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8 xiac

8-1. bizHecMeH Mae€ JeKibKa CHHIB Ta HaiiMononury aouky. Bin BupimmB Ha HoBuil pik
nomapyBatu iM pazoMm 1000000 nonapiB. Po3noninuB BiH 110 CyMy TaKUM YHHOM: CIIOYATKY

CTaplIOMy CHHOBI BIH BUIIMCAaB Y€K HA JIESIKYy HEHYJIbOBY CyMy &, a IOTIM Il€ Ha ﬁ CyMmH,

mo Jmmmiaacs (todro Bix 1000000 — g ). [ani, ApyroMy CHHOBI BIH BHUIIUCAaB Y€K Ha JIEAKY

CyMy @,, a HOTIM Ile Ha % CyMH, L0 JHINMIACSA, TPETbOMY — BIIIOBIAHO HA CyMy a;, a

MOTIM IIIe Ha % CyMH, 1110 JIUIIIIACS, 1 TaK naji. PemTy cymu BiH BijmaB gouili. BusBmiochs,
0 yCl JITU OTPUMAJTH y MOJAPYHOK OJHAKOBY CyMy Tporied. SIKy HaWOIbIy KIJTbKICTh
CHHIB MOJKE€ MaTu OI3HECMEH, Ta sIKy [I0YaTKOBY CyMy & Y L(bOMY BHUIAJKy MII OTPUMAaTH
cTapluuii cuH?

Bionosiow: 9 cunis, npu usomy & =10000.

Po36’azanns. Tosnaunmo as cnpomenns nepersopens S =1000000. Toai crapmmii cun oTpumae cymy
X = + %1(8 —ay) = ﬁS + %al. OCKUIBKM ycCl JITH OTpUMAlId OJHAKOBY CYMY, TO 3 HEpIBHOCTI
11x =S +10a; > S Bumusae, wo aireit B Hporo morno 6yt He Ginbie 10. [Tokaxkemo, mwo Hacnpasi
Bin mir Mmatu 9 cuHiB Ta TOYKY.

JUtst LbOTO JOCTATHEO, 00 X = 1—11 S+ %al = % S = S$=100a; = a; =10000.

HeBa)xko nepexoHaTUCh, 1110 YCi YMOBH BUKOHYIOTBCS.

Hanpuknan, posrnsaeMo K -ro cuma. Ilicis Bumadi cymm momepeIHbOMY CHHOBI 3aIHINMIACS TaKa CyMa:
— k-1 11k 1 R1 .

S, =S—%5 S =5S. Toal BIH OTpUMaE TaKy CyMy:

— 1 __1 11k 11—k
X = T 5 (Sk — &) = . S+ a, -

12—k 10 12—k
_ 1 Nky _1ec_ 1 UMke_(12K-(1A1-Ke_ 1 _ S
X =365 9 kKT T Hk 10 00 @k O gk = & = a0

8-2. Ha pommii HamanhOoBaHO N KOMIpPOK, IO TIEPEHYMEpOBaHI 37iBa HANpaBO YHCIIAMH
1 2,...,n. YV KOXHIA KOMIpIll 3allMCaHO 3HAK «+». AHAPIMKO Mae 3poOUTH N XOIB.
[lepmmM X0 0M BiH MiHS€ 3HAK HA MMPOTUJICKHUHN y OJIHIM TOBUIBbHIM KOMIPII Ha CBiil BUOI.
Jpyrum X0 0M -- y IBOX JOBUIBHUX CYCIAHIX KOMIpKax, ajl -- y TPbOX CYCIAHIX, 1 TaK JIajl.
[lepenoctanHIM XOOM BiH MIHS€ 3HaK y (n-1)-H1i KOMIpIi, IO CTOSATh MOCMiJIb, 1 OCTAaHHIM
XO0JIOM 3MIHIOE 3HaK B yCiX N KoMipkax. Uu 3moxke AHIpPINKO HAMPUKIHII OTPUMATH B YCIX
KOMIPKAaX 3HAK « — », KO
a) n=2017; 0) n=20187
(bozoan Pybvos)

Bionogios: a) Tak, 6) Hi.
Po36’azanna. JluBuch po3B’si3aHHs 3aga4i 9-2.

8-3. 3HalaiTh yci mapu HATypaTbHUX YKCEN a, b, U SIKUX CIPAaBIKYETHCS PIBHICTD:
[a, b+2017]=[b, a+2017].

Tym uepes [X, Y] nosnauene naiimenwie cninone kpamue yucen X, Y.

(bozoan Pybnvos)

Bionogids: (n; n), ne N - noBiIbHE HATypalbHE YHCIIO.
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Po3¢’azannn. OueBUIHO, MO TApW OJHAKOBUX YHCEI yMOBY 3a0BOJIBHSIOTH. [loka)xemo, IO 1HIIMX
PO3B’sSI3KiB HEMae. Be3 0OMekeHHs 3aralbHOCTI BBaskaTumeMo, mo a >0 . Uepes (x; y) Oynemo nozuauaru

HaOLIbIINI CIIIIBHUI NIIBHUK HATYpaJdbHUX dncen X; Y.
3a nmomomoror Bigomoi piBHOCTI (X; Y)-[X, Y]= Xy, 10 chpaBIKyeTbcs A AOBUIBHUX HATypalbHUX

qucen X; Y, IepenumiemMo 3a1aHy piBHICTb TAKUM YHHOM:

_a(b+2017) _ b(a+2017)

Ockinekn  ab+2017a>ab+2017b, 1o (a,b+2017)> (b, a+2017)>1. Takum unHOM, iCHYE
npocte uyucno P, s sxoro a P Ta b+2017: p. Ane Toni, 13 3amaHOi yMOBH pIBHOCTI ABOX
HAafiMEHIIMX CHiTBHUX KpAaTHWX, BMIUTMBae, mo ockimeku [a@, b+2017]: p, 1o [b, a+2017]: p.
Ockinbku [) — IIPOCTE YMCIIO, TO Ma€ CHpaBIKyBaTHch, mo D : P ao a+ 2017 :p.

Y nepuromy Bumazky, 3 ymos 0 :p ta b+2017 : p sunmusae, mo 2017 :p = p =2017.

Anayioriuno, y aipyromy Bunanky 3 ymos a+ 2017 :p ta a:p surmsae, mo 2017 :p = p =2017.
Takum umsoMm, maemo, mo a : 2017 ta b+ 2017 : 2017 . Toxi, b:2017. MMo3uauumo a=2017X,

b=2017y.

Tomi piBHIicTS (1) MOKHA TIepencaTH TAKUM YHHOM:
2017x(2017y+2017) _ 2017y(2017x+2017) 20172 x(y+1) _ 20172 y(x+1) X(y+1)  y(x+1)
(2017x, 2017y+2017) ~— (2017y, 2017x+2017) 2017(x, y+1) — 2017(y, x+1) (x, y+1) ~ (y, x+1)

3 mpunymenns a>b = X>Yy = Xy+X>Xy+Y. Tomy 3 ocTaHHBOi PiBHOCTI BHILIMBAE, IO
(x, y+1) > (y, x+1) >1. Iloznaunmo yepe3 ( -- nmpoctuii ginpHuk uncna (X, y +1). Toxi ogHouacHo
Maemo Taki mofineHocTi: X:( Ta Y +1:(. Anetoni Y:( a6o X+1:(.

Y nepuromy Bunaznxy 3 ymoB Y : ( ta Y +1: ( Bummsae, mo g =1 — cynepeyHicTh.

AHaJIOTIYHO Y APYroMy BUINAAKY: X +1: g ra X : ( BummmBae, mo =1 — cynepeuHicTb

TakuM yuHOM, punymesns a > D npusBoauTh 10 CymepedHoCTi.

8—4. Beepenuni npsMokyTHoro TpukyTHuka ABC 3 rimoTeny3oro AB B3ATO TOUKYy K Taky,
mo ZAKC=90° ta ZCKB=2/CAB. Ha Biapisky KB 3HaluIach Taka Toyka T, WIO
/KTC = ZCAK. TlIpsma AK mneperunae Biapizok BC y toumi P. [osexdits, w0io
ZTPA=ZABC.

(/lanuno Xinvko)

Po3e’azanna. Hexait M — cepenuna rinorenysu AB, a Touka D — taka, mo K € cepenunoro Biapizka
AD. Tlomitumo, mo B AACD sigpisox CK ¢ Bucororo ta memianor, a ToMy Lell TPHKYTHUK --
piBHOOeApeHuii. 3Biacu (puc. 1),
/CTK = ZCAK = ZCDK
i wornpuxyrnuk KTDC Brimcannii. Toni
/DTB =/ZDCK = ZKCA = ZAPC = ZDPB,
to6T0 DPTB Ttakox € BrnucanuM. Omxe, L/ TPA= ~TBD i nocraruso nosectu, mo LABC =~/TBD.
Sk sigomo, ZCMB=2/ZCAB. Toni, ockimekn ZCKB =2~/CAB, uworupuxyrnuk CKMB ¢
BrimcanuM. [losaauumo LABC = £ . Toxi Z/CKM =180°—- f, a Tomy
ZAKM =360°—-90°—(180°— ) =90°+ 5.
Binpizok KM e cepennnoto minieto AADB, omxe 90°+ = ZAKM = ZADB. Takox
/DKB = ZCKB—-90°=2-(90°— £)—-90°=90°-24.
Hacawmkinens, 3 AKDB 3naxoanmo
Z/KBD =180°—- ZADB — ZDKB =180°—(90°+ ) —(90°-2p8) =43,
1o i Tpeda Oyno TOBECTH.



9 kiac

9-1. Jlomathi ymcna a,b 3amoBosbHSIOTE yMoOBY: ab=1. JloBexdiTh, IO CHPABIKYETHCS
3a+1+3b+1
b+1 a+l

HEPIBHICTH: >4, Jlna sxux nap (a, b) MoxnuBa piBHICTE?

(Mumpocgarnos Baoum)

Bionoeiods: piBHicTh MOXIMBa Uit a =1, b =1.
Po3e¢’sazanna. JlomHOXuMO JiBy Ta mpaBy uactunu HepisHocti Ha (&+1)(D+1), a nani 3po6umo
PIBHOCHJIbHI IIEPETBOPEHHS:
Ba+Dh@+)+@Bp+Hb+D)>4(a+)(b+) <
3a’ +4a+1+3b° +4b+1>4ab+4a+4b+4 < 3a°+3b°>6
o a’+b’22 o a®-2ab+b*>0 < (a—b)?>0.

9-2. Ha pommii HamanhbOoBaHO N KOMIPOK, IO TIEPEHYMEpOBaHI 371iBa HANpPABO YHCIIAMH
12, ..,n. YV KOXHIH KOMIPIIl 3alMCaHO 3HAaK «+». AHAPIHKO Mae 3pOoOMTH N XOJIIB.
[lepmnM X00M BiH MiHSIE 3HaK HA MPOTUJICKHUHN y OJIHIM TOBUIbHIM KOMIPIIl Ha CBii BUOID.
Jpyrum X0 0M -- y IBOX JOBUIBHUX CYCIAHIX KOMIpKax, ajl -- y TPhOX CYCIAHIX, 1 TaK Jaji.
[lepenocTanHiM X0JI0M BiH MIHSIE 3HAK y (n—1)-Hii KOMIpIIi, IO CTOSATH MOCIH1Ib, 1 OCTAHHIM
XOJIOM 3MIHIOE 3HAaK B yCix N Komipkax. [Ipm skmx n AHApIMNKO 3MOXKe TO 3aBEpIIeHH]
MPOIIeCY OTPUMATH B yCiX KOMIpKaX 3HAK « — »?

(bozoan Py6nvos)



Bionogios: npu N =4k ta n =4k +1.
Po36’sa3anna. Po3risiHeMoO, sSIK1 0cTadi MOXKe JaBaTH N TIpH JIJICHH] Ha 4.
Axmo n =4k, To AHIPIMKO MOXE OTPUMATHU B YCIX KOMIpKax « — » 3a

JIOTIOMOT'OF0 TaKOi MOCIIIIOBHOCTI X0/IiB (OYEBHIHO, IO MOPSIOK XOIIB HE
rpae poui). CrioyaTky NOMiHSIEMO 3HAaK B ycixX KoMmipkax. Tenep octanHio (N
-Ty) KOMIpKY OiJIbIlIe HE YiaeMO — BOHA 3AJIMIIHUTHCS 13 3HAKOM « — ». A B

ycix iHmmx (Nn—1)-i komipkax OyIeMO MIHATH 3HAKM TaKUMU Iapamu Puc. 2
xonie: (N—1)+0, (N-2)+1, (Nn—=3)+2, ..., 3+ (5 1) (puc. 2). Toxi
HANPUKIHII Y KOXKHIM KOMipIl, OKpiM N -1, 3HaK Oyzae 3MiHEHO PiBHO 1+% = 2k +1 paziB, TOOTO HEemapHy

KUIBKICTh. TOMY 1 3HaK 3MIHUTBHCS Ha MIPOTHIICKHUH.

Hns Bumaaky n = 4K +1 3HOBY IMOKa)X€MO IOCTIOBHICTh XOIB, 3a
JIOTIOMOTOF0  SIKOT JToCsiTaeThcsi MOTpiOHAa 3MiHa 3HaKiB. CrovaTrky
MIHSEMO 3HaK B YCiX KOMIpKax, a Jaji MiHS€MO 3HaKH TaKUMHU ITapaMu
xoliB B ycix N komipkax: (n—1)+1, (n—-2)+2, (n—-3)+3, ...,

’%fl + ”?_1 (puc. 3). HeBaxkko miapaxyBaty, 110 3HAK y KOXKHIM KOMipii

Oyze 3MiHEHO PiBHO ”7—1 +1=2k +1 pa3, TOOTO B yCiX KOMipKax 3HaK

3MIHHATBCA HA « — ». Puc. 3

JIig BCiX 1HIIMX N MOKa)KEMO HEMOXKIIUBICTh JOCATHEHHsI 3MiHU 3HAKIB Y KOXKHINA KOMIPIIi.
Jns Bunaaky N =4k +2 Maemo mapHy KUIbKICTH KOMIPOK, TOMY JUISl JOCSTHEHHsI 0a)kaHOro cymapHa

KUTBKICTh 3MiH 3HAKiB MOBMHHA OYyTH MapHOIO (MapHa KiJbKICTh HEMapHHUX OJAHKIB), aje CyMapHO MH
Ma€EMO 3MIHUTH 3HAK

1+2+3+..+(4k+2)=1+2)+(3+4) +...+ ((4k +1) + (4k + 2))
2I2f+1

TOOTO HEMAPHY KUTBKICTh pa3iB. OTpUMan CynepeyHicThb.
3po3yMiso, 10 HaBeJleHY CyMy MOKHA 3HAlTH O6e3nocepeiHbo:

1+2+3+...+(4k+2):%(4k+2)(4k+3) =(2k +1)(4k +3).

Amnarnoriydo i BUNaaky N =4k +3 MaeMo HemapHy KiJIbKICTh KOMIpOK, TOMY CyMapHa KiIbKICTh 3MiH
3HaKiB MOBUHHA OYTH HEMapHOIO (HemapHa KUIbKICTh HEMAPHUX JOJAHKIB), ajleé CYMapHO MU MaEMO 3MIHUTH
3HaK

1+2+3+...+(4k+2)=1+2)+(3+4) +...+ ((4k +1) + (4k + 2)) + (4k + 3)

2k+1
TOOTO MapHY KUIBKICTh pa3iB. 3HOBY OTPUMAJIU CYIIEPEUHICTb.

9-3. ly1s1 sIKOr0o HAOLIBIIOrO HATYypabHOTO N > 3 icHYyE
@) ONYKJIN N-KYTHHUK,
0) NOBUIBLHUI N -KyTHHK,
KYTH SIKOTO 33JI0BOJILHSIOTH TaKi YMOBH:
® BOHHU BUMIPIOIOTHCS IIUIMM YHCIIOM TPAIyCIB;
® BIIHOIIEHHS OY/b-SKUX ABOX KYTIB (OUIBIIIOTO JO MEHIIOTO) € HATypaJIbHUM YHCIOM
OUIBIINM 3a OJUHHIIO?
(bozoan Pybvos)

Bionosiov:a) N=3,6) N=5.
Po36’azanna. YNopsaaKyeMo rpaiyCHi Mipd KyTiB 3a 3POCTaHHAM: o < @y <...< . YCl I YMCIa LiJi.

Kpim Toro, mosznaummo depes my :%, k=1 n-1. 3a ymoBorw uucima my >2 uim. Tomi mae
K

CIPaBKyBaTHUCh TaKa PIBHICTb:



Jlst IOBIIBHOTO OaraTOKyTHHKAa Mae CIIPaBUKYBATHCh HEPIBHICTh «r, <359, a ang omykioro ¢, <179.
Tozai MoXxeMo 3armucaTy TaK|i JTaHIIOT OI[IHOK:

_c_ 1 1 2" tion24 4
180(”-2) =S =y +05n_1+...+051 < o, +Ean ++F0(n —Tan < Zan .
3BijgcH, And JOBiUIbHOro OararokyrHuka Mmaemo, mo 180(n—2) <718 abo n<5. Jna omykioro
OaraTokyTHHKa Maemo, mo 180(n—2) <358 abo n < 3. 3anumaeTbcs HABECTU BIANOBIAHI MPUKIANU

I’ ITUKYTHHUKA Ta TPUKYTHHUKA, 10 33J0BOJILHAIOTH YMOBI. [loKkaxeMo, K Il MpUKIIaAu MOXKHA OOy 1yBaTH:

@) o +oym, + ym,m; =180 =22 .32 .5,
[Toknamemo ¢y =1. Maemo, mo m, +My,My =179 — mpocTe YHUCIO, a TOMY pPO3B’S3KY B

HaATypaJbHHUX YUCIIaX, OUThIINX 3a 1, HE iCHYE.
[Toknamemo oq =2. Maemo, mo m, +M,M; =89 — mpocTe 4YWCIO, a TOMY pO3B’S3KY B

HATypaJbHHUX YUCIIaX, OUThIINX 3a 1, HE iCHYE.

[Toknamemo ¢q =3. Maemo, mo m, +M,My; =59 — MpocTE YHUCIO, a TOMY pO3B’S3KY B
HaTypaJbHUX YUCIIaX, OUIbIINX 3a 1, HE ICHYE.

[Toknagemo ¢ =4 . Maemo, mo m, +mym; =44=2-2-11.

Skmo m, =2, 10 14+ my =22, 3Biaku mg =21.

Takum 4MHOM, Ma€MO TakMd PO3B’A30K: oy =4, o, =8, a3 =168.

6) oy + oMy + MMy + oy MyMeM, + ayM,Mem,me =180-3=2%.3%.5.
Iokmanemo ¢ =1. Maemo, 1o
m, + M,Ms + M,mem, + m,mym,m; =22.3%.5-1=539=7.7.11,
Skmo m, =7, 10 1+ mg +mgm, +mgmymg =77 . Toéto mg + mgm, + mgmyms =76=2-2-19.
Skmo mg =2, 10 1+ m, + mymg =38 abo m, + m,mg =37 — IpoCTe YUCII0, @ TOMY PO3B’A3KY B
HATypaJIbHUX YKciax, OUTbIINX 32 1, He iCHYE.
Skmo my =4, 10 14+ m, + mymg =19 abo m, + mymg; =18=2-3-3.
SAxmo my =2,10 1+ mg =9 ta mg =8.
ITepeBipumo 1€l po3B’sa30k: o =1, a, =7, a3 =28, a, =56 Ta a5 =448 — ane TOAI OCTaHHIH KyT
Oinpmnii 3a 360°, 1 el BUIMaJ0K HEMOXKITUBHIA.
Sxkmo my =3, 10 1+ Mg =6 ta Mg =5.
IlepeBipumMo 1e po3s’sizok: o =1, a, =7, a3 =28, o, =84 1a o5 =420 — ane Toxi OCTaHHIA KyT
outeinii 3a 360°, 1 el BUNAJI0K HEMOKIUBUH.
SAxmo my =6, 10 1+ Mg =3 1a My = 2.
ITepeBipumo mel pos3B’s3ok: oq =1, a, =7, a3 =28, o, =168 Ta a5=336. OueBuaHo, icHye
I’ ITUKYTHHK 3 TAKUMH KyTaMH.

AHaJOTrIYHO MOYKHA 3HAWTH, HAIIPUKIIAJl, TaKl pO3B’A3KU:
al :1, az :111 as :33, a4 :165 Ta as :3301 a1:4, az :8, ag :24, a4 :168 Ta as :336,
oy =12, 0, =24, a3 =72, a, =144 ta a5 = 288.

9-4. Bingpizok AB — miametp kosia W , CD — gesika xopja 11»0ro0 KoJa, 1o MepreHIuKyIsspHa
AB. Touka O — mentp koma W. Yepes Touky E — cepemuny Biapizka CO — mpoBeneHo
npsamy AE, sika BIpyre nepetuHae koo W y touri F . Bigpizok BC meperunae Binpizok AF
y TouIii M, a Biapizok DF —y touri L. Omnucane koo ADLM Bapyre nepeTuHae koo Wy
toulri K. JloBenith, mo KM = MB.

(C. ’Kuokos, /1. Xinvko)



Po36’azanna. Ockinbku Touku C Ta D cuMeTpudHi BigHOCHO mipsimoi AB | To
Z(EF, FL) = Z(AF, FD) = Z(AB, BD) = £/(CB, BA) = Z(CB, BO) = Z(EC, CL),
3eigku wotupu Toukn E, C, F, L nexars na omnomy xoni (puc. 4). 3Bizcu orpuMyeMo
Z(EL, LC) = Z(EF, FC) = Z(AF, FC) = Z(AB, BC) = Z(AB, LC),
tomy EL || OB. Takum uunom, Binpisok EL — cepennst ninis tpuxyrauka OCB , a tomy L — cepenuna
BC.
Hexait npama KM Bapyre neperunae xono W y touni Fy. 3 Ttoro, mo wotupu touxku K, M, L, D
Je’KaTh HAa OJJHOMY KOJIi, MAa€EMO
Z(DL, BC)=Z(DL, LM) = (DK, KM) = Z(DK, KF)) = Z(DF, FR) = Z(DL, FFR),
sgigxkn BC || FF.

3aznaunmo Ttomi, mo OL — CepeaUHHMI
nepnenaukynsp siapizkis BC i FhH.

Ouesupno, mo AB=2A0. Toum 3
teopemu Menenas s AOBC ta npsamoi

AE:

OA.BM  CE _1
AB MC EO )

Omxe MB =2CM . Posrnsnemo touxy N
— cepenmny  Biapisky MB. Toni
CM =MN=NB. OueBHHO, 1110
ZMFB=90°. Toni MN =NB =NF, a
takok ML =LN . Toxi touku M T1a N,

a takox F Ta Fl CUMETPUYHI BiJIHOCHO

OL. Orxe Binpisku FN 1a MF Takox
CHUMETPHYHI, a TOMY # piBHI. TakuMm 4nHOM,

MaeMo, 110 CM = MF]_ 3anumaeTbes

nomitutn, mo ZBMHR = /KMC ta
/M FlB = /KCM , 3BIOKH
ABMF, = AKMC, otxe BM = KM .

10 knac

10-1. Ym icHyroTh Taki § momapHO pi3HUX HIIMX 4ucen a,b,c,d,e, f, g, h, mna sxux

KOPEHSIMU PiBHSIHB x2+ax+b=0, x> +cx+d =0, x?+ex+f =0 1a x° +gX+h=0 € gucna
a,b,cd,e f,g,hyneikomy mopsaaxy?
Bionoegios: He iICHYIOTD.
Po36’azanna. SIKIO MEPEMHOKUTH 11i MHOTOYJICHH, TO MATHMEMO MHOTOYJICH

(X° +ax+b)(x* +ox+d)(x* +ex+ )% + gx+h) =x® +u,x" +...+ux+uy =

=(x—a)(x=b)(x—c)(x—d)(x—e)(x— f)(x—g)(x—h).

Hepaxko 3posymitu, mo 3 oanoro 60ky Ug =bdfh, a 3 immoro — Uy = abcdefgh. Skmo cepen uncen
b, d, f, h memae HYJIBOBUX, To/1 ACEJ = 1, mo HemoxMBO I MOTIAPHO PI3HMX IIJTUX YUCET.

Sxuto, manpuknan, 0 =0, To nepure piBHAHHA HabyBae BUITIALY X° +ax = 0, sxe mae xopeni O Ta
(—a) . Toni piHicTh MHOrOUIEHIB HaGyBaE TAKOTO BUIJISLY:



x(x+a)(x* +ox+d)(x* +ex+ £)(x* + gx+h) =x® +u;x" +..+ux=
=x(x—a)(x—c)(x—-d)(x—e)(x—f)(x—g)(x—h) =
(x+a)(x® +cx+d)(x* +ex+ F)X2+gx+h)=x" +u,x® +..+u, =
=(x—a)(x—c)(x—d)(x—e)(x— f)(x—g)(x—h) =
u, =adfh=—-acdefgh = ceg =-1,

1110 HEMO>KJIMBO JIJISI IOMAPHO PI3HUX LUJINX YHCEIL.

10-2. Jlana momka 8x8. Cnpasoicnboio TIarOHALTIO IN€l JOMIKKM OyJAeMO Ha3WBaTH TaKy
JiaroHallb, 10 MICTUThH MIPUHANMHI TPU KIITHHKA. AHpii Ta OJecs rparoTh HA il JOMII Y
rpy. Bonu mo uep3i (mounHae AHApii) BUCTABIAIOTH HA JOLIKY OJHAKOBI (imku. CTaBUTH
JB1 (DIIIKK B OJIHY KJIITHHKY 3a00pOHSAETHCS. SIKIIO IMIC/IsT 4eproBOro XOAYy BUSIBISETHCS, 110
y KOXHIM TOPU30HTAII Ta BEPTUKAJl CTOITh MpUHANMHI onHa dimka, To nepemarae Onecs.
SIKI10 X TICIISE YEProBOro X0y Y KOXKHIM 31 CIpaBXHIX J1aroHanaeil ONMUHIEThCS TPUHAWMHI
onHa ¢imka, To nepemarae AHapid. Y pasil, KOJU MICHs JESKOro XOJy OJHOYacHO HAaCTa€e
nepemora AHjpis Ta OJeci, OroJomyeThCcsl Hiuus. U MOXKe XTOCh 3 TPaBIliB 3a0€3MeUUTH
co01 mepeMory, SIKIIO KOKEH MparHe nepeMorTa?

(bozoan Py6nvos)

, VA IS A
I 1NN
) / AN AN

/
7 i 1 \\ \\

Bionogios: Onecs.

Po36’sazannsn. BuxopucraemMo Ui 3pYy4YHOCTI MIAXOBY
HyMepaIio KIITHH JOMKH. PO3TISTHEMO «BIIMIYCHI»
Jiaronaii, TOOTO Taki, 10 BigMmideHi mpsmumH (puc. 5):
a6—c8, a5-d8, a4-dl, a3-cl, el-h4,
f1-h3, eB—h5 ta f8—-h6. Bouu ne wmarwThH

CHUIbHUX KIITHH, TOMY AHApi€BI [UIsI MEPEMOTH
noTpiOHO, 00 Ha KOXKHIM 3 HUX CTOSJIO MPUHANMHI 110
onui ¢immyi. Takum ywmHOM, sikmo Onecst He Oyne
cTaBUTHU (IIIKK B Il AlaroHami, AHIPIEBI AJsi TIEPEMOTH AN AN [ s
3HaI0OUTHCSA TpPUHAWMHI 8 Timpku cBoix xomiB. Onecs \ N / /
Oyne XOIWTU Y <«UYOpHI» KIITHUHH, TOOTO Taki, IO N /
BiIMIYeH] YOPHUMH KBaJpaTHUKaMHU: a8, b5, c6, d7, a b ¢ d e f g
e2, 3,94 ihl

Axmo AHApid cBif mepmui Xig poOUTH HE B OAHY 3
KIIITUH BIAMIYEHUX AiaroHaine, to pmami Oiecs, HE
3Ba)XalouW Ha Xoau AHJpis, poOUTh XOAM Yy HYOpHI KIITUHU 1 nepemarae. B iHmomy Bumanaky, 0e3
0OMEKEHHS 3arajlbHOCTI, OyJ1eMO BBaXkaTH, 110 AHJIpii CBOIM HEpIIMM XOJOM MOCTaBUB (IlIKY y KBajapat
a—d—5-8. Toni na xix Auzpis B none 3 HomepoM K, 1<K <6, Onecs pobuts xix B apyre moie 3
TaKUM caMHM HoMepoM (puc. 6). Ilicias BUCTaBIeHHS MepLIMX JBOX (IiIIOK BUSABISAETHCS, 110 AHAPIIO, II00

N w N (@] D ~ oo
AN
\
/

=

Puc. 5

TIEpEMOrTH, Tpeba BUCTABMTH Iue mpuHaiiMui [ ¢imok, a Oneci — Tineku 6. 7

ToOTo BOHA 3aBXKIH 3MOXKE MTEPEMOTTH. 8| O 1 /)5/ ,

2/

7/
2 | 6| #

10-3. ¥V roctpokytHOoMy TpukyTHUKY ABC Bukonano: ZACB =45°,

g

mo OM =1 ta OM || BC . 3uaiinite nosxuny cropoau BC. 2

‘1@ |3

e

(Maxcum Yopnuii)

7 |

M — Touka nepetuny meaiad, O — 1eHTp onmucaHoro koja. Bimomo, 6 131l a
5 6

d

a p ¢
Puc. 6

Bionogion. 12 .
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Po3e’azanna. 3 snactupocteii npamoi Eitnepa sunmupae, mo OH =3 i OH || BC, ne H — oprouentp

AABC. Hapani touka M Bukopucrosysatucs ue 6yze (puc. 7).
Hexait AA,BB, - Bucorn AABC, B, -
cepenuna croponn BC . Ockimeku £C =45°, 10
BB,=BC i AA =AC. Tomy touxun B;,0,B,

JeXaTh Ha CEpPEeIUHHOMY MEpIEHAUKYISApl 10

sigpiska BC, ssizku BB, L BC, 10610
B,B, || HA. Ananoriuno  nosogumo,  1wo
AO||BB,. Ockineku OH ||BC, 10 croponn
AHAO mnapanensui croponam AB,B, B, orxe

HecknagHo — mepekonarucs, mo AHAO e

cepenuunnm s AB, B, B. 3sincn
BC =2BB, =40H =12.

A B, C

Puc. 7

10-4. Hexaii d — warypanbHuWii IiTbHUK HaTypambHoro uwmcma m, (&) ta (b) -- i
apu(pMeTHYHI IIporpecii 3 HATypaIbHUMHK WieHaMH. Bigomo, 1110 iCHyIOTh Taki injekcu | Ta
], s sxux (g, bj) =1, a Takox Taki iHmeKcH K Ta |, ns sxux (8, ) =m. dosenirs, mo
MOYKHa TMiiOpaTyu Taki ingekcu t ta S, mis sxux (8, by)=d.

Tym uepes (X,Y) nosnauenuti Haubinbwui cnitohul OinbHuk uucen X, Y .

(Onexcandp I onosarnos)
Pose¢’azanns. Hexait U Tta V — pisauui nporpeciii (&) ta (§): & =ag+ui, b =by+Vi. 3 ymosu
pummmBae, mo (U, v, m) =1. Hiiicko, sxmo (U, M): p>1, To yci umenn mporpecii (&) xparui Pp,
OCKIIbKM &y = aj + ku:m: P, Tomy i ay P . 3 aHasoriYHUX MipKyBaHb, KO [ AUTUTH OJHOYACHO V
ta M, TO Ha P AUIATHCS YC1 YIEHH Mporpecii (bi) , aJIe TOJIi HE ICHYE Mapy B3a€MHO IPOCTHX WIEHIB &, b i
Jlinst ToBeZieHHs TBEP/PKEHHs HAaM JIOCTaTHRO IMOKa3aTH, 1o skuio (&, b j) =m ans gesixux 1, |, 10 s

JOBUIBHOTO IPOCTOrO AUIbHMKA [P umcia M MoxkHa miaidpatu Taki &, ﬁ, 10 (aa, bﬂ) 2%. JiiicHo,
SKIIO MOYaTH MOCTIOBHO IITUTH YKCiIO M Ha HOTro MPOCTI AUIBHUKH, MU 3MOKEMO OTPUMATH OY/Ib-IKUH
iioro minpuuk d .

. a b . .
Hexain (ak, bl) =M. IIpuHaiiMH1 OHE 3 YHUCEI ?k 9u TPI He KpaTHe M, 60 i1HakIe (ak, bl) :Mp >m. bes

. o e .
0OMEKEHHST 3arajJbHOCT1, HCXaHu 1€ ?k . Posrngaemo aBa Bumaaku: Koau V He JUIUTHCS HaA p Ta Koau V

JIUAThCs HA .

Bunaoox 1. Hexail V He numtbes Ha P. B axocti mykanux wieHiB nporpecii 3 HC/J % migiine ay Ta

a.v . . s
b a = b| + L. Te, mo BoHM 00uABa KpaTHI %, OYEBUIHO. SIKIIO NesKui CTemiHb (| MPOCTOro 4mcia
I+
p
. . . agVv . v m
( # P auMTh 00MJBAa LIUX YHCIA, TO BIH JUIMTH TAKOX o 1, TOMY, b| , @ TOMY U R [Ilo crocyetbes

. . . ayV
JOUIbHUKA [J, BIH BXOJWTh y aQj Ta b| B HE MEHIIOMY CTelleHl, HuK y M, a B % — Y MEHIIOMY, TOMY
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o . o - ayV o o Y
MaKCHUMAaJIbHHUHN CTCII1Hb p , Ha JdKHNHU OJUINTbCA (ak, b| + %) TaKuM CaMHU, K B YHMCJI1 % 360, 1o T€ XK

came, B % :

Bunaooxk 2. Komu V. ninutees va P, Ha P He gimutbes U. Ockinsku by 1 M, To #foro moxmna posainutu na

o . . b . .
ICSIKMU CTEIIHb pn yucna P Tak, o0 IijIe YUCIIo —'n JUIHIJIOCS Ha %, ane He Ha M. Tomi HCJI uncen
bu . m e : . m
a bl = ak + —n Ta b| JOP1BHIOE F ILII/ICHO, JK 1 B IICPUIOMY BUIIAJIKY, 06I/I,Z[Ba OUX 4YMUcCiia KpaTH1 E
K+—— p

n
p
o . S . ) .
ITpu upomy, Oynp-skuii creninb (° mpocToro uuciaa ( # P, Mo AUIMTH OOMBA IUX YHUCIA, MA€ TUINTH i

ay , Tomy 1 %, ayuciao P Bxomuts B HCJI mux ymcen B HAWMEHIIOMY 3 TPHOX CTEIEHIB, B SIKUX BOHO € B

b|U . o m
quciax ak ) b| Ta i TOOTO Yy TOMY CaMOMY CTCIICH1, 11O U B F
p

11 xnac

11-1. 3agano momatHi JiMCHI 4yucia a, b, c. SIke HaWOLIbIe 3HAYEGHHS MOXE MpHMATH
BUpa3

|ax+by—cz|+|ax—by+cz|+|—ax+by+cz|,
SAKIIO X, Y, z €[0; 1].

Bionogion: 3-max{a, b, c}.
Po3é’azanns. Iloznaunmo A =ax, B = by ta C = cz. Toni 3amanuii BUpa3 MaTUME TaKUA BUTJIS;
SHA+B-C|+|A-B+C|+|-A+B+C|.
PosrisHemo neski X, Y, z €[0; 1]. be3 obmexxenHs 3araabHOCTI BBakatumeMo, mo C < B < A. Toxi
S=(A+B-C)+(A—-B+C)+|-A+B+C|=2A+|-A+B+C|.
Jlami MOXKJIMBI IBa BUITAIKH.
Bunaoox 1. SIxkmo A > B+ C, toni
S=2A-(-A+B+C)=3A-B-C.
[Io6 3HaueHHs Bupazy Oyno HailbimpmMM Tpeba, mod6 A Oyao HaiibinemmMm MmoxiuBuM, a B, C --
HaimeHuMH. Lle nocsraerses npu X = 1, Yy=17= 0. Tomi S =3a.
Bunaoox 2. Slkmo A < B+ C, toni
S=2A+(-A+B+C)=A+B+C.
OueBHIHO, 10 HAKGiIbIIe 3HAYEHHS 1Tboro BUpasy Ipu X =Y = Z =1, npu tomy, mo a<b+cC.
Ockineku A+ B + C < 3A, To mrykane Haiibinbmre 3Hadenns — ue 3-max{a, b, c}.

11-2. B kpaiHi € N MicT, IpHUYOMYy MDK KOXXHHUMH JBOMa 3 HHUX € TpsiME TPAHCIIOPTHE
cniostydeHHs. BapTocTi mepei3ay Mixk mapamu MICT CKJIafarTh 1, 2, 3, ..., %n(n ~1), To0TO €

MOTIAPHO PI3HUMH IS KOXHOI mapw MICcT. MapmpyToM Ha3UBAEThCS TaKHM NUIAX, IO
MIOYUHAETHCS B JIETKOMY MICT1, TPOXOJUTH PIBHO MO OJHOMY pa3y 4epe3 KOXKHE IHIIE MICTO
KpaiHd Ta TIOBEPTAETHCA B MOYATKOBE MicTO. Onecst 3MIMCHIOE CBIM MapuipyT 3a TaKUM
MPaBUJIOM: 3 KOXXHOTO MiCTa BOHA BUPYIIAE y T€ MICTO, y SIKOMY Iile¢ He OyBaja paHiiie
(SIKIIO TaKUX BXKE€ HEMA€, TO BOHA MOBEPTAETHCS Y CBOE MOYATKOBE MICTO), ajge BUOWpaAE 3
HUX TaKe, BApTICTh MPOI3Ay 10 SKOTO HaiiMeHIma. AHAPi HaBMaku — 3 KOKHOTO MicCTa
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BUPYILIA€ Y T€ MICTO, BAPTICTh MPOI3y IO KOO HAMOLIbIIA 3 MOXIMBUX. UM MOTJO Tak
CTaTHUCH, IO iX MapLIPYTH KOWITYBAJIN OJHAKOBO? [louMHATH CBOI MapuIpyTh BOHU MOXKYThb

SK 3 OJTHOTO, TaK 1 3 PI3HUX MICT.
(bozoan Py6nvos)

Bionogids: Tak.
Po3¢’azannn. Tlozuaunmo micra A, Ay, ..., A,. Hexaii Baprocti npoi3ay Mix MicTamy BIOPsAKOBaHi

TaKUM YUHOM:

AL <AA<..<AAL<AA<AA<.<AA
<AA < AA << AA <A< AN <L<AA <<
<A 2A <ALA <ALA <AA,.
Posrisiremo Mapiupytu Ouneci Ta AHIpis, AKIO BOHK 00KMBA PO3LMOYMHAIOTH CBill UIsX 3 MicTa Ay .
Omecs: A > A > A—>...> A1 >A DA
Aumpii: A > A >AL>A L. D A>A SA.

Sk 6aunMo, BOHU POXOASTH 10 OJJHAKOBUX BiJIpi3Kax, a TOMY 1 BapTiCTh MapIIPyTiB OJHAKOBA.
11-3. 3agaua 10-4.

11-4. )KuB sixock Ha miommHiI TpukyTHUK B00O, y SIKOrO OPTOLIEHTpP HallekaB BIHCAHOMY
koiry. OnHoro nHs posouiiiaka borgaH nmoxassiiHyBaB Ha Tid ruiomuHl. [licas poro Ha Hii
JUIIWINCh HaMaJhbOBAaHMMU JIMIIE BIUCaHe Kojio TpukyTtHuka boba, mpsiMa, M0 MICTUTH
OJIHY 13 MOro cTopiH, Ta Woro oproueHTp. JonmuTauBuii MakcuM Xode 3a IIUMH JaHUMU

BIJIHOBUTU TPUKYTHUK IUPKYJIEM Ta JIHIWKOO. JJOMOMOXKITH HOMY 11€ 3pOOHUTH.
Hocnioacenusn moarcnusocmi no6yoosu pooumu He HOMpIioOHO.

(b. Kissa, M. Yayoxapi)

Pose¢’sazanns. Ananis. Hexait | — innentp, H — oprouentp ta O — nenrp onucanoro kona TpukyTHHKA
Bo6a (puc. 8). [TozHaunmo pajiycu omucaHoro Ta srucasoro kin R, I'. Posrnsaemo AIOH . 3a ymosoro

IH =r. Kpim rtoro, sx sigomo, Ol 2-R%?-2Rr ma Meiana, nposenena 3 sepmuan | 1o OH

JIOPIBHIOE %R —r (cepemuna OH - nentp xona Eitnepa Tpukyrauka bo6a, a 1ie Kojo, SIK BiJOMO, Mae

paaiyc %R Ta JOTUKAEThCS A0 BhucaHoro). Tomi, 3acTocyBaBmIM (QOpMYJTy Ul JOBXKHHHM MEIiaHU

1
IM? :Z(ZIH ?+210° - HO?) , 3naxogumo OH 2-R%2-2r2, Otrxe, creminb Touku H BigHOCHO

onmcanoro kojia TpukyTHuka bo6a nopiBHIOE RZ_-OH?=2r2.

Ilo6yodosa. Tlepeitnemo 10 mMoOyI0BU. 3a YMOBOIO pajilyC BIIMCAHOTO KOJIa BIJIOMHUM, Ta SKIIO MOOYTyBaTH
touky H; - cumerpuany H BignocHo npsimoi, mo mictuts cropony TpukyTHHKa (Hexait ue Gyne AC),
OTPUMA€EMO TOYKY MEPETHHY BUCOTH Ta OMHCAHOTO Koyia boba. Ajie Maro4u 0 TOYKY Ta 3HAIOYM CTEIiHb
H BiznocHO ommcanoro koma, MM MOKEMO TOOYIyBaTH BiIIOBigHY 1ii BHCOTI BepmmHy. JifiCHO, SKIIO
B - simmosinna Bepmmna ta H; Touka neperuny kona 3 Bucororo, to BH - HH; = R2_OH? =2r2.

ITicis 1BOro MPOBOAMMO 3 MOOYHAOBaHOI BEPIIMHM B 10THYHI 10 BIHMCAHOrO KOJa Ta 3HAXOAUMO MBI
HEBiZIOMi BEpILMHH, SIK TOUKH TIepeTUHy X A0TuyHuX i3 npamoro AC 3 ymosu.
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Puc. 8



