEPEBEPHYTOM IIOJIETE.

Kpussie XKyKkoBckoro ajst mepeBepHyTOro NoJjera.

YCTOWYMBOCTE | YIIPABIIEMOCTb CAMOJIETA B IEPEBEPHYTOM MOJIETE.

Cxema cwl B TOPU30HTAJIBHOM MIEPEBEPHYTOM MOJIETE.

Cxema cwl IpH MOJbEME B IEPEBEPHYTOM TIOJIETE.

Cxema cwl IpH IUIaHKPOBAHUH B TIEPEBEPHYTOM IIOJIETE.

OO0patHbIi MUI0TaX (ONpeaesIeHne).

Cxema cuil Ha IpaBUIIBHOM O0paTHOM BHpaiKe.

CpaBHeHue napaMeTpoB 00paTHOTO BUPaXka ¢ apaMeTpaMy IPsIMOTO BUpaXa.

TexHurKa BBINOIHEHUS 00pPAaTHOTO BUPaXka Ha CaMoJIeTe.

Cxema cwt Ha 00paTHOH 1eTe.

Pacuer paguyca 1neTiii, CKOPOCTH I0JIETa 110 TPACKTOPUH Ha IIeTIIe, M3MEHEHUS Meperpy3Ku.

Pacuer HauabHOM CKOPOCTH BBOJA B IIETIIIO.

TexHUKa BRIIOTHEHUS OOPaTHOM METIIH.

YnpasinsieMble U IITOMOPHbIE O0YKK U TOTyOOUYKH B BEPTHKAIBHOMN MIIOCKOCTH M TEXHUKA MX BBITTOTHEHUS.
Meps! 6€3011aCHOCTH MIPH BBITOJIHEHUH HUCXOAAIINX, BOCXOJSIINX O0YEK U IITOMOPHON OOYKH Ha HUCXOAAIIEH
BEPTHKAIH. XapaKTEePHbIC OTKIOHEHUS U OLINOKH.

Kouoxon ¢ mpsamoro u o6patHoro nonera. Cxema 1 B3aUMOJIEHCTBHE CHII B PA3IMYHBIX TOUKaX KOJIOKOA.
HauanpHast ckopocTb, HE0OX0AUMast ISl BHITIOJIHEHNUS KOJIOKOIA. TeXHHUKA BBIMIOTHEHHS KOJIOKOTIA.
IToBopoT Ha BepTHkanu. Cxema CUII Ha BBOJIE B BEPTUKAJIb U Ha IOBOPOTE (B pa3IM4HBIX TOuKax). HauanbHas
CKOPOCTb TIOBOPOTA Ha BEPTHKAJIH.

TexHurKa BBITIOJIHEHUS TOBOPOTA HA BEPTUKAIIH.

Tema Ne 14. JIaJdbHOCTh U MPOX0JIKATEILHOCTD IOJIETA

Bomnpocsr:

OCHOBHHC IIOHATHUA U OIIpCI[eHCHI/IHZ JAJIBbHOCTHh U HpO,I[OH)KI/ITGHLHOCTB I10JIeTa cCaMoOJI€Ta, TCXHUYCCKaA JaJIbHOCTh
moJicra, HpaKTI/I‘ICCKaH JAJIBHOCTH IT0JIETA, IIEICOBOI\/'I pacxo/:[ TOILINBA, KI/IJIOMeTpOBBII\/'I pacxoz[ TOINIMBA.

BJ'II/IHHI/IG Ha JAJIBHOCTH U HpO,Z[OJ'DKI/ITeIIBHOCTB I1oJera CKOpOCTI/I I10JIETa U aBpO,Z[I/IHaMI/IKI/I CcaMoJICTa, yIIeJ'IBHOFO
pacxo/ia TormmBa 1 K03 GHIMEeHTA MOJIE3HOr0 ASHCTBUS BUHTA, BHICOTHI M0JI€TA, MOJIETHOW MacChl, TEMITEPATYPhbI
Hap}’)KHOFO Bosnyxa, BBIIIOJIHCHUA I10JIETA CT]C)OQM, BeTpa.

HpaKaneCKoe BBIIIOJIHCHUC pacqua JaJIbHOCTHU U HpO}lOJ’I)KI/lTe.HI)HOCTI/I I1oJIeTa caMoJi€Ta AJisd BBIIIOJIHCHU S
nepeiieTa U MapuIpyTHOT'O 110JIETA.




ASPO/IMHAMMUKA CAMOJIETA 1

OCHOBHBIE CBOMCTBA BO3JIYXA
ATMOC®EPA 3EMJIN

Honocaepa

Cmpamocpepa
16 18xm = Tponocpepa

Jemkou wap

Puc. 1 Cmpoenue ammocghepul

Ammocehepoii HazpiBaeTcsi ra3oBas 000JI0YKa, OKpYy)Karolias 3eMHOW map. [a3, CoCTaBJIAIOUIMIA 3Ty
000JI09Ky, Ha3bIBAETCS BO3LyXOM

Beicota ra3zoBoit o6osouku 3emnu Benuka u coctaBisier Oonee 2000 kM. TouHO ompenenuTs rpaHHILly
aTMoc(epbl TPYAHO, TaK Kak Mepexoll OT 3eMHOM aTMoc(hepbl K MEKIUIAHETHOMY IPOCTPAHCTBY COBEpIIAETCS
IIJIaBHO U Ha 6OJ'II)H_II/IX BbICOTAX IUIOTHOCTH BO3AyXa OYCHbL MaJia. MO>KHO TOJIBKO OTMETUTL, YTO B Ipcaciiax
OKOJIO3EMHOTI'0 IIPOCTPAHCTBA JI0 BICOTHI 20 KM HaX0oAUTCs OKOJI0 95% Bceid Macchl aTMOC(EpPHOro BO3yxa

Atmoctepa paznmensercs Ha Tpomocdepy, crpatocdepy u nonocdepy. Takoe pasneneHre OCHOBAaHO Ha
(u3MUECKUX CBOWCTBAX 3THX CJIOEB M XapaKTepe MX W3MEHEHMsS C IOJBEMOM Ha BBICOTY. /laBlieHHME W IUIOTHOCTH
BO3/yXa C YBEIMICHHUEM BBICOTHI BO BCEX TPEX C0siX aTMocdepsl ymenbinaercs (Puc. 1)
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Puc. 2 Hzmenenue memnepamypul 6030yxXa no 6blcomam 0711 CMAHOAPMHBIX YCII068UTL CPEOHell WUPOonbl

Tponocgpepoii HazpiBaeTcs HIDKHUIA cioir atmocepbl. TonmmHa ee Hax momocamMu 7 - 8 KM, Hax
9KBaTOpoM 16 - 18 kM, BbICOTa BEpXHEil I'paHUIIbI U3MEHSETCSI B 3aBUCHMOCTH OT XapakTepa MOBEPXHOCTH 3eMIIH,
aTMOC(epHBIX IIPOIECCOB, TEIUIOBOTO COCTOSHMSA BO3/yXa, a TAaKKE OT CYTOYHBIX M TOJOBBIX HM3MEHEHHI.
Temmeparypa Bo3myxa B Tponocdepe ¢ MmoaseMoM Ha BHICOTY manaeT (6,5° na ka:xkabsie 1000 M), Tak Kak HarpeB
BO3/lyXa 0OyCIOBINBAETCSI OCHOBHOM OTPaKCHHBIMH OT 3€MHOM ITOBEPXHOCTH COJIHEUHBIMH JIydamu. V3MeHeHue
TEMIIEpaTypbl BO3AyXa C BBICOTOH MNPUBOJAUT K MEPEMEINEHHWIO BO3IYIIHBIX MAacC, XOJOIHBIE BEPXHHE CIOU
OITYCKAalOTCA, a TeIljIble MOAHUMAIoTCs. Benencteue aToro o0pasyrorcst 00iaka, BBIIANAIOT OCAJKH, AYIOT BETPBL
HW3-3a nepemeneHuns: BO3AyLIHBIX MacC COCTaB BO3yXa Tporocdepbl MpakTU4YecKH MOCTOsIHEH. B HeM conepkutcs
78% a3orta, 21% xucjgopoaa u okoao 1% aApyrux razos (apros, yrjieKHcJblil ra3, BOOpo/l, HEOH, Ieuii).
Kpome ykazaHHBIX ra3oB B Tporocepe cOCpeloTOYEH MOYTH BECh BOJISHOM Map, HaXOJIUNCS B HENPEPHIBHOM
Kpyroobopore (MCHapeHue - KOHISHCAIMs U KpHCTaJuIn3anus ¢ 001akoo0pa3oBaHnueM - 0CaaKH). B HIDKHHX cIosX
Tporocdepbl MHOXXECTBO Pa3JIMYHBIX NpPUMECeH B BHJE MeNbYalIIMX TBepAbIx dactui (meuib). ComepkaHue B
BO3/lyXe Tporoc(epsl BOJSHOTO Iapa U MbUIM NPUBOANT K YXYALICHUIO BUANMOCTH.
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Cmpamocghepa - cinoii Bo3yxa, JIeKaIllluil HEMOCPEICTBEHHO HAJ BO3JIYLIHBIMU cJI0siMH Tporochepsl. B
Hel HabIromaeTcs MOTHOE OTCYTCTBHE OOJIAKOB M HAJIMUME CHIIBHBIX BETPOB, IYIOIIUX C OOJBIION CKOPOCTBHIO U B
OJTHOM HampaslieHHU. BepTHKanbHbIe epeMelleH s BO3AYIIHBIX MacC OTCYTCTBYIOT. B cTparocdepe ¢ BbICOTHI: Ha
skBaTope - 17 kM, moiarwce - 8 kM, cpeaneii mmpore - 11 kM u 70 BbICOTHI B cpeadeM 25...30 kM TemmepaTypa
noctrosinHa u coctasisieT -56°C. C BbicoThl 30 KM M 10 55 KM TemmepaTypa Bo3ayxa MoBbliinaercsa a0 +75°C
BCJIC/ICTBHE TTOBBIIICHHOTO COJEPKAaHUs 030Ha, KOTOPBIH 00JaJaeT COCOOHOCTBIO MOTJIONIATh YIbTpaduoIeToBoe
uznydenue. C BbIcOThI 55 kM H 10 80 kM Temmneparypa Bo3yXa MOHIKAeTcs B cpeaHeM Ha 4°C Ha kaxabie 1000
M H3-3a YMEHBIICHHs MPOLEHTHOIO COoAepkKaHus o30Ha B Bo3ayxe. Ha Beicore 82...83 kM Temmeparypa Bo3gyxa
cocrasiset -35°C (puc. 2).

Honocghepa - cnovi Bo3ayxa, JexKaIMid HEMOCPESACTBEHHO HAJl BO3AYIIHBIM clioeM cTpaTtochepbl. BoicoTh
noHocheps ot 85 10 500 kM. M3-3a Hannuus B HOHOC(Epe OrpOMHOTO KOJIMYECTBA HOHOB (3apsHKEHHBIX MOJIEKYJT U
aTOMOB aTMOC()EPHBIX Ta30B, JIBIKYLIMXCS C OOJNBIIMMH CKOPOCTSMH) €€ BO3JIyX CWJIBHO HarpeBaercs. Bozmyx
MOHOC(EPBl TAKXKE XapaKTEpU3yeTcs BBICOKOH NPOBOJMMOCTBIO, MPEIOMIIEHHEM, OTPa)KCHHWEM, MOTJIOMICHHEM U
HOoJISIpU3alel paguoBoiH. B noHocdepe m3-3a BhIIeyKa3aHHBIX CBOMCTB HAOMIOJAIOTCS CBEUCHMSI HOYHOTO HeOa,
MOJISIPHBIE CUSHUS, MarHUTHBIE OypH.

TEMIIEPATYPA BO3YXA

Temnepamypa - BeIMYNHA, XapaKTEPHU3YIOIIAs CTENICHb TEIUIOBOTO COCTOSHHMS Tela (Ta3a) MM CKOPOCTb
XaOTHYECKOTO JIBIYKEHHUS MOJIEKYJ (UeM BBIIIE TeMIepaTypa, TeM OOJbIlle CKOPOCTh MX IBM)KEHHUS, H Ha000poT).
Temmeparypy Bo3IyXa MOXKHO M3MeEpATH IO IBYM Iukanam: Llenbcus u aGcomorHod mkane KenbBuHa. 3a Hynb
TpamycoB 1o mkane L{enbcust mpuHITO CYUTATh TEMITEPATypy TasHUA Jb1a, a 32 100° - TemmnepaTypy KUIIEHUS BOJIBI
IpU aTMOC(EpPHOM JaBJIeHHH, paBHOM 760 MM pT. CT.

Ecian wm3BecTHa TeMmmepaTypa BO3AyXa Yy 3eMJIHM, TO MOXXKHO ONPENEIHTh TEMIepaTrypy BO3IyXa B
Tpomocepe Ha Tr000ii BEICOTE O hopMyIe:

tn=to-6,5H,
rae f, - TemnepaTypa BOo3yXa Ha ONPEAeIsieMO BBICOTE;
t, - Temmeparypa BO3IyXa y 3eMJIH;
H - 3agannas BeIcOTa, KM.

3aoaua Temnepamypa 6o30yxa y zemnu +10°C. Onpederums memnepamypy 6030yxa Ha0 OAHHbIM Y4ACMKOM 3eMAU HA
gvicome 7 km. Pewenue Tu= 10-6,5%7= - 35,5" Temnepamypa 6030yxa na evicome 7 km pagna -35,5°C.

ABCOJIIOTHAS TEMIIEPATYPA

Temneparypa, orcunThIBaeMas OT aOCOJIOTHOrO HyJsl 1o mikaine KenbpBuHa, Ha3bIBacTCs abCotlOmHOl
memnepamypoi.

3a wyns KenpBuHOB (K) mpHHATA TeMIiepaTypa, IMpHU KOTOPOH NpeKpariaeTcsl TEIUIOBOE IepeABIKCHIE
MoOJIeKyJ, oHa cocraBisieT-273° no wkane Lenscus (°C). Ecnm u3BectHa Temmneparypa Bo3ayxa t mo mikaie
Henbcust, To aOCOMOTHYIO TEMIIEPATyPy MOXKHO HAHTH 1O GopmyIe:

T=t+T,,
rne To=-273K;
{ - TemMmepatypa Bo3yxa no mkane Llenscus.

3Has TemIepaTypy Bo3gyxXa y 3emid 1o mkaine Llenbcus, MOXKHO HaWTH TeMIeparypy BO3ayxa Ha
Pa3IMYHBIX BBICOTAX IO (OpMYJIe:

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

rae T - temmeparypa Ha BeicoTe H, K;
! - TemMnepaTypa Bo3ayxa y semud, °C;
H - BrICOTA, KM.

3aoaua Temnepamypa 6030yxa no wxane llenvcus pasua -7° Onpederumv memnepamypy 6030yxa Ha evicome 4 K.
Pewenue: T=273+(-7)-6,5-4=240 K. Temnepamypa 6030yxa na eévicome 4 xm pasna 240 K.

JABJIEHUE BO3YXA

Jaenenue - 310 cuna, NEUCTBYIOIIAs Ha €IMHULY IUIOLIAAM NEPNEHIUKYJIApHO K Hel. Beskoe teno,
HaxXoJsIIeecss B HEMOABIKHOM BO3/AyX€, HCIIBITBIBAET CO CTOPOHBI MOCIETHETO MaBJICHHE, OJWHAKOBOE CO BCEX
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cropon (3axon Ilackans). AtmocdepHoe naBieHHE OOBICHIETCS TEM, YTO BO3/AyX IMOMOOHO BCEM IPYruM
BEIIIeCTBaM 00J1a/1aeT BECOM U MPUTATHBAETCS 3eMIICH.

Ammocgepnvim 0asnenuem Ha3bIBACTCS AABICHHUE, BHI3IBAEMOE BECOM BBINIEIEKAIINX CIOEB BO3AyXa 1
yZIapaMH €r0 XaOTHYECKH JBIDKYIINXCS MOJICKYII. 3a eMHUILY JaBJICHUS NPUHATA TEXHUIecKas atMochepa (amm.) -
JIaBJIEHHUE, PABHOE OJHOMY KHJIOTPAMMY CHIIBI Ha OJIMH KBaJPaTHBIH CAaHTUMETp (kec/cm’). JaBlieHne 0603HauaeTcs

OykBoii P, Ha ypoBHE MODS - P,.

ITo mexxaynaponnoit cucreme CH naBnenne m3mepsiercs B Ilackansix, T. €. HPIOTOHaX Ha KBaJPAaTHBINA
merp (H/).

Bapomempuueckoe oaenenue - 370 NaBleHNE, U3MEPEHHOE B MIJUIMMETpax PTYTHOrO crojba (Mm pm.
cm.). Obo3Hayaercst OykBoii B, Ha ypoBHE MOpsI - B,,.

CraHgapTHBIM 0apOMETPHYIECKUM JABICHHEM Ha3bIBACTCS AAaBJICHUE HA YPOBHE MOPSt B MM PT. ¢T. OHO B
3aBHCHMOCTH OT TeMIepaTyphl i BiIaxkHOCTH KoJebiercs ot 700 mo 800 MM pT. cT. U B cpenHeM paBHO 760 MM. pT.
CT.

Jagienue mo MexxayHapoaHoi cucreme enunni CU onpenensemcs mo gopmyie:

p=£
S

5

2.
rune P - napnenue, kre/cm™;
P - cuna, ¢ KoTopoii 1aBut 1 M° BO3IyXa;

S - wromane, cM>.

Puc. 3 Manomemp

JlaBnenue B 1 Kkrc/cM® paBHO3HA4YHO CTONOY PTYTH BBICOTOH 735,6 MM M Ha3bIBaeTCs TEXHHUYECKOIR
. 2
atMmocdepoii. [lepeBos naBneHnst U3 pa3MEPHOCTH MM PT. CT. B KI'C/CM~ POU3BOAMTCS IO (hOpMyJIe:

B
P=——,
735,6
rzie B - 6apomeTpuueckoe napieHue.
B ¢usuke moa OapoMeTpruecKiM JaBicHHEM 1 aTM. mojapa3yMeBaeTCs JaBJieHHE Bo3ayxa, pasHoe 1,0332
Kre/em? HIIM CTaHIAPTHOMY GapOMETPHUYECKOMY JaBICHHIO 760 MM pT. CT.

[Ipu a’poAMHAMUYECKUX HMCCIIEAOBAHUSIX YACTO MPUXOAUTCS U3MEPSTh Pa3HOCTh AaBieHuid. J{is 3Toro
WCTIONB3YIOTCS PTyTHBIE TTpUOOpHl - ManoMmeTpsl (Puc. 3). [lna onpeneneHus O4eHp MaibIX pa3HOCTEH JaBICHUIN
MPUMEHSETCS] 1yBCTBUTENIBHBINA TPUOOP - MUKPOMAaHOMETP, B KOTOPOM HCIIOJIB3YETCsl )KUIKOCTh OoJiee Jierkasi, 4em
pTyTh. [IpuHIUI paboTHI CIEAYIOMIMNA: OMUH KOHELl TPYOKH (HarmpuMep, IpaBblii) MOJCOSIUHSIETCS K IPOCTPAHCTBY
¢ aTMOC(EepHBIM JIaBJICHHUEM, BTOPOH - K MOBEPXHOCTH HM3MEPSEMOI0 y4acTKa (Tam, I/ie¢ JaBjcHUE OOJbIIE WIN
MEHbIIIE aTMOC(EPHOIr0) JOMYCTHM, YTO MCHbIIC. YPOBEHb PTYTH B JIEBOM KOJICHE IMOBBICHTCS, TaK Kak Ha
MOBEPXHOCTH PTYTH JIaBUT MEHbBIIICE IaBJIcHUE. Pa3HOCTh YPOBHEH M MOKAXKET Pa3HOCTh JABIICHUS:

h:PO-P].

IIJIOTHOCTH BO31YXA

Ilnomnocms 6030yxa - 3To KOIMYECTBO BO3IyXa, coaeprkamerocs B 1 m* ofbema. B usmke cymecTsyer
MOHSTHE JIByX BUJIOB IUIOTHOCTH - BecoBast (YIEJbHBIH BeC) M MaccoBas. B aspoauHamMuKe dalie BCero Mnojb3yTcs
MAacCcOBOH IUIOTHOCTHIO. BecoBas IIOTHOCTb (YIeNbHBI Bec) BO3MyXa - 3TO BeC BO3AyXa B obbeme 1 M.

O06o3HayaeTcs 6yKBoOi ).
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e ) - yAeTbHBIN BeC, Kre/m;
G - Bec Bo3ayXa, KIC;
V - 00BbEeM BO3/1yXa, M.

Bec Bosnyxa GG - BeM4MHA HEMOCTOSIHHAS U M3MEHSAETCS B 3aBUCMMOCTH OT Te0orpadu4ecKoil MUpOTHI U
CHJIBI MHEPIIMHY, BO3HMKAIOIIEH OT BpamieHus] 3eMJIn BOKpYT cBoeit ocu. Ha nomocax Bec Bo3ayxa Ha 5% Oobiie,
YyeM Ha dKBaTope.

YcraHoBIeHo, 4o 1 M’ BO3JlyXa IPH CTaHIAPTHBIX aTMOC(EPHBIX YCIOBHAX (0apoMeTpUiecKoe AaBieHUE
760 mm pm. cm., t=+15°C) éecum 1,225 kec, clieoBaTeNbHO, BECOBAs IUIOTHOCTH (YAENbHBIA Bec) 1 M° 0ObeMa

BO3/yXa B 3TOM cily4ae paBHa )=1,225 Kec/m’.

MaccoBasi IIOTHOCTh BO3YXa - 9TO Macca Bo3ayxa B oobeme I m’. OG03HauaeTcs Tpedeckoii GyKBoit p.
Macca Tema - BenWYMHA IOCTOSIHHAS. 3a EAWHUILY MAacChl NpPUHATA Macca THPH W3 HPUAWUCTON IUIATHHEI,
Xpassiencs B MexxayHapoiHoil nanate Mep 1 BecoB B [lapuke.

CormnacHo BTOpOMy 3akoHy HBIOTOHa ompemesnM, 4TO Macca BO3[AyXa paBHa €ro Becy, JCJICHHOMY Ha
YCKOPEHHE CUJIBI TSHKECTH.

m=—.
g
rae m -Macca Teja, Kr .
2, 4
MaccoBast IIIOTHOCTB BO3ayXa (B KT ¢/M") paBHa
m
p=—.
v

MaccoBast IZIOTHOCTE M BeCOBast INIOTHOCTh (y[[eJ'II)HHﬁ BCC) BO3AyXa CBsA3aHbl 3aBUCUMOCTLIO

\%
p=—
g

3Hasg 3TO COOTHOILIEHHUE, JIETKO OINpPENEeNUTh, YTO MAaCCOBas IUIOTHOCTb BO3[AyXa IPH CTaHAAPTHBIX
aTMOC(epHBIX YCIOBHSAX PaBHA:

v 1,225 2, 4
=—="""=0,1250k2-¢c" / m".
g 98
M3MeHeHnst MACCOBOM M BECOBOM TUIOTHOCTH BO3/IyXa JI0 BEICOTHI 5 KM TOKa3aHBI B Ta0II. 1.
Tabnuua 1
Bucora H, m Hapacuue B. Temneparypa t neTaaeTE. MAeTacT.

- ‘M Kre cffmt

— 1000 854.6 —+ 21,50 1,3476 00,1374
— 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 00,1027
2500 560,0 — 1.25 0,9567 0.0976
3000 525,7 — 4,50 00,9093 00,0927
3500 493,1 — 7.75 0.8630 0.0881
4000 462,2 — 11,00 00,8193 00,0836
4500 432 .8 —14,25 0. 7766 00,0792
5000 405.,0 — 17,50 0,7362 00,0751

3ABUCHUMOCTD IINTIOTHOCTHU BO3AYXA OT EI'O TEMIIEPATYPbBI U
JABJIEHU A

[Ipn w3MeHeHHMW IaBICHMS M TEMIIEpaTyphl M3MEHSETCs IUIOTHOCTh BO3ayxa. IInmoTHOCTh BO3myxa (B
2 4
KI'c-C'M") HEIOCPE/ICTBEHHO HE U3MEpSETCs, a OIpeAeisieTcs o GpopMmyIie:

B
=0,04732,
: T

rae B - 6apoMeTpuueckoe faBleHUe, MM PT. CT.;
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T-temmeparypa Bo3ayxa 1o mkane Kenbeuna.

CornacHo 3axony boiina-Mapuomma TIOTHOCTE BO3AyXa OymeT Tem Oomble, yeM Oonplie AaBieHHE, a
coryacHo 3akoHy [ 'eli-Jlroccaka IJIOTHOCTH BO3MyXa TeM OOJIbIe, YeM MEHbLIe TeMIepaTypa Bo3nyxa. OObeANHNUB
9TH JBa 3aKOHA [UIS OIpPEAEICHHs 3aBHCHMOCTH MEXIy IUIOTHOCTBIO, IaBJICHHUEM W TEMIepaTypod BO3IyXa,
MOJIyYHM ypaBHEHUE COCTOSHUS ra3a (3akoH boitng-Mapuorra - I'eif-JIroccaka)

P,=RT,
rue P - nasienue, kre/m’;
V - yIeNbHBIH 00heM, M/KT;
R - razoBas nocrosamas, kre m/kr rpag win Jx/krK (mu1g Bo3myxa pasHas 27,3).

3aoaua 1 Onpedenrums Macco8yio NIOMHOCHb 8030YXA HA YPOGHe MOps, eciu bapomempuyeckoe dasnenue B =800 mm pm.
cm., a memnepamypa 6030yxa t = - 23°C.

o 0504732 0,0473 %800
Pewenne. T 273-23

Maccosas naomnocms 6oable CMAHOAPMHOL, MAK KAK Oapomempuueckoe OagieHue 00vule CMAHOAPMHOZ0, a
memnepamypa Husice CmaHOapnHoL.

=0,151kec-c*/ m*,

Takum 00pa3oM, MOXXKHO cIenaTh 3aKJII0YEHHE, YTO YEeM BBINIC IABICHHE M HIDKE TeMIlepaTrypa, TeM
OosipIlle TUIOTHOCTH BO3AyXa. [loaTomMy HamOonpInasi MJIOTHOCTh BO3AyXa 3MMOM B MOpPO3HYIO IIOTOXY, a
HaMMEHBIIAs JJETOM B TEIUIYIO Moroay. Taxke cliefyeT 3aMEeTUTh, YTO TIIOTHOCTh BIIAXKHOTO BO3/yXa MEHBIIE, YeM
Cyxoro (TpH OIHUX M TeX Xke ycsoBHsAX). [loaToMy MHOT[Aa yUUTBIBAIOT M BIaXXHOCTb, BBOIS IIPU 3TOM B PacueThl
COOTBETCTBYIOIINE U3MEHEHHS.

C BBICOTO} TUIOTHOCTH BO3[yXa IaJaeT, TAK KaK JaBJICHUE B OOJBIIEH CTENEHH Ma/laeT, YeM ITOHMKACTCS
TeMmmeparypa Bo3ayxa. B crparocdepe (npumepno c evicomot 11 km u 0o 32 km) TeMIiepaTypa MouTH IMOCTOSIHHA, H
MO3TOMY IUIOTHOCTH BO3/1yXa MalaeT MPONOPIHOHATBHO YMEHBIICHUIO TaBICHHS

MEXIAYHAPOIHASA CTAHIAPTHASA ATMOC®EPA

M3MmeHeHne OCHOBHBIX ITapaMeTPOB BO3AyXa (JaBJICHHS, TEMIEPATyphl ¥ INIOTHOCTH) BIMSAET HAa BETUINHY
CWJI, BO3HHMKAIOIIMX IMpH JBIDKEHHH CaMoOJieTa B BO3AYIIHOM IOTOKe. lloaToMy mpm monerax B pa3HBIX
METEOPOJIOTHIECKUX W KIMMATHYECKUX YCIOBUSX H3MEHSIOTCA JIETHBIE M a’POJUHAMUYECKHE XapaKTEPHCTUKU
CaMOJIETOB.

YUto0bl 0XapaKTEPU30BATH JICTHBIE U a9POJMHAMHYCCKUE TAHHBIE CAMOJIETOB TIPH OJIMHAKOBBIX TApaMeTPax
BO3/yXa, BCEMH CTpaHaMH NpHHITA eauHas MexayHapogHas craHmaptHas atMmocdepa (MCA). Tabmmma MCA
COCTaBJICHA HA OCHOBAHWHW CPETHETOJOBHIX YCIOBHH CPEIHUX IIUPOT (IIMpOTa OKOJo 45°) HAa ypoBHE MOpS IpHU
BJI&YKHOCTH HYJIb POLIEHTOB U CJIEAYIOIINX [IapaMeTpax Bo3ayxa:

GapomeTprdeckoe nanerne B =760 mm pr. ct. (Po= 10330 kre/m?);
temneparypa t=+15°C (T,=288 K);
MaccoBasi IOTHOCTh Po=0,125 krc CM4;

yaenbHsIi Bec - Y =1,225 kre/em’.

Cornacao MCA Ttemmneparypa Bo3ayxa B Tpomochepe mamaer Ha 6,5°C Ha kaxaeie 1000 M. B manHOM
y4eOHHKE MPUBOAUTCS yacTh Tabmuibi MCA 10 BBICOTHI 5 KM.

MexnayHapomHass —CTaHmapTHas  arMocdepa UCIONB3YyeTcs MPH  TPAmgyHpPOBaHUH  IHIIOTAXKHO-
HaBUTAIIMOHHBIX U IPYTHX MPHOOPOB, IPY HHKEHEPHBIX U KOHCTPYKTOPCKHX pacyeTax.

®U3NYECKHUE CBOMCTBA BO3YXA

Ha XapakTep 00TeKaHHs camoJjieTa BO3AYIIHBIM IIOTOKOM W Ha BCEIWYNHY CHJI, BOZHHUKAIONIUX IIPHU
BBaHMOHeﬁCTBHH JacTell camolieta u BO3AYIIHOI'O IIOTOKAa, CYHIECTBEHHOC BJIMSIHHUE OKa3bIBAIOT d)HSH‘IeCKI/Ie
CBOMCTBa BO3ayXa: MHEPTHOCTD, BA3KOCTb, COKUMACMOCTh.

Hnepmuocms - CBOWCTBO BO3JyXa COINPOTHBIISATHCS M3MEHEHHIO COCTOSIHUS TTOKOSI MJIM PaBHOMEPHOTO
NpsIMOJIMHEMHOrO JBHKEHUS (BTOpPOoil 3akoH HbroToHa). Mepoil MHEPTHOCTM SIBJISIETCSI MaccoBasl IUIOTHOCTb
Bo31yxa. Uem Oosble MaccoBasl IUNIOTHOCTh BO3[yXa, TEM OOJBINYI0 CHIIy HEOOXOAMMO NPHIOKUTH K BO3IYXY,
YTOOBI BBHIBECTH €r0 M3 COCTOSIHUS IIOKOS WJIM PABHOMEPHOTO NPSIMOJIMHEHHOTO ABMKeHHA. ClefoBaTenbHO, 4eM
Oonbllle cHIa camojleTa, ASHCTBYIOLIEro Ha BO3IYX, TeM OOJbIIe CHia, JeHCTBYIOIIAs CO CTOPOHBI BO3AyXa Ha
camoriet (Tperuii 3axkoH HeoToHa).
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Bazkocmb-CBOWCTBO BO3yXa CONPOTUBIIATHCS B3aUMHOMY CABUTY dacTuil. MoneKyisl BO3oyxa o0nafatoT
OTIPEJICTICHHON CKOPOCTBIO OECIOPSAOYHOrO XAOTHYECKOTO JBIDKEHHMS, 3aBUCSIIETO OT TEMIIEPaTyphl, a TaKxKe
CKOPOCTBIO OOIEro IOCTyNaTelbHOro JBMXKEHUs. [lomagas W3 OBICTPO JABMXKYLIETOCS CIIOS B MeEIJICHHBIH,
MOJIEKYJIBl YCKOPSIIOT JIBWKEHHE MEIUIEHHO JABWKYIIUXCS MOJIEKYJ, W HAoOOpOT - MEJIEHHO [BIKYIIHECS
MOJIEKYJIBI, TI0T1a/1asi B OBICTPO JIBMXKYLIMHCS CIIOH BO3yXa, IPUTOPMAXKHUBAIOT OBICTPO JBIIKYIINECS MOJICKYJIBI.

[Ipu nBMKEHNMHU caMoieTa B BO3AYIIHOM ITOTOKE BO3HHKAET CONPOTUBIICHUE TPEHUSI, KOTOPOE ONpENesieT
BS3KOCTH BO3ZyXa. BS3KOCTh BO3myxa Takxke onpeneseT JUHAMUYeCKUd Kod(duumeHTt Bsskoct Uem Oonblie
TeMIeparypa BO3[yXa, TeM Oosblue KO3()OUIMEHT BS3KOCTH, OOYCIIOBIECHHBIH YBEITHMYEHHEM XAOTHYECKOTO
JIBIDKEHUS] MOJIEKYJI U POCTOM 3(QEKTUBHOCTH BO3AEHCTBHUS OJHOTO CJIOS BO3yXa Ha JIPyrou.

Corcumaemocms - CBOMCTBO BO3yXa U3MEHATH CBOIO INIOTHOCTH P U3MEHCHWHU JaBJICHUA.

Camogersl Ak-52 u Sk-55 jeraor Ha ckopoctsix meHee 450 KM/4, IpU KOTOPBIX CYIECTBEHHOIO
WU3MEHCHUS JTABJICHUS TP OOTCKaHWU CaMOJIeTa BO3AYIIHBIM ITOTOKOM HE MIPOUCXOIUT M CKUMAEMOCTh BO3yXa Ha
A3POANMHAMUYECKUE XAPAKTEPUCTUKH U JIETHBIE TaHHBIE CaMOJIETOB BIMSIHUS MPAKTUYECKH HE OKa3bIBAET.

CXKUMAEMOCTDB BO31YXA U CKOPOCTbD 3BYKA

[ToMuMoO cTannMoOHApHBIX MABM)KEHHH Ta30BBIX IIOTOKOB B a3pOJMHAMHMKE H3YYalOTCS M HEKOTOpBIE
HeCcTalMOHAapHbIE MTPOLIECCHI, HAIIpUMep 00pa3oBaHNE U PacIpOCTPAHEHNE 3BYKOBBIX BOJIH.

CrocoOGHOCTh BO3/yXa CKMMAThCSI OOBSICHSAETCS OOJIBIIMMHU PACCTOSHUSAMH MEXAY MoJieKynamu. Tak kaK y
mro00ro rasa (a cieoBaTeNbHO, M BO3IYyXa) MEXMOJIEKYJISIPHBIC CHIIBI CIETUIEHHsT Majlbl, TO Ta3, BCErla CTPEMSCh
pacuIMpHThCS, 3aHUMAET BECh NTPEJOCTABICHHbIH eMy 00BEM.

Takum oOpa3om, BO3AYyX NpH H3MEHEHWH OOBEMa WIM CXHMaeTcs Wid pacmupsercs. llpu stom
COOTBETCTBCHHO M3MEHSIETCS U €ro IUIOTHOCTh: MPH YBEIMYCHUH 00bEMa OHA YMEHBIIIACTCSI, a MPH YMCHBIICHUN

YBEJINYNBACTCA. KOJ’II/ILleCTBeHHO CXKUMAEMOCTh OLCHUBACTCSA OTHOIICHUEM M3MCHCHHA IINIOTHOCTHU Ap K
Ap
usMeHeHuto napienus AP, T. e. ux orHocutenbHol BemuuuHoil. AP D10 oTHOmEHHe OymeT ABIATHCA Mepoil
Ap
cxnmaemocti. Yem Gombire orromenne AP ’ TeM OO0JIbIIIe COKUMAEM STOT ra3 (MM BO3IYX).
Co C)KUMaeMOCTBIO CBsI3aHa CKOPOCTh PACIPOCTPAHEHUSI B BO3(yXE 3BYKOBBIX BOJIH.

HOH 3BYKOBBIMU BOJIHAMH CJIEAYET NOHHUMATb BCIAKHE MaJibl€ BO3MYIICHHA IJIOTHOCTU W JAaBJICHUA,
PACIIPOCTPAHSIOIINECS B BO3IyXE, a O] CKOPOCTHIO 3BYKa - CKOPOCTh PACIPOCTPAHEHHS STHX BO3MYIICHHUIA.

CKAYKHU YIUNIOTHEHUA

PaccMoTpuM KapTHHY pacrpoCTpaHeHHs 3ByKOBBIX BOJIH (MaJIbIX BOSMYIIECHHUH) IPH JBMKEHUH HCTOUYHHUKA
BO3MYILEHNH (MCTOYHHKA 3BYKa).

V=0 V<a =0

Puc. 4 Pacnpocmpanenue 8011 C1a0bIX 603MYyUeHUIL U2 UCHOYHUKOS 6O3MYUW|CHUIL, OBUNCYUIUXCA C
PA3IUYHBIMU CKOPOCMAMU

Ecau McToYHUK BO3MYIIICHHI HETTOJBIIKEH, TO BOJIHBI OYAyT pacpOCTPAHITHCS ¢ OJAUHAKOBOWH CKOPOCTBHIO
BO BCE CTOPOHBI B BHJE KOHLEHTPHUYECKUX c(ep, B LIEHTPe KOTOPBIX HaXOOUTCS UCTOYHHK Bo3MylueHus. Kaxmoe
BO3MYIIIEHHE (3BYKOBasl BOJIHA) MIPECTABISAET COOOH MECTHOE YIUIOTHEHHE MOJIEKYJ BO3IyXa, KOTOpPOe Iepenaercs
OT OJTHOTO CJIOSI MOJIEKYJI K IPYTOMY, YIAJSSCh OT HCTOYHMKA Bo3myIieHus (Puc. 4, a).

[Ipu ABMXEHUHM TOYEYHOI'O MCTOYHMKA BO3MYILEHHS CO CKOPOCTBIO, MEHBIIEH CKOPOCTH 3BYKA, 3BYKOBBIC
BOJIHBI YT Kak BHepen, Tak u Ha3ax (Puc. 4, 6). B pesynprare chepudeckne BOTHBI OYOYT CMEIICHBI B CTOPOHY,
00paTHYIO IBM)KCHUIO HCTOYHUKA BO3MYIICHHUH, OTHAKO HCTOYHUK OCTaHETCS BHYTPH cdep.

Ecnmu cxopocTh ABMXKEHHS TOYEYHOTO WCTOYHHKA BO3MYIICHHU CpPaBHSAETCS CO CKOPOCTBHIO 3BYKa, TO
BO3MYIICHUS, BBI3BAaHHBIC HMCTOYHHKOM, HE YCICBAIOT YHTH OT HCTOYHMKA M B MECTC HAXOXJICHUS HCTOYHHKA
BO3MYIICHAN B K&XKIIbI JAHHBIA MOMEHT IIPOUCXOUT HAJIOXKCHHUE BO3MYIICHUH ApyT Ha Apyra. OOpa3oBaBIasics B
pe3yJibTaTe 3TUX HAJOXKEHUH (POHTANIbHASI TOBEPXHOCTh Pa3/eiisieT MPOCTPAHCTBO Ha JIBE 00JIACTH: BO3MYIICHHYIO
(c3a1u UCTOYHNKA) M HEBO3MYIICHHYIO (IIepe] ICTOYHUKOM ), Kak MOKa3aHo Ha Puc. 4, B.
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IIpn nBM>KEHMM TOYEYHOTO MCTOYHUKA BO3MYILEHHH CO CKOPOCTBIO, IPEBBIMIAIOMIEN CKOPOCTh ABHKEHHS
3BYKOBOH BOJHBI (CKOPOCTH 3BYKa), BOSMYIIECHUS, UM CO3/laBacMble, JOJDKHBI OCTAaBAaThCs 1033y ucTo4HuKa (Puc.
4, r). O0nacTh, B KOTOPOW PACHPOCTPAHSIOTCS Majble BO3MYILEHHS OT TOYEYHOIO HCTOYHHMKA BO3MYIIEHHH,
Ha3bIBACTCSl KOHYCOM CJIa0bIX BO3MYIIEHHHA. BHyTpH KoHyca cpefja BO3MyllleHa, BHE KOHyCca HaXOJHUTCS 00JacTh,
II€ BO3MYLICHMM OT JaHHOIO MCTOYHHMKA HeET. IIOBEpXHOCTb KOHyCa CIYXKUT €CTECTBEHHOM IpaHULEH,
paszernsoniei cpeny Ha JABe 00JIaCTH - BO3MYIIEHHYIO 1 HEBO3MYIIEHHY0. DTy IIOBEPXHOCTh Ha3bIBAIOT TPAHUYHOMN
BOJIHOH C11a0bIX BO3MYIIEHHH MJIM I'paHUIEd BO3MYILICHUH. | paHIYHbIE BOJHBI CIa0bIX BO3MYIIEHHH 00pa3yloTcs
IpPU ABMKEHUH CO CKOPOCTBIO, IIPEBBIMIAIONIEH CKOPOCTH 3ByKa HE TOJbKO MAaTEPUAIBHONW TOYKU, HO U TOHKUX TEI C
OCTpO¥ TIepeTHel KPOMKOM, a TakKe IMPH 00TEKaHUHN CBEPX3BYKOBBIM ITOTOKOM ITOBEPXHOCTEH KpbLTa, (h03eIsiKa 1

JpYTHX 4YacTeW camojeTa. YTold (P MEXIy TIpaHHIEeH BO3MYyIUEHMH M HAalpaBICHHEM [JBIKCHUS HMCTOYHHKA
BO3MYIIEHUI HA3bIBAETCA YIJIOM MalbIX BO3MYLICHUI.

OCHOBHBIE 3AKOHBI IBUKEHUSA BO31YXA
OCHOBBI MOJIEKY.JIIPHO-KUHETUYECKOI TEOPUM

Bce BemecTBa (TBEpHble, JKUAKHE, ra3o00pa3HBIE) COCTOAT W3 MOJEKyJd. Morekyma - 3TO dYacTuIla,
o0najaroas CBOHCTBaMH BELIECTBA.

YCcTaHOBIIEHO, YTO MPH TEMIIEpaType HyJb IPaaycoB U aTMoc(hepHOM AaBieHHH 760 MM PT. CT. B K&KIAOM
1 em’ conepaxures 2,7-10" Monexy, a MMHelHBII pasMep MOJIEKYIIBI COCTABIAET (MMeeT nopanok) 1¥10™ mu.

CocrosiHue BemecTBa (TBEpHoOe, JKHIKOE, Ta3000pa3HOE) XapaKTEPU3yeTCs PACCTOSHHEM MEXIY
MOJICKYJIaMU. Bce MOJICKYJIbI HMCIOT CBOMCTBO B3aHUMHOT'O MPUTSHKEHUS W OTTAaJIKMBaHUA, 3aBUCALICE OT
pacCTodHUA MEXKIY HUMU.

v TBEPABIX TEJI PACCTOSHUA MEXKAY MOJIEKYJIaMHU OYC€Hb MaJibl U CHJIBI B3AUMHOTO HNPUTIKECHUA MOJIEKYJI
BCJINKH. MOHeKyJ'ILI COBEPHIAOT HE3HAYUTCIIBHBIC KoJiebaTeIbHbIC JABUXKCHUSA. v KUIKHUX BEIIECTB PACCTOSHUA
MEXAY MOJIEKYJIaMU 6OJ'II>LH€, OHH ABWXXYTCS B Pa3HbIX HaIIPaBJIICHHUAX. Ho cunmr OPUTKCHUA C€UIC TOCTATOYHO
BECJIMKU U MOJIEKYJIBI HE OTPBIBAIOTCA APYT OT ApYyTra.

VY ra3000pa3HBIX BEIIECTB PACCTOSHHUSA MEXIy MOJIEKyJaMd 3HAYUTENBHO OOJbBIIE CAMHUX MOJIEKYJ,
B3aUMHOE IIPUTSDKEHNE OYE€Hb MaJlo, MOJICKYJIbI IBIDKYTCSI B PA3IMYHBIX HAMPABJICHHUAX M C PA3IMYHON CKOPOCTBIO.
[Ipn IBYKEHWH MOJEKYJIBl UCTIBITHIBAIOT OKOJIO HECKOJBKMX MHMJUIMAPIOB CTOJKHOBEHHH B CEKYHAY, MEHSS NpHU
3TOM HAIPaBIIEHUE U CKOPOCTb.

Kamaaﬂ MOJIEKYJIa IPpHU NOCTYIATCIIbHOM ABUXKCHUN 06naz[aeT KUHETUYECKOMN 3H€pl"Heﬁ

_ mV?
KUH 2

rae Ey,, - kuneTHueckas sHeprus MoJeKysl, JIx;

E

2

Ml - Mmacca MOJICKYJIbI, KT,

V— CKOPOCTb ABUIKCHHUS MOJICKYIJIbI, Mm/c.

Ecmn B ypaBuenne Kinaysuyca (1.1) (ocHOBHOE ypaBHEHHE MOJIEKYJISIPHO-KWHETHUECKOH TEOpUH T'a30B)
MIOJICTaBUTh 3HaUeHHsI ypaBHeHHs boinsa-Mapuorra - ['eii-Jlroccaka (1.2)

2
PV = _EKuH ?
3 (1.1)
Pv= RT, (12)
EKuu ZERT’
TO IOJy4YHUM: 2 (1.3)

rae Eq-xunernueckas sHeprus, JIx;

R-razopas nocrosanas, x/xr K (uam krc M/Kr Tpaz);
T - remneparypa, K;

V-yAeNbHBINA 00BEM BO3LyXa, M KT.

PazmenmuB R Ha N, (dncino ABoraapo, MOKa3bIBAIOIIEE YHCIO MOJIEKYN B TPAaMM-MOJIEKYJIe Ta3a U paBHOE
26,0210 1/mons), MOJIyYMM OTHOLIEHHE, KOTOPOE Ha3biBaeTcs NocTosiHHON bonbimana K, paBHast 5,67 2¢°K™.

[oncrasum K B ypaBHenue (1.3), moxydnM ypaBHEHHE KHHETHIECKOW SYHEPTUU OJHON MOJIEKYIIHI ra3a.
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E ZEKT.

KUH
2 (1.4)

OHeprust Bcex MOJIEKYJl BMECTE pacCMaTpUBaeTCs Kak BHYTPEHHAA dHeprus BemiectBa. [Ipu moHmwxkeHun
TCMHepaTypI)I BCIIIECTBa (F a3a) 3Heprm{ XA0THYCCKHU ,HBI/I)KYHII/IXCSI MOJ'IeKyJ'I ITIOHHIKXACTCA. I/I3 ypaBHeHI/ISI MOXHO
CACIaTh BbIBOJ, YTO KHHCTHUYCCKas 3H€pFI/I${ MOJ'IeKy.l'I 3aBUCUT TOJIBKO OT TeMHepaTprI ra3a U HEC 3aBUCHUT OT
N3MCHCHUSA 06'[>€Ma, B KOTOpLIﬁ ra3 3aKJIKOYCH.

CorjacHO MOJICKYJIIPHO-KMHETHYECKOW TEOPHH BO3AYyX PAacCMATPUBACTCSA KaK COBOKYITHOCTH OOJBIIOrO
KoyimdecTBa MoJiekyJl. CBOOOIHBIN MPOOEr MOJICKYJI 10 CPABHEHHUIO C pa3MepaMH YacTel caMojieTa HUYTOXKHO MaJ,
MO3TOMY BO3IyX PAacCMATPHUBAIOT KAaK CILIONIHYIO CPEIy, B KOTOPOI OTAEIbHBIC YACTHIBI COMPUKACAIOTCS IPYT C
npyrom. Yactura Bo3myxa - 3TO OTPOMHOE CKOIUICHHE MOJIEKYJ, KOTOPEIC HAXOJATCS B XaOTHYCCKOM JIBIDKCHUH
HE3aBUCHMO OT TOTO, HAXOJWTCS JIM YacTHIa B JBIDKCHHM Wid B ToKoe. CpemHss CKOPOCTh MOJEKYI,
COCTABIIONINX YaCTHILy, OTIMYACTCS OT CPEIHEH CKOPOCTH XaOTWYECKOTO IBI)KCHUS Ha BEIMYHHY CKOPOCTH
JBIDKEHUS YaCTHIIBI B JAHHOU CpeZie M B TaHHOM HaIlPaBJICHUU.

YCTAHOBUBIIUMCSA BO3YIIHBIA MIOTOK

Yemanosuswumcea 6030yuinvim nomoxom Ha3bIBaeTCS TaKOe TEYEHHE BO3MyXa, IPH KOTOPOM CKOPOCTB
MOTOKa B J00OH TOUKE, a TaK)Ke OCHOBHBIE IIapaMeTphl (JaBJeHUE, TEMIEpaTypa U INIOTHOCTh) HE U3MEHSIOTCS C
TeueHneM BpeMeHH. To ecTb, ecii Yepe3 onpelielIeHHbIE TIPOMEKYTKH BPEMEHH MBI B OJJHOM M TOH ke TO4Ke OyaemM
M3MEPSTh CKOPOCTh M PYTHE MapaMeTphl BO3AyXa U IPH BCEX M3MEPEHHAX BEIMYUHBI TApaMEeTPOB OJHMHAKOBEI, TO
STOT BO3AYIIHBIA TOTOK YyCTAaHOBMBIIMICS. Ecim ke wn3MepseMble BEIMYMHBI MEHSIOTCS, TO TIOTOK -
HEYCTAaHOBUBILIMICS. B a’poauHaMuke paccMaTpUBarOT TOJIBKO YCTAHOBHBILIHMICS BO3IYIIHBIH MOTOK. OCHOBHBIM
MOHSTHEM a3POJMHAMUKY SIBIISIETCS TOHATHE 3JIEMEHTapHOH CTPYHKHU BO3yXa.

Dnemenmapnas cmpyiika - 3TO MBICICHHO BBIJICJICHHBIN NMOTOK (HEOOJIBLION 3aMKHYTHIN KOHTYp B BHJC
TpyOKn), uepe3 OOKOBYIO HOBEPXHOCTh KOTOPOTO BO3YX HPOTEKAaTh HE MOXKET HU BOBHYTPb, HH HAPYXKY.

JIAMUHAPHBIN U TYPBYJIEHTHBIN BO3YIIHBIN IOTOK

Jlamunapuouit - 370 BO3AYIIHBIMA IIOTOK, B KOTOPOM CTPYHKHU BO3/1yXa ABUXKYTCSL B OJIHOM HAIIPaBJIICHUU U
napajulelbHbl ApyT Apyry. IIpyu yBenndeHun CKOpOCTH A0 ONPENEICHHON BEJIMYMHBI CTPYUKHU BO3YLIHOIO IIOTOKA
KpOME MOCTYIATSIFHON CKOPOCTH TaKKe MPHOOPETaloT OBICTPO MEHSIOIIMECS CKOPOCTH, MEPICHAUKYISIPHBIE K
HATIPABJIICHUIO TOCTYIMATENBHOrO ABIDKeHHsS. OOpa3yercss MOTOK, KOTOPBIA Ha3bIBACTCS MYPOYIeHMHbIM, T. €.
OecIopsIOYHBIM.

MOIrPAHUYHBIN CJION

IHozpanuunstii cnoii - 310 CJIOW, B KOTOPOM CKOPOCTb BO3[yXa HM3MEHSETCS OT HYyJS OO BEJIHMYUHBI,
OJIM3KOM K MECTHON CKOPOCTH BO3AYIIHOTO MTOTOKA.

IIpu obTexanuu Tena BO3AYIIHBIM MOTOKOM (Puc. 5) yacTuirsl Bo3ayxa He CKOJB3AT IO MTOBEPXHOCTH Tea,
a TOPMO3ATCS, U CKOPOCTh BO3yXa Y MIOBEPXHOCTH TeJla CTAHOBHUTCS paBHOU Hy: 0. [Ipy yaneHnu oT MOBepXHOCTH
TeJa CKOPOCTh BO3JIyXa BO3PACTaeT OT HYJIS IO CKOPOCTH T€YEHHUS BO3AYIIHOIO IOTOKA.

TonmuHa MOTPaHUIHOTO CIIOST H3MEPSIETCS B MIJUIMMETPaX M 3aBHCUT OT BSI3KOCTH W JaBJICHHUS BO3IyXa,
OT TPO(WIIA TeNa, COCTOSHUS €r0 OBEPXHOCTH U ITOJIOKEHHSI TeJla B BO3AYITHOM MTOTOKE. TOINIIMHA MOTPaHNIHOTO
CJIOSl TIOCTENCHHO YBEIWYMBAeTCS OT MepenHed K 3agHell KpoMKe. B morpaHmdHOM cjoe XapakTep ABHKCHHUS
YaCTHUI] BO3yXa OTINYAETCS OT XapakTepa IBIKEHHUS BHE €T0.

PaccmorpuM wactuiry Bo3myxa A (Puc. 6), KoTopas HaXOIUTCS MEXKIY CTPYHKaMH BO3JTyXa CO CKOPOCTSIMH
U, u Uy, 3a cyeT pa3HOCTH ITUX CKOPOCTEH, MPUIIOKEHHBIX K MPOTUBOIMOIOXKHBIM TOYKAM YaCTHUIIbI, OHA BPAILACTCs
U TeM OoJpIe, 4YeM OJIKe HaXOIOUTCS 3Ta YacTHIa K MOBEPXHOCTH Teja (TOe pa3HOCTh CKOPOCTel HaumOOJbIIas).
[pu yaaneHur OT MOBEPXHOCTH Tella BPAIlATEIbHOE JIBUIKEHHE YACTUIIBI 3aMEJISICTCS] B CTAHOBUTCS PABHBIM HYITIO
BBHUJIy PABEHCTBA CKOPOCTH BO3/yLIHOTO MIOTOKA M CKOPOCTH BO3/1yXa MOTPAHUYHOTO CIIOS.

[To3agu Tenma mMOrpaHUYHBIA CIOW NMEPEXOJUT B CIIyTHYIO CTPYIO, KOTOpas IO Mepe yIaJleHHs OT Teja
pa3MbIBaeTCsl M Mcye3aeT. 3aBUXPEHHs B CIIyTHOH CTpye NONagaroT Ha XBOCTOBOE ONEPEHHE caMoieTa M CHIKAIOT
ero 3¢ pekTUBHOCTE, BEI3BIBAIOT TPSCKY (siBJIcHUE badTHHTa).

[TorpaHuyHblil CIIOW pa3lenstoT Ha JaMUHAapHBIH W TypOyneHTHeld (Puc. 7). Ilpu ycraHoBuBIIEMCS
JIAMUHAPHOM TEYEHUH IIOIPAaHUYHOTO CJIOSI MPOSBISIIOTCS TOJBKO CHIIBI BHYTPEHHETO TPEHHUs, O0OYCIIOBJICHHbBIE
BS3KOCTBIO BO3/YyXa, I03TOMY COIIPOTHBJICHUE BO31yXa B JIAMUHADHOM CJIOE€ MAJIO.
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fozporuyrsid
P cnod

Wy

Puc. 5 Uzmenenue ckopocmu meuenusn 6030yxa 6 NOZPAHUYHOM C10€

foepaniymbi

Puc. 6 Obmexanue mena 6030YuiHbIM HOMOKOM - MOPMOIHCEHUE ROMOKA 6 ROZPAHUYUHOM Cl10€

Toyka ompbiba

Samunapkoe
2502 550
— 3592 DD’)J)D)_‘):);))
———230C AR
| TR AR | %JC :)O
2920C
CCC
oy TypbynermHoe

@

Puc. 7 lamunapnoe u mypoynenmuoe meuenue

B mypoynenmnom nozpanuunom cioe HaOIIOJAeTCS HENPEPHIBHOE NEpEMENIEHHE CTPYeK BO3AyXa BO
BCEX HAIPABICHUAX, YTO TpeOyeT OOJbIICr0 KOJUYECTBA SHEPTHHM IS TOJACPKUBAHHUS OCCIOPSIOYHOrO
BUXPEBOTO JIBIXKEHHS M, KaK CIIEJICTBHE ITOTO, CO37aercs OOJblliee MO BEJIUYMHE COMPOTHUBIEHUE BO3AYLIHOTO

MOTOKA JIBUXKYILIEMYCS TENY.
Jnst ompezaeseHust XapakTepa MOTPAHUYHOTO CJOSI CIYXXHT KOA(PQPHUIUESHT Cf Teno omnpeneneHHon
KOH(UTypaluy uMeeT cBoi kodddurmenT. Tak, Hanpumep, JUIsl IIOCKOH IIIACTHHBI KO (PHUIIMEHT CONPOTUBICHUS

JIJaMHUHApHOI'O MOTPAHUYHOI0 CJIOS paBCH:

o 1328
f — T >
\ R, (1.5)
JUIsl TypOYJICHTHOT'O CJI0SI
Cc - 0,074

! Vﬁ;’(L@

rane R, - uncno PeifHonmbaca, BBIpaKarollee OTHOIICHME MHEPIMOHHBIX CHII K CHJIAM TPEHUS H
OIIpeJIeTISIIoNIee OTHOIICHHE JIBYX COCTABILSIIOIIMX - MPOQHIbHOE CONPOTHUBIEHHE (COMPOTHBIEHUE (OPMBI) U
comnpoTuBiieHre TpeHus. Yucno Pelinombaca R, onpenensercs mo Gopmylie:

rae V - ckopocTh BO3IYINHOTO MOTOKA,
I - xapaxrep pasmepa Tena,

¥ - KUHETHYeCKUH K03 (DULUEHT BA3KOCTU CUJI TPEHUS BO3LyXa.
[Ipu oOTexaHuu Tesla BO3AYLIHBIM MOTOKOM B OMNPENENICHHOW TOYKE MPOUCXOAUT MEPEX0]| MOrPaHUIHOTO
CJIOS U3 JIAMHHAPHOTO B TypOYJICHTHBIA. DTa TOYKAa HA3bIBACTCS TOYKOW mepexoaa. Pacmonoxkenue ee Ha
MOBEPXHOCTH MPOGWIIS Tejla 3aBUCHUT OT BSI3KOCTH U JABJICHHS BO3/yXa, CKOPOCTH CTPYCK BO3ayxa, POpMEI Tena u
€ro TOJIOKEHHUS B BO3JYIIHOM IOTOKE, a TAKXKe OT IIePOXOBATOCTH MOBEpXHOCTH. [Ipu co3manuu mnpoduieit
KPBUIBEB KOHCTPYKTOPHI CTPEMSITCS OTHECTH 3Ty TOYKY KaK MOXKHO NaIbIIe OT MEepeHEH KPOMKU MPOGUIs, 4eM
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JIOCTUTAETCS YMEHBIICHHE COMPOTUBICHUS TPEeHUS. J{JIs 3TOH IeTN IPUMEHSIOT CIIeIaIbHbIC JTAMUHI3UPOBAHHBIC
npo¢WIN, YBEINIUBAIOT TIIAIKOCTh TOBEPXHOCTH KPbIIa U PSII APYTHX MEPOIPUATHI.

[Ipn yBenW4YeHNH CKOPOCTH BO3AYIIHOTO MOTOKA WM YBEIWYECHHH YIJIA TOJOKEHHS Tella OTHOCHUTEIBHO
BO3IyLITHOTO IIOTOKA JI0 ONPENCICHHON BEIMYMHBI B HEKOTOPOI TOYKE MPOUCXOIAMUT OTPHIB MMOTPAHWIHOTO CIIOSI OT
MTOBEPXHOCTH, IIPU 3TOM PE3KO YMEHBIIAETCS ABJICHHE 3 9TOIH TOUYKOH.

B pesynbrare TOro, 4To y 3a7HEH KPOMKHM Tella JaBJIeHHE OOJIbIIe YeM 3a TOYKOH OTpBIBa, MPOMCXOAUT
oOpaTHOE TeueHHE BO3yXa M3 30HBI OOJIBIIETrO JABJICHHS B 30HYy MEHBIIETO AABJIEHUs K TOYKE OTPBIBA, KOTOPOE
BJIEYET 3a CO00I OTPHIB BO3AYIIHOTO MOTOKA OT MoBepxHocTH Teina (Puc. 8).

JlaMMHAPHBIH OTPAHUYHBIN CJIOW OTPBIBACTCS JIETUe OT MOBEPXHOCTH TeJla, YeM TYPOYIICHTHBIMH.

YPABHEHUE HEPA3PBIBHOCTHU CTPYH BO3JYHIHOI'O ITIOTOKA

YpaBHeHHE HEPA3PBHIBHOCTH CTPYH BO3AYIIHOTO ITIOTOKA (ITOCTOSHCTBA Pacxoja BO3AyXa) - 3TO ypaBHEHHUE
a’pOJMHAMUKH, BBITEKAIONIEE W3 OCHOBHBIX 3aKOHOB (M3UKH - COXPAHEHHS MAacChl M HMHEPUUM - H
YCTaHaBJIMBAIOIEE B3aMMOCBSA3b MEXAY IJIOTHOCTHIO, CKOPOCTBHIO M IUIOLIAJbI0 ITONEPEYHOrO CEUCHUS CTPYH
BO3/yLIHOTO MOTOKA.

Tousa ompsiba
Ymenswenue dabnenus

Puc. 9 Iloacnenue K 3aKoHy HEPa3PLIGHOCMU CIIPYU 6030YUIHO20 NOMOKA
IIpm paccMoTpeHMH €ro NPWHHMAIOT YCIOBHE, HYTO H3Y4YaeMBIH BO3AyX HE OOagaeT CBOWCTBOM
cxumaemoctd (Puc. 9).

B crpyiike nepeMeHHOro cedeHus: uepe3 ceyeHue | mpoTekaeT 3a OnpeAesIeHHbIH MPOMEXYTOK BPEMEHHU
CeKYHIIHBIII 00BEM BO31yXa, 3TOT 0OBEM PAaBEH MPOW3BEIEHHIO CKOPOCTH BO3IYLIHOTO ITOTOKA Ha ITOIEPEYHOE
ceuenue F.

CekyHIHBI MacCOBBI pacxXol BO3AyXa m PAaBEH MPOMU3BEJICHHMIO CEKyHIHOIO pacxoja BO3dyXa Ha
IUIOTHOCTh p BO3AYILIHOTO MOTOKAa CTpyHkH. COINIACHO 3aKOHY COXPAHEHUs SHEPrHH, Macca BO3AYIIHOIO MOTOKa
CTPYHKH m;, IPOTEKAroWero yepe3 ceuenune / (F;), paBHa Macce m, JaHHOTO MOTOKA, IIPOTEKAIOIIET0 Yepe3 CEUCHHUE
11 (F,), mpu yCIIOBUH, €CITH BO3AYUTHBIH MOTOK YCTAHOBUBIIUHCS:

mj;=mjy=const, (1.7)
mFVi=myF,V,=const. (1.8)
OT0 BBIpa)KEHUE U Ha3BIBAETCS YPAaBHEHUEM HEPa3phIBHOCTH CTPYH BO3AYIIHOTO MTOTOKA CTPYHKH.

Tak kaK MbI paccMaTpuBacM HECOKMMAaEeMBIit BOBﬂyHIHLIﬁ MOTOK, rA€ IUIOTHOCTb CTPYU LO; CCUCHUA F]
paBHaA IJIOTHOCTU CTPYU O, CCUCHUA Fg, P1=p>=const, TO ypaBHCHHE MOXXHO 3alucaTh B CICAYIOIIEM BUIE:

F;V;=F,V,=const. (1.9)

Utak, u3 GopMyJibl BUIAHO, YTO Yepe3 pas3iIMyHbIC CEYCHUsS CTPYWKH B ONPEACICHHYIO CIMHUILY BPEMEHHU
(cekyH1y) MPOXOAUT OJMHAKOBBINA 00BEM BO3/IyXa, HO C Pa3HBIMU CKOPOCTSIMH.

3ammrieM ypasaeHue (1.9) B crexyromeM Buze:
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£ _T
— = —= = COonst.
F,oN
W3 dopmynsl BUOHO, YTO CKOPOCTH BO3AYIIHOTO TOTOKAa CTPYH OOpAaTHO MPOMOPIHOHANBHA IUIOMIAIH
MIOTIEPEYHOT0 CEYCHHUsI CTPYH ¥ Ha00OPOT.

Tem cambiM YpaBHCHUC HEPA3PbIBHOCTHU CTPYU BO3AYUIHOI'O IMOTOKA YCTAHABJIMBACT B3dUMOCBA3b MCKIAY
CCUCHUCM CTPYU U CKOPOCTHIO IIPU YCIOBUH, UTO BOSZ[yHIHLIﬁ IOTOK CTPpYyHU YCTaHOBHBmHﬁCH.

CTATUYECKOE JIABJEHUE U CKOPOCTHOI HATIOP YPABHEHUE BEPHYJLJIN

CaMOJ'IeT, HaXOJAIIMHCS B HEMOABHKHOM HJIM IOJBM)KHOM OTHOCHUTEIHLHO HETO BO3AYIIHOM IIOTOKE,
HCHBITBIBACT CO CTOPOHBI IMOCICAHCTO AAaBJICHHUEC, B IEPBOM ClIydyac (KOFJIa BOS}IyLUHI)II‘/II IIOTOK HGHOI[BI/I)KCH) - 9TO
CTaTU4YCCKOC JaBJICHUEC U BO BTOPOM CJIydac (KOF,Ha BO3HyHIHI:II71 IIOTOK HO,HBI/DKGH) - OTO AMHAMHNYCCKOC JaBJICHUC,
OHO 4Yall€ Ha3bIBACTCAd CKOPOCTHBIM HAIIOPOM. Cratndeckoe JaBJICHUC B CprﬁKe AHAJIOrM4YHO JaBJICHUIO
HOKOHmeﬁCﬂ KUIKOCTHU (BOZ[a, ra3). Haan/IMep: BOJa B pr6e, OHa MOXKCET HaXOJUThCAd B COCTOAHHMHU ITOKOSA HIIN
JBUXCHUA, B oboux ClIydasiX CTCHKH pr6BI HCHBITBIBAIOT OTABJICHUE CO CTOPOHBI BOIBI. B ClIyda€ OBUXCHUS BOIBI
JaBJICHUC 6y,ueT HCCKOJIbKO MCHBIIIC, TaK KaK IOABUIICA CKOpOCTHOI;’I Harop.

CornacHO 3aKOHY COXPaHEHHsS SHEpPIUH, SHEPIrUs CTPYHKU BO3AYIIHOTO MOTOKA B PA3IMYHBIX CEUCHMSX
CTpyWKHM BO3lyXa €CTb CyMMa KHHETHMYECKOM HHEpPrUd IOTOKA, IOTCHLUMANIBHOM 3HEPruM CHUJI JaBJICHMUS,
BHYTPEHHEH dHEPrUM NOTOKA U SJHEPTUU MOJIOKEHUS Tesla. DTa CyMMa - BEJIMYKMHA TOCTOSTHHAS:

EKu,,+Ep+Eg,,+En:COI’ZSt (1.10)

Kunernueckasi 3neprus (E,,,) - CIOCOOHOCTh JBMKYIIETOCS BO3JYIIHOTO MMOTOKA COBEPIIATH PadoTy.
Ona paBHa

_mV2
2 (1.11)

IJIe m - Macca BO3yXa, KIc ¢*M; V-CKOpPOCTh BO3IYIIHOrO IIOTOKA, M/C. ECITH BMECTO MacChl m IOJCTABHTH
MACCOBYIO IIIOTHOCT BO3YXa p, TO HOMydnM (OPMYITY JUIS OIPe/IeeHIs CKOPOCTHOTO Haropa q (B Kre/m’)

pV?
2 . (1.12)

Horenumnanbuas 3ueprusi £, - cnocoOHOCTh BO3/YIIHOTO MOTOKAa COBEPIIATH paboTy MOJ AeHCTBHEM
cTaTWdecKkux cwi JaBieHus. OHa paBHa (B KIc-M)

E,=PFS, (1.13)

rae P - jaBieHue Bo3ayxa, kre/mM’; F - IIIOMIah MONEPEedHOr0 CeUeH s CTPYHKH BO3IYIIHOTO MOTOKA, M
S - myTh, NpOHIEHHBIN 1 KT BO3/IyXa yepe3 JaHHOE CeUeHue, M; Ipou3Benenne SF HazpiBaeTcs yIelbHbBIM 00beMOM
1 0003HavaeTCs v, OACTABIIISI 3HAUCHHE YAEIBHOro o0beMa Bo3ayxa B hopmyity (1.13), momyuum

q:

E,=Pv. (1.14)
BuyTtpennss sueprusi Eg;, - 5TO CIIOCOOHOCTH Ta3a COBEPIIATH pabOTy MPH U3MEHEHHUH €T0 TeMIIePaTypHhI:
ovT
E BH — >
A (1.15)

rne CV - TemnoeMKocTh BO3AyXa NpPM HEM3MEHHOM 00beMe, Kall/Kr-rpaj; 1-rTemmeparypa IO IIKale
Kenssuna, K; A - Tepmuueckuii 9KBHBaIEHT MEXaHUUECKOH PabOTHI (Kaj-Kr-M).

W3 ypaBHEHHsS BHIHO, YTO BHYTPEHHSSI SHEPrusl BO3IYIIHOTO MOTOKA MPSIMO MPOHNOPLUOHAIBHA €ro
TeMIIepaType.

Duepeusn nonoxcenus En - ciocoOHOCTH BO3/lyXa COBEpIIATh padOTy IPH U3MEHEHUH ITOJIOKEHUS! LIEHTpa
TSDKECTH TaHHOW Macchl BO3/yXa IPH NOABEME Ha ONPEICICHHYIO BEICOTY U paBHA

En=mh (1.16)
rae h - U3MEHEHUE BBICOTBI, M.

BBumy Mm3epHO MaiBIX 3HAYEHHI pa3HOCA IIEHTPOB TSKECTH Macc BO3AyXa IO BBICOTE B CTpPyHKe
BO3AYIIHOTO ITOTOKA 3TOW YHEPTUEH B adpoIUHAMUKE IIpeHeOperaioT.

PaccmarpuBast BO B3aMMOCBSI3M BCE€ BHJbl SHEPTUU IMPUMEHUTENIBHO K ONPEEICHHBIM YCIOBHUIM, MOXKHO
chopMynrpoBaTh 3aKOH bepHYIIH, KOTOpBIH YCTaHAaBIMBAET CBA3b MEXIY CTaTHYECKHM IABICHHEM B CTpYiKe
BO3JLyLITHOTO TIOTOKA ¥ CKOPOCTHBIM HAaIlOPOM.
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Paccmorpum 1pyOy (Puc. 10) mepemennoro muamerpa (1, 2, 3), B KOTOpO#l ABMKETCS BO3AYIIHBIA MOTOK.
Jis m3MepeHHs NaBICHHS B PACCMATPUBAEMBIX CEUEHHUSIX HCIIONB3YIOT MAHOMETPHI. AHATU3UPYS IMOKAa3aHUA
MaHOMETPOB, MOXKHO CZEJaTh 3aK/IFUCHHE, YTO HAWMEHbIIEC IMHAMUYCCKOE JaBJICHUEC IMOKA3bIBAET MaHOMETP
cedeHus 3-3. 3HAYUT, IPU CY)KEHUHU TPYObI YBEIMYMBACTCS CKOPOCTh BO3/YIIIHOTO MMOTOKA M JABJICHHUE MaIacT.

T I AT
*,

Puc. 10 Oovacnenue 3akona bepuynnu

[IprunHON maneHus: AaBIEHHS SBISIETCS TO, YTO BO3IYIIHBIA HMOTOK HE IPOM3BOJUT HHUKAaKOH paboThI
(TpeHue He Y4YMTBHIBAaEM) W IIOITOMY ITOJIHAsI SHEPTHsl BO3IYLIHOTO IIOTOKAa OCTaeTcs MOCTOSIHHOW. Ecnm cumrarhb
TEMIIEpaTypy, IUIOTHOCTH W O0BEM BO3AYIIHOIO IIOTOKA B  Pa3iUYHBIX CEUCHUSAX [OCTOSHHBIMH
(T=T,=T;3;p1=p>=p3, V1=V2=V3), To BHYTPEHHIOIO YHEPTUIO0 MOXHO HE PACCMATPHUBATE.

3Ha'-II/lT, B JaHHOM CJIydyac BO3MOXCH IICPEX0/] KHUHETUYECKOMN OHEPrunM BO3OAYUIHOI'O IIOTOKa B
MOTEHIMATIBHYIO 1 HA00OPOT.

Korpna CKOpPOCTh BO3OYIIHOTI'O IIOTOKA YBEIWYMUBACTCA, TO YBCINYMUBACTCA U CKOpOCTHOI‘/'I Hamop u
COOTBETCTBEHHO KMHETUYECKAsI DHEPTHA JaHHOI'O BO3AYIIHOTO ITOTOKA.

[oxcrasum 3rauenns uz popmyn (1.11), (1.12), (1.13), (1.14), (1.15) B dpopmyimy (1.10), yuauTsiBasi, 9To
BHYTPECHHEH SHEprHel U SHepruel OoI0KeH!s MBI IpeHeOperaeM, npeodpasys ypasHerune (1.10), momryanm

2 2 y2
131_'_,011:1324_/022:133_'_,033.

2 2 (1.17)
DT0 ypaBHEHUE /sl JI06OTO ceueHus CTPYHKH BO3/LyXa MHUIIETCS CIIEYIOIM 00pa3oM:

2
P+’02V = const.

Taxkoi BUJ YPABHEHUS ABJIACTCA CaMbIM ITPOCTBIM MAaTEMAaTUIECKUM YPAaBHECHHUEM EepHyHHI/I " IIOKa3bIBACT,
4TO CyMMa CTaTU4Y€CKOro v JAMHAMHUYCCKOIo IaBIICHUM JJIs JII000r0  CEYEHHS CprﬁKPI YCTaHOBUBLICTOCA
BO3AYIIHOT'O NOTOKAa €CTh BCJIMYMHA IOCTOSIHHAas. CXKUMaeMOCThb B JaHHOM CJIy4da€ HC€ YYHUTbIBACTCA. HpI/l yYueTe
C)KUMACMOCTH BHOCATCSA COOTBECTCTBYIOLINUE ITOIIPAaBKHU.

Jis HarmagHOCTH 3akoHa bepHyim MOXHO TpOBECTH ONBIT. B3aTe nBa nucTka Oymaru, aepxa
napajuieNb-HO APYT APYTY Ha HEOOIBIIIOM PacCTOSIHUH, TOIYTh B IPOMEXYTOK MEXKTy HUMH.

8 !
Vs /
:/ / Pr
= N
—= \/ / [
A/PQ=PI+P2VQ 4 b
U
(1
E 3 2

Puc. 11 H3mepenue ckopocmu 6030yuiH020 nomoka

Jluctel commxarotcs. [IpuanHoit ux COMMKEHUs SBISETCS TO, YTO C BHEIIHEH CTOPOHBI JINCTOB JaBJICHHE
aTMochepHoe, a B IMPOMEKYTKE MEXKAY HUMH BCJICICTBHC HAJIHUYUsl CKOPOCTHOIO HAmopa BO3IyXa JaBJICHUC
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YMEHBIIIIOCH U CTallo MeHblIe atMocdeproro. [Tox nelicTBreM pa3HOCTH AaBJICHHH JUCTKH OyMard mporubaroTcs
BOBHYTPb.

ASPOJUHAMHUNYECKUE TPYBbI

OKkcnepyMeHTaNbHas YCTaHOBKa JUIsl UCCIIEIOBAHMS SIBJICHUH M IIPOLIECCOB, COMPOBOXKIAIONINX 00TEKaHHE
TEJI MOTOKOM Ta3a Ha3bIBAETCs adpoJMHaMUUecKoil TpyOoii. [IpuHIMn AelcTBUS aspOAMHAMUYECKUX TPYyO OCHOBaH
Ha NPUHLMUIIE OTHOCUTEIbHOCTH ['anmiesi: BMECTO ABMIKEHHS Teja B HEMOJIBM)KHOM Cpefe M3ydaercsi oOTeKaHue
HETIOJIBM)KHOTO TeJla TOTOKOM ras3a B asponmHammueckux Tpybax 3KCIepHMEHTAIBHO ONPEAEIIOTCS JeHCTBYIOIINE
Ha JIA a’poaMHaMHMUECKHE CHIbl U MOMEHTBI HUCCIEIYIOTCS PACHpPENENCHHUs NABICHUS U TeMIepaTypbl IO €ro
MIOBEPXHOCTH, HAOJIIOAAETCsl KapTHHA OOTEKaHUs Tella, N3y4aeTcs a3poyIpyrocTs U T .

AbspoauHamuyeckue TpyObl 3aBUCMMOCTH OT Jauana3oHa wucer Maxa M pa3gensiorcsi Ha /I03BYKOBbIe
(M=0,15-0,7), Tpanc3BykoBbie (M=0,7-1 3), cBepx3BykoBble (M=1,3-5) u rumep3BykoBbie (M=5-25), no
NPUHLOUIY JEHCTBHUA - HA KOMIIPecCOPHbIe (HeNpephIBHOIO AeiCTBHS), B KOTOPHIX ITOTOK BO3JyXa CO3JaeTcs
CIel] KOMIIPEcCopoM, U 0aJIJIOHHbIE ¢ MOBBIIIEHHBIM JaBJeHHEM, [0 KOMIIOHOBKE KOHTYpa - Ha 3aMKHYTbIe H
He3aMKHYThbIe.

KommpeccopHsie TpyObI UMEIOT BbICOKHH KIIJI, OHU yIOOHBI B paboTe, HO TpeOyIOT CO3aHus YHUKAIbHBIX
KOMITPECCOPOB C OOJIBIIMMH pacXoAaMH Ta3za W OONBIION MOIIHOCTH. banioHHBIE aspoguHAMHYECKHE TPYOBI IO
CPaBHECHHUIO C KOMIIPECCOPHBIMH MEHEE SKOHOMMWYHBI, ITOCKOJIBKY IIPH JAPOCCEIMPOBAHMH Ta3a 4acTb JHEPTUH
Tepsiercsi. Kpome TOro, mpoJoIKUTENFHOCTE paboThl OAJUIOHHBIX a9pOJMHAMHYECKHX TPYO OrpaHHuYEHa 3aracom
ra3a B 0aJIJIOHaX U COCTAaBIIAET AT PA3JIMYHBIX a9POJUHAMHUYECKUX TPYO OT AECATKOB CEKYHJ IO HECKOIBKO MUHYT.

[Tupokoe pacnpocTpaHeHHe OAJUIOHHBIX a3pPOANHAMUYECKUX TPYO 0OYCIIOBIEHO TE€M, YTO OHH HpOILIE 10
KOHCTPYKLIMM @ MOITHOCTH KOMIIPECCOPOB, HEOOXOAMMBIE Ul HAIOJHEHUs! OaJlIOHOB, OTHOCHUTEIHHO Maibl. B
a’pPOAMHAMUYECKHX TPyOax C 3aMKHYTBIM KOHTYPOM HCIOJB3YETCS! 3HAUUTENbHAs YacTh KHHETHYECKOH 3HEepruw,
OCTaBIIEHCS B TA30BOM MOTOKE ITOCTIE €r0 MPOXOKACHUS Yepe3 pabodyro obmacts, uro mossimaet KI1J TpyOsr. [Tpu
3TOM, OJJHAKO, IPUXOJUTCS YBEIMINBATH OOIIME Pa3MEpPhl yCTAHOBKH.

B 103BYKOBBIX adpoAMHAMHYECKMX Tpy0ax HCCIEIyIOTCS —a’pOAMHAMHYECKHE XapaKTepPHCTHKH
JI03BYKOBBIX CAMOJIETOB BEPTOJIETOB @ TAKXKE XapPaKTEPUCTHKU CBEPX3BYKOBBIX CAMOJIETOB Ha B3JIETHO-IIOCAJOYHBIX
pexxumax. Kpome Toro, OHM HCIONIB3YIOTCS TSl U3y4YEeHUsI 00TEeKaHuUsI aBTOMOOMIIEH M JIp. HA3€MHBIX TPAHCIIOPTHBIX
CPeICTB, 3JaHUH, MOHYMEHTOB, MOCTOB U 1p. 00heKTOB Ha pric moka3aHa cxeMa JO03BYKOBOHM a’3pOJWHAMHYECKON
TPYOBI C 3aMKHYTBIM KOHTYPOM.

10 c

@\ - A AY 9
< —4H®

Puc. 12 Cxema 0036yK060il KOMRPECCOPHOU AIPOOUHAMUYECKOU MPYObL.

1- xoneitkomo 2 - cemxu 3 - popramepa 4 - koughyzop 5 - nanpaenenue nomoka 6 - pabouas wacms ¢ MoOOEAbIO
7 - ougppyszop, 8 - koneno ¢ noeopomusimu 1onamrkamu, 9 - komnpeccop 10 - 6030yxooxnaoumens
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Puc. 13 Cxema 6annonnol mpanc3gyKoeoil 3)HceKmopHoll aipoouHAMu4ecKoil mpyovt

1 - xoneitkomé 2 - cemku 3 - popramepa 4 koughyzop 5 nepgpopuposannasn padouas wacms c mooenvio 6
xcekmop 7 ougpgpyzop 8 koneno c nanpasnarouwgumu nonamxkamu 9 eviopoc 6030yxa 10 - no06oo eo3dyxa om
oannonoe
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Puc. 14 Cxema ceepx36yK060ii 6ANIOHHOU AIPOOUHAMUYECKOT MPYObl

1 - 6annon co cycamoim 6030yxom 2 - mpy6onpoeoo 3 - pezyaupyrouiuii oOpoccens 4 - plpagHusaroujue cemku 5 -
XOHeilKomo 6 - demypoynusupyrowue cemku 7 - popkamepa 8 - konghyzop 9 - ceepxsgykogoe conno 10 - pabouasn
yacmo ¢ mooennvio 11 - ceepxzeyxoeoii ougpgpyzop 12 - 0036yxoeoii ougpgpyzop 13 - éviopoc 6 ammocghepy

Puc. 15 Cxema 6annonnoit 2unep3gyKo8oii azpoouramuiecKoi mpyoolt

1 - 6annon c epicoxum oagnenuem 2 - mpyoonpoeod 3 - pezyaupyroujuii opoccens 4 - nooozpeeamens 5 -
dopramepa c xounelkomoom u cemkamu 6 - 2unepP38yK0B8oe ocecUMMeEmMpPUUHOe CONO 7 - padouas wacms ¢
MO0enblo 8 - 2Unep38yK08oIl ocecummempuunlii ougyzop 9 - 6030yxooxnaoumens 10 - nanpasnenue nomoka
11 - no0600 eé030yxa 6 3scekmoput 12 - r3oicexkmoput 13 - 3ameoput 14 - saxyymuasn emxocms 15 - 0038yrosoii

oughghysop
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APOJUHAMUYECKHUE CHJIbI

OBTEKAHMUE TEJI BO3YIIHbBIM IIOTOKOM

IIpu oOrTekaHuM TBEPAOTO TeJa BO3AYIIHBIA I[OTOK MoJBepraercs JAe(opMaluM, YTO HPUBOIHUT K
M3MEHEHHIO CKOPOCTH, JaBJICHHS, TEMIIEpPaTypbl W IUIOTHOCTH B CTpyHKax MOTOKa. TakuM o0pa3oMm, OKOJIO
MOBEPXHOCTH OOTEKaeMOro Teja CO3JaeTcst 00JacTh NEpeMEHHBIX CKOpPOCTEH M JaBjeHWi Bo3ayxa. Hamuuue
pa3NMuHBIX [0 BEJIMYMHE JIABIEHHH Yy TIOBEPXHOCTH TBEPAOTrO Tela MPUBOJUT K BO3HHUKHOBEHHIO
a’pOAMHAMUYECKMX CHJI W MOMEHTOB. PacrpeneneHue 3THX CHJI 3aBHCHT OT XapakTepa OOTEKaHWs Teja, ero
MOJIOXKCHUSI B TOTOKe, KoH(uryparuu tena. s u3ydeHus (U3NYECKOH KapTHHBI OOTCKAHWS TBEPIBIX TEIl
MPUMEHSIOTCS Pa3IMYHBIC CIIOCOOBI TIOKa3a BUIMMON KapTUHBI OOTEKaHUs Tella. BUauMyro KapTHHY 0OTEKaHUS Tell
BO3AYIIHBIM TOTOKOM IPUHSITO HA3HIBATh AIPOOUHAMUYECKUM CHEKMPOM.

Jnst monydeHus: a’spoJMHAMHYECKUX CIEKTPOB NMPHUMEHSIOT Takue MpuOophl, Kak apiMKaHaibl (Puc. 1),
MCTIOJNIB3YIOT IIEJIKOBUHKH, ONTHYECKUE MEPBI HCCIICAOBAHUS (17151 CBEPX3BYKOBBIX ITOTOKOB) U .

1 },'2 {__3 4
i — —
o ) N

Puc. 1 /[eimkanan
1 - ucmounux ovima; 2 - cmpyiiku ovima; 3 - oomexaemoe meno; 4 - 6eHMuIAMOpP

B npiMkaHane a3poAMHAMUYECKUI CIEKTP CO3AAETCS CTPYUKAMM JbIMA, BBIIYCKA€MbIMU U3 CIIELUATIbHOTO
JIbIMapsi B IOTOK BO3yXa, 0OTEKaIOUIUi Telo.

CyH.IHOCTB croco0a ¢ HCIOJIb30BAHHEM IIIEIKOBHHOK COCTOHT B TOM, YTO B HMHTEPECYKOIINX MECTax Ha
IMOBEPXHOCTH 00TeKaeMOro Tella HaKJICHBAIOTCA CIEIUAIbHbIC IECJIIKOBUHKHU, KOTOPBIC IIpH o6z[yBe TCJIa
pacnoojiararorcsa BOOJIb O6TCK8.}0HII/IX TEJIO0 CTPYCK. Ilo monoXxeHuto IEeITKOBHHOK CyIsAT O XapaKTepe ABHIKCHUSL
IMOTOKA BOJIU3H TIOBEPXHOCTH TEJIA.

PaccMoTpum aspoHaMHYECKHE CIIEKTPBI HEKOTOPBIX TEIL.

IThockasn naacmunka (Puc. 2), momemieHHas B MOTOK moj yrioM 90°, co3gaerT MOBOJBHO pe3Koe
W3MCHCHUE HAIPABJICHUS IBUKCHUS MMOTOKA, OOTEKAIOIIETO €¢: TOPMOKECHHUE MMOTOKA Mepe]] Hel, MoKaThe CTPYeK
y ee KpaecB W 00pa30BaHUE HEMOCPEICTBCHHO 3a KpacM IUIACTUHKHU Pa3peKEHHsI M OONBIINX BUXPEH, KOTOpHIC
3aMOJIHSAIOT BCIO 00JAacTh 3a IUIACTHHKOH. [l03aaM IIACTHHKH MOXKHO HAONIONATh XOPOIIO 3aMETHYIO CIYTHYIO

crpyto. Ilepen niacTHHKOM naBiieHre OyzneT OoJblle YeM B HEBO3MYILECHHOM IOTOKE, a 3a IIACTHHKOM BCIIEICTBUE
pa3peKeHHUs 1aBICHHE YMEHBIINTCS.

———  —
Hﬁff%
V& + 1 -

Puc. 2 Aapoounamuueckuii cnekmp naockoil ni1acmuHKu u wapa

Cummempuunoe yoobooomexaemoe (kanneoopasnoe) meno nMeeT Oosee IIIABHBIN XapakTep 0O0TEeKaHH
Kak B MepeHel, Tak U B XBOCTOBOM HaCTsIX.

B ceuenun A - B (Hanbosplnas BeMYMHA MOIEPEYHOTO CEUYCHHUS adPOJMHAMUYECKUI CIIEKTp MOKa3bIBaeT
HanOONBIIYIO NeOpPMALIMI0 CTPYEK, HaWOOJNbIlee WX MOIKaTHe. B XBOCTOBOH HacTH 00pa3yroTcs HeOoIbIIme
3aBUXPEHUS IOTOKA, KOTOPBIE CO3AI0T CITyTHYIO CTPYEO M YHOCSITCSI IOTOKOM, TTOCTeNeHHO 3aryxas (Puc. 3).
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Puc. 3 Aapoounamuueckuii cnexmp yoobooomexkaemozo mena

Yoobooomexaemoe necummempuunoe meno no xapakrtepy oOTeKaHUS ONHM3KO K YJI00000TEKaeMOMY
CUMMETPUYHOMY, U OTJIMYACTCS BEIUYMHON nedopmanuu CTpyek B BEpxHel u HikHel yacTsix tena (cM. Puc. 4).

Puc. 4 Aapoounamuueckuit cnekmp y000000mexkaemozo HecUuMmMempudHozo mena (npogunsa Kpolia)

Haubonpmas nedopmarus crpyek HaOmromaeTcss Tam, TA€ TelIO0 HMEeT HaMOONBIIYI0 BEIUYHHY
UCKpUBIICHHA MoBepxHOCTH Tena (Touka K). B paiioHe 3T0#l ToUkn CTpYHKH MOHKUMAIOTCS, MOTIEPEYHOE CEUCHHE
uX yMeHbIIaercs. HikHss, MeHee MCKpUBJICHHAs TOBEPXHOCTh MAJIO BIIMSET HA XapakTep oOTeKaHHs. 31eCh UMeeT
MECTO TaK Ha3blBa€MOE HECHMMMETpU4HOe oOrekaHue. [Ipy 0OTekaHMM BO3YIIHBIM MOTOKOM CHMMETPHUYHBIX (M

HECHMMETPHYHBIX) yI00000TEKaeMbIX TeJ, MOMEIIECHHBIX II0J] HEKOTOPBIM YyIJIOM (X K BEKTOPY CKOPOCTH

HeBO3MyIIeHHOro motoka (Puc. 5), Taxke OymeM MMeTh KapTHHY HECHMMETPHUYHOTO OOTEKAaHWS H IIOIYyYUM
a’pPOAMHAMUYECKHH CIIEKTP, aHAJOTMYHBIH TOMY, YTO IOJy4YaeTcs INpH OOTEKaHHMH HECHMMETPHYHOTO

ynoboobTekaemoro tena (cM. Puc. 4).

Puc. 5 A3poounamuueckuii cnekmp yoooooomexaemozo mena (npoguna Kpoviia), HOMeU{eHHO20 8 HOMOK OO
yenom o

Ha BepxHell NOBepXHOCTH Tena, B MeCTe HaWOOJBIIET0 TIOJDKATHS CTPYEK, COIJIACHO 3aKOHY
Hepa3phIBHOCTH CTPYH OyzeT HaOmoaaTh MECTHOE YBEIMUCHHUE CKOPOCTH IIOTOKA M, CIIEI0BATENILHO, YMEHBIICHUE
nasneHusi. Ha HmkHel moBepxHOCTH IedopManusi OToka OyJeT MEHBbILE H, CIel0BAaTeIbHO, MEHBIIIE U3MEHEHHUE
CKOPOCTH U JABIICHHS.

HertpynHo 3ameTHTh, 4TO CcTeneHb AeopMaliy CTPYeK B TOTOKE OyJIeT 3aBUCETh OT KOH(QUTypaLuy Teja u
€ro TOJIOKEHHUSI B MOTOKE. 3Hasi CHEKTp OOTEKaHHs Tea, MOXHO ISl KaKAOH ero TOYKM MOJCYUTATh BEIHYHHY
JIaBJICHUS BO3yXa U TaKUM 00pa3oM CyIUTh O BEIMYMHAX U XapakTepe NeHCTBHS a3poANHAMUYECKHUX CHIl. Tak Kak
Ha pa3yInuHble TOYKH MOBEPXHOCTH 00TEKaeMoro Tena (poQuist Kpblia) ASHCTBYIOT pa3HbIE MO BEJIWYMHE CHIIBI
JIaBJICHUS], Pe3yIbTUPYIOMas UX OyAeT OTIIMYHA OT HyJIs. DTO pa3iMyue JaBJICHUI B pa3HbIX TOYKaX MOBEPXHOCTH
JBIDKYIIErocst Kpblla SBISIETCS OCHOBHBIM (pakTOpOM, 00YCIIOBIMBAIOIINM MOSBIEHUE a3POANHAMHUYECKUX CHIL.

BenuunHb! 1aBieHUi Ha MOBEPXHOCTD ISl PA3JIMUHBIX TEJl ONMPEACISIOT B 1a0OPATOPHSIX IIyTeM HPOYBKU
B a’poAMHaMuueckux TpyOax. IlomyueHHble 3HAYEHUs NABJICHUH Ul KaKIOH TOYKM HAHOCIT Ha CHeUUabHbIE

rpaduku (Puc. 6)
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Kpome cun naBieHus1, Ha MOBEPXHOCTH KpPbIIa IO KacaTeNbHON K HEH NEHCTBYIOT CHIIBI TPEHHS, KOTOpPEIE
00yCIIOBJICHBI BSI3KOCTHIO BO3/IyXa M LIETUKOM ONPEAEIISIOTCS MPOIieccaMy, POUCXOIIIINMH B IOTPAHUIHOM CJIO€.

CyMMHupys pacHpenesieHHbIE IO TOBEPXHOCTH KpbUIa CHJIBl JaBICHHS W TPEHHS, IOIYyIUM
PaBHOJIEHCTBYIOIIYIO CHITY, KOTODPAsi HA3bIBACTCS HOAHOU AIPOOUHAMUYECKOU CUNOIL.

Touka HPUITIOKEHUSI TTOJHOW ad3pOJAUHAMHYCCKON CHIIBI Ha XOpJe MPo(uist KpblUla Ha3bIBACTCS UCHMPOM
oaeienus.

i oLa2

/’T‘*B KBEPXH% NOBEPXHOCTbL

1IN

\
C
-II
=

AV B

HUNAHAA NOBEPXHOCTH

Puc. 6 Pacnpeoenenue oasieHuii no npoguiio Kpslia

KPbLIJIO U ETO HASHAYEHHUE

Kpeuio camonera mpemHa3sHAYeHO I CO3MAHHSI TOABEMHON CHIIBI, HEOOXOIMMOW IS IMOIACPIKKH
caMmoJeTa B BO3yXe€.

A3p0[ll/IHaMI/IlIeCKOC Ka4€CTBO Kpblila TEM 60J1bllle, yeM OoJbIie noar€MHas Cujla U MCHBUIC 71000BOE
COIIPOTUBJICHUC.

IToxsemuas cuma u 1000BOE COMPOTUBIICHUE KPBUIA 3aBUCIT OT T€OMETPHUECKUX XapaKTEPUCTHUK KPBLIA.
I'eomeTprueckue XapaKTEPHCTUKMA KpbIJa B OCHOBHOM CBOJATCS K XapaKTEpUCTHKaM KpbUla B IUIAHE W
XapaKTEePUCTHKAM MTPOGUIIS KPbLIa.

TEOMETPUYECKHE XAPAKTEPUCTHUKHU KPBIJIA

I'eomeTpuueckre XapaKTEPUCTUKU KpPbLIa CBOJSATCS B OCHOBHOM K XapaKTepHCTHKaM ()OPMbI KpbLia B
TUIaHe U K XapaKTepUCTUKaM npoduisi Kpbuia. Kpbuibsi COBpEMEHHBIX CaMOJIETOB MO (OopMe B IUIaHE MOTYT ObITh
(Puc. 7): annuncosuonsie (a), npamoyzonvnuie (6), mpaneyueguonsie (8), cmpenosuonsie (2) u mpeyzonsHuie (0)

Hawunyumied B a3poilMHAMHUUECKOM OTHOLICHHUH SIBIISETCS DIUIMIICOBHIHASL ()OPMa, HO TAKOE KPBIJIO CJIOXKHO
B IIPOM3BOACTBE, IOITOMY pEIKO MpuMeHsercs. lIpsAMOyrosipHOE KpbUIO MEHEE BBITOAHO C TOYKH 3PEHHA
a’pOAMHAMUKH, HO 3HAYWTENBHO IIPOIIE B H3TOTOBJICHHWH. TpanenneBHJHOE KPBUIO IO a3pOANHAMHYECKHM
XapaKTEePUCTHUKAM JIyYIe IPSIMOYTOJIBHOTO, HO HECKOJIBKO CIIOXKHEE B M3TOTOBIICHUH.

CrpenoBUIHBIE U TPEYroibHbIE B IUIAHE KPbUIbS B a3POAMHAMHYECKOM OTHOIIEHUH Ha JO3BYKOBBIX
CKOpPOCTSIX YCTYHArOT TPANELUEBUIHBIM M IMPSIMOYTOJIbHBIM, HO HA OKOJIO3BYKOBBIX U CBEPX3BYKOBBIX HMEIOT
3HAUUTENbHbIE NpeuMyliecTBa. 1103TOMy Takue Kpblibs NPUMEHSIOTCS TOJBKO HAa CaMOJIETaX, JIETAIOIIMX Ha
OKOJIO3BYKOBBIX M CBEPX3BYKOBBIX CKOPOCTSIX.
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Puc. 7 Dopmut KpvLives 6 naane

—te

W<0

Puc. 8 Yeon nonepeunozo V kpuvina

Puc. 9 I'eomempuueckue xapaxmepucmuKku Kpovlia
dopma KpbUla B IIaHE XapakTepU3yeTcs pa3MaxoM, IUIOUIAJbI0  YAJIMHEHHEM, CYXXCHHUEM,
crpenoBuHOCTEIO (Puc. 9) n nonepeunsim V (Puc. 8)
Pazmaxom Kkpwina L Ha3pIBaeTCs paccTOSHUE MEX/Ty KOHLAMH KpbUa MO IPSIMOH JIMHUH.
ITnowadw kpwvina B nane S, OrpaHMYeHa KOHTYpaMH KphLia.

[Inomags TpamenueBHIHOTO M CTPEIOBUIHOTO KPBUTHEB BRIYHUCIIAET KaK TUIOMAAN ABYX TPareui

S, = zm.izl.bcp[ﬂfl
2 (2.1
rae b, - kKopHeBas Xopaa, M;
b.- KOHIIEBas X0Op/a, M;
b b, +b,
2 - cpemHsisi XOp/a KPbLIA, M.

Yonunenuem kpuvina A HazpiBaeTcsi OTHOILICHHE pa3Maxa Kpblia K Cpe/iHel xopae

P (2.2)

Ecnu BMecTO b, NOACTaBUTHL €r0 3HAYEHHE U3 PaBEHCTBA (2.1), TO yUIMHEHHE KpblIa OyJeT ONpeneaThCs
1o popmyie
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S 2.3)

J71s1 COBpeMEHHBIX CBEPX3BYKOBBIX M OKOJIO3BYKOBBIX CaMOJIETOB YAJMHEHHE Kpblla HE MpEBbIIIAET 2- 5.
st caMo1eTOB MaJlbIX CKOPOCTEH BEIMYMHA YAJIMHEHUSI MOXKET HocTUrath 12-15, a aiis rmuianepos 1o 25.

A

Cysicenuem Kpoina 1) Ha3bIBaeTCS OTHOILICHNE OCEBOM XOPABI K KOHIIEBOH X0pe

2.4)

Jlis M03BYKOBBIX CaMOJIETOB CYXKCHHE KpbUIa OOBIYHO HE MPEBBINIACT 3, a JJIS OKOJIO3BYKOBBIX H
CBEPX3BYKOBBIX OHO MOYKET U3MEHSATHCS B IIMPOKUX MPEEIIaX.

Yenom cmpenoseuonocmu y naspiBaetTcs yroia MexAy JUHHMEW NepelHEed KPOMKH Kpbula M IONEPEYHOI
ocpro camouieta. CTpeIoBUAHOCTD TaKKe MOXKET OBITh 3aMepeHa 1o JMHUK (HOKYCcOB (IPOXOIMIel Ha pacCTOSHUH

1/4 xopapl OT pebpa aTaku) WK 10 IPyrod JUHUHM Kpbuia. i1 OKOJO3BYKOBBIX CAMOJIETOB OHa JocTHraer 45°, a
JUTSI CBEPX3BYKOBBIX - 110 60°.

Yenom nonepeunozo V kpwvina HaspiBaeTCcs Yroja MeEXAY IONEPEYHOW OCBIO CamojieTa W HUXKHEHR
MOBEPXHOCTHIO KpbLia (Puc. 8). Y coBpeMeHHBIX CaMOJIETOB yToll IMonepedHoro V koxebmercs oT +5° mo -15°.

IlIpogpunem «kpwvina waszpiBaercs ¢Gopma ero mnomepedyHoro cedeHus. [Ipopumm moryr Owvite (Puc. 10):

CUMMCTPUYHBIMH U HECUMMCTPUYHBIMU. HGCI/IMMGTpI/I‘IHLIG B CBOIO O4epcAb MOIryT OBITH ABOSAKOBBIITYKJIBIMHU,

TJIOCKOBBIITYKJIBIMHA, BOT'HYTOBBIIYKJIBIMU W .S-O6paSHLIMI/I. qequHHeO6p33HLI€ U  KIMHOBUIHBIC MOTYT
TIPUMEHATHCA MJI CBEPX3BYKOBBIX CAaMOJIETOB.

Ha coBpeMeHHBIX caMoieTax NPUMEHSIOTCS B OCHOBHOM CHMMETPHYHBIE | JBOSKOBBIIYKIIBIC
HECHMMETPUYHBIE TPOQHIIH.

OCHOBHBIMH ~ XapaKTEepPUCTUKaMH TPOGUIIsl  SBJISIOTCS: XOopAa Mpoduis, OTHOCUTENbHAs TOJIIHHA,
OTHOCHUTeNIbHas KpuBu3Ha (Puc. 11).

Xopooit npoghuns b HazpIBaeTCs OTPE30K NPSMOH, COSANHSIIONIMN 1Be HanboJee yaajJeHHbIe TOYKH NPOQUIIs.

7.

SR T

e s

= —

R e

9 e T

Puc. 10 @opmot npoghuneit kpvina

1 - cummempuunblil; 2 - He cuMMemPUYHBLIL; 3 - NJI0CKOBBINYKAbLIL; 4 - 0860AK08BINYKbLIL; 5 - S-00pa3nblil; 6 -
JAMUHU3UPOBAHHBLIL; 7 - Yeueeuueodpasnulii; 8 - pomoosuonwtii; 9 - A euonwtii

Crake fmac  CPEAHSS AMHMA

Puc. 11 I'eomempuueckue xapakmepucmuxu npoguns:

b - xopoa npogpunsa; C,,.. - HAUOOTLUIAA MOTMUHA [ - CHIPENIA KDUBU3HBL; X - KOOPOUHAMA HAUOOIbULCH
mouunbl
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Puc. 13 ITonnas azpodunamuieckas cuna u mo4Kka ee NPUNOIHceHus

R - nonnas aapodunamuuecxaﬂ cunay Y - noovemnasn cunay Q - cuna 10606020 CONpPOMUGB/IEHUA; O Y20l
amaxku, 0-y20./l Kauecmea

OmnocumensHoii monuwjunoil npoguna C Ha3BIBaCTCSI OTHOIICHWE MAaKCHMAINBbHOW TOMMHHBI Cyupe K
XOpI€E, BBIPAXKEHHOE B MPOLICHTAX:

C. e
¢ =2 . 100%.
b (2.5)
HOJ’IO)KGHI/IG MaKCI/IMaHLHOﬁ TOJLINHBI HpO(l)I/IJ'IH Xc BBIpAKACTCA B HNPOLCHTAX OT MJIHMHBI XOPAbl U
OTCUYUTBIBACTCSA OT HOCKa

X
7. =%<-100%.
b (2.6)
Y COBpeMEHHBIX CaMOJIETOB OTHOCHTEIbHAS TONIINHA PO HAXOAUTCA B Ipeaenax 4-16%.
OmHuocumensHoii KpueusHoil npouia f Ha3bIBaeTCs OTHOIICHHE MaKCHMAIILHOW KPUBU3HBI f K XOpIe,
BEIPAYKEHHOE B TIPOIICHTAX.

MakcumasbHOE pacCTOsSHHE OT CpelHel JIMHUM Tpo(WiIs 10 XOpIbl ONpelelsieT KPUBH3HY Npoduis.
Cpenusist tuHMS TPOGUIIS IIPOBOJMTCS HA PABHOM PACCTOSIHMM OT BEPXHET0 M HIDKHEro 00BOI0B npodus.

f — f’llaKC .100%
b 2.7)
Y CUMMCTPUYHBIX HpO(bHHGﬁ OTHOCUTCJIbHAsI KPHUBHU3HA paBHA HYJIIO, MJISI HECUMMETPHUYHBIX KE OTa
BCJIMYMHA OTJIMYHA OT HYJISI U HE IIPCBLIIIACT 4%.

CPEJIHSA ADPOJNHAMMNYECKASA XOPJA KPBIJIA

Bcsikoe BpamaTenbHOE ABHKEHHE CaMOJIETa B IIOJIETE COBEPIIAETCS BOKPYT €ro LeHTpa TsbkecTu. [loatomy
BO)XHO YMETh ObICTpO omnpeneists nojoxenue LT u 3HaTh, Kak OyneT U3MEHATHCS OajlaHCHPOBKA MPHU M3MEHEHUH
ero mnonoxeHus. IlonoxkeHue LEHTpa TSKECTH, KaK IIPAaBUIO, OPUEHTHPYETCS OTHOCUTEIbHO CpeAHeil

aSpOﬂI/IHaMH‘ICCKOﬁ XOpAbl KpbLIa.
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Cpenneii a’poagunammuyeckoil xopaoii kpblia (CAX) Ha3pIBaeTCs XOpAa TaKOro IMPSIMOYTOJIBHOTO
KpBUIa, KOTOPOE MMEET OJUHAKOBBIE C TaHHBIM KPBUIOM IUIONIA/b, BEIUYUHY MOJHON adpOAMHAMHYECKOW CHIIBI U
nosoxenue ueHrpa aasienus (LI/1) npu paBubix yriax araku (Puc. 14).

Puc. 14 Cpeonue azpoounamuueckue Xopovl Kpbliibes

Benmunna n xoopanHatel CAX A KaXIOro caMmosieTa ONpEeAeNsSoTCS B IpoIiecce MPOSKTHPOBAHUS H
YKa3bIBAIOTCS B TEXHHYECKOM OITHMCAHHU.

Ecnu Benunuuna u mnonoxenne CAX JaHHOrO caMoJyieTa HEU3BECTHBI, TO HMX MOXHO OIPENEIUTh
npuOImKkeHHo. J{ns TpamenueBHIHOTO He3aKpydeHHOro Kpbula CAX OIpenenseTcs nymem 2eoMempuueckozo
nocmpoenua. JIns 3TOTO KpBUIO caMojieTa BBIYEpPUMBACTCA B IUIaHe (M B ompeneleHHOM MacmTabe). Ha
MIPOJIOJIKEHUH KOPHEBOW XOPIbI OTKIAABIBAETCS OTPE30K, PaBHBINM MO BeIMYMHE KOHIEBOH xopnue (Puc. 15), a Ha
MIPOJOJDKEHUN KOHIIEBOW XOpIBI (BIEpen) OTKIAIBIBAETCS OTPE30K, paBHBIA KOpHEBOH xopze. KoHIBI oTpe3koB
COCNIMHSIOT TIPSIMON JIMHUEH. 3aTeM MPOBOSAT CPEIHION JIMHHUIO KPbUIa, COSTUHSS TPSIMON CepeIMHbI KOPHEBOH U
KOHIIeBOH xop. Uepes TOUKY NepeceueHHs dTHX IBYX JIMHHUI U MPOUICT CpeaHss adpoauHaMudeckas xopaa (CAX).

CFEAHAR
NHHAR KPEIAA

| B

Puc. 15 I'eomempuueckoe onpedenenue CAX

3Has BenmuuunHy u moioxeHne CAX Ha camoneTre W TMPHHAB ee Kak 0a30BYIO JIMHHIO, OIPEEIISIOT
OTHOCHUTENBHO Hee IT0JI0KEHHE LIEHTPa TAXKECTH caMoJieTa, IEHTPa JaBJIeHHs KpbUla U T. 1.

A3p0ﬂI/IHaMI/I"I€CKa${ CHlja CaMoJieTa CO34acTCsA KpPbUIOM W IPUIIOKCHA B LCHTPEC HdaBJICHUA. L[CHTp
JaBJICHUA W LOEHTP TSHKECTHU, KaK IPAaBWIO, HE COBIIAOAIOT U ITO3TOMY 06pa3yeTcs1 MOMEHT cwji. BeamumHa 3TOrO
MOMEHTa 3aBHCHUT OT BCJIWYHUHBI CUJIBI U PACCTOSHHUA MEXKIY HT U LOCHTPOM MaBJICHUS, IOJIOKECHUE KOTOPBIX

ONPEACIIACTCA KaK pacCTOTHUE OT Ha4dajla CAX BBIPA)XEHHOE B JIMHEHHBIX BEIIMYMHAX WIH B TMPOHEHTaX JIMHBI
CAX.
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Puc. 16 ITonoscenue uenmpa maxcecmu camoyiema

Puc. 17 Pacuem UECHmMPOBKU npu U3MeHenuu eeca camoiema

JIOBOBOE COITPOTHUBJIEHUE KPBLUIA

Jloboeoe conpomuejieHue - 3OTO COIPOTUBJICHHUEC [OBUXCHHIO KpblUla CaMOJICTa B BO3AYXC. Ono
CKJIaABIBACTCA U3 HpO(bI/IJ'IBHOFO, HWHAYKTHUBHOT'O X1 BOJIHOBOT'O COHpOTHBJ’ICHHﬁZ

XKPZan-FXuH@-FXB. (2.8)
Bonanosoe conpomusnenue paccMatpuBathes He OyJIeT, TaK Kak BOZHHKAET Ha CKOPOCTSAX MOJIETa CBBIIIE
450 xm/4.
IIpoghunvnoe conpomuenenue ciaraercsi U3 CONPOTUBIICHUS TABJICHUS U COMPOTUBIICHUS TPCHHUS:
Xop=X1 Xy 2.9)

Conpomuenenue 0asnenus - TO Pa3HOCTh AaBICHUN Nepes U 3a KpputoM. YeM Ooublie 3Ta pa3HOCTh, TEM
Oouibllle CONPOTHUBIICHUE JaBJIeHHs. Pa3HOCTh JaBieHHH 3aBUCHUT OT (opMbl MPOQUIs, €ro OTHOCHTEIbHOM

ToNIIMHBI U KpuBK3HBI (Puc. 18, Ha pucyHke 0603Ha4ueHo Cy - k0adduimeHT Npo(UILHOr0 CONPOTUBICHHS).
Lxpp }

0,05

0,02 4

001 4

conpomuénedue fabnenus
LonpomuBnenue Mpenus

g a1 0z 03 04 4

Puc. 18 I'pagpux 3aeucumocmu npopunbHozo conpomueienus om moauuHsl npoPuna

Yem Oosibllie OTHOCHTENBHAS TOJIIMHA C PO, TEM OOJIbLIE MMOBBIILIAECTCS AaBICHHE MEPe KPbUIOM U
GoutbIlle yMEHBIIAeTCs 32 KPbIIOM, Ha €T0 3aJHeH KpoMke. B pesynbrare yBeqmunBaeTCsi pa3HOCTb JABICHUH U, KaKk
CJIC/ICTBHE, YBEIHMUMBACTCS COMPOTHBICHUE AaBieHus. O0TeKaHHe BO3AYIIHBIM ITIOTOKOM KPBUIBEB CaMOJIETOB SIk-

52 u SIk-55 B pabouem auama3soHe yIJOB aTaku (JMHEHHBIH ydJacTok XapaktepucTuku C,=f(Q¢) npoucxomut 0Oe3
OTpbIBa MOTPAHUYHOTO CJIOSI CO BCEH MMOBEPXHOCTH NPO(MIIs KPbUIa, B PE3yIbTATE 3TOTO CONPOTHBICHNE AABICHUS
BO3HMKAET M3-32 PAa3HOCTU JAABJICHUM MepedHed 4yacTh Kpblla M 3aiHed. BennuumHa conmpoTUBIEHHS JaBJIECHUS
HeBeIMKa. BO3HNKHOBEHNE CONPOTHUBIICHUS JABJICHUS CONMPOBOXKIAETCS 00pa30BaHUEM CIIa0bIX BUXPEH B CILyTHOM
CTpye, 00pa3yoLIeHcs U3 TOrPAHUIHOTO CIOSI.

IIpn oOrexannn mpo¢uias Kpblia BO3LYLIHBIM IOTOKOM Ha yIJIaX aTakd, ONM3KUX K KPUTHYECKOMY,
COINPOTHBJICHHUE JIABJICHNS 3HAYUTEIHHO BO3pacTaeT. IIpu 3TOM pa3Mepbl 3aBUXPEHHOH CIIyTHOHW CTpPyH M CaMux
BUXpEH PE3KO YBEININBAIOTCS.

Conpomueénenue mpeHus BO3HUKAET BCIEACTBUE IMPOSBICHUS BSI3KOCTU BO3AyXa B IOTPAHUYHOM CIIOE
obTtekatomiero npouist Kpbuta. BeandunHa cHil TpeHUs 3aBHCUT OT CTPYKTYPBI ITOTPAHWYHOTO CJOSI U COCTOSHUSA
0o0TeKaeMOll IOBEPXHOCTH Kpblda (ero IIepoxXoBaTOCTH). B JlaMMHapHOM IOTPaHMYHOM CJIOE€ BO3IyXa
COIIPOTHBIJICHHE TPEHHS MEHBINE, YeM B TypOyJICHTHOM MOrpaHn4HOM cioe. CienoBaTenbHo, YeM OONBIIYIO YacTbh
MOBEPXHOCTH KPbLIa OOTEKAET JJAMUHAPHBIN MOTPAaHUYHBINA CIIOH BO3YIIHOTO IIOTOKA, TEM MEHBINE CONPOTHBIICHHUE
TPEHMUA.

Ha BenmmumHy cONpOTHBIICHUS TPEHUSI BIUSIOT: CKOPOCTh CaMoJIeTa; IIEPOXOBAaTOCTh OBEPXHOCTH; popma
Kpbuta. Yem Oosibllie CKOPOCTH I0JIETA, ¢ XYALIMM KadyecTBOM 00pa0oTaHa MOBEPXHOCTh KPbUIA M TOJILE MTPOPHIH
KpbUIa, TeM OOJIbILIE COTPOTHBIIEHHE TPEHUSI.
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_ Buxpefou
hYé‘ym

. Buxpefas
nengna

Puc. 19 Ob6mexanue Kpolia KOHeUHO020 PA3Maxa

11 yMEHBIICHNST COTTPOTHUBIIEHHS TPEHNUS MIPH TTOATOTOBKE CaMOJICTOB K IIOJIETY HEOOXOIMMO COXPAHSThH
TJIaIKOCTh TIOBEPXHOCTH KpbUIa M 9acTel camosieTa, 0COOCHHO HOCKa KpblIa. MI3MeHeHne yIiloB aTaki Ha BEITMYHHY
COIIPOTHBIICHHS TPEHUS MPAKTUUECKH HE BIIHSCT.

COOTHOIIIEHHE MEX/Iy CONpPOTHUBICHHEM TPEHHS M CONPOTHBICHHEM MAaBJIEeHHs B OOJBLION CTENneHn
3aBUCUT OT TOJNHMHBI Tpoduist (cMm. Puc. 18). Ha pucyHke BHIOHO, 4TO C POCTOM OTHOCHUTEIBHOW TOJIIIMHBI
npoduiIsl YBEINYUBACTCS OIS, NPUXOAAIIAsICSA Ha CONPOTHBICHHE JIABICHU. JTO K€ MOXKHO CKa3aThb, aHAJM3UPYs
¥ CONOCTABILSIS MporuTh camoneToB SAk-52 n Sk-55.

Hnoykmuenoe conpomuenenue - 3T0 NPUPOCT JOOOBOTO CONPOTUBIICHHS, CBA3AaHHBIA C 00pa3oBaHHEM
MOJTbEMHOW CHJIBI Kpbiia [lpum 0oOTeKkaHWM KpbUIa HEBO3MYIICHHBIM BO3IYIIHBIM IOTOKOM BO3HHKACT Pa3HOCTH
JTABJICHUI HaJ KPBUIOM U IOJ HUM B pe3ynbpTare 9acTh BO3ayXa Ha KOHIAX KPBUIHEB IIEPETEKACT U3 30HBI OOJIBIIETO
JTABJICHUS B 30HY MeHbIero nasienus (Puc. 19).

IToTox BO3/myXa mepeTeKkaeT ¢ HUKHEH MOBEPXHOCTH KpbUIa Ha BEPXHIOIO U HAKJIaJbIBACTCA HA BO3AYIIHBIN
MOTOK, HaOerarouii Ha BEPXHIOI0 4acTh KPbUIA, YTO NMPHUBOAUT K OOPa30BAHUIO 3aBHUXPEHUI Macchl BO3AyXa 3a
3aJHel KPOMKOIi, T. €. oOpasyercsi BUXpeBoi *KryT. Bo3ayx B BuxpeBoM xkryte Bpamiaercs. CKOpOCTbh BpaleHUs
BUXPEBOTO KI'yTa Pa3jIN4HAa, B IIEHTPE OHAa HANOOJIbILAs, a [0 MEpE yJAJICHUS] OT OCH BUXPSI - YMEHBILIACTCSI.

Puc. 20 Omknonenue 6030yuiH020 NOMOKA 6HU3, 8bI36AHHOE BUXPEGLIM UIHYPOM

Tak kak Bo3ayx o00JlaaeT BS3KOCTHIO, TO BpaLIAIOUIMHCS BO3AYyX B JKI'yT€ YBIeKaeT 3a coboi
OKpY>KaloIMH BO3AyX. BUXpeBbIe XKTyThl JIEBOIO U MPABOro MOJYKPBUILEB BPAIAIOTCA B Pa3HbIE CTOPOHBI TaKUM
00pa3oM, 4TO B Ipeenax Kpbula JBIKCHUE BO3LYIIHBIX MAaCcC HAIIPABJICHO CBEPXY BHH3.

Takoe [IBWKEHHME BO3IYIIHBIX Macc COOOIIAeT BO3AYIIHOMY HOTOKY, OOTEKalolieMy KpbLIO,
JIOTIOJIHUTEJIBHYI0 CKOPOCTh, HampaBlieHHY0 BHU3. [Ipu 3ToM mro0as 4acTh BO3/yxa, OOTEKaroIas KpbLIO CO
CKOPOCTBIO V, OTKIIOHSETCS BHH3 CO CKOpocThiO U. BemnumHa 3TOH CKOpOCTH OOpaTHO MPOTOPIMOHATBHA
PacCTOAHUIO TOUKH OT OCHU BUXPEBOTO KI'yTa, T. €. B KOHECYHOM CUCTEC OT YJIMHCHUA Kpbljia, OT Pa3HOCTU [laBJ'leHI/lﬁ
HaJl ¥ IO/l KPBUIOM M OT ()OPMBI KpbLJia B TIaHE.

Vron A, Ha KOTOpbIil OTKIOHSETCS MOTOK BO3/yXa, OOTEKAIOMIUH KPBLIO CO CKOPOCTBIO V, HaBeIEHHOM
BEPTUKAJIBHOI CKOpOCThIO U, Hazvlieaemcsa yzinom ckoca nomoka (Puc. 20). Benmunnaa ero 3aBUCHT OT 3HAYCHUS
BEPTHKAJIBHOM CKOPOCTH, HHIYKTUPOBAHHOM BUXPEBBIM )KI'YTOM, M CKOPOCTH HAOETAOMIEro IOToKa V-

tigha =~ Aa = g
4 (2.10)

[TosTomy Onaromapsi CKOCy HMOTOKa MCTHHHBIA yToJ aTaKW (fcm KpbUla B KaKIOM €ro Ce4eHHH OyneT

OTJIMYATHCS OT TEOMETPUUYECKOTO MJIM KAXYIIETOC YyIla aTakKu (g Ha BEIIUYHUHY Aa (PI/IC. 21)
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a,., ., —Na=a,, ——.

ucm Kaositc Kasic V

(2.11)
Kak wu3BecTHO, TOJbEeMHas cuia Kpbila Y Bcerma NEpHCHIUKYJSIpHA HAOErarolieMy IOTOKY, €ro

HalpaBJICHUIO. H03TOMy BCKTOD HOHLGMHOﬁ CUJIbl KpblJIa OTKJIIOHACTCA Ha YIroj Aa U TNOEPICHAUKYIISIPCH K
HalpaBJICHUIO BO3YUIHOI'O ITOTOKA V.

I[oxsemuoii cumoit Oymer He BCs cmia Y’ a ee COCTaBIAIOMIas Y, HampaBieHHas MEePIeHINKYIIPHO
Ha0eramoIeMy moToKy:

Puc. 21 Oépa3zosanue uHOYKmMUGHO20 CORPOMUBTEHUSA

b ¢

bty | Ar-52
TS a5

\ 7151
\\ !
A) ’I

011

MJ

B B AL LR

-f-v-v-v-rr-r-r-rpﬂ-ﬁj-rr'-
1510 g 0 g 0 15 d°

Puc. 22 3asucumocms koIgppuyuenma 10606020 conpomuenenusn C, om yena amaxu camonemos Ax-52 u

Ax-55
Y=Y'cosAa =Y (2.12)
Beuty manoctu Benmuunbl A cauraem COS Aa ~ 1-,Z[pyra;l cocTaBistronas cuina Y’ Oyzner paBHa

DTa COCTaBIAIONIAs HAMPABIICHA ITO IIOTOKY U HA3bIBACTCS UHOYKMUGHbIM conpomugienuem (Puc. 21).

YUtoOBbI HaWTH BEJINYNHY WHAYKTHBHOI'O COIIPOTUBJICHUA, HeO6XO,HI/IMO BBIYUCIIUTHL CKOPOCTH Un yroiua
CKOCa IIOTOKa.

3aBUCHMOCTD yIula CKOCA MOTOKA OT Y/UIMHEHHMs Kpbula, Koodduuuenta noxbemMuoi cuisl Cy, u popmbl
KpbUIa B IUIaHE BbIpaxaeTcs: GopMyIoit

Cy
Aa=A4=—.
A (2.14)
rae A - k03¢ OUIIEHT, YIUTHBaONIHA (HOpMY KphUTa B TUIAHE.
J7st KpbLIbEB caMOoJIeTOB KO3 (GHULHEHT A paBeH
|
A=———(1+9).
7T Mg (2.15)

rac /13¢ - YAJIMHCHUEC KpPblJia 0e3 yucTa miomaan (1)1036.]'[5[)!(21, 3aHHMaIOHIeﬁ 4JacCTb KpbLa,

O - BeJIMYMHA, 3aBUCAIIAS OT POPMBI KPbIIA B IUIAHE.

[MoncraBum 3Hayenus Gopmy (2.14), (2.15) B popmyamy (2.13), npeodpasyst ee, nonyuum
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2
Xi = Cxiﬂs’
2 (2.16)

rae Cy; -Ko3(hGUIMEHT HHAYKTUBHOTO COITPOTHBIICHHUS.

C2

— Y

xi :
OH onpexnensercs 1o ¢GopmyIe T-A U3 dopmynel BuaHO, uTo C, TPSIMO MPOIOPITOHANICH
K03((PUIMEHTY NOABEMHON CHIIBI X OOPaTHO MPONOPINOHANICH YUIMHEHHUIO KPbUIA.
[Ipu yriie aTaku HYJICBOH MOABEMHOMN CHUJIBI (Y, HHAYKTUBHOE COIIPOTHBIICHHE OYIET PAaBHO HYJIIO.
Ha 3akpuTHdecknx yriax araky Hapymiaercsl IJIaBHOE OOTeKaHHe MpOoQHIs Kpblia M, CIEI0BaTEIbHO,

(opmyna onpenenenus Cy ] He MpUeMIIEMa JUTS ONIPEAEICHHS €r0 BEJINIHHBI.

Tak kak BenmuunHa Cy O0OOpaTHO TMPONOPIMOHAIBHA Y/UIMHCHUIO KpPbUIA, ITO3TOMY CaMOJIETHI,

TIpeHa3HAYEHHBIE /IS TI0JIETOB Ha GOJIBIINE PACCTOSHUS, HMEIOT GOJIBbIIOE yUTHHEHHE Kpbiia: A=14...15.

A3POJUHAMUNYECKOE KAYECTBO KPbIUTA

C Toukm 3p€HUA a’pOAMHAMUKHA Hanbolee BBII'OJJTHBIM 6y[[€T TAaKOC KpPbLIJIO, KOTOPOC O6J'Ia[la€T
CITIOCOOHOCTBIO CO31aBaTb BO3MOXKHO OOJIBIIICIO NOABEMHYIO CUJy 1pU BO3MOXHO MCHBIIEM J1000BOM
CONIPOTHUBJICHUH. I[JIH OLCHKHU a3POAMHAMHYECKOTO COBEPIICHCTBA KPbIJIa BBOAUTCSA MOHATHE a3POANMHAMHUYCCKOTO
Ka4veCTBa KpbLIa.

Aapoduuamuqecxum Kauecmeom Kpblia Ha3vleaemca OmHouienue HOOBEMHOIL CUbl K cujie 10006020
COnpomueleHuUs Kpoliia Ha OQHHOM yeiie amaxku

K =

Y
0 (2.17)
rae Y - mogbeMHas Cujia, KT

Q - cuia 1060BOTO conpoTHBiIeHus, Kr. [logcTaBus B popmyiry 3Hauenus Y u Q, momyanm

k=5
Co @)

Yem Ooible a’poAWHAMHYECKOE KAa4eCTBO KpbUIa, TEM OHO COBEpIICHHee. BenuunHa KayecTBa JUis
COBPEMEHHBIX CaMoOJIeTOB MoOKeT nocturaTh 14-15, a mis muranepos 45-50. DTo o3HayYaeT, YTO KPHUIO camojeTa
MOJKET CO3/1aBaTh NOJBEMHYIO CHITY, PEBBIMIAONIYIO JI0OOBOE compoTuBieHue B 14-15 pa3, a y miaHepoB gaxe B
50 pas.

AdpoauHaMUYECKOe Ka4eCTBO XapaKTepU3yeTcs YoM 0 (cm. Puc. 13).

0
tgf ==.
& Y
501058
tg6 :i.
K (2.19)

Vron e MCIKAY BEKTOpaMU HOHLCMHOﬁ H TIOJIHOM a3p0ﬂHHaMH‘IeCKOI7[ CHJI HAa3bIBACTCA YIJIOM KadeCTBa.
Yewm Gobliie A9pPOANHAMHNYCCKOC Ka4€CTBO, TEM MCHBIIIEC YT'OJI KauCCTBa, U HaO60pOT.

AdpoarHaMHYECKOe KadyecTBO KpbUIa, Kak BUAHO U3 (popmyis (2.18), 3aBHCHT OT TeX ke (PaKkTOPOB, UTO H
kodddumentsl C, u C,, T. €. OT yria aTtaku, GpopMsl npoduis, GopMbl Kpblda B IiIaHe, ukcna M moneTa U oT
00pabOTKH TTOBEPXHOCTH.

BJIUSIHUE HA ASPOJJMHAMHWYECKOE KAYECTBO YI'JIA ATAKH.
ITo M3BECTHBIM 3HAYECHUAM a’popuHaMHuecKux Koddounuentor C, u C, 11 PasiIUdHBIX YIJIOB aTaKH
crposit rpaduk K =f (d,) (Puc. 23).
U3 rpaduka BHIHO, YTO C yBEJIMYEHUEM YIJia aTakd JIO ONpPEJCJICHHON BEJIMYMHBI a’pOJMHAMHYECKOE
KauecTBO Bo3pacrtaeT. [Ipi HEKOTOPOM yTile aTaKh Ka4eCTBO JOCTHTAET MAKCHMAITBHON BeTHIUHBI K, 4o DTOT yToOIN

HA3bl86A€MCA HAUBLIZOOHEUWUM Y2IIOM AMAKU, Qlyaye.

Ha yrne araku Hys1eBoi 10AbeMHON CHIlbl & re Cy=0 a’poMHAMHYECKOE Ka4eCTBO OyIeT PaBHO HYJIIO.
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BnusiHue Ha a’poaMHaAMHYECKOEe KadecTBO (OpMbI Mpoduiisi CBSI3aHO ¢ OTHOCHTENILHBIMH TOJIIMHOW H
kpuBn3HOW mnpoduis. Ilpu sTom Oonblioe BiusiHHE OKa3biBalOT (opma 00BOmOB mpoduis, Gopma HOCKa H
MOJIOKCHHUE MaKCHMAIBHOM TOJIIMHBI IPOQHIsS BIOJIb X0opab! (Puc. 24).

K
20

16
14

«°

t-4-2 246 8101214

Puc. 23 I'paghuk 3a6ucumocmu azpoounHamuueckozo Kauecmea om y2ina amaxu
Puc. 24 3asucumocme azpoOuHaMUYECKO20 KAUECMEA OM Y2id AMAKU U MOJIUUHbL RPOpUIA

KMA Ke

sz

1,0

Kmane

1zx

: M
1,0

Puc. 25. Obpazosanue noocacvléarouieii cubl
Puc. 26 Hzmenenue aspoouHamuieckozo Kauecmed Kpolia 6 3agucumocmu om yucia M

[Ipn obrexannu npoduiei ¢ 3aKpyrJIeHHBIMU U YTOIIIEHHBIMH HOCKaMU Ha HOCKe Mpoduist o0pasyercs
HojicachIBamolas CUJla, KOTOpas MOXKET 3HAYMTEIbHO YMEHBIIUTH JI000BOe compoTuBieHne. HambGombiuei

BEJIMYKMHbBI OHA JOCTUTAeT Ha YIJIaX aTakH, OJMU3KUX K gy, KOTIA TIOACACHIBAIOLIAS CUJIA MOXKET MPEBBIILATH CUITY
tpenus (Puc. 25).

Jia momyderns Oonpmux 3HadYeHUHA Ky i BBIOMPAIOTCS ONTHMAJbHBIE TONIIMHA W KPUBH3HA MPOQUII,
(hopMBI OOBOJIOB 1 YUIMHEHHE KPHLIA.

®opma KpbUla B IJIaHE TaKXKE OKa3blBa€T BIMSHUE HA a’pOJMHAMUYECKOE KadecTBO Kpbuta. Jls
MOJTyYeHHsT HanOONBINMX 3HAYEHUH KadecTBa Hawlydimied (opMOH KpblUla SBISETCS OJIUIMIICOBHIHAS C
3aKpYIVIEHHOM nepeiHel KpoMkoi. Takoe KpbUlo MMEET HaUMEHbIEEe UHIYKTUBHOE CONPOTUBIICHUE. Y BEIINUEHUE

Y0
Q;E, Q_E.
Lo Y adbr
VAJHMHEHUS KpbUla YMEHBIIAET €r0 WHAYKTUBHOE COMpPOTHBICHHE (BCIIOMHHUM 2 2 ) cumenoBaTenbHO,

YBEJINYMBACT adpOANMHAMHNYCCKOC Ka4€CTBO.
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[Ipu yBenuuenuu uucna M mosieta 0 TOSBICHUS BOJIHOBOTO KPU3UCA KAveCTBO OyleT HE3HAUYUTEIBHO
BO3pacTaTh (Ui JAHHOIO YIJIa aTakh), TaK KaK NPOSABIECHHE CKUMAEMOCTH Bo3gyxa ysenmuusaer C,. C
HACTYIUIEHHMEM BOJIHOBOTO KPHM3HCa KaueCTBO PE3KO YMEHBIIAETCS, IOTOMY 4TO KOA(P(QHIMEHT HOABEMHOW CHIIBI
yMmeHblaercs, a C, yBennuupaetcs (Puc. 26).

CocTosiHEEe TOBEPXHOCTH KpbUIa (IIEpOXOBAaTOCTh, BOJHHCTOCTh, OTCTYIUIGHHE OT 3aJaHHON (PopMBI)
BIUSIET Ha BEJIMYMHY NPOQHUIBHOTO CONPOTHBIEHMA. [lo3TOMYy, yimy4mias COCTOSHHME IOBEPXHOCTH KpbUIa (WM
HOAZEPKUBAsL €€ B XOPOLIEM COCTOSHHUH ), MOXKHO JOOUTHCS IOBBILIEHHS a9POAMHAMHYECKOTO KauecTBa CaMoJIeTa.

IHOCTPOEHHUE ASPOJUHAMMNYECKHUX XAPAKTEPUCTUK KPBIJIA 1
CAMOJIETA

MHOJIAPA KPBLUIA

Jist pa3nuYHBIX PACUYETOB JIETHBIX XaPAaKTEPUCTHUK KpPbUIA OCOOCHHO BAXKHO 3HATH OJIHOBPEMEHHOE
mmeHenne C, m C, B [IWama3oHe JETHBIX YIVOB aTakd. Jlud STol memu cTpoHTcs TpaduK 3aBHCHMOCTH
ko3 punuenta C, ot C,, Ha3bIBAEMBIH TIOJIAPOH.

Jns  mocTpoeHMsT TONSApHI  JUIS  JTAHHOTO KpbUIA, KpbUIO (WJIM  €ro MOJENb) MpOXyBaeTcs B
a’poAMHAMUYECKOH TpyOe TMpHM pa3IMyHbIX yIWlax arakd. [Ilpy mpomyBKe Uil KaXIOro yria aTakd
A3POMHAMUYECKUMH BECaMH 3aMEpSFOTCS BEIWYUHBI MOJBEMHOM CHIIBI ¥ W CHUIBI TIOOOBOrO cONMpOTHBICHHSA Q.
Omnpenenus BexwarHb! ¢l Y U Q A1 JaHHOTO TIPOQIIIS, BEIYUCIAIOT UX a3pOJHHAMUYecKre KodpduuneHTs. 13
(OPMYITBI TIOXBEMHON CHITBI M CHJTBI IOOOBOT'O COTIPOTUBIICHUSI HAXOIUM:

Cy - Uf 5 Cx - ngz :
PY g PY g
2 2 (2.20)

Takoil pacueT NpOU3BOAUTCA [UIS KaKIOTO yriia aTakd. Pe3yabTaTel 3aMepOB M BBIYKMCIIEHHUH 3aHOCSATCS B
Ta0JHILy.

Jnst mocTpoeHus MoJsipbl MPOBOJSITCS JIBE B3aMMHO IEPHEHIUKYIsIpHbIe ocv. Ha BepTHKanbHOU OCH
OTKIaAbIBalOT 3Ha4eHus C), a Ha ropu3oHTaNbHOM - C,. Macmrabbl 11 C, m C, 00bI9HO 6epyTCs pasHbIE.

Ipunsaro ana C, 6pats MacTad B 5 pas kpynHee, ueM 114 C,, Tak Kak B MpeJenax JETHbIX YIJIOB aTaku
JuanasoH uzMeHeHuss C, B HECKOIBKO pa3 Oosblue, yeM jauana3zoH u3MeHeHus Cy. Kakaas Touka IOJyYEHHOIO
rpaduka COOTBETCTBYET ONPEAEICHHOMY YIIIy aTakH.

Ha3zeanue «nonspa» OOBSCHAETCS TEM, 4YTO 3Ty KPHUBYID MOXHO pPacCMaTpUBAaTh KaK MOJSPHYIO

JuarpamMmy, IIOCTPOEHHYIO Ha KOOpAUHaTax Ko3(duLueHTa IoIHoH adpoauHaMuydeckoit cunel Cr U @, TAe (- yrom
HAKJIOHA IIOJHOH a3poJMHAMUYECKON CHIbl R K HAaIpaBIEHHUIO CKOPOCTH HAaOErarolero noToka (Ipy yCIOBUH, €CIH
maciTadbl Cy, u Cy B3ATh OJIMHAKOBLIMH).

Gy

=
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Puc. 27 IIpunyun nocmpoenus noaapsvlt Kpulia
Puc. 28 Ilonapa kpwvina

Ecnu u3 Havana koopaunat (Puc. 27), COBMEIIEHHOr0 ¢ LIEHTPOM JIABJICHHs TPOQHIISL, TPOBECTH BEKTOP K
m000i1 Touke Ha moJsipe, TO OH OyJeT HpelCTaBiATh COOON AMAaroHanb HPSAMOYTOJbHHKA, CTOPOHBI KOTOPOTO
cooTBeTCTBEHHO PaBHbl €}, M Cy. T0OOBOTrO COMPOTUBIIEHHS U KO3 dULIHMEHTa NOIBEMHON CUIIBI OT YIJIOB aTakH -
TaK Ha3bIBaeMasl IOJISIpa Kpblla.

Tax kax koadpunuentsr C, u Cy TPONOPIHOHANBHBI a3POANHAMHIECKHM CHIIAM, TO HETPYIHO YOEINThCS,
9TO yroJj, 3aKTIOueHHBIH Mexay Bektopamu C, m C), mpeicTaBiser coOoi yrom kadectsa 0. Yrom kauectsa O
MOKHO HEMOCPEACTBEHHO 3aMepATh Ha MOJsIpe, MOCTPOEHHOI B paBHEIX MacmTabax C, u C,, a OCKOJBKY MOMSAPBI
MOCTPOEHBI, KaK MPaBUIO, HA pasHoMacmTabHbeIX Koddpduuuentax C, m C,, TO yroa KadecTBa ONpeNETieTcs U3

OTHOULICHUS
2) O *(2.21)

ITonsipa cTpouTCst UId BHOJHE OINPENENIEHHOrO KpPbUIA C 3aJaHHBIMU T€OMETPUYECKHMMHU pa3MepaMu U
¢opmoit npoduis (Puc. 28). 1o nonsipe Kpblla MOYKHO ONPENEIUTH P XapaKTEPHBIX YIJTIOB aTaKH.

Yzon nyneeoit noovemnoi cunvl Q, Haxogurcs Ha mepecedeHHH NOJAPH ¢ ockio C,. Ilpu sTom yrie
araku Ko3(GULUUEHT NOALEMHOM Ikl paBeH Hymo (C, = 0).

J11st KpBUIbEB COBPEMEHHBIX CAMOJIETOB OOBIYHO Yy = A CER,

VYron araku, Ha KOTOpoM C, HMEET HAUMCHBIIYIO BEIHYUHY Q(Cx.yun- HAXOIUTCA TPOBEICHHEM
KacaTeNnbHOH K mojspe, napaensHoi ocu C,. s cOBpEMEHHBIX KPbIIBEBBIX NPOQUIEH 3TOT yroj 3aKirodyeH B
nuamasone ot 0 mo 1°.

Hauevizoonenmuii yeon amaxu Oyq,e. Tak Kak Ha HAUBBITOJHEUIIEM YIJIE aTakd adpoIUHAMHUYECKOE
Ka4yecTBO KPblIa MAKCHUMAJIbHOE, TO YroJl Mexky ocklo C), M KacaTeabHOM, MPOBEJEHHOM U3 HaYana KOOpAMHAT, T. €.
yroia KadecTBa 9, Ha J3TOM YyIJie arakd, cortacHO dopmyne (2.19), Oymer muHMMaNbHBIM. [losTOMY IUIS
OIpeIeNICHUs] gy HY)KHO TPOBECTH M3 Hadalla KOOPJAMHAT KacaTelbHyl0 K mnosspe. Touka kacaHus Oyner

COOTBETCTBOBATh gy L7151 COBDEMEHHBIX KPBUIBEB Qyyqye JIEKUT B TIpesenax 4 - 6°.

Kpumuueckuir yzon amaxu Olypym. JI1st ONpEENeHNsl KPHTHYECKOTO yIila aTaku He0OXO0MMO POBECTH
KacaTesbHylo K mossipe, napawienbiyio ocu C,. Touka kacanus u OyJIeT COOTBETCTBOBATH Qlypym- /sl KPbUIbEB
COBPEMEHHBIX CaMOJICTOB Qypym = 16-30°.

VYrnel artakd ¢ OIMHAKOBBIM A3POJMHAMUYECKHM KayeCTBOM HAXOIATCS IPOBEICHHEM M3 Hadana
KOOPJHMHAT CEKyILeH K rojsipe. B Toukax mepecedeHust HaliieM yribl ataku (&y U O2) TpH HOJETe, HA KOTOPBIX

a’pOANHAMUYECKOE KauecTBO OyIeT OJMHAKOBO U 00s3aTeIbHO MEHbIIE Ky gxcc-

IHOJIAPA CAMOJIETA

OmHO#M W3 OCHOBHBIX a3pPOJMHAMUYCCKUX XapaKTEPUCTHK CaMOIleTa SIBIIETCS IOJIsIpa camojera. Panee
Ob1JI0 YCTaHOBJIEHO, YTO KO3()GUIMEHT MoabeMHON cuitbl kKpblta C, paBeH K03)GUINEHTY MOABEMHOMN CUITBI BCETO
camoJera, a Ko3(GUIMEHT JO0OBOTO COIPOTHBICHHS CaMmoJieTa Ui KaXIoro yria ataku Oonbine C, KpbUIa Ha
BeMUUHY Cy g, T. €.
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Cx,, =Cx

[TosToMy nOJISIpY CaMoIeTa MOKHO IIOJIY4UTh IyTeM Npubasienus Benuuussl Cy 4, K C, KpbUIa Ha TOJIAPE
KpbUIa JUIsSi COOTBETCTBYIOIINX YIIoB aTaku. [lossipa camosiera OyeT Ipy 3TOM CIBUHYTa BIIPABO OT MOJISIPBI KPbLa

camon ® camon

a Cx =Cx,, +Cx,,.

Ha BennunHy Cy 4, (Puc. 29). O6bluHO MOJApY camojieTa CTPOSAT, MCNOJb3ys JaHHblE 3aBUcUMocTel C,=f(Q) u

C.~=f( @), nony4eHHBIX YKCIEPUMEHTAILHO IIyTEM MPOYBOK MOJICIICH B a3pOIMHAMUYCCKUAX TPyOax. YTIJIbl aTaku Ha
MIOJISIPE CAMOJIETa ITPOCTABIIIOTCA ITyTEM IIEPEHOCA 10 TOPU3OHTANIN YIJIOB aTaKU, pPa3MEYECHHBIX Ha IOJIAPE KpbUIa.

OnpeneneHue a’poJUHAMUYECKUX XapAaKTEPUCTHK M XapaKTEpHBIX YITIOB aTakd IO MOJIAPE camojera
MIPOM3BOANTCS TAK XK€, KaK 3TO JIEJIAJIOCh Ha MOJISIPEe KPhIia.
Yeon amaxu nynesoit noovemnoit cunvr @ camoneTa NpakTUYECKU HE OTIIMYAETCS OT yIJia aTaKH HyJIEBOU

MOJTBEMHON CHIIBI KpbUTa. Tak Kak Ha yrie Qg MOABEMHAas CHIIa paBHA HYJIO, TO Ha 3TOM YIJIE aTakd BO3MOXKHO
TOJIBKO BEPTHKAJIBHOE JABHKEHUE CaMOJIETa BHI3, HA3bIBAEMOE OTBECHBIM MMTUKHPOBAHUEM, WIIM BEPTHKAIbHASI TOPKA
ozt yriom 90°.

Cy

NOARPA KPBIAA NOAAPA CAMDAETA

Puc. 29 ITonaput kpvina u camonema

Puc. 30 ITonsapel camonema c 6bINYUEHHbIMU 3AKPBLIKAMU

VYron araku, mpu KOTOpoM Ko3(pduIMEeHT 1000BOr0 CONPOTHBICHHS MMEET MHUHHMAIBHYIO BEIMYHHY
( e suan ) HaXoJMTCs TMPOBe/IeHNeM napaniensHo ocu C, kacatenbHol k nonspe. Ilpu nosnere Ha 3TOM yrie ataku
OyIyT HamMEHBINNE TTOTEPH HA COMPOTUBIEeHUE. Ha sToM yrie ataku (W OIM3KOM K HEMY) COBEpIIAaeTCs TOJIET C
MaKCHUMAaJIbHON CKOPOCTBIO.

Hauevrzooneinuuii yzon amaxu (Qyqye) COOTBETCTBYET HAMOOJBIIEMY 3HAYCHHUIO a3POJMHAMUYECKOTO
KadecTBa camolieTa. [ paudeckd 3TOT Yroy, Tak ke, KaK W JUIS KpbUIa, OMPEACISICTCS IyTeM IPOBEICHUS
KacaTeIbHON K IMOJIApe W3 Hadajia KoopauHat. M3 rpaduka BHAHO, YTO HAKJIOH KacaTelIbHOHM K MOJSApEe camoiera
0oJbIIIe, YeM KacaTeIbHOH K MOJIsIpe Kpblia. A Tak Kak

& kg

g )
Cx 0 (22
TO MOXHO CAcjJIaTb BbIBOJ, 4YTO MAaKCUMAJIbHOC KadCCTBO CaMOJICTa B ILCJIOM BCCrja MCHbBIIC
MAaKCUMAJIbHOI'O a3pOANHAMHNYCCKOTO KaueCTBa OTACIbHO B3ATOI'O KpbLIa.

W3 sT10ro ke rpaduka BHIHO, YTO HAMBBITOJHEHIIUIA YroJl aTaku camosiera OOoJibllie HauBbITOAHEHIIEro
yIia aTaky Kpblia Ha 2 - 3°.
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Cy
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Puc. 31 Honapel camonema 0 paznuunvix uucen M

Kpurnaeckuii yron araku camosnera (Olgpyr) MO0 CBOCH BEIMYUHE HE OTIMYACTCS OT BEAMYMHBI 9TOTO XK
yriaa Ui Kpelia.

Ha Puc. 29 n300pakeHBI OJSIPHI caMOJIeTa B TPEX BapHaHTaX:

- 3aKpbLIKU YOpaHbl;

— o).
- 3aKPBLIKU 6bINYUEHBL 60 631emHoe nonoxcenue (03= 20°);
- 3aKPbLIKU 6bINYUEHBL 6 NOCAOOYHOE NojoxceHue (03 = 45°).

BBIMyCK 3aKpbUIKOB BO B3IETHOE mojoxkeHHe (O3 = 15-25°) MO3BONSAET YBEAMYHTh MaKCHMAJIbHBIH
k03 dunneHT noagbeMHoi cribl Cyyue OPU CPAaBHUTEIHHO HEOOJNBIIOM YBelMueHHH Kod(h¢uuueHta 1000BOro
CONPOTHUBIIEHHS. DTO IMO3BOJISIET YMEHBIIUTh ITOTPEOHYI0 MUHMMAIIBHYIO CKOPOCTH I10JIETa, KOTOpPasi MPAKTUYECKH
OIIpeJIesIsieT CKOPOCTh OTPBIBA caMoJieTa Mpu B3ieTe. biaronapsi BHITYCKY 3aKpbUIKOB (MJIM LIMTKOB) BO B3JIETHOE
MOJIOXKCHHUE JITIMHA pa30era cokpaiaercs a0 25%.

[Ipyu BBHITyCKe 3aKpHUIKOB (MM IIUTKOB) B HocajgodHoe mnojoxkenue (O3 = 45 - 60°) MaKCHMAabHbIH
K03(h(UIMEHT MTOIBEMHON CHIIBI MOXKET Bo3pacTd 10 80%, 4TO Pe3KOo CHMKAET IOCAIOYHYI0 CKOPOCTh M JIHMHY
npobera. OnHaKo JT0O0BOE CONMPOTHBICHUE MPH 3TOM BO3pACTAaeT MHTEHCHBHEE, YeM MOJBbEMHAs CHIIA, TIO3TOMY
a’pOJMHAMUYECKOE Ka4yeCTBO 3HAYMTENIbHO yMeHblnaercs. Ho 3To 00CTOATENBCTBO UCIONB3YEeTCs Kak
MIOJIOKHUTEIBHBIN SKCILTYyaTAIIMOHHBIA (aKTOp - YBEIMYMBACTCS KPYTH3HA TPACKTOPUH IPH IUIAHUPOBAHHUH II€pE]
MOCaZKOW M, CIIEZOBAaTEeNbHO, CAaMOJIET CTAaHOBUTCS MeHee TpeOoBaTeleH K KadecTBY IIOAXOIOB B CTBOpE
[I0CAI04YHOM MOJIOCHI.

Panee Hamu ObUTH PAacCMOTPEHBI MOJSIPHI KPbLIa M CaMoOJIeTa JUisi TaKUX CKopocTeid moinera (ducen M),
KOT/Ia BIMSTHUEM CXKHMAEMOCTH MOXHO ObLUIO mpeHeOpeub. OJHAKO MPU JOCTHIKEHUU TAKUX Yucen M, pH KOTOPBIX
C)KMMaeMOCTBIO yXe Henb3sl mnpeHebpeus (M > 0,6 - 0,7) xo3(hUIMEHTH MOIBEMHOW CHIBI M JIOOOBOTO
COINPOTHUBIICHHS] HY)KHO OIPEIENSATH C YIETOM MONPABKU HA CKUMAEMOCTb.

Cy HecHC

CY e = 7=,
VI-M (2.23)

rzie Cyex - KOOPPUIMEHT MOJbEMHOM CHIIBI C YYETOM CKUMAEMOCTH;

CYHeC)K - KOS(bq)I/IHI/IGHT HOHLCMHOﬁ CHJIbI HECXKUMACMOTI'O IMMOTOKA JId TOI'O K€ yIJjia aTaku, YTO U CYCm

Jo uucen M ~0,6-0,7 BCE IOJISIPHI NPAKTUYECKH COBIANAIOT, HO INpH OONBIIMX yHcinax M oHH
HAYMHAIOT CMEIIAThCs BIPAaBO U OJHOBPEMEHHO YBEIWYMBAIOT HakJoOH K ocu C, CwmemieHue mossp BHpaBo (Ha
6onpme C,) 00yCIOBIEHO POCTOM KO3 QHIEeHTa TPOPHUIBLHOTO COTIPOTUBIICHUS 32 CUET BIHSIHASA C)KUMAaeMOCTH
BO3/yXa, a MIpH AajbHeWeM yBenmdeHnn yucia (M > 0,75 - 0,8) 3a cueT MOSBICHHUS BOTHOBOTO CONPOTUBICHHUS
(Puc. 31).

VBennueHne HaKIOHA oJisAp 00BsICHSIETCS pocTOM KOB(I)(l)I/IIII/IeHTa WHAYKTHUBHOTO COIPOTHUBJICHUS, TAK KaK

IIpu OJAHOM U TOM IKE YIJIC aTaKu Cxl B HO3BYKOBOM IOTOKE CKMMACMOI'0O I'a3da YBCJIMYUTCA MPONOPHHUOHAIBHO

2
Ckp.

vKP ABpOIMHAMHYECKOE KAdyeCTBO CaMoOJieTa C MOMEHTAa 3aMETHOTO MpOSsBICHUS 3(deKTa CKUMACMOCTH
HA4YUHACT yMeH])HJaT]:CSI.

MEXAHM3ALUA KPBLJIA

Ha COBPEMCHHBIX CaMoOJI€Tax C HECJIbIO0 MNOJYYCHHSA BBICOKUX JICTHO-TAKTUYCCKUX XapaKTCPUCTHUK, B
YaCTHOCTHU OJ1s1 JOCTUXKCHMS OOJIBIINX CKOpOCTeﬂ IoJjieTa, 3HAYUTCIbHO YMCHBIICHLI U IUIOIIAAb KpblIa U €ro
YAJIMHCHHUEC. A s10 OTPpHULATCIBHO CKA3bIBACTCA HA aOpOANMHAMUNYCCKOM Ka4€CTBEC CaMOJIE€Ta U 0COOEHHO Ha B3JIETHO-
MOCAJOYHBIX XapPaKTCPUCTUKAX.
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Junst ynepaHusi camolieTa B BO3/IyXe B IPSIMOJIMHEHHOM MOJIETe C MOCTOSIHHOM CKOPOCThIO HEOOXOIMMO,
4yTOOBI MOABEMHAS CHiIa OblIa paBHa Becy camosnera - ¥ = G. Ho tak kak

2
Y:Q/ﬁ-&

TO U

2
1%

G=c,2 s

2 (2.24)

U3 dopmyinsr (2.24) crnemyer, 4To ANl yAEpKaHUS caMojieTa B BO3[yXe Ha HaMMEHbIIEH CKOPOCTH (TIpH

1ocajJike, HalpHMep) Hy:KHO, 4T0Obl K03(pduuueHT noabeMHoi cunbl C, Obu1 HanOonpmwuM. OngnHako C, MOXKHO

YBEIHYMBATh IyTEM YBEIMYEHHS YIJIa ATAaKH TONBKO N0 Olgpym. YBEIHYECHHE YITIA aTaKH OOJbIIE KPHTHYECKOTO
NPUBOJUT K CPBIBY IIOTOKAa Ha BEPXHEH NOBEPXHOCTH KpbUIA U K PE3KOMY yMeHbLIEHHIO (), 4TO HEJOIyCTHMO.
CrenoBarenbHo, st oOecriedeHHs: paBeHCTBA IOJBEMHOM CHIIBI M Beca camolieTa HEeoOXOAMMO YBEJIMYUTH

ckopocTb mosiera V.

BcenenctBue ykazaHHBIX MPUYHH MOCAI0UHbIE CKOPOCTH COBPEMEHHBIX CaMOJIETOB JOBOJBHO BEJIUKH. JTO
CHJILHO YCJIOXKHSIET B3JIET M IIOCaKy M YBEJIMYHMBAET JIMHY Npo0era camolieTa.

C Lenblo yIIy4IIeHUs B3JICTHO-NIOCAJOYHBIX XapaKTEePHCTUK U obecriedeHHs OE30IIaCHOCTH HA B3JeTe U
0COOEHHO NOCaIKe HEOOXOIUMMO MOCaT0YHYIO CKOPOCTh [0 BO3MOXKHOCTH YMEHBIUMTB. 11 3TOro Hy»HO, 4To0b! C),

01 BO3MOXKHO Ooibire. OmHako TpodmIu Kpbuta, uMeromue O007bmoe Cyygare O0NAHAIOT, KaK IIPaBHUIIO,
OONBIIMMH 3HAYCHHUSIMU JIOOOBOTO CONMPOTUBICHUS CXyyyp, TaK KaK y HUX OOJIBIIME OTHOCHUTENBHBIC TOJIIMHA H

KkpuBu3Ha. A yBenuueHHE CX.yyy TPENATCTBYET YBEIMUYEHMIO MAKCHMANbHOM CKOPOCTH mojeTa. M3roToBUThH
npoduiIb KpbUla, YAOBIETBOPSAIOMINN OJXHOBPEMEHHO ABYM TPEOOBAHUSM: MOIYyYCHHIO OOJBIIMX MaKCHMAaIbHBIX
CKOpPOCTEH M MaJIbIX IIOCAJOYHBIX - MPAKTHYECKH HEBO3MOKHO.

[TosToMy mpu MPOEKTUPOBAHMK MPO(HIICH KpbUIa caMoJieTa CTPEMSTCS B MEPBYIO OYepelb 00ECIeUnuTh
MaKCUMaJIbHYI0 CKOpPOCTb, @ JUIsl YMEHBIICHHS MOCaAOYHOW CKOPOCTH NPHUMEHSIOT Ha KPBUIbSX CHELHaJIbHbIC
YCTpOICTBa, Ha3bIBaeMble MeXaHU3aluel Kpbuia.

[IpumeHsAsT MEXaHW3UPOBAHHOE KPBUIO, 3HAYUTENBHO YyBEIWYMBAIOT BEMWYMHY Cyyake, UYTO JACT
BO3MOXKHOCTh YMEHBUINTH IOCAJI0OYHYI0 CKOPOCTh M JUIMHY Ipo0era camojsiera IOCie II0CaAKH, YMEHBIIUTb
CKOpPOCTh CaMojieTa B MOMEHT OTpbIBAa M COKPaTHTh JIMHY paszOera mpu B3nere. IIpuMeHeHne MexaHHW3alUH
yJIydlmiaeT yCTOHYMBOCTh M YNPaBISIEMOCTh CaMojeTa Ha OONbIIMX YIiax arakd. Kpome Toro, ymeHbIICHHE
CKOPOCTH TIPH OTpHIBE Ha B3JIET€ M NPHU IOCAAKE YBEINYMBACT OE30MAaCHOCTh WX BBHINOJHEHUS W COKpPAIlaeT
pacxopl Ha CTPOUTENBCTBO B3JIETHO-MOCAIOYHBIX MOJIOC.

Wrak, MexaHuzanus KpbUla CIYKUT Ul YJIy4LIEHUS B3JIETHO-TIOCAJOYHBIX XapaKTEPUCTUK CaMOJIETa
MyTEM YBEJINYEHHS MaKCUMaJIbHOTO 3HaueHus1 KodpduureHTa noabeMHon cuibl Kpbuia Cyyaxe-

CyTh MeXaHM3allMM KpbUIa COCTOMT B TOM, YTO C IIOMOIIBIO CHELUHAJbHBIX HPUCIIOCOOJICHUH
YBEIMUYMBACTCA KPUBHM3HA NMPOQHIS (B HEKOTOPBIX CIy4YasX M IUIOMAAb KPbUIA), BCIEIACTBHE HYETr0 HM3MEHSETCS
KapTHHA 00TeKaHus. B pe3ynprare mosyyaercsi yBeJIMUeHHE MaKCHMAJIbHOTO 3HAYEHHUs KO UIIEHTa O JbEMHON
CHJIBI.

Chvi HpI/ICHOCO6J'I€HI/ISI, KaK MpaBUJIO, BBIIIOJHAIOTCA YHOPABJIACMbIMHU B MOJICTC: MNPHU IOJCTE HAa MaJlbIX
yriiax aTtaku (HpI/I OOJIBIINX CKOpPOCTAX noneTa) OHU HE HCHOJIB3YIOTCA, a4 MNPUMCHSANOTCA JIMIIb Ha B3JICTC, Ha
IMOCaagKe, Korga yBEJINYCHUE yIjla aTaku HE obecneynBaeT TIOJTY4YCHUS Hy)KHOfI BCIIMYNHBI HO,[[’beMHOﬁ CHIIBI.

CylIeCTBYIOT CIEAYIONIME BUIBI MEXaHU3AINN KPBUIA: WHMKU, 3AKPBLIKU, NPEOKPBLIKU, OMKIOHACMbLE
HOCKU Kpblia, ynpaeieHue RoZPAHUYHbIM C10eM, PEAKMUBHbBLE 3AKPbLIKU.

Humok mnpencraBnsgeT co0OW OTKIOHSIOMIYIOCS IOBEPXHOCTh, KOTOpas B YOpPaHHOM TIOJOKEHUH
MPUMBIKaeT K HIDKHEH, 3a1Hell MOBepXHOCTH Kphiia. LIIUTOK ABISETCS OXHUM W3 CaMBIX HPOCTHIX M Hamboiee

pacnpoCTpaHEHHBIX CPeACTB NOBBIEHUS Cyyaxc.

Yeenuuenne Cyyaxe PU OTKIOHEHHH LIMTKA OOBSICHSETCS U3MEHEHHeM GopMbl poduiist Kpbuia, KOTOpOe
MOXHO yCJIOBHO CBECTH K YBEJIMUCHHUIO 3(h()EKTUBHOTO YIJIa aTaku U BOTHYTOCTH (KPUBU3HBI) pOduIIs.

IIpu oTKIOHEHHM IIMTKAa OOpa3yeTcs BUXpEBas 30HA IOJACACBIBAHUS MEXAY KPHUIOM U IIUTKOM.
[ToHMXEHHOE ABJICHHUE B 3TOW 30HE PACHPOCTPAHSCTCS YACTHYHO HA BEPXHIOKI MOBEPXHOCTh MPOGWIS y 3aHel
KPOMKH ¥ BBI3BIBAET OTCOC IOTPAHUYHOIO CJIOS C TOBEPXHOCTH, JIeXKAIIeW BBHINIE IO TEYCHUI0. 3a CYeT
OTCACBIBAIOIICTO JICHCTBUS MIUTKA MPEIOTBPAIIAETCS CPHIB MIOTOKA HA OOJIBIIMX YIJIaX aTaKd, CKOPOCTh IMOTOKA HAJl
KpBLIOM BO3pPACTaET, a JaBjieHue yMeHblaeTcsi. KpoMe Toro, OTKJIOHEHUE IIUTKA MOBBIMIAET AaBJIEHUE MO KPHLIOM

3a cueT yBelIn4eHHst 3PPEKTUBHON KPUBU3HBI PO f o 1 5)PEeKTHBHOTO YIiIa aTaku Chg).
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Braronaps 3TOMy BBITYCK IIUTKOB YBETMYMBAET PA3HOCTh OTHOCHTENBHBIX JIABNEHHH HAJ KPBLIOM H TMOJ
KPBLIOM, a CJIeNI0BATENBHO, K KOIDMUIMEHT TIOABEMHOM cHibl Cy.

Ha Puc. 35 nokasan rpauk 3asucumoctu C, OT yIJa aTaki IS KPbUIa C PA3THYHbIM T10J0KEHHEM IIIUTKA:
y6panHoe, B3eTHOe Oy, = 15°, nocangounoe O,, = 40°.

Ilpu otknonenun muTKa Besa kpusas Cyy, = f(QY) cMemaercs BBEPX MOYTH SKBUAUCTAHTHO KpuBOH Cy = f
() 0CHOBHOTO TIPOQHIIS.

13 rpaduka BHIHO, 4TO MpPH OTKIOHEHHH IIMTKA B TOcafodHoe monoxkenue (Oy = 40°) npupamenue Cy
coctasisieT 50-60%, a KpuTHYECKUI Yol aTaku IPH 3TOM yMeHbIIaercst Ha 1-3°.

Hdnst yBennuenus: 3pQEeKTHBHOCTH LIMTKA KOHCTPYKTHBHO €O BBIIOJIHSIOT TakMM OOpa3oM, YTO IpH
OTKJIOHEHUM OH OJHOBPEMEHHO CMEIIAaeTcsl Has3al, K 3aJHell KpoMke Kpbula. TeM caMblM YBEJINYHMBAIOTCS

3(1)(1)CKTI/IBHOCTI) 0TCOCa MOrpaHUvYHOro CJIoA C BerHefI IMOBEPXHOCTHU Kpblia U MPOTAKECHHOCTDb 30HbI TIOBBILLICHHOT'O
JAAaBJICHUS 11O KPbUJIOM.

[Tpu OTKIIOHEHHH IUTKA OJJHOBPEMEHHO C yBeJIHMYEHUEM KO03((HUIMEHTA TObEMHOM CHIIbI yBEIMYUBACTCS
1 K03 PUIHeHT T000BOTO CONPOTUBIICHHS, A9POJTHAMUYECKOE KaYe€CTBO KPbUIaA IIPH ITOM YMEHBIIAETCSI.

3akpeinox. 3aKkpBUIOK TIPEICTABISET cOOOW OTKIOHSAIOUIYIOCS YacTh 3aIHEH KPOMKH KpbUia 00
HOBEPXHOCTb, BBIJBHIAeMYIO (C OJHOBPEMEHHBIM OTKJIOHEHHEM BHHU3) Ha3al HU3-104 Kpbuta. Ilo KOHCTpyKuuu
3aKPBUIKH JCIIATCS Ha npocmule (Heuwjenegule), 00HOueN1esble U MHOZOWeiesble.

JHHHE

Puc. 32 IIpogpuns Kpvina co uyumkom, CMeuiaouumca Hazao

Puc. 33 3axpuvinku: a - newjenesoit; o - uyenegoil

Hewenesoil 3akpuinok ypennunsaeT KodQpGHUIMEHT moabeMHON cuibl Cy 3a CUET YBENUYEHUS KPHBH3HBI
npoduia. Ilpy Hanuumum MeXIy HOCKOM 3aKpbUIKa M KpPbUIOM CIEIHMAIBHO CHPO(UIMPOBAHHON IIETH
3G (PEKTUBHOCTh 3aKpbUIKA YBEJIMYMBACTCS, TAaK KaK BO3JYX, NPOXOASLIMHA C OOJIBIIOW CKOPOCTBIO 4Yepe3
CYIKAIOIIYIOCS I€JIb, MPEMATCTBYeT HAOYXaHHIO W CPBIBY MOTPAHMYHOrO cios. JIs JanbHEWIIero yBEIHYCHUS
3¢ PEKTUBHOCTH 3aKPBUIKOB MHOT/Ia IPUMEHSIOT JIBYXILEJIEBbIE 3aKPBIIKH, KOTOPHIE Jal0T NPUPOCT K03 dHuLneHTa
nobeMHoi cunbl Cy, npoduns 1o 80%.

Veemuuenne Cyyaxe KpbUIa IMPU BBITYCKE 3aKPBUIKOB MJIM LIMTKOB 3aBHCHT OT psina (akTOpoB: HX
OTHOCHUTENIBHBIX pPa3MepOB, yIia OTKJIOHEHHUS, YIJa CTPEIOBUAHOCTU Kpblna. Ha CTperoBUAHBIX KpBLIbSIX
3¢ PEKTUBHOCTD MEXaHM3AINH, KaK IIPABUJIO, MEHBINE, YEM Y NPAMBIX KpbUTbeB. OTKIOHEHNE 3aKpPBUIKOB, TaK K€
KaK U IIUTKOB, COTIPOBOX/IAETCS HE TOJIBKO TOBBIIeHHeM C,, HO B emie Oonplieii crenenu npupoctom C,, T03TOMY
a’pOJIMHAMHUYECKOE KAa4€CTBO PU BBIMTYIEHHON MEXaHU3AlMHA YMEHBIAETCS.

Kputnueckuid yroy ataky Npu BBITYIICHHBIX 3aKpbUIKAX HE3HAYMTEIBHO YMEHBIIAETCS, YTO IMO3BOJISET
n0omy4uTh Cyyae IPY MEHBIIEM NOIBbEME HOca camoneTa (Puc. 36).
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Puc. 34 Ilpoghune Kpwvina c wygumrom

Puc. 35 Bausnue evinycka wijumkos na kpugyio Cy=f(o,)
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Puc. 36 Ho.fmpa camojsiema cyﬁpannbmu U 6bINYULCHHbIMU UWiUMKaAMU

[penxpeuiok npeacrasisieT coboit HeOOobIIOE KPBUIBIIIKO, HaXoaseecs Biuepeau kpsuia (Puc. 37).
[Ipenxpsinku ObIBatOT (PUKCHPOBAHHBIE M aBTOMATHYECKHE.

DUKCUPOBAHHBIC TPEIKPBUIKM Ha CHCHHANBHBIX CTOWKAX IMOCTOSHHO 3aKPeIUICHbl Ha HEKOTOPOM
YAQIEHUH OT HOCKA MPOQUIst Kpblia. ABTOMAaTUYECKUE MPEAKPHUIKH MPU MOJETe HA MAaJbIX YIrilaX aTakd IUIOTHO
MPYKATHI K KPBLUTY BO3AYIIHBIM MTOTOKOM. [Ipu mojiere Ha OOJBLIMX YIiax aTakd MPOUCXOJUT U3MEHEHHUE KapTHHBI
pacnpezieneHus JAaBieHus 10 npoduito, B pe3yibTaTe 4Yero MNPEeIKpbUIOK Kak Obl orcackiBaeTcs. [IpoucxoanT
aBTOMAaTHYECKOE BBIIBMKEHHE Mpeakpbuika (Puc. 38).

[Ipu BBIIBUHYTOM MpPEIKPBUIKE MEKAY KPBUIOM W TMPEIKPBUIKOM 00pa3yeTcs CYKHBAFOIIASCS IIEib.
YBEMUUUBAIOTCSI CKOPOCTh BO3[yXa, NPOXOASIICTO Yepe3 ATy Ielb, U ero KuHeruueckas sHeprus. [lens mexmy
MPEAKPHUIKOM U KPBUIOM CHpO(UIMPOBaHA TAKMM 00pa30M, YTO BO3AYIIHBINA MOTOK, BBIXOMS U3 ILENH, ¢ OOJIBIION
CKOPOCTBIO HAIpPAaBJISIeTCs BJIOJIb BEPXHEH MOBEPXHOCTH Kpbuia. BeiencTBie 3TOro CKOpoCTh MOTPAHUYHOTO CIIOS
YBEJIMYMBACTCS, OH CTAHOBHUTCS 00Jiee YCTOMYMBBIM Ha OOJIBIIMX YIJIaX aTakd U OTPHIB €r0 OTOJBHUraeTCs Ha
Oousbime yribl ataku. Kputudeckuit yroi ataku npoduiisi Ipyd STOM 3HaUMTeIbHO yBennunBaercs (Ha 10°-15°), a

C¥wmaxc yBenmuuBaetcs B cpenaeM Ha 50% (Puc. 39).

OOBIYHO MPEIKPBIIKH YCTAaHABIMBAIOTCS HE 110 BCEMY pa3Maxy, a TOJIbKO Ha €ro KOHIaX. JTO 00BsICHsETCS
TEM, 4TO, KPOME YBeJIMUeHHsI KO PHIMEHTA MTOIEMHOI CHIIBI, YBEIUUUBAETCS I(PPEKTUBHOCTD DJIEPOHOB, & 3TO
yIIy4IIaeT HONePeYHYI0 YCTOMYMBOCTh M YIPABISIEMOCTh. Y CTAHOBKA IPEIKPBUIKA 10 BCEMY pa3Maxy 3Ha4UTEIbHO
yBenMumiIa Obl KpUTHUECKUH yroJl aTak KpbUIa B LEJIOM, M JUIS €r0 peajM3aliy Ha I0CaKe IPHILIOCH Obl CTOWKH
OCHOBHBIX HOT IIACCH JIENaTh OYEHb BBICOKUMH.
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Puc. 37 IIpeoxpuinok

Puc. 38 IlIpunyun deiicmeus agmomamuieckozo npeoKpuliKa: a - majisle y2ivl Amaxu; 6 — 601vuiue y2ivl
amaxu

QDuxcuposannsvie nPeOKPyLIKU YCTAHABIMBAIOTCS, KaK MPaBHIIO, HA HECKOPOCTHBIX CaMOJIETaX, TaK Kak
TaKHe IPEIKPBUIKM 3HAYUTENBEHO YBEIMYMBAIOT JJ0O0BOE COIPOTHBICHHE, YTO SBIACTCS IOMEXOH A JOCTIKEHUS
0OJBIINX CKOPOCTEH MOJIeTa.

Omgxnonsaemoiii nocoxk (Puc. 40) mpuMeHseTCsl Ha KPBUIbSIX C TOHKHM TpO(HiIeM W OCTpPOH mepemHei
KPOMKOM JUIsl TPEAOTBPAILLEHNS CPBIBA IIOTOKA 3a EpeaHEeH KPOMKOM Ha OONBIIHX YIIaX aTaky.

W3Mensss yrosn HakjoOHa MOJBIXXHOTO HOCKA, MOXKHO ISl JI0O0OTO yrIjla arakd Ioao0paTrbh Takoe
MOJIOKEHHE, Korja oOrekaHue npodumis Oyner Oe30TPBIBHBIM. JTO IMO3BOJIUT YJIYYLIMTH a3pOAMHAMUYECKHE
XapaKTePUCTUKH TOHKUX KPBUIbEB Ha OOJBLIMX YIVIAX aTakd. ASPOAMHAMHYECKOE KauyeCTBO MPH 3TOM MOXKET

BO3PACTaTh.
UckpupieHue mpoduiisi OTKIOHEHHEM HOCKA MOBBIIACT Cyyaxe KpbUIa 0€3 CYIECTBEHHOTO M3MEHEHHS
KPUTHYECKOTO yIiIa aTaKH.

Cy

BbasryT_ 7 ~

Cy ’

——y e e,
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Puc. 39 Kpueaa Cy =f (@) ona Kpvina ¢ npeoKpuvlikamu

Puc. 40 Omknonsemulii HOCOK Kpblia

Ynpaenenue nozpanuunvim cnoem (Puc. 41) sBrnsercs omHuM u3 Hamboiee SPQPCEKTHBHBIX BHIOB
MeXaHU3allMH KPbhUIA U CBOAMTCS K TOMY, YTO NOTPAaHWYHBIA CIIOW JIMOO OTCAChHIBACTCS BHYTPh KpbLIA, JHOO
C/IyBaeTCs C €r0 BepXHEel MOBEPXHOCTH.

Jlyis oTcoca MOrpaHUYHOrO CJIOS WM JUIsl €r0 CIyBaHUS MPUMCHSIOT CHCHUAIbHBIC BEHTUISITOPHI JHOO
HCTIOJIB3YIOT KOMIIPECCOPBI CAMOJICTHBIX Ma30TyPOUHHBIX JBUTATEIICH.

OTcaceiBaHNE 3aTOPMOKEHHBIX YaCTHUI] U3 TIOTPAHUYHOTO CJIOSI BHYTPh KPbUIa YMEHBIIAET TOJIINHY CIIOA,
YBEJIMYMBAET €ro CKOPOCTh BOJM3M TOBEPXHOCTH KpbLIa M CIIOCOOCTBYET OE30TPHIBHOMY OOTEKAHHIO BEpXHEH
MOBEPXHOCTH KPbLIa Ha OOJIBIIKMX YIJIaX aTaKH.

CI[yBaHI/Ie TIOTPAHUYIHOT'O CJIOA YBEINYMBACT CKOPOCTH ABVMIKCHHA YaCTHI] BO3QyXa B IIOTPAHUYIHOM CJIOE,
TEM CaMbIM IIPEAOTBPAIIAET CPBIB ITOTOKA.

anaBneHI/Ie NOrpaHUYHBIM CJIOCM JA€T XOPOLINE PE3YyJIbTAThl B COUCTAHNU C IUTKAMU WIN 3aKPbUIKAMU.
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Puc. 41 Ynpasnenue nozpanuunvim cioem

Puc. 42 Peakmuenulii 3aKpbliioK

Peaxmuenuiii 3axpoinok (Puc. 42) mpencrasisieT cTPYIO Ia30B, BEITEKAIONIYIO ¢ OOJBIION CKOPOCTHIO O
HEKOTOPHIM YTJIOM BHH3 U3 CIIEHHAIFHON IIENH, PACIIONOKEHHON BOMM3M 3aMHe KpOMKHU Kpbuia. [Ipu sToM cTpys
ra3a BO3JEHCTBYET Ha MOTOK, OOTEKAIONIMH KPBIJIO, HOZOOHO OTKIIOHEHHOMY 3aKpPBUIKY, BCIEACTBHE 4YETO Iepen
PEaKTUBHBIM 3aKPBIIKOM (IIOA KPbUIOM) JABJICHHUE MOBBIIIAETCS, a 10331 €r0 MOHIKACTCS, BHI3bIBAS YBEIHUCHUE
CKOPOCTH ABMXEHHSI MOTOKA HaJ KpbutoM. Kpome Toro obpasyercst peakTuBHas cuna P, co3naBaemas BbITEKaroOIEeH
CTpy€il.

D¢ heKTUBHOCTD AEHCTBUSI pEaKTUBHOT'O 3aKPbUIKA 3aBHCUT OT YIJla aTaKM KpbLIa, YIila BEIXOA CTPYH 0 u
BEIUYMHBI CWIbI TArd P. VIX MCHONB3YIOT [UIsl TOHKMX, CTPEJIOBUIHBIX KPBUIBEB MAJIOT0O yJIIMHEHUE PeakTuBHBIN

3aKPBUIOK MMO3BOJISIET YBEIHMYUTH KOAPPUIHEHT NoAbeMHON CHIIBI CYyaxe 6 5-10 pas.
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JInist cO3/1aHust CTPYH MCTIONB3YHOTCS Ta3bl, BBIXOSANINE U3 TypOOPEAKTHBHOTO JBUTaTENs.
HNEPEMEILIEHUE HEHTPA JABJIEHUSA KPBIJIA U CAMOJIETA

IlenTpomM naB/ieHHSI KPbLIA HA3bIBACTCAd TOUKA MEPECEUCHMs] PAaBHOJECHCTBYIOLIEH a’dpOoAMHAMUYECKUX
CHJI C XOpAOH KpbLia.

[TonoxeHue LEHTpa AABIEHHs ONPENEIAETCs €ro KOOPAUHATON X7 - pacCTOSIHUEM OT IepefHed KPOMKHU

I
KpbLIa, KOTOPOC MOXKET OBITH BBIPA’KCHO B JOJIAX XOPAbI B

Hanpasnenue neiicTBus cuisl R onpenenseTcs yrioM (9, 06pazyeMbIM ¢ HalpaBlIeHHEM HEBO3MYLIEHHOTO
BO3aymIHOTO motoka (Puc. 43, a). U3 pucyHka BUIHO, 9TO

gp="=K,
X (2.25)

rae K - asponnHaMHYecKoe KadecTBO IPOQHIIs.

, &

Puc. 43 lleump oaseHus Kpblila U U3MEHeHUe €20 NOJIOHCEHUA 6 3d6UCUMOCHU Om Y2/ld amaKu

[Tomo>xeHre meHTpa AaBICHUS 3aBUCUT OT QopMbI mpodmist u yria araku. Ha Puc. 43, 6 mokazaHo, Kak
M3MEHSIETCs TIOJIOKEHUE LIEHTPA JaBJICHUS B 3aBUCMMOCTH OT yIJia aTtaku Juis npodueit camoneros Sk 52 u Sk-55,
KkpuBas [ -0ns camonema Axk-55, kpusas 2-ons camonrema Hx-52.

U3 rpaduka BugHo, uto mnoioxenwe IIJI mpu M3MEHEeHHMH yrila aTakd y CHMMETPUYHOTO Hpoduiis
camornera SIk-55 ocTaeTcs HEM3MEHHBIM M HAXOAWTCS NPUMEPHO Ha 1/4 pacCcTOSHHSA OT HOCKA XOP/IBL.

Tabnuua 1
Hazpy3Ka
Oobo3nauenue seca (zpy3a)

Ilycroii camoner
Banetnsriii Bec

Jleruunk B nepeaHei kaOuHe
Jleruuk B 3a7Heii Kabune
TomnuBo B Oakax

Macio B 6akax

Gl'l

GB3J'I

G

G,

Gr

Gum

[Ipu u3MeHeHNH yTia aTaKu U3MEHSIETCS paclpeeICHIE aBICHHS IO MPO(IIITI0 KPBIIA, H TO3TOMY IICHTP

JTABJICHUS TIepeMeIaeTcs BAOIb XOPAbI (A1 HECUMMETPUIHOTO Tpoduiis camonera Sk-52), kak moka3ano Ha Puc.
44. Hampumep, Tpu OTPUIATEIHHOM yIJIe aTaku camonieta SIK 52, mpuMepHO paBHOM -1°, CHIIBI JaBIIEHUS B
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HOCOBOW M XBOCTOBOM YacTsX Npouiis HanpaBiieHbl B MPOTHUBOIOIOKHBIE CTOPOHBI M PABHBL. JTOT YroJI aTaku
Ha3bIBAETCS YIJIOM aTaKd HyJIEBOH MOABEMHOM CHIIBI.

d--4° d=-1° d=0° d=+4° y | d=+15°

w

Yi Yi

Puc. 44 Ilepemewienue yenmpa oasnenus Kpoiia camonema Ak-52 npu uzmenenuu yena amaxu

[lpn Heckonbko OoOJIbIIEM YyIJIE aTaKd CHJIbl JaBJICHHs, HAalpaBjeHHbIE BBEPX, OOJbIIEC CHIIBI,
HATpaBJICHHOW BHM3, MX pPaBHOJACHCTBYIONas Y Oyzaer nexaTh 3a Oosbiueii cwmoit (II), T. e. HeHTp AaBiICHUS
OKa&XXETCSl PaCIOJIOKEHHBIM B XBOCTOBOW 4Yactu mnpoduis. [Ipu nanpHeiimeM yBEIMYEHUHM YIJa aTaku
MECTOHAXO0X/ICHHE MaKCUMAJIbHON Pa3HOCTH JaBJICHUH MepeaABHUraeTcs Bce ONmke K HOCOBOW KPOMKE KpbLia, 4To,
€CTeCTBEHHO, BbI3bIBaeT nepementenue LI mo xopae k nepeaneit kpomke kpsuia (111, IV).

Haub6onee nepenuee nmonoxxerne L/ mpu kputraeckoMm yrire atraku Okp= 18° (V).



CHIOBASA YCTAHOBKA CAMOJIETA

HA3BHAYEHUE CHJIOBOM YCTAHOBKH M OBIIIUE CBEJEHUSA O BO3YIIHBIX BUHTAX

Cunoeasn ycmaHnoéKa npet)nasnaltena U1 CO3IaHuA CHIIbI TATH, HCO6XOZ[PIM01>1 JJId IPEOJ0JICHUA
71000BOTO COIIPOTUBJICHUA U obecrneyeHus MOCTYNATCJIbHOI'0 ABUKCHUA CaMOJICTA.

Cuia TSITH CO3[aeTCsl YCTAaHOBKOW, COCTOSIIICH M3 JBHUrarelis, ABWKUTENs (BUHTA, HAIPUMEP) U CHUCTEM,
obecrieuynBarOINX padOTy IBUTATEIFHON YCTAHOBKH (TOIUTMBHAS CHCTEMA, CHCTEMa CMa3KH, OXJIaXKACHUS H T.II.).

B HACTOsALICC BpEMs B TpaHCHOpTHOﬁ U BOCHHOU aBUaliu MIUPOKOE PACIPOCTPAHCHUEC TTOJTYYUIIN
TypﬁopeaKTI/IBHHe n Typ6OBI/IHTOBBIe JABHUIaTCIIN. B CHOpTI/IBHOfl, CEIIbCKOXO3SICTBEHHOH U Pas3IMIHOro
Ha3HAYCHHUS BCIIOMOTraTeIbHOMN aBualiuM IO0Ka CIIe IMPUMCEHAKOTCA CHWJIOBBIC YCTAHOBKH C MOPIIHECBBIMU
ABUAITMOHHBIMHU ABUTATCIISIMU BHYTPEHHETO CTOPaHUA.

Ha camonerax fk-52 u Sk-55 cuioBas ycTaHOBKAa COCTOUT M3 mopiiHeBoro asuratens M-14I1 u
BO3AYIIHOTO BHHTa m3MeHsemoro mmara BS530TA-/[35. Jlgurartens M-14I1 mpeoOpasyeT TEIUIOBYIO SHEPIHIO
CrOpAIOLIETO TOIUIMBA B S3HEPTUI0 BPAIEHUS BO3yLIHOIO BUHTA.

Bo3oywinblit éunm - JOTACTHBIN arperar, BpallaeMblii BaJioOM IBHUraTels, CO3MAIOUINNA TATY B BO3IYXE,
HEeo0XOMMYIO JUIsl IBH)KEHUS CaMoJIeTa.

PabGora BO3OYIIHOTO BUHTA OCHOBAaHa Ha TEX K€ MPUHIMIIAX, YTO U KPBIJIO CaMOJIETA.

KJIACCUDPUKALIUA BO3AYIIHBIX BUHTOB
BuHTHI K1accuUIMPYIOTCS:
no yucay 1onacmeil - 08yx-, mpex-, yemwipex- u MHO20J0NACmHble;
N0 Mamepuany u32omosieHus: - 0epeganubvle, MeMaiIuiecKue;

no HanpaeieHuro epaweHusl (CMompemb U3 Kabumvl camonrema no Hanpaesienuro nozzema) - J1e6oco U
npaeoco epaujeHus;

10 PACTONONCEHUIO OMHOCUMENbHO O8UAMEISL - MAHYWUe, MOIKAIoWUe,;
no gopme nonacmeli - 00vluHbIe, CabIeBUOHbIE, TONAMO0OPA3HbLIE,
RO MUNAM - PUKCUPOBAHHbLE, HEUSMEHSEMO20 U USMEHIEMO20 WA2d.

Bo3aymHbIii BUHT COCTOMT W3 CTYNHIIBI, JIONMACTEH M YKPEIUIASTCS Ha Baly ABHUTATels C IOMOIIBIO
cnenuanbHOM BTynkH (Puc. 1).

Bunm neusmensaemozo waza iMeeT IONACTH, KOTOPBIE HE MOTYT BpaIaThCsi BOKPYT CBOMX oceil. Jlomactu
CO CTYIHIICH BBITOJHEHBI KaK €IUHOE IIENIOE.

Bunm t])uxcuposalmozo waza NMECT JIOMIACTH, KOTOPBIC YCTAHABIIMBAIOTCA HA 3€EMJIC TIEPET TTOJIETOM IO
JIFOOBIM YIJIOM K IUIOCKOCTH BpaIllICHUS 1 d)I/IKCI/IpyI-OTCH. B nonere yroJj yCTaHOBKH HE MEHSICTCHL.

Bunum usmensnemozo waza wnmeer JIOMacTH, KOTOPBIE BO BpEMA pa6OTLI MOTYT TIpU TIOMOIIH
THAPABIMYECKOTO WM DBJICKTPUYECCKOI0 YHNPABJICHHUA WIM aBTOMAaTUYCCKH BpallaTbCAa BOKPYTI CBOUX ocel u
YCTaHaBJIMBATHCA IO HYKHBIM YTJIOM K INDIOCKOCTH BpaIICHUA.

Cmynuya JSlenacme

Puc. 1 Bo30ywinstit 086yXn10nacmuulili 6UHM HEUIMEHAEMOZ0 WIA2A

—

e ——

Puc. 2 Bo3oywnotit gunm B530TA /135

Ilo JAraIa3oHy yrijioB YCTaHOBKHU JIomacTei BO3AYIIHBIE BUHTBI IOAPA3ACIISAIOTCA:

Ha 00bluHble, Y KOMOPLIX Y20l yCmanoeku usmensiemcs om 13 0o 50° onu ycmawnagiusaromes Ha
JIE2KOMOMOPHBIX CAMONEMAx,
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Ha ¢moeepnvle - yeon ycmanosku mensemcs om 0 0o 90°;

Ha MOPMO3HbIE UL PEeBEPCHbIE SUHMbL, UMEION UMEHAeMblll Yeon ycmanosku om -15 0o +90°, maxum
BUHMOM CO30QIOM OMPUYAMENbHYIO MS2Y U COKPAWalom OIuny npobeza camoiema.

K BO3IyIIHBIM BUHTAM MPEIBSBISIFOTCS CIIEAYIOIIHE TPEOOBAHMS:

BUHM 00JIXCEH DbLMb NPOUHBIM U MALO 6ECUINb,

Odondicen 061a0ams 6ecosoll, 2eo0Mempuieckoll U aspoOOUHAMULECKOl CUMMeEMpPUell,
00JIHCEH PA3BUSAMb HEOOXOOUMYIO MA2Y NPU PAZTUYHBIX I8ONIOYUAX 8 noeme;
doadicen pabomams ¢ HAUOOALUUUM KOIPDUYUEHMOM NOAE3HO20 OetCMEUSL.

Ha camonerax SIk-52 u SIk-55 ycraHOBieH OOBIYHBINA BECI000Opa3HbBI JEPEBSHHBIA BYXJIONACTHBIH
TSHYIIUA BUHT JICBOTO BPAIICHHUS, U3MEHAEMOTO Il1ara ¢ rujipaBiniyeckuM ympasieauem BS30TA-/135 (Puc. 2).

IF'EOMETPUYECKUE XAPAKTEPUCTUKHU BUHTA

JlomacTu mpu BpaIIEeHHUH CO3[AI0T TAKHE K€ a’pOJMHAMUYECKHE CHIIBI, YTO M KphUIo. ['eomerpuueckue
XapaKTEePUCTHKH BUHTA BIUIOT HA €TO a3 POTUHAMUKY .

PaccmoTpuM reomeTpryecKiie XapaKTepUCTUKYA BUHTA.
Dopma nonacmu 6 naane - HauboJee pacpocTpaHeHHass CUMMETPUYHAs U calJieBUTHAS.

Jadusa xpomya

Y -
\ - Xopda
Tepedna
sur awade XL APOMKG

a &

fingexocmy  fpawernua

Puc. 3. @opmbi 6030yuinozo eunma: a - npoghuns 1onacmu, 6 - opmol 10nacmeil 6 naane

H
Hp

CRONBIMEHUE

feomempuyeckud wae

Puc. 4 /Tuamemp, paduyc, zeomempuyeckuii wiaz 6030yuiH020 6UHMA
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Puc. 5 Pazeepmka éunmogoit 1unuu

CedeHusi pabodell 9acTH JIOMACTH MMEIOT KpbUTbeBbIe mpodwmmm. [Ipoduns nomactu xapakTepusyercs
XOpJOW, OTHOCUTEIBLHON TOJIIMHON U OTHOCUTENBHON KPUBU3HOM.

,21.]'[51 GoubLIei MMPOYHOCTH MPUMCHAIOT JIOMAaCTU C nepeMeHHoi/i TOJIIMHOMN - MOCTEIEHHBIM YTOJIIIEHUEM K
KOPHIO. XOpZ[I)I CEUCHHI JIe)KaT HEe B O,HHOﬁ IIJIOCKOCTH, TaK KaK JIOIIACTh BBIIIOJIHCHaA Bapr‘ICHHOﬁ. P€6p0 JionacTu,
paccekaromee BO3AYX, Ha3bIBACTCA nepe,uHeﬁ KpOMKOﬁ, a 3aJHeC - 33ﬂHeI71 KpOMKOﬁ. HJ'IOCKOCTI),
MNEPHOCHAUKYJIApHAd OCU BpalllCHUA BUHTA, HA3bIBACTCA INIOCKOCTBIO BPpAllICHHUA BUHTA (PI/IC. 3)

Jluamempom eunma Ha3bIBACTCS TUAMETP OKPYIKHOCTH, OIMCHIBAEMOW KOHI[AMH JIONIACTEH MPY BpPAILEHUU
BUHTA. J[MaMeTp COBpEeMEHHBIX BUHTOB KoJiebercs ot 2 10 5 M. Jluametp Bunta BS30TA-/135 paBen 2,4 M.

Teomempuyeckuii wiaz eunma - >T0 PACCTOSIHUE, KOTOPOE ABHXKYILIHUICS MOCTYNATENbHO BHHT JOJDKEH
MIPOITH 3a OJMH CBOM MOJHBIN 000pOT, €cii OB OH ABHUTAJICS B BO3AYyXe Kak B TBepaoi cpexne (Puc. 4).

Yeon ycmanoeku nonacmu eunma (Y - 5To yroy HaKJIOHA CEYESHHs JIONACTH K IIOCKOCTH BPAIICHUs BUHTA
(Puc. 5).

s ompexneneHns, 4yeMy paBeH IIar BHHTA, IPEACTaBUM, YTO BHHT IBIDKETCS B LWIMHApE, PAgUyC T
KOTOPOTO PaBeH PACCTOSHHUIO OT LIEHTpa BpamleHWs BUHTA A0 TOYKH b Ha ynomacté BuHTa. Torma cedeHue BHHTA B
STOW TOYKE ONMIIET HA MOBEPXHOCTH LIUIMHAPA BHHTOBYIO JIMHUIO. Pa3sBepHEM OTpPE30K HMIMHAPA, PABHBIN IIary
BuHTa H mo nuuuu BB. TloayuuTcst npsMOyroibHUK, B KOTOPOM BUHTOBAS JIMHUS MPEBPATHIIACH B TUATOHAIb 3TOTO

npsiMoyronbHuka IIb. Orta jguaroHans HakjJoOHEHa K IUIOCKOCTM BpamieHus BuHta BIl mop yrimom @. Us
IIPSIMOYTOJIBHOIO TpeyroibHuka LIBb Haxoaum, yueMy paBeH 1ar BUHTA:

H=2mgp. 3.

[lar BuHTa OyzeT TeM Ooiblile, 4eM OOJblIe yrojl YCTaHOBKU JONacTd (P. BuHTHI moapasnenstorca Ha
BUHTBI C TOCTOSHHBIM IIIaroM BJOJb JIONACTH (BCE CEYEHUS HMEIOT OJMHAKOBBIM Iar), MepeMEeHHbIM IIarom
(ceueHMs UMEIOT pa3HbIH 1Iar).

Bozaymmsrit Buatr B530TA-/I35 mmeer mepeMeHHBIH Imar BHONb JIOMACTH, TaK KaK 3TO BBITOJHO C
a’pOIMHAMHUYECKON TOUYKH 3peHus. Bce cedeHns nonacTu BUHTa HaOETalOT Ha BO3AYIIHBIA MOTOK O] OMHAKOBBIM
YTJIOM aTakH.

Ecnu Bce ceueHns omacTé BUHTa MMEIOT Pa3HBIN IIar, TO 32 OOIIWI IIar BUHTAa CUUTAETCS IIar CEYCHHS,
HaXOJIAIIETOCS Ha PacCTOSIHAM OT IeHTpa BpameHus, paBHOM 0,75R, rme R-pagmyc BuHTa. DTOT mIar Ha3bIBaeTCs
HOMUHAIBbHBIM, A Y2071 YCMAHOBKU 3020 CeYeHUsl - HOMUHATbHBIM Y2TIOM YCHAHOGKU.

l'eomeTpuueckuii miar BHHTA OTIMYACTCS OT IOCTYNM BHHTA HAa BEIMYMHY CKOJIEXCHUS BHUHTA B
BO3AYIIHOM cpere (cM. Puc. 4).

IHocmynv 6030ymno20 6eunma - DO5TO JICHCTBUTENBHOE PACCTOSIHUE, HA KOTOPOE JBUKYLIUICS
MOCTYMATEILHO BUHT MPOJBUTAETCS B BO3JyXE BMECTE C CAMOJICTOM 3a OJIMH CBOMW MOJHBINA 000poT. Eciu cKkopocTh
camoJieTa BhIpakeHa B KM/4, a YUCJI0 000POTOB BUHTA B CEKYH]Ly, TO MOCTymb BuHTa Hyy MOXXHO HaiiTi 10 opmyre

n (3.2)
IocTyns BUHTA HECKOJIBKO MEHBINE TEOMETPUYECKOTO IIara BHHTA. JTO OOBSICHIETCS TEM, YTO BHHT Kak
6])1 IMMPOCKAJIb3bIBACT B BO3AYXEC IMPU BpallCHUMW BBUAY HU3KOT'O 3HAYCHUSA IUNIOTHOCTU €ro0 OTHOCUTEIBLHO TBep[lOﬂ
cpensl.
PasHocTh MEXIy 3HAYCHHEM TE€OMETPHYECKOTO Iara W IOCTYNBIO BO3MYIIHOTO BHWHTA HA3BIBACTCS
CKObIICEHUEeM 6UHMA Y OTIpENIeNsieTCs 1o hopmMyIie

S=H-H,. (3.3)
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APOJNHAMUNYECKHUE XAPAKTEPUCTHUKHA BO3YIIHBIX BUHTOB

CKOPOCTD IBUXEHUS U YT'OJI ATAKH DJIEMEHTA JIONACTH BUHTA

K AIPOAMHAMHUYCCKUM XaPAKTEPHUCTHKAM BO3OYIIHBIX BUHTOB OTHOCATCS YI'OJI aTakKv U TAra BO3AYHIHOTO
BHHTA.

Yenom amaku snemenmoe nonacmu eunma O. Ha3bIBACTCS YIrOJ MEXAY XOpPAOH 3JIE€MEHTa H
HarpasJjeHHUEM ero UICTUHHOTO pe3yibTupyomniero nsmwkenns W (Puc. 6).

V=2nz-n;

Puc. 6 Yeon YCmMAaHOBKuUu u y2os1 amaxku aonacmeii: a - Y201 amaku j3jiemenma jionacmu, 0- CKopocmu j3jiemenma
Jqonacmu

Kaxxmprif smeMeHT JOmMacTd COBEpIIAeT CIIOKHOE MABIDKCHHE, COCTOSIIEe W3 BpallaTeNbHOTO |
MOCTYTIATeNNFHOTO. BpararensHas ckopocTh paBHa

rzie B¢ - 000pOTHI JBUTATENS.

Ilocmynamenwvhaa cKopocmb-3T0 CKOPOCTh camonera V. UeMm panblie 3JI€MEHT JIONACTH HaXOIUTCS OT
IIEHTPa BPAICHUS BO3AYIIHOTO BUHTA, TeM OOJIbIIE BpamarenbHast CkopocTs U.

le/I BpalllCHUX BUHTA Ka)KJIbIM 2JIEMEHT JIONACTH 6y}1€T COo3JaBaTb ad3pOJAMHAMHUYCCKUEC CUJIbI, BEJIMUYMHA U
HalpaBJICHUE KOTOPLIX 3aBUCAT OT CKOPOCTU ABUKCHUS CAMOJICTA (CKOpOCTI/I Ha6era}0mer0 HOTOKa) " yrjia aTaku.

Paccmarpusas Puc. 6, a, HeTpyAHO 3aMETHUTH, UTO:
KOTJa BO3yILIHBII BUHT BPAIlA€TCs, a HOCTyNaTeIbHas CKOPOCTh paBHa HyI0 (V=0), TO KaXIbli 21€MEHT
JIOIIaCTH BUHTA UMEET YIoJl aTaKy, PaBHBIN yIly YCTaHOBKM 3JI€MEHTA JIONACTU (P

IIpU NOCTYTIATCJIbHOM ABM)XCHHUHU BO3QYIITHOI'O BUHTA YI'OJI aTaKyd 3JIEMEHTA JIOIACTU BUHTA OTINYACTCA OT
Yyrjia HaKJIOHa 3JIEMEHTA JIOITAaCTH BUHTA (CTaHOBI/ITCﬂ MCHBIIC ero);

YToJ1 aTaku 6y,H6T TEM 6OJ'II)HIG, yeM 0OoJIbIIe YToJI YCTAHOBKHU 3JICMCHTA JIOIIACTHU BUHTA,

pe3yapTHpYIOLIasl CKOPOCTh BpAIICHUS 3JIEMEHTa JIONAacTH BUHTa W paBHa TIeOMETPHUECKOH CyMMe
MOCTYTIAaTeIbHON M BpaIlaTeIbHON CKOPOCTENH U HAXOAMUTCS 110 MPaBHITy MPSIMOYTOJIBHOTO TPEYTOJIbHUKA

W:‘VV2+U2, (3.5)

yeM OOJIbIIe BpamareibHas CKOPOCTh, TEM Ooublie Yroj atakv 3JIEMEHTA JIONNAaCTU BO3AYIIHOT'O BUHTA. u
HaO60pOT, yeM OoJIbIle IMoCTyNnaTejIbHass CKOPOCTHh BO3AYITHOI'O BUHTA, TEM MEHBIIC YI'OJI aTaKu 3JIEMEHTA JIOIIaCTHU
BO3OYIIHOI'O BUHTA.

B neidicTBUTENPHOCTH KapTHHA TIOJIydaeTcsl Clo)kHee. Tak Kak BHHT 3acachblBaeT M BpaIlaeT BO3AYX,
oTOpachlBaeT €ro Hasaja, coodOmias eMy JOMOJHUTENbHYIO CKOPOCTh V, KOTOPYIO HAa3bIBalOT CKOPOCTBIO
nojcaceiBaHus. B pesynprare MCTHHHas ckopocTe W' OyneT 1O BEJNMYMHE W HANpaBICHUIO OTIMYATBCS OT

CKOPOCTH MOJCAChIBAHHUS, €CIIM MX CIIOXKUTL reomeTpudecku. Clie0BaTelIbHO, M MCTHHHBIA yron ataku O Oyuer
otim4aThes ot yrina O, (Puc. 6, 0).
AHanu3upyst BbIILIECKa3aHHOE, MOXKHO C/IEJIaTh BBIBOJIBI:

npu nocmynameﬂbHoﬁ CKopocmu V=0 yeoa amaxku MAKCUMANbHBLU U paeen yeiy yCmaHO6KU Jjonacmu
eunma,

npu yeeiudeHuu nocmynameﬂbHoﬁ CKopocmu ycol amaxku yMeHbuiaemcs u CmaHoBUmcs MeHbuie y2id
YCMAaHOBKU,

npu bonvuiol CKopocmu noJjiema )20 amaxku Jaonacmeti Modicem cmamb ompuyamelbHblM,

yem boavue CKOpoCmb 6pawjerusd 603()yWH020 euHma, mem bonvute yeojl amaku e2o jonacmu,
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eCjliu CKopocmb noJjiema HeusmeHHa u O60p0mbl osucamens YmeHbularomcs, mo ycojl amaxku yMmeHbulaemcs
u mootcem cmamvb ompuyameibHobiM.

CrnenaHHbIE BBIBOABI OOBSICHSIOT, KAaK H3MEHSETCS CHJIa TATH BUHTA HEM3MEHSIEMOTO Iara Mpu H3MEHEHHH
CKOpOCTH TIOJIETa U YHciIa 000POTOB.

Cuna mazu 6uHma BO3HUKAET B Pe3ylbTaTe ASHCTBHSA a’poiuHaMIdecKoii cunsl AR Ha SIEMEHT NonacTu
BHUHTa TIpH ero Bpamenuu (Puc. 7).

Pa3nmoxuB 3Ty Crily Ha JBE COCTABISIONINE, MAPAIUICTBHYIO OCH BpAaIleHUS M MapajUIedbHYIO TUIOCKOCTH
BpamieHus, nony4um cury JIP u cumy conporusienns pamenuto AX snemenTa nonactu BUHTA.

CyMMHpYS CHITy TSTH OTAEIBHBIX AJIEMEHTOB JIONIACTH BUHTA M MPHJIOKHUB €€ K OCH BPAIICHUS, MOIYIHM
CUJIy TSTU BUHTA P.

Tara BuHTa 3aBUCHT OT Iuamerpa BuHTa JI, uucia oOOpPOTOB B CEKyHIy R, IUIOTHOCTH BO3AyXa P U
noacyuThiBaercs 1o popmyie (B kre uian H)

P:apnfﬂ“, (3.6)

rae O, - Ko3h(GUUMEHT TATM BUHTA, yYMTHIBaIOWIMII (opMy Jlonactd B Iuiane, Gopmy mpoduis u yria
aTaku, ONpenessieTcsi dSKcnepuMeHTabHo. KoadduuueHt Taru BO3AyIIHOrO BHHTAa camoieroB Sk-52 u SIk-55
B530TA-/135 pasen 1,3.

Takum 00pa3oM, cuiIa TSATH BUHTA IPSIMO IPOIOPIHOHAIBHA CBOEMY K03()(DHIIMEHTY, IUIOTHOCTH BO3AyXa,
KBaJIpaTy 4Hciia 000pOTOB BUHTA B CEKYHY U JUAMETPY BHHTA B YETBEPTOH CTEICHU.

Tak kak jomacTH BHUHTA HMEIOT TeOMETPUICCKYIO CUMMCTPUIO, TO BCIWYUHBI CUJI COIPOTUBJICHUA U
yYAaJieHUs UX OT OCHU BpalllCHU 6yI[yT OJINMHAKOBBIC.

Cuuia conpoTHBIICHUS BPALIEHUIO OIpeessieTcs 1o hopMyJe

2
sw
2~ _S,K,
2 (3.7)
rae Cx; - K03(GUIMEHT COMPOTHBIICHHS JIOTIACTH, YUYUTHIBAIOMINN ee (opMy B IDIaHE, GOpMy MpPOQIIIs,
YToJI aTakH ¥ Ka4ecTBO 00pabOTKHU IMOBEPXHOCTH;

Xy =Cy,

W - pe3ynbTHpyIolias CKOpoCTb, M/C;
SU1 - TIOIIA/b JIOTACTH;

K - xonnuecTBO JTOMIacTEM.

AP - anemenmaprag
cuna mseu

AX- anemenmapras
cuna conpomubnenug

Puc. 7 Aapoounamuueckue cunvl 6030yuiHo20 6UHMA
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Puc. 8. Pexrcumot pabomaul 6030yutH020 6unma

Cuna COIMPOTUBJICHHA BPAlICHUIO BUHTA OTHOCHUTCIIBHO €TI0 Bpalll€HUA CO34a€T MOMCHT COHNPOTHBJICHUA
BpalICHUIO BUHTA, KOTOpHﬁ YPaBHOBCIIUBACTCA KPYTAIIUM MOMCHTOM JABUTATCIIA:

Mp=Xors (3.8)

KpyTsiumii MOMEHT, CO3/1aBaeMblii JBUraTeaeM, onpeaeisiercs (B Kre-M) mo hopmysie

M, =71622c
n (3.9)

rie Ne-3(pQeKTuBHAS MOIHOCTD JABHUTATEs.

PaccMOTpeHHBIH peXuM Ha3bIBAeTCS PEKMMOM MOJIOKHTEIBHOM TATM BHMHTA, TaK KaKk 9Ta TATa TSIHET
camorer Brepen (Puc. 8, a). [Ipu yMeHbIIEHNH yTiia aTakW JIoMacTe yMeHbImarTes ciiibl P u X (yMmeHbImaeTcst

TATa BHHTA M TOPMO3SIINH MOMEHT). MOXKHO TOCTHYh Takoro pexknma, korma P=0 u X=R. Dto pexxum HyieBoi
Tsaru (Puc. §, 6).

[Ipu manpHEWIEM YMCHBIICHHU yIila aTaKW JAOCTHTACTCSA PEKKAM, KOTJa BUHT HAYHET BPAIIATHCS HE OT
JIBUTATENs, a OT JCHCTBUSI CHJI BO3AYIIHOTO IMOTOKA. Takod pPEXHUM Ha3bIBACTCS CAMOBPAU4EHUEM GUHMIA WIIU
asmopomauuei (Puc. 8, B).

IIpu nanpHelieM yMEHBIIEHNH YIJIa aTaK{ AJIEMEHTOB JIOTIACTH BUHTA MOJIyYUM PEXHUM, Ha KOTOPOM CHJIa
COIIPOTHBIICHHMS JIoTIacTH BUHTA X OyJeT HalpaBlieHa B CTOPOHY BpaIlleHHs BUHTA, M TIPH 3TOM BHHT Oy/AeT UMETh
OTpUIATeNIbHYIO TSry. Ha 3TOM peuMe BHHT BpallaeTcsi OT HaOEraroIiero BO3YIIHOTO IIOTOKa M BpallaeT
nBurarens. [IporucXoanT packpyTKa ABHUTATeENs, 3TOT PEXKUM Ha3bIBaeTCs pexcumom eempaka (Puc. 8, 1).

Pexumel CaMOBpalICHUA U BETPsIKA BO3MOKHBI B TOPU30HTAJIbHOM ITOJIETE M HA TMKUPOBAHUU.

Ha camomerax Sk-52 u Sk-55 5TH pexXUMBI IPOSBISIFOTCS TIPY BHIIIOJIHEHUN BEPTUKAIBHBIX (DUTYp BHU3 Ha
MaJIOM IIare JIONAcTH BUHTA. [103TOMy peKOMEH/IyeTCsl IPH BHIIOJIHEHNH BEPTHUKAIBHBIX (UTYp BHU3 (TIPH pa3roHe
ckopoctu 6ornee 250 KM/9) BHHT 3aTsDKeNATh Ha 1/3 Xona peryara yrpapjieHHEM IIara BUHTA.

3ABUCHUMOCTD TAI'N BUHTA OT CKOPOCTH NNOJIETA. BIUSAHUWUE BBICOTHI IIOJIETA HA
TAT'Y BUHTA

C yBenmueHneM CKOPOCTH HOJIETa YIJIbl aTaku JOMACTH BHHTA, HEM3MEHSIEMOro mara 1 (MKCHPOBAHHOTO,
OBICTPO yMEHBIIAIOTCS, TSra BUHTA MagaeT. Hanbospmmil yron aTaku jomnactd BUHTA OyJIeT Ha CKOPOCTH TIOJIETa,
PaBHOM HYJIIO, ITPH TIOJIHBIX 000POTaX ABHIATEIS.

COOTBETCTBEHHO YMEHBIIAETCS TAra BO3AYIIHOTO BUHTA A0 HYJIEBOTO 3HAYEHUS U Jajle€ CTAaHOBUTCS
orpunaresnsHol. PackpyunBaercs Ban nBurarens. YToObl MpeaynpenuTb packpyTKy BHHTA, YMEHBIIAIOT 00OPOTHI
Jasurarens. Ecnu gBuratens He APOCCENUPOBATh, TO MOXKET MIPOU3OUTH €ro pa3pylLIeHue.

3aBucumocth Tsaru BuHTa BS30TA-/I35 oT ckopoctH mojiera u3o0paxeHna Ha rpaduke Puc. 9. s ero
MOCTPOEHHSI 3aMEpSAIOT TATY BO3AYIIHOTO BHHTA MNPU pasHbIX cKopocTsx. [lomyueHHbId rpaduk Ha3bIBaeTCs
XapaKTEPUCTUKOM CHIIOBOU YCTAHOBKH IO THATE.

BJIMAHUE BbICOTDI IIOJIETA HA TSAT'Y BUHTA.

BbIsIcHSS 3aBUCHMOCTB TATH OT CKOPOCTH TI0JIETa, pacCMaTpHUBAJIach pad0Ta BUHTA HA HEM3MEHHOI BBICOTE
IIPU MIOCTOSIHHOH IUIOTHOCTH Bo31yxa. Ho mpu monerax Ha pa3HbIX BBICOTaX MIIOTHOCTh BO3/yXa BIUSIET HA TATY
BO31yLIHOro BUHTA. C yBEINYEHHEM BBICOTHI [I0JIETa INIOTHOCTH BO3/lyXa Ma/laeT, COOTBETCTBEHHO
MPOTNOPIMOHANBHO OylIeT NajaTh U TSAra BUHTA (IIPY HEM3MEHHBIX 000pOTax ABHUIaTelis ). DTO BUIAHO NPU aHAIIU3E

dhopmyisr (3.6).
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Puc. 9 Xapakmepucmuxka cunoeoii ycmanoeku M-1411 no maze (ona H=500 m) camonemos Ak-52 u Ak-55 c
6030yuinvim eunmom B530TA-/135
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Puc. 10 Topmozawguii momeHm 6030yutHO20 6UHMA U KPYMAWUIL MOMEHM 08UZamens

TOPMO3SIIAA MOMEHT BUHTA U KPYTSIIIMA MOMEHT JIBUT ATEJIA.

Kak panee paccmaTpuBaioch, TOPMO3SAIIMH MOMEHT BHHTa INPOTHBOJCHCTBYET KpPYTAIIEMY MOMEHTY
JBUTATEIS.

Jiist TOro 94TOOBI BUHT BpAIAJICS C TIOCTOSHHBIMU 000pOTaMH, HEOOXOUMO, YTOOBI TOPMO3SIIIIUA MOMEHT
M., paBHBI TPOHU3BEICHUIO X e, 6pm paBeH KpyTsIeMy MOMEHTY Aurarenss Mgp, paBHOMY NPOHM3BEACHHIO

Fg,.1.e. Mi=Mp nmn X-e =F4 (Puc. 10). Eciu 310 paBeHcTBO OyneT HapymIeHO, TO JBUTATENb OyJeT YMEHbIIATh
00OpOTHI WIIH YBEITHYUBATD.

VBennueHne O60pOTOB JABUTATCIIA HNPUBOAUT K YBCIWYCHHIO MKp n HaO60pOT. Hogoe paBHOBECHUEC
YCTaHaBJIMBAETCA Ha HOBBIX 060p0Tax JABUTATCIIA.

MOIIHOCTD, IOTPEBHAS HA BPAIIEHUE BO3AYIIIHOI'O BUHTA
OTa MOIIHOCTH 3aTPAavYNBAETCs HA NIPEOJI0ICHIE CHII COTPOTHUBIICHHS BPAIIEHHUIO BUHTA.

dopmyna A onpeaeeHUs MOLUTHOCTH BO3AYIIIHOTO BUHTA (B JI. C.) UMEET BUJ:

B 3 s
Nop =L pmd 1,
5= s P (3.10)

rae [ - k03)OUIMEHT MONIIHOCTH, 3aBUCAIMI OT GOPMBI BO3JYIIHOTO BUHTA, YUCJIA JIONACTEH, yria
YCTaHOBKHM, (OPMBI JIOMACTH B IUIaHE, OT YCIOBHS Pa0OTHI BO3AYIIHOTO BHMHTA (OTHOCHUTENBHOW IIOCTYIIM)

P AV )
n.

W3 popmymer (3.10) BumHO, 4TO MOTpeOHAS MOUIHOCTH UIS BpamleHHs BO3AYIIHOTO BHHTA 3aBUCHT OT
K03 }UIHEHTa MOIIHOCTH, OT CKOPOCTH H BBICOTHI I10JIETa, 000POTOB U JHAaMeTpa BO3AYIIHOTO BHHTA.

C yBemu4eHHEM CKOPOCTH MOJETa YMEHBIIAETCS YroJl aTaky 3JE€MEHTa JIONAcTH BO3AYIIHOTO BHHTA,
KOJIMYECTBO OTOPAChIBAEMOTO Ha3aJ BO3AyXa M €ro CKOpOCTb, IOATOMY YMEHBIIAETCS U ITOTpeOHAs MOIIHOCTh Ha
BpallleHHEe BO3AyIIHOTO BUHTA. C yBEIMYEHHEM BBICOTHI ITOJIETA TUIOTHOCTH BO3/lyXa YMEHBINAETCS M MOTPEOHAs Ha
BpallleHHE BO3IYIIIHOTO BUHTa MOITHOCTh TAK)K€ YMEHBIIIACTCS.

C YBCJINYUCHUCM 060p0TOB JABUTATCIId YBCIMYUBACTCA CONPOTHUBJIICHUEC BPAIICHUIO BO3AYIIHOI'O BUHTA U
HOTp€6HaH MOIIHOCTBb Ha BPAICHUC BO3AYIIHOT'O BUHTA YBCJININBACTCS.
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BozaymHbiil BUHT, BpamaeMblil JBUTaTeNeM, Pa3BUBAET TATY U MPEOAOJIEBAET JTOOOBOE COMPOTHBICHUE
camoJeTa, CaMOJIeT ABIKETCS.

Pabota, nponsBoauMast CHIION TATH BO3IYIIHOTO BUHTA 3a | ¢ MPH ABMXEHUH CaMOJIETa, HA3bIBACTCS TATOM
WJTH TIOJIE3HOM MOIIHOCTHIO BO3/IyIITHOTO BUHTA.

TsiroBast MOIITHOCTH BO3/YIITHOT'O BHHTA ONPEACISACTCS 110 hopMyIie
PV
b
75 (3.11)

N, =

rze Py - Tra, passuBaemas BO3IYIIHBIM BUHTOM; V-CKOPOCTh CaMOJIETa.

C YBEIMYCHHUEM BBICOTBI 1 CKOPOCTH IIOJIETA TATOBasg MONIHOCTH BO3QYIIHOI'O BMHTA YMCHBIIACTCH. HpI/I
pa60Te BO3OYIIHOT'O BUHTA, KOTJa CaMOJIET HE ABUIKETCS, Pa3BUBACTCA MaKCUMAJIBHASA TATA, HO TATrOBasg MOIIHOCTH
IIpY 3TOM paBHa HYJIIO, TaK KaK CKOPOCTb ABMKCHUS paBHA HYJIIO.

KOS®OUIAEHT MOJE3HOI'O JEMCTBHUSA BO3IYIIHOI'O BUHTA. 3ABUCUMOCTbD KIIJI OT
BBICOTBI U CKOPOCTH NIOJIETA

YacTp 5HEpruM BpalleHUs IBUraTeNs 3aTpadyuBacTCsl HA BpAICHWE BO3YIIHOTO BHHTA W HAIlpaBJIeHa Ha
MPEOJIOJIEHUE CONIPOTHBIICHHUS BO3/yXa, 3aKpyTKy OTOpackiBaeMoil cTpyu u ap. Ilostomy monesHas ceKyHmHas
paboTa, WM TOoNe3Has TATOBas MOIIHOCTh BHHTA, NB, OyleT MEHbIIe MOITHOCTH IBUTATels Np, 3aTpauyeHHON Ha
BpallleHHe BO3AYIIHOTO BUHTA.

OTHOIIICHUE TIOJIE3HON TSIrOBOW MOIHOCTH K MOTPEOJIAeMO BO3AYIIHBIM BHHTOM MOIIHOCTH
(3 dexTrBHOI MOIITHOCTH IBUTATEIIS) HA3BIBACTCA KOIPPHUIMEHTOM TIOJIE3HOTO IeHCTBHSA (KIT) BO3AYIIHOTO BUHTA

u obo3Hauaercs 7). OH onpexemnsieTcs mo Gopmyre
=
B - .
N, (3.12)
‘ Ne ne¢

J007 Binemuwpid pemmf §9+1%
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Puc. 11 Xapaxmepucmuku no mowinocmu oeuzamens M-1411 camonemos Axk-52 u Ak-55

N;H‘j
Np - Nmanc

e (1 Ne 0DV amyu

0 -

Puc. 12 IIpumepnotit 610 Kpueoii usmeHeHUs pacnonazaemoil MOWHOCMU 6 3a6UCUMOCIU OM CKOPOCHU
noxema
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Puc. 13 Boicomnasa xapaxmepucmuxa osuzamens M-141I1 na pexcumax 1 - 63nemmnutii, 2- Homunanohwtii 1, 3 -
HomuHnanvuolil 2, 4 - Kpeiicepckuit 1; 5 - kpeiicepckuii 2
Benmunna KIIJI BO3MymIHOTO BHHTA 3aBHCHUT OT TeX kK€ (PaKTOPOB, UTO W TSATOBAs MOIIHOCTH BO3IYITHOTO
BUHTA.
KIIJ] Bcerna MeHblIe €UMHULBI U JOCTUTAET y JyUIINX BO3AYIIHBIX BUHTOB BennuuHsl 0,8...0,9.

I'paduk 3aBucuMOCTH pacronaraeMoi 3¢ (peKTHBHOI MOIHOCTH OT CKOPOCTH IOJeTa Ul caMoJeToB SIk-
52 un SIx-55 uzob6paxen Ha Puc. 11.

I'padux Puc. 12 Ha3pIBaeTcs XapaKTEPUCTUKONW CHIIOBOH YCTAHOBKH I10 MOIITHOCTH.

Ipu V=0, Np=0; npu ckopoctu monera V=300 km/a, Np= =275 1n.c. (ans camonera SAk-52) u V=320 km/y,
Np=275 1. c. (nns camoneta Sk-55), rme Np - moTpeOHasT MOIITHOCTb.

C yBenuueHHeM BBICOTHI 3(p(EeKTUBHAS MOIIHOCTD NAJaeT BCIEACTBUE YMEHBIIECHUS IUNIOTHOCTH BO3AYyXa.
XapakTepucTHKa U3MEHEeHHUs ee Ist camolieToB SIk-52 u SIk-55 ot BeicoThl nosera H u3o0paxena Ha Puc. 13.

Jln1s1 yMEHBIICHNS! CKOPOCTH BPAIIEHHsI BO3LYIITHOTO BUHTA B ABUTATENE IPUMEHSAETCS PELYKTOP.

CreneHb peAyKIUH TMOAOUPACTCS TaKMM 00pa3oM, YTOOBI HA HOMHHAJIBHOM PEKUME KOHIIBI JIOTACTCH
00TEKAINCh TO3BYKOBBIM ITOTOKOM BO3IyXa.

BUHTbBI U3BMEHSEMOI'O IIAT A

Jns  ycTpaHeHHs HEJOCTaTKOB BO3JIYIIHBIX BHHTOB HEHM3MEHSIEMOro Iara W (UKCHPOBAHHOTO
NpPUMEHSeTCS BO3MYIIHBIH BUHT u3MeHsemoro mara (BUI). OcnoBomnonoxxuukom teopun BUII sBisiercs
BerunHkuH.

TPEBOBAHMUSA K BUII:
BUIII nomkeH ycTaHABIMBATh HAa BCEX PEXUMAax IMOJIeTa HAMBBITOJHEHNININE YTIIbl aTaKH JIOTACTElH;
CHHMATh C JBUTATEINs] HOMHHAJIBHYIO MOIITHOCTh Ha BCeM pabodeM Anana3oHe CKOPOCTEH U BBICOT;

COXpaHATh MaKCUMAllbHOE 3HAYCHHE KOX(PQHIMEHTa MOJE3HOrO JEHCTBHS HA BO3MOXKHO OOJBIIEM
Jlnana3zoHe CKOpOCTEH.

Jlonactu BUII nubo ynpaBisitoTCsS CIENMAIBHBIM MEXaHW3MOM, JIMOO YCTaHABIMBAIOTCS B HYXKHOE
[I0JIOKEHUE IIOJl BIMSIHUEM CWI, ACHCTBYIOLIMX Ha BO3AYIIHBIM BUHT. B IepBoM cilydyae 3TO I'MIpaBIMYECKUE U
3JIEKTPUYECKHE BO3AYIIHBIE BUHTBI, BO BTOPOM - a3pOJAUHAMUYECKUE.

T'uopagnuueckuii 6umm - BO3IYIIHBIA BHUHT, y KOTOPOTO HW3MEHEHHE YIJla YCTAaHOBKH JOmacTeit
MPOMU3BOAUTCS aBJICHUEM Maciia II0JaBaeMOro B MEXaHU3M, HAXOJSIIUIACS BO BTYJIKE BUHTA.

Dnexkmpuueckuii @unm - BO3IYUIHBIH BHHT, Y KOTOPOTO H3MEHEHHE YIJla YCTAHOBKHM JIOTAcTEi
MPOMU3BOIUTCS 3IEKTPOIBUTATEIIEM, COCMHEHHBIM C JIOTTACTSAMHU MEXaHUIECKOW Iepesaduei.

Aspomexanuueckuii eunm - BO3AYNIHBIH BHHT, y KOTOPOTO H3MEHEHHE yIila YCTAHOBKM JomacTeil
NPOU3BOAUTCS aBTOMATHYECKH - a9POJJMHAMHUYECKUMU U LIEHTPOOCIKHBIMH CHIIAMH.

Haubonpimee pacnpoctpanenne mnoiayuwnu ruapasiamdeckue BUIIL. ApromaTtmueckoe yCTpOHCTBO B
BUHTAaX HM3MEHSAEMOTrO MIara MpeaHa3sHaueHO AJIS COXPAHEHHsS IMOCTOSHHBIMHM 33aJaHHBIX OOOPOTOB BO3AYIIHOTO
BUHTA (JIBUTATeNd) MyTeM CHHXPOHHOTO HM3MEHEHHsS yIila HAaKJIOHA JIONacTed NMpH HM3MEHEHMH peXuMa IoJjieTa
(ckopocTH, BBICOTBI) M HAa3bIBAETCS PETYJISITOPOM 1ocTosiHCTBA 060poToB (PI1O).
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Vimane

Puc. 14 Paboma 6030yuinozo eunma usmensaemozo wiaza B530TA-/[35 npu pasnvix ckopocmsax nonema

PIIO coBMecTHO ¢ MEXaHU3MOM MOBOPOTA JIONACTEl H3MEHSET IIar BUHTA (YroJI HAKJIOHA JIOMAcTeH) TaKuM
00pa3oM, 4ToObl 00OPOTHI, 33JaHHbIE JETYNKOM C MOMOIIBIO pbiuara ynpasinenus BUILL, npu u3mMeHeHUn pexuma
T0JIeTa OCTABAINCHh HEU3MEHHBIMU (321aHHBIMH ).

[Ipu 3TOM CiieryeT NOMHUTB, 9YTO 0OOOPOTHI OYAYT COXPAHIATHCS IO TEX MOP, MOKa 3(PPEKTHBHAS MOITHOCTh
Ha Bajy jaBuratens Ne Oyzaer 0oJjbliie MOUIHOCTH, MOTPEOHOW ISl BPAILEHHs] BO3AYIIHOIO BUHTA MPH YCTAHOBKE
JIOTIACTe! Ha caMBIi MaJIBIi yTOJI HAKJIOHA (MAaJIbIi mmar).

Ha Puc. 14 nokazana cxema padotst BUIII.
[Ipyn M3MEHEHMH CKOPOCTH IIOJIeTa OT B3JIETHOH O MAaKCHMajbHONH B TOPH30HTAJBHOM IIOJIETE YTOJ

YCTaHOBKH JIONACTEH (P BO3pAacTaeT OT CBOET0 MUHUMAJILHOTO 3HAYEHUSA @y 10 MAKCUMATIBHOTO (Dyare (00IBII0I
mrar). biarogapst 3ToMy YTIIBI aTaKu JOMACTHA U3MEHSFOTCS MAJIO U COXPAHSIOTCS OMU3KUMHU K HAWBBITOTHEHUIITHIM.

Pabora BUIIl Ha B3nmeTe xapakTepHa TEM, YTO Ha B3JIETE KCIIOJIB3YEeTCS BCS MOIIHOCTH JIBUTATEINS -
pa3BHUBaeTCsI HAUOOJIBIIAS TATA. DTO BO3MOXKHO IIPU YCIOBHUH, YTO JIBUTATENb Pa3BUBACT MAaKCHUMAaJIbHEIC 00OPOTEHI, a
Ka)X/1asl 9acTh JIOMIACTH BUHTA PAa3BHBACT HAUOOJIBIIYIO TATY, UMEsl HAUMCHBIIICE COMPOTHBIICHHE BPAIIICHHIO.

st aToro He06X0AMMO, YTOOB! Ka)KAbIM AJIEMEHT JIONACTH BO3AYLIHOTO BUHTA paboTal Ha yriax aTaky,
OJM3KMX K KPUTHYECKOMY, HO 0e3 cpbiBa BO3AyIIHOro rnoroka. Ha Puc. 14, a BuaHO, 4TO yroy aTaku JIONAcTH Iepe

B3sieToM (V=0) 3a cueT nepeTekaHus BO3/LyXa CO CKOPOCTbI0 AV HEMHOTO OTJIMYAETCs OT yIila HAKJIOHA JIONACTH Ha
BeJIMYMHY (PMUH. YTOJI aTaKH JIONIACTH COOTBETCTBYET BEJMYMHE MAKCUMAIbHOM MOIHEMHO CHIIBL.

ComnpoTHBIIeHHE BPAIIEHHUIO TOCTUTAET B 3TOM CIIy4ae BEIWYMHBI, TP KOTOPOW MOIIHOCTB, pacxomyemas
Ha BpallleHHe BUHTA, W dPQPEKTHBHAS MOIIHOCTH JBHTATEIsI CPaBHUBAIOTCS W 00OPOTHI OynyT Hem3MeHHBIMH. C
YBEIIMYEHHEM CKOPOCTH YTOJNl aTakd JomacTell Bo3AyIIHOro BWHTa yMenbmiaercs (Puc. 14, 6). YMmeHpmaercs
COIIPOTHBIICHHE BPAIIECHHUIO U BO3AYIIHBINA BUHT Kak Obl oOnerdaercst. OG0pOTHI ABHUTATENs TOJDKHBI BO3pacTaTh, HO
PIIO ynep:xuBaeT WX 3a CUET M3MEHEHHS yIJia aTakd JIOMACTeH MOCTOSHHBIMU. [lo Mepe yBeImdYeHHsS CKOPOCTH

TI0JIETA JIONACTH Pa3BOPAYMBAKOTCA Ha OOJIBIIMEA YION Pep.

[lpn BBINONHEHMM TIONETa HAa MakcuMaibHOW ckopoctn BHII Takke nomkeH obecrnednBaTh
MakCUMaJlbHOE 3Ha4deHue TATH. lIpu mojere Ha MaKCHMalbHOIl CKOPOCTM Yrojl HakjJOHAa JomacTed HMeeT
npenenbHoe 3HaueHne pmakc (Puc. 14, B). CrenoBarenbHO, IPU HW3MEHEHHH CKOPOCTH IIOJIETa IIPOMCXOAMT
U3MEHEHUE YIJIa aTaky JIONACTH, IIPU YMEHBIICHUM CKOPOCTH IIOJIETa YIOJ aTaKd YBEIMYMBACTCA - BUHT
3aTsDKENSITCs, MPH YBEIWYEHHM CKOPOCTH TOJNIeTa Yroj arakd yMeHbIIaeTcst - BHHT obnerdaercs. PIIO
ABTOMATHYECKH ITEPEBOANT JIONACTH BUHTA HA COOTBETCTBYIOIINE YIJIBL.

IIpu yBenmueHUM BBICOTHI MOJIETa MOIIHOCTh JBUTaTens yMmeHbiaeTcs U PIIO ymeHbIIaeT yrosn HakioHa
jgonacteid, 4ToObl 00jeruuth pabory naBurarens, M Haobopor. CiemosarensHo, PIIO yapepxuBaer 000pOTHI
JIBUTATEIIsl C U3MEHEHHEM BBICOTHI I10JIETAa TOCTOSIHHBIMH.

IIpu 3axone Ha OCaaKy BO3MYLIHbIM BUHT yCTAHABJIMBACTCS HA MaJIbli 1I1ar, YTO COOTBETCTBYET 000pOoTamM
B3JIETHOTO pEXHMa. DTO JAeT BO3MOXKHOCTh JIETUMKY IIPH BBINOJHEHHHM BCEBO3MOXHBIX MaHEBPOB Ha TJIHMCCANE
MOCAJIKH MOJIYYHUTh B3JIETHYIO MOIIHOCTH ABUIATENs TP YBEJINYEHHH 000POTOB 0 MAaKCHMAJIbHBIX.

JIEVCTBHUE HA JIONACTh BUHTA COBCTBEHHBIX IIEHTPOBEXXHBIX CHAJI

I[pu paccMOTpeHNH ACHCTBHS Ha JIONACTh BO3IYIIHOTO BUHTA COOCTBEHHBIX IIEHTPOOECKHBIX CHJI BBIICTIHM
B IIONIEPEYHOM CCYCHHHU JIEMEHTA JIONACTH JjBa HEOONBIINX 00bEeMa, PACHIOIOKEHHBIX B IEPEAHEH U 3aJHEH 4acTsxX
ceuenus (Puc. 16).
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Bo Bpems BpamieHHs BO3IYIIHOTO BHHTa HAa MAacChl, 3aKJIIOYEHHBIE B 3TUX 00BEMaX, IEHCTBYIOT
ueHTpoberxkHble cuitbl Py 1 Py, NpUIOKEHHBIE K MX LEHTPaM TSKECTH M HAlPABJICHHBIC 110 PA/IHyCaM BPaILCHHs
r{urn.

PacknanpiBass 3TH  IIGHTPOOEKHBIC CHJIBI HA COCTaBJSIOINME, HAIPABICHHBIC MApAJUICIbHO |
MEPIEHIUKYIISIPHO OCH TIOBOPOTA JIONACTH, POAHATU3UPYEM UX B3aUMOJICHUCTBUE.
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Puc. 15 Xapaxkmep Oeiicmeus nHa 10nacms 6030yuiH020 6UHMA COOCMEEHHBIX UEHMPODOEHCHBIX CUIT

HpOZ[OJ'IBHaH cuiia X, HalpaBJICHHAA MapalyISJIbHO OCH MOBOPOTA JIOMMACTH, CTPEMUTCS BbIPBATH JIONIACTh U3
JIONIACTHOI'O CTaKaHa, BbI3bIBAsl PACTAKCHHUE JIOMMACTH. HonepeqHaﬂ CHJia T, HalpaBJICHHAaA NEPHCHAUKYIISIPHO OCHU

II0BOPOTA JIOIIACTH, CTPEMUTCS IOBEPHYTH JIOLACTb B CTOPOHY yMEHbIIEHUS yIila ycTaHOBKH (P (Ilonepeunslie cuibl
T1 u T coznaror MOMeHTHI Mj;] ¥ M) JIOIAcTH, KOTOPBIE 3aBUCAT OT MX MAcChl, YUCIa 0OOPOTOB BO3JYIIHOIO

BHHTA M yCTAaHOBOYHOTO yIJa JIONACTH (P, a TaKKe OT PAcCTOSHUS 0OBEMOB OT OCH MOBOpOTa yomacté h| u hy.
MaxkcruManbHOe 3HaueHHe ero coorBeTcTByet 0 miu 90°.
PaccmoTpuM meficTBre Ha JIOTIACTh BUHTA EHTPOOESKHBIX crII poTuBoBeca (Puc. 15).

LenTpoOexHBIE CHIBI TPOTHBOBECOB JIOTIACTEH Ppp TpHIIOKEHBI B LEHTPE TAKECTH MPOTHBOBECOB H
HaIpaBJICHBI 110 PagycaM UX BpaAIICHHUS.

[Ipu ananu3ze neicTBU HEHTPOOESKHOM CHITBI IPOTUBOBECA Pyip packiazpiBaem ee Ha JIB¢ COCTABISIONIME: CHITY
K, HampaBneHHy10 napauienbHO OCH JIONACTh, KOTOPas CTPEMUTCS. U30THYTh KPOHIUTEHH NPOTUBOBECA, U cUIy N,
HAlNpaBJICHHYIO IEPIEHANKYSIPHO OCH ITOBOPOTA JIONIACTH, KOTOpasi CTPEMHTCS IOBEPHYTH JIONACTh B CTOPOHY
YBEJIMYEHUS €€ yIila yCTaHOBKH (P

Mowment nporuoBeca Mpp=Np(Krc) 3aBHCHT OT BEIMYMHBI MacChl NMPOTHBOBECA, PagHyca €ro BpaIleHHS,

4KCa 000POTOB BO3/YIIHOIO BUHTA, YIIIa YCTAHOBKHU JIOMIACTH H YIIa yCTAHOBKH NPOTHBOBECA Prpp.
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Puc. 16 a - xapakmep Oeiicmeus Ha 10RACMb 8030YUIHO20 GUHMA UEHMPODEHCHBIX CUTL IONACHU, b -
apoouHamuuecKue cuvl, Oelicmeyloujue Ha 6UHm

Asponunamuueckas cuia R (Puc. 16, 0), mpuioxeHHas B [EHTPE AABJICHUSA NPOQHUIISA, CO3aeT MOMEHT,
MMOBOPAYMBAIOIINIA JIONIACTh B CTOPOHY YBEJIMUEHUS 11ara.

[Ipu yBenwueHNN yriia YCTAaHOBKH JIOMACTH () YBEIUYUBACTCS M MOMEHT ad3pPOJANHAMIYECKON CHIIBI, HO €T0
a0CoOJIOTHOE 3HAYEHHE B JMana3oHe pabo4yMX YIrJIOB MOBOPOTA pabodmx Jiomacteil HeOOJbIIOE M0 CPABHEHHIO C
BEIMYMHAMH a3POIMHAMHYECKUX [EHTPOOESKHBIX MOMEHTOB JIONIACTEH M MTPOTHBOBECOB.

ABTOMAaTHYECKHE BO3AYIIHBIE BUHTHI C THAPABIMYCCKAM YIIpaBICHUEM pabOTAOT IO MPSMOH, 0OpaTHOI
WM JIBYCTOPOHHEHN CXEME.

JlonacTi BHHTOB, pa0OTaroOLIMX 1O NPSAMOM CXeMe, Ha MaJbli LIar MepeBOJATCS ACHCTBUEM NaBIICHUS
Maclia U IEHTPOOCIKHBIX CHJI JIONACTEH, Ha OOJBIIOW HIar - IEHTPOOCKHBIMHI CHJIAMH MPOTHBOBECOB JIOMIACTEH W
A3POAMHAMUYECKUMU CUIIAMH JIOMACTEH.

BosayiiHble BUHTBI, paboTamolue Mo JBYCTOPOHHEW CXeMe, NEepPEeBOMASATCS Ha Majblil Inar JaBIeHHEM
Macja, IIEeHTPOOEKHBIMU CHJIaMH JolacTed, Ha OOJbLION IIar - JaBI€HHEM Macia, LEHTPOOESKHBIMHU CHIaMHU
MIPOTUBOBECOB U a3POANHAMHUYECKIMHU CHIIaMH JIOTIACTEH.
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B3AMMHOE BJIMSAHUE BO3YIIHOI'O BUHTA U CAMOJIETA

Bozaymueril BUHT, yCTaHOBIEHHBIN Ha camoierax Ak-52 u SIk-55, mpu paboTe HCHBITHIBAET BIUSHUE OT
PAcIONIOKEHHBIX BOJIM3M HETro 4YacTed caMmoseTa, NPH 3TOM YMEHBIIAETCS CKOPOCTh BO3AYIIHOTO IOTOKAa B
IIJIOCKOCTU BpalllCHHSA BUHTA, YTO YBCJIMYMBACT TATI'Y BO3AYUIHOI'O BUHTA. Takoe u3MeHeHHe TATH XapaKTCPU3yCTCs
BEJIMYMHOM €, Ha3bIBaeMON KOA(POHUIIMEHTOM TOPMOXKEHHS CKOPOCTH, ¥ BXOAUT B BHJE MOIPABKU B OTHOCHUTEIIbHYIO
MOCTYIIh

A=4,(1+¢), (3.13)

rac }\’O - IMOCTYIIb U30JIMPOBAHHOI'O BO3JYIITHOI'O BUHTA.

Benuuuna e Bcerga Oomblue HyJlsl, HIO3TOMY A> 2 . C npyroii cTopoHbI, BO3YIIHBII BUHT OTOpachIBaeT
3a co0olf Maccy BO3yXa, CKOPOCTb KOTOPOTO OOJIbIIE CKOPOCTH IIOJIETA, YBEJIMYMBAET TEM CaMbIM JI0O0BOE
COINIPOTHUBJICHUE YacTeil caMoleTa, HaXO[AIUXCA B CTPye 3a BO3AYLIHBIM BHHTOM. YBEIMUYEHHE CONPOTHUBICHUS
caMoJieTa NPEBBIACT M0 CBOEH BEIMYMHE NPHUPOCT TATH. B urore - BimsHME OOMYBKH caMoeTa BBIPa)KaeTCs
00IIMM MOHIKCHNEM TSTH [BUTaTEIbHON YCTaHOBKH.

Kpome Ttoro, 3a cuer TOro, 4ro CKOpOCTh OTOPAachIBAEMOTO BO3JYIIHOTO NOTOKa BO3IYLIHBIM BHHTOM
Oombllle CKOPOCTH IIOJIeTa, IPH OOTEKAHUM YacTed caMoseTa CO3/aeTCi MONOJIHUTENBHBIH NPUPOCT MOJBEMHOI
cuiibl. BennunHa ee 3aBUCUT OT MJIOIIAa U KpblIa, CKOPOCTH MOJIETa, MOLTHOCTH CUJIOBON YCTaHOBKU.

Cyl

201

704

Puc. 17. llonapa camonema c yuemom 000yexu 6030YuiHbIM 6UHIIOM
1- 6e3 000yexu, 2- paboma oeuzamensn 6 HomuHaie 3- padoma Oeuzamens Ha 63/1eMHOM PelHcume

YBenuueHne CKopoCTH MOJIeTa yMEHbIIAET IPUPOCT a3POJUHAMUUECKUX CHIL.
UeM OombIIIE MOIITHOCTH CHIIOBOH YCTAaHOBKH, T€M OOJIBIIIE IIPHPOCT a3POANHAMUYECKHIX CHIL.

I[J'ISI yue€Ta BIHUAHUA O6,HyBKI/I BO3AYIIHOTO BHUHTA Ha a3pOJAWMHAMHUYCCKUC CHUJIBI U HX KOB(I)(I)I/IIII/IGHTI)I
IMPOBOAUTCA UX MEPEPACUCT IJIA HanOosee XapaKTCPHBIX PEIKUMOB CHJIOBOM YCTaHOBKHA

W3 Puc. 17 BugHO, uto 00myBKa Kphiia yBenmumBaeT 3HadeHHs Cy m Cx, mpudeM Cy yBelInIMBaeTcs
oounbie, yem CX.

Uem Ooiblie yriel aTaku Kpbiia, TeM Oombmie mpupocT Cy. Tak, mms camonetoB Ak-52 m Sk-55 Ha
B3JIETHOM peKMMe paboThI ABUTATENl HA yIJIe aTaky o, paBHOM 14°, npupoct Cy cocrasisier npumepso 0,4.

Yeenuuenne CX 3a CUET yBEIMYEHHS MECTHOW CKOPOCTH BO3JYIIHOTO MOTOKA Ha KPbUIE MPOHMCXOIUT B
MeHbeil crernenn, yem Cy. Ha yrime araku o, paBHoM 16°, Cx Bo3pacraer Ha 0,046 mnm Ha 22% mOTOMY, YTO
MHAYKTUBHOC CONPOTHBJIICHUEC o6uyBaeM0171 4acTu 6y)1€T MCHbBLIC, YE€M €TI0 BCJIMYMWHA [JId Kpblla BHC CTPyU OT
BUHTA.

Viaydmenne a’poIMHAMHYECKHX XapakTepUCTUK camoneroB Sk-52 u Sk-55 3a cuer 0OIyBKH OT

BO3/YIITHOTO BHHTA KOPPEKTUPYET HEKOTOPHIC MApaMeTphbl CAMOJIETOB, HAIPUMED: CKOPOCTh OTPhIBA YMEHBIIIACTCSI
Ha 15...20%, a muHa pasoera - Ha 25...30%.

(Ilpunoscenue. Onucanue padbomut eunma B530-TA-/[35)

BO3AYIIHBIA BUHT B530TA-JI35

Apromarudeckuii Bo3xymHbi BUHT B530TA-/I35 camoneroB Ak-52 u SIk-55 aByxiomacTHbIN, paboTaeT
COBMECTHO C peryyisitopoM obopotos P-2 mo mpsimoii cxeme. Ha mManblii miar BUHT TIEPEBOIUTCS AaBJICHUEM Macia U
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HEHTPOOSKHBIMU CHJIAaMH  JIOmacTed, Ha OONBIION Imar - MEHTPOOSKHBIMH CHIIAaMH TPOTHBOBECOB H
a’pOTMHAMUYIECKUMH CHIIAMH JIOTIACTEH.

ABToMarudeckass paboTa BO3IYITHOTO BHHTA C PETYJIATOPOM OOOPOTOB OOECIIeYMBaeT IMOAICpPKaHUE
HIOCTOSTHHBIX 00OPOTOB, 3aJIaHHBIX JISTYHKOM, ITyTEeM MIOBOPOTA JIONACTEH B CTOPOHY YBEIUYCHHUS HIM YMEHBIICHUS
YCTaHOBOYHOTO yIJIa JUIsl U3MEHEHHS Harpy3KH Ha JIBUraTellb U CHATHA ¢ BUHTa Hanbosbirero KIT/1.

HpI/I OTKa3€ peryjsaropa 060p0TOB HeHTpO6€)KHBIe CUJIbI 1 A3pOJUHAMUYCCKUEC CUJIBI JIomacTei NepeBoOaAT
BHMHT Ha OOJIBIION rar, CoxpaHssa 0e30I1aCHOCTE I10JIETA.

OCHOBHBIE JAHHBIE BO31YIIHOI'O BUHTA B530TA-/135

Tun BuHTA TsanyMi, aBTOMaTUYECKUN, U3MEHAEMOTIO 11ara
Cxema paboTHI [psamas

[MpuHIMn paboTe I'maponeHTpoOeKHbIIH

Hanpasnenue Bpaiienus JleBoe

HuameTp BuHTa, M 2.4

Yucno nonacreil 1se
Martepuan CocHa, nenpTa-IpeBecrHa, (haHepa U cTalbHasi OKOBKA
®dopmMa JionacTen BecnooOpaznas

Yron ycranoBku jonacteit Ha 1000 mMm:

MHHUMAITBHBIA 14°30' £ 10'
MaKCHMaJIbHBIN 34°30* 30’
Jlnana3oH yCTaHOBKH IPOTUBOBECA 20°+40'
YTo1 ycTaHOBKH IIPOTHBOBECA 25°

Macca BuHTa, KT' 40+2%

COBMECTHASA PABOTA BO3YIIHOI'O BUHTA B530TA-35 U PET'YJIATOPA OBOPOTOB P2

CoBmecTHas paboTa BO3IYIIHOTO BHHTA W PEryjsTopa OOOPOTOB OOCCIEYMBAET ABTOMATHYECKOEC
M3MEHEHHE I1ara BUHTA ¥ COXPAHEHHE 3aJaHHON YaCTOThI BPAIIEHHS KOJIEHYATOrO Bajia JABUTATEIISL.

Pabora perymnsropa oOOpOTOB OCHOBaHa Ha THAPOLECHTPOOSKHOM mpHHIMNe. HeoOxomumas uacrora
BpAIlleHHsI KOJICHYATOro Basa JIBUTATENIsl 33]a€TCsl N3MEHEHHEM CHJIBI COKATHsI 30JI0THUKA BHU3 U MOJIBOJIOM Macla B
OWJIWHAP U1 TICPEBOJa BUHTA Ha MAaJIbIH IIar.

Hentpobexnsie I' - obpa3uble rpy3ukn Ha Manbix oboporax (48% wuim 1400 00/MuH) co3pmaroT
LEHTPOOSIKHBIE CHIIBI, HEJOCTATOYHBIC JUTS IEPEMELICHHS 30JI0THIKA BBEPX JAXKe IPU MAJIOM COKaTUH NPYKUHBI, T.
€. IIpH TI0JIOXKEHHH pblyara ynpasieHus: BUHTOM «BoJib1oii mar».

BCJ'IC,HCTBI/IC OTOT'0 HCBO3MOKHO IMEPEBCCTU BUHT HaA 0OJIBIION IIar IIpyu HAAAYBEC HUKC 400 MM PpT. CT., UTO
COOTBETCTBYCT 4aCTOTE BpAIlICHUA KOJICHYATOr'0 BaJia 1300 06/MuH IIpyu MaJIOM HIare.

Takum 00pa3om, perynsitop oO0OPOTOB aBTOMATHYECKH pasrpy’KaeT ABHUIATelNb IPH JIIOOOM IOJIOKEHUH
ppluara ymnpasl€HUs BUHTOM, II€pEBEJsS BUHT Ha MaJbli LIAar BO BpPEeMs MOCAAKU CAMOJIETa U IIPU OCTAHOBKE
JBHUraress. JTO MPOUCXOAUT MOTOMY, YTO 3yOuarasl pelika He MMEET KMHEMAaTHUECKOH CBS3M C 30JIOTHUKOM M HE
MOJKET yIEP>KUBATh €0 B BEPXHEM I10JI0KEHUU.

[lepemerneHne 30/I0THHKA BBEPX OCYLIECTBIISAETCA LEHTPOOSKHBIMH CHIaMH [-00pa3HBIX TI'PYy3HKOB,
3Ha4Y€HHE KOTOPBIX 3aBHUCUT OT YHCJIa 000POTOB KOJICHYATOrO Bana ABurarens. KoHndeckas npyknHa ImepeMeniaet
30JIOTHUK BHHM3 BO BCEX YCIIOBHUSX, CIy4asiX, KOTJa CHJIa €€ YIpyrocTH OoJjblie LHEeHTpoOeXHBIX cuil ['-00pa3HbIx
IPy3HKOB.

PABOTA BO3YIHOI'O BUHTA U PET'YJIATOPA OBOPOTOB HA PABHOBECHOM PEXKNME

IIpu paboTte Ha paBHOBECHBIX pexumax (oboporax) (Pumc. 18), korma MoUIHOCTH JIBHUTATENs, CKOPOCTh
MOJIETa W BBICOTA HE MEHSIOTCS, IIEHTPOOEKHbIE CHIIbI I'-00pa3HbIX I'PY3MKOB YPAaBHOBEIIUBAIOT CHIY YNPYTOCTH
KOHUYECKOU MPYKUHBI U yAEPKUBAKOT 30JI0THUK B HEUTpaIbHOM HOjoxkeHuU. IIpu 3Tom macno, Haxozseecs B
MOJIOCTH IMJIMHApPA BO3IYIIHOTO BHHTA, OKAa3bIBAeTCAd 3aKpbhITHIM B HeW. JlomacTu BO3AYIIHOIO BMHTA IOA
JEWCTBHEM adpOJMHAMHYECKUX M LEHTPOOSKHBIX CHJI MPOTUBOBECOB CTPEMSTCS IOBEPHYTHCS B CTOPOHY
YBEJIMYEHUS 1Iara W IEPEMECTUTh MOPIIEHb BO3AYLIIHOIO BHUHTA BIEpPEA, a 3aKPhITOE B LMIMHAPE MAacio
YAEPKUBACT MOPIIEHb, ABISSICH JUIS HErO0 THIPABIMYECKUM YHOPOM. OTO YAEPKUBAET JOHNAcTU OT MOBOPOTA,
COXpaHssl IIar BUHTAa ¥ 000POTHI IBUraTeNsl HOCTOSIHHBIMH.

Macno, HarHeraeMoe HacoCOM pEryJisiTopa, Ipu paboTe Ha PaBHOBECHBIX 000OpOTax HE PacXoIyercss U
HaIpaBJIAETCS Yepe3 peAyKIMOHHBIN KJlamaH Ha BXO/] B HACOC C JIaBJICHHEM He BblIie 15 Kre/em?.
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Ecnu B nonere yBenn4ynBaeTCs 4acTOTA BPAIEHHs KOJCHYATOrO Bajla JBUTATelIsl B Pe3yIbTaTe MOBBIIICHHS
HaJlyBa MJIM YBEJIMYEHHWS CKOPOCTH IOJNETa, pacTyT LEHTPOOeXHbIE CHibl [-00pa3HBIX TIpy30B, KOTOpBIE,
MIPE010JIeBas CUITY COKaTUsI KOHWYECKOH NMPYKUHBI, IEPEMEIIaloT 30JIOTHUK BBEPX, OTKPHIBAs KaHAJ CIMBA Macia U3
LWINHAPa BUHTA B KapTep ABUTaTens. Macio U3 HarHeTaTeJIbHOM IMOIOCTH Hacoca MOCTYMaeT yepe3 peayKINOHHBINA
KJallaH Ha BXOJ B HAcOC C JaBiaeHueM 15 krc/cm” JlomacT BHHTA MOJ AEHCTBHEM a3pOIMHAMHYCCKHX H
HEHTPOOESKHBIX CHJI MPOTHBOBECOB ITOBOPAUMBAIOTCS B CTOPOHY yBenuueHus ara (Puc. 19), moBslmas Harpysky
Ha JiBUrarenb. [Ipu 5ToM yMeHbIIaeTcst Yucio 000pOTOB ABUTATENS], CHIKAIOTCS LIEHTPOOEKHBIE CHIIbI [ -00pa3HbIX
IPY3UKOB M KOHHWYECKas NpYXXMHA INepeMeIlaeT 30J0THUK B HEHTpaJbHOE IOJIOKEHHE Npu 000pOTax, paBHBIX
3aJaHHBIM, IIPU KOTOPBIX IIEHTPOOEKHBIC CHJIBI T'PY3MKOB YPaBHOBEIIMBAIOTCS CHJIOW YHPYTOCTH KOHHYECKOH
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Ynop manoze wazd
Puc. 18 Cxema pabomol 6030yuin0oz0 6UHMA HA PAGHOBECHBIX 00OPOMAX

1- kopnyc eunma 2- yununop 3- nopuiensv 4- wimyyep nepexooHuKa 5- npomueoeec, 6-nonacmo 7-cmaxkax
nonacmu 8-naney 9-cyxapo 10-no6odok 11-cmynuya 12- konvya macnoynniomuumenshote 13-ean eunma 14-
KaHa1 no0eoo0a macia K pe2yaamopy 06opomoe P=2 15 - kanan nooeooa macna k eunmy, 16 - konuuecxkasn
npyycuna 17- 2py3uk pezynamopa, 18 - 3onomuuk 19 - macnonacoc pecynamopa 20 - pedykyuonnwlii Kianau
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Puc. 19 Cxema pabomot 6030yuwinozo eunma npu nepesode aonacmeii na «bonvwon wmaz» (cm. Puc. 18)

Ecnu B monere 4ncino 060pOTOB IBUraTessi YMEHBILACTCS B PE3yJIbTaTe CHUIKEHHS HAJIyBa HJIH CKOPOCTH
MOJICTa, YMEHBIIAIOTCS [IEHTPOOCIKHBIC CHIIBI [ -00pa3HbIX TPY3UKOB M KOHHUYECKAS MPYKHUHA IIEPEMEIIACT 30JI0THUK
BHHU3, OTKPBIBAs KaHaJl M0JIBOIA Macja B IIMJIMHP BUHTA JJIs NIepeMellleH s IOPIIHS Ha3al U 10 BOPOTa JIONacTeil B
CTOpOHY yMeHbIeHus mara (Puc. 20)

IIpu »TOM yBenmuumBarOTCA OOOPOTHI JBHTATENSA, PACTYT LEHTPOOEXKHBIE CHIBI ['-00pa3HBIX T'PY3HKOB,
KOTOpBIE, TPEOJ0JeBas YIPYTOCTh CXKATOM KOHWYECKOM MPY)KWHBI, IMEPEMEIIaloT 30J0THHK B HEHTpaIbHOE
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MOJIOKEHHE TpU 000poTax, paBHBIX 3a/JaHHBIM, OOECIeYMBas BOCCTAHOBJICHHE PABHOBECHS MEXIYy CHION
YIIPYTOCTH CXKATOW KOHHYECKOH MPYKUHBI U LIEHTPOOESKHBIMH CHUIIAMU BpAILIEHUs TPY3UKOB.

Puc. 20 Cxema pabomul 6030yuiHoz0 éunma npu nepeeoode nonacmeii na «Manwtit uiazy

NMPUHYJUTEJBHOE U3BMEHEHHUE AT A BO3IYIIIHOI'O BUHTA

Bo Bpemsi onpoOoBaHus ABUraTelss Uil IPOBEPKH pabOTHI BO3AYIIHOTO BHHTA M PEryjiiTopa o00pOTOB
yCTaHaBJIMBaIOT peiyaroM raza 2050 o6/muH (70%), a 3arem, IJIaBHO IepeMelias pslyar yIpaBieHHs PeryJIsiTopoM
000pOTOB B NoJI0KeHHEe «bobIION mary, MpoBepsIOT U3MEHEHNE PEKUMa paOOThI ABUTaTEIs.

Urcno 000pOTOB KOJIEHYATOTO Baja ABUTATEN TIPH STOM JOJDKHO CHU3UTHCS 10 1450 06/MuH (50%).

3yOuarast peiika peryisTopa OOOpOTOB II€peMelaeTcsi BBEpPX, YMEHBLIAETCS CXKATHE KOHHYECKOH
NpY>XHHBI, ¥ ['-00pa3Hble TPY3UKH I0J JEWCTBHEM LEHTPOOEXKHBIX CHJI IIEPEMELIAlOT 30JI0THUK B BEpXHEE
MOJIOKEHHE, oOecIieunBas CIIMB Macia M3 LIMHIpPA BUHTA B KapTep JIBUraTeis M HOBOPOT JonacTeld Ha 00ibIIoi
IIar 1moJi AEHCTBUEM LIEHTPOOEKHBIX CHJI IIPOTHBOBECOB U a3pOAMHAMUYECKHUX CHJI JionacTeil. Macio, HarHeTaemoe
HacocoM, OyJIeT IeperryCcKaThesl peLyKIMOHHBIM KIIalaHOM Ha BXOJ B HACOC PETYJIIITOpA.

Bo BpeMsi nepemelneHusi pelyara ymnpapieHHUs peryistopa oOOpOTOB B IoOJioKeHHE «Maublid 1mar
3yOuarasi peiika IepeiBUTaeTcsi B HIDKHEE IIOJIOKEHWE, yBEJIMYHMBasi CXKaTHe KOHHYECKOM MNpPY)XWUHBI, KOTOpas
nepeMeIaeT 30J0THUK B HIDKHEE T0JIOKEHNE, 00eciedrnBasi IoJBOJ] Macia B IWIMHAP BHHTA U IIOBOPOT JIONIACTeH
Ha Manblid mar. [Ipu 3ToM 000pOTHI BOoCCTaHaBIMBAIOTCS A0 NepBoHadaibHBIX 2050 06/MuH (70%), ykaspiBas Ha
MIOJTHBIN TMana3oH IOBOPOTA JIONIACTEH N HOPMaJIbHYIO paboTy peryisitopa 000poTOB.

[NonHOE 3aTsrKeNeHHe BUHTA CO B3JICTHOTO PEXKHMMa BBI3BIBAET yMEHbLIEHHE 000poToB 10 2050 06/MuH, T.
e. Ha 850 00/mMuH, 1 cHUKeHHe HajryBa Ha 50 MM pT. cT. 1 MowHocTH Ha 120 J1. ¢. CrieroBaTenbHO, B3JIET caMmolieTa
M yXOJl Ha BTOPOH KPYT IpH OOJIBILIOM IIare BUHTA 3aTPYAHSIIOTCS.



T'OPU30OHTAJIBHBIN MMOJIET CAMOJIETA

IlomeT camomera oT B3JeTa A0 MOCAIAKH pEACTABIIACT co00l codyceTaHue Pa3JINYHBIX BUIOB IBUKCHUA.
HawubGonee IIPOAOJDKUTEIIBHBIM BUAOM ABHKCHUA ABJIACTCA HpﬂMOJ’IHHeﬁHHﬁ IIOJICT.

YceraHoBUBIIMMCSE HpﬂMOJIHHeﬁHLIM IMOJIETOM Ha3bIBACTCA TAKOC ABMKECHHE CaMOJIETA, IPHU KOTOPOM
CKOPOCTh ABMKCHHUSA C TCUCHNEM BPEMEHU HE U3MEHACTCA 110 BEJIMYMHE U HAIIPABJICHUIO.

K ycraHoBuBIIEMYCS TPSMOJIMHEWHOMY IIOJIETY OTHOCSITCSI TOPH30HTANIBHBII MOJIET, HOABEM U CHHKEHUE
camoJieTa (TUIaHUPOBAHHUE).

OnpenenuM XapakTepHBIE PEXKUMBI W XapaKTEPUCTHKH TOPH30HTAIBHOTO IIOJETa, MOAbEMA H
TJTAHUPOBAHUS IPUMEHUTENBHO K camodieTaM SIk-52 u SIk-55, ux 3aBUCHMOCTh OT BBICOTHI ITOJIETA, MTOJIETHOTO BEca
U peKuMa paboThl ABHUIATENS.

YCTAHOBUBIINWCS TOPU3OHTAJIBHBIN IMTOJIET

Ycemanosuswumces zopuszonmanvuvim nonemom HazbIBaeTCs TMPSIMOJIMHEHHBIA MMOJET C IMOCTOSHHOM
CKOPOCTBIO 03 Habopa BHICOTHI ¥ CHUKEHHUSI.

Ha Puc. 1 moka3aHbI CHIIBI, JEHCTBYIOIIUE HA CAMOJICT B TOPH30HTAILHOM TOJIeTe 0€3 CKOJIBKEHUS, TIe
Y - nogpemuas cuna;

X - m000BOE COPOTUBIICHUE;

G - BeC caMOJIeTa;

P - cuna TATH IBUTATEIIs.

Bee a3t cuibl HEoOXOIMMO CUHMTATh INPUWIOKEHHBIMH K IIEGHTPY TSDKECTH CaMmojieTa, TaK Kak ero
MPSIMOJIMHEMHBIA MOJIET BO3MOXEH JIMIIb NPU YCIOBUHU, YTO CyMMa MOMEHTOB BCEX CHJI OTHOCUTEIBHO LEHTpa
TSDKECTU paBHA HYJIIO.

HeoOxoaumoe paBHOBeCHE MOMEHTOB JICTYMK CO3Ja€T COOTBETCTBYIOLUIMM OTKJIOHEHHEM DpyJei
yIpaBJIeHus.

W3 pucynka BumHO, 4TO Bec camoiieta G ypaBHOBEIIMBAaeT MOIBEMHAs cuia camoiera ¥, a moOoBoe
comnporuienue X - cuia taru P.

JIJis yCTaHOBUBIIETOCS TOPU3OHTAIBHOTO MOJICTa HEOOXOIUMBI JIBA YCIOBUS:
Y-G=0 (ycnoBue nocrosiucTBa BeicoTel H=const),  (4.1)
P-X=0 (ycmoBue OCTOSHCTBa ckopocTd V=const). (4.2)

O PaBCHCTBA HA3bLIBAIOTCA YPAGHEHUAMU osudiceHUs 0 ycmanosusuiecoca 20pu3oHmailbHoO2o
nonaema. HpI/I HApYHICHUU 9TUX PABCHCTB JBUKXCHUC CaMOJIETA CTAHET KpHBOJ’[HHefIHLIM 1 HCPABHOMCPHBIM.

[onb3ysCh STUMU PaBEHCTBAMH, MOXHO OIPENEIUTh CKOPOCTh, KOAPPUIMEHT MOIBEMHON CUIIBL, TATY U
MOIIIHOCTb, HOTPEOHBIE ISl TOPU30HTAILHOTO MOJIETA.
Y

Puc. 1 Cxema 0eﬁcm8ymmux CUJl HA camoiem 6 YyCMAHOBUBUIEMCCA noieme

CKOPOCTbD, IOTPEBHASI JJIS1 TOPU30OHTAJIBHOI'O IIOJIETA

Jst Toro 4roOBI KPBUIO CaMOJIETa MOTJIO CO3JaTh MOABEMHYIO CHIy, PaBHYIO BECy CaMoJIeTa, HY’KHO,
YTOOBI OHO ABUTAJIOCH C OMPENEICHHON CKOPOCTHIO OTHOCUTENBEHO BO3IYIIHBIX Macc.

CkopocTb, HeoOXoauMast 711 CO3JJaHus 1T0IbEMHOI CHIIBI, paBHOM BeCy caMoJIeTa IpH IT0JIETe caMoJIeTa Ha
JAHHOM YTJI€ aTaKu M JaHHOM BBICOTE ITOJIETA, HA3BIBACTCS MOTPEOHON CKOPOCTHIO TOPU30HTAIBHOTO ITOJIETA.

I[To onpeneneHnIo TOPU30HTAIBHOTO MMOJIETa JOJDKHO OBITh BBITIOIIHEHO ycaoBue Y=G.
W3BecTHO, 9TO
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Y=0Cy PV g
2 (4.3)

CJI€O0BATCIBHO,

2
v=G=0pP"s
2 (4.4)

PemmB 310 ypaBHEHHUE, HaiiieM CKOPOCTH, MOTPEOHYIO IS BRIIOJIHEHUS TOPU30HTAIBHOTO MOJIETa

o 2G
r.a. — .
PSS 4s)

Bennunna HOTpe6HOﬁ CKOpPOCTU 3aBHUCUT OT BE€Ca CaMOJICTa, IUIOINaAu €ro Kpbula, OT BBICOTHI IOJIETA

(BBIpa’KEHHOM Yepe3 MAacCOBYIO MIIOTHOCTh O) U KoddduimenTa noapemMuoit cuisl Cy.

U3 dopmyisr (4.5) BUIHO, YTO € yBEIMYEHUEM Beca caMoJieTa CKOPOCTh, IIOTpeOHast 1711 TOPU30HTAIBEHOTO
HOJIeTa, TAK)KE YBEIUYMBACTCS, TaK KakK Ul ypaBHOBEIIMBaHHSA Ooibliero Beca Tpedyercs OONbIuas MOXbEMHAs
CHIJIa, YTO JOCTUTaeTcs (MpU MPOYUX PaBHBIX YCIOBHSX) yBEIMYEHHEM CKOpOCTH moseta (cM. dopmyrny 6.4).
VYBennueHne IUIONIaN KPbUIa, HA000pOT, YMEHbBIIAET IIOTPEOHYIO0 CKOPOCTh. [IJisi pacueToB Ha MPaKTHKE OOBIYHO
NPUMEHSIOT OTHOLICHHE

S (4.6)
Ha3bIBAEMOE Y/EJIbHOM HAarpy3Koi Ha KPbUIO.

V COBpPEMEHHBIX CaMOJIETOB Y/Ie/IbHAs HAIPY3Ka HA KPhUIO KOJIeOIeTcs B MMPOKHX Tpesenax: ot 100 kr/m”
y Jlerkux camoneroB 10 800 Kr/M* i Goiee y TSKEIbIX CaMOJIETOB H CaMOIIETOB GOJIBIIHX CKOPOCTEil MoJIeTa.

C yBenM4yeHHEM BBICOTHI IIOJIETa MAacCOBas IUIOTHOCTH BOo3ayxa ymeHbmaercs. CormacHo dopmyne (6.5)
YMEHBIICHUE IIIOTHOCTH P MPUBOIUT K YBEINYEHHUIO OTPEOHOH CKOPOCTH HOJETA.

Ecnu n3MeHATh yroin aTaku, TO NMPOMOPIHOHAIBHO OyAeT N3MEHAThCS U KO3(D(UIMEHT NOABEMHON CHIIBI
Cy. A m3amenerne Cy oTpakaeTcs Ha BeTMUHMHE TOTPEOHOI CKOPOCTH TOpH30HTaNBHOTO Noseta. Yem mensine Cy (4
YTOJI aTaKM COOTBETCTBEHHO), TeM OOJIbIIe TOJDKHA OBITh CKOPOCTH IOJIeTa, M Ha000poT. M3 3TOTO ClieayeT BaXKHBII
BBIBOJ: KaXXJOMY YTy aTakd Ha JaHHOW BBICOTE MOJIETa COOTBETCTBYET BIIOJHE OINpPENEICHHAs CKOPOCTh
TOPU30HTAIBHOTO T0JIeTa V.

TAT'A 1 MOIIIHOCTbD, HIOTPEBHBLIE JIUIAA TOPU30HTAJIBHOI'O ITIOJIETA

Hompe6H012 mazou s TOPU3OHTAJIIBHOTO I10JIETA HA3BIBAETCA TATA, HCO6XOﬂI/IMa$I JUIT YCTAaHOBUBIICTOCH
TOPU3OHTAJIIBHOI'O II0JIETA, T. €. IJId YPaBHOBEIINBAHUA 71000BOT0O CONIPOTHUBJICHUA CaMOJIETAa HAa JaHHOM YIJIE aTaKu

Pr=X).

B ropuzoHTansHOM mosieTe MOABEMHAs CUIa paBHa Becy camoiera Y=G, Torma, pasienuB IepBoe
PaBEHCTBO Ha BTOPOE, MOIYIUM
Y G G
— =" =K; .
X P, K @
®dopmyIna MoKa3bIBaeT, YTO Y€M MEHBIIE BEC caMolieTa i 4eM Ooubmie ero kadectBo K, Tem MeHbIas Tsra
moTpedyeTcs s TOPU30HTANBHOTO TmoyieTa. Ho KadecTBO camolera 3aBUCHT OT yIJIa aTakH, CICIOBATENBHO, IPH
W3MEHEHNH yTJIa aTaKu MEHsAeTcs W moTpeOHast Tsara. [lostomy mist ompezneneHus moTpeOHON TATH MPU 33JaHHOM
yIJie aTaku HeoOXO0MMO NPEe/IBAPUTEIHHO HAWTH COOTBETCTBYIOIIEE €l KauecTBO CaMoJieTa.

YroObl HalWTH 3aBUCUMOCTH P11 oT V11 moxcraBum B opmyity (4.7) pa3BepHyTOE BEIpayKEHUE ITOBEMHOMN
2
p = Y mpV
=

CHJIBL, TIOTYIHM 2K N3 popmymsl BUmHO, 9TO MOTpEOHAS TATa TOPH3OHTAIBHOTO TOJIETa 3aBUCHT OT
KBaJpaTa CKOPOCTH.

Ha Puc. 2 npuBeaeHsl KpuBble 3aBUCUMOCTH P oT Vi ckopoctu noneta Ha Beicore H=500 M 17151 camoneToB
SIx-52 m SIx-55.
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Puc. 2 Kpuevie nompedoHsix maz 01 20pu30oHmManbHozo noiema camonemos Ax-52 u Ax-55

3aoaua 1. Onpederums mszy, nompeOHYyl0 015l 20pU30HMANLHO20 nolema «camonrema Ak-55 npu yene amaxu 5° u
nonemunom gece 870 kec

Pewenue. Ilo noaspe camonema Ax-55 naxooum, umo npu yene amaxu 5° kospguyuenmol umeiom snavenus. Cy=0,39,
Cx=0,045, credosamenvho, kauecmeo pagHo

k=9 _039 ¢
Cx 0,045
Toeoa nompebras msaza 6yoem umems 3HaueHUe
= G _810 =100xac.
K 8,66

3aoaua 2. Onpedenumv msey, nompebHylo Ol 20pU30OHMANBHO20 nojema *camonema Ak-52 npu yene amaku 7° u
nonemnom gece 1290 kec

Pewenue. Ha nonspe camonema Ak-52 naxooum, umo npu yeine amaxu 7° koagppuyuenmer pasnoi. Cy =0,67, Cx= 0,056,
C1e008amenvHo,

k=9 _ 057 106
Cx 0,056
Tozoa nompebnas msza 6yoem pasHa
1 _G_12%0 =108xec.
K 1196

B 3aJa4yax HE€ YKa3aHa BbICOTA II0JICTA, TAK KaK BbICOTA IIPW PaBHBIX YIJIaX aTakhl U OTCYTCTBHUU
CI)KUMACMOCTH BO3lyXa HC BJIMACT HA HOTp€6Hy}O TATY.

KadecTBO camosieTa 3aBUCHT TOJIBKO OT BennuuHbl KodhuuuentoB Cy u Cx, a Ha HAX BBICOTA [OJIETa HA
ckopoctsx 10 700 kM/4 He BiusieT. Takum oOpa3om, s caMosieToB SIk-52 u SIk-55 MOXKHO CUNTaTh, UTO MOTPEOHAS
TsAra OT BBICOTBI HEC 3aBUCHUT.

Ilompeonasa mowpocme. JIns TOPU30HTAIHHOTO IOJIETa OTPEOHOH MOIIHOCTBIO HA3BIBACTCS MOIIHOCTB,
HeoOxoanmast Aisl oOecriedeHHs YCTAHOBUBIIErOCS TOPH30HTAIBHOIO TIOJIETa HAa JAaHHOM YIJIE aTaku |
obo3Hauaercs Np.

Ecnu npu monere co ckopocteio Vi TpeOyercs Tsra Pp, To morpeOHas MOIIHOCTH ONpPENeNseTcsl 110
thopmymne
_ PV
75 (4.8)
Ora dopMyia MOKa3bIBAET, YTO NOTPeOHAs MOIIHOCTD 3aBUCHT OT TeX )K€ (PaKTOPOB, OT KOTOPBIX 3aBHUCST
nmoTpeOHast TAra U cKopocTh mojera. [logcraBus B popmyny (4.8) BMecto Py m Vi UX pa3BepHyThIe BHIpaKEHMUS,
MOJYYHM Pa3BepHYTYIO (popMyiy mOTpeOHONH MOIITHOCTH

G | 2G

K\ CypS
75 (4.9)

N,

N, =
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U3 ¢dopmyibl BUAHO, 4TO MOTPEeOHAs MOIMHOCTh 3aBUCHT: OT BBICOTHI IOJIeTa camolieTa (IJIOTHOCTh
BO3/lyxa); OT Beca caMmojieTa M YyJelbHOH Harpy3KH Ha KpbLIO; OT a’dpOJAMHAMHUYECKOr0 KadyecTBa camojera U
Kod((hUITMEeHTa TOABEMHOMN CHIIBI.

CHGHOB&TGJ’ILHO, HOTpe6Ha$I MOIIHOCTh TEM 6OJ'II)IH€, yeM OOJIbIIE BeC caMoJI€Ta, MCHBUIC IINIOTHOCTH
BO3yXa 1 XYK€ Ka4€CTBO CaMoOJI€Ta.

I[Tpu ycnosuu G=const u H=const norpeOHas MOLIHOCTb 3aBUCHUT TOJBKO OT YIJIa aTaKU M, KaK CJIEJICTBHE,
OT CKOPOCTH IOJIETa.

B ropusoHTansHOM mosieTe mMoTpebHas TAra paBHa JI0O0OBOMY compoTuBieHuro Pp=X, Torma dopmyina
MOoTpeOHON MOIITHOCTH OyAeT UMETh CIIeIyIOIIUI BHUI:

XV
N,="—.
75 (4.10)
Ecnu B popMysty moCcTaBUTh pa3BepHYTOE BhIpAXKEHHE JIOOOBOTO COIPOTHBIICHUS, TO TTOJIyYHM
73
o Pl
Ny——2—.
75 (4.11)

®dopmyIia Mokas3bIBaeT, YTO MOIIHOCTh, MOTPEOHAs! Ui TOPU3OHTAIIBHOTO I10JIETa, IIPONOPLUOHAIIbHA KyOy
cKopocTH (ToTpebHas Tsra NporoplMOHAIbHA KBajpary ckopoctr). Ha Puc. 3 mpuBonsTcsi KpuBble 3aBUCUMOCTH
Nm ot V, ckopoctu nonera Ha Beicorax H=500 M u H=1000 m nnst camoneros Ak-52 u SAk-55.

Takum 00pa3oM, 4T0ObI YBEITMYUTH CKOPOCTh 110JieTa B 2 pa3a, MOLIHOCTh HEOOXOJMMO YBEIUYUTh B 8 pas.

N,f}_

Aac H- H-=

300 - = 1000~ =500m
Aw-52
HAKx-33

209

101

T T T ~—
100 200 J00 V. qmry

Puc. 3 Kpuesvie mougnocmeii, nompeonvix 0151 20pU30HmMaibHO20 noiema

3aoaua. Onpedenums MOWHOCMb, NOMPEOHYIO 01 20PUSOHMATILHO20 NoAema y 3emau, eciu eec camonema Ax-52 G=1200
rec, koapuyuenmor Cy =0,4 u Cx=0,044, S=15 M

Pewenue. 1. Onpedenum ckopocmsv norema

y- |26 21200 ~ 203, 7xm/ u.
CypS\0,4-0,125-15

Pewenue. 2. Kauecmeo camonema

_ G _ 04
Cx 0,044
Pewenue. 3 Ilompebnaa msea
P, = G = 1200 =133kec.
K

Pewenue. 4. [lompebuas mownocms
_ P,V 133542
75

N, 75 =96 =70,6xBm.
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3ABUCUMOCTH HOTPEBHOM TSTI'M U MOIIIHOCTH JIJISI TOPU3OHTAJIBHOI'O IMOJIETA OT
CKOPOCTHU I'OPU30OHTAJIBHOI'O IOJIETA. KPUBBIE H. E. )KYKOBCKOI'O

JUig moNHOW XapaKTEepUCTHKH TOPU3OHTAIBHOTO IOJIETAa M ONpPENeNeHHs JIETHBIX JaHHBIX CaMOJETOB
BoOcIoJb3yeMcst TrpadoananmuTnyeckum MeronoMm, npemiaoxkeHHblM H. E. JKykosckum. Hamoxxum Ha KpuBble
moTpeOHBIX TAT U MomHOcTei P m N kpuBEIe pacronaraeMbiX TAT U MomHOcTed Pp u Np. IloidydeHHBIE TakmM
00pa3oM KpHUBBIE HOCST Ha3BaHWE KPHUBBIX NMOTPEOHBIX M PACHOJIaraeMbIX TAT M MOIIHOCTeH, mian kpusbix H. E.

Kyxosckoro (Puc. 4, Puc. 5).
P

# L

47 4

Jii 4

147

F

200 ang V. :r;/_u
Puc. 4 Kpuevie pacnonazaemvix u nompeoHvix maz camonemos Ak-52 u Ak-55 (kpuewvie H. E. Kykoeckozo)

we |
e

J60 1

200 1

100 ."fi?ﬂ JJ;F v rrm:

Puc. 5 Kpuevie pacnonazaemvix u nompeonvix mouwjnocmeii camonemos Ax-52 u Ax-55 (kpuewvie H. E.
Kykoeckozo)

Ha pucynkax npusenens! kpusbie Pry, Ny, Pp 1 Np camoneros SIk-52 n Sk-55 (H=500 m u H=1000 m).

Pacnonazaemon mazoit (MowfHocmuio) TIPUHATO HA3BIBATH HAWOONBIIYIO TATy (MOIIHOCTB), KOTOPYIO
MOJKET Pa3BUTh CHJIOBas yCTAaHOBKAa Ha JAHHOI BBICOTE M CKOPOCTH Mojieta Pacmosaraemasi Tara 3aBHCHT OT
BBICOTHI, TIO3TOMY KPUBYIO HEOOXOJUMO OpaTh JJIsi TOW BBICOTHI, HA KOTOPOW 3a/1aHO ONPEACIUTh JICTHBIC KauecTBa
camoJera

Touka mepecedeHHsT KPUBBIX COOTBETCTBYET IIOJIETY C HAMMEHBIIUM BO3MOXHBEIM B TOPHU30HTAIHHOM
MIOJIETE YTJIOM aTaKd, TO €CTh MOJIETY Ha MaKCHMAJIFHOW CKOPOCTH TOPHU30HTANBHOTO ToieTa (11 camoneta Sk 52 -

Vro =300 km/4, st SAk-55 - Vi makc)-

C yMCEHBIIEHHEM CKOPOCTH II0JieTa W YyBEJIMYEHHEM YIJla arTakd NOTpeOHas Tsra ¥ MOIIHOCTb
YMEHBIIAIOTCS,, MUHUMAJIbHASI TTOTPEOHAs TAra HaXOJIUTCS NPOBEACHUEM KacaTellbHOM K KpuBOH Pp mapasensHO
ocu ckopoctd. Todka KacaHHMs OOO3HAYaeT yroJl aTakW, HPH KOTOPOM TpeOyeTcs MHWHUMAaNbHas TATa Ui
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TOpU3OHTAIBHOTO ToJieTa (i camoiiera Sk-52 nmpu H=500 m Pm =103 krc, misa SAx-55 mpu H=500 M Pryyuy =87
KIC)
U3 dopmynbl NOTpeOHOW TATM ClleAyeT, 4YTO MHUHHMAlbHAas TAra JUis TOPH30HTAIBHOTO MOJeTa
noTpedyeTcs MPH MaKCUMaJIbHOM KadyecTBe caMoJIeTa
P = K—
MAKC (4.12)
MaxkcumanpHOE KayecTBO camoJieTa JOCTHTaeTCs MpHU HauBBITOJHEWIIeM yriae araku CKOpOCTb,

COOTBETCTBYIOIIAsT Olyp, HA3BIBACTCS HAMBBITOJHEHINEH CKOPOCTHIO TOPH30HTANBHOIO Mojera Vyg (Ai1st camornera
Sk-52 VuB=162 xm/u, s SIk-55 Vae=137 km/u).

[Ipn HaumBBITOTHEHIIEM yTiie aTaku TpeOyeTcs MUHMMalbHas TMoTpeOHas Tara PmmH. CrnemoBartenbHO,
pacxon TOIUIMBA HAa OJUH KWJIOMETP ITyTH OyIeT MUHIUMAJIbHBIM U JAJIbHOCTD T0JIETa MAKCUMAIIbHOM.

Ho pacxox TorumBa Obul OBl MHHHUMAaJIBHBIM, €ciHM Obl aBuTaTenb paboran 6e3 moreps. [lostomy s
KOMIICHCAIINH TIOTeph TpeOyeTcs AOMOIHHUTENbHAS TATa IBUTATeNs M oOmas Tsara Pryg Oyzer Oombine Ha 3TY
BeNMYNHY. MUHUMANbHBIA KAJIOMETPOBBIM PAacXoi TOIUIMBA IOIYyYaeTCsl HAa HECKOJIBKO OOJBIIEH CKOpOCTH, YeM
HaHWBbITI'OJHCHUIIIAsL

Hanee, amammupys rpaduk Ha Puc. 4, BHIHO, 94TO MpH AanbHEUIIEM YMEHBIICHHH CKOPOCTH (TIOCIe

HaWBBITOAHEHIIEH) U yBENMYEHUN yIJIa aTak IOTpeOHast TAra pacTeT. ITO OOBICHAETCS yXYAUIEHHEM KadecTBa
camoJera.

CkopocTb MOXKET OBITh yMEHbBILIEHA 0 MHHHUMAJIbHOW, COOTBETCTBYIOIIEH KPUTHUYECKOMY YTIIy aTakH.
KacarenpHast k kpuBOH, mapajulebHOM ocu P, oTMeuaeT yroja aTakd M COOTBETCTBYIOIIYIO €My MUHUMAJIbHYIO
CKOPOCTH TOPH30HTAIBHOTO TIOJIETA.

Jnst Toro yToOBl YCTAHOBHTH TY WM HMHYIO CKOPOCTh T'OPHU30OHTAJIBHOTO IIOJIETa CaMoJIeTa, JIETYMKY
HEOOXOANMO CO3/aTh YCIOBUS (M3MEHsS TATY JIBUraTels) paBeHCTBa pacrosaraeMoil u morpebHoit tsiru (Pp=Pp).
[TosTOMy Ha CKOpOCTSIX, MEHBIIMX MAaKCHMAaJbHOM, JIETYMKY HEOOXOAMMO YMEHBIIUTH TATY JABUTATENs 10
OTIpEJICTICHHON BEJIMYMHBI, M TOYKAa IIEPECeYeHMs] paclojaraeMod W NOTpeOHOH TsAru OyneT Ha MeHbIICH,
BBIOPaHHOM JIETYMKOM CKOPOCTH.

Ecnu pacnonaraemast Tsira Oyzer OoJiblie MOTPEOHOW, TO caMOJIET HAYHET NOAHUMATBCS, €CJIH MEHBIIIE -
cHIXaThcs. B 00oux ciyuasix camoseT He OyIeT JIETeTh TOPU30HTAIIBHO.

Amnanmm3upys rpaduk Puc. 4, MOXHO clienaTs BBIBOA, YTO HAa BCEX CKOPOCTSIX, KpOME MaKCHMAJIbHOM, TsTra
CUJIOBOW YCTAaHOBKHU Ppyaic 00JIBIIE TOTPEOHO TrH Ppy.

JIMATTIA30H CKOPOCTEM I'OPU3OHTAJIBHOI'O MOJIETA

Juanazonom ckopocmeii 20pu3oHmMAnbHO20 NOJEMA HA3BIBACTCS PA3sHOCTh MEXKIY MAaKCHUMAalIbHOW M
MPAKTUYECKON MUHUMAJIBHON CKOPOCTSIMM Ha OJHOM U TOMH K€ BBICOTE I0JIETa.

CrenoBatenbHO, TMana3oH CKOPOCTEH TOPU30HTAIBHOTO T0JIETa OyIeT paBeH

A=V pwe =Vox- (4.13)

I[JIH CpaBHCHHUSA pa3HBIX CaMOJIETOB IIOJIB3YIOTCSA IIOHATUEM OMHOCUMEIbHBLIL OUANA30H cxopocmeﬁ.
OTHOCHUTEIBHBIM JuarrasoHoM CKOpOCTeﬁ Ha3bpIBaCTCd OTHOIICHHUEC auaria3oHa CKOpOCTeﬁ K MaKCUMaJIbHOM
CKOPOCTH I10JICTA. Uem 00JIbIIIe OTHOCUTEIIBHBIN Juara3oH CKOpOCTCﬁ, TEM JIy4dlI€ CaMOJIET B JIETHOM OTHOLICHUH.
B otHOCHTEIRHOM AHMAaIa3zoHe CKOpOCTCﬁ CaMoOJICTa HAXOOATCA TAKXKE XapaKTEPHBIC CKOPOCTHU, KaK SKOHOMUYCCKAd,
HaWBBITOJHEHINIAS U MaKCUMaJbHasl.

IMEPBBIE 1 BTOPBIE PEXKUMbI TOPU30HTAJIBHOT'O ITOJIETA
B ycranoBuBIIEMCS! TOPH30HTAIBHOM TOJIETE TSATA CHIOBOH YCTaHOBKH JIOJDKHA YPaBHOBEIINBATH JJ000BOE

COIPOTHURJICHUE. DTO 3HAYMT, YTO B JIFOOOM PEIKUME IMOJIETA, KPOME Y yakc, TETUUKY HEOOXOIMMO 3aJAPOCCEIUPOBATh
JIBUTATEIh (YMEHBITUTE 000POTHI KOJICHYATOTO BaJIa), TO €CTh YMEHBIIIUTh MOIIHOCTD J0 TaKOH CTEICHHU, YTOOBI OHA
CpaBHSUIACH C MOTPEOHOM MOITHOCTBIO.

Ecnu mocne ypaBHOBeHmIMBaHHUS camojieTa B OJHOM M3 PEXKHUMOB YCTAaHOBMBILETOCS TOPU30HTAIBLHOTO
HoJieTa CKOPOCTh 110 KaKOW-IMOO IMpHUYMHE HM3MEHHTCS, TO IOBEIEHHE camoJyieTa B OoiblIel CTEeneHu Oyner
3aBHCETh OT  COOTHOUIICHHS  MpHUpAIICHHS  MOTPEOHOW  MOIIHOCTH W paclojiaraeéMoil  MOIIHOCTH

3a/IpOCCENMPOBAHHOTO ABUraTesns Nyp.
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WIHTEpBAal IIEPBBIX PEKHUMOB - 3TO BCE CKOPOCTH OT Vyake A0 Vi, I KOTOPBIX HPOM3BOAHBIE MOIIHOCTH
OT CKOpPOCTH IIOJICTA OoJibLIe HpOH3BO[lHOﬁ MOIIHOCTH 3aApOCCCIMPOBAHHOIO JBUIATCIsl OT CKOPOCTHU
—n s n < _".

dv dv . HuTepBait BTOPBIX PEXKUMOB - 3TO BCE CKOPOCTH OT V3K 10 VMUH, 1Sl KOTOPBIX dv dv

910 3HAYUT, YTO YBCIUYCHUE CKOPOCTHU IOPU30HTAJIBHOTO ITIOJIETAa HA MEPBBIX PEKUMAX CONPOBOKIACTCA
YMEHBIICHUEM HU30BITKA MOIITHOCTH, 4 Ha BTOPBIX PEKHUMaAX - YBEIINYCHUEM M30BITKA MOIIHOCTH. FpaHHueﬁ TIEPBBIX
M BTOPBIX PEKHUMOB I'OPU3OHTAJIBHOI'O MOJIETA ABJIACTCA SKOHOMHUYECKASA CKOPOCTH I'OPU3OHTAJIBHOI'O IIOJIETA, IPHU

dN, _dNy

KOTOPOH yCTaHABIHMBAETCS PABEHCTBO dv dv (Puc. 6).

Ilonem camonema na nepewvix pexcumax BHITONHICTCS HA MaJbIX yrilaX aTakH, KOTIa KpbLJIo 00TeKaeTcs
YCTaHOBUBHIMMCS JITAaMUHAPHBIM BO3YHIHBIM ITOTOKOM, CaMOJIET XOPOLIO yCTOﬁ'{MB " yIpaBJIICM. HOSTOMy O6]:l‘iHO
MOJIb3YIOTCA NIEPBBIMU PEIKUMAMMU.

Jlist yCTaHOBHUBIIIErOCS TOPU30HTAIBHOTO MOJIETAa HA HEKOTOPO# CKOpOCTH V| B 00JACTH MEPBBIX PEIKUMOB
(Puc. 6) nBurarenb JIOMKEH OBITH 33JPOCCENMPOBAH JIO XapaKTEPUCTHKM Mppi Ilpu ciywalinom ysenndeHHH
CKOPOCTH TOPU30HTAIBHOTO ITOJIETA BO3HUKAET OTPUIATEIBHBIH M30BITOK MOIIHOCTH, CAMOJICT OYJIET IBUTATHCS C
TOPMOXKCHHEM M BEPHETCS K HCXOMHOW CKOpocTH. [IpH yMEHBIIEHHH CKOPOCTH H30BITOK MOIIHOCTH OyaeT
HATIPABJICH BIIEPE] U CaMOJIET TaK)KE BOCCTAHOBUT CKOPOCTh HMCXOJHOTO pexuMa. [l coXpaHEeHHs CKOPOCTH Ha
MEPBBIX PEKUMAX OT JIETUYHKA TPEOYETCS OJJHO - BBIICPIKUBATH TOPU3OHTAIBHBIN TIOJIET MPH TOMOIH PYJIsi BBICOTHI.
Ecnu jeTuuKy 1Mo yCJIOBHSM MOJeTa HEOOXOJMMO MEePEHTH Ha HOBYIO, OOJIBIIYIO CKOPOCTh, B MpE/AEiaxX MepBbIX
PEKHMOB Ha TO¥ e BBICOTE, TO, COXPAHSSI TOPU30HTANIBHBIH MMOJIET, OH JODKSH YBEIUYUTh MOIHOCTh JABUTATENIS, &
JUIsl Tiepexojja Ha MEHBIIYI0 CKOPOCTh TOPHU3OHTAJIBHOTO IOJIETa - YMEHBIINTh MOIIHOCTH CHIIOBOH YCTaHOBKH
(YMEHBIINTH YaCTOTY BpAIIEHHUs KOJICHYATOTO Baja).
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Puc. 6 Ilepsvle u emopbule pexrcumsl u OUANA3OHBL CKOPOCHEIl 20PU3OHMANIBHOZ0 NOEma

Ilonem na émopuvix pexcumax 20pU30HMANbHOZ0 NOJIema TPOUCXOIUT Ha OONBINIMX YTiaX aTakd W Ha
CKOPOCTAX TOPU3OHTAJIBHOI'O I10JIETa, MCHBIIUX, YEM IJSKOHOMHUYCCKAsA CKOPOCTb, YTO CBA3aHO C YXYAIICHUEM
oO0TeKkaHHss Kpbula M TOHIKEHHWEM OJ(P(EKTUBHOCTU pyjed, W TEM CcaMbIM YXYyIIIEHHEM YCTOWYHBOCTH U
YIPaBIIEMOCTH CaMOJIeTa, OCOOCHHO mornepeyHoi. [1oaToMy jietaTh Ha BTOPBIX PEKUMAax HE perkoMenayercs. K
HUM MPHOETAaI0T JIUIIb PYU HEKOTOPBIX TPEHUPOBOYHEIX MOJIETAX U IPHU BBHITIOTHEHUH ITOCAIKH.

PaccmoTpuM BiIMSHHME H3MEHEHHMS CKOPOCTH Ha BBIIOJIHEHHE TOPHU30HTAJIBHOTO IIOJETa HA BTOPBIX
pexxumax. [lycTh camoneT BBINONHSET TOPU3OHTANBHBIM MONET Ha cKopocTH V,. C yBEIMYEHHEM CKOPOCTH
BO3HHUKAET MOJOKHUTEILHBIA H30BITOK MOMIHOCTH, U €CJIU JICTUMK HE U3MCHUT PECIKUM pa6OTI>I JABUIaTCiIse U 6y}16T
BBIJICP)KUBATh TOPU3OHTAIBHBINA IOJIET, TO YBEIMUYEHHWE CKOPOCTH OyAeT MpOAOJDKAThCs, MMOKa HE HACTYIUT
paBHOBecHME Ha HOBOW CKOpocTH Vi, jexaiied B 00JacTH NEpBBIX PeXHUMOB. IIpu ciaydailHOM yMEHBILEHUU
CKOPOCTH M30BITOK JIOOOBOTO CONPOTHBIICHHS HAJ| TATOM BBI3BIBAET TOPMOXKEHHE caMojieTa 10 MHUHHMAJIbHOMN
CKOPOCTH (CaMOJIET MOKET COPBATHCS B IITOOP).

Takum 00pa3oM, Ha BTOPBIX PEXKHMMax BBLACPKMBAHUE MOCTOSHCTBA BBICOTHI IOJIETa HE 00ECHeYHBaeT
COXPaHEHHE CKOPOCTH.

[py BBIIOTHEHUH IJIMTENBHOTO IOJETa Ha BTOPBIX PEKUMaX IJIss BOCCTAHOBICHHS UCXOIHON CKOPOCTH
JETYNKY HEOOXOAUMO THO0 H3MEHEHHEM PEXUMa PAbOThI ABUraTes (IIPU yBEIHYCHUH CKOPOCTH TATY HEOOXO0UMO
YMEHBILINTD, @ NP YMEHBIICHUN CKOPOCTH - YBEIHYHTB), THO0 M3MEHEHHEM yIJa HAKJIOHA TPACKTOPHH IOJeTa
BOCCTaHOBHTb 33JaHHYIO CKOPOCTh TOPH30HTAJIBHOIO 10jeTa. Bo BTOpOM ciiydae TpaeKTopus mojera Oyaer He
NPSIMOJIMHEHHOM, a BOJTHOOOPa3HOM.
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B ob6mactu BTOPBIX PEKUMOB IS YBEIHMUYEHHUS CKOPOCTH TOPU3OHTAIBHOTO ITOJIeTa HeOOXOAMMO CHavaja
YBEJIMYUTH MOIIHOCTB JIBUTATEIN, a 3aTeéM, KOTJa CKOPOCTh HAYHET BO3pPACTaTh, YMEHBIINTE e€. [ yMeHbIIeHUs
CKOPOCTH TOPH30HTAJIBHOTO IIOJETa CIEAYeT HECKOJIBKO 3aIpOCCeNHpOBaTh ABHIaTelb (YMEHBIINTH YacTOTY
BpAIlEHHsI KOJIEHYATOr0 Bajia), YTOObI CKOPOCTh Havala MMajaTh, MOCIE Yero YBEINYUTh MOUIHOCTh JI0 IIOTPEOHOIA.

To ecTp Ha BTOPBIX PEXMUMAX TOPU3OHTAIBHOTO TMOJieTa TPeOyeTcs: IBOMHOE MBI)KEHHE PHIYAroM
YIpaBJICHHUS IPOCCENBFHON 3aCIIOHKOH KapOropaTopa.

Hcxons w3 BbIIECKa3aHHOTO, MOXHO CHeJaTh BBIBOJ, YTO JIOMYCKaTh YMEHbBIIEHHUE CKOPOCTH HHUKE
9KOHOMHUYECKON He cienyer. MHaue roBops, i camosieToB fk-52 u Sk-55 skoHOMHUYECKasi CKOPOCTh SIBJISETCS
MPaKTUYECKH MUHUMAJIbHOW CKOPOCTBIO TOPU30HTAIBLHOTO MOJIETA.

Pa3sHOCTH MEXIy CKOPOCTBIO Vi, KOTOPYIO JETYMK BBIACPKMBAET B TOPH30HTAIBLHOM IOJETE, H
5KOHOMHYECKOH CKOPOCTBIO HasblBaeTcs 3anacom ckopocmu AV:
AV=Vrp-Vag (4.14)

B momere Ha Manoii BeICOTE PEKOMEHIYETCS MMETh 3amac CKopocTH (s camonera Sk-52 Vmua=170
KM/4), paBHBIA TipuMepHO 20...30% 3KOHOMHUYECKOI CKOPOCTH TOPHU30HTAIBHOTO MOJIETA.

W3 cka3zanHOrO SICHO, 4YTO B JIETHOU IMPaKTHUKE 3arac CKOPOCTH HUMECT Oospiioe 3HaueHue. Mmes
,IIOCTaTO‘IHBIﬁ 3amac CKOpOCTH, JIETYUK IapaHTUPOBAH OT HEOKHMIAAHHOTO MOMaJaHUA B HHTEPBaAJI BTOPBIX PEKUMOB,
CJIEAOBATEIIBHO, X OT OITACHOCTH ITOTEPHU CKOPOCTH.

I3BOJIIOTUBHASA CKOPOCTD ITIOJIETA

DBOJIIOTUBHAS CKOPOCTD JICTATCJIBHOI'O almnapara - MUHUMaAJIbHAad CKOPOCTb, Ha KOTOpOﬁ CaMOJICT UMECT
BO3MOXXHOCTb BBIIIOJHATE HEKOTOPbBIC MHWHUMAJIBHBIC 3SBOJIFOIIUA (MaHeBpLI) I[J'ISI HEMAaHCBPCHHBIX CaMOJICTOB
pas3invaloT MUHUMAJIbHY0 9BOJIFOTUBHYIO CKOPOCTh: IIPpU pa36ere, B3JICTC, IOCAZAKE U IPU YXO/J€ HA BTOpOﬁ KpyT.

BJIMSTHUE BBICOTbBI HA IIOTPEBHBIE CKOPOCTHU I'OPU30OHTAJIBHOI'O ITOJIETA.

T'PA®UK MOTPEBHBIX U PACITIOJATAEMBIX MOIITHOCTEM JIJISI PA3JIMYHBIX BHICOT

Bocnonbe3oBagiimck Gopmyiioii (4.11), HaiiieM 3aBUCUMOCTh MOTPEOHONH MOIIHOCTH OT BBICOTHI TOJICTA.
[Mocne mpeoOpa3oBaHuil MOIyIHUM

Po
N H ™~ N, 0 >
Pu (4.15)
I'ne Ny - motrpebHass MOIIHOCTH TOPU3OHTAIBHOTO TIOJIETa Ha 3aJaHHOM BhICOTE H

Ny- noTpedHast MOIIIHOCTh TOPU30HTAIBHOTO T0JIeTa y 3eMii. M3 (hopMyIsl BUIHO, YTO MIPH HEU3MEHHOM
yrine araku TOoTpeOHas Il TOPU3OHTAIBHOIO TI0JIETa MOIHOCTh OYyHET YBEIMYMBATHCA C  BBICOTOM
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Puc. 7Kpu3bte nompe6ubtx u pacnojiazaemsvlx Momuocmeﬁ onsa Pa3ludHblX 6blCOM nojiema
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Puc. 8 U3menenue xapakmepHuix cKOpocmeil 20pU30HMAIbHOZ0 NOJIEMA C HOOLEMOM HA GbICOMY CAMOIEMA C
nOpuiHeBoll cun060i YCMano8Koll

[Tosmer Ha HauWBBITONHEHIIEM yIiie aTakd W COOTBETCTBYIOIIMX €My MaKCHMAaJbHOM KadecTBe Kyaxc U
HAMBBITOHEHIIIeH CKOPOCTH NPHU yBEJIMYCHUH BBICOTHI MOJIETa MOTPEOyeT YBEIMUYCHHUS MOTPEOHON MOIIHOCTH, TaK

Lo
KaK HAaUBBITOJHEHIIIAast CKOPOCTH C MOTHATHEM Ha BBICOTY PACTET IPOTIOPIIHOHAIEHO Pu

NH

O,HHaKO otHomeHne U I BCeX BBICOT COXPAaHUTCA MMOCTOSIHHBIM, IIOTOMY YTO

o)
v, N pO N
g p=—"= """ — const.
Lo, [P0 Yn,
HO
Pu (4.16)

W3 srtoro ciemyer, 4yTo KpHBBIC [UIS Pa3iMYHBIX BBICOT IIOJieTa OyAyT MMETh OOIIYI0 KacaTelIbHYIO,
MPOBEJCHHYIO U3 Hauyana koopauHat (Puc. 7). Kpusble pacrmosaraeMbIXx MOITHOCTEH CHUMAIOTCSl C XapaKTEPHCTHK
JIBUTATENIbHBIX ycTaHOBOK ¢ yueToM KIIJI Bo3ayIiHOro BUHTA.

YV caMoIIeTOB ¢ BBICOTHBEIMH TMOPIIHEBBIMU ABUTATEIIAMHA pacriojaraéMast MOIIHOCTH YBEIIMYMUBACTCA 10
paC‘ICTHOﬁ BBICOTBI, BCJICACTBHUE O3TOT0 YBCIMYMBACTCA W MaKCHUMalibHass CKOPOCTH IIOJIETA. Brrme paC‘ICTHOﬁ

BBICOTHI pacroJiaraemMasi MOITHOCTb YMEHBIIIAETCs, YMEHBIIAETCS U Vyake (Puc. 8). C yBenuueHrneM BBICOTHI TOJIETa
JI0 PacYETHOW yBEITMYMBACTCA W M30BITOK MOIIHOCTH. JlanbHelIee yBenndeHne BHICOTHI MOJIETa COMPOBOXKIAACTCS

yMeHbIIeHreM u30b1Tka MotHocTH AN, KoTOpEIi Ha MoTOJKE camoseTa 06pAMIAETCs B HyJIb.

BJIMUSHUE MACCBI CAMOJIETA HA ITIOTPEBHBIE CKOPOCTHM.
Y aenpHas Harpy3Ka Ha KPBUIO B MIOJIETE MEHAETCS B 3aBHCHMOCTH OT KOJIMYECTBA TOPIOYETro (€ro pacxoma).

PaccMoTpuM TOpH3OHTANBHEIA MONET camoiera SK-52 mpu M3MEHEHHH HArpy3KH, HO MPH OJUHAKOBOM
yTJIe aTakdl ¥ Ha OJJHOH BBICOTE.

ITycTs mosieTHBIN BeC yMEHbIIAETCS, HO YCIOBUE FOPU30HTAIBHOrO nosieta coxpansercsa (Y=G), nostomy
COOTBETCTBEHHO HEOOXOIMMO YMEHBUIMTH MOJBEMHYIO CHIY. JTO MOKHO BBINOJHHUTH JIMOO yMEHBIIEHUEM YTIia
aTaku, 100 IMyTeM YMEHBILIEHNSI CKOPOCTH JI0 BEJTMYHUHBI V.

Ecnu n3BectHa motpebGHas ckopocTh V mpu pacueTHOM Bece G, TO BBIYMCIUTH MOTPEOHYIO CKOPOCTD MPH
HOBOM BECE MOXHO 110 (hopmyIie

2G 2G,

Y\ Cyps “\Cps”

pa3aeyimB BTOPOEC BBIPAXKCHUC Ha MIEPBOC U COKPATUB, NOJTYYUM
Gl

e A
G 4.17)

4 G
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W3 dopMynsl BUAHO, YTO TpH YMEHBIIEHHH I[IOJIETHOTO Beca IOTpeOHAsh CKOPOCTh YMEHBIIAETCS
MPOTIOPIMOHATIBHO KBAaIPAaTHOMY KOpPHIO OTHOIIEHHUS BecOB (INIOTHOCTh BO3AyXa HeWsMeHHa). [Ipu ymeHbIeHHH
Beca Ha camoureTax Sk-52 u SIk-55 moTpebHas CKOpOCTh TOPU3OHTAIBHOTO MOJIETa YMEHBIIACTCS.

3aoaua. Jlemuux evinonnsem nepenem Ha gvicome 500 m. Ilepsonauanvuviii nonemuwiii ec cocmasaan 1240 kec Ckopocmu
nonema V=240 xm/u. K konyy neperema uspacxooosano 80 kec ecopiouezo. Kaxoea eenuyuna HeoOX00UMOU CKOpocmu
20PU3OHMANLHOZ0 NOJEMA NPU MOM dice yele amaky U Mol dce vblcome noiemd.

Pewenue 1 Onpedenum gec camonema 6e3 uspacxodosannozo 2opiouezo. On cocmagnsem 1160 kec.

2 Onpedenum HeodOX00uMyI0 CKOpOCHb OISl COXPAHEHUs 20PU30HMATbHO20 nofiema no gopmyne (725)

v, =240 1160 =225,6Kxm/ u.
1240

Tlompebrnas cxopocmv 0118 COXpaHeHUs. 20PU3OHMANLHORO NOJEMA NPU MOM Jice yele amaxku u npu moi dce 8blcome
nonema cocmaensem 225,6 km/u.
M3meHeHue MONETHOrO Beca BIMSET TAaKKe U Ha Jpyrue JIETHble KauyecTBa camoJjera. PaccmarpuBas
KpHUBBIE TTOTPEOHBIX MOIIHOCTEH TS pa3HOTO Beca caMoJieTa, MOJKHO C/IEIaTh BBIBOJKIL:

Ipyu yBCJIMYECHUU BE€Ca CaMOJICTa €0 MUHHUMAJIbHad IO0CaJ04Has, S9KOHOMHYCCKasd U HaHBbIFOﬂHeﬂmaﬂ
CKOPOCTH YBCJIMYMBAIOTCA, MaKCHUMajJlbHasA CKOPOCTb YMCEHbIIACTCA II0 TMPUYUHE YBCIWYCHUA YIJla aTakKu,
H€O6XOZ[I/IMOI‘O JJI IoAACpIKaHus BeCa caMOoJI€Ta B TOPU30OHTAJIbBHOM IIOJICTC,

C YBEIMYCHHEM IIOJIETHOTO Beca /[AWAama30H CKOPOCTEH YMEHBIIAeTCS BCIEACTBHE YMEHBIICHHS
MAaKCHMaJIbHOW CKOPOCTHU M YBEIMUYEHUS IKOHOMUYECKOM;

C YBENMYCHHEM IIOJICTHOTO BeCa YMEHBIIACTCS IOTOJOK CaMOJeTa BCIEACTBHE YMCEHBIICHHS H30BITKA
MOIIHOCTH.

AHanmnpya BBINICCKA3aHHOC, MOXHO CACJIaTh BBIBOA, YTO C YBCIMYCHUEM IIOJICTHOT'O BECa CaMOJICTa €TI0
JICTHBIC XAPAKTCPUCTUKU YXYAIIAKOTCA, 4 C YMCHBIICHUEM BECa CaMOJICTA - YJIydIlIatOTCA.



INOABEM CAMOJIETA

I[Mompem sBISIETCS ONHUM W3 BHIOB YCTAaHOBUBIIETOCS IBIDKEHHS CaMOJIeTa, MPH KOTOPOM CaMOJIET
HaOWpaeT BBICOTY 110 TPAEKTOPHUH, COCTABIIAIONICH C THHUEH TOPU30HTA HEKOTOPHIH YTOL.

Ycemanoeuswuiica nodvem - 310 NPSIMOJMHEHHBIN MOJIET caMoyeTa ¢ HA0OPOM BBICOTHI C ITOCTOSTHHOM
CKOPOCTBI0. PexknM mnojrbeMa XxapakTepu3yeTcs ClIeIyOLMMH NapaMeTpamMHu:

- CKOPOCTBIO TI0 TPACKTOPUH - CKOPOCTh MOAbeMa U;
- YIJIOM HaKJIOHA TPAeKTOPUH MObeMa K TOPH30HTY - YTOJl [0 IbeMa 0,

- BEPTHKAIHOM COCTABIAOIIICH CKOPOCTH TO(bEMA - BEPTHKAIIBHAS CKOPOCTH Uy,

CXEMA CWJ1, JEMCTBYIOILIUX HA CAMOJIET HA IOABEME
PaccMoTpuM NpSIMOJIMHEHHBINA yCTaHOBUBIIMKCS MOJABEM CaMoJIeTa, TPAGKTOPHS KOTOPOIO HAKJIOHEHA K
TOPHU30HTY IO HEKOTOPBIM YITIOM 0, nasbiBaembiM YTJIOM HOABEMA.
[Ipu noxbeMe Ha caMoIeT JeUCTBYIOT cireayrone cuibl (Puc. 1):
- cwiia TAry P - B HanpaBieHUM IBHKEHUS;
-cuiia 1000BOTO cOMPOTUBIEHUS () - B HANIPaBJICHUH, 0OPaTHOM JBIDKEHHUIO;
- cocTaBisronias cuia Beca G, B HaIPaBJIeHUH, OOPATHOM HAIPABICHUIO JIBIKECHHUS;

- B HAampaBjeHUH, IMEPIEHIUKYISIPHOM K TPACKTOPHM TOJeTa, JACHCTBYIOT MOabeMHas cuiaa Y |
cocCTaBJIsroIIas CHIIbI Beca Gy.

Tak xax MNOABEM ABJIACTCA INUIOCKUM IOCTYHNATCIIbHBIM YCTAHOBUBIIMMCA IBUKCHUEM, TO BCC CHIIBI,
HeﬁCTByIOLHHe Ha CaMOJIET, TPUIIOKEHBI B €0 HEHTPE THKECTHU.

JI71s1 BBIIIOJIHEHUS yCIIOBUSL PABHOMEPHOCTHU U IIPSIMOJIMHEMHOCTY IIOJbEMA CAMOJIETA BCE IEHCTBYIOIIUE HA
HEro CHJIbI JIOJDKHBI OBITh B3aMMHO ypaBHOBelleHbl. ClieoBaTeIbHO, YCIOBUEM NPSIMOIMHEHHOCTH JIBHKCHUS TIPU
HOJbEME SIBJIAETCS paBeHCTBO cul Y u Gj.

Y:Gl =(G-cosd. (51)
VeioBUEM PaBHOMEPHOCTH JBHIKEHHUS CaMoJieTa OYIET PaBEHCTBO CUII, IEUCTBYIOLIMX BJOJb TPAEKTOPHUH:
P:Q+G2:Q+G‘Sin0. (52)

[Ipn HapymeHHH OJHOTO W3 3THX PaBEHCTB JBIDKCHHE HE OyAeT NPSIMOJIMHEHHBIM W PaBHOMEPHBIM, TaKk
Kak IOSIBUBIINECS HEYPABHOBEIICHHBIE CIIIBI OYIyT MCKPHBISTH TPAGKTOPUIO B MEPBOM CIIydae M YCKOPSATH WU
3aMeUIATh JIBIJKCHHE CaMoJIeTa BO BTOPOM.

©51n0=6,

©,-Gcos B
B-vron NOABLEMA

Puc. 1 Cxema cun na nooveme
Y=Gcos 0 - yeiosue npAMOIUHENHOCHU

P=Q =G'sin 0. ycnosue pagHomepHocmu

W3 ananm3a ypaBHEHUH CHII ITPH IOJbeMe MOYKHO CIENaTh CIEIYIONINE BEIBOIBI:



AIPOIUHAMMUKA CAMOJIETA 2

- IOABbEMHAsA CUJia IIPpU MOABEME MEHBIIC, YEM B I'OPU30HTAJIBHOM IIOJIETE HA TOM K€ YIJIE aTaKH, TaK KakK
OHA YPaBHOBEIINBAET TOJILKO YaCTh BECa CaMOJIETA;

- ToTpeOHas cuia TATH NPH HOAbEME OOiblle, YeM B TOPH30HTAIHHOM IIOJIETE Ha TOM XK€ YIJIe aTakw,
MOTOMY 9YTO KpPOME JIOOOBOTO COMNPOTHBIICHHSI OHA YPABHOBEIIMBAECT COCTABIIIONIYI0 Beca camoiera G,. Takum
00pa3oM, IMOIBEM COBEPINAETCS HE 3@ CUET YBEINYEHHS MOABEMHON CHIIBI KPBIJIa, @ 38 CUET YBEJIMUCHUS CHIIbI TATH.

C YBCJIMYCHUCM YIJla HoAbeMa 9 COoCTaBJIAOIIass BECa G, HampaBJICHHAad NEPICHAUKYIAPHO K TPACKTOPUU
noabEMa, yMCHBIIACTCA, CJICAOBATCIIBHO, JOJI’KHA OBITH MEHBIIIE U YpaBHOBECIIMBAKOIIas €€ nmoAbEMHas Cujia Y, HpI/I
9TOM COCTaBJIAROIIAas1 BECa Gz YBCJINYUBACTCA, YTO Tpe6yeT YBCJIUYCHUSA TATU CHJIOBOM YCTaHOBKHU. VBennueHue xe
CHWJIBI TATH IIPU TIOABEME BO3MOKHO TOJIBKO IIPU HAJTMINU €€ H30BITKA.

BakHoll XapakTepPHCTHKON caMoJieTa SIBISIETCS €ro TATOBOOPY)KEHHOCTh - OTHOILIEHHE MaKCHMAaJbHOM
pacrosnaraeMoii TATH y 3eMJIH K BeCy CamoJieTa.

G (5.3)

VY coBpeMeHHBIX camoeToB ¢ TPJl TArOBOOPYKEHHOCTb JIOCTATOYHO BBICOKAs W MOMKET JOCTUraTh
eIMHMLIBI U Ooree:

-y camonera MUT-17 ¢ =0,52,
- y camoreta JI-29 ¢ =0,34.
Ecnmu Ob1 cnioBast ycTtaHoBKa oOnajania TATOW, MPEBBIIIAIONICH CyMMy Beca camojeTa M ero JoOOBOro

COIIPOTHUBIICHHSI, TO CAMOJIET MOT OBl BHIITOJIHATH YCTAHOBUBILIHMICS BEPTUKAIBHBIH M10JbEM (9 =90°).

CKOPOCTD, IOTPEBHAS /UISA IOABEMA

Cropocmuio, nompeonoii 0ns noovema camonema U,,y, HA3BIBACTCS CKOPOCTh, HEOOXomumas Jist
CO3JJaHUsI TTOIbEMHO# CHIIbI, YPaBHOBEILIUBAIOIICH COCTABIISIONIYIO BECa, IIEPIEHIUKYIISIPHYIO TPASKTOPUH M0IbeMa
Ha JIAHHOM YTJIe aTaKHy.

W3 ycnoBus NpSIMOTMHEHHOCTH NBIDKEHUS MOXKHO OINPENENHTh BEIMYMHY NOTPEOHOH Ui mogbema
CKOPOCTH.

Y =G cos 0.
HOI[CTaBI/IB B 3TO ypaBHeHI/Ie 3HAQUYCHUC HO,HLGMHOI?’I CHJIBI, Hoﬂqu/IM

2
CypUTHOﬂS:G-COSH.

54
W3 ypaBHeHus (5.4) Haxoaum
Vpor =
(5.5)
2G
Tak kak BBIpaKEHHE Cyp-S . €CTh YHCJIEHHAs BEJIMYMHA MOTPEOHOW CKOPOCTH T'OPU30HTAIBHOTO

nostera Lry To popmyna (5.5) npumer Bug
Vo = VN €0s0. (5.6)

Bemwauna V€00 BCErJa MEHbIIE €IUHHILI, TOITOMY MOYKHO CHAENATh BBIBOA, YTO JISl BBIIOIHEHUS
MOZbeMa caMoJjieTa TpeOyeTcsl MEHbIIass CKOPOCTh, YeM IIPH TOPU3OHTATBHOM ITIOJIETE HAa TOM Xe yrie aTakd. s

HEOOJIBIIHX YTJI0B noaAbEMa (,HO 8 = 200) HO’I‘pe6Ha$I CKOPOCTb I IMOABEMA CaMOJIETa HE3HAYUTCIIbHO OTJINYACTCA

OT MOTPEOHOI CKOPOCTH TOPU30HTAIBHOTO MOJIETa HA TOM XK€ yrie araku. [loaToMy mpu moabemMe ¢ yriiom 0, ne
npeBsimaronymM 20 - 25°, MOXKHO MIPUHUMATD, YTO CKOPOCTh, TOTpeOHas I MOAbEeMa, paBHA CKOPOCTH, TIOTPEOHOI
JUISl TOPU30HTAILHOTO TOJIETA.
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TAT''A U MOIIIHOCTb, HOTPEBHBIE ITPU ITIOABEME

Tsra, HeoOXoauMasi IUIsl TOTO, YTOOBl YPAaBHOBECHTH CHIIY JIOOOBOTO CONPOTHBIICHUS M COCTAaBJISIONIYIO
Beca Gg mpH moIbeMe caMolieTa Ha TaHHOM YTJIE aTaKd, Ha3hIBaeTCs MOTPEOHOH TATOH ISl MO IbeMa.

U3 yciioBusi paBHOMEPHOCTH JABHXKEHUSI MOYKHO OIPEEIUTh BEIMYHHY TATH, HOTPEOHOM JUIs TTOAbeMa.

Pos =0 +G-sin6. (5.7)

Ecnu coBepmars moabeM camolieTa Ha TeX K€ yriiaX aTakd, YTO U TOPH30HTAIBHBIN IIOJIET, TO JI00OBOE
COIPOTHURJICHUE TIPH MOIbEME OYJET YHUCIICHHO PABHO MOTPEOHOM TAre TOPU30HTAIBHOTO NojieTa. YpaBHeHue (5.7)
B 3TOM CIIy4ae MOKHO 3aIncaTh TakK:

Puog =Py +G-sinf (5.8)

W3 ¢opmynsl cienyer, 4Yro s COBEpLICHUS Monbema TpeOyercss Oojblias Tsra, 4YeM Juis
TOPU30HTAIILHOTO IOJIETA HA TOM JKE YIJIE aTaKW, TaK KaK OHAa Hy)XHAa HE TOJBKO JIs MPEOJOJICHHS JI0OOBOTO
COTIPOTHUBIICHUS, HO U JIUIsl YPABHOBEUIMBAHMUS COCTABIISIONICH CIIIBI BECA IO TPACKTOPHUH.

Ha Bcex CKOpOCTSIX FOPU30HTAIBLHOIO MOJIETa, KPOME MAKCUMAJIbHOM, uMeeTcst u3bbTok Taru AP. Dot
M30BITOK MPU MOIABEME HMCIOJB3YeTCsl JJIsl YPABHOBEIIMBAHUS COCTaBIsiomel cuiibl Beca G,. [TosTomy Tsira npu
noapeMe ¢ HebonpmumMu (o 30°) yriiamu mogsemMa paBHa

Py = Py + AP, 59)

Ecnu u30bITOK TSATH paBeH HyJIO (HanpuMep, Ha MaKCUMAaIbHONH CKOPOCTH), TO YCTAHOBHUBILIHHCS ITOIbEM
caMoJIeTa HEBO3MOJKEH.

st camorneToB ¢ nopuiHeBbIME ABurartensiMu 1 TBJ] xapakrepucTuku moabeMa CBs3aHbl ¢ MOTPEOHOM 1
pacnonaraeMoi MOIHOCTSIMH.

MomurHocTh, HEeoOXomuMasi Ui OOecledeHrsl MOgbeMa caMojieTa Ha JaHHOM yTIJIe aTakh, Ha3bIBaeTCs
MOTPEeOHON MOIITHOCTHIO MObEMA.

Nyog = Ny +AN. (5.10)

M36biTox Momnoctd AN, mpencraBnsiomuii cofoil pasHOCTh MeXIy paclojiaraeMoil M MOoTpeOHOM

MOIITHOCTSIMH, JIJISI Pa3ITMYHBIX CKOPOCTEH M BBICOT ITOJIETa OTIPENEIICTCS Ha TpaduKe MOTPEOHBIX H PACIOIaraeMbIX
MOILIHOCTEM.

MOJISIPA CKOPOCTEM OJJbEMA CAMOJIETA. IIEPBBIE U BTOPBIE PEXKHUMBbI IIOJIbEMA

W3 KpuBBIX TOTPEOHBIX M pacrojlaraéMbIX MOIIHOCTEW BHJHO, YTO IPH IIOJIETE€ HAa MAaKCHMaJIbHOMN
CKOPOCTH W30BITOK MOIIHOCTH PaBeH HYJIO U, CIEIOBATEJIbHO, BEPTHKAJIbHAS CKOPOCTh Takxke paBHa Hyio. C
YMEHBILICHHEM CKOPOCTH OT MAaKCHMAllbHOW HM30BITOK MOIIHOCTH BO3PAcTaeT M MPH CKOPOCTH IOJIETa, PAaBHOMN
V=162 xm/a (st camonera Ak 52) m V=137 xm/a (s camonera Sk-55) (mpu oboporax asuratens n=100%, Ha
BeicoTe nosnera H=500 M, mocturaer MakCHMMallbHOrO 3Ha4yeHus). BepTHkaibHasi CKOPOCTb MOIBbEMA MPH ITOM
TaKKe YBEJIMYMBACTCS 0 MakCUMalbHOro 3HaueHus. C JanbHEHIINM YMEHbIIIEHHEM cKopocTd oT Vip =162 KM/Y
(mnst camomera Sk-52) u Vnp=137 xkM/4 (mis camosera SIk-55) 10 MHHUMAIbHOW CKOPOCTH Vyyy H30BITOK

mommHocTd AN U BepTHKaibHasg CKOPOCTh Habopa Vy YMEHbINAIOTCS.

3aBUCUMOCTh MEXIY CKOPOCTBIO IO TPACKTOPHUH, BEPTUKANBHOM CKOPOCTBIO MOAbEMA U YIJIOM MOABEMA
MOXHO TpEICTaBUTh B BHJE OJHOTO TpaduKa, KOTOPHIH HOCHUT HA3BaHHE HOAAPbL CKOpOCMel NOObema uiu
YKazamenbHuubl mpaekmopuu noovema.
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Puc. 2 llonapwl ckopocmeit noovema camonemos Ax-52 u Ax-55
[Tonspa ckopocteit moavema camonietoB Sk-52 u SIk-55 Ha Bbicore 500 M M MakCHMajIbHOM PEXUME
paboThI CHIIOBOH YCTaHOBKH IOKa3aHa Ha Puc. 2.

Kaxnast Touka mosisipbl CKOpOCTEHl MOABEMa HAIJSIAHO ITOKAa3bIBAET CKOPOCTh MO TPAGKTOPHU Viox
(oTpe3ok mpsMOH, MPOBEACHHOM M3 Hayana KOOPAWHAT B JAHHYIO TOYKY IIOJISIPBI), BEPTHKAIBHYIO CKOPOCTH
noaseMa Vy (OTpe3oK MpsMOH, MPOBEJCHHON 4Yepe3 AaHHYIO TOUKY MOJISpPbI CKOPOCTEN MEPIEHIUKYJISAPHO K OCH
ckopocTelt V ¥ yros HofbeMa - yroi, 3aKJIF0UeHHbIH MeXy BEKTOPOM CKOPOCTU Yoy U OCBIO CKOPOCTH IIOJIETA).

Omyckasce U3 1000 TOYKH KPUBOW HA TOPH30HTAIBHYIO OCh IO Jyre OKPYXXHOCTH C IIEHTPOM B Hayaie
KOOPJHMHAT, MO’KHO OTCUMTATh CKOPOCTH TIOJIETA TI0 TPAEKTOPUH MTObEMA.

Hons{pa CKOpOCTeﬁ noabeMa MO3BOJIACT OMPEACTINTD XapaKTCPHBIC PCKMMbI YCTAHOBUBIICTOCA MOAbEMA U
COOTBETCTBYIOLIUC MaKCUMAaJIbHBIA yroja noabeMa U MakKCUMaJIbHYI0 BEPTUKAJIIbBHYO CKOPOCTh NOAbEMA.

PEKUM HAUBOJIEE BBICTPOI'O NIOABEMA (HABOPA BbICOThI).
OnpeensieTcs NPOBEICHUEM KacaTeIbHOH K IMOJIIPEe CKOPOCTEH MoAbeMa MapaielibHO OCH CKOPOCTH.
Hns camonera fk-52 mpum oboporax nsurarens n= 100%, ma BbicoTe monera H=500 m mpubopnas
ckopocTb Vnp=162 km/4, Vypakc =10 m/c, oL =8°.
Hnst camonera SIk-55 mpu yacToTe BpallleHUs1 KOJIeHYaToro Baja nsuratens, paBHoi n=100%, Ha BbicoTe
nosiera H=500 M Vnp-= 137 km/4, Vyyakc=15 m/c, o=9".

2TOT PCKUM IMoABEMA ITPUMEHACTCA B Cillydae HCO6XOZ[I/IMOCTI/I 6LICTpO Ha6paTB 3aJaHHYIO BBICOTY.

PEXKUM HAUBOJIEE KPYTOI'O IOABEMA.
OrnpenensieTcst MpoOBeeHNEM KacaTelbHON K MOJIAPE CKOPOCTEH M3 Hadaja koopauHar. J[is camonera Sk-

52 mpu oboporax asuratens n=100%, Ha BeicoTe monera H=500 M u Vnp=140 km/a- 0 maxe=12°. Jusa camonera

Sx-55 npu obopotax asurarens n=100%, Ha BeicoTe nosieta H=500 M u Vnp=115 xm/u- 0 maxc=22°.

OTOT peXUM TMOIhEMa IPUMEHSETCS, KOrJa HEOOXOAWMO «IEPETAHYTb» CaMoJeT dYepe3 OIm3Ko
PAacIIoIOKEHHOE MPETISITCTBHE.

Ha nonspe cxopocteil moabeMa TakKe MOXKHO HAaWTH PEXUM MAKCUMAJIbHON TEOPETHYECKON CKOpPOCTU
nogabemMa (OmpeAensercs NMPOBEICHHEM KacaTeIbHOW OYT'M K IOJSIpe CKOpOCTEH MoabeMa C IIEHTPOM B Hadale
KOOpAMHAT).

I'panuLieil nepBbIX U BTOPHIX PEKUMOB MOJIbEMA, KaK U B TOPU3OHTAIBLHOM MOJIETE, AJISl CaMOJIeTOB Sk-52
u SIKk-55 ABIseTCS IKOHOMUYECKAs! CKOPOCTb.

déo
VMI/IHTEOP 00 Vo —

Pexxumbl mogbema B 1Mana3zoHe CKOPOCTEU OT , I KOTOPBIX dv >(), HA3BIBAIOTCS
BTOPBIMH.

do

IlepBble pexxuMBbl HOABEMA UMEIOT MECTO B JUANa30He CKOpocTel 0T Vyax 10 Vvakc, UL KOTOPBIX dV <o.

Kpome ocobGeHHOCTEH, paCCMOTPEHHBIX BBIIIE IPUMEHUTENBHO K TOPU30HTAIILHOMY TOJETY, Uil BTOPBIX
PESKMMOB YCTaHOBHUBILETOCS NOABEMA XapaKTEPHO TaK Ha3blBaeéMOe 00paTHOE JICUCTBHE PYJIsl BBICOTHI, OTKIIOHEHHE
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pyJisi BBICOTBHI BBepX (B3siTHE PYYKH YIPaBICHHsS CaMoOJeToOM Ha ce0s) B KOHEYHOM CyeTe MPUBOJUT HE K
YBEJIMYEHUIO, KaK B IIEPBOM pEXHMMeE, a K yMEHBIIEHHUIO yIila HakjoHa Tpaektopuu (Puc. 3).

[Ipu B3siTMM pydYKH yNpaBIEeHUs Ha ceds YroJl aTaku YBEJIWYMBACTCS, MOABbEMHAs CHia Y BO3pacTaeT U
TpaeKTopusl CHa4ajga HCKPUBIAETCA BBEPX, T. €. YroJl nojgbema yBenuuuBaercs. OmHaKO caMoJIeT HE HMeEeT

BO3MOYKHOCTH yPABHOBECUTHCS Ha (0Nee KPyTOM TPAEKTOPHH, TaK Kak M3OBITOK Tsru AP, nMeBIIHMiiCA B MCXOAHOM

PEXKUME TII0JICTa U ypaBHOBCLHI/IBa}OH_[I/Iﬁ COCTaBJIAOIIYIO BeEcCa G sin 0 1, OKaXETCA HEAOCTATOYHBIM JIA

G-sing,'

YpaBHOBELIMBAHUS BO3PACTAIOIEH COCTABIAIOIIEH CHIIBI Beca caMoJjeTa
6, >0,

CKopocTh, a 3HAYHT, M NOABEMHAs CHJIa HAYMHAIOT YMEHBLIATHCS, a TPACKTOPHUS, CTABIIAs Cpazy IOCIEe
B3SITUSL PYYKH yIpaBIeHUS Ha ceOs Ooiee KpyToi, OymeT MoCcTeneHHo (10 Mepe MaJeHUs CKOPOCTH) OTKIOHSATHCS
BHM3. Tak Kak Ha BTOPBIX DPEXUMax HM30BITOK TATHM C YMEHBLIEHHEM CKOPOCTH YMEHBIIAETCsS, TO PaBEHCTBO

0,<6,

Ha mnepBeIX pexuMax moxbeMa B3STHE pPYYKH YIPaBICHUS CaMOJIETOM Ha ce0si CONPOBOXKIAETCS
YBEJINYCHUEM YIJIa II0AbeMa, TaK KaK YMEHBIICHUE CKOPOCTH (TIOCIIE B3SATHS PYyYKH YIIPABICHUS Ha ce0sl) BHI3BIBACT
yBeNMYeHUE H30BITKA TATH, a O0NbIIeMy H30BITKY TATH COOTBETCTBYET O0Jiee KpyTOi IIOABEM caMoJIeTa.

IIPY HOBOM YBEJIMYEHHOM YIJIE

nmoar€Ma

AP,=Gsin & OyzeT JOCTHTHYTO JIMIIb IIPY HOBOM YTJIE HAKJIIOHA TPAeKTOPHU

li% A 2- pewumst - 1-e pewuny
16 r
12

10°

I T

* L]
10 20 30 40 50 60 70
Puc. 3 I-e u 2-e pesrcumot noovema

BAPOI'PAMMA NTOJBEMA

BaxHOll XapaKTepUCTHKONH CKOPOMOIBEMHOCTH CaMoJjieTa SBISETCS OaporpamMma MOabeMa, KOTopas
MpEeJCTaBIsIeT cO00i TpaduK, MOKA3LIBAIONINI BpeMs, 3aTpadyrBaeMoe Ha HA0OP TON WJIM WHOW BBICOTHI HA PEIKUME
MaKCHUMaJIbHOM BEPTUKAJIIBHOW CKOPOCTH MOIbEMA.

Baporpammy mogpeMa MOXHO TMOJYYHTh IPAKTHYECKH B TOJNETEe C IOMOHIBI0  Oaporpada
(bapocnmorpada) Wi myTeM 3alluCH IOKa3aHWi BBICOTOMEpA uepe3 OIpeieeHHbIE IPOMEKYTKH BPEMEHH.
baporpamMmmy MOHO MOCTPOMTH M PAaCUETHBIM ITyTEM, HCIOJIb3Ys IpadMK U3MEHEHHs BEPTUKAIBHON CKOPOCTH
MOJTbEMa TI0 BBICOTE.

C momMomrsio 6aporpaMMbl TOIBEMa MOYKHO OIIPEEISATh BpeMs Habopa 000 BEICOTHI.
Jis moctpoeHuss GaporpaMMBbl TIOJbeMa PACUCTHBIM IyTeM HYXKHO UMeThb rpaduk Ly = f(H) (Puc. 4).
Pacuer npoBoUTCS B CIIEAYIOIIEM HOPSIKE.

1. Paznensiem Bciro HabupaeMyro BBICOTY (IO TEOpETHIECKOTo moToika) Ha psix yaactkoB (Hy,H, H; Hy 11 T.
JI.) C TAKAM PacyeTOM, 4TOOBI BEPTHKAIbHBIE CKOPOCTH B Ha4aje M KOHIE YYaCTKa OTIMYAIKCh O BEIUYUHE HE
Oonee gyeMm B 1,5 paza.

2. Mo rpaduky Ly = f{H} HaXOIUM 3HAYCHUS BEPTUKAILHOW CKOPOCTH Ha TPAHHUIE KAKIOTO YYacTKa.
[TonydeHHbIE JaHHBIE 3aHOCSITCS B TAOJIUILY.



BBICOTHI.
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H, ™ AH, ™ oy, Mle Oyepe M/C A, ¢ 2 af, o ¢
0 20 — 0

1000 19

1000 18 52,7 52,7 0 Mun 53 ¢
1000 17

2000 16 59 1117 1 mun 52 ¢
1500 14,5

3500 13 69 180,7 3 mun 01 ¢
1500 11,5

5000 10 80 260,7 4 mun 21 ¢

3. JIns KaXO0ro ydacTKa HaXoIuM Vycp - CPEIHIOI0 CKOPOCTh BEPTHUKAIBHOTO MOhEMA.
4. BeruuciisieM MpoI0JHKUTEIIEHOCTD TOAbeMa Ha KaKIOM ydacTKe 1o hopmyJie
AH

U
Vo (5.11)

t

5. CKJIampIBas HAPACTAIOIIUM MTOroM BeanurHbl At, momyumnm Bpems HaGopa TO MIIHM MHOMN BBICOTEL
Jiist ynoOcTBa MoJTb30BaHUS BPeMs BHIPAKACM B MUHYTAaX.
[o nonyueHHbIM TaHHBIM Ci POUTCS GaporpaMma Mo bema.

W3 Puc. 5 BuaHO, 9TO, 4eM OJImbKe K MOTOJIKY, TeM OOJIbIlle BpeMEHH TpeOyeTcs Ui Habopa OJMHAKOBOM

Puc. 4 K pacuemy b6apozpammsl noovema

Hm

TEQPETHHECKMM NMOTCACK

Ty

i

e, —————

Puc. 5 Bapozpamma noovema
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KpuBass H = f{t) acuMOTOTHYECKH MPUOIIKACTCS K TEOPETHYECKOMY IIOTOJIKY CaMoJjieTa, HO Ui €ro
JOCTHXKEHUsI TpeOyeTcsi 0ECKOHEUHO OOJIBIIOE BPEMsL.

MMOTOJIOK CAMOJIETA

C IMOABEMOM Ha BBICOTY H30BITOK TSITH YMEHBIIACTCA U HA KaKo#-To onpeneneHHOﬁ BBICOTC CTAHOBUTCS
PaBHBIM HYIIIO. A st10 3HAYUT, YTO U BEPTHUKAJIBbHAA CKOPOCTH YCTAHOBHUBLICTOCA IOABEMA TOXKE YMEHBIIUTCA OO
HYJIA. Ha »Toi1 BeICOTE 1 BBIIIE CAMOJIET HE UMEET BO3MOKHOCTH COBEpLIATH yCTaHOBPIBLHPIﬁCH IOaABEM.

Bovicoma nosiema, Ha Komopoﬁ G6EPpMUKAIbHAA CKOPOCMb YyCMAHOBUBULECOCA noovema paena nHyjmo,
Ha3szvleaemcsa meopemudecKkum (u.flll lelmlllleCKllM) ROMOJIKOM camoniema.

Ha TCOPECTUUYCCKOM IIOTOJIKE 1/136]>ITK8. TATW HET, MO3TOMY BO3MOKEH TOJIBKO FOpH3OHTaﬂbell7[ II0JIET U
TOJILKO HA HAWBBITOJHEHINIEM YIJie aTaku (M TOJBKO HAa HAWUBBITOJHEHWIEW CKOPOCTH), HA KOTOPOM HaMMEHbIas
notpebHast Tsra. J{nana3soH CKOpoCTeil mpu 3TOM paBeH HyJto (Puc. 6).

HMI Pl«(r“
____ TEOPETHYECKWA_NOTOAOK_
NPAKTUMECKHA MOTONOK
1200
11000 -=-
800- ‘ PI"ICiTP
400- PP&C!'I
Vﬂw /C Vimnsd
052 4 6 8 1012 4 Vynuc 200 400 600
a

Puc. 6 K onpedenenuio nomonka camonema: a - zpajux zagucumocmu Vy om evicomut noiema; 6 - Kpugvle
HOMPEOHBIX U PACHONA2AEMBIX MAZ HA MEOPEMUYECKOM NOMOIIKE

[Ipu ycranoBuBIIEMCS TOJBEME CAMOJIET NMPAKTUYECKH HE MOXKET JOCTUTHYTh TEOPETUYECKOTrO IMOTOJIKA,
TaK Kak I0 Mepe MPUOIIKEHUs] K HEMY M30BITOK TATH CTAHOBUTCSA HACTOJBKO Maj, 4YTO Ui Habopa ocTaBIIEHCs
BBICOTBI MIOTPEeOYETCsl 3aTPaTUTh CIMIIKOM MHOT'O BPEMEHH M TOIUIMBA. M3-3a OTCYTCTBHSI M30BITKA TATH TOJIET HA
TEOPETHYECKOM ITOTOJIKE IIPAKTUYECKH HEBO3MOXKEH, IIOTOMY UTO JII0OBIE HAPYILIEHUsI pexXuMa TosieTa 0e3 M30bITKa
TSATU HEJb3sl ycTpaHUTh. Hampumep, npu ciaydaitHo oOpa3oBaBiIeMcs! Jake HEOOJBLIOM KpEHE CaMoJIeT TepsieT
3HAYUTEIBHYIO BBICOTY (TpoBasiMBaercs). [1o3ToMy KpoMe NOHSTHS TEOPETHYECKOro (CTAaTHYeCKOro) IIOTOJIKA
BBEJICHO MOHATHE TAK HA3bIBAEMOI'0 MPAKTHYECKOr0 MOTOJIKA.

YCIOBHO CYMTAIOT, YTO MPAKTHYECKUH IIOTOJIOK caMoJIieTa €CTh BBICOTA, HAa KOTOPOM MaKCHMAaJbHas
BEpPTUKAIbHAS CKOPOCTh NoAbeMa paBHa 0,5 m/c.

Pasuuia Mexay TEOPETHYECKHM M NMPAKTUYECKUM IMOTONKOM Y COBPEMEHHBIX CaMOJIETOB HEBEIHKA M HE
npesbimaet 200 M. TeopeTrdeckuil M MPAKTHYECKIHA MTOTOIKA MOXHO ONPEACTUTH Mo rpaduky (cm. Puc. 6).

COBpeMeHHbIe CaMOJICThI HpI/I ITI0JICTE C 60HI)HH/IMI/I CKOpOCTHMI/I I10JICTa O6Haﬂa}OT HACTOJIBKO 6OJ'H)HII/IM

@Y,

- 2
3aIacoM KMHETHYECKOH SHEprul  2€  9TO MOTYT HCIIONB30BATh €TI0 IS HAbOpa BHICOTHL. IIpHdeM ecii caMoleT
JICTUT B6HI/I3I/I HpaKTI/IIIeCKOFO HOTOHKa, TO OH 3a CYET HUCIIOJB30BaHUM 3ariaca KHHCTquCKOﬁ 3HeprI/II/I, COXPaHH}I

YIPaBISIEeMOCTb, MOXET IMOIHSITHCS HA BBICOTY, OOJIBIIYIO €0 TEOPETHYECKOTO IMOTOJKA, Aa)Xe HPU OTCYTCTBHUHU
HM30BITKA TATH.

roPKA

VNPABNRE MBIA
NOAET

H NPAKTHEY

PAIFOH Hyr Vi

Puc. 7 Iloovem camonema na ounHamuueckuit ROMoa0K

MaxcumanbsHasi BBICOTa, HaOWpaeMasi CaMOJIETOM 3a CYET 3araca KWHETHYeCKOW SHEeprud, Ha KOTOPOi
MOXHO CO3/]aTh CKOPOCTHOM HAamop, HEOOXOIMUMBIH JUI COXPAaHEHHUS yNPABISIEMOCTH, HA3bIBACTCS OUHAMUYUECKUM
HOMONKOM.



ASPOIUHAMMUKA CAMOJIETA g
Ecii B FOPH30HTAIIHOM II0JIeTe BOIHM3M IPAKTHYECKOTO MOTONKA Hyqq CAMOJIET MMEET CKOPOCTh Vjyay U
2
G-Vyyy
0671a/1aeT KMHETHUYECKOH Heprueii 2g , TO TIpu JonosHuTenbHOM Habope BbicoThl AH ckopocts camornera

YMEHBIIUTCS A0 Ugom = L3B (MUHHManbHas »SBOJIOTHBHAs CKOPOCTh, IPH KOTOPOH eIle COXpaHAeTCs

2
G - Vkon
2 b
YIPABIAEMOCTh) M €r0 KHHETHYECKas SHEpPrHs CTaHeT paBHOM g HO 3aTO caMoJeT TpHoGpeTeT
JIOTIONHATENBHYIO noTeHImanbhyio snepruo G+ AH.
2 2
G-AH = G-Vpyy _G-Upuy
2n 2g (5.12)

[ocne nmpeobpa3zoBanHuii MOITyIUM

AH = (Oray + Okor ) sy _UKOH)'
2g

niIn

AL = Ucep A

2
g (7.19)
rjae vep - CpeaHsIst CKOPOCTh;
Av - OTEPsI CKOPOCTH Ha TOPKE.

Kaxk BuguM 13 (hOpMyJIbI, IPUPOCT BBICOTHI 3a CYET YMEHBIIEHUS CKOPOCTH Ha BemurHy AL Tem Gorblne,
YEM BBIILIE CPEAHSAS CKOPOCTh CAMOJIETA.

JocTnub ITUHAMHYECKOTO IIOTOJIKA MOKHO CIEAYIOIIMM 00pa3oM: Ha HEKOTOpOW BBICOTE CaMoJIeT
pasroHsieTcs 10 MaKCHMaJbHOW CKOPOCTH U BBIMOJHSAET TopKy. IlepeBoj camonera Ha TOPKY JOCTHTaeTcs
YBEJIMYEHUEM TTOTBEMHOM CUIIBI Y.

MaHeBp HY>XHO HAa4YWHATh C TaKoOu BBICOTHI, HA KOTOpOﬁ MOKHO IOJIYYUTh JOCTATOYHYIO TSI HCKPUBJICHUS
TPAaCKTOpUN TIOABEMHYIO CHUITY. Ha IMPAKTUYCCKOM IIOTOJIKE H3-3a MaJIOW TUIOTHOCTH BO34yXa IIOJIET CaMOJI€Ta

coBepInaeTcs Ha Ooybmmx yrnax ataku (Oompmmx Cy) u 3anac i yBenmdeHus Cy 10 Cy yaxc TONYYAETCS OYCHD
MasibiM. [103TOMy Ha MPaKTHYECKOM ITOTOJIKE MAHEBP HAa TOPKY OYAET BBIMOIHITHCS C OY€Hb OOJBIIMM PaIUyCcoOM
KPHUBU3HBI TPACKTOPHU. DTO MPUBOJHUT K MEJICHHOMY HAaOOpY BBICOTHI, & 3aTE€M HM3-3a HEA0CTATKA MObEMHON CHJIbI
TPAaEeKTOPHUs HAYHET UCKPHUBIATHCS BHU3. J1J1s1 Habopa HauOObIICH BHICOTHI YITPABISEMOro ToJeTa (UHAMUYECKOTO
MOTOJIKA) PA3roH CaMoOJIETa W Ha4yajlo MaHEeBpa IIeJeCO00pa3HO MEPEHECTH Ha MEHbIWE, yeM Hnp, BbICOThL. Ha
camoneTax OOJBIINX CKOPOCTEH Pa3sroH U MaHEBD BBIXOJA HA IMHAMUYECKHH TOTONOK HAUMHAIOT pu M = M,,,., Ha
BBICOTE, MCHBIIICH MpakTHIecKkoro motoyka Ha 2000 - 4000 m (Puc. 7).

BJIMSIHUE BETPA HA ITIOABEM CAMOJIETA
IIpoBeneHHBIE pacdeTsl M MOCTPOSHHUE TPAPUKOB GaporpaMMbl U TPACKTOPHH MOAbEMa OBLIH BBIITOTHEHBI
JUIS INTHJICBBIX YCJIOBHHA. B NEHCTBUTENBHOCTH ABIKCHHE CaMOJICTa OCYIIECTBIISICTCS MPH HAJUYUU BETpa U
Npe/CTaBIsieT coOOW CIIOHOE JABMIKEHHE, COCTOSIIee M3 OTHOCHTENHLHOIO JBIKEHHSI camojieTa € BO3ZYIIHOMN
CKOPOCTBIO M NIEPEHOCHOTO IBU)KEHHMSI CaMoJIeTa BMECTe ¢ MacCol BO3/yXa co ckopocThlo Betpa W (Puc. 8).

NONYTHLIA BETEP W BCTPEYHbIM BETEP
r———

Yy

Puc. 8 Brusanue eempa na nodvem camoiema
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CKopoCTh camMoOJIeTa OTHOCHTENIFHO 3eMJIM, TaK Ha3blBacMasi Hymeedas CKOPOCHb, PaBHA T€OMETPHUYECKOI
CyMME€ OTHOCHUTENBbHOW (BO3AYIIHOW) M TEPEHOCHON (CKOPOCTH BeTpa) cKopocTedl. Eciam camoner leTHT B

6e3BeTpue, TO Lyyr= L, €CITH TIPOTHB BETPa, TO Lyyr= L—W, np nomyTHoM BeTpe Lpyr= L+W

B cBs13u ¢ 3TUM U3MeHsIeTcsl yroia Habopa BEICOTHI 0 (cm. Puc. 8). BennunHa e BEPTHKAIBHON CKOPOCTH
oJTbeMa ocTaeTcs HeusMeHHO#. [Ipu moabemMe co BCTPEUHBIM BETPOM YIOJI MOABeMa OOJIbINE, a MPOXOAUMBIHA Iy Th
MeHblIIe, 4eM npu Oe3Berpur. IlogbeM NpH MOMYTHOM BeTpe OYyAET MPOXOJUTh C MEHBIIUM YIJIOM IOABEMA, T. €.
0oJee ToJI0ro, U caMoJIeT OyIeT MPOXOAUTE OOJIBIIeE PACCTOSHHIE.



IINTAHUPOBAHUE CAMOJIETA

[IpsimonuHeiiHOE W paBHOMEpPHOE IBIDKEHHE CaMoOJieTa 10 HAKJIOHHOW BHH3 TPACKTOPUH HAa3bIBAETCS
HIIGHUPOGAHUEM UTU YCHIAHOBGUGUIUMCA CHUNCEHUEM.

VYrom, o0pa3oBaHHBI TpaeKTOpWel IUIAHUPOBAaHHWA W JIMHUEH TOPWU30HTA, HA3BIBACTCA Y2loM

naaGHUpPOGaHUsA 0 e

CHIDKEHHE MOXKET IPOU3BOUTHCSI KaK IPU HATUYUH TSITH, TAK U MPH €€ OTCYTCTBUH.

[lnaHupoBaHWe €CTh YACTHBIM CJIydail CHIDKEHHUsI CaMoJieTa, MPU KOTOPOM CaMOJIET CHIIKAeTCsl C
BBIKJIFOUEHHBIM JIBUTATEJIEM I JBUTATEIEeM, pabOTAIOIIUM Ha MAJbIX 000pOTaX, C TSArod, MPAKTUYECKH PAaBHON

Hymo. [l1anupoBaHue caMoJIeTOB MPOU3BOAUTCA C LEJIbIO YMEHBIICHUS BBICOTHI MOJIETa W AJS TOJETa K MECTy
IMOCAIKH.

Jnst maHepoB IUIAHUPOBAHWE SIBIACTCS OCHOBHBIM PEXUMOM IojieTa. [InaHupoBaHWE C yriiaMu 0.,
npeBbImaomuMu 30°, Ha3bIBAETCS MUKUPOBAHUEM.

CHJIBL, JEMCTBYIOIIUE HA CAMOJIET ITPU INIAHUPOBAHUU

[Ipu rulaHMpOBaHNY Ha caMOJIET JIEHCTBYIOT crila Beca camosieta G, ¥ MoJiHasl adpoJuHaMHudecKkas cuia R.
Tak Kak JBIKEHHE CaMOJIeTa OCYLIECTBIISCTCS 10 HAKJIOHHON BHU3 TPACKTOPUH, TO CHJIBI ACHCTBYIOT CIIEAYIOIINM
obpazom.

1. Cuna Beca G HalpaBJicHa BEPTUKAJIBHO BHU3 U PACKIIAAbIBACTCA HAa JIBE COCTABJIAIOIIMC: B HAIIPpABJICHUHU,

G, =G-cosb,,,

NEPHOCHAUKYIIAPHOM TPACKTOPUN ABUKCHUA

G,=G-sinb,,

U B HalpaBJICHUU [ABWXXCHUA CaMoJieTa -

2. Ilonnast aspoauHamMuueckas cujia R packiaaplBaeTcs Ha:
- MOJJbEMHYIO CHITy Y, ypaBHOBEIINBAIONIYIO ciity Gy, 4eM oOecrieunBaeTcs MpSIMOJIMHEHHOCTD IBIKCHUS;

- cwly J000BOTO CONPOTHBICHUS, ypaBHOBEUIMBAIOIIyl0 cuiy G;, 4TO 00ecreynBaeT IMOCTOSHCTBO
CKOPOCTHU JABWXKEHHUS 10 TPACKTOPHH.

HOCKOHBKY TUTAHUPOBAHUE PACCMATPUBACTCA KaK INNIOCKOE IMOCTYIIATCIBbHOC YCTaHOBUBIIEECS ABHIKXCHUE
caMoJI€Ta, TO JJUMHHUHA JIEVCTBHS BCEX CHII, ,Z[CflCTByIOH.[PIX Ha CaMOJIET, IEPECEKAIOTCA B €T0 LHEHTPE TAKECTH.

Tak kak Ipu IJIaHUPOBAHUUN CAMOJIET ABUIKCTCS HpﬂMOJ’IHHeﬁHO U PaBHOMEPHO, TO BCC CHUJIbI JOJIKHBI
OBITH B3aMMHO YPaBHOBCHIICHBI, U CAMOJICT B 3TOM CJIy4dac 6y,HCT JABUTATbCA IO UHCPLIUU.

s Toro 49rtoOBI [BM)KEHHE camojera ObUT0 NPSAMONMHEWHBIM, HEOOXOAMMO pPAaBHOBECHE CHII,
JICHCTBYIOIINX MEPIIEHANKYIISIPHO TPACKTOPUH JIBUKECHUS.

YcnoBueM MpsIMOIMHEHHOCTH ABHKCHHUS SBISIETCS paBEHCTBO cril Y U Gy

Y=G,=G-cosl,, 6.1)
R

[

Bsin =6, 67 6cos®

8- yron nAAHHPOBAHUA

Y=05c0sO — VCAOBME NPAMOAMHEAHOCTH
Q=6sInO— VCAOBME PABHOMEPHOCTH

Puc. 1 Cxema cun, delicmeyroujux Ha camosiem npu NaAHUPOGAHUU

Just Toro 4ToOBI caMoJIeT JBHUTajCs PaBHOMEPHO, HEOOXOIUMO CHIIBI, AEHCTBYIOLIME BIOJIb TPACKTOPHH,
B3aUMHO yPaBHOBECHUTH. Y CIIOBHEM PaBHOMEPHOCTH ABM)KEHHSA sABJIsETCS paBeHCTBO el G, u O

0=G,=G-sind,,. (6.2)
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CHeHOBaTeHBHO, IIpu  OTCYTCTBUHM TATW YPAaBHCHUS ABMOKCHHSA LEHTPA TAXKECTH CaMOJI€Ta IIpU
IJIaHUPOBAHUUN 6y,£[yT HUMCTh BU

Y= G-cosb,,;
Q= G-sinf,, 6.3)
OTH I1Ba ypaBHEHHs TECHO CBs3aHbl MEXIy cOOOW M NpW HapyLIEHHH OJHOTIO M3 HHUX HapylIaeTcs W

JIpyToe€.

PaBHOmelicTByIOMmIas cun Y u Q, T. €. MOJHAs a’ponWHAMHUYEcKas cria R, TpU IUIAHUPOBAHWU BCETHa
HaTpaBJIeHa BBEPX U paBHA ITOJIETHOMY BECy CamoJIeTa.

R=G. (64
U3 ypaBHeHI/Iﬁ JABWIKCHUS TIPU IIJIAHUPOBAHUUN MOXKHO CACJIATh CICAYIOINC BBIBOJBI:

1. Ilogpemuas cuia Ipy IJIAaHUPOBaHWM MCHBIIEC, YEM B I'OPU30OHTAJILHOM IIOJICTC HAa TOM XKE YTJIC aTaKu,
TaK KaK OHa YpaBHOBCIIMBACT TOJBKO 4YaCTb CHJIbI BECa Gl' C YBCJIIMUCHUCM YTJla IUJIAHUPOBAHUSA COCTAaBJIAIOLIAA
CHJIBI BECa G1 YMCHBIIACTCH, CJICAOBATCIIbHO, JOJDKHA YMCHbBIIATLCA U IIOABEMHAA CUJIa Y.

2. Cocrasmsromast cuutel Beca G, MpH IUIAHUPOBAHWHN BBHIMONHAET POJb TATH. Ecim yron rraHupoBaHHA
yBeNM4IHUBaeTCs, TO cmwia G, TOKEe yBEITMUMUBACTCS, YTO BBI3BIBACT YBEINYCHHUE CKOPOCTH JABWKCHHSA 10 TPACKTOPHU,
a 3TO B CBOIO OYepellb BBI3OBET YBEJIMYECHUE CHIIBI JIOOOBOTO compoTuBieHus Q, koropas ypaBHOBecHT G,, U
JIBI)KEHUE CHOBA CTaHET PaBHOMEPHBIM.

MHNOTPEBHAS CKOPOCTD IINTAHUPOBAHMNSI.

HNPEJEJBHAS CKOPOCTb CAMOJIETA

Ilompebnoit ckopocmovlo naanuposanus Ha3BIBACTCI CKOPOCTh IO TPAEKTOPUH, HEOOXomammas IUis

CO3aaHUsA HOHLGMHOﬁ CHJIBI, paBHOfI HOpMaﬂLHOﬁ COCTaBJ’IS[IOHICfI Beca camoueta G cos 9 Ha TaHHOM YTJIC aTaKu:

2
Gcecosd =Y = Cy'OVTHﬂS,

OTKyZa

2G
Vg = |—=———=cos8 =V, cosb.
CypS (6.5)
MakcumanbHas CKOPOCTH IIJIaHUPOBAHUA MOXKCT NPEBLIIATE MAKCUMAJIbBHYIO CKOPOCTH TOPU30HTAJILHOT'O
moJiera.

Tak, HanpuMep, IpH KPYTOM WIJIM OTBECHOM ITMKHMPOBAHWH, KOTJA CAMOJIET JICTUT Ha OYCHb MAJBIX YIiax
aTaKu, MOKHO MOJIYYHUTh OOJNBIINE CKOPOCTH IO CPABHEHHIO C TOPU30HTAIBHBIM HOJIETOM.

Ilpeoenvnan cxkopocmy nonema camonema HA NAAHUPOGAHUU - 3TO CKOPOCTh YCTaHOBUBILETOCS
NUKUPOBAHMUSA HA YIJIE aTaKu HYJIEBOW MOABEMHON CHIIBL. DTa CKOpPOCTh Ompenensercs M3 paBeHCTBa X=Q.
IMoncraBuB 3HaueHne pa3BepHYTOW (GOpPMynbl JIOOOBOTO COMPOTHBICHWS W PELIMB YPaBHEHHE OTHOCHTEIBHO

Vznpeﬂ, nojy4yum (B mM/c)
2G
CxpS (6.6)

IIpenenvHast CKOPOCTH IUIAHUPOBAHUS P OTBECHOM IMUKUPOBAHUU caMoJieToB Sk-52 u SIk-55 npesbliiaer
MaKCHUMAaJIbHYIO0 CKOPOCTh TOPH30HTAIBHOTO IOJIeTa MoYTH B 3 pa3a. Ha mpakTuke ee TOCTHYh HEBO3MOXKHO H3-32
OTPaHUYCHUS MPOYHOCTH CAaMOJIETOB.

VHPE

YIoJ INIAHUPOBAHUSI CAMOJIETA

I[J'ISI OIpCACIICHUS YyTJla INIAHUPOBAHWA 3aIIUIIIEM YPAaBHCHUC IBUKCHUSA CAMOJICTA B CICAYIOLIEM BUAC

Gsin 0 =X,
Geos? =Y.
PaznenuB nepBoe paBeHCTBO Ha BTOPOE, NOJIYyUYUM
X 1
gl =—=—.
Y K (6.7)
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W3 nonyueHHoi (opMyJsibl BHIHO, YTO YroJl ILIAHUPOBAHHSI 3aBUCHT TOJILKO OT a3pPOAWHAMHYECKOTO
KauecTBa_camojera. ClieoBaTeabHo,

1
180\ = K .
MAKC
MUHUMAaNbHEIA ~yrojd IUIAHHPOBAHMS [OCTUTAETCd NpM HAaWBBITOJHEHIIEM yIIe aTakd, Koraa
a’pOIMHAMHYECKOE KAYECTBO CaMOJIETA JOCTUIaeT MAKCUMAIEHOIO 3HAUCHHS:

Juis camonera Sk-52 -0 vur =5° (¢ yOpaHHBIMH IIACCH W TIOCAJIOYHBIMU IIUTKAMHU TIPH HYJICBOH
TSATE JIBUTATEISA).

st camonera SIk-55 -0 vun = 0°.(TIpH HYJIEBOH TATE ABUTATENIS).

[Tpn mnarnpoBaHuy ¢ pabOTAIONIMM JABUTATEIEM YTOJI ITIAHUPOBAHMS MOXKHO MOACYHUTATH 110 (hopmyre

1 P
g0 =———.
K G (6.8)

IIpn BBIMycke mIaccH W TOCAJOYHBIX IIWTKOB Ha camolere Sk-52 a’poamHaMHYEcKoe KadecTBO
YMEHBIIAETCs, a YroJ INTAHUPOBAHKS YBEITNIUBACTCA.

Yron NMIaHUPOBAHUS MOXKHO ONPENENIUTh IpaduvecKkd 1o Mojsipe camosera (€ciad OHa IOCTPOCHA B
onuHakoBbIX Macmradax st Cy n Cx), IpoBeas U3 Hadasla KOOPJMHAT BEKTOP K COOTBETCTBYIOLIEH TOUKE KPUBOM
(Puc. 2, a, 6). Yromn, 00pa3oBaHHEII BEKTOpOM 1 0cbio Cy, TOKaKET BEIHYNHY YTJIa ITIAHUPOBAHUSL.

Ly |

:’j 1 / o xpum

7.2
{1 4
6,01 "ﬁ /
091 J/
0.8 awout | /
0,7 /
6.6
5
04
051
oy |
oo

‘7?0 g2 04  Cx Cx
a il

Puc. 2 I[IpumepHuwlii 610 nonapsvl camoiema 6 00uHarKoevix macuimaoax ona Cy u Cx

MUHUMAaTBHBIA YTON TIIIAHUPOBAHUS 0 mun TOJIYYUM, TIPOBEAs KacaTeIbHYI0 K KPHBOM W3 Hadana
KOOPJHHAT.

W3 pucyHka BHUIHO, YTO KaXK[as INpsiMasi, KPOME KacaTelbHOH, MpOBeleHHass K KPHUBOW M3 Hayaia
KOODPJMHAT, EPECEKaeT 3Ty KPUBYIO B IBYX TOYKAaX, OTMeuast [Ba yIja ¢ OAMHAKOBBIM KauecTBOM. Clie0BaTeNbHO,
OJIMH U TOT € YroJ TUIAHUPOBAHUSI MOXKET ObITh MPU MaJOM YIJIe aTakd M OOJNBIION CKOPOCTH, M MPHU OOJIBIIOM
yrJie aTaku | IPU MaJIOll CKOPOCTH.

Tak Kak Ka4ecTBO caMOJIeTa 3aBUCHT TOJBKO OT yIJIa aTakH, TO, CIEJOBATEIbHO, YrOJI IUNIAHWPOBAHUS OT
BBICOTHI TIOJIETA M BECa CaMOJIeTa, IIPH YCIIOBHH, UTO BEC camMoJieTa yBennueH 0e3 nmpupocrta Cx, He 3aBHCHUT.

MOJISIPA CKOPOCTEM INIAHUPOBAHUSA

I'paduk, mokaspIBaloOMIMii 3aBUCHMOCTh BEPTUKAIBHON CKOPOCTH CHIDKEHUS OT MOCTYIATEILHON CKOPOCTH
Ha pa3IMYHBIX YIJIaX aTaK{, HA3bIBACTCS MOAAPOI CKOpOCHmell NIGHUPOBAHUA WU yKa3ameabHuuel 2auccad
NAGHUPOGAHUS.

Jnst mocTpoeHust MoJpbl CKOPOCTEH IUIAaHMPOBAaHUsI HEOOXOIMMO HMMETh IOJISIpy camolera (IuiaHepa).
Pacyer nossipel ckopocTeit ITaHUPOBAHSI TPOU3BOIAT C MTOMOIIBIO TAOJHIIBI IJTsT HECKOJIBKHUX BBICOT ITOJIETA.

3a7aBUIMCh PSZIOM 3HAYCHUI YIJIOB aTaku, ONpelelisieM BeIMYHHbl KO3(D(HUINEHTOB MOIBEMHOM CHIIBI U
71000BOTO CONPOTUBIICHHUS.

OmnpenemuB Cy m Cx ¥ 3Has MOJETHBIA BeC camojieTa (TUTaHepa) U BHICOTY IMOJIETa, PACCUUTHIBAIOT, KaK
MOKa3aHO B TaOJNuWIle, 3HAYECHHs a’POAMHAMHYECKOTO0 KadyecTBa, yIila IUIAHUPOBAHUS, CKOPOCTH ILIaHHPOBAHHS,
CKOPOCTH CHIDKCHHS JIIS KXKIIOTO yrila aTakH.
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Ilo pacueTHBIM JaHHBIM CTPOSAT MOJAPY cKopocteil manmpoBanus (Puc. 3). Ilo momspe ckopocreit
TUIAHUPOBAHUS MOKHO OIPENEIUTD PAJ] XapAKTEPHBIX CKOPOCTEH U PEKUMOB IIJIAHUPOBAHMS.

1.DxoHOMHYECKass CKOPOCTh IUIAHHPOBAHUS W COOTBETCTBYIOIIMHA €W SKOHOMHYECKHI YTOJ aTakd
OTIPEIETISIIOTCS. TIPOBEICHUEM IMAapaJUIEbHO OCH alcuuce KacaTedbHOM K MOJsIpe cKopocTed. B Touke kacaHms
HaXOJWTCSI 5KOHOMUYECKHUH yrojl aTakH, a MepIeHINKYIIAP, BOCCTAHOBICHHBIN U3 TOYKHM KaCaHMS Ha OCh CKOPOCTEH
IUIAHUPOBAaHUS, OOO3HAYNT 3SKOHOMHYECKYIO CKOPOCTh IIIaHUpOBaHHA. llmaHupoBaHHE Ha SKOHOMHYECKOH

CKOpOCTH OyJIeT IPOUCXOUTH C HAMMEHBIIIEH CKOPOCTBIO CHIKEHHS VY.

2. HauBBITOJHENITYIO CKOPOCTh IUIAHMPOBAHUS W HAWBBITOJAHEHIINN Yrol aTakh Olpgyp MOXKHO HAWTH
MIPOBEICHUEM KacaTelbHON M3 Hadaja KOOPAMHAT K MOJIsipe CKopocTeil. B Touke xacaHust HaXOAUM yroj aTaku, B
TOUKE MepeceueHns NepreHANKyIsIpa, BOCCTAHOBJICHHOTO U3 TOUKU KacaHHs C OCBIO CKOPOCTH, - HAUBBITOAHEHIIIYIO

CKOpPOCTb. Ha »Toit CKOpPOCTH yI'OJI CHUKCHUSA 0 MHHHMaJIbHBIﬁ, a JTAJIbHOCTDH IIJIAaHUPOBAHUA - MaKCUMaJIbHAas.

3. IBa yruia ataku (Ol] 1 Ol2) IpH OAMHAKOBOM YTJIC CHMDKEHHS HAaXOISTCS, €CJIM M3 Havyansa KOOPIWHAT
POBECTH CEKYIIYIO K Mospe ckopocTeii. Tak e kak Ha nosspe camonera (Cy = f (Cx, Q)), Ha monspe ckopocTeii
[JIJAHUPOBAHUSL ONpeAessitoTcs aBa pexkuma ruiaHupoBanust | u II, rpanuneit pasgena KOTOpPBIX SIBISETCS
HaMBBITOJHEHIIIAs CKOPOCTBH ITOJIETA.
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Puc. 3 Ilonapa cxopocmeii naianuposanus

HawuGonbiiee npuMeHeHNe MoJsipa CKOPOCTEH TUIAaHUPOBAHUS NMEET B IUTaHEPU3ME; OHa Gosiee ynoOHa 11
NPaKTHYECKOTO HCIIONb30BaHMs, YeM OOBbIYHAs MoJjsipa IUlaHepa, Tak Kak Ha Hell HaHeceHbl XapaKTEePHUCTHKH,
HEMOCPECTBEHHO H3MepsieMble B nosiete. J{ist riaHeprcTa BaXKHO: 3Hasi ()aKTHUECKHUH JiMana3oH CKOpoCTeil nosiera
TUIaHEpa, BEIOPATh TaKnue 3HAYCHUS! TOPU3OHTAIBHBIX CKOPOCTEH, KOTOPHIE YAOBIECTBOPSUIN OBl 3aJaHHOMY PEXHMY

CHIDKEHHS (Vycn)-

JAJTBHOCTDB IIVTAHUPOBAHMUS

Paccmwmue, npoxodumoe camosiemom (l’l]ltlHépOM) OMHOCUMEIbHO 3eMJlU 34 6pems NJAAHUPOBAHUA C
OaHHOU 6blcombl, HA3bIBACTCA JAJIbHOCTBIO ITINIAHWUPOBAHUA. OHa sBIseTCA OIHOM M3 BaXXHEHUITHUX XapaKTCpUCTUK
camMoJjieTa 1 0OCOOCHHO I1aHepa.

HaiizeMm, kakoe pacCTOSHIE MIPOJIETUT CAMOJIET C BRICOTHI H, €CITN YTOJI IUTaHUPOBAHHUS €T0 PAaBeH 0 -

N3 Puc. 4 BugHO, 4TO Lpjj - 9TO paccTossHUe, MPOXOIUMOE CaMOJIETOM OTHOCHUTEIBHO 3€MIIH, KOTOPOe
HAa3bIBACTCS JAJIbHOCTBIO l'IJ'IaHI/IpOBaHI/IH.

W3 Puc. 4 onpenenm

H
(g6, =——.

Ly (6.9)
Ho tak xak nmpu njaaHupoBaHUU

gl =—,
TO MOJTyYUM

H 1
Ly, K (6.10)
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OTKYJla HaXOJIUM
LHH = H'k. (6.11)

N3 dopmynsr (6.11) ciemyer, 9To HaNbHOCTH IIAHUPOBAHHS YBEIMYMBACTCA C YBEIHYEHHEM BBICOTHI
MOJIETa ¥ adPOJMHAMHYECCKOTO KadyecTBa camosiera. Hauboublas AaabHOCTh MOXKET OBITh JOCTHUTHYTA MPH IOJIETE
HA HAWBBITOJHCHINIEM YTJI€ aTakd, TaK Kak B 3TOM ClIydae a’pOJAMHAMHYCCKOE Ka4eCTBO MMEET MaKCHUMAaJbHYIO

BCIIMYNHY.
CKOpOCTh, TIPH KOTOPOH JOCTUTAETCS HAMOOJbINAS NAIBHOCTh IUIAHUPOBAHMSA, HA3BIBACTCS CKOPOCTHIO
HauOOoJbIIeH JATLHOCTH TUIAHUPOBAHUS. DTa CKOPOCTh TI0 CBOCH BETUYMHE OJIM3KAa K HAMBBITOJHEHIIEH CKOPOCTH

TOPHU30HTAJIBHOT'O ITOJIETA.

B0

P70 LS7L7 80 7077

rrrer sl

nA -

Puc. 4 K onpedenenuro oanvHocmu nianuposanus

noNYTHLI BETEP

-Wi 1 xnn
KLur

Puc. 5 Bruanue eempa na 0aibHOCHb RIAAHUPOBAHUA

PaccmoTpum (akTopsl, BAMSIOMINE HA JaTbHOCTh MIIAHUPOBAHMS.
1. Bec camosera, KaK MOXKHO 3aKITIOYHTh U3 (opmynsl (6.11), Ha 1anbHOCTH IUITAHUPOBAHMS BIMSHHS HE
oka3bIBaeT. lI3MeHeHue Beca camorera CKa3bIBaeTCs TOJIBKO HA CKOPOCTH IUTAHUPOBAHMSA. DTH BBIBOJIbI BEPHBI IPU

II0JICTC B IITUJIb.
2. le/I HaJIMYMK BETPa JAJIBHOCTD IMOJICTA USMCHACTCA TaK, KaK U3MCHACTCSA MMyTEBasd CKOPOCThb. I[BI/DKCHI/IC
caMoJI€Ta Mpru HAJIMYUHM BETpPpa COCTOUT M3 ABHIKCHUSA €r0 OTHOCHUTEIIBHO BO3yXa W MNCPCMCUICHUA €0 BO3AYyXOM

OTHOCHTEIILHO 3€MJIU CO CKOPOCTBIO BETPA.
JlanbHOCTB TUTAHMPOBAHHUS B 9TOM CITy4ae ONPEENeTcs o popMyiam:
Lpg=Hk + W+ — npu nomyTtHom BeTpe
(6.12)

Lii=H 'k - Wt — npu Bctpeunom Betpe

rze ¢ - BpeMs IUIaHUPOBaHus, C;

W - ckopocTb BeTpa, M/cC.
[Tpn Hanu4Mu BeTpa BEC camMoJieTa OKa3bIBa€T HEKOTOPOE BIUSHUE HA JAIBHOCTD IUIAHUPOBAHMS, TaK KakK C
YBEJIMUYECHUEM Beca caMOoJIEeT IUIAHUPYET C OOJIbIIeH CKOPOCTHIO (Ha TOM JKe YIJie aTakd), BpeMs Ha IUIaHHPOBaHUE

3aTpavyrMBacTCd MCHBLICEC, MOITOMY IIYyThb, Ha KOTOprﬁ OH OTHOCUTCS BETPOM (Wt), OKaXECTCA TOXE MCHBIIC, a,
CJI€A0BATCIIbHO, U JAaJIbHOCTH TAKXE 6yueT MCHBLIEC, YCM B 6e3BeTp1/1e.
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3. Brawmsnme wMexaHu3zanuMu KpbUla. OTKIOHEHHME 3aKPbUIKOB WM IIOCAJOYHBIX IUTKOB BCerAa
COIIPOBOXKIAETCS YMEHBIICHHEM a’3pPOJHMHAMHYECKOr0 Ka4ecTBa, BCICIACTBHE YEro YXYALIAIOTCS XapaKTEPUCTUKH
CHWIXCHHSA: YBCIWYUBAIOTCA BEPTHKaAJIbHAsA CKOPOCTb MW Yroj IUIaHUpPOBaHUsA, YMCHBINACTCA IaJIbHOCTb
IJIaHUpPOBAHUA.

Kak crmenyer u3 dopmynsr (6.5), moOMHMO a’3pOJMHAMHUYECKOTO KadecTBa, Ha BEPTHKAIBHYIO CKOPOCTHh

G

CHWIKCHHS OKa3bIBACT BJIMAHUC Y/JCIIbHAs Harpy3Kka Ha KpbLJIO S .

J1si COBpEMEHHBIX CaMOJIETOB, AK€ IMPHU OTHOCHTENBHO XOPOLIMX 3HAYECHHUSIX adpPOANHAMHYECKOTO
Ka4ecTBa, M3-3a OOJBIION yIeIbHON Harpy3KH Ha KPBIJIO CKOPOCTH CHUKEHHSI JOCTUTAIOT OONBIINX BEJINYHH.

[Tmaneps! peHAa3HAYEHB! VIS MAPSIIIUX MI0JIETOB, T. €. TAKUX MOJIETOB, B KOTOPBIX BEPTHKAJIbHAS CKOPOCTh
CHIDKEHUSI TUTaHEepa JOJDKHA OBITh MEHBIIE BEPTHKAIBHONW CKOPOCTH BO3IyXa B BOCXOIMIIMX MOTOKax. [loromy
TUTAHEPBI, MMesl 3HAUYUTEINbHO MEHBIIYIO YISIbHYIO Harpy3Ky Ha KpbUIO M OOJbIINE 3HAYCHUS a3pOANHAMHUYECKOTO
kadecTBa (HoxoguT 1o 50), MOTYT B BOCXOMSLIMX IIOTOKAaX COBEPLIATH IOJICTHI O€3 MOTepPH BBICOTHL M JaXKe
YBEIMYHMBATH €€, T. €. COBEPIIATh MapsIInil MOJIET.

BJINSAHUE BETPA HA IINTAHUPOBAHUE

Tak ke, Kak 1 B HaOOpe BBICOTHI, HAa TNIAHUPOBAHUY BETEP HE BIMSCT HAa CKOPOCTb M Yroul ataku. JleTHble
KayecTBa CaMoJIeTa OCTAIOTCSI HEM3MEHHBIMH OTHOCHTENIFHO BO3IYIIHOW CpENbl, M3MEHSETCS TOJIBKO IAIbHOCTH
TUIAaHUPOBAHUSI.

PaccMoTpuMm miaHupoBaHHe caMojieTa NpH Oe3BEeTpUM, BCTPEYHOM M momyTHoM Berpe. [lycTh camoier
IUIAaHUPYeT ¢ BbICOTHI H B HekoTopyro Touky A Ha ompezneneHHoMm pexume (Puc. 6, a). IIpu BcTpeuHoM BeTpe
caMoJieT OyAeT CHOCHTh BETpOM Hazaj co ckopocThio U. CIIOXHMB CKOPOCTH IUITAHMPOBAHMS M CKOPOCTHb BETPA 10
NpaBWIy TPEYrOJbHHUKA, IOJYYHM CKOPOCTh IIOJIETa CaMmoJieTa OTHOCHTENBHO 3EMHOH TOBEPXHOCTH Viey.
OTHOCHTENBHO 3€MHOW MOBEPXHOCTH YIOJI IUTAHMPOBAHMS YBEIMUYMBACTCSA, & OTHOCHTEIILHO BO3IYLIHOM CpEIb
ocraetcsa npexxauM (Puc. 6, 6). Jletunky OyneT Ka3aTbcs, 4YTO OH IUTAHUPYET B TOUKY A, a Ha CaMOM JieJie B TOUKY
M. JlanbHOCTS IIAaHUPOBAHUS YMEHBIIAeTCS U OyIeT paBHa (B M)

L=L-Ut,

rze t - BpeMsi IIIaHUPOBAHUSI C BBICOTHI, C.

[Ipn momyTHOM BeTpe caMoOJET CHOCHT BETpoM Brepex co ckopocteio U. B atom ciywyae yron
TUIAHUPOBAHMS OTHOCHTENIFHO 3€MHOH IMOBEPXHOCTH YMEHBIIAETCS, @ OTHOCHUTEIBHO BO3AYIIHOM CpEIbl OCTaeTCs
Hem3MeHHBIM (Puic. 6, B). JlabHOCTD TUTAHUPOBAHMUS YBEITHINBACTCS:

L2:L+Ut.

IToacraBus 3nauenne L=HK, noxyuum

L[,zZHK:tUt (6 1 3)

Bpewmst nuianupoBasust OT BETpa He 3aBUCHT (NIPH YCIOBUH, YTO BETEP FOPH3OHTAJICH), TaK Kak CKOPOCTh Vy
OCTaeTCsl NOCTOSSHHOM BEITMYMHOM.

M3meHeHne Beca camolieTa BIHSIET Ha TATBHOCTh INIAHUPOBAHUS cieayronM oopazom. [lpu yBenmnmaeHnn
MIOJIETHOTO BECa CaMoJIeTa YBEIMUMNBACTCS CKOPOCTH TuTaHMpoBaHus V. CliemoBaTenbHO, BEPTHKAIBHAS CKOPOCTD
TUTAHUPOBaHUA Vy YBEIHYHBACTCS, BPeMs IUIAHUPOBAHUSA tr;; yMmeHbImaercs. [Ipm yMeHBIIEHHH Beca caMmolieTa
HaOo1aeTcs o0paTHas KapTHHA.

JList morydeHus: MAKCHMATBHOW JTATBHOCTH TUTAHUPOBAHHUS MIPH CHJIBHOM BCTPEYHOM BETPE IUIAHHPOBAHUC
HEO0XOIUMO OCYIIECTBIIATH CO CKOPOCTBIO, OOJBIICH HAMBBITOHEHIIEH Vyp.

Honyctum, uro camoner SIk-55 Ha pexume, COOTBETCTBYIOLIEM HauOoJIee IOJIOTOMY IIJIAHUPOBAHUIO MPU
Oe3BeTpUH, IUTAHUPYET IPOTHB CHJIBHOT'O BETPa, CKOPOCTh KoToporo paBua U=25 m/c (Puc. 7, a), y camonera Sk-55

MHHUMAaJIBHBIA yToJl TUIAHWPOBAHUS COCTABISIET 0 Me=6"; TIDH 3TOM HAMBBITOJHEHINAs CKOPOCTH IONETA PaBHA
VHB:l37 KM/4.

V3MeHMB yron IUIaHUPOBaHMS TaK, YTOOBI OH COOTBETCTBOBAJI OOJIbINEI CKOPOCTH IUIAHMPOBAHMS HPHU
0e3BeTpuH, HaNpUMeEp, P YIJIe IAaHUPOBAHUS, PABHOM 0 '=10°, uto y camoineTa SKk-55 COOTBETCTBYET CKOPOCTHU
TUIAHUPOBaHUs, paBHOH V=164 KM/4, BUHO, YTO JAILHOCTH ITaHupoBanus ysennuusaetcs (Li>L) (Puc. 7, 0).

le/l IJIaHUPOBAHUU C NOIMMYTHBIM BETPOM HeO6XO[ll/IMO BBIACPKUBATHL CKOPOCTH I0JIETA HEMHOI'O MEHBLIIC
HaHBbIFO[lHeﬁHJeﬂ, HO U HC MCHBIIIC 3KOHOMI/I‘[6CKOI>1, JJIA TOTO YTOOKI MOJYYUTb MaKCUMAJIbHYIO J1aJIbHOCTb.

Opnako Ha Manoi BeicoTe (mpumepHO 500...600 M) CKOPOCTh TUTAHUPOBAHMS HU IIPH KAKUX YCIIOBHSIX HE
JIOJDKHA OBITh MEHEe HauWBBITOIHEHIIICH, C 11e/1bI0 0€30MaCHOCTH MOJIeTa.
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Puc. 6 Bruanue eempa Ha 0anvbHOCMDb NAAHUPOGAHUA U HA Y201 NJIAHUPOGAHUA OMHOCUMENIbHO 3eMTIU

PaccMoTpuM miaHMpoBaHME TPU HUCXOJAIIEM M BocxonsmieM mnotoke Berpa (Puc. 8). Ilycts camoner
TUIAHUPYET CO CKOPOCTHIO Yy IPH HHUCXOJSIEM BEPTHKAIBHOM TEYEHHH, CKOpOcTh KoToporo U. BeprukanbHas
CKOpOCTb CHIKeHHs Vy BozpactaeT (Puc. 8, a), BpeMs 1 naabHOCTh IIaHMPOBaHUs yMeHbIIatoTcst. ClenoBaresbHo,
IPY BEPTHKAJIBHOM ITOTOKE BETpPA, HAIPABJIEHHOTO BBEPX, AaJbHOCTh U BPeMs IUIAHWPOBAHUS YBEIWUHNBAIOTCS, TaK
KaK BepTHUKaJbHAsI CKOPOCTh CHIKEHHUs yMeHbinaercs (Puc. 8, 0).

Puc. 7 llonyuenue makcumanbHoil 0a1bHOCMU RAAHUPOBAHUSA RPU CUIBHOM 8CIIPEYHOM 6empe

AR

8 lopuzonm

e | |

; Protetd

Puc. 8 Bruanue nucxodauwux u 60cxo0Auux 6030YuiHbIX HOMOKO8 HA 6EPMUKATIbHYIO CKOPOCHLb
OMHOCUMETIBHO 3eMIU

BEPTHUKAJIBHAS CKOPOCTbD IINTAHUPOBAHUSA

BeicoTa, KOTOpYIO caMoJIET TepsieT MpH IUIAHMPOBAHUM 33 €MHHILy BPEMEHHU, Ha3bIBAETCSl BEPTUKAIBLHOMN
CKOPOCTHIO TUTaHNpOoBaHus. [ Hebompmmx (10 15°) yTiI0B IUIaHUPOBAHNS MOXKHO CUUTATH, YTO

U =Vrg-
N3 Puc. 9 MOXHO ONPENEeNNUTh, 9TO
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U
Yo
— =1g6),
Uy
OTCIOJIa HalaeM

Uy =Ur -120.

Ecnu packpbite popmyity (6.5), To nomydum

e 1

Uy, = E—k\/c—y

AnHanmu3 GopMyIIBl IOKa3bIBACT, YTO MUHUMAJIBHAST CKOPOCTH CHIDKEHHS IIPH IUTAHUPOBAHUK MOXET OBITh
MOJIy4eHa MPH IJIAHUPOBAHWUU camoJjieTa (IJIaHepa) Ha SKOHOMHYECKOW CKOPOCTH, TaK Kak MPH 3TOM BeJIMYMHA

1

k \ Cy HUMECCT MAaKCUMAaJIbHOC 3HAYCHUC

HpI/I YBEINYCHUHU TTIOJIETHOI'O BECA CaMOJIETa YBEJININUBACTCA HOTpC6HaH CKOPOCTH INIaHUPOBAaHUs, IIO3TOMY
BEPTHUKAJIbHASA CKOPOCTH INUIAHWPOBAHHUA TAKKE YBCINYIUBACTCH. VBennueHne BBICOTHI IOJIETa COITPOBOXIACTCA
YMEHBIICHUEM MacCOBOM IUTOTHOCTH BO34yXa, CKOPOCTh IUIAHUPOBAHUSA YBEINYNUBACTCA, BCJIEACTBUE UYETO
BO3pacCTacT U BEPTUKAJIbHASA CKOPOCTb CHUIKCHUA.

Ve

77 Z

Puc. 9 /lanvnocme naanuposanusn (npu 6e3gempuu) mem 601vuie, uem Gobule 8bICOMA U YeM MEHbULE Y20l
nAAHUPOBAHUA

ITEPBBIE U BTOPBIE PEXKUMbI IINTAHUPOBAHUS

Humepean nepevix pexcumos niaHupoeanHus - 3TO IUIAHUPOBAHUE CO CKOPOCTSIMH, COOTBETCTBYIOLIMMH
yIJIaM aTakk MEHBIIIE HAUBBITOIHEHIIIETO.

Hnmepea,fl 6MOPBIX PEHCUMOE8 NIIAHUPOBAHUA, - OTO TNITAHUPOBAHNUE CO CKOPOCTAMH, COOTBETCTBYIOIIIUMHU
yrijiaM aTaku 0oJIbLIEe HaWBBITOHEHIIIETO.

I'panuneil Mexxay NEpBbIM U BTOPBIM PEXUMAMMU SIBISETCS HAUBBITOAHEHWIINI yroy aTaku OLHB. B, TO €CTh
peXuM HarOoJIee MOJIOTOro TUIAHHUPOBAHUSI.

BropeiM pesxumMaM MIaHUPOBAHUS CBOWCTBEHHBI T€ JK€ OCOOSHHOCTH, YTO M BTOPBIM PEKUMaM MOIbEMA!

YXYyIIICHNE yCTOWYNBOCTH M YIPABISEMOCTH CaMoJIeTa, OCOOCHHO TPH NPHOIMKCHUH K KPUTHIECKOMY
YTy aTaky; N3MEHEHHE YIPABICHUS CaMOJICTOM - TPH B3SITUH PYUYKU YNPABICHUS Ha ce0s yroJl INTaHUPOBAHMS HE
YMEHBIIAETCS, a YBEITMINBACTCS.

Korma yronm arakum mnpuOimkaercss K KpPUTHYECKOMY, camoieT npoBanuBaercs. C IepexoloM Ha
3aKPUTUYECKHE YTIIBI aTaKW 3TO SIBJICHNWE YCHIMBaeTcs. Takoe IUIaHWPOBAHWE HA3BIBACTCS MAPAUIOMUPOSAHUEM.
[Ipy HanmMUMK MaJIOro CKOJIBXKEHHSI CAaMOJIET TPH NapallioTHPOBAHUN MOXKET cOpBaThes B mrornop. CienoBaTebHO,
Ha Mamoir BeicoTe 500..600 M W HIKE IUTAHUPOBATh Ha BTOPBIX peXMMaxX He O0€30macHoO (Ha CKOPOCTIX
IUIAHUPOBAHUS, MEHBLINX HAaUBBITOAHEHIICH CKOPOCTH FrOPU30HTAILHOTO IT0JIEeTa).



B3JIET CAMOJIETA

Kaxxgprii momer HaumHaeTcs co B3neTa. BimeT camornera MOXeT OBITH ¢ pa30eroM WM BEPTHKAIBHBIM.
BonbIMHCTBO COBPEMEHHBIX CaMOJIETOB CIIOCOOHO COBEpILIATH B3JIET JHIIL ¢ pa3derom. B ciydae BepTHKaIbHOTO
B3JIeTa CaMoOJIeT JOJDKEH HMETh CHJIOBYIO YCTaHOBKY, KOTOpas co3jaBaja Obl TAry (BEpTHKAIBHYIO CHITY),
MIPEBBILIAIOIIYIO BEC CaMOJIETa.

B3nemom nazvieaemca ycKoOpeHHOE OSUNCCHUE CAMONECMA OM MOMEHMA Hauwana pazbeza 00 Hadopa
eévicomol 25 m.

BO3AYWIHBIA YYACTOK

H=25m TOYKA OTPLIBA PAJBEr

Lgosa Leass

Puc. 1 Cxema é31ema camonema

Hopmanbenerii B3meT coctoutr w3 Tpex dtamoB (Puc. 1): pazbera, oTpblBa W pa3roHa € IMOIBEMOM
(Bo3mynrHOTO y4yacTKa). Baner npencrapisier co6oi OAMH U3 BUIOB HEYCTaHOBHBILIETOCS MOJIETA.

IMPO®UJIb U 3JIEMEHTHBI B3JIETA

PA3BEI' CAMOJIETA

Pazbez - 5TO HaYaNBHBIN NEPUOJ B3JIETA, MPEACTABIAIOMNN cOO0M YCKOpPEHHOE ABIKCHHE CaMOJIeTa II0
3emiie, HeoOXoauMoe JUId TPHUOOPETeHHS TAaKOH CKOPOCTH, NMPH KOTOPOil KPBUIO CO3MAaeT MOABEMHYIO CHIIY,
CIIOCOOHYIO OTOPBATH CAMOJIET OT 3EMJIH.

Ha coBpeMeHHBIX camMoleTax ¢ TPEXKOIECHBIM LIACCH Pa30er BHIMOIHIETCS CIEAYIONIM 00pa3oM.

[Tepen pa3berom, ynepkuBas camoJieT Ha MECTE C IOMOIIbIO TOPMO30B IJIaBHBIX KOJIEC IIACCH, JIETYHK
IJIABHO YBEJIMYMBAECT TATY JABUrarelied 0 MaKCUMalbHOM, 3aTeM OTIYyCKaeT TOpPMO3a, U CaMOJIET HauWHaeT
JIBIDKEHHE Ha BcexX Kosecax maccu. Korzma ckopocTh camosieTa JOCTUTHET TaKOM BENWYMHBI, [P KOTOPOH pyiib
BBICOTBI CTAHOBHUTCS JOCTATOYHO 3(()EKTUBHBIM, JICTYUK B3SITHEM PYUYKH Ha ceOsl YBETMUYUBACT YTOJ aTaKH KPbLIa 1
OTPBIBAaET OT 3e€MJIM HOCOBOE Koureco. JlampHeifiee NBIDKEHHME caMoyieTa O OTPHIBA MPOMCXOTUT Ha TIABHBIX
KoJIecax IIacCH.

OTpBIB HOCOBOI'O KoJieca HEOOXOIUM JUIsl IPUIAHKSI CaMOJIETy B3JIETHOTO yIJla ataku. B mpouecce pazoera
CKOpPOCTh camoiieTa yBenmumBaercs oT O 70 ckopocTH oTphiBa. ClemoBaTenbHO, pa3der MpelncTaBiseT cOOOi
MPSIMOJIMHEITHOE YCKOPEHHOE ABUKEHUE TOJ1 JEHCTBHEM BHEIIHUX HEYPAaBHOBEUICHHBIX CHJI.

<
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Puc. 2 Cxema cun, oelicmeylowux Ha camosiem Ha pazoeze

TexHuka B3leTa Ha CaMOJIETE C XBOCTOBBIM KOJIECOM OTJIMYAETCsl OT TEXHHKH B3J€Ta camoiera ¢ 3-X
KOJICCHBIM IIACCH TEM, YTO B Hadaye paz0era JIETYMK HPU JOCTHXKEHHH CKOPOCTH, Ha KOTOPOH pyJIb BBICOTHI
cTaHoBUTCA 3(P(HEeKTHBHBIM, OTHauel PydKH OT ce0s OIyCKaeT KaIloT JI0 JIMHUM TOPH30HTA M B TAKOM IOJIOKCHUH
coBepmraer pasder. Kak TONBKO CKOpPOCTH camoJieTa JOCTHTHET CKOPOCTH OTpPbIBA, JIETYHK HE3HAUYUTEIBHBIM
JBIDKCHUEM PYUKH YNpaBleHUs Ha ceOs OTphIBaeT caMojIeT OT 3eMJIM M Ha BbicoTe 1 - 1,5 M coBepmiaer pasroH
CKOPOCTH caMoJIeTa JI0 CKOpOCTH noabema. [locie 3Toro camoser nepeBoauTcs: B Ha0Op BBICOTHL.

Ha camoner mipu paszbere aelictByror cienytomue cuisl (Puc. 2):

- CWJIa TATH JBHUTATEIBHON yCTaHOBKH P; B Hauame paszOera ee BelIMYMHA MaKCHMAIIbHA, 4 3aTEM IO Mepe
YBEJIMYCHUA CKOPOCTU NMOCTECTICHHO YMEHBIIACTCA; Y CaAMOJICTOB C NOPUIHEBBIMU ABUTATCIAMHU YMCHBIUICHUC TATU HA
pasbere OoJjice 3HAUUTENBHO, YeM y camosietoB ¢ TP/;
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- CHJIa B€Ca caMOJI€Ta Q,' 110 BEJIMYMHEC HCM3MECHHA, HAIIPpABJICHA BHU3,

- IIoAbEMHas CHJIa V; B Hayalic pa36era paBHa HYJIIO, @ B KOHIC pa36era, npu OTPBLIBE, AOCTUTACT
BCJIIMYHHBI B€ECa CaMOJICTA,

- cuia J00oBoro conporusiieHust Q; BO3pacTaeT 1Mo mMepe pasdera oT HyJIsl 10 HEKOTOPOTrO 3Ha4yeHus (B
3aBHCHMOCTH OT yIjla aTaKd, CKOPOCTH, BEICOTHI TI0JIETA);

- HOpMallbHasi CHJIa peakiuu 3emiid N; B Haualle pazdera paBHa Becy CamolleTa, a 10 Mepe HapacTaHHs
CKOPOCTH ¥ YBEIUYEHHS MOAbEMHOW CHJIbI YMEHbBIIAETCSI 10 HYJISl IPU OTPHIBE;

- CUJia TpCHUSA MTHEBMATUKOB O I'PYHT F,' 3aBUCHUT OT KOS(i)(l)I/IHI/ICHTa TPCHUSA KOJIEC O 3EMJII0 U OT CUJIbL N.

F=N -f
ypaBHeHI/ISI JABUIKCHUA LHECHTPA TAXKECTU CaMOJIETa IIpU pa36€re 6yHyT HUMETH BU.
G
P-0-F=8 Iy (7.1)
Y-G+N=0,

dv
rae ly= dt YCKOPEHUE JBUKCHHUS.

U3 ypaBHeHuMs cleyeT, YTO B HAlPaBJICHUM IBIKCHHS ICHCTBYeT HEypaBHOBEIICHHAs CHJIa, paBHas
pasHoctu cui P - (Q + F) um BEI3BIBaomas yCKOpeHHe IBIDKeHUS. Hapactanume ckopoctn Ha paszbere Oymer
IPOUCXOIUTH TeM OBICTpee, 4eM OOoJIblle BeIMYNHA 3TOH HEeypaBHOBEILICHHOH CHIIBL.

Cuna TPCHUSA KOJIEC O 3EMJII0 paBHa

F=f-N=f(G-Y) (7.2)
W3 GpopMyIibl BUAHO, YTO CHJIA TPEHHUS B KOHIIE ITpodera odpaiaercs B HyJib, TaK Kak Mpu oTpsiBe G=Y.

Yckopenue mpu paz0ere CoriiacHO ypaBHEHHIO (7.1) MOXKET OBITh BRIPaXEHO (POPMYIION

_gP—[Q+f(G—Y)]

X G (7.3)

501058

P _(Q+F )CP
=g
G (7.4)
BBuay Toro urto cmia TATM B Tpolecce pasdbera W3MEHsETCS HE3HAUUTENbHO, a Chiia JI0OOBOTO

conpoTuBiIeHUs O MPHU YBEIMYCHUN CKOPOCTH YBEIMYMBAETCS MPHIMEPHO B TAKOH XK€ Mepe, B KAKOW yMEHBIIAeTCA
cuia P, yckopsitolasi cuiia Ha pa30ere M3MeHsIeTCs TaKkKe HE3HAYUTENBHO.

W3 ckazaHHOTO clemyeT, 9TO YCKOpEHHe IpHU pa3dere coxpaHseTcs MOCTOSHHBIM (ix = const), T. €. pa3ber
SBIISICTCS] PABHOYCKOPEHHBIM JABH)KCHUEM CaMoJIeTa.

B PCaJIbHBIX YCJIOBUAX CpCAHEC YCKOPCHHUC CHUJIBHO 3aBHUCUT OT BCJIWYHMHBI KOB(l)(l)I/IIII/IeHTa TpECHUA,
KOTOpI:Iﬁ HW3MEHSETCS B 3aBHCUMOCTH OT COCTOSIHUS B3JIETHOM IIOJIOCHL.

J1s pac4eToB MOXKHO MIPHHATH

©@+F)er

2

1 _
/ G (7.5)

rae f - ocpeiHeHHas BenHuMHA KO3 GHUIHEHTa TPEHHUs, 3aBUCAIIAs OT COCTOSHHUS ToBepXHOocTH BITII.

B Ta6J'II/III€ MPUBEACHBI BEJIMYNHDBL KOS(i)(i)PIL[I/IeHTa TPEHUS IJI pa3/IMYHbIX B3JICTHLIX ITOJIOC.

Bun B3eTHON TOTOCH f 7
Beron 0,03-0,04 0,06
TBepaplil TpyHT 0,05-0,06 0,06
Msirkuil necyaHblif rpyHT 0,02-r- 0,11-0,23
ChblIpoit BSI3KHIA TPYHT 0,30 0,25- 0,20-0,26

r-0,35
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OTPbIB CAMOJIETA

B KOHIIC pa36era CaMoOJICT HpI/IO6p€TaCT TaKyl0 CKOpPOCTb, KOrla €ro HECYIHC MOBCPXHOCTU CO34Ar0T
IMOABEMHYIO CHITY, pPaBHYIO BECY CaMOJIETa, U CAMOJIET OTACIIACTCA OT 3EMIIN.

Momenm omoeneHus camojiema oOm 3eMIU HA3bIEACHICA OmpuleoM. IlonbemHast cuna camoJieta
CTAHOBHTCS HECKOJBKO OOJIBINE CHIIBI BECa, U CaMOJICT, OTOPBABIIUCH OT 3C€MJIM, IMPOJOKACT pa3roH CKOPOCTHU U
MepexoauT B Ha6op BBICOTHI.

CkopocTs camoneTa, TPH KOTOPOH OH OTPBIBAETCS OT 3€MIIH, HA3bIBAETCSA CKOPOCTBIO OTPHIBA M
orpezensiercst o popmyie

2G
CYorPS (7.6)

Vorp =

B uemsix OGesonacHoctn kod(p@uuueHt noxbeMHo cuibl Cyorp NPedyCMaTpUBACTCS HECKOJIBKO
YMEHBIIEHHBIM 110 OTHOMIEHHIO Cy\axc U IIpu oTphIBe cocTabiseT 0,8 - 0,85 Cyyakc-

W3 dopmyner (7.6) BUAHO, YTO CKOPOCTh OTPBIBA 3aBUCHUT OT YAENHHOM HArpy3KH Ha KPBLIO S
IUVIOTHOCTH BO3ZyXa .

u

Ha BennumHy cKOpOCTH OTpbIBA OKA3bIBAET BIUSHUE TEXHUKA BBINOJHEHUS B3jeTa. C LeNbl0 YMEHbIIECHUS
JUTMHBI pa30era MHOTa MPUOETAIOT K OTPHIBY CaMOJIeTa Ha MEHBIIEH CKOPOCTH, JIJIs 4ero B KOHIIE pazdera, Korma
camoJieT HabepeT OIpe/EIEHHYI0 CKOPOCTh (COOTBETCTBYIOIIYIO Vyyy), JIETYMK PE3KO BBIBOJMUT CaMOJIET Ha YIJIbI
aTaku, OJIM3KHe K KPUTHYCCKOMY (TaK Ha3bIBACMBI B3JIET C MOAPHIBOM). [logpeMHas cuila BO3pacTaeT M caMoJIeT

orpbiBaeTcs. OTHAKO IPH 3TOM CKOPOCTHh YMEHBIIAETCS 10 VMHH M yXYIIAOTCS XapaKTePUCTHKH yCTOHYUBOCTH U
YTIPaBISIEMOCTH, TIOJIET CTAHOBUTCS HEOE30TIACHBIM.

JJIMHA PA3BET'A

,ZIJIMHOﬁ pa36eza Ha3bvleaemcsa nymbo, npoxoduMblﬁ camoiemom om cmapma 00 mMouKu ompbslea om
3emnau. I[J'II/IHa pa36era SABIIACTCA OHHOfI M3 TJIaBHBIX XapaKTCPUCTUK CaMoOJIi€Ta, I10 KOTOpOﬁ OIMpeaAC/IAI0OT
H€06XOZ[I/IMI)If/'I pasMep B3J'IeTHO-H003Z[0‘IH017[ I10JIOCHI.

PaccmarpuBas pasber camoiera Kak PaBHOYCKOPEHHOE JBHIKEHHE C YCKOpEHHEM lop, MOKeM 3ammcarh
(Ipu OTCYTCTBUM BeTpa): cpesiHee BpeMst pazoera

P Vorp
cp . >
Lep (7.7)
CpenHss CKOPOCTh
v
UCP — OTP
2 (7.8)
HO TaK KakK
Lpyz5 =VUcp 1,
TO MOJYYHM
2
L _ UOTP
PA3E 2
Lep- (7.9)

Kak cnexyer u3 gopmynsr (7.9), mmHa pazbera 3aBUCHT B OCHOBHOM OT CKOPOCTH OTpPBIBA W BEIHYMHBI
Cpe/IHero yCKOpeHusi Ha pasdere.

Just mpuOIM>KeHHOW OLIEHKH BIMSHUS OTIENBHBIX IIApaMETPOB MOXKHO BOCIIOJB30BATHCS CIIENYIOIEH
hopmymoii:

I = Dorp
PA3b P >
2g CT _f
G (7.10)
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rie Pcp - TATOBOOPYKEHHOCTh CaMoJIeTa;
f - koappunment Tpenus.

BrigscHuMm BIusHHE Pa3JIMYHBIX SKCIUTYyaTallMOHHBIX W KOHCTPYKTUBHBIX (baKTOpOB Ha JIMHY pa36era
caMoJIeTa.

Bnuanue eenuuunsl cunvt mazu cwinoBoil ycraHoBku. C yBenWdeHHEM CWIIBI TATH P yBenmmdmBaercs
yckopsifomas cmia P-(Q+F), BCIeACTBHE 4YEero yBEIWYHMBAETCS YCKOPEHHE W caMoyieT ObicTpee (Ha MEHBIIEM
OTpe3Ke MyTH) HaOMpaeT CKOPOCTh, PABHYIO CKOPOCTH OTpbIBa. C 3THM CBS3aHO HCIIOIH30BAHWE TOTO WIM WHOTO
pexxuma pabotel aurarens. Kak mpaBmiio, B3J€T MPOM3BOAAT HA B3JIETHOM DPEXHME, T. €. PEKUME HauOOJbIIeit
Tsard (MOLTHOCTH). YBeIUUCHHE TArH Ha 25% (3a cueT mepexoia Ha B3JIETHBINA WK (POPCAKHBIA PEIKUM) COKpAIIIaeT
JUTMHY pazobera ¢ TBeporo rpyHra Ha 20 - 25%. JIns cokpaiieHus JinHbI pa3dera Ha HEKOTOPBIX THUIAX CaMOJIETOB
NIPY B3JIETE [IPUMEHSIOTCS CTAPTOBBIE YCKOPUTENH, IpeJICTaBIsonre codoi apurarenu tuna XKPJ] wiui mopoxossie
paketsl. OHE KpaTKOBpeMeHHO (B TeueHue 10 - 15 cex) co3aarT JOMOTHUTENEHYIO 3HAYUTEIHHON BETMYUHBI TATY U
TEM CaMBIM COKpalIalT [UIMHY W Bpems pa3dera. CxopocTh oTpbiBa camonieToB ¢ TPJ] ot pexuma paGoThI
PEaKTHBHBIX JBUTATENCH HE 3aBUCHT, a y CAMOJIETOB C MOPIIHEBBIMU NIBUTATEISIMHU (M ¢ TypOOBHHTOBBIME) OHA
MOJKET YMEHBIIATHCSA 33 CYET yBEIHMYMBAIOMICHCS PPEKTHBHOCTH OOAYBKH HECYIIHX IOBEPXHOCTEH CTPyEH OT

BUHTOB, BCJICJICTBHE Uero yBenunauBaeTcst Cywakc.

Bnusanue é31emnozo éeca Ha nnuHe pa30era cka3plBaeTCs JBOSKO. YBEIHUCHUE €I0O MOBBIAET CKOPOCTh
OTphIBa (Hy)XHa OoJbIlIasg NOJBbEMHAs CHUJIa) M YMEHBIIAETCS YCKOpEHHE (CaMoJIeT CTaHOBHUTCS HMHEPTHEE U
HECKOJIbKO MOBBIIIAETCSI CONPOTHBIIEHHUE). 1 TO M ipyroe yBelInunBaeT JIMHY pasoera.

Bnusnue cocmosanusn nogepxnocmu apoopoma CBS3aHO ¢ HATMYUEM CHJIBI TPEHUSI KOJIEC O MOBEPXHOCTh
B3JIETHOH moJockl. IIpm pBIXjIOM, MATKOM TPYHTE CHJIa TPEHHS BO3pacTaeT, a yckopsiomas cuna [P - (O + P)]
YMEHBILIAETCS, B DPE3yJbTaTe Yero YMEHBIIAeTCs YCKOpPEHWe, a JulnHa paszbera yBenuuuBaercs. Cuna TpeHUs,
BhIpa)KCHHast KO3()(DULIMEHTOM TPEHUS f, 3aBHCUT OT Harpy3KH Ha KOJIeca U COCTOSIHUS IIOBEPXHOCTH ad3poJIpoMa.

Yem meHble K0IGGHUIUSHT TPEHUS, TEM MEHbIIE CHJIa TpeHUs F, a YCKOPSoIIas Cuila BO3PacTaeT, YTo
cokpaiiaer AnuHy pasoera. [ToaToMy nmpuMeHeHHe B3JIETHBIX MOJIOC C TBEPAbIM MOKPBITHEM SIBJISETCS OJHUM M3
croco0OB YMEHBIICHHUS IIMHEI pa3oera.

Bnuanue mexanuzayuu kpoina. Ilepen B3neToM Ha OOJIBIINHCTBE COBPEMEHHBIX CaMOJIETOB BBIITYCKAIOTCS
IMUTKA (AIH 3aKPBUIKH) BO B3JIETHOE TIOJIOKEHHE, YTOOBI YBEIHMYUTh MAaKCHUMAaJIbHOE 3HAYCHHE KOA(POPHUIMEHTA
MO BEMHOM CHIIBI CAMOJIETA.

Puc. 3 Bznem camonema c naxknonnou BITIT

[lpn »TOM mOABEMHast cwia, HeOOXoAMMas IS OTpbIBA, BO3HMKAET Ha MeHbIIell ckopoctu. s
JOCTHXEHUSI MEHBIIIEH CKOpOCTH TpeOyeTcst 1 MeHbIlas JJIMHa pasoera.

Bnuanue nanpaeénenus u ckopocmu ¢empa. CKopocTb, IpH KOTOPOH CO37aeTCsl HEOOXOIMast O TbeMHast
CHJIa, TIPEACTABIIET COOOH CKOPOCTh CaMOJIeTa OTHOCHTEIBHO BO3IYITHON Macchl. [Ipu BCTpedHOM BETpEe CKOPOCTH

OTpbIBA CKJIAABIBAETCS M3 CKOPOCTH CaMOJIETa OTHOCUTEIHHO 3EMITH Vnvr y CKOPOCTH BeTpa (.

U:UHYT + . (711)

CnenoBaTensHO, pa30er BHITOJHO COBEPIIATh NPOTHB BETPa, TaK KaKk B 3TOM CIydae CKOPOCTb BO3JyXa
OTHOCUTENBHO camoiieTa Oyner Oojblie, YeM CKOPOCTh CaMojeTa OTHOCHTEIbHO 3eMiH. M OoTphIB Ipou3soizer
paHsblIIe.

[Ipu B37eTe MO BeTpy [UIMHA pa3bera yBEITUYUBAETCS BBHAY TOTO, YTO BO3JAYIIHAsh CKOPOCTh CaMmoJjieTa B
9TOM Cilyyae paBHa Pa3HOCTH MEXY IMyTEBOH CKOPOCTHIO U CKOPOCTHIO BETpa:

UIUHYT—CU. (7.12)

[ToaTOMY € LEenbI0 COKpaIlleHHs [UIMHBI pa3dera camoeTa cTapT pa30UBalOT TaKUM 00pa3oM, YTOObI B3JIET
COBepILaJICs MPOTHB BETPA.

Bnusanue oagnenus u memnepamypot 6030yxa. OT BEIMUUHBI JaBICHUS M TEMIIEpaTypbl aTMOC(epHOTro
BO3JyXa 3aBUCAT CKOPOCTH OTpbIBA W CWJIa TATH JBUIaTeJbHOM YycTaHOBKM. C yMCHBIICHHEM JaBJICHUS
YBEJINYMBACTCS CKOPOCTH OTPBIBA, & CHJIa TATWM YMEHBLIACTCS, YTO BENET K YBEJIMYCHHUIO JUIMHBI pasdera. [Ipu
YBEJIMYCHUH TEMIIepaTypbl Hapy)KHOTO BO3JyXa JJIMHA pa3dera yBeIWYMBACTCS, TAK KaK yBEIUYMBACTCS CKOPOCTh
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OTPBIBAa M YMEHBINACTCA CHJIA TATH. DTO MPOUCXOIUT M3-32 YMEHBIICHUS MaCCOBOM IUIOTHOCTH P MPH MOBHIIICHUH
temnepatypsl. s camonetoB ¢ TP/l MoxHO mpHOIMKEHHO CUMTATh, YTO MPH OTKIOHEHHH Ha 1° TemmepaTypbl
u3Mensiercs Ha 1% mnHa pasoera.

Haknon B3netHo# monockl. Ecnm B3nerHas momoca mMeeT yron HakioHa O (Puc. 34), To yckopeHue Ha
pasGere Gy/eT OTIMYATHCS OT YCKOPEHUs IPH TOPU30HTAIBHOM pa3bere Ha Bemuunny & S 9, TOoTAA

icp =lcp,, £ g-SING. (7.13)

Vron HakjoOHa TIOJOCH Ha CKOpPOCTH OTpbIBa HE BJIHACT M CKa3bIBAC€TCA TOJIBKO Ha YCKOPEHUH,
CJI€O0BATCIbHO, U HA JJIMHC pa36era.

BBIJIEP’)KUBAHUE CAMOJIETA

Buioepycuganue. DKOHOMHYECKAsT CKOPOCTh HE HAeT OBICTPOTO MOJABEMA, KPOME TOTO, OHA SBISETCS
TPaHMIEH MEXIy MHTEpBAJIAMH MEPBBIX M BTOPBIX PEXKHUMOB, W IO3TOMY HOABEM C 3TOH CKOPOCTBIO Ha MaJloi
BeIcOTE onaceH. CeoBaTenbHO, cpasy XKe MOcie OTPhIBAa OT 3eMJIM HAUYMHATH IOABEM HE CIEOYeT, 3 HE00X0IUMO
MpeABapUTENbHO HAOPaTh CKOPOCTH, T. €. HEOOXOAUMO BBIICPKMBAHME Ul JAJIbHEWIIEro pasroHa ckopoctu. C
3TOH LIENBIO 1TOCTIE OTPBIBA JIETUHK BBIICP)KUBAET CAMOJIET HaJ 3€MJIEH ¢ MEAJICHHBIM OTXOIOM OT HEe.

MNOABEM CAMOJIETA

Iloovem. Kak yxe roBOpUIIOCH BBIIIE, BBIACPKUBAHUE CAMOJIETA HAJ 3€MJICH MMEET LENb YBEIUYEHMS
CKOPOCTH TIOJIETa JT0 BETMYMHEI, HEOOXOIUMOH 7151 0€301MacHOT0 U OBICTPOTO MOIBEMA.

Ioxsem camoneTa HEOOXOAMMO OCYHIECTBIATh Ha CKOpOCTH He MeHee 170 km/4 st camoneTa SAk-52 u
150 xM/4 - 1 camouteta SIk-55.

B nerHoil mpakTHKe WHOTIA BBIIEPKUBAIOT CaMOJIET Haj 3€MJIed 10 HECKOJIbKO MEHBIIEH CKOpPOCTH
noanrcMa, yMeHI)IJ_IaSI HpI/l 3TOM IJTall BI)IZlep)KI/IBaHI/Iﬂ, nu HepeBOﬂﬂT CaMOJICT Ha HOHOFI/lﬁ noabEM, BO BpeMﬂ
KOTOpPOTO CKOPOCTh BO3pAcTaeT M0 B3JIETHOH, M TOJILKO MOCIE 3TOTO JIETYUK yCTaHABIUBAET HOPMAJIBHBIM yroj
moabemMa.

OpHako cieayeT IOMHHTB, YTO, IEPEBOS CaMOJIET Ha MOIBEM IIPH CKOPOCTH 3HAYUTEIHHO MEHBIIECH, YeM
B3JICTHAsS, JICTYUK 3aMeUIAET PasroH W, IJaBHOE, OyJeT YIpaBisATh CaMOJIETOM Ha PEXHMe, OJM3KOM K TPaHHUIIe
BTOPBIX peXHMOB. [lo3ToMy B mepBble CEKyHABI MOABEMa 3amac CKOPOCTH Mal, YTO HOTpeOyeT OT JeTYHKa
yCl/IJ'IeHHOFO BHUMAHHUA U 663pre‘lHOF0 HI/IJ'IOTI/IpOBaHI/l}I.

B3JIETHASI JUCTAHIUA

Ilymyv, npoxooumuiii camonemom om Hauana pazbeza 00 mecma Hadopa evicomwl 25 m, Ha3bleaemcs
63/1eMHO OUCmaHyuell.

BanetHast qucTaHnus BKIIOYaeT B ceOsl IUIMHY pa30era W BO3AYIIHBIM y4acTOK IIyTH OT MecTa OTphIBa 10
MecTa Habopa BBICOTHI 25 M.

JlInHa BO3AYITHOTO y4acTKa 3aBHCUT OT CPEIHEro yIjla HaKJIOHA 3TOT0 ydacTKa

BO3 =

g0’ (7.14)

Uem MeHEBIIIE yroj nmoabemMa, TeM 0oJIbIIIe BO3}.'[yHIHI:II>i Y4acCTOK, TEM 0oJIblIIEe U B3JIETHAS JHUCTAaHIHAA.

L

Ilocne ortpeiBa Ha camoserax ¢ TPJl Ha BO3AYIIHOM YYacTKE IIPOM3BOILUTCS BbIACPKUBAHUE C
MOCTETNIEHHBIM OTXOJIOM OT 3€MJIM U Pa3rOHOM cKopocTH. HabpaB HyXHYIO CKOPOCTb, JIETYHK IIEPEBOIAUT CaMOJIET B
Ha0Op BBICOTHI, KOTOPBIM OTJIMYAETCSl OT BbLAEpXKHMBaHHs Oojiee KpyTOW TpaekTopuell. Bcee nBmkeHue oT Havaia
pasbera mpejcTaBiIsLeT COOOH Pa3roH, KOTOPBI TpeOyeT M30bITKA TATH, T. €. YCKOpsIomeH cuibl. Ha Bo3myniHOM
YYacTKe 3Ta CHJIa ONpeNeIsieTcs mo Gpopmyie

Ryee =P—=Q—G-sind, (7.15)

rae 0- yroa Habopa.

B3JIET C BOKOBBIM BETPOM

Hannune O0okoBOro BeTpa yXyAILIaeT B3JIETHBIE XapaKTEPUCTHKU CaMOJIETa M YCIOXHSAET TEXHHUKY €ro
BBITIOJIHEHHS, TaK KaK HECUMMETPHUYHOE O0TEKaHNe Kpblla CO31aeT Pa3HOCTh B BEINYMHE MOIBEMHBIX CHJI IIPABOTO
U JIEBOTO MOJIy KpBUILEB. B pesyibTare mosrydaercss HaKpeHEHHE caMoJieTa Ha pa3dere W CHOC IO BETpy HOcCie
oTpeiBa OT 3emiad. HecummerpuuHoe ke OOTE€KaHHE BEPTUKAIBHOIO OHNEPEeHHS M (ro3eJsDKa CO3JaeT
pa3BopayMBaromnii MOMEHT poTHB BeTpa (Puc. 4).
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My kpennu.

Puc. 4 Bznem camonema c 60K06vim 6empom

IIpu pazbere KpeHAM MOMEHT OT OOKOBOTO BeTpa OyJeT cOo3AaBaTh Pa3HyIO Harpy3Ky Ha Kojeca IIacCH.
VY Gosiee Harpy>KeHHOTO Kojeca OomblLIei OyleT M CHila TpeHHs, KOTOpas HayHeT pa3BOpaunuBaTh CaMoJIeT 10 BETPY.

OnHako pa3BOpayMBAIONIMN MOMEHT OT OOKOBBIX CHJI (PrO3eJsKa M ONEPEHUs 10 BEINYMHE 3HAYUTEIBHO
MIPEBOCXO/INT Pa3BOPAYMBAIOIIMN MOMEHT OT Pa3sHOCTH B IOJBEMHBIX CHJIaX KpbUIA, B PE3yJbTaTe Yero caMoJjeT
Oyner pa3BopauMBaThCs MPOTHB BeTpa. sl ycTpaHeHWsl pa3BOpOTa camolieTa NpH pazdere JITYHK HCIOJb3YeT
3JIEpOHBI U pyJb HampapieHns. OxHako ux 3G (QEeKTUBHOCTh B Hadaie pa30dera majia M BO3PacTacT C YBEIUICHUEM
CKOPOCTH, MO3TOMY B Hayaie paz0era mapupoBath pa3BopoT TpynHee. O4YeBUIHO, YTO U BEJUYMHA OTKJIOHCHUS
pyJei ans mpenynpekIeHus pa3Bopora OynmeT Ooiblne B Hadame pazbera, a 3aTeM IO Mepe Habopa caMoJeToM
CKOPOCTH OTKJIOHEHHE pYJIeil yMEHBIIAIOT, TAK KaK OHM CTaHOBATCA 3¢ dekTuBHee. [1oaToMy npH B3jeTe ¢ GOKOBBIM
BETPOM OCHOBHOE BHHMAaHHE JIETYMKA HOJDKHO OBITH COCPENOTOYCHO HA HEAOINYIIEHHH KPEHOB U COOJIIONCHUH
npsIMOJIMHEHHOCTH pasdera. J{is aToro Heo6Xo1umo:

- JUI1 yMCHBIUCHUS KPEHSAIIEro MOMEHTa BO BpeMsi pa3zdera OTKIOHSTH PYUYKy YIpPaBICHUS NPOTUB
HalpaBJICHUs BETPa, a JUIA NPELyNPeKICHHs pa3BopoTa caMoJieTa OTKIOHUTh PYJIb HAallPaBJICHUS 110 BETpy (BeTep
CrpaBa - JaTh JIEBYIO HOTY);

- IO Mepe YBEJIMYCHHS CKOPOCTH Ha pazbere M MOBBILCHUS A(POEKTUBHOCTH 3JEPOHOB M PYIIs
HANpaBICHUS YIroJd HMX OTKIOHEHHs CIIeNyeT MOCTCNCHHO YMEHbIIATh C TAKHM pPacyeToM, YTOOBI COXPaHHTh
3aJaHHOE HAIpaBJICHHE B3JIeTa U POU3BECTH OTPHIB camoJieTa 0e3 KpeHa;

- OTPBIB CaMOJICTa MPOU3BOAMTHL HA HECKOJBKO YBEIMUYCHHOH ckopoctd (Ha 5-10 kM/4), He momyckas
MOBTOPHOTO KacaHHs CaMoJIeTa KoJlecaMu 3eMJIM BO U30ekaHne OOKOBOIO yAapa Iaccu O 3eMITIO;

- moce otpeiBa camosera ot BIIIT 60ps0Oy co cHocom 10 BBICOTHI 50 M BECTH CO3/1aHMEM KpEeHa IPOTHB
BETpa M OTKJIOHEHUEM PYJIsl HAIIPaBJICHHUS TI0 BETPY; € BEICOTHI 50 M 60pr0y CO CHOCOM BECTH YTIIOM YIPEKICHHS.

B3JIET ADPOIIOE3JJA

Bsier asponoesna, COCTOSIMIETO U3 caMoJieTa-OyKCHPOBIIMKA U IUTaHepa (WJIH IUIAHEPOB), XapaKTepH3yeTcs
TEM, YTO U3 JBYX HJIM OoJiee JIeTaTeJbHBIX alllapaToB, BIJICTAIOMIMX B OJHOM a’pOIOe3]ie, TOJIBKO ONUH U3 HHX
MMeeT JIBUI'aTeJbHYI0 YCTaHOBKY, co3namomyio Tary (Puc. 5). IIponecc B3nera aspomnoesna ycluoxHSETCS TEM, YTO
YMEHBIIAeTCss 00Ias TATOBOOPYKEHHOCTb, YBEIMYMBAETCA CYMMapHOE CONPOTHBIECHHE, B pe3yibTare 4Yero
YCKOpEHHE Ha pa30ere yMeHbIIaeTcsl.

CoctaBuM ypaBHEHHE OBIKEHUS adpomoe3/ia BIOIb OCH X.

G
Px—Qc—Fe=Qyy —Fpy =—"iy,

g (7.16)

rae Ga=Gc+Gpyy - CyMMapHBIA BeC a3poIioesia;

Fc Fryj7 - cuna TpeHus KOJIeC CaMoJIeTa U IUIaHepa O 3eMIIIO;
Qc, Onn - 10600BO€ COMPOTHUBIIEHUE CAMOJIETa 1 TUTAHEPA,;

Px - Tara, pazBuBaeMas IBUTATEIIFHOW YCTAaHOBKOM caMoJieTa-0yKCHPOBIITIKA

Puc. 5 Bznem asponoesoa

U3 ypaBHenus (7.3) Haiinem yckopeHue Ha pasdere
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Py _(Q+F)C _(Q+F)17J7

ZX =
G, (7.17)

W3 ananmmza (bOpMyJ'IBI MOXHO CA€JIaTh CJICAYIOIINE BBIBOIABI:

- TATOBOOPYXEHHOCTh a3pPOIOe3/a MEHBIIIE BCICACTBHE YBEINYEHHUS CYyMMapHOTO Beca NPH HEHM3MEHHOM
CHJIE TSTH;
- YCKOPSIIOIIAs CUIIA JIOTIOJIHUTEIBHO yMEHbIIaeTcs Ha Benuuny (O+F);, ;.

Bce 3T0 IpHBOIUT K TOMY, YTO a3pOIOE3]] 10 CPABHEHHUIO C OJMHOYHBIM CaAMOJIETOM OyIIeT HIMETh MEHBILIEE
YCKOpEHHE Ha pa3bere. YMeHbLICHHE YCKOPSHHS OTPa3HTCs Ha JUIMHE pa30era, KoTopas CorJIacHO Gopmyiie

2
L _ UCTP

Y
lep | OyZeT BO3pacTarh.

Jletunk CaMOHeTa—6yKCI/IpOBH.[I/IKa JIOJDKEH 3HAaTh OCOOCHHOCTH B3JIETa ad’ponoe3ia U yIYuTbIBaTh UX IIPHU
nmoJicrax.

CKOPOCTHB OTPBIBA

Cropocmb, KOMoOpy0 camoiiem 00aXHCeH UMemb 011 00ecnedyeHus 6e30nacH0z0 OmoeleHus camoiemd
Om 3eMJlll, HA3bI8ACMCSL CKOPOCMbIO OMPbIEA.

CKOpOCTbh, TP KOTOPOW CaMOJIET YK€ MOXKET JICT€Th, €CTh MUHHMAJbHAs CKOPOCTh, COOTBETCTBYIOIIAS
KPUTHYCCKOMY YTIIy aTaku, Korjaa Ko3h(uIueHT noabeMHoi cuinbl Cy JOCTHTHET MaKCUMyMa.

Bcerencreue Toro, 4To 3/1€Ch CaMOJIET HEYCTOWYHB U IJIOXO YIPABIISIeM, OTPBIB IPOU3BOUTCS] HA CKOPOCTH
6onpmie MUHHUMaNbHON npubmusuTensHo Ha 15% (Vorp==1,15 Vmun). a1 camonera Sk-52 Vmua==104 xm/4,
ckopocTb otpbiBa VoTp==120 km/4, mi1st Sk-55 VMun==80 km/4, ckopocTs oTpbiBa VoTp==100 KM/4.

B MOMEHT OTpBIBa HOpMaJIbHAS PEAKLIMS 3EMII paBHA HYJIIO, TO3TOMY YCJIOBHE OTpbIBA OYAET UMETh BH

2
G=Y= CyOTPhsﬂ
2 (7.18)
OTKy/1a
2G
Vorr =|———=-
PCYorpS (7.19)
G

W3 dopmynst (7.19) BUOHO, 9TO CKOPOCTH OTpPHIBA TeM OOJIBIIE, S uem Gombiue yaenbpHas Harpy3ka Ha
KPBLUIO - M YeM MEHbLIE INIOTHOCTh BO3yXa M KOA()(UIMEHT NOABEMHON CHIIBI IPH OTPHIBE.

[TnoTHOCTH BO31MyXa OmpeAenseTcs aTMOC(EPHBIMU YCIOBUSIMH M 3aBHCHUT OT BBICOTHI PAcCIIOJIOKECHUS
a’poJipoMa Haj ypOBHEM MOPsL.

JleroM MIOTHOCTB BO3AyXa MEHbIIIE, CIIEOBATEIBHO, M CKOPOCTH OTPBIBA OOJIBIIE, YEM 3UMOH.

Ha BBICOKOTOpHOM a’poApoMe IUIOTHOCTH BO3[yXa MEHbIIE, IIO3TOMY CKOPOCTh OTpBIBA 37ECh OOJBIIE,
4YeM Ha a3po/IpoMe, pacIiojio)KEHHOM Ha yPOBHE MOPSL.

Bennunna Cyorp onpenensiercsi 1o 3Ha4eHUIO B3JIETHOTO YIila aTak, Ha KOTOPOM IPOUCXOJHT OTPBIB, C
y4eToM BIMsHMS Onm3octd 3eMiid. Tak Kak B3JIETHBIH yroji ataku MeHblle Kputudeckoro, To Cyorp < Cy,makc
npuMepHo Ha 15%.

[Ipu B3neTHOM yriie arakd KOA(GGHULIUEHT NOABEMHOW CHIIBI C YYETOM BIHSHUS 3€MHOW MOBEPXHOCTH
COCTaBJISAOT 115 camouieTa - SIk-52 Cyorp = 1,26 mipu ckopoctd oTpeiBa Vorp=120 kM/4 1 ais camojieta - Sk-55
Cyorp = 1,3 npu ckopoctu otpbiBa Vorp = 100 km/u.

BJINAAHUE BETPA HA B3JIET CAMOJIETA

Bsner camornera, Kak IpaBWIIO, BRIITOJHAETCS MPOTUB BETPA, TaK KaK BCTPEUHBIN BeTep COKpaIaeT pasder
1 B3JIETHYIO JUCTAHIIMIO U O0JIeryaeT yrpaBieHHE CaMOJIETOM.

CkopocTb oTpeiBa camornera Sk-55 cocraBiser Votp = 100 xm/4, a camoneta Sk-52 = 120 km/4. Dt0
3HAYHT, YTO KPBUIbS CaMOJETOB OyIyT OOIyBaThCs BCTPEYHBIM IIOTOKOM C COOTBETCTBYIOIIMMHU CKOPOCTSIMH, Ha
9THUX CKOPOCTSIX IIOXBEMHAS CHJIa YPABHOBECHT BEC CAMOJIETa, KOTOPBI B JTAHHBIH MOMEHT OTOPBETCS OT 3EMJIH.
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Paccmotpum B3steT camosiera npu BctpedHoM Betpe U=36 kM/4. DTO 3HAYHT, YTO KOT/Ia CAMOJIET CTOUT Ha
CTapTe, TO OH yXe 00{yBaeTCsl BCTPEYHBIM IIOTOKOM BO37yXa CO CKOpOCThIO 36 kM/4. Tak Kak Ui OTpBIBa caMoJieTa
oT 3emuin HeoOxoauma ckopoctb Vorp = 100 km/4 (Ax-55) u Vorp =120 km/u (Sk-52), To, cienoBarenbHO, HE
XBaTaeT CKOPOCTH i camodiera SIk-55, paBHoit pasHoctu (100-36=64 xm/4), ais Sk-52-(120-36=84 km/4). Takum
00pa3oM, 1pu pazbere MPOTHB BETpa CaMOJIET OTOPBETCS YK€ B TOT MOMEHT, KOTJIa €r0 CKOPOCTh OTHOCHUTEIILHO
3eMii OyJIeT cocTaBiaTh 64 km/4 st camonera Sk-55 u 84 xm/4 - s Sk 52.

[Ipu B35eTe € MOMyTHBIM BETPOM KapTuHa Oyner obparHas. Korga camoser qocTuraer ckopoctu 36 km/4
OTHOCHTEIIBHO 3€MJIM, TO OTHOCHTEIBHO BO3IYIIHOTO MOTOKA €ro CKopocTh OynmeT paBHa Hymo (V=0). A Tak Kak
JUIsl OTpbIBa HeoOxoauma ckopocts Vorp = 100 km/u (SIk-52) u Vorp = 120 km/u (SIk-55), To camoner moinkeH
YBEJIMYMBATH CKOPOCTh, U MOATOMY €ro CKOPOCTh OTHOCHTENILHO 3eMuin Oyzaer paBHa (100+36=136 km/4) nust
camounera Sk-55 u (120+36=156 xm/u) -mns Sk-52.

dopmya AMMHBI pazdera ¢ y4eToM MOIMYTHOTO WIN BCTPEYHOTO BeTpa OyaeT UMETh BUA

L _ (VOTP i_ U)
OTP — . H
20X cp (7.20)

T€ 3HaK MUHYC TOBOPHUT O TOM, YTO B3JIET IIPOU3BOAUTCS IIPOTUB BETPA.

Kak BupHO M3 3amauu, jyiMHa pa30bera MPOTHB BETpa MEHbINE, YeM MO BeTpy. JJIMHA Apyrux 3TamoB
B3JIETHOM JUCTAaHLMU NPU B3JIETE€ NPOTHB BETPA TOXKE YMEHBIIAET IMYTEBYIO CKOPOCTb CaMOJIETa, & BO BTOPOM -
YBEJINYUBAET.

IIpu B37€TE IPOTHB BETpa CAMOJIET JIyUlIlle YIPABISLETCS, YeM MPH OE3BETPHUH, TaK KaK y)Ke B CAMOM Hadaje
pa3bera 00/1yBaeTCsl BCTPEYHBIM BO3YITHBIM IIOTOKOM.

IIpu B3meTe mo BeTpy, HAOOOPOT, B Haydane pazdera caMmolleT IDIOXO CIyIIaeTcs pyJiei, Tak Kak OOxyB
BCTPEYHBIM IIOTOKOM HAYHMHACTCS JIHMIIL CITyCTsS HEKOTOpOE BpeMs Iocie Hadajna pa3dera (Korga CKOPOCTB
IBIDKEHUSI caMoJIeTa IO 3€MJIe CTaHeT PaBHOW min Ooiblne CKOpocTH BeTpa). Kpome Toro, momyTHBIA BeTep
ocnabisiet 3G eKT 06 yBKH pyiel CTpyEH OT BO3LYIIHOIO BUHTA J0 TEX IOP, ITOKAa CKOPOCTh CAMOJIETa JOCTATOYHO
HE BO3pacTeT. DTO 00CTOSATENBCTBO, & TJIaBHBIM 00pa30oM yBEJIMYCHHUE JUIMHBI pa30era, MPUBOJUT K HEIPUTOJHOCTH
B3JIETa 110 BETPY, @ MHOT/IA U OnacHbIM. [103TOMyY B35ieT HEOOXOMMO OCYILECTBIATh IPOTUB BETPa, OCOOEHHO €ClIn
BETEP CUJIbHBIN.
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B3JIET CAMOJIETA 51x-52 P BOKOBOM BETPE

Ha camoneme Ak-52 e31em npu 60K060il cocmasnawuieii eempa 6onee 6 m/c (noo yznom 90°
s3anpewaemcs.

bokoBoii Berep 2 M/c He BBI3bIBAET OCJIOKHEHHH B TEXHUKE BBINIOJHEHHs B3jera. IIpm GoxkoBoMm BeTpe
Ooslee 2 M/c BBINOJHEHHE B3JETa HMMEET HEKOTOphle OCOOCHHOCTH W TpeOyeT IOBBIIIEHHOIO BHHMAaHMS,
CBOEBPEMEHHBIX U MIPAaBUIIbHBIX JICHCTBUH CO CTOPOHBI JIETYHKA.

IIpu OokoBOM BeTpe BO Bpemsi pa3bera CamoJIeT HUCIBITBIBAET OOKOBOE JaBJIECHHE, T. €. JBIIKETCS

OTHOCHTENILHO BO3/IYLIHOTO MOTOKA CO CKOJIbKEHUEM. YT CKOMbkeHus obo3nadaercs 3 (Puc. 6).

B pesynbrate neiicTBus GOKOBOTO JABJIEHHS HAa CAMOJIET JEHCTBYET GOKOBas adpoauHamudeckas cuna g

1 KpeHsmui MOMeHT Mygp(Mxp).

BokoBas cuna Zg npunoxkeHa B 00koBoM (OKyce camosieTa I103a[d LeHTpa TskecTd. OHAa CTpeMuTCS
MCKPUBHUTbH TPACKTOPUIO IBWXKEHHMs (IO BETPY) M CO3JA€T MyTEBOH MOMEHT Myg, pasBOpadMBAIOLIMA CaMoyeT
HaBCTpEUIy BETPY.

Pa3uble cubl TpeHMs JEBOrO M MPABOIO KOJIEC CO3JAIOT IyTEBOM MOMEHT My,,. B manHom cimyuae Frp
>F1pyp 3a caer momenTa kpena Mxg. MomenT Myrp HanpaBiieH B IPOTHBOIIONOKHYIO CTOPOHY MOMeHTY Mxg. llpu
pasbere Mxpg > Myrp, npudeM npH yBeanueHuH cKopocTd Mxpg pacter, a Myrp YMEHbLIACTCS M CaMOJIeT BCe
CUJIbHEE CTPEMUTCS Pa3BEPHYTHCS MPOTUB BETPA.

CrpemieHre caMojieTa pa3BEepHYTbCS IPOTHB BETpa JIETYMK HApuUpyeT B IIEPBOM MOJOBHHE pa3dera
pa3aeIbHBIM TOPMOKCHUEM

—_— e jAX. 9
Mx 3
ZH

—

25
- =
Zn Znp
W 7 77 7
N Nnp

Puc. 6 Cxema cun, oeiicmeyroujux na camonem Ak-52 npu pazbeze c 60K06bIM 6empom
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Puc. 7 Cxema cui, l)eﬁcmeylomux Ha camojiem npu yCmpaneHuu CHoca CKoJjbicenuem Kojiec, a 60 smopoﬁ
nwzoeuuepa&‘éeza - OMKJIIOHEeHUuem py/ia Hanpaejienus

Kpensitiee Bo3elicTBre OOKOBOIO BETpa JETUUK MAPUPYET OTKIIOHEHUEM PYUKH yIPaBICeHUs (JJIEPOHOB) B
Ty CTOpPOHY, OTKyzaa ayer Berep. OTKIOHEHHE 3JIEPOHOB CO3[MACT MyTEBOW MOMEHT 3a CYET Pa3HBIX JIOOOBBIX
COINPOTHBIICHUH TOJNYKPbLIbEB, KOTOPBIA I[OMOraeT MOMEHTY OT pyJisi HampasieHus. [lo Mepe yBeaH4YeHUs
CKOPOCTH ¥ TMOBBIIICHUs] S(PPEKTUBHOCTH 3JEPOHOB pydKa YIPABICHUS BO3BPAILAETCs K HEHTpaIbHOMY
MOJIOKEHUIO (BO M30€KaHue OT3hIBA CaMOJIETa C OJTHOTO KOJieca).

Bokosas aspoounamuueckas cuna Lg Ha pazdere yacTHYHO YpaBHOBEIINBAETCS OOKOBOW CHJION peakunu
TpeHHs Kosec Zn, .a IIpY OTKJIOHEHUH JICTYMKOM PYJIsl HAIIPABICHH [UIs TapUPOBAaHUS Pa3BOPOTA CaMOJIETa €IIe U
cuioit Zxk. ITo mepe yBennueHus ckopoctu Zg pacTeT, a ZK yMeHbIuaercs (Zx. =Zn+Zp)-

JBmwxenue camoiera npu pazbere OyAeT COXpaHATHCS NPSIMOJMHEHHBIM JI0 TE€X IOp, MOKa C POCTOM

CKOpOCTH OoKoBas adpoarHaMU4YeCKasa Cujia HE JOCTUTHET MAKCUMAJIbHOI'O 3HAYCHUA OOKOBOM CHJIBI KOJIEC.

CkopocTb pazdera, COOTBETCTBYOLIas paBeHCTBY Zg = ZKyakc Ha3bIBACTCS CKOPOCHIBIO CKOJIbHCEHUS.
Jus pazbera 6e3 cHOCa CKOPOCTb CKOJBKEHHS MOJDKHA OBITH OOIIBIIE CKOPOCTH OTPBIBA, TaK KaK MpPU IOIbEME
HepeIHero Kojeca U YBEeJIWYCHHH YIJIA aTaKW CKOPOCTh CKOJIBXEHHUsS pe3ko majgaet. [Ipu 3HaYUTEIbHOM OOKOBOM
Berpe (3...5 M/c) menecoobpasHo mepeaHee KoJaeco MOAHUMaTh He Ha ckopoctd 90 km/4, a Ha ckopoctu 105...110
KM/.

[Tocie oTpbIBa CHOC caMoJieTa yCTpaHsEeTCsl CO3JaHuEeM CKOJIBXKEHHS B CTOPOHY, OTKyZa jxyeT Betep (Puc.
7). Kpen Bblaep:kuBaeTcs TakuM, 4T00bl 1oracuth cHoc (Ysin Y +Zy-Z § = 0). CTpemiieHue camMoiieTa K pa3BoOpoTy
NapupoBaTh HAKUMOM Ha Ieallb, IPOTHBONOIOKHBIM KpeHy (My g-Myy = 0).

IMocne ybopku maccu (¢ BbICOTHI 30 M) CHOC caMoJieTa KOMIICHCHPYETCsSI BBEJCHHEM IONPAaBKH Ha KypC,
PaBHOM BEJIMYMHE yIila CHOCA.

CXEMA CUJI U YPABHEHUSA IBUKEHUSA HA PA3JIMUHBIX DTAITAX B3JIETA
IIpu pa3dere Ha caMoOJIET JEHCTBYIOT a3pOIUHAMUICCKHE CHIIBI:
- IOIbEMHAs CHJIa Kpblia Y
- cr1a T0O0BOTO COMIPOTHBIICHHS X;
- Bec camoJera G;
- CWJIa TSTY CUIJIOBOM YCTaHOBKH P;
- HopMaJibHas peakius 3emid N=N;+N;
- CHJIa TPEHUs Kojec o 3eMHyIo nmosepxHocts F=F+F, (Puc. 8).

Kak yxe roBopunocs pasnee, B a9poAMHAMUKE U JUHAMUKE II0JIETa CaMOJIeTa PacCMaTPUBAETCs IBUKEHUE
LIEHTPa TSHKECTH OTHOCUTENIHHO BHEIIHEH CPeabl M JBIDKEHUE YacTel caMoeTa BOKPYT LIEHTpa TsHKecTH. B manHOM
Cllyyae PacCMOTPHM JIBIDKCHNE IEHTPA TSKECTH.

YpaBHEHUS JBIKEHUS LIEHTPA TSHKECTH caMoJieTa IpH paz0ere MMEoT BHII:

YcnoBue pazrosa
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P—X—F:Ed—V>O,

g dt (7.21)

Puc. 8 Cxema cun, deiicmeyroujux na camonem Ak-55 (a) u camonem Ak-52 (6) na 3neme

yciaoBue HpﬂMOJ’IHHeﬁHOFO pa3roHa

Y+N-G=0. (7.22)
B ypaBuenuu (7.21) cuna Taru qoimkHa OBITH OONbIIE JTOOOBOTO COMPOTHBICHUS W CHIIBI TPEHUS KOJIEC
G

BMECTE B3ATHIX MIIM MPOU3BEJIEHHE MACChl - & - Ha MPUPOCT CKOPOCTH JIOJKHO OBITH GoJIbINe HyNsA. B ypaBHeHUH
(7.22) Bec camornera JODKEH OBITh paBEH CyMMeE IOJIBEMHOM CHIIBI M peakiuu 3eMid. CHITy TATH CIIeAyeT CUUTATh
HalpaBJICHHON IO CKOpoCTH MABWXeHWs. CHIly TpeHHs OINpelelNisfoT Yepe3 HOPMalbHYH peakuuioo N H
Kod(punueHT TpeHus [

F=Nf. (7.23)

KoaddunmenT tpenuns f pu pazdere Ha koecax mo 6erornoit BIIII pasen 0,03...0,05, a mo TpaBstHUCTOMY
rpyHry - 0,1...0,12.

Ilo mepe yBenmn4eHHs CKOPOCTH IOJeTa MOABEMHAs CHJIa pacTeT, a HOpPMallbHAas PEaKIus 3eMITH
ymenbiiaercs. Korna nogsemMHas cijia CTAaHOBUTCS] paBHOM BECy CaMOJIETa, TO OH OTPHIBAETCS OT 3E€MJIH.

Ha srtanax pasroHa u mogbeMa Ha caMmoOJeT ACHCTBYIOT CIEAYIOLIME CHUJIbL: MOABEMHas cwia Y; Bec
camourera G; cuna Tsru P (Puc. 8).

ypaBHeHI/Iﬂ JABUIKCHUA LHECHTPA TAKECTU CaMOJICTa IIPU Pa3roHe ¢ IOAEMOM UMEIOT BU/:

YyCJI0BUE pa3roHa

. GdV
P-X—-Gsind=——>0;
g dt (7.24):
yciaoBue HpﬂMOJ’IHHCﬁHOCTH ImoJjera
Y-Geos € =0. (7.25)

B ypaBuenun (7.24) 1sara pBurarenst P jgoypkHa OBITH OOJIBIIE CYyMMBI JIOOOBOTO COIPOTHBICHHS U
COCTaBIISIIOIIEH CHJIBI Beca camolieTa, a B ypaBHeHuu (7.25) -mombemHas cwia Y JIOJDKHA OBITh paBHA

COCTaBJISIIOLIEH Beca camoiiera G cos 0.

VYpasuenus aswkenus (7.24) u (7.25) moka3pIBalOT, YTO caMoJIeT ABMKETCs psMmonuaerHo (Y=Gcos 0 )u
C YCKOpeHHeM. Y CKOpeHHEe PaBHO
) P-X—-Gsind
i=g > 0.
G

JEVCTBUS JJETUUKA ITPA B3JIETE HA CAMOJIETE $Ik-52

Ilepen BBIpyIMBaHHEM CO CTOSIHKH IIPOBEPUTH pabOTy ABHTraTes M 00OpYIOBAHMS CaMoOJeTa. 3almpOCUTh
paspernieHre Ha BeIpynuBaHue. [loaydanB ero, mpoBepuTh paboTy TOPMO30B U, YOSTUBIINCH, YTO PYJIECHUIO HIYTO HE
MEIIIaeT, OTIYCTUTh TOPMO3a M YBEIMYUTH OOOPOTHI JBUraTessi HACTOJIBKO, YTOOBI CaMOJICT Havall JABWXeHue. Bo
BpeMsl pyJIEHHUSI TOPMO3aMH CJIEyeT MOJb30BaThCs IUIABHO, Ha)KMMasi Ha TalleTKy TOPMO30B HMITYJbCUBHBIMH
JIBIOKCHUSIMH.

IIpu pyneHHH caMoJIeT CTPEMUTCSI pa3BEPHYTHCS BIIPABO 3a CUET AEHCTBUS PEAKIUH BO3AYIIHOTO BHHTA.
OT0 cTpemMIIeHHe TapUpyeTCsl OTKIIOHEHUEM PYJISl HAIIPABJICHHUS BIIEBO.
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[lepen BBIpyJIMBaHMEM Ha JIMHHUIO IPEIBAPUTEIBHOIO CTApTa OCMOTPETh MPOCTPAHCTBO BIEPEH, CICBA U
crpaBa. 3alpoOCHUTh y PYKOBOAWTEIS MOJIETOB pa3pelleHHE 3aHATh MpPEABAPUTENbHBIA cTapT. [lamee ocMoTpeTh
MIPOCTPAHCTBO B TOM K€ MOCIIENOBATEIIEHOCTH, 3alIPOCUTh pa3pelleHue, 3aHATh UCIOIHUTENbHBIA cTapT. [lomy4us
paspeleHue, BIPYJIUTh Ha B3IETHYIO 10JI0CY, NpopyauTh 10...15 M a51s ycTaHOBIIEHUS TIEPEHETO KoJleca 0 JINHUU
B3neTa. Haxatp Ha rameTtky TopMo30B. IIpoBepUTh NpaBMIBHOCTh YCTAHOBKHM TPUMMeEpa PYJIs BBICOTHI, TOKa3aHUS
AT'U-1K, paguoxomnaca APK-15M n o I'MK - kypc (Kypc Z0JKEH COOTBETCTBOBATH B3JIETHOMY).

[IpoBepuTh cTONOpEHHE MPHUBS3HBIX PeMHEN. 3anpocuTh pasperieHne Ha B3ier. [loay4nB paspenienne Ha
B3JIET, IUIABHO YBEJIIMYUTH 00OPOTHI JBUraTElIsl K OTIYCTUTh TOPMO3a, Ha4aTh pa30er.

B mepBoit monoBuHe paszbera, korga 3(QQEKTHBHOCTh pyJs HalpaBICHUS Mana, MPSIMOJIHHEHHOCTH
JBIDKCHHS CaMOJIeTa BBIIECPIKHBATE C MOMOIIBIO TOPMO30B OCHOBHBIX KoOJieC (KOPOTKHMMH MMITYJIBCAaMH), BO BTOPOIi
MOJIOBHHE (IT0 JOCTIDKEHHUIO CKOpOCTH 60 KM/4) - C TIOMOIIBIO PYIIS HATIPABICHUS.

Py‘le yhupasJICHUS 10 Havajla moJgbeMa NEepeaAHCro Kojieca ACPKaTh B HefITpaJ'ILHOM IIOJIOKCHHUH.

[pu noctmxerun ckopoctr 90 KM/4 IJIABHBIM JABMKEHHEM PYUYKH YIPABJIEHHS Ha ceOs MOJHATH TepeaHee
Kosieco 0 B3neTHoro moiyoxkeHus (10...15 cM OT 3eMJIM) U COXpaHATH ATO MOJIOKEHUE JI0 OTpbIBa camoJjieTa OT
3eMJIN.

Camorner Ha pa30ere CTpeMHTCSI OTKIIOHUTHCSI BIIPABO, YTO MAPUPYETCs] OTKIOHEHNEM JIEBOH TIEIANIH.
OTpBIB camoIIeTa MPOUCXOIUT IUIABHO ITPH CKOPOCTH IoJieTa, paBHOW 120 kM/4 1o mpudopy.

[ocie oTpbiBa caMoieT HE UMEET TEH/CHIMU K B3MBIBAHUIO M CBAMBAHUIO HA KPBUIO, PYJIH U 3JIEPOHbBI
3 PeKTUBHBI.

ITocne oTpbiBa mepeBecTH B3TISAA HA 3eMIIFO (BJIEBO OT MPOIOIBHOM OCH caMoleTa mox yrioMm 15..20° u
Briepen Ha 30...40 m). BeigepxuBanue u HaOOp CKOPOCTH MPOU3BOIUTCS C MOCTETICHHBIM yIAJICHHEM CaMoJIeTa OT
3emii. B mporecce pasroHa ¢ mogseMoM CIISIUTE 38 HA0OPOM BBICOTHI M HAITPABJICHUEM HA BEIOPAHHBIA OPUESHTHD.

Ha BwicoTe 20...25 M mpoBepHTh CKOPOCTb, KOTOpas NODKHA ObITh paBHa 170 km/d4, yOpark maccu u
MIEpEeBECTH CaMoJIET B HAOOP BHICOTEHI.

XAPAKTEPHBIE OIIUBKHU ITPU B3JIETE HA CAMOJIETE S1k-52

Brire Obutn PacCMOTPEHBI 3Tallbl HOPMAJILHOI'O B3JICTA CaMOJIETa SIk-52. OI[HaKO npu B3JIETC MOTYT
BO3HHUKHYTH CJIIETYIOIIUE OIIMOKHU B TEXHUKE TMAJIOTUPOBAHUA:

YKIIOHCHHUEC CaMOJI€Ta OT KypcCa B3JIETA,
HeCBOGBpCMeHHHﬁ TIOABEM IEPEAHETO KOJIECA,
OTPLIB CAMOJICTA Ha MaJoi CKOpPOCTH.

Camonem yKnousemca om HanpasieHus e3lema npu pazbeze. [IpmunHBI: HE YCTAHOBICHO KOJECO
(nmepenHee) Mo Kypcy B3/€Ta; JETYMK HENPaBHIBHO IOJIB3YETCS TOPMO3aMH; HEIOCTATOUHOE OTKIOHEHUE Py
HampaBJIeHUs1 BIEBO (A7 KOMIIEHCAIIMM MOMEHTa PEakIMy BO3YLUIHOTO BUHTA); HEMPABWJIBHOE paclpeaesieHue
BHUMAaHUSI.

Hpu OMK/IOHEHUU camonema om 3a0aHHO20 Hanpae/leHuA B MOMCHT Hadajla pa36era ClIeayeTr
HCIIOJIB30BAaTh TOPMO3a KOJIEC, YCTAHOBUTHL CaAMOJIET IO JIMHUU B3JIETAa U IIPOAOJDKATH pa366r. HpI/I 3HAYUTCIbHOM
OTKJIOHCHHUH OT 3aIaHHOT'O HAIlpaBJICHUSA B MOMCHT Hadajia pa36era IIPEKPaTUTH B3JICT.

Heceoegpemennwiiit noovem nepeonezo Koneca. JIeTUNK paHO W PE3KUM IBMKCHHUEM WM MTO3IHO U OYCHb
OCTOPOXKHBIM JIBIDKCHHEM PYYKH YIIPaBICHHS NOAHUMAeT mepernHee komeco. OCOOEHHO OmMaceH pe3kuil u
W3JIUIIHUH TTOIBEM TIEPEAHET0 KOJIECa, YTO MOKET IPUBECTH K MPEXIEBPEMEHHOMY OTPBHIBY CaMOJIETa OT 3€MJIH U
CBAJIMBAHUIO HA KPBUIO.

Ompoie camonema na manou ckopocmu. Ecmy 310 pon3oiieT, T0O HEOOXOIUMO HE JOMYCKaTh PE3KUX
KPCHOB M PE3KOTO IMEPeBO/ia caMolieTa B Ha0Op BBHICOTHL. [Ipu MOBTOPHOM KacaHHWH 3eMIIU HEOOXOJUMO CO3JaTh
HOPMAJIbHBI B3JIETHBIH yros ataku (yroj HojbeMa MepeHero Kojeca) 10 Habopa CKOpocTu OoTpbiBa. [Ipu oTphiBe
caMoJlieTa Ha MaJlol CKOPOCTH M MPH PE3KOM Mepexojie B HAOOp BBICOTHI YMEHBIIUTh YTIOJl HA00pa 0 33JaHHOT0, HE
JIOTYCKasi KPEHOB.
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IHOCAJAKA CAMOJIETA

[ocanka sBisieTCs 3aBEpINAIOIIUM JTANOM IMOJETa M IPEACTaBIseT CO0Oil 3aMeIUIeHHOe JBIKEHHE
camolieTa ¢ BBICOTBI 25 M JI0 IIOJHOW OCTaHOBKH mocje npobera mo 3emsie. Ilocajka camonera, Kak HpaBHIIO,

COCTOHUT M3 cienyromux 3tanoB (Puc. 1):
- IJTAHUPOBAHUS (CHIDKEHHSA);
- BbIpaBHHUBAHUA,
- BBIICP)KMBAHMUS,
- mpu3eMIieHuS (TTapaIIOTHPOBAHNA);

- mpobera.
]
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Puc. 2 Cxema "kpyza" Hao asapoopomom nepeo nocaoxoi

Ilocaaka - cinoXHBIM M OTBETCTBEHHBIM MAaHEBp, 3aBeplIAlOUIMil mosieT. EMy mpenmecTByloT BBIXOHA K
a’poAPOMY M 3aXO0J Ha TOCAIKY.

MaseBp 3axo/1a Ha MOCaJIKy NPOU3BOAUTCS B HEIOCPEICTBEHHOW OJIM30CTH K a3pOApPOMY M UMEET LEJIbIO
MOATOTOBKY €aMOJIETa K BBHINOJHEHHIO Nocaaku. IIpy Bu3yalbHOM 3axo[€ Ha MOCAAKY HOPMAJIBHBIM SIBIISETCS
JBIDKEHUE caMojeTa MO MPSMOYrojJbHOMY MapuIpyTy, HpPEACTaBISIOIEMY COYETaHHE OTPE3KOB MPSIMBIX U
passopotoB Ha 90° - Tak Ha3pBaeMblii “Kpyr” (“kopobouka”). “Kpyr” mepesn MOCaiKoil BBINIOTHAETCS HA
OTIpeIeIICHHON ISl KaJKIOTO THIIA JIETaTENbHBIX ammaparoB BeicoTe (Puc. 2).

PacuerHbiMu siBrstoTCS 3-if M 4-1 pa3BOpPOTHI, BHINONHSAA KOTOPBIE HAa ONPEAEIICHHOM BBICOTE M TOUYKE
MapuipyTa, JIeTYUK MPOU3BOAUT MpPeIBApUTEIbHBIN pacdyeT Ha MOCaAKy. YTOUHEHHME pacueTa Ha MOCafAKy, ydeT
BETpa MPOU3BOASITCA Ha ydacTke OT 3-ro u 4-ro passopora. [locne 4-ro pa3Bopora caMoyieT JOKEH ABUraThbCs
BIIOJIb OCH B3JIETHO-TI0ca10uHOM nonockl (BIIIT). o BeIcOTBI 50 M TOIDKHBI OBITH BBIMYIIEHB! 3aKPBUIKU (IIUTKH),
IIaCCH, YCTAHOBJIEHa HEOOXOAMMas CKOPOCTh MO TPAGKTOPHM CHIDKEHHMS M JIETYMK JOJDKEH OBITh yOeXIEeH B
ToyHOCTH pacdera. C BbIcoTh 30 M JIETYMK NEPEHOCUT B3I Ha 3eMiro. HaunHaeTcs BBINOIHEHUE NEPBOTO 3Tamna

IMMOCAaAK! - TUNTAHUPOBAHUE.

IINTIAHUPOBAHUE CAMOJIETA ITPU ITIOCAJIKE
Ilocagka camoneTa HauMHAETCS CO CHIDKEHHUS CaMoOJeTa. YTOl YCTaHOBUBIIErOCS IJIAHUPOBAHUS

ompenensiercs o Gopmyse

tgl = l
k (8.1)

HpeI[HOCéII[O‘{HOC HJIaHHpOBaHI/Ie BBIITOJIHSICTCS C BBIHYIIIGHHLIMI/I maccu " 3aKpLIJ'IKaMI/I (IIII/ITKaMI/I),
H03TOMy aSpO,Z[I/IHaMI/I‘IeCKoe KAa4eCTBO HEBCIIUKO. YFOJI HJIaHI/IpOBaHI/Iﬂ nu BCpTI/IKaJILHaH CKOpOCTL HpI/I 3TOM
3HAYUTCIIBHO YBGHI/I‘H/IBEIIOTCSI, qTo yCJ'IO)KHSICT TeXHI/IKy BBITIOJTHCHU S BLIpaBHI/IBaHl/IiL HpI/I HAJIMYHUU TATU erJ’I
HJIaHI/IpOBaHI/IH 58 BCpTI/IKaJILHaH CKOpOCTL YMGHBH.IaIOTCSI, H03TOMy Ha COBpCMeHHBIX CKOpOCTHBIX caMoJIeTax
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IUIAHUPOBAHUE OCYIIECTBIISETCS, KaK MPABUIIO, C HEKOTOPOH TATOH, TeM Oonee 4TO B 3TOM Cilydae OOJerdaercs
YXOJ Ha BTOPOH KpYT.

[Ipu mnaHUpOBaHUM JETYMK PACCUUTHIBACT MECTO MpH3eMIIeHHA. i 3TOTo cpa3y Ke IOCIe YeTBEPTOro
pa3BopoTa JETYMK YCTAaHABIMBACT 3aJaHHYIO0 CKOPOCTh IUTAHUPOBAaHHWA W HAKJIOH TPACKTOPHUH IUIAHHUPOBAHUS.
[IpsmonuHeitHOe CHIDKEHHE BRIBOIUT CAMOJICT B TOUKY Hadaia BeIpaBHHUBaHUS (Touka 4 Ha Puc. 1), Haxomsmryrocs
Ha BeIcOTe 6 - 10 M. Ilonoxenuwe mpsimoii 4 B (TpaeKTOpPHHM CHWXEHHS) OTHOCHUTEIHHO ITOCAJOYHON IOJOCHI
3a/1a€TCSl PACCTOSTHUEM X, ONPEICISIIOIINM YAAJIEHHOCTh TOUkU B oT kpas BIIIL [{nsa xaxnmoro tuma camonera,
IUTaHepa BeNWYMHA X CBS3aHa C WX a’pONMHAMHYECKHMHU XapakTepUCTHKaMH M B TEPBYIO OuYepenp C
a’pOAMHAMUYECKUM KadecTBOM. Ha miiaHupoBaHHHU Nepes MOCaIKoH JKeaTebHO, YTOObl CKOPOCTD 10 TPAEKTOPUU
1 BEPTUKAJIbHAsA CKOPOCTh CHUKCHUA 6bIJ'II/I IO BO3BMOYXHOCTH YMCHBIICHDI. C sroit LCJIbIO MPUMEHAIOTCA 3aKPbUIKH,
MIATKH WM Jpyrue BHIbl MEXaHHM3alMH KpbLIa, KOTOPHIE YBEIMYMBAIOT KOI(PQUIMEHT NOABEMHOW CHIBI U
YMCHBINAIOT TOTPEOHYI0 CKOPOCTh IUIAHWPOBAHWSA. TeM CaMbIM YIPOIIAETCS TEXHUKA BEHIOJHEHUS MOCAIKH U
MOBBILIAETCS €€ OE301IacCHOCTb.

IIpu yBennueHuH Beca camMosieTa YBEIUYMBAETCS €r0 CKOPOCTh MO TPAEKTOPUH. YTOJ IJIaHUPOBAHUS MPU
3TOM IPAKTUYECKH OCTAECTCS HEU3MEHHBIM.

[InmarupoBaHme caMmolieTa 10 BEICOTH Hadaia BEIPAaBHUBAHUS SBIISETCS OJHAM U3 OTBETCTBCHHBIX ITAIlOB B
obecredeHn HOpMaJIbHON MTOCAIKH.

[IpakTHKON yCTaHOBJIEHO, YTO HauOOJIbIIEe KOJIMIECTBO OMIMOOK B TEXHUKE IHMIOTHPOBAHUS COBEPILCHO
Ha dTaIle MPernocagouHoro IaHUPOBAaHKS U NPH BbIX0/€ U3 Hero. OCHOBHOW NPUYMHOM 3THX OLIMOOK SIBJISIETCS TO
00CTOSTENILCTBO, YTO JIETYMK, OTBJIEKas BHUMAaHHE OT NHWJIOTHPOBAHMS CaMmoJieTa Ul HAOIIONCHMS 3a 3eMIICH,
YTOYHEHHUs] pacueTa Ha MOCAaJKy W MpPaBHWIBHOCTH 3aX0Ja II0 OCH MOCAJOYHOW IOJIOCHI, TEPSET CKOPOCTh M
HapyIIaeT KOOPJHHAINIO OTKIOHEHHS PyJIeH.

BbIPABHUBAHUE

BrlpaBHuBaHue npeacTapisier co0OH Mporece Iepexosa OT NMPSIMOJMHEHHOr0 paBHOMEPHOTO CHIDKEHHMS K
TPaeKTOPUU TOPU30HTAIBHOTO I0JIeTa B KOHIE BhIpaBHMBaHMS. IIpu mojaxone K BhICOTE Hadajga BhIPABHUBAHUS
(xoTopast ompenenseTcss BH3yalbHO W cocTaBisgeT 8-10 M) JEeTYWK, OTKIOHSS PYydKy VIpaBiIeHHsS Ha ce0s,
YBEJIMYMBAET YToJl aTaky caMoJIeTa, CO37[aBas TEM CaMbIM JIOTIOJHHUTENBHYIO NMOIBbEMHYIO cuiy AY, KoTopas

UCKPUBIISIET TPACKTOPHIO.
b‘*\\ 9

THIFTYE

Puc. 3 Cxema cun, oelicmeylowjux Ha camosiem npu GolPpaGHUBAHUY U BbIOEPHCUCAHUU

VBennueHne yriia atakd COIIPOBOXKIAACTCSA YBCIMYCHUCM CHUJIbL J1000BOrO COIIPOTUBJICHUSA, BCJICACTBUC
Yero MnpoucxoAuT YMCHBLIICHUEC HOCTyHaTeJ'IBHOﬁ CKOpPOCTH. ﬂpyFOﬁ HpH‘lHHOfI YMCHBIICHUSA HOCTyHaTeJ’ILHOﬁ

CKOPOCTH SIBISIETCS] YMEHbBIIIEHUE COCTABJISIONICH CHlbl Beca (G, M3-32 YMEHBIIICHHS YIJIa HAKIIOHA TPAEKTOPHH 0
(Puc. 3).

BripaBHuBanue 3akanunBaercs Ha Bbicore 0,75-1,0 M. TpaexTopust 3TOro MaHeBpa IMpPH HOCTOSHHON
nmorbeMHoM cuite (¥ + AY) npeacrasiser co00it KpUBYIO, OTU3KYIO K OKPYKHOCTH.

BBIAEP’KUBAHUE

BrlnepxvBaHue TPOU3BOIMTCS JUISi YMEHBILEHUS CKOPOCTH IO II0C3J0YHON M TpEeCTaBiseT co0oit
TOPMO’KEHHE CaMoJIeTa B TOPH30HTAIBHOM IToJieTe (cxema CHil okazaHa Ha Puc. 3). IIpu Belaep>KMBaHHM caMOJIeT
JIETUT TOPH3OHTAIBHO, Tak Kak ¥ = G, a CKOpOCTb IOJIETa yMEHBINAETCSl M3-3a TOrO, YTO CuiIa JOOOBOTO
CONIPOTHBIJICHHST HWYEM HE YPAaBHOBEIIEHa M TOPMO3UT ABWXEHHE. [ mojnep)kaHWs 3aJaHHOM BBICOTHI HaJ
MOBEPXHOCTBIO a3pO/IpOMa 10 Mepe MaJIleHNsI CKOPOCTH JETYNK COPa3MEPHO, B3ATHEM PYUKU Ha ce0sl, yBEITMIMBACT
yron atakdu (1. e. Cy), 4TO NO3BOJIET COXPAHMTHh MOJBEMHYIO CHIy, a CII€[OBATEIBHO, M TPSIMOJIHMHEHHOCTH
TPaeKTOPHUH.
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B MOMEHT, KOrja yrojl aTakd OKaXeTCs PaBHBIM MOCAIOYHOMY (OL=Olpoc), JaJbHEUIIICE €ro yBEIHUCHHE
npekparaoT. CKOpOCTh MOJIETa MPH BBIIECPKUBAHUN, COOTBETCTBYIOIIAS ITOMY MOMEHTY, Ha3bIBACTCS TIOCAJOYHOM.
B mpomecce BemepkuBaHHA camoneT CcHmkaercss A0 BeicoTel 0,25-0,30 M. Ilocme »sToro HauymHaeTcs
MapaloTpoBaHue, Mpu KoTopoM ¥ < G, a CKOpPOCTh MPAKTHYECKU HE yCIIEBAE€T U3MEHUTHCS, TAK KaK OHO JUTHUTCS
MaJioe BpeMsi ¥ CaMoJIET MPU3EMIISIETCS Ha MO0CAI0YHYIO MOJIOCY.

B KOHIIC BBIACPIKMUBAHUA NIEPEA MMPU3CMIICHUCM IMOABEMHAs CUJIa paBHA BECY CaMOJICTa, T. €. y= G, a yrojia
aTaKy paBEH MOCaAJOYHOMY, TOraa

2
pUZHOC -S UHOC — —G.
2 oTKya CY oc PS

[Tpyn npuOnmkeHMH K TOBEPXHOCTH 3€MJIM HAuMHAET CKa3bIBaThCS 3(PdEKT «BO3AYLIHOH MOIYIIKH»,
BCJIC/ICTBHE YEr0 MPOUCXOIUT KaK Obl yBEINYEHHE TNIOTHOCTH BO3ayXa. C y4EeTOM 3TOrO SIBJICHUS] MOKHO 3aIncaTh

Y=G=Cypc

2G

Vyoc =094 | ——m—,
e Y nocPS (8.2)

rae G - Bec camoJiera Ipy MOCaaKeE;

CVnoc - K0O3GOUIMEHT MMOABEMHOHN CHIIBI IIPH ITOCAJOYHOM YTIIE aTaKy;

0,94 - ko> puUIHEHT, YUNTHIBAIOIINI OTH30CTH 3EMIIH.

[TocamouHO#t CKOPOCTHIO HAa3BIBAETCSI CKOPOCTH B MOMEHT Ipu3eMiieHnsi. OHa y BCEX CaMOJIETOB MEHBIIE
CKOPOCTH OTPHIBA. ITO OOBACHAETCA TEM, YTO IIOCAJ0YHBIA BEC CaMOJIETa MEHBIIE BeCa B3NIETHOTO, a Cynoc > Cyorp,

MIOCKOJIBKY HCIIONIB3YeTCS OONBIINH yrojl OTKIOHEHHWS 3aKPBUIKOB (IIWTKOB), 4, KpPOME TOTO, IEpeld CaMbIM
MIpHU3EeMJICHHEM HEeT HEOOXOIMMOCTH UMETh 3aIlac yIiia aTakd, Kak MOCiIe OTPHIBA.

W3 ¢dopmynsr (8.2) crnemyer, YTO 3aBHCHMOCTB ITOCAJOYHON CKOPOCTH OT Beca camoleTa, aTMOC(EpHBIX
yCIIOBHH U K03(PHIIMEHTA TObEMHOI CHIIBI TaKasi ye, Kak 1 CKOPOCTH OTPbIBA.

INPOBEI' CAMOJIETA

Hp06er CcaMoOJI€Ta ABJIACTCA 3aKIHOYHUTCIIBHBIM 3TallOM IIOCAaAKH. Ilocne xacanus 3eMiHd caMoOJIeT
COBEpLIACT r[p06er Ha OCHOBHBIX KOJIECAaX IIacCH (,HJ'IH CaMOJICTOB C HOCOBBIM KOHCCOM), OCJIC 4Y€ro JICTYUK IIJIaBHO
OITYCKAacT HOCOBOC KOJICCO U HAYUHACT TOPMOKECHUE OCHOBHBIX KOJICC. YV caM0eTOB ¢ XBOCTOBBIM KOJIECOM nocajgka
COBEPIIACTCA HA BCE TPU TOUYKHU U TOPMOKEHUE OCHOBHBIX KOJIEC TIPOU3BOAUTCA C TAKUM PACUCTOM, 4TOOBI HE OBLIO
KalmoTUPOBaHUA CaMOJIETa.

['maBHOW XapakTepHCTHKOI npolera siBisiercst ero anuHa. [nuHoi npodera Lpp Ha3biBaeTcsl paccTosiHue,
MPOXOAUMOE CaMOJIETOM IO 3eMJIe OT MOMEHTA IPU3EMIICHUS 10 ITOJHON OCTAaHOBKU.

JIBmkeHmne camosera Ha mpobere sSBIseTCs paBHO3AMEUIEHHBIM C HEKOTOPBIM CPEIHUM 3aMeIeHuEM Y cp.

Ha mpoGere kpoMe HEenpepbIBHO YMEHBIIAIIUXCS a3pOAMHAMHYCSCKUX ¢l Y U Q Ha caMojeT IeHCTByeT
cuia TpeHus kKoxeca o 3emito F=F+F, (Puc. 4).

ITo Mepe yMEHBIIIEHHSI CKOPOCTH MOABEMHAs CHJIa U CHJia JIOOOBOTO COMPOTHBICHHS YMEHBIIIAIOTCS, a
cuibl peakiuu 3emin Ny 1 N, yBeJIMUuBaroTCS.

YpaBHEHHE IBIXKEHUS caMoJieTa Iy Ipolere MOXHO 3aIHcaTh

EinP =Q+F,
g (8.3)
rae F = f(N; + N,) - cuna TpeHus..

Puc. 4 Cxema cun, deiicmeyroujux na camonem npu npooeze

Cunamu, 3aMeUISIONIMME JABMKEHHE Ha npolere, Kak cieayer u3 Gopmysl (8.3), sSBISIOTCS CHIa TPEHHS
KoJiec 0 3eMinto £ 1 cuiia jo6oBoro corporusienus Q. Jinna npobera onpenensiercs o hopmyiie



ASPOJUHAMMUKA CAMOJIETA

2
I = Yroc
np =S
Lep (8.4)
U3 popmysr (8.3) MOKHO HalTH
. O+F
lep ==8— -
G (8.5)

W3 anannza popMys BUAHO, YTO JUIS YMEHBIICHHS JUIMHBI IpoOera He0OX0ANMO YMEHBIIATh TOCAI0YHYI0 CKOPOCTh
(Vroc) wim yBenmumBath Topmossiue ciisl Q u F. YBenmueHne nocineqHel mpou3BOIUTCS 3a CUET IPAUMEHEHHS
TOPMO3HBIX YCTPOHCTB Ha KOJiecax Iaccu. YBenndeHne cuiibl Q ocymecTBIseTcs IPUMEHEHHEM TOPMO3HBIX

TIOCAJOYHBIX ITapalIrOTOB.
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YCTOMYUBOCTD U YIIPABJISIEMOCTH CAMOJIETA

Jlro60it camorneT, MOIHABIIMKCSA B BO3AYX, KPOME BBICOKHX JIETHO-TAKTHYECKHX MAHHBIX IOJDKEH OBITH
XOpOIIO YPaBHOBEWIEH, OBITh YCTOWYMBBIM M OJHOBPEMEHHO XOPOIIO YIPaBIsAeMBIM. BEITONHEHHE 3THX
TpeOOBaHUH - CIIO’KHAS KOHCTPYKTHBHAS 3a/1a4a.

[Toner camonera ompexensercs €ro B3aUMOACHCTBHEM C JPYTMMH TelaMH M TJaBHBIM 00pazoM C
BO3/IyXOM, OOTEKAIOMINM KPBIIO, (DI03EISHK, TOPU3OHTAIBHOE OnepeHne u T. 1. IIpu B3aMMOJEHCTBHU C BO3LYyXOM
BO3HMKAIOT BHEIIHUE a3POJMHAMHYECKUE CHJIbI, KOTOPbIE HAarpy>kKaroT CaMOJIET M CO3[al0T MOMEHTHI cuil. Jlis
OCYIIECTBIICHHSI PA3IMYHBIX PEXHMMOB I0JieTa TpeOyeTcsl IOJIHOE WM YacTUYHOE pPAGHOGecue BHEIIHUX CUI U
MOMEHTOB, JIECTBYIOIINX HA CAMOJIET.

YcnoBust paBHOBECHS 3aITUCHIBAIOTCS CIICAYIOIINM 00pa3oM:

X =0 SMx =0
V=0 >My =0 .1)
57 =0 Mz = 0.

W3 ypaBHEHUI ciieyeT, 4To B yCTaHOBUBILEMCS IIPOJIETE POEKLMHU BHEIIHUX CWI Ha ocu X, ¥, Z, a Takxke
MOMCEHTBI OTHOCUTECIIBHO 3TUX oceﬂ JOJIPKHBI 6bIT]:- paBHbI HyJ'lIO.

Yemoiiuueocms  xapaxtepmsyer cmocoOHOCTH camosieTa 0€3 BMEIIATEeNhCTBA JICTYMKA COXPAHATH
3aJlaHHBIN PEeKUM IOJIETa.

Ynpaensemocmp - 310 cIOCOOHOCTBH caMoieTa JOHKHBIM 00pa3oM pearupoBaTh Ha OTKIOHEHHE JIETYMKOM
pyiel ympaBneHus (pyJied BBICOTHI, NOBOpPOTa M JJIEPOHOB). MeXIy paBHOBECHEM, YCTOWYHMBOCTBIO H
YIIPaBISIEMOCTHIO CYLIECTBYET OIPEAEICHHAs B3aMMOCBsA3b. B o0Iiem ciyyae ABMKEHHE CaMoOJIeTa OKa3bIBACTCS
BECHbMa CII0KHBIM, [TO3TOMY ULl YAOOCTBA aHAIN3a €r0 Pa3jiaraloT Ha MIPOCTEHIINE BU/BI: TPOAOIBHOE U OOKOBOE.

CO0OTBETCTBEHHO C TPOOJILHBIM U OOKOBBIM JIBI)KEHUEM CaMOJIETa pacCMaTPHUBAIOT:
- IPOZIOJIbHOE 1 OOKOBOE PABHOBECHE;

- IIPOJIOJIbHYIO U OOKOBYIO YCTOHYMBOCTE;

- IPOJIOJILHYIO ¥ OOKOBYIO yIIPaBIsEMOCTb.

JIroboe BpaleHne camosieTa BOKPYT €ro HEHTpPa TSDKECTH MOXKHO Pas3loKWTh HA BPAIEHHE BOKPYT TPEX
B3aMHO NEPIEHIUKYISPHBIX oceit X, Y, Z, npoxonsumx 4epe3 UEeHTP TsKecTH. [Ipu u3ydeHun ycTOM4YMBOCTH U
YIPaBISIEMOCTH OOBIYHO HCHOJIB3YIOT CBSA3aHHYIO cucTeMy KoopauHat (Puc. 1). B cBs3aHHOM cucTeMe KOOpAMHAT
ochk X, CBsI3aHA C CaMOJIETOM, TTapajIesIbHa OCH CaMOJIETa WIIM XOPJI€ KPbIIa U HAXOIUTCS B IFIOCKOCTH CUMMETPHHU.
Ocp Y, HaxoguTcsl TaKKe B INIOCKOCTH CHUMMETPHH, MEPIEHAUKYISIpHa OcH X; M HampaBieHa BBepx. Oce Z
NEPIEHIUKYIISIpHA ocM X U ¥V 1 HanpasiieHa B0JIb IPAaBOU IJIOCKOCTH.

COOTBETCTBEHHO TPEM OCSIM Ha CaMOJIET ACHCTBYIOT CIIEIYIOIINE MOMEHTHI.
1. IIpodonvhbiit Momenm UM MOMEHT TaHTaxa Mz CTpeMSIIUICS TOBEpPHYTh CaMOJIET BOKPYT OCH Z;.

[IpononbHEIE MOMEHT MOXET OBITh KaOpHPYIOIIMM, CTPEMAIIMMCS YBEIUYUTH YToJl TaHTaxa, HIN
MUKHUPYIOIINM, CTPEMSAIIUMCS YMEHBIINTD YTOJ TaHTaXa.

2. ITonepeunwiit Momenm I MOMEHT KpeHa MX, CTpeMSILUICS IOBEPHYTh CAMOJIET BOKPYT OCH X

3. Ilymeeoit Momenm W1 MOMEHT PBICKaHBs My, CTPEMSIIUIICSI OBEPHYTh CAMOJIET BOKPYT OCH Y| T. €.
U3MEHUTBH KypC caMoJleTa.
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M ’ My
X M~ MOMEHT KPEHA
Mz~ MOMERT TAHFANAA
My~ MOMEHT PHICKAHKS

Puc. 1 Ocu epawenusn camonema

IPUHIMII JEMCTBUSA PYJIEN

Jnst GanmaHCUPOBKHU caMoJieTa OTHOCHTEIBHO €TI0 LEHTPa TSHKECTH B YCTAaHOBHBILEMCS IIOJIETE, a TAKXKE JUIs
YIpaBJICHUS] CaMOJIETOM IPUMEHSIOTCSI pa3iIM4Hble a’poJuHamMu4eckue pynu. Ha camonerax ¢ oObl4HON cxeMoi
yIpaBJieHUs] IOBOPOT M OaJlaHCHPOBKA €ro OTHOCUTEJIBHO IONEPEYHOW OCH Z OCYLIECTBISIOTCS PYJISIMH BBICOTHI
(unu  ympasisiemMblM  ctabunu3aropoM). OTHOCUTENBHO TPOJONBHOM ocu X camoneT OallaHcHpyeTcs |
MIOBOPAYMBAETCS C IOMOIIBIO AJIEPOHOB, PACHIOIIOKEHHBIX B 33/IHUX YaCTSAX KOHCOJICH KpbUIa U OTKJIOHSAIOLINXCS Ha
NPaBOM H JIEBOM KpbUIE B IPOTHBOIOJIOXKHBIE CTOPOHBL. B moMomis 35epoHaM Ha CKOPOCTHBIX CaMoJIeTax
MPUMEHSIOTCSI HHTEPLENTOPBI, KOTOPbIE KaK Obl yBENNYNBAIOT 3P(PEKTHBHOCTH SIEPOHOB.

OTHOCHUTENBHO OCH Y camoneT OajllaHCHPYeTCs M IOBOPAauMBAETCS C IMOMOINBIO PyJs IOBOpOTa (MU
MOBOPOTHBIM KHUJIEM).

3a MOJOXUTEIbHOE HAMPABICHUE MPUHUMAETCS TAaKOe OTKIOHEHHE pyJiei, KOTOpOe CO3/aeT
OTPHULATENbHBIIT MOMEHT OTHOCHTEIILHO COOTBETCTBYIOIINX OCel camouieTa (pylib BBICOTHI - BHH3, PYJb IOBOPOTA -
BIIEBO, JIEBBIN AJIEPOH - BBEPX).

A’poounamuyeckuii  pyas  OpEICTaBIseT COO0OH  OTKIOHSIOIIYIOCS — 3aJHIOI0  4acTh  Kpblia,
TOPH30HTAILHOTO ONEpeHus (CTadmiInM3aTopa), BEPTUKAIBHOTO OIEepeHHs (Kmisf). 3a CUeT OTKIOHCHHS Pyt
o0pasyercst JOIIOJHUTEIbHAs a3POIMHAMUYECKas CHIIa (TIOJIOKHUTEbHAS WIIM OTPHLATENIbHAS) Ha y4acTKe HecyIei
HOBEPXHOCTH KpbUIa, CTAaOWIM3aTOpa WM KWL, KOTOpas pacllojoKeHa Ha COOTBETCTBYIOLIEM PACCTOSHUH M0
LIEHTpa TSDKECTH CaMoJIeTa M CO3JaeT MOMEHT, HEOOXOAMMBIH aIs OalnaHCUPOBKH M YHPaBICHHS CaMOJIETOM
OTHOCHTENBHO €ro LEHTPa TAKECTH.

Puc. 2 /leiicmeue pyns evicomut

[elicTBue pyneil Ha 03BYKOBBIX CKOpPOCTSX IOJe€Ta OOBACHAETCS TE€M, YTO BO3MYIUEHHS, BBI3BAHHBIC
OTKJIOHEHHEM DpYJIeH, pacHpOCTPaHSIOTCS BO BCEX HAIPABJICHMSAX: IO MOTOKY M HAaBCTpedy HOTOKy. Bcmencreue
3TOr0 MPOMCXOAUT MEpEpaclpeneiIeHie MAaBICHHS MO BCEH JUIMHE XOpAbl Hpoduis, B TOM YHCIE U Ha
HETIOJIBIKHBIX HECYIINX MOBEPXHOCTSIX, CHAOXKEHHBIX pyneM. Eciu, HanpuMep, OTKJIOHUTD PyJIb BBICOTHI BHU3 Ha

HekoTopsIit yron O (PHc. 2), TO 3TO BBI30BET JOMOJHUTENLHOE PA3PEKEHHE CBEPXY CTAOMIN3ATOPA | TIOBBIIIEHHE
JIaBJICHUS BHU3Y, YTO H MPUBEIET K CO3AAHUIO JONOIHUTENBHON MOIBEMHON CHIIBI HA TOPU30HTAILHOM OIIEPEHUU B

1enoM (IOJBUAKHOM M HEIOJBUKHOM ero yacreil). JlononautensHas noasemuas cuna AY o Ha ropusonTansHom
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OIICPEHNU CO30acCT JIOTIOJIHUTENBHBIH MOMEHT OTHOCHUTEIHFHO LEHTPA TAXKECTH, KOTOpLIfI IIPETBOPUT B IMTPAKTUICCKOC
JIEVCTBHE 3aMBbICET JICTIHKA.

HOEHTP TAXKECTH CAMOJIETA

Bec camornera ckiampIBaeTCs U3 Beca IyCTOTO camoJeTa (TUIaHep, IBUTATeIH, HeCheMHOE 000pyAOBaHueE),
BeCa TOIUINBA, OOETIPHUIACOB (Ha BOGHHBIX CaMOJIETAX), IPY30B, SKHUIIAXa U T. 1. Ecian HaliTH paBHOIEHCTBYIOIIYTO
CHJI Beca BCEX YacTeW caMoJieTa, TO OHA IPOMAET 4Yepe3 HEKOTOPYI0 TOYKY BHYTPH CAaMOJIETa, HA3bIBACMYIO
YEeHmMPOM madcecCmu.

Puc. 3 Onpedenenue yenmpa maixcecmu camoiema Memooom 636CUiUBaAHUA

ITonoxenne 1meHTpa TsoKecTH (I T.) HA caMoJieTe OOBIYHO OIpenesseTcsl METOJIOM JIBOWHOTO
B3BelMBanus. CamMoJIeT yCTaHaBIIMBAETCS Ha BECHl B JIBYX MNOJIOKEHMsIX, Kak moka3aHo Ha Puc. 3. Ilpm kaxnom
B3BEIIMBAaHUU 3aMEPSIOT MOKa3aHUs MEpeJHUX M 3aJHUX BECOB. 3Has PacCTOSHUE MEXAY BecaMH M IOKa3aHUs
MepelHuX U 33/JHUX BECOB B O0OMX CIIy4asX, IO ITpaBHJIaM MEXaHHMKU OIPENEISIOT Ul KaXIOro W3 ITHX
MOJIO)KEHUH caMoJIeTa BEJIMYMHY PaBHOJACHCTBYIOUIEH CHIIBI M JIMHUIO ee NelcTBus. Touka nepeceuenusn aunuu
Oeiicmeus pasnooeiicmeyrouiux 1-1 u 2-2 oyoem yenmpom maxcecmu camoiema.

B nporuecce mosnera mo mMepe BhIpaOOTKM TOIUIMBa cOpoca rpy3oB (IIAPAIIIOTUCTOB) IMOJIOXKEHHE IIEHTpa
TSDKECTH MOXKET MEHSThCS, YTO HEXENIaTENIbHO C TOYKHM 3pEHUs] 0ajJaHCHpOBKM camosera B moiere. [TosTomy
KOHCTPYKTOPBI CTPEMSATCSI TaK Pa3MECTHTh I'py3bl B camolieTe, 4ToObl M3MEHEHHE HMX Beca HE OTpa)xkajloch Ha
MOJIOKEHHH II. T

HEHTPOBKA CAMOJIETA

Paccmoanue om uyenmpa maxncecmu 0o Hauana CAX, eviparxcennoe 6 npouyeHmax ee OAUHbBL,
Ha3zvleaemcs yeHmpogkoi camonema (Puc. 4).

-—--xr
™ ur

| - E'CAI 3 |

Puc. 4 Ilonoscenue uenmpa masxcecmu camojiema

IN® & a6

G=6+A6

Puc. 5 Pacuem UCHmMPpOBKU npu U3IMEeHeHUuu eeca camonnema

Xr

-100,
cax 9.2)

rae X7 - pacCTosiHUE TIeHTpa TshkecTH oT Hocka CAX;

x; %=
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bcyy - nmua CAX.

IIpy wW3MeHEeHMH BapHAHTOB 3arpy3Kd CaMmoJieTa MM P W3MEHEHHMH IIOJETHOTO BEca CaMoJyieTa B
pe3ysbTaTe BBITOPaHMs TOIUINBA, cOpOCa TPy30B MEHSETCS IOJIOKEHUE IIEHTPA TSKECTH, CIIEA0BATENBHO, MEHSIETCS
U LIEHTpOBKa camoiera. [lepemelneHue rpy3oB BHyTPH caMoOJIETa B MOJETE TAKXKE CKa3blBACTCS Ha IOJIOKEHUU
LeHTpa TsDKecTH. [Ipu pa3menieHnu rpy30B B HOCOBOM YacTH caMoJieTa IIEHTPOBKA CTAHOBUTCS OoJjiee mepenHei, u
Hao00pOT, pa3MelleHNe TPy30B B XBOCTOBOM 4acTH CMeEIaeT LICHTPOBKY Ha3af, T. €. OHa CTaHOBHUTCA Ooliee 3a{Hei.
IlenTpoBKa fIBJsIeTCSl BecbMa BajKHOW XapaKTepHCTHKOH camoJieTa, CBA3aHHOH ¢ ero 0ajlaHCHPOBKOIA,
YCTOHYHBOCTHIO H YNIPaBJsieMOCTbI0. [103TOMy JIeTUNK 00sI3aH TOYHO 3HATH pa3peIleHHBIN JHana3oH EHTPOBOK
camoJIeTa C TeM, YTOObI He BBIWTH 3@ €T0 TpeJIeIbl.

B ciyuae u3MeHeHuUs pa3MeleHus TPY30B, SKUIaxa U T. J. HEOOXOAUMO MTPOU3BOANUTH pacueT U3MEHEHHs
LEHTPOBKH, KOTOPBIH MOKHO BBINIOJIHUTDH CJIEAYIOLIMM 00pa3oM.

Ecmu Ha camomere Becom G ¢ meHTpoBKoW XT noGaeieH rpy3 BecoM G, M MOMEIIEH MO3aau IEHTpa
TSODKECTU Ha PACCTOSIHUM [, TO TOYKA MPUIIOKEHUs paBHozeicTBytoled G; 1 G ¥ eCTh HOBOE IMOJIOXKEHHE LIEHTpa
TsokectH (Puc. 5).

CyMMa MOMEHTOB OTHOCHUTENFHO TOYKH O JODKHA OBITH paBHA HYITIO, IIO3TOMY
G-Ax=G,(l-Ax),
OTCI0/Ia
— Gl g
-
G+G, 9.3)
rie AxX - cMelenue IeHTpa THKECTH.

JluHeliHOE CMeleHHE EHTpa TskecTH AX MOXKHO BBIpasuTh B porieHTax CAX:

- G, -1
Ax=—"1——-100.
(G+Gy) beyy (9.4)
Ecnu ¢ camonera cHUMaeTcst rpy3 1Mo3aay 1I. T. WM JT00aBISIeTCs] IPy3 BIIEpEH 1. T., TO GOpMyJia PUMET
BHUI
- G, -l
Ax =—"F—100.
(G - Gl) bCAX 9.5

Jlo6aBUB NOJIYYEHHYHO BEIMYMHY M3MEHEHUs LEeHTpoBkM AX; K NpexkHeil LEHTPOBKE, MOJyYHM HOBOE
3HAYEHUE LCHTPOBKU

X0 = X7 TAX. 9.6)

Hy)KHO CJIICOUTD, 4TOOBI HOBAs LOCHTPOBKA HE BBIXOJWJIa M3 JUAIlA30HA SKCIUTyaTallMOHHBIX IEHTPOBOK,
MnNpeayCMOTPECHHBIX I/IHCprKHI/IeI\/‘I 10 SKCITyaTaluu.

IPEJAEJIBHO NEPEJIHAA U TIPEJAEJIBHO 3ATHAS HEHTPOBKH CAMOJIETA

Panee OBUIO BBIACHEHO, 4YTO IIPOJOJIbHAS CTATHYECKash YCTOHYMBOCTH CaMmoJieTa OIpEeAeNseTcs
TMIOJIO)KEHHEM €ro LIEHTPa TSHKECTH OTHOCUTENBHO (hokyca. UeM OMike K HOCKY KpbUIa CIBUHYT LIEHTP TSIKECTH, TEM
GoJtee MPOIOIBHO YCTOHYMB CaMOJIET.
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Puc. 6 K onpeoenenuto npedenvno nepeoneil UeHmMpo8Ku

OTKIIOHEHHE Py BBICOTHI Ha OIPEICNICHHBIN Yrol COOTBETCTBYET BIIOJIHE OIPEACIICHHOMY 3HAYEHHIO
k03¢ dunnenra noybeMHoi cuibl Cy (MM COOTBETCTBYIOIIEMY €My YTy aTaku camosera ).

YcTraHOBUM, M3 KakuMX YCIOBHM HEOOXOOMMO OTpaHMYMTh Hauboyiee IepelHee IIOJIOKEHHE ILEHTpa
TSDKECTH.

N3 Puc. 6 CJICAYECT, YTO €CJIM IPU HCKOTOPOM MOJIOKCHUN HEHTPA TAXKCCTU (XT3.) CaMOJIET OTKJIOHCHHUEM

PYyJis BBIBEAEH Ha MaKCUMAaIbHBIA yrou atak# (Cyyakce), TO Y PYJIS BBICOTHI Ille MMEEeTCsl HeHCIIONb30BaHHbIN 3arac
OTKJIOHEHUSI, a IPH LIEHTPOBKE, COOTBETCTBYIOUIEH ITOJIOXKEHHIO LIEHTpa TSKECTH X7; (LEHTP TSDKECTH CHIIBHO
C/IBUHYT BIEpe[), OTKJIOHEHHUS PYyJisi BBICOTHI HEAOCTATOYHO VISl TOTO, YTOOBI BHIBECTH CAMOJIET Ha IOCAI0YHBIC
yrubl arakd. [loaToMy mosOMparoT Takoe coyeTaHHe OTKIOHEHUs PYJIs BBICOTHI M MEPEIHErO MOJIOKEHUs IEHTpa
TSDKECTH caMoJieTa, YTOOB! TP B3SITUH PYUKH YyIIpaBieHHs Ha ceds Ha 75-80% mosHOro ee xoma camolsieTy ObLIo
CO37aHO IOCAJOYHOE IOJOXKEHHE, T. €. CaMoJeT ObUI BHIBEJCH Ha IIOCAJOYHBIC YIVIBI aTakd. MakcuMaibHOe

OTKJIOHEHHE DPYyJIi BBICOTHI BBEPX NPHUMEPHO COOTBETCTBYET BBIXOAY camoiera Ha Cyyaxe (KPUTHUECKMH Yron
aTaku).

[TpenenbHO nepenHel LEHTPOBKOWM Ha3bIBAETCSl LIEHTPOBKA, MPU KOTOPOH CaMOJIET ellle MOKET BBIUTH Ha
C¥roc € TaHHBIM OTKIOHEHHEM PYJISl BBICOTHI.

Y COBpEeMEHHBIX CaMOJIETOB MPEIEIBHO MEPEAHSS IEHTPOBKA 0OBIYHO JeKHT B npeaenax 10-20% CAX.

CpenctBoM, IMO3BOJISIIOIINM NPUMEHSTH 0oJiee TEPEIHIOI IIEHTPOBKY (M3 COOOpaKeHHH YCTOHYMBOCTH)
npu JaHHOM CVyo¢, MOXKET CITY)KUTh YIPABISIEMBIH B MOJIETE CTa0MIN3aTOP.

[IpenenbHO 3amHAS IEHTPOBKA ONPEAEISIETCS U3 COOOpakeHNH ycToHIuBOCTH camoneTa. [Ipenenom stomy
CITy>KUT TIOJIOJKEHHE (hOKyca caMmolieTa.

HenTp TsHKECTH MOIDKEH pacrioyiaratecs Brepean (gokyca. B Tom ciydae, ecny HEHTp TSDKECTH B (QOKYC
HaXOJATCS Ha OJHOM yAalieHnu oT Hadana CAX, To meHTpoBKa OyIeT Ha3bIBATHCS 3aJHEH KPUTHIECKOU.

Ha npakrtuxke [uist 11000r0 camosiera npeaycMOTPEHO, YTOObI B IIPOLECcCe SKCIUTyaTalluy LEHTP TSHKECTH He
MOT' cMecTUThCs janee Gokyca. C 3TOH HeNbl0 NMpeAenbHO 3ajHee IMOJIOXKEHHE LEHTPa TSDKECTH HaXOIUTCs Ha
HEKOTOpOM yaaieHun oT ¢okyca. Dokyc camoinera JOJDKEH ObITh M3BECTEH JKHUNAXy CamoJieTa C TeM, 4TOOBI
Clly4yailHO He MOTr OBITh TepelfieH. Y COBpEMEHHBIX CaMOJIETOB IpeebHO-33HASI IIEHTPOBKAa H3MEHSEeTCS B
mmpokux mpenenax: ot 0,25 CAX - y caMOJeTOB ¢ NPSAMBIMH U TpalelueBUAHBIMA KpbUTbIMHU 10 0,5 CAX -y
CaMOJIETOB CO CTPENIOBHIHBIMU M TPEYTOJBHBIMH KPBUIBSIMU. Pa3sHOCTP MeXIy NpenesbHO 3aIHed W IperesIbHO
neperHed HEHTPOBKAMU HA3bIBAETCS IMANla30HOM LIEHTPOBOK. PAa3HOCTH MEXIy 3alHEH KPUTHUUECKON LIEHTPOBKOIL
(monoxxenueM Qokyca camosniera) ¥ IpeeIbHO 3aJHEH Ha3bIBACTCS 3aI1aCOM LIEHTPOBKH.

®OKYC KPBUUIA CAMOJIETA

@DoKycom Kpblia Ha3bIBAETCS TOUKA, OTHOCUTEIBHO KOTOPOH MOMEHT a3pOJAMHAMUYECKUX CHJI HE 3aBUCHT
or yria araku (Puc. 7).AspommHammueckuii Qokyc mpuHITO 0003HawaTh OykBoii F, a ero xoopmuHaty
OTHOCHTEIIEHO HOCHKA TPOQHII Kpblia OyKBOH Xp.
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Puc. 8 be3paznuunoe nonosxicenue Kpvlia: a - CHMMempuuHolii npoghuns Kpovlia camonema Ak-55; 6 -
HJI0CKOGBINYKIbLIL npoghus Kpovlaa camonema Axk-52

®oKyC KppUIa - TOCTOSHHAs TOYKa I caMmoieToB Ak-52 u SIk-55 W y KPBUIBEB 3THX CaMOJIETOB
HaXOJMTCsI NPUONIM3NTENbHO Ha 1/4 niuHBL XOpIbl OT nepenHeld kpomku (22...25% CAX, Tam ke, TAe U LEHTP
JTABJICHMS).

Jis o0bsicHeHHS BO3BMEM KpBUIO camonera SIk-55 ¢ cummerpuyHbM npodmieM. Kak u3BecTHO, LEHTP
JABJICHUS SIBISIETCS TIOYTH TOCTOSHHOW TOYKOM M HAXOIUTCS OT TEpeqHed KPOMKH NpUOTU3HUTENHHO Ha Y4
paccTostHUSL XOpasl Kpbuta, T. €. Ha 25% CAX (Puc. 8). [lomecTnM KpbUIO Ha OCh BpAIIEHHS, COBMEIIECHHYIO C
neaTpoM gasienus (25% CAX) (Puc. 8§, a).

CoanancupyeM KpwUio Tak, uroObr [T Tarke Haxommics taMm xe rae u 1[/l. Torqa MOMEHT moIbeMHOM
CHUJTBI 1 MOMEHT CHIIBI Beca Oy/IyT paBHBI HYJIIO M KPBUIO OyIET B PABHOBECHH.

A Tak KaK y cuMMeTpr4aHOro mpoduis kpeita LIJ] moutn He M3MEHSIET CBOETO TMOJIOKEHHUS, TO IO KAKHM
OBl YIJIOM aTakd HU CTaBIJIHM KPBUIO, OHO BCE PaBHO OyaeT B paBHOBecHH (COATaHCHPOBAHO), T. €. PABHOBECHUE
Oyzaer Oe3pasnyHoe.

Bo3zbpMeM KpBUTO TTIOCKOBHITYKIIOE (MTPOoGIITs Kphlta camonera Sk-52), Takke TOMECTUM OCh BPAaIleHUs Ha
25% CAX ot nepenneii kpomku (Puc. 8, 6). Coanancupyem ero, utoosr LT Haxoamncs Ha ocu BpamieHus. [Ipu
O0TEKaHUM KpbUIa BO3MYLIHBIM IIOTOKOM C ITOCTOSIHHOH CKOPOCTBIO V MOAbeMHas cwiia Y pacTeT ¢ yBeIHudeHHEM
yIJla aTaky, ¥ IPY 3TOM LIEHTP JaBJIeHHs IepeMellaeTcs 10 XOp/e Bliepel, IpHOImKasich K 1/4 xopae Kpbuia.
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Puc. 9 K onpedenenuto ¢poxyca camonema

MoOMEHT NOIBEMHOI CHIIBI 34€Ch HE PABEH HYJIO, @ CTPEMUTCS MOBEPHYTh KPBUIO BOKPYT OCH BPAICHUS
(ymensIIuTh yroa araku). Ha Bcex yriax aTaku (€ciii CKOPOCTh MOCTOSIHHA) TOT MOMEHT OJJMUHAKOB

Ya;=Ya,=Yza;3=..., 9.7)
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Tae aj, a; U T. 1. - paccrosinuga LJ ot LIT.

Ecnu ypaBHOBECHTH KpBIJIO Ha OJHOM YIJIE aTakd, TO KpbUIO OyIeT B PaBHOBECHH M Ha JIPYTHX yIjax
aTaky, T. €. B 0e3pa3IMuHOM PaBHOBECHH.

B aspoanHaMuke BBeJeHO MOHATHE POKyca KaK TOYKH MPUIIOKEHHUS IPUPALICHUS IT0IbEMHOI CHIIBI KpbLia
IpU U3MEHeHHH yria atakd. C U3MeHEeHHeM yrIjla aTaku MOAbeMHasl CHjla U3MEHSETCs, & €6 MOMEHT OTHOCHTENIBHO
(okyca ocraercst NMOCTOSHHBIM. DTO BO3MOXKHO JIMIIb NPH YCJIOBHH, YTO JIOTIOJHHTENbHAs IOABEMHAsl CHIIa,
BO3HHMKAIOIIAs [TPY M3MEHEHUH yTJIa aTakKH, IPUJIOKEHA B a3POANHAMUYECKOM (oKyce.

INonoxenne ¢oxyca kpputa 0oTHOCUTENEHO CAX MOXKET CYIIECTBEHHO OTJIMYATBHCS OT IOJIOKEHHUS LEHTpa
JaBieHUsl. OTO OOBSCHSAETCS TEeM, YTO MOJOKEHHE LEHTpa JaBJIEHHS OIPENeIsieTCs] 3aKOHOM paclpeleseHus
a’pOAMHAMHUYECKOW HArpy3KH BIOJIb XOPIbI KPbLIA, a MoJoKeHHe (PoKyca - 3aKOHOM pacipeAeIeH s IpUpaleHns
a’pOIMHAMHUYECKON Harpy3Ku MPU U3MEHEHHUH yTIIa aTaKH.

[Monoxenne Gokyca Kpbuia onpeaessiercs: ero GopMoii B IIaHe W HE 3aBUCHT OT yIJia aTaku (B mpejenax
JIETHBIX YTJIOB) U CKOPOCTH TOJIETA.

[onstue ¢hokyec camonema ananorndHo noHsTHIO Qokyca kpbuta. [lomoxkenue ¢okyca camonera
orpenensercss MOJoXeHneM (OKYyCOoB ero dacted (Kpbuia, OmepeHus, (ro3espKa) W BETHYMHON TMPHUPAICHHS
MOABEMHBIX cHJI 3THX dacteit (Puc. 9). O0praHO (okyc camonera pacnonoxkeH no3aan ¢okyca kpeuia Ha 30...40%
CAX (mst camoneToB ¢ mpsMbIM KpbutoM). @okyc camonera Sk-55 pacnonoxer Ha 30,3% CAX, camonera Sk-52 -
Ha 30% CAX.

BAJTAHCUPOBKA CAMOJIETA

NPOJOJBbHASA BAJIAHCUPOBKA CAMOJIETA
COaylaHCHpOBATh CaMOJICT B YCTAHOBUBIIEMCS MPSMOJIMHEHHOM IOJICTE - 3TO 3HAYUT YPAaBHOBECHUTH BCE
IPOJOJILHEIE CTATHYECKHE MOMEHTHI OTHOCUTENILHO ocu Z, ZMz = 0.

Camonerts! Sk-52 u SIk-55 B NpoJI0IBHOM OTHOIIECHHH OAJlaHCHUPYIOTCSI BO BCEM JMAIla30HE JIOMYCTHMBIX
CKOpOCTEH MOJIETa U BBICOT.

Hdnst  oObsicHeHHss 0ajaHCHPOBKU JOIYCTUM, 4YTO camosieT JSIk-52 coBepliaer yCTaHOBHBIIHMKCS
ropusoHTanbHbIl mosiet (Puc. 10). Ha camoner nelictBytor: cuia Tsbkectd G, nojbemMHas cuiia Y, cuiia JJ000BOTO
CONPOTUBJICHUS X, CUJIA TSTU CWIOBOM yCTaHOBKU P.

Puc. 10 Ycnosun npOdOﬂbHOZO pasnoeecusn camoniema 6 2Opu3OHmMajilbHOM nojieme

Bec npuiioxkeH K LEHTPY TSDKECTH, CIIEeJ0BATENbHO, MOMEHT €ro OTHOCUTENIBHO OCH Z, IPOXOAsLIeH Yepes
IIT, Bcerna paseH Hymo IlogbeMHas cuia Y UMeET OTHOCUTEIBLHO OCH Z HEKOTOPOE ILIEYO a, U €€ MOMEHT Y-a B
JTAaHHOM CJIy4ae CTPEMHTCS TOBEPHYTh CaMOJIET B CTOPOHY ITMKUPOBAHUS, T. €. YMEHBIINTH yroi aTaku. Cuuraem,
4yTo cwia TSArd P u cuna no6oBoro conporusiieHnss X npoxoaut yepe3 LT, T. e. ”X MOMEHT OTHOCHTEIIBHO HETO
paseH Hymo. CrienoBaTenbHO, U1l TOTO 4To0bI camoneT SK-52 mpomosnkail ropu3oHTaIbHBIA MOJIET, He0OX0ANMO
CKOMITCHCHPOBATh TOSBUBIIHMUACS MHKAPYIOMIMA MOMEHT. /{7 3TOro HeoOXOOMMO TOPH30HTAIFHOE OIEpeHHe
(TpuMMep) YCTaHOBUTH TaK, YTOOBI TOPH3OHTAIBFHOE OMNEpPEHHE CO3[JaI0 HEKOTOPYHIO MONBEMHYIO CHIY Yro,
HaIpaBJICHHYI0 BHU3 MOMEHT 3TOH CIIIBI B JAHHOM CiTydae OyaeT KaOpUpYyIOIINM U PaBHBIM I10 BETMYNHE MOMEHTY
MOTEMHOM CHITBI Kphlta. Camoser OyaeT cOaraHCHPOBAHHBIM IPH YCIOBHUH, YTO

Y'GZYFOLFO. (9.8)

Panee Oputo ompeneneHo, 94TO KaOPHPYIONIMA MOMEHT CUHTAETCS IOJIOKUTEIHHBIM, a HMUKHPYIOIUH -
OTpPHUIATEIIFHBIM. MOMEHT MTOJXBEMHOM CHIIBI KPBUIA CUUTACTCS MOMEHMOM Kpblid, 2 MOMEHT TOJXBEMHOMN CHIIBI
TOPU30HTAIIBHOTO ONIEPEHUS - MOMEHMOM 2OPUIOHINATIbHO20 ONEPEHUS.

VYcnoBue paBHOBECHS 3alUCHIBaeTCs (hopMyon

My =M,

501058
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MOMEHT KpbUIa U MOMEHT TOPHU30HTAJIHHOTO OIEPEHHs - 3TO HamOojee 3HAYUTEIBHEBIC ITPOJIOIHHEIC
MOMEHTHI. KpoMe HAX MOMEHT MOXKET OBITh OT CHIIBI TSATH BO3JYIIIHOTO BHHTA, KOT/Ia HAIIPABJIICHUE €€ HE TIPOXOTUT
yepes LT, korma mmeercss AeumeHTpaunusi TArW. PaboTaromimii BO3AYIIHBIA BHHT TaK)Ke BBI3BIBACT MOMEHT,
BO3HHUKAIOIINI OT M3MEHEHHUS MTOITHEMHON CHITBI TOPU30HTAIBHOTO OTMIEPEHUS IO BIUSHHEM OTOPackIBAEMON CTPYH
BO3/yXa OT BUHTA.

Cunel  1000BOTO COIMPOTUBJICHUSA yacTell camoieTa MOTYyT CO34aBaTb MOMCHTBI, €CJIM OHU B3aMMHO
napajijyieJ;ibHbl 1 HAITPABJICHbI IPOTUB ABUKCHUA, IIPUYCM HAIIPABJICHUSA UX MOTYT HPOXOAUTH BBILIC WM HUKC ]_[T,
CJICA0BATCIbHO, MOMCHTDBI UX MOT'YT HOJIHOCTBIO WJIN YaCTUYHO YPABHOBCIINBATHCA.

Wrak, cOanaHCHpPOBaHHBIM CUHTAETCS CaMOJIET, Y KOTOpOro ajreOpanueckas CyMMa BCEX MOMEHTOB
OTHOCHUTEJIBHO OCH Z paBHa HYJIIO:

Mz = 0.

ASPOJNHAMMNYECKAS KOMIIEHCALIUA. TPUMMEP

AbspoarHamMuYecKasl CHila, BO3HHUKAWOLIAS HAa pyle IPU €ro OTKJIOHEHWH, CO3JaeT OTHOCHUTENBHO OCHU
BpallleHUs pyJis IIApPHUPHBIA MOMEHT, KOTOPBIA CTPEMHUTCS BEpHYTb pyJb B HeiTpaipHOe mosiokeHHe. J[ns
yAepKaHHUs pyJIsl BBICOTHI B OTKJIOHEHHOM IIOJIOKEHHM BO3HUKAIOIIMK IIAPHUPHBI MOMEHT ypaBHOBEIIMBAETCS
MOMEHTOM, CO3/1aBa€MbIM YCUJIMEM, IIPUIIOKEHHBIM K PyUYKE YIIPABJICHUA U [1EIAJISAM.

BenuunHa mapHUpPHOTO MOMEHTa BO3PACTAaeT NMPHU YBEIWYEHHM YIJIa OTKJIOHEHHS pYJis BBICOTHI, €ro
TeOMETPUUYECKUX pa3MepPoOB U CKOpPOCTHOro Hamopa. [Ipum OoOmbIIMX CKOpPOCTSAX IHojeTa U INPEOJOJICHUS
HIAPHUPHBIX MOMEHTOB MOTYT MOTPEOOBATHCSI HEAOIYCTUMO OOJIBIINE YCHIIHS, OCOOCHHO Yy CaMoJIeTOB OOJIBIIMX
pa3smepoB. Ha camonérax fk-52 u Sk-55 yMeHblIeHHE yCHIMHM Ha py4yKe YHpPaBICHHUS, NMEJAAX U DIEPOHAX
JIOCTHUTaeTCs NPUMEHEHHNEM POTOBOM U 0CEBOW adposmHaMuueckux komrneHcanuii (Puc. 11, a, 6)

a 5

S S——
S| N

Jeo bpawenus

Puc. 11 Buow aapoounamuueckux Komnencayuii: a - po2oeas; o - oceeasn

Puc. 12 Ilpunyun deiicmeus pozoeoii a3poOUHaAMUYeCKOll KOMREeHCauUuU
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des Gpawenus

Hewmp dabinenus pysa
Puc. 13 Ilpunyun oeiicmeus 0ceeoii aipoouHamuuecKkol KoOMnencayuu

[IpuHIMD neicTBHS POTOBOM M OCEBOW a’pOJMHAMUYECKON KOMIICHCAIIMH CBOTUTCA K TPUOIIKESHHUIO
HEHTpa JaBJICHUS Py K OCH €ro BpaIleHUs.

Pozogoit komnencayueit pyna Ha3bIBAa€TCS 4acTb €ro ILIOLIAIU B BHJE “pora”, pacHoJI0XKEHHOrO BIEpean
ocu Bpatenus. [IpuHuun geficTBrUs poroBoil KOMIEHCAIMU 3aKJII0YaeTCsl B TOM, YTO a3poJAMHaMH4YecKas cuia YK,
JIUCTByIOIIAasE Ha ~por’, CO3MAaeT OTHOCUTENIbHO OCH BpAalllEHUSI MOMEHT, HallpaBJICHHbII B CTOpPOHY,
MPOTUBOIOJIOXKHYIO IIapHUpHOMY MoMeHTy (Puc. 12):

VB < Yp.p-a.

MomeHT, co3maBaeMblii poroBodl KommneHcanued Yyx B, yMeHbIIaeT mIapHUpHBIE MOMEHT, a
CJIEZIOBATENIFHO, U yCHIINE, IEHCTBYIOIIEe Ha pyduKy ynpasieHus (neganu). [Ipu Gombmmx yriaax OTKIOHEHUS pyJist
poroBasi KOMIICHCAIIMsl YXYAIIAeT XapakTep OOTEKaHWs OMNEPEHHUs, yBEIMUMBACT €r0 JIOOOBOE CONPOTHBICHHE.
Kpome Toro, BBICTYmarommid “por’ CIIy>)KUT HCTOYHHKOM BHXpPEOOpa3OBaHHA, UYTO CIIOCOOCTBYET BHOpamuu
XBOCTOBOT'O OTIEPEHH.

Ocesoil aIpoounamuueckol KomneHcayuell pylis Ha3blBAETCS YaCTh €ro IUIOIIAAM, PACHOJIOKEHHOM
Brepenu ocu Bpamenus (Puc. 13).

[MpuHIMn AEHCTBHSI OCEBOM a’3pPOJMHAMUYECKON KOMIICHCAIMU MOM00CH MPUHIUIY JCHCTBUS POTOBOM
KOMIIEHCAIlUM. A3pOAMHAMHYECKas CHia, NEHCTBYIOIIAs HA IUIOMAAb KOMIIEHCAIUH, CO3AAae€T OTHOCHTEIBHO OCH
BpalllEHHsI MOMEHT, HallpaBJIEHHbIN B CTOPOHY, IPOTUBOIOJIOKHYIO IIAPHUPHOMY MOMEHTY, YMEHbILIAsl TEM CaMbIM
YCUJIME Ha PYUYKE YIIPABICHUSA.

OTOT BUJ KOMIIEHCAI[MM MMEET HauOoJIblliee PACIpPOCTPAHEHHWE HAa CaMOJIeTax BCEX BUJOB, BBUJAY €ro
MIPOCTOTHI IPU AOCTATOYHON 3(P(HEKTUBHOCTH.

OceBast a9poJTHAMHYECKasi KOMIIEHCALUS PYJIEBBIX TOBEPXHOCTEH

Ha camoJere SIk-52 coCTaBiser:

Ha pyJe_HanpasieHus 4,4 %;

Ha pyJe BbICOTHI. 18,4 %; Ha anepoHax 13 %.;

Ha camoeTe fk-55:

Ha pyJie BBICOTHI 2,5 %; Ha pyne HampasieHus 19,5 %; Ha sneponax 10 %.

PoroBas aspoaunamudeckas KomreHcalus Ha camoiere SIk-52 Ha pyJie HamnpasieHus: cocrasisier 4%, Ha
camouete SIk-55: Ha pyne HanpaBiieHus1-9,4 %; Ha pyine BoicoThl 4,7 %; Ha snepoHax 1,3 %.

[Ipu mpaBwiIbHO MOKOOPAHHONW BETMYMHE a3POJMHAMUYECKON KOMITEHCALMU PYyJeH MIapHUPHBIA MOMEHT
pyJeil He CTAaHOBUTCS PaBHBIM HYJIO, a TOJBKO yMeHbmIaercs. OmHAKO B UIMTENBFHOM IIOJIET€ HA KaKOM-JTHOO
peXuMe Haxke CPaBHUTEIHHO HEOONBINOE yCWiIHe, MPUKIAAbIBAEMOE K PYUYKE YIPaBICHHS, BECbMa yTOMIIIET
netduka. [losromy nomofsHUTENbHO Ha camojere SIK-52 yCTaHOBJEH a’pOAMHAMUYECKUN TpPUMMEDP, KOTOPHIH
MO3BOJISIET PErYIMPOBATH JKENaeMOe YCUIIME Ha PydKe YIPaBJIECHHUs UK MOJHOCTHIO CHATH €rO.
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Yo Jcb Gpawerus
mpummepa

Puc. 14 IIpunyun oeiicmeus a3poounamuyeckozo mpummepa

db, /| dTs
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Puc. 15 3asucumocme r¢pghexmusnocmu mpummepa pynsa esicomot camonema HAk-52 om ckopocmu
nonema

Tpummep camonera Sk-52 mpencraBisieT coOOW HEOOJNBIIYIO MO IUIOMIAAM YacTh PYJisi, MIAPHUPHO
YKpEIUIeHHYI0 OKoJIo 3anHel kpomku (Puc. 14). Tpummep nMeer HezaBUCHMOE yrpaBieHue. [Ipu OTKIIOHEHHN ero
BO3HHUKAET a3pOJIUHAMUYECKUI MOMEHT, IPOTUBOIOJIOXKHBIN IIAPHUPHOMY MOMEHTY pPYJIs.

JleT4nk 1o CBOEMY JKENaHHIO MOXKET YMEHBIIUTD HIIH MOJHOCTBIO CHATH YCHIIME HA PyUYKe YIPaBICHUS.

Bonpmas >¢ddextuBHOCTS TprMMepa Ha camorere SK-52 TpH CpPaBHHUTENBEHO HEOONBIINX pa3zMepax
OOBACHSETCS TEM, YTO NPH OTKIOHEHHHM TpPUMMEpa IPOHMCXOAUT TEpepacrpesesieHne MAaBICHUS 10 Bcei
MOBEPXHOCTH PYJIsi TIOAO0OHO TOMY, KaK OTKJIOHEHHE PYJIsl H3MEHSET PaclpeielieHue IaBlICHNsI Ha CTabuin3aTope.

Ha camornere SIk-52 TpumMep yCTaHOBJIEH TOJIBKO HA PyJi€ BBICOTHL. Ero yriibl OTKIIOHEHUS COCTABISIOT BBEPX U
BHU3 12°.

Ha camonere Sk-55 Tpummep He yCTaHOBJIEH, BBHIY TOTO, YTO CHMMETPHUYHBIA NMPO(mip KpbUla U
cTabuim3aropa, a TakXKe IPUMECHEHHE pOTOBOM M OCEBOM adpOJMHAMHYECKHX KOMIICHCALMH ITO3BOJISET
3HAYNUTEIHHO YMEHBIINTh HArPy3Ky Ha pyUKe YIpPaBICHHUS M IEPOHAX IPH BBINOJHEHUH MHUIOTaXa KakK IPsIMOTO,
TaK ¥ 0OPaTHOTO, a TAKXKE TOPU3OHTAIBHOTO TI0JIETa B IUANa30He pabOINX CKOPOCTEH.

3aBucuMocTh 3 (HEeKTUBHOCTH TpUMMepa camoiieTa SIk-52 (T. e. "3MEHEHHe YCHIINH Ha pydKe yIpaBIeHH
IIPY OTKJIOHEHUH €ro Ha 1°) oT ckopocTH rosera rnokasana Ha (Puc. 15).

VYnpasneHue TpUMMEPOM MexaHudeckoe (TpocoBoe). Komeco ympaBneHus TpUMMEpPOM YCTaHOBJICHO Ha
jgeBoM Oopry mepenHedl M 3anHeld KaOWH. B OTKIOHEHHOM IIOJIOKEHUM TpPUMMEp (HUKCUPYETCSl C IOMOILBIO
MeXaHH3Ma [IepPECTaHOBKY TPUMMEpPA B CUCTEME YIPABJICHUS, KOTOPBII yCTAaHOBIIEH B (DrO3EIISHKE CaMOoJIeTa.

BJINAHUE MOMEHTA I'OPU30HTAJIBHOI'O OIIEPEHUSA HA ITPOJOJIBHYIO
BAJTAHCUPOBKY

Topr30oHTaTBHOE OMEPEHHE COCTOUT M3 CTAOHIM3aTOpa U PYJIsl BBICOTHI, KOTOPBIE MPEACTABISAIOT COO0M B
[EJIOM HEOOJIBIIIOE KPBLTO, 00BIYHO CUMMETpUUHOTO nipoduis (Puc. 16).

PaccmorpuMm ropusoHTanbHOE omnepeHue camonera SIk-52. [lox meficTBueM BCTPEYHOTO IMOTOKA BO3AyXa

OIIEpEHNE Pa3BUBAET NOJBEMHYIO CHIY Yr o, KOTOpas, NEHCTBYs Ha miedo Lro, CO37a€T MOMEHT OTHOCHUTENILHO
MONEPEYHON OCH, PABHBIN

Meo - 'Yeo- Leo-:

r/ie 3HaK MUHYC ITOKa3bIBAa€T, YTO MOMEHT NMUKUPYIOIIUI.
BenuunHa 3TOr0 MOMEHTA 3aBUCHT TJIaBHBIM 00pa30M OT BEIUYMHBI MOABEMHOMN CHIIBI ONEPEHUS, TaK KaK
mwiedo Ly, MOXXHO CUMTaTh MOCTOSHHON BeNWYMHOW. BennuuHa moabeMHOM CUibl Y 3aBUCHUT OT YIJla aTaku
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TOPU30HTAILHOTO OMNEPEHUs! (32 KOTOPBIH NMPUHUMAIOT YroJl aTaku CTa0WiIM3aTopa) U OT MpOQusi, KOTOPBIA
MEHSETCS TP MOBOPOTE Py BBICOTHL. CIenoBaTenbHO, MOMEHT T'OPH30HTAJIBHOTO OINEPEHHs] 3aBHUCHT OT yrIia
aTaky cTabWIIN3aToOpa M yIila OTKIOHEHUS PYJIsl BBICOTHI.

Yenom amaxu cmabunuzamopa HazpBaeTCS Yroa MEXAY XOpAOH cTabmim3aTopa W HalpaBlIeHHUEM
HaOeTaromero Ha Hero MmoTroka. Xopaa cradwin3aropa HE MapajuleNbHa XOpZAe Kpblla U COCTAaBISIET ¢ HEH yroi
YCTQHOBKH CTaOMIIN3aTOpa @.,. YTOJI MEXIy XOp[oil crabmamsaropa M HaIllpaBICHHEM BO3AYIIHOW CKOPOCTH

camorera OyIeT paBeH CyMMe yTIia aTaKd KpbUla K U yIiia yCTAaHOBKH CTaOmim3aropa Per y paBeH A+ Per . O1oT
YTOJI Ha3bIBACTCS YeIOM AmMaKu cmaoduiusamopa.

Ho »sto0 €lIc HC IIOJIHBIA yrouJ. HOH ﬂeﬁCTBHeM KpbLIa BO3Z[yHIHI:II71 IIOTOK OTKJIOHACTCA OT CBOCI'O Ha
IMpaBJICHUS BHU3 Ha HeKOTOpLIfI yroia ‘9, Ha3bIBaCMEBIN Yyejiiom cCKoca nomoka. CJ'IG,HOBEITCJ'H)HO, yroj araku
CTa6I/IJII/ISaTOpa, T. €. TOPU3OHTAJIBHOTO ONEPEHMUS, IMOJTYHACTCA IMYTEM BBIUUTAHUA yIJIa CKOCAa BO3QYIIHOI'O ITOTOKA

W3 yria atPer,

aCT :a+¢CT —£&. (910)

Puc. 17 H3menenue momenma 20PpU30OHMAIbHO20 ONEPEHUA 6 3asUcCUMOCHU Om )2/la amaKu u y2ia
OMKJIOHEHUA Pyt 6b1COMbL

YuuteiBas 3HAUYCHHUE IMOJIYUYCHHOTO yTJia aCT , PpacCMOTpHUM, KaK HUBMCHACTCA IOAbEMHas CuJia
TOPU30OHTAJIBHOTO OINEPEHUA U €€ MOMCHT OTHOCUTCIBbHO OCHU Z B 3aBHCHUMOCTH OT yriia aTaku CTa6I/IJ'II/ISaTOpa nu
yriia OTKJIOHEHUSA PYJISd BBICOTBI

Korpa yroi araku crabuinzaTopa paBeH HyJIO, TO [P HEMTPaIbHOM MOJI0XKEHHHU pyJist BeIcoThl (Puc. 17)
MoaAbEMHAA Crjia OTICPEHUA 6yueT paBHa HYJIIO 1 HUKAKOI'O MOMCHTA HE MMOJIYYUTCH.

Ecnu netynk oTKJIOHUT pynb BeicoThl BHU3 (Puc. 17, a) Ha HEKOTOPBIA yron o (menbTa), TO 3TO OYyHET
PaBHOCWJIBHO YBEJIWYEHHIO yIJla aTaKW CTaOMJIM3aTOpa M BBI3OBET IOSBJICHHE IOIBEMHOM CHIIBI, HAIpaBJICHHOU
BBEPX, 1 MOMEHT ee OyzaeT nmukupyommMm. Eciu e 1eT4uK OTKIOHUT pyIib BICOTHI BBepX (Puc. 17, a-2), To 310
BBI30BET IOSBJICHHE TTOEMHON CHIIBI, HAIIPaBJICHHONW BHH3, 1 MOMEHT ee OyJeT KaOpHUpyIOIIiM.

Korza yron ataku crabuinu3aropa MojoKUTENbHBINA, TO TIPH HEHTPaJIbHOM MOJI0KEHHU PYJisi BBICOTHI (Puc.
17, ©6) nogsemHast cuia OyJeT HalpaBlieHa BBEPX U MOMEHT ee OyJlleT NMUKUPYIoMKM. Eciu IeTYNK OTKIOHUT PyJib
BeIcOTHI BHU3 (Puc. 17, 6-1), TO 3TO BBI30BET yBEIWYEHHE MOJbEMHON CHIIBI M €€ MUKHUPYIOIero MoMeHTa. Ecim sxe
JIETYNK OTKJIOHUT PYJb BBICOTHI BBepX (Puc. 17, 6-2), To 3TO BBI30BET yMEHBUIEHUE MOJBEMHON CHIIBI U MOXET
W3MEHUTD €€ HalpaBJICHUE U HANpaBJICHNE €€ MOMEHTa Ha 0OpaTHoe.
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PaccMoTpuM oTpuLaTeNbHBIA yro ataku craduiniatopa. Korna pyiib BRICOTBI HAXOAUTCS B HEUTPAIbHOM
nonoxennu (Puc. 17, B), momgpeMHas cuia OyAeT HampaBiieHa BHH3 M MOMEHT ee OymeT kaOpupyromuid. Ecim
JIETYMK OTKJIOHUT PYyJib BbICOTHI BHU3 (Puc. 17, B-2), TO 3TO BBI30OBET YMEHBIIECHHE MOJIBEMHON CHIIBI U MOXKET
M3MEHHUTD HAlpaBJICHUE e¢ MOMEHTa Ha 00paTHoe. Eciu ke JeTYnK OTKIOHHT PyJib BeICOTHI BBepX (Puc. 17, B-2), TO
3TO BBI30BET YBEIIMYCHUE OTPHUIIATEIBHOMN MOABEMHOM CHJIBI M €€ KaOpPHUPYIOIIEr0 MOMEHTA.

Yron ycraHOBKH cTabunmsaropa camoiera Sk-52 paBeH Per = 1°30', camonera SIk-55 Per =,

BJUSAHUE MOMEHTA CHJIOBOM YCTAHOBKH HA ITPOJTOJIBHYIO BAJTJAHCUPOBKY

Pabotatomias cuiioBasi yCTaHOBKa BUHTOBOTO caMoJIeTa C IOPIIHEBBIM M TYPOOPEaKTHBHBIM JIBUTATEISIMHU
CO3/1a€T MPOJOIbHBIII MOMEHT CHUIBI TATH WU, KPOME TOTO, MPOAOJIBHBIA MOMEHT OT M3MEHEHHs MOAbEMHON CHUIIBI
TOPHU30HTAILHOTO ONEPEHNUS B pe3yibTaTe JEHCTBHS HA HETO CTPYH BO3AYIIHOTO MOTOKa. Ilo3ToMy, eciu B mosere
CaMoJIeT HaXOAUTCS B MPOJIOJIBHOM PaBHOBECHH, TO NP BKIIOUCHHWH JBHUTraTeNsl OHO OyAET HapyLIEHO BCIEICTBHE
MCUYE3HOBEHNUS YKa3aHHBIX MOMEHTOB. Ecii ke camosier OblT B paBHOBECHH Ha TUIAHWPOBAHUH, TO IPU BKIFOUCHUH
JBHUTaTeIsi OHO OyJIET TaK)KEe HAPYILIEHO BCIEICTBUE MOSIBICHUS BhIIIEYKa3aHHBIX MOMEHTOB.

Ecnu Tsra cunoBoil yCTaHOBKM MpPOXOAUT BHE ILIEHTpPAa TSDKECTH camoiera, T. €. KOra HMEeTcs
JELeHTpaLys TSATH, TO OYAET co3/1aBaTbes MPoAoIIbHBIN MoMeHT (Puc. 18, a). 3To xapakrepHo i camonera Sk-52.
Hanpasnenne cumbl TATM y HETO MPOXOJWT BBINIE IIEHTPA THKECTH. Takas ACHEHTpAIMs Ha3bIBACTCS GepXHell.
CrenoBarenbHO, MCXOHAS W3 BBIIIECKA3aHHOT'O, MOKHO CZETaTh BBIBOA, YTO MOMEHT OyAeT NHUKHPYIOIIUM -
OTPULATEIIbHBIM.

Puc. 18 Brusanue cunosoit ycmanosku camonema Sk 52 na npooonvHoe pasnogecue

JeiicTBrE BO3MYNTHOM CTPYH OT BHHTA Ha oriepeHne Oomnee ciaoxHo. [Iycts camonet Sk-52 muanupyeT u Ha
€ro TOPU30HTAIBHOE ONepeHne HaberaeT Bo3ymHbH motok (Puc. 18, 6) co ckopocteio V, oz yriom ataku Ol B

pe3ysbTaTe 3TOTO ONEPEHHE Pa3BUBAET MOABEMHYIO CHIYy Yro. lIpH BKIIOYEHHM OBHTraTtens K CKOpocTH V
J00aBIISeTCS CKOPOCTh CTPYH BO3IYIIHOTO BUHTA V|, IpHYEM IIOTOK HaberaeT Ha OIepeHHe MOA MEHBLINM YIIOoM

aTaky OL (Tak Kak BO3IyIIHas CTPys BHHTA YBEIMYHBAET CKOC TOTOKAa y XBOCTOBOTO omepeHus) Bcienctsue
YBEIIMUYEHUs] CKOPOCTH IOABEMHAs CHJAa ONEPEHMS JIOJDKHA BO3PACTH, a BCIIEACTBHE YMCEHBIICHMS YIa aTaku
JOJKHA YMEHBIIUTHCS B urore BenmynHa MOJBbEMHON CHIIBI 3aMETHO HE U3MEHUTCH, T €. ICHCTBHE CTPYH BO3IyXa
OT BO3JYIIHOTO BUHTA 3aMETHO HE HAPYIIUT PABHOBECHE CaMOJIETa.

Beime paccmatpuBaicst cirydaid, KOrza IMoJJbeMHasl CHJIa ONIEPEHHMs] HAIlpaBJIeHa BBEPX M, CIIEAOBATEINHHO,
CO3JaeT MUKUPYIOUMH MOMEHT. Ho coBpeMeHHbIE caMOJIeThl, KaKk NPaBHIIO, HMEIOT MEPEIHIO LEHTPOBKY, a IPH
nepeHer IIEHTPOBKE IIEHTP TSHKECTH CaMoJIeTa HaXOJUTCs BIIEpeAn IEHTpa AaBJIeHus U (okyca camornera.

[TosTOMY KpBUIO CO3/1a€T MHMKUPYIOIIMH MOMEHT, CJI€[I0BATENIBHO, TOPU30HTAJILHOE OINEPEHHE JOJDKHO
CO3/1aBaTh KaOpUPYIOUIMH MOMEHT, T. €. IOJbeMHAsl CHJIa TOPU30HTAIBLHOTO ONEPEHHs U €ro YroJl aTakd JIOJKHBI
OpITh oTpHmarenbHeIMU (Puc. 18, B) JomycTuM, 9TO B 3TOM Cilydae caMoOJeT IUTaHHPYeT co ckopocThio V. [pm
BKJIIOYCHHUU JBHTATENs BO3MYLIHAS CTPYS OT BHHTa YBEJIMYUT CKOPOCTH IIOTOKAa BO3AyXa y TOPH30HTAJIBHOIO

OIIEPEHHs M CKOPOCTh CTAHET PaBHOM V. BeIecTBIe yBemuenns: ckoca 0ToKa yrou ataki ysemuauntes X1 > Q.

B pe3ynpraTe yBenuueHns1 CKOPOCTH M YIJIa aTakh MOABEMHas CHia Y BO3PACTaeT 0 3HAYECHUS Yr o U
KaOpHPYIOINil MOMEHT TOPH30HTAIBHOTO OMIEPEHUSI YBETUIHUTCSL.

VYV camoneroB fk-52 u SIk-55 pelicTBHE CTpyH OT BO3AYIIHONO BHUHTA HA TOPU3OHTAIBHOE ONEPEHUE
co3JaeT KaOpUpyroni MOMEHT.

Hanee paccMOTpUM IEHCTBHE MPOIOIBHBIX MOMEHTOB Ha 6aaHCHPOBKY CaMoJeTa.

Tak, HanpuMmep, camouieT Sk-52 UMeeT BEpXHIO0 JELIEHTPALMIO TSATH CUIOBOM YCTaHOBKHU, YTO IPUBOIUT K
CO3[JaHMI0 THMKHPYIOIIETO MOMEHTa, KOTOPHIH IO CBOEMY 3HAuUCHHIO Oouibllle KaOpHpPYIOIIEro MOMEHTa,



AIPOIMHAMUKA CAMOJIETA 13

BO3HHKAIOILEr0 OT ACHCTBHs CTPyH BO3IYIIHOIO BUHTA Ha TOPU3OHTANIbHOE onepeHue. [1o3ToMy npu BKIIOUYEHHH
JBHUTATEJIsl CaMOJIET OyIeT CTPEMUThCS YMEHBIINTD YTOJ aTaky. st MpOTUBOAEHCTBHS 3TOMY HEOOXOANMO CO3/aTh
PyJieM BBICOTHI 100aBOYHBINA KaOpUPYIOIIMHA MOMEHT, T. €. B3Th PYyUKy YIpaBJIeHHs Ha ce0s M Tak AepiKaTh €€ BO
BpEMsi BCEro I10JIeTa Ha JAHHOM PEXUME pabOThI ABHUIaTEsl.

[Ipu BEIKITFOUSHHUH ABUTATENS MUKUPYIOIINI MOMEHT OT TATH BO3IYIITHOTO BHHTA M KAOPUPYIOMIUHA MOMEHT
Pyl BBICOTHI MCUE3aI0T, HO JOOABOYHBIN KaOpHPYIOMUIT MOMEHT pyJisi BBICOTBI OCTAeTCS, W IO NEHCTBHEM ero
CaMoJIeT YBEIWYHUT YTOoJ aTakd (€cId JIETYHNK CBOCBPEMEHHO HE OTKJIOHHT PYdYKy ymHpaBieHus ot ceds). [lpu
BHE3aITHOM HCYE3HOBEHHWM CHWJIBI TATH (OTKa3 IBHUTraTelsl), OCOOCHHO HA TOABEME, MAaKas OWUOKA Jemuurda
MOojHcem npusecmu K pe3Komy yMeHbueHu0 CKOPOCHU U C6AIUBAHUIO 8 WIIMONOP.

YCTOMYUBOCTHh CAMOJIETA

MPOJIOJIBHASI YCTOMUYMBOCTHh CAMOJIETA

Ilpooonwnoii ycmoiiuueocmuplo camoiema Ha3bIBACTCS CIIOCOOHOCTH €ro COXPaHsATh 33JaHHBIA PEeXUM
ToJIeTa_M BO3BPAILATHCS K HEMY TIOCIIE BO3/IEHCTBHSI Ha CaMOJIET BHEIIHMX BO3MYIIEHHH, HAPYIIAIOINX HUCXOIHOE
paBHOBeCHE CHJI © MOMEHTOB B IZIOCKOCTH CHMMETPHH CaMOJIeTa.

AdpoarHaAMHYECKHE CUIIBI U MOMEHTHI B IIPOIOJIBHOM JIBH)KEHUH CaMOJIeTa ONPEIENIAIOTCS YIJIOM aTaku U
CKOPOCTBIO camoJieTa IpH mosere. [loatomy, aist cyxkaeHus 00 U3MEHEHUH a’pOJMHAMHYECKUX CHUJI U MOMEHTOB
NPY HapyLIeHnH 0aJaHCUPOBKU HEOOXOMMO 3HATh BEJIMUMHY U3MEHEHHS yIJla aTaKh U CKOPOCTH MOJIeTa.

IIpononpHOE  BO3MYIICHHOE JBIDKCHHWE CaMOJieTa  MOXHO  IPEICTaBUTh Kak  KOMOWMHAITHIO
KOPOTKOIIEPUOIUIECKOTO IBIDKEHHS (BpalICHHUS BOKPYT TONEPEYHOM OCH) M THHHOIEPHOIMYECKOTO IBIKEHHS
(m3menenue yria araku). CKOPOCTh IPH 3TOM MOXKHO CUYHTATh NMPAKTHYECKH ITOCTOSHHOH. TOJBKO € TeUeHHEM
BPEMEHM OHA HAYHET U3MEHATHCA, MPU 3TOM B 3aBHUCHMOCTH OT KOJeOaHHs CKOPOCTH YroJl aTakd TaKKe MOXKET
M3MEHSTh CBOIO BEJIMUUHY, HO €r0 U3MEHEeHHEe OyJIeT UrpaTh yKe MOAYMHEHHYIO POJIb.

CBoiicTBO camoneTa OBICTPO HM3MEHSATH YIOJI aTakd M CpPaBHHUTEIBHO MEAJICHHO CKOPOCTh IIOJIETa
MO3BOJIMJIO PAcCMATPUBaTh [Ba BHJA INPOAOJIBHON YCTOMYMBOCTH CaMoOJI€Ta: YCTOHYMBOCTH IO TEPErpy3Ke,
YCTOWYUBOCTD 110 CKOPOCTH.

Yemoituueocmov no nepecpyske mposiBiasieTcss B Haudalle BO3MYIIEHHOro aBikeHHsA. Kak mokxassiBaeT
JeTHas TPAaKTHKa, OBICTPOE BOCCTAHOBJIECHHE YIJIa aTaKW W TEPerpy3kn oOecriedmBacT OE30IacHOCTH IMOJIeTa U
CPaBHUTENBHYIO OBICTPOTY yIpaBieHHs camosieToM. OCcOOSHHO 3TO XapaKTepHO isi camoiieToB Sk-52 m Ak-55,
MMEIOIINX OOJIBIINE PYJIEBBIC TOBEPXHOCTH.

Ycemoiiuueocmo no CKopocmu NPOSBIIACTCA MCAJICHHO U MOXKET OBITH BBISBJIIEHA U3MEHEHHEM CKOpOCTH,
€CJIM JICTYUK MJIUTCIIBHOC BPEMS HE BMCIINBACTCA B YIIPABJICHUE CAMOJICTOM.

MHMPOAOJIBHAS CTATHYECKAS YCTOUYUBOCTD IO NEPEIPY3KE

Ilpooonsvnas cmamuueckas ycmouuugocms no nepezpyske - 3TO CIOCOOHOCTh caMolieTa CO3]aBaTh
CTaTUYECKHE MOMEHTHI, HAMPABJICHHbIE HA BOCCTAHOBJIEHUE UCXOJIHOTO YIJIa aTaku (Teperpys3Ku).

W3 onpenenenus cienyer, 4To yCTOMUMBBIN 10 IEPErpy3Ke CaMoJIeT UMEET CTPEMIIEHUE B IIEPBBI MOMEHT
MocJIe BO3MYIICHNS BOCCTAHOBUTH YTOJI aTaKH H MPSMOJIMHEHHOCTD MTOJIeTa-ABIDKEHIS.

BrsicHUM yCIOBHS, TIPU KOTOPBIX camoneT OyneT ycroiuuB mo neperpyske (Puc. 19). Ipu cmyyaitHom
VBEIIMYCHUH yIila arakd (HampuMep, TpH BO3MCHCTBHM BEPTHKAIBHOTO TIIOpHIBA BETPa) BO3HHUKAET
HeypaBHOBelleHHas noabemuas cuia AY, npuioxennas B Qpokyce camosera. JlanbHelliee noseaeHue caMmoeTa
OyZeT 3aBUCETh OT B3aMMHOT'O PAaCIOJI0KEHUS (POKyca U IICHTPA TSHKECTH.

IIpu pacnonoxenun (okyca Mo3aau LEHTPA TSHKECTH CaMolieTa YBEJIMYCHHE YIiia aTakd MPUBOJHUT K
MOSIBJICHUIO CTA0MIIU3UPYIOIIEr0 MOMEHTa (TIMKHPYIOMIEro), MOJ NCHCTBHEM KOTOPOTrO BO3HHKIIHMN BO BpeMs

BO3MYILEHMS JIONOJHMUTENbHBINA yron ataku AOL yMeHbIIAeTcs U caMOJIeT CTPEMMTCS BEPHYTHCA B MCXOJHBIH
pexuM. B 3TOM ciydae camorneT B IpoI0JbHOM OTHOIIEHHH CTATHYECKH YCTOMYHB IO eperpy3ke. ITo XapaKTepHO
s Sk-52 u Sk-55.

IIpu pacnonoxkennu (okyca BIepend LEHTpPa TSHKECTH caMoJieTa YBEIMYCHUE yriia aTakd NPUBOAUT K
MOSIBIICHHUIO JIECTA0MIN3HPYIONIEro (KaOpUPYIOIIEro) MOMEHTa, MO ACHCTBHEM KOTOPOTO JOTIONHUTEIBHBIN Yo

araku A0l Bospacraer ere Gonbure. CamoneT GyIeT YBENMYMBATE YTON aTAKU M TIEPETPY3KY /10 BBIXOJA HA PEXKUM
cBanuBaHus. B 3TOM ciyyae camoneT B IpOJOIbHOM OTHOIIECHUY HEYCHIOWYUE nO nepezpy3Ke.

Takum 00pa3oM, yclIOBHEM IPOIOJIBHOM CTATUUECKON YCTOMYMBOCTH CaMoJjieTa IO TeperpysKe sBIseTcs
yCJIOBHE PACIIONoKeHus (PoKyca caMojieTa I03aH ero LIeHTPa TSHKECTH.
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AMz=AY (XF-Xm)

Puc. 19 K 06vacnenuto npoooibHoil CmamuyecKoil yCmoudueoCmu camoniema no nepezpy3Ke

Kak BumaO n3 Puc. 19, BenmnunHa HEypaBHOBEIICHHOTO CTAaOMIM3HPYIOMIETO MOMEHTA MIPOMOPIIMOHATIBFHA
PacCTOSIHNIO MEXTy (POKyCOM M LIEHTPOM TSDKECTH caMoJIeTa:

AM, =AY(Xr=X1). (911
Wi B 6e3pa3mMepHbIX koadduimenrax:
-Am, = ACy(}F —}T). (9.12)
[lpu yMeHbLICHHH BEIHYHUHBI }F —}T YCTOHYMBOCTh camolieTa IO IMeperpy3Kke yMeHbIIaeTcs; MpH
Xr-Xr=0

LlenTpoBKa, NIpU KOTOPOM LEHTP TSHKECTH CaMOJeTa COBHNAJaeT ¢ (POKYCOM CaMoyeTa, Ha3bIBAaeTCs
HelmpanvbHOl Ul KpUmuuecKkoil.

> T. €. KOraa UCHTP TAXKECTU COBIAAACT C (bOKYCOM, CaMOJICT CTAaHOBUTCS Heﬁ’I‘paJ’ILHLIM.

Pa3HOCTP MeXIy HEHTpanbHOW IICHTPOBKOH (PokycoM) U (akTHdeckoil IEHTPOBKOI Xr—Xr
HAa3bIBACTCS 3ANACOM YeHMPOGKU WITH 3aIIaCOM IIPOAOJIBHON CTaTHYECKOH ycmoiiuusocmu no nepezpysxe.

Ecnu neHtpoBka camosiera 60Jibllie HEHTPAIILHOM, TO CAMOJIET CTAHOBUTCS HEYCTOIUYMBBIM I10 NEPErpyskKe,
4yTO HexomycTuMo. IToaToMy npu Bcex BapHaHTaX 3arpy3KU LEHTP TSKECTU caMoJIeTa JOJDKEH HaXOIUThCS BIIEpeIU
¢okyca, T. €. caMOJIeT TOJDKCH MMETh HEKOTOPHIH MUHUMAJBHBIN 3amac IEHTPOBKH Ha YCTOMYMBOCTB, HCXOIS U3
KOTOPOT'O HAa3HAYaeTCsl MIPEAETBHO 3aAHS U IIPEebHO MEPEAHs SKCINTyaTallHOHHbIE IICHTPOBKH.

IIpenenbHO 3amHAA SKCILUTyaTA[MOHHAs IICHTPOBKA BEIOMpPACTCSI M3 YCIOBHUS, YTOOBI 3aI1ac yCTOMIUBOCTH
mo meperpyske Obutl goctarounbsiM (3..4 % CAX mnsd MaHEBPEHHBIX CaMOJIETOB, a IS YYCOHBIX U TSKEIBIX
camozeroB - He MeHee 10% CAX).

VYV camonera SIk-52 mpenenapHO momycThMas 3aiHss LIEHTpoBKa coctaBiseT 25 % CAX, a mpenenbHO
nepefHss JomycTuMas neHTpoBka-17% CAX. V camonera Sk-55 mnpeaensHO mepenHsst AOMyCTHUMAs
SKCIUTyaTallMOHHas LeHTpoBka cocrtaBugeT 27% CAX, mpenensHo 3aaHAg-31,5% CAX (B TpeHHpOBOYHOM
Bapuanre) 1 coorBeTcTBeHHO 25% CAX 1 31,5% CAX B meperoHouHOM BapHaHTe.

PesynpraTaMmu JETHBIX WCIBITAHMA paccMaTpPHUBAEMBIX CaMOJICTOB YCTAHOBJIEHO, YTO IPOJOJIbHAs
CTaTU9ecKas yCTOMYMBOCTH T10 TMEPETPY3Ke BO BCEM IHAIa30HE CKOPOCTEH M BBICOT IOJIETA, C 3aKaTOW U CBOOOTHOM
PYUKOH ynpaBlieHHs, XOpOoILasi.

3amac CTaTHYECKOW YCTOMUYMBOCTU IO MEperpy3Kke Npu 3a(UKCHPOBAHHOM YIPABICHHU COCTABISET IS
obonx camoleToB B cpenHeM He MeHee 10 %.

[Ipn ocBOOOX/IEHHOM yTpaBieHUH (pydKa OpoIIeHa) 3armac CTaTHYeCKOH yCTOWYNBOCTH caMoneToB SIk-52
u SIk-55 mo neperpyske menbure (Ha 3...5 % CAX), 4yeM npu 3adMKCHPOBAaHHOM YIpaBlieHUH (pydyKa yIpaBieHUS
3aKaTa).

3T0 00BSICHSETCS TE€M, YTO IPH CIIyYyaiiHOM M3MEHEHWH YTJIa aTaKh KpbuUla CBOOOAHBINH PYJb YIpPaBICHHS
YCTaHABJIMBAETCA IO IIOTOKY M HE Y4YacTBYET B CO3JIaHUU IPUPALLEHUS IOABEMHOM CUJIBI TOPU30HTAIBHOIO
OlepeHHs1, BEJIMYMHA KOTOPOro yMeHbIaeTcs. [103ToMy yMeHbIIaeTcest CIBUT a9poJMHAMHYECKOro (hoKyca Hazaj.

[Ipu yBenuyeHUH CKOPOCTH ToyieTa 1o mpubopy Oonee 360 KM/4 HeiTpanbHas LHEHTPOBKa ((oKyc)
yBenmuuBaeTcs Ha 2...3 % CAX, 4To MOBBIIIAET 3a1ac NPOoA0JIbHON CTaATHYECKOH yCTONYNBOCTH O MEPETPY3KE.

Oro yBenmnueHue o0BACHsAeTCA cienyrommM. C pocTOM CKOPOCTH TIONEeTa 10 MPHOOpY TPH CIyYaifHOM
BO3PACTaHHMHU YIVIA aTaKW YBENMYHMBAIOTCS n3rnbaronmme nedopmarmmu Qrosenspka, IpH 3TOM BEPXHSA €0 4YacTbh
YKOpPauMBaeTCsl, a TPOCA YNPABICHUS PYJIEeM BBICOTHI CBOCH IUIMHBI HE W3MEHSIOT. DTO NPUBOIUT K OTKIOHCHHUIO
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Py BBICOTHI BHH3. [IpHpalienne moJbeMHOM CHITbI TOPH30HTAIBHOTO ONEPEHNUS AY; o, BO3pacTacT, BBI3BIBAS TEM
CaMbIM CJIBUT a3pOJMHaMHUECKOT0 (hoKyca Hazaf.

HpOZ[OJ'IBHaH JHUHAMHUYCCKas YCTOﬁQHBOCTL caMoJI€Ta nim XapakTep MMpoaAOJbHOIO
KOPOTKOIIEPUOAUIECKOTO ABMIKEHHA ONPEACIIACTCA COOTHOHMICHUEM MEXKIAY CTATUYCCKUMHU W OTWMHAMHWYECCKUMHU
MOMCHTAaMH.

B 3aBucuMoCTH OT cTemeHH AePOPMHUPOBAHHS IMPOJOJEHOE KOPOTKOMEPHOAMYECKOE TBHKCHHUE MOXKET
UMETh alepUOJMYCCKUA WM Yalle Mepuoaudeckuil (KoyebarenbHbiid) xapakrep. [Ipu cnabom nedopMupoBaHum
KoJIeOaHus caMmolieTa Oy IyT 3aTyXaTh MEUICHHO U MOTPeOyeTCs MHOTO BpEMEHH ISl BOCCTAHOBJICHUS PAaBHOBECHSL.

Ho u mpu upe3mepHO Oo0sbIIOM AeMIGHUPOBAHWM WM HEIOCTATOYHON CTATHYECKOW YCTOHYMBOCTH
caMmoJieTa BO3BPAIIIEHUE B COCTOSIHAE PABHOBECHS TaK)Ke 3aTATHBACTCS, XOTS KOJicOaHui He OymeT.

IIpononpHass pWHAMHYECKass YCTOMYMBOCTH CaMoOJIETa XapakTepu3yeT KOI(PQOUIMEHT 3aTyXaHUs
TIPOIOJIEHBIX KOJICOaHHH.

Te b

150 200 230 00 50

Vs
Puc. 20 . XapaxmepucmuKku npooonvHol OuHamu4eckoil ycmoiuugocmu camonemos Ak-52 u Ak-55 c
3axcamoii pyuKoil ynpaeieHus

PaccmoTpuM  XapakTepUCTUKH KOPOTKONEPUOIUYECKOro JBMKEeHUs camoneToB Ak-52 u k-55 B
TOPU30HTAILHOM HojeTe Ha BeicoTe H=500 M ¢ 3axatoil pydkoi yrpaBieHHs MPU CIEAYIOIMHX JaHHBIX CAMOJIETOB:

Ak-52 - G=1290 krc, nentpoBka 25% CAX;
SAx-55 - menrpoBka 25% CAX, G=870 xrc (Puc. 20).

W3 rpadukoB pUCyHKa BHIHO, YTO B Jauana3oHe ckopocrteil mosera or 150 mo 360 xm/4 3aryxanue
KoJIeOaHWH Ha TOJOBMHY YMEHBILIAETCS. JTO OINpPEAEssieT JOCTATOYHO XOPOLIYI0 TUHAMHYECKYIO YCTOMYMBOCTH
camozneroB Sk-52 u fk-55.

IIpuBeneHHBIE XapaKTEPUCTUKH KOPOTKOMEPHUOJUIECKOTO IBHKCHHS IMO3BOJISIOT CHETIATh BBIBOA O TOM,
YTO JIUTEIbHBIN TOPU30OHTAIBHBIN MOJIET Ha caMmoieTax SIk-52 u SIk-55 Bo BceM quamna3zoHe CKOPOCTEH M BHICOT HE
YTOMMTEIEH.

Ho BcrmeactBue maoro Beca caMOJIETOB B CHJIBHYIO ~OONTaHKY JETYHKY MPUXOIUTCS MPUKIAIBIBATH
OIIpe/ieNIeHHbIEe YCHIINS IS yAepKaHUs CaMoJIeTa B 33laHHOM PEXHMe TI0JIeTa.

MPOJIOJIBHAS YCTOMYUBOCTH I10 CKOPOCTH

Ycemoiiuueocmoio no ckopocmu naspiBaeTcs CIOCOOHOCTH CaMOJIETa BOCCTAHABIMBATE CKOPOCTH T10JIETa U
YTOJI HaKJIOHA TPAEKTOPHU HCXOIHOTO PEKUMA.

Camorer, oOnafalomMii YCTOHYMBOCTBIO O TEperpy3Ke M yIOBJIETBOPUTENBHBIMH JEMI(HUPYIOMIUMU
CBOMCTBaMH, TP HApyIIEHHH DPABHOBECHS CPABHHUTEIBHO OBICTPO MPEKpaIlaeT KOPOTKONEPHUOIUUECKOe
Koyie0aTenbpHOE JBIKEHHE. B Impolmecce 3TOro IBM)KEHHS CaMOJIET BOCCTaHABIMBAET yrojl aTakk M IEperpy3Ky
(IPSIMOJTMHEHHOCTD JIBMKECHUSI) HCXOJTHOTO PEXMUMa, HO HE BOCCTAHABIMBAET UCXOAHBINH yroJl HaKIOHA TPAeKTOPHUU
u TaHraxa. IlosToMy panpHelinee TpOTEKaHWE BO3MYLICHHOI'O JBW)KEHHMS  Ha3blBaeTcs  OONBIINM
(mmHHOMEpHOIMUECKUM) IBIKEHHEM. OHO CBSI3aHO CO 3HAYMTENILHBIMH OTKIOHEHHSMH CaMOJIETa OT TPAEKTOPHUHU
MCXOJHOTO - YCTAaHOBHBIIETOCS IOJIETA M COIMPOBOXKAAETCS M3MEHEHNEM CKOPOCTH M BBICOTHI. COBEPIIEHHO SICHO,
YTO MHTEPEC NMPEACTABISIET HaYadbHAs TEHACHINS CaMOJIeTa, T. €. KaK OH pearupyeT Ha U3MEHEHHE CKOPOCTH cpasy
MOCJIE YCTPAHEHUS BO3MYIICHHH.

TCHILCHHI/IH caMoOJI€Ta K BOCCTAaHOBJICHHUIO HMCXOJHBIX 3HAYCHHH CKOpPOCTH U YyIJIa HAKJIOHA TPAaCKTOPpHU
HA3bIBAECTCSI CIAMUUECKOI ycmoﬁuueocmblo no ckopocmu.

Bcesikoe M3MeHeHHe CKOPOCTH I0JIeTa M3-3a NEHCTBUS KaKOW-1100 CITydailHON MPUYUHBI COIPOBOMXKIACTCS
HN3MCHCHUCM a’pOAMHAMHNYCCKUX CHUJI U MOMCHTOB. Ecmn Ipyu YBCJIMYCHHUU CKOPOCTHU IIOJICTAa NOABEMHAaA CHJIa

YBEJINYMUBACTCA, TO MOSABIACTCA HeypaBHOBeLlIeHHMﬁ MU30BITOK €€ AY, TPACKTOPU ABHUKCHUS UCKPUBJIACTCS BBEPX.
310 BEICT K YMEHBIICHUIO CKOPOCTH.

YMeHbIIEHHEe CKOPOCTH Y CTAaTHYeCKH YCTOMYMBBIX camoneToB Sk-52 u Sk-55 compoBokmaercs
YMEHBIICHNEM TTOABEMHON CHIIBI H, CIIE0BATENILHO, UICKPUBICHUEM TPAEKTOPHHU €ro nosera BHU3. [Ipy cHIDKEHNH
CKOPOCTD TI0JIETA YBEINYNBACTCSI.



AIPOIUHAMMUKA CAMOJIETA 16

Takum 00pa3oM, YCIOBHEM CTAaTHUECKOW YCTOHYMBOCTH CaMoOJjeTa MO0 CKOPOCTH SIBIAETCS yBEIHMUYCHHE
MIOJTBEMHOW CHJIBI NPH YBEIHMYEHHH CKOPOCTH, W HA00OpOT, T. €. KPUTEPHEM YCTOHYHMBOCTU IO CKOPOCTH MOXKET

d_Y d_Y>0 d_Y<O

ObITh 3HAK BeaMUMHbI OTHOWweHns dV Ilpu dv caMoJIET YCTOMUYMB 10 cKkopocTH. IIpu dv caMmoJeT
HEYCTONYHUB 110 CKOPOCTH.

Cratndeckas yCTOﬁ‘IHBOCTL caMoJI€Ta MO0 CKOPOCTH ABJIACTCA HCO6XOI[I/IMBIM, HO HCIOCTAaTOYHBIM
YCJIIOBUEM BO3BpalICHHUA CaMOJIETa K HCXOIHOM CKOpPOCTH MOJIETA, TaK KaK OHa OIPEACIIACT TOJBKO Ha4YaJIbHYIO
TCHACHIUIO B IBMKCHUU CaMOJIETA IIPU HAPYIICHUHU €T0 PAaBHOBECHUS.

N3zmenenue CKOPOCTH I10JI€TA, KaK MpaBUJIO, COIMPOBOXKIAACTCA U U3MCHCHUEM YTIJia aTakKu, MMO3TOMY IO/
YCTOﬁQHBOCTblo 0 CKOpOCTH (I)aKTI/IquKI/I MMoApa3yMeBacCTCA YCTOﬁqHBOCTL pexuMa 1moJjiera, T. €. CTPEMJICHUEC
caMoJieTa BOCCTAHOBUTH HE TOJIBKO CKOPOCTh, HO U YI'OJI aTaKU UCXOAHOI'O PECKUMaA MOJICTA.

Ha ycToiluMBOM IO CKOPOCTH CaMoJjieTe YBEJIMYeHHE CKOPOCTH MOJIeTa COMPOBOXKIACTCS MPHPOCTOM
MObeMHOM CHIbl. ClieI0BATENBHO, ECITH JIETYUK YBETHMYUT CKOPOCTH TOJIETA, TO JUIS COXPAHEHHS PSMOIMHEHHOTO
TFOPU3OHTAJIBLHOI'O IOJICTa OH 6y,ueT BBIHYKACH YMCHBIIUTDL YI'OJl aTaKM OTKJIOHCHUCM PYUYKHU YIIPABJICHUA OT 06651,
YTO BBIZOBCT YBCIIMYCHUC JaBALICTO YCUIIHA.

Takum 006pa3om, 00 yCTOIHUMBOCTH caMOJIeTa IO CKOPOCTH JIETYMK MOKET CYIUTh 1O M3MEHEHHIO yCHIIHHA
Ha PydYKe YIpPaBICHHS WM TI0 OTKIOHEHHIO PYJIS BBICOTHI C M3MEHEHHEM CKOPOCTH NPH COXPAaHEHHH DPEKUMa
MPSMOJIMHENHOTO TOJIETA.

BanmancupoBouHas muarpamMma 53 (V) (Puc. 21) mo3BosieT CyauTh O IPOJOIBEHON CTATHIECKOW yCTOMIUBOCTH
camoJera GUKCHPOBAHHOM (32)KaTOM) YIPaBICHUH.

Jﬁ?‘ (BHus)

Vo V200 Vy

Vit

G4

e,

( Bbepx)

Puc. 21 K o6vacuenuio npoooasHoil cmamuyeckoil yCmouuugocmu camoiemos no CKopocmu npu
3aghuxcupoeannom ynpasienuu

2ok (08ums)
Vo V=200V,
—
Ba, 70 P81 V, ks
(Tanyme)

Puc. 22 K 06vacnenuto npoooibHoll cmamuieckoll yCmouuueoCmu no cCKOpoCmu npu c60000HOM
ynpaenenuu

Homyctum, cbamancupyem camodnet Sk-52 Ha ckopoctu 200 kM/4 mpu pabote aBuratens Ha | HomuHae,

0 0
IpU 3TOM 6y =3 , 3a(QUKCHpyeM B 3TOM IIOJIOXKEHHM DPYdYKy ynpaBieHus. IlycTe mo kakoi-imbo mpudmuHe
CKOpOCTh IIOJIETa YBEIMYMBaeTcs 10 ckopoctu V. [Ipu 3TOM NUKUpPYIOLIMHA MOMEHT yMmeHbluaercs. s ero

0
YCTpaHEHUs HEOOXOAWMO OTKJIOHUTH pyJTb BBICOTHI BHH3 Ha BEIUYHHY 55, , HO TaK Kak pyJb BBICOTHI
3a(UKCUPOBaH B HEHTPAIBHOM IOJIOXKEHHWH, TO MMOJ JEHCTBHEM YMEHBIICHHS MOMEHTa CaMOJeT Iepeimer Ha
KaOpHpoBaHHE, CKOPOCTh IOJieTa OyJdeT yMEHBIIAThCS, CTPEeMICh K HCXOAHOMY 3HaueHHio. IIpm yMmeHbIeHHH
CKOPOCTH JI0 3Ha4€HHs V, [uisi OaJaHCHPOBKU CaMoJieTa He0O0X0UMO ObLIO Obl OTKJIOHHUTH PYJib BBICOTBHI BBEPX HA
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50
BEIIMYNHY B, ,, HO TaK KaK OH Saq)I/IKCI/IpOBaH, TO CaMOJIET NEPEXOAUT Ha CHMXKEHHE, CKOPOCTH II0JIETa
YBEINYINBACTCA. CHeZIOBaTeHBHO, n B TOM U B APYIroM cCiiyda€, €CJIM HaKJIOH 6aﬂaHCI/IpOBO‘{H0ﬁ auarpaMmsl 110

d53>0

yriaM OTKJIOHEHUSA PYJIA BBICOTHI IIOJIOKUTEIIbHBII dV , CaMOJIET UMECT CTPEMIICHUE 0e3 BMellIaTenbCTBa
JIETYUKA BOCCTAHOBUTH 3aJaHHYIO CKOPOCTbH, T. €. OH CTaTU4YE€CKH yCTOI\/'I‘-II/IB IO CKOPOCTHU IIpH d)I/IKCI/IpOBaHHOM
YIIpaBJICHUU.

BanancupoBounass jamarpamma Pg(V) (Puc. 22) mnozBoisier CyauThb O IPOAOJIBHON CTaTHYECKON
YCTOHYHMBOCTH caMoJIeTa M0 CKOPOCTH IIPH OCBOOOKIEHHOM YIIPaBICHHUH (pydKa YIpaBJICHUs OpOIICHA).

CoanancupyeM camoiieT SIk-52 TpuMMepOoM Ha CKOPOCTH TOpU30HTaNbHOTrOo mnojera 200 kM/4 nipu padboTe
neurarens Ha | HomuHae. [Ipu atom Py = 0 nipu 0cBoOOKICHHOM yrpaBieHuH. [Ipy yBeInYeHHH CKOPOCTH MoJieTa
Jo V| i 6aTaHCUPOBKU caMoJieTa He00X0IMMO MPWJIOKHTE K PydYKe YIIpaBleHus Aapsinee ycmiue Pak Ho, Tak Kak
pyuYka ocBOOOXIEHA, OHAa OyJeT MepeMeIIaThCs B HAIPABJICHUH K JICTYUKY - PYJIb BBICOTHI OTKJIIOHHUTCS BBEpPX,
caMoJIeT IepeineT Ha KabpupoBaHUe, CKOPOCTh OYAET YMEHBIIATHCA, CTPEMSICh K 3aaHHOM.

[Tpn yMeHbIIEHUH CKOPOCTH JUIsi OAIIAHCUPOBKH CaMoJieTa HEOOXOAMMO NPHIIOKHUTh TSHYILEE YCHIINE, HO
TaK Kak py4ka yIpaBJIeHHs: OCBOOOK/IEHa, TO OHa OyleT MepeMenaThCcsi B HAlPaBJICHUH OT JIETYUKA, PYJIb BBICOTHI
OTKJIOHWTCSI BHHM3 CaMOJIET NepeiJeT Ha CHI)KEHHE, CKOpOCTh OyneT yBenuuuBaThes. ClieloBaTenbHO, U3
BBILIECKA3aHHOI'O MOKHO CJIeJIaTh BBIBOZ: €CIIM CaMoJjieT cOalaHCUPOBAaH M HAKJIOH OaaHCHPOBOYHOM JAMarpaMmbl

aF, >0

0 YCWJIMAM Ha pYUYKE YIIPaBJICHUA MMOJIOKUTEIIbHBIN dV , TO CHUTACTCA, YTO CaMOJICT CTaTUYCCKU }/CTOI‘/II‘H/IB
IO CKOPOCTHU IIpH OCBO60)KZ[CHHOM YIIpaBJICHUU.

Takum o00pa3oM, B OSKCIDIyaTalMOHHOM JHama3oHe CKopocTed moinera camoneTsl Sk-52 m SIk-55
CTaTUYECKH yCTOWYHMBHI TI0 CKOPOCTH U TIO TIEPETPy3Ke.

ITOIIEPEYHAS BAJIAHCHPOBKA.

BJIMSHUE PEAKIIMU BPAIIIEHUSA BO3YIIHOI'O BUHTA HA IIOITIEPEYHY 1O
BAJIAHCUPOBKY

Ilonepeunoit 6anancuposkoii camosiema Ha3bIBACTCA TAKOE €ro COCTOSHME, KOrAa JAeicTByromue Ha
CaMoJIeT CHJIbl HE BBI3BIBAIOT BpallEHHE cCaMoJieTa BOKPYT MpoAosibHOM ocu X. [ monepeyHoil OajnaHCHpPOBKU B
NPSMOJIMHEHHOM TI0JIeTe HEOOXOIMMO paBHOBECHE KpPEHSIIMX MOMEHTOB, T. €. 4TOOBl CyMMa MOMEHTOB
OTHOCHTENBFHO ocH X ObUla paBHa HyIiO: Y BHHTOBBIX camoieroB SIk-52 m SIk-55 HeT a’spoanHaMUuecKOn
cuMMeTpuH. [IpOMCXOANT 3TO OTTOTO, YTO B IOJIETE MO/ BIMSHUEM paOOThI CHIIOBOH YCTAHOBKH BO3HHMKAET IIPABBIi
KPEHSAIINI MOMEHT, KOTOPBIN IPUXOANTCS YPABHOBEIINBATh. PaccMOTpHM yKkazaHHOE BIMSHHE CHIIOBOI yCTAaHOBKH.

My =0 (9.13)
Y
. Mpeanm || X+
# Y,
Inepax nOgHAM
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¥
Puc. 23 Peakmuenwiit momenm eoadymnozo 6UHmMA U ypasnoeeuiueanue eco MemoooM OMKIOHEHUA
2/1€pOHO6

Bnuanue peakyuu epawienus 8030yuiHO20 GUHMA HA Ronepeunylo oOanancupogky. Cuna TITH
paccMaTpUBaeMBIX CaMOJIETOB JISKUT B IUIOCKOCTH CHMMETPHH H, CIIE[OBATENILHO, HE HApyIIaeT IMOINEPEeYHOro
paBHOBECHSL.

Ho BCJICACTBUC BpalllCHHSA BO3AYHUIHOI'O BUHTA BJICBO (HO HalpaBJICHUIO HOHGTa) CaMOJICT HAXOOUuTCs IO
HeﬁCTBI/IeM IMMpaBoOro KpeHAMCro MOMCHTA, HAIIPABJICHHOI'O B CTOPOHY, 06paTHyK) BpalICHUIO BO3AYIITHOT'O BUHTA.

OTOT MOMEHT HAa3BIBACTCS PEaKMUGHbIM, WIN peakyueil paujeHus 8030yuiHozo eunma - Mpg. [lpu
BpAIlIEHUH BO3JYIIHOTO BHUHTA €ro JIOMACTH, OKa3biBasl JaBlieHWE Ha BO3AYIIHBIN TMOTOK, CAMH HCIBITHIBAIOT CO
CTOPOHBI MOCIEAHETO TAKOE YK€ BO3JIEHCTBUE, KOTOPOE MOXKHO MIPEJICTABUThH B BHJIE PEAKTUBHOM maphl cuil. Tak Kak
BO3JTYIIIHBIM BUHT KOHCTPYKTUBHO CBSI3aH C CAaMOJIETOM, TO PEaKTUBHBIA MOMEHT, NIEpeaBasiCh uepe3 ABUraTeilb Ha
CaMOJIeT, 3aCTaBIsICT €ro KPEHUTHCS B CTOPOHY, 0OpaTHYr BparieHuro. ClieoBaTeNIbHO, MPHU JIEBOM BpAIlCHUH
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BO3AYIIHOTO BUHTA IOJ AEHCTBHEM PEaKTHBHOTO MOMEHTA BO3AYIIHOTO BUHTA CaMoOJIeT Oy/eT UMETh CTPEMIICHHE
KPEHHUTHCS Ha TIPAaBOE KPBLUIO.

Peaknuio BpamieHHs BO3IYIIHOTO BUHTa MOXHO YPaBHOBECUTH ITyTEM OTKIOHEHHUs 3nepoHoB (Puc. 23),
OIIYCTUB TPaBbIi 3JIEPOH W NMOIHSB JICBBIH (PydYKa YNpPaBJICHUS OTKJIOHSETCS BJIEBO). DTUM CAaMbIM JOCTHUIACTCS
paBHOBecHe.

Ha camonerax Sk-52 u SIk-55 3TOT MOMEHT KOMIICHCUPYETCSI OTKIOHCHUEM (PUKCUPOBAHHBIX TPHMMEPOB,
YCTaHOBIICHHBIX HA 3JIEPOHAX. DTH TPHUMMEPHI MPEICTABISIOT CO00i HEOONBIINE JFOPAICBEIC NTACTHHEI, KOTOPHIE
MPUKPEIUICHBI K 0001y 31epoHoB. OTrudas TpHMMEpPEI B CTOPOHY, OOPaTHYIO BPAIICHHUIO, TEM CaMBIM JTOCTHUTACTCS
OTKJIOHEHHE DJICPOHOB Ha PACUETHOM PEXHME U CHATHE HATPY3KH Ha pydke yrpasieHus. Kak mpaBuiio, pacqeTHBIH
PEXHUM COOTBETCTBYET cKopocTH monera 250 km/4. JlaHHBIE TpUMMEpPHI HAa3BIBAIOTCS KOMHEHCUDYIOWUMU,
CHUMAOIIIMH IIAPHUPHBIA MOMEHT.

I[pyl"Of/'I cI1oco0 YpaBHOBCIIUBAHHUA PCAKTUBHOI'O MOMCHTA BO3AYIIHOI'O BUHTA COCTOUT B TOM, YTO YIOJ
YCTaHOBKH TOI'0 ITOJYKpbLIIa, HAa KOTOPOC CaMOJICT KPEHUTCH, ACIA0OT YYThb 0oJIbIIIE. BCJ'IG}_'[CTBI/IC 3TOro0 Ha BCCX

pexnMax MOJIeTa Yroj aTakd 3TOT0 MONyKpbuia OymeT paBeH & +Aa. CrenoBarenbHo, Oyner Oousiblie M €ro
MOTbEMHAs CHJIA. 33 CUET PA3HUIIBI B BEJIMYMHE MMOJABEMHBIX CHJI TOIYKPBUIBEB 00pa3yeTcsi MOMEHT OTHOCHUTEIILHO
ocu X, KOTOPBIM M ypaBHOBEIIMBAET PEAKIIMIO BpAIlleHUs] BO3AYLIHOTO BUHTA. Ha TutaHupoBaHUM, KOT/Ia PEaKIuu
BpAaIlleHHs BO3IYIIHOTO BUHTA HET, CaMOJIET, €CTECTBEHHO, BAJIUTCA Ha TO IMOJYKPBLIO, YrOJl YCTAHOBKU KOTOPOTO
MEHBIIIE, W JICTYUKY HPUXOIMUTCS YPABHOBEIIMBATH CAMOJIET OTKJIOHCHHEM »JyiepoHOB. JlaHHBIN crocod Ha
camouterax Sk-52 u Sk-55 He npumensiercs.

IIYTEBAS BAJIAHCUPOBKA. BJUSHUE BO3AYIIHONU CTPYA OT BUHTA
HA ITYTEBY1IO BAJIAHCHUPOBKY

Ilymeesout 6anancupoekoii camoiema Ha3bIBae€TCsl TAKOE €r0 COCTOSTHUE, KOTJa ACUCTBYIONINE HA CAaMOJIET
CWJIbI HE BBI3BIBAIOT BPAICHUS caMojieTa BOKpYr ocu Y. s myTeBoi OagaHCHPOBKH HEOOXOIMMO PaBHOBECHE
3aBOPAYMBAIOIINX MOMEHTOB, T. €. YTOOBI CyMMa MOMEHTOB OTHOCUTEIHHO OCH Y ObLIa paBHA HYJIIO:

M, =0 (9.14)

YV camosera myTeBoe paBHOBECHE camMO CO00# He co3nmaercs. [IponcxoanuT 3TO OTTOTO, Y4TO B IMOJIETE MO
BIMSIHHEM DPa0OTBI CHJIOBOW YCTaHOBKM BO3HHMKAET 3aBOPAYMBAIONINA MOMEHT, KOTOPBIA NPUXOIUTCS
YpaBHOBEUINBATh IyTeM HapyIIEHHUS a’pOIMHAMUYECKON cHMMeTpuH camosieTa. Ha ruraHMpoBaHWM HapyIIeHHas
CUMMeETpHS JaeT ce0s 3HATh, U JICTYMKY IPUXOIUTCS CO3/]aBaTh YPABHOBEIINBAIOIIIMNA MOMEHT.

Bnusanue cmpyu om 6030yuinozo eunma Ha nymesyw oOanancupoexky. B mornere camoner mMeeT
TEH/ICHIINIO 3aBOPAavYMBaTh B CTOPOHY, OOpAaTHYIO BPAIICHUIO BO3AYNIHOTO BHHTA (T. €. C BO3AYIIHBIM BHHTOM
JIEBOTO BpaleHus camoneTsl SIk-52 u SIk-55 cTpeMsiTcs 3aBopaunBaTh BIPaBO).

IIpyunHa BO3ZHUKHOBEHUS 3aBOPAYUBAIOILEIO MOMEHTA 3aKJIHOYAETCsl B TOM, YTO BO3AYIIHAs CTPYH,
oTOpachkiBaeMasi BO3IYUIHBIM BHHTOM M 33aKpy4nBaeMasi MOCIETHHM B CTOPOHY BpAILCHHS, BCTPEYACT Ha CBOEM

MyTU BEPTUKAIbHOE ONEpPEHHE M, OKa3bIBasl HAa HErO JABJIECHUE, CO3aeT 3aBOPAYMBAIOLINI MOMEHT MZB.o. (Puc.
24). Tak Kak BEPTHKAIFHOE ONEpPEHHE BCErJa Pacloj0oKEHO BBINIE OCH (ro3eisbKa, TO MPU BO3IYIIHOM BHHTE
JIEBOTO BpAIICHUs BO3AYIIHAs CTPYs BpaIlacTCs BJIEBO, AABJICHHE HCIBITHIBACT IpaBas CTOPOHA ONEPEHHS M
CaMoJIeT CTPEMUTCS 3aBEPHYThH BIIPABO.

[Ipu BO3AyUIHOM BHMHTE IMPABOTO BpAIEHHS JaBlieHWE OYyJEeT Ha JIEBYI0 CTOPOHY OMNEpPEHHUs U CaMoJieT
Oyzer 3aBOpavMBaTh BIICBO.

BepmunansHoe oneperue,
bud ciadu

7

e

Zao

Puc. 24 Bo3znuknoeenue 3a60paiusaioniezo MOMeHmMa 6cjie0cmene 0eiicCmeus epawiaoueiica cmpyu
6030YUIHO20 6UHMA HA 6ePMUKAIbHOE onepenue camonemos Ak-52 u Ak-55.
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YpaBHOBECHTH YKa3aHHBIN 3aBOPAYMBAIONINN MOMEHT MOXHO TIPH IIOMOIIH PYJIS HAIIPAaBICHHS, OTKIOHSISA
€ro B CTOPOHY, OOpaTHYIO TOil, B KOTOPYIO CaMOJIeT CTPEMHTCS 3aBOpaduBaTh (s camonetoB Sk-52 u Sk-55-
BJICBO).

BeprukansHoe onepeHne paboTaeT aHAIOTUYHO TOPU30HTAIEHOMY ONEPEHHUIO0, TOATOMY MPU OTKJIOHCHUH
PyJs HampaBiIeHHS BEPTHKAJIbHOE ONEPEHHE OKAKETCS TOJ ACHCTBHEM a’3pOAMHAMUYECKON CHIIbl Zpo, MOMEHT
KOTOpOH OyJeT CTPEMHUTHCSI MOBEPHYTh CaMOJIET BOKPYT OCH Y B CTOPOHY, OOpaTHYIO TOH, B KOTOPYIO HAaIlpaBiIeH
MOMEHT OT AEHCTBUS CTPYH BO3IYIIHOTO BHHTA. B momere yieTunk OyJIeT MCIBITHIBATH IOCTOSHHOE JaBJICHUE Ha
nesanb, YTO yTOMIISIET ero. Jist CHATHS yCUIMi Ha MefaysiX caMoJIeTa, BO3HUKAIOIIUX OT a3pOANHAMUYECKON CHIIBI
Zg. 0, Ha pyJie HAIIPABJICHUS YCTaHABIMBAIOT TPUMMED.

Ha camonerax fAk-52 u Sk-55 ycraHOBiIeH (HUKCHPOBaHHBI TpUMMeEp, NPEACTABIIONIA COOO0M
HEOOJIBIIYIO AFOpPANIEBYIO INIACTHHY, KOTOpas pUKpeIrieHa K 0001y pyist HanpasieHns. OTriubaHueM ee B CTOPOHY,
o0paTHyl0 HEOOXOAMMOrO OTKJIOHEHHS pyJs HAampaBIeHHs, CHUMAETCs HArpy3ka ¢ Iejajeld yIpaBlIeHUS
camoieToM. JlaHHBIM (DPUKCHPOBAHHBIM TPUMMEPOM YPaBHOBEIIMBACTCS IAPHUPHBIH MOMEHT PyJIsl HallpaBJICHUS.
[TosToMy nmpaBUIbHO OYyJET Ha3bIBATh €€ KOMHEHCUPYIOUieil nIACHUHOI.

MOIEPEYHAS, ITYTEBASI U BOKOBASI YCTOMYUBOCTH CAMOJIETA

Cpenu (axkTopoB, ONPENENAIOINX 3aKOHOMEPHOCTU OOKOBOTO ABIDKCHUS, HAHOOJNBIIYIO POJb HIPAaiOT
XapaKTEPUCTUKU IIONEPEYHOM U IyTEBOU yCTOMYUBOCTH.

[TosTOoMy KakgoMy JIETUMKY Al ITOHMMAaHHsS BCEX OCOOCHHOCTEH IOBENEHMsI caMojieTa HEe00XOIUMO
NPECTaBIATh (PAKTHYECKYI0 KapTHHY OOKOBOTO ABM)KEHHUS W, B YaCTHOCTH, CYIIHOCTb KOHKPETHOTO IPOSBICHU
MIONEPEYHOMN U IIyTEBOU YCTOWYUBOCTH.

TMOIMEPEYHAS YCTOHMUYMBOCTH CAMOJIETA

CnocoOHOCTh camoyieTa 0e3 BMeENIATeIhCTBA JICTYMKA BOCCTAHABIIMBATH B IIOJIETE TICPBOHAYATIBHOC
COCTOAHHUE MTOIIEPETHOTO PABHOBECHUS HA3bléAemMCCA nonepelmoﬁ ycmoﬂlmeoc’mblo.

PaccMoTpuM moBesieHre caMolieTa IIpH CIIydaiiHOM HapyIIeHWH MollepevHoro paBHoBecus. Hampumep, mox
BO3JICHiCTBIEM BEPTHKAJILHOTO ITOPHIBA BETPA HA OJJHO U3 HOIYKPBHIIHEB CaMOJIET HAYHET BPAIaThCsl OTHOCUTEIILHO
ocu X, T. €. KPEHUTbCA.

[Ipu BpameHn# camosieTa BOKPYT NPOAOJIBHON OCH MPOUCXOIUT U3MEHEHHUE YITIOB aTaKu Ha MOIYKPbUIbSX:
Ha OIMYyCKAIONIeMCsl KpblIe YIJIbI aTakd YBEIWYMBAIOTCS, a Ha ToaHuUMaronieMmcsi - ymeHsiiarotcs (Puc. 25). B
pe3yJbTare IMOABEMHBIE CUJIbI TMOJYKPBUIEB TAaKXKE U3MEHAT CBOM II€PBOHAYAJIbHBIE BEJIMYUHBI: Ha
HOAHMMAOLIEMCS IMOAbEMHAss CHIAa Yjo; OyleT MeHbllle HMCXOJHOM, a Ha oOIlyckaroumemcs Oonblle, T. €.

Yon > Yﬂoﬂ * Pesynprupylomas HmOABEMHBIX CHI Y’ CMECTHTCS B CTOPOHY OIIyCKAaloLlerocs MHOIYKphUIa U
b
JeiCTBys Ha IJIeYO a, CO3/1acT TOPMO3AMH (AeMNUPYIOIHA) MOMEHT M. sevng, PEMATCTBYIOIIMI NabHEHIIEMY
YBEIMYEHUIO yrina KpeHa. OpHako AeMIQUPYONMH MOMEHT JAEHCTBYeT TOJNBKO MpPH BpalieHUH CaMoJjieTa
OTHOCHTEJIFHO OCH X M Kak TOJBKO BpalleHHe (KpPEHEHHE) MpeKpallacTcs, MpeKpalaeTrcss u JeHCTBHE 3TOro
MoMmeHTa. [103ToMy BOCCTaHOBHTH HCXOTHOE MONIEPEYHOE PABHOBECHE AEMII(PHUPYIOIINI MOMEHT HE MOJXKET.

Jemndupyromnmii MOMEHT paBHOBECHSI HE BOCCTAHOBHT, OJTHAKO BPAIICHHE CaMOJICTa MPEKPATHTCSA, U OH

OCTaHeTCs HaKPEeHEHHbIM Ha HEKOTOpHIit yron Y (Puc. 26).

MAumwwmu.Lnﬁ
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ONYCKAXLLEECH KPBIAD

Puc. 25. Cxema cun, Oelicmeyouux Ha camosien npu e20 epauieHuu omuocumenvho ocu X



AIPOIUHAMMUKA CAMOJIETA 20

Puc. 26 Boccmanoenenue nonepevunozo pasnosecus npu CKoJbyiceHuu camoiema

HakpenuBiimiics caMmoyieT HauWHAET CKOJB3UTh HAa OIYIIEHHOE KPBUIO TMOJ| BO3IEHCTBHUEM CHIIBI Zc,
COCTaBIISIIOIIEH CHIIBI Beca M MoJabeMHOU cuibl (cM. Puc. 26). IIpu monere camolieTa CO CKOJIBKEHHUEM XapakTep
00TeKaHHS TIONYKPBUIBEB M PACTIPEICICHUS ABJICHUS HAa HUX M3MEHsETCS. Ha OmMymeHHOM MONyKpBUIE YCIOBHS
oOTeKaHMs JydIlle, a Ha MOJHITOM H3-332 adpOJMHAMHYECKOTO 3aTCHEHHUsS XY)Ke, BCICACTBUEC YEro Ha OMYIICHHOM

TI0JI Y KpBUIE OABEMHAS CHJIA CO3AeTCs OOJIbIIEH BEMMYUHEL, YeM Ha MOTHATOM (Yon > Yioy).

PesynpTupyromas nogseMHast cuia V', Kak 3T0 IOKa3zaHo Ha Puc. 26, CMECTHTCS B CTOPOHY OITyIIEHHOTO
MOJIYKpBIIa W, ACUCTBYA HA IUle4e ¢ OTHOCUTEIBHO LEHTPAa THKECTH, CO34ACT BOCCTAHABIUBAIOIIUNA MOMEHT
(Mpocr), KOTOPBIA TOCHE NpeKpameHus] NeWCTBHs BHEUIHMX CHJI MPEKPAaTHT CBOE JeWcTBHE. TakuM o0pasom,
nornepeyHas yCTOWYHMBOCTh OOECHEYMBAETCs CaMHMM KpBUIOM, HO HE 3a CYET TOJBbKO KpeHa, a W 3a CueT
BO3HHUKAIOILIETO IIPU 9TOM CKOJIbKCHHUS.

BennunHa BOCCTaHABJIMBAIOIIEIO MOMEHTA, CTENIEHb CTaTUYECKOM MONEPEUYHON yCTOMYMBOCTH 3aBUCAT OT
IUIOIIAAN KpbUIa, yIia IMONEepedHOro V, CTPEIOBHAHOCTH, YIUIMHEHHS KpbUIa, OT IUIOMIATHd BEPTHUKAIBHOTO
onepeﬂym HT. O.

M gocer

Puc. 27 . Bruanue yzna nonepeunozo V Ha nonepeunyio ycmouuueocmsy camojiema

PaccMoTpuM BiusHUE YIIOMSHYTBIX ()aKTOPOB Ha NONEPEYHYIO YCTOWYHBOCTH CaMOJIETa.

[Inomane Kpblla CHIIBHO BIHSIET Ha BEIHYMHY OeMIIpUpyromero MoMeHTa. IIpu moCTosSHHON cKOpocTH U
BBLICOTE I10JIETA B [MAIa30OHe JETHBIX yIJIOB aTaK{ BEMYMHA HPUPOCTA MOXBEMHOM cuiibl AY 3aBHCHT TOIBLKO OT
A0, ¥ mIomany kpeuia S.

Hemndupyromuil MOMEHT Mxpemnd BO3HHKAET NPU HAIMYMM BpAlLIEHHs camolieTa BOKpPYr ocd X, B

pe3ysibTare 4ero MOSIBISETCS Pa3HOCTh B yriax aTaku MOMYKpbulbeB. OT BENWYMHBI 3TOW Pa3HOCTH 3aBHUCUT
M3MEHEHHUE B MOJIbEMHBIX CHJIaX MPABOTO U JIEBOTO MOJIYKPBLILEB.

2
19
AY = Ay P2 s.
2 9.15)
I/I3 (bOpMyJ'II)I CJICAYCT, YTO IPHU NPOYUX PABHBIX YCJIIOBHAX BCIMYUMHA U3MCHCHUS HOH'I)CMHOf/'I CUJIBI Ha

KpbLIE, a, CIe0BATENbHO, U Mxpemndy OyAET 3aBuceTh OT miuomanu kpsuia S. Uem Oomblle ImIIOmans Kpbula, TeM
TpyJHEE CaMOJIeT BBIXOAUT M3 COCTOSIHUS PAaBHOBECHs, M Ha00OPOT, €CIIM CaMOJIET MMeeT IIyOoKoe HapylleHue
paBHOBECHsI, TO IeMIT(UPYIOIINH MOMEHT OyIIeT CAEPKHUBATh OBICTPOE BO3BPAILEHUE K HCXOJHOMY IOJIOKEHHIO.

Yzon nonepeunozo V kpwina wmeet GonbpIoe 3HAUYEHUE IS TOMEPEYHON ycToWdmBOCTH camolieta. Kak
BUAHO Ha Puc. 27, mpu CKOJBKEHUH KPBUIA, UMEIOIIETO YTOJI MONEPEIHOTO V, TOIYKPBUIbS 00TEKAa0TCsl OOKOBBIM
MOTOKOM BO3JyXa IOJ Pa3MYHBIMH yTJIAaMH aTakd. Y OIYIIEHHOTO IOJIYyKpbUIa Yrojl aTaku Oonblle, 4eM y
MOJHATOTO, COOTBETCTBEHHO IPOM3OWAET yBEIWUYCHHE NOABEMHOW CHIIBI Ha OMYLIEHHOM M YMEHBIICHUE Ha
MOJHATOM TOIYKPBUIBSX.
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C YBEIMYCHUEM YIJIa ITONIEPEYHOTO \% pasHula B yrjlax aTakKl W IOABEMHBIX CHUJIaX OIIYHICHHOI'O H
IPUIIOAHATOTO  KPBUIBEB  TAKXKE  YBEJIHMYHTCH. Bcaencteue atoro 6yaeT HUMETb MECTO  YBCJIUYCHUE
BOCCTaHABJIMBAIOICTIO MOMCHTA.

Takum 00pa3oM, dem OOJIbIIEe yroj MOMEPEYHOro V KpbLid, TEM JIydlle HONepeyYHas yCTOWYHBOCTD
camoinieta. Y COBPEMEHHBIX CaMOJIETOB C MPSAMBIMH W TPANCHUEBUIHBIMUA KPBUIbSIMH YIOJNl IMOMEPEYHOro V
HaxoauTcsl B mpeaenax ot 0 go +7°.

Cmpenosuonocme Kpblia YBEINYMBACT IIONEPEUYHYI0 YCTOHUMBOCTH camosieta. Yem Ooibmie yrou
CTPEJIOBUIHOCTH, TEM JIyHIlle MoNepeyHast yCTOHUYUBOCTh. DTO OOBSICHSIETCS] HEOJMHAKOBBIM XapaKTepOM OOTeKaHUs
CTPENOBUAHBIX MOJIYKPBUILEB PU HAPYIIEHNUH MONIEPEYHOTo paBHOBecHs Eciii HapyIIeHo onepeyHoe paBHOBECHE,
TO CaMOJIET COBEPILNACT IIOJIET CO CKOJBKEHHWEM. IIpy HamuuuM NpsIMOM CTPENOBHUAHOCTH BEIMYMHA ITOJXBEMHOMN
CHJIBl 3aBHCUT HE OT CKOPOCTH IIOTOKa /00, a OT €€ COCTaBISIMHNX V), HAIPaBICHHBIX MEPIEHIUKYISIPHO
nepenrHUM KpoMkaMm. Tak kak 3¢ ¢dexTrBHasE CKOPOCTh V| y KpbUIa, BEIIBHHYTOTO BIEpE, OOJIbILE, a OTCTAIOIIErO
MEHBIIIE, TO U MOJbEMHBIE CHJIBI TOJYKPBUILEB TaKKe OYyT HEOANHAKOBBI.

BcnencTBue 3TOT0 MOSBISAETCS TOTONMHUTENBHBIN BOCCTAHABIMBAIOIINNA MOMEHT 32 CUET CTPEIOBUIHOCTH.
Takum oOpa3om, mpsMas CTPEIOBHOHOCTh KpPBUIA CIIOCOOCTBYET TIOBBIIICHHWIO MOMEPEYHON yCTOWYHBOCTH
camorera. OHAKO y CaMOJIETOB C KPBUIOM NPSIMON CTPETOBHIHOCTH IOTIEPEYHAst YCTONYMBOCTE MOXKET BO3PACTH
HACTOJIBKO, 4YTO CTAaHET W3JMIIHEH. A 53TO YXYIIIUT YNPaBAsAeMOCTb M MOMET BBI3BaTh TaK Ha3bIBAEMYIO
KoJieOaTeNbHY0 HEYCTOMYMBOCTE. [10 3TOi MpUYKMHE Y CaMOJIETOB CO CTPEJIOBUIHBIM KPBIJIOM YTOJI ITONepeyHoro V
JICNIAI0T, KaK IPABWIO, OTPHULATSIBHBIM (0 -5°) DTHM YXYIIIAIOT MOMEPEYHYI YCTOHYHMBOCTH, C TE€M, YTOOBI
JOOWTBCS TIPUEMJIEMBIX 3HAUYEHMH YNPABISIEMOCTH M HCKIIIOYHTH HEKEJIaTeNbHbIC ITOOOYHBIE SIBICHHUS B BHUJE
KoJyie0aTenbHON HEYyCTOHYMBOCTH.

Yonunenue kpvina. Yem Oomplne yminHEHHE KpbUIa, TeM Ha OojbiieM IIiede OyneT AeicTBOBAThH
NOJbEMHAsi CHIa YKp, CMECTHUBIUASCS B HAlPaBJICHUH OIyCKAIOUIErocsl KpbUla, M TeM Ooublue Oynaer
BOCCTaHABIIMBAIOIIIH MOMEHT, a, CIIEJJ0BATEIIbHO, JIy4llle IONepeyHas yCTOMYUBOCTh caMoJIeTa.

Ha momepeunyto yCTOHYHBOCTD OKa3BIBAIOT BIMSHHE OOKOBBIC MOBEPXHOCTH (DIO3EILIKA, BEPTUKAIHHOTO
OTIepeHus, MOTOTOH0I. Eciy eHTp AaBIeHHUS 3TUX MOBEPXHOCTEH OKaXKETCS BBIIIE LIEHTPA TSHKECTH CaMoJieTa, TO
MOMEHTHI a3POJMHAMUYECKUX CHII, AEUCTBYIONINX Ha OOKOBBIE TOBEPXHOCTH (IO3eIsKa, BEPTHKAIBHOTO OMEPEHHs,
M MOTOTOHJIOJN, OYAYT CTPEMHTHCS BOCCTaHOBUTH HapyIIEHHOE PaBHOBECHE. JTO MOJOXKUTEIBHO OTpPa3UTCs Ha
MOTIEPEYHOl yCTOWYNBOCTH, OCOOEHHO Yy CaMOJIETOB C HIXKHUM W CPEJHUM PacIiojoKEHHEM KpbUIa, U B MEHBIIEH
CTETIEHH! Y CaMOJICTOB C BEPXHUM PaCIIOJIOKEHUEM.

MONEPEYHAS YCTOMYUBOCTH HA BOJBIIUX YIJAX ATAKH
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Puc. 28 Hzmenenue korgpgpuyuenma Cy npu Hapyuienuu nonepeynozo pagHoeecus Ha pa3iuiHbIX
yanax amaku

C yBenuyeHHEM yIJyla aTakd IONEpevHas YCTOMYMBOCTh YXYALIAeTCS M Ha YIJlax aTakd, ONH3KHX K
KPUTHYECKOMY, MOXKET HACTOJBKO YXYAUIMTHCS, YTO CaMOJIET TEpsieT CHOCOOHOCTh CaMOCTOSTEIHHO
BOCCTAaHABIIMBATh HapyIIeHHOE paBHOBecue. Kak BuaHO Ha Puc. 28, mpu oguMHAKOBOM M3MEHEHWH YTJIOB aTaKH y

TIOIHUMAIOMIETOCS M OIYCKAKONIETOCS MOJTYKPhLIbEB BENMYMHA M3MEHEHHS MOabeMHON cuibl AY st pasnudHbix
MCXOJHBIX PEXHMMOB II0JIeTa HEOJMHaKoBa. Ecin camolneT jeren Ha CpaBHUTEIbHO HEOONBLIMX Yrilax aTakd (Ha
0OJIBIIION CKOPOCTH), TO M3MEHEHHE MOIbEMHOM CHIIBI Y 000MX KPBUILEB IPHUMEPHO OJMHAKOBO. IIpH monere xe Ha
OKOJIOKPUTHYECKUX YIJIax aTake MOJbEMHAsl CHJIA OITyCKAIOIIErocs KpbUla MOXKET OBITh JAa)Ke MEHBIIE MCXOMHOH.

OTO NPOU30HAET, €ClIM CyMMapHBIH yroil ataku Oyner 0oJbllle KPUTHIECKOTO, T.€. (AaHCX + AO() > Cpur . B

pe3ynbTare IeMIIpUPYIOMN MOMEHT OyIeT OUYeHb Majl U caMoJIeT OyJeT MHTCHCUBHO HAaKPEHSTHCS.



AIPOIUHAMMUKA CAMOJIETA 22

[MoMuMoO yMeHbIICHUs AeMII(DUPYIONIET0 MOMEHTa IPU MOJeTe Ha OKOJOKPUTHYECKHUX YIJIaX aTakd Npu
HaKpEHEHUHU IOSBIISETCS CPhIB IIOTOKA Ha OIIyCKAIOLIEMCSI KPbLIE, YTO MOXKET IPUBECTU K CBAJIMBAHUIO CaMOJIETa Ha
KpbUTO. Y OOJBIIMHCTBA KPBUILEBBIX MpoQuiiel 30Ha Hayaja CpbIBa pacrojaraercs y 3aJHed KPOMKH KpbLia U C
YBEJIMYCHUEM YTJIa aTaky ObICTPO IepeMelaeTcsl BIIepe/] [0 XOpAe U BIOJIb 110 pa3Maxy.

VY CTpenoBUAHBIX KpBUIBEB CpPBIB IIOTOKA HAYMHASTCS pAHbIIE, YeM Yy HECTPEIOBUAHOIO H
COCPEOTOYMBACTCS HA KOHLAX Kpbuta. [103TOMy CTpenoBHAHOCT Kpblla yXyIIIaeT MONePeYHyI0 YCTOHYUBOCTD Ha
0OBIINX yTIIaX aTakH.

Juist ynmydimeHus: nonepeyHoi yCTOHYMBOCTH Ha OOJBIIMX YIJIaX aTaKd MPUMEHSIOTCS a3pOAMHAMUYECcKast
U TeOMETPHYECKask KPYTKH KpbLIa, KOHLEBbIE IPEAKPBUIKH, a9POANHAMHYECKHE TPEOHH.

A3podunamuueckan Kpymrka. Y a3poAMHAMUYECKH 3aKPYUEHHBIX KPBUILEB Ha KOHIAX MPUMEHSIOT Ooiiee
Hecympe npopuian ¢ 0oipmmM 3HaueHHEM Cyyake. biaarogapst 3Tomy KOHIEBOW CPBIB Ha OONBIIMX YIJIax aTakd
HACTYyIaeT MOo3XKe.

T'eomempuueckas Kpymka Kpalia BHIIONHAETCS TAKUM 00pa3oM, YTO YCTAHOBOYHBIE YTl YMEHBIIAIOTCS
MO Mepe NpUOMKEHUsT K KOHLAM Kpblla. DTUM JOCTHTaeTcsl TO, YTO IIPU TEX XK€ YIJax aTaku, IPH KOTOPHIX y
HE3aKpy4YeHHOro Kpblla BO3HHKAeT KOHLIEBOW CPBIB IOTOKA, Y 3aKPyYEHHOTO KpblIa OH HE BO3HHUKAET.

Konuyesvie npedkpvliku yBeIMUUBAIOT KPUTHYECKUH YroJl aTakd KpbUIa, YJIyUIIAOT KAPTUHY OOTEKaHMs
KOHLIEBOM YacTH KpbUIa, TEM CaMbIM YJIYYLIAIOT ITONEPEUYHYI0 YCTOHUYMBOCTh Ha OONBIINX yriiax ataku. [Ipumensor
UX, KaK PaBUIIO, HA HECKOPOCTHBIX CaMoJIeTax.

A3spodunamuueckue zpednu IPENATCTBYIOT IEPETEKAHMIO BO3AYIIHOTO IIOTOKA OT (DI03elsKa K KOHIIEBBIM

CEUeHMSIM KPBUIa, 3aTATHBAs TEM CaMBbIM Ha4aJlo pa3BHTHUS KOHIIEBOTO cpbiBa. Clie0BaTENbHO, a9POANHAMHYECKIE
rpeOHH CIIOCOOCTBYIOT YJIYYILISHUIO MONEPEYHON YCTOMYMBOCTH CaMOJIeTa Ha OOJIBIIUX YIJIax aTakH.

IOINEPEYHASA YIIPABJISIEMOCTb CAMOJIETA

CriocoOGHOCTh caMmoJieTa ITOBOPAuMBATHCS BOKPYT CBOEH INPOAOJIBHON OCH NPH OTKIOHEHHH 3JIEPOHOB
Ha3bleaemcsa nonepeyHol ynpaeiaemocnovio.

M yoennumic

Puc. 29 Haxpenenue camonema npu OmKI0HEeHUU I71EPOHOE

[IpuHIMT AEWCTBHUS 3IIEPOHOB aHAIIOTHYEH MPHUHIUITY AeUCTBUS pyneil. OcoOeHHOCTh PabOTHI 3JIEPOHOB
COCTOHMT B TOM, YTO TP OTKJIOHEHHH PYYKH YIPABJICHHS B CTOPOHY CaMOJIET MOKET OECIpEpBIBHO BpaIaThCs
BOKPYI' IPOJOJIBHONH OCH, TaK KaK BO3ZHHMKAIOIIMH IPH TOM AEMI(UPYIOIMH MOMEHT OKa3bIBaeT BIHMSHHE Ha
YTJIOBYIO CKOPOCTh BPAIIEHUs, HO HE B COCTOSIHMM YPAaBHOBECHThH CaMOJIET Ha ONPEEICHHOM YITie KPEHa.

Juist Toro 4ToOBl HAKPEHUTH CAMOJIET BIICBO, JIETYMK OTKJIOHSET PY4Ky BieBo. [Ipu 3ToM neBblil 21epoH
TIOJJTHUMETCSI BBEPX, @ MPABBIN OITyCTUTCS BHU3. [Ipy OTKIOHEHWHN 37IEpOHOB M3MEHSAETCS KPHUBH3HA PO Kpblia
Ha YYacTKE PacIiOI0KEHUS JICPOHA, BCIECACTBHIE YEr0 N3MEHNTCSA M JEHCTBUTENBHBIA YIOJI aTaku 3TOM YacTH KpbuIa
(Puc. 29).

v NOJYKpblJla € ONYHICHHBIM JJICPOHOM YIOJ aTaKu YBCIWYUTCA, CJICAOBATCIBbHO, YBCIIUYUTCA U
KO3(1)(1)I/IIII/IGHT HO,H’LGMHOﬁ CHJIBI Cy Ha KpbUIC C HNOAHATBIM 3JICPOHOM, HaO60pOT, YMCEHBUIUTCA U YI'OJl aTaku, U
KO3(1)(1)I/IIII/IGHT HOHLCMHOﬁ cuiel. B pe3ysibTaTe 6yZ[CM HUMCTb pa3HbIC NOABEMHBIC CUJIbI MOJYKPBUILEB, KOTOPBIC

CO3JaMyT KPEHAIMH MOMEHT Mxkpen OTHOCHTENBHO NMPOAONBHOM OCH, MOJ JEHCTBHEM KOTOPOTO CaMOJIET OymeT
BpalaThCAd B CTOPOHY OTKIIOHEHHOMN PYUKH.
I[Ipn momere Ha ManpIX yriax aTaku (C OONBIINMH CKOPOCTSAMH) OTKJIOHEHHE JJICPOHOB, H3MEHSSA

MOJbEMHYIO CHITY TIOJNYKPBUIbEB, KOIGPHUIUEHT 1000BOTO conpoTuBicHuss CX yBeqTHUUBAET O4eHb Maso. [loaTtomy
OTKJIOHEHUE 3JIEPOHOB MPAKTUIECKH HE BBI3BIBAET pasBopora camodneta (Puc. 30).
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Puc. 30. Bo3nuxknoseenue Kpena u pazeopom camojiema npu OmK/JIOHEHUU 31€POHO06 HA MAJ1blX
CKopocmax nojiema

Ilo MEpE YBCIMYCHUA YIJIa aTaKd MOINEpEeYHas YIpaBJIACMOCTb CaMOJICTa YXyAMIA€TCsA W IpHU
OIPCACIICHHBIX YCJIOBUAX MOXKCT HACTYIHWTH IOJIHAsA €€ IMOTCPH. yXy,HHIGHI/Ie YpaBjId€MOCTH Ha OOJIBIINX yriaax
aTaKu (Manme CKOpOCTH noneTa) 00BICHSIETCS CPaBHUTCJIIBHO MaJIbIM HU3MCHCHUEM HOZ[LCMHOﬁ CHJIBI Ha

IOJTYKPBUIbAX, BCICACTBHE YE€r0 KPEHAMMUM MOMEHT (Myxper) HEBENUK M CAMOJET OyAET MEICHHO KPEHHTLCA B
CTOpOHY OTKJIOHEHHOHM pyuku. Kpome Toro, Ha OONBIIMX YIJaX aTakd CONPOTHBIEHHE Yy KpbUIA C OIIyIEHHBIM

QJICPOHOM (AQQ_H_HOH.) 3a CUCT MHAYKTUBHOTO CONPOTHUBJICHUA 3HAYUTCIBHO 60HLIH€, YCM Yy Kpbula C HNOAHATBIM

sneponoM (AQ+1107) BenencTBre 3TOro BO3HUKAET Pa3sBOPAYUBAIOIIMIA MOMEHT (Mypass) B CTOPOHY HOJYKpbLIa C
OITYIIICHHBIM 3JIEPOHOM.

B nanbHelinem 3a c4eT pa3sBoOpoTa CaMOJIET HAYMHAET CKOJIB3UTh Ha MOIYKPHUIO C MOTHATHIM 3JIEPOHOM.
BcenenctBue 3TOro BO3HMKAIOT JOMOJHUTEIbHBIE CHUIIBI, KOTOPBIE CO3JAl0T MOMEHT, HAIpPABJICHHBI B CTOpPOHY,
MPOTUBONOJOKHYI0 OCHOBHOMY KPEHSIIEMY MOMEHTY, YXyAllas TeM CaMbIM IONEPEYHYyI0 YIpPaBIseMOCTb. B
Cllydae PaBeHCTBA MOMEHTOB, CO3/JaHHBIX OTKJIOHEHHEM 3JEPOHOB U CKOJIBKEHHUEM CaMOJIeTa, HACTyMaeT MoTeps
ynpasisieMocTH. Eciii MOMEHT, BBI3BaHHBIH CKOJIBKEHHEM, OK)KETCs OOJIBIIE OCHOBHOIO KPEHSIIET0 MOMEHTA, TO
3TO TpUBENET K OOpaTHOW yNpaBisIEMOCTH: NPH OTKIOHEHWM DPYYKH YNPaBICHUS B OJHY CTOPOHY CaMOJET
KPEHUTCS U Pa3BOPAuMBACTCS B IPOTHBOIIOJIOKHYIO CTOPOHY. [1o Mepe nmpuOMmKkeHnst K KpUTHIECKOMY YTy aTakd
MOMIepeYHas yNpaBisIeMOCTh €lle Ooblle yXyZAIIaeTcs. JTO OOBACHIETCS TE€M, YTO IOJIYKPBUIO C OIIyIICHHBIM
3JIEPOHOM IIONAAAeT B 00IACTh 3aKPUTUUECKHX YIJIOB aTaKHd M BMECTO 0KUAAEMOTO YBEJINYEHHS MOJIBEMHOMN CHIIBI
Ha 3TOM MOJIyKpbIJIE IPOUCXOIHUT €€ YMEHBIICHHE.

Jns ymydimieHus HONepevHoOl ympaBisieMOCTH Ha OOJNBIIMX YIJax aTaku IIPUMEHSETCS DAL CPEICTB,
NpeAHa3HAYCHHBIX, C OAHOW CTOPOHBI, AJIS yBeMUUeHUS 3(P(PEKTUBHOCTH 3JIEPOHOB, C IPYrod - Uil yMEHBIICHUS
pasBopoTa.

Augpdpepenyuanvrnoe omxnonenue 31eponog COCTOUT B TOM, UTO NPU OTKIOHEHHU PYUKH OIYCKAIOLIUNCS
9JIEPOH OTKJIOHSIETCS Ha MEHBIUWH yros, yeM HOoAHMMAaromuics. biaromapss TakoMy OTKIOHEHHIO KO3(G(HUIUEHT
MOJTEMHON CHIIBI KpbIJIa C OMYIIEHHBIM 3JI€POHOM BO3pacTaeT Ha MEHBIIYIO BEJIMYMHY, YEM Y MIPOCTHIX 3JIEPOHOB.
[ToaTOMYy MHIYKTHBHOE COIPOTHBIICHUE IOJYKPBLIA C OIyLICHHBIM 3JISPOHOM BO3PACcTeT MEHBILE, CIeA0BATEIbHO,
MEeHbIIe OyIeT U pa3BOpayMBaIOIIUN MOMEHT.

Ha KPpbUIC C MOAHATBIM 3JICPOHOM YBCIMYUBACTCA HpO(l)I/IJ'IBHOC COIMPOTUBJICHUE, TAK KAaK YaCTbhb 3JICPOHA
BBIXOUT 3a MPEACIIbl HOTPAHUYHOIO CJIOS, HAPYLIACT 6630TpI)IBHO€ oOTekaHue.

Takum o0pa3oM, 3jepoHbl ¢ auddepeHIHaNTbHbIM OTKIOHEHHEM YBEINYHUBAIOT KPEHSIIMH MOMEHT B
CTOPOHY KpbLJIa C TIOJHSATHIM 3JIEPOHOM U YMEHBILIAIOT Pa3BOPAYMBAIONINIl MOMEHT B CTOPOHY KpbLIa C OMYIIEHHBIM
3JIEPOHOM.

VY COBpEeMEHHBIX CaMOJICTOB JIEPOHBI ¢ TUPPEPEHIHATEHBIM OTKJIOHEHHEM MOTYT OTKIIOHSTBCS BBEPX 10
30°, Buu3 Ha - 14-16°.

A3poounamuueckue 2pefHu Ha CaMOJCTaX CO CTPEIOBUIHBIMH KPBUIBSIMH IMPEIMSATCTBYIOT MEPETCKAHUIO
MOTPAHUYHOTO CIIOSI K KOHIIaM KpbLIa, TEM CaMbIM MPEJOTBPAIIA0T PaHHEE Pa3BUTHE CPHIBA IMOTOKA HA KOHIEBBIX
YacTsIX KpbLIa U YBEIMYUBAIOT 3((HEKTUBHOCTD ACHCTBUS AJIIEPOHOB.

OCOBEHHOCTH NOMNEPEYHOM YCTOMUYNBOCTH U YIIPABJASAEMOCTH
HA BOJIBHINX CKOPOCTHAX ITOJIETA

[lpn nOCTHXKEHMHM COBPEMEHHBIMH CaMoOJIeTaMH OOJIBIIMX CKOPOCTEH IoJieTa MOSIBWINCh paHee
HEHM3BECTHBIC SIBJICHUS, YCIIOKHSIOUIME ITMJIOTUPOBAHHE cCaMoJIeTa: «BAJIEKKa», pPEBEpPC 3JIEPOHOB, oOpaTHas
peakuus Ha 1aqy HOT, CHIOKEeHHE 3()(h)eKTHBHOCTH 3JIEPOHOB U pYJIEH.

«Banescka» o0ycIOBIMBAETCS HApYIIEHHEM a’pOJMHAMUYECKON CHMMETPHH, TOTOMY YTO HEBO3MOXKHO
MOCTPOUTH CaAMOJIET C MJEATIbHO OJMHAKOBBIMU (CUMMETPHYHBIMHU) 10 KECTKOCTH, TEOMETPHUYECKOI (hopMe HpaBbIM
Y JIEBBIM TOJY KpbUIbsIMH. [Ipeamnonokum, 4To B pe3ysibTaTe reOMETPUUYECKOH HECUMMETPUU YTOJl aTakd OJIHOTO
MOJYKphIJIA OKA3aJICs 4YyTh OOJIBIIE, YeM Jpyroro. M3-3a OTCYTCTBHS CHMMETPUU B yIJIaX aTakd IOSBUTCS
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KPEHSIIUI MOMEHT, [UIsl YCTPAaHEHHsI KOTOPOTO JIETUYUK J0JDKEH OTKIOHHUTH 3JIEPOHBI B IPOTHUBOIOIOKHYIO CTOPOHY.
Ha Gonpimmx ckopocTsX HONeTa, Jaxe NPU HE3HAYUTENbHON Pa3HOCTH YIJIOB aTaKu, KPEHSIHH MOMEHT JOCTUIAeT
OOJIBIION BETMYMHBI M AJIS €r0 MapUpOBaHMs HY)KHO MJIM OTKJIOHSATH SJIEPOHBI HAa OOJBIION Yrojl, WM YMEHbILIATh
CKOpOCTh Tojera. Ecau camoser MMeeT HEOJMHAKOBYIO JKECTKOCTh TONYKPBUIBEB, TO IPHU IoJeTe Ha OOJBINOiHf
NpuOOPHOI CKOPOCTH MEHEE JKECTKOe KpbUlo OyneT umerh Ooumbliyro aedopmanuro. Ecim 3To crpenoBumHOe
KpBUIO, TO fepopMmanus B Bujie M3riuda BbI3bIBAECT YMEHBIIEHHE YITIOB aTakd, 0cOOEHHO OJvke K KOHIy Kpbuia (Puc.
31).

[Ipu pa3nu4HOMN KECTKOCTH HAa M3TMO M KPy4eHHE YIJIbI aTaKd IPAaBOTO U JIEBOTO IOJIYKPBUIbEB OYIyT
M3MEHSTHCS Ha Pa3Hble BEJIMYMHBI. JTO B CBOIO OUEpe/b MPUBOJIKUT K TOMY, YTO HOABEMHBIE CHIIBI KPBUIbEB OYAYT
HeoanHakoBbl. [Ipyn OoJbIIMX NPUOOPHBIX CKOPOCTSX pazHHLA B TOABEMHBIX CHJIAX CTAaHOBHUTCS HACTOJBKO
00JBII0MH, UTO BBI3BIBAET KPEHEHUE CaMOJIETa B CTOPOHY MEHee JKeCTKOI0 KpbLia.

ITombiTka GOPOTHCA C BOZHHUKIIEH «BAICKKOW» - OTKIIOHEHHEM JJIEPOHOB - OOBIYHO HE TOJIBKO HE NTaeT
MOJIOKHUTEIBHBIX Pe3yJbTaTOB, 4, HA00OPOT, ycyryoiser ee. Takas peakmus camoieTa CBI3aHa C TaK HAa3bIBAEMBIM
PEBEPCOM DIIEPOHOB.

Pesepc sneponos. Tlon aeiicTBUeM adpOIMHAMUYIECKUX CHJI KPBUIO B MOJIETE U3rHOACTCS U 3aKPY4HUBACTCS.
KpyueHnue kpbuia OOBSICHASTCS TEM, YTO BHEIHSISI HArPY3Ka, IeHCTBYOMIAs [0 JINHUU [IEHTPOB JAaBJICHHS KPbUIa, HE
COBIA/IaeT C TaK Ha3bIBaeMOU ochlo xkecTkocTh (Puc. 32). JIuHus NEHTPOB AaBIeHUs, KaK MPABUIIO, PaCcIOIOKeHa
M03aJM JIMHUU JKECTKOCTH KpbUIA, MOJTOMY KpbLIO 3aKpy4YMBAaeTCs Ha YMEHBLICHHE YIJIOB aTakd. Y MPSIMBIX
KPBUILEB 3TO SIBJICHHE BBIPAXEHO ciiabee, YeM y CTPENOBHIHOTO KpbUIa, Y KOTOPOTO a’dpOJUHAMHYECKHUE CHIIBI
BbI3BIBAIOT KPYYCHUE U I/I3FI/I6, npu4yemM HOCJ’IeZ[Hl/Iﬁ TaKK€ 3aKpy4YUBACT KPbIJIO.

OTKJIOHEHHE JIEPOHOB CMEIIACT LEHTP JABJICHHS Ha3al, YeM eIle OOJIbIe 3aKpYUIHBACTCS CTPEIOBHIHOE
Kpbut0. KpyueHne Kpblia 3a c4eT OTKJIIOHEHHUS 3JIEPOHOB MOXKET JJOCTUTHYTh TAKOTO M3MEHEHNUS (PAKTHUECKHUX YTIIOB

aTaky TOJYKpbUIA, YTO TOJbEMHAs CUJIa, co3llapaeMas ayepoHaMu Ay, GyJIeT MeHble U3MEHEHHS MOILEMHOM
CHJIBI, BBI3BAHHOTO Kpy4eHHEM Kpbuia B pesynbraTe camorer OyIeT KpeHHThCS HE B Ty CTOPOHY, KyJa OTKIOHEHa
pydKa ymnpasJeHUs, a B MPOTHUBOIOIOKHYI0. HacTynaer Tak Ha3pIBaeMbIH peBepC 3JIEpOHOB. PeBepcoM 31epoHOB
Ha3bIBacTCsl OOpaTHOE WX JEHCTBHE, HACTyHamoollee Ha OONBIIMX CKOPOCTSX IIOJI€Ta BCIEACTBHE 3aKPyYHBAHUS
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Puc. 31 Brusanue uzzuda cmpenosudnozo Kpovlia Ha hakmuueckue y2ivl amaxku npoguei
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AMHHA LEHTPOB mEcchWAuﬁuﬁ UEHTPOS
ARBNEHHA

Puc. 32 Kpyuenue Kpoina om éHewHUX HAZPY3OK U NPU OMKIOHEHUU ITEPOHO8

CkopocTh ToJieTa, IpH KOTOPOH caMOJIeT TepsieT MONEPEYHyI0 YIIPaBIIEMOCTb, Ha3bIBACTCS CKOPOCHIbIO
pesepca. JInsi IpeOTBPAILICHNS] PeBEpPCa HIICPOHOB HEOOXOAMMO, YTOOBI MaKCHMalbHas CKOPOCTH IOJIeTa OblIa
MEHbIIIEe CKOPOCTH peBepca. [IoHATHO, YTO ISl YBEJIMUSHHSI CKOPOCTH peBEpca HEOOXOMMO YBEIUUUTD JKECTKOCTh
KpbUIa HA KPyUYCHHE.

Obpamnaa peakyua Ha 0auy HO2u BO3HUKAET y CAMOJIETOB CO CTPEIOBUIHBIMU KPBUIbSIMU IPH TOJNETE CO
CKOPOCTBIO, TIPEBBIIAIONIEH KPUTHIECKYIO0 CKOPOCTh 1o yuciny M. CyThb 3TOTO SIBICHHS COCTOMT B TOM, YTO HPH
OTKJIOHGHUH DYJIsl HalpaBJICHUS B OJHY CTOPOHY, HAallpUMEp BIIPABO, CaMOJIET HAaUYMHACT KPEHHUTHCS BIEBO. DTO
OOBSACHSIETCS TEM, YTO IPH OTKJIOHEHUH PYJIs BIPaBO (aKTHUECKasi CTPEIOBUAHOCTD MTOMYKPBUILEB N3MEHSAETCS (CM.
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Puc. 33 H3menenue Cy 6 3a6ucumocmu om yucia M. nonema u cmpenoguoHocmu Kpuia

[Ipn NpeBBILIEHUH HEKOTOPOH CKOPOCTH, COOTBETCTBYIOIIEH Mgy, W3MEHEHHE CTPENOBHIAHOCTH TAKUM
00pa3oM M3MEHSET NOABEMHYIO CHITY, YTO Y HOJYKpbIIa C MEHbIIEH (PaKTHIECKOW CTPEIOBHUIHOCTBIO MOABEMHAS
CHJIa YMEHBIIIAETCs, a y TONyKPbLIA, IEHCTBUTENBHAS CTPENOBUAHOCTD KOTOPOTO YBEIHMYUBACTCS, IIPOU30MAET POCT
MOABEMHONW cuiibl. B pesynbpraTte TO MHONYKpBIIO, B CTOPOHY KOTOPOro Oblla OTKJIOHEHA II€Jalb, HAaYHET
[IOJIHUMAThCS, T. € CAMOJIET HAYHET BPallaThCsl B CTOPOHY, IPOTUBOIOIOKHYIO OTKIOHEHUIO MEJAIIN.

Cruxcenue 3hpexmusnocmu pyneii NosByIsSeTCs IPH MOJIETe HA 3AKPHTHIECKUX CKOPOCTSAX MOJIETA.

IIpu moneTe Ha MOKPUTUYECKHX CKOPOCTAX OTKIOHEHHE pyJs (3JEpPOHA) BBI3HIBAET IepepacHpeieicHue
napieHMii 10 BceMy NpPOQII0 OHNEpeHHs WM Kpblla, B pE3yNbTaTe Yero BO3HUKAET JOMOJHUTEIbHAS
aspoauHamuyeckas cuna AV .

Eciu moner coBepIIaeTcs Ha 3aKPUTHYECKUX CKOPOCTSAX, TPHM KOTOPHIX HA OTNEPEHHMH BO3ZHMKAIOT CKAUKH

VIUTOTHEHUS, TO 3(P(PEeKTUBHOCTE pyJel pe3Ko CHUKACTCS B Pe3yibTaTe TOTO, UYTO IepepaclpeesieHie TaBIeHUH
BJOJTb XOPBI IPOGWIIS IPH OTKIOHEHHUH PYJISl paCHPOCTPAHSIETCS BIIEPE]] TOJIBKO 10 CKaYKa YIUIOTHEHHS.

OOBsicHsIETCS 3TO TEM, YTO BO3MYIIEHHS, BBI3BAHHBIC OTKJIIOHEHHEM pYJs M PacIpOCTPaHSIOIINECS CO
CKOPOCTBIO 3BYKa, HE MOTYT PacIpOCTPAHUTHCS Ha Ty YacTh ONEPEHUs, IIeé CKOPOCTh IOTOKa OOJIbIIE CKOPOCTH
3ByKa. [109TOMy IIpH OTKJIOHEHHH PYJisi (3JISPOHOB) NPH 3aKPUTUUECKUX YUCHax M mojieTa H3MEHSETCsl XapakTep
00TeKaHHS TOIBKO TOW YaCTH OTIEPEHHUS, KOTOpas pacIioyio’keHa Mmo3aau ckadka yroiotHeHus (Puc. 34).
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Puc. 34 Pacnpedenenue 0agenus 6001b Xopovl npohuna npu OmK10HeHuu pyJei npu

M <Mpyr u M>Mypyr

Takum 06pa30M, B CO3JaHUHU HOHOHHHTGHLHOﬁ a3p0ﬂHHaMH‘ICCKOﬁ CHJIBI, BBI3BAaHHON OTKIIOHCHHEM pyiA,

IIPMHMMAET y4acTHE TOJBKO YacTh IUIONIAAM ONEPEHHs, B PE3yJbTaTe Yero BEIMYMHA MOXBEMHON cribl AV o
Takke Oyzer ymeHblieHa. J{ns moBbleHHst S(QGEKTUBHOCTH pyJed Ha 3aKPUTHYECKUX CKOPOCTSX IOJIeTa
CTa0MIM3aTOp M KWIb HaOWparoTcst M3 npoduiell ¢ MeHbIIeH, 4eM y Kpbljla, OTHOCHTEIBHOW TOJIIMHOU C,

YBEIMUYUBAETCS CTPEIOBUIHOCTD Xon xgocroBoro OIEPEHNSI.

IIpu monere Ha CBEpX3BYKOBBIX CKOPOCTAX 3(P(PEKTUBHOCTE PYJIEH IMOYTH HOITHOCTHIO BOCCTAHABIMBAETCS.
OT0 00BACHSAETCA TEM, YTO NMPH OTKIOHEHHWH PYJIsi, HAIPHUMEpP, BHU3, HAJ HUM YBEIMYMBACTCS Pa3peKEHHE H3-3a
YBEJIMUEHUSI CKOPOCTH MOTOKA, a TMOJ HUM CKOPOCTh MOTOKAa YMEHBIIAeTCs M3-3a €ro TOpMOKeHHus. Bcnencteue

9TOr0 pa3HOCTb JABJICHUI O/ PYJIEM W HaJl PyJieM YBEJIMYMBACTCS, YTO NPUBOAMT K YBEIHMUYCHUIO YPPEKTHBHOCTH
pyJen.

Ha coBpeMeHHBIX C€aMOJIETaX, OCYIUECTBIAIOIMUX IIOJIETHI CO CBEPX3BYKOBBIMH CKOPOCTAMHM, ISt
YIY4IIEHUs] yNPaBISIEMOCTH NPUMEHSIOT yNPaBIsIEMble CTAOMIN3aTOPBI, Y KOTOPBIX PYJIH BBICOTHI OTCYTCTBYIOT.
Crabunu3aTtop NIpH 3TOM 4Yepe3 CHCTEMY THIPOYCHIIMTENeH CBS3aH HENOCPEICTBEHHO C PYYKOH YIIPaBJICHHUS B
KaOuHe, ¥ JICTUYUK, YIPABIISis CaMOJIETOM, TaK )K€ Kak U 4yepe3 pyJlb BBICOTHI, OTTEHSIET PYUKY YIPABJICHHS B HY>KHOM

HarpasieHuu. [Ipu B3sTHM pydkn Ha ceOs CTaOMIM3aTOp YMEHBIIAET Yrojl aTaku, NpH Jade py4YKH OT celds -
YBEIMYUBAET.

Jns ynydimieHus momepevHoil ympapisieMOCTH Ha OOJNBIIMX YIJax aTakd MPUMEHSIOT TaK Ha3bIBAEMbIC
MHTEPLENTOPBI, KOTOPbIE MPEICTaBISIOT COOOW IIACTHHBI, KHHEMATHYECKH CBSI3aHHBIE C DJJIEPOHAMU U
pacIoIoKeHHbIE BOJIb pa3Maxa Kpblia. B 3aBUCMMOCTH OT KOHCTPYKIMH CaMoJIeTa MHTEPLENTOPBI MOTYT OBITh
pacrosoXeHbl KaKk Ha BEpXHEH IMOBEPXHOCTH Kpbuta, Tak M Ha HuwxkHed (Puc. 35). [Ipu BepxHeM pacnosoxeHuu
UHTEPLENTOPAa OH BBIABUIA€TCS IIPU OTKIOHEHMM 3JIEPOHA BBEpPX. BBIIBMKEHHE HHTEPLENTOpPA BbI3BIBAET
UHTEHCUBHBIN CpBIB ITOTOKA, BCJIEJICTBHE YEro IMPOHCXOTUT PEe3KOe CHIDKEHHE IMOJBEeMHOM cuibl kpbuia. [Ipu
HIDKHEM PACIOJIOKEHUU UHTEPLENTOP BBIABUIa€TCs B IIOTOK HA TOM KpBLIE, HA KOTOPOM 3JIEPOH OTKJIOHSETCS. BHU3.

B sTOoM cnyuae miacTHHa MHTEpLENTOpPa TOPMO3UT MOTOK, JAaBJIEHHUE MO KPbUIOM MOBBIIIAETCA U KPBUIO MOTy4aeT
JIOTIOJTHUTEIBbHBIA IPUPOCT MOABEMHOM CHJIBI
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Puc. 35 Humepuenmopul na Kpuliie camonema. a - 6epxmuee pacnoiodcenue; 6 - HuxycHee
pacnonodicenue

Kak camocToATeNnbHBIH OpraH MONEPEeYHOro YIPaBICHUS WHTEPLENTOPhl HE MONYYHUIM NPUMEHEHHS
BCJIEJACTBHE 3HAUUTEIBHOIO 3alla3blBaHUs B CBOEM J[EHCTBHM, MOITOMY NPUMEHSIOTCA KakK JOMNOJHEHUE K
anepoHam. [Ipu HEHTpanbHOM TMOJOXXKEHHH OBJIEPOHOB HHTEPLENTOPHl yOpaHBI 3aloUIMIO C OOIIMBKOH U
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BBIIBUTAIOTCA JIMILB IIPU OTKJIOHEHUU 3JIEPOHOB HAa HEKOTOPBIM yroi. JlaipHelliee yBeNUUEHUE YIJla OTKIOHEHUS
3JIEPOHOB MPOUCXOAUT IIPHU BBIABUHYTOM MHTEpPLENTOpE. B pe3ynpraTe CUHXPOHU3ALMU OTKIOHEHUSI HHTEPLIENITOPA
U 3JIepOHA UX JAEHCTBUS KaK OPraHOB YIPABJICHUS CYMMHPYIOTCS.

ITYTEBOE PABHOBECHUE CAMOJIETA

Ilymeebim pasnosecuem Ha3bIBACTCS TAKOE COCTOSIHUE CaMOJIETa B MOJIETE, [IPU KOTOPOM OH HE U3MEHSET
CBOETO TIOJIOKEHHUSI OTHOCHTEIIHLHO BEPTHKAIBHON ocu (ocH ).

YcnoBuem IIYTEBOI'O paBHOBECHS ABJIACTCA PaBEHCTBO MOMCEHTOB PbICKAHUA.

My p = My g (9.16)

Puc. 36 Cxema cun u MomMeHmoO8, 0eUCMEYIOUIUX HA CAMOTIen OMHOCUmMENbHO ocu Y

W3 Puc. 36 BUmHO, YTO MOMEHTEHI, BPAIIAOINE CaMOJIET BOKPYT OCH Y, CO3AaIOTCS B OCHOBHOM CHIIAMH
J000BOTO COTPOTHBIICHUS TOJIYKPBUIBEB W CHJIAMH TSATH ABHUTaTelei. (s coXpaHEHHsS ITyTEBOTO pPaBHOBECHS
HE00X0IUMO, YTOOBI CYMMa BCEX MOMEHTOB OTHOCHTEIBEHO OCH Y paBHSIACH HYIIO.

XMy =0. (9.17)

Hanmuame reomerprnieckoli, a9poIMHAMHYECKOH U BECOBOM CHMMETPUH SIBIISIETCSI HEOOXOJMMBIM YCIIOBHEM
MyTeBOro paBHOBecus. Ilpu HapylmieHMM a’pOAMHAMMUYECKONW WIM F€OMETPUYECKOHl CUMMETpUHU CaMoJeTa CHIIBI
J000BOTO CONPOTHUBIICHUS! NPABOTO M JIEBOTO HOIYKPBUIGEB CTaHYT OTIMYATHCS 110 BEJIMYMHE W PAaBHOBECHE
HapymuTcs. i1 caMoNeTOB ¢ HECKONBKUMH IBHUTATEISIMH, PACIIONIOKEHHBIMHE BIONb OCH Z (Ha KpbUIC WIHA B
(hrozemske), HapyIIEHHE ITyTEBOTO PABHOBECHS MOXKET TPOUCXOAUTH H3-32 HEOJMHAKOBOTO pPEKUMa pabOTHI
nmeurareneii. OTka3 B paboTe OJHOTO W3 ABHTATEJCH pe3KO HApYIIUT IyTeBoe paBHOBecue. [lyTeBoe paBHOBeche
MOXET OBbITh HAPYILIEHO TaK)Ke HEPAaBHOMEPHOH BhIPAOOTKOW TOILUIMBA U3 KPBUIBEBBIX (MJIH MOJBECHBIX) TOTLTMBHBIX
06aKoB, YTO MpPHUBEINET K M3MEHEHHIO BEIUYMHBI CHIJI JIOOOBOTO COMPOTHBICHUS MOJIYKPBUIbEB. BoccTaHoBieHme
MyTE€BOT'O PABHOBECHS OCYILECTBIISETCS ITyTeM OTKIOHEHMS PyJid Ha NMPaBJIE€HUS B COOTBETCTBYIOIIYIO CTOPOHY.

IIYTEBASI YCTOHYUBOCTH CAMOJIETA

Crnocob6HOCTh camosiera ©e3 BMENIATENLCTBA JIETYMKA BOCCTAaHABIMBATh II€PBOHAYAIBHOE COCTOSIHHE
MyTEBOTO PABHOBECHS Ha3bIBAETCSI TyTEBOM yCTONYNBOCTBIO.

IIpu HapymeHuu myTeBOro paBHOBECHUS CaMOJIET HAYHET Pa3BOPAUUBATHCA BOKPYT OCU Y, HapyllUB TeM
caMbIM CUMMETpHIO oOTeKkaHus. B pe3ynbrare BO3IeHCTBHS BO3AYIIHOTO IOTOKA, HAOETAroLero MoJ YIioM p Ha
OOKOBYIO MOBEPXHOCTh (DrO3EsKa M Ha BEPTHKAIBHOE ONEPEHHE, MOSIBATCS OOKOBBIE CHIIBI, KOTOPBIE CO3IAIYT
MOMEHT, HallpaBJICHHBII Ha BO3BPAIIEHUE CAMOJIETa B UCXOIHOE TIOJIOKEHHE.

[Tpu BpameHun camonera Ha OGOKOBOI HMOBEPXHOCTH (ro3eiishkKa U BEPTHKAJIBHOTO ONEPEHUs] BOSHUKHYT
a’pOJIMHAMUYECKHUE CUIIBI, MPEMSITCTBYIONINE BPAIICHUIO CaMOJeTa BOKPYT BEPTHKAIbHOM OCH, T. €. BO3HUKHET
neMndupyromuii MoMeHT. Kak ToibKO BpaieHue mnpekpaTHTcsl (YIrjioBas CKOPOCTb CTaHET paBHAa HYJIO), Tak
MPEKPaTUTCS U ACHCTBUE NeMI(upyromero MoMenTa. OCTaHeTcs UMb BOCCTAHABIMBAIOIINA MOMEHT. BennunHa
BOCCTAHABIIMBAIOLIETO MOMEHTA 3aBHCUT OT psiAa (paKTOPOB: IJIOIMIAAN BEPTUKAILHOTO ONEPEHHS, COOTHOIICHUS
JUIMH HOCOBOW W XBOCTOBOH YacTH (ro3eisbKa, IIEHTPOBKM CaMOJIETa M €ro CTpesoBHAHOCTH. OCHOBHast 10JS
BOCCTAHABIIMBAIOLIETO MOMEHTA ITPUXOANTCS HA BEpTUKaIbHOE orneperne. CienoBaTesbHO, MyTeBas YCTOMIMBOCTh
3aBUCUT B OCHOBHOM OT IUIOIIAAM BEPTUKAJIBHOTO OIEepeHus. biaromaps BepTHKaNIbHOMY ONEPEHUIO CaMOJIET,
1o700HO (hiIrorepy, CTPEMHTCS CTaTh MO MOTOKY M TAKMM 00pa3oM caM BOCCTAHABIMBAET HAPYILICHHOE PaBHOBECHE.
[TosTOMY MyTEBYI0 YCTOHYUBOCTD 4aCTO HA3bIBAIOT (UIIOTEPHOM YCTOHYUBOCTHIO.

B pesynbrare HapyleHHs IyTEBOTO PaBHOBECHS CaMOJET OyIeT JIETeTh CO CKOJbKeHHWeM. Bo3HHWKHET
GokoBasi 00/IyBKa camMoJIeTa U a3pOAMHAMHUYECKHE CHJIBI HA HOCOBOW M XBOCTOBOH 4acTH (prozemsmka. MOMEHT OT
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a3p0,HHHaMquCKOﬁ CHJIBI Ha HOCOBOH YacTH ¢)}03en;1>1<a 6yzneT YMEHBIIATH BOCCTaHaBJIMBAIOIIHI MOMCHT, a Ha
XBOCTOBOM - YBEJINYNBAThD.

Takum 00pa3oM, BeTHYWHA BOCCTAHABIMBAIONIETO MOMEHTA MOKET OBITH 3aIHCaHa CIeIYIOIINM 00pa3oM:

Mysocer = Pso. lso.+ Prso 6= Proco "d-9.18)

Bonpimias anmHa HOCOBOM dacTm  (pro3emshka COBPEMEHHBIX CaMOJIETOB  YXYIIIAeT WX IyTEBYIO
YCTOWYIHBOCTB, IOATOMY BEPTHKAJILHOE ONEPEHHUE TAKUX CAMOJIETOB UMEET YBEIHMUECHHBIC Pa3MephbI.

VA T

M BOCCT

Puc. 37 Boccmanoenenue nymeeozo pagnogecus

Puc. 38 Brusnue cmpenoguoHocmu Ha nymeayio yCmoiu4ueocms
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Puc. 39 lIpunyun nymeeoit ynpasiaemocmu camoiema

YBenuueHre JITUHBI XBOCTOBOHM YacTH (PrO3eiisika YIIydIiaeT MyTEeBYK YCTOWYHBOCTD, TaK KaK IPU 3TOM
YBEIHYMBAETCA BOCCTAHABIMBAIOIIMI MOMEHT 32 CYET yBEIUYECHHS OOKOBOH CHIIBI Pyp ¢ M IUIEYa BEPTHKAIBLHOIO
omnepeHus. lg,. YBEIWYCHHE CTPEIOBHIHOCTH BEPTHUKAJIBHOTO OMEPEHHS CMEMAeT LEHTP ero JaBJICHWs Ha3zaj,
YBEJIMYHMBASI TEM CAMBIM TLIEYO /g

LenTp TskecTH camoieTa sIBIsSETCS LIEHTPOM BpalleHus camoisieta. CMelleHue ero BIEpen WM Hazaj
YBEIMYMBACT WJIM YMEHBIIAET IUICUO, BIHMSS TaKUM OOpa3oM Ha IMYTEBYIO yCTOWYMBOCTh. CMeIIeHHE IEHTPOBKU
BIIEpE]l PABHOCWJIBHO YBEINYEHHIO IJIMHBI XBOCTOBOW 4acTH (hro3erIsvKa.

CTpeJ'IOBI/IJIHOCT]: KpbLIa OKa3bIBACT MOJIOKUTECIIBHOC BJIUAHUC HaA IIYTCBYIO yCTOﬁ‘lMBOCTL CaMoJICTa - 4YEM
OHa 6OJ'H)HI€, TEM JIy4llIC ITyTEBas YCTOfIQHBOCTB.

Ha Puc. 38 BuiHO, 4TO HPU CKOJILKEHHH CTPEJIOBUIHOIO KpbLIa Xapakrep OOTEKaHHs €ro MOJyKpPbUILEB
Oyzner pa3znmuHbIM. Ha BeIHECEHHOM BIiepe (JIeBOM) MOyKphUIE J0O0BOE CONPOTHBRICHHUE CTAHET OOJIbIIIe, YeM Ha
JPYTOM, TaK KakK Yy JIEBOTO Kpblia ()aKTUUECKHH Yrojl CTPEJOBUIHOCTH YMEHBILIAETCS, a Y PAaBOT0 yBEIHMYUBACTCS;
BCJIC/ICTBHE JTOr0 JIOOOBOE CONPOTHBICHUE JIEBOTO IOJYKPbUIA YBEIMYMBAETCS, a IMPABOr0 YMEHBILIAECTCS
(Q>Qmnp)- LleHTp maBneHHS MPABOTO IMONYKPHUIA MPHONMKACTCS K TPACKTOPHH IBHIKCHUS LEHTpPA TSHKECTH, a
JICBOTO YIAJSeTCs OT Hee, YTO M3MEHSICT MOMEHTHI OT CHII JIOOOBOTO COMPOTHBIICHUS MONYKPBUIEEB OTHOCUTEIHHO
[EHTPA TSKECTH.

B pesynbrare Bo3HUKAET BOCCTaHABIMBAIOIINI MOMEHT KpbLIa

My gocer = Qg - a—Qpp - b. (9.19)

C yBenW4YeHHEM CTPENOBUAHOCTH BOCCTaHABIMBAIOIIMA MOMEHT KpbUIa BO3pACTET, IO3TOMY ITyTeBas
YCTOWYUBOCTb CaMOJIETa YIYUYIIUTCS.

IOYTEBASA YIIPABJISIEMOCTb CAMOJIETA

Cnoco0HOCTE camMoJIeTa H3MEHATD CBOE MOJIO’KEHHE B 110JIeTe OTHOCHTEIBbHO BEPTHKAIBLHON OCH NPH
OTKJIOHCHUH JICTYHKOM PYJisl HANIPABJICHUS HA3bIBaeTCs MyTeBOM yNPaBJIseMOCThIO.

[Ipy OTKIOHEHWH NIETYHKOM PyJisi HAMpABJIEHHs HA Yron O BO3HHKAET adpOJAMHAMHYECKAs CHila AZ g ,
MOMEHT KOTOPOH OTHOCHTEBHO IEHTPa TSHKECTH OYAET MOBOPAYMBATH CaMOJIET OTHOCHTEIBHO BEPTHKAIHHON OCH
Y. B mepBblii mepuox TOJ JCHCTBUEM CHIIBI WHEPIMHM CaMoyeT OyAeT MPOAOJDKATh IBIDKCHHE B IPEKHEM

HANPABIEHUH, B Pe3yJbTATE YEro €ro MpOJONbHAS OCh COCTABMT C HANpABIEHHEM JBWXeHHS yron [3 - yron
ckonbxenus (Puc. 39, a).

Myyo =20y, 1y, (9.20)

C mMomeHTa 00pa30BaHUs yIila CKOJBKCHHUS IPOUCXOAMUT Kocas OOJyBKa caMojeTa, BCICACTBHE YETO Ha
OOKOBYIO IOBEPXHOCTH €ro Oyaer IeicTBoBaTh a’poamHamudeckas cmia (Puc. 39, 6). Touka mnpuiioxeHHS
PaBHOACHUCTBYIOLIEH ATUX CHI Z¢ (LIEHTEe JaBJIEHUsS) HaXOJUTCA, KaK MIPAaBUIIO, 1103341 LIEHTPa TSKECTH CaMoJIeTa,
MO3TOMY MOMEHT, CO3JaBaeMbIil 3TOH CHUJIOH, NPEmsITCTBYeT MOBOPOTY camonera Bokpyr ocu Y. Ilo mepe

YBCJINYCHUA YyIJIa CKOJIBKCHUS B 9Ta Cujia 6yH€T BO3pacTaThb A0 TEX IOpP, IOKAa HEC YPABHOBECUT pa3B0pa‘IPIBaIOHIHI>i
MOMCHT, BO3HHUKIIUKM B pE3yJIbTaTC OTKIIOHCHHSA PYJA HaIllpaBJICHUS. Yron CKOJbXEHUS Ipu 3TOM HOCTHUTHET
HCKOTOpOﬁ BCJIMYMHBI, COOTBGTCTByIOHIeﬁ JAaHHOMY OTKJIOHCHHIO PYJIsA HAIIpaBJICHHUA. W3 sroro CJICAYCT, UYTO PYJib
HalpaBJICHHUA CaMOJICTa CIIYXKUT 4 U3MCHCHUSA YIJla CKOJIBXKCHUSA, MPUYCM KaXKXKIAOMY YTy OTKIIOHCHUS PYJIAd
HanpaBJICHUA 6 6yH€T COOTBCTCTBOBATH BIIOJIHE OHpe,HeHeHHBIﬁ YT'OJI CKOJIbXKCHUA P.

PasHocTh Mexmy OOKOBOH aspoJMHAMUYECKOM CUIOH (Zg), oOpasoBaBluelcss HpU CKOJBKEHUH, H
A’POTMHAMHUYECKON CHJIONH BEpPTHKAIBHOTO omepeHus (Zgp), oOpa3oBaBOIeics B pe3ylbTaTe OTKIOHEHHS PYIIS
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HAIIPaBJICHUs, CO3MacT HEYPABHOBCIICHHYIO CUIy (Zg - Zpo), IPUIOKEHHYIO B HEHTPE TSKECTH CamojeTa. JTa
CHila SIBJISETCS HEYpaBHOBELICHHON LIEHTPOCTPEMHUTENBHON CHIIOHW, IOJ JeHCTBHEM KOTOpOH camoiier Oynaer
pa3BOpauMBATECS B CTOPOHY OTKJIOHEHMs PyJisi, UCKPHUBISSL TEM CAMbIM TPAeKTOPHIO IBMXKEHUs. B pesynbrare
CKOJIBKEHHUSI caMoJyieT OyneT WMeTh TEHISHIMI0 K HAaKpeHEHHWIO B Ty )K€ CTOPOHY, KyJa OTKJIOHEH pYJb
HAarpaBJICHUS.

VYTIIIBl OTKJIOHEHUS PYJIsl HAlIPaBJICHUS Y COBPEMEHHBIX CaMOJIETOB B cpelHeM cocTaBisioT 20 - 25°.

BOKOBASI YCTOMYMBOCTD U YIIPABJISEMOCTb CAMOJIETA

Panee OBUIO yCTAaHOBIEHO, YTO MPH HAPYUICHWH IIOIIEPEYHOIO PABHOBECHS 3a CUET BO3HUKHOBEHUS
LEHTPOCTPEMUTENBHOM CHJIBI IPOUCXOAUT HapyLIEeHHE IIyTEBOI'O PAaBHOBECHUS, a IPU HAPYIIEHUU IIyTEBOIO
paBHOBECHsI 3a CYET HECHMMMETPUYHOrOo OOTEKaHHs MOJYKPBUILEB IPOMCXOAUT HapyLIEHUE IOINEPEedHOro
paBHOBecHs. Takoe B3aMMHOE BIUSHHME MONEPEUHOTO U IMyTEBOI0 PaBHOBECHS Ha COCTOSHUE CaMmoJIeTa Ha3bIBaeTCs
00K08bIM pagHosecuem.

Ilomepednast u myTeBas yCTOWYMBOCTh M3OJIMPOBAHHO HE MOTYT CYIIECTBOBAaTb, TAaK KaK IIPOSBICHUE
OJIHOTO BHJA YCTOMYMBOCTH CKa3blBaeTCsl Ha JApyroM. Ilo3TOMy COBOKYIHOCTh IIONEPEYHONM U IIyTEBOH
YCTOIUMBOCTHU Ha3BIBACTCSA OOKOBOIL YCMOWYUBOCHIBIO.

HormycTrM, 9TO 1MOJ| IeHCTBUEM BHEIIHETO BO3MYILCHHUS CaMOJIeT Hayajl BPAIAThCs BOKPYT ocu Y BIPABO.
[lo Mepe OTKIOHEHUS OT MEPBOHAYAIBLHOTO ITOJIOKEHHUS BO3PACTACT Yroil CKokkeHus P. biaronapst ckoJibxeHuUro
Ha JIEBOM KpbUIe BO3HHUKAET JOIOJHHTENbHAs a3pOJMHAMUYECKasi CHIIA, CO3JAI0IIasi MOMEHT, KPEHSAIMH CaMOJIeT B
CTOPOHY, OOpaTHYIO CKOJIBKEHHIO.

IIpu xpeHe camonera HapyllaeTcs paBHOBecue cuibl Beca G U noabeMHOW cunbl Y. BosHukaer
LEHTPOCTPEMHTENBHAS CHJIa Z, TIOA JEHCTBHEM KOTOPOIl caMOJIeT HaUWHAET CKOJIBb3UTh Ha OITYIIEHHOE TI0JTy KPBLIO
W HCKPHUBIATH TPAGKTOPHUIO B CTOPOHY KpeHa. [IpM CKONBXEHWH Ha OIYIIEHHOE IOJYKPBUIO BO3HHKAET
BOCCTaHABIIMBAIOIINN MOMEHT, KOTOPBIH YCTpaHSIET KPEH, 8 MOMEHT OT CHI Zg U Zp o YCTpaHAET cKobkeHue (Puc.
40).

[Ipu xopormiei nornepeyHol yCTOHUYMBOCTH KPEH, BO3HUKIINHI TP CKOJIBKEHUH, OBICTPO CaMOIPON3BOJILHO
yCTpaHseTcsl.

Puc. 40 Kpenenue camonema npu cKovyceHuu

Juis obecnieueHnss HOpMAIbHOW OOKOBOW YCTOMYHUBOCTH HEOCTATOYHO €IIIe TOTO, YTOOBI CaMOJIET 00JIaga
MIOTIEPEYHOH U MyTEBOW YCTOHYMBOCTEIO, 8 HY)KHO, YTOOBI TapaMeTphl TOW U IPYTroil HAXOIUIINCH B OIPEACICHHOM
cootHommeHnH. [Ipeobnananre ogHOTO BUIa YCTOWYMBOCTH HAJA JPYTUM yXyIIIaeT 0ONIyt0 OOKOBYIO YCTOWYHBOCTD
1 MOKET OBITh IPUIMHOM CITUPATBHON MK KOJIeOaTeIbHOW HEYCTOHYNBOCTH.

CnupanbHasi HEyCTOIYMBOCTD BO3HHKAeT B TOM Clly4yae, KOTa CaMOJIET MMEET Ype3MEpHYIO IyTEBYIO
yCTOHYMBOCTH U cinabyto mornepeunyto (Puc. 41).
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Puc. 41. Cnupanvnasa neycmoituugocms camonema

Bo3HUKIIMHA KpPEeH W CKOJNBXKEHHE B CTOPOHY KpEHa CaMOJIET YCTPaHSET II0-Pa3HOMY: CKOJBKEHHE
ycTpaHsieTcst ObICTPO, a KPEH YaCTHYHO OCTaeTcs. B pesynbraTte camosieT OyaeT NpoJoInKaTh ABM)KEHHE TI0 KPUBOH,
BHayaJle OYeHb IOJIOTOH, TaK KaK KPEH emle MaJl. Y KPbUIbEB BO3HHKAET Pa3sHOCTh CKOPOCTEH Ha MOJIYKPBUIBSIX U
pa3HbIE OABEMHBIC CHIIBI HA HUX.

B wnTore kxpeH mocTeneHHO pacTeT, MOTOMY 4YTO y BHEIIHEro KpbUla IMOJbEMHAas cuia Oonblie, a y
BHyTpeHHero MeHbme. C yBenuueHHeM KpeHa (TpH YCJIOBHM, €CIM JIETYMK HE BMEIIMBACTCS B YIPaBICHHE)
camoiieT OyIeT MATH CO CHI)KEHHEM, KpeH elle OOJbIlIe yBEIWIUTCS M B PE3YNIbTaTe CaMoJIeT MOXET MEeperTH B
KPYTYIO CITUpab.

KonebarenbHasi HEyCTOWYMBOCTh BO3HUKAET IIPU OUSHb XOPOILEH IONepedHoi ycroiunBocT (0oblioe
nonepeyHoe V' Kpbiaa, Ooybllas CTPENIOBUAHOCTh) M CIa0OH IyTeBOM ycroWuuBOocTH. B 3TOM cityyae npu
HETPOM3BOJILHOM CKOJIBXKEHHH B OIHY CTOPOHY (JIEBYIO, HAIIPMEP) CaMOJIET I10J1 IeHCTBHEM BOCCTAHABIMBAIOIIETO
MOMEHTA YHEPIUYHO HAKPEHSETCS BIIPABO, YTO BBI3OBET 3aTE€M MPAaBOE CKOIbKEHHE. Y CTPaHss BO3HUKIIMH JIEBBIH
KpEH, CaMOJIeT M3-3a NOBBILIEHHON NONEPEYHON YCTOMYMBOCTH NEPEUIET PABHOBECHOE IOJIOKEHHE U BOMIET B
MIPOTHBOMOJIOKHEINA (TIpaBeIid) KpeH. B uTore momyynm psix MOBTOPHBIX KOJIEOaHUH C KpBIIa HA KPBLIO.

}1.]'[51 YMEHbBUICHUSA HOHCpG‘lHOﬂ yCTOﬁ‘lHBOCTH camMoJI€TaM CO CTPCIOBUAHBIM KPBIJIOM YBCIWMYUBAIOT
I1omazab BEPTUKAJIBHOI'O OINICPCHUSA U IPUAAIOT OTpHHaTeHBHLIfI YroJ nonepeuHoro V.

Mesxny nonepevyHoN U IMyTeBOH YIPaBIIEMOCTBIO CYIIECTBYET TaKasl e CBsI3b, KAK U MEXK/y IONEPEYHBIM
U ITyTEBBIM PABHOBECHEM: KPEH BBI3BIBAET CKOJBKCHHE U Pa3BOPOT CaMOJIETa, a CKOJILKEHHE - KpeH. PazBopoT
camMosieTa TOJNBKO C TOMOUIbIO PYJISl HAMpaBlICHHUS WIH TOJNBKO JJIEPOHOB MPOHCXOJUT CO CKOJIBKECHHEM.
CkoJlb)XeHHE YCKOPSIET CPBIB MOTOKA C KpbUIA, YeM CHIDKaeT Oe30MacHOCTh MMOJIeTa U CO3/aeT AOTOJIHUTEILHOE
COIPOTHUBIIEHHE, KOTOpOE TpeOyeT yBenuueHus norpedHoit Tsiru. Heo6xoaumMo 3allOMHUTB, YTO CAMOJIET CKOJIB3HUT B
CTOPOHY OTKJIOHEHHOW PYyYKM YIPaBICHUS U B MPOTHBOIOJIOXHYK CTOPOHY OTHOCUTEIHHO OTKJIIOHEHHOW Heaanu
(y1eBast mesak - MpaBoe CKoJIkKeHHe). 1t TOro 4ToObl pa3BOpOT BHITONHAJICSA 03 CKOJIBKEHHS, HE0OX0AUMO PYIIb
HaNpaBJICHUs W 3JIEPOHBI OTKIOHHTH B CTOPOHY pa3BOpOTa TakUM 00pa3oM, YTOOBI CKOJBXEHHE OT KpeHa
YCTPaHsIIOCh CKOJIB)XEHUEM OT PyJisi HanpaBiieHns. Pa3BopoT 0e3 CKOJIbKEHUSI Ha3bIBACTCS KOOPANHHUPOBAHHBIM.

CTaTUCTUKOM YCTaHOBJICHO, YTO JI1 HOPMAJIbHOT'O IMOBEACHUA CaMOJI€Ta B IMOJICTC HYKHO ONPEACICHHOC
COOTHOLICHUEC MEXKAY KPCHAIIMMU U pa3BOpavYnBAOIIIUMU MOMCHTAMU.

JIeTHBIMU HCTIBITAaHUSIMU YCTAaHOBJIEHO, YTO COOTHOLICHHUE OTKJIIOHCHUS JJIEPOHOB U OTKIIOHEHUS PYJIIA
HanpasJICHUA JJI1 HOPMAJIBHOT'O ITOBECJICHUA CaMOJIETa B OOKOBOM OTHOILICHUH JOJIXKHO OBITH

0
951 _03.05
P.II.

Takum 00pa3oM, OTKJIOHEHHE 3JEPOHOB JOJDKHO OBITh B 2 - 3 pa3a MEHbIIE OTKJIOHEHHS pYyJIs
HanpaBJICHUA.
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HITOIIOP CAMOJIETA

IlImonopom camonema Ha3BIBaCTCS HEYNPABIIEMOE IBIDKEHHE CaMOJeTa MO CIHUPATBHON TPaeKTOpUHU
MAaJIOTO pagnyca Ha 3aKPUTHUYECKHX YIIaX aTaKH.

B mronop MokeT BoiTH M00O0W CaMolIeT, KaK IO KCIAHHWIO JIETYMKA, TaK W CAMOIPOH3BOIBHO IIPH
omuOKax JIETYNKA B TEXHUKE MIIOTUPOBAHMS. Tak Kak MITOMOP MPEACTABIAET cOO0M HEyIpaBIsieMoe IBUKEHHUE, TO
BBIXOJl M YIPAaBISIEMbI TOJET TpeOyeT TBEepAbIX HABBHIKOB, XOPOIMIMX 3HAHWN W IMOHHMAHUS €ro (U3UICCKOU
cymHoctH. [lItonop BeimosHseTcs Ha camonerax k-52 u SIk-55 kak ¢ y4eOHOI 11eNblo, Uil TPEHHUPOBKHU JIETHOTO
COCTaBa, a TAKXKe KaK (Urypa CIIOPTUBHOTO MTUJIOTaXA.
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Puc. 1 IlImonop camonema: a - npamoit; 6 - 00pamuwlii; a - R10CKUl

CyIIecTBYIOT JiBa BUA IITOIIOPA: HOPMAIbHbLIL (NpAMOIL) u odpamHuslii (nepeeepuymotit) (Puc. 1).
[To pexuMy YCTaHOBHBILEIOCS BpAIICHHUS LITONOP IMOIPA3AEisIeTcs Ha KpyTod (HAKIOH (ro3eisika K
ropu3oHTy coctasisier 50...70°) u MIOCKuii (HAKIOH (ro3ersika coctaBiser okoio 20...30°).

Ha Bcex BbIlIeyKa3aHHBIX peKMMax INTOIOPa YroJl aTaku OOJbIIe KPHTHYECKOTO, U YeM IOJI0XKE IITOIOP,
TeM Gostbiie yron ataki. Ha KpyToM mrormope yros ataku cocrasisier 25...30°, Ha miockoM - 60...65°.

IToTepst BbICOTHI Ha KpyToM mmITOnope B cpeaneM coctasnser 100..150 m 3a ogun Butok. Ha mimockom
IITOTIOPE TIOTEPSI BEICOTHI 3HAYUTEIHHO MEHBIIe U cocTaBisieT 50...80 M.

CkopocTh BpallleHHsl Ha LITOIOpe cocTapisieT (Ha camonerax SIk-52 u SIk-55): npu BBIIOJIHEHUU KPYTOTO
mromnopa - 4,0...4,5 ¢, a Ha iockoM - 2,5...3,0 c.

Kak YK€ rOBOPUIIOCH, YTO ITOIIOP - 9TO HEYIIPABIIAEMOE ABUKCHNE CaMOJIETA U BECbMa OITACHOC Ha MaJIOH
BBICOTC. HO3TOMy JIETYUK JOJIKECH YETKO MPCACTABIATH IIPUYUHBI HITOIIOPA, KAKHUE CbaKTOpBI 1 KaK BJIMAIOT HA HET'O
M OCMBICJIICHHO OTHOCHTBLCS K pa60Te pyJiiMH KaK Ha BBOJAE, TaK U 0COOCHHO Ha BBIBOJIC CaMoJIeTa U3 mroropa.
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Puc. 2 Illmonop: a - cxema cuil u MOMeHmMO8, OeliCMEYIOUUX HA camolem 6 npoyecce WMmMonopa; o -
cxema cuil, OeliCmeyIouux Ha camoiem npu Wmonope

CPBIB B LLITONOP HA MAJIOM BHICOTE

MoxeT IpoU30HTH IPU OJHOBPEMEHHOM yYMEHBIIIEHHH CKOPOCTH IOJIeTa M yBeIHMUeHUH yria ataku (Puc.
3). CxopocTb moJjera najgaeT, o3TOMY JOJDKHA MaJaTh U MOAbEMHAs CHJIa, HO BCIICACTBHE YBEJIMUCHUS YIila aTaku
ko3¢ ¢unnent noabemuoi cmibl Cy Oyzmer pacTH (KOMIIGHCHpYS IaJieHHE CKOPOCTH), B pPE3yJIbTaTe 4Yero
MOJbEMHAs CHJIa HEKOTOpOoe BpeMsi OyeT pacTu M OCTaBaThCsl paBHOM Becy camornera. Ho ko3 ¢uunent Cy pacrer
TOJIKO JI0 KPUTHYECKOrO yIJa aTakd, a 3aTeéM pPE3KO yMEHBIIAETCs, TaK KaK 3a KPUTHYECKUM YIJIOM PE3KO
yXyamaercsi 00TeKaHHUe - MPOUCXOANT CPBIB CTPYH € TIOBEPXHOCTH KpPbLIa.

[TosTOMy KOTZ1a yroJ aTaku J0CTaTOYHO YBEJIMUMIICS, IOABEMHAs! CHJIa CTAHOBHUTCSI MEHBIIIE BEca caMolIeTa
Y OH Ha4yHET «IIPOBAJIMBATHCS», OMyCKash KanoT. ECiM IeTYHK mombITaeTcs eme yBeTUUUTh yrojl aTakH, TO CaMoJIeT
CTaHEeT «IIPOBAJIMBAThCS» IUIAIIMS, T. €. HapamroTupoBars. OJHAKO NP MapalIlOTHPOBAHUM CaMOJIET TPYJHO
YACPKUBaTh OT KPEHOB. A Tak Kak 3(QEKTHBHOCTH JIEPOHOB Ha OONBIIHMX YTIaX aTaKd CWIBHO OclabieHa, To
COXPaHHTh IOIEPEYHOEe PAaBHOBECHE OOBIYHO HE yJaeTcs, M CaMOJIET CBAIUBAETCS HA KPBUIO, CTPEMSICh MIEPESUTH B
IITOIIOP.

Takum 00pa3oM, NMPOMCXOAWUT TaKk HasbIBaeMasl IOTEPs. CKOPOCTH, KOTOpas HPUBOAMUT K YXYALICHHIO
MOTIepeyHOl ynpaBisieMocTH. Ecim OBl JIeTYMK MOT JUIMTENbHOE BpEMs yIEpKHMBaTh CaMOJIET B COCTOSHUU
MapanroTHPOBaHUs, TO B JII0O0H MOMEHT MOKHO OBbLIO OBI, OTKJIOHHB PYUYKY YIPaBJICHUS OT ce0sl, yMEHBIIUTh YIJIbI
aTakd, HaOpaTh CKOPOCTb M IIEPEBECTH CaMOJIET B HOPMaJbHBIA ImoyieT. MHOorna 3TO BO3MOXKHO, €CITH MOTeps
CKOpPOCTH He MoJHas. B 3ToM ciiyyae camoieT ymaaeT Ha HOC, OBICTPO HabOepeT CKOPOCTh W CHOBAa CTaHET
ynpasisieMbIM. Taroke IpH MoTepe CKOPOCTH U NajieHny Ha Kpbuto (Puc. 3, a) Bo3MokeH BBIBOJ caMojieTa Ha Hoc. B
NPOTUBHOM CIy4ae BCJIEA 3a CBAJIMBAaHMEM Ha KPBUIO CIEXyeT IUTONOp, I/ BBIXOJA M3 KOTOPOrO W U3
MOCJIEAYIOLIETO TMKUPOBAHUS TPEOYETCs 3HAUNTEIbHAS BBICOTA.

CnenoBaTte/lbHO:

- Ha MaJbIX BbicOTax (mpumepHo 600 M) HEOOXOAMMO BCEr/a MMETh JOCTATOYHBIN 3amac CKOpOCTH, T. €.
BBIJIEP)KUBATh CKOPOCTh HE MEHEE HAUBBITOJIHENIIIEH;
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- €CIIM JIOMyIIEeHa OmIMOKa, CKOPOCTh ymana Ha 3HAUYUTENbHYIO BEIMYHMHY, YIPaBICHHUE, OCOOCHHO IO
3JIepOHaM, CTajl0 HECKOJBKO BSJIBIM, CIENyeT HE3HAuHTEeNbHO OTKIOHHMTH PYYKY YIPaBJIE€HHS OT ce0sl U B TO XKe
BpeMs yIep>KUBaTh CaMOJIeT B IONIEPEYHOM PABHOBECHUH JIEPOHAMH U PYJIEM HallpaBlIeHHS,

- B cIIy4ae BHE3aITHOTO OTKa3a JABHUTATENs, 0OCOOCHHO Ha B3JIETE HEMEMIICHHO OTKIOHUTD PYUKY YIIPABICHHS
OT ce0s1, M eCITi CKOPOCTh CIJIBHO yTaia, He HaUMHATh Pa3BOPOTa J0 TEX IOp, ITOKAa CaMoJIeT He HabepeT CKOpOoCTh
JI0 HEOOXOIMMOH BETMYMHBI (HE MEHEe HAaUBBITOTHEHIIICH) M HE TIepeiIeT B HOpMAIbHOE TNTAHUPOBaHKE.
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Puc. 3 Ilomepa ckopocmu 6 20pu30HMAIbHOM noJleme: a - RA0CHUe HA HOC C NEPEXOOOM 6.
nuKupoeanue, 6 - nadeHue Ha KPvliio ¢ NePexo0om 6 RUKUPOGAHUE UNU UWIMONOp

CAMOBPAIIIEHUE KPBLIA HA BOJIBIIUX YIJIAX ATAKH. IPSIMOM LITOIOP

[Ipu morepe cKOPOCTH M HAKPEHEHHWH CaMOJIETa MPOUCXOANUT yBEIMUYEHHE YIJIOB aTaKH y OIyCKaroLIerocs
MOJYKpblJIa ¥ yMEHbIIIEHNE X Y MoJHUMaromerocs: nonykpsuia (Puc. 4). Eciin moner nporucxoauT Ha MalbIX WA
Cpe/IHUX yTJIaX aTakW, TO yKa3aHHOE M3MEHEHHE YIJIOB aTakd CO37aeT TopMoxeHHe (nemrdupoBanue) kpena (Puc.
6).

Ha xpuTHYecKMX WM 3aKPUTHUECKHMX YIJIaX aTakd CiydallHOe HaKpeHEHHe camoJera (BpalleHHe BOKPYT
NPOJIOJBHON OCH) HE TOJIBLKO HE TOPMO3UTCA, a, HA00OPOT, elle OOoJIbIe YCUIIMBACTCS, TaK KaK YBEJIUUCHUE YIIIOB

aTaky CBEPX KPUTHUYECKOIO y OIMYCKAIOLIEToCs MOJYKphlIa (0(017) COTMPOBOXKJIAETCSA YCUICHHUEM CpBIBA ITOTOKA U
nanenneM kodddumuenta Cyop; Y HOAHMMAIOUIETOCS IOJYKPBUIA, Y KOTOPOTO YIVIBI aTakH YMEHBIIAIOTCS

o) v v

ok J | xoadpduunent nogsemuoil cuibl Cynoy YMEHBIIASTCS B MEHBIICH CTENCHH WIM JAKE MOXKET BO3PACTH
(Puc. 5). B pe3ynbraTe 3TOro moabeMHas CHIIa OMYCKAIOIICTOCs MOJIYKPbUIA, MMEIOIIET0 OOJBIINE YIIIbI aTakH,
OKa3bIBAETCSI MEHBILEH, YeM Yy ITOJHMMAIOIIEToCs MOJYKPbUIa, BCIEICTBHE YEro Ha caMosIeT OyAeT AeHCTBOBAThH

MOMEHT camoBpameHust My (cMm. Puc. 4), HanpaBiIeHHBI B CTOPOHY MEPBOHAYAIIFHOTO HAKPEHEHUSI caMolieTa JTo
SBJICHHE-CAMOBPAILEHUE, HIN aBTOPOTALNS, JIEKHUT B OCHOBE LITOIIOPA CaMoJIeTa.
Yy

Puc. 4 K o6vsacuenuto camospawienus Kpolia
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Puc. 7 Coomnowenue noovemubix cu onyckamwuiezcoca u nodnumalomezoc;l ROJIYKpblilbes npu
ycmanoesuesuiemcsa camospauienuu

[Tox neiicTBHEM YKa3aHHOTO HEYPaBHOBEIIEHHOI'O MOMEHTa CaMOBpAILEHMs KpbUIO OyAeT BpamathCs
BOKPYI' TPOJIOJIHOM OCH C TOJOXXWTEIbHBIM YIJIOBBIM YCKOpeHHeM. [lo Mepe YCKOpEeHHusl BpaleHus
MOJIHUMAIOLIEEeCs OYKPBIIO HauMHAeT paboTaTh C YIJaMH aTakd, 3HAUYUTEIbHO MEHBIIMMHU KPUTHYECKOTO, T. €. B
YCIIOBUSIX IUIABHOTO OOTEKaHWs, B TO BpeMsl KakK OITyCKalolleecs IMOJIYKPhUIO yke paboTaeT B yCIOBHSIX IIOJIHOTO
CpBIBa BO3IYIIHOI'O IIOTOKA.

Ho yriioBast ckopocTh HakpeHeHHs He OyJeT Bo3pactaTh Oe3rpaHuyHo. [Ipu HEKOTOpOii yriioBoOi CKOPOCTH
BpaleHuss Hactynaer paBeHCTBO Cyon = Cynox (Puc. 7), MOMEHTHI HOPMaJbHBIX CHJI OO€HMX IOJIYyKpBUIBEB

BBIPpABHUBAIOTCA, YIJIOBOC YCKOPCHUEC HCYEC3aC€T W YCTAHABJIMBACTCA IIOCTOSIHHAsA YIrJjioBass CKOPOCTb a)X

caMOBpalleHus (aBTOPOTALNH).
BennunHa yrioBoi CKOpOCTH CaMOBPAICHUS KpbLIa CaMOJIETa 3aBUCHT OT BEIMYHMHBI MCXOAHOTO YIia
aTax¥ (Iepes CPHIBOM B ILTOIOP).

HNEPEBEPHYTBIN IITOIOP

ITepeBepHyTHIit (0OpaTHBII) IITOMOP MOXKET OBITH MTOMYYEeH KaK MPeIHAMEPEHHO, TaK U HEITPOU3BOIBHO U3-
3a rpyObIX OmIMOOK JIETYMKAa B TEXHWKE IWJIOTHPOBaHWA. BpalleHne camosieTa B IEPEBEPHYTOM IITOIOPE
MPOHUCXOJIUT B 00JIACTH OTPULIATENBHBIX 3aKPUTHUECKUX YTJIOB aTaAKU.

OOpaTHBI ITOMOP MOXET BBINOJHATHCA KaK C IMPSIMOro, TaKk M ¢ oOpaTHOro mojera. Ilepex BBOmOM
CKOPOCTb TIOJIETa YMEHBIIACTCS 10 MHUHHUMAIBHOHN, yIJIbI aTakd IPHU 3TOM CTAHOBSITCS OKOJOKPUTHYECKUMH HITH
KPUTHYECKUMH. JIOCTUTHYB KPUTHYECKUX YTJIOB aTakH, JETYNK CO3AAET CKOJBKCHNE HA OJHO U3 MOJIYKPBUILEB, U
CaMoJIeT BXOJIUT B PEXUM aBTOPOTALHH.

B sToM citywae orpunarensHbiii yron ataku ¥ Cy 1O BeIMYHMHE MEHbIIE, YeM B HPSAMOM rojere (s
camonera SIk-52). Tak kak MakcuMajbHBIH KO3((UIMEHT MOIBEMHOM CHIIBI MMEET OTPHLATEIbHYIO BEIHMYHHY

(_ CVuarc ), IpH KOTOPOM 00pasyeTcsi CPbIB NOTOKA M HAYMHAETCS aBTOPOTAIMs, M B OOpaTHOM IIOJETE €ro
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3HaYCHWE MEHBINE, YeM B MPSIMOM, TO Oe30macHast CKOPOCTh (MHHHMAIIbHAs), IPH KOTOPOM MPOMCXOINT CPHIB B
MepeBepHYTHI ITONOp, Oyaer Oosblie, yeM B mpsimoM nojere, Ha 20..30 km/4. s camonera Sk-52 ckopocTh
CpblBa B MepeBepHyTHIl wTormop cocrasiusier 140 km/4. B mepeBepHyToM INTONOpE BpallleHHE camoleTa
MMPOUCXOAUT TAKUM O6p330M, 4TO Ka6l/lHa caMoOJI€Ta HaxOoJUTCsa Ha BHEIITHEH CTOPOHC, MO3TOMY JICTYUK HE
MPUKKUMACTCA K CUACHBIO, KaK B O6bl‘iHOM mrTorope, a, HaOGOpOT, OTACIACTCA OT CUACHBA U BUCUT Ha MPUBA3ZHBIX
PpEeMHSIX.

Henpoun3BoabsHEIH CPBIB B 00paTHBII MITONOP MOXKET OBITH IIPH BHIIOTHEHUH 0OPATHOTO MAIOTaXKa.

XapakTtep BpamieHus camonera Sk-52 mpu mepeBepHYTOM IuTorope Oojiee paBHOMEPHBIH, 4eM NpH
BBIIIOJIHEHHH TIPSIMOTO LITONOpa. BEIX0A camorneTa U3 MepeBepHyTOro IITOmopa 0oJiee IPOCT U HAJICKEH, YeM H3
MPSIMOTO0. DTO 00BsCHIEeTCA TeM, 4To 3HaueHus Cyyaxc KpbUta camonera Sk-52 Ha OTPHIATENBHBIX yTilaX aTakH,
MPH KOTOPBIX IIPOUCXOAUT MEPEBEPHYTHIA INTOMOP, OYIyT MEHBINE, YeM IPH OOBIYHOM (IIPSIMOM) IITOMOPE,
BCIIE[ICTBHE YETO M CKIIOHHOCTh K aBTOPOTALIMH KpPbLIa OYAET MEHee Pe3K0 BhIpaXKeHa.

IIpyn nonananuu B HENpeAHAMEPEHHBI NEPEeBEPHYTHIM IITONOP JETYMK AOJDKEH B MHEPBYI OuYepelb
yOenuThes, YTO 3TO AEHCTBUTEIBHO MEPEBEPHYTHIM MITOIIOP, M YTOUYHUTH HAIIPaBICHHE BpalleHUs. TOJIbKO Mocie
3TOT0 JOJDKEH MPHUCTYIHTH K BHIBOAY CaMOJIETa U3 IEPEBEPHYTOT0 LITOIOPA.

IJIOCKUH IITOIIOP

Camorner mepexoIuT W3 HOPMAJIBHOTO (IPSMOro) IITONOpa B IUIOCKHH TP CIEAYIONIMX OIIMOKax B
TEXHHUKE MUJIOTHPOBAHMUS:

OTKJIOHEHHE PYYKU YIPaBICHUS MPOTHUB BpAIlEHHs B MOMEHT BBOJA CAMOJIETa B HOPMAJBHBIN (IIPsIMOIL)
IITOTOP WJIM B MPOLIECCE BBIMOJIHEHUS;

MIOJTHOE OTKJIOHEHHE IeIaJI M PYUKH YIPABIICHUS 110 JHaroHaIN Ha ce0sl U B IPOTUBOIIOI0XKHYIO CTOPOHY
JAaHHOH MEAaIN B NPOLIECCE BHIMIOIHEHHS TIOBOPOTA HA BEPTHKAIIH;

YBCJINYCHUC 060p0TOB JABUTATCJIA B MIPOLECCE BBIMIOJIHCHUA NPSIMOTO LITOIIOpA.

C TOpH30HTAIBHOTO TOJIETa CAMOJIET BXOIUT B IUIOCKHH IITONOP CTAaHAAPTHBIM CIOCOOOM KakK B MPSIMOM
IITOTIOP, HO TIPH 3TOM BJIEPOHBI OTKIOHSIIOTCS Ha BBOJE ITPOTHB BPAILICHHUS.

C moBopoTa Ha BEPTUKAIH CaMOJIET MONAaeT B IUIOCKHHA mTomop, He poxons 40...30° 1o BepTUKaNd BHU3
3a CYET PEe3KOro OTKJIOHEHHS PYYKH YIpaBJICHHs Ha ceOs M OTKIOHEHHUS 3JIEPOHOB MPOTHB BpaiieHus (meaaib
MOJHOCTBIO OTKJIOHEHA B CTOPOHY [TOBOPOTA HA BEPTUKAIIH).

HopManbHblil NI0CKUI MITONOP HOCUT YCTOMYMBBIM XapakTep, YIJIOBBIE CKOPOCTH B IpOLECCE LITONopa
3HAK HE MEHAIOT U HET IPUOCTAHOBKYU BpAILICHUS.

CKOpOCTh B TPOIIECCE BBIMOJHEHHUS TUIOCKOTO INTOTOpa HE pacTeT W Kojebnercs B mpeaenax 100...150
KM/4.

XapaKTepI/ICTI/IKI/I HITOTIOpAa OT KOJIMYECTBA BUTKOB BPAIICHUSA IMPAKTUYCCKN HE 3aBHUCAT, OJHAKO C POCTOM
KOJIMYECTBA BUTKOB B IITOIIOPE YBEININBACTCS 3al1a3AbIBAHUE U ITIOTEPS BHICOTHI HA BBIBOIE.

Ha camonerax SIk-52 u SIk-55 npasblii mutockuii mrornop 0osee yCTOHYMBEIN, YeM JIEBBIH.

Tlonoxenune OJICPOHOB ITPU BBIMTOJTHEHHUHU IIJIOCKOTO MITOIOPA BIIUACT HA €TI0 XapaKTCPUCTUKU. IlocTanoBka
OJICPOHOB B HeﬁTpaﬂl:HOG TOJIOKEHUE TP YCTAHOBUBIIEMCS IJIOCKOM HITONIOPE HA €TI0 XapPaAKTECPHUCTUKU HE BJIMACT.
le/l OTOM BpaIll€HUE OCTACTCA PaBHOMEPHBIM, a YIJIoBasd CKOPOCTb HECKOJIbKO YMECHBIIACTCA.

[TocTaHOBKa 3JE€pOHOB MO BPAIIEHHIO CIOCOOCTBYET MEPEXOJy B KPYTOHW IITONOpP W 3aTeM B KPYTYIO

cnupaib. [Ipu 3TOM yrioBas CKOPOCTh HHTEHCHBHO YMEHBILIACTCS (a)V ), puOOpHast CKOPOCTh YBEJIMUUBACTCS, a
BpalllEHHE CTAHOBUTCSI HEPABHOMEPHBIM.

YBenuueHrne 000pOTOB NPH BBIOIHEHUU IUIOCKOTO IITOIOpPA IIPUBOJUT K YMEHBIICHHUIO YIJla TaHraka Ha
5...10°. YrioBasi CKOPOCTb BpalleHUs YBEIMUUBAETCs, NMpuOOpHas ckopocTh Bo3pactaeT ¢ 100 km/4 mo 140...150
KM/.

s BBIBOIA camojieTa M3 IUIOCKOrO IITOMOpa HEOOXOMUMO OTKJIOHHTH TMeJajib B CTOPOHY,
MPOTHBOIOJIOKHYIO BPAICHHUIO, PYYKY YIPABICHUS OTKJIOHHUTH IMOJHOCTHIO OT cebst (Ha Oenmyro uepty). [ocie
OCTAaHOBKH BpallleHUs PYJIH YHPABICHUS IMOCTaBUTh HEUTpaJbHO. 3ama3AblIBaHUE CaMOJIeTa Ha BBIBOJE COCTABIISIET:
Ha IpaBoOM IITONOpE A0 3,5 BUTKA; HA JIEBOM - 2 BUTKA.

C YBEIMYCHUEM KOJIMIECTBA BUTKOB MITOIIOPA 3al1a3AbIBAHNE HAa BBIBOJAE PACTET.

®AKTOPBIL, BJIUMAIOINUE HA IHITOIIOP CAMOJIETA

OTK/I0HEHHE JIEPOHOB. XapaKTEPUCTUKU INTONMOPA CHUIBHO 3aBUCAT OT CKOJbXeHHs. OTKIOHEHHE
QJICPOHOB TIpU IOTOMOPEC BJMACT Ha CKOJIBXKCHHC. OHyLueHHLIﬁ QJICPOH YBCIMYUBACT ad3pPOJNMHAMHUYCCKOC
COTIPOTHUBJIEHHE IMOJYKPhIJIa, CO3/1aBasi TEM CaMbIM Pa3BOPAUMBAIOIIMNA MOMEHT, KOTOPBIH CO3/1aeT CKOJIbXKEHHE Ha
MPOTUBOIOJIOKHOE MOIYKPBLIO.
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Ecnu, HampuMmep, mpy BEIIONHEHHH JIEBOTO IITONOPA OTKJIOHWTH PYYKY YIPABIEHHS BIPaBO (IIPOTHB
IITOTIOPa), TO BO3HHWKAET CKOJNBXEHHWE Ha IPaBoe MONYKPbUTO. 1103TOMy, Kak MpaBHIIO, OTKIOHEHHE 3JIEPOHOB
MPOTHUB LITOIOPA HE CIIOCOOCTBYET BBIXOY CaMoJIeTa U3 IITOIopa, a HA00OPOT, YCHIIMBAET BpallleHHeE.

CKonborcenue camoiema Takxe MOXKeT co3aaBaTbCA U OTKIIOHCHUEM II€aalIn.

BJIMSAHUE U3MEHEHMUS, YI'JIOB ATAKU U CKOJIB)KEHUS HA XAPAKTEPUCTHUKHU
IITOIIOPA.

B npouecce mronopa camoeT BpallaeTcsl HE TOJBKO BOKPYT IPOAOJIBHONH ocu camosieta X, HO BOKPYT
BEPTUKAJIbHOI ocH Y, B CTOPOHY HakpeHeHHs. BpaleHue camonera Ha IITONOPE BOKPYT OCH Y BBI3BIBAETCS TEM,
YTO JIOOOBOE CONPOTHBIIEHHE Y OIYCKAIOIIETrocs IMOJIYyKpbUIa, pabOTAalOmIETo Ha 3aKPUTHYECKUX yIJIaX aTakd B
YCIIOBHUSIX CpbIBa MOTOKA, OOJBINE, YeM y HMOAHMMAIOIIErocs IMOJMYKpbUIa, pabOTArOMETO B YCIOBHSX IUIABHOTO
00TeKaHMsI Ha JOKPUTHUYECKUX yIJIaX aTaky.

Takum 06pa3om, caMoBpaIlieHHue Kpbula BOKPYT IPOJOJIEHON OCH CaMoJieTa Ha 3aKPUTHYECKUX YIilax aTakH
COIIPOBOXKIAETCS MOSBIEHUEM CIIHPAIBLHOIO MyTEBOr0 MOMeHTa My, KOTOpBIH, pa3BOpadynBas caMOJIET B CTOPOHY
HaKpEHEHHs, BBOAMT €ro B CHHpalibHOE ABMKeHHE. KamoT camornera mpu 3ToM 0oOparieH BOBHYTPH CIUPAILHOMN

TPAEKTOPHHU.
%ﬁ :Lﬁ.im
==

Puc. 8 Ilapabonuueckuil yuacmok wimonopa

Ochb criupainy, o KOTOPOU IBMIKETCS caMoJIeT (€ro EHTP THKECTH), Ha TIEPBBIX BUTKAX IITOMOpa OJIM3Ka K
napadone (Puc. 8). D10 00BSICHAETCS TeM, YTO B MPOIIECCE BpAICHHUS CaMoOJieTa MOJbEMHAsl CHJIa B CPEIAHEM 3a
BUTOK HelTpanuzyercs (MoAbEeMHas CHJIa B paBHOE BpeMs HAIlpaBJIeHa KaK BBEPX, TaK U BHU3) U CAMOJIET B CPETHEM
JIBUYKETCS TOJ1 JCUCTBUEM CHIIBI TSHKECTH KaK TEJI0, BPAIAOIIeecsi TOPU30HTAIBHO.

Jis mapaboiamyecKoro ydacTka TPaeKTOPHH, KOTAa OCh INTOIopa ONM3Ka K TOPHU3OHTANH, XapaKTEPHBI
MEPUOTUYECKNE W3MEHEHHUS YIJIOB aTaKd M CKOJIBKEHUS, BBI3BIBAIOIINE HEPABHOMEPHOCTh, a HHOTAA H
HEYCTOWYMBOCTH ImTomopa. Ha sToM atame mTomopa (TI0 Mepe HaKpeHEHHs B IPOIECCe CBAIMBAHUS HA KPBUIO)
BEpPTUKAIbHASl COCTABJIAIOIIAS MMOJABEMHOM CHJIBl YMEHBINAETCS, BCIEACTBHE 4YEro y camoJieTa BO3HHUKAEeT
CKOJIbKEHHE Ha OIYIIEHHOE TOJYKPhUIO, T. €. BHYTPEHHEE, WJIM, BO BCSKOM Ciy4yae, YMEHBIIAE€TCS BHEIIHEE
CKOJIBXKCHUE, KOTOpOe OBUIO CO3JaHO TIPU CBAJMBAaHHWW, M BpalleHUE camolieTa 3ameinsierca. Korma camoner
noBepHercss Ha 180°, TO mpu JanbHEWIIEM BpAIlEHUU BHU3Y YK€ OKaXETCsl BHEIIHEE IMOJYKPhLIO M HAyHET
pasBuBaThCs (MM YCWIMBATHCS) BHEUIHEE CKOJIBXCHHE, KOTOPOEC YCKOpSET BpalleHWe. B wWrTore BpaiicHHe
OKa3bIBACTCSI HEPABHOMEPHBIM.

VYV camonera Sk-52, 04eHb YYBCTBHUTEIBHOTO K CKOJBKEHHIO, MOSBIIONICECS BHYTPEHHEE CKOJBXEHUE
MOJKET HE TOJIBKO 3aMeJUIMTh BpallleHHe, HO U M3MEHHUTh €ro HamlpaBieHHe. DTO BO3MOXHO B TOM Cilydae, KOraa
BXOJl B INTONOP OBII HENOCTAaTOYHO SHEPTUYHBIM, C MAJIOW YIJIOBOW CKOpOCThIO. Takoil mTomop Ha3bIBaeTcs
Heycmouuugvim.

PA3HOC MACC

HepaBHOMEpHOCTh BpallleHHs] caMoJieTa BOKPYT HAaKJIOHHOM OCH INTONOpPA BBI3BIBAET HENPEPHIBHBIC
U3MEHEHHsl yIJla HAKJIOHAa IIPOAOJIBHOM OCH caMoleTa K TOpPH30HTY: KamoT caMoJieTa MEepUOAUYECKH TO
HOAHMMAeTCA, TO OIlycKaeTcs BHU3. [Ipy BpallleHuH caMmoeTa Macchl, pa3HECEHHBIE BJJOJIb OCH (rO3eNsKa, CO3AAI0T
LEHTPOOESIKHBIN KaOpUPYIOMINI MOMEHT, KOTOPBI CTPEMUTCS HMOAHATH KallOT caMoJIeTa W YBEIUYUTH YroJl aTaku.
[Mukupyromuii MOMEHT MOJIHON a3pOJMHAMUYECKOM CUIIBI CAMOJIETa CTPEMUTCA OIYCTUTh KAallOT M YMEHBUIUTb YTOJ
atraku (Puc. 9). B MomeHT 3ame/uieHHs BpalleHHs NUKHPYIOIIMH MOMEHT OT a’poJMHaMH4YecKux cuil Mnuk
CTaHOBUTCS OOJBIIMM, YeM KaOpUPYIOUIMH MOMEHT OT IIEHTPOOEXKHBIX CHJ KaloTa M XBocTa camonera Mkao,
BCJICICTBHE YETO CaMo JIET OIycKaeT KarnoT. OmyCKaHHe KarnoTa CONPOBOXKAACTCS YBEITMUCHUEM YTIIOBOH CKOPOCTH
BpaimeHns U HapactanneM Mkad ot neHTpoOexHbX cuil. Korma Mkaé cramer Gonbiie, yeM Muuk, omycKaHUeE
KaroTa MpeKpaIacTcs 1 Aajnee OH MOJHUMAETCSL.

Ilo Mepe HpI/I6J'II/I)KeHI/I$I OCH LITONOpa K BEPTHUKAJIN HEPABHOMEPHOCTH BpAlICHHA CAMOJICTA MOCTCICHHO
YMEHBIIACTCA U IPOAOJIBHAA OCh CaMOJIETa COCTABJISIECT 0oJee MOCTOSHHBIN YroJ ¢ TOpU30HTOM.



AIPOIUHAMMUKA CAMOJIETA 7

Puc. 9 Cxema cun, deiicmeyroujux na Puc. 10 Aspoounamuyeckoe 3amenenue
camonem npu eplnoaHenuu wmonopa. Bausnue Ppyaeii npu wimonope
UHEPYUOHHBIX CUIL PAZHECEHHBIX 2PY306

BJIMAHUE HEHTPOBKH CAMOJIETA.
Ha nepexon camornera B ITONOP U HA BBIBOJ, €r0 3HAYUTENBHOE BIMSHUE OKa3bIBACT LIEHTPOBKA.

Camouner Sk-52 mpu mosieTe OJHOrO JICTYMKA B TEpeIHEH KaOWHE HMMEeT 3HAYUTEIbHYIO IEPEIHION0
1eHTpoBky (17,7 %), cienpoBarenbHO, KPBUIO Ha OOJIBIINX YIJIaX aTaku CO34aeT OOJbLION MUKUPYIOUIUH MOMEHT, T.
€. TEHAEHIMIO IEepexo/ja B IMKUPOBaHWE M YMEHBLICHHWs yIJla aTakd. BcieacTBhe 3TOro camolieT TpyIHee
MEepPEeXOUT W3 HOPMAIBHOTO (TIPSIMOTO) INTONOPA B IUIOCKMH M JIETKO BBIXOAWT U3 InTonopa. Ilpm nepememennn
LEHTPa TSHKECTH Ha3aJl KapTHHA yXyIIIAeTCsl, 0COOEHHO MPH OYEHB 3aHUX LEHTPOBKaX. JTO OOBICHACTCS TEM, UTO
MOMEHT KpbIIa Ha OOJBIINX YIJIaX aTaKW M3 IMUKHPYIOIIEr0 CTAHOBHUTCS KaOPHPYIOIINM, T. €. CAMOJIET CTPEMHTCS
YBEIMUYHUTH YToJI aTaku (MpuMepHO HauuHas ¢ neHTpoBKH 30 % CAX). 13 BblmIECKa3aHHOTO CIEAYET BBIBOJ, UTO
IpY 3aHEH IIEHTPOBKE caMoJIeT OyIeT XyXe BBIXOJUTh U3 IITONOpa (C 3amna3ablBaHUEM), a TIPH 3aHEH LICHTPOBKE
MOJKET COBCEM HE BBIMTH.

A3poounamuueckoe 3amenenue pynei. IHGHEeKTUBHOCTh JICUCTBUS PYJICH YIpPaBICHUS B 3HAYHTEIBHON
Mepe BIHSAET Ha BBIBOZ CaMolieTa W3 IurToropa. IIpu BpalleHHH Ha IITOMOpPE PYIIH YIPABICHUS 3aTCHSIOTCA. JTO
MPOUCXOIUT TIOTOMY, YTO YacCTh MOBEPXHOCTH FOPH30HTAIBHOTO (WJIM BEPTHKAIBFHOTO) OIIEPEHHUS TIONAfaeT B 30HY
BO3MYIICHHOTO ITOTOKA - a3POANHAMHIYECKON TEHH OT (pro3ersika, cTabuimsaropa, K - WM B 30HY CPBIBA TIOTOKA
¢ Kpbuta. BrimeckazanHoe pe3ko cHmKaeT 3(h(HeKTUBHOCTE pyJieH, BCIEACTBUE YEro BBIBOJ CaMOJIeTa M3 IITOIopa
MPOUCXOUT ¢ 3amazapiBanueM (Puc. 10).

O¢ddexTuBHOCTE pyIneil ynpaBieHUs NpH BBIBOAE CaMoJeTa M3 IITOIOpa MOXKET OBITh JOCTUTHYTA ITyTeM
PALMOHAILHOTO B3aUMHOT'O Pa3MEIICHHUS] BEPTUKAIBHOIO U TOPU30HTAILHOIO ONEpeHust Ha (ro3elisbke U BHIOOPOM
(hopMEI B TIaHe.

Bnusanue cunosoii ycmanoéku na wmonop. VI3MeHeHue pexnma paboThl aBUTaTENs (CHIIOBOM
YCTAQHOBKH) B 3HAYMUTEJIHHOM Mepe BiMseT Ha Xapakrep mrTonopa. OcoOCHHO BIMSHHE CKa3bIBAETCS HA CaMOJIETE
Sk-52, uMeromero AEUEHTPAlHIo TSATH CHIOBOH YCTaHOBKU. BbIBoI camonera m3 mTonopa oOiierdaercs MmyTeM
YBEJIWYCHUS] OOOPOTOB JBHUTaTels, TaK KaK CHJIa TACH CO3JAaeT NUKUPYIOLIMH MOMEHT, KOTOPBIA TaKKe
YBEJINYMBACTCS 32 CYET MOMEHTa OT JCWCTBUS CTPYH BO3IYLIHOTO BHHTa Ha TOPU3OHTANBHOE OIEPEHHuE, T. €.
yBEJIUYCHHUE 000POTOB JBUraTellsl CO3AET y caMoJieTa CTPEMIICHHE YMEHBLIUTD YroJl aTakd, 4TO 00Jierdaet BBIBOJ
caMoJIeTa U3 ITOIopa.

Ocnosanue Oeiicmeus pyiamu ynpaeienus Ha 6vléooe u3 wimonopa. OCHOBHOW MPUYMHON LITOMOpA
SIBIISICTCS CaMOBpAIIICHUE KpbUIa HAa 3aKPUTUYCCKUX YIIaX aTakd, MO3TOMY I BEIBOJA CaMoJieTa W3 INTOIOpa
HEO0XOMMO YMEHBIIIUTH YTOJI aTAKH JIO BEIMYHHBI, MCHBIIICH OLKD, IPH KOTOPOM CaMOBpaIlleHHE HEBO3MOXKHO.

DT0 JoCTUTAETCs OTKIOHCHHEM PYYKH yIpaBieHHs oT ceOst. Ho BBIBOJ M3 MITONOPA TOJILKO OTKIOHCHHEM
PYUYKH YHOpaBJICHUA OT Ce6$[ MMPAKTUYCCKN HEBO3MOXKCH, TaK KaK MOMCHT OT pYJisi BbBICOTbBI HCAOCTATOYCH IJIA
MPEOIOJICHHsI IIEHTPOOEKHOTO KaOpupyromero MoMeHTa. [103ToMy HEOOXOIUMO MpPEIBAPUTEIHLHO OTKIIOHCHHUEM
pyJisl HampamiieHHWs MPOTHB IITOMOpPA CO31aTh BHYTPEHHEE CKOJIBXEHHE, TE€M CaMbIM yMEHbIIAs BEIHYHHY
HEHTPOOEKHOro Kabpupyromero MoMenrta. [Ipyu BeIBOJIE M3 MIOCKOTO MITOMOPA OTKIOHEHHEM PYYKH YIIPABICHUS
(o 3yepoHaM) B CTOPOHY BpAI[CHUSI YCTPAHSETCS CKOJIBLKEHHE Ha BHEIIHEE MOJYKPhLUIO, KOTOPOE BO3HUKAET B
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pe3yiapTaTe ACWCTBUS MOMEHTA, CO3aBAaeMOTO pAa3HOCTBIO JIOOOBBIX CONPOTHBICHHH JIEBOTO W IPAaBOTO
MOJYKPBUIBEB.
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Puc. 11 Ione 3penun u nanpaenenue 6321404 1emMuUKa npu nPpagom uimonope




AIPOJUHAMUKA CAMOJIETA

OUT'YPBI ITPOCTOI'O ITNJIOTAXKA

KPUBOJIMHEHHOE JIBUKEHUE

OBHaHCHI/IC (I)I/Il"ypaMI/I IMMPOCTOr0, CJIOXKHOI'O0 U BBICHICIO MWJIOTAXKa (HpHMOFO n O6paTHOF0) JJIA JI€TYHUKa
HMeET OO0JIBIIOE 3HA4YCHUC, TaK KaK IMHUJI0TaxX BBIpa6aTI)IBaeT Y HETrO CIIOCOOHOCTH 6BICTp0 1 IpaBUJIBHO ONIPEACIATH
IIOJIOKEHHUE CaMOJIETAa B IIPOCTPAHCTBE, BOCIIUTHIBACT CMEJIIOCTh, YBEPEHHOCTH B CBOUX I[eﬁCTBPIHX.

ITunomasicem Ha3zpIBacTCs MaHEBPUPOBAHWE CaMOJIETa C 1I€JIBIO BBIMOJIHEHUS OINpEACICHHBIX (Uryp B
BO3/YIIHOM IIPOCTPAHCTBE.

TIunoTraxkHble CBOWMCTBA CcaMoJjieTa OILICHHBAIOTCS CIIOCOOHOCTBIO €ro B KpaTqaﬁLuee BpEMsA HU3MCHUTH
TIOJIOKEHUE B IMMPOCTPAHCTBE, BEJIMYNHY U HAIIPABJICHHUE CKOPOCTHU II0JIETA. H3meHeHne BeTUYUHBI U HaIpaBJICHUA
CKOPOCTH IT0JIETA TOCTUTACTCA YBECINYCHHUEM WUJIN YMEHBIICHUEM TATHU ABUTATEIIA, CHUJIBL J1000BOTO COITPOTUBJICHUSA
caMoJI€Ta, a TAKXKEC UBMCHCHHUEM YTIJla aTaKu.

[Ipn BHITONHEHWH NHJIOTaXKa IPOUCXOAUT HWCKPHUBICHHE TPACKTOPHH IIOJIETa B TOPU3OHTAIBHOH U
BEPTUKAIBHOM IJIOCKOCTSX.

[lo cremeHHM CIOXHOCTH MWIOTAX MOAPA3ACIACTCS Ha MPOCTOM, CIOXHBI W BbICHIKI (MPSIMOH H
0OpaTHBIN).

K duzypam npocmozo nunomaxyca OTHOCATCA: BHUPaX, TOPU3OHTAIbHAS BOCbMEpKa, CIHpAlb,
MUKUPOBaHME, TOpKa C yriaaMu a0 45°, 60eBoil pa3BOpoOT.

K ¢huzypam cnoscnozo nunomasica OTHOCATCS: TIEPEBOPOT, METIISA, MONYNETIs], MHKAPOBAHUE M TOPKa C
yraamu 10 60°, ropu3oHTaNbHAs yIpaBisgeMas W INTONOpPHAas O0dYKa, MEpPeBOpPOT Ha TOpPKe, YIpaBseMble U
IITOTIOPHBIE BpalleHHs Ha yriax 10 60° BBepX U BHH3.

K duzypam evicuiezo npamozo u o0pamnozo nuiomaix3ca OTHOCITCA BCE OCTAIbHBIC (UTYPHI UM UX
KOMOWHAIINY, BKJIIOYEHHBIE B KaTtamor ¢uryp. B kartamor ¢uryp BKIOYEHO OKONO 15 ThICSY GuUryp m ux
KOMOWHaIMi. M3 3TuX QUryp cocTaBisitoTcsi 00s3aTenbHas, POM3BOJIbHAS M TeMHas MPOrpaMMbl COPEBHOBAHMUIA
BCEX PaHIrOB I10 BBICIIEMY IMUJIOTaXy Ha NOPIIHEBBIX CAMOJIETAX.

Ha camonere fk-52 cormacHo KYJIII-CAO-C-86 npenyCMOTpEHO BBIIOJHEHHE HAa MajibIX M CPEOHUX
BBICOTaX MPOCTOT0, CJIOXKHOTO ¥ YACTHYHO BBICIIETO MMWJIOTaXKa, & TAKXKE 3JIEMEHTOB 00PAaTHOTO IMHUJIOTaXA.

Ha camonere fk-55 cormacHo KVYJIII-CAO-C-86 mpenycMOTpEeHO BBINOJHEHHE HAa MAajbIX M CPEIHHUX
BBICOTAX MPOCTOT0, CJIOKHOTO U BhICHIETO (IPSMOTO U OOPATHOTO) MUIIOTAXKA.

BeprukansHple MaHEeBpHI Ha camoierax k-52 m Sk-55 BBITIOMHSAIOTCS B OCHOBHOM 3a CHYET 3araca
CKOPOCTH, a TAKXKE U 33 CUET CHIIOBOH YCTaHOBKH.

HpI/I BBINIOJIHEHUU TMMWJIOTAXKa CJIeAYyEeT I[MOMHUTb, 4YTO Ka)KZ[OfI CKOpPOCTH T0JIETa COOTBETCTBYCT
OIIPCAC/ICHHAs HAarpys3Ka, nmpu KOTOpOﬁ MMPpOUCXOAUT CBAJIMBAHUEC (CpLIB) caMoJICTa.

IIpu mnepersruBaHUM pPYdYKH YIOPABIECHUS CPBIB TPOUCXOAUT Oe3 NpeayNpeAuTeIbHOM TPsSCKH C
SHEPIrUYHbIM HAKPEHEHUEM U OIyCKaHUEM KalloTa CaMoJIeTa.

B mporecce nunoTtaka HE0OXOIMMO BBIIEP)KUBATh PEKOMEHIYEMbIE CKOPOCTH. DTO OCOOEHHO BaXXHO TP
BBIIIOJTHEHUH YYEOHBIX IOJIETOB KypCaHTaMH M CIIOPTCMEHAMHM IIEPBOTO M BTOPOTO ToJ0B OOy4YEHUs, Y KOTOPBIX
OTIBIT BBITIOJIHEHUS MWJIOTAXA €IIIe MaJl.

Hnst camonera SIk-52 ycTaHOBiI€eHa MUHUMAJIbHAsE CKOPOCTb BBIMOJIHEHUS MUJIOTa)xa, KoTopast paBHa 140
KM/4.

Jdnst yckopenusi BBojga B (UIYpbl IHJIOTa)Ka Pa3rOH caMoJieTa CIeAyeT NPOM3BOJUTH HE B PEXKHUME
TOPU30HTAJILHOTO T0JIETa, a Ha CHW)KEHHHM, 4TOOBI ObIcTpee HaOpaTh CKOPOCTH JUISi BBIIOJHEHHs O4YepeIHON
BOCXO/siIIeH (GUIyphl IUIOTaXKa U Ha HUCXOSIIEH YacTH npeablyIiel purypsl He JOIyCKaTh CHI)KEHHS 000pOTOB
nBurarens Menee 82%. YBenuueHue oOOpPOTOB Ha NMHUKHPOBAHWHU (CHMXKEHHHM) HEOOXOJIMMO HAYMHATH ITIPH YTIIe
35..45° ¢ TakuM pacderoM, 4TOOBI BBOJX B OYEpEOHYIO (UIypy HAuMHAICA C TOPU3OHTAIBLHOTO IOJeTa II0
JOCTXECHUH 33JaHHOM CKOPOCTH M IIPH MAaKCUMAJIBHBIX 000pOTaxX ABHUTATENs.

[Tpu BeIMONIHEHUH QUTYp MUIIOTaXka 0CO00 BAKHOE 3HAYEHHE UMEET OCMOTPUTEILHOCTh, 00eCTIeUnBatOIast
BBICOKOE Ka4eCTBO BBIIIOJIHEHUS PUTyp, a Takke 0€30MacHOCTH IOJIETOB.

ManeBpeHHBIE KaueCTBa CaMOJIETOB OIPEACIIIOTCS BEIMINHON CHITBI TATH JBUTATENS, a3POIMHAMHUYECKUM
Ka4ecTBOM, 3(h(HEeKTHUBHOCTHIO PyJieil U BENUYMHON NOMYCTHMBIX MEPErpy30K, KOTOPhIE BMECTE B3SThIE 3aBUCSAT OT
CKOPOCTH W BBICOTHI mosiera. CienoBaTenbHO, MAaHEBPEHHBIE KadecTBa CaMmoJieTa W3MEHSIOTCS IpPU HW3MEHEHHH
BBICOTHI U CKOPOCTH TOJIETA.

OBIIEE NOHATHUE O KPUBOJIMHEMHOM MOJIETE

PaCCMOTpCHHBIe paHee FOpI/ISOHTaHBHBIfI II0JIET, TIOABEM M CHHIXCHUE OTHOCATCA K YCTAHOBUBIIUMCS
HpﬂMOHHHCﬁHHM BHJaM II0JICTA, TaK KakK HeﬁCTBy}OHlHe AdpPOAMHAMHNYCCKHUE CHUJIBI HAXOAATCSA B PABHOBCCHUH. Ot
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BUBI ABWKCHHS SBIISIOTCS YaCTHBIMH CIy9asMH, TaK KaK B PEaJbHBIX yCIOBUAX CAMOJIET MEHSET HAIIPABICHUE KaK
B TOPU30HTAIILHOM, TaK U B BEPTUKAIIbHOMN TIJIOCKOCTSIX.

I[J'ISI BBITITOJIHCHUA KpHBOJ’IHHCﬁHOFO JABHMIXKCHUA HCO6XOHI/IM3 HEHTPOCTPEMUTECIIbHAA CHUJIA Fllca KOTOpast
SABJIACTCA HOpMaHLHOﬁ COCTAaBJIIONICH K TPACKTOPUU HABUIKCHHUA W HaHpaBJ’IeHHOﬁ K HEHTPY KPUBU3HBI. Ot

BEJIMUMHBI 3TOH CHIIBI 3aBUCUT KPUBH3HA TpaekTopuu nojeta (Puc. 1). LientpocTpemuTensHas cuna Fy ¢ BeI3bBaeT
HopMansHOe yckopenue JH, onpenensiemoe o dopmyie:

r (11.1)

rzie V - CKOpOCTb TOJIETa IO TPAEKTOPHH; I - PAANyC KPUBU3HBI.

Tpaexkmopus
Gbumenua

Fyc F
Puc. 1 Hckpuenenue mpaekmopuu yeHmpocmpemumensvHou cunoit Fy c

B aunamuke mosiera camosiera JUlsl pacuera TPACKTOPUU JBUXKECHMSI UCIOJb3YIOT TPAEKTOPHYK) CHCTEMY
KOOpJUHAT, B KOTOPOiIl Ha4aja0 KOOPAUHAT HaXOJUTCS B LICHTPE TSKECTH CAMOJIETA, OCh X HAlpaBJICHA II0 BEKTOPY
CKOPOCTH, OChb Y NEPHEHAMUKYIAPHA K OCH X U HAXOAUTCS B BEPTUKAIBHOM INIOCKOCTH, IIPOBEIEHHON Yepe3 BEKTOP
CKOpPOCTH, OCh Z NEPINEHAUKYJIIPHA BEPTUKAIbHOMN MJIOCKOCTU U BCErAa 3aHUMAET FOPU30HTAIBHOE MOJI0XKEHUE U
obpaszyer ¢ ocsimu X 1 Y TIPSIMOYTOJIBHYIO CUCTEMY KOOpAWHAT.

CreoBaTeNnbHO, ISl ONPEACNICHUS OCHOBHBIX IapaMETPOB TPACKTOPHH KPHBOJIMHEWHOTO IBH)KCHUS
camoJieTa B TPAeKTOpUEW MPsIMOYTOJIbHOI cHCTeME KOOPAMHAT HEOOXOMMO 3HATh 3HAYEHUs YCKOPEHUH jX, jy, jz,
TZIe jX - YCKOpEHHE, HalpaBJCHHOE IO KacaTeJIbHOW K TPAeKTOPHM [BW)KEHHMS M Ha3blBa€MOE IPOJOJIBHBIM
yckopeHueM. OHO XapakTepu3yeT HM3MEHEHHE CKOPOCTH (Pa3srOH, TOPMOXEHHE); jy-HOPMalbHOE YCKOPEHHE,
XapakTepu3ymoliee H3MEHEHHE TpPAaeKTOPUH I10JieTa B TOPU3OHTAJIBHOM IUIOCKOCTH; jZ- OOKOBOE YCKOpEHHE,
XapakTepu3yoliee N3MEHEHNE TPACKTOPUH B BEPTHKAIBHON IIJIOCKOCTH.

Tak, HanpuMep, B YCTAHOBUBILEMCS TOPU30HTAILHOM IOJIETE, MMOJbEME M CHUKEHHU YCKOPEHHS PaBHBI
nymo (jx=0, jy=0, jz=0).

JIEVICTBUE PYJEH YIIPABJEHUS B KPUBOJUHEMHOM ITOJIETE
OHO B OCHOBHOM HE MEHSIETCSI, HO YIIPaBJIEHHE CAMOJIETOM UMEET HEKOTOPbIE OCOOEHHOCTH.

Pynb évicombi B KpUBOIUHEIHOM MOJIETE CIYXKUT AT U3MEHEHMs yIiIa aTaK| U TEM CaMbIM - AJIsl CO3AHUS
KPHUBH3HBI TPACKTOPHH B IUIOCKOCTH cuMMeTpuu camonera (Puc. 2). I1pu pabore pysneM BBICOTHI B KDUBOJIMHEHHOM
nosere (Tak Kak caMoJIET, JBUTasCh MO KPUBOH, OJHOBPEMEHHO IOBOPAYMBACTCS BOKPYT MONEPEYHON OCH, a 3TO
NPUBOJNUT K YBEIMYEHWIO YIJla aTakd T'OPHU30HTAJIBHOTO ONEPEHUsS) BO3HUKAET IMPOTHBOJCHCTBYIOIIMA MOMEHT
TOPHU30HTAJILHOTO OINEPEeHHs KPHUBOJIMHEHHOMY IoJeTy (IeMn(Upyomuid MOMEHT), BCIEACTBHE 4YEro Ui
YBEIIMUYEHUS! yIJ1a aTaku caMoJIeTa HE0OX0AMMO OTKJIOHUTD PyJIb YIIPABICHUS HA OOJBIIYI0 BETHUIHHY.

Yenmp
rebgpoma

enmp
nobopoma

Yro

Puc. 2 IIpomueooeiicmeue Puc. 3 Ilpomueooeiicmeue eepmuKanbHozo
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2OpPpU3OHMAIbHO20 ONEePenHusn Kpueoﬂuueﬁuomy onepenus Kpue(muueﬁuomy noniemy 6
noiemy 6 nilOCKOCHU cummempuu camojiema zopu3onmaﬂbuoﬁ niaockocmu

Pynv nanpaenienus B KpUBOJIMHEWMHOM TI0JIETE, KAK U B IPSIMOJIMHEMHOM, YIIPABJIsiET CKOJIb)KEHHEM camoJiera. Pynp
HAarpaBJIeHUs TaK e, KaK U pyJb BBICOTHI, IPU BBINOJIHEHUH KPUBOJMHEHHOTO MOJeTa CO3/aeT AeMI(pHPYIOMNil
momeHnT (Puc. 3), uro, B cBolo ouepenb, TpeOyeT OOJBILEr0 €ro OTKJIOHEHHS BO BHYTPEHHIOIO CTOPOHY
KPHUBOJIMHEHHOTO JIBHKEHUS.

BJIUAHUE 'MPOCKOIIMYECKOI'O MOMEHTA BO3YIIHOI'O BUHTA

Jomyctum, 4To Macca BO3IYyLUIHOIO BUHTA JIEBOTO BpaleHus camoneToB Sk-52 u Sk-55 cocpenoroyena B
nByx rpy3ax 1 u 2 (Puc. 4). B MOMeHT, Korzia BO3/yIIHbIH BUHT HAXOJWJICS B BEPTUKAJILHOM IOJIOKEHUH, JIETUHK
OTKJIOHWJI PYYKY YIIPaBIE€HHS Ha ceOsl, YTO IPHUBEJIO K MOJHITHUIO OTHOCHTEIHHO TOPH30HTA KalloTa caMoJieTa.
[NoguaTue Kamora camojera MPHUBEAET K BO3SHUKHOBEHHIO CKOPOCTH I'PY30B M OTHOCHUTEIHHO ITONEPEYHON OcH Z,
JIOTIOJTHUTENHFHO K UMEIOIIEHCS yKe OKPY)KHOW CKOPOCTH OTHOCHTENBHO MpoaoisHOi ocn X. Korma rpyssr 3aiiMyT
TOPU30HTAIBHOE IOJIOKEHUE, TO M0 MHEPIMU OHU OYAYT CTPEMHUTHCS COXPAHUTh MPHOOPETECHHYIO CKOPOCTh U MPHU
MOJHATHH KaroTa OTHOCUTEIBHO TOPH30HTA. B pe3ynpraTe HeHCTBHUSI 3TUX CKOPOCTEH Tpy30B (HAIpaBICHHBIX B
MIPOTUBOIOJIOKHbIE CTOPOHBI-TpYy3a /' Ha3ax, rpy3a 2’ Blepesa) BOZHUKAET MOMEHT, Ha3bIBAEMbIH cUPOCKORUYUECKUM

MOMeHmoM 6030yuiH020 sunma My ryp, N0/ JCHCTBUEM €ro CaMOJICT HAYMHACT PAa3BOPAYNBATBHCS BICBO (IIPH
BO3/YIIHOM BHHTE JIEBOI'O BPAIIEHUS).

vy

Uwr

|
\[/
‘?&\K
-

Puc. 4 K 06vacHenuto 2upockonuueckozo 0eiicmeus 030YuH020 UHMA J1€6020 8paAuieHUs HA
camonemax Ax-52 u Ak-55

X
e

-

flpu onyckanuu  fpu pasbopome fipu pazbopome

flpu nodnsmuu KXanoma camonem camonema caronema bnelo
Kanoma caronem pasGopayubaem  Onpabo nodnumaemen  Kanom
pasbopayubaem bnelo bnpalo Kanom onycxaemcs
Pl /’-"E--.\ ~ 1= —
/ N / \ ERRN g N
/ \ r, N \ / N\
F‘“ A - d)—»; L(P |
\\ /; \, /, 4 \ /4
\

Puc. 5 I'upockonuueckoe oeiicmeue 6030yuiH020 GUHMA 1€6020 8pauieHusa na camonemax Ax-52 u Ak-
55

Peakmms camornera, BO3HUKAIOIIAsi IPH OTKJIOHEHUH pyJIeH M3-3a IEHCTBHUS TMPOCKOITMYECKOr0 MOMEHTa
BO3JyLITHOTO BUHTA, 3aBUCUT OT HAINIpaBJIECHUs NepeMelneHns kanoTa camonuera (Puc. 5).

Takum 00pa3om, HanpaBlIeHHE TEPEMEIICHUST KalloTa caMoJieTa OTHOCHTEIIFHO TOPU30HTA MPU JAEHCTBUH
THPOCKOIIMYECKOr0 MOMEHTa BO3AYIIHONO BHHTAa HaXOIUTCA IyTeM IepeMmelieHus ero Ha 90° Bokpyr ocu
BO3/YIIHOIO BUHTA B CTOPOHY BPALIECHUS.

BnusHMe TUpOCKONMYECKOr0 MOMEHTa BO3IYIIHOTO BHMHTA B TIOJETE KOMIIEHCHPYETCS OTKJIOHEHHEM
3JIEPOHOB U pyJIs HaNpaBieHUs (4alle pyJisi HalpaBJIeHHA) B COOTBETCTBYIOILYIO CTOPOHY, CO3/aBasi MOMEHT,
MIPOTUBOIOIOKHBIN THPOCKOITHUECKOMY .
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Hanpumep, Ha camoserax SIk-52 u SIk-55 npu B3siTUHM pydKH ynpaBieHHs Ha ceOsi BO3HUKAIOIIUI MOMEHT
nmapupyeTcs OTKIIOHEHHEM PYJIS HaIpaBICHHUS BIPaBO (HAXKATHEM Ha IPaBYIO MEIalb).

ASPOJUHAMMUYECKHUE ITEPEI'PY3KHU

Ilepezpy3koni Ha3bIBae€TCS OTHOIICHHE PAaBHOACHCTBYIOIEH BCceX CHII (KpoMe Beca), JEHCTBYIOIIMX Ha
CaMoJIeT, K Becy caMoJieTa.

B cBs1i3aHHOII cucTeMe KOOPAMHAT ONPEAEIEHBI IEPErPY3KHU:

Ix - npononeHas neperpyska; Iy - HopmanbHas neperpyska; Iz - GokoBas meperpyska.

[TonHas meperpyska onpeaenseTcs no Gopmyie

2 2 2
n=,/ny +n, +n;,. (112)

Ilpooonwvnas nepezpyska 11X BO3ZHUKAET TP U3MEHEHUH TSTH JBUTATENs M JOOOBOTO COITPOTHBIICHHS.

Ecnu Ttsra nBurarens Oosblie JOOOBOrO CONPOTHBIICHHUS, TO IEperpys3ka IoJioxuTenbHas. Ecnm ke
BEJIMYIMHA JIOOOBOTO COMPOTHBIICHHS OOJBINE CHIIBI TATH JBUTATENS, TO IEPErpy3Ka OTpUIaTCIbHAS.

[pononsHas meperpy3ka onpeaenseTcs mo Gopmyiie
P-X
G (11.3)

ny

boxosasa nepezpy3ka 11z BO3HUKAET MpU TMOJETE CaMoOjeTa CO CKoJbxkeHrueM. Ho mo BennyuHe GOKoOBas
a’poAMHaMuyecKkas cuia Z oueHb Maja. [loatoMy B pacuerax OOKOBYIO Meperpy3Ky NPUHHMAIOT paBHOM HYIIIO.
Bokosas meperpy3ka omnpenesercs mo Gopmyie

n,=—.
G (11.4)
BeironHenue ¢uryp muiotaka B OCHOBHOM COINPOBOXKAAETCS BO3HUKHOBEHHEM OOJBLIMX HOPMAaIBHBIX
MIEPETPY30K.

Hopmanvnoit nepecpysxoii Iy Ha3plBacTCd OTHOLUEHHE INOABEMHOM CHJIBI K BECy camojieTa U
oTpenensercs mo GopmyIie

n, =—.
G (11.5)
Hopmanbhas mneperpyska, kak BugHo u3 Qopmyisl (11.5), cosmaercs mnoabemHoi cuioid. B
TOPU30HTAJILHOM TIOJIETE IIPH CIIOKOHHOHM arMocdepe NMOAbeMHas CHila paBHA BECy CamolieTa, CIEA0BATENbHO,
neperpyska OyZeT paBHa eIMHULIE:

2
o oV
Yy, =G=Cypy )
OTKyia
Y _,
Y G .
\\ Fub
A ——
N\ 2o ~
\f
rd
rd
rd
/!
Fub e B /f/
Q 7

Puc. 6 /lelicmeue yenmpooesxcHoil cunbl uHepUUU Ha 1eMYUKa a - NPU Pe3KOoM yeeaudeHuu yia
amaku, 0 - npU Pe3KOM YMEHbUIEHUN Y214 AMAKU



AIPOIMHAMUKA CAMOJIETA 5

B KkpHBOJIIMHEWHOM I0JIETE, KOT/Ia MOIbeMHAsi CHJIa CTAHOBUTCS OOJIbIIE BEca CaMoJIeTa, eperpyska oyaer
0OJIbIIIE €IUHUIIEI.

Ilpu nBUKEHUM caMoJIeTa MO0 KPUBOJMHEMHON TPAEKTOPUHU LIEHTPOCTPEMUTEIBLHOW CHIION SBIIAETCS, Kak
y’K€ TOBOPHIIOCH, OJBEMHAS CHJIA, T. €. IaBJICHNE BO3yXa Ha KPbUIbs. [Ipy 3TOM BeIWUIHMHE HEHTPOCTPEMHUTEIBHOMN
CHJIBI BCET/Ia COIYTCTBYET paBHas, HO IIPOTHBOIIOJIOKHAS IO HANPABICHHUIO IIEHTPOOEKHAS CHIIa HHEPINH, KOTOpast
BBIPA)XKAETCS CHJIOH JaBIeHHs KpbLIbeB Ha BO3AyX. [IpnueM LeHTpoOexHas cuiia AeiicTByeT OA00HO Becy (Macce),
a TaK KaK OHa BCETJa paBHA LIEHTPOCTPEMUTEIBHON CHJIE, TO MPU yBEIHMYEHUH MOCJIEAHEH BO3pPACTaeT BO CTOIBKO
xe pa3. Takum 0O6pazoM, a3poAUHAMHUYECKas IIeperpy3Ka MoJ00Ha yBEIMUEHHUIO Beca caMmoieTa (JIeTYnKa).

[Tpu nosiBNeHNH Neperpy3Ku JICTUYUKY KaXKEeTCsl, IYTO €ro TEJIO CTANIO TSDKEIIee.

HopmaspHast meperpy3ka JIeuTcsi Ha TOJMOKUTENBHYI0 U OTpHIaTeabHy 0. Koraa meperpyska mprxuMaet
JeTYMKa K CHACHBIO, TO 9Ta MEPErpy3Ka HO0NCUMENbHAS, SCITU Ke OTACISIET €ro OT CHIACHBS U YACPKUBACT Ha
NPUBSI3HBIX PEMHSIX - ompuyamenshan (Puc. 6).

B mepBoM citydae KpoBb OyIeT OTIMBATH OT FOJIOBBI K HOT'aM, BO BTOPOM CITydae - IPHIMBATH K OJIOBE.

Kak yxe roBopmioch, yBEINYEHHE TIOJBEMHON CHIBI B KpPWUBOJIMHEWHOM [IBIKCHUH PAaBHOCHIBHO
YBEIMUYECHHUIO BECa CaMOoJIeTa Ha Ty K€ BEIWYMHY, TOT A

2
Y, :nyPG:CprJS,
2 (11.6)
OTKyJa
LY _ O,
i = >
G Yy, Oy (11.7)

rae N,, - pacrioyiaraemast eperpyska.

N3 ¢opmymer (11.7) BHOHO, YTO BeNMYMHA pAaCIONAraeMON TEPETPY3KH OIPENEeIsIeTCs 3amacoM
K03 PHUINEHTOB MOABEMHOI CHIIBI (3aI1acOB YTJIOB aTakd) OT MOTPEOHOTO JJIS TOPH3OHTAIBHOTO IIOJIETa IO €ro
6esomacuoro 3Hagenus (Cyrp wma Cygp).

MaxkcumanbHO BO3MOXHAsE HOpPMaJIbHAs Teperpy3ka MOXKET OBITh IMMONydeHa TOTra, KOTJa B TOJeTe Ha
JIAHHOW CKOPOCTH W BBICOTE MoJieTa OYAyT MOJHOCTHIO HCIOJB30BaHBI BO3MOXKHOCTH CaMOJIeTa MO CO3JaHHUI0
MOJbEMHOM CHIIBL. DTy MEperpy3Ky MOXKHO MOJYYUTh B TOM cjlydae, KOTJa camolieT pe3ko (0e3 3aMeTHOro
YMEHBLIEHUS CKOPOCTH 10J1eTa) BBIBOAUTCA Ha Cy=Cy yarc:

2
Y. CyMAKCL'S
n = LMAKC _ 2

Y G G ' (11.8)

OpHako [0 TakoM Ieperpy3kd HeXeJaTeldbHO [OBOAWUTH CaMoJeT, TaK Kak Mpou3oiieT mnoreps
YCTOWYHMBOCTH M CPBIB B IITONOP WIK IITONOPHOE BpamieHue. [1o 3Toll npuyurHe He PEeKOMEHAYeTCsl Ha OOJBbIINX
CKOPOCTSIX TIIOJIeTa, OCOOCHHO MNpHU BBIXOJE W3 NHKHPOBAHUS, OTKIOHATH PE3KO PYUKY YIpaBieHUs Ha ceOs.
[TosTOMy MakcHMalbHO BO3MOXKHYIO WJIM PACIIoNIaraeMyro Ieperpy3Ky IPUHUMAIOT MEHBIIEH 110 BEJTMYMHE, YTOOBI
IpegyIpeauTh BIXO/ CaMOJIETa Ha PeXUM Tpsicku. DopMyia onpeesieHus STON Neperpy3ku UMeeT BU

n,,=(0,8+0385)n

ymMakc * (119)

Jus camonetoB SIk-52 u Sk-55 rpaduyeckue 3aBHCHMOCTH PacIoiaraeMbIX IEPErpy30K OT CKOPOCTH IOJIeTa
nokasassl Ha Puc. 7, Puc. 8. [Ipu BeimonHeHuy nonetoB Ha camonerax Sx-52 u Sk-55 pacnonaraemas HopManbHas
neperpy3Ka B OCHOBHOM OIpaHHUEHA [0 MPOYHOCTHBIM XapaKTEPHUCTUKAM CAMOJIETA.

MakcuMaJIbHO A0y CTUMAS! IKCIUTYATALMOHHASA Neperpyska s camoJiera Ax-52:
€ KOleCHbIM waccu:

MOJIOKHUTENIbHAS +7;

oTpuIaTeNbHas  -35;

C JIBIICHBIM WACCU:

MOJIOKUTENIbHAS +5;

oTpuLaTeNnbHas -3.

MakcuMaJIbHO A0Iy CTUMAS] IKCILTYATALMOHHASA Neperpyska s camoJiera fAk-55:
6 MPEHUPOGOUHOM 6apuanme:

MOJOXKUTEIbHAs +9;
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oTpUIaTeNIbHAS  -6;
6 NepezoOHOYHOM eapuanme:
MOJIOKHUTENIbHAS +35;

oTpuuLaTeNnbHas -3.

B2PTHLHERLR 00 AIPOLTIE
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Puc. 7 Pacnonazaemvle nepezpy3xku Puc. 8 Pacnonazaemovie nepezpy3xku

camonema Ax-52 npu H=1000 m camonema Ax-55 npu H=1000 m

Ilpesviuenue 6 noneme IMux Rnepezpy3oOK 3anpeuyaenmcs, TaK KaK MOTYT TOSBHUTBCS OCTaTOYHbBIC
Jedopmanui B KOHCTPYKIIUH CAMOJIETA.

[Ipu BBINOJHEHMH YCTAHOBUBIIMXCS KPUBOJMHEHHBIX MaHEBPOB IIeperpy3ka 3aBUCHT OT 3araca Tsrd
CHJIOBOIl YCTaHOBKH. 3amac TATH OMpPEAENSECTCS U3 YCIOBHUS COXPAHCHHUs 3aJaHHOW CKOPOCTH B TEYCHHE BCErO
MaHeBpa.

IIpedenvnoit nepezpyskoii no pacnonazaemoii maze Nypppy Ha3biBaeTCsa HauOonblIas Ieperpyska, Ipu
KOTOPOU TsAra CHJIOBOW YCTaHOBKH €llle YPaBHOBEIINBAET JI000Boe conpoTuBieHue. OHa onpenensercs 1o Gopmyse

ppcy _&

ny =—"—= .
NPE]
G-Cx G (11.10)
IIpenenpHast mo pacrojaraeMoil Tsre mHeperpys3ka 3aBUCHT OT CKOPOCTH M BBICOTHI IOJIETa, TaK Kak
BhILIIEyKa3aHHbIe (haKTOPBI BIMSIOT Ha pacroyiaraeMyio Tsary Pp m ot ckopoctu asponmHamuueckoe kadectBo K.
Mns pacuera 3aBUCHMOCTH Nyrppy V Heo0x0AnMo UMeTh KpuBble Pp (V)wist pa3nnudHbIX BBICOT M CETKY HOJISP.

Jliist KaxIoro 3HaYeHHs CKOPOCTH ¢ KprBoi Pp (V) CHUMAOT 3HAYCHHUS PACIOaracMoi TSTH, OIPEACISIOT

P
Cx=—-L,

gs ¢ TIOJISIPBI AJIsl COOTBETCTBYIOLIEH CKOPOCTH V CHUMAIOT BelW4KHY Kod(p¢uunenta Cy U pacCUUTHIBAIOT
o opmyme (11.10).

[Tpu MaHEeBpUPOBAaHMU B TOPU3OHTAIBHON IUIOCKOCTH C MEPErpy3KOH MEHbIIE PacloyiaraeMoil, Ho Ooiee
NIPE/ICIBHON 110 TSTE caMoJIeT OYAET TepsTh CKOPOCTh MIIM BBICOTY IIOJIETA.

BJHUSAHUE BbICOTHI OJIETA HA BEJIMUUHY PACIHIOJATAEMOM HOPMAJIBHOM
IHEPEI'PY3KH.

C wu3MEHEHHEM BBICOTBHI IIOJIETA M3MEHSETCS ILIOTHOCTH BO3ayXa, CJICAOBATCIbHO, H3MCHACTCA U
noTpeOHbIl K03 duuneHT noxbemMHoi cuiabl Cy, MO3ITOMY, Kak CJEICTBUE, HM3MEHsIETCS M pacrojiaraeMas
HOpMaJIbHas Ieperpys3Ka.

Pacnionaraemas neperpyska y 3eMJIH [pH MOJIETE CO CKOPOCThIO Vrp paBHA

P, |4 2
Cyrp 02FH
G (11.11)

IIpu mnonere Ha Apyrod BBICOTE IPU TOH K€ CKOPOCTH TOPU3OHTAIBHOIO IIOJETa pacrosaraeMmas

nY prr—o =

neperpyska Nyp OyzneT paBHa
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2

PV i

2 .
G (11.12)

Bemmumna pacnonaraeMoro ko3¢HIUEHTa IOXBEMHOW CHJIBI OT BBICOTHI IOJETa HE 3aBHCHT,
CJIEJIOBAaTENIFHO, TPH TOM J>Ke MmoJieTHOM Bece w3 ¢opmyn (11.11) m (11.12) MOXHO HaWTH pacIoiaraeMyro
neperpysKky Ha Bbicote nosiera H:

Cyrp
nyy =

Pu
Po (11.13)

U3 dopmyinst (11.13) BugHO, 4TO C MOAHITHEM HA BBICOTY pacrojiaraeMasi Ieperpy3Ka YMEHbIIAeTCsl U Ha

n =n
Yer Ypr-o

IMPAKTUYCCKOM IMOTOJIKEC BO3MOXKCH TOJILKO FOpH3OHTaJ’ILHLIfI NOJIET, IIPHU KOTOPOM Ily:I .

JUis  w3MepeHHsT TEperpy3Kd Ha CaMOJlleTe YCTAaHABJIWMBAIOT MNPHOOp, MONYYUBINUN HAa3BaHUC
akcejgepoMeTp. JIeTuuk, PyKOBOJCTBYSCh NOKA3aHUSAMH JTOTO MPHUOOPa, MOXET CBOCBPEMEHHO YMEHBIIUTH
Meperpy3Ky, Korja oHa CTAHOBUTCSL ONACHOW JJ1s mpoyHocTy camoseta. Ha camonerax Sk-52 u fk-55 ycranosineH
akcenepomerp AM-9C.

Ozpanuuenue nepecpysku Ry no npounocmu camonema. llpenenbHO AOMyCTUMBIE Ui KOHCTPYKIHMH
caMojieTa Ieperpy3kKd 3aBHCAT OT €ro Ha3HaueHus. HauOonbllylo SKCIUTyaTallMOHHYIO IIEPerpy3Ky HMEIOT
MaHEBpPEHHBIE CaMOJIEThI, TAKUE KaK MUIOTaKHbIE, CIIOPTUBHBIE U CAMOJIETHI-UCTPEOUTEIH.

CymiecTByIOT o¢HIHaTbHBIE TOCYIapCTBEHHBIE HOPMBI MPOYHOCTH, YCTAaHABIMBAIOIIME IPEAEITHHO
JOIYCTHMBIE (3KCILUTyaTallMOHHBIE) IEPETPY3KH IS KaXKI0T0 KJ1acca CaMoJIeTOB.

QDu3zuonozuueckue 0ZpanuieHus nepezpy30K CBSI3aHBI C BO3JCHCTBHEM MEpErpy30K Ha YeJOBEUECKHH
opranusM. [1o/1 BO37elCTBUEM MEPErpy30K B YEIIOBEYECKOM OPraHU3Me MPOUCXOIUT YTSHKEICHHE BCEX €ro OPraHoB,
nedopmanus ckesnera, OTJIMB KPOBU OT OJHMX OPraHOB M NPWIIMB €€ K APYruM. BenuuuHa meperpysku, KOTOPYIO
MOXET MEePEHECTH YEeNOBEK, 3aBUCHT OT HAIPAaBJICHHUS MEPErpy3kd, OT BPEMEHH €€ BO3ICHCTBHS U TeMIla
HapacTaHus, a TAKKe OT 001Iel 1 PU3NIECKON TOITOTOBKH.

Ha mepeHocMMOCTh TEperpy3Ku BIHMSIOT CICAYIONHE (DaKTOPBL: YAOOCTBO PACIONOXKEHUS CHICHbBS,
TeMIIepaTypa; IaBJICHUE BO3yXa B KaOWHE; CTCIIEHb YTOMIISIEMOCTH; CYOBEKTHBHBIC OCOOCHHOCTH JeTynKa. Jlerue
MIEPEHOCATCS TIEPerpy3Kd B HANPABICHUH «CIIMHA - TPYOb» M «TPYAb - CIOHHA» W TPYOHEE - «Ta3 - TOJOBa»
(ocobeHHO TIpW OTpHLATENBHBIX Teperpy3kax). IIpu oTpHIATeNBHBIX Meperpy3Kax MPIIUB KPOBU K TOJIOBE PE3KO
CKa3bIBaeTCs Ha pabOTOCIOCOOHOCTH JeT4yrKa. [103TOMy AJIs YCIENTHOTO OBIAACHUS aKpOOATHUECKUM MIIIOTaXKeM
Ha camoJieTe SIk-55 HE0OX0qUMO 3aHMMATHCS (PU3MYCSCKON TOATOTOBKOM.

BUPAXK CAMOJIETA

Bupaost camonema - 310 KpUBOJWHEWHBIN TOJIET CaMOJIeTa B TOPU3OHTAJIBLHOMN TMJIOCKOCTH C Pa3BOPOTOM
Ha 360°.

Yacte BUpaXka, UMEIOIIas Lellb M3MEHEHNEe HalpaBJICHHs IBIKCHHS Ha Yrojl, MeHbIMH 360°, Ha3bIBaeTCs
pazeopomom. Bupax ¢ IOCTOSHHON CKOPOCTBIO M YIJIOM KpeHa Ha3bIBACTCS YCMAHOSUSUIUMCA. Y CTAHOBHBIIUICS
BHpaXx 0e3 CKONkKEHUs Ha3bIBaeTcs npasuasHsim (Puc. 9, a).

Puc. 9 Cxembl supadiceii: a - npaguIbHblLil GUPAIICs 6 - GUPAIIC C GHYMPEHHUM CKOIbIHCEHUEM; 6 - GUPAIIC
C GHEULHUM CKONbHCEHUEM
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Puc. 10 Cxema cun, deiicmeyoumiux Ha camoiem Ha supaice (6uod cnepeou)
Bupax MOXeT ObITh HEYCHIAHOGUBUUMCA, TIPU KOTOPOM OYAET MEHSATHCSI CKOPOCTh U PaJHyC, BUPAK CO
CKOJIBKCHHUEM, BUPAXK ¢ HAOOPOM WITH MOTEPEH BBICOTHI.

Ecnu camoner umeer ckoibkeHHE BO BHYTPEHHIO CTOPOHY BHpa)ka MM BO BHEIIHIOK, TO HAIpaBICHUE
CKOPOCTH HE COBIQ/IAET C INIOCKOCTHIO CHMMETPUH U COCTaBJISIET C Hell HekoTopklit yroa B (Puc. 9, 0, B). B nepBom
Cllydae CKOJbKEHHE Ha3bIBACTCS 6HYMPEHHUM, BO BTOPOM - 6HEUIHUM.

MPABUJIbHBIN BUPAK. CXEMA CUJI U YPABHEHUSA JIBUKEHUS

Ha Bupaxe Ha camoiieT AeHCTBYeT MoabeMHas cuiia Y M JI0OOBOE CONpOTHBICHUE X, Bec camonera G u
TAra CUJIOBOM yCTaHOBKHU P.

Just ocyliecTBieHHsT BUpaXka HEOOXOIUMa HEYPaBHOBEIICHHAS CWIIA, HAIMPABJICHHAs TOPU30HTAIBHO K
LUEHTPY BUpaXa - IEHTPOCTpeMHTeNbHAas cuia. [ monydeHust 3TOH CHIbl HEOOXOJMMO HAKPEHHTh CaMOJIET
JJIEPOHaMHM B CTOPOHY BHpPaXKa HAa YroJl Y, KOTOpbIA HasbiBaeTcsl yriom kpeHa (Cxema cuii, IEHCTBYIOIIMX Ha
camoretr Ha Bupaxe (Puc. 10). B pe3ymnpraTe 3T0r0 Ha TOT k€ yrojl HAKIOHUTCS U BEKTOP IMOJIBEMHOM CHIIBI KphIJIa

Y. Pa3yioxkuB 3Ty CHly 110 BEPTHKAIN U TOPU30HTANIH, TIOJIy4HM JBE CHJIbI - Ycos Y 1 Ysin Y. M3 Hux cuna Ycos Y
JOJDKHA ypaBHOBELIMBATh CUILy Beca camoneTa G, a cuna Y sin Y CIy’KUT LEHTPOCTPEMUTENbHOMN CHIIOMN.
3HauyuT, JJIs OCYLIECTBJIEHMS IIPABUIBLHOIO BHMPaXka IIOJbEMHAs CHJIAa JOJDKHA YBEIMYMTbCA C TaKUM

pacueToM, 4ToOBI ee BepTUKaIbHAs COCTABIIAIONIAs Y COSY MOIJIa ypaBHOBECUTH Bec camoiera G. DTo focTUraercs
IByMs crocoOamMu: YBEIMYEHHEM YIJla aTakd WINM YBEIMYCHHEM CKOpPOCTH mosieta. ECM HE BBINONHUTH 3TH
YCIIOBUSI, TO BEPTUKAJIbHAsI COCTaBIIsIIOIIAs Ycos 7 OyJeT MeHbllle Beca caMmoJjieTa U MoJ| JeUCTBUEM Pa3HOCTH CHII
(G-Ycos 7) camornet OyneT CHUKATHCSI Ha BUPAXKE, T. €. HOJIYUUMCA HERPAGUTLHBLIL 8UPAIIC - CO CKOTbIHCEHUEM.

YpaBHEHUS JBIKEHUS HA IPABIIIBHOM BHPaXe OyIyT UMETh BU:

YCIOBUEC MMOCTOAHCTBA CKOPOCTU

P-X=0; (11.14)
YCJIOBUC MMOCTOAHCTBA BBICOTBI
Ycosy-G=0; (11.15)
YCIIOBUC UCKPUBJICHUA TPACKTOPHUHU
2
. mV
Ysiny =——;
" (11.16)

rae I's - pannyc BUpaxa.

INOTPEBHAS IIEPET'PY3KA HA BUPAXKE

JJis BEITTOTHEHHST BUpaXka MMOIBEMHAs CHJIa OJDKHA OBITh YBEIM4YeHA, M TeM OOoJbIle, 4eM OOJbINe KPEH.
CrnenoBartenbHO, HAa BUPaXKe CO3AeTCs eperpy3Ka, mpuaeM oHa OyIeT pacTy C YBEIIMIEHHUEM KpeHa.

Ha IMMPpaBUJIbBHOM BHpaA)XE€ BCEC YPABHOBCIINBACTCS BepTHKaﬂLHOﬁ COCTaBJ’IS[IOIIICi;I HOH'I)CMHOﬁ CHJIBI.

Brmonnsercs ycnosue G=Y cosY, 0TKya HOpMajbHas IIEPErpy3Ka Ha BUPAKE PaBHA

Y 1
ny=—-=

G cosy (11.17)
Takum 00pa3oM, Ha MPABHIFHOM BHpa)Ke BETMYMHA MOTPEOHOH Meperpy3Kd OMpeIesieTcs TOIbKO YIIIOM
KpeHa.
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3aBucHMOCTH NOTPeOHOM neperpy3ku Iy oT yIiioB KpeHa Ha BUpaXke ToKa3aHbl Ha rpaduke Puc. 11.
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Puc. 11 3asucumocmo nepezpy3ku Ha gupasrice om Kpena

CrnenoBaresnbHO, YeM OOJIbIIE MEperpy3ka, TeM Oosbline yroi kpeHa. [Ipu kpeHe Oosee 85° morpebHas
neperpys3Ka IMpeBbIIIaeT AKCIUTyaTallMOHHYI0 camoiera SIk-55 (+9), a mpu kxpeHe Ooisiee 75°-3KCIUTyaTallOHHYTO
camornera Sk-52 (+7)..

BenmunHa npenensHOTO yrita KpeHa Ha BHpPake OTPaHWYMBACTCS TEMH K€ (DaKTOpaMH, YTO W BEITHYHMHA
pacrioiaraeMoi U NpenenbHON 1o Tsare neperpy3ku. C moaseMoM Ha BBICOTY BEIMYMHA MPEAEIbHOTO yIla KpeHa B
COOTBETCTBHHM C YMEHbBILIEHUEM IPE/IeIbHON Ieperpy3ku OyJeT MOHMKAThCs, BBI3bIBAS IIPU 3TOM YBEIHUYEHUE
paznuyca 1 BpeMEHHU BHpaxa.

CrnenoBarenbHO, CIEAyeT MOMHUTH, YTO TIPY BBHIIIOJHEHWH BHpaka Ha MPENEIbHOM yIiie KPeHa IO TPSCKe
Jlayke HE3HAUUTEIIbHOE YBEIMUEHUE yIila KpEHa MOXKET NIPUBECTH K CPBIBY, TaK KaK 3amac IO IEeperpy3ke OT TPSICKU
JI0 CpbIBa HEBEIIHK.

CKOPOCTD, MIOTPEBHAS AJIs1 ITIPABHJIBHOI'O BUPAKA

I[JIH BBITIOJTHEHUS BUpaka HeO6XO,I[I/IMO YBEIMYUTH NMOABEMHYIO CUITY II0 CPAaBHEHHUIO C TOPU30OHTAJIBHBIM
ITOJIETOM. DTOrO YBEIMYCHUA MOXXHO HOCTUYb YBEIIMYEHHUEM CKOPOCTH II0JIETA NIPU COXPAHCHUHU YTJia aTaKu mmbo
YBEINYCHUEM YTJIa aTaK! IIPHU COXPAaHCHUU CKOPOCTHU IOPU3OHTAJIBHOTO ITI0JIETA.

Ee @ =const,Cy, =Cy, =Cy,
VZ
G=Ycosy = Cyp—BScosy
TO U3 YpaBHCHUA 2 MoJIyuum

2G 1

V,= —— =V yny.

CypS cosy (11.18)

A/
Ckopocth, TOTpeOHass Ha BUpaxke, B V' pa3 0Oojblie, 4eM B TOPHU3OHTAIBHOM Toyere. Tak Kak
neperpy3ka Ha BHpayke Bceraa OoJibllie €JUHHUIBI, TO W MOTpeOHash CKOpOCTh Bcerga Ooublie CKOPOCTH
TOPU30HTAIILHOTO TOJIETa [IPY TOM XK€ YIJie aTaKu.

Ho »To me 3HAYUT, YTO JJIA BBIIIOJTHEHUS BHUpaXa HCO6XOZ[I/IMO YBEINYNUTH CKOPOCTb. Ecnu mo BemmonmHEHUS
BUpaka IOJIET BBITIOJIHSJICA HAa MaJIOM YIJIE€ aTaku, T. €. Ha 0oJIbLION CKOpPOCTH, TO I YBEIINYCHUI IO ITbEMHOM
CHJIBI Ha BUPAXKE MOKHO YBEINYINUTH YIOJI aTaKu. Ecnum sxe 10 BBIMOJTHEHUS BHUpaXa IOJICT BBIIMTOJHAJICA Ha OOJIBIINX
yriax arakv, T. €. Ha MaJIOH CKOpPOCTH, TO YBEJINYNUTH YI'OJI aTaKu HQHGJ’ICCOO6pa’3HO, TaK KaK BO3MOXCH CpPBIB B
HITOIIOP MJIM HITOIIOPHOE BPAILICHUE, IIOOTOMY HeO6XO,Z[I/IMO B OTOM CJIy4ac YBEJINIUTE CKOPOCTD.

B nocnienneMm citydae JIETYMK HEPEAKO JIOMTyCKAeT OUIMOKY, KOTOpasi MPUBOIUT K CPBIBY B ILTOTIOP.

W3 nmonydenHo#t 3aBucumoct (11 18) cimemyer, 4yTo Ha BHpa)ke CKOPOCTb CPBIBA, a TaKXKe CKOPOCTb,
COOTBETCTBYIOIIAsA HaMBbIFOHHeﬁmeMy yrily araku, 6yI[yT 6OJ'II)LL[I/IMI/I, 4Y€M B T'OPU30HTAJIBHOM ITOJIETE, TaK KaK

26 1
S cosy (11.19)
pu ycHOBI/II/I, qTo

VB = Vrn: V.

BJIUAHUE BBICOTHBI IIOJIETA HA IIOTPEBHYIO CKOPOCTbH HA BUPAXKE

C yBesnmueHHEM BBICOTHI HOJIETa CKOPOCTb, NMOTpEeOHAs Ul BHpaka, yBelnduBaercs. IIpu 3TOM HyKHO
MOMHHUTbB, YTO Ha BBICOTE CKOpOcTh 1o mpubopy YC-450K ocraercs Hem3smeHHOH. [1o3TOMY, BBITIONHSS BHpaXX Ha



AIPOIUHAMMUKA CAMOJIETA 10

BBICOTE, HEOOXOJUMO BBIIEP)KUBATH TY JKE€ CKOPOCTH MO MPpUOOpPY, KOTOpask HE0OXoI1Ma JJIs BBIIIOIHEHUsI BUpaXxa y
3emMuid (TIpY OJTMHAKOBOM TIOJIETHOM BECE CaMOJIeTa).

Bausnue e6eca camonema. C yBenuueHWeM Beca MOTpeOHAas CKOpPOCTh Bo3pacraeT (CMOTpH
TOPH30HTANBHBIN 0eT). COOTBETCTBEHHO BO3pACTAET M MOTPeOHAst CKOPOCTD IJIsl BUPaXKa.

BrnusiHue Beca Ha CKOPOCTh BHpaXka JIETKO MPOCIICIUTh, COMMOCTABUB XapaKTEPUCTUKU BHPaka CaMOJICTOB
SIk-52 u SIk-55.

TAT'A 1 MOIMHOCTD, IIOTPEBHBIE JJI1 BUPAYKA

Ilompeonoin mazoi u MOWHOCHMbIO U1 BUPaXa HA3bIBACTCA HEOOXOIMMasl TAra WIM MOIIHOCTb,
YPaBHOBEIIMBAIOIIAs JIOOOBOE CONPOTHBICHUE CaMOJIeTa Ha MPAaBUJILHOM BHpa)Ke HPU JAHHBIX 3HAUCHMSX yIJia
aTakH U yIJjia KpeHa.

YBenuueHne noTpeOHOW CKOPOCTH Ha BHPaKE NMPH HEM3MEHHOM YIJIE aTakd WM YBEJIMUCHHE YIJIa aTakd
NP HEU3MEHHOH CKOPOCTH COIPOBOXKIAETCSI YBEIMYEHHEM JIOOOBOTO COINPOTHUBIEHHS IO CPAaBHEHUIO C €0
BEJINYMHON B rOpU30HTaNBHOM mojere. [loaTomy nmoTpebHbIe A1t BUpaXka Tsra 1 MOIIHOCTh JOJKHBI OBITH OOJBIIIE,
9YeM I TOPU30HTAIBHOTO MOJIETA.

Ngnp
Nrn

e

2 ' : |
L I

¢ w2 0 4 s 0 W s 9yt

Puc. 12 Yeenuuenue nompeonoit 011 upaxca MOUHOCHU 6 3A6UCUMOCHU OM Y214 KPeHa

Kak u B TOpH30HTaIBHOM TOJIETE, TSra Ha BUPaXXe PaBHA JOOOBOMY COTIPOTHUBIICHUIO

2
p=x,-c, iy

2
HO MHHHMAJIBHO Py =V ny, o
JIOTyCTUMas CKOPOCTh HAa BHMpaXe paBHA CTIeNIOBATENBHO, TIPU STOH
CKOPOCTH
2
oV
P,=C, ny, S,
OTKyJa
Py =Pny. (11.20)

W3 dopmynsr (11.20) crenyer, 9to ¢ yBenmdeHWEM KpeHa (Ieperpy3Kd) MmoTpeOHas TsAra Ha BUpPaXKe
BO3pacTaeT YBeJIMUEHHE TATH Ha BUPAXKe BO3MOKHO TOJIBKO 3a CUET M30bITKA TATH CHIIOBOM ycTaHoBku A P,
[ToTpeOHast MOLIIHOCTH paBHA MPOM3BENECHHUIO TIOTPEOHOM TSTH HA CKOPOCTh
_ PBVB _ PFHnyVFH l’ly

N ,
575 75

OTKyzia

Ny =Npgny. (11.21)

W3 dpopmyast (11.21) cnexyert, 4To ¢ yBenmudIeHHEM KpeHa (eperpy3Ku) MoTpeOHas MOITHOCTh Ha BUPaXKe
BO3pACTaeT MPOIOPLMOHATIBHO KOPHIO KBaJpaTHOMY M3 Ky0a meperpy3ku. CieoBaTeNnbHO, ¢ YBEIHYCHHEM KpeHa
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MOTpeOHasi MOIIHOCTh YBEJIMYMBASTCS CHAaydajla MEIJIeHHO, a motoM Bce Oonee pesko (Puc. 12). Ha rpaduke

B

OMmHoOUuteHue
pHUCYHKa N300paskeHa 3aBUCUMOCTD TIOTPEOHOI MOIITHOCTH ISl BUpaXa, 111/ ot yria xpeHa.

Hamnpumep, mipu kpene 20° nmorpeOHas Jyisi BUpaXka MOILIHOCTh OOJIbIIE MOTPEOHOI ISl TOPU30HTAIBHOTO
NoJieTa Ha MaJlyl0 BEJIMYMHY; TIPH KpeHe, paBHOM 50°,- B Ba pa3a Oouiblle; 1pu KpeHe, paBHOM 60°,- B Tpu pasza
Oosbliie, a pu KpeHe, paBHOM 70°,- B ATh pa3 OoJIbIIIE.

Takum 06pa30M, JJIA BBITIOJTHEHUS BUPaXa HCO6XO,HI/IMO HMETh H30BITOK MOIIHOCTH.

PAJINYC U BPEMS BUPAKA

Pazmyc U BpeMs BHUpaAXa ABJIAIOTCA OCHOBHBIMU BCJIMYMHAMU, XAPAKTCPUIYIOIIMMHU MAHCBPCHHBIC
BO3MOXHOCTH CaMOJIETa B FOpHSOHTaJIBHOﬁ IIJIOCKOCTH.

Kaxk yxe ToBOpMIIOCH, /JIsl BBIOJIHEHUS BUpaka HEOOXOIUMa LEHTPOCTpeMHTeNnbHas cuia. To ecTh Juis
YMEHBILEHUSI pajiiyca BHpaka HEOOXOAMMO YBEJIWYUTh TOPU3OHTAJIBHYIO COCTABISIONIIYI0 HOABEMHOW CHIIBI

YSIH}/) a Uil 3TOTrO CJHIEAYET YBEIWYUTHL KPEH CaMOJIETa, OAHOBPEMEHHO YBEIWYUBasA IOABEMHYIO CHITY
YBEIMYCHUEM YTJIa aTaKh WX CKOPOCTH.

LlentpocTpemurenbHas cuila, ¢ OAHOM CTOPOHBI, paBHa Ysiny ,
2
mV
a ¢ apyroi s (u3 YCJIOBHS HCKPHMBIEHHS TPAaeKTOPHU B TOPU3OHTANBHOH mIockocTH ((opmyra

10.16). CnenoBarensHo,
2

Ysiny = my ,
Ty

OTKY/Ia paaiyc BUpaxa OyaeT paBeH

Lomy_ et vt v
B . - . - Y . - >
Ysiny gYsiny gasm y gtgy

(11.22)

Takum 00pa3oMm, pazuyc BHpaka OIpENeNsieTCsl CKOPOCTHIO M HOPMAaJbHOM Ieperpy3koi. AHanm3upys
BeIpaxkeHus1 popmyutel (11.22), caenaem 3akitoueHne, 4YTo paguyc BUpaxa Oy/JIeT TeM MEHbIIE, YeM:

G

S

MEHbIIIE YAeIbHas Harpy3ka Ha KpbUIO ;
GOJbIIE IIOTHOCT BO3yXa £ (C yBeIMUEeHHeM BBICOTHI TI0JIETA PAINYC YBEIHIHBACTCS);

6oubiie koaddunueHt noapemuoi cuibl Cy;

6ombre kpen camonera Y ; npu Cy=Cyjon ¢ yMEHBIIEHHEM CKOPOCTH PaIHyC PACTET.

BP(ZM}I supasica OnipeACIsICTCA KaK OTHOIICHUE NJIMHBI OKPYKHOCTH, KOTOPYIO OIMUCBIBACT LHEHTP TAKECTH
CaMoOJI€Ta Ha BUPAKE, K CKOPOCTU CaMOJIeTa:

2m, 2 V? 4
B — - =Y, 9
Y vV og 2 _
gigy =l s

Clle0BATENBHO, BpeMs pa3Bopota Ha yron ¢

fy =2 0,64
360 -, (11.24)

W3 dopmymnst (11.23) BuaHO, uTo Bpems BUpaxa (Kak M paJiyc) ONpeessieTCs] CKOPOCThI0 U HOPMaJIbHOM
neperpy3koi. [yl yMEHBIICHNS! BpEMEHH BHUpPaka HEOOXOIUMBI T XK€ YCIOBHS, YTO M JJIsl YMEHBIICHUS pajuyca
BUPaAXa, HO CIEIyeT MOMHHUTB, YTO CKOPOCTH TI0JIETa Ha BPEMsl BUpa)ka OKa3bIBACT 3HAYNTEIHHO MEHBIICE BIMSHHE,
YeM paanyc BHpaXKa.
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OCHOBHBIE XAPAKTEPUCTUKHA BUPAKEN CAMOJIETOB SIK-52 U IK-55

B yu4eOHBIX mensx Ha camoneTax SIk-52 m SIk-55 BUpaku ¢ KpeHoM 10 45° BBINONHSIOTCS Ha CKOPOCTH
V=190 km/4, ompenemsemoit o mpudopy YC-450K, Bupaxu ¢ kperom 60° - Ha ckopoctu V=210 km/4. Bupaxu c
KPEHOM 110 45° MPHUHATO Ha3bIBaTh MEIKUMH, a C KpeHOM OoJee 45° - riryOoKuMuL.

HPEJAEJIBHBIE BUPAXKU

[Ipn yBenmuueHNM KpeHa Ha BUpPaXKE HACTYNUT MOMEHT, KOT/a Ul BBIIOJIHEHUS ero (JUisd IpeoioIeHus
J000BOTO CONPOTHUBIICHUS) NOTPEOyeTCsl MOLTHOCTh CHIIOBOM YCTaHOBKH, paBHAasi MAKCUMAaJIbHOMH, CJI€JOBATEIbHO,
JlaNbHEHIIee YBEIMUCHNE KPeHa BBI30OBET CHIDKEHHE CaMOJIeTa, TaK KaK IPaBWIbHBINA BUpaX HeBOo3MoxeH. Eciu Ha
BUpaXke Neperpyska MpeBbICUT NPEeNeNbHYIO 110 TATE, TO CaMOJIET OyIeT CHIDKATBCS XKe MPH ITOJHOU TATe, TaK KaK
7000BOE COMpOTHBIEHHE OynmeT OoJNbIIe TSTH CHIOBOM ycraHOBKH. Cremyer WMeTh B BHUAY, YTO IIPH
KPaTKOBPEMEHHOM Pa3BOPOTE MOXKHO CO3/aTh OOJBLIOW KPEH U IeperpysKy, BIUIOTh IO pacnonaraeMoi. OmHako
JUTUTENBHBIN Pa3BOPOT ¢ GONBIINM KPEHOM M EPErpy3Koil BEI30BET 3HAUUTEILHOE TOPMOXKEHHE CaMOJIeTa, KOTOpoe
IpUBEAET K YMEHBIICHUIO CKOPOCTH W CHIDKEHHIO camoneTa. IlpenenbHas 1o Tsre mneperpyska SBIISETCS
Heperpy3koil JUINTEIHOTO Pa3BOPOTa C 31laHHON CKOPOCTBIO.

Bupax, Ui BBINOTHEHUs] KOTOPOTO HA 3aJaHHOW BBICOTE M MaKCHMalbHOM KpPEHE HCIIOIB30BaHA BCS
MOIIIHOCTh CHJIOBOM YCTaHOBKHM M OKCIUIyaTallMOHHAs Ieperpy3ka (JIMMHTHPOBAHHAS IPOYHOCTHIO CamoJyieTa U
BBIXOZIOM Ha PEXHM CBAIMBaHMUs), HA3BIBACTCS HPEOCTbHBIM GUPAIHCOM.

Ha camonerax fAk-55 u Sk-52 mpenenbsHble O TSre Neperpy3kd BO BCEM JUANa30HE CKOPOCTEH monera He
MPEBBIIAIOT 3KCITYaTALMOHHYIO MEPErpy3Ky IO MPOYHOCTH, IOATOMY OCHOBHBIM OTPAHHYEHUEM IPEACIIBHBIX
BUpaXkei camoneroB Sk-52 u Ak-55 sBnsercs mpeaenbHAs Imeperpyska Imo CpeIBY U IO pacronaraemoit Tsre (Puc.
13, Puc. 14).

Ha pucynkax rpaduuecky n3o0pakeHbl XapaKTepUCTHKH TpelieNIbHBIX BHpaxkei camonetoB SIk-52 u SIk-55
npu paboTe aBuUrartelns Ha 1-M HOMHHAIE.

IlokazaHbl M3MEHEHHUS] XapaKTEPUCTHK B 3aBHCUMOCTH OT M3MEHEHHs] CKOPOCTH IIOJIETa Ha BBICOTE
H=1000m.

AnHanmm3upyst 3T Tpaduky, MOKHO CAENaTh BBIBOZ, YTO INPEACIBHBIH BHPaX C MaKCHMAJIBHBIM YIIIOM
KpPEHa MO’KHO BBITTOJHHUTH TOJIBKO HA ONPEIEICHHOM YyTJIE aTaKH M COOTBETCTBYIOLIECH CKOPOCTH.

Lo My | Ry be |y | Ry
I . sof 30fs00f
awf |40 bt I
s a0
Jof |3o0
20F 2or
wl |
2 |20
wr  pwoop
wt |woF
gL 10] 0 L L
oLzol o L L 200 750 300 Vaifa
2067 279 309 Vomfy
Puc. 13 Xapakmepucmuxu supasica Puc. 14 Xapakmepucmuxu supasica
camonema Ax-55 (H=1000 m, G63-870 kzc, pesscum  camonema Ax-52 (H=1000 m, G63=1290 kzc, pescum
pabomul osuzamensn-1-it Homunan) pabomul osuzamens- 1-ii Homunan)

IIpenenbHBIil BHpaXX € MHHHUMAaJIbHOH CKOPOCTBIO, paJMyCOM M BPEMEHEM BBINOJHIETCS Ha
SKOHOMMYECKON CKOPOCTH.

C nogpeMoM Ha BBICOTY M30BITOK MOIIHOCTH CHJIOBOH yCTaHOBKH yMeHbIIaeTcs. [103ToMy MakCHMalIbHbBIA
yroJl KpeHa Tarkke yMeHbInaercs. 110 JOCTMKEHHH IOTOJIKA CaMoJIeTa M30BITOK MOIIMHOCTH CTAHOBHTCSI PABHBIM
HYJIIO U BBINOJTHEHHE BUPA’ka HEBO3MOKHO.

YIPABJIEHUE CAMOJIETOM U PABOTA PYJIEH HA IPABUJIBHOM BAPAKE

s BBITIOJHEHMS BHpaXka caMoJIeT HEOOXOIMMO HAaKpeHWTb, HO 3TO HENOcTaToyHo. [Ipm HakpeHeHHMH
caMoJIeTa CO3/1aeTCsl ICHTPOCTPEMHTENIbHAS CHIIa M CAMOJIET HAYMHACT JIB)KEHHE 110 KPUBOH, HO JeMITHUPYIOMNi
MOMEHT BEPTHKAIBHOTO OIEPEHHs HPOTHUBOAEHCTBYET pa3BoOpoTy. Ilo3ToMy, HaKpeHssi caMoJIeT 3JICpOHAMH,
HEOOXO0ANMO OJHOBPEMEHHO OTKIIOHHUTH PYJIb HANIPABJICHHUS B CTOPOHY BHpaKa.
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OTKJIOHEHHE pyJIsl HANpaBICHUS HEOOXOAMMO TAKXKe Ui KOMIIEHCAUUH JlOMOTHHUTETBHOrO J1000BOTO
COIPOTHUBJICHHSI, CTPEMSILIETOCS PAa3BEPHYTh CaMOJIET BO BHEIIHIOI CTOPOHY, B CTOPOHY BHEIIHETO IMOJIYKPBUIA.
BHemHee MmoyyKpbulo JBHIKETCSI 10 BHEUIHEMY paauycy (mo BHemHeil Tpaektopuu) (Puc. 15), ckopocth ero
Oosbllle, YeM BHYTPEHHETO NOIYKPbLIA, U, CIEI0BATEIbHO, I0beMHAs CHJIa U JIOOOBOE CONPOTUBIICHUE OOJIbLIE.

Takum 00pa3oMm, A BBHIONHEHHWS NPAaBIIIBHOTO BHpaxka ¢ KpeHoMm 30..45° HeoOXoauMo IUIaBHO
OTKJIOHHUTH PYUKY yNpPaBJICHUsS U 'Tieaib (pyJib HAIIPABIECHHs) B CTOPOHY Bupaxa. [Io 1ocTmxeHun *He00X0anMoro
KpeHa ¥ yIJIOBOH CKOPOCTH PYUYKy YHpaBieHHS HEOOXOAMMO OTKJIOHUTBH CIIErKa B IPOTHUBOIOJIOXKHYIO CTOPOHY, a
TaK)Ke CJIErKa OTKJIOHUTH INeAanb (PyJib HAaNpaBlCHUS) B MPOTHUBOIMOIOXKHYIO CTOPOHY. OTH JNEUCTBHUS PYISIMU
HeO6XO[ll/IMI)I, TaK KaK NoAbEMHasd CHJia BHCHIHETO IMOJYKpbLIa 60.]'1])].[16, 4Y€M BHYTPCHHETO. HpI/I 9TOM BO3HHUKACT
MOMEHT MX OTHOCHTENBHO MNpPOJOJBHOW OCH, CTPEMSILMICS YBEIMYUTh KpeH. UTOObI KOMIIEHCHPOBATh STOT
MOMEHT HEOOXOJMMO OTKJIOHEHHE DPYYKH YIPaBJICHUS B MPOTHUBOIOJIOXKHYIO CTOpoHY. HO OTKiIOHEHHE pydyKd
yIIpaBJIeHUs] B IPOTUBOIIOIOKHYIO CTOPOHY IPHBEJET K YMEHBIICHHIO MOMEHTOB My (JJ000BOTO CONPOTHUBIICHUS U
JeMI(HUPYIOIIEro), Mo3TOMYy HEOOXOIMMO OJHOBPEMEHHO C Py4YKOW YIpaBJICHHS CJlerka HakaTh Ha Iefanb B
00paTHYIO CTOPOHY.

OTKIIOHEHHE PYUKH yHOpaBJICHHUA W HAXXUM Ha IIC€Jajib B 06paTHy}o CTOPOHY JOJI’KHBI 6bITl) TEM MCHBIIC,
4yeM HepruyHee ObLI BBOJ camoiieTa B BUpax. Ilocie Toro kak BBOJ 3aKOHYEH, KPEH, IOJIOKEHHE KalloTa caMojIeTa
OTHOCHTEJIEHO TOPH30HTA U YTITIOBYIO CKOPOCTh HEOOXOIMMO COXPAHSTh IIOCTOSIHHBIMH.

Jnst BbIBOa M3 BUpaXka HEOOXOOMMO PY4Ky YIpaBlCHHA U IeAalb OTKIOHHTh B CTOPOHY, OOpaTHYIO
BUPAXKY.
BrmonaeHue Bupaxa ¢ KpeHoM Ooiree 45° IMeeT CBOM 0COOEHHOCTH, KOTOPEIE PACCMOTPHM HIDKE.

lfewmp nobgpoma

Ve

Puc. 15 Ypasnoseuwtusanue npomugooeiicmeyoujux 6upax3cy MOMeHmoe pyiem HanpaeieHus

CKOPOCTbH Ha BUPAXKE YBECJIIMUCHA COOTBETCTBECHHO KPCHY

n, u n,
OTCYTCTBHE OOKOBOI MPOJIOIBHON MEpErpy3Ku
(OTCYTCTBHE HAKJIOHOB BIEpeA-Ha3a/, BIE€BO-BIIPABO, JIETUYHKA MPIKUMAET TOIBKO K CHJIEHBIO);

[Ipn BBIMONHEHNH BHpaxka HEOOXOAMMO YYHTHIBATH BIMSHHE T'MPOCKOIIMYECKOTO MOMEHTA BO3YIIHOTO
BuHTa. Ha camonerax fk-52 u SIk-55 ycTaHOBJIEH BO3IYIIHBIN BHHT JICBOT'O BPAIIEHHS, I03TOMY IPH BBHIIOIHEHUH
MpPaBOr0 BHpPaka 3TOT MOMEHT CTPEMMTCSI MOAHATH KaloT CaMojeTa, a Ha JIEBOM - OmycTUTb. OcOOEHHO 3TO
HEOOXOAMMO YYHTHIBATh MPH BBIOJIHEHUHU IIyOOKHX BUpakeil. HeydueT rupockonnueckoro MOMEHTa BO3ZYIIHOTO
BHUHTA MOXKET MPUBCCTU K «3apbIBAHUIO» CaMOJICTa Ha JIEBOM BUPAKE W B3MBIBAHWIO Ha BHUPaXEC, YTO B KOHCUHOM
CyUeTe IPUBEIET K CPBIBY B IITONOP WJIH IITONOPHYIO OOUKY.

(0] TIPpaBUIIBHOCTU BHUpPaXXa - OTCYTCTBUM CKOJIBKCHUSA JIETIYUK CYUT 110 IIPU3HAKAM:

MIapuK yKa3aTeysl CKOJIbKCHUA HAaXOAUTCA B CEPEANHE (Ha yKa3aHHOI7[ MGTKC).

HEMNPABUJIbBHBIN BUPAK CO CKOJIb)KEHUEM
Bupax co cKoIbXEHUEM BO3HUKAET B PE3YyJIbTaTe HEKOOPIAMHUPOBAHHBIX JEHCTBUI PyJIIMH YIPABICHUS U
pe3koit paboThl PHIYArOM JPOCCEIBHON 3aCiIOHKH KapOroparopa W IIArOM BUHTA, T. €. SBJSCTCA PE3yJbTAaTOM
OIIMOOYHBIX JIEHCTBUH JIETYHKA.

PaccMOTpHM BBITIOJIHEHKE TITyOOKOT0 BUpaXKa CO CKOJIbKEHUEM. [Ipe/IrmonokKuM, 4To Ha ryOOKOM BUpPaXe,
Hanpumep seBoM (Puc. 16, a), kpeH yBenn4eH Ha BEIMYMHY, IPU KOTOPOH CKOPOCTh CTAHOBHUTCSI HEJOCTATOYHOM
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JUIs COXpaHEHMs yCIOBHUSA Ycosy = G, T. €. COCTaBJISIIONIAS MOABbEMHOMN CHJIBI Ycosy CTAHOBUTCSI MEHBIIIE
Beca caMoJjieTa, CaMOJIeT HagyHeT CHIKAThCA. /I TOro 4ToOBl BOCCTAHOBHUTH PAaBHOBECHE, HEOOXOIMMO HAXATh Ha
MPaBYIO MeAainb (OTKJIOHUTH PYIIb HAMIPABICHUS BIPABO) BO BHEUTHIOK CTOPOHY, IPH 3TOM CO3JIaeTCS CKOJBKCHHE
Ha JIeBoe (BHYTpPEHHEE) IMOITYKPBLIO.

Yeosy

&

§

Puc. 17 ITnockuii eupasic ¢ 6HEUWIHUM CKONbIHCECHUEM

Bosnukaer OokoBas a’poanHaMuueckas cwia Z0, KoTopas IO CBOEH BelIMYMHE 3aBHCUT OT Yria
ckonmexkeHuss p. OHa co3maeT N00aBOYHYyIO BepTHKanpHyO cwiy Z; (Puc. 16, 6, B). Cuma Z;, CKIaapIBasiCh C

cuoii Y COSY , CO3/IaeT YPAaBHOBEIICHHYIO CHITY, PABHYIO BECY CaMOJIeTa.

B pesynbraTte 4ero camMoseT NMPEKPAaTUT CKOJbKEHHE. IIpy BHYTPEHHEM CKOJIBKEHUM JIETYMK OTKIIOHSET
PYJIb HalpaBJIEHHUs] B CTOPOHY CKOJIbKeHHUs. Takike B CTOPOHY BHYTPEHHErO OOpTa OTKIIOHSIETCS OT LEHTPAIBLHOTIO
TMOJIOXKEHHMSI IIAPUK YKA3aTelsl CKOIBXKEHUsI TPUO0pa CKOJIbKEHHUSI.

PaccMOTpHUM BHPaXK ¢ 6HYMPEHHUM CKOIbICEHUEM Hpu manom KpeHe. IIpu TOSBICHUN CKOJILKEHHS HA
BUpaXKe C MaJIbIM KPEHOM BO3HHKatoIas 00koBas cuia Z OyneT MpOTHBOACHCTBOBATh LIEHTPOCTPEMHUTEIBHON CHlle
Prc.

Ecnu Z=Fyc., To, HECMOTps Ha KPEH, CaMOJIET OyJIeT BBIIOIHATH MIPAMOIMHEHHBIH MONET CO CKOIBKEHUEM
Ha OITyIIEHHOE TOIYKPBUIO.

Takoit npsAMONMHENHHBIH MMOJIET C KPEHOM U CKOJIBKEHHUEM aHAJIOTUYEH MPSIMOJIMHEHHOMY TUIAHUPOBAHUIO C
KPEHOM U CKOJIbKEHUEM.

PaccMmoTpum Bupax ¢ gHewtHum ckonbiicenuem. IIpyn OTKIOHEHUH pyJisl HanpaBiieHus (HarpuMep, BJIEBO)
U yrie KpeHa, PaBHOM HYJIO, CO3JaeTcsi BHEIIHEE CKOJbKEHHE (B JAHHOM Cllydae Ha IPAaBOE IOIYKPHUIO).
Bcenencreue 60xkoBOro oO6TekaHMsi camoiIeTa BO3MYLIHBIM IIOTOKOM BO3HHMKAaeT OOKOBas cuia Z, KOTOpasi Urpaer
POJIb LIEHTPOCTPEMUTETIbHON chiIbl. [lom nelcTBUEM ee caMoJIeT HAUMHAET BBITIOJIHAThH MOJIET MO0 KPUBOJUHEHHON
TPaeKTOpUHU BJIEBO B Topu3oHTanbHOM miockoctu (Puc. 17). Ilpu 3TOM cuna TArHM CHUIOBOM ycCTaHOBKM P
packianbiBaercst Ha ABe coctasistonine. OqHa u3 Kotopbix Pi nelicTByeT kak HeHTpocTpemMuTenbHas cuia. Cuibl Z
u P, uMeroT mManyio BeJMUMHY, TIO3TOMY TPAaeKTOPHs BHpaxka MMeeT Oonblioi paxmyc. Ecim pyns HanpaBieHus
OTKJIOHHTh Ha OOJIBIIYI0O BEJIWYHMHY, TO TIOSBHTCS KpPEHANIMH MOMEHT BO BHYTPEHHIOIO CTOpOHY (B
paccMaTpuBacMOM Cilydae BIIEBO) 3a CUET Pa3HOCTH IOABEMHBIX CHJI JIEBOTO M MPABOTO IOJYKPBUIbEB. B maHHOM
CUTyallMl TPU OTKJIOHEHWH PYYKH YNPaBICHUS B CTOPOHY YMEHBIIEHHS KpeHa (B paccMaTpHBAaEeMOM CIydae
BIIPABO) YBEJIMUUBAETCSI JIOOOBOE CONMPOTHBICHHE BHYTPEHHETO IIOJYKPBUIA, YTO TNPHBOAUT K IOSIBICHUIO
Pa3BOPaUMBAIOIIETO MOMEHTA, M CaMOJIET YBEJIIMUMBACT KPEH M CBAIMBACTCS HAa BHYTPEHHEE IHOIYKPHIIO (BICBO),
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BBIMOJIHSAS INTOIOP WIIM INTONMOpHOE Bpamienne. OCOOEHHO 3TO XapakTEPHO s camojera SIk-52 Ha CKOPOCTSIX
Meree 150 km/4.

CHCHOBaTeHLHO, BHUPaXX C BHEITHUM CKOJIBKCHUEM HE TOJIBKO HE BBIT'OACH, HO K HE Oe30ImaceH.

[Ipu BHEHmIHEM CKOJBKCHHM HAa BHPAXKe JICTUMKA MPKUMAET K BHEIIHCH CTOpPOHE KaOWHBI CaMoJieTa.
[apuk yka3zaTens ckonbkeHus mpudopa J1A-30 (Ha camosiete SIk-52) OTKIOHIETCS BO BHEIIHIOK CTOPOHY.

TEXHUKA BBIINTOJTHEHHUS BUPAKA C KPEHOM 35...45°
Bupax ¢ kpeHom 10 45° BeinosHseTcs Ha ckopocty 190 km/4 ipu obopoTax nurarens 82%.

ITepen BBOIOM caMoieTa B BHpPaXX OCMOTPETh BO3IYIIHOE IPOCTPAHCTBO, 0COOOC BHHMAHUC YICIHB
CTOpOHE BBIMIOJIHEHHSI BUpPaXKa, HAMETUTh OPUEHTHP /ISl BBOJA M BbIBOJA M3 BHpaXKa, YCTAHOBHTH OOOPOTHI
JIBUTATElNsl, COOTBETCTBYIOIUE ckopoctd 190 km/d. Tlocne 3TOro IuiaBHBIM M KOOPIHHUPOBAHHBIM JIBUYKCHHEM
PYUKH YIpaBIICHUS U MEAaieil BBECTH caMoJjeT B BUpax. [0 Mepe yBelnueHUs] KpeHa YBEJIHMUYUTh HAAAYB C TAKAM
pacdeToM, 4TOObI MPH KpeHe 45° coxpaHsutack CKOpocTh 190 km/4.

Kak TOJNBKO KpeH IOCTHTHET 3aJaHHOro, HeoOXoanMmo 3a(UKCHpOBaTH €ro HeOOJBLIIMM OTKIOHEHHEM
PYYKH YIPaBJICHHS B CTOPOHY, ITPOTHBOIIONIOXKHYIO KPEHY, U OCITa0UTh HAKUM Ha BHYTPEHHIOIO MEallb, COXPAHSS
YTJIOBYIO CKOPOCTh, IPOJOJIKATh BBITIOJIHEHNE BUPAXKa.

B ycraHoBuBLIEMCsSI BHpa)k€ HYXXHO KOHTPOJHMPOBATh MOJIOKEHHE KaOWHBI camMojeTa OTHOCHUTEIBHO
TOPHU30HTa, BEIWYMHY KpeHa, MOKazaHWs HpuOOpoB (ykKasaTens CKOPOCTH, IIOJIOKEHHE MIapHKa yKa3aTels
CKOJIb)KEHUSI, BADUOMETPA, BBICOTOMEPA U aBUarOpU30HTA).

Ecou B mpomecce BBINOJIHEHHs BUpPaka BO3HUKINM H3MEHEHHS IIOJIOKCHUS BHIUMBIX dYacTell (QoHaps
KaOMHBI M KaroTa caMoJieTa OTHOCHTENIFHO IOpPHU30HTa (BapHOMETp IOKa3bIBACT CHIKEHHE WIIM HAOOp BHICOTHI),
HEOOXOAMMO IIJIABHBIM M COPa3MEPHBIM JBIDKCHUEM PYUYKH YIPaBICHUS W TeJajell MOAHSITh WU OIyCTUTh KarloT
camoJieTa OTHOCHUTENBbHO TOPHU30HTAa 10 HOPMAJbHOTO MOJOXKEHHS, KOHTPOJHUPYsS AEHCTBHS IO IOKa3aHHSIM
aBHaropu3oHTa (Ha camoiere SIk-52), ykazaTesst CKOPOCTH M BapHOMETpA.

3a 20...25° 10 HAMEYEHHOTO OpPHUEHTHPa KOOPIMHUPOBAHHBIM ABIDKCHHEM PYUKH YIIPABICHUS U MeAajeH B
CTOpOHY, OOpaTHYIO BpalleHHIO (pydKa yIpaBJICHUS UIET C ONEPEeKESHUEM), HadaTh BbIBOJ M3 Bupaxa. [lo mepe
YMCHBIICHNWA KpEHa IJIaBHO YMCHBIIMTL HAAAYB A0 3aJaHHOIO C TaKUM pacucToOM, '-ITO6])I BBIUTH B PEXKUM
TOPU30HTAJILHOT'O MOJIETa HA YCTAHOBJIEHHOW CKOPOCTH Oe3 Habopa BHICOTHI.

[Tocxe BBIBOA caMosieTa B TOPU3OHTANIBHBIHA MOJIET MOCTABUTH PYJIN B HEUTPATBHOE TIOJIOKEHHUE.

HpI/I BBITIOJIHECHUU BHUpaXa H€06XO,HI/IMO YUYUTBIBATH BJIMSIHUC THUPOCKOINUYCCKOTO MOMCHTA BO3AYUIHOI'O
BHHTA.

Camonets! Sk-52 u SIk-55 Ha Bupaxxax yCTOHYMBEI U JIETKO IIEPEXOAAT 3 OAHOTO BHpaXka B IPYTOM.

TEXHUKA BBIIIOJTHEHUSI BUPAKA C KPEHOM 60°
Bupax ¢ xpenom 60° BeimonHseTcst Ha ckopoctH 210 km/4 mpu o6opoTax aurarens 82%.

ITepen BBOIOM B BHpak caMolieTa OCMOTPETH BO3AYIIHOE MPOCTPAHCTBO, 0CO0OC BHHMAHHE YIICIUTh
CTOPOHE BEITIOJIHEHISI BUPaXka, COaJaHCUPOBATh CaMOJIET TPIMMEPOM Ha CKopocTH 210 KM/4, HAMETUTh OPUCHTHUD
JUIS BBOJAa M BBIBOJAa M3 BUpa)a, 3alIOMHUTH KypC BBOJA, YCTAHOBUTH OOOPOTHI JBHUTATENS, COOTBETCTBYIOIIUE
ckopoctu 210 km/4. Tlocie 3TOro IUIABHBIM U KOOPAMHHUPOBAHHBIM JBHKCHHEM DYUYKH YIpaBICHUS U Ieaaneit
BBECTU camoJieT B Bupax. [o Mepe yBelrueHHs] KpeHa [UIAaBHO YBEIMYHUThH HAUIYB, C TAKAM PACUYETOM, YTOOBI IIPH
kpere 45...50° oH ObUT JaH NOTHOCTEIO.

[lo Mepe HAKpEHEHHMS caMojeTa LEHTPOCTPEMMTENbHASs Ccuaa Ysin/, MCKpHBIAIOMWAs TPAcKTOPHIO
JBIDKEHUs, Bo3pacraeT. J{J1s coXpaHEHWs NOCTOSHCTBAa BBICOTHI NPU BBOJIE CaMojieTa B BHPaX HE00X0IUMO
BOMpaHUEM PYUYKU YIpPaBJIE€HHS Ha ce0sl YBEJIMYHUTH YroJl aTakd JUIsl YBEJIWYEHHs MOJbEMHOM CHIIbI (COXpaHsieTcs

paBenctBo Ycos? =G). C yBelMueHHEM yIlia aTaku PacTeT J0G0BOE CONPOTHBIICHHE, I03TOMY B HPOLECCe BBOJA
camoJieTa B BUPaX JJIsi COXPAHCHUS CKOPOCTH HEOOXOMMMO YBEIUYUTH OOOPOTHI JBUTATEINS (COXpaHSSL MPH 3TOM
paBeHcTBO P=QG).

IIpu BBOZE camoiieTa B BUPaXX HEOOXOJMMO CIEIUTh 32 COXPAaHEHHEM MPAaBUIBLHOTO MOJIOKEHUS! BUIUMBIX
yacTeil (oHapst KaOWMHBI M KallOTa CaMOJIeTa OTHOCHTENIBHO TOPH30HTA, 3a IUIABHBIM OOpa3oBaHHMEM KpeHa M
KOOpAMHAIMEH OTKJIOHCHHS PyJiel (IIapuK yKa3aTeis CKOJIbKCHHUS JOJDKCH HAXOIUThCS B IICHTpe) BennunHy kpeHa
OIPEJIETISITh BU3YaJbHO 10 MOJIOXKEHHIO TNEpeAHUX 4acTed (QoHaps KaOWMHBI M KaloTa camojieTa OTHOCHTENIBHO
TOPU30HTA U Ha camoneTe SIk-52 KOHTPOIMPOBATh IO aBUATOPH3OHTY

[Ipu manom KpeHe MoJIoKEeHHEe KaroTa caMoJieTa OTHOCUTENBHO FOPU30HTA MOIEPIKUBAThH PYJIEM BBICOTHI,
a YIJoBOE€ BpallleHHe - pyjieM HampasieHus. [lo moctkeHmm kpeHa 45° m Oonee (mpu AaibHEHIIEM ero
YBEJIMYCHUH) COBMECTHO C JaJbHEHIINM OTKIOHEHHEM PYUYKH YIpaBieHHs Ha ce0si HEOOXOJUMO OCHalIIsATh HAKUM
Ha TeAajib, OTKIOHCHHYI0 B CTOPOHY BHpaxka (IpeaynpexkIaTh TCHICHIIMIO CaMoJieTa K OIMYCKAHUIO KaroTa
Ha)KMMOM Ha Neajib MPOTUB KPEHa - BHEIIHIOIO Te/1ab).
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IIpu BbImMoONHEHMM TIYOOKOTO BHpaka MpH KpeHe Oosee 45° mpoHCXOAWT mepeMeHa NeHcTBUs pylieit
yrpapieHusl. Pyjib BBICOTHI HAUYWMHAET BBHINOJIHATH (DYHKLUIO PYJisi HanpaBlieHWs, & PYJib HANPaBICHHS - PYJIs
BBICOTHI. H03TOMy U1 noAA€piKaHus HeO6XO[ll/lMOF0 IIOJIOKCHU KalloTa W BHAUMBIX yacrten (l)OHapSI Ka6I/IHI)I
caMmoJieTa OTHOCHTEIBHO FOPU30HTA B OOJIBIICH CTEIICHU OTKJIOHSCTCS PYyJib HANPABICHUS M B MCHBIIICH CTCIICHH -
PYJIb BBICOTHI, & YIJIOBasi CKOPOCTh BPAIICHUS CO37aeTCs B OOJIBIICH CTEIICHN PYJIeM BBICOTHI M B MEHBIIICH CTCIICHU
- pyJieM HampaBJIeHUs. YKa3aHHas IEepeMeHa JCHCTBUS PYJISIMHU MPOSBISACTCA TOJBKO B OTHOIICHUH ITOJIOKEHHUS
caMmoJieTa OTHOCUTEIFHO TOpH30HTa. I3MeHEeHHe yTiia aTaKu MO-TPESKHEMY OCYIIECTBISICTCS PYJIEM BEICOTHI, a yIia
CKOJILXKCHUS - PYJIEM HalpaBlICHHS

Kak To/mbKO KpeH NOCTHIHET 3aJaHHOro, HeoOXOoIMMO 3a(MKCHpOBATh €ro HEOOJBIINM OTKIOHEHHEM
PYYKH YIpaBieHHUS] B CTOPOHY, IPOTHBOIIOJIOKHYIO KPEHY, U OCJIaOUTh Ha)KUM Ha BHYTpPEeHHIOIO nenainb. CoxpaHss
YIJIOBYIO CKOPOCTh, IPOJOJDKATH BBHITIOJIHEHUE BUPaXKa.

B ycranoBmBmIEMCS BHpa)ke KOHTPOJIMPOBATH MOJOKEHHE BHUAMMBIX dacTed (oHaps KaOWMHBI M KaroTa
camoJieTa OTHOCHUTEIIFHO TOPH30HTA, BEIIMYMHY KpPEHa, MOKa3aHUS MPUOOPOB (yKas3aTenst CKOPOCTH, ITOJIOKEHHS
IIapyKa ykaszaressi CKOJIbXEHHsI, BApPUOMETPA, BHICOTOMEPA U aBUATOPU3OHTA).

Heo6xoauMo MOMHHTB, YTO B IpOLECCE BBHIIOIHEHMS YCTAaHOBHBIIETOCS BHpPaXka BHEIIHEE IOIYKPBLIO
JBIDKETCS ¢ OOJIBIIEH CKOPOCTBIO, UeM BHyTpeHHee. LIeHTp aBieHns n3 IIOCKOCTH CUMMETPHH NTEPEMEIaeTCs BO
BHEIITHIOI0 CTOPOHY, B PE3yJbTaTe YEro Ha CaMOJIET JCHCTBYET KPEHSIIMII MOMEHT B CTOPOHY BHpPaxka, KOTOPBI
napupyeTcs OTKIOHEHHEM PYdYKH YIIPABIECHHS BO BHEIIHIOI CTOPOHY. lIpH 3TOM cilenyeT yduThIBaTh BIIMSIHHE
THPOCKOITMYECKOTO MOMEHTA.

BeiBoa U3 Bupaka HaumHath 32 30° 10 HAMEYEHHOTO OPHEHTUPA KOOPAUHUPOBAHHBIM JBIIKCHUEM PYUYKH
yIpaBICHUS U TeAajell B CTOPOHY, OOpaTHYIO BPAIIEHHIO, MPU 3TOM PYYKY YIPABICHHs OTKJIOHSATH BIEPE] IO
JIMArOHAJH JUIsl YMEHBIUICHHS YIJIa aTaku U MPEIyPEkKICHUS MOIbeMa KaloTa CaMoJieTa OTHOCHTEILHO TOPU3OHTA.
ITo Mepe yMeHbIIIEHNST KpeHa TUIAaBHO YMEHBIIUTH 00OPOTHI IBUTATENs (HAATYB), YTOOBI K KOHITy BBIBOJIa 0OOPOTHI
JIBUTATEJNsl COOTBETCTBOBAIIM 33JAHHON CKOPOCTH BBIBOJIA M3 BUPAXA.

Bprixo U3 BUpaxa J0JDKeH ObITh IPOM3BE/ICH B HAIIPABJICHUH BHIOPAHHOTO OPUEHTHPA M 33JJaHHOTO Kypca.
ITocne BBIBOga camoisieTa B TOPH3OHTAIBHBIM MOJNET PYUKY YIpaBICHHS M HeJald ITOCTABUTh B HEWTpaIbHOE
TMIOJIOXKEHHE.

XAPAKTEPHBIE OHIMBKHU, TOITYCKAEMBIE ITPU BBITIOJIHEHUU BUPAKA
IIpu évinonnenuu supasceii HabIOOarOMcA ciedyrouiue OUUOKU:

- HECOOTBETCTBHE MOIIHOCTH CHJIOBOW YCTAaHOBKH BEIMYMHE KpPEHA - CaMOJIET TepseT WM Hadupaer
BBICOTY (YBEJIIMYMBACT WM YMEHBIIAET CKOPOCTH);

-.IIEPeTATHBAaHNE PYYKU YHPABICHHSA Ha ceOs - yBEIMUMBACTCS IEPErpy3Ka, CaAMOJIET TepsieT CKOPOCTh,
BO3MOJKEH CPBIB B IITONOP MJIM IITOIIOPHOE BPAIIEHHE;

- KaloT caMoJIeTa He YAEPXKUBAETCS MeNasIMU 110 TOPU3OHTY - M3JIHMIIHE OTKJIOHSETCS Ie/lallb B CTOPOHY
BUpPaXka, YTO BBI3BIBAET OITyCKaHHE KaroTa caMoJIeTa, YBEIMYMBAETCS CKOPOCTh M TEpseTcs BBICOTA; Majloe
OTKJIOHEHHE IEAaId B CTOPOHY BHpaka NPUBOAMT K MOJBEMY KaloTa caMoJIeTa, yMEHbIIAeTCs CKOPOCTh H
HaOWpaeTcs BBICOTA,

- HCKOOPJAUHHUPOBAHHBIC IleﬁCTBPIﬂ pyjsAMHA YIIPpaBJICHUSA IPpU BBOAC B BUPAK U BBHIBOAC M3 HET'O - BOSHUKACT
BHYTPEHHEC WJIM BHCIIHCC CKOJIB)KECHUE U UBMCHACTCS BbICOTA U CKOPOCTD,

pe3Kuii BBOJ caMoJIeTa B BUPAXX U PE3KHI BBIBOJ U3 HETO - HE BBIICPKUBAETCS CKOPOCTh U BBICOTA;
HETOYHBIH BBIBOJ 10 HAIIPABJICHUIO.

IIpn BBHIMOTHEHWH BHUpaXa HEOOXOOMMO 3HATh, YTO IIPH TEPETATHBAHHUN PYYKH YIPABICHUS CpPBIB
camoJieTa MPOUCXOIUT Oe3 TpenypeaAnTeNbHOM Tpsiacku. [loaTomy mpu 3aropanuu nammnodku «CpbIBy» Ha caMmoJjieTe
Sk-52 HeoOXOIMMO YMEHBLIUTH TSHYIEE YCUIIME HAa PYyUYKEe YIPaBICHHUS, YTO NPUBENET K YMEHBILEHHUIO YIJIOBOTO
BpAILCHUS U IEPETPY3KH.

He6omnpmme OTKIOHEHHS 1O KPEHy B IPOIECCe BUpaXa CJIeayeT HapUpoBaTh OTKIOHEHHEM PYUIKH
ynpasieHus u nepaneil. [Ipu omyckaHum KamoTa caMmoiieTa ¥ HapacTaHHH CKOPOCTH HEOOXOAMMO CHa4ajia BEIBECTH
caMoJIeT U3 KpeHa, 3aTeM B3STHEM PYUYKH yIPaBICHIS Ha ce0sl - B TOPU30HTAIBHBIN TOJIET.

Ecnu mpu BBINONHEHMH BHUpaka NPOM3OMIEN CPBIB caMoJeTa, TO PYYKY YNpPaBICHUS HEOOXOIUMO
OTKJIOHHUTH OT Ce0s1, BRIBECTH CaMOJIET B TOPU30HTAIBHBIN HOJIET, IOCIIE YETO BHOBb BBECTH B BHPAXK.

CIIMPAJIb

Cnupanplo Ha3bIBaeTCs IIOJIET CaMOJIeTa II0 BHHTOBOH JIMHHMHM (TPAeKTOPHM) C 3aJaHHBIM KPEHOM H
cKopocTho. Crmpans HpencTaBiaseT coOOH UIMTENbHBIA BHpaXk Ha IUIAHWPOBAaHMH WM mogbeme. Ecimu crimpansb
NPUMEHSETCS A1 Habopa BBICOTHI, OHA HA3BIBACTCS 60CX00AUell, €CIH IS IOTEPU BBICOTHI - HUcxooaujeil. Ecnu
KpPEeH HeOOJbIION BEJIMYMHBI U PaJANyC CHHPAIH JOBOJILHO OOJNBIION, cnupaib Ha3biBaeTcs mMoJoroi. Eciu kpex
cnipanu 6osblie 45°, a panguyc Majioi BeUYUHBI, CIHPANIb Ha3bIBACTCS KPYMOIl.
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Ecnmu ckopocTh, yron KpeHa ¥ yrojl HaKJIOHAa TPAGKTOPHH C TEUEHHEM BPEMEHHU HE M3MEHSIOTCS, CIIHPAb
Ha3BIBACTCS YCHIAHOGUGUIEIICA.

Y cTaHOBUBIIASICS CITMpajib Ha3bIBACTCA npaeuﬂbnoﬂ, €CIIi OHA BBINOJIHAETCS 0€3 CKOJIBKEHHS.

CXEMA CUJI 1 YPABHEHUSA IBU/KEHUSA HA CITUPAJIA

Cxema cuJji, JeHCTBYIOIIMX Ha CaMOJIET NPH BBINOJHEHUM CIHpajH, Moka3aHa Ha Puc. 18. PaccMorpum
BOCXo/sIIyr0 crimpanb. OHa MOXET BBIITOJHATHCS KaK C TATOM CHIOBOM yCTaHOBKH, Tak M 0e3 Hee. PaccMorpum
BBINOJIHEHNE CIIMPANIU C TATOM CUIOBOM yCTAaHOBKH HA MaJIOM Ta3y.

CamoJIeT CHIKAeTCS C IOCTOSHHBIM yrioMm K TOPHU3O0HTY II0 TpPacKTOPHUH, HpeHCTaBH}I}OLHeﬁ
MUIMHAPUYCCKYIO BUHTOBYIO JIMHUIO.

JIBmKeHue LEeHTpa TSHKECTH COCTOUT U3 JIBYX JIBUOKEHHH: BHU3 C BEPTUKAIBHON CKOPOCThIO Vy=Vsin O us

TOPU30HTAJIIBHOM INIOCKOCTH MO OKPY>KHOCTH CO CKOPOCThIO VX=VO0s. 0

Bec camorera G packiiajibIBaeTCsi Ha JIB€ COCTABJISIOLINE, JIKAIME B BEPTUKAIBbHOHN IIockocTH: GCos 0 u

G Sil’le. HOHT)GMHaﬂ cuia Y HakJIOHEeHa BICPCA U B CTOPOHY U PACKIIAAbIBACTCS HA JABC COCTABJIAIOLINC!: Y COSsy -

NeKaell B BepTHKAIBHOI TIIOCKOCTH M HAKIOHEHHOM Briepen n Y sin/ -nexkanieil B rOpU30HTANBHOM MIOCKOCTH.

HeypaBHoBemenHast cnna Y sin 0 snsercs LIEHTPOCTPEMUTEIBHOU CUIION, UCKPUBIIAIOIICH TPACKTOPUIO ABUKEHUS
camoera.

Cocrasnsiomas  Beca Geos & YPAaBHOBENIMBAETCA COCTABIAIOMEH HOxbeMHOil cuisl Ycos/, a

cocrapnsomas G sin & u mira cunosoit ycTaHOBKH P - ypaBHOBeImmMBaeT JI0OOBOE CONPOTHBIICHUE X.

Puc. 18 Cxema cun na cnupanu

anaBneHI/m JBHXXCHUSA CaMOJICTA Ha YCTaHOBHBmeﬁCﬂ HI/ICXOI[HIIIeﬁ CIipajii UMCHOT BUA:

YCJIOBUE TOCTOSHCTBA CKOPOCTHU
X—-P-Gsinf@=0; (11.25)
YCIJIOBHE NIOCTOSIHCTBA YIJIa HAKJIOHA TPAEKTOPUH
Ycosy—Geost=0. (11.26)

YCIIOBUC UCKPUBJICHUA TPACKTOPHUHU

. mV?cos’ 0
Ysiny =————
r .(11.27)
HEPEI'PY3KA HA CIIMPAJIN

Ileperpyska Ha civpanu, AeUCTBYIOLIAs IO HANPABICHUIO TOABEMHOMN CHIIBI Y, ONPENENAETCS U3 YCIOBUS
MIOCTOSIHCTBA yTJIa HaKJIOHa Tpaektopuu moneta (11.26):

Y cos@

ny, =—= .
G cosy (11.28)

[TonHas meperpyska Ha CIIMpPaIN C y4ETOM IIEHTPOCTPEMUTENBHON CHIbl P1ic onpenensercs mo ¢popmyie
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n, :\/1+(tg;/cos26’)2. (11.29)

W3 popmyn (11.28) u (11.29) cenyet, uTo meperpy3ka Ha CIIUPaId MEHBIIE, 9eM Ha BUPAXXe IPU TOM KE
yriie KpeHa, MOTOMY YTO COCTaBJIAIONIAsl Y COSY YPaBHOBEINMBACT HE MOJHBIA BeC camojera, Kak Ha BUPaXKe, a ero
COCTaBJIAIOLIYIO Geos . Yem menbme yroJl HaKJIOHa TPAaeKTOPHHU I0JIeTa, TeM MEHbIE HNOTpeOHas Ieperpyska.
[oTpebHas meperpys3ka Ha CIIMpajIn Bcerga OONblle eqUHULBI, TaK KaK Yroj HAaKJIOHA TPaeKTOPHU 0 wvenbue yriia

Kp€Ha caMmoJI€Ta 7/

CKOPOCTH HA CIIUPAJIN

[TorpebHast ckopocTh Ha coupainu omnpexaensercs u3 ypaBHeHus (11.26) ycrnoBus NMOCTOSHCTBa yria

HAaKJIOHAa TPAEKTOPUH (Y cosy =Geosd ). [lomcTaBuB BMECTO MOABEMHOM CHIIBI Y €€ pa3BepHYTOE BBIPAKEHHE,
HOTy4UM

2
CypV%Scos;/ =Gcos0,

2
Cy%b’ -G

y’

oTkyna npu Cy=const

2G
cr = VFH'\/ n,.

CypS ¥
ypS (11.30)
U3 dpopmymsr (11.30) ciemyer, 9T0 CKOPOCTH, MOTPeOHAS IS BHIIOJHEHHUS CIHpaNd, OOJbIIe TOTPeOHO
CKOPOCTH JUIsl TOPU3OHTAILHOTO TI0JIeTa IPH OJMHAKOBOM YIJIe aTaKH.
[Ipw BBIOJIHEHNH CHIMPAII CKOPOCTH OCTAETCs, KaK IMPaBUIIO, TIOCTOSIHHOM, 8 U3MEHSETCS yroJl aTaku.
Kos¢pdunuent nogpemuoii cunsl Cy B Juama3oHe JICTHBIX YITIOB aTakH MPSAMO HMPONOPLHOHAIEH yrilaM

aTtakw, a Tak kak Cy omnmgaercs ot Cycp Ha Benmmunny nieperpy3ku Ny(Cycn Cyryy y), TO, CIEI0OBATENBHO, U YTIIBI
aTakyl Ha CIUPAH OTJIMYAIOTCS OT YIJIOB aTaKu TOPU30HTAILHOTO TI0JIETa Ha Ty XKe BEJIMYUHY, T. €.

Qe =0 Ny
(11.31)

U3 dopmynsr (11.31) crnemyer, yTo HpW BBINOJIHEHWH CIHMPAIM HA HOCTOSHHOW CKOPOCTH Yrojl aTaku
YBEJIMYUBAETCSI IPONOPIMOHATIBHO IEPETPY3KeE.

PAJINYC CITUPAJIN

Kak yxe TOBOPHIOCH, YTO TPACKTOPHs CHUPAIA MPEACTABISIET COOOH IMIMHIPUYCCKYIO BUHTOBYIO
JIMHUIO, CIIEI0BATEIbHO, PaINyCOM CHUPAJIA MOXKHO CUUTATh PaguyC LIWJIAH]IPA.

W3 ypaBuerns (11.27) - yciaoBus HCKPUBIEHUS TPACKTOPHH - HAXOIUM
. mV?cos’ @
Ysmy=———
Ten
OTKyj1a
GV?cos’ 6
on =7 Veingy
grsmy (11.32)

W3 dopmynsr (11.32) cmemyer, 9TO C yBENTWYEHHEM CKOPOCTH paIduyC CIHPaIl BO3PAcTacT, a C
YBEJINYCHUEM YIJIa KPeHA U YIIa CHIKCHHMS - YMEHBLIACTCSL.

Paanyc cimpanu Bcerzia MeHbIIE panyca BUpaXa, Tak KaK cos 0«

IIAT CIIMPAJIN

BLICOTa, KOTOPYIO TECPACT CaMOJICT (I/IJ'II/I Ha61/1paeT) 34 OAWH BUTOK CITUPAJIU, HA3BIBACTCA WA2OM CRUpAuU.



AIPOIUHAMMUKA CAMOJIETA 19

Junst ompezesieHusl mara Clupaid HEOOXOJIMMO PACcCMOTPETh MPSIMOYTOJbHBIA TPEYTONBbHUK pPa3BEPTKU
onHoro BuTKa criupanu (Puc. 19). 13 pucynka cieayer, 9to

hey =2mr g0
(11.33)
nu
2 2 ¢
ey = 2mrV cosﬁtge _ 0’064Vtsm49'
g gy &7
(11.34)

U3 dpopmynst (11.34) cnemyer, 4To Npu YBEJIIMUSHUH CKOPOCTH 1 YIila HAKJIOHA TPAEKTOPHH T10JIEeTa 0 war
CIMpaJIN YBEIHUUUBAETCS.

Hauevicoonenwman cnupany na nnanupoeéanuu. Crnupanb, 3a OAWH BUTOK KOTOPOH CaMoOJeET TepseT
HalMEHBIIIYI0 BBICOTY, HA3bIBACTCS HAubizOOHelwiell. BepTukaiabHas CKOPOCTb VY TIPU  BBINOJHEHHH
HaHBbIFO[lHeﬁmeﬂ Cliypajii  MUMECT HAWMCHbIIYIO BCJIUYHHY. MuHuManbHas BEpTUKAJIbHAsA CKOPOCTHL Ha
IUIAHUPOBAHUU TIONYyYaeTCsl MpPH BBINOJHEHWM ITI0JE€Ta Ha DKOHOMMYECKOM Yyrie araku. Ui HauBbIrOJHEHIIeH
cnupaiu Tpedyercs KpeH 45° U CKOpOCTb, IPEBBIAoNas SJKOHOMUYECKYI0 COOTBETCTBEHHO KpPEHY. DTH CITUpAIIN
OBLTH HCCIIeIOBAaHBI COBETCKMM yueHbIM B. I1. BeTunHKHUHBIM.

[Tpn nucroHEeHNH HAUBBITOHEHIIIEH CIMpay 3armac CKOpocTH (GakTH4ecKn oTcyTcTByeT. ClienoBaTenbHO,
omuOKa B NHUJIOTHPOBAHUH CaMOJIETa MOYKET ITPUBECTHU K CPBIBY caMoJIeTa B ILTOIOP.

BhINOMHATE HAUBBITOIHENIIYIO CIIMPAJIb HEOOXOANMO TOJIBKO Ha GE3011acHOi! BEICOTE.

[ . —T

[ ————Y

L L L

27z

Puc. 19 K onpeoenenuio waza cnupanu

MUHHMaNbHBI AT CIMpATH MONydaeTcs IpH KpeHe y=45°, Tak kak sin 27 uMeeT npu >TOM
MaKCHMaJIbHOE 3Hau€HHE, T. €, BHIIIOJHEHHE CIIUPAIN ¢ KpeHOM Oojsiee Wi MeHee 45° BeJeT K yBEJIMUYCHHUIO IIara
crmpany. Eciam kpeH Ha cnmpani MeHee 45°, Ta BpeMsl BBITIONHEHUS CIUPATM (OIHOTO BHUTKA) YBEIMYHBACTCS,
COOTBETCTBCHHO YBEIIMYMBACTCSI W TOTEPs. BBICOTHI 3a OAWH BHUTOK. Ecmu kpeH Ha crmpanu Oonee 45°, To
BCJICJICTBHE YBEIUYCHUS TEPETPY3KH H, KaK CICICTBHE, JOOOBOTO CONPOTHUBICHUS CKOPOCTh YMEHBIIIACTCS,
MOSTOMY JJIi COXPAaHEHUS CKOPOCTH HEOOXOJAMMO YBEIUYUTH YroJl TPACKTOPUHU IMOJieTa 0, 4TO MPUBOIUT K
YBEJIMUYCHUIO BEPTUKAILHON CKOPOCTH CHUKEHHUSI, ¥ TIOTEPS BHICOTHI TAKIKE YBETHMUYUTCS 32 OJIMH BUTOK;

YBEJIMYCHUC a3pOANMHAMUNYCCKOTO KauCCTBa MPUBOJAUT K YMCHBIICHUIO HIara CIinpaim,

C YBEIMUCHNEM TEPETPy3KH LIar COUPaIi yMEHbIIAETCS.

TEXHHUKA BbIIIOJITHEHUSA CITUPAJIA

Cnpans BemonHseTcs Ha ckopoctd 180 km/4 u kpene 45°. Ilepen BBINOJHEHHUEM CITUPAIA OCMOTPEThH
BO3JIyLIIHOE MPOCTPAaHCTBO, 0CO0OC BHHUMAHUE YJACIUTH CTOPOHE, B KOTOPYIO OYZET BBIIOJHATHCS CIUPAIb,
CBOOOZHO 1M BO3IYIIHOE IPOCTPAHCTBO. B pexuMe IIIaHUPOBAaHWA YCTAHOBUTH cKopocTh 180 km/d4, mpum
TIOJIO)KEHWN PHIYaroB YIpaBJICHHS IPOCCETbHOM 3aCIOHKON KapOroparopa - MOJHOCTHIO Ha ce0sl, IIaroM BHHTA -
MOJTHOCTBIO OT ce0si. [I1aBHBIM M KOOPAMHUPOBAHHBIM JIBIJKCHHEM PYYKH YIPABICHHS U ITelasieii BBECTH CaMOJIET B

ClinpaJib. SaﬂaHHHﬁ YroJl CHUIKCHUA 9 " Yrojl Kpe€Ha }/ BBIACPIKUBATh IO BUAWMBIM YaCTsIM (I)OHapﬂ KaOMHBI
caMoJI€Ta U KalioTa OTHOCUTECJIbHO T'OPHU30HTA, 4 TAKIKE 10 aBUArOPU30HTY. Ilo MEpEC yBCIIMYCHUS yTJIa HCO6XOHI/IMO

YBEJIMUUTh MEPErpy3Ky ¢ TAKAM PAacueToM, 4TOOBI MPH 3aJaHHOM KPEHE COCTABIIAIONIAs MOIbeMHOM cuibl Ycos/

ypaBHOBEIMBala cocTaBistoyto G cos 0.
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Ilo mocTmXeHWHM 3aaHHOTO KpPEeHa HE3HAYMTENBHBIM JABIDKCHHEM pPYYKH YOpPaBICHHS U Iefaneil B
CTOPOHY, IPOTHBOIOJIOKHYIO CIIUPAJIH, YCTPAHUTH CTPEMIICHHE CaMOJIeTa K YBEITMUEHHUIO KPEHA, YTTIOBOM CKOPOCTH
Y CKOPOCTH T10 TPAEKTOPUH.

Ha cnmpanu 3a cyer pa3sHOCTH TNOXBEMHBIX CHJI BHEUIHETO W BHYTPEHHETO IIOJNYKPBUIBEB CaMOJIET
CTPEMUTCS YBEIMYHUTH YroJl KpeHa. Takke Ipu BBIIOJIHEHUN MPaBOH CIMPAIN 33 CUYET THPOCKOINYECKOr0 MOMEHTA
CHJIOBOM YCTaHOBKH CaMOJIET CTPEMMTCSI YBEIMYHTh YroJl KpeHa WM TaHTraxa, a Ha JIEBOW CIMpanu, HaoOOpoT -
YMEHBILUTb.

BriaepkuBanue 3aaHHOW CKOPOCTH Ha CIIHPANU MPOU3BOJUTH U3MEHEHHEM yIiia HAKIIOHA TPACKTOPHH,
TEM CaMbIM M3MEHSS BEJIMYMHY COCTaBJIAIOLICH Beca caMmoJjeTa Gsin0 (He momyckas CKONBXEHMS - IIAapUK B
LEHTpE).

BHuMaHue Ha CITUpAIIU PACIIPEEAeTCs TaK XKe, KaK MPH BBIMOJIHCHUU BUpaXka. B mpoiiecce BBIMOIHEHHUS

CIHPAJIM KOHTPOJIMPOBATH TEMIEPATYPHBIH PEKUM pabOThl JBHUIaTellsi, HE NOMYCKasl MOHMKEHHs TEeMIIepaTypbl
TOJIOBOK IIMJIMHPOB HIDKe 150° 1 Temmeparypsl Macia Hioke 40°.

BeiBox n3 ciMpany mpoW3BOAWTH KOOPAMHHUPOBAHHBIMH OTKJIOHEHUSIMU PYYKH YIPaBICHHS U Iefanci B
CTOpPOHY, TIPOTHBOIIOJIOXKHYIO KpeHy. [Ipu 3ToM BO m30ekaHne MMOTEpH CKOPOCTH BHa4ajIe yOpaTh KpeH U YIIIOBOE
HIepeMeEIIEeHHE, a 3aTEM BBIBECTH CAMOJIET B TOPU30HTAJIBHBIH MOJIET.

XAPAKTEPHBIE OHIMBKH ITPU BBINIOJTHEHWUH CIIUPAJIN:

HEKOOPAUHHUPOBAaHHBI BBOJA B CIMpalb - CaMOJIET pa3BOPAuUMBACTCA C BHEUIHMM CKOJIBKCHHEM WIH
BHYTPEHHUM;

HC BBIACPKMUBACTCA YI'OJl HAaKJIOHa TpPacKTOpPHUH, HpOZlOJ'IbHOﬁ OCH caMoJiI€Ta OTHOCHUTCJIbHO T'OpHU30HTa -
YBEJIMYMBACTCA WIN YMEHbLIIACTCSA CKOPOCTD;

HE MOOOCPKUBACTCA KPECH 3aJaHHOM BEIWYUHEI - CaMOJICT OIIYCKAacT KaroT, YBECINYHUBAECTCA CKOPOCTH U
CaMOJIET BXOAUT B KPYTYIO CIUPAJIb C YBEIIMUCHUEM CKOPOCTH.

HpI/I YBCJINYCHUN HOCTyHaTCJ'IBHOﬁ u BepTHKaHLHOﬁ CKOPOCTHU U BXOJC B KPYTYIO ClIMpPAJIb H€06XO,HI/IMOZ
BBIBECTHU CAMOJIET U3 KPECHA,
YMEHBIINTH YI'OJI CHUKCHUSA

BBIBCCTU CaMOJICT B FOpI/ISOHTaﬂbHMﬁ ITOJICT.

IIMKUPOBAHHE

IMukuposanuem Ha3BIBACTCSA KPYTOE CHIMKEHHE CAMOJIETA 110 MPSIMOJHHEHHOW TPAEKTOPHHM C YIiaMu
HakjoHa 30° u Ooxee.

OnHo mpumMmensieTcst sl OBICTPOI MOTEPH BBICOTHI M pa3roHa CKOpOCTH. IIpM BBINOIHEHUH CIOXKHOTO H
BBICIIIETO MIJIOTAXa MMKUPOBAHHE SBIISIETCSI COCTABHBIM AJIEMEHTOM OOJIBIIMHCTBA QUTYP.

[MukupoBaHue moapasaesseTcss Ha BUIBL:
MIOJIOTOE - C YIJIOM IUKHPOBAaHUS MeHee 8<45°;
KpyToe - ¢ yriom 0 =45...80°;

oTBecHoe - ¢ yriamu 0 =80...90°;
oTpuLaTeNbHoe - ¢ yriiamu 0 >90°.

HI/IKI/lpOBaHl/Ie COCTOUT M3 TPEX BJICMCHTOB: BBOJA, HpHMOﬂMHeﬁHOFO y4dacCTKa U BbIBOJA. BBOZ[ U BbIBOJ
SABJIAKOTCA KpHBOJ’IHHeﬁHbIMH MaHCBpaMu.

B600 6 nuxuposanue. C Touku 3peHUs BHIIOJHEHNUS HE MPEACTABISIET TpyAHOCTE. BBoI B MMKHpoBaHue
OCYILECTBIISIETCS C Pa3BOPOTa U ¢ MpsAMoil. PaccmoTpum oba ciryqast.

Beoo ¢ nukuposanue c pazeopoma. llpumeHsercs JUisi BBIIOJHEHHUs 3axoAa IO CTpesie KBajapaTa
MUIIOTaXa.

Ilycte camoneT JETUT B TOPU3OHTAIBHON IUIOCKOCTH (B TOPH30HTAIBHOM IIOJIETE), BCE CHIIBI,
JISHCTBYIOIINE HAa CaMOJIET, HaXOJSITCS B paBHOBecHH. [Ipu BBOJIe camosieTa B MUKUPOBAHUE C Pa3BOPOTa CO3/1aeTCs
LUEHTPOCTPEMUTENbHAS CHJIA, KOTOpash HCKPUBIISIET TPACKTOPHUIO IOJIETa B TOPU3OHTAIBHONM M BEPTUKAJIbHOMN
miockoctu. CxeMa cuil, JeMCTBYIOIUX Ha CaMOJIET MPHU BBOJE ¢ MPSAMOH, noka3aHa Ha Puc. 20.
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Puc. 20 Cxema cun, oeiicmeyrouwjux Ha camoiem npu NUKUPOBAHUU

LleHTpocTpeMUTENBHON CHJIOM, HCKPUBISIOMIEH TPAaeKTOPUIO TI0JIETa B BEPTUKAIBHOW IUIOCKOCTH,
SIBJIIETCS PA3HOCTb MEX/ly COCTaBIISIIOLIECH [TOABEMHOM CHJIBI M COCTABJISIOLIEH Beca caMoieTa

HeHTpOCTpeMHTeHLHOﬁ CHHOﬁ, HCKpHBJ’[fHOIIICﬁ TPACKTOPUIO 1I0JIETa B FOpH3OHTaHBHOI7[ IIJIOCKOCTH,
ABJIAETCA HEYPABHOBEIICHHAA TOPU30HTAJIBHAS IIPOCKIINA HO,H’bCMHOfI CHJIBI

Bg600 ¢ nukuposanue c npamoii u3z 20pu30HmMANLHOZ0 noaema. BBox MOXeT OBbITb pe3KumM U NIAGHBIM.
PaccMoTpuM 1U1aBHBII BBOJ.

[TycTh camomneT JIETUT B TOPU3OHTAIBHON MIIOCKOCTH (TOPU30HTAIBHOM MOJIETE), CHIIBI, JEHCTBYIOIUE Ha
HETO, HaXOAsATCA B paBHOBecHU. [y BBOJA caMoJieTa B IMKUPOBAHNUE HEOOXOJMMO CO3/1aTh IEHTPOCTPEMHUTENBHYIO
CHITY, HCKPHBIIIOLIYIO TpaeKTOpHIo mosieTa BHU3. OHa co3maeTcs oTAaveil pydykH YIpaBlIeHHUs OT ceOsl, IpU 3TOM
yYMEHbIIAeTCs yroj aTaku M INOABEMHas cuia Y CTAHOBUTCS MeEHbIIe Beca camonera G, mox aeiicTBuemM
LEHTPOCTPEMUTEIBHON CHJIBI TpaekTopus mojera Hckpubiasgercs BHU3 (cM. Puc. 20). Ilpum otmade pydxu
yIpaBieHus: OT ceOst Ha OOJIBIIYI0 BEJMYMHY CO37[a€TCsi MOMEHT, KOT/Ia MOJJbEMHAsi CHJIa YMEHBILIAETCS 10 HYJISI U
LHEHTPOCTPEMUTENBHON CUIOH sBiIseTCs Bec camonera G, a MpH yBEJIMYEHUU yIia MUKUPOBAHUS - COCTABIISIOLIAS

peca G sin®. Hpyras cocraBmsomas G cos & HalpaBJeHa 110 KacaTeIbHOW K TPAaeKTOPUH IOJIETa, COCTAaBIISIS

(GeosO+ P, —X >0y

pa3HOCTh C JIOOOBBIM CONPOTHBICHUEM M CYMMY C TSTOH CHJIOBOW YCTaHOBKOM
SIBIIICTCS yCKOPSIIOLIEH CHUIIOM.

[lo mepe yBenuueHWs HAKIOHA TPACKTOPHM IIOJIETa CKOPOCTh Ha NMHUKHPOBAHWM BO3PACTAET, TaK Kak

cocrapisiomas seca G cos yBeIMuYMBaeTCs, a cocraBisomas Beca G sin@ , LEHTPOCTpEMHTENIbHASI CHUIIa,
YMEHBILIAETCsl, TPACKTOPHS MojIeTa OyAeT BIPSMIATECS. C HapacTaHUEM CKOPOCTH CHJIa JIOOOBOTO COMPOTHBIICHUS
X pacrert, TopMO3s iBMKeHHE. Kak TOJIBKO yrosl MMKUPOBaHUS JOCTUTHET 3aJaHHON BEIIMYHMHBI, YUKy YIIPaBICHUS
HEoOX0ANMO 3afiepkaTh U Ha OOJBIIYIO BENNYMHY B3ATh Ha ceOs. B MpoTHBHOM cilydae 3a c4eT yMEHBLICHUS yria
aTaKy 10 OTPULATEIFHON BETMYNHBI CAMOJIET MIPOAOIDKACT YBEINYHNBATD YIOJl TUKHPOBAHUS.

Peskuit 6600 6 nukupoeanue. Bo3HUKaeT Npu pe3Koil OTHaue pyyKu yIpaBiIeHHs OT ceOs, NPU ITOM Yrojl
aTakd CTAaHOBUTCS OTPUIATENBHBIM W BO3HUKAET OTpUIlaTeNbHas moabeMHas cwia (-Y). B astom ciyudae
LEHTPOCTPEMHTENILHOM CHIIOH siBisieTcst (IIPU MaJoM YIJie aTakd ¥ BBOJA) CyMMa Beca caMmoJieTa U OTPULaTeIbHON

noxpeMHon cuitel (G-Y), a IpH yBEIMYEHUH yIila HakjIoHa Tpaekropud - (G sin 0 -Y).

Takoli BBOX yMEHbLIACT pAAUYC KPHBU3HBI TPAGKTOPUM W IPUMEHSETCS IIPH  BBITOJHEHHU
aKpoOAaTHIECKOTO MAIOTaXKA.

[Ieperpy3ska npu pe3koM BBOJI€ B TUKUPOBAaHUE UMEET OTPULATENbHYIO BETUUHHY.

IIpn 1aBHOM BBOAE B NHKHPOBAaHHE JETYMK YAaCTHYHO TepsieT OmIymeHue BecoMoctu. Ilo mepe
YBEJIMYECHUS HAKJIOHA TPACKTOPWM BHHU3 BO3HHKACT pa3HHIA YCKOPEHHH Tella JIETYWKAa W caMoJjeTa. Y CKOpEeHHe
camoJIeTa YMEHBIIAeTCsl BCJIEICTBHE POCTa JIOOOBOTO CONMPOTHBICHHUS BO3IyXa, a YCKOPEHHE Teja JIeTYNKa He
UCTIBITHIBACT COMPOTUBJICHUSA BO3JyXa WM CTPEMHUTCS MajaTh C OOJBIIUM YCKOpEHHEM (MO3TOMY Y JIETYHMKA
MOSIBIISICTCS CTPEMIICHUE BAJIUTHCS HA MIPUOOPHYIO JOCKY).

HpI/I PE3KOM BBOJEC CaMoOJIETa B NMHUKHUPOBAHHUE JIETYUK IIOL JIEHCTBUEM CHIIBI HHEPUHN OTACIACTCA OT
CUACHBb
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NPAMOJIMHEMHBIA YYACTOK TPAEKTOPUU ITMKUPOBAHUA

On XapaKTCpU3yeTCd TEM, YTO Ha HEM IMPOUCXOAUT PA3TOH CKOPOCTU CaMOJICTA.

YckopeHne Ha NUKHPOBAaHHM, KaK MPABUIIO, MOJOXKHUTEIbHO. CaMoNeT Ha NUKHPOBAHUM YBEITUYHMBAET
cKopocTh. Tak Kak Ha MPSIMOJIMHEMHOM YYacTKe NMUKUPOBAaHMS CKOPOCThb, a BMECTE C HEIO M MOABEMHAas CHia
BO3pacTaioT, TO AJIsl 00ECIeYeHHs MOCTOSHCTBA MOABEMHON CHJIBI M MPSIMOJIMHEHHOCTH TPAeKTOPUU HEOOX0IUMO
MIOCTETICHHO YMEHBIIATh YIJIbl ATAKW OTKIOHEHHEM PYUKH YIIPABJIEHUS OT ceOsl.

Bb1600 u3 nuxuposanus. 11pu BBINOTHEHUH MUKAPOBAHUS MOABEMHAs CHJIA UMEET MAIYIO BEUUUHY WU
OTCYTCTBYeT BOOOmIEe (IIPpH OTBECHOM NHKHPOBAHWH), MOA3TOMY [UII BBIBOJA W3 IHKHPOBAHUS HEOOXOIUMO
YBEJIMYUTh MOJBEMHYIO CHIIy, YBEIIMYUB YIrOJI aTakd OTKIIOHEHHEM py4yKd ymnpaBieHus Ha ceOs. Bospacras,

MMOOBEMHA CHJIAa CTAHOBHUTCS OOJIBIIIE COCTABIIONIEM Beca  caMoJieTa Gcose. Ilon nelicTBHEM

LEeHTpocTpeMuTeNnpHOl cuibl  Pre=Y-G cos& TpaeKTOpusi TNHUKUPOBAHUS HCKPUBIAETCA, MEpPexXois B
TOPU3OHTANIBHBIM ToneT. Yem Oonblle B3ATa pydka yIpaBlieHHs Ha cebs, TeM Oonbiie OyaeT BeIHMYMHA
LHEHTPOCTPEMUTEIBHON CUJIBI - TEM MEHBIIE pajuyc KPUBHU3HBI TPACKTOPUU WM MOTEPsS BBICOTHI HA BhIBOAE. IIpu
BBITIOJTHEHUH BBIXOZA U3 MUKUPOBAHHUS HEOOXOAMMO ITIOMHHUTB, YTO YPE3MEPHOE B3SITHE PYUYKH YIIPABICHHUS Ha ceOs
BE/IET K YPE3MEPHOMY YBEIMUECHHUIO TIEPErPY30K.

IIpu BBIBOJE M3 MMKUPOBAHUSA CKOPOCTh, IEPETpy3Ka, a, CIEA0BATEIbHO, U PAANYC KPUBU3HBI TPAEKTOPUH-
BEIMYMHBI IEPEMEHHBIE.

Ilomeps evicomul na év1600e u3 nukuposanus. Ha npaktuke OG0NbIIOE 3HAYCHUE UMEET HOTEPS BBICOTHI
Ha BBIBOJIE caMOJIeTa M3 MUKUpPOBaHUs. JKemarenbHo, 4ToOBI MOTEPs! BHICOTHI OblIa Kak MOXXHO MeHbile. Iloreps
BBICOTHI 3aBHUCHUT OT Pajiyca KpUBU3HBI TPAEKTOPUH IOJIETa, KOTOPBIM, B CBOIO OY€pelb, 3aBUCUT OT CKOPOCTH
M0JIETA U TEePErpy3KU

B yueOHBIX memsix Ha camoneTax Ak-52 u SIk-55 mukupoBaHWE BEIMONHSAETCS Ha CIEAYIONINX MPHUOOPHBIX
CKOPOCTSX:

BBOJ - 140 xM/u;
Havajo BeIBOJa-210 km/4;

BBIBOJ] B TOPH3OHTAIBHBIN moeT - 280 kM/4.

TEXHHUKA BBIIIOJIHEHUSA IMKUPOBAHUSA

BBox camosieta B MHMKHPOBAaHUE BBIMOJHSACTCS Ha ckopoctd 140 kM/4 ¢ pa3BopoTa WM C HPSIMOM, C
obopoTamu aBHraTels win 6e3 000poToB.

Bs0o camonema c pazeopoma. Ilepes BHIIONIHEHUEM TUKUPOBAHUSI OCMOTPETh BO3/IYIIHOE IIPOCTPAHCTBO
B HalpaBJICHWd TMKAPOBAHUSA, HAMETUTh OPHEHTHP [UIsI BBOJA. YCTaHOBUTh CKOpOCcTh 140 km/4.
KoopanHnpoBaHHBIM ABMKEHHEM PYUYKH YIpaBIEHUS U Iefaieil BBECTH caMoJIeT B Pa3BOPOT ¢ KpeHoM 35...45° B
HarpasJeHUH BEIOPAaHHOTO OPUEHTHUDA.

B mpomecce pa3BopoTa IUIaBHO YMEHBIIUTH OOOPOTHI JBUTATENS, OJHOBPEMEHHO IIEpEeBENs CaMoOJeT B
nuKupoBane. K MOMEHTY OKOHUaHHS pa3BOpOTa YroJl MUKHPOBAHHS JOJDKEH OBITh 3aJaHHBIA. Benmmumuy yria
MUKUPOBAHUA KOHTPOJHMPOBATh IO BHAWMBIM YacTsIM KaOWHBI caMmojieTa OTHOCHTENBHO TOPH30HTa M IO
aBUAropu30HTY, a TAKXKe MOJI0KEHUIO MOJYKPBUIHEB OTHOCUTEIHHO TOPU3OHTA.

[Ipr mnUKMPOBaHMM TOSBIAETCA [aBsIIee YCWINE Ha pyUKe YIPaBICHHS, KOTOPOE BO3pacTaeT C
YBEIIMUYEHUEM CKOPOCTHU TojieTa (MMKUPOBaHMsA). B TedeHHe NMKMpOBaHMS HE JIOMYCKaTh KPEHOB M Pa3BOPOTOB,
CJIEINTD 32 BBICOTOH, CKOPOCTBIO MOJIETA.

[lo mocTwkeHMM CKOPOCTH Hayana BBIBOAA VBBIB, paBHOM 210 KM/4, IJIaBHBIM [JBIDKCHHUEM DYUYKH
yIpaBJieHUs] Ha ce0sl HauaTh BBIBOJ CaMoJieTa B TOPH3OHTANIBHBIN mojeT. [Ipu BbIBO/iE M3 MUKUPOBAaHHUS 00OPOTHI
JBUTATEJNIs YBEJIMYUTH 10 MakCHUMalbHbIX. [leperpys3ka He qoimkHA mpeBblmath 4-5 it camonera Sk-52 u +9 s
camorera Sk-55. CKOpocTh BEIBOJA JOTKHA OBITH paBHOU 280 KM/4.

B600 camonema 6 nuxupoeanue ¢ npamoi. Ilepen BbINOJHEHHEM MUKUPOBAHUS OCMOTPETh BO3AYLIHOE
MPOCTPAHCTBO, 0CO0OE BHUMAHHE YJENUTh HANpaBICHHIO BBOJAAa (IPSAMO 110 HANpaBJICHUIO BBIIOJIHEHUS
MUKUPOBAHMS), ONpPEeNB, CBOOOIHO I OHO. HamMeTuTh OpHeHTHp I BBOAA. Y CTaHOBUTH CKOpocTh 140 xm/4.
[TnaBHO# oTHavel pyuykH yrnpasiieHUs! OT ceds (Ieajii HaXOAATCsl B HEHTPaIbHOM I0JI0XKEHHN) BBECTH CaMoJIeT B
NUKUpOBaHKWE. TEHAEHIMIO camoyieTa B HpOLEcce OTAauM PYdYKH YNPaBIECHHUs OT ceOsi - OTKIOHATHCS BIPABO,
MapupoOBaTh OTKIIOHEHUEM JICBOH ITe/1au.

Ilociie ycraHOBiEeHMs 3aJaHHOIO yrjla NMKUPOBAaHUS HE3HAYUTEIIBHO OTKIIOHUTH PY4YKY YIPaBJIEHUS Ha
ceOst IS IpeKpalleHns! JATbHEHIIEro yBeInIeHUs! yIIla MHKUPOBAHUSL.

BenmunHy yria nukupoBaHUS KOHTPOIMPOBATH TI0 ABHATOPU3OHTY, BUAMMBIM YacTsIM KaOMHBI camoieTa U
MOJIYKPBIILEB OTHOCUTEIHHO TOpU30HTA. B mpoliecce MUKUPOBAHUS MOSBISIONIUECS YCUINUS HA PYyUYKE YIPaBICHHS
KOMIICHCUPOBATh OTKJIOHGHHEM ee¢ OT ceOss. OTKIOHCHHEM pPYYKH YIOPABICHHS OT CE0S TOCTUTaeTCs TaKkKe
YMEHBIIIEHUE yTila aTaku U, KaK CIeJICTBUE, TOIHEMHON CHIIbI, KOTOpasl YBEJIMYUBAETCS C YBEIHMUEHUEM CKOPOCTH.
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IMo moctmxennn ckopoctd 210 KM/4 MJIaBHBIM [BIDKCHHEM PYYKH YIpaBlICHHs Ha ce0s HAadaTh BBIBOJL
camolieTa B FOPU30HTaNbHbBIN nojer. [Ipy BbIBOJE M3 MUKUPOBAHUS IUIABHO YBENWYUTH OOOPOTHI BUraTeis A0
MakcuMalbHbIX. [leperpyska npu BeIBOIE HE JOJDKHA ObITH Oosiee +5 mis camonera SIk-52 u +9 - st camonera Sk-
55.

le/l BbINNOJIHCHUH NUKUPOBAHUA HE NOIIYCKATDb:
PE3KOro NBMCHCHUA 060pOTOB JABUTIaTCIIA,

MOHIKEHUST TeMIIepaTyphl TOJOBOK IMIMHApOB asurarens meHee 120°C m temmepaTypbl BXOMAIIETO
Macna B asurarens Hike 40°C;

HETIPEepBIBHOM paboTHI ABHUTaTesns Ha oboporax 6onee 83% B Tedenue 6osiee 1 MUH.

[Tpn BBINOJHEHUHM NHKUPOBAHUS HEOOXOAMMO IIOMHHUTH, YTO HAJMYUE KPEHOB M BpAILEHMS caMoleTa
BOKPYT IPOJOIBHOM OCH, BBI3BAHHOE OTKJIOHEHHEM PYJIsl HAIlPABJICHUS WM 3JIEPOHOB, MOXKET MPUBECTH K BXOIY
camoJsieTa B KpyTylo cnupaibs. BenencTBue dero caMosieT ¢ TPyAOM BBIXOAUT U3 NHUKHpoBaHUs. ClenoBaTeNnbHO,
€CII CaMoJIeT HE BBIXOAMT W3 NMUKUPOBAHMS, HEOOXOJMMO NPOBEPUTH - HET JIM KPEHa, HE BOLIENT JIM CaMoJIeT B
KpyTyto crnupanb. KOHTpOJIb NMPOM3BOAWTH NMO BHUAMMBIM dacTsAM (oHapsi KaOWHBI caMojeTa M IOJYKPBUIBEB
OTHOCHTEJIEHO TOPH30HTA (Ha camouieTe SIk-52 Takske 10 aBHarOpU30HTY M YKa3aTelro MOBOPOTA U CKOJIBKEHHS).

Jig BbIBOJa camojieTa M3 KpyToil cnupaiu HeoOXOAMMO CHadaja yOpaTb KpeH, a IOTOM BBIBOJUTH
caMoJeT U3 MUKUPOBaHUS.

XAPAKTEPHBIE OIIUBKU ITPU BBINTOJTHEHUU TMKUPOBAHUSI:
IPU BBOJIE B MUKHPOBAHKE C Pa3BOPOTa HE COONIIOAETCA KOOPAMHALNS JIBIKCHUHN PYIIAMUY;
MepeTATHBAHNE PYUYKH YIPABICHUS Ha Pa3BOPOTE MPUBOIUT K IIOTEPE CKOPOCTH;
pe3Kast 0OTAa4a pyyKH yIpaBIieHHUs OT ce0sl - BBOJ MPOU3BOIUTCS C OOJIBILION OTPUIIATENILHOM Neperpy3KoH;
PE3KHE ABMKEHUS PYJISIMH YIIPABICHHUS BO BPEMs MIMKUPOBAHUS - HE COXpPaHAETCS YroJl TMKUPOBAaHUS;

B IIPOLCCCE MUKUPOBAHUSA HEC KOHTPOJIUPYETCA MOJIOKCHUC CaMOJICTA IO aBUArOPHU30HTY (Ha camoirere Sk-
52), TMOJIOKCHUIO MMOJTYKPBUILEB U BUIUMBIX yacTell KaOMHBI caMOoJjIeTa OTHOCUTEILHO TOpU30HTA,

IMUKHUPOBAHUE BBIITOJIHACTCA C KPEHOM HJIX YIJTIOM, HE COOTBETCTBYIOIINM 3aJaHHBIM

HE KOHTPOJHUPYETCS BBHICOTA MPH MUKUPOBAHUH - BBHIBOJ M3 MUKUPOBAHUS IPOU3BOIUTCS HA BBICOTE HIKE
3aJIJaHHOM;

PE3KHi BBIBOJ] M3 NUKUPOBAHUS C IEPETATUBAHUEM PYUKH YIPABICHHS - BOSHUKAIOT OOJIBIINE MIEPETrpy3KH;

3aMeJUIeHHBIN BBIBOJ M3 NMUKUPOBAHHA - OOJBIIOE HApAaCTaHWE CKOPOCTH CaMoJieTa W OOibIIas moTeps
BBICOTHI;

BbIBOJ M3 NUKHUPOBAHUS [IPOU3BOJUTCS C PA3BOPOTOM - YBECIIMYMBACTCA NOTEPS BbICOTHI HA BBIBOJC.

I'OPKA

T'opKa-3>T0 KPaTKOBPEMEHHBIH MOBEM C LIENBI0 OBICTPOro HabOpa BBICOTEHI.

['opka cOCTOUT M3 TPEX JIEMEHTOB: BBOJI, IPSIMOJIMHENHHBIH yyacTok, BeIBOJ (Puc. 21).

Puc. 21 Cxema cun, oeiicmayrouiux Ha camosem Ha 2opKe
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BBOJ B I'OPKY

IIycts caMoner J€TUT FOPU3OHTAIBHO, NMPH 3TOM BCE CHUJIBI, JEHCTBYIOIIUE HAa CAMOJIET, HAXOJSITCA B
paBHOBecuH. Jlnsi BBOJa caMoJeTa M3 TOPU3OHTAJBHOTO TIOJIETA B TOPKY HEOOXOOMMO  CO37aTh
HEHTPOCTPEMHUTENBHYIO CHIIy, WCKPUBIIAIONIYIO TPAEKTOPUIO TOJeTa BBEpX. VICKpWBIIEHWE TpPaeKTOPHM MOJeTa
BBEPX JIOCTHTAETCsl TIABHBIM OTKJIOHEHHEM PYYKH YIPaBICHUS Ha ce0sl, TEM CaMbIM YBEJIMUMBACTCS YTOJ aTaKHU H,

KaK CJICACTBUEC, YBCIIMYUBACTCA NOAbEMHAA CUJId, KOTOPasi CTAHOBUTCS 0oJIblIIE Beca caMoJjieTa (HpI/I MaJIOM yTriJIie 8)

WM ero coctapisromend G cos 0. Iox neiicTBHEM HEHTPOCTPEMUTENBHON cuibl FycY - G cos 0 TpaeKTopus MoJeTa
HCKPHBIISETCA BBEPX (B BEPTHKAIBHON IIIOCKOCTH). [Io Mepe HCKpHUBICHHUS TPACKTOPHUU BBEPX CYMMa TOPMO3SIIINX

cun (X+Gsin 0 >P) craHOBUTCS OONBIIE TATH CHIOBOW YCTAHOBKHM W CKOPOCTH HAa4HET OBICTPO ManaTh, HTO
NPHUBEACT K NaJCHHUIO IOXbEMHON CHIIBEL. [109TOMY IpH BBOJE pydKa yIpaBJICHUS JOJDKHA OTKIOHATHCS [TOCTEIEHHO
Ha ce0s1, COpa3MEePHO YBEIMUCHHUIO YTiIa TPACKTOPHH TOPKH.

Ilpamonuneinstii yuacmok zopku. Ilo OCTIKEHHWH 3aJaHHOTO YIJla TOPKH HEOOXOIUMO pYUKY
yIpaBJIeHUs 3a7ep>KaTh M OTAATh HEMHOTO OT celsl, C LENBI0 MPEeayNpeKACHHs AalbHEHNIero yBeIHMYCHUs yriia

TaHT'a)ka 9 .

Ha npsmonnHEeHHOM ydYacTKe TOpPKH CKOPOCTh YMEHBIIAETCS, CIECJOBATEIbHO, YMEHBIIAECTCS MOABEMHAs
cuna. IToaToMy MpONOpLUHOHATBHO YMEHBIICHHUIO CKOPOCTH HEOOXOIMMO YBEIHYUTH YTJIBI ATaKH - IOJIBEMHYIO

CUITy JUIl COXPAaHEHHUs yCIOBUS NPSIMOIUHENHOCTH IBUXKEHUs - V-G cos 0=0.

BbIBOJl CAMOJIETA U3 I'OPKH

s BeIBOZA caMoiieTa M3 TOPKH HEOOXOAMMO CO3/aTh LEHTPOCTPEMHUTEIBHYIO CHITY, MCKPUBIISIOLIYIO
TPaeKTOPHUIO I0JIETa BHU3 B BEPTHKAIBHOU IIOCKOCTH. [l 3TOr0 HE0OXOAMMO PYYKY YIpPaBIEHUS OTKIOHUTH OT
ce0si ¢ 1eTIbI0 YMEHbBIIECHUS YIJIOB aTaKH - TOJJbEMHOM CHIIbI, YTO BBI30BET MOSIBJIEHHE LICHTPOCTPEMUTEILHOM CHIIbI,

BEJIMYIHA KOTOPO# nMeeT oTpunatensHoe 3HaueHue (Pi.c=Y-Gcos 0 ).

BriBox U3 TOpkHM B TOPU30HTAIbHBIN MOJIET NMPOU3BOAUTCS C meperpyskodl or +1 mo -3 u mo BpeMeHH
MPOAOJIKUTENIEH, YTO MOXKET MPUBECTU K IOTEPE CKOPOCTU U CPHIBY B IITONOP. Y MEHBIIEHUE CKOPOCTU Ha BBIBOJE
NPUBOJUT K CHIKEHHIO 3()(EKTHBHOCTH IPOIOJIEHOTO YIPABIEHHS M YMEHBIICHHIO IPOJOJIBHON YTIIOBOM
ckopocTH. [103TOMy BBIBOZ 13 TOPKH JOJIDKEH OBITh SHEPTUYHBIM, HO HE PE3KUM.

Ha camornerax fIk-52 u SIk-55 BbINOJIHEHHE TOPKHU KPAaTKOBPEMEHHO U IBM)KEHUS PYUKOH ympaBieHus (Ha
ceOst 1 OT cels1) CICIYIOT MOYTH OJHO 3a APYruM (¢ MHTEpBajoM He Oojee 8 ¢). [loaToMy HEOOXOAMMO YYUTHIBATH
BIIMSIHAE TUPOCKONINYECKOT0 MOMEHTA BO3yLIHOIO BUHTA IIPU OTKJIOHEHUSX PYUKH yIPaBJICHUS.

IIpu BBOZE B TOPKY TMPOCKONNYIECKAH MOMEHT BO3AYITHOTO BUHTA CTPEMHUTCS Pa3BEpHYTh CaMOJIET BIEBO,
3TO OTKJIOHEHHE HEO0OXOIUMO MaprupoOBaTh OTKIIOHEHHUEM IIPABOH Iealu.

IIpu BBIBOmE W3 TOPKM B €€ BEpXHEW YacTH, KOTJIa CKOPOCTh 3HAYUTENHHO YMEHBINWIACH, BIHSIHUE
PEaKTHBHOTO MOMEHTA BO3AYIIHOTO BHHTA CKa3bIBAaeTCA B OOJNBINEH CTEIEHH. DTOT MOMEHT CTPEMHTCSI HAKPCHUTh
caMoJIeT BIPaBO, B 3TO BpeMs pydKa VIPABICHUS OTHACTCS OT ce0sl U THPOCKOMUYECKHH MOMEHT CTPEMHUTCS
pa3BepHYTh CaMOJIET TOXKE BIpaBo. TakuMm oOpa3oMm, B BepXHEH TOYKE TOPKH Yy CaMoOJIeTa €CTh TEHACHIUS
Pa3BepHYTHCSA M HAKPEHUTHCS BIIPABO - 3TO HAKPEHEHHE M Pa3BOPOT MAPUPYIOTCS OTKIOHEHHEM JIEBO ITeai.

B yueOHBIX mensx Ha camonerax k-52 u Sk-55 ropka BEINOJNHACTCS NPU CISTYOIUX CKOPOCTSIX: BBOJ -
300 km/4; Hagano BeBoAa- 170 KM/4; BEIBO B TOPH3OHTAIIBHBIN TONIET - He MeHee 140 km/4.

TEXHUKA BBIITOJHEHNWS I'OPKHA
BBonx B ropky npousBoaurcst Ha ckopocty 300 km/u.

Ilepen BBOZOM B TOPKY OCMOTPETH BO3ZYIIHOE MPOCTPAHCTBO, OCOOEHHO B HAIIPABICHHH BBIIOJIHECHUS,
yOeuThCsl, YTO OHO CBOOOJHO. B TOpU3OHTAJIBHOM MOJIETE WM CHHXKSHHUH YCTaHOBUTH ckopocTh 300 km/4 mpu
obopotax neurarens 82% W MOJHOM HaJlyBe. 3aTeM IUIaBHBIM JBIDKCHHUEM PYYKH YIpaBJCHUs Ha ce0si co3aarh
3aJJaHHbII Yrojl HaKJIOHA TPACKTOPHH, 3a)MKCUPOBATh €0 HE3HAYMTEIBHBIM OTKIOHEHHEM PYYKH YIPaBJICHUS Ha
ce0s1. YToJ1 Hak/IoHa TPAEKTOPUU KOHTPOJIMPOBAThH MO BUANMBIM 4YacTsM (oHaps KaOMHBI caMoJieTa U MOJYKPbUILEB
OTHOCHTEJIEHO TOPH30HTa (M [0 aBHAaropu3oHTY Ha camodiere SIk-52). BriBoa W3 TOpKM HAauMHATH MO JOCTHKECHUH
ckopoctr 170 kM/4 oTaadel pydkn ynpasieHHs oT ce0si, He MeHss pexkuMa paboTsl asurarens. [lepeBos camonera
B TOPH30HTAJIBHBIH TOJIET JI0JDKEH OBITH 3aKOHYEH Ha cKopocTH He MeHee 140 km/d.

[Tpn BBINOJHEHWU TOPKH HEOOXOJMMO YYHTHIBATH PEAKIMIO U TUPOCKOIHMYECKU MOMEHT BO3/YLIHOTO
BuHTA. [Ipy BBOJIE B TOPKY pyuKa YNpaBieHHsl OTKIOHAETCS Ha ce0sl, cCaMOJIET CTPEMHTCS Pa3BEPHYTHCS BIEBO, TOT
Pa3BoOpOT HEOOXOAMMO KOMIICHCUPOBATh OTKJIIOHEHHEM IpaBoil nepanu. [lo Mepe yMeHBLIEHUs] CKOPOCTH 3a CHET
peakuuy BHHTA CaMOJET CTPEMUTCS HAKPEHHUTHCS BIPaBO. DTO CTPEMIIEHHE HEOOXOAMMO KOMIIEHCHPOBATh
OTKJIOHEHUEM JIEBOH Meaau.

IIpn BeIBOmE camoieTa M3 TOPKM 3a CUCT OTJAYM PYUYKH YMNPABICHUSA OT ceOsl MOSBISETCS MPaBbIi
Pa3BOpaYUBaOIIUNA MOMEHT, KOTOPBII IapUPYETCsl OTKJIIOHEHUEM JIEBOU NEJAJIN.
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XAPAKTEPHBIE OTKJIOHEHHUA 1 OIIUBKHA ITPU BBINTOJTHEHUUN I'OPKH:

pe3Kuii IepeBox camosieTa B HAaOOp BBICOTHI - OOJBLIME TEPErpy3KH M IPEXIEBPEMEHHas IOoTeps
CKOpPOCTH, MaJ HaOOp BHICOTEI,

HE KOHTPOJHMPYETCS U HE BBIJICPIKUBAETCS YTOJI HAKJIOHA TPAEKTOPUU TOPKHU MO BUIUMBIM YacTsIM (QoHapst
KaOWHBI caMoJIeTa U MOJIYKPbUIbEB OTHOCUTEIBHO TOPU30HTA U 110 aBHArOPU3OHTY:

Ha4vaJio BbIBOJIa U3 TOPKHU Ha MEHBIIIEeH CKOPOCTHU WUJIM MEUIEHHOE OITYCKaHHE KalloTa caMoOJI€Ta Ha JIMHUIO
TOPHU30HTA - YMEHBIICHNUE WM ITOTEPSA CKOPOCTHU Ha BBIBOJEC.
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OUI'YPBI CJIOKHOI'O ITMJIOTAXKA

BOEBOWM PA3ZBOPOT

Boesvim pazeopomom HazbiBaeTcs ObICTpBIA pa3BopoT Ha 180° ¢ HaGopom BBICOTHL. boeBoil pasBopoT
ABJIACTCA OJHUM H3 BUAOB MAHCBPUPOBAHHA CaMOJI€Ta. HpI/IMeHﬂeTCH npu HCOGXO}II/IMOCTI/I 6])ICTpO U3MECHUTH
HarpasjeHue nonera Ha 180° u omHOoBpemeHHO HaOpath Bbicory (Puc. 1). HaGop BbICOTBI NpH BBIIOIHEHUU
00eBOro pa3BopoTa IMPOU3BOJMTCS B OCHOBHOM 3a CYET 3alaca KWHETHYECKOH SHepruM ABMXKeHHs (3araca
CKOpPOCTH).

Hdnst  BelnonHEHHsT OOEBOro pa3BopoTa HEOOXOAMMO Ha 3a/IaHHOW CKOPOCTH BBOJA  CO3/aTh
LEHTPOCTPEMHUTENBHYIO CHJIy B FOPH30HTAILHONH M BEPTHKAJIBHOM IUIOCKOCTSX, Pa3BOPAYMBAIOLIYIO CAMOJIET I10
3alaHHOM TpaekTopuu. st 3TOro HEOOXOIUMO OTKJIIOHHTH PYYKY YIIPaBICHHS Ha ceOs U B CTOPOHY pa3BOpOTa,
OJIHOBPEMEHHO OTKJIOHSS Teallb B CTOPOHY Pa3BOPOTA, T. €. SHEPIrHYHO BBOJAUTH CAMOJICT B IIyOOKHIA Pa3BOPOT Ha
norbeMe. [1o Mepe morbeMa KpeH yBeITMUUBACTC S, a PainyC pa3BopoTa ymeHbInaercs. [Ipu passopote Ha 120° kpen
CTaHOBUTCS MAaKCHUMAaJbHBIM. B 3TOT MOMEHT Uil yMEHBIIICHUS [ICHTPOCTPEMUTEIFHON CHIBI B TOPH30HTAIBHON H
BEPTUKAJIBHOH IIOCKOCTSIX HEOOXOUMO HAYaTh OTKJIOHATH PYyYKY YIIPABICHUS B CTOPOHY, OOpPaTHYIO pa3BOpOTY, U
0CJIa0HUTh HAKUM HA BHYTPEHHIOIO ME/alb, & MPU HEOOXOAUMOCTH OTKIIOHUTH MPOTHBOIMOJIOKHYIO Te/alb C TAKUM
pacderom, 4ToObI CAMOJIET MPH MOJHON YOOPKE KPEHa BBIIIE TOYHO Ha BEIOPAHHBINA OPUCHTHD.

[TapameTpsl 0O0eBOro pasBopoTa (BBICOTA, CKOPOCTH M BpEMs)) BO MHOIOM 3aBHCAT OT MaHEPHI
MUIOTHPOBAHUS U B IEPBYIO Odepelb OT MEperpy3kKd n, M yrna KpeHa y. Uem MeHblIe meperpyska Ha 60eBOM
Pa3BoOpPOTEC, TEM MEHBILIC YIJIOBass CKOPOCTh BpallICHUA U TEM GOHIJH_IC BpPEMs BBITIIOJIHEHHUA Pa3BOpPOTA.

VYBenuueHne KpeHa OpU 3aJaHHOW IMeperpy3ke MNPUBOJMT K CHIDKEHHIO Temna Habopa BbICOTHL B
3aBUCHMOCTH OT BEJIMYMHBI KPEHA CaMOJIET BMECTO OOEBOT0 Pa3BOPOTA MOXKET BBIMOJIHUTD NETIIO (TIPH MAJIOM yTiie
KpEeHa) WU BHpaX (IIpH OOJIBIIOM yTJiIe KPEeHa).

Iepen 6OeBBIM Pa3BOPOTOM MOI'YT CTOSTH 3a[@Yd: MAKCUMAJbHBIH HAOOP BBICOTHI MM MHHHMAIIbHOE
BpeMsi pa3BopoTa.

O6e 3aJa41 OJHOBPEMCHHO BBITIOJITHCHBI OBITE HE MOTYT.

Ecmu mpu pasBopote Ha 120° kpen sHepruyHo moBexeH a0 70..80°, To pa3BopoT Oyner OBICTPHIM IO
BpeMeHH (IUIOCKKUM), @ HAOOp BBICOTHI OyeT Mall. DTOT pa3BOPOT HA3BIBACTCS YePe3 ILIEHO.

3HaYUTENBHBIH HA0OP BBHICOTH JOCTHTACTCS MOCTOSHHBIM yBEeNHYeHHEeM KpeHa 1o 60° u yrima Habopa 1o
40...50°, mocTUraromuX CBOEr0 MaKCHMAIILHOTO 3HaYeHUs Ipu pa3BopoTe Ha 120°. ITocie gero kpeH u yron Habopa
YMEHBIIAIOTCSL.

I'nmaBHOE npeuMyneCTBO 060eBoro pa3BopoOTa nepea OOBIYHEIM Pa3BoOpoOTOM COCTOUT B TOM, YTO CaAMOIJICT,
pa3BoOpavYnBasiCh, B TO )K€ BpEMs Ha6npaeT BBICOTY.

Jpyroe mpenmymiecTBO 60EBOr0 pa3BOpOTa COCTOMT B TOM, YTO OH ITO3BOJISIET ObICTpee, YeM OOBIYHBII
Pa3BoOpOT, M3MEHHUTH HANPaBJICHUE I10JIETa HA 0OpaTHOe.
Y]

V=140 xmy
A

50 .J50m
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o

Puc. 1 Cxema cun, oelicmeyrowux Ha camoiem npu 60eeom pazeopome

TEXHUKA BBIITIOJTHEHHUS BOEBOI'O PA3BBOPOTA

BoeBoii pa3Bopor BemonHseTcst Ha ckopocTtr 300 kM/4, 000poTs! nBurarens 82 %, HaAIyB ITOJIHBIH.
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Ilepen BBOZOM B 00€BOM Pa3BOPOT HEOOXOIMMO OCMOTPETH BO3IYIIHOE MPOCTPAHCTBO, yOEAWTHCS, UTO
OHO cBOOOZHO. HaMeTuTh OpueHTHp AJsl BbIBOJAA. YCTaHOBUTH CKOpPOCTh mo mpubopy 300 km/4 mpu oboporax
neurarens 82 % u mosHOM Haanyse. [laBHBIM ABMIKEHHEM PYYKH YIIpaBieHHs Ha ce0si U B CTOPOHY OOEBOTO
pa3BoOpoTa C OJJHOBPEMEHHBIM JIBIXKCHUEM IEeJalld B Ty )K€ CTOPOHY co3jarh yroi kabpupoBanus 10...15° u xpeH
10...15° ¥ KOOPIMHHMPOBAHHBIMH [BYKCHHUSMH PYJISIMH YIpPaBJICHHsS BBECTH CaMoOJIET B pa3BOpPOT ¢ Habopom
BBICOTHI.

Temn BBozIa B 00€BOW pa3BOPOT JAOKEH OBITH TaKMM, 4TOOBI Mocie pa3Bopora Ha 120° camoneT umen
kpeH 60° u yron moxsema 40...50°, mpu nanpHeieM pa3BopoTe yAEPKUBATh ATO MOJIOKEHHE. Pa3BepHyBIINCH Ha
150° (3a 30° no opueHTHpa BbIBOA) KOOPAWHUPOBAHHBIMU JBIDKEHUSIMU PYUKH YIIPABICHUS U Mefajiel B CTOPOHY,
MPOTUBOIIOJIOXKHYIO Pa3BOPOTY, HauaTh BBIBOJ CaMoOJIeTa U3 Pa3BOpOTa C TAKUM PAaC4eTOM, YTOOBI CKOPOCTh NP
BBIBOJIC ObUTa He MeHee 140 km/u.

[Ipu BbIBOJE CHEIUTh 32 OJHOBPEMEHHBIM YyMEHbBIIEHHEM Yriia Habopa BBICOThI, KpeHa W YIJIOBOM
CKOPOCTH.

[Tocxne BeIBoza camosiera u3 00EBOr0 Pa3BOPOTa B TOPU3OHTANIBHBIN MMOJIET HEOOXOAUMO yOpaTh HaALYB 10
3aJJaHHOTO.

XAPAKTEPHBIE OIIUBKU ITPU BBITIOJIHEHUU BOEBOI'O PA3BOPOTA:
Majla CKOpOCTh BBOJIa B O0€BOM Pa3BOPOT - CaMoJIeT OBICTPO TEPSIET CKOPOCTh;

Ha BBOJE B 0OEBOW pa3BOPOT MpPH MaJOM KpEHE H3JIHIIHE OTKIOHSETCS pydKa yHpaBiIeHHS Ha cels -
Pa3BOPOT MPOUCXOANT C OOJIBIIUM YIIIOM Habopa 1 mOTepeil CKOPOCTH BO BTOPOI MOJIOBUHE,

B HayaJie pa3BOpOTa W B MEPBOH €ro MOJOBHHE HEAOCTATOYHO OTKIIOHSETCS NMEAalb U Majo OTKIOHEHHE
PYUKH yIIpaBiIeHHS Ha ce0s - BsUTbIN BBOJ B 00€BOH pa3BOPOT, Majla yIiIoBasi CKOPOCTh BPALICHUS CaMOJIETa;

HEKOOPIMHUPOBAaHHBIE NEHCTBUS PYJSIMU YIPABICHUS NPH pa3 BOPOTE - Pa3BOPOT MPOUCXOTUT C 3aHOCOM
XBOCTA WJIM CKOJIBXKEHUEM Ha KPbUIO;

BEJIUK KPEH Ha Pa3BOPOTE - IPOUCXOJNUT CKOJILKEHHE Ha KPBIJIO ¥ MaJl HA0Op BBICOTHI,
BBIBOJI 13 OOEBOTO Pa3BOPOTa IPOUCXOANT C OOJIBIINM YTJIOM - BO3MO>KHA TIOTEPSI CKOPOCTH;
MEepeTATUBaHNe PYUYKH YIPABIECHUS BO BTOPOI IMOJIOBHHE Pa3BOPOTA - BO3MOXKEH CPBIB B IITOTOP;

nocyie pa3Bopora Ha 120° He KOMIIEHCHpYETCS BIHMSHHE PEakIMH W THPOCKOIMYECKOTO MOMEHTa
BO3JIyLITHOTO BUHTA - CAMOJIET CTPEMUTCSI YBEIHIHUTh KPEH.

[Ipu BbImosHEHNHM OOEBOTO Pa3BOPOTA CIIEAYET YUYUTHIBATh, YTO BHELIHSS ITOJIOBMHA KPBUIA JBIIKETCS
ObIcTpee, YeM BHYTPEHHSIS.

BcenenctBue pasHOCTH NMOABEMHBIX CHII IOIYKPBUIBEB BO3HHMKAET MOIEPEUHBbI MOMEHT, ACHCTBYIOLIUI B
CTOpOHy yBeJ'Il/ILIeHI/I)I erHa, qToO HpI/lBOZLI/IT K yBem/lqumo KpI/IBI/I3HLI TpaeKTOpI/ll/I B FOpI/ISOHTaHbHOﬁ IIJIOCKOCTHU
YBEJIMYCHUIO HEYypPaBHOBEUIEHHOH LEHTPOCTPEMUTEIbHOW CHIbI Y Sin y M YMEHBIICHHUIO €€ B BEPTUKAILHON

IUTIOCKOCTH BCJIEICTBHE YMEHBIICHUS IIEHTPOCTPEMHUTENBHON CHIIBI Y COS Y Geos . Takoe nepepacnpenencHme
HEHTPOCTPEMUTEIBHBIX CHJI SIBISETCS OOHOM W3 NPWYMH yMEHBIICHUS NPUPAIICHUS BHICOTHI. YYHUTHIBas 3TO,
HEOOXONMO CIIEANTH 32 U3MEHEHHEM KpPEeHa, JOIyCKas ero yBeIHYEeHHE B CTPOTOM COOTBETCTBHHU C yBETHYECHHEM
YIJI0B TaHTa)ka M pa3BoOpPOTa CaMoJIeTa B TOPU30HTAIBHOM IIIOCKOCTH.

[Ipu paHHEM yMEHBILICHUU KPEHA BO BTOPOU MOJIOBHHE OOEBOr0 pa3BOpOTa, COXPAHEHHH OOJBIIIOTO yria
Habopa M MaJod YIJIOBOM CKOPOCTH IMPOUCXOAUT OBICTpasi MOTEps CKOPOCTH. B 3TOM ciyuae HE0OXOIUMO
OTKJIOHHTH 3JIEPOHBI, TEM CAMbIM YBEJINYUTh KPeH. KOOpIMHUPOBAHHBIM JIBXKEHUEM PYUKH YIIPABJICHHS U Meaanei
MOJIBECTH KAaIlOT CaMmoJieTa K FOPHU30HTY, MOCJE Yero BHIBECTH CaMOJIET M3 KpeHa B TOPH30HTAIBHBIN IOJIET, HE
JIOIyCKasl MoTepu ckopocTu MeHee 140 km/4.

JanHas omrOKa HCHpaBIIsIeTCsl TOJIBKO BBHIBOAOM CaMoJieTa U3 00€BOro pa3BopoTa HE3aBUCHMO OT TOTO, Ha
CKOJIBKO I'PaZyCOB OH Pa3BEPHYJICH.

VYBenuuenne kpeHa Oosiee 60° CHMXKAET BO3MOXKHOCTH MaKCHMaJbHOTO Habopa BBICOTHI 32 OOEBOM
Pa3BOPOT U 3aTPyJHSCT BeACHUE OpUeHTHPOBKH. Eciu kpeH yBemuumiics 6onee 60°, To cieayeT ero yMeHbIIUTh U
NPOOJIKATH BBIMOJHEHNUE OOEBOr0 Pa3BoOPOTA.

BOYKA

Ynpaensemas 6ouxka - ¢urypa nunortaxka, NpU BBIIOJIHEHWH KOTOPOM CaMoOJIET IOBOPAaYMBAETCS
OTHOCHTEIIEHO TIPOAOIIbHOM och Ha 360° ¢ coxpaHeHHeM o01ero HanpasieHus nojiera (Puc. 2).

VYopapnsiemple OOYKHM pPa3IM4alOT IO CKOPOCTH BpAIICHUs Ha OBICTpbIC M 3aMeUICHHBIC. Boukw,
BBIMOJIHSAEMbBIC Ha OOJIBIINX CKOPOCTSIX M OKOJIOKPUTHUYCSCKHUX YIJIaX aTaKH, Ha3bIBAIOT IITOMOPHBIMU OOYKaMHU.

BoYky MO TOMOXKEHHWIO OCH BpAIICHHS OTHOCHTEIHHO TOPH30HTA MOAPA3ZCISAIOT Ha TOPHU3OHTAIBHBIC,
BOCXOJISIINE, HUCXOMAIINE; IO KOJWYECTBY BPAIICHUU - OOUHAPHbIE, ROJYMOPHbIE, O0GOlHblIE, MPOIHbIE,
MHo2okpamuete. [Ipy BpallleHUH yIPaBIsieMOi 00YKK BO3MOXKHA (hUKcalys B Jr000M mosoxkeHuu (depes 45°, 90°,
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180°, 120°). YmpaBnsemass O0o4ka BBIMOIHIETCS 32 CUET OTKJIOHEHHS 3JIEPOHOB, MPH MOMOIIM KOTOPBIX JIETIHK
MMEET BO3MOXHOCTb PETYIHPOBATh yIJIOBOE BpamieHne. OTKIOHSSA 3JI€POHBI, JIETYUK CO3JaET PA3HOCTh MOJbEMHBIX
CWJI NOIyKpbUIbeB. Co3aeTcst MOMEHT MX, KOTOPBII HaUMHAeT BpalaTh camoieT oTHocuTensHo ocu X (Puc. 3).

OCHOBHOE yCIIOBHE NPSMOIMHEHHOCTH BBINOJHEHUS] OOUYKM SBISIETCS PABEHCTBO MOJBEMHOM CHIIBI
camorera u ero Beca (Yp=G). [lompemHas cmia YR camosera sBIsSeTCS CyMMOH MPOEKITNA OAbEMHON CHIIBI Y| |
0OKOBOI1 cuitbl Z, co3aBaeMoil (hro3eiisikeM M BEPTHKAIBbHBIM ollepeHreM Ha och Y. JIJist Toro 4ToObl 3TO yclioBUE
COXpaHsUIOCh Tpu moBopote Ha 90° u 270°, HEOOXOMMO OTKIIOHCHHEM COOTBETCTBYIOIICH IMEHaan OTKIOHUTH OCh
camoJieTa OT OCH HaIlpaBJICHHs BHIOJIHEHHSI OOYKH Ha BEIUUYHHY P.

IIpu sToM Oyner coxpaHATbcA paBeHCTBO Z=G. B mepeBepHYTOM MOJIOKEHUH HEOOXOAMMO OTKIOHHTH
PYUKY yHIpaBiieHHs! OT ce0sl, TeM caMbIM COXpaHsiTh paBeHCTBO YBR=G. [Ipu pa3Boporax Ha 45° OTHOCHTENBHO OCH
BBITIOJTHEHHUS O0YKN HEOOXOIMMO OTKJIOHUTH PYUKY YIIPABICHHS U MEAATb B COOTBETCTBYIOIIYIO CTOPOHY, COXPAHSA
paBerHcTBO Y+Z=G. [leperpy3ka mpH BBIOTHEHUH YIPaBIIEMOW OOYKH HMeeT HeOONBIIyI0 BETHYMHY, OHA

3HaAKOIIEPEMEHHA.
%-@-%}&@

Puc. 2 Ynpasnaemas zopuzonmansvnasn 60uKka

AYnp

Z

AYneb A Yok

AYnp

Puc. 3 Cxema cun, oelicmeyloumux Ha camosiem npu 6bINOJIHEHUU YRPABIAEMOU 20PUZOHMATIbHOT
Oouxu

Yy Y

Puc. 4 Cxema cun, oelicmeyloujux Ha camosiem npu 6bINOJIHEHUU 20PUOHMATIbHOU WMONOPHOU HOUKU

IlImonopnasa 6ouka TpencTaBiIseT cOOOW SHEPrUYHOE BpAIICHHE caMojeTa Ha OONBIION CKOPOCTH U
OKOJIOKpUTHYECKUX yriax araku. IIpum 3ToM cospaercs 1000BO€ COMPOTHBICHHE 3HAUYNUTEIHHOW BENWYMHBI, YTO
MPUBOJMT K 3HAYUTEIBHON MOTEPE KUHETUIECKONW SHEPTUM JBIKEHUS (CKOPOCTh Pe3Ko majaer). Beaencreue atoro



AIPOIMHAMUKA CAMOJIETA 4

II0CJIE MHOTOKPATHOTO BPAILIEHUS CaMOJIeT IEPEXOAUT U3 ITONOpHOH 604k B mronop. [ToatoMmy ckopocTs BBOAA B
IITOTIOPHYIO 00YKY BBIOMpPAETCS U3 YCIOBHS OE30MIACHOTO BBIBOJIA U3 HEE.

DHEepProBoOPYKEHHOCTh M adPOJMHAMUYECKAs KOMIIOHOBKa camosieta SIK-55 IMO3BOJISIOT BBIMOJHSTH B
TOPU30HTE MHOTOKPATHBIE BPALICHHsS C Maloil moTrepeil ckopocTtu. JIisi COXpaHeHHs CKOPOCTH IOCJie BBOA
HEOOXOJMMO PYUKY YIPABICHUS HECKOJBKO OTAATh HA ce0s, TEM CaMbIM YMEHBIIHUTh YIIIbl ATAKH MONYKPbLIbEB H,
KaK CIIeJICTBHE, J000BOe conmpoTuBiieHne. CXeMa paclooKeHHsI CUJI TIPU BHIMIOJIHEHUH OOUYKH TTOKa3zaHa Ha Puc. 4.

TpaeKTopw{ HITOHOpHOﬁ 0ouKHu MMpeACTaBJIACT coboit BUHTOBYIO JIMHUIO, KOTOpasA OTKIIOHACTCA OT OCHU
OOUYKH Ha pacCTosiHue, 3aBUCAIICC OT KOJIMYCCTBCHHOI'O ABWIKCHHSA PYYKHU YHNPABJIICHHSA Ha cebs u or CKOpOCTU
BBIITIOJITHCHHS, a TAK)XKE OT KOJITHYECTBA BpaH.[CHPIfI.

[Tpn BBINOSHEHUH IUTONOPHBIX OOYEK NPEIBIBISIOTCS CIEAyIOIe TpeOOBaHMS: NPSMOJIMHEHHOCTh U
paBHOMEpPHOCTH BparieHus. [ljisi Toro yToObl caMoJieT Hayal BBIIOJNHATH INTONOPHOE BpalleHHe, HeoOXO0IUMO
BBIBECTH €r0 Ha OOJIBIIME YIJIBl aTakd OTKJIOHEHHEM DY4YKH YHpaBJIeHHs Ha ce0sl, 3aTeM CO3JaThb CKOJbKEHHE
OTKJIOHEHHEM COOTBETCTBYIOLICH MeAany U OTKIOHUTH IEPOHBI B CTOPOHY 3aJaHHOT'O BpPAIlEHUsI.

B pesyinbrare 9THX IeHCTBUIA PYJISIMH YIIPaBICHUS CO3AAETCsl CKOJIBbXKEHUE, CAMOJIET BBIXOAUT Ha OOJIbIIUE
YIUIbl aTaKU, IPOUCXOAUT PE3KOE YBEIIMUYEHUE I0JbEMHOM CUJIBI HA BHELIHEM IIOJIYKDBUIE U €€ PE3KOE YMEHBIICHUE
Ha BHYTPEHHEM noiykpbule. Co31aeTcsi MOMEHT CHJI OTHOCUTENBHO OCH X:

Mx, = Mx,, + Mx, + Mx,, (2.1

rae Mxg - MOMEHT, BpalllaloIUil CaMOJIET OTHOCUTENIBHO OCU X;
MX 57- MOMEHT OT 3JIEPOHOB;

MXck - MOMEHT OT CKOJIbXKCHUS,

MX; - MOMEHT, CO31aBa€Mblil IPOEKLUMEN OIBEMHON CHIIBI Ha OCh X.

TEXHHMKA BBIIIOJTHEHUS YIIPABJISIEMOM BOUKH

Ynpaensemas 6oukxa Bemonnsercs Ha ckopoctd 230 kMm/4, 0oOopoTsl nBuratenst 82 % IpH MOTHOM
HaJJTyBeE.

[Tepen BBOZOM caMojeTa B YIPaBIIIEMYI0 FOPU30OHTAIBHYIO OOUKY OCMOTpPETh BO3AYIIHOE MPOCTPAHCTBO,
NPOBEPHUTH, CBOOOJHO JIM OHO. HameTHTh OpHEHTHp, OTHOCHUTEIHHO KOTOPOTO OyIeT BBHINOJNHATECS Oouka.
YcranoButh ckopocts 230 km/4. Co3nath yron kabpuposanust 10...15° oTKIIOHEHHEM PYUKH YHpaBJIeHHs Ha ceOs.
3ahuKcUpoBaTh ATO IMOJIOXKEHHE HE3HAUYNTEIbHBIM OTKIOHEHHEM PYYKH YIpaBieHUs OT ceds. 3aTeM SHepruiHbIM
JBIDKCHUEM PYUKH YNPABICHUS B CTOPOHY BBINOJHEHWS OOYKM HAdaTh BPAIIEHHE CaMOJIETa BOKPYT MPOIOJIBHOMN
ocH, IOMOTast BPAIlEHUIO HE3HAYNTEIBHBIM OTKJIOHEHHEM IIE/IJIN B Ty K€ CTOPOHY.

Kak TOJBKO caMoOJIeT NOCTHTHET KpeHa 45°, He 3amelisisi BpallleHHs, HadyaTh CJIeTKa OTAaBaTh PYYKY
YIOpaBJICHUS OT ce0s s MPEAyNPexICHU yX0a caMoJieTa B CTOPOHY (IIPU MOJIOKEHUH Ha «HOXKE») M OIyCKaHUS
KaIoTa B IePEBEPHYTOM MOJIOKCHUU.

B nonoxennn Ha «HOXke» (90 1 270°) HEOOXOTUMO OTKIOHATH BEPXHIOIO MEAalb I yACPKAHUS KarmoTa
BbIIIC JIMHUU T'OPHU30HTA.

B niepeBepHyTOM TIOJIETE MEATH HAXOAATCS B HEHTPAJIHHOM IOJIOKESHUH, YTOOBI CAMOJIET HE OTKIIOHSUICS
OT OpPHUEHTHUPA.

IMocne mocTmXeHHS MEPEeBEPHYTOrO MOJIOKeHHUs HeoOxoaumo 3a 60...50° 10 BeIXOJa B TOPH30HTAIBHBIN
HOJIET yAEPKUBATh KaloOT CaMOJIeTa OT OIyCKaHMs HMXE FOPH30HTA YBEIMYEHHEM HaKUMa Ha IeJalb B CTOPOHY
BpameHus, a 3a 30...40° - OTKIOHeHnEM PYUYKH YIIPaBICHUS Ha ceOsl.

Kak Tompko camosieT MOAOHAET K TOPU3OHTAIHLHOMY IMOJIOKEHHMIO, PYYKYy YIPaBJICHUS M Tenalb
HEOOXOJMMO OTKIIOHHUTh B CTOPOHY, OOpaTHYIO BpAIICHHUIO, a MOCJE MPEKPAIICHUS BpAIICHUS - MOCTABUTH B
HEUTPaJIbHOE MOJIOKEHUE.

B mpouecce BhmonHEHUS OOYKH CIEOUTH 3a TEMIIOM M PAaBHOMEPHOCTHIO BpAIEHHS, HAIPABICHUEM
10JIETa, IOJIO)KEHUEM KalloTa OTHOCUTENIBHO TOPU30HTA HAa XapaKTEPHBIH OPUEHTHUP U ONPEIEICHHEM MOMEHTa
Hayasia BbIBOJIA.

[Ipr mpaBUIBHOM BBINOJHEHWH OOYKH CaMOJIET BpAIAeTCsl BOKPYT IIPOJOJIBHOM OCH PaBHOMEPHO.
Bcenencreue BnsHUA peakUy BO3AYIIHOTO BUHTA TIpaBas yIpasisieMas 00uka BpamiaeTcs SHEpruIHee, YeM JIeBasl.

XAPAKTEPHBIE OIIIMBKHY ITPU BBIIIOJTHEHUM YIIPABJISIEMOM BOUKM:
MaJl yroJl KaOpupoBaHUs Iiepell BBOJAOM - OOUKa BBIIOIHSIETCS CO CHIDKCHHEM;

OIyCKAaHHE KaloTa HIKE JIMHUM TOPU30HTA B IEPEBEPHYTOM IIOJOKCHHH - M0 OTKIOHCHHE PYYKH
yIpaBJieHus oT ceOsi;

MaJl0 OTKJIOHAETCS Nealb B CTOPOHY BpAIIEHHS - CaMOJIET BpaIaeTcss ¢ OONBIIUM DPAaIUycoM H CO
CKOJIbKEHUEM;
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YXOJ caMoJjleTa B CTOPOHY OT OPHUEHTHpA Ha BBIBOJE - B KOHIIE BPallleHHs PaHO WJIM MHOTO OTKJIOHEHA
pyUKa ynpaBieHus Ha cebs;
HEepaBHOMEPHOE BPAIICHUE - OTITYCKAeTCs pydKa yIPaBJICHUS B IPOLIECCE BPAILCHNUS;

BOPOHKOOOpa3HOE BpallleHHe - 0OJIbIIOE OTKIOHEHHUE Ie/1alIH.

I'OPU30HTAJIBHASA IITOIIOPHAS BOYKA

Topuzonmanvuas wmonopuas 6ouka BwIOAHseTCss Ha ckopoctu 170..190 kM/4 mpu obopoTax
meuratens 82 %. Ilepen BBIMONHEHWEM IMITOMOPHOH OOYKM OCMOTPETH BO3AYIIHOE IIPOCTPAHCTBO, 0CO00E
BHUMaHHE YJAEIHMB HANPABICHHUIO BBIIOJHEHHS OOYKH. YcTaHOBUTH ckopocTh 170..190 km/4 mpu oboporax
nsurarens 82 % W mosHOM HajnyBe. HeGonbImM, HO PHEPrHMYHBIM OTKJIOHEHHEM pPYUYKH YIpaBJIeHHS Ha ceOs
co3math yron kabpupoBanwms, paBHbEIA 10...15°, u, He (QUKCHUpPYS ITOT YroJ, SHEPTHYHO OTKIOHUTH MOIHOCTHIO
nesaab B CTOPOHY BpPAIIEHU O0YKH M OJHOBPEMEHHO OTKJIOHUTDH PYYKY YIPaBICHHS B CTOPOHY BpalIEHUs K 00pTy
KaOHMHBI caMoJIeTa.

B nmpouecce BpallCeHUusl OTKJIOHCHHOC IMOJIOKCHHUE IMeaain U 060p0TBI JABUIaTCiisi HC MCHSATD. Kak toapko
CaMoJICT YCTOﬁqHBO 3aBpalacTcs, pyuka yIpaBJICHUSA OTKIOHACTCS BIEPEH (HO 60pTy) JJI1 YMCHBIICHUS J1000BOrO
CONIPOTHUBJICHHUA.

3a 20...30° no 3aBepuieHUs] OOYKHM HaYaTh BHIBOJ. JHEPTUYHO U OJTHOBPEMEHHO OTKJIOHUTH MENANb H PYUKY
YIIpaBJIeHUS] B CTOPOHY, IIPOTHBOIIOJIOKHYIO BpalleHU0. TeMn U BelndrHa OTKJIOHEHUS PyJed Ha BBIBOJ 3aBHCST
OT TemIia BpamieHus. Yem sHepruuHee BpalleHHE Ha OOYKe, TeM paHbIIe W YHEPrHYHee HEOOXOANMO OTKIOHHTH
PyJb Ha BBIBOJ. Kak TONBKO caMoJIeT NPeKpaTHT BpallleHNne, IOCTaBUTh PYJIH HEUTPaIbHO.

B mpormecce BhImonHEHUS OOYKH CIEOUTH 32 TEMIIOM M PAaBHOMEPHOCTHIO BpAIECHHS, HAIPaBICHUEM
MojieTa W OMpeJesIeHHeM MOMEHTa Hauajla BBOJA. B3risa HampaBisaTh BJIOJb OCH caMoJieTa Ha TOPH30HT,
HE3HAYUTENLHO €T0 OTKJIOHSS B CTOPOHY BpallleHUsI.

HpaBaa IITOTIOpHAA 0OOuKa BBINOJIHIETCS OHEPIruvHEE, UM JIEBaAsA, TCXHUKA BBIITOJIHEHUA OJMHAKOBAs.

XAPAKTEPHBIE OLIUBKH ITPY BBIIIOJITHEHUU IITOIMOPHOM BOYKH:
BSJIOC IBIXKCHUE PYYKOH yIpaBJIeHUs Ha ceOs IIPU CO3aHUU yIiia KaOpHPOBaHUS HA BBOJIC - HET CPHIBA;
00JIbIII0E OTKIIOHEHHE PYYKH YIIPABICHUS Ha ce0s - BsUIOE BpallleHHe U ¢ OOJIBIINM PaJinyCcoM;
HE TIOJTHOCTBIO OTKJIOHSETCS TIeIaib MOcie CO3TaHus yIiia KaOpUpOBaHUS - BSUIOE BpAILlCHHE;
OTIIYCKAIOTCS PYJIM B IIPOLIECCE BPALIEHHS - HEPAaBHOMEPHOE BpallleHHE C 3aMeJUICHHEM;

MPOJIOJKACTCS IBM)KEHHE PYUKHU yNPABJICHUS Ha ceOs MOCiIe OTKIOHEHHS MEAAIHN - BSJIOE HEPaBHOMEPHOE
BpallleHHE C OONBIINM PaJUyCcoOM;

MO3JHsAA Jada pyﬂeﬁ Ha BBIBOJI - BEIXO/ B FOpI/I30HTaHBHLIi/‘I TOJIET C KPEHOM B CTOPOHY BpalllCHHA.

HETJA HECTEPOBA

Ilemna Hecmepoga - durypa muioTaxa, Ipu KOTOPOH caMOJIET BBITOJMHICT IOJIET 10 KPUBOJIMHEHHOU
TPaeKTOPUH B BEPTUKAIBHON INIOCKOCTH C COXpPAaHEHUEM HAIPABJICHHS II0JIETA IOCIIE BEIBOAA.

Ietas 6b11a o6ocHoBana H. E. )KykoBckuMm u BriepBbie BbINoJIHeHa 9 ceHTsops 1913 roga pyceckum
JgerunkoM II. H. HecTepoBbIM, KOTOPBIii sIB/IeTCS] OCHOBOIOJI0KHHKOM (UIYp BbICLIEro MHUJI0TAXKA.

Iletnst mpuMeHseTcs HE TOJNBKO Kak (urypa MHMIOTaxa, a TAaKkKe HMMEET IIUPOKOE NPHMEHEHHE IS
00y4eHHsI YIPaBIECHUIO CAMOJIETOM B YCIOBHUSIX MHTEHCUBHOTO U3MEHEHHUS yIJIa TaHTaXa, EPerpy3Ku, CKOPOCTH U
BBICOTHI TosieTa. KpoMe Toro, 3jeMeHThl IETIIM COCTABIISIIOT OCHOBY JIPYTHX 3BOJIIOLMHU B IOJIETE, a Takxke (Uryp
MIJIOTaXa: IePEeBOPOT, BEPTUKAIBbHBIE BOCBMEPKH U JP.

Iletns cuuTaeTcst npaBUIBLHOM, €CJIM BCE TOUKU €€ TPAEKTOPUH JIEKAT B OJJTHOM BEPTUKAIBHON IIOCKOCTH, a

HOpMaslbHast Tieperpy3ka Ily Ha TPOTSDKEHMH BCETO MaHEBpa OCTAaeTCsl IOJIOKUTENBHOH, HO HE IPEBBIIIAET
MPE/ENBHYIO TI0 CPHIBY B LITONOP MM IITOIOPHOE BpaIlCHHUE.

Ilemnsa - 3TO HE YCTAaHOBUBIIIEECS IBUKEHUE CaMOJIETAa MO KPUBOJIMHEHHON TPAEKTOPUU B BEPTUKAIBLHOU
IUIOCKOCTU TIOJ, JEHCTBUEM MOCTOSHHO CYILECTBYIOLIEH LEHTPOCTPEMUTENbHON cuibl. IlepBas mojgoBHHA METIH
OCYILIECTBIISIETCS 32 CUET 3amaca CKOPOCTU U TATU CUJIOBOM yCTaHOBKU. BTopas - 3a cuer Beca camoiera U TATH
CUJIOBOM YCTaHOBKHU.

CXEMA CWJI U YPABHEHUS IBUKEHUS HA TIIETJIE
Cxema cu, IEHCTBYIOIIMX Ha caMoJIeT B HanboJiee XapaKTepHbIX TOYKax MeTIH, IIoka3zaHa Ha Puc. 5.

Jomyctim, caMoJIeT JeTUT TOPU30HTAIBHO CO CKOPOCTHIO, HEOOXOAMMOM /I BBOA B meTiito. J{Jis BBOJA B
METITII0 HEOOXOIMMO OTKJIIOHHTH PYUKY YIIpaBICHUS Ha ce0sl, yBeNn9InBas TeM CaMbIM yrox ataku. IlogpemHas cuna
YBEIMUMBAETCS W CTAaHOBHUTCA OoJbllle Beca camosiera (IpU MajoM YIJe HUCKPUBJICHHUS TPACKTOPUHU) WU
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cocTaBIsolIei cuibl Beca camornera G cos & (pu GonbIEx yriax Tpaektopuu). [log neiicTBHEM BO3HUKAOUICH
HEHTPOCTPEMUTEIHHON CHIIBI, B Hadaie oHa paBHa Y -G >0 (mpu ManbIxX yriax 0 )u Y-Gceos 0 (ipm OoNBIINX yTIHAX

0 ), cCaMOJIET UCKPUBIISIET TPAEKTOPHIO TIOJIETa BBEPX.
YpaBHeHusi ABUKEeHHUS IPU BBoAe uMeloT BuJ (mosaosxenue 1 Puc. 5):

yCIIOBHE yMEHBLICHUSI CKOPOCTH

P—X—Gsinﬁzmd—V<0;
dt (12.2)
YCJIOBUC UCKPHUBJICHUSA TPACKTOPHH B BepTPIKaHLHOﬁ IIJIOCKOCTHU
V 2
P-X-GcosO@=m— >0;
"'sp (12.3)

Hpyras coctaBnsiomas cuiisl Beca camoinera G sin@ cosmectHO ¢ 1060BBIM COTIPOTUBIIEHHEM TOPMO3UT
IBIDKEHHUE, TaK KaK CTAaHOBHUTCS OOJIBIIIE CIUIBI TSTH P CHI0BOM ycTaHOBKH. B pe3ynprare CKOPOCTh YMEHBIIACTCS.

[Io Mepe HCKpPHBICHHS TpPAaeKTOPHUHM CaMOJET YBEIMYMBAET YTrOJ HAKIOHA TPACKTOPHH, IPU 3TOM

cocTaBsIomas cubl Beca camosera G cos @ YMEHBIIAETCS U LIEHTPOCTpeMUTENbHAs cuna, paBHast R=Y-G cos 0 ,
JIOJDKHA YBEITMYUBAThCA, HO OHAa YMEHBIIIaeTCsl, TaK KaK CKOPOCTb MajaaeT B Ooubmiel cteneHu. CocTaBisionas Beca

G sin 0 . YBEIIMIMNBACTCH, YTO IPUBOAUT K MHTEHCUBHOMY YMEHBIICHUIO CKOPOCTH.
B nonoxxenun 2 IICHTpOCTpeMHTeJ'ILHOfI CHJIOH SIBJISICTCS IIObEMHAs CHIIA.
YPaBHeHHﬂ JIBHKEHHUS B MOJI0KEHUH 2 UMEIOT BU/:

yCIIOBHE yMEHBLICHUSI CKOPOCTH

dv
P-X-G=m=—<0;
dt (12.4)
YCJIOBUC UCKPHUBJICHUS TPACKTOPHHU B BepTHKaHLHOﬁ IIOCKOCTH
V2
Y=m—>0.
r (12.5)
P X
"’ Y .\“\
.
4 ! A
’l’ / -’ \\\
/ (@ \
ny MUH \
X \ 4

Puc. 5 Cxema cui, 0eﬁcm3ylomux Ha camoniem npu 6bINOIHEHUU nemiu
Ilocne nepexoJia BCPTUKAJIBHOTO ITOJIOKCHUSA CAMOJICT NEPECXOAUT B HepeBepHyTHﬁ IIOJICT. HpI/I 9TOM
CoCTaBJIAOIIass CHJIbI BECa GCOSQ COBMECCTHO C HO,Z[’beMHOﬁ ciwiod Y co3maroT HEHTPOCTPEMHUTEIIBHYIO CHUITY,

WCKPUBJISIIOUIYIO TPAaeKTOpHIO mosera: Y-+ Geos 0>0. Cocrapistoniasi Beca camojeTa Gsin 0 yMeHblIaerca. B
caMoif BepXHEW TOUYKe IMETIN CKOPOCTh OyAeT HaMMEHBIIeH, IOPTOMY HauMeHbIIeH Oyner momgbemHas cmia. OHa
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OyleT HalpaBlieHa BHU3 M COBMECTHO C CHJIOH Beca camoJieTa CO3JacT LEHTPOCTPEMHUTENBHYIO CHILY, HMEIOLIYIO
TakxKe MOoNoKuTenpHy0 BenuunHy (Y+G>0). UToOs! 00eciednTh JOCTAaTOYHYI0 YCTOWYHBOCTh M YIPABIIEMOCTb,
CKOPOCTB B TIEPEBEPHYTOM IIOJIOKEHUU JI0JDKHA ObITh He MeHee 140 km/4. Tak kak Bec camolieTa U oxbeMHas Cuiia
HarpasJIeHbl BHU3, TO CAMOJIET JIETKO IIEPEXOAUT B MUKUPOBaHUE (IOJI0KEeHHUE 3).

[Ipu mepexone B MUKHpPOBaHUE OOOPOTHI IBUTATENST YMEHBIIAIOTCS 10 M. T. Jlanee mpu yBEIUYEeHUH yTiaa
00paTHOTO MUKUPOBAHUS LIEHTPOCTPEMHUTEIbHAS CHJIA, HCKPUBIIAIONIAs TPAEKTOPHIO, COCTOUT U3 MOABEMHOMN CHIIBI

Y u cocrasmstomeii Beca Geos & (Y+ +Gcos 0 ). CocraBisromast Beca camosiera G sin@ cosmectHO ¢ TATON

CHJIOBOI YCTAaHOBKH YBEIIMYUBAIOT cKopocTh (Pm.r + Gsin 0 >X).

B BepTHKAIBEHOM ITOJIOKEHIH BHHU3 ICKPUBIISIIONIEH CHIION SIBISETCS IMOIbeMHas cuiia Y (mosoxeHue 4), a
BEC caMoJIeTa | TAra ABHTaTelsi PM I HampaBieHsl B ONHY CTOPOHY M OOJBIIE CHIIBI JOOOBOTO COMPOTHBIICHUS, YTO
CrocoOCTBYeT nanpHelmeMy pasrony ckopoctu (G+Pm.r-X>0).

YpaBHeHuUs IBM:KEHHS B MOJI0KEHUH 3 NMEIOT BUI:
YCIIOBHE UCKPUBJICHUS TPACKTOPHU

2

Y—G:mV—>0;

r (12.6)
YCJIIOBUE YBEIIMYECHUS CKOPOCTHU
dv
P-X=m——>0;
dt (12.7)
VYpaBHEeHUS IBIKEHUS B TIOJIOKEHUU 4 UMEIOT BUJI:
YCJIOBUE UCKPUBIICHHS TPAEKTOPHUH
2
Y=m—>0;
r (12.8)
dv
G+P,—-X=m—.
dt (12.9)

Ilo moctmwxenmnm 3amaHHOM ckopocth mwmkupoBaHus 200..210 kM/4. FanpPHEWIIMM B3ATHEM PYUIKH
ypaBJICHUA Ha 06651 HGO6XOZ[I/IMO Ha4aTb BbIBOJ CaMOJIETa U3 ITMKUPOBAHUS B FOpMSOHTaﬂbHLIﬁ II0JICT.

TpaekTopusi moinera B BEPTUKAJIBHON IUIOCKOCTH HUCKPHUBISIETCS LEHTPOCTPEMUTENBbHOM cuiloil R=Y-
Geos .

CocraBisgromas Beca GSil’l9 COBMECTHO C TSTOM CUJIOBOM YCTaHOBKH OouiblIe 1000BOTO COIIPOTUBJICHUA,

YTO CIIOCOOCTBYET AallbHEHIIIEMY yBenndeHuto ckopoctu P+Geos 0>X.

,’:[J'ISI 6I>ICTpOl"O YBCJIUYCHUA CKOPOCTHU 060pOTI>I CHJIOBOM YCTaHOBKHU H€06X0,HI/IMO YBCJIUYUTL 10
MaKCHUMAaJIbHBIX.

YpaBHeHus1 ABUKEHHUS HA BbIBOJE (II0JI0KeHUE 5) UMEIOT BUA:

YCIIOBHE yBEIHYIECHUSI CKOPOCTH

. dv
P+Gsin@— X =m—>0;
dt (12.10)
YCIIOBHE UCKPUBJICHUS TPACKTOPHU
V2

Y—-Gcos@=m—>0;

r (12.11)
CKOPOCTB HA IIETJIE

Ecmu cxkopocTh B Hadaie meTiH ObLIa HEJOCTaTOYHA, TO CaMOJIET, MIPOXOAS MEepEeBEPHYTOE MOJIOXKCHNUE,
3aBHCaeT M HAYMHACT MApalIfOTHPOBATh, NMOJABEMHAS CHJIa CTAHOBUTCS oOTpHUaTensHOH. Iletns momywaercs ¢
3aBucaHueM (HempaBmibHast). [loaToMy BaKHEHIINM YCIOBHEM BBHIIONHEHHS TMETJIM SBIAETCS CO3IaHUE
JIOCTaTOYHON CKOPOCTH.

HaganpHas ckopocTh AODKHA OBITH HE MEHEE YeM B JiBa pa3a OO0JIbIIEe CKOPOCTH (SBOJIOTUBHOMN) B BEpXHEH
TOYKE IETIIH.
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[ostomy s camonetoB SIk-52 u SIk-55 ycranoBnensl ckopoctd BBoma 280 km/d u 250 km/4
COOTBETCTBCHHO, a B BepXxHel Touke He MeHee 140 km/4a mist camoera SIk-52 u 125 km/4 st camosiera Sk-55.

PANYC NIETJIN
@dopma MEeTIM MOIYyYaeTcss HE KPYIJIOW, a HECKOJIBKO BBITSHYTOM BBepX. OOBSCHSETCS 3TO TEM, UTO
CKOPOCTb IPH MOIBEME U IIPH CHIDKCHUH HENPEPHIBHO N3MEHSETCS, YTO MPUBOIUT K N3MEHEHHIO MTObEMHON CHIIBI,

TaKKe M3MEHAETCS BEMMUMHA cOCTaBismomedl cuibl Beca Geos? . Ha Bocxonsmem y4acTKe CKOpOCTb MaJaerT,
MO3TOMY pajuyc KPUBHU3HBI TPACKTOPUM yMeHbIIaeTcs. Ha HuCXOpsieM ydacTKe NMETIH CKOPOCTh HApacTaeT U
panuyc KpUBHU3HBI yBeIW4YHMBaeTcsl. B BepxHel Touke KpUBHU3HA TPACKTOPUH HAHOOJIbIIAs.

ITEPEI'PY3KA HA IIETJIE

Heperpy31<a Ha IICTJIC - BCJIIMYHMHA HC IOCTOsIHHAsA U U3MCHACTCS B 3aBUCUMOCTH OT TOIO, B Kakoi TOuKe
TPACKTOPUU HAXOAUTCA CaMOJICT. Bennuuna MEPErpy3Ku TAKKE 3aBUCUT OT MAHCPBI UCITOJIHCHUS TIETIIN.

M3meHenue neperpy3ku IpU BbINOJIHEHMM IPAaBUIBHOM NETNIM MOKa3aHo Ha Puc. 5. MakcumanbHoe
3HayeHne neperpysku Ily mocturaercs mpu BBOJE B METNIIO M NPH BEIBOAE. B BepxHEW TOUKE MET/IM BEIMYHMHA
neperpy3Kd HauMeHbILasi ¥ JaKe MOXKeT OBbITh OTpHLATEIbHON (eciau ckopocTh MeHee 140 km/u-5k-52 n 125 km/4u-
SIk-55) wim HeAOCTATOYHOE OTKIIOHEHUE PYUYKH YIPaBIEHUS.

TEXHUKA BBIITOJTHEHUSA ITETJIN HECTEPOBA

Ilemna Hecmepoea Bbimonnsetrcs Ha camonete Sk-52 Ha ckopoctu 280 kM/4 U Ha camonere SIk-55 Ha
ckopoctu 250 km/4. O6opoTs! aBurarens 82%.

[lepen BBIMONHEHHWEM TMETIM CIIEAYET OCMOTPETH BO3YIIHOE IPOCTPAHCTBO; YOEAWTHCS, YTO OHO
cBOOOAHO. B TOpH30HTANBEHOM TOJIETE YCTAHOBHUTH 33JaHHYIO CKOPOCTh. YOEIUTHCS B OTCYTCTBHUH CKOJIBKEHHS U
KpeHa. 3aTeM IUIaBHBIM OTKIIOHEHHEM PYUKH yIPaBJICHHS Ha ce0sl BBECTH CaMOJIET B IIETIIIO.

Korna yron kabpupoBanus gocturser 25...30°, TeMIT OTKIOHEHHS PYYKU YIpaBJIeHHs Ha ce0sl MOCTENIEHHO
YBEJIMYMBATH C TAKUM pacdeToM, 4ToObl Ha yrie kadbpupoBanus 40...50° neperpyska gocruria 4...5. JlanpHeliee
OTKJIOHEHHE PYUKH YIPABJICHUS JOJDKHO OBITH TaKoe, YTOOBI YIiIoBast CKOPOCTh BPAILIEHUS] OCTABAIACH IOCTOSIHHOM
U CKOPOCTh K MOMEHTY JIOCTHIKCHUS BEpXHEW TOUYKH meTin Obuta He MeHee 140 km/g s Sk-52 u 125 xm/9 s Sk-
55.

CMIIKOM BBICOKMH TEMI OTKJIOHEHHsI PY4YKH YIpaBieHHs Ha ceOsi BeleT K CO3JaHMI0 OOJBLIMX
Heperpy30K U BO3MOKHOCTH CPbIBA CaMOJIETA B IITOMNOP MIIM HITONIOPHOE BpallleHHE.

Manbrif TeMIT OTKIOHEHHSI PYYKH yIpaBIEHUS Ha ceOs BeleT K M3NUIIHEH MOoTepe CKOPOCTH B BEpXHEH
TOYKE U BO3MOKHOCTH CPBIBA B IITOIIOP.

HpI/I NOABJICHMU NPHU3HAKOB HCYCTOﬁqHBOCTH CaMoOJICTa B BerHeﬁ TOYKEC PYYKY YIIPABJICHUA CICAYCT
HE3HAYMTEIIEHO OTKJIOHHUTH OT cels ¢ TIOCIEAYIOIINM OTKIIOHCHUEM Ha ce0s1.

Kak TompkO caMoJyieT MPOHAET BEPXHIOK TOUYKY, IUIAaBHO yOpaTh HaIAyB U HEOOJBIIUM, IJIABHBIM
OTKJIOHCHUEM PYYKH YIPABJICHUS Ha ceOs HayaTh BHIBOJ CaMOJIeTa U3 IMHKHPOBAHUS, a 0 JOCTUKCHUU CKOPOCTH
200...210 kM/4 - B TOPU30HTAIBHBIH MOJIET C TAKAM PacdeToM, YTOOBI CKOPOCTh B KOHIIC BHIBOJA ObLIa 3aJlaHHOMN
(mns camonera Sk-52 - 280 km/u, s SAk-55 - 250).

IIpy BHINOJTHEHUH NET/IM BHUMAaHHE PacnpeesiTh Npu BBOJjIE:
noJjiokenue 1:

Ha CKOPOCTh U PEXKUM pabOTHI JBUTATEIIS;

Ha OTCYTCTBUH KPEHA;

Ha COXPaHCHUH HATIPABJICHUS;

moJIosKeHue 2:

Ha CO3/]aHUU HEOOXOIMMON YIIIOBOW CKOPOCTH BPALICHHSD»
Ha OTCYTCTBUH KPEHA,;

Ha BEJIMYUHE CKOPOCTH;

nmoJioskeHme 3:

Ha COXPaHECHUH HAIPABJICHUS;

Ha OTCYTCTBHH KPCHA;

Ha BEJIMYHUHE CKOPOCTH;

Ha OMpE/ICTICHUN MOMEHTA YMEHbBILICHUS HA/IYBa;
nmoJioxkenus 4, 5:

Ha yTJI€ IMKUPOBAHUS,;
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Ha BEJIMYMHE CKOPOCTH,
Ha COXpPaHCHWHU HAITPABJICHUS,

Ha OIPEIEICHUM MOMEHTa YBEIMYEHUS HAaLyBa, A IEepexoAa B TOPU3OHTAIBHBIM IIOJIET, UL
BBITIOJIHEHHS APYTOi (DUTypBI MTUIIOTaXA.

XAPAKTEPHBIE OIIMBKH ITPU BBIITOJIHEHWH NETJIN:

B IIEpBOH NOJOBHMHE IETIM pydYKa YIPABICHUS PE3KO OTKIOHSEeTCs Ha cebds - co3maeTrcs mIeperpyska,
CaMOJIET TepseT CKOPOCTh, BO3MOXKEH CPBIB B IITOTIOPHOE BPALICHHUE;

B [I€PBOM ITOJIOBUHE TIETIIM PydYKa yIPaBJICHUS MEJUIEHHO OTKJIOHSETCS Ha ceds - Maya yrioBas CKOpOCTb,
IIPH TTOJIX0JI€ K BEPXHEH TOYKE BO3MOXKHA MOTEPS] CKOPOCTH U CBAIMBAHUE B IITOIIOD;

IpU TOAXOJE K BEpXHEW TOYKe IETNIM pydyKa YIPaBICHHsS SHEPTUYHO OTKIIOHSETCS Ha ceOs - BO3MOXKEH
CpPBIB B LITOIIOP;

pydKa yIpaBlCHUS M3IUIIHE OTKIOHSETCS OT ce0sl MpH MOSIBICHUH HEYCTONYMBOCTH - BO3MOXKHO
3aBUCAHME;

KpEH Ha TIeTJIE - He COXPaHsIETCs HallpaBIICHHE;
B BEpXHEH TOUKE METJIM paHO yOUparoTcsi 000POTHI IBUTATEIS - CAMOJIET TePSIET CKOPOCTh U 3aBHCAET;

IpY NMKHPOBAHWH py4Ka YIPaBICHHUS MEIUICHHO OTKJIOHSETCS Ha ceds - OouipInasi CKOpOCTh M OoJbIIast
HOTEPSI BBICOTBI;

IIPY TMKUPOBAHUM PYyYKa YIPABIECHHS PE3KO OTKIIOHSETCS Ha ce0st - BO3MOXKHO NPEBBIIICHHE TIEPErPY3KH U
CpPBIB B IITOIOPHOE BpAIllCHUE.

[Tpn MeaneHHOM OTKJIIOHEHMH PYYKH YIpaBieHWs Ha ce0si, IPU BBOJE B INETIIIO, HEOOXOANMO YBEIUYUTh
VIJIOBYIO CKOpPOCTh BpallleHHsi 0ojiee SHEPrMYHBIM OTKJIOHEHHWEM pY4YKH YIpaBieHHs Ha ce0s, He IOoIycKas
NPEBBIICHHS TIEPETPY3KH U CPHIBA B IITOIIOPHOE BPAIL[EHUE - LITONOPHYIO OOYKY.

IIpu morepe ckopoctu B BepxHed Touke netau (menee 140 km/4-Ak-52 m 125 xm/4-fk-55) mocraBuTh
neJaiyd CTPOro HEWTpallbHO, YMEHBIIWTh TSHYIIEE YCHIME Ha pydKe YIPaBICHUS M TEPEBECTH CaMojieT B
MUKHPOBaHHE.

[Ipn BsiIOM OTKJIOHEHMM PYYKHM YIPAaBJIEHHS Ha ceOs B Tpoliecce BHIBOAA M3 MUKHPOBaHMA (OBICTPO
HapacTaeT CKOPOCTh OOJIbIIAs OTEPSI BBICOTHI) HEOOXOIUMO OTKIOHEHHEM PYUKH YIPaBJICHHS Ha ceOsl yBEIHIUTH
YTIIOBYIO CKOPOCTb.

HpI/I IMOSABJICHUN KPE€HA HAa NMUKHUPOBAHUU HCOGXOHI/IMO y6paTL KpCH, a MOTOM IMPOAOJIKATH BBIIOJHCHUC
IMAKUPOBAHMUS.

[Ipy SHEpruYHOM OTKJIOHEHMH PYYKH YyIpaBieHHS Ha ce0s Ha BBIBOJE M3 IIETJIH CIEAyeT YMEHBIIUThH
TAHYIIEE YCUIIHE.

Crnemyer MOMHHTB, 9YTO B PE3yJIbTaTe NEHCTBUS THPOCKOMMYECKOTO MOMEHTA BO3AYIIHOTO BHHTA CAMOJIET
NP B3ATHUU PYYKH YIpaBIeHHS Ha cedst OyIeT CTPEMHTBCS Pa3BEPHYTHCS BIEBO, 3TO OTKJIIOHEHHE HEOOXOANMO
MapyupoBaTh, HAXHMas Ha IPaBYIO IeIalb, a HAKPEHEHHWE CaMOJieTa BIPaBO INPH YMEHBIIEHHH CKOPOCTH (B
pe3yabpTaTe ASHCTBHUA PEaKIUU BO3IYITHOTO BUHTA) MAPUPOBATh OTKIOHEHWEM PYYKHU YIIPABIICHHUS BIEBO.

IHEPEBOPOT

Ilepesopomom HazpiBaeTcsi (GUrypa IUIOTaXa, NMPH BBIMOJHEHUH KOTOPOH CaMOJIET MOBOPaYHMBAETCS
BOKpYT Ipo0JpHON ocu Ha 180° ¢ mpsMoro mosiera B MEePEeBEPHYTHIII OTHOCUTENBHO TOPU30HTA, C MOCIETYIOLIIM
JBIDKEHUEM I10 HHUCXOJIIEl TPaeKTOpUM B BEPTHKAJIBHOM IUIOCKOCTH M BBIXOJOM B TOPHU3OHTANIBHBIA IMOJET B
HanpasiieHun, ooparHoM BBOxy (Puc. 6).

ITepeBopoT mpuMeHsIeTCs A1l OBICTPOTO U3MEHEHUS HalpaBiieHus nojeta Ha 180° ¢ morepeit BbIcOThI. [1o
XapakTepy BBIMOIHEHUS! MONYyOOUYKH MEPEBOPOT MOXKET OBITh YIpaBISIEeMbIM W IITOMOPHBIM. [lepeBopoT ecTh
coYeTaHne rOPU30HTANILHOM MOJIyO0UKH ¢ BTOPOIi YacThio nemim Hecreposa.
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Puc. 6 Cxema cun, deiicmeyroujux Ha camonem npu 6bINOJIHEHUN NEPesopoma

B yueOnbIx memsix Ha camojerax SIk-52 u SIk-55 mepeBopoT BBINOJHAETCS HA CICAYIOMIUX HTPUOOPHBIX
CKOPOCTSIX:

yHpaBJsieMblid.

Bsog - 170 km/u;

Hayvayo BeiBoAA U3 mukupoBanus - 200...210 km/4;

BBIBOJ] B TOPH30HTAIBHBIN moeT - 280 kM/4.

IITONOPHBII:

BBOI- 180 KkM/u;

Havaso BeIBoJa n3 nukupoBanusi-200...210 km/4;

BBIBOJ] B TOPH30HTANBHBIN mmoIeT - 280 Km/4

CXEMA CUJI U YPABHEHUSA IBUXKXEHWA ITPU BBINTOJTHEHUW ITEPEBOPOTA

IToBOpOT caMoI€Ta OTHOCUTENBHO IPOAOJIBHON OCH OCYILECTBIISETCS OTKIIOHEHUEM 3JIEPOHOB, CO3/IA0IINX
Pa3sHOCTh MOABEMHBIX CHJI JIEBOTO M IIPABOTO MOIYKpPbIIbeB. OOpazyronmiicss MOMEHT MX BpaIllaeT camMoJIeT BOKPYT

nposonbHOit ocu X. B mporecce BHINONHEHHS HOMyGOUKH TOABISETCS COCTABIAIONIAS TIOXBEMHOM cunbl Y-sin?
CTpeMsIIasiCsl Pa3BEpPHYTh CaMOJET B TOPHU3OHTAIBHON IUIOCKOCTH (OTKJIOHHTH OT OPHEHTHpA), MOATOMY
HEOOXOANMO PYdYKy YIPaBICHHS OTKIOHHWTh OT CeOsl C LENbI0 yMEHBILIEHHUs 3TOH cocraBisomel. B mporecce

BpalICHUs COCTaBJIAIOLIAsA HOHLCMHOﬁ CHJIBI YCOS}/ YMCHBIIACTCA U CTAHOBUTCSA MCHBLIIC BECa CaMOJICTa G. B
CBsA3U C OTHUM H€06XO,HI/IMO OTKJIOHHUTb BHCHIHIONW IMEAaIb JId YBCINYCHUA OOKOBOI CHIIBI Z, YTO MPUBCACT K

coxpaHeHuo paBHoBecus Z-Ycos/? =G (cm. Puc. 6).

B mepeBepHYTOM MOJNOKEHUH CAaMOJIET JOJDKEH Pa3BEPHYTHCS 32 CYET OTKIOHEHHS PYYKH YIIPABICHHS OT
cebs. B mportuBHOM ciydyae mogbemHas cmwia Y U Bec camonera G OyZyT COBMECTHO HANpaBJCHBI BHH3, YTO
OpUBEAET K MEepexoay camoneTa B mukupoBaHue. OTKIOHEHHEM pYyYKH YOpaBieHHs OT cebs co3maercs
OTPHIIATENBHBIA YTOJ aTaKu KPbUTa, U 00pa3yroIIascs OTpHIATeIbHAS MOabeMHas ciia (-Y) ypaBHOBEUINBAET BEC
camorera (G =Y).

OTKJIOHEHNE PYUYKHU YNPABICHUS B MPOLIECCE BPALICHUSI OCOOCHHO HEOOXOAMMO IIPH BBINOJIHEHUH TaHHOH
3BOJIOLMH Ha camoiere SIk-52, Tak Kak caMOJIEeT HMMEET HHU3KOPACHOIOKEHHOE KpPBIJIO C INIOCKOBBITYKIIBIM
npoduiem.

IIpu BbINOJIHEHUH BpalleHUs Ha caMoiieTe SIK-55 OTKIOHEHHE PYYKH YNPABIEHHUS HE3HAYUTENBHOE, TaK
KaK CaMOJIET MMEET CPETHEPACIION0KEHHOE KPBIIO C CHMMETPHYHBIM Ipoduiem.

Jns mepeBoja camosieTa B NMUKUPOBAHUE C TOCIEAYIOUIMM BBIXOAOM B TOPU3OHTAJIBHBINA IOJIET
HEo0X0MMa IICHTPOCTPEMUTEIbHAS CHJIa, UCKPHUBIAIONIAS TPACKTOPHIO IEPEBOPOTA B BEPTHKAIHHOHN IUIOCKOCTH.
HenTpocTpeMuTenpHasl cuia CO37acTCs OTKIOHEHHEM PYYKH yIpaBlicHus Ha ceOs. [Ipm 3ToM B mepeBepHYyTOM
MOJIO)KEHUH UCKPHUBIIEHHE TPACKTOPUM MPOUCXOIUT IMOA JAEHCTBUEM NMOABEMHOM cuibl Y M COCTABIIAIOILEH Beca

camonera Geos & . M ckpuBIIsIONIas CHiIa paBHa
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Ryex =Y +GcosO =G(ny +cosb) (12.12)
HOTCpH BBICOTHI 3a IMEPEBOPOT 3aBUCUT OT CKOPOCTHU BBOAA (OHa 0OBIYHO HE BGHI/IKa) U BbIBOJA U3 HEroO, a
takxke neperpy3ku Ily. [Toreps BEICOTHI 3a IEPEBOPOT OMPEIEIISIETCS 110 PopMyJie

2
AH:2VCP

8 Nycp
(12.13)

TEXHUMKA BBIIIOJIHEHUS IIEPEBOPOTA YIIPABJISIEMOM MOJYBOYKOM

BBo B epeBOPOT BEHITONHSETCS] ¢ TOPH30HTAIBHOTO ImoieTa Ha ckopoctd 170 km/4. OO0OpOTHI ABUTATENS
82%. Ilepen BHIMOTHEHHEM IEPEBOPOTA MMPOBEPHUTH BHICOTY, OCMOTPETH BO3AYIIHOE IIPOCTPAHCTBO, 00paTB 0coboe
BHUMaHHE Ha HIKHIOIO Moiycdepy, W, yOeIUBIINCH, YTO OHO CBOOOJHO, HAMETHTh OPHEHTHD JUI BBIBOJA M3
nepeBopota. YcraHoBUTh ckopocth 170 xm/u. Coszmath yronm kaOpupoBanusi 15..20° u 3adukcupoBath ero
HEOOIBIINM OTKJIIOHEHUEM PYUKH YIPaBJIECHHS OT ceOs.

[T1aBHBIM IBIKEHUEM PYUYKH YIPABICHHS M HE3HAYUTEIHHBIM OTKJIOHEHHEM IIEaIH B JKEJIAeMYyI0 CTOPOHY
HayaTh BpallCHHE CaMOJIeTa OTHOCUTENBHO NMPOAOIBHOMN ocH. [locie pa3zBopoTa camonera BOKPYT HPOAOJIbHON OCH
(kper 45°) HeoOXomMMO HadYaTh OTKIOHATH PYYKY VIpaBICHUS OT ceOg, HE JOMycKas yXoma caMmoyieTa OT
OPHEHTHPA, 3 K MOMEHTY JOCTI)KCHHS CaMOJIETOM IIEPEBEPHYTOTO MOJOKEHHS - OIYCKaHHs KaroTa CaMoJIeTa.

K momenTy pocTuxkeHus nepeBepHyTOro MOJI0XKEHUS MeAaNy IOCTaBUTh HEUTPATIBHO U ABIKEHUEM PYUKU
yIpaBieHUs] B CTOPOHY, OOpaTHYIO BpAIEHHIO, 3a(UKCHPOBAaTH CaMOJIET B IEPEBEPHYTOM IoJjioxkeHuH. Ilo
BUIMMBIM dacTsM (oHapsi KaOWHBI caMoJieTa, KarloTa W MOJYKPbUIbEB YOEAWTbCS B OTCYTCTBHHM KpEeHAa M
COXpaHEHWHN HANpPaBJICHHS T0JIETa OTHOCUTEILHO HAMEUEHHOTO OPUEHTHpPA ISl BBO/IA M BBIBOJIA.

B npouecce BBoJa B MepeBOPOT B3IVISIA J0JI:KeH ObITh HANPaBJeH BIiepe]l Ha TOPU30HT, BHUMaHHUe
pacnpeeisTh:

Ha KOOPAWMHUPOBAHHOCTD OTKIIOHEHUS PYUKHU YIIPABJICHUA U ne/:[aneﬁ;
Ha IIOJIOKCHUHU BUAUMBIX JacTei q)OHapH KaOMHBI K KalloTa CaMoJieTa OTHOCHTEILHO TOPpU30HTA,
Ha BBIACPKUBAHWU HAIIPABJICHUA Ha OPUCHTHUP U TEMIIC BpalllCHUA CaMOJICTaA.

Kak Tompko camoneT MpeKpaTHT BpaIleHHE, YMEHBIIUTh HAIMYB Ha 2/3 (IpHU BBHINOJHEHWH yYEeOHOTO
NHJIOTa)Ka) PhIYaroM ynpasJleHHs APOCCENLHON 3aCIOHKU KapOropaTopa M, INIaBHO OTKJIOHSS Py4YKY YIpaBJIeHHs Ha
ce0st, BBECTH CaMOJIET B IMKUPOBAHUE.

ITo moctmxennu ckopoctu 200...210 KM/4 HayaTh TUIABHO BBEIBOJUTH CaMOJICT W3 IMUKHPOBAHUS C TAKUM
pacdeToM, 4TOOBI CKOPOCTH MPH BEIBOJIC CaMOJIETa B TOPU3OHTAIBHBIN TOJIET cocTaBisuia 280 kM/4.

IIpu BBIBOAE U3 NUKUPOBAHUS BHUMAHUE PACIPEIENISTh:
Ha KOHTPOJIE CKOPOCTH;

Ha TeMIIe OTKJIOHEHHUS PYUKH YIpaBJIeHHs Ha ceOsl;

Ha OTCYTCTBHU KPEHa;

Ha HalpaBICHUM BBIBOJA;

Ha OIIPEACJICHNE MOMEHTA Havala YBEJIMUCHUS HAAdyBa (HpI/I BBITIOJTHCHUU yqe6Horo HI/IHOTa)Ka).

XAPAKTEPHBIE OILIMBKHY MIPU BBIMMOJHEHUU NNEPEBOPOTA YIIPABJISIEMOU
MOJYBOUYKOM:

Majl yroil KaOpHpOBaHWS TIepe] BBIBOAOM - 3aTPYIHEHO OIPENCIICHWE IIOJOXKEHHS CaMoJieTa B
MIEPEBEPHYTOM IIOJIOKEHNUHY;

BO3MOXKEH BBIXOJ M3 IEPEBOPOTA HE B 3aJaHHOM HAIPABICHUU MPHU OTCYTCTBUU BHUIMMOIO T'OPU30HTA B
MIEPEBEPHYTOM IOJ0KEHHH:

MO3/THO WJIM MAJIO OTKJIOHSIETCS py4Ka YIpaBJIeHUs! OT Ce0sl IPH BHIITOJHEHHH MOJIYOOUKH - yX0J] camoJiera
B CTOPOHY OT OPHEHTHPA;

M3JIUIIHE OTKJIOHSETCS pydka YHpaBJleHHs OT ce0sl B IIePEeBEPHYTOM IIOJIOKEHUH - IPOUCXOAUT 3aBUCAHHE
caMoJieTa C MOSIBIIEHHEM OTPHLATEIbHBIX MEPETPY30K;

HECBOCBPEMECHHOC OTKJIOHCHUE pyneﬁ yHpaBJICHUA HAa BBIBOA U3 HOHy60‘{KI/I - B ICPECBCPHYTOM IIOJIOKCHUU
CO3JAa€TCA KPEH U BBIBOJ M3 MEPEBOPOTA MPOUCXOAUT HE B 3aTaHHOM HaAIIPaBJICHUH,

HepeTAruBaHue PyYKH YIpaBJICHHs] HA ceOsl IPH BBHIBOAE M3 MHMKUPOBAHUS - CPHIB CaMOJIeTa B LITONOPHOE
BpalllCHUE;
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MEJICHHBIN TEMIT OTKJIOHEHHMS PYYKH YIIpaBJICHUS Ha cebs TIpU BBIBOAE U3 IMMMKHUPOBAHUS - YBEIININBACTCS
CKOPOCTH U IIPOUCXOAUT U3JTUIIHAA ITOTEPS BHICOTHI.

TEXHUKA BBIIIOJIHEHUSA ITEPEBOPOTA IITOIIOPHOM MOJIYBOUKON
[TepeBopoT BemonasAeTcsa Ha ckopoctu 180 km/4. O6opoTe! aBurateins 82%.

OcMOTpeTh BO3IYIIHOE MPOCTPAHCTBO, 00paThB 0c000C BHUMAHHME HA HIDKHIOW THodycdepy, W,
yOeIMBIIUCH, YTO OHO CBOOOHO, HAMETHTH OPUEHTHUP JUIS BBOJA M BBIBOJA U3 MIEPEBOPOTA. Y CTAHOBUTH CKOPOCTH
180 xm/4. HeOoMbIIUM, HO SHEPTUUHBIM OTKIIOHEHHEM PYUYKHU yIPaBICHUsI Ha cebst cO3/aTh yroj KaOpUpoBaHHUS U,
He (DUKCHpYS 3TOT yroj, SHEPrHYHO OTKJIOHHUTH MOJHOCTHIO MEqalb B CTOPOHY BpAIIECHHS U OJHOBPEMEHHO
OTKJIOHUTE PYYKY YIIPABICHHUsS B CTOPOHY BpallIeHUs, K OOPTY, U KaK TOJBKO CAMOJIET 3aBPaIllacTCsl, OTKATh PYUKY
YIIPaBJICHUS] HE3HAYUTEIBHO OT ceOsl.

3a 30° 10 ropU30HTAIEHOTO NMEPEBEPHYTOTO MOJIOKEHHSI SJHEPTUUHBIM OTKIOHEHHUEM PYUKH YIIPABICHUS U
e/l B IPOTUBOIOJIOKHYIO CTOPOHY OCTaHOBHUTD BpalllCHHE.

ITocne mpekpareHnst BpalleHnsl pydKy YIpaBICHHS W IeNald BO3BPATUTh B HEHTpalbHOE MOJIOXKECHUE.
IIpokoHTpONMHMPOBaTh MEPEBEPHYTOE TOPU3OHTANBHOE IOJOKEHHE caMoJieTa IO TOJIOKEHHIO BUAMMBIX YacTel
(oHapsi kKaOMHBI M KalloTa CaMoJieTa OTHOCUTENBHO TOPH30HTA (a TakXkKe IO MOJIOKEHHUIO IMOJyKpbuibeB). [lpu
HAJINYUU KPEeHa YCTPAHUTh €r0 OTKIOHEHHEM 3JIEPOHOB.

[Mocie BbIMONHEHUS TOJTyOOYKH IUIABHBIM OTKJIOHEHHEM PYYKH YIPABICHUS] HA ce0s BHIBECTH CaMOJIET B
TOPU3OHTAIIBHBIN MOJIET PACCMOTPEHHBIM METOI0M Ha ckopocTu 280 Kkm/d.

XAPAKTEPHBIE OIIUBKH ITPU BBIITIOJIHEHUH TEPEBOPOTA I TOIIOPHOM
HHOJYBOYKOMN:

HETIOJTHOE WJIM HEIHEPTrHYHOEe OTKIOHEHHE Iefali Ha BBOJ B IITOIOPHYIO IOJyOOUKY - BSUIBIH CPBIB
caMoJeTa;

HEJIOCTaTOYHOE OTKJIOHEHUE PYUKH YIPaBJIeHUS OT ceds B MpoLecce BpalleHHs CaMoJIeTa - X0l CaMoJieTa
B CTOPOHY OT OPHEHTHPA;

MPOMCXOMUT ONyCKaHHE KaroTa camolieTa BO BPEMs BPAIICHHS OTHOCHTENHLHO TOPH30HTA - Mall Yroll
KaOpUpPOBaHUS MEPe]] M0JTyO0UKOIA;

paHO WM TO3/IHO IaHBI PYJIHM Ha BBIBOJ - BBIBOJ CaMOJIeTa ¢ KPEHOM M OTKJIOHEHHEM OT OpPHEHTHpa Ha
BBIBOJIE;

PE3KO OTKIIOHACTCA pYydKa YHpaBJICHHSA Ha Ce6${, a IpUu BBIBOAC HE OTHACTCA - HGYCTOP'I‘II/IBOG BpalicHUuC
caMoJI€Ta € 3apbIBaHUCM.

MHNOJYIIETJISA HECTEPOBA

Ilonynemneii Hecmeposa Ha3bIBacTCsl (PUTypa MUIOTAXKA, TIPH BBIITOJIHEHUH KOTOPOH CaMOJIET OIMCHIBAET
BOCXOJISIIYIO YacTh MeTM HecTepoBa ¢ MOCIEIYIOMUM ITOBOPOTOM OTHOCHUTENBFHO MPOAONEHONW och Ha 180° m
BBIBOJIOM B TOPU30HTAJIBHBIH MOJIET B HAIIPABICHUI» 0OPATHOM BBOJY.

[onmynerns - 3T0 coueTaHHe INEPBOH MOJOBHHBI METIH C MOIXyOOUKoW (yIpaBiseMOH, INTONOPHOWH) U
BBIBOJIOM 13 (purypsl Ha ckopocty He MeHee 140 km/4.

[omymerna npuMensieTcst st OBICTPOro M3MEHEHHWs HampaBieHus mojera Ha 180° ¢ ogHOBpEeMEHHBIM
HabopoMm BbICOTHL. [losyneTis, Tak ke Kak u netist Hecreposa, BBITIOJIHSIETCS B OCHOBHOM 32 CUET 3araca CKOPOCTH.
BeirosiHeHe MOJTYNEeTIM aHAJIOTMYHO BBINIOJIHEHHIO TEPBOM MOJIOBHHBI NeTin HectepoBa, HO ¢ OOJIBIIMM 3ariacomMm
CKOPOCTH, C TAKMM PacueToM, YTOObI B BEpXHEW TOUKE Mepel] YIPaBIsieMOil WIK IITONOPHONW MOITyO0YKOH CKOPOCTh
Obuta He MeHee 170 kM/4. 3amac cKOpOCTH HEOOXOIMM JUIsi COXPaHEHHs JOCTATOYHOW YNpPaBIsIEMOCTH camoleTa
IIpY BBIITOJIHEHUH N01y00uku. [ToaToMy ckopocTh BBOJIa BEIOpaHa paBHOM 320 KM/4.

Jis Toro 4ToOBI B BepXHEH TOYKE MOIYNETIN HOpMaJIbHAs Ieperpy3ka ObuIa MOJI0KUTENBHON U OJIM3KOH K

eNHUIle, TIeperpys3Kka Ha BBoje AonkHA ObITh Ily=4...5. CKOpOCTh B BepXHEH TOUYKE MONYNETIH JODKHA OBITH HE
meHee 170 km/4 (mepen BeIMONHEHHEM NoxyOoukw) u 140 kM/4 (mocne BeImonHeHHs BpamieHus). CKopocTh B
Ka)K[JOM TOYKE IMOJIYIEeTIIN onpeenseTcs o Gpopmyie

n, —cosé

—_y Dy 7Y

V=V

My —COS (12.14)
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Puc. 7 Cxema cun, 0elicmeyloujux Ha camosiem npu 6bInoaHeHUU NOTYnemau

Pa,HI/ch KPUBU3HLBI B Ka)KI[Oﬁ TOYKE MOJYNETIN U3MCHACTCA NPSAMO IMPONOPUHUOHAIBHO CKOPOCTHU IPHU W =
const.

[Tpu coOmroeHNK BBILIEYKa3aHHBIX YCIOBHH BBINOJHEHMS IOJYNETIH CaMOJIET HaOWUpaeT BBICOTY He
menee 330 m.

Cxema cu, IefCTBYIOIIMX HA CAMOJIET B HanOoJIee XapaKTEPHBIX TOYKAX MOJTYIETNIH, IToKa3aHa Ha Puc. 7.

TEXHUKA BbIITIOJHEHMUA ITOJYIIET/IN

Ilonynemna Beimonusercs Ha ckopoctd 320 km/4. OGopotsl nBurarens 82% mpu IOJHOM HaJUTyBe.
[Momynerns BBINONHSAETCS Tak ke, KaK MepBas MOJOBUHA METIH, HO TEMIT OTKJIOHEHHS PYUYKH YIPaBJICHHs Ha ceOs
JIOJKEH OBITh SHEPTUYHEE.

ITepen BBOJOM ClieyeT OCMOTPETH BO3AYIIHOE IPOCTPAHCTBO, YOSIUTHCS, YTO OHO cBOOOAHO. HameTuTh
OPUEHTHUD JUIsl BBIBOAA U3 MOIYIETIIH.

B ropH30HTaJIbHOM IOJIETE WM HA CHHXKEHUH YCTAHOBUTH CKOPOCTh, paBHYIO 320 KM/4. 3aTeM ILIaBHBIM,
HO SHEPrUYHbIM OTKJIIOHEHHEM PYYKH YIpaBJICHHs Ha ce0sl IIepeBECTH caMoJieT Ha kKabpupoBanue. JJocTUrHYB yria
kaOpupoBanus 25..30°, TeMn OTKJIOHEHHS PY4YKH YyIpaBieHUs Ha ceds MOCTENEHHO YBEJIMYMBaThb C TaKUM
pacueToMm, 4ToOBI Tpu yriie kaOpuposanus 40...45° meperpyska Obuta paBHa 4...5. Jlanee OTKJIOHATH PydKy
YIpaBJIeHUS] C TAKUM pacyeToOM M TEMIIOM, YTOOBI YIJIOBasi CKOPOCTH MO MPHOOPY IPH BBIXO/E B BEPXHIOIO TOUKY
NOJTyNeTu (IOJI0KEeHNE caMoJIeTa nepeBepHyToe) Obuta He meHee 170 km/4.

IIpn moxxone K BepXHEH TOYKe MONYIET/IH, KOTAa KaloT caMmojera He JOWAeT OO JMHUHM TOPU30HTa Ha
10...15°, HEOOXOAMMO KpPAaTKOBPEMEHHO 3a()MKCHPOBATH 3TO IOJOKEHHE U OTKJIOHEHHWEM PYYKH YIPaBICHUS U
HE3HAYUTEIIbHBIM OTKIIOHEHHUEM II€IAJIU B JKEJIAEMYIO CTOPOHY HauaTh BPallEHUE CaMoJIeTa.

Kak Tonpko camosieT 3aiiMeT rOpH30HTAJIFHOE MOJ0XKEHHE, MPEKPATUTh BPAICHHE KOOPIMHUPOBAHHBIM
OTKJIOHEHHEM pPYYKH YIPABICHUS W MeJaleil B CTOPOHY, HMPOTHBOMOIOXKHYIO BPAILICHHUIO, C MOCIEAYIOIIUM HX
BO3BpAILCHUEM B HEHTPAIbHOE MOJI0KEHHE.

Ecnu ckopocTh B BepxHe# Touke noxynemin Oyner mMenee 170 km/d, mony00UKy HE BBIIOJIHSATH, QUTYPY
3aKOHYUTB BTOPOI yacThio netiu Hecrepona.

PACHIPEJEJIEHUE BHUMAHUS ITPU BBITIOJIHEHUU TOJYIIETJIN:
npu BBOJE:
Ha CKOPOCTH U peXuMe paboTHI IBUTATEINS;
Ha OTCYTCTBUU KPEHa;
Ha XapakTepe U3MEHEHUS Meperpy3Ku;
NPH BbINOJIHEHUH NOJTy00UKH:

Ha ONpCACICHNU MOMCHTA Havyajia BbIIIOJHCHUS HOJ'ly60‘iKl/I;
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Ha HaIIpaBJICHUU BBIBOAA,

Ha CKOPOCTH BBOJA BO BpalllCHUC.

XAPAKTEPHBIE OIIMBKHY ITPU BBINIOJHEHUHA MMOJIYIIETJM C YIIPABJISIEMON
MOJYBOUYKOM:

NepeTAruBaHue PYYKU YIpaBleHUs Ha ceOs - MOTepsl CKOPOCTH, BO3MOYKHO CBaJMBaHHME CaMoJjeTa B
LITONOP WX IITONIOPHOE BPALEHHUE;

pPaHO OTKIIOHSIIOTCS PYJIM YNPAaBJICHHUsI Ha BBOJ B MOJYOOUYKYy- CaMOJIET BBIXOJMT W3 MOJIYIETIH C YIJIOM
KaOpupoBaHUs (BO3MOYKHA MIOTEPSI CKOPOCTH);

IMO3HO OTKJIOHAKOTCS PYJIX Ha BBOJ B HOHy60‘IKy - CaMOJIET BBIXOOUT U3 MOJYIIETIIN C YIJTIOM CHUKCHUSA,

HECBOEBPEMEHHO (PaHO WM TO03JHO) OTKJIOHAIOTCS PYJIH yNpaBlieHHs (3JE€pOHBI U PyJIb HAlpaBIEHUs) Ha
BBIBOJI M3 ITOJYOOUYKH - CAMOJIET BBIXOJUT C KPEHOM M3 IOJIyIETIIN;

HEKOOPAMHUPOBAHHO BBIITOJIHACTCSA Hony60q1<a - BBIXO/ M3 ITOJYHETIIN HE 110 HAIIPABJICHUIO,
HaJIM4ne KpE€Ha Ha BBOAC - MOJJIYIICTIIA BBIIIOJIHACTCA HC B BepTHKaﬂLHOﬁ IIJIOCKOCTH,

B IMOJIOKECHHUU CaMOJICTa Ha «HOXE» HC OTKIOHACTCA py4dKa YIpaBJICHUSA OT cebs - BbIBOJl U3 MOJYIICTIN
MMPOUCXOAUT C OTKIIOHCHUEM OT BI)I6paHHOFO HalpaBJICHU.
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OUI'YPBI BBICHIEI'O ITMJIOTAXKA

ASPOJNHAMMKA INEPEBEPHYTOI'O IIOJIETA

[epeBepHy Tl MONET OTIMYACTCS OT OOBIYHOTO, HOPMAJIBHOIO MOJIETA TEM, YTO HAa YCTAHOBHBIIUXCS
peKMMax MoJjera MoJbeMHas CUlla HampaBlieHa B 0OpaTHyIo cTOpoHY (OT (oHapst KaOMHBI B CTOPOHY IIAcCH).
Kpbuto B aToM cityyae paboTaeT B AMAIa30HE CPAaBHUTEIbHO OOJBLIMX OTPHLATENBHBIX YIJIOB aTakKH, CO31aBas
OTpHUIIATENbHYIO TOIbEMHYIO cuny - V (Puc. 1).

B MEPEBEPHYTOM II0JIETE HA CaMOJIET HeﬁCTBy}OT TaKue€ XK€ CUJIbI U MOMCHTBI, YTO U B HOPMaJIbHOM
IIOJIETE, OAHAKO BEJIMYHMHA W HAIPABJICHUE 3TUX CUII U MOMEHTOB MOI'YT CYIIECTBEHHO OTINYATHCSA OT yCJIOBI/IfI
HOPMAJIBHOI'O ITOJICTA.

_U‘

Q p—
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Puc. 1 Ilonem camonema na cnune

IlepeBepHyTHIit TONET HMEET PSI/L CYIIECTBEHHBIX 0COOEHHOCTEH.

1. MI3MeHeHne HanpaBieHUs ACHCTBYIOIIMX Ha JIETYMKA CHJI U Meperpy3ok. BenencrtBue aToro MeHsieTcst
(u3monornueckoe BO3AEHCTBHE Ha OPTaHU3M JIeTdrKa. [IepeHOCHMOCTh OTPHIATEIbHBIX NIEPErPy30K (Ta3 - TOJI0BA)
3HAYUTEIHHO HIDKE, YeM TIOJIOKHUTENBHBIX (TOJI0BA - Ta3). YXyamaeTcsi paboToCTIOCOOHOCTE OpraHu3Ma.

2. YXyHIHaIOTCH JICTHBIC XapaKTCPUCTUKU CaMOJICTa BCJICACTBHUC YMCHBUICHHUA €r0 a3pOAMHAMUYCCKOTO
KadycCTBa.

3. HeoObluHOE mOJOXKEHHE JIETYMKA M OOpaTHBIC ABWKEHHUS DPYyYKOW M MEAATIMH IPU YNPABICHUH
CaMoJIeTOM TPeOYIOT OT JIETYHKA ITOBBIIIEHHOIO BHUMAaHUs, OCOOCHHO B Hauajle OCBOCHUS IIEPEBEPHYTOrO IOJIETA.
Tak, 1151 yBeJIMUSHHUS yIila aTaky B IEPEBEPHYTOM I0JieTe (OTPHLIATEIBHOTO yIila) HEOOXOANMO PYUKY yIpaBlIeHUs
OTKJIOHHUTH OT ceOs, a JUIsl YMEHbIIeHHUs - Ha ce0s. JJs1 HaKkpeHEeHusl caMmoJieTa BJIEBO JICTYMK JIOJDKEH OTKIOHHTH
PYUKY yNpaBJeHHUs BIPaBo, 1 HA00OPOT, OTKIOHEHHE I€1ald BIPABO BBI3BIBACT JIEBBI Pa3BOPOT, a OTKIOHEHHE
JIeBOY MeJalu - IPaBbIi Pa3BOPOT.

4. B mnepeBepHYTOM TIIOJIETE€ CYLIECTBEHHO M3MEHSIETCsl paboTa OTHENbHBIX JJIEMEHTOB KOHCTPYKLHHU
camosiera. Bo3HuKaeT HEOOXOAMMOCTb CIELMaJbHOW KOMIIOHOBKM KaOMHBI JieTuHka. [IpenycmarpuBaercs
pEryJIMpOBKa CHJICHbs, MeAaieil, U3MEHSETCs CHUCTeMa NPUBS3HBIX pEMHEl, oOecneynBaeTcs KpeIuleHHe HOT
JIETYMKA K MEAaISIM HOXKHOTO YIIPaBJICHUS U T. 1.

5. Ha camonerax, mnpeaHa3sHAa4YEeHHBIX I IEPEBEPHYTHIX MOJETOB, MNOJDKHBI IPELyCMaTPHBATHCS
CIIellMalbHbIe KOHCTPYKLMH TOIUIMBONUTAHMS, CMa3Kd U Cy(IUpOBaHMS IBHIraTeds A1 OOECIeUeHHUs ero
HOPMaJIbHOM paboThl B YCIOBUSX JUIMTEIBHOTO TI0JIETa HAa CIIMHE WM BBINOJIHEHHs MHJIOTaXKa ¢ OTPHLATEIbHBIMU
neperpy3Kamu.

6. Y caMoieToB, MMEIOMMX IOJOXHUTEIbHOE IONepedyHoe V Kpblla, B IIEPEBEPHYTOM IIOJIOKECHUH
yXyIIIaeTcsl TMOoIepedHasl yCTOMUUBOCTh. Pysib BBICOTBI BHU3 OTKJIOHSETCSI, KaK MPAaBUIIO, HA MEHBIIUH yroi, 4To
MOXET OTPa3UThCS Ha MIPOJOIBHON YIIPABIIEMOCTH CaMOJjIeTa Ha OONBIINX OTPULIATENIBHBIX YIIaX aTakH.

[MosTomMy nmnst obecriedeHHss YCTOWYHMBOCTH M yNPaBISIEMOCTH CamoJieTa B IEPEBEPHYTOM IIOJIETE
HEOOX0ANMO MOoA00paTh TakWe YIJbl yCTAaHOBKM KpbUTa M CTAOMIM3aTOpa, YTVl OTKJIOHEHHS pYJeH, 4TOObBI
YCTOWYHMBOCTh 1 YIPABIIIEMOCTh HE HMeJIA PE3KUX OTIMYNIA OT HOPMAIBHOTO, IPSIMOTO ITT0JIETA.

A3POJJMHAMMNYECKHUE XAPAKTEPUCTUKU KPBIJIA B ITIEPEBEPHYTOM ITOJIETE

AbdpoMHAMHYECKHE XapaKTEPUCTHKH KpbUIa B MEPEBEPHYTOM IoJieTe OyIyT UMETh HEKOTOPBIE OTIIMYMUS
OT adpOIMHAMHUYECKHUX XAPAKTEPUCTUK KpbLIa B HOPMAJIBHOM TOJIETE€. DTH OTIMYMS OOYCIIOBIICHBI Pa3IMYHBIMHU
KapTUHaMHu O0TeKaHMs NpodwiIsi KpbUla M, CIIEI0BATENBHO, PA3INYHBIM PACIPEAEICHIEM AaBICHHUS BIOIb XOPIbI
npodua. Inst ynodcTBa paccyxIeHni 11e1ecooOpasHo yIibl aTakd ¥ MOABEMHYIO CHITy KpPbLIa B IIEPEBEPHYTOM

a”  u y"

k03 duIMeHT moxbeMHO# crtbl - Cy'.

rmojeTe 00O3HAYaATh , a4 3HAK TaK, KaK IIOKa3aHO Ha Puc. 2. CoOTBETCTBEHHO 0003HAYUM U
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Ecnmu mpoduns Kpeiia ABOSKOBBIMYKIBIA, HECHMMETPUYHBIM, TO, KaK BHAHO Ha Puc. 3, KapTHHBI
o0TeKaHHsl KpblIa B HOPMAaJIbHOM U TIEPEBEPHYTOM HOJIeTe OYAyT OTIHYATHCS OHA OT APYroil. ITo oTnuyue Oynet
YMEHBIIATHCS 110 Mepe MPHOIMKESHUS (OPMBI PODUIISI K TBOSIKOBBIITYKJIOH, CHMMETPHYHOM.

Puc. 2 Ob03nauenus y2noe amaxu u n0OveMHOI CUIbL 8 NEPEGEPHYMOM nOJleme

VY cTporo cMMMeETpUuHBIX Npoduield KapTHHbI OOTEKaHUs: B HOPMaJbHOM U TIEPEBEPHYTOM IMOJETaxX
MPAaKTUYIECKA MaJI0 OTIMYAIOTCS OIHA OT Apyrou. MMerolee MECTO HEKOTOPOE pa3indne OOBACHACTCA ACHCTBHEM
CHWJI TSATOTEHUS Ha YaCTHIBI BO3AyXa B IOTOKE, O0TEKAromeM Npoduib Kpbia.

Y HecMMMeTpUYHBIX NpodWIeH KapTHHBI O0TEKaHMS W paclpeAeiIeHHs NaBICHUH M0 XOpae Mpoduis B
IpsSIMOM U TIEPEeBEPHYTOM TNoseTe OyIyT MMETh CYyNIECTBEHHBIC Pa3nuuus. B pesymbraTe 3TOro M3MeHsSETCS U
XapakTep 3aBUCUMOCTH KO3 PHIIMEHTa TOABEMHON CHIIBI OT yTJIa aTaKH B 00JIACTH OTPHUIATENIFHBIX YIJIOB aTaKy.

s,
Srra

Puc. 4 Kpuewie Cy =f (a) npoghuneii: a - necummempuuno2o; 6 - CHMMEmMpPUUHO20

Y cummerpuyHoro mnpoduis, kak BuaHo u3 Puc. 4, koodduinmeHt mnoxbemHO# cuibl B o0macta
MOJIOXKHUTEIBHBIX U B 00JACTH OTPUIATEIbHBIX YIJIOB aTakd WMEET OJUHAKOBBIA XapaKTep H3MCHEHHsS IpH
W3MEHEHHUH yria aTakd. [IpaKTHYeCKH OIAMHAKOBBHI aOCONIOTHBIE 3HAYEHHS KPUTHUECKMX YIJIOB atakd & ypyr U
MaKCHMAaJIbHBIX BEMUHH KodhdurmenTa moabeMuoil cus (Cy''Makc).

Y HecuMMeTpU4HOro mnpoduisi B 00JaCTH OTPUIATENBHBIX YIJIOB aTakd aOCONIOTHAs BeIWYMHA
kodpdunnentra Cyyaxc 3HAYUTEIHHO MEHbINE BeTHIUHBI CyMakc B OOJACTH TOJIOKHUTEIBHBIX YIJIOB aTakh. JTa
pasHuIa Oyaer 0oJjblie Y TaKUX MPOoQHIIeH, Y KOTOPhIX KPUBH3HA BEPXHEH MOBEPXHOCTU OOJIBIIE, YeM KPHUBHU3HA

HIDKHEH, T. €. y IpoduIIeil, KOTOphle HMEIOT OOJIBLIYI0 OTHOCUTENIBHYIO KPUBH3HY f

KpI/ITI/I‘ICCKI/Ie yrijbl aTakKl Yy HECUMMETPHUYHBIX HpO(l)I/IJ'I@fI o abCOoIITHOMI BCJIMYMHE, KaK IIpaBuJo,

11
HEOJ/IMHAKOBBI, [IPUYEM B OOJIACTH OTPHULATEIBHBIX YIJIOB BEJIMYMHA & kpur Oy/leT MeHbIIle KPUTHYECKOTO yriia
ataku X ypyr OPSAMOTo MoOJIeTa.

JIoGoBO€ CONPOTHBIEHME KpbLIa B JIETHOM AMANa30He OTPUIATENbHBIX YIJIOB aTaku HE OylIeT paBHO
J000BOMY CONPOTHBIICHHIO KPbUIA Ha MOJIOKUTEIBHBIX YIJIaX aTakW MPHU TOJIETe Ha OJHUX U TeX ke 3HaueHusx Cy.
Hanpumep, npu mosere Ha CKOPOCTH # B HOPMAJbHOM M IIEPEBEPHYTOM IIOJIOKEHHUSX IMOTpeOHasl BeIMYMHA
Ko3(dunreHTa MoIbeMHON CHIIbl OyleT OJMHAKOBa B TOM W B JIPYyrOM CJIy4ae M COCTAaBUT IO aOCOIIOTHOM
BEJINYMHE
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2G
p-S-v* (13.1)

OnHaKo yTIbl MEXIy XOpJOH Kpblla M HAaIIPaBJICHHEM HaOETaromEero MOTOKA MPH 3TOM OyIyT OTIMYATHCS

&=

U3-32 HAJIM4US YIJIa aTaKu HyJIEeBOH MOABEMHOM CUIIBI % (cM. Puc. 4).
OL’!'CT J

W

o 6

Puc. 5 Bruanue y2na ycmanoeku Kpvlia Ha Y2071 MeNHCOY NPOOOIbHOI OCbI0 CAMONIEMA U 2OPU3OHMIOM

MoskHO 3amucaTh, uto npu Cy = Cy Gynem umers

i —
a, —a, =20, (13.2)

CreioBaTeNnbHO, B IIEPEBEPHYTOM IIOJIETE YIoJl ME&XAY XOPAOH NPOoGHIs U HalpaBIeHUEM HaOeraromero
MOTOKA TIPH MPOYHX PABHBIX YCIOBUSIX OOJBIIE AHATIOTMYHOTO YIJIa MPSIMOro mosieta Ha Beauuuny 2 & . Tlo 3toit
NpUYMHE B IIEPEBEPHYTOM I0JieTe NpPOQUIBHOE CONPOTHUBICHHE KpbUIa HA OJMHAKOBBIX IO a0COIIOTHOMY

3HAa4YCHUIO Cy 6yH€T 60J'II)IH€, 4YE€M B [IPSIMOM IIOJICTE. U3 storo CJICAYCT, YTO ITPU MOJIETC HAa OAMHAKOBBIX CKOPOCTIX
B [ICPEBCPHYTOM I10JICTE J1000BOE COIIPOTUBJICHUC KpbLIa 6yI[eT 6OJ'II)HI€, 4YEeM B [IPSIMOM TIOJICTC.

CamorneTsl, IpeAHa3HAYeHHBIE Ui BBIIOIHEHUS JIUTEIBHBIX IIOJIETOB B IEPEBEPHYTOM IIOJIOKEHUH H
MUJIOTaXa C OTPUIATEIBHBIM 3HAYCHHUEM MOABEMHOMN CHIIBI, JOJDKHBI MMETh KPBUIO, HAOpaHHOE W3 mpoduiiei mo
cBoei (hopme, OJTU3KUX K CHMMETPHYHBIM.

JIo6oBOE COMPOTHBICHUE CaMoJieTa B MEPEBEPHYTOM MOJIETe OOBIYHO MMEET OOJIBILIYIO BEIHYHHY, YEM
J1000BOE COMIPOTHBIICHHE B HOPMAJIBHOM TIOJIETE. DTO 00YCIOBIMBAETCS 0COOEHHOCTSIMH KOHCTPYKIIUH (I03€IIsIKa,
npeycMaTpUBaroIieii MUHUMAIIbHOE CONTPOTUBIICHHE B OOBIYHOM TOJIETE;

Bpe&HOI‘/'I HHTep(i)epeHHHeﬁ KpbLIa U (1)IO3€J'I$DKEI, HAJIMYNEM IMOJIOKUTCIIBHOTO YCTAHOBOYHOI'O yIJia KpbLIa.

B HOpManbHOM MMOJIETe TPH yrile aTakd KPbUIA COyCT YroJ MEXIy IMPOAOJBHON OChIO (ro3eisika u
HanpaBjeHHeM Ha0eraromero moToka MeHbIIE yrila aTakK¥ Ha BEJIWYHMHY YCTAHOBOYHOIO yria Kpbuia. TeM caMbIM
CHIDKAeTCs JIOOOBOE CONpPOTHBICHUE (ro3eishka. B TMepeBepHYTOM IIOJIO0KEHHH STOT Yroy, Haobopor, Oyner
Oosble, 4eM yrosl aTakd, Ha JBOWHYIO BEIMYMHY YCTAaHOBOYHOrO yria kpbuia. Hampumep, eciu ycTaHOBOYHBIN
yroji pasen +2°, To mpu nojere Ha yrie araku & = 5° B HOPMAJILHOM TOJIETE YTrOJ MEKAY MPOJOILHON OChIO
camoJieTa U HaberarouM MOTOKOM OyIeT COCTaBIATh +3°, a B IEPEBEPHYTOM M0 aOCOJIIOTHOM BEIMYMHE OH OyaeT

_ I
paBen /7°/, 1. €. Ap =0 +Qycr

Bce 310 BhI30BET yBennueHHe JI000BOTO CONMPOTUBIICHUSI CAMOJIETA B IIEPEBEPHYTOM IOJIETE 110 CPABHEHUIO
C TIOJIETOM B HOpMalbHOM IMoJioeHHH. [loysipa Kpbula camojiera IOKa3blBaeT 3aBUCHMOCTh KOd(QUIHEeHTOB
MOJIEMHOM CHJIBI U JIOOOBOTO CONPOTHUBIICHHUS KPbLJIA OT YIJIa aTaku B MOJOXKUTEIbHON U OTPHULIATEIBHON 00IaCTsIX.
Ha nomsipe (cm. Puc. 6) BuaHO, YTO BEIMYMHA MAaKCHUMAJILHOTO 3HAYCHHS KOI(G(GUIMEHTA MOABEMHON CHIIBI

n
/Cy MAKC/ B 00IacTH OTpHULATENBHBIX YIJIOB aTaku MeEHbIIe, 4YeM Cy MAKC ~ HOpPMaJIBHOIO 1OJNETa, a
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Puc. 6 Ilonapa kpvina u camonema

Honﬂpa caMoOJIe€Ta B LCJIOM CTPOUTCA € YUCTOM AOIOJIHUTCIbHBIX BCJINYUH HOZ[LGMHOﬁ CHJIBI B T000BOT0O
CONIPOTHUBJIEHUS, CO3aBaACMBIX (1)IOSCJI}DKCM 1 JPYTUMHU YaCTsIMU CaMOJIETa.
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Beliie 6bUI0 YCTAHOBIICHO, YTO MPH HOJIETE MPU OAMHAKOBBIX 3HAYEHHUSX KO3 duIMeHTa NoABeMHON CHIIBI
B MpSIMOM ¥ TEPEBEPHYTOM TIIOJIETAX Yy CAMOJIETOB, MMEIOIIUX KPbUIO C HECHMMETPUYHBIM IPOQHIIeM,
K03 pHIIHEHTHI JIOOOBOTO COMPOTHBIICHHUS U KPbUTa U (hro3espKa OyayT OOJBIIMMU TPHU TOJIETE B TEPEBEPHYTOM
TMOJIOXKEHHH.

W3 cka3aHHOTO MOXKHO CAENATh BHIBOJA: B MEPEBEPHYTOM IOJIETE IPH MPOYMX PABHBIX yCIOBHUSIX JI000BOE
COIPOTHUBJICHHE Bcera OyaeT 0oJblie, 4eM B HOpMAIbHOM MOJIETE.

AdpoJMHAMHYECKOE KaueCTBO CaMmojieTa eCTh OTHOIIeHHe KOd()(HIMeHTa T[MOJXbEMHON CHIIBI K
K03 QHIIEHTY T0OOBOTO CONPOTHBIICHHUS

Ho rtak kak 5000BO€ CONpPOTHBIIEHHE CaMoJieTa B IIEPEBEPHYTOM IOJIEeTe Bcernza Ooibine JI000BOro
CONPOTHBIIEHHST B HOPMAaJbHOM IIOJIETE, TO, CJIEIOBaTEeIbHO, adpPOJMHAMHUECKOE KauyecTBO camolieTa B
MepEeBEPHYTOM TOJIETE BCET/Ia MEHBIIIE, YeM B HOPMAaJILHOM I10JIETE.

KPHUBBIE )KYKOBCKOI'O JJIS1 HIEPEBEPHYTOTI'O ITIOJIETA

KpuBsie moTpeOHBIX U pacmoiaraeMbeIX TAT (KpuBble JKyKOBCKOTO) SIBIISIFOTCS. OCHOBOM JUTS OLIEHKH JIETHO-
TAKTUYECKUX XapaKTEPUCTHUK CaMOJIeTa.

Pur [ NEPEBEPHYTLIA MOAET
1600 | Pp.\cn Hcpwéﬂa{ian
12001

AP

800{

400 M —t
PMHH

mec VKM/“'

VMMH v:‘\ﬂh 500 VRAAU.: 1000
Puc. 7. Kpugvie Kykoeckozo 014 HOpMANbHO20 U nepeeepHymo20 noiena

Ilopsmox pacuera M NOCTPOEHHS KPUBBIX MOTPEOHBIX M DACIONAraéMbIX TSI T'OPHU30HTAIBLHOIO
MEPEBEPHYTOTO IMOJIETA IPOM3BOJUTCA II0 TAaKOH € METOAMKE, YTO M I HOPMAJIBHOIO, MPSMOTO IIOJETa.
Pacnoslaraemast Tsra cUJIOBOM YCTAHOBKH, KaK IIPaBWIIO, HE 3aBHCHUT OT IIOJIOXKECHUS CAMOJIETA OTHOCUTEIBHO €r0
MPOJIOJBHON OCH, II03TOMY KPHBBIE pacIiojaraeMbIX TSr OYAYyT OJHH M Te K€ JUIi HOPMAJILHOTO U IEPEBEPHYTOro
noseroB. B OCHOBY pacueTa KpHMBBIX IOTPEOHBIX TAT OepeTcst Moysipa JaHHOTO caMoJieTa, B KOTOPOI y4TeHBI BCe
0COOCHHOCTH, TPHUCYIIHE TIEPEBEPHYTOMY HOJIETY.

Ha Puc. 7 nmoxa3ans! kpuBsie JKyKOBCKOTO IJI1 HOPMAJIBHOTO U TS IEPEBEPHYTOTO TIOJIETA.

Amnanu3 rpadyka MoKa3bIBaeT:

bid
1. MunnManeHass ckopocts UmuH B IIEPEeBEPHYTOM TOJeTe Ooiplie, 4YeM B HOPMaJIbHOM. OTO
OOBSCHSETCSI TEM, YTO 110 aOCOJIOTHOW BEJIMYMHE MaKCHUMalbHOE 3HayeHUe KOod((UIMEHTa MMOIBEMHOIM CHIIBI B
MEePEBEPHYTOM MOJI0KEHUN MEHbIIIE, YeM B HOPMAJILHOM

2. MunnmanbHas noTpeOHas TAra B IepeBepHyTOM mosiere PMuH Oojblie, 4eM B HOPMAaIbHOM, TaK Kak
a3pOANHAMUYECKOE KaueCTBO B IEPEBEPHYTOM I0JIETE BCETJa MEHBIIIE, YEM B HOPMAIBHOM

3. MakcuMmanbHas CKOPOCTb B MEPEBCPHYTOM IOJICTC UMaKC MCHbLIC, Y€M B HOPMAJIbHOM, H3-3a
YBEINYCHUA J1000BOT0O COIIPOTUBJICHU .

i . .
4. Vs6biTok TArM B nepeepHyToM monete AP Ha Bcem jamanaszoHe cKOpocTel 10 CBOEH BeIMUMHE
MEHBIIIE, YeM B HOPMAJIBHOM ITI0JIETE Ha TOH ke CKOPOCTH

N n
5. Jlnama3oH CKOpOCTEH MepeBEpHYTOrO MOJIETA AU" venpme, yem B HOPMAJIbHOM IIOJIETE, TaK KakK
i 017
Oy YBEIUYUIach, ~ MAKC yMeHBIIUIIACH
W13 ananu3za rpaduka ciegyer, 4To B IEPEBEPHYTOM IOJIETE BCE JIETHBIE JaHHBIE CaMOJIETa [0 CPABHEHUIO C
HOPMaJIbHBIM MOJIETOM YXYAIIAIOTCA.

I[HSI TOT'0 YTOOBI OCIA0HUTH HEXENATENBHOE YXYAIEHUE JIETHBIX XapaKTEPUCTUK CaMOJIETa B IIEPEBEPHYTOM
IMOJIETE, TPU TMPOCKTUPOBAHUHN MNHJIOTAXKHBIX CaMOJIETOB CJIEAYET YYUTHIBATH 0COOCHHOCTH adpOaAHAMHKH
MEPEBEPHYTOIO MMOJIETA, IJIA YETO HE00X0UMO:
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- KPBLJIO HaOWpaTh M3 CHMMETPHUYHBIX Npodmicii win u3 npodmieii ¢ MUHUMAIbLHONW OTHOCHTEIBHOM

KpUBU3HON A ;
- yMEeHbIIATh (110 BO3MOKHOCTH 110 0°) yCTaHOBOUYHBIH yroi KpbUIa;
- YYHTHIBATh BPEAHYIO HHTEP(hEPEHINIO KpblIa U (I03eIisKa B IEPEBEPHYTOM IIOJIETE;
- JKeJIaTeJIbHO, YTOOBI OTKIIOHEHHS PYJIsl BBICOTHI BHU3 1 BBEPX OBIIM NPUMEPHO OJIMHAKOBEI.

Kpome aspoauHamMudeckux 0coOEHHOCTEW MEPEeBEPHYTOrO MOJIETa, UMEET MECTO PsJi KOHCTPYKTHUBHBIX M
TEXHUYECKUX TpeOOBaHMii (Kak, Harpumep, odecrieueHre JUIMTEIbHOW paboThl CUIIOBOH YCTAHOBKH B IIEPEBEPHYTOM
MIOJIOKEHHH, oOecriedeHre HeoOXO0MMON MPOYHOCTH M YKECTKOCTH KOHCTPYKIIMHU TIPH IOJIETE C OTPULATEIbHBIMU
neperpy3kamu), 6e3 ydera KOTOPBIX ITMJIOTUPOBAHUE CaMOJIETa B IEPEBEPHYTOM IIOJIOKEHUH OYAET 3aTpyIHEHO.

YCTOMYUBOCTH U YIIPABJISIEMOCTb CAMOJIETA B IEPEBEPHYTOM IOJIETE

Ilpooonsnoii  ycmoiiuueocmsro Ha3bIBaeTCsl CIOCOOHOCTH camolieTa 0Oe3 BMeIIaTeIbCTBA JIETUYHKA
COXpaHATh 3aJaHHBI yroJl aTakyd NpH CIy4aHOM €ro M3MEHEHUH IO BO3JEHCTBHEM BHEUIHUX CHI. JTO
OIIpeieIeHUe B MTOJTHON Mepe OTHOCHUTCSA U K IIEPEBEPHYTOMY MOJIETY.
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Puc. 8 I'pagpux mz = f (Cyll, ) ona nepeseprymozo noirema

Ha YCTOﬁqHBOM B IIPOAOJIbHOM OTHOLICHHWHU CAMOJIETC B MCPCBECPHYTOM MOJIETC AOJLKHBI COXPAHATHCA TC
7K€ YCJIOBH paBHOBECHUS, YTO U B HOPMAJILHOM IIOJICTC.

Ionoxenune ¢oxyca mpoduned Kpblla COBPEMEHHBIX CaMOJIETOB B IEPEBEPHYTOM IIOJIETE B JIETHOM
JIara3oHe YIJIOB aTaku IPaKTUYeCKH ocraercs 0e3 naMeneHus. OnHako (OKyc camolieTa B LEJIOM Y HEKOTOPBIX
CaMOJIETOB B IIEPEBEPHYTOM TIIOJIETE MOXET OBbITh CMELIeH Ha3ajJ 3a CYeT yIJla YCTaHOBKHM CTabmiIn3aTopa,

PacCUMTAaHHOIO Ha HOpMalbHBIA mojeT. Kpome Toro, B mepeBepHyTOM MOJETE€ YMEHBIIAETCS BEJIMYMHA My,
(momenT camonera npu Cy = () BCIeICTBHE M3MEHEHHS CKOCa IOTOKAa B paliOHE TOPHU3OHTAIBHOTO OIEPEHHS,
HaJIM4Ms yTJIa yCTAHOBKU CTaOMIIN3aTopa U psifa Apyrux GpakTopos.

Bce at0 MNpUBOAUT K TOMY, YTO B MHNCPCBCPHYTOM IMOJCTC IMPOAOJIbHAA YCTOﬁQHBOCTL HCCKOJIBKO
OTJIMYACTCA OT HpOZ[OHBHOﬁ YCTOfIqHBOCTH B HOPpMAJIbHOM IOJICTE.

Ha Puc. 8 mnokasan rpadpux u3MeHeHHs KO3(hQUIMEHTa IPOAOILHOIO MOMEHTa CaMojeTa mec B
TIepeBEpPHYTOM IOJIETE B 3aBUCHMOCTH OT H3MEHEHHs Kod(uuuenTa noxbeMuoit cuiis (Cy”) 1 OT ONOXKeHus pyJist
BBICOTBL.

Ilonepeunaa ycmoiiuugocms - 310 CIOCOOHOCTH CaMOJIETa CAMOCTOATENBHO, 63 BMEIIATENILCTBA JIETUHKA,
YCTPaHSITh BO3HHUKIIMHA KpPEH. Y CaMOJIETOB, MMEIOLIMX MNpsMOE (HE CTPEIOBHIHOE) KPBUIO, Ul YIydIIEHUS
[OIEPEYHON YCTOMYMBOCTU B HOPMAJIBHOM IIOJIETE KPbULy IIPUJAOT IOJIOXKUTEIbHBIM yroja nomnepeysoro V. Ilpu
MoJIeTe B NEPEeBEPHYTOM IOJOXKEHUHU (Ha CIMHE) TONepedHas YCTONYMBOCTh y TaKHX CaMOJIETOB YXYALIAETCS.
Takoe yxyauieHHe NOIEPEYHOH YCTOHUMBOCTHM HaOJronaercs, Hampumep, y camonera Sk-18I1, mmeromiero
MOJIOXKUTENBHBIN yroJ monepedHoro ¥ kpuiia, papHblil +7° 30

Ecnu camonet neTut 6e3 CKOJIbKEHHUS, TO NP BO3HUKHOBEHNH KPEHA, BCICICTBUE YBEIUUCHHUS yIJIa aTaKy
y OIYCKAaIOIIETrocs KpbUla M YMEHBIIEHHS Yy TOJHHMAIOINETrocs, LEHTP IaBICHUS CMECTUTCS B CTOPOHY
oryckaromerocsi kpeiaa. IlosBiaseTcs MOMEHT OTHOCHUTEIBHO MPOJOIBHON OCH, HAIIPaBICHHBIM Ha yCTpaHEHHE
BO3HMKAIOIIET0 KpeHa. BO3HMKHOBEHHIO KpEHa IPEMSTCTBYET TakKe MOMEHT IIONEepPEeYHOro aAeMi(upoBaHus
kpbuta. OZHAKO MPY HAJIMYUU CKOJIBKEHUS, KOTOPOe NpU 00pa30BaHMU KpeHa BHI3BIBAETCS cOoCTaBistonel Beca Gz,
BO3HHUKAET COCTABJIAIONIAS] CKOPOCTHU, HAIIPABIEHHAs BAOJIb KPbLIA.

[Ipn HamWYuM MOJMOKUTEIHHOTO TIONMEPEYHOTrO0 J KpBUIa, KOTOpPOE B IEPEBEPHYTOM IOJOKECHUHU
(haKTHYECKN CTAaHOBHUTCS OTPHULATENFHBIM, YTOJI aTaKé KPbUIa, HA KOTOPOE MMPOUCXOANUT CKOJIBKEHNE, YMEHBIIIAeTCs,
a'y MPOTHUBOMOJIOKHOTO - YBEIUYUBAETCS
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Puc. 9 Cxkonvorcenue camonema 6 nepeeepHymom noaeme

(Puc. 9). Dro mnNPUBOANT K YMEHBIIEHHMIO MOMEHTOB, IPEISATCTBYIOIIMX OOpa30BaHMUIO KpeHa WU
CKOJIB)KEHUS, T. €. K yXyIUICHUIO IIONIEPEUHON YCTONYUBOCTH.

OueBHIHO, YTO y TEX CaMOJIETOB, y KOTOPBIX IOMNEPEYHOE J KpbUla HEBEIMKO WM PABHO HYIJIIO,
HOIepeyHas yCTOMYMBOCTD B NIEPEBEPHYTOM IOJIETE MM COBCEM HE OyAeT M3MEHSTHCS WM OyAeT yBENUIMBaTHCA,
€CITH KPBUIO UMEET OTPHLIATEIIbHBIN YTOJI IONEPEIHOTO V.

YXyILHIeHI/Ie HOHCpe‘IHOﬁ YCTOﬁQHBOCTH B NEPCBCPHYTOM IOJICTC YCIOKHACT MUJIOTUPOBAHUEC U Tpe6yeT
OT JICTYHKA ITIOBBIICHHOT'O BHUMAaHMA.

Hymeeaﬂ ycmoﬁuueocmb - CIMOCOOHOCTH CaMOJIETa CAaMOCTOSITETLHO YCTpaHATbh BOSHUKIICE CKOJILKCHUC.

[TyreBast ycTOHYMBOCTH camoJieTa 3aBHCHT OT IUIOLIAJM BEPTHKAIbHOIO ONEPEHHs, JUIMHBI (Io3ersvKa,
LICHTPOBKY, (POPMBI KpbUIa B IuIaHe (yIia CTPeNOBUIHOCTH). Bce 5TH mapaMeTpsl, a Takke ycloBUS OOTEKaHUS
MPAaKTUYECKHA HE U3MEHAIOTCS MIPH MEPEXOAE OT HOPMAIIBHOTO K IEPEBEPHYTOMY MOJIETY. I103TOMY MOYKHO CUHMTATB,
YTO MyTeBasi YCTOWYHMBOCTH B MEPEBEPHYTOM IIOJIETE MPAKTUYECKH HE OTIMYAETCA OT IyTeBOH yCTOIUMBOCTH TOTO
’K€ CaMOJIETa B HOPMAJILHOM II0JIETE.

T'OPU3OHTAJBHBINA MOJIET B MIEPEBEPHYTOM ITOJIOKEHUU (ITOJIET HA CIIMHE)

B nepeBepHyTOM TOPHU3OHTAJIBHOM TMOJIETE HA CaMOJIET ACHCTBYIOT T€ )K€ OCHOBHBIC CHIIbI, YTO U B
HOpMaJbHOM TopHu3oHTaIbHOM mosiete (Puc. 10),

- CuJia BE€Ca G, HalpaBJICHHAs BHU3,

- CWJIa TATY CHJIOBOW YCT@HOBKM P, HampaBiieHHas BIlepe 10 MPOAOJIbHOM ocu camonera. J{ns ynobcrBa
paccMOTpeHHs NoJaralT HalpaBiIeHne CUJIbl P TOpU30HTAIBHBIM. I1orpeIHoCTh IpH 3TOM HEBENIHKA;

- OIbeMHas CHIa Y, HarpaBlIeHHAs BBEPX;

- cua J1000BOro COIMPOTUBJICHUSA Q, HampaBJICHHAd Ha3an.

RI‘I ——————— aﬂ

Puc. 10 Cxema cun 6 20pu30HmManpsHOM nepesepHymom nojeme

HOCJ’ICZ[HI/IG JABC CUJIbl ABJIAKOTCA COCTABJIAOIIMMH IIOJIHOM aBpO,HHHaMH‘ICCKOﬁ cmibl. Tak XKEC, KaK U B
HOPMAJIBHOM IIOJIETE, MJI YIPOIIEHUA MOJIararoT, YTO CHIIBI, ﬂeﬁCTBy}OHlPIe Ha CaMOJIET, IIPUJIOKEHBI B €TI0 LICHTPE
TSAXKCCTH.

YcnoBue paBHOMEPHOCTH U IPSIMOJIUHEHHOCTH B TOPHU30HTAILHOM IIEPEBEPHYTOM MOJIETE:
1 _ . _
Y'=G;, P=0+G, (13.3)

Panee ObUTO YCTaHOBJIEHO, YTO B TIEPEBEPHYTOM IIOJIETE BCE OCHOBHBIC XapaKTEPUCTHKH TOPU30HTAIHHOTO

I10JIC€Ta yxy,Z[IJ.Ia}OTCHI TCOpeT NYCCKasd MHUHHMAJIbHaAA CKOpOCTB B03paCTaCT, a MaKCUMaJIbHasd yMeHBH.IaeT Ci,

aapozmHaMqucxoe KAa4yeCTBO TAK XC yMeHbH.IaeTCSI. HpaKTI/I‘-IeCKI/I MHUHHUMAJIbHASA CKO]C)OCTI) HepeBepHyToro 110JICTAQ,

7
Cy

_ b
KaK ¥ HOPMaJIFHOTO I10JIETa, COOTBETCTBYET = 0.85CY yuakc , UTO TIPEBHIIIAET TEOPETUIECKH MHUHUMAIBHYIO
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CKOpOCTh mojsieTa Ha =~ 15%. DTa CKOpPOCTh B MEPEBEPHYTOM; FOPU3OHTAILHOM TMOJIETE SIBISIETCS MUHUMAJIBHO
JIOITYCTHMOM JUIsi 00eCIIeYeHus! yI0BIETBOPUTEILHON YCTOMYMBOCTH U YIIPABIISIEMOCTH CaMOJIETa.

Ilpy 5ToM cHelxyeT NOMHHTH, 4TO aGcomoTHas BemmumHa Cyycc U1 caMoieTa ¢ KpHUIOM
HECHMMETPUYHOr0 NPOGHIA ObIBaeT OOBIYHO MEHbIIE, YeM B HOPMAJIBHOM TOPH3OHTAIBHOM Ionere. Benencteue
3TOr0 BEIWYMHA TEOPETHYECKOH MHHHUMAIbHOW CKOPOCTH IIEPEBEPHYTOrO IOJIETa (@ TAKXKE U MPAKTUYECKH
MHHUMaJIbHOI) OyneT Ooublile, 4eM B HOPMAaJIbHOM T'OPU3OHTAJIBHOM MOJETe. DTO JOJKHO YUUTHIBATHCS JIETHBIM

COCTaBOM ITPpU NHUJIOTUPOBAHUHN CaMOJICTa B IEPEBCPHYTOM ITOJIOKCHUM.

HOJABEM CAMOUJIETA B IIEPEBEPHYTOM I10JIO)KEHNHU

Kak 1 B HOpMaJbHOM IOJIETE, YCTAHOBUBILUMCS IOJbEMOM B HEPEBEPHYTOM IOJIOKEHHU HA3bIBACTCS
MOIBEM CaMOJIeTa IO MPSMOJIMHEHHON BOCXOSIICH TPACKTOPHH C MTOCTOSIHHOM ckopocThio (Puc. 11)

Puc. 11 Cxema cun npu nooveme 6 nepesepHymom noJieme
Tak kak U30BITOK MOIIHOCTH (CJIEOBATENBHO U TATH) B IIEPEBEPHYTOM IMOJIETE BCEIa MEHBIIIE, YEM MPH

HOpPMAJIbHOM IIOJICTEC Ha TOU XKe CKOpPOCTH, TO YI'0Jl YCTaHOBHUBLICIOCA MOAbEMaA g B INCPEBCPHYTOM IMIOJIOKECHUN
BCCrja MCHbBIIEC yIya nmoaAbeéMa MMpu HOPMAJIbHOM ITOJIOKCHUU. O[lHaKO B MCPEBCPHYTOM ITOJIOKCHUHN Yy CaMOJICTOB,
UMCHOIIUX KPbUIO € HCCUMMETPUYIHBIMU HpO(i)I/IJ'IHMI/I, n3-3a YXYAUICHUSA a3pOJWMHAMHKU KpbUId, a TAKXKC H3-34a
HaJIM4Yus MOJIOKUTCIBbHOI'O0 YCTAHOBOYHOI'O YIJla KpbLIa, YIOJ MEKIY HpOZ[OHBHOﬁ OCBIKO CaMOJICTa U IIJIOCKOCTBIO
TOpHU30HTa 6y/1eT BCEraa 6OJ'II)HIC, YeM B HOPMAJIbHOM IIOJICTC Ha TOH Ke CKOpPOCTH. DTo moBjedyeT 3a coOoM

1
YBCJINYCHUC J000BOTO COIIPOTUBJICHUSA, a YTOJlI moaAbeMa 9 U CKOPOIIOABECMHOCTDb Uy 6y}_'[yT COOTBETCTBEHHO
YMCHBLIIATHCH.

Bonbias pasHuna MEXAy yrjioM IoabeéMa U YIJIOM MEXIAYy HpOHOHbHOﬁ OCBIO CaMOJI€Ta M IIOCKOCTBIO
ropu3oHTa YCJOXHACT MNHUJIOTUPOBAHUC CaMOJICTA, TPYAHEEC CTAHOBUTCA CYIUTH 00 yrie noabe€Ma IO HAKJIOHY
HpO}IOJ’leOﬁ oCHu caMoJi€Ta K TOPHU3O0HTY. HOSTOM}/ JICTYUK OOJIKCH OosbIie YACTATL BHUMAHHA YKa3aTeIro
CKOpPOCTH, BApUOMETPY.

Menbiie 6yaeT 1 BEPTUKAJIbHAsE CKOPOCTh U3-3a YMEHBIICHUS M30BITKa MOLITHOCTH

V I7 75 'AN
y =
G . (13.4)

W3 BhIlIeCKa3aHHOTO MOXHO CHENaTh 3aKIIIOYCHUE, YTO IIPHU YCTAHOBUBIIEMCSA IOABEME CaMOJI€Ta B

TMEPEBEPHYTOM MOJIOKEHUUN BCE XaPAKTCPUCTHUKU IOABEMA YXYAIIAKOTCA.

IINTAHUPOBAHMUE B IIEPEBEPHYTOM NNOJIOXKEHUHN

YcTaHOBUBIIMMCS IJIAHUPOBAaHUEM CaMOJIETA B IEPEBEPHYTOM IOJIOKEHUU HAa3bIBAETCS NMPSMOIMHEHHBII
TMOJIET 110 HUCXOAAIEH TPaeKTOPUH € TIOCTOSIHHOM ckopocThio (Puc. 12).

Puc. 12 Cxema cun npu naanupoeanuu 6 Puc. 13 K onpeoenenuro yena naknona
nepesepHymom noa0HceHuu npoOONBLHOU OCU

Ecnu muanvpoBanue ocyluecTBiseTcs 0e3 TSArM, TO W3MEHEHHE CKOPOCTH OYAeT CBS3aHO C YIJIOM
ruianupoBanus 0. Uem OoJibliie yrou IiiaHupoBaHusl, TeM 00JIbIle MOTPeOHast CKOPOCTb.
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Jnst yBenn4eHus yria aTaky Ha IUIAHWHPOBAHHUH B IIEPEBEPHYTOM ITOJIOKSHUH PyUYKa YIPaBICHHS OTHAeTCs
OT ce0d, 1 CKOPOCTb IUIAHWPOBAHMS YMEHBIUIUTCA. MUHNMaNbHAs CKOPOCTh NPH IUIAHWUPOBAHHU B NEPEBEPHYTOM
MOJIOKEHHUH OOJIbLIIE, YeM B HOPMAIILHOM.

[Ipy nnanupoBaHNK B NEPEBEPHYTOM ITOJIOKESHUH YTOJI HAKJIOHA IPOAOJIBHOM OCH CaMoJIeTa K TNIOCKOCTH
ropusonTa (Puc. 13) n3-3a HanW4Ms yriia ycTaHOBKM MEHBINE, YeM IIPH HOPMaJIbHOM IUIAaHUPOBAHUM, HA BEIMUUHY
JBOMHOTO yIjla yCTaHOBKH Kpbla (TIPH IMJIIAHUPOBAaHUU C OJMHAKOBBIMHU CKOPOCTSIMHM). I10 3TO# nmpuunHe y neTduka
CO3JaeTCsl BIICUATIICHUE, YTO CAMOJIET TIAHUPYET C MAJIBIM YIJIOM K TOPH30HTY, XOTS CKOPOCTb CHI)KEHHS TIPH 9TOM
MOXET OBITh 3HAYNTEIHHOM.

W3 cka3aHHOTO CIeIyeT, 9TO IPH NMEPEeBEPHYTOM YCTAaHOBHBILEMCS IITIAHUPOBAHNH CAMOJIET UMEET XyIIINe
JIETHBIE JAaHHBIEC, YEM B HOPMAJILHOM IIIAHMPOBAHHH.

OBPATHBIN MAJIOTAK

Manespuposanue camonema c ompuyamenvuvimu nepezpyskamu (-1y) NPUHATO HA3bIBATh 00pPATHBIM
muotaxeMm. Bce ¢urypsl oOpaTHOTO THIIOTaXa OTHOCATCS K BBICIIEMY MIJIOTaXy. BwImoiHeHHE 00paTHOTrO
MUIIOTaXa CBS3aHO C PSAOM TpyaHOCTel. [1o3TOMy mepen HayauoM IOJICTOB Ha OOpPATHBIM MIOTaXK HEOOXoIuMa
THIATeJIbHAsl OJATOTOBKA JeTYnKa Ha 3emiie. OJHUM U3 BaXKHBIX 3JIEMEHTOB 3TOW MOATOTOBKHU SIBJISIETCS U3yUEHUE
A’POTMHAMUKH M TUHAMHKH KaXI0H (PUTYPBI, 0COOCHHOCTEH YCTONYMBOCTH M YIPABIIEMOCTH, PAacyeT OCHOBHBIX
napameTpoB ¢uryp. TpyIHOCTH OCBOSHHS OOPATHOTO MIIOTaXa 3aKITF0YACTCS B TOM, YTO OH OPTaHHYECKH JOJDKCH
BBITIOJTHATHCSI B KOMIDIEKCE C MPSIMBIM MIUIOTKEM; 3TO Ha TMEPBBIX ITOpaX MOXET AE30PHEHTHPOBATH JICTUMKA B
OTHOUIEHUM JEHCTBUH PYJISIMH, PA3JIU4YHON YCTONYUBOCTBIO U YIPABISIEMOCTBIO IPSIMOTO U IIEPEBEPHYTOIO MOJIETA.
Jlis mprMepa paccCMOTPUM HECKOJIBKO (HUIYp 0OpaTHOTO MIIOTaXKa: BUPAXK, METIIO.

OBPATHBIN BUPAXK

Ilpasunvnovim oopamusim euparcom (VI BUPaKOM Ha CTIIMHE) Ha3bIBAETCSl pa3BOPOT camosieta Ha 360° B
TOPU30HTAJILHOM IUIOCKOCTH C TOCTOSHHOW CKOPOCTBIO 0€3 CKOJbKeHHs, 0e3 morepu M Habopa BBICOTHI, C
oTpHIaTeNIbHOM nieperpyskoi (Puc. 14).

[Ipn BBIMONHEHWH OOPATHOTO BHpaXka HAa CaMOJIET ACHCTBYIOT TaKHE K€ CHJIBI, YTO M Ha HOPMAJILHOM

11
BUpaxxe. HeypaBHOBEIICHHAsT [IEHTPOCTPEMHUTEIBHAS CHIa Y, , HeoOXomuMasi sl MCKPUBIICHHS TPAEKTOPHIY
HOHy‘IaeTCfI B pCSyJILTaTe HaerHeHI/Iﬂ caMoJIeTa
o _ i .- 1
Y, =Y" siny” (13.5)

Cuna Beca-caMoJjieTa YpPaBHOBCHINBACTCA COCTaBJ’ISIIOHICﬁ HOZ[”I)GMHOfI CHJIBI

v, =Y" cosy” (13.6)

Puc. 14 Cxema cun na npaguibHOM 00pAmMHOM GUPAIcE
Crenaem aHaiW3 OCHOBHBIX MapaMeTpoOB OOPATHOTO BHpa)Xka M CPABHUM HX C MapamMeTpamH MHpsSIMOTO
BUpaXKa.

1. MuHMMaNIBHBIA pagryc OOpaTHOrO BHpaka OOJbIIe, YeM HOPMAJbHOTO, TaK KaK B IMEPEBEPHYTOM
nonere Cy"'\ixc MEHbIIE, 4eM B HOPMATHHOM.

2. Tak Kak HeCyIIue CBOICTBa Kpbla B NEPEBEPHYTOM IIOJIETE€ CHIKAIOTCS, MaKCHMallbHas BENWYMHA
MOJbEMHON CHJIBI yMEHbIIAETCs, MO3TOMY MaKCHUMalbHBI KpeH Ha 0OpaTHOM Bupaxke OyJneT MEeHbIe, uYeM Npu

HOpMaJIbHOM. ‘VYMeHbIIcHIE KpC€Ha YMCHBIIACT MAKCUMAJIbHO JOCTUTI'ACMYIO OTPHUIATCIbHYIO MIEPETPY3KY (—ne).

3. N3-3a yBenuyeHUs MPaKTHYECKH MUHUMAIILHOH (3BOJIIOTHBHON) CKOPOCTH, @ TaKKe W3-3a YMEHBIICHHS

buj
BO3MOJKHOTO KpeHa /  BpeMsi 00paTHOr0 BHPAXka yBEINIHBACTCH.
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AHanu3 MoKa3bIBaeT, YTO BCE OCHOBHBIC MapaMeTpbl 0OpaTHOro BHpaxxa (KpeH, Ieperpyska, paauyc,
BpeMsi) 110 CPABHEHHIO C HOPMAaJIbHBIM BUPA)KOM 3HAUYUTEJIBHO yXYILIAIOTCS.

TEXHHUKA BBIIIOJTHEHUA OBPATHOI'O BUPAKA

B ropuzoHTansHOM 1oJIeTe Ha CIIMHE HA 3aJJaHHOW CKOPOCTH CaMOJIET HY>KHO OTPETyJIMPOBATh TPHMMEPOM
W TUIaBHBIM KOOPJMHUPOBAHHBIM JIBIDKCHHEM PY4YKH M TEJaJIeil BBECTH caMOJET B BHPaX, UIA 4Ero pydKy
YIpaBICHUs] OTKIOHUTh B CTOPOHY MOJHUMAFOIIETOCS KPbUIa M HAXKaTUEM Ha IMPOTHUBOIOIOKHYIO NEAaNb CO3aTh
BpamieHue. [1o Mepe yBenmmueHns: KpeHa pydKy yIpaBiIeHHs HE0OXOJUMO OTAAaBaTh OT ceOsl Ul yIepKUBaHUSA HOCa
caMoJleTa OT OIyCKaHus M I cO3AaHus BpamleHus. IIpu IOCTHXEHUM 3aJaHHOTO KpeHa M YIJIOBOW CKOPOCTH
JBI)KEHUEM PYUKH U Ielaly YCTPAHUTh CTPEMIIEHHE cCaMOJIeTa YBEIUMYUTh KPEH U BpallleHue.

s BEIBOZa camojieTa U3 0OpaTHOTO BHpaXka HYXKHO 3a 25-30° 1o HaMEUeHHOTO OpPHEHTHpA IBHKCHUEM
PYYKH B CTOPOHY NPOTHB KpEeHa M HaXXKaTHEM Ha BEPXHIOIO Iealb YMEHBIIATh KPeH U BpamieHue. [locne Beixoxa
caMmoieTa W3 KpeHa W BpAICHMS IIOCTaBUTb pYJIM HEHTPalIbHO, YyICPKHUBash CaMOJET B TOPU30HTAIBHOM
MEPEBEPHYTOM IIOJIETE.

IMopsinok newcTBUi TeTYNKa MIPH BEITIOTHEHUH 00paTHOTO BUpaXka ¢ KpeHoM 60° Takoif ke, Kak U BUpaXka C
KpeHoM 110 45°. Ho B oT/IM4YMe OT MENKOro BHpaXka B MPOLEcCe CO3IaHMs KpeHa He0OX0JUMO TUIABHO yBEIUYUBATD
TAry ABUTATEINs (YBEIWYMBATH HAJUTYB) IO MOJHOM K TOMY MOMEHTY, Korna KpeH gocturaet 45°. [Ipu nanbHeiimem
YBEINYCHUH KpeHa pydKa YIPABICHHS 3HAYMTENbHO OTHAeTCs OT ce0s Ul YBEIMYEHHS YIJIOBOTO BpAIEHHMS, a
pyJieM HaIpaBJIEHUS BBLACPXKUBAETCS MOJOKEHUE KAallOTa OTHOCUTENBHO TOpU30HTA. JeHCTBUS PyJIsIMU Ha BBIBOJE
TaKHe Ke, KaK U IIPH BBIBOAE U3 MEJIKOTO BHpaXka, HO [0 Mepe YMEHbLICHHs KpeHa pydKa Iox0upaercs Ha ce0st 1y
TOrO0, 4YTOOBI CaMOJIEeT He MOAHUMAIl HOC, U yOupaeTcs HaJyB 10 HEOOXOJUMOro A FOPU30HTAIBHOIO I0JIeTa Ha
CIIHHE.

Oo6pamnoii nemieil Ha3pIBaeTCs JBMKEHHE CaMOJIETa 110 KPUBOJIMHEHHO! TpaeKTOpUH, UMeroLel Gpopmy
3aMKHYTOH TIETJIM, B BEPTUKAIBHOHN IUIOCKOCTH C OTPHUIATENFHBIMH YTIJIaMU aTakKd U OTPUIATENILHON eperpy3Kou.

Ilepen BrImoTHEHHEM OOPATHOW METIHM CO CHMHBI HEOOXOANMO B TOPHU30HTAIHHOM IIEPEBEPHYTOM IIOJIETE
pa3orHaTh caMmoJeT 0 3alaHHOH cKOpocTH. OOBIYHO 3Ta CKOPOCTH OIHM3Ka K MaKCHMAaIbHOH. JIOCTHTHYB HYXHOM

CKOpPOCTH, JICTUUK OTAACT PYYKY OT 06651, yBEJIMUMBasg TCM CaMbIM orpnuaTeanmﬁ yroJi aTaku a 1 " MMOABEMHYIO
cuny Y” xoropas crader Gonblue cuibl Beca camonera. M36BITOK moabemHoit cumbl (Y-G) Gyner Toii
HEHTPOCTPEMUTEIBHON CHIION, KOTOpast ICKPHUBIISIET BBEPX TpacKTopuro nerkeHus (Puc. 15).
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Puc. 15 Cxema cun na o6pamnoii neme

W3menenne neperpysku -y, paanyca TN, CKOPOCTH T0JIETa TI0 TPACKTOPHH Ha METIIe PAaCCUUTHIBAIOTCS
Mo TeM ke (opMynaM, 4TO M JUIA NMpsIMOM OOBIYHOM mernu. HavanbHast cKOpocTh BBOJA B METIIO JOJDKHA OBITH
6onee nByx U \uu mepeBepHyTOro moiera. [Ipy BBOAE B METIIO Ha MEHBIICH CKOPOCTH B BEpXHEH TOUKE METIIH
CaMoJIET CHJTBHO TEPAET CKOPOCTh, B PE3yJIbTaTe Yero MobeMHas cuia Y' CTAaHOBUTCA MeHbIIe Beca camoneta (Y
<(G) ¥ BMECTO OTpULATENILHOM Meperpy3Kku - #1y NOsBISETCS TIOJIOKUTENbHAas. JIETUMK 3TO MOJI0KEHUE OLIYIIAET MO
OITyCKaHMIO Ha cujieHbe. [1eTmst nomydaercs HenpaBuiabHOU. [leperpyska Ha nemie onpenensercs no Gopmyire:

2
v
—n, =—+cosé
gr , (13.7)
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rae 8 - Yroj Mexay ropusoHTaJIbio 1 KacaTeJIbHOM K TPACKTOpHUU ABUKCHUSA B paCCManHBaeMOﬁ TOYKE.

®opma 00paTHOH meTnM, KaK W HOPMAaJIbHOH, W3-3a YMEHBIICHUS CKOPOCTH M pajnyca KpPUBH3HBI
TPACKTOPUU B BEPXHEU €€ YaCTU IOJIy4aeTCs HECKOJIBKO BBITSHYTOU BBEpX. B BepxHEH TOYKe IETVIM CKOPOCThb
10JIeTa U paJuyC HauMEHbIINE.

[Ipu nBMXEHNH IO KPUBOJIMHEHHON TpaeKTOpUU Ha 0OpaTHOU MeTie, Kak U Ha HOPMAaJbHOM, HA caMoJeT
OKa3bIBAIOT BIMSHUE THPOCKOITMYECKUI U PEaKTUBHBI MOMEHTHI BO3IYIITHOTO BUHTA (poTopa TP/I).

Ha camonerax ¢ BUHTaMH JI€BOro BpallieHHs (€CIM CMOTPETh M3 KaOMHBI CaMoJieTa) MpPU BBIIOIHEHUH
BOCXO/ISIIIEH 4acTH OOpaTHOM NHETIM TMPOCKOIIMYECKHH MOMEHT BBI3BIBAET Pa3BOPOT BIPaBO (C TOYKU 3pEHUS
JeT4rKa). JTa TeHICHIHUS K pa3BOPOTY JIETKO MapUpyeTCsl OTKIOHEHHEM JIeBoH nenand. C yMeHbIIEHHEM CKOPOCTH
3aMETHEE TPOSBIISETCS PEaKTHBHBIH MOMEHT, KOTOPBIH CTPEMHTCS] HAKPEHUTHh caMoJeT BIpaBo. [ ycTpaHeHus
3TOT0 HaKPEHEHHsI HEOOXOANMO OTKIIOHATH PYUKY YIPABIICHUS BIIPABO.

TEXHHMKA BBIIIOJTHEHUSI OBPATHOM METJIN.

I[J'ISI BBITITOJTHCHUA O6paTHOI>i ICTIU CO CIIMHBI HeO6XOﬂI/IMO B 'OPU30HTAJIBHOM NEPEBCPHYTOM IIOJICTC HA
IIOJTHOM MOIIHOCTH JOBHUTATCIIA C HEOOJIBIINM CHIKEHHEM pa3orHate CaMoOJIET OO0 SaHaHHOﬁ CKOpOCTH BBOJA B
NETIIO.

IIpu nocT>xkeHUU 3aJJaHHOW CKOPOCTU BBOJA IUIABHBIM, HO SHEPIUYHBIM JBMKEHUEM PYUKU YIPABICHUS
0T ce0s1 CTPOro Mo NPOJOIBHON OCH CaMOJIeTa YBEINYUTh OTPULATEIbHBINA yrou atraku. OTpulaTesbHas eperpysKa
IIPY 5TOM JIOJDKHA OBITH OKOJIO 4.

ITo mMepe Bo3pacTanus yria moxbeMa TEMII OTIAYM PYyUYKH OT ce0s yBeInYuBaTh A0 MOAXOAA camojeTa K
TOPU30HTAJILHOMY IOJIOXKEHHIO (BepXHsisd Touka). Henb3s gomyckars M3IHMIIHEH OTauu PYYKH OT ce0sl, TaK Kak Ipu
9TOM TEPAETCS CKOPOCTh U YCTOMUMBOCTBH CaAMOJIETA, MOXET HAdaTbCsl TpsACKa camosiera. IIpu nosiBiieHUU TPSCKU
HE0OX0AMMO 3aMeTUTh TEMIT OTAA4YH PYyUKH OT ceOsl.

[Ipu momxone K TOPU3OHTAIBHOMY TOJIOKEHUIO B BEPXHEIl TOYKE METVIM PyYKa YHpaBJICHHUS HECKOJIBKO
nozbupaercst Ha ceOst U MPEeJOTBPAILEHUs] PE3KOro OMyCKaHHWs HOCa CaMoJieTa IMOoCie MpoXoJa BepXHel TOUKU
netnu. [locie mpoxoxaeHuss BepxHell TOUKH, KOTla HOC camoleTa omycTuTcs Ha 15-20° Hipke TOpH30HTa, TUIAaBHO
YMEHBIIUTH MOIIHOCTDH ABUTATEIIA 10 MHUHHUMAJILHOH.

Koraa camoner Oyaer HaXOIUTHCS B OTBECHOM NHKHUPOBAHUM, 3a[€p)KaTh PydKy Al HAOOpa CKOPOCTH, a
3areM, IIaBHO OTJaBasi PydKy OT ceOsl, ¢ meperpy3koit 3,5-4 nepeBecTy caMoJIeT B PEXKUM TOPH30HTAIBHOTO MTOJIETa
Ha CIIMHE C TAKHM PacdyeToM, 4TOOBI CKOPOCTh Ha BBIBOAE OblIa paBHa ckopocTH BBoAa. [Ipu momxone camonera K
TOPU30HTAILHOMY TIOJIOKECHHIO YBEIMYUTh MOIIHOCTh [BHUraTrens OO0 HEOOXOOUMOM Uil  BBIIOJIHEHUS
TOPU30HTAJIBLHOTO [T0JIeTa Ha CIIMHE WM IS [Iepexo/ia B IpYyryio GUrypy HHIOTaxa.

OCHOBHBIE XAPAKTEPHBIE OIIIABKHA ITPU BBINMOJHEHAU OBPATHOM METJIN:

- Majla CKOpPOCTh Ha BBOJE - CAMOJIET B BEpXHEH TOYKE METIH TEpseT yCTOWYMBOCTh, CBAJMBAETCS Ha
KPBLIO;

- BEJIMK TEMIT OT/aYH PYyYKU OT ceOs - caMOJIeT TepseT CKOPOCTh U yCTOWYMBOCTh, BO3MOXKHO CBAIMBAHUEC
Ha KPBLIO;

- HC 3aMCYACTCA U HEC YCTPAHIACTCA KPCH - CaMOJICT YKIIOHACTCA OT BEPTUKAIH.

YCTOMUYUBOCTH U YIIPABJISAEMOCTDH CAMOJIETA B OBPATHOM
IHOJIETE

YCTOWYMBOCTE M YIIPaBIAEMOCTh camonera SIK-55 TpW BEHIIONHEHWH OOPaTHOTO IIOJIETa UMEET Te KE
XapaKTEPUCTHKH, YTO U B IIpsiMoM Tosere. Camouret Sk-52 uMeeT cBor 0COOEHHOCTH.

CDOKYC camoiera fk-52 Ipyu BbIITOJIHCHUN 06paTHOF0 moJjiecta CMCUICH Ha3aJ 3a CUCT yrjla YCTAaHOBKHU
CTaGI/IHI/BaTOpa, PpacCYUTaHHOI'O Ha HpHMOﬁ IIOJICT.

Kpowme Toro, B 06paTHOM monieTe yMeHbIIaeTCs BennunHa MoMeHTa camounera npu Cy=0 (Mz,) BcrneacTBue
M3MEHEHHsI CKOCa IMOTOKa OKOJIO TOPU3OHTAJIBHOIO OIEPEHHMs, HAJIMYMS yIJla YCTAaHOBKHM CTa0MJIM3aTopa W psna
JIpyrux (GakTopos.

BBuay HEKOTOPOTO YBETHMUYECHHUS MPOAOIBHOM yCTOHYNBOCTH B OOPATHOM IOJIETE YIPABIIIEMOCTh CaMOJIeTa
B IPOAOJBHOM OTHOIIEHMHM YXYAUIAETCsS, IIO3TOMY YBEIMYMBACTCSA PACXOA PyJs BBICOTHI Ul H3MEHEHHS
OTPUIATEIbHON MOABEMHOW CHJIBI Ha OIpENeNIeHHYIO BenuuuHy. ClemoBaTenbHO, IJIsI CO3JAaHUS MEPETPy3KH
HEOOXOANMOM BENUYMHBI MOTPEOHOE OTKJIOHEHHE PYJNs BBICOTHI OKa3bIBAETCS OOJIBIINM, YEM B IIPSIMOM IOJIETE.
IloBBIIIEHHBIN PACX0/ PYJIs BBICOTHI BBI3BIBACT IIOBBILICHHBIE YCUINS HA pydke ynpasieHus. [loaromy setunx uist
CHSATUS IIEPErPY30K JOJDKEH UCII0Ib30BaTh TPUMMED.

[NomnepeuHast 1 myTeBasi yCTOWYMBOCTH camoJiera Sk-52 B 0OpaTHOM MoJieTe MPaKTHYECKH HE U3MEHSETCH,
TaKk KaK CaMoOJIeT MMEeT Malyio V-00pa3HOCTh KpbUIa, YTO B 3HAYUTEIHHON Mepe BIMAIO OBl Ha IONEPEYHYIO
ycroitunBocTh. [lnomans BepTUKanbHOTO onepenus, [uinHa (ro3ensika, GopMa Kpblia B IJIaHe, YCIOBUsI O0TeKaHUs
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KpblIa ¥ (ro3eiska BO3LYIIHBIM IIOTOKOM NPAaKTHYECKH HE M3MEHSIOTCS IPH Iepexoe OT IPSIMOro K 0OpaTHOMY
nosiety. [103TOMy MOXKHO CUMTaTh, YTO IMyTeBast yCTOMYMBOCTH B 0OpaTHOM ToieTe camoiera Sk-52 mpakTHdecKu
HC OTJIMYACTCA OT HyTeBOﬁ yCTOﬁ‘lHBOCTH B I[IPSAMOM IIOJICTEC.

ITOBOPOT HA BEPTHUKAJIN

Ilosopom na eepmuxanu npeaCTaBisieT OO0 MOBOPOT Ha ropke ¢ yriiom 90° (Puc. 16).
BbIx0/1 Ha BEepTHUKAIIb BBEPX OCYIIECTBISIETCS TaK XK, KaK MepBasi 4eTBEPTh METIIH.

I[J'ISI HUCKPUBJICHUA TpPACcKTOpHUU II0JICTa B BepTHKaﬂBHOﬁ IIIOCKOCTH H606XO,HI/IMO OTKJIOHUTH pPYJb
IMMOBOPOTAa B CTOPOHY BBIITOJIHACMOI'O IOBOPOTA HA BEPTUKAIH.

Ilocne BBIMOMHEHUS IMOBOpPOTA CaMOJIET BBIMMOJHACT OTBCCHOC NHUKHPOBAHUE C PAa3srOHOM CKOPOCTH U C
MOCJICAYIOIUM BbBIXOJI0M B FOpl/ISOHTaHbHMﬁ II0JICT.

HpI/I BBIIIOJTHEHUU ITOBOPOTA HA BEPTHUKAJIIN HA BHEIIHEM ITOJYKPBUIE CO3JA€TCA MMOABbEMHAsA CHUJIa OoJrbIas
110 BEJINYMHE, Y€EM Ha BHYTPEHHEM IOJIYKPBLIC, YTO IIPUBOAUT K IMOABJICHUIO KPEHA CaMOJIETa B CTOPOHY pasBOpOTa.

[osiBuBLIKIICS KpPEH HEOOXOAUMO MPEnyIpEeIuTh OTKIOHCHHEM PYYKH YIPABICHHS IO DJIEPOHaM B
CTOPOHY BHELIHETrO IMOJIYKpPhLIA.

Tak Kak CKOPOCTP TPH MOJIETe HA BEPTHUKAIM BBEPX YMEHBINACTCS, TO VIS MOJICPKaHus paBeHcTBa Y=0
HEOOXOAMMO COpa3MEpHO YMEHBIICHHIO CKOPOCTH OTKJIOHATh PYYKY YIpaBieHHs Ha ceds, a Ipu ToJeTe Ha
BEPTUKAJIM BHU3, HA00OPOT OT ce0sl, YTO OCOOCHHO XapaKTEePHO st camoiera SK-52, MMEeroIero HeCUMMMETPUYHBIH
npoduib Kpbla.

B pesynpTare ycuineHus peakiiui BO3AYITHOTO BUHTA caMoeTsl SIK-52 u SIk-55 ¢ yMeHbIIeHHEM CKOPOCTH
HOJIETa CTPEMSTCSl PA3BEPHYTHCS OTHOCHTENBHO MNPONONBHOH ocu X BIpaBO. DTO OTKJIOHEHHE HEOOXOAUMO
KOMIIEHCHPOBATh OTKIIOHEHHEM PYUYKH YIPABICHUS IO SJIEPOHaM BIIEBO.

Puc. 16 Cxema cuni, Oeﬁcmsylomux Ha camonem npu 6blNOJIHEHUU noeopoma Ha eepmuKkaiu

TEXHHUKA BBIIIOJTHEHUSA IIOBOPOTA HA BEPTUKAJIN

B yu4eOHBIX 1ensX NOBOPOT Ha BEPTHKAJIM BBINIOJIHAETCS Ha CKOPOCTH BBOJA Ha BepTUKaTb 260 KM/4.
O06opots! nBuratess 82 % Npu MOJTHOM HaJTyBe.

Ilepen BBOOOM B (purypy HEOOXOAMMO OCMOTPETH BO3AYIIHOE HPOCTPAHCTBO M yOEIUTHCS, YTO OHO
cBo6onHO. HameTuTs opreHTHp 1151 BHIBOAA.

B ropusoHTaIbHOM TOJIETE WM Ha CHW)KEHHM YCTaHOBUTH CKOpPOCTb 260 KM/4. 3aTreM IUIaBHBIM, HO
SHEPTUYHBIM OTKJIOHEHHEM PYYKH YIPaBJICHHUs Ha ceOsl, yBeNn4mBas yroj KaOpHpOBaHMS, BBIBECTH CaMOJET Ha
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BepTukans (& =90°). IonoxxeHne caMoseTa Ha BEPTHKAIN BBEPX KOHTPOIMPYETCS IO MOJOKEHHIO TOIYKPHLIHER U
TpyOxu I1B]] otHOCHTEeNnBHO ropu3onTa (TpyOKka 1B/l mepnenankynsipHa TOpU30HTY), a Ha camoiieTe SK-52-Taxke
110 aBUaropu30HTY.

IIpu noaxonme koHcomu kpbuta (TpyOku [IB/] k BepTHKaNEHOMY ITOJIOKEHHUIO) KOPOTKUM W SHEPTHIHBIM
IBIDKEHHEM pPYYKH YIOpPaBICHHS OT ce0s HeoOXOAWMO 3a(UKCHPOBATH CaMOJET Ha BEPTHKANH. YOemuThcs B
BEPTHKAIBHOM IOJIOKEHUU CaMOJIETa.

ITo noctmwkennu ckopoct 50...60 km/4 (mpu mpaBoMm pa3Bopore) U 70...80 KM/4 mpu J€BOM pa3BOPOTE
TUTABHBIM, HO KOPOTKHM OTKJIOHCHHEM IeNald MOJHOCTHIO B JKEIAEMYIO CTOPOHY Pa3BOPOTa BBECTH CaMOJICT B
pa3BopoT.

st KoMIIeHcauy MOSBIISIOIIET0Cs KpeHa Ha pa3BOpPOTe HEOOXOAMMO OTKIIOHSTH PYYKYy YNpPaBJIECHHS B
CTOPOHY BHEIIHEro IMOJYKpbUIa. BiMsHME TMPOCKONMMYECKOT0 MOMEHTa BO3JYILIHOTO BHHTA, Pa3BOPaYMBAIOLIETO
caMoJIeT B T'OPWU30HTAJIBHOM IUIOCKOCTH, MapuUpoBaTh OTKJIOHEHHEM pYy4YKH ympasieHus oT ce0s. Kak Tonbko
camoJieT noBepHeTcs Ha 35...40°, cienyer yMEeHbIIUTb 000pOTHI ABHUTaTeNs (Ha JEBOM Pa3BOPOTE) WIH 3aTSHKEIUTh
BO3AYIIHBIA BUHT (Ha IIPaBOM pa3BoOpoOTe).

Ilocne BomonHenuss mnoBopora 3a 10..15° 10 BepTHUKAIBHOTO TOJIOKEHHS BHHU3 OTKJIOHEHUEM
MIPOTUBOMOJIOKHON MeJanu HpPeKpaTuTh Pa3BOPOT, a OTKIOHEHHEM PYYKH YIIPABICHHUS B JKEJIAEMYIO CTOPOHY
YCTaHOBUTH YroJI NUKHUpOBaHUS paBHbIM 90°. 3areM HPOKOHTPONMPOBATH YCTAHOBIEHHWE BEPTUKAIM BHU3 IO
MOKa3aHWsIM aBHaropm3oHTa (Ha camounere SIK-52) M MOJNOXKEHMIO MOJYKpbUibeB M TpyOku IIBJ] oTHOCHTENBHO
TOPHU30HTA U IIEpE] BEIBOAOM B TOPU3OHTANIBHBIN MOJET IPOUTH TAKOE KE PACCTOSHUE, YTO U HA BEPTUKAIIU BBEPX.

BbiBon camosiera B TOPH3OHTAIBHBIA IOJIeT HEOOXOMUMO HauumHath Ha ckopoctr 200..210 km/4
OTKJIOHCHUEM PYYKH YIpaBIIeHUs Ha ce0sl, yMEHBIINTh YIIIbl KAOPHUPOBAHHS U BHIBECTH CAMOJIET B TOPH30HTAIBHBIN
MOJIET Ha BHIOPAHHBIM OPUEHTHUD.

PACIHIPEJEJIEHUE BHUMAHMUS:
NpU BBOJI€ B BEPTHKAJb U BbIBOJIE C Hee:
Ha OTCYTCTBUH KPCHA;
Ha OMpeaACICHNU MOMCHTA U TOYHOCTH BbIXO/la Ha BEPTHUKAJIb,
Ha OTCYTCTBUH CMEICHUS OCH;
NpHU NOBOpOTE:
Ha yAEp>KUBaHUH BEPTUKAJIH:

Ha OINpCACICHNU MOMCHTAa YMCHBLIICHUA O60pOTOB Wik nepeBoJia BO3AYIIHOTO BUHTA Ha 0OJIBIION miar,
COOTBETCTBEHHO HaA JIECBOM U IPABOM Pa3BOPOTE;

IpH BbIBOAE:

Ha OMpEICJICHUH MOMEHTAa YBEIUYEHHs OOOPOTOB JBHIATEllsl WIM IEPEeBOJa BO3IYLUIHOTO BHHTA HA
0OJBIIION 1Iar (B 3aBUCUMOCTH OT CTOPOHBI pa3BOPOTA);

Ha OTCYTCTBHUH KPEHA;
Ha BBIXOJI€ Ha BEIOPAHHBIA OPHUEHTHD;

Ha BEJIMYNHE CKOPOCTH M EPETPY3KH.

XAPAKTEPHBIE OTKJIOHEHHUSA U OHIUBKH ITPU BBITIOJIHEHUHA ITOBOPOTA HA
BEPTUKAJIM:

BbIXO/] Ha NOJIOKUTCJIbHYIO WJIN OTPULIATCIIbHYIO BEPTHUKAJIb,

CKOpPOCTBH BBO/Ia B TOBOPOT O0JIbIIIEe MOTPEOHOH - IPH OTKIOHEHHWH eAIH Ha BBOJI - CAMOJIET IPOJOIIKACT
Ha0O0p BBICOTHI C BHEITHIM CKOJIBXKCHUEM;

BO BpEMs TIOBOPOTA KPEH HE MOJICP)KUBAETCS PYUKOH yIIPaBICHUS - CAMOJIET 3aBAIMBACTCS HA «CITUHY»;
MaJIbIi IPOXOJ camMoJNieTa BHU3 [0 BEPTUKAJIM - HEPaBHOMEPHBIE JINHUH BBEPX U BHU3;

pPaHO WM TO34HO OTKJIIOHCHA II€HaJIb YIPAaBJICHHUA Ha BBIBOJA- CaMOJIET BBINOJIHACT IIOJIET BHHU3 110
BEPTUKAIN CO CKOJIBXKCHUCM.

YIIPABJISIEMASA BOYKA HA BEPTUKAJIM BBEPX U BHU3

VYnpasiseMble BpalleHHs Ha BEPTHKAIM BBEPX M BHU3 SBISIOTCA (UTypaMH IHIOTaXKa, BKIIOYAIOIIHE
BOCXO/ISIIIIME M HUCXOJSAIIKE yyacTKU eTin HecrepoBa, BepTHKaIBHBII HA0OP BBICOTHI M OTBECHOI'O TMKUPOBAHUS,
U UMeIOT Te ke xapaktepuctuku (Puc. 17, Puc. 18).
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Puc. 17 Cxema cun, oeiicmeyrouux Ha Puc. 18 Cxema cun, oeiicmeyroujux Ha
camojiem npu 6blNOJIHEHUU ynpa(m}lemoﬁ 0ouKku Ha camojiem npu 6blNOJIHEHUU ynpasﬂ}lemoﬁ 0ouKu Ha
eepmuKaiu eeepx eepmuKaiid 6HU3

CXEMA CHUJI 1 YPABHEHMUS JIBUKEHUA

Pa[ll/lyc KPUBU3HBI TPACKTOPUU Ha BBOJAC U BLIBOJAC HU3MCHACTCA IMPSAMO HNPONOPLHUOHATIBHO W3MEHCHHIO
CKOPOCTH.

[Ipwu BeIMOTHEHNN OOYKM Ha BEPTHUKAJIM HA CAMOJIET JEHCTBYET HEHTPOCTPEMHUTENIbHAS CHJIa, CTPEMSLIASICS
3aBaJINTh €70 Ha «CIHMHY», BEJIMYMHA 3TOM CHIIBI 3aBUCUT OT CKOPOCTH BPAIIEHHS U OT IOJOXKEHHUS HECYIIUX YacTei
caMoJleTa M pa3HOca Macc OTHOCHTENIbHO ocu BpamieHus. Kpome Toro, ocs camosera Sk-52 He coBHagaeT ¢ OChIO
BpAIlIEHHs Ha BEJIMUMHY YIJIa YCTaHOBKM Kpblla. Takxke Ha camonere SIk-52 mmMeercst IeneHTpanus TATU CHIOBOM
yCTaHOBKHM. Bce Bblleyka3zaHHble (DaKTOPbI CO34AaIOT MOMEHT, CTPEMSILUICS OTKIOHHTh OCh caMojieTa OT OCH
BpAILIEHHUsI BO BHEIIHIOIO CTOPOHY. [1o3TOMy U1t TOro 4TOOBI CaMOJIET B IPOLIECCE BPAIIEHUS HE OTKJIOHSICS OT OCH
BpallleH!s, HeOOXOIMMO PYUKY YIIPaBJICHHUS OTKIIOHSTD OT ceOsl.

B pe3yabpTate JEeNCTBUS TUPOCKOIMMIECKOTO MOMEHTA BO3AYIIHOTO BUHTA CaMOJIET B IIPOLECCE BPAIICHUA
CTPEMUTCA Pa3BEPHYTHCS BJIEBO. DTO OTKIOHCHHUE HCO6XOHI/IMO KOMIICHCHUPOBATh OTKJIOHCHHUEM PYJIS YIIPABJIICHUS B
TMPOTHUBOIIOJIOKHYKO CTOPOHY. HpI/I 9TOM HCO6XOI[I/IMO IIOMHUTB, YTO BbIH.ICyKa?:aHHBIfI MOMCHT IIpH JIEBOM
BpallCHUU TOMOT'acT BpalllCHUIO, a IIPU IPaBOM - HpOTHBO}IeﬁCTByeT.

[Ipyn BHIMOTHEHNM BpAIEHHWS HAa BEPTHKAIM BBEPX CKOPOCTh IIOJIE€Ta yMeEHbImaercs, 3¢(dexTuBHOCTH
3JIEPOHOB YMEHBIIACTCS,

MO2TOMY JJid MOAACPIKAHUSA IMOCTOSAHCTBA YIJIOBOT'O BpallICHUS H€06XOZII/IMO OJICPOHBI OTKJIOHATH Ha
6OJ'II)IHy}O BCJIMYMHY COPA3MEPHO YMECHBIICHUIO CKOPOCTH.

BelinosnHsist BpallleHUs] Ha BEPTHKAJSIX BHU3, HA000POT, BCJIEJACTBUE yBelrueHus 3(Q(HEeKTHBHOCTH JIEPOHOB
noTpeOHbIC YIJIBI OTKJIOHCHHSI YMEHBIIAIOTCA. TakKe BCICICTBHE YBEIUYCHHUS CKOPOCTH MMOIBEMHAs CHJIa
YBEIMUYMBAETCS, YTO MPUBOAUT K OTKJIOHEHHIO OCH camojieTa OT ocu BpaiueHus. [loaToMy mpomopiuoHaibHO
YBEJIMYCHUIO CKOPOCTH PYUKY YIIPABIICHUS B MIPOIECCE BPAIICHUS HEOOXOMMO OTKJIOHSTE OT CeOsl.

Hepexon U3 T0JI€Ta Ha BEPTUKAJIL BBEPX B IOJET HA BEPTUKAJIL BHU3 IIOCJIC BpallCHUSA MOXKHO
OCYHIECTBJIATH KaK IIOBOPOTOM Ha BEPTHUKAJIN, TaK U BBIXOOM Ha cebs 1 oT cels.
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TEXHHMKA BBIIIOJIHEHUS YIIPABJISIEMOM BOUKHU HA BOCXOSAIIEN BEPTUKAJIA
BBEPX

Brog B ¢purypy HeoOxoammo HauMHATH Ha cKopocTd 320 kM/4 B y4eOHBIX mersax. OOOpOTHl ABHTATENs
MaKCHMAJIbHBIC TPH IIOJHOM HajytyBe. llepex BBOJOM HEOOXOAMMO OCMOTPETH BO3IYIIHOE IIPOCTPAHCTBO.
Yoenutecs B TOM, 4TO OHO CBOOOJHO. HamMeTHTh OpHEHTHp IS BEIBOJA M3 YIIPABISIEMOT0 BPAILCHHUS Ha BEPTUKAIIH.

B ropu3oHTanbHOM MOJIETE WM HA CHIKEHHWH YCTAHOBHUTH CKOPOCTh 320 KM/4 mpu paboTe ABUraTesst Ha
MaKCUMAJIbHOM peXuMe. 3aTeM IUIABHBIM, HO KOPOTKHM 10 BPEMEHHU JBMHKEHHEM DPYUYKH YIIPaBIE€HHsS Ha ceOs
MEepPEeBECTH CaMOJIET Ha KaDpHUPOBAHKME U BBIBECTH HA BEPTUKAIb. [IPOBEpUTH TOYHOCTH BBHIBOJA HA BEPTHKAJb I10
MTOJIOKEHHUIO TIONYKPBUTbeB U TpyOku I1BJ] OTHOCHTENBLHO TOPU30HTA. 3aTeM YTOYHHTDH TOJIOKEHHE BBHIOPAHHOTO
OpHMEHTHpa Ul BBIBOJA M3 BpAIICHHS W OTKIOHEHHEM PYYKH YIPABICHHS B CTOPOHY BpAINCHHS HavaTh €ro.
JIBmkeHre PYYKOM YIpaBICHHS TODKHO OBITh IUIABHBIM, HO YCKOPEHHBIM. B mpolecce BpamieHHs pydka
YIPaBJICHUS] OTKIOHSETCS OT cebst (Bob 1Mo 6opTy KabuHbI). BeitencTBre BIMSIHUS THPOCKOMHYECKOTO MOMEHTA
BO3/YITHOTO BHHTA OCh CaMoOJieTa OTKJIOHSETCS BJIEBO, YTO HEOOXOIMMO KOMITCHCHPOBATH JICTKHM HAa)KaTHEM Ha
NpaBylo meaanb (HE0OXOAUMO MMOMHHUTD, YTO HA JIEBOM BPAIIEHHH 3TO OTKIIOHEHHE HE3HAYMTENILHO, & HA TPABOM -
HUMeeT OOJIBIIYIO BEINYHHY ).

CkopocTh camoneTa ObicTpo manmaer. [loaTomy mocie BBIIOJTHEHHS MOJHOTO BPALICHHS HEOOXOANMO
3a(KCUPOBATh €TO0 OCTAHOBKY M HA4aTh BBIBOJI CAMOJIETa B TOPU30HTAIBHBIN ITOJIET, HAIIPUMEp, BEIXOIOM Ha ceOsl.

[Ipu BbIXOJE OT ceOs pyduKa yNnpaBiIeHUs] OTKIOHIETCS OT ce0sl IUIaBHO, HO YCKOPEHHBIM JBHXEHUEM, IPH
STOM MOJA JEHCTBHEM THPOCKOIMHYECKOTO0 MOMEHTa BO3AYLIHOTO BHUHTA CaMOJIET Pa3BOPAYMBAETCS BIIPABO, 4YTO
KOMIICHCHUPYETCSI OTKJIOHEHHEM JIEBOW Tealny, a [eHCTBHE pEaKTHBHOI'O MOMEHTa CHJIOBOH YCTaHOBKH,
CTPEMSIIET0 HAKPEHUTh CaMOJIET BJIEBO, HY)KHO MTapUpOBaTh OTKJIOHEHHUEM PYUYKH YIPABICHUS BIIPABO.

B nponecce BbINOJIHEHHs YNIPaBJIsieM0ii 00YKH HA BepPTHKAJIU BBEPX BHUMaHHe pacrpele/sTh:
TIPH BBIX0/€ HA BEPTHKAIb:

Ha OTCYTCTBUH KPEHA;

Ha OTCYTCTBUH CKOJIbKCHUS;

Ha MOJI0’KEHUH TIPOAOJILHOIM OCH caMoJjIeTa OTHOCUTEIEHO TOPH30HTA;
B Mpolecce BPaIlleHHs] HA BePTHKAJIU:

Ha OTCYTCTBUH OTKJIOHEHHS OCH CaMoJIeTa OT OCH BpaLICHUS;

Ha OTCYTCTBUH KPEHA;

Ha OTCYTCTBUH CKOJIbKCHUS;

Ha TeMIIe BpalleHUs;

NPHU BbIX0/J€ B TOPU30HTAJIbHBIN M0JIET:

Ha OTCYTCTBUH KPEHA;

Ha OTCYTCTBUH CKOJIbKEHUS;

Ha OPHEHTHPE BBIBOJIA;

Ha CKOPOCTH.

XAPAKTEPHBIE OIINBKHU ITPU BBIIIOJTHEHUU YIIPABJISEMOI'O BPAIIIEHUS HA
BEPTUKAJIM BBEPX:

OosbIast meperpys3Kka Ha BBOJIE - 0OJIbIast MOTEPs] CKOPOCTU, BO3MOXKEH CPBIB B IIITOIIOPHOE BPAIICHNUE;
MaJia ieperpy3Ka Ha BBOJE - OOJIbIIIast HOTEPsi CKOPOCTH U HEBO3MOXKHOCTE BBHIITOJTHEHHUS BPAIICHNUS;

B IpoHECCC BpaALlICHUSA pYUYKa YHPABJICHHA HE OTKJIOHACTCA OT cebs - caMoJIeT OTKJIOHSETCS OT OCHU
BpallCHUs, BpalllCHUC BBIMOJIHACTCA C 3apbIBAHUCM U 0OJIBIION HOTepeﬁ CKOPOCTH;,

PE3KOEC OTKIIOHCHUEC 3JICPOHOB IIPU BBOAEC BO BpaIlll€HUE - CAMOJICT 6]:-ICTp0 TEPACT CKOPOCTh.

TEXHHMKA BBIIIOJTHEHHMS YIIPABJISAEMOM BOUKH HA BEPTUKAJIA BHU3

BBoa B ¢urypy HeoOxoanmo HaunHaTh Ha ckopocTd 120 km/4. O6opotsr asuratens 70 %.

Ilepen BBOJOM cliefyeT OCMOTPETh BO3LYLIHOE IPOCTPAHCTBO.

Yoemutsca, 4To OHO cBOOOxHO. HaMeTuTh OpueHTHp IJIs BBIBOJA W3 BEPTUKAIM M JUIS BBIBOJA H3
BPAILEHUSL.

B TropH30HTaJIBHOM MOJIETE YCTAHOBHUTH CKOpOCTh 120 KM/4, yOpaTh HaJUlyB M IUIABHBIM OTKIOHEHHEM
PYYKH yIpaBICHUs OT ceOsi BBECTH caMoJieT B MMKUpoBaHue. [1o nocTmxeHun yria nukupoBanus 90° (oTBECHOTo
MUKUPOBaHUA) 3apuKcupoBaTh ero. HaMeTnTs opreHTHp Ha 3eMHON MOBEPXHOCTH U Ha ckopocTd 140 km/4 HayaTh

BpallleHHE OTKJIIOHEHHWEM pPYYKH YIPABICHUS B CTOPOHY BpaIlleHHs. B mporecce BpamieHHs pydKy YIpaBICHHS
HE00XOAUMO OTKIIOHATH OT ce€0sI COPa3MEPHO YBEIIMIECHUIO CKOPOCTH.



AIPOIUHAMMUKA CAMOJIETA 15

3a 20...30° 10 OKOHYaHHs BpAllIEHHs HAYaTh OTKIIOHATH PYYKY YIPaBICHUS B OOPAaTHYIO CTOPOHY U B TO
XKe BpeMsl He0O0X0IMMO IPOAOIDKATh OTKIOHEHHE ee OT ce0s, IOMOraTh BPAIlleHHUIO OTKJIOHEHHEM IIeaJIN B CTOPOHY
BpalleHus.

[Tocne mpekpamieHust BpalleHHUs PYJIHM YIPaBICHUS MOCTABUTh HEUTPAIBHO W B3SITHEM (OTKIOHEHHEM)
PYYKH ympaBJeHHUs Ha ceOs HayaThb BBHIBOA CAaMOJIETa B TOPWU3OHTAJbHBIA MOJNET HAa BBIOPAHHBIA OPHEHTHD IS
BBIBOJIA.

Pacnpenesnenne BHUMaHNs NPU BBINOJHEHHH YIPaB/IsieMoii 004KH Ha BePTHKAJIM BHU3:
Ha IUIAaBHOCTHU OTKJIOHEHHMS PYUKH yTIPABICHUS;
Ha TOYHOCTH BBIXOZIa Ha BEPTHKAJIb;

Ha OTCYTCTBUU KPEHa;

NPH BpalleHUM:

Ha MJIaBHOCTH OTKJIOHEHHUs SIEPOHOB;

Ha OTKJIOHEHUH PYUYKHU YIpaBICHUS Ha ce0s;

Ha OTIpEJICTICHNH Hayalla OCTAaHOBKH BpAICHUS;
Ha HapacTaHUH CKOPOCTH;

Ha OTCYTCTBUH CKOJIbKCHUS;

TIpH BbIBOJE:

Ha OTCYTCTBUH KPEHA;

Ha TUIABHOCTHU OTKJIOHEHHMS PYUKH yTIPaBICHUS;

Ha OTCYTCTBHUU CKOJILKCHUS.

XAPAKTEPHBIE OIIIUBKHA ITPU BBINTOJTHEHUU YIIPABJISIEMOM BOUKH HA
BEPTUKAJIX BHU3:

IIPY BBOJIE CaMOJIeTa C TOPU3OHTAIBHOTO TI0JIETa Ha BEPTHUKAIh BHU3 HE YOUPAIOTCS IOTHOCTHIO 0OOPOTHI -
OBICTPO HapacTaeT CKOPOCTH;

MCEJICHHOC BpallCHUe - OoJIbLIas MOTEPA BBICOTHI;

pydKa yHpaBJIeHHsI B IpoOLecCce BpalleHUs HE OTHAeTCsl OT ceds - CaMoJIeT BBIXOAUT W3 BEPTUKAILHOTO
BpAILEHU U MOXKET IePeNTH B KPYTYIO CIUPAIb;

GoutbIIIast CKOPOCTh Ha BBIBOJIE - BO3MOKHO MPEBBILIICHUE MIEPETPY3KH;

MIPH BEITIOJIHCHUH BBIBOJIA B TOPU30HT CO3AAETCs OOJNBIIOE CKOJBKEHHE - BO3MOXCH CPBIB B IITOIIOPHOE
BpaIleHne ¢ OOJBIION Meperpy3Kou.

KOJIOKO.I

Konokon - 310 $urypa nuioTaxa, Ha KOTOPOH CaMOJIET IIPOXOIUT HYJIEBYIO CKOPOCTb, TO €CTh CKOPOCTh
M3MEHSIeTC OT 3aJaHHON CKOPOCTH BBOJA 10 HYJICBOH M TPH MaJCHWH HA «XBOCT» MMEET HE3HAUUTEIbHYIO
OTPUIATENIFHYIO BEIMYMHY U Jajiee YBEIMYMBACTCS O CKOPOCTH BBIBOAA B TOPH3OHTAIBHBIN TosieT. B karamore
(uryp murotaxxa UIMEIOTCS CIEAYIOIINE BUABI KOJIOKOJIOB:

€ npsMo20 noiema - nadexue gnepeo;

€ NPAMO20 noiema - nadeHue Hasao,

¢ obpammuoeo nonema - nadexue snepeo,
¢ obpammnoeo norema - nadexue Ha3ao.

[Nagenue Briepeq U Ha3a] Ha KOJOKOJE CO3AIOTCS COOTBETCTBEHHO OTKIOHEHHEM PYYKH YIPABICHHUS OT
ceOs (maaeHue Ha3an) Wik Ha cels (MajeHue Briepea) Npu MPOXo/ie CaMOJIETOM CKOPOCTH, PABHOW HYIIIO, U Havyaja
MAJIeHUs] Ha «XBOCTY.

[Ipy mageHnn camorera Ha «XBOCT» M OTKJIOHEHHWHM PYYKH YIPABICHUS B COOTBETCTBYIOILYIO IaJCHUIO
CTOPOHY BO3HHKAET CONPOTHBIICHUE TOPH3OHTAIBHOTO OINIEPEHHS, KOTOPOE CO31aeT MOMEHT MX, HanpaBJICHHbIH B
CTOPOHY, OOpaTHYIO MAJCHUI0. DTOT MOMEHT TeM Oouble, 4eM Ooipire miedo Lr.o 1 9em Ooble miomaas pyiis
BBICOTBL. DTOT MOMEHT, ISHCTBYS OTHOCHUTENBHO LIEHTPA TSHKECTH CaMoJieTa, Pa3BOPAYMBACT XBOCTOBOE OIIEPEHHUE B
CTOPOHY, OOpaTHYIO MaCHHIO.

Cxema cuil, JeiCTBYIOIIMX HAa CaMOJIET MPH BBIIIOJIHEHUHU KOJIOKOJIA C MPSIMOTO MOJIeTa ¢ MaJeHUueM BIepe]
Y BBIXOJIOM B IPSMOM MOJIET, noka3zaHa Ha Puc. 19.
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¢

Puc. 19 Cxema cun, deiicmayrouiux Ha camosem npu bINOJIHEHUU KOO0K01A C nNadeHuem enepeo

TEXHHUKA BBIITIOJIHEHMSI KOJIOKOJIA C ITPSAIMOI'O ITIOJIETA C HAJEHUEM BIIEPE/T M
BBIXO/IOM B [TPAAMOMU ITOJIET

BBox B ¢urypy HeoOxonumo HayuHaTh Ha ckopoctd 250 km/4. O6opotsl nBurarens 82 % NpH MOJHOM
HaJJlyBe.

Ilepen BBOOOM HEOOXOOMMO OCMOTPETH BO3AYIIHOE IPOCTPAHCTBO M YOETUTHCA, YTO OHO CBOOOIHO.
Hamerutb opueHTHp /17151 BBIBOJIA U3 (DHUTYPBI.

B ropuzoHTaNbHOM 1OJIETE YCTAHOBUTH CKOPOCTH 250 KM/4. 3aTeM IUIaBHBIM, HO YCKOPEHHBIM JIBH)KEHHEM
PYYKH yIpaBiieHUs Ha ce0s YBENMYHUTh yroJl KaOpHpOBaHUS M BBIBECTH CaMOJIET Ha BepTUKalb. [lonoxeHue
caMoJieTa Ha BEPTHKAIM BBEPX KOHTPOJHMPOBATH II0 IOJIOKEHHIO IMOJYKPBUILEB OTHOCHUTEIBHO TOPH30HTA H
nonoxernto Tpyoxu [1B/I.

IIpn noxxome koHcomu moiykpbuia u TpyOku I[IBJl Kk BepTUKAIFHOMY IOJIOKEHHIO OTHOCHTEIILHO
TOpPHU30HTa KOPOTKMM, HO SHEPTrHMYHBIM JBM)KEHHEM ee 3aduKcHpoBaTh BepTHKanb. CTpemiieHHe caMojieTa HpHu
BBIIIOJIHEHHH BEPTHKAJIM 3aBaIUTHCS «HA CHHMHY» (Kacaercs camousiera SIK-52) KOMIICHCHPOBATh OTKIOHEHHEM
PYYKH yIpaBieHUS OT ceOs. PeakTHBHBIII MOMEHT BO3IYIIHOTO BHHTA, CTPEMSLIEI0OCs Pa3BepHYTh CaMOJIET BJIEBO,
KOMIICHCHPOBaTh OTKJIOHEGHHEM PYYKH YIIPaBJICHHS BIPaBO IO iepoHaM. [lo moctmxeHun ckopoctd 80 km/9
HE3HAYNTEIHHBIM JIBIKCHUEM PYYKH YIPaBICHHS OT ce0s yMEHBIIUTH yroi Habopa ot 90° mo 87...85° (memanm B
HEeWTPaIbHOM IMOJIO)KEHHH) W HayaTh YMEHbIIATh 00OpOTHI ABUraTeis (IUIaBHO) A0 OOOpPOTOB Maiioro rasza. B
MOMEHT 3aBHCaHHS, KOT/Ia CKOPOCTh OJIM3Ka K HYJIIO, IUIABHO B3ATh PYYKY YIPABIEHHS IIOJHOCTBIO Ha ce0s. Pynb
YIpaBJIeHUs OTKIIOHSETCS JIETKO, ¥ CAMOJIET Ha 3TO OTKJIOHEHUE HE pearupyer.

IIpn mageHMM Ha «XBOCT» Ha pyJb YIpaBlIeHUS JEHCTByeT OoiblIas IWHAMHYECKas Harpyska,
cosJaBaeMas BO3IYIIHBIM IIOTOKOM, HaOeraloIuM Ha Hero. BcnencTBue 3TOro pynib NPIKUMAETCs K CBOEMY
npezaensHOMY TosiokeHuto. Ilemamnm HeoOxoammo yaepkuBaTh HelrpanbHo. [locne mageHust camosera BIepe[
YCTaHOBHUTH OTBECHOE NMUKUpOBaHHE. [10sIBUBIINIICS B MOMEHT MaJCHUSI KPEH U CKOJIBKEHHE YCTPAHUTh BO BPEMS
MUKHPOBaHMS.

BriBon camorera B rOpHM3OHTANBHBINA IMOJIET HEOOXoamMo HaumHath Ha ckopoctd 200..210 km/ga. Jlns
3TOr0 HEOOXOMMO OTKJIOHCHHUEM PYYKHU Ha ce0sl YMEHBIIUTD yrojl MUKUPOBAHHKS 0 HYJICBOrO 3HAYCHHS U BBIBECTH
CaMoJIeT B TOPU30HTANIBHbIH MOJIET.
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XAPAKTEPHBIE OIIUBKH ITPU BBINNIOJTHEHUH KOJIOKOJIA:

BBIXOJI HA BEPTUKAJIb C KPEHOM - CMEIEHA OCh BEPTUKAIIU - MaJI€HHE Ha «XBOCT» IPOUCXOAUT C MaJCHUEM
B CTOPOHY CMEILIEHHSI OCH BEPTHKAJIH;

B IIPOLECCE YMEHBIIEHUS CKOPOCTU HE KOMIIEHCUPYETCS PEaKTUBHBII MOMEHT BO3AYLIHOIO BUHTA -
NaJIcHUE Ha «XBOCT» IIPOUCXOJUT C BPALIEHUMEM BOKPYI IPOJOJIBHOM OCH €aMoJIeTa, YTO 3acCTaBJIIeT CaMOJIET
najarbh B CTOPOHY;

pe3ko yOuparoTcss o0OpOTHI JBHUTraTelisi - CaMOJIET Pa3BOPAYMBACTCS OTHOCHUTEIBHO MPOAOJILHON OCH -
MPOKCXOJUT NaJICHUE B CTOPOHY;

OOJIBIIION YTOJI CTPAXOBKH - OTCYTCTBYET MaJICHUE Ha «XBOCTY.



AIPOJUHAMUKA CAMOJIETA

JAJIBHOCTDb 1 ITPOJOJIZKUTEJBHOCTD ITIOJIETA

Hanvnocms  u  npooosicumensHocms nojema  SBIAIOTCS  BaXKHEHIIMMHU  JICTHO-TAKTUYECKHMU
XapaKkTepucTukamMu camosnera. [loJ HanbHOCTBIO TIOJIETa MOHUMAKOT PACCTOSHHE OT MECTa BBUIETa O MecTa
MOCAJIKU BJIOJIb MapIlpyTa 1oJieTa 1o 3eMHoi noBepxuocty (Puc. 1).

Hpodoﬂafcumeﬂbnocmb noaema - BPEMI HpC6BIBaHI/I$[ caMoJI€Ta B BO3QYXE C MOMCHTaA BBUICTA I0
MOMCHTA IIOCadKH.

OOBIYHO paccMaTpuBarOTCA CIACAYIOIHNEC BUABI JAJIbHOCTU: TEXHUYCCKAsA, IPAKTUYCCKAA U TAKTUYCCKAA.

Texnuueckan oOanvHocms u npodo.fmfcumeﬂbuocmb - JaJIbHOCTb W MPOAOJIKHUTECIBHOCTH I10JIETA
OAMHOYHOT'O CaMOJIETa A0 MMOJHOTO U3PpacX0J0BaHUA TOILJIMBA.

Ilpakmuueckas 0anbHOCMb U RPOOOJHCUMENBHOCHD - JAIBHOCTH U NPOJOJDKUTEIBHOCTh IOJNETa C
ydeToM rapanTuitHoro 7 - 10% ocraTtka TorumBa (OT IOJTHOM 3anpaBKH).

Taxmuueckasn oanvHocms - JAAJIbBHOCTH 1OJIETAa € YUCTOM 3allaca TOIJIMBA HA BBIIIOJIHCHUC 3aJlaHHs, HE
CBA3aHHOI'O C MPOABUIKCHUCM 10 MAPUIPYTY.

=S58

Q}‘? L nas Len %
L

Puc. 1 Tpaekmopusa nonrema camonema Ha 0AAbHOCHb

Tpaexmopus nonema caMonera Ha JajlbHOCTh COCTOMT M3 TpPEX Y4YacTKOB: Habopa BBICOTBHI,
TOPU30HTAIILHOTO MMOJIeTa Ha 3aJaHHOM BBICOTE M CHIDKCHHS C 9TOU BBICOTHI.

Janvnocmos u npoooCUmMENbHOCIy hoJliema ONPEACIAIOTCS TPEXIE BCEro 3amacoM TOIUIMBA H
peXUMOM ToJeTa (BBICOTOW M CKOPOCTHIO). KaknoMy pexuMmy mojeTa COOTBETCTBYET ONpEAETCHHBIM pacxof
TOIUIMBA Ha OJIMH KUJIOMETpP MYTH M 3a OJWH 4ac noJerta. Tak, Hampumep, npu nosete camonera JI-29 Ha BbicoTe
5000 m Oe3 moIBECHBIX OAKOB C MOJHBIM 3ar1aCOM TOIUIMBA 775 Kr IIpU HOMUHAJIBHOM pEXUME pabOThl IBUrATENs
TEeXHUYeCKas TaJbHOCTh paBHa 625 KM, MPOJODKUTENBHOCTE - 1 4 13 MuH. A npu nozere Ha BeicoTe 9000 M Ha
peXuMe MakCUMalbHON JabHOCTU TEXHUYECKasl JAIBbHOCTH paBHa 880 KM, MPOAOHKUTENBHOCTD MoJieTa - 2 u 04
MMH.

Takum 00pa3oM, OT TOro, Kakod peXHM I0JIeTa yYCTAaHOBHJI JIETYMK, OyAyT 3aBHCETh M JAIBHOCTH M
IIPOJOJKUTENBHOCTD T0JIETA.

OCHOBHBIMH BEIMYMHAMH, OIPEICIHIIONIAMA JalbHOCTh M IPONOJDKUTEIEHOCTH IOJIETa, SIBIIIOTCS
KIJIOMETPOBBIH M YAaCOBOW pacxXoibl TOIUIMBA. 3Has KUJIOMETPOBBIA M YacOBOW pacxXolbl TOIIMBA TMPH JaHHOM
BapHaHTE 3allPaBKH CaMOJIeTa, MOKHO PaCCUUTATh JANBHOCTE M IIPOAOKUTEIHHOCTD MOJIETA.

YACOBOM PACXO/I TOILIUBA
Chi A

H

1
o

H-4um
H=8um

Vi g

Vi
Puc. 2 3asucumocms uaco6020 pacxoda monauea om cKOpOCMuU u 6blcOmul noiema
KonnuecTBO TOIUTHBA, PACcXOAyeMOe 3a OJMH 4ac IOJIeTa, HAa3bIBACTCSl YaCOBBIM pacxojaoM. V3mepsiercs
4aCOBOMH Pacxoi B KWJIOrpaMMax Ha vac mosiera Ch Kr TOIuL./4 win B nutpax Chit/d.

3Has yJelbHbII BeC TOILIMBA, pa3BUBAEMYIO JABUraTelIeM Ha JaHHOM PEXUMeE II0JIeTa TATY (MM MOIIHOCTh
JJIsl HOPLIHEBOrO IBUraTels) U YAEIbHbIA pacxo]] TOIUINBA, YaCOBOM PACX0 MOXKHO ONPEAENIUTH 10 (opMye:
Cp - Pn
ch o= LT
e
Ce - Ne

4 (14.1)
rae Cp, Ce- yaensHblie pacxoas! Torua TP/l u mopiiHeBoro ABurareneii;

Ch =
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Pp, Ne - Tsra u mougHocts TP u IT/1;

V. yIeNbHBIA BEC TOILINBA, r/em’,

W3 Gopmyiel BUIHO, 9TO 9aCOBOM pacxo[l TOIUIMBA MPSIMO MPOIIOPIHIOHANIEH YASTFHOMY PacXoay TOTIIMBA

P, =C, 2%
n—%“x

W pa3BHBaeMoii Tsire (nim MoiHocTh). [lotpeOHas Tsra P, cornacuo dopmysie , YBEIIMYUBAETCH C
YBEJIIMYEHUEM CKOPOCTH U YMEHBILNAETCA C IOJbEMOM Ha BBICOTY, YTO M CKa3bIBAETCA HA YACOBOM PacXojie TOILIUBA.
VY aensHbII pacxo]] TOIUIMBA C U3MEHEHUEM BBICOTHI [TOJIETA YMEHBIAETCS, XOTSI U HE3HAUUTEIbHO, a C YBEJIIMUEHUEM
CKOPOCTH TIOJIETa BO3PACTAET TOXKE B HEOOJNBIIMX Tpenenax. YBEIHMYEHHE yIEeTbHOTO Beca TOIUIMBA YMEHBIIAET
4acoBOH pacxo], €CIM U3MEPATh €T0 B JINTPaX B Yac, YTO CKA3bIBACTCS HA MOTPEOHON €MKOCTH TOIIMBHBIX OaKOB,
HE OKa3bIBas BIMSHHA HA PAcXo]] TOIUIMBA, N3MEpseMbIi B KHiiorpammax B gac (Puc. 2).

Onpenenus 4acoBble PACXObl TOIIMBA ISl PA3IUYHBIX PEXHUMOB MOJIETa, MOKHO HAWTH TAKOH PEKUM,
MOJeT Ha KOTOpOM OyzaeT HauOosee mpoJoDKUTENneH. TeM cambiM OyneT HailneH pexXuM HauOobIiei
MPOAOJKUTENBHOCTH TI0JETA.

[To xpuBsM XXykoBckoro (cMm. Puc. 1 u Puc. 4) HeTpyIHO onpenenuTs, 4To HauMeHbIlasi NOTpeOHast Tsira
JUISL BCEX BBICOT I0JIeTa OyJIET COOTBETCTBOBATH HAUBBITOTHEUIIICIH CKOPOCTH 10JieTa (TI0JIETy Ha HaUBBITOIHEHUIIIEM
yIiIe aTaku), a JUIs CaMOJIETOB C INOPIIHEBBHIMU JIBUTAaTEJIIMM HaWMEHbINAsi NOTpeOHass MOIIHOCTH COOTBETCTBYET
9KOHOMHYECKOMY YTy aTakil ( & 5K) U COOTBETCTBEHHO - 9KOHOMUHUECKOI CKOPOCHMU NOJIema.

Pur ™ Niac.
1
H,=>H H
H=0 S R b
H=4 um
H=8km
N,
N, c
s =t _ _ . V km/y ¢ VkmA U MUHH
g ol v v v v, v

Puc. 4 Kpuesvie
nompeodHvIX MOUHOCMETl 014
PAa3UUHBIX CKOpOCHell U 6bICOM
nonema

Puc. 5 3asucumocmsp
Crpun OM 8bICOMBL NOJIEMA O/1
camonemos ¢ TP u IT/T

Puc. 3 3asucumocmsp
omuouwtenus Pn/v om evicomut u
CKopocmu noiema

W3 aHanmm3a kpuBBIX JKYKOBCKOTO MOYKHO CAETATh BBIBOJ, YTO C MOJHATHEM Ha BBICOTY IMOTpeOHAs Tsra Ha
HaAMBBITOAHEHIIIEH CKOPOCTH (71 MTAaHHOM BBICOTHI) W 9acOBOH pacxoj OyIyT 3aBUCETH B OCHOBHOM OT YIIEIEHOTO
pacxoma TtorumBa (Cp), KOTOpBIA, Kak OBUI0O OTMEUEHO paHee, C IOAHATHEM Ha BBICOTY YMEHBIIAETCS.
CrnenoBaTenpHO, YacOBOW pAacxoj TOIUIMBa camoieToB ¢ TP/ ¢ momHATHEM Ha BBICOTY IIpH IIOJeTe Ha
HaMBBITOAHEHIIIEH CKOPOCTH H3MEHSETCS MPONOPIHOHATIHHO HM3MEHEHHIO YIENBHOIO pacxoAa TOIUIMBA, T. €.
YMEHBIIAETCS.

Hanpumep, MUHIMaNBHBIA 9acOBOU pacXox TorutiBa camolieta JI-29 mpu mosere 6e3 moABECHBIX 0aKOB Ha
BbicoTe 500 m cocrtaBmster 391 kr/4, a Ha BeicoTe 8000 M OH paBeH 279 Kr/4. A 3TO 03HA4YaeT, YTO NPU JAHHOM
3amace TOIUIMBA IIPOJOJIKUTENBHOCTD MI0JIeTa C IOAHATHEM Ha BBICOTY yBEINUUBACTCSL.

KHJIOMETPOBBII PACXO/] TOILIMBA

KommuectBo TOIUIMBA, pacxoAyeMo€ Ha OJUH KWJIOMETP BO3AYIIHOI'O ITYyTH, HA3bIBACTCA KUJIOMCETPOBLIM
pacxoaoM TOILIUBA.

9
v (14.2)
rae U - ckopocTh monera, KM/4.

KunomeTpoBblii pacxoj TOIUIMBA, Kak BUAHO U3 Qopmynbl (14.2), 3aBUCUT OT BEJIMYHMHBI YJEIBHOTO

P]Y

pacxona ToruiMBa Cp 1 OT COOTHOLICHUA v . Tak xak yHeHLHLIﬁ pacxod TOIUIMBa U3MCHACTCA HE3HAYUTCIIBHO,
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TO OYEBHIHO, YTO KWJIOMETPOBBIH pacxox Oyner ompenensTbess oTHomieHmeM U . HamMmeHblnee 3HaueHne

Py

BEJIMYMHBL U MOXKHO HaWTH 1O KpHUBHIM JKYKOBCKOTO IMyTeM NPOBEIEHMS KacaTelbHOW M3 Havana KOOPAWHAT K
KpHBO# noTpedHbIX Tsr (Puc. 3).

Py oo Fu
gP=
OtHomenne U ecTh HE 4YTO HMHOE, Kak U . Ilpu yBenuuYeHUHU BBICOTHI II0JIETA YIOJ Cp
3HAYUTEIbHO YMEHBINACTCS, CIIEOBATENFHO, YMEHBINAETCS M KIJIOMETpOBBIH pacxox TtommmBa Cy. OcHOBHOI
BBIBOJI COCTOMUT B TOM, YTO IpH MojeTe camoiuera ¢ TP/l Ha HauBBIrOJAHENHIIEN CKOPOCTH NIPU IOJHATHU Ha BBICOTY
KHHOMeTpOBbIﬁ pacxo TOoIiMBa YMCHbBIIACTCA, a CJIEAOBATC/IbHO, JaJIbHOCTD IOJICTa YBCINYUBACTCA. Pacueramu n
MIPAKTUKOM YCTaHOBIIEHO, YTO yBeNWYeHHEe BHICOTHI OT 0 710 12 KM KHJIOMETPOBBIN pacxo]l yMeHbIaeTcs B 2-3 pasa.

KnmomeTpoBbIii pacxo/1 TOIIMBA caMoJIeTa ¢ MOPITHEBBIM ABUTATENIEM OIIPEAEIIeTCs o popMmyIe

_C, _CeN, Ce N,

c ;
T v My U (14.3)

re Ne - 3¢ deKTHBHAS MOITHOCTH Ha Bajly ABHUTATEIIs,;

M5 - k0> duIEEHT TOIE3HOr0 ASHCTBHS BUHTA.

Ananmu3 ¢opmyibl (14.3) mokassiBaeT, YTO KHJIOMETPOBBIA pAcxXol TOIUIMBA OyIeT OMPENeiiaThCs B

N, N,

OCHOBHOM cooTHomrenneM U  wu BenmumHoil Ce. Benwumbna U Ha HEM3MEHHOW BBICOTE IPU YBEIHYEHUH
CKOPOCTH

nojyieta ysenumuuBaercs (Puc. 4).
Ny
MunumaibHOE 3HaU€HUE OTHOLIEHuss U = tgfo OyzeT HaiiJJleHO POBEJCHUEM KacaTeJIbHOW M3 Hadana

NH

KoopauHaT K KpuBod Np. CxopocTs monera, cooTBeTcTBylomas ( U ) MHH, Ha3bIBaeTCS HauevlzoOHeluiell
CKOpoCcmbio noiema.

N,

Kak BHUIHO H3 l"paq)I/IKa, BCJIMYMHA ( v ) MHUH JJId BCEX BBICOT OCTACTCA HCH3MGHH017I, MO3TOMY MOXKHO
CyuTaTrb, 4TO KI/IJ'IOMeTpOBLIf/i pacxod TOIUIMBa CaMOJICTa C IMOPHIHEBBIM JABUIaTCJIEM C MOAHATHEM Ha BBICOTY
3aBUCUT B OCHOBHOM OT YACJIBHOT'O pacxoaa TOIIMBa Ce.

VYaensHblil ke pacxon Ce NmpH MOAHATHH 10 PacUeTHOM BBICOTHI MojeTa (pacdeTHas BBICOTA JBUraTeNs)
YMEHBIIAETCs, a BBIIIE €€ yBEIMYUBACTCA. B pesynbTare mosrydaercs, YTO HAMMEHBIIUI KUIOMETPOBBIA pacxon
TOIUIMBA CaMoJIeTa C TOPIIHEBO CHJIOBOW yCTaHOBKOW Oyner BONM3M pacueTHOH BbICOTHI. CienoBarensHO, W
HauOobIIas JIBHOCTh nosera camosiera ¢ [1Jl Oyzer uMeTh MecTO BOJM3M PAaCUYETHOM BBICOTHI IOJIETa Ha
HauBBITOAHEHIEH ckopocTh (Puc. 5).

BJIMAHUE INOJIETHOI'O BECA U TEMIIEPATYPBI HAPYKHOI'O BO3/1YXA HA
JAJBHOCTbD U TPOJOIKUTEJIBHOCTD ITOJIETA

G
P, =—-
Tak kKaK B TOPH30HTAIIEHOM TOJIETE Teamon | 1o us dbopmynsl (14.1) Hatinem
Cr-G
Ch=—-t_—
Feamon (14.4)

rae G - Bec caMolIeTa, KT

rc-ma - a3pOJUHAMHUYECKOE Ka4€CTBO CaMOJIETA.
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IIpn yBennyeHMM IIOJETHOIO BECa CaMoOJeTa BEIMYUHA Feamon YBEJIMYUBACTCS, CJICAOBATEILHO,
YBEIMUYMBAIOTCS YacOBOM M KHUJIOMETPOBBIA pacxoAbl TOIUIMBA, YTO BEAET K YMEHBIIEHUIO JaJIbHOCTU U
MPOJOJKUTEIBLHOCTH T10JIETA.

Ecnu noneTHsIN Bec caMoJieTa yBEJIMIMBAIOT HAPY)KHOM ITOABECKOH TPy30B (IIOJBECHBIE TOIUIMBHBIE OaKH,
OOMOBI U T. I1.), TO AAIBHOCTb M NPOJOKUTEIBHOCTD YMEHBIIAIOTCS B OOJIBIIEH CTEHEHH, TaK KaK yBEJIMYMBACTCS
71000BO€ CONPOTUBIIEHNUE CAMOJIETA, a €r0 a3POJMHAMUYECKOE KaUeCTBO yMEHBIAETCS.

C,-P
P 17
Cx=——+--—"-
KuomeTpoBblii pacxon TOIIMBa v OT TeMIepaTypbl HApy>KHOTO BO3/yXa MPAKTUYECKH HE

CP

3aBHCHUT, TaK KaK MOTPeOHAast TAra OT TEMIIEPATyPhl HE 3aBHCHUT, & COOTHOIIEHHE U TIpU U3MEHEHUH TEMIICPaTyPhl
BO3JlyXa OCTaeTcs MOCTOSIHHBbIM. CIeloBaTeNbHO, W JAIBHOCTH IOJIETa MPU MU3MEHEHUH TeMIIepaTyphl OCTAETCs
IMOCTOSIHHOM.

IIpy noBBIIIEHMM TEMIEPAaTypbl HApy»KHOI'O BO3AyXa YJENbHBIA pacxoi TOIIMBA YBEIMYUBAETCH,
CJIeI0BATENILHO, YBEIMYMBAETCSl YACOBOM PAcXoJ TOILIUBA, a MPOJOKUTEILHOCTD MOJIETa YMEHbIIAETCS.



