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Pemenust npuHUMaroTcs, 1o kpaneit mepe, 10 11.11.12

[IpsiMOyTroJIbHBIN MapajuieNenuIe]] CKISUIN U3 eIUHUYHBIX HEKPAIIeHbIX KY-
ouxoB. Ilocie 3Toro Tpu rpaHu napawienenurneaa MOKpacuid B KPaCHBIM IIBET.
OcTtanbHble TPU TPaHU MOKPACWIIM B CUHUH, JKEITHIA U 3€JIeHbIN 1[BeTa (110 OJHOM
B KaXK/IbI{ 1IBET).

Oxazanoch, 4TO HEKpaIIeHBIX KyOMKOB B JIBa pa3a OoJiblie, 4YeM KyOHKOB,
MMEIOIIUX, 10 KpaliHEN Mepe, OHY KPACHYIO TPaHb.

KonndecTBa KyOMKOB, MMEIOMUX XOTS OBl OJHY CHHIOK (KENTYIO, 3€JCHYIO)
TpaHb TaKXKe SIBISIFOTCS ACTUTENSIMU KOJIMYECTBA HEKPAILIEHBIX KyOHUKOB.

Haiitu 0o0beM nmapasienenunesna.

[Tycts pasMepsl nmapaienenunena (y, X, z), TOTAa YMCIO HEKPALICHBIX KyOH-
KoB Ng = (X-2)*(y-2)*(z-2).

Tak kak BO3MOKHBI IBa c10co0a BbIOOPa KPaCHBIX IPaHeil, TO CHA4YajIa
PAacCMOTPHUM NEPBbIA U3 HUX.

[Tokpacum B KpacHBIM LBET JIBE MPOTUBOMNOIOXKHbBIE rpaHu (X = Const) U oJiHY
(y = Const), 111 onpeien€HHOCTH, BEPXHIOIO.

Yucno kpacHbIX KyOUKOB Ng = XZ + 2yz — 2z = z(X + 2y — 2), 4ncI0 3eIEHBIX
Ng = Xz, uncno cuaux Ng = Xy.

ITo ycnosuto, (X-2)(y-2)(z-2) = 2z(x + 2y — 2) = axz = bxy.

Torma2x +4y -4 =ax,4(y-1)=(a-2)x,a>3.

BBeném obo3nauenune: d =a—2>1. Tormay = dx/4 + 1.

0=Ng-2Ngr=z(Xy —2x—-2y+4 -4y —2x+4) - 2(x - 2)(y — 2)
= z(xXy — 4x — 6y + 8) — 2(x-2)(y-2).

z(xy —4x — 6y + 8) = 2(x — 2)(y — 2).
z(x-6)(y-4) — 16z =2(x — 2)(y — 2) > Q.
(x-6)(y—4)>16.

=>x>7,y>5.

0 =4(No—2Ng) =4y(xz —2x — 62 + 4) — 16(xz —x — 22 + 2)
=(dx+4)(xz—2x -6z +4) - 16(xz2—x— 2z + 2)
= (dz — 2)x* — 2((3d+6)z + (2d+4))x + (8z - 16).

J11s HECKOJIBKUX MaJIbIX KOHKPETHBIX 3HaUCHHI O perrM KBaJpaTHOE ypaBHE-
HHUE U BBIPA3UM MPeJIeiibl K3MCHEHUS X, YIUThIBas, 4TO Z > 3.

3areM I KaKI0ro X B HAMIEHHBIX mpeaenax Haaém y = dx/4 + 1,
z=2(x-2)(y—2)/(xy —4x — 6y + 8)

u b = No/Ng, mpoBepsist Ipy 3TOM, YTO OHU HATypajbHbIC.



IIycrs d = 1.
(z-2)x? — 2(9z+6)x — (8z-16) = 0.
D/4 = (9z+6)° — (z-2)(8z-16) = 81z* +108z + 36 + 8z — 32z — 32
= 897 + 140z + 68.

D/4 > 817% + 126z + 49 = (9z+7)>2.
D/4 < 100Z° + 140z + 49 = (10z+7)°.

X > ((92+6) + (92+7))/(z-2) = (182+13))/(z-2) = 18 + 49/(z-2) > 18.
X < ((92+6) + (102+7))/(z-2) = (192+13))/(z-2) = 19 + 51/(z-2) < 70.

X Z No NB b V

20 12 | 720 | 120 | 6 | 1440

28 4.33

y
6
24| 7 |5.79
8
9

32 3.68

36 |10 | 3.32

40 | 11 | 3.08

44 112 | 2.92

48 | 13| 2.80

52 114|270

56 |15 2.63

60 | 16 | 2.57

64 | 17| 2.52

68 | 18 | 2.48

Iycrs d = 2.
(2z-2)x? - 2(12z+8)x - (8z-16) = 0.
D/4 = (12z+8)? - (2z-2)(8z-16) = 144z7° + 192z + 64 + 162° - 48z - 32
= 160z° + 240z + 96.

D/4 > 1447° +240z + 100 = (12z+10)°.
D/4 < 169z° +260z + 100 = (13z+10)°.

X > ((12z+8) + (12z+10))/(2z-2) = (24z+18))/(2z-2) = 12 + 42/(2z-2) > 12.
X < ((12z+8) + (13z+10))/(2z-2) = (25z+18))/(2z-2) = 12 + (z+42)/(2z-2) < 24.

X zZ No Ng b V

14 9 |504]|112|4.50

16 5.76

18 4.57

20 3.95

=
N[~ |o|©|® <

22 3.57

Iycrs d = 3.
(3z-2)x” - 2(15z+10)x - (82-16) = 0.
D/4 = (15z+10)? - (3z-2)(8z-16) = 225z° + 300z + 100 + 247° - 64z - 32
= 2497° +364z +132.



D/4 > 2257° +360z + 144 = (15z+12)°.
D/4 < 2567° +384z + 144 = (16z+12)°.

X > ((15z+10) + (15z+12))/(3z-2) = (302+22))/(3z-2) = 10 + 42/(3z-2) > 10.
X < ((15z+10) + (162+12))/(3z-2) = (312+22))/(32-2) = 10 + (z+42)/(3z-2) < 17.

X|y|] z [ No|Ng|b| V

12110 8 [480]120 |4 |960

16 | 13 | 4.16

Iycrs d = 4.

(42-2)x? - 2(18z+12)x - (8z-16) = 0.

D/4 = (182+12)* - (42-2)(8z-16) = 324z7° + 432z + 144 + 327° - 80z - 32
= 3562° + 5127 + 176.

D/4 > 3247° +504z + 196 = (18z+14)°.
D/4 < 3617° +532z + 196 = (19z+14)°.

X > ((18z+12) + (182+14))/(42-2) = (362+26))/(42-2) = 9 + 44/(4z-2) > 9.
X < ((18z+12) + (192+14))/(42-2) = (372+26))/(42-2) = 9 + (z+44)/(4z-2) < 14.

X|yl| Z [ No|Ng| b |V

10 11| 12 | 720|110 | 6.55

11112 | 7.50

12113 ]5.79

13|14 | 4.89

IMycrs d = 5.

(52-2)x? - 2(21z+14)x - (82-16) = 0.

D/4 = (21z+14)* - (5z-2)(82-16) = 4417° + 588z + 196 + 40z* - 967 - 32
= 4817° + 684z + 228.

D/4 > 4417° + 672z + 256 = (21z+16)°.
D/4 < 4847° + 704z + 256 = (22z+16)"2.

X > ((21z+14) + (21z+16))/(5z-2) = (42z+30))/(5z-2) = 8 + (2z+46)/(52-2) > 8.
X < ((21z+14) + (22z+16))/(5z-2) = (43z+30))/(5z-2) = 8 + (3z+46)/(5z-2) <
13.

X|Yy|zZ|No|[Ng| b |V

12116 |5|420|192 | 2.19

Ilycts d = 6.

(62-2)X” - 2(24z+16)x - (82-16) = 0.

D/4 = (24z+16)* - (62-2)(8z-16) = 5762° + 768z + 256 + 482° - 1127 - 32
= 6247° + 880z + 288.
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D/4 > 5767° + 864z + 324 = (24z+18)°.
D/4 < 6257° + 900z + 324 = (25z+18)>.

X > ((24z+16) + (24z+18))/(62-2) = (482+34))/(62-2) = 8 + 50/(62-2) > 8.
X < ((24z+16) + (252+18))/(62-2) = (492+34))/(62-2) = 8 + (z+50)/(62-2) < 12.

Y | Z No Ng b Vv

16 | 7| 560 | 160 | 3.50

Iycrb d = 7.

(72-2)x* - 2(272+18)x - (8z-16) = 0.

D/4 = (27z+18)? - (72-2)(82-16) = 7297° + 9727 + 324 + 562° - 1287 - 32
= 785z* + 1100z + 356.

D/4 > 7847% + 1064z + 361 = (282+19)°.
D/4 < 8417% + 1102z + 361 = (29z+19)>.

X > ((272+18) + (282+19))/(72-2) = (552+37))/(72-2) = 7 + (62+51)/(72-2) > 7.
X < ((272+18) + (292+19))/(72-2) = (562+37))/(72-2) = 8 + 53/(7z-2) < 11.

y|lz| N |Ng| b |V

15126 | 1872 | 120 | 15.60

Iycts d = 8.

(82-2)x? - 2(30z+20)x - (82-16) = 0.

D/4 = (30z+20)° - (8z-2)(8z-16) = 900z + 1200z + 400 + 64z - 144z - 32
= 9647° + 1344z + 432.

D/4 > 961z° + 1302z + 441 = (31z+21)%
D/4 < 10247% + 1344z + 441 = (32z+21)°.

X > ((30z+20) + (31z+21))/(8z-2) = (61z+41))/(8z-2) = 7 + (5z+55)/(8z-2) > 7.
X < ((30z+20) + (32z+21))/(8z-2) = (62z+41))/(8z-2) = 7 + (6z+55)/(8z-2) <

X |y | z No | Ng b |V
8 |17 | 18 | 1440|136 | 10.59
9 119821
10 | 21| 5.85
IIyers d =9.

(92-2)x* - 2(332+22)x - (8z-16) = 0.
D/4 = (33z+22)% - (9z-2)(8z-16) = 1089z% + 1452z + 484 + 727° - 160z - 32
=11617° + 1612z + 516.
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D/4 > 11567° + 1564z + 529 = (34z+23)°.
D/4 < 12257° +1680z + 576 = (35z+24)>.

X > ((332+22) + (342+23))/(92-2) = (672+45))/(92-2) = 7 + (42+59)/(9z2-2) > 7.
X < ((332+22) + (352+24))/(92-2) = (682+46))/(92-2) = 7 + (5z+60)/(9z-2) <

yZNoNBbV

19 | 14.57

IIycrs d = 10.

(10z-2)x* - 2(362+24)x - (82-16) = 0.

D/4 = (362+24)? - (10z-2)(82-16) = 12962° + 1728z + 576 + 80z° - 176z - 32
= 13767° + 1904z + 608.

D/4 > 1369z + 1850z + 625 = (37z+25)°.
D/4 < 14447 + 1976z + 676 = (382+26)°.

X > ((362+24) + (372+25))/(10z-2) = (73z+49))/(10z-2) = 7 + (3z+63)/(10z-2)

>7

.x < ((36z+24) + (38z+26))/(10z-2) = (74z+50))/(10z-2) = 7 + (4z+64)/(10z-2)

< 10.

X

Y| zZ |[Nog|Ng|b|V

8

21 | 12.67

Hycrs d =11.

(11z-2)x? - 2(392+26)x - (82-16) = 0.

D/4 = (39z+26)” - (112-2)(8z-16) = 15217* + 2028z + 676 + 88z° - 1927 - 32
= 1609z° + 2220z + 708.

D/4 > 1600z + 2160z + 729 = (40z+27)°.
D/4 < 16817° + 2296z + 784 = (41z+28)°.

X > ((39z+26) + (40z+27))/(11z-2) = (79z+53))/(11z-2) = 7 + (2z+67)/(11z-2)

>7

X < ((392+26) + (412+28))/(112-2) = (80z+54))/(11z-2) = 7 + (32+68)/(112-2)

< 10.

X

y| zZ |Nog|Ng|b|V

8

23 | 12.45

Hycrs d =12.

(12z-2)x? - 2(42z+28)x - (82-16) = 0.

D/4 = (422+28)? - (122-2)(82-16) = 17642° + 2352z + 784 + 967 - 208z - 32
= 1860z° + 2560z + 816.
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D/4 > 18497° + 2494z + 841 = (43z+29)°.
D/4 < 193627 + 2640z + 900 = (44z+30)°.

X > ((422+28) + (432+29))/(122-2) = (852+57))/(122-2) = 7 + (z+71)/(122-2) >
7

X < ((422+28) + (44z+30))/(122-2) = (862+58))/(122-2) = 7 + (2z+72)/(122-2)
< 10.

X|y Z No|[Ng|b |V
8125 10.62
9128 | 6.50

IIycrs d = 13.

(13z-2)x* - 2(452+30)x - (82-16) = 0.
D/4 = (45z+30)? - (13z-2)(8z-16) = 2025z* + 2700z + 900 + 104z° - 224z - 32
= 21297% + 2924z + 932.

D/4 > 21167° + 2852z + 961 = (46z+31)°.
D/4 < 22097 + 3008z + 1024 = (47z+32)°.

X > ((45z+30) + (462+31))/(132-2) = (91z+61))/(132-2) = 7 + 75/(132-2) > 7.
X < ((452+30) + (472+32))/(132-2) = (922+62))/(132-2) = 7 + (z+76)/(13z-2) <

X|y|z]| N |[Ng| b |V

8271101200 | 216 | 5.56

Hycrs d = 14.

(14z-2)X* - 2(482+32)x - (82-16) = 0.

D/4 = (482+32)% - (14z-2)(8z-16) = 2304z° + 3072z + 1024 + 1127° - 240z - 32
= 24167° + 3312z + 1056.

D/4 > 2401z° + 3234z + 1089 = (49z+33)°.
D/4 < 2500z° + 3400z + 1156 = (50z+34)°.

X > ((48z+32) + (492+33))/(14z-2) = (97z2+65))/(14z-2) = 6 + (13z+77)/(14z-2)
> 6.
X < ((48z+32) + (50z+34))/(14z-2) = (98z+66))/(14z-2) = 7 + 80/(14z-2) < 9.

XYy | zZ |[No|Ng|b|V

8129953

[Mpu nanbHeitimem Bo3pacTtanuu O BEpXHsSA IPaHUIA BO3MOXKHBIX 3HAYCHHU X
MPOJIOJDKAET YMEHBINIATHCS, TIPH 3TOM OCTaBasiCh OOJBINE 7, MOATOMY HAIM4YWE
pemeHuit pu X = 7 U X = 8 cleayeT MpoBEpUTh OTAEIHHO, APYTHUM CIIOCOOOM.
Jlist aToro HanaéM HaTypanbHbie perenus ypaBHenus: Ng — 2Ng = 0.
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No — 2Ng = z(Xy — 4X — 6y + 8) — 2(Xy — 2X — 2y + 4))
= Z((x - 6)y — 4(x - 2)) - 2((x - 2)y — 2(x - 2)).

Iouck pemennii 1 X =7, d > 14

No — 2Ng = z(y — 20) — 2(5y — 10) = zy — 20z — 10y + 20 = 0,
=> (y — 20)(z — 10) = 180.

Haiiném Bce pasnoxenust uncna 180 = 2°*3%*5 B mpomsBeneHHe ABYX HATY-
paJIbHBIX YKCEN I U S ¥ MPOBEPUM, JAIOT JiK TofydeHHsle Y =1+ 20umz =s + 10
pelreHre ucxoaHo# 3amaun. B wactHoctr, d = 4(y — 1)/7 moimkHO OBITH IICIBIM H
npeBbIaTh 14,

r Yy d S zZ No Ngr Ng | Ng b Vv
1 21 | 11.43

2 | 22 | 12.00

3 | 23 | 12,57

4 | 24 | 13.14

5 | 25 | 13.71

6 | 26 | 14.29

9 | 29 | 16.00 [ 20| 30 | 3780 | 1890 | 210 | 203 | 18.62
10 | 30 | 16.57

12 | 32 | 17.71

15 | 35 | 1943

18 | 38 | 21.14

20 | 40 | 22.29

30 | 50 | 28.00 | 6 | 16| 3360 | 1680 | 112 | 350 | 9.60
36 | 56 | 31.43

45 | 65 | 36.57

60 | 80 | 45.14

90 | 110 | 62.29

180 | 200 | 113.71

[Toaxoasmux peieHni HeT.
Iouck pemennii ;s X =8, d > 14

No— 2Ng = z(2y — 24) — 2(6y — 12) = 2zy — 24z — 12y + 24 = 0,
=>(y—-12)(z - 6) = 60.

HaiinéM Bce pasnoxkeHus duciaa 60 = 2°%3*5 B mpomn3Be/IeHHE BYX HATYPalb-
HBIX YHCEN I U S U MPOBEPUM, JAIOT JIM MOJdydeHHble Y =TI + 12 u Z = S + 6 pemie-
HUE UCXOHOM 3a1aun. B yactHoctH, d = 4(y — 1)/8 = (y — 1)/2 nomkHO OBITH 1ie-
JIBIM U MPEBbIIATH 14.



y| d |s|z|No|Nr|Ng|Ng|b|V

13| 6.0

141 6.5

151 7.0

16| 75

GPRWIN PP |=

17| 8.0

6 [18] 85

1022 ] 10.5

12124 | 115

15127 ]13.0

2032|155

30 142|205

60| 72355

[Togxoasmux pemeHni HeT.
HToro, nepBblii crioco0 BEIOOpA KPACHBIX IT'PaHEl MPUHEC ABA PEILEHUS.

Teneps paccMOTPpHM BTOPOIi c110cO0 BHIOOPA KPACHBIX I'PaHEid.

HOKpaCI/IM B KpaCHBIﬁ IBCT TPpU CMCIKHBIC I'PAHH.

Uwucio HekpamieHbIX KyOUKOB:

No = (X-2)*(y-2)*(z-2) = Xyz — 2 (Xy + Xz + yz) + 4(x+y+z) — 8.
Yucio kpacHbIX KyOukoB: Ng = (Xy + Xz + yz) — (X+y+z) + 1.
No + 2Ngr = 2Ng = Xyz + 2(x+y+z) — 6.

Tak Kak XyZ, 0O4eBHJIHO, JEIUTCSA Ha XY, XZ U YZ, TO IJi1 TOro, YTOOBI Ha ITH
Yyyca ASUIOCh YUCIO HEKpaIIEHbIX KyOUKOB, HEOOX0IUMO (HO HE JIOCTATOYHO),
YTOOBI HA 3TH YKCJIA JICTUIOCH BhIpaxkeHue 2(X+y+z) — 6.

[Mycte 3 < X <y <z Ilpu z > 7 Beipakenue 2(X+y+z) — 6 MeHbIe YeM YZ U
MOATOMY Ha HEro He aAenutcs. [IpsIMOyrojibHUKHY, Y KOTOPBIX BCE pa3Mephbl HE Mpe-
BBIIAIOT 6, HETPYJHO MPOBEPUTH BPYUHYI0. Takum oOpa3oM, BTOPOH COCOO BbI-
Oopa KpacCHBIX TpaHell He UMEET PEIICHUM.

OTtger. CymectByroT a8a pemenus: 960 = 12x10x8 u 1440 = 20x6x12.



