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JTabopatopHas paboTa Ne9

OnpeaeneHne rnepemMeLLIEHN KOHCO/IbHOW 6a1Ky Npy KOCOM U3runbe

Lienb paboTbl: nccnefoBaHne 0CO6eHHOCTEN aehopmanmm 6akm npy KOCOM nsruobe.
9.1.06wwme cBeaeHNA

Kocoit m3rmé — 3to u3rn6, npu KOTOPOM MOCKOCTb [AeACTBUA BHELUHUX
Harpy3oK He COBMafaeT HU C O4HOIN M3 rNMaBHbIX NIOCKOCTEN MHEPLUN CEYEHNS.

Kocoil m3rmé MOXHO npefCcTaBUTb KaK COBOKYMHOCTb [BYX MOMNEPeYHbIX
N3rnbOoB B rN1aBHbIX MIOCKOCTAX NHEPLUU CeYeHUs Basku.

Ha puc. 9.1 npeAcTaBeHbl pacyeTHas Cxema UCCcneayeMoit KOHCOMbHOM 6anku
1 eé nonepeyHoe ceveHre (MPSMOYroNibHUK co cTopoHamu b u h). BHewHss cuna P
[EeCTBYET Ha PacCTOAHUM A OT 3alleM/IeHNs 1 Harpas/ieHa Mog yrioMm O K rnaBHoOM

ocu Ox. Mpoekumn cunbl P Ha rnaBHble ocu

P, =P [ing,
P, =P [tosa (9.1)
BbI3bIBAKOT OAHOBPEMEHHbI 13rnb6 B rNaBHbIX NAIOCKOCTAX ZOY u ZOX,
a) 6)
Ya
[nockocTtb
X P

VN

A
A4

A
\ 4



BennumHy nonHoro npormba f  npu kocom um3rnGe onpeaensitoT Kak
reoMeTpPUYECcKyH CyMMY COCTaBMSIKOLLMX NPOruo6a B rNMaBHbIX MIOCKOCTAX:

f=\f°+f7 (9.2)

rpe: fy, fy— nporm6bl 6akm B naockocTax ZOX n ZOY, KOTOpble MOXHO ONpeae/inTb
NOObIM N3BECTHLIM METOAOM.

BenvunHbel nporm6os CcBOGOAHONO  KOHLA KOHCONbHON  Ganku npw
MPUIOXKEHUN BHELUHEW CWU/bl HA PacCTOAHMM @ OT 3alleM/IEHMs ONpPeaensatoT Mo
(hopmynam:

_P,@°[3-a) _P@*[3l-a)Gina

! 6EJ, 6EJ,
2 2 (9.3)
_P @ [(3l-a)_PR"[3l-a)ldosa
" 6EJ, 6EJ, '

[nockocTb NosHoro nporméa f nepneHAMKynspHa HeMTpanbHOW MMHUM (H.N.)
(cm. puc. 9.1, 6).

[Mpn KOCOM K3rnMbe HeWTpanbHas NIMHMA - 3TO NpsAMas, NPOXOAALAs yepes
LLlEHTP TSXKECTV MOMNEPEeYHOro ceyeHns nog yrnom B k ocn QY, npuuem:

f J
tgS :f—y:—J—y fge, (9.4)

X

0TKyfa

fy
[ =arctg T (9.5)

rae Jx, Jy - rnaBHbIe MOMEHTbI MHEPLIMMN CEUeHUA.
Tak Kak B 06LLeM cryyae Jy # Jy, To tgar # tg 5. 310 03HauaeT, 4To NPK KOCOM

n3rmbe nOCKOCTb M3rmba He COBMALAeT C CW/IOBOW MJIOCKOCTbIO. YTOM Mexay
MIOCKOCTbIO 13rmba 1 CUI0BOW MIOCKOCTLIO PaBeH:
¢=p-a. (9.6)
MoNHbIA NPoOrMé B MPOM3BOSILHOM CEYEHUU MOXKHO TakXKe OnpefennTb Mo
(hopmyne:

_ 2 2
f _\/fBepT + 1:r0|o d (9-7)
rae  feepr, frop - cocTaBnAlowme nonHoro nporv6a B BepTUKANbHOW U

rop

FOPU30OHTa/IbHOW NNOCKOCTSAX. Toraa tgep = , 0TKya

BEPT

f
@ = arctg Eﬂ E (9.8)
fBepT



9.2.0nuncaHmne 3KCnepruMeHTaNIbHOW YCTaHOBKMN

Ona  npoBefeHns paboTbl  MCMOMb3YETCS  WCMbITaTe/lbHast  YCTaHOBKA,
npeacTaBfeHHas Ha puc. 9.2. YCcTaHOBKa COCTOUT 13 UccrefyemMoii 6anku 1, nesbli

A
786 2 1 5 4 9 10
- &Q | ] ] // <A—
) 4 \ 13
— ;
|
| |
' 1O
-9
@
12
11
Bug A
Puc.9.2

KOHEeL, KOTOPOW 3alleMNEH B HEMOABMXXHOW Orope 2; OCHOBaHUS 3; TMPEBOro
nogseca 4 n Habopa rpy3os 5. 'MpeBOi NOABEC MOXET MepemMeLlaTbCs BLOb OCU
Gankn 1M COAEPXWUT  LWIAPUKOMOALIMMHMK, 0b6ecrneynBatonini - BePTUKa/IbHOE
MPUIOXKEHNE HArpy3kn Mpu MoBOPOTE ceyeHus Oanku. HenogswxkHas onopa
COLEPXMUT 3aKMM, YnpaB/ieHNne KOTOPbIM OCYLLECTBAETCA NPW MOMOLLM BUHTA 6.
OTnycKas 3aX1M MOBOPOTOM BUHTA 6, MOXKHO MOBEPHYTbL CeyeHne 6a/ikn PyKOATKOM
7 Ha yron B npegenax ot 0° go 90°. Yron noeopoTa ycTaHaB/MBaeTCa Mo LKane 8.

V3mepeHune BepTUKanbHOW feepr 1 ropusoHTanbHOI frop cocTaBnAtoWwmMX nonHoro
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nporm6a f ocyllecTBNAOT NpV MOMOLLUM WHAMKATOPOB YacoBOro Tuma 9 ¢ LieHoM
aeneHns 0,01MM, KOTOpble CHabXeHbl crneynanbHbIMU - yanuHuTensmm 10 wu
3aKpenieHbl Ha LTaTMBHOW cToMKke 11. CymMMmapHbIA nporn6é CBO6GOAHOr0 KOHLA
Ga/IKM MOXKHO TaKXe NPUOAVKEHHO ONpedennTb MO WKane 12, 3aKpensieHHon Ha
LUTATUBHON CTOMKe. LLIKana BbIMNO/IHEHA W3 OPrcTekna W CHabXXeHa CeTKOM
BEPTUKA/IbHbIX U FTOPU3OHTA/IbHBLIX IMHUIA C LEeHON aeneHns 2mMMm. OTCYET MO 3TOM
LLKa/Ie OCYLLECTB/IAKOT NPW MOMOLLM BTY/NIKU C KOJSIbLEBLIM BbICTYNOM U U0 13,
KOTOpbIe 3aKpensieHbl Ha CBOGOAHOM KOHLe 6anku.

9.3. MNopAfoK BbINONHEHNSA paboThbl

9.3.1.3an0MHNTb Tab/MLy UCXOAHbIX AaHHbIX 9.5.1. 3HaueHne paccToAHKA a U
yrna o 3a4aéT npenogasaTesb.

9.3.2.Ha nccnegyemoli 6anke yCcTaHOBUTb PaccTosiHME a, NepemMelLas rmpeBoi
nofBec BAOb BaiKm A0 HYXKHOM OTMETKU Ha NMOBEPXHOCTU OasKL.

9.3.3.¥cTaHoBuTbL yron o = 0°. [n4 3TOro ¢ NOMOLLLIO BUHTA Ha 3aXKMMe
MOBEPHYTb PYKOATKY TaK, YTOObl FOPM30HTa/IbHasi OTMETKA COBMasia C Mo0OXKEHNEM
90° Ha WKane, 1 3aKPenunuTb 3aKNUM.

9.3.4.YcTaHOBUTL 60/IbLUME CTPENKN MHAUKATOPOB Ha HOJb.

9.3.5.C noMoLLb0 TMPeBoro rnojaseca M Habopa rpy3oB OCYLUECTBUTb TPU
Harpy»eHus 6anku (ao P = 3kr = 30H) paBHbIMK cTyneHamu cunbl AP = 1kr = 10H.

9.3.6.INocne Kaxaon CTYMeHW Harpy>XXeHus 3anucbiBatb B Tabn. 9.5.2
MOKasaHWs MHANKATOPOB Tgepr U Trop.

9.3.7.Pasrpysuntb 6asnky.

9.3.8.YCTaHOBMTbL MO LWUKa/le 3a@KUMa 3afaHHblii yron O, noBopaynsas
PYKOATKY Ha 3TOT Yrof OT NepBoHavaIbHOro nonoxkeHuns 90°.

9.3.9.INoBTOPUTL 3KCNEPUMEHT No Mn.Mn. 9.3.4 - 9.3.7

9.3.10.4n4 kaxxgoro yrna O BbIYUC/IUTD:

a) pasHOCTV nokaszaHui NHANKaTopoB ATgepr 1 AT rgp;

6) cpefHe 3HaUYeHNs pasHOCTel nokasaHuin nHANKaTopos ATie,;

B) CpeAHVe 3HaYyeHWs BEeNMYMH MPUPALLEHWNIA COCTaBNAIOWMX Mnporvba B
BepTUKa/IbHOW AfBepT N rOPU30HTa/IbHOM Afrop NNI0CKOCTAX. Pe3ynbTaTbl 3aHECTU B
Tabn. 9.5.2.

9.3.11. OnpegennTb AN KaKAOro yrna O 3HaveHWe nmosHoro nporuba f,.
Pe3ynbTaTbl 3aHecTn B Tabn. 9.5.2 1 9.5.3.

9.3.12. OnpegennTb ANA KaXA0ro yrna o yron (5 Mexay rnaocKoCTbHo 13rmnba
1 CUMIOBOW NIOCKOCTLIO. Pe3ynbTartbl 3aHeCcTn B Tabs1. 9.5.2 1 9.5.3.

9.3.13. OnpeiennTb TEOPETMYECKUE 3HAYEHMSA NOTHOMO Nporméa no gopmynam
(9.2) 1 (9.3) c nomoLbio IBM (cm. . 9.4), a Takke yrnbl Bu @ no dopmynam (9.5)
1 (9.6). PesynbTatbl 3aHeCTn B Tabn. 9.5.3.



9.3.14. Onpefenutb  PacxXoXXAeHWs  MeXAy  SKCNepPUMEHTaNlbHbIMU U
TEOPETUYECKMMM 3HaUeHUsIMM npormba T uyrna @ no opmynam:

5 =| % | 1100%;
' (9.9)
s,=| =% |moo%.
Or
Pe3ynbTaTbl 3aHecTu B Tabn. 9.5.3.

9.3.15. MocTpouTb rpadinkm 3aBUCKUMOCTM NosiHoro nporn6a f ot yrna a.
9.3.16. OhopmnTb OTHET NO NpUIaraemom opme.

9.4. OnpepeneHne TEOPETUYECKMX 3HAYEHWUI NepeMeLLeHNIN 6anKu
Npu KOCOM M3rube ¢ ncnonb3osaHnem OBM

[Ona onpegeneHnss TeOPETUYECKUX 3HAYEHUW MNEePEMELLEHNA  KOHCO/bHOW
G6ankM npu kocom u3rnbe no qopmynam (9.2) un (9.3) paspaboTtaHa nporpamma
pacyeTta nporn6os 6anku Ha MK. MporpamMmma no3sonseT onpeaeMTb COCTaBIAOLWME
nporn6os 6ankn no ocam OX m QY , a TakkKe MOJSHbIA NPormé npu pasnnyHbIX
3HayeHusX yrna O , pacCTOsHWA A& W BHellHel cunbl P. Mpy 3TOM MOXHO B
3aflaHHbIX MNpefenax W3MeHATb /0O60M M3 YKaszaHHbIX MapameTpoB, (QUKCMPYS
3HayeHMs nOByx Apyrux. Mo wuToram pacyeTa nporpamma BblgaéT Tabnuuy c
YMCNEHHbIMX 3HAYEHUAMWU MPOrnMoboB, a TakKXe WX rpapukm B 3aBUCUMOCTU OT
N60ro M3 BapbUpyeMbiX MNapaMeTpoB. [lporpamma paboTaeT B OMepaLuoHHOW
cucteme WINDOWS.

[MopanoK MCcnosib30BaHMA NPorpamMmmbl pacyeTa I'IpOFI/I6OB

9.4.1.Bkntoumntb MK B ceTb.

9.4.2.Ha paboyem CTONEe MOHMTOpPaA OTKPbITb Nanky «Mechanics», a 3aTem
nocneaoBaTe/ibHO OTKPbITb Nanku: «Sopromat», «lab 09», a Takxke hainn «lab 009.
exe», KOTOpbIin COAepXXUT Nporpammy pacuyéta npornoos.

9.4.3.Pa3BepHyTb OKHO «[1porné 6ankm.

BepxHsAs 4yaCTb OKHA COAEPXXMT HACTPOMKY MepeMeHHbIX MapameTpoB.
MocnepoBaTeNlbHO aKTUBM3UPYS KHOMKY CreBa OT KaX4oro W3 rnapaMeTpoB, C
KnaBmaTypbl 3agaTb KOHeYHOoe (Cnpasa) M HadanbHOe (CneBa) 3HayeHMs yrna d,

pacctosHua Ra, cunbl P. Hanpumep:

yron o (rpag) ot 0 go 100;
paccTosHve Ra (m) 0T 0,25 10 0,5;
cuna P (H) oT 10 go 30.

Mocne yCTaHOBKW FPaHWYHbIX 3HAYEHMWIA KaK0ro napameTpa Heo6XxoaMMo Mx
3aKpenuTb, eLIE pa3 aKTUBM3MPYS MbIWbH KHOMKY CfieBa OT yCTaHaBNMBAeMOro
napameTpa. B pe3ynbTaTe Ha 3KpaHe NOSBNAKTCSA TPU LBETHbIX rpadinka, KOTopble
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Harnsa4HO NOKasblBaKT 3aBUCUMOCTbL MPOrnoos 6anku (coctasnswowas no ocm OX,
cocTasnaoLwas no ocv OY, NoHbIA Nporné) 0T 04HOro 13 3afaHHbIX NapaMeTpoB.

MepeMeHHbIM SBNAETCA TOT NapaMeTp, KOTOPbIA aKTUBU3NPOBAH MOCNELHNM,
a [jBa Agpyrve napamertpa NPUHUMAKOT HavaslbHble 3HaYeHWs. 3[eCb Xe HaxoauTcs
BCTaBKa, cofepxxallas HeoOXoAuMble ANS pacyeTa AaHHble: AMHY Ganku, MOMEHT
MHEPLMN MOMEPEYHOro CeYeHUs OTHOCUTENbHO FNaBHbIX oced X M Y, a Takke
MOAy/Nb YNPYrocTn MaTepuana.

Haxatne KHOMKN «Tabnunua» BbIBOAUT Ha 3KPaH OKHO «HUCNEHHbIE AaHHbIE,
KOTOpOe npeacTaBnser Cco60M Tabnuuy UYUCMEHHBIX 3HAYeHU npornéoB B
3aBMCMMOCTM OT aKTV1BM3MPOBaHHOIo napameTpa. Mo Tabnuue Heo6XxoanMmo BbIGpaTb
TO 3HaYeHWe BapbMPYEMOro napameTpa, A1 KOTOPOro NpPoBOAUTCS 3KCMEPUMEHT, a
3aTeM COOTBETCTBYHOLLME 3TOMY NapameTpy 3HaveHus Npormoos: nporné no ocm OX
- fx, nporn6 no ocn OY - fy, nonHeii nporn6 - f. 3nauenns npornéos fy un f,

Mo3BONSAOT onpeaenuTb yrabl B u @ no dopmynam (9.5) u (9.6) COOTBETCTBEHHO.
Mpy HEO6XOAMMOCTU U3MEHUTbL 3HAYEHNSA NEPEMEHHbIX NapamMeTpoB criedyeT
3aKpbITb TabnMLy HaXkaTeM KHOMKK «close» Ha none Tabnuubl.
9.4.4. Tlpn npoBefeHUN 3KCMepvMeHTa (OMKCMPOBAHHLIMU  SAB/ISKOTCA

paccTosHME a W CTyneHb HarpyxeHus AP, a n3MeHsieMbiM MapameTpoM SBNSeTCs
yron 0. [losToMy npyu WCMOMb30BaHUM NPOrpaMMbl pacyeTa HEOGXOAMMO
YCTaHOBUTb HauafbHble 3HadeHMs Ra u P, cooTBeTcTBylOLME SKCMEPUMEHTY, a
yron O 3agasatb B npefenax ot 0° go 90°. Torga nporpaMmMa BbIAaeT Ha 3KpaH
MOHWTOpa rpadnkmn n Taénuuy nporuéos f,, f,, f=f; B 3aBUcrmocTV oT yrna a.
9.4.5. OnpefennTb No TabnuLe TeopeTuyeckne 3HadeHus nporunoos fy, f, , fr
ANS 33[]aHHbIX 3HAYEHWIA YrNoB O, BbIUMUC/UTL 3HaYeHust yrnoB B u @=@t no

topmynam (9.5) 1 (9.6). 3HaueHus fr u @1 3aHecTn B Ta6n. 9.5.3.
9.4.6. 3aKpbiTb OKHO (paina W npeblayWmMx ManoK W BbIKIKOUYUTb
KOMMNbHOTEP.

9.5. O6pasey, oTyeTa
NabopartopHas pa6oTa Ne9
«OnpeaeneHne nepemeLLeHN KOHCONbHOW 6aikm Mpu KOCOM U3rnbe»
9.5.1. Llenb paborTbl.

9.5.2. PacyeTHas cxema (puc.9.1).
9.5.3. MapameTpbl YCTAaHOBKWU N UCXOLHbIE AaHHbIE.



Tabnmua 9.5.1

Onu- Pa3mepebl MomeHTbl | Mopynb | KoopauHa- | Yron Yron
Ha MonepeyvyHo- | WHepuun | ynpyro- | Ta MpPW0- | HaKMo- | Hak/oHa
Gankn | 1o ceyeHMs | MOMepeyvyHo cTn XeHuns Ha HenTpasb-

banku, ro ceyeHus CUnbl CWUNbI, | HOW NIUHUN,
Gankn,
M M M* MMMa M rpag. rpag.
I b h | X | Jy E a ol B
0,5 10,007 | 0,032 2010°
9.5.4. Pe3ynbTaTbl UCMbITaHWIA N PacYeTOB.
Tabnuua 9.5.2
Harpyska, H a=0° o=__°
P TBepT ATBepT Trop ATrop TBepT ATBepT Trop ATrop
0
10
20
30
2AT;
2AT.
ATiCp = TI
Af gopr =107 U,
Af oo =107 THT,
f3 = \/AfrsepT2 + Afropz
Af
@, = arcty —
BepT
9.5.5. CpaBHeHWe 3KCNepUMEHTa/IbHbIX U TEOPETUYECKUX 3HAYEHWIA,
Tabnmua 9.5.3
Mporu6 f, Yron @,
Yronda, MM rpag.
rpag. fr f3 O, % Pr P g, %0
a=0°
a=_"°




9.5.6. Mpachmky nepemeLleHnii (3aBUCUMOCTb MonHOro nporwéa  f ot yrna O no
9KCMEPUMEHTA/IbHBIM 1 TEOPETUYECKUM 3HAUEHUSAM).

Ta

Sy

9.5.7.BbIBOfbI.

MpumeyaHue: B BbIBOaX HEOOXOAMMO OTMETUTD:

=

Yem oTnnyaeTca nporm6 6anku npv naocKoM 1 KOCoMm n3rube.
2. Kak 3aBMCUT MOSIHbIA Npormé 6ankM npu KOCOM W3rMbe OT BENUUUHBI

BHELLIHEI Harpy3Kn 1 U3MeHeHVst BeNIMYMHbI yrna d.
3. KakoBbl pacXOXAeHWsi MeXAy TEOPeTUUYECKUMU U 3KCMepUMEHTabHbIMY

3HaYeHMsMM nonHoro nporu6a f u yrna ¢ mexay nnockocTblo M3rnéa u
CMNOBOW NJIOCKOCTLIO.

PaboTy NpuHAN
« » 200 T.

9.5.8.KOHTpO/IbHLIE BOMPOCHI.

=

Kakoi cnyyai nsrnba HasblBatOT KOCbIM 13r1MboMm.

2. Kak TeopeTnyeckm onpeaennTs BeIMUYNHY NOTHOMO Npormoéa npu Kocom

n3runoe.

OT Yero 3aBMCUT Yro/ HaKNOHa HEUTPa/bHOM IMHUM NMPY KOCOM U3rube.

4. Kak pacrionaraetcsi N10CKOCTb U3rnba no OTHOLLIEHUIO K CU/TOBOM
MIOCKOCTM NPY KOCOM U3rube.

5. Kak aKcneprMeHTa/IbHO OnpeaennTb BeIMUYMHY NOTHOMo Npormoba npu
KOCOM Mn3rube.

6. Kak TeopeTMyecKu 1 3KCNepuMeHTasIbHO ONPeAenTb Yrosi MeXXay CUI0BOM

M/IOCKOCTbIO U MIOCKOCTbHO U3rnoba.
10
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