Ceiicmopa3BegKa

YcaoBue

Banauga 11- 3. «Ceiicmopa3Besikas»

B Benapycu nedrh jmo6bBatoT ¢ riiyoun oosiee 2 kM. Kak mpasuiio, HedTEeHOCHBIE TLJIACTHI 3aJ1e-
rajoT Cpeu ILIAacCTOB COJU. A 3aJyMBIBAJNCH JIX BBl O TOM, KaK MOYKHO BECTH IIOMCK IIOJIE3HBIX
HMCKOTIAeMbIX HA TaKUX IJIyOMHAX?!

JI1s1 pa3Be K UCIOJIB3YIOT pa3andHble (PU3MIECKHE METOJIbI.

O HuM 13 Ba)KHEHMINUX U3 HUX SIBJISIETCS CeCMOpa3Be/IKa — UCCIeI0BAHNEe CTPYKTYPhI 3a/IeTaHmsT
IJIACTOB PA3JIMIHBIX MOPOJL C HOMOIIBIO YIIPYTUX ceficMuuecKux (akycTudeckux) BosH. Cxema mpo-
BeJIeHNsI TAKUX MCCAeI0BaHuil mokas3ana Ha puc. 1. Ha mebosbImnoit riybune mpou3BOAAT B3PHIB,
BO30Y2KIaeMble UM YIIPYIUe BOJIHBI PACIIPOCTPAHAIOTCS BIJIyOb 3€MJIM, IIPEIOMIIAIOTCA Ha IDaHu-
Hax IIJIaCTOB, OTPazKalOTCdA OT HUX WU PETUCTPUPYIOTCA PAJOM IIPUEMHUKOB. HO.Hy‘-IeHHbIe CUT'HAJIbI
(ceficmorpaMmbl) 3areM aHaIu3upyOTCa. OTMETHM, YTO pacummdpOBKa IMOJIYyIeHHBIX JaHHBIX U
BOCCTAHOBJIEHHE 110 HUM T'PAHWIL TJIACTOB SIBJIAETCS OYEHb CJIOXKHOI mpobsemoii. [losromy B man-
HOIT 3a/1a9€e PacCMaTPUBAETCSA TOJBKO HECKOJBKO MPOCTEHINNX TPUMEPOB aHAIN3a CEACMOIPAMM.

PekomeHnmaiuu mo perieHuio 3a1a4u.

Bo Bcex wacTsix 3a/1a9u UCXO/IHBIE JTaHHbIE 3aJaHbl B (hopMe TabJinIl, B KOTOPBIX IIPUBEIEHBI pac-
crostaust Ly, or Mecra B3pbiBa (Touka F) 70 PErHCTPUPYIONIEro IyHKTa [Rj W BpeMeHa IPHXO/a
CATHAJIOB B 3TOT IIYHKT (.

Bce peructpupyrtorniye myHKTbI HaXOJAATCA Ha OJIHON MPsAMOI, TTOBEPXHOCTH 3€MJIM CUYUTATH TOPH-
30HTAJILHOM.

Pesyiibrarhl m3mepenunii BpeMeH UMEIOT HEKOTOPYIO HOTPEITHOCTh. [osaToMy pekoMenIyeMm Bce da-
CTH pemiaTh MPUOIMKEHHBIMI I'PAMDUIECKIMI METOIAMHE.

B kax/0if yacTu MOKHO HaWTH HEKOTODbIE BEJUYUHBI Yy U X, (KOTOpBIE BBIDAKAIOTCS UYepe3
HCXOJIHBIE JIaHHBbIE Ly Uty W JpyTue W3BeCTHBIE BEJIMYNHbI), CBA3h MEXKY KOTOPBIMU OKA3bIBAET-
ca qmueitHoit Y = aX + b. Bam HeoOxomnMo HaiTH Takue MMpeodpa3oBaHus, MMOCTPOUTH I'paduk
JINTHEAPU30BaHHOM 3aBUCUMOCTH H I10 €0 IapaMeTpaM OIPEJIe/INTh TpedyeMble BeTMIHHbI.
Yactp 1. OgHa mjiockasi rOpu30HTaJIbHAsT TPAaHUIIA.

B pmannoit yactu paccMaTpuBaeTCd CJIEIyIONas MoJiesib. VIMeeTcs TOJICTBIN COJISTHON TIJIACT TOJI-
IUHOMN h, HUKe KOTOPOro TOPU30HTAJIBHO paciojaraeTcs Tpatuiia HedpTeHOCHOro iacta (puc. 2).
Bausitnuem NnpUIIOBEPXHOCTHBIN CJIOEB MOXKHO IpEeHEOPEeYb, MMOITOMY MOXKHO CUUTATb, 9TO B3PbIB
IIPOBOJIUTCS MTPAKTUYIECKN Ha IMOBepXHOCTH B Touke F. Ha Bcex ceiicMorpammax BbIJEICH CUTHAJI,
COOTBETCTBYIOIINI BOJIHE, OTPayKEHHOW OT HUKHEH I'PaHUIIbI COJITHOIO ILIACTA.




B Tabsmie 1 mpuBeeHbl paccrosHus Ly u BpeMeHa npuxoja ty (mocsie B3pbiBa) Ha MPUEMHBII
NyHKT Rj BOJIHBI, OTPasKEHHOI OT HUXKHEH T'PAHUIIBI COJISTHOTO I1IacTa.
Tabaumna 1.
Ly, xm | 0,80 | 1,50 | 2,30 | 3,70 | 4,20 | 5,30
ty, C 1,11 | 1,13 | 1,18 | 1,35 | 1,43 | 1,59
1.1 Tlosyanre dpopmyay [ BpeMeHHU IIPUXOJa BOJHBI t;, B 3aBUCUMOCTU OT paccTosinud Ly, TOJ-

IIUHBI IIJ1acTa i 1 CKOPOCTH BOJIHBI C.

1.2 Ykaxkure i Kakux BeJuauH Y, X 3aBUCUMOCTH MEXKIy HUMU OyJIeT JIUHEHHON M ITO3BOJIUT
BaM HallTH TOJIIWHY ILTAacCTa W CKOPOCTh BOJIHBI B HeM. llocTpoiite rpaduk 3roit 3aBUCHMOCTH
Y(X).

1.3 Ucnonb3ys Bce NpuBe/IeHHbIE JIAHHBIE, ONPEJIeIUTe IIyOuHY 3ajleraHns HUKHEN TPAHUIIbI 1114~
cta h 1 CKOPOCTH BOJIHBI B COJIH C.

Hacte 2. OgHa miiockasi HAKJIOHHAs TPAHUIIA.

B mamnO# YacTH HUZKHSS TPAHUIIA COJISTHOTO ITACTA TJI0CKasl, HO HAKJIOHEHA 110/ HEKOTOPBIM YTJIOM
« K ropusoHty (puc. 3).

He 3aBucumo or naiigennoro 8 Hactu 1 3Hadenus, cautaiite, 9T0 CKOPOCTh CEHCMUIECKON BOJTHBI

B COJIM paBHa
KM
c=4,50—.

¢

B rabsmie 2 npusejensl paccrosinus Ly u BpemeHa npuxoja ty (1ocjie B3pbIBa) HA MPUEMHBII
NyHKT Rj BOJIHBI, OTPayKE€HHOI OT HUKHEI T'PAHUIILI COITHOTO IIIaCTa.
Tabauma 2.
Ly, xm | 0,60 | 1,10 | 2,00 | 2,60 | 3,30 | 3,90
tg, C 0,95 10,93 10,95 0,98 | 1,03 | 1,09
2.1 Tlosyuanre dpopMysy Jjisi BpeMeH! TPUXO0/1a BOJIHBI tf, B 3aBUCUMOCTHA OT PACCTOAHUS Ly, TOJ-
IUHBI [J1acTa b 1Moj, TOYKON B3pbIBa, yIvIa HAKJIOHA IJIACTa ( 1 CKOPOCTHU BOJIHBI C.
2.2 YKaxkure Jjisd Kakux BeuduH Y, X 3aBHCHMOCTb MEXKJy HUMHU OYIET JIMHEHHOW U IO3BOJIUT
paccuuTaTh pacCTOdHME JI0 ILIacTa W yroJ ero HakJoHa. [locTpoiire rpaduk 3Toil 3aBHCHMOCTH
Y (X).

2.3 Vcnonb3ys Bce MPUBEJIEHHBIE JTAHHBIE, OIPEIeUTE TUIYOUHY 3ajeraHusi HIKHEN TpaHuIlbl T11a-

CTa T/, TOYKOM B3pbIBa h U yroJl HAKJIOHA HUYKHENH IPAHUIIBI COJISTHOTO ILIAcTa (.

Yactb 3. IIpomexkyTouHbIii He(PTEHOCHBI MJIACT.

Bosee tmarenbuplit anaam3 mokasaJs, 4To B celicMorpaMMax, paccMOTpeHHbIX B Hactu 1, mocie
CUr"aJia, COOTBETCTBYIOIIIEMY OTPaKE€HUIO OT HUXKHEN I'paHUIBI COJIAHOI'O IlJIaCTa, 3aperuCTpupo-
BaH CUT'HAJI, COOTBETCTBYIOIMIWI OTPAyKEHUIO OT HUXKHEH TPaHUIILI CJIeIYIOMEro y3KOro IIacTa,
KOTOPBI MOKeT cojiep:kaTh HedTh. B Tabnuie 3 npuBejeHbl 3HAUCHUST UHTEPBAJIOB BPEMEH T
(B MUJUIMCEKYH/IAX) MEXK/Iy [PUXOJAMU BOJIH, OTPA’KEHHBIX OT BEPXHEH U HUKHEN I'PAHUI] y3KOro



wiacra. [lepBbie j1Be CTPOKM MOBTOPSAIOT Tab/uIly 1, MO9TOMY MOYXKETE BOCIIOJIH30BATHCs PE3yJibTa-
TaM#, TTOJTyYeHHBIMA B YacTh 1.

[Ipu mepecedeHHH I'PaHMLIBI 71 CEHCMUYECKUX BOJIH CIIPAaBEIINB 3aKOH IIPEIOMIICHUS
sin o

sina, ¢

Tabauma 3.
Ly, xm | 0,80 | 1,50 | 2,30 | 3,70 | 4,20 | 5,30
ty, C 1,11 | 1,13 | 1,18 | 1,35 | 1,43 | 1,59
T,MC | 74 73 71 67 66 64
MaJtocTh BpemMeH 3aJIep:KKH CBUJIETEIbCTBYIOT O TOM, YTO TOJIIHMHA HUXKHEro Iracta h; maJja 1o
CpPaBHEHUIO C TOJIIIMHON coJsgHOTO ILtacta h. B sToM ciydae [t pacdera BpeMeHU 3aJepPKKU
Me2Ky CUI'HaJlaMHu MO2KHO BOCIIOJIb30BaTbCA Pa3yMHBIM HpI/I6.HI/I}KeHI/IeM.
Ob6o3HaYMM CKOPOCTH BOJHBI B HIZKHEM ILtacTe ¢i. OTHOIIEHNE CKOPOCTel BOJH B COJIM C M Pac-
CMaTPUBAEMOM ILJIACTE €] HA3BIBAETCS OTHOCUTEILHBIM ITOKA3aTe/IeM ITPEJIOMIICHIS i =n.
IIpu mepecevyenny rpaHuIlbl Ui CEACMUYIECKUX BOJIH CIIPABEJIJINB 3aKOH ITPEJIOMICHUS

sin «v c

- = =n

Sin oy C1
IIycTh BoJIHA maJiaeT Ha IpaHUILy pa3sjielia IoJI YIJIOM v K HOpMaJid K IOBEpXHOCTU pasjesa. Ha
puc. b n3obpazKeH X0/I Jiy4deil, OTpaXKeHHbIX OT BepXHell n HUXKHEll rpaHul] HepTeHOCHOTO ILIacTa.
[TyakTupom m3o0pazken Jiya 1-2” peajbHO HallpaBJI€HHBIN Ha MPUEMHHUK, MOYKHO CUUTATh, UTO OH

napaJuieset ayay 4-5 (T.e. on coBnajaer ¢ jaydom 1-2)
2.

3

Puc. 5
3.1 PaccunraiiTe pa3sHOCTh BpeMeH MPUXO/a BOJIH Tk, OTPAXKEHHBIX OT BepXHEN W HUXKHEH TPaHuIl
paccMaTpuBaeMoro Iacta. BeIpa3uTe OTBET Hepe3 TOJIIUHY TIJIacTa, YIoJ MajeHus Ha BEPXHIOIO
IPAHUILY (v, IOKa3aTe/b IIPEJOMJIEHUS 1 U CKOPOCTh BOJIHBI B COJIA C.
3.2 VKaxure Jj1d KakKuX BeJuduH Y, X 3aBUCUMOCTb M€Ky HUMU OYJIET JIMHEHHON U MO3BOJIUT
pacCUYMTATDh TOJIIUHY ILTACTa ¥ €r0 OTHOCUTEIbHBIN MToKa3aTe b mpeomienusd. [locrpoiite rpaduk
sroit 3aucumoctu Y (X).
3.3 Ucnonb3ys Bce JaHHBIE TAOIUIBI 3, paccunTaiiTe TOMIIMHY ILTacTa Ay, OTHOCUTEIbHBINA ITOKa-
3aTesb MIPeJIOMJIEHUS IJIacTa 1 U CKOPOCTh CEHCMUYECKOI BOJTHBI B HEM.



hl

Puc. 4

Pemenne

**<u>3amaua 11-3. «CeiicmopasBeaka»

Hacrpb 1. OziHa m10cKasi TOPU30HTATBHAST TPAHUIA. < /1> **

1.1 Bakon orpakeHusi BOJH (yroJl TaJIeHNsl paBeH YIJIy OTPAyKeHUs ) OJMHAKOB JJIsl BOJIH JIFOOOM
upuponl. [Tosromy miIa pacuera BpeMeHH IPOXOXKICHUS BOJHBI MOXKHO IOCTPOUTH M300parkKeHne
TOYKHM B3pbiBa F’ 3epKaIbHO CUMMETPUYIHO OTHOCUTEIbHO HuzKHel rpanutbt (puc. 1) Kax ciemyer
13 PUCYHKA, BPEMSI IIPOXOKICHNs BOJIHBI 0 IPUEMHUKA onpeessgerca popMyJIoil

vV Li + 4h?

C

te =

(1)

1.2 Y1obbI NOJYYUTH JIMHEWHYIO 3aBUCUMOCTD JIOCTATOYHO BO3BECTHU IOJIyYECHHOE BLIDpAyKCHUE B
KBaJIpaT

2 2
R L )
c 18
B 3TOM ciiyuae ciieflyeT MOCTpOUTH 3aBHCUMOCTDL BeJuvuHbl Y = t2 or Benmumnnl © = L. Torga
napaMeTpbl JinHeitHoit 3aBucumoctu Y = aX + b BbIpaxKarmoTCd Uepe3 XapaKTePUCTUKHU ILJIACTa
CJIEIYIOIIUM 00Pa30M:

2
a= b= ﬂ 3)
1.3 B tabmune 1 npuBejieHbl pe3y/IbTaThl pacdeToB 3TUX BeaudnH. Huke mokazan rpaduk 3Toii
sapucuMoctu. Tabauma 1.
Ly, xm | 0,80 | 1,50 | 2,30 | 3,70 | 4,20 | 5,30
tk, C 1,11 | 1,13 | 1,18 | 1,35 | 1,43 | 1,59
L7, km? | 0,64 | 2,25 | 5,29 | 13,69 | 17,64 | 28,09
2, c? 1,19 | 1,27 | 1,42 | 1,82 | 2,01 | 2,52




Hacte 1. y = 0,048x + 1,160
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[TapameTpsr 9TOi 3aBUCUMOCTH OKA3BIBAIOTCS PABHBIMU
2
¢ 2
a= 0’048W’ b=1,16¢ (4)
BHavyeHnsi CKOPOCTU BOJIHBI U BBICOTHI ILJIACTA JIETKO BhIpaXKaloTcs u3 Gopmyi (3)
1 KM
c=—=r~46—;
Va
b )
h =14/ — ~ 2,46 Kkm
4a

Yactp 2. OagHa njiockasi HaKJIOHHAs I'PaHHUIIA.

2.1 B sTo0ii yacTu TakxKe IpOIIE IOCTPOUTH M300parKeHue TOYKHU B3pbiBa E’ U paccuurarb pac-
CTOSTHHE OT 9TON TOUKM JI0 npueMunka Ry (puc. 2). Pacuer 5T0r0 paccrosHus sBJIsSeTCs IPOCTOIL
reoMeTpUYecKoil 3aj1adeii. Paccrosinme MexKly UCTOYHUKOM U €ro N300parKeHrueM PaBHO

|EE'| = 2hcosa. (6)

[IyTh, KOTODPBIl MPOXOJUT BOJIHA, PABEH PACCTOSHUIO OT M300pazKeHus J0 MPUEMHUKA, KOTOPOe



MOZKHO OIIPE/ICINTH C HOMOIIBIO TEOPEMbl KOCHHYCOB Jijisd Tpeyrosibanka EE'Ry (¢ ydaeroM Toro,
uro ZE'"ER =5 — v ):

Sy =|E'R| = \/Li + (2hcosa)® — 4Lghcosa - sina. (7)

CremoBaTeIbHO, BpeMsl IIPUXOIa OTPAXKEHHOI BOJIHBI PABHO

\/Lz + (2hcosa)® — 4Lghcosa - sina

C

Uk
Yro 6bI JIMHEAPU30BATDH ITY 3aBUCHMOCTD, mepenuciieM Gopmyty (8) B Buje
At2 — L2 = (2hcosa)® — 4Lghcosa - sina. 9)
Taxum obpazoM, BeJIMINHA
Y, =t — L (10)

Jluneiino 3aBUCHT OT KBajpaTa paccroguus jo npuemnuka X = L% : Y = aX + b. Ilapamerpsl
9TOW 3aBUCUMOCTHU OLPeJIeIoTca popMyIaMu

a = 4hcos a - sin «
b= (2hcosa)’

B Ta6smre 2 [IpuBejiernl pe3ysibTaThl pacieTOB BEJIMYUH Yy, HUXKE TIPUBEJIEH rpaduK JIMTHEAPU30-
BaHHOU 3aBUCUMOCTHU.

(11)

Tabuma 2.
Ly, km 0,60 | 1,10 | 2,00 | 2,60 | 3,30 | 3,90
ty, C 0,95 10,930,955 10,98 | 1,03 | 1,09
Ye =2t — L2, xm® | 17,8 [ 16,3 | 14,4 | 12,7 | 10,5 | 9,0
Yactp 2.

YacTb 2. y =-2,65x + 19,42
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[Tapamerpsr 9T0it 3aBUCUMOCTH, OIIPEIC/ICHHBIE TI0 TIOCTPOCHHOMY T'padUKy, OKa3a/MCh PABHBIMU

a=—265kM, b=1942xkm> (12)
U3 dopmyi (11) caemyer, aro Tpebyemble XapaKTEPUCTUKHU I17IACTa DABHBI
® —2sina = in—— ~ 0,31 ~ 17,5°
— = 2sina a = arcsin —= ~ 0,31 ~ 17,
Vb 2v/b
a
h=—"~2 1
Dsinza LA (13)

Yacts 3. IIpoMekyTOoUHbII MJIACT.

3.1 Tak Kak mupuHa 1aacTa MaJja, TO ¢ XOPOoIleil TOYHOCTHIO MOYKHO CIYUTATD, YTO PA3HOCTDL BPEMEH
IPUXO0/Ia PaBHA PA3HOCTH BpeMeHU JiBuzKeHus BoJiH 110 myTsam ABC u AD (puc. 3). 31ech 0Tpe3ok
C'D nepneHuKy/IsspeH OTPasKeHHBIM JIyUIaM U sBJIsgeTcss (DPOHTOM BOJIHBI. V3 pucyHKa He CJI0KHO
HalTHU JJIMHBL 9TUX Iy Teil:

h

COoS (g

|AB| =

h
|AC| = 2——siny
cos oy

h
|AD| = |AC|sin v = 2—— sin oy sin v
cos

Torna pasHocTb BpeMeH ONpeIeuTcs 1o hopMyie

9|AB| |AD|
T = — .

C1 C

B Puc. 3

Ncnonb3yst 3aKOH IpeIoMIeHAd Sina = M Sinq U HOJy9YeHHbIe TeOMEeTPUIEeCKUe COOTHOIIECHUS,
3Ta popMmyJia Ipeodpasyercd K BULY

2|AB| |AD| 2 nhy hi , 2nhi 1 —sin®a;  2nhy 2nh,
T = — = - —2 sinosina = = = cosay =
C1 C C COS (vq C - COS (1 C COS (V1

1 —sin?¢

(15)

3.2 U3 nostyuennoii hopmysint (15) ciiesyer, 4ro BeumInHa

7



Y = *r? (16)

JUHENHO 3aBUCHUT OT KBa/lpaTa CHUHYCa yIJia I1a/IcHNA

X =sin®a. (17)
B cBoro o4depeib CUHYC yIJla Ia/ICHUA PACCHUTBIBaETCA 110 CbOpMyJIe (CM. puc. 1):
(L/2) L
V(L/2)2+ k2 VL2 +4R?

Tommuua cojleHOro IIacTa BblyucaeHa B Hactu 1, MO3TOMY CHHYCHI yTIjla MaJeHUsd MOIYT ObITh
BLIYKC/ICHDI JIJISI BCEX MPUEMHUKOB. B Tabsmie 3 nNpuBeIeHbl pe3y/ibTaThl PacieTOB BEJUYHH Yy U
X}, HUKe npusejien rpabduk sapucumocti Y (X).

sin o =

(18)

Tabmuma 3.
Ly, km 0,80 | 1,50 | 2,30 |3,70 | 4,20 | 5,30
ty, C 1,11 (1,13 [ 1,18 | 1,35 | 1,43 | 1,59
T, MC 74 73 71 67 66 64
sin «v 0,160 | 0,292 | 0,423 | 0,601 | 0,649 | 0,733
X = sin? oy, 0,026 | 0,085 | 0,179 | 0,361 | 0,422 | 0,537
Y, = 77, xm? | 0,111 | 0,108 | 0,103 | 0,092 | 0,089 | 0,082

YacTe 3 y =-0,058x + 0,113
0,12

011 +—&—.

0,10 ==
\

> 0,09
0,08 e
0,07
0,06
0,0 0,1 0,2 0,3 0,4 0,5 0,6

X

U3 dopmyset (15) ciemyer, 4ro jmaHHast 3aBUCAMOCTD BbIpaykaeTcs (DyHKIIHe

*7? = —4h3sin® a + 4hin®. (19)

CretoBaTeIbHO, MapaMeTphl JinHeliHo# 3apucumoct Y = aX + b 3ajat0rcsa popmyiamMu

a=—4h?  b=4hn?. (20)



YucieHHble 3HaYeHUs TapaMeTPOB 3aBUCUMOCTH, HaliJIeHHbIE U3 IIOCTPOCHHOrO rpaduka, okKasa-
JIACh PaBHBIMU

a=—0,058xkM? b=0,113sM?>. (21)

XapaKTepUCTUKHU ILJIACTa PACCUUTHIBAIOTCA 10 (bopMyIam

V=a

hy = - ~ 0,12 KM;

22
b 22
n=4\/——~14
a
CKOpOCTH BOJIH B 9TOM ILITACTE
o =S~ (23)
n c

E Al Puc. 2



