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= U3YUNTb 3aKOHOMEPHOCTU, XAPAKTEPHbIE
nns 6annnMcTMYEcKoro ABMXEHUS

= NPOBEPUTb WX BbLINOSIHEHME C MOMOLLbIO
nabopatopHon paboThbl.



3agayvm AaHHOM paboThbl

N3ydyeHne AonosIHUTEeNbHOro Martepuana no
MeXaHUKe.

3HAaKOMCTBO C  WUCTOpMEN W  BUOAMMU
6annnUCTuKN.

[lpoBecT  nabopaTopHyto  paboTy Mo
NCCNeaoBaHMIO 3aKOHOMEPHOCTEN
6anIMCTM4ecKkoro ABMXKEHUS MNPU  MOMOLLIN
6annmcTnyeckoro NMUCTONETA " C
npuMeHeHneM /| uUudpoBon  nabopatopumu
«Apxumen»



MCTOpVIFI BO3HUKHOBEHUSA OaNIMCTUKK

Bo3HMKHOBEHME 6aNANCTUKK KaK HayKun OTHOCUTCS K 16 B. [lepBbiMM TpyaamMu no
GanmcTnkn ABNAOTCA KHUMM MTanbsHUa H. TapTanbn «HoBasg Hayka» (1537) u
«Bonpochkl U OTKPbITUA, OTHOCALLMECH K amennepMMCKom cTtpensbe» (1546).

B 17 B. dyHAAMEHTasbHbIE MPUHLNMLI BHELLHENW 6aNIUCTUKKN BbiIN YCTAHOBEHDI
. TanuneeMm, pa3paboTaBWMM Mapabo/IMUECKY0 TEOPUIO ABWXXEHUA CHAPAOB,
UTanbsaHUEM 3. Toppuyennn n ¢paHuy3omM M. MepceHHOM, KOTOPbIN MPEMAIoXKMII
Ha3BaTb HAayKy O [ABWXEHUW CHapsAoB 6anincTyMkoun (1644) W. HblOTOH npoBén
NepBbIE MCCNEAOBaHUS O ABWMXKEHUM CHapsiA@ C YYETOM COMPOTUBIIEHWUS BO3AdyXa -
«MaTemMaTnyeckme Ha4ana HaTtypanbHon dunocodum» (1687).

B 17-18 BB. McCcnefoBaHWMEM ABWXXEHMSI CHApsAAOB 3aHMManucb: ronnadHaeu X.
MonreHc, dpaHuy3 . BapuHboH, weeiuapey [. bepHynnun, aHrnuuaHuH PobuHc,
PYCCKUWM YY€HbIN J1. Unep u Ap. SKCNEPUMEHTAsIbHbIE U TEOPETUYECKME OCHOBbI
BHYTPEHHEN 6annncTMkM 3anoxeHol B 18 B. B Tpyaax PobuHca, Y. XeTToHa,
bepHynnun v ap.

B 19 B. 6bINM YCTaHOB/EHbI 3aKOHbI COMPOTMBEHMS BO3Ayxa (3akoHbl H. B.
MawneBckoro, H. A. 3abyackoro, MaBpckmit 3akoH, 3akoH A. ®@. Cuayun).

B Hauane 20 B. 4aHO TOYHOE peLlEHME OCHOBHOM 3a4aun BHYTPEHHEN 6annncTmku
- paboTbl H. ®. Ipo3agosa (1903, 1910), nccnenoBanmcb BOMPOChl FOPEHNS NMOpoXa B
HeM3MeHHOM 06bEMe - paboThl n. 1. paBe (1904) n pgaBneHMs MOPOXOBbLIX ra30B B
KaHane cteBona - pabotel H. A. 3abyackoro (1904, 1914), a Takxe dpaHuysa 1.
LLlapboHbe un ntanbsHua [. buaHku.. Kak camoctoaTenbHas, onpeaenéHHas obnacrb
Hayku, 6anMcTnka nonyymnia Wnpokoe passuTtme C cepeamHbl XIX Beka.



Bannuctuka B CCCP

B CCCP 60nbLIOK BK/IaA B AafibHENIIEE pa3BUTME 6ANIUCTUKU BHECEH YUEHLIMU
Komuccumn ocobbix aptunnepunckux onbitoB (KOC/IPTOM) B 1918-26.

B atoT nepuop, B. M. TpodumosbiM, A. H. KpbiiosbiM, 1. A. BeHTuenem, B. B.
MeyHukoBbiM, . B. OnnokosBbiM, H. OKyHEBBIM W Ap. BbINOJHEH psa paboT no
COBEpPLUEHCTBOBAHMIO METOAOB pacyéTa TpaeKTopuu, pa3paboTke Teopun NONpaBoK U
No N3y4YeHUI0 BpallaTebHOro ABMXEHUSA CHapsaaa.

WUccnepoBaHust H. E. Xykosckoro u C. A. YannbirmHa mno aspoauvHaMuKe
apTWINEPUACKNX CHapsaoB flernu B ocHoBy pabot E. A. Bepkanosa u ap. no
COBEPLUEHCTBOBAHUIO (POPMbl CHAPSAO0B N YBENNYEHUIO AafIbHOCTU UX MOJETa.

B. C. MNyrauyeB BrepBble pelunn o6l 3aaadvy O ABVKEHUM apTUNNEPUIACKOrO
CHapsiaa.



OCHOBHbIe pa3gernbl banInCTUKK

«BAJIJIMCTUKA - Hayka o 3akoHax mojiéta Tea (CHapsI0B, MUH, OOMO, MyJb), MPOXOIAIIUX YacTh MYTH
KaK cBOOO/IHO OpPOIIIEHHOE TEJI0» - MUIIYT B ciioBape Okeronsa.

banmnmucTrky moapa3feNsioT Ha: BHYTPEHHIOD M BHEIIHIOW, a TaK K€ «TEPMHUHAJIBbHYI0» (KOHEUHYIO)
OQJUITUCTUKMU.

Buemnsis OamucTika U3ydaeT ABM)KCHHE CHAps0B, MHH, MYyJIb, HEYIPABISIEMBIX PaKeT U Jp. MOCIe
MPEeKpalleHUs] UX CHJIOBOTO B3aMMOJICUCTBHS CO CTBOJOM OpYKus (IIyCKOBOM YCTaHOBKOM), a TaKxke
(bakTopbl, BIMIONIME HA 3TO ABUKCHHE.

BHyTpeHHs OauIiCTHKA U3y4aeT IBH)KEHUE CHAPSA0B, MUH, IyJlb U Ap. B KAHAJE CTBOJIA OPY>KHSI IO
JIEMCTBUEM ITOPOXOBBIX T'a30B, & TAKXKE JIPYTHE MPOLECCHI, MTPOUCXOIAIINE MPU BBICTPENE B KaHAJIE WIH
KaMepe MOPOXOBOM PAKETHI.

«TepmunanpHas» (KOHeUHas1) OAJUTMCTHUKA, UMEET OTHOIIEHHE K B3aMMOJICUCTBUIO CHapsija W Tela, B
KOTOpPO€ OH TMOMNajaeT, W JABW)KCHHIO CHapsA/a TOCJe TMOMaJaHus, TO €CThb paccMarpuBaeT (U3UKY
pa3pylIaroIero IeUCTBUS OPYKHUS HA MOPAXKaeMbl€ LI€JIM, B TOM YKCIIE SIBJICHUS B3PhIBA.

TepMuHaIbHON OANNTMCTUKON 3aHUMAIOTCS OPYKEHHUKHU-CIICHUAIMCTBI MO CHapsjaM U IIyJsM,
MPOYHUCTHI U APYTUX CIELUUATUCTHI 10 OPOHE U 3aIUTE, a TAK)KE KPUMHUHAIHUCTBHI.

JInst IMUTAIA JEUCTBHS OCKOJIKOB M ITyJIb, IOPAYKAIOIINX YENOBEKA, IPOU3BOAST BBICTPEIIBI B MACCUBHBIE
MULIEHU U3 xenaTuHa. [1ogo0HbIe SKCIEPUMEHTHI OTHOCSTCS K T.H. paHEeBOM OaymucTuke. MxX pesynbrarbl
MO3BOJISIIOT CYAUTh O XapaKTepe paH, KOTOPbIE MOXET MOJy4YHUTh 4esoBeK. MHpopMalys, KoTopyro IaroT
WCCIICZIOBAHUS IO PAHEBOW OANTMCTHKE, NAaeT BO3MOXXHOCTh ONTUMU3HPOBATh 3((HEKTUBHOCTH PA3HBIX
BHJIOB OPY’KHsI, PEIHA3HAYAOLIETOCS U1 YHUUYTOKEHHUS )KUBOM CUJIbI IPOTUBHUKA.



[ToHATME KPpUMUMHANMUCTUYECKOU DanmmMCcTUKu

i KpuMmnHanuctnyeckas 6annnctuka - OTpaciib KPUMWHANIUCTUYECKON TEXHWUKW,

M3yyalwllas 3aKOHOMEPHOCTU BO3HWKHOBEHUS CNEeAOB MPECTYrnfieHns, cobbiTue
KOTOpPbIX CBSI3@HO C MPUMEHEHNEM OrHECTPESTBHOr0 OpY>KUSI.

. O6bekTaMu BaNIUCTUYECKUX UCCNENOBAHNIA ABNAIOTCS:
= 1. Cneabl, BO3HMKAOLME Ha AETANAX OPYXUS, TMIb3ax U Nynsix, 0bpa3oBaBLLMECS
. B pe3y/ibTaTe BbiCTpena.

= 2. Cneppl, BO3HMKaAIOLWME Ha Nperpaje npuv rnonagaHnn B Hee CHapsaa.
= 3. OrHectpesnibHOe Opy>Xue 1 ero 4acTu.

= 4. boenpunacbl U Ux YyacTtu.

= 5. B3pbIBHbIE YCTpOUCTBA.

=« 6. XonogHoe opyxwue.



CKopocCTb npu 6annmcTn4yeckom ABMKEHUN

[Ona pacyéTa CKOpPOCTM V CHapsiaa NPOn3BOJIbHON TOUYKE TPAEKTOPUM, a TAKXKE AN OnpeAeneHNs
yrna da, KOTopbii obpa3yeT BEKTOp CKOPOCTU C FOPU3OHTasbO, AOCTAaTOYHO 3HaTb MpPOEeKLUMM
CKOpOCTH Ha ocn X 1 Y. Ecnm vX n vY n3BecTHbl, No TeopeMe lMudaropa MOXHO HalUTN CKOPOCTb:
v = VvV vX 2+ VY 2, [Ipn paBHOMEPHOM [BMXXEHWUM MO OCKM X MPOEKLMSA CKOPOCTU ABWXKEHMA VX
OCTAETCS HEM3MEHHOM M PaBHOW MPOEKLIMM Ha4yasbHOM CKOPOCTU V @ V = V COS d. 3aBUCUMOCTb V
(t) onpepensetca dopmynon: v = v + a t. B KOTOpyto cneayeT noacTaBuTb: vV = v sind, a = -g.

Broomnrs ocrt OX Tero ABIDKETCSI paBHOMEPHO
C TIOCTOSIHHOM CKOPOCTBHIO, PaBHOM

e

T.o. IIPH pacCMOTPEHHH ABHKEHHS BAOITE OcH OX HYKHO ITONB30BaThHCS () OpPMYITaMH,
ITONTYYEHHBIMH JJ15I PABHOMEPHOTO JIBHKSHHU ST




Torga v = v sin - gt. B nto6or To4YKe TpaekTopun NPOEKLMS CKOPOCTU Ha OCb X OCTaeTcs NOCTOsiHHOW. 1o mepe
nogbema cHapsga NPoeKunsa CKOPOCTU Ha OCb Y YMEHbLUAETCS NO NIMHENHOMY 3akoHy. [pu t = 0 oHa paBHa = sin a.
Hangem npomMexyTok BpeMEHU, Yepes KOTOPbIN NPOEKLNSA 3TON CKOPOCTU CTaHET paBHa Hymnto: 0 =vsin-gt, t=
[Mony4yeHHbIN pe3ynbTaT coBNagaeT Co BpeMEHEM NoAbeEMA CHapsa Ha MakcumarbHYH BbICOTY. B BepxHen Touke
TpaeKkTopun BepTUKanbHas KOMNOHEHTa CKOPOCTM paBHa Hyn. CnegoBartenbHo, Teno 6onblie He nogHumMaeTtcs. Mpu
t> npoekuunsa CKopoCTU vV CTaHOBUTCA OTpULLATENBHOW. 3HAYUT, 3Ta COCTaBNALLAs CKOPOCTU HanpasneHa
NPOTUBOMOSIOXHO OCK Y, T. €. TeNI0 Ha4YMHaeT nagaTb BHU3. Tak Kak B BEpPXHEN TOUKe TpaekTopumn v = 0, TO CKOPOCTb

CHapsda paBHa: vV =V = V COSa

Baoms ocu OV Teno ABHKeTCSI paBHO3aAMeIJICHHO,
MOAOOHO Telly, OpPOIIeHHOMY BEepPTUKAaIILHO BBEPX CO CKOPOCTEHIO,
PaBHOM IIPOEKIUHU HavyalbHON CKOpOCTU
Ha ock OV




3aBHCHMOCTD BbICOTBI H AAJIBHOCTH noJIéTa
oT yrJia o

JlamsHOCTE ToIeTa Ipy OJHOM 1 TOM e HauaJbHOM CKOPOCTU 3aBHUCUT OT YIJia

=




3aBHCUMOCTb JAJILHOCTH I0JIeTA
OT YIJIa, [0/ KOTOPbIM TeJI0
OpoIllIeHO K TOPU30HTY

JlaJIbHOCTD HOJIETAa MAKCHMAJIbHA, KOTa
a=45°

\I[JISI YIJIOB, JOIOJIHSIOIMX APYT Apyra x0 90° naibHOCTh mojieTa 0JHHAKOBA




/ARypHaJu uccjie10BaHusA

= Llenb onbITOB:

=« 1) YcTaHOBUTb MpU KakOM Yyrfne Bbl/eTa
[aNbHOCTb NOJieTa CHapsaa HanbonbLuas.

=« 2) BbiiIcHUTL npyn Kakmx yrnax Bbl1eTa

AdJIbHOCTb MOJIETA I'IpVI6J'IVI3VIT€J'IbHO
OANHAKOBAA

« 3) [lpoBepuTb [AaHHble C | MOMOLLbIO
LundpoBon nabopatopun «ApxmMen»



20HTAJIBHOM § lHOBCpXHO 0], Pa3JIMYHBIMU yIJIAMU K
CHapsad BLIpa>Ka pMyJIOH
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pU cTpensOe Ha rop
T'OPU30HTY I[EU'II:HOCTI;/TI

- 0=(V3sinQa))/e

W3 nanHOM GOPMYIIBI CHEIYET, YTO MPU U3MEHEHUH YIJia BblIETa cHapsaa ot 90
10 0° nanbHOCTh TOJIET na/:[eHm{‘CHaqana yBEAWYMBACTCA OT HYJs [0
HEKOTOPOr0 MaKCHUMaJlbH UCHHUs, A 3aT€M CHOBAa YMEHBIIIACTCS JIO HYJIsS
JTAJbHOCTh MAaJACHUSI MAKC KOTJ]a MPOM3BE/ICHUS COSOL U SINOL HAaMOOJIbIIIEE.

DTy 3aBUCHMOCTb B JJAHHOM PN TPOBEPUTH HA OMBITE C MOMOIIBIO
OQUIMCTUYECKOTO MTHCTOJIETA




MBbI yCTaHOBUIIN TIMCTOJIET 1101 pa3inyHbiMu yrimamu: 20, 30, 40, 45, 60 u

70° m caenainu mo 3 BBICTPENIA 10T KaXIbIM YIJIOM.

VYroi nmonéra 20° 30° 40° 45° 60° 70°
J1ambHOCTH 1,62 1,90 2,00 2,10 1,61 1,25
HOeTd 1,54 1,90 2,00 2,05 1,55 1,20
«CHApsIa»
L, ™ 1,54 1,86 1,95 2,12 1,55 1,30
Cpennsis 1,55 1,88 1,98 2,08 1,56 1,25
JTaJIbHOCTh
noJiéra
Ecp, M

N3 Tabnuupbl Mbl BUANM, YTO AASILHOCTb MOJSieTa cHapsaa npuv yrne Bbliieta 45°
MakCMMasibHa. OJTO noaTBepXaaeTcs dopmynon. Koraa npou3BeaeHus
KOCWMHYCa yrna u cuMHyca yrna Haubonbliee. Tak e u3 Tabnvue BMAHO ,4TO
AanbHOCTb noneta npu yrnax 20° u 70°, a Takke 30° n 60° paBHbl. ITO
NOATBEPXKAAETCS TOW e dopMynon. Koraa npousBeAeHMe KOCUHYCOB Yr/10B U
CMHYCOB YI/10B paBHbI
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Hau6Gonee CYHIGCTBGHHOI/I IIepTOI/I OTJ'II/IIIaIOHIeI/I 6aJ'IJ')[I/ICTI/I‘-IeCKI/Ie PAKETBI OT PAKET APYTIHUX KIACCOB,
ABIIACTCA XapPaKTCP UX TPACKTOPUH.

Tpaekropust 0aIMCTHYCCKOI PAKETHI COCTOMT U3 JIBYX YHAaCTKOB — aKTHBHOIO M IacCHBHOrO. Ha akTuBHOM

Y4YacCTKE pakeTa JBHKETCS C YCKOPEHHEM IIOJ ACHUCTBHEM CHJIbl TArWM Asurareied. [Ipm stom pakera
3amacaeT KMHETUYECKYI SHEpruio. B KOHIlE aKTMBHOIO y4acTKa TPAaeKTOPHH, KOT/AAa pakeTa MpUOOpeTET
CKOPOCTb, MMCIOIIYIO 3a/JaHHYI0 BEJINYUHY U HANpPaBJICHUE, ABUraTe/IbHAs yCTaHOBKA BhIKIIOYaeTes. [locie
9TOTO TOJIOBHAS YaCTh PAKEThl OTAEIAETCS OT €€ KOpIyca W Jaiblle JITUT 3a CYET 3almacEéHHON
KMHETHUYECKOM »JHepruu. BTopoil ydacTok Tpaekropuu (MOCJI€ BBIKIIOUEHHS JIBUraTessl) Ha3bIBAIOT
Y4aCTKOM CBOOOIHOTO MOJIETA PAKETHI, MM MACCUBHBIM YYaCTKOM TPACKTOPUH.

BajumcTnyeckne pakeTbl CTapTylOT € IIYCKOBBIX YCTAHOBOK BEPTHKaJIbHO BBEPX. BepTHKaibHBWALITYCK
TO3BOJISIET MOCTPOUTH HAHOOJIEE IIPOCTHIC MyCKOBBIG yCTAHOBKH 1 0becme HgI/IBaeT OIaronpusTHHICLYCIOBHS
yHOpaBJIeHHs] pakeTo cpa3y ke mocie crapra. Kpome Moro, BepTHKaidbHBIN MyCK IO3BOJISIET 3UTh
TpeOOoBaHMS K )KECTKOCTH KOPITyCca paKeThI U, CIIEA0BATS/IBHO, YMEHBIIINUTE BeC €€ KOHCTPYKIUH.

ViipaBjieHHe PaKeToM OCYIIECTBISAETCS TakK, YTO 4Yepe3 HECKOIBKO CEKYH[| IMOCIE cTapTa OHa, MPOAOJDKast
NOEM BBEPX, HAYMHAET MOCTETIEHHO HAKIIOHATHCS B CTOPOHY 1I€JIM, OTIMChIBAs B MPOCTPAHCTBE AYTY. YTOII
MEXJy NPOIOJILHOM OChI PAKeThl M TOPHU30HTOM (Yroll TaHraxxa) M3MeHseTcs mpu 5goM Ha 90° mo

' PagUeTHOr0 KOHEYHOro 3HayeHus. TpeOyeMmblil 3aKOH HM3MEHEHWs (MporpamMma) yria TaHPaka 3a1aeTcs
_HPOBPAMMHbIM MEXaHH3MOM, BXOSIIMM B OOPTOBYIO ammaparypy pakeTsl. Ha saBepiraomiem oTpeske

HAaCTKa TpPaCcKTOpHMK YIOJ TaHraxka BbIICPKHNBACTCH, MOCTOSIHHBIM M paKeTa J'IeTI/IT
d KOI'la CKOPOCTb JOCTHUIACT pacquHoﬁ BCIIMYUHBI - JIBUT'ATCIIbHYTIO CTaH
] 3C) tII’IHI;I CKOpOCTH Ha 3aBCPpHIAIOIICM OTPC3KE aIﬁTHBHOFO y‘{aCTKa eKTO

) ICHbBIO TOYHOCTHU TAKXC H SaﬂaHHOG ’{-Ial'lpavB‘HeHHC Ow DAKE o

CKOOCTB JABUXCHUSA B KO-H@?
N aK : 6ﬂeLm /] "'-"v-l'qilﬂl < }‘r‘ A~ -
I?TCF- 03] _1:!:. [CP=CTS Tbh. 1

£

TDACK.LD [2ddl




OT ucaJIbHOTQR
€JIbHOC BIIUSIHUEC , 3CCPBII, WU, Kak
OMYMBOCTH JBUKCHUS PAKETHI.




BOEHHOM Jefie U B
HOMOLLBIO
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