MockoBckuli rocy1apcTBeHHbIN yHUBEepcuTeT MMeHu M.B.JIoMmoHOCOBa 2013 r.

OnumMmnuana MKOJILHUKOB «JIOMOHOCOBY

I'EOJIOI'UA

Bapmuanr 1

3ajaHus, peleHusi M OTBEThI

1. B naGoparopuio mnocTynuja NapTHsi HOBBIX 00pa3noB MOPOA, KOTOPYH He00XO0AUMO
Pa3/0KUTh MO SIMKAM MNOpoBHY. JlaGopaHT cHayajda MOJIOXKMJI B KaXIbli SIUK mo 12
00pa3uoB, HO PU 3TOM 5 00pa31oB oKa3aauch JUIHUMH. Torna J1adopaHT OCTABMII OAMH SLIUK
MYCThIM, a Bce 00pa3ubl Pa3jio:Kui M0 OCTABIIMMCS SIIIUKAM NOpoBHY. CKOJIbKO 00pa30B NOPoJ
ObLJIO B NAPTHH, €CJIM B KaKAbIil AIIHMK ObLJIO0 M10J10:keH0 He OoJiee 18 oOpa3uos?

PemneHnue

O003HaYNM MCKOMOE YHCIIO 00pa3iioB Yepe3 K, a yuciio AnmKoB yepe3 N, Toraa Mo yCAOBHIO 3a7auu
k=12n+35,

Joey, OmomTh

12n+5 17
=12+ — € N. [lockonbky N-1 sBnsercs nenurtenem 17, To oTcroaa

3akimodaeM, 9ro n € {2,18}. Takum 06pa3om, YKCIIO AMMKOB MOKET ObITH paBHO 2 Wi 18. B ciryuae
n=2 3nHauenne K=/2-2+5=29, u B OAMH OCTABIIMKHCS SIIUK KIaAyTcs Bce 29 00pasioB, 4TO HE
COOTBETCTBYET YCJIOBHUIO 3ahaud. B cinyuae N=18 3Hauenue K=12-18+5=221, u B KaKAbli SIIUK
kiagercs 13 oOpas1os.

Otgert: 221 o6pa3en

2. Ilnanera umeer ¢opmy mapa paguycom R =4000 kM. Kak u 3emis, oHa Bpamaercss BOKpYr
cBoell ocu M 00/1aJaeT MATHMTHBIM IO0JeM. JTO MoJie BBIMJSIAUT KaK IMoJie NMOCTOSSHHOIO
MOJIOCOBOT0 MArHWTA, LEHTP KOTOPOro cOBHajaaer ¢ HeHTpom IuiaHerbl. Kak m y 3emunm,
NO0JI0KeHUs reorpagu4ecKoro ¥ MAarHUTHOT'O MOJIKOCOB IJIAHETHI He COBNAIAIOT.

B Touke ¢ moaroroii 0; Ha 3KBaTOpe IVIAHETHI CTPEJIKA MATHHTHOIO KOMIIAca HANPAaBJIeHA MO

reorpagpuyeckomy Mepuaunany. Paccrosinme mMexxkay reorpagpum4ecKMM M MarHUTHBIM NOJIOCAMH
IUIAaHeThl BA0JIb ee mMoBepxHocTu paBHo L = 700 xkm. Haiigute yros o Mexay HampasjeHHeM
CTPEJIKH MATHUTHOI0 KOMIIaca U reorpagu4ecKuM MEPpHIHAHOM B TOYKE 3KBATOPa € J0JIrOTOM

92 = 61 +90o.

PemieHue

Ha pucynke n3o0paxeHbl MarHuTHbIA (M) u reorpaduueckuii
(P) momoca miaHeTHl, MO YCJOBUIO 3aJayd, JISKAllFe Ha OJHOM
reorpauueckoM MepuauaHe ¢ JoAroTod 01, a Takke yroia o MEXIy
HampaBJICHUEM CTpPEIKH Kommaca (M300pakeHO BEKTOpoM AB) u

kacarenbHoii AC k Mepuamany c¢ gonaroroi 0, =0; +90°B Touke

HaOmroneHus A.

VYron MOP paBeH o O NPU3HAKY PABEHCTBA YIJIOB C B3aUMHO
napautenbHeiMu croponamu: OM || AB, OP || AC. [leiicTBHuTeNBHO, BO-
MEPBBIX, AT MPSMBIE MOMAPHO JIekaT B oHOM miiockoctu: OM u AB —
B iockoctd MOA marnutHoro mepuanana, OP u AC — B miiockocTH
POA reorpaduueckoro mepuanana. Bo-BTOpBIX, BCE YETHIPE MPSIMBIX
OM, OP, AB u AC nepneHaukyssipHbl oTpe3Ky OA.




[TosTOMy yroja MexIy HampaBI€HHEM CTPEJIKH MarHUTHOTO KOMIaca M Teorpa(puyecKkum

~ o L o o
MEPHUINAHOM B TOUKE IKBaTOpa ¢ A0iaroroit 0, =0; +90 pasen o = >R 360° = 10°.
T

Ortser: 10°.

3. OqHuM U3 pa3iejioB COBPeMEHHOM reoJIOruu fABJsAETCA reopusuka — HayKa, 3aHUMAIOIIASICS
HCCJIeIOBAHNEM I'e0JIOTHYEeCKOM cpelbl MyTeM U3YYeHHs PA3JUYHBIX (PU3UYeCKHUX moJieii 3emiiu,
MHOTHe W3 KOTOPbIX HMEKT BOJHOBYW NpHpoay (HampuMmep, 3JIEKTPOMATHHUTHbIC WJIH
celicMMYecKHe 110JIs1) M ONMCHIBAKTCS CYMMaMH CHHYCOB M MJIM KOCHHYCOB aprymMeHTa Nwi, rae
N — MOJIOKUTEIbHOE 1eJ10e, W-YIJI0Basi 4acToTa, t — Bpemsi. Kaxnoe Takoe ciaraemoe nmeer BUj,
Hanpumep, Sin(Nwt+¢,) #u Ha3piBaeTca N —o0ii rapmonukoi. CJIOKHBINE BOJHOBOI
reo(pu3nN4YeCcKuii CHrHaJI MPU pacyeTax 4acTo ONMUCHIBACTCH JABYMs NepBbIMH rapMoHukamu. Ha
3Ty TeMy Npeajiaraercs cjaeayomas 3agava.

Ilpu npoBeaeHnu reo(pu3nM4ecKHX HCCIACAOBAHUN ObLJIO 3aPEerMCTPUPOBAHO BOJHOBOE IOJIE,
npeacraBJsiioliee co0oii pe3yJbTAT HAJOKEHHS JBYX Pa3JMYHBIX FAPMOHUYECKHUX CHUTHAJIOB.

. T
3aBHcHMOCTh AMIUVINTY/ABI 1E€PBOr0 CHIHajla OT BpeMeHu t umeer Bua 2 sSin (t+Z)+

M 3 . T . 11'
sin (Zt + g), a BTOpPOro curiajga 2 sin (t - Z) + sin (Zt - E) . JJI1 KaKMX MOMEHTOB BpPEeMEHHU

Ha uHTepBaJe (4,7) BeJIMYNHBI AMILUIUTY/] CHTHAJIOB COBNAAYT?

Pemrenune
YcnoBue 3a1a4u IPUBOJIUT K YPABHEHUIO

. T . T\ _ . T . m
2 sin (t + Z) + sin (Zt + g)—Z sin (t - Z) + sin (Zt — E) .
JInst perieHust MOCJIEIHETO 3aUIIEM €Tr0 B BUJIE
- n - 71- . 7T . 7T
251n(t +Z) — Zsm(t—Z) +sm(2t+—6) —sm(Zt—g) =0<==>
<==> 4sin%cos t+ ZSin%cos 2t = 0 <==> 2+/2cost + cos2t = 0.
U3 paBeHcTBa cos2t = 2cos’t — 1 momydaem

—V2+2
—.

HC IOAXOOHUT. CJ'ICI[OB&TCJ'IBHO, cost =

2c0s%t + 2\ 2cost — 1 = 0 <==> cost =

B cuiy orpaHMu€HHOCTH KOCUHYCA Cllydaid COSt =

—V2+2
2

1 7
. JTO 3Ha4YeHUE KaK HETPYAHO BUJIETH JeKUT Ha uHTepnaie (0, E)' IIpu sTom 7 < ~ > 3HAUHUT
=242 o
3HaueHue t = 21w — aI‘CCOSi_’é!Z—) HHUKAKUX JPYrUX KOpHEU Ha YKa3aHHOM WUHTEPBaJe HET.

V42
Oteer: npu t = 21 — arccosif@%)

4. lns onpeaeeHUs MJIOTHOCTH MOPUCTOH T'OPHOM MOPOJABI B 7
reoJIOTHYeCKOil NpPaKTHKe 4YacTo HMCHOJIb3YIOT  MeETOH,
cocTosINMiA M3 Tpex MOC/eA0BATEbHbIX B3BeIIUBAHMIA.
Cnayana OepyT o0pa3sen ucciaenyeMoi IOpoAbl U B3BELINBAIOT
ero B Bo3ayxe. 3arem o0Opasen napapuHUpyT, T.e. HEJUKOM
OIyCKAaIOT B PACIIABJICHHBIN Mapa@uH U BLIHUMAKT, YTOObI
BeCh oO0pasell MOKPBLLICH CJ0eM 3acThiBLIEro mnapaduHa.
ITocse 3Toro mapaduuupoBaHHbIii 00pa3eln B3BEIINBANT B
Bo3ayxe. M, HakoHen, Tperbe HM3MepeHHe — B3BeIIMBaHHE
napa@uHUPOBAHHOIO 00pa3ua B Bojie (CM. PUCYHOK). 2
KakoBa I1UJIOTHOCTL MOPOABI, €CJM  Pe3yJabTaThI s e,
MOCJIeI0BATEIbHBIX B3BCIIMBAHMI HAa TMNPYKMHHOM JAWHAMOMeETpPe OKa3aJliChb PaBHBIMH
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coorBercTBeHHo P; =26 H, P,=3,0H, P3=15H? IIpu pacuyere NJOTHOCTHIO BO3IyXa
npeneGpeub, IJIOTHOCTH BOXbI NPHHATH paBHOH po = 1000 Kr/M°, mI0OTHOCTL mapaduua
Pu = 870 kr/m®,

PenieHue

[IpeneOperaeM BIMSIHHEM BBITAIKMBAIOIICH CHJIBI CO CTOPOHBI BO3/yXa Ha oOpa3el] MPpHU MPOBEIACHUN
MIEPBBIX JIBYX B3BEUIMBAHUHN M YIUTHIBAEM, YTO CHJIBI HATSHKCHUS HUTH, ICHCTBYIOIIHNE HA o0pa3el mpu
K)KJIOM U3 B3BEIIMBAHHM, COCTABIIAIOT COOTBETCTBEHHO P71, Py, P3. Torna momyuunm:
P1=mg,
P, = (m + M)g )
P3 = (m + M)g — pog(V + M/py),
riae M u V — COOTBETCTBEHHO Macca U 00beM HCXOIHOTr0 00pasiia, M — macca Haymmero mapadusa.
Ortcrona cineayer, 4to
m = P4/g,
M = (P2 - P1)/g,
P2 — P3 = pog(V + M/py).
W3 nocnenHero ypaBHeHwMsI, IOJICTABUB B HETO BhIpaxkeHue st M, momyyaem:

y_P=P: P -P
Po9 Prn9
Hu, CJICJ0BATCIbHO,
o= m_ P _ P _ PoPuPL _
v g P,-P, P,-R| R-PF R-R Pu(Py —P3)—po (P, —P)
Po9 Pnd Po Pn

ITpu P1 =2,6 H, P, =3,0 H, P;=1,5 H, po = 1000 Kr/MS, pn =870 Kr/M° uMeeM p=2500 Kr/MC.
Otser: 2500 kr/m°,

5. HepaBHOMepHOCTB NMPOCAIKU TPYHTOB MO/ HH/KEHEPHO-TEXHHUYECKUMHU COOPYKEHUAMH — O/IHA
M3 AKTYAJIbHBIX NPO0JeM HHKCHEPHOW TIe0JIOTHH, KOTOpas HM3y4aeT CTPYKTYpYy, ANHAMHKY
BEPXHHX TOPHM30HTOB 3€MHOH KOpPbI NPH ee B3aUMOAEHCTBHH C OCHOBAHHMAMM COOPYKEHHH
pazHoro npo¢guis. Ilpeononenne HepaBHOMEPHOH NPOCAJAKU I'PYHTOB ABJIAETCH CTAHAAPTHON
3aja4veil He TOJIBKO VI CHECHHAJUCTOB B 00J1aCTH MHKCHEPHOH Ie0JI0TMH, TaKue NpodJieMbl
YacT0 BO3HHMKAKWT B He(TAHOW TreojOTMH, CTPOMTEJbCTBE CHOPTHUBHBIX COOPYKEHMI.
IIpocanounbie rpyHTHI, BCJeACTBHE COOCTBEHHOI0 Beca MJIM Beca (PyHAaMeHTa COOPY:KeHHUs,
CIOCOOHBI [aBaTh NPH 3aMauYMBAHUM JONOJHUTEIbHbIE OCAJAKH, KOTOpPble B HHIKEHEPHOIl
re0JIOruM HAa3bIBAKTCHA Npocaakamu. JIro0oe cTpouTe1bCTBO BAKHOIO 00bEKTA J0JIKHO ObITH
NpeJBapeH0 TINATEJbHBIM M3Y4Ye€HHEM IPOCAT0YHBIX CBOHcTB TpyHTOB. Ecam o0bekT
AOCTATOYHO KPYIHBIHA, TO NPOCAJI0YHbIC CBOHCTBA ITPYHTOB MOJ HUM MOTYT CHWJIBHO OTJIHYATBHCS
B Ipeejax 3aHHUMaemMoil miomagu. B TakoM ciaydae AJsi KOPPEKTHOIO OnpeleSeHHus
napamMeTpoB (PyHAAMEHTA COOPY:KeHHsI He0OXOAMMO NPHMEHATHb CJIOKHbIE MaTeMaTHYeCKHe
monenu. IlpuBenenHas Huke 3aJa4a MULIIOCTPUPYET TAKYI0 CUTYyalui0. /laHHbIe 110 3HAYeHUsIM
NPOCAJO0K € 1eJIbI0 IKOHOMHHU BbIYUCJIEHUI IBJIAIOTCH MOJeJIbHBIMU.

dyHIaMEHT TO0J pe3epByap M3HAYAJIbHO MMeJ OCHOBaHHMe B BH/e mpsiMoyroabHuka ABCD co
croponamu AB=50m, AD=20M, npu 3TomM 1miockoctb ABCD coBnagaia ¢ ropusonrajibHoii. B
pe3yjabTaTe mMpocaaku BepmmHa B crana Huxe Ha 1M, BepmiuHa D - Ha 2m, a BepmuHa A
COXpaHWJIAa HAYAJbHBbI ypoBeHb. YeMy paBHa BeJHMYMHA YIJIa, 00pa30BaBLIErOCs MeEXKIY
TOPHU30HTAIBHOM MVIOCKOCTHIO M MJIOCKOCTHIO OCHOBaHHS (pyHIaMeHTa?



PemieHue
PaccMoTpuM ropH30HTAIBHYIO TUIOCKOCTH MPOXOAAIIYI0 Yepe3 Touky A. O6o3HaunM uepe3 B; u D
npoekuuu Touek B u D coorBercTBeHHO Ha 3Ty miockocth. Torna BB; =1 u DD;=2. [lo Teopeme

[Tudaropa AB1=v2499, AD;=v396, B1D;=v2899. Ilo Teopeme kocuHycoB B Tpeyroybauke AB1D:

2499=2899+396-2v/2899+/3996 cos £AD1B1, orcioya cos AAD1B1 = ﬁj@

Hanee, nyctb E — TOuka mepeceueHuss TOPU3OHTAIbHOW IUIOCKOCTH U mpsimoir BD. U3 Teopemsl

®daneca ED1=2 B1D1=2v2899. Ilo Teopeme kocunycoB B Tpeyroiabuuke AD1E:
AE2=11596+396-%\/11596\/ 396 = 10400. ITycts mmuHa BeicOTHI D1P Tpeyronbanka AED;
paBna h. Torna u3 pasencrsa AE-h = ED;-AD; sin 4AD1E waiigem h:
h_2\/1237
==

13
OTKyJa TaHreHce uckomoro yria D1PD pasen 2/h= 37"

OrtBet: arctg( %).

3agaua 6

Ha rpanune pyaHbIX TeJl, HAXOASIIMXCH B TOJIIIE 3eMJIH, BCJIeICTBHE OKHMCIUTEIbHO-
BOCCTAHOBHMTE/IbHBIX peakNuii HX BellecTBA € OKPYKAIIMM BOJAHBIM PAaCTBOPOM 4acTo
BO3HHMKAIOT JJIeKTPHUYeCKHe 3apsiibl. JTO NPHBOAUT K BO3HUKHOBEHHIO B INPOCTPaHCTBE
AHOMAJIBHOI0 3JIEKTPUYeCcKOro moss. O0HapyxkeHHe 3TUX AHOMAJIMI Ha MOBEPXHOCTH 3eMJiM
M03BOJISIeT YCTAHOBUTH MeCTA 3aJIeraHusl CAMHUX PYAHBIX TeJl.

BHyTpu 1mo0/10ro TOHKOCTEeHHOro riaodyca paguycom R =30 cMm HaxoauTcsi cucreMa JABYX
OJMHAKOBBIX 10 BeJIHYHHE, HO NMPOTHBOIOJIOKHBIX N0 3HAKY TOYEYHBIX 3apAI0B, CO3AAIOIIMX
3JIEKTPOCTATHYECKOe moJse. JIMHUM ONMHAKOBOIO NMOTEHIHAJA ITOr0 IOJSI HA INOBEPXHOCTH
rjao0yca cOBNaJaloT € ero napauieJisiMi, IIPU 3TOM NMOTEHIIHAJ TOYEK HA NMapaJljie/Iu C CeBepHOii
IHUPOTOH O = 30° paBeH Hyar0. HaiiTu paccrosiHue OT IOJIOKHUTEJIBLHOrO 3apsjia 10 LEeHTpa
rjao0yca, ecJiM NOTEHIHAJ M0JIS HA CeBEPHOM MoJroce riodyca pasen @1 = —10 mB, a norenuuan
MOJIsi HA I0JKHOM moJoce riodyca pasen ¢ = +1 mB. Cuurarp, 4To 000s104Ka r00yca He
HCKaKaeT JJeKTpuyeckoe noJe 3apsaaos. [loreHuunan 3apsigoB Ha 3HAYMTEJIHLHOM YIAJE€HUH OT
rja00yca cCYMTAaTh PABHBIM HYJIIO.

PemieHue

W3 xapTuHBI JTUHUNA paBHOTO TOTEHIMANIA HAa TIOBEPXHOCTH TiIo0yca CIenyeT, YTO TOYEUHBIE
3apsi/ibl 1OJ1 €r0 MOBEPXHOCTHIO HAXOAATCS Ha TUAMETPE, COSIUHSIONIEM CEBEPHBINA U FO’KHBINA TOJTIOCHI
rmo0yca, TPHYEM OTPHUIATENBHBI 3apsii —( HaXOMUTCS K CEBEPHOMY TIONIOCY OimKe, dYeM
MOJIOKUTEIBHBIN 3apsn (. JIerko mpoBepUTh, YTO TOUKH TUIOCKOCTH, MEPIEHIUKYISIPHOU K OTPE3KY,
COEMHSAIONIEMY JIBa 3apsijia, M MPOXOIIEH uepe3 ero cepeinHy, UMErOT MOTEHIall PaBHBIH HYIIIO.
[To ycnoBuio 3a1a4n 3Ta IMIIOCKOCTH TIEpEceKaeT MOBEPXHOCTH TiIo0yca 1Mo MmapajuieNid Ha IUPOTe o =
30" B ceBepHOM momymapun. OTCIOAA CIEAYET, UTO PACCTOSHIE OT CEPEIMHBI OTPE3KA, COSIUHSIONIEr0
3apsibl, 10 nentpa O rodyca paBHo RSina. O003HAUYMM PacCTOSHUE MEKIY TOYCUYHBIMU 3apsaaMu
gyepes 28, TOrJa BBIPAKEHUsS ISl TIOTEHIIMAIOB TOJISI TOYSUHBIX 3aps0B Ha CEBEPHOM IOJIIOCE U HA
F0)KHOM TIOJTFOCE TJI00yca MOTYT OBITh 3aIIICAHbI B BUJIC:

_ —kq N kg 2kga
—-a x+a xf-a’

—kq N kg  2kga

P

(PZ = - 1

Xo+a Xp—a x5-a’
rae X3 = R(1 — sina) u X2 = R(1 + Sina) — paccTosiHUS OT CEPEIUHBI OTPE3Ka, COCTUHSIONICTO J1Ba
3apsija, COOTBETCTBCHHO 0 CEBEPHOrO M IOKHOTO TOJIIOCOB T00yca. Pa3jienuB mepBoe M3 3THX

ypaBHeHI/Iﬁ Ha BTOPOC 1 UCKIIIOYHUB TEM CaMbIM HECU3BECTHYIO BEIIMYUHY (], TIOJTYYUM:



2 .2
Xx-a _ ¢
x12 ~a? ¢2
OTKY/1a, C 4E€TOM BBIPAYKECHHH JUIS X1 H X2,
2 2 2
Xi +@o5X R ] . - . .
2 _P1f TOP2%2 [(pl(l— sina)® + @, (1+sin oc)z]: R2(1+ 2927 %1 gin g + sin? ocJ.
P1+¢) P +¢ P11+ ¢
I/ICKOMOC paCCTO}IHI/Ie OT ITOJIOKUTCIIBHOT'O TOUYCYHOI'O BapHI[a pa(¢] HeHTpa rﬂ06yca COCTAaBJIACT
| =Rsinaa—a=R sinoz—\/l+2u
P +¢2

a

sino +sin? o | =10 cm.

OTtBer: 10 cMm.



MockoBckuii TOCy1apCcTBeHHBIN YHUBEpcUTeT nMeHu M.B.JIomoHOoCOBa 2013 r.

OnumMmnuana MKOJILHUKOB «JIOMOHOCOBY

I'EOJIOI'UA

Bapuanrt 2

3ajaHus, peleHusi M OTBEThI

1. B naGoparopuio mnocTynuja NapTHsi HOBBIX 00pa3noB MOPOA, KOTOPYH He00XO0AUMO
Pa3J10:KMTh MO SIIMKAM NOPOBHY. JIaGopaHT MoJI0KIJI B Ka:KAbIH ik no 13 o6pa3uoB, HO npu
3ToM 3 o0pa3ua oka3zajoch JumHUMH. Torga nadopaHT ocTaBWJI Ba ALIMKA MYCTHIMH, a BCe
o0pa3upl pa3jiokWJ MO OCTABIIMMCH sIMKaM NopoBHY. Ckojbko 00pa3oB mopoa ObL10 B
NAPTHH, eCJIU B KAKIBIH SIMK ObLIO 110J102KeH0 He 0osiee 19 o6pa3unoB?

PemneHnue

O003HaYNM MCKOMOE YHCIIO 00pa3iioB Yepe3 K, a yuciio AnmKoB yepe3 N, Toraa Mo yCAOBHIO 3a7auu
k =13n+ 3,

Joey, Omom D

13n+3 29
=13+ — € N. Ilockonbky N-2 sBrsercs aenureneMm 29, To oTcioAa

3akimodaeM, uro n € {3,31}. Takum 06pa3om, YKCIIO SMMKOB MOKET OBITH paBHO 3 wiu 29. B ciryuae
n=3 s3HaucHue K=13-3+3=42, u B OJQMH OCTaBIIWICS SIIUK KIamyTcs Bce 42 o0Opasma, 4To He
COOTBETCTBYET yCioBHIO 3amaun. B cnyuae N=31 3Hauenue k=13-3/+3=406, u B KaKablil SIIUK
kiagercs 14 oO0pas1os.
OrtBet: 406 o6pa3uos

2. Ilnanera umeer ¢opmy mapa paguycom R =5000 kM. Kak u 3emis, oHa Bpamaercsi BOKpYr
cBoeil ocu M 00/1aJaeT MArHMTHBIM IOJeM. JTO MoJe BBIMVISIAMT KAaK I0Jie NOCTOSIHHOIO
MOJIOCOBOT0 MArHWTA, LEHTP KOTOPOro cOBHajaaer ¢ HeHTpom IuiaHerbl. Kak m y 3emunm,
NO0JI0KeHUs reorpagu4ecKoro ¥ MAarHUTHOT'O MOJIKOCOB IJIAHETHI He COBNAIAIOT.

B Touke ¢ pmoaroroii 0; Ha 3KBaTOpe IJIAHETHI CTPeJIKAa MATHHTHOIO KOMIaca
HANnpaBjieHa 10 reorpaguyeckomMy Mepuauany. Paccrosnue wmexkay reorpaguyeckuM H
MATrHUTHBIM MOJIIOCAMH IUIAHETHI BJ0JIb ee noBepxHocTu paBHo L = 1300 km. Haiigute yroa a
MEsKI1y HANPABJICHHEM CTPEJIKH MATHUTHOIO KOMIIAca U reorpa)u4ecKMM MEPUAHAHOM B TOYKeE

IKBaTOpa ¢ 10JroToil 0, =0 +90°.

Pemenue

Ha pucynke nzo0paxkeHbl MarHuTHbIA (M) u reorpaduueckuit
(P) monroca TIaHETHI, MO YCJOBUIO 3a/laud, JISKAllMe Ha OJHOM
reorpaUyecKoM MepHanaHe ¢ A0AroTod 01, a TakKe yroa o Mexay
HalpaBJICHUEM CTPENKH Kommaca (M300pakeHO BEKTOpoM AB) u

kacarenbHoii AC K Mepuauany ¢ jgonroroii 0, =0; +90°B Touke

HaOmroneHus A.

VYron MOP paBeH o MO NMPU3HAKY PABEHCTBA YIJVIOB C B3aUMHO
napauienbHeiMu ctopoHamu: OM || AB, OP || AC. [eiicTBuTeNbHO,
BO-TICPBBIX, 3TH NPSIMBIE MOMAPHO JieKaT B oaHOW utockoctu: OM n
AB — B mnockoctu MOA marautHoro mepuauana, OP u AC — B
miockoctd  POA  reorpaduueckoro wmepuamana. Bo-BTOpbeIX, Bce
yeteipe npsameix OM, OP, AB u AC neprieHauKynspHbl 0Tpe3ky OA.




[TosTOMY yron Mexxay HarpaBJIeHHEM CTPEIKH MarHUTHOTO KOMITaca M reorpapuuecKum

~ o L o o
MEPHUINAHOM B TOUKE IKBaTOpa ¢ A0iaroroit 0, =0; +90 pasen o = >R 360° ~15°.
T

Ortser: 15°,

3. OxHUM U3 pa3/IejioB COBPEMEHHOM reo/IOrHH SBJIsAETCS reopu3nKa — HAyKa, 3aHHMAI0IIAsICS
HCCJIeIOBAHHEM I'e0JIOTHYECKOi cpebl MyTeM M3yYeHHsl Pa3IudHbIX (PU3HYecKuX moJeii 3emin,
MHOTHME M3 KOTOPHIX HMEIOT BOJHOBYI0 NPHPOAY (HAampuMep, 3JIEKTPOMATHUTHBIE HJIH
ceiicMMYeCKHe 1M0Jis1) ¥ OMUCHIBAIOTCA CyMMaMH CHHYCOB M WJIH KOCHHYCOB aprymeHnta Nwt, riue
N — MOJIOKUTEJIbHOE 1eJI0e, W-yIJI0Bast 4acToTa, t — Bpems. Kaxkaoe Takoe ciiaraemoe umeeT BHI,
Hanpumep, Sin(Nwt+¢,) u Ha3piBaeTca N —o0ii rapmMonukoi. CJIOKHBI BOJHOBOI
reo(pu3nM4YecKii CHrHAJI MPH PacyeTax YacTo ONMUCHIBAETCS JABYMs MepBbIMH rapMonnkamu. Ha
3Ty TeMY Npeasaraercs cjaeayionas 3agada.

Ipu npoBeneHUH reou3MUeCKUX HCCIAETOBAHUN OBLIO 3aperucCTPHPOBAHO BOJIHOBOE IOJIe,
npeacTaBiisiioniee co00il pe3yibTaT HAJIOKEHHS ABYX Pa3jJHYHBIX FAPMOHHYECKHX CHIHAJIOB.

. T
3aBHCHMOCTh AMILUIMNTY/AbI MEPBOr0 CHIHAjJda OT BpeMeHu ! umeer Bua 2 sin (t+g)+

M T . s = T
sin (Zt + Z)’ a BTOpOro curuajga 2 sin (t - E) + sin (Zt - Z) . Jl1 KaKMX MOMEHTOB BpeMeHHU

Ha uHTepBaJe (-7,-4) BeJMYUHBI AMILUTUTY/] CUTHAJIOB COBIAXYT?

Pemrenune
YcnoBue 3a1a4u NPUBOJUT K YPABHEHUIO

2 sin (t + %) + sin (Zt + %):2 sin (t - g) + sin (Zt - %) .
J1y1st periieHust OCJIETHETOo 3aIUIIEM €T0 B BUJIE
Zsin(t +%) - ZSin(t—%) +sin(2t+£4) —sin(Zt—%) =0<==
<==> 4sin%cos t+ ZSin%cos 2t = 0 <==> 2cost + V2cos2t = 0.

U3 paBencTBa cos2t = 2cos’t — 1 momydaem

—/2 ++10

2v2cos%t + 2cost — V2 = 0 <==> cost = 2

. —/2—/10
B cuiny orpannueHHOCTH KOCHHYCA Cllydaid coSst = —,  He ToaxXo/mr. CnenoBarenbHo, cost =
—V2+V10 1 7n
— DT0 3HAaYCHUE KaK HETPYAHO BUIETH eKUT Ha nHTEepBae (0, E)' ITpu 3Tom 7 < > 3HAUUT
o NZAVTO y V210
3HaueHue t = —2m + arccos:.f@T) BXOJMT B HYXXKHBIM MHTEpBAJ, a — 21T + arccosaf@T) HET
- -,—\/E+V 10
Oter: npu t = —2m + arccosu@T)

4. Ins onpeaeneHusi IVIOTHOCTH NOPHUCTOI FOPHOM MOPOALI B 7
reoJIOTHYECKOil MPaKTHKe YacTo HCHOJb3YIOT MeTOoN,
COCTOSIINMHA M3 TpexX MOCJeI0BaTeJbHbIX B3BeIIMBAHUM.
Cuavana Oepyr oOpasenm wuccienyemMoil Mmopoabl H
B3BEIIMBAIOT €ro B BO3AyXe. 3aTeM ol0pa3en napa@puHUpyIoT,
T.e. HEJUKOM ONMYCKAKT B paciliaBjJeHHbIH mnapapuH wu
BBIHMMAaKOT, 4YTO0ObI Bechb oO0Opa3eln MNOKPBLICH CJIOEM
3acTeiBIIero napaguna. Ilocae 3Toro mapadguHupoBaHHbII
o0pa3zen B3BemIMBAKOT B Bo3ayxe. M, HakoHew, TpeTbe
U3MepeHne — B3BelIMBaHUe Mapa(puHUPOBAHHOIO 00pa3na B
BoJie (CM. PUCYHOK). A, S

TITTTTTTTTTTTTTTTT o




KakoBa IJI0THOCTH MOPOABI, €CJIM Pe3yJabTaThl NMOC/IeI0BATEJbHBIX B3BEeIIMBAHMII Ha
NPY’KMHHOM JMHAaMOMeTpe OKa3aJuch paBHbIMM cooTBercTBeHHo P;=12H, P,=15H,
P;=0,6 H? IIpu pacuyeTre MJIOTHOCTHIO BO31yXa NMpeHeOpedb, IVIOTHOCTH BO/JbI NPUHATH PaBHOI
po = 1000 kr/m°, mroTHocTs mapaduua p, = 910 kr/m°,

PemeHue
[IpeneOperaeM BIHMSIHHEM BBITAIKHBAIOIICH CHUJIBI CO CTOPOHBI BO3AyXa Ha o0Opasel] mpu MpOBEICHUN
MIEPBBIX JIBYX B3BEIIMBAHWUN W YUUTHIBAGM, YTO CHJIbI HATSHKCHUSI HUTH, ICHUCTBYIOIIME Ha oOpa3ell pu
Ka)KJIOM U3 B3BEILIMBAHUI, COCTABISIOT COOTBETCTBEHHO P1, P2, P3. Toraa nomyuum:
P1 =mg,
P,=(m+ M)g,
P3=(m+ M)g — pog(V + M/py),
rae M u V — COOTBETCTBEHHO Macca U 00heM HCXOIHOTO 00pasia, M — macca Hanummero napadusa.
Ortcrona cineayer, 4to
m = P4/g,
M = (P2 — Pl)/g,
P2 —P3=pog(V + M/py).
W3 nocnegnero ypaBHeHus1, OJICTaBUB B HETO BhIpakeHHe aJisi M, moimyyaem:

v_P-P PP
Pod Prn9
H, CJICO0OBATCIbHO,
o= m_ P _ P _ PoPuPL .
v g P,-P; P,-P| PR-P PR Pu(Py —P3)—po (P, —P)
PoY Pn9 Po P

Ipu Py =12 H, P, =1,5H, P3= 0,6 H, po = 1000 kr/m®, py =910 kr/m® nmeem p ~ 2100 kr/ne’.
Otset: 2100 kr/m°.

5. HepaBHOMepHOCTB NMPOCAIKU TPYHTOB MO/ HH/KEHEPHO-TEXHUYECKUMHU COOPYKEHUAMM — OJIHA
M3 AKTYaJbHBIX NPO0JeM HHKCHEPHOH TIe0JIOTHH, KOTOpas HM3y4YaeT CTPYKTYpYy, AWHAMHKY
BE€PXHHX TOPHM30HTOB 3€MHOH KOpPbI IPH ee B3aUMOAEHCTBHM C OCHOBAHHMAMM COOPYKEHHH
paznHoro npo¢guis. Ilpeononenne HepaBHOMEPHOH NPOCAJAKU I'PYHTOB SABJIAETCH CTAHAAPTHOMN
3ajaveil He TOJIBKO VI CHEHHAJINCTOB B 00J1aCTH MHKCHEPHOH Ie0JI0rMH, TaKue NMpodJieMbl
YacT0 BO3HHMKAKOT B He(PTAHOH TreojOrMH, CTPOMTEJbCTBE CHOPTHBHBIX COOPYKEHMI.
IIpocanounbie rpyHTHI, BCJEeACTBHE COOCTBEHHOI0 Beca MJIM Beca (PyHAaMeHTa COOPY:KeHHUs,
CIOCOOHBI [aBaTh INPH 3aMauYMBAHUM JONOJHUTEIbHbIE OCAJAKH, KOTOpPble B WMHIKEHEPHOIl
re0JIOruM HA3bIBAKTCH Npocaakamu. JIro0oe cTpouTe1bCTBO BAKHOIO 00bEKTA [0JKHO ObITH
NpeABapeH0 TINATEJbHBIM M3Y4YeHHMEM IPOCAT0YHBIX CBOHcTB TpyHTOB. Ecam o0bekT
AOCTATOYHO KPYIHBIH, TO NPOCAJI0YHbIC CBOHCTBA ITPYHTOB MOJ HUM MOIYT CHWJIBHO OTJIHYATBHCS
B Ipeejax 3aHHUMaeMoil miomagu. B TakoM ciaydae AJsi KOPPEKTHOIO OnpeleSeHHus
napamMeTpoB (PyHAAMEHTA COOPY:KeHHsI He0OXOAMMO NPHMEHATHb CJIOKHbIE MaTeMaTHYeCKHue
monenu. IlpuBeneHHas Huke 3aJa4a MILIIOCTPUPYeET TAKYyI0 CUTyaluio. /laHHbIe 110 3HAYeHUsIM
NMPOCAJIOK € eIbI0 IKOHOMHHU BbIYUCJIEHUI IBJIAIOTCH MOJeJbHBIMU.

@dDyHIaMEHT MOoJ pe3epByap M3HAYAJIbHO MMeJ OCHOBaHHMe B BH/e mpsiMoyroabHuka ABCD co
croponamu AB=25m, AD=20M, npu 3TomM miaockoctb ABCD coBnagaia ¢ ropusonrajibHoii. B
pe3yjabTaTe Npocajaku BepmiuHa B craja Huke Ha 2 M, BepummHa D - Ha 1M, a BepmuHa A
COXpaHWJIAa HAYAJbHbI ypoBeHb. YeMy paBHa BeJHMYMHA YIJ1a, 00pa30oBaBLIErOCs MeEXKIY
TOPU30HTAJIBHON MJIOCKOCTHIO M IJIOCKOCTHIO OCHOBAHHS (pyHIaMeHTa?



PemieHue
PaccMoTpuM ropH30HTAIBHYIO TUIOCKOCTH MPOXOAAIIYI0 Yepe3 Touky A. O6o3HaunM uepe3 B; u D
npoekuuu Touek B u D coorBercTBeHHO Ha 3Ty miockoctb. Torna BB; =2 u DDi=I1. [lo Teopeme

[Tudaropa AB1=v 621, AD1=v399, B1D1=v1024. Ilo Teopeme kocuHycoB B Tpeyrojbauke AB1D;:

_ 1246 623
399=621+1024-2v621v1024 cos 4AB1D1, orcrona cos 4AB1D1 = e 00T = v

Hanee, nyctb E — TOuka mepeceueHuss TOPU3OHTAIbHOW IUIOCKOCTH U mpsimoir BD. U3 Teopemsl

daneca EB;=2 B1D;=64. [1o TeopeMe KOCHHYCOB B TpeyrojibHuke AB;E:

AE2:621+4096-32€:/2632_1\/621 -4 - 64 = 2225. Ilycte nqnuHa BeicoThl B1P Tpeyronbauka AEB; paBHa

h. Torna u3 paBencta AE-h = EB1-AB; sin 4AB1E wnaiinem h:

— 6232
:64 621 1_1024-621:2\/9911
5v89 V89

89

OTKyJ1a TaHTeHC Uckomoro yria B;PB pasen 2/h= 011"

OrtBet: arctg( %).

6. Ha rpanume pyaHbIX TeJ, HAXOASIIUXCH B TOJIIIE 3€MJIH, BCJIEICTBHE OKHCIUTEIHHO-
BOCCTAHOBHMTE/IbHBIX peakNuii HX BellecTBA € OKPYKAIIMM BOJAHBIM PAaCTBOPOM 4acTo
BO3HHMKAIOT JJIEKTPHUYeCKHe 3apsiibl. JTO NPHBOAUT K BO3HMKHOBEHHI0O B IIPOCTPAHCTBE
AHOMAJIBHOI0 3JIEKTPUYeCcKOro mojs. O0HapyxkeHHe 3THX AHOMAJIMI Ha MOBEPXHOCTH 3eMJiM
M03BOJISIeT YCTAHOBUTH MeCTA 3aJIeraHusl CAMHUX PYAHBIX TeJl.

BHyTpu 1m0/10ro TOHKOCTEHHOro riaod0yca paguycom R =20 cm HaxoauTcesi cucremMa JABYX
OJMHAKOBBIX 10 BeJHYHHE, HO NMPOTHBOMNOJIOKHBIX N0 3HAKY TOYEYHBIX 3aps0B, CO3AAIOIIUX
3JIEKTPOCTAaTHYEeCKOe moJse. JIMHUM OOMHAKOBOIO0 NMOTEHHHAJA 3TOr0 MOJsI HA IOBEPXHOCTH
rjao0yca cOBNaJaloT € ero napaieJiiMi, IIPU 3TOM NMOTEHIIHAJ TOYEK HA NMapaJljieIu ¢ CeBepHOii
IHUPOTOH O = 30° paBeH Hyar0. HaiiTu paccrosHue OT MOJIOKHUTEJLHOIO 3apsia 10 LeHTpa
rjao0yca, ecJiM NOTEHIHAJ M0JIS HA CeBEPHOM MoJK0ce ri1o0yca paBeH @1 = —28 MB, a norenuuan
MOJIsi HA I0JKHOM moJioce riodyca pasen ¢ = +3 mB. Cuurarp, 4To 000s104Ka rio0yca He
HCKaKaeT JJeKTpuyeckoe noJje 3apsaos. [loreHnuan 3apsifoB Ha 3HAYMTEJBLHOM yIaJe€HHH OT
rja00yca cCYMTaTh PABHBIM HYJIIO.

PemieHue

W3 xapTUHBI JIMHUN paBHOrO MOTEHIIMaja Ha MOBEPXHOCTH TIJIo0yca ClenyeT, 4TO TOYEUYHbIe
3apsAAbl IOA €T0 IMOBECPXHOCTHIO HAXOAATCA HA JUAMETPE, COCAUHAIOMIEM CCBGpHLIfI U F0KHBIN MOJTIOCHI
ro0yca, TPUYEM OTPUIATENBHBIA 3apsia —( HAXOAWTCS K CEBEPHOMY TIONIOCY ONIKe, YeMm
MOJ0XKHUTEIbHBIN 3apsan g. Jlerxo MNpOBECPUTH, YTO TOYKHU IIJIOCKOCTH, HepHeHI[HI(yn&IpHofI K OTpPE3KY,
COEAMHAIONIEMY J[BA 3apsAjlia, U MPOXOAAIIEH Yepe3 ero Cepe/luHy, UMEIOT MOTEHIMAa PaBHBIN HYIIIO.
Ilo YCJIOBHUIO 3ala4M 3Ta IJIOCKOCTh MEPCCCKACT MOBCPXHOCTH rJI06yca 10 MmapaJuICiini Ha WIHUPOTEC O =
30 B ceBepHOM noirymapuu. OTcro/ia CIeayeT, 4YTO PACCTOSHUE OT CEPEANHBI OTPE3KA, COCTUHSIONIETO
3apsAAbl, 10 OCHTPA 0] rJ106yca PaBHO Rsina. O603HauuM PaCCTOAHNUEC MCKIY TOUYCUHHBIMH 3apsAdaMU
qgepes3 2a, TOrJa BBIPAXKCHUA JIA IMOTCHIUAIOB IMOJISI TOUCYHBLIX 3apda0B Ha CCBCPHOM IIOJIIOCE U Ha
FOXKHOM ITOJIFOCE rn06yca MOTYT OBITD 3aIIMCaHbI B BUC:

_ —kq N kg 2kga
X1—a X +a )(12_3_2

(1

-kq N kg  2kga

P2 Xo+a Xy —a x% _a2 ’

rae X3 = R(1 — sina) u X2 = R(1 + Sina) — paccTOSHUSA OT CEPEIMHBI OTPE3Ka, COCTUHSIOIIEIO Ba
3apsijia, COOTBETCTBCHHO /0 CEBEPHOIO M FOKHOTO IOJIIOCOB Tiio0yca. PaszimenuB mepBoe W3 3THX
ypaBHeHI/If/’I Ha BTOpOG 1 UCKJIIIOYUB TCEM CaMbIM HeI/I3BeCTHy10 BeHI/IqI/IHy q, HOHY‘II/IMZ



2 .2
Xx-a _ ¢
x12 ~a? ¢2
OTKY/Ia, C Y4E€TOM BBIPAYKEHHH JUIS X1 H X2,
2 2 2
Xi +@o5X R ] . - . .
2 _P1f TOP2%2 [(pl(l— sina)® + @, (1+sin oc)z]: R2(1+ 2927 %1 gin g + sin? ocJ.
P1+¢) P +¢ P11+ ¢
I/ICKOMOC paCCTO}IHI/Ie OT ITOJIOKUTCIIBHOT'O TOUYCYHOI'O BapHI[a pa(¢] HeHTpa rﬂ06yca COCTAaBJIACT
| =Rsinaa—a=R sinoz—\/l+2u
P +¢2

a

sino +sin o | =8 cwm.

OTtBert: 8 cM.



