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Bsenenue

Teopust BEpOATHOCTEW W MaTeMaTW4yecKash CTaTUCTUKA — JIBE HEPa3pBIBHO
CBSI3aHHBIE MAaTeMaTUUYECKHUE TUCUUILTMHBL. B HacTodiee Bpemsi ux 3HaHUE HEOO-
XOJIUMO CIIEHUATUCTaM CaMbIX Pa3IHYHbIX Ipodeccuil. YMeHnue GopMynnpoBaTh
LEJIb CBOEH NEATENBHOCTH U NMPEANPUHUMATD LIAru JJIsl €€ JOCTUKEHHUS — Xapak-
TepHasi 0COOCHHOCTh KOMIETEHTHOT0, KOHKYPEHTHO CHOCOOHOTO CIEelMaIucTa, a
TEOpUsl BEPOSITHOCTEN M MaTEMaTU4YeCKash CTaTUCTHUKA, KaK HHUKakas JApyras JIHC-
[IUIUIMHA, CIOCOOCTBYIOT MO3UTUBHBIM U3MEHEHUSM JINYHOCTH.

3HaHUE 3aKOHOMEPHOCTEN MACCOBBIX CIIyYalHBIX SBJICHUMU (MPEIMET TEO-
pUU BEPOSTHOCTEH) W BaXHEHIIMX METOJOB M MPUEMOB 00paOOTKU pe3ybTAaTOB
HaOoIeHNH (M3yJaeT MaTeMaTHUecKasi CTATUCTUKA) HEOOXOIMMO COBPEMEHHOMY
IPOrPaMMUCTY TIPU pa3padOTKe aJrOPUTMOB pEUIEHUS MPAKTHYECKUX 3anay. 13y-
YEHUE K€ TEOPUH BEPOATHOCTEH U MAaTEMAaTUUYECKON CTATUCTHUKU HEMBICIMMO 0e3
MPEIBAPUTEITHHOTO 3HAKOMCTBA C OCHOBAMU KOMOMHATOPHKHU.

Tepmun «xomMOMHATOpHKa» OBLT BBEIEH B MaTeMaTHyeckuid oouxoj Jleito-
HUIIEM, KOTOpbIH B 1666 roay omyOnukoBan cBod Tpynd «PaccyxaeHus o KoMOu-
HAaTOPHOM HCKyccTBe». CerofHs KOMOMHATOPHbIE METO/bI UCIIONIB3YIOTCS JJIs pe-
HIeHUs Tpo0sieM Teopuu HHGOpPMAIINH, 3a7a4 JTUHEHHOTO TPOrPAMMHUPOBAHUS, JIJIS
pelieHusl TPaHCTIOPTHBIX 3a7]a4 U MHOTO Jpyroro. KoMOuHaTOopHbIE 3a7a4u Mpe-
CTaBJISIOT OOraThlii MaTepuan i U3YYEHUsI OCHOBHBIX KOHCTPYKIIMM, METOJIOB U
IPUEMOB MTPOTPAMMUPOBAHMS, TTO3BOJISIIOT MOKA3aTh HE TOJIBKO KPAacoTy MaTeMa-
TUKH, HO U BO3MOXKHOCTU HOBBIX KOMIIBIOTEPHBIX TEXHOJIOTMI MpPU PEIICHUU
MPaKTUYECKUX MAaTEMAaTUYECKHX 3a7ad. 3aJaud JIMCKPETHOM MaTeMaTHUKH, K KOTO-
pPBIM OTHOCSATCSI MHOTHE 33/1a4d MPAKTUYECKOTO MPOrpaMMHUPOBAHHUS, YaCTO CBO-
JSITCS K TIepedopy pa3IMuHbIX KOMOMHATOPHBIX KOHPUTYypalrii 00beKTOB U BBIOO-
Py Cpeay HUX HAWIYYIIETO, ¢ TOYKU 3pEHUSI YCIOBUS TOM MM MHOM 3amauu. [lo-
TOMY 3HAaHWE AJTOPUTMOB TEeHEpaluu HauboJiee PACIPOCTPAHCHHBIX KOMOWHA-
TOPHBIX KOH(QUTYpAIU SBISAETCS HEOOXOIUMBIM YCIIOBUEM YCIIEUTHOTO PEIICHUS
3a/1a4 B LEJIOM.

1. OcHOBHBbIE NOHATHA KOMOMHATOPUKH
1.1. HHonamue o komdoUuHamopuke

Onp. Komobéunamopuxa — paszfen MaTEeMAaTHKU, U3y4arOlUi pa3InyHbIe
KOMOMHAITUHU 3JIEMEHTOB, 00JIaIatolre OnpeaeIEHHBIMU CBOMCTBAMU.

OCHOBHOM BOIPOC KOMOMHATOPUKH - CKOJBKO Pa3IMYHBIX KOMOWHAIIUM,
MOAYMHEHHBIX TEM WJIM UHBIM YCIIOBHUSIM, MOXHO COCTaBUTh U3 3aJIaHHBIX OO0BEK-
TOB.

(') B oTimume OT MHOXKECTB KOMOMHAITMM DJIEMEHTOB MOTYT COJEpPXKATh
OJINHAKOBBIE (TOBTOPHBIE) SJIEMEHTHI.

1.2. 3a0aua, npusooawiasa Kk nonamur gakmopuana.
Onpeoenenue gpakmopuana
PaccmoTpum pemienne 3anaun: «CKONIBKO pa3HbIX N-3HAYHBIX YKCENT MOXK-
HO 3aITMCaTh U3 N pa3HBIX TUGP?»



N3 oguoit mudpsl (1) MOKHO OJIYYHUTH JIMITH OJTHO OJTHO3HAYHOE uncio: 1.

N3 2-x uudp (1 1 2) MOxKHO TOTYyUUTh 2 ABY3HAUHBIX yucna: 12 u 21. Oto
MO>KHO pacCMaTpUBaTh TaK: K MPEABIAYIIEMY CIy4yar C YUCJIOM | MOXHO JOIHU-
caTh 2 CIipaBa WJIU CJIEBa, T.€. MPEAbIAYIIUN ClIydail Halo YMHOXHUTb Ha 2 (1-2).

N3 3 mudp (1,2 1 3) MOKHO MOJY4YUTh 6 Tpex3HauHbIX yuced: 312, 132,
123 u 321, 231, 213. D10 MOKHO paccMaTpuBaTh TaK: K MPEAbLAYIIEMY CIy4alo B
KKJIOM U3 JBY3HAUHBIX YUCEN 3 MOXKHO JONHCaTh WM CJE€Ba, WIM CIIpaBa, WU
nocpenuue. T.e. mpeablIyui ciaydaid HaJo YMHOXHTH Ha 3 (1-2-3).

HeTtpyaHo 3aMeTHUTh 3aKOHOMEPHOCTH: B KaXIAOM CJIEAYIOIIEM cliydae OT-
BeT OyzeT B n pa3 Oosbliie, yeM B npeapyayiieM. [lomyyaem Gopmymy ans mpous-
BOJIBHOTO uucna n: 1:2-3-...«(n-1)n.

Otset: 1-2-3-...-(n-1)n

Onp. IIpousBeneHue Bcex HATYPATbHBIX YUCET OT | 70 77 BKIFOYUTEIBHO
Ha3bIBACTCS H-hakmopuanom v o0o3HavaeTcs n/

T.o.: n'=123...'n

(1) Cuwuraercs, uro o! = 1.

(1) dakTopua OTPUIIATEIBHOIO YHCIIA HE CYIIECTBYET.

OcHoBHOE cBOMCTBO (hakTopuana: n!/ = (n-1)!/'n
IIpumep 1. Brpruucnure:

5!+4! 714! ( 8! 9!
a) 41; 6) 2 B) (= )
3! 10! \3!'5! 7!-2!
[a)1-2-3-4 =24;
6) 31(45+4) _ 24

3!
sbe7-3t48! 7120349 _ 28 6 _ 2
T3

6) 81'9-10-3!'5!  9110-7!-2! 15 5
IIpumep 2. Yopocturte BhIpaKEHUE:
5! (m+1)!

m(m+1) (m-1)!-3° remé€ N
345 (m-1)!'m-(m+1) _ 20/
m(m+1) (m—1)!-3!
. ml-(m-1)! 1
IIpumep 3. Pemute ypaBHEHHUE: e - o TRem EN

(m-(m-1) _ 1, . _ a2 . 2 _ —_0- _ . _
(m-1)lm(m+1) 6 6:(m—1)=m"+m; m Sm+6=0; m=2,m;= 3/

1.3. Ocnoenvle npasuna KOMoOuUHamopuKu

[Ipu pemeHnrn KOMOMHATOPHBIX 3a/1ad YacTO MPUMEHSIOTCS JIBa Ba)KHBIX
MpaBuJIa.

Ilpasuno cnoxcenusa: Ecny HEKOTOPBIA JIEMEHT «@» MOXHO BBIOpaTh m
YUCJIOM CIOCOOOB, a IPYTrOM JIEMEHT «6» — K YUCJIOM CIIOCOOOB, TO BBIOOpP 3JIe-
MEHTa «JIH00 a, TA00 6» MOXKHO CAeNaTh (m + 1) YUCIOM CIIOCOOOB.

3apauya 1. B rpynne 20 geBymiek u S woHomuie. Kakum guciom crnoco0oB
MOXHO BBIOpATh CTApPOCTy?

| Cmapocmoii moscem 6vime evibpana oona uz 20 degywex unu ooun uz 5 onowel, a

suauum, obujee uucio cnocobos evibopa cmapocmul pasno 20+5=25/



Ilpasuno ymnoxycenua: Eciy HEKOTOPBIN 3JIEMEHT «@» MOXHO BbIOpaTh m
YHCJIOM CIIOCOOO0B, @ 3aTE€M AJIEMEHT «6» — B YUCJIOM CIIOCOOOB, TO BHIOODP Maphl
«@ W 6» MOXHO OCYIICCTBHUTD (M2°1) YUCIIOM CIIOCOOOB.

3agaya 2. B rpynne 30 yenoBek. HeoOxoaumo BbIOpaTh CTApOCTy U MPO-
¢opra. CKOJIBKMMH CITIOCOOAMH 3TO MOXKHO CAENIATh?

| Cmapocmoii moocem 6vimo ewi6pan no06oii uz 30 yuawuxcs, m.e. cywecmeyem 30
cnocobos evibopa cmapocmel. I[locie moeo kak cmapocma yoice 8blOpawu, NPoPoOPeoOM MOICHO
sviopams 1106020 uz ocmaswuxca 29 yuawuxcsa. Taxum odpazom, oOHOMY cnocoby evlbopa
cmapocmul coomsemcmeyiom 29 cnocobos evibopa npoghopea. CnedosamenvHo, odbwee Yucio

cnoco6os evibopa cmapocmul u npogopea pagro 30 -29 = 870. |

(") IlpaBuna caoKEHHUS M YMHOXKCHHUS MMEIOT MECTO IS JIF00Or0 KOHEU-
HOTI'O 4YHCJia 3JICMCHTOB.

Saz[atla 3. CKOJIBKO TpéX3HaqHBIX YETHBIX 4YHUCEI MOXKHO COCTaBUTh M3
uudp 0,1,2,3,4,5,6, ecniu iU pbl MOTYT MOBTOPSATHCS ?

| Ipu cocmasnenuu mpéxsnaunozo wucia asc uz OaHHBIX YUDP GMECO A MOJICHO
83amb 1100VI0 Yyudpy, kpome Hyasa (6 803MONHCHOCMELL), BMECTNO 8 MONCHO 838Mb IH0OVIO U3 HUX

(7 603MO2ICHOCMELL), BMECHO C MOJICHO 63amb 1i00yI0 u3 yupp 0,2.4.6 (4 eoszmoocnocmu). T.o.,
COCNACHO NPABULY YMHOJICEHUs,, umeem 6-7-4= 168 cnocobos cocmasums yucio, y0061emeopsi-

wouwee ycioeuro SClaaVZ/L /
(1) Yacro npu perieHnr KOMOMHATOPHBIX 3aJ1a4 padoTaoT 00a IpaBHIIa.
3apaua 4. Umerorcs 20 m3aenuit 1-ro copra m 30 m3aenuii 2-ro copra.
Heo6xonumo BeIOpaTh jBa u3aenus oJHOro copra. CKOJBKHMMH CIIOCOOaMU 3TO
MO>KHO ceJIaTh?

| ITo npasuny ymnoxcenus, 0éa uzdenus 1-20 copma mosucro eviopams 20-19=380 cno-
cobamu. Ananocuuno. /[ea uzdenusn 2-co copma modxcro gvlopams 30:29=870 cnocobamu. T.k.
1o YCI08UI0 3a0a4u credyem 8vlopams 08a Uz0eausi 00HO20 COPMA, HeBANCHO KAK020, Mo odwee

uucno cnocoboe evibopa uzdenuii 00Ho2o copma pasro 380 + 870 = 1250. [

2. CoeqnHenus 0e3 MOBTOPEHU M

Onp. Kaxnas KOHKpeTHass KOMOMHAIusl, COCTaBJCHHAash W3 3JIEMEHTOB
JAHHOTO KOHEYHOT'O MHOYKECTBA, HA3bIBACTCS 6b1OOPKOI VIIA COCOUHEHUEM.

[Ipu »>TOM eciii BHIOMPAIOT M BIEMEHTOB M3 M PA3JIMYHBIX AJEMEHTOB, TO
TOBOPSIT, YTO OHM O0pa3yroT coeOuHeHue u3 n 31emenmos no m. B 3aBucumoctu
OT TOTO, BXOJAT B COEIMHEHNE BCE N DJIEMEHTOB WJIM TOJIBKO UX YaCTh, a TAK )K€ OT
TOT0, UMEET JIM 3HAYEHUE MOPAIOK DIEMEHTOB B COCIMHEHUU WJI HET, Pa3IudaroT
3 BUJa COCUHEHUN: pazmMeuieHus, nepecmano6Ku U COUemanus.

2.1. Pazmewenus 6e3 nosmopenuil

Onp. Pasmewenuamu uz n nemenmos no m (0< m < n) Ha3pIBAIOTCS
COCIMHEHUS, COJICPIKAIIME 711 PA3IMYHBIX SJICMEHTOB M OTJIMYAIOLIUECS UK COCTa-
BOM, WJIH TIOPSIKOM MX PaCIOIO0KCHHS.

Oo6o3nauenne: A («a U3 dH 110 IM»)

Brisenem dopmysty mis moacuéra At

SICHO, YTO Ha MEPBOE MECTO MOYKHO MOMECTHUTh JHO00H U3 n 371-ToB. T.0.,
Al =n.



Ecinu Ha mepBoM MecTe CTOMT OJMH W3 7 3JIEMEHTOB, TO Ha BTOPOE MECTO
MOYKHO TIOMECTHTh OJUH M3 (n-1) OCTaBIIMXCS 3JEMEHTOB. A 3HAYUT, COTJIACHO
npasuay ymHoxkenusa, A2 = n(n — 1).

Paccysknas ananoruyso, noiaydum: A3 = n(n-1)(n-2)

A? =n(n-1)(n-2)(n-3)

A= n(n-1)(n-2)...(n-(m-1))
BriBegem Oonee yHuBEpcalibHYIO (OpMyITy, IS 4€TO YMHOXKUM U pasjie-

JIUM TIPOM3BEICHHUE, CTOAIIEE B IPaBoii yacTu Gopmyisl, Ha (n-m)!. [lomyunm:
n(n-1)(n-2)..(n-(m-1))(n-m)! _ n(n-1)(n-2)..(n-m+1)(n-m)(n-m-1)..2:1 _

m —
Ay = (n—-m)! (n—-m)!
n!
(n—-m)!
. m_ n
Urak: Ayt = "

3agaya 5. CKOJBKO pa3IMYHBIX TPEXZHAYHBIX HATYPAJIbHBIX YUCET MOXKHO
cocTtaBuTh U3 udp 1, 3, 5, 7 1 9 npu ycnoBuu, 4to Kaxkaas u3 qudp B HAMUCAHUH
Yyucia BCTpeyaeTcs He 0oJiee 0JTHOro pa3a’?

| Bma 3a0aua céooumcs x 6v160OPY U pazmeiwenuio Ha MpuU PazHvle NOFUYUU MPEX U3
namu paznuunvix yugp. Cnedosamenvro, A3= 60 /

2.2. Ilepecmanogku 6e3 nosmopenuii
Onp. Pa3mMelieHns U3 n 3JIEMEHTOB 110 /7 HA3BIBAIOTCA HEPecmanHo8Kamu
U3 n 3J1eMEeHm08.
O6o3Hauenne: P, («1d U3 3H»)
Tax xak gr00ast mepecTaHOBKa COACPKHUT BCE 71 DIIEMEHTOB, TO Pa3jIMyYHbIC
NEPECTAHOBKHU OTJIMYAIOTCS JIPYT OT APYra TOJIbKO MOPSIIKOM 3JIEMEHTOB.
BeiBenem popmyiy aiis noacuéra P,

n! n! n!
P,=A"= =
n

= —=n!
Takum oOpazom, Ph,=nl!

(n—-n)! - E 1

3agaya 6. CKOJIBKMMH CIIOCOOAMH MOYKHO PacCTaBUTh Ha IMOJKE B OJUH
PSI CeMb KHUT Pa3HBIX aBTOPOB?
[ P,=7" =5040/

2.3. Couemanusn 6e3 noemopeHuil
Onp. Couemanuamu uz n snemenmos no m (0 < m < n) Ha3pIBAIOTCS
COCIMHCHHUS M PA3TUYHBIX JICMEHTOB, OTIIMYAIOIIMECS JIUITh COCTABOM (TTOPSIOK
HE UTpaeT PoJin).
O6o03nauenne: C;' («Id U3 3H 1O 3M»)
Beienem dopmyny st moacuéra Cp.



Ecnu B3sITh BCe COYETAaHUS U3 /1 3JIEMEHTOB 110 71 M B KaXKJIOM U3 HUX YIIO0-
PSIOYUTH 3JEMEHTBI BCEMH BO3MOYKHBIMH CITOcOOaMK (CeaaTh BCe MepecTaHOB-
KH), TO TOJIydaTcss BCE Pa3MEIICHHS U3 1 DIIEMEHTOB 10 /1.

3Haunt, Ayt = C' - Py,

n!

Al (n-m)! n!
Orcroma, Ct = =+ = - =
Ad, tn P m! (n-m)'m!
T 6 cm=—"
aK1M 00pa30oM. B e—
p n (n—-m)!m!

(") OueBnmuo: CO=1 u Co =
3apauya 7. CKOJBKUMHU CIIOCOOAMH YHTATEh MOXKET BHIOPATH JIBE KHIDKKHU
W3 IIATH UMerommuxcs’?

| C2=——=_=10 |
3. CoearHeHMs € IOBTOPEHUAMU
[Tycth mano muOkecTBO M = {ay; ...; a,}. V3 naHHBIX 1 3JIEMEHTOB COCTa-
BUM KOMOMHAITUIO, B KOTOPOM a1 BCTpEYaeTCs my pas, d; — mz pa3 U Tak Jalee Jo
@y, KOTOPBIH BCTpedaeTcs m, pa3. O003HauuM m =My + My + ... + M.

3.1. Pazmewienus c nosmopenHuamu

B ciydae pasmelieHnii Kakue-TO mj MOTYT OKa3aTbCsl PaBHBbI HYIIIO, IIO-
ATOMY M MOJKET 0Ka3aThCsl KaK MEHBIIIE 77, TAK U PABHO 7 WK OOJIbILIE 7.

Uucno pa3IMyuHBIX PAa3MEIIEHUN U3 71 DJIEMEHTOB IO M C MOBTOPEHUSAMMU
0003HaYNM XT Haiiném >To yncio.

ITycte m = 1. Ha 0lHO MECTO MO>XHO NTOMECTHUTH JIFOOOM U3 71 3JIEMEHTOB,
II0OTOMY UMEETCA 71 BO3MOXKHOCTEM, T.€. Z\E =n.

Ji1st BBIOOpa BTOPOTO 3JIEMEHTA UMEETCS # BO3MOKHOCTEH, T.K. OJJUH U TOT
K€ AJIEMEHT MOYKHO BbIOpAaTh CHOBAa. A 3HAYMT, JIBa DJIEMEHTA W3 1 DJIEMEHTOB
MOYKHO BBIOPATh 771=n’ 9UCIOM CIIOCOOOB, T.€. K% = n?. Paccyxmas aHaJOTUYHO,
npuXoauM K popmyie:

3agaua 8. CKOJBKO pa3IMYHBIX TPEXZHAYHBIX YUCET MOKHO COCTaBUTH U3
uudp 1 u 2?
| A2=28=8 (111, 112,..) |
Sanaqa 9 CKOHBKO Pa3IMYHBIX ABY3HAYHBIX YHUCCI MOKHO COCTABUTHL H3
udp 1, 2, 3?
| A2=32=9/

3.2. Ilepecmanoéku ¢ noemopenuamu
B ciyyae nepecTaHOBOK B CO€IMHEHUU MPUCYTCTBYIOT BCE 3JIEMEHTHI, MO-
TOMY M 00s13aTenbHO Oonblie #n. Ecnu m = n, TO KaxAbld 3J1€MEHT BCTpEUYaeTCs
POBHO OJIUH pa3, UTO COOTBETCTBYET MEPECTAHOBKAM 0€3 MOBTOPEHUI



Ywuciio Bcex MepecTaHOBOK W3 71 BJIEMEHTOB C IMOBTOPCHHSMHU TPUHSTO
0603Ha4aTh PM1 My,...,M,. Haiiném sto uncio.

Eciu Obl Bce m 31eMEHTOB ObUIM MEXAY COOON pa3inuyHbl, TO TAaKHX
IIePEeCTaHOBOK OBLIO ObI m! = (m1 + my + ... + m,)! Ho Tak Kak He BCE DIIEMEHTBI
pa3ITUYHBI, TO UX OYJET MEHBIIIE.

Ecnu Ob1 Bce mj nneMeHThl ObUTM Obl pa3iuyHbl, TO YUCIO MEPECTAHOBOK
Bo3pocio Obl mi! pa3. Ecau Obl Bce my 3€MEHTHI OB OBl pa3IUyHbI, TO YUCIIO
MepecTaHOBOK BO3pocio Obl my! Pa3. A ecnu Obl mi U my dIEMEHTHI ObLIM OBl
pa3IMyHbI, TO YUCJIO MEPECTAHOBOK BO3pOCIO Obl m1/-my! pa3. YuutbeiBasg Bce M,
MOJIYYHM, YTO YUCIIO MEPECTaHOBOK BO3POCIO Obl B m1!my!-...- m,! pa3. A 3Hauur,
MCKOMOE YHCJIO BO CTOJIBKO pa3 MEHbIIIE.

=~ mq +my + ...+ my)!
UTaxk: Pml,mz,...,mn:( SRS n)

mllmzlmn'

Banaqa 10. Ckoibko PA3JINYHBIX IIATU3HAYHBIX YHUCCII MOKXHO COCTABUTH

w3 uudp 1, 2, 3, ecm 1 Bcrpewaercs 1 pas, 2 — 2 paza, 3 — 2paza?
_(1+2+2)!

/151’2'2 = "= 30/

11-21-2!
3agaya 11. CkonbkuMH ciocoOaMu MOKHO NEPECTaBUTh OYKBBI B CJIOBE

«MaTEeMaTHKay», YTOOBI MOJYYUTh BCEBO3MOXKHBIE Pa3InyHble HAOOPHI OYKB?
/ T.x. 6 cnose «mamemamuxay 0ecsimo 6yK6, U3 HUX «M» ecmpedaenics 2pa3a, «a» -3
pasa, «my - 2pa3a, «ey, «u» u «K» - no pasy, mo 3a0a4a c600UMCA K bIYUCTEHUIO P2,3,2,1,1’1 =

1 151200/

2-3t-21-11-11-1!

3.3. Couemanusn ¢ nosmopeHuamu

Yncno coueTaHui U3 71 BIEMEHTOB TI0 /1 ¢ TIOBTOPEHUSIMH 0003HadaoT CI.
Haitnéwm ero.

Tak kak MOPSAOK PaCcHOSIOKECHHS SJICMEHTOB HE CYIIECTBEHEH, TO CHaJaa
Oyzem mucaTh BCE di1, 3aTEM — dp M Tak jganee. KaxaoMy TakoMy COYETaHHIO TO-
CTaBUM BO B3aMMHO-OJTHO3HAYHOE COOTBETCTBHE CHMBOJI (IBOMYHYIO MTEPECTAHOB-
Ky 13 35ieMeHTOB 0 1 1):

11..1011...10...011...1

N——
mq m; mp

O4eBHIHO, SIUHUI] 3aIIUCaHO my + mp + ... + m, = m IWTyK, a Hyneh — (n — 1).
Eciu  Kakoii-TO DJIEMEHT He BXOAUT B HAllle COYETaHHE, TO BMECTO
COOTBETCTBYIOMICH IPYIIBI €IUHUII TUIIETCS HYJIb.

Hanpumep: M = {a;b;c}

1) aabccc (11010111)

2) aaaacc (11110011)

3) bbbccc (01110111)

4)  Dbbbbbb (01111110)

T.0., pa3nUYHBIX COYETAHHM CTOJBKO, CKOJIBKO MOHO COCTaBUThb
JBOMYHBIX TIepecTaHoBOK U3 mudp 0 u 1 ¢ moBTopeHusmu, T.€. Cit = Py,




A 3HaywT, cm = %

3agaua 12. Nmerorcs koHpeTh TPEX cOpTOB B KOpoOKkax. CKOJIBKO MOMXKHO
COCTaBUTH PA3NUYHBIX HAOOPOB U3 MATH KOPOOOK?
~ 7!
| C3=—=..=211
5!-2!
4. bunom Herotona

4.1. Tpeyzonvnux Ilackans
n!

(n—m)im!
1) Cd=Cr=
2) C'= C} ™ — npasuno cummempuu
3) C¢m= ¢t + C", - npasuno Iackans
[Mocnenusiss ¢hopmysa MO3BOJISET MOCIEAOBATEIILHO HAaXOAuTh uncia G
JlelicTBUTENBHO,
-mpun=2um=lnonyunm: C = C9+ Cl=1+1=2
-npun=3um=1. C=Cl+Cl=1+2=3
-mpun=3um=2. C5=Cl+Ci=2+1=3
-npum=4um=1. Ci=Cl+Cl=1+3=4
-npum=4um=2. Ci=C+C=3+3=6
-npum=4um=3; C3=C+C=3+1=4 urtn
Eciu yncna C;' pacrosioXuTh B BHJIE CIICAYIOIIEH TPEYTOJIbHON TaOIUIThI
Co
cY Ci
c) €3 C?
¢l ez oc

®opmyna C* = MMEET HECKOJIBKO CJIEICTBUM:

TO B HaYaJIe U B KOHIIE KXJIOW CTPOKH OYIYT CTOSTH €IMHUIILI, & OCTAIBHBIC Me-
CTa MOTYT OBITH JIETKO TIOCJIEIOBATEIFHO 3aIlOJTHEHBI TAKUM 00pa30oM, UYTO Ha Kax-
JIOM MECT€ B KOKIOH CTPOKE CTOUT YHUCJIO, PABHOE CYMME JIBYX YHCEJ, CTOSIINUX
HaJl HIM B TIpeabIayIieit cTpoke. OnucanHas TadauIia Ha3bIBaeTCs TPEYTOJIbHUKOM
[Tackass. [1epBbie MIECTh CTPOK €r0 BHITISAAT TAK:
1
1 21
1 33 1
1 46 4 1
1510 10 5 1
1 6 15 20 15 6 1

4.2. Bunom Hviomona
Uucna, crosmue B 3-eid u 4-0i cTpokax TpeyroibHuka [lackans, mossis-
I0TCSI TIPW BO3BENICHUU JBywWwieHa (OmHOMAa) @ + 6 B KBaapar u B KyO. [leticTBu-
TEJIBbHO, POPMYJIbI
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(a+6)? = a®+2a6+6*> u (a+6)® = a®*+3a’6+3a6°+6> MOXKHO 3amUCaTh TAK:

(a+6)% = CYa?+Clas+C36?

(a+6)® = COaP+Cla’6+C2ac®*+C36°

MO3XHO JI0Ka3aTh, YTO AHAJOTUYHBIE (POPMYIBI CIIPABEIIMBEI I OO0
HATYpaIbHON CTENEHH OMHOMA, T.€.

(a+b)" = CRa™ + Cpa™ 'h + C7a™ ?b? + -+ C'a™ ™b™ + -+ + Cp D"

Hcnonb3ys 3HaK CyMMBI, 3Ty (HOPMYJTy MOKHO 3aIlMCaTh TaK:

n
(@tb)"= 2 Clta™™bp™ - hopmyna HerotoHa
m=10

[IpaBas yacth popmynsl HbtoTOHA Ha3bIBaeTCs pazioiceHuem Hamypaib-
HOIl cmenenu Ounoma.

KoaddurmenTst €)' Ha3BpIBAIOTCS OUHOMUATNbHBIMU KO Puyuenmamu.

IIpumep 4. Bo3senure B 7-10 cTeneHb ABy4IeH (x+1).

[ (x+1)" = X CMx7"™1™m = %710 + C3x01' + C2x512% + C3x*13 + Cix31* + C3x%1° +

m=0
Cox116 + C7x%17=x" + 7x® + 21x> + 35x* + 35x3 + 21x® + 7x + 1/

4.3. Ceoiicmea pasznoscenus OuHoma

1) Uwmcno Bcex 4JICHOB Pa3lIoKEHHUs Ha 1 OoJbllie MOKA3aTeNsd CTEICHH
OuHOMa, T.€. paBHO n+/.

2) CymMa mokazatesei CTETIICHEH «a» U «6» KaXKI0T0 YIeHa Pas3IoKEHHSI
paBHa ToOKa3zaTelo creneHn Ounoma (n-m+m=n). [Ipu 3TOM MOKa3aTeNb CTENECHU
pu «@» B JIFOOOM CIIEYIOIIEM YJICHE Pa3lIOKeHUs Ha €JUHUILYy MEHbIIIE, YeM B
IPEIBIIYIIEM, a OKAa3aTelb CTETICHN «8)» — Ha €MHUILY OOJIbIIIE.

3) OOmmii wieH pa3noxenus (0003HaYMM ero T,+;) UMeeT BU.:

Tper =Cta™™b™| ,rne m=0,n.

T o6o3HauvaeT ueH pa3iokeHus, a MHACKC m+1 — ero mopsaIKOBBIN HOMED
B Pa3NoKeHUHM OMHOMA, CUMTas CJeBa HampaBo. Tak,

Tl = C,?a”
Ty = C,}a”_lb
Tn+1 = CT‘;-leL

4) buHoMmHaIbHBIC KOA(D(OUIIUCHTHI YICHOB Pa3JIOKCHHS, PABHOOTCTOS-
IIMX OT KOHIIOB Pa3JI0kKEHUsI, paBHBI MEX]Ly CO00i. DTO cielyeT u3 mpaBuiia CuM-
metpuu C* = CF7 ™.

5) a) Eciu mokazatens crenenn OuHoma - 4€tHoe uucio(n = 2K), To
YHCJIO YICHOB pasiiokeHus paBHO 2K+1, mpu 3ToM OMHOMHUaNIbHBIC KO3 duineH-

11



TBI TEPBBIX K+1 4YICHOB pa3lioKeHHUS BO3pPACTArOT, a mocienHux k+1 dineHoB —
yOBIBAIOT, M Pa3JI0KCHUE UMEET OJIMH HanOOIbIITNN OMHOMUAIIBHBIA KOA(DPUITUEHT
ck.
0) Ecim moka3zatenb crenenu OnHoMma - HeuétHoe gucio(n = 2k+1),

TO YMCJIO WICHOB pa3iiokeHus paBHO 2k+2, pu sToM OuHOMUabHBIe K03(hduIu-
eHTHI TIepBBIX K+1 4IeHOB pa3iokeHus BO3pacTaroT, a mociaenaux K+1 dieHoB —
yOBIBAIOT, U HaWOOJIbIIIEe 3HAUCHUE MPUHUMAIOT JBA PAaBHBIX MEXIy co00il Om-
HOMHUANBHBIX K0d(punuenta CK u Ck+1,

6) Cymma OMHOMHATBHBIX KOA(D(MUIIMEHTOB BCEX WICHOB PA3JIOKEHHUS
paBHa 2".

JeiictBuTensHO, ecmua =6 = 1, 70 2" = (1+1)"=C% + C} + --- + C.

7) Cymma OMHOMHAIBHBIX KOA(P(PHUIIMEHTOB Pa3OXKCHUS, CTOSAIIMX Ha
HEYETHBIX MECTaxX, paBHA CyMM€ OMHOMMAJIbHBIX KOA(h(UIIMEHTOB YJIEHOB, CTOS-
IUX HA YETHBIX MECTAX, U PABHA 2t

Ipumep 5. Haiimure 4-51ii wieH paznoxkenus (Va + 3%/5)9

| T4 =T34 = Cg (3{/5)6 (%5)3 =..=84a |

12



3amaHus I CAMOCTOSITEILHOTO PelIeHn sl

1. B npe3uanym uzbpanu 3 yenopeka. Kakum 4uciioM crnocoO0B OHH MOTYT
pacrnpenenuTh 00s13aHHOCTH MpeceaaTeNs, CeKpeTaps U ujieHa?

2. CKOJIbKO BCEX YETBIPEX3HAYHBIX YMCET MOXKHO COCTaBUTH U3 1udp 1, 5,
6, 77

3. CKOJIBKO CYHIECTBYET BY3HAUHBIX YMCEJ, UMEIONINX 00€ Y€THbIE Ud-
pb1?

4. CKONBKO CYIIECTBYET MATU3HAYHBIX YUCEJ, KOTOPhIE OJMHAKOBO YMTa-
I0TCS CJIEBA HAIIPABO U CIpaBa HAJIEBO?

5. CKOJBKO CYIIECTBYET MIECTU3HAYHBIX YMCEIl, KOTOPHIC JIeTsATcs Ha 57

6. CKOJIBKO pa3iMyYHbIX HATypadbHBIX YHCET MOKHO COCTAaBUTH U3 1D 1,
2, 3,4, 5 npu ycioBuH, 4To JiroOas u3 nudp B HAMMCAHUU YHUCIIAa BCTPEYACTCS HE
OoJiee ogHOTO paza?

7. JIro60ii Tene@oHHbI HOMEP COCTOUT U3 TsATH UG pP. CKOJIBKO BCEro Te-
7edOHHBIX HOMEPOB, HE coJiepKaIIuX Apyrux nudp, kpome 1, 2 u 3?

8. CKOJBKMMH CIIOCOOAMH MOXHO PaCHOJIOKHUTh B psif 2 3enéHbie U 4
KpaCHbIE JTAMITIOYKH?

9. CxoNbKUMH CTIOCOOAMH MOKHO BBIOpATh YETHIPE MOHETHI U3 4-X TSATHU-
KOIIEEUHBIX U 4-X NECATUKONEECYHBIX MOHET?

10. CxosbKMMU CIOCO0aMU MOKHO Pa3MECTUTh 8 MacCaKUpPOB B 2 BaroHa?

11. B xonauTepcKoil uMeeTca 5 cOpTOB MUPOKHBIX. CKOJIBKUMU criocoOa-
MU MO>KHO BBIOpaTh Ha0Op U3 4-X MUPOKHBIX?

12. CkonpkuMU coco0aMHU MOKHO TMEpPECTaBUTH OYKBBI B CIIOBE KaKaAo,
YTOOBI MOJYYUIIUCh HOBBIE CJIOBA?

13. Beryuciaure:
1) A} + Ad+ A3 2)“% 3) Pg + (P, — Py);
C3,+C1Y.

C15 ’

P6(C +C3).

4) 5)—, 6)C3-Ci+ CZ-Ci+C;-

cl;
Ps | Pay 4
7) (Ag + Ag) Cz.
A (n-K)!,

2P, . 1 1
14. Yopocrure: 1) —— 2) PR 3) (E — (n+1)!) ‘!
15. Pemure ypaBHEHHE:
1) A3_, =442 _,;
2)  Ppi, =1324%-P,_;
3) 5C3 = Cp;
4) A} =643_,;
5) Aﬁ Pn_y = 42Py_,.

o, =AM, =3,
- rn 1 —
_2 - Cm_z -_ 0,6.
17. Haitnurte pa3nokeHue CTeeHn OuHoMa:

D) (- 35 2) (x + V)"

16. Pemmre cucremy:

13



. . 1
18. Haitnurte 9-biii wiieH pa3ioKeHUs CTETIeHH OMHOMA (; + x)t

19. HaiiauTe HanGonpmuii koddduuuent muaorounena (a + 1),
20. Halizute nBa cpefHuX diieHa pasnoxenus (a + ab)?,

o 3 1
21. HaI/I,III/ITe HOMCD YICHA Pa3JI0OKCHUA OonHoMa (\/X + —)16, HC COACPpKa-
X

IIETO X.

Va
22. Haiiute 7-0ii uneH pasnoxenus 6unoma (a®va + ——)", eciau GUHOMH-
a

anbHBIN KoddPuItMeHT 3-ro ujieHa paBeH 36.

OTBeThI
1.6 2.256 3.20 4.900 5.180000 6. 325 7.243 8. 15
9.5 10. 256 11. 70 12. 30 13. 1)390; 2)9; 3) %; 4)1; 5) 1—15;

6)8L; 7)7 14.1)n; 2)n’—n; 3)—— 15 1)6; 2)10; 3)3;14; 4)0;

3 2
57 16 n=5m=9 17. 1)as— 1 ¥ 80 50 3 pyyo4

B2 B3 B g5’

6x°VxX + 15x%° + 20x*V/x + 15x* + 6x3vV/x +x3 18, 495x* 19. 252
20. Ty = Czlf a43 blO n Tpp= C2111 3.41 bll 21. Ts 22. T, = 8433\/5
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TecT 111 CAaMOKOHTPOJISA

!
3aganme Ne 1. (6vib6epume 0oun sapuanm omseema) CokpaTute ApoOb %

BapuaHTbl 0TBETOB:
1) % 2) 10 3) 1

3ananme Ne 2. (svibOepume 0oun sapuanm omseema) Berauciure: 6! -5!

BapuaHTbl 0TBETOB:

1) 600 2) 300 3)1

3ananue Ne 3. (6vlOepume sapuanmvl omeemos co2nacho mekcmy 3a0anus) Y CTaHO-
BUTE COOTBETCTBHE MEXIY BHUIOM COCTMHCHHUS (03 MOBTOpPEHUS) U (GOPMYIION IS €TO
BBIYHICIICHHUSI.

A) nepecTaHOBKH b) coueranus B) pazmemenus
BapuaHTbI 0TBETOB:
! n!
1) ™ 2 3) n!
) (n—m)Im! ) (n—m)! )

3anaune Ne 4. (svibepume ooun sapuanm omeema) Yemy pasno C2,?

BapuaHTbI 0TBETOB:

1) 45 2) 90 3) 55

3ananne Ne 5. (sv16epume ooun éapuanm omeema) Pemmte ypapHeHue: A2 = 42,
BapuaHTbl 0TBETOB:

17 2) 6 3)6u7

3ananue Ne 6. (sv16epume ooun eapuanm omseema) CKOJIBKUMHU CITIOCOOAMH MOXKHO U3
6 OTKPBITOK BHIOpATh 37

BapuaHThbI 0TBETOB:

1) 120 2) 20 3) 18

Bananme Ne 7. (svi6epume ooun sapuanm omeema) B GpyTOOIBHOM TYpHHPE y4acTBY-
10T NIATh KoMaH1. HaliquTe 4nciio BapuaHTOB pacipeiesieHUs MPU30BbIX MECT.
BapuaHThbI 0TBETOB:

1) 20 2) 120 3) 60

3ananue Ne 8. (svibepume ooun eapuanm omeema) Ilere Ha TeHb POXKICHUS MOAAPH-
JM 5 HOBBIX JHUCKOB C urpamu, a Bane mama npuBe3 6 IHCKOB M3 KOMaHJIUPOBKH.
CKoNbKUMH crioco0aMH OHU MOTYT OOMEHSTh 3 JoOBIX JUCKAa OJHOTO Ha 3 JucKa
apyroro?

BapuaHThbI 0TBETOB:

1) 30 2) 200 3) 330

aganmne Ne 9. (svi6epume ooun eapuarnm omeema) CKOIBKO CYIIECTBYET OOBIKHOBEH-
HBIX JpoOei, YUCIHUTENh U 3HAMEHATEeIh KOTOPBIX — MPOCTHIC Pa3IMYHBIC YHCIIA, HE
oomnpime 20? (1 He ABIASETCS TPOCTHIM YHCIIOM)

BapuaHThbI 0TBETOB:

1) 80 2) 56 3) 20

Zaganue Ne 10. (svi6epume ooun eapuanm omeema) CKOIBKUMH CIIOCOOaMU MOKHO
paccTaBUTh 5 pa3IMYHBIX KHUT Ha MOJIKE, YTOOBI JIBE OMPEJCICHHbIE KHUTH CTOSUIN
paaom?

15



BapuaHTbI 0TBETOB:

1) 24 2) 120 3) 48

Baganme Ne 11. (svibepume ooun sapuanm omeema) CKOJIBKHUMHU CIOCOOAMH MOXKHO
3aKpacHTh 6 KJIETOK TaKUM 00pa3oM, YTOOBI 3 KIETKH OBLIN KpPAaCHBIMH, a 3 OCTaBIIHECS
ObUIN 3aKpaleHbl (KaXKaast CBOMM LBETOM) ObLITBIM, YEPHBIM U 3€JICHBIM?

BapuaHTbl 0TBETOB:

1) 180 2) 120 3) 240

3aganmue Ne 12. (svib0epume oodun eéapuanm omeema) Kaxupiid TeneOHHBI HOMEP
cocrout u3 5 uudp. Ckoabko Bcero TenedOHHBIX HOMEPOB, COAECPKAIIUX TOJBKO
udpst 2,3,5u 7?

BapuaHTBI 0TBETOB:

1) 56 2) 625 3) 1024
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KonTpoabHbIe BONPOCHI

1. Uto Takoe komOMHATOpUKA?

2. Chopmynupyite mpaBUiIO YMHOKEHHUS.

3. ChopmynupyiTe IpaBuiIo CIOKEHHUS.

4. Yto HazpIBaeTCs n — (pakTopuaiom?

5. Uto Ha3bIBaeTCs pa3MEeICHUIMH U3 /1 SJIEMEHTOB 1O m?

6. 3anummre hopMyiIy AN MoACUETa Yhcia pa3MElIeHUN U3 1 HJIEMEHTOB
1o m 0e3 MOBTOPEHUM (C MOBTOPEHUSIMU).

7. UTo Ha3bIBAETCS MEPECTAHOBKAMHU U3 /71 DJIEMEHTOB?

8. 3amummmre GopMyity A YHCla IEPECTaHOBOK M3 # BJIEMEHTOB 0e3 To-
BTOPEHMI (C TOBTOPEHUSIMHU).

9. Urto Ha3pIBaETCS COYCTAHUSIMU U3 71 DJIEMEHTOB I10 m?

10. 3anummre GpopMyiy JUisl UMclia COYETAHUN U3 7 3JIEMEHTOB 1O m 0e3
HNOBTOPEHMH (C MOBTOPEHUSMH).

11. B uem cocTOUT NMpPaBUIO CUMMETPUU?

12. 3anumure npasuiio [lackans.

13. 3anmummre GopMyily pas3lioKEeHHs HaTypalbHOM CTENEeHH OMHOMA
(popmyny HeroToHa).

14. Kak cB3aHO 4MCIIO BCEX YJICHOB Pa3JIOKEHUs CO CTENEeHbI0 OMHOMA?

15. Kakoit B uMeeT 00IIUiA YWieH pa3IoKeHUs ?

16. Cxonapko HanOOJIBIIUX OMHOMUATBHBIX KOAG(UIIMEHTOB UMEET pa3io-
YKEHUE, €CJIM MM0KA3aTENb CTEIICHH SIBJISIETCS] HEUETHBIM (UETHBIM) YHCIIOM?

17. Yemy paBHa cymMMa BceX OMHOMMANbHBIX KOA((UIIMEHTOB pa3lioxke-
HUsA? BUHOMHANBHBIX KO3(DPUIMEHTOB, CTOAIMX HA YETHBIX (HEYETHBIX) MeCTax?
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KonTpoJibHbIE 3a1aHUA

1. B kuocke npoparoT 5 BUIOB KOHBEPTOB U 4 BuJa MapoK. CKOJIbKUMU
croco0aMu MOKHO KyITUTh KOHBEPT U MapKy?

2. B ¢dyrbonsHolt koManae (11 demoBek) HY)KHO BBIOpaTh KamuTaHa U
ero 3amecturena. CKOJIBKUMU CIIOCO0aMU ATO MOXKHO ClIeIaTh?

3. CkoapKMMH crioco0aMu MOTYT BOCEMb YEJIOBEK CTaTh B OYEpPE/lb K Te-
aTpajbHOM Kacce?

4. Ilo3bIBHBIE PAAMOCTAHLMM JAOJDKHBI HauuHAThCs C OykBbI W. 1)
CKOJIbKUM PaIMOCTAHIIUSIM MOKHO MPUCBOUTH PA3JIUYHBIC MO3BIBHBIC, €CIU IIO-
3BIBHBIE COCTOSIT M3 TPeX OYKB, MPUYEM 3TU OyKBBI MOTYT MOBTOpAThCA? 2) Ecmu
MTO3BIBHBIE COCTOST U3 YETHIPEX OYKB, KOTOPHIC HE TTIOBTOPSIOTCS?

5. CKOJBKO CyHIECTBYET 9-3HAUHBIX 4YMCEN, HUPPBHI KOTOPHIX PaCIOO-
YKEHBI B MOPSJKE YObIBaHUS (TO €CTh Ka)Kas CIeayroas MEHbIIE TPeAbITyIeii)?

6. CKoJbKO CEMU3HAYHBIX YUCEN HE coepKaT udpsl 27

7. CKOJBKO CYIIECTBYET 3-3HAYHBIX UYMCEJ, B 3aMUCh KOTOPHIX BXOIUT
poBHO ojHa 1udpa 5?7

8. B aBromammne 7 mecT. CKOIBKUMH CIIOCOOAMU CEMb YEJIOBEK MOTYT
YCECThCS B 3Ty MAIIMHY, €CIIA 3aHATh MECTO BOJMUTEISI MOTYT TOJIBKO TPOE U3 HUX?

9. Wzmudp 1,2, 3,4, 5 cocTaBIAIOTCS BCEBO3MOXKHBIC YHCIIA, KAXKI0€ U3
KOTOPBIX COJCPXKUT HE MeHee TpeX Iudp. CKOIbKO TaKMX YHCE MOXKHO COCTa-
BUTb, €CJIM MOBTOPEHUS IIU(DP B YKCIIAX 3aMpeiIeHbI?

10. CxonpkuMH cITOCOOaMH MOXHO PACCTAaBUTh HA TOJIKE CEMb KHUT, €C-
7u (a) ABE OMPEICJICHHbIC KHUTH JOJIKHBI BCETJIa CTOSITh PSAZIOM, (0) 9TU JIBE KHUTH
HE JIOJDKHBI CTOSITH PSIOM?

11. Homep aBTOMOOUJSI COCTOUT W3 Tpex OykB U Tpex uudp. CKoOJIbKO
pa3IUYHBIX HOMEPOB MOXHO COCTaBUTh, Ucnob3yd 10 mudp u andasur B 30
OyKB.

12. CkoJIBKMMH CIIOCOOaMHU M3 BOCHBMH YEJIOBEK MOYKHO M30paTh KOMUC-
CHIO, COCTOSIIYIO U3 MATH YJIEHOB?

13. CxonbKo 4eThIpeXOyKBEHHBIX CIOB MOKHO 00pa3oBaTh U3 OYKB CJIOBa
cangup? 2) CKOJBKO CpeIu HHUX TaKHUX, KOTOpbIe HE conepkaT OykBbl p? 3)
CKOJIBKO TaKHX, KOTOPbIE HAUUHAIOTCS C OYKBBI ¢ 1 OKAHYUBAIOTCS OYKBOM p?

14. HavanpbHUK TPaHCHOPTHOTO II€Xa MPUTIACHII HECKOJHKO YEJIOBEK Ha
coBemanue. Kaxnplii ydyacTHUK COBEILAHMS, BXOJA B KaOWHET, MOXUMaJ PYKH
BCEM NPUCYTCTBYIOMUM. CKOJIBKO YEJIOBEK YU4acTBOBAJIO B COBEILIAHUH, €CJIH OBLIO
BCETO 78 pyKONoKaTum?

15. CKoJIBKO CYIIECTBYET MIECTU3HAYHBIX YHCEN, B 3alMUCH KOTOPHIX €CTh
XO0Ts OBl o71HA Y€THAas nudpa?
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