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ON THE EXISTENCE OF TWO CLASSES OF CIRCULAR ORBITS
OF THE TEST BODY IN HILL VARIABLES

Abstract. The work [1, p. 119] of B.M. Schigolev investigated the second plane problem of Hill. For it, Hill

proposed a scheme of the power function
U=E+lvr2, rP=x?+y*, v>0, u=f(my+m),
r

where m — central body mass, m — test body mass, f— the gravitational constant.

The structure of the force function is motivated by the fact that the motion of the pericenter (and the node in the
spatial problem) is taken into account in the plane problem.

B. M. Schigolev avoiding the well known idea of circular orbits in the Hill second task, using his original me-
thod, has found [1, p. 98] following existence and evolution of circular orbits of the test body:

1. When a < 0,10546875 there are two circular orbits.

2. These orbits are merged into one at o = 0,10546875 .
3. They disappear when o > 0,10546875 .

In this paper we prove the validity of these conclusions and in the case of the Hill plane problem. The existence
of two classes of circular orbits in Hill variables is determined. The boundaries of these classes have been found as in
Hill variables so in present variables. It was found laws valid both in flat and in case of a small inclination of the
orbit to the main plane.

Key words: test body, of circular orbits, the Hill variables, class of orbits, Hill gravitational field, Earth satellite.

The differential equations of the orbital motion of the test body in the Hill variables have the form

[1, p. 93]:
ﬁ+(l+ijw 1 —
v W (1+52)3/2 0
2
d—;+(1+£4js =0,
dv w

where the variables w, s and Hill constants o, B — dimensionless, 3 — the true length of the test body. They
are defined by formulas

w=———, s=tgg, O=—p, P=— @)
1)

where C — area integral constant, p2 =x+ y2 — the projection of the radius-vector of the test body onto

the Oxy plane, s — latitude tangent, ¢ — latitude of the test body, v and v’ — Parameters chosen so that there
will be actual observed motions of the pericenter and the node of the orbit.
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True longitude and time are related to each other by the differential equation

s C
=-= 3)
dt p
Expanding 3373 in a binomial series in powers of s, we can see that (1) describes the motion
(1+s57)

of the test body quite adequate at 0 <@ < 10°.
The first-approximation equations at s # 0, s ~ 0 have the form:

d’w

7+(1+i4jw—1 =0,
L w
h 4)
—“; + [1 + %) s=0.
dv w
The first equation from (4) at w = R = const transforms into the equation of circular orbits
wh—w?+a=0, (5)
2w
because > = 0 and w=0.
dv
The same equation from (4) allows a decrease in the order [1, c. 99]:
d
d9 = kil , 6)
\/OL+HW2 +2w —wt
2hC?
where H = — h — energy integral constant.
u
In the case of the circular motion type o > 0, H <0, e =0, therefore (6) will have the form [2, p. 79]:
d9 = v , ™

\/oc—sz o —wt

e — eccentricity of the orbit.
Polynominal

P(w)=—w*+2uw° — Hw? + o
has three positive roots o, o, o3 and one negative root o4 and let it be
o> 0> O3>0y,
The actual motions correspond to positive values of the polynomial, P(w), which are realized on two
intervals [2, p. 79]:
A) oy <w<az; B) o, <w<a;.
Let us consider the second interval o, <w<a;. After the transition to the Legendre normal form,
we have [2, p. 82]:

d9=po—2 <y <® ®)
1—k?sin? y 2
where
—_— 1 2
w2931 T30 SN Y , )

a3y — 0y sin’ y

2
pr=dwsar oS gck<l, ay=o-a; (ki=1234).

b b
031042 V03104

—— |4 ——
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The first circular orbit is apparently realized when y =0, here from (8) and (9) we have
Rl =w =0,. (10)

The second circular orbit is apparently realized when y = g , here from (8) and (9) we have

R2 =Wy = (1,1 .
Except that R, > R; . On the Oxy plane they are arranged concentrically.

On the interval a4 <w <3 similarly we have two more circular orbits
T
R3 =Wz =0y at \|f:0 and R4 =Wy =03 at WZE
By combining the center of the circles with the center mass of the central body, we have 4 circular

concentric orbits (Figure 1). Radii of circular orbits as rising y from 0 to g, increase from R; to R4 and

from R; to R,. There is no actual motion between the roots (o, o), as there is the polinomial P(w)<0. It

should be noted that the actual motions of the test body exist on the intervals (o, o) and (o, o), as they
have P(w)>0.

o3 d

R;

\ 4
r

R,

\ 4

R,

\ 4

\ 4

Figure 1 — The boundaries of circular orbits in Hill variables

Evolution of circular orbits on the segment [a,, o.;] can be traced by the equation [2, p. 82]

w= (WOO + W02k2) + (W12k2 + W14k4)COS 2\'/ + W24k4 COS4\|/ 5 (1 1)
where
0y 03n 3 (X42|_2(X32 (o ypYed (0 OL2 1
— — _ 42432 _ 3242
Woo = @2, Wpo = += s W =—"F% — 457" 5 > Wau="-Wy-
31 8 o 20143 2013 4

It follows from (11) that, as y increases from 0 to g the radii of circular orbits grow continuously

from R; to R,. Between them there is a whole class of circular orbits. Let us call them the I-class of
circular orbits. Evolution of circular orbits on the segment [o, 03] can be traced by the equation [2, p. 80]:

w= (WOO +W02k2)+(W12k2 +W14k4)0052\|f+ W24k4 COS4\|/ 5 (12)
where
alo 1 2 1 2
_ _ 31042 _ _ 2 Oy _ 2 Oy
Woo =03, W2 ———2 > Wip =Wpo, Wiy ——5%1(—} > Wog ——§a31(— .
Olg10g Olyg10 Olg10pg
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The (12) series stops at k* with an error in order O(k5 ). With growth of y from 0 to g the radii of

circular orbits grow continuously from Rj to Ry. Here there is a class of circular orbits. We call them the
II-class of circular orbits.
Taking into account that w is given by formulas on intervals [2, p. 80-82]

.2
_ %203 — 030, SN Y

o, Sw<oy, w . 0<y<T, (13)
Ol3; =0l Sin~ y 2
)
Ol 0z + OLOL 45 SIN
oy Sw<oy, w=—2L 18 Y. oos<y<Z, (14)
O3] +0y38in” y 2
let us check the boundaries of the circular orbits of the I and II classes.
We consider the boundaries of circular orbits of the I class:
at y =0 from (13) we have
o,
R1=W1=A=(X,2, (15)
A3
at =§ we have
o, (o —o)—oxz (o —o o (-0, +a
Ry =y - 0201 =02) =030 ~0) _oy(0 +ory) "
(o —o3) = (o —ay) (—o3 +ay)
The lower boundary a.,, the upper o, as o} > o, .
We consider the boundaries of circular orbits of the II class:
from (14) withy =0 we get
Ol 0l
R3=W3=&=OL4, (17)
31
at v =g we have
— J’_ — —
R4:W4:(14(0t1 o3)+oy(os —ay) _ ooy 0‘4):0(3‘ (18)

O — 03 +03 =0y o —Oly
The lower boundary o4, the upper o, as| oty [< 0L3.

According to (16) the I class of circular orbits originates from o, and ends with the value a,,

merging into one orbit of the radius R, = ;.

According to (17) and (18) The II class of circular orbits starts from the orbit of the radius R; = a4
merging into one orbit of the radius R4 = ai;.

Thus, we consider the availability of 2 classes of circular orbits that are not related to each other as
authentic.

As in the case of the I class, so in the case of the II class, the radii of circular orbits continuously

grow and merge into one orbit, the radius of which is the largest in each of the classes.
2 2

1
From circular orbits in Hill variables w=—-— we proceed to actual circular orbits p =——,
H P Hw
then the boundaries of the orbits of the I class have the form:
1 1

p2 T, a1>a2, pl>p29

—, pl —
H oo H &
with p; — the upper boundary, p, — the lower boundary of this class of circular orbits (figure 2).

— 16 ——
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The II class

The I class

Figure 2 — The boundaries of actual circular orbits

The I class of actual circular orbits begins with p, and merge into one orbit of the radius p;.
For actual circular orbits of the II class we have:
C’ 1 Cc? 1
Py=———, Py=——, o3>ayl, p3>py,
Ko M0y
p3; — the upper boundary, a p4 — the lower boundary of this class.
Thus, The II class of actual circular orbits begins with p, , merge into one orbit of the radius ps.

As v rises up to g the radii of the orbits of the I class grow continuously from p; to p;, similarly, the
radii of the orbits of the II class increase from py4 to p;.
REFERENCES

[1] Schigolev B.M. O promejutochnojy orbite Hilla v Zadache treh tel // Trudy GAISH. M.: MGU im. M. V. Lomonosova,
1960. Vol. 20. P. 91-119 (in Russ).

[2] Shinibaev M.D. Postupatelnye dvigenij passivno gravitiruyoushego tela v centralnom i necentralnom pole taygotenia.
Almaty: RIO VAK RK, 2001. 128 p. (in Russ).




Becmuux Hayuonanvrot akademuu nayk Pecnybnuku Kazaxcman

M. 1. IlIunuéaes’, A. A. Bexos', b. H. Paxum:xkanos', C. b. Momunos',
A. K. Caabiex’, B. T. AnumkyJiosa’, K. A6apaxmanos’

'HaupoHansHbIi HEHTP KOCMUYECKUX UCCIEeOBAaHUM U TeXHONOoTrHi, Anmarsl, Kazaxcras,
2YHI/IBepCI/ITeT Coip-Hapus, dxetsicaii, Kasaxcran,
*FOxH0-KasaxcTaHCKuil rocy1apcTBEHHbIH earornyeckuii mucTuTyT, IlsvKenT, Kazaxcran

O CYHIECTBOBAHHMMU /IBYX KJIACCOB KPYI'OBbBIX OPBUT
INPOBHOTI'O TEJIA B IEPEMEHHbBIX XNJIJTA

Annotanus. B pabote [1, c.119] .M. Illurones uccrienoBai MIOCKyI0 BTOPYIO 3anady Xwuia. Jis nee Xun
MIPEATIOKII CXEMY CHIIOBOH (DyHKITHH:

U=Eidut, P ext eyt Vo0, = flmgm),
;

TZIe My — Macca MEHTPaIbHOTO TeTa, /1 — Macca MPOOHOTOo Tela, f — IIOCTOSHHAS TSATOTEHNUSI.

CrpyKTypa ciiioBoil (pyHKINH MOTHBHPYETCS TEM, YTO B INIOCKOW 3a/1a4€ YIUTHIBACTCS IBIDKCHNE TIEPUIICHTPA
(1 y371a B IpOCTPaHCTBEHHOI 3a/1aue).

b. M. lurones, MuHys 0OIIeN3BECTHBIE MPEICTABICHIS O KPYTOBBIX OpOUTaX BO BTOPOM 3amade Xwuiuia, Mc-
MOJIB3YSI CBOM OPUTHHANBHBINA c11oco0, Haten [1, c. 98] cinenxyromue 3aKOHOMEPHOCTH CYIIIECTBOBAHMS U 3BOJIIOLIUU
KPYTOBBIX OPOUT MPOOHOTO Tena:

1.TIpu o < 0,10546875 CymIECTBYIOT JIB€ KPYTOBBIE OPOUTHI.

2. D1u opOUTHI cUBarOTCs B onHy ipu o = 0,10546875 .

3. OHu ucuesarot npu o > 0,10546875

B nmanHo#i cTaThe MoKa3aHa CIpaBeTMBOCTh 3TUX BBIBOJIOB U B CIIydae BO3MYIIEHHOHN INIOCKOW 3a1a4n XHiuia.
YCcTaHOBIEHO CyIIECTBOBAHHUE ABYX KJIACCOB KPYTOBBIX OPOUT B IepeMEHHBIX Xwnta. HalineHsl rpaHuIB! 3THX KItac-
COB, KaK B TIEPEMEHHBIX XWIITA, TaK U B ICHCTBUTEIBHBIX IepeMEHHbIX. HaliIleHHbBIE 3aKOHOMEPHOCTH CTIPaBEITUBHI
Kak B IIJIOCKOH 3aJade, TaK U B CIlydae MaJloro HaKJIOHAa OPOUTHI K OCHOBHOM TIOCKOCTH.

KunroueBble ciioBa: mpoOHOE TeNo, KPYroBble OpOWTHI, MepeMeHHbIe XWilla, Kiacc OpOHT, MOie TATOTEHUS
Xwuina, CIyTHUK 3eMITH.

Hduddepennmanbaple ypaBHEHNUsT OpOUTAIBHOTO JBUKEHUS MPOOHOTO Tela B MEPEMEHHBIX XMilia
umeroT By [ 1, c. 93]:

@4_ 1+i w 1 _
dv? w? (1+52)32 |
p ; (1)

—+|1+—|5=0,
dv? w?
r7ie TIePEMEHHBIC W, S U MOCTOSHHbIE XWUIa o, [} — BEeNWYUHBI Oe3pa3sMepHbie, 3 — UCTHHHAS JOJTOTa
npo6Horo Tena. OHM onpeaeIeHbl GopMyTaMu
c? 1 vC® (v—v)C®
W=——-r—, s=tgop, A= 4 ° B: 4 P (2)
H P [ n
2

rae C — MOCTOSHHAS HHTErpaa Miomaneil, p> = x° + y~ — IPOEKIHs Paauyca-BeKTOpa MPOBHOro Tera

Ha m0ckocTs OXy, S — TAaHTeHC MUPOTHI, (¢ — IMUPOTa IPOOHOTO TeNa, V U V' — mapaMeTpsl, ToAOHUpaeMble
TakK, YTOObI OJIyYaJIUCh JCHCTBUTENbHBIE HAOIIOJaeMble ABHKEHUS IIEPULIEHTPA U y3J1a OPOUTHL.
UcTtunHas noarora v BpeMs CBsI3aHbI MEXIy co00H nuddepeHurnanbHbIM ypaBHEHHEM

sy C
—==. 3)
dt p
1
Paznoxus ——35 B OMHOMMANLHEIN PSI 1O CTEIECHSIM S, MOKHO yOemuThcss B TOM, uro (1)
(I+s7)

OINMCHIBAaeT JBM)KEHHE MPOOHOTO0 Teja BIOJIHE aieKBaTHO Mpu 0 < ¢ < 10°.

— 18 ——
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2
VYpaBHenus nepBoro npubmkenus npu s # 0, s° =~ 0 UMEroT BUA:

d2
d—vzv+(1+i4jw—1=o,
L w
h 4)
—“; + [l + %] s=0.
dov w
IlepBoe ypaBHeHue u3 (4) npu w = R = const TpaHchOpMUPYETCS B ypaBHEHHE KPYTOBBIX OpOUT
w-wP+a=0, (5)
2
TaK KaK ;VZOI/IWJEO.
dvo
3OT0 Xe ypaBHEeHHE U3 (4) JomycKaeT MOHWKeHue nopsaka [1, c. 99]:
d
\/oc+Hw2 +2w® —w?
2hC?
rae H = 5> h — MOCTOAHHAs HHTErpaja SHEPIHH.
i
B cimydae kpyrosoro tuna asuxeHus o >0, H <0, e =0, no3tomy (6) Oyaer umets Buf [2, ¢. 79]:
d
d9 = - : ()

\/OL—HW2 o -t
€ — DKCIICHTPUCUTET OPOUTEI.
TTonuuom

P(w) = —w* 120w —Hw? + o
HMEET TPH MOJIOKUTENIBHBIX KOPHS O, Oy, O3 U OWH OTPULATEIbHBINA KOPEHb Oy U ITyCTh
o> 0™ Ol3~>0l4.

JIeiCTBUTEIbHBIM JBHKCHHSM COOTBETCTBYIOT TIOJOKHTENbHBIE 3HAa4YeHWs mojmHoMa P(w),

KOTOPBIE peaTu3yIoTCs Ha ABYX HHTEpBaiax [2, c. 79]:
A) oy <w<oy; B) o, <w<a;.

Paccmotpum BTOpOil MHTEpBan O, <w<a,;. Ilocne mepexoga k HopmanbHOU (opme Jlexanapa

umeeM [2, c. 82]:

d
d9=pyg——t— 0<y<T, ®)
\1-k? sin? U 2
rue
.2
0L,0l3) —Ol30lyg SIN
we= 22931 32.12 \I/’ )
Q3p — 0Oy S Y
2 .
pr=2m%2 o 2 gck<l, ay =0y -0, (ki=1234).
*31042 V31042
[epBas kpyrosast opobuta BugumMo peanusyercs mpu y =0, 3xeck u3 (8) u (9) umeem
Rl =W =0,. (10)

Bropas kpyrosast opOuTa, BUIUMO, PEaIu3yeTcs IpU \y = g , 31ech u3 (8) u (9) umeem
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Rz =Wy =0.
npudeM R, > R; . Ha miockoctn OXy OHH pacHosiaratoTcst KOHIEHTPUUECKH.

Ha nnrepBane o4 < W< 03 BHAMMO, aHAJIOTHYHO UMEEM €EIIE JIBE KPYTOBBIE OPOHUTHI
;
Ry=wy=0,4 npu y=0 u Ry;=w, =03 npn \yzg.
CoBMmeInas MEHTP OKPYKHOCTEH C IIEHTPOM MaccC IEHTPAIBHOTO Tejla, MMeeM 4 KPYroBbIe KOHIICH-
Tpudeckue opouTsl (pucyHok 1). Paguycsl kpyroBeix opouT mo mepe pocta y ot 0 10 g, pacTyT oT R3 10

R, w or R, 10 R,. JIHCTBUTENBHBIX ABMKCHUA MEXTY KOPHAMH (O3, O;) HET, TaK KaK 3/eCh MOJIUHOM
P(w)<0. Crnemyer oTMETHTH, YTO JIEHCTBHTEIBHBIE JIBMKEHUS INPOOHOTO Tejla CYIIECTBYIOT Ha

uHTEpBanax (0, o) u (04, 03), Tak Kak B HUX P(w)>0.
y
A
*5]

o3 4

Oy

R;

g

R,

\ 4

R,

\ 4

\ 4

Pucynok 1 — I'paHUIIBI KPYyTOBBIX OPOHT B IIEPEMEHHBIX XUl

DOBOJIOLHIO KPYTOBBIX OPOUT Ha OTPE3KE [0L, O ] MOKHO MPOCIEIUTH 10 YpaBHEHHIO [2, ¢. 82]

w=(wo + woa k) + (wiak? + wigk*)cos 2y + woy k? cos 4y, (11)
rae
0Ly o 3 a0 Olgp 0L 0305
Woop =0y, Wy =21%32 2 00%3 - Galxn 32242’ Way = =y
a3 8 Oly3 2(143 20.43 4

N3 (11) taxxke caemyet, yTo mo Mepe pocta \y oT 0 1o g pamuychl KPyroBBIX OPOUT pacTyT HeIpe-

peIBHO 0T R 10 R,. Mexny HUMHM CymIecTBYeT LeJblil Kiacc KpyroBbix op6ur. HazoBem ux I-kmaccom

KPYTOBBIX OPOHT. DBOIIONHIO KPYTOBBIX OPOUT Ha OTpe3Ke [0y, O3] MOKHO TPOCICANTH 10 YPABHEHHUIO
[2, c. 80]:

w= (WOO + W02k2)+ (W12k2 + W14k4)COS ZW + W24k4 CcoS 4\V . (12)
riue
ol 1 2 1 2
Woo =03, Wp2 T s Wip =Wo, Wiy ——5%1 — | > W ——gom —
Olg10g Olg10 Olg10pg

Psix (12) o6psiBaercs Ha k* ¢ ommbKoit mopsiaka O(k>). C poctom y ot 0 10 % paanyChl KPyTrOBBIX

opbut pactyT HempepblBHO oT R; mo Rs. 3mech cymectByer kiacc KpyroBeix opOuT. HazoBem ux
[I-kmaccoM KpyroBEIX OpOHT.
YuutsiBas, 9TO W Ha HHTEpBajax 3amana Gopmynamu [2, c. 80-82]

— 20 ——
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.2
0LyOl3; —Ol30lyg SIN n
ay Sway, w=2ATBRIR Y gy T (13)
Q3p — 0y S Y 2
: 2
L4031 + Ol 0l y3 SIN T
g Swsoy, w=dTHTAABTR VY gy T (14)
Ol3; + 038Ny 2
MPOBEPUM I'PAHUIIBI KPYTOBbIX OpOUT I-ro 1 II-ro Ki1accos.
PaccMmoTpumM rpaHUITEI KpyTOBEIX opOUT I-ro Kitacca:
npu y =0 u3 (13) noayuum
Ar03;
A31
T
npu =3 uMeeM
_ ooy —oaz)—os(ag —ap) og(-oz+oy)
R2 =Wy = = =0. (16)
(o —a3)— (0 —ay) (a3 +ay)
Hwxnsas rpanuna oLy , BEPXHAL O, TAK KaK O > Oly .
Paccmotpum rpanutist op6ur Il-ro kmacca:
u3 (14) mpu v =0 nomyunm
04035
Ry=wy = %4931 _ g (17)
A31
T
pH = uMeeM
ooy —og)+a (o —o o (o —a
Ry=wy = alog —a)+oyos —ay) _ as(oy 4)2%‘ (18)

(11—(134'(13—(14 O —0Oly
HuokHsist rpaHnna Oly , BEPXHSIS 013, TaK KaK | Oy [< 03
B coorBerctBum ¢ (16) I-ii xiacc KpyroBelIx OpOMT OepeT Hadalno ¢ O, M 3aKaHYMBACTCAd Ha

3HAUYEHUH 01, CTUBAsICh B OAHY OpOHTY paguyca R, = a.

B cootBerctBuu ¢ (17) u (18) II-0it kimacc kpyroBeix OpOUT Hawao 6epetr ¢ OpOuTH paanyca R; = au
Y CIIMBAIOTCS B OJHY OpOuTY paamyca Ry = a.

TakuM 00pa3oM, cuUMTaeM JOCTOBEPHBIM HalMuue 2-X KJIacCOB KPYTOBBIX OPOHUT, KOTOpHIE He
CBSI3aHBI MEXKIY COOOM.

Kak B cmydae I-ro kmacca, Tak U B cimydae Il-ro kmacca pammychl KpyTOBBIX OpOWUT HENPEPHIBHO
pacTyT U CIMBAIOTCS B OIHY OPOUTY, paJiyc KOTOPOro HauOOJBIINN B KaX/I0M U3 KJIaCCOB.

c’ 1
OT prFOBLIX Op6I/IT B HepeMeHHLIX XI/IJ‘IJ‘Ia W=——— nepefmeM K ,HCP'ICTBHTCHLHLIM prFOBLIM
uop
Cc’ 1
Op6I/ITaM ,0 =——,Toraga FpaHI/II_IBI 0p61/IT I—FO KJlacCa UMCIKOT BHU:
H w

C’ 1 Cc’ 1
=T, AT, 0 >0, Pr>py,
H o o H o a,
MIPUYEM P — BEPXHSS TPAHUIIA, P, — HIKHSS TPAHUIIA 3TOTO KJIacca KPYroBbIX OpOUT (PUCYHOK 2).
I-#i KMacc neMCTBUTEIBHBIX KPYTOBBIX OPOUT HAUMHACTCS C P, U CJMBAIOTCS B OJIHY OPOUTY pajuyca pj.
st neficTBUTENBHBIX KPYToBbIX opouT II-ro kinacca numeem:
c* 1 C’
=, Py=—— o3>y, py>py,
H MOy

P3 — BEPXHS, a P4 — HUOKHSSI TPaHUIIA 3TOTO Kilacca.

P

P
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The II class

The I class

Pucynok 2 — I'paHHIIBI JEeHCTBUTENBHBIX KPYTOBBIX OpOUT

Taxum obpa3zom, II-oit kitacc MEeHCTBUTEIHHBIX KPYTOBBIX OPOUT HAYMHACTCS C P4 CIUBAIOTCS B OJHY
opouTy pamuyca ps.

T
ITo mepe pocta y oT 10 3 panuycel opouT I-ro Kilacca pacTyT HENMPEPBIBHO OT P A0 P1, AHATIOTHYHO

pamguychl opowurt II-ro Kimacca pacTyT OT P4 A0 Ps.
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XWJIJT AHUHBIMAJIBLIIAPBIHJIA CbIHAK JEHECIHIH EKT HIEHBEPJIIK OPBUTAJIAP
YUIPI BAP BOJIYBI

Annoranus. b.M. uroneB *a3bIKTHIKTaFel XWIABIH eKiHIIi eceOin 3eprrexi [1, 6.119]. byn ecenrre Xwmn

Kyl pyHKIUSACHI MbIHA TYpJe Oepi
U:E+%Vr2, 1”2 :x2 +y2, v>0 . },sz(mo +m),
-

MYH/Ia 71 — OPTAJIbIK JICHEHIH Maccachl, 1 — ChIHAK JIEHECIHIH Maccachl, f — TAPTHUIBIC TYPAKTHICHL.

Kym ¢yHKUMACHIHBIH KYpaMbl MEPULIEHTP KO3FAIBICHIH (XKOHE KeHICTIKTe TYHiH KO3FaJbICHIH) €CEIKe alaThH
©TiN aJIbIHFaH.

b.M. urones [1, 6.98] o3iHiH keke dAiCiH KOJAAHBII MEHOEPIIiK OpOHUTaIap Typaibl 6Te KYHABI MAJIMETTEp
angpl:

1. @ <0,10546875 Oonranaa exi menoepii opouranap o6ap.

2. Omnap xanrb13 opoura o = 0,10546875 Oonranja aitHamaabl.

3. o >0,10546875 OGonranga opOUTa KOHUBLIAIHL.

Maxkaraga Oy MOTIMETTep OPBIHAATATHIHIBIFEI JKOHE MIEHOEPIiK opOuTaiapablH Oip-OipiMeH OaiaHBICCHI3
eKi yiipi Oap exeHi adTeuIabl. On YHipIepaiH meKTepi TaObUIIBL.

Tyiiin ce3nep: cbiHak jaeHeci, meHOepik opouTa, XWil aifHBIMaNbLIapbl, opOuTa Yitipi, Xumn epici, Kepaix
JKacaH]bl Cepiri.
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