B. ®. POMACEBHY, T. A. CAMOWMJIOB

[IPAKTUYECKAA
A3POJIVHAMUKA
BEPTOJIETOB

ITod obuieii pedaxuuel
KAHOUOQmMaQ MEeXHU4ECKUX HAyK
B. &. Pomacesuua

Opnena Tpynosoro Kpacroro 3naMeRn
BOEHHOE M3IATEJNBCTBO
MUHUCTEPCTBA OBOPOHLEI CCGP
MOCKBA—1980




BEK 39.54

P 69
YK 629.735.45 (07)

Pomaceesu B. ®., Camoiiaos I. A.

P69 [TpaxtTiueckasl aspoJMHAMHKA BepTOJETOB.— M.:
Boennspnar, 1980 — 384 c., un.
B nep.: 1 p. 30 k.

B KHAre paccMarpeBaiOTCA aspOAHHavHYeCKHE XaPaKTEpUCTHRH, OT0-
GeEBOCTH KOMOOHOBKH BEPTOJIETOR; YCTOHWUHBOQTE H YOP3aBAAEMOCTh, Ma-
HEBPEHHBE H OHAOTAMHHE cBOMCTEA, \HAIUIHPYIOTCH H 0O0CHOBHBA I0TCH
OCOGEHHOCTH NOBEAEHHA BEPTONETA H TEXHHK2 MBJAOTHPOBAHHMA HA PA3NHY-
HWX pexHMaX [ofleTa B MaHeBpax.

PaccduTaHa Ha neTHut cocras BBC, MNBO n BM®. Moxer OuTh pexo-
MeRAOBaHA KYpPCAHTAM BOEHHHX aBHANHOUHHLIX yyebHWX saBeaeHull # jeT-
HOMY COCTaBY MHHHCTEPCTEA rpaxAaHCKOH aBHagHU.

BEK 39.54
6T5.1
31808—041 B
80. . oeHusgat, 1980
P 555 (o —56 *&50 3606000000 @ 12

Buecaae Dedopoetn Pomacesus, Iepman Arexceesus Camodnos

MPAKTHYMECKAS A3SPOAHWHAMHKA BEPTOJIETOB

Pepaktop JI. M. Ppoass
Xynoxuek J. H. Hagmos
XypoxecTsensnfl pegakrop H. B. flonoea
Texuauueckuil pepakrop A. A. [lepeckoxosa
Koppektop 0. 5. Ipuzopeesa

HE M 737

Cnaso B naSop 28.12,78. TNonnucano B nedats 16.10 79. [ — 22921, Popumar

81> 108/sz. Bymara tunorpadckan M 2 Capa. auTeparypHad Iledarh BLICOKai.

MMew. n 12, Vo meq. o, 20,16 Ya-usm »a. 19561 Tupax 13000 sks. Haxn
MNe 7/3840. 3ak 9-98. lenma 1 p. 30 K

BoeHusnaTt
103160, Mockma K-160

EIH}HHaH dabpuka av M. B PpyHz3e PecnyONHKaHCKOrO NpO#3BOAC TBEHHOTD
ofbenuHenna «[lonwm padrnura» 'ockomH3NaTa YCCP, 310057, XapuKoB-37,
IHonen-3axapxepckan, 6/8.




3a noc/iefiHee JeCATHICTHE BEPTONCTH HpOYHO 3aHAMH
nocrofiHoe MECTO B aBHALMH. [IppMeHSIOTCH OHU B HAPOA-
HOoM X03a#HCTBE H B BOEHHOM neqe.

K THBHOCTL TIPHMCHEHUA BEPTONETOB Tpebyer ot
JeTHOTO COCTaBa MOCTOSIHHOTO PACIMpPeRHsd H yrayGyeHns
cROMX SHAHHMI 0 (PH3HYECKOH CYHIHOCTH sIBJIEHHH, MPOHCXO-
JAUMX B MOJIETE, O 3aKOHOMEPHOCTHX IBH;KEHH S BEPTOJIETA,
o TeXHHKe MIJOTHpoBaHuA, 00 ocoBGeHHOCTHX ero MaHeBpeH-
HEIX W HIOTAKHBIX XapaKTEPHCTHK, O B3AUMOCBASA K B34
HUMOBJIMAHHH PASJHYHBLIX 3KCIyaTalHORHEIX $haKTOPOB.

Bee yka3aHHEIE BONPOCH OTHOCATCH K npeaMery npak-
THYECKOH adpodHHaMHKH. VIMEHHO MpakTHYeCKas aspo-
nuHAMHKA OOGBAcHAET H OGOCHOBLIBACT TEXHHKY MHJOTH-
pOBaHHMA BEPTOJETa HA PASIUYHBIX PEKHMAaX noJera H Mma-
HeBpaX, pacKpbiBaeT (H3HUECKYIO CYUIHOCTE LEJIOTO paja
SKCIVIyaTAUMOHHLIX OTDAHHYEHKH K Jaer BO3MOIKHOCTE
ONpenenuTh, KaK HanGosee NpaBu/bHO NO/KEH pearupoBaTh
NETYHK NPH BO3HHKHOBEHHH KDHTHUECKHX CHTYALHH Ha
NpefeNbHLIX PEXHMAX M NPHK OCOOBIX caydasX B TIOJNETE,
INpakTHueckas aspORMHAMHKA SIBIACTCA BaXKHLIM CBA3YIO®
MM 3BEHOM My TeopHel H NPaKTHKOK MoJieTa, MEKAY
a3POJMHAMHKON H TEXHHKOR NHUNOTHPOBAHHA BEPTOJCTA.

B Kaure Bonpockl aspOAHHAMMKM H JHMHAMHKH NCJIETA
paccMaTpUBAIOTCH B TECHOW CBA3HM ¢ (PAKTHUIECKHM [OBEAC:
IHEM BEpTOJIETa Ha DPAIIMUHBIX, B TOM UHCJE Ha MPelc/bs
HEIX H KPHTHYECKHX, peKUMax MoJeTa, aHATH3HPYIOTCH
Haubosee xapaKTepHBIE OMIKHOKH JIETYHKA B TEXHHKE [HJIO-
THPOBAHHA H AAIOTCH PEKOMEHJALHMH [10 BHIMNOJHEHHIO BCEX
3JIEMEHTOB NOJIETA.

Ocofoe BHHMaHHe yAENE€HO PACKPHITHIO (pusHUECKOH
CYUIHOCTH MPHYMH JIETHRIX OTPAHKYEHHH, OCHOBHHX 3aKO-
HOMepHocTed Hojiera BepToJiera H 0colObiX ABACHUH apOAB-
HAMMKH H AMHAMHKY NOJeTa, HEOOXOAMMEIX AN#A 0focHOBE-
;{::ECT;: ;IHBKH nuaoTH posaHun Beprosera. HanoxeHue Teope-
ABTODE ONpOCOB TECHO YBA3aHO € MPaKTHKOH NOJETa.

VIa9HO NPHUMEHsOT MaTeMaTHUeCKHWM  annapar
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Ansi Gonee MYGOKOIO BOCHPHATHA CYLIHOCTH paccMaTpH-
Ba€MOro fBJEHHSH, AHAIH3A JIBHXKEHUA H OCOGEHHOCTeH no-
BeJEHHS BEPTOJIETA.

[lpe ocBelleHWH YKa3aHHBIX BONPOCOB NPaKTHYECKOL
a3poJMHAMHKH B KHEI'€ pacCMaTPHBAaIoTCH 0COGEHHOCTH Tex-
HUKH OHJOTHPOBAHHS BEPTOJETA HA DAIHYHBIX pexHUMax
nonera, QUrypax nMaoTa)ka H MaHeBpax. DBosbluoe BHHMA-
HHE YJENAETCR YCTOHYHBOCTH H YHPaBAAEMOCTH, MHJAOTAXK -
HEIM H MAHEBPEHHBIM X4 PAKTEPHCTHKAM, 0CO6EHHOCTSM B3JICTA
H MOCAAKH COBpPEMEHHBIX BEPTOJETOB. DTH BONPOCH IIOKA
He HALLTH JOCTATOYHOIC OTpaAXEHHA B yueOHHKAX H yqel-
HBIX NocoOHAX AAs JETHOrQ COCTaBa,

B Tpyae npuBoAsTCcH MaTepHadbl NO OAHOBHHTOBLIM
BEPTOJIETAM, KaK NOJAYYMBILIHM Haunboab.ee pacnpocTpaHe-
HHE B Haiiel crpaHe M 3a py6exkoM. OXHAKO BCE MPHHIIH-
NHAJNbBHBIE NOJNOXKEHHA H 33aKOHOMEDHOCTH a3pOAMHAMHKH
H AMHAMHKH TIOJIETa BEpPTONeTd, & TaKkKe 3SHAYNTEe1bHAas
YACTh NMPAKTHYECKHX PEKOMEHJAalWi B PaBHOH CTENeHH ofr-
HOCATCHA H K BEPTOJIETAM JPYrdX CXEM C YYE€TOM HX ocobeH-
HOCTEH.

Knura paccuutaHa Ha uuratens-JIeTUHkKa, 3HAKOMOTO
C OCHOBHLIMH MOHATHAMH A3POAHHAMHKH H TEOPHH MOJETa
Beproera, PopMa HIIOKEHHA MATEpPHAJIOB MO a’3poAMHA-
MHKE, OCOOEHHOCTHM CHJAOBLIX YCTAHOBOK, YCTOHYHBOCTH
H YOPaBIAEeMOCTH BEPTONETOB o0eCneyuBaeT HX YCBOEHHE
6e3 oOpanieHus K CrneuuadbHOH JHTepaType.

[Ipoynoe 3HaHHE paccMaTpUBaeMBIX BOIIPOCOB IIOMOMKET
NeTYHKY YBEpPEHHO MNUAOTHPOBATh BepTOJET, 3(BhDEeKTHBHO
BLUIO/IHATL 3afaHHs, CBA3AHHHIE C NOJETAMH Ha Npelethb-
HBIX peKHMaX, H 00/€e NpaBiIbHO ACHCTBOBATH B YC/OMW-
HeHHOR OOCTaHOBKE MoJerTa. 3TO B CBOI0 ouYepean OyiaerT
criocoBCTBOBATh TOBBHUCHHIO 0€300acHOCTH noJieTa H Ka-
YeCTRA TeXHUKH NHACTHPOBAHHA, NOAFOTABIMBAA JETYHKA
K HEMeJJEeHHHLM M NPABHALHEIM JEHCTBHAM B CJVvyae He-
NpeABHACHHOTO BBIXO/Ia HA KPHTHYECKHE PEXHMB MOJAeTa.
F3yyasa BoInpocH NpakKTHYECKOH aspOLHHAMMKH MO JAHHOH
KHHIe, JIETYHK B KaKOH-10 MEpe MCHXOJOTHYECKH NOAro-
TaB1uBaer ceba K JeTHol pabore, NIOTOMY 49TO ONHCAHHELE
AABJEHHA H OCOGEHHOCTH JBHMEHHS1 BEpTOj1eTa NO3BOJSIOT
€My MBICIEHHO IpPEeNCTaBUTE cefe MoJeT Ha TOM HAH HHOM
peHME, MaHeBpe, TOH MK HHOR (pUrype IHIoTaxa 1 pas-
paGoTaTb ONTHMAJIBHLEIE BaPHAHTH TEXHHKM NWIOTHPOBa-
HHN HA CNYYaH BORMOXKHEIX HECTAHZAPTHHIX CHTYalHH.

Boennni# gertunk 1-ro knacca
I1, HOBHIIKHH




BBEJEHHE

-

Annapar AMKOBHHHOIO BHJAA CTOSJI Ha MOJe Heb60 b-
nIOTO MOAMOCKOBHOTO aspoipoma. Hecro.1bKo HEJOBEK NNH-

AMPY¥BO NpOBEpATH ero. Pa-
GoTaBlLMe HEMoLaseKy KOJ-
X03HKUKH 1 cOGexaBluIHecs Je-
peBeHCKHE PeOSTHIIKH CTPO-
HJIH BCEBOAMOXHbIE JOTAJKH
0 HasHaueHHH arnapara.
HyxTto H3 BIEpBBIE BHIECB-
MIHX €ro He npeancaaran,
yTO 3Ta MALLHHA CO3JlaHa 15
nosiera. Ho BoT npou3pelien
3anycK JABUraTescH, HadajH
BpamaThcss BHHTH. Ha raa-
33X H3yMJIEHHHIX 3PHTENEN
MallliHa BApYr Ge3 pasbera
BEPTHKAJbHO OTOpBasnach OF
3eMJIM H Hadalla naGupaTk
BLICOTY, BCE BBILIE H BHIILE,
HaBCTpeqy MoJAHUMAaBILEMYCH
CONHILY.

IT0 OB OJHH K3 IEPBHIX
I0IETOB COBETCKOIO BEPTO-
aera HHAI'H 1-2A B 1930 r.
IMunorHpoBan mMambHy ee
KOHCTpVKTOp Asekcell Mu-
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Anexcelt Muxalinosny Uepemyxur

XadoBuy YepeMyxuH, KOTOPHIE H €T/ NEPBEIM COBETCKHM
JAETYHKOM-UCTILITATENIEM BepTOJIETOB.

B mosiete 14 asrycra 1932 r. BeproseT NOAHAJACH HA BHI:
coTy 605 M, nepexpniB B 33,5 pasa TOLJAIIHHH OQHIHA/D-
HHIH MHPOBOH pekopl. Tem cambiM ObliM BlEpBhbI€ TPOJE-
MOHCTPDHPOBAHEI pEafJibHEIE BO3MOXKHOCTH MNPAKTHYECKOTO
NPHMEHeHUs1 HOBOTO JerarenbHoro anmapara. C 3Toro Bpe-
MCHH HayaJock OCbICTPOE€ pPa3BHTHE BEPTOJETOCTPOCHHSA
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g CCCP u 3a pyGexom. Ha Ga3se AOCTHIHYTOTO OTbITa pac-
[HPATHCH TEOPETHUECKHE HCCIe0BAHHA M0 A3POJNHAMHKE
REpTOIETOB W COBEPLIEHCTBOBAMMCE METOIBI HX KOHCTPYH-
pOBAHHS.

HecnoTpsi Ha Te€pephIB, BEISBAHHBIH Beankon Ore-
gecTBeHHON BOHHON, ye B MEPBHIE MOC/HCBOEHHBE TOLL
KOHCTPYKTOPCKHMH  KOJUIEKTHBAMH ~TIOX  PYKOBOACTBOM
. I1. Bparyxuua, H. K. Kamosa, M. JI. Muas, A.C. fxoB-
eBa GLLTH CO3JAHE! PA3MIMYHBIC TUIEL BEPTOJNETOB, YCIIEL
HO MpOLI/IINX JIETHEE HCILITAHHS. Hauayuine JeTHhE
naHAMe ToKasan Beproner Mu-1, noctpoeHHuil B 1948 T,
On 6Ly 3anylled B CEpHIHOE MPOH3BOACTBO H HMCMONB3Y-
eres Io cux nop. Kpome Toro, HamH AaibHeRmee pasBHTHE
pepronersl koretpykuuu H. M. Kawmosa.

Heo6xoNHEMOCTh B NOJOGHEIX MalIHHAX  OlLyIlajach
jasto. [TosToMy TEMMEl HX BBITYCKa CTPEMHTENLHO Hapa-
craqu. He xBarajo JeTHOTO COCTaBa, TaK KaK HE 66110
elle LIKOJ AJA ero MoJAroTOoBKH Ha BEPTOJETAX. Ilsia oBJyia-
EHHS HOBOH TEXHHKOI IpHB/IEKANUChH JETUHKHE, JCTABIIHC
Ha CcaMOJIETAX, TViaBHBIM OGpadoM HCTpeGHTENsX. Hemno-
rye M3 HUX HMEJH 6oJabIIoe KejaHWe NOMEHATD «nobporo
KOHH® —— CAMOJIET Ha «eMEpHYIO CTPEKO3y» — BEPTOJET.
C wuenopBepreéM H ONACKOH MOAXOAWAH OHH nepBHE pa3
K BEpPTOJIETY, HO, OCBOHB TEXHHKY NHJIOTUPOBAHHA, yIKe
HEe XOTENH pAcCTaBaTheA € ITOH MaiuHHoH, noawbus ee
[[POYHO ¥ HaBCErja.

Huxkorla He 3a6yAyTcs MOABATH JIETHHKOB M. K. bai-
kanosa, C. I'. Bpoeueea, B. B. BHHHRIKOTO, B. I1. Koao-
wenko, FO. A. TapHaesa, P. M. Kanpansua, K. H. Tlono-
mapesa, [. A. THHsAKOB2 ¥ MHOTHX IDYTHX, HCIHTABIIHX
B Bo3AyXe nepBele ofpasusni GyAyuinx cepuilHEIX BHHTO-
KpebIX MamiH. Bea ux repouteckoro Tpyid 6bi1a Ol
HEBO3MOJKHA JOBOJKA MHAOTAMHBIX X8PaKTEPHCTHK H CaMO
co3naHKe TpoC/aBIeHHBX COBETCKHX BEPTOJETOB.

JaMeuaTe/ LHbE JEeTHE CBOHCTBA BEPTOJIETOB obecne-
quAM [MPOKYI0 YHHBEPCANBHOCTH HX NPHMEHEHHS BO
BceX yroJxax 3seMHOro Mmapa. Mo MeTKOMYy BEIPAXKEHHIO
M. JI. Muas, «BeKoBas CKasKa O KOBpe-camojere Hauua
cBoe HauboJiee MOJHOE BOIIOLIEHHE B BEPTOJETED. Cnocob-
HOCTh K OTPHIBY (B3J€Ty) W IPH3EMICHHIO 0O BepTHKAMH
ofecredrBaeT BEPTOAETY BO3MOMKHOCTD SKCILTYaTalHH < He-
QOATOTOBJIEHHBIX CHEUHANLHO MUIOWAJA0K, HMEIOMHX MHHKZ
ManbHEIE PasMephl, B TOM YHCJIE ¥ B MECTHOCTH, HEAOCT yITHOH
i IPYrUX TPaHCNOPTHERIX CPEACLS. B necy HAH TIop-
HOM yLuEAbe, ¢ NanyGel Kopabas, ¢ KphlliH BRICOTHOTO JIOMa
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unH ¢ CEBCKOA Y/IRIBL = [IpaKTHYCCKH B ni000M MECTE CIo-
cofen NOAHATECA H 1pH3EeMIHTBCH BepTOJIET.

Bo3MOKHOCTH HEMOMBHKHOTO OTHDCHTEJII:HG"BEMJIH na-
peHH s (EMceHHA), pasBOpPOTOB M nepemelleHdH B n100HIX
HanpabB/ieHHAX jenaloT BepToneT pe3aMeHHMBEIM CPeACTBOM
s npopesenna & BO3AYXa pasIAyHBLR paoT Ha 3eMic
i BOJH3H HEE. Biarojaps TAKHM CBOMCTBAN BEPTOJIETHE
EIHPOKO HCIOJB3YIOTCH KaKk B OGXMTON MecTHOCTH, TaK H
raM, Iie He cTymana wih He MOIKET CTYTRTb HOra He/IOBEKA.

[lepeBO3Ka nacCca}HpoB B IrpysoB ABJAETCS OTHIOAD HE
eHHCTBEHHOM safaucil BEPTOJNETOB. C uX NOMOILLIO NPO-
KA AEBatoTca JUHHY gnekTponepenas 1 Ceast, yCTaHABJIH-
patorca HeTAHBIE BLILKH, MOHTHPYIOTCH JOMHB H BBHICOT-
ELie COOPYKEHHA, BLI3BONAIOTCH H3 Geapl-JII0[H, HKHBOTHBIC
1 Kopabuy, KOHT[ONHPYETCH ABUKECHUE ya Joporax u oxpa-
userca locylapcTBeHHAT rpaHuua.

Ha pepToseTax BHINOJIHAETCH pasBeika  dPKTHHECKHX
JABLJOB TpH MPOBOAKE KapaBaHOB CYJOB, JlocTaBKa BOJB!
u HeoOGXOABMOrO npOAOBOJIBCTBHA B KapKHX NYCTHIHAX
u ropax CpenHeh Aspn. OHH HECYT MarpyipHyio CJ yKOy
n ofecneunBaloT reOJIOTHYECKYIO pasBeAKy Ha NpOCTOPAX
qawedt Ponuuel. Besne, TAE HET HH jopor, HH aSpOLpPOMOB,
BepTOJETH ABJAKTCS elMHCTBEHHEIM CPEACTBOM OLICTPCH
jocTaBKH N0 HA3HAUEHHIO sjtonell u rpysoB, GOJBHBIX H BPa-
yeii, nOrpaHH4YHUKOB H noXapHHX.

BeproneThi HalJIH [IHpOKCe NpHMEHEHHE 1 B ceJlbCKOM
xo3niicrae. T1ps 3TOM OHH MHOLAA OKaSHIBAIOTCH HE3aMEHH-
vy, Hanppmep, B TeX cayuasX, KOTAa HALo MOKPHTD
rep6UIMAME WIH APYTHMH pelleCTBAMM He TOJBKO BEPX-
HIOIO, HO M HYKHIOIO CTOPOHY JHCTBEE. 3apuxpeHHas CTpYs
pO31yXa OT HECYUIETo BHHTA peprosiera oGecredHBaeT BE
[Oo/lHEHKHE 3TOH 3aJiayH, HeJOCTYMHOH NMPH HCMONb30BaHKH
CaMoJIETOB.

Takum o6pa3oM, BEpPTONIETH CTAlH cefiiac noAJHHHEIMH
TpymeHuKamMu Heba, H NepeueHb BLINOJIHSIEMEIX HMH 3ajat
NOCTOSIHHO pPacluipAECTCA.

VHHUKaJibHbe JeTHHE KagecTBa BePTOJETOR HAIIH TIpH-
merenne n B Boopykenunx Cunax. ApwmeiicKHe BepTONIETH
HCTIONB3YIOTCA A pasBelKE M CBA3Y, KOppeKTHPOBKH 2p-
THIJIEPHHCKOTO OrHA, MepeBo3KK B JleCaHTHPOBAHNA BOHCK
goﬁoeaon rex HUKY, nopfep:RKH CyXonyTHEIX BOJCK Ha MoJe

5.

Onur Goesmx jpeficreuit B Kopee, BO BreTiamMe H HA
Buiokuem BocToke nokasal, 4YTO BEPTOJCTEH ABJSIIOTCA
HE TOJbKO BHICOKO((EeKTHBHBIM TPaHCIIOPTHO-AECARTHHM
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W cracaTeabHBEM CPeJICTBOM, HO W TPO3HOH CHiIcH B Gopube
¢ TAHKAMH H MOTONEXOTOH IPOTHBHHKA.

Pacuspenne cdep HNpHMEHEHHs BEPTOJETOB INPOHCXO-
AMJO BMECTE ¢ POCTOM HX JIETHO-TAKTHHECKHX BO3MOKHO-
creil. BypHoe pa3BUTHE TEOPHH H TEXHHKH BEPTOJIETOCTPOE-
HH$, €CTECTBEHHO, MPHUBEJIO K 3HAYHTENbHOMY NMEPEKPLITHIO
nokasareneil pexopaHoro nojera Beproaera LATH 1-DA.

B Hacroaulee BpeMs cepHiiHHE BEPTOJETHL JETAOT CO
cropocTsiMH 0 300—350 kM/4 Ha BEICOTAaX IO 5—6 THIC. M
i MOTYT IepeBo3HTh IPpy3nl Maccoil 1o 40 7. OcHOBHBIE TAK-
THKO-TEXHHUECKHE AaHHBIE HEKOTOPHX COBETCKHX BEPTOJC:
TOB [PHBEACHH B NMPHJIOKEHHH.

KakuMu ke NVTHMH UL10 JOCTHXEHHE 3THX TIOKa3aTe-
76l H KAKOBH BO3MOXKHOCTH HX JaNbHEHLIEro yBeNHUYeHus?

Hctopnuecku pa3BHTHE BEpPTOJIETOB 3aHUMAET CPABHH-
TenpHo Heboapwoll orpesok Bpemenn. OnHako B mponecce
HX CO3IaHMA GBLLIO MHOTO TPYAHOCTEH, TOpak€HHWH W MO~
Teph, Npexae yeM npuuwia nobena.

Cama uies co3faHdsA BEpTOJieTa, T. €. HJedA TOJICTa «Ha
HECYIIEM BMHTE®, rOopaslno cTapiue HAEH COo3[laHHA CaMo-
jeta, HO NPHPOAA YKAa3nBajla HWHEE IMYTH 1A TOCTPOCHHA
seTaTeNbHEIX annapaToB TsMenee BoslyXa. Miea KoMro-
HOBKH CaMOJeTa, MOXKHO CKas3aTh, «HOCHJIACh B BO3LYXEd
nepej raasami Jiofefi B BUJIe paciacTaHHbBIX KPBELILEB T1a-
pAmx op1oB. YKu3Hb MEPHATHX HABOJA/IA TAKKE HA MBICJB
O BO3MOXKHOCTH [I0JIETa C MALlYIIAMH KPBJIBAMH.

C ApeBHEHILUX BPEMEH UETKO NPOCAEXHBACTCA AHATEK-
THYECKHl MyTb NO3HAHHA YEJOBEKOM «IIATOrC OKeaHas. Ha-
ynnan ¢ Jerepfapuoro kkapa, uCTOpH#A COXpaHHJja HaM
MHOTO UMEH CMeJIb4yaKOB, One€perkaBLIMX CBO€ BPEMA H Ibl-
TAaBIMKXCA BEINTH B BO3JYyX HA annaparax, B KOHCTPYKIHH
KOTOPEIX B TOH HUJIHM HHOH M€pe HCTONL30BANHCH PE3YJ/bTATH
Ha6.7110T€HHH 32 NOJETOM MTHIL

Cosepuath e mpoofpas HecyIlero BHHTa JIIOASM HE NpH-
XoAWI0ch. BpaleHue B MPHPOJAE CKPHITO B HEXOCTYIIHBHIX
I/ HENOCPEACTBEHHOTO BOCNPHATHA HEJIOBEKOM MHKpO-
u MakpoMmupaX. IloaToMy, BO3MOXHO, OHO Ka3aj10Ch JIOAAM
IPOTHBOECTECTBEHHEIM ¥ BCE (aHTACTHUECKHE W CKA3OUHEIC
¢IeTaTENBHBIE anMapaThi», HayHHAs O1 KOBpa-CaMoJIETa
W KOHYad MeTJoH, He BpauaJuce B noJere. (He nafo Caril-
KOM Y/AHBAATHCS TOMY, HanpuMep, 4TO JRpEBHHE KHTEIH
AMepUKH He 3HAJH NPHHLHATNA KOJCCA, COBEPIUEHHO OUEBHA-
HOTO JJIf BCEX B HalUW JHH.)

B oKkpyxaloiell 4ejJoBeKa [PHPOJE BpalUCHHE NPOAB-
ASIETCA JMIIb CAyuaiiHo, SMU30/AHYECKH, HaNpHMED B BHAC
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gpyKamuxces B po3/ivXe KACHOBBIX CEMSIH. Ho BeAn OHH,
ppallasnch, cmkatorea. HapepHoe, TMOo3TOAM) JI0JTOE BPEMH
HUKOMY He DPHXOAWIO B ro/IOBY HCNOAb30BaTh Bpallalo-
LHecs noBepXHOCTH A nojiera B BO3JyXe€. [Npumenenne
5TOrC [PHHIHNG AJif JETAHHS OrpaHHuHBaJ0Ch AHINL ONbl-
TOM ABCTpanHileB, CO3ABILNA Gymepanr. 3TCT ONKIT OCTa-
pancs JocToAHHEM aGopUIeHOB ABCTpaliK, HEH3BECTHHIM
epporneiinay. OIBaKO BETPFHBIE MEILHHLE MOILJH NOACKa-
3aTh OBLITJIHBOMY YMY Goabiuie, HeXxeTH OyMmepaHr.

Heo6X0AUMO Obi10 TBOPUECKOC ozapenuye, 4To0bl NPHHTH
Kk Wiee Hecyllero BRHT2 H BepTosiera. Breppue 3TY HACO
BLICKA3a/ BETHKHH HTaNbSHCKHA X YIOKHHK U YUeHBIH Jleo-
gaplo Aa BunpuH B 1475 r. OcHOBHOH YacTbiO TPELJIOKEH
HOrO MM JIETATEJbHOTO annapard, KaK CBHICTEILCTBYIOT
cOXpaHMBIIKECA SCKHIHL M onucanys, SABIAETCA COMBILOH
BHHT (BHHT Apxumena), clenaHHBfl M3 JKECTKOH Mapy-
cHHBI, HATAHYTOH Ha nposomqm,lﬁ Kapkac, BHHT JOJIXKEH
Gu1 MPHBOJAUTBECA BO ppaljeHne ¢ MOMOLLBIO MYCKYJIbHOH
cunpl yenoseka. Mues Jleonapao Aa BuHuH onepexana
peaJibHbE TEXHHYECKHE BO3MOMKHOCTH CO3JaHHAl BEpPTOJETA
enBa JH He Ha NATHb croneruii. CoBpeMeHHHKaM OHa pooOHIe
Kazasach (PAHTACTHYECKOH M TOSTOMY 6LLla OCHOBaTEMBRO
aa6nma. Jlumb B konue XIX Bexa sallHCH Jleonapjo Ja
Buuuy GLUTH oOHApY:KeHb B MuaHCKOH OuOJIHOTEKE.

Ho yxe B cepennHe X Vil Beka (B 1754 r.), He3aBu-
CHMO OT 3HaMEHUTOTC HTaJbAHIA, BEJMKHE PYCCKHTT YUEHBIH
Mpxaun Bacuapeny JlomMoHoCOB HE TOJBKO paspaboTal
cxemMy, HO W TIOCTPOHJI MOJEJL BEPIOJETE, npesHasHa4YaB-
Iytocs ANs TIOABEMa Ha HeoBXOAKNM YO BEICOTY METEOPOJIOTH-
yéckuX npuGopos. Mozesb nMesa 1pa HeCynx Bl nta (HB),
NPMBOAMMLIX BO BpALIEHHE OT 4acoBOH NPYKHHEHL

Pazpa6orka enepseie M. B. JIOMOHOCOBLIM JBYXBHHTOBOH
cXeMbl BepTO/I€Ta O3HAHa€T, YTO OH YCTAHOBHJ HaJIHYHeE
PEAKTHBHOIO MOMEHTa HECYINEro BUHTA H DPEIOKHI ONUH
M3 ¢nocoloB €ro ypaBHOBELIMBaHHA — BTOpPO# BHHT, Bpa-
IAOMHUHACA B IIPOTHBONOAQKHYIO CTODOHY.

B npotokoaax AkajeMu# Hayk oT 1 Hiols 1754 r. MOXKHO
npoyecTe 06 KCIHTaHHAX «a3poAMHaMHuuecKoil (BO3AYXO-
GexxHOM) MAIIMKED, KaK HaswmBaa csoll Beproner M. B. Jlo-
MOHOCOB. B yacTHOCTH, TaM TOBOpPHTCA: ¢MaminHa TOABE-
INBaJaCh HA MIHYPE, NPOTAHYTOM N0 ABYM OAOKaM, H YACP-
)KHBaJach B PABHOBECHH I'DY3HKaMH, NOJABEIIEHHHMH C ITPO-
THBOMNOJ02KHOTO KOHILIA. KaK TOJABKO NPYXHHA 3aBOAHIACE,

MaWKHA NOAHUMAJAACH B BHICOTY M MOTOMY ofeilana JocTii-
HCHUE JKEeJaeMoro AefCTBHA®.
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Cefiuac HaM fCHO, YTO «xedaeMoe jeficTBHe» He GHUIO
JIOCTHT'HYTO TOJHOCTBIO BCJAEICTBHE YPE3MEPHO GonbiLoH
OTHOCHTENBHOH MACCH MPYKHHE! (¢BUTATENA?) H KOHCTPYX-
muu Beprosera. PaGora M. B. JlomonocoBa Obina 3HaqHTEN b
HEIM [ATOM BUEPE] H ABHJIACh MPAKTHYECKKM TOATBEPXAL:
queM H NOKa3aTelbCTROM BO3MOXHOCTH CO3JAHHA BEpTO-
neta. OnHaXo HU3KHH ypOBeHb PA3BHTHSA TEXHHKH HE I03-
BOJISA] peasin30BaTh 3TY BO3MOMXHOCTD.

[lo Mepe HAKOMJIEHHA 3HAHHH H DACIIHPEHHs TEXHHUE-
CKUX BO3MOMHOCTEH YUALANHCH MONLITKH 3aBOEBAHHR BO3-
AYILHOIO MPOCTPAHCTBA.

Bo sropoii nonopune X VIII exa Gbin msobpereH ¥ CO3-
JaH aspoctar. Pa3BHBancs MIAHEPH3M. PaspabaThBaIHCH
MHOTOUHC/ICHNBIE KOHCTPYKIHU camonetoB. Ho sersbie Ka-
4ecTBa 23POCTATOB, MAHEPOR M MPOEKTHPOBABIIUXCA CAMO-
JIETOB JlaJeKo He BO BCEM YJOBJETBOPAJIH MPaKTHUECKHM 34~
npocam. [TosToMy BEHCH paGOTHI U 110 CO3IaHHIO BEPTOJIETOB.

BLIO H3rOTOBJAEHO 3HAYHTEIbHOE KOJHYECTBO JEMOH-
CTpAaLHOHHHX M JETAIOWHX mozeneli BeptoneTos: Koccio
(1845), a’Amexypa (1863) Bo PpaKuun 4 Ip. B Poccun
B 5TO BpeMs TaKxke paspabaTeBaJoCh MHOTO MPOEKTOR H MO=
nenefi pasiuaHBX Beproaeros. B 1869 r. u3BecTHH K300~
peratens A. H. Jloaerus npeAcTaBu1 MPOCKT BEPTONCTA
¢ 37eKTPHUECKHM ABHraTeseM. MHTepecHH NpOeKTH BEPTO-
netoB B. Il. Kosopanosa, [. 1. HepHoga, C. C. Hexna-
HOBCKOro © Ap. V3-3a OTCYTCTBHS HEOOXOIHMHIX ABHIATE-
naeit Mgorse usobperateny npeilaraly HCNOML30BATE AJA
spamenus HB Ha BepTonerax MyCKyJIbHYIO CAJY HEI0BCKA,
4T0 MCKJIOUAIO BO3MOYKHOCTb YCHEWHOH MPAKTHYECKON pe-
aJIM3a1HH X npoexToB. HiMesoch MHOrO HEJOCTATKOR H TIPH-
HUMOHAJBHOTO Xapakrepa. Tak, He BCE aBTOPhLl YHHTHEBAIH
HeOBXOAMMOCTE yPABHOBEIIMBAHHS PEAaKTHBHOIO MOMEHTA
HB, npaBu/ibHOTO ONpPELETEHHs €ro TArd U T. L. 210 BO
MHOFOM OOBACHANOCH OTCYTCTBHEM COOTBETCTBYIOUIMX TE€O-
peruyeckux pabor. Ilostomy B Poccun Kpome MOJEJIHPOBa-
HUA pasBepTHBAAHCH PalOTH [0 CO3LAHHMIO ASPOAHHAMH®
qecKOH 3KCTIEPHMEHTAJBHON U TeopeTHYeCcKoH 6askl, B TOM
ypee H [0 a’podHHAMHKE HeCylHX BHHTOB. AKanemMuK
i nupektop [saBHoil (u3sHueckoii oGcepEaToOpuH M. A. Pur-
kayeB B 1870—1878 rr. Ha crneuHanabHO CO3JAHHOM TMpH-
Gope MPOBOAHA IKCMEPHMEHTA/IbHBIE HCCAENOBAHHA Xxapak-
TepHCTHK HECYIIHX BUHTOB. MsobperaTesb NOABOAHON JIOA-
xu C. K. kepenkuil, 3aHHMaACh a3poANHAMHKOH, B 1880—
1890 rr. cO3[a/l NEePBYI0 TEOPHIO BO3LYLIHOTO BHHTA 3a.0J-
ro 70 NOSABJAEHHA AHAJOrHMHEIX paboT 33 rpaHuLEe.
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B koune 80-X ToloB ApOLLIOTO BEKA B PasBHTHE aspo-
AHHAMHKH H JMHAMHKH TIOJIETa BKAIOUAICH H. E. JKykoB-
cKkuil. Yxe B epBHX CBOHX paGoTax Mo 3THM BOTIpOCaM
«K TeopHH JIeTaHuA» (1890), «O napeHuy OTHI (1891) on
JIOCTHT aHAYMTEJbHBIX HOBBIX peayabTaToB H YKasal 0b-
nacTy HX NPaKTHYECKOTO nprMeneHns. Bompock, HETIOCpen:
CTBEHHO CBA3aHHBEE C a9pOAUHAMMKOH BEPTONETA, KpOMe
ynoMHHyTﬂﬁ paboThl 1890 r., paccMaTpHBAJHCE H. E. Xy-
KOBCKHM TaKX€¢ B pa6otax «O noaesHoM rpyse, MojHHMac-
oM TeJuKornrepom® (1904 ), «OfEIT TEOPETHIECKOTO ONpe:
neTeHus sppexTa BETPa, AYHOILETO B ILIOCKOCTH IeJNHKOIl-
TEepHOTO BHHTAY (1909) u ap. B sTHX TPYA2X BIEPBRIE 6rlna
paccMOTpeHa pa6oTa HECYLIERO BHHTA TIPH KOCOH OO/YBKE,
o yYeHbl AaHHBE O HAIIPABJCHHH PE3YJTbTHPYIOEH a3po-
AHEAMAYECKOH CHIBL H A3MEHEHHH ee BeJIHYHHLI B 3aBHCH-
MOCTH OT CKOPOCTH IIOJIETA. BLiio YKa3aHo Ha BO3HHKHO-
peHHe B 9THX YCHAOBUSX NONEPEUHOro H npoJIOJILHOTO OTpo-
KHALBAIOLLAX MOMEHTOB, JeHCTBYIOUINX OT HB na neramui
BEpTOJIET.

Psaa no10:KeHHRA, pa3paboTaBHbLX H. E. J)KykoBCKHM, HC
nojlb3yercs GO HACTOALIErc BPEMEHH Npy a’poAHHAMHYE-
CKOM pacyere BEpTOJETA.

Ilon pyxosoacreom H. E. JKYKOBCKOIO BEJHCH TaKKE
9KCMEPHMEHTA/IbHbIE HCCICA0BAHHA XapaKTepHCTHK HECY-
HiMX BHHTOB NpH oG/lyBe KX NOTOXOM BO3JyXa [OA pa3HLIME
sanpaBieHHsMH, NpH paGoTe Ha PEXHME caMOBpALIEHHS
5 1. n. H. E. YKykoBCKH} BCeria CTpeMH/ICsl CONETaTh T€O"
peTHYECKHE H 9HKCIEPHMEHTABHHC HCC/IeIOBAHHSA  AJiA
MOJ Y4E€HHA OTBETOB Ha 3a11POChl XHSHH.

Muoroctoponsioio aestenbHocTh H. E. JKyKOBCKOI'O
pricoxo ouenun B. H. JlenuH, Ha3BaB €ro «OTHOM pyCcCKoH
apuaunny. PaGors H. E. JKYKOBCKOro Hauuid OTK/IHK BO
BCEM MEDE H JalK TONYOK PasBHTHIO COOTBETCTBYIOLLHX He-
caenopatui 3a pyGexkom Bknal eTo BMHPOBYIO aBHAHHOH:
HYI0O HAYKy TPYIHO NMEPEOUEHHTD.

baarogaps JocTHKEHH AM TEOPETHYECKOH B IKCTIICPHMEH-
TaNbHOA a3pOAWMHAMHKH, PasBHTHIO JBUTATE1eCTPOCHUHA
B Hauajie HAIIEro BeKa CTAJH YCIelHO CTPOWTLCS H J0CTa-
TOYHO YBEPEHHO JIETATh CAMOJIETE. BmecTe ¢ 3THM CO3/laBa-
nock MHOTO KOHCTpyKIHil Beproneros. [lojapnsiomnee GoJ1b-
INAHCTBO H3 HHX B BO3AYX nogHATLECH HE CMOTJIO H3-3d

¥ Tennkonrep {OT TrpeyECKWX CJIOB gelikos — BEHT H pteron —
l;PHJIG) B flepeBoje HAa PYCCKMI f3LIK O3HauaeT alnapar, cHabxeHHEIN
HHTOBLIM KPHJIOM. TepMHH «BEpTOJeT», ynorpe6aseMul B HaCTOALLCE
BpeMA, NpueAT no npeancwkenmo H. M. Kawmosa.
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HeJOCTATOYHOH MOILHOCTH ABHTaTENbHOH yCTAHOBKH HJH
nenpaBH/ibHoro pacuera Taru HB. Toasko B 1907 r. ¢pan-
ny3sl Bpere n Pume nocTpOMIH Y4EThiPEXBHHTOBOH BEPTO-
JIeT, KOTOPELH BrEPBEIE MOF OTPHIBATBCA OT 3€MJIH M BHCETD
Ha BLICOTE HECKOJBKHX METpPOB. IT0 OLIO NMPHHIMIIHAJBHOE
JOCTHIKEHHE, CTaBlllee JHIIbL NEPBLIM IATOM B 3aBOCBAHHH
BEpTO.IETAMH BO3JyUIHOIO [POCTPAHCTBA.

[Ipy monnTKax NEPEXoia K MOJEeTy BNEPEN BEPTOJETH
TOrO BpPEMeHd TEpNeJH ABapHIO — ObLIO HEsACHO H3MCHE-
HHe a3pOAHHAMHYECKHX CHJ M MOMEHTOB, He ObIH pelueHH
BONPOCH YNPAB/ICHUS BEpPTOJETAaMH, HX  YCTOHYHBOCTH
MT. I

Aty npofaeMBl HalLTH CBOE HAYYHOE H IPaKTHYECKOE
paspemenne B pa6orax b. H. IOpeesa. Eme 6yaydu cry-
nearoM MBTY, oH y4acTBOBAJA B OPFaHH3alHH BO3JYXO-
IABATEIBHOTO KPYKKAa H a3pOAHHaMHMuYecKo# Jgabopato-
pHH, 3aHHTEPecoBalCs BEpTOIeTaMH H N0 PYKOBOIACTBOM
H. E. )Kykosckoro B 1910 r. (emecre ¢ I'. X. Calunutnm)
pa3pafoTa’] HUMIYJBCHYIO TEOPHIO HECYIEro BHHTA, obec-
eYMBAIOUIYI0 HAJEKHHIH pacyer erc xapakrepucTuk. Of-
uoppeMenno B. H. IOpnep sanumascsi mocTpoHKoR JieTaro-
HIMX MOAETEH BEPTOJETOB pa3j1HUHBIX CX€M, a2HaJH3HDOBAJ
MX MpeMMyllecTBa ¥ HefocraTkd. B mepuox 1910—1911 rr.
oH pa3paGoTan H 3amNaTeHTOBaJ CXEMY BEPTOJIETa C OLAHHM
HECYILIHM BHHTOM (ONHOBHHTOBYIO CX€MY), 8 TaKxe H306-
pei aBTOMAT Mepekoca J1s YIpaBJIeHHs BEPTOJETOM B IPO-
JOABHOM M MNOMEpPevyHOM HaupabBieHHsX. Kak BHIHO H3
puc. 1, seproser OppeBa MMEJ BCE XaPAKTEPHLIE 3/1€MEHTEI
COBpPEMEHHBLIX BEpPTOJIETOB.

Ha 6a3e stHX focTHzxkeHHA B 1912 r. no npoeKkTy H NOA
pykosoactBom B. H. l0pbeBa B MaCTEPCKHX MBTY c no-
MOILI0 CTYAEHTOB-3HT)3HAacTOB aBHalUHK ObU MOCTPOEH
nepBLili B MHUpPE BEepTOJIET OJHOBHHTOBOH CXEMEL. Ilpencra-
BHB BEpTO.IT Ha BTOpok BCepOCCHHUCKHA BO3YXOMIABATEN b~
HLIT CBE3T M CIeTaB JOoK1a1 Ha TeMy «[enHKonTep coOCcTBEH-
Hoii koHcrpykumus, B. H. IOpbeB monyuyua 30.10TyH0 Me-
Ja.b 38 ¢IPEKPACHYIO TEOPETHUECKYIO paspaboTKy NpoeKTa
reJINKONTEpa W €ro KOHCTPYKTHBHOE ocyliecrBaenues. Ilo-
JIOMKa BaJja NpH HCNBITAHHAX Beprojera, OTCYTCTBHE
CpelCTB HAa M3COTOBJECHHE KAYECTBEIHBIX AETATeH H HAYaB-
HIafica BCKOPE MepBas MUPOBaf BOHHA MOMELAJH JIETHRIM
HCMILITAHHAM H JOBOJKE BepTosera, HO Hayalo OLlIo Tojo-
xeHo. Baarojaps paboram B. H. IOpsesa BepTonerocrpoe-
HHe II0IYYHIO XOpOLIyl0 TEOpeTHYeCKylo 6a3y, orpaboran-
HYIO CXEMY BEpTOJera M NPaXTHUECKHE NYTH Pa3peeHH:
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aafaud ynpas/eHHs BepTOJNETaMH. Mao6peTeHHbIl HM BTO-
uatr fepeKoca MpHMEHAETCH HB(HE Ba BEpPTOJeTax BO BCEM
MHpE. _ )
[focne mepBoil MHPOBOW BOHHEL B0 MHOrHX CTpaHaX
gHOBL BO3PONMICS HHTEpec K pepTo.I€TaM WU MOFBHJNCE
eabHbIE BO3MOMKHOCTH HX KoHCTpyHpoBaHHs. B 1920—
1930 rr. o PpaHLKH, Menanud, CIIA n Ipyrux crpatax
6ol MOCTPOEH LBl psll BepPTOJIETOB, KOTOPHE MOIJIH Jie-

Puc. 1. [Ipoext sepronera B. H. 10Oppena

TaTh HA BHCOTE HECKO.BKHX METPOB B TCHEHHE HECKOJBKHX
MHHYT.

B Coserckom Cotoze KoMMyHHCTHYECKA s TAPTHS H JIKUHO
BaaguMup Wiabuu JleHHH, HECMOTPA Ha paspyxy, BEI3BaH-
HYIO FpaXKIaHCKOH BOHHOMH, MPUHAMAIH BCE MEPRI JUTS ORICT-
pOTO Pa3BUTHA aBHAUMH. YXKE B 1918 r. 6bl1 OpraHK30BaH
LlenTpanbHbli 2a3pOTHAPOAKRHAMHUCCKAR HHCTHTYT (LIATH),
soaraasasemuiica H. E. JKyKOBCKHM H HOCAILHE HLHE
ero uwmsi. PaGoTraMi 0O BEPTOJETHOH TEMATHKE B [JAI'H
PYKOBOZMN ©OfHH K3 OnHRaHIHX ero YYEHHKOB —
b. H. IOpges.

B pesyabrate atux pafor Obl1H noApoOHO H3YYCHH
XAPAKTEPHCTHKH HECYWHX BHHTOB DasiHUHBIX THIOB Ha
MOTOPHEIX peXHMaX U PEKHME camoBpauieHus, B )GI0-
BHAX OaH30CTH 3€MJIH W T. A.

CneumannHaa BEpPTOJETHAA Tpynna B LHAl'M, xortopas
no3nHee Onlia peopratin3oBaHa B OTAGN BHHTOKPEIILIX almna-
patoB, moji pyxosoictBom A. M. Hepemyxuna B 1928 r.
WPHCTYNM/Ia K [POEKTHpOBaHWIO, a 3aTeM U NOCTpO#iKe
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pepronera, 1 B 1930 T nepBhill COBETCKHIE BepTONET DAY
1-DA oToppascs oT 3emaH. Brepsuie B MHPOBOIl TIPaKTHKE
6Li1a [pek)CMOTPEHA BO3MOMHOCTbL CHHKEHHA BEPTOJIETA
Ha peXHMe CAMOBPAIEHHs HECYINETO puHTa. Ilns 3TOIO
B TPAHCMHCCHH BepTONETa MEXIY JBHraTEsIMH H TVI8BHBIM
penykropoM China yCTaHOBJEHA mydra cBOOOAHOTO XOAa.

Cosnanne seprotera LIATH 1-D9A (pHe. 2) ¢ OoTMEUEH-
HBIMY BBILE PEKOPAHBIMH JIETHBIMH AaHHHIMH H BCEMH OC-
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Prc. 2. Pasauunpie THOE COBETCKHX BEPTOJCTOD nepsorge no-
KOJIeHH A

HOBHEIMH SJI€MEHTaMH, NPMCYLIMMH COBpEMEHHLIM BEPTO-
neram, SHAMEHOBaJO COGOM UMbl 9Tal B pasBUTHH MU pO-
BOTO BepTOJEeToCTpoeHHs. BCeCTOPOHHHE NeTHHIE HCIEITa-
Ky5 3TOTO BEpTOJIETa Aaju 6OraThH ONBIT [ LAaJIbHERILETO
pa3BUTHSA BEPTOJIETOB Ha OCHOBE nepexofia k HB ¢ mapsup-
Holi noapeckofl jonacreil. Ilpu 3TOM 6Ll HCIOJb30BAH
OLIT aBTOXKPOCTPOCHHUA. ABTOXHPHL K8K annapathl, 6onee
MPOCTHIE N0 CXEME H HE TpefoBasBiine CJIOXKHLIX TpaHCMHC
cuii, GEUTH JOBEeEH K TOMY BpEMEHH B CCCP n 3a py0e-
JKOM JIO SHAUMTENbHOTO coBepuieHcTBa. ONBIT NPUMEHEHHH
Ha apBToxupax HB ¢ mapHApHBIM KpENeHHEM Jaonacrel
6Ll HCMIONB3OBaH M AN BEPTOJETOE. Yixke Ha BEpTONeTE
LHATHU 5-2A (1933) no HHHLHATHBE H NOA PYKOBOACTBOM
M. I1. BpaTyxkHa ObL1 yCTaHOB/CH HECYLIHH BHHT C TOpH-
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sOHTA/bHEIMY ¥ BEpTHKaJbHRIMU wapHHpaMu, a TAKXKE
¢ GpUKIHOHHBEIMY neMndepaMy woneGanuil Jonacrel. Bo-
cnenctsun B 1940 . M. [1. BparyxuH BO3rJaBH] KOHCTPYK-
TopcKoe B10po (OK B-3), co3paBli€e NEPBLIC COBCTCKHE Bep-
TONETEl ONIEPEUHOH CXEMHI, [IPUTOAHEIE AJ1S NpakTHYECKOTC
NpPHMEHEHHS! «Omera-I», «Owmera-11», B-3, B-b u nIp-
(puc. 2)-

Hexorophie K3 HHX CTPOMJIHCD MaJBIMH CepHsAME ¥ Ha-
npaBIsIich s CTONb30BAHNS B pasIHYHEIE BEJOMCTRA,
y4acTBOBAJH B BO3AYIIHELX napajiax Mo caydaio Oua Bos-
pywnoro PuoTa CCCP. Ha 3THx Beproerax OKpyXHaid
CKOpOCTb KOHLIOB ronacreil HB Bnepsuie Omiia NOBEJIeHa
no 200 wm/c.

Taxum ob6pasoM, OGnarojaps YCHJIMSIM MOJNOJOTO KOJ-
eKTHBa OTAENa BHHTOKPBUILIX ammnaparon UATH namsa
cTpaHa Mnepen Benukoli OreuecTBEHHOH BOUHOU BHOBb
BLIIIIA Ha TEPEAOBHIC pyBexy B 3TOH o61acTH BEPTOJETO
CTpOGHUS.

B stom oraene LLATH ¢ paGoTeL Hal aBTOKHUpAMH HAYH
HAnK CBOMl MyThb MPOC/aBJEHHLIE BHIOCJENCTBAH KOHCTPYK®
TOpHE COBETCKUX BEPTOJIETOB H. Y. Kamos 1 M. JI. Musb.
JleaTenpHOCTE BO3IIABJAACMEIX UMK KOJIJIEKTHBOB 0ecne-
gpia cosjlanke HECKOJBKHX OKONEHUH TNEPBOKJIACCHHX
COBETCKHMX BEpPTONETOB cOOCHO ¥ OJHOBHHTOBOH CXEM. He-
KOTOPHIE M3 HHX NOKalaHbl Ha puc. 3 u 4. a MHOIHX U3
5THX BEpTOJIETOB ObIN YCTAHOBJCHK MUPOBHIE PEKOPAb! 10
CKOPOCTH, BLICOTE noJjeTa H rpy30HNOLBEMHOCTH. Beproner
Mpu-4 nofroe BpeMf sBAAaCa CAMBM GOJILLUIMM  BEPTOJIE-
ToM B MEpE. B HaCTOALIEE BPEMS HauboNee THAKEABM H IPY-
30TIO'LEMHEIM BEPTOJIETOM ABRACTCH BEPTOJIET TOTO K€ KOH-
CTPYKTOPCKOTO GI0po Mu-12.

3a pybexoM mocjie BTOPOH MEpOBOH BOMHBI TAKKE Ha
gasioch OypHOE pa3BHTHE BEPTOJIETOCTPOCHHA. OcofeHHo
Gonpiiue ycrexd ObuiH JOCTHTHYTEL p CIIJA, TepputopHA
KOTODHIX He MofBepranach Bpa’KECKOMY HAIIECTBHIO HIIM
GombapanpoBkaM [IuoHEPOM BepTOJETOCTPOEHHS B CIIA
apiaca M. W. CaxopckHi, GBI PYCCKHA KOHCTPYKTOP,
cnpoemnpoﬂaﬂmuﬁ 5 1912—1914 rr. campie OONBUIHE B TO
BpEMH CaMOJITH — yeTEPEXMOTOPHEIC Goniba pAHPOBLIMKH
«Pycckuil BUTA3D? U «Mnbs Mypomewp. Iocne SKCIEepHMEH-
TOB C MEpPBHIM BEPTOJIETOM, UMEIOWMM TPH YIPABAAIOLIHE
(pysreBBIX) BUHTA, OH NPALIEA B KOHEYHOM BapHAHTE K CXEME
5. H. IOpbepa ¢ OBHHM DYJIEBLIM BHUHTOM. DTOT BEPTOJNCT
VS-300 B OCOGEHHO CIIEAYIOUmHMA — R-4 npoXcAHiH HC
nbmanus B 1942 r., OblIH BHITYLIEHH MaJbIMH CepHAMH
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¥ HCIOJABL30BAMMCh B KOHIE BOHHBI LI CBA3M, CNACATCIb-
HEIX OMepalHl H OXpaHh MOPCKIX KapaBaHOB OT MoA-
BOJAHBLIX JOMNOK MNPOThBHHKA D10 ObLLTH TEepBHE [ATH
B [PaKTHIECKOM HCNO1b30BaHHY BEPTOJICTOE 34 Py HEmOoM.

B noc/ieiyolliHe FGAL H B HAacTosllee BpeMs (upMa Cu-
KOPCKOTO TNPOJOJMAET 3aHHMATh BERYIEt MECTO B 34py-
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Prc. 3. Beproserss KoncTpykusys H. H. Kavoga

GexxHoM BeprojerocTpoennu. Ha Bepronere CHEKOPCKOTO
$-67 (puc. D) ¢ WAPHAPHBIM KpEILIEHHEM Jgonacreit HB
priepeuie B 1970 r. Geli BHINOJAHEH KOMILIEKC ¢uryp BHC-
ero MUJI0TaXa — NepeBopoThl, Goukn H netau Hecreposa.

B aTOM KpaTKOM HCTOPHYECKOM OYepKE OTMEHCHL! JIHILE
OCHOBHEIE 3TAMLl H YePTh! pasBHTHsI BEPTOJETOB.

B nacTosllee BpeMs pedb WIET O Ja/ibHefiueM Hapally-
BAHUM JETHO-TAKTHYECKHX XapaKTEPHCTHK BEPTOIETOB,
[MOBLIIIEHHH MACCOBOH OTAAauH, YJYULICHHH MAHCBPEHHBIX
H ODHJIOTAXKHBIX CBOHCTB. B 3THX HAnpaBiACHHAX BO3IMOK-
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HOCTH NAJIEKO He HeueprnaHbl JLns NOBLINICHHS MacCCOBO#H OT-
JAYM BEPTOJIETOB BCE IHPE NPHMEIAIOTCH HOBLIC JerKue Ma-
Tepuasbl: THTaH, CTEKJIOIMACTHKH, NMO1HMEDHLIC H KOMi10-
3O HHBIE MaTepHasl Pa3paGaThBaloTCA HOBBIE KOHCTDY K-

Puc. 4. Beprosern Koncrpykuss M. Ji Mg

THBHHE QOpMH N4 Jomacrel, BTYJOK HB u npyrux sne-
MEHTOB BepTojieTa Pa3puBaercs a3spofMHAMHKA HECYLIHX
BHHTOB. Yixe HafileHhl NpHHLHOHAJIBHbIE PEmeHHs, obec-
NeunBaollMe NOBEIIEHHe cKopocTeil nonera Jo 400 KM/
UTo6E yMEHBUIHIb WJIH MCK/IIOUHTH FBJIEHHS BOJHOBOIO
Kpusuca Ha Jaonactax, ucnmTeBaioress HB co cTpenoBrl-
HEIMM 3aKOHIIOBKAMH Joracreil, BHHTH H3MEHAEMOro AHa-
MeTpa (¢ JONACTAMY TEAECKONHIECKOH KOHCTPYKIMH), & TaK-
¥e ocTauaBiHBaeMue B nosnere  yGupaoupecs. B 3THX xe
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[eJfAX Ha CKOPOCTHHIX BEpTOJIETaX MOBCEMECTHO NPHMEHA-
eTcs KpHWIO. PaccMaTpHBalOTCH BO3MOKHOCTH MeXaHMsa-
(MM JomacTefl M yIpaB/JeHHs NOrpaHHYHBIM CJOEM HA HHX.

NanpHefee yBeTHUYEHHE CKOPOCTEH MOJETa BEPTONE-
TOB WAET TAKKE B HanpaBJeHHH NpeBpallleHus UX B KOMOH-
HHpPOBaHHLIE JIETATENbHEE ANNaPaThl ¢ [IOBOPOTHLIMHU Hecy-
[I¥MH BHHTEMH HJIH CO CIIEIHANBHEMH JBHKMTENAMH, CO3AA-
JOLIMMH ABHXYITYX (IPOMYJIBCHBHYIO) CHIY IOMHMO HB.

Beaytcss paGOTH M NO YJYYILEHHIO XapaKTCPHCTHK BEP-
THKAJIbHHX PEXHMOB M BO3MOXXHOCTEH CMELIEHMA IO pas-
HEIM HanpapieHHsAM. JIOCTHTHYTH BEPTHKAJBHEIE CKOPOCTH
Ha6opa BrICOTH Gosnee 20 M/¢, CKOPOCTH NOJIETA BOOK M Ha-
san fo 70—80 xm/u.

B ckopom GYyAyMEM MH CTaHEM CBHAETENAMH HOBBIX
JIOCTHIKEHKH B aTOH 00JacTH.

* & &

ABTOpH BhIpaxalioT IyGoKYyIo 61aroapHocTb BOCHHOMY
neruyky 1-ro Knacca resHepasn-MaHopy asmallid I1. /1. Ho-
BHUKOMY H 3aCHYXEHHOMY JIETYHKY-HCILITATE/IO CCCP
KAHAWAATY TEXHHYECKHX HAYK TOJKOBHHKY-HHKCHEDY
C. B. [TerpoBy 32 pAL LIEHHBIX 3aMEYaHHH IIPH PELCH3HPO-
BaHMH PYKOMMCH, NO3BOJMBIUHX CYIMECTBEHHO YJYdMINTE
COAEpXKAHHE KHHIH.
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OCHOBHBIE XAPAKTEPMCTUKH H OCOBEHHOCTH
A3POJUHAMHKH BEPTOJIETOB

§ 1.1. ASPOJIMHAMHUYECKAS] KOMIIOHOBKA
BEPTOJIETA

BeproseroM HasblBaeTCH JETaTeIbHHH anmapar TsKe-
jlee BO3AyXa, CIOCOBHEIA BHIOAHATL BEPTHKAIbHLE B3JET
H MOCAJIKY, MOJBEMHAS CH1a KOTOPOFO CO3JAETCH OJHUM HJTH
HECKOJIBKHMH HeCYHIMMH BHHTAMH.

Kak ¥ BCAKHII JeTATEIbHEI annapar, Kaxibid BepTO-
ner (THI BEPTOJNETa) NpelHasHaYeH J1d BHNOJIHEHHA Ompe-
feqeHHex 3afay. YToOb! BHIMOIHATE CBOE NPEIHA3HAYCHUE,
BEPTO.IET KPOME HEC)IIHX BHHTOB MAOKEH HMETh CH.IOBYIO
yCraHOBKY, (HO3€s’K, B3JIETHO-NMOCAJOYHOE npucnocof-
neHue (IIACCH), a TaKWKe Ip) rue 3 TeMEHTH (arperatkl), B Le-
govM ofecrneuHBalouiHe HeoOXOAHMEIE JIETHO-TEXHHYECKHE
i MHJOTAXKHLIE XapaKTEPHCTHKH

O6beTHHEHHE BCEX HEOOXOIHMMBIX YACTEH H arperaros
peproera Hanfoaee palyOHAABHEIM crocoboM, BHIOOpD HX
pasMepoB H B3aHMHOIO PACTOJOXKEHHA fBIAIOTCA CI0K-
HEIMH 3a7a49aMH IIPH CO3TARKHK J00Oro JETaTeTbHOrO anma-
para. [Ipn 3TOM OAHHMM H3 TVIZBHBIX BOIPOCOB, PEIIAEMLIX
s obecrneyenns HEOOXOJAHMBIX JETHO-TAKTHUYCCKHX H IIH-
JOTAXKHLIX XapaKTepHCTHK, SABJIAETCA ONpeleieHut Han o=
Jlee palMOHATBHBIX NMAPaveTpoB TeX 3MEMEHTOB JeTaTe)lb-
HOT'O annapard, KOTOPBHIE ONPENENsIOT €ro aspoilFHaMHTe-
CKHE XdpaKTepHCTHKH. IJTOT BOIPOC pEIAeTCs BRIGOpOM
a3pONMHAMHUECKOH KOMIOHOBKH amnnapara.

[lon a3 pOAUHAMHYECKOH KOMNOOHOB-
K 0 i DoOMHMaeTcd KakK npoiecc, TakK H ¢aM pe3yqapTat Bbl-
Gopa BHELHHX GOpM H cnocoba COYETAHHSA yacTeil reTaTesbs
HOTO anmAapaTa, KOTOpPhIE CO3JaioT B [MOJETE OCHOBHLIG
a3pOJIHHAMHYECKHE CHJILl H MOMEHTAL.
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VIHLIMH CIOBaAMH, a3POJHHAMHYECKAS KOMIIOHOBKA ONpe-
NEAAET B OCHOBHOM BHELIHHN OOMKHK BepTOJETa H, CJNENOBA-
TeIbHO, YCTOBHRA €F0 CRJIOBOIO B3aMMOJIEHCTBUA C BO3LY-
xoM B niojere KarkIpli BHI a3pOAHHAMHYECKOH KOMIIOHOB-
KH MMEeT CBOHM MperMymecTBa H HemocTaTkd. OHH y4HThI-
paforcsl NMpH BeIGOpe CXeMbl BEPTONETa BMECTE C NpPEHMy-
ecTBAMH H HEJOCTATKAMH €€ KOHCTPYKTHBHOTO BHITOJ-
HEHHS.

[IpHMEHHTENBHO K BEPTOIETaM a3pOAHHAMHUECKAS KOM-
[IOHOBKa XapaKTEepH3YeTcH:

— KOJMYECTBOM H PaclOfOKEHHEM HECYHNIHX H PYJICBBIX
BHHTOB,

— ¢dopmamu (o6BoNlaMu) (io3enaxa,;

__ THTIOM ¥ pACIONIOXKEHHEM CHJOBOH YCTGHOBKH;

— HANHUHEM, PACNOJIOXKEHHMEM H GOopMaMH Kphlia H one-
peHuA;

— THIOM M Pacro/IOKEHHEM B3JIETHO-NOCAJAOYHBIX YCT-
POMCTB,;

— . KoJugecrBoM H GopMaMH BHICTYNAKIMHX B NOTOK 3JC
MeHTOB (BHEIUHHX NQJBECOK M T. I.).

[Ipu nosete BeproJera Haubonee SHaUMTETLHAA U3 45p0-
guHampuecknx cua cosaaerca HB. HeynupuTelbHO [03TOMY,
gTO [IABHBIM M B 3HAUNTEIbBHOH Mepe OnpeiefAiCIiHM NpH-
3HAKOM a9POAHMHAMHYECKOH KOMIOHOBKH BEPTOJETA SABJIA-
ercsi KOAHYECTBO HECYUIHX BHHTOB. BriGop KOMHYECTBA
HB 3aBHCHT OT MHOTHX (aKTOpOB. [ 1aBHEIMH H3 HUX AB/If-
[OTCS NpElHA3HAYEHHE BEPTOJIeTa M BHITEKAIOWME M3 3TOIO
TpeGoBaHHS 1O CPY3OMNOIBEMHOCTH, BO3MOXKHBIM rabapHT-
HBIM pasMepaM, NPEHMYIIECTBEHHBIM yCTOBHSAM SKCILyata-
UHH, CKOPOCTH, JAAJBHOCTH MOJET2 H T. A. BaxHyio poONb
UrpaeT TAKKe YpOBeHb PAa3BHTHS ABMALIHOHHON TEXHHKH,
onpefen oMl BO3MOXKHOCTH CO3/aHKA TEX HIH HHLIX KOH-
CTPYKTHBHHX 3JIEMCHTOB W arperaree. Haxoge, He nocael-
Hee 3HAYeHHE HMEIOT TPaJHIHH H BO3MOXHOCTH KOHCTPYK-
TOPCKHX KOJJEKTHBOB (bupM), CO3NAIOUHX BEPTOJET.

B pesyasTaTe ydera BAMSHHA BCEX STUX 3aH4CTYIO TTPO-
THBOPEUHBLIX (PAKTOPOB B KOHEUHOM CUETE BEPTONET, paspa-
GOTAHHEIH MOL 33JaHHLIE JEeTHO-TAKTHUYECKHC JIAHHBIC,
MOJKET OBLITh CHAGXEH OJHHM UJH HECKOJbKHMH HECYLIHMH
BHHTamy. B 3aBucHMocTH oT KogaudectBa HB pasannuatoT
OJHOBHHTOBHIE, JB)XBHHTOBHIE H MHOTOBHHTOBL€ CXEMKl
BepPTOJETOB.

CooTBeTcTBeHHO KoanyecrBy HB ¥ HX TIpHBOAY pasni-
yaTcs M Crnocobbl ypaBHOBEIUMBAHHA PEAKTHBHOTO MOMCH-
tra HB. Hanomuum, 9ro s Bpalesua HB e ueadx moay-
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qeHHsa HeoOXOXUMOH TATH TPUXOCAMTCA NPEOJIONEBATh CHJIB!
COTPOTHBACHHA BO3AYXa, AefcTByIOIMe HA KaXAYIO JO-
MacTb H ofpasylliHe B CYMMe OTHOCHTEABLHQ OCH Baja
HEeCylllero BHHTAa MoMeHT (pHc. 1.1)

Mconp = EXurs,

rie k— quCIO JOoNMacTel;
X, — peayJbTHPYIOIlaA CHUJa CONPOTHBAEHHA Bpalle-
HHIO JTONIACTH;
r, — paccrosiHHe OT OCH Bajia JO JUHHH heficTBHA X .

{ [

Puc. 1.1, Cxema 00pa3oBanHsi PeaK THBHOLC MOMEHTa M Hecymero
BHHTA

[Tpu nameHerun oGopoToB* HB K MOMEHTY OT CHJ conpo-
THBJEHHA BO3AyXa AoGaBnsieTcsl MOMEHT OT TAHIeHIHAJb-
HEIX cHA HHepuMH M,,, BOSHHKAIOWHX NPH HAJNHYHH YIJIO-
BOIO YCKOPEHHS,

CaenoBarennHo, co ctopossl HB Ha Ban BuHTa AeficTBYeT
B OOILEM CAYYa€ CYMMapHBIH MOMEHT, HA3hBAeMbiH peak-
THBHHIM MOMEHTOM Hecyllero BHHTa My:

Mp - Mconp_l‘ MHH-

Y BeprosieroB C MeXaHWdecKHM npueojom HB stoT
MOMEHT MpPeoJoNeBaeTCH KPyTsALHM MOMEHTOM M,, OT CH-
JIOBOMl YCTAHOBKH, MNEPEAaBaeMHIM 4epes TPAHCMHCCHIO H Ball

* B kuure nposefien TepMdH «00OpPOTH» H3-32 yhnoTpelAcHAa ero
B cymecTByomel JetHoH aoxymentauus (no FOCT ymorpebpsercs
TEPMHH 4acTOTa BpallleHHMSY),
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HB. O6opotnt HB ocratotcss TMOCTOAHHBIMH, NOKa Mep =
— Meconp. [IpH 5TOM TpaHCMHCCHS, M€pEAloLiasn Mep,
M KOHCTPYKLMS BepTojieTa ((rosensik), Ha KOTOPOH 3aKpen-
JIeHA CHMJIOBas YCTAHOBKZ, HCIILITHIBAIOT COTJACHC TPETHEMY
3aKOHY MeXaHHKH NelicTBHE paBHOrO MO BEAMYIHHE, HO npo-
THBOTIOJIOKHO HANPABJICHHOTO PEaKTHBHOTO MOMEHTA HB —
M, CTpeMslIerocst pasBepHyTb BEPTOJET B CTOPOHY, TpO-
THBONOJIOAKHYIY 1ANPaBJIEHHI0 BpallCHAA HB.

Pt {‘1\
X N Peaxmubroid

dBuzamers

KPR =Mcunp=""'xn Ty

%l? -..._n_..._--' P

Puc. 1.2. Cxema peaKTHBHOIC MpHBOJA HECy-
mero BRHTA.
P — para peakTHBHOro jApurartens; R — PajHye HB

Ecju KpyTAIUN MOMEHT JUIA PeOAOICHHS MOMEHTa OT
CH/l CONpPOTHBJEHHA BO3AyXa BpAaIIEHHIO HB nepepaerca
He yepes Basl BHHTA, TO MOC/EAHHH H KOHCTDYKILHS BepTONE-
T4, OUCBHAHO, HE HCMBLITHIBAIOT reticrBus M,. TaxoH BapH-
aHT BO3MOMKEH NPH TaK HA3LIBAEMOM PeakTHBHOM NpPHBOLE
HB, korza BHHT BpalllaeTcs 3a cYeT KDYTHIUEro MOMEHTA,
CO3/1aBaEMOr0 TArod peakTHBHHIX nurarene#i (B npocrei-
meM Ciyyae — PEaKTHBHEIX COTCI, ropejiok), roMemleH-
HHX Ha KoHuax Jonacrei HB (puc. 1.2). Beneperue sha-
QUTEe/BHHX KOHCTPYKTHBHHIX TPYAHOCTEH HCIOMHERHS De-
akTHBHH npuBoz HB noka eme He Hale MHPOKOro HpakK-
THUECKOT0 NMpHMeHeHHs Ha Bepronerax. lmeiorcd JAUIb
SKCIepUMEHTaNbHEE Ppa3paGoTKn B OCHOBHOM pasHYHEIX
NETKHX BepToaeToB THIa B-7 (puc. 2) H j1eTaTebHEIX anna-
paToOB PAHNEROr0 THNA C PEAKTHBHEIM IPHBOIOM HB nns
HHAMBHAYANBHOTO NIOJIB30BAHKS.

Bece coppeMeHHBIE CEPHAHEIE BEPTONIETH HMEIOT HECYIILHE
BHHTHL ¢ MEXaHHMUYECKHM NPHBOJAOM, B OOJbHIHHCTBE — OT
rasoryp6unnex asurarenefi ([TIH), u, cA€A0BATEBHO,
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HYKAAIOTCA B YPaBHOBEIDMBAHMH DPEAKTHBHOIO MOMEHTA.
YpaprosewnBaHue Al BHIIONHAETCH M0-Pa3HOMY B pas.aud-
HBIX cxemax BeproneroB (puc. 1.3).

[Ipr OAHOBHHTOBOH CXEME BePTOJETa C MeXaHM4YeCKHM
npupojoM HB (puc. 1.3, @) Mp ypaBHOBEIIMBALTCH OOBIYHO
MOMEHTOM OT CHJHI TSIFH pyJieBoro (xeoctoeoro) BuHTa (PB).

Puc. 1.3. QcHOBHEE ¢XeMH EBEPTOJIETOB:

g — OfROBHATOBAaA; § — CoOCHARA; @ — NPOAOJLHAA, 2 — AonepedHasd, d—rc¢
nepeKpeluBaiouMHCs BHHTAMH; € — MHOTOBHHTOBAS, RYpB — PeayAbTHpYIO-

uas asponrHaMuyeckan cuna HB (Ha nByXBUHTOBBIX CXEMax Rup, RHE.3
cooTBeTCTBEHHO mepeAHerc u saguero HB, Rpgp # RHBnp — nepol O B npa-

poro HB): » — yraopana CKOPOCTE BpALEHHA HB; 7, — npoexknra Ryp Ha OChb
Oz; Tp g — cuna Tark PB; Ip.p — PACCTOSIHHE OT JIMHHK JERCTBHA CHIN Tp.s
po ocy pana HB (maeuc cuaw Tp gl

24
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B ogHoil H3 TEPBHX KOHCTPYKIHH COBETCKHMX BEPTOJETOB
IIATH 1-2A (puc. 2) peakTHBHHIT MOMEHT HB ypaBHOBE-
{IMBAJICS MOMEHTOM OT Maphi CHJI. STHMH CHIAMH ABJIAIOTCS
TSCH PYJEBHIX BHHTOB, YCTAHOBJICHHEIX B nepepHed u 3ai-
pefi yacTaX (PepPMEHHOro (ro3e/siKa. Ecay ke AJS YpaBHO-
peiuMBanys Mp Hcnosb3yeTcd OJHH pyJIEBOH BHHT, TO NpH
paseHcTee Mp = Tp s lp.» OCTAETCH HeypaBHOBelLIeHHOH
cuaa TsrH pyneBoro BHHTA Tpa{lp s — paCcCTOHHC MEXK Y
ocamu HB ¥ PB). UrofH 3Ta CHNa HE NpHBOJMJEA K cMme-
LieHMI0 BepTosieTa BOOK, ee HeoOXOAHMO YPaBHOBECHTD
OTKJIOHEHHEM pesyJbTHpPYIOLIEH a5pOJHHAMHUECKOH CHAHI
HR Ruz B NPOTHBOTIOJIOKHYIO CTOPOHY JUf MOy 4YeHHs
coctapnaomes T, paBHOH To. s (pHC. 1.3, a). Ilpu sTOM
RO3HMKAIOT HEKOTOphble AOMOTHHTE/BHBIC ocOOEHHOCTH B J0O-
CTIPKEHHH DAaBHOBECHS BePTOJIETA, O 1EM 6yner noapobHee
CKa3aHO B TJ. 5.

O7HOBUHTOBAaA CXeMa  BepToJeTa, peisoKeHHa s
B. H. KOpbeBLIM eIle B 1910—1911 rr., oKasajach O4YCHb
nepcrneKTHBHOA H WKH3HECIOCOOHOH.

Cxema OT/IKYAETCS OTHOCHTEIbLHOK [IpOCTOTOH MPKBOAA
U ynpaBjeHHs Hecymel CHCTEMOM, MOCKOJBKY CHCTEMA co-
ctour K3 oaxoro HB, ofecneunBaer CO3AaHHE BEPTO/IETOB
pasJHYHOM Tpy30NOJAKEMHOCTY H B3JIETHOR MACCH, BIWIOTH
10 50—60 7. Jlerue No cpapHEHHIO C APYTHMH CXEMAME pe-
MIAIOTCA BONPOCH GOPBOBL C HBJIEHHEM (3EMHOTO pe3oHaHcar.
HenocTarkoM CXEMBl sIBISETCS PAcXOX MOMHOCTH Ha pH-
BOJ, PYJEBOrc BHHTE, coctapasiomuil go 10—12% momuo-
CTH CHJIOBOH ycTaHOBKH. Kpome TOTO, HeOOXOAHMO BHI-
necenue PB 3a miomanb, OMETaeMylo JonacTAMH HB. Han
5TOTO HCTIOIL3YeTcs JAHHHAA XBOCTOBA GanKa C KOHUEBOH
(kuieBoil) GaJkoi#, 4¥TO B [EJIOM yBEIHYMBAET TIabapHThl
U MacCy BepTojera. B pe3yakTare K npAMEBEIM pacxoiam Mot
HOCTH HemocpeACTBEHHO Ha NpHBOL PB pofapasrnotcs 3a-
TpaTH KOCBEHHBIE — Ha NOABEM H IIEPEBO3KY mMacch 0anoK
u camoro PB. Jlag ymMeHBIICHHS noTpefHO# TATH pYJEEOIo
BUHTA H, CJEJ0BATEIbBHO, MOLLHOCTH, oT6upaemoil ANs €ro
BpaIeHHA, KEJIATETBHO YBENHUHBATE lp. 5y T. €. JVIHHY XEO-
cTopoli 6anku. Ho upeamepHoe y BeindeHue [, ; IOMHMO yBe-
TMYEHNA MacChi KOHCTPYKIMH BI€UET 38 COG0H TaKKe yMEHE-
[uelHe ZOMYCTHMOTO MOCAJI0YHOTO YIJ1a TAHIAKa BEPTOJET4,
4TO OrpaHHYMBAET BO3MOXHEE YC/IOBHA BBEIOAHEHHI 110-
CalKH.

K3k BUIHO, HEJIOCTATKH OXHOBHUHTOBOH CXEMEI TIpH ME
xanuyeckoM mpusoje HB BHTEKalOT, B CYLIHOCTH, M3 ee
a3pPOJHHAMHUECKOH  HCCHMMCTDHH. Opunako ©Gnaropaps
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OTMEMEHHEBIM BRIlIE MPEHMYIIECTBaM BEPTOJETEl OIHOBHHTO-
Boli CXEMBI IBJIAIOTCS B HACTOsILEE BpeMs Hanbonee pacnpo-
cTrpaHeHHEMH. IlpoJioibHOE H MONEpPEYHOe YNpaB/leHHe
BEPTONIETAMH 3TOH CXEMEI ofecneynBaeTcs HAKJIOHOM B HYX-
HYIO CTOPOHY pe3yJbTHPYIOLIEH a9pOAHHAMHUECKON CHJIE)
HECYIlETO BWHTA, a 3aTeM ¥ BCEro BEpTOJCTA. Ilas myte-
BOTO VIpaBJICHHS HCOOJAb3YETCH xBocTogoil  (pyJeBoi)
BUHT.

B CCCP no 3Toil cxeme cOo3jaHhl N0UTH BCE BEPTOJCTH
goHCeTpykuHH M. JI. Mg, 3a py6exom 60oMbUHHCTBO BEP-
TOJIETOCTPORTENbHEIX (QUPM TAKKe BHIYCKACT BEPTOJIETH
OJHOBHHTOBOH CXEMHI.

[Ipn HBYXBHHTOBOH CXEME BEPTOJIETOB ofecnieuHBaeTcH
paa}IMHOE YpPABHOBEIIHBAHHE PEAKTHBHEIX MOMEHTOB HECY-
14X BHHTOB BpallCHHEM HX B NPOTHBOMNOJOMHBIX Hanpas-
neHusx. I1o3ToMYy BePTOJIETH BHITIONHAIOTCH Ges pyJieBOIQ
BHHTA, H MOLIHOCTbH CH/IOBOM YCTAHOBKH HCNOJNB3YETCA L%
NpHBOJA HECYLIHX BHHTOB B GonbIel CTeneHy, YeM y OAHO-
BHHTOBBIX BEpTOJIETOB (NpUMEpHOHa 8— 10%). B 3ToM 3aKA10-
qyaeTcs OCHOBHOE ITPEHMYLLECTBO ABYXEBH HTOBO# CXEMH BEp-
TONETOB NEepeA OAHOBHHTOBOH. PacnosioyeHue LB) X Hecy-
X BMHTOB MOXET GLITh PA3/IHYHBIM H BHUIOTHACTCR [1o CJie-
ZyomuM cxemam (pHC. 1.3): coocHoii, NMPOAOABHOH, DOme-
peYHOH, € NepexpelyBaOIHMHCH BHHTAMH.

B cooc HO H cxeMe Hecymmue BHHTHI pacrnosaralTcs
OfMH MO APYTHM H OCH OOOHX BHHTOB coBIanaoT (pHC.
1.3, 6). Ilpu 3TOM BaJi BEPXHEro HECYLICTO BHHTA MPOXOAHT
BHYTPH J10JIOTO BaJla HHAKHETO. [Thockoctr ppamenua HB
HAXONSATCSH HAa TAKOM pacCTOSHHH OJIHA OT Apyro#, 4tolH
HCKJIIOYHTL CXJIeCThIBaHWE (KacaHHe MJH CTOJKHOBEHHE)
jonacTell BEPXHEro M HIDKHEro BHHTOB Ha BCEX pexHMax
noseTa ¥ MaHeBpax BepTOJETA.

OCHOBHHIME NPEHMYILECTBAMH BEPTONETOB COOCHOH CXe-
MBIl SBJIAIOTCH CPABHHTEIBHO MAJEIC HX raGapuThl, BHICOKAS
MACCOBas OTHada, NpoCTOoTa KOHCTPYKIHK (HckyIo9an Hecy-
M} 10 CHCTEMY), 8 TaKKe aspoJMHAMHYECKAasA CHMMETDHI,
KOTOpas ofecneuxBaeT NpoCTOTY NUJIOTHPOBAHHA BEPTO-
neta. Manwifi passHoc Macc offecnieqHBaeT BEPTOJACTY BbICC-
KyI0 MaHeBPEHHOCTD.

HenocTaTKOM CXeMbl ABJIAETCS B3aMMHOE BIXAHHE Hecy-
KX BHHTOB, NMPHBOJARLIEE K CHWKEHHID HX o6ien TATH MO
CpaBHEHHIO ¢ TATON TAKHX e, HO H30JNHpOBalHO paboTato-
IUX BHHTOB. ITC OOBACHAETCA HeGnaromMPHUATHHIM BJIHA-
HueM Ha pabOTY HUXKHEro BUHTA CTPYH BO3LyX4, orépachl-
paeMoil BepXHuM. HeoGxoAKRMOCTh SHAYHTETBHOTO yBEJIH-
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geHHfl PACCTOSHHA MEKAY TWIOCKOCTIMH BpalllCHUR HECy-
MUK BHHTOB MDH YBEJHYECHHH HX AMAMETPa TaKke 3arTpyl-
HAET HIMPOKOe Ppa3BHTHE BEPTORCTOB 3TOH CXeMbl B Ha-
[paBA€HHH YBETHYCHHS rpy30N0HEMHOCTH. Kpome TOTO,
y BEPTOJIETOB cOOCHOH CXEeMEI Gojiee cIoXKHpie TPAHCMHCCHA
(nepesaua) K HecylluM BHHTaM H yIpaBieHUe HMH, 4Y€M
y OJHOBUHTOBHIX.

[MponosbHoe H MHOTNEPEYHOE yrpaBJeHHEe BepTONETaMH
coocHOfI cxeMbl o0ecnedHBaercs, Kak H Y OJHORHHTOBBIX,
COOTBETCTBYIOLIHM HAKJIGHOM pe3yALTHPYIOLlEH a3pojHa-
MHUECKON CHJBEl HECYLIHX BHHTOB. [TyreBoe ympaBIeHHE
ofeceyHBAeTcsl paxiHYHEIM H3MEHEHHEM [ard (yrna ycra-
HOBKH Jonacrell) BepXHEro ¥ HIDKHETO HB. Tlpu 3TOM HX
peaKTHBHEE MOMEHTHl CTaHOBATCH pasaHYHEME (O/IHOBPE-
MEHHO MOT'YT OTK/JIOHATECA PY.1H4 HAaMpab/IeHns o BpalleHHIo
BUHTa ¢ 6OIBIIMM L1aroM). BepTodaer noBopaYNBaeTCA B CTO-
pony GoJblIero peakKTHBHOTO MOMEHTa. Takoe yIpaBiceHHE,
korfaa ofiMil [ar HeCyUHX BHHTOB g3MeHsAeTcA Ha pas-
JIHUAYI0 BEIHUHHY, HaA3bIBAETCH audbe peHIHaAbHEIM . OHo
UIHPOKC MpHMeHsieTcd H B ApYTHX ABYXBHHTOBHIX CX€MaXx.

HinkHrii Hecyliuil BUHT MeHee SPQERTHBEH U NO3TOMY
K.IL.Jl. Hecyllefi CHCTEMBI B IEJIOM MEHBLIE, gyeM Y JBYXBHHTO-
BLIX BEPTOJIETOB IPYIHX CXEM. Ha-3a xopoTKoro (rosens-
)Ka yehaoxHsieres ofecneueHne nocrarouHofl myTeBoii ycTOH-
UHBOCTH.

CooCHAS CXeMa C ycCIleXxoM NpUMEHAeTCH LR BepTOJIE-
TOB Manoll H cpeaHedl rpysonoibeEMHOCTH. HauGonbuiero
pa3sBUTHA 3Ta CXeMa JOCTHIVIA B Copetcxom Coto3e, TAE NOA
pykosogcersom H. H. KaMoBa NOCTPOEH UEAblid pAR BEPTO-
7eTOB COOCHOB CXeMEl. DTH BEPTOJIEIEl MIHPOKO HCTIOJB3Y-
jOTCsl B HAPOJHOM x03sficTBe ¥ B BOODYKEHHBIX Cunax.

B npofioJbHOH CXeME HECYIME BHHTHl pacnosaraiot-
csl ONHMH 3a APYTHM BIOJIb [0 moJaery, T. €. ofMH B nepel-
Hefi uacTH (rosessKa, Apyrod — B sapued (puc. 1.3, 6}.

TloT0HTEhHBM KAUECTBOM TAKOH CXEMBI N0 CPaBHEHHIO
¢ OJHOBUHTOBOH ABJAETCH TEOPETHUICCKARA BO3MOXHOCTD pes-
KOTO YBEIHUYECHHs IPY30ONOABECMHOCTH B CBSA3H ¢ YABOEHHEM
xonuuectea HB. Pio3eisk MOMKHO BHIINOJHHID C GOJ BillIM
o6 LeMOM TPY30BOH (maccaxupckoi) KaGuHH. [Tpu sToM 0O-
BEIIACTCH MaccoBasi OTAaua, TaK Kak (rosessnixK [OJ1y4aeTcs
JIOCTATOUHG KECTKHH H OTHOCHTEJIHHO JIETKOH KOHCTPYK-
@i, MoeT 6uTh fonylieH Gonbmik Ananason paspeuieH-
HEIX [pOJOJBHEIX IEHTPOBOK.

[MponoabHas CXeMa BepToJera ofecnegHBaeT BLICOKHE
TArOBLIE XAPAKTEPHCTHKH [pH oceBoii o6AyBKe (Ha BepTH-
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