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ToauxkoBa Oubra




Maremaruka — BuBar!
Cnasa, cnaBa, ciana!
He norot et cepenan,

He kpuuar eit 6paso.
Knim-0bpun 2 uncia,

Kunu, HE Ty)UIH.

Ny

OnuH — MUHYC, IPYTOU — ILTIOC,
Beceno apyxuim.

3HaKu pa3HbIE BO BCEM,

Ho noctraBuTh MOXHO,

Y100 CI0KMIIOCS YUCIIO,
KoTtopoe ObITh JOJIKHO.

[Li1roc Ha MUTFOC — MOJIYYUM IUTHOC,
[1nroc HAa MUHYC — OyZI€T MUHYC.
Hy a ecnu (-20) npubaBum (-8),

To B uTore MBI MOJYYHUM YHUCIO (-28).




OTpunarejbHOE YUCI0

OTpuuarejabHOe YUCJI0 — IJIEMEHT
MHOKECTBA OTPULATEIBHBIX YHCeJl,
KOTOpO¢ (BMecTEe ¢ |
HYNEMOTpHUIATEIbHOE YHCT0 —
3JIEMEHT MHOKeCTBA
OTPULIATEJbHBIX YHCEJ, KOTOPOE
(BMecTe ¢ HYJIEM) OSIBUJIOCH B
MaTeMAaTUKe NPU PaclIMpPeHUun
MHOKecTBa HaTypaJibHbIX
yncenOrpunarejabHOe YUCJI0 —
3JIEMEHT MHOKeCTBA
OTPULIATEJbHBIX YHCEJ, KOTOPOE
(BMecTe ¢ HYJIEM) OSIBUJIOCH B
MaTeMAaTHUKe NPU PaclIMPEeHUuMn
MHOKECTBA HATYPAJIbHBIX YHCEJL.
Ieab pacumiupeHusi: 00ecrneYnuThb
BbINIOJIHCHHE ONlePaluM
BblUUTAHUAOTpULIATEIbLHOE
YHMCJI0 — IJIEMEHT MHOXKEeCTBA
OTPULIATEJbHBIX YHCEJ, KOTOPOE
(BMecTe ¢ HYJIEM) OSIBUJIOCH B
MaTeMAaTUKe NPU PaclIMpPeHUuMn
MHOKECTBA HATYPAJbHBIX YHCEJL.
Ieab pacmiupeHusi: 00ecrneYnuThb
BbIINIOJIHCHME ONlepPaluu
BbIYUTAHMSA 14 JIO0bIX yucesa. B
pe3y/ibTare pacliupeHus




UcTropuuyeckas cripaBka

Hctopus roBOPUT O TOM, YTO JIFOAH J10JITO
HE MOTJIM IPUBBIKHYThH K OTPHUIIATEIbHBIM
guciam. OTpulaTeNnbHbIe YMCIa Ka3aluch
UM HETIOHSITHBIMU, MU HE MOJIb30BAJIUCh,
MPOCTO HE BUJICJIM B HUX CMBICIIA.
[TonoxxutenbHbIE YMCIa TPAKTOBAIM KaK
«IpUOBLIbY, & OTPULIATEIBHBIC — KAK
«J10JTY, «yOBITOK.

B Jlpesaem Erunte, BaBUIOHB JIpeBHem
Erunte, Basunone u [JpeBHen [peumu
HE UCIOJIb30BaJIM OTPULIATEIbHBIX YHCEII,
a €CJIM MOJy4YaJIUCh OTPULIATEIbHBIE KOPHU
ypaBHEHUM (MIPU BBIYUTAHUU), OHU
OTBEPrajuch Kak HEBO3MOKHBIE.

BrnepBrie oTpuniatenbHbie Yncia ObUin
JaCTUYHO y3akoHeHbI B KUTaeBnepsrie
OTpHUILIATEIbHBIE YHCIIa ObUTH YaCTUYHO
y3akoHeHbl B Kutae, a 3ateM (ImpuMepHo ¢
VII BekaBnepBrle oTpHIlaTeIbHBIC YHCIA
ObLITM YacTUYHO y3akoHeHbI B Kutae, a
3ateM (rpumepHo ¢ VII Beka) u 8 MHAUMU,
IJIe TPAKTOBAJIUCh KaK JIONTH (HEAOCTaya),
WJIU TIPU3HABAIKNCH KAK MTPOMEXKYTOUYHBIN
3TaIll, MTOJIE3HBIN 1JIsI BEIYUCIEHUS
OKOHYATEJIbHOTO, MOJIOKUTEIBHOTO
pesynbprara. Ho 3HakoB + nin — B
JIPEBHOCTH HE OBLIO HU ISl YUCEIT, HU TS
nericteuil. [IpaBna, yMHOXKEHHE U JEJICHUE
TS OTHUITATENTEHEIX UWCEeTT TOTA ere ge

e ['peku TOXE NMOHAYAILy 3HAKU HE
UCIIONIb30BaJH, oKa Jlnogant
Anexcannpuiickuii B L1l BEKE cran
UCIIOJIb30BAaTh 3HAK « - » MPU PEUICHUU
JIMHEWHBIX YPABHEHUN. 3HAK « T »
MOSIBUJICS KaK pe3yabTar
MPOTUBOIOJIOKHOTO JEHCTBUS 3HAKY « - »
nyTeM NepeuepKUBaHus MUHYca. bbuio
OYE€Hb MOX0XKE Ha TOT IIIOC, KOTOPHINA MbI
UCIoibp3yeM cernyac. OH yxe 3Han
PaBUJIO 3HAKOB U YMEN YMHOXKATh
oTpuuaresbHbie ynciia. OgHako U OH
paccMaTpuBall UX JIMIb KaKk BpEMEHHbIE
3HAYEHUA.




OTPHULIATEIBHBIX YUCEI YTBEPKAAIUCH NOCTENIEHHO. MIHAUNCKNI MaTeEMaTuK bpaxmaryrra
(VII Bek) yxke paccMaTpuBall UX HapaBHE C MOJOKUTEIbHBIMU. B EBporie nmpr3HaHue
HACTYITWJIO Ha THICAYY JIET ITO3XKE, /1A U TO JOJIT0€ BPEMS OTPULIATEIIbHBIE YMCIIA HAa3bIBAIU
«JIOKHBIMWY», «KMHUMBIMIW» WK «a0cypaHbiMmy». Jlaxe [Tackanb cuuran, uro 0 — 4 = 0, Tak
KaK HHYTO HE MOXKET ObITH MEHBIIIE, YeM HUUTO. BOMOENNUIToae3HOCTh M 3aKOHHOCTh
OTPHULATEIIBHBIX YUCEJ YTBEPKAAIUCH ITOCTENIEHHO. MHaniickui mareMartuk bpaxmarynra
(VII Bek) yxke paccMaTpuBall UX HapaBHE C MOJOKUTEIbHBIMU. B EBporie nmpu3HaHue
HACTYITWJIO Ha THICAYY JIET ITO3XKE, /1A U TO J0JIT0€ BPEMS OTPULIATEIIbHBIE YMCIIA HAa3bIBAIU
«JIOKHBIMWY», «\MHUMBIMIW» WK «a0cypaHbiMmy». Jlaxe [Tackanb cuuran, uro 0 — 4 = 0, Tak
KaK HAYTO HE MOXET OBITh MeHbIIe, yeM HrnuTo. boMmOem n Knpapllonesnocts n
3aKOHHOCTb OTPULATEBbHBIX YUCEN YTBEPKIAIUCH ITOCTENEHHO. THANWCKUN MaTeMaTUK
bpaxmarynra (VII Bek) yke paccmaTpuBai UX HapaBHE C MOJIOKUTEIbHBIMU. B EBporie
IIPU3HAHUE HACTYIIUJIO HA THICSIYY JIET IMO3XKE, a U TO J0JIT0€ BpeMsl OTPULIATEIbHBIE YHUCIA
Ha3bIBAJIU «JI0KHBIMUY, K MHUMBIMUY» WIH «a0CypaubiMuy. Jlaxe [lackans cuuran, yto 0 — 4
= (), TaKk KaK HUYTO HE MOXKET ObITh MEHbIIIE, YeM HUUTO. bomOemu u XKupap, HanpoTus,
CUMTAIM OTPULIATEIIbHBIE YHCIIA BIIOJIHE JONYCTUMBIMU U ITOJIE3HBIMU, B YACTHOCTH, IJIS
0003Ha4YeHUs HEAOCTAYN YEro-11u00. OTroJI0CKOM T€X BPEMEH SBISIETCS TO OOCTOSATENIHCTRO,
YTO B COBPEMEHHOW apu(PMETHKE OINEpaIUsl BRBIUMTAHUS U 3HAK OTPULIATEIBHBIX YUCET
0003HA4YaIOTCsl OTHUM U TEM K€ CUMBOJIOM (MUHYC), XOTs anreOpanvyecku 3TO COBEPIICHHO
pa3HbIE TTOHATHUS.

B XVII BekeB XVII Beke, ¢ mosiBaeHHeM aHANUTUYECKON reoMeTpumB X VII Beke, ¢
MOSIBJICHUEM aHAJIUTUYECKOU T€OMETPUHU, OTPULIATEIBHBIE YHCIIA MTOJYUYUIIN HATIIAIHOE
reoMeTPHYECKOE MPEACTaBIeHNE Ha YUCI0BOM O0cuB XVII Beke, ¢ MOSABIEHUEM
AHATUTUYECKOM T€OMETPUU, OTPULIATEIILHBIE YUCIIA TTOTYYMIIN HAVISITHOE TEOMETPUUECKOE
IPEACTaBICHUE HA YMCIOBOU OCh. C 3TOr0O MOMEHTA HACTYIAET UX MTOJTHOE PABHOIIPABHUE.
TeM HE MeHee TeopUsi OTPULIATEIBHBIX YUCEN JOJITO HAXOIWJIACh B CTAIMU CTAHOBJICHUS.
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CBOMCTBA OTPULIATEIIBHBIX YMCETT

e OrpumarenpHbIC YKCIA TOTINHIIOTCS e Jlis xaXxI0r0 HaTypaabHOTO Yrcia (n)
MIPAKTUICCKU TEM K€ alre0OpandeCcKuM CYILIECTBYET OJTHO U TOJBKO OJTHO
IIpaBujaM, 4TO U HaTypaibHbIC, HO UMEIOT OTPHUILIATENILHOE YHCII0, 0003HaYaeMoe (-n),
HEKOTOPBIE OCOOCHHOCTH. KOTOPOE JIOTOJIHSIET N JI0 HYJIS:
Ecnm mro60e MHOXKECTBO MONTOKUTEIBHBIX e (O0a ynciia Ha3BIBAIOTCS
qyUCesl OTPaHUYCHO CHHU3Y, TO JIF000EC NPOTUBOMNONOXKHLIMUOOa drcia
MHO>KECTBO OTPHUIIATEIBLHBIX YHUCEIT Ha3bIBAIOTCS MPOTHUBOIIOIOKHBIMH JIPYT

I Ipyra. BblYUTaHWE 1ienoro yuciia (a)
U3 JIpyroro 1enoro yucia (b) paBHoCUIbHO
CJIIOKEHUIO b ¢ TPOTUBOMONIOKHBIM IS &
3HakoM: (b)+ (-a)

OTPAHUYEHO CBEPXY.

[Ipr yMHOXKEHUH LENBIX YUCEI JEUCTBYET
IIPABUJIO 3HAKOB: ITPOU3BEICHUE YHUCET C
pPa3HBIMM 3HAKAMU OTPULIATEIBHO, C
OJIMHAKOBBIMU — TTOJIOKUTEIBHO.

e [lpu ymMHOXEHUU 00EUX YacTen
HEPaBEHCTBA Ha OTPULIATEIBLHOE YU CIIO
3HaK HEPABEHCTBA MEHSETCSI HA OOpATHBIN.
Hanpumep, ymHOkast HEpaBEHCTBO 3 < 5
Ha -2, MbI Iojryyaem: -6 > —10.

[Ipu neneHnu ¢ 0CTaTKOM YaCTHOE MOYKET
UMETH JII000M 3HAK, HO OCTATOK, IO
COMIAILICHHIO, BCETIa HEOTPHUIATEIICH
(MHaue OH OMpeaeNseTCa HE OHO3HAYHO).




OCHOBHBIC TPABUJIA

e IIpaBuio 1. Cymma aByx
OTPULIATENILHBIX YHACET €CTh YHUCIIO
OTPULIATEILHOE, PABHOE CYMME
MOJTYJIEU 3TUX YHUCEII.
Ipumep - Cymma uucen (-3) u (-8)
paBHO MuHYC 11.
IIpaBuio 2. [IpousseaeHue IByX
YUCEJ C Pa3HBIMU 3HAKAMH €CTh
OTPULIATEILHOE YUCIIO, MOTYJIb
KOTOPOTO PAaBEH MPOU3BEICHUIO
MOJIYJIEW COMHOKUTEIIECH.

IIpumep - [IpousBeneHre MUHYC Tpex
Y [ISITU PABHO MUHYC TISITHALATH,
IIOTOMY 4YTO IIPA YMHOXEHUHU JBYX

YUCEJl C PA3HBIMU 3HAKAMU

IIOJIy4aeTCsl OTPULIATEIILHOE YHUCIIO, a
€ro MOJYJIb PABEH IPOU3BEICHUIO
MOZYJIE COMHOXKUTEIIEH , TO €CTh

TPEX U TISITH.

IIpaBuJjo 3. YToObl OTMETUTH
OTpUIATEIIbHBIC YK CIIa, HAJIO
KOOPJAMHATHBIN Jy4 JOMOIHUTH
IIPOTHUBOIIOIOKHBIM €My JTy4OM U
HAHECTU Ha HETO0 COOTBETCTBYIOIINE
KOOPUHATHI.

IIpumep. Yucia, pacroaoKeHHbIE HA
KOOPAMHATHOM MPSIMOM CIIpaBa OT
HYJISI, HA3bIBAIOTCS
IIOJIOKUTEIbHBIMU, & CJIEBA —
OTPHUILIATEIIbHBIMHU.



MonayJsib OTPpUIATEIHLHOT0 YK CJIA

e PaccrosnHue ot Touku A(a) 10 Hadana oTcyera, T.e. 10 Touku O(0), Ha3bIBAIOT
MOYJIEM YHCJIa a 1 0003Ha4aroT /a/

e Moayne OTPUIIATENBHOTO YUCIIA PABEH YHUCITY, EMY ITPOTUBOIOJIOKHOMY.
Monyiib, HUYEro He Aenas ¢ MOJOKUTEIbHBIMU YUCIaMU U HYJIEM, OTHUMAET y
OTPHUIIATEIIBHBIX YUCEI 3HAK "MHUHYC'".

e Monynb 0003HaYaETCSl BEPTUKAIBHBIMU YEPTOUKAMHU, KOTOPBIE MTUIIYTCS C JBYX
CTOPOH OT YHCJIA.

o Hanpumep /-3/ = 3; /-2,3/ = 2,3 ; 1-526/7/ = 526/7.

e I3 1ByX OTpHUIIATENIBHBIX YUCEI OOJIBIIIE TO, MOAYJIb KOTOPOTO MEHBIIIE W, MEHBIIIE
TO, MOAYJb KoTOoporo Oobiie. (I[1o 3ToMy MoBoy OOBIYHO WIYTAT, YTO Y

OTpUIATEIbHBIX YHCEN BCE HE KaK y JItOACH, HA000pOT)
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OtpuniarenbHble YKMCiIa B HAIIIA IHU BEIb OOBIJICHHAS: UX UCIIOIL3YIOT, HAIIPUMED,
JUISL TOTO, YTOOBI MPEACTABUTH TeMIIepaTypy HIKe HYII. [10aTOMy KakeTcs
YAUBUTEIBHBIM, YTO €II[€ HECKOJIBKO CTOJICTHM Ha3aJ KaKOH-T1n00 KOHKPETHOM
HHTEpIpPETAllUy OTPULIATEIBLHBIX YUCEI HE OBbLIO, a BOSHUKAOIINE 10 XO1Y
BBIUMCJICHUI OTpHUIIATEIbHBIC YHCIIa HA3bIBAIMCh «BOOOPAKAEMBIMM)).
OTpunarenbHble YUCIa HY>KHBI HE TOJIBKO MPHU U3MEPEHUU TEMIIECPATyPhI.
Hanpumep, eciiu npeAnpusTie NOIydYrIo 10Xoa Ha 1 MuIH.pyO., uiiu, Ha000poT,
roTeprneno yObITKM Ha 1 MIIH.pyO., Kak 3TO OTpa3uTh B (PUHAHCOBBIX JOKYMEHTaX?
B nepom cayuae 3anuceiBarotr 1000 000 py0. mim + 1000000 py0. A Bo BTOpoM,
cooTBeTCcTBEeHHO, (- 1 000 000 pyO.).







