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B cBs3u ¢ yXyZueHneM COCTOSIHHSI OKpY-
JKaloIel cpensl BO BceX cdepax MUPOBOTO XO3AM-
CTBa UJET MOMCK HOBBIX CIIOCOOOB MCIONb30BaHU
MPUPOIHBIX PECYpPCOB. [ TaBHOE, YeM OTIMYAIOTCS
3TH CIOCOOBI OT MPEABIAYIINX, - 3TO YMEHbIICHHUE
HAaHOCHUMOI'0 Bpena MPUPOTHON Cpelie B COOTBET-
CTBUU C KOHIENIMENH YCTOWYMBOTO Pa3BUTHS.

Typusm Bomen B XXI cromerue u cran
TIIyOOKUM COLUANBHO-DKOHOMHUYECKHUM U MOJIUTHU-
YECKUM SIBJIEHHEM, KOTOPOE CYILECTBEHHO BIIUSET
Ha MHPOBOE COOOIIECTBO U SKOHOMHUKY MHOTHX
CTpaH MHUpa.

Ilo ounenkam BcemupHoOW TypucTHuyeckon
OpraHu3alllM, SKOJIOTUYECKMH TYpHU3M BXOIUT B
MATH OCHOBHBIX CTPAaTETMUECKUX HalpaBiIeHUN
pasButusa TypusMa a0 2020 roga. DKonoruyecKuit
TypU3M OOBbEAWHSIET MIMPOKUH CIIEKTP BUIOB TY-
pU3Ma, OCHOBaHHBIX Ha HCIOJIB30BAHMM MPUPOA-
HBIX PECYpCOB. DTO MEUIEXOAHBINM, TOPHBIA, BOA-
HBIM, CIIENEOTYPHU3M U Ap. DKOJIOTHYECKHI TYypHU3M
YCIIENIHO pa3BUBAETCS BO MHOTUX CTpaHax MHpa U
MPUHOCUT UM HEMaJyl0 MPUObLIbL, & YUUTHIBAS TO,
YTO TOA OT roja HabmoAaeTcs yXyAUIeHuEe 3KOJOo-
TMYECKOW CHUTYallMM BO MHOTMX TPaJHLMOHHO pe-
KpealoHHbIX 30HaX MHpa M3-3a HE KOHTPOIUPO-
BAaHHOM Ype3MEpHOW KOHILIEHTPALUU TYpPHUCTOB,
YCUJIUBAETCSl 3aMHTEPECOBAHHOCTh  IKOJOTHYE-
CKHUM TYPH3MOM.

VYuuTheBast 3TH OOCTOSTENHCTBA, MOXHO
CUNTATh HKOJIOTUYECKUI TYypH3M LEeNecO00pa3HbIM
U HEOOXOIUMBIM 3JIEMEHTOM TOCYIapCTBEHHON

KOHLIENIIMM YCTOWYMBOTO pa3BUTHS TypU3Ma B
MEpPCIIEKTUBE.

Mopgenpio cOanaHCHPOBAHHOTO HCIIONB30-
BaHUS MPHUPOAHBIX PECYpcOB KaK BaXHOTO HpPHH-
[UIa YCTOMYMBOIO Pa3BHTHUS KOJIOTHUYECKOTO TY-
pu3Ma SIBISETCS OCYIIECTBIICHHE €ro Ha peKpea-
UUOHHBIX TEPPUTOPUAX HAIMOHAIBHBIX MPHUPOI-
HBIX MAapKOB, OMOCHEPHBIX 3alOBEIHHUKOB, PErHO-
HAJIBHBIX JaHJAQTHEIX APKOB U 3aKa3HUKOB.

OcHoBHasl 11e1b JaHHOH PadOTHI — IOCTPO-
UTh JBE MOJEIU 3KOJIOTHYECKOr0 Typh3Ma, KOTO-
pBIe MO3BOJIAT ONMpPENSTUTh 3aBHCUMOCTh U3MEHeE-
HUS YPOBHS 3arps3HEHUS] OKPYXKAIOIIEH Cpelbl OT
KOJIMYECTBA IKOJIOTUYECKUX TYPOB, MPOBOIMMBIX
Ha JJAHHOW TEPPUTOPHH 32 CAUHUILY BPEMEHH.

3anmaun paboThI COCTOST B CIEAYIOIIEM:

- ONpENeNUTh, IPUMEHEHHE KaKo! U3 MoJe-
Jield HAHOCHUT MEHBIIIE Bpenia OKpYKarollel cpene;

- ONpENeNUTh, IPUMEHEHHE KaKoi U3 MoJe-
Jiell mpuHeceT OONbIUIYI0 TPUOBLI;

-IPOBECTU TpaUuecKuil aHaau3 Ui KaxkK-
JIOW U3 MOJCIEH,

- TI0 UTOraM IMPOBEACHHOI'O HCCIEAOBaHHUS
czenath oOLIME BHIBOJBI.

IIpexae, 4eM MepexoauTh K MOCTPOSHHUIO
MOZeTH Heo0X0OUMO c(hOpMyIUpOBaTh NPUHLHU-
nUanpHylo uaeto e€ padorel. OHa 3aKiIodaercs B
ciexyromeM.: OyAeM CTPOUTb LHUKINYECKYI0 MO-
JeNTb CUCTEMBI, KOTOpas 4epe3 OINpeelieHHbIe WH-
TepBajbl BPEMEHU [OJIDKHA BO3BpAIlaThCid B HC-
XOIHOE COCTOSTHHE.
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BBenem HensBecTHBIC BEIUYNHBI:

X=X(t) — ypoBeHb 3arpsi3HEHHs OKpYKaro-
meil cpeapl Ha TePPUTOPUU TIE MPOBOAUTCS KO-
JIOTUYECKUN TYPH3M.

y=Yy(t) — KOJINYECTBO IKOJIIOTHYECKUX TY-
POB NPOBEJCHHBIX HA JAHHOW TEPPUTOPUU K MO-
MEHTY BPEMEHH .

Tak Kak uues COCTOUT B TOM, YTO MOJEIb
UMeeT IUKINYECKUI BHJ, TO MOXKHO CIIeNaTh Clie-
Iyloliee MpearnoiokeHue. rpaguk GyHKINWH, ONuU-
CBIBAOLICH 3aBUCHMOCTh MEXKIY X H Y, IMEET BH]
3aMKHYTOW KPHBOH C IIEHTPOM B | 4eTBepTH KOOp-
JMHATHOW TuiockocTH. LleHTp Haxomutcs B | yer-
BEpTH, TaK KaK 3HAYCHHs MPHUHHMAaeMble X H Y
JIoKHBL ObITh Oonbie 0. PaccmoTtpum Touku A u
B (puc.1l). B sTux TOukax Yy HpPUHUMAET CBOEC
HauOoJbIllce ¥ HaUMEHbIIee 3HaueHue. Bcromu-
Hasi 0 TOM, YTO Y €CTh (PYHKIHS OT BpEMEHH, MOX-
HO CKasaTh, 4To B Toukax A u B mepBas mpowus-
BOJIHAsI 110 BpeMeHH ot Y (nanee Y'), para 0. Tak-
K€ OTMETHM, YTO MPOXOJs Yepe3 3TH TOYKH, IPO-
U3BOJHAS MEHSET CBOM 3HAaK Ha MPOTHBOIOJIOXK-

HBIH.
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Pucynokl. Ilpennosaraemasi 3aBHCHMOCTb YPOBHS

3arpsi3HeHHUsl OKPY:KAIOIel Cpebl 0T KOJIN4YecTBA
JKO0JIOTHYEeCKHUX TYPOB

B nauvanpHBII MOMEHT BpPEMEHH YPOBEHB
3arps3HEHUsT MUHUMAJIbHBIM, 0003HaYMM €ro Kak
Xo. OH He MoxeT ObITh paBeH 0, Tak Kak Ipexzae
YeM HaydaTb OpPraHU30BBIBATH HKOJOTMYECKUE TY-
pBl, HEOOXOAMMO cO31aTb WHQPACTPYKTYpy Ha
BBIOpaHHOH TEPPUTOPUH, YTO, B CBOIO OUYEpPENb,
HaHECET Bpel OKpY)Karolllel cpene. ITOT BPEl MBI
u OyJeM CUMTaTh HayalbHBIM YPOBHEM 3arpsizHe-
HUS UIH Xo.

VY4uuTeBas BCE BBIIIE CKa3aHHOE, MOYHO
caenath BBIBOA O TOM, Kak Oyner BecTH cels cH-
cteMa. B HadanpHBII MOMEHT BpPEMEHH HMMEEM
YpOBEHb 3arpsi3HEHHs. Xo M KaKOe-TO HadaJbHOE
3HAuUEHMeE Yo, Jajiee HAUMHAEM YBEIMYMBATH KOJIH-
YECTBO TYPOB 3a €AMHUILY BpEMEHH. DTO IPUBOIUT

K pocTy ypoBHs 3arpsisHenus. [locie Toro, kak y
JOCTUTAeT MaKCHMMAaJbHOrO 3HaueHHs (Touka B),
KOJTMYECTBO TYpPOB 32 E€IMHHILY BPEMEHH HAYHUHACT
cHIKaThcs. HecMOTps Ha 3TO, ypOBEHb 3arpsi3He-
HUS el HEeKOTOpoe BpeMs IMPOAOKAaeT pacTH,
IOKAa HE JOCTUIHET X, IOCIE 4YEro HauHeT
YMEHBIIAThCA. 3aTeM B TOUKEe A y MPUHUMAET MU-
HUMaJIbHOE 3HAYECHHE U OISITh HAUWHAET YBEIUYH-
BaThCs. YPOBEHb 3arps3HEHUS MajaeT 10 Hayallb-
HOT'O YpPOBHSI M BHOBb HauyMHaeT pactu. Llukn mo-
BTOPSIETCSL.

CocraBum ypaBHenue s Y . [IpoBenem
npsiMyto uepe3 Touku A u B. [lannas npsimas omu-
chIBaeTcs ypaBHeHHeM X=Ky+cC, rae K u ¢ Hems-
BecTHBIE KO3(¢uumentsl. M3 puc.l. BuaHO 4YTO,
€CIIM YpOBEHb 3arps3HEHUs] X B OIpEIeTCHHBIH
MOMEHT BPEMEHH MEHbIIE, YeM 3HaueHHe (yHK-
nuu X=Ky+C, To Y Bo3pacraer ¢ TCYCHHUEM BpeMe-
HH, TO ecTh Y > 0, eciiu e ypOoBEHb 3arps3HCHHs
6onblire, To yobiBaer: y < 0.

Hcxons U3 BBIIIE CKA3aHHOTO, MOXKHO CO-
CTaBHUTh ypaBHCHHE IS Y

y =n(ky+c-x), ()
rae N — HEKOTOpPHId KOA(pQUIHEHT MPONOPIHO-
HAJIBbHOCTH.

Teneps cocraBuM ypaBHeHue st X . Cko-
POCTb HM3MEHEHHUSl YPOBHS 3arpsi3HEHHUS! €CTh pas-
HOCTb MEXAY CKOPOCTBIO BOCCTAHOBJICHHS OKpY-
Karolel Cpeabl U CKOPOCTBIO €€ 3arps3HEHHs.
CKOpOCTh BOCCTaHOBIICHHSI OKPY>KaIOIIEH Cpezbl
P BO3HUKAIOIINX OTKJIOHEHHX OT PaBHOBECHOTO
COCTOSTHHSI ITPONOPLUOHANBHA BETMYUHE OTKIOHE-
HUS, TO €CTh MPONOPLHOHATIbHA CAMOMY YPOBHIO
sarpssHeHus  X.[2] Koaddunment mnpomopimo-
HaNbHOCTH (0003HAYMM €ro 4epe3 a) ecTh KO-
(UIMEHT penakcaluy, KOTOPBIH 3aBUCHT OT YPOB-
HS BO3MyILeHUs1 OuMoThl (OMOTa - COBOKYITHOCTB
BHJIOB KMBBIX OPTaHNU3MOB, OOBEIMHEHHBIX 00LIeH
obnacTeio pacrpoctpaHeHus). Tak Kak Mbl CTPOHM
MOJIeTIb IKOJIOTMYECKOro Typu3Ma, To Oynem cuu-
TaTh, YTO BO3MYLIEHHE OMOTHI MUHUMAJIBHO U HE
MEHSETCSI C TEUCHUEM BPEMEHH.

CrnenoBaTenbHO, Kod(pUUMEHT Tpomop-
UOHAJBHOCTH (peraKcaluy) Takke OyIeM Cyu-
TaTh MOCTOSIHHBIM (OAHAKO, MpU Ooiee riryOoKoM
W3YYEHHUHU JAHHOTO BONPOCa MOXKHO MPHUHSTH JaH-
HBIH KOA(pUIMEHT nepeMeHHbIM). CKOpOCTh 3a-
TPA3HEHHS OKPY)KaloUIed Cpelpl MOXKHO 3alHcaTh
npousBenenuem by, roe b — Bpen, HaHOCHMBIH 011-
HUM TypOM.

Taxum 00pa3zoM, moiay4aeM cucTemy Iud-
(epeHInaIbHBIX YPaBHEHHA:

X' =-ax +hy @
y = nky +nc -nx
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IKomypusma

Haiinem Touky mokost Ansi JaHHOM CHUCTe-
MBI ypaBHEHHU#. [l 9TO mpUpaBHIEM X H Y HY-

JIt0, TOrAa ImoJIyuymum

0=- b
{O:nEyXInZ-nx’ )
OTKyZa
{())(z E()'cleryC— ac+by’ (4)
nim
_ac
Y=b-ak
bc ()
X=——
b-ak

Mp1 Hanuu TOUYKY IIOKOs, KOTOpasA UMECT

KoopauHathl P (b-ak’ b-ak

ac . bc J

Tenepb OornpeaciIuM THUII TOYKH ITOKOS.

Beenem 3ameny:

A 2 =0+iq. Ucxons u3 3TOro, MOMy4UM CIEIy-

IolIee cooTHOIIeHue: Nk = a.
=+ivbn—-a®, npu

bn—a?>0, MOJIYYUM PEIICHUE CUCTEMBI:

x(t) = 7,"
{y(t) — et (10)

Hpu A =ivbn- a’ MMeeM cUcTeMy:

{—(a+|\/bn a’)y +b;/2 =0 (1)

-ny, +(a—ivbn-a® );/2_0

CnenaB 3ameny A 2

Ecmn NepBOC YpPAaBHCHUC YMHOXUTHL Ha

a—ivbn—a’ , a Bropoe Ha b, To momyunm oxuHa-
KOBBIC YPaBHEHHS, CIIEIOBATEIbHO, OJHO M3 HUX
MOKHO BBIYEPKHYTh, HAIIPUMEp, BTOPOE.

Taxum obpazom

7/121’

X=X+ bc ;/2=E+i1x/bn—a2.
~ b-ak (6) b b
ac ’ N e
y=y+ b-ak AmnanoruuHo  ans A, =-ivbn-a
CIIEMOBATENBHO U3 (2) moaydnM, y, =1, _a_ I% lbn—a? Yacrmoe periese
X=-a x+£ +Db y +— ac HpEICTaBICHO HOPMYIIaMH:
b-ak b-ak : 1 :
1 _1 — iv n—az _
ol g, ac bc (yj_ %”%Vb”‘az T
y=nK| y+— [+ NC— I’] X+—
b-ak b-ak cos(vbn — a2t) +isin(vbn —a’t)
) B (E + ilxlbn —a’ J(cos(\/bn —a’t)+isin(vbn - azt))
OTKy/Ia b b 12)
x:—ax+by+ —abc+abc
b'ak (XZJ a —| Jbn—a? _
y‘:nky—dn+... . (8) Y, ——'—Vb“ a’
_hkac+ ncg - T(‘:ak —nbc cos(\/bn —a’t)—isin(vbn —a’t)
- -a B (%—i%\/bn—azJ(cos(\/bn—azt)—isin(\/bn—azt))
X'=-ax+by 9 ! (13)
. - €€ PEUICHUE CHCTEMBI MOXKHO 3aIu-
K 9) 06
y=nKy-nXx caTh B BUJE!
Pemmm cuctemy (9) meromom Diinepa.
XapakTepucTu4ecKui MHOI'O4JIEH paBeH ()—(J COS( bn — azt)
Ca— Xi_c +
‘ a_n/l nkb_l‘z(/ljta)(/l—nk)ﬁt... y ' %cos( bn—azt)—%\/bn—a2 sin(\/bn—azt)
..+bn=21%+(a-nk)A+ (bn—ank) bn—azt)
OTKy/Ia MONydHM 1 C, | . 1
1 nk —a ++/(a—nk)? — 4bn + 4ank 4] Esm( bn—azt)—B\/bn_az cos(\/bn—azt)
12 2 '

Tak kak MOJENb IMKJIWYHA, TO KOPHU Xa-
BUI

PAKTCPUCTUYCCKOIO  MHOIoO4JjicHa HMCIOT

) (14)
Caenaem oOpaTHYIO 3aMeHY M 3alHILEM
OKOHYATEIbHOE pPelIeHuE!
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x(t) = C, cos(v/bn —a’t) + C, sin(~/bn —a’t) +

bc
b—ak

Teneps, a1 TOro 4ToOBI MOTyYEHHOE pe-
IICHHEe MOXKHO OBLIO MPUMEHHUTH HAa MPAKTHKE,
HEOOXOAMMO BBIPa3UTh HEU3BECTHBIC KOIDQuIm-
SHTHl 4Yepe3 W3BECTHHIE BeNMWYWHBL. Emg pas
BCIIOMHUM, KaKUe TaHHBIE HAM U3BECTHEI
a — ko3 puIHMeHT perakcaluu Ha paccMaTpuBac-
Mol Tepputopur; b — yiepd okpyxatorieii cpere,
HAHOCHMBIA OJIHUM TYpPOM; Xo — HAYaJdbHBIH ypo-
BEHb 3arpsi3HEHUS; X, — KPUTUYECKUH YpPOBEHb
sarpsisHeHust. Koaddunuentsr €, N, K HaMm Hews-
BECTHBL.

Bo3zbMeM TmiepByI0 TPOM3BOAHYIO X TIO
BPEMEHH, TOT/Ia TTOITyYUuM

x'=-C,+/bn—-a’ sin( bn — azt)+
..+C,/bn—a’ cos(\/bn -~ azt)

W3BecTHO, YTO B HaYaIbHBIE MOMEHT Bpe-
t=0, 3Hauenme X MUHHUMAaIbHO, T.e. X =0,

cinenosarensHo: 0=C,v/bn— a? , asuaunr C,= 0.

Tenepr Haiinem 3nauenuwe C;. [lns 3Toro
CHayalla ONpeaeinruM MOMEHTBHl BPEMEHHU, B KOTO-

peie X’=0: O=—C1\/bn—azsin(\/bn—a2t), TaK

vbn-a? >0, a

Sin( bn—azt)zo, orkyma Vbn—a’ -t=z-1, rue

(16)

MCHH

Kak C #0, TO

|l e Z, cnenoBarensHo, t = ,rne leZ.

-l

Jbn-a?

I/ICXOZ[H n3 Hpe,I[HOHO)KCHI/IH, YTO B Hameﬁ
MOICIIN MI/IHI/IMyM n MaKCI/IMyM X HOO“ICPC,Z[HO
CMEHSIIOT JpYr npyra, 3ameruMm, uro mpu =0, X
JOCTHUTa€T CBOCIO MI/IHI/IMyMa Xo, CJICOAOBATCIBbHO
HpI/I |:1, X JOCTUTHET CBOCTO MaKCI/IMyMa, T.C. XKp'
CocTaBuM cUCTEeMy ypaBHEHHUH.

X, =C, + _be
b—gk 17
=—C + ¢
%o =T Tk
X —
orkynma C; =°Tx"p.
. bc
5 3 3TON XKE CHUCTEMBI BbIpasumM .
b—ak
bc Xt X,
b-ak 2

Her HeoOX0OMMOCTH HAaXOOUTH OTAEIBLHO
koo dunmentsr ¢, d, K, mosTomy BhIpazuM depes
M3BECTHBIC HaM BEIHYUHBI TOJBKO BBIPAKCHUS,

y(t)=C, (%cos(«/bn —a’t) —%«/bn —a’sin(vbn - azt)J + .(15)
+C, (%sin( bn—azt)—%\/bn—a2 cos(\/bn—azt)J+

ac
b —ak
CoacpiKalume JaHHBIC HCHU3BCCTHEHIC!:
ac a bc a X*X,

b-ak b b-ak b 2
Teneps Beipazum vbn—a® . J{ns ynpome-

HHS BOCHIPHATHS PacueToB BBeneM ¢ =+bn—a’ u

3alMIIeM YPAaBHCHUC U1 Y, YUUTHIBAsA BBCACHHEIC
3aMCHBI.

t) = Xo_XKp a t 1, . t
y( )—T[Ecos@)- )—Eqbsm(qb- )j+...

. a(x, + xxp)
2b

Tak xak Bcerza y > 0, 3anuiueM U pemum
HEPaBEHCTBO OTHOCUTENBHO ()

% "X (8 0(6-1) - L psin(s-
T[bcos(qb t) b¢5m(¢ t)j+....

+a(X0+XKp)2

0.
2b
HepeHeceM BTOpPOC cCjrara€Mo€ BIIPpaBO U
2b
YMHOXUM o0e yacth Ha Tak xak
Xy —X
0 Kp

X0

MCHBIIIC O, CJICAOBATCIIbHO, U3MCHHMM 3HAK HEpa-
BCHCTBA Ha HpOTPIBOHOJ'IO)KHBIﬁ:

_XKp <0, ab >0 1o BCE BBIpaXKCHUE

acos(¢-t)—gsin(g-t) < aM :

(20)

Kp 0
BriHeceM B JIeBOM yacTh HCPABCHCTBA (20)

3 CKOOKH MHOXKHTEINb +/a” + ¢

ﬂa.2+¢2 —,aza+7¢2005(¢t)—ﬁ5|n(¢t) <..
Xo T %
.<a—Lt—. (21)
chp_XO
Tak kak

a ¢
Ja2 +¢? ' Jal +¢?
a

=1, ToO MOXHO CKa-

3aTh, 4TO > > SABJIACTCA KOCMHYCOM HCKOTO-
a +¢
poro yriia 9, a % CHUHYCOM TOr'0 K€ YyrIja,
Jai+¢
OTKyJa:

Ja® +¢° (cosOcos(¢-t) —sin@sin(g-t)) <....
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ale %
XKp =X,
Bripaxkenue
COSQCOS(¢ . t) —sin@sin (¢ ‘t) apisiercst  opmy-
JIOM KOCHHYCa CYMMBI, CJI€IOBATEILHO, €ro MOXKHO
CBEpHYTH B COS(Q +¢- t) . 3Ha4eHus, KOTOpbIE

MPUHUMAET KOCUHYC, JISKAT B HHTepBaie oT —1 110
1, mockonbKy BbIpakeHue (22) BEpHO MpPU JIFOOBIX

t, To B cityuae COS(Q +¢- t) =1, MOXXeM 3anucaTh:

(22)

aKomypusma
X, + 2a,/X X
Jal +¢? Sa“p—xo, otkyma ¢<—2  pmm
p XO Xxp - XO
2a X
Jon—a? < %o
X — %o
2a,/X X
Mpuanmasybn —a? =— 2 \oxkHO
Xxp - XO

3arucaTbh OKOHYATCIBHOC PCIICHUC C UCIIOJIb30Ba-
HUEM TOJIBKO U3BECTHBIX BCIINYMH.

X, — 2a,/X X, X, + X,
x(t)=— %o cos Pt |+
2 X = Xo 2
X~ X | @ 2a,/ XX 2a,/X, X, 2a,/X, % (23)
y(t)=——7—%| —cos -
2 b X — %o b(X,, — %)) X — %o
LA X,)
2b
Crnenyromumii mar OyJeT 3aKIo4yaThCsl B nx>
TOM, 4YTOObl HaiiTh ypaBHeHHe ()a30BOH KpUBOH.  — 5 +ncx-C =0, a SHA9AT
3amumeM emé pa3 HCXOTHYIO CHCTEMY YpaBHECHHI.
N 2
=-ax+hy -nc+,/(nc)” -2nC
_ (24) -
y" =nky +nc — nx X2 h :
Paznenum neps aBHCHHE Ha BT u
e CPBOE ypaBHCHHUC opoe Tak kak Yy nomkeH OBITH OOJbIIE WU pa-
crnenaeM 3ameHy NK = a, Toraa momy4aum
BEeH HYJIO, TO IMCKPHMHHAHT JOJDKEH OBITh

(ay +nc—nx)dx+(ax—by)dy =0 (25)
[Tycts P = ay + nc —nx u Q = ax — by. Tak

kak P’y = Q°, TO mMoNyYnM ypaBHEHHE B MONHBIX

nuddepennuanax. PemmB ero CTaHIapTHBHIM Me-

TOAOM, IMOJIYYUM
2 2

—ni+ ayx + nex —b% =C. (26)

BI:IpaBI/IM HCU3BCCTHBLIC BCIWYMHBI 4YCpPEC3

2a./X X,
n3BecTHBIE. Tak Kak \/bn—a2 S—p, TO

X — %o
2 2
+
n<d | Xot% |
b\ Xe =%
+
BcnoMuHas, 4to be = %+ Xy unk =
b —ak
X, +
a, TOoIy4yuM nbe > = 0 A . [puanmas
bn-a 2
2
4a’x_x 2 +
bn_azsﬁoz :a_ M ,HOHY'
(pr —X,) b X = Xo
2X
yuM C=—-—— Tenepp Haiigem C, Jig 3TOro B
X T %

dopmynne (26) mnpupaBHSEM Y HyIIO, OTKyzAa

MCHBIIC UJIU PABCH HYJIIO, HHAYC MBI IIOJYYHM [IBa
KOpH:, H, CICOOBATCIBHO, Y CMOXET IIPUHUMATH
OTpULATCIBHBIC 3HAUCHHUA, UYTO MNPOTUBOPCUHUT
YCJIOBHAM 3a/1avu. Taxum o6pa30M, 3alluIcM HE-

PaBEHCTBO
2 nc?
(nc) -2nC <0, orkyna C 27.

2
HYCTB C 2%, TOrJja TIIOACTaBUB N U C,
ZaZXKPZXOZ
b(XKp - XO)2 .

TenepL MOXHO 3alnucatb OKOHYATCIBHOC

nonyyum C =

ypaBHeHHE (a30BOH KPUBOI:

2a’x_ X, (X +X
X2 +ayx + —= (%o . 0)x—...
b(X, = %o)

- Ak, R0 (27)

[Tonydyennoe pemieHue SBISICTCS ypaBHE-
HHUEM KpUBOM BTOpoOro nopsaka. HecinoxHo ompe-
JIeUTh, KaKyl0 UMEHHO KpPUBYIO ONHUCBHIBAET JaH-
HOe ypaBHeHHUe. [IJis 3TOro onpenenuM 3HaKu WH-
BapuaHToB A, D, | .
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Tak xak D >0, a |A<0, To Hama kpuBas

c_hc
Ecmu C = » TO umeer Bu dutmnca [3] .
Hcxomst M3 TMONYyYEHHBIX JAHHBIX, MOXHO
_ha nc OTPE/ICTUTh KOJIMYECTBO TYPOB MPOBEACHHBIX 32
2 2 ) OTPE/ICTICHHBI WHTEPBAN BPEMEHH, U CICAOBa-
A= a b 0 :_bn c TENBHO NPHUOBLIL OT HHMX. TaK Kak Halla MOJEb
2 2 8 . (28) MMeeT IUKIUYCCKUI BUJI, TO LIEIeco00pa3Ho B Ka-
nc 0 -C ’ 4YecTBE WHTEpBasia B3STh BpeMs, 32 KOTOPOE CH-
2 cTemMa MPOMIET BECh UK U BEPHETCS ¢ HAaYaIbHOE
n’c’b a’nc® a’nc? (X, —X,)
ot = >0 COCTOSIHME, TO €CTh | = ——2———,
8 8 8 1 a.[x X
n a ?
-— = 2 Takum 00pa3oM, KOJTHYECTBO TYPOB, KOTO-
2 2 bh a S
D= a b =—-—>0; (29) poe OymeT MPOBEICHO 3a BBHIOPAaHHBIA IEPHO,
> 3 4 4 MOXHO PACCUUTATH MO MPHOIMKEHHON hopmMyJie:
n b
l=——-—<0; (30)
2 4
70 —0) | A(X) —X,) cos 28,/X, X, N 7 (g %)
a, XX 2 i
pXo 2b Xxp - XO (XO - Xl(p) . 2a XKpXO %o
Z =~ j dt =— sin -1 +
0 a XKpXO - 2a‘ XKpXO a‘(XO + Xxp) 4b Xl(pXO XKP - XO
b X — %o 2b
7 (X —Xo) Kp_xo)
K I e 2 2
.\ Xo = X cos 2a/X, X, aXgX . a(x, + xxp) . a i ~ a(x, + pr) 7r(x,(p - XO) B ”(XKP —X,")
2b X — %o ) 2b 2b A\ XX 2b, /%, %
Temepb pacCMOTPUM  aJbTEPHATHBHYIO  pPOE YPOBEHb 3arpsA3HEHHS CHH3UTHCS OT KpUTHYE-

MOJIeTb TOH ke cucTeMbl. [Ipenmonoxkum, 4To Mel
3a(puKCUPOBATIN ONMpeNeIeHHOE KOMUYECTBO TYPOB
MPOBOAMMBIX 3a €AWHUIY BpeMeHHu. [pyrumu cio-
Bamu y=const. Toraa noBeaeHNe CHCTEMBI MOKHO
omnucaTh ciefyomuM odpasom. B nauane mbr Oy-
€M HMMETh SKCIOHEHIMAJbHBIA POCT YPOBHS 3a-
TPS3HEHHA, O TeX IOp MOKa OH HE JTOCTUTHET
KPUTHYECKOT0 YPOBHS, IIOCIIE Yero MbI MpeKpalna-
€M TYPUCTUYECKYIO ACATENBHOCTh M JKIEM, IOKa
YPOBEHb 3arpsA3HEHHS JOCTHTHET CBOETO Hauaib-
HOr'O 3HA4YeHWUs. YMEHBIICHHE TaKkKe OymeT dKc-
MOHEHNIHAaIbHBIM. Tak Kak 3Ha4eHHE Y MBI MOXKEM
BBIOpaTh MPOM3BOIBHO, TO MOAOEpEM €ro MCXOA
U3 CIEAYIOMUX cOo0pakeHni. Y HAC ecTh ABE MO-
JIeNi, CJeN0BaTeIbHO, HEOOXOAUMO MPOU3BECTH
WX CpaBHEHHE MO KaKoMy-1100 npu3HaKy. B kaue-
CTBE IPHU3HAKa BO3bMEM NPUOBLIE, MOTYyYEHHYIO 3a
BpeMs, HEOOXOIUMOE JUIS TPOXOXKACHHS IepBOH
CHCTEMOH MONHOro nukia. Jns sToro onpenenum
KOJIMYECTBO TYPOB, MPOBEACHHBIX 3a 3TOT IMEPHUOI.
[lepeiinem k MOCTPOEHNIO BTOPOH MOJIENH.

[lepBBIii mar OyAeT 3aKIOYaThCsl B TOM,
9TOOBI PacCUUTATh BpEMs OTCYTCTBHUS TYpUCTHYE-
CKOHl nearenbHOCTH. To ecTh, TO Bpems, 3a KOTO-

CKOT'0 JI0 HAYaIbHOr0 (MHHUMAJIBHOT0) YPOBHS.

Nmeem
X'=-ax, (32)
OTKyIa
x=C.e™® (33)

Teneps nHaiinem C mpu t=0, X = X, Oue-
BUIHO, 4T0 C = X, TOrIa X=X, e, Tenepnb

MOYKHO HaWTH BpeMsl OTCYTCTBHUs Typusma. Ecin

X
In=2

_ Xq
X, =X, € * rot=— Y O603Ha4YMUM €ro tyr.

Bropoii mar 3akiroyaercs B HAXOKICHUH
TaKOro 3HAa4YeHUs Y, KOTOpoe OyAeT yIOBICTBOPSThH
HAIlUM YCIIOBUSIM TIOCTPOCHUS aJbTEPHATUBHOM
mozenu. He 3a0biBast 0 ToM, 4TO Y=CONSt, pemmm
ypaBHEHHE!
X'=—ax + by (34)
[IpencraBuM X Kak MpPOU3BEACHHE IBYX
¢$byHKUMH U H V, Torna
uv+u(v+av)—-by=0 (35)
[Tonbepem ¢yHKIMIO V Tak, YTOOBI BBIpaA-
eHue V' +av 66u10 paBHo 0, oTkyna V=6,
HUwmeem nuddepenunansHoe ypaBHEHHE C
pa3nesSIOUMMUCS IEPEMEHHBIMU:
u-e ™ =hy

pelIeHue, KOToporo OyAeT UMETh BUJT

(36)

98 HUUTTC



YnpaeaeHnue pasHogecuem skos102uyeckoll cpedvl pe2uoHa 8 npoyecce pa3gumus

IKomypusma

b
x=2 ic.e® (37)
a
B HayanbHBIE MOMEHT BpPEMEHHM YPOBEHb
3arpsi3HECHHUS paBeH Xo, CJIEOBATENBHO,
b b
X, =—y+C , a 3HaunT, C =X, ——y.
a a
Takum 006pazom,
_a by _
x=x0.eat+€(1—eat) (38)

N3 ypaBHeHU# nepBOi MOJIETU MBI 3HAEM,
YTO BpeMsl, HEOOXOIMMOE JUIS MPOXOXKIACHUS CH-

ﬂ-(xxp - XO)

a, /prX0
Bpewmsi, xotopoe TpeOyercst [jisi TOro, 4Todbl ypo-

BEHb 3arpsi3HECHUS MOAHSIICS C HAYaIbHOI'O YPOBHS
10 KPUTHUECKOT0 0003HAUMM t,.

CTEMOH IIOJIHOI'O OUKJIIa pPaBHO tu =

Nmeem
X
T — X X
t, =t —t,. = (X °)+ 2 (39)
Ay X %o a

Tenepb MBI MOXKEM HalTH 3Ha4yeHUE Y U
3amMcaTbh OKOHYATEIbHOE pelIeHHe, HCXOIs U3
3aJJaHHBIX YCJIOBUH.

[Tockomnbky,

X, =% &+ b—;’(l— e ™ (40)
TO
—at
a(x, —x,-e"
y=(p - ) (41)
b(l— e )
a 3HauuT coriacHo opmyse (38)
—at
X, —X € "
X=X, e "+ L2 —(1-e)  (42)

1-e™
ITocie MOACTaHOBKE @ U t, TTOTy4InM

X —
1 { P +In—x0
_ X X X
X= IEPE w0 e
1-e o S XKp % © t "
Hx-x,)e
(43)

npru NOCTOAHHOM 3HAYCHUH KOJINWYCCTBA TYPOB,
MPOBOAMMBIX 3a CAWMHHUIY BpCMCHH, PaBHOM

[M.&J
Xp X0 Xep
al X, — X%,

(44)

Tenepp MBI MOXEM OIPENEINUTh, KaKoe
KOJIMYECTBO TYPOB MOXET OBITH NPOBEICHO, HC-
TOJIB3Ysl IAHHYIO0 Mozienb: Z, =Y -t , To ecTh

[n(xkp—xo)m%

al X, =% "€ NEWEOR |nﬁ
7, ~ X =X) Xy
_[n(xkp—xo)ﬂn&J X, % a
bj1-e ! V¥® %
_[ﬂ(xkp-xo)ﬂnﬁJ
Xy —Xp-e | VT
= E(X"*’_XO)Hni
-[”(X:“ Xon.nxﬁj Vako X
b{1—e ! V&° %
(45)

CpaBHuM Hamm Mofenu. Jns storo coena-
€M CJIeAYIOIINE [Iary:

1. Iloctpoum rpaduk QyHKIHMH, TOKA3BIBAIO-
LMK 3aBUCHUMOCTB Y OT X, IJIsl TIEPBOI MOJIEIH.

2. Tloctponm mnsi obenx Mmopeneid rpaduku
(YHKUMY, TOKA3bIBAIOIINX M3MEHEHUSI YpPOBHS
3arpsi3HEHHs OT BPEMEHHU.

3. Haiizem xonmuyecTBO TypoOB, MPOBEIEHHBIX
3a OIHO M TO Xe Bpems. B kauecTBe mHTepBajia
BO3BMEM BpEMS MPOXOXKICHUS MEPBOH MOJENBIO
MOJTHOTO [UKJIA.

Ha nepBom miare 3amaaum 3Ha4eHus HE0O-
XOIMMBIM HaM IapamMeTpam:

Xo = 1%, X4 = 14%, a= 0,1

0 1‘Vy
' TYpHI

3anuiieM MapaMeTpUYecKUe YpaBHEHUSA
MepBOM MOJIENH:

x(t)=-6,5c0s(0,057-t)+7,5

_ ¢ o[ c0s(0,057 t)—... ,(46)
y(t)= 6’5[...—0,575in80,057-t)j+7'5

rpaguueckoe n300pakeHne, KOTOpoi IpencTaBie-
HO Ha puc.2

Tenepr nepeiiaeM ko BTopoMmy miary. [[ng
MepBOM MOJIENH:

X(t) = —6,5005(0,057 -t) +7,5, mia BTO-

poit mogenu X =14-13-e°"" — npu Hamuuuu TY-

pI/ICTPI‘leCKOfI JACATCIBHOCTHU u

X = 14 . e—O,l-t+8,27

, b=
MecsIIl

— IpU €€ OTCYTCTBUHU.

U3 puc.3 BUAHO, YTO B cirydae BTOPOH MO-
nenu (CIUTONIHAsI JIMHHS) YPOBEHb 3arps3HCHHUS
JOJIT0€ BpeMsi HaXOIUTCsl OJIM3KO K KpUTHYECKOMY
3HAa4YCHUI0. DTO SBHO 0OJiee HEraTMBHO BIIHSET Ha
OKpYKaIOIIyIO Cpeay, YeM, eCi Obl MBI HCIIONB30-
BaJIU MIEPBYIO MOJIENb (ITYHKTUPHAS JIMHUS).
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Pucynok 2. 3aBHCHMOCTB KOINY€ECTBA IKOIOrHYe-
CKHX TYPOB OT YPOBHSI 3arPsiI3HCHUS OKPYKAIOIICH
cpeabl
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Pucynok 3. 3aBHCHMOCTB YPOBHS 3arpsi3HeHUS
OKpY:Kalollei cpeibl 0T BpeMeHHU

Hakonen, mnepeiinemM k TperbeMy miary.
Bpewms, 3a koTopoe mepBas MoAenb MPOWIET BeCh
ki pasHo t, = 109,2 mecsana. KonmnuectBo TypoB
MPOBENIEHHBIX 32 3TO BpeMs, paBHO: Z;=819 Typos
I IepBoil Monenu u Z,=1220 TypoB A BTOPOit
mozenu (cmotpu Gopmyssl 31, 45).

Takum 00pa3oM, MOKHO CKa3aTh, YTO HC-
MOJIH30BAHUE BTOPOM MOAEIH JACT OOJBIIYIO TpH-

OBLIIb.
B naHHOM HCClIEIOBAaHUM MBI COCTaBUJIA

JABC PAa3INYHbIC MCIKIAY coboit MOICINU 3KOJOIrnuyc-
CKOro Typusma. ]_ICJ'II: X CO3JaHHA 3aKJIro4ajlaCb B
TOM, YTOOBI MOKa3aTb, KaK H3MCHACTCA YPOBCHb
3arps3HCHUA Oprmanumﬁ Cpcabl B 3aBUCUMOCTHU

oT BI:I6paHH01"0 HaMu croco0a opraHmusaliu Ty-
pu3mMma, a TaKKe, KaKyro HpI/I6I>IJ'H> MOXCET IPUHECTU
IMPUMCHCHUC Ka)K,Z[OfI n3 HHUX.

Hcnone3oBaHue mepBoil U3 paccMaTpHUBa-
eMBbIX MOJeNeli NPUHOCHUT MEHBUIYIO NPHOBLIb,
OJHAKO B 3TOM cJy4ae HAHOCHTCS MECHBIIMHU Bpex
okpyxatoiel cpene. [Ipumenenue BTopol Moaenu
MO3BOJIUT MONYYUTH OOJIbIIE MPUObUIH, HO U BPEX
oT Takoro BblOOpa Oyner Oombiie. Takol BBIBOA
MOXHO CAENaTh Ha OCHOBAaHMM paHee IOCTPOEH-
Horo rpaduxka.

B xu3HM, Kak MpaBuiIoO, BHIOOp Majaer Ha
MOJIeTIb, KOTOpasi MPUHOCUT OOJNBIIYI0 MPHOBLIE.
OpHako, Ha HaIl B3MJIsAZ, MCIONB30BaHUE IEPBOU
MOJIETH LieriecooOpa3Hee M0 HECKOJIBKUM MPHYH-
HaM:

- BO-TIEPBBIX, Bpel HAaHOCHMBIH OKpYXaro-
el cpeie MEHbIIIE;

- BO-BTOpPBIX, POCT YPOBHS 3arps3HEHHS
MPOUCXOAUT OoJee MIaBHO, YTO MO3BOJISIET COXpa-
HATH CIIOCOOHOCTH OKpY’Karollel cpelsl K caMmo-
BOCCTaHOBIICHHIO Ja)X€ 4Yepe3 OYeHb IJIHUTEIbHOE
BpeM,

- B-TPETbUX, TaK KaKk OKpYXKamllas cpeaa
HaxXOmUThbCs B Oojiee XOpOIIEM COCTOSHUH, TO
MOXHO YCTaHaBJIMBaTh OoJiee BBICOKHE LIEHBI Ha
TYpPBI, 4TO B CBOIO OY€peIb MO3BOJIUT MPUOIU3UTD-
sl K TOKa3aTelsiM MPUOBUIN BTOPOU MOZEIH;

Ecnn  ydecTs Bce BBbIIECKa3aHHOE, TO
MOXHO C/ENaTh BBIBOA. MPHU MPUMEPHO OJHHAKO-
BBIX IOKA3aTeIsX JOXOAHOCTU CIEoyeT BBIOMpATh
Ty MOZENb, KOTOpas HAHOCHT MEHbIIEH Bpex
OKpYXKalolllel cpefie, TO ECTh MEPBYIO.
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