BBenenune

B HacTodmmuit cOOpHUK BKJIIOUYEHBI 3a/JaHUs Ha KypPCOBbIE PAOOTHI 110 YUC-
JeHHbIM MeToaM. Kazkias pabota npejictaBisgeT coboil nucciaeoBanue u Mo-
JIEJIMPOBaHME HA KOMIIbIOTEPE (DUBUIECKOTO SIBJICHUS UM TEXHUIECKOTO MPO-
1ecca, OMUCBHIBAEMOrO0 TOM WJIM MHOU JIOCTATOYHO IPOCTON MaTeMaTUIECKON
MOJIEJIBIO Ha si3blKe JinpdepeHInabHbIX YPaBHEHU.

Bcee paborbl cocTosT 3 Habopa 1oj3ajgad, TpeOYOMKUX IPUMEHEHU Pas-
JIMYHBIX 9UCIEHHBIX MeTO/0B. [lepBbiii (6a30BbIil) METOJI BO BCEX BapHaHTax —
9TO TOT WJIM WHOI METOJT YNCJICHHOTO pelenus 3agauu Komu. Bes ero peaJin-
3allMW 3a/1a19a He MOXKeT OBITh pereHa B mpuHIe. [locaeayomme moazaqaan
OTHOCSTCST K Pa3JIMUHbIM pazjiejiaM dUCJICHHBIX MeTOJI0B. B HEKOTOPhIX Ba-
pUAHTaX — 9TO METOJIbI MOUCKa KOPH:A (DYHKIUU, B APYTUX — WHTEPIOJIAINSI,
u Tak jlajee. Beerjia MOXKHO Tak 1nepedopMysinpoBaTh UCXOJHYIO 3a/1ady, 4TO
pUMeHEeHUe CTaHaPTHOIO METOJIa MOTpedyeT onpejieIleHHON n300peTaTesb-
HOCTH. DTO TTO3BOJISIET ¢ OJIHOW CTOPOHBI, UMD dEPEHIINPOBAHHO MOIXOIUTH K
OIIEHUBAHUIO PAOOTHI, C JIPYTOil, TIOJICTPANBATL YPOBEHD CJIOKHOCTH PabOTHI
1oJ1 ypoBeHb crynenTa. O0si3aTeIbHON YaCThIO 3aIaHNST SIBJISIETCST COCTABJIE-
HUE KOMITBIOTEPHOM MPOTrpaMMBbl 110 peaju3alii METOJIOB U IPEJICTABICHUE
pelieHus 3aJiauu B Bujie I'paduKoOB, TaOJIUIL U T.11.

[Tpumep opranuszalium pabOThl ONKUCAH B 3aKJIIOUUTE/ILHOM YacTu COOPHUKA.
O6beMy TOJTHOIEHHON KYypCOBOW pabOThl COOTBETCTBYET BBITIOJHEHUE BCEX
110/13a/1a1, BKJIFOYEHHBIX B KaXKJbIil MyHKT 3a/IaHUS.

ABTOpPBI IpemoaaranT Tak:Ke NCIOJb30BAThH JTaHHBI COOPHUK HE TOJHKO
JUIsl KYPCOBBIX paboT, HO ¥ JiJIsi Pa3JIMIHbIX BUJIOB yueOHbIX 3ansTnii. [lep-
BbI€ IYHKTHI 3aJIaHKI MOXKHO MCIIOJIb30BATh B paMKax JiabopaTopHbIX padoT
10 W3YyYEHUIO YUCJEHHBIX METOJIOB pelrenus 3ajadn Komm. Ha wactu 3a-
JIAHWH MOYKHO OTpabaThiBaTh HABBIKK MPUMEHEHUS PA3JIUIHBIX TEXHOJIOTUI
IporpaMMUpOBaHusd. B 3ToM ciydae cTOpoHa, CBI3aHHAsS ¢ BBITUCTUTETbHO
MaTeMaTuKOi, OTCTynaeT Ha BTOPOi maH. B kadecTBe Merojia MOYXKHO BbI-
OpaTh JII00OH CTAHIAPTHBIN METOJT PEIICHUS 33191 U COCPEOTOUNTH YCUITUS
Ha TTPOTPAMMHUCTCKIAX ACMEKTaX.

[TocranoBKY 33184, BKJIIOYEHHBIX B COOPHUK, HE SIBJISIIOTCS OPUTMHAJIBHBI-
mMu. HJacTb M3 HUX 3aMMCTBOBaHA U3 U3BECTHLIX YIEOHUKOB, YaCTh — U3 Me-
TOJAMYECKUX pa3paboToK koJuier. K coxxajieHuto, jijist OOJILIITUHCTBA 3ajiad
HEBO3MOXKHO YKa3aTh MEPBOMCTOUYHWK. B HEKOTOPBIX Caydasx 3ajlaun Ha-
CTOJTLKO M3BECTHBI, UTO UX MOYKHO CIUTATH YAaCTHI0 MATEMATHIECKOTO (POJIHK-
jopa. Ho B 0b0M cirydae aBTOPHI BbIPaykaloT MPU3HATEIBHOCTH TeM, KTO
pa3pabaThiBaj 3T MOCTAHOBKH JIO HUX.

HecmoTps Ha n3BECTHOCTH TOCTAHOBOK MU( M epeHITNaIbHBIX 3a,1a9 HADOPI
BBIUNCIUTE/ILHBIX 3aJIaHWH, JIOTOJHIONNE WX, ABJSIOTCS aBTOPCKUMU.
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Bumkenne B armocdepe 3emin (6ayimcTuka)
1. Pa3jier ockojkoB

JBikenue Tesia, OPOIIEHHOTO (3AIYIIEHHOrO0) MO/ YIJIOM K TOPU30HTY MO-
»KeT OBbITh OMUCAHO cucTeMoit gud depeHnaabHbIX ypaBHEHU

(2 = vcosb + w,
"= wsinb,
<9/:—g0089,
v
(mv' = —D —mgsinf

Bnech x(t), y(t) — Texkyimue KoopauHAThI Tesa, v(t) — CKOpOCTH MOJeTa,
O(t) — yros Mexjly BEKTOPOM CKOPOCTH M JIMHUEH TOPU30HTA, M — Mac-
ca Teja, w — cuja Berpa, ¢ = 9.81 M/c2 — YCKOpeHHe CBOOOIHOrO Iajie-

2
SV
Huda, D = CpOT — adPOJIMHAMHUYIECKOe CONPOTHUBJEHNE, B KOTopoMm ¢ < 1

— KO3 PUITMEHT CONPOTURJICHUSI, S — TLJIOIIA b TOINEPEUYHOI0 CEUeHUs TeJia,
po = 1.29 kr/M? — moTHOCTH BO3IYXa Ha yPOBHE MODSI.

B kadecTBe mpuMepa pacCMOTPUM PA3JieT OCKOJKOB P TOYETHOM B3PbIBE
Ha [HOBEPXHOCTHU 3€MJIU.

1. Bajaiire maccy m ¥ HavaJbHble 3HaYeHus T, Y, 0, v. Pemure uncienno
HoJiy4enHyio 3ajady Komu, nmocrpoiite rpaduky 3aBUCHMOCTH PEIIEHUsS OT
BpEMEHH, a TakKe (Gas3oBblil opTper perienus (B miockocru (z,y)). Borauc-
JIEHUsI CJIEJIyeT HPEKPAaIlaTh IPH JOCTHKEHUH TEJIOM [MOBEPXHOCTH 3€MJIN.

2. Tlocrpoiite rpaduku 3aBUCMMOCTH KOHEYHON CKOPOCTH, JAJBHOCTH K
BpeMeHHU moJieta oT yrita Bouteta 0y € [0, 7/2). Ilpu aToM JaabHOCTH ToJIeTa
JIOJIPKHA, BBIYUC/ISATHCA ¢ TOUHOCTHIO He Xyxe £, = (0.001. ITocTpoiiTe Takxke
dbazoBblil HOpTPET (TPEKTOPUE 110JIeTa) BCEX OCKOJIKOB.

3. Onpegenure ¢ Tounocrbio €9 = 0.01 BenuumHy yria BbLieTa 6y, npu
KOTOPOM JIOCTUIA€TCs MAKCUMAaJIbHAs JAaJbHOCTD I10JIEeTA.

4. Jlobapbre B MOJIeJIb yUeT U3MEHEHUsI [IJIOTHOCTH BO3JyXa C BBICOTOM 110
bapomerpuaeckoii popmyite p(y) = poexp(—y/8000), riae y — BbicoTa B MeT-
pax. Haiigure 3an0B0 orBerhl Ha Bompochl 2 1 3. CpaBHHUTE UX C IPEIBLILY-
LIMMU PE3yJIbTaTaMu.



2. 3aTg>KHOI IPBI?KOK

Topmoxkenue ¢BOOOJIHO 11aJIAI0LIEI0 B IIPUIIOBEPXHOCTHOM CJI0€ aTMOC(EphI
TeJia OIMCHIBAETCH yPaBHEHUEM

my” = —mg + D.

Bnech y(t) — Texyias BbicoTa Teaa, ¢ = 9.81 m/c¢? — yexopenue ¢Bo6oHO-

SV
ro najienusi, D = cpT — a’poJIMHAMUYECKOe COIPOTHUBJIEHUE, B KOTOPOM

¢ — K03 DUIUEHT COMPOTUBJICHHUS, § — IJIONIA b TONEPETHOr0 CeYEeHNUs TeJla,
p — TIOTHOCTH BO3JyXa, paBHas Ha yposHe Mops pg = 1.29 kr/m3.

PaccMoTpuM JBHXKEHRE MapalliOTUCTA, COBEPLIAIOIIETO 3aTAKHOM MPBIKOK
¢ Boicorhl y(0) = H. Cuwmraem, 970 MaparioT HaATWHAET PACKPHIBATHCS B
MOMEHT BpeMmeHu t, u packpoiBaercs B redenue 1’ cex. Torpa st miomau
HOIEPEYHOrO CeUCHMsT UMEEeM

S0, tSt}%
S1 — Sp
T

s =< 50+ (t—t,), t,<t<t,+T,

Taxxke OyjieM y4YUTHIBATH M3MEHEHUE IIOTHOCTH BO3JlyXa ¢ BBICOTOH I10
bapomeTpuiecKoit (hopmyiie

p(y) = poexp(—y/8000),

IJie Y — BbICOTa B MeTpax.
IIycrs H = 3 kM, m = 80 kr, 5o = 0.3 M2, 51 = 60 M2, ¢ = 0.95.

1. CocraBbre 3xkBuBajenTHy0 cucremy OV mepBoro mopsjika, mocTaBbTe
Juis Hee 3ajady Komm. Permure quciieHHO MOJIydeHHYIO 3a/@a4y, MOCTPONRTE
rpad UK 3aBUCHMOCTH DEIeHUs U ero MPOU3BOJHBIX (BBICOTHI, CKODOCTU U
YCKOpEHWsi) OT BpeMEHH, a TakzKe (hasoBblil TTOPTPET B IEPEMEHHBIX (BBICOTA,
CKOPOCTh). Bbluuciienust cuiejyer npekpaiars pyu JIOCTUKEHUE HAPAITIOTH-
CTOM MOBEPXHOCTH 3eMJIH. [Ipu 9TOM KOHETHAsT CKOPOCTH (CKOPOCTH MPH3EM-
JIEHUsT) JIOJZKHA BBIYUCIISITHCSA ¢ TOYHOCTBIO He Xyxke &, = 0.001.

2. Ilocrpoiite rpaduK 3aBUCUMOCTH CKOPOCTHU IIPU3EMJICHHS OT MOMEHTa
PACKDPBITHS MAPAIIIOTa, Ty

3. Onpenenute ¢ Tounoctbio €; = 0.01 MakcuMmaabHOE 3HAUEHUE tj, 0DEC-
nevrBaoIee 6e30MacHy0 CKOPOCTh npu3eMiieHnst vy, = 6 m/c.



3. /leTeKTUBHBIII CIO2KET

[[Inwon yKpaJ 9epTeKu U MBITAETCAI CKPLITHCSI ¢ HUMU Ha, IPIMOJITHEIHO
JIBMKYyIeics jogke. Ho on obHapy»keH ¢ 3KCIepuMEeHTAJIbHOIO OECITy MHOIO
BEPTOJIeTa, KOTOPBIA y2Ke 3aBUC HaJ JIOJIKON U JIBUKETCA HaJl HEeill Ha MOCTO-
stnio#i BhicoTe 1000 MeTpoB u ¢ nocTosinHoi ckopocThbio 50 M/c. B BribGpanHoii
TOUKE areHT CIPBITHET ¢ BEpPTOJieTa U HeMeJIeHHO pacKpoer maparrior. OH
OITyCTUTCH Ha JIOJKY, 3aXBaTUT IIIUOHA, BEPHET YEPTEXKU U 3aBEPIIUT CIOXKET.

[Tpb2KOK areHTa OIUCHIBACTCS CJIeJLYIONIeH CUCTeMON ypaBHEHUI.

2"(t) = [w(y) — 2/ (t)] ¥,

y'(t) =—g—y'(t)Y,
rae g — YCKOpeHI/Ie CBO60,[LHOFO H&,ZLGHI/IH, Tr u y — FOpI/I3OHTaJIbHO€ CMEIeHune
N BBICOTa HapaIHIOTI/ICTa, U)(y) — CKOpOCTb BeTpa Ha BbBICOTE y, a (bYHKHI/IH

Y = a\/[w(y) — 2/()] + [y ()]*. Tlapamerp o ONpeAeNseTcs: adpoMHAMNI-
YeCKMMHU XapaKTepucThKaMy Hapariiora. IIpumem ero pasubim 0.6.

K coxasennto, Tounoe 3uadenne GyHKIUNA w(Y) HEUM3BECTHO, W €10 HY¥XK-
HO NIPUOJIMKATL B COOTBETCTBUY C IKCIEPUMEHTAJLHLIMU JaHHbIME. BepTo-
JIeT OCHAIIEH KaJuOpaTopoM, CIIOCOOHBIM M3MEPATh CKOPOCTh BeTpa Ha 100-
METPOBBIX MHTEPBaJIaX 110 Beeil Bbicore. Pesysbrarsl usmepennii (B M/¢) npu-
BeJIeHbl B CJIEJYIOIIeil TabJiulie.

Bbicora | 0 | 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000
ckopocTh | -8.8 [-9.2-10.2|-12.2 | -19.3 |-17.6 |-6.8 |-1.8 | 1.2 | 2.3 | 3.6

V3mepennst KaanOpaTopa MOXKHO HCIIOJIB30BATD JIJIsI IIOCTPOCHUS KyOutue-
CKOTO CIIaiiHa, uHTeprnoaupyomero w(y).

[Iycts nopka pacnonoxkena B Touke x = 0, y = 0, a BepToJIeT pacIooXKeH
Bj1oJib Jiunun y = 1000. B jonosinenue, nujaoT MOXKeT BbIOpaTh HalpaBJICHUE
TaKUM 00pPa30M, UTO B MOMEHT IPBIXKKA, He Oy/IeT BCTPEUHOI'O BETPA.

1. CocraBbre 3xkBuBajenTHy0 cucremy OY mepBoro mopsijka, mocTaBbTe
Juis Hee 3ajady Kormm. Perure qucieHHO MOyYeHHYIO 3a/ady, TOCTPONRTE
rpadguKu 3aBUCUMOCTH PEIICHKsI OT BPEMEHU, a Takxke (Pas30oBbIil 1HOpTper
B IlepeMeHHbIX (X, y). Borumcienus ciejyer npekpaiiarh Mpy JTOCTUKEHUH
HAPAITIOTUCTOM [TOBEPXHOCTHU 3€MJIN.

2. Onpegenure nosunuio BaoJb ocu y = 1000, rme JOJKEH COCTOATHCS
HPBIXKOK, CKOPOCTH yjlapa, ¢ KOTOPO# areHT yJIapuTCs O JIOJKY U BPpEMs CHU-
JKEeHUsI MapallioTa.



4. ITapuxkckasd ITyIIKa

Uctopusa pacckaswiBaet, uTo B 1918 1. Bo Bpems IlepBoit MupOBOil BOWHBI
Juis apruiepuiickux obcrpesios Ilapuxka Obljia CKOHCTPpYyUPOBaHa TMIaHT-
CKasl 110 TeM BpeMeHaM myIika kajgubpa 200 MM, cTpeJisBIIas CHapsIaMH
maccoit 104 xr ¢ HavasibHOI cCKOpOCThIO BhlIeTa 1800 M/c.

PaccmoTpum mBmKeHue cHapsijia 3TOH MKW ¢ YYETOM COTPOTHBJICHUS
BO3JIyxa. YDPaBHEHUs JBMKeHWsT (BTOPOii 3akoH HbIOTOHA B IEKAPTOBBIX KO-
op/iuHarax) Oy/lyT UMeTb B/

ma = k@7 + WP -,
my" = —mg — k\/(2/)2 + (y)? - /.

Bnech y(t) — Texymas BhicoTa Tera, ¢ = 9.81 M/c? — yekopenue ¢BOGOIHOTO

sV
najenus, k = C'OT — KO3 PUIMEHT TOPMOXKEHUsI, B KOTOPOM € — KOI(PUIU-

eHT CONpOTHUBJIeHUs (U151 paccMaTpruBaeMoro cHapsijia ¢ = 0.2), s — mioma/pb
TIOMTEPEYHOTO CeUEHUS Tesa, p — IMJIOTHOCTH BO3JIyXa.

[TpumepHo B TO »Ke Bpemst OBIIIO SKCIIEPUMEHTAILHO 0OHAPYKEHO, ITO JAJTh-
HOCTH 110JIETA CHAPSIOB BBIUUC/ISICTCS HEMPABUJIBHO, €CJIM HE TIPUHUMATH BO
BHUMAaHKE YMEHbIIEeHKE IIJIOTHOCTU BO3/lyXa ¢ BbicoTOi. [loaTomy Oynem cuu-
TATh, 9TO TJIOTHOCTH BO3JIyXa M3MEHSIETCSI C BBICOTOW 110 DApOMETPUIECKOil
dopmyiie

p(y) = po exp(—y/8000),
rjie y — BbICOTA B MeTpax, pg = 1.29 Kr/mM> — MIOTHOCTH BO3/yXa Ha yPOBHE
MODSI.

1. CocraBbTe 9kBUBaJIeHTHYIO cucteMy OLY mepBoro mopsjika, mocraBbTe
Juis Hee 3ajady Komm. Permure quciieHHO MOJIydYeHHYIO 3a/@4y, MOCTPONRTe
rpad UK 3aBUCUMOCTH JIAJbHOCTH, BBICOTHI U CKOPOCTH OT BPEMEHHU. a TaKKe
bazoBbIii MOPTPET perenrst B epeMeHHbIX (JaJlbHOCTh, BHICOTA), T.€. TPAeK-
TOPUIO CHAPs/Ia. Bbluuc/ieHus ciejlyeT HpeKpaliarTh NPy JIOCTUKEHUU CHAPSI-
JIOM TIOBEPXHOCTH 3eMJiH. [Ipn 3TOM JabHOCTD MOJieTa TOMKHA BHIUUCTATHCS
¢ TOYHOCTHIO He xyx)e €, = 0.001.

2. Ilocrpoiite rpaduKkn 3aBUCUMOCTHA KOHEUTHOW KUHETUIECKON SHEPIuu u
JAJBHOCTH TOJIETa OT yrula BhlieTa o € [0,7/2).

3. Onpenenure ¢ TouHOCTHIO €, = 0.01 BesmuwmHYy yruyia BBLIETA vy, TPU
KOTOPOM JIOCTUTAETCS MaKCUMaJbHas JTaJbHOCTD TOJIETA.

4. CpaBuuTe HAJICHHYIO MaKCHUMAaJbHYIO JAJIbHOCTH C JAJIbHOCTHIO, pac-
CUYUTAHHON 6e3 yueTa U3MEHEHUs IIOTHOCTH BO3/yXa (IIPU TOM YK€ YIJie BbI-
Jera).



5. PeakTuBHBIII CHapAT

PeaxTuBHOE JIBUXKEHME Tejla Y TMOBEPXHOCTU 3EMJIM ONPEACSIeTCs CHIOMN
TsizkecT F' = mg, cuioii peakTuBHOI Taru P = Au, IPONOPIHOHAJILHOI
CKOPOCTHU UCTEYECHUH I'a30B U3 COIlJIa JBUIATEJId U U CUJIOH COLPOTUBJICHUA
BO3/lyxa F,. = —cv, IponopIuoHaJIbLHON CKOPOCTH JIBMXKEHH Tesa. B jekap-
TOBOW cucremMe KOOpP/IMHAT ypaBHEHUs PEAKTUBHOTO JIBUXKEHUSA UMEIOT BU/L

m(t)z" = \u — e/ (¢)2 + (y)? - 2,
2 2
\/(37) +(y) y npu t < t,,
m(t)y" = —mg + \u JE2Z+ )2 e/ (@) + (Y)Y,
"n_ _ 12 N2 . !
Mg V(@) + (y)? -, npu t > t,,,

mky” = —myg — C\/(iC/)2 + (y/)Z . y/7

Bnech g = 9.81m/ c? — ycKopeHHe CBOOOIHOTO MAJEHUHA, ¢ — KOI(DUIUEHT
COIIPOTUBJICHUs BO3/yXa (3aBUCHT OT M€OMETPUM TeJIa), A — PAcXojl TOIINBA
B CEKYH/IY, % — CKOPOCTH UCTEUCHUs Ia30B U3 COIJIA JBUTATEJIS.

OcobEHHOCTHIO JTAHHO MOJIEIN SIBJISETCS TO, UTO MacCa TeJa W3MEHSeT-
cst co BpemereM. IlycTh cHapsiz uMeeT COOCTBEHHYIO MAcCy My U 3alpaBiieH
TornBoM Maccoit my. Takum obpasom, HadaibHas (CTAPTOBAsI) MACCA CHa-
psiita my = My +my. Cunrast, 4T0 PACXo/l TOIINBA — HOCTOHHAS BEJIMIUHA,
a JBUTATEb pabOTAeT MOCTOSIHHO C MOMEHTA CTapTa, IOJIydaeM, UTO IMO0JI-
Has Macca CHapsijia OyJer JMHEHHO yMEeHbIIAThCA JI0 MOMEHTa, BPDEMEHU t,
(B KOTOpBIiT BECh 3alac TOIIMBA OYJIeT H3PACXOIOBAH), a MOCJEe ITOrO CTAHET
KOHCTAHTO. O4YeBHUHO, YTO ITO MOMEHT BPEMEHN tp, = myf/\.

[Iycte my = 120 xr, my = 15 kr, A = 10 kr/c, v = 1800 m/c, ¢ =
0.0075 kr/m, HagasgbHast ckopocTh vy = 20 M/c.

1. Cocrasbre sxBuBajenTayio cucremy OV mepBoro mopsijika, mOCTaBbTe
Juta Hee 3ajady Komm. Pemunre dmcejeHHo MOJydeHHYIO 3a/ady, IOCTPOMTe
rpadguKu 3aBUCUMOCTH JIAJIbHOCTH, BBICOTHI i CKOPOCTH CHAPsijla, OT BPEMEHH,
a Takke (azoBbIil MOPTPET B IEPEMEHHBIX (BBICOTA, CKOPOCTH ). Boraucienus
cJIeJlyeT BeCTH JI0 JOCTHMXKEHMsI CHAPSJIOM IMOBEPXHOCTH 3eMJjin. JajabHOCTD
MoJieTa JIOJIXKHA, BRIYUCAATHCS ¢ TOYHOCTHIO He XyxXKe €, = 0.001.

2. TlocrpoiiTe rpaduk 3aBUCUMOCTH JIAJBHOCTH TIOJIETa OT MacChl 3alpaB-
JICHHOI'O TOIIUBA My 1IPU (PUKCUPOBAHHOM 3HAYCHUU yIJla BblIETa (.

3. Haiinure ¢ Tounocrsio €5 = 0.01 MuHHMaIbHOE 3HaYCHUE MACCHI TOILIU-
Ba M f, IPU KOTOPOM JIaJIbHOCTD 10JIeTa CHAPs/ia PaBHa HEeKOTOPO# 3a/laHHO
Besnunte L .



6. Ynpyruii Mma4

Mg 6pottien ¢ BoicoThl Hy 6€3 HadaabHON cKOpOCTH. JIOCTUIHYB IIOBEPXHO-
CTU 3eMJIM, OH yIPYTro oTckakupBaer. [1oka Bbicora Msiva (1) H0JI0KUTEIbHA,
ee U3MeHEeHHUe OIUCHIBAETCS OUYEeBUHBIMK yPaBHEHUIMU

2 =,

/

v = —g,

rJie g — yeKopeHue cBODOJIHOIO MajieHnst (KOHCTAHTA).

Ecau ynap o moBepxHOCTH 3eMJII — aDCOIOTHO YIPYTHii, TO B MOMEHT yiapa
CKOPOCTHh M3MEHWUT 3HAK Ha MPOTHUBOIMOJIOXKHBINM, HO COXPAHUT CBOE 3HATEHUE
0 MOJY/II0. B TakoM ciiyuae M9 TOJHUMETCSI BHOBDL HA UCXOHYIO BBHICOTY U
BCE TTOBTOPUTCsS cHadasia. OIHAKO B IEHCTBUTEIHHOCTH B MOMEHT yAapa MsTd
TepsieT 4aCTb CBOEH SHEPIUu.

Jl1st onmcanue STUX MOTEPb BBeJieM KoddduiueHT norepu k u Oyaem cau-
TaTh, YTO B TOT MOMEHT, KOTJia =(t) 00pallaeTcs B HyJjib, 3HAYEHUE CKOPOCTH
M3MEHSIeT 3HAK W CTAaHOBUTCS paBHO —kv(t) (koadbdunnent 0 < k < 1 coor-
BETCTBYET CTENEHU YIPYTrOCTH yapa O 3eMJII0).

Samevarue. C mernuveckotl mouku 3peHus 0N USMEHEHUA 3HANEHUA 00-
HOT U3 KOMNOHEHM PEULEHUA MOAHCHO 34HOB0 00PAMUMDBCA K Npouedype pe-
WEHUA € HOBYMU HAYAAOHDLMU YCAOBUAML.

1. Beiesiure 3asannyio cucremy O[Y u3 3aKOHOB MEeXaHUKH.

2. Tlocrapbre 3ajauy Koru, naitjure ee unciennoe pemenue. [locrpoiite
rpad UK 3aBUCUMOCTH BBICOTHI Ms4a OT BPEMEHH, a TakKxKe (ha30BbIii TOPTPET
B IIePEMEHHbBIX (BBICOTA, CKOPOCTH). Bhraucsienus cieyer BecTy JI0 3a/aH-
HOT'O TTOJT30BAaTENIeM KOJIMUECTBa OTCKOKOB OT 3eMJyin. IIpu 3ToM BBICOTA TIO-
cJieJTHErO TIPbI2KKa JIOJI?KHA BBIUYUCJSATHCA ¢ TOYHOCTBIO He Xyxke €, = 0.001.

3. st 3HaueHust HadaabHO#M BbicOTbl H = 4 M n koaddunuenra k = 0.7
OIPEJIEJIUTH MOMEHTBI MEPBBIX JIECATH YAAPOB O 3€MJIO M BBICOTHI MEPBBIX
JIECSITH TTPBIKKOB.

4. Haiitu ¢ Tounoctbio €; = 10™% MOMeHT BpeMeHH, B KOTOpBIii 6y/ieT B 5-ii
pa3 jocturayra Boicota Hy/2.

5. Haiinure 3Hauenne koadduiimenTa morepu k, Ipu KOTOPOM BbIcOTa, [V -
ro npopiKka (N 3a/aer moJb30BaTeNb) cocrapiser He bosee 1% nadaabHOl
BBICOTBI Ms4a.

6. PermuThb Ty 2Ke 3a/1a9y, U3MEHUB MOJIEJb yiapa O 3eMJIIO Ha, CJIeTYIONIYIO.
B tor moment, koryia z(t) obpalaercsi B HyJib, 3HAYEHHE CKOPOCTH U3MEHSIET
3HaK u cTanoputcs pasao —k|v(t)[%0.



JIBu2keHne B rpaBUTAIIMOHHOM I10JI€
7. /IBu>keHue B IeHTPAJbHOM II0JIEe

JIBUXKeHre TOUYeTHOrO TeIa MacChl M B MOJIe TATOTEHUS, CO3aBAEMOM Mac-
coit M oupejiesisieTcst CUJION TPUTsKEHUsI, PABHOM

? =M mrai,
r

riae 7 = /22 + y? — paguyc-BeKTOp Tesia (T U Y — JEKAPTOBBI KOOPIUHATHI
B CHCTEME C IIEHTPOM KOODJIMHAT, PACIIOJIOXKEHHOM B IEHTPE PUTSIKEHNUS ).

B knaccndeckoii HbroToHOBCKO#I MexaHuke mokazaTeab o = —2. ['paBura-
HUoHHast ocrostiHast y = 6.67 - 1071 m3 /(xr - ).

[Tyctb m = 1 u B HavaibHbIil MOMeHT BpeMenu t = 0 T€JIO HAXOJUTCH Ha
paccrosiHun Ry 1 ©MeeT CKOPOCTb Vg, HEPIEHIUKYISIPHYIO PaJIyC-BEKTOPY.

B kaugecTBe MCTOUHUKA NMPUTSKEHUST BO3BMEM 3E€MJIIO, HO OyeM CIUTaTh,
4TO BCs ee Macca cocpeioTouena B nentpe (Macca Semmu Mz = 5,974-10%4r,
pajuyc Semin Ry = 6371kM).

1. Ucnonb3ys Bropoit 3akon HeioTona, cocrasbre auddepeHinalibHble ypas-
HEHUA JIJI OIMUCAHUsT M3MEHEHHs JIEKapTOBLIX KOOPAWHAT Tenia. Vcmonbys
yKa3aHHbBIe BBIIE HadabHbIE JaHHBbIE, TTOCTaBbTe 3aja4dy Komm st mosiy-
yennoi#t cucrembr OJ1Y.

2. Pemmure 9uceHHO MOJYYEHHYIO 3a/1a1y, IOCTPOiiTe rpaduKu 3aBUCHMO-
CTH PelIeHUsi OT BPEMEHH, a TakK»Ke (pa30BbIii HOPTPET PEIIeHUs] B IIEPEMEH-
ubix (x,y). (Ha daszoBom moprpere mzobpasure okpyxRHOCTB-3eMitio.) [Ipu
JIOCTHXKEHUN CIIYyTHUKOM MOBEPXHOCTH 3eMJIM WM [PU YIAAJEHUHN ero Jrajee
100 Ry BbIuKCIEHUS CIeIyeT IpeKpaliaTh U BbIIaBATh COOTBETCTBYIOIIEE YBe-
JIOMJICHHE.

3. PeanuzyiiTe mporneaypy 9MCIEHHOTO aHAJIU3a MOJYUYEHHOTO PEIIeHUs C
1eJIbI0 BBIICHEHHUA ero mepuojudnocTu. [lpm mojoKuTenbHOM pesybTare
OIIPEJICJIUTE TIePUOJI BPAIEHHUsI CIyTHUKA. 3Has TOYHOCTH PEIICHUs 341891
Kormu, omnennTe TOYHOCTH ONpejie/ieHns IePro/ia BpallleHusd.

4. JInst KaxKJ10i 3aMKHYTOM TPaeKTOPUM OlpejIeJisiiiTe CTeleHb ee 0JIM30CTh
K OKDYKHOCTH (Mepy OJM30CTH OMPEIIUTE CAMOCTOSITETHHO).

5. Peanuzyiite npouenypy nomcka BeJUMUNHBI HAYAJIBLHONR CKOPOCTH, NPH
KOTOPOI OpOUTa sIBJISIETCSI KPYTOBOIA.

6. [IpomonenmmpoBaTh JBHKEHUE CIYTHUKA MPH JPYTUX 3HAUEHHUAX ITapa-
MeTpa .
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8. Ilpursgkenue aByXx TeJl

Cdepuueckue oIHOPOIHBIE Tejia MaccaMu m U M IPUTIArUBAIOTCA JIPYT K

JAPYTY C CHAJION
mM

R2’
HAIIPaBJICHHON BJOJIb IIPAMOM, COEJMHSAOINIEH eHTphl Tes. 3jech R — pac-
crostHue MexK Ly enTpamu req, v = 6.67-107 w3 /(kr-¢?) — rpasuTannonnas
MOCTOSHHASI.

B kauecTBe cucTeMbl TAKUX TEJI PACCMOTPUM crucTeMy 3emiist — Jlyna. st
nee M = Mz = 5,974-10* kr, m = my; = 7, 348-10% kr, cpe iHee pacTosHue
Ry = 384400 k™ (r3 = 6371 k™, 7y = 1737 k™).

[Iycrs B HauvabHbIl MOMeHT BpemeHu t = 0 rejia UMEIOT HadaJibHbIE CKO-
poctu Vy (Bemutst) u vy (JlyHa), HampaBieHHbIE HEPIEHUKYIISIPHO TPSMOIi,
COCJIMHLATONIEH ITeHTPbI TeJI.

F=x

1. Ucnonb3ys Bropoit 3akon HeioTona, cocrasbre jguddepeHipalibHbie ypas-
HEHUsI JIJIsl ONIMCAHUS M3MEHEHUsI eKapPTOBBIX KOOPAUHAT IEHTPOB 000MX TEJI.
HauaJjio koopjiuHaT yj100HO TOMECTUTH B IIEHTP MaCC CUCTEMbI, OCh X Hallpa-
BUTb B CTOpOHY 3emJiu. Vcmosb3ys yKazaHHbIE BbIle HadabHbIE JAHHBIE,
nocrapbre 3a1a9y Komn st mosydennoi cucrembr QLY.

2. Pemmure qucaeHHO MOJIYyYeHHYIO 3a/1a1y, IOCTPOTe rpaduKi 3aBUCHMO-
CTU pellieHus OT BpeMeHu, a Takxke (asopbiii moprper pemenns. (Ha da-
30BOoM TopTpere u3obpasure 3emito u Jlyny B Buge okpyxkuocreit.) [Ipu
COTTPUKOCHOBEHNH TeJT MOBEPXHOCTAMU WM IIPH yIaJeHUH JIPYT OT IpyTa Jla-
jiee 100 Ry BbIYUC/I€HU CJIeJIyeT TPEKpalliaTh U BbIJIaBATh COOTBETCTRYIOIIEE
yBeJIOMJICHHE,

3. PeaJyiusyiiTe nporejiypy 4MCJIEHHOIO aHaJIU3a, MMOJyUYeHHOTO PEIeHUs C
IIEJIBI0 BBIICHEHHSA €r0 MepUOAUYHOCTHU. [Ipm moJoKUTEeNTBbHOM pe3yabTare
OIIpEJICJIUTE [IePUOJ BpAIleHUsI CUCTEeMbl. 3Hasl TOYHOCTb PEIICHHs 3aJ1adu
Koriu, onenure TOYHOCTH OlpEJIeJIeHUs 1ePUOJia BPAIEHUS.

4. PeanuzyiiTe mporemaypy nepecdera MoJjoxKeHus JIyHbI B cucTeMy KOOp-
JIMHAT, CBSI3aHHYIO ¢ HenoaBu»kHOM 3emieit. [Tocrpoiire dazosblit moprper
PEIleHnsT B HOBBIX KOOpAuHATaX (T, Ui1)-

5. [IpomosieupyiiTe ABMKEHNE CUCTEMBI TEJI IIPU JAPYTUX 3HATEHUSIX MACCHI
MEHBIIIEr0 U3 HUX (JIerKasi WM TshKesas JyHa). B Tom uncie pacemorpure
CAy4Yail ABYX TeJl paBHOUW MAacCCHhI.
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9. Komera l'anitea

OuepeniHoit Bexoit B uccjeoBannu Kkocmoca craj 1986 roma. 9 dpespasist To-
ro rojia Komera Lajuiest mpoxojuiia ¢Boii nepuresuii (6ixkaitiyto k Cosity
TouKa opbuThl). Ha BeTpedy ¢ Heil ObLIM HAPABIIEHDI JIBE COBETCKUE MEXK-
mianerHoie cranimn Bera-1 u Bera-2 u eBponeiickuit 3on1 >xoTTO0.

[TompoOyem paccunTarh yHPOIIEHHYIO TPaeKTOpPUio KomeThl. s omuca-
HUsT ee JIBMXKEHUsT BBEJEM TPEXMEPHYIO MPSIMOYTOJILHYIO JIEKAPTOBY CHCTE-
My Koopamuar. B Hauasne koopauaar pacnosoxum Cosnie. Koopjauaarsb
p = (2,y,2) U KOMIOHEHTBI CKOPOCTH U = (U, Uy, V,) KoMeTbl [ajres B
Hepureni ObLIM PaBHBI COOTBETCTBEHHO

po = (0.325514, —0.459460, 0.166229),
vo = (—9.096111, —6.916686, —1.305721).

Paccrositne 3j1€Ch BbIpazKeHO B aCTPOHOMUYECKUX €JMHUIAX JTHHBI (a.€.), a
BpeMsi — B rofiax. [Ipu 9ToM TouHOE 3HAUEHUE a.e. (B METPax), CBSI3aHHOE CO
CHEIUAIBLHBIM yCpeIHenrneM paccrosiiust o 3emsn 10 CosHia, He Tpedyer-
cd. B yKazaHHBIX eIMHUIIAX W3MEPEHUS TPeXMEpPHbIC YPABHEHUS JIBUXKEHUS
KOMETHI UMEIOT BUJ

(x B T
FTER L

) dQ_y R
dt? 'ur3’
d?z B z

L de2 Mr?”

rae v = /22 + 92 + 22, u = 472, Bimanue niaaner na opouTy KOMETBI CHH-
TAETCsS 371€Ch HECYIECTBEHHBIM (XOTsI 3TO JOCTATOUHO CHUJILHOE YIIPOIIEHHE).

1. Pemmre gucienno copmynnpoBanuyio 3aja4dy Koriu, mocrpoiire rpa-
GUKN 3aBUCHMOCTH KOOPJUHAT OT BPEMEHH, & TaK»Ke (a30BbIE MOPTPETHI
perieHust (T.e. IPOEKINK Ha MIOCKOCTH YZ, TY U TZ).

2. Ompejienure aTy MPOXOXKICHNsT KOMETHI depes adenuil (Hanbosee yia-
aennyto or CosHita Touky opouThr). Onpejeanre Bpems, 3a KOTOPOe KOMeTa
CHOBa BEPHETCs B IEPUrCJIUA.

3. Ilpoananu3upyiiTe moJiydeHHOE pelleHue Ha, IPEJIMEeT ero IepUuoIIHO-
ctu Ipegoxure criocod u onpegenTe ¢ ero MOMOIIbIO 11epro/l OOpaIleHM s
kKoMeThl. ConocTapbTe HaieHHBII IePUO/I ¢ TaTaMu HAOJII0IeHNsT KOMEThI aH-
IMACKUIM acTpoHOMOM O. 'ajiieeM 1 UTaIbAHCKUM >KUBOMHUCIieM JI»KoTTo, a
TaK»Ke ¢ HeIOCPEeICTBEHHBIM PacieToOM Ha3a/[ 10 BPEMEHH.

4. OuennTe MOrperiHoOCTh HAKIEHHOrO B 1. 3 Nepro/ia.
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10. IIpunyuenue

PaccmoTpum mporiece cOTmKenns KOCMUIECKOTo ammnapara ¢ JIyHoii B ycJio-
BUSIX, KOIjia puTsKenrneM jpyrux Tej COoMHeTHONH CHCTEeMbl MOXKHO TTPEeHe-
Opeub. B 9TuxX yc/ioBugX JBUXKEHUE almapara OyaeT olpelessiThCsa JIYHHOI
cuioit Tsokectn o= mg, ana koropoit ¢ = 1.62 M/c?, a Takske cuyoit Tarn
COOCTBEHHOTO PEAKTUBHOTO JBUTATEJIS allllapaTa.

[Tyctn nagasibnasa macca anmmapata mg = 100 Kr 1 oHa yMeHbIaeTcs Mo Me-
pe pacxojia ToiinBa. [Ipejnosioxkum, uro 3anac rTomausa pases me = 100 K.
[IycTs B HAava bHBIM MOMEHT BpeMenu ¢t = () anmapaT HaXOJUTCA Ha PACCTO-
sunn Ry = 10000 km or nenrpa Jlynwr (paguyc Jlyubr Ry = 1737 kM) u
UMeeT CKOPOCTH vy, HAIPaBJEHHYIO MepHEeHJIUKYJIAPHO K HaIlpaBJIEHUIO Ha

Jlymy. Pacxoj TonyvBa B eUHUIYY BpEeMeHU d_/: = ¢ = const mMoXxeT 3a/ia-

BaThCsl Ha, HY>KHOM ypoBHe. CKOpOCTh HcTedeHust pabounx 1ra30B U3 COILIA
PEAKTUBHOTO JIBUTATEJNsI IPUMEPHO paBHA u = 2 KM/c. JlBuraresb BKIIO-
JaeTCsl B HAYAJbHBII MOMEHT BPEMEHM W CO3/AeT TOPMO3SINee yCUJIne JI0
MOMEHTa, TIPUJIYHEHUsT UJIH JIO TTOJTHOTO M3PACXO/IOBAHUS TOILINBA.

Sajlanue.

1. Ucnonb3ys Bropoit 3akon HeioTona, cocrasbre auddepeHnnaibHbe ypaB-
HEHUsI JIJIsT OIMCAHNS U3MEHEHMS JIeKaPTOBBIX KOOPAUHAT almapata. Vcmonb-
3ys YKa3aHHbIC BbIIIEe HAYaJbHbIC JAHHBIC, IOCTaBbTe 3aja4dy Kommm Jijis 1mo-
sgydennoi cucrembr OLY.

2. Pemmure 9ucjaeHHO MOJYYEHHYIO 3a/1a1y, IOCTPOiTe rpaduKu 3aBUCHMO-
CTH PellieHrsi OT BpeMeHHt, a TakKe (ha30Bblii 1opTper perieHust (TpaeKTopUIo
anmapara). Berauciienus caeyer BeCcTu 10 MOMEHTa, JJOCTUXKEHsT JIYHHOM M0~
BEPXHOCTH.

3. ITocTpoiiTe rpaduK 3aBUCUMOCTH IIOJHON MacChl 3aTPAueHHOI0 TOILINBA,
[LF OT pacxoja ¢ JJjis TPUIYHEHWsT B MTPOU3BOJILHON TOYKE JIYHHON MOBEpX-
noctu. Ilpu srom BhaBaiite undopmaimio (Hapumep, 1BeroM rpaduka)
0 TOM, ObLjIa JIX I0CaJKa MSIKOM, NCX0/sd U3 O€30IaCHON CKOPOCTH YJapa O
noepxuoctb 10 M/c.

4. Onpegenure (¢ 3a/1aBaeMOil TOTHOCTHIO) PACXOJ, TOIIMBA ¢, 0OECIetTH-
BAIOTIHIT TTOCAIKY B TOUKY ¢ Koopauuatamu (— Ry, 0).

5. Ilpu naiiiennoM B 1. 4 3HAUEHUN ¢ BLIYHCIUTE MOJHYIO MACCy 3aTpavieH-
HOT'O TOTIJIMBA W BPEMs TTOJIETa OT HAYAJBHON TOUKHU JI0 JOCTHKEHHUsT TTOBEPX-
HOCTH.

6. Ilonb3ysich pesysabraTaMu II. 3, OIpPeeUTe MUHUMAJbHOE KOJMIECTBO
3aTPAYCHHOIO TOTIMBA, HEOOXOAMMOE JIjIsi COBEPIIEHHUs MOCAJKU B MPOU3-
BOJILHOI TOYKeE.
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11. Il1aHeTa ABOITHOI 3BE3bI

PaccMmoTpuM JIBH2KEHME ILJIAHETHI B 110JI€ IIPUTSIXKEHUsI JBOMHOM 3BE3/IbI.

[Iycrs jiBe 3B€3/1bI PABHOI MACChI BPAIIAIOTCS 110 KPYTIOBOI OpOUTE BOKPYT
IeHTpa Macc. B I1ocKkocTr BpalleHus 3Be3/1 JIBUKETCs IJIaHeTa, Macca KOTO-
pOit MHOI'O MeHbIIIe MAaCChl 3BE3J1 M €€ BJIUsIHUEM Ha JIBUXKEHHE 3Be3]] MOXKHO
npeneOpedb.

BrejieM npsiMOyroJibHYIO CHCTEMY KOODPJAMHAT, BPAIIAIOIIYIOCS BMECTE CO
3BE3JaMU, TaK 4TO 3BE3Jibl B TO cucreme OyjiyT HenoiBu>KHbI. LleHTp Ko-
OpJIMHAT PACIIOJIOXKHUM B IIEHTPE MACC CUCTEMBI JIBYX 3Be3J1, OCb X IIpPOBEJIEeM
Jepes ux HeHTpbl. Bee Tesia OyaeM cuuTaTh TOYCUHBIMMU.

[IycTs mpousBeieHne TPaBUTAIIMOHHON MOCTOSHHON HA MACCy OJIHON 3BE3/TbI
yM = 100 ycnosubix egunut (y.e.). Ilycrs rakke macca manerst m = 1 y.e.
U B HavYaJbHBIH MOMEHT BpeMenn t = () IiaHeTa HAXOJUTCSA HA PACCTOAHUH
R ot nenTpa Macc n nMeeT CKOPOCTh v, HATIPABIECHHYIO TIOJT YIJIOM [3 K OCH
X, a pajuyc-BekTop {IeHTP KOOPMHAT — IJIAHETa} HAIPABJIEH 1O/ YIJIOM O
K ocu X.

1. Ucnonb3ysa Bropoil 3akoH HbioToHa M 3aKOH BCEMHPHOI'O TSAIOTEHHH,
coctabre auddepeHiuaibHble YPaBHEHUS JIjisi OIMCAHKST U3MEHEHUsI IIPsi-
MOYTOJIbHBIX KOODJMHAT IIaHeThl. Vcoib3ys yKa3aHHbIE BbIlle HAUaJbHbIC
JaHHbIe, TocTaBbTe 3aauy Ko st noaydennoit cucrembr O/1Y.

2. Pemmure qucaeHHO MOJTYyYEHHYIO 3a/1a1y, IOCTPOTe rpaduKu 3aBUCHMO-
CTH PeIleHrsi OT BpeMeHHt, a Tak ke (ha30Bblii TopTpeT perienust (TpaeKTopUIo
mianetsl). [Ipu BeTpeue mraHeThl U 3BE3/bl WK MPU YIAJEHUH [LTAHETHI OT
nmenTpa Macc cucreMbl Jlajee 100 R BolaucaeHns cieiyeT MpeKpaniaTh U BbI-
JlaBaTh COOTBETCTBYIOIIEE yBEJIOMJICHKE,

3. PeanuzyiiTe mporneaypy 9MCIEHHOTO aHAJU3a IMOJYUYEHHOTO PeIleHus C
1IEJIBIO BBISICHEHUSI €r0 HepuojudHocTu. [Ipu mojioKuresbHOM pesy/ibrare
OIIpeJIeJINTe MEePHUO/I BpaIlleHns IJIAHEThl. 3Has TOYHOCTDL DPeIleHns 33 adn
Koru, ornennTe TOYHOCTH ONPEJEIeHNs TePUOJIa, BPAIIIEHUSI.

4. YucjaeHHo UCCaeyiTe YCTORINBOCTh TPACKTOPHUH JIBUXKEHUS TIJIAHETHI.
[t 9TOTO CIteftyer mpoBecTH pacder (U BbIBeCTH TpaUKH) JIBYX PEIICHUi ¢
MaJIO OTJIMYAIONIMMUCS HAYAJIbHBIMKU JAHHBIMK U 1IPOAHAJIM3UPOBATH HOPMY
PA3HOCTH ITOJIyYEHHBIX PEIIeHMA.

5. IIpomojienupyiite curyanuu (mornpodyiire mogodpaTh MojXojsime Ha-
JaJibHbIE JIAHHBIE), B KOTOPBIX TJIAHETA SIBJISIETCS CIIyTHUKOM JIHOO OJIHOIA,
b0 0benx 3Be3I.

14



12. Ot 3emmm 7o JIyHbI

Jpimkenne Majoro tesia (MaTeprajbHONW TOYKH) 1O OpOUTE OKOJIO JIBYX
MACCHUBHBIX TEJI OIUCHIBACTCH CUCTEMON JindpepeHnnajibHbIX ypaBHEeHu

plz+p)  ple—p)

"oy Lo — _ :
R
y//:_2x/+y_:u_3y_:u_3y’
T T
1 _
e p= o = o= (@b p) +yt = (v =)yt

YpaBHeHus: 3alMCaHbl BO BPALIAIOMEHCst CUCTEME KOOPJIMHAT, CBA3AHHOM ¢
BpallleHIeM OJIHOIO MACCHBHOIO TeJia BOKPYT JIPYIOro Tak, 9To 00a, ABJISIOTCS
B Heil HenoABKHbIMU. Takast cucreMa KOOPAMHAT, KAK U3BECTHO, HE sIBJISICT-
Csl MHEPIUAJILHO. DTUM 0ObICHIETCsT HAJTMYUE JOHOTHATEIbHBIX CIaraeMbIX
(He CBsI3aAHHBIX C 3AKOHOM BCEMHPHOIO TSTOTEHHsI) B IPABBIX YaCTSAX ypaB-
HEHU.

Hauaso KoopauuaT HaXOIUTCA B IEHTPE MacC JABYX TsKeabix Tea. Och
IPOXOJUT Yepe3 UX IEHTPHI, & PACCTOSHUE MEXKJy TeJaMU MPUHUMAETCS 3a
epunuily. Eciin 0603Ha4UTD 3a (1 OTHOIIEHHE MAcC MeHee 1 D0jiee MacCUBHOIO
TeJI, TO ITU TeJia OyJyT PACIOJOKeHbl B TouKax ¢ koopjunaramu (1 — u,0)
n (—u,0) coorBercTBenno. (Boie mpuBenenHo 3navenue [ IS CUCTEMBDI
Bemusist — Jlyna.) [Mosoxenue tperbero mesa (MarepuasibHOW TOYKH) €CThb
dbyuxiyn Bpemenu x(t), y(t), SABIAAONMECS PEIEHIEM TPUBEICHHON CHCTEMBbI
OJTV.

[IycTs B HAYANBHBI MOMEHT BPEMEHH TPEThe TeJO (CIYTHUK) HAXOJUTCS
B Touke ¢ kooppunaramu x(0) = 1.2, y(0) = 0 u umeeT CKOPOCTH ¢ KOMIIO-

nenramu v,(0) = 0, v,(0) = —1.04935751.

1. Cocrapbre sxkBupaientnyio cucremy OY nepBoro 1mopsijika, mocTaBbTe
I Hee 3aJadqy Ko, Perinre qucieHHo mojydyeHHyro 3ajady, I0CTpOiTe
rpabuknu perenus x(t), y(t), a rakxke (azoBblil TOPTPET (B IEPEMEHHbBIX T,
y)-

2. PeaqmmsyiiTe nponeypy YMCJIEHHOrO aHaJn3a MOJYyUEHHOIO PEIeHUsT ¢
IeJIbI0 BBISICHEHUSI €0 IEePUOJANIHOCTU. [IpH MOJOXKUTETHLHOM pe3yibTaTe
ONPEJICJINTE TEPUOJL, BPAIEHNs CIIyTHUKA. 3HAsl TOYHOCTH PEHICHUsT 331491
Kouu, onenure TOYHOCTD OUPEIEJICHIs IEPUOJIa, BPAIICHUSI.

3. [IpomoiesiupyiiTe JBUKEHUE C JIPYTUMHI HAYaIbHBIMU JaHHbIMK. [Tompo-
OyiiTe MOCTPOUTH TPACKTOPUM, HAUMHAIOIIMECA Ha OJHOM TeJIe U 3aKaHINBa-
IONIMECS HA, IPYTOM.
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13. AcrponaBuramnus

Tpu Gosbimux acreponjia OyIyT HAXOJUTHCS B OKPECTHOCTH KOCMHUUIECKO-
ro KopabJisi B T€UEHWE JIECATHIACOBOIO Tepuojia Bpemenu. Hy>KHO Bbrawmc-
JIUTH TPAEKTOPUN TPEX aCTEPOUJIOB B TEUEHUE ITOrO MEPUOIA, ITOOBI ITOMOUD
MITypMaHy U30€KaTh CTOJTKHOBEHUsT ¢ HUMU. ACTEPOU/IbI JBUXKYTCS B OJTHOM
IJIOCKOCTH, MMO3TOMY JIOCTATOYHO PACCMOTPETh JBYMEPHYIO 33J1a1y.

B navaabublii MOMeHT Bpemernn actepon A maccoit 3x 10! kr pacrosoxken
B Touke ¢ koopiunaramu (100000, 100000) (B merpax). Acrepoujbl B mac-
coit 1x 101 xr u C' maccoit 2 x 10! kr naxongarea B Toukax (100 000, 900 000)
u (900 000, 900 000) coorsercrsento. M3nauaubho acrepous B JIBUKETCs 110
npsimoii K A co ckopoctbio 100000 m/a. Acrepous C' aBukercs K B ¢o cKo-
poctbio 40000 M/4 u A jiBUKeTCs 110 JIMHUK, HapasuiesibHoil npsimoit BC' B
nanpasyern C' co ckopoctbio 150 000 v/ .

Ecnu npenebpedn BceMu cHIaMu KPOME MPABUTAIIMOHHBIX CHJI aCTEPOU/IOB,
TO TIOJIYHAETCs KJIACCHIecKas 3aiada 3-x reji. OD03HAUUM 4epe3 Si MOJIOKe-
Hue k-ro acrepouja. Torjga ux JBUYKEHHUE OIMHUCHIBACTCSA CHCTEMOI OOBIKHO-
BEHHBIX JIU(D(EPEHIUATBLHBIX YPABHEHUT CJIE/IYIONIEr0 BU/IA.

mys] = fia(s2 — s1) + f13(s3 — s1),
masy = fia(s1 — s2) + faz(s3 — s9),
m:’)é’g = f13(s1 — s3) + faz(s2 — s3).

34ech My, Maccbl ACTEPOUJIOB, T,  PACCTOAHUE MEXKJLy k-M U J-M acTepo-
UJIaMH B MOMEHT BpeMenH ¢. KosdbdunuenTs! fj; BOSHEKaIOT U3 3aKOHa BCe-
3
mgm; M
! e G = 8.6443x 104 ————

MUPHOI'O TATOTEHUA U PaBHbl fi; = G—=— 5
rk] qac? - Kr

1. CocraBbTe 9kBUBaJIeHTHYIO cucteMy OLY mepBoro nopsjika, mocraBbTe
Juis Hee 3ajiady Komm. Permure quciieHHO MOJyYeHHYIO 3a/a4y, TOCTPONRTE
rpacuku perienust Ti(t), yi(t). Boruncienus tpebyercs npoBojuTh B Teue-
aue 10-Ti 9acoBoOro mepuojia, Mocjae KOTOPOro KOCMUIECKH KopadJib MOKHU-
HET OTaCHYIO 30HY.

2. [Mocrpoiite dhazoBbiil MOPTPET CHCTEMBI (B TIEPEMEHHBIX T, Y), T.€. Tpa-
E€KTOPUH JIBVKEHUST BCEX TPEX aCTEPOUIOB.

3. Haiigure xoTst ObI OJIHY MPSIMOJIMHEHHYIO TPACKTOPUIO (TPSMYIO BHJIA
Y= kx), JIBUTASCH BJOJIb KOTOPO C IMMOCTOTHHON CKOPOCTBHIO U, KOCMUYECKU I
KOPa0Jib HEITPEMEHHO CTOJIKHETCSI C OJIHUM U3 aCTEPOUJIOB.
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Konebanus
14. 3aryxarormue KoJjiebaHUs

Muorue koJiebaTeIbHbIE CUCTEMBL C 3aTyXaHneM MO2KHO OIIMCaTb CJIEdY1O-
M MOJICJIbHBIM YPaBHEHUEM

311ech W — MUKINYIecKast 9acToTa Koaebanmii, v — KoahMOUIMEHT 3aTyXaHnsI.

[Ipocreiimuii mpuMep TaKoil CUCTEMBI — JIBUXKEHNE IPY3UKa Ha MPYKUHE 110
MpsIMON B TOPUBOHTAJIHLHON TIJIOCKOCTH TIO HETJIaJKOW MOBEPXHOCTU. B 3TOM
ciaydae BejuuuHa x(f) 110Ka3bIBAET CMEIIEHUE U3 1OJIOKEHUS] DABHOBECHUSI
(x = 0). IlepBoe caraemoe B MpaBoii 9acTH €CTh CHJIA YIPYTOCTH (3aKOH
['yka), a Bropoe — cuJia TpeHusl.

PaccMmorpum JiBMKenwe, BbI3BAHHOE BBIBEJIEHUEM IMapUKa U3 MOJOKEHUS
pasHoBecust (Harmpumep, B Touky x(0) = 1) u ornyckanueMm 6e3 HavaIbHOI
CKOPOCTH.

1. CocraBbTe 9kBUBaJIEHTHYIO cucteMy OLY mepBoro mopsjika, mocraBbTe
Jutst Hee 3aaqy Kormmm. Permmre guciieHHO TOJIyIeHHYO 3aa19y MTPU TTPOW3-
BOJIbHBIX (3aJ1aBACMbIX 110JIb30BaTE/ M ) 3HadeHusIX w U . [locTpoiire rpadu-
KU 3aBUCUMOCTH OTKJIOHEHHUSI U CKOPOCTU OT BpeMmeHH. [Ipm 3TOM TOYHOCTH
pacuera MepBOro MPOXOXKJICHNWs] TOYKK PABHOBECHS JIOJXKHA, ObITh HE XyIKe
g0 = 0.00001.

2. Tlocrpoiite Takxke (a3oBblil TOPTPET perienns: B KOpJAuHaTax (CMmerie-
HUE, CKOPOCTD ).

3. Pemmmre 3ajavy mist 3HavdeHus mapamMerpa w = 3, U HECKOJbKHUX 3Hade-
nuit v B smanazoune or 0 jo 8. [Mocrpoiire (na ojHom noJe) rpadpuku 3aBu-
CUMOCTH OTKJIOHEHWS U CKOPOCTU OT BPEMEHH.

4. Oupejenure dynkiuio G(7y), Koropast IpuHUMaeT 3HadeHue 1, eciu me-
PEXOJT K MOJIOKEHUIO PABHOBECHUS TPOMCXOIUT MOHOTOHHO (T.€. OTCYTCTBYIOT
KoJiebanns perennst), 1 0 B IPOTUBONOJIOKHOM ciydae. [Iporabysupyiite
9Ty (bYHKIHIO (¢ 33 JaHHBIM TTOJH30BATEIEeM Iarom) uHa orpeske 7y € [0, 8.

5. [lpemyioxure u peannsyiTe aJropuTM aBTOMATHIECKOTO TONCKA TOUKN
pa3pbIBa TOI (DYHKIINH.

6. PemuTe Ty Xe 3ajauy i ApyTroil HAYAJIBHOM CUTYalld, B KOTOPOI
[IAPUK CTAPTYET U3 MOJIOXKEHWST PABHOBECHs C HAYaJbHON CKOPOCTHIO 1.
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15. Kosebanusa Ha ABYX HNpPYKHHAX

PaccmoTpuM JIBM2KeHue MapruKa Macchl M 110 TOPU30HTAJBLHON MOBEPXHO-
CTHU TOJ| JIEHCTBUEM CHJI yIPYTOCTH.

[[lapuk TpPUKpeNJIeH JByMs IMPY:KUHAMHU K JBYM B3aUMHO IEPHEHIUKY-
JIApHBIM cTeHKaM. [Ipy>KUHbBI UMEIOT OJIMHAKOBYIO JJIMHY [ 1 KO DUIIMEHTHI
’KecTKocT! Ky 1 Ky, TOUKM KpeIJleHus MPYKUH K CTeHKaM HUMeIOT KOODU-
warbl (0, —0) u (—1,0). B cBobogHOM (HEpacTSHYTOM) COCTOSTHUHM MDY KUHBI
B3aMMHO NEPIEH/IUKY/ISIPHBI, [IPU 9TOM ITaAPUK PACIOJIAraeTCs B HaYaJe KO-
Op/INHAT.

B HauaJbHbI MOMEHT BpeMeHU IIAapUK [epeMenaT B TouKy (To,Yyo) U
OTTIYCKAIOT.

[Tpu orcyrcTBUM TpeHMsT JBUXKEHUE TTapUKa OMUCHIBAETCST CUCTEMO -
depeHIMANBHBIX ypaBHEHUI

(., L] \/(l+x)2+y2—l \/x2—|— +y)2—l
e = i) V()2 + 42 \/:v2 +y)2
4

my”:—k y\/(l+x)2+92_l_k( \/xQ y)Q_Z
\ V)2 %ﬂﬂ +y)?

[Ipumem Jij1st IepBUYIHOTO MojieupoBannsd [ = 1 M, kx = 50 H/m, k =
100 H/m, koaputinenT Tpernsi CKOJIbLXKEHUsT MTapUKa 1O MOBEPXHOCTH f4 = ()
(rpenust wer) uinn g = 0.2 (cpejiHee 3HavMeHUE JiJisi METAJIMIECKUX [TOBEPX-
HOCTEH ).

1. JlobaBbre B ypaBHEHUsI CUCTEMBI CJlaraeMble, OlpejieisieMble CUJION Tpe-
HUS O TOPU30HTAJBHYIO MOBEPXHOCTH ?Tp = —um gﬁ—‘.

2. Cocrapwre 3xBuBagenTHyio cucremy OJIY mepBoro mopsijka, moctaBbTe
Juist Hee 3ajady Komu. Pemvre dnciieHHO 1oJIydeHHYIO 3ajiady. Bbrauciie-
HUsl CJIeJlyeT IIPOBOJIMTH JIO IIOJIHOM OCTaHOBKHM Inapuka. [Ipm aTom KoHed-
HbIE MTOJIOKEHWE U CKOPOCTH JOJIPKHBI BBIUUCISITHCST ¢ TOYHOCTBIO HE XYIKe
Ed = 0.001.

3. [Tocrpoiite rpaduk 3aBUCHMOCTH KOOPJIMHAT IIAPUKA, OT BPEMEHHU, a TaK-
e (Pa30BbIl MOPTPET CUCTEMbBI B TEPEMEHHBIX (X, ).

4. TTocrpoiire rpaduk 3aBUCHMOCTY BpeMeHr KoJiebaHuii (/10 TOJIHOI ocTa-
1oBku) T o1 Besinuntbl KOIDDUIMEH T, TPEHUs [i.

5. Haitgure ¢ rounocrsio €, = 0.01 Munumasbnoe sHadenue Koapduiu-
eHTa TPEHHsI, IPU KOTOPOM BO3BPAT B IOJIOXKEHUE PABHOBECHS TPOUCXO/INAT
MOHOTOHHO, T.€. IIIAPHUK HE HMEPEXOIUT Uepe3 TOCKY PaBHOBECHS.
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16. MagTHuk ®PyKo

Pacemorpum cdepudeckuii MAgTHUK MAcChl m # JIAHBL [ (JIOCTATOTHO
OOJIBIIIOI ), coBepIIAoIIUii MaJible KoJebaHust BOIM3U TTOBEPXHOCTH 3eMiin,
¢ yaerom ee Bparienus (Magrauk Pyko). Beegem jgekaproBy cucremy KOOp-
JIMHAT B TIJIOCKOCTH, KACATEJIhHOW K TTOBEPXHOCTH 3€MJIM B TOUYKE IMOJIBECca,
9Ta TouKa Oyner HadagoMm kKoopawHaT. Och Y HampaBUM IO KacaTeabHON K
MepHJInaHy Ha 10T, a 0cb X — 10 KacaTeJhHON K MapaJijieJin Ha BOCTOK, OCh
Z — BEpTUKAJILHO BHU3.

Ha mMasiTHUK JEHCTBYIOT CUJIa TAXKECTH ?T — m¢, HAIpABJICHHAS BEPTU-
% (T )
KaJbHO BHW3, chila peakimy (Harskenws ) kutn N = (—N— —N= —N—
[ [ [
u custa Koprostica (nueprmm) 7 — —2m [, V)], rue (2, y, 2) — KoOpAUHATHI
. \T
Tesa, U — ero CKopocTh, W = (0, —w cos p, —wsin )" — yrioBasi CKOPOCTh
BpallleHns: 3eMJIM Ha MUpoTe ¢ (Ha KOTOPOH MojiBelieH MasTHUK ). Beananna
w = 0.0635, ecim BpeMms naMmepsaeTcss B dacax.
Ecin npenebperarh M3MEHEHUsIMU BBICOTHI TeJIa B BUJY MaJIOCTH KoJieDa-
HUil (0 CpaBHEHUIO ¢ JUIMHON MojBeca [), TO JIJIsT MOJIOKEHUsT MAsITHUKA B

mtockoctr 3emun x(t), y(t) mosyvaercs cucrema ypaBHEHMIT

"= —%—Qwsingp-y',
y" = —% — 2wsin g - 1.

Byjem paccmarpuBaTh jiBa BapUaHTa JIBUXKCHUSI.

A) B HauasbHBI MOMEHT BDEMEHU MASITHUK OTKJIOHEH OT TTOJIOXKEHHST PAB-
HOBECHUS Ha yI'OJI (vg U CBODOHO OTIYCKAETCS.

B) B naganbHbIii MOMEHT BpeMEHE MASTHUK HAXOJIUTCS B MOJIOKEHUH DAB-
Hosecusi (yrost orkioHerust g = 0) u emy coobIaercsi HadaibHasi CKOPOCTh
Vg, HAIIpaBJICHHAA BJIOJIb OCU X .

1. CocraBbTe 9kBUBaJIeHTHYIO cucteMy OLY mepBoro mopsjika, mocraBbTe
Juis Hee 3ajady Komm. Perure qucieHHO MOyYeHHYIO 3a/a4y, MOCTPONRTE
rpaduKI 3aBUCHUMOCTH pEIeHUs OT BPEMEHHU, a TakxKe (a30BbIii MOPTPET
B mepeMeHHbIX (x,%y). Boraucienus ciegyer mpoBOAUTE JIO 33JJAHHOTO MO-
menra Bpemenu 1. Tlpu s1om koneunoe nosioxkenue (x(T),y(T)) nosxkuO
BBIUUCJIATHCA ¢ TOYHOCTBIO He xyx)e €, = (0.001.

2. Tlocrpoiite rpaduk 3aBUCUMOCTH KOOPJMHAT OT BPEMEHU, a Tak»Ke (a-
30BBIil TIOPTPET CHCTEMBI B TIEPEMEHHBIX (X, ).

3. Onpenennre HaYAJIBHBIE YCIOBUS g % 0 M vy, TPU KOTOPHIX MasITHUK
OyJieT MPOXOJIUTH Yepe3 TOUKY PaBHOBECHS.

19



17. ABTOKOJ/IE0aHUSA B XMUMYECKUX PEAKITNAX

Mogens JledpeBpa — Hukouinca onucbiBaer KojiebaTe/ibHbIE IIPOIECCHI B CJie-
JIYIOIIEH IernoYke XUMUIECKUX PeaKIiuit

A— X,
B+X —Y+D,
2X +Y — 3X,
X — b
[Tpeanonaraercs, aro KoumenTpannn Bemnects A, B, D, E ocraioTcst mocTo-

SHHBIMU U BCE peakIuu HeoOpaTuMbl. Torja n3MeHeHue KOHICHTPAIUNN & 1
y pearentoB X u Y Oyzner onuchBaThed ciefytorei cucremoit OJ1Y

d
d—fza—(b+1)x+aj2y,
d

d—i:bx—:ﬁy,

3ech a 1 b — Hem3MeHnHble KOHIEHTPAINA UCXOHbIX BemecrB A u B coot-
BETCTBEHHO.

1. ITocrapbre JiJ1s1 BBINMCAHHO crcTeMbl ypaBHeHuit 3a1auy Ko, Perure
YUCJICHHO MOJTYUEHHYIO 3a/1a9y NMPU Pa3TUIHbIX 3HAUCHUAX KOIPDUITUCHTOB.
[TocTpoiiTe rpaduKu 3aBUCUMOCTH pelleHus OT BpEMEHH, a TakxKe (ha30BbIil
noprper B nepementbix (z,y). B kauecrBe HauaJ bHbBIX JIAHHBIX HOIPOOYiTE
B3aTh 3Hadenus x(0) = 10°, y(0) = 3.7-101%, 2(0) = 10",

2. Haiigure cramonaphoe perierne (ocobbie Toukn) cucrembl. Obo3HadbTE
ero Ha TOCTPOCHHBIX rpadukax. PaccMoTpuTe Kak caydan, Korna b > 14 a?,
Tak 1 b < 1+ a?.

3. Peanu3yiiTe mporenypy UMCIEHHOTO aHAJIU3a TOJYIEeHHOTO PElleHus ¢
IEJIbI0 BBISICHEHUsI €ro MepuojndIHOCTU. [Ipu MmojiokuTeIbHOM pe3yJibTaTe
olpejiesiuTe 1epro)| KojedbaHuil KOHIEHTPAlMU KaKI0I'o U3 peareHToB X u
Y. Bnasg TOUHOCTH pelieHusd 3a/ia9u KoIm, oreHuTe TOUHOCTb ONpe/Ie/IeHus
1IEPUOJIOB.

4. YuceHHo uccaeayiiTe yeToiunBoCcTh KoiedaTebHbIX TpaeKTopuit. st
3TOrO CJIelyer IPOBecTH pacyer (1 BbiBeCTH rpaduKu) JIBYX PEIeHrii ¢ Majo
OTJIMIAIONTUMUCS HAYAJTbHBIMU JAHHBIMU U TTPOAHAJU3UPOBATH HOPMY Pa3HO-
CTH TIOJIyYCHHBIX PEIeHU.
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18. KoHueHTpaimuga o30Ha B aTrMocdepe

leneparust 1 pacnaj TpeXaTOMHOTO KUCJIOPOJa (030HA) B HUKHUX CJIOSAX
Tporocepbl OCYHIECTBIISETCS 110 CJeAYIOIIei cxeme.

O+02£>03,
O + 03 2 20,

0, 2N 90,

05 "4 0+ 0,,

Ha crpesikamu Hajinrcanbl KO3(@UITUEHTHI CKOPOCTEH COOTBETCTRBYIONUX
peakiuii, Koropble paBubl k; = 1.63 - 1071% em3/c, ky = 4.66 - 10716 em? /c,
exp (—¢;/sinwt), sinwt > 0

0, sinwt<0
22.62, ¢4 = 7/601, t — Bpemsi B cekynyax (t = 0 cooTBeTCTBYET paccBery
YCPEeJIHEHHOTO 12-T1 9acoBOTO JTHSI).
[lycrs 2(t), y(t) u 2(t) — kounenrpaiuu O, O u O3 COOTBETCTBEHHO B
MOMEHT BpeMenu t. VIX m3MeHeHme €O BPEMEHEM OIMCBIBACTCS CJIEyIOoIeit
cucremoit OJIY, ny1st KoTopoit craBuTcs 3aja4a Korm.

k;, = (i =3,4) em®/c, w = /43200, c3 =

(d
d—: = —kixy — koxz + 2k3(t)y + ka(t)z,
dy
Ja = —kyxy + 2koxz — k3(t)y + ka(t)z,
d
d_i = kixy — kowz — ky(t)z,
| 2(0) = 105, y(0) =3.7-101%, 2(0) = 10

1. Pemnre unciienno mosydennyio 3aaady. Pacuer mpoBoauTe 0 OKOHYA-
Hust epBbix cyTok. Ilocrpoiite rpaduku 3apucumocru pemenus x(t), y(t),
z(t) or BpemeHu.

2. CpaBHuTE KauyeCTBEHHO peIleHMsl, MOJYyYEeHHbIC ¢ IIOMOIIBIO SABHOTO M
HEABHOTO METOJIOB OJ[HOTO MOPSAJKA TOYHOCTH, ONEHUTE MOIPENIHOCTH (110
Pynre) nosyueHnbix perenmuii.

3. 3Has TOYHOCTL HAMJCHHOrO PEHICHHs K KOHILY NEPBBIX CYTOK, OIPEIe-
JIATE, SBJISETCS JIN YUCICHHOE PEIeHUE MePUOITIECKIM.
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JnHaMUKa oMy adaiuaii
19. Monaens Boabreppa — JloTtknu

JlunaMuKa 9UCIEHHOCTH JBYX BHJOB, OJIMH M3 KOTOPBIX SBJSETCS IIUIIE-
BBIM PECYPCOM JIPYTOro (XUIMHUKOB U XKEPTB), OIMUCHIBACTCS CJIEJIy IOl Cu-
cremoii muddepenimanbubix ypaBaenuii (Mojeab Bosbreppa — JloTkn).

(il_:::a:(a’_by)a
d
d—i:—y(c—dx),

Buech x(t) u y(t) — YUCJAEHHOCTH XKEPTB U XUIHUKOB COOTBETCTBEHHO.
KoadhpurtuenTs! a 1 ¢ XapaKTepu3yoT CKOPOCTh IIPUPOCTA XKEPTB U YOBLIH
XUIHAKOB [IPU OTCYTCTBUM MEXKBHJIOBBIX KOHTAKTOB (IIPU M30JIMPOBAHHOM
npoxusanuu). [Ipeamnonaraercs, 910 KOpM JiJisi MOMYJISIUNA YKEPTB HUMEET-
Cs1 B HEOIPAHUYEHHOM KOJIMUECTBE, MOITOMY KarKJ[0e CJIEJIyIoNIee TTOKOJIeHHUE
B WJCAJbHBIX YCJOBUAX OyIeT B a pa3 OOJIbIe MPEJIbIIyIIero. XuIHUKH,
Ha000POT, OY/IYyT JIUIIEHBI KOpMa, TPU U30JUPOBAHHOM MPOKUBAHUU U JazKe
Pa3MHOXKEHHUE HE CIIACEeT UX OT MOJIOHOI eMepTH ([IPeJIIoIAraeTCsi, 4To XKepT-
Bbl — UX €JIMHCTBEHHO BO3MOXKHas Tuina). [losTromy ciraraemoe ax BXoguT B
IIPaByIO YacTh CO 3HAKOM ILJIIOC, a CJIaraeMoe ¢y — CO 3HaKOM MuHyc. Bropsbie
cjaraeMble B TIPaBBIX JaCTIX MOJIEJIUPYIOT MPOIECC BCTPEUH YKEPTBBI C XHIII-
aukoM. C oJIHO# CTOPOHBI, BCTpeUa C XWIMHWUKOM HE BCEr/a 3aKaHINBAETCs
Tpane3oit. C Apyroit, /s BIXKUBAHUS XUITHUKA MOYXKET OBITH HEJOCTATOYHO
OJIHO¥ TAKO# BCTPEdn. 33 COOTBETCTBYIONIYIO YOBIIL KEPTB U TTPUPOCT XHIII-
HUKOB OoTBevaloT Koadduiuenrs b u d. Bee koapuiueH bl 110J10KUTEIbHbI.

1. Haiijinre unciennoe perienne 3a/a4qu Koty npu pasjimaHbiX Ha9adbHBIX
JIAHHBIX ¥ Pa3JIMYIHbIX 3HaUEHUsX KO3 uiumeHTos a, b, ¢, d.

2. Tocrpoiire rpaduku 3asucumoctu perienus: x(t) u y(t) or Bpemenu, a
TakKe (as3oBblii MOPTPeT (B MEPEMEHHBIX T, Y ).

3. [Tonwrraitreck nogjobpars 3HavdeHnss KOIMMUIMEHTOB, IPU KOTOPHIX TPO-
UCXOIUT IUKJINIECKOE U3MEHEHNE UNCJICHHOCTH MOIMYJISIINA.

4. TlpubsnsnuTesshHO ONMpeeuTe JJINTEJIHHOCTh IINKJIA, MOJYIeHHOTO B II.
3. (ycpejsHeHueM 1o JocTaroqHo BOJIbIIOMY KosinuecTBy 1ukKJ0B). Wcnosib-
3ysd MHMOPMAIUI0 O TOYHOCTU pelleHus 3ajadu Koliu, oleHuTe TOYHOCTD
PACCINTAHHOTO MEPUOJIA IUKJIOB.

5. Haiijure (anajqurudeckun) craruoHapHbie perenus cucteMbl. [lombrraii-
TeCh 1Mo00paTh 3HAYEHNST KOIMDPUIIMEHTOB, TIPH KOTOPHIX PEIIEHUE BHIXOINAT
Ha CTAIMOHAPHBINA PEXKUM.
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20. Monenp Xouaaunra — TaHHepa

Mopenn Xonnunra — Thnrepa omuchbiBaeT B3auMO/IeHCTBIE TOMY AN XATIT-
HUKOB M KEPTB U IpejicTaBiisier coboit ciepyortyo cucremy OV,

dz x wxy
:7’(1——)3:—

dt K D+’
dy Jy
9122

dt x Y

3J/1ech &, Yy — YUCJICHHOCTH HMOIYJISINNA KEePTB U XUIHUKOB, J — KOJUIECTBO
JKePTB, HEODXOMMOe JIJIsi HACBIIIEHNsT OfHoro xuinanka, r, K, S, D — ko-
3 PUIMEHTH TPUPOCTA ¥ BHYTPUBHUIOBOIO BaMAHHUS. Bce K03 DUIMEHTHI
MOJIOXKUTETHHBI.

Hannass Monesnb Oojiee aJleKBaTHO MOJEIUPYET MPOIECC B3aUMOJIEHCTBUsI
HOILYJIAIUiA, YeM Mojiesib Bosbreppa — JIOoTKM, onucaHHas B IIPEJIbLIYINEM
nyakrTe. Tam ke MOXXKHO HalTH KOMMEHTAPUHU 110 TIOBOJY OHOJIOIMIHCKOTO
CMBICJIa HEKOTOPBIX KOI(PPUITUECHTOB CUCTEMBI.

1. Haiipure (aHAJUTHYIECKN) CTAIIMOHAPHDIE DEIICHUsT CUCTEMBI.

2. TlocraBbe juist 3aJlaHHON crcTeMbl 3ajady Korm, Haiigure ee ducseH-
HOE pellleHre TPU Pa3IuIHbIX HAYAJbHBIX JJAHHBIX U PA3/IMUHBIX 3HAUYCHUIX
KO DUIMEHTOB € 3aJIaHHOI TOYHOCTHIO £. BblunciieHust cjejlyeT mpoBOJUTh
JIO 3aJIAHHOTO TMOJTh30BaTeieM MOMEHTa BpeMenu 1.

3. Iocrpoiite rpadwkn 3asucumocTn permenns x(t) u y(t) or Bpemenw,
a rakxke (hazoBblii OpTPET cUcTeMbl (B lepeMeHHbix T, y). Obo3HaubTe Ha
rpadguKax CTalMOHApHOE pEIIeHue.

4. TlonwiTajiTech 1mojgobparh Takue 3HaUeHUsT KOIPMUIIMEHTOB, TP KOTO-
PBIX TPOUCXOIUT IUKJINIECKOE U3MEeHEHNE TUCJEHHOCTH TTOMYJIANN, U TaKue,
MIPU KOTOPHIX PEITeHne BBIXOJUT Ha CTAI[MOHAPHOE.

5. IIpubm3uTeIbHO OMpeie/IuTe JTUTETbHOCTD ITUKJIA, TTOJYIeHHOIO B II.
4. (ycpesHeHueM 1Mo J0CTaTOYHO DOJIBINOMY KOJIMYECTBY TUKJIOB). Vcmosb-
3ysi MH(MOPMAIMIO O TOYHOCTH PerieHus 3aja4n Kolu, oleHuTe TOYHOCTH
PACCINTAHHOTO TIEPUOJIA ITUKJIOB.
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21. /ImHaMUKa KOHKYPUPYOIUX NOILyJIdIinii

JluHamuka YUCICHHOCTH JBYX BHJIOB, MOTPEOJIAIONUX (KOHKYPHUDYIOIHX
3a) OJIMH M TOT YK€ Pecypc, OIUCHIBACTCs cliejyroleii cucremoii uddepen-
MUAJBHBIX YPaBHEHUI.

dx

5= x(r1 — k1x — agy),
d

d—Z; =y (ro — kar — ary),

3J1ech T, Yy — YUCJACHHOCTb HONYJIANUA, 7; — KOIPPUIMEHT HpUpocTa i-1o
BUJIa, k; — KO3 DUIIMEHT, OIMCHIBAIONIUI BHYTPUBUIOBOE BIUSIHUE, a; — KO-
3 durmenT, onuchbIBaOIUi BJINSIHAE CO CTOPOHBI JAPYTroro Buja. Bee Koad-
GUITUEHTDHI OJIOKUTEHHBI.

Cucrema Oamzka Kk mojenn Bosbreppa — Jlorku, onucannoit Boime. Bruo-
JIOTHYECKUI CMBICT KO(DMUIMEHTOB OIUCaH TaM Ke. JIoMoJHUTeIbHO 3/1eCh
BO3HWKAIOT TPEThU CJIaraeMble B YPaBHEHUSIX, OTparXKaiolme ToT (haKkT, ITO
UCIIOJIb30BAHUE PECypPea HOIYJISIUER Y MELIAeT UCIIOJIb30BAHUIO TOIO XKe pe-
cypca IonyJdrnueil £ 1 HaobopoT. JTO OTPHUIATEIBHO CKA3bIBACTCA HA UUC-
JIEHHOCTH TIOMYJISIIIAN, 9TO OTPAXKEHO COOTBETCTBYIOIINM 3HAKOM CJIAraeMbiX.

B kaudecrBe mpumMepa TaKOH CHCTEMbl MOXKHO PacCMOTPETH CTaJIO OBEIl U
CTaJI0 KO3, BCErJia MacyIiuecs: Ha ofaHoM Jiyry. Vim jBe rpyribl CTYAEeHTOB,
KOTOpbI€ NOTOBSITCSI K 9K3aMeHaM II0 OJHUM M TeM »Ke yueOHMKaM, HUMero-
MAMCSI B OMOJIMOTEKe B HEJOCTATOTHOM KOJIMIECTRE.

1. ITocraBbre syt pmanHOi cucrembl 3aja4dy Komm, HaiianTe ee dmciieH-
HOE pellleHne TPU PA3JIMIHbIX HAYAJbHBIX JAHHBIX U PA3JMIHBIX 3HAUCHUSIX
ko3 duimentos r;, ki, a; ¢ TouHocTbIO £9 = 107°. Bblumcsienus ciejiyer
IPOBOJIMTD JI0 33 JaHHOIO II0JIb30BaTEeJIeM MOMEHTa BpemeHu 1.

2. Ilocpoiite rpaduku 3aucumocTu pemterust x(t) u y(t), a Takxke dhazo-
BBl IOPTPET CUCTEMbI (B MEPEMEHHBIX T, Y).

3. Uccnenyiite ycTOMIMBOCTD HaiileHHOrO perieHus. st 3Toro HeoObxo -
MO JIBaXKJIbI perarTh 3ajady Kommn ¢ HaYaJ bHBIMEA JTaHHBIMEA, OTJINYAIONI-
MUCS Ha MaJIyIO BEJIUUIUHY 0p U 32T€M CPABHUBATH HMOTPEITHOCTDL PEHICHUS &
¢ TIOTPEITHOCTBIO NCXOAHBIX JTAHHBIX ().

4. BadukcupyiiTe 3HaUeHUs BCEeX mnapaMerpoB kpome ojiHoro. [Iposeanre
YUCJIEHHBIN SKCIIEPUMEHT JIJI BBIICHEHMS BJIUSHUsSI CBOOOJIHOIO IIapaMeTpa
Ha XapakTep perieHusi cucreMbl. MoxKHO M HafiTn MOMEHT (KpUTHUYECKOe
3HAUEHUE TTapaMeTpa), TP KOTOPOM peIIeHre 0T MOHOTOHHOTO TIePEXOJIUT K
KoJIe0aTeIbHOMY M MOMEHT, TP KOTOPOM 3aTyXAIOIIe KOJIeOAHUSI IIePEXOIsT
B IepuoindeckKue’
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Pa3znoe
22. IIpou3BoO/ICTBO ONTOBOJIOKHA

Onrudeckoe BOJOKHO MTPOU3BOJIAT W3 CUJIUKOHOBBIX MTPYTKOB MPOITYCKAas X
4epe3 ropsiuylo rnevdb. B aroM ciiydae npyTKu pa3MsAardalorcs u IpeBpalialoT-
¢S B OIITOBOJIOKHO CYTIECTBEHHO MEHbITero quamerpa. IlycTs meun narpera 10
remuepatrypbl 2300 K. B Hajuunm nMerorcs npyTKy JUIMHON 25 U paJinycoM
1.2 em. duddepennmanbibie ypaBHEHU, OMUCHLIBAIOIIAE TTPOUCXOJISIINE B
MPpYyTKax U3MEHEHUs, UMEIOT BU]T

Tsla) = = (t(w)) s(a),
%t(x) = —%S(a:) () = 1)

3nech ty — TemuepaTypa Hedn, uy — CKOpocThb (B CM/CeK), ¢ KOTOPOi IPyTKN
JIBUDKYTCS depes 1edb, a QyHKIs
i) BeAT=Y) > T,
0, t<T,
rjie 1’ — KpuTudecKast TeMIeparypa, Iprh KOTOPOil CHJINKOHOBLIE IPYTKN Ha-
quHatoT pasmMsrdarhest. [Ipuvem ee paproit 1900 K. Koncranter A, B n C,
XapaKTepU3yIoue JIeTaal TeXHOJOTHIECKOr0 MPOIECCa BO3LMEM PaBHLIMU
A=1 B=01,C =101
DTH ypaBHEHUsI OMUCHIBAIOT M3MEHEHUs pajuyca s (B €M) U TeMIepary-
poi t (B K) onTuaeckoro Bosiokna. [lycrs Tpebyercst momyauTh ONTOBOJIOKHO
pajuyca 0.1 mm.

1. TTocrasbre 3ajiauy Koiu, Haitjiure ee 4ncjeHHOe PellieHre pU PasJini-
HBIX 3HATCHUSIX CKOPOCTH U (3a/1aeTCs TToJIb30BaTeseM ). Beraucienus ciey-
eT IPOBOJIUTH B TeUYeHUe yKa3aHHOTO BpeMenu. [Ipu aTom ciiejyer orMedars
MOMEHT JIOCTUKEHUS HY>KHOTO PajIUyCa.

2. ITocrpoiite rpadrKu 3aBUCUMOCTHU PAJIMYCa U TEMIIEPATYPbI OT BPEMEHH,
a Takyke (hasoBbIil TOPTPET CHCTEMBI B TIEPEMEHHBIX (S, 1).

3. Onpemennre CKOPOCTH MPOXOXKIECHUST TPYTKOB Uepe3 Tedh, P KOTOPOit
1OJIyHaeTCsd PO/ KIS TpedyeMoro paJjinyca.
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23. Xumnuyeckada 0e30macCHOCTD

VY 1eXOBBIX PAOOTHUKOB HEKOTOPOI'O XMM3aBOJa MOXKET Pa3BUBATLCS IIPO-
dzabonesanne. 3apoj npousBoauT xuMukar C' U3 JByX KOMIIOHEHTOB — A
u B B xumnueckoMm peakTope. OJHAKO B IpoOIiecce MPOU3BOICTBA HEKOTOPOE
KOJIN1IecTBO obpasyiomierocs BeriecTBa C' BCTYAeT B PEAKIINIO ¢ OCTAIONINM-
¢ ceIpbeM B, m momydaeTcd KOMIOHEHT D), aBadiomuiica ToKcuIHbIM. Ho
9TOT KOMIIOHEHT HeycToiuus. Uepes HenponokuTeannoe spemst D pacra-
jpaercs na A u B. Eciu a, b, ¢, d — coorBercrBeHHO KOHLIEHTPAIUU BEIIECTB
A, B, C'u D B peakrope, To quddepernuaabible ypaBHEHN, OIICHIBAIOIIIE
PEAKIUIO XMMUIECKOrO IIPOIECCa UMEIOT CJICYIONUN BUI,

'da )\3
E = )\1d— ?ab,
% = Xod — &ab—&bc,
< dt 2 2
de )\4
d_t = /\3ab— Ebc,
dd
\E = )\4bC— ()\1 —|—>\2)d

Koadpurmentsl peaknuit paBHbI Ay = Ao = 0.2, \3 = 8, \y = 10. Ilpnu
3aIrycke mporecca peareHThl A u B 3arpy»kKaioTcst B peakTop B OJMHAKOBOM
KosindecTBe. HUKaKuUX JIPyrux BeIecTB B HaYaJIbHBIH MOMEHT TaM HeT.

Texmosornueckuit k1 aaurcst 10 gacos. Ilo mporecTBum 3Toro Bpemenn
XUMUYECKHUI PEaKTOP OUMINACTCS ¥ IIPOLECE 3allyCKaeTCsl BHOBbD.

Eciu B KaKoii-T0O MOMEHT BpeMeHH KOHIEHTpalus [) IpeBbllaeT KOHIIEeH-
rpaiuio C, TO HEKOTOPOE KOJUUIECTBO BelecTBa [ MOXKeT BbITeKaTh U3 pe-
aKTOpa, OTPaBJIsis OKPYKAIIIYI0 arMocdepy U MPUBOJIs K 3a00JI€BaHUIO.

1. IlocraBbre 3ajauy Komwu st npusenennoit cucrembl OY, naitaure
YUCJIEHHO ee perieHne Ha, 10-Tu yacoBoM uHTepBaJie Bpemenu. Jlaiite oneHky
TOYHOCTHU TOJIYICHHBIX PEIIeHUI.

2. IlocrpoiiTe rpaduku 3aBUCUMOCTH KOHIIEHTPAIIMKA BEIECTB OT BPEMEHH.
[Tocrpoiite dhazoBbie moOpTpeThl cucrembl (B Koopaunarax (a, b), (¢, d) u T.1.)

3. Oupejenure, CymecTBYIOT JU KPUTHICCKIE MOMEHTBI BpDEMEHH, B KOTO-
pble KOHIEHTPalis KOMIIOHeHTa [ npesbiinaer KoHieHTpainnio C

4. Eciu Takoii MOMEHT BPEeMEHH CYIIEeCTBYeT, CIUTaiiTe, YTO U3JIUIICK Bellle-
crBa [ BBIXOJAUT HAPY»KYy MI'HOBEHO. BHecuTe coOOTBETCTBYIOIIME M3MEHEHMSI
B pacdeTHble (pOPMYJIbI METO/IA.

5. NccnepyiiTe 3aBUCHMMOCTD KPUTHIECKUX MOMEHTOB OT ITapaMeTpoB Aj.
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24. PacnpocTpaHeHue 3ByKa B Bojie

Pacnpocrpanenne BoJIH B cpejie, B KOTOPOIl CKOPOCTb PACIPOCTPAHEHMSI
KoJjieObaHuii IIepeMeHHa, OIUChIBAeTCs ceayronieit 3agaqdeit Korm

(%2 d(2) 4 o8 0y
dz?  A23(2)’ ()]
q 2(0) = 2,
dz
—(0) = tg .
\dx( ) = tg by
B meit z(z) - rybuna monoxkenns dbporTa BOJMHBI (2 = 0 COOTBETCTByET

MIOBEPXHOCTH, OCh Z HAIPABJIEHA BHU3), T — MOJIOXKeHNe BPOHTA B TOPU30H-
TaJbHOM HallpaBJIeHUH, ) — YOl MCIIYCKAHUS BOJIHBI 110 OTHOIIEHWIO K I'O-
pusonTy. CKOPOCTb pacnpocTpaHeHust BOJH ¢(2) B MOPCKOW BOJIE 3a/1aeTCs
cJejiytonieit Tabnieit

2 () [ e(2) (/) [ = () [ () (/<) [ = () | e2) (/)
0 1.537 900 1.483 2400 1.499
150 1.523 1050 1.484 2700 1.503
300 1.509 1200 1.486 3000 1.508
450 1.490 1500 1.486 3300 1.514
600 1.484 1800 1.489 3600 1.521
750 1.482 2100 1.495 3900 1.522

1. Peanusyiite nBe mporie/lypbl BOCCTAHOBJIEHUs 3HaUeHUH (DYHKIMN ¢(2),
VCHOJIB3YS JIOKAJIBHBIN CIIJIANH EePBOTO MOPSIJIKaA (B HepBoﬁ) UJIN KyOudecKuit
cruiaitn jiedekra 1 ¢ yeaoBueM orcyTerBusi y3ia (Bo BTOpOif).

2. Hnga maganpnbix 3uadennit —10° < 6y < 10° ¢ marom A6 = 1° mo-
crpoiire rabsuiy snauenuit z(xyr, 0p), rae zo = 600 m, 3 = 50 KM ¢ 1ATHIO
BEpHBIMU 3HAKaMU MOCJe 3aldToil. B orBeTe ciejyeT BhIJaBaTh TOJLKO BEP-
HbIE TTUQPHI.

3. Ilyctrs ma riybune 3500 M HAXOMUTCS JTHO, KOTOPOE TIONJIONIAET BCE 3BY-
KOBBIE BOJTHBI, 8 Ha MOBEPXHOCTU TTPOUCXOUT TTOJTHOE OTParkKeHue 3BYKOBOI
BOJIHBI (110 32aKOHAM IeOMeTpUIecKoil omruku). Jlist HadaibHbIX 3HAYCHUI U3
. 3. OCTpOiiTe TPaeKTOpUM 3BYKOBBIX Jydeil. Pacuernl ciemyer mpousBo-
JIUTH C 33J]aHHOM TOJIL30BATEEM TOUYHOCTHIO.
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25. 'eomeTpuueckas IIPOTryJaKa

lociomna Cam 2Kyit, 60/b110# TOKJIOHHUK (DIH-IIYH, a TaK»Ke XOPOIIHii
3HATOK MATEeMATHKW, JIOOUT MPOTYJIMBATHCS 10 TTAPKY MPSMOYTOJBHON (hop-
MBI 110 HEOOBIYHBIM TpaeKTopusM. JIJjis moyueHns: TpaeKTOpUn HeoOXOIMMO
peruTh 3ajiauy Koru

(d
d
z(0) =1,
L y(0) = 0.
Bxojisituii B cucremy mapamMerp o MOXKET HPUHUMATh JII0Oble 3HaUYeHUSs

u3 orpeska [1,6]. [Ipu 3T70M BCsT TpaeKTOpHsT HAXOJUTCS BHYTPU HEKOTOPOTO
OT'PaHMYIEHHOT0 MHOYKECTBA.

1. PeanusyiiTe nponesaypy UMCJIEHHOTO penienus 3aj1adu Komm npu pas-
JIMIHBIX 3HAYEHUSIX (v (33/]aeTCs OJIh30BaTeseM ). Beraucienus ciemyer mpo-
BOJWTH B T€YCHUE YKA3AHHOTO BPEMEHW W BbIAABATL WH(MOPMAINIO O TOUHO-
CTH 1IOJIyYEHHOI'O PELICHUsI.

2. [TocrpoiiTe rpadpukn 3aBUCUMOCTH KOOPJIMHAT X U i OT BPEMEHH, & TAKIKE
dbazoBblii IOpTpeT (TPAcKTOPUIO) B repeMeHHbIx (T, Y).

3. BolsicnuTe, cTaHOBATCS JIM CO BPEMEHEM I0JIyYaeMble TPAEKTOPUH 10~
9TH 3aMKHYTBLIMA. [louTr 3aMKHYTO Oy/1eM HAa3BIBATH TPACKTOPUIO, KOTOPAst
HEOrpaHMUYEHHOE YKUC/IO pa3 BO3BPAIIAETCS B MAJYIO OKPECTHOCTH OJIHON U3
CBOMX TOYKM. Pazmep 3Toil MaJsoit OKPECTHOCTH 3a1aeT MOJIb30BATEb.

st TpaeKTopuil, BLIXOAAIINX Ha MOUTH 3aMKHYTYIO.

4. OnpeeniTe MUHUMAJIBHBII pasMep MpsiMOyTOJIbHUKA, BHYTPU KOTOPOTO
pacroJiaraeTcsa TPaeKTOPUs.

5. Peanuzyiire nporneypy YMCIEHHOTO MHTEIPUPOBAHUS W HaWJUTE C €e
MOMOIIBIO TJIONIA/ b, OIPAHUYEHHYIO MOYTH TMEPUOJNICCKON JacThIO TPaeK-
topueit. He 3a0y/ibTe yKa3zaTh MOrpemnocTb HaliIeHHOTO 3HATYEeHUs.

6. Haiijiure 3nauenue napamerpa « U3 yKa3aHHOI'O JiMalla30Ha, IIPU KOTO-
POM ILJIOTIA U, OCTAIONINECS IO JIEBYIO W TI0 IpaByio pyKy rocrnoguna Cam
Kys naumenee oryindaloTcst JIpyr oT Jpyra.
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26. JlomoJiHUTEeJIbHBIE IIyTU ITPOTYJIOK

3ajlaHus IpeIbIIYINero pasjesa MOXKHO JOCJIOBHO IIOBTOPHUTD JIJIS JIPYTUX
cucreM JuepeHnaJ bHbIX yPaBHEHUIA.

Hmxe mpuBojsaTcsa gBe Taknue CHCTEMbBI ¢ HAUAJbHBIMI YCIOBUAMU, a TaKXKe
MOJIXOJIAIIMIE JUalla30H UBMEHEHUs apaMeTpa.

p

' =x—y—azx(2®+y°),
y=r+y—ay(@+y°),

1. <
z(0) = 0.1,
(y(0) = 0.
a € [1,6].

(12

r =zy — 2.50 4+ 0.5,
y = 1.5z — az?y,
z(0) = 0.5,

Ly(0) = 0.5.

2. <

a € [1,7].
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IIpumep popMyIMPOBKY 3aaHULA

1. BazoByto 9acTh 3aJlaHUsI COCTABJAET pelienue 3aa4uu Korm s cucre-
mbl OIY 1-ro nopsijika.

DTy 3ajiady ciejiyer pemarb MetonoM Pynre-KyTTwr 3-ro mopsika. Pac-
deTHbIe GOPMYIIbI METOJA CJIeJlyeT TPEBAPUTEIHHO BHIBECTH (3TO OJIHOBpE-
MEHHO OYyJIeT sIBJISIThCsT 1 0OOCHOBAHUWEM TOpsiiKa anmpokcumarmn). Tpu oc-
HOBHBIX MapaMeTpa MeTojia 3aJiaHbl B TabJIUIE HUXKE. DTO MapaMeTphl, Olpe-
JEJISITOLIME y3JIbl MHTEIPUPOBaHust Ha mare (t;, ti+aih, ti+ash, h =t 1—t;).

N a1 a9 N (03] 0%) N a1 (6% N a1 a9 N a1 %)

0.1 105 7[01 075(13]01]025(19]0.1]03|25|0.1]0.8

05105 8/025/ 05 (14101 ] 0.5 (2004 ]05(26]0.3]0.5

0.25(0.75| 9/0.25| 04 |115/0.25]0.25210.25]0.8 |/27]0.25| 0.6

025, 1 |10 05| 1 ||116]0.75] 1 ||22] 1 1 12801 | 1

01]021{11[03]04 |17, 05| 0.6 ||23]0.7]081|29] 08 ]0.9

| T | WD

0.7510.75 12 0.4 [ 04 [[18]1/3[2/3 [ 24| 1/3|1/3][30]1/6 |1/3

[Ipumep Takoro BbIBOJA JUISI METOJa 2-I'0 HOPSJIKA MOXKHO HOCMOTPETh,
namnpumep, B |1, §14.6, m. 3.

2. HeoOxouMmo ompeieinTh NpuMepHbIe TPaHUIbI I1ara HHTeIPUPOBAHMSI,

00eCTIeInBAIONIEro0 YyCTORIMBOCTL MeToja. [ljist 9Toro Hammucarh JIMHEHHYIO
/

cucremy OJIY nepporo npubjivkeHus: Bujia 7 = A7 1 BOCIIOJIb30BATbHCs

dopmymoit h <
A.

3. Ucnonb3ys mpasuio Pynre anocteprnopHoil OMEHKY TTOTPENTHOCTH U UeH
IIOCTPOCHU aJJalITUBHBIX IIPOIEAYDP, OPraHU30BaTh YUCJACHHBIN pacuer, Jalo-
I pelrenue ¢ yKa3aHHO#W B 3a/ilaHuU TOYHOCTBIO €.

———————, B KoTopoii {\;} — coBCTBEHHBIE YHC/IA MATPUITBI
max Re()\;)

4. BeimosnuTh ocHOBHOE 3ajiaHue paborbl. Hemocpepcreennbiii MeTos pe-
IMEHUsT ATON YacTh PabOTh (MOUCK MAKCHMYyMa, KOPHS CKaJISIpHOI (byHKINH,
BRITMCJICHNST WHTErpajda W T.J1.) B 3aJlaHiN He yKazaH. Kro Hy»KHO mpejio-
KUTh (€ 000CHOBAHUEM ) CAMOCTOSITEBHO 110 MATEPUAJIAM, U3y YEHHBIM DaHee.
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ConepxkaHue

Bseenne

Hewkenue B armocdepe 3emin (bancTuka)

1. Pazner ockosikoB
2. 3aTsKHON TTPHIKOK
3. JleTeKTUBHBINA CIOXKET
4. ITapmkckas myImKa,
0. PeakTuBHbIil cHaps
6. Yupyruii Msiu
JBukeHue B rpaBUTAlMOHHOM 110J1€
7. JIBmXenue B MEHTPAJbHOM TIOJIE
8. IIpursrkenue JByX TeJ
9. Komera Tajuiest
10. ITpunynenne.
11. ILnanera JBOiiHOI 3BE3/IbI
12. Or 3eman jo Jlymbr
13. AcrponaBuranusi
Konebanus
14. Saryxarorime KoaedaHmst
15. Kosiebanusi Ha JIByX Hpy>KUHAX
16. MagTnuk Pyko
17. ABrokoJsiebaHus B XMUMYIECKUX PEAKITUIX
18. Konmenrpaiiusi o3oHa B arMmocdepe
Hunamuka 1oiyJsisimii
19. Mogens Bosbreppa — JloTkm
20. Monens Xommnara — Tannepa
21. JInnamMuka KOHKYDPUPYIOIIUX [TOIYJIAI
Pasznoe
22. [IponsBo/IcTBO OITOBOJIOKHA
23. Xumunueckast 6e301acHOCTh
24. PacupocrpaHenue 3ByKa B BOJIE
25. I'eomeTpuyeckas MporyaKa
26. JlommosinuTEIbHBIE YT MIPOTYJIOK
[Tpumep bopmysinpoBKY 3aj1aHus
Jlureparypa
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