ASPO/IMHAMMUKA CAMOJIETA

IMpakTHyeckasi aIpOAMHAMHKA

Tema Ne 1. OcHOBHBIE CBOHCTBA BO3YXA

Bomnpocnr:

Atmocdepa 3emim.

DusnvecKkue XapakTepPUCTUKU aTMOC(EPHI U UX BIMSIHUE Ha MOJIET.
Temneparypa Bo3ayxa.

ATMochepHoe TaBieHHe.

IInotHOCTH BO31yXa.

MexyHapoiHasi CTaHiapTHast aTMocdepa.

HHepTHOCTD, BA3KOCTh U CKMMAEMOCTh BO3/1yXa.

CKopoCTh 3ByKa U CKaYKH yIJIOTHEHHS.

OCHOBHBIE 3aKOHBI IBI)KEHHS TA30B: 3aKOH HEPA3PBIBHOCTH CTPYH U YpaBHEHHE IIOCTOSIHCTBA Pacxo/a rasa;
3akoH bepHysum 1715 cTpyH HEC)KHMAEeMOro rasa.
AbsponnHamudeckue TpyObl. THITBI TpyO W IPUHIINIT UX paObOTHI

Tema Ne 2. AspoanHaMH4YeCKHE CHJIbI

Bomnpocsr:

OO0TekaHue Tel BO3AYIIHBIM TOTOKOM.

OCHOBHOI1 3aKOH COTPOTHBJICHUS BO3/1yXa.

Kps110 1 ero Ha3HaueHue.

OCHOBHbBIEC T€OMETPUYCCKHIE XaPAKTEPUCTUKU KPbUIA: pa3Max, Xop/a, IUIoaab, hopMa B IUIaHe, yITHHECHHE,
OCHOBHBIE ITPO(QHIH U TOJIIMHA KpPbLIA.

OCHOBHBIE CBEIICHHSI 00 yIriiax aTaKd M CKOJIBKCHUS.

AdpOoIMHAMHIYECKHUH CIICKTP KPhUIA.

Bo3HUKHOBEHUE TTOABEMHON CHIIBI ¥ IOOOBOTO COTPOTUBIICHUS KpPhLIA.

AdpoJIMHAMHYIECKOE KaueCTBO KPbLIA.

[MocTpoeHue a3poANHAMUYECKUX XapaKTEPUCTHUK KPbLIa U CaMOJjIeTa: MoJsipa CaMoJieTa, KaueCTBO 110 YIITy aTakH;
OIpe/IeTICHUE M0 3TUM rpaduKaM BceX HEOOXOMUMBIX JIAaHHBIX CAMOJIETA.

[puunubl nagenust kKo3GGuUIKeHTa MOIHEMHOI CUITbI Ha 3aKPUTHYECKUX YIIIaX aTakH.

Crioco0bl yBenuueHus: Ko3QPUIHEeHTa TOABEMHON CHIIBI U OCOOCHHOCTH adPOIMHAMUKH MEXaHU3UPOBAHHOTO
KpBLIa.

[ToHsTHE O paclpeeIeHUH TaBICHUS 110 XOP/Ie U pa3Maxy KpbLia.

[epemeriieHre 1eHTpa JaBJICHHS KPbLia U CaMOJICTA.

Tema Ne 3. CujioBast VYCTAHOBKA CaMo0JIeTa

Bomnpocsr:

Hasnauenue 1 BUIbI aBUALIMOHHBIX CHJIOBBIX YCTaHOBOK.

Knaccudukarus BO3IyITHEIX BUHTOB.

I'eomeTprueckue xapaKTEpUCTHKH BUHTA: THaMETp, (opMa JomacTd, popMa IpoQuILs, JIeMEHT JOMacTh, XOpAa
CEYEHHUs JIONACTU U YIoJl HAKJIIOHA, TEOMETPUUECKUM 1Iar.

CKOpPOCTh JBWKEHHSI M YTOJI aTaK! 3JIEMEHTA JIONIACTH BUHTA. A3POJIHAMUYECKHE CHIIBI BUHTA, BIUSIOMIAE HA
BEJIMYMHY CHUJIbI TATH BUHTA.

I'paduik pacronaraeMoii TSTY caMoJieTa B 3aBUCUMOCTH OT CKOPOCTH TI0JIETa.

MouiHoCTh BUHTA.

KoadduimeHT mosie3Horo AeHCTBHS BUHTA.

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

IToHsiTHE O BAMSIHUM BBICOTHI MOJIETA HA PACHOIAraeMyt0 MOIIHOCTb.

Oco0eHHOCTH pabOTHI BUHTA C H3MEHSIOIIMMCS IIIaroM.

Tema Ne 4. 'opHU30HTAJIbHBIH OJET CAMOJIeTa

Bomnpocnr:

TopuzoHTaANBHBIN MOJIET (OTIpeneIeHHE).

Cxema ¥ COOTHOIICHHE CHJI B YCTAaHOBHUBIIEMCS TOPH30HTAIFHOM TIOJIETE.

CKopoCTh, TOTPEOHAS ISl TOPU30HTATEHOTO TIOJIEeTa.

[ToTpeOHast Tsira ¥ MOIIHOCTb AJISl TOPU3OHTAILHOTO MOJIETa.

Kpusbie )KyKkoBcKoro noTpeOHbBIX 1 pacloyaraeMbIxX THT.

Jnanas3oH ckopocTell TOpH30HTAIEHOTO MT0JIETA.

[epBeIii ¥ BTOPO peXUMBI TOPH30HTAIBEHOTO 110JIETA U UX OCOOEHHOCTH. DBOJIIOTHBHASI CKOPOCTh
TOPHU30HTAIILHOTO MoJIeTa (OIpeAeeHue).
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3amac CKOpOCTH M €T0 3HaUEHUE B JIETHOU paboTe.

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

TexHUKa BBINOJIHEHUS MPSIMOJIMHEHHOTO 10JIeTa; TpeOOBaHUS K HEMY.
Bnusiaue paznuyHbix (pakTOpoB HA CKOPOIOIBEMHOCTh CaMOJIETa.

Tema Ne 5. IHoabeMm camoJiera

Bonpocsr:

YcnoBus yCTaHOBHUBILIETOCS MOIBEMA CAMOJIETA.

YpaBHEHUE JBUKEHUS IIPH MOIBEME.

CBsI3p MEXly yIilaMH HAaKJIOHa TPAGKTOPHH NOABEMA, YTIIOM aTaK{ M yIJIOM HAKJIOHA MPOJOJIBHON OCH CaMoJIeTa.
ITorpebHast ckopoCTh IJIs MOIbEMA.

YKka3arelbHULa TPAEKTOPUH MTOIBEMA CAMOJIETA U NIOJIb30BAHUE €10.

IlepBbIif 1 BTOPOI peXUMBI HObEMA U UX OCOOEHHOCTH.

baporpamma nogbsema.

TeopeTnueckuid, IPAKTUUECKUN U JMHAMUYECKUI TIOTOJIKM CaMOJIETa.

Tema Ne 6. [LnanupoBaHue camoJiera

Bomnpocsr:

Cutbl, IEHCTBYIOIINE HA CAMOJIET MPH ITAHUPOBAHHH.
YpaBHEHUE IBUKEHUSL.

[ToTpeOHast CKOPOCTH IITAHUPOBAHMSL.

Yron miaHupoBaHUA.

BepTuxansHast CKOpOCTb TNIAHHPOBAHUS.

JlanpsHOCTh IITAaHUPOBAHUSL.

BiusiHue paznnyHbIX (HaKTOPOB Ha JALHOCTH IJIAHUPOBAHHUS.
YkazarenbHUIa TPASKTOPHUH ITIAHUPOBAHHSL.

[TepBblit ¥ BTOpO peXUMBI INTAHUPOBAHMS K UX OCOOEHHOCTH.
[onsiTHE O CKOJBKCHHH.

BrusiHEEe IUTKOB HA YrOJ U AaTbHOCTH IUTAHUPOBAHMUS.

Tema Ne 7. B3Jjier camoJieTa

Bomnpocnr:

OmnpeneneHne B3IeTA.

IIpodwiib n 3IeMeHTHI B3JIETA.

CI/IHBI, HCﬁCTByEOH.[PIC Ha caMoJIieT HpI/I B3JICTC.

CKOpOCTh OTpbIBA CAMOJIETa OT 3EMJIU.

V3meHeHue cuil, IEHCTBYIONUX HA CaMoJIeT B Ipollecce pasoera.
BrusiHre 0CHOBHBIX (hakKTOPOB Ha JUTHHY paszOera.

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

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

Oramnsl B3jeTa. B3neTHas qucranmus.

TGXHI/IKa BBIIIOJIHCHHUS B3JICTA.

Tema Ne 8. ITocajka camoJieTa

Bomnpocsr:

DJIEMEHTHI IOCAIKH.

Cutbl, IEHCTBYIOIINE HA CAMOJIET Ha Pa3IMUHbBIX dTAlax MOCaIKH.
[Mocamoynas CKOpOCTh U (haKTOPHI, BAMSIOIINE HA 3TY CKOPOCTb.

[TpoGer camorera u GpakTopbl, BIMSIONINE HA JUIMHY ITpodera.

TTocamouHas TUCTAHIIVS.

DakTOpbl, BIAMUSIONINE HA TEXHUKY BBIMTOJIHEHHUS MOCAIKH: COCTOSIHUE MTOCA0YHOM MOJIOCHI; PEXKUM pabOThI
JIBUTATEJIsT; CXeMa IIACCH; BBIMYCK [IUTKOB; HAMIPABJICHUE U CKOPOCTh BETPA.
TexHUKa BBIIOIHEHUS [TOCAIKH.

OmuOKY PH BBITIOTHEHUH [TOCATIKH.

OCOOEHHOCTH TEXHUKH BBITIOJIHEHHS] BBIHYKICHHOH MOCAIKH.

Tema Ne 9. YeToHYNBOCTH M VIIPABJISIEMOCTH CAMOJIETA
Bonpocher:
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PaBHOBecHE Ul 1 MOMEHTOB.

Ocu BpaieHust camoJeTa.

Bunpl paBHOBecHs.

IlenTpoBka camouiera.

Buap! ueHTpoBKH.

IIpononsHOE paBHOBECHE CaMOJIETa.

CyIIHOCTb POAOJILHOM YCTOWYNBOCTH CaMOJIeTa M yCIIOBHS €€ 00eCIIeueHusI.

OcHoOBHEBIE (haKTOPHI, BIMSIOIINE HA TPOIOJILHYIO YCTOWYNBOCTH CaMoOJIeTa: IIEHTPOBKa, IUIOIIAlb cTabmin3aropa,
IUTrHA (Qro3erska, padoTa BHHTA.

[IpononpHas ympaBiseMOCTh caMoiieTa (onpeaeeHne).

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

PaboTta Tpummepa.

bokoBoe paBHOBecue camorera (onpeaeneHue).

VYcnoBusi 0OKOBOTO paBHOBECHSI CaMOJIETa.

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

BokoBas ycroifunBoCcTs camosieTa (onpeneseHue).

®dakropsl, obecrieunBaronye GIIOrepHyIO U MONEPEYHYI0 YCTOHUNBOCTS.

[IposiBneHnE B mMoNIeTE OOKOBOW YCTOMYHUBOCTH CaMOJIETA.

ITonsiTHE O MyTEBOM YCTOMYMBOCTH CaMOJIETA.

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

Pabora u Ha3HAUEHHE Py TOBOPOTA.

[Tomepeunast ynpaBiIsieMOCTb CaMOJIETA.

Pabora n HazHaueHHE 51epoHOB. [IpocThie u quddepeHnranbabie 3IepoHsl. 1lleaeBbie 1 2IEPOHBI ¢
a’pOIMHAMUYECKUM TOPMO30M.

Crioco06b1, 00Js1eryaroniye 00KOBOE YIIPaBICHUE CAMOJICTOM.

Bubparms camornera.

Tema Ne 10. IllTonop (npsiMoii, 00paTHBI)

Bonpocsr:

Omnpenenenne, TPACKTOPHS ABIKCHHS caMOJIeTa Ha IITOTIOPE M BUBI IITOIIOPA.

KpaTkas uctopust oBIafeHUs ITOMOPOM. 3HAYEHUE OBIAJICHUS IITOIOPOM IS TEXHUKH MTAIOTHPOBAHUS.
[IpruuHBl BO3HUKHOBEHHS IITOopa. OCHOBHBIE MTPU3HAKH U XapaKTEPUCTHKH KPYTOTO, IUIOCKOTO IITOIOpa
[Ipu3HaKyM CTpEeMIIEHHS caMOJIETa K IEPEX0Ay U3 KPyTOTO MITOIOPA B IUTOCKHH.

IIonsTHE O B3aMMOZEMCTBUM CUJI IIPY IITONOPE. BilnsiHuE IEHTPOBKY, YEIBbHON HArPY3KU U pa3HOCa IPy30B Ha
BBOJ B LHITOIIOP, XapaKTEp 1ITOIMOpa U BLIBOA U3 HETO.

[lenTpoBKa, MpH KOTOPOH 3aNPEIIacTCsl BHITOJHEHUE IITONOPA.

[TpuunHb! ocnabiieHys AHCTBUS pyJieil Ha IITONOPE: 3aTeHEHHE BEPTUKAIBHOTO M TOPH30HTAIBHOTO ONIEPEHUSL.
OcoOCHHOCTH JICHCTBHIA DIICPOHOB Ha IITONIOpE. BinsiHue nauum raza Ha BBIBOJ] CaMOJIeTa U3 IITOIopa B
3aBHCHMOCTH OT JICIICHTPALIMU BHHTA M HAIIPABJICHUS BpAIllCHUs BUHTA U camolera. [lotepst ckopoctu u
HENPOU3BOJIBHBINA CPBIB CaMOJIETa B LITONOP, CKOPOCTh CPhIBA.

XapaKTepHuCTHKA IITOIIOpa CaMOJIeTa.

[Ipu3HaKy mepeBepHyTOro MTOMOpa K 0COOEHHOCTH BEIBOZA CaMOJIETa M3 TAKOTO IITOMOPA.

Tema Ne 11. @urypbl NpocTOro NuJjaoTaxka

Bomnpocsr:

Haznauenune GpurypHOro nuioTaxa.

[TonsaTue o neperpy3skax.

FI/IpOCKOHI/l‘leCKI/Iﬁ MOMCHT U €0 IMPOSABJICHUC ITPH BBINIOJHECHUU MMUJIOTAXKaA.

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

[ToTpeOHBIE CKOPOCTH M MOITHOCTH TSI BHIITOJTHEHUS BUPaXKa.

[Teperpy3ka Ha BUpa)e U BIUSHUEC TPSHUPOBKH Ha COMPOTUBIIIEMOCTh OPraHM3Ma JICTYNKA JICHCTBUIO TIEPETPY30K.
Panuyc u Bpems Bupaxa.

IIpenenbHble BUpaXH.

BrusiHEE pacmonaraeMoii MOIIHOCTH, ITOJIETHOM MacChl M BEICOTHI TIOJIETa Ha XapaKTePUCTUKH BHPaXKa.
Bo3HUKHOBEHHE CKOJIBKEHHS HAa BUPAXKeE.

OmmbKy Ha BUpaXe U X YCTPaHEHHUE.

Crmpainb. TpeGoBaHMS K BBIIOJHEHUIO CITHPAIIH.

Cxema CWII TIpH CIIUpaid U KX B3aUMOJCHCTBUE.

CKOpOCTb Ha CIIUPATIH.

Iar criupanu, HaUBBITOJHENIIIAS CITUPAb.
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O1uOKY NPH BITOJIHEHUN CITUPAIIA U METOJIbI UX UCTIPABJICHUSL.

[MukupoBanue 1 ropku ¢ yriamu 10 45°. CriocoObl BBOA M BBIBOJIA CAMOJIETa U3 (PUTYPBIL.
CxeMa cuJI M UX U3MEHEHHS B [IPOLIECCE BBIIOIHEHUS (PUTYPBL.

CKOpOCTh Ha BBIBOJIE M3 TMKUPOBAHUS.

Tema Ne 12. @urypsbl C/10KHOT0 MUI0TAKA

Bomnpocsr:

Boesoii pa3Bopor (onpenenenue).

TpeGoBaHMsI K BEIIOJHEHHIO 00EBOTO Pa3BOpOTA.

BrnusiHue BENMYMHBI yIila KPEHa U HA4albHON CKOPOCTH HAa BPEMsI BBIMOIHEHUSI U BETMYMHY HA0Opa BBICOTHI MPH
00eBOM pa3BOpPOTE.

OmuOKH MpH BBIMOJTHEHUH OOEBOTO Pa3BOPOTA U METOJIBI X UCIIPABJICHUS.

bouka (ompeznenenue). YnpapisieMbie 1 MITONOPHBIE 00uku. HayanbHas cCKOpoCTh, eperpy3Ka, yriibl aTaku Mpu
BBITNIOJTHEHHUH YHIPABJIAEMbIX U HITOMTOPHBIX 60'-161(, BPEMs BBITIOJITHEHU .

[Mony6ouka (ompenenenue). OMUOKK MTPH BHIMOJHEHUHA OOYEK U MOITyO0UYEK U METOJIbI X YCTPAHCHHUS.
[TepeBopoT, IEPEBOPOT HA ropKe (ompeseneHue). YpaBisgeMble U ITOMOPHbIE epeBopoThl. CKOPOCTH BBOJA U
BBEIBOJIA, TIOTEPSI BBICOTHIL. TpeOoBaHMs K BEITONHEHIIO. OMIMOKU 1 METOIBI HX YCTPAHCHUS.

ITernis Hectepora (ompeneneHuce).

Cxema 1 B3aUMOJCHCTBHUE CHII B PA3IIMYHBIX TOYKAX IETIIN, HAYaJdbHAs CKOPOCTh, HEOOXOAMMAs! IS BEITIOTHEHUS
neriu. [leperpysku. OmnOKY MPH BHITOIHEHUU TIETJIM U METO/Ibl UX YCTPAHCHHUSL.

Iletns B HAKIIOHHOM MJIOCKOCTH.

[Momymerna (onpenenenne). HawanpHas ckopocTs, meperpy3ka. TpeGoBaHUS K BHIIOTHEHUIO.

[TukupoBanue u ropku ¢ yriaamu 6omree 45°.

IToBopoT Ha ropke (onpenenerne). CriocoObI BEIOTHEHUS B 3aBUCHMOCTH OT yTJIa TOPKH.

Tema Ne 13. @urypsl BbICHIECTr0 NUJI0TAKA

Bonpocher:

IlepeBepHyTHIil OJNIET.

OTnurie NepeBepHyTOrO I0JIETa OT HOPMAJIBHOTO T10IeTa. OCOOEHHOCTH IIePEBEPHYTOrO MOJIETA.
AbdporHAMHYECKHE XapaKTEPUCTUKHU KPbUIa B IEPEBEPHYTOM ITOJIETE.

Kpussie XKyKkoBckoro ajst mepeBepHyTOro MoJjera.

YCTOWYMBOCTE | YIIPABIAEMOCTb CAMOJIETA B IEPEBEPHYTOM MOJIETE.

Cxema cwl B TOPU30HTAJIBHOM MIEPEBEPHYTOM MOJIETE.

Cxema cwl IpH MOJbEME B IEPEBEPHYTOM TOJIETE.

Cxema cwl IpH IUIaHKPOBAHUH B TIEPEBEPHYTOM IIOJIETE.

OOpatHBIi MUI0TaX (ONpeaesIeHne).

Cxema cuil Ha IpaBUIIBHOM O0paTHOM BHpaiKe.

CpaBHeHue napaMeTpoB 00paTHOTO BUpaXka ¢ apaMeTpaMy IPsIMOTO BUpPaXa.

TexHurKa BBINOIHEHUS] 00pPAaTHOTO BUpaXka Ha CaMoJIeTe.

Cxema cwt Ha 00paTHOH 1eTe.

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

Pacuer HauabHOM CKOPOCTH BBOJA B IIETIIIO.

TexHIKa BRIIOTHEHUS OOPATHOH METIIH.

YnpasisieMble U IITOMOPHbIE OOYKK U TIOTyOOUKH B BEPTHKAIBHOMN MIIOCKOCTH M TEXHUKA MX BBITTOTHEHUS.
Meps! 6€3011aCHOCTH MPH BBITOJIHEHUH HUCXOAAIINX, BOCXOISIINX O0YEK U IITOMOPHON OOYKH Ha HUCXOAAIIEH
BEPTHKAIHN. XapaKTEePHbIC OTKIOHEHUS U OLINOKH.

Kouoxon ¢ mpsamoro u o6patHoro nonera. Cxema 1 B3aUMOJIEHCTBIE CHII B PA3IMYHBIX TOUKaX KOJOKOJIA.
HauanpHas ckopocTb, HE0OX0UMast ISl BBITIOJIHEHNUS KOJIOKOJIA. TeXHUKA BBIMOTHEHHS KOJIOKOTIA.
IToBopoT Ha BepTHkanu. Cxema CUII Ha BBOJIE B BEpPTUKAJIb U HAa OBOPOTE (B pa3IM4HBIX TOuKax). HauanbHas
CKOPOCTb IIOBOPOTA Ha BEPTHKAJIH.

TexHrKa BBITIOJIHEHUS TOBOPOTA HA BEPTUKAIIH.

Tema Ne 14. JIaJbHOCTHh U NPOX0JIKATEILHOCTD I0JIETA

Bomnpocsr:

OCHOBHHC IIOHATHUA U onpez[eneHI/m: JAJIBbHOCTh U HpO,I[OJ'DKI/ITeJILHOCTL I10JIeTa cCaMoOJI€Ta, TCXHUYCCKaA JaJIbHOCTh
ImoJIcra, HpaKTI/I‘ICCKaH JAJIBHOCTH IT0JIETA, IIEICOBOI\/'I pacxo/:[ TOIUINBA, KI/IJIOMeTpOBHﬁ pacxoz[ TOINIMBA.

BJ'II/IHHI/IG Ha JAJIBHOCTH U HpO,Z[OJ'DKI/ITeIIBHOCTB IIoJera CKOpOCTI/I I10JICTAa U aBpO,I(I/IHaMI/IKI/I CcaMoJICTA, yIIeJ'IBHOFO
pacxo/a TormiuBa 1 K03 (GHIMEeHTA [TOJIE3HOr0 ASHCTBUS BUHTA, BHICOTHI M0JI€TA, MOJIETHOW MacChl, TEMITEPATYPhbI
Hap}’)KHOFO Bosnyxa, BBIIIOJIHECHUA I10JIETA CT]C)OQM, BeTpa.

HpaKaneCKoe BBIIIOJIHCHUC pacqua JaJIbHOCTU U HpO}lOJ’I)KI/lTeJ'ILHOCTI/I I1oJIeTa caMoJieTa AJisd BBIIIOJIHCHU S
nepeiieTa U MapuIpyTHOT'O 110JIETA.
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OCHOBHBIE CBOMCTBA BO3IYXA
ATMOC®DEPA 3EMJIN

Honocpepa

Cmpamocipepa

16 18xm Tponocpepa

Jemnou wap

Puc. 1 Cmpoenue ammocgheput

Ammocegepoii Ha3bIBaeTCsl Ta3oBas 000JI0YKa, OKpYy)Karomias 3eMHOM 1map. ['a3, cocraBisromuid 3Ty
000JI09Ky, Ha3bIBAETCS BO3LyXOM

Bricora razoBoii o6onouku 3emuin Benmka U coctaBiser 6oiee 2000 kM. ToyHO ompenenuTs TPaHHUILY
aTMoc(epbl TPYAHO, TaK Kak IMepexo]l OT 3eMHOM aTMoc(epbl K MEXIIAHETHOMY IPOCTPAHCTBY COBEpLIACTCS
IIJIaBHO U Ha 6OJ'II)IJ_[I/IX BbICOTAX IUIOTHOCTH BO3AyXa OYCHbL MaJia. MO>KHO TOJIBKO OTMETUTL, YTO B Ipcaciiax
OKOJIO3EMHOTI'0 IIPOCTPAHCTBA JI0 BBICOTHI 20 KM HaXx0oAUTCs OKOJI0 95% Bceid Macchl aTMOC(EpPHOro BO3Lyxa

ATtmocdepa paszaersiercs Ha Tponocdepy, crparocdepy U nonocdepy. Takoe pasnesieHne OCHOBAHO Ha
(u3MUECKUX CBOWCTBAX ITHX CJIOEB M XapakTepe MX W3MEHEHHs C MOJbEMOM Ha BbICOTY. J[aBlieHHE M IUIOTHOCTD
BO3/yXa C YBEIMICHHUEM BBICOTHI BO BCEX TPEX C0sX aTMochepsl ymenbinaercs (Puc. 1)

H, wrm

-35,5° \(50

708

+75°

CTPATOCDEPA

-965°%

-865C

80 70 60 5049 3p 20 N0 20 30 40 50 60 70 80
-t’c +1°c

Puc. 2 Hzmenenue memnepamypul 6030yxXa no 6b1cOmMam 0711 CMAHOAPMHBIX YCII08UTL CPEOHell WUpPOontbl

Tponocgpepoii HazpiBaeTcs HIDKHUIA cioir armocepbl. TommmHa ee Hax momocamMu 7 - 8 KM, Hax
9KBaTOpoM 16 - 18 kM, BeICOTa BEpXHEil TpaHUIBI U3MEHSAETCS B 3aBUCHMOCTH OT XapaKTepa MOBEPXHOCTH 3eMIIH,
aTMOC(epHBIX IIPOIECCOB, TEIUIOBOTO COCTOSHMSA BO3/yXa, a TAaKKE OT CYTOYHBIX M TOJOBBIX HM3MEHEHHI.
Temmeparypa Bo3myxa B Tponocdepe ¢ MoaseMoM Ha BHICOTY manaeT (6,5° na ka:xapie 1000 M), Tak Kak Harpes
BO3/lyXa 00yCIOBINBAETCSI OCHOBHOM OTPaKEHHBIMH OT 3€MHOM NOBEPXHOCTU COJIHEUHBIMH Jydamu. VI3MeHeHHe
TEMIIEpaTypbl BO3QyXa C BBICOTOH MNPUBOJAUT K MEPEMEINEHHIO BO3IYIIHBIX MAacC, XOJOIHBIE BEPXHHE CIOU
OITyCKaloTCs, a TeIulble MOJHUMAIOTCs. BenencTBue aToro odpasyrorcst o0naka, BBINAJAIOT OCAIKH, TYIOT BETPBI.
HW3-3a nepemeneHuns: BO3AyLIHbIX MacC COCTaB BO3[yXa Tporocdepbl MpakTU4YecKH MOCTOsIHEH. B HeM conepkutcs
78% a3orta, 21% xucjgopoaa u okoao 1% aApyrux razos (apros, yrjieKHcJblil ra3, BOJOpO/, HEOH, Ie/uii).
Kpome ykazaHHBIX Tra3oB B Tpornocdepe cOCpesoTOUeH IMOYTH BECh BOASHOW Map, HaXOISIIMICS B HENPEPHIBHOM
Kpyroobopore (MCHapeHue - KOHISHCAIMs U KpUCTaJuIn3anus ¢ 001akoo0pa3oBaHueM - 0CaaKH). B HIDKHHX cIosX
Tporocdepbl MHOXXECTBO Pa3JIMYHBIX NPUMECEH B BHJE MeNbYalIIMX TBepAbIX dactuil (meuib). ComepkaHue B
BO3lyXe Tporoc(epsl BOJSIHOTO Hapa U MbUIA NPUBOANT K YXYALICHUIO BUANMOCTH.
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Cmpamocghepa - cioii Bo3yxa, JIeKaIlUil HEMOCPEICTBEHHO HAJ BO3JIYLIHBIMU cJI0siMH Tporocdepsl. B
Hell HabIroaeTcs MOTHOE OTCYTCTBHE O0JIAKOB M HAJIMYME CHIIBHBIX BETPOB, IYIOIIUX C OOJBIION CKOPOCTBHIO U B
OJTHOM HampaBiieHHU. BepTuKanbHbIe 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
nocrosinHa u coctasiseT -56°C. C BbicoThl 30 KM M 10 55 kM TemmepaTypa Bo3ayxa mHoBblaercsa a0 +75°C
BCJIC/ICTBHE TIOBBIIICHHOTO COJIEPKAaHUs 030Ha, KOTOPBIH 00JaaeT CloCOOHOCTBIO MOTJIONIATh yIbTpaduoaeToBoe
nznydenue. C BbIcOThI 55 kM u 10 80 kM Temneparypa Bo31yXa MOHIKAaeTcs B cpeaHeM Ha 4°C Ha kaxabie 1000
M H3-3a YMEHBIICHHS NMPOLEHTHOrO cojepkaHus o30Ha B Bo3ayxe. Ha Beicore 82...83 kM Temmeparypa Bo3ayxa
cocrasisert -35°C (puc. 2).

Honocghepa - cnovi Bo3ayxa, JexKaIMid HEIMOCPESACTBEHHO HAJl BO3AYIIHBIM clioeM cTtpaTtochepbl. BoicoTh
noHocoepsl ot 85 1o 500 kM. M3-3a Hannuus B HOHOC(Epe OrpOMHOTO KOJIMYECTBA HOHOB (3apsHKEHHBIX MOJIEKYJT U
aTOMOB aTMOC()EPHBIX T'a30B, JBIKYLIMXCS C OOJNBIIMMH CKOPOCTSMH) €€ BO3JIyX CWJIBHO HarpeBaercs. Bozmyx
MOHOC(EPBl TAKXKE XapaKTEPU3yeTcs BBICOKOH NMPOBOJMMOCTBIO, MPEIOMIIEHHEM, OTPaKCHHEM, MOTJIOMICHHEM H
HoJIsIpU3alel paguoBoiH. B noHocdepe u3-3a BhIIeyKa3aHHBIX CBOMCTB HAOMIONAIOTCS CBEUCHMSI HOYHOTO HeOa,
MOJISIPHBIE CUSHUS, MarHUTHBIE OypH.

TEMIIEPATYPA BO3YXA

Temnepamypa - BeIMYMHA, XapaKTEPHU3YIOIIAs CTENICHb TEIUIOBOTO COCTOSHHMS Tela (Ta3a) MM CKOPOCTb
XaOTHYECKOTO JIBIYKEHHUS MOJIEKYJ (UeM BBIIIE TeMIepaTypa, TeM OOJbIlle CKOPOCTh MX IBMKEHHUS, B Ha000poT).
Temmeparypy Bo3oyXa MOXKHO M3MepATH IO IBYM Iukanam: Llenbcus u aGcomorHod mkane KenbBuHa. 3a Hynb
TpamycoB 1o mkane L{enbcust mpuHITO CYUTATh TEMIIEPATypy TasHUA Jb1a, a 32 100° - TemmnepaTypy KUIIEHUS BOJIBI
IpU aTMOC(EpPHOM JaBiIeHHH, paBHOM 760 MM pT. CT.

Ecnn wm3BecTHa TemiepaTypa BO3AyXa Yy 3eMJIHM, TO MOXXHO OIPENEIHTh TEMIepaTtypy BO3IyXa B
Tpomoctepe Ha Tr000it BEICOTE O hopMmyIe:

tn=to-6,5H,
rae f, - TemrepaTypa BO3yXa Ha ONPEAEIIsieMOi BBICOTE;
t, - Temmeparypa BO3IyXa y 3eMJIH;
H - 3agannas BeIcOTa, KM.

3aoaua Temnepamypa 6o30yxa y zemnu +10°C. Onpederums memnepamypy 6030yxa Ha0 OAHHbIM YH4ACMKOM 3eMAU HA
gvicome 7 km. Pewenue Tu= 10-6,5%7= - 35,5° Temnepamypa 6030yxa na gvicome 7 km pasha -35,5°C.

ABCOJIIOTHAS TEMIIEPATYPA

Temneparypa, orcunThIBaeMas OT aOCOJIOTHOrO HyJsl 1o mikaie KenbpBHHa, Ha3bIBacTCS abCotlOmHOl
memnepamypoi.

3a wyns KenpBuHOB (K) mpHHATa TeMIlepaTypa, MpHU KOTOPOH NpeKpariaeTcsl TEIUIOBOE NepeABIKCHIE

MoOJIeKyJ, oHa cocraBisieT-273° no wkane Lenscus (°C). Ecnm u3BectHa Temmneparypa Bo3ayxa t mo mikaie
Henbcust, To aOCOMOTHYIO TEMIIEPATyPy MOXKHO HalTH 1O Gopmyie:

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

3Has TemIepaTypy Bo3gyxa y 3emid 1o mkaine Llenbcus, MOXKHO HaiTH TeMIieparypy BO3ayxa Ha
Pa3IMYHBIX BBICOTAX 110 (OpMyJIe:

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

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

3aoaua Temnepamypa 6o30yxa 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, NEHUCTBYIOIIAs Ha €IMHULY IUIOLIAAM NEPNEHIUKYJSApHO K Hel. Beskoe teno,
HaxoJsIIeecss B HEIMOABIKHOM BO3/AyX€, HCIBITBIBAET CO CTOPOHBI MOCIETHETO MaBJICHHE, OJWHAKOBOE CO BCEX
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cropon (3axon Ilackans). AtmocdepHoe naBieHHE OOBICHIETCS TEM, YTO BO3AyX IMOJOOHO BCEM [PYruM
BEIIIeCTBaM 00J1a/1aeT BECOM U MPUTATHBAETCS 3eMIICH.

Ammocgepnvim 0asnenuem Ha3bIBACTCS AABICHNUE, BHI3BIBAEMOE BECOM BBINIEIECKAIINX CIOEB BO3AyXa U
yZapaMH €r0 XaOTHYECKH JIBIDKYIINXCS MOJICKYIL. 3a €MHUILY JaBJICHUS MPUHATA TEXHUUecKas atMochepa (amm.) -
JIaBJIEHHUE, PABHOE OJHOMY KHJIOTPAMMY CHIIBI Ha OJMH KBaJPATHBI CAaHTUMETp (kec/cm’). JaBlieHne 0603HauaeTcs

OykBoii P, Ha ypoBHE MODS - P,,.

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

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 BIaxkHOCTH KoJebiercs ot 700 mo 800 MM pT. ¢T. U B cpenHeM paBHO 760 MM. pT.
CT.

Jasienue mo MexxayHapoaHoi cucreme enuani CU onpenensemcs mo gopmyie:

p=2,
S

2,
rae P - naBnenue, xre/cm”;
P - cuia, ¢ KoTopoi nasurt 1 M’ BO3/1yXa;

S - wiomane, cM>.

Puc. 3 Manomemp

JlaBrenne B | Kkrc/cM’ PaBHO3HAYHO CTONOY PTYTH BBICOTOM 735,6 MM M HA3bIBAETCS TEXHHUYECKO
aTMocepoit. [TepeBo/ TaBICHNS 3 PA3MEPHOCTH MM PT. CT. B KI'C/CM” IPOM3BOAMTCS 110 HOpMyIIe:

_ B
735,6°
jwi (5] B - 6ap0MeTp1/IquKoe JIaBJICHUE.

B ¢usuke non 6apomerpudeckuM gaBieHneM 1 aTM. mogpa3zyMmeBaeTcs IaBIeHHE Bo3ayxa, paBHoe 1,0332
Kre/cM” MM CTaHZApTHOMY 6apOMETpHIECKOMY JaBIeHHIO 760 MM PT. CT.

IIpu a’ponMHAMHYECKMX HCCIEIOBAHUAX 4YACTO MPUXOAUTCS M3MEPSATh Pa3HOCTh AaBieHuil. [{ng storo
UCTIONB3YIOTCSL PTYTHBIE MpHOOps! - MaHoMmeTpsl (Puc. 3). Jlns onpeneneHus o4eHb MalbIX Pa3HOCTEH IaBICHUH
MPUMEHSETCS] YyBCTBUTEIBHBIN IPUOOP - MUKPOMaHOMETP, B KOTOPOM HCIOJIB3YETCsl )KUIKOCTh OoJiee JIerKasi, YeM
pryTh. [IpuHINT pabOTHI CIeayIOIMii: OANH KOHel TpyOKH (Hanpumep, MPaBblii) MOJICOSANHSIETCS K IIPOCTPAHCTBY
C aTMOC(EpHBIM JABJICHHEM, BTOPOH - K MOBEPXHOCTH M3MEPSEMOro ydacTka (Tam, IIe JaBlIeHHE OOJbIIE WIIH
MEHbIIE aTMOC(EPHOTro0) MOMYCTHM, YTO MEHBIIE. YPOBEHb PTYTH B JIEBOM KOJICHE IIOBBICHTCS, TaK Kak Ha
MIOBEPXHOCTh PTYTH JIaBUT MEHbIIIEE AaBICHUE. Pa3HOCTh ypOBHEH 1 MOKaXKET Pa3HOCTH JAABICHHS:

]’l=P0-P1.

IIMIOTHOCTB BO31YXA

ITnomnocms 6030yxa - 3To KOIMYECTBO BO3MyXa, coaepxamierocs B 1 m* ofbema. B (usnke cymecTByer
HOHATHE ABYX BHIOB IUIOTHOCTH - BecoBas (yIENbHBIH Bec) M MaccoBasd. B aspoauHaMuKe dale BCero Monb3yloTcs
MAaccoBOil IUIOTHOCTBIO. BecoBas mioTHOCTh (yAeIbHBI BEC) BO3LyXa - dTO BeC BO3AyXa B obbeme 1 M.

O6o3HauaeTcs OyKBOH .



APOANHAMUKA CAMOJIETA 8

TJIe )/ - yAenbHbli Bec, Krc/M3;
G - Bec Bo3aYXa, KIC;
V - 06beM BO3IyXa, M.

Bec Bosayxa G - BelMYMHA HEMOCTOSAHHAS M U3MEHSAETCA B 3aBUCHMOCTH OT reorpaduuecKoil IMMpPOThl 1
CWJIBI MHEPIINH, BOSHUKAIOMIEH OT BpAaIIeHUs 3eMIIM BOKPYT cBoel ocu. Ha momiocax Bec Bo3ayxa Ha 5% Oomnbiie,
4eM Ha dKBaTope.

VeraHoBieHo, uto | m° BO3/yXa IPH CTaHAAPTHBIX aTMOC(EPHBIX YCIOBUAX (0apOMETpUIECKOE TaBICHUC
760 mm pm. cm., t=+15°C) secum 1,225 kec, ciemoBaTeNbHO, BECOBas TUIOTHOCTH (yIOeNbHBIN Bec) 1 M 06beMa

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

MaccoBasi IITOTHOCTb BO3JYXa - 5TO Macca Bo3ayxa B oobeme I m’. OG03HaUaeTCs rpedeckoil GyKBoif p.
Macca Tena - BeIMYMHA IOCTOSHHAA. 3a CIUHUIy MAacChl NPUHATA Macca TMPH W3 HPUAWCTONW IUIATHHBI,
Xpassiencs B MexxyHapoiHoil nanate Mep 1 Becos B Ilapuke.

CoryacHo BTOpOMYy 3aKkoHY HbIOTOHa ompemenym, 4TO Macca BO3JyXa paBHa €ro BeCy, ACICHHOMY Ha
YCKOPEHHE CHIIBI TSHDKECTH.

m=—.
g
IJIe M -Macca Tena, KI C2/M.
MaccoBas IIIOTHOCTh BO3AyXa (B KT ¢*/m*) paBua
m
p=—.
\%

MaccoBast IIJI0THOCTh M BECOBasI INIOTHOCTh (yIlCHbHBIfI BCC) BO3yXa CBA3aHbI 3aBUCUMOCTBIO

,
p=—
g

3Hasg 3TO COOTHOIIEHHE, JIETKO OIpPENeNNTh, YTO MAacCOBas IUIOTHOCTh BO3AyXa IPH CTaHAAPTHBIX
aTMOC(epHBIX YCIOBHSIX PaBHA!

v 1,225 s
=—="""-=0,1250K2-¢c" / m".
g 98
N3meHeHns MaccoBOii U BECOBOM TJIOTHOCTH BO3/yXa JI0 BBICOTHI 5 KM MOKa3aHbl B Ta0. 1.
Tabnuuya 1
Brnicora H, M n;:";.‘:“irl_a' 'I‘eMnepozE:Typa t nEg‘?}oigé‘:b, :ﬂgg;%f::ﬁb,

Kre/m? Krc c?/m*

—1000 854,6 +21,50 1,3476 0,1374
— 500 806,2 18,25 1,2854 0,1311

0 760,0 15,00 1,2250 0,1250

500 715,9 11,75 1.1677 0,1191

1000 674.1 8,50 1,1110 0,1134
1500 634,2 5,25 1.0580 0,1079
2000 596, 1 2.00 1.0060 0.1027
2500 560,0 — 1,25 0,9567 0,0976
3000 525,7 — 4,50 0,9093 0,0927
3500 4931 — 7,75 0,8630 0,0881
4000 4622 —11,00 0,8193 0,0836
4500 4328 —14.25 0,7766 0,0792
5000 405.0 —17.50 0,7362 0,0751

3ABUCUMOCTD IIVIOTHOCTHU BO3AYXA OT EI'O TEMIIEPATYPbBI U
JABJIEHUA

IIpu n3MeHeHMH AABICHHUA WU TEMIIEpPAaTyphl HM3MEHSEeTCA IUIOTHOCTh Bo3fayxa. IlmoTHocTh Bo3myxa (B
kre-c’m*) HerocpeIcTBeHHO He M3MepseTcs, a ONpe/eNseTcs 1o dopmyne:

B
—0.04732,
r T

rac B - 6ap0M€TpI/I‘I€CK06 JAAaBJICHUEC, MM PT. CT.;
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T-temmeparypa Bo3ayxa 1o mkane Kenbeuna.

CornacHo 3axony boiina-Mapuomma TIOTHOCTE BO3AyXa OymeT Tem Oomble, yeM Oonbplie gaBieHHE, a
coryacHo 3axkoHy [ 'eii-Jlroccaka IJIOTHOCTH BO3MyXa TeM OOJIbIIe, YeM MEHbLIe TeMIepaTypa Bo3nyxa. OObeANHNUB
9TH JBa 3aKOHA [UIS OINpPEAEICHHs 3aBUCHMOCTH MEXIY IUIOTHOCTBIO, IaBJICHHUEM W TEMIIepaTypod BO3IyXa,
MOJIyYHM ypaBHEHUE COCTOSHUS ras3a (3akoH boitng-Mapuorra - I'eif-JIroccaka)

P,=RT,
rue P - nasienue, kre/m’;
V - yIeNbHBIH 00heM, M/KT;
R - razoBas mocrosamas, kre m/kr rpag win Jx/krK (o1 Bo3gyxa pasHas 27,3).

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

o= 0’04732 0,0473 %800
Pewenne. T 273-23

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

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

Takum 00pa3oM, MOXKHO CIenaTh 3aKJII0YEHHE, YTO YEeM BBINIC IABICHHUE M HIDKE TeMIlepaTrypa, TeM
OosibIlle TUIOTHOCTH BO3AyXa. [loaToMy HamOonblnas MJIOTHOCTh BO3AyXa 3MMOM B MOpPO3HYIO IIOTOXY, a
HaMMEHbIIAs JJETOM B TEIUIYIO Moroay. Tarke cliefyeT 3aMEeTUTh, YTO TIOTHOCTh BIIAXKHOTO BO3/yXa MEHBIIE, YeM
Cyxoro (TpH OHUX M TeX ke ycsoBusaX). [loaToMy MHOT[Aa yYUTBIBAIOT M BIaXXHOCTb, BBOIS IIPU 3TOM B PacueThl
COOTBETCTBYIOIINE N3MEHEHHS.

C BBICOTOI TNIOTHOCTH BO3[yXa ITAJaeT, TAK KaK JaBJICHUE B OOJBbIIEH CTENEHH MaJaeT, YeM ITOHMKAeTCs
Temneparypa Bo3ayxa. B crparocdepe (npumepno c evicomot 11 km u 0o 32 km) TeMIiepaTypa IMouTH IIOCTOSIHHA, H
MO3TOMY IUIOTHOCTH BO3/1yXa MalaeT MPONOPIHOHAIBLHO YMEHBIICHUIO TaBICHUS

MEXIAYHAPOIHASA CTAHIAPTHASA ATMOC®EPA

M3MmeHeHre OCHOBHBIX ITapaMeTPOB BO3AyXa (JaBJICHHS, TEMIEPATyphl ¥ INIOTHOCTH) BIMSET HAa BETUUNHY
CWJI, BO3HHMKAIOIIMX IMPH JBIDKEHHH CaMoJieTa B BO3IAYIIHOM IOTOKe. lloaToMy mpm monerax B pa3HBIX
METEOPOJIOTHIECKUX W KIMMATHYECKUX YCIOBUSX H3MEHSIOTCA JIETHBIE M a’POJUHAMUYECKHE XapaKTEPHCTUKU
CaMOJIETOB.

YUro0bl 0XapaKTEPU30BATH JICTHBIE U a9POJMHAMHYECCKUE TAHHBIC CAMOJIETOB TIPH OJIMHAKOBBIX TApaMeTPax
BO3/yXa, BCEMH CTpaHaMH NpHUHITA eauHas MexayHapogHas craHaaptHas atMmocdepa (MCA). Tabmmma MCA
COCTaBJICHAa HA OCHOBAHWHW CPETHETOJOBHIX YCIIOBHH CPEIHUX IIUPOT (IIMpPOTa OKOJo 45°) HAa ypoBHE MOpS IpHU
BJI&YKHOCTH HYJIb POLIEHTOB U CJIEAYIOIINX IIapaMeTpax Bo3ayXa:

Gapomerprdeckoe nasnerre B =760 MM pr. cr. (Po= 10330 kre/m’);
temneparypa t=+15°C (T,=288 K);
MaccoBasi IOTHOCTh Po=0,125 krc CM4;

yaenbHsIit Bec - Y =1,225 kre/em’.

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

MexnayHapomHass —CTaHmapTHas  arMocdepa UCIONB3YyeTcs MPH  TPAmTyHpPOBaHUH  IHJIOTAXKHO-
HaBUTAIIOHHBIX U IPYTHX MPHOOPOB, IPU HHKEHEPHBIX U KOHCTPYKTOPCKHX pacyueTax.

®U3NYECKHUE CBOMCTBA BO3YXA

Ha XapakTep 00TeKaHHs camoJjieTa BO3AYIIHBIM IIOTOKOM W Ha BCEJIWYNHY CHJI, BOZHHUKAONIUX IIPpHU
BBaHMOHeﬁCTBHH JacTell camolieta u BO3AYIIHOI'O IIOTOKA, CYHIECTBEHHOC BJIMSIHHUE OKa3bIBAIOT d)HSH‘IeCKI/Ie
CBOMCTBa BO3ayXa: MHEPTHOCTD, BA3KOCTb, COKUMACMOCTD.

Hnepmuocms - CBOWCTBO BO3JyXa CONPOTHBIIATHCA M3MEHEHHIO COCTOSIHUS TTOKOSI MJIM PaBHOMEPHOTO
MpsIMOJIMHENMHOrO JBHKEHUS (BTOpPOoil 3akoH HbroToHa). Mepoil MHEPTHOCTM SIBJISIETCSI MaccoBasl IUIOTHOCTb
Bo31yxa. Uem Oosble MaccoBasl IUNIOTHOCTh BO3[yXa, TEM OOJBINYI0 CHIIy HEOOXOAMMO NPHIOKUTH K BO3IYXY,
YTOOBI BBIBECTH €r0 M3 COCTOSIHUS IIOKOS MJIM PABHOMEPHOTO NPSIMOJIMHEHHOTO ABMKeHHA. CleZoBaTenbHO, 4eM
Oonblle cHiIa camojieTa, JASHCTBYIOLIEr0 Ha BO3IYX, TeM OOJbIIe CHia, JEHCTBYIOIIAs CO CTOPOHBI BO3AyXa Ha
camorieT (Tpetuii 3akoH HeoToHa).
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Bazkocmb-cBOWCTBO BO3yXa CONPOTUBIIATHCS B3aUMHOMY CABUTY dacTuIl. MoseKyisl BO3ayxa o0nafatoT
OTIPEJICTICHHON CKOPOCTBIO OECIOPSAOYHOTO XAOTHYECKOTO JBIDKCHHMS, 3aBUCSIIETO OT TEMIIEPaTyphl, a TaKxkKe
CKOPOCTBIO OOIEro IOCTYyNaTelbHOro JBMXKEHUs. [lomagas W3 OBICTPO JABMXKYLIETOCS CIIOS B MeEJICHHBIH,
MOJIEKYJIBl YCKOPSIIOT JIBWKEHHE MEIUIEHHO JABWIKYIIMXCS MOJIEKYJ, W HAoOOpOT - MEJIEHHO [BIKYIIHECS
MOJIEKYJIBI, 1101131351 B OBICTPO JIBMXKYLIMHCS CIIOH BO3/lyXa, IPUTOPMaXKHUBAIOT OBICTPO JBIIKYIINECS MOJICKYJIBI.

[Ipu nBMKEHNMHU caMoileTa B BO3AYIIHOM ITOTOKE BO3HHKAET COIPOTUBIICHUE TPEHUSI, KOTOPOE ONpEeIsieT
BS3KOCTH BO3ZyXa. BS3KOCTh BO3myxa Takxke onpenessieT JUHAMU4YecKuid kod(pduumeHTt Bsaskoct Uem OGonblie
TeMIeparypa BO3[yXa, TeM Oosblne KOA()OUIMEHT BS3KOCTH, OOYCIIOBIECHHBIH YBEITHMYEHHEM XAOTHYECKOTO
JIBMDKEHUS] MOJIEKYJI M POCTOM 3 QEKTUBHOCTH BO3AEHCTBHUS OJHOTO CJIOSl BO3yXa Ha JIPyrou.

Corcumaemocms - CBOMCTBO BO3yXa U3MEHATH CBOIO INIOTHOCTH P U3MEHCHWHU JaBJICHUA.

Camogersl Ak-52 u SIk-55 jeraor Ha ckopoctsix meHee 450 KM/4, IpU KOTOPBIX CYIECTBEHHOIO
W3MEHCHUS JTABJICHUS TPU OOTCKaHWU CaMOJIeTa BO3AYIIHBIM ITOTOKOM HE IMIPOUCXOIUT M CKUMAEMOCTh BO3yXa Ha
APOANMHAMUYECKUE XAPAKTEPUCTUKH U JIETHBIE TaHHbIE CaMOJIETOB BIMSIHUS MIPAKTUYECKH HE OKA3bIBAET.

CXKUMAEMOCTDB BO31YXA U CKOPOCTbD 3BYKA

[ToMuMoO cTanmMoOHApHBIX MABM)KEHHH Ta30BBIX ITOTOKOB B a3pOJMHAMHMKE H3YYalOTCS M HEKOTOpBIE
HecTallMOHAapHBIE MTPOLIECCHI, HAIIpUMep 0Opa3oBaHNE U PacIpOCTPAHEHNE 3BYKOBBIX BOJIH.

CriocoOHOCTB BO3/lyXa CKMMAThCSl OOBSICHSAETCS OOJIBIIMMHU PACCTOSTHUSAMH MEXAY MoJieKynamu. Tak kak y
mro00ro ra3a (a cieoBaTeNbHO, H BO3AYyXa) MEXMOJIEKYJISIPHBIC CHUIIBI CIETUICHHsT Majlbl, TO Ta3, BCErla CTPEMSCh
pacuIMpHTHCS, 3aHUMAET BECh NTPEJOCTABICHHbIH eMy 00BbEM.

Takum oOpa3om, BO3AYyX NpH H3MEHEHWH OOBEMa WIM CXHMAaeTcs Wid pacmupsercs. llpu stom
COOTBETCTBCHHO M3MEHSIETCS W €ro IUIOTHOCTh: MPH YBEIMYCHHUH 00bEMa OHA YMEHBIIIACTCS, a MPH YMCHBIICHUN

YBEJINYNBACTCA. KOHI/IH@CTBCHHO CXKUMAEMOCTh OLCHUBACTCSA OTHOIICHUEM M3MCHCHHA IINIOTHOCTHU Ap K
Ap
usMeHeHuto napienus AP, T. e. ux orHocutenbHol BemuuuHoil. AP D10 oTHOeHHe OymeT ABIATHCA Mepoil
Ap
cxnmaemocti. Yem Gombure orromenne AP ’ TeM OO0JIbIIIe COKUMAEM STOT ra3 (MM BO3IYX).
Co C)KHMaeMOCTBIO CBsI3aHA CKOPOCTh PACIPOCTPAHEHUSI B BO3/(yXE 3BYKOBBIX BOJIH.

HOH 3BYKOBBIMU BOJIHAMH CJIEAYET INOHHUMATbL BCIAKHC MaJibl€ BO3MYIICHHA IJIOTHOCTU W JAaBJICHUA,
PACIPOCTPAHSIOIINECS B BO3IyXE, a O] CKOPOCTHIO 3BYKa - CKOPOCTh PACIIPOCTPAHEHHS STHX BO3MYIIICHHUIA.

CKAYKHU YIUNIOTHEHUA

PaccMoTpuM KapTHHY pacrpoCTpaHEHHs 3ByKOBBIX BOJH (MaJIbIX BOSMYIICHHUH) PH JBMKEHUH HCTOUYHHUKA
BO3MYILEHNH (MCTOYHHKA 3BYKa).

V=0 V=a

©6:9)

Puc. 4 Pacnpocmpanenue 8011 C1a0bIX 603MyUeHUL U2 UCHOYHUKOS 8O3 MYUW|EHUTL, OBUNCYULUXCA C
PA3IUYHBIMU CKOPOCMAMU

2

Ecnu McTOYHUK BO3MYIIICHHI HETTOJBIIKEH, TO BOJHBI OYAyT paclpOCTPAaHITHCS ¢ OAUHAKOBOW CKOPOCTHIO
BO BCE CTOPOHBI B BHJE KOHLEHTPHUUYECKUX c(ep, B LIEHTPe KOTOPBIX HaXOAUTCS UCTOYHHMK Bo3MylueHus. Kaxkmoe
BO3MYILIEHHE (3BYKOBasl BOJIHA) MIPECTABISECT COOOH MECTHOE YIUIOTHEHHE MOJIEKYJ BO3IyXa, KOTOpPOe Iepenaercs
OT OJTHOTO CJIOSI MOJIEKYJI K IPYTOMY, YIOAJSSACh OT HCTOYHMKA Bo3myieHus (Puc. 4, a).

[Ipu ABMXXEHUHM TOYEYHOI'O MCTOYHMKA BO3MYILEHHS CO CKOPOCTBIO, MEHBIEH CKOPOCTH 3BYKA, 3BYKOBBIC
BOJIHBI YT Kak BHepen, Tak u Ha3ax (Puc. 4, 6). B pesynprare cheprdeckne BOTHBI OYOYT CMEIIEHBI B CTOPOHY,
00paTHYIO JIBH)XCHUIO HCTOYHUKA BO3MYIICHHUI, OTHAKO HCTOYHUK OCTaHETCS BHYTPH cdep.

Ecnmu cxopocTh ABMXKEHHS TOYEYHOTO WCTOYHHKA BO3MYIICHHU CpPaBHSAETCS CO CKOPOCTBHIO 3BYKa, TO
BO3MYIICHHUS, BEI3BAHHBIC HUCTOYHHKOM, HE YCICBAIOT YHTH OT HCTOYHMKA M B MECT€ HAXOXJICHUS HCTOYHHKA
BO3MYIICHAHN B K&XKIIbI JAHHBIA MOMEHT IIPOUCXOJUT HAJIOXKCHHUE BO3MYIICHUH ApyT Ha Apyra. OOpa3oBaBmasics B
pe3yJibTaTe 3TUX HAJOXKEHUH (POHTAIbHAS TOBEPXHOCTh Pa3/ieiisieT MPOCTPAHCTBO Ha JIBE 00JACTH: BO3MYIICHHYIO
(c3amu UCTOYHMKA) M HEBO3MYIICHHYIO (TIepe] ICTOYHUKOM ), Kak MOoKa3aHo Ha Puc. 4, B.
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IIpn nBM>KEHMM TOYEYHOTO MCTOYHUKA BO3MYILEHHH CO CKOPOCTBIO, MPEBBIMIAIOMIEN CKOPOCTh ABHKEHHS
3BYKOBOM BOJHBI (CKOPOCTH 3BYKa), BOSMYIICHUS, UM CO3/laBacMble, JOJDKHBI OCTAaBAaThCs M03aau ucTovHuka (Puc.
4, r). O0xacTh, B KOTOPOW pPACHPOCTPAHSIOTCS Maible BO3MYILEHHS OT TOYEYHOIO HCTOYHHMKA BO3MYIIEHHH,
Ha3bIBACTCSl KOHYCOM CJIa0bIX BO3MYIIEeHHHA. BHyTpH KoHyca cpefja BO3MyllleHa, BHE KOHyCca HaXOJHUTCS 00JacTh,
rI€ BO3MYLICHMM OT JaHHOIO MCTOYHHMKA HeET. IIOBEpXHOCTb KOHyCa CIYXKUT €CTECTBEHHOM IpaHULEH,
paszernsioniei cpeay Ha JABe 00JIacTH - BO3MYIIEHHYIO 1 HEBO3MYIIEHHY0. DTy IIOBEPXHOCTh HAa3bIBAIOT TPAHUYHOM
BOJIHOH C11a0bIX BO3MYIIEHHH MM I'paHUIEd BO3MYLICHUH. | paHIYHbIE BOJHBI CIa0bIX BO3MYIIEHHH 00pa3yloTcs
IpPHU ABMKEHUH CO CKOPOCTBIO, IPEBBIMIAIONIEH CKOPOCTH 3ByKa HE TOJbKO MAaTEPUAIbHOW TOUKHU, HO U TOHKUX TEI C
OCTpO¥ TIepeTHeN KPOMKOM, a TakKe IMPH 00TEKaHUH CBEPX3BYKOBBIM ITOTOKOM ITOBEPXHOCTEH KpbLIa, (hI03eIsiKa 1

JpYTHX 4YacTeW camojeTa. YTod (P MeXIy TIpaHHLEeH BO3MYyIUEHHH M HAaNpaBICHHEM [JBMKCHUS HMCTOYHHKA
BO3MYIIEHHUI HA3bIBAETCA YIJIOM MalbIX BO3MYLICHUI.

OCHOBHBIE 3AKOHBI IBUKEHUS BO31YXA
OCHOBBI MOJIEKY.IIPHO-KUHETUYECKOI TEOPUM

Bce BemecTBa (TBEpHble, JKUAKHE, ra3o00pa3HBIE) COCTOAT W3 MOJEKyJd. Morekyma - 3TO dYacTuIla,
o0najaroIas CBOHCTBaAMH BELIECTBA.

YCTaHOBIIEHO, YTO MPH TEMIIEpaType HyJb IPaaycoB U aTMoc(hepHOM AaBieHHH 760 MM PT. CT. B K&KIOM
1 em’ conepakutes 2,7-10" Monexyn, a nMHelHbI pasMep MOJIEKYIIBI COCTABIAET (MMeeT mopanok) 1¥10™ mu.

CocrossHue BemecTBa (TBepHoe, JKHIKOE, Ta3000pa3HOE) XapaKTePU3yeTCs PACCTOSHHEM MEXIY
MOJICKYJIaMU. Bce MOJICKYJIbI HMCIOT CBOMCTBO B3aUMHOTO MPUTSHKEHUSA W OTTAaJIKMBaHUA, 3aBUCALICE OT
pacCTodHUA MEXKIY HUMU.

v TBEPABIX TEJI PACCTOSIHUA MEXKIAY MOJIEKYJIaMHU OYE€Hb MaJibl U CHJIBI B3AUMHOTO HNPUTIKECHUA MOJIEKYJI
BCJINKH. MOHeKyJ'ILI COBEPHIAOT HE3HAYUTCIIBHBIC KoJieOaTeIbHbIC JBUXKCHUSA. v KUIKHUX BEIIECTB PACCTOSAHUA
MEXAY MOJIEKYJIaMU 6OJ'IBH.IG, OHH ABWXXYTCS B Pa3HbIX HaIIPABJIICHUAX. Ho cunmr IPUTSKCHUA €UIC TOCTATOYHO
BEJIMKU U MOJIEKYJIBI HE OTPBIBAIOTCA APYT OT ApYyTra.

VY ra3000pa3HBIX BEIIECTB PACCTOSHHUSA MEXIy MOJIEKyJaMd 3HAYUTENBHO OOJbBIIE CAMHUX MOJIEKYJ,
B3aUMHOE MIPUTSDKEHNE OYE€Hb MaJIo, MOJICKYJIbI IBIDXKYTCS] B PA3IMYHBIX HANPABJICHUAX M C PA3IMYHON CKOPOCTBHIO.
[Ipy IBMKEHMH MOJEKYJIBl HCTIBITHIBAIOT OKOJIO HECKOJIBKMX MHJUIMApIOB CTOJKHOBEHHH B CEKYHAY, MEHSS IpHU
3TOM HAIPaBIIEHUE U CKOPOCTb.

Ka){(ﬂaﬂ MOJICKYJIa IMPpHU NOCTYIATCIIbHOM ABUXKCHUN 06HaﬂaeT KAUHETUYECKON 3HeprI/IeI71
2
mV
Kum 2

rae Eyq, - KuHeTudeckas SHeprus MoJieKyJibl, JIx;

E

2

m - Macca MOJIEKYJIBL, KT

V' - ckopoCTh IBYKEHHST MOJIEKYJIBI, M/C.

Ecmu B ypaBuenmne Kimaysmyca (1.1) (ocHOBHOE ypaBHEHHE MOJEKYISIPHO-KHHETHYECKOH TEOPHH T'a30B)
MIOJICTaBHUTh 3HaUCHUS ypaBHeHHs boitnsa-Mapuotra - I'efi-JIroccaka (1.2)

PV = EEKMH 4
3 (1.1)
Py = RT, (1.2)
Emm :ERT’
TO MOJy4YUM: 2 (1.3)

rae Ey-xunernaeckas sueprus, JIx;
R-rasosas nocrosnnas, Jlx/xr K (nmm kre M/Kr Tpa);

T - remneparypa, K;

V—yI[CHLHBIfI 00BeEM BO3ayXa, M3KF.

PaznenuB R Ha N, (ducio ABoraapo, MOKa3bIBalOIIEe YHCIO MOJIEKYJ B TpaMM-MOJIEKYJIe Ta3a U PaBHOE

26,021 03 1/mo1), TOTYINM OTHOIIIEHHE, KOTOPOE Ha3bIBaeTcsa nocrosHHon boneivana K, pasHast 5,67 %K.

[Moncrasum K B ypaBuenue (1.3), mosy4um ypaBHEHHE KWHETUUECKON SHEPTUH OJTHOIM MOJIEKYJIBbI Ta3a.
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E ZEKT.

KUH
2 (1.4)

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

CoriacHO MOJICKYJIIPHO-KMHETHYECKOW TEOPHH BO3AYyX PAacCMATPUBACTCSA KaK COBOKYITHOCTH OOJBIIOrO
KoyindecTBa MoJiekyJl. CBOOOIHBIN MpoOer MOJICKYJI [0 CPABHEHHUIO ¢ pa3MepaMH YacTel caMoJieTa HUYTOXKHO MaJ,
MO3TOMY BO3/yX pacCMaTpUBAIOT KaK CIUIOIIHYIO Cpely, B KOTOPOUW OTAeNIbHbIE YaCTUIbl COMPUKACAIOTCS APYT C
npyroMm. Yactuua Bo3ayxa - 3TO OIPOMHOE CKOILIEHHE MOJIEKYJ, KOTOPbIE HAXOJSATCS B XaOTHUYECKOM JIBUYKEHUH
HE3aBHUCHUMO OT TOIO, HaXOAMTCA JIM 4YacTULAa B JBWXKEHHUM WIM B Mokoe. CpenHsis CKOPOCTb MOJIEKYJ,
COCTABIIIIONINX YaCTHILy, OTIMYACTCS OT CPEIHEH CKOPOCTH XaOTWYECKOTO IBI)KCHUS Ha BEIMYHHY CKOPOCTU
JIBIDKEHUS YaCTHIIBI B JAHHOU Cpefie U B TaHHOM HaIlPaBJICHUU.

YCTAHOBUBIIUMCS BO3YIIHBIA IOTOK

Yemanosuswumcea 6030yuinvim nomoxkom Ha3bIBaeTCs TaKOe TEYEHHE BO3MyXa, IPH KOTOPOM CKOPOCTb
MOTOKa B JI00OH TOUKE, a TaK)Ke OCHOBHBIE ITapaMeTphl (JaBJeHUE, TEMIepaTypa U INIOTHOCTh) HE U3MEHSIOTCS C
TeueHneM BpeMeHH. To ecTb, eciii Yepe3 onpeliesieHHbIE TIPOMEKYTKH BPEMEHH MBI B OJJHOM M TOH ke TOUKe OynemM
M3MEpPSTh CKOPOCTh M APYTHE MapaMeTphl BO3AyXa U IPH BCEX M3MEPEHHAX BEIMYUHBI TApaMEeTPOB OJMHAKOBEI, TO
STOT BO3AYIIHBIH TOTOK YyCTAaHOBMBIIMICS. Ecim ke wn3MepseMble BEIMYMHBI MEHSIOTCS, TO TIOTOK -
HEYCTAaHOBUBILIMICS. B a’poauHaMuke paccMaTpUBAarOT TOJBKO YCTAHOBHBILIHMICS BO3LYLIHBIH MOTOK. OCHOBHBIM
MOHSTHEM a3POJMHAMUKY SIBJISIETCS] TOHATHE 3JIEMEHTapHOHN CTPYHKH BO3/yXa.

Dnemenmapnas cmpyiika - 3TO MBICICHHO BBIJICJICHHBIN NMOTOK (HEOOJIBIION 3aMKHYTHIN KOHTYp B BHJC
TpyOKn), uepe3 OOKOBYIO OBEPXHOCTh KOTOPOTO BO3yX HPOTEKAaTh HE MOXKET HU BOBHYTPb, HH HAPYXKY.

JJAMUHAPHBIN U TYPBYJIEHTHBIN BO3YIIHBIN IOTOK

Jlamunapuouit - 370 BO3AYIUHBIM IIOTOK, B KOTOPOM CTPYHKHU BO3/yXa ABHXKYTCSL B OJIHOM HAIIPaBJIICHUU U
napajulelbHbl ApyT Apyry. IIpyu yBeandeHun CKOpOCTH A0 ONPENEICHHON BEJIMYMHBI CTPYUKHU BO3YLIHOIO IIOTOKA
KpOME MOCTYIATSIFHON CKOPOCTH TaKKe MPHOOPETaloT OBICTPO MEHSIOIIAECS CKOPOCTH, MEPICHAUKYISPHBIE K
HATIPABJIICHUIO TOCTYMATENBHOTO ABIDKeHHs. OOpa3yercss NMOTOK, KOTOPBIA HAa3bIBACTCS MYPOYIeHMHbIM, T. €.
OecIopsIOYHBIM.

MOT'PAHUYHBIN CJION

Hozpanuunstii cnoii - 310 CIOW, B KOTOPOM CKOPOCTh BO3[yXa HM3MEHSETCS OT HyJS OO BEJIMYUHBI,
OJIM3KOM K MECTHON CKOPOCTH BO3AYIIHOTO MTOTOKA.

IIpu obTexanuu Tena BO3AYIIHBIM MOTOKOM (Puc. 5) yacTuirsl Bo3ayxa He CKOJB3AT IO MTOBEPXHOCTH Tea,
a TOPMO3ATCS, ¥ CKOPOCTh BO3yXa Y IIOBEPXHOCTH Tella CTAHOBHUTCS paBHOU Hy: 0. [Ipy yraneHnu oT MoBepXHOCTH
TeNa CKOPOCTh BO3JIyXa BO3PACTaeT OT HYJIS 1O CKOPOCTH T€UEHUS BO3AYIIHOIO IIOTOKA.

TonmuHa MOTPaHUIHOTO CIIOST H3MEPSIETCS B MIJUIUMETPAX M 3aBHCUT OT BSI3KOCTH W JaBJICHHUS BO3IyXa,
OT TPO(WIIA TeNa, COCTOSHUS €r0 IOBEPXHOCTH U ITOJIOKEHHS TeJla B BO3AYITHOM ITOTOKE. TOINIIMHA MOTPaHNIHOTO
CJIOSl TIOCTENCHHO YBENWYMBAeTCS OT MepenHedl K 3agHell KpoMKe. B morpaHmyHOM cjoe XapakTep ABHKCHHUS
YaCTHUI] BO3yXa OTINYAETCS OT XapakTepa IBIKEHUS BHE €T0.

PaccmorpuM wactuiy Bo3myxa A (Puc. 6), KoTopas HaXOAUTCSI MKy CTPYHKaMH BO3JTyXa CO CKOPOCTSIMH
U, u Uy, 3a cyeT pa3HOCTH 3TUX CKOPOCTEH, MPUIIOKEHHBIX K MPOTUBOIMOJIOXKHBIM TOUYKAM YaCTHUIIbI, OHA BPAILACTCs
U TeM OoJple, 4eM OJIKe HaXOIOUTCS 3Ta YacTHIa K MOBEPXHOCTH Teja (TOe pa3HOCTh CKOPOCTeH HaumOOJbIIas).
[pu yaaneHur OT MOBEPXHOCTH Tella BPAIATEIbHOE JIBUKEHHE YACTUIIBI 3aMEJISICTCS] B CTAHOBUTCS PABHBIM HYITIO
BBHUJIy PABEHCTBA CKOPOCTH BO3/yLIHOTO MOTOKA M CKOPOCTH BO3/1yXa MOTPAHUYHOTO CIIOS.

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

[TorpaHuyHbIil CIIOW pa3lenstoT Ha JaMUHApHBIH W TypOyneHTHed (Puc. 7). Ilpu ycraHoBuBIIEMCS
JIAMUHAPHOM TEYEHUH IIOIPAaHUYHOTO CJIOSI MPOSBISIFOTCS TOJBKO CHIIBI BHYTPEHHETO TPEHHUs, 0OYCIIOBJICHHbBIE
BS3KOCTBIO BO3/YXa, I03TOMY COIIPOTHBIICHUE BO31yXa B JIAMUHADHOM CJIOE MAJIO.
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TypbysenmHoe

Puc. 7 lamunapnoe u mypoynenmuoe meuenue

B mypoynenmnom nozpanuunom cioe HaOIIIOJAeTCS HENPEPHIBHOE NEpEMENIEHHE CTPYeK BO3AyXa BO
BCEX HAIPABICHUAX, YTO TpeOyeT OOJBIICr0 KOJUYECTBA SHEPTHHM IS TOJJACPKUBAHHUS OCCIOPSIOYHOrO
BUXPEBOTO JIBIXKEHHS M, KaK CIIEJICTBHE ITOTO, CO37aeTcs OOoJblliee MO BEJIUYMHE COMPOTHUBIEHUE BO3AYLIHOTO

MOTOKA JIBUXKYILIEMYCS TENY.

Jnst onpeneNeHUs XapakTepa HOIPAHMYHOrO cyiosl CinyxuT kodd@uuuent C . Teno ompeneneHHon
KOH(UTypaluy uMeeT cBoi kodddurmenT. Tak, Hapumep, UIsl IIOCKOH IIACTUHBI KO (PHUIIMEHT CONPOTUBICHUS
JIAMUHAPHOTO MOTPaHUYHOIO CJIOSl PABEH:

o 1328
F T
R, (1.5)
JUIsl TypOYJICHTHOTO CJIOSI
Cc - 0,074

! Sx/R_e, (1.6)

rane R, - umcno PeilfHonmbaca, BBIpaXarollee OTHOIICHME MHEPIUOHHBIX CHII K CHJIAM TPEHUS H
OIpeJIeTISIIoNIee OTHOIICHHE JIBYX COCTABIISIIOIIMX - NMPO(HIbHOE CONPOTHBIEHHE (CONMPOTHBIEHUE (OPMBI) U
comnpoTuBiieHre TpeHus. Yucno Pelinonbaca R, onpenensercs mo Gopmylie:

e V- ckopocTh BO3MyIIHOTO IOTOKA,
I - xapaxrep pasmepa Tena,

¥ - KUHETHYeCKUH K03 (DULUEHT BA3KOCTU CUJI TPEHUS BO3LyXa.

IIpu oOTexkaHnm Tena BO3AYIIHBIM ITOTOKOM B OIPENEIIEHHON TOYKE MPOMCXOIUT MEPexo MOrpaHNIHOIO
CJIOS U3 JIAMHHAPHOTO B TypOYJICHTHBIA. DTa TOYKAa HA3bIBACTCS TOYKOW mepexoaa. PacronokeHue ee Ha
MOBEPXHOCTHU MPOGWIIS Tejla 3aBUCHUT OT BSI3KOCTH U JABJICHHS BO3yXa, CKOPOCTH CTPYCK BO31yxa, POPMEI Tela u
€ro TOJIOKEHHUS B BO3IYIIHOM IOTOKE, a TAKKe OT IIEPOXOBATOCTH MOBEPXHOCTH. [Ipu co3manuu mpoduieit
KPBUIBEB KOHCTPYKTOPHI CTPEMSITCS OTHECTH 3Ty TOYKY KaK MOXKHO NaJIbIIe OT MEepeHEH KPOMKU MPOGUIIs, 4eM
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JIOCTUTAETCS YMEHBIICHHE COMPOTUBICHUS TPEeHUS. J{JIs 3TOH IeTH NpUMEHSIOT CIIeIaIbHbIC JTAMUHI3UPOBAHHBIC
Mpo¢WIHN, YBEINIUBAIOT TIAIKOCTh MOBEPXHOCTH KPbIIa U PSII APYTHX MEPOIPUATHI.

[Ipn yBenW4eHNH CKOPOCTH BO3AYIIHOTO MOTOKA WM YBEIWYECHHH yIJIA TOJOXKEHHS Tella OTHOCHUTEIHHO
BO3JIyLITHOTO TIOTOKA JI0 ONPENCICHHON BEIMYMHBI B HEKOTOPOI TOYKE MPOUCXOIAMUT OTPHIB MMOTPAHWIHOTO CIIOSI OT
MOBEPXHOCTH, TIPH 3TOM PE3KO YMEHBINACTCS IaBICHNE 3a ATOH TOUKOH.

B pesynbraTte TOro, 94To y 3aJHEH KPOMKH Tela JTABJICHUE OOJIBIIEC YeM 3a TOYKOW OTPBIBA, MPOUCXOUT
o0paTHOE TeYeHHE BO3IyXa M3 30HBI OOJIBIIErO JABIICHHS B 30HY MCHBIIECTO MABIICHUS K TOYKE OTPHIBA, KOTOPOE
BJICUYET 32 COOOW OTPHIB BO3IYIIHOTO MTOTOKA OT oBepxHOCTH Tena (Puc. §).

JlaMUHAPHBIH IOTPAaHUYHBIN CJIOW OTPBIBACTCS JIETUe OT MOBEPXHOCTH TeJla, YeM TYpPOYIICHTHBIMH.

YPABHEHUE HEPA3PBIBHOCTH CTPYH BO31YHIHOI'O ITIOTOKA

YpaBHeHHE HEPA3PBIBHOCTH CTPYH BO3AYIIHOTO ITIOTOKA (ITOCTOSHCTBA Pacxoja BO3AyXa) - 3TO ypaBHEHHUE
a’pOJMHAMUKH, BBITEKAIOUIEE W3 OCHOBHBIX 3aKOHOB (M3UKH - COXPAHEHHMS MAacChl M HMHEPUUM - H
YCTaHABJIMBAIOIEE B3aMMOCBA3b MEXAY IJIOTHOCTHIO, CKOPOCTBHIO M IUIOLIAJbIO IIONEPEYHOrO CEUCHUS CTPYH
BO3/yLIHOTO MOTOKA.

Touka ompwifa
Ymenswerue dabrerus

Puc. 9 Iloacnenue K 3aKoHy HEpa3PLIGHOCIMU CIIPYU 6030YUIHO20 NOMOKA
IIpm paccMOTpeHHMH €ro NPWHHMAIOT YCIOBHE, HYTO H3Y4YaeMBIH BO3AyX HE OOagaeT CBOWCTBOM
cxxumaemoctH (Puc. 9).

B crpyiike nepeMeHHOro cedyeHus: yepe3 ceyeHue | mpoTekaeT 3a OonpeAesieHHbIH NPOMEXYTOK BPEMEHHU
CeKYHIHBIII 00BEM BO31yXa, 3TOT 00BEM PAaBEH NMPOW3BENCHHIO CKOPOCTH BO3IYLIHOTO ITOTOKA Ha ITOIEPEYHOE
ceuenue F.

CekyHIHBI MacCOBBIM pacxXol BO3AyXa m PAaBEH MPOU3BEJICHHUIO CEKyHIHOIO pacxoja BO3lyXa Ha
IUIOTHOCTh p BO3AYIIHOTIO MOTOKAa CTpyHkH. COINIACHO 3aKOHY COXPAHEHUs SHEPrHH, Macca BO3AYIIHOIO MOTOKa
CTPYHKH m;, MPOTEKAroWero yepe3 ceuenne / (F';), paBHa Macce m; JaHHOTO MOTOKA, IPOTEKAIOIIET0 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 HECOKMMAaEMBIit BOBI[yHIHLIﬁ MOTOK, rA€ IUIOTHOCTb CTPYU LO; CCUCHUA F]
paBHa IJIOTHOCTU CTPYU O, CCUCHUA Fg, P1=pr=const, TO ypaBHCHHE MOKXHO 3alucaTh B CICAYIOIIEM BUIE:

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

Utak, u3 GopMyJibl BUIAHO, YTO Yepe3 pasiIMyHbIC CEYCHUsS CTPYWKH B ONMPEACICHHYIO CIMHUILY BPEMEHU
(cekyH1y) MPOXOAUT OJMHAKOBBIN 00BEM BO3/1yXa, HO C Pa3HBIMU CKOPOCTSIMH.

3ammmieM ypasaenue (1.9) B crexyromeM Buze:
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£ _T
— = —= = Const.
F,oN
W3 dopmynsl BUOHO, YTO CKOPOCTH BO3AYIIHOTO TOTOKAa CTPYH OOpAaTHO MPOMOPIHOHANBHA IUIOMIAIH
MIOTIEPEYHOT0 CEYCHHUsI CTPYH ¥ HAa00OPOT.

Tem cambiM YpPaBHCHUC HEPA3PbIBHOCTHU CTPYU BO3AYUIHOTI'O MOTOKA YCTAHABJIMBACT B3dUMOCBA3b MCKIAY
CCUCHUCM CTPYU U CKOPOCTHIO IIPU YCJIOBUH, UTO BOSZ[yHIHLIﬁ IOTOK CTPpYyHU YCTaHOBHBmHﬁCH.

CTATUYECKOE JIABJEHUE U CKOPOCTHOM HATIOP YPABHEHUE BEPHYJLJIN

CaMOJ'IeT, HaXOJAIIMHCS B HEMOABHKHOM HJIM IOJBM)XKHOM OTHOCHUTEIBLHO HETO BO3AYIIHOM IIOTOKE,
HCHBITBIBACT CO CTOPOHBI IMOCICAHCTO AaBJICHHUE, B IEPBOM ClIydyac (KOFJIa BOS}IyLUHI)II‘/II IIOTOK HGHOI[BI/I)KCH) - 9TO
CTaTU4YCCKOC AaBJICHUEC U BO BTOPOM CJIydac (KOF,Ha BO3HyHIHI:II71 IIOTOK HO,HBI/DKGH) - OTO AMHAMHYCCKOC JaBJICHUC,
OHO 4Yall€ Ha3bIBACTCAd CKOPOCTHBIM HAIIOPOM. Cratndeckoe JaBJICHUC B CprﬁKe AaHAJIOrM4YHO JaBJICHUIO
HOKOHmeﬁCﬂ KUIKOCTHU (BOZ[a, ra3). Haan/IMep: BOJa B pr6e, OHa MOXKCET HaXOJUThCAd B COCTOSAHHU ITOKOSA HIIN
JBUXCHUA, B oboux ClIydasiX CTCHKH pr6BI HCHBITBIBAIOT TABJICHUE CO CTOPOHBI BOIBI. B ClIyda€ OBUXCHHUS BOIBI
JaBJICHUEC 6y,ueT HCCKOJIBKO MCHBIIIC, TaK KaK IOSABUIICA CKOpOCTHOI;’I Harop.

CornacHO 3aKOHY COXPaHEHHsS SHEpPIUH, SHEPIrus CTPYHKU BO3AYILIHOTO MOTOKA B PA3IMYHBIX CEUCHMSX
CTpyWKHM BO3lyXa €CTb CyMMa KHHETHYECKOM OHHEpPIUM IOTOKA, IOTCHLUMANBHOM D3HEPruM CHJI JaBIICHMUS,
BHYTPEHHEH dHEPryM NOTOKA U SJHEPTUU MOJIOKEHUS Tesla. DTa CyMMa - BEJIMYKMHA IOCTOSTHHAS:

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-CKOPOCTh BO3YIIHOIO MIOTOKA, M/C. ECIIH BMECTO MacChl m MOJCTABHTH
MACCOBYIO IIIOTHOCT BO3YXa p, TO HOMydnM (OPMYITY JUIS OIPeIeseHIs CKOPOCTHOTO Haropa q (B Kre/m’)

pV?
2 . (1.12)

HorenumnanbHas 3ueprusi E, - cnocoOHOCTh BO3/YIIHOTO MOTOKAa COBEPIIATH paboTy MOJ AEHCTBHEM
CcTaTW4YecKux cwi JaBieHus. OHa paBHa (B KIrc-M)

E,=PFS, (1.13)

rae P - faBieHue Bo3ayxa, kre/mM”; F - II0Imah MONEPedHOro CeYeH s CTPYHKH BO3AYIIHOIO OTOKA, M*;
S - myTh, NpoOHEHHBIN 1 KT BO3/IyXa yepe3 JTaHHOE CeueHue, M; Ipou3Benenne SF HazpiBaeTcs ylelbHbIM 00beMOM
1 0003HavaeTCs v, HOACTABIIIsI 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 TeMIIePaTypHh:
ovT
E BH — >
A (1.15)

rane CV - TemnoeMKocTh BO3AyXa NpPM HEM3MEHHOM O00beMe, Kall/Kr-rpaj; 1-rTemmeparypa IO IIKale
Kenbsuna, K; A - Tepmuueckuii 9KBUBaIEHT MEXaHUUECKOH PabOTHI (Kaj-Kr-M).

W3 ypaBHEHHsS BHAHO, YTO BHYTPEHHSSI SHEPrusi BO3IYIIHOTO MOTOKA MPSIMO MPONOPLUOHAIBHA €ro
TeMIIepaType.

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

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

BBumy Mm3epHO MaiBIX 3HAYEHUI pa3HOCA IIEHTPOB TSKECTH Macc BO3AyXa IO BBICOTE B CTpPyHKe
BO3AYIIHOTO ITOTOKA 3TOW YHEPTUEH B a’pOIUHAMUKE IIpeHeOperaioT.

PaccmarpuBast BO B3aMMOCBSI3M BCE€ BHJbl SHEPTUU IMPUMEHUTENIBHO K ONPEJEICHHBIM YCIOBHUIM, MOXKHO
chopMynrpoBaTh 3aKOH bepHYIIH, KOTOpBIH YCTaHAaBIMBAET CBA3b MEXIY CTaTHYECKHM IABICHHEM B CTpYyiKe
BO3JLyLITHOTO TIOTOKA ¥ CKOPOCTHBIM HAaIlOPOM.
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Paccmorpum 1pyOy (Puc. 10) mepemennoro muamerpa (1, 2, 3), B KOTOpO#l ABMKETCS BO3AYIIHBINA TOTOK.
s m3MepeHHs NaBICHHS B PACCMATPHBAEMBIX CEUEHHUSIX HCIIONB3YIOT MAHOMETPHI. AHATU3UPYS MOKa3aHUSA
MaHOMETPOB, MOKHO CZEJaTh 3aK/IFUCHHE, YTO HAWMEHbIICC IMHAMUYCCKOE JaBJICHUEC IMMOKA3bIBAET MaHOMETP
cedeHus 3-3. 3HAYUT, IPU CY)KEHUHU TPYObI YBEIIMYMBACTCS CKOPOCTh BO3YIIIHOTO MMOTOKA M JABJICHHUE MaIacT.

TR 2T IITTITTI

s,
O
%

YYYVYY

Puc. 10 Oovacnenue 3akona bepuynnu

[IprunHON mNaneHus: AaBIEHHS SBISIETCS TO, YTO BO3IYIIHBIA HOTOK HE IPOW3BOJUT HHUKAaKOH paboThI
(TpeHue He Y4YMTBHIBAa€M) W IIOITOMY ITOJIHAsi SHEPTHsl BO3IYLIHOTO IIOTOKAa OCTaeTcs MOCTOsiHHOW. Ecnm cumrars
TEMIIEpaTypy, IUIOTHOCTH W O0BEM BO3AYIIHOIO IIOTOKA B  Pa3iUYHBIX CEUCHUSAX MOCTOSHHBIMHU
(T=T,=T;3;p1=p>=p3, V1=V2=V3), To BHYTPEHHIOIO YHEPTUIO MOXHO HE PACCMATPHUBATE.

3Ha'-II/lT, B JaHHOM CJIydyac BO3MOXKCH IICPEX0/] KHUHETHYECKOMN OHEPrunM BO3OAYUIHOI'O IIOTOKa B
MOTEHIMATIBHYIO 1 HA00OPOT.

Korna CKOPOCTh BO3OYIIHOTI'O IIOTOKa YBEIWYMUBACTCA, TO YBCINYMUBACTCA U CKOpOCTHOI‘/'I Hamop u
COOTBETCTBEHHO KMHETUYECKAsI DHEPTHA JaHHOI'O BO3AYIIHOTO ITOTOKA.

[oncrasum 3rauenns uz popmyn (1.11), (1.12), (1.13), (1.14), (1.15) B dpopmyimy (1.10), yauTsiBasi, 9To
BHYTPCHHEH SHEprHel U SHepTrHuel TOoI0KeH!s MBI IpeHeOperaeM, npeodpasys ypasHerune (1.10), momryanm

2 2 2
AN PV AL
P+~ L =P+~ 2 =P+,
2 2 2 (1.17)
DT0 ypaBHEHHE AJIs1 JIIOOOTO CEUCHHUST CTPYHKH BO3AyXa IMHIIETCS CICAYIOIIMM 00pa3oM:

2
P+’02V = const.

Taxkoi BUJ YPAaBHECHUS ABJIACTCA CaMbIM ITPOCTBIM MAaTEMAaTUIECKUM YPAaBHECHHUEM EepHyHHI/I " IIOKa3bIBACT,
4TO CyMMa CTaTU4Y€CKOro v JAMHAMHUYCCKOIo NaBIICHUM JJIs JII000r0  CEYEHHS CprﬁKPI YCTaHOBUBIICTOCSA
BO3AYHIHOT'O MOTOKa €CTh BCJIMYMHA IOCTOSIHHAas. CXKUMaeMOCTh B JaHHOM CJIy4da€ HC€ YYHUTbIBACTCA. HpI/l yYueTe
C)KUMACMOCTH BHOCATCSA COOTBECTCTBYIOLINUE ITOIIPABKU.

Jis HarmggHOCTH 3akoHa bepHym MOXHO NpOBECTH ONBIT. B3aTe nBa nucTka Oymaru, aepxa
mapajuIeNbHO APYT APYTY Ha HEOOIBIIOM PacCTOSIHUH, TOIYTh B IPOMEXYTOK MEXKTy HUMH.

c 8 7
Vs /
:/ / Pr
= N
—= \/ / [
A/[-)Q=PI+P2VQ 4 b
U
1
E 3 2

Puc. 11 H3mepenue ckopocmu 6030yuiH020 noOmoka

Jluctel commxarotcs. [IpuanHoit ux COMMKEHUs SBISETCS TO, YTO C BHEIIHEH CTOPOHBI JINCTOB JIaBJICHHE
aTMochepHoe, a B IMPOMEKYTKE MEXKAYy HHUMH BCICICTBHC HAJIHUYUs CKOPOCTHOIO HAmopa BO3IyXa JaBJCHUC
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YMEHBIIUIOCH U CTallo MeHblIe atMocdepHoro. [Tox nelicTBreM pa3HOCTH AaBJICHHH JUCTKH OyMard mporubaroTcs
BOBHYTPb.

ASPOJUHAMHUNYECKUE TPYBbI

OKkcnepyMeHTaNbHas YCTaHOBKa JUIsl UCCIIEIOBAHMS SIBJICHUH M IIPOLIECCOB, COMPOBOXKIAIONUINX 00TEKaHHE
TEJI MOTOKOM Ta3a Ha3bIBAETCs adpoJMHaMUuecKoil TpyOoii. [IpuHImn AelcTBUS a poAMHAMUYECKUX TPyO OCHOBaH
Ha MPUHLUIE OTHOCUTENBHOCTH ['ammies: BMeCTO ABMXEHHS Tela B HEMOJABIXKHOI cpele n3ydaeTcsd oOTeKaHMe
HETIOJIBM)KHOTO TeJla TOTOKOM ras3a B asponmHammueckux Tpybax 3KCIIEpMMEHTAIBHO ONPEAEIIAIOTCS JEHCTBYIOIINE
Ha JIA a’poaMHAMHMUYECKHE CHIbl U MOMEHTBI HUCCIEIYIOTCS PACHpENENCHHs NABICHUS U TeMIepaTypbl IO €ro
MIOBEPXHOCTH, HAOJIIOAAETCsl KapTHHA O0TEKaHUs Tella, N3y4aeTcs a3poyIpyrocTb U T .

AbspoauHamuyeckue TpyObl 3aBUCUMOCTH OT Jauana3oHa wucer Maxa M pa3gensiorcsi Ha 103BYKOBbIe
(M=0,15-0,7), Tpanc3BykoBbie (M=0,7-1 3), cBepx3BykoBble (M=1,3-5) u rumep3BykoBbie (M=5-25), no
NPUHLOUIY JEHCTBHA - HA KOMIIPecCOPHbIe (HeNpephIBHOIO AeiCTBHS), B KOTOPHIX ITOTOK BO3JyXa CO3JaeTcs
CIel] KOMIIPECCOpoM, 1 OaJIJIOHHBbIE ¢ MOBBIIIEHHBIM JaBJeHHEM, [0 KOMIIOHOBKE KOHTYpa - Ha 3aMKHYTbIe H
He3aMKHYThbIe.

KommpeccopHsie TpyObI IMEIOT BbICOKHH KIIJI, OHU y1OOHBI B paboTe, HO TpeOyIOT CO3aHus YHUKAIbHBIX
KOMITPECCOPOB C OOJIBIIMMH pPacXoAaMH Ta3za W OONBIION MOIIHOCTH. banaoHHBIE aspoguHaAMHYECKue TPYOBI IO
CPaBHEHHUIO C KOMIIPECCOPHBIMH MEHEE SKOHOMWYHBI, ITOCKOJIBKY IIPH JAPOCCEIMPOBAHMH Ta3a YacTb IHEPTUH
Tepsiercsi. Kpome TOro, mpoJoIKUTENFHOCTE paboThl OAJUIOHHBIX a9POJMHAMHYECKHX TPYO OrpaHHuYEHa 3aracom
ra3a B OaJIJIOHAaX U COCTAaBIIAET ATl PA3IMYHBIX a9POJUHAMHUYECKUX TPYO OT AECATKOB CEKYHJ IO HECKOIBKO MUHYT.

[Iupokoe pacrnpocTpaHeHHe OaJUIOHHBIX a3pPOANHAMUYECKUX TPYO 0OYCIIOBIEHO TE€M, YTO OHH HpOILIE 110
KOHCTPYKLIMM @ MOITHOCTH KOMIIPECCOpPOB, HEOOXOAMMBIE Ul HAIOJHEHUs! OaJlIOHOB, OTHOCHUTEIHHO Maibl. B
a’pOAMHAMUYECKHX TPyOax C 3aMKHYTBIM KOHTYPOM HCIOJIB3YETCSl 3HAUMTENbHAs YacTh KHHETHYECKOH 3HEepru,
OCTaBIIEHCS B TA30BOM IOTOKE ITOCTIE €r0 MPOXOKACHUS Yepe3 pabodyro obmacts, uro mossimaet KI1J TpyOsr. [Tpu
3TOM, OJJHAKO, IPUXOJUTCS yBEIMUNBATH OOIINE Pa3MEpPhl yCTAHOBKH.

B 103BYKOBBIX adpoAMHAMHYECKMX Tpy0ax HCCIEeIyIOTCS a’pOAMHAMHYECKHE XapaKTepPHCTHKH
JI03BYKOBBIX CaAMOJIETOB BEPTOJIETOB a TAKXKE XapPaKTEPUCTHKU CBEPX3BYKOBBIX CAMOJIETOB Ha B3JIETHO-NIOCAJ0YHBIX
pexxumax. Kpome Toro, oHM HCHONIB3YIOTCS TSl U3y4YEeHUsI OOTEKaHUsI aBTOMOOMIIEH M JIp. HA3€MHBIX TPAHCIIOPTHBIX
CPEeICTB, 3JaHUH, MOHYMEHTOB, MOCTOB U 1Ip. 00beKTOB Ha pric moka3aHa cxema JO03BYKOBOHM a’3pOoAWHAMHYECKON
TPYOBI C 3aMKHYTBIM KOHTYPOM.

10
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Puc. 12 Cxema 0036yK060il KOMRPECCOPHOU AIPOOUHAMUYECKOL MPYObL.

1- xoneitkomo 2 - cemxu 3 - popramepa 4 - konghyzop 5 - nanpaenenue nomoka 6 - pabouasn wacms ¢ MoOOeEAbIO
7 - ougppyszop, 8 - koneno ¢ noeopomusimu 1onamrkamu, 9 - komnpeccop 10 - 6030yxooxnaoumens
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Puc. 13 Cxema 6annonnol mpanc3gyKoeoil 3)HceKmopHoll aipoouHamMuyecKoi mpyont

1 - xoneitkomé 2 - cemku 3 - popxamepa 4 koughyzop 5 nepgpopuposannasn padouas wacms c mooenvio 6
xcekmop 7 ougpgpyzop 8 kKoneno c nanpasnarouwgumu nonamxkamu 9 eviopoc 6030yxa 10 - no06oo eo3dyxa om
oannonoe
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Puc. 14 Cxema ceepx36yK060ii 6ANINOHHOU AIPOOUHAMUYECKOU MPYObL

1 - 6annon co cycamoim 6030yxom 2 - mpy6onpoeoo 3 - pezyaupyouiuii oOpoccens 4 - plpagHusaroujue cemku 5 -
XOHelKomo 6 - demypoynusupyrowue cemku 7 - popkamepa 8 - konghyzop 9 - ceepxsgykosoe conno 10 - pabouasn
yacmo ¢ mooenvio 11 - ceepxzeyxoeoii ougpgpyzop 12 - 0036yxoeoii ougpgpyzop 13 - eéviopoc 6 ammocghepy

HEEHE-

Puc. 15 Cxema 6annonnoil zunep3eyKoeoit apoouHamuyeckoi mpyovl

1 - 6annon c evicoxum oagnenuem 2 - mpyoonpoeod 3 - pezyaupyroujuii opoccens 4 - nooozpesamens 5 -
dopramepa c xonelikomoom u cemkamu 6 - ZunepP38yK08oe ocecUMMeEmMpPUUHOe CONO 7 - padouas wacms ¢
MO0enblo 8 - 2Unep38yK08oil ocecummempuunslii oudyzop 9 - 6030yxooxnaoumens 10 - nanpasnenue nomoka
11 - no0600 e030yxa 6 3scekmoput 12 - roicexkmoput 13 - 3ameoput 14 - eaxyymuasn emxocms 15 - 0038yroeoii

oughghysop
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ADPOJUHAMMUYECKHUE CHJIbI

OBTEKAHMUE TEJI BO3YIIHbBIM IIOTOKOM

IIpu oOrTekaHuM TBEPAOTO TeJa BO3AYLIHBIA I[OTOK MoOJBepraercs Ae(opMaluM, YTO MHPUBOIHUT K
M3MEHEHHIO CKOPOCTH, JAaBJICHHS, TEMIIEpPaTypbl M IUIOTHOCTH B CTpyHKax MOTOKa. TakuM o00pa3oMm, OKOJIO
MOBEPXHOCTH OOTEKaeMOro Teja CO3[aeTcsi 00JacTh NMEpeMEHHBIX CKOpPOCTEH M JaBjeHWil Bo3ayxa. Hamuuue
pa3NUuHBIX [0 BEJIMYMHE JIABIEHHH Yy TIOBEPXHOCTH TBEPAOTrO Tela MPUBOJUT K BO3HHUKHOBEHHIO
a’pOAMHAMUYECKMX CHJI W MOMEHTOB. PacripeneneHue 3THX CHJI 3aBHCHT OT XapakTepa OOTEKaHWs Teja, ero
MOJIOXKCHUSI B TOTOKe, KoH(uryparuu tena. s w3ydeHus (U3NYECKON KapTHHBI OOTCKaHWS TBEPIBIX TeEIl
MPUMEHSIOTCS Pa3IMYHBIC CIIOCOOBI TIOKa3a BUAMMON KapTUHBI OOTEKaHUs Tella. BUIuMyro KapTHHY 0OTEKaHUS Tell
BO3AYIIHBIM TOTOKOM IPUHSITO HA3BIBATh AIPOOUHAMUYECKUM CHEKMPOM.

Junst nosydeHHs: adpoJMHAMHYECKUX CIEKTPOB MPHUMEHSIOT Takue npuOopsl, Kak JpiMKkaHansl (Puc. 16),
UCTIOJNIB3YIOT IIEJIKOBUHKH, ONTHYECKHE MEPBI HCCIICAO0BAHUS (1151 CBEPX3BYKOBBIX ITOTOKOB) U .

1 /2 3 4
| - 7
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Puc. 16 /loimkanan
1 - ucmounux ovima; 2 - cmpyiiku ovima; 3 - oomexaemoe meno; 4 - 6eHMUIAMOpP

B npiMkaHane a3poAMHAMUYECKUH CIEKTP CO3LACTCA CTPYHKaMU AbIMA, BBILYCKAEMbIMU U3 CIIELIMAIBLHOIO
JIbIMapsi B IOTOK BO3yXa, 0OTEKaIOUIUH Telo.

CyH.IHOCTL croco0a ¢ HCIOJIb30BAHHEM IIIEIKOBHHOK COCTOHT B TOM, YTO B HMHTEPECYKOIINX MECTax Ha
IMOBEPXHOCTH 00TeKaeMoOro Tella HaAKJICHBAIOTCA CIEIUAIbHbIC IMEJIIKOBUHKHU, KOTOPBIC IIpH o6z[yBe TCJIa
pacnoojiararorcsa BOOJIb O6TCKa}OHII/IX TE€JIO0 CTPYCK. Ilo monoxeHuto IIEeTKOBHHOK CyIsAT O XapaKTepe ABHIKCHUSL
IMOTOKAa BOJIU3H TIOBEPXHOCTH TEJIA.

PaccMoTpuM aspoaHaMHYECKHE CIIEKTPBI HEKOTOPBIX TEIL.

Ilnockan nnacmunxa (Puc. 17), momemnieHHas B MOTOK moja yrioM 90°, co3gaeT JOBOJILHO pPeE3KOe
W3MCHCHUE HAIPABJICHUS JIBUKCHUS MMOTOKA, OOTEKAIOIIETO €¢: TOPMOKECHHUE MMOTOKA Mepe]] He, MoKaThe CTPYeK
y ee KpaecB W 00pa30BaHUE HEMOCPEICTBCHHO 3a KpacM IUIACTUHKHU Pa3peKEHHsI W OONBIIMX BUXPEH, KOTOpHIC
3aMOJHSAIOT BCIO 00JacTh 3a IUIACTHHKOHN. [l03aaM IIACTHHKM MOXKHO HAONIONATh XOPOIIO 3aMETHYIO CITYTHYIO
ctpyro. [lepen mracTUHKON NaBiieHHe OyneT OOJbBIIEe YeM B HEBO3MYIICHHOM IOTOKE, a 3a IUTACTHHKOHN BCIICJCTBHE
pa3peKeHus IaBICHHE YMCHBIINUTCS.

Puc. 17 Aapoounamuyeckuii cnekmp niocKoil RIACMUHKU U wapda

Cummempuunoe yoobooomexaemoe (Kanneoopasnoe) meno nMeeT 0oree IIIABHBIN XapakTep 00TEeKaHH
Kak B MepeHel, Tak U B XBOCTOBOM HaCTSIX.

B ceuennu A - B (HanOonbIast BeTUYrMHA TOMIEPEYHOTO CEUCHUS adPOTUHAMUICCKUN CIIEKTP MOKa3hIBaeT
HanOONBIIYIO NeOPMALMI0 CTPYEK, HAWOOJIbpIllee WX MOIKaTHe. B XBOCTOBOW HacTw 0O0pa3yroTcs HeOoIbIme
3aBUXPEHUS [TIOTOKA, KOTOPBIE CO3AI0T CIYTHYIO CTPYIO M YHOCSTCSI IIOTOKOM, TTIOCTeNeHHo 3aryxast (Puc. 18).
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Puc. 18 Aspoounamuueckuii cnekmp y006006mexaemozo mena
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Yoobooomexaemoe necummempuunoe meno mo xapakrepy oOTeKkaHUS ONHM3KO K yO0000OTEeKaeMOMy
CUMMETPHUYHOMY, U OTJIMYAETCS BENUYMHOM JedopManuu CTpyeK B BepxHel 1 HIkHell yacTsax tena (cM. Puc. 19).
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Puc. 19 Aapoounamuueckuii cnekmp y00o6000meKaemozo HecumMmempuuHozo mena (npogunsa Kpovina)

HawuGonpmass nedopmauunsi crpyek HaOmoJaercs TaM, I/Ie TeJO HWMEeT HauOOJbUIYIO BEIUYHHY
UCKpPHBIICHHS ToBepXHOCTH Tena (Touka K). B palioHe 3TO#l TOUKM CTPYWKH MOHKAMAIOTCS, MOTIEPEYHOE CCUCHUE
WX yMeHbInaercs. HiKkHss, MeHee UCKPUBJICHHAS TTOBEPXHOCTh MAJIO BIIMSET HA XapakTep 0OTeKaHwUs. 3/1eCh UMeeT
MECTO TaK Ha3blBaeMOe HeCHMMMeTpuuHoe oOTekaHue. [Ipn 0O0TeKaHWH BO3IYIIHBIM MOTOKOM CHMMETPWUYHBIX (U

HECHMMETPUYHBIX) yHI00000TeKaeMBbIX TeJ, TOMEMIEHHBIX TOJ HEKOTOPBIM VyIJIIOM (X K BEKTOpYy CKOpPOCTH
HeBo3MyIIeHHOro motoka (Puc. 20), Takke OyaeM HUMETh KapTHHY HECHMMETPHUYHOTO OOTCKAHHS W IIOJYYUM
AIPOMHAMUYCCKAN CIEKTp, AHAJIOTHYHBIA TOMY, 4YTO IIOJNy4aeTcs MpH OOTCKaHWM HECHUMMETPHYHOTO
ynoboo6Tekaemoro Tena (cM. Puc. 19).

. R ——— SN

Puc. 20 Aypoounamuyeckuii cnekmp y00600omexaemozo mena (npouna Kpovina), HOMeweHH020 6 ROMOK OO
yenom o

Ha BepxHell NOBepXHOCTH Tena, B MeCTe HaWOOJBIIETO MOUKATHA CTPYEK, COIJIACHO 3aKOHY
HEpa3phIBHOCTH CTPYH OyAeT HaOMOaTh MECTHOE YBEIHUCHNUE CKOPOCTH IOTOKA U, CIIE[0BATENBLHO, YMEHbBIICHUE
nasneHusi. Ha HmkHel moBepxHOCTH JedopMmanus MOToKa OyIeT MEHbILIE M, CIe0BaTeIbHO, MEHbIIE U3MEHEHHUE
CKOPOCTH U AaBJIECHHUSL.

HerpyznHo 3ameTnTh, 94TO CTENEHb AeopManiy CTpPyeK B IIOTOKE OyAET 3aBUCETh OT KOH(UTypalnu Tena u
€ro TOJIOKCHUS B MOTOKE. 3Hasl CHEKTP OOTEKaHWs Tela, MOXHO AJS KaKZOH ero TOYKM MOICUYUTATh BEIHUHHY
JIaBJICHUS BO3yXa M TaKUM 00pa3oM CyIUTh O BEIMYMHAX U XapakTepe NeHCTBHS a3pOANHAMHYECKHUX CHII. Tak Kak
Ha Pa3jIMYHble TOYKH MOBEPXHOCTH oOTekaeMoro tesa (Mpoduis Kpbula) AHCTBYIOT pasHbIC IO BETMYMHE CHIIBI
JaBIICHUS, Pe3yIbTUPYIONIas UX OyAET OTIMYHA OT HyJs. DTO Pa3iIuyKe JaBJICHUI B Pa3HbIX TOUKAX MOBEPXHOCTH
JBIKYIIErocs Kpblila ABISIETCS OCHOBHBIM (PakTOpPOM, 00YCIIOBIMBAIOIINM MOSBIEHHE a3POANHAMUYECKHUX CHIL.

BesmumHBI HaBIICHUH Ha MOBEPXHOCTH JUIS PA3JIMYHBIX TEJI ONPENEISIIOT B 1a00PATOPHAX MyTeM IPOLYBKH
B adpoJuHaMuyeckux Tpybax. IlomydeHHbIe 3HAUSHUS NAaBJICHHMH Ul KaXIOM TOYKHM HAHOCAT HA CIICLMANIbHBIC
rpaduku (Puc. 21)

Kpome cun naBneHusi, Ha IIOBEPXHOCTh Kpblla 0 KacaTelIbHOW K HEW JIEHCTBYIOT CHIIBI TPEHUS, KOTOPHIE
00YCIJIOBIICHBI BA3KOCTBIO BO3yXa M LIEITMKOM OIPENEIISIFOTCS NPOLIECCaMH, TPOUCXOISIIMMHI B IIOTPAHUYHOM CIIOE.

CyMMupys pacHpenesieHHble IO TMOBEPXHOCTH KpbLIa CHIBl JaBICHHS W TPEHHS, IOIYyYUM
PaBHOAEHUCTBYIOIIYIO CHITy, KOTOPasl Ha3bIBACTCS HOJIHOU AIPOOUHAMUYECKOU CUNOM.

Touka NpUIIOKEHUS TTOJTHOM a3pOJIMHAMHYECKOH CHIIBI Ha XOpAe MpOoQHiIs KpbUIa HA3bIBACTCS YEHMPOM
oasnenus.
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HUMHAA NMOBEPXHOCTH

Puc. 21 Pacnpedenenue oasnenuit no npogunio Kpovlia

KPbLIJIO U ETO HASHAYEHHUE

Kpeuio camonera mpeqHa3sHAYeHO IS CO3MAHHSI TOABEMHON CHIIBI, HEOOXOIUMOW IS IOIACPIKKH
caMmoJieTa B BO3yXe€.

ASPOHMHaMI/IlIeCKOC Ka4€CTBO Kpblila TEM 60Hb1ﬂe, yeM OoJbIie noar€MHas Cujla U MCHBUIC 1000BOE
COITPOTUBJICHUC.

IMongpemHuas cua u 1000BOE COTMPOTHUBIICHUE KPBIJIA 3aBHCAT OT TE€OMETPHUYECKUX XapaKTEPHCTUK KPBLIA.
I'eomeTpuyeckne XapaKTEpPUCTHKH KPBUIA B OCHOBHOM CBOJMITCA K XapakTepUCTUKaM Kpblla B IDIAHE U
XapaKTEepPUCTUKaM MPOQHIIS KPbLIa.

TEOMETPUYECKHE XAPAKTEPUCTHUKHU KPBIJIA

I'eomeTpuueckre XapaKTEPUCTUKU KpPbLIa CBOJSATCS B OCHOBHOM K XapaKTepHCTHKaM (OPMbI KpbLia B
TUIaHe U K XapaKTepUCTUKaM Mpoduisi Kpbuia. Kpbuibsi COBpEMEHHBIX CaMOJIETOB MO (OopMe B IUIaHE MOTYT OBITh
(Puc. 22): annuncosuonsie (a), npamoyzonsusie (6), mpaneyuesuonsvie (8), cmpenosuoHsle (2) u mpeyzonwvHuie (0)

Haunyumied B a3poilMHAMHUUECKOM OTHOLICHUHU SIBIISIETCS DIUIMIICOBHIHASL ()OPMa, HO TAKOE KPBIJIO CJIOXKHO
B IIPOM3BOACTBE, IOITOMY DEIKO IpuMeHsercs. lIpsAMOyrosipHOE KpbUIO MEHEE BBITOAHO C TOYKH 3PEHHA
a’pOAMHAMUKH, HO 3HAYWTENBHO IIPOIIE B H3TOTOBJICHHWH. TpanenneBHJHOE KPBUIO IO a3pOANHAMHYECKHM
XapaKTEePUCTHUKAM JIyIe IPSMOYTOJIEHOTO, HO HECKOJIBKO CIIOXKHEE B M3TOTOBIICHUH.

CTpeJ'IOBI/IHHI)IC U TPCYroJIbHBIC B IUIAHEC KPbUIbSA B a3pOJUHAMUYCCKOM OTHOIICHUU Ha JO3BYKOBBLIX
CKOPOCTAX YCTYNAKOT TPANCHUCBUAHBIM U HNPAMOYI'OJIbHBIM, HO Ha OKOJIO3BYKOBLIX U CBCPX3BYKOBBIX HUMCIOT
3HAYUTCJIbHBIC MPEUMYIICCTBA. H03TOMy TaKHUEC KpPbUIbSA HNPUMCHAIOTCA TOJBKO Ha CaMOJIETaX, JICTAIOINUX Ha
OKOJIO3BYKOBBIX U CBEPX3BYKOBBIX CKOPOCTAX.
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Puc. 23 Yzon nonepeunozo V kpwina

Puc. 24 I'eomempuueckue xapaxmepucmuKku Kpolia

@dopma KpbUla B IIaHE XapakTepU3yeTcs pa3MaxoM, IUIOUIAJbI0  YAJIMHEHHEM, CYXXCHHUEM,
crpenoBuHOCTEIO (Puc. 24) n nonepeunsiv V (Puc. 23)

Pazmaxom Kkpwina L Ha3pIBaeTCs paccTOSHUE MEX/Ty KOHLIAMH KpbUa 1O IPSIMO JIMHUH.
ITnowadw kpwvina B nase Sy, OrpaHM4YeHa KOHTYPaMH KpbLia.

Mnowanb TpaneumeBMOHOrO U CTPENOBUAHONO KPbINMbEB BbIMUCNSET Kak
nnowiaam Asyx Tpanewuun

SKp — 2m.izz.bcp[mzl
2 2 @1
rae b, - KopHeBas Xopaa, M;
b.- KOHIIEBas X0Op/a, M;
b b, +b,
2 - CpeHsisl XOp/a KpbLia, M.

Yonunenuem kpvina A HazpiBaeTcsi OTHOILICHHE pa3Maxa KpbLia K Cpe/iHel Xxopae

a=L

bcP 2.2)

Ecnu BMecTo b, MOICTaBUTH €r0 3HAYEHNE U3 paBeHCTRA (2.1), TO yUTHHEHHE KpblIa OyIeT onpenesaThes
1o popmyie



AISPOJIMHAMUKA CAMOJIETA 23
12
A=—-.
P (2.3)
J71s1 COBpeMEHHBIX CBEPX3BYKOBBIX M OKOJIO3BYKOBBIX CaMOJIETOB YAJMHEHHE Kpblla HE MpEBbIIIAET 2- 5.
JIsI CAaMOJIETOB MaJIbIX CKOPOCTEN BEIMYMHA YIUIMHEHHS MOXKET OCTUTATh 12-15, a 11 ruranepos 110 25.
P Y. p

Cysrcenuem Kpoina 1) Ha36IBaCTCA OTHOIIICHUE OCEBOM XOP/IBI K KOHIIEBOH XOpIe

(2.4)

[ TO3BYKOBBIX CaMOJIETOB CY)XKEHHE Kpblla OOBIYHO HE MpEBbIMIAeT 3, a IS OKOJO3BYKOBBIX H
CBEPX3BYKOBBIX OHO MOKET M3MEHSTHCS B IMIMPOKHX MPECTax.

Yenom cmpenosuonocmu y nazpiBaercst yron Mexmy JUHHEH IepenHell KPOMKH Kpblia U IONEpedHOM
ocklo camosieta. CTpEeoBHIHOCTE TAaKXKe MOKET OBITh 3aMepeHa 110 JIMHUU (POKYCOB (IIPOXOAAIIEH Ha PacCTOSHUM

1/4 xopapl OT pedpa aTaku) WIK MO APYrOW JIMHUH KpbUia. J[7s OKOJIO3BYKOBEIX CAMOJICTOB OHA JocTUTaeT 45°, a
JUTSl CBEPX3BYKOBBIX - 110 60°.

Yenom nonepeunozo V kpwvina HasplBaeTCs yroia MexAy IIOINEPEYHOW OCBIO CaMOJIETa U HUXKHEH
MOBEPXHOCTHIO Kpbuia (Puc. 23). Y coBpeMEeHHBIX caMOJIETOB YIoJ IonepeyHoro V konebnaercs ot +5° mo -15°.
Ilpoghunem Kpwvina naspiBaetcs popma ero mnormepeynoro cedeHus. [Ipodunu Moryt Obith (Puc. 25): cHMMETpUYHBIMU

U HECUMMETPUYHBIMU. HCCI/IMMeTpI/I'-IHbIC B CBOIO O4epeab MOryT OBITH JABOSIKOBBIITYKJIBIMH, IIJIOCKOBBIITYKJIBIMHU,

BOTHYTOBBIITYKIBIMH H .S-00pa3HbIMH. YeueBuiieoOpa3sHble W KJIMHOBHOHBIE MOTYT TIPHMEHSTHCS JUIT CBEPX3BYKOBBIX
CaMOJIETOB.

Ha coBpeMeHHBIX caMojeTax NPUMEHSAIOTCS B OCHOBHOM CHMMETPHYHBIC M IBOSKOBBIITYKJIbIE HECUMMETPHYHbIC
npoduin.

OCHOBHBIMU XapaKTEPUCTHKaMH TPOGUIS SBISIOTCSA: XOpAa NPOoQuIs, OTHOCHTENbHAs TONIIHMHA, OTHOCHTEIbHAs
kpuBu3Ha (Puc. 26).

Xopooii npoghuna b HazpIBaeTCS OTPE30K NPSMOI, COSANHSIONINN Be HanOOIee YAaIeHHBIC TOUYKH MPOQHIS.
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Puc. 25 @opmot npoghuneit kpvina

1 - cummempuunslil; 2 - He cuMMemPUYHBLIL; 3 - NJ10CKOBLINYKAbLIL; 4 - 0860AK08bINYKbLIL; 5 - S-00pa3Hblil; 6 -
JAMUHUSUPOBAHHBLIL; 7 - Yeueeuyeodpasuwlii; 8 - pomoosuonstii; 9 - A euonwtii

Canare frmac  CPEAHAS AMHUA
\

- “—--—\—-L\

Zh

Xe

Puc. 26 I'eomempuueckue xapakmepucmuxu npoguns:

b - xopoa npogpunsa; C,,,.. - HAUOOTLUIAA MOTWUHA; [ - CHIPENIA KDUBU3HBL; X - KOOPOUHAMA HAUOOIbULEH
mouunHbl
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XOPAA NPOPUAR
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Puc. 28 ITonnas aapodunamuieckas cuna u mo4Kka ee PUNOIHceHus

R - nonnas aapodunamuuecmm cunay Y - noovemnasn cunay Q - cuna 10606020 CONpPOMUBIEHUA; O Y20/l
amaxku, 0-yzoﬂ Kauecmea

OmnocumensHoii monuwjunoi npoguna C Ha3BIBaCTCS OTHOIICHWE MAaKCUMANBbHOW TONMMHBI Cyue K
XOpI€E, BBIPAXKEHHOE B MPOLICHTAX:

C
¢ =21 100%.
b 2.5)
HOJ'IO)KCHI/I@ MaKCHMaHBHOﬁ TOJLINHBI HpO(l)I/IJ'Iﬂ Xc BBIpAKACTCA B HNPOLCHTAX OT MJIHMHBI XOPAbl U
OTCUYUTBIBACTCS OT HOCKaA

x
7. =2%<.100%.
b 2.6)
Y coBpeMEHHBIX CaMOJIETOB OTHOCHTENbHAS TOJIIMHA poduist HaxoanuTcs B peaenax 4-16%.
OmHuocumensHoil KpueusHoi npoguis f Ha3bIBACTCs OTHOIICHHE MaKCUMAJIbHOW KPUBHU3HBI f K XOpIE,
BBIPKCHHOE B MPOLIEHTaX.

MakcumanbHOe PacCTOSIHUE OT CpefHeH JIMHUU NpoQuis 0 XOpAbl ONpEAeNseT KPUBU3HY MPOQHIIS.
Cpennsist TuHus TPOGUIIS TPOBOIUTCS HA PABHOM PACCTOSIHUN OT BEPXHETO W HMYKHETO OOBOJIOB MPOQHIIS.

f — fl'taKC '100%
b @7
Y cuMMeTpu4HBIX Npoduield OTHOCHTENbHAas KPHBH3HA paBHA HYIIO, IS HECHMMETPHUYHBIX JK€ 3Ta
BEJIMYMHA OTJINYHA OT HyJIS M He mpeBbIaeT 4%.

CPEIHSA ADPOJNHAMMNYECKASA XOPJA KPBIJIA

Bcsikoe BpamaTenbHOE ABHKEHHE CaMOJIETa B TIOJIETE COBEPIIAETCS BOKPYT €ro LeHTpa TsbkecTu. [loatomy
BO)XHO YMETh ObICTpO omnpeneisTs nojoxenue LT n 3HaTh, Kak OyneT U3MEHSTHCS OaJlaHCHUPOBKA NP M3MEHEHUH
ero mnonoxeHus. IlonoxeHue LEHTpa TSKECTH, KaK IIPAaBUIO, OPHUEHTHPYETCS OTHOCUTEIbHO CpedHei
a’pOIMHAMUYECKON XOPABI KpbLa.
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Cpenneii a’poagunamMmuyeckoil xopaoii kpblia (CAX) Ha3pIBaeTCs XOpAa TaKOro IPSIMOYTOJIBHOTO
KpBUIa, KOTOPOE MMEET OJUHAKOBBIE C TAHHBIM KPBUIOM IUIONIA/Ib, BEIMYUHY MOJHON a3pOAMHAMUYECKONW CHIIBI U
nosoxenue ueHrpa aasienus (LI/1) npu paBubix yriax araku (Puc. 29).

Puc. 29 Cpeonue azpoounamuueckue xopovl Kpoliibes

Benmunna n xoopanHatel CAX A KaXIOro caMmolsieTa ONpEeAeNsSoTCS B IpoIiecce MPOCKTHPOBAHUS H
YKa3bIBAIOTCS B TEXHHYECKOM OITMCAHHU.

Ecnmun BenmunuuuHa u mnonoxkenne CAX naHHOrO caMmMoleTa HEHU3BECTHBI, TO MX MOXKHO ONPEAEIUTH
npuOmkeHHo. [ TpamenueBHIHOTO He3aKpydeHHOro Kpbula CAX OIpenenseTcs nymem 2eoMempuueckozo
nocmpoenua. JIns 3TOTO KPBUIO caMojieTa BBIYEpPUMBACTCA B IUIaHE (M B ompenelneHHOM MacmTabe). Ha
MIPOJIOJIKEHUH KOPHEBOW XOPIIbI OTKIAABIBAETCS OTPE30K, PaBHBINA MO BeIMUnMHE KOHIEBOH xopnae (Puc. 30), a Ha
MPOJOJDKEHUN KOHIIEBOM XOpHBI (BIEpex) OTKIIAIBIBAETCS OTPE30K, paBHBIA KOpHEeBoW xopae. KoHmbl oTpes3koB
COCNIMHSIOT TIPSIMON JIMHUEH. 3aTeM MPOBOJISAT CPEIHION JIMHHUIO KPbUIa, COSTUHSIS TPSIMON CepeIMHbI KOPHEBOH U
KOHLIEBOHM x0pJ1. Uepe3 TouKy nepecedeHus 3TUX ABYX JIMHUHM U IIPOHIET CpeaHss adpoarHamudeckas xopua (CAX).

T Doy ~CAX
1
= -
AN
= AY
CFEAHAR i\ /\CAX
FHANA KPLIAA ‘
\
\
\
AY
_____ - \
£
6 KoP BKUH

Puc. 30 I'eomempuueckoe onpedenenue CAX

3Has BenmuuunHy u noioxeHne CAX Ha camoneTe W TMPHHAB ee Kak 0a30BYIO JIMHHIO, OIPEIEISIOT
OTHOCHUTENBHO Hee I0JI0KEHHE [IEHTPa TAKECTH caMoJIeTa, IEHTPa JaBIeHHs KPbUIa U T. 1.

ABpOI[I/IHaMI/I‘IGCKaSI CHjla CaMoJieTa CO34acTCsA KpPbUIOM W IIPUIIOKCHA B LCHTPEC HdaBJICHUA. I_[CHTp
JaBJICHUA W LOEHTP TSHKECTHU, KaK IPAaBWIO, HE COBIIATAIOT U ITO3TOMY 06p8.3y6TC$I MOMEHT Cwji. BeawunHa 3TOrO
MOMEHTA 3aBUCHUT OT BEJIMYWHBI CHJIBI U PACCTOAHUA MEXIY HT U LOCHTPOM MaBJICHUS, IMOJIOXECHUE KOTOPBIX

ONPEACIIACTCA KaK pacCTOIHUE OT Ha4dajla CAX BBIPA)KEHHOE B JIMHCHHBIX BEIWYNHAX WK B TMPOHEHTaX JIMHBI
CAX.
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6=6+A6
Puc. 31 Honosxrcenue yenmpa maxcecmu camonema

Puc. 32 Pacuem UECHmMPOBKU npu U3MeHenuu eeca camojiema

JIOBOBOE COITPOTHUBJIEHUE KPBLUIA

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

Xp=Xpt XunotXp.  (2.8)
Bonanosoe conpomuejlieHue pacCMaTpuBaTbCsa HE 6yz[eT, TaK KaK BOBHHUKAET Ha CKOPOCTAX I10JIETA CBBILIC
450 xm/4.
Hp0¢uﬂbﬂ0€ conpomuejienue Ciaractcs U3 COIpPOTHUBIICHUSA NAaBJICHUA U COIPOTUBJIICHUS TPCHUS:
Xop=X+Xmp 2.9

Conpomuenenue 0asnenus - TO Pa3HOCTb AaBICHUN Nepes U 3a KpputoM. UeM Ooublie 3Ta pa3HOCTh, TEM
Oouibllle CONPOTHUBIICHUE JaBJIeHHs. Pa3HOCTh JaBieHHH 3aBUCUT OT (opMbl MPOQUIs, €ro OTHOCHTEIbHOM

TONIIMHKI U KpuBH3HBI (Puc. 33, Ha pucyHke 0603Ha4deHo Cy - kKoadduimeHT npo(UILHOrO CONPOTUBICHHS).

Cxp,
P ®
33
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Puc. 33 I'pacpuk 3agucumocmu npopunbHoz0 conpomuenenus om moaujunsl npoPua

Yem Ooibllle OTHOCHTENBHAS TOJIIMHA C PO, TEM OOJIbLIE MMOBBIILIACTCS AaBICHHE MEPe KPbUIOM U
OoutbIlie yMEHBIIaeTCs 3a KPbIIOM, Ha €T0 3aJHeH KpoMke. B pesynbrare yBem4nBacTCsl pa3HOCTb AABICHUH U, KaKk
CJIC/ICTBHE, YBEIHMUMBACTCS COMPOTHBIECHUE AaBieHus. O0TeKaHHe BO3AYIIHBIM ITIOTOKOM KPBUIBEB CaMOJIETOB SIk-
52 u Sk-55 B pabouem nuana3oHe yrjloB aTtaku (MIMHEHHBIH yuacTok xapakrepuctuku C,=f(Q) npoucxomut 6e3
OTpbIBa MOTPAHUYHOTO CJIOSI CO BCEH MTOBEPXHOCTH NPO(MIIS KPbUIA, B PE3yJIbTAaTe 3TOrO CONPOTHBICHUE JaBICHHS
BO3HMKAET M3-32 Pa3HOCTU JAABJICHUHM MepedHed 4yacTh Kpblla M 3aiHed. BennuumHa conpoTUBIEHHS JaBJIECHUSA
HeBeIMKa. BO3HNKHOBEHNE CONPOTHUBIICHUS JABJICHUS CONPOBOXKIAETCS 00pa30BaHUEM CIIa0bIX BUXPEH B CILyTHOH
CTpye, 00pa3yoLIeHcs U3 HOrPAHUYHOTO CIOSI.

IIpn oOrexannn mpo¢uis Kpblia BO3LYLIHBIM IOTOKOM Ha yIJIaX aTakd, OJNM3KUX K KPUTHYECKOMY,
CONPOTHBJICHHUE JIABJICHNS 3HAYUTEIHHO BO3pacTaeT. [Ipu 3TOM pa3Mepbl 3aBUXPEHHOH CIIyTHOHW CTpPyW M CaMuXx
BUXpEH PE3KO YBEININBAIOTCS.

Conpomueénenue mpeHus BO3HHUKAET BCIEACTBUE IMPOSBICHUS BSI3KOCTU BO3AyXa B MOTPAHUYHOM CIIOE
obTtekatomiero npouist Kpbuta. BeandnHa cHil TPeHUs 3aBHCUT OT CTPYKTYPBI ITOTPAHUYHOTO CJIOSI U COCTOSHHSA
o0TeKaeMOil IOBEPXHOCTM Kpblia (ero IIepoxXoBaTOCTH). B IJlaMMHapHOM IOTPaHMYHOM CJIOE€ BO3JyXa
COIIPOTHBIJICHHE TPEHHS MEHBINE, YeM B TypOyJICHTHOM MOrpaHn4HOM cioe. CienoBaTenbHo, YeM OONBIIYIO YacTbh
MIOBEPXHOCTH KPbLIa OOTEKAET JJAMUHAPHBIN MOTPAaHUYHBINA CIIONH BO3YIIHOTO MIOTOKA, TEM MEHBIIE CONPOTHBIICHHUE
TPEHHUA.

Ha BenmmumHy cONpOTHBIICHUS TPEHUSI BIMSIOT: CKOPOCTh CaMoJIeTa; IIepOX0BAaTOCTh OBEPXHOCTH; popma
Kpbuta. Yem Oosibllie CKOPOCTH I0JIETA, ¢ XYALIMM KauyecTBOM 00pa0doTaHa MOBEPXHOCTh KPbUIA M TOJILE MTPOPHIH
KpbUIa, TeM OOJIbILIE COPOTHBIIEHHE TPEHUSI.
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Buxpebou
neym

BuxpeBas
nenena

Puc. 34 Obmexanue Kpolia KOHeUH020 PA3Maxa

[ yMEHBIICHNST COTTPOTHUBIIEHHS TPEHNUS MIPH TTOATOTOBKE CaMOJICTOB K IIOJIETY HEOOXOIMMO COXPAHSThH
TJIaIKOCTh TIOBEPXHOCTH KpbUIa M 9acTel camosieTa, 0cOOCHHO HOCKa KpblIa. MI3MEeHeHne yIiloB aTaki Ha BEJTMYHHY
COIIPOTHBIICHHS] TPEHUS IPAKTUUECKH HE BIIHSCT.

CoOTHOIIIEHNE MEXK/Iy CONPOTHUBICHHEM TPEHHS M CONPOTHUBICHHEM MAaBJIEeHHs B OOJBLION CTENneHH
3aBUCUT OT TOJNHMHBI Tpodmist (cMm. Puc. 33). Ha pucyHke BHIHO, 4TO C POCTOM OTHOCHUTEIBHOW TOJIIIMHBI
npoduiIs yBenTMUMBaeTCs N0, NPUXOIAIIAsICS HAa CONPOTUBICHNE AABICHHUA. JTO e MOYKHO CKa3aTb, aHAIN3UPYS
¥ CONOCTABILSS MPOoQruTh camoneToB SAk-52 u Sk-55.

Hnoykmuenoe conpomuenenue - 3T0 NPUPOCT JOOOBOTO COMPOTUBIICHHS, CBA3AaHHBIA C 00pa3oBaHHEM
MOJTbEMHOW CHJIBI Kpbiia [lpym 0OTeKaHWHM KpbUIa HEBO3MYIICHHBIM BO3IYIIHBIM IOTOKOM BO3HHKACT pPa3HOCTH
JTABJICHUI HaJ KPBUJIOM U IOJ HUM B pe3ynbpTare 9acTh BO3yXa Ha KOHIIAX KPBUIHEB IIEPETEKACT U3 30HBI OOJIBIIETO
JTABJICHUS B 30HY MeHbIero nasiexus (Puc. 34).

IToToK BO3/1yXa IEPETEKAET C HUKHEN IIOBEPXHOCTHU KPblla HA BEPXHIOKO U HAKJIAbIBACTCS HA BO3LYILIHBIN
MOTOK, HaOerarouii Ha BEPXHIOI0 4acTh KpbUIA, YTO NMPHUBOIAUT K OOPa30BAHUIO 3aBHUXPEHUI Macchl BO3AyXa 3a
3aJJHeH KPOMKOIi, T. €. oOpasyercsi BUXpeBoi *KryT. Bo3ayx B BuxpeBoM xkryTe Bpamiaercs. CKOpOCTh BpaleHUs
BUXPEBOTO KI'yTa Pa3jIN4HAa, B IIEHTPE OHAa HANOOJIbILAs, a [0 Mepe yJaJICHUs] OT OCH BUXPSI - YMEHBILIACTCSI.

Puc. 35 Omknonenue 6030yuino20 nOMOKa 6HU3, 8bI36AHHOE BUXPEGHIM UIHYPOM

Tak kak Bo3ayx o0JlaaeT BS3KOCTHIO, TO BpalIalOUIMHCS BO3AYyX B JKI'yTe€ YBJIeKaeT 3a coboi
OKpY>KaloIIMi BO3AyX. BUXpeBble *KTyThl JIEBOIO U MPABOro MOJYKPHUILEB BPAIAIOTCA B Pa3HbIE CTOPOHBI TaKUM
00pa3oM, 4TO B Ipejenax Kpbula JBIKSHUE BO3IYIIHBIX MAacC HAIPABJICHO CBEPXY BHH3.

Takoe [BWKEHHE BO3AYIIHBIX MacC COOOIAeT BO3MYNIHOMY TIOTOKY, OOTEKaomEeMy KpBLIO,
JIOTIONTHUTENBHYI0 CKOPOCTh, HampaBiIeHHYIO BHH3. [Ipm 3TOoM mro0asi 4acTh BO3IyXa, OOTEKaromas KpBUIIO CO
CKOPOCTBIO V, OTKIIOHSETCS BHH3 CO CKOpOocThiO U. BemnumHa 3TON CKOpOCTH OOpaTHO MPOTOPIMOHATBHA
PacCTOAHUIO TOUYKH OT OCHU BUXPEBOTO KI'yTa, T. €. B KOHECYHOM CUCTEC OT YUIMHCHUA Kpbljia, OT Pa3HOCTU LlaBJ'leHI/lﬁ
HaJl ¥ TI0J] KPBUIOM M OT ()OPMBI KpbLJia B TJIaHE.

Vron A, Ha KOTOpbIil OTKIOHSETCS MOTOK BO3/yXa, OOTEKAIOMIUH KPBLIO CO CKOPOCTBIO V, HaBeIEHHOM
BEPTUKAJIBHON CKOPOCThIO U, Hazvliéaemca yznom ckoca nomoka (Puc. 35). Benmunnaa ero 3aBUCHT OT 3HAYCHUS
BEPTHKAJIBLHOM CKOPOCTH, HHIYKTUPOBAHHOM BUXPEBBIM )XKI'YTOM, M CKOPOCTH HAOETAOMIEro IOToKa V-

tigha =~ Aa = g
(2.10)

[TosTomy Onaromapsi CKOCy HMOTOKa MCTHHHBIM yToJ aTakW (fem KpbUla B KaKIOM €ro CEYeHHH OyneT

OTIMYATHCS OT FTEOMETPUUYECKOTO MM KAXYIIETOC YyIla aTakKu (e Ha BEIUYUHY Aa (PI/IC. 36)
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2.11)
Kak wu3BecTHO, TOJbeMHas cuia Kpbiia Y Bcerma MEpHCHOUKYJSIpHA HAOerarolieMy IOTOKY, €ro

HanpasieHuio. 1103TOMy BEKTOp MOABEMHOM CWJIbI KpbUla OTKJIOHsAeTcs Ha yron AQ u nepneHaukynspeH K
HaNpaBJICHUIO BO3IYIIHOrO IOTOKA V.

I[omsemuoii cumoit Oyzer He BCs cmia Y’ a ee COCTaBIAIOMIas Y, HampaBieHHas MEePIeHINKYIISPHO

Y-y
&[

HaOeramoIeMy moToKy:

Puc. 36 Obpazoeanue unOyKmueHo20 CONPOMUGIeHUSA

¢
borar ) Ax-52
——— Ax-55
\ 7151
\\\ ,I
011 7

07 1

o9 5 05 0 15 a’

Puc. 37 3asucumocms koIgppuyuenma 10606020 conpomugnenusn C, om y2na amaxu camonemos Ax-52 u

HAxk-55
Y=Y'cosAa =Y (2.12)
Bsuny manoctu Beiuuunsl Acf canraem COS Aa=1. Jpyras cocrasstonias cuia Y’ 0yaer paBHa

DTa COCTaBIAIOINIAs HAMPABIICHA 10 TOTOKY W HAa3bIBACTCS UHOYKMUGHbIM conpomusienuem (Puc. 36).

UroObl HAWTH BEIWYMHY WHIYKTUBHOTO CONPOTHBIECHHS, HEOOXOAMMO BBIYMCIUTH CKOpPOCTh U M yromu
CKOCa MOTOKA.

3aBUCHMOCTD yIJla CKOCA MOTOKA OT Y/UIMHEHHs Kpbula, Koodduuuenrta noxbemMuoi cuisl Cy, u popmbl
KpbUIa B TUIaHE BeIpaXkaeTcs: GopMyIIoi

C
Aoa=A4=—.
(2.14)

rze 4 - K03hPUIUEHT, yYUTHIBAIOMNI (OpMY KpbLIa B IIaHE.

JIJist KpBUTIBEB CaMOJIETOB KO DHUIIMEHT A paBeH

1
A=—(1+5).
T Mgy (2.15)
rae /134) - yJUIMHEeHHUEe Kpbula 0e3 yueTa ruioiaau (ro3esika, 3aHUMaloIIei YacTh Kpbua;

5- BCJIMYKWHA, 3aBUCAIIAsA OT (I)OpMI)I KpbLUIa B IUIaHE.

[oxcrasum 3naueHus popmy (2.14), (2.15) B popmyiry (2.13), mpeobpasys ee, HOTyIuM
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2
X, =C, &Sa
2 (2.16)

rae Cy; -Ko3(hGUIHEHT HHAYKTUBHOTO COITPOTHBIICHHUS.

2
Cy

xi T .
OH onpexnensiercs 1o GopmyIe T-A U3 dopmynsl BuaHO, 4T0 C, MPSIMO MPOMOPITHOHANICH
KO3 QHUIUEHTY MOABEMHOM CHIIBI B 00PAaTHO MPONIOPIHUOHAICH Y/UIMHCHHUIO KPBLIA.
[Ipu yriie aTaku HYJCBOM MOABEMHOMN CHUJIBI (Y, HHAYKTUBHOE COIIPOTHBIICHHE OYIET PAaBHO HYJIIO.
Ha 3akpuTmyecknx yriax aTaky HapyllaeTcsl IUTaBHOE OOTeKaHWEe NpOQIIs KpbUIa H, CICIOBATENBHO,

¢opmyna onpenenenus Cyj He MpUeMIIEMa JUTS ONIPEAEIECHHS €r0 BEJINIHHBI.

Tak kak BenmuuuHa Cy, O0OpaTHO MPONOPIMOHATBHA Y/UIMHCHUIO KpPbUIA, IIO3TOMY CaMOJIETHI,

TIpe/IHA3HAYEHHbIE TS TIONIETOB Ha GOJIBIINE PACCTOAHMS, MMEIOT GONBIIOE yaTHHEHHE Kphuta: A=14...15.

ASPOJJMHAMMNYECKOE KAYECTBO KPbBIUIA

C Toukm 3pC€HUA a’pOAMHAMUKHA Hanbolee BBII'OJJHBIM 6yH€T TAaKOC KpPbLIJIO, KOTOPOC O6J'Ia[[a€T
CITIOCOOHOCTBIO CO31aBaTb BO3MOXKHO OOJIBIIICIO NOABEMHYIO CUJIy 1pU BO3MOXHO MCHBIIEM J1000BOM
COIIPOTUBJICHHUU. I[J'ISI OLCHKU adpOANMHAMHYCCKOI0 COBCPUICHCTBA KpblIa BBOAUTCS MHOHATUC adpPOANMHAMHUYCCKOIO
Ka4veCTBa KpbLIa.

Aapoduuamuqecxum Kauecmeom Kpblia Ha3vleaemca OmHouienue HOOBEMHOIL CUbl K cuje 10006020
conpomuejlieHusa Kpaliia Ha OaHHOM yeiie amaxku

K=",
0 2.17)
rae Y - moagbeMHas cuia, Kr;

O - cunma 1060BOTO COMPOTUBIIEHUS, KT. [logcTaBuB B popmyiy 3HaueHus Y u O, HOIyInM

k=S

C, (2.18)

UYem OoJblie a’poJMHAMHYECKOE KaueCTBO KpbLIa, TEM OHO COBEplleHHee. BenuunmHa kadecTBa JUist
COBPEMEHHBIX CaMOJIETOB MOXeT nocturath 14-15, a mis mutanepos 45-50. DTo o3HauaeT, YTO KPHUIO camojeTa
MOJKET CO3/1aBaTh MOJBEMHYIO CHITY, MPEBBIIAIONIYIO JIOOOBOE compoTuBieHue B 14-15 pa3, a y miaHepoB aaxe B
50 pas.

AdpoAMHAMHUYECKOE KAUeCTBO XapaKTEPU3YETCs YIIIOM 0 (cM. Puc. 28).

0
1g0 ==.
g Y

tgl = i
K (2.19)

Vron e MCIKAY BEKTOpaMU HOHLCMHOﬁ M TIOJIHOM a3p0ﬂHHaMH‘IeCKOI7[ CHJI HAa3bIBACTCA YIJIOM KadeCTBa.
Yewm Gobliie AdPOANHAMHNYCCKOC Ka4Y€CTBO, TEM MCHBIIIEC YTOJI KauCCTBa, U HaO60pOT.

AdpoJHaMHYECKOe Ka4eCTBO Kpblla, Kak BUAHO U3 (opmysl (2.18), 3aBHCUT OT TeX ke (HPaKTOpOB, YTO U
kodddurmentsr C, u C,, T. €. OT yria aTtaku, GpopMsl npoduisi, GopMbl Kpblda B IiIaHe, ukcia M moneTra u oT
00paboTKH TIOBEPXHOCTH.

BJIMSIHUE HA ADPOJUHAMMUYECKOE KAYECTBO YIVIA ATAKH.
ITo w3BEeCTHBIM 3HAYEHHAM adpoauHaMudeckux Kodpduimentos C, u C, A1d Pa3IHYHBIX YIJIOB aTaKH
crpost rpaduk K =f(d) (Puc. 38).
W3 rpaduka BUIHO, YTO C YBEIMUYEHHWEM yIJIa aTakd /IO ONPEJENICHHOW BEIIMYMHBI a’3pOJUHAMHYECKOE
KauecTBO Bo3pacrtaeT. [Ipi HEKOTOPOM yTile aTaKd Ka4eCTBO JOCTHIAeT MAKCHMAITBHOW BeTHIUHBI K 4o ITOT yron

HA3bl86AeMCA HAUBHIZOOHEUWUM Y2IIOM AMAKU, Cluygye.
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Ha yrue ataku Hy/1eBoi 10AbeMHON CHIlbl & re Cy=0 aspoMHAMHYECKOE Ka4eCTBO OyIeT PaBHO HYJIIO.

BnusHue Ha a’ponuHaMHYEcKoe KadecTBO (OPMBI Npodmisi CBSI3aHO ¢ OTHOCHTENILHBIMH TOJIIMHON H
kpuBn3HOH mnpodmia. Ilpu stom Oonbmioe BiusHHME OKas3bIBaloT (opma 00BOmOB mpoduis, Gopma HOCKA H
MOJIO’KEHHE MaKCUMaIbHON TOJIIMHBI Tpoduitst Baouk xopasl (Puc. 39).

€ =012

—0,20

oL°

Puc. 38 I'pacpuk 3asucumocmu azpoouHamuuecKo2o Kauecmea om y2ia amaxku
Puc. 39 3aeucumocms azpoounamuiecKkozo Kauecmea om y2ia amaku u moauunsl npoduns

KMAKC

12

8 -1"

1,0

KMAKC

2
8_\m

M

1,0
Puc. 40. Obpazoeanue noocacvieéaroueil cuvl
Puc. 41 H3menenue azpoounamuieckozo Kauecmea Kpwiia 6 3agucumocmu om uucia M

IIpu oOrexannu mpodueii ¢ 3aKpyTrICHHBIMA M YTONIIEHHBIMA HOCKaMU Ha HOCKe Mpodwmist oOpazyercs
HOZICAchIBAIOIIAsl CHJIA, KOTOpas MOXKET 3HAYMTENbHO YMEHBIIUTH JI00OBOE comporusieHue. Haubonbmen

BEJIMYMHBI OHA JIOCTUTAET Ha YIJIaX aTaku, OJMM3KHUX K (g6, KOTJA MOJCACHIBAIONIAS CUJIA MOXKET MTPEBBIIIATH CUITY
Tpenus (Puc. 40).

Junst nosmyuennst 60onbpIux 3HaueHUH K4 BHIOMPAIOTCS ONTHMABHBIE TOJIIMHA W KPUBU3HA MPOQUII,
(hopmbI 00BOJIOB M yJUIMHEHUE KPbLIA.
@opma Kpblla B IUIAHE TAKXKE OKAa3blBaeT BIMSHUE HAa a’pOJMHAMHYECKOE KadecTBO Kpbuia. Jlis

MOJTyYeHHsT HauOONBIIMX 3HAYEHUH KadecTBa Hawlydmied (opMOH KpblUla SBIAETCS OJIUIMIICOBHIHAS C
3aKpYIVICHHOM NepefHel KpoMKOU. Takoe KpbUIO MMEET HaUMEHbIIEEe UHIYKTUBHOE COIPOTUBIICHUE. Y BEIIMYCHUE
%EY; C;EQ.
Lo Y o §
YIUIMHEHUS] KpbUIa YMEHBIIAET €ro HMHAYKTHBHOE CONPOTHBIECHUE (BCIIOMHHM 2 2 ) cnenoBaTenbHoO,
YBEJINYHUBAET a9POAMHAMHUYECKOE Ka4eCTBO.
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IIpu yBenuuennu unciaa M 1oneTa A0 TOSBICHUS BOJHOBOI'O KPH3HMCAa KAueCTBO OyIeT HE3HAUHUTEIFHO
BO3pacTaTh (Ui JAHHOIO YIJIa aTakh), TaK KaK NPOSBICHHE CKUMAEMOCTH Bo3gyxa ysenmuusaer C,. C
HACTYIUIEHHMEM BOJIHOBOTO KPHM3HCa KaueCTBO PE3KO YMEHBIIAETCS, IOTOMY YTO KOA(P(QHIMEHT HOABEMHOW CHIIBI
yMmeHbliaercs, a C, yBenunuupaetcs (Puc. 41).

CocTosiHEEe TOBEPXHOCTH KpbUIa (IIEPOXOBATOCTh, BOJHHCTOCTh, OTCTYIUIGHHE OT 3aJaHHON (POpMBI)
BIUSIET Ha BEJIMYMHY NPOQUIBHOTO CONPOTHBIEHMA. [loaTOMYy, yimydmias COCTOSHHE IOBEPXHOCTH KpbUIa (WM
HOAZEPKUBAsL €€ B XOPOLIEM COCTOSHHUH ), MOYKHO JOOHUTHCS IOBBILIEHHS a9POANHAMHYECKOTO KauecTBa CaMoJIeTa.

IHOCTPOEHHUE ASPOJUHAMMNYECKHUX XAPAKTEPUCTUK KPBIJIA 1
CAMOJIETA

MHOJIAPA KPBLIIA

Jist pa3nuvHBIX PACUYETOB JIETHBIX XapPAaKTEPUCTHUK KpPbUIA OCOOCHHO BAXKHO 3HATH OJIHOBPEMEHHOE
mmeHenne C, m C, B [IHWama3oHe JETHBIX YINOB aTakd. Jlud 5ToH memu cTpoHTcst TpaduK 3aBHCHMOCTH
ko3dpunuenta C, ot C,, Ha3bIBAEMBbIH TIOJIAPOH.

Jns  mocTpoeHMss TONSApHI  JUIS  JTAHHOTO KpbUIA, KpbUIO (WJIM €ro MOJENb) MpOXIyBaeTcs B
a’poAMHAMUYECKOH TpyOe TMpHM pasIMyHbIX YIrilax arakd. [Ilpy mpomyBKe Uil KaXIOro yria aTakd
A3POMHAMUYECKUMH BECaMH 3aMEPSFOTCS BEIWYUHBI MOJBEMHOM CHIIBI ¥ M CHUIBI TI0OOOBOrO cONpOoTHBICHHSA Q.
Omnpenenus BexwyarHb! ciil Y H Q A1 JaHHOTO TIPOQIIIS, BEIYUCIAIOT UX a3pOJMHAMUYECKHe KodpuureHTs. 13
(OPMYITBI TIOXBEMHON CHITBI M CHJIBI JIOOOBOT'O COTIPOTHUBIICHUSI HAXOIUM:

Y 0
C, = e ; C, = P
Ll Lt
2 2 (2.20)
Taxkoit pacyeT NpOU3BOAUTCA MJISA KAXKIAOTIO yIjla aTaKu. PeSyJII)TaTLI 3aMEpoOB U BLIYMCIIEHUH 3aHOCATCS B
TabmIHILy.

Just mocTpoeHus MoJsipbl MPOBOJSTCS JIBE B3aWMHO MEPHEHIUKYIsIpHbIe ocu. Ha BepTHKaibHOU OCH
OTKIaAbIBalOT 3HadeHust €, a Ha ropu3oHTanbHOM - C,. Macmra6sl 111 C, m C, 00bI9HO OepyTCs pasHbIE.

Ipunsaro ana C, 6patk MacTad B 5 pas kpynHee, yeM a1d C,, Tak Kak B Ipejenax JETHbIX YIJIOB aTaky
JuanasoH u3MeHeHus C, B HECKOIBKO pa3 Oojsblue, yeM auana3zoH usmeHeHus C,. Kakgas Touka IOJyYEHHOTO
rpaduka COOTBETCTBYET ONPENEeTICHHOMY YIJIy aTaKH.

Hazeanue «nonsapa» OOBSCHAETCS TEM, YTO 3Ty KPHBYIO MOXHO pPacCMaTpUBAaTh KaK MOJSIPHYIO

JuarpamMmy, IIOCTPOEHHYIO Ha KOOpAuHaTax kKod(duLueHTa IoaHoH adpoauHamMuyueckoit cunel Cr U @, Tie (- yrom
HaKJIOHA TTOJTHOHM a3pOJIMHAMHYECKOM CHIIbl R K HAaIpaBJIEHUIO CKOPOCTH HaOeraromero motoka (Ipyu yCJIOBUH, €CIIH
macmtabsl Cy u C, B34Th OJTMHAKOBBIMN).

=
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Puc. 42 IIpunyun nocmpoenus noaapsvl Kpulia
Puc. 43 Ilonapa kpovina

Ecnu u3 Hauana koopaunat (Puc. 42), COBMEIIEHHOr0 ¢ LIEHTPOM JIABJICHHS TPOQHIIsL, TPOBECTH BEKTOP K
m000i1 Touke Ha moJsipe, TO OH OyJeT HpelCTaBiATh COOON AMaroHanb HPSAMOYTOJbHHKA, CTOPOHBI KOTOPOTO
cooTBeTCTBEHHO PaBHbl C), M Cy. T000BOTrO COMPOTUBIEHHS U KO3 (ULHEHTa NOIBEMHON CUIIBI OT YIJIOB aTakH -
TaK Ha3blBaeMasl MOJIIpa KphLia.

Tax kak koddpunuentsr C, n Cy TPONOPIHOHANBHBI a3POANHAMHYECKHM CHIIAM, TO HETPYIHO YOEINThCA,
9TO YroJj, 3aKIIOueHHBIH Mexay Bektopamu C, m C), mpeicTasiseT coOoi yrom kauectsa 0. Yrom kadectsa O
MO>KHO HEMOCPEACTBEHHO 3aMepATh Ha MOIsIpe, MOCTPOEHHOI B paBHEIX MacmTabax C, u C,, a OCKOJBKY MOMSAPBI
MOCTPOEHBI, KaK MPaBUIO, HA pasHoMacmTabHbIX Koddduuuentax C, m C,, TO yroa KadecTBa ONMpeNeNseTcs U3

OTHOLICHHA
f O ]

@.21)

[onspa cTpouTCs I BIOJHE ONPENEIICHHOTO KpbUla C 3aJaHHBIMH T'€OMETPUYSCKUMH pa3MepaMu U
thopmoii mpoduis (Puc. 43). [To monspe KppuIa MOXHO ONPEACTUT PSIT XapaKTEPHBIX YIIIOB aTaKH.

Yeon nyneeoit noovemnou cunvl @, Haxogurcs Ha nepecedeHHH NOJSPHI ¢ ockio C,. Ilpu sTom yrie
aTaku Ko3(hULIHEHT MOABEMHOH cHlbl paBeH Hymo (C, = 0).

J11s1 KpBUIbEB COBPEMEHHBIX CAMOJIETOB OOBIYHO Q&) = ER1e" ]

Yron araku, Ha KoTopoM C, HMEET HANMEHBIIYI0 BEIMYHHY QCx.mun. HAXOIWUTCS IPOBEICHUEM
KacaTeNnbHOH K mojspe, napaiensHoi ocu €. s cOBpEMEHHBIX KPBIILEBBIX NPOQUIEH 3TOT yroj 3aKiIro4eH B
nuamasone ot 0 mo 1°.

Hauevizooneiimuii y2on amaxu Oy, Tak Kak Ha HaUBBITOAHEHIEM yIJ€ aTakd a’pOJUHAMUYECKOE
Ka4eCTBO KPblIA MAaKCHUMAJILHOE, TO YroJl Mexy ocklo Cy, M KacaTebHOM, MPOBEJEHHON U3 HaYana KOOPAMHAT, T. €.
yrojl KadecTBa 9, Ha 5TOM yIje aTakd, cornacHo ¢opmyine (2.19), Oyner munHuManbHbIM. [losTomy s
OTIpeIeTICHUs] (yqy¢ HY)KHO TPOBECTH M3 Hadala KOOpAMHAT KacaTelbHYI0 K moispe. Touka kacanus Oyner

COOTBETCTBOBATh gy L7151 COBDEMEHHBIX KPBUIBEB Uyyqy¢ IEKUT B TIpesenax 4 - 6°.

Kpumuueckuir yzon amaxu Oypypm. JUist ONpeenennst KPHTHYECKOTO yIila aTakn HeoOXO0MMO [POBECTH
KacaTesbHyIo K mossipe, napamienbiyio ocu C,. Touka kacanus u OyJeT COOTBETCTBOBATH Qlxpum- /ISl KPbUIbEB
COBPEMEHHBIX CaMOJIETOB Qypym = 16-30°.

Yrael araku ¢ OAWHAKOBBIM a3pOJUHAMUYCCKHUM Ka4€CTBOM HaAXOAATCA MNPOBCACHHUEM M3 Haydalla

KOOpJMHAT CeKylleH K mnoysipe. B Toukax mepeceueHus HailneM yrisl ataku (@7 U Q2 IpH MONETe, Ha KOTOPBIX

a’pOIMHAMHUYECKOE KaueCTBO OyIeT OAMHAKOBO U 00s3aT€NbHO MEHBIIE Ky, g -

HOJIAPA CAMOJIETA

OnHO# M3 OCHOBHBIX a3pOAMHAMHYECKHX XapaKTEPUCTHUK caMmolieTa SBISCTCS Mojsipa camoisiera. Panee
OBIJIO YCTaHOBJIEHO, YTO KO3()(GHUIMEHT MOABEMHON chilbl Kpblla C, paBeH KO3)(QUIHMEHTY MOABEMHON CUIIBI BCETO
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camonieta, a Ko3(duiKeHT T000BOr0 CONMPOTHUBICHHS caMoJjieTa Uil KaxJIoro yrina ataku Oomnbiie C, Kpbuia Ha
BelHUUHY Cygp, T. €.

Cx,, =Cx

IMosToMy nossipy camosieTa MOKHO IOJyYHMTh ITyTeM nprOasiienus Beanunnbl Cy 4, K Cy Kpbla Ha MOJAPE
KpBbLJIa JUI COOTBETCTBYIOLIUX YIJIOB aTtaku. [losgpa camosera OyaeT IpH 3TOM CABUHYTA BIIPABO OT MOJAPHI KpbUIa

a Cx =Cx,, +Cx,,.

camon camon

Ha BenmunHy Cy o, (Puc. 44). OGbIYHO TOMAPY camoJeTa CTPOST, MCMONb3ys JaHHbIE 3aBUcUMocTeld C,=f(Q¥) u

C,=f( ), nomy4IEeHHBIX 3KCIEPUMEHTAIBHO MyTEM IPOJYBOK MOJIETIEH B a9pOJMHAMUYIECKUX TpyOax. YTl aTaku Ha
MOJISIPE CaMoJIeTa MPOCTABIIAIOTCS MyTEM IIEPEHOCA 110 TOPU3OHTAIIM YIJIOB aTaKU, pa3MEUYEHHBIX Ha MOJISIPEe KPbLa.

OmnpeneneHue a’poJMHAMUYECKHUX XapaKTEPUCTHK M XapaKTEpHBIX YITIOB aTakd IO TOJIApe camoJjera
MPOU3BOIUTCS TaK K€, KaK 3TO JENAJIOCh Ha MOJIAPE Kphlia.
Yeon amaxu nyneeoit noovemnoi cunpl O camoneTa NpakTHYECKH HE OTIMYAETCS OT yIJla aTaKH HyJIEBOH

MOJbEMHOM CHIIBI Kpblia. Tak Kak Ha yriie g NOABEMHAsl CUJIa PaBHA HYJIO, TO HA 3TOM YIJIE aTaKd BO3MOXKHO
TOJILKO BEPTHUKAIEHOE JBIKCHUE CaMOJICTa BHU3, HA3bIBAEMOE OTBECHBIM MTUKUPOBAHKUEM, MIIH BEPTUKAIBEHAS TOpKa
o yriaom 90°.

Cy

NOAGAPA KPbIAA RIOAAPA CAMOAETA

Puc. 44 Ilonapot Kpvina u camonema

Puc. 45 Ilonapel camonema c 6bInYU{EHHbIMU 3AKPBLIKAMU

Yron ataku, mpU KOTOPOM KOI(QQHIKMEHT JTO0OOBOTO COMPOTUBICHUS HMEET MHUHHMAIBHYIO BEIUYHHY
( e suan ) HaxoJuTCs MpoBeAeHUEM MapaiensHo ocu C, KacaTenbHOI k moispe. IIpu monere Ha 9ToM yrie aTaku
OyIyT HaMMEHBIIIKE MTOTEPH HA COMPOTUBIICHUE. Ha 3TOoM yrie ataku (Wi OJIM3KOM K HEMY) COBEPIIIACTCSI TIOJIET C
MaKCUMaJIbHOW CKOPOCTBIO.

Hauegvizooneiimuii y2on amaku (Qyqye) COOTBETCTBYET HAMOOJBIIEMY 3HAYEHHIO a3POJHHAMUYECKOTO
KauecTBa camosiera. ['pauyecku 3TOT yroij, Tak ke, KaKk W JUIsl KpbUIa, ONPEAENSETCS IyTeM IPOBEICHHUS
KacaTeJIbHOM K TOJIsIpe W3 Havyaja KoopauHat. M3 rpaduka BUAHO, YTO HAKJIOH KacaTeNbHOW K MOJIIpe camoleTa
0oJIblIIe, YeM KacaTeIbHOM K MOJIsIpe Kpblia. A Tak Kak

Cy 1
L = K =to—

Cx 8o’ (2.22)

TO MOXHO CAcjJIaTb BbIBOJ, 4YTO MAaKCUMAJIbHOC KadCCTBO CaMOJICTa B ILCJIOM BCCrja MCHbIIC
MAaKCUMAJIbHOI'O a3pOANHAMHNYCCKOTO KauCCTBa OTACIBHO B3ATOI'O KpbLIa.

W3 storo xe rpaduka BUAHO, YTO HAWBBITOJHEHIINN yroil aTaku camojera OOIbIIe HaWBHITOJHEHIIETO
yIia aTaky Kpbuia Ha 2 - 3°.
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Cy

Cx

Puc. 46 Ilonapvl camonema 0 paznuunvix uucen M

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

Ha Puc. 44 n300pakeHBI OJSIPHI CAaMOJIETa 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 Cy,ue OPU CPABHUTEIHHO HEOOJNBIIOM YBelMueHHH Kod(p¢uuueHta 1000BOro
CONPOTHUBIIEHHS. DTO IMO3BOJISIET YMEHBIIUTh TOTPEOHYI0 MUHHMAIIBHYIO CKOPOCTH I10JIETa, KOTOPasi MPAKTUUECKH
OIpeJIesIsieT CKOPOCTh OTPBIBA caMoJIeTa MpH B3ieTe. briaronapsi BHITYCKY 3aKpbUIKOB (MJIM HIMTKOB) BO B3JIETHOE
MOJIOXKCHHUE JITTMHA pa30era cokpaiaercs a0 25%.

[Ipu BBHITyCKe 3aKpHLIKOB (MM IIUTKOB) B HocajgodHoe mnojoxkenue (O3 = 45 - 60°) MaKCHMAalbHbIH
K03(h(UIMEHT MOIBEMHON CHIIBI MOXKET Bo3pacTd 10 80%, YTO Pe3KO CHMKAET IMOCAJOYHYI0 CKOPOCTh M JJIHHY
npobera. OnHaKo JT0OOBOE CONMPOTHBICHUE MPH 3TOM BO3pACTAaeT MHTEHCHBHEE, YeM MOJBbEMHAs CHIIA, TIO3TOMY
a’pOJMHAMUYECKOE Ka4yeCTBO 3HAYMTENIbHO yMeHblIaercs. Ho 3To 00CTOATENBCTBO UCIONB3YeTCs Kak
TIOJIOKHUTEIBHBIA IKCIUTYyaTAIMOHHBIA (aKTOp - YBEIMYMBACTCS KPYTH3HA TPACKTOPUH IPHU IUIAHUPOBAHHUH II€PEN
MOCAZKOW M, CIIEZOBAaTENbHO, CAaMOJIET CTAaHOBUTCS MeHee TpeOOoBaTeleH K KadecTBY IIOAXOIOB B CTBOpE
[I0CAI04YHOM MOJIOCHI.

PaHee Hamu ObUTH PacCMOTPEHBI MOJSIPHI KPbLIa M CaMOJIeTa JUis TaKUX CKOpocTeid moiyera (uucen M),
KOT/Ia BIMSHUEM CXKHMAEMOCTH MOXHO ObLIO mpeHeOpeub. OJHAKO MPU JOCTHIKEHUH TAKUX Yucen M, PH KOTOPBIX
C)KMMaeMOCTBIO yXe Henb3si mnpeHebpeus (M > 0,6 - 0,7) xo3(hOUIMEHTH MOIBEMHOM CHIBI M JIOOOBOTO
COIPOTHUBIICHHS] HY)KHO OIPEIENSAThH 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 4Hcinax M oHH
HAYMHAIOT CMEIIAThCsS BIPABO W OJHOBPEMEHHO YBEIWYMBAIOT HakJOH K ocu C, CmemieHue mossip BIpaBo (Ha
6onpmme C,) 00YCIOBIEHO POCTOM KO3 QHIeHTa TPOPHUIHLHOTO COTPOTUBIICHUS 32 CUET BIHSIHUASA C)KUMAeMOCTH
BO3/yXa, a MpH AaibHeWeM ypenmdeHnn yucia (M > 0,75 - 0,8) 3a cyeT MOSBICHHUS BOTHOBOTO CONPOTHUBICHHUS
(Puc. 46).

VBennueHne HaKIOHA oJisAp 00BsICHSIETCS poCcTOM KOB(I)(l)I/IIII/IeHTa UHAYKTHUBHOT'O COIPOTHUBJICHUS, TAK KaK

npu OAHOM U TOM K€ YIJIC aTaKu Cxl B HO3BYKOBOM IIOTOKE CKMMACMOI'0O I'a3da YBCJIWYHUTCS MPONOPHHUOHAIBHO

2
Ckp.

vKP ABpOIMHAMHYECKOE KAdeCTBO CaMoOJieTa C MOMEHTAa 3aMETHOTO MpOsBICHUS 3(deKrTa CKUMACMOCTH
HA4YUHACT yMeH])HJaT]:CSI.

MEXAHM3ALUA KPBLJIA

Ha COBPEMCHHBLIX CaMOJI€TaX C NECJIbIO0 MOJYYCHHSA BBICOKUX JICTHO-TAKTUYCCKUX XapaKTCPUCTHUK, B
YaCTHOCTHU AJ1s1 NOCTUXKCHMS OOJIBLINX CKOpOCTeﬂ IoJjieTa, 3HAYUTCIbHO YMCHBIICHBI U IUIOIIAAb Kpblla U €ro
YAJIUHCHUEC. A s3t10 OTpHULATCIBHO CKA3bIBACTCA HA aOpOANMHAMUYCCKOM 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 CKOPOCTBIO HEOOXOIMMO,
4yTOOBI MOABEMHAA CHIIa OblIa paBHa Becy camosnera - ¥ = G. Ho tak kak

2
Y:Cyp’z’ .S,

TO U

2
G=c s
(224)

U3 dpopmyier (2.24) criemyer, 4To i yASPKAHUS CaMOJICTa B BO3JyXe Ha HAUMEHBIICH CKOPOCTH (IpU
rocajike, HapHMep) Hy’KHO, 4TOObl K03(pduIHeHT noabeMHoi cuibl C, Obin HanbonpmuM. OnHako C, MOXKHO

YBEJIMUMBATH ITyTEM YBEJIMYEHHS yIJa aTakh TOJBKO JO Olgpym. YBEIHMUEHHE YIJa aTaky 06OJIblIe KPUTHYECKOTO
NPUBOJUT K CPHIBY IIOTOKAa Ha BEPXHEH NOBEPXHOCTH KpbUIA U K PE3KOMY yMeHblIeHUIO Cj, 4TO HEJOIyCTHMO.
CrieioBaTenbHo, Ui O0ECIEUYEHHsT PABEHCTBA MOALEMHOM CHJIBI M Beca CaMojieTa HEOOXOIAMMO YBEIUYUTH
cKopocCTh mosieTa U,

Bcenencreue YKa3aHHBIX MPUYNH MMOCATAOYHBIE CKOPOCTH COBPEMEHHBIX CaAMOJIETOB JOBOJIBHO BEJIUKH. 910
CWJIBHO YCJIOXKHACT B3JICT U IMOCAAKY U YBEIIMINUBACT MJINHY np06era caMmoJiera.

C menplo yinydnieHHus B3JIETHO-TIOCA/I0YHBIX XapaKTEPHCTHK M olecrieueHHs: 0€30MacHOCTH Ha B3JIeTe U
0COOEHHO MOCaIKE HEOOXOIMMO MOCaT0YHYIO CKOPOCTh 10 BO3MOKHOCTH YMEHBIIHTB. [ 3TOro Hy»HO, 4To0s! C),

ObUT BO3MOXKHO Ooubiie. OmHAKO TPOGWIN KpbUTa, UMEIOIUe O007bmoe Cyygaxe OONAAIOT, KaK IIPABUIIO,
OOJIBIIMMH 3HAYECHUSIMU JIOOOBOTO CONPOTUBIEHUST CXyypy, TaK KaK Y HUX OOJIBIINE OTHOCHTENILHBIE TOJIIMHA M

kpuBn3Ha. A yBenmueHHE CX.pyy, NPEMATCTBYET YBEIWYEHHIO MAKCHMAJIBHOH CKOPOCTH moiera. M3rotoBuTh
npoduiIb KpbuUla, YIOBJIETBOPSIOMIMN OJHOBPEMEHHO ABYM TPEOOBAHUSIM: MOIYUYSHHIO OOJBIIMX MaKCHMalbHBIX
CKOpPOCTEH M MaJIBIX MOCAIOYHBIX - MPAKTHYECKH HEBO3MOKHO.

[TosToMy mpu HpOEKTHPOBAaHMH HPOQIIICH KpbLIa camoleTa CTPEMATCS B IEPBYIO odepenb O0O0EeCIeYHTh
MaKCHUMAaJIbHYI0 CKOPOCTh, a JUII yMEHBIIEHUS II0CAJOYHONH CKOPOCTH TNPHMEHSIOT Ha KPBUIBSX CIEHHAbHBIC
YCTpOICTBa, Ha3bIBae€Mble MeXaHU3aluel KpbLia.

IIpyMeHsiT MEXaHU3UPOBAHHOE KPbLUIO, 3HAYMTENBHO YBENMUYMBAIOT BeIMUUHY Cyyaxe, UYTO JaeT
BO3MOXKHOCTh YMEHBIUINTh IIOC3J0YHYIO CKOPOCTh W JJIMHY IpoOera caMojieTa MOocCjie MOCaIKH, YMEHBIIUTh
CKOpOCTh CamoJIleTa B MOMEHT OTphIBa M COKpAaTUTh IJIUHY pa3bera mpu B3nere. IIpuMeHeHne MmexaHHW3alUu
ylIydlIaeT yCTOHYMBOCTh M YNPaBISIEMOCTh CaMojeTa Ha OOJNbIIMX Yriax arakd. Kpome Toro, ymeHbleHHE
CKOPOCTH TIpH OTpHIBE Ha B3JIeT€ M NPHU I0C3AKE YBEINYMBACT OE30MaCHOCTh MX BBHINOJHEHUS W COKpaIlaeT
pacxobl Ha CTPOUTENBCTBO B3JI€THO-IIOCAA0UHBIX MOJIOC.

Utak, mMexaHuzalusi KpbUla CIYKUT JJIsl YJIYYIICHHs B3JIETHO-TIOCAJOUYHBIX XapaKTEPUCTHK camoJjeTa
MyTeM YBEJINYEHHS MaKCUMaJIbHOTO 3HaueHus1 KodduireHTa noabeMHuou cuibl Kpbuia Cy yaxe-

CyTh MexaHM3allUd KpbUIa COCTOMT B TOM, 4YTO C IIOMOIIBIO CHELUUaJbHBIX HPUCIIOCOOJICHUH
YBEJIMYMBACTCS KPUBHM3HA NMPOQHis (B HEKOTOPBIX CIydasX M IUIOIIAJAb KpbUIA), BCIEIACTBUE HYEro M3MEHSETCS
KapTuHa o0TekaHus. B pesynbrare nomyyaercsi yBeJIMueHHE MaKCUMaJIbHOTO 3HaYeHHs KO QUIIEHTa 10 JbEMHOM
CUJIBL.

O1H npucnocoOneHns], Kak MpPaBUIIO, BBIIOJIHSIOTCSA YIpPaB/IsEMbIMH B ITIOJETe: NPU IIOJEeTe HAa MaJbIX
yrinax araku (mpu OOJIBIIMX CKOPOCTSIX MOJIETa) OHM HE MCIOJIB3YIOTCS, a NMPUMEHSIOTCS JIMIIb Ha B3JieTe, Ha
nocajike, Korja yBeJIM4eHUe yIia aTaki He 00ecTIeYnBaEeT MOTyUYeHHs Hy)KHOW BEIMYMHBI [TOTbEMHOM CHIIBL.

CyH.IeCTByIOT CJIEAYIOIINE BUABI MEXaHU3AUN KPBUIA. U4UMKU, 3AKPbLLIKU, npeoprlm(u, OMKJIOHAEMblE
HOCKU Kpblila, ynpaesjieHue noOCpanudiHbimM Cji10em, peaKmueHble 3aKPblIKU.

lllumox IpeaAcTaBIACT coboit OTKJIOHAIOMIYIOCSL TMOBEPXHOCTbL, KOTOpasi B y6paHHOM IIOJIOKCHHU U
IMPUMBIKACT K HH)!(HCﬁ, 3aﬂHeI71 MOBEPXHOCTU Kpblia. H_[I/ITOK SABJACTCS OAHHUM M3 CaMbIX MPOCTBIX U HanOosee

pactpoCTpaHeHHBIX CpeAcTB HOBBIMEHUS Cyyaxkc.

Veenuuenne Cyyage PU OTKIOHEHHH HIMTKA OOBSICHSETCS U3MEHeHHeM GopMbl poduiist Kpbuia, KOTOPOE
MOYKHO YCJIOBHO CBECTH K YBEJIHMUEHHUIO 3(D(HEKTUBHOIO YIJIa aTaku U BOTHYTOCTH (KPUBU3HBI) POQuUIIs.

[Ipn oTkIOHEHMM mIUTKAa 00OpasyeTcss BHXpEBas 30HA IIOJCACBIBAHMS MEXKIY KpPbUIOM M IIUTKOM.
IToHmxeHHOE NaBIEHUE B 3TOM 30HE PACIPOCTPAHIETCS YaCTUYHO HAa BEPXHIOKIO MOBEPXHOCTh HMpodwist y 3amHei
KPOMKH M BBI3bIBAET OTCOC IOTPAHHYHOTO CJIOS C IIOBEPXHOCTH, JIEXKAIIEH BBIIIE MO TEYCHHUIO. 3a CUeT
OTCACBIBAIOIIETO JEHCTBYS IIUTKA IPEIOTBPAILACTCS CPBIB OTOKA HAa OONBIINX yIJIaX aTaKH, CKOPOCTh IOTOKA Hal
KPBLIIOM BO3pacTaeT, a AaBlieHHe yMeHbIaeTcs. KpoMe Toro, OTKIOHEHHE IUTKA MOBBIIIAET AaBJICHHUE O] KPhLUIOM

3a cueT yBenn4eHHs 3PPEKTUBHON KPUBU3HBI IIPODUIIS f b 1 5GYEKTUBHOTO YIia aTaku g
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Bnaronmaps 3ToMy BBITyCK IIMTKOB YBEIHYHBAET PAa3HOCTH OTHOCHUTEIBHBIX AABJICHUN HAJ KPBUIOM U IO
KPBUIOM, a ClIe0BaTeNbHO, U K03 duimeHT noasemMuou cuisl Cy.

Ha Puc. 50 nokasan rpadpuk 3aBucumMoct Cy, OT yIjia aTakH JUlsl Kpblla ¢ PasIM4HbIM I10JI0KEHHEM LINTKA:
y6panHoe, B3eTHoe Oy, = 15°, nocagounoe O,, = 40°.

Ilpu otknonenun muTKa Besa kpusas Cyy, = f(Q) cMemaercs BBEPX IOYTH SKBUAUCTAHTHO KpHBOH Cy = f

(©) 0ocHOBHOTO TIPOQHIIS.

U3 rpaduka BHIHO, 4TO MpPH OTKIOHEHHH IIMTKA B TOcafo4Hoe monoxkenue (Oy = 40°) npupamenue Cy
coctasisieT 50-60%, a KpuTHYECKUI Yol aTaku IPH 3TOM yMeHbIIaercst Ha 1-3°.

Jdnst yBenuuenus: 3pPEeKTHBHOCTH IIMTKAa KOHCTPYKTHBHO €O BBIIOJIHSIOT TaKMM OOpa3oM, YTO IpH
OTKJIOHEHUM OH OJHOBPEMEHHO CMEIIAaeTcsl Has3ad, K 3aJHell KpoMKe Kpblia. TeM caMblM YBEIHYHBAIOTCA
3¢ PEKTUBHOCTH OTCOCA OTPAHUYHOTO CJIOS C BEPXHEH IMOBEPXHOCTH KPbIIa ¥ IMTPOTSHKEHHOCTH 30HBI OBBIIEHHOTO
JIaBJICHMS 110J] KPBUIOM.

[Tpu OTKIIOHEHHH IUTKA OJJHOBPEMEHHO C yBeJIHMYeHUEM KO03((HUIMEHTA TOIbEMHOM CHIIbI yBEIHMYUBACTCS
1 K03 PUIHeHT T000BOTO CONPOTUBIICHHS, A9POJTHAMUYECKOE Ka4e€CTBO KPbUIa IIPH ITOM YMEHBIIAETCS.

3akpuinox. 3aKpBUIOK TPECTABISET cO0OW OTKIOHSAIOUIYIOCS YacTh 3aIHEH KPOMKH KpbUia OO
HOBEPXHOCTb, BBIJBHIAeMYIO (C OJHOBPEMEHHBIM OTKJIOHEHHEM BHHU3) Ha3aJ U3-10A Kpbuta. Ilo KOHCTpyKuuu
3aKPBUIKH JCIIATCS Ha npocmule (Heujenegule), 00HOue1esble U MHOZOWeesble.

R

Puc. 47 IIpogpuns Kpvina co uyumrkom, CMeuiaouumca Hazao

Puc. 48 3axpuvinku: a - newienesoit; o - wyenesoil

Heuwjenesoit 3akpoLiok yBenuauBaeT Kod(QOHUIMEHT noxbeMHON cribl Cy 3a CUET YBENMYECHUS KPHBH3HBI
npo¢wnst. Ilpy Hamuuuu MexXIy HOCKOM 3aKpbUIKA M KPBUIOM CIIELHAJbHO CHPOQHIMPOBAHHON IIETH
3 }EeKTUBHOCTh 3aKpbUIKA YBEIMYMBAETCSA, TaK KaK BO3AYX, HPOXOILIMH C OOJIBIIOH CKOPOCTBIO uepes
CYXaIOUIyIOCs 1IeJIb, MPENSITCTBYET HAaOYyXaHWIO U CPBIBY IOTPaHUYHOrO ciios. Jlisi naybHEWIIero yBelndeHHs
3¢ PEKTUBHOCTH 3aKPBUIKOB MHOT/Ia IPUMEHSIOT IBYXILENIEBbIE 3aKPBIIKH, KOTOPBIE Jal0T NPUPOCT K03 PHULneHTa
noxsemHoi cunbl Cy, mpoduns 1o 80%.

VYeenuuenne Cyyaxe KpbUIa IMPU BBITYCKE 3aKPBUIKOB MJIM LIMTKOB 3aBHCHT OT psina (akTOpoB: HX
OTHOCHUTENIBHBIX pPa3MepOB, yIia OTKJIOHEHHUS, YIJa CTPEIOBUAHOCTU Kpblna. Ha CTperoBUAHBIX KpBUIbSIX
3¢ PEKTUBHOCTD MEXaHW3AIMH, KaK IIPAaBUJIO, MEHBINE, YEM Y NPSAMBIX KpbUibeB. OTKIOHEHNE 3aKpPBUIKOB, TaK K€
KaK U IIUTKOB, COIIPOBOX/IAETCS HE TOJBKO TOBbIIeHHeM C,, HO B enie Oonbliel crenend npupoctom Cy, T03TOMY
a’pOJIMHAMHUYECKOE Ka4€CTBO IPU BBIMTYIEHHON MEXaHU3AllMA YMEHBILAETCS.

KpI/ITl/I'-IeCKI/Iﬁ YroJl aTaki IpU BBITYHICHHBIX 3aKPbUIKAX HE3HAYUTCIBHO YMCEHBLIIACTCA, YTO IMO3BOJIACT
nosy4uTh Cyyae TPU MEHBIIEM TIOBbEME HOCa camonera (Puc. 51).
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Puc. 49 Ilpoghune Kkpwvina c wygumrom

Puc. 50 Brusanue evinycka wyumkoe na kpusyro Cy=f(Q,)
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Puc. 51 ITonsapa camonema ¢ yopanHvimu U 6bINYULEHHBIMU WHMKAMU

[IpenkpruIoK IpeAcTaBIseT co00i HeOOIbIIOe KPBUIBIIIKO, Haxoasmeecs Buepean kpouta (Puc. 52).
[Ipenxpbuiku ObIBaIOT PUKCUPOBAHHBIE U aBTOMATHUECKHE.

OuKCUPOBaHHBIE TIPEIKPBUIKM Ha CIEHHMANbHBIX CTOWKAX IOCTOSHHO 3aKpelUIeHbl Ha HEKOTOPOM
yIAJIEHUH OT HOCKa MpOQust Kpblia. ABTOMAaTHYECKUE MPEIKPHUIKH MPU MOJIETe HA MaJbIX YIjlax aTakd IUIOTHO
MPHWXKAThl K KPBUTY BO3JYIIHBIM MOTOKOM. [IpH moseTe Ha OOJIBIIKMX yIiiaX aTaku MPOUCXOIUT U3MCHEHUE KapTHHBI
pacrpeneNieHus] TaBJICHUs MO0 MPOQHI0, B Pe3yibTaTe 4Yero NPEAKPhUIOK Kak Obl oTcackiBaercs. IIpoucxomut
aBTOMAaTHYECKOE BhIIBIKEHHUE Mpenkpbuika (Puc. 53).

[Ipr BBIABHMHYTOM MpPEIKPBUIKE MEXIY KPBUIOM M IPEAKPBUIKOM 00pa3yeTcsi CyKHMBAIOILAsICA IIEIb.
YBETUUUBAIOTCSI CKOPOCTh BO3(yXd, NPOXOAALIECTO Yepe3 3Ty ILeNb, U ero KuHernueckas sHeprus. Lllens mexnmy
IPEIKPBUIKOM U KPBUIOM CIIPO(HIMPOBaHA TAaKUM 00pa3oM, YTO BO3AYLIHBII ITOTOK, BBIXOI M3 IIEJH, C OOJIBIION
CKOpPOCTBIO HAIpAaBIISIeTCsl BAONb BEPXHEH MOBEPXHOCTH Kphlia. BeiencTBre 3TOro CKOpocTh MOTPAHUYHOTO CIOS
YBEJIMYMBAETCS, OH CTAHOBHUTCS 0O0Jie€ YCTOMYMBBIM Ha OOJIBIIMX YIJIaX aTakd U OTPHIB €0 OTOJBHUraeTcsi Ha
Oousbine yriel araku. Kputudeckuit yroi araku npoguiis Ipy 5TOM 3HauMTeNbHO yBennunBaercs (Ha 10°-15°), a

Cymaxc yBenmuuBaetcs B cpenaeM Ha 50% (Puc. 54).

OOBIYHO NMPEIKPBIIKY yCTAaHABIMBAIOTCS HE 110 BCEMY pa3Maxy, a TOJIBKO Ha €ro KOHIIAaX. JTO 00BsICHsAETCS
TEM, 4TO, KPOME YBEJIMUEHHsI KO3 PHIMECHTA MTOIbEMHOI CHIIBI, YBEIUUUBAETCS 3(PPEKTUBHOCTD HJIEPOHOB, & 3TO
yJlydlIaeT NONEPEeYHy0 YCTOMYMBOCTD U YIPABIIEMOCTh. Y CTAHOBKA NIPEIKPBUIKA 110 BCEMY pa3Maxy 3HAUUTEIbHO
yBennumiIa Obl KpUTHYECKUH yTOJI aTaKH KPbUIa B LIEJIOM, H JUIS €r0 peaan3aliy Ha OCaKe IPHILIOCH ObI CTOWKH
OCHOBHBIX HOT IIACCH /IENaTh OUYCHb BBICOKUMH.
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Puc. 52 IIpedkpuinok

Puc. 53 IlIpunyun deiicmeus agmomamuyieckozo npeoKpuliKa: a - majisle y2ivl Amaxku; 6 — 60avuiue y2ivl
amaxu

Dukcuposantvle RPEOKPLLIKY YCTAHABIMBAIOTCS, KAK MPABUIIO, HA HECKOPOCTHBIX CaMOJIETaX, TaK Kak
TaKHe MPEJKPbUIKH 3HAYUTENILHO YBEINYUBAIOT JIOOOBOE COIPOTUBIICHHE, YTO SIBJSIETCS TIOMEXOit JUIs TOCTHKESHUSI
OOJBIIMX CKOPOCTEH ToJIeTa.

Omknonaemutii Hocok (Puc. 55) mpumeHsieTcss Ha KpbUIBSIX C TOHKMM NPOQMIEM W OCTPOH INepemHeit
KPOMKOM JUIsl TPEAOTBPAILCHHS CPBIBA IIOTOKA 32 NEPEeAHEe KPOMKOM Ha OONBIIMX YIiIax aTakH.

H3meHsisi yros HakiIOHa TIOABM)KHOIO HOCKA, MOXKHO JUId JIIOOOTr0 yriia araku MNoio0parh Takoe
NOJIOKEHHe, Korja oOrekaHue npoduis Oyler Oe30TPBIBHBIM. JTO IMO3BOJNUT YJIYYLIMTh a3pOAMHAMUYECKHE
XapaKTEePUCTUKU TOHKMX KpBUIbEB Ha OOJNBLIMX YIJIaX aTakh. ASPOJMHAMHYECKOE KauecTBO HPH 3TOM MOXKET
BO3PACTaTh.

Hckpupnenue npoduiisi OTKIOHCHHEM HOCKa MOBBIIIACT Cyyaxe KpbUla 0€3 CYHIECTBEHHOTO H3MCHEHUS
KPUTHYECKOIO YIJia aTaKu.

Cy

[~ T ek T
BblABMHvT\/’

~
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Puc. 54 Kpueaa Cy =f (@) ona Kpvina c npeoKpuvlikamu

Puc. 55 Omknonsemulii HOCOK Kpblia

Ynpaenenue nozpanuunvim cnoem (Puc. 56) sBiusercs omaHuUM U3 Haubosee 3(PQGEKTHUBHBIX BHUIOB
MeXaHU3allMi KPbUIA U CBOAMTCS K TOMY, YTO MOTPAaHUYHBIA CIIOW JIMOO OTCAchHIBACTCS BHYTPh KpbLIA, JHOO
CIyBaeTCs C €r0 BEPXHEH MOBEPXHOCTH.

11 oTcoca MOTPaHWYHOTO CJIOA WM ISl €r0 CIyBaHUS IMPUMEHSIOT CHEHUAIbHBIE BEHTWIATOPHI JTHOO
MCIOJIE3YIOT KOMITPECCOPHI CAMOJIETHBIX ra30TYPOUHHBIX ABUTATEICH.

OrtcacpIBaHUE 3aTOPMOKEHHBIX YaCTHI] M3 IIOTPAaHUYHOTO CJIOS BHYTPh KPbUIa YMEHBILIAET TOJIIHHY CJIOS,
YBEIIMYMBAET €r0 CKOPOCTh BOJU3M IMOBEPXHOCTH KpbUIA U CIIOCOOCTBYET OE30TPHIBHOMY OOTEKAHHIO BEpXHEH
HOBEPXHOCTH KpbIa Ha GOJBIINX YIJIaxX aTaku.

CZ[yBaHI/IC NOrpaHUYHOIO CJIOSA YBCIMYUBACT CKOPOCTH ABUIKCHHA YAaCTUIl BO3JyXa B INOTPAHUYHOM CJIOC,
TEM CaMbIM NPEAOTBPALIACT CPBIB IIOTOKA.

praBﬂeHI/Ie IMOTPaHUYHBIM CJIOEM JACT XOPOIIUC PE3YJIbTATHI B COYCTAHUN C HIUTKAMU WJIN 3aKPbIJIKaMH.
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Puc. 56 Ynpaenenue nozpanuunovim cioem

Puc. 57 PeakmugHulii 3aKpvliioK

Peaxkmuenutii 3axkpoliok (Puc. 57) npeacrasisieT CTPYIO ra30B, BRITEKAIOIIYIO ¢ OOJIBIION CKOPOCTHIO O
HEKOTOPHIM YTJIOM BHH3 U3 CIICIUAIBLHON IIEIH, PACIIONOKCHHON BOM3M 3aIHEeH KPOMKHU Kpbula. [Ipu 3ToM cTpys
ra3a BO3JICHCTBYET Ha MOTOK, OOTEKAIOUIMA KPBUIO, MOJOOHO OTKIOHCHHOMY 3aKpBUIKY, BCIIEICTBHE YEro Iepes
PCaKTHBHBIM 3aKPBUTKOM (TIOJ KPBLJIOM) JaBIICHHE MOBHIMIACTCS, a 033U €r0 TOHWKACTCS, BBI3BIBAS YBEIMICHUC
CKOpPOCTH IBIDKSHHS ITOTOKA HaJ KpeIoM. Kpome Toro oOpasyercs peaktuBHas cuia P, co3gaBaemas BEITEKaIOMIen
CTpy€EN.

D¢ heKTHBHOCTD AEHCTBUS PEAKTUBHOTO 3aKPBUIKA 3aBHCUT OT YIJIa aTaKH KPbLIa, yIila BEIXOAA CTPYH 0 u
BeJINYMHBI cuibl TArH P. VIX MCTONB3YyIOT AJIS1 TOHKHX, CTPEJIOBUAHBIX KPBUIBEB MAJOrO YAJIHHEHHE PeakTUBHBIN

3aKPBUTOK ITO3BOJISET YBEMUIUTH KOA(PPUIHEHT MOABEMHOMN CHITBI Cy e 6 5-10 pas.
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I[HSI CO3JaHuA CTPYH HUCIIOJIB3YIOTCA I'a3bl, BRIXOAAIINE U3 Typ60peaKTI/IBHOFO JABUTATECIIA.

IHNEPEMEHNIEHUE HEHTPA JTABJIEHUSA KPBIJIA U CAMOJIETA

IlenTpomM naB/IeHHSI KPbLIA HA3bIBACTCA TOUKA MEPECEUCHMs] PAaBHOJECHCTBYIOLIEH a’pOoAMHAMUYECKUX
CHJI C XOpJAOH KpbLia.

[Tono>xeHue LEHTpa AaBJIEHHs ONPENEIAETCS €ro KOOPAUHATON Xy - pacCTOsIHUEM OT IepefHed KpOMKHU

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

Hanpasnenue neiicTBus cuisl R onpenenseTcs yrioM 9, 06pazyeMbIM ¢ HalpaBlIeHHEM HEBO3MYILIEHHOTO
Bo3aymHOTO motoka (Puc. 58, a). U3 pucynka BUIHO, 9TO

Y
gp=—= K,
X (2.25)

rae K - asponnHaMHYecKoe KadeCTBO IPOQHIIs.

Puc. 58 lIeHmp oaeneHusn Kpblila U U3IMEHEHUEe €20 NOJI0HCEHUA 6 3a6UCUMOCIU Om y2iia amaKu

[TonoxeHue 1EeHTpa MaBJIeHUs 3aBUCHT OT (opMbl mpodwis u yria ataku. Ha Puc. 58, 6 mokaszaHo, kak
W3MEHSCTCS MOJIOKCHUE IICHTPA JTABJICHHUS B 3aBUCHMOCTH OT yIJia aTaku Juist mpoduiie camoneros Sk 52 u Sk-55,
KpuBas [ -0na camonema Ax-535, kpusas 2-0ns camorema Ax-52.

U3 rpaduka BuaHo, uto mnojoxeHue LJ[ npu M3MEHEeHHMH yriia atakd y CHMMETPUYHOrO mnpoduis
camoriera SIk-55 ocTaeTcs HeM3MEHHBIM M HAXOAMUTCS NPUMEPHO Ha 1/4 pacCTOSHHS OT HOCKa XOP/IBL.

Tabauua 2
Hazpy3ka
Obo3nauenue geca (zpy3a)

ITycroii camoner
Bisnernsiii Bec

JleTunk B mepeqHel KaOuHE
JleTunk B 3agHEeN KaOuHE
Tomnueo B Oakax

Macio B 6akax

Gﬂ

GBZJ’I

Gy

G,

Gr

Gum

[Ipu u3MeHeHNnH yriia aTaku U3MEHSIETCsl Paclpe/iesieHne TaBJIeHHs 0 TPOMUIII0 KPbLia, U TI03TOMY LIEHTP

JIaBJICHUSI TIEPEMEIaeTCsl BIOJIb XOPAbI (711 HECUMMETPUYHOTO mpoduiis camosera SIk-52), kak mokasaHo Ha Puc.
59. Hampumep, mpu OTpUIIATENILHOM YIUIe aTaku camosera Sk 52, mpumepHO paBHOM -1°, cuibl JaBiieHUS B
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HOCOBOI M XBOCTOBOM YacTsx NpoQuiisi HanpaBlieHbl B MPOTHUBOIOIOKHBIE CTOPOHBI M PABHBL. JTOT YroJI aTakH
Ha3bIBAETCS YIJIOM aTaKH HyJIEBOH MOABEMHOMN CHIIBI.

d--4° d=-1° d=0° d=+4° Yy d=+15°
y Y, v Y Y
2 X | un
S N m;
CV/ T—”—”ﬂ ua ~—35 g
Y; Y AT

1

Puc. 59 Ilepemewienue yenmpa oasnenus Kpuvlia camonema Ax-52 npu uzmenenuu yena amaxu

IIpn Heckompko OonbIIeM YIie aTakd CWIBI JaBJICHUS, HaIpaBlICHHBIE BBEpPX, OOJBIIE CHIIBI,
HaNpaBICHHOW BHM3, WX paBHOHEHCTByIomas Y Oyzmer nexarh 3a Oomipmeil cmmoit (II), T. e. meHTp nmaBieHus
OKa)KETCS PpacHOJIOKEHHBIM B XBOCTOBOM uact mnpoduisa. [Ipum nanpHelineM yBeNWYEHHWH Yyrjla aTaku
MECTOHAXO0X/ICHHE MaKCHUMaJIbHON Pa3HOCTH JaBJICHHUH MEpeABUraeTcs Bce ONMmKe K HOCOBOM KPOMKE KphbIia, UTo,
€CTECTBEHHO, BhI3bIBaeT nepemenienue Ll mo xopae k nepenneit kpomke kpouia (111, IV).

Haub6onee nepennee nonoxenne LI npu kputnaeckom yrie ataku Okp=18° (V).
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CIJIOBASA YCTAHOBKA CAMOJIETA

HA3HAYEHUE CHJIOBOM YCTAHOBKH M OBIIIUE CBEJEHUSA O BO3JYIIHBIX BUHTAX

Cunoeasn ycmaHnoéKa npe()mnuatteua U1 CO3OaHUA CHIIbI TATH, HeO6XOZ[I/IMOﬁ A TIPEOAOJICHUA
71000BOTO COIIPOTUBJICHUA U obecrneyeHus MOCTYNATCJIbHOI'0 ABUKCHHNA CaMOJICTA.

Cmia TATH CO3[aeTCs YCTAaHOBKOW, COCTOSIICH W3 ABHUTATEN, NBIKHUTENS (BHHTA, HAIIPHUMEP) U CHUCTEM,
o0ecrieuynBarOINX padoTy IBUTATEIFHON YCTAHOBKY (TOTUTMBHAS CHCTEMA, CHCTEMa CMa3KH, OXJIXKACHUS H T.1I.).

B Hacrosdmee Bpemss B TpPaHCIOPTHOM M BOEGHHOW aBHAIMM LIMPOKOE PACHPOCTPAHEHHUE IMOIYyUUIH
TypOOpeakTUBHbIE M TYpOOBHHTOBBIE JBHUTaTeNH. B CIIOPTHBHOM, CENBCKOXO3SIHCTBEHHOM M  pa3IMuHOTO
Ha3HAU€HMs] BCIOMOTraTeIbHON aBHAMM [OKA €Ile NPUMEHSIOTCS CUJIOBBIE YCTAaHOBKH C IOPIIHEBBIMU
ABHALMOHHBIMH JIBUTATEISIMU BHYTPEHHETO CTOPAHUSL.

Ha camonerax Sx-52 u SIk-55 cuioBas ycTaHOBKAa COCTOMT W3 MopIiuHeBoro asurarens M-14I1 u
BO3AYIIHOTO BHHTa m3MeHsemoro mrara BS530TA-JI35. [Isurarems M-14I1 mpeoOpasyer TEIIOBYIO SHEPTHUIO
CrOpAIOLIETO TOIUIMBA B S3HEPTUIO BPAIEHUS BO3IyLIHOIO BUHTA.

Bo3oywinbtit éunm - TOTIaCTHBIM arperaT, BpamlaeMblii BaJlOM ABHTATeNsl, CO3JAIOMIMN TATY B BO3MAYyXE,
HEeo0XO0MMYI0 JUIsl IBI)KEHUS CaMoJIeTa.

PaGora BO3OYIIHOTO BUHTA OCHOBAaHAa Ha TEX K€ MPUHIMIIAX, YTO U KPBIJIO CaMOJIETA.

KIIACCU®UKALIMS BO3AYIIHBIX BUHTOB
BuHTHI K1accuUIIPYIOTCS:
no yucay ronacmell - 08yx-, mpex-, uemwipex- u MHO20JI0NAcCmHuble;
1O Mamepuany u32omosieHus: - Oepesanuvle, MeMmaiIuiecKue;

no HanpaejieHuio epawjeHusl (CMOﬂ’lpemb u3 Kabumvl camonema no Hanpaesienuro nozzema) - Jlesoco U
npaeoco epaujeHus;

HO PACNONONCEHUIO OMHOCUMENLHO 08USAMESL - MAHYUjUe, MOIKAIOWUe;
no gopme nonacmeii - 0bviuHbIe, CabIEBUOHBLE, TONAMOODPA3HbLE;
nO MUNAM - UKCUPOBAHHDBIE, HEUSMEHAEMO20 U USMEHAEMO20 Ua2d.

Bo3aymHbIii BUHT COCTOMT W3 CTYIHUIIBI, JIOIIACTEH M YKPEIULICTCS HAa BaJly JBUTATENS C IMOMOIIBIO
cnennanbHOM BTynku (Puc. 60).

Bunm neusmensaemozo wiaza UMeeT JIONIACTH, KOTOPbIE HE MOTYT BpaIaThCs BOKPYT CBOUX oceid. Jlomactn
CO CTYIHIICH BBIMOJHEHBI KaK €IUHOE IIENIOE.

Bunm t])uxcuposalmozo wiaza NMECT JIOMMACTH, KOTOPBIC YCTAHABIIMBAIOTCS Ha 3€MJIC TIEPEA ITOJIETOM IO
JIFOOBIM YIJIOM K IUIOCKOCTH BpaIlll€HUS 1 d)I/IKCI/IpyI-OTCH. B nonere yroJj YCTaHOBKH HE MEHSICTCHL.

Bunum usmensnemozo waza wnmeer JIOMacTH, KOTOPBIE BO BpEMA pa6OTLI MOTYT TpHU ITOMOIIHA
THAPABIMYECKOTO WM DBJICKTPUYECCKOI'O YHPAaBJICHHUSA WIHW aBTOMAaTHYCCKHU BpallaTbCsd BOKPYTI CBOUX ocel u
YCTaHaBJIMBATHCA MO HYKHBIM YTJIOM K INDIOCKOCTH BpPAaIICHUA.

Puc. 60 Bo3oywinulii 08yxn0onacmuulil GUHM HEUZMEHAEMO20 Wiaza

0

Puc. 61 Bozoywinwtii eunm B530TA /135

Ilo JAraIa3oHy yrioB YCTaHOBKHU JIomacTei BO3AYIIHBIE BUHTBI IOAPA3ACIISAIOTCA:
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Ha O0ObluHble, Y KOMOPLIX Y201 YCMAHOBKU uzmeHsemcsas om 13 0o 50° onu ycmauaeiusaromcs Ha
JIE2KOMOMOPHbIX CAMOLETNAX,

Ha ¢rrozepuvle - yeon ycmarnogku mensemces om 0 0o 90°;

HA MOPMO3HbIE UNU PeBepCHble GUHMbL, UMEIOM UMeHAeMblll Yeon ycmanosku om -15 0o +90°, maxum
BUHIMOM CO30QI0M OMPUYAMETbHYIO MA2Y U COKPAWarom OIuny npobeaa camoiema.

K BO31ylIHBIM BUHTaM NPEABSIBISIIOTCS CIEAYIOIINE TPEOOBAHUS:

BUHIN Q0JI)ICEH ObIMb NPOYHBIM U MATO BECUMb,

0oad1cel 061a0amv 8eCcoBoll, 2eOMempuieckKou U aspoOUHAMUYECKOU CUMMempuel,
00JIJICeH PA3BUBANTL HEOOXOOUMYIO MS2Y NPU PA3TUYHBIX IE0TIOYUSLX 6 Nodeme;
doaicen pabomams ¢ HAUOOALUUUM KOIPDUYUESHMOM NOAE3HO20 OCUCMEUSL.

Ha camonerax Sk-52 um fk-55 ycTaHOBIEH OOBIYHBIA BecIO00PAa3HBIN AEPEBSHHBIA JBYXJIOMACTHBIN
TSHYIINA BUHT JICBOTO BPAIIEHHUS, U3MEHAEMOT0 IIara ¢ rupaBindeckuM ynpasieaneM B530TA-/135 (Puc. 61).

TFEOMETPUYECKUE XAPAKTEPUCTUKHU BUHTA

Jlomactu IIpyU BpalI€HUN CO3HAI0T TAKHUE K€ a’pOAUHAMHUYECCKHE CHIIBI, YTO W KPBUIO. reOMeTpPI‘IeCKI/IC
XapaKTCPUCTHUKU BUHTA BJIUAIOT HA €T0 a3POANHAMUKY.

PaCCMOTpl/IM r€OMETPUUCCKUEC XapaKTCPUCTUKN BUHTA.

@opma nonacmu 6 niane - HaNOOJIEE PaCIIPOCTPaHEHHAS CUMMETPUYHASA U CA0IEBUIHAS.
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Puc. 63 Juamemp, paouyc, ceomempuuecKkuii uiaz 6030yuiH0o20 6UHMA
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Puc. 64 Pazeepmka 6unmoeoii 1unHuu

CedeHnsi pabodell 9acTH JIONMACTH MMEIOT KpBUIbeBhIe Tpodru. [Ipodums somactin xapakTepu3yercs
XOpAOW, OTHOCUTEIBLHON TOJIIMHON U OTHOCUTENBHON KPUBU3HOM.

,21.]'[51 OoJIbIIEH MMPOYHOCTU NPUMCHAIOT JIOMACTHU C nepeMeHHoﬂ TOJIIIIUHOM - TIOCTEIEHHBIM YTOJIIEHUEM K
KOPHIO. XOpZ[I)I CEUCHHI JIe)KAT HE B OI[HOI71 IIOCKOCTH, TaK KaK JIOIIACTh BBIIIOJIHCHA 3aprquH0171. P€6p0 JionacCTu,
paccekaromee BO3AYX, Ha3bIBACTCA nepenﬂeﬁ KpOMKOﬁ, a 3agHeC - 33I[H€I7[ KpOMKOfI. HJ'IOCKOCTI),
MNEPHOCHAUKYJIApHAd OCHU BpalllCHUA BUHTA, HA3bIBACTCA INIOCKOCTBIO BPpAllICHHUA BUHTA (PI/IC. 62)

Jluamempom eunma Ha3bIBACTCS UAMETP OKPY)KHOCTH, OIMCHIBAEMOW KOHIIAMH JIONIACTEH NPYU BpaILEHUH
BUHTA. J[MaMeTp COBpeMEHHBIX BUHTOB KoJiebsercs otT 2 a0 5 M. [luametp Bunta BS30TA-/135 pasen 2,4 M.

T'eomempuyeckuii wiaz eunma - 3TO PACCTOSIHUE, KOTOPOE ABHMXKYILIUICS MOCTYNATENbHO BHHT JOJDKEH
MIPOITH 3a OJMH CBOM MOJHBIN 000pOT, €Ciii OBI OH ABHUTAJICS B BO3IyXe Kak B TBepnoi cpeze (Puc. 63).

Yzon ycmanoexku nonacmu éunma (0 - 510 yroy HaKJIOHa CEYEHHsI JIOMACTH K IIIOCKOCTH BPALICHHS BUHTA
(Puc. 64).

[ ompeneneHus, yeMy paBeH IIar BHHTA, MPEACTaBHM, YTO BHHT IBIDKETCS B LWIHHApE, PAIUyC T
KOTOPOTO paBeH PAaCCTOSHHUIO OT IEHTPa BpalleHHs BUHTA 10 Touku b Ha momactu BuHTa. Torma cedeHne BUHTA B
STOW TOYKE OMMIIET Ha IMOBEPXHOCTH IMJIMHAPA BUHTOBYIO JIMHHIO. Pa3BepHEM OTpe30K LMIMHApA, PaBHBIN miary
BuHTa H mo nunuu bB. Tloxy4yutcst npsMoyroibHUK, B KOTOPOM BUHTOBAsI JIMHUS MIPEBpATUIIACh B AMATOHAIH ATOTO

npsiMoyroibHuka IIb. Ora nuaroHans HakjIOHEHa K IUIOCKOCTH BpaiieHust BuHTa bI| nox yrimom @. U3
MIPSIMOYTOJIBHOIO TpeyroibHuka LIBb Haxoaum, yueMy paBeH 1ar BUHTA:

H=2mgp.

[lar BunTa OyzmeT TeMm Ooiblie, yeM OOJbIIE Yrojl yCTAHOBKH JIONACTH (). BUHTBI HOApa3fensoTcs Ha
BUHTBHI C IOCTOSIHHBIM IIaroM BIOJIb JIONIACTH (BCE CEUSHUS MMEIOT OJMHAKOBBIM IIar), NMepeMEHHBIM II1arom
(ceueHMs UMEIOT pa3HbIH 1Iar).

Bozgymmsrit Buatr B530TA-/I35 mmeer mepeMeHHBIH Inar BAONb JIONIACTH, TAaK Kak 3TO BBITOJHO C
a’pOAMHAMUYECKON TOUKH 3peHusl. Bce ceueHus monacTy BUHTAa HAOEraroT Ha BO3YIIHBIN TOTOK MO OJUHAKOBBIM
YTJIOM aTaku.

Ecnu Bce cedeHus JIonacT BUHTA UMEIOT PasHbIM IIar, TO 3a OOIIMI IIar BUHTA CYMTACTCS LIar CEYCHUs,
HaXOJAIIETOCS Ha PacCTOSIHUHM OT IeHTpa Bpamierus, paBHoM 0,75R, rme R-paanyc BuHTa. DTOT mIar HaspIBaeTcs
HOMUHATBHBIM, A Y2071 YCMAHOGKU 9MO20 CeUeHUsl - HOMUHAIbHBIM Y2/10M YCIMAHOGKU.

leomeTpuueckuii mar BHUHTA OTJIMYAETCS OT IIOCTYNIM BHUHTA HA BEJIMYMHY CKOJBKEHHS BHHTA B
BO3IYIIHOH cpene (cM. Puc. 63).

Ilocmyns  6030ywinozo 6unma - 35TO J[I€HCTBUTEIBHOE pACCTOSIHME, HAa KOTOPOE JBMKYIIMHCS
MOCTYNATENbHO BUHT IPOJIBUI'a€TCS B BO3yXe BMECTE C CAaMOJIETOM 3a OJIMH CBOW MOJHBINA 000poT. Eciu ckopocTs
caMoJIeTa BhIpaXKeHa B KM/, a 9UCII0 000POTOB BHHTA B CEKYHAY, TO OCTYIb BUHTa Hy MOXKHO HaliTH 1o opmyIie

n (3.2)
HOCTyHB BHUHTA HECKOJIBKO MEHBIIC TCOMETPHUYCCKOI'O MIiara BUHTA. 9TO O6'I>5ICHHCTCH TEM, 4YTO BHHT KakK

OBbI MPOCKANIB3bIBAET B BO3/AYyXE IPH BPAICHUH BBHJY HH3KOTO 3HAYEHUS IUIOTHOCTH €r0 OTHOCHUTENIBHO TBEPHOI
cpensl.

PazHoCTP MEXIy 3HauUCHHEM TI'€OMETPUYECKOrO Iara M IIOCTYNBIO BO3IYIIHOTO BHHTA HAa3bIBACTCA
CKOJIbIICeHUEeM 6UHIMA W OTIPEIEISieTCs 110 (hopMyIie

S=H-H,. (3.3)
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ASPOJUHAMHUNYECKHUE XAPAKTEPUCTHUKHU BO3AYIIHbBIX BUHTOB

CKOPOCTD IBM)KEHUA U YT'OJ1 ATAKHU DJIEMEHTA JIOITACTH BUHTA

K AIPOAMHAMHUYCCKUM XaAPAKTECPUCTHUKAM BO3AYIIHBIX BUHTOB OTHOCATCSA YT'OJI aTaKHW M Tsra BO3QYIIHOI'O
BHHTA.

Yenom amaku snemenmoe nonacmu eunma O. Ha3bIBACTCS YIOJl MEXKAYy XOPAOW JJIEMEHTa H
HarpasJeHHUEM ero HICTUHHOTO pe3yibTupyromniero asmwkenns W (Puc. 65).
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Puc. 65 Yzon YCMAano6Ku u y2oj1 amaxku aonacmeii: a - Y201 amaku j3jiemMenma jionacmu, 0- CKopocmu
Jjiemenma aonacmu

Kaxnplii 35€eMEHT JIOMacTH COBEPINAET CJIO0XKHOE JBIDKCHHE, COCTOSIIEEe W3 BpPAIIATEIbHOTO H
MOCTYNAaTeNbHOT0. BpammarenbHas CKOpoCTh paBHA

U=2mn_, (.4)

rne H¢ - 000pOTHI IBUTATEIS.

Ilocmynamenvnaa ckopocms-3T0 CKOpPOCTb camoisieta V. UeM panblie 37I€MEHT JIONACTH HAXOAUTCA OT
IIEHTPa BPAILCHUS BO3AYIIHOTO BUHTA, TeM OOJIbIIE BpamarensHast ckopocTs U.

ITpu BpalieHNH BUHTA KXl 3JICMEHT JIONAcTH OYJET CO37aBaTh adpOJINHAMHYCCKHIE CHUJIbI, BEIMYMHA U
HarpaBJeHUE KOTOPBIX 3aBUCAT OT CKOPOCTH JIBH)KEHHMSI caMmoJieTa (CKOPOCTH Haberaroero oToka) u yria aTaku.

PaccmarpuBas Puc. 65, a, HeTpyJHO 3aMETUTh, YTO:
KOTJa BO3IYyILIHBII BUHT BPAIaeTcs, a NOCTyHNaTeabHas CKOPOCTh paBHa HYJO (V=0), TO KaXblil 2IEMEHT
JIOIIACTH BUHTA UMEET YIOJI aTaKH, PaBHBII yIily yCTAHOBKH 3JIEMEHTA JIONACTU

IIPH NMOCTYIATCJIbHOM JABM)XCHUHU BO3AYIITHOTO BUHTA YI'OJI aTaK! 3JIEMEHTA JIONIACTH BUHTA OTJINYACTCS OT
yrjia HaKJIOHa 3JIEMEHTA JIOITaCTH BUHTA (CTaHOBI/ITCﬂ MCHBIIIC ero);

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

pe3yIabTHPYIOLIAas CKOPOCTb BpAIICHUS JJEMEHTa JonacTh BUHTa W paBHa T€OMETPHYECKOM CyMMe
MOCTYTATEeIbHON M BpaIlaTeIbHON CKOPOCTENH U HAXOAMUTCS 110 MPaBHITy MPSIMOYTOJIBHOTO TPEYTOJIbHUKA

W=AV?+U?, (3.5)

yeM OOJIbIIe BpamareiibHas CKOPOCTb, TEM Oouiblie yroJi ataku 3JIEMEHTA JIOMaCTH BO3AYIIHOTO BUHTA. n
HaO60pOT, yeM OoJibIle ToCTynaTejibHasi CKOPOCTh BO3AYIIHOTO BUHTA, TEM MEHBIIE YI'OJI aTaK! 3JIEMEHTA JIOIIACTHU
BO3AYIIHOT'O BUHTA.

B neficTBuTeNnbHOCTH KapTWHA TONyYaeTcs CIOXKHee. Tak Kak BHHT 3acachlBaeT W BpamlaeT BO3AYX,
oTOpacelBaeT €ro Hazaj, coo0mas eMy JOTOJHUTENBHYI0 CKOPOCTH V, KOTOPYIO HAa3bIBAIOT CKOPOCTHIO
nmojcaceiBaHuA. B pesymbraTe MCTHHHas CKopocTh W' OydeT IO BEIHMYMHE M HANPaBICHUIO OTIMYATBCS OT

CKOPOCTH MOJCAChIBAHUS, ECIIM UX CIOXUTH reoMeTpuuecku. Cie0BaTelbHO, U HCTUHHBIA yroj ataku O Gyner
otimyaThes ot yria O (Puc. 65, 6).
AHanu3upyst BbIILIECKa3aHHOE, MOXKHO CJIEJIaTh BBIBOJIBI:

npu nocmynameﬂbiwd cKopocmu V=0 yeon amakxku MAaKCUMANbHBLI U paeen yeuy yYyCmaHo6KU Jonacmu
suHma,

npu yeeiudeHuu nocmynameﬂbﬁoﬁ CKopocmu yecoll amakKu ymeHvuiaemcs u Cmano6Uumcs Menvuie yeia
YCMAaHOBKU,

npu bonvuoll CKopocmu noJjiema )20l amaxku Jaonacmetl Moxcem cmama ompuyameilbHbim,

yem boavue CKOpoCmb 6pawjerus 603()yWH020 euHma, mem bonvute yeojl amaku e2o jonacmu,
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eCcjiu CKopocmb noJiema HeusmeHHa u 060p0mbl osuecamens YMeHbUaromcs, mo yeojl amaxKu yMeHbuaemcs
u mootcem cmamvb ompuyamelbHbiM.

CraenaHHbIe BBIBOABI OOBICHSIOT, KaK U3MEHSCTCS CHIIa TATH BHHTA HEM3MEHSEMOTO IIara Ipyu W3MEHCHUH
CKOpOCTH TIOJIETa U YHCiIa 000POTOB.

Cuna mazu 6unma BO3HUKACT B pe3yibTaTe ASHCTBHSA adpoauHaMuueckoil cunbl AR Ha 3neMeHT TomacTu
BHUHTa TIpH ero BpameHuu (Puc. 66).

PasnmoxuB 3Ty Crmily Ha JBE COCTaBISIOIINE, MTAPAIUICTHHYIO0 OCH BpAIleHHUS W MapaUIeNbHYI0 TUIOCKOCTH
BpamieHus, nony4um cury JIP u cumy conporusienns pamenuto AX sneMenTa nonacTu BUHTA.

CyMMHpYS CHITy TSTH OTAETBHBIX 3JIEMEHTOB JIOMACTH BHUHTA M MPHUJIOKHB €€ K OCH BPAICHHS, TOIyIUM
CUJIy TSI BUHTA P.

Tara BuHTa 3aBUCUT OT guameTpa BuHTa JI, uhcia o6OPOTOB B CEKyHAY N, IUIOTHOCTH BO3oyXa P H
noacuyuThiBaercs 1o ¢opmyie (B kre uian H)

P= apnf,ﬂ“, (3.6)

rae OL - k03(h(GUUMEHT TArH BUHTA, YYUTHIBAIOIIUK (opMy Jonactv B IUiaHe, (GopMmy Ipoduis U yria
aTaKW, OMpeNeNseTcsl dKcrepuMeHTanbHo. KoadduuueHnt Taru Bo3mymHOro BHHTA camoneToB Sk-52 m SIk-55
B530TA-/135 pasen 1,3.

Takum 00pa3oM, criia TATH BUHTA MPSIMO IIPONOPLIHOHATIbHA CBOEMY KO3(h(HIMEHTY, INIOTHOCTH BO3yXa,
KBajpaTy YHciia 000pOTOB BUHTA B CEKYH/y U TMAMETPY BHHTA B YETBEPTOH CTEICHHU.

Tak kak JI0IMacTH BHHTA HMEIOT reOMETPUIYCCKYI0O CHUMMETPHUIO, TO BEJIMYMHBI CHUJI COIIPOTHUBJIICHUA H
yYAaJieHus UX OT OCHU BpalllCHU 6yﬂyT OJIMHAKOBBIC.

Cria COTPOTHBIICHHSI BPAIIEHHUIO OIPEeAeIsieTCs To hopMyIie
2
/4
X,=C, —S§,K
B Xy g
2 (3.7
rae Cx; - ko3 UIMEHT COMpOTHUBIEHHS JONACTH, YUYUTHIBAIOIINKA ee GopMy B IulaHe, (GopMy MpOoQHILs,
YroJl aTak U Ka4ecTBO 00pabOTKHU MOBEPXHOCTH;

W - pe3ynbTHpyIolias CKOpoCTb, M/C;
S - oAk JI0MacTy;

K - KOmM4eCcTBO JIONACTEM.

) @ ——— aR AP - anemenmapras
cuna mseu

AX- anemenmapras
cuna conpomubnenug

AP

aX

/
L~ /

Puc. 66 Aypoounamuyeckue cuibl 6030yutHO20 UHMA
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Puc. 67. Pesxcumul pabomol 6030yuiH020 6UHmMA

Cuna COIIPOTUBJICHHS BPAIICHUIO BUHTA OTHOCUTCIIBHO €ro BpalllCHHA CO34aCT MOMCHT COIIPOTUBJICHUS
BpalICHUIO BUHTA, KOTOpBIfI YPaBHOBCIIUBACTCA KPYTAIIUM MOMCHTOM JABUTATCIIA:

My=Xor, 3.8)
KpyTsiimii MOMEHT, CO371aBaeMblii ABUTATEIIEM, ONpeelsieTcs (B Kre-M) 1o hopmylie
Ne’

M, =7162-=¢,
n 3.9)

rie Ne-3(pQeKTuBHAs MOIHOCTD JABUTATEIs.

PaccMOTpeHHBII peXUM Has3bIBAaCTCSl PEXMMOM IIOJIOKHUTEIIBHOM TATH BHHTA, TaK KakK 3Ta TATa TSIHET
camoret Buepen (Puc. 67, a). [lpu yMeHbIIIEHNN yria aTaky JonacTed yMmeHbmaiotcs cmibl P u X (yMeHbmaercs
TATa BHHTA M TOPMO3SIIHI MOMEHT). MOXXHO MOCTHYh Takoro pexkuma, korma P=0 u X=R. OT0 pexum HymeBoii
Tsru (Puc. 67, 6).

[Ipu manpHEWIIEM YMCHBIICHUM YTJia aTaKW JOCTHTACTCS PEKUM, KOTJa BUHT HAYHET BPAIIAThCS HE OT
JIBUTATEIS, a OT NICHCTBUSA CHJI BO3AYIIHOTO TMOTOKA. TaKOW peXMM HA3BIBACTCS CAMOGPAU4CHUEM GUHMA VN
asmopomauuei (Puc. 67, B).

IIpu nanpHelIIeM yMEHBIIEHUH yIjla aTaKy 3JIEMEHTOB JIONACTH BUHTA MOJYYUM PEKUM, HA KOTOPOM CHJIa
CONPOTHUBIIEHHMS JionlacTh BUHTA X OyJeT HalpaBiieHa B CTOPOHY BpAlllEHHs] BUHTA, U IIPHU 3TOM BUHT OyleT UMETb
OTpUIaTeNIbHYIO Tsry. Ha 3TOM pexuMe BHHT BpalaeTcsi OT HaOEeraroliero BO3AYIIHOIO IOTOKa W Bpallaer
JBurarens. [IpoucXoanT packpyTKa ABHIraTelsi, STOT PEXXKUM HasbIBaeTcs pexcumom eéempaka (Puc. 67, r).

Pexnmbr CaMOBpalICHUA 1 BETPSAKA BO3MOXKHBI B TOPU30HTAJIBHOM ITOJIETE 1 HA TMKUPOBAHWUU.

Ha camomnerax Sk-52 u Ak-55 5TH peXKUMBI IPOSBIIAIOTCS IPU BHIITOIHEHUN BEPTUKAIBHBIX (DUTYp BHU3 Ha
MaJIOM IIare JIONacTy BUHTA. [103TOMy pekoMeHtyeTcsl TpY BBIIIOJIHEHUN BEPTHKAIBHBIX (UTYp BHU3 (TIPH pasroHe
ckopoctu Oornee 250 KM/9) BHHT 3aTsDKENATH Ha 1/3 Xona peryara yrpapieHHEM IIara BUHTA.

3ABUCUMOCTD TAT'M BUHTA OT CKOPOCTH ITIOJIETA. BJIUSAHUE BBICOTHI IIOJIETA HA
TAT'Y BUHTA

C yBenMyeHHEM CKOPOCTH IOJIETA YIJIbI aTaKy JIOMACTH BUHTA, HEM3MEHsIEMOro 1ara 1 (puKCHpOBaHHOTO,
OBICTPO YMEHBIIAIOTCS, Tsra BUHTA mManaeT. Hanbonmpmuii yromn araku jonacTd BUHTa OyJeT Ha CKOPOCTH IIOJIETa,
PaBHOM HYJIIO, ITPH TOJIHBIX 000POTaX ABHIATEIS.

COOTBETCTBEHHO YMEHBINAETCS TAra BO3IYLIHOI'O BHHTA 10 HYJEBOIO 3HAYEHUS U Jajee CTaHOBUTCA
oTpunaresnbHoi. PackpyumnBaercs Ban asuraress. YToObl mpeaynpeauTs pacKpyTKy BHHTA, YMEHBIIAIOT 0OOPOTEHI
Jasurarens. Ecnu gBuratens He APOCCENINPOBATh, TO MOXKET MIPOU3OUTH €ro pa3pylLIeHue.

3aBucumocts Tru BuHTa B530TA-JI35 oT ckopocTH mojyieTa n3oOpakeHa Ha rpaduke Puc. 68. s ero
MOCTPOEHHSI 3aMEPSAIOT TATY BO3JIYLIHOTO BHHTA HPU Pa3HBIX CKopocTsX. [losydeHHblil rpaduk HasbiBaeTcs
XapaKTepUCTUKON CUJIOBOM YCTAHOBKU IO TSTE.

BJIMAAHUE BbICOTHBI TIOJIETA HA TSII'Y BUHTA.

BBIsICHS 3aBUCHMOCTB TATH OT CKOPOCTH T10JIeTa, pacCMaTpUBajIach paboTa BUHTA HA HEU3MEHHOMH BBICOTE IIpU
HOCTOSIHHOM IUIOTHOCTH Bo3ayxa. Ho mpu nosietax Ha pa3HbIX BBICOTaX IUIOTHOCTh BO3/yXa BIIMACT HA TAT'Y BO3IYLIHOTO BUHTA.
C yBenuyYeHHEM BBICOTHI [OJIETA IIOTHOCTh BO3/lyXa I1a/1aeT, COOTBETCTBEHHO MPOIOPLHOHAIBHO OyeT najaTh U TAra BUHTA
(Ipu HEM3MEHHBIX 000POTaX ABUraTeNs). DTO BUAHO NMpHU aHanu3e Gopmysl (3.6).
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Purc A
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Puc. 68 Xapakmepucmuxa cunoeoit ycmanoeku M-1411 no maze (0na H=500 m) camonemos AAx-52 u Ax-55 ¢
6030yuinbim eunmom B530TA-/135

F My

D

F
\JM Kp
Puc. 69 Topmoszawguii Momenm 6030yutH020 6URIMA U KPYRAWUIL MOMEHN 08U2AMENIA

TOPMO3AIIAA MOMEHT BUHTA U KPYTAILIAA MOMEHT JIBUTATEJIA.

Kak panee paccMaTpuBanoch, TOPMO3SAMHUNA MOMEHT BHHTA IMPOTHBOICHCTBYET KPYTAIIEMY MOMEHTY
JIBUTATEIIS.

Juist Toro 94TOOBI BUHT BpAaIaJICs C TIOCTOSHHBIME 000pOTaMH, HEOOXOIUMO, YTOOBI TOPMO3SAIINA MOMEHT
M, paBHbII IPOU3BEICHUIO X "€, ObUI paBeH KPYTSILIEMYy MOMEHTY JIBUTaTes Mkp, paBHOMY HPOM3BEACHHIO

Fg,.1.e. My=Myyp mmn X -e=F d (Puc. 69). Ecnu 310 paBeHCTBO OyJeT HapyIICHO, TO JABHUIraTeb OyIeT YMEHBINAThH
000pOTHI UIIH YBEIIUYUBATb.

VYBenuueHne 00OpPOTOB ABUratelis NPUBOAMT K yBEAM4CHHIO Myp u Haobopor. HoBoe paBHOBecue
YCTaHaBJIMBACTCA Ha HOBBIX o6op0Tax JABUIaTCJIs.

MOILHOCTb, HOTPEBHASI HA BPALLIEHUE BO3/YILIHOI'O BUHTA
9Ta MOIITHOCTB 3aTpavYuBaACTCA Ha IPEOAOJICHNE CUJI COIPOTUBJICHU BpPAallICHUIO BUHTA.
CDopMyna JUIA OMPEACIICHUA MOIITHOCTHU BO3AYIITHOT'O BUHTA (B JI. C.) HUMECT BUA:

B 345
Nyp =—2-pm:" /",
75 (3.10)

rie ,3 - K03(Q(UIMEHT MOIIHOCTH, 3aBUCAIINI OT (OPMBI BO3AYIIHOTO BUHTA, YMCNA JIONACTEH, yrila yCTaHOBKH,

AV )

A=

(OpMBI JIONACTH B IUIAHE, OT YCIOBHS PAOOTHI BO3IYLIHOIO BUHTA (OTHOCUTENBHOM HOCTYIIN) ne A

U3 dopmynsr (3.10) BuAHO, YTO MOTpeOHAs] MOIIHOCTh JJIsI BPAICHUS BO3AYIIHOTO BHHTA 3aBHCUT OT
K03 QHIIMEHTa MOITHOCTH, OT CKOPOCTH U BBICOTHI ITOJIETa, 00OPOTOB U TMAMETPa BO3AYIIHOTO BUHTA.

C YBEIMYCHUEM CKOPOCTH II0JIETAa YMCHBIIACTCA YIOJl aTaku DJJIEMEHTa JIONACTH BO3AYIIHOI'O BHHTA,
KOJIMYECTBO OT6paCbIBaeMOFO Hazaa BO3AYyXa U €Iro CKOPOCTb, [MO3TOMY YMCHBIIACTCA U n0Tpe6Ha51 MOHIIHOCTH Ha
BpallCHUC BO3YUIHOI'O BUHTA. C YBECJIMYCHUEM BBICOTHI IMOJICTA IJIOTHOCTh BO3AYyXa YMEHBIIACTCA U n0Tpe6Ha;1 Ha
BpallCHUC BO3AYIIHOTO BUHTA MOIIHOCTH TaKKE€ YMCHBIIACTCA.

C YBEINUCHUEM 060p0TOB ABUTATEJIST YBEJIIMIUBACTCA COINPOTUBJICHHUE BPAILICHUIO BO3AYUIHOTO BUHTA U
HOTp€6Ha$[ MOIITHOCTH Ha BpAali€HUE BO3AYIIHOI'O BUHTA YBEIININBACTCS.
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Bozaymubiii BUHT, BpamaeMblii IBUTaTeNIeM, Pa3BHBAET TATY M IMIPEOJOJIEBACT JOOOBOE COIMPOTHBICHHE
camoJeTa, CaMOJIeT ABHKETCS.

Pabora, mpon3BoarMas CHIIOHN TATH BO3AYITHOTO BHHTA 32 | C MPH JBIKEHUH CaMOJIETa, Ha3bIBACTCS TATOM
WUTH TIOJIE3HOM MOIIIHOCTHIO BO3/IyIITHOTO BUHTA.

TsiroBast MOIITHOCTH BO3/YIITHOT'O BHHTA ONPEACISACTCS 110 hopMyIie

PV

B

75’ (3.11)

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

C yBenu4eHUeM BBICOTBI U CKOPOCTH IOJIETa TATOBas MOLIHOCTb BO3JYIIHOTO BHHTa yMeHblnaeTcs. Ilpu
paboTe BO3AYIIHOTO BUHTA, KOTJIa CAMOJIET HE ABM)KETCS, Pa3BUBACTCS MaKCHMaJlIbHAS TATA, HO TSATOBAask MOILIHOCTh
IIPY 3TOM paBHA HYJIIO, TaK KaK CKOPOCTb ABM)KEHHS PaBHA HYJIIO.

KOR®OUIIUEHT MOJE3ZHOI'O IEMACTBHUSA BO3IYIIIHOI'O BUHTA. 3ABUCUMOCTbD KIIJI OT
BBICOTBI 1 CKOPOCTH HOJIETA

YacTp 3HEpruM BpalleHHs IBHUIATellsl 3aTpayrBaeTCs Ha BpalleHHE BO3AYIIHOTO BUHTA M HAlpaBlieHa Ha
MPEOJIOJIEHUE COINIPOTHBIICHHUS BO3IyXa, 3aKpyTKy OTOpaceiBaeMoi cTpyw u np. ITosTomy monesHast cekyHIHAs
paboTa, WM 1oJe3Has TAroBas MOIIHOCTh BUHTA, Np, Oy/leT MEHbIIE MOIIHOCTH JBUraTens Ne, 3aTpadyeHHOH Ha
BpAIll€HHE BO3IYIIHOTO BUHTA.

OTHOWICHNE TMOJNE3HOH TATOBOW MOIMHOCTH K IOTPEOJIIeMOM BO3AYLIHBIM BHHTOM MOIIHOCTH
(3 dexTrBHOI MOIITHOCTH IBUTATEIS) Ha3bIBAaCTCS KOOPPHUIMEHTOM IIOJIE3HOTO NeHCTBUS (KIIT) BO3MYITHOTO BUHTA

u obo3Havaercs 7). OH onpenensercs no dpopmyiie

N
My = TE'
e (3.12)
‘ Ne ne¢

300+ Binemnpii pewum §9* 1%
I Homuwan 8221%
/-—_—_*

200- —

T womunan 702 1%
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kB 7 00 Joo V, ikmpy

Puc. 70 Xapaxmepucmuku no mownocmu osucamenn M-1411 camonemoe Ak-52 u Ax-55

NIH‘
Np - NMmanc

0 —
e Ne 0V umyu

Puc. 71 IIpumeprutii 6ud Kpugoii usMeHeHus PAcnonazaemoii MOWHOCIU 8 3a8UCUMOCHIU OM CKOPOCMU
nonema
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Puc. 72 Boicomnasa xapakmepucmuxa osucamena M-1411 na pexcumax 1 - 63nemmutii, 2- nHomunanvnwii 1, 3 -
HoMuHanvHbll 2, 4 - Kpelicepckuit 1; 5 - kpeiicepckuii 2
Benmunna KITJ] BO3MymrHOTO BUHTA 3aBUCHT OT TeX K€ ()aKTOPOB, YTO U TATOBAS MOIITHOCTH BO3AYIIHOTO
BUHTA.
KIIJ] Bcerna MeHblIIe €UMHULBI U JOCTUTAET y JyUIINX BO3AYIIHBIX BUHTOB Benuuunsl 0,8...0,9.

I'padux 3aBucumocTn pacronaraeMoil 3(G(HeKTHBHOH MOIIHOCTH OT CKOPOCTH IIOJIeTa JUlsl CaMoJieToB Sk-
52 un SIx-55 uzobpaxen Ha Puc. 70.

I'padux Puc. 71 Ha3pIBaeTCs XapaKTEPUCTUKONW CHIIOBOH YCTAHOBKH I10 MOIITHOCTH.

[pu V=0, Np=0; npu ckopoctu nosnera V=300 km/4, Np= =275 n.c. (ans1 camonera Sk-52) n V=320 km/4,
Np=275 1. c. (ans camoneta Sk-55), rme Np - moTpeOHast MOIITHOCTb.

C yBenuueHueM BbICOTHI 3Q(PEKTUBHAS MOIIHOCTH IaJAaeT BCIEIACTBUE YMEHBILICHUS IUIOTHOCTH BO3IyXa.
XapakTepucTiKa U3MEHEeHHUs ee JIst camoiieToB SIk-52 u SIk-55 ot BeicoThl nosera H uzo0paxena Ha Puc. 72.

Jln1s1 yMEHBIICHNS! CKOPOCTH BPALIEHHsI BO3LYIITHOTO BUHTA B ABUTATENE IPUMEHSETCS PELYKTOP.

CreneHb peAyKIUH MOAOUPACTCS TaKMM 00pa3oM, YTOObI HA HOMHHAJIBHOM PEXHME KOHIIBI JIOMAcTel
00TEKAINCH TO3BYKOBBIM ITOTOKOM BO3IyXa.

BUHTbBI UBMEHSEMOTI'O LIAT A

Jns  ycTpaHeHHMs HEIOCTaTKOB BO3JYIIHBIX BHHTOB HEW3MEHSEMOro Mmara M (DUKCHPOBAHHOTO
NpUMEHSIeTCsl BO3MYMIHBIH BUHT u3MeHsemoro mara (BUII). OcnoBomonoxuukoMm teopuu BUII sBusiercs
BerunHkuH.

TPEBOBAHMUSA K BUIII:
BUIII nomkeH ycTaHaBIMBATh HA BCEX PEKMMAX IOJIETA HAMBBITOJHENIIINE YTJIbl ATaKU JIONACTEN;
CHUMATh C JBUTATEINs] HOMHHAJIBHYIO MOIITHOCTE Ha BCeM pabodeM Anana3oHe CKOPOCTEH U BBICOT;

COXpaHATh MaKCHUMallbHOE 3HaueHWe Ko3(duimenta mone3HOro IeHcTBUS HAa BO3MOXHO OOJBIIEM
Jlnana3zoHe CKOpOCTEH.

Jlonactu BUII nubo ynpaBisitoTcs CleNUalbHBIM MEXaHU3MOM, JIMOO YCTaHABIMBAIOTCS B HYXXHOE
[IOJIOKEHUE IOJ BIMSHHUEM CWJI, ACHCTBYIOLUIMX Ha BO3AYIUHBIM BUHT. B IepBOM cCilydyae 3TO T'MIpPABIMYECKUE U
3JIEKTPUYECKHE BO3AYIIHBIE BUHTBI, BO BTOPOM - a3pOJAUHAMUYECKUE.

T'uopaenuueckuit 6unm - BO3AYIIHBIA BHHT, Yy KOTOpPOIO H3MEHEHHE yIja YCTaHOBKU JIONACTEH
MPOMU3BOAUTCS aBJICHUEM Maciia [I0JaBaeMOro B MEXaHU3M, HAXOJSIIUIACS BO BTYJIKE BUHTA.

Dnexkmpuueckuii @unm - BO3IYIIHBIH BHUHT, Y KOTOPOTO H3MEHEHHE YIJIa YCTaHOBKH JIONIAcTeH
MPOMU3BOIUTCS 3IEKTPOABUTATEIIEM, COCMHEHHBIM C JIONTACTSAMHU MEXaHUIECKOW Iepegaduei.

Aspomexanuueckuii 6uHm - BO3AYIIHBIH BHHT, y KOTOPOrO HM3MEHEHHE YIJIa YCTAQHOBKH JIOMAcTed
NPOU3BOAUTCS aBTOMATHYECKH - a9POJMHAMHUYECKUMH U LIEHTPOOCIKHBIMH CHITAMH.

Haubonpmee pacnpoctpaneHne noimyuwinn rugpasimdeckune BUII. ABToMaTHueckoe YCTpOMCTBO B
BUHTAaX HM3MEHAEMOTrO IIara IMpegHa3sHaueHO AJIsl COXPAaHEHHs IMMOCTOSHHBIMH 3aJaHHBIX OOOPOTOB BO3AYIIHOTO
BUHTa (JIBUTATelNsd) MyTeM CHHXPOHHOIO M3MEHEHHs yTiia HaKJIOHA JIomacTed NMpH HM3MEHEHHWH peXuMa Iojera
(ckopocTH, BBICOTBI) M HAa3bIBAETCS PETYJISITOPOM 1ocTosiHCTBA 060poToB (PI1O).
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Puc. 73 Paboma 6030yutnozo eunma usmensemozo wiaza B530TA-/135 npu paznvix ckopocmsax noiema

PIIO coBMecTHO ¢ MeXaHW3MOM IIOBOpPOTa JIOMACTEW HM3MEHSAET miar BWHTA (Yroj HAKJIOHA JIOMAcTeil)
TakuM 00pa3oM, 4ToOBI 0OOPOTHI, 3aJaHHBIEC JIETYMKOM C ITOMOMIBIO phrdara ympasnenus BUILL, npu nm3meHneHnn
peXnMa ToJieTa OCTaBAINCh HEN3MEHHBIMH (3aJaHHBIMH).

[Ipu 3TOM CiieyeT HOMHHUTB, 9YTO 00OPOTHI OYAYT COXPAHSITHCS 0 TeX MOP, MOoKa 3P PEeKTUBHAS MOITHOCTD
Ha Bajy jaBuratesst Ne Oymer Goblie MOUIHOCTH, NOTPEOHOM /sl BPAILCHUs] BO3AYIIHOIO BHHTA MPU YCTAHOBKE
JIOTIaCTe! Ha caMBbIi MaJIBIi yTOJI HAKJIOHA (MAaJIbIi mmar).

Ha Puc. 73 nokazana cxema padotst BUIII.
[lpyn M3MEHEHHH CKOPOCTH IIOJieTa OT B3JICTHOH O MAaKCHMAJbHOH B TOPH30HTAJIBHOM IIOJNETE YIoil

YCTaHOBKH JIONACTEH (P BO3pacTaeT OT CBOEr0 MUHUMAJILHOTO 3HAYEHHS @yyn 1O MAKCHUMATIBHOTO Pyaxe (601110
mrar). biarogapst ToMy YIIIBI aTaKu JOMACTHA U3MEHSFOTCS MAJIO U COXPAHSIOTCS OMM3KUMHU K HAWBBITOTHEHIITHIM.

PaGora BUIIl Ha B3nmeTe XapakTepHa TEM, YTO Ha B3JIETE HCIOJB3YeTCS BCS MOIIHOCTH JBHraTeNs -
pa3BHUBaeTCsI HAMOOJBIIAS TATA. DTO BO3MOXKHO IPH YCIIOBHUH, YTO JIBUTATEIh Pa3BHBAECT MAKCHMAIBHBIC 000POTHI, a
Ka)J1asl 9acTh JIOMACTH BUHTA PAa3BHBACT HAUOOJIBIIYIO TATY, UMEsl HAMMCHBIIIEE COMPOTHBIICHIE BPAIICHHIO.

st aTOro Heo6X0AMMO, YTOOBI KaXKAbIH 3JIEMEHT JIONMACTH BO3YLIHOTO BHHTA padoTal Ha yriax aTakd,
ONM3KMX K KPUTHYECKOMY, HO 0e3 cpbiBa BO3aylIHOro noroka. Ha Puc. 73, a BuiHO, 4TO YroJ1 aTaku JIONAcTH Mepej

B3sieToM (V=0) 3a cueT nepeTeKaHus BO3ILyXa CO CKOPOCTbio AV HEMHOTO OTJIMYAETCs OT YIila HAKJIOHA JIOMACTH Ha
BeJIMYMHY (PMUH. YTOJI aTaKK JIONIACTH COOTBETCTBYET BEJIMYMHE MAKCUMAIBbHOM MMOIBEMHO CHIIBL.

ConpoTHBI€HNE BPAILEHUIO JOCTUTAET B 3TOM CJIy4ae BEIMUYUHBI, IPU KOTOPOH MOLIHOCTb, pacxomyemMas
Ha BpallleHHe BUHTA, W dQQPEKTHBHAS MOIIHOCTH JBUTATENS CPAaBHUBAIOTCA U 000pOTHI OyayT Hem3MeHHbIMH. C
YBEIIMYEHHEM CKOPOCTH YTOJNl aTakKdh JOmacTeil BO3MYITHOTO BWHTAa ymeHbImaercs (Puc. 73, 6). YMeHpmaercs
COIPOTHBIICHHUE BPAIIECHHUIO 1 BO3AYIIHBIN BUHT Kak Obl oOsierdaercsa. OOOpOTHI IBUTaTENs JOIKHBI BO3PACTaTh, HO
PIIO ynepxuBaeT WX 3a CUeT W3MEHEHHS yIJIa aTakd JIOMAcTed MOCTOSHHBIMHU. [lo Mepe yBelIWYeHUs CKOPOCTH

TI0JIETA JIONACTH Pa3BOPAYMBAIOTCA Ha OOJIBIIMEA YIONl Pep.

[lpn BBINONHEHMM TIOJNIETa Ha MakcuMaibHOW ckopoctn BUII Ttakke nomkeH obecrieunBarh
MaKCHUMaJIbHOE€ 3HaueHue TAru. IIpu mnosiere Ha MakCUMalbHOHM CKOPOCTH YroJl HAaKJIOHA JIONACTEH HUMEET
npexaensHoe 3HaueHwe pmakc (Puc. 73, B). CremoBarenbHO, NpM W3MEHEHHWH CKOPOCTH II0JIETa ITPOMCXOIUT
U3MEHEHUE YIJIa aTaky JIONACTH, IIPA YMEHBUICHHMHM CKOPOCTH IIOJE€Ta YroJl aTaku YBEJIWYUBACTCS - BHHT
3aTsDKENSIeTCs, NPH yBEIMYEHHUM CKOPOCTH IIOJIeTa yroj aTaku yMeHbIIaeTcs - BHHT obOierdaercs. PITO
ABTOMATHYECKH NIEPEBOANT JIONACTH BUHTA HA COOTBETCTBYIOIINE YIJIBL.

IIpu yBenmueHUH BBICOTHI MOJIETa MOLTHOCTh ABUraTens ymeHsmaerca U PIIO yMmeHbIIaeT yrona HakiIoHa
jonacted, 4ToObl oOieryuts pabory nBurarens, u Haobopor. CienoBarensHo, PITIO ynepxwuBaer 000pOTHI
JIBUTATEIIsl C U3MEHEHHEM BBICOTHI [10JI€Ta IOCTOSIHHBIMH.

[Ipu 3axone Ha TOCaAKy BO3LYLIHBIH BUHT YCTaHABIMBAETCS HA MAJbIH I1ar, 4YTO COOTBETCTBYET 000pOTaM
B3JIETHOTO pEeXHMa. JTO JAeT BO3MOXKHOCTh JIETUYHKY IIPHU BBINOJHEHUHM BCEBO3MOXKHBIX MAaHEBPOB Ha IJIHMCCAze
MOCAJIKH MOJIYYHUTh B3JIETHYIO MOIIHOCTH ABUIATENS IIPH YBEJINYEHUH 000POTOB 0 MAaKCUMAJIbHBIX.

JIEVCTBUE HA JIODACTh BUHTA COBCTBEHHBIX IEHTPOBEKHBIX CHJI

le/I PacCMOTPECHUHU HeﬂCTBHH Ha JIONIaCTh BO3AYUIHOI'O BUHTA CO6CTBCHHLIX LIeHTpOGe)KHbIX CHJI BBIACIIUM
B MONEPEYHOM CEUYEHHHU DIIEMEHTA JIOMACTH JBa HEOOIBIINX 00beMa, PACIOI0KEHHBIX B TIEPEeIHEN U 3aJHel YacTax
ceuenus (Puc. 75).
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Bo Bpems BpamieHHs BO3IYIIHOTO BHHTA HAa MAacChl, 3aKIIOYEHHBIE B ITHX 00BEMax, OEHCTBYIOT
ueHTpobexkHble cuibl Py 1 Py, NpHiioKeHHbIE K MX LEHTPaM TSDKECTH M HAlIPAaBICHHBIC 110 PajliyCcaM BPALCHUS
r{urn.

PacknanpiBass 3TH  IEHTPOOEXKHBIC CHJIBI HA COCTABJISIONINC, HAMpPaBJICHHBIC MAapauIeIbHO U
MEPIEeHIUKYIISIPHO OCH TIOBOPOTA JIOMACTH, POAHAIU3UPYEM UX B3aUMOJICHUCTBUE.

Oce noBopoma
nonacmu

|

Oce Bpawerus
N Yp Burma

N
I S
~
oce noBopoma necxKocme
Jonacmu EpaweHus
Surma

Puc. 74 Xapakmep Oeiicmeus Ha 10nACHb 6030YUIHO20 BUHINA COOCMEEHHBIX UEHMPODOEHCHBIX CUIT

HpOZ[OJ'IBHaH cuiia X, HalpaBJICHHAA IMapaJlJICJIbHO OCH MMOBOPOTA JIOMACTHU, CTPEMUTCA BbIPBATH JIONIACTh U3
JIONTIACTHOI'O CTaKaHa, BbI3bIBAad PACTAKCHUC JIOIACTH. HonepeqHaﬁ CHJ1a T, HampaBJICHHAad NEPICHAUKYIIIPHO OCHU

IOBOPOTA JIOIIACTH, CTPEMUTCS IOBEPHYTH JIONACTh B CTOPOHY yMEHBILEHUs yriia ycTaHoBKU (P (Ilonepeynsie cuiibl
T1 u T coznaror MOMeHTsI Mj;] ¥ M) JI0IaCTU, KOTOPbIE 3aBUCAT OT MX MACChI, YUC/Ia 00OPOTOB BO3YLIHOTO

BHHTA M YCTAaHOBOYHOTO YTy JIONACTH (), a TAaKKe OT PACCTOSHUA 00BEMOB OT OCH IOBOPOTa JomacTd h| u hyp
MaxkcruManbHOe 3HaueHHe ero coorBeTcTByet 0 miu 90°.
PaccMoTpuM zeiicTBUE Ha JIONIACTh BUHTA LIEHTPOOEKHBIX cuil poTuBoBeca (Puc. 74).

IlenTpoOexHbIe CHIIBI POTHBOBECOB JIONACTEH Pr[p MIPUIOXKEHBl B LEHTPE TSKECTH MPOTHBOBECOB U HAIPABIIEHBI IO
pagMycaM UX BPaIICHHUSI.

ITpu ananuse neicTBUS LEHTPOOEKHOH CHIIBI IPOTHUBOBECA Pnp packiazpiBaeM ee Ha JBe cocTaBisomue: cuuy K,
HAIpaBJICHHYIO NApaJlJIeIbHO OCU JIONACTh, KOTOPas CTPEMUTCS M30THYTh KPOHIITEHH IpOTUBOBECA, U CHIy N, HallpaBJICHHYIO
HNEepPIEHUKYJISIPHO OCU IIOBOPOTA JIONACTH, KOTOPasi CTPEMUTCS MOBEPHYTh JIONACTh B CTOPOHY YBEJIHUCHUS €€ YIJa YCTAaHOBKH

¢

Mowment npotusoseca Mpp=NpL(Krc) 3aBucuT OT BEIMYMHBI MAcChl IIPOTHBOBECA, Pajuyca €ro BpalleHUs, 4ucia

000pOTOB BO3IYNIHOTO BHHTA, yTJIa yCTAHOBKH JIOIACTH M YTJIa YCTAHOBKH MPOTHBOBECA Prp-
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Ocs Bpawenus Bunma

~[lpocKecme
bpawenus bunma

™ Ocs nobopoma
nanacmu

=2
S

Pug XZ‘

och robopoma
sonacmu

Ay

Oce BpaweHUA l
Bunma \,‘ Mﬂ; :Tl hl

|
Oce noBopoma
senacmu

T2

Mpo=Tohp
Na0cKoCMb6 BPAWEHUS
a

Puc. 75 a - xapaxmep oeiicmeusn na nonacms 030YuiH020 6UHMA YEHMPODOEHCHBIX CUL IOnAcCmU, 0 -
apoounamuuecKue cuibl, Oeiicmayloujue na 6uHm

Asponunamuueckas cuiaa R (Puc. 75, 0), npunoxeHHas B IICHTPE JaBJICHHUs MPOQUIIsL, CO31aeT MOMEHT,
MOBOPAYMBAIOLIHI JIONACTh B CTOPOHY YBEIMUYEHHUS I1Iara.

IIpu yBenuueHun yria yCTaHOBKH JIONACTH () YBEIMUYUBAETCA U MOMEHT a3pOJUHAMUYECKON CHIIBL, HO €r0
abCoNIOTHOE 3HAYEHHE B AHMAana3oHe pa0ovdX YIJIOB MOBOPOTa pabOYMX JIOMACTe HEOOINBIIOE MO CPaBHEHHIO C
BEIMYMHAMH a3POIMHAMHYECKUX [EHTPOOESKHBIX MOMEHTOB JIOMIACTEH M MTPOTHBOBECOB.

ABTOMaTHYECKHE BO3IYyLIHbIE BUHTHI C THAPABIMYECKUM YIpaBlieHHEM paboTaroT Mo HpsMOM, oOpaTHOM
WK IBYCTOPOHHEH CXeMe.

Jlomacti BMHTOB, pabOTAIOMIMX IO MPSIMOW CXeMe, Ha MaJblid IIar MePEeBOIATCS NIEHCTBHEM aBIICHHS
Macja U HeHTPOOEKHBIX CHJI JIONACTEH, Ha OOJBILON IIar - HEHTPOOSKHBIMU CHIIAMU IPOTUBOBECOB JIONACTEH U
a’pOIMHAMUYECKUMHU CUJIaMH JIoIacTeil.

Bozaymupie BHHTHI, pa®oTaromue IO JABYCTOPOHHEH CXeMe, MEePEeBOIATCS Ha Mallblid Iar JaBlieHHEM
Macia, OeHTPOOEKHBIMH CHJIAMH JIOTIAacTel, Ha OONBIION IIar - JaBJICHHEM Macia, IICHTPOOEKHBIMH CHIAMHU
IIPOTUBOBECOB U a3POAUHAMUUYECKUMHU CUIJIAMH JIONIACTEMN.
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B3AMMHOE BJIMSAHUE BO3JYIIHOI'O BUHTA U CAMOJIETA

Bozaymubril BUHT, yCTaHOBIIGHHBIN Ha camoierax Sk-52 u Sk-55, mpu paboTe MCHBITHIBACT BIUSHHUE OT
pacIoONIOKEHHBIX BOJIM3M HEro 4YacTel caMoieTa, MPH 3TOM YMEHBIIAETCS CKOPOCTh BO3AYIIHOTO IOTOKA B
IJIOCKOCTHU BpalllCHUSA BUHTA, YTO YBCIUYMBACT TATY BO3AYIIHOI'O BUHTA. Takoe u3mMeHeHHe TATH XapaKTCPU3ycCTCsa
BEJIMYMHOM €, Ha3bIBaeMON KOI(PPHUIIMEHTOM TOPMOXKEHHS CKOPOCTH, U BXOAUT B BUJIE MOMPABKU B OTHOCUTEIBHYIO
MOCTYIIh

A=2(1+¢), 613)

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

Benuunna e Bcerna 0omnbine HyJisl, HOATOMY A> A . C mpyroii cTOpPOHBI, BO3AYLIHBIH BUHT OTOPACHIBAET
3a co0Olf Maccy BO3/yXa, CKOPOCTb KOTOPOrO OOJIbIlIE CKOPOCTH IOJIETa, YBEJIMYMBAET TEM CaMbIM JI0OOBOE
CONIPOTHBIICHHE YacTe caMojieTa, HaXOJIIUXCS B CTPye 3a BO3AYIIHBIM BHHTOM. YBEJIHUYEHHE CONPOTHUBIECHHS
caMoJieTa IPEBBIIIAET MO CBOEH BEIMYMHE NPHPOCT TATU. B urore - BimsHME OOMYBKHM CaMoJieTa BhIpaXKaeTcs
O0IIMM MOHIKEHNEM TSTH BUTaTEIbHON YCTaHOBKH.

Kpome Ttoro, 3a cuer TOro, 4ro CKOpOCTb OTOPAachIBAEMOrO BO3AYIIHOTO IOTOKA BO3JYIIHBIM BHHTOM
Gosibllle CKOPOCTH MOJIETa, IIPU OOTEKAaHMU 4YacTell caMoyeTa CO3JAaeTCsl JONOJIHUTEIbHBIN NPHPOCT MOJBbEMHOM
cuibl. BenndrHa ee 3aBUCHT OT IUIOINAAU KPbLIa, CKOPOCTH TOJIETa, MOIIHOCTH CUJIOBOM yCTaHOBKHU.

[/'yl

201

70

7 a1 02 03 Ox
Puc. 76 . Ilonapa camonema c yuemom 000ysKu 030YuiHbIM GUHMOM
1- 6e3 060y6Ku, 2- paboma oguzameinsn ¢ HomuHane 3- paboma Oeuzamesnss Ha 63J1EMHOM pelcume

YBenuueHne CKOpoCTH MOJIETa yMEHbBIIAET IIPUPOCT a3POJUHAMHYECKUX CHIL.
UeM OombIIIe MOIIHOCTD CHIIOBOM YCTAaHOBKH, T€M OOJIBIIE IIPHUPOCT a3POANHAMUYECKHIX CHIL.

I[J'IH yue€Ta BJIHUAHUA O6}1yBKl/I BO3AYIIHOTO BHUHTA Ha a3pOJWMHaAMHUYECKUC CUJIBI U HX KO3(1)(1)I/ILII/I6HTI)I
MPOBOJIMTCS UX MepepacueT A1l HanboJjee XapaKTepPHbIX PEKUMOB CHIIOBOH yCTaHOBKH

W3 Puc. 76 BugHO, uTo 00myBKa KphUta yBenumuuBaeT 3HadeHHs Cy m Cx, mpuuem Cy yBeITHMUHBaeTCA
oounbie, yem Cx.

Uem Oomble yriwl aTakd Kpbbia, TeM Oombmie mpupoct Cy. Tak, mms camoneroB SIk-52 m Ak-55 Ha
B3JIETHOM peKMMe pabOoThI ABUTATENS HA YIJIe aTaky o, paBHOM 14°, npupoct Cy cocrasisier npumepso 0,4.

Yeenuuenne CX 3a CUeT YBEJIMYEHHsT MECTHOW CKOPOCTH BO3JYIIHOTO MOTOKa Ha KpbUIE MPOUCXOIHUT B
MmeHbieil crernenn, yem Cy. Ha yrime araku o, paBHoM 16°, Cx Bo3pactaer Ha 0,046 wim Ha 22% moOTOMYy, YTO
WHAYKTUBHOC CONPOTHUBJIICHUEC o6uyBaeM0171 qacTu 6y)1€T MCHbIIC, YEM €Ir0 BCJIWYMWHA JId Kpbllla BHEC CTPyH OT
BHUHTA.

Viaydmenne a’dpoAMHAMUYECKHX XapakTepUCTHK camoieToB Sk-52 u SIk-55 3a cuer o0ayBKH OT
BO3AYIIHOTO BUHTA KOPPEKTHPYET HEKOTOPHIE apaMeTphl CaMOJIETOB, HAIIPUMeEP: CKOPOCTh OTPHIBA YMEHBIIACTCS
Ha 15...20%, a nmuHa paszbera - Ha 25...30%.

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

BO3JYIIHBIA BUHT B530TA-/135

Apromarudeckuii Bo3xymrHblii BUHT B530TA-/I35 camoneroB fk-52 u SIk-55 nByxiomacTHBINA, paboTaer
COBMECTHO C peryisiTopoM o6opotos P-2 mo mpsimoii cxeme. Ha Masplil mar BUHT IepeBOANTCS TaBICHUEM Macia 1
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HEHTPOOSKHBIMH CHJIaMH JlomacTedl, Ha OONBIION Imar - IIEHTPOOEKHBIMH CHJIAMH TIPOTUBOBECOB U
a’POTMHAMUYIECKIMH CHIIAMH JIOTIACTeH.

ABToMarudeckass paboTa BO3IYITHOTO BHHTA C PETYISATOPOM OOOPOTOB 00ECHeunBacT MOACPKAHHE
HOCTOSTHHBIX 000POTOB, 3aJaHHBIX JICTYMKOM, ITyTEM MOBOPOTA JIOIACTEH B CTOPOHY YBEJIMUYCHUS WM YMEHbLICHHS
YCTaHOBOYHOTO yIJIa JUIsl U3MEHEHHs Harpy3KH Ha JIBUraTellb U CHATHA ¢ BUHTa Hanbosbirero KIT/1.

HpI/I OTKa3€ peryjsiaTopa 060p0TOB IICHTpOﬁe)KHLIC CHJIbI U a3POJJUHAMUYCCKUC CUJIbL JIomacTei NepeBoOaAT
BHMHT Ha OOJIBIION rar, CoxpaHssa 0e30I1aCHOCTE I10JIETA.

OCHOBHBIE JAHHBIE BO31YIIHOI'O BUHTA B530TA-/135

Tun BuHTA TsaHyuMi, aBTOMaTUYECKUM, U3MEHSAEMOTIO 11ara
Cxema pabOTHI [psmas

[MpuHIMn paboTs I'maponeHTpoOeKHbIIH

Hanpasnenue Bpaiienus JleBoe

HuameTp BuHTa, M 2.4

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

Yron ycraHoBku jtonacteit Ha 1000 mMm:

MHHUMAITBHBIA 14°30' £ 10'
MaKCHMaJIbHBIN 34°30 % 30'
Jlnana3oH yCTaHOBKH IPOTUBOBECA 20°+40'
Yrom ycTaHOBKH IIPOTHBOBECA 25°

Macca BuHTa, KT' 40+2%

COBMECTHAS PABOTA BO3JYIIHOI'O BUHTA B530TA-/135 U PETYJAATOPA OBOPOTOB P2

CoBmecTHast paboTa BO3AYIIHOTO BHHTA W PEryasitopa O0OPOTOB 00ECIEYHBAET ABTOMATHYECKOE
M3MEHEHHE 11ara BUHTA ¥ COXPAHEHHE 3aJaHHON YaCTOThI BPAIIEHHS KOJICHYATOrO Bajia JIBUTATEIISL.

Pabora perymstopa 00OpOTOB OCHOBaHa Ha THAPOICHTpPOOexkHOM mpuHIune. Heobxommmas gactoTa
BpAIlEHHsI KOJICHYaTOro BaJia JIBUTATEN sl 33Ja€TCSI H3MEHEHHEM CHJIbI CXKATHSI 30JIOTHHKA BHU3 U [OJJBOJOM Maciia B
HWIWHAP U1 TIEPEBOJa BUHTA Ha MAaJIbIH IIar.

Hentpobexnsie I' - obpa3uble Tpy3ukn Ha Maibix oboporax (48% wuam 1400 006/MuH) co3nmaroT
LEHTPOOSIKHBIE CHJIbI, HEJIOCTATOYHBIC JUTS IIEPEMEILICHUS 30JI0THHKA BBEPX Ja)Ke [IPU MAJIOM CXKATHHU TPYKUHBL, T.
€. IIpH TI0JIOXKEHHH pblyara ynpasieHus: BHHTOM «BoJib1oii mar».

BCJ'IC,HCTBI/IC OTOT'0 HCBO3MOKHO IMEPEBECTU BUHT HA 0OJIBIION IIar Ipyu HAAAYBC HUIKE 400 MM PT. CT., 4TO
COOTBETCTBYCT 4aCTOTE BpAIlICHUA KOJICHYATOr'0 BaJia 1300 06/MuH IIpyu MaJIOM HIare.

Takum 00pa3om, peryysiTop o0OpPOTOB aBTOMATHYECKH pa3rpy’KaeT JBUTaTedb NMPHU JIIOOOM MOJI0XKEHUU
ppluara ymnpasi€HUs BUHTOM, [IEpEBEJs BUHT HA MaJblil IIar BO BpEMs IIOCAJKM CaMoOJIeTa U IIPU OCTAHOBKE
JBUTATEN. DTO MPOUCXOIUT MOTOMY, 4TO 3yOuaTas peiika He UMeeT KHHEMAaTH4YeCKOH CBSI3U C 30J0THUKOM U He
MOJKET yIEP>KUBATH €0 B BEPXHEM I10JI0KEHUU.

[lepemerneHne 30JI0THHKA BBEPX OCYLIECTBISCTCS LEHTPOOCKHBIMH cuiaMH ['-00pa3HBIX IpY3HKOB,
3Ha4Y€HHE KOTOPBIX 3aBHCUT OT YMCIlia 000POTOB KOJEHYATOro Baya aApurareins. KoHnueckas mpykuHa nepeMeriaeT
30JIOTHUK BHHM3 BO BCEX YCIOBHSX, CIydasX, KOT/la CHja €€ YNpyrocTH Ooublie HeHTPOOSKHbIX cuil ['-00pa3HbIx
I'PYy3HKOB.

PABOTA BO3YIIHOI'O BUHTA U PETI'YJIATOPA OBOPOTOB HA PABHOBECHOM PEXKUME

IIpu paboTe Ha paBHOBECHBIX pexumax (oboportax) (Puc. 77), korma MOIIHOCTH JABUTATENS, CKOPOCTH
MOJIETa W BBICOTA HE MEHSIOTCS, IEHTPOOEKHBIE CHIIbI I '-00pa3HbIX I'PY3MKOB YPaBHOBELIMBAIOT CHIY YIPYTOCTH
KOHUYECKOU MPYKUHBI U yAEP>KUBAKOT 30JI0THUK B HEUTpalIbHOM IOJOXKeHUU. [Ipu aToM Mmaciio, Haxonsieecs B
MOJIOCTH IMJIMHApPAa BO3IYIIHOTO BHHTA, OKAa3bIBAa€TCA 3aKpPBITBIM B Hel. JlomacTw BO3AYIIHOrO BHUHTA MOJ
JEWCTBHEM adpOJMHAMHYECKUX M LEHTPOOSKHBIX CHJI TPOTHBOBECOB CTPEMSTCS IOBEPHYTbCS B CTOPOHY
YBEJIMYEHUS IIara U MNEpeMECTUTh MHOPIIEHb BO3AYIIHONO BHUHTA BIEPEN, a 3aKphITOE B LWIMHAPE Macio
YAEPKUBACT MOPIIEHb, ABISLICH Ui HETO TMAPAaBIMYECKUM YHOPOM. DTO yAEp)KUBAET JIOMNACTU OT MOBOPOTA,
COXpaHssl IIar BUHTAa ¥ 000POTHI IBUraTeNsl HOCTOSIHHBIMH.

Macio, HarHetaeMoe HAacOCOM peryJisitopa, npu paboTe Ha paBHOBECHBIX 00OpPOTaxX HE PacXoayercst u
HaIpaBJIAETCS Yepe3 PeAyKIMOHHBIN KJlalmaH Ha BXO/] B HACOC C JIaBJI€HHEM He Bblie 15 Kre/em?.
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Ecnu B monere yBenM4YMBAETCs 4aCTOTA BPAILEHUs KOJIEHYATOIO BaJla IBUTATENS B PE3YJIbTATe MOBBILICHUS
HaJlyBa MJIM YBEJIWYEHHWS CKOPOCTH IOJNETa, pacTyT LEHTPOOEKHbIE CHibl ['-00pa3sHBIX Tpy30B, KOTOpBIE,
IIPEOJ0JIEBAS CUILY CoKATUSI KOHUYECKOM NPYKUHBIL, IEPEMEILAI0OT 30JI0THUK BBEPX, OTKPbIBAsl KaHAJI CIMBa Macila U3
LWIMH]pA BUHTA B KapTep ABUraress. Maciao U3 HarHeTaTelnbHOM II0JIOCTH HAcOCa MOCTYIIAET YePe3 PeAYKLIMOHHBIN
KJalaH Ha BXOJA B HAcOC ¢ AaBieHueM 15 xrc/cm’ JlomacTd BHHTA 1O JACHCTBHEM adPOJNMHAMUYECKUX U
HEHTPOOESKHBIX CHJI MPOTHBOBECOB ITOBOPAUMBAIOTCS B CTOPOHY yBenmueHus mara (Puc. 78), moBblmas Harpysky
Ha JiBUrarenb. [Ipu 3TOM yMEHBIIAeTCsl YUCI0 000POTOB IBUTATENs, CHIKAIOTCS LIEHTPOOEXKHBIE CHIIbI ['-00pa3HbIX
TPY3MKOB M KOHHWYECKas NpYXXMHA NepeMeIlaeT 30J0THUK B HEHTpabHOE IOJIOKEHHWE HPU 000pOTaxX, paBHBIX
3aJaHHBIM, IIPH KOTOPBIX IIEHTPOOEKHBIE CHIIBI T'PY3MKOB YpPaBHOBEUIMBAIOTCS CHJIOH YNPYTOCTH KOHHYECKOH
HPY>KAHBI
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Puc. 77 Cxema padbomol 6030yuiH020 6UHIMA HA PAGHOBECHBIX 000POMAX

1- kopnyc eunma 2- yunuHop 3- nopuiens 4- wumyyep nepexooHuKa 5- npomuesoeec, 6-nonacmsy 7-cmakan
nonacmu 8-naney 9-cyxapw 10-noeoodok 11-cmynuya 12- konvuya macnoyniomnuumenshote 13-ean eunma 14-
Kanan nodeooa macaa K pe2yaamopy ooopomoe P=2 15 - kanan nodsoda macna k eunmy, 16 - konuueckasn
npyscuna 17- 2py3uk pezynamopa, 18 - 3onomuuk 19 - macnonacoc pezynamopa 20 - peOykyuoHHwlii K1anaH

YBenuyerHue YmeHbweHug
06opomo8 T AN obopomo8

Ynop manoeo
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Puc. 78 Cxema pabomut 6030yuinozo eunma npu nepesode aonacmeii na «bonvwoi wmaz» (cm. Puc. 77)

Ecnu B nonere umncino o60poTOB IBUraTeNIs yMEHBIIACTCS B Pe3ybTaTe CHIDKCHHS HaJUlyBa MM CKOPOCTH
MOJIeTa, YMEHBIIAIOTCS HEHTPOOESKHBIE CHITBI [ -00pa3HbIX IPY3MKOB U KOHMYECKas IIPYKWHA epeMEIIaeT 30JI0THUK
BHH3, OTKPBIBasl KaHaJl [10J[BOJa Macja B LIWJIMHAP BUHTA sl IEpEeMEIIeHHs OPIIHS Ha3a/| U 110 BOPOTa JionacTeil B
CTOpoHY yMeHblIeHus mara (Puc. 79)

IIpu »TOM yBenn4MBaKOTCA OOOPOTHI IBUTATENSA, PACTYT LEHTPOOESKHBIE CHIBI | -00pa3HBIX TPY3UKOB,
KOTOpBIE, MPEOJ0JeBas YIPYTrOCTh CXKATOM KOHWYECKOH MpPY)KHWHBI, IEPEMEIIaloT 30JI0THHK B HEHTpasbHOE
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MOJIOKEHWE MpH 000poTax, paBHBIX 3aJaHHBIM, OOEcleunBasi BOCCTAHOBICHHWE PABHOBECHS MEXIy CHIION
YOPYTOCTH CKATOH KOHUYECKOW MPY>KWHBI ¥ IEHTPOOSKHBIMHU CIJIAMH BPAILICHHUS I'PY3HKOB.

8
17

Ynop manozo
waza

N ) Macno us 2. membr
w3 Fuzamers

Puc. 79 Cxema pabomul 6030yutHoz0 eunma npu nepeeooe nonacmeii na «Manwtii wiazy

NPUHYAUTEJBHOE N3MEHEHUE IIAT'A BO3AYIIHOI'O BUHTA

Bo Bpemsi onpoGoBaHus ABUraTelns AU IPOBEPKH PaOOTHI BO3AYLIHOIO BHHTA M PETYNsATOpa 000POTOB
yCcTaHaBJIMBaIOT peiyaroM rasza 2050 o6/muH (70%), a 3arem, IJIaBHO mepeMenias pblyar yupaBJIeHHs] PEryIsaTopoM
000pOTOB B NoJI0KeHHE «bObIION mIary, MPoBepsIOT U3MEHEHNE PEKUMa paOOThI ABUTATEs.

Yucno 060poTOB KOJIEHYATOTO Bajia ABUTATENSI IIPH 3TOM JIOJDKHO CHU3UTHCS 0 1450 06/MuH (50%).

3yOuarast peiika peryisropa OOOpOTOB IEpeMelaeTcs BBEPX, YMEHBIIACTCS C)KaTHe KOHWYECKOU
NpY>XUHBI, W ['-00pa3Hble TPY3WUKH MOJ JCHCTBHEM LEHTPOOSKHBIX CHJ IEPEeMEIIaloT 30JIOTHHUK B BEpXHEE
MOJIOKEHHE, oOecrieunBas CIIMB Macja M3 LIMHIpPA BUHTA B KapTep JBHUraTells W IOBOPOT JIONAcTel Ha OOJBIION
IIar 1moJi AEHCTBUEM LIEHTPOOEKHBIX CHJI IPOTHBOBECOB M a3POAMHAMUYECKHUX CHII JlonacTe. Macio, HarHeTaemoe
HacocoM, OyIeT IeperrycKaThesl peLyKIMOHHBIM KIIalaHOM Ha BXOJ B HACOC PETYIISITOpA.

Bo Bpemsi mepemeleHusi pelyara yrnpasieHHUs pPeEryjsTopa oOOpOTOB B mojoxeHue «Mablii mar»
3yOuarasi peiika NepeiBUraeTcsi B HIDKHEE IIOJIOKEHHE, YBEIWYMBAs CXKaTue KOHMYECKOH IPY>KUHBI, KOTOpas
nepeMeIaeT 30J0THUK B HIDKHEE T0JIOKeHUE, 00ecrieunBasi MOABO/ Maciia B MJIMHJP BUHTA M IIOBOPOT JIONIACTEH
Ha Manblid mar. IIpu a3ToM 000pOTHI BOCCTaHABIMBAIOTCS A0 IepBoHadainbHbIX 2050 06/MuH (70%), ykaspiBas Ha
TIOJTHBIN TMana3oH IOBOPOTA JIONIACTEH N HOPMAJIbHYIO paboTy peryisitopa 000poToB.

[TonHOE 3aTsKEICHUE BUHTA CO B3JICTHOIO PEXKMMA BBI3BIBACT YMEHbIIIEHHE 000poTOB 10 2050 06/MHuH, T.
e. Ha 850 00/mMuH, u cHIKeHKe HaaayBa Ha 50 MM pT. cT. 1 MomHocTH Ha 120 1. ¢. CneroBaTenbHO, B3JIET caMolieTa
M yXOJI Ha BTOPOH KPYT IpH OOJIBILIOM IIIare BUHTA 3aTPYAHSIIOTCS.
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T'OPU30OHTAJIBHBIN MOJIET CAMOJIETA

IToner camonera OT B3JeTa IO MOCAAKH MPEACTABISET COOOW COUETAaHWE PA3TUIHBIX BHUJOB JBHIKEHUS.
Hawnbonee mpoaomKUTENbHBIM BUIOM ABMKCHUS SIBIISCTCS PSIMOJIMHEHHBIHN MOJIET.

YceraHoBUBHIMMCSE HpﬂMOﬂHHEﬁHbIM MOJIETOM Ha3bIBACTCA TAKOC ABMKECHHE CaMOJIETA, IPU KOTOPOM
CKOPOCTh ABMKCHHUSA C TCUCHNEM BPEMEHU HE U3MEHSACTCA 110 BEJIMYMHE U HAIIPABJICHUIO.

K ycraHoBuBIIEMYCS TPSIMOJIMHEHHOMY IOJIETY OTHOCSITCSI TOPU3OHTAIIBHBIN TIOJIET, TIOBEM U CHU)KEHHE
camoJieTa (TUIaHUPOBAHHUE).

OnpenenuM XapakTepHBIE PEXUMBI M XapaKTEePUCTUKH TOPU3OHTAIBHOTO IIOJIeTa, TNOABEMa U
TJIAHUPOBAHUS IPUMEHUTENBHO K camoneTaM SIk-52 u SIk-55, uX 3aBHCUMOCTH OT BBICOTHI I0JIETa, TIOJETHOTO Beca
U peXuMa paboThl ABHUIATENSI.

YCTAHOBUBIINMACS TOPU3OHTAJIBHBIN IMTOJIET

Ycemanosuswumces zopusonmanvuvim nonemom HazbIBaeTCs NPSIMOJMHEHHBIA IMOJET C MOCTOSHHOM
CKOPOCTBIO 03 Habopa BHICOTHI ¥ CHUKEHHUSI.

Ha Puc. 80 moka3aHsbl CHIIBI, IEHCTBYIOIINE HA CAMOJIET B TOPU30HTAIBHOM IOJIETE 0€3 CKOJBKCHUS, TIC
Y - nogbemuas cuna;

X - m000BOE COPOTUBIICHHE;

G - BeC caMoJIeTa;

P - cuna TATH IBUTATEIIs.

Bce atm cuipl HEOOXOOMMO CYMTATh NPWIOKEHHBIMH K ILIEHTPY TSDKECTH CaMojeTa, TaK Kak ero
MPSIMOJIMHEMHBIA MOJIET BO3MOXKEH JIUILb IIPU YCIOBUHU, YTO CyMMa MOMEHTOB BCEX CHJ OTHOCHTENBHO LIEHTpa
TSDKECTH paBHA HYJIIO.

HeoOxoaumoe paBHOBeCHE MOMEHTOB JICTYMK CO3Ja€T COOTBETCTBYIOIIMM OTKJIOHEHHEM pyJei
yIpaBJIeHUs.

W3 pucyHka BHIHO, 4TO Bec camojieTa G ypaBHOBEIIMBAeT IOIbEMHas cumia camonera Y, a j1000Boe
comnporuienue X - cuia taru P.

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

Ot PaBCHCTBA HAaA3bIBAIOTCA YpaeéHeHUAMU osudiceHUs 0 ycmanoeueuieeocsa 20pu3oHmalbH0o2o
noaema. HpI/I HApyHICHUU 9TUX PABCHCTB JBUXKXCHUC CaMOJIETAa CTAHET KpHBOJ’[HHefIHLIM 1 HCPABHOMCPHBIM.

[onb3ysCh STUMHU PABEHCTBAMH, MOXHO OIPEIEIUTh CKOPOCTh, KOA(PMUIMEHT MOJbEMHOM CHIIBI, TATY H
MOIIIHOCTb, HOTPEOHBIE JJIsi TOPU30HTAILHOTO MOJIETA.
14

14

Puc. 80 Cxema Oeiicmeyoujux cui Ha camonen ¢ yCMaHo8UGUIEMCA noleme

CKOPOCTBD, IOTPEBHASI JJIS1 TOPU30OHTAJIBHOI'O ITOJIETA

Jst Toro 4ro0BI KPHUIO CaMoJieTa MOIJIO CO34aTh NMOJBEMHYIO CHIy, PAaBHYIO BECy CaMoJieTa, HYXHO,
YTOOBI OHO ABUTAJIOCH C OMPENEICHHON CKOPOCTHIO OTHOCUTENBHO BO3IYIIHBIX Macc.

CKOpOCTL, H€06XO,HI/IMEIH JJIA CO3aaHUsA HOZ[’I)GMHOﬁ CHJIBI, paBHOﬁ BECy CaMoJi€Ta IpHU IMOJICTE CaMOJIeTa
Ha JaHHOM YTJI€ aTaKu 1 I[aHHOﬁ BBICOTEC II0JICTA, HA3BIBACTCSA HOTpCGHOﬁ CKOPOCTBIO TOPU30HTAIIBHOTO IIOJIETA.

I[To onpeneneHnIo TOPU30HTAIBHOTO MMOJIETa JOJDKHO OBITh BBITIOIIHEHO yciaoBue Y=G.
W3BecTHO, 9TO
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Y=CpP v g
2 (4.3)

CJI€O0BATCIIBbHO,

2
y=G=yP" s
(4.4)

Pemus 310 YpaBHCHUC, Haﬁ,HGM CKOPOCTb, HO'I‘pe6HyIO JJIs BBIIIOJTHEHUS TOPU30HTAJIIBHOT'O ITOJIETA

v 2G
rma. —al A~ o
CypS (4.5)

Benuunna noTpeGHOM CKOPOCTH 3aBUCHT OT Beca CaMoJjieTa, IUIONAMU ero KpbuUla, OT BBICOTHI MOJIETa
(BBIpa’KEHHOH Yepe3 MacCOBYIO INIOTHOCTh O) U KoddduImenTa moaseMuoit cuisl Cy.

U3 dopmyis (4.5) BUAHO, YTO C YBEIMYCHUEM BecCa CaMOJIETa CKOPOCTh, IOTPEOHAS I TOPU30HTAIBLHOTO
IOJICTA, TAKKE YBCIMYMUBACTCSA, TAK KaK I YPaBHOBCIIMBAHUA 0O0JIBIIETO BECA TpeGyeTc;I OoJibIIas noaAbEMHAas
CHJia, YTO JoCTHraercs (IpH MPOYMX PaBHBIX YCJIOBHUSIX) yBEIMYEHHEM CKopocTH mnosera (cM. dopmyny 6.4).
YBenuueHne Iomaan Kpblla, Ha000pOT, yMEHbIIAET MOTPEOHYI0 CKOpOCTh. JIJIsl pacyeToB Ha MPaKTHKE OOBIYHO
NPUMEHSIOT OTHOIIECHHE
G_p
S (4.6)

Ha3bIBacMOC€ yZ[eJ'II:HOﬁ Harpy31<0171 Ha KpbLIO.

Y COBpeMEHHBIX CaMOJIETOB y/IeNIbHas Harpy3Kka Ha KPhUIO KoeOieTcs B MINPOKHUX npeaenax: ot 100 Kr/m>
y Jerkux camosneroB 10 800 Kr/m* i Gosee y TSKEIbIX CaMOJIETOB H CaMOIIETOB GOJIBIIHX CKOPOCTEil MosIeTa.

C yBenuyeHHEM BBICOTHI TOJIETa MacCOBas IDIOTHOCTh Bo3ayxa ymeHbImaercs. CormacHo dopmyrne (6.5)
YMEHBILIEHNE IUIOTHOCTH P MPUBOJUT K YBEINYEHHIO OTPEOHOH CKOPOCTH HOJIETa.

Eciu u3MeHsTh yron ataku, TO NPOIOPIHMOHAILHO OyJeT U3MEHATHCS M KOI(P(PHULIUEHT MOIBEMHOM CHIIBI
Cy. A uamenenue Cy oTpaxkaeTcsi Ha BEJIMUMHE NOTPEOHON CKOPOCTH FOPU30HTANILHOTO rojieta. Yem menbuie Cy (1
YTOJI aTaKK COOTBETCTBEHHO), TeM OOJIbIIle JOIDKHA OBITH CKOPOCTH TOJIETa, M HA000poT. 13 3TOTO0 CiieayeT BaKHBIN
BBIBOJI: KaXIOMY YIUIy aTakd Ha JaHHOW BBICOTE IIOJIETA COOTBETCTBYET BIIOJIHE OIPEAEIEHHAs CKOPOCTb
TOPHU30HTAIILHOTO 1oJeTa Vi .

TAT'A U MOIIHOCTD, IOTPEBHBIE JIUISA TOPU30HTAJIBHOI'O ITOJIETA

Ilompebnon msazoii Ui TOPU30HTAILHOTO MOJIETA HA3bIBACTCS TATa, HEOOXOAMMAs ISl YCTAHOBHUBILICTOCS
TOPU30HTAJILHOTO T0JIETA, T. €. U YPAaBHOBEIIMBAHKS JIOOOBOI'O CONPOTUBIICHHS CaMOJIETa Ha JIaHHOM YIJIe aTaku

(Pr=X).

B ropuzoHTaibHOM MOJieTe IMOJbEMHAs CWia paBHA Becy camonera Y=G, Torma, pasjieiuB IepBOe
PaBEHCTBO Ha BTOPOE, NOIYYUM

Y
X P, K @7

CDopMyna IMOKa3bIBACT, YTO YEM MCHBIIIC BEC CaMOJI€Ta U YEM 00JIbIlIe €ro Ka4eCTBO K, TEM MCHbIIIAA TATa

HOTp€6yeTC${ JJIA TOPU30HTAJILHOT'O ITOJICTA. Ho xadecTBO camoiieTa 3aBHCUT OT yrijia ataku, CJICA0BATCIbHO, IPpHU

M3MEHEHHMH YIJla aTaku MeHseTcs W morpeOHas Tsra. [loaTomy Juist ompezaeneHus MOTPeOHOW TSTH MPU 33aHHOM
yTJIe aTakyl He0OXOAMMO IPEIBAPUTEIHHO HAWTH COOTBETCTBYIOIIEE €l KaueCTBO CaMOJIeTa.

G G

YroObl HaliTh 3aBrCcUMOCTh P 0T Vi moactaBum B opmyny (4.7) pa3BepHYTOE BBIPaKECHUE TOIBEMHON

p - CYFH/)VZ

f .
CHJIBI, TTOJTYYHM 2K W3 dopmynsl BUIHO, YTO MOTpEeOHAs! TAra TOPU3OHTAILHOTO MOJIETa 3aBUCHT
OT KBaJ[paTa CKOPOCTH.

Ha Puc. 81 mpuBeneHbl KpuBbIE 3aBUCUMOCTH Pp oT Vi ckopoctu monera Ha Bbicore H=500 M st
camouietoB Sk-52 u SIk-55.
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Puc. 81 Kpugsvle nompeodnvix msaz 015 20pu3oHmanbvhozo nojiema camonemos Ax-52 u Ax-55

3aoaua 1. Onpedenums ms2y, nompebHylo 01 20PU3OHMANLHO20 noiema «camorema Ak-55 npu yene amaxu 5° u
nonemnom gece 870 kec

Pewenue. Ilo nonspe camonema Ax-55 naxooum, umo npu yene amaxu 5° koagpguyuenmor umerom 3nauenus. Cy=0,39,
Cx=0,045, cnedosamenvho, Kauecmeo pasHo

k=9 _ 939 ¢
Cx 0,045
Toz0a nompebHas maza 6yoem umems 3Ha4eHue
. :E :ﬂ = 100xec.
K 8,66

3aoaua 2. Onpedenumv mszy, nompebnyio 0N 20pU3OHMANLHO20 hoiema escamonema Ax-52 npu yene amaxu 7° u
nonemnom gece 1290 kec

Pewenue. Ha nonspe camonema Ax-52 naxooum, umo npu yene amaku 7° koagpguyuenmor pasuvi. Cy =0,67, Cx= 0,056,
c1e008amensvHo,

K= 0587 6.
Cx 0,056
Toeoa nompebuaa msaza 6yoem pasHa
. :E =@ = 108xec.
K 1196

B 3amauax He yka3zaHa BBICOTa IOJIETa, TAK KAaK BBICOTA IPH DPABHBIX YIJAX aTakul M OTCYTCTBUH
C)KMMAaeMOCTH BO3JlyXa He BJIMSIET Ha IOTPEOHYIO TATY.

KauectBo camorera 3aBHCHT TOJIBKO OT BennauHHI K03 durmentos Cy u CX, a Ha HAX BBICOTA ITOJIeTa Ha
ckopoctsx 10 700 km/4 He BiusieT. Takum oOpa3oM, 1t caMmoneToB SAk-52 u Sk-55 MOKHO cUUTaTh, YTO MOTpEOHAs
TSATA OT BBICOTBI HE 3aBUCHT.

Ilompeonas mowgnocms. Jnst TOPU30HTAIBHOTO T10JIETA MTOTPEOHOM MOIIHOCTHIO HA3bIBAETCS MOIIHOCTb,
HeoOxoaumast st OOeclieueHMs] YCTaHOBUBILETOCS TOPH30HTAIBHOTO II0JIeTa Ha JAHHOM YIJIE aTaku M
o6o3HagaeTcs Ni.

Ecnu npu nonere co ckopoctbio Vrp TpedOyercst Tsira Pr, To morpeGHass MOIIHOCTb ONpENeNsieTcs: 0

hopmyne
N. = PV
17 - .
75 (4.8)
Ora popMmysia mokas3pIBaeT, YTO MOTPEOHAS MOIIHOCTh 3aBHCUT OT TEX e (haKTOPOB, OT KOTOPBIX 3aBHCST

noTpeOHast Tsira U ckopocth nojera. [logcraBus B popmyny (4.8) BMecto Py v Vi X pa3BepHyThIE BBIpaXKEHUs,
MOJIYYUM Pa3BEpHYTYIO (OpMyIy HOTPEOHOH MOLTHOCTH

G | 2G

K\ CypS

N, =
" 75 (4.9)
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W3 dopmynsl BHAHO, YTO NOTpeOHAS MOIIHOCTH 3aBHUCHT: OT BBICOTHI IIOJIETA caMojieTa (IUIOTHOCTH

BO3/lyxa); OT Beca camoJieTa M YJeJIbHOW Harpy3KM Ha KpbUIO; OT a’pOJUHAMHYECKOTO KadecTBa camolieTa U
K03 PHIIHEHTA TOTHEMHON CHJIBL.

CrnenoBarenpHO, IOTpeOHAs MOIIHOCTh TeM OOJbINe, YeM OOJbIlle BEC CaMoOJleTa, MEHBIIE IUIOTHOCTH
BO3/lyXa U XYyXe KaueCTBO CaMOJIeTa.

HpI/I yCl10oBUHA G=const u H=const HOTpe6Ha${ MOMIHOCTD 3aBHUCUT TOJIBKO OT YyI'Jla aTakK! U, KaK CJICIACTBUC,
OT CKOPOCTH 1OJICTA.

B ropusoHTansHOM mosieTe MOTpeOHas Tsra paBHa JI0OOOBOMY compoTuBieHHio Pp=X, Torma dopmyia
nOTPeOHON MOIIIHOCTH OyIeT MMETh CICIYHOIIUI BH/I;

.
7 — T .
75 (4.10)
Ecmu B popmyity mMoICTaBUTh pa3BepHYTOEC BRIPAKEHHE JIOOOBOTO COMIPOTHBIICHHS, TO TOIYIHM
3
cx Pl
N,—2
75 (4.11)

®dopmyIa MoKas3pIBaeT, YTO MOIIHOCTh, HOTPEOHAs Il TOPU30HTAIILHOTO I0JIETA, MPOIIOPLHOHAIbHA KyOy
cKopocTH (HoTpeOHas Tsra NponopHroHaiIbHA KBaapary ckopoctd). Ha Puc. 82 npuBoasTcst KpuBble 3aBUCHMOCTH
Nm ot V, ckopoctu nonera Ha Beicorax H=500 M u H=1000 m nnst camoneros Ak-52 u SAk-55.

Takum 06pa3om, 4ToOBI YBETMYUTH CKOPOCTH 10JIeTa B 2 pa3a, MOLTHOCTh HEOOXOJMMO YBEIUYHTh B 8 pas.

Na,

nc . _

300 - H=t000m  H=500m
Ax-02
Ax-85

200 -

1400

100 200 300V, emry

Puc. 82 Kpuevie mowinocmeit, nompeonvix 0,11 20pu30oHmanbHo20 nojiema

3aoaua. Onpedenums mowHocmsb, NOMPeOHYIO 01 20PUZOHMATLHO20 NOJema y 3eMau, eciu gec camonema AHx-52 G=1200
rec, koapuyuenmor Cy =0,4 u Cx=0,044, S=15 M

Pewenue. 1. Onpedenum ckopocms noaema

y- |20 2-1200 ~203,7xm/ u.
CypS\ 0,4-0,125-15

Pewenue. 2. Kauecmeo camonema

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

Pewenue. 4. [lompebnas mowrocmo

N = Py Vi _ 133-54,2 75=96 =70,6xBm.
" 75
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3ABUCUMOCTDH HOTPEBHOM TATW U MOIITHOCTH JIJISI TOPU30OHTAJIBHOI'O ITOJIETA OT
CKOPOCTHU I'OPU30HTAJIBHOI'O TOJIETA. KPUBBIE H. E. ’)KYKOBCKOI'O

Js TonHON XapaKTepHCTHKH TOPHU30HTAJIBHOTO IIOJIETa M OIPENENICHHs] JIETHBIX JAHHBIX CaMOJIETOB
BOCTIONIB3yeMcs TpadoaHaTuTHIeckuM MeTonoM, npemnoxeHHbiM H. E. JXykoBckum. Hanoxwum Ha KpuBbIe
MOTPeOHBIX TAT U MoIHOcTel P m N kpuBBIe pacmonaraeMbix TST U MomnHocTeil Pp u Np. IlomydenHsie Takum
00pa3oM KpHUBBIE HOCST Ha3BaHHE KPHUBBIX MOTPEOHBIX M PACIONAraeéMblX TSI U MouIHOCTeH, min kpusbix H. E.
Kyxosckoro (Puc. 83, Puc. 84).

P,

4054 N AN

Joi 4

_ He-09m

200

700

a0

200 300 Viwy
Puc. 83 Kpuevie pacnonazaemvix u nompeonvix maz camonemos fAx-52 u fAx-55 (kpuswvie H. E. JKykoeckozo)

Ne
e

200 4

200 4

100 200 300V wrpy

Puc. 84 Kpugvie pacnonazaemuvix u nompeonvix mowiHocmeit camonemos fAx-52 u Ax-55 (kpuevie H. E.
Kykoeckozo)

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

Pacnonazaemoini mazoi (mowHocmvio) TPUHATO HA3bIBATH HAUOOJBIIYIO TATY (MOIIHOCTB), KOTOPYIO
MOXET pa3BUTh CWJIOBas YCTaHOBKa Ha JaHHOW BBICOTE M CKOpOCTH mosieta Pacronaraemasi Tsira 3aBUCHT OT
BBICOTBI, IOATOMY KPUBYIO HEOOXOAMMO Opathb JUisi TOM BBICOTHI, HA KOTOPOM 33/1aHO OIPEJEIHUTh JIETHbIE Ka4ecTBa
camoJiera

Touka mepeceyeHUs KPUBBIX COOTBETCTBYET IOJETY C HAaUMEHBIIMM BO3MOXKHBIM B TOPHU3OHTAIBHOM
TI0JICTE YIJIOM aTakH, TO €CTh MOJIeTY Ha MAaKCHUMAaJbHON CKOPOCTH FOPU30HTaIBHOTO mojera (i camonera Sk 52 -

Vi =300 km/a, st Ak-55 - Vi vake):

C yMCHBIICHHEM CKOpPOCTH IIOJIETa ¥ YBEIUYCHHEM YIJIa aTakd IOTpeOHas TAra W MOIIHOCTh
YMEHbBILAIOTCS,, MUHUMAIIbHAsI TOTPEOHAs TAra HAXOJUTCS MPOBEJACHUEM KacaTeNbHOW K KpUBOM Pp mapaiiensHo
ocu ckopoctd. Touka kacaHusi 00O3HAYaeT YroJ aTakd, MPH KOTOPOM TpeOyercsi MUHHMAllbHAs Tsra Jist
TOPU3OHTAIBHOTO ToJneTa (i camonera Sk-52 mpu H=500 m Pt =103 xrc, ma Ax-55 npu H=500 M Prypuy =87
KI'C)
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N3 ¢opmynsl moTpeOHOW TIrM cienyeT, YTO MHHUMaibHAs TiIra Ui TOPHU3OHTAJIBHOTO IIOJIeTa
noTpedyeTcs MPH MaKCUMAJIbHOM KadyecTBe caMoJieTa

Kyrc (4.12)
MakcuMallbHOE KadecTBO caMoJjeTa JAOCTUTACTCA TIpU HaHBbIFOI[HeI?'IIHGM yriji€e arTraku CKOpOCTL,

COOTBETCTBYIOIIAsT Olyp, HA3BIBACTCS HAMBBITOJHEHINEH CKOPOCTHIO TOPHU30HTAIBHOIO mojera Vyg (i camornera
Sk-52 VuB=162 xm/u, s SIk-55 Vae=137 xkm/u).

[Ipn HamBeITOAHEHIIEM yrie aTaku TpeOyeTcs MUHHMMaibHas moTpeOHas tara Pmun. CriemoBarenbHO,
pacxo/l TOIINBA HAa OJUH KHJIOMETP IMyTH OyJeT MUHIUMAJIbHBIM U JaTbHOCTD MOJIETa MAKCHMAIBHOI.

Ho pacxon TorumBa ObUT OBl MHUHHUMAJIBHBIM, €CIM OBl JBUratenb padoran Oe3 mortepb. [losTomy mis
KOMIIEHCAIlUM TIOTeph TPeOyeTcsl NONOJIHHUTENbHAs TAra ABUratens M odmas tsara Prys Oyzer Oosbine Ha 3Ty

BeNMMYMHY. MUHUMAIBHBIA KHJIOMETPOBBIA PAacXo[ TOIUIMBA IMOJIyYaeTCs Ha HECKOJBKO OOJIBIICH CKOPOCTH, 4eM
HauWBBITOJHENIIAs

Hanee, ananmmzupys rpaduk Ha Puc. 83, BUAHO, 9TO TpW AambHEUIIEM yYMEHBIIEHHH CKOPOCTH (TOCie
HauBBITOJHEHIIEI) U yBEIIMYEHUH yIJla aTak MOTpeOHas TiAra pacTeT. DTO OOBACHACTCS YXyIIIEHHEM KauecTBa
camMoJera.

CKkopocTb MOXXET OBITh yMEHBIIEHa J0 MHHUMAIbHOW, COOTBETCTBYIOIIEH KPUTHYECKOMY YIJIy aTakH.
KacarenpHast k KpuBOH, napayuieabHOW OcH P, OTMe4aeT yroin araku M COOTBETCTBYIOLLYIO €My MHUHHUMAIbHYIO
CKOPOCTH TOPH30HTAIBHOTO TTOJIETA.

g Toro 4yToOBI YCTAHOBUTH Ty WIM HHYIO CKOPOCTh TOPH3OHTANBHOTO IIOJIETA CAMOJIETa, JETYHKY
HEOoOXO0AMMO CO31aTh YCIOBUS (M3MEHSS TATY IBHUraTels) paBeHCTBA pacriojlaraeMoi U rnorpednoi tsaru (Pp=Pp).
[TosTOMy Ha CKOpOCTSIX, MEHBIIMX MaKCHUMaJbHOM, JIETYHKY HEOOXOAMMO YMEHBIIUTH TATY JABUTATENs M0
OTIpENICTICHHOW BENMYMHBI, W TOYKA IIEPECEUCHUS pacloyiaraeMoil W TOTpeOHOH Tsarm OymeT Ha MEHBIIEH,
BBIOpaHHOM JIETYMKOM CKOPOCTH.

Ecnu pacrnionaraemas Tsira Oyaer OoJiblie MOTpeOHON, TO CaMOJIeT HAYHET MOAHUMAThCS, €CIIH MEHBIIE -
CHIXKAThCS. B 000MX citydasix caMosieT He OYy/eT JIETeTh TOPU30HTAIIBHO.

Amnammsupys rpadux Puc. 83, MOKHO clienaTh BBIBOJI, UTO HA BCEX CKOPOCTAX, KPOME MaKCHUMAaJIbHOI, TATa
CUJIOBOW YCTAaHOBKHU Ppyaic 00JIBIIIE TOTPEOHOM TrH Ppy.

JIMATIA30H CKOPOCTEM T'OPU3OHTAJIBHOI'O MOJIETA

Huanazonom ckopocmeii 20pu30HmMAnNbHO20 NOJEMa HA3bIBACTCS PA3HOCTh MEXIY MAaKCUMAIbHOW U
MPAaKTUYECKON MUHUMAJIBHON CKOPOCTSIMU Ha OJHOM U TOH K€ BBICOTE IOJIETa.

CrenoBatenbHO, TMana3oH CKOPOCTEH TOPU30HTAIBHOTO T0JIETa OyIeT PaBeH

A =Vywe =Vox- (4.13)

I[.HSI CpaBHCHHUS pPa3HbIX CaMOJIETOB IOJB3YIOTCSA IMOHATHUEM OMHOCUMENbHBLI OUANA30H cxopocmeﬁ.
OTHOCHUTEIBHBIM JuarrasoHoM CKOpOCTCf/'I HAa3bIBACTCA OTHOLICHUC Ouaria3oHa CKOpOCTeﬁ K MaKCHUMaJIbHOU
CKOpPOCTH I10JICTA. Yem OOJIBIIE OTHOCHTETBHBIH Juaria3oH CKOpOCTCﬁ, TEM JIy4dlI€ CaMOJIET B JICTHOM OTHOIICHHUU.
B oTHOCHUTENBEHOM AMana3oHe CKOpOCTeﬁ CaMoJI€Ta HaXOAATCA TAKKEC XapaKTCPHbIC CKOPOCTH, KAK SKOHOMHUYECKas,
HauBBITOAHEHINIAS U MaKCUMaJbHasl.

MHEPBBIE U BTOPBIE PEXKUMbI TOPU30OHTAJIBHOTI'O ITOJIETA

B ycTaHOBHBIIEMCS TOPH30HTAIBEHOM I0JIETE TATa CHIOBOM YCTAHOBKH JOJDKHA YPaBHOBEIIHMBATE JIOOOBOE
COIIPOTHBIIEHHE. DTO 3HAYUT, YTO B JTIOOOM PEXUME M0JTIETa, KPOME Y yake, TETUUKY HEOOXOUMO 3aJpOCCENUPOBATH
JBuUrarenb (YMEHBIINTh 00OPOTHI KOJIEHYATOrO Baja), TO €CTh YMEHBUINTh MOIIHOCTH JIO TAaKOW CTEIeHH, YTOOBI
OHA CPaBHSIACH C MIOTPEOHOM MOIIIHOCTBIO.

Ecnu mocne ypaBHOBemMBaHMsI caMmojeTa B OJHOM W3 PEKHMMOB YCTaHOBUBLIETOCS TOPU30HTAJIHLHOTO
HoJieTa CKOPOCTh II0 KakKOW-ITMOO NMpPUYMHE HM3MEHHTCS, TO IOBEAEHHE camolieTa B OOiblIeH CTeneHu Oyner
3aBHCETh OT  COOTHOIICHUS  MpPHUPAIICHUA  IMOTPEOHOW  MOIIHOCTH W PaclojlaracMoOd  MOITHOCTH

3a/IpOCCENMPOBAHHOTO ABUraTens Nyp.

NuTtepBan nepBbIX peKUMOB - 3TO BCE CKOPOCTH OT Vyake 10 Vg, U1 KOTOPBIX IPOU3BOAHBIE MOIIIHOCTH
OT CKOpPOCTH TIOJieTa OOJbIIE MPOM3BOJHON MOIIHOCTH 3aJpPOCCETHPOBAHHOTO JBHTATENs OT CKOPOCTH
—n s L Qi

dv dv . HHTepBast BTOPBIX PEXKUMOB - 3TO BCE CKOPOCTH OT V3K 10 VMUH, 1Sl KOTOPBIX dv dv
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910 3HA4YUT, YTO YBEIHUYCHHUE CKOPOCTU I'OPU3OHTAJIBHOTO ITOJIETAa HAa MEPBBIX PEKUMAX COMPOBOKIACTCHA
YMEHBIICHUEM HU30BITKA MOIITHOCTH, a Ha BTOPBIX PEXNMAX - YBEIINYCHUEM HU30BITKA MOIIHOCTH. FpaHHHCfI TIIEPBBIX
M BTOPBIX PCKMMOB IOPU3OHTAJILHOI'O MOJIETA ABJSACTCA OKOHOMHUYCCKASA CKOPOCTb IMOPU3OHTAJIBLHOIO ITOJICTA, IIPU

KOTOPOH yCTaHABIMBAETCSI PABEHCTBO dv dv (Puc. 85).

ITonem camonema na nepguix pestcumax BBIIONHIETCA Ha MAJIBIX YIJIaX aTaky, KOTAA KPbLIO 00TeKaeTcs
YCTaHOBMBILIUMCS JIAMMHApHBIM BO3IYIIHBIM IIOTOKOM, CaMOJIeT XOpOLIO ycToHuuB U ympasisieM. Ilostomy
OOBIYHO MOJIB3YIOTCS TIEPBBIMU PEKUMAMH.

Jlns1 ycTaHOBHUBIIIErocs FOPU30HTAIBLHOTO MIOJIETa HA HEKOTOPOH CKOPOCTH V| B 00JIACTH HEPBBIX PEKUMOB
(Puc. 85) nBurarenb moJKeH OBITH 33[POCCEIUPOBAH 0 XapakTEPUCTUKH M1 Ilpu ciyuaiinom ysenudenuu
CKOPOCTH TOPH30HTAIBHOIO TI0JIETa BOSHUKAET OTPULATENILHBIM N30BITOK MOIIHOCTH, CaMOJIET OYZET JIBUTaThCs C
TOPMOXKCHHEM W BEPHETCS K HCXOIHOW CKOpOCTH. IIpy yMEHBIIEHHH CKOPOCTH H30BITOK MOIIHOCTH OyneT
HalpasJIeH BIIEPEN U CaMOJIET TAKXKE€ BOCCTAHOBHUT CKOPOCTh MCXOJHOTO pexkuma. st cOXpaHEeHMSI CKOPOCTH Ha
MEPBBIX PEKUMaxX OT JIETUYHKA TPeOyeTCsl OHO - BBIACPKUBATH TOPH30HTAIBHBIN ITOJIET IIPY HOMOIIHN PYJIsl BBICOTHI.
Ecnu netynky mo ycloBHSIM ITI0JIETa HEOOXOOMMO IEpPEHTH Ha HOBYIO, OOJBIIYIO CKOPOCTbh, B NpeAeiax MEpPBBIX
PEKMMOB Ha TOH e BBICOTE, TO, COXPaHsIsI TOPU30OHTAIBHBINA MOJIET, OH JOJKEH YBEJINYUTh MOIIHOCTD IBUTAaTeNs, a
JUI TIepexojia Ha MEHBIIYI0 CKOPOCTh TOPU30HTAIBHOTO IIOJETA - YMEHBIIUTh MOIIHOCTh CHJIOBOM YCTAHOBKH
(YMEHBIINTH YacTOTY BpAILlEHHUs KOJIEHYATOro Baja).

i

Bmeob & 2emuMb
n,
enbo & Lemumsl

|
|
|
|
—
|
i
1 :
I }
o ‘ Tq o " 5
! [ ¥ . A -
i 1 i
' ' i Juarasom  opacTey !
T T L g - P
Vour Vo 2 Vivan: V ampu

Puc. 85 Ilepsvie u émopbuie pesicumvl U Ouanazonvl CKOPOCHell 20pu30HmManbHo20 nojiema

Ilonem na emopvix pexcumax z0pu3oOHmMAIbHOZ0 NOJaema MPOUCXOAUT Ha OONBIIUX YIJaX aTakd U Ha
CKOpPOCTSIX TOPU30HTAJILHOIO T0JIETA, MEHBIIUX, YEM SKOHOMHUYECKAs CKOPOCTb, UYTO CBA3aHO C YXYALICHHEM
oO0TekaHUsT Kpbula M TOHIWKEeHHEM O3(PQEeKTUBHOCTH pylell, U TeM caMblM YXyALIEHHEM YCTOHYMBOCTH H
YIPaBISIEMOCTH CaMoJjieTa, 0COOEHHO mornepedHoi. [loaToMy JieTaTh Ha BTOPBIX peXnMax He pekoMeHxyercs. K
HHUM IPHOETAIOT JIUIIb PH HEKOTOPBIX TPEHHUPOBOYHBIX ITOJIETAX U IIPU BBHITOJIHEHUH MTOCAIKH.

PaccmoTpuM BiMSHHE W3MEHEHHS CKOPOCTH Ha BBINOJHEHHE TOPH3OHTAJIBHOTO IOJIeTa HAa BTOPBIX
pexxumax. IlycTe camosieT BBINOJHAET TOPU3OHTAIBHBIA IONET Ha cKOpocTH V,. C yBenMyeHHEeM CKOPOCTH
BO3HHKAET IMOJOXKUTEIbHBIA M30BITOK MOIIHOCTH, ¥ €CIM JICTYHK HE M3MEHHT PEXUM paboThl ABUTATEIS U OyneT
BBIJICP)KMBATh TOPH30HTAIBHBIA IIOJIET, TO YBEJIHMYEHHE CKOPOCTH OYAET IpOAOJDKATHCS, IMOKa HE HACTYIUT
paBHOBecMe Ha HOBOW CKOpocTH Vi, jexamed B 00JlacTH NEpBBIX pexuMoB. IIpu ciaydailHOM yMeHBIICHUH
CKOPOCTH H30BITOK JIOOOBOTO CONPOTHBIICHWS HAJ TATOW BBI3BIBAET TOPMOKEHHE CaMoJieTa 0 MHUHHMAaJIbHOH
CKOPOCTH (CaMOJIET MOXET COPBATHCS B IIITOIIOP).

Takum 00pa3oM, Ha BTOPBIX PEXHUMax BbIIEPKMBaHHE IMOCTOSHCTBA BBICOTHI IOJieTa HE oOecrednBaeT
COXPaHEHHE CKOPOCTH.

[Ipy BBINOIHEHUH JUTUTEIBHOTO IOJIETa HA BTOPBIX PEXHMMax JUisi BOCCTAHOBJICHHUSI UCXOIHOW CKOPOCTH
JIETYNKY HEOO0XOIUMO JTHO0 M3MEHEHHEM pekuMa paboThl ABUTaTeNs (IPH yBEITUUIEHIH CKOPOCTH TATY HEOOXOIUMO
YMEHBILNUTh, a [IPU YMEHBIIEHUH CKOPOCTH - YBEIIMYUTH), JIMOO W3MEHEHHEM YIJia HAKJIOHA TPAEeKTOPUH MOJeTa
BOCCTaHOBUTH 33J[aHHYIO0 CKOPOCTh FOPHM30HTAJILHOTO IoJjieta. Bo BTOpoMm ciydae TpaekTopus mojiera OyJaer He
NPSIMOJIMHEHHOM, 8 BOJTHOOOPa3HOM.

B ob6nacTy BTOPBIX PEXKHMMOB Ul YBEIWYEHUS! CKOPOCTH TOPH30HTAIBHOIO MOJIeTa HEOOXOAUMO CHaJana
YBEIIMYUTh MOILTHOCTb JIBUTATENs, a 3aTe€M, KOIZla CKOPOCTh HAYHET BO3pacTaTh, yMEHBIIUTD €€. [l yMEHbIICHUS
CKOPOCTH TOPU30HTAJIBHOTO IOJIeTa CIEAyeT HECKOJIBKO 3aJpOCCeNUpOBaTh JBUTaTeNb (YMEHBIIUTH YacTOTy
BpallleHHsl KOJIEHYaTOro Bajia), YTOObl CKOPOCTh Hayala MajaTh, NOCJE YeTo YBEINYUTh MOIIHOCTh JI0 IIOTPEOHOIA.

To ecTp Ha BTOPBIX pEXHMax TOPH30HTAIBHOTO IIOJIETa TpeOyeTcss ABOWHOE IBMKEHHE PBHIYaroM
YIOpaBJICHHUS APOCCENBFHON 3aCIOHKOH KapOropaTopa.
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Hcxonst w3 BBIIECKa3aHHOTO, MOYKHO CJENaTh BBIBOJ, YTO [ONYCKaTh YMEHBIICHHE CKOPOCTH HHXKE
SKOHOMHUYECKOW He ciexyeT. VHade roBops, M camoneToB Sk-52 u SIk-55 skoHOMHYECKass CKOPOCThH ABISAETCA
MPaKTUYECKH MUHUMAJIbHONW CKOPOCTHIO TOPU3OHTAIILHOTO MOJIETA.

PasHoCTe MeEXIy CKOpPOCThIO Vrr, KOTOPYIO JIETYMK BBIACP)KHBAET B TOPHU3OHTAIBHOM ITOJETE, H
5KOHOMHYECKOH CKOPOCTBIO Ha3bBaeTcs 3anacom ckopocmu AV:
AV=Vr-Vay (4.14)

B monere Ha Mainoii BbICOTE PEKOMEHIyeTcs MMETh 3armac ckopoctd (mist camonera Sk-52 Vmunr=170
KM/4), paBHBIH TpuMepHO 20...30% 3KOHOMHUYECKOH CKOPOCTH TOPU30HTAIBHOTO TIOJIETA.

N3 ckazanHoro SICHO, 4YTO B JIETHOM IMMpaKTUKE 3arac CKOPOCTU HUMECT Oosipiioe  3HaueHue. Mmest
JIOCTaTOYHBIN 3amac CKOPOCTH, JICTUHUK I'apaHTUPOBAH OT HECOXKUAAHHOI'O MOMaJaHud B UHTEPBaJl BTOPBIX PCIKHUMOB,
CJICAOBATCIBbHO, U OT OIIACHOCTHU NOTEPU CKOPOCTHU.

9BOJIIOTUBHAS CKOPOCTbD ITOJIETA

OBOMIOTHBHASL CKOPOCTH JIETATENBHOTO alllapaTa - MHUHUMalbHas CKOPOCTb, Ha KOTOPOH CaMOJIeT HMeeT
BO3MOXHOCTb BBINIOJIHATE HEKOTOPbLIC MHUHHUMAJIBHBIC 3BOJIIOLIUN (MaHeprI) ﬂﬂﬂ HEMaHEBPCHHBIX CaMOJICTOB
pa3NUYaT MUHUMAIBHYIO 9BOJIOTHBHYIO CKOPOCTb: IIPH pasbere, B3IeTe, IOCaIKe U IIPU yXOJe Ha BTOPOI KPyT.

BJIMAHUE BbICOTbI HA IIOTPEBHBIE CKOPOCTH I'OPU30OHTAJIBHOTI'O ITOJIETA.

T'PA®UK IIOTPEBHBIX U PACIIOJIATAEMBIX MOIIHOCTEM JJISI PA3JIMYHBIX BICOT

Bocnonp3oBaBmmck Gopmynoit (4.11), HaiimeM 3aBHCHMOCTh MOTPEOHOH MOITHOCTH OT BBICOTHI TIOJIETA.
[Tocne npeobpa3oBaHuii MOIydIUM

Po
N H — N 0 H
Pu (4.15)
Fz[e N[-[- HOTp€6Ha$I MOMIIHOCTb T'OPU30OHTAJILHOI'O IIOJIETA HA 3aﬂaHHOﬁ BBICOTEC H,

Ny- notpedHasi MOIIHOCTh TOPU3OHTAJIBHOIO MoJieTa y 3eMitd. M3 (hopMyiibl BUIHO, YTO NIPU HEU3MEHHOM
yrie artakd mnoTpeOHas Ui TOPHU30HTAJIBHOIO IMOJIETA MOIIHOCTh OYyJIeT YBEJIHUYMBATBCI C  BBICOTOM

Po
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Puc. 86 Kpugsvle nompednvix u pacnonazaemovix MowHocmel 01 paziuyHblX blCOM nojiema
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Puc. 87 H3menenue xapakmepHusix cKopocmei 20pu30HmMaibHO20 NOJIeMa ¢ N0OObEMOM HA GbICOMY CAMOIEMA C
nOpUIHEBOIl CU060i yCMAHOEKOU

[Toner Ha HauBBITOJHEWIIEM YIJie aTakd M COOTBETCTBYIOIIMX €My MaKCHMaJbHOM KadecTBe Kyaxc H
HaMBBITOJHEHIIEH CKOPOCTH NPH yBEIWIECHUH BBICOTHI II0JIE€Ta MOTPeOyeT yBEIHMUYESHUS OTPEOHONH MOITHOCTH, TaK

Po
KaK HaMBBITOJIHEHIIIAsE CKOPOCTH C MOJHITHEM Ha BBICOTY PACTET MPOMOPIIUOHAIBEHO Pu

Ny

OHHaKO otHomeHne U JJIs BCEX BBICOT COXPAHUTCA MOCTOSAHHBIM, IIOTOMY 4YTO

0,
v, N po N
1g p=—"= Ho— " — const.
0 Py Yn,
HO
Pr (4.16)

W3 storo ciemyer, YTO KpUBBIE Ul PA3IMYHBIX BBICOT MoOjeTa OyAyT HMMETh OOILIyI0 KacaTelbHYIO,
MpOBeIeHHYIO U3 Havana koopauHat (Puc. 86). KpuBrie pacmonaraeMpIx MOIIHOCTEH CHIMAIOTCS C XapaKTEPHCTUK
JIBUraTeNIbHBIX ycTaHOBOK ¢ yueToM KIIJI Bo3ayIiHOro BUHTA.

Y caMoJIeTOB C BBICOTHBIMH MOPUIHEBBIMU ABUTATCIIAMU pacrojiaraéMasi MOIIHOCTbL YBEJIMYMUBACTCA 10
pacquHoﬁ BBICOTBI, BCJICACTBHUEC O3TOI0 YBCIWMYUBACTCA W MaKCHUMaJlbHass CKOPOCTH IIOJICTA. Brime pacquHOﬁ

BBICOTHI pacrioyiaraeMasi MOIIHOCTh YMEHBIIACTCS, YMEHBIIACTCA M Vyaxe (Puc. 87). C yBemmdeHmeM BBICOTHI
MoJieTa J0 pacyeTHOW YBENIMYUBAETCS W M3OBITOK MOIIHOCTU. JlanbHeliliee yBeNIWYeHHE BBICOTHI IOJIETa

COMPOBOX/IAETCS YMEHbIIEHHEM n30biTKa MotHocTH AN, KOTOpBIi Ha MOTOJIKE caMolieTa 00pPAILAETCs B HYJIb.

BJIMSAHUE MACCBI CAMOJIETA HA ITIOTPEBHBIE CKOPOCTMU.
Y nenbHast Harpy3Ka Ha KPbUIO B TIOJIETE MEHAETCS B 3aBUCHMOCTH OT KOJIMYECTBA TOPIOYEro (€ro pacxosa).

PaccMoTpuM ropu3oHTanbHBIA HojieT camosera Sk-52 mpu M3MEHEHHWH Harpys3kd, HO NPH OAWHAKOBOM
yIJIe aTaKy U Ha OJIHOM BBICOTE.

[TycTh moneTHbINH BeC yMEHBIIAETCS, HO yCIOBHE TOPU30HTAIBHOTO Mojera coxpansercs (Y=G), nosromy
COOTBETCTBECHHO HEOOXOIUMO yMEHBIINTh MOJBEMHYIO CHIY. JTO MOKHO BBINOJHUTH MO0 yMEHBIICHUEM YIia
aTaku, 100 IMyTEM YMEHBIIEHHSI CKOPOCTH JJO BETMYHMHEI V.

Ecnm n3BectHa nmotpeGHas ckopocTh V IpH pacueTHOM Bece G, TO BBIYHCIUTH NOTPEOHYIO CKOPOCTH MPH
HOBOM Bece MOXHO 10 (hopMyIie

| 2G |26,
CypS’

CypS

pasziesuB BTOPOE BBIPAKEHHE HA TIEPBOE U COKPATUB, MTOIYINM

hofe G
V G G 4.17)

W3 dopmynsl BuAHO, YTO MpPHU YMEHBIICHWH IOJETHOTO Beca MOTpeOHAas CKOPOCTh yMEHBIIAETCS
MPONOPIIMOHAIBHO KBAaJPAaTHOMY KOPHIO OTHOILIECHUS BECOB (IIOTHOCTh BO3AyXa Hem3MeHHa). Ilpu ymeHbleHun
Beca Ha camorietax Sk-52 u SIk-55 nmotpeOHast CkopocTh FOPU30HTAIBHOTO MOJIETa YMEHbBIIAETCS.



ASPO/IMHAMMUKA CAMOJIETA 67

3aoaua. Jlemuuk evinonnsiem nepeirem Ha evicome 500 m. Ilepsonauansvhulii noremuulii 6ec cocmaensin 1240 kec Cropocmo
nonema V=240 xkm/u. K ronyy neperema uspacxodosano 80 kec eopioueco. Karxosa eenuuuna neobxooumoi ckopocmu
20pU30OHMATIbHO20 NOJIemd NPU MOM Jice yelie amaku U Mot Jice gbicome noiemd.

Pewenue | Onpedenum sec camonema 6e3 uspacxodosantnoo copiodezo. Ou cocmasnsiem 1160 kec.

2 Onpedenum HeoOX00UMYI0 CKOPOCTb OISl COXPAHEHUsI 20PU30HMATbHO20 nofiema no gopmyne (725)

v =240, 90 235 6100/
1240

Tlompebrnas cxopocmv 01 COXpAHEHUs. 20PUZOHMATILHO20 NOAEmda NPU MOM Jice yele amaku u npu Mot Jce 6blcome
nonema cocmasensem 225,6 km/u.
M3meHeHune MONETHOrO Beca BIMSET TAKKE W HA Jpyrue JIETHbIE KayecTBa camodiera. PaccmaTtpuBas
KpHUBBIE TOTPEOHBIX MOIIHOCTEH IS pa3HOTO Beca caMoJieTa, MOKHO C/IEaTh BBIBOJGIL:

Ipyu yBCJIMYCHHUU BECa CaMOJICTa €ro MHUHHMaJIbHasd IOoCaJo4Has, 3KOHOMUYCCKasd M Hﬁl/IBbIFO}IHCﬁIﬂﬁH
CKOPOCTH YBCIIMYMBAIOTCA, MaAKCHUMaJlbHAasA CKOPOCTb YMCHBIIACTCA IO MHNPHUYMHC YBCJIMYCHUSA YIJla aTaKy,
H€06XOZ[I/IMOFO JJI ToAACpiKaHus BE€Ca CaMOJI€Ta B TOPU30OHTAJILHOM IIOJICTC,

C YBEIMYEHHMEM IIOJETHOTO Beca [HUAla30H CKOPOCTEH YMEHBIIAETCS BCIEICTBUE YMEHBLICHUS
MaKCHUMaJIbHOW CKOPOCTHU U YBEIMUYEHUS IKOHOMUYECKOM;

C YBENMYCHHEM IIOJIETHOTO BECa YMEHBIIAECTCS TOTOJOK CaMoJIeTa BCICICTBHE YMEHBIICHUS W30BITKA
MOIIHOCTH.

AHaJ’II/I3I/IpyH BBIIIIECKA3aHHOC, MOKHO CACJIaTh BBIBOA, YTO C YBCIIMYCHUEM IIOJICTHOI'O BECa CaMOJICTa €T0
JICTHBIC XaPAKTCPUCTUKU YXYAIIAKOTCA, 4 C YMCHBIICHUEM BECA CaMOJICTA - YJIydIIatOTCA.
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HOABEM CAMOJIETA

I[Mompem sBISIETCS ONHWUM W3 BHIIOB YCTAaHOBHBIIETOCS IBIDKCHUS caMoOJeTa, NMPHU KOTOPOM CaMOJIeT
HaOMpaeT BBICOTY 110 TPAEKTOPHUH, COCTABIIAIONICH C THHUEH TOPU30HTA HEKOTOPHIH YTOL.

Ycemanoeuswuiica nodvem - 310 NpSIMOJIMHEHHBIN IIOJIET camMoJieTa ¢ HA0OPOM BBICOTHI C IOCTOSTHHOM
CKOpOCTBI0. PexknM mojrbeMa XxapakTepu3yeTcs CIeAyOIMMH NapaMeTpamMHu:

- CKOPOCTBIO TI0 TPACKTOPUH - CKOPOCTh MOabeMa U;
- YIJIOM HaKJIOHA TPASeKTOPUH MObeMa K TOPH30HTY - YTOJl 0 IbeMa 0,

- BEPTHKANIBHOM COCTABIAOIIICH CKOPOCTH TO(bEMA - BEPTHKAIBHAS CKOPOCTH Uy,

CXEMA CWJI, JEMCTBYIOILIUX HA CAMOJIET HA IIOJBEME

PaCCMOTpI/IM HpHMOHHHeﬁHBIﬁ yCTaHOBHBHIPIﬁCS[ MOoABEM CaMOJICTA, TPACKTOPHA KOTOPOTO HAKJIIOHCHA K

TOPU30HTY II0J HEKOTOPBIM yIJIOM 0, nasbiBaembiM YTJIOM MOABEMA.
[Ipu mombeMe Ha camMmoIeT ASHCTBYIOT clieayromue cuibl (Puc. 88):
-cunaTaru P - B HanpaBJICHUU JIBUKCHUA,
-cuiia 1000BOTO cOMpOTUBIICHUS (O - B HANIPABJICHUH, 0OPaTHOM JBIDKEHHUIO;
- cocrapsironias cuia Beca G, B HanpaBJieHUH, 00paTHOM HAIpaBJICHUIO JBIKEHUS;

- B HalpaBJCHUH, MEPICHIUKYISIPHOM K TPACKTOPHM II0JIeTa, IEHCTBYIOT IOAbeMHas cwia Y u
cocTaBJIsroIIasa CHIIbI Beca Gy.

Tak xax MOABEM ABJIACTCA IUIOCKUM IOCTYHATCJIbHBIM YCTAHOBUBIIMMCS ABUKCHHUEM, TO BCC CHIIbBI,
HeﬁCTByIOLHHe Ha CaMOJIET, IPUIIOKEHBI B €0 HEHTPE THKECTHU.

JI71s1 BBINIOJIHEHUS yCIIOBUSL PABHOMEPHOCTHU U NIPSIMOJIMHEHHOCTH IOJbEMA CaMOJIETa BCE JEUCTBYIOIUE Ha
HETO CHJIBI IOJDKHBI OBITh B3aHMHO YpaBHOBeEIIEHBI. Clie10BaTeNbHO, YCIOBUEM NPSIMOIMHEHHOCTH JIBIKEHUS IpU
HOJbEME SIBJIAETCS paBeHCTBO cui Y u Gj.

YcmoBuem PAaBHOMCPHOCTH ABUIKCHHA CaMOJICTa 6y,HCT PaBEHCTBO CHUII, ﬂeﬁCTByIOHIHX BOJIb TPACKTOPUU:

HpI/I HapymIeHUU OJAHOT'O0 M3 3THUX PABCHCTB ABUIKCHHC HC 6yH€T HpﬂMOJ’IHHeﬁHLIM U paBHOMCPHBIM, TakK
KaK MOABUBIINECSA HCYPABHOBCHICHHBLIC CHUJIbI 6y}_'[yT HUCKPUBJIATL TPACKTOPUIO B IEPBOM CJIydac U YCKOPATb WA
3aMCUIATh ABUKCHUE CaMOJICTa BO BTOPOM.

7
7
"%

Esin6=06,

6,-6cos ©
8-vron NOABLEMA

Puc. 88 Cxema cun na nooveme
Y=Gcos 0 - ycnosue npAMOAUHEHOCmU

P=Q =G'sin 0. ycioeue pagHomMepHoCmuU

W3 ananm3a ypaBHEHHUH CHII IIPH IOJbeMe MOYKHO CIENaTh CIEIYIONINE BEIBOIBI:
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- NOABbEMHAsA CUJia IPU NMOABEME MEHBIIC, YEM B TOPU30HTAJIBHOM IIOJIETE HA TOM K€ YIJI€ aTaKH, TaK KakK
OHA YPaBHOBEIINBAET TOJIBKO YaCTh BECa CaMOJIETA;

- moTpeOHas CUia TATH NPH IOAbEME OOJbIIe, YeM B TOPU30HTAIEHOM IOJIETE Ha TOM )K€ YIJIE aTakH,
MOTOMY 9YTO KpOME JIOOOBOTO CONPOTHBIICHUS OHA YPAaBHOBEIIMBAET COCTABIIONIYI0 Beca camonera G,. Takum
00pa3oM, ITOIbEM COBEPINAETCS HE 3@ CUET YBEJINUCHHS OABEMHON CHIIBI KPBLIA, @ 33 CUET YBEIWICHHS CHIIBI TSTH.

C YBCIMYCHHUEM YIJIa NOAbEMaA 0 COCTaBJIsArOIIass BECa G, HanpaBJICHHAad HNEPICHAUKYJISAPHO K TPacKTOPUU
noabreMa, yMCHbIIACTCA, CJICA0OBATCIIBHO, JOJKHA OBITH MEHBIIIE U YpaBHOBCIIMBAIOIIas €€ nNoAbEMHas Cujia Y, HpI/I
9TOM COCTaBJIAIOIIAas BECa Gz YBCJINYMUBACTCA, YTO Tpe6yeT YBCJINYCHUSA TATU CHJIOBOM YCTaHOBKHU. VBennueHue xe
CHJIBI TATH IIPU TOABEME BO3MOKHO TOJIBKO IIPU HAJTMINU €€ HU30BITKA.

BajkHoll XapaKTEpPUCTHKOM caMoJjieTa SIBJSIETCS €ro TSATOBOOPYKEHHOCTh - OTHOIIEHHE MaKCHMaTbHOMN
pacrosnaraeMoii TATH y 3eMITH K BeCy CamoJieTa.

G (53)

VYV coBpemeHHbIX camoieToB ¢ TP/l TAroBOOpYKEHHOCTh AOCTATOYHO BBICOKAs M MOXET JOCTUIaTh

€IMHUIIBI U Ootee:

-y camonera MUT'-17 ¢ =0,52,
- y camoutera JI-29 ¢®=0,34.
Ecmu 661 cunoBasi yctaHOBKa oOnajana TSToW, MPEBBINIAIONICH CyMMy Beca camMojeTa M ero JOOOBOTro

COIPOTHUBIICHHSI, TO CAMOJIET MOT OBl BHIIOJHATH YCTaHOBUBILHUICS BEPTUKAIBHBII [10JbEM (9 =90°).

CKOPOCTbD, IOTPEBHASA JJISA IOABEMA

Cropocmvio, nompeoHoiut 0nsa noovema camoiema U,,), HA3BIBAETCI CKOPOCTh, HeOOXomuMmas mIjis
CO3/JIaHUS TTOIbEMHOM CHIIbI, YPABHOBEIIUBAOIICH COCTABIISIONILYIO BECa, MEPICHIUKYIISIPHYIO TPASKTOPUH [0 IbeMa
Ha JIAHHOM YTJIE aTaKHu.

3 ycioBus HpHMOHHHeﬁHOCTH JABMKCHUS MOXKHO OIIPCAC/IUTL BEIUYHUHY n01*pe6H0171 JUI1 11oabEMa
CKOpPOCTH.

Y =G cos 0.
HOﬂCTaBHB B 3TO ypaBHeHI/le 3HAUYUCHUC HOI[])eMHOﬁ CI/I.H])I, l‘IOﬂy‘lI/lM

2
CyL;OﬂS:G-COSH.
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W3 ypaBHenus (5.4) Haxoaum
Vpoy = 2G cosé
mnog — ' .
Cyp-S (5.5)
2G
Tak kak BbIpaKeHHE Cyp-S . €CTh YHCJIEHHAsh BEJIMYMHA MOTPEOHOW CKOPOCTH TOPH30HTAIBHOIO

nosiera Lry To popmyna (5.5) npumer Bug

U0y = U\ €08 0. (5.6)

Benwauna V€00 BCErJa MEHbIIE €IUHMLBI, I09TOMY MOXHO CIENaTh BBIBOJ, YTO ISl BHINOJIHEHUS
MOJbeMa caMoJjieTa TpeOyeTCsl MeHbIIas CKOPOCTh, Y€M NPH TOPH30HTAIBHOM II0JIETE HA TOM JK€ yIie ataku. J{is

HeOOJIBIIKX YIJIOB MoabeMa (10 0 = 20°) motpebHasi CKOpPOCTh JUIsl HOABEMa CaMOJIETa HE3HAUYUTEIBHO OTIINYAETCs

OT MOTPEOHOI CKOPOCTH FOPU30HTAILHOTO MOJIETa Ha TOM )K€ yrie atakd. [lo3ToMy IpH MoJbeMe C yriioM 0, ne
npeBsimaronymM 20 - 25°, MOXXKHO IPHHUMATH, YTO CKOPOCTb, MMOTpeOHAas s TOIbeMa, paBHA CKOPOCTH, MMOTPEOHOM
JUIsl TOPU30HTAIBHOTO TOJIETA.
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TSIT'A 1 MOIHOCTb, TOTPEBHBIE ITPU TOJLEME

Tsra, HeoOXoauMasi [UIS TOTO, YTOOBI YPaBHOBECUTH CHIIY JIOOOBOTO CONPOTHBIICHUS W COCTABISIOMIYIO
Beca Gg mpu morbeMe caMmolieTa Ha TaHHOM YTJIe aTakd, Ha3bIBaeTCs MOTPEOHOH TATOH ISl MOoIbeMa.

U3 yciioBusi paBHOMEPHOCTH JBHXKEHUSI MOYKHO OIPEEIUTh BEIMYMHY TATH, HOTPEOHOM JUIs TOAbeMa.

Poy =0+G-sind. 5.7)

Ecnu coBepmath mogseM caMolieTa Ha TeX e yriax aTakd, YTO W TOPHU30HTAJBHBIN MONET, TO J10O0BOE
COIPOTHURIICHUE TPHU MObEME OYICT YUCICHHO PaBHO MOTPEOHOMN TAre rOPU3OHTAIBLHOTO ToseTa. Y paBHeHue (5.7)
B 3TOM CJIy4ae MOYKHO 3aIlHCaTh TaK:

Prog =Py +G-sinf (5.8)

W3 ¢opmynsl cienyer, 4YTo A COBEpLICHUS MoabeMa TpeOyercst Oojbplias Tsra, 4YeMm JUis
TOPU30HTAJILHOIO MOJIETa HAa TOM JKE€ YIJIE aTakd, TaKk Kak OHA Hy)XHa HE TOJIKO JUIs IPEOAOJICHHs JIOOOBOrO
CONPOTHUBIICHHUS, HO U JJIsl YPABHOBEIIMBAHUS COCTABJIAIOIIEH CHIIBI BECA 110 TPAEKTOPHUHU.

Ha Bcex CKOpPOCTSX TOPH30HTAaILHOTO IMOJIETa, KPOMe MaKCHMMalbHO, uMmeercss u30uTok Tsaru AP. Dot
M30BITOK NPHU MOABEME HCIOJIb3YETCsl /IS YPABHOBEIIMBAHUS COCTaBisitoniel cuibl Beca G,. [loaromy Tsra mpu
nopeMe ¢ HebonpmmumMu (o 30°) yriiamu mogsemMa paBHa

Pnoa = Prn + AP. (5.9)

Eciu u30BITOK TATH paBeH HYNIO (HalpuMep, Ha MaKCUMAIbHON CKOPOCTH), TO YCTAHOBUBIIUHICS MOIBEM

caMoJIeTa HEBO3MOXKEH.

Junst camorneToB ¢ nopiiHeBbIMH aBuratensMu u TBJ] xapakrepucTuku mojabemMa CBsi3aHbl C MOTPEOHOU U
pacnonaraeMoi MOIHOCTSIMH.

MoruHoCTh, HeoOXomuMasi Ui O0eCHedYeHHUs] MoJbeMa CaMolieTa Ha JAaHHOM YIJIe aTakd, Ha3bIBaeTcs
MOTPEOHON MOIITHOCTHIO MObEMA.

N oy =Ny + AN (5.10)

M36biTox Momnoctn AN, mpeacrasnsiomuii co0oif pasHOCTh MexIy pacronaraeModl M IoTpebGHO
MOIITHOCTSIMH, JIJISI Pa3IMYHBIX CKOPOCTEH M BBICOT TOJIETA OIIpEeIsIeTCs Ha rpaduke MOTPEOHBIX U PacIoiaraeMbIX
MOILIHOCTEMN.

MOJISIPA CKOPOCTEM MOJJBEMA CAMOJIETA. IIEPBBIE U BTOPBIE PEXKUMBbI ITIOIbEMA

W3 KpuBBIX TOTPEOHBIX M pacrojiaraéMbIX MOIIHOCTEH BUAHO, YTO MpHU IIOJETEe HAa MaKCHUMaJbHOM
CKOPOCTH HM30BITOK MOIIHOCTH PaBeH HYNIO W, CJIEJOBATEIbHO, BEPTHKAIbHAas CKOPOCTh TakXke paBHa Hyiro. C
YMEHBILICHUEM CKOPOCTH OT MAaKCHMAJIbHOM HM30BITOK MOIIHOCTH BO3pPAcTaeT M MPHU CKOPOCTH IOJIETa, PABHOMN
V=162 xm/a (st camonera Sk 52) u V=137 km/g (s camonera SAk-55) (mpu obopotax meurarens n=100%, Ha
BeicoTe mosiera H=500 M, mocturaer MakcuMalbHOTO 3Ha4eHHs). BepTHkanbHas CKOPOCTh HOABEMAa MPU ITOM
TaKKe YBEJIMYUBACTCS 10 MaKCUMalbHOro 3HaueHus. C JalbHEeHIINM YMEHbIIEHHEM cKopocTH oT Vip =162 KM/Y
(mmst camomera SIk-52) m Vnp=137 xm/9 (s camonera SIk-55) 10 MHHMMAaIbHOW CKOPOCTH Vypy H30BITOK

momHocTd AN U BepTHKaibHas CKOPOCTh Habopa Vy YMEHBINAIOTCS.

3aBUCHUMOCTh MEXIY CKOPOCTBIO IO TPAEKTOPUHU, BEPTUKAIBHOM CKOPOCTBIO MOABEMA M YITIOM HMOIbEMA
MOXHO TIPEICTaBUTh B BHJE OJIHOTO rpaduka, KOTOPBI HOCHUT Ha3BaHUE HOJAAPbl CKOPOCHMEl RoOvema uiu
YKazamenbHUubl mpaeKkmopuu noovema.
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Puc. 89 ITonapwt ckopocmeii nodovema camonemos fAx-52 u fAx-55
[Tonspa ckopocteit moavema camoneroB Sk-52 u SIk-55 Ha BbicoTe 500 M M MaKCUMaIbHOM PEXHUME
paboThI CHIIOBOH YCTaHOBKH IoKa3aHa Ha Puc. §89.

Kaxnast Touka mossipbl CKOpOCTell MOABEMa HATSIIHO ITOKA3bIBAET CKOPOCTH IO TPACKTOPUH Viop
(oTpe3ok mpsMOH, MPOBEACHHOW W3 Hadalia KOOPAWHAT B IAHHYIO TOYKY IOJISIPBI), BEPTUKAIBHYIO CKOPOCTH
noabeMa Vy (OTpe30K MpsMOil, IPOBEJACHHON Yepe3 JaHHYI TOUKY TMOJSIPhl CKOPOCTEH MEepPHEeHANKYISPHO K OCH
ckopocTelt V ¥ yrosi NofbeMa - yroi, 3aK/IF0YeHHbBIH MEXy BEKTOPOM CKOPOCTU Yo U OCBIO CKOPOCTH IIOJIETA).

Omnyckasce U3 J1000H TOYKH KPUBOW HA TOPU30HTAIBHYIO OCh IO JIyr'e OKPY>KHOCTH C LIEHTPOM B Hadae
KOOPJHMHAT, MO’KHO OTCUMTATh CKOPOCTH TIOJIETA TI0 TPAEKTOPUH MTOIbEMA.

Hons{pa CKOpOCTCﬁ noabeMa MO3BOJIACT ONPEACIIUTD XAPAKTECPHBIC PEIKUMbI YCTAHOBUBHICTOCA IMMOABEMA U
COOTBETCTBYIOLIUC MaKCUMAaJIbHBIA yroja noabeMa U MakKCUMaJIbHYI0 BEPTUKAJIIbHYKO CKOPOCTh NOAbEMA.

PEKUM HAUBOJIEE BBICTPOI'O IOJABEMA (HABOPA BbICOTHI).
Onpenensiercs NpOBEICHUEM KacaTeIbHOH K IMOJIIPE CKOPOCTEH MoAbeMa MapaielIbHO OCH CKOPOCTH.
Hnsa camonera SIk-52 mpu oGopotax nsurarens n= 100%, Ha BbIcoTe momera H=500 M mpubGopHas
ckopoctb Vnp=162 km/4, Vypakc =10 m/c, oL =8°.
Jmst camonera SIk-55 mpu yacToTe BpallleHUs] KOJIEHYAaTOro Bana aBuraressi, paBHoilt n=100%, Ha BbicOTE
nmosiera H=500 M Vnp-= 137 km/4, Vyyakc=15 m/c, o=9".

2TOT PCKUM IMOoABEMA ITPUMEHSACTCA B Cil1ydae HCO6XOZ[I/IMOCTI/I 6LICTpO Ha6paTB 3aJaHHYIO BBICOTY.

PEXUM HAUBOJIEE KPYTOI'O IIOABEMA.

OmnpenensieTcst MpoOBeAeHHUEM KacaTelbHON K MOJISIpe CKOPOCTel 3 Havana koopauHat. [ns camonera Sk-
52 mpu oboporax xeuratenst n=100%, xa BeicoTe nmonera H=500 M u Vnp=140 xm/u- 0 maxc=12°. Jna camonera

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

OTOT peXuM MOabhEMa INPUMEHSETCS, KOTJa HEOOXOIMMO «IIEePEeTSHYTh» CaMoJeT uepe3 OJIM3KO
PAacIIoIOKEHHOE TPETISITCTBHE.

Ha nonspe ckopocrell moabemMa TaKKe MOXKHO HATH PEXHUM MAKCHUMaJIbHOW TEOPETHUYECKOW CKOPOCTH
nogabemMa (OmpesaenseTcs MPOBEJCHNEM KacaTelNbHOW AYTH K MOJSIPEe CKOPOCTEH MogbeMa C LEHTPOM B Hadaje
KOOpAMHAT).

I'panuiieil nepBbIX U BTOPBIX PEKUMOB MOJbEMA, KAaK U B TOPU30HTAIBHOM IMOJIETe, sl caMoJieToB SIk-52
u SIK-55 ABIs€TCS IKOHOMUYECKAs! CKOPOCTb.

VMI/IHTEOP 00 Vo —
PesxuMBI TIOABbEMA B AUANA30HE CKOPOCTEH OT , wist kotopeix AV >0, nassiBarotest
BTOPBIMH.

IlepBble pexxuMbl HOABEMA UMEIOT MECTO B JUANa30He CKOpocTer OT Vo 10 Vvakc, AIsI KOTOPBIX dV <o.

Kpome ocobGeHHOCTEW, pACCMOTPEHHBIX BBIIIE PUMEHUTENBHO K TOPU30HTAIBHOMY IOJIETY, IS BTOPBIX
PEKMMOB YCTaHOBHUBILETOCS OABEMA XapaKTEPHO TaK Ha3bIBaeéMOe 00paTHOE AEHCTBUE PYJIsl BHICOTHI, OTKIOHEHUE



APOANHAMUKA CAMOJIETA 72

pyJis BBICOTHI BBepx (B3sTHE PYYKH YIPAaBJICHHS CaMOJETOM Ha ce0s) B KOHEYHOM CYeTe MPUBOJUT HE K
YBEJIMYEHUIO, KaK B IIEPBOM peXHUMeE, a K yMEHBIIIEHHUIO yIila HakJIoHa Tpaekropuu (Puc. 90).

[Ipn B3siTMHM PyYKH yNpaBiIeHHs Ha ceOs yrosl aTakW yBEIMYMBAETCS, NMOJBbEMHAS ciila Y BO3pPACTaeT U
TpaeKTopusl CHavaja HCKPUBIAETCS BBEPX, T. €. Yroid nogbema yBenwumBaeTcsi. OIHAKO caMoJeT HE HMEEeT

BO3MOYKHOCTH yPABHOBECUTHCS Ha (0JIee KPyTOM TPAEKTOPHH, TaK Kak M3ObITOK Tsru AP, nMeBmmiics B MCXOMHOM

pPEXKHUME TII0JICTa U ypaBHOBeH.II/IBa}OH.lI/Iﬁ COCTAaBJIAIOIIYIO BeEca G sin 9 1, OKaXETCA HEAOCTATOYHBIM JIA

G-sinf,'

YPAaBHOBEILMBAHUS BO3PACTAIOIIECH COCTABIIAIOIIEH CUJIBI BECA CaMOJIeTa
6, >0,

CKopocTh, a 3HAYHT, U HOJbEMHAs CHJIA HAYMHAIOT YMEHBLIATHCS, 8 TPACKTOPHs, CTABIIas cpa3y Hocie
B3SITHSL PYYKH yTIpaBIICHUS Ha ceOs Oosee KpyToH, OyaeT MocTeneHHo (10 Mepe MaaeHus CKOPOCTH) OTKIOHITHCS
BHHM3. Tak Kak Ha BTOPBIX PEeXHMMaX HM30BITOK TATH C YMEHBIICHHEM CKOPOCTH YMEHBIIAETCS, TO PaBEHCTBO

0,<6,

Ha mepBeIX pexumax MoabeMa B3ATHE pPYYKH YIPABICHUS CaMOJIETOM Ha ce0sl COIPOBOXKIAETCS
YBEJIMYCHUEM YIJIa TIOIbEMa, TaK KaK YMEHBIIEHUE CKOPOCTH (IIOCIIe B3ATHS PYUYKH YIpaBJeHHs Ha ce0s) BbI3bIBACT
yBeNWYeHHE H30BITKA TATH, a O0NbIIeMy H30BITKY TATH COOTBETCTBYET O0Jiee KpyTOi IOABEM caMoJIeTa.

IIPY HOBOM YBEJIMYEHHOM YIJIE

nmoar€Ma

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

[;%- A 2-& pEUMBI - T-e pewnny

16 l 0° 4°

Puc. 90 1-e u 2-e pescumot noovema

BAPOI'PAMMA ITIOJABEMA

BaxHoll xapaKTepuUCTHKOH CKOPONOABEMHOCTH camolieTa fABiseTca OaporpamMma moabema, KoTopas
MpeCTaBIsieT cO00 rpaduk, MOKa3bIBAIOIIMIA BpEMs, 3aTpauruBacMoe Ha HAOOP TOW WJIM MHOM BBICOTHI HAa PEXKHME
MaKCHMaJIbHOW BEPTUKAIbHOU CKOPOCTH IOABEMA.

Baporpammy mogpeMa MOXHO TOJIYYHTh MPAaKTUYeCKH B IOJeTe C IOMOINBI0 Oaporpada
(bapocnimorpada) WM myTeM 3aldcH IOKa3aHHK BBICOTOMEpa Yepe3 OMpe/CICHHbIC MPOMEXKYTKH BpPEMEHH.
baporpamMmmy MOHO NOCTPOMTH M PacUETHBIM IYyTEM, WCIIOJB3Yys IpaUK M3MEHEHUS BEPTHKaJIbHOH CKOPOCTH
MOJTbEMa TI0 BBICOTE.

C nmoMomsio 6aporpamMMEl TOIBEMa MOYKHO OIIPEEISATh BpeMs Habopa JTF000# BEICOTHI.
Jnst moctpoenust GaporpaMMsbl 1oJIbeMa PacueTHBIM ITyTeM HY>KHO MMeTh rpaduk Ly = f(H) (Puc. 91).
PacueT npoBoauTCA B ClIEAYIOIIEM TIOPSIIIKE.

1. Paznensiem BCio HabupaeMyro BBICOTY (IO TEOPETHYECKOTO MOTONKA) Ha psix ydactkoB (H,H, H; Hy m T.
I.) C TAKHM pacyeToM, 4TOObl BEpTHKAJIbHBIE CKOPOCTU B Hadajle W KOHIIE Y4acTKa OTIMYAIUCh MO BEJIMYHMHE HE
Oonee gyeMm B 1,5 paza.

2. Ilo rpaduky Ly = f{H} HaxoquM 3HAYEHUs] BEPTHKAJIHHOW CKOPOCTH Ha TPaHUIEC KKAOTO ydacTKa.
[TonydeHHbIE JaHHBIE 3aHOCSITCS B TAOJIUILY.
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H, » AH, vy, Mo Vyepr M/e A, ¢ Z A, o t
0 20 —_ 0

1000 19

1000 18 52,7 52,7 0 mun 53 ¢
1000 17

2000 16 59 11,7 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. Ins KaXO0Tro y4acTKa HaXoIuM Vycp - CPEIHIOI0 CKOPOCTh BEPTHUKAIBHOTO MOhEMA.
4. BeruuciisieM MpoI0JDKUTEIIEHOCTD MOAbeMa Ha KaKIOM ydacTKe 1o hopmyJie
AH

v
Voo (5.11)

t

5. CkniajipiBas HAPACTAIOIIUM UTOroM BeinuuHbl At, nosyunm Bpems HaGopa TOH UM MHOM BBICOTHL.
Jist ynoOcTBa nosib30BaHus BpEMs! BHIpaKaeM B MUHYTaXx.
[To nomy4eHHBIM TaHHBIM Ci POHTCs GaporpaMma Mo beMa.

W3 Puc. 92 BuaHo, 4TO, YeM OJIMKe K MOTOJIKY, TEM OOJbIIe BpeMeHH TpedyeTcs sl Habopa OJMHAKOBOM
BBICOTHI.

_____ SEUYS NS
H3 h ":' |‘ _:L' !
H, 1=~ Tt
H

Puc. 91 K pacuemy 6apozpammot noovema

Hm

TEQPETWHECKAM NMOTCACK

T

—f -

Puc. 92 Bapozpamma noovema
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KpuBass H = f(¢) acUMITOTHYECKH MPUOIMKAETCS K TEOPETUUECKOMY IOTOJKY CaMoJieTa, HO Uil €ro
JOCTIDKEHUS TpeOyeTcsi 0ECKOHEYHO OOJIBIIOE BPEMS.

MMOTOJIOK CAMOJIETA

C IMOABEMOM Ha BBICOTY HU30BITOK TSATH YMEHBIIACTCA U Ha KaKOM-TO onpeueneHHoﬁ BBICOTEC CTAHOBUTCS
PaBHBIM HYIIIO. A at10 3HAYUT, YTO U BEPTUKAJIBbHAA CKOPOCTH YCTAHOBHUBLIETOCA IMOABEMA TOXKE YMCHBIIUTCA 0
HYJIA. Ha »Toi1 BEICOTE 1 BBIIIE CAMOJIET HE UMEET BO3MOKHOCTH COBEpLIATH yCTaHOBPIBLHPIﬁCH IOaABEM.

Bricora 110JI€Ta, Ha KOTOpOﬁ BEpTUKAJIbHAsA CKOPOCTb YCTAHOBUBLICIOCA IIOABEMA pPaBHA HYIILO,
Ha3bIBACTCA TCOPETUYCCKUM (I/IJ'II/I CTaTI/IquKI/IM) IIOTOJIKOM CaMOJICTa.

Ha TCOPCTUYCCKOM IIOTOJIKE I/l36LITKa TATA HECT, MMO3TOMY BO3MOXKCH TOJIBKO FOpHSOHTaHLHI:Iﬂ IIOJIET U
TOJILKO HA HAWBBITOJHEWIIEM yriie aTaku (M TOJbKO Ha HAMBBITOJIHEHIIEW CKOPOCTH), HA KOTOPOM HaWMeEHbIIast
notpebHast Tsra. J{uanasoH cKopocTei mpu 3ToM paBeH Hydro (Puc. 93).

HM{ PW'“
TEQPETUMECKMA NOTONOK
1200-
11000
Y Paore
400 &.4
PPACn
Vi /c Vim/d
052 4 6 8 1012 14 Vymc 200 400 600 5
Q

Puc. 93 K onpedenenuio nomonka camonema: a - zpagux 3asucumocmu Vy om evicomsl nojiema; 6 - Kpugsle
ROMPEOHBIX U PACNOSIAZAEMBIX MAZ HA MEOPEeMUYECKOM NOMOTIKE

[Ipu ycranoBHBIIEMCS MOJBEME CaMOJIET MIPAKTHUECKH HE MOXET HOCTUTHYTh TEOPETHUECKOTO MOTOJIKA,
TaK Kak 10 Mepe MPUOIMKEHUS K HEMY M30BITOK TATM CTAHOBUTCSA HACTOJBKO Maj, YTO Ul HabOpa OcTaBIIEHCs
BBICOTBI TIOTPEOYETCsl 3aTPATUTh CIMIIKOM MHOTO BpEMEHH M TOIuIMBa. M3-3a OTCYTCTBHS M30BITKA TATH IIOJIET Ha
TEOPETHYECKOM ITOTOJIKE IIPAKTUYECKH HEBO3MOXKEH, IOTOMY YTO JIIOObIe HapyIIeHUs peXXuMa rojieta 6e3 u30bITKa
TSATU HEJB3sl yCTpaHUTh. Hampumep, npu ciydaiiHO oOpa3oBaBLIEMCS Jlake HEOOJIBIIOM KPEHE CaMOJIET TepsieT
3HAYUTEIbHYIO BBICOTY (TpoBaiiBaeTcs). [103TOMy KpoMe IMOHSATHS TEOPETHYECKOTO (CTaTHYECKOro) IOTOJIKA
BBEJICHO MOHATHE TAK HA3bIBAEMOI'0 MPAKTHYECKOr0 MOTOJIKA.

YCIOBHO CYMTAIOT, YTO HPAKTUYECKUH IOTOJOK CaMoJIeTa €CTh BBICOTA, HA KOTOPOM MaKCHMallbHas
BEpPTUKAIbHAs CKOPOCTh NoAbeMa paBHa 0,5 m/c.

PasHuia Mexay TEOpeTHYEeCKHM M NPAKTUYECKUM MOTOJIKOM Y COBPEMEHHBIX CaMOJICTOB HEBEJIMKA U HE
npesbimaet 200 M. TeopeTndeckuii ¥ MPAKTHYECKIHA MOTOJIKA MOXHO OMPEIeNUTh 1Mo rpaduky (cm. Puc. 93).

COBpeMeHHbIe CaMOJICThI HpI/I ITOJICTEC C 6OJ'H)HII/IMI/I CKOpOCTf{MI/I I10JICTA 06Haﬂa}OT HACTOJIBKO 6OJ'H)HII/IM

Qv

- b
3aIacoM KMHETHYECKOH SHeprui  2&  9TO MOTYT HCIIONB30BATh €r0 I HAbopa BHICOTHL. IIpHdeM ecii caMosreT
JICTUT B6JH/I3I/I HpaKTI/IquKOFO HOTOHKa, TO OH 3a CYET UCIIOJB30BaHUM 3ariaca KI/IHGTI/I‘IGCKOﬁ 3HeprI/II/I, COXpaHHH

YIPaBISIEeMOCTh, MOXET IMOJHITHCS HA BBICOTY, OOJBIIYIO €r0 TEOPETHYECKOTO IMOTOJKA, JaXe MPH OTCYTCTBUU
HM30BITKA TATH.

HAMHAM

H NPAKTUY

PA3rOH Hys Vi

Puc. 94 I1oovem camonema na OuHamMuU4eCKUil NOMOJI0K

MakcumanbHasi BbICOTa, HabWpaemas caMOJIETOM 3a CUeT 3araca KMHETWYECKOW JHEPrHH, Ha KOTOPOH
MOXHO CO3/[aTh CKOPOCTHOW HAmop, HEOOXOAMMBIN [UISi COXPAaHEHUs YIIPABISIEMOCTH, Ha3bIBACTCS OUHAMUYECKUM
HOMONKOM.
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Eci B rOpPH30HTAILHOM IOJIETe BOIM3M MPAKTHUECKOTO MOTONKA Hyay CAMONET MMEET CKOPOCTh Vyay H
2
G-vy
0671a/1aeT KHHETHYECKOH SHeprueii 2g , TO TIpu jonosHuTensHOM Habope Bbicotsl AH ckopocts camornera
YMEHBIIATCS 10 Ugog = VB (MHHHMalbHAs 3BONIOTUBHAA CKOPOCTb, MPH KOTOPOH €Ie COXpaHseTcs
2
G Vyon
2 9
YIIPABISIEMOCTh) M €ro KMHETHYEeCKas JHEPIHsl CTaHeT DPAaBHOI g HO 3aTO caMoJeT NpHobpereT

JOIIOJIHUTEJIbHYIO MOTCHIUAJIIBHYIO DHEPTUIO G ' AH

G 'UiIAq _ G- UI2~IA‘1
2n 2g (5.12)

G-AH =

IMocne npeobpa3zoBaHuii MOITYIUM

AH = (Vs +Vson ) Os4y — Vo) .
2g

501078

AH = Ucep - AU

g ’(7.19)

rjae vep - CpeaHsIst CKOPOCTh;
Av - OTEPsI CKOPOCTHU Ha TOPKE.

Kax BugM 13 (pOpMyJIbI, IPUPOCT BBICOTHI 32 CYET yMEHBIIEHHs CKOPOCTH Ha BenMuuHy AU TeM Gonbe,
YEM BBIILIE CPEIHSS CKOPOCTh CAMOJIETA.

JlocTHup NWHAMHYECKOTO IOTOJIKA MOYKHO CIEAYIOIINM o00pa3oM: Ha HEKOTOPOW BBICOTE CaMOJIET
pasroHsieTcs 10 MaKCHMAaJbHOW CKOPOCTM WU BBINOJHSET TOpKy. llepeBox camonera Ha TOPKY IOCTHIaeTCst
YBEJIMYEHUEM TTOIBEMHOM CUIIBI Y.

MaseBp Hy’KHO HaUMHATh C TAaKOH BBICOTHI, HA KOTOPOH MOXKHO HOIYyYUTh JOCTATOUHYIO AJISI HCKPUBIICHHSA
TPaeKTOpUU MOABEMHYIO CHily. Ha NpakTHUecKoM MOTONKE HM3-32 MaJIOW IUIOTHOCTH BO3[yXa IOJIET camMoleTa

coBepInaeTcs Ha Ooypmmx yrnax ataku (Oompmmx Cy) u 3anmac s yBenudeHus: Cy 10 Cy yaxc MONTYyYaeTCS OYCHD
ManbiM. [103TOMy Ha MPaKTHYECKOM TOTOJKE MAaHEBpP Ha FOPKY OYIET BBITONHATHCS C OYEHB OOINBIIINM PaIIyCcoOM
KPHUBU3HBI TPACKTOPHHU. DTO NPUBOJMT K MEAJICHHOMY HabOpY BBICOTHI, @ 3aTEM M3-3a HEIOCTATKA IOIbEeMHOMN CHIIBI
TpaeKTOpusl HAYHET UCKPHUBIATHCA BHU3. J{71s1 Habopa HanbobIIel BEICOTHI YIPABISIEMOTO MMOJIeTa (AMHAMITYECKOTO
MOTOJIKA) Pa3TOH caMoJieTa M HAadajlo MaHEeBpa IIeJecoOOpa3HO MEepeHeCTH Ha MeHbInue, yeM Hnp, BbicOThl. Ha
caMmoleTax OOJBIINX CKOPOCTEH Pa3roH M MaHEBpP BBIXOJA HA JMHAMUYECKHI MOTOJIOK HAUYMHAIOT pu M = M, ., Ha
BBICOTE, MEHbIIIEeH pakTHueckoro noroyika Ha 2000 - 4000 m (Puc. 94).

BJIMAHUE BETPA HA IOJABEM CAMOJIETA

IIpoBeneHHBIE pacdeTsl M MOCTpOeHHE IPaUKOB OaporpaMMbl U TPACKTOPUH MOABEMA OBUTH BBITIOTHEHBI
JUIA INTHIEBBIX YCJIOBHHA. B NEHCTBUTENPHOCTH ABIKEHHE CaMOJIETa OCYIIECTBISETCA NPH HAJIWMYMH BETpa H
MPEICTaBIsIeT COOOW CIIOKHOE JABIKEHHE, COCTOSIIEE W3 OTHOCHTEIBHOTO IBIDKEHHUS CaMoJieTa C BO3IyLIHON
CKOPOCTBIO U TIEPEHOCHOTO JABM)KEHUS CaMoJIeTa BMECTE ¢ MacCoil Bo3llyxa co ckopocThio Betpa W (Puc. 95).

nNonNvTHbIA BETEP BCTPEYHbIM BETEP
R —— ] ~EE———

et .

Puc. 95 Brusanue éempa na noovem camonema
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CKopoCTh camoJieTa OTHOCHTEIIBHO 3eMJIM, TaK Ha3bIBaeMas Hymeeds CKOPOCHb, PaBHA T€OMETPUUECKON
CyMME€ OTHOCHUTENFHOW (BO3AYIIHOW) M TIEPEHOCHOH (CKOpocTH BeTpa) ckopocteil. Ecim camoner nerut B

6e3BeTpre, TO Vyryr= L, €CIH IIPOTHB BETPa, TO Lyyr= L— W, npu nomnyTHOM Betpe Upyr= V+W

B cBs3u ¢ 3THM m3MeHsieTcs yroil Habopa BBICOTHI 0 (cMm. Puc. 95). Bennunna ke BepTHKATBHON
CKOPOCTH IOJb€Ma OCTaeTCs Heu3MeHHO#. [lpu mombeme cCO BCTpEYHBIM BETPOM Yrosl MojabeMa Ooiiblle, a
NPOXOJMMBIN IyTh MEHbLIE, YeM NpHu Oe3BeTpuu. [lonbem mpu momyTHOM BeTpe OyIeT MPOXOIUTh C MEHBIIUM
YIJIOM MOABEMa, T. €. 0oJiee MoJIoTo, M CaMOJIeT OYAET IMPOXOJUTH OOJIBIICE PACCTOSHUE.
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IINTAHUPOBAHUME CAMOJIETA

[IpsimonuHeiiHOE ¥ paBHOMEpPHOE IBIDKEHHE CaMOJIeTa 10 HAKIOHHON BHHU3 TPAaeKTOPUH HAa3BIBACTCA
HIIGHUPOGAHUEM UTU YCHIAHOGUBUIUMCA CHUNCEHUEM.

VYrom, o0pa3oBaHHBI TpaeKTOpHeH IUIAHUPOBAHWSA W JIMHUEH TOPU30HTA, HA3BIBACTCS Y2I0M
NAHUPOGAHUA 0 _—
CHIDKeHNE MOKET IIPON3BOJUTHCS KaK IIPH HAJIMYUH TSTH, TaK U IIPH €€ OTCYTCTBHH.

IInanupoBaHue ecTb YacTHBIM Cllydail CHH)KEHHS CaMoJieTa, NIpU KOTOPOM CaMOJIET CHIDKAETCsl C
BBIKJIFOUCHHBIM JIBUTATEIEM WM JIBATATENEeM, PabOTAIONIMM Ha MANBIX 000pOTax, C TATOW, MPAKTUYECKH PAaBHOU
Hymo. [lnanupoBanue caMoyieTOB MPOU3BOAUTCA C 1I€JIbI0O YMEHBIIECHHUSI BBICOTHI OJIETA M JUIsSl MOJIETa K MECTY
ITOCAJKH.

Jnst maHepoB IUIAHMPOBAHHUE SBJISACTCS OCHOBHBIM PEXHUMOM moeTa. [InaHupoBaHWE ¢ yrilaMu 0.,
npeBbImaomuMu 30°, Ha3bIBAETCS MUKUPOBAHUEM.

CWJIBI, JEVCTBYIOIIUE HA CAMOJIET ITPU INIAHUPOBAHUM

[Ipu rulaHMpOBaHNY HA caMOJIET JISHCTBYIOT cria Beca camosiera G, ¥ MoiHask a’poJMHaMHudecKkas cuia R.
Tak Kak JBIKEHHE CaMOJIETa OCYLIECTBIISICTCS 110 HAKIIOHHOIM BHU3 TPAGKTOPUH, TO CHJIBI ACHCTBYIOT CJISIYIOIIUM
obpazom.

1. Cuna Beca G HampaBjeHa BEpTUKaJIbHO BHU3 U PACKJIAJILIBAETCS HA JIBE COCTABJISIONINE: B HANPABICHUH,

NEPNEH/MKY/IAPHOM TPAEKTOPUHU JIBUKEHUS G, =G-costy, >,

G,=G-sinb,

2. Ilonnast aspoauHamMuueckas cujia R packiaaplBaeTcs Ha:

U B HaNpaBJICHUW IBWKCHHUA CaMoJi€Ta -

- IOABEMHYIO CUITY Y, YPaBHOBCIINBAIOIIYIO CUITY Gl, yeM 00€eCIeurBacTCs HpﬂMOHHHCﬁHOCTL JABWOKCHUA,

- cwly J000OBOTO CONPOTHUBIEHHS, YPABHOBEIIMBAMONIYI0 cHIy G, 4TO 0OecrednBaeT IOCTOSHCTBO
CKOpPOCTHU JABHXXEHHUS 10 TPACKTOPHH.

HOCKOHBKY TUTAHAPOBAHUE PACCMATPUBACTCA KaK INNIOCKOE ITOCTYIATEIIbHOE YCTAHOBUBIICCCA IOBUKCHHUC
caMoJI€Ta, TO JJUHHUHA JIECTBHS BCEX CHJI, ,Z[eflCTByIOH.[PIX Ha CaMOJIET, IEPECEKAIOTCA B €T0 HEHTPE TAKECTH.

Tak kak npu MJIaHUPOBAHUU CAMOJICT ABUIKCTCA HpSIMOJIHHefIHO 1 paBHOMEPHO, TO BCC CHWJIbI JOJIKHBI
OBITH B3aMMHO YPaBHOBCHIICHBI, U CAMOJICT B 3TOM CJIy4dac 6y,HCT JABUTATbCA IO UHCPLUU.

s Toro 49ToOBlI [IBI)KEHHE camojeTra OBUI0 NPSMOJIMHEHHBIM, HEOOXOAWMO pPaBHOBECHE CHII,
JICHCTBYIOIINX MEPIIEHANKYIIIPHO TPACKTOPUH JBHKESHUS.

YcnoBueM MpsIMOIMHEHHOCTH ABHKCHHUS SIBISIETCS] paBEHCTBO ¢l Y U Gy

Y=G, =G-cosb,,; ©.1)

&

*I-

Gsin 8=0.

8- VroA NAAHHPORAHUA

Y=6Gc0s8 — VCAOBME NPAMOAMHEMHOCTH
Q=65InO— yeAOBME PABHOMEPHOCTH

Puc. 96 Cxema cun, deiicmeyroujux Ha camoien npu naaHUPOCAHUU

s Toro 4TOOBI CaMONeT IBUTAJICS PAaBHOMEPHO, HEOOXOANMO CHIIBI, JEHCTBYIOIINE BAOJIb TPAEKTOPHUH,
B3aMMHO ypaBHOBECHUTb. Y CIOBHEM PaBHOMEPHOCTH JABIKCHHUS SBJISIETCS paBeHCTBO cuil G, u O

0=G,=G-sinb,,. 62)
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CHeHOBaTeHBHO, IIpU  OTCYTCTBUM TATM YPABHCHHUSA ABIOKCHUA IIEHTPA TSHKECTH CaMOJI€Ta IIpU
IJIaHUPOBAHUUN 6y,£[yT HUMCTh BU

Y= G-cosb,, }
0= Gsindy (3

OTH [1Ba ypaBHEHHUS TECHO CBSI3aHBI MEXIy cOOOWH M MPH HAPYIICHWH OIJHOTO M3 HUX HapyllaeTcs U
JpyToe.

PaBHOmeficTBytOmas cun Y u Q, T. e. MOJHAs a’ponWHaMHUYecKas cwia R, TpW IUIAHHPOBAHWW BCETIa
HaIlpaBJIeHa BBEPX U paBHA ITOJIETHOMY BECYy camoJIeTa.

R=G. 6.4
U3 ypaBHeHI/Iﬁ JABWIKCHUS TIPU IIJIAHUPOBAHUUN MOKHO CACJIATh CIICAYIOIINC BbIBOJBI:

1. IlogpemHast cuila pH IUIAHUPOBAHUH MEHBIIE, YeM B TOPH30HTAIFHOM IIOJIETE HA TOM XK€ yIJIe aTakKH,
TaKk KaK OHA ypaBHOBEIIMBAET TOJHKO 4YacTh cwibl Beca Gi. C yBenmueHHEM yTia IJIAHWPOBAHUS COCTABISAIOIIAS
cuibl Beca G| yMEHbIIAETCs, CIEA0BATENbHO, TOJDKHA YMEHBIIATHCS U MTOAbeMHas cuia Y.

2. Cocrasisromast cwitel Beca G, NMpH IUIAHMPOBAHWN BBINOJHAET POJb TATH. Ecim yron miuaHupoBaHus
yBeIMUMBaeTCA, TO cuia G, TOKE YBETMUUBAETCS, YTO BBI3BIBACT YBEINUEHHE CKOPOCTH JBIKECHUS 110 TPACKTOPHH,
a 3TO B CBOIO OYEpE[b BBI30BET YBEIMUEHHE CHIIBI JIOOOBOrO compoTuBieHHs Q, KoTopas ypaBHOBecuT G, H
JBIDKCHUE CHOBA CTAHET PABHOMEPHBIM.

HOTPEBHAS CKOPOCTbD IINTAHUPOBAHMUSA.

IMPEAEJBHASI CKOPOCTb CAMOJIETA

Ilompeonoin ckopocmulo RAGHUPOGaHUA HABIBACTCS CKOPOCTh IO TPACKTOPHM, HEOOXomumas it

CO3aaHUA HOHLGMHOﬁ CHJIBI, paBHOfI HOpMaﬂLHOﬁ COCTaBJ’IS[IOHICfI Beca camoueta G cos 9 Ha TaHHOM YTJIC aTaKu:

2
Gcecosd =Y = Cy#&

OTKyZa

2G
Vg = .|—=——=cos8 =V,,cosb.
CypS (6.5)
MaxkcumanpHas CKOPOCTH INTAHUPOBAHHUS MOKET MPEBBINIATE MAKCUMAJIBHYKO CKOPOCTHh 'OPHU30HTAJIBHOT'O
ImoJiera.

Tak, HanpuMep, IPH KPyTOM WIIM OTBECHOM HMHKHPOBAHMH, KOT/Ia CAMOJIET JIETUT HAa OYE€Hb MAJIBIX yIilax
aTaK{, MOKHO MTOJIYYHUTh OOJBIINE CKOPOCTH IO CPABHEHHIO C TOPU30HTAIILHBIM TIOJIETOM.

HPEOEJlea}l CKopocmb noJjema camoniema HaA NiAHUPOéAHUU - STO CKOPOCTb YCTAHOBUBLICTOCH
IMAKUPOBAHUA Ha YIJIC aTaKu HyJICBOﬁ HOHLCMHOﬁ CHIIBL. JTa CKOpPOCTb OHNPEACTIACTCA U3 PABCHCTBA X=G.
HOI[CT&BI/IB 3HA4YCHUC pa3BepHyT0171 q)OpMyJ'II)I J1060BOTO COIIPOTUBJICHUA W PCHIUWB YPABHCHUC OTHOCHUTCIIBHO

Vznpeﬂ, MoJy4uM (B M/c)

2G
CxpS 6.6)

VHPE

IIpenensHas CKOPOCTh IUIAHUPOBAHHS IIPU OTBECHOM IMHKHUPOBAaHHM CaMoNeTOB Sk-52 m SIK-55 mpeBbIIaeT MaKCHMAalIbHYIO
CKOpPOCTh FOPH30HTAILHOTO [0JIETa OYTH B 3 pa3a. Ha npakTuke ee JOCTHYb HEBO3MOMKHO M3-3a OIpaHUYEHHs IIPOYHOCTU CAMOJIETOB.

YI'OJ INTAHUPOBAHUS CAMOJIETA

I[J'ISI OIPCACIICHUS yTJIa INITAHUPOBAHWA 3aIIUIIIEM YPAaBHCHUEC ABUKCHUA CaMOJICTa B CICAYIOIIEM BUAC

Gsin 0 =X,
Pa3ILCJ'II/IB MEPBOC PAaBECHCTBO HA BTOPOEC, IMMOJTyYHUM
X 1
g0 =—=—.
Y K (6.7)
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W3 nonyueHHoi (GOpMyJbI BHIHO, YTO YroJl IUIAHMPOBAaHHS 3aBHUCUT TOJBKO OT adPOJUHAMHYECKOTO
KauecTBa_camojera. ClieoBaTeabHo,

1
180y = K—
MAKC

MuHnManbHEITA yroja IJlaHUpOBaHUA OOCTUTACTCA  IIPpU HaHBBIFOZ[HeﬁHIeM yrie arakd, Korja
A3pOANHAMHNYCCKOC KaY€CTBO CaAMOJICTA JOCTUTaCT MAKCUMAJIbHOT'O 3HAYCHUSA !

Juis camornera Sk-52 -0 vur =5° (¢ yOpaHHBIMHU IIACCH W TOCATOYHBIMHU MIUTKAMHU MPH HYJIEBOH
TSATE JIBUTATEISA).

st camonera SIk-55 -0 vun = 0°.(TIpH HYJIEBOH TATE ABUTATENIS).

[Tpn mnarnpoBaHuy ¢ pabOTAIONINM JABUTATEIEM YTOJI ITIAHUPOBAHMS MOXKHO MOACYHUTATH 110 (hopmyre

1 P
1g0 = ———.
K G (6.8)

Ilpu BbIIycKe IIaccu M MOCAJA0YHBIX IIWTKOB Ha camoiere Sk-52 aspoauHaMHuecKoe KauyecTBO
YMEHBILIAETCS], @ YToJ INIAHUPOBAHUS YBEJINIUBACTCSL.

VYron NIaHUPOBAHUS MOXHO ONpPENENUTh Ipaduueckd Mo Imojsipe camosieTa (eciad OHa IOCTpOEHa B
onuHakoBbIX Macmradax it Cy n Cy), mpoBens U3 Hadajla KOOPAWHAT BEKTOP K COOTBETCTBYIOIIEH TOUKE KPHBOM
(Puc. 97, a, 6). Yroin, o6pa3oBaHHBIN BEKTOPOM M 0Chbi0 Cy, MMOKaXKET BETMYNHY YTIIa TUIAHHPOBAHUS.

Oy
:; ) / / of kpum

14 8 mun Cy ____ Ce

0,57 droub //

w, ! /

o2 04 Oy Cx
a 17

Puc. 97 IIpumepnslii 6ud nonapsl camosiema é 00UHaK08blIx macuimaodax o1a Cy u Cx

MUHUMAaIBHBIA YTON TIJIAHUPOBAHUSA 0 muu TOTYYHM, TPOBEAsS KacaTelbHYI0 K KPHBOM M3 Hadaia
KOOpPJMHAT.

W3 pucyHkKa BHIOHO, YTO KaXkAas MOpsMas, KpoMe KacaTelbHOI, NpoBeleHHas K KPHBONH M3 Hadaia
KOOPJMHAT, MIEPEeceKaeT 3Ty KPUBYIO B IBYX TOYKaX, OTMEYas JABa yIia ¢ OANHAKOBBIM KadecTBOM. Cie10BaTeNbHO,
OIIMH ¥ TOT X€ YTOJI TUTAHUPOBAHHS MOKET OBITh IPH MaJIOM yTJIe aTaKH W OOJBIION CKOPOCTH, W MPU OOIBIIOM
yIJI€ aTaku U IPU MaJIO CKOPOCTH.

Tak Kak Ka4ecTBO camMoJIeTa 3aBHCUT TOJIBKO OT yriia ataku, TO, CJI€QOBATCIIBHO, YI'OJI INIAHUPOBAaHUA OT
BBICOTHI ITIOJIETA U B€ECA CaMOJIETA, IPU YCIIOBUH, YTO BEC CaMOJIETA YBEIUYCH 0e3 IpupocTa Cx, HC 3aBUCHUT.

MOJISIPA CKOPOCTEM INIAHUPOBAHUSA

I'padmk, nmokaspiBaromnii 3aBUCHMOCTD BEPTUKAIBHON CKOPOCTH CHWIKEHHSI OT IOCTYIATEIbHON CKOPOCTH
Ha pa3JIMYHBIX YIVIaX aTaKW, Ha3bIBACTCS MOAAPOW CKOPOCHEN NAAHUPOGAHUA UAU YKA3AMENbHUYell 2auccao
NAHUPOGAHUA.

Jist mocTpoeHust MoJApbl CKOPOCTEH IJIaHUPOBAaHUsST HEOOXOJMMO HMMETh IOJSIpY camolieTa (IUiaHepa).
Pacyer nossipel ckopocTeit ITaHUPOBAHSI TPOU3BOJIAT C MTOMOIIBIO TAOHIIBI ATl HECKOJIBKHUX BBICOT ITOJIETA.

3a7aBUIMCh PSIOM 3HAYCHUI YIJIOB aTaku, OMpeesisieM BENUYrHbl KOA(P(PHUIUSHTOB MOJbEMHON CHIIbI U
71000BOTO COMPOTUBIICHHUS.

OmnpenemuB Cy u Cx u 3Has TOJETHBIN Bec camolera (TUIaHepa) W BBICOTY IIOJIETa, PACCUYUTHIBAIOT, KaK
NOKa3aHO B TabJiMIe, 3HAUYCHUS adpPOJMHAMHYECKOrO KauyecTBa, yria IUIAHWPOBAHHMS, CKOPOCTH IUIAHHUPOBAHUS,
CKOPOCTH CHIDKCHHS JIIS KXKJIOTO yrila aTakH.



APOANHAMUKA CAMOJIETA 80

Ilo pacueTHBIM HTaHHBIM CTPOST MOJPY cKopoctell muanupoBanHus (Puc. 98). Ilo momspe ckxopocteit
IUIAHUPOBAHUS MOKHO OIPENEIUTD PAJ] XapaKTEPHBIX CKOPOCTEH U PEKUMOB IJIAHUPOBAHMS.

1.DxoHOMHYECKass CKOPOCTh IUIAHWPOBAaHUS ¥ COOTBETCTBYIOIIMHA €l HSKOHOMHYCCKHHA YTOJN aTakd
OTIPEICTISIIOTCSL TIPOBEACHUEM IApaJUIENbHO OCH a0CLMCC KacaTeIbHOW K MOJIsIpe CKOpocTed. B Touke kacaHuA
HaXOJWTCSI 5KOHOMUYECKHH yToJI aTaKH, a MEePHeHUKYJISIP, BOCCTAHOBICHHBIM N3 TOYKH KAaCaHHUs HAa OCh CKOPOCTEH
IUIAHUPOBAaHUS, OOO3HAYNT SKOHOMHYECKYI0 CKOPOCTh IUIAaHMPOBaHMA. IlmaHMpoBaHME HAa 3KOHOMHYECKOH

CKOpOCTH OyJIeT IPOUCXOUTh C HAMMEHBIIIEH CKOPOCTHIO CHIKEHHS VY.
2. HauBBIrOJHENITYIO CKOPOCTh IUIAHUPOBAHUS W HAMBBITOJHEHINUN Yrola aTaku Olpgyg MOKHO HaWTH

MMPOBEACHUEM KacaTeJIbHOM M3 Haualia KOOpAUHAT K IOJIApE CKOpOCTeﬁ. B Touke xacaHus HaXogUM yroj ataku, B
TOYKE MEPECCUCHUS MCPIECHAUKYIIAPAa, BOCCTAHOBJICHHOT'O U3 TOYKU KaCaHUA C OCbIO CKOPOCTH, - HﬂI/IBbIFO)IHCf/iIJ.I}’IO

CKOpPOCTb. Ha »Toi1 CKOPOCTH yIOJI CHUKCHUSA 0 MHHHMaJILHBIﬁ, a JTAJIbHOCTDH IIJIAaHUPOBAHUA - MaKCUMaJIbHAas.

3. IBa yrya ataku (OL] ¥ Ol2) IpH OAWHAKOBOM YTJIE CHIDKCHHS HAXOAATCS, €CIIM M3 Hadaya KOOpAWHAT

TIPOBECTH CEKYIIIO K MoJsipe ckopocteii. Tak ke kak Ha monspe camoreta (Cy = f (Cx, (L)), Ha NOJsApe cKOPOCTei
[JIJAHUPOBAHUSL ONpeAeNsitoTcs JBa pexkuma IutanupoBanuss | w II, rpanHuuei pasgena KOTOpBIX SIBIsieTCS
HaMBBITOJHEHIIAs CKOPOCTH TOJIETA.

Vax Vis
0 40 80 ! 120 160 200 240 260 Vumsu
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Puc. 98 Ilonapa ckopocmeit nianuposanus

HawnGonbuiee mpuMeHeHNe moisipa CKOpOCTe IIaHUPOBAaHKS UMEET B IUIaHEpU3Me; OHa Oojiee yno0Ha it
NPaKTHYECKOTO HCIIONb30BaHMs, YeM OObIYHAs MOJjsipa IUIaHepa, TaKk KaKk Ha HEH HaHECeHbl XapaKTePUCTHKH,
HEMOCPECTBEHHO U3MepsieMble B nosiere. J{ist miaHepycTa BaXKHO: 3Hasi (paKTUUECKHI Uana3oH CKOpOCTei nosiera
TUIaHepa, BEIOpaTh Takue 3HAYCHUS] TOPU3OHTAIBHBIX CKOPOCTEH, KOTOPHIE YAOBIETBOPSUIA OBl 3aJaHHOMY PEKHMY

CHIDKEHHS (Vycn)-

JAJTBHOCTD IIVTAHUPOBAHUSA

Paccmwmue, npoxooumoe camoniemom (nﬂauepom) OMHOCUMEIbHO 3eMU 34 6peMA NIAHUPO6AHUA C
OaHHOU 6blcombl, HA3BIBACTCA TAJIbHOCTHIO IIJIAHUPOBAHUA. OHa sBseTcs OIHOM M3 BaXKHEHITHUX XapaKTCpUCTUK
camMoJjieTa 1 0COOCHHO I1aHepa.

Haiinem, kakoe pacCTOSHIE MIPOJIETUT CAaMOJIET C BRICOTHI H, €CITN YTOJI IUTaHUPOBAHHUS €T0 PaBeH 0 -

N3 Puc. 99 BumHO, 4T0 L7 - 3TO paccTosiHUE, MPOXOAUMOE CaMOJIETOM OTHOCHUTEIBHO 3€MII, KOTOpOe
HAa3bIBACTCS JAJIbHOCTBIO l'[J'IaHl/lpOBaHI/IH.

U3 Puc. 99 onpenennm

H
tg@m = L_
11 (6.9)
Ho tak xak nipu njaiaHMpoBaHUU

TO MOJIyYUM

2

7 1
Ly k (6.10)
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OTKyZa HaXOJIUM

LH/] —H'k. (6.11)

W3 ¢dopmynsr (6.11) ciexyer, 4TO NadbHOCTh IUTAHUPOBAHMSA YBEIMYUBACTCS C YBEIHMYCHHEM BBICOTHI
MOJICTa M adPOIMHAMHYECKOTO KauecTBa camosiera. Haubouibinas 1aqbHOCTh MOXKET OBITh JOCTHTHYTA MPH MOJIETE
HA HAWBBITOJHCHINIEM YTJIC aTaKH, TaK Kak B 3TOM Clydae a’pOJMHAMHYCCKOE KAYeCTBO MMEET MAKCHMAJIbHYIO
BCIIMYHNHY.

CKOpOCTh, TPH KOTOPOH JOCTUTAETCS HAMOOJbINAS JAIFHOCTh IUIAHUPOBAHHWS, HA3bIBAETCS CKOPOCTHIO
HauOOJbIIeH AATFHOCTH TUTAHUPOBAHMS. DTa CKOPOCTH 10 CBOEH BeIMUMHE OMM3Ka K HaWBBITOAHEHINEH CKOPOCTH
TOPH30HTAIBHOTO TOJIETA.

A

ity L ryry Frrrrr et

nA e

Puc. 99 K onpedenenuto 0anvnocmu niaHupo8anus

NONYTHLIN BETEP

——H
8I’l/\ eIJ.H’
SWt | £
ZLia
BCTPEYHLIM BETEP
H
eLU' 8J’V\
-Wt I xn/\
XI.UT

Puc. 100 Bruanue eempa Ha 0anbHOCHb NIAAHUPOBAHUA

PaccmoTpum (akTopsl, BAMSIOMINE HA JaTbHOCTD MIIAHUPOBAHMS.

1. Bec camosera, Kak MOKHO 3aKIIOYHUTh U3 (hopmyisl (6.11), Ha TaIPHOCTH IUIAHWPOBAHUS BIUSHUS HE
OKa3bIBaeT. I3MeHeHue Beca caMoeTa CKa3bIBAE€TCsl TOJbKO Ha CKOPOCTH IUIAHUPOBAHUS. JTU BBIBOABI BEPHBI IpU
MOJIETE B ILTUIIb.

2. le/I HaJIMYuK BETPa JAJIbHOCTD IOJIETA UBMECHACTCA TAaK, KaK USMCHACTCA IMYyTEBasA CKOPOCTh. I[BI/I)KCHI/IC
caMoJI€Ta IprU HAJIWMYUK BETpa COCTOUT U3 ABUIKCHHA €TI0 OTHOCHUTCIIBHO BO3JyXa UM NEPEMEIICHUA €0 BO3YXOM
OTHOCUTEJIBHO 3€MJIU CO CKOPOCTBIO BETPA.

JaibHOCTh MIIAHUPOBAHHUS B 3TOM CJIyyae oIpeaelsercs 1o GopMynam:
Ly7=H 'k + W — npu nonytsom Betpe
(6.12)
Ly7=H* - W — npu Bctpeunom Berpe

rJe ¢ - BpeMs IIJJaHUpOBaHus, C;
W - ckopocTb BeTpa, M/cC.

le/I HaJIn4nK BE€Tpa BEC CaMOJIETa OKa3bIBACT HEKOTOPOC BIIMAHUC HA JaJIbHOCTD IJITAHUPOBAaHUA, TaK KaK C
YBCJINWYCHUCM BECa CaMOJICT IUIAHUPYET C OoJIbLIeH CKOPOCTBIO (Ha TOM K€ yIJIC aTaKI/I), BpEMs Ha IUIAHUPOBAHUEC
3aTpavyrMBacTCd MCHBIICEC, MMOITOMY IIYyThb, Ha KOTOpBIﬁ OH OTHOCUTCS BECTPOM (Wt), OKaXECTCA TOXKEC MCHBLIIC, a,
CJI€A0BATCIIbHO, U JAaJIbHOCTH TAKXE 6yueT MCHBIIC, YCM B 6e3BeTp1/1e.
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3. BinsiHue MexaHu3aluu KpbL1a. OTKIIOHEHUE 3aKPBUIKOB WM IOCAAOYHBIX IIUTKOB BCErJga COMPOBOXAACTCSA YMEHBIICHUEM
A3POAUHAMHUYCCKOI0 Ka4eCTBa, BCJICACTBUE YETO YXYAIIAIOTCSA XapAKTCPUCTUKN CHMIKCHUSA: YBCIIMYUBAIOTCA BEPTUKATIbHAA CKOPOCTh U yrOJI
IJIaHUPOBAHUSA, YMEHBIIACTCSA JaJIbHOCTDH INTAHUPOBAHUS.

Kak cnenyer u3z dopmynst (6.5), TOMHUMO a’pOJMHAMHYECKOTO Ka4yeCcTBa, HA BEPTHKAIBHYIO CKOPOCTb
G

CHWIKCHHS OKAa3bIBACT BJIMAHUC YJCIIbHAs Harpy3Kka Ha KpbLJIO S .

I[J'Iﬂ COBPECMCHHBIX CaMOJIETOB, AaX€ IIPU OTHOCUTECIHLHO XOPOHUIMWX 3HAYCHUAX a’dpOJAMHAMHYCCKOIO
Ka4yecTBa, M3-3a OOJIBIION YCIbHON HATPY3KH Ha KPBLJIO CKOPOCTH CHHUYKEHUS IOCTUTAIOT OOJIBIIINX BEJITHYHH.

[Tnanepsl peHa3HAYEHBI IS TAPSIIKUX [0JIETOB, T. €. TAKUX IOJIETOB, B KOTOPBIX BEPTHKAIbHASI CKOPOCTh
CHIDKEHUsI TUIaHepa JIOJDKHA ObITh MEHbIIe BEPTHKaJIbHOW CKOPOCTH BO3JyXa B BOCXOJSIIUX MOTOKax. [loromy
TUIAaHePbI, UMesl 3HAYUTENbHO MEHBLIYIO yIeNbHYI0 Harpy3Ky Ha KPbUIO U OOJIBLINE 3HAUEHHS adPOJMHAMHYECKOTO
KadgectBa (moxomut 10 50), MOTYT B BOCXOMSIIMX ITIOTOKAaX COBEPIINATH TOJNETH 0e3 MOTEPH BHICOTHI M Jake
YBEJIMYHMBATH €€, T. €. COBEPILATh MAPSIIUii TOJIET.

BJIUSAHUE BETPA HA INTAHUPOBAHUE

Tak jxe, kKak ¥ B HA0Ope BBICOTHI, HA IUIAHMPOBAHUN BETEP HE BIUSIET HA CKOPOCTb U yroi aTtaku. JIeTHsle
Ka4yecTBa CaMOJIETAa OCTAIOTCSI HEM3MEHHBIMU OTHOCHTENBHO BO3IYIIHOW CPEIbl, M3MEHSETCS] TOJIBKO AATbHOCTH
IUIAaHUPOBAHUSI.

PaccmoTpuMm maHMpoBaHHE caMoJieTa NMpH Oe3BETPHH, BCTPEYHOM M momyTHOM Berpe. IlycTh camoier
TUTAaHUPYeT ¢ BBICOTHI H B HexoTopyro Touky A Ha ompeneneHHoMm pexume (Puc. 101, a). IIpu BcTpedHoM Betpe
caMoJieT OyAeT CHOCHTh BETPOM Hazax co ckopocThio U. CI0XHB CKOPOCTh IUTAHUPOBAHUS M CKOPOCTH BETpa IO

NpaBWIy TPEYTrOJbHUKA, ITOJYYHM CKOPOCTh IIOJIe€Ta CaMOJIETa OTHOCHTENIBHO 3€MHOW ITIOBEPXHOCTH Vjsey.
OTHOCHTENBHO 3€MHON MOBEPXHOCTH YIOJI IUIAHUPOBAHMS YBEIWYHMBACTCS, @ OTHOCHUTEIBHO BO3IYIIHOW CpEIbI
ocraetcs npexanM (Puc. 101, 6). Jlerunky OyzaeTr ka3aThCs, YTO OH IDIAHUPYET B TOUKY A, a Ha CAMOM JIeJIe B TOUKY
M. JlanbHOCTS IJIAHUPOBAHUS YMEHbBIIAeTCs U OyIeT paBHa (B M)

L,=L-Ut,

roet - BpEMA IJIaHUPOBAHUA C BBICOTHI, C.

Ilpu nomyTHOM BeTpe caMOJE€T CHOCUT BETpOM BHepen co ckopoctbio U. B 3TomM ciyuyae yroxa
TUIAHWPOBAHUS OTHOCHTEJIFHO 3€MHOHM IOBEPXHOCTH YMEHBIIAETCS, & OTHOCHTEIBFHO BO3AYIIHOM CpEIbl OCTaeTCs
Hem3sMeHHbIM (Puc. 101, B). JlanbHOCTP INTaHMPOBAHUS YBETHINBACTCS:

L2:L+Ut.

IToacrasus 3nauenne L=HK, noxyuum

Ll,z:HKZtUt (6 13)

Bpewmst nuianupoBasyst OT BETpa He 3aBUCHUT (IIPH yCIIOBHH, YTO BETEP TOPU30OHTAJICH), TAK KaK CKOPOCTh Vy
OCTAeTCs MOCTOSIHHOM BEJIMUYUHOM.

M3meHeHne Beca caMolieTa BIMACT HA JABHOCTh IDTAHUPOBAHMS CIIEAYIOmMM obpa3om. [Ipu yBenmdeHnn
MIOJIETHOTO BECa CaMoJIeTa YBEIMUUBACTCS CKOPOCTH ITaHUPOoBaHU V. CienoBaTenbHO, BEPTHKAIBHAS CKOPOCTh
IUTAaHUPOBaHKUA Vy YBEIWYMBAETCS, BPEMs IUIAHUPOBAHHS try;; yMeHbImaerca. [Ipm ymMeHpIIEHHH Beca camojeTra
HaOo1aeTcs o0paTHas KapTHHA.

Juis monrydeHrs MaKCHUMAITbHOW TAIGHOCTH TUIAHUPOBAHUS TIPU CHIIBHOM BCTPEYHOM BETpE IUIAHUPOBAHHE
HEO0XOIUMO OCYIIECTBIISITH CO CKOPOCTHIO, OOJNBIIEH HAaMBBITOAHEHIIIEH Vyp.

Honyctum, uro camoder fk-55 Ha pexxrMe, COOTBETCTBYIONIEM HanboJjee MoJoroMy IUIAHUPOBAHHIO TPH
Oe3BeTpHH, IUTAHUPYET MIPOTHB CHIBHOTO BETpa, CKOPOCTh KoToporo pasHa U=25 m/c (Puc. 102, a), y camonera Sk-

55 MMHHUMAaJbHBIN YTOJI INIAHUPOBAHUS COCTABIIAET 0 Mr=0"; TP 3TOM HAHBBITOIHEHIIAsE CKOPOCTH ITOJIETA PABHA
VHB:137 KM/4.

M3MeHuB yron MIaHUPOBAHUS TaK, YTOOBI OH COOTBETCTBOBAJ OONBIICH CKOPOCTH IUTAHUPOBAHHS IIPH

Oe3BeTpuH, HaIIpUMED, MIPH YTl TUIAHUPOBAHUS, PABHOM 0 '=10°, g0 y camorneTa Sk-55 COOTBETCTBYET CKOPOCTH
TUTAHUPOBAHUSA, paBHOU V=164 KM/4, BUAHO, YTO NAIGHOCTH ITaHupoBaHus yBenmausaercs (Li>L) (Puc. 102, 6).

le/l IJIaHUPOBAHWU C MOIMMYTHBIM BETPOM H606XOI[I/IMO BBIICPKUBATH CKOPOCTH I10JIETA HEMHOI'O MCHBIIEC
HaI/IBBIFOZ[HCﬁHIGfl, HO U HC MCHBIIIC 3KOHOMI/I‘-ICCKOI>1, JJI TOrO 4TOOBI MOJYYUTb MAaKCUMAJIbHYIO JaJIbHOCTb.

Opnako Ha Manoi Beicote (mpumepHO 500...600 M) CKOpOCTh IUITAHUPOBAHUS HH MPU KAaKUX yCIOBHAX HE
JIOJDKHA ObITh MEHEe HaWBBITOIHEHIIIEH, C 11e/1bI0 0€30MaCHOCTH MOJIeTa.



APOANHAMUKA CAMOJIETA 83

T ~ gompeynsitt

I Bemep
' e
|
Al S -
Vaem '\\\\\ =~
=~
5 83em H ?9\\\ A
T 7 St NonymHbiii
: semep
i

L2
Puc. 101 Bausanue eempa Ha oanvHOCHb NJIAGHUPOBAHUA U HA )20/l NIIAHUDOGAHUA OMHOCUMETIbHO 3eM/IU

PaccMmoTpuM mmaHupoBaHHE MPU HUCXOZsAIIEM M BocxojsmieM motoke Berpa (Puc. 103). Ilycts camoner
IUTAHUPYET CO CKOPOCTBIO Yy IPU HUCXOJAIIEM BEPTHKAIBHOM TEUEHHH, CKOPOCTh KoToporo U. BeprukanbHas
CKOpOCTh CHWXeHHs Vy Bospactaer (Puc. 103, a), BpeMs ¥ MAanbHOCTh IUIAaHUPOBAHUS yMEHBIIAIOTCS.
CrenoBarenbHO, IPU BEPTHKAIBHOM IOTOKE BETpa, HANPABJICHHOI'O BBEPX, NaJbHOCTh M BpPEMsl IIAHUPOBAHHSA
YBEIIMIHUBAIOTCS, TAaK KaK BEPTUKAIBbHAS CKOPOCTh CHIDKEeHUS yMeHbmmaercs (Puc. 103, 6).

%‘~‘ -
1 Vaem ™~ /{f ———

~
P L,

Puc. 102 ITonyuenue makcumanbHoil 0aibHOCHU NIGHUPOGAHUS NPU CUTTbHOM 6CIIPEYHOM 8empe

-G N R

Topugonm

1/56,41

fopusoHm

: broret

Puc. 103 Bauanue Rucxooauwjux u 60cx00Auiux 6030yUiHbIX NONOKO8 HA 6EPMUKATLHYIO CKOPOCHMb
OMHOCUMENbHO 3eMIU

BEPTUKAJIBHASI CKOPOCTbD IIJIAHUPOBAHUS
BeicoTa, KOTOpYIO caMmolieT TepsieT MpH IUIAHWPOBAHMH 33 SIUHUIY BPEMEHH, Ha3bIBACTCSI BEPTUKAILHOM
CKOPOCTBIO TUTaHNpoBaHus. [ Hebompmmx (70 15°) yTiaoB IUIaHUPOBAHKS MOXHO CUUTATH, YTO
Yur = VPrp-
N3 Puc. 104 MOXHO OTIpeeNnTh, 9TO
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Ecnu packpbite popmyity (6.5), To nomydum
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Ananu3 GopMyIibl OKa3bIBaeT, YTO MHUHUMAJIbHASI CKOPOCTh CHHKEHHSI MPU IJIAHUPOBAHMH MOXKET OBITH
MoJIy4eHa MpH IJIAaHUPOBAaHUM camoJjieTa (IUIaHepa) Ha SKOHOMHYECKON CKOPOCTH, TaK KaK MpPU TOM BEJTUYMHA

1

k \ Cy HUMECCT MAaKCUMAaJIbHOC 3HAYCHUC

HpI/I YBEIMYCHUH IIOJIETHOI'O BECA CaMOJIETA YBEIIMYUBACTCS HOTpe6HaH CKOPOCTH IUNIaHUPOBAaHUs, IIO3TOMY
BEPTHUKAJIbHAsA CKOPOCTH INNIAHUPOBAHHUA TAKXKE YBECINYUBACTCA. VBenuueHne BBICOTHI IMOJIETA COIIPOBOXIACTCA
YMEHBIICHUEM MacCOBOM TUIOTHOCTH BO3ayXa, CKOPOCTb IUIAHHUPOBAHHUSA YBCIUYUBACTCSA, BCICACTBUE YEI0
BO3pacTacT U BEPTUKAJIbHASA CKOPOCTH CHUIKCHUA.

Vi

H
Vy Via

777 % 777 Z

Puc. 104 /lanonocmo naanuposanus (npu 6ezeempuu) mem 601vuie, 4em 60abuie 6bICOMA U Uem MeHbuULe Y201
NAAHUPOBAHUA

IEPBBIE 1 BTOPBIE PEXKUMbI IINTAHUPOBAHUS

Humepean nepsvix pexcumos naaHuposanus - ST0 IAHUPOBAHUE CO CKOPOCTSIMH, COOTBETCTBYHOLIMMH
yIJIaM aTakh MEHBIIIE HAUBBITOIHEHIIIETO.

HHmethUl 6MOPBIX PEHCUMOE6 NIIAHUPOBAHUA, - OTO IINIAHUPOBAHUE CO CKOPOCTAMU, COOTBETCTBYIOIIUMHA
yrijiaM aTaku 0oJIbIIE HaWBBITOHEHIIIETO.

I'panuneil Mexxay MEepBbIM U BTOPBIM PEXUMAMMU SIBISETCS HAUBBITOJAHEHIINM yroJ ataku OLHB. B, TO €CTh
peXuM HauOoJIee MOJIOTOro TUIAHHPOBAHUSI.

BropeM pesxumaM MTaHUPOBAHUS CBOWCTBEHHBI T€ JK€ OCOOCHHOCTH, YTO ¥ BTOPBIM PEKUMaM MOIbEMA!

YXyIIICHNE yCTOWYMBOCTH M YIPABIEMOCTH CaMOJIETa, OCOOCHHO INPH NMPHOIIKCHNH K KPUTHIECKOMY
YTy aTaky; N3MEHEHHE YIPaBICHUS CaMOJICTOM - TIPH B3SITUH PYYKH yNPaBJICHUS HA ceOs yroJ INIAHUPOBAHMS HE
YMEHBIIAETCS, a YBEITUINBACTCS.

Korma yronm arakum mnpuOimkaercss K KPUTHUECKOMY, camoiieT npoBaimBaercs. C IepexoaoM Ha
3aKPUTUYECKHE YTIIBI aTaku 3TO SBJICHUE YCWIMBAeTCs. Takoe IIAaHUPOBAaHHE HAa3bIBACTCS HAPAULIOMUPOBAHUEM.
[Ipy HanmMUYMK MaJIOro CKOJIBKEHHS CaMoJIeT IIPY IapallloTUPOBAHMH MOXET copBaThes B mTonop. CienoBaresbHo,
Ha Mamod BbicoTe 500..600 M W HIDKE IUIAHUPOBATH HA BTOPHIX pEKUMax He 0e30macHO (Ha CKOPOCTSIX
IUIAHUPOBAHUS, MEHBLINX HAaUBBITOAHEHIICH CKOPOCTH FOPU30HTAILHOTO TI0JIETa).
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B3JIET CAMOJIETA

Kaxxmpril monetr HaumHAETCs cO B3JeTa. B3er camoneTa MoxeT OBITh C pa30eroM Wi BEepTHKAIBHBIM.
BONIBIIMHCTBO COBPEMEHHBIX CaMOJIETOB CIHOCOOHO COBepllarh B3JeT Jullb ¢ pasderom. B ciyuae
BEPTUKAJIBHOIO B3JIETa CaMOJIET JIOJDKEH WMETh CHIIOBYIO YCTaHOBKY, KOTOpas co3jaBaja Obl TATY

(BepTI/IKaJ'ILHyIO CI/IJ'Iy), IMPCBLIIIAOIIYI0 BEC CAMOJICTA.

BseroM Ha3pIBaeTCs YCKOpEHHOE IBIKCHUE CaMOJIeTa OT MOMEHTa Hadana paz0era 10 Habopa BBICOTHI 25
= BO3AVILIHBIN Y4ACTOK

H=25m TOUKA OTPLIBA PASBET

LBO&A L PA3E

Puc. 105 Cxema ¢31ema camonema

Hopmanbneiii B3er cocrout u3 Tpex srtamoB (Puc. 105): pasbera, oTpbiBa M pasroHa ¢ HOABEMOM
(BozmymHOTO yyacTka). Baner npencrasnser co0oit 01MH U3 BHIOB HEYCTaHOBHUBIIETOCS MTOJIETA.

IMPO®UJIb U SJIEMEHTHBI B3JIETA

PA3BEI' CAMOJIETA

Pa3zbez - 5TO HaYANBHBIN TIEPUOJ B3JIETA, MPEICTABISAIOMNN COO0OH YCKOpEHHOE IBIDKCHHE CaMOJIeTa II0
3emiie, HEOOXOoAMMOE ISl MPUOOpETEeHHs TaKOW CKOPOCTH, MPU KOTOPOHW KPBLIO CO3JaET MOJBEMHYIO CHILY,
CIIOCOOHYIO OTOPBATH CaMOJIET OT 3EMJIH.

Ha COBPEMCHHBIX CAMOJICTAX C TPEXKOJICCHBIM MIaACCH pa36er BBITIOJIHACTCS CJICAYONIUM 06pa30M.

[Tepen pazberom, ynep)kuBas camMoJieT Ha MECTE C MOMOIIBI0 TOPMO30B IJIaBHBIX KOJIEC IIACCH, JIETUYUK
IJIaBHO YBENWYHBAET TATY JBHUraTelied J0 MaKCUMaJbHOH, 3aTeM OTITyCKaeT TOpMO3a, M CaMoJIeT HayMHaeT
JIBIDKEHHE Ha BceX Kousiecax maccu. Korja ckopocTh camojieTa JOCTUTHET TakoW BETUYMHBI, IPU KOTOPOH PYib
BBICOTBI CTAHOBHTCS JJOCTATOYHO () (EKTHUBHBIM, JICTUYHK B3ATUEM PYUYKH Ha ceOsl YBEIIMYMBACT YIOJ aTaKd KPbUIa U
OTpBIBAaET OT 3€MJIM HOCOBOE Koisieco. [lanbHeliliee OBMXKEHHE caMoJieTa 10 OTPbIBAa MPOUCXOAUT Ha TJIABHBIX
KoJIecax IIacCH.

OTpBIB HOCOBOT'O KoJIeca HeOOXOIUM JIJIsl IIPUIAHUS CaMOJIeTy B3JIETHOTO yIjla aTaku. B mponecce pasbera

CKOPOCTh camoieTa yBenamuuBaetcs oT O g0 ckopoctu oTpbiBa. CiemoBaTenbHO, pa3ber MpeacTaBisieT coOoi
NPSMOJIMHEWHOE YCKOPEHHOE JIBIKSHHUE 0] ICHCTBUEM BHEIIHMX HEYPABHOBEIIEHHBIX CHUIL.

YT A 7 AT M TRT FAOT MG TN

6

Puc. 106 Cxema cun, delicmeyrouux Ha camonem Ha pazoeze

TexHrka B3jeTa Ha CaMOJIETE C XBOCTOBBIM KOJECOM OTJIMYACTCS OT TEXHUKH B3JIE€Ta camoyieTa ¢ 3-X
KOJIECHBIM IIIaCCH TE€M, YTO B Hauajie paz0era JICTUYMK TPH JOCTIKCHHH CKOPOCTH, Ha KOTOPOW PYJb BBICOTHI
cTaHoBUTCA 3(P(HEeKTHBHBIM, OTAaYel PydKH OT CEOsl OIMyCKaeT KamoT [0 JIMHWU TOPU30HTA U B TAKOM ITOJIOKCHUH
coBepmraer pasber. Kak TOmpKO CKOpOCTh CaMojieTa IOCTUTHET CKOPOCTH OTpBIBA, JIETUYUK HE3HAYUTEIbHBIM
JBIDKCHUEM PYUKH yNpaBIEHUs 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.
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Ha camostet npu paszbere neiictByrot cienyromntue cuisl (Puc. 106):

- CHJIa TSTW JBUraTelbHOW YCTaHOBKM P; B Hauane pa30era ee BenMUYMHA MakCHMalbHa, a 3aTeM 110 Mepe
YBEJINYCHHUS CKOPOCTH NOCTEIICHHO YMEHBIIASTCS; Y CAMOJIETOB C IIOPIIHEBBIMHI JIBUTaTSISIMU YMEHBIICHUE TSATH Ha
pas3bere GoJee 3HAUUTEIBEHO, YeM y camoneToB ¢ TP/I;

- CHJIa B€Ca CaMOJI€Ta Q,' 10 BCJINYMHE HEM3MCHHA, HAallpaBJICHA BHU3,

- mogpeMHas cwia Y; B Hadaje pa3zdera paBHa HyINIO, a B KOHIlE pa3dera, NMpH OTPBIBE, JOCTUTAET
BEJIMYMHEI BECa CAMOJIETa;

- cuna JIo0oBOro COITPOTUBJICHUSA Q,’ BO3pacTacT 1o Mepe pa36era OT HYJI4 10 HCKOTOPOI'0 3HAYCHUA (B
3aBUCHUMOCTH OT yTJia aTaKu, CKOPOCTH, BEICOTBI HOHeTa);

- HOpMaJIbHas CWJIa peakLU 3eMiM /N; B Hadane pa3zdera paBHa Becy caMmojeTa, a 110 Mepe HapacTaHUs
CKOPOCTH U YBEJIMYEHUS II0{bEMHON CUJIBI YMEHBIIAECTCSI 10 HYJIs IIPU OTPBIBE;

- CWJIa TPEHHsI THEBMATHUKOB O TPYHT F,; 3aBHCHUT OT KO PHIIUCHTA TPEHHS KOJIEC O 3eMJII0 U OT CHJIBI V.

F=N -f
VYpaBHEHHUS IBUKEHHUS [IEHTPA TSHKECTH camoJlieTa IpH paszdere OyayT UMETh BUI:
G
P-Q-F=8 Iy (7.1)
Y-G+N=0,

dv
roe ly= dt YCKOPEHUE JBUKCHUS.

U3 ypaBHeHuWs cienyer, 4TO B HAlpaBJICHUH IBIKCHHS NEHCTBYET HEYpAaBHOBELICHHAs CHIIA, PaBHAs
pasHoctu cui P - (O + F) um BBeI3BIBaIOIIas yCKOpeHWe IBIDKeHMs. Hapactanme ckopoctu Ha pazbere Oymer
NPOUCXOIUTH TeM OBICTpee, YeM OOJIbIIe BEJMYNHA 3TOH HEypaBHOBCIICHHOH CHIIBL

Cuna TPCHUSA KOJIEC O 3EMJII0 paBHa

F=f-N=f(G-Y) (7.2)
W3 popmynsl BUmHO, UTO crjIa TPEHUS B KOHIIE ITpobera obpamaercs B Hylb, TaK Kak MpH oTpeiBe G=Y.

Yckopenue mpu paz0ere CoriiacHO ypaBHEHHIO (7.1) MOXKET OBITh BRIPaXEHO (POPMYIION

i =g Prle+(G-D)
X G (7.3)

HIn

P_(Q+F)CP
G (7.4)

Iy

BBuay Toro uro cuma TArM B Ipolrecce pazdera HM3MEHSETCs HE3HAYMTEeNbHO, a CHila JIOOOBOTO
COnpoTUBIIEHHST () TIPH YBEITMUCHUN CKOPOCTH yBEIMYMBACTCS IPUMEPHO B TAKOH K€ Mepe, B KaKOH yMEHbIIaeTCs
cuita P, yckopsiromasi cuiia Ha pa30ere H3MeHsIeTCs TaKkKe He3HAYUTENBHO.

U3 cka3aHHOTO CIIEAyeT, YTO YCKOPEHHUE IPH pa3dere CoxpaHsercs: MOCTOSHHEIM (ix = const), T. €. pasber
SIBJISICTCS] PABHOYCKOPEHHBIM JBH)KEHHUEM CaMoJieTa.

B peasnbHBIX YCIOBHSIX Cpe/lHEE YCKOPEHHE CHJIbHO 3aBHCUT OT BEIMYMHBI KOA(PPHUIMEHTA TPEHUs,

KOTOprﬁ U3MEHSIETCS B 3aBUCHMOCTH OT COCTOSIHMS B3JIECTHOM MOJIOCHI.

I[J'ISI pacyeToOB MOXKHO MPUHATH

©@+F)er

b

1 _
4 G (7.5)

rae f - OCpeIHEHHAsI BeJIMYUHA KO PHUIIMEHTA TPEHUS, 3aBUCAIIIAsI OT COCTOsHUS moBepxuoctu BITII.

B Tabunuiie npuBeeHbl BEIUUUHbBI KO3 UIMEeHTa TPEHUs! U151 pa3IMUHbIX B3JIETHBIX I10JIOC.
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Bup B3nerHol monocst f Ve
Beron 0,03-0,04 0,06
TBepablil rpyHT 0,05-0,06 0,06
Msrkuit mecuaHblii TPyHT 0,02-r- 0,11-0,23
CpIpoii BA3KUH TPyHT 0,30 0,25- 0,20-0,26

r-0,35
OTPBIB CAMOJIETA

B koHIle pasbera camosieT mpHOOpETaeT TaKyk CKOPOCTb, KOTZA €ro HECYIIHe MOBEPXHOCTH CO3IA0T
MNOXBEMHYIO CHITY, PABHYIO BECY CaMOJIeTa, i CAMOJIET OTACISACTCS OT 3EMIIH.

Momenm omoenenusa camonema oOm 3emau Hazvleaemcsa ompoieom. llombeMHas cuia caMmolieTa
CTaHOBHUTCS HECKOJIbKO OOJIbIIIE CHJIBI BECa, U CaMOJIET, OTOPBABIIMCH OT 3EMJIH, IPOJOIDKAET Pa3rOH CKOPOCTH M
MEPEXOANT B HAOOP BBHICOTHI.

CkopocTh caMoJieTa, TPH KOTOPOl OH OTpHIBACTCA OT 3EMJIM, HAa3bIBAaeTCsl CKOPOCTHIO OTpBIBA H
orpenensercs mo GopmyIie

2G
orrPS ’ (7.6)

Vorp =

B uensax OGesomacHoctn koodduument noxbeMHon cuibl Cyorp HPeAycMaTpUBAETCs HECKOIBKO
YMEHBIIEHHBIM 10 OTHOIIEHUIO Cyyaxce Y 1Ipu oTpbiBe cocTasndeT 0,8 - 0,85 Cyyake-

U3 dopmynst (7.6) BUIHO, YTO CKOPOCTH OTPBIBA 3aBHCHT OT YIEIBHON HArPY3KH Ha KPHUIO O
TUTOTHOCTH BO3.yXa P.

u

Ha Benu4nHy CKOpPOCTH OTpbIBa OKa3bIBaeT BIUSHHE TEXHUKA BBIMOJIHEHUS B3jeTa. C [eNbl0 YMEHBIICHUS
JUIMHBL pa30era MHOTa MpUOEraloT K OTPhIBY CaMoJIeTa Ha MEHbIIeH CKOPOCTH, [JI 4ero B KOHIlEe pa30era, Koraa
caMoJieT HabepeT ONpEACIEHHYI0 CKOPOCTh (COOTBETCTBYIOIIYIO Vyyy), JIETUMK PE3KO BBHIBOAWUT CAMOJIET Ha YTJIBI
aTaky, OJIM3KHe K KPUTHYECKOMY (Tak Ha3bIBaeMbI B3JIeT ¢ mojpbiBoM). [lonbemMHas cuia Bo3pacTaeT U caMoJjeT

oTpsIBaeTcs. OHAKO MPHU 3TOM CKOPOCTh YMEHBIAETCS 10 VMUH U yXYyAIIAI0TCSA XapaKTePUCTUKN YCTOWIUBOCTH U
YIIPaBISIEMOCTH, TIOJIET CTAHOBUTCS HEOE30TIaCHBIM.

JJIMHA PA3BET'A

Hnunoit pasoeza nazvieaemcsa nymo, nPOXOOUMDbLI CAMOSIEMOM OM CMAPMA 00 MOYKU OMPbIEA Om
3emnu. JlnuHa paszbera sBIseTCS OOHOM M3 TJIaBHBIX XapaKTEPUCTHK CaMOJETa, 10 KOTOPOH OHpEeAeNsoT
HEOOXOAMMBII pa3Mep B3JIETHO-II0CAI0YHOH MOJIOCHI.

Paccmarpusas pasGer camosnera Kak paBHOYCKODEHHOE IBWXKEHHME C YCKOPEHHEM lcp, MOXKeEM 3anmucarh
(pu OTCYTCTBUM BeTpa): cpelHee BpeMsl pasbera

¢ = Yorr
CcP . s
Lep (7.7)
CPEIHSIs CKOPOCTH
v
_ ~OTP
Uep =
2 (7.8)
HO TakK KakK
L35 =Ucp -1,
TO HOquI/IM
2
L _ UOTP
PA3F — 2 .
Lep- (7.9)
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Kak cnenyer u3 ¢popmynst (7.9), niauHa pa3dera 3aBUCUT B OCHOBHOM OT CKOPOCTH OTpPbIBA U BETHMYHHBI
Cpe/IHero yCKOpeHusi Ha pasdere.

Jnst npuOIIKEHHOH OLEHKH BIMSHUS OTHEIBHBIX IApPaMETPOB MOXKHO BOCIIONB30BATBHCS CIEIAYHOLICH
hopmymoii:

I = Vorp
PA3F P b
2g CcT _f
G (7.10)

rzie Pcp - TATOBOOPYKEHHOCTH CaMOJIETa;

f- koapunment Tpenusi.

BrisicauM BiausiHTE Pa3IMYHBIX DOKCILUTYaTallHUOHHBIX W KOHCTPYKTHBHBIX d)aKTOpOB Ha JINHY pa36era
caMoJIcTa.

Bnusanue eenuuunsl cunvl msacu cunoBoil ycraHoBku. C yBelnueHHEM CHIIBI TArM P yBennmumBaercs
yckopsifomast cmia P-(Q+F), BCIEACTBHE YEero YBEIWYMBACTCS YCKOPCHHE W caMoOJIeT ObIcTpee (Ha MEHBIIEM
OTpe3Ke IMyTH) HaOMpaeT CKOPOCTh, PAaBHYIO CKOPOCTH OTphIBa. C 3TUM CBS3aHO HCIIONB30BAHHUE TOTO WIH WHOTO
pexxnma paboTel aBurarens. Kak mpaBmito, B3JET MPOU3BOAAT Ha B3JIETHOM PEXHME, T. €. PEXHME HanOOJbIICH
TATH (MOITHOCTH). YBEJMUEHHE TATH Ha 25% (3a cueT mepexoa Ha B3JIETHBIN HiIH (GOPCaXKHBIH peXUM) COKpaIaeT
IUIMHY pa3bera ¢ TBepaoro rpyHTa Ha 20 - 25%. J{ns cokpamienns JnHBL pa3bera Ha HEKOTOPBIX THIIAX CAMOJIETOB
NPY B3JIETE IPUMEHSIOTCS CTAPTOBBIE YCKOPUTEINH, TIpecTaBisitone codoi apurarenu tuna JXP/] unu nopoxosble
paketbl. OHU KpaTKOBpeMeHHO (B TedeHue 10 - 15 cex) co3aatoT JOMOJHUTENBHYIO 3HAYUTEIbHON BETUYHHBI TATY U
TEM CaMbIM COKpallaloT JJIMHY W Bpems pazbera. CkopocTh oTpbiBa camonetoB ¢ TPJ] or pexuma paboOThI
PCaKTHBHBIX JIBUTATENel HE 3aBUCHT, a y CAMOJICTOB C MOPIIHEBBIMU JIBUTATEISIMU (M ¢ TYpOOBHHTOBBEIMH) OHA
MOXET YMEHBIIaThCsl 3a CUET yBeIW4MBaromeiics spQexkTHBHOCTH OOIYBKM HECYIIMX MOBEPXHOCTEH CTPYEH OT

BHUHTOB, BCIIEACTBHUE 4ero yBenuanBaeTcst Cyyakc.

Bnusnue 31emno2o éeca Ha JuyinHe pa3zdera cKasbIBaeTCs JBOSIKO. YBEJIMYCHUE €ro MOBBIIIAET CKOPOCTh
oTpriBa (Hy)XHa OOJBINas MOJBbEMHAs CWIa) M YMEHBIIAETCS YCKOpeHHE (CaMoNieT CTaHOBUTCS WHEpTHEEe W
HECKOJIbKO MOBBILIAETCS CONPOTHBIIEHUE). 1 TO M Ipyroe yBelInunBaeT JJIMHY pasoera.

Bausanue cocmoanua noeepxnocmu apoopoma CBsI3aHO C HATMYHEM CHJIBI TPEHHS KOJIEC O IIOBEPXHOCTD
B3JIETHOH moJoCHL. [Ipu pBIXiTOM, MSTKOM TPYHTE CHJIa TPEHHs BO3pacTaeT, a yckopstomias cuna [P - (Q + P)]
YMEHBIIAETCS, B Pe3yJbTaTe 4Yero yMEHBIIAEeTCS YCKOpEHHe, a IIMHa pasdera ysennuuBaercsa. Cuila TpeHus,
BBIp@KEHHAsA KO3(Q(OUINEHTOM TPEHUS f, 3aBUCHUT OT Harpy3KH Ha KOJeca U COCTOSHHS IOBEPXHOCTH a3poapoMa.

Uem MeHbIe KOAPQUIMEHT TPEHUsI, TEM MEHBIIE CHia TpeHUs F, a yCKOpsIoIas Cuila BO3pacTaer, 4To
COKpalaer JuMHy pasoera. [103ToMy mpuMeHEHHE B3JIETHBIX ITOJIOC C TBEPABIM IOKPBITHEM SBJISACTCS OJHUM H3
crioco0OB YMEHBIIICHHUS IIMHEI pa3oera.

Bausnue mexanuzayuu kpuina. Ilepen B3neToM Ha OONBIIMHCTBE COBPEMEHHBIX CAMOJIETOB BBITYCKAIOTCS
MUATKH (MM 3aKPBUIKH) BO B3JIETHOE IOJIOKEHHE, YTOObI YBEIMYUTh MAaKCUMalbHOE 3HAYeHUE KOd(PQHIMeHTa
MOIbEMHOM CHJIBI CAMOJIETA.

Puc. 107 B3nem camonema c naknounoii BITIT

IIpm »TOoM mombpeMHas cuina, HEOOXoAWMAas IS OTpHIBA, BO3HHMKAET HAa MEHBIIEH CKOpocTH. Jns
JIOCTYDKEHUS] MEHBIIIEH CKOPOCTH TpeOyeTcsl U MeHblIasl JUIHa pa3oera.

Bnuanue nanpaenenusa u ckopocmu 6empa. CKOpPOCTb, TPH KOTOPOH co3maeTcs HeoOXoaumast
MOJBEMHAs] CHIIA, TPEJCTABIIET cOOOH CKOPOCTh CaMojieTa OTHOCHTENIBHO BO3IYIIHOM Macchl. IIpnm BcTpeuHOM

BETPE CKOPOCTH OTPhIBA CKJIAAbIBACTCA U3 CKOPOCTU CAMOJICTA OTHOCUTCIIBHO 3€MJIN UHVT U CKOpPOCTH BETpa .

V=Upy; +0. 7.11)

CrenoBarenbHO, pa30er BBHITOJHO COBEPIIATH MPOTHUB BETPA, TaK KaK B 3TOM CIy4ae CKOPOCTh BO3IyXa
OTHOCHTENIBHO caMoJieTa OyzaeT Ooibllle, YeM CKOpPOCTh CaMOJIeTa OTHOCHTEIBHO 3eMiH. U oTpwIB mpowmsoiiner
paHbIIIe.
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[Ipu B3jeTe Mo BeTpy [UIMHA pa3bera yBeIMYMBAETCS BBUY TOTO, YTO BO3IYIIHAs CKOPOCTh camolieTa B
9TOM Clyyae paBHa Pa3HOCTH MEXY IMyTEBOH CKOPOCTHIO U CKOPOCTHIO BETpa:

L= UHYT — Q. (7.12)

[ToaTOMY € 1eNbI0 COKpAIlleHHs JUTMHBI pa3dera camolieTa CTapT pa30UBaIOT TAKUM 00pa3oM, YTOObI B3JIET
COBepIIAJICs IIPOTHB BETpa.

Bnuanue oasnenua u memnepamypsl 6030yxa. OT BEIMIUHBI JABICHUS W TEMIIEPATyphl aTMOC(HEPHOTO
BO3IyXa 3aBHCAT CKOPOCTH OTpPHIBA W CHJIA TSATH JBUTATENbHOW ycTaHOBKHM. C yMEHBIICHHEM JaBJICHHUS
YBEIIMYUBACTCSI CKOPOCTh OTPHIBA, 4 CHJIA TATH YMEHBIIACTCS, YTO BEAET K YBEIWYCHHIO UIMHBI pasbera. [Ipm
YBEJIIMYEHUH TEMIIepaTypbl HapY>KHOTO BO3IyXa IJMHA pa30era yBeIMUMBACTCA, TAK KaK YBEIMIMBACTCS CKOPOCTH
OTPBIBAa M YMEHBIIACTCS CHJIA TATH. DTO MPOUCXOINUT M3-3a YMEHBIIEHUSI MAaCCOBOW INIOTHOCTH P IPH MOBBIIICHUN
temnepatypsl. s camonetoB ¢ TP/l MOXHO TpuOMMKEHHO CYMTATh, YTO MPH OTKIOHEHWH Ha 1° Temmeparypsl
u3Mensiercs Ha 1% mnHa pasoera.

Haxknon B3nerHoi nonocsl. Ecnu B3neTHas moyioca umeetr yrou HakioHa 0 (Puc. 1074), To yckopeHue Ha
pasGere Gy/eT OTIMYATHCS OT YCKOPEHMs IPH TOPH30HTAIBHOM pa3bere Ha Benuunny & S 9, TOTAA

icp =lcp,, T g-sInO. (7.13)

Vron HakjoHa TIOJOCH Ha CKOpPOCTb OTpbIBa HE BJHACT MW CKa3bIBA€TCSA TOJBKO Ha YCKOPEHHH,
CJI€O0BATCIbHO, U HA JJIMHC pa36era.

BBIAEP)KUBAHUE CAMOJIETA

Buioepycusanue. DKOHOMHYECKAsT CKOPOCTh HE IaeT OBICTPOTO MOABEMa, KPOME TOTO, OHA SIBIISIETCS
TPaHMIEH MEXTy WHTEPBaJIaMH MEPBBIX U BTOPHIX PEXKHUMOB, U TO3TOMY HOABEM C 3TOH CKOPOCTBIO HAa Majoi
BbIcOTE onaceH. CienoBaTenbHo, cpasy XKe Mocie OTPhIBA OT 3€MJIM HAYMHATh IOJBEM HE CIEAYET, & HEOOXOIUMO
IpeABapUTEIbHO HAOpaTh CKOPOCTb, T. €. HEOOXOOMMO BBIJEP)KMBAHUE UIA JAlbHEHIIEro pasroHa ckopoctu. C
3TOH LIENBIO 1TOCTIE OTPBIBA JIETUHK BBIICP)KUBAET CAMOJIET HaJ 3€MJIEH ¢ MEAJIEHHBIM OTXOZIOM OT HEe.

IHOABEM CAMOJIETA

Iloovem. Kak yxe roBOpUiIOCH BBIIIE, BBIAECPKUBAHUE CAMOJETA HaJ 3eMJIEN MMEET Lelb YBEJIUYECHHUS
CKOPOCTH TIOJIETa JT0 BETMYMHEI, HEOOXOIUMOH A7l 0€301MacHOT0 U OBICTPOTO MOIBEMA.

IMongbem camosera HEOOXOAUMO OCYIICCTBISATh Ha CKOpocTH He Menee 170 km/u mis camonera SIk-52 u
150 km/9 - mst camonera Sk-55.

B nerHO#l mpakTMKe WHOTIA BBIIECPKMBAIOT CaMOJIET Haja 3eMJied 0 HECKOJbKO MEHbIIEH CKOpPOCTH
MOJbEMa, YMEHBIIAS IPH 3TOM 3Tal BBIACP)KUBAHU, W TEPEBOMAT CAMOJIET Ha IOJIOTHH IMOJBEM, BO BpEMS
KOTOPOT'O CKOPOCTh BO3PaCTaeT A0 B3JIETHOM, M TOJBKO IOCJIE ATOrO JICTYHK YCTaHABIMBAeT HOPMAaJbHBIM yroi
MoJIbEMA.

O,HHaKO CJIIEAYET IIOMHUTB, YTO, MEPEBOASA CAMOJIET HA TOABEM IIPU CKOPOCTHU 3HAYUTEIIBHO MCHLmCﬁ, 4yeM
B3JICTHAA, JICTYUK 3aMCUIACT pa3roH M, I'JIaBHOC, 6y£[eT YIIpaBJIATh CaMOJIETOM Ha PEXKUME, OJIM3KOM K TrpaHuLe
BTOPBIX PEKMUMOB. HO3TOMy B TICPBBIE CEKYHIBI IIOABEMa 3amac CKOPOCTH Majl, 4YTO HOTpe6yeT OT JICTYHUKA
YCHJICHHOT'O BHUMAaHUS 1 6e3ynpequro IMAJIOTUPOBAHUA.

B3JIETHASI JMCTAHIUA

[IyTh, MpOXOAMMEI caMOJIETOM OT Hadajia paz0era mo mecta Habopa BBICOTHI 25 M, Ha3bIBAETCS B3JICTHOM
JUCTaHIIMEHN.

BanetHast aucTaHnus BKIIOYaeT B ce0st INIMHY paz0era M BO3MYLIHBIM Y4acTOK ITyTH OT MECTa OTphIBa JI0
MecTta Habopa BBICOTHI 25 M.

JiHa BO3AYLIHOIO y4acTKa 3aBUCHUT OT CPEIHEro yIia HAKIOHA YTOrO y4acTKa
25
g0 (7.14)

Yem MeHbIIIE yroj nmoabemMa, TEM 0oJIbIIE BOSJIyHJHI)II‘/II Y4acCToOK, TEM 0oJIbIIE U B3JIETHAS JUCTaHI M.

L

BO3T

Ilocne otpeiBa Ha camoserax ¢ TPJ[ Ha BO3IyIIHOM Yy4YacTKE€ IPOM3BOAMTCA BBIIEPKHUBAHUE C
MOCTETICHHBIM OTXOJIOM OT 3€MJIM M pa3rOHOM ckopocTr. HabpaB HyXHYIO CKOPOCTB, JIETYHK MIEPEBOAUT CAMOJIET B
Ha0Op BBICOTHI, KOTOPBIN OTIMYAETCA OT BBIACP)KUBAHHS Oojee KpyTo TpaekTopuwed. Bce nBmkeHHe OT Hadaia
pasbera mpencTaBiIsLeT COOON pa3roH, KOTOPhIH TpeOyeT M30bITKAa TSrH, T. €. YCKOpsonied cuibl. Ha Bo3myiiHOM
yuyacTKe 3Ta Cuiia onpejensercs mno Gopmyie

Rycx =P—-0—-G-sind, (7.15)
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rae 0- yroa Habopa.

B3JIET C BOKOBBIM BETPOM

Hannune GOKOBOro BeTpa yXy/IIAeT B3JIETHBIE XapaKTEPHCTHUKH CaMoOJeTa M YCJIOXKHSIET TEXHUKY ero
BBITIOJIHEHHS, TaK KaK HECUMMETPHUYHOE OOTEKaHUE KpPbLJa CO3/IaeT Pa3HOCTh B BEJIMUMHE MOJbEMHBIX CHJI IPABOTO
U JIEBOTO IOJIy KpbUIbEB. B pesynbTare IoiydaeTcst HakpeHEHHe camolleTa Ha pa3fere M CHOC IO BETpy IOcie
OTpbIBa OT 3eMJIHM. HecumMmerpuuHoe >k€ OOTEKaHWE BEPTUKAJIBHOTO OINEepeHHs u (ro3essbka Co3maeT
pa3BopaumBaromnii MoMeHT npoTtus Betpa (Puc. 108).

MX KPEHALL.

ZEOK
et —

NZ T R s
Na

Ny

Puc. 108 Bznem camonema c 60Ko6vlm 6empom

ITpu pazbere kpeHsIUIA MOMEHT OT OOKOBOTO BeTpa OyAeT CO3/aBaTh pa3Hyro HArpy3Ky Ha KoJjieca IIacCH.
VY GoJiee Harpy»KeHHOTO KoJieca OOoJIbILel OyIeT U cuila TPeHUsl, KoTopas HaYHET pa3BOpavyruBaTh CaMoJIeT 110 BETPY.

OzHaKo pa3BOpaYMBAIONIMN MOMEHT OT OOKOBBIX CHJI (Pro3essbka U OTMEpeHHsl M0 BEMYMHE 3HAYUTEILHO
MPEBOCXOIUT PA3BOPAYMBAIOIINI MOMEHT OT Pa3HOCTH B MOABEMHBIX CHJIaX KpbLIa, B PE3yJIbTaTe 4ero camolieT
OyzmeT pa3BopauMBaThCsi MPOTHB BeTpa. Jlsl ycTpaHeHMs: pa3BOpoOTa caMmojieTa MpH pa3dere JETUUK HCIONb3YyeT
3JIEpOHBI U PyIib HampaBieHust. OHako uX 3Q(HEeKTUBHOCTh B Hauyaje pasbera Majga M BO3pacTacT C YBEIUYCHUEM
CKOPOCTH, MO3TOMY B Hadaye paszdera mapupoBaTh pa3BopoT TpyaHee. OUEBHIHO, YTO M BEIMYMHA OTKIOHEHHS
pyJeil ans mpeaynpexaeHus: pa3Bopora OynmeT Oojbliie B Hadayie pasdera, a 3aTeM Mo Mepe Habopa camMojeToM
CKOPOCTH OTKIIOHEHHE pyJieil yMEHBIIAKOT, TAK KaK OHU CTaHOBATCS ¢ dektuBHee. [loaToMy npu B3neTe ¢ O0OKOBBIM
BETPOM OCHOBHOE BHHMMAaHHE JICTYMKA JOJDKHO OBITH COCPEJOTOYCHO HA HENOMYILUCHHH KPEHOB M COOJHOJCHHH
npsIMOJIMHEHHOCTH pasdera. J{is aToro Heo6X0MMo:

- Al yMEHBLICHHMs KpPEHSIIEro MOMEHTa BO BpeMs pa3z0era OTKJIOHATh Py4YKy YIPaBJICHUS HPOTUB
HampaBJIeHUsS BETpa, a I MpeayNpexIeHNs pa3BoOpoTa camoyieTa OTKJIOHUTh PYJIb HAalpaBJIeHUS 1O BETPY (BeTep
CIpaBa - JaTh JEBYIO HOTY);

- [0 Mepe YBEIMYEHHsT CKOpOCTH Ha pazdere W MOBBIIICHUs A(P(PEKTHBHOCTH SIIEPOHOB U PyJisi
HaTpaBICHUS yTOJl WX OTKIOHEHHS CIEAyeT MOCTEIIEHHO YMEHBIIATh C TaKUM pPacyeToM, YTOOBI COXPaHHUTH
3aJJaHHOE HalpaBJICHUE B3JIETa 1 POU3BECTH OTPBIB caMmoJieTa 0e3 KpeHa;

- OTPBIB caMoOJieTa MPOU3BOANUTH HA HECKOJBKO YBEIHMYCHHOW CKopocTH (Ha 5-10 km/4), He momyckas
MOBTOPHOTO KacaHHs CaMoJIeTa KOJIecaMu 3eMJIH BO M30exaHne OOKOBOTO yAapa Iaccy O 3eMITIO;

- OCJIC OTpbIBA CaMOJICTa OT BIIII 60pl>6y CO CHOCOM 10 BBICOTHI 50 M BecTHn CO3JaHUEM KpCHa MPOTHB
BETPpa U OTKIIOHCHUCM PYJId HAIIPABJICHUS 110 BETPY,; C BHICOTHI 50 m 60pl>6y CO CHOCOM BECTH YTJIOM YIIPCIKIACHUS.

B3JIET ADPOIIOE3JIA

Bsner aspomoesna, cocrosiero u3 caMojera-OyKCHpOBIIMKAa W IulaHepa (WM IUIAHEPOB),
XapaKTepu3yeTcst TeM, YTO U3 ABYX WM OoJjiee JIeTaTesIbHbIX allapaToB, BIIETAIONINX B OJTHOM a’pOIoe3/ie, TOIbKO
OJIMH W3 HHUX HMMEeT JBUTaTelbHYI0 YCTaHOBKY, cozfatomiyto Tsary (Puc. 109). Ilpomecc Bzneta aspomoesna
YCIIOKHSICTCS TEM, YTO YMEHBIIAETCS O0IIasi TATOBOOPYKEHHOCTD, YBEIMYHBACTCS CyMMapHOE COMPOTHBIICHHUE, B
pe3yNibTaTe 4ero yCKOpeHUe Ha paz0ere yMeHbIIACTCS.

CoctaBuM ypaBHEHHE JBIXKEHUS a3poIoe3/ia BIOIb OCH X.

G
Px—Qc—Fc—Qpy —Fpy =—*iy,

rae Ga=Gc+Gpyr - cyMMapHBI Bec asporoesna;

Fc Frpjy - cuna TpeHus KOJIEC CaMOJIETA M TIJIaHEPA O 3EMITIO;
QOc, Onn - 71060BOE CONIPOTHBIICHHE CaMOJIETa U TUTAHEPA;

Px - Tara, pa3zBuBaemas IBUTATEIIFHOW YCTAaHOBKOM camMosieTa-0yKCHpPOBIIIKA
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Puc. 109 Bznem asponoezoa

W3 ypaBuenns (7.3) HalimeM ycKopeHue Ha pazoere

i o P (Q+F) = (Q+F)y
X
G, (7.17)

W3 ananuza (I)OpMyJ'II)I MOXKHO CACJIATh CJICAYIOIINE BbIBO/IbI:

- TSTOBOOPY>KEHHOCTh adpOIOE3/]a MEHbBIIIE BCIEACTBHE YBEIUUYCHHUS CYMMAapHOIO Beca MPU HEM3MEHHOM
CHUJIE TSATH;

- YCKOPSIIOIIAs CHJIa TOTIOJIHUTEIHHO YMEHbIIAeTCs Ha BeTHIuHy (Q+F);, ;.

Bce st0 MNpUBOJAUT K TOMY, 4YTO aspomnoe3[ 1o CpaBHCHHUIO C OJUHOYHBIM CaMOJIETOM 6y)1€T HUMCTb
MEHbIIIee YCKOpPEHHEe Ha pasdere. YMeEHbUICHHE YCKOPEHHs OTpa3HMTCs Ha JUIMHE pa3obera, KOTOpas COIJIacHO
¢dopmyne
I = Vép

P .
2icp , OyIeT BO3pacTarhb.

JleTunk CaMOHeTa-6yKCI/IpOBHII/IKa JOJDKCH 3HATh 0COOEHHOCTH B3JIETA aoporioe3zia U y4uTblBaTbh UX MPHU
ImoJicrax.

CKOPOCTbB OTPBIBA

CkopocThb, KOTOPYIO CaMoJIeT JNOJDKEH MMeTh Juisi oOecriedueHHsi O€301acHOr0 OTIEJICHUs] caMolieTa OT
3eMJIM, Ha3bIBAETCS] CKOPOCTHIO OTPHIBA.

CKopocTh, MPH KOTOPOI CaMoJieT YK€ MOXET JIeTeTh, €CTh MHUHUMAJIbHAsI CKOPOCTh, COOTBETCTBYIOLIAs
KPUTUYECKOMY YIJIy ataku, Kornaa koddduiueHt noapemuoi cuibl Cy JOCTUTHET MaKCUMyMa.

Bcerencreue TOro, 4To 3/1€Ch CAMOJIET HEYCTOWYHB U IIOXO YIPABIISIeM, OTPBIB MPOU3BOMUTCS HA CKOPOCTH
OoxpIie MUHEMAaNbHON npuOmu3uTensHo Ha 15% (Vorp==1,15 VMun). Jns camomnera Sx-52 Vmua==104 xm/4,
ckopocTh oTpbiBa Vorp==120 km/4, s Ak-55 VMua==80 xm/4, ckopocTh oTpeiBa Vorp==100 KM/4.

B Mmoment OTpbIBa HOpMAJIbHAA PEaK s 3€MJIU PaBHA HYJIIO, IOOTOMY YCJIOBHUEC OTPbIBA 6y;[eT HUMCTb BU]J]

y2
G=Y= Cyorpﬂsa
2 (7.18)
OTKyJa
2G
Vors = Xy S
PLYorp (7.19)
G

U3 dopmyist (7.19) BHAHO, 4TO CKOPOCTH OTPHIBA TEM GOINbIIE, O ueM GOIbIIE yHeIbHAS HArPY3Ka Ha
KPBUIO - U YeM MEHBIIIE IFIOTHOCT BO3AyXa U KO (QHUIMEHT ITOJbEMHOM CHIIBI IIPH OTPHIBE.

[TnoTHOCTH BO3myXa ompeneisercs aTMOC(HEPHBIMH YCIOBHSAMM W 3aBHCHT OT BBICOTBHI PACIIONOXKCHUS
a’poJipoMa HaJ ypOBHEM MOPSL.

JleroM MIOTHOCTH BO3AyXa MEHBIIIE, CIIEIOBATEIBHO, 1 CKOPOCTH OTPHIBA OOJIBIIE, €M 3UMOH.

Ha BbICOKOrOpHOM a3pojipoMe IIOTHOCTh BO3/yXa MEHbIE, IOATOMY CKOPOCTb OTpBIBA 31€Ch OOJIbLIE,
4eM Ha a3popOMe, PaCcION0KEHHOM Ha ypPOBHE MOPSL.

Bemnunna Cygrp onpezensercs Mo 3HaYCHUIO B3JIETHOTO yIJla aTakH, HA KOTOPOM IPOUCXOIWT OTPBIB, C

y4eTOM BIUSHUS O1IM30CcTH 3eMiid. Tak Kak B3JIETHBIH Yrosl aTaku MeHblle Kputudeckoro, To Cyore < Cy,makc
npuMepHo Ha 15%.
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IIpu B3neTHOM yriie arakd KOA(GQPHUIUEHT MOABEMHOW CHJIBI C YYETOM BIIMSHHS 3€MHON IOBEPXHOCTH
cocTaBJIsIIOT Juts camodera - SIk-52 Cyorp = 1,26 nipu ckopoctu otpbiBa VoTp=120 kM/4 1 st camonera - SIk-55
Cyorp = 1,3 npu ckopoctu otpbiBa Vorp = 100 km/u.

BJINAAHUE BETPA HA B3JIET CAMOJIETA

Bsner camonera, Kak paBHIiIO, BHIONHACTCS MPOTUB BETPa, TAK KaK BCTPEUHBINH BETEP COKpAIIaeT paszder
¥ B3JICTHYIO AUCTAHIIMIO U O0JIEr4aeT ynpaBIcHUE CaMOJIETOM.

Ckopoctb oTpbiBa camoiera fk-55 cocraBmsier Votp = 100 km/4, a camonera fk-52 = 120 xm/4. D10
3HAYHT, YTO KPBUIbS CAMOJETOB OYIyT 0OJyBaThCsI BCTPEYHBIM IOTOKOM C COOTBETCTBYIOIIUMH CKOPOCTSIMH, Ha
STHX CKOPOCTAX MOJbEMHAs CHJIa YPAaBHOBECHUT BEC CaAMOJIETa, KOTOPHIHA B JaHHBIA MOMEHT OTOPBETCS OT 3€MJIH.

Paccmorpum B3neT camonera rpu BetpeuyHoM Betpe U=36 kM/4. DTO 3HAUUT, YTO KOTJa CaMOJIET CTOUT Ha
cTapTe, TO OH YK€ 00JyBaeTCsi BCTPEYHBIM ITOTOKOM BO3/1yXa CO CKOPOCTHIO 36 kM/4. Tak Kak Juis OTpbIBa camosieTa
oT 3emuin HeoOxoauma ckopoctbk Vorp = 100 km/g (SIk-55) u Vorp =120 km/u (SIk-52), To, ciemoBaresbHO, HE
XBaTaeT CKOPOCTH Juis camoniera SIk-55, paBHolt pasHocTH (100-36=64 xm/q), st Sk-52-(120-36=84 km/4). Takum
o0pa3oMm, 1IpH pasdere NPOTHUB BETpa CaMOJIET OTOPBETCS YK€ B TOT MOMEHT, KOTZla €ro CKOPOCTh OTHOCHTEIBHO
3eMi OyJeT cocTaBiaTh 64 km/4 mist camonera Ak-55 u 84 xm/4 - s Sk 52.

[Tpu B3neTe ¢ MOMYTHBIM BETPOM KapTuHa Oyzaer oOpaTHas. Koria camolieT JOCTUTHET CKOpOCTH 36 KM/4
OTHOCHTEJIFHO 3€MJIM, TO OTHOCHTEIILHO BO3AYIIHOTO ITOTOKA €ro CKOpocTh Oyzer paBHa Hymo (V=0). A Tak Kak
JUIsl OTpbIBa HeoOxoauma ckopocts Vorp = 100 km/a (Sk-52) u Vorp = 120 km/a (SIk-55), To camoneTr moinKeH
YBEJIMYMBATH CKOPOCTb, U MOATOMY €ro CKOPOCTh OTHOCHTENBHO 3eMiin Oyzaer paBHa (100+36=136 xm/4) mius
camourera Sk-55 u (120+36=156 xkm/4) -mns SIx-52.

®dopmyia ATUHBI pa3dera ¢ yY4eTOM MOIYTHOTO MM BCTPEYHOT0 BeTpa OyIeT UMETh BUJI
L _ (VOTP i U)
OTP — 2 . s
Xcp (7.20)
A€ 3HaK MUHYC TOBOPUT O TOM, YTO B3JICT IIPOMU3BOJAUTCA IIPOTUB BETPA.

Kak BumHO M3 3amaum, AnmHA pa3zdera MPOTHB BETpa MEHBIIE, YeM IO BeTpy. JnmmHa apyrux sTamoB
B3JIETHOM JUCTAHILIMU TPU B3JIETE MPOTUB BETPa TOKE YMEHBIIAET MyTEBYIO CKOPOCTH CaMOJIETa, a BO BTOPOM -

YBCJINYINBACT.

[Ipu B3neTe NpOTUB BETpa caMoJIeT JIydIlle YIpaBisieTcs, 4eM npu 0e3BeTpHH, TaK Kak y>Ke B CaMOM Havaje
pas0era 00ayBaeTCsi BCTPEYHBIM BO3AYIIHBIM OTOKOM.

[Ipu B37eTe mo BeTpy, HAoOOPOT, B Hauaje pa3zdera camojeT IUIOXO CIyIlaeTcs pyniel, Tak Kak oOmyB
BCTPEYHBIM IOTOKOM HA4YMHAETCSl JIMIIL CIYCTS HEKOTOpOe BpeMs Iocie Hadaiga paszbera (Korma CKOpPOCTb
JBIDKEHUSI CaMoJIeTa 110 3e€MJIe CTaHeT PaBHOM wim Oosnblie ckopocTH Berpa). Kpome Toro, momyTHBIH BeTep
ociabinsiet addexT 00yBKHM pyneit cTpy€l OT BO3AYIIHOTO BUHTA JI0 TEX IOP, TOKAa CKOPOCTh caMoJIeTa JOCTATOYHO
HE BO3pacTeT. DTO 00CTOSTENBCTBO, a TIIABHBIM 00pa30M YBEIMUEHHUE JJIMHEI paz0era, IPUBOIUT K HEIPUTOTHOCTH
B3JIETa II0 BETPY, @ MHOT/A M onacHbIM. [103TOMy B37IeT HEOOXOANMO OCYIIECTBIISATH IPOTHB BETPA, OCOOEHHO €CIH
BETEP CUJIbHBIM.
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B3JIET CAMOJIETA 51x-52 P BOKOBOM BETPE

Ha camouete SIk-52 B3neT mpu O0OKOBOM cOCTaBIsIONIEH BeTpa Oonee 6 M/c (o yriiom 90°) 3amperniaercs.

BokoBoii BeTep 2 M/C HE BBI3BIBACT OCIOKHCHHH B TEXHUKE BBIOJHCHHS B3jera. [Ipm OOKOBOM BeTpe
Ooslee 2 M/c BBINOJHEHHE B3JIETA HMMEET HEKOTOpblE OCOOEHHOCTH M TpeOyeT NOBBINIEHHOTO BHUMAaHWUS,
CBOCBPCMCHHBIX U IMMPAaBUJIbHBIX }IeﬁCTBI/Iﬂ CO CTOPOHBKI JIETUHKA.

IIpn OoxoBOM BeTpe BO BpeMs pa3zdera caMmoJeT HCHBITHIBAET OOKOBOE [aBlICHHE, T. €. ABHKETCA

OTHOCHTENILHO BO3/LYLIHOTO MOTOKA CO CKOJIbKEHUEM. YT CKoJbkeHus o6o3Hadaercs 3 (Puc. 110).

B pesysbrate neicTBHS GOKOBOTO [aBJIEHUs HAa CaMOJIET JEHCTBYET GOKOBas adpoauHamudeckas cuna Zg

1 KpeHAIMA MOMEHT Mgp(Mxp).
Bokopas cuna Zg npunoxesa B 60koBoM (OKyce camoleTa I103ad LEHTpa TskecTH. OHa CTpeMHTCS

MCKPUBHUTbH TPACKTOPUIO IBWXKEHHMs (MO BETPY) M CO3JAET IyTeBOH MOMeHT Mypg, pasBopauuBaioliuii camoier
HaBCTpEIY BETPY.

Pa3uble cubl TPEHMS JIEBOTO M NPABOTO KOJEC CO3AAIOT IMyTeBOW MOMEHT Myq,. B namnom ciydae Frp
>F1pyp 3a cuer momenTa kpena Myg. Moment My, HalpaBiieH B IPOTUBOIONIOKHYIO CTOPOHY MoMeHTY Mypg. I1pn
pasbere Mxpg > Myrp, npudeM mpu yBenuueHud ckopoctu Mxg pacrer, a Mypp yMCHbIIACTCS U CamolleT Bce
CUJIbHEE CTPEMUTCS Pa3BEPHYTHCS MIPOTUB BETPA.

CrpemyeHHe camojieTa pa3BEepPHYTHCA NPOTHUB BETpa JIETYMK MAPHPyeT B NEPBOM MOJIOBHMHE paszdera
pa3AeIbHBIM TOPMOKCHUEM

D Y )

Mx B
ZH
26 m—erfe _—
L =
n Znp
7777 /) 7 A
Nn Nnp

Puc. 111 Cxema cui, beﬁcmeylomux Ha camojiem npu yCmpaneHuu CHoca CKoJlbiceHuem Kojec, a 60 emopoﬁ
nojioeuHne pa36eza - OMKJ/IOHEHUuem pyJjist HanpaejieHus
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Kpensmee Bo3neiicTBre 60KOBOTO BETpa JIETYHK MAPUPYET OTKIOHEHHEM PYUKH YIPaBJICHHUS (3JIEPOHOB) B
Ty CTOpPOHY, OTKyzAa ayerT Berep. OTKIOHEHHE 3JIEPOHOB CO3JAET MyTEBOW MOMEHT 3a CUET pa3HBbIX JIOOOBBIX
COIPOTHUBJICHUN IIOJIYKPBUILEB, KOTOPBIM IIOMOraeT MOMEHTY OT pyjis HampasieHus. Ilo Mepe yBenudeHus
CKOPOCTH M TOBBIIIEHUs AS(PQPEKTUBHOCTH 3JIEPOHOB pydKa YNPaBICHUs BO3BpAILACTCS K HEHTpaibHOMY
MIOJIOXKEHHUIO (BO M30ekaHHe OT3bIBa CaMOJIeTa C OIHOTO KOJeca).

Bokosaa aspoounamuueckas cuna Zg Ha pa3dere 4aCTUIHO YPABHOBEIIUBACTCS OOKOBOM CHIJION peaKIuiu
TpeHHs Kosec Zn, .a MpU OTKIOHEHUH JICTIYMKOM PYJIsl HAPaBJICHHS Ul TApHPOBAHHS Pa3BOpOTa CaMoJIeTa eIe 1

cuoit Zx. ITo mepe yBenmueHus ckopoctu Zg pacteT, a ZK yMeHbIIaeTcst (ZK. =Za+Zpp)-
JBmwxenue camosera npu pazbere OyAeT COXpaHATbCS MPSIMOJMHEHHBIM [0 TEX IIOp, MOKa C POCTOM
CKOpoCTH OOKOBast a3pOAMHAMUYECKasl CHJIa HE JOCTHIHET MaKCUMAJILHOTO 3HaUE€HHsT OOKOBOW CHJIBI KOJIEC.

Ckopocth pazdera, COOTBETCTBYIOIIAss paBeHCTBY Zg = ZKyaxc HA3BIBACTCS CKOPOCHIbIO CKONbIHCEHUSL.
Jnst pazbera 6e3 cHOCa CKOPOCTh CKOJBKEHHUS JOJDKHA OBITh OOJbIIE CKOPOCTH OTPHIBA, TaK KaK MPU MOIbEME
MepeHero Kojeca ¥ YBeJIMYCHUH YIJla aTakd CKOPOCTh CKOJBXKEHHUs pe3Kko mnajgaer. [Ipu 3HaYuTeIbHOM OOKOBOM
Betpe (3...5 M/c) uenecoobpa3HO HepeHee KoJIeco MOJAHUMATh He Ha ckopocTH 90 km/4, a Ha ckopoctd 105...110
KM/4.

IMocie oTpbIBa CHOC CaMoJieTa yCTPaHETCsl CO3[[aHUEeM CKOJILKEHHS B CTOPOHY, OTKyAa ayer Berep (Puc.
111). Kpen Bblmep:kuBaeTcst TakuM, 4ToObl moracuth cHoc (Ysiny +Zy-Z § = 0). CrpemieHue camonera K

Pa3BOPOTY MapUpOBATh HAKUMOM Ha Ie/lalb, IIPOTHBONOJIOKHEIM KpeHy (My p-Myy = 0).

Ilocne ybopku maccu (¢ BeicoTel 30 M) CHOC camojieTa KOMIICHCHPYETCS BBEJCHHEM IIONPAaBKH Ha Kypc, PaBHOU
BEJIMUHHE yTJIa CHOCA.

CXEMA CUJI 1 YPABHEHUSA IBU/KEHUS HA PA3JIMYHBIX DTAITAX B3JIETA
I[Tpu pa3bere Ha caMoJIeT ISHCTBYIOT a9pOJUHAMUYECKUE CHIIBL:
- IOABEMHAS CHJIA Kpbla Y
- cria JT0O0BOTO COMIPOTHBIICHHS X;
- Bec camoJera G;
- CWJIa TSTU CUJIOBOM yCTaHOBKH P;
- HopMaJibHast peakius 3emi N=N;+N;
- CHJIa TPEHUs KoJjec o 3eMHyIo moBepxHocTs F=F+F, (Puc. 112).

Kaxk YK€ TOBOPHUIIOCH paHEC, B aOpOAMHAMUKE U IMHAMHMKE I10JIETa CaMOJIETa paCCMAaTPUBACTCA ABUKCHHUC
HOCHTpa TAXKCCTU OTHOCUTCIIBHO BHEIITHEH Cpeabl U NABUIKCHHUE JacTell camoleTa BOKPYT LICHTPA TAKCCTU. B JaHHOM
Cj1ydac paCCMOTPHUM JBUKCHUC LCHTPA TAKECTH.

YpaBHEHUS IBMKEHUS IIEHTPA TSDKECTH caMoJIeTa IpH pa3dere NMEIOT BH!

YcnoBue paszrona

a
Puc. 112 Cxema cun, oeiicmeyrowux na camonem Ak-55 (a) u camonem HAk-52 (6) na é3neme

yCIIOBHE MPSMOJIMHEWHOTO pa3roHa

Y+N-G=0. (7.22)
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B ypaBuenun (7.21) cuna Tiaru gomkHa ObITH OOJBIIE TOOOBOTO CONPOTHBIEHHS M CHJIBI TPEHHUS KOJEC

G

BMECTE B3ATHIX MIIM TPOU3BEAEHHE MACCHl - & - Ha MPUPOCT CKOPOCTH JOJKHO ObITH GoJIbIIe HYA. B ypaBHeHUH
(7.22) Bec camorera JOJDKEH OBITH paBeH CyMME ITOJBEMHOM CHIIBI M peakiuy 3emin. CHIly TSATH CIedyeT CUMTaTh
HalPaBJICHHON IO CKOPOCTH JBWXKeHUs. CHIly TpeHHs ONIpEelNeSIOT 4Yepe3 HOpMalbHYH peakuuro N H
KO3 pHUIUEHT TpeHus [

F=Nf. (7.23)

Koaddunuent tpenus f mpu pasdere Ha kosecax no 6eronnou BIII pasen 0,03...0,05, a o TpaBsHUCTOMY
rpyHry - 0,1...0,12.

Ilo mepe yBenmM4eHHs CKOpOCTH IIOJIETAa TOABEMHAs CHJIAa pacTeT, a HOpPMalbHAas pEeaKIus 3eMIH
ymenbmaercs. Korna mogsemMHas ciiia CTAaHOBHUTCS] paBHON BECy CaMOJIETa, TO OH OTPBIBAETCS OT 3E€MITH.

Ha sTamax pa3roHa W moabeMa Ha CaMOJIET ACHCTBYIOT CIEAYIOIIME CHIIBL MOJbeMHas cuia Y; Bec
camortera G; cuna tsru P (Puc. 112).

ypaBHeHI/lH JABMIKCHHUA HECHTPA TAXKCCTU CaMOJIETa IIPH PasroHe € IOABEMOM UMEIOT BU!

YyCJI0BUE pa3roHa

) Gdv
P-X-Gsind=——>0;
g dt (7.24):
yciaoBue HpHMOHHHCﬁHOCTH ImoJjera
Y-Geos & =0. (7.25)

B ypaBuenun (7.24) tara ppurarenss P nomkHa OBITH OOJIBIE CyMMBI JOOOBOTO CONPOTHBICHHS H
COCTaBIISIIOIIEH CHJIBI Beca camolieTa, a B ypaBHeHuu (7.25) -nmoabemHas cuna Y JoJkHa OBITH paBHA

COCTaBJIAIOLIEN Beca camoliera G cos 0.

Ypasuenus apmxenns (7.24) u (7.25) moka3sIBarOT, 4TO caMOJIET IBIXeTCs npsmonuaerHo (Y=Gcos 0 )u
C YCKOpeHHeM. Y CKOpeHHe PaBHO
. P—-X—-Gsind
i=g > 0.
G

JEUCTBUS JIETUAKA ITPU B3JIETE HA CAMOJIETE $Ik-52

[lepen BBIpy/IHBaHUEM CO CTOSIHKH MPOBEPUTH pabOTy ABHUTATENs] U 000OPYIOBAaHUS CaMolieTa. 3alpoOCUTh
pasperieHne Ha BeIpynuBaHue. [1omydnB ero, mpoBepuTh paboTy TOPMO30B U, YOSIHBIIUCH, YTO PYJICHHIO HUYTO HE
MEIIaeT, OTIYCTUTh TOPMO3a M YBEIMIUTH OOOPOTHI IBUraTeNsl HACTOIBKO, YTOOBI caMoJieT Havaj ABIXKeHue. Bo
BpeMs pyJIEHHSI TOPMO3aMH CJIEAyeT IOJIb30BATHCS IUIABHO, HAXKMUMAasg HA TAIIETKy TOPMO30B HMITYJIbCHBHBIMH
JIBIDKEHUSIMH.

[Ipu pyneHun camMolleT CTPEMHUTCS Pa3BEPHYThCS BIPABO 3a CUET JCHCTBHS PEAKIMH BO3IYIIHOTO BHHTA.
OTO cTpeMIIeHHE MAPUPYETCs] OTKIIOHCHUEM PYJIsl HAIIPABJICHHS BIIEBO.

[lepen BrIpyNMBaHUEM Ha JUHHIO MPEIBAPUTEIHLHOTO CTAPTa OCMOTPETh MPOCTPAHCTBO BIIEPEIH, CIICBA H
cipaBa. 3ampoCUTh Y PYKOBOIUTEIS IOJIETOB pa3pelIcHHE 3aHATh IMPEIBApUTENBHBINA cTapT. Jlamee ocMoOTpeTrh
MIPOCTPAHCTBO B TOM K€ IMOCIEI0BATEIBHOCTH, 3alPOCUTh pa3pellieHre, 3aHsITh UCIOIHUTEIbHBIN cTapT. [lomyuus
paspelieHre, BBIPYJIUTh HA BINIETHYIO TOJoCy, mpopyiauts 10..15 M [Uis yCTaHOBIIGHHs IEPEJHEro Kojeca o
nuHuKM B3neta. HaxkaTp Ha rameTrky TOpMo30B. [IpoBepuTh MPaBUIILHOCTh YCTAHOBKH TPUMMEPa PYJis BBICOTHI,
nokazaansa AI'U-1K, pagunoxommaca APK-15M u mo 'MK - kypc (Kypc JOIKEH COOTBETCTBOBATh B3JIETHOMY).

HpOBepI/ITL CTOIIOPCHUC IMPUBA3HBIX peMHeﬁ. 3aHp0CI/ITL pa3peuicHue Ha B3JICT. HOJ’Iy‘H/IB pa3peuieHue Ha
B3JICT, IIJIABHO YBCJIIMYUTH O60p0TLI JABUTATCIId U OTIHYCTUTH TOPMO3a, Ha4YaTh pa36er.

B mnepBoii monoBuHe paszbera, korga 3(h(GEKTHBHOCTH pyJsl HaNpaBlIEHHs Malla, NPSIMOJHUHEHHOCTh
JIBIDKEHHUS] CaMOJIeTa BbIJIEP)KUBATh C MOMOIIBIO TOPMO30B OCHOBHBIX KOJIeC (KOPOTKMMH MMITYJIbCAMH), BO BTOPOI
MOJIOBHHE (IO JOCTIDKEHHUIO CKOPOCTH 60 KM/4) - C TOMOIIIBIO PYJIs HATIPABJICHUS.

Py‘{Ky YipaBJICHUA A0 Havdajla moAbeMa NEPEAHETO KOJIECA ACPKATH B HeﬁTpaJIBHOM II0JIOKCHHH.

[pu noctmwxennn ckopocty 90 KM/4 MIaBHBIM JIBH)KEHHEM PYUKH YIpaBieHUs Ha ce0s TIOAHATH NepeiHee
KoJsieco 70 B3neTHoro mosoxeHust (10...15 cM oT 3emMiM) M COXpaHSTh 3TO IOJIOKEHHE JI0 OTPhIBA CamolieTa OT
3eMIIH.

Camoret Ha pa30ere CTpeMHTCSI OTKJIOHUTBCSI BIIPABO, YTO MMAapUPYETCs] OTKIOHEHHUEM JIEBOU TIeaIH.

OTphIB camMoJIeTa IPOUCXOINT IUIABHO MIPU CKOPOCTH TOJIeTa, paBHOM 120 kM/4 10 ipubopy.
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Iocre oTpbiBa caMoNieT HE MMEET TEHJEHIMH K B3MBIBAHHIO U CBAJMBAaHHUIO HA KPbUIO, PYJIH U AJIEPOHBI
3 PeKTUBHBI.

ITocne oTpbiBa mepeBecTH B3TIAA HAa 3eMITIO (BIEBO OT MPOJOIBHOI OcH camolietra mof yriiom 15...20° u
Briepen Ha 30...40 m). BeigepxuBanue u HAOOp CKOPOCTH MPOU3BOIUTCS C TOCTETIEHHBIM YIAJICHHEM CaMOJeTa OT
3emid. B mponecce pasrona ¢ mogpeMoOM CIIEANTH 32 HAOOPOM BBICOTHI M HAIIPABICHHEM Ha BHIOPAHHBIN OPHEHTHD.

Ha BwicoTe 20...25 M mpoBepHUTh CKOPOCTh, KOTOpas JOJDKHA ObITh paBHa 170 km/4, yOpaTh maccu u
MIEpEeBECTH CaMOJIET B HAOOP BHICOTEHI.

XAPAKTEPHBIE OIINBKU ITPU B3JIETE HA CAMOJIETE 5k-52

Brire Obutn PACCMOTPECHBI 3Tallbl HOPMAJBLHOI'O B3JICTa CaMOJIE€Ta SIk-52. OHH&KO nopu B3JICTC MOTYT
BO3HHUKHYTH CJIIETYIOIIUE OIIMOKHU B TEXHUKE TMAJIOTUPOBAHUA:

YKIIOHCHHUEC CaMOJI€Ta OT KypcCa B3JIETA,
HeCBOCBpeMeHHHf/’I IIOABEM NIEPEAHETO KOJIECA,
OTPLIB CaAMOJICTA Ha MaJoi CKOPOCTH.

Camonem yknousemca om Hanpaeienus 63iema npu pazdeze. IIpydnHBI: HE YCTAaHOBJIEHO KOJECO
(nmepenHee) Mo Kypcy B3/€Ta; JIETYMK HENPAaBUIBHO IOJB3YyEeTCS TOPMO3aMHU; HEAOCTATOYHOE OTKIOHEHHE pyJis
HamnpaBJIeHUs] BIEBO (J1s KOMIIEHCAIIMM MOMEHTAa PEaKIMM BO3AYIIHOTO BHMHTA); HEMPABWIBLHOE paclpellelieHue
BHUMAaHUSI.

Hpu OMKIIOHEHUU camonema om 3a0AHHO20 Hanpae/leHuUsa B MOMCHT Haydajia pa36era CIIEay€eT
HCIIOJIB30BAaTh TOPMO3a KOJIEC, YCTAHOBUTHL CaAMOJIET 110 JIMHWU B3JIETAa U IPOJOJIDKATH pa366r. HpI/I 3HAYUTCIbHOM
OTKJIOHCHHUH OT 3aIaHHOT'O HAaIIpaBJICHUA B MOMCHT Hadajia pa36era IIPEKPaTUTH B3JICT.

Heceoegpemennuiii noovem nepeonezo Koneca. JIeTUNK paHO M PE3KUM ABMKEHHEM WM MO3JJHO M OYEHb
OCTOPOXKHBIM IIBIDKCHHEM PYYKH YIIPaBICHHS MOAHUMAaeT mepenHee Koseco. OCOOEHHO OmMaceH pe3KHd |
W3JIUIIHUH TTOIBEM TIEPEAHETO KOJIECa, YTO MOKET IPUBECTH K MPEKICBPEMEHHOMY OTpPBIBY CaMoJIeTa OT 3EMIIH U
CBAJIMBAHUIO HA KPBUIO.

Ompoie camonema na manou ckopocmu. Ecnu 310 mpou3oiineT, To HEOOXOJUMO HE JOIMYyCKaTh PE3KHUX
KPCHOB M PE3KOT0 IIEpeBOjia caMoJieTa B HA0Op BBICOTHL [IpM MOBTOPHOM KacaHWU 3eMJIM HEOOXOIUMO CO31aTh
HOPMAaJIbHBII B3JIETHBIH yroi aTaku (yroi mojabeMa MepeHero Koyueca) 10 Habopa ckopoctd oTpbiBa. [Ipu oTpbiBe
caMoJlieTa Ha MaJioi CKOPOCTH U TIPU PE3KOM Iepexoie B HaOOp BBICOTHI YMEHBIIUTH Yol Habopa 10 3a1aHHOTO, HE
JIOTYCKasi KPEHOB.
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INOCAAKA CAMOJIETA

Iocanka siBisiETCS 3aBEpIUAIONIMM JTANOM MOJETa M MPEACTAaBIsIET COOOW 3aMeUIeHHOE MABHKEHHE
camolieTa ¢ BBICOTBI 25 M 10 IMOJHOW OCTaHOBKH Iocie mpobera mo 3emue. [locaaka camonera, Kak MpaBuiio,

COCTOUT M3 cienyromux 3tamnos (Puc. 113):
- IJTAHUPOBAHUS (CHIDKEHHS);
- BbIpaBHHUBAHUS,
- BBIACP)KBAHMUS;
- mpu3eMIieHus (TTapaIIOTHPOBAHNA );

- mpobera.
H=25m
V=0 Voo B H=8+10Mm
=" 7]
- x|
NPOBEr BLIPABHUBA-
BbLIAEPNAHUBAS HWE AAHUPQOBAHUE
HHUE
Puc. 113 Cxema nocaoku camonema
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Puc. 114 Cxema "kpyza" nHao aapoopomom nepeo nocaoxoi

Ilocanka - cnoXHBIM M OTBETCTBEHHBIM MaHEBp, 3aBepLIatolIMil mosieT. EMy mpeniiecTByroT BBIXOJ K
a’poAPOMY H 3aX0J Ha TOCAIKY.

MaseBp 3axo/a Ha NOCaJKy HPOU3BOJIUTCS B HEMIOCPEACTBEHHON OJNM30CTH K a3poApoOMy U MMEET LIEJbI0
MOATOTOBKY €aMOJIETa K BBINOJIHEHUIO NOocaaku. IIpu Bu3yanbHOM 3axo[€ Ha NOCAJAKy HOPMAJIBHBIM SBIISETCA
JBIDKEHUE caMojeTa MO0 MpsSMOYrojJbHOMY MapHIpyTy, IpPEACTaBISIOLIEMY COYETaHHE OTPE3KOB MPSMBIX H
pasBoporoB Ha 90° - Tak HaseBaeMblii “Kpyr” (“kopobouka”). “Kpyr” mepea MOCamKoil BBHIMOJNHSETCS Ha
OTIpEeNIeIICHHON ISl KaJKIOTO THIIA JIETaTEIbHBIX ammaparos BeicoTe (Puc. 114).

PacuerHbiMu siBistOTCS 3-M M 4-11 pa3BOpOTHI, BBHIMONHAS KOTOPHIE HAa ONPEAEICHHOW BHICOTE M TOUKE
MapuipyTa, JIETYUK MPOU3BOAUT NpeABapUTEIbHBI pacueT Ha MOcajJKy. YTOYHEHHE pacdyeTa Ha MOCaiKy, yder
BETpa MPOU3BOASITCA Ha ydacTke OT 3-ro u 4-ro pasBopora. ITociae 4-ro pasBopora caMOIET AOJKEH ABUraThCs
BIIOJIb OCH B3JI€THO-1I0caiouHOM 1ostockl (BIIIT). [lo BbicoThl 50 M JOJDKHBEI OBITH BBITYIIEHBI 3aKPBUIKH (ILIUTKN),
IIaCCH, YCTAHOBJIEHa HEOOXoAnMas CKOPOCTb IO TPAEGKTOPHUH CHIDKCHHS W JIETYHK JOJDKEH OBITh yOexIeH B
ToyHOCTH pacuera. C BbIcoThI 30 M JIETUYMK HEPEHOCUT B3I Ha 3eMinro. HaunmHaeTcs: BBITOJIHEHNE MIEPBOTO dTama

IMMOCAaAKH - TUNTAaHUPOBAHUE.

IJIAHUPOBAHUE CAMOJIETA ITPU TIOCAIKE
IMocanka camoiieTa HAYMHAETCS CO CHIDKEHHUSI CaMmoJieTa. YTOJ YCTAHOBUBIIETrOCS IJIAHUPOBAHUS
omnpenensiercs o Gopmyse

tgl = l
k (8.1)

HpeI[HOCEl,I[O‘IHOC TUTAHAPOBAHUE BBINIOJTHACTCSA C BBIMYIICHHBIMA MIACCH W 3aKPBIIKaMHU (H.II/ITKaMI/I),
IMO3TOMY a’dpOAUHAMUYECCKOEC Ka4dY€CTBO HEBEIMKO. VYron IUTAHUPOBaHUA W BEPTUKAJIbHAsA CKOPOCTH IIPU OTOM
SHAYUTEIIbHO YBCJIWYUBAIOTCA, YTO YCJIOXHACT TEXHUKY BBIIIOJHEHHS BBIPABHUBAHUSL. HpI/I HaJIMIUA TATU YTOJI
IUIAaHUPOBAHUA W BEPTHUKAJIbHAsA CKOPOCTH YMEHBIIAKOTCHA, IMO3TOMY Ha COBPEMEHHBIX CKOPOCTHBIX CaMOJIETax
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IUIAHUPOBAHUE OCYIIECTBIIETCS, KaK MPAaBUIIO, C HEKOTOPOW TATOM, TeM Oojiee 4TO B 3TOM Ciydae oOuierdaercs
YXOJ Ha BTOPOH KpYT.

[Ipu mnaHUpOBaHUH JIETYMK PACCUUTHIBAECT MECTO IMpH3eMieHHA. J{JIs 3TOro cpa3y e IMOCie YeTBEPTOro
pa3BopoTa JETYMK YCTAaHABIHMBAET 3aJaHHYI0 CKOPOCTh IUIAHUPOBAaHHWA W HAKJIOH TPAaeKTOPUH IUIAHHPOBAHUS.
[IpsamonuHeitHOE CHIKEHHE BBIBOAWUT CaMOJIET B TOYKY Hadana BeIpaBHUBaHUA (Touka 4 Ha Pumc. 113),
HaxozsmnIytocs Ha BeicoTe 6 - 10 M. [Tonoxxenue npsmoii A B (TpaeKTOpUU CHIKEHHS) OTHOCHUTENBFHO ITOCAI09HON
II0JIOCHI 3aJa€TCsl PACCTOSHUEM X, ONPENEIIOIIMM YIAIeHHOCTh Touku B ot kpas BIIIIL. Jlna xaxnoro Ttuma
camoJieTa, IJIaHepa BEIMYMHA X CBS3aHA C MX a3POAMHAMHYECKUMH XapaKTEPUCTHKAMH M B IEPBYIO OdYepedb C
a’pOTMHAMUYCCKUM KauecTBOM. Ha ItaHMpOBaHUU Tepe]1 MOCAIKOH JKeIaTeIbHO, YTOOBI CKOPOCTh IO TPACKTOPHU
1 BEPTUKAJIbHAsA CKOPOCTb CHUKCHUA 6bIJ'II/I MO0 BO3BMOXHOCTH YMCHBIICHLI. C sroit HCJIbIO MPUMCHSAIOTCA 3aKPbIJIKHU,
IMIATKH WM APYrHe BHIBI MEXaHM3AlMU KpbUIa, KOTOpPBIE YBEIMYMBAIOT KO3(D(UIMEHT MOIABEMHON CHIIBI H
YMCHBIIAIT TOTPEOHYI0 CKOPOCTh IUIAHHPOBaHUSA. TeM caMbIM YIPOINACTCS TEXHHWKA BBITONHCHUS ITOCAIKUA H
MOBBILIAETCS €€ OE301TacHOCTb.

IIpu yBennueHun Beca camoleTa yBEJIMYHMBAETCS €r0 CKOPOCTh MO TPAeKTOPUU. YTOJ IUTaHUPOBaHUS IpU
3TOM HPAKTHYECKH OCTAECTCS HEU3MEHHBIM.

[InarupoBaHme camolieTa 1O BEICOTHI Hadaia BEIPABHUBAHMUS SBIISICTCS OJHUM M3 OTBETCTBEHHBIX 3TAllOB B
obecredeHn HOpMaJIbHON MTOCATIKH.

[IpakTHKOH yCTaHOBJIEHO, YTO HanOOJIbIIEe KOJIMYECTBO OIIMOOK B TEXHHKE MUJIOTHPOBAHHS COBEPLIEHO
Ha dTaIle MPEeANocagouHOro IIaHMPOBAaHUA U ITPH BBIX0€ U3 Hero. OCHOBHOM NMPUYMHON 3TUX OMIMOOK SIBJISIETCS TO
00CTOSTENIECTBO, YTO JIETYMK, OTBJIEKAs BHUMAaHHE OT MHWIOTHPOBAHUS caMmojieTa Ui HaONIOJEeHUs 3a 3eMulei,
YTOUHEHHUs] pacueTa Ha IOCAIAKy W MHPaBMIBHOCTH 3aX0Ja II0 OCH IOCAJOYHOW IOJOCHI, TEPSET CKOPOCTh H
HapyIIaeT KOOPJHHAINIO OTKIOHEHHS PyJIeH.

BbIPABHUBAHUE

BripaBHrBaHMe mpeacTaBisier co0OH Mpomuece nepexosia oT MPSIMOJMHEHHOTr0 paBHOMEPHOTO CHIDKEHHUS K
TPaeKTOPUU TOPHU3OHTAIBHOTO I0JIeTa B KOHIIE BBhIpaBHMBaHMS. IIpu mojaxone K BbICOTE Hadajga BhIPABHUBAHUS
(xoTopast ompenenseTcss BU3YAIbHO H cocTaBiusieT 8-10 M) JEeTYMK, OTKIOHSS PY4YKy VYIpaBIeHHS Ha cels,
YBEJIMYMBAET YTOJl aTakd caMoJIeTa, CO37[aBasi TEM CaMbIM JIOTIOJHMUTENIBHYIO MOIbEMHYIO cuiy AY, KoTopas
UCKPHBIISIET TPACKTOPHIO.

i

TFEGE | TP TR IR SR IR IR R T
1

Puc. 115 Cxema cun, oelicmeyouux Ha camosien npu 6bIPAGHUBAHUY U GbLOEPHCUBAHUU

VBennueHne yriia ataku COMNPOBOXAACTCA YBCIMYCHUCM CHIIbI 11000BOT0O COIIPOTUBJICHUSA, BCJICACTBUC
HUero MNpoucCxoAuT YMCHBLUIICHHUC HOCTyHaTeHLHOﬁ CKOpPOCTH. I[pyroﬁ HpH‘lHHOfI YMCHBIICHUA HOCTyHaTeHLHOﬁ

CKOPOCTH ABJIACTCA yMCHBH.IeHI/Ie COCTaBJ’IHI-OH.[efI CHJIBI BECa Gz n3-3a yMeHBH.IeHI/IH yrna HaKJIOHA TPACKTOPHUHU 9
(Puc. 115).

BripaBHuBanue 3akanuuBaercss Ha BbicoTe 0,75-1,0 M. TpaekTopusi 3TOro MaHeBpa HpU IMOCTOSHHOM
nmorbeMHoM cuite (¥ + AY) npeacrasiser co00ii KpUBYIO, OTU3KYIO K OKPYKHOCTH.

BBIAEP)KUBAHUE

BrlnepkBaHue TNPOU3BOAMTCS ISl YMEHBIIEHUS CKOPOCTH 10 IIOC3/JI0YHOM W IpeicTaBisieT COoOOoM
TOPMOXKEHHE caMoJieTa B TOPH3OHTAJIBHOM THoseTe (cxema cwi nokazana Ha Puc. 115). Ilpu BeinepxuBaHuu
CaMoJIeT JIETUT TOPU30HTAIBHO, TaK Kak ¥ = G, a CKOpOCTh I0JIeTa yMEHbIIAeTCs U3-3a TOT0, YTO CHia JIOOOBOTO
CONPOTHBIJICHUS HWYEM HE YPAaBHOBEIIEHA M TOPMO3UT ABWKEHHE. [ moanepskaHusi 3aJaHHOW BBICOTHI Ha
MTOBEPXHOCTHIO a3pPOAPOMa 110 MEPE MaJACHHUS CKOPOCTH JIETYHK COPa3MEPHO, B3ATHEM PYUKU Ha ce0sl, yBEITHINBACT
yron ataku (1. e. Cy), 9TO NO3BOJIAET COXPAHWUTHh MOABEMHYIO CHIY, a CJEIOBaTEeIbHO, M INPSIMOJIMHEHHOCTH
TPaeKTOPHUH.
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B MOMEHT, Korjia yrojl aTaku OKa)XETCsl PaBHBIM MOCATOYHOMY (O=Clyoc), JaTbHEHINEE ero yBEINICHUE
npekpamaioT. CKOpoCTh TONieTa TPH BBIACP)KUBAHUH, COOTBETCTBYIOIIAs JSTOMY MOMEHTY, Ha3bIBacTCs
nocaiouHoil. B nponecce BelaepkMBaHus caMoJieT cHkaercst 10 BbIcoThl 0,25-0,30 M. Iocne aToro HaunHaercs
MaparrroTHpPOBaHue, MpH KOTopoM ¥V < G, a CKOPOCTh MPAKTUIECKH HE YCIEeBAeT U3MEHUTHCA, TaK KaK OHO JJIHTCS
MaJioe BpeMsI U CaMOJIeT MPU3EMIISITCS Ha ITOCAJOYHYIO TI0JIOCY.

B KOHIIC BBLACPIKMBAHUA NIEPEA MPU3CMIICHUEM IMOABEMHAS CHUJIa paBHA BECY CaMOJICTA, T. €. y= G, a yroja
aTaKy paBEH MOCaJOYHOMY, TOraa

2G
CY o PS

[Tpyn npuOnmKeHNMH K IOBEPXHOCTH 3€MJIM HAYMHAET CKasbIBaThCi S(PGEKT «BO3MYIIHOW MOIYIIKNY,
BCJIC/ICTBHE YE€ro MPOMCXOIUT KaK Obl yBEINYEHHE TNIOTHOCTH BO3yXa. C y4eTOM 3TOrO SIBICHUS] MOJKHO 3aInCaTh

2
U oc _
p—.S Unoc =

2 OTKyza

Y=G=Cypc

Do =094 |

CyHOCpS (8.2)

rac G - Bec camoriera IIpu MOCAaKE,

CVnoc - K03GGUIMEHT MOABEMHON CHIIBI IIPH ITOCAJJOYHOM YTIIC aTaKy;
0,94 - ko3 PUIHEHT, YUNUTHIBAIOIINN OJTH30CTh 3EMIIH.
[Tocamo4Ho# CKOPOCTHIO HA3BIBAETCA CKOPOCTh B MOMEHT mpu3emiieHus. OHa y BCEX CaMOJIETOB MEHbBIIIE

CKOPOCTH OTPEIBA. ITO 0OBACHAETCS TEM, YTO MOCAJOYHBIH BEC CAMOJIETa MEHBIIE BECA B3IETHOTO, a Cypoc > Cyorp,
MOCKOJIBKY HCIIONIB3YeTCs OONBIIHMIA yroll OTKIOHEHHS 3aKPBUIKOB (IMUTKOB), a, KPOME TOTO, MEeped CaMbIM
MpHU3EeMJICHHEM HEeT HeOOXOIMMOCTH MMETh 3aIlac yTiia aTakd, Kak MOCiIe OTPHIBA.

W3 popmynsl (8.2) cnemyer, 94TO 3aBHCUMOCTH ITOCAIOYHON CKOPOCTH OT Beca CaMoJieTa, aTMOC(EpPHBIX
yCIOBHIA U KO3 (UIMEHTA ITOIBEMHOM CHIIBI TaKast )Ke, KaK M CKOPOCTH OTpPHIBA.

ITPOBEI' CAMOJIETA

Hpo6er caMmoJieTa SIBISETCS 3aKIIOUUTEIBHBIM JTarnmoM mnocaaku. [locie kacaHust 3emyiM  caMoOJIET
CoBEpLIACT npo6er Ha OCHOBHBIX KOJICCAaX IIacCHu (JIJ'DI CaMOJICTOB C HOCOBBIM KOJ'leCOM), MOCJIC Y€ro JICTYUK IIJIaBHO
OITYCKAacT HOCOBOC KOJICCO U HAYMHACT TOPMOIKEHNE OCHOBHBIX KOJICC. V camM01eTOB ¢ XBOCTOBBIM KOJIECOM nocajgka
COBEPLIACTCA HAa BCC TPU TOYKH U TOPMOIKCHUEC OCHOBHBIX KOJIEC ITPOU3BOAUTCA C TAKUM PACUCTOM, 4TOOBI HE OBLIO
KalroTUpoBaHUsA CaMoJICTa.

['maBHOW XapakTepHCTHKOI npobera siBisieTcs ero anuHa. J{nuHoi npobera Lyp Ha3bIBaeTCs paccTosHUe,
IIPOXOAUMOE CAMOJIETOM I10 3€MJIE OT MOMEHTA IIPU3EMIIEHUS 10 MTOJTHON OCTAHOBKH.

I[BI/I)KCHI/IC caMoOJICTa Ha Hp06ere SABJIIETCS PaBHO3AMEAJICHHBIM C HEKOTOPBIM CPEAHUM 3aMEIJICHUEM yCP~

Ha nmpoGere kpoMe HenpepbIBHO YMEHBIIAKIIUXCSA adpOANHAMIYCCKUX ¢l Y U Q Ha camMoJeT eicTByeT
cuia TpeHus kKoseca o 3emito F=F+F, (Puc. 116).

ITo mMepe yMmeHbBIIEHHS CKOPOCTH MOABEMHAs CHiIa W CHiIa JIOOOBOTO CONMPOTHBICHHS YMEHBIIAIOTCS, a
cunbl peakiuu 3emin Ny 1 N, yBeJIMuuBaroTCS.

YpaBHEeHHUE IBIKEHUS caMoJieTa IpH Ipobere MOXKHO 3aIHcaTh
—i,, =0+F,
g

rne F'=f(N; + N,) - cuna TpeHus.

Puc. 116 Cxema cun, oeiicmeyloujux na camonem npu npooeze

Cuamu, 3aMeISIOMMHI IBIDKEHHE Ha Tpolere, Kak cieayeT u3 Gopmyisr (8.3), SBISIOTCS CHIIa TPEHUS
KoJiec 0 3eMitto F' u cuiia JioboBoro conpotusicnus Q. [muHa mpodera onpenessiercs mo popmyie
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2
L. = Yroc
P — 2 .
Lep (8.4)

U3 popmymsr (8.3) MOKHO HalTH

. O+F
lp=—g=——.
cp g G 55)
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W3 ananm3za GpopMyIt BUIHO, YTO JUIsl YMEHBIIEHHS JJIMHBI Ipo0era Heo0X0AMMO YMEHBILATh IOCaJ0YHYI0 CKOPOCTh
(Vroc) nnn yBenmuuuBate TopMmossmue cuiisl Q u F. YBennuenue nocnenHei pon3BoIUTCS 3a CUET NPUMEHEHHUS
TOPMO3HBIX YCTPOICTB Ha KOJlecax MIacCu. Y BelIndeHue cuibl Q OCyIIecTBIAETCs IPUMEHEHHEM TOPMO3HBIX

IMOCAJOYHBIX ITAapalIrrOTOB.
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YCTOMUYUBOCTH U YIIPABJIAEMOCTb CAMOJIETA

JIro60it camomneT, MOMHSABIIMNCSA B BO3AYX, KPOME BBICOKHX JIETHO-TAKTUYECKUX JAHHBIX TOJDKEH OBITH
XOpOIIO YPaBHOBEWICH, OBITh YCTOWYMBHIM W OZHOBPEMEHHO XOPOIIO YIPAaBISEMBIM. BBITOTHEHHE 3THX
TpeOOBaHUH - CIIO’KHAS KOHCTPYKTHBHAS 3a/1a4a.

[Toner camonera ompenensercss €ro B3aUMOJCHCTBHEM C IPYTMMH TElIaMH M TJIaBHBIM 00pasoMm c
BO3/IyXOM, OOTEKAaIOMNM KPBUIO, (DI03eNIsIK, TOPU30HTAIBHOE ONEpeHne H T. A. IIpu B3auMOAEHCTBUH C BO3IYXOM
BO3HMKAIOT BHEIIHHE a3POJHMHAMHYECKUE CHIIbI, KOTOPBIE HArpyKaroT CaMOJIET M CO3Jaf0T MOMEHTHI cwil. s
OCYIIECTBIICHHSI PA3IMYHBIX PEXHMOB I0JieTa TpeOyeTcs IMOJHOE WM YaCTHYHOE pAGHOGecue BHEIIHWX CHI U
MOMEHTOB, JIECTBYIOIINX HA CAMOJIET.

YcnoBust paBHOBECHS 3aITUCHIBAIOTCS CIICAYIOIIMM 00pa3oM:

=X =0 SMx =0
SV =0 SMy =0 ©.1)
57=0 SMz =0.

U3 ypaBHeHI/Iﬁ CJICAYCT, UTO B YCTAHOBUBLICMCS IIPOJICTC IPOCKILIMU BHCIIHUX CHUJI HA OCU )(, J/, Z, a TaK¥XKe
MOMEHTEI OTHOCUTEIIEHO 3THX OCEH JOJIKHBI OBITH PaBHBI HYJIIO.

Yemoituueocms  xapaxtepusyer cnocoOHOCTH camonera 0e€3 BMeEIIATeNbCTBAa JIETYMKA COXPAHSThH
3a/IaHHBIN PEXHUM TOJIeTA.

Ynpaenaemocmp - 310 cIocOOHOCTH caMoJIeTa JOHKHBIM 00pa3oM pearupoBaTh Ha OTKJIOHEHUE JIETIHKOM
pyJieit ynpaBieHus (pylell BBICOTHI, IOBOPOTAa M DIEPOHOB). MeXIy paBHOBECHEM, YCTOHYHMBOCTBIO H
YIPaBIEMOCTBIO CYLIECTBYET OIpellesieHHass B3aUMOCBsA3b. B o0mieM ciayuyae IBHXKEHHE caMoJieTa OKa3bIBAeTCS
BECbMa CIIOXKHBIM, TOTOMY U YZOOCTBa aHAJIN3a €ro pa3faraloT Ha MPOCTEiIIne BUABL: IPOIOIEHOE U OOKOBOE.

CoOTBETCTBEHHO C TPOOJIEHBIM U OOKOBBIM JIBIKEHHEM CaMOJIETa pacCMaTpHUBaIOT:
- IPOJIOJIbHOE ¥ OOKOBOE PaBHOBECHE;

- IPOJOJTBHYIO  OOKOBYIO YCTOHYUBOCTE;

- IIPOJIOJIbHYIO U OOKOBYIO YIIPaBJISIEMOCTb.

JIroboe BpaleHne caMmoieTa BOKPYT €ro LEHTpPa TSKECTH MOXKHO Pa3jIoKUTh Ha BpAIlCHHE BOKPYT TPEX
B3aUMMHO NEPIEHIUKYIIAPHBIX ocell X, Y, Z, npoxoaamux dyepe3 LUEeHTp TskecTH. [Ipu u3yuyeHun yCcTOMYMBOCTH U
YIPaBIsIeMOCTH OOBIYHO MCIOJB3YIOT CBsi3aHHYI0 cucteMy koopauHat (Puc. 117). B cBsizaHHON cucteme
KOOPJMHAT OCh X CBs3aHA C CaMOJIETOM, TapajleJIbHa OCH caMoJIeTa MWIIM XOpJie KPblla U HaXOAUTCS B MIJIOCKOCTU
cummerpud. Ock V| HaXOIUTCA TaKke B INIOCKOCTH CUMMETPHH, MEPIEHIUKYIIIpHA OCH X; U HalpaBlieHa BBEpX.
Ocs Z nepnesukyispHa ocsiM X U Y ¥ HanpaBlieHa BAOJIb IPaBOH INIOCKOCTH.

CoOTBETCTBEHHO TPEM OCSIM Ha CaAMOJIET ACHCTBYIOT CIEIYIOIINE MOMEHTHI.
1. IIpodonvhbiit MoMenm VI MOMEHT TaHTaxa Mz CTpEeMSIIUICS TOBEPHYTh CAMOJIET BOKPYT OCH Z;.

[TpononbHBIE MOMEHT MOXKET OBbITh KaOpPHPYIOIIMM, CTPEMSIIMMCS YBEIWYHUTh YTOJI TaHraxa, WId
MUKUPYIOIIHUM, CTPEMAIIUMCS. YMEHBIIUTD YIOJl TAHIaXa.

2. Ilonepeunwtii momenm Vi MOMEHT KpeHa MX, CTpeMsLIHUIICSI TOBEPHYTh CaMOJIET BOKPYT OCH X

3. Ilymeeoit momenm WA MOMEHT PBICKaHbs My, CTpeMsIIuiica NOBEPHYTh CAMOJIET BOKPYT OCH Y| T. €.
U3MEHHUTH KypC CaMoJIeTa.
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Puc. 117 Ocu epawenusa camonema

IPUHLIAII JIEMCTBUS PYJIEN

Jst OaslaHCHPOBKH CaMOJIETa OTHOCHTENIBHO €r0 IIEHTPa TSHKECTH B YCTAHOBUBILEMCS MOJIETE, @ TAKXKE TS
YIpaBJIeHUs] CAaMOJIETOM MPUMEHSIOTCSI Pa3iM4HbIe a’dpoJuHamMHu4eckue pysu. Ha camonerax ¢ oObIYHON cXxeMoi
yIpaBJeHUs] IOBOPOT M OallaHCHPOBKA €ro OTHOCUTEJIBHO IMONEPEYHON OcU Z OCYHIECTBISIIOTCS PYJISIMH BBICOTHI
(umu  ympaBisemblM  ctabunuzaropoM). OTHOCHTENBHO TPOAOJIBHOM ocu X camolsieT OajaHcupyercs |
MOBOPAYMBAETCS C IOMOLIBIO AJIEPOHOB, PACHOIOKEHHBIX B 33 JHUX YaCTSAX KOHCOJEH Kpblla ¥ OTKIOHSIOIIUXCA Ha
IPaBOM H JIEBOM KpbII€ B MPOTHBOINOJOXHBIE CTOPOHBL. B momomb 35epoHaM Ha CKOPOCTHBIX CaMoJIeTax
NPUMEHSIOTCS. HHTEPLENTOPHI, KOTOPbIE KaK Obl yBENNYNBAIOT 3QPEKTHBHOCTH SIEPOHOB.

OTHOCUTENBHO OCH YV caMmoieT OanaHCUpyeTCsl M MOBOPAaYMBACTCs C MOMOILBIO Pyl MOBOPOTa (MiIn
MOBOPOTHBIM KHUJIEM).

3a MOJOXUTEIBHOE HAMPaBJICHHE IPUHUMACTCS TAKOE OTKIOHEHHWE pyJel, KOTOpoe cOo3laet
OTPHULATENBHBIIT MOMEHT OTHOCHTEILHO COOTBETCTBYIOIINX Ocel camolieta (pyJib BHICOTHI - BHU3, PYJib IOBOPOTA -
BIIEBO, JIEBBIH AJIEPOH - BBEPX).

A3poounamuueckuii  pynv TpeACTaBIsieT  co0OW  OTKJIOHSIONIYIOCS — 3aMHIOI0  9acTh  KPbBUIA,
TOPU30HTAIFHOTO ONEpeHrsl (CTa0MIIM3aTopa), BEPTUKAIBHOTO omepeHus (Kuis). 3a cyYeT OTKJIOHEHHUS Py
o0pasyeTcst JOIIOJIHUTENbHAs a3pOoJMHAMUYeCKas cuiia (TIOJIOKUTEIbHAs WM OTPULATEIbHAS) Ha Y4acTKe HeCyIen
HOBEPXHOCTH KpbUIa, CTAOMIM3aTOpa WM KWL, KOTOpas pacloJIoKeHa Ha COOTBETCTBYIOIIEM PACCTOSHUM IO
LEHTPa TSDKECTH CaMoJIeTa M CO3JaeT MOMEHT, HEOOXOAMMBIH il OallaHCHUPOBKM W YIPABIEHHS CaMOJICTOM
OTHOCHTENBHO €ro LEHTPA TAKECTH.

:
Y,

Puc. 118 /leiicmeue pyns evicomut

JelicTBue pysieil Ha 103BYKOBBIX CKOPOCTAX IIOJIETa OOBSCHSAETCS TEM, YTO BO3MYILCHHUS, BBI3BAHHBIC
OTKJIOHEHHEM pYJIeH, pacHpOCTPaHSIOTCS BO BCEX HANPABICHUSIX: 110 MOTOKY W HABCTpedy NOTOKY. Bemencrue
3TOr0 MPOMCXOIUT NepepaclpesieicHne MAaBIeHus MO0 Bcell UIMHE Xopapl Npodwis, B TOM 4YHCIE M Ha
HETIOJIBIKHBIX HECYIINX MOBEPXHOCTSIX, CHAOXKEHHBIX pyneM. Ecim, HanmpuMep, OTKJIIOHUTD PyJIb BBICOTHI BHU3 Ha

HekoTophlit yron O (Puc. 118), To 3TO BHI30BET JOMOIHUTENHHOE PA3PEKEHHE CBEPXY CTAOMIM3ATOpA M
TIOBEIIIICHHUE JABIICHHSI BHU3Y, YTO M IIPUBEIET K CO3AaHUIO JTOTIOHUTENFHON OIBEMHON CHIIBI Ha TOPH30HTAIEHOM

omepeHuu B 1enoM (TOJBMXKHOW W HEMOABM)KHOM ero uacteil). JlomomHuTenbHas NoabeMHas cuja AVYro Ha
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TOPH30HTAIFHOM OMNEPEeHHH CO3JAeT JOIOJIHUTENBPHBIH MOMEHT OTHOCHTEIBHO LIEHTpa TSKECTH, KOTOPBIHA
MIPETBOPHUT B MIPAKTUIECKOE JICHCTBHE 3aMBICE JIETIHKA.

HEHTP TSKECTH CAMOJIETA

Bec camonera ckiaapiBaeTcs U3 Beca IyCTOro camolieTa (IulaHep, IBUraTeln, HeCheMHOe 000pyI0BaHHE),
Beca TOIUINBA, OOETPHUIIAcOB (Ha BOSHHBIX CaMOJIETaX), IPY30B, 3KHIaka U T. A. Eciin HaliTH paBHOJECHCTBYIOIIYIO
CHJI Beca BCEX YacTed caMoJeTa, TO OHAa IPOMAET 4Yepe3 HEKOTOPYI0 TOUKY BHYTPU CaMOJIETa, Ha3bIBAEMYIO
UeHmpPOM madxcecmu.

Puc. 119 Onpeodenenue yenmpa maxcecmu camoiema memooom é36euiueanUs

ITonoxenne 1neHTpa TsoKecTH (I T.) HA camoJieTe OOBIYHO ONpENeNsIeTCs METOIOM JBOWHOTO
B3BemnBaHuA. CaMoleT YCTaHABIMBAETCS HA BECHI B JABYX IOJOXEHUAX, Kak MokazaHo Ha Puc. 119. Ilpu xaxnom
B3BEIIMBAaHWU 3aMEPSIOT MOKa3aHUs MEpeJHUX M 3aJHUX BECOB. 3HAasi pacCTOSHHE MEXIy BecaMH M MOKa3aHHs
HepeHUX W 3aJHUX BECOB B O0OMX CIly4asiX, [0 IIpaBWIaM MEXaHUKU OINPEICISIIOT Ui KaXIOro M3 3THX
MOJIOKEHUH CaMoJIeTa BEJIMYMHY PaBHOJCHCTBYIOIIEH CHIIBI UM JIMHUIO ee aeiicTBus. Touka nepeceuenus nunuu
Oeiicmeus pasnooeiicmeyrouux 1-1 u 2-2 oyoem yenmpom maxcecmu camoiema.

B mporecce monera mo mepe BBIPaOOTKH TOIUTMBA cOpoca TPy30B (IIApaIIIOTHCTOB) IOJIOKEHHE IEHTpa
TSKECTH MOXKET MEHSATBHCS, YTO HEXEJaTeJIbHO C TOYKU 3pEHHUS OalaHCHMPOBKHM camojsieta B moiiere. IlosTomy
KOHCTPYKTOPBI CTPEMSITCSA TaK Pa3MECTHTh TPy3bl B CaMOJIETe, YTOObI M3MEHEHHE HX BECca HE OTPa)kajoCh Ha
MOJIOKCHHU II. T

HEHTPOBKA CAMOJIETA

Paccrosinue ot ueHrtpa Tsbkectd no Hadana CAX, BbIpaKEHHOE B IPOLICHTaX €€ JUIMHbBI, Ha3bIBAETCS
neHTpoBkoi camoneta (Puc. 120).

S
™ ur
- BCAX .

Puc. 120 Ilonoscenue yenmpa msaicecmu camoyiema

Beu

6=G+AG

Puc. 121 Pacuem uyenmpoeKu npu usmeHeHUU eeca camoiema

Xr

-100,
CAX 9.2)

rae Xy - pacCTOsSTHUE IIeHTpa TshKeCcTH oT Hocka CAX;

x; %=
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bcyx - nmua CAX.

IIpn w3MeHeHWH BapWaHTOB 3arpy3KH camojieTa WM MPH W3MEHEHHH IIOJIETHOTO Beca caMoJyieTa B
pe3yabpTaTe BRITOpaHHS TOIUTHBA, COpoca TPY30B MEHSIETCS MOJIOKEHHUE LIEHTPa TSHKECTH, CIeI0BATENBHO, MEHACTCS
U IIEHTpOBKa camojera. IlepemenieHre rpy30B BHYTPH CaMoOJIETa B IOJIET€ TAKXKE CKa3bIBaeTCsl Ha IMOJOXKEHHU
HeHTpa TspkecTu. [Ipu pa3meneHun rpy30B B HOCOBOW YacTH caMoJjieTa IIEHTPOBKA CTAaHOBHUTCS OoJiee mepeaHei, u
Hao00pOT, pa3MelieHHe TPY30B B XBOCTOBOI YacTH CMEIIAeT LIEHTPOBKY Ha3al, T. €. OHa CTAHOBUTCS OoJiee 3aHeH.
IlenTpoBKa sIBJIsIeTCS BeCbMa BasKHOM XapaKTEPHCTHKON caMoJieTa, CBSI3AHHOH ¢ ero 0aJIaHCHPOBKOIA,
YCTOHYHBOCTHIO M YNPaBJsieMOCTbI0. [I03TOMy JIeTYnK 00sI3aH TOYHO 3HATh pa3pelieHHBIN AUana30H IIEHTPOBOK
camoJIeTa C TeM, YTOObI He BBIWTH 3@ €T0 IpeJIelbl.

B ciiyuae u3MeHeHUs pa3MeLeHUs TPY30B, IKUIIaXKa U T. 1. HEOOX0IMMO NPOU3BOIUTH pacyeT U3MEHEHHUs
LEHTPOBKH, KOTOPBIH MOKHO BBIIIOJIHUTD CJIEAYIOLIMM 00pa3oM.

Ecnu Ha camonere Becom G ¢ meHTpoBKoW XT no6aBieH rpy3 Becom G; M MOMEIIEH 033 LIEHTpa
TSOKECTH Ha PAcCTOSIHHUU /, TO TOYKa NMPIIOKEHHUS paBHoAeHcTByome G; 1 G U eCTh HOBOE IMOJIOKECHUE IIEHTpa
TsokecT (Puc. 121).

CyMmMa MOMEHTOB OTHOCUTENBHO TOYKM O AgormkHa 6bITb paBHa Hyro, NO3TOMY
G-Ax=G,(l-Ax),
OTCIOza
— G1 1
G+G,’ 9.3)
rae AX - CMCILICHUE LHEHTPA TAKCCTHU.

JluHeliHOE CMeNIEHHE IEHTpa TskecTH AX MOXKHO BRIpasuTh B niporieHTax CAX:

- G, -l
Ax=—"1—.100.
(G+G)) by (9.4)
Ecnum ¢ camoseTa cCHUMAETCs Tpy3 MO3aH 1. T. WIH J00ABJIAETCS TPY3 BIEPEMM II. T., TO (GOPMyJIa IIPUMET
BU]I
- G, -1
Ax=—"1—.100.
(G - Gl) bCAX (9.5)

Jlo6aBMB MOJTy4EHHYH0 BENMYMHY M3MEHEHUs LEHTPOBKM AX; K IpeXHeH LEHTPOBKE, MOJyYMM HOBOE
3HA4YCHUEC UEHTPOBKU
=x, T Ax.

TIIOB

(9.6)

Hy)KHO CJIICIUTD, 4TOOBI HOBAs HEHTPOBKAa HE BbIXOAWJIA M3 JUAINIA30HA SKCIUTYaTallMOHHBIX LEHTPOBOK,
MnpeayCMOTPECHHBIX I/IHCprKHI/IeI\/‘I 110 SKCILTyaTaluu.

HNPEJEJIBHO IIEPEJIHSS U TPEJEJBHO 3AJHASA HEHTPOBKH CAMOJIETA

Panee OBbUIO BBIICHEHO, UTO TMPOJONbHAs CTaTH4decKkas YCTOHYMBOCTH CaMoOJIeTa OIpeAesseTcs
TMIOJIO)KEHHEM €ro LIEHTPa TSHKECTH OTHOCUTENBHO (hokyca. Uem Onmke K HOCKY Kpblla CABUHYT LIEHTP TSDKECTH, TEM
6oee IPoI0JIBHO YCTOWYHUB CaMOJIET.
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Puc. 122 K onpedenenuto npedenvHo nepeoneil YeHmposKu

OTKIIOHEHHE PYJi BBICOTHI Ha ONPEIEICHHBIM YroJl COOTBETCTBYET BIOJIHE ONPEACICHHOMY 3HAUYEHUIO
ko3¢ dunnenra nmoypeMHoi cuibl Cy (MM COOTBETCTBYIOIIEMY €My YTy aTaku camosera Ol).

YcTaHOBUM, M3 KakuMX YCJIOBHM HEOOXOAMMO OTpaHMYMTh HauOoyiee IepefHee IIOJIOKEHHE IIEHTpa
TSDKECTH.

W3 Puc. 122 cnenyer, 4To eciy IpH HEKOTOPOM MOJI0KEHHHU IIEHTPa TsDKECTH (Xr13.) CAMOJIET OTKIIOHEHHEM

PYyJis BbIBEAEH Ha MaKCUMAaNbHBIA yroi atakd (Cyyakc), TO Y PYJIS BBICOTHI €llie MMeeTCs HeNCIOIb30BaHHBIHM 3arac
OTKJIOHEHUSI, a NP LIEHTPOBKE, COOTBETCTBYIOIICH MNOJIOKEHUIO LEHTpa THKECTH Xr; (LEHTP TSHKECTH CHIIBHO
C/IBUHYT BIEpE[), OTKJIOHEHHUS PyJisi BBICOTHI HEJIOCTAaTOYHO JUISi TOTO, YTOOBI BHIBECTH CaMOJIET Ha IOCAJO0YHbIC
yribl atakd. [oaToMy mosOMparoT Takoe codeTaHWe OTKIOHEHHs Py BBICOTHI M IEPEIHEro IOJIOKEHUS LIEHTpa
TSDKECTH caMoJieTa, YTOOBI IIPH B3SITUHM PYYKH yIpaBieHHs Ha cebs Ha 75-80% mosHOTO ee Xxona camoineTy ObLIo
CO37aHO IOCAJOYHOE MOJIOKEHHE, T. €. CaMOJICT OBbLI BBIBEICH Ha IOCAJOYHBIC YTl aTakd. MakcuMalbHOE

OTKJIOHEHHUE PYJIsi BBICOTHI BBEPX IPUMEPHO COOTBETCTBYET BbIXxony camousieta Ha Cyyaxe (KpUTHYECKHIT yroun
aTaku).

IIpenenbHO nepenHel LEHTPOBKOM HA3bIBACTCs LICHTPOBKA, IIPU KOTOPOM CaMOJIET €I1€ MOXKET BBIUTH HA
Cynoc € NaHHBIM OTKJIOHEHHEM PYIIS BBICOTHI.

Y COBpEeMEHHBIX CaMOJIETOB MPEIENIBHO NMEPEAHSS IEHTPOBKA 0OBIYHO JekHT B npenenax 10-20% CAX.

CpenctBoM, MO3BOJISIIOIIMM HPUMEHSTH 0oJiee MEpEeaHIO LEHTPOBKY (M3 COOOpaskeHMI yCTOWYHMBOCTH)
1pu JaHHOM Cypoc, MOXKET CITy>KUTb YIIPABIAEMBIH B IIOJIETE CTAOMIN3ATOD.

[IpenenbHO 3a1HAS IIEHTPOBKA ONPeNesieTcs] M3 COOOpaKeHHH ycToMunBOCTH camoneTa. [Ipenenom stomy
CITy’KHT TIOJIOKEHHUE (POKyca caMmoJieTa.

LleHTp TsDKECTH DOJDKEH pacroyiaraTbesi Boepeau ¢okyca. B ToM ciryuae, ecinu LEHTp TSDKECTH U (OKyC
HaxXOJATCS HAa OTHOM yAaneHur oT Hadana CAX, To neHTpoBKa OyeT Ha3bIBATHCS 33 JHEH KPUTHUECKOM.

Ha npakTtuke aj1s J1r000r0 camosiera IpeayCcMOTPEHO, YTOOBI B MPOIECCe IKCIUTyaTaI[K [IEHTP TSHKECTH HE
MOTr cMecTuThes naiiee ¢Gokyca. C 3TOH LEIbi0 TpeAeiIbHO 3alHEe IMOJOXKCHUE ICHTPAa TSHKECTH HAXOIUTCS Ha
HEKOTOpOM yaaneHuu oT Qokyca. Dokyc camonera AODKEH OBITh M3BECTEH JKHITAXy CaMOJeTa C TEM, YTOOBI
Cly4aliHO He MOT OBITh TepeifieH. Y COBPEMEHHBIX CaMOJICTOB IIPEIEIBHO-3aHIS IICHTPOBKA W3MCHSETCS B
mmpokux mpenenax: ot 0,25 CAX - y caMONeTOB ¢ MPSAMBIMH W TparenueBUIHBIMI KpeUIbsiMu 10 0,5 CAX -y
CaMOJIETOB CO CTPEJOBHUIHBIMH M TPEYTONBHBIMHA KPBUIBIMHU. Pa3HOCTh MEXIy HpeleNbHO 3aAHEH W MpelersHO
neperHed EHTPOBKAMU HA3bIBAETCS 1MANIa30HOM LIEHTPOBOK. Pa3HOCTh MeXAy 3aJHEll KpUTUYECKOM LIEHTPOBKOU
(monoxeHueM (okyca camosieTa) U MpeebHO 3a/IHel Ha3bIBACTCS 3a11aCOM ICHTPOBKH.

DOKYC KPBUUIA CAMOJIETA

@DoKycom Kpblia Ha3bIBaETCS TOUKA, OTHOCUTEIBHO KOTOPOH MOMEHT a3pOJMHAMHYECKUX CHJI HE 3aBHCUT
or yrima araku (Puc. 123).AspommHammueckuii ¢okyc mnpuHATO 00OO03Ha4daTh OykBod F, a ero koopawmHaTy
OTHOCHTEIIEHO HOCHKA TPOQHIs Kpblia OyKBOH Xp.
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Puc. 123 K onpedenenuro aapoounamuueckozo okyca Kpwiia

AYs
a
uan ug
ur Uyr
Ocb boawenus Ocb bpawenus  Ocs bpowsenus
[ J

Puc. 124 Be3paznuunoe nonoiicenue Kpulia: a - CUMMempudHlii npoguisv kpvina camonema Ax-55; 6 -
NJ10CKOBBINYKIbLI nPodhuns Kpovlia camonema Ak-52

@oKyc Kpblua - IMOCTOSIHHAs Touka Uil camoieToB fk-52 u Sk-55 M y KpbUIbEB 3THUX CaMOJIETOB
HAaXOJMTCsI NpUONM3NTEIbHO Ha 1/4 muuMHBL XOpasl OT mepenaned kpomku (22...25% CAX, tam xe, rie U LEeHTp
JIaBJICHMS ).

Jnst oObscHEHUsT BO3bMEM KpbUIO camoliera SIk-55 ¢ cumMmerpuuHbIM mpoduieM. Kak n3BecTHO, LEHTp
J@BICHAS SBISIETCS. MOYTH MOCTOSHHOM TOYKOM M HAXOZMTCS OT MepefHeil KPOMKH TPHOIM3HTENbHO Ha /4
paccTostHUSL XOpABl Kpbuia, T. €. Ha 25% CAX (Puc. 124). [lomecTnM KpbIIO Ha OCh BpAIEHUS, COBMEIICHHYIO C
neaTpoM gasieHus (25% CAX) (Puc. 124, a).

CoanancupyeM KpbUio Tak, uToObl LT Tarxke Haxomwics tam ke rae u L[JI. Torma MOMEHT mOabeMHON
CHJIBI © MOMEHT CHJIBI Beca Oy IyT paBHbI HYJIIO ¥ KPBUIO OYAET B PaBHOBECHHU.

A Tak Kak y cuMMeTpruHOro npoduis kpsuta [[J] moutn He U3MEHSIET CBOEro MOJIOKEHUS, TO O] KaKUM
OBl YIJIOM aTakd HM CTaBHJIM KPBLJIO, OHO BCE PaBHO OyJeT B paBHOBeCHH (COaTaHCHPOBAHO), T. €. PABHOBECHE
Oyzaer Oe3pasnyHoe.

BozbpMeM KpBUTO MTOCKOBHITYKIIOE (TTPOGIITE Kpblta camonera Sk-52), Takke MOMEeCTHM OCh BpaIlIeHUs Ha
25% CAX ot nepenneii kpomku (Puc. 124, 6). Coanancupyem ero, uto6s! LIT maxoauics Ha ocu BpammeHus. [lpu
00TeKaHNH KPBUIa BO3AYIIHBIM MTOTOKOM C ITOCTOSHHOM CKOPOCTBIO V MOIBEMHAs cuia Y PacTeT C yBEIHMUCHHEM
yIJia aTaku, U [IPU 3TOM LIEHTP JaBJICHUS IepPEeMELaeTCs 10 XOp/Ie BIiepe, MpuoImKasich K 1/4 xopae kpbLia.

AYcam=AYrp+A Y20

i A

ur

Ye.o

Fap - xm Feam Feo
JU

Puc. 125 K onpeodenenuro pokyca camonema

MOMEHT NOIBEMHOI CHIIBI 3€Ch HE PABEH HYIIO, @ CTPEMUTCS TMOBEPHYTh KPHUIO BOKPYT OCH BPAIIECHHS
(ymeHs1uTh yroa araku). Ha Bcex yriax aTaku (€cii CKOPOCTh MOCTOSIHHA) TOT MOMEHT OJJMHAKOB

Yiai=Yoa=Yzaz=..., (9.7)



APOANHAMUKA CAMOJIETA 107

Tae aj, a; U T. 1. - paccrosinug LJ ot LIT.

Ecnu ypaBHOBECHTH KpBIJIO Ha OJHOM YIJIE aTakd, TO KPbUIO OyAeT B pPaBHOBECHH W Ha JPYTHX yIiax
aTaky, T. €. B 0e3pa3IMuHOM PaBHOBECHH.

B asposmHaMuke BBeJeHO NMOHATHE (POKYyCa KaK TOUKH NPUIIOKEHUS TPUPAIIEHHS OABEMHON CHJIIBI KpbLIa
IIpU U3MEHEHHH yria aTaku. C H3MEHeHHeM yTJia aTaky MOABEMHAs CHIa U3MEHSAETCs, a €6 MOMEHT OTHOCUTEIIBLHO
(okyca ocraercst MOCTOSHHBIM. JTO BO3MOKHO JIMIIL TIPH YCJIOBHH, YTO JOINOJHUTENbHAs IOJbEMHas CHIa,
BO3HHMKAIOIIAS [P M3MEHEHUH yTJIa aTaKH, IPUJIOKEHA B a3POANHAMUYECKOM (oKyce.

[Nonoxenue ¢oxyca kpputa oTHOCUTENEHO CAX MOXKET CYLIECTBEHHO OTIMYATHCS OT IMOJOKEHUS LEHTpPa
JaBieHUsl. OTO OOBSCHSAETCS TEM, YTO MOJIOKEHHE IIEHTpa JNABICHHs OIPEIEssieTCsl 3aKOHOM pacipeiesieHus
a’pOAMHAMHUYECKOW HArpy3Kd BJOJIb XOPJbl KPbUIA, a MOJ0KEHNE (POKyca - 3aKOHOM pacHpeelieHNs TPUPAILEeHHS
a’pOIMHAMHUYECKON Harpy3Ku NMPH U3MEHEHHUH yTJIa aTaKH.

[Tomoxxenne ¢okyca Kpblia onpenessercs ero (opMoii B IIaHe W HE 3aBUCHUT OT yIjla aTakd (B Ipeaenax
JIETHBIX YTJIOB) U CKOPOCTH IOJIETA.

[onsitue ¢hokye camonema ananornuno noHATHIO (okyca kpbura. [lonoxeHwe ¢okyca camolera
ompenensercss MOJoXKeHHeM (OKYCOB ero dactedl (KpbuUia, omepeHus, (ro3eishka) W BEIHYMHON MpUpPAICHUS
MOIBeMHBIX cui 3TuX dacteil (Puc. 125). O6praHO (hokyc camonera pacmoiokeH mo3amu (okyca Kpelia Ha
30...40% CAX (mms camoneroB ¢ mpsMbIM KpbutoMm). Dokyc camonera SAk-55 pacmonoxen Ha 30,3% CAX,
camornera Sk-52 - Ha 30% CAX.

BAJTAHCHUPOBKA CAMOJIETA

nPOJOJBbHAS BAJIAHCUPOBKA CAMOJIETA
CbaylaHCHpOBaTh CaMOJIET B YCTAHOBUBIIIEMCS MPSIMOJIMHEHHOM MOJIETE - 3TO 3HAYUT YPABHOBECHUTH BCE
IPOJOJILHbIE CTATHYECKHE MOMEHTBI OTHOCUTENILHO ocu Z, ZMz = 0.

Camonetsl SAk-52 u SIk-55 B IpoIOTFHOM OTHOIICHHWU OaTaHCHUPYIOTCS BO BCEM JHMAINA30HE JOIMYCTHMBIX
CKOpOCTEH MOJIeTa U BBICOT.

Jdnst  oObsicHeHHsT 0aJaHCHPOBKM JIOIYCTHUM, 4TO camoiyieT SIk-52 coBepuiaeT YCTaHOBHBIIMIICS
ropusoHTanbHbIM noser (Puc. 126). Ha camorner aelictByror: cuna Tsbkectd G, moabemMHas cuia Y, cuiia J1o000BOro
CONPOTUBJICHUS X, CUJIA TSTU CWIOBOM yCTaHOBKU P.

Puc. 126 Ycnosus npodom;uozo PpaesHoeecusn camonema 6 COpu3OHmMajibHOM nojieme

Bec npuiioxeH K LEHTPY TSKECTH, CIIeI0BaTeIbHO, MOMEHT €ro OTHOCUTEIBHO OCH Z, IPOXO/sIei yepes3
IIT, Bcerna paseH Hymo [logbeMHas cuiia Y MMEET OTHOCUTEIBHO OCH Z HEKOTOPOE IIJIEYO a, U €€ MOMEHT Y-a B
JTAHHOM CJIy4ae CTPEMHTCSI OBEPHYTh CaMOJIET B CTOPOHY NMUKUPOBAHUS, T. €. YMEHBIUIUTH yroy araku. Cunraem,
yro cwia TsIru P u cuna no6osoro conporusnenust X npoxoxut yepe3 LT, T. e. M”X MOMEHT OTHOCHTEIILHO HETro
paseH Hymo. CrenoBaTenbHO, U1l TOTO 4TOOBI camoneT SIK-52 mpomoinkan TOpU30HTAIBHBIN TTOJIET, HE0OX0IMMO
CKOMIICHCHPOBATh TOSBUBIIUNCS MHKAPYIOMMA MOMEHT. s 3Toro HeoOXOoAMMO TOPHU30HTAJIHHOE OIEepEHHE
(TpuMMep) YCTaHOBUTH TaK, YTOOBI TOPH30HTAJIBHOE OIEPEHHE CO3[ajl0 HEKOTOPYI0 MOTBEMHYIO CHIy Yo,
HaIpaBJICHHYIO0 BHU3 MOMEHT 3TOH CHIIBI B JaHHOM cCirydae Oy/eT KaOpHpYIOLINM U paBHBIM 0 BETMIMHE MOMEHTY
MOTEMHON CHITBI Kphlta. Camoser OyaeT cOaTaHCHPOBAHHBIM IPH YCIOBHUH, YTO

Y-a=Y,,L,. ©8)

Panee Oputo ompeneneHo, 4TO KaOPHPYIOMIMA MOMEHT CUHTAETCS MOJOXHUTEIHHBIM, a MHUKHUPYIONIHHA -
OTpPHUIATEIIFHBIM. MOMEHT MOJBEMHOM CHJIBI KPBUIA CUHTACTCS MOMEHMIOM KPblid, a MOMEHT MOJbEMHON CHIIBI
TOPH30HTAIBHOTO OTIEPEHUS - MOMEHNOM 20PU3OHMATILHO20 ONEPEeHUAL.

YcioBue paBHOBECHS 3alUCHIBaeTCs (hopMyoint
M =M,,

501058
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MoMeHT KphUla U MOMEHT TOPH30HTAJIbHOTO OIEPEHHUS - 3TO HanboJee 3HAYUTENbHBIC IMPOIOJBHEIC
MOMEHTHI. KpoMe HIX MOMEHT MOXET OBITh OT CHJIBI TSATH BO3AYIIHOTO BHHTA, KOT/IAa HATIPABIICHHUE ¢ HE TPOXOINT
yepes LT, korma mmMeercs AemeHTpamusi TsArd. Pabortarommii BO3AYIIHBIA BHUHT TakXKe BBHI3EIBAET MOMEHT,
BO3HHUKAIOIINI OT U3MEHEHHUS TOJHEMHON CHITBI TOPU30HTAIBHOTO OIIEPEHHMS IO BISIHHEM OTOpachIBaeMOM CTpyH
BO3/yXa OT BUHTA.

Cunbl  1000BOTO CONIPOTUBJICHUA JacTell camoieTa MOTYT cO3JaBaTb MOMECHTBI, €CJIM OHHU B3aWMMHO
IapaJijICJIbHbI U HAIIPABJICHBI IIPOTUB ABWIKCHUA, IIPUYIEM HAIIPABJICHUA UX MOTYT IIPOXOJAUTH BBIIIEC WIIN HUXKE L[T,
CJIEAOBATEIIBHO, MOMEHTHI UX MOTYT ITOJIHOCTBIO UJIN YaCTUYHO YPaBHOBCIINBATHCH.

I/ITaK, C6aﬂaHCI/Ip0BaHHBIM CYHUTACTCA CaMOJICT, Y KOTOPOTO anre6panqecxaﬂ CyMMa BCE€X MOMCHTOB
OTHOCHTEJILHO OCH Z paBHaA HYJIIO:

XMz = 0.

A3POANHAMMUNYECKASI KOMIIEHCALIUSL. TPUMMEP

AbspoauHamMuYecKasl Cuila, BO3HHMKAIOLIAs Ha pyJie NMPH €ro OTKIOHCHHH, CO3/aeT OTHOCHTEIBHO OCH
BpallleHUs DPyJsl IIAPHUPHBIA MOMEHT, KOTOPBI CTPEMUTCS BEPHYTb PyJib B HEUTpaibHOE IOJOXkeHue. s
yAepKaHUs PyJisd BBICOTHl B OTKJIOHEHHOM IIOJIOKEHUM BO3HUKAIOLMI LIAPHUPHBIA MOMEHT YPaBHOBELIMBAECTCS
MOMEHTOM, CO3/1aBaEMbIM YCUJIMEM, IIPUIIOKEHHBIM K PyUYKE YIIPABJICHUS U [1EAJISIM.

BenuunHa mMapHUPHOTO MOMEHTAa BO3PAcTaeT MpPU YBEJIMYEHHU YIla OTKIOHEHUS PYJsl BBICOTBI, €T0
TEOMETPUYECKHX pa3MEPOB M CKOPOCTHOro Hamopa. IIpu OGonbIIMX CKOpPOCTSX IIOJIeTa AJIsl MPEONOJICHUS
MIAPHUPHBIX MOMEHTOB MOTYT MOTPEOOBATHCS HEIOIyCTUMO OOJIBIINE YCHIIHSI, OCOOCHHO Y CaMOJIETOB OOIBIINX
pasmepoB. Ha camonérax fk-52 u Sk-55 yMmeHblIeHME YCHUIMM Ha pydKe YIpaBIEHUS, NMEasIX U 3JIepoHax
JIOCTHUTaeTCs IPUMEHEHUEM POTOBOM U 0CEBO adpojuHaMuueckux kommnencauii (Puc. 127, a, 0)

a &

5 po W

Joo bpawenus

Puc. 127 Buowvt aspoounamuieckux KOMREHCAYUil: a - pozosas; 0 - ocesasn

q
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Puc. 128 IlIpunyun deiicmeus po2oeoii apoouHamMu4ecKol KOMnencayuu
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Hewnmp dabnexus pyns
Puc. 129 Ilpunyun oeiicmeus 0cesoil apoOuHaAMUYEeCKOl KOMNEHCAUUU
[IpuHIMD necTBUS POTOBOM W OCEBOW a’dpPOIMHAMHYECKOW KOMIICHCAIIMH CBOIMTCSA K IPHOIIKCHUIO
[EHTpa JaBJICHUS Py K OCH €ro BpaIleHus.
Pozogoit komnencayueitl pynsa Ha3bIBaeTCs 4acThb €ro IJIOIMIAJU B BUJE “pora”, pacnoIOXKEHHOIO BIIepeIu
ocu BpaieHus. [IpuHuun gecTBrs poroBol KOMIEHCAIIMU 3aKJII0YAETCsl B TOM, YTO a’poJMHaMuueckas cuia YK,

JIHCTByIOIIass Ha ~por’, CO3JaeT OTHOCUTEIBHO OCH BpALUEHUS] MOMEHT, HANpPAaBJICHHBII B CTOPOHY,
MPOTUBOIOJIOKHYIO IIapHUPHOMY MoMeHTy (Puc. 128):

Y¢B < Ypgd.

MowmeHT, co3naBaeMblid  poroBod KommneHcauved Yyx B, yMmeHblIaeT IIapHUPHBIA MOMEHT, a
CIIEZIOBATENIFHO, W YCHIINE, AEHCTBYIONIee Ha pydKy yrnpaBieHus (nenanm). Ilpun Goapmux yriax OTKIOHEHHS PyJis
poroBasi KOMIIEHCAIIMs yXY[IIIaeT XapakTep OOTeKaHWs OIEPEHHs, YBEIWYHBAET €ro JI0OOBOE CONPOTHBIICHHE.
Kpome Toro, BBICTYmaromuii “por” CIy>KUT HCTOYHHKOM BHUXPEOOpa3oOBaHUS, YTO CHOCOOCTBYeT BHOparmu
XBOCTOBOT'O OIIEPEHHS.

Ocesoii aspoduHamuueckoil KoMneHcayuei PyJis Ha3bIBACTCS 4YacTh €ro IUIONIAJH, PACIIONOKESHHON
BIiepenu ocu Bpamenus (Puc. 129).

[IpuHOMD NeicTBUS OCEBOH a’pOJMHAMUYECKON KOMIIEHCAMU MON00EH MPUHIUITY ICHCTBUS POTOBOM
KOMITEHCAllMU. AdSpOAMHAMHUYECKAsl CUIIa, AEUCTBYIOUIAasl Ha IUIOIIAJb KOMIIEHCALUU, CO3/1a€T OTHOCHUTEIBHO OCH
BpAaIllEHHUs. MOMEHT, HAallPaBJIEHHBIA B CTOPOHY, IPOTUBOMOIOKHYIO IIAPHUPHOMY MOMEHTY, YMEHbIIasi TEM CaMbIM
YCHITHE HA PyYKe YIIPaBICHHS.

OTOT BUJ KOMIIEHCAIIMM MMEET HamOOJIblliee paclpoCTpaHEHHWE Ha CaMOoJIeTax BCEX BHJOB, BBUJY €ro
MPOCTOTHI IIPH AOCTATOUHON 3()(PEKTHBHOCTH.

OceBast aspoarHAMHYECKast KOMIICHCAIHS PYJIEBBIX TOBEPXHOCTEH

Ha camoJete Sk-52 cocTraBiser:

Ha pyJe_HanpasieHus 4,4 %;

Ha pyJie BbICOTHI. 18,4 %; Ha anepoHax 13 %.;

Ha camoJete Sk-55:

Ha pyJie BBICOTHI 2,5 %; Ha pyne HampasieHus 19,5 %; Ha sneponax 10 %.

PoroBast aspoauHamuueckas KomrneHcalus Ha camodete Sk-52 Ha pyJe HampaBieHus coctapisieT 4%, Ha
camoutete Sk-55: Ha pyne HanpaBiieHus1-9,4 %; Ha pyine BoicoThl 4,7 %; Ha snepoHax 1,3 %.

[Tpn npaBuIbHO MONOOPAHHOW BENWYMHE a3POJMHAMHYECKOW KOMIIEHCAMU PYJiei MapHUPHBIA MOMEHT
pyJiell He CTaHOBUTCS PaBHBIM HYNIO, a TOJIBKO yMeHblnaercsi. OJHaKo B JUIMTEIBHOM IOJieTe Ha KaKOM-JIHOO
peKMMe Aa)ke CPaBHHUTEIFHO HEOOJBLIOE YCHJIME, NPHUKIAAbIBAEMOE K pPydYKe YIpPaBJIEHHs, BECbMa YTOMIISET
nerunka. IlosTomy nomonHuTensbHO Ha camonere Sk-52 yCTaHOBIEH a’pOAMHAMMUYECKHM TpUMMEpP, KOTOPBIH
IIO3BOJISIET PETYJIMPOBATH XKEJIAEMOE YCUINE HA PYUKE YIIPABJICHUS WIH IIOJIHOCTBIO CHATH €T0.



APOANHAMUKA CAMOJIETA 110

N
Yo Jco Bpawerus
mpummepa

Puc. 130 IIpunyun oeiicmeusn apoouHamuiecKkozo mpummepa
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Puc. 131 3agucumocmps 3hpexmusnocmu mpummepa pynsa vicomsl camonema ;xk-52 om ckopocmu nonema

Tpummep camosieta Sk-52 mpencraBisier coOOW HEOOJBINYIO MO IUIOMIANM YacTh PYyJis, HIAPHUPHO
YKpeIIeHHYI0 oKou1o 3aaHel kpoMmku (Puc. 130). Tpummep umeeT He3aBucuMoe ynpasieHue. [Ipu oTkiioHeHuH ero
BO3HHUKAET a3pOJMHAMUYECKUI MOMEHT, IIPOTUBOIOIOKHBIN IIAPHUPHOMY MOMEHTY pPYJIs.

JleT4nk 1o cBOEMY KENaHHIO MOXKET YMEHBIIUTh HIIH MOJHOCTBIO CHATH YCHIINE HA PyUYKe YIPaBICHUSI.

Bonpiiast s dexTuBHOCTE TprMMepa Ha camoiiere SIk-52 Tpu CpaBHHTENBHO HEOOJBIINX pa3sMepax
OOBACHSETCS TEM, YTO NPH OTKIOHEHWHM TpPUMMeEpa IPOUCXOJUT IepepacipeiieiiecHue JaBJICHHS MO BCEH
TIOBEPXHOCTH PYJIsl OAO00OHO TOMY, KaK OTKJIOHECHHE YIS U3MEHSET paclpeesieHne NaBleHus] Ha cTabmiIn3arope.

Ha camonere SIk-52 TpumMep yCTaHOBJIEH TOJBKO HA PyJ€ BBICOTHL. Ero yripl OTKJIOHEHHS COCTABISIOT BBEPX H
BHU3 12°.

Ha camonere fIk-55 TpumMmep He ycTaHOBIIEH, BBUAY TOTO, YTO CHMMETPHYHBIA Hpodmib Kpbula H
cTabunm3aropa, a TakXKe MPUMEHCHHE pOTOBOW W OCEBOH a’pOJMHAMHYECKHX KOMIICHCAIIMHA IO3BOJIIET
3HAYNTEIHHO YMEHBIINTh HATPY3Ky Ha PyYKe YHPABJICHHS M 3JICPOHAX IPH BBINOJIHEHWN MIOTAXa Kak MPSIMOTo,
TaK ¥ 0OpaTHOTO, a TAKXKE TOPU3OHTAIBHOTO TI0JIETa B IHaNa3oHe pabodnX CKOPOCTEH.

3aBucuMOCTh 3((PEKTUBHOCTH TpUMMepa camoiieta SIk-52 (T. e. UI3MEHeHNe YCUIINN Ha pydKe YIpaBlICHUS
IIpY OTKJIOHEHUH €ro Ha 1°) oT ckopocTH rojera rnokasana Ha (Puc. 131).

YmupasineHne TpUMMEpPOM MexaHm4deckoe (TpocoBoe). Komeco ympaBieHHS TpUMMEPOM YCTaHOBICHO Ha
JIeBOM OOpTy mepefHed W 3aaHeil kaOuH. B OTKIOHEHHOM MOJIOKEHHH TPUMMEP (GHUKCHPYETCS C IMOMOINBIO
MeXaHU3Ma MePECTAaHOBKU TPUMMEPA B CUCTEME YITPABJICHHUSI, KOTOPBIA YCTAHOBJICH B (DIO3EIISDKE CaMOJIeTa.

BJIMAHUE MOMEHTA I'OPU30HTAJIBHOI'O OIIEPEHUS HA TPOJOJIBHYIO BAJIAHCHUPOBKY

I'opu3oHTaNIBHOE OINEPEHNE COCTOUT M3 CTaOMIM3aTOpa U PYJisi BBICOTHI, KOTOPbIE MPEICTABISIOT COO0M B
L[EJIOM HEOOJIBIIIOE KPbLUTO, OOBIYHO CHMMETpUUHOTO mpodus (Puc. 132).

PaccmoTpuM ropusontaibHoe onepenue camodieta Sk-52. [lox pelicTBueM BCTpPEYHOrO MOTOKA BO3AyXa

OIIEPEHME PA3BHUBACT NMOJBEMHYIO CHIY Yr o, KOTOpas, NEHCTBYS Ha 40 Lro, CO3MaET MOMEHT OTHOCHUTEIBHO
MOIEPEYHON OCU, PABHBII

Mzo 'Yzo- Lzo-:
A€ 3HaK MUHYC IMOKa3bIBA€T, YTO MOMCHT HHKI/IpyIOLI_[Hﬁ.
Bennunnaa 3TOro MOoMeHTa 3aBHCHUT TJIaBHBIM 06p2130M OT BEIWYHMHBI TOABEMHOM CHIIBI OIICPEHUs, TaK KaK

mi1edo Ly MOXKHO cuMTaTh NOCTOSIHHOM BeNMYMHOHN. BenuunHa noxbeMHOW CWIIbL Yo 3aBUCUT OT yIjla aTaku
TOPU30HTAJILHOTO ONEpeHHs (32 KOTOPBIM NMPHHUMAIOT Yrojl arakd craduin3aTopa) W OT npoduiis, KOTOpPbIH
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MCHSETCS TIPU IOBOPOTE PYJISA BBICOTHIL. CJ'IGZ[OBaTeJ'IBHO, MOMEHT TOPU3OHTAJIBHOI'O OIICPEHHS 3aBUCUT OT YyIJia
aTaKnu CTa6I/IJ'II/I3aT0pa U yTJia OTKJIOHEHHSA PYJIS BBICOTBI.

Yenom amaxku cmabunuzamopa HazpIBaeTCS Yroil MEXAy XOpAOH cTabmim3aTopa W HampaBlIeHHUEM
Ha0eTaromero Ha Hero Mmoroka. Xopjaa craduian3aTopa He HapajulelibHa XOpAE KpbIIa M COCTaBIAET C HEil yron
YCTAHOBKH CTaOWIIM3aTOpa @, YTON MEXIY XOpZOH cTaOuiu3aropa W HalpaBIeHHEM BO3IYIIHOW CKOPOCTH

camoJieta OyJIeT paBeH CyMMe yTJla aTakH KpbUla K M yIJla yCTAaHOBKH cTa0miIn3aropa Per y paBeH A+ Pcr Dror
YTOJI Ha3bIBACTCS YelOM AmaKu CImaoduiu3amopa.

Ho »sto €lIc HC IIOJIHBIA yrouJ. HOZ[ HeﬁCTBHGM KpbLIa BOSI[yHIHI:IfI IIOTOK OTKJIOHACTCA OT CBOCTO Ha

IMMpaBJICHUS BHU3 Ha HeKOTOpHﬁ yroJ g, Ha3bIBaCMEIN Yy2iom cCKoca nomoka. CHGHOB&TCJ’IBHO, yroj aTtaku
CTa6I/IJ'II/I3aT0pa, T. €. TOPU30HTAJIBHOTO ONEPCHUA, MOJTYHACTCA IIYTEM BbIYUTAHUA YIJla CKOCAa BO3AYIIHOI'O IMOTOKaA

U3 yria a+Pcr .

OtCT =a+¢CT —&. (910)
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Puc. 132 Momenm 20pu3oHmaibHO20 OnepeHus

a al a2

Puc. 133 Hzmenenue momenma COPpU3OHMAIBHO20 ONEPEHUA 6 3asUCUMOCMU Om Y2/la amAaKU U y2ia
OMK/IIOHEHUA PDYJiA 6blCOMblL

VuuTeiBas 3HaYCHHE TIOJIY4Y€HHOI'O yrIija aCT , pacCMOTpUM, KaK H3MCHACTCA IIOABEMHAA CHJIA
TFOPU3OHTAJIBLHOI'O OINCPECHUA U €€ MOMCHT OTHOCHUTCIIbBHO OCHU Z. B 3aBUCUMOCTH OT yriia aTaku CTaGl/IHI/BaTOpa u
yrijia OTKJIOHCHHS PYJiAd BbICOTHI

Korma yrox ataku crabmin3aTopa paBeH HYJIIO, TO IIPH HEHTPAIbHOM MOJIOKEHUHU PYIIst BEICOTH (Puc. 133)
MOZ/bEMHAS CUJIA OIIEPEHUsI OyAET paBHA HYJII0 U HUKAKOTO MOMEHTA HE MOIy4UTCS.

Ecnu neTuuk OTKIOHUT pyib BbICOTH BHU3 (Puc. 133, a) Ha HEKOTOPEIA yron o (mempTa), TO 3TO OyHeT
PaBHOCWIILHO YBEJIMUEHHIO YIJla aTaku CTaOWIIM3aTopa M BBHI3OBET IMOSIBJICHUE MOJBEMHOW CHJIBI, HAIPaBICHHOMN
BBEPX, U MOMEHT ee OyneT MuKupyromuM. Eciu ke JeT4rK OTKJIOHMUT pyJiib BbICOTHI BBepX (Puc. 133, a-2), To 310
BBI30BET IOSBJICHUE MOABEMHOM CHJIBI, HATIPABICHHOW BHU3, © MOMEHT €€ OyIeT KaOpUPYIOIIHM.

Korna yron araku ctabunmsaropa HOJI0KHUTEIBHBIN, TO IPH HEHTPAIIEHOM IMOJIOKEHUU Py BHICOTHI (Puc.
133, 6) moxpeMHas cuiia OyAeT HammpaBiieHa BBEPX M MOMEHT ee OyJeT MUKUPYIOMHM. Ecii IeTYnK OTKIIOHUT PYyJib
BbIcOTHI BHM3 (Puc. 133, 6-1), To 3T0 BBI30BET yBeIWYCHNE MMOABEMHOMN CIIIBI U €€ MUKUPYIoImero MmomenTta. Ecin
JKe JIETYMK OTKJIOHUT PYJib BBICOTHI BBepX (Puc. 133, 6-2), To 3TO BHI30BET yMEHBIIIEHUE TIOABEMHOMN CHIIBI U MOXET
M3MEHUTD €€ HalpaBJCHUE U HAIpaBIIeHNE ee MOMEHTa Ha 00paTHoe.

PaccMoTpuM OTpHIIaTENBEHBIA YTON aTaku cTadminu3aTopa. Koroa pyins BEICOTEI HAXOOUTCS B HEHTPAIEHOM
nonoxennu (Puc. 133, B), mogpeMHas cuima OyAeT HalpaBiieHa BHH3 M MOMEHT ee OyneT kabpupyrommid. Ecim
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JIETYNK OTKJIOHHUT PYib BBICOTHI BHU3 (Puc. 133, B-2), TO 3TO BBI30BET YMEHBIICHHE IMOABEMHON CHIIBI H MOXET
W3MEHHUTH HAIlPaBJICHHE €¢ MOMEHTa Ha oOpaTHoe. Ecim ke neT4nK OTKIOHUT pyJsb BEICOTHI BBepX (Puc. 133, B-2),
TO 3TO BBI30BET YBEJIMYCHUE OTPHUIATEIBHOM MOIBEMHOM CHIIBI U €€ KaOPUPYIOIIEro MOMEHTA.

VYron ycraHOBKM crabuiu3aropa camosera SIk-52 paBeH Per = 1°30", camonera SIk-55 Per =0,

BJUSSTHUE MOMEHTA CHUJIOBOM YCTAHOBKH HA ITPOJTOJIbHYIO FAJJAHCUPOBKY

Paboratomasi cuioBasi ycraHOBKa BUHTOBOI'O CaMoJIeTa C TIOPIIHEBBIM U TypOOpPEaKTUBHBIM JIBUTATEISIMU
CO3/1a€T MPOJOIbHBIII MOMEHT CHUJIBI TSATU U, KPOME TOrO, IPOJOJIbHBI MOMEHT OT M3MEHEHHUs MOIABEMHOM CHIIBI
TOPU30HTAJILHOTO ONEPEHMsI B pe3ybTaTe NEMCTBUS HA HEro CTPyH BO3AYyLIHOro notoka. [TostoMy, ecau B mosere
CaMoJIeT HaXOAUTCS B NMPOJOJIEHOM PaBHOBECHHM, TO IPH BKJIFOYEHUH ABHIATelNsl OHO OyIeT HapyIIeHO BCIEICTBHUE
MCUYE3HOBEHNUS YKa3aHHBIX MOMEHTOB. Ecim e camorneT Obll1 B PaBHOBECHHU Ha IIAHUPOBAHHH, TO NIPH BKIIOYCHUH
JBHUTATEIsI OHO OyJIET TaKkKe HapyIIEHO BCIEICTBHE MOSIBJICHUS BhIIIEYKa3aHHBIX MOMEHTOB.

Ecnu Tsra cunoBod yCTaHOBKHM MPOXOJUT BHE IIEHTpA THKECTH caMoyieTa, T. €. KOrjJa HMeeTcs
JICTICHTPAIUS TATH, TO OYAET cO31aBaThCs MPOAOibHEIH MoMeHT (Puc. 134, a). DTo xapakTepHO Ui camonera SIk-
52. HampaBieHue CUIIbl TSITM Yy HErO MPOXOAMT BbIIIE LEHTpa TsDKecTU. Takasi eueHTpaluss Ha3bIBaeTCsl 6epXHell.
CrnenoBatenbHO, MCXOMS U3 BBINICCKA3aHHOTO, MOXHO CJHIENaTh BBIBOJ, YTO MOMEHT OYyJeT MUKUPYIOIIAM -
OTPHIATEIIEHBIM.

Puc. 134 Bauanue cunosoii ycmanosku camonema Ak 52 na npooonvnoe pasnosecue

JlelicTBre BO3MyIIHOM CTpyH OT BUHTA Ha onepenne 0osee cioxHo. [1ycts camorner Sk-52 nmanupyer u Ha
€ro TrOpH30HTAILHOE ONepeHne HaberaeT Bo3ayIHbIi moTok (Puc. 134, 6) co ckopoctsio V, oz yriom araku Ol. B

pe3ysbTaTe 3TOTO OINEPEHHE pa3BUBAET HMOABEMHYIO CHIIy Yro. lIpM BKIIOUEHMH IBHTaTelsi K CKOPOCTH V
J00aBISIETCSI CKOPOCTh CTPYH BO3AYIIHOTO BUHTA Vi, IPHYEM MOTOK HAOEraeT Ha ONEPEeHHE MOJ MEHBIINM YIIOM

aTakn Ol (Tak Kak BO3MAYyIIHAs CTPys BHHTA yBEIMYMBACT CKOC IIOTOKAa Yy XBOCTOBOTO omepeHus) Bcnencrsue
YBEIIMUYEHUS] CKOPOCTH TOABEMHAsI CHJIa OICPEHMs JIOJDKHA BO3PACTH, a BCIEACTBHE YMEHBIICHHS YIJIa aTakd
JOJDKHA YMEHBIIUTECS B WTOre BenWdnHa MOABEMHON CHIIBI 3aMETHO HE M3MEHMTCS, T €. ICHCTBHE CTPYH BO3LyXa
OT BO3JYIIHOTO BUHTA 3aMETHO HE HAPYIIUT PABHOBECHE CaMOJIETa.

Brime paccmaTpuBancst ciiydaid, Korjaa noIbeMHasi CHjla ONepeHHs HalpaBjieHa BBEPX U, CIEI0BATENIBHO,
co37aeT NMUKUpyromuii MoMeHT. Ho coBpeMeHHbIe caMOJIeThl, KaK MPaBUJIO, UMEIOT MEPEIHIO LIEHTPOBKY, a MpH
nepeHel IIEHTPOBKE IICHTP TSHKECTH caMoJIeTa HaXOUTCS BIIEpeAH IISHTpa JaBlieHus U (POKyca caMoJIeTa.

[TosToMy KpBUIO CO3[JA€T MUKUPYIOUIMHA MOMEHT, CJIEJO0BAaTElbHO, TOPU30HTAILHOE ONEPEeHHE JIOJKHO
CO3/1aBaTh KaOPUPYIOUIMH MOMEHT, T. €. OJJbEMHAsi CHJIa TOPU30HTAIBHOTO ONEPEHUSI U €ro yrojl aTakH IOJIKHBI
Ob1Tb oTpunarensHsiMu (Puc. 134, B) JlomycTuM, 4TO B 3TOM Cilyyae caMmoJIeT IUTaHUPYET co ckopocThio V. Ilpu
BKJIIOYEHUU JIBUTATENs BO3IYyIIHAs CTPysd OT BHHTA YBEJIMYHUT CKOPOCTh MOTOKAa BO3AyXa y TOPU30HTAILHOIO

OIIEPEHHs M CKOPOCTh CTAHET PaBHOM V. BeIecTBIe yBeMuenns: ckoca I0ToKa yrou ataki ysemuauntes X1 > Q.

B pe3ynbraTe yBenuueHHs CKOPOCTH U yIia aTakd MOABEMHAs cUa Yr o BO3PAcTaeT 10 3HAYEHUs Yr o U
KaOpHPYIOMNii MOMEHT TOPH30HTAIBHOTO ONIEPEHUS YBETHIHUTCS.

VYV camoneroB Sk-52 u SIk-55 pelicTBHE CTpyM OT BO3AYIIHOIO BHHTAa Ha TOPU30HTAJIBHOE OMNEpEeHHE
co3JaeT KaOpUpyroni MOMEHT.

Janee paccMOTpHM JeiicTBHE MPOAOIHHBIX MOMEHTOB Ha OaJJaHCHPOBKY CaMOJIeTa.

Tak, Hanpumep, camouieT Sk-52 uMeeT BEpXHIOK AELIEHTPALUIO TATH CUIOBOM yCTaHOBKH, YTO MIPUBOAMT K
CO3JJaHMI0 THMKHPYIOIIETO MOMEHTa, KOTOPBIH MO CBOEMY 3HA4eHHIO Ooiblle KaOpUPYIONIET0 MOMEHTa,
BO3HHMKAIOIIETO OT ACHCTBHUS CTPYH BO3IYLIHOTO BHHTA HA TOPH30HTANBHOE onepeHue. [loaToMy mpu BKIIOYECHUH
JBUTATEJIsI CaMoJIeT OyIeT CTPEMUTHCS YMEHBIINTD YTOJl aTaky. {1 MpOTHBOAECHCTBHS 3TOMY HEOOXOANMO CO3/aTh



APOANHAMUKA CAMOJIETA 113

pyJeM BBICOTHI JOOABOYHBIN KaOpUPYIOIINI MOMEHT, T. €. B35Th PYUKY YIpPaBICHUS Ha ceOs M Tak JepXKaTh €€ BO
BpeMs BCETO I0JIETa Ha TaHHOM peXuMe pabOTHI IBUTATEI.

[Ipu BBIKITIOYEHUH JBUTATEIISI TUKUPYIOIINH MOMEHT OT TSTH BO3IYIIHOTO BUHTA U KaOPUPYIOIINH MOMEHT
PYJIA BBICOTHI MCYE3aI0T, HO JOOABOYHBIN KaOpUPYIOMIMA MOMEHT PYJIsi BBICOTHI OCTaeTCs, M O[] ACHCTBHEM €ro
CaMoJIeT YBEJIMYUT YTOJI aTakd (€ClM JIETYMK CBOEBPEMEHHO HE OTKJIOHHT PYYKy yIpaBieHHus or ceds). Ilpu
BHE3aIIHOM HCYE3HOBEHHH CWJIBI TSATH (OTKa3 JBUraTens), OCOOEHHO Ha MOABEME, MAKas OWlUOKa J1emuuka
Modicem npueecmu K pe3komy yMeHbUEeHUI0 CKOPOCHU U C6AIUBARUIO 6 UUMONOP.

YCTOMYUBOCTHh CAMOJIETA

MPOJOJBbHASL YCTOMUYUBOCTh CAMOJIETA

Ilpooonsnoii ycmoiiuueocmovlo camoniema Ha3bIBaeTCsl CIOCOOHOCTh €r0 COXPAaHSAThH 3aJ@aHHBIA PEXUM
MOJIeTa_1 BO3BPALIATHCSA K HEMY IOC/IE BO3JCHCTBUSA HAa CaMOJIET BHEIIHUX BO3MYIIECHHUH, HApyIIAIOIUX UCXOIHOE
PaBHOBECUE CUJI U MOMEHTOB B IJIOCKOCTU CUMMETPUU CaMOJIETA.

AdpoaMHAMUYECKUE CHIIBI 1 MOMEHTHI B IIPOJOJIEHOM JBHKEHUH CaMOJIETa OIPENEIISIOTCS YIJIOM aTakHu U
CKOPOCTBIO camoiieTa mpu nojere. [loatomy, Ui cyxaeHuss 00 U3MEHEHHH a3pOAMHAMUYECKHX CHJI U MOMEHTOB
NPY HapyLIeHNH 0aJaHCUPOBKU HEOOXOIMMO 3HATh BEJIMUMHY U3MEHEHHS yIJia aTakKh U CKOPOCTH MOJIeTa.

[IpononpHOE  BO3MYIIEHHOE JBIDKCHHE CaMoOJieTa MOXXHO  MPEICTaBUTh KaK  KOMOWHAIIHIO
KOPOTKOIIEPUOTUIECKOTO IBIDKEHHS (BpALICHUS BOKPYT IONEPEYHOW OCH) U JIMHHOIIEPHOANYECKOTO TBHKCHUS
(m3menenue yria araku). CKOPOCTh MPH 3TOM MOXKHO CYHTATh NMPAKTHYECKH MOCTOSHHOH. TOJBKO ¢ TedeHHEM
BpPEMEHH OHAa HAYHET M3MEHATHCS, IPU 3TOM B 3aBUCHUMOCTH OT KOJEeOaHHMS CKOPOCTH YTOJ aTaKH TaKkkKe MOXKET
M3MEHSTH CBOIO BEJIMUMHY, HO €TO M3MEHEeHne OyIeT UrpaTh y)Ke IOJINHEHHYIO POJIb.

CBoiicTBO camoseTa OBICTPO HM3MEHSTH YIOJl aTakd M CPaBHHUTEIbHO MEIUIEHHO CKOPOCTH II0JIeTa
MO3BOJIMJIO PAacCMaTpUBaTh IBa BHIA IPOJOJIBHOM YCTOWYMBOCTH CaMoOJI€Ta: YCTOWYMBOCTh IO IIEpPErpys3Ke,
YCTOWYUBOCTD IO CKOPOCTH.

Yemoivtuueocmov no nepecpyske mnposiBisercss B Hadale BO3MYIIEHHOro IBHkeHus. Kak mokasbiBaer
JeTHas TpaKTHKa, OBICTPOE BOCCTAHOBJIEHHME YIVIa aTaKM M Ieperpy3ku oOecrieumBaeT 0e30I1acHOCThH IoJeTa U
CPaBHHTENILHYIO OBICTPOTY yrpaBieHust camoieroM. OcoOEeHHO 3TO XapakTepHO [uisi camosieToB SIk-52 m SIk-55,
MMEIOIINX OOJIbIINE PYJIEBBIC TOBEPXHOCTH.

Yemoiiuueocms no ckopocmu niposiBisieTcsi MEJUIGHHO M MOXKET OBITh BBISIBIICHa M3MEHEHHUEM CKOPOCTH,
€CJIM JIETUMK JUTUTEIILHOE BPEMS HE BMEILIMBAETCS B YIIPABICHHUE CAMOJIETOM.

MPOJOJBbHAS CTATUYECKAS YCTOMYUBOCTH IO IMEPETPY3KE

IIpooonvnaa cmamuueckasa ycmou4ugocms no nepezpyske - 3TO CHOCOOHOCTh CaMoOJIETa CO3/1aBaTh
CTaTUYECKHE MOMEHTHI, HAMPABJICHHbIE HA BOCCTAHOBJIEHUE UCXOIHOTO YIJia aTaku (Teperpys3Ku).

W3 onpenenenus cienyer, YTo yCTOMUMBBIN IO MEPETPY3KE CAMOJIET UMEET CTPEMIIEHUE B NIEPBBI MOMEHT
MI0CJIE BO3MYIIIEHHS BOCCTAHOBUTD YTIOJI aTaku H MPSMOJIMHEHHOCTD TI0JIETa-IBH)KECHHS.

BbIsicHM ycIIOBUS, PU KOTOPBIX caMojieT OyneT ycroiunB no neperpyske (Puc. 135). Ilpu ciydaitnom
YBEJIMYEHUH yIJla aTaku (HampuMep, TIpH BO3JACHCTBMM BEPTUKAIBHOTO TMOpHIBA BETPa) BO3HHMKAET
HeypaBHOBemeHHas noabeMuas cuna AY, npunoxennas B Qokyce camonera. JlanbHellee MoBeaeHUe camoneTa
Oy/ieT 3aBUCETh OT B3aMMHOTO PACIIONIOKEHUs (DOKyca U LIEHTPa TSHKECTH.

IIpu pacnonoxenun (okyca mozanu LEHTPa TSDKECTH CaMoJIeTa YBEIMUYEHHE YIla aTakd MPUBOIUT K
MOSIBIICHUIO CTaOWIM3UPYIONIEr0 MOMEHTa (IMKHPYIOIIEro), MoJ AEHCTBHEM KOTOPOTO BO3HMKIIMH BO BpeMs

BO3MYLIEHMS JONOJHUTENbHbIA yron araku AOL yMeHBIIAETCS M CaMOJIET CTPEMMTCS BEPHYTHCS B MCXOJIHBI
pexuM. B aToM ciydae caMosieT B POI0JIbHOM OTHOIICHHH CTATHYECKH YCTOWYHB MO Heperpy3Ke. ITO XapaKTepHO
s Sk-52 u Sk-55.

[Ipu pacnonoxenun (okyca BHepeny LEHTPa TSHKECTH caMoieTa YBEJIMYCHHE yIila aTakd MPHBOJIUT K
MOSIBJICHHIO JlecTaOMIIM3UpyIomero (KaOpupyromero) MOMEHTa, 10/ JEHCTBUEM KOTOPOTO JIOTIOJIHUTEIBHBIN Yo
araku A0l Bospacraer emme Gonbure. CamosnieT GyIET YBENIMYMBATE YTOJ aTAKU M TIEPETPY3KY 0 BBIXOJA HA PEKUM
cBanuBaHus. B 3TOM cinyyae camoneT B IpOJOIbHOM OTHOLIECHUY HEYCHIOWYUE nO nepezpy3Ke.

Takum 00pa3oM, yCIOBHEM HPOJOJIBHONW CTATUYECKOH YCTOWYMBOCTH CaMOJIETa IO TEperpy3ke SBISEeTCS
YCIIOBHE PACHOIOXKEHUS (POKyca caMoJIeTa 033! €ro IIEHTPa TSHKECTH.



APOANHAMUKA CAMOJIETA 114

AMz=AY (XF-Xm)

Puc. 135 K 06vacHenuio npo0oabHoll Cmamuieckoil yCmouuugocmu camoiema no nepezpysKe

Kak Bugno u3 Puc. 135, BennunHa HeypaBHOBEMIEHHOTO CTAOMIIM3UPYIOMIETO MOMEHTA MIPOMOPIIHOHATIHHA
PacCTOSIHMIO MEeXTy (POKyCOM M LIEHTPOM TSDKECTH caMoJIeTa:

AM, =AY(Xr=X1). (o
WM B 6e3pa3MepHbIX KodddummenTax:

—Am, =AC,(Xr=X1). o1y,

[Ipn yMeHbIIEHUH BEITMYHHBI Xr—Xr YCTOHUMBOCTh CaMoOJeTa M0 Ieperpy3ke YMEHbINAeTCs; MpHU
Xr=Xr=0

LlenTpOBKa, IpPH KOTOPOH LEHTP TSDKECTH CaMojeTa COBMNAZAeT ¢ (OKYCOM CaMoieTa, Ha3bIBAaeTCs
HeUmpaabHOU Ul KpUmui4eckou.

> T. €. KOraa HCHTP TAXKECTU COBIIAAACT C (l)OKyCOM, CaMOJICT CTAaHOBUTCA HeﬁTpaﬂbeIM.

PazHocTh MeXIDy HEHTpaipHOW ULEHTPOBKOH ((poKycoM) M (HaKTHUECKOHW IEHTPOBKOM Xr—Xr
Ha3bIBACTCS 3ANACOM YeHMPOGKU VTN 3a11aCOM ITPOIOJIBHON CTAaTHUECKOH yCmoliuueocmu no nepezpysKxe.

Ecnu nentpoBka camosera 0oJblie HEHTPanbHON, TO CaMOJIET CTAHOBUTCSI HEYCTOMYMBBIM T10 TIEperpy3Ke,
4yTO HexomycTuMo. IToaToMy npu Bcex BapHaHTaX 3arpy3Kd LEHTP TSKECTU CaMOJIeTa JOIDKEH HAXOJUTHCS BIEpEaU
¢okyca, T. €. caMOJIeT JIOJDKeH MMETh HEKOTOPBIH MHHUMAJIBHBIN 3arac IEeHTPOBKU Ha yCTOWYHMBOCTb, UCXOIS M3
KOTOPOT'0 Ha3HA4aeTCsl MPENENbHO 3aJHs U NPEIeIbHO ePEeaHss IKCITyaTallMOHHbIE IEHTPOBKH.

[IpenenbHO 3amHss IKCIUTyaTallMOHHAsI LIEHTPOBKA BBIOMPAETCS W3 YCJIOBHS, YTOOBI 3aac yCTOHYUBOCTH
mo meperpyske Obul jgocratouHbiM (3.4 % CAX s MaHEBPCHHBIX CaMOJICTOB, a JUIsl YYEOHBIX M TSDKENBIX
camozeroB - He MeHee 10% CAX).

VY camonera fk-52 mpemensHO OOIycTUMas 3aAHAA IEHTPoBKa coctaBiieT 25 % CAX, a mpenensHO
nepenHss JAomycTuMas neHTpoBKa-17% CAX. V camomera SIk-55 mnpenenbHO TepemHss HOMyCTHMAast
SKCIUTyaTalMoHHas IeHTpoBKa coctaBmsieT 27% CAX, mpemensHo 3amusaf-31,5% CAX (B TpeHHPOBOYHOM
BapuaHTe) U cooTBeTcTBEHHO 25% CAX 1 31,5% CAX B neperoHoYHOM BapHaHTe.

PesynbraTaMy JNIETHBIX HWCHBITAaHWH paccMaTpUBaeMbIX CaMOJIETOB YCTAHOBJIEHO, YTO MPOJOJIbHAS
CTaTUYecKas yCTOMYMBOCTH IO IEPETpy3Ke BO BCEM TUAMa30HE CKOPOCTEH U BBICOT MOJIETA, C 3a)KaTOH U CBOOOTHOMH
PYHKOI ynpaBiIeHusI, XOpoLIas.

3amac cTaTHYECKOW YCTOWYHMBOCTH TIO TEperpy3ke Ipu 3apUKCHPOBAHHOM YIIPABICHHU COCTABISCT IS
o0onx caMoJIeToB B cpeHeM He MeHee 10 %.

[Tpu ocBOOOXIEHHOM yIpaBieHHH (py4yka OpolleHa) 3armac CTaTHYeCKOi YCTOMYMBOCTH caMoseToB SIk-52
u SIk-55 mo neperpyske menblue (Ha 3...5 % CAX), yem npu 3a)UKCUPOBaHHOM YINpaBJIeHUH (PyUKa YIpaBIeHHS
3a)Kara).

OT0 00BSICHSAETCS TEM, YTO IPH CIIy4aliHOM M3MEHEHHUH YIJla aTaKW KpblIa CBOOOIHBIN PyJib yIpaBICHUSA
YCTaHaBIMBACTCSA IO IMOTOKY M HE YYacTBYeT B CO3/JaHMM NPUPAIIEHHS MOJBbEMHOW CHIJIBI TOPU30HTAIBHOTO
olepeHHs1, BEJIMYMHA KOTOPOTo yMeHbIaeTcs. [109ToMy yMeHbIIaeTcest CBUT a3poJMHAMHYECKOro (hoKyca Hazaj.

IIpu yBenmueHMH CKOpOCTH ToieTa mo mpubopy Oomee 360 km/4 HeWTpanbHas LEHTPoBKa ((OKyC)
yBenmuuBaeTcs Ha 2...3 % CAX, 9To MOBBIIIIAET 3arac NpoA0IbHON CTaTHYECKOH yCTOHYNBOCTH O TIEPETPY3KE.

Oto yBennueHue oObscHAETCs cieayrommM. C pocTOM CKOPOCTH HOJIeTa MO HpUOOpY NpH CilydaiHOM
BO3pacTaHWM YIJla aTakW yBEIMYMBAIOTCA M3rnobaromme neopManuu (Qro3eispka, MpH 3TOM BEPXHSS €ro 4acTb
YKOpauMBaeTcs, a Tpoca YIPaBIEHUs PYJIEM BBICOTBI CBOEH JUIMHBI HE U3MEHSIOT. JTO MPHUBOAUT K OTKIOHEHHUIO
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Py BBICOTHI BHU3. [IpHpatienue noqpeMHON CHIIBI TOPU30HTAIBHOTO OTIEPEHUS AY;o BO3pACTaET, BHI3bIBAS TEM
CaMbIM CJIBUT a3pOJAMHAMHUUECKOTo (hoKyca Ha3af.

HpOZ[OJ'IBHaH JUHaAMHYCCKas YCTOI\/'IHI/IBOCTB caMoJI€Ta nim XapakTep IpOaO0JIBHOTO
KOPOTKOIIEPUOAUIECKOTO ABMKEHUA ONPEACTIACTCA COOTHOIICHHUEM MEXAY CTaTUUYCCKUMU W JUHAMHUYCCKUMH
MOMCHTAaMH.

B 3aBucumocti or creneHu JeOopMHpOBaHHUS MPOJIOJIBHOE KOPOTKOIEPHOIUUECKOE JBHKEHHE MOXKET
MMETh alepHoJNYeCcKUi WM 4Yalle rnepuogudeckuil (konebarenbHbI) Xapakrep. Ilpu ciabom aedopMupoBanun
Kosie0aHus camosiera OyayT 3aTyXxaTh MEJUIEHHO U TIOTpeOyeTcss MHOTO BPEMEHH JUIsl BOCCTAHOBJICHHS PAaBHOBECHSI.

Ho u mpu uypesmepHo OONBIIOM IeMI(GHUPOBAHMU WM HEJOCTATOYHOW CTAaTHYECKOH YCTOWYMBOCTH
camoJieTa BO3BpAIlIEHHE B COCTOSIHUE PABHOBECHS TAKXKE 3aTSATMBACTCS, XOTS KOeOaHuii He OyeT.

[IpomonbHasi JAMHAMHUYECKAsh YCTOWYMBOCTH CaMoOJeTa XapakTepu3yeT KOIPPUIMEHT 3aTyXaHHs
MIPOIOJIEHBIX KOJICOaHHH.

Tc )

150 200 250 00 350

Vi kmsy
Puc. 136 . Xapakmepucmuxu npooonvHoil OuHamuydeckoii ycmouuugocmu camonemos Axk-52 u Ak-55 c
3adxicamoil pyuKoii ynpasienus

PaccmMoTpuM  XapakTepHUCTUKH KOPOTKONEPUOAUYECKOro JBIDKEHHs camoneToB Ak-52 u Sx-55 B
TOPU30HTAIbHOM NojeTe Ha BeicoTe H=500 M ¢ 3axatoil pydkoi yrpaBieHHs MPU CIEAYIOIMHX JaHHBIX CAMOJIETOB:

Ak-52 - G=1290 krc, nentpoBka 25% CAX;
SAxk-55 - menrpoBka 25% CAX, G=870 xrc (Puc. 136).

W3 rpadukoB pUCyHKa BHIHO, YTO B JUana3oHe ckopocted moisera oT 150 nmo 360 km/4 3aTyxaHue
KoJIeOaHWH Ha TIOJIOBHHY yMEHbIIAETCS. JTO ONpeAeNseT JOCTATOYHO XOPOIIYI0 AMHAMHUYECKYIO YCTOHYMBOCTD
camozneroB k-52 u Sk-55.

[IpuBeneHHbIE XapaKTEPUCTUKH KOPOTKOMEPHUOIUIESCKOTO IBIDKEHHS MO3BOJSIOT CHAENATh BHIBOJ O TOM,
YTO JIUTEIbHBIN TOPU30HTAIBHBIN MOJIET Ha camoieTax SIk-52 u SIk-55 Bo BceM quama3oHe CKOpOCTed U BHICOT He
YTOMMTEIEH.

Ho BcreacTtBue mamoro Beca caMOJIETOB B CHIIBHYIO ~OONTaHKY  JIETYHKY MPHUXOIUTCS IPHUKIIAIBIBATH
OIIpe/ieNIeHHbIEe YCHIINS IS yAepKaHUs CaMoJIeTa B 33JaHHOM PeXHMe TI0JIeTa.

MPOJIOJIBHASL YCTOMUYMUBOCTH 110 CKOPOCTH

Yemoiiuueocmuio no ckopocmu naspiBaeTcs ClIOCOOHOCTH CaMOJIETa BOCCTAHABIMBATH CKOPOCTh I10JIETA U
YTOJI HaKJIOHA TPAEKTOPHU HCXOIHOTO PEKIMA.

Camorer, oOnafarolMi YCTOHYMBOCTBIO O TeEperpy3Ke M yIOBJIETBOPUTEIBHBIMU AEMI(QUPYIOIUMU
CBOWCTBaMH, IIpM HapyUIEHUH pABHOBECUS CPaBHUTEIbHO OBICTPO IIPEKpallaeT KOPOTKONEPUOJHYECKOE
KosiebaTenbHOE ABMXKEHHWE. B mpolmecce 3TOro IBMKEHMSI CaMOJIeT BOCCTAHABIMBAET YIOJI aTaKH U NEperpys3Ky
(IPSIMOJTMHEHHOCTD JBMIKEHUSI) NCXOJHOTO PEKUMa, HO HE BOCCTAHABIMBACT MCXOAHBIN YroJl HAaKJIOHA TPACKTOPHH
u TaHraxa. IlosToMy panpHeliiee TIPOTEKaHWE BO3MYIIEHHOTO  JIBWDKEHHMS  HA3bIBAeTCS  OOJIBILUM
(mHHOMEpHOIMUECKUM) IBMXKEHHEM. OHO CBSI3aHO CO 3HAYMTEIBHBIMU OTKJIOHEHHSMH CaMoJIeTa OT TPACKTOPHH
HCXOJJHOTO - YCTAaHOBHMBLIETOCS MOJIETA U COMPOBOKAACTCS M3MEHEHHEM CKOPOCTH M BBICOTHI. COBEPILIEHHO SICHO,
YTO MHTEPEC NMPEACTABISIET HaYaIbHasl TEHICHIUS CaMOJIeTa, T. €. KaK OH pearupyeT Ha N3MEHEHHE CKOPOCTH Cpasy
MOCJIE YCTPAHEHUS BO3MYIICHHH.

TenpeHuus: caMmosieTa K BOCCTAHOBJICHHUIO MCXOJHBIX 3HAUEHUN CKOPOCTH M YIJIa HaKJIOHa TPaeKTOpUU
Ha3bIBACTCS CMAMUYECKOU YCMOUYUBOCHIbIO O CKOPOCHU.

Bcesikoe n3aMeHeHrne CKOpOCTH IoJieTa U3-3a JACUCTBUS KaKOW-TH00 CIydyallHOW MPUUYUHBI COMPOBOXKIACTCS
HN3MCHCHUCM aspOAMHAMUYCCKUX CUJI U MOMCHTOB. Ecan Ipyu YBCJIWMYCHHUU CKOPOCTU IIOJICTA NOABEMHAasd CHJIa
YBEJINYNUBACTCA, TO IMOABIACTCI HeypaBHOBeHJeHH]:Jﬁ I/136blTOK ce AY, TPACKTOPU ABHUKCHUS UCKPUBJIACTCSA BBEPX.
OT0 BeneT K yMEHBIIEHUIO CKOPOCTH.

YMeHbIICHHE CKOPOCTH Y CTAaTHYECKH YCTOWYMBBIX caMonieToB SIk-52 m Sk-55 compoBoxkmaercs
YMEHBIICHUEM TIOABEMHON CHIIBI U, CJIE0BATENBFHO, HICKPUBICHUEM TPAEKTOPHHU €ro nosera BHU3. [Ipy cHIDKeHNN
CKOPOCTD TI0JIETA YBEINYHNBACTCSI.
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Takum 00pazoM, YCIOBHEM CTAaTHYECKOW YCTOHUYMBOCTH CaMoOJIeTa MO CKOPOCTH SIBIISIETCS YBEIHUYCHHE
MOTBEMHOW CHJIBI MIPH YBEIWYEHUH CKOPOCTH, U HAO0OOPOT, T. €. KPUTEPHUEM YCTOMYMBOCTH MO CKOPOCTH MOXKET

d_Y £>0 d_Y<O

OBITh 3HAK BeJIMYMHDBI OTHOWeHHsT @V Ilpu dv caMoJIET yCTOMUMB 1o ckopocTH. IIpu dv caMmoJeT
HEYCTONYHUB 110 CKOPOCTH.

Cratnueckas YCTOﬁqPIBOCTI) CaMoOJICTa IO CKOPOCTHU ABJIACTCA H€06XO,HI/IMI)IM, HO HCIOCTAaTOYHBIM
YCJIIOBUEM BO3BpAalICHUA CaMOJIETa K I/ICXO,IIHOI>'I CKOpPOCTH TI0JIETA, TaK KaK OHa ONPEACIIACT TOJBKO HaYaJIbHYIO
TCHACHIUIO B IBMKCHUH CaMOJIETA IPU HAPYIICHUHU €T0 PAaBHOBECHUS.

N3menenue CKOPOCTH I10JI€TA, KaK MPaBUJIO, COMPOBOXKIAACTCA U U3MCHCHHUEM YIJla aTakKu, IO3TOMY IO/
YCTOﬁQHBOCTblO 0 CKOpOCTH (I)aKTI/I‘IeCKI/I MoApa3yMeBacTCs YCTOﬁqHBOCTL pexruMa 1moJjiera, T. €. CTPEMJICHUC
caMoJieTa BOCCTAHOBUTBH HE TOJIBKO CKOPOCTh, HO U YI'OJI aTaKU UCXOAHOI'O PCKUMaA MOJICTA.

Ha ycToituMBOM IO CKOPOCTH CaMoOJjeTe YBEIUYEHHE CKOPOCTH TMOJIETa COMPOBOXKIACTCSI MPHUPOCTOM
0 IbeMHOM CHIbl. ClieI0BaTEIbHO, ECIIH JETYUK YBEIUYUT CKOPOCTH MOJIETA, TO JUISi COXPAHEHHUS MPSIMOJIHMHEHHOTO
TFOPU3OHTAJILHOI'O IOJICTa OH 6yHeT BBIHYKACH YMCHBUIUTDL YI'OJl aTaKM OTKIIOHCHUEM PYUYKH YIIPaBJICHUSA OT 06651,
YTO BBIZOBCT YBCIIMYCHUC JaBALICTO YCUIIHA.

Takum 00pa3om, 00 yCTOIUMBOCTH caMOJIETa IO CKOPOCTH JETYHK MOXKET CYJHUThH 110 U3MEHEHHIO yCHIHN
Ha pydYKe YIpPaBICHHS WIHM 10 OTKIOHEHHIO PYJS BBICOTHI C M3MEHEHHEM CKOPOCTH IIPH COXPAHEHUH pPeXHMa
MPSMOJIMHENHOTO MOJIETA.

banancupoBouHas quarpamma 58 (V) (Puc. 137) no3BosieT CyAUTH O MPOJOIBHOM CTATHYECKON YCTOIUMBOCTH caMoJIeTa
(HKCHPOBAaHHOM (32)KaTOM) yTIPaBICHUH.

54 | (Bhu3)

V2 V= 200 V[

Vary

G,

O,

(Bbepx)

Puc. 137 K 006vacHeHuI0 npo00nbHOI CIMAMUYECKO YCMOUYUEOCU CAMOTEMO8 RO CKOPOCIU RPU
3agpukcuposannom ynpasneHuu

Ps 4 (Labums)
Vo, V=200V,
> _and
Doy Pe=0 P8, V. kmsy
(Taryme)

Puc. 138 K 06vacnenuto npoooavHoil cmamuieckoii yCmouuueoCmu no cKOpoCmu npu c60000HOM ynpaeieHuu

Homyctum, cbamancupyem camonet Sk-52 Ha ckopoctr 200 xm/4 npu paboTe aurarens Ha | HomuHATeE,

0 0
TIPA 3TOM 53 =3 , 3aUKCHUpyeM B 3TOM TIOJIOKEHUH PYydKy yrpasieHus. [lycTe 1Mo KakoW-mmOo MpuyuHe
CKOPOCTb IIOJIETA YBEIMYMBAETCA 1O cKopocTd V. Ilpu 3TOM NMKUpYOLIMI MOMEHT yMeHblaercs. s ero

0

yCTpaHeHUs] HEOOXOAMMO OTKJIOHHMTh pyJb BBICOTHI BHH3 HA BEJINYHHY 575, , HO TaK KaK pyJdb BBICOTHI
3a()UKCHPOBaH B HEHTPAIBHOM IIOJIOKEHUH, TO MOJ ICHCTBUEM YMEHBILIEHHs MOMEHTAa CaMoOJIeT NepeiieT Ha
KaOpHpOBaHHE, CKOPOCTH IoJieTa OylNeT YMEHbBLIAThCS, CTPEMsCh K HMCXOIHOMY 3HadeHHo. [Ipy yMeHbLIeHUH
CKOPOCTH JI0 3Ha4eHHs V; Jisi OaaHCHPOBKH caMoJieTa He0OX0AMMO ObLIO OBl OTKIIOHUTH PYJIb BBICOTHI BBEPX Ha
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50
BEIIHYNHY B, HO Tak Kak OH 3aMKCHPOBAaH, TO CaMOJIET IIEPEXOMUT Ha CHUIKEHHME, CKOPOCTH MOJIETa
YBEINYINBACTCA. CHeHOBaTeHBHO, u B TOM U B JPYromMm cCiy4da€, €CJIM HaKJIIOH 6aHaHCI/IpOBO‘{H0ﬁ auarpaMmsl 110

d53>0

yriaM OTKJIOHEHUS PYJIA BBICOTHI ITOJIOKUTEITHHBIN dV , CaMOJIET UMECT CTPEMIICHUE 0e3 BMeIIaTeNbCTBA
JIETYUKA BOCCTAHOBUTH 3aJaHHYIO CKOPOCTH, T. €. OH CTaTUYCCKH yCTOI\/’I‘II/IB 0 CKOPOCTHU IIPpHU (bI/IKCI/IpOBaHHOM
YIIpaBJICHUU.

BanancupoBounass nuarpamma Pg(V) (Puc. 138) mosBonsier cyauTh O TPOJOJIBHOM CTaTHYECKOH
YCTOHYHMBOCTH caMoJIeTa M0 CKOPOCTH IIPH OCBOOOKIEHHOM YIIPaBICHHUH (pyUKa YIpaBJICHUs OpPOIICHA).

CoanancupyeMm camosieT SIk-52 TpuMMeEpOM Ha CKOPOCTH Tropu30oHTasbHOrO mosera 200 km/4 mpu pabote
neurarens Ha | Homunae. [Ipu 3tom Py = 0 npu ocBoOo)AeHHOM yripaBieHuu. [Ipy yBeTM4eHUH CKOPOCTH MOJIeTa
0 Vi mns OaaHCHUPOBKH caMoJieTa HEOOXOIMMO TPHIIOKUTHh K PydYKe YIpaBJICHUS AaBsliee ycwiue Pak HO, Tak
KaK pydYka OCBOOOXJICHa, OHA OY/eT MepeMeIaThCsl B HAPABICHUH K JICTYHKY - PYJIb BBICOTHI OTKIOHUTCS BBEPX,
caMoJIeT IepeineT Ha KabpupoBaHUe, CKOPOCTh OYAET YMEHBIIATHCA, CTPEMSICh K 3aaHHOM.

[Tpn yMeHbIIEHUH CKOPOCTH [UIsi OalaHCUPOBKH caMoJieTa HEOOX0AMMO MPUIIOKUTD TAHYIIEe YCUne, HO
TaK Kak py4ka ynpaBJIeHHs: OCBOOOK/IeHa, TO OHa OyJeT mepeMeniaTbCs B HalpaBiIeHUH OT JIETUUKA, PYJIb BBHICOTHI
OTKJIOHWTCSI BHHM3 CaMOJIET MepeHJeT Ha CHI)KEHHE, CKOpPOCTh Oyner yBenuuuBarbes. CrenoBaTenbHO, M3
BBILIIECKA3aHHOI'O MOKHO CJIeJIaTh BBIBOA: €CJIHM CaMOJIeT cOaJaHCHPOBAaH M HAKJIOH OallaHCHPOBOYHOW JHarpaMMEl

ar, >0

0 YCWJIMAM Ha pYUYKE YIIPaBJICHUA MOJIOKUTEIIbHBIN dV , TO CHUTACTCA, YTO CaMOJICT CTaATHYCCKU yCTOﬁHHB
IO CKOPOCTHU IIpH OCBO60)KZ[CHHOM YIpaBJICHUU.

Takum o00pa3oM, B SKCIUTyaTalMOHHOM JHAaNla30HE CKOpocTed moseta camonersl Sk-52 u Sk-55
CTaTUYECKH yCTOWYHMBHI TI0 CKOPOCTH U TIO TIEPETPYy3Ke.

IHOITIEPEYHASA BAJTIAHCHPOBKA.

BJIMSHUE PEAKIIMA BPAINEHUSA BO3AYIIIHOT'O BUHTA HA ITOITIEPEYHYIO
BAJIAHCHUPOBKY

Ilonepeunoit 6anancupogkoii camonema Ha3bIBa€TCs TaKOE €0 COCTOSIHUE, KOTrZa NEHCTBYIOILUE Ha
CaMoJIeT CHJIbI HE BBI3BIBAIOT BpallleHHE caMoJjieTa BOKPYT MpoaoibHoi ocn X. [list momnepedHoii 6anaHCHpOBKY B
NPSMOJIMHEHHOM TIOJIeTe HEOOXOOMMO paBHOBECHME KpPEHSIIMX MOMEHTOB, T. €. 4YTOObl CymMMa MOMEHTOB
OTHOCHTENFHO ocu X Oblla paBHAa HyJI0: Y BHHTOBBIX camoneToB Sk-52 u SIk-55 Her aspoauHamMuyecKoi
cuMMeTpuH. [IpoucXoanT 3TO OTTOTO, YTO B MOJIETE MO BIMSHUEM PaOOTHl CHIIOBOM YCTAaHOBKH BO3HHKAET IPaBbIA
KPEHSIIMH MOMEHT, KOTOpPBIH NPUXOJUTCS YPaBHOBEIIMBATh. PacCMOTpUM yKa3aHHOE BIMSHHE CHIJIOBOM
YCTaHOBKH.

IM, =0 (9.13)
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Puc. 139 Peakmuenblit Momenm 6030_}7”[”020 6UHmMA U ypasnoeeuiueanue eco MemooomM OMKIOHEHUS 2/1€poHOo6

Bnuanue peakuyuu epawienus 8030ywiH020 GUHMA Ha nonepeunylo oOanancupoexy. Cwuia TIru
paccMaTpuBacMbIX CaMOJICTOB JICKUT B IUIOCKOCTH CHUMMETPHH H, CJIEJOBATENLHO, HE HAPYIIAET MOMEPEYHOro
paBHOBECHSL.

Ho BcneacTBue BpalieHus BO3IYIIHOTO BUHTA BJIEBO (10 HAMpaBIEHUIO MOJIETa) CaMOJIeT HAXOJIUTCS MO
JICHCTBHEM MPABOTO KPEHSAIIET0 MOMEHTA, HAIIPABICHHOTO B CTOPOHY, 0OPAaTHYIO BPAIICHHUIO BO3AYIIIHOTO BHHTA.

OTOT MOMEHT HAa3bIBACTCS PEAKMUEHbIM, VIIN peaxkyueil epauieHus 6030yuinozo eunma - Mpg. Ilpn
BpAIICHUH BO3AYIIHOTO BHWHTA €r0 JIOACTH, OKa3bIBas JABJICHWE HAa BO3IYIIHBIA MOTOK, CAMH HCIBITBIBAIOT CO
CTOPOHBI MOCIIEAHETO TAKOE K€ BO3JICHCTBUE, KOTOPOE MOKHO NPEJCTABUTh B BUJIE PEAKTHUBHOMW Maphbl cuil. Tak Kak
BO3JIYIIIHBI BUHT KOHCTPYKTUBHO CBSI3aH C CAaMOJIETOM, TO PEaKTUBHBIA MOMEHT, TMepeAaBasiCh Yepe3 ABUraTellb Ha
CaMoJIeT, 3aCTaBIISIET €ro KPEHUTHCS B CTOPOHY, oOpaTHyto BpaimieHuto. CienoBaTeiabHO, IPU JIEBOM BpallCHUH
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BO3AYIIHOTO BUHTA TOJ JEHCTBHEM PEaKTHBHOTO MOMEHTA BO3AYIIHOTO BHHTA CAMOJIET OyIeT MMETh CTpEeMIICHHE
KPEHHUTHCS Ha TIPAaBOE KPBLUIO.

Peaknuio BpamieHnss BO3AYIIHOTO BHHTa MOKHO YPaBHOBECUTH ITyTeM OTKIIOHEHUS 31epoHoB (Puc. 139),
OITyCTHB NPaBBIil 3JICPOH M TOAHSB JEBBIH (pydKa yNpaBICHUS OTKIOHSETCS BJIEBO). DTUM CAMBIM JIOCTHIAETCA
paBHOBECHE.

Ha camonerax fk-52 u SIk-55 3TOT MOMEHT KOMITIEHCUPYETCS OTKIIOHECHUEM (DPUKCHPOBAHHBIX TPUMMEPOB,
YCTaHOBJICHHBIX Ha AJIEPOHAX. DTH TPUMMEPHI MPEICTABISIIOT OO0 HEOOINBIIHE AIOPANICBBIC TUIACTHHBI, KOTOPEIC
MPHUKPEIUICHBI K 0001y 31epoHoB. OTribas TpUMMEpHI B CTOPOHY, OOPaTHYIO BPAIICHHIO, TEM CAMBIM JOCTHTACTCS
OTKJIOHEHHE 3JICPOHOB Ha PACUETHOM PEXHMME U CHATHE HArPy3KH Ha pydKe yrpaBieHus. Kak mpaBuiio, pacqeTHBIN
PEXHUM COOTBETCTBYET cKopocTH monera 250 km/4. JlaHHBIE TPUMMEpBHI HA3BIBAIOTCS KOMHEHCUPYIOWUMU,
CHUMAFOIIIMH IIAPHUPHBIA MOMEHT.

I[pyl"Of/'I cI1oco0 YPaBHOBCIIMBAHUA PCAKTUBHOI'O MOMCHTA BO3AYHUIHOI'O BUHTA COCTOUT B TOM, YTO YTOJI
YCTaHOBKHU TOI'O IMOJYKpbLIa, HA KOTOPOC CAMOJICT KPCHUTCH, ACIAOT YYThb 0oJIbIIIE. BCJ'Ie}_'[CTBI/IC 9TOI'0 Ha BCECX

pexnuMax MoJeTa Yroj aTakd 3TOro MoNyKpbuia Oymer paBen & +Aa. CrenoBarenbHo, Oyner Oosblie ¥ ero
MObEMHAs CHJIA. 33 CUCT Pa3HHUIIBI B BEJIMYHMHE MMOIBEMHBIX CHJI TIOJIYKPBUILEB 00pPa3yeTcsi MOMEHT OTHOCUTEIILHO
ocu X, KOTOPBIM U YPaBHOBEUIMBAET PEAKIIMIO BpalleHUs] BO3AYIIHOTO BUHTA. Ha miaHupoBaHWU, KOTJA peakiuu
BpAaIlICHUs BO3IYIIHOTO BUHTA HET, CAMOJET, €CTECTBEHHO, BAIMTCSA HA TO MOJYKPHLIO, YTOJl YCTAHOBKU KOTOPOTO
MEHBIIIE, W JICTYUKY NPUXOAMUTCS YpPaBHOBEUIMBATH CAMOJICT OTKJIOHGHHUEM OJJICPOHOB. JlaHHEBIA croco0 Ha
camouerax Sk-52 u Sk-55 He npumensiercs.

MIYTEBAS BAJIAHCUPOBKA. BJIMSSHUE BO3AYIIIHOM CTPYH OT BUHTA HA
IIYTEBYIO BAJIAHCHPOBKY

Ilymesoit 6anancupoeroil camoiema Ha3bIBAETCSl TAKOE €r0 COCTOSTHUE, KOT/Ia IEHCTBYIONINE Ha CaMOJIET
CWJIbI HE BBI3BIBAIOT BPAIICHUS caMoJieTa BOKPYr ocd Y. [ myTeBoll OalaHCHPOBKH HEOOXOIMMO PaBHOBECHE
3aBOPAYMBAIOIINX MOMEHTOB, T. €. YTOOBI CyMMa MOMEHTOB OTHOCUTEJIHHO OCH Y ObLIa paBHA HYIIIO:

M, =0 (9.14)

Y camoreTa myTeBoe paBHOBECHE camo coboif He cozgaercs. [IpoucXoAuT 3TO OTTOTO, YTO B TOJETE ITOX
BIMSIHHEM pPabOTBI CHJIOBOM YCTAaHOBKH BO3HHMKAET 3aBOPAYMBAIONIMKA MOMEHT, KOTOPBIA MPHUXOJUTCS
YpaBHOBEUINBATh ITyTeM HApYyIICHHUS a3pOJMHAMHYECKON CHMMETpHU camoieTa. Ha mmaHMpoBaHWM HapyIIeHHAs
CUMMETpPHSA JaeT ce0s 3HATh, ¥ JETUNKY IPUXOAUTCS CO31aBaTh YPABHOBEIINBAIOIIIMA MOMEHT.

Bnuanue cmpyu om 6030ywinoz0 euHma Ha nymegylo 6anancuposky. B momnere camoner mmeer
TEHJCHIIMIO 3aBOPAYMBaTh B CTOPOHY, OOPAaTHYIO BpAICHMIO BO3AYIIHOTO BHHTA (T. €. C BO3AYIIHBIM BHHTOM
JIEBOTO BpalIeHUs caMoieThl SIk-52 u SIk-55 cTpemsiTcs 3aBopadunBaTh BIIPABO).

HpI/I‘II/IHa BO3HUKHOBCHHS 3aBOPAYUBAIOIICTO MOMCHTA 3aKJIOYacTCd B TOM, YTO BO3AyLIHAasA CTPYs,
0T6paCI)IBa€MaSI BO3AYLIHBIM BHUHTOM M 3aKpy4duBacMas IMOCJICIHUM B CTOPOHY BpallCHUS, BCTPEYACT Ha CBOCM

IMYTH BEPTUKAIBHOE OMNEPEHHE M, OKa3blBas Ha HErO JABJICHUE, CO3JAeT 3aBOPAYMBAIOILIUI MOMEHT MZB,o. (Puc.
140). Tak kaK BepTHUKaJbHOE OIEPEHHME BCEIJa PACIIOJIOKEHO BBIIIE OCH (HIO3EISDKA, TO MPH BO3IYIIHOM BHHTE
JIEBOTO BpallleHHs BO3AYLIHAs CTPysl BpaIllaeTCsl BJIEBO, JABJICHUE HCIBITBIBAET IpaBas CTOPOHA ONEPEHHs U
CaMoJIeT CTPEMUTCS 3aBEPHYTH BIIPABO.

IIpu BO3AYIIHOM BHHTE MPABOIO BPAIICHUsS HaBlcHHE OYJET Ha JICBYIO CTOPOHY OMNCPEHHS U CaMOJIET
OyzeTr 3aBOpauynBaTh BIEBO.
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56’,0/7)0/(&'/74&/7’09 ONEPEHUE,
bud cadu

Puc. 140 Bo3nuknoseHnue 3a80pauuearouieco MOMEHmMa 6Ce0cmaeue 0elcmeus epawiarouieiics cmpyu
6030YUIHO20 6UHIMA HA 6ePMUKATbHOE Onepenue camonemos Ak-52 u fAk-55.

ypaBHOB€CI/ITb yKa3aHHLIﬁ 3aBopaanalou11/u71 MOMCHT MOKHO IPpH MMOMOLIU PYJIsA HalIpaBJICHHUSA, OTKJIOHAA
€ro B CTOPOHY, OOpaTHYIO TOW, B KOTOPYIO CaMOJIET CTPEMHUTCS 3aBOopadmBaTh (st camoiieToB Sk-52 u Sk-55-
BJICBO).

BepTuxansHOE onepeHmne paboTaeT aHAJIOTHYHO TOPU30HTAIBHOMY OIIEPEHHIO, TO3TOMY IIPH OTKIOHEHHH
PyJsl HampaBJeHUs BEPTUKAIBHOE OIEpPEHHE OKAaXeTCs MOJ JeHCTBHEM a’3pOJMHAMUYECKOW CHIbI Zp o, MOMEHT
KOTOpOW OYyJeT CTPEMHTBCSI HOBEPHYTh CaMOJIET BOKPYT OcH Y B CTOPOHY, OOpaTHYIO TOW, B KOTOPYIO HalpaBlieH
MOMEHT OT AEHCTBHUSI CTPYH BO3AYIIHOTrO BHHTA. B mojere JieTynk OyJeT MCHBITHIBATH IMOCTOSIHHOE JIaBJICHHE Ha
nenanb, YTO yTOMIISET ero. s CHATUS yCUIHUI Ha MeJaliax caMoJieTa, BOSHUKAIOIMIKUX OT a3pOJUHAMUYECKOMN CHIIbI
Zg o, Ha pyJie HAIPaBJIECHUS YCTAHABIMBAIOT TPUMMED.

Ha camonerax Sk-52 wu SIk-55 ycraHoBieH (UKCHUPOBaHHBIA TpPUMMEp, MPEACTABISAIONINNA CO0Oi
HeOOJIBLIYIO NI0paIeBYIO TUIACTUHY, KOTOpas MPUKpeIvieHa kK 0001y pyJist HanpasieHus. OTrubaHneM ee B CTOPOHY,
o0paTHyI0 HEOO0XOJMMOT0 OTKJIOHEHHs pyJsl HalpaBiIeHHs, CHHMaeTCs Harpy3ka c Iejaneil yrpasieHHs
camosieToM. J[aHHBIM (PUKCHPOBAaHHBIM TPUMMEPOM YPaBHOBELIMBACTCS MIAPHUPHBI MOMEHT PYJIsi HalpaBJICHUs.
[TosToMy npaBuIIEHO OyeT Ha3bIBATh €€ KOMREHCUPYIOulell RAACMUHO.

MONEPEYHAS, ITYTEBAS M BOKOBASI YCTOMUYMUBOCTH CAMOJIETA

Cpenu ¢akTopoB, ONpEIeNsIONMX 3aKOHOMEPHOCTH OOKOBOTO JBM)KEHMS, HAaHOOJBLIYIO POJIb MIPAIOT
XapaKTEePUCTHKH MONEPEYHON U MyTE€BOH yCTOWYMBOCTH.

[TosToMy KaKIOMY JETYHMKY JUIsi NOHMMAaHMS BCEX OCOOEHHOCTEH IOBEIEHHsI camoJyieTa HeoOXOAUMO
NPEACTAaBIATh (HAKTHYECKYI0O KapTHHY OOKOBOI'O JIBMKEHHUSI M, B YaCTHOCTH, CYIIHOCTh KOHKPETHOTO IPOSIBICHHS
[OIEPEYHOH U IIyTEBOU YCTOMYUBOCTH.

MOMNEPEYHAS YCTOMYUBOCTh CAMOJIETA

CnocoOHOCTh camoiieTa 0e3 BMeEIIaTebCTBA JICTUMKA BOCCTAHABIMBATH B IIOJIETE TIIEPBOHAYAIIBHOC
COCTOAHHME MONIEPECUYHOI'O0 PABHOBECUSA HA3bleéAemcs nonepelmoﬁ ycmoﬁlmeocmblo.

PaccMoTpuMm moBeneHne camojieTa MpH CIydaifHOM HapyLIEHHH IONEPevyHOro paBHOBecHs. Hampumep,
MOJI BO3JCHCTBHEM BEPTHKAJIBHOTO IOpPHIBA BETpa HAa OJHO W3 MOIYKPBUILEB CAMOJIET HAYHET BPallaThCS
OTHOCHUTENBHO OCH X, T. €. KDEHUThHCA.

IIpu Bpaennu camonera BOKPYT NPOJOIbHON OCH MPOUCXOIUT U3MEHEHHE YIJIOB aTaKU Ha MOMYKPBUIbSIX:

Ha OITyCKAIOIIEMCsI KpbUIE YIJIbl aTakd YBEIMYUBAIOTCS, a Ha MOAHUMAaromeMcs - ymenswatorcs (Puc. 141). B

pe3ysibTate TOABEMHBIE CHJIBI IIOJNYKPBUIbEB TAKKE M3MEHSAT CBOM [EPBOHAYAIbHBIC BEIWYMHBI Ha

HOoAHMMAOLIEMCs MOABEMHAs CUIAa Yjo; OydeT MEHbIE MCXOOHOM, a Ha OIycKamoouieMmcs Ooiiblle, T. €.

Yon > YUOH * Pesyaprupyromas HNOABEMHBIX cul Y' CMECTHTCS B CTOPOHY OIYCKAIOLIErocs MHOMyKpbLIa U

9

JeCTBys Ha IJIEUO a, CO31ACT TOPMO3AIUH (AeMIPUPYIOIMI) MOMEHT My . revng, NPENATCTBYIOMIMI NanbHEHIIEMY

YBEIMYEHUIO yria KpeHa. OpHako IeMn(HUpPYOMHWHA MOMEHT [eHCTBYeT TOJNBKO IPH BpAIIEHHH caMojeTa

OTHOCHTEJIBHO OCH X M Kak TOJIbKO BpamleHHe (KpeHEHHE) NpeKpamiaercs, MPEeKpalaeTcsi U AEHCTBHE 3TOTO
MoMeHTa. [103TOMy BOCCTaHOBHTBH HCXOAHOE MOIEPEYHOE PAaBHOBECHE NeMII(HUPYIOINII MOMEHT HE MOJKET.

JeMndupyromuii MOMEHT paBHOBECHS HE BOCCTAHOBMT, OJIHAKO BpAIllEHHE CaMoJIeTa IPEKpaTuTcs, U OH
OCTaHETCs HAKPEHEHHbIM Ha HEKOTOpblil yroiu Y (Puc. 142).
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Puc. 141. Cxema cun, oelicmeyouux Ha camoyiem npu e2o 6PAueHud OMHOCUmMenvHo ocu X

Puc. 142 Boccmanognenue nonepeynozo pagHoGecUs nPU CKOJIbHCEHUU Camoiema

HaxpenuBmuiics caMojeT HauMHAET CKOJIb3UTh Ha OMYIIEHHOE KPbUIO MOJ BO3IEHCTBUEM CHIIBI Zck,
COCTaBIIAIONIEH CHIIBI Beca M MoabeMHOM cunbl (cM. Puc. 142). Ilpu nonere camosieTa co CKOJIBKEHUEM XapaKTep
00TeKkaHUs TOMYKPBUIbEB W PACHpPEENICHUs NaBlIeHUs] Ha HUX H3MeHseTcs. Ha OomylnieHHOM MOJyKpbUIE YCIOBHUS
0oOTeKaHHS Jy4YIlle, 2 HA TMOJHATOM H3-32 a’POJUHAMHUYCCKOTO 3aTCHEHUS XYyKE, BCICICTBUC YETO HA OMYIICHHOM

TI0J1 y KpbUIE ITOJbEMHAsSI CHJIA CO3aeTcs OOJbIIeH BEIMIMHBI, 4eM Ha MOIHIATOM (Yor > Yioy).

PesynpTupytomas noabeMHas cuiia ¥, kak 3To nokasaHo Ha Puc. 142, cMecTUTCSl B CTOPOHY OMYILEHHOTO
MOJIYKpbLIa M, JEHCTBYsl Ha IUiede d OTHOCHUTENBHO LIEHTPA TSXKECTH, CO3/IaCT BOCCTAHABIMBAIOIIUNA MOMEHT
(M3socr), KOTOPBIH TIOCTE TpEKpalieHus IEHCTBUS BHEIIHMX CHJI MPEKPATHT CBoe naelcTBhe. Takum oOpasom,
MorepeyHasl yCTOWYMBOCTh OOECIEeUMBAETCsl CaMUM KpBUJIOM, HO HE 3a CUeT TOJIbKO KpeHa, a W 3a CYeT
BO3ZHUKAIOIIETO MIPH 3TOM CKOJIBKEHHUS.

BennunHa BOCCTaHABIMBAIOIIEIO MOMEHTA, CTENIEHb CTATUYECKOM MONEPEYHON YCTOMUMBOCTH 3aBUCIT OT
IUIOIIAAM KpbUIa, yIjia IOIEPeYyHOro V, CTPENOBHIHOCTH, YIJIMHEHUS KpbUIa, OT IUIOMIAAH BEPTHKAIHLHOTO
OTIEpEHUS U T. 1.

M gocer

Puc. 143 . Bauanue yena nonepeunozo V na nonepeunyro ycmouuugocms camoiema

PaccmoTpuM BiusHHE YHOMSHYTHIX (PAKTOPOB HA MOMEPEYHYIO YCTOHYNBOCTH CaMOJIETa.

[Tnomage KpbUla CHIIBHO BIHSIET HAa BEIWYHHY NeMII(QHUPYOMIEr0o MOMEHTA. [Ipu MOCTOSIHHOM CKOPOCTH H
BBICOTE IOJIETA B JHANA30HE JICTHBIX YIJIOB aTaKH BEIMYHMHA IPHUPOCTA MOABEMHON CHIIBI AY 3aBHCHT TOJIBKO OT
A0, ¥ miomany kpeuia S.

Hemndupyromuil MOMEHT Mxpemnd BO3SHMKAeT NPU HAIMYMM BpAlIEHHs caMoleTa BOKpyr ocu X, B

PE3YJbTATEC 4YCTO MOABJACTCA PA3HOCTHL B YIJIaX aTaKU IMOJYKPBUILCB. OT BeNIMYMHBLI ITOHU Pa3HOCTHU 3aBUCUT
N3MEHCHUC B MIOJABEMHLBIX CHUJIAaX IMPAaBoro 1 JICBOIo MOJYKPbUILECB.
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U3 dopmynbl cieayer, 4TO MPU MPOYUX PABHBIX YCIOBHSX BEIMYMHA M3MEHEHHs MOABEMHOW CHIIBI Ha

KpBLJIE, a, CIEI0BATENbHO, H Mxpnemng OYJET 3aBUCETh OT miomaau Kpeiia S. Yem Oonblue IUIOMaAb Kpblia, TeM
TPYAHEE CaMOJICT BBIXOJUT M3 COCTOSIHHS PaBHOBECHUS, U Ha00OpOT, €CIIM CaMOJIET MMEET TIyOOKOe HapyIICHHE
paBHOBeCHS, TO JeMITQUPYIOIMHA MOMEHT OYAET CACPKUBATH OBICTPOE BO3BPALICHUE K HCXOJHOMY TOJI0KCHUIO.

Yeon nonepeunozo V kpvina umveer Gonblioe 3HaYeHHE ISl TIONEPEYHOM yCTOMYMBOCTH camosera. Kak
BU/IHO Ha Puc. 143, npu cKoyib)XeHUH Kpblla, UMEIOLIEr0 YroJl MONepeyHoro V, MoIyKpbUlbsi 00TeKalTcs OOKOBBIM
MOTOKOM BO3/yXa IOJ{ Pa3IHMYHBIMU YIJIAMH aTakd. Y OIYIICHHOrO MOJYKPbUIA YroJl aTaku OOJbIle, YeM Y
HNOJHATOT0, COOTBETCTBEHHO IMPOU30MIET yBEIMYEHUE MOJBEMHOM CHIIBI Ha OIYIIEHHOM M YMEHBIICHUE Ha
HOJHATOM MOIyKPBUIbSX.

C YBEIIMYCHUEM YTJIa IOIEPEIHOTO \% pasHuOa B yTjlaX aTaku MW IOABEMHBIX CHJIaX OIYIIEHHOTO H
MPUIIOAHATOTO  KPBUJIBEB  TaKKE€  YBCIIUYUTCA. BcnenctBue  atoro 6y)1€T HUMCETb MECTO  YBCJIMYCHHC
BOCCTaHABJIMBAIOICIO MOMCHTA.

Takum 0Opa3om, yem OOJIBIIE Yroji MOMEPEYHOro V KphUIa, TEM JIydllle MOMEpevHasl YCTOHYMBOCTh
camoinieta. Y COBPEMEHHBIX CaMOJIETOB C MNPSMBIMH W TPaNelUEBHIHBIMUA KpPbUIbSIMH YTOJ IONEpe4Horo V
HaxoauTcs B mpeaenax ot 0 go +7°.

Cmpenosuonocms Kpblia YBEIMYMBACT IONCPEUYHYID YCTOWYMBOCTH camoiera. UYeMm Ooiblne yroi
CTPEIOBUIHOCTH, TEM JIydYlle IIOTepedHasl YCTOWYHBOCTh. JTO OOBSICHIETCS HEOAMHAKOBBIM XapaKTepOM
00TeKaHHs CTPEIIOBUIHBIX MONYKPBUILEB MPH HAPYIICHUU ITONIEPEYHOTO paBHOBecHs Ecim HapymieHo morepedHoe
paBHOBECHE, TO CAMOJIET COBEPILIAET MOJIET CO CKOJbXEeHUEM. [Ipy Hamuyuu npsMon CTPEIOBUIHOCTH BEIMYMHA
MOABEMHOM CHJIBI 3aBUCUT HE OT CKOPOCTM IIOTOKa J00, a OT ee COCTaB/SIouMX V|, HalpaBJIEHHBIX
MEPICHANKYJIIPHO TepeaHuM KpoMkam. Tak kak 3¢ (deKkTHBHAas CKOPOCTh V| y KpbLia, BBIIBUHYTOrO BIIEpE],
0oJIbIIIe, 8 OTCTAIOIIETO MEHBIIIE, TO U TOABEMHBIC CHJIBI IIOYKPBUILEB TAKKe OyIyT HEOHMHAKOBBI.

Bcnencreue 3Toro nosiBIseTCs JOMOTHUTEIBHBIN BOCCTAHABIUBAIONINNA MOMEHT 3a CUET CTPEIOBUIAHOCTH.
Takum o00pazoM, mpsiMas CTPENOBHIHOCTh KpbUIA CHOCOOCTBYET IIOBBIIIEHHWIO IIONEPEYHOH yCTOWYHMBOCTH
camoiiera. OZHAKO y CaMOJIETOB C KPBIJIOM IPAMON CTPEIOBUIHOCTHU INONEPEYHasl yCTOWYNBOCTb MOXKET BO3PACTH
HACTOJIBKO, 4YTO CTAaHET H3JIMIIHEH. A 95TO YXYALIUT YIPaBISEMOCTb M MOXET BBI3BATh TaK HAa3bIBAEMYIO
KoJie0aTeNbHY0 HEYyCTOHYMBOCTE. [10 3TO# MpHUYKHE y CaMOJIETOB CO CTPEIOBHIHBIM KPBUIOM yroJj MONepevHoro V
JIeNIafoT, Kak IMPaBUIIO, OTPHLATEIBHBIM (10 -5°) DTHM yXyIIIaOT IMONEPEYHYI0 YCTOWYMBOCTB, C TE€M, YTOOBI
JOOWTBCS TPUEMJIEMBIX 3HAUEHHMH YNPABJIIEMOCTH M HCKIIIOUUTH HEXKellaTelbHble IOOOYHbIC SIBICHHS B BHIE
KoJie0aTenbHON HEYyCTOHYMBOCTH.

Yonunenue kpvina. Uem Oosnblie ymivMHEHHE KpbUia, TeM Ha OojblieM Iwieue OyneT JeiCTBOBAThH
MOJbEMHAsT CHJIAa YKp, CMECTUBIIASACS B HANpPaBICHUM OIMYCKAIOIIErocs Kpbula, M TEeM OoJjbline Oyaer
BOCCTaHABIIMBAIOIINN MOMECHT, a, CJICOBATEIHHO, JIyUIlle TIONEPEYHas YCTOWYHBOCTE CaMOJIETa.

Ha momnepeunyio ycToiUMBOCTD OKA3hIBAIOT BIMSHUE OOKOBBIE IIOBEPXHOCTH (DI03EILKA, BEPTUKAIBHOIO
olepeHHs, MOTOTOH0. Eciy eHTp NaBneHns 3TUX MOBEPXHOCTEH OKa)KeTCs BBILIE LIEHTPA TSKECTH CaMOJIeTa, TO
MOMEHTBI 23POIMHAMUYUECKHUX CHUII, ISHCTBYIOMINX Ha OOKOBBIE IOBEPXHOCTH (DIO3EIsiKa, BEPTUKAILHOTO OIIEPEHUs,
U MOTOTOHJOJ, OyAyT CTPEMHUTHCS BOCCTAaHOBHUTH HApYyIIEHHOE paBHOBECHE. JTO MOJOXHUTENbHO OTpa3sHTCi Ha
MOTEPEYHOl yCTOWYNBOCTH, OCOOEHHO Yy CaMOJIETOB C HW)KHUM U CPEIHUM PACIHOJIOKEHHUEM KPbUIa, U B MEHBILEH
CTENEHHU Y CaMOJIETOB C BEPXHUM PaCIIOJIOKEHUEM.
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MONEPEYHAS] YCTOMYNBOCTD HA BOJIBIINX YIJIAX ATAKH

Puc. 144 H3menenue korgppuuyuenma Cy npu napywienuu nonepeino20 pagHoBecus Ha paziudHolx y2iax
amaxu

C yBenuyeHHeM yrjla arakd IONEepevHas YCTOWYMBOCTh YXYIIIAETCs M Ha YIJax arakH, ONM3KHX K
KPUTHYECKOMY, MOXKET HACTOJBKO yXYAIIMTBCS, YTO CaMOJIET TEpsSeT CIIOCOOHOCTh CaMOCTOSTEIBHO
BOCCTaHABIMBAaTh HapylleHHoe paBHOBecue. Kak BunHO Ha Puc. 144, npu oaMHAKOBOM M3MEHEHHM YTIIOB aTaku y

TIOTHUMAIOMIETOCS M OITyCKAIONIETOCs MOJTYKPHUILEB BEIMUMHA M3MeHeHHs noabeMuon cwisl AY s pasimidHbix
UCXOJHBIX PE&KUMOB II0JIeTa HEOAMHAKOBa. ECiIM camolner jieTen Ha CpaBHUTENbHO HEOONBIINX YIJIaX aTaku (Ha
0OJIBIIION CKOPOCTH), TO M3MEHEHHE MOIbEMHOI CHIIBI Y 000MX KPBUIBEB IPUMEPHO OJMHAKOBO. [Ipu mosere ke Ha
OKOJIOKPUTHYECKUX YIJIax aTakH IMOJbEMHasi CHJIa OITyCKAIOIIErocss Kpblla MOXET OBbITh AK€ MEHbILE NCXOTHOM.

DTO0 MPOU3OUIET, €CIM CYMMApPHBIA YroJl aTaku OyJeT OOJbIe KPUTUIECKOTO, T.C. (AaHCX + AO() > aKPHT'. B

pe3yabTaTe ,HeMH(bI/IpyIOHII/Iﬁ MOMCHT 6yH€T O4YCHb MaJl U CaMOJICT 6y,HGT HWHTCHCUBHO HAKPCHATHCA.

[Tomumo ymeHbIIEHUS AeMIIUPYIOMIET0 MOMEHTA IPHU IOJIETe Ha OKOJIOKPUTHYECKUX YIilaX aTakd MpH
HaKPEHEHHH MOSBISETCS CPHIB IIOTOKA Ha OIYCKAIOMIEMCs KPbLIE, YTO MOXKET IIPUBECTH K CBAJMBAHUIO CaMOJIeTa Ha
KpbUTO. Y OOJBIIMHCTBA KPbUILEBBIX Mpoduiell 30Ha Havaa CpblBa pacHoyaraercs y 3aJHeidl KpOMKH KpbUla U C
YBEJIMYCHUEM YTJIa aTaky ObICTPO IepeMelaeTcsl BIIEpe/] [0 XOpAe U BIOJIb 110 pa3Maxy.

VY CTpenoBUAHBIX KpPBUIEB CPBIB MOTOKA HAYMHACTCS paHbIle, 4YeM Y HECTPEJIOBHIHOIO U
COCPEOTOYMBACTCS HA KOHIAX Kpbuta. [103TOMy CTpenoBHAHOCT KpbUIa yXyIIAaeT MONEePeYHyI0 YCTOMYUBOCTD Ha
0OJBIINX yTIIaX aTakH.

Juist ynmydineHus: nonepeyHoil yCTOHYMBOCTH Ha OOJNBLIMX YIJIaX aTakW MPUMEHSIOTCS a3poAnHaMUYecKast
Y TEOMETPUYECKask KPYTKH KPbLIa, KOHIEBBIE MIPEIKPBUIKH, a3POANHAMUYECKHE IPeOHH.

Aspoounamuueckas kpymka. Y adpoIMHaMUUYECKU 3aKpYUYEHHBIX KPBUIbEB HA KOHLAX NPUMEHSIOT OoJee
Hecymue npodmmm ¢ 6onpmuM 3Ha4eHHEM Cyyake. biaromaps 3ToMy KOHIIEBOW CpPBIB Ha OONBIIMX YIJIaX aTakd
HACTYIAaeT MO3Ke.

T'eomempuueckas Kpymka Kpalia BBHIIOIHIETCS TAKUM 00pa3oM, YTO yCTAaHOBOYHBIE YIJIbl yMEHBIIAIOTCS
M0 Mepe NPUOMKEHUs] K KOHLAM KpbUla. DTUM JIOCTHUTaeTCsl TO, YTO IIPU TEX XK€ YIJax aTak, MPH KOTOPHIX y
HE3aKpy4YEeHHOro Kpblla BO3HUKAeT KOHLIEBOW CPBIB IOTOKA, Y 3aKPyYEHHOTO KpblIa OH HE BO3HHKAET.

Konuyessle npedkpuiiku yBenMUMBalOT KPUTHYECKUH Yrojl aTaku KpbUIa, YJIy4IIAIOT KapTHHY OOTeKaHUs
KOHILIEBOM YacTH KpbLIa, TEM CaMbIM YJIYYLIAIOT MONEPEYHYI0 YCTOHYMBOCTD Ha OOJIBIINX yriax araku. [[pumeHstor
UX, KaK IPaBUIIO, Ha HECKOPOCTHBIX CaMoJIeTax.

Aspoounamuueckue zpednu NPENATCTBYIOT IEPETEKAHMIO BO3AYIIHOTO IIOTOKA OT (hI03eIsKa K KOHIIEBBIM

CEUEHMSIM KpPBLIa, 3aTATHBAs TEM CaMBIM HAa4ajio pa3BUTHs KOHIEBOTO CpbiBa. ClieOBaTENBHO, a3POIHNHAMUIECCKHE
rpeOHH CIIOCOOCTBYIOT YJIYYILICHUIO MONEPEYHON YCTOMYMBOCTH CaMOJIeTa Ha OOJIBIIUX YIJIax aTaKH.

MHNONEPEYHASA YIIPABJISIEMOCTb CAMOJIETA

CrniocoOGHOCTh camoleTa MOBOPAYMBATHCSI BOKPYI CBOEH INPOAOIBHOM OCH NPH OTKIOHEHHH 3JIEPOHOB
Ha3bleaemcsa nonepeyHoll ynpaeiaemocnoio.
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N\KPCHHU(HW

Puc. 145 Hakpenenue camonema npu Omri10HeHUU INEPOHOB

[IpuHIMD AEUCTBHS >JIEPOHOB aHANOTHYEH NMPUHIMITY ACHCTBHS pyiieil. OcoOeHHOCTh pabOTHI AIIEPOHOB
COCTOHMT B TOM, YTO NPH OTKIOHEHHM PYYKH YIPABICHUS B CTOPOHY CaMOJIET MOXET OEcCIpephbIBHO BPAIIATHCS
BOKPYT' IPOJOJNBHON OCH, TaK KaK BO3HUKAIOIIUHA NPH 3TOM AEMI(UPYIOIINA MOMEHT OKa3blBaeT BIIMSHHE Ha
YIJIOBYIO CKOPOCTh BPAIIEHUs, HO HE B COCTOSIHUM YPaBHOBECHTh CaMOJIET Ha ONPEEICHHOM YITIe KPEHa.

Jis Toro 94To0Bl HAKPEHHUTH CaMOJIET BIICBO, JETYMK OTKIOHSACT PYYKY BJIEBO. [Ipu 3TOM JIEBEHIH 3JEpOH
MOJIHUMETCSI BBEPX, @ MPABBIN OMYCTUTCS BHU3. [IpU OTKIIOHEHHH 3JIEPOHOB M3MEHSETCSl KPUBU3HA MPOQIIIS KpbLia
Ha YYacTKe PACIOJIOKEHUs 3JIEPOHA, BCICACTBHE YEro M3MEHUTCS M JCHCTBHUTEIBHBIA Yrojl aTakd 3TOH 4YacTh
kpeuta (Puc. 145).

v NOJyKpblJIa € ONYHICHHBIM JJICPOHOM YIOJI aTakKu YBCJIIUMYUTCHA, CJICAOBATCIIBHO, YBCIWYUTCA U
KO3(1)(1)I/IIII/IGHT HOHLCMHOﬁ CHJIBI Cy Ha KpbUIC C MMOAHATHIM 3JICPOHOM, HaO60pOT, YMCHBUIUTCA U YI'OJl aTakKu, U
KO3(1)(1)I/IIII/IGHT HO,H’LGMHOﬁ cuiel. B peE3yabTaTe 6yH€M HUMCTb pa3HbIC NOABEMHBIC CUJIbI MOJYKPBUILEB, KOTOPBIC

CO3JaMyT KPEHAIMH MOMEHT Mxkpen OTHOCHTEIBHO MPOIONBHOM OCH, MOJ JCHCTBUEM KOTOPOTO CaMONET OynaeT
BpallaThCA B CTOPOHY OTKJIOHEHHOMN PYYKH.
I[Ipn momere Ha ManpIX yriaax atakd (C OONBIIMMH CKOPOCTSAMH) OTKIOHEHHE OSJICPOHOB, H3MEHSA

MOJBEMHYIO CUITY TTOJYKPBUIbEB, KOG PHUIUEeHT 1000Boro conpoTuBieHus: CX yBelTHUUBAET 04eHb Masio. [loaTtomy
OTKJIOHEHUE 3JIEPOHOB MPAKTUIECKU HE BBI3BIBAET pa3BopoTa camodieta (Puc. 146).

Puc. 146. Bosnuknogenue Kpena u pazeopom camoiema npu OMKIOHEHUU I/1EPOHO8 HA MAIbIX CKOPOCMAX
nonema

Ilo Mepe yBenuueHus yria arakd IIONEpPEYHas YNPaBIIEMOCTh CaMOJETa yXyANIAeTCS W IIpH
OIIPEJICTICHHBIX YCIOBUSIX MOXKET HACTYIHTH IOJHAsl €€ MOoTeps. YXyALIEHHE yNpaBisIeMOCTH Ha OOJIBIINX yIiax
aTakd (Manble CKOPOCTH TMOJ€Ta) OOBACHIETCS CPAaBHUTENBHO MalbIM WM3MEHEHHEM MOJbEMHOW CHIIBI Ha
TIOJTyKPBUIbAX, BCJIEICTBHE Y€r0 KPEHAMMHA MOMEHT (Myyper) HEBENMK M CAMOJET OylET MENJIEHHO KPEHHTHCA B
CTOPOHY OTKJIOHEHHOH pyuku. Kpome Toro, Ha OONBHIMX yriiaXx aTakd CONPOTHBICHHE y KPbUIAa C OMYIIEHHBIM

3JIEpPOHOM (AQaﬂlngﬂ.) 3a CUeT MHIYKTHBHOTO COINPOTHBICHHUS 3HAYUTEIHHO OOJBINE, YeM Y KPBUIA C MOTHATHIM

3JIEPOHOM (AQ3 1.1107.) BCIEICTBHE 3TOT0 BO3HUKAET Pa3BOPaYMBAIOMINK MOMEHT (Mypgss) B CTOPOHY IONYKpHLIA C
OHle,eHH]:-IM 3J'Iep0HOM.

B paneHeimem 3a c4eT pa3BOpoOTa CaMOJET HAYMHAET CKOJB3UTh HA MOIYKPBUIO C IMOJHATBIM 3IEPOHOM.
Benencreue 3TOro BO3HMKAIOT JOTOJIHUTEIBHBIE CHIIBI, KOTOPBIE CO3IAIOT MOMEHT, HAIpPaBICHHBIA B CTOPOHY,
MPOTHBOIOIOXKHYI0 OCHOBHOMY KPEHAIEMY MOMEHTY, YXyAIlas TE€M CaMbIM IIOINEPEYHYI0 YNpPaBIsgeMOCTb. B
Clly4ae PaBeHCTBA MOMEHTOB, CO3JaHHBIX OTKJIOHEHHEM DJIEPOHOB U CKOJBKEHHEM CAMOJIETA, HACTYIAET MOTEPS
ynpasisieMocTH. Eciii MOMEHT, BbI3BaHHBIN CKOJILKEHUEM, OKXKETCsl OOJIbIIIE OCHOBHOTO KPEHSIIEr0 MOMEHTA, TO
9TO NpUBENET K OOpaTHOW YyNpaBis€MOCTH: NPH OTKIOHEHWH DPYYKH YIIPaBIEHHS B OJHY CTOPOHY CaMOJIET
KPEHUTCSl U pa3BOPayMBACTCS B IIPOTHBOIIOJIOXKHYIO CTOPOHY. [0 Mepe npuOIMmKeHUsI K KPUTHYECKOMY YIIIy aTaku
nornepeyHas yrnpassieMOCTh €lle OOJIbIIe yXyALIaeTcs. DTO OOBSCHSAETCS TeM, YTO MOJYKPHUIO C OIMYIIEHHBIM
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DJICPOHOM IIOTIagacT B 00J1acTh 3aKpUTHYCCKUX YTJIOB aTaK U BMECTO OXKXKHIAAEMOI'0 YBEINYCHUA MMOTEMHOM CHJIBI
Ha 5TOM IIOJTYKPBUIE IIPOUCXOANUT €€ YMEHBIICHUE.

Jns ymydiieHuss HONEpevHO yNpaBiIsieMOCTH Ha OOJNBLIMX YIJIaX aTaKW HPUMEHSIETCS] P CPEACTB,
NpeAHa3HAYCHHBIX, C OAHOW CTOPOHBI, A yBedMueHUs 3(P(HEKTHBHOCTH 3IEPOHOB, C APYTOH - U1 YMEHBIICHUS
pasBopoTa.

Augppepenyuanvrnoe omxknonenue 31eponog COCTOUT B TOM, UTO NP OTKIIOHEHUU PYUYKHU OITyCKArOIUICS
9JIEPOH OTKIIOHSIETCS HAa MEHBIIMH YroJ, 4yeM IoAHUMaromuiics. brarogapst TakoMy OTKJIOHEHHIO KOA(QUIEeHT
MOJTbEMHOW CHIIBI KpPbIJIa C OIYIIEHHBIM 3JIEPOHOM BO3pACTAET Ha MEHBIIYIO BEIMYHMHY, YEM y IPOCTHIX JIEPOHOB.
[ToaTOMYy MHIYKTHBHOE CONPOTHBIICHUE ITOMYKpPhUIA C OMYLICHHBIM 3JIEPOHOM BO3pPACTET MEHBIIE, CIIEI0BATENBHO,
MeHbIIe OyJeT U pa3BOpayMBaIOIIUi MOMEHT.

Ha xpbiie ¢ MOJHATHIM 3JIEPOHOM YBENWYMBAETCS NPO(UIBHOE CONPOTHBIICHUE, TaK KaK 4acTh 3JepoHa
BBIXO/IMT 3a IPeJIeJIbl HOIPAaHUYHOTO CJI0s1, HapyIIaeT 0e30TPhHIBHOE 00TEKaHHE.

Takum o0pa3zom, 371epoHBI ¢ AuddepeHIHATEHNIM OTKIOHEHHEM YBEIHYUBAIOT KPEHSAIIMA MOMEHT B
CTOPOHY KpbLJIa C TIOHATHIM 3JIEPOHOM U YMEHBINAIOT Pa3BOPAYMBAIONINI MOMEHT B CTOPOHY KPbLa C OMYyIIEHHBIM
3JIEPOHOM.

Y COBpPEMEHHBIX CaMOJIETOB JIEPOHBI ¢ M (epeHIInaIbHBIM OTKIOHEHHEM MOTYT OTKJIOHSTHCS BBEPX JI0
30°, Bau3 Ha - 14-16°.

A3poounamuueckue 2pe6Hu HA CaMOJIETaX CO CTPEIOBUIHBIMU KPBUIBSMH TPEISATCTBYIOT IEPETEKAHUIO
MOTPAaHUYHOTO CIIOSI K KOHIIAaM KpbLIa, TEM CaMBbIM IPEAOTBPAIIAlOT paHHEE Pa3BUTHE CPhIBA OTOKA Ha KOHIIEBBIX
YacTsIX KpbLIa U YBEIUYUBAIOT 3((PEKTUBHOCTD ACHCTBUS SIIEPOHOB.

OCOBEHHOCTH MOMEPEYHOM YCTOMYUBOCTH U YIIPABJSIEMOCTH HA
BOJIBIIUX CKOPOCTX ITOJIETA

[lpn nOCTMXKEHMHM COBPEMEHHBIMHM CcaMojeTaMd OOJBLIMX CKOPOCTEH IojeTa MOSBUIIUCH paHee
HEHM3BECTHBIC SIBJICHUS, YCIIOXKHSIOUIME IIJIOTHPOBAHHE CaMOJIETa: «BAJIEKKa», PEBEPC JIIEPOHOB, OOpaTHas
peakuus Ha 1aqy HOT, CHIO)KEHHE 3()(h)eKTUBHOCTH 3JIEPOHOB U pYJIEH.

«Banexyckay o0ycrnoBnuBaeTcss HapyIICHUEM a’POAMHAMHYECKOH CHMMETPHH, MOTOMY YTO HEBO3MOXKHO
HOCTPOUTH CAMOJIET ¢ HACATHHO OJHUHAKOBBIMU (CUMMETPHYHBIMH) 10 )KECTKOCTH, T€OMETPUYECKOH (hopMe paBbIM
1 JICBBIM IOJIY KPbUIbSMHU. Hpe]lHOJ'IO)KI/IM, 4TO B pPE3YJIbTATEC FeOMeTpH‘leCKOﬁ HECUMMETPUU YTOJl aTakKu OJHOIO
MOJYKpblIa OKazajicsi 4YyTh OoJibllle, 4eM Jpyroro. M3-3a OTCYTCTBHS CHMMETPUHM B YIJIaX aTakd IOSBUTCS
erHﬂlIJ,l/Iﬁ MOMCHT, Jid YCTpaHCHHA KOTOPOIo JICTUYMK [IOJDKEH OTKIIOHWUTH J3JIEPOHBI B ITPOTUBOIIOJIOKHYIO
cTopoHy. Ha GonbIInX CKOpOCTSX II0JIeTa, JaXke MPU HEe3HAYMTEIFHON PasHOCTH YIJIOB aTakW, KPEHSIIMH MOMEHT
JOCTHTraeT OOJBLION BEIMYMHBI U JUIS €r0 MapupOBaHUs HYKHO WM OTKJIOHSTBH JIEPOHBI HAa OOJBIION yroi, WK
YMEHBIIATh CKOPOCTh NoJyieTa. Eciy caMoieT uMeeT HeOIMHAKOBYIO JKECTKOCTh IHOJIYKPBUIbEB, TO NPH IOJETe Ha
OonpmIod TPUOOPHOW CKOPOCTH MEHEe JKECTKOe KpbUlo Oyner uMmeTh Oonbmryio nedopmammto. Ecmm 3T0
CTPEJOBHAHOE KpPBUIO, TO AedopManus B BHIE M3rHOa BBI3BIBACT YMEHBIICHHE YIJIOB aTakd, OCOOCHHO OJMkKe K
KoHIy Kpbuia (Puc. 147).

[Ipy pa3nu4HON KECTKOCTH Ha M3TMO M KpyYeHHE YIJIbI aTakd MPaBOro M JIEBOTO IOJYKPBUILEB OyayT
M3MEHATHCS Ha pa3Hble BEJIMYMHBI. JTO B CBOIO OYEpE/Ib MPHUBOJIUT K TOMY, YTO HOABEMHBIE CHIIBI KPBUIbEB OYAYT
HeoanHakoBbl. IIpn GoipmMX HPHUOOPHBIX CKOPOCTSX pasHMIA B TONBEMHBIX CHIIAX CTAHOBUTCS HACTOJIBKO
OOJIBIIION, YTO BBI3BIBAET KPEHEHHE CaMOJIETa B CTOPOHY MEHEE JKECTKOTO Kpbla.

ITonbiTKa 60p0TbC${ C BO3HHUKIIEH «BaJEKKOW» - OTKJIIOHECHHEM QJICPOHOB - OOBIYHO HE TOJBKO HE JacT
IMOJIOKUTCIIBHBIX PE3YyJIbTAaTOB, 4, HaO60pOT, y0y1"y6ﬂﬂ€T ee. Takas pCaknusa caMoJIeTa CBA3aHa C TaK HAa3bIBACMbIM
PEBEPCOM 3JICPOHOB.

Pesepc neponos. Iloj neiicTBreM a3poAMHAMUUYECKUX CUJI KPBUIO B MOJIETE M3TUOAETCS M 3aKPYIHBACTCS.
KpyueHnue kpbiia 00bSICHIETCS TEM, YTO BHELIHSSI HArpy3Ka, IeHCTBYIONIAs 110 JIMHUYM LIEHTPOB JIaBJICHUs KpbLia, He
COBIIQ/IA€T C TaK Ha3bIBaeMoi ochio xkecTkocTu (Puc. 148). JIuHus IeHTPOB JaBleHus, KaKk MPaBUIIO, PACTIONOKEHA
no3aan JIMHUM KECTKOCTU KpblId, IMO3TOMY KPbBUIO 3aKpy4YMBAC€TCA HAa YMCHBUICHHUC YTJIOB aTaKW. N MPsAMBIX
KPBUIBEB 3TO SIBJIICHHE BHIPAKEHO ciadee, 4eM Yy CTPEIOBUIHOTO KpbUIa, Y KOTOPOTO a’dpPOAMHAMHYCCKUE CHIIBI
BBI3BIBAIOT KPYYCHUE U U3THO, IPHUYEM MOCTCIHUA TAaKXKe 3aKPYIHBACT KPBLIO.

OTKIJIOHEHHE QJICPOHOB CMEMIACT LNCHTP AABJICHUA Ha3ad, 4€M CHIC OoJiblie 3aKpYy4IHUBACTCA CTPEIOBHUIHOC
KpbLIO. pr'{eHI/le KpbLIa 3a CYHET OTKJIIOHCHUS 3JIEPOHOB MOXKET JOCTUTHYTH TaKOI'0O U3MCHCHUA (baKTl/IlIeCKI/IX yriioB

aTaku MOJIYKpbLIa, YTO TOAbEMHAs CHJIA, cO3/aBaeMas 3iepoHaMu Ay,y, GyleT MeHblle U3MEHEHHs TOXbEMHON
CHJIBI, BEI3BAHHOTO Kpy4eHHEM Kpbuia B pesynbraTe camoser OyJeT KPEHHUThCS HE B Ty CTOPOHY, KyZJa OTKJIOHEHa
pyuKa ymnpasJeHUs, a B MIPOTUBONOJIOKHY0. HacTymaeT Tak Ha3plBaeMblil peBepc 3JIEPOHOB. PeBepcoM 311epoHOB
Ha3bpIBaeTCsl 00paTHOE MX AECHWCTBHE, HACTYIAIOIIee Ha OOJBIIMX CKOPOCTSX IOJIETa BCIEACTBUE 3aKpyUHBAHUSA
KpBbLIa.



AISPOJIMHAMUKA CAMOJIETA 125
U K &

=3 D T T
L0 e

e 7L AN A
D

Puc. 147 Bnuanue uszubda cmpenosuoHozo Kpolia HA hakmuuecKkue y2ivl amaxku npogunei

MMHUS LEHTPOB MKECTKOCTH AVIHUSL UEHTPOB
/ AABAEHHA
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Puc. 148 Kpyuenue kpoina om éHeuwtHuX HAzpy30K u NPU OMKIAOHEHUU ITIEPOHOE

CkopocTh ToJieTa, Ipy KOTOPOH caMoJIeT TepsieT MONEPEYHYI0 YIPaBIsIeMOCTb, Ha3bIBACTCA CKOPOCHIbIO
pesepca. JInst IpenoTBpaIIeHUs] peBepca 3JIEPOHOB HEOOXOANMO, YTOOBI MakCHMallbHAs CKOPOCTh HojeTa Obuia
MEHBIIIE CKOPOCTH peBepca. [I0HATHO, 4TO UIS yBETHUYSHUSI CKOPOCTH PEBEPCa HEOOXOANMO YBEIHUHUTh KECTKOCTD
KpbUIa HA KPyUYCHHE.

Oobpamnaa peaxyua Ha 0auy HO2K BO3HUKAET y CAMOJIETOB CO CTPEIOBUAHBIMU KPBUIbSIMU IIPH MOJIETE CO
CKOPOCTBIO, MPEBBIIIAOIIEH KPUTHYECKYIO CKOpOCTh Mo uucity M. CyTh 3TOTO SBIE€HUS COCTOUT B TOM, 4TO IpU
OTKJIOHEHHH pYJIsl HAalpaBJCHUS B OAHY CTOPOHY, HAIPHMEpP BIPAaBO, CAMOJIET HAYMHAET KPEHUTHCS BIIEBO. JTO

OOBSACHSETCS TEM, YTO P OTKIOHEHUH PYJIsl BIPaBO (pakTHUECKas CTPEIOBUIHOCTD MOITYKPBIIIbEB U3MEHSETCS (CM.
Puc. 149).
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Puc. 149 H3zmenenue Cy 6 3a6ucumocmu om yucia M. nonema u cmpenoguoHoCmu Kpvlia
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ITpy npeBBIEHHH HEKOTOPOH CKOPOCTH, COOTBETCTBYIOLIEH Mosp, U3MEHEHHE CTPEJIOBUAHOCTH TAKMM
00pa3oM U3MEHSET TOJBEMHYIO CHITy, YTO Y MOJIYKPBUIA C MEHBIICH (DAKTUYECKOH CTPEIOBUIHOCTHIO MOIBEMHAS
CUJIa YMEHbBIIAeTCs, a y MOJYKpbUIa, NEHCTBUTENbHASL CTPETIOBUAHOCTh KOTOPOTO YBEITUUHUBAETCS, IPOU30UIET POCT
MOJBEMHONW CHIBL. B pesympraTe TO MONYKPBUIO, B CTOPOHY KOTOPOTO OBUIa OTKJIOHEHAa TNeNallb, HAaYHET
MIOTHUMATECS, T. € CAMOJIET HAYHET BPAIIaThCS B CTOPOHY, IPOTHBOMIOIOKHYIO OTKIOHSHHUIO TIEIAIIH.

CHudrcenue Igppexkmuenocmu pyneit OSBISETCS NP TOJIETE HA 3aKPUTUUECKUX CKOPOCTSIX MOJIETA.

[Ipu monere Ha JOKPUTHYECKUX CKOPOCTSIX OTKJIOHEHHE pYJisi (2JIepoHa) BbI3BIBAET IepepacipeieieHie
JaBJICHUI 1O BceMy NPOMWII ONEPeHUs] WM KpbUIa, B PE3yJbTaTe 4Yero BO3HUKAET JOIOJHUTEIbHAs
asponunamuyeckas cuna AY .

Ecnu noner coBepiaercss Ha 3aKpUTHUECKUX CKOPOCTSAX, MPHU KOTOPHIX Ha ONEPEHUM BO3ZHUKAIOT CKAYKU
YIDIOTHEHHS, TO 3P (EKTUBHOCT pyJied Pe3KO CHIXKAETCS B Pe3yJsIbTaTe TOTO, YTO IepepacrpeieeHie TaBIeHNi
BIIOJIb XOP/IbI IPOMWIIS TIPH OTKIIOHEHUH PYJIsl paclipoCTPaHsIETCsl BIIEpel TOJILKO J0 CKauyKa YIUIOTHEHHSI.

OObsicHsACTCS 3TO TEM, YTO BO3MYILCHHMS, BBI3BAHHBIE OTKIOHEHHEM DY M PACHPOCTPAHSIOLINECS CO
CKOPOCTBIO 3BYKa, HE MOTYT PacIpOCTPaHUTHCS HAa Ty YacTh ONEPEHHs, I'Jie CKOPOCTh MOTOKa OOJbLIE CKOPOCTH
3ByKa. [103TOMY IpH OTKJIOHEHHHU pYJIst (JIEPOHOB) MPH 3aKPUTHYECKUX Yuciax M rosiera U3MEHSIETCsl XapakTep
00TeKaHMsI TOJIBKO TOW YacTH ONEpEeHHsl, KOTOpasl pacIioyioxkKeHa 1o3aau ckauka ymiorHenus (Puc. 150).
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Puc. 150 Pacnpeoenenue oasnenus 600716 Xopovl HPOGUIA npu OMKIOHEHUU pyieil npu

M <Mpyr u M>Mypy;

Takum 06pa30M, B CO3J1aHNHA HOHOHHHTCHLHOﬁ a3pOHHHaMH‘l€CKOﬁ CHIJIBI, BBI3BAaHHOI OTKJIOHCHHEM pyiA,

IPMHUMAET y4acTHe TOJBKO YacTh IUIOMIAAM ONEPEHHs, B PE3yJbTaTe 4ero BeJIMYMHA MOXbeMHON cuiibl AV o
Takke Oyxer ymeHblieHa. J[ns moBblieHHs S(PQEKTUBHOCTH pyJiell Ha 3aKPUTUYECKUX CKOPOCTSIX MOJeTa
CTa0MJIM3aTOp M KWJIb HaOWpaloTcs U3 Npoduiiedl ¢ MeHbIIeW, 4eM Yy KpbUIa, OTHOCHTENILHOM TOJIIMHON C,

YBEIMYUBAETCS CTPEIOBUIHOCTD Xon xgocroBoro OIEPEHUSI.

[Ipu nosiere Ha CBEPX3BYKOBBIX CKOPOCTSAX A((HEKTUBHOCTD PYJIEH MOYTH IMOJHOCTBI0 BOCCTAHABINBACTCS.
OT0 00BSACHSAETCA TEM, YTO MPH OTKIOHEHHWH PYJIsl, HalIpUMEp, BHU3, HAJ HUM yBEIHYMBACTCA pa3pexeHHe H3-3a
YBEJIMYEHUSI CKOPOCTH MOTOKA, a MOJ HUM CKOPOCTh MOTOKAa YMEHBIIAeTCs M3-3a €r0 TOpMOXKeHus. Bciencrue
9TOr0 Pa3HOCTb JIABJICHUH O PYJIEM U HaJl PyJIeM YBEJIMYMBACTCS, YTO NPUBOAMT K YBEIHMUYCHUIO dPPEKTHUBHOCTH
pyJneil.

Ha coBpeMeHHBIX caMOJIETaX, OCYIUECTBIIIONIMX TIIOJNIETBI CO CBEPX3BYKOBBIMHM CKOPOCTAMH, JUIS
yIy4IIEHUs] yIPaBIsIEMOCTH NPUMEHSIOT yNPABISIEMbIE CTAOMIN3AaTOPbI, Y KOTOPBIX PYJIH BBICOTHI OTCYTCTBYIOT.
CrabunuszaTop mpu 3TOM Yepe3 CHCTEMY THIPOYCHIIHMTENEH CBA3aH HEMOCPEINCTBEHHO C PYYKOH YNpaBJICHHUS B
KaOuHe, ¥ JICTUYUK, YIPaBIIsisi CaMOJIETOM, TaK e Kak ¥ Yepe3 PyJib BBICOTHI, OTTEHSIET PYUKY YIIPaBJICHHUS B HY)KHOM
HarpasieHud. [Ipu B3sTHHM pydkn Ha ceOsi CTaOMIM3aTOpP YMEHBILAET yroj arakH, NpU Aade Py4kd oT ceds -
YBEIMYUBAET.

Jns ynydiieHus HMONEepeyHol ynpaBisieMOCTH Ha OOJBLIMX YIJIaX aTakd HNPUMEHSIOT TaK Ha3blBacMble
MHTEPLENTOPBI, KOTOPbIE MPEACTAaBISIOT COOOH IUIACTUHBI, KHHEMATHYECKH CBA3aHHBIE C JJIEPOHAMH U
pacIoIoKeHHbIE BJOJIb pa3Maxa Kpblia. B 3aBHCHMOCTH OT KOHCTPYKLIMH CaMoJIeTa MHTEPLENTOPbI MOTYT OBITh
pacrosoXeHbl Kak Ha BEepXHEH MOBEPXHOCTH KpbUia, Tak U Ha HikHed (Puc. 151). [Ipu BepxHeM pacroyoxeHUu
UHTEPLENITOPA OH BBIABUIaeTCsl IIPU OTKIOHEHUM DJJI€pOHA BBEpPX. BbIABMKEHME MHTEPLENTOPA BbI3BIBACT
UHTCHCUBHBIA CPBIB IIOTOKA, BCIEACTBHE YEr0 IIPOUCXOAUT PE3KOE CHUXKEHHUE IOABEMHOM cuibl Kpbuia. Ilpu
HUDKHEM PACIIOIOKEHUU UHTEPLENTOP BBIIBUIACTCS B IIOTOK HA TOM KPbLIE, HA KOTOPOM 3JI€POH OTKIIOHAETCS BHU3.
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B sTOM citydae tutacTHHA HHTEPIENITOPa TOPMO3HT MTOTOK, AABJICHHUE IO/ KPHUIOM IOBBIIIAETCS U KPBIIO MOJTydaeT
JIOTIOJIHUTEIIbHBIN MTPUPOCT MOABEMHOM CUIIBI

Puc. 151 Humepuenmopeul Ha Kpblie camoniema. a - epxnHee pacnoiodicenue; 6 - HuxcHee pacnoiodicenue

Kak camocTosTenbHBIH OpraH MONEPEYHOTO YNPaBICHUS HWHTEPUENTOPHl HE MNONYyYWIN MPUMEHEHHS
BCJICZICTBHE 3HAUMTEIBHOIO 3aMa3/blBaHUS B CBOEM JICHCTBHH, IO3TOMY IPHUMEHSIOTCS KaK JONOJHEHHE K
anepoHam. [Ipu HEHTpanbHOM MOJOXKEHHM OJJICPOHOB HHTEPLENTOPHl yOpaHBI 3alMOIMIO € OOIMBKOH U
BBIJJBUTAIOTCS JIUIIb IPH OTKJIOHEHUH 3JIEPOHOB Ha HEKOTOPBIN yroi. JlanbHeiiee yBenUeHNE yIila OTKIOHEHHS
3JIEPOHOB NMPOMCXOANT NPH BBIIBUHYTOM HHTEPIIENITOPE. B pe3ynbrare CHHXpOHM3AMK OTKIOHEHHS HHTEPLENTOpa
¥ 3JIEpPOHA MX JEUCTBHA KaK OPTaHOB yNPABJICHHUSI CYMMHPYIOTCH.

IIYTEBOE PABHOBECHUE CAMOJIETA

Ilymeevim pasnosecuem Ha3bIBACTCA TaKOE COCTOSHHUE CaMOJIETa B MOJIETe, IPH KOTOPOM OH HE M3MEHSET
CBOETO TOJIOKEHHUSI OTHOCUTEIHHO BEPTUKAIEHOU ocH (ocH ).

YcnoBuem IIYTEBOT'O paBHOBECHS ABJIACTCA paBEHCTBO MOMCEHTOB PbICKAHUA.

My ;p = My g (9.16)

Puc. 152 Cxema cun u MOMEHMO8, OCliCMEYIOW{UX HA CamMonem omHuocumenvho ocu Y

U3 Puc. 152 BUIHO, YTO MOMEHTBHI, BpallalOllIUe CaMOJIET BOKPYT OCH Y, CO3/1al0TCS B OCHOBHOM CHUJIaMH
JI000BOTO COTPOTHBIICHUS TONYKPHUIbEB M CHJIAMH TSTH JOBUTaTenell. [ coxpaHeHHsS IMyTEBOTO PAaBHOBECHS
HE00X0IUMO, YTOOBI CYMMa BCEX MOMEHTOB OTHOCHTENEHO OCH Y paBHSUIIACH HYIIO.

Hammune reomeTprudeckoif, a3poIMHAMUYIECKON M BECOBOH CHMMETPHH SBJIIETCS HEOOXOIUMBIM YCIOBHEM
IIyTEBOro paBHOBecus. IIpu HapylleHHH a’3pOJUHAMHUYECKON MM I'E€OMETPUYECKOHM CUMMETPUU CaMOJIeTa CHJIbI
JI000BOTO COIPOTHBIICHHS IPABOTO M JICBOTO IMOJIYKPBUIBEB CTaHYT OTJIMYATBCS IO BEIUYMHE U PABHOBECHE
HapyHuIruTCs. [[J'Iﬂ CaMOJIETOB C HECKOJIbKUMH IABUTATCIAMU, PACIOJIOKCHHBIMHU BAOJIb OCH V4 (Ha KpblUIC€ WJIN B
(hrozenske), HapyIICHHE ITyTEBOTO PABHOBECHS MOXET IMPOUCXOIUTHh H3-32 HEOJWHAKOBOTO pPEXHMa pPadOTHI
nmeurarteneii. OTka3 B paboTe OMHOTO W3 JBHTATENel Pe3K0 HApYIIUT IyTeBOe paBHOBecue. IlyTeBoe paBHOBeCHE
MOJKET OBITh HAPYIICHO TaK)Ke HEPAaBHOMEPHOH BHIPAOOTKOW TOILTHBA M3 KPBUILEBBIX (FIIH ITOJIBECHBIX) TOIUTHBHBIX
0aKoB, YTO TpPHUBEICT K U3MEHEHWIO BEIHMYUHBI CHJI JIOOOBOTO COIPOTHBICHHS IIONYKPHUIEEB. BoccraHOBICHHE
IyTEBOTO PAaBHOBECHS OCYIIECTBIISICTCS IyTeM OTKIOHSHHS PYJIS Ha TPABIICHHUS B COOTBETCTBYIOIIYIO CTOPOHY.
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IIYTEBASI YCTOMYNUBOCTH CAMOJIETA

CrnocobHocTh camosiera 0e3 BMeNIATENbCTBA JICTYMKA BOCCTAHABIMBATH IIEPBOHAYAIBHOE COCTOSHHE
IyTEBOTO PABHOBECHS HAa3bIBAETCS MTyTEBOM yCTOWYNBOCTBIO.

IIpu HapylIeHUH MyTEBOrO PaBHOBECHs CaMOJIET HayHET pa3BOPAuyMBATHCS BOKPYT OCH Y, HapyIIUB TeM
caMbIM CUMMETPHIO oOTeKkaHus. B pe3ynbrare BO3IEHCTBHS BO3AYIIHOTO IOTOKA, HAOErarouero mnoj yrioM p Ha
OOKOBYIO ITOBEPXHOCTH (Pro3eiska M Ha BEPTHKAJIBHOE OINEpeHHE, MOSBATCS OOKOBBIE CHIIBI, KOTOPBIE CO3/aayT
MOMEHT, HallpaBJICHHBII Ha BO3BPALIEHNUE CAMOJIETa B UCXOJHOE TON0KEHUE.

[Tpn Bpamenun camonera Ha OOKOBOW MOBEPXHOCTH (IO3ENsDKA M BEPTHUKAIBHOTO ONEPEHHS BOSHHKHYT
A3pOAMHAMUNYCCKHUE CUJIbI, MPECIATCTBYIONIUE BpAlICHUIO CaMOJI€Ta BOKPYT BepTHKaﬂbHOﬁ OoCH, T. €. BOBHHUKHCT
neMndupyromuii MoMeHT. Kak Tonbko BpaiieHue mnpekpaTurcs (YriioBasi CKOPOCTh CTaHET paBHa HYIIO), TaKk
NPEKpaTHTCS U AeHCTBUE NeMidupyromero MoMenta. OCTaHeTcs ML BOCCTAHABIMBAIOIIMKE MOMEHT. BennunHa
BOCCTAHABIJIMBAIOLIETO MOMEHTA 3aBHCHUT OT psifia (pakTOpoB: IUIOMIAIM BEPTHKAJILHOTO ONEPEHHS, COOTHOLICHHS
JUIMH HOCOBOW M XBOCTOBOH 4YacTH (ro3eiisbKa, IEHTPOBKM CaMoOJIeTa M €ro CTpesIoBUAHOCTH. OCHOBHast 10JIs
BOCCTAHABIIMBAIOLIETO MOMEHTA MIPUXOIUTCS Ha BEpTHKaJIbHOE onepenue. ClienoBaTenbHO, MMyTeBasi yCTOHYUBOCTD
3aBUCHT B OCHOBHOM OT IUIOIIAJM BEPTHKAJIBHOTO OMNEpeHus. biaronmapsi BepTHKaIbHOMY OIEPEHHIO CaMOJIET,
noz00HO (rrorepy, CTPEMHTCS CTaTh MO HOTOKY U TAKUM 00pa3oM caM BOCCTAHABIMBACT HApYyLUIEHHOE PaBHOBECHE.
[TosTOMY MyTEBYI0 YCTONYUBOCTD 4aCTO HA3bIBAIOT (UIOTEPHOM YCTOHYUBOCTHIO.

B pesynbrare HapylIeHHs IMYTEBOTO PaBHOBECHS CaMOJIET OyleT JIETEeTh CO CKOJbKeHHeM. Bo3HHMKHET
OokoBasi 00/yBKa camoJieTa U adpOoJMHAMHUUYECKHE CHJIBI Ha HOCOBOM M XBOCTOBOM 4acTH (prozensbka. MOMEHT OT
a’pOAMHAMHUYECKON CHIIBI HAa HOCOBOM 4YacTh (ro3eispka OyIeT yMEHbIIATh BOCCTAHABIMBAIOLIMN MOMEHT, a Ha
XBOCTOBOH - YBEITMUUBATH.

TakuM 06pa3oM, BeTNYNHA BOCCTAHABIMBAIOIETO0 MOMEHTA MOKET OBITh 3aIMCaHa CIIeAyIOIMM 00pa3oM:
Mysocer =Pro 1o+ Pxsgo 6= Proco "4-9.18)

Bonpinast pnauHa HOCOBOM wacTé  (ro3elisika COBPEMEHHBIX CaMOJISTOB yXYALIAeT WX IyTEBYIO
YCTOHUUBOCTB, IO3TOMY BEPTHKAJIBLHOE ONEPEHUE TAKUX CAMOJIETOB UMEET YBEJIUUEHHBIE PA3MEPHI.

Vb A T
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Puc. 153 Boccmanogenenue nymeeozo pagnogecus
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Puc. 155 Ilpunyun nymeeoii ynpasiaemocmu camojiema

YBenuueHne JUIMHBI XBOCTOBOM HacTH (ro3erspKa yiydIlaeT MyTeBYIO YCTOHUMBOCTB, TaK KaK IIPHU 3TOM
YBEJIMYMBAETCS BOCCTAHABIMBAIOIIMA MOMEHT 33 CHET YBEIMICHUS OOKOBOM CHIBI Pyp ¢ M IIeda BEPTUKAIBHOTO
onepeHusl. lg, YBEIUUSHHE CTPEJIOBUAHOCTH BEPTHKAJIBHOIO OIEPEHHsI CMEIIAeT IIEHTP €ro AaBJeHHs Haza,
YBEIMYHMBAsI TEM CaMBIM ILIEYO /4

Lentp TspkecTn camoiera SIBISETCS LIEHTPOM BpalleHHs camoiera. CMeIleHHe ero BIepen WM Ha3aj
YBEIMUYMBACT WM YMEHBIIAET IUICUO, BIHSA TaKUM 00Opa3oM Ha MyTEBYK yCTOWYMBOCTh. CMeEIIEHHE LIEHTPOBKU
BIIEPE PABHOCHILHO YBEJIMYECHHIO AIIMHBI XBOCTOBOM 4acTu (hrozersika.

CTpeToBHIHOCTh KPBUIA OKa3bIBAET MOJOXKUTEIBHOE BIMSIHUE HA IMyTEBYIO YCTOMYMBOCTH CaMOJIETa - YEM
OHa OoJIbIIIe, TEM JIydIle IyTeBasi yCTOMIMBOCTb.

Ha Puc. 154 BuIHO, 4TO NPH CKOJILXKEHHH CTPEIOBHIHOTO Kpblla XapakTep OOTEKaHUsl ero IOJIyKPbUILEB
Oyner pazinnuabiM. Ha BeIHECEHHOM Briepes (JI€BOM) MOIYyKpbUIe JIOOOBOE CONPOTHBIICHUE CTAHET OOJIbIIE, YeM Ha
JPYTOM, TaK KaK Yy JIEBOTO KpblIa (PaKTHUECKHH yroj CTPEIOBUIHOCTH YMEHbBIIAETCS, a Y IPaBOTr0 YBEINYNBACTCS;
BCJIC/ICTBHE 3TOr0 JIO0OOBOE CONPOTHMBIEHHE JIEBOTO IMOJYKpbUIa YBEIMYHBAETCS, a IPaBOrO0 yMEHbIIAETCs
(Q>Qmp)- LlerTp maBneHHs MPaBOTO TMONYKpPHUIA MPUONMKAETCS K TPACKTOPHUU IBIDKEHHUS IEHTpa TSDKECTH, a
JIEBOTO yJaJseTcsi OT Hee, YTO U3MEHSET MOMEHTHI OT CHII JIOOOBOTO CONPOTHBIICHHS MOJTYKPBUILEB OTHOCHUTEIIBHO
LEHTPa THKECTH.

B Ppe3yJIbTaTC BO3ZHUKACT BOCCTaHaBJ’II/IBa}OHII/If/'I MOMCHT KpblJia

My pocer = Qg - a—OQpp - b (9.19)

C yBeIMYEHUEM CTPENIOBUIHOCTH BOCCTAHABIMBAIOIIMII MOMEHT Kpblia BO3pacTeT, IOATOMY ITyTeBas
YCTOWYIHBOCThH CAMOJIETA YITyqIIHTCS.

IIYTEBASA YIIPABJISAEMOCTB CAMOJIETA

CnocodHOCTH caMoJIeTa H3MEHSITh CBOE IOJI0KEHHE B M0JIeTe 0OTHOCHTEIbHO BepTHKaJILHOﬁ OCH npu
OTKJIOHCHHUH JIETYUKOM PYJsl HANPABJECHUA HA3bIBACTCH l'lyTeBOﬁ yYnpaBJjisieMOCTbIO.

[Ipy OTKIOHEHMM IETUYMKOM PyIis HANPABIEHHSA HA Yrojl O BO3HMKAET a’POAMHAMUYECKAS CHJIA AZ BO |
MOMEHT KOTOPOIH OTHOCHTENIEHO IIEHTPa TSDKECTH OyAeT MOBOPAYMBATh CAMOJIET OTHOCHTENBHO BEPTUKAIBHON OCH
Y. B mepBriii mepnon mox ACWCTBHEM CHIIBI HMHEPIMH CaMoJIeT OydeT MpOJOJDKATh JBWKCHHE B IPEKHEM
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HAIpaBJIEHUU, B Pe3yJbTaTe YEro €ro MpojojibHas OCh COCTABMT C HAIPABJIEHHEM BMXeHus yroi [3 - yron
ckonbxenus (Puc. 155, a).

Myyo =AMLy, 1y, (9.20)

C MoMeHTa 00pa3oBaHMs yIla CKOJBXKEHHS INPOUCXOMUT Kocas 0oOayBKa caMojeTa, BCIEACTBHE Yero Ha
OOKOBYIO ITIOBEpXHOCTH €ro OynmeT JneicTBoBaTh aspoauHamuyeckast cuia (Puc. 155, 6). Touxa npuioxeHHs
paBHOJEHCTBYIOIIEH 3THX cl Zg (IE€HTE JaBIECHUS) HAXOAUTCSA, KaK MPAaBUIIO, 10331 LIEHTPa TSHKECTH CaMoJIeTa,
II03TOMY MOMEHT, CO3/JaBAEMbI 3TOW CHUJIOW, MNPENATCTBYET IOBOPOTY camoisiera BOKpyr ocu Y. Ilo mepe

YBEJTMUEHHUs yIIia CKOJIbKeHus [3 3Ta cuna Gy/eT BO3pacTaTh 10 TeX MOp, OKa He yPaBHOBECHT Pa3BOPAuMBAIONIHii
MOMEHT, BO3ZHHMKIIMH B pe3yJbTaTe OTKIOHEHHS DPYyJsi HANpPaBICHHUA. YTOJI CKOJBXECHHUS NPH 3TOM IOCTUTHET
HEKOTOPOH BEIMYMHBI, COOTBETCTBYIOLIEH JAHHOMY OTKJIOHEHHIO Py HampasieHus. V3 3Toro ciemyer, 4to pyib
HANpaBJICHUS] CaMOJIETa CIYXKHT JUIl M3MEHEHUs YIJla CKOJBKCHUS, NMPHUYEM KaKAOMY YTIIy OTKIOHEHMS Py
HarnpasieHus 6 OyeT COOTBETCTBOBAThH BIIOJIHE ONPEAEICHHBIN Yroi CKOJIbXKeHus P.

Paznocts Mexay OOKOBOH a’pOIMHAMMHYECKOH CHIIOH (Zgp), 00pa3oBaBUICHCA HPHM CKOJNBKECHHM, H
a’pOAMHAMUYECKOW CHIJIOH BepTHKaIbHOTO onepeHus (Zgo), 00pa3oBaBLICHCs B pe3ysbTare OTKIOHEHHS PYJIs

HATIPABJICHUS, CO3MA€T HEYPABHOBEIICHHYIO CUIy (Zy - Zpo), IPUIOKEHHYIO B IEHTPE THKECTH camoneTa. JTa
CHIIa SIBIIICTCS HEYypPAaBHOBEIICHHOW IEHTPOCTPEMHUTEIBHON CHIION, TOJ HEHCTBHEM KOTOpOW camoieT Oyaer
pa3BOpauMBaTHCS B CTOPOHY OTKJIOHEHMS PYJisi, HCKPHBISISI TEM CaMbIM TPAacKTOPHIO IBW)KEHMA. B pesynbrare
CKOJIbKEHHUSI caMoyieT OydeT HMMeTh TEHIACHIHUIO K HAKPEHEHHIO B Ty JK€ CTOPOHY, KyZAa OTKIOHEH pYJb
HAaIpaBJICHUs.

YTIIBI OTKIIOHEHUSI PYJIs HAIIPaBJICHUS Y COBPEMEHHBIX CaMOJIETOB B cpeHeM cocTaBisroT 20 - 25°.

BOKOBASl YCTOMYUBOCTD U YIIPABJISIEMOCTH CAMOJIETA

Panee ObUTO YCTaHOBJICHO, YTO MPU HAPYIICHHH IONEPEYHOTO PABHOBECHUS 3a CYET BO3HUKHOBEHUS
LEHTPOCTPEMUTENBHON CHJIBI TPOUCXOAUT HApYILIEHHE IIyTEBOI'O PABHOBECHS, a MPU HAPYLIEHUU IyTEBOTO
paBHOBeCHSI 3a CYET HCECHMMETPUYHOTO OOTEKaHUS TIONYKPBUIBEB IPOUCXOMUT HAPYIICHHUE TIOMEPEYHOTO
paBHOBecusi. Takoe B3aUMHOE BJIMSHUE MOMEPEUHOr0 U IMyTEBOr0 PABHOBECHS Ha COCTOSIHUE CaMOJIETa HA3bIBAETCS
00K06bIM pagHosecuem.

Ilonepeuynast u nyreBass yCTOMYMBOCTh M30JIMPOBAHHO HE MOIYT CYILLECTBOBAaTb, TAaK KAaK IIPOSIBICHUE
OJIHOTO BHUJA YCTOMUYMBOCTH CKa3bplBacTcd Ha JpyroM. IIooTomMy COBOKYNHOCTb IIONEPEUYHOM M IIyTEBOU
YCTOHUMBOCTHU HA3BIBACTCS OOKOBOIL YCMOUYUECOCHIBIO.

Homyctum, 4TO 1MoJ IeHCTBUEM BHEIIHETO BO3MYIIEHHUS CaMoJIeT Havyajl BPaIlaThCsl BOKPYT OCH Y BIPaBo.
[To Mepe OTKIIOHEHHS OT MEPBOHAYAIBHOTO MOJOKEHHS BO3PACTAET yroyl CKOMbXeHus P. Braromaps ckoJIbxKeHHIO
Ha JICBOM KpBUIC BO3HHKAET JOIOJHUTEIbHAST a9POANHAMUYECKAs CHIIa, CO3/AI0Iasi MOMEHT, KPSHSIIMIT caMoJIeT B
CTOPOHY, OOPaTHYIO CKOJIBKEHHUIO.

IIpn xpeHe camorera HapymaeTcs paBHOBecue Cwibl Beca G M mogbeMHOW cwibl Y. BosHukaer
LEHTPOCTPEMUTENBHAS CUJIa Z, IOJ AEHCTBUEM KOTOPOH CaMOJIET HAUMHAET CKOJIb3UTh HA OIYLIEHHOE I10JIy KPbLIO
U HCKPUBIATb TPACKTOPUIO B CTOPOHY KpeHa. [Ipu CKONBXEHHMM Ha OIyIIEHHOE IOJYKPBUIO BO3HMKAET
BOCCTAHABJIMBAIOIINNA MOMEHT, KOTOPBIN YCTpaHseT KPEeH, @ MOMEHT OT CHJI Zg U Zp o YCTpaHseT ckoybxenue (Puc.
156).

[Ipu xoporelt monepeyHo yCTONINBOCTH KPeH, BOSHUKIIHNA IPH CKOIBKEHUH, OBICTPO CaMOIIPOU3BOIIEHO
yCTpaHseTCsl.
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Puc. 156 Kpenenue camonema npu cKoibiceHuu

st obecniedenust HOpMaJIbHOW OOKOBOM yCTOWYMBOCTH HEOCTATOYHO €IIE TOTO, YTOOBI camosieT o0aaan
TIOTIEPEYHON U MyTEBOW YCTONYMBOCTHIO, a HYXKHO, YTOOBI ITapaMeTphl TOW U JPYTOi HaXOIWIINCH B ONIPEIEICHHOM
cootHomreHnH. [Ipeodraganue oxHOTO BHIa YCTOMYMBOCTH HAJA JPYTHM yXYALIaeT 0OLIyr0 OOKOBYIO yCTOHYHNBOCTD
1 MOKET OBITh IPUIHHON CITUPATBHON I KOJIeOaTebHOW HEYCTOHINBOCTH.

CroipaiibHasi HEYCTOWYMBOCTh BO3HHMKAET B TOM CJydae, KOrJa CaMoOJeT UMEET YPEe3MEPHYIO MyTEeBYIO
yCTOHYMBOCTE U ci1alyro monepeunyto (Puc. 157).

Puc. 157 . Cnupanvhas neycmouuugocmsy camoiema

Bo3Hukmmii KpeH M CKOJIBKEHHE B CTOPOHY KpeHa CaMOJIET YCTpaHSET I0-pa3sHOMY: CKOJBKCHHE
ycTpansercs ObICTPO, a KPEH YaCTHYHO ocTaeTcs. B pe3ynpTaTe camoneT OyAeT mpoaoibKaTh ABIDKEHHE 10 KPUBOA,
BHAYaJe OYEHB IOJIOTOH, TaKk KaK KPEeH emle Mal. Y KPBUIbEB BO3ZHHKAET PA3HOCTh CKOPOCTEH Ha MONyKPBUIBSIX U
pa3HbIe IOABEMHBIE CHIIBI HAa HUX.

B wnTore kxpeH mocTeneHHO pacTeT, MOTOMY 4YTO y BHEIIHEro Kpbla IMOJbEMHAas CHia OoJiblle, a y
BHyTpeHHero MeHbmie. C yBenmueHHeM KpeHa (TpH YCIOBHHM, €CIIM JIETYMK HE BMEIIMBACTCS B YIPaBIICHHUE)
caMoiieT OyIeT MATH CO CHIDKCHHEM, KPEH eIle OOJbIlle YBEINYUTCA U B PE3yJIbTaTe CaMOJIET MOXKET IEpelTH B
KPYTYIO CITUpAb.

KounebaTenpHas HEyCTOMYMBOCTh BOSHUKAET IIPU OYEHb XOPOILUEH IMONEepeyHol ycToWynBoCTH (OOblioe
nonepeyHoe ¥ kpbiaa, OoJblIas CTPENOBUAHOCTb) M C€aboil ImyTeBoil ycroWunmBocTH. B 3TOM ciywae mpu
HETPOM3BOJILHOM CKOJIBXKEHHH B O/IHY CTOPOHY (JIEBYIO, HAIIPHMEP) CaMOJIET MOJ] IEHCTBHEM BOCCTaHABIIMBAIOLIETO
MOMEHTa YHEPTHYHO HAKPEHSETCs BIPABO, YTO BBI3OBET 3aTEM IIPABOE CKOJIBXKEHHE. Y CTPaHss BO3HUKIIMK JIEBBIHA
KpEH, CaMOJIeT M3-3a MOBBIIIEHHON MNONEPEYHON YCTOMUMBOCTH MEpPEHAET PaBHOBECHOE NOJIOKEHUE U BOMIET B
MIPOTHBOMOIOKHEINA (TIpaBhIid) KpeH. B uTore momyynm psix MOBTOPHBIX KOJIEOaHUH C KPbIIa HA KPBLIO.
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Jis yMeHbIIEHHUsT TONEPEeYHOH YCTOHYMBOCTH CaMOJIETaM CO CTPEJIOBHUIHBIM KPBUIOM YBEIHMYHBAIOT
TUTOIIAb BEPTUKAIBHOTO ONEPEHHS U TIPUAAIOT OTPUIATEIBHBIN YTOJI ONEPEeYHOTo V.

Mesxny monepeyHoN U IMMyTEeBOH YIPABIIEMOCTBIO CYIIECTBYET TaKas )K€ CBsI3b, KaK M MEXKIY HONEPEUHBIM
W ITyTEeBBIM PABHOBECHEM: KPEH BBI3BIBACT CKOJBHKCHHE W Pa3BOPOT CaMOJIETa, a CKOJIBKEHHE - KpeH. Pa3BopoT
caMoJieTa TOJIBKO C IIOMOIIBIO pYJsl HANpaBJICHUS WIM TOJBKO OJJICPOHOB MPOUCXOJUT CO CKOJIBKEHHEM.
Ckonp)XeHHe YCKOPSIET CPbIB MOTOKA C KpbLIa, YE€M CHIDKAET OE30MAaCHOCTh MOJIETa U CO3JAET JONOJHUTEIHHOE
COIPOTHUBJIEHHUE, KOTOPOE TpeOyeT yBeInueHus noTpedHo Tsiru. Heo6xoanMo 3allOMHUTB, YTO CAMOJIET CKOJIB3UT B
CTOPOHY OTKJIOHECHHOW PYYKH YIPaBICHUS U B IMPOTHBOINOJIOKHYIO CTOPOHY OTHOCHUTEIBHO OTKJIOHEHHOHW IeJau
(yieBast mesanp - MpaBoe CKoJibkeHue). JIist Toro 4To0bl Pa3BOPOT BBIMOJIHSIICS 0€3 CKOJIbKEHNUS, HEOOXOIUMO PYJIb
HalpaBjeHUs] W D3JEPOHBI OTKIOHHTH B CTOPOHY pa3BOpOTa TakuM 0Opa3oM, YTOOBI CKOJBKEHHE OT KpeHa
YCTPaHsIIOCh CKOJIL)KEHHEM OT PyJisi HanpaBiieHus. Pa3BopoT 0e3 CKOJIbKEHHsI Ha3bIBAETCSI KOOPANHHUPOBAHHBIM.

CTaTUCTUKOU YCTaHOBJIEHO, YTO MJIsI HOPMAJIBHOI'O ITOBEACHHUS CAaMOJIETA B IIOJIETE HYKHO OIPEACIICHHOE
COOTHOIIEHHUE MEXAY KPECHAIINMU U Pa3BOPAYUBAIOIIIMMHA MOMEHTAMU.

JIeTHBIMU HCHBITAaHUSIMU YCTAHOBJICHO, YTO COOTHOIICHUE OTKIIOHEHUA JJIEPOHOB W OTKIIOHCHHUS PYJIIA
HaIrrpasJICHUA U HOPMAJIIBHOT'O ITIOBEACHUA CaMOJIETa B OOKOBOM OTHOILIECHUH JOJIXKHO OBITH

0
53/7 _
0 -
P.II.

0,3-0,5

Takum 00pa3oM, OTKIOHEHHWE D3JIEPOHOB IOKHO OBITE B 2 - 3 pa3a MEHBIIE OTKIOHCHHS pyJs
HalpaBIICHUS.

MTOIIOP CAMOJIETA

HImonopom camonema Ha3bIBaeTCs HEYNPABIIEMOE IBIDKEHHE CaMoOjeTa MO CIUPAIBHOW TPAaeKTOPHUHU
MAaJIOTO pagnyca Ha 3aKpUTHYECKHX YIIaX aTaKH.

B mronop Moxer BOWTH 000K camoJIeT, Kak IO JKEJIAHWIO JIETYMKA, TaK M CaMOIIPOM3BOJIHO IIPH
OmMOKax JIETYNKA B TEXHUKE IMIOTHPOBaHU. Tak Kak MITOMOpP MPEACTaBIsAET COO0I HEympaBisieMOe NBIKEHHUE,
TO BBIXOJ M YHPABIISIEMbIH MOJIET TpeOyeT TBEPAbIX HABBIKOB, XOPOIIUX 3HAHUH M MOHMMAaHUS €ro (hPU3MIECKOH
cymHocTa. lITonop Bemmonasercs Ha camonerax SAk-52 u Sk-55 kak ¢ ydeOHOU 1enblo, [UIT TPSHUPOBKH JIETHOTO
COCTaBa, a TakKe Kak (Urypa CIIOPTUBHOTO MUJIOTaXA.
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Puc. 158 IlImonop camonema: a - npamoii; 6 - 00pammuulil; a - RAOCKUil

CyIIecTBYIOT /IBa BUA IITOIIOPA: HOPMAIbHbLIL (NpAMOIL) u odpamHuslii (nepesepuymotit) (Puc. 158).

Ilo pexuMy ycTaHOBHMBLIErocs BpallleHHS IITOIOP IOApa3AeseTcs Ha KpyTod (HaKiIoH ¢ro3emspka K
ropu3onty coctapisier 50...70°) i miockuii (HaKIOH (ro3ersvka coctapser okoso 20...30°).

Ha Bcex BpIlIeyKa3aHHBIX PEKUMax INTOIOPA YroJl aTakd OOJbLIE KPUTHYECKOTO, M YeM MOJIOXKE LITOMOP,
TeM Goublue yro araky. Ha KpyToM IITOIOpE yro aTaku coctapiseT 25...30°, Ha mrockoM - 60...65°.

IToTepst BbICOTHI Ha KpyToM mTonope B cpeaHeM cocrasisger 100...150 m 3a onun BuTok. Ha mnockom
HITONOpPE NOTEPS BBICOTHI 3HAYMTENBHO MeHbIIe U cocTaBiseT 50...80 M.

CKOpOCTh BpalleHHsI Ha INTOIIOpPE COCTaBIIeT (Ha camonerax Sk-52 u Sk-55): mpu BHIONIHEHHH KPYTOTO
mronopa - 4,0...4,5 ¢, a Ha miockoM - 2,5...3,0 c.
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Kak YK€ TOBOPHUIIOCH, YTO HITOIIOP - 3TO HEYIIPABIIAEMOE ABMKECHHUE CaMOJIETAa U BECbMa OITAaCHOE Ha MaJIon
BBICOTC. HOBTOMY JICTYUK JOJIKCH YETKO NPEACTABIIATh IPUYMWHBI HITOIIOPA, KAKUE CbaKTOpBI M KaK BJIMAIOT HA HET'O
1 OCMBICJIICHHO OTHOCHUTBLCS K pa60Te PyJIsAMHU KaK Ha BBOJEC, TaK U 0COOEHHO Ha BBIBOJIC CaMOJICTa U3 IITOIIOpA.
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Puc. 159 IlImonop: a - cxema cun u MOMEHMO8, OeliCMEYIOUUX HA CAMOTIEm 8 npouecce WMoOnopa; o - cxema
cul, 0elicmeyIou{ux Ha camonen npu wmonope

CPBIB B LITONOP HA MAJIOM BBICOTE

MoxeT npoHu30iTH NPU OJHOBPEMEHHOM yMEHbBIIIEHHH CKOPOCTH MOJjeTa U yBennveHuu yria ataku (Puc.
160). CkopocTh moJeTa nagaer, MO3TOMY JOJDKHA MalaTh W MOABEMHAsl CHJIa, HO BCIICJCTBUE YBEJIHUEHHUS YIJia
aTaku KodQduuueHT noabemMuoi cuibl Cy Oyner pacTu (KOMIIEHCHUpYs HaJleHHe CKOPOCTH), B PE3YJIbTaTe 4ero
MOJbEMHAs CHJIa HEKOTOpOoe BpeMsl OyJIeT pacTu M OcTaBaThCsl paBHOM Becy camosnera. Ho ko ¢uunent Cy pacrer
TOJIBKO /10 KPUTHYECKOTO YIja aTakd, a 3aTeM pPE3KO YMEHBINAETCS, TaK KaK 3a KPUTHYECKHM YIJIOM pE3KO
yXyauaercsi 00TeKaHUe - MPOUCXOAUT CPBIB CTPYH € TIOBEPXHOCTH KpbLIa.

[ToaToMy korma yrosn arakud JOCTATOYHO YBEJIWYHJICS, MOABEMHAs Cuja CTAaHOBHUTCS MEHbIIE Beca
caMoJieTa U OH HA4YHET «IPOBAIMBATHCS», OMyCKasi KanoT. Ecliv JIeTYMK MOMbITaeTCs €1e YBETUYUTh YTOJI aTaku, TO
CaMOJIET CTaHET «IPOBAIMBATHCS IUIAMIMS, T. €. MapamroTupoBarh. OJHAKO MPHU MapalIOTUPOBAHUUA CAMOJIET
TPYAHO YICPKHUBATh OT KPECHOB. A Tak Kak 3(()eKTHBHOCTH 3JICpOHOB Ha OOJNBIIMX YIiax aTaKu CHJIBHO OCJIadlicHa,
TO COXPAHHTH MOIIEPEYHOE PABHOBECHE OOBIYHO HE YIAETCs, M CAaMOJICT CBAIMBACTCS HA KPBUIO, CTPEMSCH MEpeHTH
B LITOIIOP.

Takum 00pa3om, MPOMCXOAWT TaK Has3biBaeMas IOTEpPsi CKOPOCTH, KOTOpas MPHBOIUT K YXYILICHUIO
NoTepeyHoit ynpasiseMocTH. Eciu Obl JIETYMK MOT JUIMTEIBHOE BpEMs YIEPKUBATh CAaMOJIET B COCTOSIHHH
MapaloTHPOBAHUS, TO B JIIOOOH MOMEHT MOXHO ObUIO Obl, OTKJIOHHMB PYUKY YIPaBJI€HHs OT Ce0sl, YMEHBIINTD yTJIbI
aTakd, HaOpaThb CKOPOCTb M IIEPEBECTH CaMOJIET B HOPMAaJbHBIA mojeT. VHOrga 3To BO3MOXKHO, €CIM IIOTEpS
CKOpPOCTH He IojiHas. B 3ToM ciydae camoiieT ymaaeT Ha HOC, OBICTPO HaOepeT CKOPOCTh M CHOBA CTAaHET
ynpasisieMbIM. Taxoke IMpH OTepe CKOPOCTH M HaeHnH Ha Kpbuto (Puc. 160, a) BO3MOKeH BBIBOJ] camMoJIeTa Ha HOC.
B nporuBHOM ciyuae BCiel 3a CBaIMBAHHEM Ha KPBUIO CIIEAyeT LITONOP, IUIS BBIXOAA M3 KOTOPOIO U U3
MOCJIEAYOIIETO TMKUPOBAHUS TPeOyeTCsl 3HAUNTEIbHAS BBICOTA.
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CienoBaTeJbHO:

- Ha MaJIBIX BbIcoTax (mpumepHO 600 M) HEOOXOIUMO BCErJa UMETh JOCTATOYHBIH 3alac CKOPOCTH, T. €.
BBIIEPKUBATh CKOPOCTh HE MEHEE HAaWBbITOAHENUILEH;

- eClid JIomyIleHa OIHMOKa, CKOPOCTh yIaja Ha 3HAYMUTEIBHYIO BEIMYMHY, YIPABICHHE, OCOOCHHO IO
3JIepOHaM, CTaJ0 HECKOJbKO BSJIBIM, CIICAYCT HE3HAYUTEIbHO OTKJIOHHTH PYYKY YIIPaBICHHS OT CeOS U B TO XKe
BpeMSl yJIEP)KUBATh CaMOJIET B MOMEPEUYHOM PABHOBECHH dJIEPOHAMU U PYJIEM HAIpPaBJICHHUS,

- B CIyJae BHE3aITHOTO OTKa3a JABUTATeNs, 0cOOEHHO Ha B3JIETe HEMEIUIEHHO OTKJIOHUTh PYUYKY YIPABICHUSI

OT cels1, U eCIIM CKOPOCTh CHIIBHO YIalla, He HAYMHATh Pa3BOPOTa JI0 TEX MOp, IIOKa CaMOJIET He HaOepeT CKOPOCTh
JI0 He0OXOTMMOI1 BEJIMUMHBI (HE MEHee HauBBITOJHEHILEH) U He TIepeliIeT B HOpMaJIbHOE IJIaHUPOBaHHE.
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Puc. 160 Ilomeps ckopocmu ¢ 20pu30HmMAaiIbHOM noeme: d - RA0eHUe HA HOC ¢ REPEXO00M 8. NUKUpOBaHue, O -
naodenue Ha Kpylio ¢ NePexo0om 6 RUKUPOBAHUE WU UWIIONOPD

CAMOBPAIIIEHUE KPBbLIA HA BOJIBIIUX YIJIAX ATAKH. IIPSIMOM IITOIIOP

[Ipu noTepe CKOPOCTH M HAKPEHEHUH caMoJieTa IPOUCXOIHUT YBEINUCHUE YIJIOB aTaKH Y OIYCKAaIOIIETroCs
HOJIYKPBLIa U YMEHBIICHHE UX Y MMoJHUMaromerocs noykpsuia (Puc. 161). Ecian monet nporcxoquT Ha MajlbIX HIIHA
CPeIHHX yTJIaX aTakd, TO YKa3aHHOE M3MEHEHHE YTIIOB aTakd CO3IaeT TopMoxeHue (memmnduposanne) kpeHa (Puc.
163).

Ha xpuTHYecKkux MM 3aKpUTHYECKHX YIJIaX aTakH CiydaiHOe HaKpeHEHHEe camoJjera (BpalleHHe BOKPYT
MPOJIOJBHON OCH) HE TOJILKO HE TOPMO3HUTCS, a, HA00OpOT, elie OOoJblIe YCHIMBACTCS, TaK KaK yBEJIWYEHHUE YIIIOB

aTaky CBEPX KPUTHUYECKOIO y OMYCKAIOLIErocs MOIyKphLIa (0!017 ) COIIPOBOXKIAETCSl YCUIEHUEM CPBIBA MOTOKA U
naneaneM kodddummenra Cyon; Yy TOAHUMAIOIIErocs MOIYKPbUIa, y KOTOPOTO YIJIBI aTakd YMEHBIIAIOTCS

o) v v

non J | xosdpduuuent mogseMuoll cunbl Cypoy YMECHBIIACTCS B MEHBIICH CTENCHU WIHM JaXKEe MOXKET BO3PACTH
(Puc. 162). B pe3ynbraTe 3TOro moabeMHast CHJla OITyCKaIOIIErocs MOIyKpblIa, MMEIOMEr0 OOJIbIINE YIIIbl aTakH,
OKa3bIBAETCSI MEHBILCH, YeM y ITOJHUMAIOLIETOCS IMOIyKpblIa, BCIESACTBUE YEro Ha camoieT OyneT IeicTBOBaTh

MOMEHT camoBpamieHns My (cm. Puc. 161), HampaBiIeHHBIH B CTOPOHY NEPBOHAYAIBFHOIO HAKPEHEHUS CaMoJieTa

910 SABJICHUC-CaMOBpPAILICHUE, UJIN aBTOPOTalUs, JICKUT B OCHOBE IITOIIOpaA CaMoJI€Ta.
Y

o od, /

Ynoa

Puc. 161 K o6vacnenuto camospauieHus Kpolia
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Puc. 164 Coomnouienue no0ObeMHbIX CUI ORYCKAIOWLE20CA U NOOHUMAIOW,E20CA NOTYKPBLIbLEE NPU
YCMAaHOBUGUIEMCA CAMOBDAUEeHUU

[lon nedicTBHEM YKa3aHHOTO HEYpaBHOBEIIEHHOI'O MOMEHTa CaMOBPAILEHMS KpPbUIO OyleT Bpamiarbes
BOKPYT MpPOAOJBHOM OCH C MOJOXHUTEIbHBIM YIJIOBBIM YycKopeHueM. Ilo Mepe yckopeHus BpaulieHus
MOJJHUMAIOIIEECs TOTYKPBIIO HAYMHAET paboTaTh ¢ yIiIaMH aTaky, 3HAYUTEIbHO MEHBIINMH KPUTHYECKOTO, T. €. B
YCIIOBUSIX IUIAaBHOTO OOTEKaHWs, B TO BPEMs KakK OITyCKaloIleecs MOJIYKPhUIO yke paboTaeT B yCIOBHAX ITOJHOTO
CpBIBa BO3/YIIIHOTO ITOTOKA.

Ho yrnoBas ckopocTh HakpeHeHUs He OylieT Bo3pacTaTh Oe3rpaHinyHo. [Ipn HEKOTOpO#i yriIoBoil cKopocTH
Bpauenus HacrynaeT paBeHCTBO Cyon = Cynop (Puc. 164), MOMEHTBI HOpMalbHBIX CHII O0€UX HONIYKPHLUIbEB

BBIPABHUBAIOTCA, YIJIOBOC YCKOPCHHUEC HCYEC3aCT W YCTAHABJIMBACTCA TIOCTOSAHHAA YIJIOBAasA CKOPOCTH a)X

caMOBpaIIeHHs (aBTOPOTAITUH).
Beﬂl/l"ll/IHa yFJ'IOBOﬁ CKOpOCTI/l CaMOBpaLL[eHl/Iﬂ Kpblﬂa caMoJI€Ta 3aBHUCHUT OT BCJIIMYHWHBI HUCXOIOHOI'O yrna
aTaxy (Iepes CPHIBOM B ILTOIOP).

NMEPEBEPHYTBII LITOIOP

ITepeBepHyTHIit (0OpaTHBIN) MITOMOP MOXKET OBITH MOIYYEH KaK MPeTHAMEPEHHO, TaK ¥ HETPOU3BOIBHO H3-
3a TpyObIX OMMOOK JIeTYMKAa B TEXHHKE MNWIOTUPOBaHMS. BpamieHume camosera B HEpPEeBEPHYTOM ILTOIOPE
IMPOUCXOJUT B OGHaCTl/I OTpHULIATCIIBbHBIX 3aKPUTUYCCKUX YTIJIOB aTaKHu.

OOpatTHBIil DITONOP MOXKET BHINONHATHCS KaK € NPSIMOro, Tak W ¢ obpaTHoro moiera. Ilepex BBogom
CKOPOCTH ITI0JIeTa YMEHBINAeTCsA [0 MHUHUMAJIBHOM, YIWIBl aTakd IPU TOM CTAHOBSTCS OKOJOKPUTHYECKHMH HIIH
KPUTHYECKUMHU. JIOCTUTHYB KPUTHYECKHX YIJIOB aTaKH, JIETYMK CO3/AET CKOJBKEHHE Ha OJHO U3 IOITYKPBUILEB, U
CaMOoJIET BXOJUT B PEXUM aBTOPOTALUH.

B atom cityyae orpuuatenpHblid yron ataku u Cy 1O BEJIMYMHE MEHBIIE, YeM B HPSIMOM Iojere (IUis
camornera SIk-52). Tak kKak MaKCHMAaNbHBIA KOA(OHUIMEHT MOTBEMHOW CHJIBI UMEET OTPULATEIHHYIO BEIHYNHY

(_ CY pare ), IIpU KOTOPOM OOpa3yeTcs CpbIB IOTOKa M HAYMHAETCS aBTOPOTAlMsi, U B OOpaTHOM IIOJETE €ro
3HA4Y€HHE MEHbIIE, YEM B NPSIMOM, TO Oe30macHasi CKOpPOCTh (MUHMMAalIbHasA), P KOTOPOI MPOUCXOIHUT CPHIB B
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MepeBepHyTHIN 1ITonop, Oyaer Oosbiie, yeM B mpsiMoM mnojere, Ha 20...30 km/4. [ns camonera SIk-52 ckopocTb
CpbiBa B MepeBepHYThI I1uTomop cocraiusier 140 km/4. B mepeBepHyTOM IITONOpE BpallleHHE camoleTa
MMPOUCXOAUT TaKUM 06pa30M, 4To Ka6l/IHa caMoOJI€Ta HaxXOJUTCs Ha BHEIIHEH CTOpPOHE, MOJ3TOMY JIETYHUK HE
MMPpUKKUMACTCA K CUACHBIO, KaK B 06])1'-IHOM mTorope, a, HaO60pOT, OTACIACTCA OT CUACHBSA U BUCHUT Ha MPUBA3ZHBIX
pEMHSX.

Henpon3BoabsHBIH CPBIB B 00paTHBII MITONOP MOXKET OBITH IIPH BHIIOTHEHUH 0OPATHOTO MAIOTaXKa.

XapakTep BpamieHuss camoneTa SIk-52 mpu nepeBepHyTOM IITONOpe Oojee paBHOMEpHBIH, YeM IIpH
BBITIOJTHEHUH TPSIMOTO IITONOpa. BEIX0 camMoneTa U3 NMepeBepHyTOro MIToropa 0osee MPOCT U HAJEKEH, YeM M3
MPSIMOTO0. DTO 00BsACHAIETCA TeM, 4To 3HaueHus Cyyaxc KpbUia camonera Sk-52 Ha OTpHIATENBHBIX yIiaX aTakH,
MpH KOTOPBIX TIPOUCXOAWUT MEPEBEPHYTHIA IITOMOp, OyIyT MEHBIIE, YeM IPH OOBIYHOM (IIPSIMOM) IITOMOPE,
BCJIE[ICTBHE YEeT0 M CKIIOHHOCTD K aBTOPOTALIMH KpPbLIa OYAeT MEHee Pe3KO BhIpaXkeHa.

IIpyn nonananuu B HeNpeIHAMEPEHHBI NEPEBEPHYTHIM INTONOP JIETYMK NOJDKEH B IEPBYHO OYepenb
yOenuThesl, YTO 3TO ACHCTBUTEIBHO MEPEBEPHYTHIH IITONOP, M YTOUHUTH HAIlpaBJIeHHE BpalieHus. ToJIbKo mocie
3TOT0 JOJDKEH MPHUCTYIHTH K BHIBOAY CaMOJIETa U3 IEPEBEPHYTOTO LITOIOPA.

MJIOCKUI HITOIIOP

CamorneTr nepexoIuT W3 HOPMAJIBHOTO (IPSIMOro) INTONOPa B IUIOCKUH NpPU CIENYIOMMX OIIMOKax B
TEXHHKE MUIOTHPOBAHUS:

OTKJIOHEHHE PYYKU YNPaBJICHHUS IMPOTUB BPAIICHUS B MOMEHT BBOZA CaMOJIeTa B HOPMAIBHBINA (TIPSIMOI)
IITOTIOP WJIA B TIPOLIECCE BHITIOTHEHMUS,

MIOJTHOE OTKJIOHEHHE IeAJIN ¥ PYYKH YIPABICHUS 110 TUAaroHaIN Ha ce0sl U B IPOTHUBOIIOIOKHYIO CTOPOHY
JAaHHOH MEAaIN B NPOLIECCE BHIMOIHEHHS TIOBOPOTA HA BEPTHKAIIH;

YBEJINUCHUC O60pOTOB JABUTATCJIA B MIPOLECCE BBIMIOJIHCHUA MIPSAMOTO IITOIOpA.

C rOpU30HTAJIBHOIO TOJIETa CAMOJIET BXOJHUT B IJIOCKHU ILITONOP CTaHAAPTHBIM CIOCOOOM Kak B MPSIMOU
IITOTIOP, HO TIPH 3TOM BJIEPOHBI OTKIOHSIIOTCS Ha BBOJE ITPOTHB BPAILICHHS.

C noBopoTa Ha BEPTUKAIU CaMOJIET MOMANAeT B IIIOCKUH mTonop, He agoxons 40...30° 10 BepTUKaIN BHU3
32 CYeT Pe3KOro OTKJIOHEHWS PYYKH YIpaBICHUS Ha ce0s M OTKIOHEHHWS JJICPOHOB NPOTHB BpamieHHs (Menaib
MIOJTHOCTHIO OTKJIIOHEHA B CTOPOHY TIOBOPOTA HA BEPTUKAIH).

HopmanbHblil MI0CKKN IITONOP HOCUT YCTOMYMBBIN XapakTep, YIJIOBbIE CKOPOCTH B IMPOLECCE LITONOPA
3HAK HE MEHSIOT U HET IPUOCTAHOBKY BPAILICHHUS.

CKOpOCTh B TPOIIECCE BBIMOJHEHUS TUIOCKOTO INTOMOpa HE pacTeT W Konebiercs B mpenenax 100...150
KM/4.

XapaKTepI/ICTI/IKI/I HITOIIOpa OT KOJINYECTBA BUTKOB BPAIICHUA IMMPAKTUYCCKU HE 3aBUCAT, OJHAKO C POCTOM
KOJMYECTBA BUTKOB B IITOIIOPE YBECINYNBACTCA 3al1a3AbIBAHUE U MTOTEPSA BHICOTHI HA BBIBOE.

Ha camonerax SIk-52 u SIk-55 npaBblii utockuii mromnop 0osee yCTOHYHUBEIN, YeM JIEBBIH.

Tlonoxxenune OJICPOHOB ITPU BBIMOJHEHHUHU TJIOCKOT'O HITOIIOPA BJIMUACT HA €TI0 XapaKTECPUCTUKH. IlocTanoBka
OJICPOHOB B HeﬁTpaHBHOC TIOJIOKEHUE TIPU YCTAaHOBUBIIEMCS IIJIOCKOM LITOIIOPE HA €TI0 XapaKTECPUCTUKU HE BJIIUSCT.
le/l OTOM BpaIll€HUE OCTACTCA pPaBHOMEPHBIM, a YIjioBasd CKOPOCTb HECKOJIbKO YMCHBIIACTCA.

[TocTaHOBKa 37€POHOB IO BPAIICHUIO CIOCOOCTBYET IEPEXOAy B KPYTOM IITONOP M 3aT€M B KPYTYIO

coupans. [Ipu 3ToM yrnoBasi CKOPOCTb MHTEHCUBHO YMEHBIIIAETCS (a)y ), puOOpHasl CKOPOCTh YBEIUUUBAETCS, a
BpAIllEHNE CTAHOBUTCSI HEPABHOMEPHBIM.

YBenuueHrne 000pOTOB NPH BBIMOIHEHUH TUIOCKOTO INTONOpPA MPUBOJUT K YMEHBIICHHIO YIjla TaHraka Ha
5...10°. YrioBasi CKOpOCTh BpallleHHs yBeJIM4YHMBaeTcs, NpruOOpHasi ckopocTh Bo3pacraeT ¢ 100 km/u no 140...150
KM/4.

Jlis  BBIBOmA camojieTa M3 IUIOCKOTO IITONOpa HEOOXOJMMO OTKIIOHWTh IIeAajb B CTOPOHY,
MPOTHBOIOJIOKHYIO BPAICHHUIO, PYYKY YIPAaBICHUS OTKIOHUTH IMOJHOCTBIO OT cebs (Ha Oemyro yepty). [locie
OCTaHOBKH BpAalllCHUs PYJIH yIPaBIEHUs MOCTABUTh HEHTpaIbHO. 3ala3/ibIBaHUe CaMOJIeTa Ha BBIBOJIE COCTABIISIET:
Ha IpaBoOM HITONOpE 10 3,5 BUTKA; HA JIEBOM - 2 BUTKA.

C YBEIMYCHUEM KOJIMIECTBA BUTKOB LITOIIOPA 3ar1a3AbIBAHNE HAa BBIBOJAC PACTET.

POAKTOPBI, BJIUAIOINUE HA IITOIIOP CAMOJIETA

OTK/I0HEHUE 3JIEPOHOB. XAapaKTEPUCTUKH IITOMOpPA CHIIBHO 3aBHCAT OT CKOJbkeHus. OTKIOHEHHE
QJICPOHOB TIPU IOTOMOPE BJIHUACT Ha CKOJIBXKCHUC. Ol'[yLL[eHHbel QJICPOH YBCIMYUBACT ad3pPOJAMHAMHUYCCKOC
CONPOTHUBIIEHHE TOJIYKPHLIA, CO3/aBas TEM CaMbIM Pa3BOPAYMBAIONIMI MOMEHT, KOTOPBIH CO3/Ia€T CKOJIbKEHHE Ha
MPOTHBOIOIOKHOE TTOIYKPBLIO.
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Ecnu, HampuMmep, mpH BBIIOJIHEHUH JIEBOTO IITONOPA OTKIOHWUTH PYUYKY YIPaBICHHS BIPaBo (TIPOTHB
IITOTIOPa), TO BO3HHMKAET CKOJIKEHHE Ha TPaBoe MONyKpbUTo. [lo3ToMy, Kak HpaBMIIO, OTKJIOHEHHE JJIEPOHOB
NPOTHUB LITOIOPA HE CIIOCOOCTBYET BBIXOY CaMoJIeTa U3 IITOIopa, a HA00OPOT, YCHIIMBAET BpallleHHE.

CKonborcenue camoiema Takxe MOXKeT Cco3aaBaTbCA U OTKIIOHCHUEM IICaalIu.

BJIMSAHUE USMEHEHUS, YT'JIOB ATAKH U CKOJIB)KEHUSA HA XAPAKTEPUCTHUKH HITOIIOPA.

B npouecce mronopa camoseT BpallaeTcsi HE TONBKO BOKPYT IPOMOJIBHON ocu camoiyieTa X, HO BOKPYD
BEPTUKAJIBbHOI ocu Y, B CTOPOHY HakpeHeHUs. BpallieHre camonera Ha IITONOPE BOKPYT OCU Y BBI3BIBAETCS TEM,
4yTO JI0OOBOE CONPOTHBJIEHHE Y OIYCKAIOIIEToCs MOJYKpbUIa, paOOTAalOUIero Ha 3aKpUTHYECKHX yIJaX aTaku B
YCIIOBHUSIX CpbIBa MOTOKa, OOJBINE, YeM y TOAHUMAIOIIErocs IMOJIYKpbUIa, pabOTaloOMmIero B YCIOBHSX IUIABHOTO
00TeKaH!sI Ha JOKPUTHUYECKUX yTJIaX aTaky.

Takum 06pa3om, caMoBpaleHue KpbUla BOKPYT MPOAOJILHOM OCH caMoJieTa Ha 3aKPUTHYECKHX YIJIaX aTaku
CONPOBOXKJAETCS MOSBIEHUEM CHHPAIBHOIO MyTEBOro MoMeHTa My, KOTOPbIi, pa3BopaurBas caMoJIET B CTOPOHY
HAKPEHEHWsI, BBOIUT €ro B CIHpalbHOE NBMXKEHHE. KamoT camolnera mpu 3TOM OOpallleH BOBHYTPh CIHPATBLHOU

TPAeKTOPHUH.
%} #ﬁén
~ED..

Puc. 165 Hapabonuueckuii yuacmox wimonopa

Ochb criupany, o KOTOPOH BHXKETCS caMoJIeT (€ro MEHTP TSHKECTH), Ha TIEPBBIX BUTKaX MITONIOpa OJIM3Ka K
napabosie (Puc. 165). 910 00BICHIETCA TEM, YTO B MPOIIECCE BpAIeHHs caMoJieTa TIObeMHAasl CUJla B CPEAHEM 3a
BUTOK HeWTpanmu3yercsi (IOAbeMHas CHJa B PaBHOE BpeMs HaIpaBleHa KakK BBEpX, TaK M BHU3) U CaMOJET B
CPeIHEM JBIDKETCS O] ICHCTBUEM CHJIBI TSDKECTH KaK TEJI0, BPAIIAIOIIEecss TOPH30HTAIBHO.

[ mapabonmyeckoro y4acTka TPaeKTOPHH, KOTAA OCh INTONOpa ONMM3Ka K TOPH30HTANHN, XapaKTEPHBI
MEPUOANYECKUE HW3MEHEHMS YIJIOB AaTakl U CKOJBKCHUS, BbI3BIBAIONINE HEPABHOMEPHOCTb, a HHOTAA H
HEyCTOM4YMBOCTh mTOonopa. Ha aTtom sTame mromnopa (o Mepe HAKPEHEHHs B IPOLIECCE CBAIMBAHMS HA KPBLIO)
BEPTHKAJbHAS COCTABISIIOIIAs ITOABEMHOM CHIBl YMEHBINAETCS, BCIEJICTBHE YEro y CaMoJeTa BO3HHMKAET
CKOJIb)KEHHE Ha OIyIIEHHOE MOIYyKpBUIO, T. €. BHYTPEHHEE, WM, BO BCAKOM Clyyae, yMEHBIIAeTCsl BHEIIHEe
CKOJIb)KEHHE, KOTOpoe OBbLJIO CO3JaHO NpH CBAIMBAHWM, W BpallleHHWE camolsieTa 3ameyisiercs. Korma camoier
nosepHercs Ha 180°, To mpu panbHENIIEM BpALIEHHUM BHU3Y YK€ OKAKETCS BHEIIHEE MNOIYKPbUIO M Ha4yHET
pas3BuBaThCs (WJIM YCHJIMBAThCS) BHELIHEE CKOJIbKEHHE, KOTOpPOE YCKOpsieT BpalleHue. B wurore BpaieHue
OKa3bIBAETCSI HEPABHOMEPHBIM.

VYV camonera SIk-52, o4eHb YyBCTBUTEIBHOTO K CKOJBKEHHIO, MOSIBIISAIONIEECS BHYTPEHHEE CKOJBKCHHE
MOJKET HE TOJIBKO 3aMeJUIMTh BpallleHHe, HO U U3MEHHUTh €ro HampaBiieHHe. DTO BO3MOXKHO B TOM ClIydae, Korjaa
BXOJl B IITONOp OBUI HEJOCTATOYHO SHEPrHYHBIM, C MaJIOW YIJIOBOM CKOpOCThi0. Takol IITONOp Ha3bIBaeTCs
Heycmouuugvim.

PA3HOC MACC

HepaBHOMEpHOCTh BpallleHHsI CaMOJIE€Ta BOKPYI HAKJIOHHOH OCH IITONOpAa BbBI3BIBAET HENPEPHIBHBIC
U3MEHEHHsl yIJla HAKJIOHAa IpPOAOJIBHOM oOcH camoyieTa K TOPHM30HTY: KaloT caMoJieTa IEepHOAUYECKH TO
HOAHMMAETCA, TO OIlycKaeTcst BHU3. [Ipu BpallleHNH caMoJieTa Macchl, pa3HECEHHBIE BIOJIb OCH (DIO3eIsiKa, CO31at0T
HEHTPOOESKHBIH KaOPHPYIOIINIT MOMEHT, KOTOPBIH CTPEMUTCS TOHSITH KalloT CaMoJIeTa M YBEJIMYHUTh YIOJl aTakH.
INMukupyromuii MOMEHT MOJHON a3pOJMHAMUYECKOM CUIIBI CaMOJIETa CTPEMUTCS OITyCTUTh KallOT ¥ YMEHBIIUTh YOI
ataku (Puc. 166). B MoMeHT 3ameuieHHs BpamieHUs] MUKUPYIOMIMH MOMEHT OT a’pOJMHAMHYECKUX cuil Mnuk
CTaHOBUTCS OOJBIINM, YeM KaOpHPYIOIIMH MOMEHT OT LIEHTPOOEXKHBIX CHJI KalloTa M XBOCTa camoiieta MKao,
BCJICICTBHE YETO CaMo JIET OITycKaeT KarnoT. OmycKaHue KaroTa COMPOBOKAACTCS YBEINIEHHEM YITIOBOH CKOPOCTH
BpaimeHns U HapacTanneM Mkaé ot 1eHTpoOexHbIX cwi. Korma Mkaé craner Gonbpmie, veM Mnuuk, OIyCKaHWe
KaroTa MpeKpariaeTcs ¥ gajee OH MOJHIMAETCS.

Ilo Mepe HpI/I6J'II/I)K€HI/I$I OCH HITOIOpa K BEPTHUKAIIW HEPABHOMEPHOCTH BpAllICHHA CaMOJICTA IMOCTCIICHHO
YMEHBIIACTCA U MMPOJAOJbHAA OCh CaMOJIETa COCTABJIACT 0oJiee MOCTOSHHBIN YroJ ¢ rOpu30HTOM.
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Puc. 166 Cxema cun, delicmeyrowux Ha camoiem Puc. 167 Aapoounamuueckoe 3amenenue pynei npu
npu @vinoIHeHUU wmonopa. Bnusuue unepyuonnvix wmonope
CUI1 PA3HECEHHBIX 2PY306

BJIMSAHUE HEHTPOBKU CAMOJIETA.
Ha nepexon camoneTa B INTONOP U HAa BbIBOJ, €0 3HAUYUTEJIBHOE BIIMSHUE OKa3bIBACT LICHTPOBKA.

Camorner fx-52 mpu moneTe OXHOTO JETYMKA B TepeqHel KaOMHe WMeeT 3HAYHTENbHYI0 IepeIHIOI0
1eHTpoBKy (17,7 %), cnenoBaTensHO, KPBUIO Ha OOJBINNX YTIaX aTaKH CO3AaeT OOJBIION MUKUPYIOUINH MOMEHT, T.
€. TCHISHIMIO Tepexoja B MUKHPOBAaHHE M yMEHBIIEHUS yIja aTakd. BciencTBue 3TOro camosieT TpyAHee
MEPEXOAUT W3 HOPMAIBHOTO (IIPSIMOTO) IITOMOpa B IUIOCKHH M JIETKO BBIXOAWT M3 mTomopa. Ilpm mepemeniennn
HCHTPpA TAKECTHU Ha3al KapTUHA yXyAIaeTCs, OCO6CHHO IIpyu OYCHDb 3aJHUX LCHTPOBKAaX. 910 OGT)SICHSICTCH TEM, UTO
MOMEHT KpblJIa Ha OOJBIIUX YIJIaX aTakd M3 MUKUPYIOIIEr0 CTAHOBUTCS KaOPHUPYIOIIUM, T. €. CAMOJIET CTPEMUTCS
YBEJIMYUTH Yroj aTaku (mpuMepHo HaumHasg ¢ HeHTpoBKU 30 % CAX). M3 BhIIeCKa3aHHOTO CIEAYeT BBIBOJ, YTO
IIpY 3ajIHEH [IEHTPOBKE caMoJIeT OyleT XyXe BBIXOJUTh W3 LITONOopa (C 3ama3/iblBaHiEM ), a IIPH 3aJHEH LICHTPOBKE
MOXET COBCEM HE BBIMTH.

A3poounamuueckoe 3amenenue pyineil. DPPEKTUBHOCTD NEHCTBHA pyJieil ynpaBieHHs B 3HAYUTEIHHOMN
Mepe BIHSET Ha BBIBOJ CaMoJieTa M3 InToropa. [Ipu BpalleHHH Ha INTOMOPE PYJIM YIPABJICHHUS 3aTCHSIOTCA. ITO
MPOUCXOTUT TIOTOMY, YTO YaCTh MOBEPXHOCTH TOPU30HTAIBHOIO (MJIM BEPTUKAIHHOIO) ONEPEHUS MOMAIaeT B 30HY
BO3MYILEHHOTO TIOTOKA - a3POAMHAMUYECKON TeHH OT (hro3esika, CTabnin3aTopa, KUl - WM B 30HY CpbIBa IIOTOKA
¢ KpbUIa. BeIlmeckazaHHOe pe3ko CHUKaeT d((GEKTUBHOCTD PYJIeH, BCICICTBUE YETO BBIBOJ CaMoJieTa U3 IITOIOpPa
MPOUCXOIUT ¢ 3amna3apiBanueM (Puc. 167).

DddexkTuBHOCTS pyJicii yIpaBiIeHUs MPU BBIBOJAE CaMoJieTa M3 IITONOPA MOXKET OBbITh JOCTUTHYTa MyTEeM
paiuOHAJIBHOI'O B3aUMHOI'O Pa3MEIICHUS BEPTUKAJIIBHOI'O U TOPU3OHTAJIBHOT'O ONIEPCHUA Ha (1)}036]151)1{6 u BI)I60pOM
(opMmsI B TIaHe.

Bnuanue cunoeoii ycmanoéku Ha wmonop. VI3MeHeHHEe pexXuMa pa0bOTHI ABHraTeist (CHIOBOI
YCTaHOBKH) B 3HAUMTEIHHONW Mepe BIHMAET Ha XapakTep mromopa. OCOOEHHO BIHSHHUE CKAa3bIBAETCS HAa CaMOJIETE
SIk-52, uMmeromero ACHEHTPANNIO TATH CHIIOBOW yCTAaHOBKH. BBIBOZI caMoiieTa W3 IITOHOpa OOJerdaercs myTeMm
YBEJIMYCHUST OOOPOTOB JBUTATENs, TaK KaK CHJIA TATH CO3[aeT NHKHUPYIOUIMA MOMEHT, KOTOPBIH TaKKe
YBEIMUYMBAETCS 3a CYET MOMEHTa OT JEWUCTBUS CTPYHM BO3JYLUIHOTO BHUHTA Ha TOPU3OHTAIBHOE OMEpeHue, T. €.
yBeJIMYeHHUE 000POTOB JBUraTelisi CO3AaET y CaMoJieTa CTPEMIICHUE YMEHBIIIUTh YroJl aTaKd, YTO 00JIErYacT BHIBOJ
camoJieTa U3 ITonopa.

OcHosanue Oelicmeus pynamu ynpaeneHus Ha 6vlgooe u3 uimonopa. OCHOBHON NPHUYMHOHN INTOIOpa
SBIISICTCS CaMOBpAIllEHHE Kpblla Ha 3aKPUTHYECKUX YIJIaX aTakH, IMO3TOMY AJIS BBIBOAA CaMoOjeTa W3 IITOIopa
HEO0XOIMMO YMEHBIINUTH YTOJI aTaKH IO BEIWIUHBI, MEHBIIIEH OLKP, IPH KOTOPOM CaMOBpAIleHHE HEBO3MOXKHO.

OT0 JocTUTaeTCsl OTKIOHEHNEM PYUKH yrpasieHus oT ce0s. Ho BBIBOJ U3 IITONMOPA TOIBKO OTKIOHEHUEM
PYYKH yHpaBieHHS OT ceds NMPAaKTUYECKH HEBO3MOXKEH, TaK KaK MOMEHT OT PYJs BBICOTHI HEJOCTATOYEH IS
MPEOJIoNIEHHsT LEHTPOOSKHOro KaOpupyromero MoMeHTta. [lo3ToMy HEoOXOAMMO NHpenBapUTEIBHO OTKIOHEHHEM
pynis HampaBlCHUS MPOTUB INTOIOPA CO3[aThb BHYTPEHHEE CKOJBKEHHE, TEM CaMbIM YMEHbBIIAs BEIUYUHY
LEHTPOOEIKHOTO Kabpupyromero MoMenTa. IIpu BeIBOJE M3 TUIOCKOTO MITONOPA OTKIOHEHHUEM PYYKH YIIPABICHHS
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(o s>nmepoHaM) B CTOPOHY BpAIICHHS YCTPAHSAETCS CKOJIBKEHHE Ha BHEIIHEE IMONYKPBIJIO, KOTOPOE BO3HHKAET B
pe3yipTaTe MAEHUCTBHSI MOMEHTAa, CO3JaBAa€MOTO PA3HOCTHIO JIOOOBBIX CONPOTHBICHHHA JIEBOTO U IIPABOTO
MOJIYKPBITIBEB.
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Puc. 168 Ilone 3penusa u Hanpasienue 63214104 1eMuuKa RpU RPAGOM Uimonope

OUI'YPBI TIPOCTOI'O ITNJIOTAXKA

KPUBOJIMHEWHOE JIBUKEHUE

OBnageHne (GUTypaMu MPOCTOTO, CIOKHOTO W BBICIIETO MIUIOTaXa (MIPSIMOTO W OOPaTHOTO) AJIS JIETIHNKA
uMeeT OOJIbLIOe 3HAYCHHE, TaK KaK MHJIOTaX BBIPA0ATHIBAECT Y HErO CHOCOOHOCTH OBICTPO U MPABUIILHO ONPEACIISATh
THIOJIOXKEHHE CaMOJIeTa B IIPOCTPAHCTBE, BOCIIUTHIBACT CMEJIOCTD, YBEPEHHOCTD B CBOMX JEHCTBUSIX.

Iunomasicem HazbIBaeTCA MaHEBpUPOBAHUEC CaMOJI€Ta C LCJIbIO BBINIOJHCHHUA OIPCACICHHBIX (1)I/Il"yp B
BO3AYIIHOM HPOCTPAHCTBEC.

IInnoTaxHble CBOMCTBAa caMoJIeTa OILIEHHUBAIOTCS CIIOCOOHOCTBIO €T0 B KpaTqaﬁmee BpEMsA H3MCHHUTH
IMMOJIOKEHUE B NPOCTPAHCTBE, BCIIMYMHY U HAIIPaBJICHUE CKOPOCTH I10OJICTA. H3meHeHne BeIUYMHBI M HanpaBJICHUA
CKOPOCTH IOJIETa AOCTUIaCTCA YBCIMYCHUEM WM YMCHBIICHUEM TATW ABUTATCIIA, CUJIbL J1000BOTO COIIPOTUBJICHUSA
caMoJI€Ta, a TAKXKEC UBMCHCHHUEM YTIJla aTaKH.

[Ipu BBIMOTHEHWH MHIOTaXKa MPOMCXOJUT HCKPUBJICHHE TPAEKTOPUH IOJETa B TOPH3OHTAIBHOH U
BEPTUKAIBHOM IJIOCKOCTSX.

[To cremeHm CIOXHOCTH NHJIOTAX MOIPA3NENACTCS Ha IPOCTOH, CIIOKHBIA W BHICHIMHA (MIPAMON H
00paTHBIN).

K cueypam npocmozo nunomasica OTHOCSTCSA: BHPaX, TOPU3OHTalbHAs BOCbMEpPKA, CIHUpAIb,
NMHKUPOBAHKE, TOPKa C yriiamu 10 45°, 60eBoii pa3BopoT.

K ducypam cnoscnozo nunomasca OTHOCATCS: TEPEBOPOT, METIS, HOITYIETI, TUKUPOBAHNUE U TOPKa C
yraamu 10 60°, ropm3oHTadbHAs yIpaBisieMas W IITONOpHas OodYka, MEPEeBOPOT HAa TOpPKE, YIpaBIIEMBIE H
HITOMOPHBIE BpallleHHus Ha yriax 10 60° BBepX U BHU3.

K quzypam evicuiezo npamozo u o6pamuozo nuaomadica OTHOCSTCS BCE OCTAIbHBIE (UIYPBI IUIM HX
KOMOMHAIMK, BKJIIOYCHHBIE B KaTtaior ¢uryp. B kartamor ¢uryp BKmodeHo okoino 15 Teicad ¢uryp m ux
KoMOuHanmil. M3 3Tux Quryp cocraBisioTcs 00s3aTeNbHas, IPOU3BOJIBHAS U TEMHAs IPOrPaMMbI COPEBHOBAHUH
BCEX PAHTOB I10 BBICHIEMY IHMIOTAXY Ha IOPIIHEBBIX CAMOJIETaX.

Ha camonere fk-52 cormacno KVYJIII-CAO-C-86 mpeayCMOTpEHO BBIIOIHEHHUE HA MalbIX M CPEIHUX
BBICOTaX MPOCTOTO, CJIOXKHOTO M YACTHIHO BBICIIETO MJIOTaXKa, & TAKXKE 3JIEMEHTOB 00PAaTHOTO IMHUIOTAXKA.
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Ha camonere fAk-55 cormacro KYJIII-CAO-C-86 mpemyCMOTpeHO BBIIIOJHEHHE HAa MalbIX M CPEIHUX
BBICOTaX MPOCTOTO, CIOKHOTO ¥ BBICIIETO (ITPSMOTO U 0OPaTHOTO) MIJIOTAXKA.

BeprukaneHple MaHeBpbl Ha camoisietax Sk-52 u SIk-55 BBINONHSIIOTCST B OCHOBHOM 3a CYET 3amaca
CKOPOCTH, a TAKXKE U 33 CUET CHIIOBOH YCTaHOBKH.

le/I BBINIOJIHEHHWU TMUJIOTaXa CJICAYET I[OMHHUTL, YTO KaXXa0M CKOpPOCTH TI0JICTAa COOTBCTCTBYCT
OIIPCAC/ICHHAs HAarpys3Ka, nmpu KOTOpOﬁ MMPOUCXOAUT CBAJIMBAHUC (CpLIB) caMoJICTa.

IIpn mneperarmBaHWMU pPYYKH VYIPABICHUS CpPBIB TPOUCXOAWT 0€3 TPeAyHNpeAuTEIIEHOW TPSICKH C
SHEPrUYHBIM HAKPEHEHNEM H OITyCKaHHEM KaroTa caMoJIeTa.

B mporecce nunoTtaka He0OXOIMMO BBIIEP)KUBATh PEKOMEHAYEMBIE CKOPOCTH. DTO OCOOEHHO Ba)XKHO TPH
BBITIOJTHEHUH YYEOHBIX TIOJIETOB KypCaHTaMM W CIHOPTCMEHAMH IIEPBOTO M BTOPOTO T'OAOB OOYYEHHS, Y KOTOPBIX
OTIBIT BBITIOJIHEHUS MMJIOTAXA €IIIe MaJl.

Hnst camonera SIk-52 ycTaHoBIeHa MUHUMaJIbHAsi CKOPOCTh BBITIOJHEHUS] MUJIOTaXa, KoTopas paBHa 140
KM/4.

Jdnst yckopeHus: BBoJa B (UIyphl NMWIOT@Xa Pa3roH CaMoJjieTa CIlelyeT IPOU3BOIUTH HE B DPEXUME
TOPU30HTAJILHOIO I0JIETA, @ HAa CHW)KEHHMH, YTOOBI ObICTpee HaOpaTh CKOPOCTh JJIsl BBIIOJIHEHUS OYEpeHOM
BOCXO/siiIel (pUryphl MHIIOTaXKa U Ha HUCXOJAILEH YacTH Npenblayleil Gurypsl He I0IycKaTh CHIDKEHUS] 000pOTOB
nBurarens Menee 82%. YBenuueHne oOOpOTOB Ha NMUKMPOBAaHWHM (CHIKEHHM) HEOOXOIMMO HAUYMHATH ITIPH YIIIe
35...45° ¢ TakMM pacdeToMm, YTOOBI BBOJ B OUYEPEAHYI0 (UIypy HAYMHAJICS C TOPU3OHTAJILHOTO IIOJIETa II0
JOCTHXEHUH 331aHHOM CKOPOCTH M IIPU MAaKCUMAJIBHBIX 000pOTaX JABHUIaTesl.

[Tpu BeIONIHEHUH (HUTYP MUIIOTAXkKa 0CO00 BXKHOE 3HAUECHHE HMEET OCMOTPHUTENBHOCTD, 00ECIICYHBAIOIIAs
BBICOKOE Ka4eCTBO BBIIIOJIHEHUS PUTYp, a Takke 0€30MacCHOCTh II0JIETOB.

MaHeBpeHHbBIE KaueCTBa CaMOJICTOB OIPEICISIOTCS BETMYNHON CHIIBI TSATH ABUTATENS, ad3POIHHAMIICCKIM
Ka4ecTBOM, 3(PPEKTUBHOCTHIO PYJIEH M BEIWIMHOHN JOIMYCTUMBIX MEPErpy30K, KOTOPHIE BMECTE B3STHIC 3aBHCAT OT
CKOPOCTH W BBICOTHI monera. CieqoBaTeNlbHO, MaHEBPEHHBIE KadecTBa CaMoOJieTa M3MEHSIOTCA NPH W3MEHEHUH
BBICOTHI I CKOPOCTH TIOJIETA.

OBIIEE IOHATUE O KPUBOJIMHEMHOM MOJIETE

PaccmoTpeHHBIE paHee TOPH3OHTANBHBIM TOJET, TMOABEM M CHIDKEHHE OTHOCSTCA K YCTaHOBHBIIMMCS
MPSMOJIMHEHHBIM BHUIAM IOJIETa, TaK KaK JIEHCTBYIOMINE adpOAMHAMUYECKUE CHIIBI HaXOIATCS B PaBHOBECHH. DTH
BUBI ABWKCHUS ABJISIOTCS YaCTHBIMHU CIIy4asiMH, TaK KaK B PEaIbHBIX YCIOBHUIX CaMOJIET MEHIET HalpaBlIeHHE KaK
B TOPU30HTAIBLHOM, TaK U B BEPTUKAJIbHOMN TIJIOCKOCTSIX.

Jns BBINONHEHMS KPMBOJNMHEHHOTO JBMKEHHs HEOOXOJUMa IeHTpocTpeMurenpHas cuna Fye, koTopas
SIBJISIETCS. HOPMAJbHOW COCTaBISIIOLIEH K TPAaeKTOPUM JBUXKEHHMSI M HAIpaBICHHON K LEHTPY KpuBuM3HBL OT

BEJIMYMHBI JTOH CHJIBI 3aBHCHT KpUBU3HAa Tpaeckropuu nojnera (Puc. 169). ILlenTpocTpemurenshas cuna Fypc
BBI3bIBaE€T HOpMaibHOE yckopenue JH, onpexnensemoe o ¢popmyie:

r (11.1)

rac V- CKOPOCTbD ITIOJICTA IO TPACKTOPUU; I' - painyC KPUBU3HBI.

Y'<

Tpaexkmopus
Bbumernuas 000 A —m—m—————

Puc. 169 Hckpuenenue mpaexmopuu yenmpocmpemumenwvhoi cunou Fy c

B nuHamuke nosera camolieTa Ul pacdeTa TPAaeKTOPHM JBMYKEHHUS HMCIOJB3YIOT TPACKTOPHYIO CHUCTEMY
KOOPJMHAT, B KOTOPOW HAa4aJ0 KOOPAMHAT HAXOAUTCA B LIEHTPE TSXKECTU CaMOJIETa, 0Ch X HAIPaBJIEHA IO BEKTOPY
CKOPOCTH, OChb Y MEPNEHAUKYISAPHA K OCH X U HAXOAUTCS B BEPTUKAIBLHOU INIOCKOCTH, IIPOBEIEHHON Y€pE3 BEKTOP
CKOPOCTH, OCb Z NEPHEHIUKYJIIPHA BEPTUKAIBHON INIOCKOCTU U BCEr/la 3aHMMAET FOPU30HTAIBLHOE IIOJIOKEHUE U
obpasyer ¢ ocsimu X U Y TIPSIMOYTOJIBHYIO CUCTEMY KOOp/MHAT.

CrenoBarenbHO, Al ONPEIENICHUS OCHOBHBIX IIaPAMETPOB TPACKTOPHM KPHBOJIMHEHHOTO JIBIKCHUS
caMoJIeTa B TPaeKTOpHel MPsAMOYTOJIbHON CHCTeMe KOOPAMHAT HEOOXOIUMO 3HATh 3HAYEHHS YCKOPEHUH jX, jY, jZ,
TZe JX - YCKOpEHHE, HAIpaBJICHHOE II0 KAacaTeIbHOW K TPAcKTOPHH [BID)KEHHMS M HA3bIBAEMOE IPOJOJIBHBIM
yckopeHueM. OHO XapakTepu3yeT H3MEHEHHE CKOpOCTH (pa3roH, TOPMOXKEHHE); jy-HOPMajbHOE YCKOpEHHE,
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XapaKkTepu3yollee HW3MEHEHHE TPACKTOPUM I0JieTa B TOPH30HTAJIBHOW IUIOCKOCTH; jZz- OOKOBOE YCKOpEHHE,
XapaKkTepu3yliee H3MEHEHNE TPACKTOPUH B BEPTHKAIBHON IJIOCKOCTH.

Tak, HanpyMep, B YCTaHOBHBILEMCS] TOPH3OHTAIBEHOM II0JIETE, OABEME M CHIKEHHH YCKOPEHHS PaBHEI
aHymo (jx=0, jy=0, jz=0).

JNEWCTBUE PYJIEN YIIPABJEHUS B KPUBOJUHENHOM ITOJIETE
OHO B OCHOBHOM H€ MCHACTCA, HO praBJ‘IeHI/Ie CaMOJICTOM UMEET HeKOTOpBIe OCO6GHHOCTI/I.

Pynv evicombl B KPUBOIMHEHHOM IIOJIETE CIy’KUT JUI M3MEHEHMs yIjda aTaKd M Te€M CaMbIM - I
CO3/IaHMs KPUBU3HBI TPACKTOPHH B IUIOCKOCTH cuMMeTpuu camonera (Puc. 170). Ilpu pabore pymem BBICOTHI B
KPUBOJIMHEHHOM TMoJieTe (TaK Kak caMoJeT, ABHUrasich IO KPUBOW, OJHOBPEMEHHO IIOBOPAYMBAETCS BOKPYT
MOTIEPEYHON OCH, a 3TO NPHUBOAUT K YBEIMUEHHIO yIJa aTakd TOPU30HTAIBHOIO OINEPEHHUs) BO3HHUKAET
NPOTUBOACHUCTBYIOIIMI MOMEHT TOPU30HTAIBHOIO ONEPEHUSI KPUBOJIMHEIHOMY T0JIETY (AeMII(QUPYIOIINH MOMEHT),
BCJIC/ICTBHE YE€ro Ul yBEIWYEHHs yIila aTakd caMojeTa He0OXOJMMO OTKJIOHHTH PyJib YIPaBJICHUS Ha OOJBIIYIO
BEIUYHHY.

R Yewmp

nobopoma

Uewmp
nobopoma

Yro

Puc. 170 IIpomueooeiicmeue 20pu3oHmaibHo20 Puc. 171 Ilpomueodeiicmeue 6epmuKaibHO20
Oonepenus KpUuGOIUHEIIHOMY RONENY 6 RII0CKOCHU Onepenus KpueoIuHeliHoMy noienty é
cuUMMempuu camonema 20PU30HMANBbHOU NIAOCKOCIU

Pynv nanpagnenus B KPUBOJMHEHHOM IIOJNeTe, Kak M B IPAMONMHEHHOM, YIpPaBIseT CKOJIBXEHHEM camoneTa. Pyib
HaIIpaBJICHHs TaK k€, KaK ¥ PYJb BBICOTHI, IIPH BEIIOJTHEHUH KPUBOJIMHEHHOTO MOJIETa co3aaeT AeMndupyronmii MomeHT (Puc.
171), ato0, B CBOIO OYepenb, TpeOyeT OOIIBIIEr0 ero OTKIOHEHHS BO BHYTPEHHIOIO CTOPOHY KPHBOJIMHEHHOTO ABM)KCHUSI.

BJIMAHUE 'MPOCKOIIMYECKOI'O MOMEHTA BO3JYIIIHOI'O BUHTA

Jormyctum, 910 Macca BO3AYITHOTO BUHTA JIEBOTO BpamleHHs1 caMoiieToB Sk-52 u SIk-55 cocpemoToueHa B
nByx rpy3ax 1 u 2 (Puc. 172). B MoMeHT, korja BO3AYIIHbII BUHT HAXOAWJICS B BEPTUKAILHOM TOJIOKEHUH, JIETIUK
OTKJIOHWJI PYYKy YIpPAaBJCHUsS Ha ceOs, 4TO MPHUBEJIO K MOIHATHIO OTHOCHUTEIILHO TOPHU30HTA KaloTa CaMoJieTa.
[TonuaTue kamora camoJieTa MPUBEAET K BOBHUKHOBEHHUIO CKOPOCTU TPY30B MU OTHOCUTEIHHO MONEPEYHOU ocHu Z,
JIOTIOJTHUTENFHO K UMEIOICHCS YK€ OKPYKHOM CKOPOCTH OTHOCUTENBHO MpoosibHOM ocu X. Koraa rpy3sl 3aiiMyT
TOPU30HTAILHOE MOJIOKEHHUE, TO M0 MHEPIMKA OHU OYAYT CTPEMHUTBCS COXPAHUTH MPHOOPETEHHYIO CKOPOCTh U MPH
MOJHATHY KAarloTa OTHOCUTEIIFHO TOPU30HTA. B pesynbraTe AEWCTBUS STHX CKOPOCTEH Ipy30B (HAIpPaBIICHHBIX B
MIPOTHBOIOJIOXKHEIE CTOPOHBI-TPY3a /' Ha3am, Tpy3a 2’ Blepen) BOHIUKAECT MOMEHT, HA3bIBAEMBIH cUPOCKORUYUECKUM

Momenmom 6030yuin020 eunma My pyp, N0 JCHCTBHEM €r0 CaMOJIET HAYMHAET Pa3BOPAYNBATBHCS BIEBO (IIPH
BO3JYILIHOM BHHTE JICBOT'O BPALICHHS).
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Puc. 172 K 06vbacHenuI0 2upoCKORU1ecKo20 0elcmeus 6030yuHO20 UHMA 18020 8PAUEHUS HA CAMOTIEMAX
HAx-52 u Ax-55
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flpu onyexanuu  flou pasbopome flpu pasbopome

flou nodnsmuu Kanoma camonem camonema camonema bnela
Kanoma camonem paslopaqsubaem  Bnpabo nodnumaemcn  kanom
pasbopayubaem breby bnpaly Kanom onycxaemcs
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Puc. 173 I'upockonuueckoe oeiicmeue 6030yuiH020 6UHMA 1€6020 épaujenusn Ha camonemax Ak-52 u Ax-55
Peaxiusi camosieTa, BO3HUKAIONIAs MPH OTKJIOHEHUH pyJiel W3-3a NeHCTBHsI THPOCKONUYECKOr0 MOMEHTA
BO3AYIIHOTO BUHTA, 3aBUCHUT OT HAIPaBJICHUS IepeMelIeHns kanorta camonera (Puc. 173).

Takum 00pa3om, HampaBlieHHE TEPEMENICHHUS KaroTa caMojieTa OTHOCUTEIbHO TOPU30HTA NP JEHCTBUN
THPOCKOITMYECKOT0 MOMEHTa BO3IYLIHOTO BHHTA HAaXOAWTCA IyTeM mepeMermieHus ero Ha 90° BOKpyr ocu
BO3/LyLIIHOTO BUHTA B CTOPOHY BPAIICHHUS.

Bausaue TUPOCKOIMUYECKOr0 MOMCHTA BO3AYHIHOI'O BHWHTA B IOJIETC KOMIICHCHUPYETCSA OTKIOHCHUEM
QJICPOHOB W PYJid HAIIpaBJICHUS (qame pyisa HaHpaBHCHI/IH) B COOTBCTCTBYIOLIYIO CTOPOHY, CO3daBasg MOMCHT,
HpOTHBOHOJ’IO)KHBIﬁ TUPOCKOIMNUYCCKOMY.

Hanpuwmep, Ha camonerax Sk-52 u SIk-55 npu B3ATHH pyYKH YIpaBIeHUS HA ce0sl BOSHUKAIONIINI MOMEHT
napupyeTcs OTKJIOHEHHEM PyJIs HalpaBlIeHUs BIPaBo (HaXKaTHeM Ha IPaByIo NMeAalb).

ASPOJUHAMMUNYECKHUE IIEPEI'PY3KH

Ilepezpy3koit Ha3bIBACTCsI OTHOIICHHWE PABHOICHCTBYIONICH BCeX CHi (KpoMe Beca), NCHCTBYIOIIUX Ha
CaMoJIeT, K BeCy caMoJIeTa.

B cBs13aHHOI cucTeMe KOOPAMHAT ONPEAEIIEHBI IEPErPy3KU:

Ix - npononeHas neperpyska; Iy - HopmanbHas neperpyska; Iz - GokoBas eperpyska.

[Monnas neperpy3ka onpeaensercs no Gopmyse

2 2 2
n=./ny+n, +n,. (11.2)

Ilpooonwvnas nepezpysxa 11X BO3HUKAET TP U3MEHEHUH TSTH JBUTATENs M JOOOBOTO COITPOTHUBIICHHS.

Ecnu tsara npurarens Oosblie JJOOOBOTO CONPOTHBIECHUS, TO IE€perpyska IoJjoxuTedabHas. Ecim ke
BEJIMYIHA JIOOOBOTO COMPOTHBIICHHS OOJBINE CHIIBI TATH JBUTATENS, TO IEPErpy3Ka OTpUIATEIbHAS.

IIpononpHas neperpyska onpeaessiercs mo Gopmye
P-X
G (11.3)

n, =
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Bokosaa nepezpysxka Iz BO3HWKAaeT TpHU TOJIETE CaMOJIETa CO CKONbXeHHeM. Ho mo BemmunHe OOKOBas
a’ponmHaMudeckas cmia Z odeHb Mana. [loaTtomy B pacderax OOKOBYIO Meperpy3Ky MPUHHUMAIOT PaBHOW HYIIO.
boxkoBas neperpy3ka onpenensercs o hopmyiie

n,=—.
G (11.4)
BrmonaeHne Quryp mmiaoTaka B OCHOBHOM COIPOBOXKIAETCS BO3HHKHOBEHHEM OOJBIITUX HOPMAIbHBIX
neperpysox.

Hopmanvnou nepezpyskon Ily Ha3blBaeTCsi OTHOIIEHHE IIOABEMHOM CHJIBI K BECy camMoyieTa H
ompenensiercs mo Gopmyie

ny, =—.

G (11.5)
Hopmanbnast mneperpyska, kak BuaHo wu3 ¢Gopmynsr (11.5), co3maercs nomsemHol cuioil. B

TOPHU3OHTAJILHOM HOJIETe NPH CIIOKOWHOHM arMocdepe MoabeMHasi CHJla paBHA BECYy CaMoJIeTa, CIIEI0BATEINIBHO,
neperpyska OyZeT paBHa eIMHULIE:

2
P
Yy, :G:CyrnTrna

OTKyJa

n, = Yg =1.

\ Ful

Fuyb S~o /

_———

a 7]

Puc. 174 /leiicmeue yenmpooexscHoil cuibl uHepUUU HA TEMYUKA A - RPU PE3KOM YEeaUUeHUU Y2ia amaKu, 0 -
RpU Pe3KOM YMEHbUIEHUU Y214 AMAKU

B KpHBOJIMHEWHOM M0JIETEe, KOT/[a MOIbEMHAsl CHJIa CTAHOBUTCS OOJIBIIIE BECa CaMOJIeTa, eperpy3ka oynet
0OJIbIIIE EIUHUIIE.

[Ipu nBIKEHWHM caMojieTa MO KPUBOJIMHEWHON TPaeKTOPHM LIEHTPOCTPEMHUTEIBHON CHIION SIBISIETCS, KaK
YK€ TOBOPHJIOCH, OJJbEMHAS CUIIA, T. €. IaBJICHHE BO3yXa Ha KPbUIbs. [Ipy 3TOM Beln4nHe HEHTPOCTPEMHUTEIBHOM
CHJIBI BCET/Ia COMYTCTBYET PaBHAs, HO MPOTHBOIIOJIOXKHAS 10 HAIIPABICHUIO EHTPOOEKHAS CHJIa MHEPLHHU, KOTOpast
BBIpa)KaeTCsl CHIION JaBIICHHUS KPBUTREB Ha BO3MyX. [IpudeM meHTpoOexHas criia IeHCTBYeT MOIOOHO Becy (Macce),
a TaK KaK OHa BCErJa paBHA LEHTPOCTPEMUTEIBHOM CHIIE, TO NIPU YBEIMYCHUH ITOCIIEAHEN BO3pacTaeT BO CTOJIBKO
xe pa3. Takum oO6pazoM, a’3poAUHAMHUYECKas IIeperpy3Ka MoJ00Ha yBEIMUEHHUIO Beca caMmoieTa (JIeTYnKa).

HpI/I MOSABJICHUU MEPEIPY3KHU JICTUHUKY KAXKETCA, UTO €TI0 TCJIO CTAJIO TAXKEIICC.

HopMainbHast eperpyska JeIUTCsl Ha MOJIOKUTENbHYIO M OTpHUIIaTe bHY 0. Koraa meperpyska npmkuMaer
JIETYNKA K CHJCHBIO, TO 3Ta TEPETrPy3Ka HOMOMCUMENbHAS, SCIH KE OTICISCT ero OT CUACHbS M yICP)KHBaeT Ha
MPUBSI3HBIX PEMHSIX - ompuyamenvuas (Puc. 174).

B niepBoM citydae KpoBb OYIET OTIIMBATH OT TOJIOBBI K HOT'aM, BO BTOPOM CITydae - IPUIHBATH K TOJIOBE.

Kak yxe roBOpPHIOCH, YBEJIUUEHHE MOJBEMHON CHJIBI B KPHUBOJIMHEHHOM JBHXXEHHH PaBHOCHIBHO
YBEJIMUYCHHUIO Beca CaMoJIETa Ha Ty JKe BEJIMYUHY, TOT/IA

2
Y, :nyPG:CprVJSa

(11.6)

OTKyZa
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Y, _ Y, _ Gy
G

Nyp =

Yo Cymp ’ (11.7)

rae M,, - pacrionaraeMas neperpyska.

U3 dopmynsr (11.7) BuAHO, YTO BEJIMYMHA pacIoyiaraeMoil Teperpy3Kd OmpenesseTcs 3amnacoMm
KO3 (PUILMEHTOB MOABEMHONH CUIIBI (3aI1aCOB YIVIOB aTakKW) OT MOTPEOHOrO Ui FOPU30HTAIBHOIO MOJETa 10 ero
6e3onacHoro 3HaueHust (Cyrp uiu Cyyp).

MakcumanabHO BO3MOXKHAs HOpMajlbHas Meperpy3ka MoXeT ObITh IOJIydeHa TOrJa, Korja B IoJieTe Ha
JAHHOM CKOPOCTM U BBICOTE IojeTa OyoyT IOJHOCTbIO HCIIOJIB30BaHbl BO3MOXKHOCTH CaMOJIETa IO CO3JAHUIO
MOJBEMHONW CHIIBL. OTy IEperpy3Ky MOXKHO MOJYYWUTh B TOM Cllydae, KOIJa caMojeT pe3ko (0e3 3aMeTHOro
YMEHBLIEHUS CKOPOCTH ToJ1eTa) BBIBOAUTCS HA Cy=Cy yarc!

PV’
Y CY yaxc )
N = LMAKC _ 2

YOG G ' (11.8)

OnmHako [0 TakoW Meperpy3KH HEXeIaTeNbHO IOBOJAWTh CaMOJIET, TaK Kak MpPOHM30MIeT moTeps
YCTOWYHMBOCTH M CPBIB B IITOINOP WM IITONOPHOE BpamieHue. [1o 3Toif mpuunHe He peKOMEHIyeTcst Ha OOJbIINX
CKOPOCTSAX TIOJIeTa, OCOOCHHO MNpH BBIXOAE M3 NHKHPOBAHUS, OTKJIOHATH PE3KO PYUKY YIpPaBICHHWA Ha ceOsl.
[TosTOMy MakCHMalIbHO BO3MOXKHYIO HIIM PACIIoaraeMylo Neperpy3Ky NPHHUMAalOT MEHbLIEH 110 BeIH4NHE, YTOObI
IpeAyNpeauTh BBIXO/ CAMOJIETa Ha PEXUM Tpsicku. PopMyria onpeaeraeHus 3TOH neperpy3Ki UMEET B

n,, =(0,8+0.85n

yMakc * (1 19)

s camonero Sk-52 u SIk-55 rpaduueckue 3aBUCUMOCTH PACHONaraeMbIX IEPErpy30K OT CKOPOCTH IOJIEeTa MMOKa3aHbl HA
Puc. 175, Puc. 176. [lpu BHITONHEHWH TOJIETOB Ha camonerax Sk-52 m SIk-55 pacmonaraemas HOpManbHas Teperpys3ka B
OCHOBHOM OTPaHHYEHA M0 IMPOYHOCTHBIM XapaKTEPUCTHKAM CaMOoJIeTa.

MaxkcHMAa/IbHO Oy CTHMAsl IKCILIyaTAMOHHASA Neperpyska 1js camoiera SAk-52:
¢ KOIeCHbIM waccu:

MOJIOKUTENIbHAS +7;

oTpuLaTeNbHas -35;

C JIBIJICHBIM WACCU:

MOJIOKUTENIbHAS +5;

oTpuLaTeNnbHas -3.

MaxkcHMalIbHO Oy CTHMAasl IKCILIyaTAIMOHHASA Neperpys3ka 1js camoiera SAk-55:
6 MPEHUPOGOUHOM 6apuanme:

MOJOKUTEIbHAs +9;

oTpHumarenpHas  -6;

6 NEePecoOHOUHOM 6apuanme:

MOJIOKUTENIbHAS +5;

OoTpuHaTejbHas -3.
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. Bzpanudenun no npoynocmu
Y

ny # Depanuyenue npoynocmu

50

100 v, arfy

7 P4 4
OQzpanuvenue no npownocmu

G2aanmuyenur ng npoynacmu

Puc. 175 Pacnonazaemuie nepezpysxu camonema Ax-  Puc. 176 Pacnonazaemuie nepecpysxu camonema k-
52 npu H=1000 m 55 npu H=1000 m

Ilpesviruenue 6 noneme 3mux nepezpy3ok 3anpeujaemcs, TaK KaK MOTYT IOSBUTBCA OCTaTOYHBIE
nedopmanny B KOHCTPYKILIUH CaMOJIEeTa.
IIpy BBINONHEHWU YCTAHOBUBILIUXCS KPUBOJMHEHHBIX MAaHEBPOB IIEpPErpy3Ka 3aBUCUT OT 3araca TATH

CIJIOBOM YCTAQHOBKH. 3amac TATH ONpeAeNsieTcs M3 YCIOBHUS COXPAaHEHUS 33aJaHHOIl CKOPOCTH B TEUEHHE BCEro
MaHeBpa.

IIpedenvnoit nepezpyskoii no pacnonazaemoii maze MNyppgy Ha3bBaeTCs HauOOJbIIAS MEpErpys3Ka, IpH
KOTOPOH TATa CUJIOBON YCTaHOBKH €IlI€ YPaBHOBEIINBAET JI000Boe conpoTtusieHue. OHa onpenensercs 1no Gopmyiie

n = .
Yot =G ey T G (11.40)

Hpe,uenLHaﬂ 10 pacnonaraeMoﬁ TAre neperpys3ka 3aBUCUT OT CKOPOCTU U BBICOTHI IIOJICTA, TaK KakK
BBIICYKA3aHHBIC (baKTOpI)I BJIMAIOT Ha PACIIOJIaracMyro TAary Pp U OT CKOPOCTHU a3pOAMHAMUYCCKOC Ka4€CTBO K.

_pPCy _£K

Jns pacuera 3aBUCHUMOCTH Ilynpm V HeoOxonumo umeTh KpuBble Pp (V)amst pa3nudHbIX BBICOT U CETKY IOJISP.

Ji1st KaXkoro 3HaUEHMsI CKOPOCTH ¢ KpuBOH Pp (V) cHUMAroT 3HaUeHHs pacroyiaraeMoil TSATH, OTPeeNsoT

szi,

8S ¢ TOJISAIPBI JJIsI COOTBETCTBYIOIIEH CKOPOCTH V CHAMAIOT BennuuHy Kodddumuenta Cy U pacCUMTHIBAIOT
o ¢popmyae (11.10).

[Ipu MaHEeBpHPOBAaHUH B TOPU3OHTANBHOW IIOCKOCTH C MEPETPYy3KOH MEHBIIE pacloaraeMoid, Ho Oojee
MPEEIBEHON 110 TSTe caMoJIeT OYAET TepsATh CKOPOCTh MITH BBICOTY IIOJIETA.

BJUSHUE BbICOTBHI IIOJIETA HA BEJIMYAHY PACIIOJIATAEMOM HOPMAJIBHOM
INEPEI'PY3KU.

C un3MeHEeHHEM BBICOTHI MOJIETAa HM3MEHSETCS IUIOTHOCTh BO3JyXa, CIIEOBAaTEeNbHO, W3MEHSAETCS U
noTpeOHBIN KodpduuueHT mogpeMHor cuiabl Cy, MO3ITOMY, Kak CIEACTBHE, W3MEHSETCS W pacrojaraeMas
HOpMaJIbHas IeperpysKa.

Pacnonaraemas rieperpyska y 3eMJId MpH MOJIETEe CO CKOPOCThIO V) paBHA

2

PV ru
Cyrp TS
nYprr—o = .
G (11.11)
IIpu nojere Ha JAPYroi BhICOTE HpU TOH K& CKOPOCTH TOPM3OHTAILHOTO IOJIeTa pacronaraeMas

neperpyska Nyp Oyzaer paBHa
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2

PoV i S

G (11.12)
Bennunna pacrnonaraemoro koddduiiMeHTa MOABEMHOW CHIIBI OT BBICOTHI TIOJIETa HE 3aBHCHT,

CIIEZIOBAaTENIFHO, MPH TOM K€ mmojeTHOM Bece u3 Qopmyn (11.11) m (11.12) MOXHO HaWTH pacoiaraeMyro
neperpy3Ky Ha BeicoTe noJjera H:

Cyrp
nyy =

Po (11.13)
U3 dopmyist (11.13) BugHO, 4TO C MOIHITHEM Ha BBICOTY pacriojiaraeMast lieperpy3ka YMEHbIIAeTCsl U Ha
MPAKTUIECKOM ITOTOJIKE BO3MOXKEH TOJIBKO TOPH30HTAIBHEIH MOJIET, pu KoTopoMm Ny=1.

Jns  wm3MepeHusT meperpy3kd Ha caMojeTe YCTaHABJIMBAIOT MPHOOp, IOJMYYMBIIMI Ha3BaHUE
akcejepomMeTp. JleTunk, pPyKOBOJACTBYSCH ITOKa3aHUSIMH 3TOTO IPHOOpPA, MOXKET CBOEBPEMEHHO YMEHBIINTH
Meperpy3Ky, Korjaa OHa CTAHOBUTCS OMACHOM ISl povHOCTH camosnera. Ha camomerax SIk-52 u Ak-55 ycranoBieH
akcenepomerp AM-9C.

O:zpanuuenue nepecpysku Ry no npounocmu camonema. IlpenenbHO JOMYCTHMBIE JJIsi KOHCTPYKIWU
caMmoJieTa Teperpy3kd 3aBHCAT OT €ro Ha3HaueHHs. HauOomblIylo SKCIUTyaTallMOHHYIO MEperpy3Ky HMEIOT
MaHEBPEHHbIE CaMOJIEThI, TAKME KaK IMJIOTaXXHbIE, CIIOPTUBHBIE U CAMOJIETHI-UCTPEOUTEIH.

CymecTBYIOT OQHIHaIbHbIE TOCYIapCTBEHHbIE HOPMbI MPOYHOCTH, YCTAHABIMBAIOLIME MPEIEIbHO
JIOITyCTUMBIE (IKCILTyaTallMOHHBIE) IEPErPy3KU AT KaKIOT0 KJIacca CaMOJIeTOB.

DusuonozuuecKkue 0Zpanudenuss nepezpy3oK CBSI3aHbl C BO3ACHCTBHEM IEPErpy30K HA 4YEIOBEUYCCKUI
opranm3M. [lox BO3JCHCTBHEM TMEPErpy30K B YEJIOBEUECKOM OpPraHM3ME MPOUCXOJHUT YTSDKEICHUE BCEX €ro
OpraHoB, nedopmariusi CKejera, OTJIMB KPOBU OT OJHUX OPTraHOB M MPUIMB €€ K IpyruM. BenuuuHa meperpysku,
KOTOPYIO MOXKET MEPEHECTH YEJIOBEK, 3aBUCUT OT HAIPABIICHUS MEPErpy3KH, OT BPEMEHH €€ BO3JCHCTBHS M TeMIa
HapacTaHus, a TAKKe OT 00MIel 1 PU3NIECKON TTOITOTOBKH.

Ha mepeHocuMOCTh Teperpy3ku BIUSIOT CleAyiomue (akTopsl: yIoOCTBO pPACIONOKCHHS CUICHBS;
TeMIIepaTypa; IaBJICHHE BO3yXa B KaOWHE; CTETIEHb YTOMIIEMOCTH; CyOBEKTHBHBIE OCOOSHHOCTH JieTunka. Jlerde
MIEPEHOCATCS TIEPerpy3KHd B HANPABICHHH «CIIMHA - TPYAb» H «TPyNb - CIHHA» W TPYIOHEE - «Ta3 - TOJIOBa
(ocobOeHHO TpW OTpHIATENBHBIX Teperpy3kax). IIpu oTpHIaTeNBHBIX MEeperpy3Kax MPIUTHB KPOBU K TOJOBE PE3KO
CKa3bIBaeTCs Ha pabOTOCIOCOOHOCTH JeTYrKa. 1103TOMy ISl yCIIeITHOTO OBIAJACHUS aKPOOATHIECKUM THIIOTAXKEM
Ha camoreTe Sk-55 HeoOX0oAMMO 3aHUMAThCS GPU3UIECKON MOATOTOBKOM.

BUPAX CAMOJIETA

Bupaoswe camonema - 370 KpUBOJUHEHHBIN MOJIET caMoJieTa B TOPU30HTAIBLHOW TIOCKOCTH C Pa3BOPOTOM
Ha 360°.

YacTh BHpaka, UMEIOLIAst 11e1b M3MEHEHUE HAMPABJICHHS JIBI)KSHUSI HA YroJi, MeHblni 360°, Ha3pIBaeTCs
pazeopomom. BUpax ¢ IOCTOSIHHOW CKOPOCTBIO U YIJIOM KPEHa HAa3bIBACTCS YCHMAHOBUGUIUMCA. Y CTAHOBUBILIUICS
BHUpaXk 0€3 CKOJIb)KEHUS Ha3bIBaeTCs npasuavhovlm (Puc. 177, a).

Puc. 177 Cxemut gupadiceil: a - RpAGUIAbHBLIL 6UPANC; O - BUPANC C GHYMPEHHUM CKOTIbHCEHUEM; 6 - GUPAMIC C
6HEUHUM CKOJIbIICCHUEM
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Puc. 178 Cxema cun, oeiicmeyionjux Ha camonem Ha supaice (6uod cnepeou)
Bupax MOXeT ObITh HEYCHIAHOGUBUMUMCA, TIPU KOTOPOM OYIET MEHSATHCS CKOPOCTh M PAJNyC, BUPAXK CO
CKOJIbKCHHUEM, BUPAXK ¢ HAOOPOM WITH MOTEPEH BBICOTHI.

Ecnu camoneT umeer cKoNbKEHHE BO BHYTPEHHIOIO CTOPOHY BUpaXka WM BO BHELIHIOIO, TO HANPABICHHE
CKOPOCTH HE COBIIQJIa€T C IUIOCKOCThIO CUMMETPUHU U COCTaBJsieT ¢ Heil HekoTopwid yroa B (Puc. 177, 6, B). B
HNEPBOM CIy4ae CKOJIbKEHUE HA3bIBACTCS 6HYMPEHHUM, BO BTOPOM - GHEUIHUM.

MPABUJIbHBIN BUPAK. CXEMA CUJI U1 YPABHEHUSA IBUKEHUS

Ha Bupaxke Ha camoner AedCTBYeT moabeMHas cuia Y | j1000Boe conpoTuBieHue X, Bec camoinera G u
TAra CUJIOBOM yCTaHOBKHU P.

Just ocyliecTBiIeHHsT BHpaXka HE0OXOIMMa HEYPAaBHOBEIICHHAS CHUIIA, HAMPABICHHAS TOPU30HTAIBHO K
LEHTPY BUpaXa - IEHTPOCTpEMHUTENbHAs cuia. [l MoJydeHHs 3TOH CHIbl HEOOXOJMMO HAKPEHHTh CamoJIeT
JJIEPOHAMHM B CTOPOHY BHpaXKa Ha Yroll Y, KOTOpbIA Ha3biBaercsi yrioMm kpeHa (Cxema cuil, NEHCTBYIOIIMX HA
camortet Ha Bupaxe (Puc. 178). B pe3ynprare 3T0r0 Ha TOT K€ YroJ HAKJIOHUTCA U BEKTOP MOABEMHON CHIIBI KpbLIa

Y. Pa3yioxkuB 3Ty Culy 10 BEPTHKAIM U TOPU30HTAIH, TTOJIYIUM JIBE CHIIBI - Ycos ¥ U Ysin Y. M3 Hux cuna Ycos Y
JOJDKHA ypaBHOBELIMBATh CUITy Beca camoneTa G, a cuna Y sin Y CIy»KUT LEHTPOCTPEMUTENbHOMH CHIIOMN.
3HauyuT, U1 OCYLIECTBJIEHMS IPABUIBHOTO BHMpaka IOJbEMHAs CHJIAa JOJUKHA YBEIMYMTBCSA C TAKUM

pacueToM, 4ToOBI e BepTHKalIbHas COCTABIIAIONIAs Y COSY MOIJIa ypaBHOBECUTH Bec camoiera G. DTo jocTuraercs

IByMs crocoOamMu: yBEIMYEHHEM yIjla aTakd WM YBEIWYCHHEM CKOPOCTH IojieTa. ECIM He BBINOTHUTH 3TH

YCIIOBHS, TO BEpTHKAIBHAS COCTABIAIONMAs Y cos 7 OyJeT MeHbIe Beca caMojieTa M MoJ IeHCTBHEM pa3HOCTH CHII

(G-Ycos 7) camornet OyneT CHUKATHCS Ha BUPAXKE, T. €. HOJIYUUMCA HERPAGUbHBLIL 8UPAIIC - CO CKOTbIHCEHUEM.
YpaBHEHUS IBIKEHUS HA IPABIIIEHOM BHpaXke OyIyT UMETh BUI:

YCIOBUEC MMOCTOAHCTBA CKOPOCTU

P-X=0; (11.14)
YCIOBUC MMOCTOAHCTBA BBICOThBIL
Ycosy-G=0; (11.15)
YCIIOBUC UCKPUBJICHUA TPACKTOPHUHU
2
. mV
Ysiny=——;

T's (11.16)

rae I's - pannyc BUpaxa.

INOTPEGHAS IIEPEI'PY3KA HA BUPAKE

Jln1s1 BBIMOTHEHUS BUpaXka MOIbEMHAs CHJIA JOJDKHA OBITH yBENIWYEHa, M TeM OOJIbIle, YeM OOJIbIIe KpeH.
CrenoBatenbHO, Ha BUPaXKe CO3JaeTCs MeperpysKa, IpruieM OHa OyJIeT pacTH ¢ YBEJIIMUYCHHEM KpEHa.

Ha MNpaBUJIIBHOM BHPAXKE BCEC YPaBHOBCIIMBACTCA BepTHKaJ’IBHOﬁ COCTaBJ’IHIOHIeﬁ HOZ[LGMHOP'I CHJIBI.

Brmonnsercs ycnosue G=Y cosY, 0TKya HOpMajbHas IEPErpy3Ka Ha BUPAKE PaBHA

Y 1

ny=—=—-—.
G cosy (11.17)
Takum 00pa3oM, Ha IPABMIILHOM BHPaXKe BEJIUYMHA MOTPEOHOM IEPErPY3KH ONPEAEISIETCS TOIBKO YIIOM
KpeHa.
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3aBUCHMOCTH OTPEOHOM Meperpy3ku Iy oT yriioB KpeHa Ha BUpake IoKa3aHbl Ha rpaduke Puc. 179.
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Puc. 179 3agucumocms nepezpy3ku Ha supasice om KpeHa

CrnenoBaresnbHO, YeM OOJIbIIE Meperpy3ka, TeM Oouiblie yroia kpeHa. [Ipu kpene Oosee 85° moTpeOHas
neperpys3Ka IpeBbIIIaeT IKCIUTyaTallMOHHYI0 camonera SIk-55 (+9), a npu kpene Oojee 75°-3KCILTyaTallMOHHYIO
camornera Sk-52 (+7)..

BenuunHa npenenbHOro yria KpeHa Ha BHpPaKe OIPAaHHYMBACTCS TEMH ke (haKTOpamH, 4TO M BEIUYMHA
pacrnonaraeMoii u npeneabHou 1mo Tare neperpy3ku. C moapeMoM Ha BBICOTY BENIMYMHA MPEIEIBHOTO YIila KpeHa B
COOTBETCTBUHM C YMEHBIIEHHEM MpeIeNbHON Neperpy3ku OyAeT MOHIKAThCs, BBI3BIBAS NPU 3TOM YBEIHUYCHHE
paaunyca U BpeMEHHU BUpaXKa.

CJ'Ie,HOBaTeHBHO, CJIEAYET IOMHHUTD, YTO IIPH BBIIIOJHEHUH BHUPaXka Ha IPEACIbHOM YTJIE KPpE€HA IO TPSACKE
JAaXE HE3HAYUTEIIBHOC YBEIIMYCHHUE yIJIa KPEHA MOXKET IMPUBECTU K CPBIBY, TaK KaK 3aIrac 1o MEperpy3ke OT TPSICKHU
10 CpbIBa HEBCJIUK.

CKOPOCTD, TIOTPEBHASI AJI5s1 ITIPABUJIBHOI'O BUPAKA
Jn1s BBITIOJIHEHNST BUpaXka HEOOXOIMMO YBEIHYHUTH MOJIBEMHYIO CHIIY 1O CPABHEHHIO C TOPHU30HTAIBHBIM
MOJIETOM. DTOTO YBEJIMUEHHSI MOXKHO JOCTHYb YBEJIMYEHHEM CKOPOCTH IOJETa IPHU COXPAHEHUH yTIa aTakd J0o
YBEJIIMYEHUEM yTJIa aTaKH IIPH COXPAHEHHH CKOPOCTH TOPU3OHTAIBHOIO MOJIETA.

a =const,Cy, =Cy, =Cy,

Ecan

2
G:Ycosy:Cy%Scosy

TO U3 YpaBHCHUA MoJIy41um

2G 1
= =< ——=Vny.

CypS cosy (11.18)

N1/
CkopocTb, moTpeOHasi Ha BHpaxe, B Y pa3 Oombliie, 4eM B TOPHU3OHTAIBHOM Iojere. Tak Kak
meperpy3ka Ha BHpaXke BCerAa OOJbIIe EIUHHIBI, TO W MOTpeOHas CKOPOCTh Bcerjga OOJbIIe CKOpOCTH
TOPH30HTAIBHOTO TIOJIETa IIPH TOM XK€ YTJIe aTaKu.

Ho 5T0 He 3HauuT, YTO /I BHIIIOJIHEHHUS BUPAka HEOOXOIUMO YBEIMUUTE CKOPOCTh. ECIN 110 BBITIOTHEHHS
BUPaXa TOJIET BBIIOIHSIICS HA MAJIOM yIJI€ aTakd, T. €. Ha OOJIBIION CKOPOCTH, TO ISl YBEJIMYEHHS MOJHbEMHOU
CHJIBI Ha BUP@)XE MOXKHO YBEIWYHUTH YToJl aTaku. Eciu »e 70 BBIIOIHEHNS BUpaska IOJIET BRIIOIHAJICS Ha OONBIINX
yIilax aTakd, T. €. Ha MaJOi CKOPOCTH, TO yBEIMYHThH YrOJI aTaKH HEIEeIecooOpa3Ho, TaK KaK BO3MOXEH CPBIB B
MITOIIOP MJIM IITOMOPHOE BPAIIEHNE, IOATOMY HEOOXOANMO B 3TOM CIIy4ae yBEIHIUTh CKOPOCTb.

B nocnepnem cityyae JI€TYMK HEPEAKO JIOMTyCKaeT OUIMOKY, KOTOpasi MPUBOJIUT K CPBIBY B ILITOIIOP.

W3 nonydennoii 3aBucumoctu (11 18) ciemyer, 4yTo Ha BHpa)Xke CKOPOCTh CpbIBA, a TAaKXK€ CKOPOCTb,
COOTBETCTBYIOIIAsA HaMBbIFOHHeﬁmeMy yrily araku, GyHyT 6OJ'II)LL[I/IMI/I, 4YE€M B IT'OPU30HTAJIBHOM IIOJIETE, TaK KaK

2G 1
Cy, = =Cyphy,
pv? s cosy (11.19)

IPU YCIOBUH, Y4TO

VB: Vrn: V.

BJIMSHUE BBICOTHI IIOJIETA HA ITIOTPEBHYIO CKOPOCTDH HA BUPAKE

C yBesmueHHEM BBICOTHI IOJIETa CKOPOCTh, MOTpeOHast Il BUpaxa, yBeauduBaeTcs. [Ipu 3TOM HYKHO
MIOMHHTB, YTO Ha BBICOTE CKOpocTh 1o npubdopy YC-450K ocraercs HensmeHHOW. [103TOMY, BBINOJHSS BUpaX Ha



APOANHAMUKA CAMOJIETA 149

BBICOTE, HEOOXOAUMO BBIAEPIKHBATH Ty e CKOPOCTH T10 MPHOOPY, KOTOpast HEOOXOANMA ISl BHITIOJIHEHHUS BUpaXxKa y
3emMuid (TIpY OJTMHAKOBOM TIOJIETHOM BECE CaMOJIeTa).

Bausnue e6eca camonema. C yBenuueHneM Beca TMOTpeOHas CKOpOCTh Bo3pacraeT (CMOTpH
TOPH30HTANBHBIN moeT). COOTBETCTBEHHO BO3PACTAET M MOTPeOHAsI CKOPOCTD IJIsl BUpaXKa.

BnusiHue Beca Ha CKOPOCTh BHUpPaXka JIETKO MPOCIIEIUTh, COMIOCTABHB XapaKTEPUCTHKH BHPaKa CaMOJICTOB
SIk-52 m SIk-55.

TAT'A 1 MOIMHOCTD, IIOTPEBHBIE /IS BUPAYKA

Ilompebnoit mazou u mouiHocmpio Ui BHpaka Ha3bIBaeTCS HEOOXOOMMAas TATa WM MOIIHOCTb,
YpaBHOBCIIUBAIOIAS JIOOOBOE CONMPOTHBICHHE CaMOJIeTa Ha NMPABUJIBHOM BHPaXE IPH JAaHHBIX 3HAYCHUAX yIjia
aTakH U yrJjia KpeHa.

YBennyeHrne moTpeOHON CKOPOCTH Ha BUpaXke TIPU HEM3MEHHOM YTJIe aTaKd WM yBEIHMUYEHHE yTIIa aTaKd
IpH HEU3MEHHOW CKOPOCTH COIIPOBOXKAAETCS YBEIMYEHHEM JOOOBOTO COIMPOTHBICHHS IO CPAaBHEHHIO C €ro
BEJIMYMHON B TOPU30HTAIEHOM ToJieTe. [1oaToMy moTpeGHBbIe A7 BHpaXka Tsra ¥ MOIIHOCTH JOJDKHBI OBITH OOJbIIe,
9eM I TOPU30HTAIBHOTO MOJIETA.

Nsup
Nrn
7 I

"]

|

4 0 2 3w 50 60 7w e w071

Puc. 180 Yeenuuenue nompednoii 0na 6upaxca MOWHOCHU 8 3A6UCUMOCHY O y2ia KpeHda

Kak u B TOpH30HTaIBHOM TIOJIETE, TSra Ha BUPaXXe PaBHA JJOOOBOMY COTIPOTHUBICHUIO

2
oV
P,=X,=C,—/£S8,
2
HO MHHHMAJBHO JOII Py =Vyy\ny, .
ycTHMas CKOPOCTh Ha BHpAKe PaBHA CJIeJI0BATENBHO, TP 3TOM
CKOPOCTH
2
_~ PV
Py =Cy nyS,
OTKyZIa
Py =Py . (11.20)

W3 dopmynsr (11.20) cmemyer, 4To ¢ yBenHYeHHWEM KpeHa (Leperpy3Ku) MOTpeOHas Tsra Ha BHpaxe
BO3pacTaeT YBeJIMUeHHe TATH Ha BUPaXKe BO3MOKHO TOJIBKO 3a CUET M30bITKA TATH CHIIOBOH ycTaHoBkH A P,

[ToTpeOHast MOLIHOCTH paBHA MPOM3BENECHHUIO TOTPEOHOM TSTH HA CKOPOCTh

— PBVB — PFHnyVFH \lny
75 75 ’

Ny
OTKyzia

Ny =Ny . (11.21)

W3 popmymnst (11.21) crenyer, 4To ¢ yBenuueHneM KpeHa (Ieperpy3KH) MoTpedHasi MOIIHOCTh Ha BUPaXe
BO3pacTaeT NPONOPHHOHAIBLHO KOPHIO KBaJpaTHOMY M3 KyOa meperpy3ku. CieqoBaTenbHO, C yBEIHMYEHHEM KpeHa
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noTpeOHasi MOIIHOCTh YBEIWYHBAETCS CHadasla MEIJIEHHO, a moToM Bce Oomee pesko (Puc. 180). Ha rpaduke

B

OMmMHOUuteHue
pHUCYHKa N300paskeHa 3aBHCUMOCTb IIOTPEOHOI MOIITHOCTH ISl BUpaXa, 11T/ ot yria KpeHa.

Hamnpumep, npu kpene 20° norpeOHas it BUpa)ka MOIIHOCTH OOJIbILE MOTPEOHON /I TOPU30HTAIBHOTO
MoJieTa Ha Malylo BEJIWYMHY; NPH KpeHe, paBHOM 50°,- B nBa pasza Oouiblle; Mpu KpeHe, paBHOM 60°,- B Tpu pasa
Oosbliie, a pu KpeHe, paBHOM 70°,- B IATh pa3 OoJIbIIIE.

Takum 06pa30M, JJIA BBITIOJTHCHUS BUPaXKa HCO6XO,HI/IMO HMETh H30BITOK MOIIHOCTH.

PAJINYC U BPEMS BUPAKA

Pazmyc U BpeMsA BHpaXa SABJIAKOTCA OCHOBHBIMU BCIIMYUHAMHU, XAPAKTCPUSYIOUIMMU MAaHCBPCHHBIC
BO3MOJXHOCTH CaMOJIETAa B FOpHSOHTaJIBHOﬁ IIJIOCKOCTH.

Kak yxe roBopuiiock, [Jisi BHIMOJHEHHS BHpPaka HE0OXOauMa IEHTPOCTPEMUTEIbHAS cuiia. To ecTh s
YMEHBIICHUs paJuyca BHUpaka HEOOXOAMMO YBEIWYUTh TOPU3OHTAIBHYIO COCTABJIAIOIIYIO IMOABEMHON CHIIBI

YSIH}/) a JIid 3TOTrO CICAYET YBCIWYUTH KPEH CaMoJI€Ta, OAHOBPEMEHHO YBEIWYWBASA IIOABEMHYIO CHITY
YBEIMYCHUEM YTJIa aTaKh WX CKOPOCTH.

LlentpocTpemurenbHas cuila, ¢ OAHOM CTOPOHBI, paBHa Ysiny ,
2
mV
a ¢ JIpyroi s (u3 YCIIOBHSL HCKPHBIEHHS TPAaeKTOPHU B TOPHU3OHTANBHOH miiockoctH (dopmyia

10.16). CnenoBarensHo,
2

Ysiny = my ,
Tg

OTKyJIa paiuyc BUpaxka OyaeT paBeH
mV? GV*? V2 V2
}"B = Y - = Y - = Y = t ,
Sln}/ g Sln}/ ggsiny gg]/

(11.22)

Takum o0pa3zoM, pamuyc BHpaXka OIpPEeNsieTCsl CKOPOCThI0 M HOPMAIBHOW Ieperpy3koil. AHamu3upys
BEIpakeHUs Gopmyitsl (11.22), caenaeM 3aKIFOYCHUE, YTO paANyC BUpaXka OyIeT TeM MEHBIIIE, YeM:

G

MEHbIIIE YeIbHas Harpy3Ka Ha KPbLIO S ;
GOJbIIE IIOTHOCT BO3yXa £ (C yBeIHUeHHeM BBICOTHI TI0JIETA PANYC YBEIHIHBACTCS);

6outbire koaddupeHT noabemuoi cuisl Cy;

6osbre kpen camonera Y ; mpu Cy=Cyjon ¢ yMEHBIIEHHEM CKOPOCTH PaTHyC PACTeT.

BP(ZM}I eupajxica OnpeaAciIACTCd Kak OTHOIICHUE NJIMHBI OKPYKHOCTH, KOTOPYIO OIMMCBLIBACT LCHTP TAXKCCTU
CaMOJIETA Ha BUPAXKE, K CKOPOCTHU CaMOJIETa:

2w, 2z V? 4

tB_ - ' — Y e

Yy v gy mel

CJICA0BATCIbHO, BPEMS pa3BOpOTa HA yroj (D

iy =505 004
n, —1.
) (11.24)

W3 dopmymnsr (11.23) BunHO, uTo Bpems BHpaxa (Kak U paguyc) ONpenessieTcsi CKOPOCThIO M HOPMaJIbHOM
neperpy3koi. [l yMEeHbIICHNS! BpEMEHH BUpPaka HEOOXOIUMBI T XK€ YCIOBHS, UYTO W AJISl YMEHBIICHHUS pajuyca
BUPAXa, HO CJIEAyEeT HOMHHTB, YTO CKOPOCTbH ITOJIETA HAa BPEMSI BHpaka OKa3bIBACT 3HAUMTEIFHO MEHBIIIEE BIIMSIHUE,
YeM paanyc BHpaXKa.
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OCHOBHBIE XAPAKTEPUCTUKH BUPAJKEN CAMOJIETOB $IK-52 U SIK-55

B yueOHBIX mensx Ha camosierax Sk-52 m SIk-55 BHpaku ¢ KpeHOM 110 45° BBINOJHSIIOTCS Ha CKOPOCTH
V=190 xkm/4, ompenemnsemoit mo mpudopy YC-450K, Bupaxu ¢ kperom 60° - Ha ckopoctrt V=210 xm/4. Bupaxu c
KPEHOM 110 45° MPHUHATO Ha3bIBaTh MEIKUMH, a ¢ KpeHOM OoJee 45° - riryOoKuMu.

IMPEJAEJIBHBIE BUPAXKH

[Ipn yBenmmueHWM KpeHa Ha BUPAKe HACTYIIUT MOMEHT, KOTZA JUISi BHIOJHEHHS ero (ISt MPeoJOoJIeHHs
J0060BOTO CONPOTHUBIICHUS) OTPEOYETCsI MOITHOCTh CHIIOBOIM YCTAaHOBKH, PaBHasi MAaKCHMAJIbHOM, CIIEI0BATENBHO,
JlaNbHEHIee YBeIMUeHNE KpeHa BBI30BET CHIDKEHUE caMoJIeTa, TaK KakK ITPpaBWIIbHBIN BHUpak HeBo3MoxkeH. Ecin Ha
BUpaXke Neperpy3ka MpeBbICUT NPENeNbHYIO0 110 TATE, TO CaMOJIeT OyIeT CHIDKAThCS JAAXKe MPH IOJHOHU TATe, TaK KaK
J000BOE COMPOTHBIIEHUE OyneT OOJdbIle TATH CHIOBOW ycraHOBKH. CleqyeT HWMETh B BHIY, 4YTO IMIpH
KPaTKOBPEMEHHOM pa3BOPOTE MOXKHO CO3JaTh OOJBIIONW KPEH U Meperpy3Ky, BIUIOTh A0 pacroiaraeMoil. OqHako
JUTUTENBHBIN Pa3BOPOT ¢ OONBIINM KPEHOM M IIeperpy3Koil BEI30BET 3HAUUTEILHOE TOPMOJKEHHE CaMOJIeTa, KOTOPOe
IpUBEAET K YMEHBIICHUIO CKOPOCTH M CHIDKCHHIO caMmouiera. lIpemenbHas IO TsAre Ieperpyska sBiseTcs
Heperpy3koil JUIMTEILHOTO Pa3BOPOTa C 3laHHON CKOPOCTBIO.

Bupax, /Ui BBINOJHEHHS KOTOPOTO Ha 33JaHHON BBICOTE M MAaKCHMAJIbHOM KPEHE HCIIOJIb30BaHA BCS
MOIIIHOCTh CHJIOBOM YCTaHOBKHM M OKCIUTyaTallMOHHAs Ieperpy3ka (JIMMHTHPOBAHHAS NPOYHOCTHIO CaMoJieTa |
BBIXOZIOM Ha PEXHM CBAIMBAaHMUS), HA3BIBACTCS HPEOCTbHBIM GUPAIHCOM.

Ha camonerax fk-55 u Sk-52 npenenpHble MO TAre NEPErpy3KH BO BCEM JHANA30HE CKOPOCTEN MoJieTa He
MPEBBIAIOT 3KCITYaTALMOHHYIO IMEPErpy3Ky IO MPOYHOCTH, MMO3TOMY OCHOBHBIM OTPaHHYEHHEM MpEAEIbHBIX
BUpaXxkel camoneroB Sk-52 u Sk-55 sBnsercs mpenenbHas meperpyska Mo CpheIBY H Mo pacroiaraemoit tsre (Puc.
181, Puc. 182).

Ha pucynkax rpadudecky n300pakeHbl XapaKTepUCTHKHU MPeNeNbHBIX BUpaxel camosieToB Sk-52 u Sk-55
npu paboTe aBUraTelns Ha 1-M HOMHHAIE.

ITokazanbl M3MEHEHUs] XapaKTEPUCTHK B 3aBHCUMOCTH OT W3MEHEHHMS CKOPOCTH IIOJIETa Ha BBICOTE
H=1000m.

AnHanmm3upyst 3T TpaduKy, MOKHO CHEJaTh BBIBOA, YTO NMPEACTbHBIH BHUPAX C MAaKCHMAaJbHBIM YTIJIOM
KpPEHa MO’KHO BBIITOJHHUTH TOJIBKO HA ONPEIEICHHOM yTJIE aTaKH U COOTBETCTBYIOIIEH CKOPOCTH.
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Puc. 181 Xapaxkmepucmuxu supasxica camonema fx- Puc. 182 Xapakmepucmuxu eupasica camonema k-
55 (H=1000 m, Ge3-870 kzc, pescum padomol 52 (H=1000 m, Ge3=1290 kec, peacum pabomul
osuzamensa-1-ii Homunamn) osuzamens- 1-it Homunan)

IIpenenbHblii BUpaXX C MUHUMAIbHOM CKOPOCTBIO, pajlycoM U BPEMEHEM BBIIOJHSETCS Ha
SKOHOMHYECKON CKOPOCTH.

C noabeMoM Ha BBICOTY M30BITOK MOIIHOCTU CHJIOBOM YCTaHOBKM yMeHbluaercsi. [Io3ToMy MakcumasbHbINA
Yrojl KpeHa Takke yMmeHblaercs.. [1o JOCTH)KEHHH INOTOJIKa camoJieTa M30BITOK MOIIHOCTH CTAaHOBHTCSI PaBHBIM
HYJIIO U BBIIIOJHEHUE BUPAXXa HEBO3MOXKHO.

VIIPABJIEHUE CAMOJIETOM U PABOTA PYJIE HA TIPABUJIbHOM BUPAKE

Jnist BBITIOJIHEHMSI BHpa)ka camoJieT HeoOXOIMMO HaKpPEeHUTh, HO 3TO HexoctartoyHo. [Ipu HakpeHeHHH
caMoJieTa CO3/1aeTCsl IEHTPOCTPEMHTEIIbHASI CHJIA U CaMOJIET HAYMHAET JBIKEHUE 10 KPUBOH, HO AeMI(UPYIOIIUi
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MOMEHT BEPTHKAJIBHOTO OINEPEHHS NPOTHUBOJACHCTBYET pa3BopoTy. [lo3TOMy, HakpeHSs caMoOJeT 3JIepOHaMH,
HE00X0AMMO OJTHOBPEMEHHO OTKJIOHHUTH PYJIb HAIIPABICHUS B CTOPOHY BHpaXa.

OTKJIOHEHHE PYJIsl HAIpPABICHHUS HEOOXOMUMO TaKkKe MId KOMIIEHCalMu JIOMOJHUTENEHOTO JI000BOTO
COIPOTHBIICHHUS, CTPEMSIIETOCs Pa3BEepHYTh CaMOJIET BO BHEIIHIOIO CTOPOHY, B CTOPOHY BHEIIHEro IOJIYKpbLIa.
Bremraee MOyKpBUTO ABIKETCS IO BHEITHeMY panuycy (mo BHemHe# Tpaektopmm) (Puc. 183), ckopocts ero
Oonblle, 4eM BHYTPEHHETO MOJIYKphLUIA, U, CIeI0BaTeIbHO, I0bEeMHAs CHJIa U IOOOBOE CONPOTUBIICHUE OOJIbLIE.

Takum 00pa3zoM, AJsl BBIIOJIHEHHS NPaBHIBHOTO BHpaxa ¢ KpeHoM 30...45° HeoOXoanMmo IUIaBHO
OTKJIOHHUTH PYUKY YIpaBJeHUs U 'mefaib (pyJib HallpaBJIeHHs1) B CTOPOHY BUpaka. [lo nocTmxeHnn *HE00X0IMMOTO
KpEHa M YIJIOBOM CKOPOCTH PYUYKy yNpPaBJIECHHUs HEOOXOIMMO OTKJIOHHTH CJIETKa B MPOTHUBOIOJIOXKHYIO CTOPOHY, a
TaK)Ke CJIErka OTKJIIOHWTH NeAanb (PyJib HalpaBieHWs) B HMPOTHBOIOJIOKHYIO CTOPOHY. OTH HEHCTBHS PYJISIMH
HEOOXOANMBI, TaK KaK MOJbEMHAsl CHJIa BHEIIHETO IMOJyKpbuUia Oojblle, 4eM BHyTpeHHero. IIpm 3ToM BO3HHMKaeT
MOMEHT MX OTHOCHTEIBHO NPONOJIFHONW OCH, CTPEMSIIMHCS YBEIWYUTH KpeH. UTOOBI KOMIIEHCHpPOBATH 3TOT
MOMEHT HEOOXOJMMO OTKJIOHEHHE PYYKH YNPaBICHUS B IPOTHUBOIOIOXKHYI CTOpoHY. HO OTKIIOHEHME pydkH
YIpaBJeHUs] B IPOTUBOIOIOXKHYIO CTOPOHY NPHUBEET K YMEHBIIEHHIO MOMEHTOB My (JJ000BOT0 CONPOTHBIICHUS U
JeMI(HUPYIOIIEro), Mo3ToMy HEO0OXOJMMO OJHOBPEMEHHO C Py4YKOW YIpaBieHWs! Clerka HaXarhb Ha Iejanb B
00paTHYIO0 CTOPOHY.

OTKJIOHEHNE PYUKH YNPABICHUS W HAKUM Ha MEAanb B OOPaTHYIO CTOPOHY NOJDKHBI OBITh T€M MEHBIIE,
4yeM JHepruyHee OblI BBOA caMoiieTa B BHpax. [locie Toro kak BBOJ 3aKOHYEH, KPEH, MOJIOKEHUE KalloTa caMoJIeTa
OTHOCHTEJIEHO TOPH30HTA U YTITIOBYIO CKOPOCTh HEOOXOAMMO COXPAHSTh MTOCTOSHHBIMH.

Jns BBIBOA M3 BHpaXka HEOOXOIMMO PYUKY YIIPaBICHHS W MeNallb OTKIOHHTh B CTOPOHY, OOpaTHYIO
BUPAXY.

BeirosiHeHue Bipaxka ¢ KpeHoM Oostee 45° uMeeT CBOM OCOOEHHOCTH, KOTOPBIE PACCMOTPUM HIKE.

lenmp nobgpoma

Puc. 183 Ypasnosewiuganue npomugooeiicmeylouux eupaicy MOMeHmos pyiem Hanpaeienus

CKOPOCTbH Ha BUPAKE YBEIMUECHA COOTBETCTBEHHO KPEHY;

n, u ny
OTCYTCTBUE OOKOBOI1 MPOJIOIBHON MEeperpy3Ku
(oTCyTCTBHE HAKIIOHOB BIIEPE-Ha3a/l, BICBO-BIIPABO, JIETYNKA IPIKUMAET TONBKO K CHIICHBIO);

[Ipy BBIMONHEHNU BHpaka HEOOXOIUMO YUUTHIBATH BIIMSHUE T'MPOCKOIMYECKOTO MOMEHTa BO3IyIIHOTO
BuHTa. Ha camonerax fk-52 u SIk-55 ycTaHOBNEH BO3AYIIHBIM BUHT JIEBOTO BPAILLEHHS, IOSTOMY IPHU BBITOJHEHUN
MPaBOrO BHpPaka 3TOT MOMEHT CTPEMHTCS IOAHSATH KaloT caMojIeTa, a Ha JIEBOM - OIMycTHTh. OCOOEHHO 3TO
HEOOXOANMO YYUTHIBATH NPH BBHIIIOJIHEHUH TIIyOOKHX BHpaxked. HeydeT rupoCKOmMuecKkoro MOMEHTa BO3IyLIHOTO
BUHTA MOJKET MPUBECTH K «3apBIBAHMIO» CAMOJIETA HA JIEBOM BHPAXXE M B3MBIBAHUIO Ha BHPAXE, YTO B KOHCYHOM
cYeTe IPUBEIET K CPBIBY B LITONOP MM INTONOPHYIO OOUKY.

(0] MPaBUIIbBHOCTHU BHUPaAXKa - OTCYTCTBUU CKOJIbKCHUS JICTYUK CYJUT IO MIPU3HAKaAM:

IIAPHK YKa3aTels CKOJMBKEHUS HaXOAUTCS B cepeIuHe (Ha yKa3aHHOM MeTKe).

HEIPABUJIBHBI BUPAK CO CKOJb)KEHUEM

Bupasx co ckonpXeHreM BO3HHKAET B PE3yJIbTaTe HEKOOPAWHIUPOBAHHBIX ACHCTBHUHA PYJISIMH yIIPABICHUS H
pe3Koil pabOTBI PHIYATOM JPOCCETHHOHN 3acIOHKM KapOropaTopa W IIaroM BHHTA, T. €. SBIIETCS Pe3yJIbTaTOM
OIIMOOYHBIX IEHCTBUH JETYHKA.
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PaccMoTpuM  BbINIONIHEHHE TIIyOOKOrO BHpa)Xa CO CKOJBXKEHHEM. [IpelnonokuM, 4To Ha TrIyOOKOM
Bupaxe, Hampumep jesoM (Puc. 184, a), KpeH yBelIW4eH Ha BEIWYHMHY, MPH KOTOPOH CKOPOCTH CTAHOBHTCS

HEOCTaTOYHON A COXPAaHEHUs YCIOBUS Ycosy =G , T. €. COCTaBISIOIIas MOJBEMHOW CHIIBI Ycosy
CTaHOBUTCS MEHBIIIE Beca CaMoOJIeTa, CaMOJIET HauyHET CHWXKaThcsA. J[1s TOro 4toObl BOCCTAHOBHTH PaBHOBECHE,
HEOOXOANMO Ha)KaTh Ha MPaBYIO MeAaIb (OTKIOHUTH PYJIb HAIPABICHMS BIPABO) BO BHELIHIOIO CTOPOHY, IIPH 3TOM
CO3J1aeTCsI CKOJIbKEHNE Ha JIeBOE (BHYTPEHHEE) MOIYKPBLIO.

Y cos p Yeos )

6
1%

Puc. 185 IInockuii éupasic ¢ BHeUWIHUM CKObIHCCHUEM

Bosankaer OokoBas a’poauHaMudeckas cuia Z0, KOTOpas IO CBOEH BEIHMYMHE 3aBUCHT OT yIia
ckonbxeHuss p. OHa co3maeT 100aBOUHYH BepTHKanbHYyto cuwiy Z; (Puc. 184, 06, B). Cwia Z;, ckiaasiBasch ¢

CHIION Ycosy , CO37a€T YPABHOBELICHHYIO CUITY, PaBHYIO BECy CaMOJIeTa.

B pesynbpraTe 4yero camMoJieT IIPEKPATUT CKOJbXEHHE. [Ipu BHYTPEHHEM CKOJIBKEHHUM JIETYUK OTKIIOHSET
PYJb HalpaBJIEHUS B CTOPOHY CKOJIBXKEHHUS. Takke B CTOPOHY BHYTPEHHEro 00pTa OTKJIOHSETCS OT LIEHTPAIBHOTO
TIOJIOXKEHHMS IAPUK YKa3aTelsl CKOIBXEHHUs TPUOopa CKOJIbKEHHUSI.

PaccmoTpuM BUpax ¢ 6HympeHHUM CKOIbX}CEHUEM HpU MAaom Kpehe. IIpu TOSBIEHUN CKOJIBXEHUSA Ha
BHpaXke C MaJIbIM KPEHOM BO3HHUKAIOIIasi 00KoBas cmiia Z OyIeT MPOTHBOACHCTBOBATH IEHTPOCTPEMHUTEIHHOMN CHITe
Puc.

Eciu Z=Fyc., To, HeCMOTps Ha KPEH, caMoJIET OyJeT BBIIOIHATH IPSMOIMHEHHBIH IOJIET CO CKOIbKEHUEM
Ha OITyIIEHHOE MOJIYKPBUIO.

Taxoit HpSIMOJ'II/IHeI\/’IHBII‘/'I MOJIET C KPEHOM U CKOJIbXKCHUEM aHAJIOTHUYCH HpﬂMOJ’II/IHCﬁHOMY IJIAaHUPOBAHULO C
KPCHOM U CKOJIb)KCHUCM.

PaccMmoTpuM Bupax ¢ gHewtHum ckonviicenuem. Ilpyu OTKIIOHEHNH pyns HampaslieHUs (HapuMep, BIEBO)
U yrie KpeHa, paBHOM HYJIIO, CO3JIaeTcsi BHEIIHEe CKOJIbXKEeHHe (B JaHHOM Ccilydae Ha IIpaBOe€ IOIYKPBLIO).
BcenencrBre 00kOBOro oOTEKaHWsI camMoJieTa BO3IYIIHBIM ITIOTOKOM BO3HMKAaeT OOKOBas cuiia Z, KOTopas Urpaer
pOJIb LEHTPOCTPEMUTENLHOM cuiibl. 1loa neiicTBueM ee camoJieT HAaUMHAET BBINOJIHATH IOJIET MO KPUBOJIMHENHOMN
TPaeKTOPUH BJIEBO B Topu3oHTaNbHOW miockoctu (Puc. 185). Ilpm sToM cmia Taru cuinoBod ycTaHOBKH P
packiaasiBaeTcs Ha 1Be coctapistronre. OHa n3 KoTopsix Pi nelicTByeT kak HeHTpocTpemMuTenbHas cuina. Cuitel Z
u P, UMeroT Manyro BENHMYMHY, IIO3TOMY TPAaeKTOpHs BUpaka mMmeeT Oousbinoi pamuyc. Ecnu pynbs HampaBieHHS
OTKJIOHUTh Ha OOJIBIIYI0O BEIMYMHY, TO TIOSIBUTCS KPEHAIIMH MOMEHT BO BHYTPEHHIOIO CTOpPOHY (B
paccMaTpuBaeMOM Cilydae BJIEBO) 3a CHET Pa3HOCTH IOABEMHBIX CHJI JIEBOTO M MPABOTO IOJNYKPBUIbEB. B manHOM
CUTyallUl TpPU OTKJIOHEHMH PYYKH YNpPABICHUS B CTOPOHY YMEHBIICHUS KpeHa (B paccMaTpUBacMOM Cilydac
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BIIPaBO) YBEIWYHMBAETCS JI0OOBOE COIPOTHBICHHE BHYTPEHHETO IMOJMYKPBUIA, YTO MPUBOIUT K IOSBICHUIO
Pa3BOpaYMBAIOIIETO0 MOMEHTA, U CaMOJIET YBEIWYHBAET KPEH M CBAJHMBACTCS Ha BHYTPEHHEE MOIYKPHUIO (BJIEBO),
BBIMOJIHSS IITOMOP HIIM IITOMOPHOE BpamieHue. OCOOCHHO 3TO XapakTepHO i camolieTa SK-52 Ha CKOPOCTSIX
MmeHee 150 km/y.

CJ'IC,IIOBaTeHLHO, BHUPaXX C BHEITHUM CKOJIBXKCHUEM HE TOJIBKO HE BBIT'OACH, HO 1 HE 0e30ImaceH.

[Ipy BHEmIHEM CKOJILKCHHM Ha BHpaXKe JIETYMKA INPHXXMMAeT K BHEIIHEH CTOpOHe KaOMHBI caMoJieTa.
Tapuk yka3zaress ckonbxenus npuoopa J1A-30 (aa camosere SIk-52) OTKIIOHAETCS BO BHELIHIOIO CTOPOHY.

TEXHUKA BbIIIOJTHEHUS BUPAKA C KPEHOM 35...45°
Bupax ¢ kpenom 10 45° BeinonHsieTcst Ha ckopoctd 190 km/4 ipu o6opoTax nurareis 82%.

Ilepen BBOIOM camojieTa B BHPaX OCMOTPETh BO3IYIIHOE MPOCTPAHCTBO, 0COO0OE BHUMAHHE YICIHB
CTOpOHE BBIMIOJIHEHUSI BUPaXKa, HAMETUTh OPUCHTHP Al BBOAA W BBIBOJA M3 BHPaXKa, YCTAHOBHUTH OOOPOTHI
JIBUTATelNsl, COOTBETCTBYIOIIME ckopoctd 190 km/4. Tlocie 3TOro IuiaBHbBIM M KOOPJMHHUPOBAHHBIM JIBUKEHHEM
PYUKH YIpaBJICHHsS U MeAaiell BBECTH caMoJjeT B BUpax. [1o Mepe yBenuueHus: KpeHa yBEJIUYUTh HAALYB C TAKUM
pacueToM, 4yTOOBI MPpH KpeHe 45° coxpaHsutach CKopocTh 190 km/u.

Kak TONBKO KpeH IOCTHIHET 3aJaHHOro, HeoOXoamMo 3a()MKCHpPOBaTh €ro HEOONBIINM OTKIOHEHHEM
PYYKH YIPaBIICHHS B CTOPOHY, IPOTHUBOIIOJIOXHYIO KPEHY, M OCIa0UTh HAKUM Ha BHYTPEHHIOIO NeJallb, COXPAHSISI
YTJIOBYIO CKOPOCTb, IPOJOJIKATh BBITIOJIHEHUE BUPAXKa.

B ycraHoBuBHIEMCSI BHpa)ke HYKHO KOHTPOJHMPOBATh IIOJIOKEHHE KaOWMHBI caMoJieTa OTHOCHTEIBHO
TOpPHU30HTa, BEJIMYMHY KpeHa, IOKa3aHWs NpUOOpOB (yKasarens CKOPOCTH, IIOJIOXKEHHE MIapuKa YyKaszaTels
CKOJIbJKEHHSI, BAPHOMETPA, BBICOTOMEPA U aBUarOPHU30HTA).

Ecnu B mpouecce BBINONHEHHS BUpPaka BO3HUKIM M3MEHEHUS IOJIOKEHUs] BHIMMBIX 4acrteil (oHaps
KaOMHBI U KaroTa camMoJieTa OTHOCHUTENIbHO TOPU30HTa (BapHOMETp IOKA3bIBAE€T CHIKCHHE WM HaOOp BBHICOTHI),
HEOOXOAMMO IIJIaBHBIM M COPa3MEpPHBIM JIBIDKEHHEM PYUYKH YIpaBJICHUS M Neajiel TOAHATh WIN OIyCTUTH KaroT
camoJieTa OTHOCHUTENIBHO TOPU30HTAa [0 HOPMAIBHOIO IIOJOXEHUS, KOHTPOIMPYs JEHCTBUS IO MNOKa3aHUSM
aBHaropu3oHTa (Ha camoiere SIk-52), ykazaTeist CKOPOCTH M BapHOMETPA.

3a 20...25° 1o HaMe4YEeHHOT0 OPUEHTHUPA KOOPAVMHUPOBAHHBIM JBHXEHUEM PYUKH YIpaBIEHUS U Nenaneil B
CTOpOHY, OOpaTHYIO BpallleHHIO (pydYKa yIpaBJieHHs HJET C OIEpeXeHHEeM), HauyaTh BBIBOJ M3 BUpaxa. [lo mepe
YMEHBILEHUS] KPeHa IUIaBHO yMEHBIIWTh HAJJIyB 10 33JaHHOIO C TaKUM pacyeToM, YTOObI BBINTH B PEXUM
TOPU30HTAJILHOTO MOJIETa Ha YCTAaHOBIICHHOW CKOPOCTH Oe3 Habopa BHICOTHI.

Ilocne BEIBOMIa camoiieTa B FOpI/ISOHTaHLHBIfI TIOJIET IIOCTAaBUTH PYJIA B HCﬁTp&HBHOC ITIOJIOXKCHHUCE.

HpI/I BBITIOJIHECHUU BUpaKa HCOGXOHI/IMO YUYUTBIBATL BJIMSAAHUC THPOCKONHNYCCKOIO MOMCHTA BO3AYHIHOI'O
BHHTA.

Camonets! SIk-52 u SIk-55 Ha Bupaxax yCTOHYMBBI U JIETKO IIEPEXOAAT U3 OAHOTO BUpaXka B IPyTOi.

TEXHUKA BBIIIOJHEHHWS BUPAKA C KPEHOM 60°
Bupax ¢ kpeHom 60° BeinosnHsiercst Ha ckopoctH 210 km/4 ipu o6opoTax aurareis 82%.

ITepen BBOIOM B BHpaXK caMoJieTa OCMOTPETh BO3IYNIHOE MPOCTPAHCTBO, 0COOOC BHUMAHHE YICIHUTH
CTOPOHE BBINOJIHEHUs BUPaXka, COANAHCUPOBATh CAaMOJIET TPUMMEPOM Ha ckopocTH 210 KM/4, HAMETUTH OPUEHTUD
JUIs BBOJIA U BBIBOJA M3 BHpPaXka, 3allOMHUTH KypC BBOJA, YCTAHOBUTH OOOPOTHI JBUraTelsl, COOTBETCTBYIOIINE
ckopoctu 210 xm/4. Tlocie 3TOro IUIABHBIM M KOOPAWHHPOBAHHBIM JIBUWKEHHEM PYYKH YIPABICHUS M MeTaliei
BBECTHU camouieT B Bupax. [To Mepe yBenuuyeHus! KpeHa IUIAaBHO YBEIMYHUTh HAJUIyB, C TAKAUM PACUETOM, YTOOBI MPH
kpeHe 45...50° oH ObUT IaH TOTHOCTHIO.

[lo Mepe HAKpeHEHHMs caMojieTa LEHTPOCTPEMHTeNbHas cuia Ysin/, McKpuBisiomas TPaeKTOPHIO
JBIDKEHUs, Bo3pacTtaeT. JlIs coxXpaHEHHs IOCTOSHCTBAa BBICOTHI IPW BBOJIE CaMojieTa B BHpaX HE00XOIMMO
BOMpaHUEM PYUYKH YIpaBlIeHHs Ha ce0s YBEIMYHUThH YroJl aTaky ISl YBEJIMUYSHUS TOABEMHOW CHJIIBI (COXpaHseTcs

paBencTBo Ycos/ =G). C yBenMueHHeM yIia aTaku pacTeT J06OBOE COMPOTHBIEHHE, MOATOMY B MpOIlecce BBOIA
caMoJieTa B BHPAX ISl COXPAHEHHUS CKOPOCTH HEOOXOJMMO YBEIHYMTh OOOPOTHI ABUratellsi (COXpaHss HpH STOM
pasencTBo P=G).

IIpu BBOJEC camolieTa B BUPAXK HEOOXOIUMO CJICTUTH 3a COXPAHCHHUEM MPABUIBHOTO MOJI0XKECHUS BUIMMBIX
yacTeil (oHaps KaOMHBI M KarmoTa CaMoJIeTa OTHOCHTEIIBHO TOPH30HTA, 3a IUIABHBIM OOpa30BaHMEM KpPEHA W
KOOpJMHAIIMEH OTKJIOHCHUs pyJicd (IIapuKk yka3aTelas CKOJNBKCHHS JOJDKCH HAaXOMUThCS B IeHTpe) Bemmuuny
KpEHA OMPENEeNATh BU3yaIbHO 10 TIOJI0KECHHUIO TIEPEIHUX YacTel (poHaps kKaOWHBI U KalmoTa caMoJIeTa OTHOCUTEIFHO
TOPU30HTA U Ha camoJieTe SKk-52 KOHTPOJIUPOBAThH MO aBUATOPU3OHTY

IIpu MazoMm KpeHe MOJIOKEeHNE KaloTa caMoyieTa OTHOCHTENFHO TOPU30HTA MTOAICP)KUBATh PYJIEM BBICOTEI,
a YIJOBOE BpAaIlllEHHE - pyJjeM HampasieHus. [lo moctiwkeHun KpeHa 45° u Oonee (Ipu JaibHEHIIEM €ro
YBEJIMYEHUH ) COBMECTHO C JIBHEHIIINM OTKIOHEHHEM PYUYKH YIpPaBJICHHsI Ha ce0sl HEOOXOAMMO OCIalIIsATh HAXKUM
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Ha Tefanb, OTKIOHEHHYI0 B CTOPOHY BHpaka (HpemymnpexIaTh TCHACHLIWIO caMoJieTa K OIYCKaHHIO KaroTa
Ha)XKMMOM Ha ITeAajlb MPOTUB KPEHa - BHEITHIOIO TIe1ab).

[Ipu BEIMOMHEHNH TIYOOKOTO BHpaka MpH KpeHe Ooiee 45° MPOMUCXOMUT TepeMeHa ICUCTBUS pyJe
yIpaBiieHUs. Pynb BBICOTHI HAauMHAET BBHINOJHATH (DYHKIHMIO PYJIsi HANpaBJICHUS, a PYJb HANpaBJICHUS - Py
BBICOTHL. [loaTOMy miis momnepkaHus HEOOXOOMMOTO ITOJIOKEHHUSI KaroTa M BUIMMBIX 4acTeil (oHaps KaOMHBI
caMoJIeTa OTHOCHTEIBHO TOPU30HTA B OOJIBILEH CTENIEHU OTKJIOHSETCS PYJIb HAIIPaBICHUS M B MEHbBLICH CTEIeHH -
PYJIb BBICOTHI, @ YIJIOBasi CKOPOCTb BpAICHHs CO3MaeTCs B OOJIbIICH CTENIeHH PYJIeM BBICOTHI M B MEHBILICH CTEIEeHH
- pyJeM HampaBiIeHUs. YKa3zaHHas IepeMeHa IeUCTBUS PYJSIMH HPOSBISETCS TOJIBKO B OTHOLICHHH IOJIOMKEHHS
caMoJIeTa OTHOCUTENIBHO FOpU30HTa. M3MeHeHHe yIia aTaky HO-NIPeXHEMY OCYILECTBILIETCS PyJIeM BBICOTHL, a YIia
CKOJIBKCHUA - PYJIEM HallpaBJICHUSA

Kak Tompko KpeH MOCTHUTHET 3aJaHHOTO, HeoOXOoIMMO 3aMKCHPOBATH €r0 HEOONBIINM OTKIOHEHHEM
PYYKH yTIpaBIIEHHUS B CTOPOHY, MPOTHUBOIIOIOKHYIO KPEHY, U OCITaOUTh HA)KUM Ha BHYTPEHHIOKIO Nenanb. CoxXpaHss
YTIIOBYIO CKOPOCTbH, IPOIOJIKATh BHIITOTHEHNE BUPAXKA.

B ycranoBuBIIEMCSI BHpa)Xeé KOHTPOJMPOBATH IOJIOKEHHE BUIMMBIX dacTeil (oHaps kaOWHBI M KamoTa
caMoJieTa OTHOCHTEJIFHO TOPH30HTA, BEJIMYMHY KpEHa, MOKa3aHWs NMpHOOpOB (yKa3aTensl CKOPOCTH, MOJIOXKEHHS
IIaprKa yKa3aTels CKOJIbXEHHUs, BAPHOMETPA, BHICOTOMEPA M aBUATOPHU30HTA).

Heo0x0auM0 MOMHHTB, YTO B IIPOLIECCE BBHIIOJHEHUSI YCTAaHOBUBILETOCS BHpaka BHEIIHEE IOJIYKPHUIO
JBIDKETCS ¢ OOJIBIIEH CKOPOCThIO, YeM BHyTpeHHee. LIeHTp naBieHns U3 IIOCKOCTH CHMMETPHH IIepeMeIIaeTcsi BO
BHEIIHIOIO CTOPOHY, B PE3yJIbTAaTe YEro Ha CaMoJIeT AEUCTBYET KPEHAILIMH MOMEHT B CTOPOHY BHpaxa, KOTOPBIN
napupyeTcs OTKIOHEHHEM PYUYKH YHPABJICHHWS BO BHEIIHIOIO CTOPOHY. IIpy 3TOM ciemyeT y4WThIBaTh BIHMSHUC
THPOCKOITMYECKOTO MOMEHTA.

BriBog 13 Bupaxa HauuHaTh 3a 30° 10 HAMEUYEHHOT'O OPUEHTHPa KOOPAMHUPOBAHHBIM ABIKEHHEM PYUKU
yIpaBieHUs] U Tefajell B CTOPOHY, OOpaTHYIO BpAIEHHIO, NIPH 3TOM PYYKY YHPABIICHHS OTKJIOHSATH BIEpEN 10
JMaroHany JUis YMEHbBIIEHHUs yIia aTaku U NpeAylpexIeHHs MOAbEMa KalloTa caMoJIeTa OTHOCUTEIBHO TOPU30HTA.
[To Mepe ymeHbIIEHNS! KpEeHa IUIaBHO YMEHBUINTH 000POTHI IBUraTens (HaJytyB), YTOOBI K KOHILY BBIBOJIA 0OOPOTHI
JIBUTATEJIsI COOTBETCTBOBAIIM 3aJAHHON CKOPOCTH BBIBOJIA M3 BUPAXA.

Beixox n3 Bupaxa J0/pkeH ObITh TPOM3BECH B HAIIPABICHHH BHIOPAHHOTO OPHEHTHPA U 3aJIaHHOTO Kypca.
Ilociie BbIBOIA camoJieTa B T'OPU3OHTAJIbHBIA IIOJET PYYKY YIPABIEHUS U I€Nald IOCTAaBUTh B HEUTPaIbHOE
IIOJIO’KEHUE.

XAPAKTEPHBIE OIIUBKH, TOITYCKAEMBIE ITPU BBITIOJIHEHUU BUPAXKA
Ilpu evtnoanenuu eupariceil HabaIOOAIOMCA C1EOYIOULUE OUUOKU:

- HECOOTBETCTBHE MOIIHOCTH CHJIOBOH YCTAaHOBKH BEIMYMHE KpEHa - CaMOJIET TepseT WIM HaOupaer
BBICOTY (YBETMUUBAET MJIM YMEHBIIAET CKOPOCTBH);

- IICPETATMBAHUC PYUKH YIPABJIICHUA Ha cebs - YBCJIMYMBACTCA NEPETPYy3Ka, CaMOJIET TCPACT CKOPOCTh,
BO3MOJXKCH CPbIB B ITOMOP WJIN HITOITOPHOC BPALICHUEC,

- KaIoT CaMoJIeTa He YACPIKHUBACTCS MEAALIMH I10 TOPU30HTY - M3JIUIIHE OTKIOHIETCS [Eealb B CTOPOHY
BHpaXKa, YTO BBI3BIBACT OIyCKAHHWE KAlloTa CaMOJIeTa, YBEIHYMBACTCS CKOPOCTh M TEPSETCS BBICOTA; MAioe
OTKJIOHCHUC TI€AaJI1 B CTOPOHY BHpa)Xa HNPUBOAUT K IOABEMY KaloTa CaMOJICTa, YMEHbLIIACTCA CKOPOCTb M
HabupaeTcs BBICOTA;

- HCKOOPJAWHHUPOBAHHBIC HeﬁCTBHH pyiisiMu ynpaBJIEHUA IIPHU BBOJAC B BUPAXK U BBIBOAEC U3 HETO - BOSHUKACT
BHYTPEHHEEC WJIM BHEIIHEE CKOJIBXKEHUE U U3MEHSACTCS BBICOTA U CKOPOCTh,

pe3Kuii BBOJ CaMOJIETa B BUPAX U PE3KUIl BEIBOJ U3 HETO - HE BBIAEPKUBAETCSA CKOPOCTh U BBICOTA;

HETOYHBINM BBIBOJI 110 HAIIPABJICHUIO.

[Ipn BeIMONHEHMM BHUpaka HEOOXOIUMO 3HATh, YTO TNPH MEPETATHBAHWM DPY4YKH YIPABICHHUS CPBIB
caMoJieTa MPONUCXOIUT Oe3 IpeaynpeanTeabHON Tpsicku. [loaTomMy npu 3aropanuu 1amiodkn «CpeIB» Ha camoJieTe

SIk-52 HeoOXOAMMO YMEHBUINTH TSAHYILEE YCHINE HAa PydYKe YNPABICHUS, YTO MPHUBEICT K YMEHBIICHUIO YTIIOBOTO
BPALIECHHS U NIEPETPY3KU.

HeOonbine OTKIOHEHHMS O KpeHy B IIPOLIECCe BHpaka CIEAYeT IapupoBaTh OTKIOHEHHEM pPYYKH
ynpasieHus U neganeil. [Ipu omyckaHum Kamora caMojieTa ¥ HapacTaHHH CKOPOCTH HEOOXOAMMO CHavajla BHIBECTH
CaMoJIeT U3 KPeHa, 3aTeM B3ATHEM PYUKH yNPABICHUS Ha ceOs - B TOPU30HTAIBHBIH MOJIET.

Ecnmu mpu BBINOJHEHWU BHpaXka MPOHU3OLICT CPBIB CaMOJIETa, TO PYYKY YIPaBICHHS HEOOXOIUMO
OTKIIOHUTH OT €03, BEIBECTH CAMOJICT B TOPU30HTAIBHEIH ITOJIET, TOCJIE YeTO BHOBh BBECTH B BHPAXK.

CIIUPAJIb

Crupanvlo Ha3pIBaeTCs MOJET CaMojieTa 110 BHUHTOBOW JMHUM (TPAacKTOPHM) C 3aJlaHHBIM KPEHOM U
ckopocTbio. Cripanb MpeAcTaBsieT coOOH ITMTENbHBIN BUPaX HA IUIAHMPOBAaHWM WM moabeme. Ecimu crimpans
IpUMEHseTCs U1l Habopa BBICOTHI, OHA Ha3bIBACTCS 60CX00AU4€ll, €CIIN JUIS TIOTEPU BBICOTHI - Hucxooaujeu. Ecnn
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KpeH HEOOJBIION BENMYMHBI M PAaANyC CIHPATH JOBOJBHO OOJNBIION, CriMpaih Ha3blBaeTcs MOJ0roil. Eciom xpen
cnmpany 6osbine 45°, a panguyc Majioi BeITWIHHBI, COHPAITb Ha3bIBACTCS KPYMOil.

Ecnu ckopocTs, yron KpeHa 1 yroj HaKJIOHA TPAEKTOPHU C TEYEHHEM BPEMEHH HE M3MEHSIOTCS, CIIMPAJb
Ha3bIBACTCSI YCIMAHOGUGULENCA.

YcTaHoBUBIIAsICS CIIUpajib Ha3bIBACTCS npaeuﬂbnoﬁ, €CJIM OHA BBIMTOJIHAETCS 0€3 CKOJIBKEHHUS.

CXEMA CWJI U YPABHEHUSA JIBU/KEHUS HA CITUPAJIN

Cxema cniI, JeHCTBYIOIIMX HA CaMOJIET IPW BBHINOJIHEHWH CIHUpany, oka3aHa Ha Puc. 186. Paccmorpum
BOCXOIAMIYIO crmpanb. OHa MOXET BBIIOIHATHCSA KaK C TSATOW CHIIOBOM YCTaHOBKH, Tak M 0e3 Hee. Paccmorpum
BBITIOJTHEHUE CIIUPAJIM C TATOM CUIIOBOM YCTAaHOBKH Ha MaJIOM rasy.

Camoner CHWXKaeTcs C TIIOCTOSHHBIM YIJIOM K TOPHU30HTY 10 TPAaeKTOPHH, NPEACTABISIOMICH
IMJIMHIPUYECKYIO BHHTOBYIO JIMHHIO.

JIBIKeHMe IeHTpa TSHKECTU COCTOUT M3 JIBYX JBWKCHUI: BHU3 C BEPTHKAIBHON CKOPOCThIO Vy=Vsin Ous

TOPU30HTAILHON INIOCKOCTH MO OKPY>KHOCTHU CO CKOPOCTBbIO VX=VCOs. 0

Bec camonera G packiiafpiBacTCs Ha IBE COCTABISIONINE, JIS)KAIINe B BEPTUKAIBHOM IIocKocTh: GCos 0 u

Gsin®. ITonsemHas cuna Y HakJIOHEHA BIEpPEA U B CTOPOHY M PacKiaJIbIBaeTCs Ha JBE COCTABIIONINE: Y COSY -
Nexateil B BepTHKANBHOM TIOCKOCTH M HAKIOHEHHOH Briepex u Y sin/ -nexxamieil B ropH30HTAIBHOMN IIOCKOCTH.

HeypaBHoBemeHnHast cuna Y sin 0 spnsercs LIEHTPOCTPEMUTEIBHON CUIION, HCKPUBIISIOIIEH TPAEKTOPHIO IBHKEHUS
camMoJera.

Cocrasisroniasg  Beca Gcoslg YPaBHOBELIMBAETCSl COCTABJSIOIIEH MOJBEMHOW CHJIBI Ycos? , o a

COCTaBJIsArO1Ias G sin 0 H TSTa CUJIOBOU YCTaHOBKH P- YpaBHOBCIINBACT 11000BOE COIIPOTUBJICHUC X.

Y Ye
A 1y 4

Puc. 186 Cxema cun na cnupanu

praBJ’IeHI/I}I JABHXKCHH CaMOJICTa Ha yCTaHOBPIBI.HefICﬂ HUCXOISIIEN CIIMpaJIri UMCHOT BU:

YCJIIOBUE TOCTOAHCTBA CKOPOCTHU

X—-P-Gsinf@=0; (11.25)
YCJIOBUEC IMMOCTOAHCTBA yIJla HAKJIOHA TPAaCKTOPUU

Ycosy —Gceosf=0. (112

YCIIOBHE NCKPUBIICHHS TPACKTOPHH

) mV?*cos” 6
Ysmy=———
r L(11.27)
IIEPEI'PY3KA HA CIIMPAJIA

ITeperpyska Ha cnupanu, AEHCTBYOLAs 0 HAIPABICHUIO TOABEMHOM CHUIIBI Y, ONPENENAeTCs U3 yCIOBUS
MOCTOSIHCTBA yIJIa HAKJIIOHA TpaekTopuu nosieta (11.26):

Y cosd

ny .
G cosy (11.28)
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[MonHas neperpy3ka Ha CIHpPay C y4eTOM LIEHTPOCTPEMUTENbHOM cuiibl Plic onpenensiercs o hopmyiie

n, =\/1+(tg700829)2- (11.29)

U3 dopmymn (11.28) u (11.29) cnenyer, uTo neperpy3ka Ha CIIUPAIA MEHBIIIE, YeM Ha BUPAXE ITPH TOM XKe
yrile KpeHa, HOTOMY YTO COCTaBJIAIONIAs Y COSY YpaBHOBEIIMBACT HE MOJIHBIM BeC caMojeTa, Kak Ha BHpaxe, a ero

COCTABJISIOLIYIO Geos O . Uem menbie YTOJI HaKJIOHa TPAaeKTOPHHU ITIOJIeTa, TEM MEHbBINE MOTpeOHas meperpyska.

HOTpe6Ha$I MEeperpys3kKa Ha cruvpaind BCEria OoJIblIIe CAWHUIIBI, TAK KaK YTOJI HAKJIOHA TPACKTOPUU 0 MCHbBLIC yTIJa
Kp€Ha caMoJieTa 7/ .

CKOPOCTD HA CIIMPAJIN

[TorpebOHast CKOpOCTh Ha CHUpAIM ompenesseTcss u3 ypaBHeHus (11.26) ycioBus TOCTOSHCTBA yriia

HaKJIOHA TPACKTOPUH (Y cosy =G cosd ). IlogcTaBuB BMECTO MOJBEMHOM CHIIBI Y €€ pa3BepHYTOE BBIpAKEHHE,
MOJTY4UM

2
CypV%Scosy =Gcosd,

oV
Cy%S =G n,,
otkyza mpu Cy=const
2G

VCH -

ZVr\/”Ty-

= -
CypS (11.30)

W3 dpopmymsr (11.30) ciemyer, 9TO CKOPOCTh, MOTPEOHAS ISl BHITOIHEHUS CITHPATH, OOJbBIIE MOTPEOHOM
CKOPOCTH JUISl TOPU3OHTAIBEHOTO TI0JIeTa PH OJMHAKOBOM YTIJIe aTaKH.

[Ipw BBIOJIHEHNH CHIMPAII CKOPOCTH OCTAETCs, KaK ITPaBUIIO, TIOCTOSIHHOM, 8 U3MEHSETCS yroJl aTaKu.

Kos¢pdunuent noxpemuoii cunsl Cy B Auamna3zoHe JIETHBIX YIJIOB aTakH NPSAMO IPOIOPLMOHATIEH YIiaM

ataky, a Tak kak Cy ornmuaercst ot Cycn Ha Benuuny neperpysku Ny(Cycn Cyrp ly), TO, ClI€I0BaTeNbHO, U YIIIbI
aTaK{ Ha CIIUPAJIN OTINYAIOTCS OT YIJIOB aTaK/ TOPH30HTAIBHOTO 110JIETA HA Ty )K€ BEJIMYUHY, T. €.

Qe =CQpp Ny
(11.31)

N3 dopmyner (11.31) ciemyer, 94TO MpHU BBITOTHCHUW CIUPATH HA ITOCTOSHHON CKOPOCTH YrOJ aTaKd
YBEIIMIUBAETCS MIPOMOPIIMOHATBEHO TIEpETPY3KeE.

PAINYC CITUPAJIN

Kak yxe roBOpPHJIOCH, YTO TPACKTOPHS CIHMPAIX TMPEACTABIACT COO0M NWIMHAPUYCCKYH) BHHTOBYIO
JIMHUIO, CJIEN0BATEIbHO, PaINyCOM CIUPAIA MOXKHO CUATATh paguyC LIWIAH]PA.

W3 ypaBuenns (11.27) - ycaoBuS HCKPUBIEHUS TPACKTOPHH - HAXOIUM

. mV?*cos’ 6
Ysmy=——+—
Ten i
OTKyna
GV?cos” 0
ten=—"+ .
g¥Ysiny (11.32)

U3 dopmynsr (11.32) cnemyer, 4T0 C yBENIMYEHHEM CKOPOCTH paadyC CIHPaId BO3pacTaeT, a ¢
YBCJIMUYCHUCM YIJla KPpEHA U yIJla CHUKCHHUSA - YMCHBIIACTCH.

Panguyc ciupanu Bcerjia MEHbIIIE panyca BUpaka, Tak Kak cos 0«
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LIAT CIIUPAJIA

Bricota, KoTOpyIO TepsieT camoseT (WM HabupaeT) 3a OJMH BUTOK CIIMPAJIH, HA3bIBACTCS WLA2OM CRUPATIU.

Junst ompenesnieHust mara Cnupaid HEOOXOAMMO PAacCMOTPETh MPSMOYTOJBHBIA TPEYTrOJNBHUK pa3BEpTKH
onHoro Butka criupanu (Puc. 187). U3 pucyHka cienyer, 4To

hey =2mr tg0
(11.33)
nu
2 2 -
he = 2arV cos@tgezo’othsm@'
g gy &7

(11.34)

W3 popmymer (11.34) cnemyer, 4To MpH YBEIMICHUN CKOPOCTH U YTJIa HAKIIOHA TPAeKTOPHUH ITOJIETa 0 war
CIHPAJIH YBEININBACTCS.

Hauegvicooneiiman cnupans na nianupogsanuu. Cnupaib, 32 OAWH BHTOK KOTOPOW CaMoOJIET TepseT
HaMMEHBIIYI0 BBICOTY, HAa3bIBa€TCS HaugvlzoOHeliuten. BeprukanbHas CKOpoCTb Vy TpH  BBINOJHEHUH
HaMBBITOJHEHIIEH CIUpaM HMEeT HaWMEHBUIYI0 BeIWYMHY. MUHUMaJbHAs BepTHKalbHAs CKOPOCTh Ha
TUIAHUPOBAHMH MOJIYYACTCs NPH BBIIOJIHEHWH MOJIeTa Ha SKOHOMHYECKOM Yriie aTakd. [y HauBHITOJHEHIICH
crmpany Tpedyercs KpeH 45° i CKOpOCTh, MPEBHIIIAoNIas SKOHOMIYECKYI0 COOTBETCTBEHHO KPEHY. DTH CIHPAIA
OBLTH UCCTIeTOBaHbI COBETCKUM yueHBIM B. I1. BeTunHKUHBIM.

HpI/I HCIIOJIHCHUN HaHBBIFOZ[HCﬁHIefI Cliupaiv 3arac CKOpoCTH (baKTI/I‘IeCKI/I OTCYTCTBYCT. CHGZ{OB&TCHBHO,
OIIMOKA B MAJIOTUPOBAHNU CAMOJICTA MOKET IPUBECTHU K CPBIBY CaMOJIETAa B LITOIIOP.

BBINOIHATS HAUBBITOHEHIIYIO CIIMPAIbh HEOOXOANMO TOJIBKO Ha OE3011acHOil BBICOTE.

;=Y cos8 _-

< |
N '

(s Ly

27z

Puc. 187 K onpedenenuro wiaza cnupanu

MHHMMATBHBI IIAr CHHpATH IOIydYaeTcs NpH KpeHe y=45°, Tak kak sin 27 umeer mpu >ToM
MaKCHMaJIbHOE 3Hau€HHE, T. €, BHIIIOJHEHHUE CIIUPAIN ¢ KPEeHOM Oosiee Wi MeHee 45° BeeT K YBEJIMUYCHHUIO [Iara
crupand. Eciom kpeH Ha cnmpanu MeHee 45°, Ta BpeMs BBIIONHEHHS CIUpPaid (OJHOTO BHUTKA) YBEIUYIHBACTCS,
COOTBETCTBCHHO YBEIMYMBAETCS W TIOTEPS BHICOTHI 3a OAWH BHUTOK. Eciam kpeH Ha cnmpamu Oonee 45°, To
BCJIC/ICTBHE YBEIMYEHHS MEPETpy3KH M, KaK CIEICTBHE, JOOOBOTO CONPOTHBICHUS CKOPOCTh YMEHBILIACTCS,
MO3TOMY JJIsi COXPAaHEHHs CKOPOCTH HEOOXOIMMO YBEIWYHUTH YrOJ TPAeKTOpPHU Iojera 6, 4TO HPUBOIAWT K
YBEIMUYECHUIO BEPTUKAIBHON CKOPOCTH CHUKEHHS, ¥ TIOTEPSI BEICOTHI TAKXKE YBEIMUYHUTCS 32 OJMH BUTOK;

YBCJIMYCHUC a3pOANHAMUNYCCKOTO KaUCCTBaA MMPUBOJAUT K YMCHBIIICHUIO HIara CIinpaiu,

C YBECIIMUCHUEM NIEPETPY3KHU 1Al CIIUPAJIA YMEHBIITACTCS.

TEXHUKA BBIITIOJTHEHUSA CIIMPAJIN

Crmpans BhIONHSETCS Ha ckopoctd 180 km/4 m xpeHe 45°. Ilepen BBITOTHEHHWEM CITUPAIH OCMOTPETH
BO3IYIIHOE HPOCTPAHCTBO, 0cO0OC BHHMaHHE YACIUTH CTOPOHE, B KOTOPYIO OyAET BBINOJHSITBCS CIHUPAib,
CBOOOZHO JIM BO3JYIIHOE MPOCTPAaHCTBO. B pexuMe IUIaHMPOBaHMS YCTAHOBUTh CKOpPOCTh 180 km/4, mpu
HIOJIOXKEHHU PBIYaroB YIpaBJIEHUS APOCCENbHON 3aCIOHKON KapOropaTopa - MOJHOCTBIO Ha ce0sl, IaroM BHHTA -
HOJIHOCTBIO OT ce0s. [11aBHBIM U KOOPAMHUPOBAHHBIM [BIXKEHHEM PYUYKH YIPaBJICHUS U NeJajeil BBECTH CaMoJIeT B

cnupaib. 3aJaHHBIA YTOJI CHU)KEHHS 0 u yron kpeHa / BBLIEPKHBATh MO BHIMMBIM 4acTsM (oHAps KaGHHEI
caMoJieTa ¥ KaroTa OTHOCHTEIILHO TOPH30HTA, a TAKXKE 110 aBUaropu3oHTy. I1o mepe yBenmueHns yria HeoOX0quMo

YBCJIWYUTL NEPETrPpy3Ky C TAKUM pPaCYCTOM, YTOOBI IIpu 3aJaHHOM KPCHE COCTAaBJIAIOIL AL HOHLCMHOﬁ ciibl  YCos 7/

ypaBHOBeIIMBaia cocTaBisoLyo G cos 0.



APOANHAMUKA CAMOJIETA 159

Ilo nmoctmkeHWM 3aaHHOTO KpPEHAa HE3HAYMTENBHBIM JBIDKCHHEM pYYKH YIpaBICHUS W Iefajeid B
CTOPOHY, IPOTHUBOTIOJIOXKHYIO CIIUPAJIH, YCTPAHUTH CTPEMIICHHE CaMOJIeTa K YBEIMUYCHHIO KPEHa, YTIIOBOH CKOPOCTH
Y CKOPOCTH T10 TPAEKTOPUH.

Ha cnmpanu 3a cyer pa3sHOCTH TMOIBEMHBIX CHJI BHEUIHETO W BHYTPEHHETO IOJYKPBUIBEB CaMOJIET
CTPEMUTCS YBEIMYHUTH YroJl KpeHa. TakKe Mpy BBIMOJIHEHUH IPaBOM CIMPANHN 32 CUET THPOCKONNYECKOT0 MOMEHTa
CHJIOBOM YCTaHOBKH CaMOJIET CTPEMMTCS yBEIMYHWTh YroJl KpeHa M TaHTaxa, a Ha JICBOM CIIUpalld, HA00OpoT -
YMEHBILUTb.

BriaepkuBaHue 3aaHHOW CKOPOCTH Ha CIIUPANM MPOM3BOIUTh U3MCHEHHEM YIJia HAKJIOHA TPACKTOPUH,
TEM CaMbIM M3MEHSAS BEJIIMYMHY COCTaBIAIOLICH Beca camoJjeTa Gsin (He momyckasi CKONBXKEHMS - IIAapUK B
LEHTPE).

BHuMaHue Ha CIIUpali PACIIPEICIISIeTCs Tak )K€, KaK [IPU BBIMOJHEHUH BHpaXka. B mpoliecce BbIMOIHEHHS

CIHPAJIM KOHTPOJIMPOBATH TEMIEPATYPHbIH PEeKUM pabOThl ABHUIraTellsi, HE IOIYCKas MMOHWKEHHS TeMIIePaTyphl
TOJIOBOK IMJIMH/POB HIDKe 150° 1 Temmeparypsl Macia Hroke 40°.

BeiBox n3 cnimpany npon3BOIUTE KOOPAMHUPOBAHHBIMU OTKIOHEHHSMH PYUKH YNpPaBICHUS WM Nenaiei B
CTOpPOHY, IIPOTHBOIIOJIOXKHYIO KpeHy. [Ipu 3ToM BO n30ekaHue MOTEpH CKOPOCTH BHAdasle yOpaTh KPEH M YIJIOBOE
TIepeMeEIlIeHHE, a 3aTEM BBIBECTH CAMOJIET B TOPU30HTAJIBHBIH MOJIET.

XAPAKTEPHBIE OIINBKH ITPU BBINTIOJIHEHUH CITUPAJIN:

HEKOOPJAUHHUPOBAaHHBI BBOJA B CIHMpalb - CaMOJIET PAa3BOPAUUBAETCS C BHEIIHUM CKOJIBXKEHUEM WU
BHYTPEHHUM;

HC BBIACPKMUBACTCA YIOJl HAaKJIOHA TpacKTOpHH, HpOI[OJ'lLHOﬁ OCH caMoJiI€Ta OTHOCHUTCJIbHO T'OpHU30HTa -
YBEJIMYMBACTCA WIN YMEHbIIACTCA CKOPOCTD;

HE TOAACPKUBACTCA KPEH 3aJaHHOM BEJIIMYHHEI - CaMOJICT OITyCKacT KalloT, YBECINYHUBACTCA CKOPOCTHh U
CaMOJIET BXOAUT B KPYTYIO CIIUPAJIb C YBEIIMUCHUEM CKOPOCTH.

HpI/I YBCJINYUCHUN HOCTyHaTCJ'IBHOﬁ u BepTHKaHLHOﬁ CKOPOCTHU U BXOJC B KPYTYIO ClIMpPAJIb H€06XO,HI/IMOZ
BBIBECTHU CAaMOJIET U3 KPECHA,
YMEHBIINUTH YI'OJI CHUKCHUSA

BBIBCCTU CaMOJICT B FOpI/ISOHTaﬂbHMﬁ ITOJICT.

ITMKNMPOBAHHME

Hukuposanuem Ha3BIBACTCSA KPYTOE CHUKEHHE CAMOJIETA 110 MPSIMOJMHEHHOW TPAEKTOPUM C yIiaMu
HakjoHa 30° u Ooxee.

OHO mpuMeHsieTcst Ayl OBICTPOI MOTEepPH BBICOTHI M Pa3rOHa CKOPOCTH. [IpW BEINONHEHWH CIOXXHOTO U
BBICIIIETO MIJIOTAXa MUKUPOBAHHE SBJISIETCS COCTABHBIM AJIEMEHTOM OOJIBIIMHCTBA QUTYP.

[MukupoBaHue moapasaesseTcs Ha BUIBL:
MIOJIOTOE - C YIJIOM IUKHPOBAaHUS MeHee 8<45°;
KpyToe - ¢ yriiom 0 =45...80°;

oTBecHoe - ¢ yriamu 0 =80...90°;
oTpUIaTesbHOe - ¢ yriamu 0 >90°.

HI/IKI/lpOBaHl/Ie COCTOUT M3 TPEX BJICMCHTOB: BBO/IA, HpﬂMOJ’IHHeﬁHOFO ydacTKa U BbIBO/JA. BBO[[ U BbIBOJ
SABJIAKOTCA KpHBOJ’IHHeﬁHbIMH MaHCBpaMu.

B600 6 nuxkupoganue. C ToOuky 3peHHsI BHITOTHEHUS HE MPENCTABIsET TPy IHOCTEH. BBOA B mukupoBaHue
OCYILIECTBIISIETCS C Pa3BOPOTa U ¢ MpAMoil. PaccmoTpum oba ciryqast.

Beoo ¢ nuxuposanue c pazeopoma. llpumensiercs U1 BBINOJHEHHUS 3axola IO CTpeJie KBajpara
MUIIOTaXa.

[Tyctp camoyieT JETHUT B TOPH3OHTAJIBHOW IUIOCKOCTH (B TOPH30HTAILHOM IIOJIETE), BCE CHIIBI,
JEHUCTBYIOIUE HA CAMOJIET, HAXOAATCs B paBHOBecuH. [Ipu BBOJE camolieTa B MUKMPOBAaHKUE C Pa3BOPOTA CO3AETCS
LHEHTPOCTPEMUTENbHAS CWJIA, KOTOpAass HCKPUBIAET TPACKTOPHUIO IOJETa B TOPU3OHTAIBHOM M BEPTHKAIBHON
maockoctu. Cxema cuil, AeUCTBYIOIIMX Ha cCaMOJIET IIPH BBOJE ¢ MPsAMOH, moka3zaHa Ha Puc. 188.
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Puc. 188 Cxema cun, oeiicmeyronjux na camonem npu RUKUPOGAHUU

LlenTpocTpeMUTENbHON CHIIOM, MCKPUBISIONIEH TPACKTOPHIO TOJIETa B BEPTHUKAIBHOM IIJIOCKOCTH,
SIBJIIETCS PA3HOCTb MEX/ly COCTaBIISIIOLIECH ITOABEMHOM CHJIBI M COCTABJIAIOLIEH Beca caMoieTa

HeHTpOCTpeMHTeHLHOﬁ CHJ'IOﬁ, I/ICKpI/IBJ'IHIOHICﬁ TPACKTOPUIO 1I0JIETa B FOpI/I30HTaHLHOﬁ IIJIOCKOCTH,
ABJIAETCA HEYPABHOBEIICHHAA TOPU30HTAIBHAS IIPOCKIINA HO,H’bCMHOfI CHJIBI

B600 ¢ nukuposanue c npamoit u3z 20pu30HmMaAnLHO20 noema. BBOx MOXKET ObITb Pe3KUM U NIAAGHBIM.
PaccMoTpuM 1U1aBHBII BBOJ.

[TycTh camomneT JIETUT B TOPU3OHTAIBHON IIIOCKOCTH (TOPU30HTAIIEHOM MOJIETE), CHIIBI, JEHCTBYIOIINE HA
HETO, HaXOMsATCA B paBHOBecHH. /111 BBOZAa caMoJIeTa B MMKUPOBAHNE HEOOXOANMO CO3aTh LIEHTPOCTPEMUTEIBHYIO
CHITY, HCKPHBIIIOUIYIO TpaeKTOpuio mosieta BHU3. OHa co3maercs oTnadeil pydku ympasieHHus OT ceds, MPH 3TOM
yYMEHbIIAeTCs yrojl aTaku M IOABEMHas cuiaa Y CTAHOBUTCS MeHblle Beca camoiera G, moj AeHCTBHEM
LEHTPOCTPEMUTEIBHON CHIIBI TpaeKTOpus MoyieTa HcKpuBisgercss BHu3 (cMm. Puc. 188). Ilpu ormade pyuku
yIpaBieHus! OT ce0st Ha OOJIBIYI0 BEJIMYMHY CO3/[aeTCs MOMEHT, KOT/ia ITOJJbEMHAsi CHJIa YMEHBINAETCS 10 HYJISl U
LHEHTPOCTPEMUTENBHOI CUIOH sIBIIsieTCs Bec camoisieTa G, a MY yBEIUYEHUH yIila MUKUPOBAHUS - COCTABIISIOILAS

Beca G sin®. Hpyras cocrasisonias G cos & HalpaBJieHa 110 KacaTeJbHOW K TPAeKTOPUH II0JIETa, COCTABIISS

(GeosO+h, —X>0y

Pa3HOCTh C JIOOOBBIM COIIPOTHBICHHEM M CYMMY C TSTOM CHJIOBOH yCTaHOBKOM
SIBJIIETCSL YCKOPSIIOLEH CUIION.

ITo mepe yBenuueHHs HAKIOHA TPACKTOPHM IIOJIE€Ta CKOPOCTh Ha MUKHPOBAaHWM BO3PACTAET, TaK Kak

cocrapmsomas Beca G cos & yBEJIMUUBACTCS, a cocraBismomas Beca G sin 0 , LEHTPOCTpEMHUTEIbHAS CHJIA,
YMEHBILAETCSI, TPACKTOPHSI 1oJIeTa OyAeT BhIPsMIIITHCS. C HapacTaHHEM CKOPOCTH CHJIA JIOOOBOTO CONPOTHBIICHUS
X pacrert, TopMO3s ABIOKeHHE. Kak TOIbKO yrosn MUKMPOBaHMS JOCTUTHET 33JJaHHON BEJIMYHMHBI, PyYKY yIpaBICHUS
HEOOXOANMO 3afiepkaTh U Ha OOJBIIYIO BEINYMHY B3ATh Ha ceOd. B MpoTHBHOM citydae 3a c4eT yMEHbLICHHS yIia
aTaK{ 10 OTPULATEILHON BETMYMHBI CAMOJIET IPOAOIDKACT YBEININBATD YIOJl TUKHPOBAHUS.

Peskuit 6600 6 nuxupoeanue. BozHUKaeT Npy pe3Koil OTnaue pyyKd YIpaBiIeHHs OT ceOs, IPU 3TOM yroj
aTakd CTAaHOBUTCS OTPUIATENBHBIM M BO3HUKAeT OTpHULATENbHAs moxbeMHas cuina (-Y). B arom ciyuae
LEHTPOCTPEMHUTENIFHOM CHIIOH sBIIsieTcst (IIpU MaJloM yIJle aTakd M BBOJA) CyMMa Beca caMoJjieTa M OTPUIIaTeIbHOM

noapeMHon cuitel (G-Y), a IpH yBEIMYEHUH yIila HakJIoHa Tpaekropud - (G sin 0 -Y).

Takold BBOX yMEHbLIACT PAAUYC KPHBU3HBI TPACKTOPUH ¥ NPUMEHSCTCS IPU  BBINOJHCHUH
aKpoOAaTHIECKOTO MAIOTaXKA.

[Ieperpy3ska rpu pe3koM BBOJI€ B TUKUPOBAHUE UMEET OTPULIATENbHYIO BETUUHHY.

IIpn 1iaBHOM BBOAE B NHKHPOBAaHHE JIETYMK YACTHYHO TEpsieT OIIyIIeHHe BecomocTH. llo mepe
YBEJIMYECHUSI HAKJIOHA TPACKTOPWUH BHHU3 BO3HHKAET Pa3sHHIA YCKOPEHHWH Teja JIeTYMKa M caMmoJieTa. Y CKOpeHHe
camoJIeTa YMEHBIIIAeTCsl BCIEACTBHE POCTa JIOOOBOTO COMPOTHBIICHHS BO3AyXa, @ YCKOPEHHE Tela JIeTYMKa He
UCTIBITHIBACT COMPOTUBJICHUS BO3JyXa M CTPEMHUTCS Maaarth C OOJBIIMM YCKOpPEHHEM (TI03TOMY y JICTUYHKA
MOSIBIISICTCS CTPEMIICHUE BAJIUTHCS HAa MIPUOOPHYIO JIOCKY).

HpI/I PE3KOM BBOJEC CaMoOJIETa B NHUKUPOBAHUE JIETYUK II0 ﬂeﬁCTBHeM CWIBI MHEPUHUN OTHCIIAETCA OT
CUACHBA
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MPSIMOJIMHEMHBI YYACTOK TPAEKTOPUM MMKUPOBAHUSI

On XapaKTCpU3yeTcCd TEM, YTO Ha HEM IMPOUCXOAUT PA3TOH CKOPOCTU CaMOJICTA.

YckopeHne Ha NMUKUPOBAaHMM, KaK MPaBWIIO, MOJOXKHUTENbHO. CaMoOJIeT Ha NMUKHUPOBAHHM YBEIHMUMUBACT
ckopocTh. Tak Kak Ha MPSIMOJMHEMHOM YYacTKe MUKUPOBaHMA CKOPOCTh, a BMECT€ C HEIO M NMOJBbEMHas CHia
BO3pacTaioT, TO AJsl 0OecreyeH s MOCTOSHCTBA ITOXBEMHOM CHIIBI U NPSMOJIMHEWHOCTH TPAEKTOPHUH HEOOXOIMMO
MOCTETICHHO YMEHBIIATh YIJIbl ATAKW OTKIOHEHHEM PYUKH YIIPABIEHHS OT CeOsl.

Bb1600 u3 nuxkuposanus. [Ipy BBINOTHEHUH MUKUPOBAHUS TOABEMHAS CHJIA HMEET MAIYIO BEUUUHY WU
OTCYTCTBYeT BoOOmIe (IIpH OTBECHOM NHKHPOBAHWH), MO3TOMY U1 BBIBOJA W3 TNHKHPOBAHUS HEOOXOIUMO
YBEJIMYUTh MOIBEMHYIO CHIIy, YBEJIMYHB YroJl aTakd OTKJIOHEHHWEM pY4KH ympaBiieHuss Ha ce0s. Bospacras,

MMOOBEMHA CHJIAa CTAHOBHUTCS OOJIBIIIE COCTABISIIOIIEM Beca caMoJieTa Gcosg. Ilon npelicTBHEM

LEHTpOCTpeMUTENbHON cuibl  Prue=VY-G cos & TPaeKTOpUs TNHUKUPOBAHUS HUCKPUBIAETCA, MEpPexXois B
TOPU3OHTANBHBIM TosleT. Yem Oonblie B3sATa pydka ympaBleHus Ha cebs, TeM Oonbine OyAeT BennunHa
LHEHTPOCTPEMUTENBHOI CUNIBI - TEM MEHbLIE PAJUyC KPUBU3HBI TPA€KTOPUHM U MOTEPsl BBHICOTHI Ha BhiBoAe. Ilpu
BBITIOJTHEHUH BBIXOZA M3 MUKHUPOBAHHUS HEOOXOANMO IMOMHHTH, YTO YPE3MEPHOE B3SITHE PYUKH YIPaBICHUS Ha ceOs
BE/IET K YPE3MEPHOMY YBEIMUECHHUIO TIEPETPY30K.

IIpu BBIBOJE M3 MUKUPOBAHUS CKOPOCTH, IEPETPY3Ka, a, CIEI0BATENbHO, U PallyC KPUBU3HBI TPACKTOPHH-
BEIMYMHBI IEPEMEHHBIE.

Ilomeps evicomvl Ha évl600e u3 nukuposanus. Ha npaktuke 00nblIoe 3HaY€HHE UMEET MOTEPS BBICOTHI
Ha BBIBOJE caMoJjieTa M3 NMUKUpOBaHMSA. JKenareapHO, 4TOOBI OTEPsS BBICOTHI ObUIa Kak MOXHO MeHbIue. IloTeps
BBICOTHI 3aBUCHUT OT PajJiyca KpUBU3HBI TPAaEeKTOPHM IOJIETa, KOTOPBIA, B CBOIO OuYepedb, 3aBUCHUT OT CKOPOCTHU
MOJIETA U TEPErpy3KU

B y4eOHBIX memsix Ha camonerax SIk-52 u SIk-55 nmukupoBaHUE BBHIMONHSAETCS Ha CICAYIOUINX MPHOOPHBIX
CKOPOCTSX:

BBOJ - 140 xM/u;
Havajo BeIBOJa-210 km/u;

BEIBOJ] B TOPH3OHTANIBHBIN moeT - 280 kM/4.

TEXHUKA BbBIIIOJTHEHUSA IINKUPOBAHUSA

BBox camosieta B MHKHPOBAaHUE BBIMOJHACTCS HAa CKOpocTH 140 KM/4 ¢ pa3sBOpoTa WM C MPSIMOH, C
obopoTamu aBHraTtels wiu 6e3 000poToB.

Be6oo camonema c pazeopoma. Ilepes BbINIOIHEHNEM MUKUPOBAHUSI OCMOTPETh BO3/LYLIHOE MPOCTPAHCTBO
B HalpaBJICHHW TMKUPOBAHWSA, HAMETUTh OpPHEHTHUD [UIsl BBOJA. YCTAaHOBUTh CKOpocTh 140 km/4.
KoopanHnpoBaHHBIM ABMKEHHEM PYUYKH YIIPABICHUS U Nealieil BBECTH caMOJeT B pa3BOpOT ¢ KpeHoM 35..45° B
HarpasJeHUH BEIOPAaHHOTO OPUEHTHUDA.

B mpomecce pa3BopoTa IJIaBHO YMEHBLINTH OOOPOTHI ABHTATENsl, OJHOBPEMEHHO IEpeBels CaMoJeT B
nuKupoBanne. K MOMEHTY OKOHUaHHS pa3BOpPOTa Yoyl MUKHUPOBAHMS JOJDKEH OBITH 3aJaHHBIN. Bemmuuny yria
MUKAPOBAHUA KOHTPOIHMPOBATH II0 BHUAWMBIM YacCTSIM KaOWHBI camojieTa OTHOCHTENBHO TOPH30HTa H IO
aBHUAropu30HTY, a TAKXKe MOJI0KEHUIO MOJYKPBUIHEB OTHOCUTEIHHO TOPU3OHTA.

[Ipy NUKUPOBaHMM TOSBISAETCS [JaBsllee YCHWIHE Ha pydYKe YNPaBICHUS, KOTOPOE BO3PacTaeT ¢
YBEIIMYEHHUEM CKOPOCTH TojieTa (MMKHPOBaHWS). B TedeHWe NMUKUpPOBAaHUS HE AOIYCKAaTh KPEHOB M Pa3BOPOTOB,
CJIEINTD 32 BBICOTOH, CKOPOCTBIO MOJIETA.

[lo mocTwkeHMM CKOPOCTH Hadana BhIBOAA VBBIB, paBHOW 210 KM/4, IUIaBHBIM JABHKEHHEM PYUKH
yIpaBJieHUs] Ha ce0sl HauaTh BBIBOJ CaMoJieTa B TOPH3OHTAIBHBIN rmosieT. [Ipyu BbIBO/IE M3 MUKUPOBAHHUS 00OPOTHI
JIBUTATEIS YBEIMYUTH IO MaKCHMANbHBIX. [leperpys3ka He HOIDKHA mpeBHImaTh 4-5 s camorneTa Sk-52 u +9 mis
camorera Sk-55. CKOpocTh BEIBOJA JOJKHA OBITH paBHOU 280 KM/4.

B600 camonema 6 nukupoeanue ¢ npamoii. Ilepen BbIIOJHEHHEM MUKUPOBAHUS OCMOTPETHh BO3IYLIHOE
MPOCTPAaHCTBO, 0CO0OE BHUMAaHHE YJEIWTh HANpaBICHUIO BBOJAa (TPSMO 110 HANpPaBIEHUIO BbINOJIHEHUS
NMUKUPOBAHMS), ONpPEIEINB, CBOOOHO M OHO. HamMeTuTh OpHeHTHp Ul BBOJAA. Y CTaHOBUTH CKOpOCTh 140 Kkm/4.
[TnaBHO# oTHadel pyuykH yrnpasieHUs! OT ceOs (Ieaii HaXOAATCSl B HEMTPaIbHOM IOJI0)KEHHH) BBECTH CaMoJIeT B
NUKUpOBaHKe. TeHAEHIMIO camolyieTa B IpoLecce OTAAYM PYUKH YIPABJICHHS OT Ce0sl - OTKJIOHATHCS BIIPABO,
MapupoBaTh OTKIOHEHUEM JICBOH ITe/1aH.

Ilociie ycraHoBieHMs 3aJaHHOIO yrja NMKUPOBAaHUSA HE3HAYUTEIBHO OTKIOHHUTH PYUKY YIIPaBICHHS Ha
ceOst IS IpeKpalleHns JATbHEHIIEro yBeIMIEeHUs! yIila TIMKUPOBAHUSL.

BenmunHy yriia mukupoBaHUS KOHTPOJINPOBATH 110 aBHATOPH30HTY, BUANMBIM YacTsSM KaOMHBI caMoJieTa ’
MOJYKpPbUILEB OTHOCHUTENIBHO TOPU30HTa. B mpoliecce MUKUpOBaHUs MOSIBISIOIINECS YCWINS HA PYyUYKE YIIpaBJIEHUS
KOMIICHCUPOBATh OTKJIOHEHHEM e¢ OT ceOs. OTKIIOHEHHWEM pPYYKH YIPaBJICHUS OT ce0sl JOCTHraceTcs TaKKe
YMEHBILIEHHE YIJIa aTaKu U, KaK CJIEJICTBHE, IOJJbEMHOI CHIIbI, KOTOpPasi YBEJIMUYMBAETCS C YBEJIIMUEHUEM CKOPOCTH.
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ITo moctmxennn ckopocte 210 KM/4 MJIaBHBIM JBIDKEHHEM PYYKH YIpaBlieHHs HA ceOs Ha4yaTh BBIBOJ
camolieTa B FOpPU3OHTANIbHBIA nosneT. [Ipu BbIBOAE M3 NMUKUPOBAaHHS IUIABHO YBEIUYUTH O0OPOTHI ABHUIATENs 10
MakcUMalbHbIX. [leperpyska npu BeIBOJIC HE JOJDKHA ObITh Ooiee +5 mis camosera Sk-52 u +9 - s camorera Sk-
55.

le/l BbINNOJITHCHUH NUKUPOBAHUA HE NO0IIYCKATDb:
PE3KOro NBMECHCHUA 060pOTOB JABHUIaTCIIA,

MOHMKEHUSI TEMIIEpaTyphl TOJIOBOK IMIMHAPOB apurarens meHee 120°C m Temmeparypbl BXOJISIIETO
Macina B asurarens Himke 40°C;

HETIPEepBIBHOM paboTH! ABHUraTesns Ha oboporax 6onee 83% B Tedenue 6osiee 1 MUH.

IIpu BBIOTHEHMH NHKUPOBAHUS HEOOXOAMMO MOMHHUTh, YTO HAJIMYHME KPEHOB M BpAaIllEHHs camoJjera
BOKPYT IPOAOJIBHON OCH, BBI3BAHHOE OTKJIOHEHHMEM DYJI HAIPaBICHUS WIN AJIEPOHOB, MOXKET MPHUBECTH K BXOIY
camoJsieTa B KpyTylo cnupaib. BeiaencTBue 4ero caMosieT ¢ TPYyAOM BBIXOIUT U3 MUKHpoBaHUs. ClenoBaTeNbHO,
€CII CaMoJIeT HE BBIXOAWT W3 ITUKHUPOBaHMS, HEOOXOANMO NPOBEPUTDH - HET JIM KPEeHa, HE BOIIEJN JIM CaMOJIET B
KpyTyto crupanb. KOHTpoiab NpOM3BOAMTH MO BHIMUMBIM dHacTsM (oHaps KaOMHBI CaMoJIeTa U HOIYKpPBIIbEB
OTHOCHTEJIFHO TOPH30HTA (Ha camouieTe SIk-52 Takke 10 aBHarOpU30HTY M YKa3aTelro MOBOPOTA U CKOJIBKEHHSA).

Jnst BbIBOJA camoiieTa M3 KpYTOW Chnupaiun HeoOXOIUMO CHayalla yOpaTh KpeH, a IOTOM BBIBOJIUTH
caMoJIeT U3 MUKUPOBaHUSL.

XAPAKTEPHBIE OIIUBKMU ITPU BBINTOJTHEHUU ITUKUPOBAHMUS:
IPU BBOJIE B TMKHPOBAHKE C Pa3BOPOTa HE COONIIOAETCA KOOPAMHALNS JIBIKCHUHN PYIIAMUY;
MEepEeTATHBAHNE PYUYKH YIPABICHUS Ha Pa3BOPOTE MPUBOIUT K IIOTEPE CKOPOCTH;
pe3Kast 0OTAa4Ya pyyKH yIpaBIeHHUs OT ce0sl - BBOJ MPOU3BOIUTCS C OOJIBILION OTPUIIATENLHOM NEperpy3KoH;
PE3KHEe ABMKEHUS PYJISIMH YIIPABICHHUS BO BPEeMsI MIMKUPOBAHUS - HE COXPaHACTCS yroJl TMKUPOBAHUS;

B IPpOLCCCE MUKUPOBAHUA HEC KOHTPOJIHUPYETCA MOJIOKCHUC CaMOJICTAa IO aBUAropu3oHTy (Ha camoutete k-
52), TMMOJIOKCHUIO MMOJTYKPBUILEB U BUIUMBIX yacTell KaOMHBI caMoJjIeTa OTHOCUTEILHO TOpU30HTA,

IMMKUPOBAHUE BBIITOJIHACTCA C KPEHOM HJIX YTJIOM, HE COOTBETCTBYIOIINM 3aJaHHBIM

HE KOHTPOJHMPYETCS BHICOTA MPH IMUKUPOBAHUH - BEIBOJ] U3 MUKUPOBAHMUS MMPOU3BOANUTCS HA BBICOTE HIDKE
3aJJaHHOM;

PE3KHI BBIBOJ] M3 NUKUPOBAHUS C IEPETATUBAHUEM PYUKH YIPABICHHS - BOSHUKAIOT OOJIBIINE MIEPErpy3KH;

3aMeJUIEHHBIN BBIBOJ M3 NHUKHUPOBAHMS - OOJBIIOE HAapacTaHWE CKOPOCTH caMojieTa M OoJbInas moreps
BBICOTHI;

BbIBOJ M3 NUKHUPOBAHUS IIPOU3BOJUTCS C PA3BOPOTOM - YBECIIMYMBACTCA NOTEPS BLICOTHI HA BBIBOJC.

I'OPKA

T'opKa-3>T0 KPaTKOBPEMEHHBIH MOBEM C LIENBI0 OBICTPOro HabOpa BBICOTEHI.

I'opka cocToUT U3 Tpex 3JIEMEHTOB: BBO, IPSIMOJIMHEHHBIN ydacTok, BeBoJ (Puc. 189).

Puc. 189 Cxema cun, deilicmeyroujux Ha camonem Ha 20pKe
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BBOJ B TOPKY

IIycte camMoner NIeTUT TOPU3OHTAIBHO, NPH 3TOM BCE CHIBbI, ACHCTBYIOLIME HAa CaMOJET, HAXOAATCS B
paBHOBecuH. Jlns BBOJa camojeTa M3 TOPU3OHTAIBHOTO TII0JIeTa B TOPKY HEOOXOJUMO  CO34aTh
LEHTPOCTPEMHUTENBHYIO CHIIy, WCKPUBIIAIONIYIO TPAGKTOPHIO IOJeTa BBepX. VICKpWBIIEHHE TpPaeKTOPHM MOJETa
BBEPX JIOCTHTAETCs IJIaBHBIM OTKJIOHEHHEM PYYKH YNpPABICHUS Ha ceOs, TEM CaMbIM yBEIMYHBACTCS yYroJl aTakH H,

KaK CJICACTBUEC, YBCIIMYUBACTCA MOAbEMHAs CUJId, KOTOPAasd CTAHOBUTCA OoJIbllIe Beca caMmoJjeTa (HpI/I MaJIOM yTiJIe 0)

WM ero cocTapisromend G cos 0. Iox neticTBrEM LEHTPOCTPEMUTENBHON cuitbl FcY - G cos 0 TpaeKTopus MoJjeTa
HCKPHBIISETCSA BBEPX (B BEPTHKAIBHON IUIOCKOCTH). [1o Mepe MCKpHUBICHUS TPAEKTOPUH BBEPX CyMMa TOPMO3SIITIX

cun (X+Gsin 0 >P) craHOBUTCS OONBIIE TATH CHJIOBOW YCTaHOBKM W CKOPOCTh Ha4HET OBICTPO ManaTh, UYTO
NPHUBEACT K NaJCHHIO TT0IbeMHON critbl. [103TOMY IpH BBOZE pyUKa YIpaBJICHHS JOJDKHA OTKIOHSTHCS IOCTEICHHO
Ha ce0s, COpa3MEepHO YBEIMUCHHUIO YIiIa TPACKTOPHH TOPKH.

Ilpamonuneinstii yuacmok zopku. 110 IOCTHXEHHUHM 3aJaHHOTO YIjla TOPKM HEOOXOIUMO pPYYKY
yIpaBJeHUs 3a7iep>KaTh M OTHATb HEMHOTO OT celsi, C LEeNbl0 NMpeaAyNpexkaAeHNs JAIbHEHIIero yBEeNnYeHus yria

TaHTra)Xka 9 .

Ha npsiMmonmHEHOM ydYacTKe TOPKH CKOPOCTh YMEHBLIAETCS, CIEAOBATENIFHO, YMEHBIIACTCS IOXbEMHAS
cuna. [ToaToMy NpONOPHHOHATIBHO YMEHBIICHHUIO CKOPOCTH HEOOXOJMMO YBEIHYHTH YIJIBl aTakd - HOABEMHYIO

CUITy JUIl COXPAHEHHUs yCIOBUS NPSIMOIUHENHOCTH IBUXKeHUs - V-G cos 0=0.

BbIBOJI CAMOJIETA U3 I'OPKH

s BeIBOZA caMojieTa M3 TOPKHM HEOOXOAMMO CO3JaTh LEHTPOCTPEMHUTENBHYIO CHIY, MCKPUBIISIOIIYIO
TPaeKTOPHUIO IOJIETa BHU3 B BEPTUKAIBHON IUIOCKOCTH. /Il 3TOro HEOOXOAMMO PYUKy yNpPaBJiCHUs] OTKJIOHHUTH OT
ce0s1 ¢ 1eTIbI0 YMEHBILICHUS YIJIOB aTaKH - OJbEMHOM CHJIBI, YTO BBI3OBET HOSBIEHHE IIEHTPOCTPEMHUTEIBHON CHIIBI,

BEJIMYMHA KOTOPO# nMeeT oTpunatensHoe 3HaueHue (Pi.c=Y-Gcos 0 ).

BriBox U3 TOpKM B TOpU30OHTAIBHBIN MOJIET NMPOU3BOAUTCS C HEperpy3kod or +1 mo -3 u mo BpeMeHH
MPOAOJIKUTENEH, YTO MOXKET MPUBECTU K MOTEPE CKOPOCTU U CPBIBY B IITONOP. Y MEHBIIEHUE CKOPOCTH Ha BBIBOJE
NPUBOJUT K CHIKEHHIO 3()(EKTHBHOCTH IPOAOJHHOIO YIIPABIEHHS M YMEHBIICHHIO IPOAOJILHON YIJIOBOM
ckopocTH. [103TOMy BBIBOZ 13 TOPKH JOJDKEH OBITh SHEPTUYHBIM, HO HE PE3KUM.

Ha camonerax fk-52 u SIk-55 BbINONHEHHE TOPKHU KPATKOBPEMEHHO U JBIKEHHS PYUKOH ynpaBiieHHs (Ha
ceOst 1 OT ceds1) CIEIYIOT MOYTH OJTHO 3a APYrHM (¢ MHTepBaioM He Oonee 8 ¢). [loaToMy HE0OXOAUMO YIUTHIBATH
BIIMSIHAE TUPOCKONINYECKOT0 MOMEHTA BO3yLIHOIO BUHTA IIPU OTKJIOHEHUSAX PYUKH YIPaBJICHUS.

IIpu BBOZE B TOPKY TMPOCKOITMYECKHAH MOMEHT BO3AYIITHOTO BHHTA CTPEMHUTCS Pa3BEPHYTh CAMOJIET BIEBO,
3TO OTKJIOHEHHE HEO0OXO0IUMO MapupoOBaTh OTKIIOHEHUEM IIPABOH IeIalu.

IIpu BBIBOmE W3 TOPKM B €€ BEpXHEH YacTH, KOTJa CKOPOCTh 3HAYHTENHFHO YMCHBIIWIACH, BIUSHIE
PEaKTHBHOTO MOMEHTA BO3IYITHOTO BHHTA CKA3bIBACTCS B OOJBIICH CTEIEHH. DTOT MOMEHT CTPEMUTCS HAKPEHUTH
CaMoJIeT BIPABO, B ATO BpeMs pydYKa YIPABICHHUS OTHACTCS OT ceOf M THPOCKOIMMYECKHA MOMEHT CTPEMHTCS
pa3BepHYTh CaMOJIET TOXE BIIpaBo. TakuM o0Opa3oM, B BEpXHEH TOYKE TOPKH y camojieTa eCThb TeHIACHIIHS
Pa3BepHYTHCSA M HAKPEHUTHCS BIIPABO - 3TO HAKPEHEHHE M Pa3BOPOT MAPUPYIOTCS OTKIOHEHHEM JIEBOI ITeai.

B yueOHBIX mensx Ha camoierax Jk-52 u Sk-55 ropka BBITOTHACTCS MPH CICAYIONIMX CKOPOCTSAX: BBOJ -
300 xm/4; Haganmo BeBoAa- 170 KM/4; BEIBOI B TOPU3OHTAIIBHBIN TIONIET - He MeHee 140 km/4.

TEXHUKA BbIITOJHEHUWS 'OPKHA
BBoga B ropky npousBoaurcst Ha ckopoctr 300 km/4.

Ilepen BBOZOM B TOPKY OCMOTPETh BO3AYIIHOE MPOCTPAHCTBO, OCOOEHHO B HANPABJICHWU BBINOJHEHUS,
yOenuTscs, 9To OHO CBOOOAHO. B rOopH30HTaIBFHOM IOJIETe WM CHIDKEHHH yCTAaHOBUTH cKopocTh 300 KkM/4 mpu
obopotax neurarens 82% ¥ MMOJHOM HajayBe. 3aTeM IUIAaBHBIM JBHKEHHEM PYUYKU YIpaBJIE€HHs Ha ce0st co3/1aTh
3aJJaHHBIIl Yrojl HaKJIIOHa TPAeKTOPHH, 3a(UKCUPOBATh €r0 HE3HAYMTENILHBIM OTKJIOHEHHEM PYYKH YIpPaBJICHHS Ha
ce0s1. YroJ HakJIoHa TPAeKTOPUU KOHTPOJIMPOBATH 10 BUIUMBIM YacTsM (POHapsi KaOWHBI caMmoJIeTa U NOITYKPhLIbEB
OTHOCHTEJIFHO TOPH30HTa (M 110 aBHAaropu3oHTy Ha camosnere Sk-52). BeiBox M3 ropku HaYMHATh 110 JOCTHXECHUH
ckopoctr 170 KM/4 oTnadeld pyuku ynpasieHus oT ceOs, He MeHss pexxuma paboTsl aurarens. [lepeBos camonera
B TOPH30HTAIBHBIH OJIET JI0JDKEH OBITH 3aKOHYEH Ha cKopocTH He MeHee 140 km/4.

[Tpu BBINOJHEHWU TOPKM HEOOXOJMMO YUUTHIBATH PEAKLUIO M THPOCKONUYECKHH MOMEHT BO3JYIIHOTO
BuHTA. [IpK BBOJIE B TOPKY pyuKa yIpaBJIeHHs] OTKIOHSAETCS Ha ce0si, CaMOJIET CTPEMUTCS Pa3BEPHYTHCS BJIEBO, ATOT
Pa3BoOpOT HEOOXOAMMO KOMIICHCUPOBATh OTKJIOHEHHEM NpaBoil nexanu. [1o Mepe yMeHBIIEHHS CKOPOCTH 3a CUeT
peakuuy BHHTA CaMOJIET CTPEMHUTCS HAKPEHWTHCS BIPAaBO. ODTO CTPEMIICHHE HEOOXOIMMO KOMIICHCHPOBATH
OTKJIOHEHUEM JIEBOH Meaau.

IIpn BeIBOZE camojeTa M3 TOPKH 3@ CUET OTHA4YM PYUKH YNPABICHUS OT CeOsl MOSIBISIETCS IPaBbIM
Pa3BOpavUBaAOIIUNA MOMEHT, KOTOPBII IAPUPYETCsl OTKJIIOHEHUEM JIEBOU NEJANIHN.
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XAPAKTEPHBIE OTKJIOHEHHS M OLIUBKH IIPY BBINOJTHEHUH I'OPKH:

pe3Kuil IepeBoa camoyieTa B HA0Op BBICOTHI - OONBIIME TEPErpy3kd M IpexIeBpEeMEHHas MOoTeps
CKOpPOCTH, MaJ HabOp BHICOTEHI;

HE KOHTPOJIMPYETCSl U HE BBIACP)KMBAETCS YToJl HAKJIOHA TPAEKTOPUH TOPKH 10 BUAUMBIM 4acTsM (oHaps
KaOMHBI caMoJIeTa U MOJYKPbUILEB OTHOCUTEIBHO TOPU30HTA U 110 aBHArOPU3OHTY:

Ha4vaJio BbIBOJIa U3 T'OPKU HaA MEHBIIEeH CKOPOCTHU WJIN MEIJIEHHOE OITyCKaHHWE KaIlloTa caMOJI€Ta Ha JIMHUIO
TOPHU30HTA - YMEHBIICHNUE WM ITOTEPSA CKOPOCTHU Ha BBIBOJC.



APOANHAMUKA CAMOJIETA 165

OUT'YPBI CJIOKHOI'O ITMJIOTAXKA

BOEBOW PA3BOPOT

Boesvim pazeopomom HazbiBaeTcs ObICTpBIA pa3BopoT Ha 180° ¢ HaGopoM BBHICOTHI. boeBoOil pa3BOpOT
ABJIACTCA OJHUM H3 BUAOB MaHCBPUPOBAHUA CaMOJIETaA. le/IMeH)IeTCﬂ npu HeO6XOle/lMOCTI/I 6I>ICTpO U3MECHUTH
HarpasjeHue nosiera Ha 180° u oxHoBpeMeHHO Habpath BeicoTy (Puc. 190). HaGop BBICOTHI IpH BBHIOJHEHHH
00eBOro pa3BOpoTa IPOU3BOJMTCS B OCHOBHOM 3a CHET 3alaca KHHETHYECKOH SHepruM JABWXKeHHs (3araca
CKOPOCTH).

Jus  BemmonHEeHHs 00eBOro pa3BopoTa HEOOXOAMMO Ha 3aJaHHOW CKOpPOCTH BBOZAa CO3JaTh
HEHTPOCTPEMUTEIBHYIO CHIIy B TOPH30OHTAIBHOW W BEPTHUKAIBHOM IIOCKOCTSAX, Pa3BOPAYMBAIONIYIO CAMOJIET IO
3aJaHHON TpaeKkTopuH. [yl 3TOro HEOOXOJMMO OTKIIOHUTH PYYKY YIpPaBJCHUsI Ha ceOs M B CTOPOHY pa3BOpOTa,
OJTHOBPEMEHHO OTKJIOHSS Mealib B CTOPOHY Pa3BOPOTa, T. €. SHEPIMYHO BBOJUTH CAMOJIET B IITyOOKHH pa3BOpOT Ha
noawseme. [lo Mepe nmogbemMa KpeH yBeIHMUUBAETCs, a paAnyc pa3Bopora ymenbluaercs. [Ipu pa3Boporte Ha 120° kpen
CTAaHOBUTCS MaKCHMaJbHBIM. B 3TOT MOMEHT /i1 YMEHBIICHHUS IICHTPOCTPEMHUTEIBHON CHIIBI B TOPU30HTAIBHON U
BEPTUKAJIBHOH IIOCKOCTSIX HEOOXOUMO HaYaTh OTKJIOHATH PYUYKY YIPABJICHUS B CTOPOHY, OOpPaTHYIO pa3BopoTy, U
ocnabuTh HAXKUM Ha BHYTPEHHIOIO TI€Jallb, & IPH HEOOXOIMMOCTH OTKJIOHHUTH TPOTHUBOIIOIOKHYIO TIeallb ¢ TAKUM
pacdeToM, 4TOOBI caMOJIET MIPH MOJTHOHM YOOpKe KpeHa BHIIIEN TOYHO Ha BRIOPAaHHBIN OpPUEHTHD.

ITapameTpsl ©oeBOro pa3Bopora (BBICOTa, CKOPOCTh M BpEeMsi) BO MHOI'OM 3aBHCAT OT MaHEpPhI
MUIOTHPOBAHUS M B IEPBYIO O4epeIb OT MEPEerpy3KH Ny, M yria KpeHa y. UeM MeHblIe meperpyska Ha 060eBoM
Pa3BOpPOTE, TEM MEHBILIC YIJIOBass CKOPOCTH BpAallICHUA U TEM 0oJblIe BpPEMs BBIIIOJIHEHHA Pa3BOpPOTaA.

VYBennueHne KpeHa NpH 3aJaHHOW Meperpy3ke NPUBOIUT K CHIDKEHHIO Temma Habopa BBICOTHL. B
3aBHCHMOCTH OT BEJIMYMHBI KPEHA CaMOJIET BMECTO OOEBOTO Pa3BOPOTa MOXKET BBIIOJHUTH METIIIO (IIPH MaJioM yTJie
KpEeHa) WU BHpaX (IIpH OOJIBIIOM yTIiIe KPEeHa).

ITepen GoeBBIM pa3BOPOTOM MOTYT CTOSTH 3a/ayd: MAKCHMAIBHBIA HA0Op BBICOTHI HJIM MHHHAMAIIEHOE
BpeMs pa3BOpOTA.

O6e 3aJa41 OJHOBPEMCHHO BBITIIOJITHCHBI OBITE HE MOTYT.

Ecnu mpu pasBopote Ha 120° kpen sHepruyHo poBexneH a0 70...80°, To pa3zBopor OymeT OBICTPBIM IO
BpeMeHH (IUIOCKUM), a HabOp BBICOTHI OyIeT Mal. DTOT pa3BOPOT HA3BIBAETCS Yepes3 IUIeHO.

3HaYUTeNBHBI HA0Op BBICOTHI JOCTHTAETCs TIOCTOSHHBIM yBelmdeHHeM Kpena 1o 60° u yria Habopa 1o
40...50°, nocTUraromuX CBOET0 MaKCHMAIILHOTO 3HaYeHHUs IpH pazBopote Ha 120°. Tocie yero kpeH u yroia Habopa
YMEHBIIAIOTCSL.

I'nmaBHOE npeuMynieCTBO 6oeBoro Ppa3BoOpoTa Mnepea OOBIYHEIM Pa3zBOpPOTOM COCTOUT B TOM, YTO CaAMOJICT,
pa3BoOpavYnBasiCh, B TO )K€ BpEMs Ha6npaeT BBICOTY.

Hpyroe npenmyIiecTBO 60EBOr0 pa3BopoTa COCTOMT B TOM, YTO OH MO3BOJISIET OBICTpee, YeM OOBIYHBIN
Pa3BoOpOT, M3MEHHUTH HANPaBJICHUE I10JIETa HA 0OpaTHOe.
D

V=140 xnsy

Jo0m

240

ELE

1.

Puc. 190 Cxema cun, oeiicmeyiouiux na camonem npu 60e6om pazeopome

TEXHUKA BBIITIOJTHEHHSA BOEBOI'O PA3BBOPOTA

BoeBoii pa3Bopor BemonHseTcst Ha ckopocTtr 300 kM/4, 000poTs! nBurarens 82 %, HaAdyB ITOJIHBIH.



APOANHAMUKA CAMOJIETA 166

Ilepen BBOZOM B 00€BOW Pa3BOPOT HEOOXOIUMO OCMOTPETH BO3IYIIHOE MPOCTPAHCTBO, YOSAWUTHCS, UTO
0HO cBOOOmHO. HameTnth OopmeHTHp I BBIBOJA. YCTaHOBHTH CKOpocTh Mo mpubopy 300 km/4 mpu obGopoTax
neurarens 82 % W monHOM HajaayBe. [LTaBHBIM JBHKCHHEM PYYKH YIpPaBICHUS Ha ceOs U B CTOPOHY OOEBOTrO
pa3BoOpoTa C OJJHOBPEMEHHBIM JBIXKCHUEM TI€J[ajii B Ty XK€ CTOPOHY co3narh yron kabpuposanus 10...15° u xpeH
10...15° ¥ KOOpPIMHUPOBAHHBIMH [BIKCHUSMH PYJISIMH YIpaBJICHHS BBECTH CaMoOJIeT B Pa3BOpOT C HabOpoM
BBICOTHI.

Temn BBozma B 00€BOM pa3BOPOT JOJDKEH OBITh TakuM, 4TOOBI Mmociie pa3Bopora Ha 120° camoner umen
kpeH 60° u yron nmogpema 40...50°, mpu manpHEHIeM pa3BOpOTe yAEpKUBATH 3TO MOJOXKeHKe. Pa3BepHyBIINCH Ha
150° (3a 30° no opueHTHpa BBIBOAA) KOOPIMHUPOBAHHBIMU ABIKEHUSIMU PYUKH YIPABICHUS U Nefanel B CTOPOHY,
MPOTUBOIIOJIOXKHYIO Pa3BOPOTY, HauaTh BBIBOJ CaMoJjeTa M3 Pa3BOpOTa C TAKUM PacueToM, YTOObI CKOPOCTh MPH
BBIBOJIC ObUTa He MeHee 140 km/u.

[Ipu BbIBOZE CIEOUTh 32 OJHOBPEMEHHBIM YMEHBIICHHEM YyIja Ha0opa BBICOTHI, KpeHa M YIJIOBOM
CKOPOCTH.

ITocne BeIBozta camosera u3 60EBOr0 pa3BOPOTa B TOPU3OHTAIBHBIN MOJIET HEOOXOANMO yOpaTh HaJIyB 10
3aJJaHHOTO.

XAPAKTEPHBIE OHIUBKU ITPU BBITIOJIHEHUU BOEBOI'O PA3BOPOTA:
Majla CKOpOCTh BBOJIa B O0E€BOM Pa3BOPOT - CaMoJIeT OBICTPO TEPSIET CKOPOCTh;

Ha BBOJE B 0OOEBOW Pa3BOPOT IpPH MaJIOM KpEHE H3JIMIIHE OTKIOHSAETCS pydKa yNpaBlieHHs Ha ceds -
Pa3BOPOT MPOUCXOANT C OOJBIIUM YIIIOM Habopa 1 moTepei CKOPOCTH BO BTOPOI MOJIOBUHE,

B Hayajie pa3BOpPOTa W B MEPBOI €ro MOJIOBHHE HEAOCTATOYHO OTKJIOHSETCS MEAaNb W Majo OTKIOHEHHE
PYUKH yIIpaBiIeHHs Ha ceOs - BsUTbIH BBOJ B 00€BOH pa3BOPOT, Majla yIiIoBasi CKOPOCTh BPAILIICHUS CaMOJIETa;

HEKOOPIUHUPOBAaHHBIE NEHCTBUS PYJISIMU YIPABICHUS IIPU pa3 BOPOTE - Pa3BOPOT MPOUCXOAUT C 3aHOCOM
XBOCTA WJIHM CKOJIbXKEHUEM Ha KPbUIO;

BEJIUK KPEH Ha Pa3BOPOTE - IPOUCXOJNUT CKOJILKEHHE Ha KPBIJIO ¥ MaJl HA0OP BBICOTHI,
BBIBOJI 13 OOEBOTO Pa3BOPOTa IPOUCXOANT C OOJIBIIUM YTJIOM - BO3MO>KHA TIOTEPSI CKOPOCTH;
MEepeTATUBaHNE PYUYKH YIPABIECHUS BO BTOPOH IMOJIOBHHE Pa3BOPOTA - BO3MOXKEH CPBIB B IITOIOP;

nocyie pasBopora Ha 120° He KOMIEHCHPYETCSl BIMSHHE PEAKIUM M THUPOCKOIMYECKOTO MOMEHTa
BO3JLyLITHOTO BUHTA - CAMOJIET CTPEMHTCSI YBEIHIHUTh KPEH.

[Ipn BbIMONHEHMHM OOEBOrO Pa3BOpOTA CIIENYET YUYUTHIBATh, YTO BHEIIHSAS IOJOBMHA KpbUla JBHKETCS
ObIcTpee, YeM BHYTPEHHSISL.

BenienctBue pasHOCTH NMOABEMHBIX CHII MOJIYKPBUILEB BOZHUKAET IONEPEYHBbIH MOMEHT, NEHCTBYIOIIMNA B
CTOpOHy yBenuquMa erHa, qToO HpI/IBO,Hl/IT K yBeIll/I'-IeHl/IIO KpI/lBI/l3HbI TpaeKTopym B FOpI/ISOHTaHbHOﬁ IIJIOCKOCTHU
YBEJIMYCHUIO HEYypPaBHOBEUICHHON IIEHTPOCTPEMUTEIbHOW CHIIBI Y Sin ) M YMEHBIIEHUIO €€ B BEPTUKAILHOMN

IUTOCKOCTH BCIICAICTBHE YMEHBIICHUS IIEHTPOCTPEMHUTEIBHON CHIIBI Y COS Y Geos . Takoe nepepacnpeencHue
HEHTPOCTPEMHUTEIBHBIX CHJI SIBIISICTCS OAHOM W3 NPUYWH yMEHBIICHUS IPUPALICHHS BBICOTHI. YYHTHIBas 3TO,
HEOO0XONMO CIIEANTH 32 U3MEHEHHEM KpeHa, AOIYCKas ero yBEeJIMYEHHE B CTPOrOM COOTBETCTBUH C YBEIHUCHHEM
YIJIOB TaHTa)ka M pa3BOpPOTa CaMoJIeTa B TOPU30HTAIBHOM IIIOCKOCTH.

[Ipu paHHEM yMEHBILICHUU KPEHA BO BTOPOU IOJIOBHHE OOEBOTrO Pa3BOPOTa, COXPAHEHHH OOJBIIOrO yria
Habopa ¥ MaJoil YIrJIOBOM CKOPOCTH IMPOMCXOAUT ObICTpasi moTeps CKOpocTH. B 3ToM ciydae HEoOXOAMMO
OTKJIOHHTH 3JIEPOHBI, TEM CAMBIM YBEIUUUTH KpeH. KOOpJMHUPOBAHHBIM JBHXKCHUEM PYUYKH YIIPABICHUS U NeTaliei
MOJIBECTH KAaIlOT CaMmoJieTa K TOPU30HTY, MOCJE Yero BBIBECTU CaMOJIET M3 KpeHa B FOPH30HTANbHBII MOJET, He
JIOIyCKasl MoTepu ckopocT MeHee 140 km/4.

JanHas omrOKa UCIpaBIIseTCs] TOJIBKO BBIBOJOM CaMoiieTa U3 00eBOro pa3BopoTa HE3aBUCHMO OT TOTO, Ha
CKOJIBKO I'PaIyCOB OH Pa3BEPHYJICH.

YBenuuenne kpeHa Oosiee 60° CHMXKAeT BO3MOMKHOCTh MAaKCHMAaJbHOI'O Habopa BBICOTHI 3a OOEBOI
Pa3BOPOT U 3aTPyJHSET BeACHUE OPUCHTHPOBKH. Eciu kpeH yBenaunumiics 6osee 60°, TO clienyeT ero yMEeHbIIHUTh 1
NPOIOJIKATH BBIMOJIHEHNUE OOEBOr0 Pa3BoOPOTa.

BOYKA

Ynpaensemas 6ouxka - ¢urypa nuioTtaxka, NpU BBIIOJIHEHWH KOTOPOHM CaMoOJIeT MOBOpauyMBAETCS
OTHOCHTEIIEHO TIPOAONIbHOM och Ha 360° ¢ coxpaHeHneM o01ero Hampasinenns nojiera (Puc. 191).

Yupapnsiemple OOYKM pPa3jIM4alOT IO CKOPOCTH BpallleHWss Ha OBICTPhIE W 3aMEJICHHbIC. Boukw,
BBIMOJIHSAEMbBIC Ha OOJIBIINX CKOPOCTSIX M OKOJIOKPUTHUYCSCKHUX YIJIaX aTaKH, Ha3bIBAIOT IITOMOPHBIMU OOYKaMHU.

bouku 1Mo MONOKEHUIO OCH BpAlllEHHsS OTHOCHTEIBHO T'OPHU30HTA MOJPA3AENSIOT HAa TOPU3OHTAIBHBIC,
BOCXOJISIIIIME, HHUCXOMAIINE, MO KOJMYECTBY BpALCHUH - OOUHAPHbIE, HOIYMOPHLIE, O080UHblE, MPOIiHbIE,
MHo2oKpamHele. [Ipy BpallleHUH yrpaBisieMoii 00YKH BO3MOXKHA (hUKcaIys B JIF0OOM moJtoskeHuu (depes 45°, 90°,
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180°, 120°). Ympasnsiemass 004ka BBIMOJHIETCS 32 CUET OTKIOHEHHS 3JIEPOHOB, NMPH TMOMOIIH KOTOPBIX JETUHUK
UMeeT BO3MOXKHOCTh PETryINpOBaTh YIiIoBoe BpameHne. OTKIOHIS 3JI€POHBIL, JIETYHK CO3JaeT Pa3sHOCTh ITOIBEMHBIX
CWJI NOTyKpbUIbeB. Co3maeTcst MOMEHT MX, KOTOPBII HAUMHAET BpalaTh camoseT oTHocuTensHo ocu X (Puc. 192).

OCHOBHOE YCIIOBHE NPSAMOIUHEWHOCTH BBHITIONHEHUS OOYKH SBJISCTCS PABEHCTBO MOJHEMHOU CHIIBI
camorera u ero Beca (Yp=G). [logpemuas cuna Y camorera sSBISETCS CyMMOM MPOEKIUH MOXBEeMHOM CHIIB Y| U
0OKOBOI1 cuitbl Z, co3jaBaeMoil (hpro3esisikeM M BEPTUKAIBHBIM OllepeHrneM Ha och Y. J{i1st Toro 4yToObl 3TO yCiaoBuUe
coxpaHsuUIoCch Tipu moBopote Ha 90° u 270°, He0OOXOAMMO OTKIIOHEHUEM COOTBETCTBYIOIICH MENAIA OTKIOHHUTH OCh
caMmoJieTa OT OCH HalpaBJICHHUS BBITOJHEHUS OOYKH HAa BEIHYUHY P.

ITpu »ToM Oynmer coxpasAThCS paBeHCTBO Z=G. B mepeBepHYTOM MONOKEHHH HEOOXOAWMO OTKIOHHTH
PYYKy yIpaBiIeHHUsS OT ceOs, TeM caMbIM COXpaHATh paBeHCTBO YBR=G. [Ipu pazBoporax Ha 45° OTHOCHUTEIHFHO OCH
BBITIOJTHEHHSI OOYKH HEOOXOIMMO OTKIIOHHUTH PYUYKY YIIPABJICHHUS U MEallb B COOTBETCTBYIOIIYIO CTOPOHY, COXPAHSS

paBeHcTBO Y+Z=G. Ileperpys3ka mHpu BBINOJHEHHH YHPaBIAEMOH OOYKHM HMMEET HEOOJNBINYI0 BEIHYHHY, OHA
3HAKOIIEPEMEHHA.

Puc. 191 Ynpasnaemas zopuzonmanvHas 60uKka
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Puc. 193 Cxema cun, oeiicmeyroumjux Ha camonem npu 6blNOJIHEHUN 20PU3OHMATIbLHON WMONOPHOIL OOUKU

IlImonopnaa 60uka TIpeNCTaBIseT COOOW SHEPTHYHOE BpAIlleHHE caMoJieTa Ha OONBIIOW CKOPOCTH M
OKOJIOKpUTHYECKUX yriax arakd. IIpm 3ToM cozmaercs 1000BOE CONPOTHBIICHHE 3HAYUTEINGHOW BEIMUYHMHBI, YTO
MPUBOJNT K 3HAUYUTEIBHON MOTEpE KMHETUIECKON SHEPIHU ABHKEHUSI (CKOPOCTh pe3Ko maznaet). BenencTsue storo
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II0CJIE MHOTOKPATHOTO BPAILCHUS CaMOJIeT IePEXOANT U3 IITONOPHOI 60uky B mTonop. [loatoMy ckopocTs BBoJa B
IITOTIOPHYO O0YKY BBIOMpPAETCS U3 YCIOBHSA OE30MIACHOTO BBIBOJIA U3 HEE.

OHEpProBoOPY>KEHHOCTh W a’pOJUHAMHUYECKas KOMIIOHOBKa camouieTa SIk-55 TO3BOJSIOT BBIIOJIHATH B
TOPU30HTE MHOTOKpAaTHBIE BpAIIEHWA C MaJIOW morepeil ckopocTu. s coXpaHEHWs CKOPOCTH IIOCie BBOJA
HEOOXOANMO PYUKY yNpaBIECHHUs HECKOJIBKO OTAATh HA ce0s, TEM CaMbIM YMEHBIINTH YIJIbI aTaKN MOJIYKPHUIBEB H,
Kak CJIEACTBHE, J1000BOE compoTuBieHHe. CXxeMa pacloNOKEHUs! CHII TIPH BBINOJHEHNH OOYKM ITOKa3aHa Ha Puc.
193.

Tpaexropust MITOMOPHOM OOYKM NpencTaBiIseT coOOW BHHTOBYIO JIMHHUIO, KOTOpas OTKIIOHSIETCS OT OCH
00YKM Ha PACCTOSIHWE, 3aBHUCAIIEE OT KOJIMYECTBEHHOTO IBIDKCHUS PYUKH YNPABICHUS HA ce0Sl U OT CKOPOCTH
BBITIOJTHEHUS, @ TAKKe OT KOJIMYECTBA BPALICHHUH.

IIpu BBIOTHEHHWU IUTONOPHBIX OOYEK MPENBIABIAIOTCS CIEIyIOIUEe TPeOOBaHUSA: NMPSMOIMHEHHOCTh U
PpaBHOMEpHOCTh BpamieHus. s Toro 4toObl camoJieT Havaj BBINOJHATH IITONOPHOE BpallleHHE, HEoOX0aAnMO
BBIBECTH €r0 Ha OOJIBIIME YIJIBI aTakd OTKJIOHEHHEM PYYKH YIpaBlieHHs Ha ce0s, 3aTeM CO3/aTh CKOJIbXEHHUE
OTKIIOHEHHEM COOTBETCTBYIOILIEH MEAaI U OTKIOHUTB JJIEPOHBI B CTOPOHY 33aJaHHOTO BPAILCHUS.

B pesynbrare 3TuX NeHCTBUI pyNIAMHU YIIPaBICHHUS CO3/AAeTCs CKONBKEHHUE, CaMOJIET BBIXOAUT Ha OOJbIINe
YIUIbl aTaKU, IPOUCXOAUT PE3KOE YBEIIMYECHUE ITI0JbEMHOM CUIIBI HA BHEIIHEM IOJIYKPBLIE U €€ PE3KOE YMEHbIIECHUE
Ha BHyTpeHHEM Noaykpsuie. Co31aeTcsi MOMEHT CUI OTHOCUTENBHO OCH X:

Mx, = Mx.,,; + Mx . +Mx,, az.1)

rae Mxg - MOMEHT, BpalllaloLUil CaMOJIET OTHOCUTENIBHO OCU X;
MX 5- MOMEHT OT 3JIEPOHOB;

MXck - MOMEHT OT CKOJIbXKCHUS,

Mx, - MOMEHT, CO3/1aBa€Mblii MPOEKIIMEN MO BEMHOM CUIIBI HA OCh X.

TEXHHMKA BBIITIOJIHEHUS YIIPABJISIEMOM BOUKH

Ynpaensemas 6oukxa Bemonnsercs Ha ckopoct 230 km/4, oboporsl aBuratenst 82 % TpH MOTHOM
HaJJTyBe.

[lepen BBOZOM caMosieTa B yHpaBiIsIeMyl0 FOPU30HTAIBHYIO O0OUYKY OCMOTPETh BO3JYIIHOE NMPOCTPAHCTBO,
NPOBEPHUTH, CBOOOJHO s OHO. HameTHTh OpPHEHTHP, OTHOCHTEIBHO KOTOPOro OyIET BHIITOJIHATHCS OoOdYKa.
YcranoButh ckopocts 230 km/4. Co3natk yron kabpuposanus 10...15° oTkIoHeHHEM pydYKH yrpaBiieHUs Ha ceOsl.
3auKcHpOBaTh 3TO IMOJ0KEHHE HE3HAUYNTEIBHBIM OTKJIOHEHHEM PYUKH YNpPaBJIEHHUs OT ceOs. 3aTeM SHEPrHYHbIM
JBIDKCHUEM PYUKH YNpPaBICHUS B CTOPOHY BBIIOJHEHHS OOYKHM HAdaTh BPALICHHE CAMOJIETa BOKPYT MPOIOJIBHOMN
ocH, IOMOTast BPAIlEHUIO HE3HAYNTEIBHBIM OTKJIOHEHHEM IIE/IJIN B Ty K€ CTOPOHY.

Kak Tompko camoner JOCTUTHET KpeHa 45°, He 3aMenisis BpallleHHs, HadyaTb CIEerka OTAaBaThb PYUKY
yIIpaBJIeHus OT ce0sl st IPEeIyNpPEeXICHUs YX0/1a cCaMoJIeTa B CTOPOHY (IIPH TIOJIOKEHUH Ha «HOXKE») M OIyCKaHUs
KaroTa B IepeBEPHYTOM MOJI0KEHUU.

B nonoxenun Ha «HOke» (90 u 270°) HEOOXOAMMO OTKJIOHSTH BEPXHIOIO Melallb JUIsl yIepKaHHs KaroTa
BBIIIC JIMHUY TOPU30HTA.

B nepeBepHyTOM MONIETE TIeNaNy HAXOAATCA B HEHTPAIbHOM IOJIOXKEHHUH, YTOOBI CaMOJIeT HE OTKIIOHSIICA
OT OPUEHTHUDA.

ITocne mocTHXEHUS MEPEBEPHYTOTO MOJOkKeHHsT HeoOxoauMo 3a 60...50° mo BRIXOAAa B TOPU3OHTAIBHBIN

HOJIET yJePXKHBATh KallOT caMoJieTa OT ONYCKaHHs HM)KE TOPU30HTa YBEJIMYCHHEM Ha)KMMa Ha Helalb B CTOPOHY
BpameHns, a 3a 30...40° - OTKIOHeHnEM PYUYKH YIpaBICHUS Ha ceOsl.

Kak Tonmpko camosieT MOAOHAET K TOPU3OHTAIBHOMY IIOJIOKEHWIO, PYYKY VIpaBIECHUS M IeJaib
HEOOXOANMO OTKJIIOHHTh B CTOPOHY, OOpaTHYIO BpAILCHHIO, a IIOCIEe MPEKpalleHHs BpalleHHs - MOCTaBUTh B
HEUTpasbHOE MON0XKEHUE.

B mporuecce BeimonHeHUsT OOYKM CIEAWTH 32 TEMIIOM M PaBHOMEPHOCTBIO BpPAILICHHUS, HANPaBICHHEM
TM0JIeTa, MOJIOKEHWEM KalloTa OTHOCHUTENIBHO TOPH30HTA Ha XapaKTEpHbIM OpPUEHTHP U ONpeleleHHeM MOMEHTa
Hayasa BbIBOJA.

[Ipy mpaBWIFHOM BBITIONHEHHH OOYKHM CaMOJIET BpAIlacTcs BOKPYT MPONOIBHOW OCH PaBHOMEPHO.
BcenencTBue BIUSHNAA peakIny BO3IYITHOTO BHHTA TIpaBasi yIpasisieMasi 004ka BpalaeTcsi JHeprudHee, YeM JIeBasl.

XAPAKTEPHBIE OIIIUBKHY ITPU BBIIIOJTHEHUHU YIIPABJISAEMOM BOUKH:
MaJl yroJl KaOpupoBaHUs Iiepell BBOJAOM - OOUKa BBIIIOJIHSIETCS CO CHIDKCHHEM;

OITYCKaHUEC KaloTa HHWKE JIMHHUU TOPU30HTA B HNEPEBEPHYTOM IMOJIOKECHUH - MaJl0O OTKJIOHCHUE PYUYKU
yIpaBJieHus oT ceOsi;
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MaJIO OTKJIOHACTCA I€Aalib B CTOPOHY BpalIC€HUA - CaMOJIET BpamiacTcsa C 0OJIBIIM paanycomM U CO
CKOJIbXKCHHUEM

yXOJ caMoJIeTa B CTOPOHY OT OPHEHTHpa Ha BBIBOAE - B KOHIIE BPALICHUs PAaHO WJIM MHOTO OTKJIOHEHa
pydKa ynpasieHus Ha ceOs;

HEpaBHOMEPHOE BpallleHHE - OTIYCKAeTCs pydKa yNpaBleHHs B IIPOIEcCe BPaIleHuUs;

BOPOHKOOOpa3HOE BpaIieHue - O0JIBIIOE OTKIOHEHHUE TEIANH.

I'OPU30HTAJIBHAA IITOITIOPHAS BOYKA

T'opuszonmanvhas wmonopnas 6ouka BuIIONHSIETCS Ha ckopocth 170...190 kM/a mpu obopoTax
meuratens 82 %. Ilepex BBITOTHEHWEM IITONOPHON OOYKH OCMOTPETH BO3IYIIHOE IPOCTPAHCTBO, 0coboe
BHUMAHHC YJCJIUB HAIMPABICHUIO BBIMOJHCHHUS O0YKH. YCTaHOBHTH CkopocTh 170..190 km/4 mpu obopoTax
nBurarens 82 % W 1MOJHOM HajayBe. HeOosbIMM, HO SHEPrHYHBIM OTKJIOHEHHEM PY4YKH YIpaBleHUS Ha ceOs
coszare yroin kabpuposaHus, paBHbIM 10...15°, U, HEe QUKCHUPYS ITOT Yroi, SHEPTUYHO OTKIOHHUTH IOJHOCTHIO
nesaib B CTOPOHY BpalleHUs O0YKM U OJHOBPEMEHHO OTKJIOHUTBH PYUKY YIPaBJICHHUS B CTOPOHY BpallleHHs K O0OpTy
KaOWHBI camoJIeTa.

B npouecce BpaleHHs OTKIOHEHHOE IMOJIOXKEHHE TMelald U 000pOTHI IBUrarens He MeHsTh. Kak Tojbpko
caMoJIeT yCTOWYMBO 3aBpallaeTcs, pyuka yIpaBieHHs OTKIOHSeTCs Bepe (1o 00pTy) Ajisi yMEHbILIEeHHUs JT000BOTO
COTIPOTHUBIICHUS.

3a 20...30° no 3aBepiieHnss O0YKHM HA9aTh BEIBOJ. DHEPTUYHO U OJHOBPEMEHHO OTKJIOHUTH MEAAb H PYUKY
YIPaBJICHUS] B CTOPOHY, MPOTHBOIOJIOKHYIO BpalieHH0. TeMI U BelnnvrnHa OTKIOHEHHs PyJieil Ha BBIBOJ 3aBHUCST
OT TemIla BpaiieHus. Yem dHepruuHee BpalleHHEe Ha OOYKE, TEM PaHbILIE M JHEPrUuHee HEOOXOIUMO OTKIOHHTH
PyJb Ha BBIBOA. Kak TONBKO caMoJieT NpeKpaTHT BpallleHue, IOCTaBUTh PYJIH HEHTPAIBHO.

B mpomecce BbIMONHEHHST OOYKM CIEOUTH 32 TEMIIOM W PaBHOMEPHOCTBHIO BpAICHUS, HalpaBICHHUEM
MoJeTa W ONpEeAEIeHHEM MOMEHTAa Hadaja BBOJA. B3risia HampaBisTh BAOJNB OCH CaMoJieTa Ha TOPU3OHT,
HE3HAYUTEIILHO €r0 OTKJIOHSS B CTOPOHY BPAIECHMUS.

HpaBaﬂ mTonopHas 0OOYKa BBIIOJIHSIETCS OHEPIruvHEeC, YCM JICBad, TCXHUKA BBIITOJIHCHUA OAMHAKOBasd.

XAPAKTEPHBIE OIIIMBKHU MPA BHINMOJTHEHUU IITOMMOPHOM BOUKHU:
BSUIOE JBMIKEHHE PYYKOH yHpaBJIeHHs1 Ha ce0sl TPU CO3/IaHHUM yIJla KaOpHPOBaHMs Ha BBOJE - HET CPBIBA;
6oJIbIIIOE OTKIIOHEHHE PYUYKH YIPABICHUS Ha ce0s - BAJIOE BPAIIEHHUE U ¢ OOJIBIINM PainycoM;
HE TOJHOCTBIO OTKIIOHSETCS Me/1ab I0CIIe CO3/aHusl YIiia KaOpUpOBaHuUs - BSUIOE BpAILCHHUE;
OTIYCKAIOTCs PYJIM B IIPOLIECCE BPALIECHHS - HEPAaBHOMEPHOE BPAILEHHUE C 3aMEUICHHUEM;

MPOJIOJDKAETCSI IBM)KEHHE PYUKHU YIIpaBJIeHHs Ha ce0s ociie OTKIOHEHHS Ie/Iali - BsJIOE HEpaBHOMEPHOE
BpaIlleHNE C OONBIINM PaIuyCcoM;

MNO3JHss Jada pyneﬂ Ha BBIBO/I - BBIXO/ B FOpH3OHTaJ’leblﬁ TOJIET C KPECHOM B CTOPOHY BpalllCHUA.

HETJIA HECTEPOBA
Ileman Hecmepoea - durypa nuaortaxa, Ipu KOTOPOW CAMOJIET BBITIONHSCT MOJIET MO KPUBOJIMHEHHOMN
TPAEeKTOPUU B BEPTUKAIBHOM IJIOCKOCTU C COXPAHEHUEM HaIlpaBJICHUs M0JIETA [IOCIE BBIBOJA.
Ilerns 6112 060cHOBaHa H. E. ’KykoBckum u BiepBbIe BhINIOJIHEeHA 9 ceHTAOps 1913 rona pycckum
JgerynkoMm II. H. HectepoBbIM, KOTOPBIii IBJIsIETC 0CHOBONOJI0KHUKOM (UIYp BbICHIEr0 MUJIOTAKA.

[letns mpuMeHsieTcss HE TONBKO Kak (Urypa NMWIOTaXa, a TaKKe MMEeT LIMPOKOE NMPUMEHEHHE JUIA
00y4eHHs YIPaBICHHIO CAMOJIETOM B YCIOBHSIX MHTCHCHBHOTO M3MEHEHHUS yIJla TAaHTaXa, Meperpy3KH, CKOPOCTH H
BBICOTHI TIosieTa. Kpome Toro, 31eMeHTHI ETVIM COCTAaBISIOT OCHOBY JAPYT'MX 3BOJIONMH B MOJETE, a TakkKe QUTYD
MIJIOTaXKa: MEPEBOPOT, BEPTUKAIBHBIE BOCBMEPKH H JIP.

IleTna cuutaercs NpaBUNBHOM, €CIHM BCE TOUKH €€ TPACKTOPHH JIeXKAT B OJHON BEPTUKAIBbHOH IIOCKOCTH,

a HopManbHas neperpy3ka Ily Ha NPOTSKEHHH BCErO MaHEBpAa OCTAeTCA IOJOXKHUTENbHOW, HO HE IPEBBIIIAET
IpeJeNbHYI0 M0 CPhIBY B IITONOP WU IITOIOPHOE BpalllEHUE.

Ilemnsa - 3T0 HE YCTAHOBUBILEECS JIBM)KEHUE CAMOJIETA 110 KPUBOJIMHEMHON TPAEKTOPUU B BEPTUKAIBHON
IJIOCKOCTY IIOJ{ JEHCTBUEM IIOCTOSIHHO CYILECTBYIOLIEH LIECHTPOCTPEMUTENbHOM cuilbl. IlepBas mosoBuHa nemiu
OCYLIECTBJIACTCS 3@ CYET 3alaca CKOPOCTU U TITM CHIOBOM YCTaHOBKU. BTopas - 3a cuer Beca camojeTa U TATH
CUJIOBOM YCTaHOBKHU.

CXEMA CHJI 1 YPABHEHUSA JIBUKEHUS HA TIIETJIE

Cxema cw, IefCTBYIOIINX HA CaMOJIET B HanboJiee XapakTEepHBIX TOYKAaxX METJIH, MoKa3zaHa Ha Puc. 194.
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Jormyctium, caMoJIeT JeTUT TOPU30HTAIBHO CO CKOPOCTHIO, HE0OXO0ANMOM 1T BBO/Ia B MeTiro. [ BBoAa B
METITI0 HEOOXOIMMO OTKJIOHHUTH PYUYKY yTIpaBIICHHS Ha ce0s, yBEINYNBas TEM CaMbIM yToil aTaku. [logpemHas cuia
YBEJIIMYMBACTCSI M CTAHOBUTCSA OOJbIIE Beca camoiieTa (MPU MajoM YIJie HMCKPUBJICHUS TPACKTOPUH) WM

COCTaBJIAIOIIEN CIBl Beca camoiieta G cos 0 (mpum Oompmmx yriax TpaekTopun). [lox melicTBHEM BO3HUKAIOMIECH
LEHTPOCTPEMHUTEIBHON CUIIbI, B Havasie oHa paBHa Y-G >0 (mpu ManmbIX yriax 9) u Y-Geos (pu OoNbIINX
yraax 0 ), CaMOJIET UCKPUBJISIET TPACKTOPHIO TOJIETa BBEPX.

YpaBHeHus1 ABUKEeHHs IPU BBojAe uMeroT Bu/ (moso:xkenue 1 Puc. 194):
yCIIOBUE YMEHBIICHUS] CKOPOCTH

) dv
P-X-GsmO=m—<0;
dt (12.2)
YCIIOBUE UCKPUBJICHUS TPACKTOPUU B BEPTUKAIBHOU IIIOCKOCTH
2
V
P-X-Gcos@=m—>0;
T'sp (12.3)
Hpyras cocTtapmnsiomas Ciisl Beca camoiera G sin@ coBmectHO ¢ 1060BBIM COMPOTUBJIEHUEM TOPMO3HUT
JIBI)KEHUE, TaK KaK CTAHOBHUTCS OOJIbIIIE CHJIBI TSTH P CHIIOBOI ycTaHOBKH. B pe3ynbTate CKOPOCTh YMEHBIIACTCS.

IIo Mepe HCKpPHBICHHUS TpPAacKTOPHHM CaMOJET YBEIMYMBACT YTOJ HAKJIOHA TPACKTOPHH, MHPHU ITOM

cocTaBsIoMmas cubl Beca camontera G cos & YMEHBIIAETCS U [IEHTPOCTPEeMUTENbHAs cuia, paBHas R=Y-G cos & ,
JIOJDKHA YBEJIMYUBATHCS, HO OHA YMEHBINAETCS, TaK KaK CKOPOCTh ManaeT B Oombineli creneHn. CocTaBisIOIas Beca

G sin 9 . YBEIIMIMNBACTC, YTO IPUBOAUT K MHTEHCUBHOMY YMEHBIICHUIO CKOPOCTH.
B nonoxenun 2 HeHTpOCT‘peMHTGHBHOﬁ CHJIOH SIBJISIETCS IHoaAbEMHas CHJjia.
ypaBHeHHfl JABHUIKCHHSA B MOJOKCHHUUN 2 UMEIT BU:

yCIIOBHE yMEHBLICHUSI CKOPOCTH

P—X—G:md—V< 0;
dt (12.4)

YCJIOBUC UCKPHUBJICHUSA TPACKTOPHHU B BepTPIKaHLHOﬁ IIIOCKOCTH

2

Y=m—>0.
r (12.5)
P X
-
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Puc. 194 Cxema cun, oeiicmeyionjux Ha camonem npu 6vlNOJIHEHUU Nemiu
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ITocne mepexoma BEpTHUKAIBHOTO MOJOXKEHHS CaMOJIET HEPEeXOAUT B MepeBepHYTHIH moneT. [Ipu 3tom
cocrapmsomas cunsl Beca Geos® coBmectHo ¢ moxbemuoii cunoit Y cosparor LEHTPOCTPEMUTENBHYIO CHILY,

UCKPUBIISIOIIYIO TpaekTopuio mojera: Y+ Gcos 0>0. Cocrasmsomas seca camonera Gsin® yMmeHblIaeTcs. B
caMoif BepXHeH TOUYKe NETIM CKOPOCTh Oy/AeT HauMEHbIel, I03TOMY HauMeHblel OyaeT moxbeMHas cuia. OHa
OyleT HalpaBlieHa BHU3 U COBMECTHO C CHJIOH Beca caMojeTa CO3J4acT LEHTPOCTPEMHUTEIbHYIO CHILY, UMEIOIIYI0
TaKKe MOJNOKUTENbHYI0 BenmuuHy (Y+G>0). YUToObl 00ecrnednTh 10CTaTOYHYI0 YCTOHYMBOCTD M YHPaBIISIEMOCTS,
CKOPOCTb B TIEPEBEPHYTOM IIOJIOKEHUH JTOJDKHA ObITh He MeHee 140 kM/4. Tak Kak Bec camolieTa U MoIbeMHasi CHiia
HarpasJIeHbl BHU3, TO CAMOJIET JIETKO IIEPEXOANT B MUKUPOBaHKE (IIOJI0XKEeHNE 3).

[Tpu nmepexojie B MMKUPOBaHUE OOOPOTHI ABHUIaTellsl yMEHBIIAIOTCS O M. T. Jlanee mpu yBeJMUSHNUH yriia
O6paTHOFO MMUKUPOBAHUA HEHTPOCTPEMUTEJIbHAA CUJId, HCKPUBJIAIONIAA TPACKTOPUIO, COCTOUT U3 HO)I’beMHOﬁ CHJIBI

Y u cocraBistomei Beca Geos Y+ +Geos & ). Cocrapysromas Beca camoieta G sin@ cosmectHo ¢ THATO

CHJIOBOM YCTaHOBKH YBEIIMUMBAIOT CKOpocTh (PMm.r + Gsin 0 >X).

B BepTHKAIBHOM IOJIOKEHUH BHU3 MCKPUBJISAIONICH CHIION SBISETCS ToabeMHast ciia Y (Tmosoxenue 4), a
BEC camoJIeTa ¥ Tsra ABHTraTels PM T HampaBieHbl B OJHY CTOPOHY M OOJIBIIE CHIIBI JIOOOBOTO COTIPOTUBICHUS, YTO
CIocoOCTByeT AalibHelIeMy pa3rony ckopoct (G+Pm.r-X>0).

ypaBHeHI/Ifl JABHIKCHHUSA B IOJIOKCHHUU 3 ume0T BU/:

YCJIOBUC UCKPUBJICHUS TPACKTOPHUHU

2

Y-G= mV— > 0;
r (12.6)
YCIOBUC YBCIIMYCHUSA CKOPOCTU
P-X= md—V > 0;
dt (12.7)

VYpaBHEeHUS IBIKEHUS B TIOJIOKEHUU 4 UMEIOT BUJI:
YCIIOBHE UCKPHUBIIEHUS TPACKTOPUU
2

Y=m—>0;
r (12.8)

G+P,—-X= md—V
dt (12.9)

Mo moctmxenunu 3agaHHON ckopoctn mnukupoBanust 200..210 kM/4. JaNbHEWIINM B3STHEM PYYKH
ypaBJICHUA Ha 06651 HGO6XOZ[I/IMO Ha4aTb BbIBOJ CaMOJIETAa U3 IMMKUPOBAHUS B FOpMSOHTaﬂbHLIﬁ II0JICT.

TpaekTopusi mosnera B BEPTUKAIBHON IJIOCKOCTU HMCKPHBIIETCS LEHTPOCTPEMUTENBHON cuioi R=Y-
Geos?.

CocraBisromas Beca GSil’l9 COBMECTHO C TSTOM CHUJIOBOHU YCTaHOBKH Oouiblre 1000BOI0O COIMPOTUBJICHUA,

YTO CIIOCOOCTBYET AallbHEHIIIEMYy yBenndeHuto ckopoctu P+Geos 0>x.

,’:[J'ISI 6I>ICTpOl"O YBCIMYCHHSA CKOPOCTHU O60p0TI)I CHIIOBOM YCTaHOBKH H606XOHI/IMO YBCJIUWYUTL 10
MaKCHUMAaJIbHBIX.

YpaBHeHusi ABUKEHHUS HA BbIBOJe (I10J10KeHUEe 5) UMEIOT BUA:
YCIIOBHE yBEITHMUEHHS CKOPOCTH
) dv
P+Gsinf@-X=m—>0;
dt (12.10)

YCIIOBHE NCKPUBIICHHS TPACKTOPHH

V2
Y-Gcos@ =m— >0
r (12.11)
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CKOPOCTH HA IETJIE

Ecmu ckopocTh B Havasie memid ObUTa HEAOCTATOYHA, TO CAMOJIET, MPOXOJS MEPEBEPHYTOE MOJIOKEHUE,
3aBHCaeT M HAYMHACT MapaIllOTHPOBaTh, MOIBEMHAs CHJIa CTAaHOBUTCS OTpuIarenpHOi. [leTis momydaercs c
3aBucaHueM (HempaBmibHas). [lo3ToMy BaKHEHIIUM YCIIOBHEM BBHIIIONHEHHWS WETIH SBISETCSA CO3IAHUE
JIOCTaTOYHOM CKOPOCTH.

Havanpuas CKOPOCTb JOJI’KHA OBITH HE MEHEE YEM B JBa paza OoJiblie CKOpPOCTHU (3BOJ'HOTI/IBHOI>1) B BerHeﬁ
TOYKCE IICTIIN.

Mostomy s camonietoB Sk-52 u SIk-55 ycraHoBneHsl ckopoctd BBoga 280 km/u u 250 km/u
COOTBETCTBCHHO, a B BepXHel Touke He MeHee 140 km/4a aist camonera Sk-52 u 125 km/4 uist camosera Sk-55.

PAINYC NETJIN
@dopma MeTIM MONTydYaeTcs HE KPYIJIOH, a HECKOJBbKO BBITAHYTOH BBepX. OOBSACHAETCA 3TO TEM, UYTO
CKOPOCTb IPH NMOIBEME U TP CHIDKEHUH HETPEPBIBHO U3MEHSIETCS, YTO MIPUBOJUT K U3MEHEHUIO TIOABEMHOMN CHIIBI,

TaKKe M3MEHAETCS BEIMUMHA COCTaBisiomell cubl Beca Geos? . Ha Bocxomstmem y4acTKe CKOpPOCTb MaJaer,
MO3TOMY paJiyC KPHBH3HBI TPAaGKTOPHHM yMEHbIIaeTcs. Ha HuCXomsmeM ydyacTKe MEeTIH CKOPOCTh HapacTaeT W
pazryc KpUBHU3HBI YBEJIMUMBAETCs. B BepxHel Touke KpUBU3HA TPACKTOPHH HaNOOJIbIIAsL.

HEPEI'PY3KA HA IIETJIE

Heperpy31<a Ha IICTJIC - BCIIMYHMHA HC IIOCTOSAHHAA U U3MCHACTCA B 3aBUCUMOCTH OT TOIO, B KaKOM TOYKE
TPACKTOPUU HAXOAUTCS CaMOJICT. Bennunna MEPErpy3Ku TAKIKE 3aBUCUT OT MAHCPBI UCITIOJIHCHUS IETIIN.

W3menenne meperpy3kd MpH BHIIOJIHEHHWH MPABIIIBHOW MeTNIM Moka3aHo Ha Puc. 194. MakcumansHOe
3HayeHue neperpysku Ily mocturaercs mpu BBOJE B HETII0 M IIPU BeIBOAE. B BepxHel Touke HETIM BEIMYMHA
neperpy3Ky HauMeHbILasi ¥ Ja)Ke MOXKET ObITh OTpHLATENbHOU (eciu ckopocTh MeHee 140 km/4-5k-52 u 125 km/u-
Sk-55) nnn HeToCTaTOYHOE OTKJIOHEHUE PYUKH YIPABICHUS.

TEXHUKA BbIIIOJTHEHUS ITETJIM HECTEPOBA

Ilemaa Hecmeposa Boinonnsercs: Ha camonere SIk-52 Ha ckopoctu 280 kMm/4 u Ha camoiere Sk-55 Ha
ckopoctu 250 km/4. O6opoTsl qBuraresns 82%.

[lepen BBIMONHEHHWEM TMETIAM CIEAYET OCMOTPETh BO3AYIIHOE IIPOCTPAHCTBO; yOEIUTHCS, YTO OHO
cBOOOIHO. B TOpH30HTANBEHOM TOJIETE€ YCTAHOBUTH 33JaHHYIO CKOPOCTh. Y OEIUTHCS B OTCYTCTBHH CKOJBKCHHUS H
KpeHa. 3aTeM IUIaBHBIM OTKIIOHEHHEM PYUKH yIPaBJICHHS Ha ce0sl BBECTH CaMOJIET B IIETIIIO.

Korna yrox kabpuposanus gocturaer 25...30°, TeMIT OTKIOHEHHS PYYKU YIPaBJIeHHs Ha ceOsl OCTENEeHHO
YBEJIMYMBATH C TAKUM pacdeToM, 4ToObl Ha yrie kabpuposanus 40...50° neperpyska nocrurina 4...5. JlanpHeimee
OTKJIOHEHHE PYUKH yIPABJICHUS TOJDKHO OBITH Takoe, YTOOBI yIIIoBasi CKOPOCTh BPAIEHUsI OCTaBAJIaCh ITOCTOSTHHOM
M CKOPOCTh K MOMEHTY JTOCTH)KEHUS BEpXHEH TOUKH e Obuta He MeHee 140 xv/a st Ak-52 u 125 xm/a s Sk-
55.

CIUIIKOM BEICOKMI TeMI OTKJIOHEHHS PYUKH YIIpaBJICHUS Ha cebs BCIACT K CO3JaHHIO OOJIBIINX
MEPErpy30K 1 BO3MOKHOCTU CPbIBA CAMOJICTA B INTOIIOP WJIM HITOIMMOPHOC BPALLICHUC.

Maublii TeMI OTKJIOHEHUsI PYy4YKH YIpaBieHHs Ha ceOsi BeleT K M3JIMIIHEH IMOoTepe CKOPOCTH B BEpXHEMH
TOYKE ¥ BO3MOKHOCTH CPbIBA B ILITOTOP.

[Ipn mosBIEHNM NPHU3HAKOB HEYCTOHYMBOCTH CaMoJieTa B BEPXHEH TOYKE PYUKY YIIPABICHHS CIEIyeT
HE3HAYNUTEIILHO OTKIIOHHUTH OT ce0s1 C OCIIEAYIONIMM OTKJIOHEHHEM Ha ceOf.

Kak ToJNBKO caMoOJIeT MPOWAET BEPXHIO TOYKY, IUIABHO yOpaTh HaJAyB W HEOOJBIIUM, IUIABHBIM
OTKJIOHCHUEM PYYKH YIIPaBJICHUS Ha ceOs HaYaTh BHIBOJ CaMOJIeTa M3 MAKAPOBAHUS, a IO JOCTIKECHHH CKOPOCTH
200...210 kM/4 - B TOPU30HTAIBHEINA MOJIET C TAKAM PACYETOM, YTOOBI CKOPOCTh B KOHIIC BBIBOJAA ObLIA 3aJaHHOW
(mnst camoneta SAk-52 - 280 xm/4, s SAk-55 - 250).

IIpy BHINOJTHEHNH NET/IM BHUMAaHHE PacnpeesiTh Npu BBOjIE:
noJjiokenne 1:

Ha CKOPOCTh U PEKHUM pabOTHI JIBUTATEIS,

Ha OTCYTCTBUH KPEHA;

Ha COXPaHCHUH HATPABJICHUS;

moJI0JKeHHne 2:

HA CO3/]aHUU HEOOXOIMMON YIIIOBOW CKOPOCTH BPALICHHSD»

Ha OTCYTCTBUH KPEHA,;

Ha BEJIMYHNHE CKOPOCTH;

moJjiokenue 3:
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Ha COXPAHECHUH HAIPABJICHHU;
Ha OTCYTCTBHH KPCHA;

Ha BEJIMYHUHE CKOPOCTH;

Ha OMpE/ICTICHUH MOMEHTA YMEHbBILICHUS HA/IYBa;
nmoJioxkenus 4, 5:

Ha yTJie MMKUPOBAHMUS;

Ha BEITMYMHE CKOPOCTH;

Ha COXPaHECHUH HAIPABJICHUS;

Ha OIpENEeIICHNM MOMEHTa YBEIMUYCHUS HaJIyBa, IS IEPEeXoja B TOPU3OHTAIBHBIA IONET, JUIs
BBITIOJTHEHUS APYTOH (UTYpHI MTHIIOTaXA.

XAPAKTEPHBIE OIIMBKU ITPU BBIIIOJIHEHUUA ITETJIN:

B IIEPBOM IIOJIOBHHE NETIM pydKa YIIPaBICHHS DPE3KO OTKIOHSETCS Ha cedst - co3laercs Ieperpyska,
CaMoJIET TEPSIET CKOPOCTh, BO3MOXKEH CPBIB B IITONIOPHOE BPALIEHHUE;

B TEPBOY MOJIOBHHE METJIA PydYKa YIPABICHUS MEJICHHO OTKJIOHSETCS Ha ceOsl - MaJia yrioBas CKOpOCTh,
MIPY TOAXO0/I€ K BEPXHEH TOUKE BO3MOXKHA MOTEPsI CKOPOCTH U CBAJTUBAHUE B IIITOTIOD;

IPU TOAXOZAE K BEpXHEW TOUKE METIN pydyKa YHNPaBJICHHS SHEPTUYHO OTKIOHSETCS Ha ce0s - BOZMOXEH
CPBIB B ILITOIOP;

py4dKa YyHOpaBJICHHUA H3JIMIIHEC OTKIOHACTCA OT cebs npu TMOABJICHUU HCYCTOfI‘II/IBOCTH - BO3MOXKHO
3aBHUCAaHUC,

KpEH Ha IeTJIe - He COXpaHsAeTCs HallpaBJIeHUE;
B BEPXHEH TOYKE METJIN paHO yOHParoTCsi 000POTHI IBUTATENS - CAMOJIET TEPSIET CKOPOCTh M 3aBHCACT;

NpY NMKUPOBAHUM pyYKa YIPaBICHUS MEUICHHO OTKIJIOHSETCS Ha ceOs - OoJbllasi CKOPOCTh M OOJbLIast
HOTEPS BBICOTHI,

IIPY NHUKUPOBAHMH PydYKa YIIPABICHHUS PE3KO OTKIIOHSETCS Ha ce0s - BO3ZMOYKHO IPEBHIIICHNE TIEPETPY3KH U
CpPBIB B IITONOPHOE BpaIlICHHUE.

[Ipn MenyIeHHOM OTKJIIOHEHHM PYYKH YNpaBieHUS Ha ceOsi, IpH BBOJE B IETIIO, HEOOXOANMO YBEJIUYUTD
YIJIOBYIO CKOpPOCTb BpalleHHs Oojiee SHEPTHYHBIM OTKJIOHEHHWEM pY4YKH YIIPaBIeHHsS Ha ce0s, HE JOIycKas
MPEBBIICHHS TIEPETPY3KH U CPHIBA B INTOIOPHOE BPAIICHNE - IITOIIOPHYIO OOUKY.

[Ipu motepe ckopocti B BepxHed Touke rerinu (MeHee 140 km/4-Sk-52 m 125 xm/u-fk-55) mocraButh
Hefand CTPOro HEHUTPAIbHO, YMEHBIINUTh TAHYILIEE YCHINE HA pydKe YNpaBJIEHUs M MHEPEeBECTH CaMoleT B
MUKUPOBAHHUE.

[Ipn BAJIOM OTKJIOHEHWM PYYKH YIpaBlieHUs Ha ceOs B IpoLiecCe BbIBOJA W3 NMUKUpoBaHHs (OBICTPO
HapacTtaeT CKOpOCTh 0oJIbIlIast IIOTEPst BHICOTHI) HEOOXOIMMO OTKJIIOHEHHEM PYUYKHU YIPaBJICHUs Ha ce0sl yBEIN4nTh
YTJIOBYIO CKOPOCTb.

[Ipu mosiBJIeHUHM KpeHa Ha MUKUPOBAHWU HEOOXOIMMO yOpaTh KpEeH, a MOTOM MpPOJOJIKATh BBINOJHEHHE
MTUKAPOBAHHUS.

[Ipn »HEpPruyHOM OTKJIOHEHHMH PYYKH YIpaBJICHUS Ha ceOs Ha BHIBOAE U3 NETIN CIELYeT YMEHBIINTDH
TSHYILEE yCUIINE.

Crnenyer MOMHMTB, YTO B pe3ynbTaTe AEHCTBHUS IMPOCKOIMMYECKOI0 MOMEHTA BO3AYLIHOI'O BUHTA CaMOJIET
IpU B3SITUM PYYKU YIpaBJIeHHS Ha ceOst OyleT CTPEeMUTHCS Pa3BEpHYTHCS BIJIEBO, 3TO OTKIIOHEHHE HEOOXOIMMO
napupoBaTh, Ha)KMMasi Ha IpaByl0 Ielajb, a HAaKpEHEHHE CaMoJIeTa BIIPaBO IIPH YMEHBIICHWH CKOPOCTH (B
pe3yJsbrare AeHCTBUS peakiiy BO3IYIIIHOTO BHHTA) IIApPUPOBATh OTKJIIOHEHHEM PYUKH YIIPABJIECHHS BIIEBO.

IIEPEBOPOT

Ilepesopomom HazpiBaeTcs (Urypa MUIOTAXa, MPH BIMOIHEHUH KOTOPOH CaMOJIET MOBOPAYHBACTCS
BOKPYT NpoJ0ibHON ocu Ha 180° ¢ mpsiMOro mojieta B MePeBEPHYTHIA OTHOCUTENBEHO TOPH30HTA, C MOCIEAYIOIUM
JIBIDKCHHUEM [0 HUCXOJSIICH TPACKTOPHH B BEPTHKAJIBHOW IUIOCKOCTH M BBIXOJOM B T'OPHU3OHTAJIBHBIA MOJET B
HampaBieHun, oopatHoM BBoxy (Puc. 195).

ITepeBopoT mpuMeHsIeTCs I OBICTPOro M3MEHEHUS HampaBieHus nojera Ha 180° ¢ morepeid BrICOTHL 1o
XapakTepy BBITOIHEHUS IONYyOOYKH MEPEBOPOT MOXKET OBITh YHPAaBISCMBIM M INTOMOPHBIM. [lepeBOpOT ecTh
COYeTaHWe TOPU3OHTAIFHON TIOTYOOUKH ¢ BTOPOH YacThio et Hecteposa.
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Puc. 195 Cxema cun, deiicmeyoujux Ha camonem npu 6blNOJIHEHUU NEPesopoma

B yuebHBIX memsx Ha camonerax Sk-52 m SIk-55 mepeBopOT BBIMONHSAETCA Ha CIEAYIONIMX MPHOOPHBIX
CKOPOCTSIX:

yHpaBJsieMblid.

Bsog - 170 xm/u;

HavaJio BeIBOA U3 mukupoBanus - 200...210 km/4;

BEIBOJ] B TOPH30HTAIBHBIN moeT - 280 kM/4.

IITONOPHBII:

BBOI- 180 KM/4;

Havaso BeiBoJa n3 ukupoBanusa-200...210 km/4;

BBIBOJ] B TOPH30HTANBHBIHN moeT - 280 km/q

CXEMA CHUJI U YPABHEHUSA IBUXKXEHWSA ITPU BBIIIOJTHEHUU ITEPEBOPOTA

IToBOpOT caMoIeTa OTHOCUTENIBHO MPOAOIBHON OCH OCYIIECTBISETCA OTKIIOHEHHEM IEPOHOB, CO3JAFOIINX
Pa3sHOCTh MOABEMHBIX CHJI JIEBOTO ¥ ITPABOTO MOIYKPBIIbeB. OOpazyrommiicss MOMEHT MX BpalllaeT caMoJIeT BOKPYT

nposonbHOit ocu X. B mporecce BHINONHEHHS HOMyGOUKH TOSBISETCS COCTABIIAIONA TOXBEMHOM cuIbl Y-sin?
CTpeMsIIasicsl Pa3BEpPHYTh CaMOJET B TOPU30OHTAJIBHOM IUIOCKOCTH (OTKJIOHHTH OT OPHEHTHPA), II03TOMY
HEOOXOANMO PYdYKy YIPaBICHHS OTKIOHHTh OT ce0sl C LeNIbI0 YMEHBIIEHHsS 3TOH cocramisiiomeil. B mpomecce

BpallCHUs COCTaBJIAIOIIAsA HOZ[T)@MHOﬁ CHJIBI YCOSy YMEHBIIACTCA U CTAHOBUTCS MCHLBIIC BECa CaMoOJICTa G. B
CBsA3U C O3THUM H€O6XOZ[I/IMO OTKJIOHHUTb BHCHIHIOIO MCAaIb JId YBCINYCHUS OOKOBOI CHIIBI Z, YTO MPHUBCACT K

coxpaHeHuo paBHoBecus Z-Ycos? =G (cm. Puc. 195).

B mepeBepHYTOM MONOXKEHUH CAMOJIET JOJDKEH Pa3BEPHYTHCS 33 CUET OTKIOHCHHS PYYKH yIMPABICHUS OT
cebs. B mpoTuBHOM ciydae mombemHas cuna Y u Bec camonera G OyayT COBMECTHO HAlpaBieHbl BHU3, YTO
OpUBEAET K MEepexoay camoieTa B mukupoBaHue. OTKIOHCHHEM pyYKd YIpaBieHHs OT cebs co3maercs
OTPHIIATENBHBIA YO aTaKu KpPbUTa, ¥ 00pa3yromiascs oTpHUIaTeNbHas MoabeMHas ciia (-Y) YpaBHOBEIINBACT BEC
camonera (G =Y).

OTKJIOHEHHE PYUYKH YIPABIECHHS B MPOLIECCE BPAIIEHHSI OCOOEHHO HEOOXOANMO IPU BBITOJHEHUH JAaHHON
9BOJIOLMH Ha camoiere SIk-52, Tak Kak caMOJIET MMEET HHU3KOPACIOJIOKEHHOE KPBIJIO C IJIOCKOBBITYKIIBIM
npoduiem.

IIpu BbIOSHEHUH BpalleHUsa Ha camoiieTe SK-55 OTKIOHEHUE PYUYKU YIpaBJIEHHS HE3HAYUTEIbHOE, TaK
KaK CaMOJIET MMEET CPETHEPACIION0KEHHOE KPBIIO C CHMMETPHYHBIM Ipoduiem.

Hns mepeBoja camosieTa B NUKUPOBAaHUE C TMOCIEAYIOIMIMM BBIXOJAOM B TOPU30HTAJBHBIM MOJET
HE00X0MMa IICHTPOCTPEMHUTEIbHAS CHJIa, UCKPHUBIIAIONIAS TPACKTOPHIO MEPEBOPOTa B BEPTUKAIBHOMN IUTOCKOCTH.
HenTpocTpeMuTenpHasi cuia CO37aeTCs OTKIOHEHHEM PYYKH yrpaBicHus Ha ceOs. [Ipum 3ToM B mepeBepHYTOM
MOJIO)KEHUH UCKPHUBIIEHUE TPACKTOPUHU MPOUCXOOUT IOJ ACHCTBHEM MOABEMHOW Cuiibl Y WU COCTaBISIOLIEH Beca

camonera Geos & . M ckpuBIIsIONIas CHja paBHa
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Rycx =Y +GcosO =G(n, + cosé’). (12.12)

IToTepst BEICOTHI 3a MEPEBOPOT 3aBUCUT OT CKOPOCTH BBOJA (OHA OOBIYHO HE BEIHMKA) M BBIBOJA M3 HETO, a
taroke neperpysku Ily. IToTeps BBICOTHI 3 IIEPEBOPOT OINpeAeseTcs no GopmyJie

2
AHZZVCP

8 Nycp
(12.13)

TEXHHMKA BBIIIOJIHEHMSI IEPEBOPOTA YIIPABJISIEMOM MOJTYBOUYKOM

BBoz B 1IepeBOPOT BEINOHSETCS C TOPH30HTAIBHOTO Mojera Ha ckopoctd 170 km/4. OGOpOTHI IBUraTENs
82%. Ilepen BHIIOTHEHUEM IIEPEBOPOTA MIPOBEPUTH BRICOTY, OCMOTPETH BO3AYIITHOE IIPOCTPAHCTBO, 00OpaTHB 0c000e
BHUMAaHHE Ha HIDKHIOKW moxycdepy, W, yOenIWBIIHCh, YTO OHO CBOOOIHO, HAMETHUTH OPHEHTHP U1 BEIBOJA W3
nepeBopoTa. YcTaHoBUTH ckopocTh 170 km/u. Co3mate yrom kabpupoBamms 15..20° u 3adukcupoBaTh €ro
HEOOJIBIIIM OTKIIOHECHHEM PYYKH YIIPABICHHUS OT CeOsI.

[T1aBHBIM JBIDKEHHUEM PYUYKHU YIPaBICHUS U HE3HAYNTEIIHHBIM OTKIIOHEHHEM IEAAIH B JKEJIaeMYI0 CTOPOHY
Hay4aTh BPALIEHUE CaMOJIeTa OTHOCUTENIBHO NPOo0abHOM ocu. Ilocie pazBopoTa camoseTa BOKPYT NPOJOIbHON ocU
(xpen 45°) HeoOXonMMO HauaTh OTKJIOHATH PYUYKy YIIpaBiIeHHs OT ceOs, He AONycKas yXoJa camoiieTa OT
OPHEHTHPA, @ K MOMEHTY JIOCTIKEHHS CAMOJIETOM IIEPEBEPHYTOTO MOJIOKEHHMS - OITyCKAaHHS KalloTa cCaMoJIeTa.

K MOMCHTY AOCTUKCHUS MCPEBCPHYTOI'O MOJIOKCHUA NIE€AATIN TOCTABUTH HeﬁmaﬂbHO " IBMKCHUEM PYYKU
YIpPaBICHUS] B CTOPOHY, OOpaTHYIO BpAIllCHUIO, 3aQUKCHPOBATH CAMOJET B TEPEBEPHYTOM MOJOKeHHH. [0
BUIUMBIM dYacTsiM (oHaps KaOWHBI caMojieTa, KaloTa M IOJNYyKPbUIbEB yOEOUThCS B OTCYTCTBHM KpEeHA H
COXpaHEHHHU HAMPABJICHHUS M0JIETa OTHOCUTEIILHO HAMEUCHHOTO OPUSHTHPA JUISl BBOJA U BBIBOJIA.

B npouecce BBOAa B MepeBOPOT B3IUISIA A0JI’KeH ObITH HANpaBJeH BIiepe] HA TOPU30HT, BHUMaHHe
pacnpenesTh:

Ha KOOPJMHUPOBAHHOCTH OTKJIOHEHHS PYUYKH YIPaBICHUS 1 TIeIaleH;
Ha MOJI0KEHUH BUIMMBIX YacTel (hoHapsi KaOMHBI M KaroTa camoJieTa OTHOCUTENILHO TOPU30HTa;
Ha BbIJCP)KUBAaHWUH HAIPABICHUS HA OPUCHTHUP U TEMIIE BPAIIECHHS CaMOJIeTa.

Kak Tompko camoieT mpeKpaTHT BpalleHHe, YMEHBIIUTh HAJAyB Ha 2/3 (IpH BBIIOJHEHUH Y4eOHOTO
MIJIOTa)Ka) PblYaroM YyIpaBJIeHHs IPOCCEIbHOM 3aCIOHKN KapOroparopa !, IJIaBHO OTKJIOHSS PYUKY YIpaBJICHHS Ha
ce0s1, BBECTH CaMOJIET B TUKHPOBAHME.

[To noctmxenun ckopoctu 200..210 KM/4 HayaTh IUIABHO BBIBOJUTH CaMOJIET U3 NMUKHUPOBAHHS C TaAKHM
pacyeToM, 4TOObI CKOPOCTH TIPH BBIBOJIE CAMOJIETa B TOPH30HTANIBHBIH MOJIET cocTaBisuia 280 KM/4.

IIpu BBIBOJE M3 MUKUPOBAHKSA BHUMAHUE PACTIPENEHATE:
Ha KOHTPOJIE CKOPOCTH;

Ha TeMIIe OTKJIOHEHHUS PYYKH YIpaBJeHHs Ha ce0sl;

Ha OTCYTCTBHU KPEHa;

Ha HallpaBJICHUHU BBIBOJA;

Ha OIIPEACJICHNE MOMEHTA Havdala YBEJIMUCHUS HAAdyBa (HpI/I BBITIOJTHCHHU U yqe6Hor0 HI/IHOTa)Ka).

XAPAKTEPHBIE OIIMBKMU ITPU BBINTOJTHEHWHU NIEPEBOPOTA YIIPABJISIEMOU
HOJYBOYKOMU:

Mall yroid KaOpHpOBaHHS TE€pel] BBIBOJOM - 3aTpPyAHCHO OIpECICHHE IIOJNOKEHUS caMoleTa B
MIEpEBEPHYTOM IIOJIOKCHNIH;

BO3MOXKEH BBIXOJ M3 MEPEBOPOTa HE B 33JaHHOM HANPAaBICHUU NPU OTCYTCTBUU BHUAMMOTO FOPHU30HTA B
HNEPEBEPHYTOM IOJIOKEHHUHU:

MO3HO WJIM MaJIO OTKJIOHSIETCS] py4Ka YIPaBJICHUS OT ce0sl MPU BBIIOJIHEHUHU HOIyOOUKH - YXOJ caMoJieTa
B CTOPOHY OT OpPUEHTHPA;

W3JIMIIHE OTKJIOHSAETCS PyYKa YIPaBICHUS OT ce0s B NMEPEBEPHYTOM ITOJIOKECHUH - IIPOMCXOANT 3aBHCAHNE
camMoJieTa C MOSIBIIEHHEM OTPHLATEIBHBIX MIEPETPY30K;

HECBOEBPEMEHHOE OTKJIOHEHHE PYJIeH yIpaBJeHus Ha BHIBOA U3 TIOJIyOOUKH - B IEPEBEPHYTOM MOJI0KEHUN
CO3/1a€TCs KPEH U BBIBOJ U3 IIEPEBOPOTA IPOUCXOAUT HE B 33JaHHOM HallpaBJICHUY;

MEPETATUBAaHUE PYUKH YIPABICHUS Ha ceOs IIPU BBIBOJE U3 MUKUPOBAHUS - CPBIB CaMOJIETA B IITOINOPHOE
BpalllCHUE;
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MEJICHHBIN TEMIT OTKJIOHEHHUS PYYKH YIIpaBJICHUSA HA cebs IIpH BBIBOAC U3 ITMKHUPOBAHUSA - YBEININUBACTCA
CKOPOCTH U IPOUCXOJUT U3JTUIIHAA ITOTEPS BHICOTHI.

TEXHHMKA BBIITIOJITHEHHMS ITEPEBOPOTA IITOIIOPHOM IMMOJYBOYKOM
[TepeBopoT BemonHsAeTcs Ha ckopoctu 180 km/4. O6opoTe! ABurareins 82%.

OcMOTpeTh BO3AYIIHOE MPOCTPAHCTBO, OOpaTMB o0co0Oe BHHUMAHHWE HA HIKHIOK moinychepy, H,
yOeMBIINCH, YTO OHO CBOOOHO, HAMETUTH OPUEHTHUD JUTS BBOJA U BBIBOJA U3 MEPEBOPOTA. Y CTAHOBUTH CKOPOCTH
180 xm/4. HeOOMbIINM, HO SHEPTUYHBIM OTKJIOHEHHEM PYUYKH YIpaBJIeHHs Ha cebs co3aaTh yroi KabpupoBaHus U,
He (DUKCHpYs 3TOT yroj, HEPrHYHO OTKJIOHHUTH IMOJHOCTHIO TEIajdhb B CTOPOHY BpAIlCHUS M OJHOBPEMEHHO
OTKJIOHUTH PYYKY YTIPABICHHUS B CTOPOHY BpaIlleHHs, K OOPTY, U KaK TOJBKO CAMOJIET 3aBPaIlaeTCs, OTKATh PYUKY
YIIPaBJICHUS] HE3HAYUTEIBHO OT ceOsl.

3a 30° 10 ropU30HTAIBFHOIO NIEPEBEPHYTOT0 MOJIOKEHNUS SHEPTUYHBIM OTKJIIOHEHHEM PYUYKU YIPABIECHUS U
el B IPOTUBOIOJIOKHYIO CTOPOHY OCTaHOBHUTD BpallleHHE.

ITocne mpekpaleHusi BpalleHUus] pydKy YIpPaBICHHS W IEJald BO3BPATHTh B HEWTPAJIBHOE ITOIOKEHHE.
IIpoKkOHTpONMMPOBaTE MEPEBEPHYTOE TOPU3OHTAIBHOE IOJNOXKEHHE CaMoJieTa MO IOJIOKEHHUI0 BHIUMBIX YacTed
(oHapsi kaOMHBI M KaloTa caMoJieTa OTHOCHTENILHO T'OPHU30HTa (@ TaKkKe IO IOJIOKESHUIO HONYKpbUIbeB). [Ipu
HAJINYUU KPEeHa YCTPAHUTh €r0 OTKIOHEHHUEM 3JIEPOHOB.

[Mocie BhINMONHEHUS TTOJyOOUKH IUIABHBIM OTKJIOHEHHEM PYYKH YIPaBJCHUsI Ha ceOsi BBIBECTH CaMOJIET B
TOPU3OHTAIIBHBIH MOJIET PACCMOTPEHHBIM METOI0M Ha ckopocTh 280 Kkm/d.

XAPAKTEPHBIE OIIIMBKH ITPU BHIIIOJTHEHUU ITIEPEBOPOTA HITONOPHOM NMOJTYBOYKOM:

HETIOJTHOE MJIM HEPHEPrHYHOE OTKJIOHEHHWE IeaJli Ha BBOJA B INTONOPHYIO IMOMYOOUYKY - BSUIBIH CpBIB
caMoJieTa;

HEJI0CTaTOYHOE OTKJIOHEHNE PYUKH YIPaBIeHHs OT ces B IIpoLiecce BPAIEHUs caMoJIeTa - yXOJ] caMoJIeTa
B CTOPOHY OT OPHEHTHPA;

MPOKUCXOIUT OIyCKaHWE KaloTa caMojieTa BO BpEMsi BpAILICHUS OTHOCHTENILHO TOPHU30HTA - Maj Yroll
KaOpupoBaHU Mepe]] MoTyO0UKOi;

paHO WM TO3/IHO JaHBI PYJIH Ha BEIBOJ - BBIBOJ CaMOJeTa ¢ KPEHOM M OTKJIOHCHHEM OT OpHEHTHpa Ha
BBIBOJIE;

PE3KO OTKIIOHSETCS PydYKa YIPABJICHHS Ha ceOs, a IPHU BBIBOJC HE OTIACTCS - HEYCTOWYMBOE BpalllcHHE
caMoJIeTa C 3apbIBAHUEM.

MMOJYIIETJISA HECTEPOBA

Ilonynemneii Hecmepoea HazpiBacTCs (PUTypa MAIOTAXA, IIPH BBITIOJTHEHUH KOTOPOU CaMOJIET OIHCHIBACT
BOCXOJISIIYIO YacTh MeTIu HecTepoBa ¢ MOCIEOYIONIMM MOBOPOTOM OTHOCHUTEIHHO MPOIOIbHON ocu Ha 180° u
BBIBOZIOM B TOPH30HTAIBHBIN TIOJIET B HAIIPABICHUN» 00PaTHOM BBOJY.

[Monynersisi - 5TO coyeTaHWe IEPBOW IOJOBUHBI NETIM C MOJYO0OYKOH (ympaBisieMol, HITOIIOPHOM) U
BBIBOJIOM 13 (purypsl Ha ckopocty He MeHee 140 km/4.

[omymerna npumMeHsieTcs Ui OBICTPOTO M3MEHEHHUS HampaBieHus mnosnera Ha 180° ¢ omHOBpeMEHHBIM
Ha0opoM BbICOTHL. [lomymneTss, Tak xe Kak u netist Hecteposa, BBINOIHIETCS B OCHOBHOM 3a CUET 3araca CKOPOCTH.
BelirosiHeHe MOyNeTIM aHAJIOTMYHO BBITIOJIHEHHIO NEPBOM 1MoJIoBUHBI et Hecreposa, HO ¢ GOJIBLIMM 3aracoM
CKOPOCTH, C TAKMM PacueToM, 4TOOBI B BEPXHEH TOUKE Iepe]] YIPaBIsieMOl WU IITOIIOPHOH 10JIy004KO# CKOPOCTh
obuta He MeHee 170 km/4. 3amac CKOPOCTH HEOOXOIMM JiJIsi COXPAHEHHUS JOCTATOYHOW YIpPaBSIEMOCTH CaMoJieTa
IIpY BBIITOJIHEHNH No1y0ouku. [ToaToMy ckopocTh BBOJIa BEIOpaHa paBHOM 320 KM/4.

Jis Toro 4ToOBI B BepXHEH TOYKE MOIYNETIN HOpMaJlbHAs Teperpy3ka ObUIa TOJI0KUTEIbHON U OJIH3KOH K
eWHUIIe, TIeperpy3ka Ha BBoJe noibkHA ObITh Ily=4...5. CkopocTh B BepXHEH TOUKE IMOTYMETIN JOJDKHA OBITh HE

menee 170 km/u (mepen BeinonHEHHEM Tmosy0ouku) U 140 km/4 (mocne BbINONHEeHUs1 BpatieHus). CKopocTh B
Ka)KJJOH TOYKE MOJIYIETIIN OnpeenseTcs o Gpopmyse

Vv ny, —cosf,

n, —cos@ (12.14)
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nanema

YT ——

&
Puc. 196 Cxema cun, deilicmeyroujux Ha camosiem npu 6bINOIHEeHUU NOTYREmIU

Paanyc KpUBU3HBI B KQXK/ION TOUKE TOIYNETIH U3MEHSIETCS IPSIMO MPOMOPIMOHAIBHO CKOPOCTH npu W =
const.

[Tpu coOmroneHUM BhILIEYKa3aHHBIX YCIOBHH BBIIOJIHEHMS TOJIYNETIM caMmoJieT HaOupaeT BBICOTY HE
menee 330 m.

Cxema cuil, AEHCTBYIONIMX HA CaMOJIET B HanOoJsiee XapaKTEPHBIX TOUYKaxX MONYyINETIH, OoKa3aHa Ha Puc.
196.

TEXHUKA BBIIIOJHEHUSA NOJYIET/IN

Ilonynemna BeimonHseTcs Ha ckopoctd 320 km/4. OGopotsl apurarens 82% mpH MOJTHOM HaJTyBeE.
[omyneTss BBITOJHASTCS TaK XKe, Kak IepBasl MOJIOBUHA METIIN, HO TEMII OTKJIIOHEHUs PYYKH YIpPaBJICHHS Ha ce0s
JOJDKEH OBITh SHEprHYHEee.

ITepen BBOJOM clieyeT OCMOTPETh BO3IYIIHOE IPOCTPAHCTBO, YOSIUTHCSA, YTO OHO cBOOOIHO. HameTuth
OPUEHTHUD JUIsl BBIBOAA U3 MOIYIETIIH.

B ropu3zoHTaNbHOM MOJIETE WM Ha CHW)KEHHU YCTAHOBHTH CKOPOCTh, paBHYyI0 320 KM/4. 3aTeM IUIaBHBIM,
HO SHEPTHYHBIM OTKIIOHCHHEM PYUYKH YIPABJICHUS Ha ceOs MepeBeCTH caMoJieT Ha kaOpuposanue. JJOCTUTHYB yriia
kabpupoBanus 25...30°, TeMI OTKJIOHCHHS pPYYKH YIPABJICHUS HAa CceOs IMOCTCICHHO YBEJIMYHMBATH C TaKUM
pacderoM, 4TtoObI Tpu yriae kaOpupoBanus 40..45° meperpy3ka Oputa paBHa 4..5. Jlanee OTKIOHATH PYYKY
VIOPABJICHUS C TAKAM PAcUETOM M TEMIIOM, YTOOBI YIJIOBas CKOPOCTh IO MPUOOPY MPH BEIXOJIIE B BEPXHIOK TOUYKY
MOJTYTIeTIN (ITOJIOKCHHE CaMoJIeTa IepeBepHyToe) Obuta He MeHee 170 km/4.

[Ipu monxone k BepXHEH TOUKE MOJYMETIH, KOrjla KaroT caMoJyieTa He JOWAET 10 JUHUM TOPU30HTa Ha
10...15°, HeoOXOAMMO KpPaTKOBPEMEHHO 3a()MKCHPOBATh JTO MOJOKEHHE W OTKIOHEHHEM PYYKU YINpPaBICHUS H
HE3HAYUTENbHBIM OTKJIOHEHHEM TIEIai B JKeJIaeMyI0 CTOPOHY HadyaTh BpallleHUEe CaMoJIeTa.

Kak Tompko camomeT 3aliMeT TOPH30HTAJIBHOE IIOJIOKEHHE, IMPEKPATUTh BpAIleHHEe KOOPAWHHUPOBAHHBIM
OTKJIOHEHHEM PYyYKH YIPABJICHUS U TMeAajiel B CTOPOHY, NMPOTHBOIOJIOXKHYIO BPAIEHHIO, C MOCIEAYIOUINM HX
BO3BPAIICHHEM B HEUTPaIbHOE MTOJIOKCHHE.

Ecmu cxopocts B BepxHel Touke momyneid oyaer meree 170 kM/4, moiy0OUYKy HE BBITOIHATH, GUTYPY
3aKOHYUTB BTOPO yacThio netiu Hectepona.

PACIIPEJEJIEHUE BHUMAHWS I1PU BBINTOJTHEHUHU IOJYIIETJIN:
NpH BBOJE:
Ha CKOPOCTH M PEXUME PabOTHI JBUTaTEINs;
Ha OTCYTCTBUH KPEHA;
Ha XapakTepe U3MEHEHUS Neperpy3Ku;

MpHA BBINIOJITHCHUHA l'lO.T[yﬁO‘lKHZ
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Ha ONpEACIICHNN MOMCHTA Ha4Yajia BbIITOJHCHUA HOHy60‘{KI/I;
Ha HAIIpaBJICHWU BBIBOAA,

Ha CKOpPOCTH BBOJA BO Bpalll€HUEC.

XAPAKTEPHBIE OILIMBKHY MTPU BBIMMOJHEHUHA MOJYIIETJM C YIIPABJISIEMOMN
MOJYBOYKOM:

MEepeTsATUBAaHNE PYYKH YIPaBICHHA Ha ce0s - MOTepsl CKOPOCTH, BO3MOXHO CBAJMBAaHHE caMojeTa B
IITOTIOP WJIM IITOTIOPHOE BPAIICHUE;

PaHO OTKIJIOHSIIOTCS PYJIM YNpPAaBJICHUs HAa BBOJ B MOJYOOUKYy- CaMOJIET BBIXOJMT W3 HOJYNETIH C YIIIOM
KaOpupoBaHUs (BO3MOXKHA MOTEPS CKOPOCTH);

IMO3AHO OTKJIOHAIOTCA PYJIKM Ha BBO/ B HOJ'Iy60’-IKy - CaMOJIET BBIXOJUT U3 MOJYTICTIN C YTJTIOM CHUIKCHUA,

HECBOEBPEMEHHO (PaHO WM TTO3HO) OTKIIOHSIOTCS PYJIH YIIPaBICHUS (JIEPOHBI M PYJIb HAIIPABICHHS) Ha
BBIBOZ U3 IOTy0OYKH - CaMOJIET BEIXOAUT C KPEHOM U3 IIOJTyTeTIIN;

HCKOOPAMHUPOBAHHO BBIITOJIHACTCSA HOJ'IY60‘IKEI - BbIXOJ U3 MOJYIICTIIN HE 10 HAITPABJICHUIO,
HaJIMYuC KpE€Ha Ha BBOAC - MOJJYIICTJIA BBIIIOJIHACTCA HC B BepTHKaﬂbHOﬁ IIJIOCKOCTH,

B ITOJIOXKCHHUHU CaMOJIETAa Ha «HOXKE» HE OTKIOHACTCA PYYKa YIIPABJICHUSA OT cebs - BBIBOJ] U3 TIOJYNETIIA
IMPOUCXOOUT C OTKIIOHCHUEM OT BbI6paHHOFO HampaBJICHU .
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OUI'YPHI BBICHIETI'O ITNJIOTAXKA

ASPOJIMHAMMKA INEPEBEPHYTOI'O IIOJIETA

[epeBepHy T MOJIET OTAMYAETCS OT OOBIYHOIO, HOPMAIBHOTO IOJIETA TEM, YTO HA YCTAHOBHBIIHXCS
peXMMax Mojera MoabeMHas CUila HalpaBlieHa B oOpaTHYIO cTOpoHy (oT (oHaps kaOMHBI B CTOPOHY WLIACCH).
Kpbuto B aToM ciy4ae paboraer B jJuania3oHe CPaBHUTEIBHO OONBIIMX OTPULATENBHBIX YIJIOB aTaku, CO3/aBas
OTpHUIIATENbHYIO IOIBEMHYIO cuity - V (Puc. 197).

B MEPEBEPHYTOM II0JIETE HaA CaMOJIET HeﬁCTBy}OT TaKUE€ K€ CUJIbI U MOMCHTBI, YTO U B HOPMaJIbHOM
IOJIETE, OAHAKO BEJIMYMHA W HAIIPABJIICHUE 3THUX CHUJI U MOMEHTOB MOTYT CYHIECCTBEHHO OTJIHNYATHCA OT yCJIOBI/IfI
HOPMAJIBHOI'O ITOJICTA.

Puc. 197 Ilonem camonema na cnumne

IlepeBepHyTHIi TONET HMEET PSI/L CYIIECTBEHHBIX 0COOEHHOCTEH.

1. M3meHeHne HanpaBieHHUs ASUCTBYIOLIMX HA JIETYMKA CHJI U MEPErpy3ok. BenencTBue 3Toro MeHsercs
(u3monornueckoe BO3ACHCTBHE HA OPTaHN3M JIeTunKa. [lepeHOCHMOCTh OTpHIATENFHBIX MEPETPY30K (Ta3 - TOJI0Ba)
3HAYUTEIHHO HIDKE, YeM TIOJIOKHUTENBHBIX (TOJI0BA - Ta3). YXyImaeTcst paboToCTIOCOOHOCTE OpraHu3Ma.

2. YXyHIHaIOTCH JICTHBIC XapPaKTCPHUCTUKU CaAMOJICTA BCJICACTBUC YMCHBUICHUSA €TI0 a3pOJAUHAMUYCCKOIO
KadycCTBa.

3. HeoObluHOe mOJOXKEHHWE JEeTYMKAa KM OOpaTHBIE ABM)KEHHS PYUKOH W MENAISIMH TIPH YIPaBICHUU
CaMoJIeTOM TpeOyIOT OT JIeTYHKA MOBBINIEHHOIO BHUMAHUs, 0OCOOCHHO B Hayaje OCBOEHMS HIEPEBEPHYTOrO MOJIETa.
Tak, A5 yBeMueHUs yriia aTaky B IEPEBEPHYTOM I10JIeTe (OTPULATEILHOTO YIj1a) He0OOXOIUMO PYUKY YIpPaBICHHS
OTKJIOHHUTH OT ceOsl, a /Il YMEHBIIEHHS - Ha ceOs. J{1s1 HaKpeHeHHsI caMoJIeTa BJIEBO JIETYHK JOJDKEH OTKJIOHUTD
PYUKY yNpaBJeHHUs BIPaBoO, U HA00OPOT, OTKIOHEHHE IeIaJIi BIPABO BBI3BIBAET JIEBBI Pa3BOPOT, a OTKJIOHEHHE
JIeBOY MeJalu - IPaBbIid Pa3BOPOT.

4. B mnepeBepHYTOM IOJIETE€ CYLIECTBEHHO H3MEHsSETCS paboTa OTAEIBHBIX 3JIEMEHTOB KOHCTPYKIHH
camosieta. Bo3HuKaeT HEOOXOIMMOCTh CIELHAIbHOW KOMIIOHOBKM KaOuHBI Jseruuka. [IpemycMarpuBaercs
pEryJIMpOBKa CHUJICHbS, Iefaineil, U3MEHSETCs CHUCTeMa NPUBI3HBIX pPEMHEH, o0ecreYuBaeTcs KpeIuieHHe HOr
JIETYMKA K MeAaIsIM HOXKHOTO YIIPaBJICHUS U T. 1.

5. Ha camomerax, npenHa3Ha4eHHbIX JUIi TEPEBEPHYTHIX IIOJIETOB, JOJDKHBI IIPEIyCMaTPHUBATHCS
CreLHaIbHble KOHCTPYKLHUM TOIUIMBONMTAHMSA, CMa3Kd M CyQUIMpOBaHUS [BHUrarens Aisl oOecriedeHHs ero
HOPMaJILHOM paboThl B YCIOBUSIX UIMTEIBHOIO IOJIETa HA CIIUHE MJIM BBINOJIHEHHS MHJIOTaXa C OTPHLATENbHBIMU
neperpy3Kamu.

6. Y camM0i1eTOB, MMEIOIIMX MOJO0XXKUTEIBHOE IMOINepeyHoe V KpbUIa, B IEPEBEPHYTOM IOJ0KEHUN
yXyIIIaeTcsl TMOIepedHasl yCTOHUMBOCTb. Pynb BBICOTBI BHU3 OTKIIOHSETCS, KaK IIPAaBWIO, HA MEHBIIMH yroj, 4To
MOXET OTPA3UTHCS Ha MIPOJOIBHON YIIPABIIEMOCTH CaMOJjIeTa Ha OONBIINX OTPULIATENIBHBIX YIIaX aTakH.

[MosTomMy pnst oOecrieueHHs yCTOWYMBOCTH W YIPaBIIEMOCTH caMojieTa B TIEPEBEPHYTOM IIOJIETE
HEOOXOAMMO MOoA00paTh TakWe YIJIbl YCTAHOBKM KpbUIa M CTAOWIN3aTOpa, YIIIBI OTKIOHEHHUS DPYJIEH, 4YTOOBI
YCTOWYHMBOCTh U YIPABIIEMOCTh HE HMeEJIa PE3KUX OTIMYNIA OT HOPMAIBHOTO, TPSIMOTO ITT0JIETA.

ASPOJMHAMMNYECKHUE XAPAKTEPUCTUKU KPBIJIA B IIEPEBEPHYTOM ITOJIETE

AbdpoJMHAMHYECKHE XapaKTEPUCTHKH Kpbula B MEPEBEPHYTOM MojieTe OyIyT MMETh HEKOTOPHIE OTIMYHS
OT adPOJMHAMHYECKUX XapaKTEPUCTUK KpbUIa B HOPMAIBGHOM IOJIETE. DTH OTIMYMS OOYCIIOBJIEHBI Pa3MuHBIMU
KapTHHaMH 0OTeKaHUs PO Kpbla M, CIEIOBATEIbHO, PA3IMYHBIM PACIPEICIICHHEM aBJICHHUS BIOJIb XOPABI
npodua. Inst ynobcTBa paccykaeHui 11e1ecoo0pa3HO yIibl aTakd M MOJBEMHYIO CHIIY KpbUIAa B MEPEBEPHYTOM

a”  u y"

k03 duIMeHT moxbeMHO# crtbl - Cy'.

rojiere 0003HaYaThH , a4 3HaK Tak, Kak moka3aHo Ha Puc. 198. CoOTBETCTBEHHO 0003HAYKMM U
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Ecmu mpodune Kpeia ABOSKOBBIMYKIBIH, HECHMMETPHYHBIA, TO, Kak BHAHO Ha Puc. 199, xaptunsl
o0TeKaHHsI KpbUIa B HOPMAaJILHOM U IEPEBEPHYTOM ToJieTe OYAyT OTIMYAThCS OJHA OT APYroit. ITo oTinudue Oyner
YMEHBIIATHCS 110 Mepe MPHOIMKESHUS (HOPMBI TPODUIISI K TBOSIKOBBIITYKJIOH, CHMMETPHUYHOM.

lsn

Puc. 198 Ob6o3nauenusn y2noe amaxu u nOObEMHOIU CUIbL 6 NEPEBEPHYMOM ROJIEme

Y CcTporo CUMMETPUYHBIX TpOoQuiIeH KapTHHBI OOTEKaHHWS B HOPMAJBFHOM M MEPEBEPHYTOM IOJIETaxX
MPAaKTUIECKA MaJIo OTIMYAIOTCA OJHA OT APYrod. MMeroriee MecTo HEKOTOPOE pa3iudne OOBSCHICTCS IEHCTBHEM
CHJI TSATOTEHUS Ha YaCTHIBI BO3AyXa B IOTOKE, O0TEKAromeM Npo(uib Kpba.

Y HeCUMMETPHYHBIX NpoQuied KapTUHBI OOTEKaHUS W paCIpeNeIeHUs MaBICHUH MO Xopae HMpoduis B

IpsSIMOM U TIEPEBEPHYTOM IIosieTe OyIyT MMETh CYyLIECTBEHHBIC pasnuyusa. B pesynbraTe 3TOro M3MEHSETCS |
XapakTep 3aBUCUMOCTH KO3 PHIIMEHTa TOABEMHON CHIIBI OT yTJIa aTaKH B 00JIACTH OTPHUIATENIFHBIX YIJIOB aTaKy.

A22rey,
”.‘,‘,*,, e <D

ST pss,,

=4 . >
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Puc. 200 Kpuewvie Cy = f (a) npochuneii: a - necummempuunozo; 6 - CUMMEMPUYHOZO

Y cummerpuuHoro mpoduisi, kak BumHO u3 Puc. 200, ko3(pPHUIMEHT NOIBEMHOW CHUJIBI B 00JIACTH
MOJIOKHUTEIBHBIX M B 00JAaCTH OTPHUIATEIBHBIX YIJIOB aTaKd HMEET OJMHAKOBBIA XapaKTep H3MEHCHUS NpHU

W3MEHEHHMH yrjia aTakd. [IpakTHYecKH OJMHAKOBBI aOCONIOTHBIE 3HAUEHHS KPUTHUECKHUX YIJIOB aTtaku & ypyr W
MaKCHMaJbHBIX BEMUHH K03 duimenTa moabeMuoil cus (Cy''Makc).

Y HecumMeTpu4HOro mnpoduiasi B 00JaCTH OTPUIATENBHBIX YIVIOB aTakd abCOJIIOTHAs BENWYMHA
kodpdunmenta Cyyaxc 3HAYUTEIHHO MEHbIIE BeMHMYMHBI CymMakc B 00JacTH MOJOKHUTEIBHBIX YIJIOB aTakd. JTa
pasHuIa Oyaer 0oJjblie Y TaKUX NPOQHICH, Y KOTOPBIX KPUBU3HA BEPXHEW MOBEPXHOCTH OOJIBIIE, YeM KPHUBH3HA

HIDKHEH, T. €. y IpoQuie, KOTOpble UIMEIOT OOJIBIIYI0 OTHOCUTEIBHYIO KPUBU3HY f

KpI/ITI/I‘ICCKI/Ie yrijbl aTakKu y HCCUMMETPUYHBIX HpO(bHHeﬁ mo abCoIIOTHOM BCJIMYMHE, KaK IMpaBUIIoO,

n

aKP]/IT 6yH€T MCHBIIC KPUTHYCCKOI'O YIJia

HEOJ/IMHAKOBBI, [IPUYEM B O0JIACTU OTPHIATENBHBIX YIJIOB BEIHYHHA
ataku X ypyr OPSAMOTo MoJIeTa.

JIoGoBO€ CONPOTHBIEHHE KpbLIa B JICTHOM JAHAlla30HE OTPULATENbHBIX YIJIOB aTaku He OyleT paBHO
7060BOMY CONPOTHBIICHHIO KPbUIA HA MOJOKUTENBHBIX YIJIaX aTaky MPH TIOJIETEe Ha OJHKUX M TeX Ke 3HaueHusX Cy.
Hanpumep, npu mosere Ha CKOPOCTH # B HOPMAJIBHOM M IIEPEBEPHYTOM IIOJIOKEHUSX MOTpeOHasi BEIMYHMHA
Ko3(duIreHTa MOIbEMHON CHIIBI OylIeT OJMHAKOBA B TOM M B JPYrOM CIIydae M COCTaBHT IO aOCOJIIOTHOM
BEJINYMHE
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p-S-0° (13.1)
OpmHako yriibl MEXIY XOPAOH KpbUIa M HalpaBiIeHHEM HaOeraromero moToka mpu 3TOM OyAyT OTIHYaThCs

13-32 HAJIMYUS yTJa aTaKd HyJIeBOH IMOIBEMHOM CHITBI 20 (cm. Puc. 200).
O(YCY 9

W

e 5

Puc. 201 Bauanue yzna ycmano6Ku Kpulia Ha Y2071 Medcoy RPOOOIbHOU 0CbI0 CaMOIema U 20PU3OHIMOM

MoskHo 3amucath, uto npu Cy = Cy'’ Gynem umets

J _
a; —a, =2a, (13.2)

CrenoBaTenbHO, B IIEPEBEPHYTOM IOJETE YroJl MEXAY XOpAOH MPOo(uiIs U HallpaBICHUEM HAOEerarouero
MOTOKA TIPH MPOYHMX PABHBIX YCIOBHUSIX OOIbIIEe aHATOTHYHOTO YIiia MpsSMOro mojera Ha Benuuuny 2 & . Ilo stoit
NpUYMHE B IIEPEBEPHYTOM IIojeTe NpoQMIbHOE CONPOTHBIICHHE KpbUIA Ha OIMHAKOBBIX II0 AOCOJIIOTHOMY
3HaveHuto Cy Oyner Ooibie, 4eM B IPMOM 1oJiete. V3 3Toro cietyer, 4ro npu 1ojieTe Ha OAMHAKOBBIX CKOPOCTAX
B IIEPEBEPHYTOM I10JIETE JIOOOBOE COIPOTHUBIICHNE KpbLTa OyaeT O0JIblle, YeM B PSMOM II0JIETE.

Camorertsl, npeaHa3HAYSHHBIE JUIS BBIMOJIHEHUS IJIUTENbHBIX TMOJIETOB B TEPEBEPHYTOM IMOJIOKEHUU U
MUIOTaXa C OTPUIATEIBHBIM 3HAYCHUEM MOJABEMHOMN CHJIBI, JOJDKHBI UMETh KPBUIO, HAOpaHHOE U3 MpoduieH mo
cBOeH (hopme, OJTU3KUX K CHMMETPHYHBIM.

JIo6oBOE CONMPOTHBIICHUE CaMOJIETa B MEPEBEPHYTOM IOJIETe OOBIYHO MMEET OOJIBIIYIO BEIUYMHY, YeM
J1000BOE COIIPOTHBIICHHE B HOPMAJIBHOM ITOJIETe. DTO 00YCIIOBINBACTCS OCOOCHHOCTSAMHU KOHCTPYKIMH (PrO3ersKa,
npeycMaTpUBaroIieii MUHUMAIIbHOE CONTPOTUBIICHHE B OOBIYHOM TOJIETE;

BpEIHON HHTep(epeHIeN Kpblia 1 (ro3erspKa, HATHIUEM MTOJI0KHUTEIPHOTO YCTAHOBOYHOT'O YIJ1a KpblIa.

B HOpMasbHOM MMOJIeTe TPH yIie aTakd KpbUla OyCT YroJl MEKIY MPOIONBHOM OChI0 (hro3erspka U
HanpaBjeHueM Ha0eraromiero MmoToka MEHbIIE yrila aTakd Ha BEJIMYMHY YCTaHOBOYHOTO yriia Kphuta. TeM cambIM
CHIDKAeTCs JIOOOBOE COMPOTHBJICHHE (ro3eisika. B mepeBepHyTOM MOJIOKEHHH 3TOT yroj, HAo0OpoT, Oyder
GoJiblile, YeM yroJl aTakd, Ha JBOWHYIO BEJIMYMHY yCTAHOBOYHOIO yIiia Kpbuta. Hampumep, eciu yCTaHOBOYHBIM
yroj paseH +2°, To mpu nosere Ha yrie ataku & = 5° B HOPMAJILHOM IOJIETE€ YTOJ MEXIY MPOIOIBLHON OChIO
camoJieTa U HaberaropM MOTOKOM Oy/IeT COCTAaBIATh +3°, a B IIEPEBEPHYTOM IO a0COJIOTHOW BelNU4nuHEe OH OyaeT

_ o
paseH /7°/, 1. e. Ap =Q +Qycr

Bce 370 BBI30OBET yBeNMUEHHE TI0OOBOTO CONPOTHUBIICHHUS CAMOJIETa B IEPEBEPHYTOM ITIOJIETE TI0 CPAaBHEHHUIO
C TOJIETOM B HOPMaJbHOM MOJOXeHMHU. [loispa Kpbula camojieTa IMOKa3blBaeT 3aBUCHMOCTH KOI(DPHUIIMECHTOB
MOTbEMHOM CHJIBI U JTOOOBOT'O CONPOTUBIICHHUS KPbUIA OT YIJIa aTaKU B TIOJIOKUTEIILHOW U OTPHUIIATEIBHOM 001aCTAX.
Ha momsipe (cm. Puc. 202) BUAHO, YTO BEIUYMHA MAKCHMAJIbHOTO 3HA4YeHHUS KO3(dHIlMEHTa MOIBEMHON CHIIBI

1
/Cy MAKC/ B o00lacTH OTpUULATENIFHBIX YIVIOB aTakd MEHbIIE, 4YeM & HOpPMAJIBHOTO TIONIeTa, a
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Puc. 202 Ilonapa kpvina u camonrema

Honﬂpa caMoOJIETa B LEJIOM CTPOUTCA C YIETOM IHOIIOJHUTECIBHBIX BEJINYNH IMOIbEMHOM CHJIBI B 11000BOTO
CONIPOTHUBJIEHUS, CO31aBACMBIX CI)}O3CJI$DKGM U JPpYTUMHA 9aCTAMHU CaMOJIETA.
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Beliie ObUI0 YCTAHOBIIEHO, YTO IIPHU TOJIETE IIPU OJIMHAKOBBIX 3HAUEHUAX KOI((DULIMEHTA TOIHEMHOMN CHIIBI
B MNpSIMOM M IIEPEBEPHYTOM IIOJIETaX Yy CaMOJIETOB, HMEIOUIMX KpPBUIO C HECUMMETPHUYHBIM mpoduiem,
K03 PHIIHEHTHI JIOOOBOTO COMPOTHUBIICHHUS U KpbUTa U (ro3esbka OyayT OOJBIIMMH MPH IMOJIETE B MEPEBEPHYTOM
TMIOJIOXKEHHH.

W3 cka3aHHOTO MOXHO CZENAaTh BBIBOJI: B IIEPEBEPHYTOM IIOJIETE NPH IPOUYUX PABHBIX YCIOBHSX JIOOOBOE
COIPOTHUBJICHHE Bceraa OyaeT 0oJblie, 4eM B HOpMAIbHOM MOJIETE.

AdpoJHAMHYECKOEe KauyeCTBO caMojieTa eCTh OTHOIIeHHe KO3((HIMEHTa TMOJXBEMHON CHUIIBI K
K03 uIeHTY T000BOTO CONPOTHBIICHHUS

Ho rtak kak J7000BO€ CONpPOTHUBIICHHE CaMoJieTa B IEPEBEpHYTOM IOJIeTe Bcerga OoJiblue JI0O00BOTO
CONPOTHBIIEHHST B HOPMAJILHOM IIOJI€TE, TO, CIENOBaTEJIbHO, a’POJUHAMHYECKOE KauecTBO CaMojieTa B
MepEeBEPHYTOM MOJIETE BCET/Ia MEHBIIIE, YeM B HOPMAJILHOM II0JIETE.

KPUBBIE )KYKOBCKOI'O JJISA IEPEBEPHYTOI'O ITIOJIETA

KpuBsie moTpeOHBIX U pacnoiaraeMbIX TAT (KpuBble KyKOBCKOTO) SIBIISIIOTCS OCHOBOM JUISL OIICHKH JICTHO-
TAKTUYECKUX XaPaKTEPUCTHUK CaMOJIeTa.

Pxr | s NEPEBEPHYTHIN MOAET
1600 racn G
12001
AP

800{

4007 A
PMMH

Vinaue Vﬂl\/‘i

Vi Man 500 Ve 1000
Puc. 203. Kpuevie ZKyKko6cKkozo 015 HOpMAIbHOZ0 U NEPEBEPHYMO20 noJlemd

Ilopsimok pacdera M TOCTPOEHHMA KPHUBBIX IIOTPEOHBIX M PpACIOIAraeMbIX TAI TOPU3OHTAIBHOTO
MEPEBEPHYTOTO IMOJIETA IPOM3BOIAUTCA II0 TAKOH K€ METOAMKE, YTO M M HOPMAIIbHOTO, INPSMOIo IOJIETA.
Pacnoslaraemast Tsra CUJIOBOW YCTaHOBKH, KaK IIPaBWJIO, HE 3aBUCUT OT IIOJIO’KEHUS CaMOJIETa OTHOCUTENIBHO €ro
NPOJIOJBHON OCH, TMO3TOMY KPUBBIE pacrojaraeMbIX TAr OyAyT OJHU M T€ )K€ JUI HOPMaJIbHOTO U MEPEBEPHYTOrO
1oJeToB. B OCHOBY pacueTa KpHMBBIX MOTPEOHBIX TAT Oepercs IoJisipa JaHHOTO CamolieTa, B KOTOPOH y4YTEHBI BCe
0COOEHHOCTH, TIPHUCYIIHUE IIEPEBEPHYTOMY HOJIETY.

Ha Puc. 203 noka3ansl kpuBbie JKyKOBCKOTO JJI1 HOPMAJIBHOTO U TS IEPEBEPHYTOTO TOJIETA.

Amnanu3 rpaduka MoKa3bIBaeT:

1
1. MunuManshas ckopocte Umun B MIEPEeBEPHYTOM TIoJeTe OOoiplle, 4YeM B HOPMaJIbHOM. OJTO
OOBSCHSIETCSI TEM, YTO MO aOCOJIOTHOW BEJIMYMHE MAKCHMAaJIbHOE 3HaueHHE KOA(PQHIMEHTa NOABEMHOW CHIIBI B
MEePEeBEPHYTOM MOJI0KEHUH MEHbIIIE, YeM B HOPMAJILHOM

2. MunanmanbHas noTpeOHas TAra B IepeBepHyToM mosnere PMuH Oosblie, 4eM B HOPMAaIbHOM, TaK KaK
a3pOANHAMUYECKOE KaueCTBO B IEPEBEPHYTOM I0JIETE BCETrJa MEHBIIIE, YEM B HOPMAIBHOM

3. MakcuMmanbHas CKOPOCTb B IICPECBECPHYTOM IOJICTEC UMaKC MCHbLIC, Y€M B HOPMAJIbHOM, H3-3a
YBEIUYCHUA 71000BOT0O CONIPOTUBJICHU .

n . .
4. N36mIToK TATH B TiepeBepHyToM monete AP Ha Bcem nmamaszoHe cKOpocTeli 1O CBOeH BeMUMHE
MEHBIIIE, YeM B HOPMAJIBHOM II0JIETE Ha TOH e CKOPOCTH

N 1
5. Jlnama3oH CKOpOCTEH NEpPEBEPHYTOIO IOJIETa AV"  venpme, dem B HOPMAJIbHOM IIOJIETE, TaK KakK

11 UIY
Vv YBEIUYUIach, ~ MAKC yMeHBIIUIIACH

N3 ananuza rpa(buKa CJICAYCT, UTO B IICPECBECPHYTOM II0JICTC BCE JICTHBIC TaHHBIC CaMOJIC€Ta 10 CPAaBHCHUIO C
HOPMaJIbHBIM MOJIETOM YXYIIIAIOTCA.

I[HSI TOr0 YTOOBI OCIIA0UTH HEXKEJIATEIbHOS YXyAUWEHUE JIETHBIX XapaKTEPUCTUK CaMOJIETa B IEPEBEPHYTOM
MOJIETE, TPU TMPOCKTUPOBAHUHU TMHIIOTAXHBIX CAMOJIETOB CJIIEAYET YUYHUTBIBATH 0COOCHHOCTH adpOaAHAMUKHN
IMEPEBEPHYTOIO IMOJIETA, IJIA YE€TO HE00X0UMO:
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- KPBUIO HaOWpaTh M3 CHMMETPHUYHBIX NPOQMICH WM H3 NpOoQricii ¢ MUHMMAIbHON OTHOCHTEIBLHOU

KpUBU3HOU A ;
- yMeHbIIATh (110 BO3MOKHOCTH 110 0°) yCTaHOBOUYHBIH yroi KpbUIa;
- YYHTBIBATh BPEAHYIO HHTEP(hEPEHINIO Kpblla U (I03eIsKa B IEPEBEPHYTOM IIOJIETE;
- JKeJIaTeJIbHO, YTOOBI OTKIIOHEHHS PYJIsl BBICOTHI BHU3 1 BBEPX OBIIM NPUMEPHO OJIMHAKOBEI.

Kpome aspoauHamMu4ecKkiux 0COOCHHOCTEH IEepeBEpPHYTOrO I0JIETa, UIMEET MECTO PSJl KOHCTPYKTHBHBIX U
TEXHHUYECKUX TpeboBaHuil (Kak, Hampumep, oOecreyeHHe JJIUTENbHOW paboThl CHIIOBOM YCTAaHOBKH B
MEPEBEPHYTOM IIOJIOXKEHUH, OoOecreueHre HEOOXOIUMMOW MPOYHOCTH M KECTKOCTH KOHCTPYKIMH HPU TOJETE C
OTpHIATENIEHBIMH TI€perpy3kamu), 06e3 ydera KOTOPBHIX IHIOTHPOBAaHWE CaMojIeTa B NEPEBEPHYTOM IOJIOKEHUH
Oylzer 3aTpyJHEHO.

YCTOMYUBOCTD U YIIPABJIIEMOCTb CAMOJIETA B IEPEBEPHYTOM ITOJIETE

Ilpooonsnoii  ycmoiiuueocmsio Ha3bIBaeTCS CIIOCOOHOCTH caMojieTa 0e3 BMEIIATeNbCTBa JIETUUKA
COXpaHATh 3aJaHHBIl yroysl aTaky TNpH CIy4alHOM €ro HM3MEHEHUH IOJ BO3ACHCTBHEM BHEIIHUX CHJI. 3TO
OIpENICICHUE B MTOJHON MEpPE OTHOCUTCS U K IEPEBEPHYTOMY MOJIETY.
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NHUKHPOBAHKE

Puc. 204 I'pagpuk mz =f (Cyll, ) ona nepesepuymozo nonrema

Ha YCTOP‘IHHBOM B IPpOJOJIbHOM OTHOLICHUH CAMOJIETE B HNEPEBCPHYTOM IIOJICTC JOJIKHBI COXPAHATHCA TEC
7K€ YCJIOBHS paBHOBECHUSA, YTO U B HOPMAJIbHOM IIOJICTC.

[MTonoxenue ¢okyca npoduieil Kpblla COBPEMEHHBIX CaMOJIETOB B IEPEBEPHYTOM IIOJETE B JIETHOM
JIMara3oHe YIJIOB aTaku IPaKTHYecKH octaercsi 0e3 mameHeHus. OHaKo (GOKyc camolieTa B IEJIOM Y HEKOTOPBIX
CaMOJIETOB B TIEPEBEPHYTOM IIOJIETE€ MOXKET OBITH CMEIIEH Ha3aJl 3a CYeT yIvia YCTaHOBKM crabuiu3aropa,
pacCUYMTAHHOTO Ha HOPMalbHBIM monier. KpoMme TOro, B MEPEeBEPHYTOM IMOJIETE YMEHBIIASTCS BElUYMHA Mz
(momeHT camoseta pu Cy = () BCIEACTBHE M3MEHEHHUS CKOca MOTOKAa B pailoHe TOPU30HTAIBLHOTO OTEpEHHUS,
HaJIM4Ks yTJla YCTAHOBKM cTabUiin3aTropa u psija IApyrux Gpakropos.

Bce 310 mpuBOAMT K TOMy, 4TO B IEpPEBEPHYTOM IOJETE€ NPOJOIbHAs YCTOWYMBOCTb HECKOJIBKO
OTJIMYAETCS OT MPOAOIBHON yCTOHYMBOCTH B HOPMAJIBHOM TIOJIETE.

Ha Puc. 204 nokasan rpaduk u3MeHeHHs Kod(h(HIMEHTa NpPOJOJIBHOTO MOMEHTa caMmojera mec B
TEPEBEPHYTOM TIOJIETE B 3aBMCHMOCTH OT H3MEHEHHs Kod(duiuenTta nmoabseMuoil cunsl (Cy'') m oT monoxenus
PYJIst BEICOTHI.

Ilonepeunaa ycmoiiuugocms - 3TO CIOCOOHOCTH CaMOJIETAa CaMOCTOSITENBbHO, 0O€3 BMEIIaTeIbCTBA
JIeTYNKa, YCTPAaHATh BO3HHUKIIMN KpeH. Y CaMoJIeTOB, HMEIOLMX MpsiMoe (He CTPEeNOBUAHOE) KPBUIO, I
YIIy4IIeHUs TONEePeYHON YCTOHYMBOCTH B HOPMAJIbHOM TOJET€ KPBULy NPUAAIOT MOJOXKHUTEIbHBIM yroJ
nonepeynoro V. Ilpu monere B NEepeBEepHYTOM IOJOXKEHHUH (HA CIMHE) MOIEepedHas yCTOMYMBOCTh y TaKHX
CaMoJICTOB yXyAlaeTcs. Takoe yXyAlleHHe MONepeyHoN yCTOWYNBOCTH HAaO0AaeTcesl, HalpuMep, y camoseTa SIk-
1811, nMeroIero NON0XKUTENBHBIN YIOl NONEePEeYHoro V kpeina, paBHelid +7° 30'.

Ecnu camonet neTut 6e3 CKOJIbKEHUs, TO PU BOSHUKHOBEHUH KPEHA, BCICJCTBUE YBEIMUYCHUS YI1a aTaku
y OIIyCKAalOIIErocsi Kpblla M YMEHBIICHHS Y TOAHUMAIOIIETroCs, LEHTP [aBICHUS CMECTUTCS B CTOPOHY
oIrycKaromerocsi kpoiaa. IlosBiIsieTcs MOMEHT OTHOCHTEIBHO IMPOAONBHOM OCH, HAalpaBIEHHBI Ha yCTpaHEHHE
BO3HMKAIOIIEr0 KpeHa. BO3HMKHOBEHHMIO KpEeHa IPEISTCTBYET TaKKE€ MOMEHT IIONEepedHOro JeMIi(pUpoBaHUs
Kkpbuta. OHAKO NIPU HAJIMYHUU CKOJIBXKEHHsI, KOTOpOe IPH 00pa3oBaHMK KpeHa BBI3BIBAETCS COCTaBistoniel Beca Gz,
BO3HHUKAET COCTABJIAIONIAs] CKOPOCTHU, HAIIPABIEHHAs BAOJIb KPbLIA.

[Ipn HanWYMM MOJOXXUTEIHHOTO TIIONEPEYHOro V KpbUla, KOTOPOE B MEPEBEPHYTOM  IIOJIOKEHHH
(haKTUYECKH CTAHOBHUTCS OTPHIIATEIILHBIM, YIOJI aTaKU KPbLIA, HA KOTOPOE MPOUCXOIUT CKOJIBKEHHE, YMEHBIIIACTCS,
a'y MPOTHUBOMOJIOKHOTO - YBEIUYUBAETCS
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Puc. 205 Cronvorcenue camonema 6 nepegepHymom noeme
(Puc. 205). OTo npUBOIUT K YMEHBIIEHHIO MOMEHTOB, MNPEMATCTBYIOIIMX OOPa30BaHHIO KpeHa U
CKOJIB)KEHUS, T. €. K yXyIUICHUIO IIONEPEUHON YCTONYUBOCTH.

OueBUIHO, YTO y TEX CaMOJICTOB, y KOTOPBIX IIONEPEYHOE ) Kpblla HEBEIWKO WJIM PaBHO HYIIIO,
HOIepeYHas yCTONIMBOCTh B IIEPEBEPHYTOM IIOJIETE MM COBCEM HE OyJET M3MEHSTHCS MM OyJEeT yBEIUUUBATHCS,
€CITH KPBUIO UMEET OTPHLIATEIIbHBIN YTOJI IONEPEIHOTO V.

YXyILHIeHI/Ie Honepequﬁ YCTOﬁ‘lPIBOCTH B MCPCBCPHYTOM MOJICTC YCJIOXKHACT MUIIOTUPOBAHUEC U Tp€6yeT
OT JICTYHKA ITIOBBINICHHOT'O BHUMAaHMAI.

Hymeeaﬂ ycmoﬁuueocmb - CIMOCOOHOCTH CaMOJIETa CAMOCTOSITEBLHO YCTpaHATbh BOSHUKIICE CKOJILKCHUEC.

[lyreBast ycTOWYMBOCTh caMoJjieTa 3aBHCUT OT IUIOIIAAM BEPTHKAJIBHOTO OIEPEHUs, UIUHBI (ro3ersbka,
HEHTPOBKH, (OPMBI Kpblla B IUIaHE (yIJIa CTPEIOBHIHOCTH). Bce 3T mapameTpbl, a TakKe yCIOBHA OOTCKaHHUS
MPaKTHYECKU HE U3MEHSIOTCS MPH TIePeXo/ie OT HOPMAIBLHOTO K MepeBepHyTOMY IoJieTy. [103TOMy MOXKHO CUUTATH,
YTO IIyTeBas yCTOMYMUBOCTb B IIEPEBEPHYTOM IOJIETE MPAKTUYECKU HE OTIMYAETCS OT IIyTEBOM YCTOMYMBOCTH TOI'O
JKE caMoJIeTa B HOPMaJIBHOM TI0JIETe.

T'OPU30HTAJBHBIN MOJIET B MEPEBEPHYTOM ITOJIOKEHUM (ITIOJIET HA CIIMHE)

B nepeBepHyTOM TOPU3OHTAJIBHOM MOJIETE HA CaMOJIET JACHCTBYIOT T€ )K€ OCHOBHBIE CHJIBI, YTO U B
HOpMaJbHOM TOpH30HTaIBEHOM TosieTe (Puc. 206),

- CuJjia BE€Ca G, HalpaBJICHHAs BHU3,

- CHJIa TSITW CWJIOBOM YCTAHOBKHM P, HampaBiieHHas BIepell IO MPOIoJIbHONH ocu camoiera. /st ynoOcTBa
paccMOTpeHHUs NoJaraloT HalpaBieHne CUIIbl P TOpU30HTAIbHBIM. I10rpeIHoCTh IpH 3TOM HEBENIHKA;

- OIbeMHas CHJIa Y, HarpaBlIeHHAs BBEPX;

- cua J1000BOro COIMPOTUBJICHUSA Q, HampaBJICHHAad Ha3an.

5]

Puc. 206 Cxema cun 6 20pu30HmanbHOM nepesepHymom nojeme

HOCJ’IGZ[HI/IG JABC CHUJIbl ABJIAKOTCA COCTABJIAIOIIMMH IIOJIHOM a3pOﬂI/IHaMI/IquK0ﬁ cmibl. Tak XKE, KaK U B
HOPMaJIBHOM IIOJIETE, NJIA YIPOINEHUA MOJararoT, YTO CHUJIIBI, ,HCI\/JICTByIOH.[I/Ie Ha CaMOJIET, IPUJIOKEHBI B €T0 LICHTPE
TSAXKCCTH.

YcnoBue paBHOMEPHOCTH U IIPSIMOJIMHEHHOCTH B TOPU30HTAILHOM [1IEPEBEPHYTOM I10JIETE:
n _ . _
Y =G, P=0+G, (13.3)

Panee ObUTO YCTaHOBIIEHO, YTO B IMIEPEBEPHYTOM IIOJIETE BCE OCHOBHBIE XapaKTEPUCTHKH TOPHU3OHTAIBHOTO

I1oJicta yxy)ZlLLIaIOTCﬂI TeopeTquCKaa MUHHUMAJIbHAA CKOpOCTb B03paCTaeT, a MaKCHUMaJIbHas yMeHbLIJaeTCﬂ,

aapo,)mHaMqucxoe KAQ4E€CTBO TaK XK€ yMeHbLLlaeTCH. HpaKTI/IlIeCKI/I MHUHHUMAJIbHAaA CKOpOCT]:. nepeBepHyToro I1oJera,

I7
Cy

_ b4
KaK ¥ HOPMaJIbHOTO IOJI€Ta, COOTBETCTBYET o 0,85Cy MAKC | qTO MPEBBIIACT TEOPETUUECKH MUHUMAIbHYIO
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CKOpOCTh mosieTa Ha =~ 15%. DTa CKOpPOCTh B NEPEBEPHYTOM; TOPU3OHTAILHOM IMOJIETE SIBISIETCS MUHUMAIBHO
JIOITYCTHMOM JUIsl 00eCIIeYeHNs! yI0BIETBOPUTEIILHON YCTOWYMBOCTH U YIIPABIISIEMOCTH CaMOJIETa.

Ilpy 5TOM cHelayeT NOMHHTH, 4TO aGcomoTHas BemmumHa Cyyuxc U1 caMoneTa € KpbUIOM
HECUMMETPUYHOTO MpoGuis ObIBacT OOBIYHO MEHBIIE, YEM B HOPMaJIbHOM TOPHU30HTAJIBHOM mojere. Benencraue
3TOr0 BEIWYHMHA TEOPETHYECKOM MHHHUMAIBHOM CKOPOCTH IIEPEBEPHYTOrO TIOJIETa (@ TAKXKE W IMPAKTUUECKH
MHHUMaJIbHOM) Oyner Ooubliie, 4eM B HOPMaJbHOM TOPH30HTAIBHOM TOJIETEe. DTO JOJDKHO YYMTHIBATHCS JIETHBIM
COCTaBOM IPU MUJIOTUPOBAHUU CAMOJIETA B IEPEBEPHYTOM I0JIOKEHHH.

IOABEM CAMOJIETA B IIEPEBEPHYTOM I10JIO’)KEHUH

Kak ¥ B HOpMaJbHOM IIOJIETE, YCTAHOBUBIIMMCS MOABEMOM B IEPEBEPHYTOM IMOJIOKEHUU HAa3bIBAETCS
MOBEM CaMOJIETa IO MPSMOJIMHEHHON BOCXOSIICH TPACKTOPHH C IMTOCTOSHHOU ckopocThio (Puc. 207)

Puc. 207 Cxema cun npu nooveme 8 nepeeepHymom nojeme
Tak kak U30BITOK MOIIHOCTH (CJIEIOBATENBLHO U TSITH) B IIEPEBEPHYTOM IOJIETE BCETAa MEHBIIE, YeM MPU

HOpPMaJIbHOM IIOJICTE Ha TOU Ke CKOpPOCTH, TO YI'OJl YCTAHOBUBUICTOCA IMOJAbEMA 0 B MCPEBCPHYTOM IMIOJIOKECHUN
BCCrja MCHbBIIEC yIya nmoabeMa IMpu HOPMAJIbHOM ITOJIOKEHHUU. O[lHaKO B MCPEBCPHYTOM ITOJIOKCHUN Yy CaMOJICTOB,
UMCHOMINX KPbUIO € HCCUMMETPUYHBIMU HpO(bI/IJ'IHMI/I, H3-3a yXyAUICHHUA a’pOAMHAMUKH KpbLid, a TaKKE H3-3a
HaJIM4Yus MOJIOKUTECIBbHOI'O0 YCTAHOBOYHOI'O YIJIa KpbLIa, YIOJ MEKIY HpO,HOJ'II:HOﬁ OCBIO CaMOJI€Ta U IIJIOCKOCTBIO
TOpHU30HTA 6y/1eT BCEraa 60J'II>HI€, 4YeM B HOPMAJbHOM IIOJIETC Ha TOH Ke CKOpPOCTH. DTO moBjedYeT 3a coOoM

n
YBCJINYCHUC 11000BOI0O COIIPOTUBJICHUA, a4 YTIOJI moAbeMa 0 U CKOPOIIOABECMHOCTDb Uy 6yI[yT COOTBCTCTBCHHO
YMCHbLIIATHCH.

Bbonbinast pasHuIia MEXIy yIJIOM MOXbEMAa M YIJIOM MEXIy MPOAOJIBHOM OCBIO CaMOJIETa U IUIOCKOCTBIO
TOPM30HTA YCIOXKHSET IMWIOTHPOBAHUE CaMOJIeTa, TPYJHEE CTAHOBUTCS CYyIUTh 00 yIje MOAbeMa IO HAKIOHY
NPOJOIBHOW OCH camoieTa K TOpH30HTY. [103ToMy JeT4HK AOJDKEH Ooiblle yIelnsTh BHUMAHHA yKa3aTemllo

CKOPOCTH, BApUOMETPY.
Menbnie 6yneT 1 BEPTUKAJIbBHASA CKOPOCTH U3-3a yMeHBH.IeHI/Iﬂ I/I36LITKa MOIIHOCTHU
75-AN
G . (13.4)

W3 BhllIeCKa3aHHOIO MOXHO CHENaTh 3aKIIOUEHHE, YTO NpPU yCTAHOBUBLIEMCS IMOJBbEME CaMOJeTa B
MIEPEBEPHYTOM IOJIOKCHUH BCE XapaKTEPUCTHUKHU TTOABEMA yXyIIAIOTCS.

Vyn =

IINTAHUPOBAHHUE B IIEPEBEPHYTOM IIOJIOCKEHUHN

YCcTaHOBUBIIMMCS IIAHUPOBAHUEM CaMOJIETa B MEPEBEPHYTOM IMOJIOKCHUU HA3BIBACTCS MPSIMOJIMHCHHBIN
MOJIET IO HUCXOIAIICH TPACKTOPHH C IMMOCTOSIHHOM ckopocThio (Puc. 208).

—
Voo
B
===
e ——
Puc. 208 Cxema cun npu naanupoganuu 6 Puc. 209 K onpedenenuto y2na HaK10Ha npoooabHOU
nepesepHymom nonoHceHuu ocu

Ecnu nuanupoBaHue ocyllecTBiseTcs 0e3 TIrH, TO H3MEHEHHWE CKOPOCTH OyJeT CBSI3aHO C YIJIOM
ruianupoBanus 0. Uem Oosiblie yrou IiiaHupoBaHusl, TeM 00JIblle MOTPeOHast CKOPOCTb.
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st yBennueHus yria aTaky Ha IUIAHUPOBAHUH B IIEPEBEPHYTOM IOJIOKEHUH PyUKa YIPABICHUS OTIAETCS
OT ce0s, U CKOPOCTh IUIAHUPOBAHMS YMEHBLIMTCA. MHUHUMANIbHAS CKOPOCTh IPH IUIAHUPOBAaHUH B IEPEBEPHYTOM
MOJIOKEHHUH OOJIblIIE, YeM B HOPMAJILHOM.

[Ipy maHNpOBaHWM B MEPEBEPHYTOM IOJIOKEHHH YTOJI HAKJIIOHA MTPOIOJIBLHOM OCH CaMoJIeTa K INIOCKOCTH
ropuzonTa (Puc. 209) n3-3a Ham4wMs yriaa ycTaHOBKH MEHbILIE, Ye€M ITPU HOPMAJIbHOM IIIAHMPOBAHHUH, HA BETUUUHY
JBOMHOTO yIjla yCTaHOBKH Kpblia (TIpH IUIAHUPOBAHUU C OAWHAKOBBIMH cKopocTsiMu). ITo 3T0i npuduHe y eTunka
CO3/JaeTCsl BIICUATIICHUE, YTO CAMOJIET IIAHUPYET C MaJIbIM yTJIOM K TOPH30HTY, XOTS CKOPOCTh CHIDKCHHUS TIPH 3TOM
MOXET OBITh 3HAYUTEIHHOM.

W3 cka3aHHOTO cIeqyeT, 9TO IPH MIEPEeBEPHYTOM YCTaHOBHBIIEMCS IUIAHMPOBAHUN CaMOJIET NMEET Xy IIINeE
JIETHBIE JJAHHBIC, YEM B HOPMAJILHOM IIAHMPOBAHHH.

OBPATHBIN IMUJIOTAK

Manespuposanue camonema c ompuyamenvuvimu nepezpyskamu (-y) MPUHATO Ha3bIBaTh 0OPAaTHBIM
muotaxeMm. Bce Qurypsl oOpaTHOTO MHIIOTaXKa OTHOCATCS K BBICIIEMY MWJIOTaXy. BEBITONHEHWE 00paTHOTrO
MUIOTaXKa CBSI3aHO C PSAOM TpyIOHOCTEW. [loaToMy mepen HayaaoM IMOJETOB Ha OOpaTHBIA MIIIOTaX HE0OXOoauMa
TLIATeNIbHAsl NOJTOTOBKA JIETYMKa Ha 3emiie. OJHUM M3 BaXKHBIX 3JIEMEHTOB 3TOM MOJATOTOBKH SIBJISIETCS U3YUYECHHE
A’POTMHAMUKH ¥ TUHAMUKA KaXIOW (DUTYpPBI, 0COOCHHOCTEH yCTOMYMBOCTH M YIIPABISEMOCTH, PacYeT OCHOBHBIX
napameTpoB ¢uryp. TpyIHOCTh OCBOCHHS OOPATHOTO MIUIOTAXKa 3aKITFOYAETCS B TOM, YTO OH OPTaHUYECKH JTOJKEH
BBITIOJTHATHCS B KOMIUIEKCE C MPSAMBIM IIJIOTAXXEM; 3TO Ha MEPBBIX IMOpaX MOXET JIe30pHEHTHPOBAThH JETUHKA B
OTHOUIEHUM JIEHCTBUI PYJISIMU, PA3JIM4YHON YCTOMUMBOCTBIO U YIPABISIEMOCTBIO NIPSMOT0 U NIEPEBEPHYTOTO OJIETA.
Jlis mprmepa pacCMOTPUM HECKOJIBKO (HUTYp 0OpaTHOTO MIIOTaXKa: BUPAXK, METITIO.

OBPATHBIN BUPAK

Ilpasunsuvim odpamuvim eupaxcom (WM BUPKOM Ha CITMHE) HA3bIBAETCS Pa3BOPOT camosera Ha 360° B
TOPU30HTAJILHOW IUIOCKOCTH C TOCTOSHHOW CKOPOCThIO 0€3 CKOJIBXKEHHs, 0e3 morepu M Habopa BBICOTHI, C
oTpHIaTeNIbHON nieperpy3koit (Puc. 210).

[Ipn BBIMONHEHNH OOPATHOTO BHpaka HA CaMOJIET AEHCTBYIOT TAaKHE XK€ CHJIBI, YTO W HA HOPMAJIbHOM

I
BUpaxke. HeypaBHOBEIIEHHAsT LEHTPOCTPEMUTENbHAA CUja Y, , HeoOXonmmmasi Ui UCKPUBJIICHUS TPACKTOPHI»
TOJTYYac€TCA B PE3YJIbTATC HAKPEHEHU CaMOJIETa
7 n : 7

Cuna Beca-caMoJjieTa YPaBHOBCIINBACTCA COCTaBJ’ISIIOHICﬁ HOZ[”I)GMHOfI CHJIBI

Puc. 210 Cxema cun na npaguibHom oOpammuom supasice
Caenaem aHajgM3 OCHOBHBIX IapaMETPOB OOpPATHOIO BHpPaka M CPaBHUM HMX C MapaMmeTpamy IMPSIMOTO
BUpaXa.

1. MuHMMansHBIA paanyc OOpaTHOTO BHpaXxka OOJbIE, YEM HOPMAIBHOTO, TaK KaK B IIEPEBEPHYTOM
nosnete Cy''yixc MEHBIIE, 4eM B HOPMATHHOM.

2. Tak kak Hecymue CBOWCTBA KpbUIa B IEPEBEPHYTOM IOJIETE CHUXKAIOTCS, MaKCHUMalbHas BEIMYHHA
MOJBEMHON CHIIBI YMEHBIIAETCS, TOITOMY MAaKCHMAJIBHBIM KpeH Ha oOpaTHOM BHpake OyAeT MEHbLIE, YeM IIpH
HOPMJIBHOM. Y MEHBIIICHNE KPEHA YMEHBIIAET MAKCUMAIBHO JOCTUTAEMYIO OTPHLATENbHYIO IIEPErpy3Ky (-Ne).
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3. "3-3a yBenu4eHUs MPAKTUIECKH MUHUMAIBHON (9BOIIOTUBHON) CKOPOCTH, a TaKXKe M3-32 YMEHBIICHUS

big
BO3MOXHOTO KpeHa 7/ BpeMs 0OpaTHOTO BHPaXa yBETHIHBACTCS.

AHanu3 IOKa3bIBaeT, YTO BCE OCHOBHBIE IMapaMeTpbl oOpaTHOTO BUpaxa (KpeH, Meperpyska, paaumyc,
BpEMS) IO CPABHEHHIO C HOPMAIGHBIM BHPAKOM 3HAUNTEIBHO yXYAIIAtOTC.

TEXHUKA BBIIIOJTHEHUSA OBPATHOI'O BUPAKA

B ropusoHTansHOM IHOJIETE Ha CIIMHE Ha 33aHHONW CKOPOCTH CaMOJIET HY)KHO OTPEryIHpOBaTh TPUMMEPOM
W TUIaBHBIM KOOPJIMHUPOBAHHBIM JIBIDKCHHEM PYYKH M MeNaJeil BBECTH CaMOJIET B BHPaX, JUII 4ero pydky
YIPaBJIEHUS OTKIOHUTH B CTOPOHY MOAHUMAIOIIEroCs Kpbljla ¥ Ha)kKaTHEM Ha MPOTHBONOJIOXKHYIO MeJallb CO34aTh
BpamieHue. [1o Mepe yBenrueHns! KpeHa pyuKy yIpaBieHHs HEOOXO0UMO OTJaBaTh OT ce0st ISl yJep >KUBaHUs HOca
caMoJieTa OT OIYCKaHWS W ISl CO3JaHMs BpaiieHus. 1Ipy JOCTMKEHHM 33aJaHHOTO KpPEHA M YIJIOBOM CKOPOCTH
JBIDKCHUEM PYUYKHU W TIEJalIM yCTPAHUTh CTPEMIICHHE CaMOJIETa YBEINYNTh KPEH U BPAIICHHE.

Jliis BBIBOZIa camMoJjieTa M3 O0paTHOrO BHpaka HyXHO 3a 25-30° 10 HAMEYCHHOTO OPUCHTHPA JBIKCHHEM
PYYKH B CTOPOHY MPOTHUB KPEHA U HA)KaTUEM Ha BEPXHIOIO MeAallb YMEHbIIATh KpeH U BpauieHue. [locne Brixona
caMoJieTa W3 KpeHa M BpALUEHUS I[IOCTaBUTh PYJIM HEUTpaIbHO, YIEp>KMBas CaMoOJeT B TOPU3OHTAJIbLHOM
MEePEBEPHYTOM IOJIETE.

[Mopsinok nelicTBUi JeTYNKa NPU BBINOJIHEHUH 00paTHOTO BHpaxa ¢ KpeHoM 60° Takoi ke, Kak U BUpaxa
¢ kpeHoM a0 45°. Ho B omTiMuyMe OT MEIKOrO BHpaka B MpPOIECCEe CO3MaHHMS KPeHa HEOOXOIMMO ILIABHO
YBEJIMYHMBATH TATY JBUTATENS (YBEIUYMBATH HAIUIYB) JIO TIOJIHOW K TOMY MOMEHTY, KOTJa KpeH AocTurHet 45°. [Tpu
JAITGHEHINIEM YBEIIMYCHUN KpEHAa pyYKa YIpPaBJICHUS 3HAYUTEIBHO OTHACTCS OT ce0sl IS YBEIHYCHHS YTIIOBOTO
BpallleHUs, a PYyJIEeM HANpPAaBIICHUS BBIIECPKUBACTCS IMOJIOKEHHUE KaloTa OTHOCUTENbHO TOpH30HTA. JlelcTBus
pyJSIMH Ha BBIBOJE TaKWe K€, KaK W MPH BBIBOJEC W3 MEIKOTO BHpaXka, HO MO Mepe YMEHBIICHHS KpeHa pydKa
mooupaercss Ha ceOsl U1 TOro, 9TOOBI caMOJIeT He MOJHUMAT HOC, M YOHpaeTcs HaaIyB A0 HEOOXOOUMOTO IS
TOPH30HTAIFHOTO TIOJIETa Ha CIIIHE.

OBPATHAMSA NNETJIA
O6pamnoii nemeil Ha3pIBaeTCs IBIXKEHHUE CaMOJIETa 110 KPUBOJIMHEHHOM TpaekTopuu, umeroiiei hopmy
3aMKHYTOH TE€TJIH, B BEPTUKAIFHON INIOCKOCTH C OTPHULATEIBHBIME YTIaMU aTakKl U OTPUIATEIHHOM Meperpy3Koi.

ITepen BeImoOTHEHUEM O0OPAaTHOW METIH CO CIMHBI HEOOXOIUMO B TOPU30HTAIBHOM MEPEBEPHYTOM IOJIETE
pa3orHaTh caMmoJeT 0 3alaHHO# ckopocTH. OOBIYHO 3Ta CKOPOCTH ONM3Ka K MaKCHMallbHOW. JIOCTUTHYB HYKHOU
CKOPOCTH, JIETYHK OTHAET PyUKy OT ce0si, YBEIMUMBAs TeM CaMbIM OTPUIATEIbHBINA yroa ataku ' i nogsemuyro
CHITY Y7 KOTOpas CTaHeT OOJbIle CHIBI Beca camojera. V30BITOK MOIBEMHOW CHIIBI G’H—G) Oyzer Toit
[IEHTPOCTPEMUTENBHON CHIIOHN, KOTOpast ICKPUBJISIET BBEPX TpaeKkToputo nBrxeHus (Puc. 211).

£
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Puc. 211 Cxema cun na o6pamuoii nemie

N3menenue neperpysku -#y, paanyca NeTIu, CKOPOCTH IOJIETA [0 TPACKTOPUH Ha MeTNIe PACCUUTHIBAIOTCS
1o TeM jxe (opMmyiiaMm, 4To M Juis MpsMoil oOblYHOW meTiu. HauanbHas cKopocTh BBOJA B IETIIIO JOJDKHA OBITH
6onee aByx Uy mepeBepHyTOro moiera. [Ipu BBOAE B METIIO HA MEHBINCH CKOPOCTH B BEPXHEH TOUKE METIH
CaMOJIET CHIIBHO TEPSIET CKOPOCTh, B Pe3yJIbTaTe uero MoabeMHas cuia Y' CTaHOBHTCS MeHblle Beca camosera (¥
<(G) ¥ BMECTO OTPHUIATEIHHON Meperpy3Ku - F1y MOSBIIETCS MOJIOKUTENbHA. JIETINK 3TO TOJI0KEHUE OMIYIIALT I10
OITyCKaHHIO Ha cueHbe. [leTi momyyaercs HempaBuibHOM. [leperpys3ka Ha metie onpeaessieTcs Io GopMmyie:
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rae 0 - YTOJI MEKAY TOPU30HTANIBIO U KACATEIBHON K TPAeKTOPHH JBIKEHHUS B PACCMaTPUBAEMOH TOUKE.

®opma oOpaTHOH meTnaM, KaKk M HOPMAJIBHOM, W3-3a yMEHBLICHUS CKOPOCTH W pajuyca KPHBHU3HBI
TPAaCKTOPUU B BEPXHEU €€ YaCTU MOJIy4aeTCs HECKOJIBKO BBITSHYTOM BBepX. B BepxHeW TOUKE METIU CKOPOCTh
HoJIeTa U pajiyC HauMEHbIIIHE.

[Ipy nBYXEHHMHN 1O KPUBOJIMHEHHOM TpaeKTOpWH Ha OOpaTHOW IeTie, Kak U Ha HOPMAJIbHOW, HA CaMOJIET
OKa3bIBAIOT BIMSHNE THPOCKOITMUECKUN ¥ PEaKTHUBHBIA MOMEHTHI BO3yIIHOTo BUHTA (poTtopa TP/I).

Ha camonerax ¢ BUHTaMM JIEBOTO BpaIleHHs (€CIM CMOTPETh M3 KaOWHBI caMoOJjeTa) MPH BbINOIHEHUH
BOCXO/ISIIIEH 4acTH 0oOpaTHOH NETIM TMPOCKONMYECKMH MOMEHT BBI3BIBAET Pa3BOPOT BIPABO (C TOYKH 3pEHUS
JeTynKa). OTa TeHJEHLHUS K pa3BOPOTY JIETKO IMapuUpyeTcs OTKIOHEeHHeM JeBoi nefany. C yMeHbIIEHHEM CKOPOCTH
3aMETHEE IPOSBIISICTCS PEAKTUBHBIA MOMEHT, KOTOPBIH CTPEMUTCS HAKPEHUTh CaMoOJIET BIpaBo. (s ycTpaHeHMs
9TOr0 HaKpEHEHUsI HEOOXOANMO OTKIIOHATH PYUKY YIPaBIICHUS BIIPABO.

TEXHUKA BbIIIOJTHEHUSA OBPATHOM NETJIN.

Jist BBITIOJIHEHUST 0OpPATHOM IETIIM CO CITUHBI HEOOXOAMMO B TOPH30HTAIBHOM IEPEBEPHYTOM IMOJIETEe HA
MOJTHOM MOII[HOCTH JBUTATENs C HEOOJBIIUM CHIDKEHHEM pa3orHaTh CaMoOJIeT J0 3aJaHHOW CKOPOCTH BBOJA B
HETIIIO.

[Ipu KOCTHKEHUU 3aJaHHOW CKOPOCTH BBOJA IUIABHBIM, HO SHEPTUYHBIM [(BIDKCHUEM PYYKU YIPABJICHHS
OT ce0sl CTPOro MO NPOJIOIBHON OCH CaMOJIETa YBEIUYUTh OTPHLATEbHBINA yrou ataku. OTpulaTesbHas eperpy3Ka
TP 3TOM JIOJIKHA OBITH OKOJIO 4.

ITo mMepe Bo3pacTaHus yriia MoJbeMa TEMIT OTAAYd PYYKH OT ceOsl YBEIMUYHMBATH J0 MOAXO0JA CaMOJeTa K
TOPU30HTAILHOMY ITIOJIOKEHUIO (BEepXHss Touka). Henb3st A0mycKaTh U3IHIIHEH OTIa4d PYYKH OT ce0sl, TaK Kak Ipu
3TOM TEPSETCS CKOPOCTh U YCTOWYMBOCTH CAMOJIETA, MOXKET HA4YaThCs TPSACKA camoiera. [Ipu MOSBICHHH TPSCKU
HEOOXOAUMO 3aMEINTh TEMIT OTIAYd PYyYKH OT ceOsl.

IIpu nmoaxone k rOPU3OHTAIBHOMY IOJIOXKEHHUIO B BEpXHEH TOUKE METIM PydKa YNpaBIEHHUS HECKOJIBKO
noaOupaercst Ha cedst Ul MPeJOTBPAIeHNs] Pe3KOTr0 OMYCKaHMsI HOca caMoJjieTa IOCie MPOXOoJa BEpXHEeW TOUYKH
netiu. [locie mpoxokaeHus: BepXHeil TOUKH, KOTja HOC caMoJieTa OIyCTUTCs Ha 15-20° HimKe TOPH30HTA, IUIABHO
YMEHBIIUTH MOIIHOCTb ABUTATENS 1O MHHUMAJIBHOH.

Korna camorner Oyzer HaXoJUThCsI B OTBECHOM ITUKMPOBAHMH, 33J€pKaTh PYUKy JUIsl Habopa CKOPOCTH, a
3areM, IJIaBHO OT/JaBasi py4yKy OT ce0sl, C meperpy3koii 3,5-4 mepeBecTr caMoJieT B PEeKUM FOPHU30HTAIBHOTO MOJIeTa
Ha CIIMHE C TaKUM pacdyeToM, 4TOoObI CKOPOCTh Ha BBIBOZE ObLIa paBHa ckopocTH BBoza. [Ipu moaxone camonera K
TOPHU3OHTAJIILHOMY TIOJIOKEHUIO YBEIIMYUTH MOIIHOCTH JBHrarens A0 HEOOXOJMMOW ISl  BBIIIOJHEHUS
TOPHU30HTAJIFHOTO I0JIeTa Ha CIIMHE WM AJIS [Iepexo/a B APYTYyo GUrypy IMHIOTaxa.

OCHOBHBIE XAPAKTEPHBIE OLIIMBKH ITPU BBIIIOJTHEHUU OBPATHO¥M IETJIN:

- Majla CKOpPOCTb Ha BBOJIE€ - CaMOJIET B BepXHEH TOYKE METIM TepseT YCTOWYMBOCTH, CBAIMBAETCsS Ha
KpBUIO;

- BEJIMK TEMII OTa4M Py4YKH OT CeOs - caMOJIEeT TepseT CKOPOCTh M YCTOWYHBOCTD, BOSMOYKHO CBAJIMBAHUE
Ha KpBUIO;

- HE 3aM€YACTCA U HE YCTPAHACTCA KPEH - CAMOJIET YKIIOHACTCSA OT BEPTHUKAIIN.

YCTOMYUBOCTD U YHPABJISIEMOCTDH CAMOJIETA B OGPATHOM MOJIETE

YCTOHYMBOCTE W YIPaBISAEMOCTh camolnera SIK-55 mpu BHITONHEHWH OOpPAaTHOTO MOJIeTa MMEET Te Ke
XapaKTEPUCTHKH, YTO U B IIpsiMoM Tosere. Camouret Sk-52 uMeet cBor 0COOEHHOCTH.

CDOKYC camoirera fk-52 IIpyU BBIITOJIHCHUUN 06paTHOFO IMOJICTa CMCIICH Ha3aJ 3a CYCT yIJjla yCTaHOBKH
CTa6I/IJ'II/I3aT0pa, PpacCYUTAHHOI'O Ha HpHMOﬁ II0JICT.

Kpome Toro, B 00paTHOM mNoJjieTe yMeHbIIaeTcs BennunHa MomenTa camoueta npu Cy=0 (Mz,) Bciencraue
M3MEHEHHsI CKOCa IMOTOKa OKOJIO TOPU3OHTAJIBHOTO ONEPEeHHUs, HAMYUS yIila YCTaHOBKM CTAOWIM3aTOpa M psja
JIpyrux (GakTopos.

BBuay HEKOTOpOro yBEIHYEHHUs NPOJOJIBHONH YCTOHUMBOCTM B OOpaTHOM IOJIETE YIIPABIIEMOCTb
caMoJieTa B IPOJOJbHOM OTHOIIEHUH YXYIIIAETCA, IO3TOMY YBEIIMYMBAETCA PACXOA PYJIL BBICOTHI ATl N3MEHEHHUS
OTPUIATENIbHON MOABEMHONW CWJIBI Ha OIpENENICHHYI0 BenuuuHy. CllenoBaTenbHO, AT CO3MAaHHS IEPErpy3KH
HEOOXOAMMOMN BEIWYMHBI MOTPEOHOE OTKIIOHEHHE PYJISl BBICOTHI OKa3bIBa€TCS OOJBIIMM, YEM B MPSMOM IMOJETE.
IloBBIIIEHHBIN PAaCXO/ Py BBICOTHI BBI3bIBACT IIOBBILICHHBIE YCUIIUA HA pydke ynpasieHus. Iloaromy netuuk s
CHSATUS IIEPErPY30K JOJDKEH UCII0Ib30BaTh TPUMMED.
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ITomepeunas 1 myTeBasi yCTOHYMBOCTE camoiera Sk-52 B oOpaTHOM MoeTe MPAaKTUIECKH HE U3MEHSETCS,
TaKk KaK CaMoOJIeT MMEeT Malylo V-00pa3HOCTh KpbUIa, YTO B 3HAYHTEIHHOM Mepe BIMSIIO OBl HA IMOIEPEYHYIO
ycTOiuMBOCTh. [1ToMane BEpTUKAIBHOTO ONEPEHHs, [UTHHA (ro3eishka, popMa Kpblia B IJIaHE, YCIOBUS O0TCKaHMUS
KpbUIa U (pro3eisika BO3AYIIHBIM ITOTOKOM MPAKTHYSCKH HE M3MEHSIOTCS MPH MEPEXoje OT MPsMOro K 0OpaTHOMY
noJiety. [103TOMy MOXKHO CUUTATh, YTO MyTEBas YCTOWYMBOCTh B OOPATHOM MoOJieTe camosiera SK-52 mpakTH4ecKd
HE OTJIMYAeTCs OT MyTeBOM YCTOMUHUBOCTH B MPSIMOM IOJIETE.

IHOBOPOT HA BEPTUKAJIN

Iloéopom na eepmukanu peCcTaBiIseT coO0H MoBOpoT Ha ropke ¢ yriaom 90° (Puc. 212).
BeIxox Ha BepTHKaIb BBEPX OCYIIECTBIIETCS TaK )K€, KaK [epBasi 4eTBEPTh METIIH.

Jns MCKpUBIICHHS TPAaeKTOPUHU TOJNETa B BEPTHKAIBHOW IUIOCKOCTH HEOOXOAMMO OTKJIOHHTH pPYJb
MIOBOPOTA B CTOPOHY BBITIOJIHSIEMOTO IOBOPOTA Ha BEPTHKAIIH.

Ilocne BeIMOJIHEHUS OBOpOTa CaMOJICT BBIIIOJHACT OTBCCHOC NMHUKHPOBAHUE C PA3rOHOM CKOPOCTU U C
MOCJICAYOIIUM BbIXOJ0M B FOpH30HTaHBHLII>‘I II0JICT.

HpI/I BBIIIOJTHEHUH ITOBOPOTA HA BEPTUKAJIIN HAa BHEHIHEM IIOJIYKPBIJIE CO3AaCTCA MOABEMHAs CrUjia OoJibIIast
110 BCJIMYMHE, YEM Ha BHYTPCHHCEM IMOJYKPBUIC, YTO NPHUBOAUT K MOABJICHHUIO KPE€HA CaMOJI€Ta B CTOPOHY pa3BOpOTa.

[osBuBIIMiics KpeH HEOOXOOMMO IPEAYNPEIUTh OTKIOHEHHEM pYYKH YNPAaBICHUS IO 3JIEPOHAM B
CTOPOHY BHEIITHETO MOJYKpPbLIA.

Tak Kak CKOpPOCTb IpH TOJIETE Ha BEPTHKAIN BBEPX YMEHBIIACTCS, TO JUIL HOAJEep)KaHHUs paBeHCTBa Y=0
HEOOXOAMMO COpa3MEpHO YMEHBIIEHHIO CKOPOCTH OTKJIOHATH PYYKYy YIpaBieHHs Ha ceOs, a Ipu IoyieTe Ha
BEPTHKAJIM BHU3, HA000POT OT cebs, 4TO 0COOEHHO XapaKTepHO Julsl camoJiera SK-52, nMeronero HeCUMMETPHYHBIH
po b KphLIa.

B pesynbrare ycuieHus: peakiiy BO3AYIIHOTO BUHTA caMoJIeThl SK-52 u SIk-55 ¢ yMeHbIIEHUEM CKOPOCTH
MOJIETa CTPEMSITCA Pa3BEPHYTbCS OTHOCHUTENIBHO MPOAOJABHON ocu X BOpPaBO. JTO OTKIOHEHHE HEOOXOIUMO
KOMIIEHCUPOBAaTh OTKJIOHEHHEM PYYKHU YIIPABJICHUS IO 3JIEPOHAM BIIEBO.

Puc. 212 Cxema cun, oeiicmeyomjux Ha camonem npu 6blNOJIHEHUN NOBOPOMA HA 6EPMUKATIU

TEXHUKA BbIITIOJTHEHUSA TIOBOPOTA HA BEPTUKAJIN

B y4eOHBIX mesiX MOBOPOT Ha BEPTUKAIHM BBITIOIHSETCS Ha CKOPOCTH BBOAA Ha BepTUKainb 260 KM/d.
O6opoTs! nBurarens 82 % Mmpu MOTHOM HaJlIyBe.

[Tepen BBOZOM B (GUrypy HEoOXOIUMO OCMOTPETh BO3AYIIHOE IMPOCTPAHCTBO W YOEAMUTHCSA, YTO OHO
cB0OOHO. HameTnTh opreHTHp 1St BHIBOAA.
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B ropusoHTansHOM TONETE WM HAa CHIDKEHHHM YCTAHOBHTH CKOPOCTh 260 KM/4. 3areM IJIaBHBIM, HO
SHEPTrUYHbIM OTKJIOHEHHEM PYYKH YIPaBJICHHs Ha ce0sl, yBelMuuBas yroyi KaOpHpOBaHUs, BBIBECTH CaAMOJIET HA

BepTukanb (X =90°). [TonoxeHre caMmoeTa Ha BEPTUKAITH BBEPX KOHTPOJIUPYETCS IO MOJIO0KEHUIO MOTYKPBUTBLEB U
TpyOku I1B/] oTHOCHTENBHO TOpH30HTa (TpyOKa I1B/] nepnenaukyisipHa TOpU30HTY), a Ha camoiere Sk-52-Taroke
10 AaBUArOPU30HTY.

IIpu nmoaxone koHcomu kpbuia (TpyOku [1B/] k BepTHKaIbHOMY MOJOXEHHIO) KOPOTKHUM M IHEPTUYHBIM
JBIDKEHHEM PYYKH YIpaBICHUS OT ce0si HeoOXOIUMO 3a(MKCHpOBATH CAMOJIET HA BEPTUKANU. YOEOUThCS B
BEPTUKAIHHOM II0JIOKEHHH CaMOJIeTa.

ITo nmoctmwkennn ckopoctu 50...60 kM/4 (Ipu mpaBoM paszBopote) u 70...80 KM/4 TIpH JIEBOM Pa3BOPOTE
IUIABHBIM, HO KOPOTKHMM OTKJIOHEHHEM IIeali IOJIHOCTBIO B JKEJIAEMYIO CTOPOHY Pa3BOpOTa BBECTH CaMOJIET B
Pa3BOPOT.

Jist KoMIieHcanuy TOSIBIISIOIIETOCs KPEeHa Ha pa3BOPOTE€ HEOOXOIMMO OTKJIIOHSTH PYUKY YIPaBJICHUS B
CTOPOHY BHEIIHEro IOJyKpbUla. BimnsHME TMpOCKONMYECKOr0o MOMEHTA BO3AYIIHOI'O BHHTA, Pa3BOPAYMBAIOLIETO
CaMoJIET B TOPH3OHTAJBHOM IUIOCKOCTH, MApHpOBaTh OTKJIOHEHHEM pPY4YKH ympaBlieHUus oT cebs. Kak Tonbko
camoJet rmoBepHercs Ha 35...40°, cnemyer yMEHBIIUTE 000POTHI ABUTATENs (Ha JIEBOM Pa3BOpPOTE) MU 3aTSHKEIHUTh
BO3AYIIHBIA BUHT (Ha IIPaBOM pa3BOpoOTeE).

ITocne BoimosHeHuss mnoBopora 3a 10..15° 10 BepTUKAIBHOrO TMOJOXKEHHS BHHU3 OTKJIOHEHHEM
MPOTHBOMOJIOKHON TeJaly MPEeKPaTUTh Pa3BOPOT, a OTKIOHEHHEM PYYKH YIPAaBICHHS B JKEIACMYIO CTOPOHY
YCTaHOBHTH YTOJI NMHUKHUPOBaHUS paBHBIA 90°. 3aTeM MpPOKOHTPOJMPOBATH YCTAHOBJICHHUE BEPTHUKAIH BHH3 IO
MOKa3aHWsAM aBHUAropm3oHTa (Ha camolnere SKk-52) W moloXeHHto MONyKpbuTkeB U TpyOku [1BJ] oTHOCHTENBHO
TOPHU30HTA U TIepeI BEIBOAOM B TOPU30HTANIGHBIHN TOJIET IIPOUTH TAKOE YKE PACCTOSHHUE, UYTO M HAa BEPTHKAIN BBEPX.

BeiBon camosiera B TOpH30HTAIBHBIN MOJET HeoOXoauMo HaynHaTh Ha ckopoctd 200..210 xkm/4u
OTKJIOHEHHEM PYYKH YIpaBieHUs HA ceOs, YMEHBIINTDH yTIIIbl KAOPUPOBaHMUS U BBIBECTH CAMOJIET B TOPU30HTAIILHBIN
MOJIET Ha BHIOPAHHBIA OPHEHTHD.

PACHPEJEJIEHUE BHUMAHUA:
NpU BBO/Ie B BEPTHKAJb U BBIBOJIE C Hee:
Ha OTCYTCTBUH KPEHA;
Ha ONpeAeICHU MOMEHTA U TOUHOCTH BBIXO/1a HA BEPTUKAJIb;
Ha OTCYTCTBUH CMELICHUSI OCH;
NIpU NOBOPOTE:
Ha yAePKUBAaHUM BEPTUKAIH:

Ha ONpe/esIeHNd MOMEHTa YMEHBIIEHHS 00OpOTOB MIIM MEPEBO/A BO3LYLIHOTO BHHTA Ha OOJBINON Iuar,
COOTBETCTBEHHO Ha JIEBOM H IIPABOM Pa3BOPOTE;

npu BbIBOJEC:

Ha OIpEAEJCHUH MOMEHTa YBEIWYeHHs O0OpOTOB JABHIaTeNsl WM IEepeBoJa BO3AYIIHOIO BHHTA Ha
0ombIIIOH 1Iar (B 3aBUCUMOCTH OT CTOPOHBI Pa3BOPOTA);

Ha OTCYTCTBHU KPEHa;
Ha BBIXOJIe Ha BBIOPaHHBIN OPUEHTHD;

Ha BEJIMYNHE CKOPOCTH M EPETPY3KH.

XAPAKTEPHBIE OTKJIOHEHHUA 1 OIIUBKHA ITPU BBINTOJTHEHUN TIOBOPOTA HA
BEPTUKAJIM:

BbIXO/] Ha NOJIOKUTCJIbHYIO WJIN OTPULIATCIbHYIO BEPTHUKAJIb,

CKOpPOCTH BBOZA@ B IIOBOPOT 0oJIbIIIE HOTpe6HOI>i - IpU OTKJIOHCHUH TI€JaJIM Ha BBO/ - CAMOJIET IMPOAOJKACT
Ha6op BBICOTbHI C BHCIIIHUM CKOJIB)KCHHECM

BO BpEM: IOBOPOTA KPEH HE MOJICP>KUBAETCS PYUKOH yIIPaBICHUS - CAMOJIET 3aBAIMBACTCS HA «CITUHY»;
MaJIbIi TPOX0/JI caMoJIeTa BHH3 110 BEPTHKAJIM - HEpaBHOMEPHBIE JINHUU BBEPX M BHU3;

PaHO WM TIO34HO OTKJIOHC€HA M€Aalib YHIPAaBJICHUS Ha BBIBOA- CaMOJIET BBIIIOJHACT IIOJET BHHU3 II0
BEPTUKAIN CO CKOJIBXKCHUCM.

YIIPABJIAEMASA BOYKA HA BEPTUKAJIM BBEPX U BHU3

VYupagisieMble BpalleHUs Ha BEPTHUKAJIM BBEPX W BHH3 SBISIOTCA (DUIypaMu NUJIOTaXka, BKIIOYAIOIIUE
BOCXO/ISIIIIME ¥ HUCXOJSIIIHME y4acTKH 1eTiii HectepoBa, BepTHKaIBHBIH HA0Op BHICOTHI M OTBECHOTO MMUKUPOBAHUS,
1 UMEIOT Te ke Xapakrepuctuku (Puc. 213, Puc. 214).
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Puc. 213 Cxema cun, oeiicmeyrowux Ha camoiem Puc. 214 Cxema cun, oelicmeyrowux Ha camoem
npu 6bINOJIHEHUU YNPABIAEMOU OOUYKU HA npu 6bINOJIHEHUU YRPAGNAEMOU GOUKU HA
éepmuKanu eeepx GEepMUKAIU 6HU3

CXEMA CUJI 1 YPABHEHUA IBUKEHUSA

Paagnyc KpuMBU3HBI TPAaeKTOPUH HA BBOJAE M BBIBOJE M3MEHSETCS HPSMO NMPOHNOPLHOHAIBHO H3MEHEHHIO
CKOPOCTH.

[Tpu BBINONTHEHNU OOYKHM Ha BEPTHKAIM Ha CaMOJIET IEHCTBYET LIEHTPOCTPEMHUTENbHAS CUJIa, CTPEMSILAsICs
3aBAJIUTh €r0 Ha «CIIHHY», BEIMUMHA 3TOW CUIIBI 3aBUCUT OT CKOPOCTH BPAILIEHUS U OT MOJIOKEHHS HECYILIUX YacTel
camoJieTa ¥ pa3Hoca Macc OTHOCHUTENBHO ocH BpauieHus. Kpome Toro, och camonera Sk-52 He cOBHAfaeT ¢ OChIO
BpalllCHHs HAa BEIMUYUHY YIJIa YCTAaHOBKHU Kpbula. Takxke Ha camonere Sk-52 uMeeTcsl AELeHTpalus TArH CUIOBOI
ycTaHOBKH. Bce Bblmeyka3zaHHble (DaKTOPBI CO3IAOT MOMEHT, CTPEMSINHUIICS OTKIOHHTH OCh caMoJeTa OT OCH
BpAIIIEHHs BO BHEIIHIOO CTOPOHY. [ToaTOMYy U1 TOro 94ToOBI CaMOJIET B IIPOLIECCe BPAIICHUS HE OTKIIOHSIICS OT OCH
BpaIIeH!s, HEOOXOIMMO PYUKY yIPaBICHUS OTKIOHSTH OT ceOs.

B pesynbrare neiicTBUS THPOCKONMYECKOIO MOMEHTA BO3AYIIHOTO BUHTA CaMOJET B MPOLECCE BPALCHUS
CTPEMUTCS Pa3BEPHYTHCS BJIEBO. JTO OTKIOHEHHE HEOOXOANMO KOMIICHCUPOBATH OTKJIIOHEHUEM PYJIS yIIPABJICHUS B
MPOTUBOIOJIOXKHYIO CTOpOHY. [Ipm 3TOM HEOOXOAMMO IIOMHHTBH, YTO BBIINIEYKAa3aHHBIA MOMEHT IIpH JIEBOM
BpAIIEHNH TIOMOTAET BPAIIECHHIO, a IPH ITPABOM - IPOTUBOAEHCTBYET.

[Tpu BBINOJIHEHHM BpaleHUs] Ha BEPTHUKAIM BBEPX CKOPOCTh IOJIETAa yMeHbLIAaeTcs, 3(PPEKTUBHOCTH
3JIEPOHOB YMEHBILAETCS,

MO3TOMY AJIsI TIOAJCP)KAaHMS IOCTOSHCTBA YIJIOBOTO BPAIICHUS HEOOXOAMMO 3JIEPOHBI OTKJIOHATH Ha
6O0JIBIIIYIO BEJIMYMHY COPa3MEPHO YMEHBIIEHUIO CKOPOCTH.

BrImoHss BpalieHusl Ha BEPTUKAJISAX BHU3, HA00OPOT, BCICICTBIE YBEINICHUS d3PPEKTHBHOCTH JIEPOHOB
MOTpeOHBIE YIIBl OTKJIOHEHWS YMEHBIIAIOTCA. TakKe BCICICTBHE YBEIMYEHHS CKOPOCTH NOIbEMHAs CHIia
YBEJIIMYUBACTCS, YTO IMPHUBOAUT K OTKJIOHEHHIO OCH CaMoOJieTa OT OCH BpameHHd. [103ToMy MIpOmopIHOHAIEHO
YBEJIMYEHUIO CKOPOCTH PYUKY YIIPABIICHHS B MIPOIECCE BPAIIEHUS HEOOXOIMMO OTKJIOHSTH OT ceOsl.

Hepexou H3 TII0JICTa Ha BCPTUKAJIL BBEPX B MOJET HAa BCPTUKAJIbL BHHU3 TIOCJIC BpalllCHHUA MOXHO
OCYIICCTBJIATH KaK IIOBOPOTOM Ha BEPTUKAJIHN, TaK U BbIXOJOM Ha cebs 1 oT ceOls.
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TEXHHUKA BBITIOJTHEHHUS YIIPABJIIEMOM BOUKH HA BOCXO/SIIIEN BEPTUKAJIA BBEPX

BBox B ¢urypy HeoOxoaumMo HaumHaTh Ha ckopoctd 320 kM/4 B yueOHbIX mensx. OOOpOTHI IBUraTess
MaKCHMaJIbHbIe TIPH IIOJIHOM HajamyBe. [lepex BBOZOM HEOOXOAMMO OCMOTPETh BO3IYIIHOE IPOCTPAHCTBO.
Y6eanutbes B TOM, 9TO OHO cBOOOHO. HaMeTHTh OpHueHTHp JUT BBIBOJA U3 YIPABISIEMOTO BPAIIECHHS HA BEPTHKAIIH.

B ropu3oHTaIbHOM MOJIETE WM HAa CHH)KEHUH YCTaHOBHUTH CKOPOCTh 320 KM/d4 mpu paboTe ABHraTess Ha
MaKCHMaJIbHOM pEeXUMe. 3aTeM IUIaBHBIM, HO KOPOTKMM II0 BPEMEHH JBI)KEHHEM pPYy4YKH YIpaBIICHHS Ha cebds
MIEpeBECTH CaMOJIET Ha KaOpHpPOBaHHWE M BBHIBECTH Ha BEPTHKab. [IpOoBEepHTH TOYHOCTH BBHIBOJA Ha BEPTHKAIb IO
MOJIOKEHHIO TTONYKpbUIbeB U TpyOkn [IBJl oTHOCHTENBHO ropu3oHTa. 3aTeM yTOYHHTH MOJIOXKEHHE BBHIOPAHHOTO
OpHEHTHpA Ul BBIBOJA M3 BpallCHHsS W OTKIOHCHHEM DYYKH YIpaBICHHS B CTOPOHY BpaLICHHs Hayarh €ro.
JBr>xeHHe pYYKOH YIpaBIeHWs IOJDKHO OBITh IUIABHBIM, HO YCKOPEHHBIM. B mpomecce BpalieHus pydka
VIpaBJICHUS OTKIIOHSETCS OT ceOs (BIoNb 1o OOpTy KabwHEBI). BereacTBre BIMSAHUS THPOCKOITMYECKOTO MOMEHTA
BO3JYIIHOTO BHHTa OCh CaMoOJIeTa OTKJIOHSETCS BJIEBO, YTO HEOOXOIMMO KOMIICHCHPOBATH JITKUM Ha)KaTHEeM Ha
IpaByIo MeAaib (He0OXOIUMO IIOMHHTB, YTO Ha JIEBOM BPAILEHUH 3TO OTKIOHEHUE HE3HAYUTENBHO, a HA MPaBOM -
HUMeeT OOJIBIIYIO BEINYHHY ).

Ckopocth camonera ObICTpo TagaeT. [1o3ToMy mociie BBIIONHEHMS IOJHOTO BpPAIIEHHWS HEOOXOANMO
3a(hMKCHPOBATh €r0 OCTAHOBKY M HayaTh BBIBOJ] CAMOJICTa B TOPU30HTAIBHBIH MOJIET, HAIPHIMED, BHIXOJOM Ha cedsl.

[Ipu BbIXOZE OT ce0st pyuKa yIpaBiIeHHs OTKJIOHSAETCS OT ceOs MIaBHO, HO YCKOPEHHBIM JIBH)KEHHEM, TIPH
STOM MOJA J€HCTBHEM TI'MPOCKONMUYECKOIO0 MOMEHTA BO3AYIIHOTO BUHTA CaMOJET Pa3BOPAayMBAETCS BIPABO, YTO
KOMIIGHCUPYETCS OTKJIOHEHHEM JI€BOM IeJanu, a JeHCTBUE pPEeaKTUBHOIO MOMEHTAa CUJIOBOM YCTAHOBKH,
CTPEMSAIIET0 HAKPEHUTh CaMOJIET BJIEBO, HYXKHO [TapUPOBaTh OTKJIOHEHUEM PYUYKH YIPABICHUS BIIPABO.

B nponecce BbINOJHEHHs yNPaBJIsieMoii 00YKH HAa BepPTHKAJU BBEPX BHUMaHHe pacipeIessTh:
TIPU BBIXO0/1€ HA BEPTHKAJIb:

Ha OTCYTCTBUH KPEHA;

Ha OTCYTCTBUH CKOJIbKCHUS;

Ha I0JI0’KEHUH TIPOAOJIHOIM OCH caMoJjIeTa OTHOCUTEIBHO TOPU30HTA;
B Mpolecce BPAIleHHs] HA BePTHKAJIHU:

Ha OTCYTCTBUH OTKJIOHEHHS OCH CaMoJIeTa OT OCH BpaLICHUS;

Ha OTCYTCTBUH KPEHA;

Ha OTCYTCTBUH CKOJIbKCHUS;

Ha TeMIIe BpallCHUs;

NPH BBIX0/€ B TOPU30HTAJIbHBIN MOJIET:

Ha OTCYTCTBUH KPEHA;

Ha OTCYTCTBUH CKOJIbKEHUSI;

Ha OPHEHTHPE BBIBOJIA;

Ha CKOPOCTH.

XAPAKTEPHBIE OIIMBKHU ITPU BBIIIOJIHEHUH YIIPABJIIEMOI'O BPAIIIEHUS HA
BEPTUKAJIM BBEPX:

OoutblIas eperpyska Ha BBOZIE - OOJIbIIAs ITOTEPsi CKOPOCTH, BO3MOXKEH CPBIB B IITOIIOPHOE BPAILlEHUE;
MaJia reperpy3ka Ha BBOAE - OOJIbIIAst TOTEPSI CKOPOCTH M HEBO3MOKHOCTh BBITIOJIHEHHUS BPAILICHNS;

B IpoLECCC BpallCHUA pYy4YKa YIHPABJICHUSA HE OTKIIOHACTCSA OT cebs - caMoJeT OTKJIOHSETCS OT OCH
BpallCHUs, BpalllCHUC BBIMOJIHACTCA C 3apbIBAHUCM U 0OJIBIION HOTepeﬁ CKOPOCTH;,

pe3Koe OTKIIOHEHHUE AJIEPOHOB MPH BBO/JIC BO BPAIIEHHE - CAMOJIET OBICTPO TEPSIET CKOPOCTh.

TEXHUKA BBIIIOJIHEHUS YIIPABJIIEMOM BOUKHW HA BEPTUKAJIA BHU3

BBox B ¢urypy HeoOxoanmo HaunHaTh Ha ckopocTd 120 km/4. O6opotsr asuratens 70 %.

Ilepen BBOZOM CIeyeT OCMOTPETH BO3LYIIHOE IPOCTPAHCTRO.

Yoemutsca, 4To OHO cBOOONHO. HamMeTuTh OpMEHTHp I BBIBOJA W3 BEPTHKAIM M IS BBIBOJA U3
BPAILCHUS.

B ropuzoHTanbHOM MOJIETE YCTAaHOBHTH cKopocTh 120 kM/d4, yOpaTh HaagyB ¥ IUIABHBIM OTKJIOHEHHEM
PYYKH yIpPaBICHUS OT ceOsl BBECTH caMoJieT B MuKupoBanue. [1o noctrkeHun yria nukupoBanus 90° (0TBECHOTO
MUKUPOBaHUA) 3aUKCHpoBaTh ero. HameTuts opueHTHp Ha 3eMHOM MOBEPXHOCTH U Ha ckopocTH 140 km/4 HavyaTh

BpallleHNE OTKJIOHEHHWEM PYYKH YNpPAaBICHUS B CTOPOHY BpalleHHs. B mpomecce BpamieHHs PYyUKy YIIPaBICHHS
HEOOXOANMO OTKJIOHSATH OT CE0sI COPa3MEPHO YBEINYEHHUIO CKOPOCTH.
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3a 20...30° 10 OKOHYaHUS BpaIIECHUS HA4aTh OTKJIOHATH PYUYKy YIpaBICHHUS B OOPaTHYIO CTOPOHY H B TO
e BpeMsl He0OXO0IMMO IIPOAOIIKATh OTKIIOHEHHUE €€ OT ce0sl, IOMOraTh BPAIlCHUIO OTKIOHEHHEM IIElalI B CTOPOHY
BpalieHus.

[Tocne mpekpaiieHust BpalleHHs PYIH YIPaBICHUS MOCTaBUTh HEHTPAIbHO M B3ATHEM (OTKJIOHEHHEM)
PYYKH yNpaBIeHHUs Ha ce0s HadyaTh BHIBOJA CaMOJIETa B TOPH3OHTAIBHBIA IOJNET HAa BBIOPAHHBIA OPHUEHTHD IS
BBIBOJIA.

Pacnpenesienne BHUMaHHs 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 OTKJIOHGHUH PYUYKHU YIpaBlICHUS Ha cels;

Ha OTIpEJICTICHNH Havyalla OCTAaHOBKH BPAICHUS;
Ha HapacTaHUH CKOPOCTH;

Ha OTCYTCTBUH CKOJIbKCHUS;

TpH BbIBOJE:

Ha OTCYTCTBUH KPEHA;

Ha TUIABHOCTHU OTKJIOHEHHMS PYUKH yIIPaBICHUS;

Ha OTCYTCTBHUU CKOJILKCHUS.

XAPAKTEPHBIE OIIMBKHY ITPU BBITTOJTHEHUM YITPABJISAEMOM BOUKH HA BEPTUKAJIA
BHMA3:

IIPH BBOJIE CaMOJIETa C TOPU3OHTAIBHOTO TIOJIETa HAa BEPTUKAIb BHU3 HE YOMPAIOTCS ITOHOCTHI0 00OPOTHI -
OBICTPO HapacTaeT CKOPOCTH;

MCEJICHHOC BpallCeHUe - OoJIbLIas NOTEPA BBICOTHI;

pydKa yHpaBJIeHHsI B IpOLEcCe BpALIEHHs HE OTHAETCS OT celsl - caMOJIET BBIXOAUT M3 BEPTHKAJILHOTO
BpAILLEHUS U MOXKET IePeNTH B KPYTYIO CIUPAIb;

GoutbIIIast CKOPOCTh Ha BBIBOJIE - BO3MOKHO MPEBBILIICHUE MIEPETPY3KH;

MIPH BEITIOJIHCHUH BBIBOJIA B TOPU30HT CO3/1aeTCS OOJBIIOE CKOJIBXKCHHE - BO3MOXKEH CPBIB B IITOMOPHOE
BpaIleHue ¢ OOJBIION Meperpy3Kou.

KOJIOKO.JI

Konokon - 310 durypa nuiaoTaxa, Ha KOTOPOH CaMOJIET MPOXOIUT HYJIEBYIO CKOPOCTh, TO €CTh CKOPOCTh
W3MEHSIETC OT 3aJaHHON CKOPOCTH BBOJA 10 HYJEBOH W NpH NaJCHUM HAa «XBOCT» HMMEET HE3HAYUTEIbHYIO
OTPHIATENIFHYIO BEIMYMHY W Jajee yBEIWYMBAeTCs O CKOPOCTH BBIBOJIA B TOPHM3OHTAIBHBIA moiner. B karamore
(uryp murotaxxa UIMEIOTCS CIEAYIOIINE BUABI KOJIOKOJIOB:

C NpsMO20 noiema - nadexue nepeo;

€ NPAMO20 noiema - nadeHue Hasao,

¢ obpammuoeo nonema - nadexue snepeo,
¢ obpammnoeo norema - nadexue Ha3ao.

[Magenue Briepeq U Ha3a/] HA KOJOKOJE CO3JAIOTCS COOTBETCTBEHHO OTKJIOHEHHEM PYYKH YIPABICHHUS OT
cebs (mageHue Ha3aM) WK Ha cels (mazeHue BIepen) Ipu MPoXoae caMoJIeTOM CKOPOCTH, paBHOW HYJIIO, M Hadaya
MAJICHUs] Ha «XBOCTY.

[Ipn mageHnn camonera Ha «XBOCT» M OTKJIOHEHUM PYYKH YIIPaBJIEHHS B COOTBETCTBYIOLIYIO Ia/ICHHIO
CTOPOHY BO3HHKAET CONPOTHUBIICHUE TOPH3OHTAIBLHOTO ONEPEHHs, KOTOPOE CO31acT MOMEHT MX, HalpaBJICHHBIH B
CTOPOHY, OOpaTHYIO MAJACHUIO. DTOT MOMEHT TeM OoJbIe, 9eM OoJbie rmiedo Lr.o u 4eM Oolblle IIomanb pys
BBICOTBL. DTOT MOMEHT, JEUCTBYSl OTHOCHTEIILHO LICHTPA TSDKECTH CaMOJIETa, pa3BOpayrBacT XBOCTOBOE ONIEPEHHE B
CTOPOHY, OOpaTHYIO MaCHHIO.

Cxema cuil, JeMCTBYIOIIMX HAa CaMOJIET MIPH BBITOJIHEHUH KOJIOKOJIA € MPSIMOTO IOJIeTa C NaJeHUEM BIIEpe]
Y BBIXOJIOM B IPSMOM MOJIET, Moka3zaHa Ha Puc. 215.



APOANHAMUKA CAMOJIETA 194

G

Puc. 215 Cxema cun, oelicmeyloujux Ha camosiem npu 6bINOIHEeHUU KOJIOKOA ¢ RA0eHUueM énepeo

TEXHHUKA BBbIITIOJIHEHHUSI KOJIOKOJIA C ITPAMOTI'O IIOJIETA C NAAEHUEM BIEPE]T U
BBIXO/IOM B ITIPAMOMU ITOJIET

BBox B ¢urypy HeoOxonumo HaunHath Ha ckopoct 250 km/4. O6opotsl aurarens 82 % Impu NOIHOM
HaJJlyBe.

Ilepen BBOOOM HEOOXOOMMO OCMOTPETH BO3IYIIHOE IPOCTPAHCTBO M YOEOHUTHCSA, YTO OHO CBOOOMHO.
Hamerutb opueHTHp /1715t BBIBOJIA U3 (BUTYPBI.

B ropuzoHTanbHOM 10JIETE YCTAaHOBUTH CKOPOCTH 250 KM/4. 3aTeM IJIaBHBIM, HO YCKOPEHHBIM JIBHXKCHUEM
PYYKH yIpaBiieHUs Ha ce0s YBENMYHTh yroJl KaOpHPOBAaHUS M BBIBECTH CaMOJIET Ha BepTUKalb. [lojokeHue
caMoJieTa Ha BEPTHKAIM BBEPX KOHTPOJIMPOBATH II0 IOJOXKEHHIO IOIYKPBUILEB OTHOCHTENBHO TOPH30HTA H
nonoxernto Tpyoxu [1B/I.

[Ipn nomxome koHcoiM mNoNykpeiia W TpyOku IIBJl K BepTHKaIbHOMY IIOJIOKEHUIO OTHOCHUTEIHHO
TOPHU30HTa KOPOTKMM, HO SHEPrUYHBIM JBIDKEHHEM ee 3a(uKcupoBaTh BepTHKanb. CTpemileHHe caMmojieTa HpHu
BBIIIOJIHEHHH BEPTHKAJIM 3aBaIUTHCS «HA CHHMHY» (KacaeTcs camoiiera $IK-52) KOMIICHCHPOBATh OTKJIOHEHHEM
PYYKH yIpaBleHUS OT ceOs. PeakTHBHBI MOMEHT BO3IYIIHOTO BUHTA, CTPEMSILErOCs Pa3BEPHYTh CAMOJIET BIICBO,
KOMIIGHCHPOBaTh OTKJIOHEGHHEM PYYKH YIpaBJCHHS BIpPaBO Mo anepoHaM. [lo moctiwkeHun ckopoctd 80 km/4
HE3HAYNTEIHHBIM JIBIKCHHEM PYUYKH YIPABICHUS OT ce0s yMEHBIINTH yroia Habopa ot 90° mo 87...85° (memamu B
HEUTpaIFHOM TIOJIOKEHUH) M HadaTh YMEHBIIATh OOOPOTHI JIBUTATeNs (IUIABHO) A0 00OpOTOB Maioro rasza. B
MOMEHT 3aBHCaHHs, KOT/Ia CKOPOCTh OJIM3Ka K HYJIIO, IUIAaBHO B3ATh PYUKY YIIPaBJICHHUs IOJHOCTBIO Ha cebs. Pynb
YIpaBJICHUS OTKIJIOHSETCS JIETKO, M CAMOJIET Ha 3TO OTKJIOHEHUE HE pearupyer.

[Ipn mageHMM Ha «XBOCT» Ha pyJdb YNpaBICHUs JAeHCTBYeT Oousbllas IUHAMHYECKas Harpyska,
cozJaBaeMasi BO3IYLIHBIM ITOTOKOM, HaOeramomuM Ha Hero. BcnenctBume 3TOro pyib NPIKUMAETCs K CBOEMY
npeznensHOMY TosiokeHuto. Ilemamm HeoOxoaMMmo yaepKuBaTh HeWTpanbHO. Ilocie mameHust camonera BIEpen
YCTaHOBHUTH OTBECHOE NMUKUpPOBaHHE. [10sIBUBIINIICS B MOMEHT MaJICHUSI KPEH U CKOJILKEHHE YCTPAHUTH BO BPEMs
MUKHPOBAHMS.

BriBon camoriera B TOpH3OHTANBHBINA MMOJET HEOOXoamMo HadmHaTh Ha ckopoctd 200..210 xkm/g. [ns
9TOr0 HEOOXOIUMO OTKJIOHEHHEM PYUKH Ha ce0sl yMEHBIINUTh YTOJI MHKUPOBAHIS IO HYJIEBOTO 3HAYCHHUS M BHIBECTH
CaMoJIeT B TOPU3OHTANBHBINA TIOJIET.
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XAPAKTEPHBIE OLLIMBKH ITPY BBIMOTHEHUU KOJIOKOJIA:

BBIXOJ] HA BEPTUKAJIb C KPEHOM - CMELIEHA OCh BEPTHUKAIIY - MMaJIEHUE HA «XBOCT» MPOUCXOIUT C MaJCHUEM
B CTOPOHY CMEILEHHSI OCH BEPTHKAJIH;

B IIPOLECCE YMEHBIIEHUS CKOPOCTU HE KOMIICHCUPYETCS PEaKTUBHBbIM MOMEHT BO3AYIIHOIO BHMHTA -
MaJicHue Ha «XBOCT» IPOMUCXOAMT C BpAIIEHHEM BOKPYT MPOJOIBHOM OCH caMojeTa, 4TO 3aCTaBlIIeT CaMoJeT
ajarbh B CTOPOHY;

pe3Kko yOuparoTcss oOOpOTHI JBHIaTellsi - CaAMOJIET Pa3BOPAYMBAETCS OTHOCHUTENBHO IMPOAOJBHON OCH -
MPOKCXOJUT NaJICHUE B CTOPOHY;

OOJIBIIION YTOJI CTPAXOBKH - OTCYTCTBYET MaJICHUE Ha «XBOCTY.
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JAJIBHOCTDB 1 ITPOJOJIZKUTEJBHOCTD ITIOJIETA

Hanvnocms u  npooondcumensHocms nonema  SBIAIOTCA BAKHEHWIIMMHU  JIETHO-TAaKTHUECKHMH
XapakTepucTukamu camonera. [lof AanbHOCTBIO MOJIETa MOHMMAIOT PAcCTOSHHE OT MECTa BbIJIETa A0 MECTa
MOCAJIKU BJIOJIb MapIIpyTa 1oJieTa 1o 3eMHOM noBepxHoctu (Puc. 216).

IIpodonxcumenvnocmy norema - BpeMsl NpeObIBaHMS CaMoJieTa B BO3IyXe C MOMEHTAa BbUIETa JIO
MOMEHTA [TOCaKH.

OOBIYHO paccMaTPUBAIOTCS CIEAYIOIINE BUABI JaJbHOCTH: TEXHUYECKas!, IPAKTHYECKasi U TAKTUYECKasl.

Texnuueckaa O0anbHOCMb U RPOOOAHCUMENBHOCHb - NANBHOCTE U NPOAODKHTEIBHOCTH II0JIETa
OJMHOYHOT'0 CaMOJIeTa JI0 TIOJTHOTO U3PACXOJ0BAHHS TOILINBA.

Ilpakmuueckas O0anbHOCMb U RPOOOHCUMENBHOCMD - JTATBHOCTH M TPOIOJDKUTEIIBHOCTD MOJIETa C
ydeToM rapanTuitHoro 7 - 10% ocraTtka TorumBa (OT IOJTHOM 3anpaBKH).

Takmuueckasn 0anbHocmsb - TATBHOCTH I0JE€Ta C YYETOM 3araca TOIUIMBA Ha BBHINOJHEHUE 3a/laHMs, HE
CBSI3aHHOTO C IIPOJIBIKEHUEM 10 MApLIPYTY.

rLA

=

O L 1as Ley Legn
L

Puc. 216 Tpaexmopusa nonema camoiema Ha 0aiabHOCMD

Tpaexmopus nonema camolieTa Ha JANbHOCTh COCTOMT M3 TpPEX YYacTKOB: Habopa BBICOTHI,
TOPU30HTAIIBHOTO MMOJIeTa Ha 3aJaHHOM BBICOTE M CHIDKCHHS C 9TOW BBICOTHI.

Janvnocmos u npooonNcCUmMENbHOCIb NOJIema ONPENCTAIOTCS TPEXKIE BCEro 3amacoM TOIUIMBA W
peXUMOM ToJeTa (BBICOTOM M CKOPOCThIO). Kakmomy peXuMy IojeTa COOTBETCTBYET ONPEACICHHBIH pPacxoj
TOIUIMBA Ha OJIMH KUJIOMETP MYTH M 3a OJUH uac moJeta. Tak, HampuMep, npu mnojetre camoiiera JI-29 Ha BricoTe
5000 M Oe3 mMoJBECHBIX OAKOB C MOJIHBIM 3allacOM TOIUIMBA 775 KI IPH HOMHHAJIBHOM PEXHME PaOOTHI ABHIATEIs
TEeXHUYeCKas NaJbHOCTh paBHa 625 KM, MpoJODKUTENbHOCT - 1 1 13 MuH. A npu nonere Ha Bbicote 9000 M Ha
pexuMe MakCUMalbHON JabHOCTH TEXHUYECKasl JAJbHOCTh paBHa 880 KM, MPOAOIDKUTENBHOCTE HojeTa - 2 u 04
MMH.

Takum 00pazoM, OT TOro, Kakoil peXHM IoJeTa yCTAHOBWJ JIETYUK, OyIyT 3aBUCETh U JAIBHOCTh U
MIPOAOJIKUTEIBHOCTD MOJIETA.

OCHOBHBIMH BEIHMYMHAMH, OIPEOCIHIIONIMMA JallbHOCTh M IPOJOJDKUTENFHOCTh TIOJIETa, SBIAIOTCS
KIJIOMETPOBBIH W YaCOBOW PacxXojabl TOIUTMBA. 3HAs KWUJIOMETPOBBIM M YacOBOW pacXojbl TOIUIMBA MPU JaHHOM
BapHaHTE 3allPaBKH CaMOJIeTa, MOKHO PaCCUUTATh JANBHOCTE M IIPOAOIKUTEIHHOCTD MOJIETA.

YACOBOM PACXO/J TOIIVIMBA
Chh A4
H=0
H-4m
H=8km

Vikm/y

Vi
Puc. 217 3agucumocms 4aco6020 pacxooa monauea om cKOpOCMU U 6bICOMbL RoNema
KonnuecTBO TOIUTHBA, PACXOMyeMOe 3a OJUH 4ac II0JIETa, Ha3bIBACTCSI YACOBBIM PacxojoM. M3mepsercs
4aCOBOM Pacxoi B KWJIOrpaMMax Ha dac mosiera Ch Kr TOIuL./4 uin B utpax Chit/d.

3Has yHeHLHLIﬁ BEC TOILIMBA, Pa3BMBACMYIO JIBUT'aTCJICM HA JAaHHOM PCKHUME MOJIETA TATY (I/IJ'II/I MOIIHOCTb
JJIA IOPUIHEBOT'O ,HBI/IFaTCJ'Iﬂ) u yHeHLHLIﬁ pacxo TOIJinuBa, 4acoBOM pacxoq MOXKHO OIIPEACINUTD 11O (bopMlee:
Cp - Pn
ch = L

v
Ce - Ne
- >

Y (14.1)

rae Cp, Ce- yaensHblie pacxoas! Torua TP/l u mopiiHeBoro ABurareneii;

Ch =
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Pp, Ne - Tsra u mouHocts TP u IT/1;

V. yIeNbHBIH BEC TOILINBA, r/em’,

W3 popmyIiel BUIHO, 9TO YaCOBOM pacxo]] TOIUIMBA MPSAMO MPOIIOPIIHOHANICH YACTFHOMY PacXoay TOIIIMBA

P =C, 2%
n = “x

W pa3BHBaeMoii Tsire (nim MoiHocty). IlotpeOHas Tsira P, cornacuo ¢opmyie , YBEIIMYUBAETCS C
YBEJIMYEHUEM CKOPOCTH U YMEHBINAETCA C IOJbEMOM Ha BBICOTY, YTO M CKa3bIBAETCA HA YACOBOM PAacXojie TOILIMBA.
VaeneHbll pacxox TOMAMBA C H3MEHEHHMEM BBICOTHI IOJIETA YMEHBIIAETCS, XOTd U HE3HAUUTEIbHO, a C
YBEIMUYEHHUEM CKOPOCTH II0JIETa BO3PACTAET TOKE B HEOOIBIIMX IPEeiax. YBEIWIeHHE yJeIbHOTO Beca TOILUIUBA
YMEHBIIAET YacOBOM pacxoi, €CIM HM3MEpATh €ro B JINTPax B 4Yac, YTO CKa3bIBACTCS Ha IOTPEOHOW €MKOCTH
TOTUTMBHBIX 0aKOB, HE OKa3bIBas BIMSHUS Ha PAcXOJI TOIUIMBA, M3MEPSAEMBIi B KrtorpamMax B gac (Puc. 217).

OmnpenenuB 4acoBbIE PAacXo/bl TOIUIMBA JUIS Pa3IMYHBIX PEXHMMOB I10JIETA, MOKHO HAaWTH TaKOH PEKHM,
MOJeT Ha KOTOpOM OyzaeT HamOosiee NPOJNOIDKUTENIEH. TeM caMbiM OyAeT HaWJIeH peXUM HaumOOJbIIeH
MPOAOJIKUTENBHOCTH TI0JIETA.

[To xpuBbM XXykoBckoro (cMm. Puc. 216 u Puc. 219) HeTpyHO onpenennTh, YTO HaMMEHbLIAsl TOTpeOHas
TAra JJI8 BCEX BBICOT MoyieTa OyIeT COOTBETCTBOBAaTh HAWBBITOJHEHIIEH CKOPOCTH IojieTa (ToJIeTy Ha
HaMBBITOJHEHIIIEM yTJIe aTakH), a JJIsl CAaMOJIETOB C IOPIIHEBBIMHU JABUTATENSIMA HaMEHBIIAs IIOTpeOHAast MOIIHOCTb
COOTBETCTBYET SKOHOMHYECKOMY YTy aTaki ( & 3K) M COOTBETCTBEHHO - 9KOHOMUUECKOIl CKOPOCHU NOIema.

Pur ™ Niac.
H=0 H1>Hx H, Hl
H=4 km
H=8km
N,
N1
N C mun
/; | ‘ ‘ V km/d Y V RmM/AY
g /el v v v I v v
Puc. 218 3asucumocmsp Puc. 219 Kpuevie nompeonsix Puc. 220 3asucumocms Cy,,,,, om
omuouwenus Pn/v om evicomolt u MowHOCmell 0N pa3IuyHbIX 8blCOMbBL NOJIema 01 CAMOTIEMO08
CKOpocmu nonema CKOpocmeil U 6blcom nojiema cTPqu I/l

W3 ananmm3a kpuBBIX JKyKOBCKOT'O MOKHO CAETIATh BBIBOJ, YTO C MOJHITHEM Ha BBICOTY IMOTpeOHAas Tsra Ha
HAMBBITOJAHEHIIICH CKOPOCTH (ISl TAHHOM BBICOTHI) U YacOBOM pacxoj OyayT 3aBUCETh B OCHOBHOM OT YJCIIbHOTO
pacxoma TormmmBa (Cp), KOTOpBIA, Kak OBUIO OTMEUYCHO paHee, C MOJHATHEM Ha BBICOTY YMEHBIIIAETC.
CrnenoBarenbHO, 4acoBOM pacxoj TorwiMBa camonetoB ¢ TPJl ¢ moaHsTHeM Ha BBICOTY MpU IOJETe Ha
HaWBBITOJHENUIIEH CKOPOCTH H3MEHSIETCS MPONMOPLMOHAIBHO H3MEHEHUIO YAENbHOTO0 pacxoia TOIUIMBa, T. €.
YMEHBIIAETCS.

Hanpumep, MUHHMaIIBHBIH YacoBOi pacxo TorumBa camouieta JI-29 mpu nonere 6e3 MoJBeCHBIX 0aKoB Ha
BbicoTe 500 m coctaBisier 391 kr/u, a Ha BeicoTe 8000 M OH paBeH 279 Kr/d. A 3TO O3HAYaeT, 4TO MPH JAHHOM
3arace TOIUIMBA IPOJOIDKUTENLHOCTD TI0JIETa C OJHATHEM Ha BBICOTY YBEIHUHBACTCS.

KHAJIOMETPOBBI PACXO/I TOILJIUBA

KonnuectBo TOIUIMBA, pacXoAyeMO€ Ha OAWH KHJIOMETP BO3AYIIHOI'O ITYTH, Ha3bIBAC€TCA KHUIOMETPOBBIM
pacxoa0oM TOILIMBA.

9
v v (14.2)
rae U - cKopocTh mosieTa, KM/4.

KunomerpoBblii pacxon TomimBa, Kak BHAHO W3 ¢opmyisl (14.2), 3aBUCHUT OT BEIMYHMHBI YJEIBHOTO

PH

pacxola TorinBa Cp 1 OT COOTHOIICHUA v . Tak kak yHCHBHBIﬁ pacxoq TOIUIMBa U3MECHACTCA HE3HAYUTEIIBHO,

PH

TO OYEBUIHO, YTO KWJIOMETPOBBIM pacxox OyaeT ompeaensaTbes oTHomeHnemM U . HammeHsinee 3HaueHHE
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BEIUMYUHbI U  MOXXHO HaWTU MO KpUBBIM JKYKOBCKOrO IyTeM IPOBEAECHUS KacaTeabHOW M3 Hauyana KOOpAUHAT K
KpuBOU OTpeOHBIX TAT (Puc. 218).

P
OtHomeHne U ecTh HE 4YTO MHOE, Kak U . Ilpu yBenuuyeHuu BBICOTHI IIOJIETA YroJl Cp
3HAUUTENBHO YMEHBIIAETCS, CIIEOBAaTeIbHO, YMEHBIIAeTcs M KWJIOMEeTpoBbIi pacxon TomimBa Cyx. OCHOBHOM
BBIBOJ] COCTOMT B TOM, 4YTO Ipu noJiete camoiiera ¢ TP/] Ha HauBbIrOHEHILIEH CKOPOCTH IIPU MOAHATUU HA BBICOTY
KWJIOMETPOBBIN pacxo/l TOIJIMBAa YMEHbBIIAETCS, a CJIEJOBAaTEIbHO, JAIbHOCTh MOJIETa yBENUUMBaeTcs. Pacueramu u
MIPaKTUKOHN YCTaHOBJIEHO, YTO yBeJIMYeHHEe BICOTHI OT 0 710 12 KM KHJIOMETPOBBINA pacxo]l yMeHblIaeTcs B 2-3 pasa.

KunomMeTpoBbIil pacxo TOIUIMBA CaMOJIeTa ¢ TIOPITHEBBIM JIBUTATENIEM OIpeenseTcs no hopmyre

C, CeN, Ce N,
CK:—:—:—- .

v v Mg U (14.3)

rie Ne - 3 peKTHBHAS MOITHOCTh HA BaJly JBHUTATEIIS;

Mg - xod(ppULHEHT ONE3HOTO ACHCTBHS BUHTA.

Anamuz ¢opmynsl (14.3) moka3siBaeT, YTO KHIJIOMETPOBBIN pacxo]] TOIUIMBA OYIET OIpeneNsiThCs B

NH NH

OCHOBHOM coorHourenneM U  u BennuuHol Ce. BennuuHa U Ha HEM3MEHHOW BBICOTE NPHU YBEJIMYEHUH
CKOpOCTH

nosiera ypenuuubaercs (Puc. 219).
Ny
MuHnManbHOe 3HadeHHe oTHomenus U = tg? Gymer HaiifeHo npoBeneHHEM KacaTeNbHOM M3 Hauaga

N,

KoopauHaT K KpuBOoH Np. CkopocTh monera, coorBercTBylomas ( U ) MuH, Ha3bIBaeTCsl HaugvlzooHeiiuieil
cKOpocmbio nonema.

Ny

Kak BumHO U3 rpaduka, BemmumHa (U ) MUH JUII BCEX BBICOT OCTAETCSI HEM3MEHHOM, MO3TOMY MOKHO
CYMTATh, YTO KHJIOMETPOBBII PacxXo]] TOIUIMBA CaMoJjieTa C MOPIIHEBbIM [BUraTeieM C MOJHATHEM Ha BBICOTY
3aBHUCHUT B OCHOBHOM OT Y/I€JIbHOTO pacxoja Torua Ce.

VYnensHbll ke pacxon Ce mpu MOJHATHH IO PACYETHOM BBICOTHI MojieTa (pacdeTHasi BHICOTA JABHIATENS)
YMEHBIIIACTCS, a BBIIC €€ yBEIWYMBaeTCs. B pesyinprare moiydaercs, YTO HAaMMEHBLIMH KHIOMETPOBBIA pacxon
TOILTMBA CaMoJieTa C IOPITHEBOH CHIIOBOW YCTaHOBKOW OymeT BONHM3HM pacdeTHOW BBICOTHL. (CleoBaTENbHO, H
HauOonplas JaJpHOCTh monera camoinera ¢ [IJ[ Oymer umers MecTo BOIM3HM PacueTHOW BBICOTHI TIOJIETa Ha
HauBbITOAHEHIEH ckopocTh (Puc. 220).

BJIMAAHUE INOJIETHOI'O BECA U TEMIIEPATYPbBI HAPYKHOI'O BO3/1YXA HA JAJIBHOCTDb 1
MMPOAOJIKUTEJIBHOCTD ITOJIETA

G
P, =—-
Tak KaK B TOPU30HTATHHOM TIOJIETE Teamon | 1o us dbopmyisl (14.1) Haiinem
C,-G
Ch=—t_—
Feamor (14.4)

rae G - Bec caMoJIeTa, KT

rc-ma - a3pOJMHAMHUYECKOE KAa4€CTBO CaMOJIETa.

Ilpn yBenuueHUM NOJETHOrO BeEca caMmoJieTa BEIUMYMHA Feamon YBEJIIMYMBAETCS, CJIENOBATEILHO,
YBEJIMYHMBAIOTCS 4aCOBOM M KWJIOMETPOBBIM pAacXolpl TOIUIMBA, 4YTO BEAET K YMEHBUICHUIO HAIbHOCTH H
IIPOJOJKUTENIBHOCTH ITOJIETA.
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Ecnu monetHsIi Bec caMosieTa yBeIHYMBAIOT HAPYKHOW MTOJIBECKOH Tpy30B (TIOABECHBIE TOIIMBHBIE OaKH,
OOMOBI U T. I1.), TO JAIBHOCTD U MPOJODKUTENBHOCTh YMEHBINAIOTCS B OOJBLICH CTENEHH, TaK KaK yBEIMYNBACTCS
1000BO€ CONPOTHUBIIEHNE CaMOJIETA, a €r0 a3POJMHAMUYECKOE KaUYeCTBO yMEHBIAETCS.

C,-P
Cx=—L—1
KuioMeTpoBEIi pacxojl TOIIIMBA v OT TeMIIEpaTypbl HAPYKHOTO BO3/yXa MPAKTHYECKU HE

CP

3aBHCHUT, TaK KaK MOTPEeOHAs TATa OT TEMIIEPATYPhl HE 3aBUCHUT, & COOTHOIICHHEe U MpU M3MEHEHHH TEMIIePaTyPhI
BO3JlyXa OCTaeTCs MOCTOSHHbIM. CieloBaTeNIbHO, U JAIbHOCTh MOJIETa MPU U3MEHEHHU TEeMIIepaTypbl OCTaeTcs
IMOCTOSIHHOM.

IIpy noBBIIEHMM TEMIIEPAaTYpbl HApy>KHOI'O BO34yXa YIEJIBHBIM pPAacxoJ TOIUIMBA YBEJIUYUBAETCS,
CJIeI0BATENILHO, YBEIMYMBAETCSl YACOBOM PAcXoJ TOILIUBA, a MPOJOKUTEILHOCTD MOJIETa YMEHbIIAETCS.



